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AxTyanbHble TTPOOJEMbI aaredpbl U aHaan3a: cOOPHUK MaTepuaaoB MexK TyHapOo HOM
HayYHO-TIpakTHIecKoil KoHdepenimu (20-21 okrsibpst 2025 rona, r.Tepmes, Y3bekucran). — Tep-
me3, 2025. -370c.

JlaHHBIA COOPHUK BKJIOYaET MaTepuaJibl MexKyHapomHOl HayJHONW-IIPaKTHIECKONH KoHbe-
peHIun Ha TeMy «AKTyajibHBIE IPOOJEMBI aJireOpbl U aHaJIU3a», MPOBeJeHHOH B Tepmesckom
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TaKKe OIpelesIeHNs MEPCIIEKTUBHBIX HAaIlpaBjeHuil. B 9acTHOCTH, B HETO BOIILIN JIOKJIAJIBI C ILIE-
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3aceIaHnIX.
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Maxxkungosa 1. —Tep1Y XyxkakymnoB 2K. —Tep/1Y
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OTBeTCTBEHHBIE 3a BBITYCK:
Ja.d.-M.H., podeccop U. Asakos,
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JlaHHBII COOPHUK PEKOMEHI0OBaH K IIyOuKalun Ha ocHoBaruu pertenust Cosera Tepmesckoro

rocymapcrBennoro yaupepcurera Ne7 ot 3 oktsiopst 2025 rosa.

ABTOpBI HECYT OTBETCTBEHHOCTD 32 JIOCTOBEPHOCTH CBEJIEHUI, BKJIIOYEHHBIX B

cOOpHUK.
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bo‘limi boshlig'i vazifalarida ishlagan. 2013-2015 yy. TerDU qoshidagi 2-akademik litseyda bosh
matematik, 2.09.2015 yildan TerDU matematika kafedrasi professori, fizika-matematika fanlari
doktori. 2018-2021 yy. TerDU algebra va geometriya kafedrasi mudiri, 2021-yil 2-dekabridan
hozirgacha shu kafedra professori, professor lavozimida ishlab kelmoqda.

Shuning bilan birga 2021-yildan Universitet jamoatchilik kengashi raisi, Universitet va
fakultet kengashlari a‘zosi.

29.09.1983-yilda Leningrad davlat universitetida “Ikkita tub sonlar yig‘indisi ko‘rinishida
ifodalanadigan sonlarning maxsus to‘plami haqida” mavzusida nomzodlik, 24.12.2008-yilda
OzRFA ning Matematika va axborot texnologiyalari institutida “Sonli ketma-ketliklarning
zichliklarini analitik usul bilan tekshirish” mavzusida doktorlik dissertatsiyasini himoya qilgan.
150 dan ortiq ilmiy maqolalar va tezislar, 25 ta uslubiy qo‘llanmalar hamda 2 ta monografiya,
3 ta o‘quv qo‘llanmaning muallifi. U rahbarligida 3 ta fan doktori (PhD), 25 ta magistrlik
dissertatsiyasi va 50 dan ortiq BMI lar himoya qilingan.

U 2013-2016 yillarda O‘zMU qoshidagi fan doktori ilmiy daraja beruvchi ixtisoslashtirilgan
kengash a‘zosi, 1918-2023-yillarda TerDUdagi Pedagogika fanlari bo‘yicha ilmiy daraja (PhD)
beruvchi ixtisoslashtirilgan kengash, 2017-yildan h.v. Tojikiston MFA Matematika instituti
huzuridagi Matematika fanlari bo‘yicha ilmiy daraja (DSc) beruvchi va 2023-yildan hozirgi
vagtgacha O‘z FA V.I.Romanovckiy nomidagi Matematika institutidagi Matematika fanlari
bo‘yicha beruvchi ilmiy daraja (DSc) kengashlari a‘zosi va 2018-2023 yy TerDU dagi Pedagogika
fanlari bo‘yicha ilmiy daraja (PhD) kengash huzuridagi ilmiy seminar raisi o‘rinbosari va raisi
bo‘lgan.
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U stajirovka va aspiranturada o‘qgigan davrlarida sonlar nazariyasidagi mashhur
X.Goldbaxning binar muammosi: har qanday 6 dan kichik bo‘lmagan juft natural sonni 2 ta
toq tub sonlarning yig‘indisi ko‘rinishida yozish mumkin degan muammoga oid ilmiy izlanishlar
olib bordi. Ma’lumki, bu muammo 1752-yilda Xristian Goldbax tomonidan qo‘yilgan bo‘lib,
hozirgacha to‘liq hal etilmaganligi ko‘pchilik olimlarimiz uchun sir emas. Mazkur muammo ustida
juda ko‘p matematik olimlarimiz hozir ham ishlar olib bormoqdalar.

U angliyalik R.C.Vaughan, amerikalik H. Montgomerylarning doiraviy metodi va rus
olimi I.M. Vinogradov yaratgan trigonometrik yig‘indilar usullarini qo‘llab muhim natijalarga
erishdi. Olingan natijalarning yakuni sifatida O‘zbekiston Fanlar Akademiyasining akademigi,
professor A.F. Lavrik va professor M.LIsroilovlar rahbarligida 1983-yilda Sankt-Peterburg
Davlat Universitetida "Ikki tub sonlar yig‘indisi ko‘rinishida ifodalangan sonlarning maxsus
to‘plami to‘g‘risida nomli mavzuda nomzodlik dissertatsiyasini muvaffaqgiyatli himoya qilib
fizika-matematika fanlari nomzodi ilmiy darajasini oldi. Dissertatsiya ishiga Sankt-Peterburglik
professorlar Z.1. Borevich, A.V. Malishev, B.F. Skubenko va Samaralik professor B.M. Bredixinlar
yuksak baho berdilar va bu ishlarni davom ettirish kerak ekanligini qattiq ta’kidladilar.

Matematika bo‘yicha 30 dan ortiq xalgaro konferentsiya va simpoziumlar ishtirokchisi. Uning
keyingi asosiy ilmiy ishlari quyidagilarga bag‘ishlangan: arifmetik progressiyadagi tub sonlar va
ularning darajalari bo‘yicha olingan trigonometrik yig‘indilarni baholash usuli ishlab chiqilgan va
trigonometrik yig‘indilar uchun yangi baholar olinib, ular sonlar nazariyasining muhim additiv
muammolari: Varing, Eyler-Goldbax, Xua-Lo-Ken muammolariga va berilgan natural sonlar
sistemasini bir vaqtda tub sonlar yig‘indisi ko‘rinishida ifodalash masalalariga tadbiq qilinib, sifat
jihatidan yangi natijalar olindi. Shu masala bo‘yicha Hua-Lo-Ken tomonidan qo‘yilgan masalani
deyarli barcha sonlar uchun hal qildi.

Uning ilmiy natijalariga Rossiya Fanlar Akademiyasi Uzoq Sharq bo‘limining Amaliy
matematika instituti etakchi ilmiy xodimi RFA muxbir a‘zosi N.B.Kuznetsov, Belorussiya Milliy
Fanlar Akademiyasi Matematika Instituti professori V.I. Bernik, Samarqand davlat universiteti
professori X.N.Narzullayev, Nukus davlat universiteti professori S. Tajetdinovlar ijobiy taqrizlar
berishganlar. I.Allakov Termiz davlat universitetining nashri ilmiy-nazariy jurnal «TerDU
xabarlari», Rossiyada chiqadigan «Chebishevskiy sbornik» jurnalining redkollegiya a’zosi bo‘lib
ham samarali faoliyat ko‘rsatmoqda.

“Mening matematik bo‘lib shakllanishimda ustozlarimning roli katta bo‘lgan. Jumladan,
o‘rta maktabda menga matematika fanidan dars bergan E.Xaydarov, A.Jumayevlar bo‘lgan
bo‘lsa, universitetda o‘qigan davrlarimda esa ilmiy ishlarimga rahbarlik qilgan va keyinchalik
ham shu sohadagi ishlarimga maslahatlar berib turgan professorlar X.N. Narzullayev, B.F.
Skubenko, aspirantura va doktoranturada o‘qigan paytlarimda va keyingi yillardagi ilmiy
izlanishlarimga bevosita rahbarlik qilgan professor M.I.Isroilovga, shuningdek doimiy ravishda
o‘zlarining qimmatli maslahatlarini berib turgan akademiklar A.F.Lavrik va Sh.A.Ayupov hamda
do‘stlarim professorlar X.M.Shodimetov, M.Mirsoburov, A.Soleyev, R. Muxamadxonova va
B.A.Shoimqulovlarning gimmatli maslahatlari men uchun juda qadrli“ dedi Ismail Allakov.

Uning 53 yildan oshiq davrdagi samarali mehnatlari munosib taqdirlangan va 2019-yilda
Prezidentimiz Farmoni bilan “Do‘stlik” ordeni, 2021-yilda “Mustaqillikning 30 yilligi”, 2023-yilda
Oliy ta‘lim a‘lochisi ko‘krak nishonlari bilan tagdirlangan.

Fizika matematika fanlari doktori, professor Ismail Allakovni qutlug‘ 75 yoshi bilan tabriklab,
USTOZ ga sihat-salomatlik va ilmiy- pedagogik ishlariga ulkan muvaffaqgiyotlar tilaymiz.

Konferensiya tashkiliy qo‘mitasi
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UDK 511.24
Tub o‘zgaruvchili Diofant tengsizligi haqida

Abrayev. B. x.1, Botiraliyeva O. 2,
1 Igtisodiyot va servis instituti, Termiz, Uzbekistan; babrayev@mail.ru
2 Termiz Davlat universiteti, Termiz, Uzbekistan; obotialiyeva@jmail.com

Diofant yaginlashtirishlari nazariyasining asosiy masalasi — berilgan haqiqiy sonni ma’lum
ko‘rinishdagi ifodalar yordamida yaqinlashtirishdir. Ushbu ishda quyidagi ko‘rinishdagi ifodalar
orqali haqiqiy sonlarni yaqginlashtirish masalasi o‘rganiladi:

A1p1 + Aop3 + Azph

bu yerda, A1, A2, A3 — noldan farqli haqiqiy sonlar, pi,ps,p3 — tub sonlar, £ — 1 < k < %

oralig‘idagi haqiqiy son.
Ushbu ishning asosiy natijasini quyidagi teorema orqali bayon gilamiz:

Teorema. Faraz qilaylik: 1 < k < % haqiqiy son, A1, A2, A3 noldan farqli haqiqiy sonlar

(hammasi bir xil ishoraga ega emas), % nisbati irratsional, w ixtiyoriy haqiqiy son bo‘lsin.

U holda har qanday € > 0 uchun:

4—3k
IA1p1 + Aop3 + Asph — | < (m?XPj)WJra

tengsizlik tub son o‘zgaruvchilar pi, ps va ps da cheksiz ko‘p yechimga ega.

Teorema isbotining asosiy g‘oyasini keltiramiz.

Davenport va Heilbronn hamda Allakov usulining modifikatsiyasini qo‘llab R to‘plamni uchta
qismga ajratamiz:

birinchi gismni asosiy yoy yoki katta yoylar deb ataymiz va uni 9 = [—;, %] ko‘rinishda,
ikkinchi gismni kichik yoylar deb ataymiz va uni m = (fR, 7%) U (%, R) ko‘rinishda hamda

uchinchi gismni trivial yoylar deb atab t = R\ (9T U m) ko‘rinishda ajratib olamiz, bu yerda
P = X5/(6k)—a’ R = n_Q(log X)3/2, n= Xte
Shu bilan birga ushbu belgilashlar

S@) = 3 logp-e(ta), U= 3 e(nta)

SX<pF<X SX<nk<X
hamda umumlashtirilgan Selberg integrali

2X

Ju(X, B) _/ (0@ + W)Y%) — 0@%) — (@ + WYE — 214 de

X
dan foydalanamiz.
Olingan natija Diofant yaqinlashtirish nazariyasiga muhim hissa hisoblanadi.

Adabiyotlar

1. R. C. Vaughan. The Hardy-Littlewood method. Cambridge U. P., -1997.- 170 p.
2.B.X.Abrayev., O.A.Botiraliyeva.O NamDU ilmiy axborotnomasi 2025—yil 7-son. 12-17 b.
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UDK 511.34

O‘nta tub o‘zgaruvchili Diofant tenglamasi yechimlari haqida

Abrayev B. X.!, Xayrullayev I.N.2, Xo‘jamova F.3,
1,2 Igtisodiyot va servis universiteti, Termiz,
babrayev@mail.ru, xayrullayev0809@mail.ru
3Termiz Davlat universiteti, Termiz, Uzbekistan; obotialiyeva@jmail.com

Kirish. Ushbu ishda kubik Diofant tenglamaning tub sonlardagi yechimlari o‘rganiladi:

arp} + asps + -+ + aropiy = n (1)

bu yerda, pi,...,p10 - tub sonlar, a,...,a19 - noldan farqli butun sonlar, n - berilgan
butun sonlar bo‘lib ulardan ushbu shartlarni qanoatlantirishi talab gilinadi:

(aj,aj) =1 (juft-juft o‘zaro tub), (2)
(n,ai,...,a19) = 1. (3)

Shu bilan birga qyidagilardan biri bajariladi: ba’zi j lar uchun p; = 2
aj+---+ap=n (mod 2) (4)

Ushbu belgilanishlarni kiritamiz D = max{2,|a;| : 1 < j < 10}, N - yetarlicha katta son
M =¢N (0 <c<1) (1] ga qarang).
Ishning asosiy natijalari quyidagi teoremalar yordamida bayon gilingan
1-Teorema. Agar aq,...,ajo sonlari bir xil ishoraga ega bo‘lmasa va (2)-(4) shartlar
bajarilsa, u holda:
P < n'/3 4 p¥te

shartni qanoatlantiruvchi tub sonlarda (1) tenglama yechimga ega.
2-Teorema Agar ay, ..., a1 sonlari musbat va (2)-(4) shartlar o‘rinli bo‘lsa, u holda:

n>> D61+€

bo‘lganda (1) tenglama yechimga ega.
Teoremalarni isbotlashda ushbu belgilashlardan

1
r(n):/o S(a)e(—na)da

bu yerda:

S(a) = Si(a) -~ Sio(e),  Si@)= Y (logpe(ap’a)
M<|az|p*<N
foydalanib, Hardy-Littlewudning doiraviy usulini ([2| ga qarang) qo‘llab bajariladi.
Adabiyotlar

1.B.X.Abrayev., F.Xo‘jamova Varing-Goldbax tipidagi bir masala haqida. Zamonaviy
matematikaning dolzarb muammolari va uning tatbiglari, konferensiya materiallari. Toshkent-
2025 .

2. R. C. Vaughan. The Hardy-Littlewood method. Cambridge U. P.; -1997. 170 p.
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VIK 511.845
SONLARNI BIR VAQTDA CHIZIQLI FORMALAR ORQALI IFODALASHLAR
HAQIDA
I.Allakov

Termiz davlat universiteti. Termiz, 0‘zbekiston;
iallakov@mail.ru

Ushbu ma’ruzada biz uchta masala bo‘yicha keyingi yillarda shogirdlarim bilan olgan
natijalarni sizlarning e’tiboringizga havola qilamiz:

1). Sonlarni bir vaqtda tub o‘zgaruvchili chizigli formalar yordamida ifodalash masalasi.

2). Berilgan sonni to‘rtta va beshta tub sonlarning kvadratlari yig‘indisi ko‘rinishida
ifodalashlar hagida.

3). Berilgan sonni ikkita tub son va uchunchi tub sonning kvadratlari yig‘indisi ko‘rinishida
ifodalash masalasi.

1)-masalada

bi = ainp1 + aigpa + -+ Gimpm, (i =1,5) (1)

(bunda by, be, ..., bs—natural sonlar, a;1, a2, ..., a;,m— butun sonlar, p1, po,..., pm— tub
sonlar) sistema qaralib, s < m < 2s bo‘lganda (1) ko‘rinishda ifodalanmaydigan (b1, ba, ..., bs)lar
soni baholangan. Berilgan (b1, ba, ..., bs) ni (1) ko‘rinishda ifodalanishlar soni uchun quyidan baho
olingan [1], [2], [3], [4], [5], [6].

2)-masalada bir nechta Diofont tenglamalari qaralgan bo‘lib, jumladan:

a) berilgan sonni arifmetik progressiyada olingan beshta tub sonlarning kvadratlari yig‘indisi
ko‘rinishida ifodalash soni uchun birinchi marta quyidan baho olingan [7].

b) berilgan sonni arifmetik progressiyadan olingan beshta tub sonlarning kvadratlarini chizigli
kombinatsiyasi ko‘rinishida ifodalash soni uchun birinchi marta quyidan baho olingan [8],[9].

c) berilgan sonni to‘rtta tub sonlarning kvadratlari yig‘indisi ko‘rinishida ifodalash
masalasining maxsus to‘plami uchun baho yaxshilangan va ifodalashlar soni uchun birinchi marta
quyidan baho olingan [10].

d) berilgan sonni arifmetik progressiyada olingan to‘rtta tub sonlarning kvadratlari yig‘indisi
ko‘rinishida ifodalashlar masalasi qaralgan, masalasning maxsus to‘plami uchun yangi baho
isbotlangan va ifodalashlar soni uchun quyidan baho olingan [11].

3)-masalada dastalab, sonni ikkita tub son va uchinchi tub sonning kvadratlari yig‘indisi
ko‘rinishida tasvirlanishi isbotlangan va ifodalashlar soni uchun quyidan baho olingan [12].
Shuningdek, ixtiyoriy sonni arifmetik progressiyadan olingan ikkita tub son va uchinchi tub
sonning kvadratlari yig‘indisi ko‘rinishida tasvirlanishi isbotlangan va ifodalashlar soni uchun
quyidan baho olingan [13].

Foydanilgan adabiyotlar ro‘yhati

1. Wu Fang. On the solutions of the systems of linear equations with prime variables // Acta
Mathematica Sinica. Vol. 7. pp. 102-121. (1957).

2. AnmmakoB U. 06 ycaosuax paspeusumocmu cucmemvs AUnetinsir duodarmosuir ypasHerul
6 npocmuix wucaaz. // Vss. BY3os. Marem., Ne 9, c. 10-16. (2006).

3. AnnakoB WM., AbpaeB B.X. 06 UCKMOUUMENDHOM MHOdHCECTNEE 00HOT CUCTNEMDBL
AUHETHBT Ypasrerul ¢ npocmomu yucaamu. |/ Yebpimesckuit coopank Tom. 24. Ne 2 ¢. 15-37.
(2023).

4. AnnakoB U., A6pae B.X. O paspewumocmu 00Hot cucmemvt AUHETHVT YPABHEHUT C
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yeavmu Koaphuyuenmamu 6 npocmux wucaax. |/ Bromrerens Nncturyra maremaruku. Towm.
5, Ne 6, c. 37-49. (2022).

5. Amtakos U., Dpanouos B.X. 06 odnospemertom npedcmasseruy wuces cymmot namu
npocmur wucea. |/ Hebbrmescknit coopruk. Tom 25, Ne 3. ¢. 11-36. (2024).

6. Allakov 1. Erdonov B. Kh. On the solution of a system of linear diophantine equations
in prime numbers. // Uzbek Mathematical journal. Vol. 69. Ne 1. pp. 14-26. (2025).

7. AmamoB O.I1. O xosuuecmee npedcmagienuti HGMYPAALYHO20 YUCAL 8 8UJE CYMMDL DAY
K6a0pamos npocmur wuces ud apugpmemuveckot npoepeccuu.// Hayawsiit Becrauk HamI'V,
Ne 4. c. 78-83. (2024).

8. AnnakoB U., UmamoB O.III. O wyucaax, npedcmasumvix 6 sude cymmv, namiu k6adpamos
npocmur wucea, u3 apupmemuneckot npozpeccuu. //Hayunwiii secrauk Cam['V, Ne 3. c.
113-119. (2024).

9. Allakov I., Imamov O. A lower estimate for the quantity of a natural number represented
as a sum of five squared prime numbers from an arithmetic progression. // Bull. Inst. Math. V
7, Ne 4, pp. 86-93. (2024).

10. Imamov O. O peweruu 0dnozo ypasrenusa 6 npocmux wucaax . // Samarkand University
Scientific Bulletin, Ne 1, pp. 106-110. (2025).

11. Anmakos WU., Umamos O.IIL. O npedcmassenuu wucea 6 sude cymmov, K6adpamos
YeMuPET NPOCMuLLT U3 apudmemuneckoti mpozpeccuu. Marepuasbl MeXKIyHApOTHON Hayd-
HO#t KoH(epeHmuu “CoBpeMeHHBbIE ITPOOJEMBI MATEMATUKA U €€ MPUIOKEHUsT ', MOCBSIIEHHOM
75-nmetuio co qust poxjaenns akagemuka HAHT, moxkropa dpusnko-maTeMaTndecKux HayK, MPO-
deccopa Boitmaropa Kamonmmaanaa XaMpoeBuda u 7H-JTUIO JOKTOPa PUBNKO-MaTEMATHIECKIX
HAYK, 3aBEIYIONIETO OTAeTOM AuddepeHnaibabix ypapuennit VHCTHTYyTa MATEeMaTHKH WM.
A Jlxypaesa HAHT, npodeccopa xxanrudekosa ['yiaxomxku. dymanbe, 30-31 mas 2025 1.

12. Annakos U., Mysponosa, H.C. O pewenuu 0dnozo ypasrenua 6 npocmuix wucaax. |/
Yebbimesckuii c6opHuk, T. 25, Boi. 4, ¢. 5-26. (2024).

13. Annakos WM., MmamoB O.IIl. O npedcmasieruu wucen 6 sude cymmov, 08Yr mpo-
CMBT wuces U Keadpama mpemvezo NPOCMO20 “UCAL U3  GPUPMEMUYECKOT MPOZDECCUL.
Zamonaviy matematikaning dolzarb muammolari va uning tatbiqglari. Akademik T.A.Sarimsoqov
tavalludining 110 yilligiga bag‘ishlangan xorijiy olimlar ishtirokidagi respublika miqyosidagi
ilmiy anjuman tezislari to‘plami. Toshkent 10-11-sentyabr, 2025 yil.

UDC 512.58

On Nakayama Automorphisms of Commutative Frobenius Algebras

Asrorov D.U.
Samargand State University, Samarqand, Uzbekistan
96Asrorovdiorjon@mail.ru

Frobenius algebras are a fundamental concept in modern mathematics, arising in algebra,
topology, representation theory, and mathematical physics, particularly in the study of quantum
field theory and category theory. They were first systematically studied in the 1930s by Richard
Brauer and Cecil Nesbitt, following the pioneering work of Ferdinand Georg Frobenius. The
importance of Frobenius algebras lies in the interplay between algebraic and linear structures,
which allow for powerful classification results and applications to geometry and physics. In
this paper, we focus on the Nakayama automorphism associated with commutative Frobenius
algebras, a construction that measures the asymmetry of the Frobenius bilinear form.

A Frobenius algebra is a vector space V equipped with:
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1) An associative unital algebra structure A = (V, p, 1), where p : V x V — V represents
the multiplication and 1 is the unit element.

2) A nondegenerate bilinear form o : V x V — F, which satisfies the Frobenius property,
namely:

The bilinear form o is called the Frobenius form of the algebra A.

Definition. A pair (A, o), where A is a finite-dimensional and o : A x A — F is a

nondegenerate bilinear form, is said to be a commutative Frobenius algebra if o(z,y) = o(y, x)
for all z,y € A, i.e., o is symmetric.
This definition, used for instance in the classification results of D.Asrorov, U.Bekbaev and I.
Rakhimov for On complete classification of two-dimensional commutative Frobenius algebras,
highlights the deep interaction between the linear and algebraic structures. Associated with such
a Frobenius algebra, one can define the Nakayama automorphism. Given a Frobenius form o,
the Nakayama automorphism g : A — A is characterized by o(zy) = o(yu(x)), Va,y € A. As
established by Nakayama and later studied by Farnsteiner, this automorphism is unique up to
inner automorphism and reflects the asymmetry of the Frobenius form.

Theorem. Let A be a finite-dimensional commutative Frobenius algebra over a field FF. If the
Frobenius form ¢ is symmetric, then the Nakayama automorphism p is the identity, i.e. yu = id

Proof.Since A is commutative, zy = yx for all z,y € A. If ¢ is symmetric, then

o(zy) = o(yx).

By the definition of the Nakayama automorphism,

o(zy) = o(yu(z)).

Hence o(yu(z)) = o(yx) for all y € A. Because o is non-degenerate, this implies p(x) = x for all
x € A. Therefore,i, = d.

Discussion and Applications This observation is significant in the broader classification of
commutative Frobenius algebras. For many two-dimensional cases studied in the literature,
symmetric Frobenius forms appear naturally, which implies that the Nakayama automorphism
does not introduce additional algebraic complexity. On the other hand, in cases where the
Frobenius form is not symmetric, the Nakayama automorphism provides valuable information
about the structural asymmetry of the algebra. This dual role makes it a central tool for
studying the interplay between associative algebra structures and bilinear forms in representation
theory and algebraic geometry. Conclusion In this paper we have outlined the definition of
commutative Frobenius algebras and the associated Nakayama automorphism. We proved that
in the symmetric case the Nakayama automorphism is trivial, which simplifies classification
efforts. These results highlight the role of Nakayama automorphisms in understanding algebraic
structures and their applications in modern mathematics. Further directions include the study
of higher-dimensional commutative Frobenius algebras and their connections to topological field
theory and categorical algebra.

LITERATURE

1. R. Farnsteiner. Frobenius Algebras. Progress in Mathematics, vol. 272, Birkhauser, 2009.
2. U. Bekbaev. Classification of two-dimensional algebras over any basic field. AIP Conference
Proceedings, 2023, 2880.

3. T. Nakayama. On Frobenius algebras. Ann. of Math., 1940.



_ ALGEBRA VA ANALTZNING DOLZARB MASALALARI TERMIZ-2026 20

VIIK 512.55

On Inner RJ- and BJ-Algebras

Arzikulov F. N.1?, Khakimov U.I.?
ly.1. Romanovskiy Institute of Mathematics of the Academy of Sciences of the
Republic of Uzbekistan, Tashkent, Uzbekistan,; arzikulovfn@rambler.ru
2Andijan State University, Andijan, Uzbekistan khakimov_u@inbox.ru

The present paper is devoted to the classification problem of inner RJ- and BJ-algebras. Inner
RJ-algebras and inner BJ-algebras were introduced and studied in the papers [2], [1] and [3]. An
inner RJ-algebra (inner BJ-algebra) is defined as follows: a Jordan algebra J is called an inner
RJ-algebra (respectively an inner BJ-algebra) if, for each element a € J2 (respectively subset
S C J?), there exists an idempotent e € J such that ~e{z} N J? = U.(J) N J? (respectively
LiSNJ? = U(T) N T?), where Ug(z) = 2(eox)oe—e?ox, J? := {a® : a € J}, for each
nonempty subset S of a Jordan algebra 7, the (inner) quadratic annihilator of S is defined by

LaS:={a e J:Usa=0forall s € S}.

Inner RJ- and BJ-algebras are also mentioned in [5].

J is an inner BJ-algebra if, and only if, it is an inner RJ-algebra and the set of all idempotents
of J is a complete lattice (cf. [2,Theorem 3.5]).

In the paper [3] the authors of the present paper studied inner RJ- and BJ-algebras and
proved that a nilpotent Jordan algebra which has no square root nilpotent elements is an inner
RJ-algebra, and a nilpotent Jordan algebra that has no nilpotent elements with a square root b
such that b # 0 is not an inner RJ-algebra if there exists a nonzero element a such that a? # 0.

In the present paper corrected versions of the wrong statements in the paper "Description of
finite-dimensional inner Rickart and Baer Jordan algebras"by F.N. Arzikulov and U.I. Khakimov
are given. In particular, it is shown that, for any Jordan algebra J with an idempotent p and
an associative degenerate radical D such that J = Fp+D, J is an inner RJ-algebra if and only
if, for any nonzero a € D, a®> = 0 and p(pa) = pa. It should be noted that these and all other
statements of the paper [3| are valid for so-called almost inner RJ- and BJ-algebras.

Also, equivalent conditions when a Jordan algebra J is an inner RJ-algebra are given. As
for finite-dimensional nilpotent Jordan algebras, there is not a nilpotent inner R.J-algebra (and
hence inner BJ-algebra) except the finite-dimensional Jordan algebra the square of each element
of which is zero.

The present paper is taken from [2] and [3]. Let J be a Jordan algebra, S be an arbitrary
subset of J and, let

J*={d*:ac J}, HS:={xecJ:Uz=0,(VacS)}.

Then, for a Jordan algebra J, we consider the following condition:
(A) for every element xz € J , there exists an idempotent e € J such that

Loy n T =U(T)n T

Definition. A Jordan algebra satisfying condition (A) is called an inner RJ-algebra, and
condition (A) itself is called inner Rickart condition.

Theorem 1. Let J be an indecomposable finite-dimensional inner RJ-algebra over the real
numbers F with a two-dimensional semisimple subalgebra & and an n-dimensional associative
nilpotent radical A/ such that J = S+N. Then there exist two mutually orthogonal nonzero
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idempotents py, po € J such that J = (Fp; @ Fpy)+N and, for any basis {e1, e, ...,e,} of N,
the following conditions hold

eie; =0, 4,j=1,2,...,n, (1.1)

(p1 +p2)((p1 +p2)ei) = (p1 +p2)esi =1,2,...,m, (1.2)
(p1 + p2)(pre:) = preiyi =1,2,...,n, k= 1,2, (1.3)
p2(p2ei) = p2ei, p1(pre;) = prei,i=1,2,...,n (1.4)

Conversely, any Jordan algebra J over a field F of characteristic ## 2 and # 3 with a
two-dimensional semi-simple subalgebra & = Fp; @ Fpa, where pi, ps are mutually orthogonal
idempotents, and an n-dimensional associative nilpotent radical N" with a basis {e1,ea,...,en}
such that J = S+N, is an almost inner RJ-algebra if conditions (1.1)—(1.4) are valid.

Example 1. The straightforward checking of the conditions (1.1)—(1.5) from Theorem 1
shows that the Jordan algebra T7o [4]satisfies these conditions, i.e.,

Tio ) )
{ 61 == 61,62 == 627

1 1
€1ny = Ny, €N = 3n1.
is an inner RJ-algebra.
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GENERAL JACOBI-JORDAN ALGEBRAS ASSOCIATED WITH A
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3-DIMENSIONAL DERIVED IDEAL
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The notion of Jacobi-Jordan algebras was introduced in [3] as a class of commutative algebras
that satisfy the Jacobi identity. These algebras form a special subclass of Jordan nilalgebras and
are also closely related to Bernstein-Jordan algebras.

The concept of general Jacobi-Jordan algebras was introduced in [1] as flexible algebras
satisfying the identity J(z,y,y) = 0 for any =,y € J, where

J(z,y,2) = 2(yz) + y(22) + 2(zy).

A classification method for general Jacobi-Jordan algebras, analogous to that used for Poisson
algebras [2], was also presented in [1]. In this work, we provide a description of the general Jacobi-
Jordan algebras of dimension 5 whose underlying Jacobi-Jordan algebra has a 3-dimensional
derived ideal.
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Definition 1. An algebra A over a field K is called Jacobi-Jordan algebra if it satisfies the
following two identities:

zoy=yox, xzo(yoz)+yo(zox)+zo(xoy) =0,

for all x,y,z € A.
Definition 2. An algebra (J, -) is said general Jacobi-Jordan algebra if it satisfies the following
two identities:

(@-y)-z—w-(y-x)=0,
vy’ +y-(y-a)+y-(z-y) =0,
for all x,y € J.
Let (A, o) be a Jacobi-Jordan algebra and let Z2(A,.A) be the set of all skew-symmetric
bilinear maps 0 : A x A — A such that
O(xoy,z)—0(x,2z) oy —x00(y,2z) =0, =z,y,z€ A
Consider in the underlying vector space A the product given as

rgy:=xo0y+6(z,y)

for any z,y € A. Then, (A, ) is a general Jacobi-Jordan algebra [1].
Now, let Aut(A) be the automorphism group of A with respect to the product o. Then
Aut(A) acts on Z2(A, A) by

(0% ) (x,y) = ¢~ (0(6(2), (y))),

where ¢ € Aut(A) and 0 € Z2(A, A), for any z,y € A.

Lemma 1. [1] Let (A,0) be a Jacobi-Jordan algebra and 0,9 € Z*(A, A). Then the general
Jacobi-Jordan algebras (A, -9) and (A, -y) are isomorphic if and only if there exists ¢ € Aut(A)
satisfying 0 x ¢ = 1.

It is known that any indecomposable associative Jacobi-Jordan algebra of dimension 5 with
a 3-dimensional derived ideal over an algebraically closed field of characteristic not 2 or 3 is
isomorphic to exactly one of the following algebras, which are defined on the basis ey, es, €3, €4, €5
by the products below:

A5:61-€1:€2, €1 -€e3 =e3-€e1 = €5, €3 - €63 = ¢e4.
Lemma 2. Any element of Z2(As, As) has the following form:

O(e1,e3) = arer + anes + ages + aueq + ases, 0O(er,eq) = 2azeq + 201 €5,
O(e1,e5) = area + ases, O(ea, e3) = 2a1e9 + 2a3e5,

0(63, 65) = —(Q3€4 — (x1€5.

In the following theorem, we give the classification of 5-dimensional general Jacobi-Jordan
algebras whose underlying Jacobi-Jordan algebra has a 3-dimensional derived ideal.
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Theorem. Let J be a general Jacobi-Jordan algebra of dimension 5 such that J7 is an
indecomposable associative Jacobi-Jordan algebra with a 3-dimensional derived ideal As. Then
J is isomorphic to one of the following algebras:

J¥: eiroer =ey, eoez3=(l+a)es, ezoez=ey, esoer = (1 —a)es,
Jo: eroe; =ez, eroeg=e;5+ey, €30€e3 = €4, €30€] = e5 — €4,
J3: eloe; =ez, ejoeg=e;s+ e, €30 €3 = €4, €30€] = e5 — €,
N/ €1 0e; = eg, €1 0e3 = e5 + €3, e10eq4 = 2ey4

€30€3 =e4, €30€] =e5— €3, eq40er = —2ey,

€e1oe; =e5,  €20e€e3 = 2es, €30 €5 = —eéy,

esoe] = —e5, €30ey = —2es, €5 0 es3 = ey.
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After the well-known works of I. M. Vinogradov [1] on representing numbers as the
sum of three prime numbers, Hua Loo-Keng [2] formulated several problems concerning the
representation of numbers as sums of prime numbers. In particular, he posed the following
question: "Can the system of equations

n+1
> aijpj=bi, (1<i<n)
=1

have a solution in prime numbers, where b1,..., b,—are natural numbers, a;1, a2, ..., a;n+1
are integers, while pi,..., py+1 are prime numbers? This problem might be positively resolved
under certain “order” and “congruence” conditions. However, at present, a complete solution to
this problem lies beyond the reach of mathematics. Nevertheless, it is noted that the given system
has a solution for almost all b; satisfying specific congruence conditions.

Moreover, the system of equations

2n+1
> aypi=bi, (1<i<n)
i=1

is solvable for large b; if certain order and congruence conditions are fulfilled".
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This problem can be restated as the problem of representing natural numbers b; by means of
integers a;; and prime numbers p; in the following form:

m
bi:Zaijpj, (izl,s; m>s). (1)
j=1

Here, two related questions can be considered:

1) Is it possible to represent all natural numbers by, bo, ..., bs in the form (1)7?

2) For given natural numbers by, b, ..., bs representable in the form (1), how can one estimate
the number of solutions of system (1)?

Initially, Wu Fang [3| studied system (1) in the case m > 2s + 1 and showed, under certain
additional conditions, that all b; can be represented in the form (1). Moreover, he obtained an
asymptotic formula for the number of solutions of this system.

Later, M. C. Liu and K. M. Tsang [4] investigated system (1) for the case s = 2 and m = 3,
and proved that not all pairs (b1, b2) can be represented in the form (1). They also gave an upper
bound for the number of such pairs (b1, b2) that cannot be represented in the form (1).

I. Allakov [5]|6] considered system (1) in the case s = n and m = n + 1, and proved that,
with some exceptions, the considered system has a solution and provided a lower bound for the
number of solutions. Thus, the first problem formulated by Hua Loo-Keng was solved, up to
certain exceptions.

The solvability of system (1) depends on the following two conditions formulated by Hua
Loo-Keng [2]:

(a) For any prime p, the pair of simultaneous congruence equations

ai1ly + agely + ...+ aimly, = b (modp), (1=1,...,s)

is satisfied by some integers ly,...,l, with 1 <l1,...,l,, <p—1
(b) For some positive real numbers y1,y2, .. ., Ym,

a;1y1 + aipyo + ... + QimYm = b;, holds for i = 1,2, ..., s.

We denote by W, (X) the set of vectors b= (b1,b2,...,bs), 1 < by,by,...,bs < X that
satisfy conditions (a), (b) and B = max{3|ai;|}, where X is a sufficiently large real number.

For system (1), in the cases s = n and m = n + k with 1 < k < n, the following theorems
hold.

Theorem 1. Then there exist effective absolute constants A and € such that, whenever
X>pBA

card{b = (by, by, ....b,) € Wontk(X) : b is not representable in the form (1)} < X"7¢.

Theorem 2. Let R (5) denote the number of solutions in prime numbers p; < N of system

(1) for a given vector (by,...,by). Then, for all vectors (by,...,b,) with 1 < by,...,b, < X, except
for at most X" ¢ wvalues, the following estimate holds:

R (1) > K-+,

where KC = 3(n!)* B [B] (Vi) ™', N = 3(n})” B2 1 X
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The max-plus algebra is an algebraic structure consisting of real numbers where the standard
operations of addition and multiplication are replaced by the operation of taking a maximum and
the operation of standard addition, respectively. More precisely, let Ry,ax denote the set RU{—o0},
let @ be a binary operator on Ry, with @ y = max{x, y}, and let ® be the binary operator
on Ry.x with x ® y = x + y. The resulting algebraic structure Ryax = (Rpax, ®, ©) is called a
maz-plus semi-field or simply a max-plus algebra. Ry, .« is also called a commutative idempotent
semiring or a dioid. In max-plus algebra e = —oo is the additive identity: t e = e @ z = z, for
each = € Ryax and the multiplicative identity ise =0: x @ e = e ® x = x, for all x € Ryax [1].

Let n € R. The n'" max-plus algebraic power of z € R is denoted by z®" and corresponds
to nx in conventional algebra. If x € R then 2®° = 0 and the inverse element of 2 written ® is
2®"" = —z. There is no inverse element for ¢ written ® since ¢ is absorbing for ®. If n > 0 then
e®" =¢. If n < 0 then €®" is not defined [2], [3], [4].

The max-plus algebraic division operation is defined as follows:

if #, y € Rinax and y # ¢, then 7 =20y =206 (—y).

If y is equal to € then the max-plus algebraic division is not defined.
In [4], we studied how to determine the solution set of the system

ainn ©z @ aiz ©y = by,
a21 © T D agy ©y = bs.
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by applying the Theorem 1 stated below.

We denote:
aip b
az ba|’

b1 a2
by agl|’

ai; a2
az  ag|’
Theorem 1. [4] Let A # e.

1) If & = au £ 212 thep the solution system (1) consists of the pairs (z, v) here

A: A:E: y:

a2y a2’
_ L .
r =7 and v € {5 € Rpyax: 5< s
2) If g1 £ 22 = b—l then the solution system (1) consists of the pairs (u, y) here
Ay A
u € {t € Ryax: t < Z} and y = Z;
3) If gt =212 = b—l then the solution system (1) consists of the pairs (u, v) here
x—AA“, v E {s € Ryax: s < y}anduE{tE]RmaX §%}, y:%;
4) If g =412 ;é , then the system (1) has no solution;
5) If £12 < b1 < g; or L < bl < #2, then the system (1) consists of a unique root (z, y)

with
Dy _ Dy,
z="7 andy=T7"

6) If 2L # 212 £ ¢ 1 and both of inequalities in 5) do not hold, then the system (1) has no

/ a21
solution.

Let us be given the following max-plus linear system:

a11 Ox P ae Oy Pais®z = by,
a1 O T D ax Oy ®az © 2 = by, (2)
az1 ©x dazx Oy dazz ©z = bs.

Assume that a1 # €. In this case, we divide the first equation of the system by ai; and
denote the resulting new coefficients by a},, a’5. Similarly, if ag; # € and ag; # e, then we
divide the second and third equations of the system by ao; and a1, respectively, and denote the
resulting new coefficients by ab,, abs and aj,, afs, respectively. As a result, we obtain system
(3), which is equivalent to system (2):

T @y Oy da Oz =D,
T @ ahy OY®ayy Oz = b, (3)
T@as, Oydasy ©z=bj.

We now construct the following systems based on system (3):

ap, Oy dajz ©z = b,
ahy Oy @ ahs © z = b,

agy O Y B an; © 2 = by,
Uy Oy @ ahs © 2 = .

We denote the solution sets of systems (4) and (5) by W; and Wa, respectively.
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Theorem 2. If systems (4) and (5) have solutions, then system (3) also has a solution and
the solution set of system (3) is given as follows:

W = {(z,y, 2): @ < min{b}, by, By}, (y, =) € Wy N Wa}.
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Double derivations of n-Lie algebras are introduced in [1], these derivations are similar to
the triple derivations of Lie algebras to some extent (see [2]). In this thesis, we consider some
properties of double derivations of 3-Lie superalgebras.

Definition 1. [3] A Zg-graded vector space g = gg @ g7 is called an 3-Lie superalgebra of

parity « if there exists a multilinear map [-,..., ] : g X g X g — g such that
|[z1, w2, 23] = |z1| + [w2] + 23] + a, (1)
[xl, ey Lgy L1y - - - ,333] = —(—1)|$i”wi+1|[$1, cee s Lj415Lgy e v - ,$3]

[1’1, 2, [yla Y2, y3]] = (‘anzllﬂmo <(_1)(|zlH‘m')(‘ylmw') { [[5017 x2, y1]7 Y2, y3]+

[y1, (21, 22, 2], y3] + [y1, ¥2, [x17x27y3]]})

where v € Zg and |z| € Zg denotes the degree of a homogeneous element z € g.
Definition 2.[4] A derivation of an 3-Lie superalgebra g is a linear map D : g — g such that

Diay, sz, w5] = (= )P0 22l ([D(1), 2y, ) + [o1, D(wa), 23] + 21, 22, D)
for x; € g(i = 1,2, 3).
We denote by Der(g) the set of derivations of the 3-Lie superalgebra g. For z1,z9 € g, we
define the map

ad(z1,22) 19— g by ad(zy,z2)(x3) = [z1,22,23] Vz; € g.
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One sees that ad(x1,x2) is a derivation which we call an inner derivation. The set of all finite
linear combinations of inner derivations is an ideal of Der(g) and is denoted by ad(g).

For subspaces Bi, Bg, B3 of an 3-Lie superalgebra g, the symbol [Bj, By, B3] denotes the
subspace spanned by vectors [z1, z2, x3] for any x; € B;, where 1 < ¢ < 3.

The algebra [g, g, ] is called the derived algebra of g and is denoted by g'. If g! = g, then g
is called a perfect 3-Lie superalgebra.

Definition 3. Let g be an 3-Lie superalgebra over a field F. A linear map D : g — g is called
a double derivation of g if it satisfies the following identity:

D([z1, 22, [y1,y2, y3]]) = (—1)‘D‘(|xl|+|m2|){[D(ﬂﬁl)v932, [y, y2, y3]] + [z1, D(x2), [y1,y2,y3]]}+
(1) P ezt D f [y o, (D), g, sl + [, 2, [yn, Dlya), ysll + o, @, [y, w2, D(ws)]) |

for all T1,72,Y1,Y2,Y3 € 9.
The vector space spanned by double derivations is denoted by D(g). In the following, we

describe some properties of 3-Lie superalgebras.
Proposition. Let g be an 3-Lie superalgebra over a field F. Then Der(g) C D(g).
Theorem 1. For any Dy, D2 € D(g), one has [D1, D3] € D(g), i.e., the algebra D(g) is a
subalgebra of the general linear Lie superalgebra gl(g).
Theorem 2. If g is a perfect 3-Lie superalgebra, then ad(g) is an ideal of the Lie superalgebra

D(g).
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Sonlar nazariyasida tub sonlar bilan bog‘liq muhim muammolaridan biri — 2000 yildan ortiq
vaqt davomida hal qilinmay kelayotgan masala 5—Xalgaro matematik kongressida ilgari surilgan
egizak tub sonlarining cheksizligini isbotlash muammosidir. Hozirgi kunda bu masala Landauning
ikkinchi muammosi deb nomlanadi [1],[2],[3].

Ushbu ishda biz tub sonlar matritsalarini tuzish orqali n = 4— egizaklari tub sonlarini
cheksizligini aniglash imkonini beruvchi yangi usul taklif gildik.

n = 4— egizaklari tub sonlari — bu ayirmasi 4 ga teng bo‘lgan ketma ket kelgan tub sonlarni
bildiradi. Biz qulaylik uchun quyidagi belgilashni kiritamiz:

n
2*3*5*7*11*...*pn:Hpi:pn!’
i=1
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Bu yerda p; — tartib raqami ¢ bo‘lgan tub sonni bildiradi. Belgilanayotgan p,!" ifodasi 2 dan p,
gacha bo‘lgan barcha tub sonlarning ketma-ket ko‘paytmasini anglatadi. Uni p, tub sonining
maxsus faktoriali deb ataymiz.

Tub sonlar matritsasi.

Natural sonlar to‘plamini Ay matritsalar oilasi ko‘rinishida tasvirlaymiz, bu yerda elementlar
a(k,i,7) bilan ifodalanadi, ¢ — qatorning tartib raqgami, j — ustunning tartib raqami, k — Ay
matritsasining tartib ragami.

Bunda Aj matritsaning maksimal qatorlar soni maxsus faktorial p; ga teng bo‘lishi kerak,
ya'ni: i max = pi! Bu shuni anglatadiki, har bir k tartib raqamli matritsaga muayyan ketma-
ketlikdagi tub sonlar to‘plami mos keladi: p1, p2, ps, ... pr (E’tibor bering, ushbu matritsaga
mos keladigan oxirgi tub son pi bo‘ladi). Ustunlar soni esa yetarlicha katta, hatto cheksiz
bo‘lishi mumkin. Bu yerda va bundan keyin biz hech qanday tub son oldindan ma’lum emas deb
hisoblaymiz. Tub sonlar Ay matritsalarini qurish jarayonida bosqichma-bosqich hosil gilinadi va
aniglanadi.

Tarif. Agar ikki qo‘shni bo‘yalmagan qatorlar tartib raqami orasidagi farq 4 ga teng bo‘lsa,
bunday qatorlar “n = 4— egizak qatorlar” yoki “egizak qator juftligi“ deb ataladi. Agar bitta
ustunda joylashgan sonlar shu egizak qatorlarning turli gatnashchilariga tegishli bo‘lsa, ular
quyidagi tenglikni qanoatlantiradi: |a(k,i,j) — a(k,i F4,7)] =4

Matritsaning har bir n = 4— egizak qatori arifmetik progressiyani tashkil giladi va u
quyidagicha aniglanadi:

6m+1+p!(j—1), j=1,2,.. )
6m+5+pl(5—1), j=1,2,..

Istalgan A; matritsasida umumiy qatorlar soni va egizak qator juftliklari soni quyidagicha
aniqlanadi:

ikmax = Ik—1,max - Pk V& Mg = mp_1(px — 4) (2)

yoki
ihmax = Pk va my = (prp, —4)!, k>4 (3)

Bunda:

® i) max — Matritsa qatorlarining umumiy soni;

e my — egizak qator juftliklarining umumiy soni;
e k — matritsa tartib yoki tub son tartib;

(pr — 4)! — maxsus faktorial ifodasi.

(2) va (3) ifodalardan kelib chiqadiki, n = 4 egizak qator juftliklarining soni har bir yangi
matritsaga o‘tganda, ya'ni k tartib ragami oshgani sayin monoton ravishda ortib boradi. Dirixle
teoremasiga ko‘ra har bir n— tartibli egizak qator juftligida cheksiz ko‘p tub sonlar mavjud.

Teorema. A; matritsasida n = 4 — tartibli egizak qator juftliklarining soni %k ortishi bilan
monoton ravishda oshadi, shuningdek, har bir egizak qator ichida cheksiz ko‘p tub sonlar mavjud
bo‘ladi.

Foydalanilgan adabiyotlar ro‘yxati
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Tashkil etuvchilari ikkita bo‘lgan erkin gruppaning indeksi 3 ga teng qism
gruppalari

Normatov E. P.l, Akmalova R. A.2, Zayniddinova N. 0¢.3
1.23Mirzo Ulug‘bek nomidagi 0‘zbekiston Milliy universiteti, Toshkent,
0‘zbekiston;

1 erkinormatov@yandex.ru

Erkin gruppalar gruppalar nazariyasida ancha muhim rol o‘ynaydi. [1] maqolada erkin
gruppalar va toq tartibli Keli daraxti uchlari o‘rtasida bir qiymatli moslik mavjudligi ko‘rsatilgan.
Keli daraxtida o‘rganiladigan masalalarda uning gruppaviy tasviri xossalari muhim o‘rin egallaydi
[2,3]. Ushbu ishda soddalik uchun tashkil etuvchilari 2 ta bo‘lgan erkin gruppaning indeksi 3 ga
teng qism gruppalarini tasniflaymiz. Indeksi 2 ga teng qism gruppalarini tasniflash masalasi ancha
sodda bo‘lib, bu masala [1] ishda o‘rganilgan.

Aytaylik F» = (aj,a2) erkin gruppa bo‘lsin. Bu gruppani (Zs,+) chegirmalar gruppasiga
akslantiruvchi akslantirish quyidagicha aniglanadi:

0, agarx € H,
f(x) =41, agarz € aH, (1)
2, agar z € aoH.
f(z) akslantirishni (1) ko‘rinishida qidiramiz. Bunda

H={zePF|f(z) =0}
gism to‘plam quyidagi shartlarni bajarsa, erkin gruppaning qism gruppasi bo‘ladi:
1.he H = h™'ecH,
2. hi,ho € H = hphy € H.

Agar f(x) gomomorfizm bo‘lsa, H — normal gism gruppa; aks holda, normal bo‘lmagan gism
gruppa bo‘ladi.

Endi erkin gruppadagi so‘zlar F» = HUaj HUasH bo‘linishdagi qaysi sinfga kirishini tekshirib
chiqamiz. Bunda quyidagi 4 ta hol hosil bo‘ladi:

1 alH = al_lH, 9 alH = al_lH, 3 alH = GQH, 4 alH = agH,

. agH:aZ_IH, ' aoH = a1 H, . agH:ang, ' aoH = a1 H,

Bu hollarni navbat bilan ko‘rib chiqib quyidagi teoremaga ega bo‘lamiz.

Teorema. F» erkin gruppa va H = {z € F5 | f(z) = 0} to‘plam F, erkin gruppaning qism
gruppasi bo‘lsin. U holda:

e, agar (0; =2t,e; =2k)U (& = 2k,9; = 2t),
1) gl(a?agj) =<ai, agar (§; =2t =2k+1)U (¢ =2k +1,V9;),
az, agar (0; =2t +1,Ye;) U (e = 2k,0; = 2t + 1),



AKTYAJIBHHIE TIPOBJIEMH AJITEEPH Y AHAJIM3A, TEPME3-2025 31

va

e, agar (5j=3t,€i=3k‘)U(5j :3t+1,€1‘:3k+1)U(5j=3t+2,6i=3k+2)
U(El:3k,5] :3t)U(€z:3k’+1,5] :3t+1)U(€Z:3k+2,5J:3t+2),

ai, agar ((5j=3t,€i:3k+1)U(5j=3t+1,€i:3k+2)U(5j :3t+2,6i:3k‘)
U(€i=3k,5j :3t+2)U(€i=3k+1,5j:3t)U(€i=3k+2,5j=3t+l),

as, agar (6; =3t,, =3k+2)U(6; =3t+ 1,6, =3k)U(d; =3t +2,¢;, =3k +1)
U(€i=3k,5j :3t+1)U(€i=3k‘—|—1,(5j=3t+2)U(€i:3]€+2,5j :3t),

5
2) go(afiay) =

\

bo‘lsa, H gism gruppa Fy erkin gruppaning normal qism gruppasi.

e, agar (0; =3t,¢; =2k)U(6; =3t +2,¢;, =2k +1)
U((—ZZ‘ =2k + 1,5]‘ =3t + 1) U (6i = 2]{},5]‘ = 3t),

3) gs(aSay) =< a1, agar (8; = 3t,e; = 2k + 1)U (8; = 3t + 2, ¢; = 2k)
U(Gi = 2k‘,5j =3t + 2) U (61' =2k + 1,(5j = 3t),

as, agar (5J =3t + 1,V€i) U (Ei = 2k75j =3t + 1) U (Ei =2k + 1,5]' =3t + 2),

va
e, agar (0; =2t,;, =3k)U(0; =2t+1,¢; =3k+1)

U(e; =3k, 0, =2t) U (¢, =3k +2,0; =2t + 1),
ar, agar (6; =2t =3k+1)U(6; =2t+1,¢; =3k+2)U (e = 3k + 1,V6;),
as, agar (6; =2t,¢;, =3k+2)U(6; =2t+1,¢; =3k)U (¢, = 3k,0; =2t + 1),

S
4) ga(afay) =

bo‘lsa, H qism gruppa F» erkin gruppaning normal bo‘lmagan qism gruppasi bo‘ladi.
Bu yerda

Ve = aS'alaPal? .. amadm € Fy

uchun
€1 01 €2 02

r(z) = gelat'ay) gr(aay’) ... gelai"ay™), (k=1,4).

0, agarr(xz)=e,

s(r(z)) =<1, agarr(z)=a1, f=sor,

2, agar r(z)

ag.
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VK 519.00

Algebraik egri chiziqlarning eskizini darajali geometriya va kompyuter algebrasi
metodlari yordamida tasvirlash

Ruzimuradov X.X.!, Uroqova S.N.?
CaMapkaHICKUIl rocymapCTBeHHHH ypuBepcuTeT uMeHu llapoda Pammposa, ropof
Camapkranz, YsbekucTaH.
e-mail: rxx05@mail.ru

Annotatsiya. Ushbu ishda algebraik egri chizigning maxsus nuqta atrofidagi eskizini chizish
bosqgichlari ishlab chiqilgan va bir algebraik egri chizigning eskizi darajasi geometriya va
kompyuter algebrasi metodlari yordamida tasvirlangan.

f(z1,z9) — funksiya haqiqiy yoki kompleks koeffisiyentli ko‘phad bo‘lsin. Quyidagi

f(@1,22) =0 (1)

tenglamaning yechimlari to‘plamiga
F = {(.%'1, .%'2) S R2 ‘ f(xl, .’/UQ) = 0}, (F = {(:Bl, $2) € (C2 } f(.ilfl, .21?2) = 0})

yassi (tekis) algebraik egri chiziq deb ataladi.
Ma'lumki, z = (29, 29) nuqtada f (:U(l), xg) = 0 bo‘lib, bu nuqtada <8f a‘%) # 0 bo‘lsa,

Oz1
r = (29, 29) nuqta F - egri chiziqning oddiy nuqtasi deyiladi. Aks holda = = (29, 29) nuqta

(1) chizigqning mazsus yoki kritik nuqtasi deb yuritiladi. Koordinatalar sistemasiga siljitish
almashtirishini qo‘llab, koordinatalar boshini z = (29, #9) nuqtaga o‘tkazamiz. x = (29, x9)
nuqta (1) chizigning oddiy nuqtasi bo‘lganda quyidagi teorema o‘rinli.

1 —teorema (Koshi [2]). Agar = (0, 0) bo‘lganda 8671; # 0 bo‘lsa , u holda (1) tenglamaning
barcha yechimlari x = (0, 0) nuqta atrofida

e
T = E bkx]f
k=1

yoyilmadan tborat bo‘ladi, bu yerda by, — o‘zgarmaslar (haqiqiy yoki kompleks).
r = (29, 29) nuqgta (1) chiziqgning maxsus nuqtasi bo‘lganda yuqoridagi teorema o‘rinli emas.
Ushbu ishda maxsus nuqta atrofida (1) tenglamaninig taqribiy yechimlarini topish uchun darajali
geometriya metodlaridan Nyuton ko‘pyoqligi usuli qo‘llanilgan [1], ma’lum bir yassi chiziqning
maxsus nuqgta atrofidagi taqribiy yechimlari va yecimning barcha tarmoqlarining eskizi topilgan.
f(X) ko‘phadning barcha koeffitsientlari haqiqiy bo‘lsin, u holda X R? haqiqiy tekislikda
yuqgorida bayon qilingan lokal analiz yordamida uning barcha tarmoqlarini chizishimiz mumkin.
Ushbu protsedurani bir necha bosqgichlarga ajratamiz.
1-qadam. Yuqoridagi algoritmlar yordamida f(X) ko‘phadni kompyuter algebrasi tizimida

mavjud bo‘lgan kopaytuvchilarga yoyosh algoritmlaridan foydalanib,

f=HX). . fm (X),

keltirilmaydigan polinom ko‘paytuvchilarga yoyamiz. Keyinchalik, har bir ajralmaydigan
ko‘paytuvchi f;(X) uchun alohida egri chiziglarning tarmoglarini yasaymiz.
2-qadam. Yo‘qotish usulidan foydalanib [4], f = 0 egri chiziqning

of af

X9 =
f(X7) =0, . g

(X% =0, (X% =0,
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shartlar o‘rinli bo‘lgan barcha haqiqiy chekli kritik (maxsus) X nuqtalarini topamiz.

3-qadam. Har bir X° maxsus nuqta yaginida uni koordinata boshiga o‘tkazib, yuqoridagi
usullaridan foydalanib, keltirilmaydigan polinom ko‘paytuvchilarning barcha haqiqiy tarmogqlarni
topamiz.

4-gadam. Yuqorida Kkeltirilgan usullaridan foydalanib, va 1- teorema yordamida ularni
aniqlashtirib, f(0, z2) = 0 va f(x1; 0) = 0 tenglamalarining yechimlari sifatida x; = 0
va X9 = 0 o‘glari bilan egri chizigning kesishish nuqgtalarini topamiz.

5-qadam. P; = (1; 0) va P» = (0; 1) shartlar bilan gisqartirilgan tenglamalar yordamida
r1 = oo vaxg = oo bilan egri chizigning kesishish nuqtalarini topamiz: Ularning har biri uchun
biz

To = bliL‘zl)l + bgilfzfz + ngzfs + ...,

tipdagi yoyilmalar boshlang‘ich hadlarini hisoblaymiz.

6-qadam. N ning chegarasi qismini K1 = {P : p; < 0; p2 > 0} masala konusi bilan

x1 — 0,29 — oo da, shunga o‘xshsash 1 — co,29 - 0da- Ky = {P : p1 > 0; p2 < 0}
masala konusi bilan birga foydalanib egri chizigning tarmogqlarini topamiz.
7-qadam. 1,22 — oo, da N ning chegarasi qismini K3 = {P : pi > 0; po > 0}

masala konusi bilan birga foydalanib, egri chizigning tarmoqlarini topamiz.

8-gadam. X maxsus nuqtalaridan tashqarida egri chiziq tarmoqlari kesishmasligini hisobga
olib, egri chiziq tarmoqlari topilgan gismlarini tutashtiramiz.

Natijada (1) tenglamaning maxsus nuqta atrofida yechimidan iborat bo‘lgan funksiya
grafigining tekislikdagi eskizini hosil gilamiz. Yuqorida keltirilgan prosedura yordamida

2 2
flar,a2) = ai @b — af a5 + 2] 23

algebraik egri chizigning maxsus nuqta atrofidagi eskizi topilgan.
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Arifmetik progressiyadan olingan tub sonlar yig‘indisining maxsus to‘plamlari
haqgida.

Safarov A.Sh.!, Bozoraliyev E. T.?
Termiz Davlat Universiteti, Termiz, 0‘zbekiston;
asafarov1977@mail.ru

Ushbu magqolada sonlarni arifmetik progressiyadan olingan ikkita tub sonlar yigindisi ko‘rinishida
ifodalash masalasi, ya‘ni tub sonlar biror arifmetik progressiyadan olingan holatdagi Goldbax
muammosi o‘rganilgan [1].
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Quyidagi belgilashlarni kiritamiz: X — yetarlicha katta haqiqiy son, n— natural son,
P, p1, p2 — tub sonlar, E(X)— orqali n < X uchun, n = p; +ps ko‘rinishda ifodalab bo‘lmaydigan
sonlar sonini belgilaymiz. M (D, X)— orqali n < X uchun

n=p1+p2, pi=1l(modD), (I;,D)=1, i=1,2; (1)

ko‘rinishda ifodalab bo‘lmaydigan sonlar to‘plamini va E(D,X) = card M(D,X) deb hamda
R(n, D, X)— orqali esa berilgan n ni (1) ko‘rinishda ifodalashlar sonini belgilaymiz,

¢j (j = 1,2,...)— musbat o‘zgarmas sonlar, ¢(a)— Eyler funksiyasi, x, orqali ¢ modul bo‘yicha
Dirixle xarakterni, Y, orqali ¢ modul bo‘yicha x, xarakterga qo‘shma Dirixle xarakterni
belgilaymiz.

Asosiy intervallar to‘plamini M orqali, 7 orqali esa Q! < a < 1+Q7', a ¢ M shartni
qanoatlantiruvchi asosiy intervalga kirmaydigan « lar to‘plamini belgilaymiz. Shunday qilib, 7
qo‘shimcha intervallar birlashmasini ifodalaydi.

A F.Lavrik va R.Von ishlaridan foydalanib, I.Allakov quyidagi teoremani isbotladi [2]:

1-teorema. D = p’ va D < In*X uchun

E(D,X) <c3 exp(—c4VIn X)

X
¢(D)

baho van ¢ M(D,X), n < X uchun

n Inn Cg
Rn)>cs————|1—————Jexp(——VInn
(n) 2 5<p(D)ln2n < exp(q;Vlnn)) p( 4 )

tengsizlik o‘rinli.

Qaralayotgan maqolada 1-teoremadagi baholar takomillashtirilgan [3]. Jumladan quyidagi
baho olingan.

2-teorema. Yetarlicha katta X va yetarlicha kichik 6 > 0 uchun, D < X% (106; < 6) da,

E(D,X) < er X'~ (D)
baho va n ¢ M(D, X), n < X uchun

7
n1-1o

R(n,D) > 08m (

o)
ng — 1)
baholar o‘rinli.
Ta‘kidlash joizki, 1-teorema va 2- teoremalar bir-biridan quyidagicha farq qiladi: 1-teoremada
arifmetik progressiyaning ayirmasi D = p? (yani tub sonning darajasiga teng) va D < In4X
maxsus to‘plam quyidagi bahoni qanoatlantiradi:

E(D,X) < i)

exp(—c4VIn X).

2-teoremada esa, D ixtiyoriy va 1 < D < X% (§; yetarlicha kichik), maxsus to‘plam E(D, X) <
c7 X179~ 1(D) (§ yetarlicha kichik va 106; < §) bahoni qanoatlantiradi.
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Faraz qilaylik, M; musbat butun sonlarning o’suvchi, cheksiz ketma-ketligi

i1y A2y B3y wnvy Ay - (1)

bo’lsin. Agar k ta Mj, Mo, ..., M} ketma-ketliklar (ularning orasida bir xillari ham bo’lishi
mumkin) berilgan bo’lsa, elementlari

b] = aij1 + az;2 + ...+ Ak Q141 S Ml, az;2 S MQ, ey Ak ik € Mk (2)

tenglik bilan aniglanuvchi by, ba, ..., by, ..., ketma-ketlikka berilgan ketma-ketliklarning yig’indisi
deb ataladi [1] va My + Ms + ... + My, ko’rinishda belgilanadi.

P(M;) = inf X&)

kattalikka M; ketma-ketlikning zichligi deb ataladi. Bunda N(z) (1) ketma- ketlikdagi x dan
katta bo’lmagan hadlar sonini bildiradi.

Additiv masalalar deganda berilgan M to’plamning elementlarini M; + Ms + ... + My
to’plamlar elementlari yig’indisi ko’rinishida ifodalash tushiniladi.

Bu yerda quyidagi masalalarni hal etish muhim [1] :

1. Agar My + My + ... + M} ketma-ketliklar berilgan bo’lsa, M dagi (2) shartni
ganoatlantiruvchi elementlardan tuzilgan M’ ketma-ketlikning zichligi qanday bo’ladi?

Shunga o’xshash M dagi (2) shartni qanoatlantirmaydigan elementlardan tuzilgan M ketma-
ketlikning zichligini ham qarash mumkin.

2. bj va k lar berilgan bo’lganda (2) shartni qanoatlantiruvchi (ayj1, azj2, ..., ax i) lar sonini
bildiruvchi Ry (b;) funksiyani tekshirish.

Boshqacha qilib aytganda, Ry(b;) funksiya uchun aniq yuqori va quyi chegaralarini topish
yoki asimptotik formula keltirib chiqarish.

Bu keltirilgan masalalar: Waring muammosi, Eyler-Goldbax muammosi, Xardi-Littlvud
muammosi, Xua-Lo-Ken muammosi va boshqa ko’plab sonlar nazariyasining additiv
muammolarini o’z ichiga oladi.

Agar biz 1 < n < X oraliqdagi ikkita tub son ko’rinishida ifodalash mumkin bo’lmagan
sonlarning sonini F(z) bilan belgilasak, u holda yuqoridagi mualliflar tomonidan isbotlangan
natijani E(r) < ;% ko'rinishida yozish mumkin, bu yerda <-Vinogradov simvoli, A > 0-
haqiqiy son. 1961-yilda A.F.Lavrik|6] berilgan n,1 < n < X juft sonini arifmetik progressiyadan
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olingan ikkita tub sonning yig’indisi ko’rinishida ifodalashlar soni uchun assimptotik formula
oldi. Ushbu ishda shu asimptotik formulaning qoldiq hadi aniqlashtirilib va quyidagi teorema
isbotlangan:

Teorema. (O, X) oralig‘idagi ko‘pi bilan D(hii))(()M ta dan boshga barcha juft n = 1 +
l//(modD) sonlar uchun n = p + p’ tenglamaning tub sonlar p = [ (modD); p =
I (modD),1 < I,I" < D: (z’,D> - <Z",D> — 1,0 < D < (InN)* tub sonlardagi yechimlari

soni @ (N, D) uchun quyidagi formulani isbotladi:
pp=2 prp=i N Pl (2 )
(p-1" S p=2 e(D)N 5 p=2 \p(D)I’N

p>—2 %7p><D

Q(N,D)=2]]

p>2

bu yerda p-barcha tub sonlarni qabul qiladi, ¢-Eyler funksiyasi, A va M lar musbat haqiqiy
sonlar, O-simvoldagi o‘zgarmas son A va M ga bog‘liq.
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Local and 2-local anti-derivations on naturally graded filiform Lie algebras
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Investigation of local derivations on Lie algebras was initiated in [1] by Ayupov and
Kudaybergenov. They proved that every local derivation on semisimple Lie algebras is a
derivation and gave examples of nilpotent finite-dimensional Lie algebras with local derivations
that are not derivations. In [2], local derivations of solvable Lie algebras are investigated, and it
is shown that in the class of solvable Lie algebras there exist algebras that admit local derivations
that are not derivations and also algebras for which every local derivation is a derivation.
Furthermore, we have recently obtained significant results in our paper entitled “Local and 2-local
anti-derivations on solvable Lie algebras® [3].

Definition 1. Let (£,[—, —]) be an algebra with a multiplication [—, —]. A linear map ¢ is
called a d-derivation if it satisfies

olz,yl = 6 (le(x), y] + [z, 0(¥)]),

where 4 is from the ground field F.
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Note that 1-derivation is a usual derivation and (—1)-derivation is called an anti-derivation. If
1 and ¢y are d1 and do-derivations, respectively, then their commutator [p1, v2] = @192 — P21
is a d109-derivation. The set of all d-derivations, for the fixed J§, we denote by Ders(£). For Lie
algebras, the notion of anti-derivations coincides with the notion of reverse derivations, which
was studied by Herstein in [4].

Definition 2. A linear map A is called a local é-derivation, if for any = € £, there exists
a o-derivation ¢, : £ — £ (depending on x) such that A(z) = ¢, (x). The set of all local

0-derivations on £ we denote by LocDers(£).
Definition 3. A map V : £ — £ (not necessary linear) is called a 2-local §-derivation, if for
any x,y € £, there exists a d-derivation ¢, , € Ders(£) such that

V(z) = @x,y($)7 V(y) = @m,y(y)'

It should be noted that 2-local d-derivation is not necessarily linear, but for any z € £ and
for any scalar A, we have

V(Az) = @z ra(Ax) = Apz e (z) = AV(2).
For an arbitrary Lie algebra L we define the derived and central series as follows:
el — g gls+ll — gl gl g > 1,
gl=g ghtl— gk gl k>1.

Definition 4. An n-dimensional Lie algebra £ is called solvable (nilpotent) if there exists
s € N (k € N) such that £l = {0} (£ = {0}). Such minimal number is called index of
solvability (nilpotency).

The maximal nilpotent ideal of a Lie algebra is said to be the nilradical of the algebra.

Definition 5. An n-dimensional Lie algebra £ is said to be filiform if dim £ = n — i, for
2<i<n.

Now let us define a natural gradation for the nilpotent Lie algebras.

Definition 6. Given a nilpotent Lie algebra £ with nilindex s, put £; = £//£%+! 1 <i < s—1,
and Gr(£) = £, ® £2@ ... ® £,_1. Define the product in the vector space Gr(£) as follows:

[z + gty 4 SjH] = [z,y] + gititt

where z € £//L1 y € £/ /&L Then [£;, £;] C £;4+; and we obtain the graded algebra Gr(£).
If Gr(£) and £ are isomorphic, then we say that the algebra £ is naturally graded.
It is well known that there are two types of naturally graded filiform Lie algebras. In fact,
the second type will appear only in the case when the dimension of the algebra is even.
Theorem 1. [5] Any naturally graded filiform Lie algebra is isomorphic to one of the following
non-isomorphic algebras:

N1 lensel] =eip1, 2<i<n-—1;
Qon: leiner] =eip1, 2<i<2n =2, e, eany1-4) = (—1)'e2,, 2 <0 <

Proposition 1. Any anti-derivation D on algebras n, ; and Qs, has the following form:

D(e1) = Y e, D(e2) = ) Bies,
=1 i=2

D(e;) = (_1)1'((%041 + Bo)ei+ > Bi—iteej), 3<i<m
j=it1

Np,1 -
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2n 2n
D(e1) = are1 + ) e,  D(ea) = ) Bjej,
i=3 Jj=2
Q2n . ) 1+(_1)i+1 2n—1 .
D(e;) = (1) ((—5"—a1 + Pa)ei + > Bjit2ej + aon_itoe2,), 3 <1< 2n.

J=i+1
Theorem 2. Naturally graded filiform Lie algebras n,; and Qg, admit local and 2-local
anti-derivations which are not anti-derivations.
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CHIZIQLI OPERATORNING XOS SON VA XOS VEKTORLARNI
TOPISHNING USULLARI.

Xo¢jamqulov B.T.!, Mamaraimova G.2, Shomirzayev A.3
1,23 Termiz Davlat Universiteti, Termiz, 0‘zbekiston;
xojamqulovb@mail.ru

Hozirgi zamonda matematika jadal rivojlanib bormoqda. Tabiiykiy, bu masalalarni yechish
ham xilma — xildir. Algebrada uchraydigan ko‘p masalalarni

y=Az (1)

shaklda yozish mumkin, bu yerda x va y berilgan W va V funksional fazolarning elementlari
bo‘lib, A— operator yoki xususiy holda funksionaldir. Matritsaning xos sonlari va xos vektorlarini
topish muammosi fizika, mexanika va astronomiyaning ko‘plab amaliy muammolarini hal gilishda
zarur bo‘ladi. Bunda Ax = Az ko‘rinishdagi tenglamalarning notrivial yechimni aniglashda kerak
bo‘ladi va bunday yechim mavjud bo‘lgan A son ko‘phadning xos sonlari [1].

Ushbu maqola chiziqli operatorlarning xos soni va xos vektorlarini topishning turli
metodlardan foydalanilgan holda topishga bag‘ishlangan.

Xos vektor chizigli algebradagi tushuncha bo‘lib, kvadrat matritsa uchun vektor sifatida
belgilanadi, matritsani « vektorga ko‘paytirish natijasida bir xil vektor matritsaning xos son deb
ataladigan shunday skalyar songa ko‘paytiriladi [2]. Shunday qilib, A matritsaning xos vektori
shunday nolga teng bo‘lmagan = vektor bo‘lib, shunday A son uchun

Az = Mz (2)

bajariladi. O‘z navbatida, A matritsasining xos giymati A soni bo‘lib, uning uchun xos vektor x
mavjud, ya‘ni (2) tenglik mavjud [3].
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1 - teorema. n o‘chovli R, fazodagi ixtiyoriy A chiziqli operatorning xos vektori mavjud.
Agar A operatorning matritsasi

ail a1 ... apl
Ale) = a12 @22 ... QG2
Gln G2n - Opn
dan iborat bo‘lsa, u holda
ail — A as ani
D) =det(A—\E) = | @2 927 A o am | (3)
Ain aon eer Qpp — A

tenglama A\ ga nisbatan A operatorning xarakteristik tenglamasi deb ataladi. (3) tenglamaning
chap tomoni
det(A — AE) = (=1)"(A\" — pt A" L — poA™ 2 — . —pp) (4)

n— darajali ko‘phad bo‘lib, u A operatorning xaraktiristik ko‘phadi deyiladi. Ayrim hollarda (4)
ko‘phad o‘rnida A operatorning xos ko‘phadi deb ham ataladi.

POA) = A" —p X —pod™2 — L —p, (5)

Bu yerda A operatorni matritsa deb olsak. Matritsaning xos sonlari uning xos ko‘phadlari ildizlari
bo‘ladi. (5) ko‘phad n— darajali bo‘lgani uchun n ta ildizga ega. [3]

Bizga det(A — \;E)T = 0 tenglama berilgan bo‘lsin. Algebradan ma‘lumki, umumiy holda,
p(A\) ning p; koeffisienti A matritsaning (—1)"~* ishora bilan olingan i— tartibli bosh minorlari
yig‘indisiga teng. Viyet teoremasidan foydalanib, quyidagi tengliklarni yozishimiz mumkin:

M+ A+ .+ N =,

Endi biz matritsalar nazariyasidagi yana bir muhim metodni taqdim etamiz, u A matritsaga
(butunlay boshqa g‘oyalar va usullardan foydalangan holda) to‘liq umumlashtiriladi.

1-ta‘rif. Ixtiyoriy A € M, (C) matritsaning bosh dioganallar yig‘indisiga A matritsaning izi
deb ataladi.
Bu ta‘rifga ko‘ra A matritsaning izi quyidagicha belgilanadi. a1 + aga + ... + apn = Tr(A), endi
biz bu tenglikdan foydalanim quyidagi ko‘phadni hosil gilamiz.

det(A — AE) = X2 — Tr(A)A + (det A) E; = 0 (6)

2-ta‘rif. (6) xaraktiristik ko‘phadning A\, Ao kompleks ildizlari A € Ms(C') matritsaning xos
sonlari deb ataladi.
Bu yerda A1 + Ao = Tr(A), A\ - A2 = Tr(A).

2-teorema. (Gamilton — Keli) Ixtiyoriy A € M3(C) tenglik o‘rinli

A% — TT(A)A + det(A)EQ = 0s

Shunday qilib, matritsaning barcha xos sonlar yig‘indisi uning iziga teng bo‘lib, ularning
ko‘paytmasi shu matritsaning determinantiga teng.
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Faddeev metodi. D. K. Faddeev Leveri metodini shunday takomillashtirdiki, natijada,
berilgan A matritsaning xos ko‘phadini topish bilan birgalikda teskari bo‘lgan A~' matritsani
hamda A matritsaning xos vektorlarini ham topish mumkin.

Al = A7tTA1 = Q1,Bl = Al _qlEv

trA
Ay = ABy,—2 = g3, By = Ay — o,
.......................... 2..;54........................... (7)
T _
An—l = ABn—Qa n _n ! = Qn—laBn—l = An—l Qn—lEa
trA
Ay, = Aanly nn = QH>Bn =A, — QnE-

(7) dan quyidagilar kelib chigadi.
L1 =p1,q2 = P2, -, qn = Pn;
. B, nol matritsa;

Agar A xosmas matritsa bo‘lsa, u holda A=! = Bn1

n

2
3
Foydalanilgan adabiyotlar ro‘yxati

1. Ml.I.Isroilov. Hisoblash metodlari. Darslik. TOSHKENT “O‘zbekiston’ 2003. 440 bet.

2. Sh.A.Ayupov, B.A.Omirov, A.X.Xudoyberdiyev. Chizigli Algebra. Darslik “MUHR
PRESS* nashriyoti. Toshkent, 2023, — 392 bet .

3. 3. G.G‘ayipnazarov, O.Gaimnazarov. Algebra va sonlar nazariyasidan misol va
masalalar yechish. TOSHKENT 2015.

Biderivations of null-filiform Leibniz algebras.
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We classify the biderivations of null-filiform Leibniz algebras and construct induced Leibniz
algebras. Moreover, we explore the relation between the algebras and the Leibniz algebra of its
biderivations.

First, we provide descriptions of the derivations and anti-derivations on the given Leibniz
algebras. Then we give the classification of the biderivations as well as the Leibniz algebras
constructed by them.

Proposition 1 Any derivation on N F}, has the following form:

n
d(ez) =1ia1e; + E Qj—it+1€5.
j=it1
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where o; € C, i € {1,2,...,n}.
Now, we determine the space of anti-derivations of N F,,.
Proposition2 Any anti-derivation on N F}, has the following form:

n
D(el) :Zﬁjej, D(el):O, 2<3<n.
j=1

where 8; € C, j € {1,2,...,n}.
Theorem Any biderivation of NF;, is described as the following form:

a1 o .- 0 0 o 0 0 0

(%) 2@1 0 0 52 0 0 0

o3 o9 - 0 0 55 0 0 0
Qp—1 Qp—g -+ (n—1a; 0 Bn—1 O 0 0

L O Qp_1 - g nay Bn 0 0 0

Now, we describe the Leibniz algebra Bider(NF,,). For this, let us fix the basis B of
Bider(NF},). One can verify that Bider(N F,) is (2n — 1)-dimensional. Thus, consider
B = {Xl,XQ, e ,Xn,YQ,Yg, e ,Yn}, where

X1 =(Ei1+2FE%+ -+ nEny,, Fi1)

Xo=(Ean+Es 2+ + Epp_1,0) Yy = (0, Ea1)
Xn—l = (En—ll + En27 0) Yn—l = (Oa En—ll)
Xn - (Enh O) Yn == (07 E’I’Ll) 9

where F;; are matrix units.
Thus, by summarizing all above, we obtain the following basis products:

(X1, X = X = Y, [Xi, Xq] = —Xu, (2)

Yi, Xa] = =(k = D)Yi  [Vie, Xi] = = Vi1, (3)

where 2 < k <n, k+1—1 <n and the omitted products are zero.
Proposition Bider(NF,) is a solvable Leibniz algebra of dimension 2n — 1 with the
multiplication table given as (2) and (3).
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CsoiictBo Bairoma-Xancona njia Li-cxkatuii B Ly-npocTpaHcTBax
Banaxa-KaunTopoBu4a Ha KOJIBIIOM U3MEPUMbIX (DyHKIIUI

3axupos B.C.', Yumum B.U.2
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ycrs (Q, 3, 1) ©3MepUMOe IIPOCTPAHCTBO ¢ o-KoHedHoi Mepoit, LY(£) anrebpa Bcex Kiaccos
PaBHBIX [TOYTH BCIOLY JEiCTBUTEILHBIX N3MepUMbIX dyHKumit Ha (€2, X, 1) u nycrs B(2) noanas
Gysesa anrebp Beex muemmorentos n3 LO(Q).

[Tycrs B npoussosibHas noJHas OyseBa ajirebpa, Q(B) CTOYHOBCKHI KOMIIAKT, COOTBET-
creytonuit B, n nycth Coo(Q(B)) anrebpa Beex HenpepbiBHbIX dbynkumii x : Q(B) — R =
[—00, +00], IpUHEMAIOIIUX 3HAYEHUs] +00 JIMIIb HA HUIJIE He IJIOTHBIX MHOXKecTBax u3 Q(B).

[Iycts m : B — L°(2) — crporo nonoxurensuas LY(§))-3naunas mepa ma B, obmataroniast
ceoiictBoM Marapam, T.e. mig mobeix e € B, f € L9(Q), 0 < f < m(e), cymecrsyer Takoe
qg € B, q < e, aro m(q) = f. B arom ciyuae [1], cylmecTByer eJMHCTBEHHbIH MHBHEKTHUBHBIN
BIIOJIHE &/IUTUBHBINA GysieB romomopdusm ¢ : B(Q)) — B rakoii, uro V(m) = ¢(B(f)) ectb
upasusbHas Oysesa noganarebpa 8 B, u m(e(q)e) = gm(e) nust Beex g € B(R2), e € B. Kpome
Toro, anrebpa L°(Q) oroxkaectsisercs ¢ mopanre6poit Cu (Q(V(m))) B anrebpe Coo(Q(B)).

[Iycts L'(B, m) mpocTpancTBO BCEeX M-HHTErPHPYeMbIX 31eMeHToB n3 Coo (Q(B)). s xax-
noro z € LY (B, m) dopmyina ||z||1,m := [ |z|dm oupenensier LY(Q)-snaumyro nopmy na L' (B, m).
[ockosbKy, m — mepa Marapam, to napa (L'(B,m), ||x||1,m) sBasercs npocrpanctsom Banaxa-
KanTtoposmaa mam L°(Q) (cm. [2,6.1.10)).

s xaxzoro p > 1 nonoxum LP(B,m) = {r € Coo(Q(B)) : |zP € LYB,m)}, ||x|lpm =

1
[ [|z|Pdm]?, x € LP(B,m). UsBectro, aro mus Mepsl Marapam m napa (LP(B,m), ||z||pm)
TaKIKe ABJstercs nmpocTpancTBoM Banaxa-Kantoposnua nan LO(Q).

ycrs (X, ||+ |lx) u (Y, ]|-]ly) peuterouno nopmuposantbie mpocrpanctsa wag LO(Q). Jlnmeii-
et onepatop T : X — Y maswaerca LY(§)-ozpanurennim, ecim cymecTByeT Takoil 3/eMeHT
0 <aec L), uro |T(x)|ly < alz||x ars seex x € X. Iycrs Ly(X,Y) BeKTOpHOE TTPOCTpaH-
crBo Beex LU (Q)-orpanmuennsix oneparopos u3 X B Y. Kaxkpiit oneparop T € Ly(X,Y) umeer
LY(Q)-3maunyto Hopmy, KoTopas onpesensercs 1o dopmyme ||T|| = sup{||T(z)|ly : = € Bx}, rue
Bx ={z € X : ||z||x <1} — equununstii map B (X, || - ||x) n 1 - exununa B 6y/aeBoit anrebpe
B(Q2). Ecau (X,| - |lx) pasnoxkumMoe penieroqHo HOpMupoBaHHoe mpocrpancTso, a (Y, |- |ly)
npoctpanctso Banaxa-Kanroposnua nan LO(Q), torma (Ly(X,Y),] - ||) Takxke asiserca mpo-
crpancreom Banaxa-Kanroposmaa man LO(Q) (cm. [2, 4.2.6]).

Ecm Y = L°(Q), Torma X* := Ly(X, L°(Q)) nasssaerca L°(Q)-conpasicennvim npocmpan-
cmeom K pernierodHo HopmuposanHoMmy npocrpasctBy (X, || - ||x). Byuem rosopurs, uro nocie-
JoBaTesIbHOCTD {Xn} 13 X o(X, X*)-cxodumea x x € X, ecim nocnenosarensnocts {1'(xy,)}
(0)-cxomurest K T'(x) st Beex T € X*.

B ciyuae, xorma Y = X, wepes BL(X) := Ly(X, X) o6oznaunm npoctpanctso Beex LO(Q)-
orpaHnYeHHbIX JnHEHHbIX ornepaTropoB B (X, ||+ ||x). Ecmu T € BL(X) u ||T|| < 1, o T HasbiBa-
eTCsT COCAMUEM.

[onoxkurenbubiii oneparop 1T B mpocTpancTse Banaxa-Kanroposmaa (X, | - || x) mag LO(Q)

n
HA3BLIBACTCS CPedHO0-IP200UMecKUM, €C/IU HOCAeI0BATeIbHOCTD %Z T"x sasusiercs (bo)-cxousi-
i=1

n
meiicst B (X, || - || x), T.e. mocsenoBaTebHOCTD H% > T”:CHX (0)-cxomurea B pemerke LO(Q),
i=1

I Kaxkaoro x € X.



AKTYAJIBHHIE TIPOBJIEMH AJITEEPH Y AHAJIM3A, TEPME3-2025 43

Honoxmutensupit omepatop T € BL(LY(B, m)) nasesaerca (L1, Lo )-coicamuem, ecmm T1 <
1w [T 1,(Bm)—L.(Bm) < 1. MuOKecTBO Beex (L1, Loo)-cxkaTuit oboznaunm uepes PC(B,m).
Kaxx et oneparop T € PC (B, m) siBasiercst cpeaao-sprojudeckum |3, Teopema 3.2 (4)].

Onpenenenne 1. Ilycrs (X, | - ||x) — mpocrpancrso Banaxa-Kamroposma maz L°(€)).
Omneparop T € BL(X) obuanaer cpoiicreom Biroma-Xarcona, ecimm cymecryer (bo)-tpejen

n
(bo)- lim % > Tkig JUIS Kaxkjoro © € X | JJIs KaXK/0i cTPoro Bo3pacTalolell Moc/1e/[0BaATe /b
n—oo .
=1

rocru (k;)?2, HATypasIbHBIX dHCEL.
fcno, uro 060l MOMOXKUTEIBHBIN onepaTop co cBoiictBoM Bioma-Xancona siBisieTcst
cpesiHO-3projuyaeckuM (jocrarouno B Oupesesienne 1 B3a1hb ky = n).

Creyromas TeopeMa eCTh BEKTOPHO3HAYHBIN BapuanT Teopembl Biioma-Xamcona [4] st
Ly-cxxarTuit, feficTeyiomux B pocTpancTse Banaxa-Kanroposuua (L(B, m), ||z

Teopema 1. Ilycrs T — cxkarne 5 (LY(B,m), ||z
JICHTHBI:

1,m)~
17m). Creayromme yTBEp K IeHUsT S9KBUBa~

1. Iocrenosaremprocts (T"2)p>1 o(X, X*)-cxomures 8 (LY(B,m), ||z||1,m) a1 Beex x €
LY(B,m).

n
2. Ilocrenoparensaocts (=3 Tkia;)n>l (bo)-cxomurest B (LY (B, m), ||x||1,m) a1st xaxmoro
i=1 =

x € LY(B,m) u s Beex crporo Bospacraronux nociegosarensnocteii (ki) HaTypasbHbIX
YHCEJI.

Caenyromuii pesysnbrar Kacaercst (L, Lo )-cokaTuil, JIeficTBYOIMUX B IPOCTpancTBe BaHnaxa-
Kanroposuua (LY(B,m), ||z|/1,m)-

Teopema 2. Ilycre T € PC(B, m), 1 < p < co. Ciuejiytoriue yTBep»KIeHUs SKBUBAJICHTHBI:

1. Iocnenosarempnocrs  (T"x)p>1 sBastercs o(LP(B,m), LP(B,m)*)-cxoxsmeiicss B
(LP(B,m), ||z||p,m) a1 Bcex x € LP(B,m).

n
2. Hocrenosarenprocrs (L3 Thix) (bo)-cxomurest B (LP(B,m), |||pm) s Kazkmoro
i=1

n>1

x € LP(B,m) wu j/Is Bcex CTPOro BO3pacTalolux nociegopareapaocreii (k;)0, HaTypabHBIX
qHCel.
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VIIK 511.345

O pelleHN HEKOTOPBIX AAAUTUBHBLIX 3ama4 tuinna Bapuura—loababaxa.

Vvamos 0.10.
TepMescKuli rocyIapCTBEHHHI yHUBEPCHUTET, lepMe3, Y3b6ekucTax;
oybekimamov000Q@gmail . com

B nmanmoit cratbe mpeicTaB/IeHbl HEKOTOPLIE PE3Y/IbTATHI, IMOJyUeHHbIe MHOHW B IIOC/IE/IHUE
TOJIBI COBMECTHO C MOWM HAyJIHBIM PyKOBOAUTEseM, mpodeccopom Memanmmom AIakoBBIM, 1O
psly aJIINTUBHBLIX 3a7a4 Tuna Bapunra—losbadaxa.

[Tonb3ysich citydaeM, BbIpakaio TVIyOOKYIO OJIarofapHOCTh MOEMY HaydHOMY PYKOBOJIUTEIIIO,
npodeccopy Ucemaniay AjtakoBy, 3a OKA3aHHYIO [TOMOIIb U TOJJIEPXKKY TP MTOJIYIEHUN JTAHHBIX
PEe3yJILTATOB.

Knaccuuaeckwuii pesynbrar Hua Loo-Keng'‘a [1] o qunodaHTOBBIX KBAIPATHBIX YPABHEHUSIX [JIa-
CHUT, UTO KaxkJ10e OOJIBIIIOE I1€/I0€ TUC/I0, CPABHUMOE C 5 110 MOIYJIIO 24, IPe/ICTaBUMO B BIJIE CyM-
MBI b IPOCTHIX KBaJjparoB. Brociaencreun Yonghui Wang [2] qokaszas, 4To it IpOCTBIX YHCE,
IPUHAJICXKAIUX aPpUOMETUIECKON ITPOrPecCun

b=pi+p3+p}+pi+rd O
pi=l;(mod D), i=1,...,5.

1modaHTOBO ypaBHeHHe nMeeT pelnenue npu yeaosusix D < N°, b=5 (mod24). st uncia pe-
mennii ypasaenust (1), obozHauaemoro depes 7 (N ), BliepBble ObLIa MOy YeHA CJIE/YIONIAs OIEHKA
[3].

Teopema 1. Eciiu N- pocrarodno 6osbiroe yucio u (Q = N 215, cymiecTByeT 3pPeKTUBHAA
TTOJIOXKATEbHAST KOHCTaHTa ¢ st D < N°® crpaseuBa oneHka

r(N)> N2Q 5(InN)>.
Pacmupennbim Bujiom ypashenusi (1) siBisiercsi ypaBHeHUe

b = a1p} + agps + asps + aspi + asp3 @
pj =lj(modD), 1<j<5
s aucsa pemennit ypasaenust (2), obosnadaemoro 4depes r(N), HaMU HOJIy9YeHa CJIeLyIONast
onenka [4],[5].

Teopema 2. ITycrs P := N, rae § mocrarodno Majoe mosozkuresabhoe uncio.Torma cy-
MEeCTBYET 3(PPEKTUBHO BBIYUCIIEMasT MOJOKUTETbHAS TOCTOsTHHAsT ¢ > 0 Takas , 9To JJIsT BCEX
nocrarouno bosbiux N > B crpaBejinBa CJIeIYIONas OleHKA:

3
Nz2D
r(N) > : o
©3(D)P3|ay - - -as|2In° N
3x1ech aj, ... ,as Leable YUCIa, YAOBIETBOPSIONME YCJIOBHIM a1 - - - a5 # 0 u (a1, ...,a5) =1 a
rakxkea B := max {3, D, |ai|,...,|as|} .

N3BecTHO, TO TIOCTE HOKazaTeabcTBa TeopeMmbl 2K. JI. Jlarpam:ka, o mpeacTaBiieHNN 3aaH-
HOT'O TIEJIOTO YHCJIa B BUJE CYMMBI KBaJIPATOB YETHIPEX IEJIBIX UHCEJ MEPBBIM, KTO OOpaTHUI
BHUMAHNE Ha 3324y [PEJICTABIEHNS JAHHOI'O [I€JIOI'0 YUCJIa B BHUJIE CYMMbI KBaJ[PATOB YETHIPEX
IIPOCTBIX YUCEN P, ..., P4 ObLI JI. K. Xya.

n=pi+ps+p;+pi (3)
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[Tycte N-mocrarouno Gosbinoe narypasibhoe duciao u U(N) = {n | 1 < n < N,n = 4(mod
24),n # pr 4+ p3+pi +pi}, E(N) = cardU(N). JI. K. Xya mokazan, aro E(N) < Nlog™ 4N, re
A > 0— HekoTOpas HMOoCTOsTHHAsI, << — cuMBoJI Bunorpagosa. B 2000 roxy J. Y. Liu u M. C. Liu
[3] mokaszas, uro ecm N > 2 va U(N) MHOKeCTBO MOJIO?KUTEJILHBIX IEJIBIX dmces n = 4(mod24),
n < N koropoe Hesb3s upejcraBut B Buje (3). E(N) = cardU(N) Torja cupasejiiBa OleHKa
E(N) < N? rne 6 > 13/15. Dra onenka ObLIa YIIydIIeHA CJICAYIONMM 00PA30M, U JJIsi THCTIA
upejicraBienuii R(n) moiydeHa ciejyormmast oneHka cHusy [6].

Teopema 3. Ecimn N— gocTaTovHO OOJIBITOE YHUCJIO TOTIA,

C1

E(N) < N"™*/s+C0N) - pre C(N) =
nin

st n & U(n) )
r(n) = %G(n)n +O(NL™).

st amcia npegcrasiaenne 3agansoro N/2 < n < N, n = 4(mod24) cupasejinBa OleHKa,

n 1
R — |1 —ec3—
(n) > ez Inn < “ lnn)

Mpr uccsiesyem cyiecTBoBaHus perienuii ypasHeHusi (3) B IPOCTBHIX YuCIaX U3 apudMern-
geckoit mporpeccun. st yiobcTBa BBeEeM CIeyome 0003HAEHNUS:

U(N,D)={beN*':1<b;<d, (b;;D)=1, b+ +bj =n(moda(D)D)}.

B nanbmeitmenm 6y1em paceMmarpusaTh p; = bi(mod D), i=1,....,4ub= (by,...,by) € U(N, D).
Baech o(D) = 1,4,2 coorsercrento ozuavaer 21 D, 2||D u 4|D. Ilycrs Sp (n) — KommdecTBO
perienuii ypasaenus (3) B pocTbix yncaax p; = bj(mod D), i =1,...,4; a Ep (n) — KoauaecTBo
n (2 < n < N), KOTOpble HE NPEJCTABUMO B BUJIE CYMMbBI Y€TBIPEX KBAJPATOB HPOCTHIX THCEJT
u3 apudmerndeckoii mporpeccun p; = bi(mod D), i = 1,...,4. Torma umMe0oT MeCTO CJieIyTomme
TeopeMsl |7].

Teopema 4. Eciiu n =4 (mod24),2 < D < N 0 Torma CIpaBeInBa OICHKA

EDm(N) < N(Q15/14 D)—l'

Meto1, HCIONIB3YEMBIil B JJOKA3aTEIbCTBE TEOPEMBI, TO3BOJISIET MOJIYINTh OIEHKY it Sq (n)
upu N/50 <n < N.
Teopema 5. s Bcex n (N/50 < n < N), ynosnersopsitonue yciosuio n = 4 (mod24), 3a

—1 .
UCKJIIoUeHneM He 6osiee uem N (Q15/ 14 D) 3Ha4YEHUIl, ClIpaBe/JINBa OIICHKA

Sp (n) > nlf?é(Dl/zlog‘ln)_l.

PaccMoTpuM ypasHeHHe
a1p1 + azps + azpi = b, (4)

rje ai, ag, as, b -1esble 9ucia, a pi, p2, P3 IPOCThIE UUCTIA.

He orpannuaunsast 06IIHOCTH, MOXKHO cuuTaTh, uto a; # 0 npui = 1,2,3u EKUB(ay, az,a3) =
1. lycrs B := max{2, |a1], |az|, |as|}. Torma mns pernenusi ypasHenusi (4) B IPOCTBIX YUCJIAX
p; u3 apudmermdeckoii mporpeccun (p; = l;(modD),i = 1,2,3, D < N° ) cupaseamsa ciemyio-
mast Teopema [8].
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Teopewma 6. Eciin a1, as, asz, b yI0BJIETBOPSIOT BBINIIEYKA3aHHBIM YCIOBUAM. 1OrIa CYIECTBY-
eT 3(pPEKTUBHOE BBIUUCIAEMOE MOCTOsAHHOE Yncyio A > 0 Takoe, 9TO CIPaBEJIUBBI CJIE LY OIINE
YTBEPKICHUSI:

a) ecim Bce ai,a9,a3 mojokKuTeabEbe u b > B4 ro ypasmenme (1.1) mmeer pemrenue B
LPOCTBIX YUCIaX P1, P2, P3 U3 apudmernydeckoil nuporpeccun p; = l;(modD),i =1,2,3, D < N

b) eciu He BCe aj,ag,a3 UMEIOT OJMHAKOBOII 3HaK, TO ypasHenue (1.1) mmeer pemienue B
IPOCTBIX YUCJAX P1, P2, P3 U3 apudmerndeckoii nporpeccun p; = l;(modD),i = 1,2,3, D < N9,
KoTopble He Tipesocxomut 3 |b| + BA.

Teopema 7. Eciiu N 10cTaTouHO BEJMKO, TO KOJMYECTBO penteHuil ypasaenus (1.1) B mpo-
crpix anciax NB™' < py,po,p3 < N, p; = l;(modD), i = 1,2,3, D < N% me menbie gem

. -1
C1N3/2 (BQ83/420DIH3N> ’
e ¢ -TOJIOXKHUTebHAs TTocTosiHHAst, Q = N219.
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VK 524.11

OI_[eHKa KOPOTKHUX CyMM 3HAYEHUM XapaKTepoB OT KBaJApPaTUIHOI'O
MHOIro4JjieHa C IITPpOCTbIMHM YMCJIaMM
Kapum3zona Jdosuép lxanni

WNucruryr maremaruku uMm.A. J>)xkypaeBa HanmonanpHolt AkaemMun Hayk TajKukucrana,
r./lymanbe, Taxkukucran; khdj.91@mail.ru

Merox 1. M. Bunorpa ioBa OleHOK TPUTOHOMETPUIECKUX CYMM C IPOCTBIMU YHCIAMU BMECTE
¢ metogom Xacce A. Beiisist OIE€HOK MOJIHBIX TPUTOHOMETPUUIECKUX CYMM IMO3BOJISIET U3YUaTh
pacripe/ieJieHre 3HaYeHUIT HEIrVIAaBHOTO XapaKTepa 0 IIPOCTOMY MOJYJIIO ¢ OT MHOTO4YIeHOB f(x)
, KOr'Jla T IIpUHUMaET IIOoCjie0BaTe/IbHbIEe 3HAYCHUA ITPOCTBIX YHCEJI. Ha BO3MOZKHOCTBH TaKOI'O
usydenus ykaszano B [1], crp. 305, u ocymecTBieHo 310 B [2], 1€ HOJIyYeHbI OIIEHKHU JOCTATOTHO
o6IIUX CyMM, HETPUBHAJILHBIE yKe IPH 4Hcie claraeMbix mopsyika q 7. ALA. Kapamy6a [3]
M3ydaeT CyMMBI CHMBOJIOB JIexkaH/ipa o IpoCThIM wncsaM npu yeiaosun f(x) = (v — a)(z — b),
a # b( mod ¢), u uucie craraembix nopsaxa ¢7°. On oKazaib CieayIomero Teopemy:

Teopema. [lycmb w — NPOU3BOALHOE HUCAO U3 UHMEPBGAL (0 1).T020a npu aobom N >

0,75+w 2
w5 ()

p<N

q ons cymmo, Sy,

CNPasedIusa OueHKa ,
Sy < w(N)g 0w (1)

20e nocmoannas 6 snake < 3asucum moavko om w. OIHON M3 BaXKHEHIINX 3a/1a9 ABJISIETCS
060011IeHre 3T TeOpeMbl Ha IIPOU3BOJIbHbBIC HETJIABHBIE XapaKTephl, a TaKXKe Ha CyMMBI, B KOTO-
PBIX CyMlVII/IpOBaHI/Ie BeIeTCsd 110 YucjaaM C OJHUM 1 TeM 2Ke KOJIMYIeCTBOM ITPOCTBIX COMHO)KHTeHefI,
[0 IPOCTBIM YHCIAM U3 apuPMETHIECKOIl IIPOIPECCHH.

Xoxkues 1.JTk. [4] uccsenyer Koporkue cyMMbl 3HAUEHUIT XapaKTePOB Ha ClIENUAIbHOIT [ToCIe-
JIOBATETLHOCTH HATYPAJIBHBIX YHCEJ U TOJIyYaeT HETPUBHAIBHYIO ONEHKY KOPOTKUX CYMM 3Ha-
JeHUil IPIMUATHBHOTO XapakTepa /lupuxie x, Ha [0CIe10BATEIbHOCTU CABHHYTBIX YHCE 1 — 1),
npu yeaosun, 9to  —y < n < z, (n,q) = 1, n = A(mod d). Ou gokazan Teopemy:

Teopema. ITycmv D — docmamouro 604vwoe HaMypasoHoe YUCA0, X — HE2AAGHBIT TapaK-
mep no modyaro D, xq — npumumusnsill raparxmep, noporcoernbill Tapaxmepom X, qi — npous-
sedenue npocmux wucen, deasuyux D, 1o ne deaawux wucaa q, d\q1, (n,q) = (A, d) = (d,q) =1,
y<z, x<gq, moada

S = > Xq(n—n) <249 /glng. (2)

z—y<n<z
(n,g)=1,n=X (mod d)

OCHOBHBIM Pe3yJIbTATOM JIAHHOW paboThl siBsieTcst 0bobienne TeopeMbl A.A. Kapaiy6onr Ha
IIPOU3BOJIbHBIC HElJIaBHbIE XapaKTEPhbl, a TaKzKe Ha CyMMbl, B KOTOPbIX CYMMUDOBaHHE BeﬂéTCH
[0 9UCJIaM ¢ (PUKCUPOBAHHBIM YUCJIOM MPOCTBIX COMHOXKHUTEJEH U 10 TPOCTHIM YHUCJIAM.

Teopema. Ilycmo f(n) — npouseosvhviii MHO20UAEH ¢ Ueabimy Kodpduyuernmamu, y < x,
I — uenoe wucao wucao

S= % wtm) 0= 3 e ().

r—y<n<z 1<n<q q
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Toz0a umeem mecmo ouenka

y+1 (q)
< 4 ovu .
|S] 112%1 I7(f,1)] . 2 Ing (3)
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AJropuTM NOCTpPOEHUS PelleHus B IIapaJjijiesenuiiee CUCTEMbI JMHETHbIX
YPaBHEHUII C MapaMeTpPOM U3 MPSIMOYTOJIbHUKA

MamaToB A.P.
CamMapkaHICKUR ToCyIapCTBeHHHN yHuBepcuTeT uMeHnu ll. Pammposa, Camapkangz,
Y3b6exucTan; akmml1964Q@ramblerru

Kaxk ormeuaercst B [1], Teopusi, MeTO/IbI U IPAKTUUECKHE [IPUIOXKEHHsI JIMHEHHOTO IIPOrpaM-
MUPOBAHUSI, HE OCTAJINCh B IPOIILJIOM — OHM Pa3BUBAIOTCS B HAIMHW JIHM, KOTJA K MHOTOYHC/IEH-
HBIM IIPUJIOKEHUSAM IIPUCOETUHUIINACH 381a91, CBI3AHHLIE C IIPOOIEMAMU CO3/IaHNAS CUCTEM HUCKYC-
CTBEHHOT'O MHTEJIJIEKTa M 00paboTKN OOIBINNX 00beMOB JaHHBIX. BaXXHOI 9acThbio 380491 JINHEH-
HOT'O IIPOrPaMMUPOBAHUS SIBJISIETCS 3aJa49a MOCTPOEHHS HAYAJIBbHOTO IIJIaHa — HEOTPUIATETHLHOIO
pellleHnsT CUCTEMbBI JIMHEHHBIX aJreOpamviecKux ypaBHEHUN WM PeIIeHHs] CACTEMbl JIMHEHHDBIX
aJredOpandecKux ypaBHeHMI u3 mapaJsesnenumena. OOImast Teoprus CUCTEM JUHEHHBIX PABEHCTB
IpuBeJieHa B yueOHUKAxX 110 ajrebpe, Haupumep B 2|, obuiasi Teopusi cucreM JIMHEHHBIX Hepa-
BeHCTB npuBe/ieHa B [3]. Meropl HaxoxKieHust perieHnii (Kak paBuio, OJJHO) CUCTEM JIMHEHBIX
ypaBHEHUIl U3 mapaJsulesienuie/ia npuseieHa B [4]. 3amada onpeieseHnst HEILyCTOTbI MHOYXKECTBA
peIlleHuii CUCTEM JIMHEHBIX ypaBHEHWH ¢ MapaMeTpaMi U3 MapaJiesieluie/ia pacCMOTpeHa B |5].

Paccmorpum MHOMKECTBA

X={z|fi<z<f}tuY(x)={y|g«<y<g" Ar+ By = b},

e , fr, f* €R% y, g, 9" € RLD € R™, B € R™ rankB =m < I, A € R™*2,

Ha muoxkecrBax X u Y (x) pacemorpum 3amady: Tpebyercst, miist kaxkgoro mapamerpa x € X,
npu kotopom Y (x) # & nocrpouts Y (), T.€. peruTh cucreMy JIMHeAHbIX ypasHeHuit Ax+By = b
B mapaJjuesenumene g < y < g*.

[Ipetozxken 1 0OOCHOBAH aJITOPUTM PEIeHHs PACCMaTpPUBAEMOit 3a1auu. AJITOPUTM OCHOBAH
Ha pelreHuii He OoJiee TPeX 3a/1a4 JIMHEHHOTO IPOTPAMMUPOBAHUS U ITOCTPOEHUSI KOHETHOI'O YUC-
Jia 3aKPBITBLIX BBITYKJIBIX MHOIOTPAHHUKOB, IIPU HapaMeTpaxX M3 KOTOPBIX CUCTEMBbI JIMHEHHBIX
ypaBHeHHUI uMeroT pertenus. JIist mocTpoeHust coceqHeil 061acTu K HEKOTOPO# rpaHuIle HeKOTO-
POTO 3aKPBITOTO BBIMYKJIOTO MHOTOTDAHHUKA UCIIOJIb3YETCS TEOPUsl JTBONCTBEHHOCTU JIMHEHHOTO
nporpamMmMupoBanus. [[puBoINTCS MILTIOCTATUBHBIN TIPUMED.
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Acumnrornyeckas Cl)OpMy.Ha AJIA CIIeINaJIbHBIX KOPOTKMNUX
TPUTOHOMETPpNIE€CKUX CyMM C IIPOCTbBIMMA 4YUC/IaMM B 0O0JIBIINIX

ayrax
Paxmonos . .

WNucruryr maremaruku uM.A. J>kypaeBa HanponanbpHoOl AkamemMun Hayk TaaKukucraHa,
r.Jlyman6e, Tagxxukucran; r.doston@bk.ru

Koportkyio jinHelinyio TpPUTOHOMETPUYECKYIO CYMMY C IIPOCTBIMU YUCJIAMU BHJIA

Silaizy) = S Ame(an)

z—y<n<zx

BepBble Havas ucciaepoBarh V.M. Bunorpagos [1]. OH, BOCHO/IB30BaBIINCH CBOUM METOJOM
OICHKHM TPUTOHOMETPHUUIECKUX CYMM C IIPOCTBIMHU HUHCJIAMH, TIOJIYYN HETPUBHUAJIBHYIO OICHKY
1 2
B Masbix jyrax m(exp(c(ln.%;)?)), £ = Inz upn 7 = 3 npu ycnosun y > 31
K.B. Xazenrpos [2]| qist cymmbr S1(a; z, y) MOIy9ns HeTPUBHAJIBHYIO OLEHKY B MaJIbIX Jyrax
m(Z£?) u acumnTorHUecKyio (DOPMYITY € OCTATOYHBIM WIEHOM B GoubimmX ayrax I(ZL) mpu
63
y > a?, 0=—+¢,
64
U BIIEPBBIE JIOKA3aJ aCUMIITOTHYECKYIO (DOPMYJIy B TepHapHOi 3amade [osbabaxa ¢ mouTn pas-
HBIMU CJIATAEMBIMHU, TO €CThb JIJIsl YUCJIa PeleHuii nodaHToBa ypABHEHUs BHIA

p1+p2+p3 =N,

N

Barem ITan Yen-gon u Ilan Yen-6bsi0 [3] mokasamn, uro § = 2 +c. B 1991 r. T. ZKan [4],
ucrob3yst meron Ilan Yen-mona u Ilan Yen-0bs10 3aMeHMI MOKa3aTesb Ha 0 = % + .
B pabore [5] usyueno nosenenue cymmbr Si(bo;x,y) B Gosbiux gayrax IMM(ZLS) nupu y >

2 2,25A4-81
z8bh %y ) < JxB , TIe B m ¢ — Tpou3BOJIbHBIE abCOJIIOTHBIE TTOCTOsTHHBIE. CyMMBI
S (bay; x,y) BOBHUKAIOT 1pH pereHnn 0000IeHnst TepHapHoii mpobiiembl [osbibaxa Buia

bip1 + bapa + b3ps = N,

N
@pi—'zg‘EEIL
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B IPOCTBIX UUCJIaX P1, P2 U P3 C paCTymuMu KodduimenTaMu b; U Ipu yCJIOBUN, ITO CJAaraeMble
[IOYTHI PABHBI.

JIOK 18 TIUKOM 9TOTO TE3UCA, [JIT KOPOTKUX TPUTOHOMETPUIECKUX CYMM C IIPOCTBIMHU TUCTIA~
mu Bugia S1(ba;x,y) nokazaHa acuMOToTHdecKasi (POpMyJIa ¢ OCTATOYHBIM YJICHOM B OOJIBIITIX
myrax uia M (L) npu 7 = y2r L1 DTOT pesybTaT yTOUHSAET BhITeYKA3aHHBINH Pe3yIbTaT
paborst [5]. [IpuBeseM naHHBI PE3yIBTAT B BUJIE TEOPEMBI:

Teopema. [lycmo x > xg, A, B, ucy — abcorrommuvie nocmosHHvle wucaa, b — namypasoHoe
wucao, b < £5,

1 y2

a:g+)\, (a,q9) =1, |N<—, 1<qg<h, h<ZL} 1=".
q qT xh

5
Tozda npu y > x8 bh.i”xl’5‘4—’_1675 CNPasediuso paseHcmseo

s = “{E) I (o 2)) 0 )
o(dn) ”

JIuteparypa

1. Bunorpagos .M. Ns6pannsie Tpyasr — M: Uza-Bo AH CCCP, 1952 .

2. Haselgrove C. B. Some theorems in the analitic theory of number. — J. London Math. Soc.,
1951, v. 26, pp. 273-277.

3. Pan Cheng-dong, Pan Cheng-biao. On estimations of trigonometric sums over primes in short
intervals. — Chinese Ann. of Math. 1990, v. 2. pp. 138-147.

4. Zhan T. On the Representation of large odd integer as a sum three almost equal primes. —
Acta Math Sinica. New ser., 1991, v. 7, Ne 3, pp. 135 — 170.

5. Paxmonor 3.X., Annakos U., A6paes B.T. O6obmienune TeprapHoii mpobsembr Losbiadaxa ¢
[IOYTH PABHBIMU cjiaraeMbiMu. — UeOblmeBckuii cooprauk, 2023, T. 24, Ne 4, c. 264-298.

VIIK 511.346

Cpennne 3uavenns pyHKInii HeObIMIEBA ¢ SKCHOHEHITNAJIbHBIM
BE€COM B KOPOTKHUX HMHTEpPpBaJlaX M KOPOTKHE TPpUIroHOMeTpmnm4ieCKue
CyYMMBbI C IIPOCTBIMM YMNCJIaMMA
Paxmonos 3apysiio XyceHOBUY
WNucruryr maremaruku uMm.A. J>kypaeBa HanponaspHoO AkaemMnn Hayk TaKukucrana,

r./lymanbe, Tajpkukucran; zarullo-r@rambler.ru, zarullo.rakhmonov@gmail.com

Ina xapakrepa dupuxiie x 1o Momymio g, GUKCUPOBAHHOI'O HATYPAJIHHOTO 7 U BENIECTBEH-
HOT'O A\ BBOJUM (PYHKITHIO

Y, A) = Y A(m)x(m)e(Am™),

m<u

kotopast ipu A = 0 coBuamaer ¢ obbraHOl dyHKIMel YeObIména, n Ha30BEM e€ dhyHKIHMe YebbI-
MEBA C 3KCIOHEHIINAIBLHBIM BECOM CTEIIEHU N. B IIpe/IoIoKeHnn ClipaBe [JINBOCTH PACIITHPEHHOM
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TUMIOTE3bl PuMana 71 cpeaHnx 3HadeHuit Takux (QYHKINNH B KOPOTKUX WHTEPBAJaX IO BCEM
XapakTepaMm MOJYJIs ¢ Ipu y > /2L 2 % = Inxq, IMeeT MeCTO OLEHKA

(2305, 0) = D (2,0 0) = alz — 3, x| <y + 22027 (1)

x mod g

[Tpu perennn psijia 3a/a4 TEOPUH HPOCTHIX YHCEJI JOCTATOUHO, 4T00bI s by (5 ¢, Y, \) umesnach
orerka, 6mmskas K (1). Dra 3amada npu A = 0 1 y = & IpeBpaInaeTcs B KJIACCHIECKYIO 3319y
o cpennem 3Hadenuu GyHKIni YeObImésa BuIa

toig) = D max|v(y, ),

x mod g

koTopyto Brepsble uccaenosas FO. B. JInnnuk [1] 1y1st BBIBoa HETPUBHAIBHOI OIEHKY JIMHEHO
TPUTOHOMETPUYIECKOH CYMMBI € HPOCTBIME unciamiu, a 3areM A. A. Kapary6a [2| ns nzyde-
HUs 3aKOHA PACIpe/IeJIeHnst duces Buaa p(p1 + a) B KOPOTKUX apudMETHICCKUX HPOTrPECCUSIX.
Bocmosnpzosasimces metonom 6osbimiero perera FO. B. JIunnuka, I. Monrtromepn (3] moxaszasn
IIJIOTHOCTHBIE TeopeMbl Jjisl Hysell L-dyrknun Jupuxiie, ¢ IOMOMBIO KOTOPBIX TOKA3aJI, ITO

t(z;q) < (x + ﬂcgqg + x%q).f”. (2)
Dror pesysnbrar yrounuia P. Bou [4]. On mokaszas, uro
t(z;q) <<:c.§,”3+x%q%.$% —i—x%q.ﬁf%. (3)
Hanbreiimero yiyumenus jobuicst aprop [5,6,7]. On jgokasas, 9to
t(z;q) < L% + a:%q%.iﬂgl + x%q,i”:ﬂ.

Agrop [8,9,10] BocnosbzoBasucs MeTogamu paborsl [5| u reopemoit M. FOTuibt o 9eTBEPTOM
-1

momenTe L-dyukinit Jlupuxiie B KpUTHIECKONH MPSIMOi, JOKa3aJI, 9TO €CJIA Y > x5 q < zy -,

|A| < 272, To UMeeT MeCTO oleHKa
1 11 1 0.5¢ 3 11 35 35
ti(z;q,y,\) < (m2q+x3y2q|)\|3)x U Fx10y2q2 L0 4y L0,

B 3T0if paboTe BOCIIOIb30BABIINCH METOIOM HOJIYYeHNs MOC/e Hel OIeHKH, HaX0IUM PaBHO-
MEpHYIO OIIeHKY IO MapaMeTpaM OIeHKY CPeJIHIX 3Hadenuit bynkimit YeOnmésa ¢ 9KCIIOHeH -
aJILHBIM BECOM CTEIIeHH 7. B KOPOTKHX HMHTepBaJlax 110 BCeM XapakTepaM Jlupuxiie 1o Momyss q.

Teopema 1. ITycmoy > /x£%, q < z3y=3, |\ < (2"~ 2y2)_1, Mo20a cNPasedsusa OueHKa

tn(x3q,y, N) < 22110°g + 25T 105y g| A5 + 210y2q2. L0 4y 2,

2de mocmoannas nod anaxom Bunoepadosa sasucum omn u €.
Orcroia MOyYnUM CJIEIYIONIYIO YIPOIEHHYIO OTEHKY.
Cnencreue 1.1.  ITycmov y > Vo 2, ¢ < 23y~3, |\ < ( n- 2y2)_1, moada cnpagediusa
OUENKA
2,8, _1 2L 1,30 30
tn(2;¢,y,A) K w3710y 6 g+ x10y2q2 LT + y. L.

2de nocmoarHas nod 3HAKOM Bu%oepac?oea 3asucum ommn u e.
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Cormnacuo Teopeme Jlupuxiie o mpubOIMKEHIN JeHCTBUTEIbHBIX UNCE/T PAINOHAJIHLHBIMEI TUC-
JIAMU, KaxKJ0e (v U3 poMexkyTka [—ae, 1 — &], &1 = 1 upejcraBumo B BujIe

1
a=24) (g =1 1<g<7 [N<—.
q qT

Yepes M(P) obozHauuM Te ducia o, Jjisi KOTopbix ¢ < P, uepe3 m(P) 0603HaYMM OCTABIINECS]
a. M(P) u m(P) COOTBETCTBEHHO HA3BIBAIOTCS OOJIBIIIMI M MAJIBIMU JyTaMU.

Bunorpagos .M. [11| nepBbiM Hawas u3ydarb KOPOTKHE TPUTOHOMETPHUYECKHE CYMMBI C
mpoCThIMU dncaaMu. s cymm Bua

Su(asz,y) = Y Aln)e(am™),

r—y<m<x

npu n = 1, HCIOJIB3Ysl CBOI METOJ, OLIEHOK CYMM C IPOCTBIMHU YHCJIAME, OH JI0KA3aJl HETPUBUAIb-
HyI0 OIeHKY B MaJtbix gyrax m(exp(c(Inlnz)?)), 7 = 3 upu y > 25+, Barem C. B. Xeiizenrpoys,
B. Craryngasorayc, Y. [. Ilan u Y. B. [an, 2K. Tao gasa cymmer Sq(a;x,y), y > 2% momyamns
HETPUBUAJBHYIO OIEHKY B MaJjbIX JIyraX W U3yYHWB €€ MOBeJIeHNEe B OOJIBINNX Jiyrax, JOKa3aIn
ACUMIITOTHIECKYIO (OPMYyIy B TepHapHO#l mpobeme ['osbabaxa ¢ MOYTH PABHBIME C/Iara€MbIMHU
¢ yenosusmu |p; — N/3| < H, H = N%' | coorsercrBenmo npu

91:@4-8 @—ke 2+€ §+e.
64 ' 308 ’ 3 ’ 8
k. JTio u 7K. Tao [12,13], u3yuas cymmy Sp(a;z,y), y > 2% B ciyuae n = 2, ycnosuo (B
[PEJIIIOJIOKEHNH CIIPABE/JIMBOCTU PACIIUPEHHON TunoTe3nl Pumana) npu o = %—i—é‘ u 6e3yCIOBHO
npu 6y = % + & mokaszasu, 9To st Joboro A > 0 cymecTByoT KOHCTAHTHI ¢; > 0, ¢ = 1,2,3 u
CIIPABEJITUBO COOTHOITICHUE

Y 1
My (c;z,y) + O <A> s (<L NS ——oas
Secay) =1 o “ v @
O <.,2”IA> , B IIPOTUBHOM CJIydae,

o ( ) 1 q < ahn) /x ()\ n)d anfl
n\Q;T,Y) = E €\ - ELAU Uu, T = _ c3 )
olq) = q ) Jao—y an1Lp?

(h,g)=1

a Tak)Ke MOJIYYW/IU IPU N = 2 aCUMITOTHIECKYIO (POPMYJIY IJisi KOJUIECTBA IPECTABICHUI
JIOCTATOYHO OOJIBIIIOTO HATYpPAJILHOrO Yncia N B BUje

N N 140,
N=pi+p+ps, |pj—5|<H, p§+3‘§H, H>N"2". ()
Barem I. C. Jlio n X. X. Jlao [14] 6esyciobro jgokasanu, aro Oy = 2 + €.

k. JIo n 2K. Tao [15] pokaszann coornomenne (4) B ciydae n > 3 upn

1

l— ——— +¢, ecin 3 < n < 5;

en: on 13,1
17m+87 eCJII/ITL26,
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U HAIUIN aCUMIITOTHYECKYIO0 (DOPMYJIy st KoJamdecTBa npencraBiennit uncia N B Buge (5).
B. Huang u Z. Wang [16] nokazasu, 4ro umeer Mecto

4

- +¢, ecau n = 3;
O =< O

1——+4¢, ecmn >4.

2n

Hawyuammit pesynbrar B 60sbimx jgyrax npuaagiekur A. B. Kymuesy [17]. Oun mokaszadr:

nyemon >1,0,7<0<1,0< p < min <6?zﬂ), 10195_7), P =22 o — sewecmsenmoe wucao,

a4 UEADE YUCAQ O U G YIOBAEMBOPAIOM YCAOBUAM

1 S q S P: (G,Q) = 17 ’qa - a| S x_n+2_20pv

moada umeem Mecmo oUeHKa

.1'9+5

V(1 + 2720 ga — af)

Sp (o x, xg) < xfrte 4

(6)

B. Xyan [18] B GosibIux Tak W B MaJIbIX Jyrax jokaszaux: —nycmos n > 3, 0,75 < 0 < 1,
0 <p < min (%,5); §=0(n) >0, P =g2=20=0nn+1d " gewecmeentoe wucao, a

UEAbLE HUCAL 4 U § YOOBAECTNEOPAIOM, YCAOCGUAM
1<g¢<7,  (a,9)=1, |ga—a|<a ""¥P

moada umeem Mecmo oueHKra

x9+€

Sp (v $,$6) < g/0-rte) 4

(7)

-
(¢ + 2" 2+%qa — a]) >

3 Teopembl 1 MOMy4YHM HeTPUBHAIBHbIC OUEHKH [T 60JIee KOPOTKUX TPUTOHOMETPHYECKUX
CYMM € IPOCTbIME ducgaMu Buja Sy (a;x,y).

Teopema 2. ITycmwb 0 > 0,6, @ — BEWECMEEHHOE YUCAO, G UEABIE YUCAA G U ¢ YOOB.Ae-
MEOPAIOM. YCAOGUAM

¢<a®¥  (aq) =1,  |ga—a| <a ",

moeda das ecaxozo € > 0 umeem mecmo ouerkra

)
n c X nn
Sz, 2%) < <x%q% + m§+0’59q%]qa - a|é) 25€ 4 (:):130+0’59 + (10’5> (T(q))llnﬁoiﬂ?’l.

2de nocmoarnas nod 3HaKoM Bunoepa&osa 3a8ucum ommn u €.
W13 ymporennoii orenku juist t,(x; q,y, A) B ciaencrsue 1.1, nmeem
CJIe,HCTBI/Ie 2.1. Hycmb 0 > 0,6, Q. — sewecmeerHHoe Yucao, a Uueavie Yucaa a U ¢q
YA0BALMBOPAIOM, YCAOBUAM
3—30 _ —n+2—-260
q§:ﬂ ) (a7Q)_17 |qOé—CL’§£E q,

moeada das 6carozo € > 0 umeem mecmo oueHKa

Sulas2,a”) < 2§ 808 GE 4 (215709 4 0fg7H) (7(q)) B8 2%, ®)
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2de nocmoannas nod anaxom Bunoepadosa 3asucum om n u €.
IIpencraBisisi ¢ B Buge ¢ = x, rme & = Ing.? ! u BOCIOIBL30BABIINCH COOTHONIEHIEM

T(q) < q2llnTQnE, IpaBylo 4acTh (8) IpejcTaBuM B BUJIE

R I BT L )

Sn(a;x,m9)<<x9<q:_6( 57 15)7 7 +

CJIG,ILOB&TEJII)HO OIICHKa (8) HeTpUuBHaJIbHA, €CJIX, BBIIIOJIHAIOTCA YCJIOBUA

0>max<3+3< 1)—!—26 3+ae€+62ln$) 8e>7621n$.
5 7 77 5 £ ’ (1-e)Z
Orcrona u u3 ciaenacreue 2.1, a TakKe n3 HepaBeHcTBa & < 3 — 30 < 1,2 — 3,6¢, mosryunm
CJIEAYIOIIME YTBEePKICHUS.

CaencrBue 2.2. [lyemov x > x9, P > X%, Q. — BEULECTNE UEHHOE YUCAO, O ULABLE YUCAG
a U g Yoo8AEMBOPAIOM YCAOBUAM

P<qg< min(x%jx?ﬁ?ﬁ)’ (CL, q) =1, |qa _ a| < xfn+2729P’

moeda npu 6 > 0,6 + %6 ouenka (8) nempusuarvna.

1
Caenacrsue 2.3. Ilycmov x > xg, P > 15, @ — 8CUECMBEHHOE “UCAO, G UEADIE HUCAQ G
u q = % ydosaemeopaom ycaosuaM

P<q<2*¥  (a,9)=1, |ga—a|<a "TT¥P

443 2
moeda npu 0 > = 4 & + Ze ouenka (8) nempusuarvha.
[Momyuennple onenkn B omimdne OT omeHok (6) m (7) HIpuHAIIEXKAIUX COOTBETCTBEHHO
A. B. KymueBy u B. XyaHny siBjisieTcst HeTpUBHAJIBHBIM JIjIsi 60Jiee KOPOTKUX cyMm Sy, (o , 1’0),
IIPIYEM OTHOCHTENIHHO MapaMeTpa g Ipu q > L0,
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CyMmMa MojayJieii KOpOTKUX TPUTOHOMETPUYECKUX CYMM C
IIPOCTBIMM YUCJIAMHU U €€ IPUJIOKEHNE B BOIPOCE PABHOMEPHOIO
pacrpenesienus ApoOHBIX dacteit {ap”}

Paxmonos ®@upy3 3apysiioeBuyd

WNucruryr maremaruku uMm.A. J>)kypaeBa HanponaspHo! Akamemnn Hayk TaKukucrana,
r.lyman6e, Tamkukucran; rakhmonov. firuz@gmail . com

MeTo OIIEHOK TPUTOHOMETPUUIECKUX CYMM ¢ HpocTbhiMu unciamu V. M. Bumnorpajosa mos-
BOJIWJI €My PEINUTH Pl apuPMeTUIeCKUX MpobseM ¢ mpocThiMu dnciaMmu. Omaoit n3 mpobiiem
SIBJIIETCsI pacupeienenne Ipobubix dacreit {ap}. B sarom Bompoce M. M. Bunorpasos [1,2] mo-
JIydaeT OIEHKY TPUTOHOMETPUYIECKON CyMMbI 3HAYUTEIHHO H60JIee TOYHYIO, 9eM B 00IeM C/Iydae:
nycms K uw x — docmamouno boavwue yeavie wucae, K < x, a — gewecmeennoe,

0
+ 2 (a,q) =1, q=>1, 0] <1, (1)

mozda npu q < x, bydem umemov
s i
Vi(K,x) = Z Ze(akp) < Kz'te ( 44y x_0’2) .
qg =
k=1 |p<z

Orcroma cieyer yreepxKaenue: npu atobom o ¢ yeaosuem 0 < o < 1, wucao Fy(x, o) snavenudi
{ap}, p < z, noduunennox yeaosuro {ap} < o, ewpasumes Gopmyrot

1
Fo(z,0) = om(z) + Ro(z), R(z) < a'** ( ph % + :U_O’2> .
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B wacTHOCTH, eciim o — MppaMOHAILHOE YUCJIO ¢ OrPAHMYCHHBIME HEIIOJHBIMEA YaCTHBIMHI, TO
MOYKHO BBIOPATH ¢ TAKUM, 9TOOBI OHO OBLIO TIOpsiIKa /2. B aToMm cirydae B mpobiieme pacipejesie-
HUsI APOOHBIX dacTeil {ap}, apryMeHT KOTOPBIX IIpofberaer MpoCThie YUC/Ia U3 MHTepBaia MaJoi
JUTMHBL, TO eCThb  0aa Fo(x,y,0) — Koauvwecmsa waenos nocaedosamesvrocmu {ap} maxuz, wmo
x—y <p<uzuf{ap} <o, umes 6 sudy, wmo Fy(x,y,0) = Fo(x,0)— Fo(x —y,0), cnpasedausa
ACUMNMOMUNECKAA POPMYAQ

Fulw,9,0) = o(n(x) = n(z — y)) + O (237%),
& d4c
ABJIAIONIASCH HeTPUBUAILHON IpH y >> 15 °.
MeTomoM OIIEHOK TPUTOHOMETPUYECKMX CyMM C HpocThiMu uncsiaamu V. M. Bumorpamosa
[1,2], B coueranun ¢ merogamu pador [3,4] B pabore [5] u npyrux paborax JOKJIadUKa JIOKA3AHO:
nycmv K, x, y u q — docmamouno boavuwue yeavie wucaa, K <y, A — abcortomnas nocmoarHas,

£ =1Inz, a — sewecmeennoe u umeemn eud (1). Tozda npu y > 28 QIATI6 y pdA+20 < ¢ <
Ky?z 1274420 cnpasedausa ouenka

K
Vi(K,z,y) = Z e(akp)| < =¥

k=1 |z—y<p<z

ITpu n > 2 Boupoc o pacupejiejennn IpoOHBIX Yacreii {ap™}, aprymMeHT KOTOpBIX Ipoberaer
[POCTBIE YUCJA P U3 KOPOTKOIO MHTEpBAJa [X — ¥, |, 0CTABAJICSI OTKPBITHIM.

OCHOBHBIM Pe3yJIbTATOM 3TO# pabOTHI SBJIeTCs TeopeMa 1 0 OIleHKe CYMM MOJLYJIEH KOPOTKIX
TPUTOHOMETPUIECKUX CYMM C ITPOCTBIMEU UUCIAMHU.

Teopema 1. I[lycmv K, z, y, ¢ — docmamoyuno bosvwue yeavie wucaa, K <y < x, n —
PUKCUPOBAHMHOE HAMYDANDHO HUCAO0, X — BEWLLCMBENHOE,

(a,9) =1, q¢=>1, 0] < 1.

Toz0a cnpasedausa ouenka

K 2771,71 5

. 1 1 g 1 2
Vn(Kvxay):Z Z G(Oékp) <<Ky(q+y+Ky"+K2nl) Lantl,

k=1 |z—y<p<z

JlokazareabcTBO TeopeMbl 1 mpoBomuTcst MeTonoM . Beiis B coequHeHnn ¢ MAEsSIMU, OTPa-
JKEHHDBIX B ITYOJUKAIUSX JOKIIIUKa. B 9Tux paborax mpu BBIBOJIE aCHMITOTUIECKON (POPMYIIbI
B 0000IeHnn 11pobsiem Bapunra m DcrepMaHa ¢ MOYTH IPOIOPIMOHAIBLHBIMEI CJIAraeMbIMHA TEO-
pema Xya Jlo-KeHa 0 cpeineM 3HAYEHUU TPUTOHOMETPUIECKON CyMMbI

T(a,x) = Z e(am™),

m<x

obobiaercs s KOPOTKUX TpuronoMerpudecknx cymm ['. Beitng Buma

T(o;z,y) = Z e(am™),

r—y<m<zx

U TOJIyYeHa HeTpUBHAJIbHAs! OlleHKa cyMM T'(qv; ,y) B MaJIbIX Jiyrax.
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Temepn onpeesinm 061aCTh 3HAUEHNT TTapaMeTpoB K, ¢ 1 ¢ IIPU KOTOPBIX MMOJIyI€HHAST OIEHKA
B TeopeMe 1 sIBJIsIeTCA HETPUBUAJILHOM.
Caencrsue 1. Ilycmb 8uinoanaomes ycaosus meopemsvt 1 u nycmo

2
n n+1 2 _on+1 A_,,2 n+1 2
K > £4A+2"—1, 22 A+n <q< K-y2£ antlA—n ’ Y>> 22 A+n 7
2de A > 2 — abcomommnan durcuposannas nocmoannas. 1020a cnpasediusa ouenka

V(K z,y) < Kyg™4.

W3 cnepcrBus 1, moauduirpoBaHHbIM METOAOM «cTakanunkoB V. M. Bunorpamosay, KoTo-
porit pazpaborasu I. . Apxurnos u B. H. Uybapukos, ciiejiyer yrBepXKIeHue:

CaencrBue 2. I[lycmov x — docmamouno boavuioe uyeaoe wucao, A > 2 — abcoarommas
PUKCUPOBAHMAL NOCTNOANNAA, X — BEUWLLCMBENNHOE,

’ (a,q) =1, £2”+1(A+2)+n2 <qg< y3£—2"+1(A+2)—n2.

n41 2
Toeda npu y > L2 AT ona Fo(x,y,0) — koauvecmea wienos nocaedosamenvrocmu {ap™},
maxuzx, wmo r —y < p < x u {ap"} < o, umeem mecmo acumnmomuneckas Gopmy.aa

Fal,,0) = o(n(x) = r(z 1)) + 0 (gx)

2de () — KOAUMECTNGO MPOCBIT YUCEN HE NPEGOCTOOAULUT HUCAA T .
Uz canencrsust 2 must Fy (z,y, 1, V) — KOJMUYeCTBa 4IEHOB HOCIeI0BaTebHOCTH {ap™} Takux,
qrox —y <p<zup<{ap"} <v, npuuém 0 < p < v < 1, BOCIIOJIL30BABIINCH COOTHOIEHUEM

Fa(x’ynuay) :Fa(x,y,y) fFa(x,y,,u),

[OJIYy9UM CJIEJTYIOIee YTBEPKICHUE:
Caencrue 3. I[lycmov x — docmamouno boavuwoe uyeaoe wucao, A > 2 — abcoaromuas
PUKCUPOBAHMAAL NOCTNOANNAA, (X — BEWLCNBENNHOE,

a 1 n n
o — . < ok (a,q) =1, Q2" (A+2)+n? q < yPe? *1(A+2)-n?
Tozda npu y > 2" A gag Fo(z,y, p,v)  — Koauuecmsa “AeH08 NOCACIOSAMENHOCTIU

{ap™}, maxuz, wmo z —y < p < x up < {ap} < v, npuuém 0 < p < v < 1, umeem me-
CNO ACUMNMOMUYECKAA HOPMYAQ

Fu(a,y, pv) = (v = p)(n(2) = n(w =) + O (35 )

W3 ciiencrBust 3 Uit OTKJIOHEHUS

Fo(z,y,p,v) ‘
Dy(z,y) = su — (v —
oY) 0§u<8§1 m(x —y) — m(z) v =n)

YJIEHOB TIocIe0BaTebHoCT {ap™ } Takux, 910 & —y < p < 2, HOJIydaeM CJIEYIONee yTBePK Ie-
HUE:
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Caencreue 4. I[lycmov x — docmamowno boavuwoe uyeaoe wucao, A > 2 — abcoaromuas
PUKCUPOBAHHAA NOCTNOAHHGA, (X — BEULLCTNBEHHOE,

, (g =1, gAY g B (AN ?

+1 2
Toz0a npu y > £2" AT das ommaonenus Dy(x,y) wrenos nocaedosamenvrocmu {op™}, ma-
Kux, wmo x —y < p < T, Cnpacedsuca caeoyrouLan OUeHKa

ye
m(z) —m(z —y)

Da(l‘,y) <

U3 cnencrus 4 u Teopembl Xuc-bBpayna o PABU/ILHOM TOPAIKE KOJTHIECTBA MPOCTBIX ‘THCE
B MHTEPBAaJIe MaJION JUIMHGI (T —Y, ] Ipu y > =12 ToIy9aeM CIeIyomuil KpuTepuii pAaBHOMEPHOI
PaCIHPEJIeIEHHOCTH IO MOJIYJIIO PABHOMY €JIMHHUIIE JJIst TTocseioBaTeabaocT {ap™} npu yciosun,
9TO APryMEHT p IPUHUMAET 3HAYeHUs U3 WHTepBasa MaJoil aiunsl (r — y, .

CaencrBue 5. I[lycmov x — docmamowno b6oavuoe uyeaoe “ucao, A > 2 — abcoarommas
PUKCUPOBAHHAA NOCTNOAHNHGA, O — GEULLCTNBEHHOE,

L (e =1, TR g BT (AR Y,

id
Tozda nocaedosamenvrocms {ap™} maxux, wmo x —y < p < T npu y > T2 AGAAEMCA PABHO-

MEPHO PAcnpedesénnoti no moodyso pasHomy eduruie.
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VIIK 51/.174.4

Haxo>kgeHre 3/71eMEeHTOB BBIYKJIO 000JIOYKM MHOXKECTBA TOYEK N-MEPHOTO
IPOCTPaHCTBA

CerTaposa 9.C.
CaMapkaHICKUl TOCyZapCTBeHHH ypuBepcuTeT uMernm llapoda Pammmosa, ropox
Camapkanz, YsbexrucTax.
e-mail: settarova.elvir@gmail.com

AHHOTaI_II/Iﬂ. B pa60Te paccMaTpuBacTCA 3aJav9a HaXO2KJICHHA IJIEMEHTOB BbIHyKJIOfI 060-
JIOYKN MHO2KECTBa TOYEK IN-MEPHOI'O IIPOCTPaHCTBa, BO3ZHUKAaIOIIasd IIPHU PEIICHUN HeJIMHENHBIX
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ypaBHEHUI MeTOJ0M «MHOrorpananka HbioroHas. IlpemcrasieH mopaboTaHHBIA AJITOPUTM BbI-
YUCJIEHUS] HOPMAJIBHBIX KOHYCOB rpaHeil MHOTOrpanHuka HbioToHa Ha ocHOBe MeToma MotkuHa-
Byprepa nist penienus cucreM OIHOPOJHBIX JTHHEHHBIX HepaBeHCTB. 1IpruBenenbl IpuMepsl pak-
THYECKOI PeaJin3aliiil ajJropuTMa U ero nporpaMMHasi peajn3alus Ha, si3blke Java.

KuroueBbie cjioBa: BbIlTyKJiasi 0007109Ka, MHOTOIpaHHUK HbIOTOHA, HOPpMAaJIbHBIA KOHYC,
cUCTEMa OJIHOPOJIHBIX HEPABEHCTB, ajroputm Morkuaa-Byprepa.

BBenenue

Mmuorue 3amaun aareOpol n auddepeHnnaabHbIX YpaBHEHUH, TaKne KaK 3aa9u PoDOTOTEX-
HUKW, TUIPOIMHAMUKN U HEOECHON MEXAHUKM, CBOAATCS K PEIIECHUIO HEJIUHEHHDIX ypaBHEHUI U
ux cucreMm. Ogaum n3 3(pDEKTUBHBIX METOJOB UX PEIIEeHUs SBJISETCS METOJM, «MHOI'ONDAHHHUKA
HeroroHa», OCHOBaHHBII Ha IOCTPOEHUH BBIMYKJION 0OD0JIOUKHU IO CTENEHSIM MOHOMOB MHOTOYJIE-
na. [leaTpasbHoe MeCTO B 9TOM METOJl€ 3aHUMAET 3aJlada HAXOXKIEHUS HOPMAJIbLHBIX KOHYCOB
rpaneii MHOTOIpaHHuKa HboTOHA.

ITocTranoBKa 3a/aun

Paccmorpum MHOTOUIEH BUJIA:

F(X)=) FoX® Q¢€S,

rme X = (21,...,2,), @ = (q1,...,qn) u X@ = z{' .. 2%, S C R" - HOCUTEIb MHOTOIEHA.
C Hocuresiem S cBsi3aHBI €ro BbllyKJas obomouka [ (MHOrorpanauk Herorona) u eé rpanu
Fgl B mpocTpamcTBe R, a TakKe nX HOPMaJjbHbIe KOHYCHI Nid B COIIPS2KEHHOM IIpocTpancTse .
JJ1s1 oty 9eHnst HOpMAJIbHOIO KOHYCa OTHOCHTEIbHO Touku (' u3 yenosnii (P, Q, — Q') <0
(Q. € S/Q') nomy1aem cucremy OJJHOPOJHBIX JIMHEHHBIX HEPABEHCTBE:

lk(X):akla:1+...+aknxn§0, 1<k<m.

Asgropurm Moukuna-Byprepa
Jljist pertieHust CUCTEM OHOPO/IHBIX HEPABEHCTB IpuMeHsieTcs: ajroputMm Morkuna-Byprepa.
[TompobHoE onucanue aaropuTMa:

Bxon;: n - pasmeprocts npocrpanctsa, L = {l1(x),...,ln(z)} - MHOXKeCTBO JieBBIX dacTeii
HEPaBEHCTB.

Beixog: U = {uy,...,u;} - 6a3uc JUHEHHOrO HOJIPOCTPAHCTBA KOHyca perieHuii, V =
{v1,...,vs} - obpasyrorye 320CTPEHHOTO KOHYCa PEIICHHI.

1. Manmmanmsamyst: Ueyrrent = {(1,...,0),...,(0,..., 1)} Vewrrent = {9} Lewrrent = {9};
1=1

2. Jlns xaxoro HepaBeHcrsa l;(z) u3 L

e Ecmm cymecrByer u € Ueyprent Taxoit, aro l(u) # 0, To:
— O6uosuistem 6a3uc: Ueyrrent = {uil(u) — ul(u;), w; € Ueyrrent, U # u;i}
— Jlobasasiem dpyHIaAMEHTAILHOE PEIeHne: b = “ ecmu I(u) <0
—u, ecmn l(u) >0
— O6HoBJsIeM bDYHIAMEHTAIBHYIO CUCTEMY: Veyrrent = {0, —v;l(b) + bl(v;), v; €
‘/;urrent}

o llnaue:

— PasznensieM Viyprent Ha Tpu dactu: Vo, VO V* o suaky [(v)

— CrponM HOBBLIE 0OpasyIoue JIJIs Iap BeKTopoB u3 V.~ u VT
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— O6uoBisteM Veyprent = VOU V- UV

o JlobaBisiem obpaboTanHOe HEPABEHCTBO B Loyrrent

3. Bosspamaem pesynbratsl: U = Ucyrrent, V = Veurrent

IIpumep nmpumeHeHus
Paccmorpum HOCUTE D!

S:{Q1=(1;1;1), Q2= (3;0;0), @3 =1(0;3;0), Qs = (2;1;0), Q5 = (0;6;6), Qs = (1;2;2)}.
ﬂﬂﬂ HaXO}K,Z[eHI/Iﬂ HOpMaJH)HOFO KOHyca K TOYKe Ql HO.Hy‘—Iael\/[ CI/ICTel\Jy HepaBeHCTB:

I1(P) =2p1 —p2 — p3 <0,
lo(P) = —p1 +2p2 —p3 <0,
I3(P)=p1 —p3 <0,

I4(P) = —p1 + 5p2 + 5p3 < 0,
I5(P) = p2 +p3 <0.

[Tpumensaa aaropur™m Morkuna-Byprepa, noitydaeMm GyHIaAMEHTAILHOE PEIICHUE:
Vi=(=L-1-1), Vo= (0;-1;1), V3 =(=5;—21).

IIporpammMmuas peanusanus U pe3yJabTaThl
Ha ocmoBe npeacTaBIeHHOTO aJrOpUTMa CO3/IaHa KOMIIBIOTEPHAS ITporpaMMa Ha s3bIke Java,
KOTOpas:

e Permaer cucreMbl OTHOPOIHBIX JTUHEHHBIX HEPABEHCTB
e Crpout TabJIHUILy COOTBETCTBUS MEXKJy TOUKAMHU HOCUTEJISI U HOPMAJIbHBIMU BEKTOPAMU
e Haxomut Bce rpaHu BBITYKJIOH 000JIOYKHU Pa3IUIHON PA3MEPHOCTH

[TporpamMma npeocTaB/isseT HAJISIIIHOE ITIPEJICTABICHIE PE3YILTATOB JIJIs IByMEPHOIO U TPEX-
MEPHOI'O CJIyYaeB.

3akJoueHne

Pazpaborannblit aqropuT™ 1 €ro MporpaMMHAasl PEATH3AINs MO3BOISIOT 3(M@MEKTUBHO HAXO-
JWMTH 9JIEMEHTHI BBIIYKJIOH 000J0YKM MHOXKECTBA TOYEK N-MEPHOI'O IIPOCTPAHCTBA M COOTBET-
CTBYIOIIME HOPMAaJIbHBbIE KOHYChl. DTO UMEET BarKHOe 3HaUeHWe JJjIsl IPUMEHEHUs MeTO/a MHO-
rorpanauka HploToHna Ipu pelieHnn HeJUHEHHLIX yPABHEHHH B PA3IUYHLIX 00JaCTAX HAYKU U
TEXHUKU.
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YIK 511.551

06 OIl€eHKEe CIIeUAaJIbHBIX KPaTHBIX TPUTOHOMETPUYIE€CKUX CyMM U UX IIpUMEHEHUUu B
3aJavdax aHaAJIUTUIECKOI Teopun 4duceJl

Xatipynmnoxsoza . A.
TamxuKCKUM HallMOHAJIBHHN yHUBepcuTeT, [lymanbe, TamxukucTal;
shamsullo@rambler.ru

Hymu nzera-dyuknun Pumana, KOTOpble HAXOSTCS Ha KOPOTKBIX MHTEPBAJIAX KPUTHIECKOI
[IPSIMOM, TPEICTAB/IAIOT COOON BasKHYIO W CJIOXKHYIO 33Ja9y B AHAJUTHIECKON Teopuu ducesI.
Jzera~-dyukiusg Pumana, aHaIuTUYIeCKN MPOJIO/KEHHAS HA BCIO KOMILIEKCHYIO IIJIOCKOCTH, 3a
WCKJTIOUEHUEM €IMHCTBEHHO 0c000il TOUkM § = 1, MOC/Iy2KujIa OCHOBOM JIjIsI MHOXKECTBa, 3HAYUN-
MBIX PE3yJIbTATOB B 3TO# 00J1aCTH.

[Tpu amamuze uucia myseit g3eta-pyukimu Prumana Ha KPUTHUIECKON MPAMONM KJIIOUEBLIM
3TAIOM ABJIAETCA OIlEHKa CIeUAJIbHBbIX TPUI'OHOMETPUYECKUX CYMM, KOTOPbIE UMEIOT BU/I

Ry <A2>iT ()’
W= dralre) (220 g BOw)e (25 |
/\1<§<P \/m M ( 1) ( 2)8

rae T > Ty > 0, B(\) — npou3BosIbHBIE KOMILTIEKCHBIE dncia ¢ yeaosueM |B(A)| < B, Hy = H+h,
P=\T2r,0< X <P,0<H<VT,0<e<0.00l,h=L"1A>10,L=1InT,

B(v1)B(r2)
a\) = )
21
A=nva/v1
vi,ve < X, |B(v)] > 1.
Takyio TpuroHomMeTpuveckyio cymmy panee onenus A.A. Kapamy6a [1]. On mokaszan, aro npu

X =700 [ — T%"'e, 0 <e<0.001, 0 <e1 <0.001, umeer mMecTO OIEHKA
W < ByT™%, tme By=e[2L724e1AL2

B sannoii pabore ¢ UCIOIB30BAHIEM METO/Ia SKCIIOHEHIMAIBHBIX nap [2] u uiei, npejcras-
JeHHbIX B paborax [3]-[4], mas cnerpmanbHbIX TpuroHomerpuueckux cymm WoObLIa mosrydeHa
HOBast HeTPUBHUAJIbHAS OIEHKA.

K+
setas e
Teopema. I[Tycmv X = T°0¢ H = T2+07°, (K, A) — NPOU3BOALHAA IKCNOHEHUUANOHAA
napa, moada daa mpuzoHomempuyeckoli cymmor W umeem mecmo caedyrowas oueHKa:

W < BT 9%,

+A
2Fn+1)
J. Bourgain u N. Watt B 2015 roxy [5]. Ouu npojemMoHcTpUpOBaIn, 9TO

K+A 1515 1 271
0o = min O(k.\) = mi < — =—- — —— ~0.314576
0= min 0(k,A) = min o < 1816 ~ 3 3.4816 :

Besmunna  0(k, \) OblIa MUHUMU3UPOBAHA OEIbIMICKUMUA MaTeMaTUKAMHI

e P — MHOXKECTBO BCeX SKCIHOHEHITHATBHBIX Map.
[Ipumensist 9TOT Pe3yJsIbTAT, [OJIYyYaeM CJIELyIOIIee.

CiaencrBue. IlycTh € — IpoU3BOILHOE MaJjoe IOJOXKUTEJILHOE UUCI0 HE IIPEBOCXOISIIEe
1515
0.001. Torma npu H = T'3516 T pMeeT MeCTO OIEHKA

W < BT 0%,
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JIuneitnble usomerpuu B L,-npocrpancrBax Banaxa-KanToposuya Haj KOJIbLOM
N3MepuMbIX OYHKIIIIT

Yumun B.U. 1, 3akupoBa r.6.2

1.2 TamkenTcku#t rocyZapCTBeHHHHE TPAHCIOPTHHI YHHBEPCUTET, TamKeHT, Y36eKMCTaH
vladimirchil@gmail.com; zg1090@Qlist.ru

[Tycrs B upousBosibHas noJHas Oysesa ajirebpa, Q(B) CTOYHOBCKHI KOMIIAKT, COOTBET-
creytomuit B, n mycth Coo(Q(B)) anrebpa Beex HempepblBHBIX dynkmuit z : Q(B) — R =
[—00, +00], IpUHEMAIOIIUX 3HAYEHUs] +00 JINIIb HA HUIJIE He IJIOTHBIX MHOXKecTBax u3 Q(B).

[Tycts (Q, 3, 1) m3MepuMoe TPOCTPAHCTBO ¢ o-KoHedHoil Mepoit, LY({)) anrebpa Beex Kmaccos
PaBHBIX IOYTH BCIOAY JIEHCTBUTEIbHBIX nu3MepuMbix dbyukimit na (2, X, 1) u mycrs B({)) nmoanas
Oysesa anrebp Beex maemmorentos u3 LO(Q).

[ycts m : B — L%(Q) — crporo nomoxutensuas L0((2)-3naunas mepa na B, obagatonias
ceoiictBoM Marapam, T.e. mist mobeix e € B, f € LY(Q), 0 < f < m(e), cymecTsyer Takoe
q € B, q < e, aro m(q) = f. B arom ciyuae [1], cymecTByeT eJMHCTBEHHBI WHBHEKTUBHBII
BIIOJIHE &/IUTUBHBINA GysieB romomopdusm ¢ : B(Q)) — B rakoii, uro V(m) = ¢(B()) ectb
npaBmibHas OyneBa nonaarebpa B B, u m(p(q)e) = gm(e) mus Beex g € B(Q)), e € B. Kpome
Toro, anrebpa LY(£)) oroxecrsisiercs ¢ nopanrebpoit Coo (Q(V(m))) B anrebpe Coo (Q(B)).

B macrosmeit pabore paccMaTpuBaeTCs HHTETPAJI OT 3JIEMEHTOB K -IIPOCTPAHCTBA, OIIPE/Ie/IeH-
HbIiT B padore [2]. B kauectse pacmmpennoro K-npocrpancrsa 6epercst anrebpa Coo (Q(B)). Pac-

n
cemorpuM B Coo (Q(B)) BekTopHyIo mozperierky S(B) Bcex HPOCTHIX 9JEMEHTOB T = Y v€;,

=1
riea; €ER, e, €B, e;-€;=0, i,j=1,...,n. Ecqim x € S(B), To nosaraem 1o oIpeeIeHuo

I(2) = / dm = gaim(ei).

Kak Obuto mokazano B pabore [2|, mHTerpas I, NIpOmO/IKAETCA HA [POCTPAHCTBO 1M1~
uHTerpupyeMerx snementos L1(B,m). OTOX/ecTBUB SKBUBATCHTHbIC djeMenThl u3 L1(B,m),
nosyunm K,-mipocrpanctso L(B,m). Jna xaxmoro x € LY (B, m) (zamuch x € L*(B, m) osna-
YaeT, YTO PACCMATPHBACTCH KJIACC SKBHBAJICHTHOCTH C IIpeACTaBUTEIeM ) (hopMyIIa

I1.m ::/]az|dm

omnpenenser L°(Q)-3naunyio mopmy. ITockomsky, m : B — L°%(Q) — mepa Marapam, To mapa
(LY(B,m), ||z|1,m) aBasercs npocrpancrsom Banaxa-Kanroposuuaa nagn LO(€2) (em. [2,6.1.10]).

Iz
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Has xaxzoro p > 1 nonoxum LP(B,m) = {z € Coo(Q(B)) : |zP € LYB,m)}, ||x|lpm =

[ [ |z[Pdm] %, x € LP(B,m). UsBecrno, uro g Meper Marapam m napa (LP(B,m), ||z|pm)
Tak¥Ke ABJIsgeTcs mpocTpancTBoM Bamaxa-Kantoposuua mam LO(€2) [3].

Mycts 1 < p< oo, p#2, u U:LP(B,m)— LP(B,m) — nuneitnas uzomerpus, r.e. U
sIBJIsieTCs JuHeRHbIM oTobpazkenueM U ||U(2)|pm = ||z||pm st Bcex z € LP(B,m). Ecan s
mobbix x,y € LP(B,m), x-y =0, torna U(x)-U(y) = 0.

Juneiinbiit oneparop T : Coo(Q(B)) — Coxo(Q(B)) HazbIBALTCH 20MOMOPHUIMOM, €CIIH
T(x-y)=T(x) -T(y) musaseex z,y € Co(Q(B)). Ecm 0 <z € Cx(Q(B)), torma T(z) =
T(y/z)-T(y/x) > 0, 1.e. romomopdusm T : Coo(Q(B)) = Coo(Q(B)) siBsieTcst OJ0XKUTEIBHBIM.

IMonoxkurensustii mmueiinslit orepatop 1" : Coo(Q(B)) — Coo(Q(B)) HA3BIBAETCS HOPMAADL-
HoLM, ecsn st 6ol Bozpacratomieil cetn {zq,} C Coo(Q(B)) m3 0 < x4 T € Co(Q(B))
crenyer, aro T'(sup x,) = sup T'(xq).

(0% [e%

Crienytoniasi TeopeMa SIBJISETC BEKTOPHO3HAYHOI Bepcueii TeopeMsr Jlammepru [4] st mpo-
crpancrsa Banaxa-Kanroposuua (LP(B,m),| - |lpm)-

Teopema. Ilycto U : LP(B,m) — LP(B,m), 1 < p < 0o, p # 2, JmHEHHAS H30METDUSI.
Torna cymecrByer nabekTHBHBIT HOpMasbHEIH roMomopdusm T : Coo(Q(B)) = Cx(Q(B)) u
ssement y € LP(B,m) rakoii, uro U(z) =y T (x) mus Bcex x € LP(B,m).
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VIK 511.5

HpI/IJ'IO)KeHI/Iﬂ IIocJjie10BaTeJIbHOCTHA ComMoca K 3JIMOTHYEeCKUM KpPpUBBbIM

Sdprames B.5.1, Bypues T.9S. 2

CaMapkaHICKU#l rocymapCTBeHHHH ypuBepcuTeT uMeHu llapoda Pammposa, ropog
Camapkanz, YsbexucTan.
e-mail: vafokulyusuf@gmail.com, tolibjonb@yahoo.com

Annoramus. B pabore uccienyrorcs cpoiicTBa mociegopareabHocTn CoMoca 9eTBEpPTOro Io-
PAIKa 1 €€ CBA3Db C SJINIMINITUYICCKUMUA KPUBBIMH. HOKaSaHO, Y9TO I1OCJIeJ0BaATCJIbHOCTD (I)I/I6OH8,UILII/I
SABJISIETCsI 9aCTHBIM CiydaeM mociaenoBarenbHocTu Comoca. BBerena 3aMena mepeMeHHBIX, 103-
BOJIAOIasd IIOHU3UTDH IMOPAJOK PEKYPPEHTHOI'O COOTHOIIECHUA 1 BBIABJIEH MHBaPUAHT IIOCJ/I€10BA-
TEJIBHOCTH. YCTAHOBJIEHO, 9TO TOYKH C KOOPAUHATAMU, OIIPEIeIIeMbIME ITOC/IEI0BATEIHbHOCTDIO,
JIexKaT Ha SJIJIUNTHYIECKOI KpI/IBOI';I7 KOTOpas MOzKeT 6bITb npuBe/JeHa K KaHOHUYECKOMY BUJ/Y
Beiiepmitpacca. VccaemoBaHbl yCIOBUS HEBBIPOXKIEHHOCTH MTOJTYY€HHON KPUBOIA.

KitroueBbie ciioBa: 1mociieioBaTeibHOCTb COMOCA, S/UINIITHIECKAE KPUBBIE, PEKYPPEHTHBIE
COOTHOITIEHNSI, MHBApUAaHTHI, popma Beitepmrpacca.

BBenenne

[TocnenoBarenbaoctr CoMoca IPeICTaBIIsIIOT OCOOBII HHTEpEC B TEOPUU UHCET U ajredpau-
9eCcKoil reoMeTpun 6Js1aromapsi CBOMM HEOOBIYHBIM CBOMCTBAM U CBA3YAM C JUIMITHUYECKUMU KPU-
BeIME. B jaHHOII paboTe paccMaTpuBaeTcs MMocjenoBaTebHOCTh CoMOca 1eTBEPTOrO MOPSIKa,
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3aJlaBacMad peKyppeHTHbIM COOTHOIIIEHUEM :
2
Sn+25n72 = a5n+1snfl + ﬁSn,

riae a U [3- IPOU3BOJIbLHBIE JEHCTBATEILHBIE YKCIIA.
OcHOBHBIE PE3YJIHTATHI
[Toxazamno, uro nociaenoBarenbHocTh Gubonayuyun, 3a1aBaeMast HaATaJIbHBIMU yeaoBusaMu Fy =

0, F} = 1 m peKyppeHTHBIM cooTHomeHueM Fi,1 = F,, 4+ F,_1, ABIAeTCT JaCTHBIM CIIyIaeM
nocaegoBarenbHocTu CoMoca, Tak KakK ee YIeHbl YI0BJIETBOPSIIOT COOTHOIIEHUIO:
Fn+2Fn—2 = - n+1Fn—1 + 2F1~ZL
JIJIst MOHMKEHUS MOPsIKa PEKYPPEHTHOIO COOTHOINIEHUs BBEJIEHA 3aMeHa ITepeMeHHbIX:
f _ Sn—l Sn+1
n STQL )

Y9TO II0O3BOJIAET Hpe06pa30BaTb HCXOAHOE COOTHOIIEHUE K BUJY:

2
fn+1fnfn—1 = afn + /8
Jlokazana TeopeMa O CyIIeCTBOBAHUN NHBAPUAHTA!

g
* fnfnfl’

T, = fnfnfl + Ol( !

E_{_ fnfl)

KOTOPBIA HE 3aBUCUT OT 7.
CBs3b C 3JUIMOTUYECKUMU KPUBLIMUI
Ycranossieno, uro Touku ¢ Koopaunaramu (X, Y) = (fn—1, fn) Jiexkar Ha KpuBoii, 3a1aBaeMoii

1 1

C momoInpio 3aMeHbl epeMeHHbIX £ = X, y = XY ypaBHeHHe Ipeodpa3yercsi K BULY:

YpaBHEHHUEM:

2y — Txy + (a + Bz +ay =0,

YUTO MPEJICTABISET CODOM KPUBYIO TPETHETO TOPSIKA.
[Toxkazamo, 94TO MaHHAsd KPUBas SBJIAETCS SJUTUITHICCKON W MOYXKET OBITh IpUBEIeHA K KaHO
Hu4YeckoMy Buay Beiiepmrpacca:

y?* =23 +ax +b.

VCTaHOBJIEHO yCJIOBHE HEBBIPOXKIEHHOCTH KpuBoii:das 4+ 27b% # 0.

3akJovueHne

UccemoBanne JeMOHCTPUPYET TIIyOOKYIO CBsI3b MEXKIy IocaeaoBaresbHOoCTsiME Comoca |
SJUIMI THYECKUMU KPHUBBIMU. Vcmospb3oBaHme IpyIIIOBOMl CTPYKTYPBI SJLIUNTHYECKUX KPHBBIX
OTKpBIBa €T HOBBbIE BO3MOXKHOCTH JIJIsi M3YUEHUsI CBOMCTB rocsenoBaTeibHocTeil Comoca m ux
00001IeHnil.
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2 — SHO’BA. MATEMATIK TAHLIL MASALALARI VA ULARNING
TATBIQLARI

CEKIINZ 2. SAJAYN MATEMATUYECKOI'O AHAJIN3A 11 X
IIPUMEHEHNA

UCHINCHI TURDAGI MATRITSAVIY SHARDA CHEGARAVIY MORERA
TEOREMASI

AmMiNnov H.A.

Mirzo Ulug’bek nomidagi O’zbekiston milliy Universiteti.
e-mail: hojiakbarsl0eaminov@gmail.com

Nagel va Rudinning [1] quyidagi natijasi mavjud: agar f funksiya C™ dagi birlik shar
chegarasida uzluksiz bo’lsa va har qanday (golomorf) avtomorfizm (¢) lar uchun

2
FW(e,0,...,0))edp = 0
0

shart bajarilsa, u holda f funksiya shar ichiga golomorfik ravishda kengaytiriladi. Klassik
sohalar, birinchi turdagi matritsaviy shar va umumlashtirilgan yarim tekislik uchun Morera
teoremasining chegaraviy analoglari [2-4| ishlarida olingan.

20. 7 = (Zy,...,7Z,) kompleks sonlar maydoni C ustida tartiblangan m tartibli kvadrat
matritsalardan Z; lardan tuzilgan vektor bo’lsin. Z ni cmn fazoning elementi deb hisoblash
mumkin. Biz bu vektorlar to’plamida quyidagicha matritali (skalyar) ko’paytmani kiritamiz:

(Z,W)=ZW{+---+ Z,W,
bu yerda W7 - W; matritsani qo’shmasining transponerlangani. Quyidagi to’plam

B, ={(Z1,...,Z) =Z € C*[mxm]: I - (Z,7) > 0},

mn

birinchi turdagi matritsaviy shar deb ataladi; bu yerda (Z,2) = Z1Z{ + Z2Z5 + -+ + Zp, 2,
- "skalyar"kopaytma, I - [m x m] olchamli birlik matritsa, Z} = Z’, -Z, matritsaning
qo’shmasining transponerlangani, v = 1,2,...,n, [5]. Bu yerda I — (Z,Z) > 0 sharti Hermit
matritsa [ — (Z, Z) musbat aniqlangan, ya’ni uning barcha xos giymatlari musbat ekanligini
anglatadi.

30. Biz B,(i)n (uchinchi turdagi) matritsaviy sharni ko’rib chiqamiz (|6] ga qarang):
B ={(Z1,....Z,)=Z€C"lmxm|: [+(2,Z) >0, Z,=-Z,, v=1,...,n}.
B,(ﬁ’)n matritsaviy sharning skeleti (Shilov chegarasi) X,(,i)n bilan belgilanadi, ya'ni

Xr(;?’)n:{ZGC”[mxm]:I—|—<Z,Z>:0, Z =—-7Z, v=1,...,n}.

Biz XT(,??H dagi A% nuqtani (A° = (AY,...,AY)) fiksrlaymiz va B,(S?n sohasiga birlik disk A
ning quyidagi joylashishini ko’rib chiqamiz:

{WE(CmQ”: Wy =AY, j=1,....n, |t|<1}.
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A diskning T chegarasi ushbu joylashish orqali X,(ﬁ',)n da yotgan aylana ichiga tasvirlanadi.
Agar 9 Bf(,z”)n ning ixtiyoriy (golomorf) avtomorfizmi bo’lsa, u holda (1) ko’rinishdagi to’plam
avtomorfizm ta’sirida X,(g,)n da chegaraga ega bo’lgan ma’lum analitik diskga o’tadi.

Teorema 1. Agar f € C (Xr(,i)n) funksiya B;,i)n sharining barcha v avtomorfizmlari uchun
quyidagi tenglikni qanoatlantirsa:

| e =o
T

u holda f funksiya Bfg,)n da C(B,(ﬁ:’)n) klassiga mansub F funksiyasiga golomorfik ravishda
kengaytiriladi. Lemma 1: ( [5]). O’Ichov

do = h(U)dtdo™ (U), U € X,

bu yerda h(U) silliq musbat funksiya, t ga bog’liq emas.
Lemma 1 shuni ko'rsatadiki, do(¥4(W)) = P(A,W)do((W), bu yerda P(A,W)- B,
sohasining invariant Puasson yadrosi.

Shu sababli,
[ SOV PAWdo(W)) =0

B,(,?)n dan olingan barcha A nuqtalar uchun va barcha k,s=1,...,m, [ =1,...,n .
Teorema 2. Agar f € C(Xr(,i)n) funksiya va (3) tenglama Bfi)n sohasining A nuqtani 0 ga

aylantiradigan barcha ¢B$’)n avtomorfizmlari va barcha k,s =1,...,m, [ = 1,...,n lar uchun

bajarilsa, u holda bu funksiya F € U(By(,i’?n) funksiyaning radial chegaraviy qiymatidir.
Teorema 3.f € C(Xff:’)n) funksiya berilgan bo’lsin va (2) shart bosh nuqtani V' C B,(s)n
ochiq to’plamning nuqtasiga aylantiradigan barcha 1 avtomorfizmlari uchun bajarilsin. U holda
f funksiya B,(g)n sohasida F' € a(Bﬁi’?n) funksiyasiga golomorfik ravishda kengaytiriladi.
49, Ay analitik disk quyidagicha bo’lsin:

Ay =2:7Z=1yA, |t <1,

bu yerda AY - X,gi)n skeletonining fiksirlangan nuqtasi, ¥ esa B,(g?n sohasining avtomorfizmi. U
holda analitik diskning T’; chegarasi X,Si)n ustida yotadi, chunki avtomorfizm skeleton nuqtalarini
skeleton nuqtalariga aylantiradi. Morera teoremalaridan analitik disklar bo’yicha bir o’lchovli
golomorfik kengayish xususiyatiga ega funksiyalar haqida xulosa olish aniq ko’rinadi.

Xulosa Agar f € C(Xr(,f?n) funksiya barcha 1 avtomorfizmlari (yoki bosh nuqtani V' C
Bﬁs?n ning biror ochiq to’plamiga aylantiradigan barcha v avtomorfizmlari) uchun A, analitik
disklarida ¢t bo’yicha) golomorfik ravishda kengaytirilishi mumkin bo’lsa, u holda f funksiya B,(,::’)n

da golomorfik ravishda kengaytiriladi.
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Ikkinchi tur matritsaviy polikrugda golomorf davom ettirish masalasi
Bozorov J.T.!, To‘rayev T.A.?, Bo‘riyeva I.3
L.2.3Termez State University, Termez, Uzbekistan;

Yjorabek.bozorov.89@mail.ru, 2 turayev.tura.96@, , 3 irodaboriyeva994@gmail.com

Ikkinchi tur klassik sohani qaraylik,|1,2]

DQI{ZEC[me];Z2<I(m)}

Bunda Z-matritsalar [m x m]o‘lchamli simmetrik matritsalar,Z esa Z matritsaning qo‘shmasi
ushbu matritsaning har bir elementi kompleks sondan iboratI(™ — [m x m] o‘lchamli birlik
matritsa.

Bu sohaning chegarasi

0Dy = {Z € Clmxm];det(I — Z22)=0,1-27 > O}
Bu sohaning ostovi deb n-tartibli barcha simmetrik unitar matritsalar to‘plamiga aytiladi ya’ni
F:{ZeC[me];Zézl}

D5 sohaning n tasining dekart ko‘paytmasini 75, deb belgilaymiz.

T2,n:D£L7r:{ZjEC[me]ZjZ_j<T2I} j:l’n

uning ostovi|1,2]

S(TQ,TL):S(DQT): {Z] GC[me] ZjZ_J:rQI} ]:1,71
Tarif 1.Agar f(z) funksiya 75, sohada golomorf bo‘lib,

swp [ |frdn < o
S(Ta,n)

0<r<1

bo‘lsa u holda f(z) funksiya Hardi sinfiga|4| tegishli deyiladi va
f(z) € H*(Ty,,) kabi belgilanadi .Bunda du — S(T3,,,)) dagi Xaara o‘lchovi. |2]
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Endi nm?

o‘zgaruvchili funksiya garaymiz.
F(2) = F(z1,22, ceo.... 2) € H*(S(Typ), du

Bunda du(€) = duq - dus........ dpn, lar S(Ty,,) dagi Xaara o‘lchovi,y = 1,n
Malumki ,agar F(z) € H*(S(T2),dp) bo‘lsa u holda ixtiyoriy z € To, uchun

ro- [ €t

5(Tz,n) Hdet ) (Ej—z])
7j=1

o‘rinli bo‘ladi.

Bu ishda T3, soha ostavi S(T5,) dan soha ichiga golomorf davom ettirish masalasi o‘rganilgan
ya'ni Ty, sohada Xardi sinfiga tegishli bo‘lgan va S(13,) ostovda giymati avvaldan berilgan
kvadrati bilan integrallanuvchif funksiya bilan ustma ust tushuvchi funksiyaning mavjudligi
masalasi qaralgan .

Buning uchun Boxner-Xua Lo-kentipidagi quyidagi integralni garaymiz.

/ f(£)du(§) (1)
5(T2.n) Hdet (5] Z;)

7j=1

Agar (1) integralda

20y ={ 210U 22)>0} 5= (ufaa) =0T |5l= 1+ o

bo‘lsa, u holda (1) integral giymatini F bilan belgilaymiz.

Kartan teoremasi [1] ga ko'ra Ty, sohada H?(S,du) fazoda to‘la bir jinsli golomorf ortaganal
polinomlar sistemasi mavjud {¢%(z)} .Bu sistemani L?(S,du) kvadrati bilan integrallanuvchi
funksiyalar fazosida to‘la ortogonal sistemagacha kengaytiramiz va ushbu sistema yordamida Fj
funksiyalarni qatorga yoyamiz.

Fa(z) = (=113 "0 o) (2) (2)

Yuqorida L? fazodagacha to‘ldirilgan sistemada (2) yoyilmada qatnashmagan sistemani {¢}
orqali belgilab olamiz.

Yuqorida keltirilganlarga ko‘ra quyidagi sakrash haqidagi teorema o‘rinli bo‘ladi.

1-Teorema

Agar f(&) € L*(S,du) funksiya S(Ty,) ostavda {¢} sistemaga ortoganal bo‘lsa u holda Fs(z) €
HQ(Dﬁ) funksiyalar S ostovning deyarli hamma joyida radial limit giymatga ega va

Foo,..0)(#)s,,, T Z [ 1™ Fy(z )’S(TQ,H)] = f(§)

tenglik o‘rinli bo ‘lads.

Endi asosiy masalaga javob beradigan teoremani keltiramiz.

2-teorema.

Aytaylik f(&) € L*(S, du) bo‘lsin S ostovda f(&) bilan ustma ust tushadigan

F(z) € H*(D)funksiya mavjud bo‘lishi uchun f(£) funksiya {¢} sistemaga ortoganal va Fs(z)
funksiyalar Dg_ | > 0| sohalarda nol bo‘lishi zarur va yetarli.
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Ikkinchi tur matritsaviy poliyedrda Veyl integral formulasi

Bozorov J.T.!, To‘rayev T.A.?, Bobonazarova M. O.?
L23Termez State University, Termez, Uzbekistan;
Ljorabek.bozorov.89@mail.ru, ? turayev.tura.96Q@, , 3 bobonazarova02@bk.ru

Bu ishda ikkinchi tur matritsaviy maxsus analitik poliyedr uchun Veyl integral formulasi
olingan.
Ikkinchi tur klassik sohani qaraylik [1,2]:

Dy={ZeClmxm]: ZZ < I'™},

bu yerda Z - matritsalar [mxm] o‘lchamli simmetrik matritsalar, Z esa Z matritsaning qo‘shmasi.
Ushbu matritsaning har bir elementi kompleks sonlardan iborat, 1™ esa [m x m] o‘lchamli birlik
matritsa.
Bu sohaning ostovi [1,2] deb n-tartibli barcha simmetrik unitar matritsalar [1] to‘plamiga
aytiladi, ya'ni
I'={ZcCimxm|:ZZ=1}.

r-radiusli Dy sohalarning n tasining Dekart ko‘paytmasini 75, deb belgilaymiz.

b :ng = {Zj € Clm xm] : Zij < 7”2I},j =1,n

Uning ostovi:

S(Th,n) = S(Dy,) = {Zj € Clm xm) : Z;Z; < rQI},j =T,n

Ta’rif 1. Agar f(Z) funksiya T3, sohada golomorf bo‘lib,

swp [ o) < o
S(Ta,n)

0<r<1
bo‘lsa, u holda f(Z) funksiya Hardi sinfiga tegishli deyiladi va
f(2) € H*(Typn)

kabi belgilanadi. Bunda du - S(Ty,,) dagi Xaara o‘lchovi [2]. Endi nm?-o‘zgaruvchili funksiya
qaraymiz:

F(Z)=F(Z1,Z,...,Z,) € H*(S(To.), dp).

bunda du(€) = dpidps . . . dpy, , dp, lar S(T5,,) dagi Xaara o‘lchovlari, v = 1,n
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Ma’lumki, agar F(Z) € H?(S(Tx,),du) bo‘lsa, u holda ixtiyoriy Z € Tb,, uchun

ro- [ F(€) du(¢)

(Ton) ] det™s (¢ — Z;)

J=1

a € C"[m x m] nuqtaning biror ochiq atrofini U, bilan belgilaylik.

=00, 2, s fn) : C*"[m x m] — C"[m x m] o‘tkazadigan U, dagi golomorf akslantirish
bo‘lsin, bunda fj(j = 1,n) [m x m] o‘lchamli simmetrik matritsa, a nuqta f funksiyaning
yakkalangan noli. U, atrofda yotadigan f funksiyaning nollarini o‘zida saqlaydigan siklni
quyidagicha belgilaymiz:

T;e=1{Z2€U,: f;(2)f;(Z) =1, j =1,n}.

C"™[m x m] fazodagi ikkinchi tur matritsaviy poliyedrni aniglaymiz.
Aytaylik, G C C"[m x m] qandaydir soha va unda

f:C"m x m] — C"[m x m)|

golomorf akslantirish berilgan bo‘lsin.
r-radiusli matritsali polikrug 75, ni qaraymiz va uning proobrazini

F @on) = {21 () F) <171 =T}

kabi belgilaymiz.

Ta’rif 2. Agar f~1(Tb,) € G sohada kompakt yotsa, u holda f~!(Ty,) to‘plam f
akslantirishga bog‘liq ikkinchi tur matritsali poliyedrik to‘plam deyiladi.

Ta’rif 3. f~!(Ty,) matritsali poliyedrik to‘plamning boglamli komponentasiga 2-tur
matritsaviy poliyedr deyiladi.

Matritsaviy poliyedrni II¢, bilan, uning ostovini

P ={€: KO FE =1 j=Ton

bilan belgilaymiz.
U soha Il ning qandaydir atrofi bo‘lsin. Xefer teoremasiga ko‘ra U x U dekart ko‘paytmada
shunday P¥(¢, z) funksiyalar mavjudki, barcha (¢, z) € (U xU) lar uchun quyidagi yoyilma o‘rinli

nm2

fe®) = fi(2) = D (& — 2) P (&,2), k = 1,nm?.
=1
|| PF|| matritsaning determinantini H (¢, Z) orqali belgilaymiz.
Teorema. Agar h funksiya ﬁf,r da golomorf bo‘lsa, u holda ixtiyoriy Z € Il , uchun
h(&)H d
)= [ MO D)

m+1

. ﬁ1 det™ 2" (f5(€) — f;(2))

- (1)

integral formula o‘rinli.

C"[m x m] fazoda (1) formulada n = 1 bo‘lgan holini Mahkamov E.[3], m = 1 bo‘lgandagisini
Six [4] ishlarida ko‘rishimiz mumkin. n = m = 1 bo‘lgandagi holida esa (1) formuladan Koshining
integral formulasi kelib chiqadi.
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Applications of the Lobachevsky metric in the H - upper half-plane

Eshboltaev S.!
INational University of Uzbekistan, Tashkent, Uzbekistan;
eshboltayevsarvar@gmail.com

Entry:In this thesis, we provide examples of the Lobachevsky metric, defined in the H-upper
half-plane, and the calculation of distances between points using this metric.
Let H denote the upper half-plane of the complex space C:

H={zeC|Im(z) >0}

Definition [1] For the upper half-plane, the Lobachevsky metric is expressed by the equality
ds = 1%L 1p this case, |dz| = \/dx? + dy? is the differential expression of the ordinary Euclidean

Imz
distance, and I'm(z) = y is the imaginary part of Z .
Property 1.[1] If f : D — D is a holomorphic mapping, then it is invariant in the
Lobachevsky metric and ds(f(z)) = ds(z) is equal.

If 21 = 21 +iy;1 € H and 29 = x9 + iyo € H are two points, the distance between them is

calculated as follows: o
|2'1 — ZQ| + |Z! — 22|

|21 — 22| — 21 — 22

(1)

d(z1,z2) = In|
Now let’s look at some examples using these formulas:

Example 1. Find the distance between points z; = ¢ and zo = 2i. Solution. According to
formula (1)
i — 24| + |¢ — 24|
li — 2| — |i — 24|

d(z1,22) = In| | = In2

So, it is d(i,2i) = In2 ~ 0,693. For information, we can say that dg,kiid(21, 22) = |21 — 22| =
V(21 — 22)% + (y1 — y2)? according to the expression. dgykra(i,2i) = 1.

The Euclidean distance between parallel lines remained constant.

Property 2.[1] In the H-upper half-plane, the distance between two parallel lines increases
as it approaches the boundary.

Example 2. Let us have parallel lines Iy = {z € C|Re(z) =0} N H and lo = {z € C|Re(z) =
1} N H . Compare the distance between these parallel lines for the case of I'm(z) = 1 and
Im(z) =10.

Solution. We are asked to compare the distances between points z1 =i €1l , 20 =141 € Iy
of parallel lines /; and /; and between the points 27 = 107 € [y, 25 = 1 4+ 107 € [y according to
formula(1)




._f ._ 1 . 1
Q11 i) = o A= Gl T+VE g6
i—Trd—li—a+a  "1-vs
and
106 — T+ 107] + |10i — (1 + 10¢ 1+ /401
d(10,1 + 107) = [p PO =1 100 #1100 = (1 +100)] 14 V0L | ~ 0,009,
1106 — T+ 104| — |10 — (1 + 104)| 1 — /40

So it’s d(i,1 + i) > d(10i,1 + 107) .
The following properties are our main result.
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On dynamics of a separable quadratic stochastic operators

Eshkabilov Y.Kh.!, Boboyarova Z.D.?
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Let E = {1,...,m} be a finite set and the set of all probability distribution on E

gm—t = {x:(xl,...,xm)eRm:xiZO, inzl} (1)

=1

be the (m — 1)-dimensional simplex. A QSO is a mapping defined as V : S™~! — S§™~1 of the
simplex into itself, of the form V(x) = x'€ S™~!, where

m
Iz; = Z Pij,kﬂfiﬂfj, kek, (2)
ij=1
and the coefficients P;; ), satisfy
Pk =Pjix >0, ZP”;C_l for all i,j,k € E. (3)

The trajectory (orbit) {x(™},0, of V' for an initial value x(*) € §™~1 is defined by
x(t) =y (x(”)> =+l <X(0)) , n=0,1,2,..

Separable QSOs were introduced as follows: let A = (aik);?kzl, B = (bjk);."kzl be the matrices
with the real entries. Consider the QSO (2), (3) with additional condition

Dijk = aikbjka VZ-7j7 ke E7 (4)
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where a;, bjr, € R entries of matrices A and B such that the conditions (3) are satisfied for the
coefficients (4). Then the QSO V corresponding to the coefficients (4) has the form

z, = (V(x), = (Ax)), - (B(x))k, Vk€E, (5)

where (A(x))r = Y aixi, (B(X))r = Y bjrz;.
i=1 j=1
Definition The operator (5) is called a separable QSO.
Let us consider the following matrices:

100 1 1+a 1
A=lo010|,B=|1-a 1 1+c¢ |, (6)
001 1 l1-¢ 1

where a,c € [-1,1].
Then corresponding SQSO W : §2 — S2 is:

) =x1 (1 —axg),

W 2h =29 (14 azxy —cxs), (7)

xh = x3 (1 + cxg).

Let a face of the simplex S? be the set Ty, = {x € S? : 2, =0, i ¢ o C {1,2,3}}. Let the
set int $? = {x € S? : x1z9w3 > 0} and let the set 9S% = S? \ int S? be the interior and the
boundary of the simplex S2, respectively. Let e; = (1,0,0), e2 = (0,1,0), e3 = (0,0,1) be the
vertexes of the two-dimensional simplex.

Theorem 1. For the SCSO W (7), the following assertions true:
(i) The faces T'(1 9y, T'113y, Tqo3y of the simplex S? are invariant sets;
(ii) Fix(W) = {e1,ez,€e3} ;
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Analysis of Gf)—periodic ground states for the Chui-Weeks model

Hakimova M. A.
Namangan State University, Namangan, Uzbekistan hakimovamuslimaxon@gmail.com

The Cayley tree T'* (see [1]) of order k > 1 is an infinite tree, i.e., a graph without cycles,
from each vertex of which exactly k + 1 edges issue. Let T® = (V, L), where V is the set of
vertices of I'*, L is the set of edges of T'*. It is known (see [1]) that there exists a one-to-one
correspondence between the set V' of vertices of the Cayley tree of order £ > 1 and the group Gy,

of the free products of k + 1 cyclic groups {e,a;}, i = 1, ...,k + 1 of the second order (i.e. a? = e,

a;l = a;) with generators aj, a9, ..., agy1.
In this work, we consider the three-state Chui—~Weeks model on the Cayley tree of order four.

For this model, all Gf)—periodic ground states are described, where
GY ={reGy|z] i
4= 4:| x| is even},

where | z | means length of the word z.
We consider model where the spin takes values in the set ® = {0, 1, 2}.
The Chui-Weeks model (see [2]) is defined by the following Hamiltonian

H(o)=J Z |o(x) —o(y) | +a Z O (2),05 (1)

(zy)eL zeV

where J,a € R, « is an external field and o € €.
All Gf)—periodic configurations have the following form:

oo, if = € Gf),

o(x) = @
o1, if .%'EG4\G4 s

where o¢, 01 € .

The following theorem describes all Gf)—periodic ground states for the three-state Chui-

Weeks model.
Theorem 1. For the Chui-Weeks model on the Cayley tree of order four, the following
assertions hold

L i) if (J,a) € {(J,a) € R? : —2a < 30J < 0}, then Gf)—periodic configurations
1,if z € G, » 2,if v € G?,
o(x
2,if z € Gy \ G, 1,if z € G4\ G
(2)

are G, -periodic ground states;
i) if (J,a) € {(J,a) € R? : J < 0,a = 0}, then Gf)—periodic configurations

0,if z € G, » 2,if v € G,
o\xr
2,if v € G4\ GP, 0,if # € Gy \ G
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are Gf)—periodic ground states.

II. All Gf)—periodic ground states, except for points i) and ii) above, are translation-invariant.
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Convergence of orbits of a non-Volterra quadratic operator
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Let
gm—1 _ {xGRT:inzl}
=1

be the (m — 1)-dimensional simplex. A map V of S™~! into itself is called a quadratic stochastic
operator (QSO) if

m
(Vx)k = Z DijkZily,

2,j=1

for any x € S™ ! and for all k = 1,...,m, where
m
Pijk =Djik 20 foralli,jk=1,...,m and Y pygp=1,ij=1,...,m.
k=1

Assume that {X(n)}n:0,1,2,... c §™~1is the orbit (trajectory) of the initial point x(©) ¢ §m~1,
where x(® 1) = V(X(")) for allm = 0,1,2,... Let wy (X(O)> be the set of limit points of the
orbit {x(")}n:071’27m c S™~ 1 it follows that
wy (X(O)) # 0.

A point x € S™ ! is called a fixed point of V if V(x) = x. Denote the set of all fixed
points by Fix(V). We let a face of ™! be the set Tq = {x € S™ 1 : 2, =0, k ¢ a}, where
a C{l,...,m}; let e = (§14,024,...,0ms) € S™ L i € {1,...,m}, denote the vertices of
the simplex S™~!, where 0;; is the Kronecker delta. The asymptotic behavior of the orbits of
arbitrary QSO defined on the one-dimensional simplex was fully studied by Lyubich [2]. However,
in the general case, the problem is still open even on the two-dimensional simplex.

The QSO V is called Volterra, if p;;, = 0 for any k ¢ {4, j}. The asymptotical behavior of
orbits for Volterra QSOs was deeply studied [3].

Let DV (x*) = (0V;/0x;) (x*) be the Jacobian of V' at the point x*. A fixed point x* is called
hyperbolic if its Jacobian DV (x*) has no eigenvalues on the unit circle. A hyperbolic fixed point

. Since S™ 1 is a compact set, and {X(")}nzo 19
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x* is called: (i) attracting if all the eigenvalues of the Jacobian DV (x*) are in the unite ball; (ii)
repelling if all the eigenvalues of the Jacobian DV (x*) are outside the unite ball; (iii) a saddle
otherwise [1].

Consider a non-Volterra QSO defined on the two-dimensional simplex which has the form

o) = a3 + (w2 + 13)% — az132 — QT 173,
Vo iq b= (2+ )iz, W

zh = (2+ o)z,

where a € [-2,0].
For a € (—1,0] denote

_ o, 1
Sa—{(wl,w2,$3)65 : 1‘1—2+a .

In the following theorem we give description fixed points and their types.
Proposition 1. For the operator V,, the following statements are hold:
i) the faces I'(; oy and I'yy 3y are invariant sets with respect to operator Vy;
ii)
e}, if ae|-2,-1],
Fia(V,) = | ) , : |
{e1}US,, if ae(—1,0];

iii) the point x € S, is a non-hyperbolic and the vertex

attracting, if ael[-2,-1),
e has the type a (an) { non-hyperbolic, if a = —1,
repelling, if o€ (—1,0].

The following theorem describes the orbit of any point x(9) e §2.
Theorem 1. For the operator V,, the following statements are hold:

i) if x(O ¢ [{2,3) then for any o € [-2,0] we have V,, (x) =ey;

i) if x(©) e [g193 \ {e1, ez} then we have

(1,0,0), if ae[-2,-1],
lim V! (x(o)) = Lo '
n—00 2_'_—&724_—&70), if Oée(—l,O];
i) if x(0 e [q1,31 \ {e1, e3} then we have
(1,0,0), if ae[-2,-1],
i o) {100
R (mjo, 2+g), if ae(—1,0];
iv) if x(© € int %\ Fiz(V,), then we have
(1,0,0), if ael-2,-1],
Tim v (x) = 1 (1+ )zl (1+a)zl)

7 : . if ae(—1,0].
240 v (o9 4 20) v ) (o 4 )
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On the iteration of a cubic map defined by a non-stochastic matrix on a
two-dimensional simplex.
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Let us give basic definition. In general, a cubic operator V : z € R™ — 2/ = V (z) € R™

corresponding to a matrix P = {Pijm}:.r} 41— is defined by:

m
/
Vig = Z Pijravizjey, 1=1,...,m. (1)
k=1

Without loss of generality we assume

Pyji = Pijii = Pjiig, 4,5,l=1,...,m, i+#j,
Pijk,l = Pikj,l = Pjik,l = F?]'ki,l = Pkij,l = iji7l7 i7j7 k’l = 1’ ce.,m, 7 7&] 7& k.

As a result, the operator (1), takes the form:

m m m
V. I‘; = ZBIZJm? +3 Z (H@J?L‘ZZ‘T]' + f)ijj,lxix?) + 6 Z Pijk,ll‘i-rjxkal =1,..,m. (2)
i=1

t,j=1 1,5,k=1
i< i<j<k
Let m be a natural number and let E,, = {1,2, ... ,m} be a finite set. Then the set of all

probability distributions on the E,, is

sm1 = {x: (1,22, ..., Tm) € R™: x; >0, Vi, Z:cl = 1}

=1

which is called m — 1 -dimensional simplex.

A point x € S™ ! is called a periodic point of W if there exists an n so that W"(x) = x.
The smallest positive integer n satisfying the above is called the prime period or least period of
the point x. A period-one point is called a fized point of W. Denote by Fix (W) the set of all
fixed points of the operator W, i.e. Fix (W) = {x € §?: W(x) =x}.

Definition. A cubic operator is called a cubic stochastic operator (CSO) if it preserves
simplex.

The following theorem gives conditions for coefficients of V' to preserve the simplex S™ 1.

Theorem. For a cubic operator V (given by (1), to preserve the simplex S™~! it is sufficient
that:



m
1) Z-P’ijk’,l:]-» iajak:1727 N L

=1
i) 0< Py <1, 4,01=1,2, ... ,m;
i)~y ¢/ P Pisit < Pijes i#4, G5l=12 ... om
V) ity ¥ PiidPijiiPekk < Pirg, i # 5 # k. 4 k1=12, ... m.

Consider the following example of CSO on the two-dimensional simplex S?:
v =23+ 3 + 23 — ax?y — ax?z + 3xy? + 3y%2 + 3w2? + 3y2? + 6ayz,
Vg ¥ = (3+a)ay, (3)
2= (3+a)x?z,
where a € [0,4]. Note that Pij21 = P31 = —a/3. 1

In case y = z = 0 we get the fixed point e; = (1,0,0). For y + 2z # 0 we get © = e
Consequently, the following is a family of fixed points

1 1 1
= ——y, 1 —y), where ye [0,1 - ——]|.
Py <J3sz V3+a y) Y [ \/3—|—a]

Recall that a set M is called invariant with respect to an operator V' if V' (M) C M.
It is easy to see that the following sets are invariant with respect to (3):

Moy = {(Jr,y,z) 652:3/:0}7 My = {<$,y,2)652:2’:0},
M, ={(z,y,2) € > y=wz}, wel0,+00).

For trajectory of the operator (3) on the invariant set My we have

. n €1, Zf Z(O) S {07 1},
v (50.0.:0) = { (01 ) i 20 01
V3ta V3ta ) ) .

And for trajectory of the operator (3) on the invariant set M; we have

. n €1, Zf y(O) € {07 1}7
sV (x(o)’y(o)’o) :{ (L 1- 1 o) if y© e (0,1)
\/m? m? M y M M

And for trajectory of the operator (3) on the invariant set M, we have

e (0
v (0 0 o) - e if 27 e{0,1},
JLH;OV (w K ) { py(o), Zf z(o) S (0, 1).

Summarizing above-mentioned results about trajectories of operator (3), we obtain the
following;:
Theorem. For any initial point A = (a;(o),y(o),z(o)) € S?\Fiz(V) the following equality

holds
e, if 20 =0,
) N { Py ()5 if z(© = 0.
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Ko‘p o‘lchamli diskret Shredinger operatorining muhim spektrining yuqorisida
joylashgan xos qiymatlari cheksizligi haqida

Kulturayev D.J.
Termiz davlat universiteti, Termiz, 0‘zbekiston; davron_2189@mail.ru

Spektrni o‘rganish Shredinger operatorlar nazariyasining asosiy masalalaridan biri
hisoblanadi. Aytaylik u(z) - funksiya €, = [0,1]¥, v € N to‘plamda haqiqiy giymatli uzluksiz
funksiya bo‘lsin. K - Lo(9,) fazoda k(x,s) € L2(Q2) simmetrik yadroli Fredgolm kompakt
integral operator bo‘lsin. Kvant mexanikasi va statistik fizikaning bir qancha masalalari [1-2]
L9(9,) fazoda quyidagi formula orqali aniglangan H operatorning diskret spektrini o‘rganishga
keltiriladi

H=Hy+ K (1)

bu yerda

(Hof)(x) = u(z)f(z), (Kf)(z)= /k(%S)f(S)d#(S)
Qy

Bunda u(-) - R” to‘plamda Lebeg o‘lchovini bildiradi, integral esa Lebeg ma’nosida tushuniladi.
(1) ko‘rinishdagi operator Fridrixs modeli deb ataladi. Kompakt qo‘zg‘alish haqidagi Veyl
teoremasiga ko‘ra H operatorning oess(H) muhim spektri w(z) funksiyaning qiymatlar
to‘plamidan iborat, yami cess(H) = [Umin, Umaz], DU yerda wp, = ;IGI%ZH u(x), Umazr = xrré?zx u(x).

Minimaks va maksimina prinsipidan [3] foydalanib, agar K integral operatorning yadrosi
ajraluvchi bo‘lsa, u holda (1) Fridrixs modelining diskret spektri chekli bo‘lishi isbotlangan.
Bundan kelib chiqadiki (1) Fridrixs modelining diskret spektri cheksiz bo‘lishi uchun K integral
operatorning yadrosi ajralmagan bo‘lishi zarur.

12(Z" xZ") (v € N) fazoda panjarasimon ikki zarrachali gamiltonianni quyidagicha aniglaymiz

Q) =Qo+¢Q', >0, (2)

bu yerda funksiyalar o‘ramasi bilan berilgan (g kinetik energiyaning umumiy ko‘rinishi
quyidagicha berilgan:
(Qug)(m,n) = > wo(m —k,n —1)e(k,1),

k,lezv

Q potensiyal energiya esa quyidagicha berilgan

(@ ¢)(m,n) = vi(m,n)p(m,n).
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vo(m,n) kinetik energiya quyidagi ko‘rinishda bo‘lsin

2v, agar m=n =0,
vo(m,n) =4¢ 1, agar m=0, |n| =1,
0, boshqa giymatlar uchun n,m € Z",

bu yerda |m| = [ma| + |mo| + ... + |my|, m = (m1,ma,...,m,) € Z.
Potensial funksiyani quyidagicha aniglaymiz

ap, agar m=mn=_0,

ap, agar m € {£pej}, n=0, peN,
By, agar m =0, n € {£qe;}, ¢ €N,
0, boshqa giymatlar uchun n,m € Z",

vi(m,n) =

bu yerda a9 > 0, ap > 0, B, > 0, p,g € N, 2%2; < 00, Zﬁg < o0, e =
peN qeN

0,0,...,1,0,0,...,0) € Z.

—_———

J

Aytaylik, T = (—m, 7] bo'lsin. F : [o(Z¥ x Z") — Lo(T” x T") - Fure almashtirishi bo‘lib,
7" x 7V panjarada aniglangan ¢(m,n) funsiyani T¥ x T" to‘plamda aniglangan f(z,y) funksiyaga
akslantirsin, ya’ni

Fiptmn) = foy) = —— 3 6D, ¢V)eapl(pW,2) + @V, 1))-

v
(27T) p(l),q(l)GZV

Lemma. Q(¢) (2) operatorning Hy(e) Fure almashtirilishi Lo(T" x T%) fazoda quyidagi
formula orqali aniqlanadi

Ho(e) f(x,y) = HSD f(a,y) + eKaf(z,y), (3)
bunda
H f(e,y) = (@ 9) f(z,y), Kof(z,y) = / / k(. 5, 6) f (s, t)dsdt

TV Tv

v
va uéQ) (z,y) =2 (1/ + > cosyk>, kao(z,y; s, t) - ajralmagan yadro, ya'ni
k=1

ko, 5,1) = dogo(@,y) + DAY b (i)l (si)+

p=1 i=1
DT IETEEIEES D IEUELTED D WL R
p=1 i=1 g=1 = q=1 i=1
bu yerda
Ao = (27) v, )\;1) = (27r)2”ap, )\[(12) = (271')2”5(1;
1 coSpxT; SINpT;
— () () = _COPTE () — ST
SOD(ﬂf,y) - (27_[_),/’ spp (xl) - \/22117_17[_,/’ SOp ( l) - \/22,/7_171_”72 - 1?27 e Ve
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Lemmaga ko‘ra ﬁg(a) (3) diskret Shredinger operatori ajralmagan yadroli Fridrixs
modelidagi operator bo‘ladi. Hs(e) operatorning muhim spektri uchun oeg(Ha(e)) = [0,40]
tenglik o‘rinli.

Teorema. Aytaylik v = 1,2 bo‘lsin. Ixtiyoriy € > 0 son uchun .ﬁ[Q(g) diskret Shredinger
operatori o ‘zining muhim spektrining yuqori chegarasining yuqorisida cheksiz sondagi musbat xos
qiymatlarga ega bo ‘ladi.
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Umumlashgan matritsaviy poliedrda Bishop integral formulasining bir ko‘rinishi
Maxkamov E.M.!,To‘rayev T.A.2
1 p¢zbekiston milliy universiteti, Toshkent, 0‘zbekiston,
erkin_mahkamov@83
2 Termiz davlat universiteti, Termiz, 0‘zbekiston.
turayev.tura.96@

Elementlari kompleks sonlardan iborat, [n x n|—tartibli kososimmetrik matritsalar bo‘lgan
fazoni C [n x n | kabi belgilaymiz.
Ushbu
Dy={zeClnxn]: 1"+ 22 >0}

sohaga uchinchi tur klassik soha deb aytiladi. Bunda I(™) —n tartibli birlik matritsa, Z— matritsa
esa Z matritsaning kompleks qo‘shma matritsasi hisoblanadi (eslatma, yuqoridagi sohada
H > 0 Ermit matritsasining musbat aniglanganligini bildiradi, ya’ni, barcha xos sonlari musbat
aniqlangan) ([1-3]).

Uchinchi tur klassik sohaning chegarasi va ostovi mos ravishda quyidagicha aniglanadi [2]:

M%:{Zeémxm:@%ﬂw+27)::mﬂm+2720}

r:{Zeémxm:ﬂm+27:o}

Bu D3 sohada golomorf va uning yopig‘ida uzluksiz har qanday h (Z), ya'ni,
h(Z) € O(D3)(NC (Ds) funksiya uchun (juft n larda) ushbu

h(X)dX
h’(Z) - C”/ nf(l )
rdet z (X —2)
Xua Lo-ken integral formulasi o‘rinli bo‘ladi (|2],95-sah.). Bu yerda dX = A dxz;j,
i=1,j=2
i< j

integrallash tartibini va ¢, o‘zgarmas

/ dX
Cn T o1, 1
1M+ xX=0det 2 (X)
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shart bo‘yicha aniglanadi.
Biror G C Cn(n = sohada golomorf bo‘lgan f = (fl,...,fn(n71)> G —» C 2
2

akslantirishni qaraymiz.
1-ta‘rif. Agar f: G — Cn x n| golomorf akslantirish yordamida aniglangan

n(n 1)

f_l(D3,r):{ZeG:r 1™ 4 f(2)f(Z) > 0, 7~>o}

to‘'plam G sohada kompakt yotsa, ya'ni, f~!(Ds,) €G bo'lsa, u holda f~! (D3 ) to‘plamga
matritsaviy poliedrik to‘plam deyiladi.

Shuni alohida ta’kidlash lozimki, bu to‘plam har doim ham bog‘lamli bo‘lavermaydi.

2-ta‘rif. Matritsaviy poliedrik to‘plamning bog‘lamli komponentasini matritsaviy poliedrik
soha yoki gisqacha matritsaviy poliedr deb atamiz va uni €27, kabi belgilaymiz.

Matritsaviy poliedrning ostovi

Hﬁz{ZeG:ﬁﬂm+f@ﬁﬁﬂ:Qr>0}

ko‘rinishda aniqglanadi.
Aytaylik f = (fl,...,fn(nfl)> : D — G akslantirish D C C? sohani G C Cjj, sohaga

akslantiruvchi golomorf akslan?cirish bo‘lsin. Agar har bir W € G nuqtalar uchun f(2Z) = W
tenglama D sohada karrali ildizlarining tartibi bilan qo‘shib hisoblaganda bir xil sondagi
yechimlarga ega bo‘lsa, u holda f(Z) akslantirish chekli turdagi akslantirish deb ataladi
(bu yerda nollar soni karrasi bilan olingan).

Aytaylik, f : D — G akslantirish D C C7% sohani G C Cfj, sohaga akslantiruvchi chekli

(2)
¥(2)
3-ta’rif: f akslantirishga nisbatan H(z) meromorf funksiyaning izi deb ushbu

turdagi golomorf akslantirish bo‘lsin va H(Z) = funksiya D sohada meromorf bo‘lsin.

[TrH]( z:HZW N, W e G\f(y =0),

funksiyaga aytiladi, bu yerda yig‘indi f(Z) = W tenglamaning ildizlari (karralisining tartibi ham
e’tiborga olingan) bo‘yicha olinadi.

Bu ishda matritsaviy poliedrda maxsus ko‘rinishdagi meromorf funksiyalar uchun Bishop
integral formulasining bir ko‘rinishi olingan.

Teorema: Agar h (Z) € O (Qy,) N C () bo'lib, Z € Qy, nugtalarda yakobian J; (Z) # 0
bo‘lsa, u holda h/J; meromorf funksiya uchun ushbu

WX)U(Z,X) A day
i=1,j=2
B / 1<
#@y””mfmzm@#%qawww»

integral formula o‘rinli bo‘ladi. Bu yerda ¥(Z, X) # 0 va Qf,, x Qy, to‘plamda golomorf bo‘lgan
vazn funksiya.
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Regularity of a non-Volterra operator

Mukhitdinov R.T.!, Jamilov U.U.2
lTashkent Institute of Chemical Technology, Tashkent, Uzbekistan;
muxitdinov-ramazon@rambler.ru
2y.1. Romanovskiy Institute of Mathematics, Tashkent, Uzbekistan;
jamilovu@yandex.ru

Let
m
gm—1l — {x: (x1,22,...,xm) ER™: z; >0, ZCCZ = 1}
i=1
be the (m—1)-dimensional simplex. A map V from S™ ! into itself is called a quadratic stochastic
operator (QSO) if

(Vx)r = Z Dij kTiTj (1)

t,j=1
for any x € S™ ! and for all k =1,...,m, where
m
Pijk >0, pijr = pjik forall ik, Zpij7k =1. 2)

k=1

Assume {V" (x(o)) }ZO:() is the orbit (trajectory) of the initial point x(*) € ™1 where x("*+1) =
V(x™) for all n = 0,1,2,...

One of the main problems in mathematical biology is investigation of the asymptotical
behaviour of the orbits for a given QSO, defined by (1) with conditions (2).

The following notations will be used in below. We let a face of the simplex S™~! be the
set Ty = {x€S™1:2,=0, i¢al}foralac{l,...,m}. Let e = (614,02,-.,0mi) €
Sm=1 i =1,...,m, denote the vertices of the simplex S™~!, where di; is the Kronecker delta.

A point x* € S™71 is called a fized point of a QSO V if V(x*) = x*. The set of all fixed
points we denote by Fix (V).

Hence, the fixed points of a QSO describe limit or long run behavior of the orbits for any
initial point. The limit behavior of orbits and fixed points play an important role in many applied
problems (see, e.g. [1, 2|).

Definiton 1. A fixed point x* is called hyperbolic if its Jacobian DV (x*) has no eigenvalues
on the unit circle.

Definiton 2. A hyperbolic fixed point x* is called:

i) attracting if all the eigenvalues of the Jacobian DV (x*) are less than 1 in absolute value;
ii) repelling if all the eigenvalues of the Jacobian DV (x*) are greater than 1 in absolute value;

iii) a saddle otherwise.

Consider the following non-Volterra QSO defined on the two-dimensional simplex
1
o =2 + (2 — T> 23 + (1 - 27)2129,
: 1
Vi rh =23+ (2 + T> 23+ (14 27)7122, (3)
rh = 2x123 + 2T013,
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11
272"

where 7 € [
Theorem 1. Let 7 = 0. Then for the the QSO (3) the following statements are hold:

i) Fix (Vo) = {(1/4,1/4,1/2)} UT {1 9}, where Ty 9y = {x € 5% : 23 = 0};
ii) the fixed point (1/4,1/4,1/2) is an attracting point and arbitrary fixed point x € I'{y oy is
a non-hyperbolic point;

iii) H_)m Vi (x©) = (1/4,1/4,1/2) for any x(© € S*\['(1,2}-

Theorem 2. Let 7 # 0. Then for the the QSO (3) the following statements are hold:
1
i) Fix (V;) = {e1, e2,x*}, where x* = (ac’l‘,xg, 2)

- 1427 — V141272

8T

- 27—1+\/1+1272_

and x5
8T

7

ii)
saddle, if 7>0,
repelling, if 7 <0;

( 1 1
saddle, if 7€ [—,0) U (O, V3 > ,
2 4
V3-1
4 )

-11
repelling, if 7€ <\/§ ] ;

4 2

The vertex ey is {

The vertex e; is ¢ non-hyperbolic, if 7=

\

iii) lim V7(x) = x* for any x(¥ € S%\{e1, e2}.

n—oo
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Dynamics of a predator-prey system with equal dominance.
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From the analysis of experimental data, Hoffmann [1| proposed that for the phage-bacteria
interaction the equations be modified such that a power law applies to the LV equations. The
modified LV equations are therefore:

{ =z (o= ByP),

1
g =y (=y+dz). W

We will assume the inequality p > 1.
A discrete analogy of the generalized LV equations (1) model for p = 2 can be considered as

follows
{ 7 = (1+a)z — Bry?,

/ 2 2 (2)
Yy =y —yy" +oxy".

One of the simplest cases of the discrete generalized LV model (2) is the following evolution
operator V : St — S! of the population on the one dimensional simplex

S'={(z,y) ER*: 2,y>0, z+y=1}

v =z — ary?
Vo ) )
Yy =y+ary

where a € [-1,1].
To ensure that both species will have equal domination we define an evolution operator,
Vap:z=(z,y) € St =2/ = (2/,y) € St by

Vab:{ Va(z), if ©<1/2

)

3
Vo(2), if ©>1/2 )

We note that the probabilities P;;;; mentioned in are independent on = € S™=1 but for operator
(3) we have Pi111 =1 — Piiig = Paso =1~ P11 =1, Prg1 =1— P22 =2/3 and the
remaining coefficients depend on the points z = (z,y) of the simplex S:

e i ash,
Pioo1 =1— Piop = b )
3 lf T > bR
Using the equality = +y = 1, this operator can be reduced to the function f, : [0,1] — [0,1]
defined by
x(l—a(l—x)2), OSxS%;

fa,b = (4)

—_

x<1+b(1—x)2>, t<az<

where a,b € [—1,1]. It is clear that, the function is a piecewise-continuous, that’s, it is
discontinuous at the point z = % when (a,b) # (0,0) and, is smooth at each semi interval. Note
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that in the case a = b = 0 the function is trivial, because f,, = x, « € [0, 1]. Therefore, below we
do not consider this case. In case a = —b # 0, we have f () = f,—o =2 <1 —a(l— x)2) , T €

[0,1]. The fixed points of this function are 0 and 1. It is easy to see that 1) The point 0 is
attracting for f, if a € (0, 1]; repelling if @ € [—1,0). 2) The point 1 is non-hyperbolic.
Moreover, using monotonicity of f one can show that for any initial point [J;(O) € (0,1) the

following limits hold
1, if a€[-1,0),
N0 0, if a€(0,1].
Thus value 0 is a critical point where the character of the dynamical system changes.
Therefore, we consider the following possible cases:
(1)a=0,b#0;(2) a#0, b=0; (3) a#0, b#0.
The case a # 0, b # 0. In this case the function is
p z(l—a(l—2)?), 0<2<3;
7b =
¢ z(1+b(1-2)?), 3 1

Theorem. For the dynamical system generated by (5) the following assertions hold:
1. The set of fixed points is Fiz(f) = {0,1};

2. If a € [-1,0), b € (0, 1] then li_)m 2™ = lim f* (z(©) = 1, for any 29 € (0,1];

n—oo

3. Ifa € (0,1], b € [-1,0) then lim 2™ = lim f* (%) =0, for any 2(*) € [0,1);

n—oo n—oo
{ 0, if 20 € 0,3],

1, if 20 e (3,1].

4. If a,b € (0,1] then lim 2™ = lim f* (z(0) =
n—oo

n—o0
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In this part of the paper, we will consider one of the most interesting representatives of the
Lotka—Volterra mapping, which preserves the four-dimensional simplex V : §* — S%. Let the
skew-symmetric matrix have the form

0 0 a —-b c

0 0 —-d e -—f
A=|l—-a d 0 0 0 |,

b —e 0 0 O

—c f 0 0 O

where 0 < a,b,c,d, e, f < 1. Then, the corresponding mapping V : S — S% has the form

) = x1(1 4+ axs — bxy + cxs),

(
xh = x9(1 — dxs + exy — fxs),
Vg ah =x3(1 — axy + dxg),
(
(

oy = x4(1 + by — exq),

(25 = x5(1 — cx1 + fxa).

Next, we introduce the following notation: vertices of the simplex S* through ei,...,es,
12 = co{er, ea} is edge, I'sy5 = co{es, eq, €5} is a face of the simplex, as well as

01 =ce—bf, dr=cd—af, d3=bd—ae, A =205 + 0+ 3.

Consider the case when 01, d2,03 > 0. Note that Fix(V) = I'1g U I'sy5. Taking into account the
positivity of the expressions d1, d2, and d3, we mark the points on the edges of their disposition

d e b f
M, = ,0,0,0), Mpy=(—— ——00,0), Ms= ,0,0,0
! <a+d at+d ) 2 <b+e’b+e’ " > s (c—l—f c+ f >

b a d e b
M, Ms = . Mg =
(OO a+b a+tb 0) b <0’0’d+e’d+e’0)’ 0 (000b+c b+c>

_ e B 01 02 03
M7—<000 et Mg = OOAAA

with the help of which we determine the increase or decrease of a given coordinate under the
action of the operator V. Since 41, d2,d3 > 0 we obtain a picture of the partition of the faces I'1o
and I'sy5, shown in Fig. 1. Considering ady — bds + ¢ds = 0 and —dd; + edo — fd3 = 0, we obtain
solutions to the inequalities

P={xeS: Az >0} = co{ Mg, M7, Mg}, Q= {xec S*: Az <0} = co{My, M5, Mg}.

Theorem 1. Under the condition 81, s, d3 > 0, any trajectory converges, and if z(®) € ri §%,
i.e., (9 is an interior point of a simplex. Then, we have a(z(?) ¢ P,w(z®) c Q.



e M, M, M, e

€s M. M, €4

Fig. 1. The partition of the faces of I'y2 and ['345 of the gt simplex.

Puc. 1: The partition of the faces I'iy and I'sy5 of the S* simplex

Proof. Note that 1i.S* N Fix(V) = (). Let € ri$* and p € ri P. Then, p = (0,0, ps3, p4, ps5),
where

N 51)\3 N C/\1 f)\g 52)\3 N b)\1 6/\2 (53)\3
P3 =" p4_b—|—c+e+f+A’ p5_b+c+e+f+ A
and also A1, A2, A3 > 0 and A; + A2 + A3 = 1. Consider the function on S*

pp(r) = wy'ay' og, (1)

which reaches its maximum only at the point z = p. Using Young’s [1] inequalities, we obtain

op(Va) = pp(x)(1 — azq + dxg)P? (1 + bxy — ex)P* (1 — cxy + fag)P®
< p(x)[1 — (aps — bpa + cps)x1 — (—dps + eps — fps)x2].

Substituting the values ps, p4, and ps, we find

_ 012 01\
GP3—bP4+Cp5—6+f, dps + epa fps—b+c.
Consequently,
01 01 A1
< — _
V) < o) (1= 2220 = DM 0y < 0,

as A1, A2 > 0. Since V : §* — S% is a homeomorphism, then (1) can be rewritten as

ep(V ) > pp(2). (2)
for any z € ri 54, Consequently, the sets {z € S* : p,(z) > t}, where 0 < t < ¢, (p) are invariant
under the mapping V!, and the sequence gop(V(_”)), n = 1,2,... increases monotonically for

any (9 € 11 §%. Therefore, any negative trajectory converges and a(x(o)) CriP.
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A(z)-analitik funksiyalar uchun Koshi tipidagi integralning uzluksizlik sharti

Qurbanova R. Sh.!, Aliqulov E. 0.2
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08ranol1@gmail.com
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A(z)-analitik funksiyalar. Faraz qilaylik, D C J sohada

of _

0z
tenglikni qanoatlantiruvchi A(z) antianalitik funksiya mavjud bo’lsin, bunda |A(z)] < ¢ < 1
barcha z € D uchun bajariladi. Agar har qanday z € D uchun

of of
L A 2L
oz ~ 45,
tenglik bajarilsa, u holda F(z) funksiya D sohada A(z)-analitik deyiladi. Klassik A(z)-

analitik funksiyalar sinfi D sohada O4(D) orqali belgilanadi. Antianalitik funksiya cheksiz silliq
bo’lganligi sababli O4(D) C C*°(D) bo’ladi.

A(z)-analitik funksiyalar uchun Koshi tipidagi integralning uzluksizlik sharti. A(z)-
analitik funksiyalarning chegaraviy qiymatlaridan shunday xulosa qilish mumkinki, deyarli
barcha chegaraviy ¢ € dL(a,r) nuqtalarda burchakli chegaraviy giymatlar mavjud bo’ladi. Ular
uchun A(z)-analitik funksiyalar Koshi tipidagi integrali mavjud bo’ladi. [1-3] Xususan,

0

(f*(Q) = f(2)) K (C, 2)(dC + A(¢)dC),

OL(a,r)

maxsus integral aniglanadi va

F(z) = f(2) + / (F(0) — F)K (G 2)(dC + AQ)dT).

o'rinli bo’ladi.
Agar qo’shimcha shart sifatida

2= [ 1070~ FEDKCOE + AQD)
dL(a,r)
maxsus integral mavjud va |¢(a,&)| = p, 0 < p < r da chegaralangan bo’lsa, F'(z) tenglik A(z)-
analitik funksiyalar uchun Koshi tipidagi integralning umumiy holatiga ham tatbiq etiladi. U

holda quyidagi natija o’rinli bo’ladi:
Teorema Agar f*(() funksiya 0L(a,r) da

() = / (F*(C) — FENK(C.E)(d + A()dD)
OL(a,r)

maxsus integrali mavjud va u dL(a,r) da uzluksiz hamda chegaralangan bo’lsa, A(z)-analitik
funksiyalar uchun Koshi tipidagi integral L(a,r) da uzluksiz funksiyani ifodalaydi.
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New Non-Translation-Invariant Gibbs Measures for the Ising Model on a Cayley
Tree of Order Three
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Let 7% = (V, L),k > 1, be the Cayley tree of order k, i.e. an infinite graph such that every
vertex of which is incident to exactly k& + 1 edges. Here V is the set of all vertices, L is the set of
all edges of the tree 7%. It is known that 7% can be represented as a group Gy, which is the free
product of k + 1 cyclic groups of the second order [1], [2].

For an arbitrary point 2° € V we set

W, ={z € V|dx® z) =n},V, = U W,

m=0
LTL = {(.’L’,y> € L|.%',y € Vn},
S(IE) = {y € Wn+1 : d(l’,y) = 1}’ e Wy,

where d(x,y) is the distance between the vertices x and y on the Cayley tree, i.e. the number of
edges in the shortest path joining the vertices x and y.

Let ® = {—1,1} and let 0 € Q = ®" be a configuration, i.e. 0 = {o(z) € ® : z € V}. Let
A C V. We let Q4 denote the space of configurations defined on the set A and taking values in
.

We consider the Hamiltonian of the Ising model:

H(o)=—J ) o(x)a(y), (1)

(z,y)EL

where J € R, o(x) € ® and (x,y) are nearest neighbors.

We are going to describe new Gibbs measures of the Ising model on the semi-infinite Cayley
tree of order k = 3. We define the set of quantities h = {hy,z € V} as follows:

(B) If hy = hy, then we put he on all direct successors of .

If hy = ho, then we put hs and 0 on an arbitrary vertex and the other two vertices of direct
successors of x, respectively.
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If h, = hs, then we put h; and 0 on an arbitrary vertex and the other two vertices of direct
successors of x, respectively.

If h, = 0, then we put 0 on all direct successors of x.

The set of the boundary conditions {0, hi, ho, h3} defined by the rule (B) for k¥ = 3 must
satisfy the equation:

hl = 3f(h’279)a
ha = f(hs,0), (2)
h3 = f(hlae)

It is clear that hy = hy = hz = 0 is a solution of (2). Using the formula

(1+0)e*h +(1-9)
(1—0)e?h + (1+6)’

f(z,0) = arctan h(f tanhz) = %ln

2h

and introducing the notations a = %g, zi = e“" i =1,2,3. From equation (2), we can obtain

the following system of equations:

2 = zZo+a 3
1= azo+1 ’

_ z3+ta 3
2= azz+1? ( )
_ Zito

az1+1°

By analyzing system of equation (3), we get the following:
Theorem 1. The following results concerning the Gibbs measures for the Ising model on the
Cayley tree are established: Let k = 3.
; 1-V3-99. ; ;
o iff c (m, 1), then there exist three Gibbs measures pg, p1 and ps, but two of them
are non-translation-invariant;
e iffe (_1. 1-3-V9

> 3 then a unique translation-invariant Gibbs measure exists .
131 Y/3- %:| ) q Ho

Remark 1. The translation-invariant measure corresponding to (z1, 22, 23) = (1,1,1) found in
Theorem 1 was studied in [2],[3],[4]. The non-translation-invariant measures mentioned in the of
Theorem 1 are new Gibbs measures.
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The four-state Potts-SOS model on the Cayley tree: Translation-invariant ground
states

Rasulova M. A.
V.I. Romanovskiy Institute of Mathematics, Tashkent, Uzbekistan
m_rasulova_a@rambler.ru

The Cayley tree I'* (see [1]) of order k& > 1 is an infinite tree, i.e., a graph without cycles,
from each vertex of which exactly k + 1 edges issue.

In this work, we consider the four-state Potts-SOS model on the Cayley tree of order two.
For this model, all translation-invariant ground states are described.

The Potts-SOS model (see [2]|) is defined by the following Hamiltonian

H(o)==Jp Y Sowjowy—Js »_, lo@)—aly)l,

(zy)EL (zy)EL

where Jp, Jg € R are nonzero coupling constants and o € ®V.

We denote the following set: A = {(Jp,Js) € R? : Jg < Jp, 3Js < Jp}.

We have the following theorem:

Theorem 1. For the four-state Potts-SOS model on the Cayley tree of order two, the
following assertions hold

I. If (Jp,Js) € A, then there exist exactly four translation-invariant ground states, which
have the form o(z) = j for all z € V,j € ®.

II. If (Jp, Jg) € R?\ A, then there are no translation-invariant ground states.
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Positional function of robotics mechanisms and its asymptotic solution near the
singularities
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The singularities of positional functions of robotics are divided in two types [1|. The first
type comprises singularities as function of the control coordinates. The second type are the
singularities near which the coordinates of position and control do not form a n-dimensional
manifold, where n is the number of the degrees of freedom. On the examples of concrete rotating
mechanism we demonstrated that the singularities of the second type take place only in the
exceptional mechanisms, whose parameters satisfy certain conditions [1].
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Various mechanisms used in robotics are described by system of algebraic equations of the
form

f(X,Y)=0, i=12 .,m, (1)

where X are the position coordinates of the mechanism, Y are the control coordinates and
the f; are polynomials. Here the number of equations m coincides with the number of position
coordinates X and the number n is called the number of degrees of freedom of the mechanism.
The many-valued vector function X (V') is called the positional function of the mechanism.
Assume that the point (X o Yo) satisfies the system of equations (1). We are interested in the
behavior of the positional function in the vicinity of that point. We consider the Jacobian of the
system (1) J (X, Y). When J (X 0, YO) = 0 the point (X 0, YO) singular one and it corresponds
to the singular position of the mechanism. In the vicinity of a singular point, the positional
function X (V') is not a single-valued analytic function of the controlling coordinates Y. We
had completely studied the mechanisms with with complicated singular points with the help of
Newton polyhedrons method [2]. In the given work we considered concrete rotating mechanism
which investigated in case of complicated singular points
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Convergence analysis of a modified proximal point algorithm for a nearly
asymptotically quasi-nonexpansive mapping
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Let C be a nonempty closed convex subset of complete CAT(0) space and 7 : C — C be a
mapping. Let 1 € T be arbitrary and the sequence generated iteratively by

cn =T"((1 = pn)xn © pnT"x0),

b, =T"(T"cy),
an = T"(T"by),
Tpa1 =T "an, n>1. (1)

Let (X,d) be a metric space and f : X — (00, 00] be a proper and convex function. One of the
major problems in optimization is to find x € X such that
r) = min . 2

f(z) = min f() @
The set of minimizers of f is denoted by argminyecx f(y).
We provide the following modified proximal point approach for nearly asympotically quasi-
nonexpansive mappings in CAT(0) spaces utilising the iteration process defined by Asifa et
al. :

xr1 € C
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1
vn = argmin (£(c) + 51—d*(c,; zn)),

2\,
Uy = arg l’gfgél (G(b) + 2;nd2(b, Un)),
cn = ((1 = pn)an & puT " un),
by =T"(T"cn),
an =T"(T"by),
Tng1 =T an, n>1. (3)

The proposed problem is illustrate convergence outcomes of the proposed process under
several moderate conditions based on previous work.
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Modified proximal point algorithm for dealing with fixed point problems and
convex minimization problems in CAT(0) Space
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Lemma. Assume that a complete CAT(0) space Z has a nonempty closed and convex subset
D. The single-valued nonexpansive mappings are denoted by ¥; : D — D; the multi-valued
nonexpansive mappings are denoted by S; : D — CB(D) fori =1:3 and &,h : D — (—o0, ]
are two proper convex and lower semi-continuous functions. Suppose that

Q= 3U(T1) NU(T2) NU(T3) NU(ST) NU(S2) NU(S3) Narg min G(y) Nargmin h(¢C) # 0
yeD ¢CeD

and S;q = {q}, i =1:3 for g € Q. For u; € D, let the sequence {uy} is generated in the following
manner:

(s = argmin[6(y) + 55-d*(y, up)],
yeD

o = argmin[h(C) + 5= d*(C, 51,
¢eD

Vi = oKk D KUy, B VUL,
) = Ypup, © kpvy @ OpTrug,
(U1 = Opur D NpTouy B T3V, for all ke N.

where {or}, {st} {7}, {¥r}, {re}, {or}, {0k}, {mx} and {&} are sequences in (0, 1) such that

0<ac< {Qk}v {9@}7 {’Vk}v {wk}V {Hk}7 {ék}v {5k}7 {nk}7 {&c} <b<l,
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ok + sk + v =Lk + kg + k= 1,0+ + & =1, (2)
for all £ € N and {\x} is a sequence such that Ay > A > 0 for all £ € N and some A. Then, the
subsequent claims are true:

(i)  lim d(ug,q) exists for all ¢ € Q;
k—o0
i)  lim d(ug,sk) =0; lim d(sg,vg) = 0;
k—o0 k—o0
iii) lim dz’st(uk, Szuk) = O,i = 1, 2, 3;
k—o00
iV) lim d(uk,T,uk) = O,i = 1, 2, 3;
k—o0
v)  lim d(ug, Jyug) =0, lim d(ug, Joug) = 0.
k—o00 k—o00
Theorem. assume that a complete CAT(0) space Z has a nonempty closed and convex subset
D. The single-valued nonerpansive mappings are denoted by T; : D — D; the multi-valued
nonezpansive mappings are denoted by S; : D — CB(D) fori=1:3 and &,h : D — (—00, ]
are two proper convex and lower semi-continuous functions. Consider that
Q= 3U(T7) NUT2) NU(T3) NU(ST) NU(S2) NU(S3) Narg min G(y) Nargmin h(¢) # 0
yeD ¢eD
and S;q = {q}, i =1 : 3 for q € Q. For u; € D, let the sequence {u} is generated by (1),

where {ok}, {s&}, {7}, {¥r}, {kr}, {}, {0}, {m} and {&} are sequences in (0,1) such that
it satisfies (2) and {\} is a sequence such that A\, > XA > 0 for alln € N and some X. In turn,
the sequence {ur} A-converges to a point in Q.
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This work presents a proposition that plays an important role in proving the boundary
Schwarz lemma for the matrix ball and characterizes properties related to smooth boundary
points.

Let C"[m x m] be the set of all Z = (Z,...Z,) vectors, consist of Z,(¢ = 1,2,...,n) €
C[m x m] matrices of orders m. For any Z,W € C"[m x m], the inner product defined as

(Z, W) =Z1 W]+ ...+ Z,W,
where W* is transpose complex conjugate of W and for any A, B € C[m, m], the inner product

is given by
(A, B) = Z Zaijgij,
i=1 j=1
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where A = (aij)mxm and B = (bjj)mxm-. The matrix ball of type Z, denoted by B, », is defined
as

Bnn={Z2€C'lmxm]:1—-(Z,Z) >0} (1)

where [ is the unit square matrix of order m, and the inequality sign means that the left-hand
side is positive definite[1].
Now, let us introduce the following notation

Ly =Y Z,Z;, Z=(Z,...,Zn) € C"[m x m]
q=1

It is easy to verify that Ly is self-adjoint, and using this, we can rewrite (?7) as follows
Bypn={Ze€C"/mxm]:1— Lz >0}

For simplicity, we write C'*™" as C™*. Let B™® C C™ be the open unit ball under the
Euclidean metric. The Minkowski functional

Z1
Zo
p(Z) =max{| aZ ||: a = (ou,...,amn) € O0B™}, Z=| . | € C"[m xm],
Zn
where B™ is the boundary of B™. We know that p(Z) is a Banach norm of C"[m x m], (p(Z))?
is the largest eigenvalue of Lz [3], and

Bpn={ZcC"'im xm]:p(Z) <1}.

In particular, By, 1 is just the classical domain of type Z and By ; is just the open unit disk D.
For all unitary matrices Uy,...,U, and Vi,...,V, of order m, it is easy to see that

Z € Bm,n <~ ZUV = (U1Z1V1, ey UnZnVn) € Bm,n and
Z € OBmn < Zyy = (W, ...,UnZp Vi) € OB .

Smooth boundary points of B,,,. We know that Z = (Z1,...,Z,) and L, € C[m x m]
have the following decompositions|2], i.e.,

e 0
0 ol o | .
Zq = Uq . . Vq
0 0 0',(;,({)
o0 0 0
0 7o 0 0
0 0 0 - 7

where ¢ = 1,...n, 11 > 10> ... > 1y > 0, U = (Uij)mxm:Uq = (ul(]q-))mxm and Vy = (vij)mxm
are a unitary square matrices of order m. We give the properties of the smooth boundary points

of By n.
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Proposition. Let Z be a boundary point of By, Then Z is a smooth boundary point if

and only if 1. = ry > 19 > -+ > 1y > 0. Moreover, its gradient admits the componentwise
representation
ly; O .00
(Vp(2)g =00y |+ 1 o 2|V
0 0 ... 0

)

where 1, = %O’%q) Yoy Htlugtll )
Z with Yy (24, (Vp(2))g) = 1.

This gradient constitutes the outward normal vector to OB, , at
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Representation of the set of idempotent probability measures I(X) by balls on the

idempotent space R} .

Tagaymurotov A. 0.
Tashkent University of Architecture and Civil Engineering, Tashkent, Uzbekistan;
tagaymurotov930gmail . com

Idempotent mathematics emerged as one of the most dynamically developing branches
of modern mathematics. Its rationale lies in replacing traditional arithmetic operations with
idempotent analogs, leading to new structures, methods, and applications in various fields of
analysis, algebra, optimization, and probability theory. In particular, mathematicians [1], [2] have
contributed to the significant development of idempotent analysis and idempotent probability
measures.

In this thesis, we focus on the space of idempotent probability measures that can be viewed
as a subset of R .. Our main goal is to establish its representation in terms of the combination
of closed balls in the idempotent space.

Let Rpax = R U {—00} equip with two new operations @ and ®, which are defined as
r®y=max{z, y}, rOQy=x+y, z, y € Rpax. Then 0 := —c0 is the zero of Ry,ax according to
@, and 1 := 0 the unit of Ry,x according to ®.

For every x, y € Ri. we put # @ y = (max{zi, yi});c,) where [n] ={1, 2, ..., n} and for
an arbitrary t € Ryax, let t @ x = {t + x1, t + 22, ..., t + 2}

By ordered set, we will mean throughout the paper a set equipped with a partial order. Let

partially order defined following way:

a<b & adb=hb.

In [3] conceptions such as max-plus absolute value, max-plus norm, max-plus distance, max-
plus ball in the sense Ry,x and R’ had included.

max
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For z € R"

max We put
T =290, x # 0,
- =(—z)®0, x # 0.
If =0, then 2T =2~ = 0.
A number |t| = tT @t is said to be a max-plus absolute value of ¢ € Ryax. We suggested

a max-plus plus norm of z in R} as a number ||z||¢ = GnE (z} ® ;).

We defined a max-plus distance between z and y € RZ"I;X as following
tote = (@00 ) B (D (o (0|
i=1 i=1

A set
B(x,r) ={y € R}, day(x,y) <71}

max

is said to be a max-plus ball at the center x with the radius r.
Clearly, for such balls the following equality holds:

B(z,r)® B(z,r) = B(z,r)

This equality follows from the idempotency of addition .
Let X be a set consisting of n different points, and equipped with the discrete topology. The
following set

n n

called the set of all idempotent probability measures on X.
It is well known the set R’ is an idempotent space over the semiring Ryax.

For r > 0 and any x € R} satisfying ||z||¢ < 7, we consider the ball

max

B(z,r) ={y € R} \x : dg(z,y) <7r}.

max

This ball is partitioned into the following subsets

B+(JZ,T) - {y: (y17y27"‘7yn) € B(CL‘,T)IyZ‘ >0)7’: 1727‘°'n}7

B~ = B(x,7)\ Bt (z,7) = {y: (Y1,Y2, .-y Yn) € B(z,r) 1 y; < 0,1 = 1,2,...n}.

We define the mapping
Pr;: R — R

max max

for every x = (x1) € R}, by the rule

P’f’z(l‘) = (fL‘l, ceey Ti—1, 0, Lit1y - :L'n) (1)

n

It is clear that this mapping projects the R} .. space onto the hyperplane z; = 0.
Lets denote the image of reflection of B~ relative to the plane (1) by A;, that is

Ai(z,r) = Pry(B™) = {(yl,yQ,...,yn) € B(z,r):y;=0,y; <0, 5 €[n]\ {z}}

Theorem. For a n-point set X the set I(X) admits the following representation in the

idempotent space R ..

1X)=0 U Aia,n)

max
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THREE ELECTRON SYSTEMS IN THE IMPURITY HUBBARD MODEL.
FIRST DOUBLET STATE

Tashpulatov S. M.
! Institute of Nuclear Physics of the Academy of Science of Republic of
Uzbekistan, Tashkent, Uzbekistan; sadullatashpulatov@yandex.com, toshpul@mail.ru

We consider the energy operator of three-electron systems in the Impurity Hubbard model and
describe the structure of the essential spectra and discrete spectrum of the system for first doublet
states in the lattice. The Hamiltonian of the system has the form

H = AZanWam7 + B Z am,ya,erTW + UZCL Tam,Ta 10m,| + (4o — Z%vao»ﬁ_
77 mT?’y

+(By — B) Z(ab’:vam + aj’,yaoy,y) + (Uy — U)GS:¢GO,TCL3:¢@0,¢- (1)
Y

Here A (Ap) is the electron energy at a regular (impurity) lattice site, B (By) is the transfer
integral between (between electron and impurities) neighboring sites (we assume that B > 0
for convenience), T = +e;, j = 1,2, ..., v, where e; are unit mutually orthogonal vectors, which
means that summation is taken over the nearest neighbors, U (Uy) is the parameter of the on-site
Coulomb interaction of two electrons in the regular (impurity) sites, v is the spin index, v =1
or v =, and a;;w and a,,~ are the respective electron creation and annihilation operators at
a site m € Z%. The simplicity and sufficiency of Hubbard Hamiltonian have made the Hubbard
model very popular and effective for describing strongly correlated electron systems in which the
Coulomb repulsion parameter U is greater or on the order of the width of the zone W. For a simple
cubic lattice W = 2z A, for z— the number of nearest neighbors lattice site. The Hubbard model
is the fundamental working model in the theory of strongly correlated electron systems. Among
the real objects, it describes best the narrow-band transition metals and their compounds. For
this class of materials, the Hubbard model is an effective model for describing their magnetic and
electrical properties and relations between them. Hamiltonian (1) commutes with all components
of the total spin operator S = (S*,57,5%), and the structure of eigenfunctions and eigenvalues
of the system therefore depends on S. The Hamiltonian H acts in the antisymmetric Fo‘ck space
Has- Let g be the vacuum vector in the space Hys. The first doublet state corresponds to the
free motion of three electrons and their interactions over the lattice with the basic functions

! ;,/qz,re g = a;%a; ia;}gpo. The subspace 17—[? /20 corresponding to the first doublet state is the

set of all vectors of the form lwfﬂ = 2 parezv F(0:0,7) 1d /q vegvs [ € 18°, where 1§° is the

subspace of antisymmetric functions in the space l3((Z")?). We denote by le/z the restriction
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of operator H to the subspace 17—[‘11/2. We let e1 = Ay — A, e9 = By — B and e3 = Uy — U.
In the impurity Hubbard model, the spectral properties of the considered energy operator of
three-electron systems are closely related to those of its one-electron impurity subsystems. We
let H1 denote the space of one-electron states of the operator H. We let H; denote the restriction
of H to the space H;.

The exchange of the spectrum of operator H; in the case v = 1,2,3 given in work [1]
in Theorem 9. Therefore, we will not give this theorem here. Consequently, the spectrum of
operator H 1 is consists from continuous spectrum and at most two eigenvalues. Now, using the
obtained results, and tensor products of Hilbert spaces and tensor products of operators in the
Hilbert spaces, we describe the structure of the essential spectrum and discrete spectrum of the
operator 1?[{[/2.

Theorem 1. Letv =1 and E = (BJFEQ)Q. Then

e3+2Bes
A). If e2 = =B and g1 < —2B (respectively, e2 = —B and €1 > 2B), then the essential
spectrum of the operator 1Hf/2 consists of the union of five segments: Jess(lﬂf/2) = [3A —

68,34 +6B|U[2A —4B + 2,2A+ 4B + 2] U[A = 2B + 22, A+ 2B + 22] U[A — 2B + z3, A +
2B + 23] U[A — 2B + z4, A+ 2B + z4] and the discrete spectrum of the operator lel/Z consists

of three eigenvalues: Udisc(lﬁf/z) = {32,z + 23,2 + 24}, where z = A+ 1, z3 and z4 are same
concrete numbers.

B). If e = —2B or ey =0 and 1 < 0 (respectively, e = —2B oreo =0 and €1 > 0), then
the essential spectrum of the operator 11“{’?/2 consists of the union of five segments: aess(lﬁfﬂ) =
[3A —6B,3A+6B]U 24 — 4B + 2,2A+ 4B + 2] U [A — 2B + 22, A+ 2B + 22] U [A — 2B +

23, A+ 2B+ 23] U[A— 2B+ 24, A+ 2B + z4] and discrete spectrum of the operator 1Hf/2 consists

of three eigenvalues: Udisc(lﬁlfﬂ) ={3z,2+ 23,2+ 24}, where z = A — \/4B? + £} (respectively,
z=A+/4B2 +¢€7).

C). Ifey =0 andega > 0 ore; =0 and g9 < —2B, then the essential spectrum of the operator
1?[{% consists of the union of eight segments: Jess(lﬁf/2) =[3A—-6B,3A+6B]U[2A - 4B +
Z1,2A+4B+Z1] U [2A—4B+22,2A+4B+Z2] U [A—23+221,A+2B+221] U [A—QB+
229, A+ 2B+ 2] U[A—2B + 24, A+ 2B + 24| U[A — 2B + 23, A+ 2B + z3] U[A — 2B + 21 +
2o, A+ 2B + z1 + 23], and discrete spectrum of the operator 1[?{% consists of eight eigenvalues:

adisc(lffldﬂ) = {321, 329,221 + 29, 21 +229, 21 + 23, 20+ 23, 21 + 24, 20+ 224}, where z1 = A— \/2}332%

and 2z = A+ 2BE

VBT
2 2
D). If eg > 0 and 1 = w (respectively, ea < —2B and €1 = —W}, then the

essential spectrum of the operator 1?[{% consists of the union of five segments: oess(lﬁfﬂ) =
[3A —6B,3A+6B]U 24 — 4B + 2,2A+ 4B + 2] U [A — 2B + 22, A+ 2B + 22] U [A — 2B +
23, A4+ 2B+ z3]U[A—2B + z4, A+ 2B+ z4], and discrete spectrum of the operator LHA  consists

1/2
2B(E%41

of three eigenvalues: adisc(lflfﬂ) = {32,2 + 23,2 + 24}, where z = A + 5 ) (respectively,

2
oA 2E,

E). If e5 > 0 and 1 > @ (respectively, ea < —2B and 1 > @), then the
essential spectrum of the operator 1ﬁf/2 consists of the union of five segments: aess(lﬁlf/z) =
B4 —-6B,3A4+6B|U[2A —4B + 2,2A+ 4B+ 2JU[A—-2B +22,A+ 2B+ 22]U[A - 2B +
23, A4+ 2B+ z3]U[A — 2B+ z4, A4+ 2B+ 24|, and discrete spectrum of the operator lfNIf/Q consists
2B(a+EVEZ—1+a?)

T and

of three eigenvalues: Udisc(lﬁfl/z) = {32,z + 23,2 + 24}, where z = A +
a>1.
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F). Ifeo > 0 and g1 < —%5312) (respectively, eo < —2B and 1 < —%}, szlwn the
essential spectrum of the operator 1Hf/2 consists of the union of five segments: Uess(lelﬂ) =
[3A —6B,3A +6B]U[2A — 4B + 2,2A + 4B + 2] U[A - 2B + 22, A+ 2B + 22] U [A — 2B +
23, A4+ 2B+ z3]U[A— 2B + z4, A4+ 2B+ 24|, and discrete spectrum of the operator 1Hf/2 consists

2B(a+EvVE?—1+a?) d

of three eigenvalues: adisc(lﬁf/Q) = {32,z + 23,2 + 24}, where z = A
a>1.

K). Ifea >0 and0 <e1 < % (respectively, ea < —2B and 0 < g1 < @), then
the essential spectrum of the operator lflf/Q consists of the union of eight segments: aess(lﬁf/2) =
[B3A—6B,3A+6B]U[2A — 4B+ 2z1,2A+ 4B + 21| U[2A — 4B + 29,2A+ 4B + 23] U[A — 2B +
221, A+2B+221|U[A—2B+22, A+ 2B+ 29| U[A—2B+ 24, A+ 2B+ 24]U[A—2B + 23, A+ 2B+
23] U[A—2B+ z1 + 29, A+ 2B + 21 + 29|, and discrete spectrum of the operator IHf/Q consists of
eight eigenvalues: Udisc(lﬁf/g) = {321,329,221 + 29,21 + 222,21 + 23,22 + 23,21 + 24, 22 + 224},

2B(a+EVE?2—1+a?) 2B(a—EVE?2—1+a?)
E2-1 E2-1

M). If e3 > 0 and —@ < g1 < 0 (respectively, eo < —2B and — <e <
0), then the essential spectrum of the operator lﬁf/z consists of the union of eight segments:
Oess("H{}y) = [3A—6B,3A+6B]U[2A— 4B + 21, 2A+ 4B+ 21U 24 — 4B + 2, 2A+ 4B + 5] U
[A—2B+221, A4+2B+221|U[A—2B+229, A+2B+20]U[A—2B+24, A+2B+2]U[A—2B+ 23, A+
2B+ 23]U[A—2B+ 2z + 22, A+ 2B+ 21 + 29], and discrete spectrum of the operator le/2 consists

and the real number 0 < o« < 1.
2(e2+2Be>)
B

where z1 = A + , 29 = A+

of eight eigenvalues: odisc(lflfm) = {321,329,221 + 22, 21 + 229, 21 + 23, 22 + 23, 21 + 24, 22 + 224 },

2B(a+EVE?—1+a?) -4 2B(a—EVE?—1+a?)
EZ-1 22 = AF EZ-1

N). Ife; > 0 and —2B < g9 < 0, then the essential spectrum of the operator 1fff/2
of the union of three segments: Jess(lﬁfﬂ) =[34—6B,3A+6B|U[A—2B+2z3, A+2B+z3]U[A—

2B+ zy4, A+2B+z4], and discrete spectrum of the operator 1ﬁf/2 is empty set: adisc(lflfﬂ) = 0.

where z1 = A + and the real number 0 < o« < 1.

consists

We denote via W Watson integral [2] W = % wa fEW fEW 3_60;“{1‘"?35;_0082 ~ 1,516.

Theorem 2. Let v =3 and E = E%B:Q‘Ej;); Then

A). If e = —B and €1 < —6B (respectively, e2 = —B and e1 > 6B), then the essential
spectrum of the operator 1Hf/2 consists of the union of five segments: aess(le/2) = [34 —

18B,3A+18BJ|U[2A—12B + 2,2A+ 12B+ 2] U[A— 6B + 2z, A+ 6B + 22| U[A—§B+23,A+
68 + 23] U[A — 6B + z4, A+ 6B + 24, and the discrete spectrum of the operator 1H{l/2 consists
of three eigenvalues: O'disc<1ﬁ{l/2) ={3z,2+ 23,2+ 24}, where z=A+¢e1, and z3 and z4 are
the same concrete numbers.

B). If eg = —B and —6B < ¢; < 2B (respectively, ea = —B and 2B < 1 < 6B), then the
essential spectrum of the operator 1Hf/2 consists of the union of three segments: 0653(1Hf/2) =
[3A —18B,3A+18BJU[A — 6B+ 23, A+ 6B + 23] U[A — 6B + 24, A+ 6B + 24], and the discrete
spectrum of the operator 1Hf/2 consists of empty set: adisc(lem) = (.

C). If e > 0 and 0 < g1 < @ and (1 — )W < E < (1 + §)W (respectively,
2(e242Be2) 2(e2+2Be>) o o
g2 < =2B and -5 <1 < =2 5— and (1 = )W < E < (1 + §)W), then the

essential spectrum of the operator 1I:Tf/2 consists of the union of eight segments: Uess(lﬁii/Q) =
[3BA—18B,3A+ 18B]U[24 — 12B + 21, 2A + 12B + 2| U [24 — 12B + 2,2A + 12B + 2] U[A —
68 +221, A+6B+221]U[A—6B+222, A+ 6B+ 22| U[A~ 6B+ 21 + 22, A+ 6B+ 21 + 22] U[A—

6B+ 23, A+ 6B + 23) U[A — 6B + 24, A + 6B + 24|, and discrete spectrum of the 1Hf/2 consists
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of eight eigenvalues: Udisc(IHf) = {32:1, 221 + 20,21 + 229,320, 21 + 23,20 + 23,21 + 24,29 + 2’4},
(B+82)2
e34+2Bey’

where & = 0 < a <1, z3 and z4 are the concrete numbers.
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Application of Stokes’ Formula in Complex Space and Solving Linear Integral
Problems

Uralbayev Muxtar !
'Nukus State Pedagogical Institute named after Ajiniyaz, Nukus, Uzbekistan;
uralbaevmuxtar@gmail.com

Introduction. Stokes’ Theorem is a fundamental result of vector calculus that connects the
circulation of a vector field along a closed curve with the curl of the field over the surface bounded
by the curve [1] While traditionally presented in real variables, it admits elegant connections with
complex analysis: many complex line integrals can be interpreted as real circulation integrals of
associated vector fields, and singularities (poles) correspond to points where the field is not
smooth [2].

Example 1. Consider the vector field

—

F(.ﬁ,y) = (_y7x70)'

We aim to compute the line integral

1:7{ F - dF, (1)
oS

where 0S5 is the unit circle centered at the origin.
Solution. Parameterize the unit circle as
xr =cost, y=sint, 0Lt <27,
Then
dr’ = (—sint, cost) dt,

and

—

F(z,y)-dr = (—sint)(—sint) + (cost)(cost) = 1.
Thus )
I:/ 1dt = 2r. 2)
0

Now, compute the curl:

V x F=(0,0,2).



103

AKTYAJIbHHE TIPOBJIEMH AJITEBPH ¥ AHAJIM3A, TEPME3-2025

Therefore, the surface integral over the unit disk S is

//g(Vxﬁ)-dgz//SZdA:QW,

in agreement with Stokes’s Theorem.
Example 2. (Stokes / Green formula and Cauchy integral in complex space)

This example demonstrates the connection between Stokes’ (Green’s) formula and Cauchy‘s

integral formula in complex analysis.
Theoretical background. For a domain D C C with smooth boundary 0D and an analytic

function f in D, consider
_ f(Q)
[(Zo) = dc, zo € D.
ap G — 20

By Green’s formula in the plane, for a sufficiently smooth function g(¢) we have

7£D9<<>d<=2i//Dgg-dA<<),

where dA is the area element and 9/9( is the Wirtinger derivative.
, the O D“derivative reduces to a distributional term at ¢ = 2. As a

g o0~ 28
result,
fQ .
§ L ic—omigta),

which is exactly the Cauchy integral formula obtained through Stokes/Green.
Concrete example. Let D be the unit disk {|¢| < 1}, take f(¢) = ¢* and zy = 5. Then

CQ
J = dc.
7|4<|1C—5 ‘

By the Cauchy formula,
J=2mif(3) =2mi-(3)

_m

=1
Interpretation. Here the vector field analogue corresponds to a singular field with zero curl
everywhere except at the singularity zp, where the circulation is concentrated. In complex

analysis, this corresponds to a pole with residue f(zp), and the integral value 2mif(zy) reflects

the winding number of the curve around z.
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Kredit risk bo‘yicha portfel modellari. Portfel yo‘qotishlari tagsimoti.

Xayrullayeva M. G*.
Mirzo Ulug‘bek nomidagi 0‘zbekiston Milliy Universiteti, Toshkent, 0‘zbekiston;
malikamath0001@gmail.com

Tijorat bankining portfel riski deganda bank tomonidan sotib olingan qimmatli qog‘ozlarning
baholarini o‘zgarishi natijasida bankning zarar ko‘rish xavfi tushuniladi.
Katta miqdordagi N kreditlardan tashkil topgan portfelning yo‘qotishlar tagsimoti, har bir
alohida kreditning yo‘qotishlar tagsimotini yig‘ish orqali aniglanadi. Bu quyidagi formula bilan
ifodalanadi:

N N
L,=Y Li=)Y EAD; x LGD; x dpp,
i=1 i=1
Bu yerda:

L~ portfel bo‘yicha umumiy yo‘qotish;
L;— i-kredit bo‘yicha yo‘qotish;
FEAD; , LGD;, PD;- mos ravishda defolt paytidagi ekspozitsiya, defolt holatidagi yo‘qotish
darajasi va defolt ehtimoli.
Portfelning kutilayotgan yo‘qotishi — bu barcha kreditlar bo‘yicha kutilayotgan yo‘qotishlarning
yig‘indisidir:

N
E(L,) =Y E(L;)=Y» EAD; x LGD; x PD;

i=1 i=1
Kutilayotgan yo‘qotish nuqtai nazaridan, portfel uchun diversifikatsiya foydasi mavjud emas,
ya'ni portfelning kutilayotgan yo‘qotishi alohida kreditlarning kutilayotgan yo‘qotishlaridan kam
bo‘lmaydi.
Biroq, portfel yo‘qotishlarining tagsimoti alohida kredit yo‘qotishlarining tagsimotidan butunlay
farq qilishi mumkin. Haqgiqatan ham, ikkita mustaqil tasodifiy o‘zgaruvchining yig‘indisi ularning
konvolyutsiyasi (qo‘shilish tagsimoti) orqali ifodalanadi. Konvolyutsiya jarayoni natijasida,
deterministik EAD va LG D holatida alohida kreditning diskret tagsimoti (masalan, 0 yoki 100%)
deyarli uzluksiz portfel yo‘qotish tagsimotiga aylanadi.
Masalan, agar N ta bir xil turdagi kreditlardan iborat bir xil (gomogen) portfelni olaylik, u
holda:
-barcha kreditlar uchun EAD = EAD, LGD = LGD
-Bernulli o‘zgaruvchilar §;esa mustaqil hisoblanadi.
Bunday holatda, portfel bo‘yicha yo‘qotishning tagsimoti alohida kreditlarning yo‘qotish
tagsimotining konvolyutsiyasi sifatida aniglanadi. Portfelning ma’lum darajadagi yo‘qotish
ehtimoli quyidagi formula orqali ifodalanadi:

P(L,=LGD x j) = (}) PD(1 — PD)N .

Bu Binomial tagsimot formulasi bo‘lib, portfelning j ta kredit defoltga uchrash ehtimolini
bildiradi.

Markaziy limit teoremasiga ko‘ra, N juda katta bo‘lganda bu tagsimot normal tagsimotga
yaqginlashadi, uning o‘rtacha qgiymati PD, dispersiyasi esa PD(1 — PD) ga teng bo‘ladi.
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Caratheodory’s theorem in max-plus algebra
Zaitov A.A.!, Abduraimov Y.N.2
! Tashkent Architecture and Civil Engineering University, Tashkent, Uzbekistan
adilbek_zaitov@mail.ru
2 Termez state university, Termez, Uzbekistan
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The max-plus algebra is an algebraic structure consisting of real numbers where the standard
operations of addition (+) and multiplication (-) are replaced by the operation (@) of taking a
maximum and the operation (®) of standard addition, respectively. More precisely, let S denote
the set R U {—o0}, @ a binary operation on Ry,ax with z @& y = max{z,y}, and ® the binary
operation on Ry.x with x ® y = z + y. The resulting algebraic structure Ry = (8,8, ) is
called a maz-plus semi-field or simply a max-plus algebra. Further, by Ryax we mean both S
and (S, ®,®). Note, Ryax is also called a commutative idempotent semiring or a dioid. In the
max-plus algebra e = —o0o is the additive identity: z @ e = e @ x = x, for each z € Ry ¢ and the
multiplicative identity ise = 0: x @ e = e ® = z, for all € Ryax [1-3].

Let n € R. The n'" max-plus algebraic power of z € R is denoted by ®" and corresponds to
nz in conventional algebra. If z € R then 2®° = 0, and the inverse element of 2 written 2©~1 is
—x. There is no inverse element for € with respect to ® since € is absorbing for ®. If n > 0 then
9" = ¢g. If n < 0 then £®" is not defined.

The max-plus algebraic division operator is defined as follows:
If z,y € Ryax and y # €, then

X
§:x®y®_1=x®(—y)-

In the case y = € the max-plus algebraic division is not defined.

The tropical convex hull of a given set of points A = {ay,az,as,...,an | a; € R",i=1,m} C
R™ is defined as

tconv(A) = {@ Ai © a;

=1

a; € A, A € Rmaxa max \; = O} .
1<i<m

Here, the combinations are formed using the operations @ and © instead of the classical ones.

Caratheodory theorem (Classical case). Let A be any set of points and directions in
R"™, and let C' = conv(A). Then = € C if and only if = can be expressed as a convex combination
of n+ 1 of the points and directions in A (not necessarily distinct). In fact, C' is the union of all
the generalized d-dimensional simplices whose vertices belong to A, where d = dim A[4].
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Caratheodory theorem (Max-plus case). Let A be any set of points and directions
in R, and let C' = tconv(A). Then = € C if and only if z can be expressed as a tropical

max?
combination of n+ 1 of the points and directions in A (not necessarily distinct). In fact, C'is the

union of all the generalized d-dimensional max-plus-simplices whose vertices belong to A, where
d = dim A.

Let us analyze the differences between the classical Caratheodory theorem and the tropical
Caratheodory theorem in R? through an example, and demonstrate in practice how many support

points are sufficient in each case.

1. In R?, according to the classical Caratheodory theorem, any point in the convex hull can
be expressed as a convex combination of at most three points.

Consider a set

A={(0,0), (2,-1), (-1,3)}.
Let a1 = (0, 0), a2 = (2, —1), ag = (=1, 3). Then

3
conv(A) = {Z i@

Take a point z = (0, 1) in the convex hull. It has a convex combination

3
a €A, N>0, i=1,23, ZA,:1}

T = Mai + Aeao + Agaz  for some coefficients A1, Ao, A3 >0  with Ay + Ao+ A3 =1.

Let us find these coefficients.
Tr = (0, 1) =A1-(0,0) + A2 - (2, —1)+ A3 - (—1,3) = (2)\2 — A3, —A2+3X\3)

2)\2—)\3:0a
“d+3\3=1, = A =04, \2=02, \3 =04
M+ +A3=1

So, | = (0,1) = 0.4a1 +0.2a5 + 0.4a3 |

2. In R?, according to the tropical Caratheodory theorem, any point in the tropical hull can
be expressed as a tropical combination of at most three points.

A= {al,a2,a3 S R2 | al = (0,0), ag = (2,—1), ag = (—1,3)}

3
tconv(A) = {@ i © a;

i=1

a; € A, A € Rmax, max \; = 0}
1<i<3

Take a point x = (0,1) in the tropical hull. Let this point have a tropical combination

r=(MOa)®(AOaz) ®(A\3©@az) with A, A3 <0, A @A®A3=0.
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3.0
2.5
2.0

2 15

0.5
0.0

=0.5

-1
-1.0

= -1 ) i > 3 ~15 -1.0 -05 0.0 05 1.0 15 20 25
X X

Classical convex hull (Eucliden) of a1, as,a3  Tropical convex hull (max,+) of a1, az, as

Consider the following system in the max-plus algebra:
(0,1) = (A1 +(0,0) & (A2 + (2, -1)) & (A3 + (=1, 3))
This gives:
A, A1) @ (A2 +2,20—1) B (A3 — 1, A3+ 3) = (max{A1, Ay + 2, A3 — 1}, max{A1, \a — 1, A3 + 3})
Therefore, we obtain the following system of equations:

max{A;, A2 +2, 3 — 1} =0
max{)\l,)\Q — 1, A3+ 3} =1
max{A1, A2, A\3} =0

Case 1: \1 =0
max{0,\a +2,A3 — 1} =0
maX{O, Ao —1, A3+ 3} =1
Subcase 1.1:
A +2<0 Ay < =2
A3—1<0 A3 <1
=
A—1=1 Ao =2
A3+3<1 Az < =2
This gives a contradiction, so the system has no solution in this case.
Subcase 1.2:
A +2<0 Ay < —2
A —1<0 A3 <1
’ - = = = A3 =-2, A€ [—00,—2]
A—1<1 A2 <2
A3+3=1 A3 = —2

Thus, in this case:

>
e
I
o
>
[N}
m

[—00, —2], A3 =—2
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Case 2: \y =0

{max{ 1,4, 73 } = No solution

max{\,—1, 3 +3} =1
Case 3: \3=0

= No solution

max{A;,2,—1} =0
max{\, —1,3} =1

So, the tropical representation of the point (0, 1) has the following view

r=(0,1)=00a1 DA Oaz®(-2)®az, A€ [—o0,—2].

Comprison:
Classical Caratheodory in R?: The point x is guaranteed to be representable as a convex
combination of three support points, and there exists a unique such convex combination.

Tropical Caratheodory in R?: The point x is representable as a tropical (max-plus)
combination of three support points, and many different tropical combinations may yield the
same result.
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VIIK 517.5

HOHepe‘{HI/IKPI MHOXKECTB U UX CBA3b C COOCTBEHHBIMU 3HAYCHUSIMUI orrepaTopos

Hocuposa X.H.
CaMapkaHICKU#l rocymapCTBeHHHH ypuBepcuTeT uMeHu llapoda Pammposa, ropog
Camapkanz, YsberucTaH.
e-mail: nosirovaxabiba48Qgmail.com

Annoramus. B pabore ncciienyorcs n-uonepedHuky 1o KoJMoropoBy u X CBSA3b CO CIIEK-
TPAJILHBIME XapPaKTEPUCTUKAME OIEPATOPOB B IMJIbOEPTOBOM ITPOCTpaHCTBe. PaccmaTpuBaroTcs
TEOpPeMBI O TIOMEPEUHNKAX IJIIMIICOUIOB U UX IPUIOXKEHHUsI K OIEHKAM IOIMEePeIHUKOB (PyHK-
IHOHAJBHBIX KjaccoB. Ocoboe BHUMaHME yIessieTcss MeTody VcMarumaopa, CBSI3BIBAIOIIEMY IIO-
[IEPEYHUKI KOMIIAKTOB C COOCTBEHHBLIMU 3HAYEHUSIMU MHTEIPAJIbHBIX orneparopoB. IIpuBomsiTcs
KOHKPETHBIE ITPUMEPDI OIEHKH MOIIEPEIHIKOB KPUBBIX U HMOBEPXHOCTEH B IpocTpaHcTBax Lo.

KunroueBbie cioBa: monepedHuku o KoJMOropoBy, CIeKTpajbHas TeOpHsi, TMJIbOEPTOBO
IIPOCTPAHCTBO, MHTErPAJIbHBIE OITEPATOPHI, AIITPOKCAMAIIHSI.

BBenenue
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[Tonsarue n-nonepeunnka, seegennoe A.H. Kommoropoesim B 1936 rosy, urpaer dyHgaMeH-
TaJbHYIO POJIb B TEOPUU HMPUO/IMKEHNN U BYHKIMOHAJIBHOM aHaym3e. [lonepeunnk xapakrepu-
3yeT HaWIydlllee BO3MOXKHOE MPHUOJINKEHNe MHOYKECTBA B HOPMHUPOBAHHOM IIPOCTPAHCTBE C IIO-
MOIIBIO N-MEPHBIX HOAIMPOCTPAaHCTB. JlaHHast paboTa MOCBSIEHa NCCJIEIOBAHNAIO CBSI3H IIOIIeped-
HUKOB CO CIIEKTpPaJIbHBIMHA cBolicTBaMu orrepaTopoB, B 9aCTHOCTH, C CO6CTB€HHI)HVH/I SHQUYEHUAMUN
SJUIMIITUYECKUX U WHTEI'PAJILHBIX OIIEPATOPOB.

OcHOBHBIE TIOHATHUS U ONpe/IeJIEHU

IIycrs X - BemecTBeHHOE 6aHAXOBO MPOCTPAHCTBO, K - MEHTPAJIBLHO CUMMETPUIHOE MHOYKE-
creo B X . Torma n-nonepeunuk mo KosimoropoBy muoxkecrBa K B X onpejessiercss pOpMyJIOit:

dn(K,X) = inf sup inf ||z —yl,
{Ln} ek yELn
roe L, mpoberaer Bce n-MepHBIE MOAIPOCTPAHCTBA, X .

Baxkneiimmit pesyabrar TEOpUH IMONEPEYHUKOB - TEOPEMa O IOMNEPEYHUKAX IJLIUICOUIA B
runbbeproBoM npocrpancree. Ilycrs H - ruinbbepToBo npocrpascTso, {eg} - OpToHOpMUPOBAH-
HBI 6asuc B H, A1 > Ao > ... > 0 - moc/Ie10BaTeIbHOCTD IOJIOKUATEIbHBIX Ynce. PaccMoTpuM
SJLIUTICOU/T:

o 2
= er:Z%Sl , ok = (x,ep).
k

Torna dp,(€) = A1

CBa3b ¢ COGCTBEHHBIMM 3HAYCHUSAMU OIIEPATOPOB

ITycTh A - MOJIOXKUTENBHBI OIIepaToOp ¢ YUCTO JUCKPETHBIM CIIEKTPOM, A| > A9 > ... - €ro
COOCTBEHHbIE 3HAYEHH. PacCMOTPUM MHOXKECTBO:

Ea={z:(Ax,z) <1}.

DTO MHOXKECTBO HPEJCTABJSET COOON SJIIUIICOUI, M €0 MOIEPEYHNKN BBIPAXKAIOTCHA depe3 co0-
CTBEHHBIE 3HAUEHUSI orleparopa A:

1
V )\n+l ‘

Amnanornuno, jyst muoxecrsa K4 = {x : ||Az| < 1}, rae A - obparumslii onepaTop ¢ JIUCKpeT-
HBIM CIIEKTPOM, TIOMIEPEYHUKHU OTPEIESIOTCST COOCTBEHHBIMY 3HAYEHUSIMU oTiepaTopa AA*.
Meton VlcmarunioBa u ero nmpuJjao>kKeHus
P.C. UcmarnioB pazpaboraji MeTOJ| OIEHKHU MTOTIEPEYHUKOB, OCHOBAHHbBIN HA yCPEJHEHUU 110
kommakTy. [Iycts K - kommakT, H - ruibbepToBO IPOCTPAHCTBO, ¢ : K1 — H - HempepbIBHOE
orobpaxkenne, K = (K1), do - nonoxkurenbHas HOpMupoBaHHasi Mepa Ha K. Pacemorpum
MHTErpajbHOE ypaBHEHUE:

dn(Ea,H) =

/K (p(@), o) F(y)doy = \f(z), 7€ K.

IIycte Ay > Ao > ... > 0 - moJioKuTe/JbHBbIE COOCTBEHHBIE 3HAYECHUsI ITOTO YpaBHEHUSI,
fi(x), fa(x), ... - cooTBeTCTBYIONAS OPTOHOPMHUPOBaHHAS CUCTEMa COOCTBEHHBIX yHKImit. To-
rJla MOTIEPEYHUKY KOMIAKTa K yIOBIETBOPSIOT HEPABEHCTBAM:

> N <dp(K H) <max | Y Ajlf(2)]%

€K
j=n+1 FERL =t
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B kavecTBe MPUMEHEHNs 9TOr0 METO/Ia PACCMOTPHM 3a/1ay O IIOIEePEeIHNKAX MHOXKECTBA CJIBUTOB
bynxmmm. Hyers f(x) € Ly ) - nepuoamieckas dyukuus ¢ nepuojgom 1, K[f] - muosectso ee
casuros fi(x) = f(x—t). Ecmu f(x) ~ Y, ap exp(2mikx) - pag Pypwe bynkmun f, u a; > ag >
... - TIePeCTAHOBKA BeJIMYNH |ag|? B y6LIBAIOIEM TIOpSI/IKE, TO:

IIpruMepsI OLIEHOK ITONIEPEYHUKOB
ITpumep 1. Paccmorpum kpusyto I'y B Lyjg 1), oOpasosannyio pyHKuusiMu:

<t
lq(t)(x):{g(x)’ i;t 0<t<l.

st n-TIonepevHuKOB TOM KPUBOI CIIPABEJINBA ACUMIITOTHIECKAs POPMYyJIa:

1
dn(Lg, Lapo,1)) ~ quHLQ[O,I]'

ITpumep 2. Pacemorpum mosepxuocts ¢ B Lo(Q), @ = [0, 1] x [0, 1], o6pasoBannyio dbyHK-
ITASIMU:
1, z<tny<s,

er,s(T,y) = 0<ts<l.
0, z>tumy > s,

JLy1st TIOTIepeIHUKOB 3TOH MOBEPXHOCTH CYIIECTBYIOT abCOIOTHBIE KOHCTAHTHI €1, Co TAKUE, ITO:

22 < 4,(@, Lo(Q)) < el
Vn vn
3akJiioueHue
[IpoBenennoe uccae0BaHue JEMOHCTPUPYET NIyOOKYIO CBA3b MEXKY TEOPHUeEil IIOIepEeYHIKOB
1 CHEKTpaJbHOI Teopueil omeparopos. MeToabl, OCHOBAHHBIE Ha CIIEKTPAJIbHBIX XapaKTePUCTH-
KaX OIEPATOPOB, IO3BOJIAIOT IIOJYyYaTh TOYHBIE OINEHKH IIOINEPEYHMKOB JIJIs IMMPOKUX KJIACCOB
MHOXKECTB B (DYHKITHOHAJIBHBIX ITPOCTPAHCTBAX.
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Paznennmocts aiasa nuddepeHnmmaibHOTO oneparopa ['pymmHa B
BECOBOM ITPOCTPAHCTBE

Kapumos O. X.!, Azamkysos A.?
1I/IHCTHTyT MaTeMaTuku uM. A.[lxypaesa HAHT, [Iymaunbe, TamxurucTax;
2ﬂeHayCKI/II71 VHCTUTYT NpellpUHUMATENIbCTBA U NeJaroruku, [leHay, YsberucrTax;
karimov_olim@mail.ru

Paccmorpum B BecOBOM ruiyibOEPTOBOM IIPOCTPAHCTBE L27p(R2) onepatop ['pymuna

1,0%0 2*d%u

Llu] = —i(w + ZaT/g)

—i—V(m,y)u(x,y) :f(:c,y), (1)
rae V(x,y)-nonoxnrenbaast GyHKIHS.

KospuuTupHble cBOCTBA N pa3Ae uMocTh auddepeHnuaabHbIX OlepaTOpPOB N3yvaIoCh BO
mHOrUX paborax (cMm. [1-4] u mmerommecss Tam cebuiku). Pasgenmumocts quddepennmanbHoro
oneparopa ['pymuna paccmarpusaiack B pabore H.A.Atia [3]. B nameii pa6ore o6o6miaorcs
pesyJbTarhl paboTsl (3] B ciIydae BeCOBOIO MPOCTPAHCTBA.

Haiinenst ycnoust Ha dynknuio V(x,y), Ipyu BBIIOJHEHNN KOTOPHIX ypasHenue (1) pasme-
agercst B upocrpanctse Lo ,(R?), n ja Beex pemennit  u(x,y) € Lo ,(R%) N WQQJOC(RQ), yao-
BJIeTBOpsoX ypastennio (1) ¢ npasoit qactsio f(z,y) € Lo ,(R?), BBIIONHAIOTCS ClletyIonue

BKJIIOUCHUA
1,0%u 2 0%u 1 0u ou(z)
_ g T oy, 22— yl/2 2 e Ly ,(R?).
2(81Q + 4 8y2)’ (z,y)u(x,y), z°V?2 ay’ (z,9) o € Lo p(R7)
HpI/I 9TOM HMeeT MECTO KOIPIUTHBHOE HEPaBEHCTBO
2 21,1 Ou 2
|Vu; Lo, (R?) || + || V2a—y;L27p(R) +
1 0u 1 0%u z*0%u
Rty 2 (= + —Z2): L Q| < M L 2 2
|V Gt 4| 5 G + 5 G B | < MU s LR @)

rjie nosiozkuTeabHoe dncyio M ue sasucur ot u(x,y), f(x,y).
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PE2KNMBI CTOXACTUKHN B HEKOTOPBIX BUO®PU3NYECKUX "N
OKOJIOTUYECKUNUX CUCTEMAX C BbIHY>KJIEHHBIMU 1
CAMOOPTAHUIYIOIMIMMUCHA ITEPVNOJNYECKNMUNM BOSMYIIEHNAMUNT

Conees A.C.', Pozer WU.T.2, MyxTapos 4.3
1,2,3 CaMapkanzckuil rocymapcTBeHHHN yHuBepcuTeT uMeHnm llapoda Pammposa, CamMapkauz,
Y3bekucTtan

1 isayrozet45@gmail.com,

2 3

asoleev@yandex.ru, ya-muxtarov@rambler.ru

B pa6orax [1-3| aBropaMu mcciie0BaHbI CTOXACTUYECKOE MOBEJICHIE TPACKTOPHUil B 00JIACTIX
TeOpUH JIMHAMUIYeCKHX cucreM | 4-7|, cunepreruku [8 — 10|, a Takzke MaremMarneckoii 6nodusnkn
[11].

B jannoii craThe 0CHOBHOE BHUMAHUE Y/IEJICHO UCCIII0BAHUIM BOSHUKHOBEHUIO OudypKammii
U BO3JIEHCTBUIO MAJIbIX [IEPUONIECKIX HEABTOHOMHBIX BO3MYIIEHUIl, TPUBOIAINIMX OT CTaOUIb-
HOCTH K CTOXaCTHYECKOMY HOBEJICHUIO TPACKTOPHUIl U XaoCy. 3a CUeT BOZHUKHOBEHHS B 00JIACTSIX
CTOXaCTUKH TOMOKJIMHUYIECKIX CTPYKTYP.

PesynbraThl cTaThy M3J0KEHBI B TPEX TEOPEMaX.

Huke npusesena oHa u3 3TUX TEOPEM:

Cucremy ypasaenwuii «peaxiust — quddysus» [8,11] B Buje

2

%ZZ = F; (uj,vi, \) + g+ Dy - %, 8812 = Fj (ui,vi), i=1,2 (1)

paccMOTPUM JJId

By (i, vi) = o (wg — Bl — miy By (ug,vi) = vi, (i # j)
e
ui:ui(t,x), vi:vi(t,x), O<pukl,

20
«;, Bi, n;—napameTpsbl, a BMecTo D, - %x“; OyJZleM HCIIOJIb30BATh IIE€PUOJIMIECKIE TPAEKTOPUN

camoii cucremsl (1) B HeKOTOpBIX obsactsx g2 {u;, i} € {u;, i}, i = 1,2, 3necs {— BoaHOBAasK
KOOD/IHATA.
Nmeer mecTo

Teopema. B cucreme (1) mpu MasbIx Bo3MylmeHHsX napaMmerpoB B obsactu Ger |JGep €
{u > 0,v > 0}, Bo3HUKaeT rpy6asi FOMOKJIMHIYIECKAs CTPYKTYPAa.

B paborax Camapkansckoit mikosibl 1o Kadecrsennoit Teopun luddepennmanbubix Y pas-
HEHUIl IIPOBOJIMJINCH TAKXKe MCCJIEJIOBAHUE JIUCKPETHO KOHEYHO-PA3HOCTHBIX CUCTEM, MOJEJIUPY-
IOIUX SKOJIOIMYECKUE U MeTUKO-ONOJIOTTIECKHE TTPOIIECCHI.
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O rapMoHHYECKOM MPO/IOJI?KEHUN CYMMBbI psfia XapTorca ¢ nepeMeHHbIM PaJinyCcoM
CXOAMMOCTHU

Ty#tunen T. T.L, flkybosa H. n.2
1’2HauH0HaJIbHLH7I yHUBepcuTeT Y3berkucTana umM. M.Vmyrbeka, TamkenT, YsberucTaHn;
tahir2907550gmail . com oxunjonyaqubov1996@gmail . com

Beenenne. B pabore paccMaTpuBaeTcst BOIPOC O MPOJOJKEHUN CYMM PsIIOB XapTorca, Jo-
[IyCKAIOIINX MapMOHIYECKOE IIPOIOJI?KEHIE BIIOJIb (PUKCHPOBAHHOIO HAIIPABJIEHUS, IIPEIIIoJIarast
TOJILKO JIAIIb TAPMOHIYIHOCTE KO3(MDPUINEHTOB.

[Tycrs Ham 3azana dyHkius MHOrUX 1nepemensbix f (z) = f(x1, x2, ..., T, ) oupejeneH-
Hast Ha MHO2KecTBe X C R"™ u nycts L HEKOTODBIiT Kj1ace PyHKITHIA.

Onpepenenne. Oyuknus f (x) = f(x1, x2, ..., T, ) Ha3bIBaeTcsd L cenapaTHON HA MHO-
xecree X C R"™, ecam mis moboro zp , k = 1,2, ..., n, QYHKIHUS OIHOIO IIEPEMEHHOIO
fe L(X N Ry,) upn GUKCHPOBAHHBIX OCTATIBLHBIX IEPEMEHHBIX.

EcrecrBenHo BO3HMKaeT cielylolnas 3agada: oydem au L cenapammuas na muoorcecmee X
Pynryus f (x) npunadaesrcamo kaaccy L no cosoxynnocmu nepemenmvix?

DToit 3amaueii OTHOCUTEBHO PAa3HBIX KJIACCOB (PYHKIMII B TEUEHHUU IOJI'OIO BPEMEHH HHTE-
pecoBaJinch MHOTHE MaTeMATUKU. [lepBbIil pe3ybTar B 3TOM HaIpaBjeHUN TPUHAIEKUT [ap-
rorcy [1] (1906 rox, dynmamenTanbHas Teopema laprorca) JoKasaBileMy, 9TO  CENAPAMHO 20-
nomopprasn 6 obaacmu D C C" dynryus f(z1, 22, ..., 2n) ABAAEMCA 20A0MOPPHOT MO COBOKYN-
nocmu nepemennnr ¢ D. Tlpu mokazarenbcTse dyHIaAMEHTAJIBHON Teopembl l'aprorca cyite-
CTBEHHYIO POJIb UI'PaeT CJeAyIollasl OCHOBHAs JeMMa laprorca: ecau zoiomopdras 6 obaacmiu
D x {|zn| <1} C Cr x C,, dynwyus f (/z, zn) = f(z1, 224, -+, Zn—1, Zn) NPU KadHcoM
Ppurcuposanrom 'z € D zonomopdrna 6 Kpyze |zn] < R,R > r > 0, mo ona 20a0mopdra no
cosoxynmocmu nepemennuix 6 obaacmu D x {|z,| < R}.

[IpocToit mpuMep TOKA3BIBAET, UTO JEHCTBUTEIbHBIN AHAJOr TeOpeMbl laprorca HeBepeH.
JeiicTBuTeIbHO, PYHKIUS JABYX EePEMEHHDBIX

Ty
f(Ivy):ﬁHpI/L (x7y)7é(070) f(0,0) =0
T4+ vy
muddepeHnEpyeMa, o IepeMeHHOMY T IPHU JII000M (PUKCHPOBAHHOM Y M IIO ¥ IIPHU JIIOOOM (DUK-
CHPOBAHHOM T, HO He sBJIseTCs qake HenmpepbisHoil B Touke (0, 0) € R2.
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DTOT NpPUMeED ellle pa3 JOKa3bIBAeT aKTYaJbHOCTh [TOCTaBJIEHHO# 3a1a4qu. [lepBoiit pesysbrar
0 cemapaTHO-TapMOHMYECKUX (QYHKIWAX Obl1 moayder Jlesonom B 1961 romy (em. [2]):  ecau
u(z,y) Asasemes cenapammo-zapmonudeckol gynkyued 6 obaacmu D C R™ x R™, mo u (z,y)
ABAAEMCA 2apMOHUNeckol 6 D no cosokynHocmu nepemerHvT

Paccmorpum cnenyrormuit popmasbubiil psig aprorca:

—+00
u(ew)= 3 o (@) e w = pe*?, z € D, (1)

k=—o00

rae D obnacts u3 R™. OCHOBHBIM pPE3YJIbTATOM SIBJISETCs CJIEJIYIONIAs TeopeMa.
Teopema. Ilycrs psiyg (1) ya0BIETBOPSIET CIIELYIONIAM YCIOBUAM
1) Bce koapdurmentn ¢y (x) € h (D) — rapmomnmdeckne QyHKIWN,
2) st KasK10r0 (PUKCUPOBAHHOTO - € D BBITIOJIHSIETCSI HEPABEHCTBO

Tim & 1
klggo V ek(x)] < TOR R(z) > 0.

Tora cymiecTByer HUIje He IUIOTHOE 3aMKHYTOe MHOXKecTBO S C D takoe, uro psi (1) jokasb-
HO paBHOMepHO cxojutcst B obimactu (D\S) x {w : |w| < Ri(x)} u cymma psga u(x,w)
npunajiexkut kiaaccy h((D\S) x {w : |w| < Ri(z)}) rapmonmveckux dbyHKuuii, rie

R, (z) = lim R (y)
y—x
- HWDKH$IsI peryssipusaius paauyc dbyakinun R(r).

Bamernm, 9T0 ecin DYHKIUA U (T, w) SBIAETCS CEMapaTHO TAPMOHUYIECKON B HEKOTOPOIt
obmactu DxV, C R"xR? | 1o o reopeme Jlemona sra dyHKImMs Gy1eT rapMOHIUECKON B 00/1aCTH
D xV,. u ciieioBaresibHO, OHa passaraercs B psj (1) ¢ rapmonnueckumu Koadbdunmentamu ¢y, ().
Cayuait R(x) = R paccmorpen B pabore [3].
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CoBnagaenue apobHoii mpou3sBoaHoii I'proHBaibaa-JleTHUKOBa-A mamapa c
npousBoaHoi Mapimo-A gamapa
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Beenennoe 7K. Anamapom [1] npobuoe unrerpopuddepeHnuposate Tuia (m%)a ,—00 <

a < 00, ABJISETCH NHBAPHAHTHBIM OTHOCUTENIBHO onepaTop pacrsikennus (I1,f) (x) = f(p-x), p >
0,x > 0. B macrosmeit pabore maercst maJbHeiIee MCCIeIOBAaHNE CBOMCTB TAKOrO JIPOOHOIO
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nHTerponddepeHInpoOBaHns U JJIsT HENO PA3BUBACTCS COOTBETCTBYIONMNI PA3HOCTHBIN ITOIXO.

PaccMOTpeHue BeJIeTcst B paMKax IPOCTPAHCTB X o, T.e. Lk, (R+, d—f) 1 <p<oouCyyp (R+>

-
¢ yeaoBueM ¢(0) = p(o0) = 0. 3necs w (x) = { i_y’ 01<<xa:<<1c;o v >0,v>0.
Omnpenenenne 1. Koncrpykuuio
1/~
t:l:lf dt
(DLf) (=) / S (I>a>0),

0

¢ HOpMUPOBOYHBIM MHOKHUTEIEM N (0, 1) (eM. [2], €.102), HazoBeM ApoGHOI nmponssoaHoit Maprio-
A tamapa.
Omnepatop (Di,lf of ) (x) , ompe/iesIsieMblii pABEHCTBOM

f Aiif (z)
(D2a,) (@) = (;l) / <(ln 1)2+a % (I>a>0),0<p<l,
0 t

HasbiBaeTcs ycedeHHON " pobHOiT mponsBogHOit Mapino- A mamapa.

CupaBeyimBa cjieayorast
Teopema 1. Ilycts f € X,,,1 < r < oo, A > 0,8 > 0. JIpobHas npouspojHas THIIA
I'prorsanbia-JlernnkoBa-A namapa

. (&)@
(PiN@ = tm S
(Xpw)

u ApobHast MPOU3BOIHAsI B cMbIcie Mapro-Amamapa

P AL
. | | (A1) @) gt
( +;1—pf) (.’I]): N(a’l) p_1>1r1n_0 /th>a>0,

(Xpw)

0

cymecTBYIOT B Xp 4, Te 1 < p < oo, v > 0,v > 0, 0lHOBpEMEHHO U COBIAJIAIOT, KAKOBO Obl HI
OBLIO (v .
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3 — SHO’BA. GEOMETRIYANING DOLZARB MUAMMOLARI
CEKIINA 3. AKTYAJIBHBIE 3AJTAYY 'EOMETPUN
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SOME PROPERTIES OF THE CURVATURE OF RIEMANNIAN MANIFOLDS
WITH POLYNOMIAL STRUCTURE

Aslonov J. O.', Ergashev M. A.?
L.2National University of Uzbekistan, Tashkent, Uzbekistan;
jasurbek.aslonov@nuu.uz, muxammadali.ergashev@nuu.uz

Abstract: In 2002, the Argentine mathematician Vera Martha Winitzky de Spinadel introduced
the concept of metallic structures, providing a new perspective on differential geometry. Her
primary works focused on geometric fractals, which are widely applied in design and architecture.
Additionally, her research in the field of "metallic averages which develops the classical concept
of the golden section, has gained recognition among mathematicians. Turkish mathematicians
C.E. Hretanu and M. Crasmareanu, continuing work in this area, introduced the same concept
on Riemannian manifolds, leading to numerous new ideas for applications in various fields of
science.

Keywords: Riemannian manifold, polynomial structure, metallic structure in Riemannian
manifolds, golden structure.

Riemannian geometry is a fundamental branch of differential geometry, named after the
German mathematician Bernhard Riemann (1826-1866). In Riemannian geometry, smooth
manifolds are studied together with a Riemannian metric. In this context, tangent vectors and
the angles between them are commonly considered; therefore, vector fields play a crucial role. A
Riemannian metric can be viewed as a tensor field that defines an inner product at each tangent
space. This naturally requires the introduction of several fundamental concepts, including the
lengths of vectors and curves. Consequently, the notions of connection, curvature operator, and
curvature tensor are introduced.

Let J be a smooth (1, 1)-tensor field on a smooth manifold M.

Definition [2]. If there exists a nontrivial tensor field J of type (1,1) on a smooth manifold
M such that

J? =pJ +ql,

where p and ¢ are positive integers, then this polynomial is called a metallic structure. In this
case, the pair (M, J) is said to be a metallic manifold.

Remark [1]. A polynomial structure J is compatible with a connection V on the manifold
M, it VJ =0.

Assume that X, Y are smooth vector fields, and that the polynomial structure J is compatible.

Theorem. If the polynomial structure J is a golden structure on a Riemannian manifold, then
the following relations hold: 1. R(X,Y)JZ = J(R(X,Y)Z); 2. (VxJ)Y =Vx(JY)—-J(VxY);
3. 9(JX,Y)=g(X,JY).
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Ikki o‘lchamli idempotent fazodagi ikkinchi tartibli chiziglarning tenglamalari
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dilrabotermez@mail.ru
2Termiz davlat universiteti 2-kurs magistranti, Termiz, 0‘zbekiston
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Zamonaviy matematikada geometriya va algebra o‘rtasidagi uzviy bog‘liglik asosida paydo
bo‘lgan abstrakt fazolar tushunchasi ilm-fanning ko‘plab sohalarida keng qo‘llanilmoqda.
Xususan, algebraik strukturali fazolarni o‘rganish matematik analiz, funksional analiz,
differensial geometriya hamda fizikadagi ayrim nazarily modellarni ifodalashda muhim
ahamiyatga ega. Shunday fazolardan biri bu ~ idempotent fazodir.

Idempotent algebra elementlarining o‘ziga xos xossalari, xususan, har bir element uchun
sharti bajarilishi, ushbu algebraik strukturalarni klassik fazolardan tubdan farqlaydi. Idempotent
fazolarda oddiy chizigli kombinatsiyalar o‘rniga maxsus operatsiyalar qo‘llaniladi va bu fazolar
ko‘plab optimallashtirish muammolari, tropik geometriya, avtomatika nazariyasi, iqtisodiy
modellashtirish kabi sohalarda amaliy qo‘llanilish imkonini beradi.

Klassik FEvklid fazosida ikkinchi tartibli chiziglar ~ parabola, ellips, giperbola ~ aniq
tasniflangan bo‘lsa-da, idempotent fazoda ushbu chiziglarning analoglari boshqa ko‘rinishda
namoyon bo‘ladi. Bunday chiziglarning o‘rganilishi idempotent algebra qgonunlariga muvofiq
olib boriladi va ular uchun maxsus "maks-plus"yoki "min-plus"algebraik operatsiyalardan
foydalaniladi. Idempotent yarim maydonda ba’zi amallarni quyidagicha belgilashlar orqali
amalga oshiramiz.

Idempotent qo‘shish: a @ b = max(a, b) kabi kiritiladi. U idempotent, ya'ni a ® a = a.

Idempotent ko‘paytirish: a ® b = a + b amali orqali aniglanadi.

Idempotent fazo: (Rmax, ®, ®) to‘plamining elementlari va ular ustida bajariladigan amallar
yordamida hosil qgilinadigan algebraik tuzilma.

Ikkinchi tartibli chiziq: Klassik geometriyada kvadratik tenglama bilan ifodalangan chiziglar
to‘plami. Idempotent fazoda ular tropik ekvivalentlar sifatida qayta talgin gilinadi.

Mazkur tezisda biz ikki o‘lchamli RZ  idempotent fazoda eksponensial metrika

plu,) = |6 = e[ @ |6 = e @ |6 = |

yordamida ikkinchi tartibli chiziglarni hamda ularning tenglamalarini o‘rganamiz.

Bu ishda asosiy maqgsad — ikki o‘lchamli idempotent fazoda ikkinchi tartibli chiziglarni
aniqlash, ularning tenglamalarini tuzish, shakllarini o‘rganish va bu chiziglar orasidagi o‘zaro
bog‘ligliklarni tahlil gilishdan iborat.

1. Eksponensial aylana

Klassik ta’rif: Aylananing markazi O(a,b) va radiusi r bo‘lsa: d(X,0) =r.
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Eksponensial holatda: p(X,0) = R. Ya'ni:
max (|e” — e, |e¥ — eb]) =R.

Bu tenglikni qayta yozamiz:
le* —e| <R, |e¥—¢€’| <R.

Natija: Bu chiziq eksponensial metrika bo‘yicha "masofasi R bo‘lgan nugtalar"to‘plami.
Geometrik jihatdan — "eksponensial kvadratga o‘xshash aylanachunki max funksiya orqali
chegara chiziq yasaydi.

Agar e” va e¥ o‘rnida X, Y desak, tenglama | X —e?| = R va |Y —e®| = R shakldagi idempotent
kvadrat hosil bo‘ladi.

2. Eksponensial ellips

Klassik ta'rif: Ikkita fokus Fy, F» uchun: d(X, Fy) + d(X, F») = 2a.

Eksponensial holatda:

p(X, F1) + p(X, F») = C.

Yozamiz:
max(|e” — e™|,|e? — e*?]) + max(|e” — ebl\, le¥ — eb2]) =C.

Bu eksponensial fazoda "masofalar yig‘indisi doimiy"nuqgtalar to‘plami bo‘lib, klassik ellipsning
idempotent ko‘rinishi hisoblanadi.

Geometrik ma'no:

Ellips shakli deformatsiyalangan bo‘ladi. Masofa eksponensial shkalada hisoblanadi, shuning
uchun fokuslar ta’siri logarifmik emas, tez o‘suvchi. Agar a;, b; yaqgin bo‘lsa, shakl klassik ellipsga
o‘xshaydi.

3. Eksponensial giperbola

Klassik ta'rif:

|d(X, F1) — d(X, F»)| = 2a.

Eksponensial holatda:
(X, F1) = p(X, Fp)| = C,  |max([e” — ™[, [ — ™2[) — max(|e” — [, [e¥ — &) = C.

Izoh: Bu nuqgtalar to‘plamida har bir nuqta fokuslardan eksponensial masofalar farqini doimiy
saqlaydi. Natijada chizigning ikki tarmoqli gismi hosil bo‘ladi — "eksponensial giperbola".

4. Eksponensial parabola

Klassik ta'rif: Parabola — fokus nuqtadan va direktrisadan masofasi teng bo‘lgan nuqtalar
to‘plami: d(X, F) = d(X, L).

Eksponensial holatda:

p(X,F) = p(X, L), Agar direktrisa y = k bo‘lsa: max(|e® — e |,|e¥ — e®|) = |¢¥ — €*|. Bu
tenglik "eksponensial parabola"ni ifodalaydi.

Bu chiziqlar klassik ikkinchi tartibli chiziglarning idempotent analoglari bo‘lib, metrika p
fazoning eksponensial simmetriyasini saqlaydi.

Geometrik jihatdan aylana burchakli shakldagi "eksponensial kvadrat ellips — "eksponensial
ikkita fokusli chiziq giperbola — "masofalar farqi doimiy qgism parabola — "eksponensial fokus-
direktrisa simmetriyasi"sifatida ko‘rinadi.

Amaliy jihatdan bunday chiziglar tropik va aktuar modellashtirish, kompyuter grafika,
moliyaviy risk tahlillari va optimal yo‘l modellarida qo‘llaniladi.
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Hozirgi zamon matematikasida algebra, geometriya va topologiya sohalarida yangi
yo‘nalishlar shakllanmoqda. Ulardan biri — idempotent (yoki tropik) matematika, ya’ni klassik
arifmetik operatsiyalar o‘rniga @& = max va ©® = + turdagi amallar bilan ishlaydigan maxsus
algebraik tuzilmalarni o‘rganuvchi nagzariyadir. Bu yo‘nalish nafagat nazariy jihatdan, balki
optimallashtirish, iqtisodiy modellashtirish, graf nazariyasi va ma’lumotlar tahlili kabi sohalarda
ham keng qo‘llanilmoqda.

Idempotent geometriya klassik Yevklid geometriyasining ma’lum qgonunlarini idempotent
amaliyotlar orqali qayta ifoda etadi. Bunda fazo nuqtalari, chizigqlar va teksiliklar klassik
giymatlar o‘rnida tropik yoki idempotent munosabatlar orqali tavsiflanadi. Shu sababli,
idempotent geometriya nafagat an’anaviy geometriyaning yangi shakli sifatida, balki invariantlik,
chegaraviy holatlar va minimaks masalalarni tadqiq qilishda muhim nazariy asos sifatida
namoyon bo‘ladi.

Idempotent to‘g‘ri chiziq va teksilik tushunchalari idempotent fazoda nuqtalar o‘rtasidagi
munosabatni aniqlashga yordam beradi. Masalan, klassik fazoda to‘g‘ri chiziq ikki nuqta orqali
aniqlansa, idempotent fazoda bu chiziq max va + operatsiyalari orqali berilgan tropik chiziq
bilan tavsiflanadi. Shuningdek, idempotent teksilik uchta nuqta yoki tropik tenglamalar orqali
aniqlanadi va uning geometrik shakli sinusoidal ko‘rinishga emas, balki burchakli ko‘rinishga ega
bo‘ladi. Bunday tahlil nafagat nazariy jihatdan, balki amaliy jihatdan ham muhim ahamiyat
kasb etadi. Xususan:

Igtisodiy tizimlarda — resurslarni minimal sarf bilan tagsimlash masalalarida.

Muhandislik va arxitektura sohasida — tropik chegaralar yordamida noan’anaviy modellarni
qurishda;

Kompyuter grafikasi va sun’iy intellektda — optimal masofa va chegaralar aniqlashda
idempotent geometriya keng qo‘llaniladi.

1-ta’rif. Agar ikkita binar amal @ va ® bilan ta’minlangan K to‘plam ushbu amallarga
nisbatan quyidagi shartlarni qanoatlantirsa, u holda K yarim maydon deyiladi:

— qo‘shish amali assotsiativ, kommutativ va ixtiyoriy a € K uchun e a=a e =¢
munosabat o‘rinli bo‘ladigan nol element € € K ga ega;

— ko‘paytirish amali ta’rifga ko'ra K = K\{e} to‘plamda aniglangan bo‘lib, u qo‘shishga
nisbatan distributiv va e birlik elementi ushbu € ® e=e ® e=e munosabatni qanoatlantiradi.

Agar birinchi amal idempotent ya'ni, a € K uchun a @ a = a bo‘lsa, u holda K idempotent
yarim maydon deyiladi.
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2-ta’rif. (Rpyax ning algebraik tuzilishi). Ryax simvoli ikkita binar amal @& va ® mos ravishda
maksimum va qo‘shish kabi amallar bilan birgalikda R U {—oo} to‘plam belgilanadi.
1-teorema. Ry = RU {—o0} to‘plam ustida

Rpax = (RU{—0},®,®), a®b=max{a,b}, a®b=a+0b

algebraik tuzilma idempotent yarim maydon hosil giladi.
3-ta’rif. Ry.x — idempotent yarim maydon bo‘lsin. U holda n-o‘lchamli R, fazosi
quyidagicha aniglanadi: R} = Rpax X Rpax X -+ X Rypax ya'ni, barcha n-o‘lchamli ustun

max
n marta
vektorlardan iborat to‘plam, bu yerda = = (x1,x9,...,2,), har bir z; € Ryax.
R3 . fazoda ikki u = (u1,uz,u3), v = (v1,v9,v3) nuqta uchun ular orasidagi eksponensial

masofani quyidagicha aniqlaylik:
plu,v) = | — "] @ e — 2| @ [e"s — 3]

Bizga ikki nuqta u = (u1, ug, u3) va v = (v1, ve, v3) berilgan bo‘lsin:
4-ta’rif. Fazoda shu ikki nuqta orqali o‘tuvchi idempotent to‘g‘ri chiziq — shunday nuqtalar
to‘plamiki, ularning eksponensial masofasi u va v ga teng bo‘ladi:

Ly = {:L' = (1'1,1'2,173) € R?nax,e | p(X, U) - ,O(X,U) = O}'

Ya'ni, max; [e”" — e%| = max;|e” — €| (i = 1,2,3). Barcha nuqtalar u va v ga nisbatan
eksponensial masofada teng joylashgan.
R3 _ idempotent fazoda ikki chiziq parametrik ko‘rinishda berilgan bo‘lsin:

max

Li(t) : (z1,y1,21) = (a1 + ai1t, az + ast, az + ast),
Lo(s) : (w2,y2,22) = (b1 + P18, ba + Ba2s, by + (3s).

2-teorema. To‘g'ri chiziglar o‘zaro uch xil holatda bo‘ladi:
1. Agar shunday nuqtalar (¢g, sg) topilsaki,

Ll(to) = LQ(So),ai + a;tg = b; + Bisg, 1=1,2,3

munosabat bajarilsa, u holda chiziglar kesishadi;
2. Agar chiziglarning yo‘nalish vektorlari proporsional

(a1, a2, a3) = k(B1, B2, B3);

bo‘lsa, u holda chiziglar parallel bo‘ladi;

3. Agar chiziglar kesishmasa va yo‘nalish vektorlari proporsional bo‘lmasa, kesishmaydigan
(aylanma) chiziglar bo‘ladi.

Endi uchta nuqta olaylik: @ = (ay, as,a3), b= (b1,b2,b3), c¢= (c1,co,c3).

5-ta’rif. Shu uch nuqta orqali o‘tadigan idempotent teksilik = shunday nuqtalar to‘plamiki,
ularning eksponensial masofasi bu uch nugtada teng:

I = {LL’ € R:rsnax,e | p(z,a) = p(z,b) = p(z, ) }

Ya'ni teksilikdagi har bir nuqta uchta asosiy nuqtaga nisbatan eksponensial masofada bir xil
darajada joylashgan. Analitik shaklda p formulasiga ko‘ra:
max |e% — e%| = max |e® — e’ | = max |e® — €.
(2 (2 (2
3-teorema. Eksponensial idempotent masofa bilan berilgan fazoda:
ikki nugta orqali o‘tadigan nuqtalar to‘plami to‘g‘ri chiziqni tashkil giladi;
uch nuqta orqali o‘tadigan nuqtalar to‘plami tekislikni tashkil qgiladi.
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Application of the solution of the Monge-Ampere equation in isotropic space
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Let there be given an affine space A3 with the coordinate system Oxyz. We consider Xz{azl, Y1, 21}
and 7{3@, Y2, 22} vectors in As.

Definition 1. If the scalar product of the two vectors X {z1,y1,21} and Y {x2,y2, 22} is defined
by the following formula:

{(Xay)l =mz2 +y1y2 (X,Y), #0 (1)
(X7Y)2:'2122 (X>Y)1 =0

then, the affine space Ag is the isotropic space and denoted by R% [1]. Two types of spheres are

defined in isotropic space. The first is the metric sphere, which is given by the following formula:

2?42 = 2
where (0,0, z) is the center, r is radius.
The second sphere in isotropic space is defined as follows:

x2+y2:2z

It is called the isotropic sphere. Let the regular surface F' is given by z = z(u,v).The surface
F* is called the dual surface to the given surface F' in the isotropic space. And the parametric
equations for the dual surface F™* are:

=2’ (u,v) (2)
2* (u,v) = w2z (u,v) +v- 2 (u,v) — 2 (u,v)

The above equation is the dual mapping in isotropic space [2].

The Monge-Ampere equation has been widely applied across various scientific fields. Many
well-known equations include the Monge-Ampere equation as a structural component|3].Let us
consider one such equation. By doing so, we also address the applicability of the results obtained.
Let there be given the nonlinear partial differential equation:

0%z 0%z 5 0%°20%, 9%

502G = Ga s = 5 3)
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This equation is relevant in two-dimensional plasticity theory, where z = f(x,y) acts as the
generating function. This equation represents a particular case of the nonlinear elastic plate
model, describing the bending deformations of a thin elastic plate. It models the variation of
elastic energy based on the total curvature of the surface. Due to its nonlinear nature, the
equation is suitable for analyzing large deformations. In the absence of external forces, it describes
situations where only internal elastic forces are at play. We now define new function: w(zx,y) = %

By using the dual mapping of the isotropic space for the w(x,y) we can write the following:

x*:%
= (4)

* _ 0w dw _
4 —max+y8y w

Theorem 1. If there be given the equation (3), by using dual mapping of the isotropic space,
the solution of this is:

(o) = [ w(ep)de+ o(0)
where, ¢(y) is an arbitrary function of y arising from the integration.
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In the present paper under space we mean a topological T;-space, under compact a Hausdorff
compact space.

Definition 1[1]. A space X is said to be weak II-complete if for every point z € §X \ X
there exists an open-closed cover w of X which pricks out the point  in 5 X.

A closed subset of a weak II-complete space is weak II-complete.

The author of [4] observed the functor O: €omp — €omp and showed that it is not normal.
Then using the construction suggested by A.Ch. Chigogidze [2], in [3] it was obtained an extension
Opg: Tych — Tych. Here, the sign Comp means the category of compact Hausdorff spaces and
their continuous maps, and Tych the category of Tychonoff spaces and their continuous maps.

For a compact Hausdorff space X a functional p: C(X) — R is said [4] to be:

1) normalized if p(cx) = ¢ for every constant function cx: X — R, ¢ € R. Here cx(x) = ¢;
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2) weakly additive if p(p + ¢) = u(p) + ¢ for every ¢ € R and each ¢ € C(X);

3) order-preserving if p(p) < p(y) for any pair of functions ¢, ¢ € C(X) with ¢ <},

A weakly additive, order-preserving, normalized functional for brevity is called as an order-
preserving functional. A set of all order-preserving functionals on C'(X) is denoted by O(X). It
is endowed with the topology 7, of pointwise convergence. For p € O(X) sets

(15 01, « ooy s 0) ={v € O(X): [v(p;) —plwi)| <0,i=1,..., n}

forms a base of O(X) at p. Here ¢, ..., ¢, € C(X), 6 > 0.
Let A be a closed subset of a compact Hausdorff space X. An order-preserving functional
w € O(X) is supported on A if 4 € O(A) C O(X). The support of € O(X) is denoted by
supp p. For a positive integer n let O,,(X) denote a set of all order-preserving functionals which
support consists no more than n points. Put O, (X) = OleOn (X). An order-preserving functional
n=

i € Oy,(X) is said to be an order-preserving functional with finite support. For a point z € X
the Dirac measure §,: C(X) — R is defined by equality d,(¢) = ¢(z) for all p € C(X). Clearly,

supp 0, = {z}.
Following [6] an order-preserving functional u € O,(X) with finite support suppu =
{z1, ..., zp} can be represented as a relation p = p(dz,, .., dz,) between the Dirac measures

dz;, © =1, ..., n. This relation has a view p(p) = p(e(x1), ..., (), ¢ € C(X).
We consider the following types of “restrictions”

IU/IZ(SO) = /"L(O’ R O’ (p(xl)7 07 et 0)7
1t (@) = u(e(r1), - ..y e(xic1), 0, @(xiy1), -, ©(2n)),

for each ¢ € C(X).
For a compact Hausdorff space X put

Of(X) = {u € Oy(X): there exists a point x € supppu = {z1, ..., Tn}
such that jiz(¢) > Fre(z) and p*(p) < () or p"(p) > THe(@)
for an arbitrary non-negative function ¢ € C(X )} (1)
Clearly, in the case ¢ = 1y the inequalities in (1) acquire shapes p1;(1x) > 47, and p®(1x) <

1 2 :
a1 or uf(lx) > Z—L, respectively.

For a compact Hausdorff space X, a point x € X we put

05(X) = { = 10y, - 02,) € O5(X): @ € supp s,
pa(p) > 27o(x) and p”(p) < () or u®(p) > o(z)
for an arbitrary non-negative function ¢ € C(X )}
It is easy to see that
O3(X)N O?(X) = & for every couple of z, y € X with =z #y

and
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Let M be a subset in X. We put
(M) = {,u € O¢(X): there exists x € M such that p € O?(X)}

Proposition 1. For an open set U C X the set (U) is open in O (X).
Corollary. For a closed set F' C X the set (F') is closed in O¢(X).
It is easy to see

[<M>]of(X) = (M]x) (2)

for an arbitrary M C X.
For a Tychonoff space X by definition [3| the set Og(X) has a view

Op(X) ={pn € O(BX): supp u C X}.

Here § X is the Stone-Cech compactification of a Tychonoff space X. Since for an idempotent
probability measure ;1 € Og(X) the support supp p is compact p is called an idempotent measure
with compact support. Og(X) is considered as a subspace of O(5 X).
For a Tychonoff space X the set O(X) is defined by the same rule in equality (?7).
Lemma 1. For an arbitrary open cover vy = {U,: a € 2} of a Tychonoff space X the
system

70 ={{U):Uen}

is an open cover of O (X).
Proposition 2. Let X be a Tychonoff space, vx = {U,: a € 2} its an open cover. If
Kpvyx =1 then Kp~yy = 1 for the cover

70 ={U): Uecn}

of O f (X )
Lemma 2[5]. Let v X be a compact extension of a space X and, V, W be disjoint open sets
inyX.Let VNX =V,, and WNX = W,. Then the following equality is true:

[X\ V'y]vX NIX\ W’Y]’YX =[X\ (V’y U WV)HX

Since Og(X) is everywhere dense in O(8 X) and O(S X) is a compact Hausdorff space, then
O(B X) is one of compact extensions of Og(X). In the following result we obtain that O¢(5 X)
is a perfect compact extension of Of(X).

Theorem 1. For a Tychonoff space X the space O¢(8 X) of all order-preserving functionals
on C(BX) = Cy(X) is a perfect compactification of the space Of(X).

Now we can state the main result of the paper.

Theorem 2. Let X be a Tychonoff space. Then Of(X) is weak II-complete if and only if X
is weak II-complete.
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The geometry of the rotation group SO(3) is of interest in many areas of mathematics and
mechanics, and many papers are devoted to the study of this group. In this paper, the geometry
of a known submersion on the rotation group with a base on a two-dimensional sphere is studied.
It is proved that this submersion is Riemannian and generates a totally geodesic Riemannian
foliation.

The special orthogonal group SO(3) consists of all 3 x 3 orthogonal matrices with determinant
1. It is a Lie group, and its associated manifold can be understood in several ways. The group
SO(3) can be defined as:

SO(3) = {A € GL(3,R); ATA = F,det(A) = 1}.

Here, AT denotes the transpose of A, and E is the identity matrix. The set SO(3) is the
intersection of the orthogonal condition (which defines a submanifold) and the determinant
condition (which defines another submanifold). The intersection of two smooth submanifolds in
R3 is itself a smooth manifold, provided the gradients of the defining functions are linearly
independent at the points at the intersections.

At a point A € SO(3):

-The orthogonality condition can be represented as f(A4) = ATA —~ E =0.

-The determinant condition can be represented as g(A) = det(A) — 1 = 0.

The gradients of these functions with respect to the entries of A can be shown to be linearly
independent at the points in SO(3).

Since SO(3) is defined as the zero set of smooth functions (f(A) and g(A)), and the gradients
of these functions are linearly independent, we conclude that SO(3) is a compact 3-dimensional
smooth manifold. Specifically, it is a submanifold of R

First, notice that a rotation about the origin in R? can be specified by giving a vector for the
axis of rotation and an angle of rotation about the axis. We make the convention that the rotation
will be counterclockwise for positive angles and clockwise for negative angles when viewed from
the tip of the vector of axis rotation. The specification of a rotation by an axis vector and an
angle is far from unique.

The rotation determined by the vector v and the angle ¢ is the same as the rotation
determined by the pair (Av;¢ + 2n7), where A is any positive scalar and n is any integer. The
pair (—v; ) also determines the same rotation. We note that four real numbers are sufficient to
specify a rotation: three coordinates for a vector and one real number to give the angle.
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As aset (and as a vector space), the set of quaternions is identical to R*. The vector (a; z;y; 2)
is written a + zi+ yj + zk when thought of as a quaternion. The number « is called the real part,
and the vector part z,y, 2.

Quaternions can be multiplied. The multiplication rules are defined by the following relations

i2=j2=Kk*>=-1, ij=k, jk=i, ki=]j.
Reversing the left-right order changes the sign of the product
ji=-k, kj=-i, ik=-j.

The conjugate of a quaternion r = a + zi + yj + zk, denoted 7, is defined to be 7 = a — zi —
yj — zk. The length or norm of a quaternion 7, denoted ||r|| is its length as a vector in R*. The
formula for the norm of ||7|| = v/a2 + 22 + y2 + 22.

Each nonzero quaternion r has a multiplicative inverse, denoted r—1, given by r~! = ﬁ
1

When r is a unit quaternion, r=" =T7.

The set of all unit quaternions generates the group. It is well known following theorem [1].

Theorem 1. All the rotations about lines through the origin form a group, homomorphic to
the group of all unit quaternions.

Let M be a smooth Riemannian manifold of dimension n with the Riemannian metric g.

Definition 1. Differentiable mapping 7 : M — B of a maximal rank, where B is the smooth
manifold of dimension m, n > m, called submersion.

Let I be a foliation of dimension k, where 0 < & < n. We denote by L, leaf of foliation
F, passing through a point ¢ € M, where m(q) = p, by T,F tangent space of leaf L, at the
point ¢ € Ly, by H(q) orthogonal complement of subspace T,F. As result arise subbundle’s
TF ={T,F},TH = {H(q)} of the tangent bundle T'M and we have an orthogonal decomposition
TM = TF&TH. Thus every vector field X is decomposable as: X = XV + X", where XV € TF,
X" e TH. If X" =0 (respectively X¥ = 0), then the field X is called as vertical (respectively
horizontal) vector field.

Definition 2. The submersion 7 : M — B is said to be Riemannian if differential dm
preserves the lengths of the horizontal vectors.

Riemannian submersions are known to generate Riemannian foliation [2-3].

We note that foliation F' is called Riemannian if every geodesic, orthogonal at some point to
the leaves, remains orthogonal to the leaves at all points.

The curve is called horizontal if it’s tangential vector is horizontal.

Theorem 2. Let 7 : SO(3) — S? be a map such that 7(A) = AN for A € SO(3), where S?
is a unit sphere with center at the origin and N = (0,0,1) € S%.

Then

a) there exits a rimannian metric g on S? such that 7 : SO(3) — (S%,g) is a riemannian
submersion;

b) Foliation generated by 7 is a totally geodezic foliation;

c) Foliation generated by 7 is a riemannian foliation.
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Gruppaning ko‘pxillikka ta’siri
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Kirish:Ushbu tezisda Gruppaning ko‘pxillakka ta’siri o‘rganilgan bo‘lib silligligi, erkinligi,
xosliklari o‘rganilgan.Faktor fazo orbitalari o‘rganilgan va teoremaga ko‘ra silindr va Myobius
yaprog'i tekislikka lokal diffeomorf.

Tarif. Silliq M ko‘pxillikka G gruppaning ta‘siri deb

a:GXM—M, a(g,x)=g-x

akslanishtirishga aytiladi.
Bunday ta‘sir xossalari quyidagilar:

1. Agar V x € M va e € G, G gruppasining birlik elementi uchun e - z = x bajarilsa ta‘sir
erkin deyiladi.

2. Har bir g € G uchun
ag: M — M, x—g-x

silliq bo‘lsa, ta‘sir silliq deyiladi.

3. M ko‘pxilligida G gruppaning ta‘siri xos deyiladi, agar har qanday z,y € M nuqtalar
uchun shunday U,, U, ochiq atroflari mavjud bo‘ladiki,unda:

U (Y gUy # 0
4. Faktor-fazo M /G to‘plami orbitlardan iborat oila kabi aniglanadi:
M/G={[z]|xe M}, [z]=G-x.
Unda kanonik proyeksiya aniglangan bo‘ladi:
m:M— M/G, =n(x)=][z].
5. M/G faktor-topologiyada U C M /G ochiq bo‘lishi uchun
N U)c M

teskari ham ochiq bo‘lishi zarur va yetarli.

Teorema: Silliq m o‘lchamli M ko‘pxillikka G gruppaning ta’sirida silliq, erkin va xos
bo‘lsa, M \ G da yagona differentsiallanuvchi struktura mavjud bo‘lib, unga nisbatan
m: M — M\ G kanonik proyeksiya lokal diffeomarfizm bo‘ladi.

Misol: Quyidagi diffeomorfizmlarni ko‘rib chiqaylik. a,b : R?> — R? akslanishlar quyidacha
berilgan:
a(z,y) = (z,y+1)  blz,y) = (z+0.5,—y)
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G4, Gy— mos ravishda {a} va {b} diffeomorfizmlar hosil gilgan gruppalar bo‘lsa, ular R? da
gruppa ta‘sirini aniqlaydi.
Bu ta’sirlar natijasida silindr va Myobius yaprog'i hosil bo‘ladi. Yuqoridagi teoremaga ko‘ra ular
tekislikka lokal diffeomorf.
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All of our space are Hausdorff unless otherwise indicated. The symbol N stands for the set
of positive integers and R stands for the set of real numbers. Given a space X, we define its
hyperspaces as the following sets:

1) CL(X) ={A C X | Ais closed and nonempty };

2) 2X = {A € CL(X) | A is compact };

3) Fu(X) = {A € 2% | A has at most n points }, n € N (see [1, 2]).

CL(X) is topologized by the Vietoris topology defined as the topology generated by

g ={(Uy,..,U) | U, ..., Uy are open subsets of X, k € N},

where (U, ...,Uy) ={A € CL(X) | ACUU; and ANU; # 0 for each j € {1,...,k}}.

Note that, by definition, 2%, F,(X) and F(X) are subsets of CL(X). Hence, they are
topologized with the appropriate restriction of the Vietoris topology. Moreover,

1) CL(X) is called the hyperspace of nonempty closed subsets of X;

2) 2% is called the hyperspace of nonempty compact subsets of X;

3) Fn(X) is called the n—fold symmetric product of X;

4) F(X) is called the hyperspace of finite subsets of X.

On the other hand, it is obvious that F(X) = (o~ Fn(X) and F,,(X) C Fpq1(X) for each
n € N (see [1, 2]).

A continuous mapping f : [0,1] — X is called a path in X. The point f(0) is called the
initial point and f(1) is called the final or terminal point of this path. If 2 € X, then one defines
e : I — X as the constant path, i.e. e,(t) = z for any ¢ € I. A topological space X is said to be
path-connected if given any two points zg, £1 in X there is a path in X from zg to x7.

Theorem. If the mapping f : I — X is path in X from the point zg to the point z1, then
a mapping F,f : I — F,X defined by F,,f(t) =[{A € F,X : f(t) € A, Vt e [0,1]} is a path
from the point Ag = ({A € F,, : f(0) € A} to the point Ay =({A € F,: f(1) € A} in F, X.

Corollary. If a topological space X is path-connected, then the space F, X is also path-
connected.
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Let M be a smooth Riemannian manifold of dimension n with the Riemannian metric g, V
- the Levi-Civita connection, < -,- > - inner product defined by the Riemannian metric g.

We denote by V(M) the set of all smooth vector fields defined on M, through [X,Y] Lie
bracket of vector fields X,Y € V(M). The set V(M) is a Lie algebra with Lie bracket.

Let’s consider some set D C V(M ), which contains finite or infinite number of smooth vector
fields. For a point # € M through ¢t — X*(z) we will denote the integral curve of a vector field X
passing through a point x at t = 0. Map t — X!(z) is defined in some domain I(z) C R, which
generally depends on field X and point z.

Definition 1. The orbit L(z) of a system D of vector fields through a point x is the set of
points y in M such that there exist t1,ts, ..., tx € R and vector fields X7, Xo, ..., X € D such that

y = XX (X @),

where k is an arbitrary positive integer.

Let us recall a notion of Hamiltonian vector field. In order to define notion of Hamiltonian
vector field we need to define Poisson bracket of functions.

Definition 2. A Poisson bracket on a smooth manifold M is an operation that assigns a
smooth real-valued function {F, H} on M to each pair F, H of smooth, real-valued functions,
with the basic properties:

(a) Bilineality:

{NF+uP,H} = \{F,H} + u{P,H},

{(FAH + uPy = MF, H} + u{F. P}, \, p € R;

(b) Skew-Symmetry:
{FH} =—{H,F}

(c)Jacobi Identity:
{rH}, PY+{({P. F}, H} + {{H, P}, F} =0;
(c)Leibniz” Rule:
{F,H-P}={F,H}-P+ H-{F,P}.
Let M be the Euclidean space R™, with coordinates

(p7 q, Z) = (p17 "‘7pn7q17 "'7qn7 217 ceey Zl)a

where m = 2n + [.
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Definition 3. Let M be a Poisson manifold and H : M — R a smooth function. The
Hamiltonian vector field associated with H is the unique smooth vector field sgradH on M
satisfying

sgradH(F) ={F,H} = —{H,F}

for every smooth function F': M — R.

The equations governing the flow of sgradH are referred to as Hamilton’s equations for the
Hamiltonian function H.

In the case of the canonical Poisson bracket on R™ (m = 2n+1), the Hamiltonian vector field
to any H(p,q, z), as clearly, corresponds

“"/OH & OH 0
dH = § j Il

The corresponding flow is obtained by integrating the system of ordinary differential equations

'~ 9H d¢' _OH

= - —_ = 1 ee
dt oq¢t’ dt  opt’ T et
dz!
— =0,1=1,...,1.
dt 07 ) )

There is a fundamental connection between the Poisson bracket of two functions and the Lie
bracket of their associated Hamiltonian vector fields, which forms the basis of much of the theory
of Hamiltonian systems.

Let us consider functions Hy, Hy : R* — R on the Euclidean four dimensional space R* with
cartezian coordinates p1, p2, q1, g2 which are given by the formulas

Hy=piq1 + p2qo
Hs = pi1g2 + p2a

and hamiltonian vector fields

0 0 0
sgradHy = _plﬁTol —p28792 + qlaiql + q287q2’
0 0 0 0
sgradHy = _p28T?1 _pIBTQQ + Q287ql + q187q2' (1)

Theorem 1. The orbits of vector fields (1) generate singular foliation regular leaf of which
is two dimensional surface zero Gauss curvature and zero Gauss torsion.
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Let M be a Hausdorff topological space with a countable basis.

1-Definition. [3|. If every point p € M of a given topological space R™ has a homeomorphic
neighborhood U to an open subset V', then the topological space M is called an n—dimensional
topological manifold.

Thus, it follows from the definition that for a Hausdorff topological space to be a topological
manifold, it must be locally homeomorphic to a Euclidean space.

For example: 1. Euclidean spaces are topological manifolds. 2. If we consider the set
defined by the equation y? — 22 = 0, it describes two intersecting straight lines in the two-
dimensional Euclidean space. This set is a connected Hausdorff topological space. If we locally
homeomorphically map this set to R', there will be no homeomorphic mapping at the intersection
point of the two straight lines. This is because the neighborhood of the intersection point is not
homeomorphic to an interval. Therefore, two intersecting straight lines cannot be a topological
manifold. [5].

A topological manifold must be equipped with a differential structure in order to be a smooth
manifold. For example, the circle given by the equation S = {(x;y) € R?: 22 + y? = 1} in the
plane, centered at the origin with radius one, is a smooth one-dimensional manifold.

Now we introduce the concept of the tangent space of a manifold. By a manifold, we can
also understand smooth curves and second-order surfaces without singular points. Through each
point of the manifold, there pass infinitely many smooth curves lying within the manifold. The
set of tangent vectors at a given point z, corresponding to all smooth curves passing through
that point, is called the tangent space of the manifold at point x, and it is denoted by T, M. The
tangent space T, M at a given point on the manifold is a vector space whose dimension equals
the dimension of the manifold.

The tangent space is defined at every point of a smooth manifold. The union of the family
of tangent spaces defined at each point of a smooth manifold is called the tangent bundle of the
manifold and is denoted as follows:

TM = U T, M.
xeM

An element of the tangent bundle is called a pair (z, T, M), * € M, T,M € TM that
is, a given point of the manifold together with the corresponding tangent space at that point
is considered as a single element. Therefore, the dimension of the tangent bundle is twice the
dimension of the manifold [6].

2-Definition. A vector field defined on a given smooth manifold M is a mapping X : M —
TM determined by the rule 7o X (x) = z.

We introduce the definition of a curve in Euclidean space. If a set v in space or the plane is
the image of some open interval under a topological (homeomorphic) mapping, then it is called
a simple curve [4]. Since both Euclidean spaces and smooth surfaces are smooth manifolds, the
concept of a curve on manifolds is also introduced via homeomorphic mappings.
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Let X be a smooth vector field defined on a manifold. For each ¢ € (a;b), if the equality
&(t) = X ((t)) holds, then ¢ : (a;b) — M is called an integral curve of the given smooth vector
field, where ¢(t) — ¢ : (a;b) — M is the tangent vector of the curve corresponding to the point
©(t). We denote by X*(x) the integral curve of the vector field X defined on the manifold M,
passing through the point x € M at ¢t = 0.

Let X and Y be smooth vector fields defined on a manifold M.

A unique vector field [X, Y], called the Lie bracket of the given vector fields, is associated
with them, satisfying the condition:

(X, Y](f) = X(Y () = Y(X(f))

where f: M — R is a smooth function, and the Y (f), X(f)’s are directional derivatives of the
function f.
If the vector fields X and Y are given by their coordinates X = Z Xi0;,Y = Z Y79, in the

basis 04, ..., Opn, then the Lie bracket of the vector fields is computed by the followmg formula:

. o . OX'
(X, Y], = (ZXJBjYZ—ZYfan’ ZXJ o wa) .
J J J x
Thus, for the smooth vector fields X and Y on the manifold M, there corresponds a vector
field [X, Y], called the Lie bracket of X and Y. The vector field [X,Y] is called the Lie bracket
of the vector fields X and Y. For example, the vector product of vectors in three-dimensional
Euclidean space is an example of a Lie bracket. The set V(M) of all smooth vector fields defined
on a given manifold M forms a Lie algebra over the field of real numbers with respect to the Lie
bracket of vector fields.
3-definition.If the one-parameter group of transformations generated by the flow of a vector
field X defined on a manifold M consists of isometries, then the vector field X is called a Killing
vector field.

Let X = Z X2 3; e a vector field given in an n—dimensional Euclidean space.
=

1-Lemma. A vector field X is a Killing vector field if and only if the condition dacL 49 dacl =

0, i # 7, %fl =0, 4,j =1, n.is satisfied [1].
Killing vector fields have the following properties [2|: ® The Lie bracket of Killing vector fields
is again a Killing vector field. ® A linear combination of Killing vector fields is also a Killing vector

field.
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Usbu magqolada 3-o‘lchovli Galiley fazosida ko‘chirma sirtlarning turlari aniglanib, ularning
Gauss egriligi va o‘rtacha egriligi hisoblab chiqilgan. Nol va doimiy giymatlarga ega bo‘lgan
egriliklar bo‘yicha ko‘chirma sirtlar tasniflangan. Natijada, minimal, yassi, silindrik va boshqa
maxsus sirtlarning to‘liq ro‘yxati berilgan.

Ko‘chirma sirtlar differensial geometriyada muhim obyektlardan biri bo‘lib, ular ikki egri
chiziqni bir-biriga siljitish orqali hosil gilinadi.

Evklid fazosida ko‘chirma sirtlar yaxshi o‘rganilgan, ammo Galiley fazosida ular alohida
xususiyatlarga ega.

Ushbu ishda Galiley fazosida ko‘chirma sirtlarning turli ko‘rinishlari keltirilib, ularning Gauss
va o‘rtacha egriliklari tekshirilgan.

1-ta’rif Galiley fazosida ikkita egri chizigni bir-biriga qo‘shish (siljitish) orqali hosil gilingan
sirti ko‘chirma sirti deyiladi.

Hosil giluvchi chiziglarning tekislikda yoki fazoda joylashishiga qarab, Galiley fazosida besh
turdagi ko‘chirma sirt aniglanadi:

I-tur: ikkala hosil qiluvchi chiziglari xy-tekislikda joylashgan chiziglardan hosil bo‘lgan
sirtlar.

II-tur: biri zy-tekislikda, ikkinchisi yz-tekislikda joylashgan chiziglardan hosil bo‘lgan sirtlar.

I1I-tur: ikkala chiziqglar yz-tekislikda joylashgan chiziglardan hosil bo‘lgan sirtlar.

IV-tur: biri zy-tekislikda, ikkinchisi zz-tekislikda joylashgan chiziglardan hosil bo‘lgan
sirtlar.

V-tur: umumiy holat - ikkala chiziq fazoda joylashgan chiziglardan hosil bo‘lgan sirtlar.

1-teorema Agar ko‘chirma sirti I, II yoki III-tur bo‘lsa va uning Gauss egriligi K = 0, u
holda sirti silindrik yoki yassi bo‘ladi.

2-teorema [V-tur ko‘chirma sirtning Gauss egriligi K = const # 0 bo‘lishi mumkin emas.
Agar K = 0 bo'lsa, sirti yassi bo‘ladi.

3-teorema Agar ko‘chirma sirtning o‘rtacha egriligi H = 0 bo‘lsa, sirti minimal bo‘ladi. Bu
holat fagat maxsus I, II va III-tur sirtlarda sodir bo‘ladi.

4-teorema V-tur (umumiy fazoviy) ko‘chirma sirtlarda doimiy Gauss yoki doimiy o‘rtacha
egrilik mavjud emas.

Galiley fazosida ko‘chirma sirtlarning turlari va ularning egriliklari Evklid fazosidan tubdan
farq qiladi. Minimal va yassi sirtlar fagat maxsus I-III tur hollarda mavjud. Umumiy V-tur
fazoviy ko‘chirma sirtlarda esa doimiy egrilikka ega sirtlar mavjud emas. Ushbu natijalar Galiley
va pseudo-Galiley fazolarida maxsus sirtlarning yanada chuqur tadqiqotlari uchun nazariy asos
yaratadi.
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Ushbu maqolada 3-o‘lchovli Galiley fazosida aylanma sirtlarning uch turi aniglanib, ularning
Gauss va o‘rtacha egriliklari o‘rganilgan. Gauss egrilikka nolga teng (yassi) va o‘rta egriligi nolga
teng (minimal) aylanma sirtlar tasniflangan.

Aylanma sirtlar differensial geometriyada eng qadimiy va ko‘p o‘rganilgan obyektlardan
biridir.

Evklid fazosida bu sirtlar yaxshi ma’lum bo‘lsada, Galiley fazosida izotrop va noizotrop
yo‘nalishlar mavjudligi sababli ularning xossalari sezilarli darajada farq qiladi.

1-ta’rif Galiley fazosida egri chizigning aylanishi natijasida hosil bo‘lgan sirtga aylanma sirt
deb ataladi.

Galiley fazosida aylanma sirtlarning turlari quyidagicha bo‘ladi:

I-tur aylanma sirtlar. Egri chiziq xy-tekislikda joylashgan bo‘lib, izotrop aylanishdan hosil
qilinadi.

II-tur aylanma sirtlar. Egri chiziq zz-tekislikda joylashgan bo‘lib, izotrop aylanishdan
hosil gilinadi.

III-tur aylanma sirtlar. Egri chiziq yz-tekislikda joylashgan bo‘lib, Evklidiy xz-o‘qi atrofida
aylanishdan hosil gilinadi.

1-teorema Galiley fazosida I-tur aylanma sirt yassi (K = 0) bo‘lsa, u minimal (H = 0) ham
bo‘ladi.

2-teorema Galiley fazosida II-tur aylanma sirt yassi (K = 0) bo‘lsa, u minimal (H = 0)
ham bo‘ladi.

3-teorema III-tur aylanma sirtlarda minimal sirt mavjud emas.

Galiley fazosida aylanma sirtlarning xossalari Evklid fazosidan tubdan farq qiladi. I va II-
tur aylanma sirtlarda yassi va minimal tushunchalari o‘zaro ekvivalent bo‘lsa, III-tur aylanma
sirtlarda minimal sirtlar mavjud emas. Bu natijalar Galiley va pseudo-Galiley fazolarida maxsus
sirtlarning keyingi chuqur tadqgiqotlari uchun nazariy asos bo‘lib xizmat qiladi.
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Tekislikdagi yoki fazodagi chiziglarning invariantlari ya’ni normali, binormali, egriligi, burali-
shi, Frene formulalari bular chizigning fazoda joylashishiga va uning formasiga bog‘liq, ya’ni bular
tashqi geometriya tushunchalaridir. Chiziqda hech qanday ichki metrik invariantlar mavjud emas.

Sirtda esa bunday emas, masalan, sirtda yoki uning bo‘lagida berilgan chiziq yoyi uzunligi
formulasi evklid tekisligidagi dekart koordinatalar sistemasida berilgan chiziq yoyi uzinligi formu-
lasi bilan bir xil emas. Shunday ekan sirt nima va u qanday usullarda beriladi?

Uch olchamli fazodagi sirt — bu ichki geometriyasi hagida gapirish mumkin bo‘lgan sodda
geometrik abyektdir. Sirt uch usulda beriladi:

1) Soddaroq: z = f(x,y) funksiya grafigi yordamida;

2) Umumiyroq: F(z,y, z) = const tenglama yordamida;

3) Parametrik holatda: r = r(u,v) yoki z = z(u,v),y = y(u,v),z = z(u,v) bunda u,v
parametrlar (u,v) tekislikdagi biror sohadan olingan.

Endi sirtning ichki geometriyasiga o‘tsak.

Bizga biror sirt va uning maxsus nuqtasi bo‘lmagan P(zg, yo, 20) nuqtasi berilgan bo‘lsin.
Sirtning P nuqtasidagi gauss egriligi sirtning ichke geometriyasi bo‘ladi, ya’ni sirtning gauss
egriligi faqatgina bu sirtning ichki metrik xossasigagina bog‘liq.

Biz bu egrilik tushunchasini maxsus koordinatalar sistemasida aniglaymiz. Quyidagicha orto-
normallangan koordinatalar sistemasini tanlaymiz:

Sirtning berilgan nuqgtasidan normal o‘tkazib uni z o‘qi bilan belgilaylik. = va y o‘qlarni
urinma bo‘ylab yo‘naltiraylik. Shunda sirt P nuqta atrofida z = f(z,y) funksiya yordamida
berilib

daf

e P

=0

dy|p

bo‘ladi, yami F(z,y,z) = z — f(x,y) = 0 funksiya uchun gradiyent vektor {0,0,1} vektorga
kollinear. z = f(z,y) funksiya uchun ikkinchi differensialni yoki

82f 0*f
207 f = ——5dx® +2 dxd —d
f= 20y Y+ 5
ni garaylik. Bundan (a;;) = % matritsani tuzamiz va uni P nuqtada kvadratik formaning

matritsasi sifatida qaraymiz, bunda z' =z, 22 =y, 4,5 = 1, 2.

(a;;) matritsaning xos sonlari k1, k2 ga sirtning berilgan nuqtasidagi bosh egriliklari, (a;;)
matritsa determinanti K = ky - ko = det(a;;) = aj1a2 — a?, ga sirtning gauss egriligi, (aij)
matritsa izi H = a11 + a2 = k1 + k2 ga esa o‘rtacha egriligi deyiladi.
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1-masala. Sirt 2z = %2 + % tenglama bilan berilgan. Uning P(0,0,0) nuqtasidagi bosh
egriliklari, gauss egriligi va o‘rtacha egriligi topilsin.

Yechim. Bu sirt elliptik paraboloiddan iborat. P nuqtadagi normal vektor Oz o‘qi bilan
bir xil yo‘nalisga ega, Oxy tekisligi esa sirtning P nuqtadagi urinma tekisligi bo‘ladi. Demalk,
koordinatalar sistemasini o‘zgartirishga hojat yo‘q. U holda % =z 4 % bo‘lib, tekshirib

P’ dy
% b 0 shartga mos keladi. Ikkinchi hosilalarni hisoblab

ko‘rish mumkinki %‘ =0va
P

eaf 1 df 1 a af
dedy

&y &
1

P
1
0 q

yordamida topib, quyidagi natijaga ega bo‘lamiz:

;ﬁ:}, k2:17 K:i7 H:m.
p q pq pq

2-masala. Tenglamasi Z = XY bo‘lgan sirtning P(X = 1,Y = 1,Z = 1) nuqtasidagi bosh
egriliklari, gauss egriligi va o‘rtacha egriligi topilsin.

Yechim. Yuqorida aytilganiga asosan P nuqtada z o‘qi yo‘nalishi 77 = {—1, —1,1} vektorga
parallel bo‘lishini tushunish qiyin emas. U holda @ = {1,1,2} va ¢ = {1, 1,0} vektorlar sirtning
P nuqtasidagi urinma tekislikka parallel bo‘lganligidan, (@, ¥, 7) bazis ortogonal sistemani hosil
qiladi. Bizga esa ortonormal sistema kerak. U holda

ekanligini topamiz. U holda (a;;) = matritsaning xos sonlarini sodda hisoblashlar

—

e

= g:

[y
[\

dan ortonormal sistema

o { 1 1 2 } ., { 1 1 0} o { 1 1 1 }
= A €2 = T =y = ) €3 = o R
AV Ve VBT V2 V2 ’ 3 V3 3
ni hosil gilamiz.
Fazoda dekart koordinatalarini sistemasini burish formulasi

N

X Xo €11 €21 €31 x
Y=Y |+ e e2 ex| |y
Z Zy €13 €23 €33 z

dan foydalanib, yangi &; = {e;1, €;2, €;3} bazisga o‘tamiz. U holda

1 1 1
N (o w)(
YI=\'*tlw v ~w| (v
Z 1 2 9 1
V6 V3
almashtirish yordamida, sodda hisoblashlardan so‘ng, sirt tenglamasi
1 1 1 1 1
—a? = Sy s ——yr— ——12— V32 =0

6" " 2Y T3 TR Uis

ko‘rinishga ega bo‘lishini topamiz. z = f(z,y) funksiyaning birinchi tartibli hosilasini topaylik:

d:  OF/ox 5T~ 7i5? .
o= =73 1 1 =9
dx 8F/8z gz—ﬁy—ﬁx—\/g

P(0,0,0)
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dz  0F/oy Y- ‘/71182
du - 2 1 1
dy  OF/0z 3z gmy- T3

P(07070)

Endi hisoblashlarni soddalashtirish maqgsadida %z — \/%—811 — ﬁ—sx — /3 = m belgilash kiritib,
ikkinchi tartibli hosilalarni olib, (a;;) matritsa elementlarini topamiz:

1 1.4 1 1
d*z G-gga) m— G- 752 m

dx? m

du2 2
y m P(0,0,0)
1. d 1 1
. —yma ™~ (3T - gEHmy 0
dedy m? -
P(07070)
V3
Bundan ko‘rinib turibdiki, (a;;) = [ ? /3 matritsa uchun uning xos sonlarini topish

0 -3
3

giyin emas. U holda berilgan sirtning P nuqtasidagi bosh egriliklari k1, ko, gauss egriligi K va

o‘rtacha egrilik H uchun quyidagilar o‘rinli:

k1:£ kgz—ﬁ, K:klkgz—l, H:kl—i-kgz—&.
3 9 9

Natijalarga asoslanib shunday xulosaga kelish mumkin: ko‘pchilik sirtlarning egriliklarini
hisoblashda bu usuldan foydalanish qaysidir ma’noda yengillikka olib kelsada, ammo ba’zi
shunday sirtlar ham borki, ularning parametrli tenglamasidan oshkormas ko‘rinishdagi umumiy
tenglamasiga o‘tish ancha murakkab bo‘lib, hisoblashlarda noqulayliklar tug‘diradi. Shuning
uchun sirtning gauss egriligini hisoblashning (2) adabiyotda berilgan bosh egriliklarni topish
usulidan foydalanish qulay bo‘ladi.

Eslatma. Tanlangan bazis va ;, f, k bazislar bir xil oriyentatsiyaga ega ekanligiga e’tibor
qaratish kerak. Masalan: 2-misolda @ = {—1,1,0},v = {1,1,2}, i = {1,1, —1} bazis tanlansa u
holda bosh egriliklar qarama-qarshi ishora bilan chiqadi.
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B M, y KOTOPOTO KacaTebHbIe TPOCTPAHCTBA B KaxK 101 Touke & € U COBIAIAIOT C MOITPOCTPAH-
CTBOM, HATSHYTHIM Ha BeKTOPBI { X 4 }. OTBer Ha 3TOT Bompoc naet Teopema Ppobennyca. Yrobbt
ee cHOPMyYJINPOBATH BBEJIEM HECKOJBKO HOBBIX HOHSITHIA. [1]

1-onpenenenne. [3] Orobpaxkenue P, crapsiiee KaxK10ii Touke x € M HEKOTOPOE MOIPO-
crpanctBo P (z) C T, M, naseiBaercs pacnpeseneanem. Ecim dim P (z) = k ays Bcex x € M,
1o P HazbiBaeTcss k— MEPHBIM PACIIPEJIESIEHUEM.

2-onpenenenne.Pacupenenenre P Ha3bIBaeTCH TVIQIKAM, €CJIH JIA KaxXKJI0il Touku © € M
CYIIECTBYET OKPECTHOCTH 310l Touku U (z), u riajkue BeKTopHbie nojst X1, Xo, ..., Xy, 3a/1aH-
uele Ha U (), Takue, ato BekTopsl X1 (y¥), X2 (y), ..., X (y) 06pasytoT 6a3uc jyisi moIpocTpaH-
crBa P (y), mius kaxgoro y € U (z) .

3-onpenesienne.Pacpenenenne P HA3BIBAETCS BITOJIHE WHTEIPUPYEMBIM, €CJTH JIJTsT KK IO
Toukn ¢ € M cymecrByfor noamuoroobpasue N, muoroobpasusi M rtakoe, uro TyN, = P (y)
st Beex y € Ny. Ilogmuoroobpasue N, Ha3bIBAETCH WHTETPAJIbHBIM IMOJIMHOIO00pA3neM pac-
nupenenenus P.

Ecnmu mamo cemeiictBo D riajKux BEKTOPHBIX TOJIEH, TO €CTECTBEHHBIM 00Pa30M BO3HUKAET
riajikoe pacrpejesenue. JleficrBureibHO, ecyin D COCTOUT U3 IVIQJIKUX BEKTOPHBIX TIOJIEH, TO JJIsT
Kax0it Toukn x € M muoxkecrBo BekTopoB D () = {X (z) : X € D} nopoxgaer HeKOTOpoe
no/pocrpancTso P (x) KacaresbHOro npocrpancTso 1y M. D1o pacupe/iesienne 0003Ha MMM depe3
Pp. Ho He Kaxkjoe paclipejie/ieHue 3a/1aeTCsd CEMEUCTBOM BEKTOPHBIX ToJiell 3ajaHHbIX Ha M.
ToopsiT, uTo BeKTOpHOE TI0JIe X NPUHAIJIEKUT pacupeenenuto P, eciim X (x) € P (x) nis Beex
x € M. Pacupenenenne P na mHOrooOpasuu M Ha3bIBAETCA WHBOJIOTUBHBIM, eciin X,Y € P 1o
nmeer mecro [ X, Y] € P.

Heobxomumoe 1 JOCTATOIHOE YCIOBUE BIIOJHE HHTETPUPYEMOCTH PACIIPE/IETICHNST TOCTOSTHHOM
pa3mepHocTu Jiano B Teopeme Opobenunyca.

1-treopema.|1]. lyist Toro urober pacupesjesnenue P Ha MHOroobpasuu M ObLIO BIOJHE HHTE-
IPUPYEMBIM, HEOOXOIUMO U JOCTATOUHO, ITOOBI OHO OBLIO WHBOJIIOTHBHBIM.

4-omnipegesienne. CeMeiicTBO BEKTOPHBIX 110J1eit 1) HA3BIBAETCS BIIOJIHE HHTEIPUPYEMbBIM, €CJIH
COOTBETCTBYIOITEE pacupeiesienne Pp, mopoxKaeHHoe D, sBISIeTCsT BIOJHE WHTETPUPYEMBIM.

[TpuBeném mpuMepbl, COOTBETCTBYIOIIUE BLIIIECYKA3AHHOMY OIIPEIC/ICHUIO U TEOPEME.

1-nipumep.Ilycrh Ha MHOrOOOpa3UK 3a/1aHO TPOU3BOJILHOE TUIaKOe BeKTopHOe moJsie X . OHo
[TOPOXK IAeT OJTHOMEPHOE pacIipeieleHre Ha 5TOM MHOIN00bpasuu. MHTerpaJbHBIM MHOM0OOpa3eM
9TOTO PACIIPEJIESIETHST ABJISETCS WHTErPATbHAST KPUBAasl JIAHHOTO BEKTOPHOTO TIOJISI.

2-mmpumep.PaccMoTpumM IByMeEpHOE pacmpesiesieHne B TPEXMEPHOM €BKJIMIOBOM TTPOCTPAH-
crBe. Hanbl BekTOpHblE TIONIT X = % nyY = 1‘18%1 + %, To ecth noie X = {0,1,0},Y =
{z',0,1}. Paccumraem ux ckobkn Jlm: X' =0, X* =1, X*=0,Y'=2!, Y2 =0, Y3 =1
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3
oY1 0X1 )% 0X1 oY1 0X1 oY1 0X1
X, Y] = Xi—— YV —)=(X1=— -V i— )+ (Xg=— = Yo— ) + (X3=— — Y3—
[ ’ ] ]2( Ja.’L‘j ]81‘j) ( 181’1 181‘1)+( 23%2 281’2)+( 331’3 381‘3
=0-1—2'-04+1-0-0-04+0-0—-0-0=0.
3
0Ys 0Xo Y5 0Xo 0Ys 0Xo 0Ys 0Xo
X, Y)? = Xi——= YV —)=(X1=—= -V —) + (Xo=— = Vo—) + (X3=— — Y3—=
[ ’ ] ;( ]81‘j ]al‘j) ( 1(9:61 18$1)+( 28.7}2 28.%'2)+( Salbg 30$3
=0-0-2'-0+1-0-0-0+0-0—-1-0=0.
3
0Y3 0X3 0Ys 0X3 0Ys 0X3 Y3 0X3
X, Y] = X;=—— V=)= (X1=—— - V] —) 4 (Xog=—= = YVo—) 4 (X3=—= — V3 —
[ ’ ] g( ]8.%]' ]axj) ( laxl 1a$1)+< 28%2 28%2)+( 38333 38333

=1

<

=0-0-21-0+1-0-0-0+0-0-1-0=0

(X, Y]' =0, [X,Y]?=0, [X,Y]? =0 10 ects [X,Y] = {0,0,0}. D10 pacupeenenne MoxKer
CJLY?KUTH IIPEMEPOM HHTErPUPYEMOTO PACIIPE/ICTICHNUSI.

3-npumep.PaccMoTpuM B TPEXMEPHOM €BKJINJIOBOM IIPOCTPAHCTBE JBYMEPHYIO IOBEPXHOCTD,
a MMEHHO SJIJIMIICONJI, 3aJIaHHBIH ypaBHEHUEM 2—2 + z—j + % = 1. Paccmorpum orobpaskenwue,
KOTOPOE KaxKJOW TOYKE SJUIMIICOUJA CTABHT B COOTBETCTBHE KACATEIbHYIO IUIOCKOCTH B 9TOl
Touke, TO ecTh: P : (20;yo; 20) — {Fu(x —x0) + Fy(y —yo) + F.(2 — 20) = 0}. D10 coorBercTBHE
obpazyeTr pacipe/ie/ieHue.
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IIpuMmeHeHMe TPYIIIIOBHIX ONEPAINil B CTPOUTEIHLCTBE

3auToB A. Al., Kamumos X. X2.
! TamkenTcKuil apXUTEKTYpPHO-CTPOUTENbHN yHUBEpCHTET, TamKkeHT, Y36eKuCTaH;
adilbek_zaitov@mail.ru
2TamkenTCcruit apXUTEeKTYyPHO-CTPOUTEJNIbHHY yHUBepcUTeT, TamkeHT, Y3bekucTax;
kh.kamilov@mail.ru

B maremaTrnke moHsTHE TPYIIBI UTCPAaeT OAHY W3 IEHTPAJbHBIX POJell B aaredpamdecKumx
CTpyKTypax. ['pyIIIbl UCIIONB3YIOTCS KAK B YNCTO aDCTPAKTHBIX TEOPETUIECKUX U3BICKAHUAX, TaK
¥ B NPUKJAIHON MaTeMaTwKe, BKJO4Yasi (pusnKy, xumuio n nadopmaruky. VccienoBanne reo-
METPUYIECKOTO CMBICJIa IIPOU3BEICHIS I'PYIII IO3BOJISIET IIy6rKe MOHATH HEe TOJBKO CaMH I'PYIIIILI,
HO U UX B3aUMOCBSI3b C PA3IUIHBIMU I€OMETPUIECKIMN OObEKTAMN U STBJICHUSIMA.
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B obimiem cMbicie, IpyIina — 9T0 MHOXKECTBO [1|, Ha KOTOpOM olpejiesieHa orepanusi, yJIo0Bje-
TBOPSIOIAsi Y€THIPEM OCHOBHBIM aKCHOMAM: 3aMKHYTOCTH, aCCOIUATUBHOCTH, CYIIECTBOBAHUIO
HEHATPAJILHOIO 3JIEMEHTA U CYIIECTBOBAHUIO OOPATHBIX IJIEMEHTOB. YIOBJIETBOPSIONINE AKCUOME
CUMMETPUYIHOCTH I'PYIIbI HA3BIBAIOTCH A0EJEBBIMU. DTU CBOWCTBA MO3BOJIAIOT PACCMATPUBATD
IPYIIIBI KAK CHUMMETPUIECKHE O0OBEKTHI, YTO OTKPBIBAET ITUPOKHAE BO3MOXKHOCTH JIJIST X T€OMET-
PUYECKON MHTEPIPETAIIHN.

Pacemorpum Hambosiee mpocToil ciiydaii — TPYIIBL, COCTOSIIUE U3 CUMMETPUN TeOMeTpUde-
ckux duryp. Hanmpumep, rpymma Bpalnennii KBaapara IpeacTaBisgeT co00il MHOXKECTBO BCeX BO3-
MOXKHBIX BPAIEHUN KBaIpaTHOM pUrypbl BOKPYT €€ neHTpa. Kaxkioe Bpalienne coxpaHsier reo-
METPUYIECKYIO CTPYKTYPY KBaJIPaTa U €ro IPOIOPIMH, ITO JI€/JTaeT €r0 3JIeMEHTOM IPYIIIbI U JaeT
BO3MOXKHOCTDb U3y4YaTh CBOHCTBA TUX BPAIIECHUN C MOMOIIBIO AJIredpanIecKuX METO/IOB.

[leomerpudecknii CMBICST TTPOU3BEIEHUs TPYIIT TAKKE ITPOSBJISIETCS B CUMMETPHUSIX ITPOCTPAH-
CTBEHHBIX O0OBEKTOB B apxuTekType. [Ipn nmpoekTupoBaHnN 31aHUN U KOHCTPYKIUI apXUTEKTOP
UCIIOJIB3YET Pa3JIUIHble CHMMETPUU, KOTOPBIE MOTYT OBbIThH OIUCAHBI C IIOMOIIBIO I'PYIIIOBBIX OITe-
pamuii. Hanmpumep, coderanne cuMMeTpuii pa3jnydHbIX SJIEMEHTOB 3/IaHUS MOXKET ObITh CMOJIE-
JINPOBAHO KAaK IPOW3BEJEHHUE T'PYII, YTO IMO3BOJISIET aPXUTEKTOPY CO3/aBATh FAPMOHUYHBIE W
9CTETUYECKU ITPUBJIEKATEIbHBIE (DOPMBI.

Emie ommoit BazkHOM 00/1aCTHIO TPUMEHEHUSI TPYIII ABJISIETCS CTPOUTEIBCTBO, IIe CyMMapHbBIe
PACXOJIbI Ha CTPOUTEJILCTBO JO0Ma UJIH KOTTE2KA Oy T ONPEJEIaThC UCXO/Id U3 THIIA JOMa, T1J1a-
HUPYEMBIX K UCIIOJIB30BAHUIO CTPOUTEIbHBIX MATEPUAJIOB, CTOMMOCTHU IIPOU3BOACTBA PAabOT IO~
PSTIUKOM, CJIOXKHOCTH U OOBbEMOB TOJTOTOBUTEIBHBIX pabOT, BEIOPAHHOIO COCTaBa MPOEKTHOM
JIOKYMEHTAIINA W MHOTUX JpyTruX npuanH. Ha cyMMapHbIe PacxoJibl M0 CTPOUTEIBCTBY, MOHTAXKY
UH>KEHEPHBIX CHUCTEM, PEMOHT M OTIEJKY OVIyT BIUSITH MHOXKECTBO COCTaBJAONNX. 3Mmenss
KOTOPBIX, UTOTOBasi CTOUMOCTb CTPOUTE/bCTBA MOYKET KaK YMEHBIIUTHCs, TAK U YBEJUIUTHCS
(HampuMep, MOTYT BJIHSATD: CJIOKHOCTD PEAJIN3Alii IPOEKTa (HAJMYNE BBHICTYHAIONIX SJIEMEH-
TOB, 9PKEPOB, CJIOXKHasi (HOPMa KPOBJIM U T. II.), CJIOKHOCTh M KJIACC MHYKEHEPHOTO 000DY/I0BAHMSI
u T. A. st Toro 9ro ObI OIy9IUTh 00JIee TOYHYIO CTOMMOCTDL CTPOUTEIBHBIX PAbOT HEoOXOIu-
MO [0 ApXUTEKTYPHO-CTPOUTEJILHOMY IPOEKTY Ha JIOM MPOU3BECTH KAJIBKYJISIIUIO PACXOJ0B Ha
crpouTenberso [2]. [Ipu 3roM HeMaJIo BazKHYIO POJIb UI'PAeT PACIIEHKH Ha CTPOUTEJIbHBIE PAGOTHI.
Crout OTMETUTD, UTO PACIEHKA CTPOUTEIBHBIX PAOOT BBIYHUCIISAETCS IO 00beMy (cyM /KybOnaeckuii
MeTp), 110 IUIoMma/ M (CyM/KBajpaTHbIi MeTp), U 110 JyInHe (CyM /IIONOHHBIR MeTp).

Paccmorpuwm cirenyrommit ciy4aii. Ilycts Tpebyercst KyiacTh TPOTYapHOR IJIUTKU U OTPAJIUTD
ero ¢ bopaepom. [lpeiozkeHHast paciieHKa IIPUBEJIEHA B CJIEAYIONIEH TaOIuIE.

CrpouresbHbie paboThI OTHocuTeIbHBbIE PACIIEHKA

VYKJaJIka TPOTYapHOil IJINTKK | & CyM/KBaJpaTHbI MeTp

Orpazkjienne ¢ 60paIOpoM Y CyM/TIOTOHHBIIl METp

Tpebyercs KIacTb TPOTYAPHOH ININTKYU HA YIaCTOK MPSMOYTOJbHON 9eThIPEXyTroJibHON dhop-
MBI JIJTUHBI G METPOB, MUPUHLL b MeTpoB. [Ipu sToM Kaxkiast u3 mapaJiiebHbIX TPAHUIL OTPaXK-
JieHa MOKOJIIO, a JAPYTUM CTOpOHAM TpebyeTcs OOPIIOPHOE OrpakJieHue.

Ha muozkecrse R? onpeiesinm oneparuio

m(-+)n = (my -ny;my +mg), m=(mi,my),n=(n;,ng) € R
Mmnozxecrso R? ¢ oneparueii (-+) obpasyer abesieBy TpyILy.

JIjist perieHnst BBINIENIPUBEICHHON 3a1aun, cocTaBuM BeKTopbl m = (a,b) u n = (b, a). Torxa
BekTop v = m(-+)n = (ab;a + b) o3Havaer BekTOp 0ObeMa pabOTHI NPHU YKJAJKe ILUIUTKA C
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6opaepoM. A z = (z;y) — BEKTOP CTOUMOCTH CTPOUTENBHBIX pabor. CKassipHOE POU3BE/ICHHE
vz = abx + (a + b)y

YKa3bIBAET CTOMMOCTD YCJIYTHU IPU YKJIAIKE IJINTKA ¢ OOPIIOPHBIM OI'PAXKIACHUEM.
Temneps B MHOKecTBe R? paccMoTpuM creyiomiue onepaum:

a(- - +)b = (a1b1, agbe, as + bs);
a(- + )b = (a1b1, az + ba, asbs);
[a(- + )b = (a1 + b1, agby, azbs);
a(- 4+ )b = (a1b1, az + ba, az + b3);
a(+ - +)b = (a1 + b1, azbs, a3 + bs);
a(+ + )b = (a1 + by, as + by, azbs).
rie a = (a1, az,a3), b = (b1, b2,b3) € R3. Brecn - — ymHOMKeHNeE, a + — CIIOKEHHE 3JIEMEHTOB U3

R.

Teopema 1. Iapsr (R3, ) apisiorcs abeieBbl IpyIIaMi. 30eCh * 3aMeHAeT onepamun (- -+-),
(++), (+4), (+-), (-4+*), (+--). Ipu sTom snemenrsr (1,1,0), (1,0,1), (0,1, 1), (1,0,0), (0,1,0)
u (0,0,1) sBISAOTCS COOTBETCTBYIONIMME ITUM OIl€PAIUsiM HEATPAJbLHBIMUA dJIeMeHTaMu. BoJiee
TOTO, JIl KasKJ0ro ajeMenTa a = (ay,az,az) € R smement (al_l,a; ! —a3) (coorsercrremmo,
(afl, —az, a?:l)a (_ala 051, a:;l), (afla —a2, _a3)a (_aly agla _a3)7 (_ala —az, Cl;l)) € Rg ABJIA-
erTcss 0OpaTHBIM 3JIEMEHTOM OTHOCHTEJbHO omepanun (- + -) (coorBercrenno, (+ - +), (+ + ),

(), (+), (+-9)).
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O cy»keHuu U pacIIUPEHUN UIEMIOTEHTHBIX Mep

XonTypaes X. ol Oprames . 2.
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TamkenT, Y3berucrtan; ergashevfaxriddinshermamatovich@mail.ru

st komnakTHOTO XaycnopdoBo npocrpancTsa X pacemorpuM mpoctpanctso (X)) maemmo-
TEHTHBIX BeposiTHOCTHBIX Mep Ha X. Hanomuum, uro dyuknuonan p: C(X) — R naseiBaercs
[3] MJIEMIIOTEHTHON BEPOSITHOCTHON Mepoit Ha X, eciin OH 00J1a1aeT CIeIyIONNMI CBOCTBAMME:

(1) p(Ax) = X mus Beex A € R, rie Ax — nocrosinnast pyHKIMsT (HOPMUPOBAHHOCTD );
(1) pA® @) = A0 p(p) mas Becex A € Ru ¢ € C(X) (ogHOPOIHOCTD);

(i13) p(p ®Y) = u(e) @ p(y) nna seex g, € C(X) (aUTUBHOCTD ).



_ ALGEBRA VA ANALTZNING DOLZARB MASALALARI TERMIZ-2026 142

[TosroxkmMm
Inn(X) = {p € I(X): [supp p| = n},
n € N.
[Mycrs p = é a; ® 0g,. Torna supp u = {x1, ..., z,}. Jaa x € X \ supp p onpejennm
i=1

UJIEMIIOTEHTHYIO BEPOATHOCTHYIO Mepy * (i IO TPaBUIY

n
””/L:a@éx@@ai@%,
=1

rae o = min{a;: i =1, ..., n}. Torma “u € I(y11)(n41)(X), npuaem supp “p = {z} Usupp p.
Takim obpasom, ompesiesnieno otobpazkenue N, Loy (X) X (X \ supp p) = g1y (ng1)(X)
dopmyioit
(i, ) = p® a© 0y

[Tycrs reneps p € Inp(X), © € supppu = {1, ..., z,}. [Honaras
z;esupp p\{z}

oIpeJIeSIuM OTODpaKeHNe
O Inn(X) X supp g — I(nfl)(nfl) (X)7

On(p: ) = (-00) 00 ® P i Ob,
x;€supp p\{z}

Teopema 1. OTobpazkeHust

Mn: Inn(X) X (X \ sSupp U) — I(n+l)(n+l)(X)7

On: Inn(X) X supp p — I(nfl)(nfl) (X)
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4 — SHO‘BA. DIFFERENSIAL TENGLAMALAR VA MATEMATIK
FIZIKANING NOSTANDART MASALALARI

CEKIIUY 4. HECTAHJAPTHBIE 3AJIAYU IN®PEPEHIIMAJIBHBIX
VPABHEHUUN 1 MATEMATUYECKON ®U3NKU

UDK 517.956.)

The direct problem for a fractional-order diffusion equation with involution
involves several types of loads

Abdullaev 0.Kh.!, Sobirjonov A.Q.?2
1Alfraganus University, Tashkent Uzbekistan; obidjon.mth@gmail.com
2p1fraganus University, Tashkent Uzbekistan; avazbeksobirjonov1998@gmail.com

In this work, we consider a direct problem for a fractional-order heat equation with involution.
We seek a formal solution to this problem in the form of series expansions using an orthogonal
basis obtained by separation of variables, and we also examine the convergence of the obtained
series solution.

Let us introduce the following operators:

Aqfu] = biu(x, to) + bau(m — z,t0) + cruze(x, to) + cotg(m — x, tp),

to to to to

As[u] :dl/u(x,s)ds—l—dg/u(w—x,s)ds+p1/um x,s)ds + pa / ds,

0 0 0 0
Aslu] = qrue(z, to) + qoue(m — ,t0),
where b;, ¢;, di, pi,q; (i = 1,2) are real numbers.
The problem under investigation is formulated for the equation

cDgu(x,t) — ajugy (x,t) + aguge(m — x,t) + Aju] + Agu] + Asfu] =

:f(x7t)v (xvt) €, (1)

here, a, a;, (i = 1,2) are nonzero real numbers such that 0 < o < 1, a; > 0, a3 = ay > 0, and
2 is a rectangular domain given by @ = {0 <z <7, 0 <t < T}, ¢ is any fixed number with
to € (0,T). Moreover, ¢ D, is the Caputo derivative, which is defined as follows.

Definition 1. [1] The fractional derivatives ¢ DSu of order 0 < @ < 1 on [a, b] defined as

cDgu(t) = Dgglu(t) — u(a)]

is called the left-sided Caputo fractional derivatives of order « , where

/(t —s) u(s)ds, 0<a<l.

a

1 0
D -
)= oy o
The above equation with b;, ¢;, d;, pi,¢i =0, (i = 1,2) and a = 1 was studied in [2]. Our aim
is to find a regular solution to the following direct problem, at 0 < oo < 1:
Problem Py: Find a function u(z,t) in the domain €2 that satisfies equation (1), the initial
condition

u(z,0) = p(x), x€][0,n] (2)
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and the homogeneous Neumann boundary condition

ugp(0,8) =0, ux(m,t)=0, te (0,7 (3)

where ¢(z) is given and sufficiently smooth function.

The novelty of the stated problem mainly lies in the part loaded with respect to the time
variable, and it is investigated under various types of loads. A problem close to this work was
also studied in [2],[4],[5].

Under certain conditions on the given functions f(z,t) , ¢(x) and the coefficients
bi, ci,di, pi,q; (i = 1,2), we prove the existence and uniqueness of the solution to the above
formulated problem using Fourier series.
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An inverse problem with non-local condition for fractional differential equation on
metric graph

Abdimurodova X.A.!, Khujakulov J. R.2, Barotaliyeva D.3
L2Termez state university, Termez, Uzbekistan;
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We consider a metric graph I' = VUE consisting of a finite set of vertices V = {v}, (k =0, 1,2, 3)
and a finite set of edges E' = {By} = {zr : 0 < xx < Ly}, (k =1,2,3.) connecting these nodes.
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In the paper, we will discuss a inverse problem addressees the recovery of a space dependent
source term i.e. g(t)f® (z). Where f*)(z) are given and g(t) is unknown functions(see,[1,2]).

On the each edge of the above defined graph I' we consider fractional differential equations:
o D™ (1) = auly) (z, ) + be Dgully) (x,) + cul™ (2, ) + g(t) f P (), (1)

where z € By, 0 <a<1,0<t<T, k=(1,2,3) and ¢ D, is Caputo time-fractional derivative
operator, a,b and ¢ are known constants.

Problem. To find couple functions {u® (z,t),g(t)} , (k = 1,2,3.) in the domain By x (0,T),
satisfying the equation (1) at 0 < a < 1 and the following conditions:

u® (z,0) = Mu® (z,T), x € By, (k=1,2,3) (2)

non-local conditions,
ugy(Lg,t) =0, t €[0,T], (k=1,2,3) (3)

boundary conditions,
uM(0,1) = u?(0,t) = u(0,t), t €[0,T] (4)
) (0,1) +uf(0,4) +uf)(0,1) = 0, t € [0, 7] (5)

vertex conditions and

Ly,

/uk) 2. t)dz = B(t), ¢ € 0,7, (6)

over-specified condition of integral type.
Where ®(t) is sufficiently smooth given functions, M € R .

The uniqueness of the solution of the problem is established using (1)-(6), based on the
completeness of the eigenfunctions(see,|3]).The existence of the solution of the problem is
demonstrated by applying the method of separation of variables.The solution is found in the
form of a Fourier series.
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GAME-THEORETIC MODEL OF A ROTATING REGENERATIVE AIR
PREHEATER FOR THERMAL POWER PLANTS

Abdulla Azamov 1, Mansur Bekimov 2.

ly.I. Romanovsky Institute of Mathematics of the Academy of Sciences of
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This work considers a game-theoretic control problem for the heat exchange process in a
rotating regenerative air preheater (RAPH) used in thermal power plants [1]. The active player
is represented by the operator who controls the air preheaters that supply heated air into the
boiler. The opponent is modeled as unpredictable fluctuations in the temperature of the flue
gases passing through the RAPH.

The objective of the active player is to minimize energy consumption while ensuring that the
temperature of the RAPH matrix remains above the dew point temperature.

The system of equations describing the heat exchange process without the influence of air
preheater control is presented in [2]. The mathematical model is formulated as a discrete-time
dynamic game with phase constraints.

An optimal control synthesis for the active player is constructed using the method of dynamic
programming [3].
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ON THE ANALYTIC SYSTEM WHOSE LIMIT SET IS AN UNBOUNDED
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The limit set of a dynamical system is a fundamental characteristic of the topological structure
of its phase portrait [1, 2|]. A central problem in this context is the classification of possible
topological types of limit sets. While this problem has been extensively investigated for planar
systems [3], the structure of limit sets in higher dimensions remains largely unresolved. We
are interested in the following question: what kind of manifolds may serve as a limit set for
trajectories of a dynamical system in R3? It is known that the “irrational rotations” of the torus
are minimal, i.e. all the trajectories are everywhere dense, so that the torus turns out to be the
limit set. Obviously, this vector field can be continued to the smooth dynamical system in R3.
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If there existed a vector field on the cylinder with an everywhere dense trajectory, then its
limit set would coincide with the cylinder. However, according to [4], the cylinder cannot serve
as a limit set of a vector field defined on the cylinder itself, since it can be embedded in the Klein
bottle. This naturally raises the question: which two-dimensional manifolds in R3 can serve as the
Q-limit set of a vector field in R3? In this paper, we construct an example of a smooth dynamical
system in the space R? whose w-limit set is an infinite cylinder.

To begin, let us consider the following vector field in R?

& = 0.1z + 10y + 0.12%, § = 0.1z(y — 10). (1)

Let £(t) be a trajectory of the system (1) passing through the initial point & = (1, 0). Then
its w-limit set 2 will be the straight y = 10.
Next, we perform the linear transformation z = ¢, y = 20 — & to bring the system (1) into
the form:
z = 0.1%(Z — 10), 3 = 0.1§ — 10Z + 0.17* + 200. (2)

Thus, the straight z = 10 serves as the limit set 2 of the system (2). Finally, we construct a
three-dimensional dynamical system in cylindrical coordinates (z, r, ¢) for which r = 10 will be
the limit set. We set Z =, = z and add an equation for the angle ¢ to the system (2):

. . . 10
4 =0.1z — 10r + 0.12% 4 200, 7 = 0.1z(r — 10), ¢ = 0.1 — ok (3)

The following figures illustrate how the trajectory approaches the cylinder.
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SOLVABILITY OF A PSEUDOPARABOLIC EQUATION WITH A FRACTIONAL CAPUTO DERIVATIVE

Bekenayeva K. S.!, Aitzhanov S.E.2
!Abai Kazakh National pedagogical university, Kazakhstan;
kymbat .bekenayeva@mail . ru

2 al-Farabi Kazakh National university, Kazakhstan; aitzhanovserik81@gmail.com
The work is devoted to study of solvability issues of boundary value problems for quasilinear
pseudoparabolic equation with Caputo fractional derivative.
In Cilinder Qr = {(z,t): z€Q, QCR" 0<t<T} consider quasilinear pseudoparabolic
equation

D (u — xAu) — alAu + c(x, t)u = b(:r,t)\u\p_l + [Vul?, (1)
u(z,0) = up(z), (2)
ulyn = 0. (3)

Here Q € R", n > 1 is bounded domain, boundary dQ € C?9, § € (0,1) is smooth enough,
X, @, p and g are positive constants, Dg, is fractional Caputo derivative of order 0 < o <1:

t
o 1 Us(xv S)
DO,tu(:Z:? t) = / t— S)ad87
0

where I'(z) is Euler’'s Gamma function.
Suppose that functions ug(x), c¢(x,t), b(x,t) satisfy conditions:

0<do<cxt) <y, V(z,t) €Qr,
0 < |b(z,t)| < b1, V(x,t) € Qr, (4)

0
ug € W3 (9Q).

In the given problem for constants p and ¢ different cases have been considered:

[.0<g<1l 2<p< N > 3.

N -2’

2
N > 3.

N -2’ 23

II1.0<g<1, 1<p<2, N>3.

2
I1.1<g<1+4—,2 <
Sqg= +N, <p

2
IV.1<q<14 4, 1<p<2, N2>3

Definition. Weak solution to the problem (1)-(3) is a function u(x,t) from the space
V(Qr), 0 < a < 1 which satisfies integral identity

N
Jo (D(‘itu ‘w+x Y. Dy (%) . % + aVuVw + c(z, t)uw) dx =
i=1 ! '
= Jo, bla, ) |ulP " wdz + [, |Vu|'wdz,
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0

almost everywhere in t € [0, 7] for all w(z,t) € La(0, T; WH(Q)).

Taking into account the above cases, when the condition (4) is true, the following results are
obtained for the problem (1)-(3) [1-2]:
- weak solvability of the problem is proved for the cases I-1I;
- uniqueness of the weak solution is obtained for the case II on the interval (0,T);
- the blowing up of the solution is provided for p > 2 on finite time;
- for the cases III-IV and for 1 < p < 2 weak solvability is studied;
- solution behavior on time ¢ — oo is investigates.
The work was carried out with the financial support of the Ministry of Science and Higher
Education of the Republic of Kazakhstan AP14872379.
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The study of boundary value problems for partial differential equations with fractional
derivatives has attracted considerable attention in recent decades due to their wide applications
in physics, engineering, and mathematical modeling of anomalous diffusion processes. Fractional
derivatives, particularly in the sense of Caputo, provide a more accurate description of memory
and hereditary properties of various materials and processes compared to classical integer-order
models.

In this work, we focus on the solvability of boundary value problems for a quasilinear
pseudoparabolic equation involving the Caputo fractional derivative. Pseudoparabolic equations
are known to describe a wide range of processes, including fluid filtration in fissured media, heat
and mass transfer in heterogeneous environments, and certain models of nonlinear elasticity. The
incorporation of fractional time derivatives enriches the mathematical structure of such equations
and poses new challenges in the analysis of existence, uniqueness, and regularity of solutions.

We consider the problem in a bounded domain with smooth boundary conditions and analyze
various cases depending on the parameters p and ¢. The weak formulation of the problem is
introduced, and sufficient conditions for the existence of a weak solution are obtained. The results
are based on modern methods of functional analysis, embedding theorems, and a priori estimates.

In Cylinder Qr = {(z,t) : =€ Q, Q C R", 0 <t < T} consider quasilinear pseudoparabolic
equation
D (u — xAu) — aAu + c(x, t)u = b(z, HulPt + [ Vul?, (1)



u(z,0) = uo(), (2)

Ul = 0. (3)
Here Q € R", n > 1 is bounded domain, boundary dQ € C?9, § € (0,1) is smooth enough,
X, @, p and g are positive constants, Dg, is fractional Caputo derivative of order 0 < o <1:

t
o 1 us(x, s)
DO,tu(xvt) - F(l _ Oé) / t— S)adsv
0

where I'(z) is Euler’s Gamma function.
Suppose that functions ug(x), ¢(x,t), b(x,t) satisfy conditions:

0<co<clx,t) <y, V(x,t) € Qr,
0 < |b(z,t)| < b1, V(x,t) € Qr, (4)

0
ug € W21 (Q)

In the given problem for constants p and ¢ different cases have been considered:

I.0<g<1l 2<p< N > 3.

N -2’

2 2N
I1.1<¢g<1+—, 2 —\ N >3.
Sqgs +N’ <p<N_2, z
II1.0<g<1, 1<p<2, N>3.

2
IV.1§q§1+N,1<p§2,N23.

Definition. Weak solution to the problem (1)-(3) is a function u(x,t) from the space
Ve(Qr), 0 < a < 1 which satisfies integral identity

N
Jo (D&tu w4 x Z:l Dg, <g—;) . g—;’z + aVuVw + ¢(z, t)uw) dx =
= [, bz, O)|ulP wdz + [, |Vu|'wdz,

0

almost everywhere in t € [0, 7] for all w(z,t) € Lay(0, T; WH(Q)).
Taking into account the above cases, when the condition (4) is true, the following results are
obtained for the problem (1)-(3) [1-2]:
— weak solvability of the problem is proved for the cases I-1I;
— uniqueness of the weak solution is obtained for the case II on the interval (0,T);
— the blowing up of the solution is provided for p > 2 on finite time;
— for the cases III-IV and for 1 < p < 2 weak solvability is studied;
— solution behavior on time ¢ — oo is investigates.
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SINGULYAR KOEFFITSIYENTLI ELLIPTIK TIPDAGI TENGLAMALAR
UCHUN XOPF PRINSIPI.

Bo‘tayorova S.N.,
Termiz iqtisodiyot va servis universiteti, Termiz, 0‘zbekiston;

z = x + 1y kompleks tekisligining yuqori Im z > 0 yarim tekisligida

ymuxw + Uyy + (50/3/) Uy = 0 (1)

tenglamani o‘rganamiz, bu yerda m, fy o‘zgarmas sonlar bo‘lib, m > 0, —(m/2) < 5y < 1
shartlarni qanoatlantiradi.

Ekstremum prinsipi €2 sohada (2.1) tenglamaning u(z, y) regulyar yechimi hech bir (z,y) €
Q) nugtada o‘zining musbat maksimumiga va manfiy minimumiga erishmaydi[1],[2],[3].

Isboti. Ushbu
v(z,y) = u(z,y)/A(y) (2)

funksiyani qaraymiz, bu yerda
Aly) = e —cev' ™,

d— bu €2 soha diametri, 0 < € < 1. Bevosita hisoblashlar yordamida
E(u) = A(y)E1(v)

tenglikni to‘g‘riligiga ishonch hosil qilish giyin emas, bu yerda
— ,m 1 /60
E1(v) =y ez + vyy + " (Bo + 2yAy) vy + A A + Ay v (3)

Ay =—e(L-Bo)e My,

Ayy = _5(1 _ )2 yl Po *260 + 850 (1 _ BO) 1 ﬁoy*ﬁO*l ,

Bo € 2 yl=Bo _2
A(yA + Ayy :—Z(l—ﬁo) eV Oy <0 (4)
(4) tengsizlikka asosan, (3) tenglama yechimi ¥(z,y) € soha ichidagi hech bir (zg,yo)
nugtada o‘zining musbat maksimumiga erishmaydi. Haqgiqatdan ham, teskarisini faraz qilaylik,
(20, yo) nuqtada ¥(x,y) funksiya o‘zining musbat maksimumiga erishsin, u holda bu nuqtada

0Y (x0, yo) _0 0V (z0,Y0) _0
Ox ’ oy ’

9*9(z0, yo) <0 9*9(z0, yo) <0
Ox? - Oy? -

bo‘lgani uchun, (2) dan E;(J) < 0. Bu esa E;(¥) = 0 tenglikka ziddir. Aynan shu
mulohazalarni takrorlab, ¥(x,y) funksiya Q sohaning hech bir ichki nuqtasida o‘zining manfiy
minimumga erishmasligini ko‘rsatish mumkin. Shunday qilib, (2) ga asosan, (1) tenglamaning
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regulyar yechimi u(z,y) o‘zining musbat maksimumi va manfiy minimumini € sohaning ichki
nuqtalarida qabul qilmaydi.

Ushbu prinsip aralash turdagi tenglamalar uchun Trikomi, Gellerstedt va siljishli shartli
chegaraviy masalalar yechimining yagonaligini isbotlashda keng qo‘llaniladi[4],[5].
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KASR TARTIBLI DIFFERENSIAL OPERATORLAR UCHUN EKSTREMUM
PRINSIPI.

Esanova D. X.,
Termiz iqtisodiyot va servis universiteti, Termiz, 0¢zbekiston;

f(z)-funksiya L(a,b), a < b < oo sinfga tegishli bo‘lgan ixtiyoriy funksiya bo‘lsin. Ushbu

1 _f@ar
Dﬁmf(:c) ~ (=9 af (z—t)1+ 0 agar ! < 0,
dimTl Dﬁjx(TH*l)f(.I)’ agar /> 0’
i
_DZ bf(LE) = ﬁf (tfx)1+fdt7 agar g < 0’

0
(-1 dcinnﬁ1 Di},(mrl)f(:v), agar £ >0,

belgilashlarni kiritamiz, bu yerda Dﬁw va Di , ifodalar agar £ < 0 bo‘lsa, kasr tartibli integral

operatorni, agar ¢ > 0 bo‘lsa, Liuvill ma’noéidagi umumlashgan hosilani beradi. n = [¢] — ¢
sonining butun gismi[1],[2],[3].

Kasr tartibli differensial operatorlar uchun ekstremum prinsipi. Musbat,
kamaymaydigan w(t) funksiya hamda f(¢) funksiyalar [a, b] kesmada uzluksiz bo‘lsin. Agar [a, b]
kesmada f(t) funksiya o‘zining musbat maksimumiga (manfiy minimumiga) ¢ = z nuqtada
erishsa, a < z < b va bu nuqtaning ixtiyoriy kichik atrofida w(t) f(t) ko‘paytma v > « ko‘rsatkich
bilan Gyolder shartini qanoatlantirsa[l],[2], u holda

Dgw(@)f(z) >0, (Dg,w(z)f(x) <0). (1)

Haqgiqatdan ham,
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(1-a)Dzu0f = (1=a) - [P to@)f(@)] = 4 [ 2O Qar— & [2OMO =@ g,
d [w@f@), ] d [eOfO)-w@f@, d [e@f@ | _
+d7;a/( —pye U= lim x/ @ =1 dt+da:a/ w—1o &

o o=@ =) —w@f @) [ @@f@), [ @) - w(@)f@)
‘ieo{ = / CEDR / e
T w@f@), [ e@fe) | w@fe)
+a/ (x —t)* dt aa/ (ac—t)p“o‘dth g% }

Bu yerda € — 0 da limitga o‘tib va ushbu

/iu(x)f(:c)dt _w@)f(r)  w@)f@)

(z —t)tTe ag® alx —a)®’

a

i @& ) f(z — ) —w(@)f(z) _ 0.
e—0 o

tengliklarni e’tiborga olib, quyidagi tenglikka ega bo‘lamiz:

1)
(1 — OJ)Dg,mw(LU)f(x) _ w@)f(x) + Oéf w(w){iw)—w(t)f(t) di+

(z—a)® —t)tte

(2)

T
w(x —w(t) (¢
+a5f ( ){i )t)1+(a)f( ) dt.
(2) munosabatdan (1) tengsizlik kelib chigadi.
Kasr tartibli differensial operator uchun ekstremum prinsipi aralash turdagi tenglamalar

uchun Trikomi, Gellerstedt, siljishli masalalar yechimining yagonaligini isbotlashda keng
qo‘llaniladi[4],[5].
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Solution of some non-local problem for mixed equation with second order

Gurbanov P. 1, Chashemov M.
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2

Abstract It is considered hyperbolic equation
Upg — Uyy = 0, y < 0. (1)
in the area which is bounded by characteristics
r+y=0, xz—y=1 and y=0 (2)

Theorem 1. The hyperbolic equation (1) with characteristics (2) can be solved with non-local
boundary conditions

{u@:; 0) = r(x) "
[R=3 . B [2=2] _ i .

S (g -og) 4 S (g ) < o)

where 7(x), ¢(x) are twice differentiable functions, |z] is greatest integer number that not exceed

real number z.

Keywords: Elliptic-Hyperbolic, Parabolic-Hyperbolic, non-local problems for mixed equation, micro-periodic
functional equations.

Introduction

Consider the hyperbolic equation (1).

Our main aim is to find regular solution of problem (1) with characteristics (2) and non-local
boundary conditions (3) in explicit formula.

On this work we consider special cases of work [4] where shown the existence of solution to
problem (1) but explicit solution are not shown.

To obtain the results we use several substitutions and methods which can be used to find the
solutions of functional equation (see, for example, [4], [5], [1], [2], [3])-

Generalization for mixed equations with second order Let us consider two following
cases:

Case Lavrentiev-Bitsadze

Let’s consider the Lavrentiev-Bitsadze equation

Ugg + Sign(y)uyy =0, (4)
in the area which is bounded by characteristics
x4+y=0, z—y=1 and half-strip o(x;y) (5)

Theorem 2. The Lavrentiev-Bitsadze equation (4) with characteristics (5) can be solved
with non-local boundary conditions
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(6)

{waww=w@

n—1 . :
ZJ:ZS Ju (ar:;-nZz7 1’—‘,—27,) + Z ( a:—|—22nn—21—1; _oc+22711+1) _ ¢(x)

where 1(s) is continuous function on half-strip o(z;y) and ¢(x) is twice differentiable function,
|| is greatest integer number that not exceed real number z.

Proof of theorem 2. The proof of the theorem can be straightly derived from the
combination of Theorem 1 and [2]

Case Hyperbolic-Parabolic
Let’s consider the Hyperbolic-Parabolic equation

Ugzy + Uy =0, y>0
Uge —uyy =0 y <0

in the area which is bounded by characteristics

z=0,z=1,y=x—1,and, z+y=0 (8)

Theorem 3. The Hyperbolic-Parabolic equation (7) with characteristics (8) can be solved
with non-local boundary conditions

5] o oic1,_aen
LS ) 4 £ (e ) =
where ¢1(x), p2(z) is continuous functions on [0;1] and ¢(z) is twice differentiable function, |z]
is greatest integer number that not exceed real number x.

Proof of theorem 3. The proof of the theorem can be straightly derived from the
combination of Theorem 1 and [3].
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UDC 517.957

ON FINDING THE CAUCHY EQUATION FOR THE LOADED, EXTENDED,
MODIFIED FIFTH-ORDER KORTEWEG-DE VRIES EQUATION

Hoitmetov U. A. !, Sobirov Sh. K. 2, Ruzmetova G. U.3.
1,2,3 Urgench State University named after Abu Rayhan Biruni, Urgench, Uzbekistan;
! x_umid@mail.ru, %shexzod1994@mail.ru

This study examines the fifth-order the loaded extended loaded mKdV equation. Specifically,
the following equation is analyzed:

Uy + 66Uy + Uppy + P (u(zo, t)) (30u4ux + 10ui + 40Uy, + 100Uy, + Upgzaz)+ (1)

+@Q (u(21,1)) uy =0
where P(u(xo,t)) and Q(u(x1,t)) are polynomials depending on u(zg, t) and u(x1,t). zg, 1 € R.

Equation (1) is investigated under the initial condition
u(z,0) = uo(z) (2)
where the function ug(z) (—oco < z < oo) satisfies the following criteria:
o

2¢|x| e
Up(x)|e < ,

for positive constants € > 0, ( > 0, and ¢ > 0.

2. The Dirac-type operator
d _
£(0) =i ( s uog:c)>
—u(z) —

possesses exactly N simple eigenvalues 91(0), 02(0), ..., on(0) in the upper half-plane and lacks
spectral singularities. The solution u(z,t) is assumed to exhibit sufficient smoothness and
sufficiently rapid decay as x — +oo, quantified by the condition:

5
ﬁku(x,t)D dr < oo. (4)

R

k=0

oxk

The central aim of this work is to derive explicit representations for the solution of the
problem (1)-(4) using the inverse scattering transform (IST) framework applied to the time-
dependent Dirac operator

Thus, we have proved the following theorem.

Theorem. If the functions u(x,t) are a solution to the problem (1)-(4), then the scattering
data of the operator £(¢) with the potential u(z,t) vary with ¢ as follows:

don
dt

=0,n=1,N;
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¢ lo.t) = (—32i0° P(u(zo, t)) + 8io® — 2i0Q(u(z1,1))) t* (0,1), Imo = 0;

B (—32i0} P(u(w, 1)) + 8ig? — 2i00Q(u(1,1))) €alt).
Algorithm

Let the function be given, satisfying the condition (3). Then the solution to the problem
(1)-(4) is found using the following algorithm.
Solve the direct scattering problem with initial function , obtaining scattering data

{t"(0,0), 0 € R; 04(0), Imgy > 0; €4(0), k=1,N}

for the operator £(0).
BBy Determine the time-evolved scattering data for ¢ > 0, using Theorem:

{t+(g,t), 0 €R; op(t), Imog(t) >0; Cx(t), k= 1,]\7}.

B'DY Solve the inverse scattering problem using the Gelfand-Levitan-Marchenko integral equation
method. Namely, restore the unique solution u(z,t) from the scattering data obtained in the
previous step for ¢t > 0.
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EVASION DIFFERENTIAL GAME
EVASION IN A DIFFERENTIAL GAME WITH INTEGRAL CONSTRAINTS
AGAINST MULTIPLE PURSUERS
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This work is devoted to the study of an evasion game of one evader from many pursuers when
the controls of pursuers and evader are subject to integral constraints. The control resources of
the players change linearly depending on time. The game is considered in space R"™. We construct
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a strategy for the evader which guarantees the possibility of evasion. It is enough to consider the
game in R?, the case when R" is analogous. Let the dynamics of pursuers z; and evader y be
given by the following equations

-’I}i = Uq, ':UZ(O) = T40, i = 1727 "'7M7

i= v, 4(0) = yo. @

where x;, zi0, ui, ¥, yo,v € R?, ;0 # yo, u; and v are control parameters of the pursuers and
evader, respectively.

Definition 1. The measurable functions u;(¢) and v(¢), ¢ > 0, that satisfy the following
integral constraints

t t
/|ui(s)\2d8 < o2t =1, M /\v(s)\st <o
0 0

are called controls of the 7th pursuer and evader, respectively.

Definition 2. A function (t,x1,...,xa, Y, U1, ..c;upns) — V(6 21, Zar, Y, Uty ooy ung), Vo
[0; 400) xR*M+2 5 R? s called a strategy of the evader if the initial value problem (1) has a
unique solution (z1(t), ..., xa(t), y(t)) with v = V (¢, 21, ..., xp(t), y, u1, ..., ups(t)) and arbitrary
admissible controls u = uy(t), ..., ups(t) of the pursuers.

The behavior of the pursuers are arbitrary, which means that the pursuers apply any
admissible controls, while the evader applies a strategy.

Definition 3. We say that evasion is possible in game (1) if there exists a strategy V of the
evader such that, for any controls of pursuer, x;(t) # y(t) for all t > 0,7 =1,2,..., M.

Let

mo

jk = U[Tj’Tj{], jmoJrl ?é @, k= 1,2,...,m0.
j=k

where myg is a positive integer.

We define the function
r:[0,7] —{0,1,2,...,mo}
by the following equation

t) 0, te€[0,T]\ J1,
" N k, tG[Tk,T];)\jk_;_l, k=1,2,...,my,

formo>1, k=1,2,...,(mg—1).
This function has the following properties:

Dort)=Fk mn<t<m, ifn <71,
2) r(t) =k, T <t< TRy, if Ty <7
We construct a strategy for the evader. Let u;(¢t), i =1,..., M, be arbitrary admissible controls

of pursuers:

2
T:T0—|—ﬂ,
«
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where TO = émaxlSiSM ‘yg — :B?Q
v(t) =Vo(t) = (0,a+ U(#)), te[0,T]\ T,

v(t) =V (t) = (Vi (t),a+U(t)), tel0,T]NJI,
v(t) = (0,U(t)), t>T,

where
r=rt), Vilt)=Viu®),a+Ut), m<t<rt, kel={1,2,...,m},
T g 9) () > zi(m) M v
) a T ugr(t)], Y1i\Tk) = LTk _ u2 _
V’““)‘{—<a+\um<t>r>, () < ()’ O @ 12(”)
Theorem. If

pi+ .+ piy < 0%
then evasion is possible in game (1).
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Integration of the Hirota-type equation with a finite density and integral
self—consistent source
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In this work, the Cauchy problem is proposed for the Hirota-type equation with a finite
density and integral self-consistent source in the class of periodic infinite-gap functions.

We consider the following Initial Value Problem(IVP) for the Hirota-type equation with a
finite density and integral self-consistent source:

(Pt = Doz + 6pa (0° — {P° + ¢°}) — dwa — 29 (0° — {P* + ¢°}) —

+o00
- / CQutyor(m, o t) (W + 0307 di,
- 1
Gt = Guoa + 645 (0° — {P* + @°}) +Pax + 20 (0* — {P* +°}) + W

+o0
T / Cltyor(m, i t) (W07 — 3 di,

— 00




p(@,t)]—o = po(@), po(z +7) = po(z) € C°(R), (2)
q(z,t)|,—g = q0(2), qo(x + ) = qo(z) € C°(R),
in the class of real infinite-gap 7 periodic functions in x :
p(z+m,t) =p(z,t), q(z +m 1) =q(z,1), z€R, >0, 3)
p(z,t),q(x,t) € C3(t > 0)NCLEt > 0)NC(t > 0).

Here ((u,t) is a given real continuous function with uniform asymptotes

C(M)=O< >,u—>i00-

1+ p3

In addition, the function ¥ (z,u,t) = (wf:(m, u,t),i/zéc (x,,u,t))T are Floquet solution,
normalized by the condition 1/11+ (0, u, t), of the following Dirac equation

cons (4 1))+ (258 ) Q) - rem 0

and defined as follows:

’1)2(7T, My t) —u <7T7 My t) + AQ(/’L) —4
21 (m, 1, t)

w(:l:’ﬂvt) :u(az,,u,t)—l— 'U(.T,M,t),
where u(z, p, t) = (uy(x, g, t), ug(z, g, £))" and vz, p,t) = (vi(z, pt), va2(x, p, ) are solutions
of equation (4) with initial conditions u(0, u,t) = (1,0)T and v(0,u,t) = (0,1)T respectively,
the function A(p,t) = wyi(m, p,t) + va(m, u, t) is called the Lyapunov function for the system of
equation (4).

In this work, we propose an algorithm for constructing infinite-gap solutions p(x,t), q(x,t),
x € R,t > 0 of the problem (1)—(3) by reducing it to the inverse spectral problem for the following
Dirac operator:

d
E(T,t)yEB£+Q(x+T,t)y:uy,xER,TER,t>0, (5)

where

B_ <_01 (1)) Qi+ 7.1) = <p(x+7'7t) q(ac—l—7,t))>’ () = <y1(ﬂz)>.

gz +7,t) —plx+7,t ya()

Let us denote by u(z, u, 7,t) = (u1(x, p, 7, ), ua(x, p, 7,t))7 and
v(x,p,7,t) = (vi(x,p,7,t),ve(x, u, 7,t))T solutions of equation (5) with initial conditions
u(0, u, 7,t) = (1,0)T and v(0, 1, 7,t) = (0, 1)T, respectively.

The intervals (pon—1, tton), n € Z are called gaps, where p,, = pn(7,t) are the eigenvalues of
the periodic or antiperiodic (y(0) = fy(m)) problem for the equation (5). The eigenvalues of the
Dirichlet problem for the system (5) with boundary conditions 1 (0, u, 7,t) = 0, y1 (7, u, 7,t) =0
will be denoted by &,(7,t),n € Z and at the same time &,(7,t) € [u2n—1, t2n], 1 € Z.

Numbers &,(7,t),n € Z and signs o, (7,t) = sgn{va(m, &, 7,t) — ui(m, &, 7,t)}, n € Z are
called the spectral parameters of the operator L£(r,t).

Spectral parameters &, (7,t), 0, (7,t) = 1, n € Z, and spectrum boundaries pu,(7,t), n € Z
are called the spectral data of the Dirac operator £(7,t).
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The problem of recovering the coefficient Q(z,t) of the operator £(7,t) from spectral data is
called the inverse problem. The coefficients p(x + 7,t) and g(x + 7,t) of the operator L(7,t) are
determined uniquely from the spectral data pu,(7,t), &, (7, 1), on(7,t) = £1,n € Z.

The main result of this work is contained in the following theorem.

Theorem. If the initial functions po(z) and go(x) satisfy the conditions

po(x +m) = po(x) € CG(R), qo(z+7) =qo(x) € CG(R),

then there exists a uniquely determined global solution p(7,t),q(7,t) of the problem (1)—(3)
belonging to the class C2(t > 0) N CE(t > 0)NC(t > 0), which are determined by the sum of the
following uniformly convergence series, respectively:

“+o0o
s = 3 (M ). ©)

n=—0o0

—+00

Q(xat) = Z (_1)n710’n($7t)\/(§n(x7t) - N?n—l)(ﬂ?n - é‘n(xat)) : fn(£($7t))7 (7)

n=—oo

where

+oo

r,t)) = (p2k—1 — &n(x, 1)) (p2k — &n(7, 1))
fu(&(, 1) k:HOQ o=t o) .

k#n
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THE CAUCHY PROBLEM FOR THE RAYLEIGH-STOKES TYPE
FRACTIONAL DIFFERENTIAL EQUATION
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In recent decades, fractional differential equations have gained significant attention due to
their ability to model complex systems with memory and hereditary properties, which cannot
be adequately described using classical integer-order differential equations. These equations
naturally arise in various fields such viscoelasticity, anomalous diffusion, electrical circuits and
control theory.

The Caputo fractional derivative of order p € (0,1) is defined as follows (see, for example [1])

th(t):r(ll_p)/(th/_(?)pdg, t > 0.
0
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In this work, we study the Cauchy problem for the Rayleigh-Stokes type fractional equation,
a class of linear fractional differential equations involving both classical and fractional-order
derivatives. Specially, we study the following initial value problem:

{y’(t)%—A(l—l—’ny)y(t)zO, v>0, 0<t<T; (1)

y(0) = yo,

where A\, ~ are constants. The Caputo derivative is particularly suitable for physical applications
because it allows the formulation of initial conditions in terms of classical integer-order
derivatives, which have direct physical interpretations. The objective of this study is to analyze
the existence and uniqueness of solutions to the above equation and to express the solution
explicitly using known special functions.

The solution to this problem is given in [2], where the solution is found using the Fox-Wright
function. The solution found in this work differs from it.

Theorem. The Cauchy problem for the Rayleigh-Stokes equation (1) has the solution

y(t) = yoA,(\ 1),

where
i AP~ sin prr
—rt"
AN t) = rt | dr.
p(A:t) /e 7 (=1 + A\yrP cos pm + X)2 + (AyrP sin pr)? '
0
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The equation with multiple characteristics (MC) arises in various problems of physics and
mechanics, making it of significant theoretical and applied interest.
The well-known Korteweg-de Vries equation

Uy + Uy + Pz, = 0(KdV)

which is the object of research by many authors and occupies an important place in the study
of nonlinear wave propagation in weakly dispersive media.

The Korteweg de Vries (KdV) equation describes the evolution of weakly nonlinear long-
wavelength excitations in a medium with dispersion in the high-frequency domain. The KdV
equation finds applications in diverse fields, such as fluid dynamics (e.g., modeling gravitational
waves in shallow water and nonlinear Rossby waves), plasma physics (e.g., describing ion-acoustic
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waves), electrical engineering (e.g., analyzing nonlinear circuits), and even epidemiology (e.g.,
simulating the time evolution of infected individuals during an epidemic), etc.

In connection with these and other practical applications, the study of boundary value
problems for third-order equations with multiple characteristics is relevant. Note that some linear
boundary value problems for a linear equation with multiple characteristics of odd order were
considered in |1 - 3]. A linear boundary value problem for a nonlinear third-order equation with
multiple characteristics was studied in [2]. In [5], a nonlinear boundary value problem for a linear
third-order equation with multiple characteristics was studied. In this paper, the method of the
principle of contracting mappings is applied to the study of a nonlinear boundary value problem
for a nonlinear third-order equation with multiple characteristics.

Problem. It is required to determine in domain D = {(z,y): 0 <z < 1,0 < y < 1} function
u(x,y) that has the following properties:

1) u(z,y) € C2y(D) N Ciy(D);
2)which is a regular solution to the following equation:

L(u) = Ugge — uy = f(z,y,u, uy) (1)

in domain D;
3) satisfying the following conditions

u(z,0)=0,0<z <1, (2)
umx(oay) - gl(u(O,y),y),O <y<l, (3)
U:L‘(an) = 92(u(0ay)7y)70 <y<l, (4)

and matching conditions

91(u(0,0),0) = g2(u(0,0),0) = ¥(0) = 0.

Theorem (Uniqueness of a solution)
Let g1(u,y), g2(u,y), f(x,y,u,u;) be continuous functions of their arguments 0 < y < 1 for
any |u| < 00, |uy| < oo satisfying the following condition

91(71,y) — 91(72,9)| <l — 72, (6)
192(71,y) — g2(71, )| < lo|m1 — 72, (7)

|f (@ y,ur, uie) — @,y u2, uge)| < L{|ur — ual, [ure — u2al}, (8)
0<L< %, 9)

154201 + 2, — (L +1) <0, (10)

where 7(y) = u(0,y) and <1 > 0,< 13 > 0,L > 0 some constants.

Then the solution to problem (1)-(5) is unique.

The uniqueness of the solution to the boundary value problem is proven by the energy interval
method.

Theorem (Existence of a solution)

Let, along with the conditions of the uniqueness theorem, the following conditions be satisfied

w(y) € CI[O’ 1]7 %(f(x,y,u, uw)) S (b)7f(m707u(x70)7u$($70)) = 0’
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and for y € [0, 1] for any |7(y)| < Ny the following inequalities hold

l91(7(y), y)| < Ni1, |91y (7(y), y)| < N1z, |g1-(7(y), y)| < Nis,

192(7(y), Y)| < Nax, 192y (7(y), y)| < Naz, [927(7(y), y)| < Nas,
f(z,y,u,uy) € C(D) for any (z,y) € D and for |u| < M

|f(xaya Uyux)‘ < My, |fx(l'vyaua uz)‘ < My, ’fy(mvyvuvuxﬂ < M,
’fu(:rayyuvux” < My, |fuz($’y7u7u$)| < M5

Then the solution to problem (1) - (5) exists.

To prove the existence of a solution to this problem, an auxiliary problem was considered.
By solving the auxiliary problem, the original problem was reduced to a system of Hammerstein
integral equations. The solvability of the nonlinear system was established using the contraction
mapping method.
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Abstract. Mixed-type equations occupy an important place in mathematical physics (gas
dynamics, filtration theory, and wave processes). To ensure the well-posedness of boundary value
problems for such equations, various additional conditions are introduced: Tricomi, Frankl, and
Bitsadze—Samarskii. In this work, a nonclassical problem is considered for elliptic-hyperbolic
mixed-type equations with singular coefficients, where an analogue of the Frankl condition and
a combination of the Bitsadze—Samarskii conditions are imposed. The existence and uniqueness
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of the solution are proven. The problem is reduced to singular integral equations of Tricomi
type, subsequently regularized by the Carleman—Vekua method, and then investigated using the
Wiener—Hopf technique.

Keywords: mixed-type equations; Frankl analogue; Bitsadze—Samarskii conditions; singular
coefficients; Wiener—Hopf method.

Introduction

Partial differential equations of mixed type are among the fundamental objects of mathematical
physics. They describe a wide range of applied processes such as gas dynamics, aerodynamics,
filtration in porous media, plasma physics, and acoustics.

In this work, the unique solvability of a problem for a mixed-type equation with a singular
coefficient is studied under nonclassical and general conjugation conditions. The uniqueness
of the solution is established using the integral analogue of the extremum principle proposed
by A.B. Bitsadze. The solvability of the problem is reduced to Tricomi-type singular integral
equations and to an integral equation of Wiener—Hopf type. The solutions of these equations are
obtained by applying the Carleman—Vekua method and the theory of Riemann boundary value
problems.

As a result of the study, the unique solvability of a new type of boundary value problem was
established for mixed-type equations with singular coefficients and various orders of degeneration.
Analytical and structural methods for obtaining the solution were proposed.

The results of this study not only expand the theory of mixed-type differential equations but
can also serve as a foundation for solving concrete applied problems arising in gas dynamics and
filtration theory.

Problem Statement

For y > 0, let the vertices be A(—1,0) and B(1,0), and let the boundary curve be given by

that is, by the equation o (y = ao(x)).
For y < 0, the boundary is formed by the characteristics AC' and BC, where C' = {z = z+iy}.
We consider the following equation in a bounded simply connected domain €2 in the complex
plane:

1)
ylum: + Uyy + *Ouya y >0,
G(u) = Y (1)
m Bo
_(_y) Ugy + Uyy + ?uya y <0,

Here I,m > 0 are positive constants, g € (—1/2,1), By € (—m/2,1) and | # m.

The type of equation changes along the line y = 0: in the upper half-plane it is elliptic,
whereas in the lower half-plane it is hyperbolic.

The subdomains corresponding to y > 0 and y < 0 are denoted by Q7 and €27, respectively.
The points Cy and C are the intersection points of the characteristics of (1) with the boundary
characteristics AC' and BC, emanating from the point F(c,0), where a certain real number
ce J=(-1,1) is fixed along the line y = 0.
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Moreover, there exists a function p(x), which is a diffeomorphism
p(z) € C'[-1,d],

mapping the set of points of the segment [—1, c] onto the set of points of the segment [c, 1], and
it satisfies the following conditions:

Boundary conditions:

u(z, —0) = a(@)u(z, +0) + ao(z), zel-1,1],
Jim (=y)Puy (@, y) = b@) Hm y™uy(@,y) + bo(w), z e (=1,1)\ {c},
u(z, 00(x)) = p(x)u(z, +0) + ¢o(z), z € [-1,1],
u(w,y)laco = ¥ (@), ze -1,
u(p(x), —0) = p(z)u(z, +0) + f(z), z €[-1,d.

If
I+ 26 m —+ 20y

20+2)  2(m+2)

then the problem is equivalently reduced to an integral equation with a weak singularity:

a(x) > 0, b(x) >0,

¢ K(z,t)r(t)
T<x)+A/1x—t|1+2ﬁ_26dt:F(m’)7 —1<I’<C,

where K (z,t) is the kernel expressed in terms of hypergeometric functions, and F'(x) denotes
the given initial functions.

If

I+ 26 m + 20y
= b
2072 amt2) a(x) >0, b(z) > 0,

then the problem is reduced to a special singular integral equation:

VK (x,t)7(t)

T(x)+(A—1) S

which is given in an equivalent form.
To solve such an equation, it is transformed into the Wiener—-Hopf form by applying the
Carleman—Vekua regularization method:

—+00

p(y) = Ao ; K(y —t)p(t) dt = Re[p(y)] + F5(y),

where K (y — t) is the exponentially decaying convolution kernel, and p(y) is the new unknown
function.

It is shown that the index of the Wiener—Hopf equation is zero. Therefore, the existence and
uniqueness of the solution are established.
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We examine a controlled object given by the following infinite system of differential equations

& = =Nz + ¥ +uin — v, 2(0) = 20,

Ui = —Niyi + 2 + w2 — vi2,  ¥i(0) = yio, (1)
Zi = —)\izi—i-uig—vig, ZZ(O) = Zi0 7= 1,2,3,...,
in Hilbert space [y, where \; are given positive numbers, xg = (10, 220,%30,-..) € lo,
yo = (¥10,920,Y30,---) € l2, 20 = (z10,220,230,...) € lo are initial positions, u =

(u11,u12, U13, U21, U2, U23, . . .) and v = (v11, V12, V13, V21, V22, V23, - - .) are the control parameters
of pursuer and evader, respectively. We suppose that 0 < ¢ < T, where T is a given sufficiently
large number, and that ¢o = (@10, Y20, ¥30, ---) = (Z10, Y105 210, T205 Y205 220, T30, Y305 2305 - - - ) # 0.
Assume that p and o, p > o0, are given positive numbers.
Definition 1. A function u(t) = (ui(t),u2(t),us(t),...), t € [0,T], with measurable
coordinates u;(t) = (u;1(t), uia(t), uis(t)), i = 1,2, ..., subject to the condition

o

D Wi () +up(t) +us(t) < p* 0<t<T, (2)
i=1

is referred to as the admissible control of the pursuer.
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Definition 2. A function v(t) = (vi(t),v () v3(t),...), t € [0,T], with measurable
coordinates v;(t) = (v;1(t), via(t), viz(t)), i = 1,2, ..., subject to the condition

oo

Z(vizl(t) +up(t) +vs(t) < o?, 0<t<T, (3)
i=1

is referred to as the admissible control of the evader.
We define S(o) as the set of all admissible controls.

Let
=X 1 0
A= 0 =N 11, i=12..,
0 0 =X\
then, we have
1t 312
edt—e Mt |0 1 t |, i=12.. (4)
00 1

Let C(0,T;13) be the space of continuous functions ¢(-) such that ¢(t) € ls foreach 0 < ¢ < T.
We present the following proposition which is proved in [1].

Proposition 1. If w(:) € S(o), and A\; > 0, i = 1,2, ..., then there exists a unique solution
o(t) = (¢1(t), p2(t),...) of the infinite system of differential equations (1) in the space C(0,T};12).

Of course, for i = 1,2, ..., we have (see [1])
t
ei(t) = et oo + /eAl —vi(s))ds, 1=1,2,....
0

By denoting ;(t) = edita;(t), it is not difficult to see that ¢(t) = 0 implies (t) = 0, where
t
P(t) = (Wr(t), ¥a(t), ...), ilt) = wio +/0 e~ (uis) —vi(s))ds, i=1,2,.. (5)

Let oi(t) = (zi(t), i(t), zi(t)), wio = (xio, Yio, 2i0), vi = (Vi1, Vi2, Vi3).
Definition 3. We call the function

(tvgovéan?u) — V(tﬂpafvna U), V: R-‘r X 12 X [0,,0] X [070} X l2 — l27

the strategy of the evader, if, for any admissible control of pursuer v = u(t), t € [0, T}, the system
with v = V (¢, p(t), p(t), o(t), u(t)), has a unique solution

(P(w = (‘Pl(t)ﬂOQ(t)v e ) = (xl(t)ayl(t)aZl(t)7x2<t)7y2(t)722(t)a e ')7 t=1,2,...

after substitution of the players’ controls into it.

Definition 4. We say that the strategy V of evader guarantees evasion on the interval
[0,7(V)) from the initial state g € Iy if ¢(t) # 0, t € [0,7(V)), for any pursuer’s admissible
control u(t), t € [0,T]. We call the number 7(V') a guaranteed evasion time.

The evader is interested in maximizing the guaranteed evasion time 6 by choosing its strategy
V but the pursuer tries to minimize 6 by using its control u = u(t), 0 <t <T.

Pyheorem 1. For any initial state ¢9 = (¢10, 20, - ) # 0, the number

0 = supb;,
i
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is a guaranteed evasion time in game (1), where

o — Ly, —(p=0)+V(p—0)* +2\lenl(p+ o)
N pto

1 2|p;
91' = ln< ’%O’ +1)
2 p+o
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The study of boundary value problems for elliptic differential operators with singularities has
attracted much attention in recent decades due to both its purely theoretical significance and
its applications in mathematical physics, potential theory, and spectral analysis. Of particular
interest are problems for Bessel-type operators, which arise, in particular, when considering
processes with degeneracies or singularities near hypersurfaces or domain boundaries.

In this paper we consider a singular elliptic Bessel operator of type Ap containing a singularity
in the coefficient on the hyperplane xn = 0. The aim of this paper is to establish precise estimates
for the norm of the operator Ap with weights of the form z%; .

Denote be the symbol R}, the half-space of points (Z,xy), where T = (21,22, ...,on-1) €
RN~V and zy > 0.

Let D Cc RN~! be an arbitrary bounded domain with piecewise smooth boundary 0D.
Consider in the closed domain D = D U dD a function h : D — R satisfying the following
conditions:

heCY (D), Wz)>0ifzeD, h(@) =0ifxcdD.

Let us denote by the symbol Q the region of space Rf lying under the graph of the function
h:

Q = {zeRY|0<ay<h(@), 7€ D}

I'% is the part of the boundary 9D lying at .

Denote
N_

_ L g2
A:Z%.

i=1

AN
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In the domain €2 consider a singular Bessel type elliptic differential operator of the form

L0k 9 LRk 92 LA (1)

Ap = ——ak—
m’j\,&m Nax]\/ $N8$N

where k is a fixed positive number and A is is the usual Laplace operator in the variables
x € RN. The theory of boundary value problems for such operators and their spectral properties
were studied in detail by I. A. Kipriyanov and V. V. Katrakhov (see monographs [1] and [2]).

The domain D(Ap) of the operator Ap is the set of functions u € C§°(QT?) satisfying
the condition

ou
— =0 e 1. 2
L. @)
The following statement is true.

Theorem 1. Let u € D(Ap). Then for any a > 0 the following estimate

/\ABu(x)\:U‘dex < ca/(mu(x)\ﬂﬁu(x)\)dx (3)
Q

Q

is valid.
Note that the weight x in estimate (3) cannot be removed.
Theorem 2. There is no constant C > 0 such that for all uw € D(Ap) the inequality

/|ABu(x)|dx < o/(|Au(m)|+|£u(m)|) da (4)
Q Q

15 valid.
The weight 2 cannot be placed on the right side of the estimate (3).
Theorem 3. Let o > 0 and 8 > 0. There is no constant C > 0 such that for all u € D(ApR)

the inequality

/\ABu(x)]w?\,da: < c/(mu(a;)|+\£u(x)|)x?vdx (5)
Q Q

1s valid.
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The finite complex Toda chain represents a discrete lattice of interacting particles with
complex-valued coordinates and momenta [1]. These chains exhibit remarkable integrability
properties, allowing for the explicit construction of conserved quantities and exact solutions
[2], [3]- By introducing a self-consistent source into the Toda chain, we investigate the interplay
between the chain’s dynamics and the influence of the source term, leading to a deeper under-
standing of the system’s behavior [4], [5].

We consider the following system of equations

. N i\2 i 2
in = an(bn — busa) +an 32 ((91)° = (gh0)”),

bn, = 2(“%—1 - a%) -2 ZIQZ(%%H - an—lgﬁ—ﬁ,
i

Jgf], - )‘kngm k=1,..,p, n=0,1,..,.N -1

with the boundary conditions
a1 =any-1=0. (2)

The system (1), (2) is considered subject to the initial conditions

an(0) =ad, b,(0)=b), n=01,..N—-1, (3)

where a2, bY are given complex numbers such that a® # 0 (n = 0,1,..,N — 2), a(])\,_l =0,

A1, A2,...,A; all the distinct eigenvalues of the matrix J and by my,...m, their multiplicities,
respectively, so that 1 <p < N and my +ma + ... + m, = N.

The main aim of this work is to derive representations for the solutions of the finite complex
Toda chain with a self-consistent source by means of the inverse spectral problem for the complex
Jacobi matrices.
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ABSTRACT. We examine the unique solution of the initial-boundary value problem
involving the Prabhakar derivative for a mixed equation. To achieve this, we apply the method
of separation of variables. As a result, we express the solution using a two-variable Mittag-Leffler
function, and then present important estimates for this function.

We consider the following mixed equation

1—sgn(t—a)
2

in a domain Q =Q; UQ U J, where J ={(t,z) :t=a,-1 <z <1} Q) ={(t,x): -1 <z <1,

O<t<a}l,Q={(tz):-1<x<la<t<b}, abeR" such that b>a, 1< B <2,

0<pBa<l,a,v,0 eR, a>0,

1+ sgn(t —a)

'PCDggﬁl”y’éu(t, z)+ 5

.PCDg‘gﬁQ’%éu(t,aj) — [(1 — xz) Ux] =0 (1)

x

Aar

pPC ] 75 _ P yITeT ™ 75
Dy () = PIegtrs S

y (x)
is a regularized Prabhakar derivative of order f [1],

LI 1w) = [ - P B 00 - M) (@) dga > a
is the Prabhakar fractional integral of an order 5 [2].

PROBLEM. To find a regular solution of the equation (1) in €2, satisfying the following
initial and transmitting conditions:

u(0,2) = ¢(x), -1 <z <1, (2)
3 PC aaBQ’Vaé — 3 _
tgr(gr Dg; u(t,z) = tgrgl_ut(t,x), 1<z <1, (3)
such that u(t, z),u,(t,z) are bounded at x = —1,x = 1, where ¢(z) is a given function.

DEFINITION. Function u(t, ) is called a regular solution of equation (1) in Q, if u(t, x) €
C(Q), uga(t, ) € C(UN), PECDLI 0 u(t, 2) € C(Q1),PC DL 0u(t, ) € C(Qy) and satisfies
equation (1) in Q.

FORMAL SOLUTION. We search for a solution to the problem as follows:

u(t>$) = ka(t) - Py (x),(t,x) S Qla (4)
k=1

u(t,x) =Y Wi(t) - Pe(x), (t, ) € Q. (5)
k=1
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We also expand the given function () into the same series:
o
‘P(x):ZWk'Pk(SC),—ISmgl. (6)
k=1

We substitute (4) and (5) into (1) and will get the following fractional differential equations:

PODGITOVL () — M Vi (1) = 0,0 < t < a, (7)

PEDE W () = MWk (8) = 0,0 < t < b (8)

A similar problem was studied in [3|. To write the solution to this problem, we will use the
solution of the Cauchy problem, which is described in more detail in [4].
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In this paper, we consider the full fractional diffusion-wave equation with the multi-term
time-fractional Hilfer operator and a fractional Laplacian operator

m
(D(O)‘fr’fou> (x,t) + Z [ (Dgi’fju) (x,t)
j=1

+(=A)2 u(z,t) + qWulz, t) = f(z,1), (z,t) € Qr, (1)
with initial and boundary conditions

I[()fr_’taj)(l_ﬁj)u(:r,t)hzo =yj(z), 7=0,1,....m, me Nz € Q, (2)

u(z,t) =0, (z,t) € 09 x [0,T], (3)

where Q7 = Q x (0,7T), Q is an open and bounded domain in R?, featuring a smooth boundary
0R), and T is a fixed final time (7" = const > 0), p; >0, j=1,2,...,m, (—A)% is the fractional
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Laplacian operator of order 1 < o < 2, Dg‘iﬁj , 7 =0,1,...,m, are Hilfer fractional derivatives
in time variable of orders o, 7 = 0,1,...,m, 0 < ap, < ... < a2 < a1 < o < 1 and types
0< B <1, Iéi_’taj J075) denotes the Riemann-Liouville fractional integrals in time variable of
orders (1 —a;)(1—p;), j=0,1,...,m, m € N respectively.

Given functions ¢(t), f(z,t), ¢;(x), j = 0,1,...,m and parameters 0 < a, < ... < g <
ap<op<l1l 0<3;<1, 7=0,1,...,m, 1 <o <2, the problem of finding the solution to the
initial boundary problem (1)-(3) is called as the direct problem.

Inverse problem. For the given functions f(x,t), ¢;(x), j =0,1,...,m and numbers 0 <
ap < ... <m <o <a<l 05 <1, 5=01,....,m, 1 <o <2, it is required to
determine the function ¢(t), t € [0,7] in equation (1), using additional information about the
solution to the direct problem (1)—(3)

/ w(@)u(z, Hide = h(t), 0<t < T, (4)
Q
where w(z), h(t) are given functions.
Definition 1. A function u(z,t) is called a classical solution to initial boundary value
problem (1)—(3), for ¢(t) € C([0,T1) if:
(i) t’Yu(x,t) S C(@T)7 and t7 (_A)E U(,t) S C(@T)a
) o7 (Do + 35 b ) ute.t) € 0@
(iii) u(z,t) satisfies (1)—(3),
where 1 >y > max{(l — bo) (1 — ap) ) Jax 1—ao+ 65 (1— ozj)]}.
<j<m

We consider the weighted spaces of continuous functions

Cyla,b] :={g: (a,b] > R: (t —a) g(t) € Cla,b], 0 <~y <1,},
C377(Qr) = {u(a.t) € €,(Qe): DfYutet) € C,(@1), D<@ <1, 01,

(=A)? u(z,t) € Cy(Qr); z€[0,l], 1 <o < 2}.

Fractional differential equations have been widely used in engineering, physics, chemistry,
biology, and other fields (see [1]-[4]).

The functions ¢j(z), j = 0,1,...,m, w(z), f(z,t) and h(t) satisfy the following
assumptions

Al) pi(z) € Di(Q), j=0,1,...

A,Q) f(l',t) € C"/ (DK(Q ’ [O’T]);

A8) w(x) € D, (R2);

A4) Dg‘fth(t) € C,[0,T], Dg_f'_’fjh(t) € C,[0,T] and |tVh(t)| > ho > 0, ho is a given number,

/w(a:)goj(x)dm = Ié:taj)(lfﬁj)h(t)’tzo, j=0,1,...,m, m €N,
Q
Theorem 1. Let q(t) € C[0,T] and conditions A1) -A2) be satisfied. Then there exists a unique

solution of the direct problem (1)-(5), u(z,t) € C?”B’U(@T).
Fix a number r > 0 and consider the ball

B,(q0) = {q(t) : q(t) € C[0, T, llg — qollcior) < 7}
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Theorem 2. Let A1)-A3) be satisfied. Then there exists a number 7% € (0,7"), such that
there exists a unique solution ¢(t) € C[0,T*] of the inverse problem (1)-(4), ¢(t) € By (qo).
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The first boundary value problem for a subdiffusion equation with the tempered
Caputo derivative

Usmonov D. A.!, Murolimova N. A.?
lFergana State University, Fergana, Uzbekistan; dusmonov909@gmail.com
’Fergana State University, Fergana, Uzbekistan; f.nargiza97@gmail.com

In domain Q = {(z,t) : 0 <z <1, 0 <t < T}, we consider the following equation
Uge(t, ) — Dy u(t,z) =0 (1)

where 0 < o < 1,4 > 0, u(t, z) is an unknown function, ¢Dg;” is the Caputo tempered fractional
derivative [1] with respect to the variable ¢:

c Do ult,x 1 — Q)

t
/ (t—2)"%— e'ys (s,z)]ds.
0
For this equation, we consider the following first boundary value problem:
Problem D. Find a function {u(t,z)}, with the following properties:
1) It satisfies equation (1) in the domain €2;
2) u(t,z) € C(Q), ugs(t,x), ¢Dy;"(t,z) € C(Q);

3) It satisfies the following conditions:
u(z,0) = 7(x), z €10,1];
u(0,t) = @o(t), t €[0,T7;

u(1,t) = p1(t), t € (0,77,

where 7(z), ¢o(t), p1(t) are given functions, such that 7(0) = ¢o(0), 7(1) = ¢1(0).

Theorem 1. Problem D has at most one solution.

This theorem is proved by the integral energy method.

Theorem 2. If 7(x) € C[0,T], po(t) € C[0,T], p1(t) € C[0,T], 7(0) = ¢o(0), 7(1) = ¢1(0)
holds, then the function u(t, x) defined by



1 t
u(t,x) = ¢ / G (b, 230,€)7(€) dé + / Ge(t, 237,01 oo (1) d—
0

t

- / Ge(t, 23, 1)e " oy () iy,
0

is the solution to problem D, where 5 = «/2,

t—nft X[ |z — € + 2n 7 |z + & + 2n)|
G(t,x;n,ﬁ)Zf Z [G},fs(—@_mﬂ)—eié(—@_mﬁﬂ’

t—n)f X _ T — 2n _ z 2n
aiene =7 3 [ () - (st
eg’ligl (z) is the Wright type function defined by [2]:
+00 o0
e (2) = HZ:O T(an+ w0 pm) 17 b, a1>0.
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Integral condition problem for determining the time-dependent coefficient in the
telegraph equation
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Let us denote by D the domain bounded by lines t —ax =0, t+2 = 1 and ¢t = 0. Let us consider
the following hyperbolic equation in the domain D:

g (2,1) — Ugg (2, 1) — Nu(z, t) = f(t), (1)

where u(z,t), f(t) unknown functions.
For this equation, we consider the following non-local problem:
Problem I, ,. Find a functions {u(x,t), f(¢)}, with the following properties:
1) It satisfies equation (1) in the domain D;
2) u(z,t) € C (D), u(z,t), us (z,t) € C(D), f(t) € C[0,1/2];
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3) It satisfies the following conditions:

x

u(x,0)+a/u(1E,O)dﬁzgp(a@),()gxgl, (2)
0

ut (z,0) =v(z), 0 <z <1,
u(t,t)y=19(t), 0<t<1/2,
where ¢ (x), v (z) are given functions, « is a given nonzero real number.

Theorem. If |o| < 1, v (z) € C0,1] N C?(0,1), ¢ (x) € C?[0,1], ¢(0) = 1(0),

o?

¥ (0) = v(0) + ¢ (0) — ap(1) —

1
cos / [sin (as) + cos (o + as)] (s)ds
0

then the solution to the problem I , exists and is unique.
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ISSIQLIK TARQALISH JARAYONI UCHUN CHEGARAVIY TESKARI
MASALA
Xajiyev I. O0.!, Rashidova M. A.?

Mirzo Ulug‘bek nomidagi O‘zbekiston Milliy Universiteti, Toshkent, O‘zbekiston!-?
kh.ikrom04@gmail.com', rashidovamunisaxon@gmail.com?

Ushbu ishda issiqlik tarqalish jarayoni uchun chegaraviy teskari masala o‘rganilgan. Bir
o‘lchovli issiglik o‘tkazuvchanlik tenglamasini qaraymiz:
ou(z,t) o 0%u(x,t)
=a
ot 2

,0<oe<L,0<t<T, (1)

bu yerda wu(z,t) - harorat funksiyasi, a® - doimiy migdor bo‘lib, issiqlik o‘tkazuvchanlik

koeffitsiyenti, L - sohaning uzunligi, T - vaqt oralig‘ining chegarasi.
To‘g‘ri masala. (1) tenglamani,

u(z,0) =p(x), 0 <z <L, (2)
boshlang‘ich shartni va
u(0,t) = u(t), w(L,t) =v(t), 0 <t <T, (3)

chegaraviy shartlarni qanoatlantiruvchi u(z,t) funksiyani toping.
Teskari masala. (1)-(3) masalada ¢(x), () ma’lum funksiyalar, v(t) - noma’lum funksiya
bo‘lsin, hamda qo‘shimcha

u(zo,t) =g(t), 0<t<T,0<uz9<L, (4)
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ma’lumot berilgan. Berilgan ¢(z), u(t), g(t) funksiyalar asosida noma’lum chegaraviy funksiya
v(t) va u(x,t) harorat funksiyasini aniqlash lozim.

Issiglik o‘tkazuvchanlik tenglamasi ko‘plab real fizikaviy jarayonlarni ifodalaydi. Aynigsa,
teskari masalalar quyidagi sohalarda dolzarb hisoblanadi: geofizikada, yer qatlamlaridagi
haroratni yuzaga yaqin oflchovlar orqali aniqlash; tibbiyotdda, termografiya asosida ichki
to‘gqimalardagi o‘zgarishlarni baholash; atrof-muhit muhofazasida, grunt yoki suv havzalari
haroratini kuzatish orqali ifloslanishni aniqglash.

Tadqiqot doirasida dastlab klassik issiqlik o‘tkazuvchanlik tenglamasi uchun to‘g‘ri
boshlang‘ich-chegaraviy masala tahlil gilinadi hamda uning yechimi va xossalari o‘rganiladi.
Chegaraviy shartdagi noma’lum funksiya qo‘shimcha shart bilan berilgan sohaning ichki
nuqtasida harorat funksiyasining ma’lum qgiymati asosida aniqlanadi. Teskari masala yechimining
mavjudlik, yagonalik va turg‘unlik shartlari nazariy jihatdan isbotlanadi. Bu natijalar tegishli
teoremalar va lemma shaklida keltirilib, isbotlari bilan mustahkamlangan.

Teskari (1)-(4) masalaning taqribiy yechimi regulyarlashtirish usuli yordamida topiladi.
Shuningdek, aniglangan algoritm asosida kompyuter dasturi tuzilib, turli kirish ma’lumotlari
asosida sonli va grafik natijalar olinadi hamda ular tahlil gilinadi.
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Qator manbali Liuvill tenglamasiga qo‘yilgan aralash masala

Xasanov A.B.!, Xudayorov U. 0.1
!Sharof Rashidov nomidagi Samargand davlat universiteti, Samarqand, 0‘zbekiston.
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Ushbu ishda

ot = €T+ Y Brsi(m M, ) (W3 (@, Mo t) — Y3 (2, A b)), 2 €RE>0 (1)

k=—o0

ko‘rinishdagi qator manbali Liuvill tenglamasining

q(z,t)];—o = qo(x), qo(x + 7) = go(x) € C*(R)
q(x,t)],—g = a1(t), 1 (t) € C1(t > 0) N C(t > 0) (2)
()| <M, M>0, qo0)=q(0)

shartlarni qanoatlantiruvchi haqiqiy cheksiz zonali hamda
gz +7,t) = q(a,t) € Cri(t > 0) N C(t > 0) (3)

silliglik shartlarini qanoatlantiruvchi yechimini topish masalasi qaralgan.

Bu yerda’ wi(% )\7t) = <wit(x7)‘7t)7w§:<xv A7t))T7 ¢+(x7)\k,t) = 1/)7(1’.7)\]6‘715) = ¢(9C7)\k7t) vektor-

funksiya ushbu
0 1\dy 1 0 ¢ (z+7,1) Y1
L — - T ’ = = 4
(. )y <—1 0>dx+2<q;(x+7,t) 0 y=X2 Y Yo )’ (4)
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xz,7 € R,t > 0 Dirak tenglamalar sistemasining (7 = 0) Floke yechimlari, S, k € Z esa By =
O(k~2), k — 400 asimptotikani qanoatlantiruvchi sonli ketma-ketlik.

Lemma. Ushbu
_1 e 22

10 et 81 s1(7, Ay ) Apibiida —Af
w6 9) 5,2 s (M o) o

chizigli differensial tenglamalarning blrgahkdahk sharti, g(z,t),x € R, ¢t > 0 funksiyaga nisbatan
gator manbali Liuvill tenglamasini beradi.

clx N 7t) = (cr(z, A\ 7t),cale, it va s(@ A\ 7 t) = (si(x, A\ 7t), s2(2, N 7,0)"
vektor-funksiyalar orqali (4) tenglamaning c(0,\,7,t) = (1,0)T va s(0,\,7,t) = (0,1)T
boshlang‘ich shartlarni qanoatlantiruvchi yechimi belgilab olamiz. Bular vektor-funksiyalar orqali
tuzilgan A(\, 7,t) = ¢ (m, A\, 7, t)+s2(m, A, 7, t) funksiyaga (L(7,t) Dirak operatorining Lyapunov
funksiyasi deyiladi va u 7 parametrga bog‘liq bo‘lmaydi. \x(t),k € Z lar orqali (4) tenglamaga
qo‘yilgan davriy va yarimdavriy (y;(0,7,t) = +y(m, 7,t),i = 1,2) chegaraviy masalaning xos
giymatlarini belgilasak, ular A(A,t) F 2 = 0 tenglamaning ildizlari bilan usma-ust tushadi.
&e(7,1),k € Z lar orqali esa (4) tenglamaga qosHTMyilgan Dirixle chegaraviy masalasining xos
giymatlarini belgilasak, ular sj(m, A\, ) = 0 tenglamaning ildizlari bilan usma-ust tushadi.

(4) Dirak operatorining spektiri faqat uzluksiz bo‘lib, u ushbu

o(L) ={reR:[AN)[ <2} =R\ ( [j (>\2n—1,)\2n)>

n=—oo

to‘plamdan iborat bo‘ladi. (A2—1,A2n),n € Z\0 intervallarga lakunalar deyiladi.

{& (7, 1), 01(T,t) = sgn(sa(m,&k(T,t),t) — cr(m,&p(T,t),t) = £1} to‘plamga L(7,t) Dirak
operatorining spektral parametrlari deyiladi. {\g(t), &k (7, 1), ok(7,t) = £1} to‘plamga esa L(T,t)
Dirak operatorining spektral berilganlari deyiladi.

L(7,t) Dirak operatorining spektral berilganlari yordamida ¢(z,t) koeffetsiyentini topish
masalasiga teskari spektral masala deyiladi.

(1)-(3) aralash masala yechimini L(7,t) Dirak operatoriga qo‘yilgan teskari spektral masala-
lar usuli yordamida topamiz.

Ushbu ishning asosiy natijasi quyidagi teorema orqali bayon qilingan.

Teorema. Agar qo(z) va qi(t) funksiyalar mos ravishda go(z + 7) = go(z) € C*(R) va
) € CHt>0NC{t>0), |qat)<MM>04qg(0)=q(0) shartlarni qanoatlantirsa, u
holda (1)-(3) aralash masalaning

q(7,t) = q(t) + 2/ < > (—1)k_10k(8,t)%(ﬁ(&ﬂ)) ds,
0 k=—o00
so(m A\ t) — e (m, A\ t) F /AZ(N) —
2s1(m, A t)
formulalar orqali aniglangan yagona (q(T, t), (T, )\,t)),i = 1,2,7 € R,t > 0 cheksiz zonali
global yechimi mavjud bo‘ladi.
Bu yerda 5 - E(Ta t) = ("'5—1(77 t)aél(Ta t)? )7 o= U(Tv t) = ("'0-—1(7-7 t)v 0-1(7-7 t)? )’ A= A(t) =

(..AZ1(t), A1(t), ...) vektorlarning koordinatalari quyidagi Koshi masalasani qanoatlantiradi:

Oalt) _
L2 =0, n e Z\{0},

wi(T, A\ t) =c(T,\t) + 45(7, A t)
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%QTOZ2PU%MﬂOM@vﬁmaanw»nezwm,

(T, )1 = En(7), on(Tt)limg = o (1), 1 € Z\{0}.
Bu yerda £2(7), (1) = £1, n € Z\{0} - L(r,0) operatorning spektral parametrlari, h,(¢) va

n

gn (&), n € Z\{0} lar esa quyidagicha aniglanadi:
ha(€) = V(En(7,8) = A2n—1)(A2n — &a(t, 7)) X ful(£),

b ()\Qkfl - gn(’ra t))()\Qk - fn("_, t))
fn(g) = H 2 ’
k=—ocok#n (‘Ek(T’ t) - gn(T, t))
n(T,1) 5k81(7T M, 75 1)
gn(g) ’7' t + = .
25”(7—? k_zoo )\%
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On the solution of a second-order integrodifferential equation

1 2

Yagmyrov A. °, Gurbanmammedov P.N.
! The State Energy Institute of Turkmenistan, Ashgabat, Turkmenistan;
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In this work

2(t) = f(t,x(t),ﬂﬁ'(t),/ Ki(t,s,2(s), @' (s))ds) (1)

> (ouz(ts) + B (t:) AZ% )+ vir(t;)) = B (2)

=1

looking for this problem, where t; € [0,T] (¢ = 1,m) arbitrary points,

E=) (Do) +CB)#0, C= Z aiti+Bi), D= (yiti+vi).
i=1 =1 i=1

The work consists of two parts, and in the first part (1), (2) proving that equations have
solutions and sufficient condition for its uniqueness. In the second part we are finding sufficient
condition for continuous dependencies between unique solution and parameters.

1. Existence and uniqueness of the solution

Theorem 1. Let, f(t,z,y,2) (0 <t < T,z,y,z € RY), K(t,s,2,9) (0<t,s <T,z,y € R)
continuous functions respectively

[f(6,7,9,2) = f(t 2,9, 2)] < Lo(|7 — 2| + |7 — yl) + LafZ — ],
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|K(t787f7y) - K(t787x7y)‘ S L3(|§_ ‘,1:| + |y_ y|)

satisfies these conditions, where L; = const >0 (i =1,2,3).

If
B = (L1 + LaLs) (> (O (laiv; — a5yl + 18iv; — il + | Dai — Cyil+
i=1 j=1
+|DB;i — Cv]) + 1 — (AT — 1)e ) < A2 (3)

there is A = const > 0 which satisfies the inequality, then (1), (2) equations have twice
differentiable unique solutions defined in interval [0, T].
The proof of Theorem 1 is given in [1].

2. Continuous dependence of parameters for solution

In this section

2(t) = f(t2(t), 2/ (1), /0 K(ts,2(s),2'(s), m)ds.7)  (0<t<T), (4)

studying solutions that satisfy the conditions (2) of the integrodifferential equation, where p,~ €
R! parameters.

Theorem 2 Let, f(t,z,y,2z,u) (0 < t < T,z,y,z,u € RY), K(t,s,2,y,7) (0 < t <
T z,y,v€ Rl) be continuous functions respectively
F(67,5,2,70) — F(t 2y, 20 10)| < Li(17 — 2] + 5 — yl) + Lafz — 2| + Lali — u,
|K(t’ Svayai) - K(t’ 5, 977)‘ < L3(|E - .73| + ‘y;y‘) + L5|W - ’Y|
satisfied conditions, where L; = const > 0 (i = 1,5). If there has A = const > 0 satisfying (3)
condition, then in the equations (4), (2) unique solutions in the C2([0,T]) space depends p,~
parameters continuously.

Proof: In the Theoreml proved that (4), (2) equations in each value of parameters in the
C?([0,T]) space has unique solutions. For proving Theorem2 only needs to show that solutions
are depends parameters continuously. First changing equations (4), (2) integrodifferential
equation which is equivalent to (4), (2).

BC AD t 1 N —
x(t) - = *Z Baz A'Yz + EZ Z QY5 — aj% +Daz

i=1 j=1
tz ) , 1 m m
-0 [t = ) (s.a(5).0/(0), / Ko malr) (1) ) ) + 5 303 6 -
t
—ozjyi)—l—Dﬁi—Cui) fsx / K(s,7,z(r (),u)dT,’y)ds—i—/O(t—
—s)f(s,x(s),x'(s),/s K(s,7,2(7),2' (1), w)dr,v)ds (5)

0
Let z1(t),z2(t) (0 <t < T) be the solutions of equation (5) with parameters p = u1,7 = 71
and p = u9,y = 72 parameters, hence

BC —AD t & 1 o
xp(t) = T—FEZ(B%—A%)—{—EZ Z oy — ayy) + Doy —
i=1 i=1 j=1
t; 1 m m
=09 [ = 9 f(s.n(s), k(o). [ Ko man().ah(r) i ndds + 5 D3 (5o -
z:l 7j=1

— o) + DB; —CVi) f(s Tk (), ) (s / K(s,1,2(7), ). (T), e )d7, v )ds +
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" /O (t — ) f (s, 2 (s), 2h(s), /0 T K (5,7 ap(0), (1) ) dr s (k= 1,2)

Considering theorem conditions we get from this equalities.
|21 = o[« = max e (jz1(t) — za(t)] + |(21(t) — 22(1))']) < gller — 2| +

0<t<T
+6W“EXZM%%—aﬂﬂﬂ&%—%WD+W%—CM+Umr%MD+
=1 j5=1
’ ! L m m
5
+ T%) |1 — pa| + E(Z(Z(Iam = a;%i| + |Bivj — eyvil) + [Doi — Cysl + [DB; —
i=1 j=1
— Cv]) + T)|n — 2l
1 LoLy =
lle1 = 22l < g (= OO (i — eyl + 1Biv; — ajvil) + | Dai —
m m
— Cil + [DB; — Cwil) + T%) 1 — pa| + Ls (DD _(leiy — il + 18 — awil) +
i=1 j=1

+ \Dai — C'Yz| + |Dﬂ, - CVZD + T)|’Y1 - ’)/2‘.
Proof of Theorem2 follows from last equation.
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Inverse problem for a nonlinear partial differential equations of the seventh order
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Partial differential equations of parabolic and hyperbolic types are the base of the equations of
mathematical physics. Along with equations of parabolic and hyperbolic types, pseudoparabolic
and pseudohyperbolic differential equations are often studied.

Let us consider partial differential equations of the form

ok ok+2m o2m
. S 1) ——— —

where £k =1,2,3, m=1,2,3,...,n.

This equation is sometimes called a Barenblatt—Zheltev—Kochina equation at & = 1. And
when k& = 2, it is often called a Boussinesq type differential equation. Many works have been
devoted to the study of this equation for k = 1,2 (see, for example, [1-5]). However, we have not
yet encountered a single work on the study of an equation in the case of k = 3.

In this paper we consider a case k = 3. For simplicity, we take m = 2. So, we study the
solvability of the inverse mixed problem for a seventh order nonlinear partial differential equation
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with identification source function and real parameter. So, in the rectangular domain, =
{0<t<T, 0<x<1} we consider the following partial differential equation

T 1

o3 ol ot

@4- 5630 11 +w8$4} V(t,x) ( :E,//G V(s,y dyds) (1)
00

where F(t,z,-) € Cgf(ﬁ x R), 0 < G(t,x) € C(Q), T is given positive number, w is a real
nonzero parameter, 0= {0 <t<T, 0<z< 1}.
In solving partial differential equation (1), we use the following conditions

V(t’ 1) =0, Vxx(t’o) = 07 Vx(t’ 0) = Vx(tv 1)7 Vx:px(tv 0) = mez(ta 1)7 0<t< Ta (2)
V(O,.T) = 901(56)7 Vt(O,JI) = @2(37)7 V;ft(()?m) = 903(‘7:)7 0<z<1, (3)

where ¢;(x) are enough smooth functions on the segment [0, 1].
Direct Problem Statement. To find a function

V(t,z) € C(Q)NCYE(Q), (4)

which satisfies differential equation (1), conditions (2) and (3).
Inverse Problem Statement. To find a pair of functions {V (¢, z), ¢(z)}, using conditions (2),
(3) and following additional condition

Vit z) = ¢(x) e cU0,1], 0<t <T, (5)

where () is given function.
From the spectral problem of the direct mixed problem we derive the eigenvalues

Ap = (27m)4, n=0,1,2, ...

Eigenfunctions, corresponding to these eigenvalues, have the forms

e2mnz _ e27rn(1—x)

Yo(x) =2(1 — ), Vin(z) = —2sin27nx, Vo,(x) = ] — cos 2mnx.

Along with the spectral problem above, we also consider adjoint spectral problem. Solving the
adjoint problem, it is not difficult to see that the eigenfunctions have the form

e2mnz + e27rn(1fa:)

wo(z) =1, wip(x) = T —sin2mne, wa,(z) = —2cos2mne.

We look for a solution to the problem (4)—(4) in the form of following Fourier series:

V(t,z) = vo(t )+ Z (01 n t) b n (x) + UZ,n(t) b2,n($)) )

where

e2mnz _ e27rn(1—93)

bo(x) =2(1 —x), bip(x) = —2sin2mnz, bey(z) =

ST — cos 2mnx,

1

1
/VtyCO )dy, vip(t /Vty01n )dy,
0 0
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1

van(t) = / V(£ y)ean()dy,

0
e2mnT + 6271'71(1—90)
co(x) =1, cip(x) = T —sin2mnz, cop(z) = —2cos2mnx.

We consider the functions ¢;(x), j=1,2,3 as:

o0

30( ) @]Obo +Z @j,l,nbln +90]2nb2n( ))7

where
1 1

(Pj,O_/(P]( ) ( )dyv Pjrn = /Spj CH}TL dy7 5*1 2 ]: 17273'
0 0

So, it is considered a seventh order nonlinear partial differential equations (1) with mixed
conditions (2) and (3) and with a real parameter w. The Fourier spectral method of separation
of variables is applied. The eigenvalues and eigenfunctions of the spectral (adjoint spectral)
problems are calculated. Countable systems of nonlinear functional-integral equations are derived.
Theorems on a uniqueness and existence of the solution of direct mixed problem (1)—(4) is
proved for all values of parameter. The method of compressing mapping is applied for solving
the countable systems in the Banach spaces C[0,T] and Bs[0,T], respectively. The solution
of the inverse mixed problem (1)—(5) is obtained in the form of Fourier series. Analogously,
the redefinition function is determined as a Fourier series. Theorem on absolute and uniform
convergence of Fourier series of direct mixed problem (1)—(4) is proved for all values of the
parameter w. Theorem on absolute and uniform convergence of Fourier series of inverse mixed
problem (1)—(5) is proved for regular values of the parameter w.
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Mixed problem for a pseudoparabolic fractional differential equation with final
condition

Yuldashev T. K.l, Matchanova A. A.2, Artykova Zh. A3
!Tashkent State Transport Universuty, Tashkent, Uzbekistan
tursun.k.yuldashev@gmail. com; ’Tashkent Universuty of Information Technology,
Tashkent, Uzbekistan oygul87-87@mail.ru; 30sh State Universuty, Osh, Kyrgystan
jartykova@oshsu.kg

The theory of differential equations always remains one of the most powerful methods of
mathematical physics and nonlinear mechanics. Therefore, this theory has developed strongly
and is rapidly developing today. The emergence of the theory of fractional calculus gave a strong
impetus to the development of the theory of differential equations from a different point of
view. A new direction has appeared — the theory of differential equations of fractional order.
Today the theory of fractional differential equations and its applications are considered by many
scientists (see, for example, [1-5]). Note that boundary value conditions of the Dirichlet type
take place in modeling problems of the flow around a profile by a subsonic velocity stream with
a supersonic zone. Different mixed and boundary value problems for differential and integro-
differential equations of whole order are studied by a large of mathematicians.

In the domain Q = {(¢,2,y)|0 <t < T, 0 < z,y < l} a partial differential equation of the

following form is considered
N N 82 82 62 62
[CDOt —cDy, (M + 0y2> - <82 + ayﬂ Ut,r,y) =

=a(t)U(t,z,y) + f(t,2,9) (1)
with final point integral condition
T 1 1
U(T,z,y) = —|—///Rs77£ (s,m,&)dndéds, 0<wxz,y<lI, (2)
000

where 8, T and [ are given positive real numbers, for 0 < a <1

t

eDG) = I () = s [ ads, Dbt = (0, t€ 0.1)
0

is Gerasimov—Caputo type fractional operator,

t
n
Igin(t) /tsla’ te(0,T)
0

is Riemann-Liouville integral operator, a(t) € C (€2r) is given function, ¢(z,y) is given function.
WE use the notations: Qp = [0,7T], ; = [0,1].

Problem. We find the function U(t,x,y), which satisfies partial differential equation (1),
final value integral condition (2), boundary value conditions

U(t,0,y) =U(t,l,y) +U(t,x,0) =U(t,xz,1) =0 (3)
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and class of functions
Ul(t,xz,y) € C(ﬁ), cDg U(t,z,y) € C(), (4)

where Q = {(t,2,y)|0 <t <T,0< z,y <}
We assume that for the given functions are true the following boundary conditions

©(0,y) = ¢(l,y) = ¢(z,0) = p(z,1) =
f(t,O,y) :f(tal7y) :f(t,ac,O) :f(twrvl) =

The problem (1)—(4) we reduce to consider the following Fourier series:

t X y Z ﬁnm -'E y { nm(@nm,fnm)Ea71+ﬁ’£ (_M%,mta+6> 4

n,m=1

Qr'

t t
1
1+A%m/ (t,8) . ()ds+1+/\2m/ ) () + T x
0 0 '

)

+

T s
XO/ 0/0/R(S”?vf)O/K(sﬁ)a(@)un,m(e)d@dndf—K(T,s)a(s)umm(s) ds .

where
Q—l
Pn,m (Spn,ma fn,m) = (Pn,mQ;l + ﬁx
T L1 s
<[] [ B [ K0 (01000 — K (T, ) s,
0 0 0 0
T 1 1
QT = Ea,l—‘rﬁ’ﬁ <_/~L317mTa+ﬁ) - ///R s 77? a 1+é,ﬁ <_:ugl,msa+/3) d77d§d57
0 0 O
2. m™n ., m™m . .
Unm(z,y) = 7sin—-wsin——y, n,m = 1,2, ..., Ea,1+§,§ (—,u,%’mTO“w) is Mittag—Lefler
function,
)‘721m 2 T2 2 2
Hnm = mv )‘n,m = <T) (n +m )

So, in the domain Q = {(t,:z:,y) 10 <t<T,0<uzy< l} the unique solvability of mixed
problem (1)—(4) for a partial differential equation is considered for the case of a-order Gerasimov—
Caputo type fractional operator, 0 < « < 1. The solution of the problem is studied in the class
of regular functions. The considering equations depend from three independent arguments. First
argument is time argument and with respect to this argument considering equation is fractional
Gerasimov—Caputo type ordinary differential equation. Second and third arguments are spatial
and the equations with respect to these arguments are differential equations of second order. The
Fourier series method is used and a countable system of differential equations is obtained.
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Solvability of a Pseudohyperbolic Equation with Nonlocal Boundary Condition

Zhumagul G.O0.!
! Abai Kazakh National Pedagogical University, Almaty, Kazakhstan; e-mail:
zhumagul.gaziza@bk.ru

Introduction. Currently, the study of nonlinear equations of hyperbolic type is of significant
interest in mathematics and applied sciences. Such equations arise in mechanics, physics, nuclear
physics, optics, and geophysics. In this work, we consider a pseudohyperbolic equation with
nonlinear and nonlocal boundary conditions.

Problem Statement. We study the boundary value problem for the pseudohyperbolic
equation in the cylinder domain Qp =  x (0,7):

ugy — XYAup — aAu + cu + ]ut|q72ut = b]u\pﬂu + flz,t), (x,t) € Qr, (1)

with nonlocal boundary condition:

t
@ + K/ g(t — T)\U(T)\U_zu(T) dr| =0, (x,t)€0Qx(0,T), (2)
8TL 0 I
and initial conditions:

u(z,0) =up(x), w(z,0)=wui(z), e (3)

Main Results. - The existence of a weak generalized solution is proved.
- A theorem on time-locality for existence and uniqueness of the solution is established.
- The uniqueness of the solution is shown using Galerkin’s method, a priori estimates,
interpolation inequalities, and the inequalities of Young, Holder, and Minkowski, as well as the
Gronwall and Bihari lemmas.
Conclusion. The solvability and uniqueness of a boundary value problem for a nonlinear
pseudohyperbolic equation with nonlocal boundary condition are established. The results can
be extended to other nonlinear boundary value problems.
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VIIK 517.984

O cyIiecTBOBaHIUM TPEXYACTUIHOTO COOCTBEHHOIO 3HAYEHUs OllepaTopa
IlITpeaunrepa cucrembl Tpex 6GO30HOB

Abnynnaes )K.I/I.l,Myﬁ,ILHHOBa W.H.2
1’2CaMapKaHJJ;CKI/II7I TOCyLapCTBEHHHN yHUBepcuTeT, CaMapkaxz, Y3bekucTas;
jabdullaev@mail.ru

CuekTpasbHble cBoiicTBa oneparopos IIIpeauHrepa cucreMbl TpeX IacTHUIl HA PEIIETKE U3Y-
gaymcs B paborax [1-3]. Mbl uzyuaem uncio coberBeHHBIX 3HaueHuii omneparopa IlIpemunrepa
CUCTEMBI TpexX GO30HOB Ha OJIHOMEDHOIl peIlIeTKe.

[ycrs T = (—7, 7] — oanomepwuerit Top, L?*(T?)— ruab6epToBo MpocTpancTBO KBaIPATHIHO
HHTErpupyeMbIX (byHKIWMIL, onpeieseHHbX Ha T3 1 CHMMETPHYHBEIX OTHOCHTEILHO II€PECTAHOBKI
JHOOBIX JIBYX NE€PEMEHHBIX. B UMITyJIbCHOM IPEJICTABICHAN CHCTEMbI TPEX OJMHAKOBBIX YACTHIL
(6030HOB) € MAPHBIM KOHTAKTHBIM IIOTEHIIUATIOM JEHCTBYET COOTBETCTBEHHO B MIJIBOEPTOBOM IIPO-
crpanctie L2*(T3) mo dopmymtam [2]

(Hpf) (K1, k2, k) = (e(k1) + e(k2) + e(ks)) f (K1, ka2, k3)—

I

3
58 2 | Ok = ke)S(ks + ky — ki — K) F (k3 K, k) k] dksdk,

a=1

Baecw {a, 8,7} ={1,2,3}, e(p) =1—cosp, (k) nenvra-byuxius Tupaka.
Omneparop H,, pasiaraercs B IpsiMOit HHTerpai |3

H,= /E@HM(K)dK,
IJe orpaHHYeHHbI camoconpsikenHsiit oneparop H,(K) = Ho(K) — p(Vi + Vo +V3), K € T,
neiicTByer B ruL6epTOBOM Tpoctpanctie L2*(T?) no dopmyie

L

Hy(K)f(pq) = ex(p,a)f(pa) — o /T[f(K —p—¢q,8)+ f(p,s) + f(s,q)]ds.

Bneck Ex(p,q) = (K —p—q) +e(p) +e(q).
Cy1mecTBeHHbBIA clieKTp onepaTopa H, 1 () cocrouT U3 OOHEIUHEHNSI JIBYX OTPE3KOB

Oess(Hyu(m)) = [2 — 4 — /2 —1—4] U B,G] .
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Teopema. Cymecrsyer 1 > 0 Taxkoe, 9To IpH BCeX f > ju1 onepaTop H,(m) umeer poBHO
J1Ba COOCTBEHHBIX 3HAYEHMS, JIEXKAIIUE JIEBee CYIIECTBEHHOI'O CIEKTPA.
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VIIK 517.956.6

O eaMHCTBEHHOCTHU PEIeHns 334a4YM C HEJOCTAIOIINM YCJITOBUEM CMENIeHUs JIJIs
ypaBHenus I'esstepcrenra ¢ 0co6bIMU KO3(UIMEHTAMU.

AmvonoB B. B .
TepMescKuli rocyIapCTBEHHH! yHUBEpPCHUTET, lepMe3, Y36eKuCTaH;
amonovbobur91@mail.ru

ITocranoska 3amaunm 2KHII.

[Tycts Q- KOHeuHast OJHOCBsI3HAs 00JIACTH KOMILIEKCHON tiockoctu C = {z = x + iy},
orpanudenHas npu y > 0 HOpMasbHON KpuBO# o) ¢ KoHmamu B Toukax A(—1,0) u B(1,0)
3ajlaHHol ypasHeHneM 22 + 4(m + 2)_2y(m+2) =1, aopu y < 0 xapakrepuctukamu AC u BC
YPaBHEHUS

(signy)y|" uza + uyy + (Bo/y)uy = 0, (1)

rje nocrosiuaeie m > 0, [y € (—m/2,1).

O6o3naunM gepes O u Q™ gactu obractnu €, JeKanime COOTBETCTBEHHO B ITOJIYTLIOCKOCTSIX
y>0muy <0, agepe3 Cy -Touka mepecedennst xapakrepuctuku AC ¢ XapaKTepPUCTUKOMN MCXO-
nsteit u3 rouku E(c,0), rne ¢ € J = AB = (—1,1)— unrepsain ocu y = 0. Ha orpeske [—1, 1]
BBesieM JinHelinyo dyHKimo p(x) = ax + b Kotopasi orobpazkaer orpe3ok [—1,1] Ha oTpe3ok
[—1,c], tme p(—=1) = =1, p(1) =¢, a=(c+1)/2, b= (c—1)/2.

B zazjavax co cmemnienueMm [1],[2] B orimmune or 3amaun Tpukomu ([3], ¢.29), xapakrepucruku
AC u BC 6bumi paBHOIPaBHBI B CMBIC/IE HOCHTEJIEl KPAaeBbIX JAHHBIX, T.€. BCE TOUKU Xapak-
repuctuku AC n BC' ObLin 0XBadeHbI KPAeBbIM yCJIoBHeM. B janHOI pabore B objactu ) s
yPaBHEHUsI CMEIAHHOIO THUIIa ¢ CUHTYJISIPHBIM KOI(DMUIMEHTOM UCC/IEAyeTCsl KOPPEKTHOCTD 3a-
Jladn, TJe yCJIOBUSI CMEIEHUs 3a/IaeTCsl Ha YacTh TpaHundHO# xapakrepuctuke AC) u Ha Xapak-
repuctuke BC', a wactu CoC xapakrepuctuku AC 0CBOOOXKIEHBI OT KPaeBbIX YCJIOBHUi, W 3TO
HEJIOCTAOIINE YCJIOBHE CMEIIEHUsI 3aMeHeHO aHajorom yciaobust Ppankist [4,¢.200] Ha orpeske
BBIpOXKieHnst AB.

Bagauya 2KHII . Tpebyercs naiitu B obsactu  dyHKmo u(x,y) yaAeBIeTBOPSIONIYIO CJIe-
JIYIOTIIAM yCJIOBUSIM:

1. ®ynknus u(x,y) HeNPePbIBHA B KAXKJION U3 3aMKHYTHIX obJacreii QtuQ—;

2. Oynxmus u(x,y) npunaaiexnt Kiaccy C2 (Q1) u ynosnersopser ypasmenmio (1) B sToit
obJjracTu;

3. Oyukuust u(x,y) aBiasercs 0600IEHHBIM perlerneM Kiacca Ri[11,¢.35;12] B obiactu
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4. Ha unrepsasie BoipoxieHusi AB BblnosHsieTcst yeaoBusi coupsizkernst [4,¢.110]

ou ou
im (—y)?0 — lim ¢?° _
yh _0( y) ay yh +Oy 8y7 € e ( 17 1)/{0}7 (2)

npudeM npejessl B (2) npu © = +1, 2 = ¢ MoryT umeer ocobeHHOCTH MOpsiKa Huxke 1 — 203, rje
B = (m+260)/2(m +2) € (0,1/2).

5. BoImosnens! ycioBus

u($7y)‘002(»0($)7 YIS [_171]7 (3)
(1+2)°D 5 ulbo(p(2))] = (1 — )P () Dy Pulbs (2)] + p(z), = € (—1,1), (4)
u(p(z),0) — u(z,0) = f(z), x € [-1,1]; (5)

riue

i

o) - 2 2/(mH2)
90@(%)):1?( 02) 1—i<( +2)(}l+p( 0)))

)

. 2/(m+2)
m@@:%;1i<W+mf m»

Di}g Di;ﬁf omneparopsl JuddepernupoBans 1pobHOro nopsiaka 1— 4 [3,¢.17|, Oy (p(x)) u 61 (x)
coOTBeTCTBeHHO ahduKchl Touek mepecedenust xapakrepuctuk ACy u BC' ¢ xapaKTepuCTUKAMK
ucxonsieit u3 roukn M (p(zo),0), n Ma(xo,0), xo € [—1,1]:

Baganubie byakiyn ¢(z), p(z), w(z), f(x) — vHenpepsiBHO auddepeHnupyeMbl B 3aMbIKaHUN
MHOZKECTBa UX ompejesienns, a dynximus o(z) npeacrasuva B suge o(z) = (1 — 22)p(z), e
p(z) € CH(J).

Ucnonbayst obosnauenne u (x,0) = 7 (z) , yciaosue (5) 3anmiiem B Buje

T(p(x))—7(x)=f(z) ,ze€[-1,1], p(x)e€[-1,c]. (

D
=

2. ExunHcTBeHHOCTDL pelreHust 3agadu 2K HII.
Teopema 1. Pewenue 3adavwu 2KHII npu odnopodnvix kpaeswx dannviz: o(x) =0, p(zx)

0, f(x)=0,

p(x) <0 (7)
€B0E20 HAUOOALULE2Z0 NOAOHCUMENLHO20 3HAUEHUSA (HHB) U HAUMEHDUWE20 OTMPUUATENDHO20 3HA-

—+ o
wenus (HO3) 6 obaacmu D' npunumaem moavko 6 mowkax xpusoti og.
JlokazaTesbCcTBO TEOPEMBI IPOBOAUTCST MeTosioM pabot [5],[6],[7].

JIuteparypa

1. XKerasioe B.M. Kpaesas 3adaua O0As YPASHEHUA CMEUAHHO20 MUNG C 2PAHUYHBLMU
YCAOBUAMYU HA 0OOUT TAPAKMEPUCTIUKAT U € PA3PLIEAMU HA NEPeToOHol aunuy. [/ Y IeH.3bII.
Kazanck.yn-ta. 1962, Tom 122, No3, c.3-16.

2. HaxymieB A.M. O mexomopwvix kKpaesux 3a0a4ar Oaf 2UnepbosUMecKUT YpPasHenuts U
ypasrenuti cmewarnozo muna. duddepennnanipabie ypapuenus. 1969, Tom 51, Nol, c¢.44-59.
3. CmupnoB M.M. Vpasuenusn cmewanrozo muna. M. 1985. 304 c.

4. CamaxurauuaoB M.C., MupcabypoB M. Henrokaavhoie 3ada4u 044 YPaBHEHUT CMEWAH-
HO20 MUNA ¢ CUHYAAPHBMUY KodPPuyuenmamu. Tamrert 2005 "Yausepcurer" -224 c.



AKTYAJIbHHE TIPOBJIEMH AJITEBPH ¥ AHAJIM3A, TEPME3-2025 191

5. Mupcabypos M. 3adaua ¢ nedocmarouwum ycroguem cmeuenus oan ypashwenus Iearep-
cmedma ¢ cuHeysapruim Koapduyuenmom. zpectus By3os. Maremaruka. 2018, Nob, ¢.52-63.
6. Mupcabypos M. 3adana ¢ ananozom ycarosus Dpankas HA Tapaxkmepucmure u Ha
ompeske 6vipodcoeHUs OAS YPABHEHUS CMEULGHHO20 MUNG C CUHSYAAPHLIM KoIPHUUUEHMOM.
Huddepenn. ypasuenusi. 2017, 53(6), ¢.778-788

7. CamaxutauaoB M.C, MupcabypoB M. O nexomopwolx Kpaesovir 3a0a4ax cO CMEULEHUEM
O YPABHEHUA 2UNEPOOAUMECK020 TMUNG, BVIPONHCIaowe20cs Ha eparuue. VIsBectus Axajgemun
mayk ¥3 CCP. 1980, Nol, c.16-21.

VIIK 517.9

PaHI/IOHaJ'II)Haﬂ InmapamMeTrpu3anmuda pe30OHaHCHBbIX MHOI‘OO6pa3Hﬁ B cucremMmax
T'amuiapToHA C TpeMd CTellIeHAMU CBOGO,IH::I

Batxux A.B.l, Xaiimapos 3.X.2
I Texnnon - V3paunbCckuii TEXHONOTMYECKUN MHCTUTYT, /3pamnb; e-mail:
batkhin@technion.ac.il

2Camapkanzckuit rocymapcTBenHu#t ymuBepcuTeT mM. ll. Pamummosa, Camapxamzm,
Y3bekucTan; e-mail: zafarxxOgmail.com

Awnnoramusd. Vccnenopanne popMaabHON YCTOWIUBOCTH MTOJIOXKEHNM PABHOBECHST MHOTOITA~
paMeTpUYIeCKOl raMIJIBTOHOBOI CHCTEMBI B CJIyUae ODIIEro MOJI0KEeHUsT TPAUITHOHHO ITPOBOUT-
CsI C UCIIOJIb30BAHUEM €€ HOPMAJIbHOM (DOPMBI IIPU YCJIOBUHM OTCYTCTBUS PE3OHAHCOB HEOOIBIITUX
nopsiikoB. B pabore mpejjiaraercs criocod CUMBOJIBHOIO BBIYHMCJIEHUS] YCJIOBHS CYIIECTBOBAHUS
pe30oHaHCa IIPOU3BOJILHOIO IIOPSIIKA JIjIsi CHCTEMBI C TpeMsi crerneHsMu ¢Bobobl. [lokasamo, aro
9TO YCJOBHUE JJIsI KaXKJ0I0 PE30HAHCHOTO BEKTOPA MOXKET OBITHb IIPEJICTABJIEHO B BHJIE PAIUO-
HaJbHOU anredpantieckoil kpusoit. MeTogamu KOMIIBIOTEPHON ajaredphl MOy YeHa paIlnOHAIbHAS
napaMeTpusanus 3Toil KpUBOil Jjis cirydas obInero pesoHanca. PaccMOTpeH MOJEIbHBIN IpuMep
HEKOTOPO#H JByllapaMeTpUdecKoil cCucTeMbl MaATHUKOBOTO THUIIA.

KirroueBbie cjioBa: CUMBOJIbHOE BBIYHC/IEHHE, YCJIOBHE DE30HAHCA, cucreMa laMumiibToHa,
dopMasbHas yCTOWINBOCTE, HOPMAJIbHAST (POPMA.

BBenenue

JL1st MHOIMX MeXaHHYEeCKUX CHCTEM HAJIMYHe PE30HAHCA MEXKJy COOCTBEHHBIMM 4aCcTOTAMU IPU-
BOJUT K IOSIBJIEHUIO CJIOYKHOM TMHAMUKHU, KOTIA SHEPTHUsT KOJIEDAHUN «IIepeKaunBaeTCsI» MEXKILY
TEMHU CTEIEeHsIMI CBOOOIbI, Yb COOTBETCTBYIOIIME YACTOTHI HAXOIATCA B pesoHance. OaHako Ha-
JIMIe HEeTPUBHUAJILHBIX peLHeHI/Iﬁ PE30HaHCHOI'O ypaBHeHHﬂ IIO3BOJILAET HOJIyLII/ITb JOIIOJIHUTECJIb-
Hble (POpMaJIbHBIE IIEPBbIE MHTErpasibl U, KaK CJIEJICTBUE, IIPOBECTH AHAJIN3 yCTONIMBOCTH IIO-
JIO2KEHU I paBHOBECHA HUJIN aCUMIITOTUYECCKU IIPOMHTEIPUPOBATH CI/ICTeMy ypaBHeHI/Iﬁ JABU>KCHNI,
[PUBEJEHHYIO K HOPMaJIbHO dopMe.

Iestb paboThl COCTOUT B OIMCAHUM CXEMbI HCCJIEI0BaHUSA (POPMAJILHON YCTORYMBOCTHI TIOJI0XKE-
uus pasaosecust (IIP) cucremsr lavuibrona ¢ Tpemst crenensiMu CBOOOBI, a TAKKE B IIOJTy I€HUN
SIBHOT'O IIPEACTABJIECHNS YCJIOBHUI CyIIECTBOBAHMS PE30HAHCOB KpaTHOCTH 1 B TepMUHAX KO3 hu-
OMEHTOB XapaKTePUCTUICCKOI'O MHOT'OYJIeHa JIMHENHON YacTU raMUJIBTOHOBOM CUCTEMHBI.
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MeTtoabl

PaccmarpuBaercsi aBTOHOMHAsI TAMUJIBTOHOBA CUCTEMa ¢ aHaIuTHIecKoii dyukuumeit H (z; P), ITP
KOTOPO# COBIAMAET C HAYAJIOM KOOpJAUHAT. [aMUIbTOHMAH PACKJIaIbIBAETCS B P/

H(zP) = Hi(zP),
k=2

rae P — BekTop mapamerpos. Vcciemyercs MHOXKECTBO YCTOWYMBOCTH Y JIMHEHHON CHCTEMBI,
OIIPEJIEIISIEMOE YCJIOBUSIMU BEIECTBEHHOCTH U HEIOJIOXKUTEJILHOCTH KOPHE I10JIyXapaKTePUCTH-
"ecKoro MHorowtena f(f1) MaTpHIL THHefHOro cucTeMbl [aMuibTona, Tae i = A2,

st uccnenoBanust popMasibHO ycroituuBocTu (ycroituuBoctu 1mo Mosepy) ucnosib3yercs
nopmasibiast popma (HO) cucrempbr. HO rammibronnana nmeer BUT:

n
h(u,v) = Z ojAuvf + Z hpquPv,
j=1

U COJIEPXKUT TOJIBKO PE30HAHCHBIE WIEHBI, YJIOBJIEeTBOpsitolue yejaosuo (p — g, A) = 0.

OcHoBHas 3aJlada — OINUCAHNE B IIPOCTPAHCTBE ITapaMeTpoB obJacteil, cBOOOHBIX OT CHJIb-
HBIX PE30HAHCOB (OpsiZKOB 2, 3 1 4). [Tj1s1 97010 BBOIUTCS IIOHSITHE PE3OHAHCHOIO MHOI0OODA3Msi
RY, — anre6pamaecKoro MHOrooOpasus B IIPOCTPaHCTBEe KOI(DMUINEHTOB a1, . . . , G, MHOTOYJICHA
f(p), HA KOTOPOM BBINOJIHSIETCSI PE30HAHCHOE cooTHolleHne (p,A) = 0 jisd HPUKCHPOBAHHOIO
[IEJIOYNCIIEHHOTO BEKTOPA P.

OcHoBHBIE PE3YyJIbTaThbl

IIpemyioxken crocob CHMBOJIBHOI'O BBIYUCJIEHHS YCJIOBHS CYIIECTBOBAHUS PE30OHAHCA IIPOU3BOJIb-
HOro nopsizika. st pesonancuoro Bekropa p* = (r,q, 1) ycioBue pesoHaHca MPEJCTABISETCA B
BHUJIE KBAJIPATUIHON (POPMBI OT KOPHEH [Lif:

b 71 JE—
RYY (1) = ¢* 43 — 2¢°r2 i + r? — 2¢Ppapus — 2r2 s + 43 = 0.

C TmOMOIIBIO CTEMEHHOTO TPeoOPA30BaHus U METOI0B KOMITBIOTEPHOM aareOphl moJIydeHa, moJIn-
HOMUAJIbHAS TTAPAMETPU3AIINAS PE30HAHCHOTO MHOI00Opa3usi:

ps = vr?(u + 2q)%,
pro = vrlu?,
1 = v((g+ Du + 29)?,

a1 = —v[(2r% + (g + 1)*)u® + 4q(r* + ¢ + Du + 4¢*(r* + 1)],

ag = v2[(r* + 2(q + D)Hu? +4¢(r* + ¢ + 49 + 3)u® + 4¢3 (r* + ¢ + 69 + T)u® + 16¢> (¢ + 1)u + 16¢%],

az = —r*v*u? (u(q + 1) + 29)*(u + 2¢)*.

b 71
Iokazana caemyiomasa Teopema: Teopema 1. Pesonancuoe MHOroobpasue R:(fq ), e r,q €

Q, momyckaer MOJIMHOMUAIBHYIO TTAPAMETPUBAIINTO.
JJ1sT CHJTBbHBIX PE30HAHCOB IOJIYUEHBI IBHbIE YPAaBHEHUsT PE30HAHCHBIX MHOI000Opa3nii B IPo-
crpaHcTBe Kosddunpmenros. Hanpumep, i ABYyX4YacTOTHOIO PE30HAHCA C BEKTOPOM P* =

(¢,1,0) pesonancHOE MHOrOOOpa3Me 3aaeTCs yPABHEHHEM:

fi = (*+P+1)2 a2+ (> 4+1)2a3+¢* (P +1)%adas— P a2 a2 — P (¢* +¢*+1) (¢* +4¢>+1)arazas = 0.

st rpéxuacrorHoro pesonanca p* = (1,1,1): Rél’l’l) =a? — 4ay = 0.
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IIpumep

PaccmoTrpena mozieib TpEX MaTeMaTUIECKUX MasTHUKOB, COETUHEHHBIX HpyKuHamu. [IpocTpan-
crBo mapamerpos 11 = (a, f) aBymepno. [list 9Toit cucremMbl Haii/IleHbI ypaBHEHHsT PE3OHAHCHBIX

(3,1,0) .. (2,1,1)
KPHBBIX, COOTBETCTBYIOIIHUX JByX4acToTHOMY ([R5 ) u TpéxyacToTHOMYy (Rj3 ) pesoHaHCAM
4-To TopsJiKa:
. 8o
RGO = g _
@ g 2+a’
R =5 =8,
4o
RGLO) = 5 —
¢ g 1—4a’
R((f’l’l) = B = 4a® + 4a,
8a(2 — «)
R(27111) —
b b (Ba — 2)2

HpOBe,HéH aHaJIN3 B3aUMHOT'O PACIIOJIO2KECHHN A 9TUX KPUBBIX U 0COOBIX TOYEK.

SakJro4YeHue

Jutst cucrembl ['aMuIBTOHA ¢ TPEMST CTEIIEHSIMEU CBOOOIBI IIPEIJIOKEH CITIOCOO CUMBOJIBHOIO BBITHUC-
JIEHWSI PE30HAHCHOI'O MHOI000pa3ns, COOTBETCTBYIOIIETO PE30HAHCY OOIMEro BUIA, W JOKA3aHO,
9TO 3TO MHOT0OOpa3me J0IMycKaeT MOJMHOMHUAJIbHYO mapaMerpusalni. Pazpaborana cxema uc-
ciretoBaHus obsacTeit popMasbHOM yeroitanBocTu T1P.
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K o6mieit teopun cucrem Ildpadpdpa

Berammes A. Q0.
TepMe3uckuil yHUBEPCHTET 3KOHOMUKKM U CepBUCa, TepMe3, Y3berucTaH azizuzmu@mail.ru

B Teopun muddepennnanbHbIX ypaBHEHHT 0coboe IOJIOXKEHNe 3aHnMaeT cucTeMbl Ildad-
da, orHocsmMecs K cucTeMaM 1nepeonpeesiennoro tuma [2]. Takue cucreMbl ciryKaT BazkKHBIM
HHCTPYMEHTOM B T€PMOJMHAMUKE W MMEIOT CyIeCTBEHHBIE NMPUIOXKEHNsT B A depeHnaabHOMl
reomerpun. Ilocie cozmanusi B cepeauHe IPOILIONO BeKa Teopuu cjoeHuit, cucrembl Ildadda
HaILIu HOBbIE 3(hdeKTUBHDbIE TPUIOXKEHIS B 3TON TEOPUH.
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Cucrema Ildadda B popme . Kaprana nmeer Bu

n

w() = 3 ap(w)day = (1)

k=0

U OIpeJIesisieT T0Jie IUIOCKOCTel KopasmepHoctu m B objmactu D C R™ (ag(x) — m-mephbie
BekTop-pyHKImu, m < n). O6bIYHO TpeOyeTcs MIaJIKOCTh a)(Z) U HEBBIPOXKIEHHOCTD 10JIst. Fc-
JIL CYIIECTBYET TJIaJKoe cjioeHue (Toii ke KopasMepHOCTH), Jyisi Koroporo (1) siBisiercst mojiem
KacaTeJbHbIX, TO (1) HasbIBaeTcst nHTErpupyeMoil. ViMeeTcs: HECKOJIBKO KPUTEPHEB UHTEIPUPYe-
moctu (1), o cymiecTBy, nepedopMyIMPOBOK Kiaccuueckoro kpurepusi @pobennyca [1]. Bee onn
OTHOCATCH K ciy4aio riaakux cucreMm [ldadda u gapBisaoTes JIOKAJIbLHBIMEA YCIOBAIMI HHTEIPU-
pyemoctu. Jns cucrem [Ibadda moxkuo nmocrasuth 3a7a1y Koiu u pu BBIIOJIHEHUN KPUTEPUS
Opobennyca oHa OyIeT MMETb €IMHCTBEHHOE pelieHune. BmecTe ¢ TeM caMoO MOHATHE UHTEIDPU-
PYEMOCTH MIMEeET CMBICJI M B CIydae, Korjga KoaddurmenTs! cucteMbl (1) TOJBKO HENPEPHIBHBIL.
OueBuHO, 1151 TakuxX cucreM Kpurepuit OpobeHnyca U ero BApUaHThl TEPSFOT CMBICII.
OkasbiBaercst, uro ecsn cucreMmy (1) npusectu k dopme

ou

%:f(li?u)v (2)

e (x,u) € FCR" X R™ m >n, f: F — Lin(R" x R™) — HenpepbIBHasI MATPUIHO-3HATHASI
dbyuxiwms, To 3aaay Kormm st (2) yaercst 3aMeHUTH IePeOIIpeIeJIeHHOl CHCTeMOil HHTerpasib-
HbIX ypaBHeHuit Bojibreppa crienuajbHOrO Tuiia. DTO MO3BOJISET MEPEHECTH MPAKTUIECKH BCE
TeopeMbl 0bIeli Teopun cucreM OObIKHOBEHHBIX uddepennuanbabix ypasaernunii (COIY) na
cucremy (2), BKJIIOYast METOJIbI MPUOJIMKEHHOTO MTOCTPOEHNsST WHTErPAJIOB U YDABHEHUST Bapua-
muit. [Ipu aTOM, 0OHAPYKUMBAIOTCST CBOMCTBA, CYIECTBEHHO oTymyaroniunecs ot caydas CO/LY,
HAIPUMED, 00JIACTD MAKCUMAJIBHOTO IIPOOJIKEHUS PEIIEHIS MOXKET OKa3aThCsl HEOHO3BA3HOM.
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HenokanbHas 3a/1a4a AJisi ypaBHEHUS TEMJIOMPOBOIHOCTH C JIByMsI CBOOOIHBIMU
rpaHUIAMEA
Beranues O. !, Hopxonosa M. !

1TepMeBCKHﬁ TOCYLapCTBEHHH yHUBEpPCUTET, I'. TepmMe3, Y3bekucTas;
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Hacrosimee BpeMst B COBpeMEHHOIT HayKe PacCMaTPHBAETCs HOBBIE KJIACCHI 3a/[ad CO CBODO/I-
Hoit rpanutieii Tuna Credana n @opuHa ¢ AByMst CBOOOAHBIMU IPAHUIIAMI, KOTOPbIE BO3HUKAIOT
B IIPHPOJIHBIX MOZEJISIX, ONUCBIBAIOINE OHOJIOrIYeCKUe, SKOJIOINIECKUE, XUMIIECKHE U TEXHOIO-
rudecKue mporeccsr [1].
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B pa6ore [2| uzyuena 3asa4a co cBo6ojHoi rpanuneil Tuna Credana jjisi ypaBHEHUs TEILIO-
POBOJIHOCTH C JIBYMsl CBOOOJIHBIMU IpaHuIiaMu, a B pabore [3| pacemorpena 3asa4da co cBOOOIHOMN
rpannteit Credana s ypaBHeHUsT peakiun 1uddy3un, KOTOPasi OMUCHIBACT MATEMATHICCKIE
MO/JIEJTH 3aMEP3aHUsT IEPEOXIIANKICHHON JKUJIKOCTH.

Hemnoxanbublie 3agaum co cBOOOIHOMN TpaHUIEit ¢ ABYMsT CBOOOTHBIMU TPAHUIIAMU JITIsT Tapabo-
JIMIECKOTO YPABHEHUST OTHOCSITCS K KATETOPUN HEN3yYeHHBIX, 9TU 331891 MMEIOTCST KOHKPETHBIMI
puIIoKeHusiMu |3).

B nacrosimeit pabore nsyvaercs HeJOKaaIbHas 3aa49a cO CBOOOIHOM rpanuieii Tuira PropuHa
C ABYyM<I CBO60,Z[HBIMI/I I'paHuaMu J1Jjigd YpaBHEHUA TEIIJIOIIPOBOJIHOCTH

ITocranoBka 3ama4uu. Tpebyercs naiitu dbyuxmii s(t), u(t,z) B obractu

D={(t,x):0<t<T, 0<zx<s(t)}, yroBiaeTBopsiolue yCIOBUIM

ut(t,x) = ugx(t, z), (t,x) € D (1)

u(0,2) = p(x), 0<x < s, (2)
au(t,r1) = u(t,s(t)), 0<z1<sg, 0<t<T (3)
u(t,0) =pu(t), 0<t<T (4)

up(t,s(t) =P, 0<t<T (5)

rjae x = s(t) -cBobojHble (HEM3BECTHBIE) IPAHUIA, KOTOPasi OLpejessiercss BMecTe ¢ dyHKImeil
u(t, x).
(I) (z) aBazK bl HenpepbIBHAs yHKISL, & TAKAKE @ (1) yIOBIETBOPSIOT yeaoBuio Leibiepa;
(IT) nocrosinuble «, 3,21, S YAOBIETBOPSIOT CJIELYIONIUM HEPABEHCTBAM

—-1<a<0, 0<2; < s, S(O):SQ>0, 8(0):0.

(IIT) BbInoJHEHBI yCIOBHS COIVIACOBAHUS B YIVIOBLIX TOYKaX ( B T.4., B PACCMaTPHBAEMBIX
/
BCIIOMOTaTeJIbHBIX 3aJa49ax). B gacrnoct ap(x1) = ¢(so), ¢ (s0) = P

. xT o
(IV) lim f;f; = 0. UccnenoBanne mpoBoanuTcd 10 ciaeaymomeil cxeme. CHadalia ycTaHaBIIH-
Tr— SO

BAIOTCsI HEKOTOPbIE AllPUOPHBIE OIEHKM s pernennit s(t) u u(x,t) ux mpoussomable. ITo0bI
OEHUTD Uy (t, =), a TaK¥kKe HCCIIeN0BATh XapaKTep M IVIAJKOCTb, CBOOOJHBbIE rpaHuna s(t) Mbl
nepeiiyiem k3ajade tuna CredaHa.

[Tpomuddepentuposas ypasaenue (1) B D 110 z mjist uy(t, ) = v(t, ) MOLyIUM CJIEIYIONLY IO
3a/ay

Ve (t, ) = v (t,z), (t,x) € D, (6)
v(0,2) = gol(:z:), 0 <z <sp, (7)
v(t,s(t)) =P, 0<t<T, (8)

Ps5(t) = avg(t, 1) — v (t,s(t)), 0<t<T. 9)

Hasee, ycranaBimBaercs: 9KBUBaIeHTHOCTH 3a1a4 (1) u (6). Ha ocHoBe ycTanoBieHHBIX Olfe-
HOK HCCJIe/lyeTCsl [OBeJIeHIe CBOOOHON I'DaHUIbI B PacCMaTpUBAEMOil IPOMEXKYTKE BPEMEHH,
JIOKa3bIBAETCS ¢/IMHCTBEHHOCTh PEIleHNs IePBOHAYAIbHOI 3a/1aun. U1 B uTore j0Ka3biBaeTcs Cy-
IIECTBOBAHME PEIeHNs] [OJIyIEeHHbI ¥ [ePBOHAYAJIBHON 3a/1a9i IIPU [IOMOIM METOJOM HEeIO-
nerknoit Toukn [Haynepa [4,5].
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ITPUHIINITI SAPEMBA-2KNPO AJI4d YPABHEHUW A SJIJIMIITUYECKOI'O
TUIIA C CUHI'VJIAPHBIM KO®PUITNEHTOM.

Berumosa I11. Y.,
TepMe3CKUl yHUBEPCHUTET IKOHOMUKK M CepBHca, TepMes, Y3bekucTax;

B nmosyrmtockoctu y > (0 paccCMOTPUM JUTHNTHIECKUN OIEPaTOp C CUHTYJISPHBIM KOhduirm-
€HTOM

B(w) = ()" tas + iy + 2, =0, 1)

roe m >0, fo € (—m/2,1)[1],[2].

Nmeer mecTo

Jlemma. Ilycrs: 1) menpepwienas B ) dbynkmus u(z,y) € C (Q) N2(Q) ynosmersopsier
uepaseHcTBY E (u) > 0 (< 0) 1 npuHIMaeT HanOOJIbIIEe OJIOKUTEIbHOE (HaNMeHbIIee OTPHIa-
TeJIbHOE) 3HAUeHNe B HEKOTOPOii Touke (g, 0) , o € J; 2) 3Hauenue u (x,y) Ha KpuBoil I MeHbIIe
(6osbie) , wem u (xg, 0). Torma

ou
; Bo
yhn+10y 9y <0 (>0),

IPU YCJIOBUH, YTO TOT MpeJies cylecTByer|3|.
JokazaTenabcTBO. PaccMorpuM ciryvail moIoKuTebHOro MakcuMyMa. OdeBUIHO, ITO

0
lim yﬁoM >0
y—+0 oy
He MOXKeT ObITh . JlomycTuM, 9To
0
lim yﬁom =0.
y——+0 Oy

O6o3zHaunm vepes d jquamerp obsiactu ) U, He HapyIas OOIHOCTH , OJIO0KUM U (x9,0) = 1. B

CUJTy yCJIOBUS JIEMMBI (mz)xx u(z,y) <1—¢e,rme 0 <e<1.Paccmorpum dyHKIMIO
z,y)el’

v(z,y) =u(r,y) /AyY),
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rue , ,
1— 1—
Afy)=e’ " —ee? 7,
d— muamerp obnactu ) , 0 < ¢ < 1. Ha xpusoii I’
1—¢ 1—¢ < 1
ed' 70 _geyt TP T pdi TR0 (] ) T edi TR0 7

v(z,y) <

Ha orpeske [-1,1]

1
v (z,0) < W

’ 1
U(ﬁoao)zm‘

HeTpyaHo BLIMUCIUTE , 9TO
E(u)=A(y) Er (v),
rie
. 1 1 [ Bo
Ey () =y 0z + vy + " (Bo +24y) vy + 1 gAy + Ayy | v,
A, = —(1 - bo) eylfﬂoy—ﬁ%
Ayy = —e(1 - Bo)2e? ™ + ey (1 — Bo)ev' Py P

1 (fo € 2 yl=Bo _
L(Bay e ay) = -S0 - mre M <o ®

Oyukuus v(z,y) yaoBieTBopsier HepaBeHCTBY Fi(v) > 0, Kpome TOro, B CHJLy HAIEro JOIyIie-

HHA P 1
y—0 0y (e~ —¢)

cyretoBaTesibHO, byHKIUsS vU(x,y) IPHHIMAeT HAaHOOIbINee 3HAYEHHE BHYTPU obsacT (2, €ITO
HEBO3MOKHO B crily (2).AHAJIOIMYHO PACCMaTPUBAETCS CJIydail OTPUIATEILHONO MUHIMYMA.
JlemMa goKasaHa.
Jokazamnast reMMa IPUMEHSIETCsI IPU JJOKA3aTeIbCTBE € JUHCTBEHHOCTH PEIIEeHNsT KPAEeBbIX
3ajad sl yPaBHEHUN CMENIaHHOTO THUIA TAKUX 3a7ad Kak 3ajaqdu 1puromu, 3amaquu lesiep-
creaTa, 3amada co cMentenueM|4],[5].

Jlureparypa

1. Canaxurauao M.C., MupcabypoB M. HeaokarvHovie 3a0a4u 0as YpasHerutl cMeuaH-
HO20 MUNA ¢ curYsapHsmy Kospduyuenmamu. Tamxent 2005 "Yuausepcurer" -224 c.

2. Mirsaburov M. Singulyar koeffitsiyentli Gellerstedt tenglamasi uchun Trikomi masalasi
Termiz. 2022 "Surxon-nashr". 239 c.

3. CmupaoB M.M. Vpasuerus cmewarnrnozo muna. M. 1985. 304 c.

4. MupcabypoB M. 3adaua c ananrozom ycaosus Ppankad HG Tapaxmepucmurke u Ha
OMPE3KE BHPOHCOENUA OAA YPABHEHUA CMEWAHHOL0 MUNG C CUHRYAAPHBIM KodPPuyuenmom. |/
Huddepennumanbube ypapaenus. 2017, Tom 53 Ne6, C.778-788.

5. MupcabypoBa Y.M. 3adaua ¢ anarozom ycrosus Ppankais wa enympermets Tapakmepu-
cmuke 0aa ypasnenus cmewannozo muna. |/ dnddepennmanbubie ypasuenus. 2021, tom 57
Ne6, C.735-751.
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KpI/ITepI/II/I HeoCIIMJIJIAIMN KHEe3€POBCKOI'o Tuiia AJId SJIJIUMIITUYIECKMUX ypaBHeHI/Iﬁ

T'yiimxoBa }I)K.l,rHJIH,IL}KOB c.2
1,2 TypKMeHCKU TOCYIapCTBEHHHN apXUTEKTYPHO-CTPOUTEJNbHHE MHCTHUTYT, Amxabarn,
TyprMerucTan;

Annoramusi: B jokiaze OyiyT M3JI0XKEHBI HOBbLIE KPUTEPUM KHE3EPOBCKOI'O THIIA, HOBOIO
BUA IJIsI SJUIHITHIECKUX YpaBHEHUI.

KuaroueBbie ciioBa: s/UIMNITHYECKHAE YPABHEHNS, HEKOJIEOUMOCTD, KHE3€POBCKOI'O THIIA.

PaccmarpuBaercs ypaBuenue

n

> (aij (@) us,),, +a(@)u=0 (1)

ij=1

rnex € R", a;j(x)=aj;(z), a(r) - u3Mepumble u JOKAJIBHO OrPAHIYEHHBIE (DYHKIUH.
?/VQ,(R”) 3aMbIKaHue MHOXKeCTBa 6eCKOHeuHO JuddepeHupyeMbIx (UHUTHBIX
dbyuxuunit C§° (R™) o merpuke npocrpancrsa Cobosesa WQ, (R™).

Onpepesienne. Ypasaenusi (1) HasbiBaercst ocuussiuoHHbiM B (R™) |, ecoiu V a > 0 B
R} = {x € R"; || > a} obiacru OHO MMeeT HeTpUBHAJILHOE pelenne u () € :/VQ' (R"™) a neoc-

TUJIJIATWJIOHHBIM B IIDOTUBHOM CJIyYae.

O6o3HaunM yepes

OCHMISIIMOHHBIM CBOfiCTBAM ypaBHeHHs [1] MOCBAIIEHBI JOCTATOYHOE KOJMYeCTBO paboT [1].
DTO IOTOMY YTO C OJIHOM CTOPOHBI 3TO BarKHO JJIsl TEOpUU caMbIxX JudepeHumaabHbIX ypaB-
HEHUl ¢ JIPYTOil CTOPOHBI PA3IMYHBIME [PUJIOXKEHUSIMU, HAIIPUMED B KBaHTOBON MexaHuke. V13-
BECTHBIN KPUTEPUN KHE3EPOBCKOTO THUIIA, B KOTOPBIX MayKOPAHTHON (pyHKIMEN cay»kar PyHKIUI
Buga f(r), r:(x%+w§+...+x%)l/2.

B nacrosimeit paboTe MoJTy4eHbl KpUTEPUN KHE3ePOBCKOTO THIIA, KOIJIa MaxKOPaHTHOMN (yHK-

. 2 2 2 .
nueit sinsierca bynkuust uga f (v1) toe vy = 27 P+ 4@, pi >0 (1=1,2,...,n) ,
1 1 1 _n
o T T T, T2 , , )
B ypasuenuu (1) nposoaum zamenst 217" = vy (1 —wve), 25 =vivg (1 —wg),..., x, " =

2
v1ve .. Up—1 (1 —vy), x™ =vive. .. v, Honoxum p = max{Py, P,...P,} .

MpbI ucrob30Ba/u TeopeMy cpaBHeHUst U3 paboThl [2], a TakyKe HEOOXOIMMOE U JIOCTATOTHOE
yCJIOBUE HEKOJIEOMMOCTHU JIJIsi YPABHEHUS BUIA:

—(q(2)y) +N(@)y=0

u3 paborsr [1,¢.13]
IIycTh BBILOJHEHBI YCIOBUS

D aij(x) &8 =Y |6 €€ R, a=const, a(x)>a(v), (2)
-

TOI/Ia COIVIACHO TeopeMe cpaBHenus 2| ypasuenue [1| neociuuisnnonnoe B R™ ecin ypaBHeHme

d n+2_1,9du n—2
——w 2 PPz (01) =0
dv1 d’U1
neocumuisiinonHoe R™. Teneps K ypaBHeHUio [2| npumeHsieM HeOOXOAUMOe U JOCTATOYHOE YCI0-
Bue HekosiebnmocTu u3 paborer [1]. B pesynabrare mosyuaem:
Teopema 1. I[Tycrs Boinosnnenst yeaosue 2] u a (x) > a1 (v1), a > 0.
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2
)
1 1 )
v P v1 P In2v;

To ypasuenue |1| neocrmuisinnonnoe R™.

=S =

Ecnmg—;;«éOal(vl)z—(Q

2
n_1.,
2) Ecin aq (v1) > —%, To ypasuenue |1| Hecimsuisinnontoe B R™.
vy P1
Ecm PP = P, = ... = P, = 1, ro u3 1) u 2) nosy4aeM COOTBETCTBYIOIINE DE3yIbTATHI

paborsr [1].
JIureparypa

1. TopaeB A. Ocyuarayuonmsie c60GCMEa PEUWEHUT IAAUNMUNECKUT Ypashenud. |/ Amxabas
1985, ¢.110.

2. TopaeB A. B meopemar cpasherus oas sasunmuseckur ypasnenud. // Hayka, TexHuka u
MHHOBAI[MOHHBIE TEXHOJIOTMH B 3MOXY Besnkoro Bospoxkaenus. C. 331-334, Amrxabas, 2010.

YIK 517.956.6

06 oanoii KoaddurmeHTHOIH 0O6paTHOI 3a/lave C MOJYHEJIOKAJIbHBIMU yCJIOBUSIMU
JJisl TPeXMepHOoro ypaBueHuss TpukoMu B napaJjuiejernuiiene

Ixamamos C. 3.1, llakupos A. A2
IMHCTI/ITY'I‘ MaTemaTvku umMeHu B.l.PomMaHoBCKOro AKazmemmu HayK Pecnybmuku Ys6bekucTaHl,
TamkenT, Y3berucTar; siroj63@mail.ru
2MHCTI/I'I‘YT MaTtemaTuru mMeHu B.l.PomaHoBCKOro AKazmemmu HayK Pecnybmuku Ys6ekucTaHl,
TamkenT, YsberucTan; shokirov.abduvosiq96Q@gmail.com

B obsactu
G=Qx(0,0)={(z,t,y)] —1<zx<1,0<t<T, 0<y<{}
PACCMOTPUM TpexMepHoe ypasHeHue TpukoMu:
Lu = zuy — augy — Uyy + oz, t)uy = c(z, t)u + (2, t,y), (1)

riae Y(z,t,y) = g(x, t,y) + h(z,t) - f(x,t,y), 3necs g(z,t,y) u f(z,t,y) 3ananabe GyHKIMH, a
dbyuxiyn c(z,t) u h(z,t) moyexar oupeeIeHuIo.

Haitru dynkmun {u(z,t,y), h(z,t), c(z,t)} yrosaersopsitonue ypasaenuio (1) mouru By
B obsiactu (G, Takue, 910 u(x,t,y) yIAOBIETBOPSIET CJIEYIONMM YCIOBUSIM:

1) mostyHeJIOKAIbHBIC KPAeBble YCIOBUS

vD{uli=o = D}uli=r, p=0,1 (2)
U:c|x:71 = ux|z=1 =0, (3)
Uly—0 = Uly=¢ = 0 (4)

rJie 7y HeKOTopad IOCTOAHHAs YUC/IO, OTJINYHAs OT HyJId;
2) IOTOJTHUTE IbHbIE YCJIOBUST

U($,t,£0) = 900(1‘,t) (5)
u(z,t, 1) = p1(x,t), (6)
0<ly<ti<l<+o0
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u BMecTe ¢ dyakimamu h(z,t), ¢(z,t) TpUHAIIEKAT KIACCy
U={(u b o)l ueW;NG), heWEQ), ce WEQ)}.

2,3 o
Baecs gepes Wy"(G) obosnadeno anusorpornoe npocrpanctso CobosieBa ¢ HOPMOIt

[e.9]

3
iy = S0+ X elygy 1=0,1,
k=1

e Wi(Q) npocrpancrso Cobosiesa, uy(z,t) osnadaer Koacdbdumuents Pypbe dyukimm u(z, t, )
o cucreme {sinAyy}, \p = k’T’T, k=1,23..
Onpepesienne.  O6o6mennpiM pemenneM 3agadn (1)-(6) Oymem nasbBaTh QYHKIMN
{u, h,c} € U, ynosserpopsitonue ypasaenuto (1) nmouru Bcrogy B G, ¢ ycaosusivu (2) - (6).
[TycTh BBIIOJIHEHBI CJIEAYIONIUE YCJIOBUS OTHOCHTEIBHO KO3(hdUIMEeHToB, mnpaBoii vacTn
ypasuenust (1) u 3aganabix dbyHknuii o;(x,y):

YciioBue 1:
HesoKaabHble yetosust: a(x,0) = a(x,T), a(—1,t) = a(1,t);

v9(x,0,y) = g(x, T,y),vf(x,0,y) = f(z,T,y);

rmagkocts: f(x,t,6) = fi(z,t) € CYy (@), gla,t,4;) = gi(w,t) € Coi(Q),

fewy¥(@),g € W3H(G).
Kpowme Toro, nyers 2a(z,t) + pK(x) > 6o > 1, |H| = |pof1 — ¢1fol = n > 0.

VYciosue 2:
0i € WH(Q), YDVpil,_o = Digil,qs  Pizlye—1 = Pizlgeq =0,

()01750’ p=0,1L

Bsemem obosnadenne ¢ = e, g+ || g|| |ig—i—02 £ ]3’3, IJI€ E¢.g, C1, C2 HOJIOKUTEILHbIE THCIIA,
€p,g 3ABUCHT OT Q 1 g.

Ocnosnoti pesysomam:

Teopema. ITycrs jy1st KoabduimenTos ypasaenust (1) BbIIOJIHEHbI YKA3aHHBIE BBIIIE YCJIOBUSI
1 u 2, a mis K03bdUIMEHTOB YPABHEHNS] U UX CJIEJIOB BBIIIOTHAIOTCS CIIEAYIONas HEPABEHCTBO:

<1
q 9

Torma cymecrByer eauHCcTBeHHOE pemntenue 3aaadn (1)-(6) u3 kracca U.

3ameuvanue. Mol MoxkeM JOOUTHCST HEPABEHCTBA ¢ < %, BBIOpaB 00JIACTH MAaJIOit U B3siB ¢;

MaJIbIM BMECTE€ C €TI0 IIPOU3BOAHBIMU, a TaK2Ke B34B MaJIbIMU IIPOU3BOJIHBIE ;.

Teopema g0Ka3bIBAETCS METOJAME £— PEryJIAPU3AINY, AIIPUOPHBIX OIEHOK U IOCJIEI0Ba~
TEJIbHOCTSIMY ITPUOJIMXKEHHIA.
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Jlureparypa

1. I>xamanoB C.3. Heaokanrvrvie kpacsvie u obpamuvie 3a0a4u OAL YpasHerutl CMEWwarnHo20
muna. // Mouorpadust. Tamkent.2021r, ¢.176.

VK 517.956.6

OB OJJHA3HAYHOM PA3PEIINMOCTHU PETYJIAPHOI'O PEIIIEHUA
IIOJIVHEJIOKAJIbHON KPAEBOM 3AJIAYN [1JIsSI YPABHEHU Y
TPUNKOMMUW YETBEPTOTI'O ITOPAJIKA

J>xamasios C. 3.', FOcynos III. B.?, Xanxaaxaes B. B.?

Mucruryr maremarnxu umenn B. 1. Pomanosckoro Axaemun nayk Pecry6inkn Ya6ekucran,
Tamkent, Y36ekucras; siroj63@mail.ru
NncruryT Maremarukn uvenu B. M. Pomanosckoro Axajnemnn nayk Peciy6imku Y36exucram,
TamkenT, Y36ekucran; sherzod.yusupov2020@inbox.ru
3®unuan PT'Y Hedbrn u raza umenn 1. M. T'y6xuna, Tamkent, Y36eKHCTAH;
b.khalhadjaev@gubkin.uz

Kaxk nzBecTHO, IOKaIbHBIE KpaeBbIe 3aa41 JJIs YPABHEHWI CMEITAHHOTO THUIIA BHICOKOTO TTOPSITKA,
UCCIIEIOBAIICEH (DYHKIIMOHATBHBIME MeToiaMu B paborax [1,2]. OHako 3a1a4uu ¢ HEJIOKAJIbHBIMI
KPaeBbIMHU YCJIOBUSIMA U3yYeHbl 3HAUUTEILHO MEHbIe. JaCTUIHO BOCIIOJHUTH JAHHBIN IPOoOes
MBI TIOIBITAEMCS B pPaMKaX HACTOAIEl paboThl. 37eCh, OMUPAasiCh Ha Pe3yJbTaTbl HCCJIEI0BA-
Huit [3,4] u npumensst MmoxuduMpoBaHHbIl MeToJ| ['ajlepKUHA, METO/bl AllPHOPHBIX OIEHOK U
“e-peryspusanuu’, n3ydaeTcs BOIPOC 00 OIHO3HAYHON Pa3PEIIMMOCTUA PEryJisipHOro 0000IeH-
HOTO PeIlleHUsI OJIHOM TOJIyHEeJIOKAJIbHON KPaeBoil 3a/adu Jijisl ypaBHeHUsT TpUKOMHU IeTBEpTOro
nopsiyika B npocrpanctse CobosieBa.

B objiactu
Q=1(0,1)x(0,7)={(z,t); 0<z <1, 0<t<T < +o0}

paccMOTpUM ypaBHeHUE TPUKOME YeTBEPTOTO MOPsIKA:

Lyu = Pu+ Mu = f(x,t), (1)

rue
4

Pu = Z Ki(z, t)Diu, Mu = augpee — gzt — Clgy,
i=0
i
= o

YejoBust st K03 OUIUEHTOB:

Dgu 1=0,1,2,3,4, D?u =u, a,b,c>0 — mocrosHHbIE.

Ky(z,t) = Ky(x) =z, K3(z,0) = Ks3(x,T), Ka(x,0)= Ks(z,T), Ko(z,0)= Ko(z,T).

[Tycrsb Bee KoaddumuenTs ypasuenus (1) goctarodno raagkue byHKIII B Q.
ITonyHesokanbHasi KpaeBasi 3ajada. Haiitu peryssiproe perenne u(x,t) ypaBaenus (1) u3
npoctpanctea Cobosesa Wi (Q), yI0BIETBOPSIONIEe CIIEYIONIM KPACBBIM YCTOBHSIM:
p=0,1,2,3, (2)

7Dfu‘t:0 = Dfu}t:T’



= U‘ =0, U:m:‘ = Ugz|,_q = 0, (3)

rJIe 7y - BeJMUnHA, OTJIMYHAs OT HyJisl, KoTopas Oyjer yrounena nHuxke. O6oznaaum gepes Cf,
Ky1ace riakux dbyHKnuit ns mpocrpanctsa Wi (Q), yaosmersopsiomux yeaosusm (2), (3).

=0

Onpedenenue 1. Hazosem dbyukuumio u(z,t) peryisipabiv pemenneM 3azaqau (1)—(3), ecin u €
C'1, u ynosierBopsier ypasHenuto (1) mouru Bcrogy B obsactu Q.

Teopema 1. IIycTb BLIIOJIHEHDI BLIIIE IEPEUNCIEHHBIE YCAOBUS JJIsi KO3(MPUIMEHTOB ypaBHEHMISI

1), u Kq(z,t) > 0 - mocraro4dno OOJbIIas akIms. Kpome Toro, nycrb Juisd Ko3d@UIMEHTOB
) ) b

ypaBreHusi (1) BBIIOJHSIIOTCS HEPABEHCTBA

—(2K3—|—3)\$) > (53>0, 2Ky — Koyt + AKoy > 52>0, )\K(]—K()t > (51 >O,

s mobbix (x,t) € Q, re
2
/\:TIHM>O7 ly] > 1, x € [0,1].

Torma ays moboit bynkuun f(z,t) € Wi (Q), Taxoit, uto vf(x,0) = f(z,T), cymecTsyer eann-
cTBeHHOe perysapHoe pemenne 3ajgaau (1)—(3) uz mpoctpanctea Cobonesa Wi (Q).

JIureparypa
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2. Eropos N.E., ®enopoB B.E. Hekxaaccuueckue ypasHenus mMamemamuieckoti Gusuru
8bLc0K020 nopadka. - HoBocubupcek, 1995. 133 c.

3. HxxamamnoB C.3. HearoxaarvHvie kxpaesvie u obpammvie 3a0a4u 0Af YpasHeHutll CMEUGHH020
muna. - Monorpadust. - Tamxkent, 2000. 173 c.

4. TxamagioB C.3., Xaaxamxkaes B.B., FOcynos III.B. 06 0dno3nauHotll paspewumocmu

NOAYHEAOKANOHOT KPALBOT 3a0a4U ONA YPABHEHUSA CMEWAHHO20 UNG 6TNOPO20 POOQ YETNEEPTNO20
nopadxa // BUM. - 2024. - No 7. 35-41 c.
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O06 onHoIT HEJIOKAJIBHOM 3a/1ave AJid YPaBHEHUS CMEIIAHHOTI'O TUIIA BTOPOrO PoJia B
o0JIacTH - JUITUNITUYECKAS 4aCTh KOTOPOU BepPTUKAJIbHAS MOJIYII0JIOCA

Bynanynos P. T.!, Xynoépos A. A.?

"Mucruryr maremaruku umenn B.J. Pomanosckoro Akanemun Hayk Pecny6amku
VY36ekucran; Puimman PI'Y Hedru u I'aza (HNIY) umenn .M. I'yGkuna B 1.
TamkeHnTe; zunnunov@mail.ru
2IHCTUTYT MEXaHMKH U ceiicMocToiKocTu coopykenuii umenn M.T. Ypaz6aesa
Axanemun Hayk Pecriyonuku Y306ekucrtaH, TarkeHT, ¥Y30eKucTaH;;
anvarxudoyorov1984@gmail.com

KaK N3BECTHO,HOBBIM 3TallOM B PAa3BHUTUU TE€OPUMN KpPaeBbIX 3a/Jav IAJIid ypaBHeHI/Iﬁ CMeEIIaH-
HOT'O THIIa sBJIsA0TCa paboTsl A.B. Bunanze u A.M. Haxymiesa rie paccMaTpuBaioTCs 38091 CO
CMEIIEHNEM KOT'/Ia Ha TUIIEPOOJIMICCKON YACTU ITPAHUIILI 33Ja€TCs HEJIOKAJIHHOE YCIOBUE IIOTOYEY-
HO CBSI3BIBAIOIIEE 3HAYEHNE UCKOMOT'O PEIIeHNs UJIU €0 IPOM3BO/IHOM , BOOOIIE rOBOPsi JIPOOHOIT,
OTIPEJIEJIEHHOTO TIOPSIZKA , a Ha SJIunTudeckoir vactu yejosue Jlupuxie. Creqyer oTMeTUTD,
YTO HOJABJISAIONIAS YacTh PAbOT M0 YPABHEHUSM CMEITaHHOIO THIIA OTHOCUTCS K MCCJIEIOBAHUIO
KPaeBbIX 3aJIa4 JIjIs YpaBHEHUN CMEITaHHOIO THUIIA IIepBOro poja. Kpaesble 3a1auu /st ypaBHe-
HUI CMEIAHHOI'O THIIa BTOPOT'O PO/JIA, TO €CTh TAKMX YPABHEHUH, Y KOTOPBIX JIMHUS BbIPOXKJICHIS
SIBJISIETCS OJITHOBPEMEHHO XapaKTEPUCTUKON M3ydeHbl CPABHUTEIBHO MaJjio, TeM OoJiee B Heorpa-
HUYIEHHBIX 00JIACTSIX.

B nmamnnoii pabore ucciemyercs KpaeBas 3ajlada JiJisl yPaBHEHUs CMEIIaHHOTO THIIA

Us + SigNY|Y M uyy + aly™ uy =0, T<m<2m—1<a<?2 (1)

[Tapabosindeckast TUHIS BBIPOXKICHHS 9TOTO YpaBHEHUS OCh Yy = (,KOTOpast siBJISETCs Orubdaroriei
CeMeICTB ero XapaKTepPUCTUK

AC: w—[2/@ —m)] (~5)® /2 = 0,BO : &+ [2/(2— m)] (—y)* ™ =1

BBIXOAAINX 13 Touku C' (%, —(Q_Tm)ﬁ>

Ypasuenue (1) paccMoTpuM B HEOIpaHUYEHHOI cMmertanHoil obactu ) = Q1 Uly U Qo, T1e
Q) ={(z,y): 0<zx<1l,0<y<+oo}, lp = {(z,y) : 0 <z <1,y = 0} a Qy - obsacTsb
mostytockocTn i < 0, orpanndennas orpeskoM AB ocu Ox, a Takxke xapakrepuctukamu AC u
BC' ypasHuenus (1).

Beenem obosnauenus

m 1
Lh={(z,y):2=0,0< y<+4oo},lo ={(z,y) :2=1,0< y < +oo}.

Bagaua S™. Haiitu dyrknmio u(x,y) co caeayomum u cBoiicTBaMu:
1) u(z,y) € C(Q1UQ UL UL UACUBC) NC%HM);

2) B obustacTu {2 siBiIsIETCsT OOOOIEHHBIM pellleHneM u3 kiaacca Ro [1];
3) YZOBIJIETBOPSIET KPAEBBIM yCJIOBUSIM

u(0,y) = ¢1(y),u(l,y) = 2 (y),0 <y < +o0,

lim wu(x,y) =0, paBaomepso 1o z € [0,1],
Yy——+00



du b (x)] |, du s ()]

dr dz
re ¢ (r) — 3ajannas HenpepbiBHAs (DYHKIMA, KOTOPast UMEET KyCOUHO-HEMPEPHIBHYIO POU3-
BOJIHYIO IIEPBOIO Topsiika Ha orpeske x € [0, 1]; ¢; (y) € C'[0,+00) (i = 1,2) u yEIJPoo vi(y) =0,a

=c(z),0<z<1

0o () u 61 (z) — adbdUKKCB TOUEK IIepeceveH s XapaKTePUCTHK , BBIXOAsNmX u3 Touku = € (0, 1)
¢ xapakrepuctukamu AC u BC' coorBercTBerHO0,b = const # 0.

Ha jimaun y = 0 mapabosinyeckoro BbIpOXK/IeHust ypaBHeHust (1) BBIIOJHSAIOTCS yCIOBUS CKJIe-
UBAHUS:

. oOu(z,y) o 0u (z,y)
ygrilo( y) (93/ o y——+0 8y
u(z,—0) = u(x,40),

EnmHcTBEHHOCTD pelteHns TOCTaBAEHHON 33/Ia4l JOKA3BIBAETCS C MIOMOIBIO TPUHIIATIA JKC-
TpeMyMa, a CYIIeCTBOBaHUE PeIeHust MeTooM (byukiuii 'puHa n nHTErpaJibHbIX ypaBHEHUI.

,0<ze <1

Jlureparypa

1. M.C. Canaxurounos, A.K.YpuHoB. YpaBHeHus cMmemanHoro tuma. TamkenTt "YHupepcu-
ter"2007, 277 C.
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KPAEBAA 3AJAYA C PASPBIBHBIMUI YCJIOBUAMN CKJIEMBAHN A
AJId YPABHEHN A CMEIITAHHOI'O TUITA BTOPOTO POJA C
OITEPATOPOM APOBHOTIO ITIOPAJAKA B CMBICJIE KAIIVTO

UcmomoB B.U 12, AxmeToB K. H 3
lHauHOHaanmﬁ YuuBepcuTeT Y3beucTana mMenu M. Ynyrbeka, r. TamkenT, Ysbexucrax;
2TashkentPerfect University, r. TamkenT, Y3bexucta:n;
e-mail islomovbozor@yandex.com
3TamkenTCRuUM WHCTUTYT TEKCTUJIBHON M JIETKOH NPOMBIIIEHHOCTH, I .TamKeHT,
Y36exucTas;
e-mail donl10061992@gmail.com

Paccmorpum ypaBHenue

0= { Ugg — TP cDgy% (:E?y) € Qla (1)

Ugy — (_y)muyy’ (l‘,y) € QZ>

rae €21 — obJsacTb, orpannueHHas orpeskamu AB, AAg, BBy, AgBy npsimeix y = 0, x = 0,
x =1,y = 1, coorBercrBenno npu =z > 0, y > 0, a Q9— XapakTepuCTUIECKUN TPEyTOJbHUK,
orpanmdeHHbIi xapakrepucTukama AB: y =0, 0 <z <1, AC : x— (1—28)(—y)/(1-28) =0,
BC: x4 (1-28)(—y)Y/0=28) =1, ypasmerns (1) npu = > 0, y < 0, 3mech 23 = m/ (m — 2),
npuIemM

p>0, 0<m<1l, p+28>0 -—-1<268<0. (2)

Bnecn cDgy—OHepaTOp npobuoro muddepennupopanus o y B cMbIciae KanyTo mopsaka
a € (0, 1], oupenensiemsrit o dopmyste [1]:

r(%o‘) JJy—t)f(t)dt, 0<a<l,

CDOyf(y) = { diyf(y)? a=1.
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Beegem caeyromue obosnavenus: J = {(z,y):0<z <1, y=0},Q2=Q UQ UL

Amnasior 3asaun TpukoMu u HeJIOKaIbHAS KPAeBas 3a/1a9a JIJIg yPABHEHHsI CMEIIaHHOTO TUIIA
[EPBOTO pojia ¢ ApobHOi mpousBoaHol Pumana-JInysmuis u Kamnyro usydenst B paborax|2-4].

Hannast pabora B obmactu §) Mccieayercsa aHajgor 3aj1adn TpUKOME ¢ Pa3pbIBHBIMU YCIOBU-
SIMU CKJIeMBaHUsI JiuIst ypaBHeHus (1).

Bagaua AT,. Tpebyercs naiitn Gynxumo u(x,y), 061aJAOULYIO CJeAYONIMU CBOfCTBAMY:

1) u(x,y) € C(QUQ), y'u, € C(UUJT), wuy,eC(QUJ);

2) u(z,y) € C2(D1 U Dy) NCE(D2), oyu € C(D1) u siByIsieTCs PEry/IAPHBIM PelleHneM
ypastenus (1) B obiactu Dy, a B obiactu Dy - 060011eHHBIM perieHreM 13 Kiacca Ra|5, ¢.229);

3) Ha JIMHUM BBIPOXKJIEHUs J BBINOJIHSIETCS YCIOBUE CKJIEUBAHUS

w(z,4+0) = a1 (z)u(z, —0) + by (x), (x,0) € I,
. 11— _ . .
ylgﬁoy uy(z,y) = as(x) yg@o uy(z,y) + ba(z), (x,0) € I;

4) u(x,y) yIOBIETBOPSIET KPAEBbIM YCJIOBUSIM

w0,9) = 1(y), w(ly) =w2(y), 0<y<1, u(z,y)lsc=1%(), 0<z< %
e 01(y), @2(y), ¥(x) - sananmsie Gynkimm, npIden
P0) =00 =0, @) ) €COUNCIOD, v e oG], @)
a;(x), bj(x) € C(I)NCYI), aj(x)#0 Vrel0,1], (j=1,2). (4)

Teopema. Ecau evinoanerv, ycaosua (2), (3) u (3), mo 6 obaacmu Q pewenue 3adavwu AT,
cywecmeyem u eOUHCMEEHHO.

EnuncreentocTs pemtenust 3anadu AT, 10Ka3bIBACTCsL ¢ UCHOIB30BAHIEM UHTEIDAJIOB SHEP-
MU U OPUHIUIA SKCTPEMyMa Jisi 1apaboJIo-runepboIMIecKuX ypaBHeHU l, a CyIIecTBOBAHME-
METOJIOM MHTEIPAJILHBIX yPABHEHUIA.

JIureparypa

1. Camko C.I'., Kuia6ac A.A., MapuueB O.U. Hnumezparv, u npoussoduvie dpobrozo no-
padka u wexkomopuie ux npusosicenus. Mwuack. Hayka Texunka.1987. 688 c.

2. Kunbac A.A., Petua O.A. Opaspewumocmu kpaesoti 3adawu 3a0a4a 04 YPABHEHUA CMe-
wWaro2o0 muna ¢ wacmuoti dpobrot npoudsodnotc Pumana-JIuysuara. luddepennuanbubie ypas-
nenusi. 2010. 46(10).C.1453-1460.

3. Kuabac A.A., Penuu O.A. Ananoz sadauu Tpurxomu 0is duddeperniuaivnozo ypasHenus
C YACTHBLMU NPOUZBOOHBIMU, codepoicaulezo ypasHrenue Juddysuu dpobrozo nopadka. Joxiaabt
AMAH. 2010. 12(77). C.31-39.

4. Islomov B., Ubaydullayev U.Sh On a Boundary-value Problem for a Parabolic-Hyperbolic
Equation with Fractional Order Caputo Operator in Rectangular Domain Lobachevskii Journal
of Mathematics, 2020. 41(9). P. 1801-1810.

5. CmupaoB M.M. Vpasnenue cmewarrozo muna. M.: Beicmast mkoma. 1985. 304 c.
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HauanbHo-KpaeBas 3a/iava O BbIpoXKaarorierocs anddepeHnnajibHOro
yPaBHEHNsI BbICOKOI'O YETHOTO IIOPsiika ¢ omeparopoMm Becces

Kapmmos K. T. 12, Opunos [. 0.3
1<I>epraHCKm'?I ToCcyZapCTBeHHH yHuUBepcuTeT, Peprana, YsbekrucTax; karimovk80@mail.ru
2I/IHCTHTyT MaTeMaTuku uMeHu B. /. PomamoBckoro AH Pecnybnuku Y3bekucTar, TamkeHT,
Y36exucTas;
3®epraHCKHI‘z'I ToCyIapCTBeHHH! yHuBepcuTeT, $Peprana, Ysbekucran;
dastonbekoripov94@gmail.com

B npsimoyronbauke QQ = {(z,t) : 0 <z <1, 0 <t < T} paccMOTpuM CJiejIyoliee BhIPOXK JIa-
1olleecs ypaBHEHHe BBLICOKOI'O YeTHOI'O HMOPAIKA

0*u 2y 0u o < 0 0%

Z 2Ty = t 1
oz "o T g xax%) @), M)
rae u = u (x,t) - HensBecTHas dyuknus, f (z,t) — 3amannas dynkmus, a o € (0,1),0 <~y < 1/2,
b>0,n€eN.

HVceemyeM cireyIonyio Ha9aabHO-KPaeByIo 3aady:

Bagaua U. Haiitu dyukimo u (z,t), Kotopas:

1) (8j/8:vj )u7 (8j/8:vj) [xo‘ (82”/8562") u] eC (ﬁ), j=02n—1,t7u € C (Q),
(02 f0w™) [ (82" /0w u] , (wn + Zwr) € C (@) 5

2) B obuactu §) ymosseTBOpsieT ypasuenuio (1);

3) BBIITOJTHAIOTCA Cﬂeﬂy}omﬂe Ha4vaJIbHbIE€ 1 KpaeBble yCHOBI/IH

u(z,0) =1 (), lim [t%ut (z,t)] =2 (z), z€l0,1],

t—+40
&I - gnti
I — (1) =
aj N a?n . an—i-j N a2n
i (95 W“(fﬂi)) L (1) o3 <="3 31;2““(93775)) .
8n+j 8n+j a?n
——u(l,t) = - (2 t =0,j=0n—-1,1¢ T
=0, T (e P uen)| =0 =0T te o)

rie o1 (x) u pg () — 3ajanHBle HElTPEPBIBHBIE (DYHKITHH.
K pemenuro 3amaaun U npumennm meron Pypbe, OCHOBAHHBIN Ha Pa3/Ie/IEHUN T€PEMEHHBIX.
IIpu bopMmaIbHOM IPUMEHEHHH 9TOrO MeToaa K 3aaade U BOZHUKAET CIEIYIONIasl CIIeKTPpaIbHas

3a1ada;
2n
Mv] = (azav(%) (:C))( : =X(z), 0<z<I;

o) (z), (a?av@") (ac))(]) eCl0,1,7=0,2n—1;

_(—1y [mo‘v(%) (:1:)] (n+7)

07 (0) = (=1)70™ ) (0) [xav(%) (J;)] )

=0

(n+7)

v+ (1) =0, [m“v(zn) (:L')} =0, j=0n—-1.

z=1
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Jlokazano, 9TO 3Ta CIEKTpaJbHas 3a/a9a UMEET CIETHOE UUCJIO MOJOKUTETHLHBIX COOCTBEH-
HBIX 3HAYEHUiT, & COOTBETCTBYIOIIME UM COOCTBEHHbIE (DYHKIMH 0Opa3yioT OPTOHOPMUPOBAHHYIO
cucremy B mpoctpanctse Lo(0,1). Pemenne 3amaun U naiigeno B Buge cymmbl psga Pypbe 1o
coOCTBEHHBIM (DYHKIIUSIM CIHEKTPAJIbHON 3a/1a4u.

OCHOBHBIMU pe3yJITATAMU JAHHONH PabOThHI ABJISIOTCS CJIELYIONIE TEOPEMbI:

Teopema 1. Ilycrs byukimm 1 () 1 @2 () yIOBIETBOPSIOT YCIOBUSIM

g (@), [12920 @) g @) € Cl01], j= 02T
(Mg ()] € C(0.1) N L2 (0, 1);

1y [ @) (o

= [ @)

. (n+7)
gt (1) =0, [2%9 ()]

g\r
, J) (n+3)
g9 (0) = (=1)7¢ ) (0 [ g ( }

=0

r=1

(Mg @)

(Mg (2))D| = (=1) [Mg ()]

=0

=0, j=0,n—1,]

r=1

a dyukuust f(x,t) yIoBaerBopsieT ycjaoBusM (2) M0 apryMeHTy & paBHOMEpPHO 110 t, rje Mg(x) =

2
[xo‘ g2 (x)}( n). Torna cymecTByeT eIMHCTBEHHOE perenne 3agaqan U.
Teopema 2. Ilycrs dbyukiuu @1 (), w2 () u f (,t) yIOBIETBOPSIOT YCJIOBUIM TeOpeMbI 1.
Torma gast permrenns 3amatan U cpaBeInBbI OIEHKN

[u (37:75)”%2(0,1) < Ko [H‘Pl (95)”%2(0,1) + [lp2 (95)”%2(0,1) +1f (957’5)”%2(9)} ,

Ju (2, )o@y < Ko [Hso?") () + o2 @)1, 00y + £ (m)\le(g)} :

L27T(071)

1/2
re g (@) ., 0,1) fx ] ur=r(x)=a% aKyu K| -HEKOTODBIe JIeCTBATEIIH-

Hbie TIOOKATETbHbIE HHCITA.

Ormerum, uro ypasaenue (1) npu n = 1, & = 0 coBuajaer ¢ ypaBHeHueMm KoJiebaHusi GajKu
[1]. Hekoropsle HavaibHO-rpaHUYHbIE 3ajadn Jis ypasuenns (1) npu Vn € N u o € (0,1)
nocrasyieHbl U u3ydenbl B pabora [2|. dus ypasuenus: (1) npu v = 0 u b = 0 B paborax [3,4]
ObL ¢POPMYJIMPOBAHBI U UCC/IEIOBAHBI HEKOTOPBIE HAYAJILHO-KPAEBBIE 3a/IaH.

Jlureparypa

1. Tuxonos A.H., Camapckuit A.A., Ypasuenusi maTremarndeckoii ¢pusuku. M.: Hayka, 1966.

2. Ypunos A.K., Opunos /I./1., O paspermmmMocTi 0fHOi HaYaILHO-TPAHUYHON 384N JIJIsI Bbl-
POXKIAIONIErOCsi yPaBHEHHUsT BBICOKOTO deTHOro nopsizika // Becrn. Cam. roc. Texn. yu-ta. Cep.
Qwus.-mat. mayku. 2023. T.27, No 4. C. 621-644.

3. Opunios /1. /1. VcciieoBanue o/1HO# HAYAILHO-TPAHIUTHON 3a,[a9H JIJIsT BBIPOXKIAIOIIETOCs yPaB-
HEHHUsl B YACTHBIX IPOU3BOJHBIX BBICOKOro 4eTHoro nopsiyyka // Bull. Inst. Math., 2024, Vol.7,
No 5, pp. 105-116.

4. Urinov A.K., Oripov D.D. On an initial boundary—value problem for a degenerate equation of
high even order// Ural mathematical journal. 2025. Vol. 11, No. 1. pp. 132 — 144.
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O CVYIIIECTBOBAHUNU PEIIEHUSA 3ATAYN C JIOKAJIBHBIMU
VCJIOBUIMU HA TPAHUYHOW U ITAPAJIJIEJIBHOM E1 BHYTPEHHEN
XAPAKTEPUCTUKAX JJISI OJJHOI'O KJIACCA YPABHEHUM
CMEIIIAHHOI'O TUIIA.

Kapumos II1. T.!, Mupca6yposa JI. M . 2
1<I>ep1"a1r1cmzn'71 roCymapCTBeHHHN yHuBepcuTeT, Pepranma, YsbexrucTax;
shaxkarimov@gmail.com
2TepMeBCKIzIf/'I TOCYLApCTBEHHHN yHUBEPCUTET, TepMe3, Y3berucTam; dmirsaburova@mail.ru

ITocranoBka 3amaun GM. (Tesnepcrenra - Mouceesa)

IIycrs D = DT UD™ UI— HeorpannydenHasi 06/1aCThb ILJIOCKOCTH IIePeMEHHBIX T 1 1/, riae DT —
oIy TUIocKoCcTh ¢ > 0, D™ koneunas obJracTpb nostyiuiockoctu y < 0, orpaHnvyeHHasi XapaKTepu-
crukamu AC' u BC', ypaBHeHust

(signy)[y]™ vz + uyy + aoly| ™ Pug + (Bo/y)u, =0, (1)

rae m >0, fo € (—m/2,1), ag = —(m + 25p)/2 HeKoTOpBIE JIEHICTBATE/ILHBIE YUC/IA.
ITycte Cy u C7 Toukm nepecedenusi coorsercrsenno xapakrepuctuk AC u BC ¢ xapak-
TepucTUKaMu ucxoidmux u3 rouku E(c,0), rme —1 < ¢ < 1 n uyers J = (=1,1), J; =

(—o0,—1), J2 = (1,400)— nunrepsasst ocu y = 0.

3. CymiectBoBanme pemienusi 3agagu GM B pabore, [1] Gblia mpuBeseHa mocTaHOBKA
U JIoKa3aHa eJuHCTBeHHOCTD perntenus 3aja4qun GM (Tesepcereira-Monceesa),rjie B HeorpaHuveH-
HOIl cMmerrenHO# obstactu D Tpebyercss HaiiTn GYHKINIO ¢ JaHHBIMU |eepcreara-MonceeBa Ha
IPaHUYHON U ITapaJlleJIbHON el BHyTpeHHel XapaKTepPUCTUKAX:

U(.T,y)|ACO = ¢0($)7 S [_17 (C_ 1)/2]7 u(‘r?y)’ECH = 1/11(35)7 S [C, (C+ 1)/2]7 (2)

U BUJIOM3MEHEHHOMY YCJIOBHIO XOJIbMIDeHa Ha mHTepBasax Ji = (—oo, —1] u Jo = [1,+00) ocu
y = 0. Hacrosttmast paboTa moCBsIIIeHa T0KA3aTEILCTBY CyIIeCTBOBaHUs perenus 3amgaan G M.
B cuny dopmynbr apby [2,c.38,popmyna (1.145)], naroinee perenne BUION3MEHEHHON 3a/1a4K
Komm, 3 kpaeBbIx yciaoBuit (2) mmeem

v(z) =D 701+ 2)Pr(2) + Fo(z), 2 € (-1,¢), (3)
v(z) = yD1 5 (@ = o)°r(x) + Fi(x), z € (c,1), (4)
rae v = (mT“)zﬁ F(llf By Dé}ﬁ —oneparop uddepennupoBanust JIpobHOro nopsiyka |3,c.20]

Fy(z), Fi(z)— usBecTHbE DYHKIMH.

Coornomtenusi (3) u (4) siBisirorcsi nepBbIMU (DYHKIMOHAJIBHBIME COOTHOIICHUSIMU MEZKLY
HensBecTHbIME dyHKIMAME T(x) 1 V() npuBHeceHHbIe Ha nHTEpBabl (—1, ¢) u(c, 1) u3 obmacru
D~.

®opmysa XosbMrpeHa Jarolee B HOJIYIIIOCKOCTH y > 0 perenune ypasHenusi (1) yoBieTBo-

; Bo Ou _
psifoIIiee yCIOBHIO yl_lg_lo Yy 5, = v(z) mueer Buj
+oo
_ t—
u(z,y) = —ki(1 — Bo)y' = / v(t) (r}) " exp <2a0 arcsin a:) dt, (4)
o

—00
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—oo <z <400, y >0,

, 0 =ag — api, 6 = ag + agi,

" 1( 4 )2“0 L(O)T(5)

dr \'m + 2 ['(0+9)

4 m + 25
2 2 m+2
o (x_t)—i_(mi —1—2)2y > 40 2(m+2)

U3 dopmyier (4) npu y = 0 umeem
7(z) = —k1€®®T(1 — 2a0) D> v (x) — ke *©T(1 — 2a0) D2Y 'w(2) + ®(x), z € J ()

Coornomtenue (5) siBisieTcsi BTOPbIM (DYHKIMOHAJIBHBIM COOTHOIIEHUEM MEKJly HEM3BECTHbI-
vu byuknusivu 7(x) u v(x) npuBHeceHHOe Ha MHTEpBaJ J u3 obmactu DT .

B cuny (5) u3 ypasuenwii (3) u (4) uckirouast 7(x) uMeeM CHCTEMY CHHIYJISIPDHBIX HHTEIDAJIb-
HbIX ypaBHEHU

14+ s—x

() = —)\6_2“0/1 (1 + 3>1_2a0”<3>ds _ Fy(w), 7€ (—1,0), (6)

r —cC S—X r —cC S —X

Hanbreiimee uccienopanue 3agaau GM npoBoIuTbhCsS METOIOM paboTh [4]
Teopema 1. 3ajada GMpu BBIIOJHEHUN YCIOBHUST

(g )

OJHO3HAYHO paspenmma, rae & = arctg(Aom)/m, Ao = Ae 2% |
JIureparypa
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HO20 MUNG ¢ CuHYAAPHBMUY KodPPuyuenmamu. Tamrert 2005 "Yuausepcurer" -224 c.

4. YpunoB A. K., Mupcabyposa .M. Gellerstedt-Moiseev problem with data on parallel
characteristics in the unbounded domain for a mixed type equation with singular coefficients
Lobachevskii journal of mathematics. 2024 T.45, No3. pp 1318-1332
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O6 omHOM MeTo/ie pelleHnsI HAYaJbHBIX U HAYAJIbHO-IPAHUYHBIX 33489 JIJ1
ypaBHEHHUsI KoJiebaHuil DaIKu

Kapumos II. T.!, Tymamesa E. 1.2
1<I>epra1r1c1<1/n'7r roCcymapCTBeHHHI yHUBepcuTeT, Peprana, YsbexrucTax;
shaxkarimov@gmail.com
’Hamamranckuit TOCyZapCTBeHHHI yHMBepcuTeT, Hamamrawm, Y36eKuCTaH;
yorqinoytulasheva@gmail.com

B obuactu Q = {(z,y): z € R, y € R, y > 0} paccMOTpUM CJIeLYIONLYIO 3a1ady
Bapaua Komu. Haiitu pemenue V(x,y) € M ypasuenus

o’V otV
L 1
Y/IOBJIETBOPSIIONIEE HATATBHBIM YCIOBHSIM
u(z,0)=p(x), u(xz,0)=0, z € R, (2)

rie ¢ (x) - 3ajanHas riaakas GyHkiws, yepe3 M obosHauen Kiacc dyHKIHUI, KOTOpbE Helpe-
peIBHO 1 depeHupyeMbl OHH Pa3 Mo y U ABayKIbl 0 T B 3aMKHyToit obtactu Q = {(z,y) :
x € R, y € R, y > 0}, u HeupepbiBHO juddepeHnupyemsl JBa pa3a 110 y U YeTbIpe pasa 1o T B
objractm €.

CupaseiBa ciejyomniast reopema [1].

Teopema 1. iz Toro, urober dyukmus V(x,y) € M 6buta pemennem 3amaan (1), (2)
HEOOXO/IUMO U JIOCTATOYHO, YTOOBI (DYHKITUSI

y
U(z,y) =V(z,y)+i / Vaa(x, T)dT, (3)
0
ObLIa peleHneM YPaBHEHUSI
Uy — iUz =0, (z,y) € Q, (4)

yJIOBJIeTBOpHIOH_[ee Ha‘IaJIbHOMy YC.HOBI/IIO
U(,0) = ¢(x),z € R, (5)

rjie i-MHUMAasl €UHATIA.
W3 TeopeMbl BBITEKAET
Caencrsue.llycrs dyukuus U(z,y) € M sasisercs pemenuneM 3agaqau (4), (5), rae o(x) -
neitcrBuresnbias Gynkius. Torna dyuknus V(x,y) = ReU(x,y) saBasercs pelneHneM 3ajadu
(1), (2), rme Re U - o3nauaer geiictBurenabuyio yactb Gyuxiwn U(x, y).
st pernenns 3anaun (1), (2) npumenum ciejacreue reopemsl 1. B atom ciydae ypasaerue
(4) nepexomut B ogHOMepHOe ypasuenue IIIpejunrepa

ou 09U

A

Ay Ox2
Pemenne 3amaqau (4), (5) B JaHHOM ciiydae npuMeT Buj |2

—+00

Ummzjﬂwmmw%

—00
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e Gl &) = st exp i (45— 7).

Torna, B cuity ciiesicTBust TeopeMbl 1, perenne 3agaqau (1), (2), umeer Bug

“+oo

V(z,y) = / H(€)G1 (., £)dE, (6)

—00

riae Gi(z,y,&) = rcos [(543,,) — Z} .

Hauanbao-rpannynas 3aga4a. Haiitu perenne V(x,y) € M ypasuennus (1) ymoBierso-
psioliee HAYAJBHBIM yCJIOBHAM (2) U OZHOPOIHBIM I'DAHUYHBIM YCIOBUSM

Vx(ovy) =0, me(O,y) =0, € R. (7)

Nmeercst pemenne 3amaan (1)-(2).

st pernenus 3aaan (1),(2),(7) Henmb3st HEHOCPEICTBEHHO BOCIOIBb30BAaThCA hopmyioit (6),
TaK Kak Jisl OTPUIATEIbHBIX 3HaYeHuit aprymenta dbyuknus P(x) we onpenenena. [Ipogoskum
dbyurImo V() YeTHBIM 06pPa30M Ha OTPHUIATEJNBHYIO YacTh ocu Oz u 06o3HAYUM Uepe3 po(x)
posoKeHHy o hyHkimio. Takum 06pa3omM, Mbl 06eCIedrM BBIIOJIHEHHE OJHOPOHOIO IPAHUY-
Horo ycsoBust (7) u npaBoM 1oJb30BaHust (GopMysioii (6), KoTopasi UMeeT BH/L

+o0 . 9 -
Vi) = 5= [ wale)co [(54;,) - 4] . 0

YauThIBas 9€THOCTH (QYHKINH @0 (7) PABEHCTBO (8) IpeCcTaBUM B BHJIE

Vi,

ﬁ\

.
/ €)Gi (3, €)d, ©)
0

rie

+o00o
G,y €) = f% / cos(yn?) cos(z17) cos(€n)dn

0

B paborax (3], [4] aBropbl HCIIOIB30BAIM ITH 381291 B KAUECTBE BCIIOMOIaTe/IbHBIX.
JIuteparypa

1. Karimov Sh.T. The Cauchy problem for the degenerated partial differential equation of the
high even order. Sib. Electron. Math. Izv. 15, 853-862(2018).

2. Polyanin A.D.  Handbook of Linear Partial Differential Equations for Engineers and
Scientists. Chapman and Hall/CRC Press, Boca Raton, 2002.

3. Sitnik S.M., Karimov Sh.T., Tulasheva Y.I. The Cauchy problem for the degenerate
beam vibration equation. Journal of Mathematical Sciences (New York, Springer), Vol. 277, No.3,
st, 458-466 Desember 7. 2023.

4. Tynamesa E.J. ITpuiooicenus onepamopos npeobpasosaniui, k Peuwenuio HauaivHho-Kpaesot
sadavwu das ypasrenus xoaebarus Baaku codepocawut xeadpam onepamopa Becceas. Hayanbrii
BecrauK Hamanrauckoro l'ocymapcrsennoro Yuupepcurera, Nel2, cr 95, 2024.
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KpaeBas 3aga4da qJist cMeNIaHHBbIX YPaBHEHH TPETbero mopsijika B IIPSAMOYTOJbHON
obJiactu

T'.K. Kumnmbaesa
Kapakanmakckuil rocymapCTBeHHHN yYHUBepCHTeT uMeHu Bepmaxa, Hykyc, VYsbexucrtan
kalbaevna85@mail.ru

B mpsimoyroasroit obsactn D = {(z,y): 0<z <1, —p<y<gq }, paccMOTPUM ypaBHEHHE
CMEITaHHOTO THUTIA

0 0
= 4 p= Lu = 1
(a8x+ ay+c> u=0, (1)
rie
Liu = gy — uy — Nu, > 0,
Lu={ " v Y 2)
Lou = ugy — uyy — N, y <0,

p>0,q >0, \ — feiicTBUTEIBbHbIE YHCIIA, A, b1 ¢ —3a/[AHHbIE BEIIeCTBEHHbIE Yncia, a +b% # 0.
Beenem obosnavenust: J = {(z,y): 0<z <1, y=0}, D1 =D (| {(z,y): >0, y>0},
Dy=D (N {(z,y): >0, y<0},D=DJD2 UJ.

Yepes Cé“ (M) obosraanmM Kjaace GpyHKIMA, HEIPEPBIBHLIX BMECTE CO CBOUMU YaCTHBIMU IIPO-
U3BOHBIX 110 O 10 k—ro nopsiika BKIOIUTETbHO B obactu M. Ilycrs B ypasuenue (1) mapa-
Merpbl a, b, ¢ ynosiersopsier ycyosuio a =0, b € (—o00,0)U (0,4+00), ¢ € (—00,+0), Toraa
B obstactu D mccaeayeM ClIeAyOIIyio 3a1ady.

Bamaga 1. Haiitu B obactu D dyskImo u(z, y), yI0BIETBOPSIOILYIO CIEAYIONMUM YCI0BU-
SIM:

u(x,y) € Cl(ﬁ)a u e CE(DZ)a (IS Cg(D), Ugzy € C(Dl U D2)7 Uyyy € C(DZ)v (3)

<b§y + c> Lu=0, (z,y)€ D;UDsy, (4)
u(0,y) =0, wu(l,y)=0, —-p<y<yq, (5)
u(z, q) =p(x), 0<z<l, (6)

u(z, —p) = (), uy(z,—p)=g(z), 0<z<1 (7)

rie o(x),¥(x), g(r) -3a/laHHbIe JOCTATOYHO IIaJKKUe (DYHKIUN.
Ypasuenue (1) B obsactu D paBHOCUIBLHO YPABHEHUIO MApabOJIO- MUIEPOOINIECKOrO THIIA
BTOPOTO TTOPAJIKA C HEM3BECTHON MPABOUA 9aCTHIO

Lu(x,y)zf(x,y)exp <_gy) ) (l‘,y) € D1 U Dy, (7)
rie
) @) y>0,
) = { o, )

Torma 3amaga 1 cBoauTCS K CaeayIoleil oopaTHoil 3a1a4e.
Bapmaga 2. Haittu B obmactu D dbyuxmun u(z,y) u f(z), yrosiaersopsionme ycaosusM (3),
(5)-(7) u ypasaenuto (8) rue
fi(z) € C(0,1)N Ly [0,1]. (10)

Jlokazana ciie/yIonias Teopema.
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Teopema 1.Ecu cymecrsyer pemntenne obparuoit 3amasiu (3) ,(5)- (8), To OHO eUMHCTBEHHO
TOIJIa U TOJBKO TOIJIA, KOTJa BBIIOJIHEHB! YCIOBHs IIpu Beex k € N.

b (02 + pr%)

Ao (k) =
Pq C_bpi

(e(ﬁfp%)q — 1) sinpp + b2pke*%p — b?pycos prp + besinpyp # 0.

Ucnonbayst merosier pabor [3, 4, 5| mokazamsl cymecTBoBanus perienns 3agaqn 1 u 2. Perenmst
3aJ1a9U ITOCTPOEHO B BUJIE CYMMBI Psijia 110 COOCTBEHHBIM (DYHKIUSIM COOTBETCTBYIOIIEH OJHO-
MEPHOI CITEKTPAJIbHON 3a/1a49i. YCTaAHOBJIEHO, UTO OJHO3HAYHAST PA3PEIIMMOCTb 0OPATHON 3a1a-
YM CYNIECTBEHHBIM 00PA30M 3aBUCHUT OT BLIOOpA T'PAHUIILI MPAMOYToJibHOHN obsactu. [Tomydenn
OIIEHKH, TI03BOJIAIONINE ODOCHOBAHIE CXOAMMOCTH PsiJIOB B KJIACCE PETYJIAPHBIX PEIIeHN JIAHHOTO
YpaBHEHUS U YCTONYMBOCTDL pellleHrsl 0OpaTHON 3a/1a4u 11 2 OT IPAHUYIHLIX JAHHBIX.

JIuteparypa

1. Bunnagze A.B., CanaxutauaoB M.C. K meopuu ypasHeruli cMeUGHHO-COCMAEHO20 TUNG.
Hosocubupck..: "Cubupckuit maremarudeckuit xxypuaa'". - 1961. T.II. Nol. C. 7-19.

2. Ixypaes T.[., ConyeB A. Kpaesvie 3adanu 0is ypashenut napadboso-2unepboiuteckozo
muna. T.. DAH. 1986. 220 c.

3. CaburoB K.B. 3adaua Hupuzse drs ypasherull cMeuanmo20 muna 6 npamoy2oibHotl 0b-
aacmu. " Toxmamsr PAH"2007. T.413. No 1. C. 23-26.

4. Caburo K.B. Kpaesas 3adaua das ypasHeHuti cMEUGHH020 MUNG Mpemsvezo nopadka 6
npamoy2orvroti obaacmu. " Iuddepernuaibabie ypasuenns". 2011. T.47. Nob. C.705-713.

5. Kamyctun H.FO., Moucees E.M. 06 ouenxe pewerus odnoti 3adavu 0As napaboso-
2unepbosuNecKo2o YpasHeHus ¢ nomowwro pados Dypve. "IlunddepeHnuaibabie ypapHeHus" .
2003. T.39.No 5. C.656-662.

YK 517.956.6

KpaeBas 3amavua ¢ pa3pbIBHBIMU YCJIOBUSIMH CKJIEMBAHUEM [JIsl ypPaBHEHUSI
napadoJIo-31INOTUYECKOrO THUIIA.

Magpaxumosa 3.C !, Pycramosa M.P 2
HamuonanbHuit YHMBepcuTeT Y3bekucTana mM. M. Yayrbeka, TamKeHTCKUI YHUBEPCHUTET
MHPOPMAIIMOHHEX TEXHOJOTHM ;
zilolaxonmadrahimova@gmail.com rustamovamunisal09@gmail.com

Kpaesble 3ajaun Ttuma 3ajgadn TpUKOME JiIs ypaBHEHHs BTOPOTO IMOPsJKa apaboJio-
rUIepOOIMIeCKOrO TUIIA ¢ BBIPOXK/ICHHEM THIIA U MOPSJIKA BHYTPH OOJIACTU UCCJIEJOBAHbBL B Pa-
6orax B.Mcmomosa u 3.C.Mazpaxumosa [1], 3.C.Mazapaxumosa [2].

B namnoii pabore n3ydaercst Kpaeasi 3a/1a4a ¢ Pa3pbIBHBIMU YCIOBUSIME CKJICHBAHUEM JIJIs
yPaBHEHUs 1apab0JIo - SJUIMIITHYECKOTO THIIA ¢ BBIPOZKICHUEM THIIA U IOPsiJIKa BHYTPU 00JIACTH.

Paccmorpum ypasaenue

0— TlUgg + QUL — Uy, x>0, y>0, (1)
—TUgy + (—2)"Uyy + 2uy, <0, y >0,
rie

1—n
O<ar <1, n>1, T<a2<1. (2)
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[Tycts D - obmacts orpanndenuas npu x < 0, y > 0 HOpMaabHO#l KpuBoOitl og : (y — %)2 +
ﬁ(—:p)”“ = % ¢ kornamu B Toukax 0(0,0) u A(0,1), a upu x > 0, y > 0 upsavbivu y = 0,
r=19y=1

Beesem obosnavenusi: D1 = DN (x > 0,y > 0), Do = DN(x < 0,y > 0), I =
(x,y):2=0,0<y<1

B obsactu D st ypasuenusi (1) uccreayem ciiefiyiomnnyio 3a/1ady.

Banaua T). Haiitu dyskmnmo u(x,y), 061a1aoILyio CIeLyOMuMI CBOfCTBAMM:

1) u(z,y) € C(D, UDs); (—2)*u, € C(DyUI), z*?u, € C(DyUI);

2) u(z,y) € Coy(D1) NCaa(Dy) u ynosnersopsier ypasuenmio (1) B 061acTsax D; (j =1,2);

3) Ha JIMHUM BBIPOXKJIEHUs | BBIOJIHSIIOTCS YCJIOBUS CKJICHBAHMSI

u(+0,y) = a1(y)u(=0,y) + b1(y), (0,y) €1,
Jim (=)™ g (z,y) = as(y) lim (2)"ug(2,y) +b2(y),  (0,9) € T;

4) u(x,y) yIoBIETBOPSIET KPAEBbIM YCJIOBUSIM
w@, y)ly=0 = ¢1(z), 0<z <1 w(@,y)le=r = p2(y),0 <y <1

’U,(.’L',y)’ao :w(xay)v (.%',y) € 00,

rie p1(z), 2(v), ¥(2,9), ai(y), bi(y) (i = 1,2) -sanannbe dynkuuu, npuiem ¢1(1) = ¢2(0),
©1(0) = 9(0,0)

ai(y),biy) e C(I)NC'(I) (i=1,2), ai(y)az(y) >0, V(0,y) €T, (3)
p1(z) € Cl0,1]NC3(0,1), ¢a2(y) € CT)NCH(I), (4)
U(x,y) € (—2) W (x,y), Y(x,y) € C(a0), &> 0; (5)

Teopema. Ecim Bemossenst (2)-(5), To B obmactu D pemtenne 3agaqn 1), CyIecTByer n
€JIMHCTBEHHO.

EauHCTBEHHOCTD DellleHus 3aa49u J0Ka3bIBAeTCs ¢ MOMOIIBIO IIPUHIMIA SKCTpeMyMal3d|, a
CYIIECTBOBAHMSI - METO/IOM MHTErDAJIbHBIX YPABHEHHI.

Jlureparypa

1. Ucaomor Bb., Maapaxumona 3.C. Kpaesas 3adavwa daa ypasHerus napaboso-
2UNEPBOAUNECK020 TUNG, GUPOICIAIOUE20CA GHYMPU obaacmu. «BIT MareMaTHKIAPHUHD STHIHT
reopemasiapu-2009». 2009. Hamanran. C. 103- 104.

2. MaapaxumoBa 3.C. Jlokaavhvie U HEAOKAALHBIE KPAEGHLE 3a0a4U OAA YPABHEHUA NAPAOOLO-
2UNePOOAUTECKO20 MUNG C BYIPOIHCICHUEM MUNG U NOPAJKAG 8HYMPU 00AGCTIU.

«¥Y30ek. Mat. )xypua». 2010. Ne 3. C. 44-51.

3. 3. bunaaze A.B. Hexomopuoie xaaccv, ypasrenuti 6 wacmuur npoudsodnunr. M.: «Haykay.
1981. 448c.
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VIK 517.55

AuddepernnuaabHbie UTPHI C UMITYJIbCHBIMU YIIPABJICHUSAMU

Mamaganues H. A.l, MycTamnokynos X. q.2
1’2HaLU/IOHaJIBHBIﬁ HUBEepCUTEeT Y3berkucTana uM. Mupzo Ynyrbexa, TamxeHT, Y3bexucTaH;
y P p y
lYucTturyT MaTemaTuxku uM. B.U.Pomamosckoro AH PY3, TamxkenTt, Y3bexucrtan,
y
2MemyHapo,zLHmﬁ yauBepcuTeT Hoprnuk, TamkenT, Y3berucrTax;

lm_numana59@mail . ru s 2n_hamdam@mail .ru

B npocrpancree R™, paccmarpuBaercs jimaeliHas guddepeHnuaibaast urpa, OlmuchbiBaeMast
cucreMoii JimHeHHbIX Jud depeHnuanbHbIx ypasHeHuit [1]

t=Az—u+wv, t>0, zeR™, (1)

rje z — da30Bblil BeKTOp, A — MOCTOsIHHAsS KBaJApaTHAs (1M X M) MaTPHUIA, U, U — ITapaMeTPhI
VIPABJIEHUS MIPECIEIYIONEro u yOerarInero nrpokoB, COOTBETCTBEHHO.

Krnaccom momycTuMbIxX yIIpaBeHnil MPec/ieIyIoIero NrpoKa SIBJIIeTCS MHOYKECTBO UMITYJIbC-
HBIX (DYHKIUiT, KOTOpbIe BbIpaxkaroTcs depes jenbra-gynkiumeii Iupaka [1]. Ilycrb . — mpo-
u3BOJIbHOE HaTypaiabHoe unciao u M(r), 0 < r < 7, — HpPOU3BOJILHOE KOMIIOKTHOBHAYHOE MHO-

Tn
rozHaMHOe OTOOpazKeHue, yjosiersopsomee ycaosuo [ M(r)dr C M. Ilycrs o(t), t > 0 —
0

JIOIYCTAMOE yIIPaB/IeHNE yOEraroIero urpoka.
Beenem ciieytorniye MHOXKECTBA,

ﬁZ(n,MZ(n),U(D = [Mz(n) + We(T"_T")AP} — ] ﬂe(T"_T)Av(r)dr,
Ti—1

i

W,(n,MZ(n)) = [Mz(n) +7re(7"’”)AP} * / re™mAQdr,

Ti—1
win) = |J wi(n, M),
M; ()
i
rae Mi(n) = [ M(r)dr, v(-) € Q[ri—1, 1), i = 1,2,...,n.
Ti—1
ITpennosioxkenne 1. Muoxecrsa W;(n) nemycrer ipu Beex n, i, n € N, i =1,2,--- , n.

Teopema 1. Ilycrs st cucremb (1) Ipu MMILyJIBCHOM yIpaBJIeHUH IpecJienoBaresis (2)
BBITIOJTHEHO TIpeAnosiodkerne 1, mHOXKecTBa M1 m P BBIIYKJIBI U AJIS HAYAJIBHOTO TOJIOYKEHUS
2o ¢ M u Hekoroporo Habopa w N (zp,w) < +oo. Torga B urpe (1)-(2) u3 3a/JlaHHOrO HAYAIBHOTO
nosioxenns 2o ¢ M, BOZMOKHO 3aBepIlenue Pece/OBAHNs 38 KOHETHOE BPEMT T (g w)-

JIureparypa

1. Yukpuii A.A., Maruuna W.M. Jlunetinve Jdugdepenyuanvrvie uzpvl ¢ UMNYACHBILM
ynpasaeruem uepoxos. Tp. Nn-ta marematnku n Mmexanuku ¥YpO PAH. 2005. 11:1. 212-224.
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SAIJAYA CO CMEIIEHVEM B TPEX TOYKAX I'PAHUYHBIX
XAPAKTEPUCTUK AJI4d BBIPOXK/IAIOIMITETOCHA T'NITEPBOJINYECKOTI'O
YPABHEHWUA].

Mupcabypos ML, MamaTmymusuos [I. T . 2, Typoues X.X.3

! TepMesckuii ToCyIapCTBEHHH! yHMBEDPCUTET, TepMe3, Y3berucTaH; mirsaburov@mail.ru
2,3 TepMe3CKUil TOCYIApCTBEHHHN YHUBEPCHUTET, TepMe3d, Y36eKuCTaH;
dilshod310797mdt@mail.ru, xayrullaturdiyev1988@gmail.com

ITocranoBka 3amaun A.
IIycts D— KoHedYHasi OJHOCBsI3HAs 00JIACTD MOJIYILIOCKOCTH Y < 0, orpaHmyeHHasl OTPE3KOM
AB ocu y = 0, xapakrepuctukamu AC n BC ypaBHeHUst

Euy =0, (1)

(=)™ tae + uyy — 2y

rje nocrosiunast m > 0, A = A(—1,0), B = B(1,0).

B zaznauax co cmemenuem [1],[2],[3],[4] ycioBue cMerenns 3amaercss B AByX TOYKAX IDAHUY-
HBIX XapaKTepUCTHK. B Hacrosell paboTe B XapaKTePUCTUIECKOM TPEYTOJIbHUKE, JJIs BHIPOK-
JIAIOIIErocs: TUIEPOOTMIECKOTO YPABHEHHsI ¢ CUHTYJISPHBIM KO3 MDUIMEHTOM UCCIIELYeTCsT KOP-
PEKTHOCTD 3aJIa9i C YCJIOBUEM CMEIICHUs] B TPEX TOYKAX IPAHUYHBIX XapaKTePUCTUK.

Ha orpeske AB paccmorpum Touky F = E(c,0), rue ¢ € I = (—1,1)— unrepsas ocu y = 0,
u BBeJleM JinHeituble dyHkmn p(z) = ax — b u q(r) = a — bx— orobpaxkatomue orpe3ok [—1, 1]
Ha orpe3ku [—1,¢] u [¢, 1] coorBercrBenno, npuuém p(—1) = —1, p(1) = ¢, ¢(—1) =1, ¢(1) = ¢,
re.a=(1+¢)/2,b=(1-c¢)/2

Bajgaua A. B obactu D maiitu peryisproe pemenne u(x,y) € C(D) N C?(D) ypasuenus
(1), ymoBiieTBOpSIOIIEE YCIAOBUSM

u(x,0) =71(x), = e€[-1,1], (2)

ulfo(x)] = poulf1(q(x))] — paulfr(p(x))] + p(x), @€ [-1,1], (3)

TJIe ji1, fi2— HEKOTOPBIE MOIOKHUTEIbHbIe TocTosHubie, T(z), p(x) € C?(I)— 3amannble byHK-
LW,

(90 (CL‘()) =

1 9 2/m+2
$02 Z|:mz_ (1+l‘0):|

-addukc Touka nepecedeHusi rpaHUYHON Xapakrepuctuka AC ¢ XapaKTepUCTHKON MCXOseii
u3 Toukn o € [—1,1], a 61 (p(x0)) u 01(q(x0)) -addurcsr Todek nepecedeHnst rPaHUIHON XapaK-
repuctukn BC' ¢ xapakrepucrukaMmu ucxossiieii n3 Touex (p(zo),0) u (¢(zg),0) coorBercrBeHHO.
2. UccanepoBanue 3agaum A.
Dopmyna Jamambepa [5],[6], natomeit B obmactn D mist ypasaenus (1) pemienue Bujonsme-
HeHHO 3asia4n Ko ¢ Haua IbHBIMU JTAHHBIME
I —m/2 90U

u(z,0) =7(z),z €l; lim (—y)

Jim oy =v(z), ze€l;

nMeeT BHU]

uley) = [T <x + 2(_y)m;2> Ly <$ _ 2(_y)m;2ﬂ B

m +
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‘% /11 Y (‘T i mQj 2(_y)m2+2> o o

C nomormipio dopmyiist Jasmambepa (4) HETPYIHO BBIYUCIUTD 3HAYECHUS

to(a)) = 3 lr(-D) + @) - 5 [ vioiar )

ulbs (p(@)] = 3[r(1) + 7(p(a))] ~ / ()

ulbr(a(e))] = 5r(1) + 7la(2))] - 3 / @

[Moncrasisis reneps (5),(6) u (7) B kpaeBoe ycioBue (3) U BBIYUCJIUB IPOU3BOJIHYIO [0 T, C

ydeToM paBeHcTBa (2) nMeeM (GyHKIMOHATHOE ypPaBHEHHUE

v(z) = 01v(p(x)) + bav(q(z)) + F(z), (8)

riue

F(x) =7'(x) — a7 (p(x)) + buat'(q(x)) — 2p(x),
usBecTHas GyHKIus. YpasHeHus: (8) siBiistercst (byHKIIMOHAIBHBIM YDABHEHUEM C JIBYMsI C/[BUIa-

s p(x) 1 glz)
Teopema 1. Badaua A npu 6bNOAHEHUU YCAOBUA

01+ 02 <1, 9)

00HO3HAYHA paspeuwtuma, 20e 01 = apy, Oz = bus
JlokazaresibcTBO TEOpEMbI IIPOBOAUTCST MeToZoM pador [5],[6].

JIuteparypa
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2. HaxymieB A.M. O Hexomopwuix Kpaesvir 3a0aMar OAS 2UNEPOONUNECKUL YPABHEHUL U
ypasHeHul cmewarnnozo muna. Juddepennmanbabie ypasuenus. 1969, rom 51, Nel, c.44-59.

3. CmupaoB M.M. Vpasuenusa cmewanrozo muna. M. 1985. 304 c.

4. Camaxutauaos M.C., MupcabypoB M. Heaokasvhoie 300041 OAA YPAEHEHUL CMEUAH-
HO20 MUNA ¢ CuH2YAAPHBMU KodPPuyuenmamu. Tamrert 2005 "Yausepcurer" -224 c.

5. Mupcabyposa I'. M. 3adava ¢ ananozom ycaosus Buyadsze-Camapcrozo das odnoezo
KAacea 8upostcoarowuxca sunepbosuveckux ypashenuti. VIssectust By3oB. Maremaruka. 2022, Ne
6, c.54-59.

6. Mwupcabypos M., Mamarmymunuo /[.T. adava ¢ anasozom ycaosus Buuadse-
Camapcrozo Ha ompesre BuPOAHCOCHUA U NAPAANEALHOM EMY SHYMPEHHEM ompeske 00aacmu
oA 001020 KAGCCH BLIPOdICIaOWULCS 2unepbosuveckux ypasHuernuld. VzBectus By3os. Marema-
tuka. 2025, Ne 3, ¢.25-29.
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O EAJMHCTBEHHOCTU PEINIEHNA 3AJAYN C HEJOCTAIOIIINM
YCJIOBUEM TPUKOMU HA TPAHUYHOM XAPAKTEPUCTUKE U
AHAJIOTOM ¥YCJIOBHUA ®PPAHKIJIA HA OTPE3KE BBIPOXK/IEHN A J1JIA
YPABHEHUNA CMEIITIAHHOI'O TUITA BTOPOT'O POIJA
Mupcabypos ML, Typaes P.H. 2, Mupzaes ®.c.3
1 TepMe3CKUil TOCYIapCTBEHHHN YHUBEPCUTET, I. TepMe3, Y3bekucTax;
miraburov@mail.ru
2 Tepmesckuit TOCyIapCTBeHHHI VHUBEPCUTET MHXEHEPHM M arpOTeXHojorwmii, TepMes,
Y3bexucTan; rasul.turaev@mail.ru
3 TepMe3CKuil TOCYIApCTBEHHHN YHUBEPCUTET, I'. TepMe3, Y3bekucTax;
fayzullamirzayev950gmail.com

ITocranoBka 3aa4un A. HyCTb ()— KoHeuHad OJHOCBA3HAaAA 00J1aCTh B KOMILJICKCHOH ILJIOC-

4
KOCTH 2 = T + iy, orpanmdentas npu y > 0 nHopMasbHoit kpusoit I' 1 22 + (27)2312_7” =1,c
—-m
komuramn B Toukax A(—1,0), B(1,0), a upu y < 0— xapakTepuCTHKaMN
AC: o= 2 ()™= 1w BO: a4 o () =1
2—m 2—

yDaBHEHUS

U+ (signy) [y ™ uyy + aly|™ tuy =0, (1)
rJie M, x— IOCTOSIHHbIE, IPIYeM

0<m<2, m—-1<a<m/2 (2)

B 3asiaue Tpukomu Bo Bcex TOYKAX XapaKTEPUCTUKK 3a/1aeTCs 3HAYEHNEe UCKOMON (hYHKIIN:
uw(z,y) |ac,= ¥(z). B macrosiueii riaBe ucciempyercss KOPPEKTHOCTD 3aJ[adH, LIe YacTh XapaK-
TEPUCTUKHU OCBODOXKIEHA OT KPAEBOIO YCJIOBHs U 9TO HEJOCTAIOIIEe YCJIOBHE T PUKOMU 3aMEHEHO
AHAJIOrOM HeJIOKaJIbHOTO yeaoBust Ppankist [1] Ha orpeske BbIpoxKeHust AB.

O6ozmaaM gepes QT u Q™ gacrn obmacTu (), JexKarime, COOTBETCTBEHHO, B ITOIYILIOCKOCTAX
y>0uy <0, auepes Cy u C1, COOTBETCTBEHHO, TOUKH IepecedeHust xapakrepuctuk AC u
BC' ¢ xapakTepucTHKOii, ncxosimeit u3 roukn E(c,0), tne ¢ € I = (—1, 1) -unrepsas ocu y = 0.
[Tycrb p(x) nuneitnas yHKIMsS MHOKECTBA TOYEK OTpe3Ka [—1, ¢] BO MHOXKECTBO TOUEK OTPE3Ka
[c, 1], mpuuem p'(z) < 0, p(—=1) =1, p(c) = ¢: To ectb p(z) = a — bz, e b= (1 —¢)/(1 +¢) ,
a=2c/(1+c).

Bagaua A. Haiitu dyuknmio u(z,y) co CIeAYIONIMMA CBONCTBAME:

u(z,y) € C(Q);

1)
2) u(x,y) sABasgeTCS peryaapHbIM perliennem ypasaenus (1) B obmactu QF;
3) (x y)— obobrienHoe perterne ypasHenusi (1) um3 kimacca Ry [2,¢.113] B obiactu
Q7 \(ECo U ECh);
4) u(x,y) ynoBIeTBOPSIET KPAEBBIM YCJIOBUSIM
U(J}, y) ’f: QO(:E? y)? (xv y) € fa (3)
u(z,y) [acy=¢(z), z€[-1,(c—1)/2], (4)
u(p(x),0) = pu(z,0) + f(z), = €[-1d; (5)

5) y*uy(z,y) € C( QT U U ), (—y)uy(z,y) € C(D~ U1 UJ2) una Ji|JJo Bermonns-

€TCd yCJIOBUE CKJIEUBaHUA
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o o 2uy)

Jim oy Syt —p = ,(an)EJlqu,

rne ¢(z,y), ¥(z), f(r)— sazanmmbe Gynxmum, nputem p(—1,0) = ¢(-1) =0,

= const < 0, (6)

o(z,y) =y o1(z,y), ei(z,y) € CT), >0,
fw) € Cle 1) C2les 1), w(e) € CH—1; (e — 1)/2) (CL=1; (c — 1)/2),

mpraem f(z) w1 ((z — 1)/2) cOOTBETCTBEHHO MOMKET OBPAIIATHCS B GECKOHETHOCTH TOPSIKA
menbie 1 — 3 upu x — ¢, tae 20 = (2a —m)/(2 — m).

Ine ycnosust (3) siBistercst yeaosueM Jlpuxiie Ha , yciosue (4) sIBISIETCS HEMOTHBIM yCMIIO-
BueM Tpukomnu na xapakrepucruke ACy, ycaosue (5) ectb anasor yciaosust PpaHki Ha OTpe3ke
BBIpOXK ieHnst AB.

Beenem obo3nayeHnus

u(x,0) =7(x), (2,0)€J

5o ou 8o ou

. _ o - . vu o _ +
Jim (—y) oy "V (), lim y oy Y (), (2,0) € J

Torja ycsosue (6) npumer Buj
v (z) = —vT(z), x€J

EnuncrBeHHocTh pelnieHns 3agadn A.

Teopema 1. Ecau svinoanens ycaosus (2), (6) mo sadavwa A ne umeem 6oaee odrnozo pewe-
Hue.

Teopema 1 gokasbiBaeTCss METOIOM paboT |3, 4]

JIureparypa

1. MupcabypoB M. 3adaua ¢ nedocmarwum yerosuem Tpuromu Ha TaPAKMEPUCTNUKE U GHG-
N020M Ycnosus DpanKkis Ha OMPEZKE AUHUYU BVIPONCIEHUS OAA 00HO20 KAACCH YPASHEHUT, CMe-
warnozo muna. Juddepennuanbusie ypasaenusi. 2014. 1. 50, Nel. C. 78-87.

2. CmupaoB ML.M. Vpasnenus cmewarmnozo muna. M. :Boiciras mkosa. 1985. -304 c.

3. Mupcabyposa I'M. Kombunuposannas 3adava ¢ ycaosusmu Tpuxomu u Ppankas s
ypasrerus learepemedma ¢ cureysapHuvim xospduyuenmom. Mssectust By3os. Maremaruka. -
2013. Ne7. - C. 16-30.

4. Mupcabypos M., Ucaomo H. B. 06 odnoti sadaue ¢ ycrosuem Buyadse-Camapcrozo
HA NAPANAEALHOLL TAPAKMEPUCTIUKAL OAA YPASHEHUA CMEWAHH020 MUNA 6mopo2o poda. dudde-
penrmaibHble ypapHerus. 2021. T. 57. Ne10. C. 1384-1396.
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O CYHIIECTBOBAHUU PEIIEHNA 3AJAYNM C HEIIOJIHBIM YCJIOBUEM
BNITAASE-CAMAPCKOI'O AJIAd YPABHEHUA CMEIITAHHOI'O TUITA

Mupcabypos M.l, Pysmesa 3. .2
1TepMescKI/n‘?I TOCYLApCTBEHHHN yYHUBEPCHUTET, TepMes, Y3bexucTaH; mirsaburov@mail.ru
Q,ZI;eHayCKnﬁ VHCTUTYT IpeIIpUHUMATEeNIbCTBA U IeJaroruku, [leHay, YsbexrucTas;
zuxraruziyeva0O@gmail.ru

ITocranoBka 3agauu BSF (Bunanze, Camapckoro, ®pankiis)

IIycre D = D' |J D™ |JJ -HeorpanuveHHasi cMemaHHasi 001aCTh KOMIIEKCHOI IIOCKOCTH
C ={z =z +1y}, tne DT -nonymiockocrs y > 0,0~ -KoHeyHast 06J1aCTh TOJTyTLIIOCKOCTH Y < 0,
OI'paHUYEeHHAas XapaKTEPUCTUKAMU YPaBHEHUS

Bo

(signy)|y|™ tgs + Uyy + Uy + ?uy =0, (1)

0
ly|'
ucxonsimmamu u3 Touek A(—1,0), B(1,0) . J=(-1,1)-unrepsan ocu y = 0. B ypasuenue (1) npes-
[I0JIAraeTcst, UITO M, g U [y HEKOTOPBIE IEHCTBUTEIbLHBIE YHCIA, YAOBJIETBOPSIONINE YCIOBHUSIM
m>0, |a] < (m+2)/2, —m/2< [y < 1.

3aMeTnM, 9TO KOHCTPYKTHUBHBIE, (DYHKIIMOHAIbHBIE U auddepeHnnaabable CBONCTBA pele-
Huil ypasHeHusi (1) CyIECTBEHHO 3aBUCSTH OT YUCJIOBBIX MAPAMETPOB (g U [y IPU MJIAJIIIX
4yleHax ypasHeHust. Ha nockoctu napamerpos o u y paccmarpusaercs: Tpeyronbauk AjBgCl
OrpaHUYECHHBIA IPIMBIMU

AGCy o +apg =—m/2, ByCy = Bo—ap = —m/2, AyBg : o =1,

U B 3aBUCHMOCTHU OT MECTOHAXOXKjieHus Touku P(ag, Bp) B 9TOM TpeyroiabHuKe (HhOPMYIUPYIOTCs
U HCcIIelytoTcst 3aaan Jisi ypasaerust (1)[1].

Paccmorpum ciywait P(ag, fo) € AAFBGCG,.Obosuatnm depe3s Cy u CTOYKH IIpecedeHust
rpannaanx xapakrepuctuk AC u BC ¢ xapakrepuctukamu ypasHeHust (1), BBIXOISIINME U3
toukn F(c,0),rae ¢ -HEKOTOpOe [uciio,npuHajexartee narepsaty J=(-1,1) ocu y = 0 Ilycrs
p(x) € Cl~1, c]-muddeomopdusm u3 MHOMNECTBA ToUeK OTpeska [—1,¢] BO MHOMKeCTBa TOUEK
orpeska [c, 1],upuuem p'(x)<0, p(=1) = 1, p(c) = c¢. B xauecrBe mnpumepa Takoit OyHKIMU
npusejieM JinHeiiHyo dyuknuo p(x) = d — kx, rae k = %, d= f—fc

[Iycrs DE -KOHe4Has 00JIaCTh, OTCeKaeMas oT obtactia DT ayToit HopMaIbHON KPUBOIt O R €
konrnamu B roukax Ap = Ar(—R,0), Bgr = Br(R,0):

op et +4m+2)" " =R —R< 2 <R, 0<y < ((m+2)R/2)Y ")

Beenem obosnavennst: J; = {(z,y) : —co <x < -1, y =0}, o ={(z,y) : 1 <z < 400, y =
0}, Dg = DE U D~ UJ,Dp -nogobiacTs HeorpaHUUIeHHOM obactu D.

Bagaya BSF. B neorpannvennoit obmacru D tpebyercsa maiitu dyukimo u(x,y) yaoBie-
TBOPSIOIIUM yCIOBUSIM :

1) dynkmums u(x,y) nenpepbiBaa B J11000i 0100/1aCTH E;, HeorpanmdeHHoii obnactu D;

2) w(x,y) npunamzeskur npocrpanctsy C2(DT) u ymosnersopsier ypasmenmio (1) B 3Toit
obJracTu;

3) u(z,y) aBaseTcs 060bIIEHHBIM perenneM Kiacca Ry [1.¢.35] B obiactu D~

4) Ha MHTEPBAaJIe BHIPOXKIECHUs J MMEET MECTO CJIEYIONIEe YCIOBUE COIPSIKEHMUST

ou ou
lim Bo = lim Bo c
y 1 O( y) 9y y 1 Oy 93/ y & Ja
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IpUYIeM 3TU IpeJesl upu £ — +£1, £ — ¢, MOTYT UMeTh 0COOEHHOCTH HOpsiaKa Hike 1 —a — 3,
rae o = (m+2(fo+a0))/(2(m+2)), B =(m+2(f—a0))/(2(m+2)),a>0, >0, a+p <1
5) BBIIIOJIHSIETCSI PABEHCTBO

li =0
pim u(z,y) =0,
rie R? = 22 + 4(m + 2) 2y
6) u(x,y) yIoBIETBOPSIET KPAECBBIM YCJIOBUSIM

uw(x,0) = p1(x) o€ Ji,u(z,0) = ps(z) z € Jo,
D%y (1 +2)* 7 0y ((2))] = a(x)u(z,0) + b(z) € (~1,¢), (2)
u (p(.%'), _0) - :UJ(:C)U (.%', _0) = f(x)7 YIS (—1,0), (3)

Baejist oboznauenue u (x,0) = 7(z), x € J, yciosus (3) zanumenm B Bujie

T(p(z)) — plz)7(2) = f(z), z € J.

Dl—l,w — oneparop jauddepennupoBanust JapobHOro Topsiaka Pumana-JInysusist. 0y (z)-
addUKC TOUKN TepecetdeHns TpaHnaHoil xapaktepuctuku AC ¢ XapaKTepUCTUKON MCXOmATIeit
U3 TOIKH ($070)7 T € (—1,6), rae, Spl(x)7902(x)> (I(l‘),b(l‘), f(fl)) -3a/laHHbIC HCIIPEPBIBHO ,HI/ICb-

depenrupyemre QYHKIUN, B 3aMBIKAHUN MHOXKECTBA UX OIpPeeseHne, IPUIeM xEIEloo v1(x) =

0 lim ¢o(z) = 0, Bamerum, 4ro yciaoBue (2) siBisiercsi HENOJBHBIM YCJIOBHEM DBumnajze-
T—>400

Camapckoro [2. ¢.223|, na xapakrepucruke AC) u Ha orpeske AE yciosue (3) ecth aHajor
yesosust OpaHKIs Ha OTpe3Ke BeIpokaeHus AB. EguncreennocTs perenns 3agaun BSE moka-
KM B pabore [3].

CyimectBoBanue penieHns 3agaqdu BSF.

Teopema 1. 3agaua BSF upu semosenun pasencts ai(z) > 0,a;(z) >0, 0 < p(z) < 1,

<1

| A*(z) | < Am | Ink | _ k‘Sl“/QAo(c)u(c)(l + 0)2"0*501“((51 + 1)I'(2ag — o)
| B*(z) || ~ NG L'(61 + 1+ 2ag — do)

u pu
po — picos(2apm) — ay(x) >0

ofHO3HauHO paspermma JTokaszarenbecrso Teopembl 1 nmpoBoauThesi MeTogaMu paborsl [1]
JIuteparypa

1. Camaxuramaos M.C., MupcabypoB M Heioxasvhole 3a0a4u 0ai YpasHeHutl cCMeuaH-
HO20 MUNA ¢ CURLYAAPHBIMU KodPPuyuenmamu. Tamrent: 2005" Yauepcurer-224¢

2. CmupnaoB M.M ypasuerus cmewarrnozo muna. M.,1985,-304C

3. Mupcabypos.M.,Py3uea.3.® O eduncmeennocmu pewenus 3adauy ¢ HENOA-
Hom yeaosuem  Buyadse-Camapcekozo 0aa ypasnenus cmewarnnozo munoMareprnanbl Mexk-
nynapoguoit koHdepenrmuu "XXI asrda ilm-fan taraqqiyotining asosiy tendensiyalari va
xususiyatlari" lenay (Vs6ekucran)2025iiu1.
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VIK 517.55

O6 oxHoili 3agaYe MMITYJIBCHOTO ITpecJieI0OBaHUS

MycTamnokynos X. q.', Bexumszos A.B.?
1’2HaLU/IOHaJIBHBII‘;I yHUBepcuUTeT Y3berucTaHa mM. Mupso Ymyrbeka, TamkeHT, Y36eKucrTas;
1Me)K;|;yHapo;LHbH‘71 yuuBepcuTeT Hoprmuk, TamrkeHnT, Y3berucTax;
!m_hamdam@mail.ru

KoudumukTHO yupasisiemblii nporecc 3ajaercs ypasaerueM 1]
Z=az—u+w, (1)

re a— MPOM3BOJIbHAA KOHCTAHTa, 2, u, v € R™. Ilpemmonoxkum, aro M =[S, P = pS, ) = o5,
r7ie |— HeOTpHUIATEIbHAS, P U 0— IOJIOXKUTETbHbIE KOHCTAHTBI, S'— €IUHUIHBI 1I1ap ¢ IEHTPOM B
Hauase koopauuat npocrpancrsa R™. Torma My = {0} u M; = 1S. Tlosromy L = R™, 71— 10K~
JieficTBeHHbIN (equHnuHblii) onepaTop. Tak kak A = aF, rue E— euHuYHas MaTPUIA TOPSIKA
m x m, 10 dyHIAMeHTAIbHAs MATPHIA nMeeT Buj e = e E.

PaccmorpumM BHagasie ciiydaiil, Korja ylIpaBJ/IeHHE IIPECJeloBaTesss IMEeET UMILYJIbCHBIN Xa-
pakTep, a yupasieHue yberaoriero v = v(t) siBisiercss u3MepuMoii pyHKIeil BpeMeHn co 3Ha-
yeHusaMy 13 0S. IIpenmonokumM, 4T0 TOUYKU T; PACIIOJIOKEHB PABHOMEDPHO C IIEpUOAOM A, T.e.
T; = /A, TOr/Ia YIpaBJIEHNE IIPECJIeIOBATEISI IPUMET BUJI:

u(t) = ud(t —iA), u; € pS.

=1

Ilycts n— mpomssombHoe marypaibmoe wmcio n M(r) = 58,0 < r < nA, M;(n) =
1A
[ M(rydr=18 i=1.2.,n.
(-1)A

[lenn Hacrosimel paboThl - HAWTH HOBBIE JIOCTATOYHBIE YCJIOBUS IPU BBIIOJHEHUH KOTOPBIX
13 HAYAJIBHOIO IMOJIOXKEHUsT zg ¢ M, JOroHSIomuii MOKET rapaHTUPOBATDH 3aBEPINEHHE Mpecie-
JIOBaHUs TP JTIIOOOM JIOILyCTUMOM HOBEJIEHUH y6eraiomero urpoka 3a KOHEIHOEe BPEMs.

Vreepxkaenne 1. Ilycrs p > I;(1)e D% § =1,2,...,n. BEcom a < 0 wm a > 0,1 <
llzoll < (p— 2ol /(e — 1), 10 B urpe (1) BO3MOXKHO 3aBepIICHHE IPECICIOBAHNS U3 IPO-

0 p— < : p p pecres p

U3BOJILHON HAaYAJIBHON TOUKHU 29 & 1S 3a KOHE'HOE BPEMA TN (20 u)-

VYrBepxkaenue 2. Ilycres p < Ii(l)e’“(”’zma, 1 =1,2,...n. Ecm a > 0, To uz zy & 1S

TOYKHU HEJIb3s 3aBEPIINTh npecienoBanue. [Ipu sTom yberaroiemMy Urpoky MnpeJiaraeTcs yipas-
2

Jenue Buja v(t) = Tzl

JIureparypa

1. Yukpwmit A.A., Maruunun U.WN. Jlunetnoe duddeperyuarvrvie uepvl ¢ UMNYLbCHOM
ynpasaeruem uzpoxos. Tp. NH-Ta Mmaremaruku u Mexanuku ¥ pO PAH. 2005. 11:1. 212-224.
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VIK 517.956

06 oxnoii zagave Credana ajsa peakimoHHO-AUPPDY3UOHHOM CUCTEMBbI

Pacynos M. c.h, YmMupxonoB M. T.?
1I/IHCTHTyT MaTemaTuku uMeHu B.JM.PomanoBckoro AH PY3, TamxkenTt, V3bexucTan,
rasulovms@bk.ru
2TamkeHTCRUMN TOCYZlapCTBEHHb! >KOHOMUYECKUN YHUBEpPCUTET, TamKeHT, Y36eKucTal;
masudxonumirxonov@mail.ru

B sTom mccieoBaHuN MBI paccMaTPUBAEM CHCTEMY peakinu-auddy3un ¢ aByMsi CBOOOIHBIME
TPAHUTIAMU, KOTOpasl MOJIEJIMPYET JIMTHAMUKY 3a’KUBJIEHUS PaH:

up = (di (w,v) ug), + f1 (u,v), 0<t<T, h(t)<z<s(t), (1)
vy = (do (u,v)vg), + fo(u,v), 0<t<T, —l<z<l, (2)
u(t,z) =0, t>0, x¢(h(t),s(t)), (3)

vp (t,—1)=0, 0<t<T, (4)

v (1) =0, 0<t<T, (5)

s'(t) = —d1(0,v)us (t,5 (), 0<t<T, (6)

B (t) = —d1(0,v)u, (t,h(t)), 0<t<T, (7)

u(0,z) = uo(x), —s0 <z < s, (8)

v(0,z) =vo(x), —I<z<lI, 9)

s(0) =sp <, h(0)=ho=—so, (10)

rie © = s(t) u x = h(t) — cBOGOMHBIE TPAHUIBI, IpPeCTaBIsomue (BPOHT PACHPOCTPAHEHMSI
panbl. [Ipu s1oM u (¢, ) 0bo3HAYAET IJIOTHOCTH 3/I0POBBIX TKaHEil BHE paHbl, a v (t, X) — KOHIIEH-
TPAIUIO XUMUYECKUX U GHOJIOrMYecKuX npenaparos [1].

[TpeinonoxKumM, 9T JIaHHbIE 381891 YIOBJIETBOPSIOT CJIE/LYIOIIUM YCIOBUSIM:

a) d; (u, U) >dio >0, dig, 1 =1,2;

b) ecmm 0 <wu(t,x) < M, 0 <wv(t,x) < Ms, TO OUpeeINM MHOKECTBO

Q={(u,v): 0<u(t,r) <M, 0<wv(tz) <M},

npdaem 0 < My < My, d; (u,v) € C1H¥(Q), 0 < a < 1, diy, (u,v) <0, fi (u,v) <0, fin (u,v) <
0,i=1,2:

c) fi(u,v) € CHY(Q); fi(u,v) >0 ecrm u(t,r) < 0u f1(u,v) <0 ecm u(t,r) > M
upu jiobom v (t, x);

d)  fa(u,v) € CHYQ); fo(u,v) > 0 ecrm v (t,z) < 0, u fo(u,v) <0 ecm v (t,z) > Moy
upu a6oM u (t, x);

e) wug(z) € C?T0 < ug(x) < My,—so < x < 805 ug (s0) = up(—s0) = 0, uf(sp) < 0,
uf (—s0) > 0; v (z) € C*T[=1,1],0 < vg (z) < Ma; vj(=1) = vh(l) = 0.

B [2] pacemorpena 3aga4a (1)-(10) ¢ oxHrM CBOGOAHBIM MPAHUYHBIM YCJIOBHEM U HEJIOKATb-
HBIM IPDAHUIHBIM YCJIOBHEM.
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Jlureparypa

1. Chen X., Friedman A. A free boundary problem arising in a model of wound healing. STAM
J.Math.Anal., 32, No. 4, 788-800 (2000).

2. Takhirov J. O., Rasulov M. S. Problem with free boundary for systems of equations of
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O6 oxHoil kKpaeBoii 3aj/1ave Jisi ypaBHEeHUsA XOJbMIPEHA C CUHTYJISTPHBIMUI
K03 duimenTaMu

Pysues M. X.!, Kazaxbaesa K.B.?

1’2MHC'I'I/I'I'Y'I' MaTemaTuru umMeHu B./.PomManoBCckoro Akazemuu Hayk Pecnybnukum
Y3bexucTan, TamxkeHT, Y3bexucTan;

1ruzievmkh@gmail .com

2qalligul%@gmail .com

Paccmorpum ypaBHeHue

m Qg Bo
Y Ugg T Uyy + yl-m/2 Ug + ;uy =0, (1)
rie m, ag and [y — HEKOTOPbIE JEHCTBUTEILHBIC YUCJIA, YIOBJICTBOPIOIUE yeJaoBusaM m > 0,
| < 22, —2 < By < 1 B noymtockoeru 2 = {(z,y) : —00 < z < 00,y > 0}.

Beenem cieyrone obosnadenus: J = {(z,y) : 0 <z <1,y =0}, J = {(z,y) : —co <z <
0,y=0}, Ja={(z,y): 1 < <oo,y=0}

B o6actu € paccmarpuBaercs ciieyromas HeJOKaIbHas KpaeBas 3a/1a4a.

Bamaga. Haiitn dysximmo v = u(x,y) B obaactu {2, KOTOpasi YI0BJIETBOPSIIOT CJIELYOIIUMI
YCJIOBUSAMMU:

1) u(z,y) € C(Q)NC*(Q), tne Q= {(z,y) : —00 < & < 00,y > 0};

2) u(x,y) yIOBIETBOPSICT TPAHUIHBIM YCJIOBUSIM:

u(x,0) = pi(z), x € (—o0;0], (2)

u(@,0) = ga(x), @ € [1300), (3)

ao(x) lim y®u, (z,y) + Zaj(x)Dggw(x)ju(x, 0) + apt1(z)u(z,0) =¥(z), 0<zxz<1; (4)
y—+0 1
ji

3) BBIIOJIHSAETCS YCIIOBHE
lim u(z,y) =0,

R—oo
re R? = 2% + Wym”, reR, y>0

4) lirgoyﬁouy(x,y) npu © = 0 MOXKET CTPEMUTBCS K OECKOHEYHOCTH TOPSiIKA MEHbIIEe YeM
y—

m+208o

2(m+2)

B rpammax yemosmx (2)-(4), ao(z), a;(z) (= 1. 1), ans1(2), ¢1(2), pa(a), () -

sajganuble Gynknun, npuadM ag(z), aj(z), w;j(z), any1(z) € CH(J) N C%(J), ¥(z) € CH(J) N
n+1 _
C%(J), > a(z) #0 VxeJ.

=0

1— 26, a upu x = 1 ocraércsa orpaHUdeHHOl, riae § =
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Oynknust pi(x) € C(J1) MOXKeT CTPeMHUTHCS K OECKOHETHOCTH IOpsiiKa MeHbIre 1 — 20
upu ¢ = 0, dbysknus @a(x) € C(J2) orpanudena nupu r = 1, U Jyist JOCTATOYHO OOJIBIIUX
|z|BBmonmseTcs HepasencTro |p;(x)| < M|x| =177, where o, M = const, o > 0.

31ech

O‘J) f (z— t)1+a p < 0,

f, Oéj>0

Dyl f =

OIIepaTopBI APOOHOTO HHTErPHPOBAHNUS HOPsA/IKa ovj 11pu a; < 0 1 apobroro auddepeHImpoBanus
(:(:) — ramma-byskus Ditrepa [1].

nopsaka o npu o > 0,
OueBnano, He HapyIIasg OOIIHOCTU, MOXKHO HPEANOTIOKHTD, 9TO O = Q] > ... > Qp > ... >
ap,a; >0,0=1,...p, 0, <0, k=p+1,...1n
Teopema 1. IlycTb BBINOIHEHBI YCIOBUS

ao(x);é(),Cmg(),wj(x)#(),jzl,...,n

d a;j(z) a;(1) o .

Zaj 2) Dyl w;(x) + api1(z) #0, V€ J.

Torma samada He MOXKeT UMeTh O0JIee OTHOTO PEIIEeHMUSI.

EIMHCTBEHHOCTD PeIIeHNst 331841 JI0KA3bIBACTCsI METOI0M HHTErPAJIoB SHepruit [2].
2(1—po). — 2(1=po)
; 6) a = =5,

Teopema 2. IlycTb BBIIOJHEHBI YCJIOBHSA: &) o = (lrg]aicn){aj} R

Torna pemenne 3a7a9u CyIeCTBYET.
JokazaresibcTBO TEOpeMbl 2 IPOBOUTCS METOJIOM HHTErPAJIbHBIX ypaBHeHuil [3)].

JIureparypa
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rpena //duddepennuanbubie ypasaenus. — 1982. — T. 18, ( 1). 144-152 c.
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VK 517.956.6

(015 O,H,HOI71 3alavd1 C MHTEerpaJbHbIM YCJOBHUEM JJId YPAaBHEHHU:A TpPEeTbero ropsiaka.

Carpynnaesa M. M.1’2,
'Haruoransauit YHUBepCUTeT Y3berucTana mMeHu Mupzo Vayrbeka, TamkeHT
’TamkenTckuit yHMBepCHTET WUEHGOPMAIMOHHHX TEXHONOTHH uMemm an-Xopasmu,TamKeHT
e-mail: sagdullayevam@mail.ru

BD={(zt):0<z<1,0<t<T} paccMarpuM ypaBHEHHE B YACTHBIX [IPOU3BOHBIX TPETHETO
HOPsiJIKa € ONEPATOPOM TEIJIONPOBOJHOCTH B IJIABHOH YacTH

0 <8u 0*u

92\t % 2>+c(x t) u=f(z,t) (1)

rie c(z,t), f(z,t) — 3agannble OyHKIMN.
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B nannoit pa6ore jisa ypasaenns (1) nzydaem HEJTOKATBHYIO 33/1a1y ¢ MHTErPATBHBIM YCIIO-
BUEM B cJiejyiomeii nocranoske: Hatimu pezyasproe 6 obaacmu D pewenue u(x,t) ypasnenus
(1), ydosaemsoparuee HauaibHOMY

u(z,0) = ¢(x), 0<z<Y, (2)
2PaHUYHDBIM
uz(0,1) = pa(t), ug(l,t) = po(t), 0<t<T, (3)
U urmezpasbHomMy Ycaosuro
4 t
u(0,1) = A(t) /u(:v,t)da: + /p(t, Tu(l, 7)dr + pz(t), 0<t<T, (4)
0 0

rie p(x) u pi(t) (i =1,2,3), a A(t) u p(t, 7) — 3aanHbIe DYHKIMHA, yIOBIETBOPSIONINE YCIOBUSIM
COIVIACOBAHMUSI:

¢
£(0) = 1 (0), ¢'(6) = a(0), (0) = A(0) / (@) + 13(0).
0

UsBectHO, uTO B pabore 1| nsydeHsl pasandHbie KpaeBble 3aja49u JIJIs YPABHEHUS TPETHErO
HOPsIJIKA ¢ ONEPATOPOM TEILJIONPOBOIHOCTH B TIaBHOH YacTu. OTMETHM UTO, HEJIOKAJIBHOE YCJIO-
Bue (4) npesgioxkeno Buepsbie B padore A. V. Koxanosa [2|, n dusndeckn 0HO BBIpazKaeT pacxo/l
BJIAr'U B IOYBEHHOM cjoe or 0 1o /.

[Tpu onpejie/IeHHBIX YCJIOBUAX IIAJIKOCTH HA 3a/IaHHBIX (DYHKIUAX JIOKA3BIBAETCST PEry/IspHast
Pa3peIIMMOCTh [TOCTABICHHON HEJIOKAJIbHON 3asaqdu (1)-(4).

JIuteparypa

1.Ixxypaes T.I., Iomenex d. O knaccudukamumm 1 IPUBEIEHIN K KAHOHIIECKOMY BHIY ypaB-
HEHUii ¢ YACTHBIME IIPOU3BOHBIMEU TpeTbero nopsiyika. //  Aupdepeny. ypasnenus. 1991. — Tom
27, Ne10. — C. 1734-1745.

2.Koxkanos A.U. O6 omHO#l HETOKAJBHON KpPAaeBOl 3ajiade C MePEeMEHHBIMU KO3 UIneHTaMM
JIsl ypaBHeHus! TeruionposoaocT u Aitepa.//  Jdugdepeny. ypasrerus. 2004. — rom 40, Ne6.
- C. 763-774.
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O npopgomnxkenuu perennii 3agaun Koiu jyist ypaBauenusi Ilyaccona B
OrpaHUYEHHOIl TpexMepHOoii obJiacTu

Carropos J.H.!, Dpmamarosa 3.3.%2, Oramyponos M.B.?
L3CamapkaHAcKuii TocyjapCTBEHHBIN Neqarorndeckuii mHCTUTYT, CaMapKaH/I,
¥Y3b6ekucraH;

2 Bapmes yauBepcurer, Camapkani, Y36eKucTan;
ISattorov-e@rambler.ru, 2ermamatova@mail.ru, 3
mehrojiddinotamurodov@gmail.com

XOpOIIIo U3BECTHO, YTO MHOrHME (PU3NIECKUE 3349l IPUBOJATCS K CTAIMOHAPHOMY ypaBHE-
HUIO MaTeMaTudeckoil ¢pusnknu. C TOUYKHU 3peHHs] aHaJIN3a, OCHOBHBIE CBOMCTBA TapMOHUYECKUX,
CyOrapMOHUYECKUX U CYLE€PrapMOHHYECKUX (PYHKIMH KCIIOJIb3YIOTCS IPU U3YYEHHHM Pa3peIln-
MOCTH KJjiaccumieckon 3amaqam Jlwpuxie g ypasuenus Jlamnaca. Ypasuenus Jlammaca u ero
HeogHoponHas gpopMa — ypapHenue Ilyaccona siBJISIIOTCS OCHOBHON MOIEJILIO JIMHEHHBIX 3JIIUII-
TUYECKUX yPaBHEHUIA.

[Iycts R? BemecTBenHoe TpeXMepHOE eBK/IMIOBO IIPOCTPAHCTBO M T = (T1,%9,13), Y =
(y1,92,93) € R, o = (y1 — 21)* + (y2 — 2)%, 7% = (y1 — 21)® + (y2 — 22)* + (y3 — 23)°.

() - orpaHIYeHHAas OJIHOCBsI3HA 06/1acTh B R? ¢ rpamuteit 9€) coCTosIIIell U3 YaCTH IIII0OCKOCTH
ys = 0 u raKoit yru kpusoit S JIsmyHoBa, Jiexkarreit B mosymiockocta ys3 > 0.

B pabore paccMaTpuBaeTcst 3a/1aua BOCCTAHOBJIEHHsI pelenns: ypaBaenus [lyaccona [3], [4]

0’U  0°U n 0*U

T 9.2 2 2

ory Oxy  Oxj

B 00JIaCTH 110 €e U3BECTHLIM 3HAYECHUAM U 3HAYEHUSIM €€ HOPMaJIbHON IIPOM3BOIHON Ha IaCTH
I'PAHUIBI

—AU(z)

= f(x), (1)

(2)

{ U(x)):fl(:v), r €S,

W) — fo(x), z €S,

T.e. JlaeTcd sBHasg hopMyJia MPOIOJKeHHs perenust 3amadn Korru.

Pemenue 3asaan Ko (1)-(2) 6yaem crpours B obnacru €2, Korja jganabie Ko 3a1aHbl
Ha gacTn S rpanunbl. 3agada Komm ajs ypaBaenus [lyaccoHa OTHOCHTCS K 9HC/IYy HEKOPPEKTHO
HocTaBJIeHHBIX 33124 [1], [2].

Byzaem npesmosnarats, 9To pernienne 3a1aqu CymecTByeT (Toria OHO eINHCTBEHHO) U IIPUHA/I-
sexxut kiaccy H(Q)NC(Q) u nanubie Ko 3a1aup TouHo. B 910X yeaoBusx ycraHaBImBaercs
sgBHas (HOpMyJIa IPOIOJIKEHNs, KOTOPas SABJISIeTCS AaHAJOrOM Kjaccudeckoit ¢popmyinl B. Pu-
mana, B. Boabrepa u 2K. Anamapa, mocrpoenHo# umu jijist perenusi 3agadn Korm B Teopun
FI/IHep6OJII/IquKI/IX ypaBHeHHI’I. EC.HI/I PN yKa3aHHBIX YCJIOBHUAX BMECTO JaHHBIX KOH_II/I 3a/JaHbl
UX HEIPEPBIBHBIE NMPUOJINKEHNUS C 38JIAHHBIM yYKJOHEHUEM B PABHOMEPHOU METPUKE, [IPU ITOM
eCcJIM pellleHre W ero HopMaJbHasl MPOU3BOIHAS ONpAHMYEHBI Ha YacTH 1 TPAHUIBI 33 aHHBIM
[TOJIOYKUTEJIbHBIM YUCJIOM, TO IpeJjiaraeTcs fBHasi (popMysia peryaspu3aliuu.

MeTO,EL IOJIydeHUd YKa3aHHBIX Pe3YyJ/IbTaTOB OCHOBaH Ha KOHCTPYKIIUM B sIBHOM BH/IE d)yH,[La—
MEHTAJIbHOTO pellleHns ypaBHenus Jlaraca, 3aBUCHIIETO OT MOJOXKUTEIBHOIO ITapaMeTpa, ncye-
3A0IIEr0 BMECTE CO CBOMMU ITPOU3BOHBIMU [IPU CTPEMJIEHIH TTapaMeTpa K ObeckoneunocTu Ha T,
KOTJIa MTOJTIOC PYHIAMEHTAIBHOTO PEIeHNs JIEZKUT B IOJIYIIPOCTPAHCTBE Yy, > 0 (m = 2, 3). Cue-
nys M. M. JlaBpenTheBy, dpyHIaMEHTATBHOE PENIEHNE ¢ YKA3AHHBIM CBOHCTBOM HA30BEM (PYHK-
nueii Kapiemana st nosynpocrpancTsa [1]. TTocse nocrpoenust dyuxipn Kapiemana B ssBHOM
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BHJIe (bOpMYJIa IIPOJIOJIKEHNUS, & TAKXKe peryJisipudalins penteHus 3aa4du Koiim, BbIuChIBAIOTCS
B BU/JI€ PA3HOCTU ODOOIEHHBIX IOTEHIINAJIOB IIPOCTOIO U JIBOIHOIO cjioeB. [lonydennas dpopmysia
[IPOJIOJI?KEHUS TI03BOJISIET COOPMYINPOBATH KPUTEPHUil paspermmMocTs 3aaaqu Koru.

Kaccimiaeckas nnTerpaibhast hopmysia I'piuna mokasbisaet, ato mobas dbyrkmus uz C2(Q) B
obuact [5, . 26| ¢ JocTaTouHO TIaAKOMN rpanuieii OS2 MoKeT OBITh IPEJICTABICHA B BUE CYMMbI
rapMOHMYECKON (PYHKIIMU U HBIOTOHOBA IIOTEHIUAJIA OT ee Jiamiacuana. [losroMmy HeynuBuTE b~
HO, 4TO m3ydenue ypasuenus llyaccona B 3Ha4uTeIbHON CTEIEHN MOXKET OBITH OCYIIECTBJIEHA C
[IOMOIIBIO U3yYeHnsT HbIoTOHOBA noTerrmasa f. Ecin dynkiuo f npeamnosiarars ToJBKO HeIpe-
PBIBHOI, TO HBIOTOHOB HIOTEHITHAJ

W(x) = /Q Wy — ) f(v)dy, 3)
1

ly —
nBaxk bl uddepentupyembiM. Kitaccom yHKIH 110/1€3HBIM U yJIOOHBIM [IPU U3YYE€HUU HBIO-

TOHOB ITOTEHIIHAJIA, SIBJIAETCA KJIACC HEIPEPLIBHBIX dyHKIN 1m0 [€nbaepy.

1
re h(y —x) = = dyHIaMeHTaIBHOE pellleHne ypaBHeHus Jlamiaca, MoxKeT He ObITh
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VYIIK 517.956.45
KpaeBas 3agada /1jis1 HeJIMHEHHOro NapaboIMYecKOoro ypaBHEeHMs

Typaes P.H.!, XyppaMos A.T.?
lTepMGBCKHﬁ TOCyZapCTBeHHHI yHMBepCHTEeT, I'. TepMes, Y3beKucrTasn;
rasul.turayev@gmail.coml
QTGPMGSCKI/II;'I TOCYLApCTBEHHHN yHUBEpCUTET, I. TepmMe3, Y3berucTas;
xurramovabbos625@gmail . com2

B maremaTuteckoit pusuke mapabondeckrne ypaBHEHUS UTPAIOT BaXKHYIO POJIb, TaK KaK OHU
UCIIOJIB3YIOTCS JIJIsT MOJEJIMPOBAHUST MHOTUX (PU3UIECKUX ITPOIECCOB.DTH YPABHEHUsI OIMMCHIBAIOT
CHCTEMBI, CBI3aHHBIE C TEILJIOIPOBOIHOCTHIO, Muddy3neiil n APYTruMU H3MEHEHUSIME, 3aBUCSTIIIMHI
oT Bpemenu.llapabondeckue ypaBHEHUS JIEJISTCsS Ha JIBa OCHOBHBIX THUIIA: JIMHEWHBIC U HEJIMHEH-
weie. JIx xapakTep u MpakTUIECKOe MPUMEHEHNE B PA3JINIHBIX 00/IACTSIX MPUBOAUT K 3aMETHBIM
pa3AnIunsIM.

Jluneiinple ypaBHEHUsI 9aCcTO MPUMEHSIIOTCS JJIsT MOIE/JTUPOBAHUSA TEILIOPOBOIHOCTH, Pac-
IIPOCTPAHEHUS YACTUI] WU B (DPUHAHCOBBIX MOJIeJIAX. VX pelrenus ropa3io MpoIre U Jalle BCero
HaXOSATCS C TTIOMOIIBIO aHAJTUTUIECKUX MeTo10B. Hemmueitabie mapabondeckne ypaBHeHns, KaK
cJIeyeT U3 UX Ha3BaHUS, OIUCHIBAIOT 0OJIee CJIOXKHBIE CUCTEMBI, TOCKOJIbKY B3aMMOCBSI3U MEXK Y
UX [TEPEeMEHHBIMU HOCSAT HEJIMHEIHBIN XapakTep.DTO 03HAYAET, UTO [Te€pEMEHHbIE B3aNMOCBSI3aHbI



AKTYAJIbHHE TIPOBJIEMH AJITEBPH ¥ AHAJIM3A, TEPME3-2025 229

CJTIOKHBIM 00pa30M, U IPOU3BOIHBIE HE OTPAHUINBAIOTCS TPOCTHIMY JTHHEHHBIME KO3 DuIimeHTa-
mu.Bo BTOpOii o10BUHE poILIoro Beka HabJro1a1ach OypHast AKTUBHOCTD U Pa3BUTHE B 00IaCTH
HeJInHeiHO Teopuu audpy3un, UTo WLTIOCTpUpyercs: mpobiemamu Credana 11 HEJIHHEHHOTO
napabosmmueckoro ypasaenusi [1].B pannoii pabore paccMarpuBaercs Kpaesasi 3aJ1ada jijist 60J1ee
IIPOCTOI KBa3WINHEIHON mapaboIndecKoi 3aIadm.

ITocTanoBka 3amauu. Pacmorpum ypoBHEHUS

ug(z,t) = a(u)ug(x,t) (x,t) € D (1)

B KOHEYHOM ojtHOCBsi3HOI obsactu D = {(z,t) : 0 <z <[, 0 <t < T} B obmactu D Tpebyercs

maiitn u(z,t) C (D) ymZOBIETBOPSIONIYIO CJIELYIOMIBIM YCIOBUSIM

u(z,0) = ¢(x), 0 <z <l (2)
u(0,t) = mu(xo,t), 0<t <T,0<x <, (3)
u(l,t) =p(t),0<t<T (4)

Baech u(x,t)” sr0 dusmueckuii mapaMeTp, U3MeHsOMuiics B cpeje (HaIpuMep, HHTEHCHB-
HOCTB Tellla WM KOHIEHTpalus), ¢~ BpeMs, a £ IIPOCTPaHCTBeHHAsi KoopuHata, m € (0,1)—
HOCTAsTHHOE {HCIIO.

B nanHO# 3azaue Oy/eM CUUTATh, YTO BBIIOJIHSIOTCS CJIELYIONIHE YCIOBHUS:

1. a(u) dyskus, 3aBucsias or ceoiicts nporecca, 1 0 < ag < a(u);

2. o(t) ¥(t) m u(t) 3ananabie HEIPEPbIBHBIE (DYHKINN,

3. Ilycre BbImONHSIIOTCS coefytoinue yeaous cormacosanust: ¢(0) = ¥(0), ¢(l) = ¥(0).

Cravajia yCTaHABIMBAIOTCS AIPUOPHbIE ONEHKY JIJIsd pernenust u(z,t) u ero NpOU3BOHbIX.

JIemma 1. Ecsin Boinosissttorest yesosust 1. — 3. 1o jyist 3ajaun (1) — (4) anpuopHasi olieHKa

)

lu(z, )| < M (5)

umMeer Mecto, 31ech M = max|max ]gp(:z:)\,m?xlw(t)\,mfux]u(t)H.
xT

Jlemma 1 mokasbiBaercst MeTOIOM pabot |2, 3.

Hasee ycraHaBIUBAIOTCA allpUOPHBIE OlleHKU B HOpMe [enbiepa tuna [Hlaynepa. Ha ocHose
YCTaHOBJICHHBIX allpHOPHBIX OIEHOK J0Ka3bIBalOTCdA TeopeMa €IUHCTBECHHOCTU U CYIIeCTBOBaHUE
peIleHus.

HVcnonp3oBanHas gureparypa:

1. Torrmraiin I'. @usuko-xuMudeckne oCHOBbI MaTepuasiosejenus. Ilep. ¢ anrin. /~-Mocksa: BU-
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2. Takhirov J.O., Turaev R.N. The free boundary problem without initial condition. Journal of
Mathematical Sciences, (New York), Vol.187, No.1, (2012). pp. 86-100.

3. Turaev R.N. Nonlocal Florin problem for quasilinear diffusion equation taking into account
nonlinear convection. Bulletin of University of Karaganda. 2020. No 4. P.12-21.
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OB OBIINX CBOMCTBAX JINMHENHBIX ®YHKIITMOHAJIbBHBIX
VPABHEHUN.

Typaen X.
TepMesCcKuil roCyIapCTBEHHH! IemarorudeCcKuil MHCTUTYT, TepMes

, , Y3bexkucTaH;
haydarturayev1950@gmail. com
AnHotanust: B nacrosimeit paboTe n3ytuaercs BOIPOCHI IPU 3aMeHe HE3aBUCUMOTO TIEPEMEH-
- )

HOro t = (&), re ¢ ecTh Mpom3BosibHAs (DYHKIMs, NMeoIast obpaTHyo GyHKImo § = 1)(t) He
U3MEHUMOCTH JIMHEHHOCTU U OJIHOPOHOCTH JAHHOTO yPaBHEHUST

>0

JUIsE KOTOPOT'O pacCMaTpUBAETCS Ha MHOXKecTBe F
KuaroueBbie ciioBa: obiee, ypaBHEHUs

9(1),

nepuouieckKue, repeMenHas, obparHoe, obiiee
CBOICTBO, (DYHKIIMOHAIHLHOE YPABHEHNE, CPETHOE TTPOU3BOTHOE

B sroit paboTe uzydena obIue cBOWCTBA JIMHEHHOE (DYHKITNOHAJIHHOE YPABHEHNE N-TO TIOPSIIKA
BUTA

" (k)
> apt)z
k;f

=0
wie t € Ry, ai(t), g(t), o(t) £ 6.k = 1,
u3BecTHble dyHKINN ; T(t) = w,

9(t), (1)

an(t) # 0),t € Ry, o(t) =t, or(t) = ox_1(t)

S 1—o(t) oa(

0
COOTBETCTBEHHO CpeJIHUe MPOU3BoJIHbIe OT dyHKIwn (t) mo dbyukiwuu o(t), tae T (t)

e 7 (1) = 2(t) [1].
Ormernm ciefyromue ero obume ceoiicrBa: ¥Ypapuerue (1) ocraérest TUHEHHBIM IPU 3aMeHe

HE3aBUCUMOTO IIEpEMEHHOro . B camMoM mesie, mpeobpa3yeM He3aBUCUMOE IIEPEMEHHOE MTOICTAHOB-
KoMt

t =)

(2)
rJie ¢ ecTh POU3BOJIbHAsI (DYHKIMsI, UMeoIast 0OpaTHyo (PyHKIuio £ = 1) (t) Ha MHOXKECTBe

=(t
E. Borauciisist BeIpaskKeHnsT CPEIHUX MTPOU3BOIHBIX & 10 T Yepe3 CPeIHNE MIPOU3BO/IHBIE 10 HOBOMY
HE3aBUCUMOMY TI€PEMEHHOMY, HaXO/IUM, UTO

#(t) = “5’32”” (1) = 2(6) - 1),

(€
z(t) = z(§) E(a(t)) + & - z(t)...
(k)

Jlerko Buzgerb, dYro BoOOIIE, T

(k)
z(&), z(§),..., T (§), c koaddumenTamu, sIBIAOIUMUACH QYHKIUIME OT &; BCTABJIsis 9TU BbIPa-
JkeHns B ypasrenue (1) u npousBons B koaddunmenrax ax(t) u B cBoboguoM wiene ¢(t) 3amery

BbIPA3UTCsl  JIMHEHHO  (

U OJHODPOJHO ) 4Yepe3

(k)
(2), MBI OIATH IIOJTYYNM JIHHEHHOE ypaBHeHne Bujia y .o by(§)

Z(€) = d(€) , mpustin by (€) £ 0.
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ITpumuuanne. OdeBnno, mocTanoBKa (2) mpeobpasyeT OHOPOHOE JIMHEHHOE ypaBHEHIEe
CHOBa B OJIHOPOJTHOE.

Jlureparypa

1. TypaeB X, Xycanosn. . X. Cmpyxmypa obwezo peuweHus JSUHETHbT JudPeperuuanbro-
PyrryuOHaAAYHIT Ypasherul nep6ozo nopadka wetmpanrvrozo muna // Jokn. AH Y3CCP. Cep.
®uz. Mar. nayk. 1989. Ne2.c.11-13

O6o061IeHHbIE OIepaTOPhl APOOHOI0 MHTErPUPOBAHUS C SIIAPOM
ruriepreomerpudeckoii oyukuii 'aycca

XacaHoB A.
UucTtuTryT MaTeMaTuku uM. B.U. Pomanosckoro, r. TamkeHT

PaccmarpuBaercs 1ipaBo u jieBO cTOpoHHEE 0000IIEHHBIE OTIEPATOPHI UHTEIPUPOBAHUS

Fo.f(a,bye) p (z) = F}c) /go(t)(x — )R (a, b; ¢; xx—t> dt, ¢>0, (1)
0
F. £ (a,b;¢) ¢ (z) = Fic) /cp t)(t—2)'F (a b; ¢; T) dt, ¢>0, (2)
F (a,b;c;x) Z((ZZ (2 ™, (3)
m=0 m
(a)mzw:a(a+1)(a+2)---(a+m—1), (4)

F(a,b; c;x) - runepreomerpuyeckas ¢yuknus [aycca u (a),, - obosnadenns: IToxrammepa n
€ (0,00), a,b,c € C, npuuem Rec # 0,—1, -2, ..., ¢ (x) C S (R4) npocrpancrso [Isapra.
Mzyuatorcst ¢BOMCTBa IIPABO U JIEBO CTOPOHHUX OIEPATOPOB OOOOINEHHOTO MHTEIPUPOBAHUS
(1) u (2), HAXOAUTCS CYHEPIIO3UIHS YKA3AHHBIX OIEPATOPOB, YKA3bIBACTCS 0OPATHBIE OIIEPATOPBI
U CBSI3b MEXKIY IIPaBO U JIEBO CTOPOHHUMU OGOOIIEHHBIME OII€PATOPAMHU.

Jlureparypa

1. Love E.R. Some integral equations involving hypergeometric functions. Proc. Edinburgh.
Math. Soc. 15, (3), 1967, pp. 169-198.

2. Jet Wimp. Two integral transform pairs involving hypergeometric functions. Proc. Glasgow
Math. Assoc. 7 (1965), 42-44.

3. McBride Adam C Solution of hypergeometric integral equations involving generalized
functions. Proc. Edinburgh. Math. Soc. 19, (3), 1975, pp. 265-285.

4. Samko S.G., Kilbas A.A., Marichev O.1. Fractional intearals and derivatives: theorv
and applications. Gordon and Breach Science Publishers, USA, 1993.

5. XacanoB A. 00 odnoti cmewarnnol sadave das ypasuenus signyly|™ uze + x™uy, = 0.
Wseectuss AH Y3CCP, cepus dus.-mar. nHayk, Ne 2, 1982, 28-32.

6. CamaxurauuoB M.C, XacanoB A. 3adaua Tpurxomu 0ra ypasHeHus CMEWAGHHO20 MUNA
¢ 08YMA MEPNEHOUKYAAPHOIMU AUHUAMU 6bipodtcdenus. Huddeperimaibabie ypaBHeHus, 19
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(1), 1983, 110-119.
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3anaun Komm assa HarpykenHoro ypaBHeHusi Kopresera-ge @pusa ¢ UICTOYHUKOM
MHTETrPaAJTHOTO THUIIA

Xounrmeros.Y,A.!, Xacanos.T,I.?

lypremuckuit TOCyLapCTBeHHH yHUBepcuTeT uMeHu A6y Paiixana Bepyru, Ypresu,
Y3bexucTaH; e-maill x_umid@mail.ru
2TamkeHTCRUN Mexnyrmaponubit YHuBepcuTeT Kumé Oumman Camapkanz, CaMapkaHm,
Y3b6exucTaHn; e-mail2 temur.xasanov.20180@mail.ru

Amnnoramnusa: B sToft pabore MocTpoeH ajaropuTM HHTErpupoBaHus ypaBHeHUss KopreBera-ie
@pusa ¢ HArPyKEHHBIMU WICHAMH W UCTOYHUKOM MHTErPAJBLHOIO THUIA B Kjacce ObICTPOyObIBa-
omuX QyHKIAIA.

KuaroueBbie cioBa: ypasaenuss Kopresera-me @pusa ¢ HArPYKEHHBIMHU *LJIECHAMU, ONEPa-
top HIrypma- JIuysmms, pemenns Mocra, unrerpanbmoe ypasuenne Dembdamnia- Jlenrama-
Mapuenko.

B nmamnnoit pabore paccMaTpuBaeTcs CUCTEMa HEJIMHEHHBIX HAMDY?KEHHDBIX YPaBHEHUN BUJIA:

e+ Plu(0,1)) (e — Guty) + QusCra, 1)tz =25 / o (e, —n.0dy, (1)

L(t)p = n°¢ (2)
e »
u=u(z,t), L(t)= ) + u(x,t),

u P(u(xg,t)), Q(u(xi,t))- nekoropbie muorowienbl or u(xo,t) u u(xi,t) cooTBETCTBEHHO, a
xo, 1 € R. Cucrema nHesmHelinbix ypasaenuii (1)-(2) paccmarpuBaercs Ipu HA4AIbHOM YCJIOBHU

u(z,0) =up(z), v €R (3)
rje HadaJbHast (PYHKIWMsT uo(2) 061a1ai0T CelyoMuMI CBOficTBaMu:
1)
oo
/ (1 + [2]) fuo(2)] dz: < o. (4)
—0oQ
2) Omneparop L( ) = dIQ + up(x), = € R umeer paao N OTPUIATEIBHBIX COOCTBEHHBIX
suavennii A1(0), A2(0), ..., An(0).
B pacemarpusaemoii BaILaqe dyukiws p(x,n,t)- pemenne ypaBHeHus (2), onpejesisieMoe acuMIl-

Totukoit p(x,1n,t) = h(n,t)e”"% npm x — oo, rae h(n,t)- N3HAYATLHO 33IaHHAs HEIPepbIBHAS
byHKIWS, YIOBIETBOPSIONIAST YCIOBHIO

/00 h(n,t)h(—n,t)dn < oo, t > 0. (5)

[Tycrs dyukiym u(z, t) u ¢(z,n,t) 0biagaeT 10CTATOTHON TIAJKOCTHIO U JJOCTATOYHO OBICTPO
CTPEMUTCS K CBOUMM IIPEJIeIaMU TIPH & — 00, TaK YTO

[

dr < oo, t>0, (6)

Gufvt)’
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—00

o) 2
/ (lw(ﬂ?m,t)!QJr!@(%—n,t)y?Jr’W >dn<oo. )

B nanHoil paboTe mpejiaraeTcst aaropuTM IMOCTPOEHHsT TOUHBIX pernenuii u(x,t), ¢(x,n,t), x €
R, t > 0 3amaun (1)-(7) cBejgenunem eé K 06paTHOIl 3ajaue TEOPHUsl PACCEsTHUS JIJIsl OllepaTopa
L(t). ¥Ypasuens (1) uzyuascs B padorax [1]-[4] B kinacce nepuogmaecknx dyunkuii. Kpome Toro,
B pabore 4] ypasueust (1) ucciemoBana ¢ JIpyruM UCTOTHUKOM.

OCHOBHBIM PE3yJILTATOM PABOTHI SIBJISIETCS CIEIYIOIAsT TEOPEMA.

Teopema 1. Ecimn dbynxmmm u(z,t), ¢(z,n,t), m = 1,N, z € R, t > 0 asisercs pere-
nuem 3anaun (1)-(7), To nanusie paccesnns {rt(k,t), An(t), Bn(t), n=1,N} oneparopa L(t)
¢ moreHnuantoM u(z,t), yIoBIeTBOPUTH CaeAyIOmuM i depeHIalbHbIM yPaBHEHUSAM

M (®)

‘W = (8ik*P(u(xo,t)) — 2ikQ(u(z1,t))—
_2iVp. /_ Z Mdn _or ]h(ks)|2> ) ()

) — (33 P(utio, 1) + 2@t )~
—2Xn/oo B, 0 dy | Ba(t), n=1,2,3,..,N (10)

—o (2 +2) (1= It (n)]?)

Bameuanue. [TojryueHHbIE COOTHOIIEHHSI OJHOCTHIO ONIPEIEIISIIOT IBOJIONUIO JIAHHBIX PACcCe-
syt [T oniepaTopa L(t) u TeM caMbIM JIAI0T BO3MOXKHOCTB IPUMEHUTH METOJL OOPATHOM 3a/1a 1
paccestHus st perennst 3aaan (1)-(7).

[ycrs 3amana bynrknus ug(z) (1 + |z|) € LY(R). Torma pemenne 3amaqn (1)-(7) maxoaures
C NOMOIIBIO CJICYIOIErO AJrOPUTMA.

1. Pemaem 1psiMyIo 3a/1ady paccesHus ¢ HadabHoi GyHKIuedt ug(z) moayuaem JaHHbIe pac-
cestanst {7 (k), Xn, Bn, n =1, N} s oneparopa L(0).

2. Ucnosb3ysa Teopemy 1, HaxomuM JlaHHbIe paccesnusd it t > 0

{r (k. 1), Xn(t), Ba(t), n =T,N}.

Vcnonb3yst MeTojl, onuparomuiics Ha uHTerpajibHoro ypasHenust lenbdania-JIesurana-
MapueHnko, pemaem 00paTHYIO 3aJady PaccessHus, T.e. HaxoauM u(x, t) U3 JaHHBIX pacce-
staus i ¢ > 0, MoJIy9eHHBIX Ha NpejblaylneM mrare. [locse 3Toro Jierko HaifiTu perienue
(p(i(}, UR t) ypabHEHUA L(t)(pm<m7 n, t) = _(P/rln<mv n, t) + U’(x? t)(pm(l', m, t) = )\mgom(x, UR t)?
m=1,2,...,.N.

[IpuBesem mpuMep WILTFOCTPUPY IO U3JI0KEHHBIH AJTOPUTM.
IIpumep 1. PaccMoTpum CiIeayroIyio 3a1ady

{ W+ p(t) (Ugze — 6uty) + q(t)us =2 [ Lo(z,n, t)e(z, —n, t)dn
Lo = —¢"(z,n,t) + u(z, t)p(z,n,t) = n*p(z,n,1)



2
U(ZL’,O) _—%, xGR,,
31ech
t 3t 7 1
B)=—=, qt) =" 4=, h(nt) = ———.

I/ICHOJH)?)yH N3JI02KEHHBINA AJITOPUTM MOXKHO HalTH pernlenue 3a/1a49un:

2 in + th(z — £)

— iz t) = :
ch? (x—%) (1+in)/n?+1

—inx

d
u(x,t) = —2%K+(l’,$,t) =—

JIureparypa

1. Khasanov A.B., Khasanov T.G. The Cauchy problem for the Korteweg—de Vries equation
in the class of periodic infinite-gap functions. Zap. Nauchn. Sem. POMI. vol.:506 (2021), 258-278.
2. XacanoB A.B., XacanoB T.I'. HUnmeepuposanue nesunetinozo ypasnenus Kopmeseaa-de
Dpusa ¢ HAPYHCERHDBIM UAEHOM U UCOowHUKoM. CHOUPCKUI XKy pPHAJ HHYCTPUAJIBHON MaTeMa-
tuku, Ne 2(90), (2022), 127-142.
3. Khasanov A.B., Khasanov T.G. Cauchy Problem for the Loaded Korteweg-de Vries
Equation in the Class of Periodic Functions. Differential equations vol.:59, No.12, (2023), 1678—
1690.
4. Hoitmetov U.A., Khasanov T.G. Integration of the Korteweg-de Vries equation with
loaded terms and a self-consistent source in the class of rapidly decreasing functions. Vestnik
Udmurtskogo Universiteta. Matematika. Mekhanika. Komp’yuternye Nauki. vol.:33, issue 1,
(2023), 156-179.
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06 OIl€eHKe HeoTpulaTeJIbHbIX peH_IeHI/Iﬁ YpaBHEeHUs:d TEeIJIOIIPOBOJIHOCTU C
CUHTYJ/JIAPHBIM IIOTEHIIMAJIOM

Xymaiixymues B.A.!
! Typxmemcku#t rocymapcTBeHHm# HHCTUTYT ¢uHaHcoB, Amxa6azm, TypKMeHHCTaH;

DunTrYecKue u mapaboimiIecKie YPaBHEHUsT B 9aCTHBIX ITPOU3BOJIHBIX ¢ CHHTYJISPHBIME KO-
duIeHTaMI SIBJISIOTCSA BasKHOM 00JIaCTbIO MaTeMaTHIeCKUX HCCJIeN0BaHuil, Hpocarolieil BbI30B
KJIACCUYECKOI TEOpUH M TPeOYIOMIEH CIeNUuaIn3upOBaHHbIX HHCTPYMEHTOB i aHaau3a. Oco-
6eHHOCTb KO (DUIMEHTOB — KOT/Ia OHU MOTYT OBITh HEOIPDAHUYIEHHLIMH WJIA BBIPOXKIATHCI B
OIIpeJIEJIEHHOI TOYKE WJIM I'PaHUIle — MOYKET KapAUHAJIbLHO M3MEHUTH I[IOBEJCHHUE PEIIeHUA ¥ UX
PEeryJIsIpHOCTb.

3ataqn, CBA3aHHBIE C CHHTY/ISIPHBIMEI KO3 PUITUEHTAMN, BOSHUKAIOT BO MHOTUX 00/IACTAX HAYKH
U TEeXHUKH, HaIIpUMep, B (DUHAHCOBOI MaTeMaTHKe, B KBAHTOBOH (DU3MKE U B MaTEMaTHIECKOI
OuoJIorum.

B pabore nzydaercs mnosejieHne HEOTPUIIATEIBHBIX OOOOIIEHHBIX PEIIEHI B OKPECTHOCTH Hada Ia
KOOPJMHAT IIEPBOil HAYaJIbHO-KPAaeBOil 33,191 JIJIsT yPABHEHUsT TEILIOTPOBOTHOCTH

uw—Au=V(z)u+ f(z,t), x€B, t>0, (1)

u(z,t) =0, z€0B, t>0, (2)
u(z,0) = up(z), € B (1)
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B mmaape B x (0, T ), tme B = B(0,r) C R"(n > 3) — map paguyca r < 1 ¢ 1eHTpOM B
HadaJie koopaunat u 1" > 0.

B kawectse pemenms ypapmenusi (1) mommmaercss obobutennas dbynkmus u(z,t) € D/(B x
(0, T)) rakas, aro u(z,t) >0, Vu e Ll (Bx (0, T)).

pesnonaraercst, uro 0 <V € L} (B), 0 < wug € LY(B), 0 < f € L'(B x (0,T)). Yenoeue (3)
BBIIIOJTHSIETCS B CMBICTIE

esstl_ingrlO Jgu(z, t)p(x)de = [5uo(x)(x)dx npu moboit ) € D(B).

[Mycrs Vo(x) > 0 rakas dynknus, aro Vo = —Ap/p, tae
>0, Ape Llloc(B), fB uo(z)p(z)dr < oo (4)

U [IpU HEKOTOPOM p > 2 BhInoJiHsieTcsi HepaBeHcTBo CobosieBa ¢ BecoM ¢(x):

(/B|h!pg02(x)dx)2/p§C’</B|Vh|2g02(x)dw+/3|h[2<p2(z)dx> (5)

ipu sroboit dyrkmmm h € C1(B), tne C' = Const > 0.

B cayuae ¢ = |z|”% noBejeHne HeoTpHIATEIBHBIX perennii 3agaqdu (1)-(3) usydeno B pabore
[1]. Kpome Toro, 3amada (1)-(3) nsyqarorcst Takxke B padorax [2-5].

OCHOBHBIM DPe3yJILTATOM HACTOSIIE PABGOTHI SIBJISIETCS CIIE/YOIIAs TeopeMa;

Teopema. Ilycrs V(z) > 0, V € L}, (B) u uycrs Vo(z) = —Ap/p, tae ¢(x) yrosiersopser
yenosusM (4) u (5). Ecomm V> Vy n ug(x) > 0 B obimactu B x (0,¢) npu sobom € € (0,7),
T0 JyuIst Mmool mogobmactu ) CC B cymecrsyer nocrosinas C = C(e,9/) > 0 rakas, aro
BBILOJIHAETCST HEPABEHCTBO

u(z,t) > Cip(x).(6)
JIuteparypa

1. Baras P., Goldstein J.A. The heat equation with a singular potential. // Trans. Amer.
Math. Soc.,1984,v.284, no 1,p.121-139.. M.: Hayka. — 1974. — 7. 2. — 296 c.

2. Goldstein J.A., Qi S. Zhang. Linear parabolic equations with strong singular potentials. //
Trans. Amer. Math. Soc., 355:1 (2002),197-211.

3. XynaiirynsieB B.A. Ypasnenue menaonposodnocmu ¢ cuneysapHoM NOMEHUUAAOM. |/
Huddepennmanbubie ypasuenus. 33:4 (1997),567-569.

4. XynaiirysnsieB B.A. [lapaboruueckoe ypasnenue ¢ cunzyaaproim nomenyuasom. |/ Hud-
depennnanbubie ypaaenus. 44:6 (2008).

5. Hudaykuliyev B.A. On a nonnegative solutions of the heat equation with singular potential
in the conical domain. // //TWMS journal of Pure and Applied Mathematics. 1:2 (2010).
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06 oxHoii KpaeBasi 3aJa4de Tumna 3agadu bumaaze-CaMapckoro aJist
BBIPO>KIAIOMIEroCsi BHYTpHU obJiacTu rurniepboJsimdeckoro ypaBHeHus lejuiepcrena c
CUHTYJISIPHBIMU KO3 duiimeHraMmu

Yopuena C.T.!, Tommypomgosa M.?
L2Tepmesckmii rocyaprBeHHblii yuupepcurert, 1. Tepmes, V36ekucran;
sanamchoriyeva3@gmail.com

Paccmorpum ypasuenue

_‘y|mu:rx + Uyy + O‘O|y’m/2_1ua: + (BO/y)uy =0. (1)

B ypasuenun (1) npesmonaraercs, aro nocrostaabie m > 0, ag 1 By yIAOBIETBOPSIOT YCIOBUAM
—(m/2)<p<1L,0< < (m+2)/2.

KoppekTHOCTD OCTAHOBKY KPaeBbIX 33,184 7 (1) CyIecTBeHHO 3aBUCHUT OT €ro IMapaMeTpOB
ap 1 fo npu MiIaux wieHax [1-3|.

Ha mmockocTn mapamMeTrpoB g © By paccMoTpuM TpeyroibHuK SoByCy orpaHmvYeHHbINH Ipsi-
MBIMUI

S()BO . ﬂo = l,B()CO . ,30 — Qp = —(m/2>,0050 Lo = 0.

[Tycts €2 - KOHEUHAST OHOCBSI3HAST 0DJIACTH ILJIOCKOCTU HE3ABUCHMbBIX [IEPEMEHHBIX T, 1, OI'pa-
HUYCHHAdA XapaKTEePUCTUKAMA

ACH 2
r+ —— =41,
BCl } m+2y 2 y= 0
ACQ . 2 m+2
BC2}.9U:|:m+2(—y) 2 +1, y <0

ypasuenusi (1).
[Iycrs P(ao,ﬂo) € ASyByCp, re. a>0,6<1,0<a+6<1,8< arme

a }_m+2(5oiao)
B 2m+2)

[TpuseseM ompejiesieHne OIEPATOPOB JIPOOHOrO HHTErpupoBanus u auddepernuposanus [4]
KOTOPBIX MbI HCIOJIb3yeM HuKe: 1mycth f(z)— npousBoibHas dbyHKIims u3 kiacca L(a,b), a <
b < o0. Beemém obosHateHMsT

dn+1

) >0
D} f(2) = { 7 fl <nﬂf> A
dxn-!—l f( ) npn l < 0

L [ L 1> 0

Dlx flz) = -
of (@) { (—1)7"“r1 d‘in:ll Dlx’b(nﬂ)f(:n), npu | < 0

rie Dam u Dlm , TPEJCTABIIAIOT cODOM OmepaTophl JPOOHOIO MHTErPUPOBAaHHA HOpsaKa [, mpu
| < 0 u o6obIeHHbIe TPOU3BO/IHbIE B cMbIcJe JlnyBuiis nopsaka [ upu, [ > 0,n = [1] - nenas
JacTh dncia l.

Bamadva I'. Haiitu B oGstactu € peryssipHoe perreHne
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U(:L’ y) — { ul(g}:y)? (x7y) e =0n {y > (]}7
5 uz(ﬂ:,y), (l‘,y) EQQZQﬂ{y<O}’

ypasenns (1) uz xnacca C(Q; U Q) N C?(Q\ AB), yioBaeTsopsiiolnee KPAeBbIM YCIOBHM
w3 69 (2)] = Sy usug 09 (@) + 65(2), Vo € T = AB, j=1,2 @)

3jiech j = 1 coorBercrByer obsacrtu (21, a j = 2— obsiactu (o, U yCJAOBUSAM conpsizkeHust 4]

lim =c lim I
y1+0u1(xay) Cyi}_OUQ(xay)v Vo € ) (3)
. Ouy . Oug
lim y%0-— = lim (—y)% == I 4
Jim By p(x) A _0( Y) oy + Az), Vxel, (4)

rae 0Y)(z) — adbdurcer Toukum mepecedenne xapaxrepuctukn BCj ¢ XapaKTepUCTHKON HC-
xougmme u3 touku M(xzg,0) € I, 91(9] )(x),acbcbI/IKcm TOYKHU IepeceveHne KpUBOH = +
1

[2k;/(m + 2)] |y|(m+2)/2 = 1 ¢ xapakrepucrukoii ucxossieii u3 rouke M (xg,0) € I, Te.

2
0(3)('%0) _ 1 + i) + (_1)]*12 [(m + 2)(1 — J,‘D):| m+2 7
2 4

2
; 1+ k1o 1. [m+2)(1 = xg) ] ™2
9(]) — —1) 1
_ o2
() _ltkewo iy [(m+2)(1 — ) |
Ok, (o) = 1+ ko + (=1 20ky +1) ’
_ 2
() _ It kaxo o [(mA2)(1 — @) | 2
Ok, (w0) = 1+ ky, + (=1 20kn+1) |

¢ = const £ 0; py, p2 = const; 6;(z), p(x), A(z)sanannsie bynkmmm uz xiaacca C2(I)NC3(I),
mpient p(x) — ¢ £ 0, ki > ky > o> 1,607 (1) = 0, AW(1) = 0,0 = 0,1,2.
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VIK 532.135

YucaenHoe nccijiegoBaHnue obOTeKaHNs MJI0CKOro KJIMHA BA3KOYIIPDYI'M ITIOTOKOM

I''H. lIlykypos
HoBocubupckuii rocyJapCTBEHHbIN YHUBEPCUTET

Paccmarpusaercst 3amada 06 00TeKaHNN KJIWHA CTAIIHOHAPHBIM ITOTOKOM HECKIMAaeMOH TOJIHI-
MepHOil KuakocTh. TedeHne BSIBKOYIIPYIroi MOJUMEPHON YKUAKOCTHA OIMUCHLIBAETCS IIPHU IOMOIIM
peoJsiorndeckoii MogudunupoBanHoil Mojen Bunorpajosa-Ilokposckoro [1].

ObTekaHme JI0CKOT0 KJIMHA, CTAIIMOHAPHBIM TTOTOKOM SIBJISIETCST KJIACCUYIECKON 3aiadeil Tu/I-
ponrHaMUKU. VI3BeCTHBI CTAallMOHAPHBIE PEIIEHNUsT TAKON 381, COAEPKAIINe IIOBEPXHOCTH CUJIhb-
HOTO pa3pbIBa, CAMMETPUIHO PACIIOJIOKEHHBIE IO 00enM cTOpoHaM KJjmHa. J[jis Toro, 4TobbI nc-
CJIeJIOBATh aHAJOTHYHBIE PEIIEHUs y 3aJa9i O TeYEHUH BASKOYIPYTOHl KHUJIKOCTU U COEIUMHUTD
Haberaromuii Ha KJIUH CTAI[MOHAPHBIA IIOTOK C YCJIOBUSIMU HPUJINIIAHUS HA TTOBEPXHOCTH KJIMHA,
HCIOJIb3YIOTCSl COOTHOIIIEHNsI Ha CUJIBHOM paspbiBe Jyist Mojesn Bunorpanosa—Ilokposckoro [2].
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CHJILHOM Da3pbiBe Jisl TIOJUMEPHOit kujgkoctu //  Mamemamuueckoe modeauposarue, 2021,
T.33, Nel.

MonenupoBanue NHPOPMAIMOHHBIX MOTOKOB B JIOTUCTUYECKOII MHPOPMAIIMOHHOM
cucreme

Anrapos T. I.!, ITaiizsuea M.T. 2
I TamkenTcknii ynusepcureT nHGOPMAIMOHHBIX TexHosormi, Tamnkent, Y3bekncran;
2 Peneccanc Tabium Yuusepcureru, Tamkent, Y36ekucram;
t.yadgarovb2@mail.ru

CucremMbl HCKYCCTBEHHOTO MHTEJIJIEKTa UMEIOT CUJIbI IOTOKa ceTeBoil mHdopmanuu. Ho Ha0
COIJIACUTCS, YTO COBPEMEHHBIM HHMOPMAIMOHHBIM IIOTOKAM IPUCYIINA MHOTOBAPUAHTHOCTH U
MHOTO(aKTOPHOCTh. B HacTosInee BpeMsi MOXKHO PACCMATPUBATHL KAK OJMH U3 YIUBUTETHHBIX
deroMeHOB TOT (HAKT, 9TO COAepKaTE/IbHBIE, CEMaHTHICCKN HAIIOJHEHHBIE PE3Y/ILTATHI (hopMu-
pyercst 6e3 HeIoCpeICTBEHHOTO IIPUBJIEYEHNUsT METO/IOB UCKYCCTBEHHOTO MHTEJLIEKTa |5,6].
Popmaauzalius KOHIEITYaJIbHOW MOJEIN, TO €CTh MOJASIUpPOBaHNue UH(MOPMAITMOHHOTO ITOTOKA
JUISL OIIPEJIEJIEHUs XapaKTEPUCTUK Tepegadn nHdopMalui pa3padaTsiBaeTcs 1Mo o0Ieil cTpyK-
Type y4eOHOro KOHTeHTa U UH(MOPMAIIMOHHBIX TOTOKOB OTHOCATEILHO 3aIIPOCAM.

PeambHocTh MOEIMPOBAHTE UCXOAUTH U3 UJI€AJTLHOIO MOJICIMPOBAHUS, ITPU KOTOPOM PEAILHOMY
00BEKTY TPOTUBOIIOCTABIISIETCS OnncaHne ero B ¢opme rpaduku, TabOIUIl U MaTEMATHICCKUAX
BLIPaXKCHUN.

B dgem 3sakiouaercss mocraHoBka 3agadn’! OO0bekToM sBasercs LM - jormcrudeckasi Mo-
nenb. LM uMuTupyer mim BOCHPOU3BOAUT TpebyeMble XapaKTePUCTUKH (CBOWCTBA, MPH3HAKMN)
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JIOTUCTUYECKO cucremnl LS.

IIpu paszpaborke y4eOHOTO Imporecca JOKEH ObIThb: - aHaJIu3 yJIeOHOro IIpoIecca; - MOJe-
JITPOBAHUE; - IPEJICKA3aHue.

B mpomecce MomenmpoBaHUSI COAEPXKUTCS CACAYIONINNA yIEOHBI KOHTEHT: - IUCIUILIAHBL, -
IpoheccopCKo-TIpernogaBaTe/IbCKhil COCTaB; - 3apyOerKHbIe U HAIMOHAJBHBIE HCTOYHUKHI JINTEPA-
TYp; - BUZEO U IPE3EHTALMOHHLIE UCTOYHUKHU; - HEKOTOPbIE BCIIOMOIaTe/IbHbIE MHCTPYKIMH 110
HalpaBJIEHUAM. 3aMETHM, YTO KOHTEHT COIAEPXKUT OOJIBIIONH 00beM MCXOJIHBIX JaHHBIX. BarKHyio
I TPYAOEMKYIO PabOTy BBIMOJHSIET 00PabOTKa 3allPOCOB B JIOTHCTUYECKOM IIPOIECCe, KOTOPBIE
HEOOXOIUMBI JJIsI TipeJicka3anusi. [lepeqada mHGOPMAIIMOHHOTO TTOTOKA, 3JIPECOBAHHOIO TIOJTY Ya-
restem (LMS, HEMIS ...), koTopoe ocymiecTBisieTcst OTIpaBUTEIeM TPeOyeT COOTBETCTBYIOIIHIL
MapupyT. Bce nepemaBaeMble JaHHBIE IPOUCXOANT B peajbHOM BpPEMEHH M ODO3HAYUM dYepe3
r=r(t).

C npeabiaymux 60jiee paHHMX HHGOPMAIWi, XapakKTep BpPeMeHHOH 3aBUCHMOCTH OIpeie-
JIsIeTCst o aHaJornaHoit mojiesn Baprona-Keb6epal6):

r=r(t)=1- ae”t — be—2t (1)

C ydyeToMm 0OHOBJIEHUSI JIOTUCTUYECKON CUCTEMbI LS COMTPOBOXKIAETCST POCT KOJTMIECTBA yIeOHOTO
KOHTEHTa II0 BCEM HCXOJHBIM MaTepuajaM H olpejessercs 1o dopmyre (2) UpuBemreHHAS
Humke. FKcrecTBeHHO, B 9T0# opMysie BaXKHYIO POJib Urpaer mnapamerp T, sBJISIONMiI BepxHeil
IpaHnIlell HHTerpaJja. 3alpockl [0 KOHTEHTAM IIPOUCXOJUT depe3 ClielnajbHble pa3paboTaHHbIe
KOJIbl, KOTOPBIE U OIPEJICIAIOT 3AIUIIEHHOCTD.

T [/ M
/0 > ki(t) | dt =NT (2)
=1

3J1ech IpUBeIeHbl cieayIolme obo3Hadennn, k;(t)— obiree Koan4ecTBO UCXOIHLIX MaTepPUaJIoB
) T

y4eOHOro KOHTEHTa B €IUHUILY BpeMmeHH, a M — oblee KOJIUYEeCTBO BCEX BO3MOXKHBIX MaTe-

puasioB. Ilociie HOpMUpOBaHMST TApAMETPOB IMOPOrOBOi BewdwHBI N, ypaBHeHHe IJjIs IepBOii

00J1aCTU UMEET BUI:

du(t —r)

= pu(t —r)(1—qu(t —r)) +du(t —r) (3)

Pemmenne:

Us

- 1—|—(ng— >exp[—(p+d(t—r))]

u(t)

Popmysia 06001eHHOTO TPaduka NHHOPMAIMOHHOTO IOTOKA OIPEIE/ISIeTCs CIeyIOEM:

0t) = | + S {ulta) — (ulto) + u(ti — 0)) )’ (5)
n=0

BpemeHHOIT IIpueM 3a1pocoB 1pu nepejiadn nHbOpMaIuK OCyIIecTBIsIeTcst depe3 Koubl (Begin —
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End). BosuukHOBeHMsT HOBOTO 3a1Ipoca BBI3BIBACT MIPOIIECC (TOUHEE TOBOPsI, KOMILJIEKC IIPOIECCOB )
repepacipe/ie/ieHrs NHPOPMAIMOHHBIX PECYPCOB B CBSI3HU C IOSBJIEHUEM aKTYaJbHBIX CIOZKETOB.
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Constructing an optimal quadrature formula with derivative and parameter ¢ in
the space WQ(?C;I)(a, b)
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The construction of optimal quadrature formulas is a fundamental problem in numerical
analysis and approximation theory.Numerical integration plays a crucial role in many applied
fields such as computational physics, engineering, and data science, where efficient and accurate
evaluation of integrals is essential. In this paper, we investigate quadrature formulas of the form

b n n
[ H@)de =37 At + Y- A ) + Bal ), M
A k=0 k=0

in the Sobolev-type space W2(72a’1)(a, b) and develop an approach based on the p-function method.
The optimality is studied in the sense of Sard, where the task reduces to minimizing the error
functional. Explicit formulas are obtained for the coefficients of the quadrature formula, and the
corresponding ¢-functions are derived on each subinterval. Furthermore, we compute the exact
norm of the ¢-function, which provides an upper bound for the error. The results demonstrate
that the proposed method yields optimal coefficients and ensures the efficiency of quadrature
formulas in Wéi;l)
combination of a constant term and the function e~
This study contributes to the further development of optimal numerical integration methods in

functional spaces

(a,b). The optimal quadrature formula in this work is exact on any linear

9% where o is a nonzero real parameter.
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Optimal quadrature formula for Hadamard-type hypersingular integrals with
highly oscillation in the Sobolev space
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Hadamard-type hypersingular integrals with oscillatory kernels arise in mathematical physics,
boundary value problems, and numerical analysis of integral equations. Their evaluation
is particularly challenging due to the simultaneous presence of hypersingularity and rapid
oscillation. Standard quadrature formulas fail to achieve satisfactory accuracy and stability in
such cases.

In this work, we investigate the construction of optimal quadrature formula for the numerical
evaluation of Hadamard-type hypersingular integrals with high oscillations

1
B e2wiwx(p($)dw
I—f.p./(x_t)2 .

in the Sobolev space Lgl) (0,1). In Sards ™ s sense of optimality, the norm of the error functional
is minimized by the Lagrange multipliers method, which leads to a system of equations for the
optimal coefficients. To solve this system, SoboleveHT™s method is used: the discrete analogue of
the differential operator is constructed, convolution relations are applied, and the coefficients are
obtained explicitly. This approach provides an effective solution and ensures stable and accurate
quadrature formulas for hypersingular oscillatory integrals.

We consider a quadrature formula for the numerical evaluation of the integral

1 627riwm QD(CC) N N
NCEEE da = Z Ag p(g),
0 5=0

where 0 < t < 1, €¥™@? is the oscillatory weight function, h = % with N € N, and the

quadrature nodes are defined by 23 = hf3, 5 =0, N, p(x) € Lél)((), 1), while the coefficients Ag
of the quadrature formula.
The difference between the integral and the quadrature sum

1 27riwac
(&
R = | — 7 A
(RN @) /O (m_t Z s(zp),

is called the error of the quadrature formula. The corresponding error functional is given by

27rzwx

IS

where €[g,1)(z) denotes the indicator function of the interval [0, 1], and J(z) is the Dirac delta-
function.
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Theorem 1. The norm of the error functional of the quadrature formula in the Sobolev space
L rlcos (2mw(z — )|z — y
Ry|? o). = — dzd
e T = e e
B i /1 Ag cos(2mwzx) + Aé sin(2rwx)
— 12
5= Jo (y—1)

ly — hB3|dy

algel hB — |
+D ) (AfAf + ApAl) = — 1,
B=0~=0

where Ag = Ag + z'Aé.
Minimizing the error functional norm by Lagrange multipliers’ method, we get

N g —h
S a MMl s sy, B=01, N
~v=0

N
Z A'y = Guw,
v=0

where g, and fi,(hf) are known.
The solution of the system determines the optimal coefficients Ag, S = 0,N, of the

quadrature formula that minimizes the error in the Sobolev space Lgl)((), 1). The coefficients
are obtained by applying the Sobolev method to the corresponding system.

Theorem 2. The coefficents Ag of quadrature formula with the error functional are
determined by the following expressions:

h! (%gw + frw(h) — fl,w(o)) ) p=0
Ag =< ' (frw(h(B—1)) = 2f1u(hB) + frw(h(B+1))), 1<B<N -1
Wt (frw((N=1)) = fru(hN) + 4g.), B=N.

In conclusion, we obtained an optimal quadrature formula in the sense of Sard for Hadamard-
type hypersingular integrals with highly oscillatory kernel in the Sobolev space Lgl)(O, 1).
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Currently, the application of spline functions in science and technology is of great
importance. Unlike classical interpolation polynomials, splines provide several advantages. Local
interpolation cubic splines are especially effective in practical problem solving and are widely

used in areas such as geophysics, biomedicine, and environmental science for signal restoration,
processing, and prediction.

Digital processing of signals based on the local interpolation cubic spline model

The restoration of the gastroenterological signal presented in Table 1 was carried out using
the local interpolation cubic spline model described above and the Lagrange polynomial. Based
on the data provided in Table 1, a Lagrange polynomial algorithm was implemented in the
MATLAB programming environment and applied for signal processing (Figure 1).

Signal, Cubic Spline va Lagrange

0.046 { —e— signal In\
Cubic spline

\
—— Lagrange !
0.044 grang ! \

\

I _—
0.042 1

0.040 A —

y-values
\

0.038 d

=
0.036 1 . -
-5./-,—,'—-?_.
0034 =7
LY
-
4.0 4.2 4.4 4.6 4.8 5.0

x-values

Puc. 2: Results of gastroenterological signal recovery

Error Evaluation Table for the Digital Processing of the Gastroenterological Signal
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x; flx) | Ss(x) | L(z) | [93(x) = f(@)] | [L(x) — f(=)]
4.0 0.0341 | 0.0341 | 0.0341 0 0
4.1 ] 0.03501 | 0.0343 | 0.0342 0.00071 0.00081
4.2 1 0.03592 | 0.0351 | 0.03497 0.00082 0.00095
4.3 1 0.03683 | 0.0361 | 0.0351 0.00073 0.00173
4.4 10.03774 | 0.0372 | 0.0359 0.00054 0.00184
4.5 | 0.03865 | 0.0379 | 0.0361 0.00075 0.00255
4.6 | 0.03956 | 0.0391 | 0.0367 0.00046 0.00286
4.7 1 0.04047 | 0.0403 | 0.0389 0.00017 0.00157
4.8 1 0.04138 | 0.0414 | 0.0403 0.00002 0.00108
4.9 | 0.04229 | 0.0424 | 0.04231 0.00011 0.00020
5.0 0.0432 | 0.0432 | 0.0432 0 0
MAX 0.00075 0.00286

Tabmuna 1: Comparison of f(x), S3(x) and L(zx).

In this thesis, a local interpolation cubic spline with a high degree of accuracy was chosen
for the digital processing of the analyzed signals. The construction details of the proposed
local interpolation cubic spline model developed for gastroenterological signals obtained from
experimental data with unequal intervals are presented. The process of building the spline
function based on the initially provided experimental data is also demonstrated.

To evaluate the reliability and efficiency of the proposed model, signal reconstruction was
additionally performed using the classical interpolation polynomial, and the obtained results
were compared with those of the local interpolation cubic spline function. The comparative
analysis was presented in both graphical and tabular forms for signal recovery operations, and
the corresponding errors were assessed.
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The processes of function approximation using local cubic splines presented in this study
were successfully implemented. It can be concluded that cubic spline models provide highly
accurate results in digital signal processing, enabling specialists to make well-grounded decisions
based on processed signal data.

As a practical example, the initial ECG signal values were processed digitally, and the
corresponding error metrics were obtained [1,2]. In the medical domain, precision plays a crucial
role — particularly in diagnosing patients in critical condition, identifying disease types, and
determining their severity [3],[5].

Furthermore, it was observed that improving the convergence rate of the models discussed in
this work does not depend on increasing the order of the equation system.

Cubic spline model
Cubic (third-order) spline functions represent a powerful and precise mathematical framework
in digital signal processing. This section begins with an overview of the spline model, which has
proven to deliver high accuracy and stability in signal processing tasks [4].

W~

Sa(fx) =Y k() f(ish—2)

k=1

here:

p1(t) = =3t (1 =3t +2t%); po(t) = —% (4 -3t — 72 +6t%) ;

p3(t) = —3t (5+5t —6t%) 5 pu(t) = -1t (1 +t—2¢%);

In this work, the theorem confirming the interpolation conditions of the local interpolation
cubic spline has been proven.

The ECG signal presented in Table 1 was reconstructed using the proposed cubic spline
models. A third-order spline construction program was created in the MATLAB environment
and applied to signal processing (Figure 1).
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Ne | Time, seconds | Amplitude | Ne | Time, seconds | Amplitude
1 1 -0.060 14 14 -0.095
2 2 -0.065 15 15 -0.085
3 3 -0.060 16 16 -0.090
4 4 -0.075 17 17 -0.090
5 5 -0.065 18 18 -0.100
6 6 -0.070 19 19 -0.085
7 7 -0.070 20 20 -0.105
8 8 -0.090 21 21 -0.090
9 9 -0.080 22 22 -0.045
10 10 -0.095 23 23 0.005
11 11 -0.080 24 24 0.015
12 12 -0.095 25 25 0.045
13 13 -0.080 26 26 0.155

Tabmuma 2: Values of the ECG signal

A graphical representation of the above table values is given below

2r

L L L L L L L L L s
0 20 40 60 80 100 120 140 160 180 200
X

Puc. 3: ECG signal recovery results

As seen from the above table and graph, the proposed spline model demonstrates high
effectiveness in the digital processing of medical signals. The actual ECG signal values and those
reconstructed by the model show minimal differences, fully satisfying the predefined research
conditions. This confirms the efficiency and reliability of the developed model.
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Haqiqiy qiymatli davriy funksiyalar fazosida xatolik funksionalining norma

Bekmurodova D. B.
Toshkent Davlat Transport Universiteti, Toshkent, 0¢zbekiston;
bekmurodovadiloromb0@gmail . com

Matematikaning funksional analiz va garmonik tahlil sohalarida davriy funksiyalar muhim
o‘rinni egallaydi. Ayniqgsa, haqiqiy qiymatli davriy funksiyalar tabiatda uchraydigan ko‘plab
jarayonlarni - masalan, to‘lginlar, tebranishlar, elektr signallari yoki haroratning davriy
o‘zgarishining - matematik modelini yaratishda keng qo‘llaniladi. Bu kabi funksiyalarni chuqur
o‘rganish va ularning xossalarini tahlil gilish uchun ular joylashgan barcha shu turdagi funksiyalar
to‘plamini yoki fazosini o‘rganish talab etiladi. Bu fazo haqiqiy yoki kompleks qiymatli
funksiyalardan iborat bo‘lishi mumkin. Gilbert fazosi zamonaviy matematika va ilm-fanning
asosiy vositalaridan biri bo‘lib, u vektorlar va funksiyalarni geometriyaviy nuqtai nazardan
o‘rganishga imkon beradi. Bu fazoda ortonormal bazis, skalyar ko‘paytma, proyeksiyalar va
operatorlar nazariyasi kabilar ustida ishlash qulaydir. Shu sababli Gilbert fazosi nazariyasi
ko‘plab ilmiy va texnik sohalarda qo‘llaniladi. Ushbu ish ham haqiqiy qiymatli davriy
funksiyalarni Gilbert fazosida qaraladi.

Quydagi ko‘rinishdagi kvadratur formulani qaratamiz

1
/90 da:—Zthp hk), (1)
0

k=1

——~—

bu yerda h = 3, N € N, Cj- (1)- formulaning koeffitsientlari, ¢ () € So(Py,). S2(Pp) fazoga
tegishli funksiyaning normasi

1
ol = [ (¢ @)+ o™ V(@) + 0 (w)) da @)
0

ko‘rinishda, bunda 0,7 € R. (1)- kvadratur formulaning xatoligi

1
)= [ ot dw—ch hk). (3)
J 4

Kvadratur formula xatoligiga mos xatolik funksionali quyidagi ko‘rinishda

U(z) = < o)z cha z— hk)) % (), (4)

k=1

bunda ¢(gqj(x) bu (0, 1] intervalning xarakteristik funksiyasi, d-esa Dirakning delta-funksiyasi,

¢o (x) = i d (x — B), *— o‘rama amali.
f=—00
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(1)- xatolikning absolyut giymati Koshi-Shvars tengsizligi bilan quyidagicha baholanadi.

< — —
€D < el 1€l

—~— -

So(Pp,)" fazo Sa(Py,) fazoga qo‘shma fazo.

Gilbert fazolarida chiziqli va uzluksiz funksionalning umumiy ko‘rinishi haqidagi Riss teore-
masidan foydalanib ¢-funksionalning ekstremal funksiyasini aniqlaymiz [1]

(6:9) = (e 9) g o )

hamda

s

2)|S2(Pa) |- (6)

Bu ishda m ning xususiy hol ya’ni m = 2 bo‘lganda hol uchun xatolik funksionali normasi
topiladi.

So(Py) fazoga tegishli bo‘lgan ¢ va 1) funksiyalarning skalyar ko‘paytmasi quyidagicha
aniglanadi

1
(putbe) / ) + 79 (1) + op(@) (8" (5) + 79 (@) + () da. (7)
0

Tenglikning o‘ng tomonini bo‘laklab integrallash yordamida hamda (5) va funksiyalarning
davriyligi 1 ga tengligidan 1), uchun quydagiga olamiz.

e (@) — (72 = 20) v P (2) + 0%y () = (=) (8)
(8) - tenglikdan 1)y ekstremal funksiyasini topish uchun Furye almashtirishlaridan foydalanamiz.
o0 e—2miB(z—hk)

N
T2 2 G (i 20) @ o ®)

k=1 f=—00

(9)-xatolik funksionalining ekstremal funksiyasi yordamida biz xatolik funksionali normasining
umumiy ko‘rinishini topamiz.

Teorema 1. 1y(x) ga mos xatolik funksionalining normasi quyidagicha ko‘rinishga ega

1 N N
le))* = ch Z k'+gzckzcy+
k=1 k'=1

K=

—27r7,6(a+hk: hk’ )

+ZC;€ZC Z Z 27iB)* + (w2 — 20) (2nB)? + 02

E'=1 B#0 a=—00

Adabiyotlar
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The coupled Stokes-Darcy system has become a powerful mathematical tool to describe
the interaction between free flow and porous media flow. Such processes occur in engineering,
biomedical, and environmental applications, where uncertainties in medium properties
significantly affect accuracy [1]. In addition, fractional-order derivatives have recently attracted
much attention due to their ability to capture the hereditary effects and memory phenomena
inherent in complex flows [2]. The fractional generalization of the stochastic Stokes-Darcy model
therefore provides a more realistic description of fluid transport processes under uncertainty.

This study presents an efficient numerical approach to the Stokes-Darcy stochastic time
fractional model, combining new approaches to estimate uncertainty with fast algorithms for
fractional derivatives and ensemble techniques to reduce computational costs.

Let Dy C R? and D, C R? d = 2,3 be two disjoint domains representing, respectively, the
free-flow region and the porous-medium region. These domains are separated by an interface I =
D¢ND,. The time interval is denoted by J = (0,7, where the fluid flow process is studied over J.
The uncertainty in the model is described on a complete probability space (2, F,P), where Q is
the space of elementary events, F is the sigma algebra of measurable events, and P : F — [0, 1]
is the probability measure. Hydraulic conductivity K(z,w) is represented as a random field,
commonly using a log-normal distribution to ensure positivity. To simplify computations, the
random field is approximated by a truncated Karhunen-Loeve expansion [3]. We then define the
random vector Y = [V;(w), Ya(w), ..., Yn(w)],n € N , which represents the stochastic parameters
of the system. These random variables are used as inputs for the stochastic collocation method. To
capture the memory effects in flow through porous media, we replace the standard time derivative
with a Caputo fractional derivative in the porous region. This allows the model to account for
both the viscous behavior in the free-flow region and the history-dependent dynamics in the
porous medium.

For clarity, we provide the strong formulation of the problem in the following form:

Find random variables ¢, : ﬁpxij — R, uy: Ef xJxQ — R% and py : Ef xJxQ—=R
satisfying the following conditions almost certainly in €2

SN v . (KyVen) = fp D, x J x Q (1.1)
©ON = @d de x J x Q (1.2)
—KNVQON Ny = 0 Fpn x J x Q (1.3)
9N V- T(un,pn) = fr Dy x JxQ (1.4)
V'HNZO DfXJXQ (1.5)
bigskip uy =0 Dy xJxQ (1.6)
uN-nf—KNVQDN'HPZO IxJxQ (1.7)
—nf-T(uN,pN)nf:ggoN IxJxQ 1§i§d—1 (18)
bigskip —m; - T(uy,pn)ny = V%UN m; IxJxQ 1<i<d-1 (1.9)
uy = ug Dy x {0} x Q (1.10)

ON = Y0 Dp X {0} x Q (111)
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Furthermore, to solve the fractional-order stochastic Stokes-Darcy problem, we construct both
semi-discrete and fully discrete numerical schemes. In these schemes, the fractional derivatives
are approximated by the fast computational method developed in [4]. After formulating these
schemes, we carry out a detailed study of their convergence and stability properties. Our analysis
demonstrates that the proposed discrete scheme achieves an accuracy of more than second order.
Importantly, the convergence result established in our main theorem shows that the rate of
convergence is independent of the mesh parameters, which indicates robustness of the method
with respect to discretization choices. This finding confirms that the developed scheme not only
provides stable approximations of the fractional-order stochastic Stokes-Darcy model, but also
ensures high accuracy in practical computations.

To efficiently handle the uncertainty in the fractional-order stochastic Stokes-Darcy model,
we apply the Sparse-Grid Stochastic Collocation Method [5]. The main idea of the collocation
approach is to approximate the dependence of the model solution on random parameters by
constructing an interpolation based on solutions at selected collocation points. If a full tensor
product grid is used, the number of collocation points grows exponentially with the dimension
of the random space, which is often referred to as the curse of dimensionality. To overcome
this difficulty, we employ the Smolyak sparse grid construction [6]. Sparse grids combine one-
dimensional quadrature rules hierarchically, reducing the number of collocation points while
keeping high accuracy. More precisely, let Y = [V (w), Ya(w), ..., Y, (w)],n € N be the random
vector of dimension n. For each random variable, a set of one-dimensional interpolation points is
chosen. Smolyak’s algorithm then combines these points to generate a sparse multidimensional
grid. At each grid point, the deterministic Stokes-Darcy problem is solved. The global stochastic
solution is then obtained by interpolating these deterministic solutions over the random space.

The theoretical analysis and computational experiments demonstrate that the introduction
of Caputo fractional derivatives into the governing equations leads to a noticeable memory effect
in porous media flow. Specifically, reducing the fractional order slows down the flow velocity,
confirming that the order of the derivative controls the strength of the memory influence.
Furthermore, the application of a fast algorithm for the Caputo derivative significantly decreases
computational cost and memory usage without affecting accuracy, compared with the work in
[2]. These findings suggest that the proposed approach is efficient and reliable, and future studies
will extend the model to more realistic applications.
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Ushbu ishda biz quyidagi ikkinchi tartibli
y'=flx,y), zelo, 1], (1)
oddiy differensial tenglamani ushbu
y(0) =yo, ¥'(0) = (2)

boshlang‘ich shartlarga ko‘ra taqribiy yechish uchun quyidagi umumiy ayirmali formulani
qaraymiz [1,2]:

k k
> clslelsl —r* Yy cWipl"[8 = 0. (3)
p=0 B=0

Bu yerda C[3] va CUD[] ayirmali formulaning noma’lum koeffitsiyentlari, h = %, 8] =

hB, (B = 0,1, ..., k), o(x) € Lgl)((), 1). L§4)(O, 1) Sobolev fazosi bo‘lib, bu fazo quyidagicha
aniqlangan:

Lgl) (0,1) = {gp . [0, 1] = R, ¢ (z) — absol.uzl, ¢!V (z) € Ly (0, 1)}

L§4) (0, 1) fazoda ixtiyoriy ikkita ¢ va 1 funksiyalar uchun skalyar ko‘paytma quyidagicha
aniqlangan [3|:

1
(o, 0} = / 0@ () p® (2)d. (4)
0

Shuningdek, Lg4) (0, 1) fazoda (4) skalyar ko‘paytmaga mos funksiyaning normasi quyidagicha
aniglanadi:
1 , 3
4
e ]28 0.0 = { [ (+9@) as

0

Qaralayotgan (3) formulada berilgan yig‘indilar orasidagi

k

k
(€, 0)=>_ClBlelB] - n* > _ cD[pl"[5] =
p=0 B=0

o0

k k o0
— [ | X e -ns) - 123 Vi - 1) | plwrte = [ L@ p@)ds )
=0 e

e 18=0
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ayirmaga (3) ayirmali formulaning xatoligi deyiladi. Hosil gilingan (5) ifoda uchun Lgl)* (0, 1)

qgo‘shma fazoga tegishli quyidagi xatolik funksionali mos keladi

k k
Ux) = CIplo(x —hB) —n>Y_ cW[gs"(x — hp). (6)
B=0 B8=0

Bu yerda Lgl)* (0, 1) fazo bu Lgl) (0, 1) fazoga qo‘shma fazo, d(z) - Dirakning delta-funksiyasi.
Chiziqli uzluksiz funksionalning normasi haqidagi ta’rifga ko‘ra quyidagi ma’lum

(o)

1€]] 4y« = sup
L, o0 el

Oxirgi tenglikdan quyidagi Koshi-Shvars tengsizligi kelib chiqadi

1 @) < el o - el o 7)

Koshi-Shvars tengsizligi (7) ga ko‘ra (3) ayirmali formulaning (5) xatoligi L§4)*(O, 1) qo‘shma

fazodan olingan ¢ xatolik funksionali va Lgl) (0, 1) fazodan olingan ¢ funksiyalar normalari orqali
yuqoridan baholanadi. Xatolik funksionalining normasi C'[8] va C'I [] koeffitsiyentlarga hamda
hp (B =0,1,..., N) tugun nuqtalarga bog‘liq. Biz qarayotgan optimal ayirmali formulada xatolik
funksionalining normasi C'I [3] koeffitsiyentlar bo‘yicha minimallashtiriladi.

Quyidagi o‘rinli

Teorema. Sobolev fazosi Lgl) (0,1) da (3) ayirmali formulaga mos Shtyormer tipidagi yagona
oshkor optimal ayirmali formula koeffitsiyentlari quyidagicha aniglanadsi:

3(1+q)¢"!
10(1—¢?2)(1—-q)

¢ o] =

c g BT (qﬁ—q76)7 p=1k-3,
_ 13—
20 ' 10 (1 — 22’

_ 19 3(¢+g"?)
S 20 10(1—¢q) (1 —g¢*2)

bu yerda ¢ = v/3 — 2.
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New local trigonometric basis functions for approximating some geometric curves
in the plane
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space K(Q)

In this work [1], a trigonometric optimal interpolation formula was constructed in the Hilbert
2. and using its coefficients, the following set of basis functions p;(z) (i = 0,1,...,n)
was created: )
%, ro < x < Ty,
po(x) = 0, 1 <z <1,

0, z0 <z <241,

sin(wz; —wr;_1)’ ri1 <x <,
/Lz(l‘) sin(wz—wz;

Sn(wr—wtipy) .
sin(wz; —wTiy1)’ z;, <x< Tit1,

07 Tit+1 <z< 17

i=1,2,...,n—1,

07 Zo S X S Tn—1,
Mn(x) = sin(wz—wzn_1)
sin(wxnp—wTp—1)’ Tp1 ST < T

—1=0,1,...,n.

The following theorem holds for these two-point local trigonometric basis functions p;(z) (i
0,1,...,n).

WhereO:xo<:E1<...<xn:1,xi:ih,h:1

Theorem 1. For local basis functions p;(x) (i

0,1,...,n), the following relations are valid:

Z i () sin(wz;) = sin(wz),
i=0

Z i (x) cos(wz;) = cos(wx).
i=0

It should be noted that geometric curves such as ellipse, circle, epicycloid, cardioid, nephroid,

hypocycloid, deltoid, astroid, Jerona’s lemniscate can be exactly restored using basis functions
wi(z) (i =0,1,....,n).
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The study of nonlinear dynamical systems of Lotka—Volterra type plays a central role in
mathematical biology and the theory of evolutionary games. In particular, quadratic stochastic
operators and their generalizations on finite-dimensional simplices have been actively investigated
as models of population dynamics [1-2]. In this work, we consider a special class of Lotka—Volterra
mappings generated by skew-symmetric matrices with block structure. Our goal is to describe
the fixed-point sets of the mapping V; : A* — A% and to establish relations between geometric
configurations of certain characteristic points.

Consider the skew-symmetric block matrix

. O2x2 C [ a1 b1
A= (CT 03><3> ’ ¢= (GQ ba 02) ’

where 0 < a;, b;,¢; < 1.
The corresponding Lotka—Volterra mapping V; : A* — A? has the form

—b
(xlla mIQ)T = (.’131, mQ)T o |:(17 l)T + (_a;Q bgl _622) (1'37 x4, $5)T:|7

—aq ag
(xgv xilv xIB)T = (1‘3, x47x5)—r © |:(17 17 1)T + bl _b2 (33‘1, xQ)T:| ) (1)
—C1 C2

where o denotes the Hadamard (coordinatewise) product.
On the faces of the simplex A* we define:

_ _a ai
M, = a1+az €1 + a1+az €2 My = b1+b2 €1+ b1+52 e, Ms= C1+C2e 1+ Cl+02 €2

— bl _ bg
N1 = a1+b1 es + a1+b1 e, N2 = a2+b2e3 + a2+b2e4’

K= b1+61 4t b1+01 e, HKp= b2+62 4t b2+02 €5-
Proposition 1. The order of M; determines the relations among NN;, K;:
1) Segments N1 K7 and N2 K> intersect iff My € ri My Ms;

2) My = My <= N; = No;
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3) My =M; — Ki = Koy,
4) If M1 = M2 = Mg, then N1 = NQ, K1 = K2 and N1K1 = N2K2.

Proposition 2. The fixed-point set Fix(V7) has the form:

1) If My # My, My # M3, then FiX(Vi) = T2 UT'3y5;

2) If My = Ms # M3, then FlX(Vl) =T UTl'gy5 U CO{MlNl};

3) If My = M3 # My, then FiX(Vl) =IT'19UI'gys5 U CO{MgKl};

4) If My = My = Ms, then FlX(Vl) =T UTl'gy5 U CO{MlNlKl}.

Remark. The relative order of Mj, Ms, M3 on I'is uniquely determines the positions of
Nl, NQ, Kl, KQ on F345.

We have studied the Lotka—Volterra mapping V; : A* — A% generated by a skew-symmetric
block matrix. It has been shown that the fixed-point structure depends on the mutual positions of
points M; on the edge I'12. In particular, degeneracies in the order of M; lead to the appearance of
additional fixed points located on faces of the simplex. The results enrich the known classification
of fixed-point sets for Lotka—Volterra type mappings and open the way for further generalizations
to higher-dimensional simplices.

The proofs of Propositions 1-2 are based on direct verification of invariance properties of the
mapping (1). In particular, the characterization of the fixed-point sets follows from solving the
equilibrium equations

T, = x;, 1=1,...,5,

under the simplex constraint x1 + x2 + 3 + x4 + x5 = 1, x; > 0. The geometric interpretation
on I'19 and I'sy5 provides a convenient way to represent these solutions as convex combinations
of characteristic points M;, N;, K;.
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In essence, the Radon transform represents integration performed along straight paths. In its
most basic application, it employs linear trajectories, which is why it is often referred to as the
conventional Radon transform (CRT). As highlighted by Jakowatz and Munson, this approach
has found applications in radar imaging, particularly in synthetic aperture radar (SAR), where
polar-form data (such as radius and angle) are converted into Cartesian coordinates [1,2].

e Cone-beam computed tomography (CBCT) differs from parallel-beam CT in that the X-ray
beams spread out in a cone-like geometry.

e Despite the higher complexity of reconstruction, this technique enables images to be
generated with greater spatial accuracy.
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Main Algorithms
1. Filtered Back Projection (FBP)

e Computationally fast and conceptually simple;

e Highly sensitive to noise, with significant errors when the number of projections is limited.
2. Iterative Reconstruction Algorithms (IRA: ART, SIRT, MLEM)

e Based on repeated computational updates;

e More robust to noise and capable of producing quality images even with limited data;

e Relatively slow due to high computational demand.
3. Optimal (Modern) Approaches

e Statistical reconstruction (e.g., Bayesian methods, maximum likelihood estimation);

e Regularization techniques (e.g., L1 norm, total variation minimization);

e Compressed sensing B'H“ achieves high-quality results even from undersampled projections;

e Deep learning-based methods BB offer both high speed and noise resilience.
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The Austrian mathematician Johann Radon (1887-1956) published a landmark article in
1917, entitled "Uber die Bestimmung von Funktionen durch ihre Integralwerte lings gewisser
Mannigfaltigkeiten" (translated as On the determination of functions from their integrals along
certain manifolds) [1]. This contribution laid the groundwork for what is now referred to as the
Radon transform. English versions can be found in the monograph by Deans [2, 3] and in Parks’
translation [4].
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The challenge of reconstructing a function f(x,y) from its line integrals (in two dimensions),
or a function f(z,y,z) from integrals across planes (in three dimensions), emerges in a broad
spectrum of disciplines. Such areas include medical imaging, astronomy, crystallography, electron
microscopy, geophysics, optics, and material sciences. Within these fields, the primary objective
is to extract information about the internal composition of an object-either by directing a probe
(for instance, x-rays) through it, or by analyzing signals emitted from the source itself, such as
an organ in the body containing a radioactive isotope, or even from within the Earth during
dynamic processes.

The broad challenge of revealing the internal composition of an object through its
projections is referred to as the issue of reconstruction from projections. Numerous circumstances
exist where one can determine (or reconstruct) the structural features of a body or material using
projection-based techniques that preserve the object in a nearly intact condition. The Radon
transform and its inversion provide the mathematical foundation that underpins a wide range of
such problems.

The task of reconstructing a function from its projection data arises naturally across many
disciplines, so much so that specialists in one field rarely interacted with those in another.
This was especially evident before the development of computerized tomography during the
1970s. Consequently, there is a noteworthy history of independent advancements in applying the
Radon transform by researchers who were unaware of Radon’s original 1917 publication or of
contemporary progress in related domains.

For readers interested in exploring these historical aspects, detailed discussions can be
found in the work Deans [3].

In this work, we use the coefficients of the optimal quadrature formula for image
reconstruction in computed tomography [5].
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The fractional differensial equation is used in modeling the solute transport in fractured-porous
media (FPM). In this work, numerical methods for solving two-dimensional fractional equations
of mass transfer with constant coefficients in a finite differenece approximation are investigated.
The use of fractional derivatives allows the model equations to describe the early arrival of mass
consentration in fractal media.

The methods of numerical approximation of fractional derivatives are directly related to
their definitions [1|. A detailed analysis of the application of various approximation methods and
existing difference schemes for solving fractional-order differential equations [2].

Let’s consider an element of FPM consisting of one fracture and a porous block (matrix)
adjacent to it. A fracture is a semi-infinite one-dimensional object [3| and the distribution of the
solute and the fluid flow over its cross-section is considered to be uniform. In this formulation,
the second dimension of the fracture, i.e. its thickness is not considered here. The porous block
occupies the first quadrant of the plane. Thus, the area R{0 < x < 00, 0 < y < oo}. Let the
fluid with solute concentration ¢y is injected to the fracture with a given constant velocity v
from the point z = 0 of the fracture. Initially, a fracture and a porous block are considered to
be filled with a pure (without substance) liquid. Convective-diffusion solute transport occurs in
a fracture, and only diffusion occurs in a porous block. We consider the transfer process in a
porous block to be anomalous while in a fracture the process occurs without the manifestation
of anomalous phenomena.

The equations for the solute transport and the fluid flow in the element of fractured-porous
medium are given as

dc; 0 02 o [
% v~ py ;erngm( Em

: (1)

ot Ox Ox? otl=7 \ 9y°
y=0
e, oo,
or = P gy ®

where ¢y = c¢f(t, ) is the solute concentration in the fracture, ¢,, = ¢, (¢, @, y) is the solute
concentration in the matrix, Dy is the diffusion coefficient in the fracture, v is the velocity of
the fluid, yand 0 are the orders of derivatives ( 0 < 7, § < 1), mg is the coefficient of matrix
porosity, t is time, s, x, y are the coordinates. Due to anomality of the solute transport in the
matrix, diffusion belongs to non-Fickian law. As a consequence, the diffusion coefficient D,, is
the anomalous diffusion coefficient.

The initial and boundary conditions for the above formulation of the problem are as follows:

cr(0,2) =0, ¢n(0,z,y) =0, (3)

cf(t,0) =co, cf(t,00) =0, (4)
cm(t,2,0) = c(t,x), cm(t,x,00) =0. (5)
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To solve problem (1) - (5) we use the finite difference method [4,5]. In the area D = {0 <
t<T, 0<z<o0, 0<y< oo}, anet is introduced, where T' is the maximum value of the time
during the process is studied. To do this, we divide the interval = €[0, c0) with the step size hy,
and the interval y € [0,00) with the step size hg, and the interval [0, 7] is divided into J parts
with a step 7. As a result, we have a net:

Whyhor = {(mi,yk,tj), 1=0,1,2,..;k=0,1, 2, ...; (6)
jZO, 1, ceey J; xi:ihl; yk:khg tj :jT; T:T/J}.

Equations (1) and (2) are approximated on the net wp,p,r. To do this, we use an explicit
difference scheme, and we define fractional derivatives in the sense of Caputo. Therefore, the
approximations have the form

1 4 . .
()™ = (ep)i  (ep)ia = ()i _

- + v I

(cp)iq —2(cp)] + (ef)ipa 1 mg - Dy,

- i T+ )02 =0 (7)
7j—1
[Z ((em)h" = (em)io = (em)i + ()i )G =D = (G =1 = 1)1—7)]7
=0
Jj—2 |
r@waQRWM?—@mhwqu—mﬂﬂ—u—ww (em)iE" = (em)ly] =
=0
(8)
o (2- hlﬂs 2;3 )1y = 20em)] gy (em)] o)) (D0 =170,

where (Cf)g, (cm)Zk are the net values of concentrations cy¢(t,x) and c¢p(t,x,y) at net points
(tj, ;) and (t;, z;, yx), respectively, I'(-) is the gamma function.
The initial and boundary conditions are also discretized as:

(c)? =0, (9)
(em)Y =0, (10)
(er)g = co, (11)
(em)lo = (cp)?, (12)
(es)7 =0, (13)
(em)] i =0, (14)

Computations were carried out to calculate the fields (Cf)g7 (cm)ilC from the (7) and (8).

In Figure 1, it is seen that the sections of the concentration surface ¢m on three points
x=01m, x=03m, z=0.5m for the anomalous case, when the values of v decrease from
one and with decreasing v from 1 the concentrations profiles are generally understated. However,
near the fracture, the profiles on decreasing the value of v takes higher values.
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Fig. 1. Concentration profiles ¢, at 6 = 1, t = 3600s and different values of 7, x = 0.1 m(a),
0.3 m (b), 0.5 m (c)
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Diabetic retinopathy (DR) has emerged as one of the most common and severe complications
of diabetes, particularly among individuals who neglect healthy lifestyle practices such as
balanced diet, regular exercise, and timely medical check-ups. As a leading cause of preventable
blindness, DR requires early detection and accurate classification of its stages to ensure
effective treatment and intervention. Traditional diagnostic methods, particularly fundus
imaging and ophthalmological assessments, though highly valuable, are often time-consuming,
resource-intensive, and dependent on specialist availability. In contrast, statistical modeling
offers faster and more accessible alternatives for risk assessment and stage classification. This
study emphasizes the importance of developing robust analytical models that utilize patients
demographic, risk factors and clinical predictors. Furthermore, the incorporation of data fusion
techniques, combining the significant predictors of diabetic retinopathy and nephropathy
has become increasingly relevant to enhance classification accuracy. Data fusion allows the
integration of homogenous and heterogeneous predictors into a single analytical framework,
improving predictive power and yielding more reliable diagnostic outcomes. By bridging
mathematical analysis with medical applications, this approach demonstrates how innovative
statistical modeling can strengthen early detection strategies, reduce diagnostic delays, and
provide scalable solutions to healthcare systems facing growing diabetes-related challenges.
Ultimately, the study underscores the transformative role of data fusion in advancing medical
diagnostics, particularly in the classification of diabetic retinopathy stages.

Keywords: Statistical Modeling; Classification; Diabetic Retinopathy; Diabetic Nephropathy;
Data Fusion;
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Magqolada elastik yarim fazosida joylashgan qattiq sharda yassi nostatsionar ko‘ndalang
to‘lgin difraksiyasi jarayoni matematik ifodalanib, bu jarayonga mos boshlang‘ich-chegaraviy
masalaning yechish algoritmi ishlab chiqgilgan.

Aytaylik, (z > 0) elastik yarim fazosida R radiusli qattiq shar joylashgan bo‘lsin. Yarim
fazoning (2 = 0) tekis sirtidan shar markazigacha bo‘lgan masofa h ga teng (h > R). Izotropik
muhit va shar harakati O boshlang‘ich nuqtasi shar markazida bo‘lgan (r,0,19) sferik koordinatalar
sistemasida o‘rganiladi.

Vaqtning boshlang‘ich 7 = 0 momentida shar sirtiga potensiali s bo‘lgan kuchlanishning
yassi ko‘ndalang nostatsionar to‘lqini fronti

Ys(r,0,7) = f(r+rcosf — 1)H(T + rcosf — 1) (1)

kelib urinadi. Bu yerda f(7)- vaqt bo‘yicha potensialning o‘zgarishini beruvchi ixtiyoriy funksiya,
H(x) - Xevisaydning birlik funksiyasi.

Natijada qattiq shar markazidan o‘tuvchi o‘q atrofida muhit buralishi yuzaga keladi va
muhitda ko‘ndalang to‘lqin tarqaladi. Bu holda ko‘chish vektorlarining fagat w komponentasi
noldan farqli bo‘ladi.

Uning kuchlanish tenzori komponentalari bilan bog‘lanishi, ya‘ni Guk qonuni

10w w 1 [ow
Ory = 5 [87“ - r] y 009 = o [89 - UJCtQH] (2)

ko‘rinishda bo‘ladi.
[zotropik muhitning harakati vektor potensialning noldan farqli komponentasi ¥ ga nisbatan
to‘lqin tenglamasi [1]
0?1
2 - A
T o2 v
to‘lqin tenglamasi bilan tasvirlanadi. Bu yerda A - Laplas operatori.
Izotropik (z > 0) yarim fazo sirti erkin sirt yoki qattiq tekislik bo‘lishi mumkin, ya‘ni

Y

r2sin26

(3)

(or9 + 0r9s)| =g = 0 yoki (w + ws)’z:{] =0 (4)

ko‘rinishda bo‘ladi.
Shar sirtida chegaraviy shart

0
(w+wl, o =0, w=S0+ L, )

ko‘rinishga ega.
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Boshlang‘ich shartlar bir jinslidir, ya‘ni

0
W= 2| =0 )

Muhit chegaralanmagani uchun to‘lgin so‘nadi

lim ¢ = 0. (7)
r—00
(3) - (7) boshlang‘ich—chegaraviy masalanu yechishda 7 vaqt bo‘yicha Laplas integral
almashtirishlari va to‘liq bo‘lmagan o‘zgaruvchilarni ajratish usuli qo‘llanilgan [1]. Tasvirlar
fazosida cheksizlikka to‘lqinning so‘nishi (7) shartni e‘tiborga olib, (3) tenglamaning yechimni
Czé 21 (cos ) Gegenbauer ortogonal ko‘phadlari bo‘yicha cheksiz qator ko‘rinishida izlaymiz [2].
(3)-(7) boshlang‘ich—chegaraviy masala Laplas integral almashtirishlari tasvirlar fazosida
chiziqli algebraik tenglamalar cheksiz sistemasini yechishga keltirilgan:

M Az2 +F Az — FoAzz? = piz + paxz + p32® + pazz® (8)

Bu yerda My, F; va Fy cheksiz matritsalar, p; (I = 1,4) esa cheksiz vektorlar.
(8) sistemaning yechimni eksponentalar bo‘yicha cheksiz qator ko‘rinishida izlaymiz:

o0

As) =) ag(s)a'z 7T, (9)

1,j=0

Bu yerda a;;(s) lar elementlari az(?)(s) bo‘lgan cheksiz noma‘lum vektor ustunlar.

(9) qator koeffitsiyentlari uchun rekurrent munosabatlar hamda ularga boshlang‘ich shartlar
olingan bo‘lib, ular cheksiz sistemaning yechimini reduksiya metodidan foydalanmasdan topishga
va al(?)(s) elementlarni ratsional funksiyalar ko‘rinishda aniglashga imkonini beradi.

Ko‘chish  vektori wva kuchlanish tenzori komponentasi uchun Laplas integral
almashtirishlarining tasvirlar fazosida ifodalarni olingan. Ularning originallari qoldiglar

nazariyasi yordamida aniglanadi [3].
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Hozirgi davrda suyugliklar mexanikasida nostatsionar jarayonlarni o‘rganish dolzarb ilmiy
yo‘nalishlardan biri hisoblanadi. Chunki ko‘plab real texnologik tizimlarda oqimlar statsionar
emas, balki vaqt bo‘yicha o‘zgaruvchan xarakterga ega. Aynigsa, nonyuton suyugliklarning
quvurlarda oqishi neft va gaz sanoati, polimer ishlab chiqgarish, ozig-ovqat sanoati, farmatsevtika
va biologik tizimlar kabi sohalarda keng uchraydi. Ushbu jarayonlarni chuqur o‘rganish
oqgimlarni samarali boshqarish, energiya tejamkorligini ta‘minlash va texnologik jarayonlarni
optimallashtirish uchun muhim ahamiyatga ega. Shunga ko‘ra, nonyuton suyugliklarning
nostatsionar oqimidagi tezlik tagsimotini o‘rganish, ularni reologik xususiyatlariga qarab
modellashtirish va oqim rejimlariga ta’sirini aniglash magsad qgilingan.

Reologik murakkab suyuqliklarning harakatini tasvirlovchi tenglamalar sistemasi
suyuqlikning ‘“kuchlanishlar” shaklida berilgan harakat differensial tenglamalarini, reologik
murakkab suyuqliklarning reologik holati tenglamalari va uzluksizlik tenglamasi bilan birgalikda
sistema qilib olish orqali hosil gilinadi. Bu tenglamalar sistemasi o‘qqa nisbatan simmetrik oqim
uchun quyidagicha aniqlanadi

( ou ou ou op or1 01
Y 2R g, i

p<8t+u8x+v8y) ik 8x+<8x+8y>’
61) 61) 8’1) 8}9 87‘21 87’22
- il ) =pF, — £ s T2 1

p<6t+“ax+”ay) Pry 8y+<8x+8y>’ M)

ou Ov

5 gy =0

Reologik murakkab suyuqlik modellari asosida suyuqlikning harakati laminar tarzda
bo‘ladigan yassi kanallardagi nostatsionar oqimi masalalari yechiladi. Yassi kanal devorlari
orasidagi masofa 2h deb belgilanadi, kanal yetarlicha uzun, deb faraz qilinib, reologik murakkab
suyuqlik ogimi uchun xarakterli nisbiy uzunlik tanlanadi. Bunda kanal eni uzunligining bo‘ylama
0‘q bo‘yicha uzunligiga nisbati cheksiz kichik miqdor deb hisoblanadi, shuning uchun ogimlarda
ko‘ndalang tezliklar kichik miqdor bo‘ldi, x o‘qi quvur bo‘ylama o‘qi bo‘yicha gorizontal
yo‘nalishda, y o‘qi esa x o‘qiga perpendikulyar holda vertikal yo‘nalishda olinadi.:

ou_ 1op 1o oy,
ot pdx  poy’ oy

T=ay71) + a7, =g (2)

873 0 0 0
\)‘E_'—TQ :UQ@, n = aqmn; + azn;.
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Boshlang‘ich va chegaraviy shartlarni quyidagicha ifodalaymiz. Buning uchun t=0 vaqtda
suyugqlik tinch holatda, deb hisoblaymiz, ya‘ni

Jp

t=0 = =0 —
Y ’ Oz

—0. (3)

Vagtning noldan katta giymatlarida kanalda o‘zgarmas bosim gradienti ta‘sirida suyuqlik
oniy harakatga keladi, deb qaraladi, ya‘ni

0 0
t>0 va y=0 da—u:(); t>0 va y=h da u=0; —p;é(). (4)
y Oz

w200

1 n+1 cos (2n2+1 ) 2¢~ h2ant
+322 (2n +1)373 (M3 + N3)

X (M3 cos(bnﬁt) + N3 Sin(bn%t))

u(0,1) 9(—1)mHlemzant , , ,
w0 =1432 Z @n 1 1) (M2 n NQ) (M3 COS(bnﬁt) + N3 sm(bnﬁt)) . (6)
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Grid generation and mapping in the spectral-grid method for high-order singularly
perturbed ODEs
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Numerical simulation of a boundary value problem for an ordinary fourth-order differential
equation with a small parameter with a higher derivative is an urgent problem in the field of
computational and applied mathematics. The presence of a small parameter in the differential
equations requires the development of adaptive numerical methods with high accuracy and
efficiency. The numerical calculations for calculating the solution and its derivatives of various
order show the high accuracy and efficiency of the spectral-grid method at different values of the
small parameter, the grid elements and the total number of Chebyshev polynomials of the first
kind.
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Let us consider an ordinary fourth-order differential equation with a small parameter with
the highest derivative:

d*u d’*u
-9 = 1
8d,r]4 d772 + u(n) f(n)ﬂ 77 6 (7707 77[)7 ( )
with the following boundary conditions:
du du
u(1o) a (m0) = 0, u(m) dn(m) : (2)

Presence of a small parameter € with the highest derivative imposes additional requirements
on the approximation properties of the numerical methods used. To study the convergence and
order of accuracy of the spectral-grid method, we will use the method of trial functions [1].

According to this method, a certain arbitrary function is chosen ue(n) = Uezact(n). Substituting
d*u, d?u,
d774 — 27772 + Ue(n) and

it into the differential equation (1), we find the right side f(n) = ¢

require the fulfillment of boundary conditions (2).
To solve this problem with the spectral-grid method, we introduce a grid in the integration
interval ng < m < --- < ny = and obtain N various elements:

[7707771]7 [7717 772]a ) [7737 77j+1]7 ) [77N—1,77N]7.7' = 17 27 vee >N -1
The differential equation (1) on each of these elements takes the form

d4Uj dQUj .

St 25 ) = i) =12 )
Boundary conditions (2) are written at points 79 and ny:
du du

e — = = — = 4
u(1o) dn (m0) =0, u(ny) dn (nv) =0, (4)

In the internal nodes of the grid, we require the continuity of the solution of equation (3) and
its derivatives up to the third order. These conditions are as follows:

ugt)(n]) = ugt-i)-l(nj% t= 0717273; ] - 1727"'7 N — 17 (5)

where t is the order of the derivative.

The solution of problem (3)—(5) is sought in the form of a series of Chebyshev polynomials
of the first kind. To do this, each element of the grid [n;—1,n;] is mapped to the interval [-1, 1]
using the following replacement of the independent variable:

m; L .
:7]+§]y7 m]:773+77]—17lj:77]_773—17]:17277N7 (6)

where [; is the length j of the mesh element. After transforming (6), equations (3) take the
following form:

4 2
'>d4“;1j_1_<lj>d2uj_|_uj(77)_fj(77),j_1,2,...]\7. (7)

wn(~1) = ij(—l) 0, uy(+1) = OZ;‘;V(H) _o,
(5 Bt () o

t=0,1,2,3;j=1,2,..., N — 1.
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The following function is chosen as a test function:

ue(n) = (1 — 1),

, where e (1) = Uezact(n). By using this test function, the differential problem (1)—(2) is solved by
the spectral (N = 1) and spectral-grid method (N # 1) at different values of a small parameter|2].

Table 1 shows the result of calculations for calculating the maximum absolute errors A =
b _ ugt) ,t=20,1,2,3,4, 7 = 1,2,3,..., N, in the nodes of Chebyshev polynomials of

max ug

0<1<p;
the first kind.

Table 1. Maximum absolute errors for the solution and its derivatives

Small First Second Third Fourth
parameter M N Decision derivative derivative derivative derivative
£

40 | 7.7 * 1016 1.5 *10-13 2.4 %101 1.8 ¥ 1010 39 %108

40 2 6.6 * 10-16 51*108 1.5 * 10-13 4.2 %1011 4.1%*10°

10-* 40 4 4.4 * 10-16 2.2 * 1016 7.2 * 10-16 3.6 %1014 6.8 * 10-13
40 8 2.2 ¥ 10-13 9.7 * 1016 3.0* 1013 2.6 * 1014 9.7 * 10-14

40 1 1.6 * 10-15 1.1%*1014 6.3 * 10-13 8.6 ¥ 10-10 4.1 %107

40 2 9.4 * 10-16 8.4 *10-15 22*101 7.0 ¥ 10-11 7.3 *10°¢

107 40 4 6.6 * 10-18 4.9 * 10-16 33*101 1.8 ¥ 10-13 33*1012
40 8 33*1018 2.6 * 1016 1.1 *101% 5.7 * 1016 1.0* 1013

40 1 1.4 *10-15 39*10H 1.9 * 10-12 2.8 % 10* 1.3 %106

40 2 4.4 * 10-16 1.1*1013 2.0 * 10-14 6.3 * 1012 7.0 * 10-10

109 40 4 3.3 %1016 3.8 * 1016 4.9 * 10-13 2.7 * 10-13 5.0 * 1012
40 8 3.3*% 1016 1.9 * 10-16 1.8 #1016 7.4 * 1016 1.5 %1013

In here, M is total number of polynoms and N is number of mesh elements. From the
numerical results given in Table 1, it can be seen that with a decrease in the value of the
small parameter ¢, the accuracy of calculating the higher derivatives in the spectral-grid method
(N # 1) is much better in comparison with the spectral method (N = 1).
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Ko‘p masshtabli usul va chegaraviy qatlamli singulyar qo‘zg‘algan masalalarning
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I Termiz Davlat universiteti, f.-m.f.d., professor
’Termiz Davlat universiteti, tayanch doktorant
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Matematik fizika va muhandislik amaliyotida tez-tez uchraydigan differensial tenglamalarning
ayrim sinflari kichik parametr ishtirokida aniglanadi. Bu parametr yechimlarda keskin
o‘zgarishlarga olib kelib, chegaraviy qatlamlarning paydo bo‘lishiga sabab bo‘ladi. Bunday
masalalar singulyar buzilgan masalalar (singularly perturbed problems) nomi bilan mashhur.
Oddiy perturbatsiya usuli kichik parametrlarni hisobga olishda samarali bo‘lsa-da, singulyar
buzilgan masalalarda u ko‘pincha noto‘g‘ri natijalarga olib keladi. Bunga sabab shuki,
oddiy kengaytirish orqali hosil gilingan yechim chegaraviy shartlarni to‘liq qanoatlantirmaydi.
Chegaraviy qatlam nazariyasi esa ichki va tashqi yechimlarni alohida ko‘rib chiqib, ularni
muvofiglashtirish orqali yaxlit yechim hosil giladi. Ko‘p masshtabli usul esa ushbu yondashuvlarni
umumlashtirib, yechimni bir nechta o‘zgaruvchi miqyoslarda qidirishga imkon yaratadi.
Quyida singulyar buzilgan chegaraviy masala uchun tashqi-ichki asimptotik yechimlar va
ularning moslashtirilishi asosida kompozit yechim quriladi. Model masala sifatida quyidagidan
foydalanamiz:

ey(x) +y/(x) =1, 0<x<1l, y(0)=0y(1)=0, 0<e< 1. (1)
Tashqi yechim ¢ — 0 da tenglama:
yolz) =1 = wylz)=z+C.
Chap chegara sharti y(0) = 0 dan C = 0. Demalk,
Yout (T) = .

Bu yechim z = 1 dagi shartni (y(1) = 0) bajarmaydi.
Ichki yechim O‘ng chegara yaqinida yangi masshtab:

1—2z
§= :
€
Shunda: ) .
/ — _7yl " — 7y//
y _Y(©), =Y
Asl tenglama:
Y'-Y ==¢.

Yetakchi tartibda:
Yy -Y]=0 = Yy(¢)=A+ Bes.

Barqarorlik uchun B = 0, demak Yy(¢) = A. Moslashtirish sharti: A = 1. Moslashtirilgan
kompozit yechim:
ycomp(x) = Yout (1‘) + Aei(lix)/?
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Chegara sharti y(1) = 0 dan:
0=1+4 = A=-1.

Shunday qilib:

ycomp(x) -z — e—(l—x)/a

Asl masala uchun aniqlik:
ev' +v=1, v=1y.

Integrallab:
v(z) =14 Ce %, y(x) =2 — Cee ®/°+D.

Chegara shartlardan C, D topilib:

e—T/e _ p—1/e

yexact(x) =r+ 1 o—1/c

e — 0 da:

yexact($) ~x+ e—a:/a'

Bu kompozit yechim bilan bir xil tartibda mos keladi. Tashqi—ichki asimptotik yondashuv va

Kompozit va aniq yechim taqqoslanishi (¢ = 0.1)

T T T T T T

1F +yc0mp(x) = — 67(1793)/5 -
-w- yexact(x)
08| -
. 06] -
\5:3/

= o04) |
0.2} .
0 [ |

| | | | | |

0 0.2 0.4 0.6 0.8 1

X

Puc. 4: Kompozit asimptotik yechim va aniq yechimning taqqoslanishi.

moslashtirish orqali olingan kompozit yechim butun oraliqda yaxshi yaqginlashadi: markazda
tashqi yechim ustun, o‘ng chegara yaqinida esa eksponentsial tuzatish chegaraviy qatlamni
to‘g'ri aks ettiradi. Bu ko‘p masshtabli/moslashtirilgan asimptotik metodning samaradorligini
ko‘rsatadi.
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As is generally known, numerical integration formulae, or quadrature formulae, are methods
for the approximate evaluation of definite integrals. They are needed for the computation of
those integrals for which either the antiderivative of the integrand cannot be expressed in terms
of elementary functions or for which the integrand is available only at discrete points, for example
from experimental data. In addition and even more important, quadrature formulae provide a
basic and important tool for the numerical solution of differential and integral equations. There
are several methods of construction of optimal quadrature formulas in the sense of Sard such
as spline method, ¢p— function method and Sobolev‘s method which is based on construction of
discrete analogue of a linear differential operator. In the different spaces, based on these methods,
the Sard problem was investigated by many authors [1,2].

We consider the following quadrature formula with derivative

h? il
/ 2)da = Zco (h8) + 35 (¢/(0) = (1)) + > C1lBle" (), 1)
£=0
where Cy[f] = {hh/276 _ﬂ%, o(z) € Lém) (0,1) and Cy [f] are unknown coefficients of
the quadrature formula (1), Lém)(O, 1) is the space of functions which are square integrable with
m-th generalized derivative.
The difference between the integral and quadrature sum obtained from the quadrature
formula is referred to as the error of the formula

1 N h2
(.9) = [ @rts =3 ColBlons) - 15 (#0) Z Gl ). (@)
0 p=0

From difference (2) it follows that quadrature formula (1) corresponds to the following error
functional

N

2
(z) = o (z Z ColB)8 (x — hp3) + % (¢'(x) = &' (x = 1)) + Y _ C1[B16" (x = ), (3)

B=0

where 6(x) is the Dirac delta-function and e(y 1)(z) is the characteristic function of the interval
[0, 1].
The norm in space Lgm)(O, 1) is defined by the following form

1
110,y = [ (£
0
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In addition, the error functional (3) is required to satisfy the following conditions
(l(z),z*) =0, a=0,1,2,....,m— 1.
Error (2) based on the Cauchy-Schwarz inequality is estimated as follows
‘(l, f)‘ S ||f”Lém)(O,1) ’ HlHLém)*(OJ)'

Here, we have the following problems:

1. Find the norm of the error functional (3) of the quadrature formula (1).

2. Find the coefficients C1 [B], =0, N, which give the smallest value to the norm [|I[| , zm)-
2

of the error functional (3), that is, calculating the value
/ = inf [[ex]], oo-
HEHLQ’”)* cl?[m | N”Lé )

Theorem. The coefficients C1[5], 8 = 1,2,..., N — 1 of the optimal quadrature formulas of
the form (1) in the space Lgm)(O, 1) have the following form

—4
C1[B] = h* (akAerbkAkN‘ﬁ), 8=1,2,..,N —1.

3

i
I
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Let be given the following class of functions:

ESSY = {f:00,1] = R, f"isabscont, f € Ly(0,1)}. (1)

This space is a Hilbert space with the following inner product:

1
(f,9)= / (FD(z) — 02D (@) (g (z) — v2gP (x))dx. (2)
0
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The norm is defined by the inner product:

1

111 =/((f“”(fﬂ)—va(Q)(w)))de- (3)

0

Then, the class Kéif‘) is factorized Hilbert space with the norm (3). Let 0 =20 < ... <zny =1
be a grid on the segment [0, 1], and the values Y : yo, y1, ...., yn be given in this grid. We consider
the following problem:

Problem 1. Find a function f € Ké‘?f) which gives minimum to the norm (3) and satisfies
the interpolation conditions

f(.l‘l) =9, t=0,1, ...,N, T; € [0, 1].

One of the functions that minimizes the norm in this space is an algebraic hyperbolic natural
spline of order eighth, which is defined as follows.

Definition 1.
I. SA(f,x) consists of a linear combinations of functions sinh vz, cosh vz, vz sinhv, vz cosh vz,
23, 22, x, 1 in every subinterval (z;,7;41), i =0,1,..., N — 1.
II. SA(f,x) is a linear combination of functions sinh vz, coshwvz, x, 1 in subintervals (—oo, a)
and (b, 00).
ITII. SA(f, z) satisfies the following continuity and natural spline conditions

Sgl)(fuq"l_o) :S(Aa)(fuxl—’_o)u 0420717273,4,5,6, i = 1725)N_]-7

SUR(0) — w28 (0) = SUTR) (1) — 25T (1) = 0, k=0,1,2

IV. The function Sa(f,z) satisfies interpolation conditions
Sa(f,xi) =vi, i =0,1,...,N.

Using the above, we present the following theorem about the appearance of a natural spline,
which is one of the solutions to Problem 1.
Theorem 1. The natural spline, minimizing the norm in the space Kéif)’), has the following

form:
N

SA(Y,z) = Z CiGy(x — ;)+d; sinh(vx) + dg cosh(vx) 4+ po + p1z, (4)
=0
where C;, i = 0,1, ..., N,dy,da, po, p1 are coefficients of the spline (4). G4(x) is the fundamental
solution of the operator j—;g — 2’02% + 04% and has the form

3 — k)(vz)?F !

sign(x) e ) (5)

407

2
Gy(z) = (vz cosh(vx) — Hsinh(vx) 4 2 Z (
k=1

where §(x) is the Dirac delta-function.
The Coefficients of the natural spline satisfies the following system of the linear equations.

Z CiG(xj — x;) + dy sinh(vaj)+ds cosh(vaj) + po + prx =y;, j =0,1,..., N,
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N
Z C;sinh(vzx;) = 0,
i=0

N
Z C; cosh(vx;) = 0,
i=0

N
Z szz = 0,
=0

N
Y ci=o.

1=0
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The formulation and main results of the theory of optimal quadrature and cubature formulas
belong to S.L. Sobolev 1] who proposed a functional analytical method for a class of integrands
from some Banach spaces. In large numerical calculations, difficulties arise in the process of
approximate calculation of integrals, since universal methods for optimizing quadrature and
cubature formulas on classes of functions have not yet been created and, in this regard, research
on problems is being conducted from the point of view of different scientific directions. One of
such directions is the functional-analytical approach, connected with the study of error estimates
as a linear bounded functional over some Banach space of basic functions [2,3].

We consider the following quadrature formula

1 N
/ o(w)dz = Y KB o(hp) (1)
0 p=0

with error functional
N

) = ip(x) — > _ KBS (z — hp), (2)
B=0
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where k[] and (hf3) € [0, 1] are the coefficients and nodes of the quadrature formula (1), if 1)(x)
is the indicator of the interval [0, 1], 6(x) is the Dirac delta-function, and ¢(z) belongs to the

Hilbert space WQ(m) (0,1) with the norm

ol = / ((ﬁfﬁ)z + (W)) iz
0

In [3], an extremal function was found and using it, the following representation of the square
of the norm of the error functional (2) was obtained:

1/2

N

Jeo) [ 0. = (=™ | 35" (81 bl (85— 1)

£5=0~v=0

1 1

_220“5]/%(:3—% d:c+0/1/um y) dzdy| | (3)

0 0

where

m—1 o2n—1
_ 1 z
o) = Lot (57 - 52 ) g
The error functional (2) satisfies
0(x) =0, a=0,...,m—2. (5)

Using the method of Lagrange multipliers, the following discrete WienersBH“Hopf type system
was obtained for finding the coefficients:

N
> k] i (hB = hy) + Pr—a(hB) = fm(hB), B

= 07 * 7N7
v=0
al 1
Zk[ﬂ](hﬁ)o‘:a+l, a=0,...,m—2,
8=0
where
1 m—2
Fn08) = [ pnla =)o, Pacah) = 3 b3(h5Y
7=0
Teorema. The coefficients of optimal quadrature formulas in space WQ(Q)(O, 1) are determined
by
/\
2 5 +a /\1 1 p=
k(8] = h+a()\5+/\1_ﬁ>, B=1,...,N—1,
AN
2 ta /\1 i ’ ﬁ = N’
where

~(e+1)[2(e" = 1) = h(e" + 1) (M1 — 1)(e" — M) (M€ — 1)
o2l = 2] +e) (et — 1) — (AWe + 1) (el — \)]
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h(1+e2h) +1 —e?h — (e — 1)\/h2(1 + eh)2 — 2h(e2h — 1)
A= s |A1’ < 1.
1+ 2hel — 2
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Ushbu maqolada biz @ = {(z,t),t> 0,z € R} sohada quyidagi parabolik tipdagi
buziluvchan tenglamalar sistemasi uchun

uﬁzcumwﬂmg, i=1,2,....k x>0 0<t<T, (1)
T
nochiziqli chegaraviy

— [ uie[PPuin(0,8) = w1 (0,8), i=1,2,....k wpp1=w, 0<t<T, (2)

hamda boshlang‘ich shartlar bilan berilgan

ui(z,0) = up(x), i=1,2,....,k, x>0, (3)
masalaning avtomodel yechimlari asimptotikasini tadqiq etamiz. Bu yerda p; > 2,¢; > 0
va ujp(i = 1,2,...,k) funksiyalar R} da manfiy bo‘lmagan kompakt yurituvchili uzluksiz
funksiyalar.

Dastlab (1)-(3) masalani sonli yechish sxemasini quramiz.

Berilgan @ = {(t,z) : 0 <t < T, 0 <z < b} sohada vaqt va fazo bo‘yicha quyidagicha to‘r
qurib olamiz: 7 = L h = 2 (1)-(3) masalani sonli usulda yechishimiz uchun oshkormas
sxemadan foydalanamiz:

Vi={tj=jgr,7>0,5=1,2,..m; mr=T, T >0};S, ={z; =ih;h>0;i=1,2,...,n;nh = b}

j+1 7 . . . . . .
1 j +1 +1 j +1 +1
S — g [Pl i) (vl = oi") = Diw) (i = ol
T 1 (4)

P 7 J J+1 J+1 3¢ J+1 j+1
p= = n2 [Mi+1(zi+1) (Zz‘+1 - % > — M (%)) (Zi - Zi—l)}
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i=2,.,n—137=0,1,...,m—1; 90 =y(;,0), 22 = 2(;,0)
1=0,1,..,n

yn = p1(t;),
z% =2 (tj) ) (6)
§=2,3,..,m

(4) sistema y/*1 va 2/t1 ga nisbatan chizigsiz tenglamalar sistemasi. Sistemani sonli
yechimlarini olishda uni chiziglashtirish uchun oddiy iteratsiya usulida foydalanamiz:

s+1 1 S5
A A U Y R stljvr  stljp gy (SHYi+1 sl
T = n? Di+1(yi+1) Yign— Yy =Diy)) | vi - v in

5+1j+1 Sj . . 1. 1. . . 1. 1.
A Ry R U . ¥ J stljrr stljipa M (27 stljt1r stljta
% — h2 |: i+1(zi+1) ( z i+1 ZG - i (Zz) z % -z i—1

(7)

(2

bu yerda s =0,1,2, ....
Iteratsion usulning yaxshi natijasi mos boshlang‘ich yaqinlashishni tanlashga bog‘liq bo‘lib, u
yechimga tez yaginlashishni va masalaning fizik ma’nosini saqlanishini taminlaydi. Bunga mos

boshlang‘ich yaqinlashish sifatida masalaning asimptotik yechimlarini tanlash mumkin. Har

+1 1
bir vaqt qadami uchun boshlang‘ich iteratsiya giymatlari sy i}s % i oldingi vaqt qadamidan

olinadi:
0 0
Yt = gi LIt = i
Takrorlanuvchi sxema yordamida hisoblashda takrorlashning aniqligi belgilanadi, bunda
jarayon

s+1 S
max | Y ;—Y,;|<e
0<i<n (8)
s+1 s
max |2 ; —%2;| <E¢€
0<i<n
J+L 7 j+1

Quyidagi belgilashni kiritamiz: ¥,; = y; ", 2 =z, . U holda (7) sistemalarini quyidagi
ko‘rinishda yozish mumkin.

s+1 s+1 s+1
S — S — S — S
A Y -1 —Cu Y i +Bu Y i1 = —Fu ()
s+1 s+1 s s+1 s

S _ S —
Agi 2 i1 —Co 2z j+ Boj 2 j41 = —Fy

bu yerda
s S
s T S T j
Avi =23 Hyl), Aai = ﬁMzJ(zf )
S T j js s T J JS
Bui = 35 Di1 (i) Bai = 55 My (#44);

s . s , s s r e A s
Cu = 2 <Di (yi> +Dzj'+1 <yf+1>> +1,C% = ¥ (sz (Zf> +Mi]+1 (qu+1>> +1,



S S

S . S
_ _
Fii =y, Fo =z .

Kesmaning 0 < x < b oxiridagi kerakli giymatlarning giymatlarini ikkinchi aniqlik tartibiga
ega Milne (Mumna) formulasi yordamida olish mumkin:

Oy| _ —ya+4y1 -3y Iy

3Yn — 4Yn—1 + Yn—2
~ ~ 10
oz |, 2h T oz, 2h ’ (10)
% _ —22+4z1 — 32 % 3z —4zp1 + 2n—2 (11)
oz |, - 2h T Oz, - 2h ’

(10) chiziqli algebraik tenglamalar sistemasi sonli yechimlarini olish uchun haydash usulidan
foydalanamiz. Haydash usuliga ko‘ra:

Yi=oni¥ i1+ B, (12)

2= 02% iy1 + P

bu yerda ay;, aia;, B1i, Boi - koeffitsiyentlar, ularni quydagi formulalar yordamida hisoblab topiladi:

T Oy — an Ay T O — g Ay (13)

Prin Cri — a1;Ay;” Prirr = Cai — g Ag;

bu yerda i = 1,2, ...,n. a1, @20, f10, S20 qiymatlarini (11) chegaraviy shartlardan topiladi.

Yuqorida qurilgan sonli sxema yordamida hisoblash tajribasi o‘tkazildi. Biz uning ayrim
natijalarini keltiramiz. Hisoblash uchun to‘r qadami h = 0.05 tugunlar soni N = 300 va iteratsiya
aniqligi sifatida e = 107> olingan.

Topilgan asimtotikalar iteratsiya jarayoni uchun boshlang‘ich yaqinlashish sifatida olingan.

1 —rasm. (1) — (3) masalaning sonli yechimi :
pL = 2.0101, py = 2.0105, q; = 1.85, g» = 1.95
b=6, a l,a 2=1[1,1],eps = 0.001
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Sonli hisoblash tajribalari shuni ko‘rsatdiki, iteratsiyon jarayonlar 3-5 qadamda yaqinlashadi.
Boshlang‘ich yaqinlashish sifatida olingan kompakt yurituvchili avtomodel yechimlar
asimptotikasi iteratsiyon jarayonning yagqinlashishi uchun muhim rol o‘ynadi. Yuqoridagi
grafiklarda sonli parametrlarning berilgan giymatlarida reaksiya-diffuziya jarayonlarining chekli
tezlikda sodir bo‘lishini ko‘rish mumkin.
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Nochiziqli chegaraviy shartli diffuziya sistemalarini sonli va analitik tadqiq etish
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Mazkur maqolada nochiziqli chegaraviy shartlarga ega bo‘lgan diffuziya tenglamalari
sistemasi ko‘rib chiqiladi. Bunday sistemalar ko‘plab fizik, biologik va texnik jarayonlarni
modellashtirishda uchraydi. Tadqgiqotda diffuziya tenglamalari uchun analitik va sonli yechimlar
quriladi, ularning solishtirma tahlili o‘tkaziladi va hisoblash usullarining afzalliklari ko‘rsatib
beriladi. Diffuziya tenglamalari fizikada issiqlik tarqalishi, kimyoviy reaksiya va massaning
tarqalishini modellashtiruvchi asosiy tenglamalardan biridir. Ko‘pgina real masalalarda
chegaraviy shartlar nochiziqli bo‘lib, bu esa masalaning analitik tahlilini murakkablashtiradi.
Shu sababli sonli metodlardan keng foydalaniladi. Ko‘rib chigiladigan masala:

ou 9%u

gu_pdt o Lt>0 1
ot o2 ST shbtz (1)

bu yerda u = u(x, t)— diffuziya maydoni funksiyasi, D— diffuziya koeffitsiyenti, L— soha chegarasi.
Boshlang‘ich va chegaraviy shartlar:

u(z,0) Zf(ﬂﬁ), u(07t> :fl(U), U<L7t) :fQ(u)v
bu yerda fi(u) va fa(u)— nochizigli funksiya ko‘rinishida berilgan chegaraviy shartlardir.

Yechish usullari
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Analitik yondashuv Agar chegaraviy shartlar nisbatan soddalashtirilsa, masalan f;(u) = au,
separatsiya usuli, Fourier usuli yoki Laplas transformatsiyasi yordamida yechim olish mumkin.
Biroq umumiy hollarda bu metodlar bilan giyin bo‘ladi.

Sonli yondashuv Nochiziqli chegaraviy shartlarga ega masalalar uchun chekli ayirmalar usuli
yoki Chebyshev spektral usuli qo‘llaniladi. Ikkinchi tartibli hosilalar % markaziy ayirmalar bilan
almashtiriladi, va vaqt bo‘yicha Eylerning chap yoki o‘ng ayirmali sxemalari ishlatiladi. Ko‘rib

chiqilgan tenglama:

ou  0%*u

boshlang‘ich va chegaraviy shartlar:

u(z,0) =x(1 —z), u(0,t)=sin(u), u(l,t)=ec "
Sonli parametrlar: Ax = 0.05, At = 0.001, T'= 1.0.
C—+-+dagi kodi

#include <iostream>
#include <cmath>
#include <vector>
using namespace std;

int main() {

int N = 20;

double L = 1.0, T = 1.0;
double dx = L / N;

double dt = 0.001;

double mu = dt / (dx * dx);
int steps = T / dt;

vector<double> u(N+1), u_new(N+1);
for (dnt i = 0; i <= N; ++i) {
double x = i * dx;
uli]l = x * (1 - x); // boshlang‘ich shart

+

for (int n = 0; n < steps; ++n) {
u_new[0] = sin(ul1l); // chap chegara
u_new[N] = exp(-u[N-1]); // o‘ng chegara

for (int i = 1; i < N; ++i) {

u_newl[i] = uli] + mu * (u[i+1] - 2%uli] + ul[i-1]);
}
u

= u_new;

for (int i = 0; i <= N; ++i) {

double x = i * dx;

cout << "x = " << x << ", u =" << u[i] << endl;
}

return O;
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Natijalar

Sonli hisoblash orqali quyidagi giymatlar olindi (jadvalda ¢ = 0.2 va t = 0.5 uchun):

z | u(z,0.2) | u(z,0.5)
0.0 | 0.26035 | 0.35225
0.1 | 0.26789 | 0.36805
0.2 | 0.28148 | 0.38533
0.5 | 0.35860 | 0.44651
0.8 | 0.48105 | 0.51965
1.0 | 0.57588 | 0.57191

Diffusion Solution: ¢t = 0.2 va t = 0.5 taqqoslash

0.6 : T -
ot =0.2
——t=0.5
0.5 B
&
=1 0.4} =
0.3 i
| | | | | |
0 0.2 0.4 0.6 0.8 1
X

Puc. 5: t = 0.2 va t = 0.5 yechimlarining bir grafikda taqqoslanishi.

Sonli sxemaning barqarorligi Kourant mezoni orqali tekshirildi:

At 1
D— < —.
Ax?2 — 2
Natijalar shuni ko‘rsatdiki, konvergensiya darajasi ikkinchi tartibli. Nochiziqli chegaraviy shartli
diffuziya sistemalarining yechimi uchun sonli metodlar, aynigsa chekli ayirmalar usuli samarali va
barqaror yechim beradi. Analitik usullar esa fagat maxsus hollarda qo‘llanilishi mumkin. Bunday
masalalarning tadqiqi fizik va texnik jarayonlarni modellashtirishda katta amaliy ahamiyatga ega.

Foydalanilgan adabiyotlar ro‘yxati
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VIIK 311.21.378

GRAFLAR NAZARIYASINI BOSHQARUV JARAYONLARINI
OPTIMALLASHTIRISHGA TATBIQINING NAZARIY ASOSLARI
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lTermiz davlat universiteti,Termiz, 0‘zbekiston;
ozodasakieva@gmail.com
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Graflar nazariyasi hozirgi vaqtda matematikaning jadal rivojlanayotgan sohasi hisoblanadi.
Bu ko‘pgina ob’ektlar va vaziyatlarning graf modellar sifatida tasvirlanganligi bilan izohlanadi.
Agar foydalanish mumkin bo‘lsa, ko‘plab matematik muammolarni hal qilishda ularni
soddalashtirilgan graf sifatida ko‘rsatish ularga aniqlik va soddalik beradi.

Bugungi kunda ragamlashtirish usullaridan foydalangan holda boshqaruv strategiyasini
ishlab chigishda milliy sanoatning o‘ziga xos xususiyatlarini hisobga olish zarur, bu esa
butun milliy iqtisodiyotning ham, har bir alohida xof‘jalik yurituvchi subyektning ham
innovatsion rivojlanishini jadallashtiradi. Texnologik innovatsiyalarni qo‘llash va funksional
tashkil etish talablari sanoat rivojlanishining asosiy tarkibiy qgismlari hisoblanadi. Ushbu doirada
mahalliy sanoatni raqamlashtirish ishlab chigarish mashinalari, xavfsizlik tizimlari va sensorlarni
birlashtirgan yagona tizimni ifodalaydi, bu turli jismoniy ob’ektlarni inson aralashuvisiz bir-biri
bilan o‘zaro alogada bo‘lishi mumkin bo‘lgan virtual tarmoqqga ulash imkonini beradi.

Keng ma’lumotlar oqimi biznesni tahlil qgilish jarayonlari uchun yangi paradigma yaratdi,
raqamli iqtisodiyotda ilg‘or tahliliy va kognitiv vositalar salohiyatini oshirdi. Katta ma’lumotlar
va yangi texnologiyalar tashkiliy o‘zgarishlar va biznes jarayonlarini amalga oshirishga strategik
yondashuvni talab giladigan yangi turdagi boshqaruv tizimlarining paydo bo‘lishi uchun sharoit
yaratdi. Yuqoridagilarni umumlashtirish uchun ragamlashtirish kontseptsiyasini amalga oshirish
kontekstida real korxonalarda boshqaruv jarayonini tashkil etishning o‘ziga xos xususiyatlari
keltirilgan.

Igtisodiyotni ragamlashtirish sharoitida boshqaruv tizimlarini ishlab chigish va tahlil
qilish korxonalarning boshqaruv faoliyatini takomillashtirish sohasida alohida ahamiyatga ega.
Raqgamli texnologiyalarni joriy etish sharoitida korxonalarning ishlab chigarish faoliyatini
optimallashtirish usullarini ishlab chiqishga alohida e’tibor qaratish lozim.

Matematik modellashtirish yordamida yechimlarni optimallashtirish xato va noaniqlik
ehtimolini yo‘q qiladi. Modellashtirishda qo‘llaniladigan matematik vositalar qatoriga graflar
nazariyasi, to‘plamlar nazariyasi, matritsalar nazariyasi, ehtimollar nazariyasi va boshqalar
kiradi. Ular orasida graflar nazariyasi alohida qiziqish uyg‘otadi, u muammoning eng magbul
yechimini tanlash uchun ko‘rib chiqgilayotgan tizimlarning butun xilma-xilligini vizual tarzda
tasvirlash va tuzishga imkon beradi.

Graflar nazariyasi — diskret matematikaning graflarning xossalarini o‘rganuvchi va igtisodiy
masalalarni yechishda keng qo‘llaniladigan bo‘limi. Boshqaruv uchun ko‘plab afzalliklari tufayli
u operatsion tadqgiqotlarning mustaqil tarmog‘i sifatida ishlab chigilgan. Graflar nazariyasining
markaziy ob’ekti tugunlar va qirralardan tashkil topgan graf deb nomlanadigan matematik
tushunchadir. Umuman olganda, har qanday kontseptual modelni barcha modellashtirish
elementlarining qiymatlari (turi, tavsifi va boshqalar) yorliglarga kiritilgan graf sifatida tasvirlash
mumkin. Shunday qilib, graflar nazariyasi turli xil mavhum graflar shaklidagi muammolarni taklif
qiladi. Graflar nazariyasining rivojlanishini 18-asrda L. Eyler faoliyatiga borib tagash mumkin
bo‘lsa, graf algoritmlari ustida ish 1950-yillarda jiddiy boshlangan (masalan, Bellman-Ford-Mur
algoritmi va eng qgisqa yo‘llarni topish uchun Deykstra algoritmi).
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Ushbu sinfning matematik modellari odatda chiziqli bo‘ladi, lekin, masalan, chiziqli
dasturlash modellaridan farqli o‘laroq, ular tahlil gilinayotgan hodisalarni to‘liqroq tasvirlash,
shuningdek, optimallashtirish jarayonining samaradorligini oshirish imkonini beruvchi tizimli
xususiyatlarga ega.

Graflar nazariyasiga ehtimollik usullarining kiritilishi, xususan, P. Erdos va A. Renining
asimptotik ehtimollik haqgidagi tadqiqotlarida graflar aloqasi, tasodifiy graflar nazariyasi deb
nomlanuvchi boshqa sohaning paydo bo‘lishiga olib keldi. Bu yerda eksponensial tarmoqlar va
kichikroq tarmoqlar topologiyasini ko‘rsatish uchun graflarning vizual tasviri qo‘llaniladi.

Tadbirkorlik faoliyati eng murakkab bo‘lgan korxonalarda ishlab chiqarish, investitsiya,
transport va marketing dasturlarini ishlab chigishda graflar va tegishli matematik modellardan
foydalanish amaliy zarurat hisoblanadi.

Graflar nazariyasidan foydalanib, tadqiqotchilar ko‘plab amaliy optimallashtirish
muammolarini hal qiladilar, shuningdek, tarmoq elementlarining xatti-harakatlarini va
ularning o‘zaro ta’sirini, shu jumladan elementlarning klasterlar yoki tizimlarga birikmasini
modellashtiradilar.

Shunday qilib, graflar nazariyasidan foydalanib ko‘plab optimallashtirish muammolarini
hal qilish, yani grafli modellashtirish optimallashtirishning berilgan maqgsadga erishish uchun
yechimlar to‘plami bilan ifodalangan oqimlar va resurslar hagida ma’lumotlar yaratish uchun
kuchli vosita bo‘lib xizmat qiladi. Bu ragamli texnologiyalarni joriy etish va innovatsion
korxonalarni rivojlantirish sohasida boshqaruv qarorlarini gabul qilish uchun samarali vosita
sifatida graflardan foydalanishning magsadga muvofigligi haqidagi taxminimizni tasdiglaydi.

Umuman olganda, raqamli ishlab chiqarish texnologiyalarini joriy etish jarayonini
optimallashtirishda boshqaruv qarorlarini modellashtirish uchun graflar nazariyasidan
foydalanish oqilona degan xulosaga kelishimizga imkon beradi.
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Management of gas pipelines requires the development of suitable methods of hydraulic
calculations. These methods are based on simplifying assumptions (isothermality and quasi-
stationarity of flow, constant speed of sound, etc.) that allow hydraulic calculations to be carried
out using algebraic relations. Stationary movement of gas in high and medium pressure gas
pipelines is written by the following system of equations [1]:
gas equation of motion

dP d(wQ) w2 dx
N d R— 1
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gas volume balance
M = pwF (2)

gas condition
P=p-ZRT (3)
N ) kg . )
where: P - gas pressure | Pa = — |, p- mass density | — |, « - is measureless coeflicient that
m m

accounts for the change in the longitudinal velocity of the gas pipeline (a ~ 1.2 for turbulent

flow, a ~ 2 for laminar flow), w - is the linear velocity of the gas <ﬂ>, g - free flight acceleration
s

m
(g =90.81 —2) , Z - measureless parameter that characterizes how real gases differ from ideal gases,
S

A - coefficient of hydraulic resistance (measureless), D - diameter of gas pipeline (m), M - mass

N-m
T-
kg-K)’ gas

k
consumption <g> ,F-cross sectional area of the pipe(mQ), R - gas constant
ms

temperature (°K).
(1), (2), (3) - let reduce the system of equations to one equation. For this multiplying (1) equation
to the (2) equation and from (2) and (3) equations find p:

M P P
p=—=—, c=4/—=VZRT.
wEF 2 p

From last equality:

Mc? 1
pP= = 4
F ¢ ()
Considering (4) equation changing (1) equation’s first part. Then we get:
ap  EME d d(w?
2. — = ]\Z d<>:2w-02<—(§>:—c2‘ (WQ) (5)
p o w w w
Considering equation (5) changing (1) equation:
d(w? d
—c? Ej; ) +a-d(w?) + 2gdz + )\wax =0. (6)

Equation (6) is a single equation representation of the system of equations (1), (2), (3).
Let be the speed of sound in a gaseous medium inside a tube ¢ = \/% =

=const and A = const and be the coefficient of hydraulic resistance. Furthermore, let us assume

that there is no gas loss along the pipe direction (i.e, ¢ = pw=const) and assume that the pipe

viscosity is constant, i.e, g—i = const = % considering this, where Az - the difference in the

elevations of the start and end points of the pipeline, L - the length of the gas pipeline.
Putting the expression dz = TZ -dz in the (6) equation:
2d(w?)

A d
2 T d(w?) + 297'Z -dzr + )\wzfx =0. (7)

As we seeing, (7) equation is an ordinary differential equation in which the variables are divided.
Partitioning the variables in this equation, we get:

Ad(w?) a - d(w?)
W (29 F +pw?) 290 P+ pw

5 +dr=0. (8)
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Let wgy denote the velocity of the gas at the beginning of the pipeline at x = 0 and wy, the
velocity of the gas at the end z = L. Let taking integration (8) equation from wy to wy and
from x = 0 to x = L. Then we get:

2L ; 2g - Az n A
297z "\ oL D

WL

~ L. 9)

WL

D A
+a—In (29 e + )\w2>
0

A L D

wo

2gA
Multiplying (9) equation with gQLz expression and putting the integrals limits.
c
29Az + A 9
WL °D _ 29Az [1 LD 29AzD + )\LwL}

TN N 2 37 m 2
75)18; + 2 c AL 29AzD + ALwg

(10)

The expression in square brackets in the last equation describes the effect of gas velocity

variation along the length of the pipeline. Keeping this expression constant, the velocities on
2

the left side of equation, respectively, wy = %, wp = & IJ;/L[ write in terms of gas pressure and

mass flow at the points and removing from logarithm the left side of the equation. For derived

equation

U=1+

aDl <2gAzD + )\Lw%> 29Az
i b=
c

- 11
AL 2gAzD+)\Lw(2) 2 (11)

inserting the values we get:

ALAEM?2L
F2Db

—bv,_ 2

e "pg — i = (1—e) (12)

When (12) relation is used in practice ¥ = 1 approximation is adopted (¥ when calculating,
the change in the longitudinal velocity of the gas pipeline is not taken into account, i.e wg = wr).
This is Py, M, Pr, between the main hydraulic quantities

ALM? (1 —e7?)
F2D b

e P — P} = (13)
allows you to come to a clear connection. Such assumptions lead to an error in the difference
between the exact value of the quantity P obtained by the implicit equation (12) and its
approximate value obtained by the explicit equation (13).

In this work, the error occurring in the calculation of the aforementioned hydraulic parameters
is investigated. Our analyzes showed that in most cases the accuracy of equation (13) is sufficiently
high (the error is less than 0.1%). However, for longer, larger mz;ss flow gas pipelines, the

D
FTP(? = 0,05 and o 0,055
for (Az = 0), the pressure difference P at the end of the pipeline obtained based on equations
(12) and (13) is doubled (more precisely, the pressure in equation (13) is reduced by a factor of
2).

Thus, it is reasonable to use equation (12), which is accurate, although not obvious in the
hydraulic calculations of branched pipelines where different combinations of inlet sizes may fit.
Therefore, in this work, several methods of numerical solution of equation (12) are presented:
simple iteration and segmentation method and modification of segmentation method. The results
obtained by these methods are presented in Figures 1-2-3.

approximation equation (13) should be used with caution. When



3

Puc. 8: Convergence of approximate solutions to an exact solution using a modification of the
bisection method.

Finally, the conditions for the existence and uniqueness of the solution of the nonlinear
equation (12) and the convergence of the approximate solution to the exact solution were
investigated.

References:

1. Bobrovsky S.A., Shcherbakov S.G., Huseyin-zadeh M.A. Gas movement in gas pipelines with
road selection. - M.: Nauka, 1972. P. 106.

Composition of Nonlinear Operators and Stability of Fixed Points
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We study the composition of two nonlinear operators in the plane and investigate their
dynamics restricted to the invariant line z + y = 1. Fixed points are determined explicitly, and
their stability conditions are derived in terms of the parameters a and b.

Consider the discrete dynamical system generated by the composition of the following two
operators:

. Tn+l1 = xn(l - ayn)a G Tpt+1 = xn(l + ayn),
Yn+1 = yn(l + bxn)7 Yn+1 = yn(l - bxn)-
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We define the new operator H = GG o F', obtained by applying F' followed by G.
A direct computation yields:

I Tn42 = xn(l - ayn)(l + ayn + abxnyn)7

Ynt2 = Yn(1 + bzp) (1 — bxy, + abxnyy).

On the invariant line z+y =1 (so y = 1 — z), the twosD*dimensional system reduces to the
ones'D‘dimensional map

f(@)=2(1—a(l—2))(1+a(l —2z)+abz(l—z)).

This is a cubic map that governs the dynamics of the system along the line x +y = 1.
Definition 1. A point z* is a fixed point of the map f if f(z*) = z*.
Theorem 1. The map f has the following fixed points on the line z + y = 1:

1. Trivial points:
(z*,y*)=(0,1), (1,0).

2. Internal points:
., ab—a—-b+ VA N .
T = , y =1—2a",
2ab

where
A = a®b® + 2a%b + a® — 2ab® + 2ab + V.

Definition 2 A fixed point 2* is stable if |f/'(x*)| < 1, wunstable if |f'(z*)| > 1, and neutral
if [ /(2)] = 1.
Theorem 2.
1. At 2* =0:
f(0)=1-d%
Hence, 2* = 0 is stable whenever 0 < a? < 2.
2. At x* =1:
(1) =1—ab.
Hence, x* = 1 is stable whenever 0 < ab < 2.

remark For the internal fixed points, stability depends on the parameter values. Explicitly,
one must compute

fl(z*) = %(m(l —a(l—2)1+a(l —z)+ abz(l — x)))

r=x*

If | f/(2*)] < 1, the fixed point is stable.

We obtained the composition of the given nonlinear operators and reduced the system to a
one-dimensional cubic map on the invariant line x + y = 1. Explicit formulas for fixed points
were derived, including trivial and internal solutions. The stability conditions were established:

e z* = 0 is stable if |a] < V/2,

e r* =1 is stable if 0 < ab < 2,
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e internal fixed points exist if A > 0, and their stability depends on the derivative criterion.

This framework can be extended to study bifurcations and chaotic behavior in nonlinear operator
compositions.
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equation with a Hilbert kernel in Sobolev space LgZ) (0,27) )
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Singular integral equations are encountered in the process of mathematical representation
of many problems in physics and mechanics. One such equation is the following Fredholm type
singular integral equation of the second kind with a Hilbert kernel:

2

a-g0)+ 5 [ g(w)cor

r—t

o d = (t) 1)
0

where g(t) is an unknown function, ¢(t) is a known function, a and b are arbitrary constants.
Using Hilbert transforms, the integral equation (1) has the following solution if a # 0:

2

a b r—t
)= ———sp(t) = ——— t d
g() a2—|—b2¢() 27r(a2+b2)/g0(x) Cco 2 .’1}"’—
0

2T

b2

+277&((12 + b2) /go(x)da:. 2)
0

The main problem encountered in the solution of integral equation (1) in the form (2) is
calculating Cauchy’s principal value
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2

/go(x) cot 2 ; td:v (3)

0

of the integral. This problem persists even when expression (2) is regularized.
In this work, we consider the following quadrature formula

2T y N
[e@eon ™ e = Y Cuptan) (1)
0 p=0

where Cjp are coefficients, g are node points, N € N. ¢(x) functions belong to the Léz) (0,2m)
space belonging to, and this space is defined as follows

ng)(O,Qﬂ') = { ¢l :[0,27] = R, ¢/ — abs. cont. and, ¢” € L2(0,27T>}.

In the space L§2)(0, 27), the scalar product between the functions ¢(z) and ¥(z) is defined

as follows

2

< >= / o @y (z)dz. (5)
0

and in this space (5) the norm of the function ¢(z) corresponding to the scalar product is
determined as follows

2w

/ (¢ (x))2da. (6)

0

H(‘O”ng) =

The (4) difference between the integral and the quadrature sum in the quadrature formula is
called error

2

(t.9) = [ @ eot ™ dn = 3 Coplo), (7)

0 p=0

T

For this difference, the following error functional belonging to the space LgQ)*(O,QTF)

conjugate to Lg2) (0,27) corresponds

N
x—t
() = £fo.2m) () cot —— — D Cpd(x — xp), (8)
B8=0

where (g2 (2) is the characteristic function of the interval [0,27], d(z) is the Dirac’s delta
function.
Theorem. The optimal coefficients of the quadrature formula in the form (4) for a singular

integral with a Gilbert kernel in space LgQ)(O, 27) are as follows

6

C():ﬁ

N
((\/§ —1)d"h— (44 3V3) f2(0) + f2(1) + 6V3 > g7 f2(7)+
v=0
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+¢V (glf - \/§<d+h - ;glh2N> +3(1 - ﬁ)fg(zv)> );

N
Cp = % (qﬁ (—iglfﬂ +V3dh +3(1 - \/§)f2(0)> +6v3 Zoq'ﬁ—v'fm) + f2(B = 1)-
=

S8 + fa(8+ 1)+ ¢ (Jout = VB (@ = SN ) 4301 - VB () ) ) ;

N
Oy = % (qN <_41191h2 +VBdh+ (3 - 3\/5)f2(0)> +F(N=1)+6V3) ¢" o)+
v=0

+(1—+/3) <d+h - ;glh2N> -4+ 3\/§)f2(N));

where ¢ = v/3 — 2 is the root of the second-order Euler polynomial.
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Analysis of the efficiency and complexity of parallel numerical solution algorithms
in a model of radon volumetric activity with a fractional derivative of variable
order
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In modern science, close attention is paid to fundamental directions that have practical
applications. the deformed state of the medium. For the Kamchatka region, in particular, this
is a research of the processes of migration of subsurface radon gas using the most modern
mathematical modeling methods in order to interpret anomalies preceding earthquakes. The
authors in [1] propose mathematical hereditary a and «(t)-models of RVA (volumetric radon
activity), taking into account the nonlocality of the radon transport process over time. The main
hypothesis of the hereditary models of OAR is that the order of the fractional derivative is
associated with a change in the permeability of the geological environment due to a change in
the stress-strain state of the medium.

In [2], the inverse problem is formulated and solved for the hereditary a-RVA model in order
to restore the values of the model parameters, on the basis of which estimates of changes in
the radon flux density are given with a change in the stress-strain state of the medium. The
estimates obtained are reliable and more accurate than those based on the ODE model. The
practical significance of the evaluation results is that it can help in more accurate selection of
radon monitoring points.
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When solving inverse problems, it becomes necessary to cyclically recalculate the direct
problem for different values of model parameters and compare the results with experimental data.
At the same time, a direct problem can have a sufficiently high computational complexity both
when increasing the size of the input data N and when choosing a solution method. Therefore,
it is important that the solution of each individual direct problem is completed in the shortest
time, but at the same time it is necessary to take into account the possible memory costs of
the algorithm used. All this leads us to the development of various parallel algorithms for the
numerical solution of RVA model equations. This study examines parallel implementations of
numerical solution methods: EFDS (non-local explicit finite difference scheme) [3] and IFDS-
MNM (non-local implicit finite difference scheme solved by a modified Newton method) [3] in
order to evaluate the computational complexity and efficiency of these algorithms. In particular,
EFDS-omp and IFDS-MNM-omp based on the OpenMP API, as well as EFDS-hybrid and IFDS-
MNM-hybrid hybrid CPU-GPU algorithms based on the OpenMP and CUDA APIs.

As a test example, we use hereditary a(¢)-RVA model, is a Cauchy problem of the form:

AW A(t) = —a(t)A(1)2 — b()A(E) +ct),  Alt) = ii’;)m, Alto) = Afi(zm’

where A(t) is RVA in dimensionless form; A(t) ~RVA; A4, is the maximum RVA value
observed in the data; Ag is the RVA at the initial moment of time; t € [tg,T] is the time
of the process under consideration; {p and 7" > 0 are the initial and final moments of time;

alt)— 1 LA
30’?),4(75) = T = a(0)) /0 T _(:_))CZ)&) is a member of the model describing the delay in radon

transport through the medium, a fractional derivative of the Gerasimov-Caputo type [4] of
variable order 0 < a(t) < 1. Since only the time from the beginning to the end of the model
calculation is important for this study, we will not specify the dimensions of the model members
further to simplify the work.
According to [1], the problem is considered at the values of the parameters: T = 22 Z =
) =

0, Amar = 1,00 = 0.05,  a(t) = =2x + 12X (2cos (1) + cos (52 = 7)7), bt

a(t) = 0.99 (1 - ((T;t) cos (3772'5) )) , o c(t) = 12X (121(57}) sin (27}t) + (T;t) sin (3T ) ) ,
but with different N multiples of 100, this is done for clarity, simplification of plotting and
convenience of working with estimates. This test case was chosen for two reasons. Firstly, such a
task is not synthesized specifically to analyze the effectiveness of an algorithm, but is important
from the point of view of applied mathematics. Secondly, the task may have a sufficiently high
computational complexity for efficiency research with an increase of N by several tens of times.

The Cauchy problem was solved numerically, but regardless of the scheme, the solution is
considered in a uniform grid domain: Q = {(t; =ih): 0<i < N}, h =T/N, A(t) = 4;,0 <
A <1, a(t) =a;c(t) = c,alt) = aq;.

We will analyze the efficiency and estimates of the "time complexity"of parallel algorithms
based on data on the average execution time of T}, ,(NN) in [sec.|, where p is the number of CPU
threads; ¢ is the number of GPU multiprocessors; N is the size of the input data. Similarly,
notation is introduced for estimates of "memory complexity"of Mgg(]\f ) — RAM CPU and

Mgg(N ) — RAM GPU. The terms "number of operations"and "computational complexity"are
sometimes used synonymously with the concept of "algorithm execution time"[5].

To analyze the efficiency, a series of computational experiments of the test example was
conducted at N = 6000, but the number of CPU threads used changed in increments of 2
threads. Next, the data on T}, 4(NNV) is considered in terms (TAECO) applicable to algorithms: T'
execution time, A acceleration, F efficiency, C cost, O cost-optimal indicator.
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The complexity estimates were carried out as follows: a series of computational experiments
of the test example was conducted at N = 1000...15,000 and a fixed, optimal number (16 pcs.)
of CPU threads. Next, using polynomial interpolation, we construct T, the algorithm’s execution
time function, where T is a n—th degree polynomial, and the growth order of the execution time
function is determined by its senior, dominant term f, 4(N). We give ©-asymptotically accurate
estimates of the complexity of algorithms when the condition is fulfilled:

@(fpg(N)) _ Tng(N) : S dk1 > 0,ky >0, dNp € {0, 1,2, },
= 1fp,g(N) < Tp,g(N) < k2fp,g(N)a VN = Np.

A similar logic applies to «memory complexity» and M are functions of the algorithm’s memory
usage.

Computational experiments on the test example were carried out using the FEVO v1.0
software package, designed to simulate and analyze the volumetric activity of radon as a precursor
to strong earthquakes in Kamchatka. The MATLAB environment was used to analyze efficiency,
construct polynomials, and estimate complexity. All calculations were carried out on a computer
with the following characteristics: CPU — AMD Ryzen 9 7950X, 16 x 4.5 GHz core, cache L2 16
Mb & L3 64 Mb; RAM 8'hH 96 Gb; GPU — GeForce RTX 4090, 24 Gb, 2235 MHz, ALU 16384.

As a result, the following conclusions can be drawn for the considered software
implementations of numerical methods for solving the hereditary model equation of radon volume
activity:

e An analysis of the efficiency and optimal CPU utilization showed that for all the considered
parallel algorithms, an increase in the number of CPU threads of more than 16 does not
give a significant increase in performance;

e It is shown that the parallel EFDS-omp and EFDS-hybrid algorithms do not provide a
significant increase in computing speed (on the order of 30%) compared to EFDS. However,
taking into account the stability constraints associated with using an explicit scheme and
the fact that orders of magnitude more RAM is needed, their use can speed up calculations
when solving inverse problems;

e At the same time, the parallel IFDS-MNM-omp and IFDS-MNM-hybrid algorithms provide
a significant increase in computing acceleration by 13 and 17 times, respectively, while
increasing RAM costs by no more than 2.5 and 5 times, respectively, compared with
sequential IFDS-MNM;

e The parallel EFDS-omp and EFDS-hybrid algorithms have an asymptotically accurate time
complexity estimate of the order of ©(n), however, the RAM estimate is already on the
order of ©(n?);

e The parallel algorithms IFDS-MNM-omp and IFDS-MNM-hybrid have asymptotically
accu-rate time and RAM complexity estimates of the order of ©(n?);

e [t is also seen that when solving a test problem with a uniformly increasing input data
size of N and an optimal number of CPU threads of 16, using -hybrid algorithms gives a
significant advantage over -omp algorithms only when solving problems with N > 15,000,
but with the total memory consumption of computing nodes, it is 4 times more. This is
due to the fact that operations on vectors and matrices are carried out mainly on the GPU,
which have an advantage over the CPU when working with large-dimensional tensors.
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The Burgers-Huxley equation models were implemented to traffic flows, acoustics, turbulence
theory, hydrodynamics and mechanics. Thus, in this note semi-analytical technique is applied to
obtain a universal solution for Dirichlet and symmetric boundary conditions of Burgers-Huxley
equation. One of the famous semi-analytical approximation method is Adomian decomposition
method (ADM) and homotopy analysis method (HAM). The Adomian decomposition method
was first introduced by George Adomian in 1980 to solve the system of stochastic equations. This
decomposition method can be an effective procedure for obtaining analytical solutions without
linearization or perturbation or restrictive assumptions on stochastic cases. The HAM is proposed
by the Liao in 1992 as semi-analytical method for highly nonlinear problems. Unlike perturbation
techniques, the HAM is independent of any small /large physical parameters at all and can always
transfer a nonlinear problem into sequence of iterations which can be solved easily.

In this study, we examine the generalized Burgers-Huxley equation of the form

wp(x,t) + o (2, t)ug (x, 1) — Witgy (, 1)
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= Bu(x,t) (1 - u(s(x,t)) (,uu‘s(:c,t) — 'y) ,t>0,a<z<b, (1)
u(z,0) = f(x), a < x < b subject to the initial condition (2)
u(a,t) = g1(x), u(b,t) = ga(x), t > 0., and the boundary conditions (3)

where a, 8, w, v, § are parameters with 5 > 0, v € (a,b) and 6 > 0 positive integer.

Let us generate few types of nonlinear PDEs from the Eq. (1). The equations under
consideration are Burgers equation, Fisher equation, Huxley equation, and two combined forms
of these equations namely, Burgers-Fisher and Burgers-Huxley. These equations are formulated
as follows:

Burgers equation: u; + uty = Ugy, a =y =w =1, =0, u,v € R

Fisher equations: u; = upz +u(l —u),y=w=0F=p=i=1,a =0,

Huxley equation: uy = uzz + u(l —u)(u—7v), 6 =w=0F=p=1,a=0,v € R,
LLu=0,a=v=-1,

Burgers-Fisher equation: uy = uzx + uu, +u(l —u), d =w = =
o

J
Burgers-Huxley equation: u; — uu, = ugzx + u(l — u)(u — ),

In this note, new development of HAM (ND-HAM) and modified ADM (MADM) are successfully
implemented to obtain approximate analytical solutions of the generalized Burgers-Huxley
equations (GBHEs) with initial value problems (1)-(2). Few examples related to Burgers-Huxley,
and Burger-Fisher equations were solved by ND-HAM and MADM and interpreted its solutions.
Considered problems revealed that the ND-HAM is dominated over MADM. Both methods are
simple, accurate and has great potential on solving Burgers-Huxley equation.

Keywords: Approximate solution; Homotopy analysis method; Adomian decomposition
method; integro-differential equations
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PaccmoTpum crienyrorniyo KBaapaTypHyO hOpMYITy

1
[ e dm—Zcﬁso (24) =0 (1)
0
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¢ QPYHKIIMOHAIOM HOTPENTHOCTH
N
U(z) = ep(x) — > Cadla — xp), (2)
B=0

e Cg m xg (w5 € [0, 1]) xoadbdumumentsr n ysmnt dopmymst (1), €)g1)(z) — mHIEKATOp OTPesKa
[0, 1], 0(x) — nenbra-dyukuus Jupaka, pyHkiums ¢ () IPUHAJIEKUT I'UIBOEPTOBY IPOCTPAHCTBY
Sa(Ps). Hopma dbyHKIMiE B 9TOM HPOCTPAHCTBE OLIPEIETISETCs CIIEYIONUM 06pa3oM

1

el S2(Ps)|I* = /(@'"(96)+2<P”($)+<P’(x))2dﬂf : (3)
0

Hoepewmnocmvio kBagparyproit dhopmysibl (1) HazbIBaeTCsi pa3HOCTD

1 N [e'e)
(o) = [ p(x)dz— ) Cpgp(zg) = [ L(z)p(x)dz. (4)
[ e |

[Morpemaocts dopmysst (1) sBistercs muueiinbiv dynkinponantom B Si(Ps3), e S5(P3) - coupsi-
JKEHHOE MIPOCTPAHCTBO K MPOCTPaHCTBY Sa(P3).

I[To mepasencrsy Komu-IIsapua norpemuocts (4) dopmysbt (1) onenusaercs: pu HOMOIM
HOPMBI

(6, 0)| < 14152 (P3)]] - [l S2(Ps) |

dyuknmonana norpemmuocru (2). Crie10BaTebHO, ONEHKA IIOTPEITHOCTH KBAAPATYPHON (hOPMYIIbI
(1) ma dynkmusx npocrpancTsa So(P3) cBOINTCS K HAXOXKICHUIO HOPMBI dyHKIonaaa £(x) B
conpsi?KeHHOM npocrpaHcTse S5 (P3).

Ouesn/iHo, 4T0 HOpMa (byHKIMOHAIA HorpemuocTn £(x) 3asucut or Koddbunuentos Cg u
Y3JI0B 3.

Y106bI HOCTPOUTDH ONTUMAJIBHYIO KBJIPATYPHYIO (hOpMyJIbl B ipocTpancTBe So(P3) HaM Hy K-
HO TIOCTIEIOBATENIHLHO PEIUTE CJICTYIONTHE 38, TATH.

Bamaua 1. Hatimu nopmy dynruyuonasa noepewnocmu €(x) paccemampusaemoli k6adpa-
myprot gopmyave (1) 6 npocmpancmee Sa(Ps).

Bagada 2. Hatimu maxue snavenus xosppuyuenmos Cg npu durcuposarnvir ysrax g,

4mobvL 0an HAUMEHDULEE 3HAYEHUE HZ(x)\S%(PJ)H = iCI}f ||£($)|S§(P3)H
8

OyHKINA 1, A1 KOTOPOIl BBITOJIHSIETCS PABEHCTBO

(&) = M1l - [l ()

HA3bIBAETCsl IKCTPeMasIbHON (yHKIweil dyHKImoHaa orpertHocT (x).

Tak Kak npocrpaHcTBo Sa(P3) siBiisieTcst THabOEPTOBBIM, TO 110 Teopeme Pucca 06 obiem
Bujie quHeiiHoro dynknuonasa (cM. [1-3]) cymecrByer equncrBennast dyuknus () € So(Ps)
JJIsI KOTOPO# MMeeT MECTO PaBEHCTBO

(£p) =<1, > (6)

u ||l = ||¢] , tme < ¥(x),p(x) > - ckansproe npousBejienue AByx byHkmi ¥(x) u p(x)
u3 npocrpancTsa So(Ps). Hamomunm, 910 cKajaspHOe MpousBejeHne < 1), > OLPEIessiercst
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CJIEIYIONINM 0OPa30oM:

1

<o >= / (" (2) + 20" (2) + ' (1) (9" (@) + 26" (z) + ' () d.

0

B uacrrocrn, n3 (6) npu ¢(zr) = () nmeem

(€.9) =<y, 9 >= [YlI* = vl - 1e] = llell*.

Orcroma BUIHO, 9TO perterne ¢ ypashernust (6) ymoBieTBopsieT ypaBHeHUIO (5) U sIBIISETCS
sKCcTpeMasibHON byHKImeit. Takum obpa3oM, i TOro 4ToObl BBIYUCTUTH HOPMY (POPMYJIBI TO-
rpemHocTH £, criepBa HaJI0 permuTh ypaBaenue (6), T.e. HAWTH SKCTpeMaIbHyIo MyHKIUO ¥ () a
I0TOM BBIMUC/IHTH CKajspHoe npoussenenue (£,1) = [|£]|?.

CupaBenyinBa Cjieayomast

Teopema Ixcmpemanrvran dynkyus Ve(x) dynryuonara noepewnocmu £(x) umeem caedy-
rowutl 6ud

Yo(x) = —F3(x) « (x) + b1 - e +bax - e ¥ + P,

20e b1, by, Py — npoussosvhvie deticmeumenvhoie HUcaa,

i 1 3
Fs(x) = 51g2nx <2 -coshzx — N sinhx + x>

- ABAAEMCA PEWEHUECM YPABHEHUA

D0 (@) + 20 (@) + 9 () = 8().
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MaremaTuueckuii MoJiesib 3aa4u 0 JiaTTepe BA3KOYyHPYTOro CTEPXKHSA C yIeTOM
dbu3uIecKoil U ad3POAMHAMUYIECKON HEJTIMHEMHOCTHIO
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PaccmorpuM 3a1a4dy duiaTrepa BA3KOYIPYTOro CTEp:KHs ¢ y4eToM (DU3NIECKON HEJTNHEHHOCTHIO
* 3
o= (1-R") (mie+mee’), e=u, u=—zw, (1)

rjie

R*f(t) = /R(t—T)f(T)dT
0
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i
o= (1—-R") (—mizwy, — mgz?’ng) (2)

rJie M1 | Mg YIPYTHE MOCTOSTHHBIE, OMPEJIEISAIONTNE B TIPOTIECCE NCIBITAHNN MaTepruasia Ha pacTs-
JKEHUe WM KpydeHue, mpudeM mo < 0 1jis MaTepuasa MATKX, a Mo > 0 XKeCTKUX XapaKTepu-
cruk, R(t) - si1po HAC/IeICTBEHHOCTH UMerolee cJabo-CUHIY IsSIpHbIe 0CObeHHOCTH Tha AGesst.
Cremyer yuuThIBaTh TAKXKE BIUSHUE a3POIMHAMUYECKUX HEJIMHEHHOCTEH. YdUeT 3TUX HeJu-
HelHOCTel BakeH npu Oosibiux uuciaax M. Jlns onpenesienuss HOPMAJIbHOTO JABICHUSA HA II0-
BEPXHOCTH NMPUHUMAETCS TaK HasbiBaeMas '"mopimHesasi"teopus. [lo omnomeproii Teopun rasa

1 U 22X
. x—1
P=DPoo <1 A ) (3)

TJIE Poo U Coo - JABJIEHUE U CKOPOCTH 3BYKA HEBO3MYIIIEHHOM MATOKE, X - OTHOIIEHNE TEIJIOEMKO-

JaBJICHUE I'a3a Ha IIOPIIEeHb

CTH ra3a IpU HEM3MEHHOM JIaBJIEHHU K TEIJIOEMKOCTH IPH MOCTOSHHOM o0beMe (KoadbduimeHt
HOJIUTPOIIA).
PaccmoTrpum sinneapusnpoBaHHOE TEUEHHUE Ma3a BJIOJIb MOBEPXHOCTH, 10 KOTOPOI PACIpocTpa-
HSIOTCSI YIIpyrue BOJIHbL. B aTOM Ciiydae
ow  Ow
U=V—+ — (4)
ox Ot
rjie w- IepeMereHne CUCTEMBI 110 HOPMAJIU K [I€PBOHAYAILHON €€ MOBEPXHOCTH.
[Tpumennm it ypasuerust (3) dopmysy 6unoma HbroToHa M BO BTOPOM NPHUOJIMKEHUH T10-
JIy UM

ow ow\?  ow
=k|V— V2 — — 5
g 9z TX1 (m«) M7 (5)
e g =p—peo, k== =X

Paccmorpum 3amady o duiarrepe B HeIMHEHHON BASKOYIPYTOW MTOCTAHOBKE YUHTLIBAIOIINE
dusnyeckre n aspoauHaMudeckue HejauHeiHocTr. C 9TOH IEJIbI0 IIOCTPOUM MaTeMaTHIECKYIO
MOJeJIb JJIsl UCCJAeN0OBaHUs BA3ZKOYIPYTI'OI'O CTEPXKHS B IIOTOKE ra3a C y4eTOM 3THX HeJUHEHHO-
CTell.

B nammom ciydae, mpuwHUMas THIOTE3Y ILJIOCKUX CEUYEHUIl JJIsT M3rUOAIONIEr0 MOMEHTa, HC-
[IOJIb3YEM CJIEYIONLYI0 (POPMYIIY:

h/2
M, = / b(x)ozdz (6)
—h/2
(2) mocraBum B (7) 1 mosyvaem:
M,=—-(1-R") [mlJQ’wgm + m2J4w§$] (7)

rae
Ji:/sidF, i=2.4
F

U paBHbIe Jjisi 6aJIoK mupuHoii b(x) u BeicoTOl h(x)

bk @) bk (@),

o= 80
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IMoncrasiss (6) n (7) B ypaBHEHHE DABHOBECHS, T.€.

0*°M, d*w
0z~ "5

+q(z,t) (8)

nMeeM

0
— (1 — Rx) ) [m1Jowzs + m2J4wf;x] =m(z)wy + k [Vw, + x1V2w? + Zwy)

HGPEXO,HHM K 6€3pa3MeprIM KOoopJuHaTaM. ﬂJISI 9TOI'0 BBeJEM CJIeIyIoIue 0003HAYECHHUSI:

w = how, = az, t = t1t, m(z) = moF (x), h(z) = hoh(x), b(z) = bob(z),

Jy = J3 Ty, Ju=Js

rIie

b(x) h(x)
80

— b(z)h3(x -
o TG

" OIIyCKasd IMTPUXU UMeeM
—-m J0@(1 —R>x<)i Ja(x)w —|—m27JEJ (x) ho 4w3 =m F(x)@w +
1J9 CL4 aCE’Q 2 xxT mngh% 4 a x| — 0 t% tt
2

h h h
+k‘V—0wm + k:leQ—gwg, + kz—owt =0
a a tq

Bsenga oboznatvuenus, nmoaydnm auddepeHIinaabHoe YPaBHEHNE B YACTHBIX ITPOM3BOIHBIX

0
(1 — Rx) = [J2(2)wae + Q1Ja(z)wd,] + F(z)wy + Pwy + QaP?w? + yw, = 0 (9)

Ox?
e 3 5
boh boh
B =5t = (@) = bk (), i) = ba)h®(2),
o mQJZEO) ho 4 7m1b0(X+1) ho 4
Q= mla) ®T sk, \a )
k 3 4 k 4
po VO g o [0 = B P(a) = ba)h()
m1J2 m1J2 mIJQ ty

ho - BeIWYMHA BBICOTBI CTEPXKHSI B KOHIIAX, by - BeJIWYMHA IMUPUHBI CTEPXKHS B KOHIAX, 1M( -
BEJIMYNHA MaCChl COOTBETCTBYIOIINN €TUHIIHOMY ITEPEMEHHOTO CeUEeHUSI CTEPIKHSI.
Henuneitabie quddepennuaibHoe ypaBHEHRE B YaCTHBIX TPOU3BOAHBIX (9), BMecTe ¢ TpaHnt-
HBIMHU:
w=0, wp,=0 mpu z=0

Wye =0, Wype =0 mpu x =1

1 HAYAJILHBIMU:
w‘t:o = f0($)7 wt’t:() = fl(x)
YCJIOBUSIME TIPEICTABISIOT MATEMATHIECKYIO MOIEb 3a1a91 O (byraTTepe BI3KOyIPyTroro CTepiK-

Hsl ¢ y9eToM (DU3MIECKON U a’dpOoIuHAMUYIECKON HequHeiiHoCTH. Tpebyercs HANTH KPUTHIECKUE
cKOpOCTH P, IPUBOISAIINI K HAPACTAIONIEMY aMILIATY/Ie KOJIe0aHmii.
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MopenanpoBaHue TPaHCIIOPTHBIX HPOIIECCOB

1 2

AnmvazsoBa I'. M. *, TsumeimxoB C.
1,2 TyprMeHCKU TOCYIapCTBEHHH! apXUTEKTYPHO-CTPOUTEJNbHHE MHCTHUTYT, Amxaban,

TyprmMerucTa®; e-mail almazovagulshat@gmail.com

B citokHBIX crcTeMax OOBIMHO MPUCYTCTBYET OOJIBIIOE KOJTUYECTBO IJIEMEHTOB, KOTOPLIE BbI-
MTOJTHATOT pasumduyio ¢pyukimio. [losydaenne Momenn TOBOIBHO MPOCTON POPMBI IS TTOAO0OHDBIX
CHCTEM YaCTO HEeBO3MOXKHa. Karkmas crucreMa MOXKeT ObITh pasjesieHa Ha IMOACUCTEMBI, & IOJICH-
creMbl — Ha OJI0KH, a OJIOKH — Ha 3/IeMeHThl. TakuM o0pas3oM, Moe b PYHKITHOHAILHO TTOAPA3-
nensercs Ha mogmoaesn. ObIast niest MOAeIn 0TOOParXKaeTcsl B BUJIE JIOTHIECKON CTPYKTYpPHOM
cxeMbl cucTeMbl. OCHOBHAsI 3a/1a1a pa30ueHus CHCTEMBI COCTOUT B TOM, IYTOOBI TIOJIy IUTh 3JIEMEH-
ThI, MATEMATUIECKYIO XaPAKTEPUCTUKY KOTOPBIX MOYKHO BBIIOJHUTL. 1aKol MOIX0/I JOCTATOYHO
s dexTuBeH U MOXKeT OBITh JIETKO OCYyIecTB/IeH. [Ipu 9TOM MOIEIb MOYKHO ITIOCTPOUTH U yCOBEP-
[IEHCTBOBATH METOJIOM HUTEPAIH, J00aBUB B OCHOBHYIO cxeMy 6J10K-0J10K. [TocTpoenne Mmomeneit
n3 OJIOKOB MMO3BOJISIET FKCIEPUMEHTUPOBATD C €€ Peasi3aliueil U MporeccoM MAITHHHOTO UMUTA-
nun. IlocTpoenne Momean n3 6JI0KOB TaeT BO3MOYKHOCTH SKCIEPUMEHTHPOBATH IIPU €€ pean3a-
Uu U B rporiecce MammaHoi umuranuu [1]. [Tocrpoenne maTemMaTnaeckoii MoJIes M JIJisi CJIOKHBIX
CHCTeM HAYUHAIOT C aHAIU3a OTAEJIbHBIX «JJIEMEHTAPHBIX» IIPOIECCOB, MPOTEKAIONNX B O0HEKTE
MOJEIUPOBaHUsI, U BBIACJIEHUs] OTIAEIbHBIX OJIOKOB, COOTBETCTBYIOIINX KAKOMY-JIUOO SJIEMEHTY
WJIM TIPOIECCY CUCTeMBI. J[jist 9Toro pyHKIME MO N Pa3Ae/sioT Ha JIOTHIECKue Moa(yHKITIN
¢ boJiee BBICOKMM YPOBHEM JleTaju3anuu. [Ipu cocTaBiieHnr MOJIENH, COCTOSIIEN U3 OTIE/IbHBIX
OJIOKOB, BO3MOXKHBI JIBa IIOJIXOJa B 3aBUCHMOCTH OT HasHadeHusi Mojean: CTpyKTYpHBIH I0I-
X0JT — MOJICJITMPOBAHIE BHYTPEHHErO MeXaHu3Ma 6JioKa. B 9ToM ciiydae MareMaTndecKas MOJe/b
JIOJIZKHA OTPazkaTh MEXAHU3M B3aUMOJEHCTBUS y3JI0B, JIEMEHTOB U JeTajell pacCMaTpPUBaeMOro
6J10Ka; JOJIKHBI MOJICIMPOBATHCS KAaK BHYTPEHHsISI CTPYKTypa OJi0Ka, Tak M (PyHKIIHOHHPOBA-
HUE ero 3JeMEHTOB. DTOT IMOJIX0J] JOJKEH TPUMEHSITHCST TOT/a, KOIJia 3a/ladeil MOJIeIMPOBAHUS
SIBJISIETCSI, HAIpUMep, MPOBEPKa CTPYKTYPbI OJIOKa, MPaBUILHOCTH B3aMMOIEHCTBUS ero Jacreit
u obmieit sioruku paboTsl Momenu. KpurepueM npaBUILHOCTA CTPYKTYPBI OJIOKA SBJISIETCH BbI-
HoJiHeHe GJIOKOM 3aJIaHHON B XoJe MogesupoBanust GyHKimn|2]. OyHKIMOHATIBHBIN T10X01 —
MozeanpoBanue (pyHKIUU OJI0Ka. DTOT IOAXO IPUMEHUM K TeM OJI0KaM, BHYTPEHHEE COIeprKa-
HIe KOTOPBIX HE OMUCHIBACTCSI JAHHONW MOEbI0. Takne OJI0KH pacCMaTPUBAIOTC KaK HEJIeIMMbIE
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9JIEMEHTBI MOJIEIUPYEMOil CHCTeMBI. BBIOOD TOr0 M MHOT'O MTOIXO0/1a K MOJASTUPOBAHUIO (DYHKITN-
OHAJIBHBIX OJIOKOB 3aBUCUT OT MIOCTABJIEHHO 3a/a1u. B psijie ciydaeB MOIEMPYONINN aJITOPUTM
OBbIBaET HACTOJIBKO CJIOXKHBIM TSI PEAJTU3AIIH C TOMOIIBIO UMEIOIIUXCsT B HAJTUINY BEIYUCTATE b=
HBIX CPEJCTB, 9TO Tpedyercs U3MEpPHUTh (POPMYJIUPOBKY HCXOIHON 3a1a9d MOICIUPOBAHUS JIJIsI
yupomeHud MaTeMaTUIeCKOTI'0 OITNCaHMAd. 9TO YIIpomeHne 9acTo JOCTUTaeTCd 3a CIET CHUZKECHUA
TOYHOCTH MaTEeMaTHIECKON MOJEJIN IIyTeM COKpAIIeHHs HOJHOTHI MAaTeMaTHIECKOr'O OIUCAHUSI
[IpY UCKJIIOYUEHUN U3 MOJEIU YaCTU IIapaMeTPOB WJIN B3aUMOIECHCTBUIT MOJCIUPYEMOr0 O0bEK-
Ta. COBOKYITHOCTb 3JIEMEHTOB HEKOTOPOI CHCTEMBI MOYKET PACCMaTPUBATBLCA KaK ee MOJICHCTeMA.
OOBITHO TIOJACUCTEMBI SBJISTFOTCSI HEKOTOPBIMU CAMOCTOSITE/IBHO (DYHKITHOHUPYIONIUMA IACTSIME
cucrembl. Hampumep, B IPpOU3BOACTBEHHOM KOMILIEKCE MPEAIPUATHST MOYKHO BBIJIEINTD IOJICH-
CTEMBI, COOTBETCTBYIOIINE OTJETbHBIM [€XaM HJIM TEeXHOJOTUIeCKUM JIMHUSAM. |IpaBuiibHOE BBI-
JIeJIeHHUe TIOJICUCTEM CJIOXKHOM CHCTEMBI CIIOCOOCTBYET yIIPOIIEHUIO PACIETOB IIPU MOIEIUPOBAHNN
u DOoJiee HATJISITHOM MHTEPIPETAIIMH ero Pe3yabTaToB. MOoJesb MOICHCTEMBI COCTABIISIETCS B BUJIE
CTPYKTYPBI U3 MoOjejeil OJIOKOB U 3JIEMEHTOB U IEJMKOM BXOJUT B IOJHYIO MOJIE/Ib CHCTEMBI.
IlockobKy mozcucTeMa — 9TO caMasi KpylHasl, (DyHKIMOHUPYIOIIAsi OTAEJIbHO OT ODIINX CBS-
3eil, CTPYKTypHAs €IMHUIA, BaXKHBIM STAIIOM PabOTHI SIBJISIETCS €e JeKOMIIO3UIS, OCHOBAHHAS
Ha cbope PaKTOB, BBIABICHUN M OIEHKE Pa3IUYHBIX BO3IeHCTBYOMMUX (hakTopoB. TpaHcrmopTHast
CUCTEMA - 9TO COBOKYITHOCTD PeaJIbHbBIX O6'beKTOB U CBsA3€el MeXK/J1y HUMU, KOTOPbI€ NCIIOJIb3YIOTCHA
Ha, OIIpe/IeJIEHHON TePPUTOPHUN JIJIsi BBIIIOJHEHNS [1€peBO30K. st perennii 3a1a4 pa3padbarbiBa-
IOTCd HOBbIEC METO/IUKH, 63,31/IpyIOH_[I/IeCEI Ha HUCIIOJIb30BaHUN HOBBIX TEXHOJIOTHUI 1 METOI0B pacHe-
Ta. K HOBBIM TEXHOJIOTHSIM OTHOCSTCS MOJETUPOBAHUE W HUCIIOJIb30BAHNE MO Il peleHuit
3aJ1a9 yIpaBJeHUs U MPUHSATUS peleHnii. Bo MHOTMX cUTyaIusX OHM SIBJISIFOTCSI €IMHCTBEHHO
BOBMOXKHBIM U 9P PEKTUBHBIM METOIOM, MTO3BOJISIONIAM IOJIYINTh OTBET Ha IIOCTABJIEHHBIN BO-
upoc [2|. MogesimpoBasue TPAHCIIOPTHBIX IIPOIECCOB — 9TO 3(DMEKTUBHBI MHCTPYMEHT JIJIsl aHa-
JIM3a U ONTHUMU3AIUNA PAOOTHI TPAHCIIOPTHBIX CUCTEM, KOTOPBIN MO3BOJIAET HAIJISIHO IIPEICTa-
BHUThH IIPOIECCHI U IPUHATH OOOCHOBAHHBIE perreHns. MoaeanpoBaHue TPaHCIIOPTHBIX IIPOIECCOB
nMeeT psif [eJieil U 3a1a4, KOTOPhIe IIOMOIalOT JIOTUCTAM ¥ CIEIUAJMCTaM B 00JIaCTH TPaHCIIOP-
Ta IPUHUMATH 0OOCHOBAHHBIE PEIEHUs] U ONTUMHU3UPOBATL PabOTy TPaHCIOPTHBIX cucTeM. Bot
HekoTopble u3 HuX. OHO U3 OCHOBHBIX 33124 MOJEINPOBAHNS TPAHCIOPTHBIX IIPOIECCOB SIBJIfA-
€TCsl aHAJIM3 U IMPOTrHO3UPOBAHUE ITOTOKOB I'PY30B U MMacCaykupoB. Momen MO3BOJISIOT OIEHUTH
O6'])€M]:>I 1 HallpaBJICHU A 9THUX IIOTOKOB, YTO IIOMOT'aeT IJIAaHUPOBATh U OIITUMU3UPOBATHL HUCIIOJIb-
30BaHMe TPAHCIOPTHBIX pecypcos|4]. MoaesnpoBanre TpaHCIOPTHBIX MTPOIECCOB IIPEIOCTABIIAET
JIOTUCTAM U CIIEITUAIUCTAM B O0JIACTU TPAHCHOpTa MH(POPMAIIAIO, HEOOXOIUMYIO JIjis TIPUHATUS
0OOCHOBAHHBIX pelreHnit. Momean moMoraioT OIMeHNTh Pa3JINIHbIe BAPMAHTHI M BRIOpATHL HaMbOO-
Jiee ONTUMAJBHBIN C TOYKM 3peHusi 3arpar, 3OPEeKTUBHOCTH U HAJMEKHOCTH. TakuM 00pasoM,
MOJIEJINPOBaHNE TPAHCIOPTHBIX IIPOIECCOB UTPAET BAaXKHYIO POJIb B JIOTUCTUKE U TPAHCIIOPTE,
[TO3BOJIsIsI AHAJIM3UPOBATH, IPOrHO3UPOBATH M OINTUMHU3UPOBATH PAbOTy TPAHCIOPTHBIX CHCTEM.
MOILG.HI/I TPaHCIIOPTHBIX IIPOIECCOB MOT'YT 6BIT]3 pa3aesienbl Ha HECKOJIBKO THUIIOB B 3aBUCHUMOCTHU
OT MX Ilejell U XapaKTepUCTHK. PaccMOTpUM OCHOBHBIE THUIIBI Mojesieil. /lerepMuHUpOBaHHBIE
MOJIeJI TPAHCIIOPTHBIX IPOIECCOB MUCIOIB3YIOTCS JIJIs TOTHOIO TPEICKA3aHUsI W ONTUMUABAINH
TPAHCIOPTHBIX HMOTOKOB. OHM OCHOBAHBI HA TOYHBIX MATEMATHIECKUX MOJIEJAX U YIUTHIBAIOT
Bce (haKTOPHI, BJIUSIIONINE HA TPAHCIOPTHBIE MPOIECCHl. /leTepMUHIPOBAHHBIC MOJIE/IHN TTO3BOJIS-
IOT ITPOTHO3UPOBATH O0ObEMBI IPY30BBIX TEPEBO30K, ONTUMU3NPOBATH MAPIIPYTHI U PACIACAHUE
TPAHCIIOPTHBIX CPEJCTB, & TaKKe OIEHUBATL 3aTPAThl U 3(PHEKTUBHOCTH TPAHCIIOPTHON CUCTEMBbI
[1]. CroxacTudyeckue MOjIeIM TPAHCIOPTHBIX MIPOIECCOB UCHOJIB3YIOTCS JJIsl AHAJIN3A CIIY YaiiHbIX
U HEIPEJICKa3yeMbIX (DAKTOPOB, KOTOPhIE MOTYT BJIUSITH Ha TPAHCHOPTHBIE OTOKU. OHU OCHO-
BaHBl HA CTATUCTUYIECKUX METOIAX W MOJEIUPYIOT BEPOSITHOCTHDLIE PACIIPENE/ICHUSI IPY30BbIX
[IEPEBO30K, BPEMEHH JIOCTABKU U APYTHUX apamMeTpoB. CToOXacTHIECKHE MOJIEIN HO3BOJIAIOT OIle-
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HUTBH PUCKN U BEPOSATHOCTH PA3JINIHBIX COOBITHIA, TAKNX KaK 3aJIeP:KKH, aBAPUU WA U3MEHCHUS
CIIpOCca Ha TPAHCIOPTHBIE YCJIyrd. JMCKpeTHO-COOLITHIHbIE MOIEIM TPAHCIIOPTHLIX IIPOLECCOB
UCITONIB3YIOTCS sl MOACIUPOBAHUS INHAMIICCKIX CHCTEM, B KOTOPBIX IPOUCXOIAT JIUCKPETHBIC
cobbITrg. OHM II03BOJILIOT AHAJIM3UPOBATEL U ONTUMHU3APOBATE Pab0OTy TPAHCIOPTHBIX y3JIOB, Ta-
KUX KaK IIOPTbI, a3POIOPThl MM 2KeJIE3HOJMOPOXKHbBIE CTAHIUU. JIUCKPEeTHO-COOLITUIHbIE MOJle-
JII yYUTHIBAIOT Pa3dudHble (PAKTOPBI, TAKHE KaK 3arpy3Ka W pasrpPy3Ka I'PY30B, IEPEMEIICHUE
TPAHCIIOPTHBIX CPEJCTB U 00paboTKa JIOKyMeHTanuu |2|.
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PaccMoTpum crieyoniyio HHTEPHIOISIIMOHHYIO (DOPMYILY

N
p(x) 2 Po(x) = ) Cpla)p(p) (1)
B=0

C (byHKLLI/IOHaJIOM IIOI'peIITHOCTH
N
Uz, 2) =6(x —2) — Y _ Cy(2)d(z — xp), (2)
B=0

rae Cg(x) — xoadbdurmentst (xg € [0, 1]) — y3uast dopmyist (1), §(x) — nempra-dyskmnus Jupaka,

dyukms p(r) npuHaIEKUT TUIBOEPTOBY HPOCTPAHCTBY Lgm’o)((), 1). Hopma dbyukuuit B 3T0M

IIPOCTPAHCTBE OIPEIEISIeTCs CIeLYIONIM 00pa30M

[N

1
oizs 0. = | [ ([¢m @] + @) as| - )
0
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Iozpewnocmuvio nareponsnuonnoit hbopmyssl (1) B ToUke o = z Ha3bIBACTCA PA3HOCTD

N
(6,0) = 9(2) = Po(2) = 0(2) = Y Cp(2)p(xp) =
5=0

o0

= / (x — 2) Z Cp(2)6(x — ) | ¢(x)dz. (4)

—0o0

m,0
Bajava MOCTPOEHUsI ONTUMAJIBHBIX MHTEPIOJISIIIUOHHBIX (POPMYJTI B IPOCTPAHCTBE Lg ’ )(0, 1) -
9TO BbIYUCJIEHUE CJIe,ILyIOHlefI BEJINYUHBIL:

o

; (£

= inf sup —F——— (5)
Ca(2) g lipl#0 [[ 2| Lmor

Lgm,O)*

. ,0 ,0
[MorpemrocTs hopmysbt (1) siBiistercst TuHERHBIM (DYHKIIMOHAJIOM B L;m )*(O, 1), rue Lgm )*(0, 1)
0
- COIPSIZKEHHOE MTPOCTPAHCTBO K IIPOCTPAHCTBY Lgm’ )(0, 1).
OTa 3a/aua COCTOMT U3 JBYX 4acTeil: CHauaja Mbl JOJZKHBI BBIMHCIUTE HOPMY [[/]] (m.0)«
2

dyHKIMOHAIA TTOTPENTHOCTH £ B TIPOCTPAHCTBE Lgm’o)*(O, 1), a IOTOM MHHUMH3MPOBATH €r0 IO
kosddurmentam Cg(z) u y3mam xg.

Ternieps MBI 3aHUMAaEMCs peIIeHUEM TIePBOI JacTU ITOH 3aJa9u, T.e. BBIYUC/IEHUEM HOPMBI
dyukmonaa morpermuocTy £. JI71s1 5TOr0 MBI TIOIB3yEeMCsT TTOHITHEM IKCTPEMATBLHON (DYyHKITHN
dyuknmonana norpemnocru ¢, eegenuniv C.JI.Cobonesbim [1-3].

OyHKIMA 1y, 1JIT KOTOPOI BBIIOJIHSIETCS PABEHCTBO

(6 30e) = (11| - Nlpell (6)

Ha3BbIBAETCS IKCTPEMAIbHON PYHKIMEH (DyHKIIMOHA A TOIPEITHOCTH .

CupaseyinBa

Teopema. Ixcmpemarvras Gynkyus Yy GYHKUUOHAAG No2PEUHOCTIU £ ONMUMAALHOT UH-
mepnosauuonnot gopmyav, (1) umeem euo:

Yo(x) = —l(x) * Gm(2),

s1gnx s 2 cos Tk . [Tk wk
Gn(z) = sinh (z) + T8 T cos (wsin [ — ) + —— ,
2m Pt m m

M— HEYEMHOE HAMYDPANDHOE YUCAO.
JokazaresibcTBO TEOpeMbl IPUBHIEHO B pabote [4]. Kpome Toro, BbluncieHa KBapaT HOPMBbI
dyHKIMOHAIA OrpemHocTH (2) cieyomeM 06pa3oM:

HK(:U,Z)HZWO)* 2205G z—xp) ZZC’g 2)Gm(xg — ).

B=0~=0
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IpobHass quaamuka mogean Jlorku-BoabTeppsbl
Bozopos AL, QPaiizynnaeBa m.2, Bobosposa H. 3,
1V.I.R.omanovsky Institute of Mathematics, Uzbekistan Academy of Sciences,
Tashkent;
bozaxror9@gmail . com 2Tashkent State Transport University, Tashkent;
shahl09735@gmail.com 3Urgench Ranch technological university, Urgench;
boboyarova@gmail.com

Kiaccuueckne mogenn Jlotkun-BosbTepphbl MUPOKO MPUMEHSTIOTCS TSI OMUCAHUS JTMHAMUKN
B3anMOjIeiicTBYOMmuxX cucteM. OHAKO OHU HE YUUTBIBAIOT APHPHermo, NnaMAmuy U 3aMa3IbIBAHUS,
KOTODPBIE BayKHBI JIJIsT PEATLHBIX OUOJIOTMIECKHUX, IKOJOTHICCKAX U SKOHOMUTIECKUX MPOIIECCOB.
JList mX onmMcaHusi eCTeCTBEHHO MCIOJB30BATD NPou3sodHvie dpobHo2o nopadka.

Kiaccnueckas juckpertasi quHammudeckast cucrema Jlorku-Bosbreppsr umeer suj ([1])

7y = z1(1 + axq), rh = 29(1 — axy),
zh = x3(1 + bry), z) = x4(1 — bxg), 0<a,bec<l. (1)
rt = x5(1 + cxg), zg = x(1 — cxp),

Ona pacnajiaercsi Ha TPU HE3aBUCUMBbIE T1apbl (L1, x2), (X3, 24), (x5, T6).
Hutst yaera namsitu BBesieM npoussoaayio Kamyro D, o € (0,1] ([2]) :

oy L toal(s)
D (t) = I —04)/0 G0 ds.

Torma gpobHast MOIEIb UMEET BUI
D%; = fi(x), i=1,...,6, (2)

rae fi(x) coBmagaior ¢ npaBbiMu dacTsamu (1).
st oppolt napet (r,y) ypaBHeHus: IpuMyT HOpMy

D% = x(1 + ry), DY =yl —kx), K>0.

Kunaccuyeckasi cucrema (o = 1)

YpaBHEHHs] CTAIMOHAPHOCTH JaloT eauHcTBeHHyIO TouKy (0,0) B HeorpumareabHOil obacTu.
Jluneapusanusi qaer cobCcTBeHHBbIE YuCaa A\ = Ay = 1, cienoBaresnbho, (0,0) — HeyCTOHINBBII
y3eut. st nosmoit cucremsr (0,0,0,0,0,0) Tak:Ke SABISETCSA HEYCTOWIHUBBIM PABHOBECHEM.
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pobuasi cucrema (0 < a < 1)

Kpurepuii ycroitausoctu g DYz = Az: |arg(\)| > SF. Tak xak B mameit Mmozenn A = 1 > 0,
YCJIOBUE He BBIIOJIHEHO = HyJIeBast TOUKa OCTAETCS HEYCTONINBON HPH JIFOOOM .
Moaundukanus ¢ caMoorpaHUIeHuEeM

YT06BI HOJLYIATD [OJOKHUTEIbHbIE BHY TPEHHIE DABHOBECHS, J0OABUM JIOTUCTUYECKHUE UJICHDL:

D = z(1 — px + Ky),

N > 0. (3)
D% = y(1 — py — kx),

Cranmonapuste Touxu: (0,0), (0,1/u), (1/1,0) u BHyTpeHmss

* ok K+ —K
(", y") = (KQJFZQ, rﬁT;ﬁ) , CYIIECTBYET IIPH [t > K.
VCToInBOCTD:
e (0,0) — Bcerja HeycTOUNBA;

e (0,1/p) — cenyo;

(1/u,0) — ycroituusa npu (1 < K, CeJIO LIPU [ > K;
® BHYTDEHH:As TOYKA YCTONYMBA IIPU [ > K.

Hnsg o < 1 3T pe3ysIbTaThl COXPAHAIOTCH: €CJIA BEIECTBEHHbIE YACTH COOCTBEHHBIX YUCEJ OTPU-
IaTeJbHBI, YCTOWYUBOCTD BBINIOJIHAETC /i Beex 0 < v < 1.

SakJIroueHue

IIpemyioxkennast qpobHasi Mojiesib JloTku-Bosbreppbl pacimpsier KJIacCUIeCKue CXEMbI 38, CUeT
ydeTa [MaMsITH, 9TO MO3BOJISIET aJleKBaTHEE OMMCHIBATH peasibHbIe MMpolecchl. CTarumoHapHbie TOY-
KU COBITQJAIOT ¢ (DUKCHPOBAHHBIMU TOYKAMH UCXOJHOI'O oreparopa V, 0JlHAKO UX YCTORINBOCTD
CyIIECTBEHHO 3aBUCHUT OT IOPs/Ka IpobHOI mpousBoanoit «. Ilpakruyeckue objractu mpuMeHe-
HUs BKJIIOYAIOT OMOJIOTHIO U SKOJIOTUIO (TIOMYIAIMOHHAS IMHAMIKA, SMUJIEMUN ¢ IMMYHOJIOTHIe-
CKOIi TAMSTBHIO), 9KOHOMUKY (KOHKYPEHIHst (DUPM, PHIHOYHBIE IPOIECCHI C 3a/IePKKOil), hbusnky
U XUMUIO (aBTOKATAJNTHIECKUE PEAKINN, aHOMasbHast uddy3us), a TaKKe COIUAIbHbIE U HH-
dopmanmonnsie cucrembl (pacipocrpanenue uHGopMaruu ¢ 3HHEKTOM HaMsITH).

Taxum 00pazoM, MOJIETb MOYXKET CJIy?KUTh YHUBEPCAILHBIM HHCTPYMEHTOM aHAJIN3a IITHPOKOTO
KJIACCA B3aUMOJENCTBYIONINX CUCTEM, IJle 3HAUUMAa POJIb MPOIIJIOr0 B TEKYIIEel TUHAMUKE.
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IIJIOCKO -~ PAIVMAJIbBHAYA AHOMAJIDHAA ®NJIBTPAIINA 2KNJTITKOCTUA
B ITIOPUCTON CPEJE C IPEAEJIBHBIM I'PAJIMEHTOM JABJIEHUS
Bokupos M. C !., Kymxamos X.B 2

lcaM8.pKaH,JJ;CKI/II7'I rocyIapCTBeHHH yHuUBepcuTeT uM.llapoda Pammposa
mzokirov45@gmail . com
2CamapkanacKuit MHCTUTYT 3KOHOMUKM ¥ CEpBUCA
j.kuljanov86Qgmail.com

NspecTHO, 9T0 HE(TH MHOIHX MECTOPOXKJIEHWI MMEIT aHOMAJbHBIE PEOJIOTMYECKHE CBOI-
crBa. AHOMAJIbHBIE CBOMCTBA HePTU 0OYCIOBJIEHB HAJIUUNEM B €€ COCTaBe PA3/IMIHbIX BEIIECTB,
B 9acTHOCTHU acdasbTeHOB, CMOJI, apaduHOB U Jp. AHOMAaJIbHAST BI3KOCTH HE(DTH OTparKaeTcs
Ha JIBUKEHHE ee B cucreme cbopa M BHYTPUIIPOMBICIOBBII ITOATOTOBKHU, TPYOOIIPOBOIHOTO TPAHC-
mopTa u Jp. AHOMAJIbHAST BSI3KOCTH OOBITHO OKA3bIBAET CUJIbHOE BJIMSTHUE HA IIPOIECC JTBUMKEHUS
nedTu B wiacre [1], aro orpaxkaercs Ha 3aKOHE (DUILTPAIWN.

PasBurne pesakcanuoHHuoii Teopun GuabTpalu HAILIIO cBoe oTpaxkenue B [2]. C HelaBHe-
IO BPEMEHU B PEJAKCAIIMOHHONW Teopuu (DUIBTPAIUU CTAJ UCIOJb30BATHCS almapar JIPOoOHOTOo
nmuddepentposanust [3].

B pabore paccmarpuBaercs o6o0IIeHHas peslakcalronHas 1pobHo-auddepeHnuajibHas MO-
JieJib (PUIIBTPAIMN OJIHOPOJIHON YKUJKOCTU C yIeTOM IIpeJieJbHOro rpajuenta gasienus (I10JT) B
IIOCKO - PaanajIbHON ITOPUCTOR cpeje.

BriBesieHO ypaBHEHHE peIaKCAIMOHHON (DUIBTPAIMN HA OCHOBE YPABHEHUsI HEPA3PBIBHOCTH
n 3akoH Hapcu. [locTaBiiena m 9ucjaeHHO perreHa 3aava (PUILTPAINN JIJIT 9TOTO YpaBHEHHS.
SakoH (uIbTpaluy B paauaabHOM ciydae ¢ yderoMm 1] 3amnucbiBaeTcs B Bue

0
5 0 a*;;.) < g0 ,
v+ A Div = op op (1)
_k (|59 0p o (157]=90 op ap
u( ‘@| 87’+)\PDt |@’ ar ar > 90,
roe go = %| -MOJLYJIb IIPEJEIbHONO TPAJUEHTa JABICHUS, Ay, Ap - BPEMEHA DEJIAKCAIIN
CKOPOCTH (DPUIBLTPAIIII 1 JaBJieHust p, k - IPOHUIIAEMOCTh CPEJIbI, [-BSI3KOCTb YKUIKOCTHU,T-

koopaunara, D, Dg-omeparopsl JpobHOIT mpon3BogHOl B cMmbicsie Kamyro [4] mo Bpemenu ¢
opsiika <, (3, COOTBETCTBEHHO.
B (1) Bpemena penaxcanuu A, u A\, UMEIOT JIPOOHYIO Pa3MEPHOCTH : A, = 5, Ap =T, rie
T -pazmepHOCTh BpeMeHu. J[aHHbIN MOIX0/ XapaKTepu3yeT HeJIOKAJIbHbIE BO BpeMeHHU 3 DeKThI.
U3 (1) B yacTHOCTU NMeeM

’U+)\1)DtﬁU:O Ipu ‘%‘ S907 (2)
v+ ADf = —E[% — gy 4+ 2,Dp%] npn %> g0, (3)
v+Avav:—H%+go+ApD?%] upn g2 <0, || > go. (4)

31ech Ha ocHoBe (1) BBIBEIECHO ypaBHEHHE MBE30MPOBOIHOCTH

0, 1 0, 0
24 aDfp=r- 12 (r32 4+ 2,07 (1)) (5)
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e K = Tg* - K03 DUIMEHT TTHE30IIPOBOIHOCTH.

Kak Bugao u3 (5) Jyisi 1aBjieHust Oy IeHO yPaBHEHHE [TbE30IIPOBOJIHOCTH, HE 3aBUCSINEE OT
go-

[Ipu orMevYeHHBIX YCJIOBHUSIX HadaJIbHBIE U TPAHUIHBIE YCIOBUS MPUHUMAIOTCS B CJIEIYIONIEM
BUJIE

p(oﬂ’) = Dk, Dtﬁp(oar) = 07 (6)
p(t,’l”c) = Pc; p(th) = Pk, (7)

Pk, Pc = conct.

Bazmada (1)-(7) perena 9uCI€HHO U AaHAIU3UPOBAHO BIMSHEE Ay, Ap, & U 5 HA PACIIPEIesIeHIe
cKopocTHu uabTpaluu B miacre. Hekoropble pe3ysibraThl IpecTaB/eHbl Ha puc. 1.

Cpasuenne puc.la c puc.16 nmokassiBaer, aro III']] yKopadunBaeT 30HY paCIpOCTPAHEHUST ITOJIs
ckopoctu dubrparuu. [Ipu srom Biinsinue ymenbinenus 5 takoe ke, Kak [ITJ1. Tak, ecim ¢ ITT/T
upu t = 3600¢, = 0.7 30Ha pacupocrpanenus: ckopoctu dbusbrpanuu |v| goxoxur 1o ~ 10, T0
6e3 III'J] sTo paccrosinue paBHo ~ 25. [Ipu sToMm momosHuTeIbHAS 3acToiiHast 30Ha oT 1 ~ 10 10
7 A2 25 BO3HUKAET 3a CUeT Q.

. —4
H-IO , Mle I\‘}-10_1~.\l le

0.4 4

06 -
a)
05 -
03 1 — p=1
———— B=07
A 04 -
___________ £=05
0.2 03 |
02 -
0,1 1
3 0.1
0 : : T 04 T EEE——  rim
0 20 30 40 01 23 4 56 7 8 910111213 14 15

Puc.1. TIpoduan usMeneHns: CKOpocTH IIpu pasindubix 3 upu t = 3600¢, A, = 1000¢?, Ap =
500c® a) go = 01la/m, 6) go = 10° Tla/m.
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Meroapl pacnpocTpaHeHnsi OorpaHndeHuil B narerpanuu ¢ adppuHHON apudMeTuKOoMi
JJIs TADAHTUPOBAHHOTO PEIeHNsI CUCTEM HEJIUHEHHBIX YPaBHEHUM

l6parmumos A. A.l, A6nyxamunos . q.1
'HaBouitckuit rocymapcTBeHHmit yEHBepCHTeT, T.HaBomit, V3bexucTam
alim-ibragimov@mail.ru, shohrux.abduxalilov.14@gmail.com

WurepBanbible MeTosbl pactipocrpanenusi orpannyennii (Interval Constraint Propagation,
ICP) siBsisteTcst MOIHBIM MHCTPYMEHTOM JIJIsl PEIIeHUs] HeJIMHEHbIX yPABHEHUI U 331891 OIITH-
Mu3aIun, 06paboTK HEIPEPBIBHBIX JIOMEHOB C FapaHTUPOBAHHON TOYHOCTBIO, & TAKXKe JJIsi Pa-
60ThI (B KOMOMHAIMN) C JIPYTUMU MeTojgaMu. VIX OCHOBHOE IIPEMMYIIECTBO — 9TO yCTONIMBOCTD K
omubKaM OKPYIVIEHUS U BO3MOXKHOCTb pabOThI TaM, Ijie KJIaCCUIECKIe IUCJIEHHbIE METOIbI Hedh-
dexkTuBHbI. JaHHBIN TOIX0/] MUPOKO MIPUMEHSIETCI B IVIOOAIBLHON ONTUMU3AIUN, POOOTOTEXHUKE
1 BepupUKaAIIMU MOIETIEH.

BazoBblit mHTEpBAIbLHBII METOJT HAJIE2KEH, HO CTPAJAeT OT U3JIUIIHEr0 PACIIUPEHUS OICHOK
(acbdexT 3aBUCHMOCTH ), UTO IPUBOJUT K MEJJIEHHON CXOIUMOCTH.

B nannoit pabore ucciemyercst rubpuiHbIN 1101X0 1, coderatoruit aaroputm [CP u adbdurmyto
apudmernky (AA) jyist pemieHus cucreM HeJqMHEHHbIX ypaBHeHuil. [TokazaHo, 9T0 MHTErpalus
A A moszBoOsISIET TPEOIOIETH OCHOBHOMN HEJOCTATOK KJIACCHYIECKONW WHTEPBAILHON apudMETHKH, TO
€CTh NPobAEMY 3ABUCUMOCTNU, ITO TPUBOAUT K CYIIECTBEHHOMY CYXKEHUIO OOjacTeil moucka u
ycKopeHuto cxoauMocTu. OCHOBHAS 1IeJIb B 9TOM CJIydae SABJISETCH UCCIEJOBAHNE BO3MOXKHOCTH
u 3 bexkTuBHOCTH HHTErpanyuu adpduuHOl apudMeTUKN B aJITOPUTM PACIPOCTPAHEHUS OTPAHU-
qeHuil 1 cHuKeHus dhdeKTa 3aBUCUMOCTH U YCKOPEHUs IOUCKA, PENTEHUA.

B adbdunnoit apudpmeruke AR unTEpBaibHAS BEJIMYUHA € IPEICTABISIOTCS B adpdUHHOIM
dopme:

T =29+ 1161 + Togo + ... + Tpep, (1)

rJie T — NeHTPAJbHOE 3HaYeHne, &; € [—1, 1] — IIyMOBBIe CHMBOJIBI, IPE/ICTABIIAIONIIE HCTOTHIKI
HEOIIPeJIeIeHHOCTH, a X; — KO3MDDOUITUEHTHI TIPU COOTBETCBYIOIINX CUMBOJIAX IIyMa.
Jluneiinblie omepanuu s AByX WHTEPBAJIOB

T =x0+ 1161 + X282 + ... + Tpe, € AR,

Y =yYo + Y161 + Y262 + . .. + Ynen € AR,
BBIIIOJIHAKOTCA TOYHO:

ax + fy +v = (axo + Byo + ) + (axz1 + By1) -e1 + ... + (axp + Byn) - €ns

HO HeJInHeliHbIe oneparuu (yMHOYXKEHUE, JejieHne, (DyHKIUN) TPeOyoT alllPOKCUMAIINU U BBe/Ie-
HHUsI HOBOI'O IIIyMOBOI'O CHMBOJIA, JIJIsI IOTPEITHOCTH.

Knaccuaecknit ICP ucnonb3yer uaTepBaabHyo apudMeTHKY Ha IIare CyKeHHs, 9TO IIPUBO-
JUT K OBICTPOMY 3aBBIIIIEHUIO OIIEHOK U3-3a IIPo0JIeMbl 3aBucuMocTh. VIHTepBaibaast apudmMeTnka
HE OTCJIEXKUBAET KOPPEJISIuU MeXK/ Iy 1epeMennbiMu. Hanpumep, mis ¢ = [0, 1]:

x—x=][0,1]—[0,1] = [-1,1] (BMecTo TouHOrO pesynbrata [0,0]).
B AA unrepsan x = [0, 1] npezcrasisiercst no dpopmysie (1) kak & = 0.5 + 0.5¢1, Torma

x—x = (054 0.5¢1) — (0.5+ 0.5e1) = 0,



_ AL.GEBRA VA ANALTZNING DOLZARB MASALALARI TERMIZ-2026 308

9TO JaeT TOYHGLIH pedysabraT. IlosTtomy, ncrnonb3oBanne adduHHON apudMeTHKN B paMKax a-
pagurmbl pactipocrpanenusi orpanundenuii (ICP) Moxker 3HAUMTENHHO TOBBICUTH €10 3hdeKTrB-
HOCTB U TOYHOCTb.

[Ipennaraemplit HaMu THOPUAHBIN ITOAXO0 BKJIIOYAET CJIELYIONINE IIaru:

1. Kaxayio nepemMeHHyI0 HHUIMAIN3UPYEeM B HedaBucuMoil adduunoit popme kax B (1).
2. Beipasum orpanuuenue f;(x1,Ta,...,T,) = 0 depe3 MIyMOBBIE CHMBOJIBIL.

3. IlpumensieM C2KUMAIOIIUI OEPATOP, T.e. PENIMM IOJIyYUBIIYIOCs CUCTeMY (JMHEHHYIO HJII
JIMHEAPU30BAHHYI0 ) OTHOCHTEIHHO JOIYCTUMBIX 3HavYeHuit £;. Hampumep, mj1st orpanndenust
x1 + 2 = 5 ypaBHEeHHE

(xlo + o9 — 5) + x1161 4+ x2162 = 0,
IIO3BOJIAET HAUTHN HOBBIE OorpaHnMYeHusd Ha €1 U £€9.

4. Ecnn cyxeHue orpaHnveHus U3MEHUJIO TUAIA30HBI JJIsi KAKUX-JIMOO IIYMOBBIX CHMBOJIOB,
9TO U3MEHEHNE HEMEJJICHHO BJinsieT Ha Bce addunHble (POPMBI, KOTOPBIE UCIOJb3YIOT ITH
cuMBOJIbI. TakuMm obpazom, mHGOPMAIUS PACIPOCTPAHSIETCS IO BCEl cucTeMe OYeHb IP-
deKTUBHO.

5. Eciu cyzxenne 3aCcTONOPUIIOCH, AJTOPUTM BBIOMpaEeT mepeMeHHyo s Ouceknun. Ho Te-
1epb OH OMCEKIMOHUPYET He MHTEPBAJI, & JIMaIla30H OJHOIO U3 IIyMOBBIX CHMBOJIOB £;, YTO
3a9aCTYI0 SIBJISIETCsT 60JIee OCMBICTEHHBIM BBIOOPOM.

[taBHOE TIpemMyIIecTBO IpeIaraeMoro MeTO[a — 3TO KapAWHaJIbHOE CHUKeHHne dpdeKTa
zaBucuMocTH. MeToJ1 jlaeT ropasjio 60jiee y3KMe M TOYHDBIE I'DAHUIIBI JIJIsi PEIeHUl, a TakKe
obecrieunBaeT 6oJiee OBLICTPYIO CXOIUMOCTD, Oy1aromaps ueMmy TpedyeTcs MeHbIIIe UTePallnii CyKe-
HASA ¥ OMCEeKIWI st TOCTUXKEeHNs 3aaHHoi Tounoctu. Kpome Toro, adpdurable POPMBI HECYT
B cebe mHGPOPMAIINIO O TOM, KaK IIepeMEHHbIe CBA3aHbI, YTO JaeT OoJiee IIybOKOe HOHMMAHUE
CTPYKTYPBI 33/Ia4N.

st mpocThIX 3aja4 WK B CIydasix, Korja 3M@eKT 3aBUCUMOCTH HE3HAYUTEICH, MOXKHO
OTPAHMIUTHLCS KJIACCUIECKON MHTEPBAJIBHON apudMETHKONH B CHUJIy ee IMPOCTOTHI U OBICTPOIeli-
creus [2]. st c10KHBIX 2Ke 3aja4 ¢ OOJIBIINM KOJTMYECTBOM B3aMMO3aBUCUMBIX EPEMEHHBIX
(Hanpumep, B poGOTOTEXHHUKE, KOMIILIOTEPHOM 3DEHHU WJIM [POEKTUPOBAHUM CUCTEM) HPUMEHe-
nue addunnoit apudmernku B pamkax [CP-dpeiimBopka 1mo3BoJisier mosyuaTh HaJle?KHbIE, TOY-
HbI€ U F'apaHTUPOBaHHbBIC PE3YJ/IbTATDHI, HEJOCTU2KUMbIC ITPU UCIIOJIb3SOBAHUU JIUIITH KJIaCCUIECKOIT
UHTEPBAJILHON apudMETUKH.

JIureparypa

1. Benhamou, F., Granvilliers, L., Goualard, F. Interval Constraints: Results and Perspec-
tives. In: Apt, K.R., Monfroy, E., Kakas, A.C., Rossi, F. (eds), New Trends in Constraints. Lecture
Notes in Computer Science, vol. 1865, 2000, Springer, Berlin, Heidelberg.

2. MoparumoB A.A., Aogyxanumaos IIL.4. Hnmepsarvrvie memodu, pacnpocmparerus 02pa-
HUNEHUT 8 PEUWEHUU HEAUHETHBIT YPasHeHUul U ux nexomopwuie npuaodicenus. Marepuasinsr Pec-
MyOJIMKAHCKOM HayIHO-IIPAaKTHYeCKo# KoHdepeHnn “CoBpeMeHHBIE TOIXOAbI K PEIOIaBAHNIIO
TOYHBIX U €CTECTBEHHBIX HayK: mpobjembl u pertenns’; 18-19 ampens, Hasl'Y, 2025, c. 97-102.
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YucaeHHOe ncciieOBaHUE METOAOB MaTEeMaTUYE€CKOro MOJAEJIMPOBAHUS JIJIS
MUHUMHU3AOUN 3aTPaT B TyPUCTUYECKON 3ajadve:
aJITOPUTMblI UMUTAIIMOHHOTO OT>KHUTa U 2-0pt

Koxxamkystosa 2K.2K. !, Epxxankbizbr . 2

' Kazaxckuii HanmoHaIbHbIN TIelarorndecKuii yausepcurer nmenn Abas, Amvarsr, Kasaxcram;
zhazira0423Qgmail.com
?Kazaxckuii HAIMOHAJIBHBI Iearornyeckuii yausepenter uvenn Abas, Anvarsr, Kazaxcram;
danaerjankyzy@gmail.com

B nannoit pabore mpoBOIUTCS CPABHUTE/IBHBIN aHAJIN3 AJTOPUTMOB 2-0pt U UMUTAIIMOHHOI'O OT-
»kura (Simulated Annealing, SA) misa pemtenns 3agaun kommusoszképa (TSP). VccrenoBanne
OPUEHTHUPOBAHO Ha cdepy TypusMa, IJe BBIOOP ONTUMAJbHBIX MAPIIPYTOB UTPAET KJIOYEBYIO
POJIb B CHUKEHHU TPAHCIOPTHBIX U3/IEPKEK U HOBBIIICHUH 3D (OEKTUBHOCTH OPraHU3aIN T10€3-
JI0K. MeTos MMUTAIIMOHHOTO OTZKHra OCHOBAH Ha BEPOSITHOCTHOM MEXaHM3ME MPHUHSTHS HOBBIX
PEIIEHHIA, YTO IIO3BOJISIET AJITOPUTMY H30eraTh MPerKeBPEMEHHOl (bUKCAIMN B JIOKAJIBHBIX MH-
HUMyMaxX U YBEJHYUBAET BEPOSITHOCTH HAXOXKEHUSI TTI00AIBHOIO OIITHMYMA:

oo (-25) 0

rie AE — npupamienue nesesoit dbynkiun, a T — mapaMeTp TeMIepaTypbl, OIpeIesIsAomuii
BEPOSITHOCTD IIepexoia K MeHee BbIropHoMy pemtenno.|1| B oriamune or mero, amropurm 2-opt
ONTHMU3UPYET MApIIPYT 3a CYET 3aMeHbl péGep U yCTpaHeHUs [IEPEeCedeHHil, 4To COKpalaeT
obryto juHy myTH|4]:

d(A, B) +d(C, D) > d(A, D) + d(B, C). 2)

Ha npumepe mapiipyros 1o 6 u 12 roponam Kazaxcrana 1npojieMOHCTPUPOBAHBI BBIYACIUTEHHBIE
XapaKTEPUCTUKN YKA3AHHBIX METOIOB, a TAKXKE UX MPAKTUIECKAsS 3HATMMOCTH JJIsi TYPUCTUAYIE-
ckoit orpacsm. st mectu Kpynabix roponos (Acrana, Anmarer, HbmvkenT, Akrobe, Kaparana,
Yerb-Kamenoropek) oba meroa obecriednsin MapiipyT JymmHoit okoso 4648,1 km.list 12 ropo-
noB (Bkiovast Areipay, Kocranait, I[Tasnonap, Tapas, Keisbuiopay u Ilerponasiosek) jinna
MapipyTa cocramia 5949,9 km. CpaBHeHue 1mokazaresieil IPUBEIEHO B TabJInIIE:

Tabauna 3: CpaBHerue MeTo0B 2-0pt 1 SA Ha Mapmpyrax Kazaxcrana

Topona 2-opt SA
6 Hmuna: 4648,1 km | Ureparuu: 6 | dnouna: 4648,1 kv | Ureparuun: 6905
12 Hmuna: 5949,9 kv | Urepanum: 90 | Jnouna: 5949,9 kv | Ureparuun: 9138

DKCIIEPUMEHTHI ObLIN peain30BaHbl Ha si3bike Python ¢ mocremytoreit Busyasuzamnueii pe-
3yJbTaTOB Ha Kapre Kazaxcrana.



1e6 KasakcTaHparsi 12 Kasa: 2-0pt vs oTHHr (SA)
PR

1e6 KasakcTaHaafbl 6 Kana MaplupyTbl (2-opt vs MUTaUMANLIK OTXMr) e — 2-0pt (5950 k)
—= SA(5950 ku)

— 20pt
== VIMUTaUMOHHBIA OTXKMI 70

6.5

6.0

55

5.0

() i (€) CARTO

@) 6 (b) 12 roponos
a) 6 ToposoB

Puc. 9: Cpasuenne mapripyTos o 6 u 12 ropogam Kaszaxcrana (Busyanusarus B Python)

O6a MeToa MoKa3aIu KOPPEKTHOCTD PELIeHUIi ¥ OJUHAKOBYIO JJIMHY MapIIPyTOB. AJIrOpUTM
2-opt oTaIMYIaeTCs BBICOKOW CKOPOCTBIO M IIPOCTOTOM, ITO JEJAET €ro yAOOHBIM [JIsT MaPIIPYTOB
MaJIoro MaciiTaba. MMuTalMoOHHbBI OTKHT, XOTs U TpebyeT OoJbIlle BpeMeHH, obecreduBaer 0o-
Jiee LHI/IpOKI/IfI IIOUCK U IIOAXOJUT JdJId CJIOZKHDBIX TypI/ICTI/I‘{eCKHX MapIprTOB Ka3aXCTa.Ha, riae
BasKHO u30eKaTh JIOKAJbHBIX MHHHMYMOB. PaccMOTpeHHBIE METOJbI IOATBEPXKIAIOT CBOIO -
(beKTI/IBHOCTb JJIg OIITUMU3 Al TypI/ICTI/I‘{eCKI/IX MalepyTOB. AHI‘OpI/ITM UMUTAIIMOHHOI'O OT2KU-
ra MpOJAEMOHCTPHUPOBAJI BBICOKYIO YCTOMYHMBOCTDH K JIOKAJbHBIM MUHHMyMaM W OKa3aJicsi Hojee
[IPOM3BO/IUTE/IFHBIM B 3a/a1e KPYITHOrO MaciiTaba. AJroput™ 2-opt BBITOIEH /it OBICTPBIX Olle-
HOK ¥ IIPOCTBIX CJIYYa€B, HO €r0 OIPAHMIECHHOCTD ITPOSIBJISETCA IIPU YBEJINIEHUN TUCIa TOPOIOB.

[IpakTuyecKkas 3HAYMMOCTD UCCJIEIOBAHUS 3aKJII0YAETCA B IPUMEHEHUN YKA3aHHBIX METO/IOB
JIISI TJTAHUPOBAHUST TYPUCTUIECKUX M0e3/10K 1Mo Kazaxcramy, 9TO MO3BOJIIET COKPATUTH TPAHC-
[IOPTHBIE PACXOIbl U BpeMs B IyTH. llepcrekTuBoil majibHeiineil paboTsl sIBJIeTCsa paspaboTKa
rUOPUIHBIX AJITOPUTMOB M HHTETrPAIlis METOI0B MAIIMMHHOTO OOyYIeHUs /I TOBBIIIeHus P deK-
TUBHOCTH MapIIPYTU3ALMH.
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KBagpatr HOpMBbI QYHKIIMOHAJIA MMOTPENIHOCTA ONTUMAaJIbHOI KBaJIpaTypHOIt
dopmyussr B ipoctpanctBe CobosieBa

A L23, Mupszakabuinos P. H.4, Mupxromunos I.M.2

Hypanues &.
1I/IHCTHTyT MaTeMaTuku uM. B.A. PomanmoBckoro, TamkeHT, Y3bexucTasn;
2TamkeHTCKu TOCYLApCTBEHHbN TPaHCIOPTHHI YHUBEPCHTET, Y36eKucTaH;
3TamkeHTCKuUl MeXIyHApOIHHil yHUBepcUTeT, TamkeHT, Y3b6eKucTax;

4 Ixuzarcruit TOCYLApCTBEHHHN IeNarorMIeCKUil YHUBEpPCHUTET, [xu3ak, Y36eKucTaH;

B macrosieit pabore OymaeT HaiiieH KBaJapaT HOPMbI (DYHKIIMOHAJA TOTPEITHOCTH KBaIpa-
TYPHOI (POPMYJIBI BHIA

1 N N
| e oy de = 3 ol o) + 3 i8]/ (1), &
0 B=0 p=0
¢ (pYHKIMOHAJIA [IOIPEITHOCTH
_ N N
I(x) = Ejo,q)(x)e”™" = > " do[B]6(z — hB) + > di[B] &' (x — hB). (2)
B=0 B=0
31ech
Kw71€27riWh 1 -
h <e2m‘wh -1 27réwh> » £=0,
d()[/B] = th,le2Triwh7 6 = 17N - 17
Kw 1627riwh 627riw
h ’ . =N
L <1 _ zmioh 27Tz'wh> P ’
K- sinmuh>2 '
’ wwh

d1[B]—xosbdunmentor kBagparyproit dopmyiet (1), Ejg )(7)—xapakTepucruteckas yHKIHS
orpeska [0, 1], d(z)—nenvra-dynkius Tupaka. Pyuxims () IPUHAIIIEKAT IPOCTPAHCTBY
Lgm)(O, 1), tae Lgm)((), 1) = {¢:[0,1] > C| go(m_l)} abcommorno menpepeiBro 1 ™ €
Lgm)(O, 1) mpocrpancrBo CobosieBa KOMILIEKCHO3HATHBIX (DYHKIUI CO CKAJSIPHBIM IIPOU3BE/Ie-
HUEM OIPEJICTIEHHOE PABEHCTBOM:

1
(0, 9) = / o™ () - G () d,

3/1eCh Y—conpsikéHHas MYHKIWMSA K (DyHKIUN Y 1 HOpMa (PYHKIIUU © COOTBETCTBEHHO OIIpe-
nensgercs HopMyJIoi

1 1/2
ol = (o, o) /2 = { IR dw} |

Ksanpar HOpMBI (DyHKIIMOHAJIA TOI'PEITHOCTH BBIUUC/ISIETCS C IIOMOIIBIO 9KCTPEMAJIbHON (PYHK-
IH.
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Onpepesienne. PyHkius Ha3bIBaeTCsl dKCTpeMaabHOl dyukimuit dynkunonana [(x) [1],
ecn

(Lpe) = LS| - (el LS™).
CHpaBe,ZLHI/IBa CJIe,Z[yIOHLaH TeopeMa
Teopema 1. Pewerue . (x) kpaesot 3adavwu asasemea sxcmpemarvholi gynruuet Gyrryu-

onana nogpewsnocmu (2) 6 npocmpancmeeLgm)*(O, 1) u umeem eud 2de

ve(@) = (=1)"I(2) * Gm(2) + Pn1(2),

z?m lsignx

(@) = S50 =)

ABAAECTNCA PEWECHUEM YPABHEHUA

1, x>0
signz = < 0, z=0
-1, <0

P—1(x) — mnozousen cmenenu m — 1, 6(x) — ussecmuasn deavma dyrxyus Jupaka.
Teopewma 2. Kpajipar HOpMbI (DyHKIIHOHAA TOTPENTHOCTH (2) KBaApaTypHO (hOPMYJIBI BUIa

(1) ma nmpocrpaHcTBe Lgm) (0,1) nmeer By

h h 2m—3
12? = (—1)™+! szl Bld.[8 —ﬁ ) sign(hfB — hy)+

—07=0 - 3)!
= ! T — 2m—1
+ ;)/O dolBleX™ ™ + dj [ﬁ]e%iwx)%&gn@ — hB) dx—
= ! €T — 2m—2
E [ @i s agpgenen RO — ) do—
L& _ 2m—2
- Y3 (bl + d1[5]do[7])%_
N 2m—1
- 33 lsfab) I s )~
xr — 2m—1
/ / 27rzwa: —2miwx (2(2 y)_ 1) 51gn(x — y) dx dy . (3)
ﬂI/ITepaTypa

1. Cobosie C. JI. Bsedenue 6 meopuro xybamyprnx gopmys. — M.: Hayka, 1974. 808c.
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HexkoTopblie aciiekThl IpUMeEHEHNs HEMPOCEeTEBbIX METO/IOB pellleHrs HAYAJIbHbIX U
KpaeBbIX 33Ja4 J1Jisi HeJIMHEMHOTro OObIKHOBEHHOTO auddepeHInajIbHOro
ypaBuenus JleiitHa-Qwmaoena

[lapoBuk P. n.!
1I/IHCTnTyT KOCMOOU3NIEeCKUX HCCIEeNOBaHuil U pacIpocTpaHeHua pazuosBonH [BO PAH,
KamuyaTckuit kpait, c. Illaparymka, Poccua; parovik@ikir.ru

B pabore ucciestyercst npuMeHeHne HEHPOCETEBBIX METO/IOB, OCHOBAHHBIX HA OPTOIOHAJIBHBIX
nosimnomax Jlexkamapa [1], Yebbimesa [2] u Jlareppa st pentennst HadalbHBIX H KPACBBIX 33,124
[3], B KOTOpBIX comep:KaThCsl HeJIMHEHHBIE OOBIKHOBEHHBIE i depeHInaabHble yPABHEHNUs BTO-
poro nopsiiika. B paboTe Ha KOHKPETHOM IIPUMEpE PEIIeHUs HAYAJbHBIX U KPAeBbIX 3a7a4 s
HEJIMHEHHOTO OOBIKHOBEHHOTO JuddepeHIuajLHOro ypasuenus Jlefina-OmieHa BTOPOro mopsi/i-
Ka, KOTOpOe BO3HHUKAET B 33Ja9aX MaTEeMATHIECKOI'O OIMUCAHUS CTPYKTYPbl KOCMUYECKUX 3BE3]T
[4].

[IpoBoguTest comocTaBieHne ¢ HEHPOHHBIMU CeTIMU APYTroit apxurekTyphl. [lokazana addek-
TUBHOCTDL ITOJIMHOMUAJILHBIX HEAPOHHBIX CeTeil 10 CPaBHEHUIO C MHOT'OCJIONHBIMU HEMPOHHBLIMUI
cerssmu. VceemoBaHbl BOIPOCH 1T€PEOOYIEHUS TTOJIMHOMUAIBLHBIX HEHPOHHBIX CeTell U JIaHbl pe-
KOMEHIAINHU 110 MUHUMEI3aInu 3Toro 3dderra. [lokazano, 4To0 KadecTBEHHBIE PE3Y/IbTATHI MOJIE-
JINPOBAHUS C TIOMOIIBIO TTOJUHOMHUAJBHBIX HEPOHHBIX CETEH 3aBUCAT OT ONTHUMAJILHOIO BHIOOpA
BHAYEHUN UX TUIEPIapaMeTPOB: MOPIKa IOJMHOMA, CKOPOCTH OOyYeHUs U T.J.

Peasuzarnus ajropuTMoB MOJIMHOMUATBLHBIX HEHPOHHBIX ceTell M BU3yau3alius UX pabOThI
ObLIN OCYIIECTBIIEHBI Ha s13bIKe Hporpammuposannst Python B cpese PyCharm [5].

Pabora Boimostera B pamkax rocyaapcrsentoro 3aganns UKMP JIBO PAH Ne124012300245-
2. Tema "BszaumogeiicrBue ((pU3HMIECKHX MPOIECCOB B CHCTEME OJIMXKHEIO0 KOCMOCa U

reocdep'(2024-2028 rr.).
JIureparypa

1. Yang Y., Hou M., Luo J. A novel improved extreme learning machine algorithm in solving
ordinary differential equations by Legendre neural network methods // Advances in Difference
Equations. 2018. Vol. 2018. No. 1. 469.

2. Chaharborj S. S., Chaharborj S. S., See P. P. Application of Chebyshev neural network
to solve Van der Pol equations // International Journal of Basic and Applied Sciences. 2021.
Vol. 10. No. 1. P. 7-19.
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YHuciaenHoe MoOoAe/IMPpOBaHAE CUHTYJIAPDHO-BOSMYIIIEHHOI'O YpaBHEHHUA TPETbEro
InmopdakKa C rnipmMeHeHueM IIOoJIMHOMOB YeobObnI111€Ba BTOpOro poaa

TypcynoBa B. A.! HopmamaTos A.2
1,2 TepMesckuil rocynapCTBEHHHI yYHUBEPCHUTET,TepMes,Y3beKkucran
barno.tursunova.2016@mail.ru

PaccMOTpHUM CHHTYJISPHO-BOSMYIIEHHYO 1udpepeHIraabHyIo YPABHEHYIO TPETHErO IIOPAIKA,
3 1 3\ n 1 3\
Bedy” 4 A(e? +e+et)y’ +2(1+ed +et)y +y=0, (1)
C HaYaJIbHBIMU yCJIOBUSIMU
o / _ -1 -1 _ -1 -2
y(—1) =3y (-1)=-1-e2—-¢e Y (-1) =1+ +e 7, (2)

rje € - MaJiblif mapamerp.

Hnst aucnennoro pentennst jauddepennuanbhoii 3amaun (1)-(2) npumensiem crieKTpaJibHbLI
MeToy, ¢ nosimaoMamu debbimesa BToporo poja. [lpubamxkennoe pertenne 3agaun (1)-(2) umem
B BHJIE CJICJIYIONIEro KOHEYHOTO PsijIa:

N
y(t> = ZanUn(t)> (3)
n=0

rie Uy (t) - nomuaomer Yebbimesa BTOporo poja, a,(n = 0,1, ..., N)- neuspecrrbie Koadhdurmen-
ThI pa3JIozKeHHsl. [IpOM3BOJIHBIE [IEPBOrO, BTOPOIO U TPETHErO MOPAIKa Psijia (3) BBIYHCIISIIOTCS
o CJIEYIOIUM (DOPMYJTaM:

dy N-3 N
G2 X a)Ua), 4)
n=0 p=n+1
p+n=1(mod2)
de N-3 N
n=0 p=n+2
p=n(mod2)
d3y N3 N p—n— 1 4
SE=Yam+n( > (E5)
n=0 p=n-+3
p+n=1(mod2)

p—n—1

2
+2( 5

(n+2) + (1%_1)2(712 +5n+5) + (19—7721—1)(”2 +3n + 2))ap) Un(t). (6)

Hauasnpubie ycnoBus (2) ¢ moMomnpbio psja (3) 3anuchBAIOTCS B BUJE:

N

Y (1" +1)ay =3,

n=0
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N-1 N 1
Z(—l)@(n + 1)2( Z ap) R (7)
n=0 p=n+1
p+n=1(mod2)
N-2 N
Z(—l)n(”+1)2( > (p—n)(p+n+2)ap) gl e
n=0 p=n+2
p=n(mod2)

[Moxcrasisst psiapt (4)-(6) B quddepennmansaoe ypasuenue (1) u npupasauBast KoadbduimeHTs
[PU OJIMHAKOBBIX CTEICHSIX MOJMHOMOB ebblieBa U ¢ y9IeToM HadaabHBIX ycaoBuil (7) 3amady
(1)-(2) moxkHO 3anmcaTh B BHJIe ajredpandecKoi CHCTEMbl OTHOCUTEIbHO HEM3BECTHBIX KO du-
I[UEHTOB.

B cienyrommeit Tabiuie mpecTaBIeHbl Pe3yIbTAThl YUCEHHOIO SKCIIEPUMEHTA, TPOBEIEHHO-
ro ¢ IPUMEHEHHEM CIEKTPaJbHOTO MEeTOJIa, IPU Pa3/IMYHBbIX 3HAYEHUSX MAJIOro Iapamerpa u
pa3auvHOM KoJsimdecTBe Oasucubix mojauaomoB 20, 50 u 100.

s-Manabii | Yucao MakcEMaaLHad | llpm VBeJIHIeHHH
mapaMeTp | MOJHHOMORB | MOTPeMIHOCTh | YHC/JAA MHOTOYJIeHOB B 5
pa3, T.¢. o1 20 730 100
20 4.29¢7 MaKCHMaIbEHAaA
0.3 50 1.01e”7 HOTPEMIHOCTE
100 9.68¢° YMeHbINaeTcs IPHMEPHO
B 3( 3,27) paza.
20 3.92¢77 MAaKCHMAaIEHAS
0.4 50 .72 NOTPEIIHOCTh
100 6.48¢°° yMeHbIaeTcsd HOYTH B 5
(4.47) pas.
20 3.56e"7 MagcliMaIbHas
0.6 50 2.58e 8 HOTPEIHOCTE
100 4.46e° yMeHbIIAeTcA MOYTH B 6
(5.9) pas.
20 2.94e77 MaKCIMaIEHasA
0.8 50 1.93¢® MOTPeIIHOCTh
100 3.43e7? YMEHBIIAeTCA IIPHMEPHO
B 6( 6.33) paza.
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IIpubnaum>kenHoe pernienune 3ama4dm baaku Diijiepa — Bepuysin

Ycmanos X.U.
2MHCTHTy’I‘ MaTeMaTuku uM. B.U. PomamoBckoro, TamkeT, Y3bexucran;
hojiakbar170853@mail.ru

B katwecTBe OCHOBHOI pacIéTHON MOIE/IN paccMOTpuM JudpepeHInabHOe YPaBHEeHEe DATKH
Sitnepa — Bepuysum (ocHoBanue Mojean Bunkiepa) B 6e3pazmepHbix nepeMennbix [1], [2]:

tw  d*w .
87&+w+)\w=SIH(wOT)5(§—UT),§€ [O, 1],7’6 [O,T()] (1)
C COOTBETCTBYIOIIAMHU HAYAILHLIMA M KPACBBIMU yCIOBUSIMHE:
w(e,0)=0, 2260 _ g ¢ o) @
or
ow(0, 1) Oow(1,7)
UJ(O,T) 07 85 O,U]( 7T) 07 85 077— € 07 05 (3)

riae w(&, 7)— uporub Gasiku, uckoMasi GyHKIUsA; A— KOI(DOMUIMEHT OCHOBaHUsI, V— CKOPOCTHb
JIBIKYIIEHCst HArPY3KW; wo— JacTroTa KoJjebanus 6asnku; Ty— nepuos uccueaosanus, 0(§ —vr)—
nenbra-bynknus Jlupaxa.

Mot pemmenns 3amaay (1) — (3) mpumenum cieayiomuii mogaxox. Tak Kak MHTEHCHBHOCTD
BO3JlelicTBUSA Ha OAJIKy IpeJCTaB/IseT cOO0H rapMOHMYECKYIO (DYHKIIUIO, & UCKOMYIO (DYHKIIHIO,
OIIPE/IEIISIONIAs BEIHY K /ICHHBIE KOJIeOaHUs TOil ¥Ke 9acToThl wy, T.e. w(§, 7) = y(&, 7) sin(wy), rme
y(&, T)— HeusBecTHAst (DYHKIHUSI.

Tak kak dyuknus 0(§ — vT) 3aBUCAT OT BPEMEHH, TOTJA JJIsi KAyKJIOTO BPEMEHHOIO CJIOsi
6yaer Heobxoaumo Haditu y(&, 7). Tloaromy nepexosi KOHEYHOH PA3HOCTH 0 BPEMEHH U IOJI-
CTaBJIsisl IPUBEJIEHHBIX BbIpaXkeHuii B ypaBHenue (1), mMeeM KpaeBylo 3aja4dy B OOBIKHOBEHHBIX
nuddepeHnuaabHbIX yPaBHEHUSX:

y (&) = (@ — V(€ m5) + 6 — vry), (4)
y(0.7) = OBy 1,y = LT )

rae y(&, 7)— uckomasi GYHKIMS B j— TOM BPEMEHHOM CJloe, Tj = AT - j,j = 0, M, AT— mar 1o
BPEMEHHU.

st pemmenus kpaesyto 3aa4dy (4) — (5) ypaBaenue (4) cBeeM K HHTEIDATHHOMY yDABHEHUIO
@pearosbma Broporo poja [3):

1
y(E,5) = / G5, 77)y (5, 73)dsG (€, vy), (6)

rae p = wo— A, G(&, 75)— dynxrms ['puna. [ pemenns: unrerpasbHoro ypasnenust (6) mpume-
HUM METOJl OIITHMAJILHBIX KBAJIPaTyPHBIX (POPMYJI ¢ HPOU3BOAHLIMU B IIPOCTPAHCTEE Lgm)((), 1)
[4]. Perenne 3anaun (1) - (3) oupenensiercs w(§, 7) = y(&, 7) sin(woT).
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Yrobb! HAMTH aHAJIUTHIECKOTO PEIeHnsT Halllel 3a1adu omnpeaenseM QyHKIuo ['puna s
OJIHOPOJIHOTO ypaBHeHusl [3]:

y (&, 1) + py(€, ) = 0,€ € [0,1]

¢ yaéroM rpaHngHbIx yciaosuit (5). Iocse dero MoKHO HAIMCATD AHATMTHYIECKOE PEIIEHNsT HEO -
HOPOJHOI'0 yPaBHEHH

1
y(E,7y) = /0 G(s,77)6(s — vry)ds = G(€, v75).

Orcrona anasmruyaeckoe pererne 3agaan (1) — (3) w(&, 1) = y(&, 7) sin(woT).
Ha ocmoBe BbIllle TpUBEIEHHOTO aJTOPUTMa COCTaBJIEHa MporpamMa Ha si3bike Matlab. Pe-
3YJBTATHI TPOJIEJAHHBIX PACYETOB MpUBEAeHBI B Tabaure 1 u Tabaurne 2.

Tabsmra 4: Ocpeanennble 3HaYeHUS aOCOTIOTHON IMOTPEITHOCTH TIapaMeTpy MeTOa 1.

1 2 3 4 5 6
9.263E — 05 | 2.235E — 06 | 1.142E — 06 | 3.636E — 07 | 3.636E — 07 | 3.636L — 07

& 3

Tabsuna 5: 3HavueHus cpeHeil aOCOTIOTHOM TOIPENTHOCTH METO/IA.

x 0.0 0.1 0.2 0.3 0.4 0.5

E | 0.000E+00 | 5.278E — 08 | 4.088E — 07 | 3.071E — 07 | 7.154E — 07 | 5.271E — 07
T 0.6 0.7 0.8 0.9 1.0 Cpennue
E | 6.925E —07 | 5.013E — 07 | 3.088FE — 07 | 2.172F — 07 | 2.685E — 07 | 3.636FE — 07

Wcxoms n3 moayIeHHBIX Pe3yIbTaTOB MOXKHO CJIeJaTh CJAeIYIOIINEe BhIBOIBI:

- B IIPOIIECCE PACUETOB OIPEJIEIEH ONITUMAJBHOE 3HATEHUE TIapaMeTpa MeTo/1a KBaPaTypPHBIX
dopmyst ¢ npousBogHbIME (M = 4);

- TOJIyYeHO AaHAJUTUIECKOE PEIeHne ¢ TOMOIbo (hyHKIiun ['puna;

- mosydyeHa (pyHKIUdA ['puHA B CHUMBOJIBHOM BHUJE, KOTOPAs UCIOJb3YETCs JJIs PEIICHUs UH-
TerpaJIbHOTO YPaBHEHUS;

- MOJIy9eHO BBICOKOT'O IMOPSIKA TOYHOCTH IIPUOIMKEHHOE PEIIeHHe, KOTOPOTO JO0KA3bIBAIOT
3HAYEHUsT aDCOJIIOTHON MOTPEITHOCTH;

- BOBMOKHOCTDb PaCcCMaTPUBATH APYTOil MOJIE/IN, T.€. IPYThe IPAaHUIHbIE YCIOBUsT HEOOXOIUMO
y4ecTb B ITocTpoeHust pyHKImio ['puna.

[IpenoskeHHBINT MeTOZ MOXKET OBITH ODODIIEH I PeleHust 0oJiee CJIOXKHBIX 3a71ad 0aIoK
Ditnepa - Bepuysim.
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Xyxaépos B.X.L2, Ty#ryHOB X.p.3
!Camapramnckuit rocymapCTBeHHHR yHuUBepcuTeT uM. llapoda PaMHAOBa;2MHCTHTyT
MaTeMaTuRu uMeHH B.l/l.PomManoBckoro, AkamemMus Hayk, TamkeHT, Y3bekucTaHa;
b.khuzhayorov@mail.ru
3CamMapkanzcKuil TOCyIapCTBEHHHE YHUBEPCUTET APXUTEKTYPH U CTPOUTENHCTBA
uM. M. Vmyrbeka;
tuygunovjavlonbek@mail.ru

UccneoBanue nporecca aHoMaJIbHON (DUIHTPAINE B KyCOYHO-HEOTHOPOIHBIX TOPUCTHIX Cpe-
JTax ABJISIETCS OJHOMN M3 aKTyaJIbHBIX 3371a4. B Takux cpenax n3-3a pa3induil B CBOMCTBAX pa3ni-
HBIX CJIOEB, TIOPUCTOCTHA U TPOHUITAEMOCTH, CJI0XKHOCTD II0JISI TIOTOKA M paCIpe/iesIeHns BEIecTBa,
AHOMAJIbHBIE sIBJICHUsT (DIJIBTPAIMU CTAHOBSTCS eIié bosiee odeBuHbIME |1, 2].

B naunoit pabote paccMoTpena aHoMa bHas PUILTPAINs YKUJIKOCTA B KYCOTHOHEOTHOPOTHOM
OPHUCTOM cpejie. 3ajada ObLIa YUCJEHHO PeIleHa IIyTeM allPOKCUMAIMY TPOU3BOIHBIX JPOOHO-
ro nopsinka. OmpesiesieHbl OJIsI JABJIEHUs, TPOMUIN JABICHUS W CKOPOCTH (DUIBTPAIIH JIJIsT
PA3JIMYHBIX 3HAYEHUN KOI(DMUIMEHTOB MPOHUIIAEMOCTH U IPOU3BOJIHBIX JPOOHOIO TOPSIKA B
pasyimaabie MOMeHTHI Bpemeru. OTieHeHa POJib BJIMSHUS (v HA 3TU CBOWUCTBA.

Bakon [lapcu ¢ yueroM aHOMAJILHOCTH 3allUChbiBaeM B Bu/Ie [3]

rje v - cKopocTh buiibrpanun, kr(x)-bpakTaabHas KyCOUHO-HEOIHOPOHAS IIPOHUIAEMOCTD, D -
JlaBJieHne, t - BpeMs, 8% - Koo OUIUEHT YIIPYTrOEMKOCTH CPEJIbI, L - TUHAMUIECKUH KO PUuImeHT
Bs3kocTH, (0 < o < 1) - MOPsIIOK IIPON3BOTHOI.

YpaBHeHUe (DUIBTPAIUN B OJHOMEPHOM CJIydae UMeeT BU]L

w5 = o (0 (52)) @)

[Tycrs orpesok [0, L;] cocrour wu3 Tpex wuacreil, KoTopbix Hazoem 3oHamu [0, L1/3],
[L1/3,2L1/3],
[2L1/3, L]. B kax10ii 30He IPOHUIAEMOCTS K f () OIMCHIBAETCS PA3IHIHBIME byHKIsMHE k7, (),
kg, (x), kg, (), coorBercrBenno. B Touxkax Li/3, 2L1/3 nponuiiaeMocTs B 00IIEM CIydae UMeeT
Pas3pBIBLI IEPBOTO pojia. Takas cpejia IMPeJCTABIAeT co00i KyCOTHOHEOHOPOJHYIO CPEJLY.
HavanbHoe ycioBue npuHIMaeM B BHJIE:

p(0,2) = pp = const . (3)

['paruunbie yc/ioBus CJIe/LyIONIHE:
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p(t,0) =pe, p(t,L1)=0,  p.= const. (4)

B Toukax paspbiBa MIPOHUIIAEMOCTH JABJIEHIE U CKOPOCTb (PUILTPAIIAN SIBJISTIOTCS HEIIPEPLIB-
HbiMU. COOTBETCTBEHHO, IPUHUMAIOTCS CJIEILYIONINE YCIOBUS

p(t7$)|x:L1/370 = p(t, 95)|g;:L1/3+0 (5)

p(t, x)‘x=2L1/3—0 = p(t, 95)‘93:2L1/3+0 (6)
kp 0% (0p _ kR 0% (Op
@ ot \ Ox x:%—o_ u Ot* \ Ox

kp 0% (Op _ kg 0% (Op
@ ot \ Ox x:%—o_ u ot \ Ox

HpOHI/IHaGMOCTb CpeJbl IIpUHUMaeM B BUIE

z:%-‘ro

x:uTl-i-O

kp, =ko(1+x),2 € [0,4],

ky, = —L%:Jc2+2:r—|—2,x € [%,%],
_ 23z 3v3-5v2 2L

ki = Thvive T vave £ € 5Dl

Bagada (3) - (5) unC/IEHHO pelleHa U MPOAHAJIU3UPOBAHO BJIUSHUE (v HA PACIPEIeIeHIe 1aB-
JIEHUST M CKOPOCTH (DPUJIBTPAIMA B IJIACTE.
HekoTopbie pe3yJibTarsl Jjist JaBJEHUs U CKOPOCTH (DUILTPAIMN [l JBYX 3HAYEHUN (v IPU-

BeJleHbI Ha puc.l-2.

p-107°, Pa a 107, Pa 5

""" t=500c
t=600c
t=T700c

""" t=500¢
t=600c
t=T700¢

z, m 0

00 05 10 15 20 25 30 00 05 10 15 20 25 30
Puc.1. Ilpodwunn nasnennst o = 0(a), 0,15(6).

t=500c¢
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0.0 0.5 1.0 1.5 2.0 2.5 3.0
. m

8

6 .
4t
il
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Puc.2. TIpodunn ckopocru duiasrpamun npu o = 0(a), 0,15(6).

Kak BuiHO 13 rpaduKoB, BaJadHIe (v B PA3IMIHBIX 30HAX U3MEHEHUd K () IPOABIIACTCS pas-
JMIHBIM 00pasoM. B mepsoit 3oue [0, L1 /3] ormevaercst He3HAYNTEIBHOE YBEJIMYCHUE JIABJICHUST
[Ipy yBeJIUIeHun . Bo BTOpO#l u Tperheit 30Hax, HA0OOPOT, C YBI€IEHNEM (v SHAUECHUST JTaBJICHUS
YMEHBINAIOTCA. B 11eJ10M, B 9TUX 30HAX BIUSHUE (x XapPaKTEPU3YETCs 3al1a3/IbIBaoIIeil TMHAMUKON
JIaBJICHHUSI.
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OnrumanbHble KBaZpaTypHbie POPMYJIbI JJISI TPUOJINKEHHOTO BbIYUCJIEHUS
OBICTPOOCHUJIINPYIOIUX UHTETPAJIOB

MamuMeTOB X.M.LQ, I'ymomMos 0.X.23
I TamkenTCRUH TOCYLApCTBEHHHN YHUBEPCUTET TPaHCIOpPTa, TamKeHT, Y36eKucTaH;
kholmatshadimetov@mail.ru
2MHCTHTyT MaTeMaTuRu uM. B.Jl. PomMaHOBCKOro AKazeMuu HayK Y3beKucTaHa, TallKeHT,
Y3bexucTan;
SHamumoHanbHHI WCCIIeLoBaTEIbCKAM yHEBepCHUTeT TamKeHTCKUMl MHCTUTYT HHXEHEPOB
VppUTalyuy ¥ MeXaHM3alluM CeJbCKOTro xo3dgiicTBa, TamkeHT, Y36eKucTa:;
otabek100@mail.ru

B macrosimieit pabore Mbl OyneM 3aHUMaTbCH IOCTPOEHUEM ONTHMAJLHBIX KBAJIPATyPHLIX
dopmyst 1yist OBICTPOOCIIMINPYIOITUX UHTEIPAJIOB

1
I(p) = / 27T (1) i
0

B npocrpancTBe nepuoimaecKux KOMILIEKCHOZHAYHBIX (DYHKIIHIA.

(m)

IIycte Ly (0,1) - mpocrpamncro CobosieBa KJIACCOB HEPUOIMYECKIX KOMILIEKCHOZHAUHBIX

o m .
dyukimnii. [Ipocrpancrso Lé ) (0,1) craHOBUTCSI TUIIBOEPTOBBIM, €CJIM HA HEM BBECTH CKAJISIPHOE
[IPOU3BECHIE

1
(p,9) = / o™ (2) (M) (z) da.
0

Hopma dyskimit ¢ () B 9T0M IIPOCTPAHCTBE ONPEIE/ISIETCs] PABEHCTBOM

1
Lém)H= / ™ (@) o) (z) da |
0

|

31ech P () - conpsizkenHast byHKIMsT K QyHKIMU @ ().
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PacemorpuM juist GyHKINU U3 TPOCTPAHCTBO L(Qm) (0,1) cnexyrorniyo KBajgpaTypHyoo ¢hop-
MyJIy ¢ PABHOOTCTOSIIAMHE Y3JIaMH

1 N
[ @i @y do= 3 Cup (), 1)
0

k=1

rae Cf KoaddunmerTsl KBaapaTypHoilt dopmyibr, N = 2,3, ...; w € Z MHOXECTBO IIEJIbIX JUCEI,
_ 1
h= .
Bamata 0 MOCTPOEHNN KBAIPATYPHON (POPMYJIBI B MEPUOTUIECKOM CIIYHIAE - TO TO KE Ca-
Moe, 9TO U 3aJada O MpHOJMKeHun (QyHKIMOHAIA, pABHOrO GyHKImU exp (2miwz) B obmactn
MHTErPUPOBAHUS C IIOMOIIBIO JIMTHEHHON KOMOUHAITIN

N
> Cioo (v — hk),

rje

o (z — hk) E:dx—hk 6)
B=—00

B srom citydae byHKIMOHAJ MOTPEITHOCTH KBAJIPATYPHON (POPMYJIBI 3aIUCHIBACTCST KaK

[(z) = exp (2miwx) ZC’k Z d(x —hk —p) (2)

B=—00

rae 0 (z)- penbra dyskius upaka.
[Morpemmnocts kBaaparypuoit hopmyist (1) gepes dyuknuonan norpemmoctu (2) 3a1aeTcs B
BUJIE
I N
(1(0) (@) = [ expmive)e () dz = 3 Cup (k) =
1

:/ exp 27T2w1: ch Z 0 ﬂf—hk ﬁ) ( )
5 =

—

[Ipeanonoxum, aro [ (z) € Lgm) (0,1). Dro o3HATAET, B IACTHOCTH, ITO

:/ﬁmmx:o (3)
0

Ba/1aua 0 MOCTPOEHNH ONITUMAJIBHOM KBaIpaTypHOil hopmy.isl Bua (1) B mpocrpancree CobosieBa
- nepuoarYecKux (PyHKINI 3aKII09aeTCd B ceayiomeM. TpedyeTca HAlTH BEJIUIUHY

L(m H mf sup
gaGLgm)
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—_~—

m o
r.e. dyHkuuo ¥ (z) € Lg ) (0,1) muist KOTOPOIli JIOCTUrAETCST TOUHASI BEPXHsIsl IPaHb, a TaKiKe
o
ko durmenTor Cf - 7SI KOTOPBIX JIOCTUTAETCsI TOYHAsl HUMKHsIsI I'paHb. Ilpm sroMm dyHKIMS

o
Yy (x) Gyner skcrpemasbHoil dyHukIwmeit dyukiponasa [ (z), Cy- onTuManbable KoabduIneH-

P

l

KBaIpaTypHOit popmysibl. B 3T0#l pabore mokasaHa C/IeLyomas TeopeMa
Teopema. Cpedu ksadpamypror gopmya euda (1), ede N sadannoe namypasvroe wucao,

Ppopmyaa

ThI KBaJIPATypPHOIl (DOPMYIIBI, a

(m)* . .
L, - HOpMOIl (PYHKIIMOHAJIA ITOI'PEITHOCTH OITUMAJIHLHOMN

1 N
/ 627ruuac T o E
0 k=1

Onpedensemas ysaramu u onmumasvhvmy kospduyuenmamu g = hfB, k = 1,2,..., N, h =
1 _
~ N =23, ..
0 sin (rwh)\ 2" (2m — 1)le2miwkh
Cp, =h
wwh

2 Z (2m=2) ¢ (2m(m —1—n)wh) + al?m=3)

m—1

o o m 9
ABAAEMCA COUHCTNEENHOT ONMUMAALHOT 8 NPOCTPAHCTEE Lé ) (0,1)- nepuoduveckur Gyrnryud.

VK 519.644

KBagpar HopMBbI yHKIIMOHAJIA MOTPENIHOCTA COCTABHBIX ONTUMAaJIbHBIX
KBaZpaTypHbIX hopMyJT

M. 1,2,(1 X3,b

lagumMeToB X. , MamaToma H.
! TamkenTckuit TocymapcTBenuni TpaHCHOPTHHE YHuBepcuTeT, TamkeHT, Y3bekucTa:;
QVIHCTHTyT MaTeMaTuku uMeHu B.U.PomaHoBCKOTO, TamkeHT, Y3b6erkucTaH;
3Byxapcm/1i71 TocymapcTBeHHHN YHUBepcuTEeT, Byxapa, Y3bexucTax;

%kholmatshadimetov@mail.ru; bnilufar.mamatova.76@mail.ru
CocraBHOII KBaJIpaTypHOI (DOPMYJION HA3BIBAETCsT MPUOJIMKEHHAsT (DOPMYJIa, BBIPAYKAIOIIAST

3HAYEHUE WHTErpaja B BUJIE JIMHEHHON KOMOUHAIIMN 3HAYEHUN TOJbIHTEIDAJIbHON (DyHKIUN 1 ee
MIPOU3BOJHBIX B TOUKAX, HA3BIBAEMBIX Y3JIAMU:

1 N ¢
/gp(m)dm = N5 O @ (@), (1)
0

k=1 a=0
4R 811 -
/5[0,1}( gZZCk 0 (@),
— 00 k=1 a=0

rJie €[o,](7)—uHaMKaTop (MM XapakTepucTmdeckas dynxims) orpeska [0,1], ¢ < m — 1. Vambt
T} HA3BIBAIOTH y3JIaMU KBaJPaTypHOl hOPMYJIbI, a ducia C’fa), C’éa), e CJ(\?)— ee ko3 duruen-

ramu, p(z) € Lém) (0,1).




AKTYAJIbHHE TIPOBJIEMH AJITEBPH ¥ AHAJIM3A, TEPME3-2025 323

Hanomunwm, uro dyskius f(z) HasbBaercs 1-MEepHOANYECKON, ecau s JII0OOro IeJIoro
B € Z u Bcex x Boimosnsiercsa f(x) = f(x + B). [IlpuBomum onpejeserus 1- mepuouacKoro
m
upocrpancTso CoboseBa Lg )(0, 1).
m o
[TpocTpancTBo L; )(0, 1) nupu m > 1— rusb6epTOBO HPOCTPAHCTBO 1- epuogntackax yHKIHi
f(x),—00 < z < 00, orHyaOImuXcst 6ojiee, YeM Ha KOHCTAHTY, 1mM—e IPOU3BO/IHbIE(B 0000IIeH-
HOM CMBICJIE) KBAJPATUIHO UHTEIPUPYEMbI CO CKAJISIPHBIM [IPOU3BEIEHUEM

1
(f.g) = / mrdry,,

dz™ dx™
0

—~

Hopma B mpocTpaHcTBe Lém) (0,1) onpenensiercst popmyItoit

— 1 qm 2
2871 = [ (fmete)) de
0

[TorpemuocTbio KBaApaTypHO (POPMYJIbI HA3BIBAIOT PA3HOCTH

1 N ¢
(6,¢) = / p@)dz =33 O @ () =
0

k=1 a=0
o0 N
= / [ (e[o,u (@)= Y3 O (~1)25 ) (z — m) . ¢>o<x>} plx)de
o k=1 a=0

rie 0(x)— menbra dyuknus dupaka, ¢o(x) = > d(z — f),
B

N
U(z) = (5[0,11 (@)=Y i (-1 (@ ~ m) « do (). (2)

k=1 a=0

B macrosimeii pabore pe3ysbraThl MHTETPUPOBAHUIO TIEPUOMYECKUX (DYHKIMHA 10Ty 9€HHBIX
dyukImoHabHBIME MeToaMu 13 [1,2] 0600maTCst Ha cilydail COCTABHBIX KBAJIPaTyPHBIX (HhOp-
myst. st KBajgpaT HOpMbI (DYHKIMOHAJIA [OTPEIIHOCTH (2) OITUMAJIbHBIX KBaJIpaTypPHbIX (Gop-
MyJI CIIPaBEJJIUBbI CJIE/LYIOIIIE TEOPEMBI.

Teopema 1. Ksadpam nopmvl GYHKGUOHAAG NOZPEWHOCTIU ONMUMAAGHBIT KEAOPAMYDHOLT
popmys euda (1) nput = 0,1 umeem 6ud

—_—

0 m)* h2m B m
1L 0, )P = P Bom

(2m)!

Teopema 2. Kseadpam nopmovl GyrKUuOHaNG TOZPEUHOCTIU COCTNABHBIT KEaIPAMYPHOLIT POp-
mya suda (1) npu t = 2 umeem 6ud

. h2m |Bam 2>  (2m —1)2m
ALE™*(0,1)]2 = Ba| — == :
JAES O DI = o (1Bl - (=t B
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Jlureparypa

1. Coboser C.JI. Bsedenue 6 meopuro xybamyprox gopmya. M.: Hayka. - 1974. - 808 c.
2. Shadimetov Kh.M., Mamatova N.H. Lobachevskii Journal of Mathematics, 2024, Vol.
45, No. 2, pp. 839-850.

YIK 519.644

Keagpar HopMbl QyHKIIMOHAJIA MOTPENTIHOCTA BECOBBIX KBaIPATYyPHBIX (GPOPMYJT B
npoctpaucTtBe CobosieBa

llagumeTos X.M., Typcymmypazmos C.T.
TamkenTckuit I'ocymapcTBeHHbII TpaHCIODPTHHI YHMBEDPCUTET, TamKeHT, Y36eKuCTaH;
kholmatshadimetov@mail.ru

Paccmorpum kBagpaTypHble pOPMYJIbI BUIA

1 N
/p<w>so<x>%20msom (1)
0 p=0
¢ pYHKIIMOHAIOM HOTPENTHOCTH
N
Uy () = e (@) p () = Y CIB]6 (x — hp), (2)
5=0

3siech p (r) — BecoBas dbyHKIws. Tpebyercs, 4roObl HHTErpas OT 3TOH (DYHKIUH CYIIECTBOBAJ
1

B KaKOM TO cMbIcie, T.e. [ p(z)dx < oo, ¢ (z) € Hém) (0,1) — mpocrpancreo CobosieBa KOM-
0

IIEKCHO3HAYHBIX (PYHKITUN CO CKAJIAPHBIM ITPOU3BEIEHUEM U HOPMOI, COOTBETCTBEHHO

m ! k k
P =3 (1) 2 [ ® @) g (@) 3
0

n=0

1
(m\ 1 [db_, dF
el = (2 () 2o [ P @ grae )i ] (@
0

e w € Ruw # 0, ¢ (x) conpsxennas dynknus x dbynxman ¢ (), C[B], 8 = 0,1,.... N
koadurmenTsr KBajipaTyproit popmyint (1), €)g 1) (z)-xapaxTepucruteckas GyHKIHs 0TpesKa

[0,1], 6 (x)-nenbra dyukuus lupaxa, (7]7;) = k'(lek)" [B] = hB, h= W N=1,2,...

Cremyromast pa3sHOCTD

1
(N, /p dx—ZC’ /EN(x)gp(a:)dac (5)
0

R

HA3bIBAETCsI TIOIPEIHOCTHIO KBaipaTypHOi dopmyist (1).
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U3 mepasencrsa Komu—IIIBapra

(v, < [JewiEg™”

|

BUJIHO, YTO abCOJIIOTHOE 3HAUEHME IIOTPEITHOCTH KBaJparypHoil dbopmyssl (1) onenusaercs c
ITOMOIIBIO HOPMBI

o Lo o

Jexim™
@, llell#0 H<p|H H

(m)+

dbyuxumonasna morpemoctu (2) B CONPSZKEHHOM 1pocTpancTse Hoy
Ortcioia citetyeT, ITo OIeHKa HOTPEIIHOCTH KBaApaTypHOiT hopMyiIs! (1) Ha KOMIITIEKCHO3HAM-
Cobonesa Hy™ (0,1
ubIxX ynknusax npocrpancrsa Cobosesa Hy  (0,1) cBOIUTCS K HAXOXKICHHIO HOPMBI (DyHKITHO-
. m)x
HAaJIa IOIPENTHOCTH (2) B CONPSIKEHHOM IPOCTPAHCTBE HQ( ) (0,1).
st HaxXoXKJjleHusI B SIBHOM BHUJIe HOPMbI (DYHKIMOHAJA OrPentHocTH £ () KBaJpaTypHBIX

*
¢dOpMyI B IPOCTPAHCTBE Hém) (0,1) mcrosp3yercst Tak Ha3bIBaeMast SKCTpeMasbHasd (yHKIUs
JarHOro (pyHKImoHasa [1,2].

Omnpepenenne (C.JI. Cobomes) bynkrms Yy g (z) € HQ(m) (0,1) HasbIBaeTCS IKCTPEMAIILHOI
dbynukimeit gannoro gyuknuonana ¢y (), eciu BbIIOJHIETCH

(0, %e.m (x)) = H5N|H

HWH|H H (9)

CrpaBeyinBa cjieIyionias Teopema.

Teopema. B npocmpancmee Coboresa Hém) (0,1) axempemanvras dynrkyus GyHKGUOHAAQ
nozpewnocmu L () 3adaemes popmyrot

1
Yo () = Un () % &m ( / y) dy — ZC’ lem (z — hp), (10)
0
20e . -
bl I (@m— k- 2)1(20)a]
Ems () = 22m1 'kzo H@m—k—1) (1)

In (2) - conpsaoicernmvti dyrryuonan x dynxyuonary £y (x), D(y) - conpasicénnas Gyrnryua
pyrxvuu p (y), C 8] - conpasicénnwidi xosdduvuenm x C[A3].
VIIK 519.622

HuckperHsbiii aHasor guddepeHInajIbHOro Oreparopa BTOPOro MmopsaKa ¢
nepeMeHHbIMU Ko3(dduiimeHTaMu

llagumMeToB X. M.1’2, Scanos 1. 5.3
I TamkenTCcruit TOCYLApCTBEHHHY TPaHCIOPTHHE YHUBEPCUTET, TamkeHT, Y36eKucTa:;
2I/IHCTI/ITyT MaTeMaTuku umM. B.lJ.PomManoBckoro , TamxeHT, Y3b6exkucTan,
3Tepmescruit TOCyLapCTBEHHH yHUBEpPCUTET, TepMes, Y3beKuCTaH;
kholmatshadimetov@mail.ru, esanovsher@mail.ru.

Huckpernbie anajgoru quddepeHnalIbHbIX OEPATOPOB UI'PAIOT BAXKHYIO POJIb IIPUA MTOCTPO-
€HUU ONTUMAJIbHBIX KyOaTypHDBIX, KBaIPATYPHBIX, HHTEPIOJIAIUOHHBIX U PA3HOCTHBIX (POPMYJI
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B Pa3IUvHbIX (PYHKIMOHAJIBHBIX IIPOCTPAHCTBAX. BIlepBhIE MOCTPOEHUEM IMCKPETHOIO aHAJIOTa
nosmrapMonundeckoro oneparopa sanumasics C.JI1. Coboses [1].
Herpymao npoBeputh, uT0o DyHKIINAA

6_‘x|

plw) = S=(lal - 1)

ABJIsieTCsl PYHIAMEHTAJIBHBIM PEIIeHUeM CJIeAYIONero muddepeHnuaabHOro orneparopa

2

L(x) = e

d
+ 2signz— + 1,
dx

T.€. fIBJIZIETCH PEIIEHUEM ypaBHECHUA

rie 6(x) - peabra-byskius Jupaka.
B sT0it pabore MBI GyIeM MOCTPOUT JUCKPETHBIN aHajor onepaTopa L.
Dror auckperHbit oneparop Ly [[] siBisieTcs perniennem ypaBHEHMUsT

Lp[B] * pn[B] = 6[B]. (1)
31ech CBEPTKa, OIpelesisdeTcsl B BUJIE
LulB] % unlBl = > Luly] - B = A1,
y=—00
e o—Ihsl
i) = g (1h8l 1), 2)

0[B] - muckpernast nesbra-byHkius. Jra GyHKIMs paBHa ejunuie npu S = 0, a B 0CTaJIbHbIX
[eJIbIX 5 OHA paBHA HYJIO.

CrpaBujiuBa CJIeIyIomas TeoOpeMa.

Teopema. Jluckpemmwviti ananoe Ly[B] dupdeperyuarvrozo onepamopa

2 d
+ 2signe— +1

L=
dax? dx
onpedeasiomes popmysamu (3)-(5).
4as B
L,[0] = — — 8cosh(h ’ 3
0] = 55— Scosh(h) + 1L ®)
2
Lp[1] = Lp[-1] = ot Bi, (4)
LylB) = Buaa™!, (8] = 2 (5)

31ech
ay = hcosh(h) + sinh(h),

ag = h + cosh(h) sinh(h),
B — 2(\f — 2cosh(h) + 1)2
b ad (A=)

h + sinh(h) (cosh(h) — \/sinh?(h) — h2>

h cosh(h) — sinh(h)

A =
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Jlureparypa
1. Coboser C.JI. Bsedenue 6 meopuro xybamyprox gopmya. M.: Hayka. - 1974. - 808 c.

VIIK 519.64

DkcrpeMasibHass PYHKIUS TEPUOINIECKOT0 PYHKIMOHAJA IIOTPEITHOCTH!
OBICTPOOCIHMINPYIONINX KBaAPAaTyPHBIX (POPMYJI

llagumeTos X.M.12 | dmmypatos T'. 1

I TamkenTcruit TOCYZapCTBEHHb! TPaHCIOPTHUN YHUBEPCUTET, TalKeHT, Y36eKucTal;
2MHCTI/ITYT MaTeMaTuku uM. B.M. PomanoBckoro, TamkeHT, Y3bexkucTan;
kholmatshadimetov@mail.ru

NuTerpasibl ObICTPOOCIIMINPYIONTIX (DYHKITUH MOSBJISIOTCS B OCHOBHOM B TEOPHUU CIIEIIAATb-
vbIxX GyHKIMN 1 anajgn3e Oypbe, HO TAKKE U B JAPYTUX TPUKJIAIHBIX U BEIYUCIUTEILHBIX HAYyKaX
U TeXHWKe, HAIPUMED, B TEOPUTUIECKON (u3nke (B YaCTHOCTH, B TEOPUH DACCESHUS), aKyCTH-
YeCKOM PAaCCEedHUHU, KBAHTOBOI XMMWM, TEOPUU IIPOIECCOB mepeHoca. Hampumep, B mociemamee
BpeMsl BecbMa IIPUBJIEKATEJIbHON 3ajiadeil fBJsSeTCd YUCICHHOE PElIeHne WHTErPaJJbHOIO ypaB-
Henusi Bosibreppa Broporo (Ujm mepBoro) poja ¢ CUJIbHO OCHUIUPYIOMIUM SIJIPOM.

Kak uzBecTHO, IpUO/IMKUTEILHOE BBIYUCICHIE OBICTPOOCHUINPYIONINX HHTEIPAJIOB

I, = /027r ™7 f(z)dx, (1)

r7le W MPOU3BOJILHOE JIEHCTBUTENHHOE YHC/IO, UTI'PAIOIIET0 BAXKHYIO POJIb B BHIYUCIUTEIHHON Ma-
TeMaTHKe, HATAJIKABAETCS HA ONpeJIeJIEHHbIe TPYIHOCTH MPU OOJIBINMUX 3HAYEHUSIX W U3-3a TOTO,
YTO HOJUHTErpasibHasi (yHKIUS CUJIHLHO OCIUJIIIUDYET.

IIycts fIm(O, 27) - ruabbepToro MPOCTPACTBa 2T-TEPUOJMIECKIX, KOMIIJIEKCHO3HAYHBIX
dyHkUMit f, oTmMYarOn@MXCs APYT OT JApyra Ha KOHCTAHTY, M-€ MIPOU3BOJHbIE KOTOPHIX (B 0600-
IIEHHBIM MBICJIC) KBAIPATHIHO HHTETPUPYEMBI CO CKAJISIPHBIM IIPON3BEICHUSM

2T gm ) d™a(x
(th):/o mm(ix (2)

dz™ dz™

Hus f(x) € H,, PACCMOTPUM CJIEYIOIIYIO KBaJPATyPHYIO (OPMYJTy

me - N 2k
/0 e f(a:)da::ZC’k.f(T), (3)
k=1

rie Cy — koaddunumenTsl KBajipaTypHbiit hopmyisr, N = 2,3, ... .
[TorpemHocTbio GBICTPOOCIUIUPYOIIEH KBaIpaTypHOi opmyibl (3) 3a1a6TCst B CJIELY FOIIUM
BU/TE

am al 2k
| e e =3 cur ) -
k=1

| N > 21k
- /0 ¢t =30 3 b~ o~ 2mB) | fw)de = (1(a), £ (@) (4)
k=1 B=—00
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Baecew, 0(x) — aeavra-dynknus Jupaka un

(@) ch 3 o 533—@—2775) (5)

k=1 [B=—00

-[MEPUOUIECKUT (DYHKITHOHAJ TOTPENTHOCTH OBICTPOOCITHIUPYIOMIBIX KBAJIPATYPHBIX (DOPMYIL.

BaJiava 0 MOCTPOEHUN ONITUMAJIBHON KBaJpaTypHOil dopmysibl Jjisi uaTerpasa (1) 3akiouda-
eTcsl B CJIEIYIOIIEM.

TpebyroTcs permuTh CIeAYIONIX 3a,1at.

3adaua 1. BeraucanTh HOpMY (DYHKIIMOHAJIA MOTPEITHOCTH OBICTPOOCIMINPYIONINX KBapa-
TYPHBIX (DOPMYJI.

3adava 2. Haittu MuUHUMYM HOPMBI (DYHKIIMOHAJA ITOTPENTHOCTU OBICTPOOCIHIHPYIOIINAX
KBQJIPATYPHBIX (DOPMYJI.

UsgectHo, uTo B [1| KBajpar HOPMBI QYHKIMOHAIA HOIPEIIHOCTH KBAPATYPHBIX (HDOPMYII
omnpeessieTcs: popMyIoit

11 H 12 = (£, U).

Baeck Uy(x) — sxcrpemasbaast GyHKIWs (HYHKIHOHAIA TOIPEITHOCTH KBAAPATYPHBIX (DOPMYII.
B nacrosmieit pabore HaiifieHa SKcTpeMasibHast DyHKIUs DyHKIHOHa A norpemsocta (5).
CupaBeyinBa cjieIyonas TeopeMa.

Teopema 1. Dxcmpemanvhas Pynrkyus nepuoduyeckozo dynkcuonana nozpewrnocmuy £(x)
bvicmpoocyusupyrowet Keadpamyprot gopmyave euda (3) 6 npocmpancmse I:Im(O, 27) umeem

eud
,M
e—zwac ﬁ(

U(a) = ZC’“Z et

k=1 """ B0

3decwv Cy, conpasicennoe wucao x Cy, V — HEKOMOPAA NOCTNOAHHAA.

VIIK 519.64

OnruMasibHbIe KBaJaApaTypPHbIe (pOPMYJIbI AJisi OBICTPOOCHUINPYIOIMNX NHTErPAJIOB
ITagumeros X. M. 12, YVpun6oes P. 2

1V I.Romanovskiy Institute of Mathematics, Tashkent, Uzbekistan;
2Tashkent State Transport University, Tashkent, Uzbekistan;
e—mail: kholmatshadimetov@mail.ru

BapuannonubiM METOIOM PacCMOTPUM 33729y 00 ONTUMAJIbHOM BBIYUCIEHUN BECOBOI OBICT-
POOCIIMJLINPYIONINX WHTETPAJIOB.
Brraucienne wHTErpasa

1
Iyo = /xae%imf(x)dw (1)
0

MJIN €ro MHOTOMEPHOI'O aHAJIOra NI'PAeT BaKHYIO POJIb B BBIYMCIUTE]BHON MaTeMaTHKe. XOpo-
IO U3BECTHO, YTO YUCJICHHOE BBIYHUCJICHUE TAKUX MHTEIDAJIOB HATAJKUBAETCA Ha OlpeeseHHbIe
TPYJIHOCTH TIPU OOJIBINNX 3HAYEHUSX P U3 38 TOTO, UTO MOJUHTErpaIbHast QYyHKIHMA CUIBLHO OC-
[IHJLIAPYET.
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Berancienne unrerpasna (1) npn o = 0 gacro Boimosasiercss Merogom Paitmona. Meros Daii-
JIOHA HAIIOMUHAET KBaJipaTypHyto popmyiry Cumiicona. OmHako B TO BpeMsi, Kak B MeToje Cumii-
COHA BCA MOIMHTErpa/ibHas (PYHKIUS 3aMeHsieTcsi mapabosioi, B Merome Daityiona mapabdosioit
sameHsieTcst ToJbKO dyuknus f(x). Takum obpazom Paition mosryuns KBajparypHyo dhopMyIry
¢ ko3 durmenTaMu, 3aBUCAIIINMA OT P.

Paccmorpum kBagpaTypHyio hopMy1y BUIa

L N
/ () dz = 3 ClAleldl,
0 p=0
¢ QPYHKIIMOHAIOM HOTPENTHOCTH
) N
U(x) = 2> P e 1y(x) — > C[Blo(x — hB),
£=0

e a > 0, (g 1)(z)-xapaxTepuctuieckas dynxims orpeska [0, 1], C[f]-xoaddpummentsr kpapa-
TypHOit dpopmyibl, §(x) - neabra dyukius upaxa.

ycrs H™) (0,1) — rusBGEPTOBO MPOCTPAHCTBO KOMILIEKCHO3HAYHBIX (DyHKIui (), m-e
IPOU3BOJIHBIE KOTOPBIX (B OOOOIIEHHOM CMBIC/IE) KBAJPATUIHO UHTEIPUPYEMbBI CO CKAJISPHBIM
POU3BEIEHNEM

1
(f,9)m = / £ () gtm) (2) da.
0

Cupaseyinsa CJIelyIolas TeopeMa.
Teopema. B npocrpancree H (m) (O, 1) cleIyIolasi KBaapaTypHas pOpMyJIa SBJIAETCSA OITHU-
MaJIbHOI

1 N
[aveim pl@ydo = 3 ClBIe(0)
0 p=0

IIpu 3ToM onTHMA/IbHBIE Ko3dduimenTts C [8] samatorcst bopmysioit

65 _ g [22 : (—=1)™a! Di[8] * ((hB)e+1-ne2mins)

— (o — n)!(2miw)nt1

«

2 (a +(1_ P%i;}i)nﬂ Dy [B]  ((hB)F1-ne2miwhs) |

n=0
Baecy D[] — muckpernsiii anasor nuddepeHIajibHOro oneparopa BToporo MopsiiKa;
0, upu |3 > 2,
D[B] = h?, upn B[ = 1,
—2h72, npu B =0.
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6 — SHO‘BA.MATEMATIKA VA INFORMATIKA O‘QITISH METODIKASI.

CEKIINA 6. METOAUKA TIPEIIOJJABAHUA MATEMATUKIN N
NMHO®OPMATUKN

VIK 515.55

Topologiya kursini o‘qitishda interfaol metodlardan foydalanishning haftalik dars
rejasi

Akmurzayeva A. V., Mamatov J.X.2
1Aniq va ijtimoiy fanlar universiteti, Toshkent, Uzbekistan;
vaziraakmurzayeva4460gmail . com
2Jizzax Politexnika instituti, Jizzax, Uzbekistan;
johansson_world@mail.ru

Ushbu ishda topologiya kursini o‘qgitishda interfaol metodlardan foydalanishning haftalik dars
rejasini tuzish bo‘yicha metodik tavsiyalar asoslab berilgan. Tavsiya qilinayotgan reja 14 haftalik
semestr uchun mo‘ljallangan. Har bir hafta: asosiy mavzu + interfaol metod + mustahkamlash
usuli kabi rejalashtirilgan.

1-hafta. Topologiya faniga kirish.

Mavzu: To‘plamlar nazariyasidan takrorlash, topologik fazo tushunchasi.

Metod: Muammoli savol - "Nima uchun hozirgi zamonaviy matematikada metrik fazo
tushunchasi yetarli emas?"

Amaliyot: Oddiy to‘plamlar ustida turli topologiyalar qurish.

2-hafta. Ochiq va yopiq to‘plamlar.

Mavzu: Ochiqlik aksiomalari, yopiq to‘plamlarning xossalari.

Metod: Flipped classroom - talabalar uyda nazariyani o‘qib keladi, darsda misollar yechadi.

Amaliyot: GeoGebrada ochiq va yopiq to‘plamlarni tasvirlash.

3-hafta. Baza va subbaza

Mavzu: Bazaning ta'rifi, oldbaza orqali topologiya hosil qilish.

Metod: Guruhli ishlash - har bir guruh berilgan to‘plam uchun turli bazalarni topadi.

Amaliyot: 2D va 3D fazolarda ochiq sharlar orqali bazani qurish.

4-hafta. Metrik fazolar va keltirilgan topologiya.

Mavzu: Metrik topologiyalar, keltirilgan topologiya.

Metod: Case-study - Internet tarmog'i va yo‘l tarmogqlari topologiyasini muhokama qilish.

Amaliyot: Metrika yordamida topologiya hosil qgilish bo‘yicha mashglar.

5-hafta. Bog‘lanishlilik.

Mavzu: Bog‘lanishli fazo, chizigli bog‘lanishlilik.

Metod: Ofyinlashtirish - "Bog'lishli bo‘lmagan dunyo"kvesti: berilgan grafik /figuralarni
bog‘lanishli yoki bog‘lanishli emasligini tekshirish.

Amaliyot: Myobius yaprog'i va sfera kabilarda misollar yechish.

6-hafta. Kompaktlik.

Mavzu: Kompakt fazo, Geine-Borel teoremasi.

Metod: Muammoli vaziyat - "Cheksiz chiroglarni qanday qilib bitta tugma bilan boshqarish
mumkin?"(Kompaktlik metaforasi).

Amaliyot: [0,1] kesmada kompaktlikni isbotlash.

7-hafta. Uzluksizlik.

Mavzu: Topologik fazolar orasidagi uzluksiz akslantirishlar.
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Metod: Matematik debat - "Uzluksizlik topologik ta’rifda qiyinroqmi yoki € — § orqali?"

Amaliyot: Oddiy funksiyalarning uzluksizligini topologik usulda tekshirish.

8-hafta. Fartor va Tizonov topologiyalari.

Mavzu: Fartor fazolar, Tixonov topologiyasi.

Metod: Matematik laboratoriya — Klein butilkasi va Torni qog‘oz orqali yasash.

Amaliyot: Dekart ko‘paytma ustida topologiya hosil gilish.

9-hafta. Agrimlilik aksiomalari (Ty,Ts, T5...)

Mavzu: Hausdorf fazolari.

Metod: Flipped classroom - talabalar aksiomalarni uyda o‘rganib keladi va ularni taqqoslaydi.

Amaliyot: Turli fazolarni ajramlilik aksiomalariga tekshirish.

10-hafta. To‘plamlarning zichligi va bazaviy rossalar.

Mavzu: Zich to‘plamlar, sanoqlilikning ikkinchi aksiomasi, Lindelyof sharti.

Metod: Case-study - "Ishonchli tarmoq topologiyasi qanday bo‘lishi kerak?"

Amaliyot: Yevklid fazosida ratsional sonlar zichligini isbotlash.

11-hafta. Gomomorfizmlar va gomeomorfizmlar.

Mavzu: Fazolar orasidagi gomeomorfizm tushunchasi.

Metod: Vizualizatsiya - rezina, ip va qog‘oz orqali obyektlarni cho‘zish va deformatsiya qilish.

Amaliyot: Kvadrat va doira orasida gomeomorfizm mavjudligini tekshirish.

12-hafta. Sanoqlilik aksiomalari va tadbiglari.

Mavzu: Normal va regulyar fazolar.

Metod: Guruhli ishlash - guruhlar normal bo‘lmagan fazolarni topadi.

Amaliyot: Uryson lemmalarini misollarda qo‘llash.

18-hafta. Topologiyaning amaliy qo‘llanmalari.

Mavzu: Fizika, informatika va biologiyada topologiya.

Metod: Case-study - DNK zanjirining tugun nazariyasi.

Amaliyot: Internet marshrutlash topologiyasini grafiklar orqali modellashtirish.

14-hafta. Umumiy takrorlash va talabalarning ijodiy ishlari.

Mavzu: Butun kurs bo‘yicha umumlashtirish.

Metod: Tjodiy loyiha taqgdimoti - talabalar o‘zlari tanlagan topologik obyektni 3D model,
prezentatsiya yoki video tarzida himoya qiladi.

Amaliyot: Qisqa viktorina + ochiq muhokama.

Qo‘shimcha tavsiyalar: Har hafta yakunida talabalar "Bugun nimani o‘rgandim?"degan

savolga javob yozish. Onlayn platformalar (Moodle, Google Classroom) orqali mini-testlar
yechish. 7- va 14-haftalarda "yarim semestr'"va "yakuniy interfaol test"o‘tkazish tavsiya etiladi.

Adabiyotlar
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KO‘PHADLAR UCHUN UMUMLASHGAN BE’ZU TEOREMASI

Allakov I.V, Xudoyberdiyev S.?, Akromova S.%
DTermiz davlat universiteti, Termiz, 0‘zbekiston
iallakov@mail.ru
2)3)Termiz davlat universiteti, Matematika yo‘nalishi talabalari.

Algebra kursida ko‘phadlarni bo‘lish amali va natijada hosil bo‘ladigan qoldiq masalasi muhim
o‘rin egallaydi. Har qanday ko‘phadni x — a ga bo‘lgandagi qoldiqni Bezu teoremasi yordamida
oson aniglash mumkin [1]. Ammo bo‘luvchi darajasi ikkinchi darajali bo‘lganda, masalan x? +
bx + ¢, qoldiq topish ancha murakkablashadi. Ushbu ishda biz aynan shunday holatlar uchun
qulay formulani ishlab chigamiz.

Faraz qilaylik P(x) — darajasi n > 2 bo‘lgan ko‘phad bo‘lsin. Bu ko‘phadni #? + bz + ¢ uch
hadga bo‘laylik:

P(z) = (2 + bz + ) Q(z) + R(x), 1)

bu yerda R(z) — qoldiq ko‘phad.
Ko‘phadlar uchun qoldigli bo‘lish haqidagi teoremaga asosan qoldigning darajasi
bo‘luvchining darajasidan kichik bo‘lishi kerak [2], shuning uchun:

R(z) = Ax + B,

bu yerda A, B — noma’lum sonlar. Endi biz A va B ni topamiz.
Agar x; va xo sonlari 22 4 bx + ¢ = 0 tenglamaning ildizlari bo‘lsa, u holda Viyet teoremasiga
asosan [3]:
r1+x9=-b, x1-29=0C

o‘rinli bo‘ladi. (1) ga asosan quyidagi tenglik o‘rinli:
P(.’Ez) = R(.CI?Z), (Z = 1, 2),

ya'ni:
P(:Iil) = Axr1 + B, P(xg) = Axo + B.
Bu ikki tenglikdan A va B ni topamiz:

Az1 + B = P(n1),
Axo + B = P(LEQ)

Sistemadan A va B ni topib

P(.Tl) — P(.’Eg) B— $1P(IE2) — $2P(SE1)
r1 — T2 ’ r1 — T2

A=

ga ega bo‘lamiz. Shunday qilib, qoldiq ko‘phad

P(l‘l) — P(:L‘g) T+ l’lp(l'g) — l’gP(l‘l)
r1 — T2 r1 — I2.

R(x) =

ga teng.
Misol. Ko‘phadni P(x) = z* + 22% + 322 4+ 42 + 5 ni 22 + 2 + 1 ga bo‘laylik.
Bu holda b =1,c =1, demak

 —1+4V3

1,2
2
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(2) ga asosan:

A= P(ml) — P(ajg) B = le(xg) — $2P<l’1)
r1 — T2 ’ r1 — T2 '

Bundan A = 2, B = 4 kelib chiqadi. Demak, qoldiq: R(z) = 2x + 4 va

P)=(?+z+D)@?+z+1)+22+4
tenglik bajariladi.
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RAQAMLI TEXNOLOGIYA MUHITIDA INTEGRATIV YONDASHUV
VOSITASIDA O‘QITISH METODIKASINI TAKOMILLASHTIRISH

Avliyoqulov A. A.!
lTermiz davlat universiteti, Termiz, Uzbekistan;
avliyoqulov 2017@gmail.com

O‘zbekiston Respublikasi Prezidenti Sh. Mirziyoyev o‘z asarlarida ta’kidlaganlaridek: -
"Bizning navqiron avlodimiz manfaatlarini ta’minlash borasidagi faoliyatimiz yaqinda qgabul
qilingan "Yoshlarga oid davlat siyosati to‘g‘risida"gi Qonun asosida qat’iy davom ettiriladi"|1;
26]. Zero, kelajak har tomonlama bilimdon, zukko va salohiyatli yoshlar qo‘lida. Mustaqil va
ijodiy fikrlaydigan, intellektual jihatdan rivojlangan, o‘z dunyoqarashiga ega bo‘lgan yoshlarni
tarbiyalash har doimgidek dolzarb bo‘lib qolmoqda. Mamlakatimizda ragamli texnologiyalar
vositasida fanlarni integrativ yondashuv asosida o‘gitishda tarixiy materiallardan, rivoyat va
xalq maqollaridan suhbat asosida misollar keltirib dars mashg‘ulotlarini olib borish o‘quvchilarni
aniq va tabily hamda ijtimoiy fanlariga bo‘lgan qiziqishlari ortishiga zamin yaratadi. Shunday
vazifalardan biri raqamli texnologiyalar vositasida fanlarni o‘gitishda integratsiyalashgan
darslarni tashkil etish yangi bir vaqtning o‘zida bir fanni bir necha fan bilan bog‘lagan
holda yanada sermazmun dars o‘tish metodikasini tashkil qilishni takomillashtirish iboratdir.
Umumta’lim maktablarida raqamli texnologiyalar vositasida fanlarni o‘qitish samaradorligini
oshirish bugungi kunning asosiy muammolaridan biri bo‘lib kelmoqda. Integratsiyalashgan
metodlardan foydalanish orqali bir qancha yutuglarga erishish bilan bir qatorda, kamchiliklarga
yol qo‘yish ehtimoli yo‘q emas. "Agar o‘quvchilarning psixologik va aqliy imkoniyatini hisobga
olmasak, uning uchun murakkab terminlardan foydalansak, o‘quvchi saviyasi doirasidan chetga
chigsak, unda aqliy zo‘riqish, mavzuni umuman tushunmaslik oqibatlariga olib keladi"|[2;
65-b.]. Ragamli texnologiyalar vositasida fanlarni o‘gitishda integrativ yondashuv asosida
tashkil etishning shakli va mazmunidan kelib chiqib fanning xususiyatini hisobga olgan holda
o‘quvchilarga bilim berish tavsiya etiladi. "Integrativ ta’lim oddiydan murakkabga, bilishdan-
ilmga, tartibsizlikdan-uyg‘unlikka, chanqoqlikdan mohirlikka va ijodga bo‘lgan harakatni taklif
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qiladi"[3; 69-b.|. Ragamli texnologiyalar muhitida fanlarni integrativ yondashuv asosida tashkil
etish boshqa fanlar doirasida o‘zlashtirish o‘quvchilar uchun qiyinchilik tug‘dirmaydi va ularni
bilim darajasini to‘ldirishga yordam beradi. Biz yuqorida keltirgan integrativ yondashuv
vositalaridan ta’lim jarayonida foydalanish yuqori samara beradi.

Ragamli texnologiyalar vositasida fanlarni o‘qitishda integrativ yondashuv metodikasining
quyidagi konseptual metodik asoslari mavjud:

- raqamli texnologiyalar vositasida fanlarni o‘gitishda so‘nggi zamonaviy pedagogik
texnologiyalardan foydalanish va ilg‘or xorijiy tajribalarni o‘zlashtirish;

- o‘quvchilarga ragamli texnologiyalar vositasida fanlarni integrativ yondashuv metodikasi
mazmuni, tarkibi va asosiy muammolari bo‘yicha ma’lumotlar berish hamda ularni mazkur fanda
kompetensiyalarini oshirishga ko‘maklashish;

- ta’lim-tarbiya jarayonida fanning mazmuni, funksiyalari, tarkibiy gismlarini yoritish va
ulardan foydalanish mahoratini takomillashtirish.

Umumta’lim maktablarida raqamli texnologiyalar vositasida fanlarni integrativ yondashuv
asosida o'qitish metodikasida o‘quvchilar bilim va kompitentligiga qo‘yiladigan talablar
quyidagilardan iborat:

- yangi innovatsion va pedagogik texnologiyalarni xalqaro qiyosiy tahlili asosida o‘qitish
hamda ragqamli texnologiyalar vositasida fanlar sohasiga oid yangi konsepsiyalar va o‘quv
adabiyotlarni tahlil gilish;

- raqamli texnologiyalar vositasida fanlardagi yangi tendesiyalarni mashg‘ulotlarda
o‘quvchilarga tushuntirib bera olish hamda raqamli texnologiyalar vositasida fanlarni
tizimlashtirish, aniq, tushunarli ravishda bayon etish;

- modulli yondashuv asosida o‘quv jarayonini tashkil etish hamda ragamli texnologik
yondashuv asosida ta’lim va tarbiya jarayonini boshqarish lozim. Ragamli texnologiyalar
vositasida fanlarni umumiy o‘rta ta’lim maktablarida o‘qitish metodikasida quyidagi shakllardan
foydalanildi:

- davra suhbatlari (ko‘rilayotgan masala yechimlari bo‘yicha taklif berish qobiliyatini
oshirish, eshitish, idrok qilish va mantiqiy xulosa chiqarish);

- bahs va munozaralar (misol va masalalar yechimi bo‘yicha asosli mulohaza yuritish,
eshitish va yechimini topish qobiliyatini rivojlantirish).

Ragamli texnologiyalar vositasida fanlarni integrativ yondashuv asosida o‘qitishdan maqgsad
- o‘quvchilarning tafakkur va madaniyatini shakllantirish va rivojlantirish bilan birga o‘rganilgan
bilimlarni hayotga tadbiq etishga o‘rgatishdan iboratdir. Raqamli texnologiyalar vositasida
fanlarning boshqga fanlar bilan uzviy aloqasi quyidagi ikki yo‘l bilan amalga oshiriladi:

-raqamli texnologiyalar vositasida fanlarni integrativ yondashuv asosida o‘qitish dasturlarini
moslashtirish; boshqa fanlarda raqamli texnologiyalar vositasida fanlar qonuniyatlar metodikasini
o‘rganish bilan bog‘liq bo‘lgan materiallardan foydalanish.

Raqamli texnologiyalar deyarli barcha fanlar bilan bog‘liq bo‘lib barcha fanlar uchun
asos hisoblanadi. Ragamli texnologiyalar vositasida fanlardan nazariy bilimlarni berish, tegishli
tushunchalar, tasdiglar, isbotlash metodikasini o‘rgatish, olgan nazariy bilimlarini masalalar
yechishga tatbiq eta bilish ularda mantiqiy mushohada qilish, fazoviy tasavvur hamda
abstrakt tafakkur kabi innovatsion faoliyatining barcha sohalari uchun zarur bo‘lgan qobiliyatni
shakllantirishdan iboratdir.
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RAQAMLI TEXNOLOGIYALAR ASOSIDA V-VI SINFLARNI INTEGRATIV
YONDASHUVLAR ORQALI O‘QITISH METODIKASI

Avliyoqulov A. Al
ITermiz davlat universiteti, Termiz, Uzbekistan;
avliyoqulov 2017@gmail.com

Respublikamiz umumta’lim maktablarida raqamli texnologiyalar vositasida fanlarning
amaliy ahamiyati kundan-kunga ortib bormoqda. Raqamli texnologiyalar vositasida fanlarning
integratsiyalashuvi, mantiqi va izchilligi, ularni eng zamonaviy boshqarish tizimini yanada
chuqurlashtirish, takomillashtirish va liberlashtirish bo‘yicha jiddiy ehtiyojlar sezilmoqda.
Yangi-yangi uyg‘un fikr-g‘oya esa o‘quvchilarni raqamli texnologiyalar vositasida fanlarni
puxta o‘zlashtirishlarida, kelgusi faoliyatlarida samarali foydalanish hamda ijodiy yondashishni
ta’'minlashga qaratilgan asosiy vazifalardan biridir.

Raqgamli texnologiyalar vositasida fanlarni o‘rganishda o‘quvchilar o‘zlarining fikr-
mulohazalarini aniq, mazmunli tarzda bayon etishga odatlanishlari, yozuvlarni tushunarli
va savodli bajarish malakalari shakllanadi. Umumta’lim maktab V-VI sinflarida raqamli
texnologiyalar vositasida fanlarni integrativ yondashuvlar vositasida o‘qitish jarayonida ijobiy
natijalarga erishish bilan birga amaliyotda qo‘llash muhim vazifalardan biri bo‘lib kelmoqda.
Fanlararo integratsiya tushunchasi turli pedagogik va o‘qitish wuslibiyotiga oid boshqa
adabiyotlarda turlicha talgin qgilinadi. "Ayrim manbalarda fanlararo aloqadorlik texnologiyasi,
sinergetik texnologiya, fanlararo integratsiya tarzida bayon qilinadi"[1; 18-b.]. Umumta’lim
maktab V-VI sinflarda raqamli texnologiyalar vositasida fanlar darslarini integrativ yondashuv
asosida o‘gitishni ta’minlash bugungi kunning asosiy muammolaridan biri bo‘lib qolmoqgda. Bu
masala ta’lim tizimida integrativ yondashuv asosida raqamli texnologiyalar vositasida fanlarni
uzviyligini ta’'minlash metodikasi muhim ahamiyatga ega. Raqamli texnologiyalar vositasida
fanlar turdosh fanlarning poydevori bo‘lib hisoblanadi, ular negizida yangi-yangi fan bo‘limlari
paydo bo‘lmoqda, ularni o‘zlashtirishda ko‘pgina tushunchalar aql, ong bilan idrok etishni talab
etmoqda. Shu tariqa, uzviylik asosida tashkil etilgan integrasiya fanlar ta’limi mazmunining
asosly mexanizmi sifatida namoyon bo‘ladi. "Ta’lim sohasidagi siyosatni isloh qilishdagi asosiy
ustuvor vazifalar ragamli texnologiyalar vositasida fanlarni o‘qitishda integrativ yondashuv
asosida tashkil etishning shakli va mazmunidan kelib chiqgib fanning xususiyatini hisobga
olgan holda o‘quvchilarga bilim berish tavsiya etiladi"|2; 4-b.]. Ta’lim har doim komil va
yangilanishga mushtoqdir. Shuning uchun, iloji boricha, ta’limning yangi metodikalari ustida
izlanishimiz talab etiladi. Chunki, o‘quvchilarga ham bir xil qolipdagi darslar yoqmaydi, ularni
zeriktiradi. Natijada o‘quvchilar darslarni yaxshi o‘zlashtira olmaydi. Me’yoridan oshmasligi,
o‘quvchilarni zeriktirmasligi uchun usullarning turlicha bo‘lishi darsning samaradorligini yanada
oshiradi. Dars jarayonlarida notiqlik, suhbat, hikoya, mustaqil ish, yozma ish, zamon bilan
bog‘lash, mustaqil fikrga tayanish shakllariga va integrativ metodlarga yondashgan holda dars
o‘tishga katta e’tibor berishimiz lozim. Bu esa umumta’lim maktab V-VI sinflarida ragamli
texnologiyalar vositasida darslarni ketma-ketlik va boshqa fanlar bilan o‘zaro alogasi hamda
ushbu fanning uslubiy jihatdan uzviy va mantiqiy bog‘liglik asosida tashkil etish esa o‘quvchilarni
keyingi sinflarda bilim olishlari uchun zamin yaratadi. Ta’limdagi integratsiya - bu ta’lim
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oluvchilarning bilim darajasini rivojlantirish va o‘z-o‘zini boshqarish dunyodagi yaxlit ko‘rinishini
shakllantirish uchun ma’lum bir ta’lim tizimni tarkibiy gismlari o‘rtasida alogalarni o‘rnatish
jarayoni. "Integratsiya ta’limdagi murakkablikni engillashtirishga, tizimlilikka o‘rgatadigan
jarayondir"|[3; 447-b.]. Umumta’lim maktab V-VI sinflarda raqamli texnologiyalar vositasida
fanlarni o‘qitishda integrativ yondashuv magsad va mazmunini belgilash jarayonlarini ko‘rib
chiqamiz: Magsadli jarayon - umumta’lim maktab V-VI sinf o‘quvchilariga raqamli texnologiyalar
vositasida fanlarni integrativ yondashuv metodikasi asosida o‘qitish o‘quvchilarning fanlarga
bo‘lgan qiziqishini oshirish, fan darsliklari bilan mustaqil ishlash tajribasini oshirish va olgan
bilimlarini amaliyotda qo‘llay olishdan iborat; Metodologik jarayon - umumta’lim maktab V-
VI sinf o‘quvchilariga raqamli texnologiyalar vositasida fanlarni integrativ yondashuv asosida
o‘qitishda o‘quvchilarning kompetensiyalarini shakllantirish va o‘quvchilar subektivlik, tizimlilik,
hamkorlik, o‘z-0‘zini nazorat qilish, mustaqillik tamoyillariga ega bo‘lishlaridan iborat; Baholash
jarayon - o‘gituvchi tomonidan V-VI sinf o‘quvchilarini raqamli texnologiyalar vositasida
fanlarni motivatsion va kognitiv usulda o‘zlashtirgan bilimlarini yuqori, o‘rta, pastga darajada
baholash, sifat va samaradorlik hamda natijadorlikka erishishdan iborat. Tashkiliy-mazmunli
jarayon - umumta’lim maktab V-VTI sinf o‘quvchilariga raqamli texnologiyalar vositasida fanlarni
integrativ yondashuv metodikasi asosida o‘qitish. Umumta’lim maktab V-VI sinf o‘quvchilariga
raqamli texnologiyalar vositasida fanlarni integrativ yondashuv asosida o‘qitishning modeli
metodologik, tashkiliy mazmunli bloklar va monitoring blokini o‘z ichiga oladi. Magsadli
blok o‘quvchilarning o‘quv guruhida moslashuviga pedagogik hamrohlik qilish funksiyasining
magsadi, vazifalari, tamoyillaridan iborat. Mazmunli blok pedagogik ta’sirlarning ichki tuzilishi
va yo‘nalishlarini belgilaydi. Mazmunli blokni ajratishda biz tomondan aniglangan omillarga
asoslanildi, bunda hamrohlikni, ularning yanada samarali moslashuv hamda moslashuv jarayonini
sekinlashtiradigan yoki unga to‘sqinlik qgiladigan omillarning salbiy ta’sirini minimallashtirishga
yordam beradigan konstruktiv salohiyatidan foydalanishga yo‘naltirilgan.
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Zamonaviy ta’lim bitiruvchidan o‘rganilayotgan sohani chuqur bilish va uni mohiyatiga
yetishni talab etadi. Tushunchalarning qayerda muhim, qayerda muhim emasligini ulardan kerakli
joyda foydalanishni bilishlari kerak. Shunga ko‘ra, psixologik muammo sifatida talabalarning
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masala yechish jarayonida ijodiy fikrlashini rivojlantirishni tahlil gilish muammosini keltirib
chiqaradi.

Ravshanki, fikrlash bo‘lajak matematika o‘qgituvchisi kompetensiyasini shakllantirish faoliyati
sifatida qaraladi. Kompetensiyaning shakllanganligi asosida talabani bilim sifati darajasini
baholash imkoniyati paydo bo‘ladi.Masalalarni turli usullar yordamida yechish talabalarning
ijodiy fikrlashini rivojlantirishda muhim ahamiyatga ega. Agar masala bitta usulda yechilsa
talaba boshqa usul haqgida fikrlashga o‘rin yo‘q deb o‘ylaydi. Agar masala ikki usulda yechilsa
boshqa usuli ham bor yoki yo‘qligini o‘ylab ko‘radi, natijada, ijodiy fikrlash shakllana boshlaydi.
Yuqoridagi fikrlash, ijodiy fikrlash tushunchalaridan xulosa qilgan holda quyidagi ta’rifni
kiritamiz:

Ta’rif. Berilgan masala yechimini topish eshigini ochishga xizmat qiluvchi g‘oyalarga
ega bo‘lgan talabalarga ijodiy fikrlaydigan talabalar deyiladi [2]|.

Tjodiy fikr juda ko‘p xususiyatlarga ega: talabalar masalani yechimini topishda zarur bo‘ladigan
juda ko'p faktlarni yodda saqlashlari kerak; matematik til va belgilarni o‘z o‘rnida qo‘llash;
masalaga mos chizmani yasash; aniq qoida bo‘yicha teran fikr yuritish; ta’rif va teoremalarni
bilish, shuningdek xulosa va natijalarni to‘g'ri ifodalash. Masalaning yechimini topish
talabaning tizimli faoliyati va umumlashtirishdan iborat. Talabalik davri maxsus qobiliyatlarni
rivojlantiruvchi, turli vaziyatlarda to‘g‘ri qaror qabul qilish, muhim bo‘lgan ijodiy fikrlashni
rivojlantirish uchun samarali davr, buning uchun talabaga har doim ijodiy topshiriglar berish,
taqqoslashga, asosiyisini ajratib olishga, ichki va tashqi bog‘lanishlarni o‘zlashtirishga o‘rgatish
zarur. Yuqoridagi fikrni talabalarning ijodiy fikrlashini rivojlantirishga va unda intutsiyani
shakllantirishga xizmat qiluvchi yangi g'oyalarning paydo bo‘lishini aniq misollarda ko‘rib
o‘tamiz.

Masala yechish jarayonida talabalarning ijodiy fikrlashini rivojlantirishda quyidagilarga
e‘tiborni qaratish magsadga muvofiq:

1) talabani ijodiy fikrlashga yo‘naltiruvchi planimetriya va stereometriya masalalarini bir
tizimga solish; 2) masalani turli metodlar bilan yechish; 3) usul, metod va ijodiy yondashuvlarni
aniq masalalarni yechishda qo‘llash. Bular har doim dolzarb va amaliy ahamiyatga ega bo‘lib
kelgan.

Talabaning ijodiy fikrlashini rivojlantirish jarayoni uchta yondashuvni talab etadi: masalani
geometrik yechimi; masalaning algebraik yechimi; masalaning geometrik va algebraik yechimi,
ya'ni har ikkala metodning integratsiyasidan foydalaniladi. Qaysi yo‘l tanlanmasin, bu yo‘lining
samarali amalga oshirilishi, tabiiyki matematik bilim va uni qo‘llashga bog‘liq.

Matematika o‘qitish metodikasi fani o‘quv jarayonida o‘qgituvchi yuqoridagi fikrlarga
asoslanib talabalarning ijodiy fikrlashini rivojlantirish magqgsadida quyidagicha masalalarni
tanlashi mumkin.

1-Masala. Teng uchburchaklarda mos balandliklar, mos medianalar va mos bissektrisalar
tengligi ma’lum. Ijodiy fikrlash ta’rifiga ko‘ra masala strategiyasi quyidagicha qo‘yilishi
mumkin: agar ixtiyoriy uchburchakda mos balandliklar, mos medianalar va mos bissektrisalar
teng bo‘lsa u holda berilgan uchburchaklarning tengligini isbotlang.

Isbot. Masala shartiga ko‘ra

ha=hl, hy=~h}, h.=hl.

c



2.7 rasm 2.8 rasm

Uchburchaklar yuzini topamiz:
28 =hg-a, 28="hy-b, 2S=h.-c va 2S=hl da',

28 =hj-b', 28 =hl-c!

bundan,

1

a=a', b=b va c=¢

kelib chigqadi. Talabalar bir necha munozaradan so‘ng quyidagi yangi g‘oyani (bilimni) taklif
qilaydilar: ixtiyoriy ikkita uchburchakning teng bo‘lishi uchun mos balandliklarning teng bo lishi
zarur va etarlidir.

Ofqituvchi ijodiy fikrlash ta’rifiga ko‘ra masala strategiyasini quyidagicha o‘zgartirishi
mumkin: bu masala sharti medianalar uchun bajariladima? Talabalar so‘zsiz ha deb javob
beradilar. Chunki, uchta medianaga ko‘ra uchburchak yasash mumkinligi va uni yagona echimga
ega ekanligi darsliklarda ko‘rsatilgan [1]. O‘qituvchi masalani murakkablashtirib bissektrisa
bo‘lsa-chi? Muammoli vaziyat yuzaga keladi. O‘qituvchi sirkul va chizg‘ich yordamida uchta
bissektrisaga ko‘ra uchburchak yasash mumkin emasligi to‘g‘risida fikr bildiradi. Talabalar
bir necha usul bilan harakat qiladilar, bissektrisalarning analitik ifodasi yordamida tuzilgan
tenglamalar sistemasi echimga ega bo‘lmadi. Bundan, talabalar darhol yangi g‘oyani quyidagicha
ifodalaydilar: ixtiyoriy ikkita uchburchakda mos bissektrisalarning tengligidan uchburchaklarning
tengligi kelib chigmaydi.

Yuqoridagi mulohazalardan quyidagicha xulosaga kelinadi: agar biror F figura chizigli
elementlariga ko‘ra yasalsa va yagona echimga ega bo‘lsa, u holda F' figuraga teng bo‘lgan boshqa
F' figura topilads.

Foydalanilgan adabiyotlar.

1. ZKymaes 9.9. Pa3zBurue TBOPUECKOIO MBIILIEHUs] YIAIIUXCA B IIPOIECCE PEIIEHUS TeOMeTPH-
qeckux 3agad. Jluccepraiusi Ha COMCKAHUE YYEHOH CTeleHM KaH/WJIaTa MeJarormIecKux HaykK
o cnenuajibHocTu 13.00.02-Teopust m MeToIMKa TpenojiaBanus MaTeMaTnku Knes-1997.-162 s.
2. Burogckwnii JI.C. Tlcuxosorust pautust uejopeka. UsmarenbecrBo dkemo-Mocksa 2005.-1136 ¢
3. Aytuvganov U.X. “Talabalarning ijodiy fikrlashini rivojlantirishda geometrik masalalarning
o‘rni va roli”. Samarqand davlat universiteti ilmiy axborotnomasi. Samarqand. 2020.2-son
(120).-B.140-144.
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O‘QUVCHILARDA MATEMATIK SAVODXONLIKNI SHAKLLANTIRISH
MUAMMOLARI VA ULARNI HAL ETISH STRATEGIYALARI

Berdiyeva 0. B.
Surxondayo viloyat Pedagogik mahorat markazi,Termiz, 0‘zbekiston
Oygull974Qumail .uz

Bugunga kelib matematika o‘qituvchisi ilg‘or xorijiy tajribalarga tayangan holda halqaro
ta’lim tizimida fanni o‘qitish va uni rivojlantirish uchun qanday ishlar amalga oshirilayotganini
bilishi kerak. Hozir o‘ziga xos vaqt: matematikani o‘qitishning ko‘plab an’anaviy g‘oyalari
va amaliyotlari rad etildi va taklif qilinayotgan yangisi sinovdan o‘tkazilmoqda. Shunday
ekan, zamonaviy o‘qituvchi hozirda rivojlangan mamlakatlar ta’lim tizimida matematika fanini
o‘zlashtirish uchun ganday bilim berilayotganligini bilishi kerak.

Gap shundaki, innovatsion va axborot texnologiyalari rivojlanayotgan asrda Xalqgaro
matematik ta’limning an’anaviy tizimi yaratildi, uni quyidagi xususiyatlar bilan tavsiflash
mumkin:

1) umumiy o‘rta ta’lim maktabida o‘rganilgan mustaqil fanlardan — matematika, algebra,
geometriya fanlardan iborat matematika kursi o‘qitiladi. Boshlang‘ich sinflarda matematika
fani o‘rtasida uzluksizlik bo‘lmasligi uchun boshlang‘ich maktabda matematika fan sifatida
belgilangan. Bu esa umumta’lim maktablarining rasmiy mantiqiy matematikasi;

2) matematika fanini o‘rganish maqgsadi soddalashtirildi;

3) matematik g‘oyalarni emas, balki matematik savodxonlikni shakllantirish maqsadida
maktabda o‘rganilgan mavzular va tushunchalarni hayotiy misollar orqali o‘zlashtirilishi
o‘quvchilarning kasbiy faoliyatni shakllanishida fanni o‘rganish muhim hisoblanadi.

Respublikamizda maktab matematika fanini matematika — fanga yaqinlashtiradigan yangi
dasturlar, darsliklar va metodlarni yaratish harakati boshlandi.

Ta’lim sifatini yaxshilash va innovatsion ta’lim texnologiyalarini joriy etish bo‘yicha ilg‘or
jahon tajribasiga tayanib, yangi davlat ta’lim standartlari va umumiy o‘rta ta’lim o‘quv
dasturlarini, shu jumladan STEAM usulini bosgichma-bosqich joriy etish va takomillashtirish
magsadida maktab o‘quv dasturi va darsliklarida loyiha ishlari kiritildi [1].

Shunday ekan, bugun ushbu tadbirlarni amalga oshirish uchun fan mutaxassislari qay
darajada tayyor. Gap shundaki, ta’lim mazmuni qganchalik yangilanmasin yangi dasturlar,
standartlar yaratilmasin, ularning samaradorligi va qay darajada o‘quv jarayoniga tadbiq etilishi
asosan o‘qituvchilarning bilimi, malakasi, kasbiy mahorati, ijodkorligi, fidoiyligiga bog‘liq bo‘lib
qolaveradi. Ta’lim sifati hech gachon o‘qituvchi sifatidan oshib ketmaydi. Mamlakatimizda olib
borilayotgan ta’lim islohatlari ta’lim sifatini oshirish va o‘quvchi yoshlarni kelajakda jamiyatga
kerakli kadrlar qilib tayyorlash, o‘quvchilarni ongli kasb tanlashga yo‘naltirish — bu maktabning
bosh vazifasidir.

O‘zbekiston 2022-yilda PISA tadqiqotlariga ishtirok etishi ham aynan aniq fanlar bilan
bog'liq. PISA muayyan o‘quv dasturlarining ustunligini o‘rganishga, o‘quvchilarning asosiy
mavzularda bilim va ko‘nikmalarini qo‘llay olish qobiliyati, muammolarni tahlil gilish, sharhlash
va samarali hal qilish, fikrlash, muloqot qilish imkoniyatlarini ko‘rib chiqadi [2].

Matematik savodxonlik — shaxsning matematikani turli xil sharoitlarda shakllantirish,
qgo‘llash va sharhlash qobiliyati. U matematik asoslashni, matematik tushunchalarni, usullarni,
faktlarni va vositalarni tavsiflash, tushuntirish va taxmin qilish uchun ishlatishni o‘z ichiga oladi.
Bu odamlar dunyodagi matematikaning rolini tushunishlariga, asosli qarorlar chigarishiga va
fuqarolarning konstruktiv, faol va fikrlashi kerak bo‘lgan qarorlar qabul gilishlariga yordam beradi

[3]-
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Ayni paytda harakatdagi darsliklarimizdagi misol va masalalar bu talabni bajarishga
mo‘ljallanmagan. Bizning darsliklarda PISA topshiriglariga o‘xshash masalalar juda kam yoki
umuman yo'q. Masalalarda ko‘rilayotgan vaziyatni tavsiflovchi juda katta hajmdagi axborot
berilib, ularda juda ko‘p yangi matnli ma’lumotlarning borligi — masalani tushunish va uni
yechishni yana og‘irlashtiradi.

O‘quvchilarni an’anaviy usullarda o‘qitishda bunday vazifalarni amalga oshirish ancha
mushkul ish. Buni ilmiy-uslubiy jurnallarda e’lon gqilinayotgan maqolalar va o‘qitishning
yangi metodlarini izlab topish borasidagi izlanishlar ham ko‘rsatib turibdi. Chunki an’anaviy
o‘qitishning mohiyati o‘quvchilarga fagat ma’lumot berishdan iborat. Bunda asosan tushuntirish-
namoyish metodi ustunlik qgiladi. Bu hol esa o‘quvchilarga ilgari olgan bilimlaridan kasbiy ta’lim
fanlarini o‘rganish va ixtisoslikka oid masalalarni yechishda foydalanish, shuningdek, amaliy
faoliyatida faollik ko‘rsatishlariga katta imkon bermaydi.

Ushbu maqola orqali fan sirlarini o‘rganishlari uchun matematika fani mutaxasislariga
quyidagi kompitentlik shakllangan bovlishi lozim deb o‘ylaymiz:

- o‘quvchilarning ijodiy faoliyatini tarbiyalash, mustaqil ishlash malakasini hosil qilishga
yordam beruvchi vosita va metodlardan to‘g‘ri foydalanishni bilishi;

- fanni o‘zlashtirish uchun tayyor bilimlarni bermasdan, balki fikrlashga undovchi muammoli
vaziyatlarni yarata olishi;

- matematikadan turli mavzularni o‘rganishda doimo aniq misollar orqali ko‘rsatmalilikdan
foydalanishni bilishi;

- matematikaning boshqa fanlardan farqli go‘zal jihatlarini mavzuga kirishdan oldin topishga
va ochishga o‘quvchining tafakkuri orqali tasavvurini shakllanishiga erishishi;

- o‘quvchilar o‘qgituvchining o‘z fani, shu darsining mavzusi bilan astoydil shugullanayotganini
sezdirishi va o‘ziga ergashtira olishni bilishi;

- sinfda e’tiborsizlar va  zerikuvchilar  bo‘lmasligi, matematikani "quruq va
qiziqarlimas" (ko‘plarga shunday tuyuladi) fandan qiziqarli va jozibali fanga aylantirish
uchun har bir darsni turli xil metodlardan foydalanib tashkil eta olishni bilishi;

- mavzuni amaliyot, xayot bilan bog‘lash, ko‘plab misollarni tevarak atrofdan izlab topish va
uni o‘quvchining o‘zi yechishiga erishishi uchun yo‘naltiruvchi savollarni qo‘ya bilishi lozim.

Matematika tafakkur va tasavvurni rivojlantirib, aqlni tartibga soladi. Uning amaliy tadbiq
qilinish sohasi juda katta. Siz gaysi fanni o‘rganmang, qaysi oliy o‘quv yurtiga kirmang, qaysi
sohada ishlamang, agar siz o‘sha yerda iz qoldirishni istasangiz, buning uchun hamma yerda shu
fanni bilishingiz zarur.

Adabiyotlar

1. Mirziyoyev Sh.M. "2018—2021-yillarda O‘zbekiston Respublikasi xalq ta’limi tizimini
yanada takomillashtirish bo‘yicha chora-tadbirlar dasturi to‘g‘risida"gi 2018-yil 5-sentabrdagi
PQ—3931-son qarori.

2. O‘zbekiston Respublikasi Prezidentining "Matematika sohasidagi ta’lim sifatini oshirish va
ilmiy-tadqiqotlarni rivojlantirish chora-tadbirlari to‘g‘risida"gi 2020-yil 7-maydagi PQ-4708-son
qarori.

3. Ofzbekiston Respublikasi Vazirlar Mahkamasining 2018-yil 8-dekabrdagi "Xalq ta’limi
tizimida ta’lim sifatini baholash sohasidagi xalqaro tashkilotlarni tashkil etish chora tadbirlari
to‘g‘risida"gi 997-sonli qarori.

4. PISA—2021 tadqgiqodlarining ustivor yo‘nalishi: matematik savodxonlikni baholash, —N.
Karimov ma’ruzasi.
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Ta’lim sifati va samaradorligini oshirishda baholashning o‘rni.

Djavliyeva G. R.!, Qudratova Sh.I.2
L2 Termiz davlat universiteti, Termiz, 0‘zbekiston

Muhokamani tushuntirishdan oldin mamlakatimizdagi ilmiy rivojlanish haqgida biroz
ma’lumot berib o‘tsam. O‘zbekiston mustaqillika erishganidan so‘ng, ilm-fan va innovatsiyalarni
rivojlantirish davlat siyosatining ustuvor yo‘nalishiga aylandi. Prezidentimiz Shavkat Mirziyoyev
bu borada shunday deganlar:

“Biz jamiyatimizda ilm-fan ta’lim va innovatsiyani rivojlantirmas ekanmiz, hech qachon yangi
taraqqiyot bosqichiga chiqa olmaymiz

So‘ngi yillardagi yutuqlar-“Yosh olim” va “llm-fan-2025” dasturlar orqali yuzlab ilmiy
loyihalar moliyalashtirilmoqda. So‘nggi yillarda O‘zbekistonning ilmiy maqolalari Scopus va Web
of Science bazalarida ko‘paymoqda.

Prezident stipendiyalari, Beruniy, Ulug’bek, Zulfiya va boshqa mukofotlar ta’sis etilgan
shularga ilmli va bilimli harakatchan O‘zbekiston talaba yoshlari ega bo‘lishlari mumkin.

Baholash-ta’lim sifatida oshirishda muhim vosita . U nafaqat o‘quvchi bilimini , balki ta’lim
jarayoning samaradorligini ham ko‘rsatadi. Baholashning asosiy vazifalari:

*bilim ko‘nikma va malakalarni aniglash;

*ta’lim jarayonini boshqarish va takomillashtirish;
*ta’lim sifatini nazorat qilish;

*sifatli kadrlar tayyorlash.

Shu ta’lim sifati uchun uni oshirish uchun Prezidentimiz Shavkat Miromonovich Mirziyoyev
so‘zlariga to‘xtalib o‘tamiz- “Muammolarimizning yechimi , savolarimizning javobi faqat va faqat
ta’limda. Hamma eshiklarini ochadigan kalit ham-ta’lim va tarbiyadadir”, “Maktabni maktab
qiladigan kuch esa-o‘qgituvchilardir”, “Yangi O‘zbekistonda eng muhim soha-ta’lim , eng hurmatli
insonlar o‘qituvchi va murabbiylardir” shular misoliga.

Bilim ko‘nikma va malakalarni aniglashda to‘xtalib o‘tamiz-baholash orqali o‘gituvchining
egallagan bilim darajasini aniglash . Ta’lim jarayonini boshqarish to‘g’ri baholash o‘gituvchiga
darsni rejalashtirishda yordam beradi. O‘quvchilarning o‘zlashtirish sur’ati va qiyinchiliklariga
garab metodlarini o‘zgartirish imkoni beradi.

Ta’lim sifati va samaradorligini oshirishda baholashning o‘rni juda katta. Shunga doir misollar
keltirib o‘tamiz:

* O‘zbekiston o‘quvchilari PISA, TIMSS, PRILS xalqaro dasturlarda ishtirok etmoqda;
* Universitetlarda 5 ballik baholash tizimi joriy etilgan ;

* Ta’lim inspeksiyasi sifat monitoringini olib bormoqda ;

*2022-2026-yillarda pedagoglarni xalqaro standartlar asosida baholash belgilangan .

Ta’lim to‘g’risidagi ko‘plab qonunlar va hujjatlarni keltiramiz:

e "talim to‘g’risida”’gi qonun (2020-yil);

e “ pedagogning maqomi to‘g’risida’gi qonun;

e PQ-4708 qarori — matematika ta’limni rivojlantirish milliy dasturi Statistik ma’lumotlar :
e 6,2 mln nafar o‘quvchi umumta’lim maktablarda ;

e 10 mingdan ortiq umumta’lim maktablari ;

e 500 mingdan ortiq o‘qgituvchilar ;

e OTMlarda 1,5 mln ga yaqin talaba;

e So‘nggi 10 yilda kunduzgi ta’limdagi talabalar soni 2,7 barobarga oshdi;

e Islohotlar va magqsadli srategiyalar :

e O‘zbekiston Respublikasi oliy ta’lim tizimini 2030-yilgacha rivojlantirish konsepsiyasi
tasdiglandi.
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e Maktab ta’lim sohasidagi islohotlar yangi bosqichga ko‘tarilmoqda, samaradorlikni oshirish
vazifalari belgilab o‘tilmoqda .

e Prezident Shavkat Mirziyoyev maktab ta’limi tizimidagi islohotlar bo‘yicha yig’ilishlar
o‘tkazmoqda.

Baholash natijalari asosida ta’lim muassalari o‘z fao,liyatini tahlil giladi. Bu esa zamon
talabiga mos bilimli, raqobatbardosh yoshlarni yetishtirishda muhim ahamiyat kasb etadi.

Magsad:

Mavzuning magsadi — ta’lim jarayonida baholashning ahamiyatini, uning ta’lim sifati va
samaradorligiga ta’sirini ilmiy asosda o‘rganish va yoritishdan iborat. Ta’lim sifatini baholashning
mohiyati va ahamiyatini ochib berish;

Zamonaviy baholash tizimlarining ta’lim samaradorligiga ta’sirini tahlil qilish;
Baholash orqali o‘quvchi va o‘qgituvchi faoliyatini takomillashtirish yo‘llarini ko‘rsatish;
Prezident farmonlari, qarorlar va qonunlar asosida ta’lim sifatini baholashning dolzarbligini

yoritish;
Ofzbekiston ta’lim tizimida joriy etilayotgan yangicha baholash yondashuvlarini tahlil qgilish.
Xulosa qilib aytishimiz mumkinki, baholash — ta’limning ajralmas qismi bo‘lib , u

nafagat o‘quvchi bilimini, balki ta’lim jarayonining samaradorligini ham aniglaydi. Adolatli,
tizimli va zamonavi baholash usullaridan foydalish ta’lim sifatini oshirishda eng muhim
omillardan biridir. Bugungi kun O‘zbekiston Respublikasida baholash tizimini takomillashtirish,
xalqaro standartlarga moslashtirish, adolatli, shaffof mezonlar asosida o‘tkazish bo‘yicha keng
islohotlar amalga oshirilmoqda. Prezidentimiz Shavkat Mirziyoyev ta’kidlaganlaridek:- “Yangi
Ofzbekistonni barpo etish yo‘lida eng muhim vazifamiz ta’lim sifatini oshirishdir.” Shunday ekan
baholash tizimi faqatgina natijani aniqlovchi vosita emas, balki ta’limning sifatini kafolatlovchi,
inson kapitalini rivojlantiruvchi, taraqqiyotga yo‘naltirilgan omildir.

JIuteparypa

O ‘zbekiston Respublikasi “Ta’lim to‘q’risida’gi qonun (yangi tahriri, 2020-yil 23-sentabr).

“Pedagogning maqomi to‘q’risida’gi qonun (2019-yil 30-dekabr).

O ‘zbekiston Respublikasi prezidenti Shavkat Mirziyoyevning nutqglari va farmonlari
2022-2026-yillarda O‘zbekiston Respublikasi rivojlantirish bo ‘yicha yangi O ‘zbekiston

strategiyasi.

5. Xalg ta’limi vazirligi va Oliy ta’lim , fan va innovatsiyalar vazirligi axborotlar (rivojlanish

dasturlari, 2021-2024-yillar)

6. Ilmiy qo‘llanmalar (Rahmonov. N. “Ta’lim sifatini baholashning zamonaviy yondashuvlari”,

“Ta’lim innovatsiyalar jurnali®, 2022)
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Zamonaviy ta‘lim jarayonida innovatsion pedagogik texnologiyalar va elektron
ta‘lim vositalarining ahamiyati

Djurayeva D.Sh.!, Qo‘ldosheva D.?
L2 Termiz davlat universiteti, Termiz, 0°zbekiston

Zamonaviy ta‘lim jarayonida innovatsion pedagogik texnologiyalar va elektron ta‘lim
vositalarining ahamiyati. Zamonaviy ta‘lim jarayonida innovatsion pedagogik texnologiyalar va
elektron ta‘lim vositalarining ahamiyati kundan-kunga oshib bormoqda. Innovatsion pedagogik
texnologiyalar va elektron ta‘lim vositalari ta‘lim jarayonini modernizatsiya qilish, o‘qitish
metodlarini diversifikatsiya qilish, o‘quvchilarning mustaqil fikrlashini rivojlantirish uchun juda
muhim vositalar sifatida xizmat qiladi.
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Innovatsion pedagogik texnologiyalar: ta‘rif va xususiyatlar. Innovatsion pedagogik
texnologiyalar — bu ta‘lim jarayonida pedagogik magsadlarni amalga oshirish uchun zamonaviy
texnologiyalardan foydalanish, o‘quvchilarning qobiliyatlarini rivojlantirishga qaratilgan yangi
pedagogik metodlar va vositalardir. Bu texnologiyalar an‘anaviy o‘qitish usullariga qo‘shimcha
ravishda, o‘quvchilarning faol ishtirokini ta‘minlash, ularni mustaqil fikrlashga o‘rgatish,
shuningdek, o‘qgituvchilar uchun ta‘lim jarayonini boshqarish va baholashda yangi imkoniyatlar
yaratadi.

Innovatsion pedagogik texnologiyalarning asosiy xususiyatlari:

1. Interaktivlik: Innovatsion texnologiyalar o‘quvchilarni faollashtiradi va ularni o‘gish
jarayoniga to‘lig jalb qiladi. O‘quvchilarning o‘qgituvchilar bilan aloqasi va bir-biri bilan
hamkorlikda ishlash imkoniyatlari oshadi.

2. Moslashuvchanlik: Ta‘lim jarayonini o‘quvchilarning individual ehtiyojlariga moslashtirish
imkoniyatini yaratadi. O‘quvchilar o‘z bilim darajasiga mos ravishda o‘rganish imkoniga ega
bo‘ladilar.

3. Kreativlikni rivojlantirish: Innovatsion texnologiyalar yordamida o‘quvchilar yangi g‘oyalar
yaratishda va muammolarni ijodiy hal qgilishda o‘zlarining kreativliklarini rivojlantiradilar.

4. Resurslarga keng kirish: Internet va raqamli resurslardan foydalanish imkoniyati
o‘quvchilarga global bilim bazasidan foydalanish imkonini beradi.

N.Yu. Anekcees (2021) tomonidan yozilgan “UnrepakTusibie 06pa3oBaTeIbHbIC TEXHOJIO-
i ¥ UX PoJib B IpodeccnoHabHON moaroroBke yuamresneil” tadqgiqotida interfaol va ragamli
texnologiyalar asosida o‘gituvchilarni tayyorlash masalasi ko‘rib chigilgan. Tadqiqotda interfaol
texnologiyalar va raqamli resurslarning o‘qgituvchilarni professional tayyorlashdagi roli tahlil
gilingan.

Innovatsion pedagogik texnologiyalar zamonaviy ta‘lim jarayonining ajralmas qismiga

aylanmoqda. Ular o‘qitish metodlarini diversifikatsiya qilish, o‘quvchilarning ijodiy fikrlashini
rivojlantirish, ta’lim samaradorligini oshirish, o‘quvchilarni faollashtirish va mustaqil o‘rganish
imkoniyatlarini yaratish kabi afzalliklarga ega. Bu texnologiyalar nafaqat o‘quvchilar uchun, balki
o‘qituvchilar uchun ham ta‘lim jarayonini takomillashtirish, metodologik bilimlarni yangilash va
innovatsion yondashuvlarni joriy etish imkoniyatlarini yaratadi. Shu bilan birga, ta‘lim tizimi
innovatsion pedagogik texnologiyalar bilan boyitilganda, o‘quvchilarning umumiy ta‘lim va ijodiy
kompetensiyalarini rivojlantirishda muhim rol o‘ynaydi. Elektron ta‘lim vositalari o‘quvchilar va
o‘qituvchilar uchun ta‘lim jarayonini samarali tashkil etish, ma’lumotlarni taqdim etish, baholash
va o‘quvchilarning bilim darajasini monitoring qilishda muhim rol o‘ynaydi. Ular ta‘limni yanada
interaktiv, shaxsiylashtirilgan va samarali qilish imkoniyatini yaratadi. Quyida elektron ta‘lim
vositalarining asosiy turlari va ularning ta‘lim jarayonidagi ahamiyati batafsil keltirilgan:
1. LMS (Learning Management System) — O‘qitish boshqaruvi tizimi. LMS — bu ta‘lim jarayonini
boshqgarish va monitoring qilish uchun mo‘ljallangan elektron tizimlar bo‘lib, o‘qituvchilar va
o‘quvchilarga turli ta‘lim resurslarini taqdim etish, topshiriglarni yuklash, testlar o‘tkazish va
baholash imkonini beradi. LMS tizimlari yordamida ta‘lim jarayonining barcha bosqichlarini
masofaviy ravishda boshqarish mumkin. LMS tizimlarining asosiy imkoniyatlari:

Materiallarni joylashtirish: O‘gituvchilar o‘z o‘quv materiallarini platformaga joylashtirishlari
mumkin.

Baholash: Testlar va viktorinalar orqali o‘quvchilarni baholash.

Kommunikatsiya: O‘qgituvchilar va o‘quvchilar o‘rtasida muloqot qilish imkoniyatlari
(forumlar, xabarlar, chatlar).

Monitoring: O‘quvchilarning faoliyatini kuzatish va baholash. O‘qitish boshqaruvi tizimiga
quydagilarni misollarni keltirish mumkin: Moodle, Google Classroom, Canvas, Blackboard.

2. MOOC (Massive Open Online Courses) — Kengaytirilgan ochiq onlayn kurslar. MOOC
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platformalari ta’limni keng auditoriya uchun onlayn shaklda taqdim etadi. Bu tizimlar butun
dunyo bo‘ylab foydalanuvchilarga bepul yoki pullik kurslarni o‘rganish imkoniyatini beradi.
MOOC Kkurslari o‘quvchilarga o‘zlashtirish jarayonini boshqarish imkoniyatini yaratadi, turli
mavzularda (ilmi, texnologiya, san’at, ijtimoiy fanlar va boshqalar) bepul yoki pullik kurslarni
taqdim etadi. MOOC tizimlarining asosiy xususiyatlari:

Keng auditoriya: Kurslarga global migyosda kirish imkoniyati.

Fakultativ kurslar: Talabalar o‘zlariga qiziqarli bo‘lgan kurslarni tanlashlari mumkin.

Kurs materiallari: Video darslar, testlar, o‘quv qo‘llanmalari va forumlar.

Sertifikatlar: Kursni muvaffagiyatli tamomlaganlarga rasmiy sertifikatlar berish.

Kengaytirilgan ochiq onlayn kurslarga quydagilar misol bo‘la oladi: Coursera, edX, Udemy, Khan
Academy.
3. Simulyatsiyalar va virtual laboratoriyalar. Simulyatsiyalar va virtual laboratoriyalar ta’limda
nazariy bilimlarni amaliyotga tatbiq etishga yordam beradi. Ular o‘quvchilarga ilmiy tajribalarni
xavfsiz va interaktiv tarzda o‘rganish imkoniyatini yaratadi. Simulyatsiya yordamida o‘quvchilar
tajriba qilish, amaliy ko‘nikmalarni rivojlantirish va yangi bilimlarni sinash imkoniyatiga ega
bo‘ladilar. Simulyatsiya va virtual laboratoriyalarning afzalliklari:

Realistik muhit: O‘quvchilar ilmiy tajribalarni virtual tarzda o‘rganishadi, xavfsiz va arzon.
Praktik ko‘nikmalarni rivojlantirish: O‘quvchilar bilimni amalda qo‘llashadi. Masofaviy o‘rganish:
Barcha laboratoriyalar masofadan o‘rganish imkoniyatini beradi. Bu kabi elektron ta’lim
vositalari innovatsion ta’lim jarayonini yaratishda muhim ahamiyat kasb etadi. Ular o‘quvchilarni
faol o‘rganishga undaydi, nazariy bilimlarni amaliyot bilan bog‘lashga yordam beradi va fanlarga
bo‘lgan qiziqishni oshiradi. Shu sababli, ta’lim jarayonida PhET, Labster va ChemCollective kabi
platformalarni keng qo‘llash magsadga muvofiq.
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2),3)

Maktab o‘quvchilariga fanlardan chuqur bilim berish bilan birgalikda berilayotgan bilimlarni
hayotda qanday qo‘llash mumkinligini o‘rgatish hozirgi kunda muhim masalalardan biri
hisoblanadi. Matematika fanida ta’rif, teorema va tushunchalarni o‘quvchiga hayotiy va sodda
qilib tushuntirish mushkul vazifalardan biridir. Surxondaryo viloyati maktablari matematika
o‘qgituvchilaridan olingan so‘rovnomalarda berilgan takliflardan biri bu — matematika kursida
berilgan bo‘linish belgilari mavzusidagi murakkab sonlarga yagona qoida asosida bo‘linish belgisi
hosil qgilish masalasi bo‘ldi. Biz ushbu masala yuzasidan ba’zi murakkab sonlarga yagona bo‘linish
qoidasini yaratishga e’tibor qaratdik.

Maktab 6-sinf matematika darsliklarida sonni tub sonlar ko‘paytmasi shaklida keltirish
mayvzusi berilgan. Ushbu mavzu bo‘yicha kattaroq sonlarni tub sonlar ko‘paytmasi shaklida
ifodalash masalalalarini hal qgilishda sonlarning bo‘linish belgilari muhim hisoblanadi. Bizga
ma’lumki darsliklarda 2, 3, 4, 5, 8, 9, 10, 11, 25 sonlariga bo‘linish belgilari berilgan. Ba’zi
adabiyotlarda 7, 13, 17, 19, 23 sonlariga bo‘linish belgilari ham berilgan. [1] magolada 10 soni
bilan o‘zaro tub bo‘lgan barcha sonlar uchun bo‘linish belgilari umumiy holda berilgan.

Odatda murakkab sonlarga bo‘linish belgilari uni o‘zaro tub ko‘paytuvchilarga ajratib, hosil
bo‘lgan ko‘paytuvchilarning bo‘linish belgilari orqali hal qilinadi. Bunda ko‘paytuvchilarning
har biri uchun bo‘linish belgilari alohida tekshiriladi. Endi haqli savol tug‘iladi, umumiy holda
bo‘linish belgilari berilmagan murakkab sonlar ya’ni 6, 12, 14, 15, 18, ... sonlar uchun yagona
bo‘linish belgilari mavjudmi? A. Dusumbetov, R. Turgunbayev [2] maqolasida 10 bilan o‘zaro
tub bo‘lmagan sonlarga yagona bo‘linish qoidasi berilgan, ammo bu qoidani qo‘llash bir necha
bosgichni va katta sonlar bilan hisoblashlarni yuzaga keltiradi. Biz ushbu ishda [1] maqgolada
berilgan bo‘linish belgilarini to‘ldirgan va [2] maqolada berilgan hisoblashlardan soddaroq
bo‘lgan, 10 bilan o‘zaro tub bo‘lmagan ba’zi sonlar uchun bo‘linish belgilariga to‘xtalamiz.

1-teorema. Ggai...an_1a,. soni 6 ga bo‘linishi uchun uning birlar zonasidagi ragami va
qolgan raqamlari yig‘indisining to ‘rtlanganining yig‘indist 6 ga bo ‘lishi yetarls.

Isboti: Sonlar nazariyasidan bizga ma’lumki @gai...ap,—1a, soni 6 ga bo‘linishi uchun
agai--ap_1a, = 0(mod6) (1) bo‘lishi yetarli. (1) taqqoslamaning chap tomonidagi sonni xona
qo‘shiluvchilari yig‘indisi shaklida yozsak quyidagi ko‘rinishga keladi [3] (36-38 betlarga qarang)

ap - 10" +ay - 10" + ... + a1 - 10 + a,, = 0(mod6). (19

Shu o‘rinda quyidagi lemmani keltiramiz:

Lemma. 10" = 4(mod6) (n € N) bajariladi.

Isboti. Matematik induksiya metodiga asosan isbotlaymiz. n = 1 bajarilishi tushunarli. n = &
da o‘rinli deb n = k + 1 da o‘rinli ekanligini ko‘rsatamiz. n = k da 10¥ = 4(mod6) o‘rinli deb
hisoblaymiz. Oxirgi taqqoslamani ikkila qilsmini 10 ga ko‘paytiramiz 10**! = 40(mod6) yoki
105+ = 4(mod6) natijani olamiz. Bu natija lemmani isbotlaydi.

(1) taqqoslamani 10" = 4(mod6) (n € N) ekanligidan foydalanib

a0-4+a1-4+...+an_1-4+an50(m0d6)
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yoki
4-(ag+ a1+ ...ap—1) + an = 0(mod6)

ko‘rinishida yozishimiz mumkin. Bu 1-teoremani isbotlaydi.

Misol. 738 soni 6 ga bo‘linishini yuqoridagi 1-teorema yordamida tekshiramiz. 4-(743)+8 =
48, 48 soni 6 ga qoldigsiz bo‘linadi, demak 738 soni ham 6 ga qoldigsiz bo‘linadi.

2-teorema. Qyai...G, 20, 10, soni 12 ga bo‘linishi uchun, uning oxirgi ikki ragamidan
tuzilgan son va qolgan ragamlari yig‘indisining to ‘rtlanganining yig‘indisi 12 ga bo ‘linishi yetarli.

Isboti. agay...Gp—20,—10, soni 12 ga bo‘linishi uchun

aga---n—20,_10, = 0(mod12) (2)

bo‘lishi yetarli [4]. (2) tagqoslamaning chap tomonidagi sonni xona qo‘shiluvchilari yig‘indisi
shaklida yozsak

ag - 10" + a1 - 10" 1+ .. 4 a1 - 100 + ap_1 - 10 4 a, = 0(mod12)

ko‘rinishga keladi. Oxirgi taqqoslamani 10" = 4(mod12) (n > 2, n € N) (yuqoridagi lemma
o‘xshash matematik induksiya metodi asosida isbotlash mumkin) ekanligidan foydalanib

ap-4+ay-4+...+an—2-4+ap—1-10+ a, = 0(modl2)

yoki
4-(ap+ a1+ ...+ an—2) + ap_1a, = 0(modl12)

ko‘rinishida yozishimiz mumkin. Bu 2-teoremani isbotlaydi.

Misol. 5832 soni 12 ga bo‘linishini yuqoridagi 2-teorema yordamida tekshiramiz. 4 - (5+8) +
32 = 84, 84 soni 12 ga qoldigsiz bo‘linadi, demak 5832 soni ham 12 ga qoldigsiz bo‘linadi.

3-teorema. agai...an_10, soni 15 ga bo‘linishi uchun, uning ragamlari yordamida tuzilgan
10 - (ap + a1 + ... + an—1) + an, sonli ifoda 15 ga bo‘linishi yetarli.

Isboti. agay...ap—1a, soni 15 ga bo‘linishi uchun

apai---an_1a, = 0(mod15) (3)

bo‘lishi yetarli. (3) tagqoslamaning chap tomonidagi sonni xona qo‘shiluvchilari yig‘indisi
shaklida yozsak
ap - 10" 4+ ay - 10" 4+ ... 4 ap_q - 10 4 a, = 0(mod15)

ko‘rinishga keladi. Oxirgi taqqoslamani 10" = 10( mod 15) (n € N) (yuqoridagi lemma o‘xshash
matematik induksiya metodi asosida isbotlash mumkin) ekanligidan foydalanib

ap-10+ a1 -10+ ... + ap—1 - 10 + a,, = 0(mod15)

yoki
10 (ag + a1 + ... + an—1) + an = 0(modl15)

ko‘rinishida yozishimiz mumkin. Bu 3-teoremani isbotlaydi.

Izoh: 3-teoremadagi 10 - (ap + a1 + ... + an—1) + ay, ifoda o‘rniga 5- (ag + a1 + ... + an—1) — an
sonli ifodani tekshirish ham mumkin. Ammo 10- (ag+ a1+ ... + an—1) + ay, sonli ifodani hisoblash
qulay bo‘lganligi uchun ushbu ifodani oldik.

Misol. 51 861 945 soni 15 ga bo‘linishini yuqoridagi 3-teorema yordamida tekshiramiz. 10-(5+
1+8+6+1+9+4)+5 = 345, 345 uchun ham yuqoridagi teoremani qo‘llaymiz, 10-(3+4)+5 = 75,
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75 soni 15 ga qoldigsiz bo‘linadi, demak 345 soni ham 15 ga qoldigsiz bo‘linadi. Bu esa 51861945
soni 15 ga qoldigsiz bo‘linishini ko‘rsatadi. (51 861 945:15=3 457 463)

Xulosa o‘rnida shu aytishimiz mumkinki, har qanday murakkab son uchun yagona bo‘linish
qoidasi keltirish mumkin, ammo bu qoidani qo‘llash orqali o‘quvchi hisoblashlarda qulaylik
olmasligi mumkin. Biz ushbu ishda hisoblashga va tekshirish qulay bo‘lgan ba’zi murakkab
sonlarga bo‘linish belgilarini keltirdik.

Adabiyotlar ro‘yxati

1. Ibragimov Q.T., Erdonov B.X. Sonlarning bo‘linish alomatlari va mavjud bo‘linish
belgilariga yangicha yondashuv. Fizika, matematika va informatika jurnali. 2020. N6, 14-18 b.
2. Dusumbetov A., Turgunbayev R. Bo‘linish belgilari. Fizika, matematika va informatika.
2003, Ne3, 25-33 b.

3. Allakov I. Sonlar nazariyasidan misol va masalalar (yechimlari bilan). Termiz. «Surxon-
Nashr» nashriyoti 2020.

4. Erdonov B.X. Ba’zi murakkab sonlarning bo‘linish belgilari va mavjud bo‘linish belgilariga
yangicha yondashuv. NamDU ilmiy axborotnomasi. 2023. Ne12, 509-513 b.

Ta‘limda integratsiya va uning mohiyati
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Matematikada integratsiya tiklash sifatida — ixtiyoriy buzilishlar, butunlik yoki birlikning
parchalanishini "yo‘q qilish” bo‘yicha harakat orqali emas, balki ongli ravishda o‘tkazilgan
differensatsiyani tushurish sifatida xarakterlanadi. Bundan tashqari matematikada integratsiya
gismlarni yig‘indisi sifatida ifodalanadi. Shuning uchun butunlik teginmaganlik kabi emas,
tarkibiylik sifatida qabul qilinadi. Lotin so‘zining ma‘nosini shakl almashtirish jarayonining
teskari tomoni sifatida — integratsiya biror butunlikni tiklash bo‘yicha faoliyat bo‘lmay, fagatgina
fikrlash protsedurasi sifatida ko‘rsatiladi.

Matematik integratsiya — butunga tiklashning umumiy ob’ektiv jarayonini xususiy holi
sifatida qayta anglash XIX asrda boshlanadi. Shunday ekan, sotsiologiyvada Kontdan keyin har
xil ijtimoiy guruhlarni garmonik bir butunga birlashishini integratsiya deb nomlasha boshlashdi.

Integratsiya tushunchasining keyingi rivojlanishi sistemali tasavvurlarning tez suratda
rivojlanishi bilan uzluksiz bog‘liq. Yuqoridagilardan kelib chiqib integratsiya tushunchasining
quyidagi ma’nolarni keltiramiz:

a) integratsiya — tizim tashkil etuvchi elementlarning birlashishini ta’minlovchi aloqa sifatida;

b) integratsiya — elementlarning boshqa tizimga sintezi sifatida;

c) integratsiya — rivojlanayotgan butun organik tizim doirasida differensiallangan gismlar
birlashmasi sifatida.

Oxirgi holatda, integratsiya nafaqat qismlarning funksional birlashishi va ularning
koordinatsion (uyg‘unlashtirilgan) sintezini, balki har bir gqismning har tomonlama rivojlanishini
ham anglatadi.

Umuman olganda integratsiya — bu olamning yaxlitligi va uni tashkil etuvchi tarkibiy
gismlarining o‘zaro aloqadorligini anglatadi. "Integratsiya'"tushunchasi integratsiyalanadigan
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ob’ektlarning mohiyatiga ko‘ra turlicha ta’riflanadi. Biz integratsiya tushunchasiga berilgan turli
xil izohlarni o‘rganib ularni quyidagicha umumlashtiramiz.

Integratsiya (lot. integration — tiklash, to‘ldirish va integer — butun, yaxlit) — tizimning,
bir butun organizmning bir-biridan farq giluvchi alohida bo’laklarining o’zaro bog’langanligini
anglatuvchi, hamda xuddi shu holatni keltirib chiqaruvchi jarayon demakdir.

Integratsiya bilan bir xil deb qaraladigan tushunchalar nihoyatda ko‘p, ulardan ko‘proq
qgo‘llaniladiganlari: sinkretizm, sintez, qo‘shilish, komplekslilik va hokazo. Ko‘rsatilgan
tushunchalardan har biri integratsiya tabiatini ochib berishga yordam beradi, biroq uning
mazmunini to‘la-to‘kis berishga yordam bermaydi.

"Integratsiya"termini (lotincha integratio — to‘dirish, tiklash, integer — butun, to‘liq)
BDmbiror qismlarni, elementlarni bir butunga birlashtirishnisBk anglatadi va fanlarni
differensiatsiyalash bilan bir gatorda sodir bo‘ladigan, fanlarning aloqasi va yaqinlashish
jarayonining xususiyatlarini tasvirlash uchun ham qo‘llaniladi.

Pedagogikada "integratsiya"to‘la huquqli ilmiy tushuncha sifatida jamiyatning iqtisodiy,
siyosiy, axborotli, madaniy va boshqa sohalardagi rivojlanayotgan o‘zaro ta’sirdagi jarayonlar
sharoitida XX asrning 80-yillari birinchi yarmida mulohaza qilina boshlandi. Integratsiya
muammolarini pedagoglar, hali faylasuflar, siyosatchilar u bilan jiddiy qizigmasdan oldin
mulohaza qila boshladi. XX asr boshlarida pedagogik ongda ikkita qarama-qarshi didaktik
yo‘nalish vujudga keldi: predmetlilik va komplekslilik. Kompleks ta’lim o‘zini eski, predmetli
ta’lim sistemasini buzish orqali amalga oshirishga uringan.Ammo integratsiyaning ilk nihollari
butunlay yo‘q bo‘lib ketgani yo'q: u predmetlilik ichiga kiradi va yerga tushgan don kabi,
uning ichida o‘zining rivojlanishining yangi shaklini boshlaydi. 50-yillarda integratsiya g‘oyasi
pedagogik ongda fanlararo aloqalar shaklida paydo bo‘ladi.

Haqgigatan ham texnikaviy g‘oya rivojlanishining butun tarixi davomida masalalarni
yechishning geometrik metodi eng muhim ajralmas qismi bo‘lib kelgan. Geometrik til
nafagat fan va texnikada, balki hayotimizda ham qo‘llaniladi. Amaliyotda, fagatgina asl
nusxaning strukturasini aks ettiruvchi geometrik modellar eng murakkab territorial komplekslarni
proeksiyalash bilan bog‘liq ravishda keng qo‘llaniladi. Geometrik o‘xshashlik asosida qurilgan
ushbu modellar ob’ektlarni optimal joylashtirish bilan bog‘liq bo‘lgan va hokazo masalalarni
yechish imkonini beradi.

Shaxs rivojlanishida ham geometriyaning ahamiyati nihoyatda katta. Ko‘rgazmali
tasavvurlardan kelib chiquvchi geometrik usulning o‘ziga xosligi o‘quvchilarda fazoviy tasavvur
va mantiqiy fikrlash kabi ahamiyatli sifatlarni shakllantirish uchun imkoniyatlar yaratib beradi.
Rivojlangan fazoviy tasavvur bu insonning umumiy madaniyatining muhim elementidir.

Geometriyaning roli mexanika va fizikaning rivojlanishida ham muhimdir. Bu yerda geometrik
tasavvurlar fundamental rolni bajaradi, sababi harakat va jarayonlar fazoda ro‘y beradi. Bunga
kinematika va geometrik optika, kristallar tuzilishi, murakkab molekulalarning fazoviy modellari,
tirik organizmlarning simmetriyasi va hokazolar misol bo‘la oladi.Fazoviy tasavvurlar, matematik
intuitsiya matematikaning o‘zida ham muhim rol o‘ynaydi.

Zamonaviy fan rivojlanishining ob’ektiv tendensiyalari va shakllanayotgan axborotli
jamiyatning talablari akademik litseylarda matematikani integratsiyalab o‘qitishni qat’iy
talab etadi. Uning istigbolli yo‘nalishlardan biri, algebradan geometriyaga qarab yo‘nalgan
asosiy matematik fanlar integratsiyasi hisoblanadi. Matematik bilimlarni geometriyalashtirish
zamonaviy matematika darsliklarida sezilarli. Shuni ta’kidlash kerakki, bilishning algebraik
va geometrik usullar integratsiyasining zarurligi nafagat fan rivojlanishining mantiqiga, balki
zamonaviy mutaxassisning kasbiy sifatlarini shakllantirish talablariga ham bog‘liq.

Matematikani o‘qitish matematik faoliyat uchun xarakterli va jamiyatda ishlashi uchun
insonga zarur fikrlash sifatlarini shakllantirib, o‘quvchilarning aqliy rivojlanishiga katta
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hissa qo‘shishi kerak. Matematika haqgida tasavvurni voqelikni bilish usuli va tasvirlash
shakli sifatida, umuminsoniy madaniyatning qismi sifatida ochib berib, insonning gumanitar
madaniyatini rivojlatirishiga yordam berishi kerak. Matematik ta’limda integratsion jarayonlar
bo‘lgandagina bu maqgsadga erishish mumkin. Jamiyatning o‘sishi uchun o‘quv jarayonini
shunday tashkillashtirish zarurki, o‘quv rejasini bajaribgina qolmasdan va berilgan muddatlarda
barcha o‘quvchilarni bitirganlik to‘g‘risidagi diplomlar bilan ta’minlabgina qolmasdan, balki
maktab hayotining birinchi kunlaridanoq o‘quvchilarga jamiyat oldida turgan odatiy va
yangi muammolarni yechishga yangi yondashuvlar, yangi imkoniyatlar, yangi yo‘llarni izlashni
odatlantirmoq kerak.

Maktab vazifasi quyidagidan iborat: yosh avlodga fikrlashni, o‘qishni va harakat qilishni
o‘rgatish; insonning harakatlariga, uning ishiga oliy ijtimoiy maqsadlarni qo‘yishga va erishishga
intilish beruvchi yaxlit ilmiy dunyoqarashni egallashga yordam berish. Bu vazifani hal etishda
matematik ta’lim integratsiyasining roli nihoyatda katta.

Foydalanilgan adabiyotlar ro’yhati

1. Jumaev E.M, Eshonqulova M. Boshlang‘ich ta’limda integratsiyaning maqgsad va mohiyati
to‘g‘risida // Pedagogika. 1988. Ne-7. S. 8-11.

2. Mamadazimov M. Ta’limda integratsiya — davr talabi. // T.N.Qori Niyoziy nomli o‘zPFITI.
"Umumiy o‘rta ta’lim tizimini rivojlantirish istigbollari"Respublika ilmiy-amaliy konferensiyasi.
2020.

3. Bpaxe T.I'Murerpamusi npeamMeroB B coBpeMenHoii mkosie // Jlureparypa B mkose. 1996.
Ne5. C. 15-19.

4. Paémor M. @opmupoBanue npukiaaaubix ymenuit yuaammxes VII-IX kraccoB obmeobpazoBa-
TeabHbIX TKOJI. [uce. YsHUNIIN nm. T.H.Kopn-Husazosa. 2018.

Kimyo fanini talabalarga fanlararo bog‘liqlikni gamrab olgan holda o‘rgatishda
zamonaviy axborot texnologiyalari imkoniyatlaridan foydalanish
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Boshqa fanlar sohasida bo‘lgani kabi kimyo fanini talabalarga fanlararo bog‘liglikni qgamrab
olgan holda o‘rgatishda zamonaviy axborot texnologiyalari imkoniyatlaridan foydalanish keng
imkoniyatlar eshigini ochib beradi. Hozirda ilmiy yangiliklar ikki yoki undan ortiq fanlar
kesimi doirasida yaxshi natijalar bermoqda va innovatsion ahamiyat kasb etib, tegishli
sohadagi ishlab chiqarish korxonalariga tadbiq etish imkoniyatlarini bermogda.Bu borada
Of‘zbekiston Respublikasi Prezidentining 2020 yil 12 avgustdagi PQ-4805-son “Kimyo va
biologiya yo‘nalishlarida uzluksiz ta’lim sifatini va ilm-fan natijadorligini oshirish chora-tadbirlari
to‘g'risida“gi qarorida [1| mamlakatimizda kimyo va biologiya fanlarini rivojlantirish, ushbu
yo‘nalishlarda ta’lim sifati va ilm-fan natijadorligini oshirish “Ilm, ma’rifat va raqamli iqtisodiyot
yili“ Davlat dasturining ustuvor vazifalari qatorida belgilangan. Mazkur qarorda “Umumta’lim
maktablaridagi kimyo va biologiya fanlarini o‘qitish sifati bugungi davr talablariga javob
bermasligi, o‘qitish metodologiyasi va laboratoriyalar ma’nan eskirganligi, o‘qituvchilarning
mehnatini munosib rag‘batlantirish mexanizmlari joriy gilinmaganligi alohida qayd etib o‘tilgan.
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Shuningdek, o‘rta maxsus, professional, oliy ta’lim, ilmiy-tadqiqot muassasalari hamda sohadagi
ishlab chiqarish korxonalari o‘rtasida kadrlar tayyorlash va ilm-fan natijalaridan foydalanish
borasida uzviy bog‘liqlik, samarali muloqot va hamkorlik yo‘lga qo‘yilmagan‘ligi to‘g‘risidagi
e’'tirozli fikrlar bildirilgan.Ushbu qaror [l]da kimyo va biologiya fanlari bo‘yicha ta’lim
sifatini tubdan oshirish,umumta’lim maktablarida ushbu fanlarni o‘qitishning mutlaqo yangi
tizimini joriy etish, ta’lim muassasalarini zamonaviy laboratoriyalar, darsliklar va boshqa
o‘quv jihozlari bilan ta’minlash, ushbu yo‘nalishlarga malakali o‘qituvchi-murabbiylarni jalb
etish, kadrlar tayyorlash va ilm-fan natijalaridan foydalanishda ta’lim, ilm-fan va ishlab
chiqgarish sohalari o‘rtasida o‘zaro yaqin muloqot va hamkorlikni yo‘lga qo‘yish magsadida
bir qator vazifalar belgilangan.Ushbu vazifalar doirasida oliy ta’lim muassasalarining kimyo
va biologiya ta’lim yo‘nalishlarida samarali o‘quv jarayonini tashkil etish, oliy ta’lim
muassasalari kafedralariga biriktirilgan tayanch ixtisoslashtirilgan maktablarda o‘quv jarayonini
samarali tashkil etish, professor-o‘qituvchilarni va iqtidorli talabalarni ta’lim jarayoniga
jalb etish, mahorat darslari, to‘garaklar va yozgi maktablar tashkil etish, umumiy o‘rta
ta’lim muassasalarida kimyo va biologiya fanlariga qiziqgishi bo‘lgan o‘quvchilar uchun
tajriba-sinov sifatida joriy etilayotgan tabiiy fanlar yo‘nalishidagi variativ o‘zgaruvchan
o‘quv rejalarini bosgichma-bosqich o‘quv jarayonida foydalanishni yo‘lga qo‘yish, shuningdek,
o‘quvchilarning amaliy ko‘nikmalarini shakllantirish magsadida tabiiy fanlar o‘quv dasturlarida
amaliy mashg‘ulotlarning ulushini ko‘paytirish choralarini ko‘rish, o‘quv jarayonida zamonaviy
pedagogik texnologiyalarni joriy etish nazarda tutilgan.Oliy ta’lim muassasalarining tabiiy
fanlar ta’lim yo‘nalishlarida tahsil olayotgan talabalarning fanlararo bog‘liglikni o‘rganish
bo‘yicha kasbiy kompetentligini shakllantirishda axborot texnologiyalarini qo‘llash ta’lim sifati
va samaradorligini oshirishda muhim ahamiyatga ega.Shu magsadda ushbu tadqiqot ishida kimyo
fanida uglevodorod molekulalarining topologik xossalarini axborot texnologiyalarini qo‘llash
asosida tadqiq etish orqali molekuladagi uglerodlar sonini, uglerod-uglerod aloqalari sonini
hamda molekuladagi xalgalar sonini aniglash metodikasi keltirilgan, bunda molekuladagi uglerod-
vodorod bog‘ligliklari inobatga olinmaydi. Qo‘yilgan masalani hal etish quyidagi fanlar orasidagi
fanlararo bog‘liqli o‘rganish bilan bevosita bog‘liq. Ushbu bog‘liglik 1-rasmda keltirilgan.

Puc. 10: Kimyo ta’lim yo‘nalishida fanlararo bog‘liglik sxemasi

Fanlararo bog‘liglikni axborot texnologiyalari asosida o‘rganishda kimyo fani o‘qituvchisi
keltirilgan barcha fanlar bo‘yicha kasbiy ko‘nikmalarga ega bo‘lishlari talab etilmaydi, ular
faqat garalayotgan jarayonni xarakterlovchi parametrlarning kompyuter dasturiga kiritiladigan
dastlabki qiymatlari hagida hamda dasturning amalga oshirilishi natijasida olinadigan
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parametrlarning giymatlari va ularning mohiyati to‘g‘risida to‘liq tushunchalarda ega bo‘lishlari
kifoya qilinadi.
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Topologik fazolarning zichligi va lokal zichligini o‘qitishda ilmiy izlanishlar
metodidan foydalanish
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Ushbu ishda topologiik fazolarning zichligi va lokal zichligini o‘qitishda ilmiy izlanishlar
metodidan foydalanish bo‘yicha to‘liq tavsiyalar hamda xulosalar haqgida so‘z yuritiladi.
Natijada esa bu metodlar talabalarni faol ishtirokchi qilish, mavjud bo‘lgan mavzuga doir
ilmiy natijalardan samarali foydalana olish, mavzuni chuqurroq tushunishga undash va mustaqil
fikrlash ko‘nikmalarini rivojlantirishga yordam beradi.

Topologiik fazolarning zichligi va lokal zichligini o‘gitishda ilmiy izlanishlar metodidan
foydalanish oliy ta’lim tizimida samarali metodlardan biri hisoblanadi, chunki bu metod orqali
nazariy tushunchalarni mavjud ilmiy natijalar yordamida nafaqgat qayta bayon qilish, balki yangi
natijalar kashf etish ham mumkin.

Endi biz quyidagi ketma-ketlikda to‘liq tavsiyalarni bosqichma-bosqich keltiramiz:

1. Magsadni aniqlash - tadqiqot savollarini shakllantirish.

Magsadni aniqlash: Zichlik va lokal zichlik kabi tushunchalarga turli xil yondashuvlar
yordamida ta’rif berish . Ya'ni fazoda zich yoki lokal zich joylashgan eng kichik quvvatli
to‘plamlarni aniqlash, to‘plamlarning zich va lokal zich bo‘lishlik shartlari, maxsus fazolarda
(metrik, Tikhonov, Stone-Chech kompaktifikatsiyasi) zichlik va lokal zichlikni hisoblash. Metodni
qo‘llashni qaysi tushunchani o‘rgatishga qaratishni aniq belgilab olish tavsiya etidali.

2. Fundamental nazariy bilim - ta’riflar va asosiy xossalar

Topologik fazolarning zichligi va lokal zichligiga aniq ta’riflar berilib, misollar yordamida
tushuntiriladi va ularning muhim bo‘lgan asosiy xossalari isbotlari bilan keltiriladi. Bundan
magsad mavzuga doir mashq va masalalarning turli xil yechimlarini oldin mavjud bo‘lgan ilmiy
natijalar yordamida bayon qilishdan iborat.

3. Metodologik usullar - isbotlash texnikalari va konstruktsiyalar

1. Konstruktsiya orqali misollar va qarshi misollar qurish;

2. Kardinal invariantlar yordamida taqqoslashlar tekshiruvi;

3. Funksional usul va akslantirishlar yordamidagi tasvirlar;

4. Topologik o‘yinlar va seleksiyon prinsiplar;

5. Algebraik va o‘lchovli usullar.
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Topologik fazolarning salmog‘i va to‘rli salmog‘ini o‘qitishda algebraik metodlardan
foydalanish
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Ushbu ishda topologiik fazolarning salmogi va to‘rli salmog‘ini o‘qitishda algebraik
metodlardan foydalanish bo‘yicha to‘liq tavsiyalar hamda xulosalar haqida so‘z yuritiladi.
Topologiik fazolarning turli salmogqlarini, xususan salmoq, to‘rli salmoq kabilarni o‘qgitishda
algebraik metodlardan foydalanish talabalarni faol ishtirokchi qgilish, mavjud bo‘lgan mavzuga
doir ilmiy natijalardan samarali foydalana olish, mavzuni chuqurroq tushunishga undash va
mustaqil fikrlash ko‘nikmalarini rivojlantirishga yordam beradi.

Topologik fazolarning salmog‘i va to‘rli salmog‘i kabi kardinal invariantlarini o‘rganishda ilmiy
algebraik metodlardan foydalanish bo‘yicha aniq faktlar va to‘liq tavsiyalarni keltirib o‘tamiz.

1. Asosiy tushunchalar.

1. Salmoq (weight) - bu fazoning eng kichik bazasining quvvati.

w(X) = min{|B| : B - Xda baza}.

2. To‘rli salmoq (network weight) - bu fazodagi eng kichik to‘rining (network) quvvati:

nw(X) = min{|N|: N - Xda to'r}.

Ixtiyoriy topologik fazoning salmog‘i va to‘rli salmog'i orasida har doim quyidagi munosabat
o‘rinli: nw(X) < w(X).

2. Algebraik metodlarning qo‘llanishi.

Topologik fazolarda salmoq va to‘rli salmoq kabi invariantlarni o‘rganishda quyidagi algebraik
usullar samarali hisoblanadi:

1) Kardinal funksiyalarni algebraik tavsiflash.

w(X) va nw(X) ko‘pincha funktorlar va ob’ektlar orasidagi izomorfizmlar orqali o‘rganiladi.
Masalan, agar f : X — Y uzluksiz sur’yektiv bo‘lsa, u holda quyidagi munosabatlar o‘rinli
bo‘ladi: nw(Y) < nw(X), w(Y) <w(X).

2) Bo‘linmalar va qoplamalar nazariyasi.

Har qanday baza yoki to‘rni algebraik kombinatsiya sifatida ko‘rish mumkin: to‘g‘ri yig‘indi
orqali fazoni turli komponentalarga ajratish.

Qoplamalar algebrasi - qoplamalarni kombinatorik struktura sifatida ko‘rib chiqish va ulardan
minimal baza yoki to‘rning quvvatini hisoblash.

3) Filtrlar va ultrafiltrlar apparati.

Topologiyani filtrlar bilan tavsiflab, ularning ochiq, yopiq to‘plamlari sonini hisoblash orqali
w(X) va nw(X)ga baho beriladi.
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Ultrafiltrlarning mavjudligi (Zorn lemmasi yordamida) ko‘pincha minimal quvvatni
isbotlashga xizmat qgiladi.

4) Algebraik topologiya bilan bog‘lash.

Ba’zi hollarda fundamental gruppa, fazolarning ko‘paytmasi yoki ko‘rsatkichli funktorlar
orqali kardinal invariantlar yuqoridan yoki pastdan baholanadi. Masalan:

w(X xY) =max{w(X),w(Y)}, nw(X xY)=max{nw(X),nw(Y)}.

5) Kombinator algebra va to‘plamlar nazariyasi.

A-sistemalar, Morita tipidagi kombinator algebralar, hosil qgiluvchi to‘plamlari yordamida
minimal baza yoki to‘rning quvvatlari hisoblanadi.

Aynigsa, CH (Continuum Hypothesis) yoki Martin aksiyasi kabi to‘plamlar nazariyasidagi
qo‘shimcha gipotezalar ostida w(X) va nw(X) kabi invariantlarning nozik farqlarini o‘rganish
mumkin.
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KVADRAT FUNKSIYANINING ENG KATTA VA ENG KICHIK
QIYMATLARIGA BO‘GLIQ BA’ZI MASALALARNI YECHISH USULLARI.
Qurbonov N.X.1
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Anotatsiya. Mazkur maqolada kvadrat funksiyani eng katta va eng kichik giymatiga olib keladigan
parametrik misollarni yechish usullari keltirilgan.

Kalit so‘zlar: kvadrat funksiya, maksimum, minimum, absissa, ordinata, tenglama, parametr, grafik.

Kvadrat funksiya umumiy o‘ta maktab darsliklarida uchraydigan asosiy funksiyalardan
biridir. f(z) = az? + bx + ¢, (a # 0) funksiya kvadrat funksiya deyiladi. Kvadrat funksiyani
grafigi paraboladan iborat bo‘lib, a > 0 bo‘lsa, parabola tarmogqlari yuqoriga yo‘nalgan bo‘ladi,

a < 0 bo‘lsa, parabola tar(moqlz;ri pastga yo‘nalgan bo‘adi. Parabola uchini koordinatalari:
—b _ (z1+x2

Absissasi: zg = 94 = 5, bunda xy va z9 kvadrat funksiyani nollari.
Ordinatasi: f(zo) = az + bzg + ¢ = %'2
Agar a > 0 bo'lsa, min f(z) = f(z) = 222 boadi.

Agar a < 0 bo‘lsa, max f(z) = f(zg) = % bo‘ladi.

Biz quyida ikki o‘zgaruvchili funksiyani qaraymiz, birinchi holda birinchi o‘zgaruvchini
giymatlarida bu fuksiyani eng kata va eng kichik giymatlarini topamiz, ikkinchi o‘zgaruvchini
parametr sifatida qaraymiz. Keyin, asl maqgsadga o‘tgandan so‘ng paramerni asosiy o‘zgaruvchi
sifatida qarab masalani yechimi tomon boramiz. Misollarga murojaat gilaylik.

1-misol. max main (4a? — 12ab — 4ax + 50> + 222 — 22) = 56 tenglikdan x ning qiymatini

toping.



ylb
y=x
y=x-3x
X \/3 7 x
1-rasm 2-rasm

Yechish. 1)
y1(a) = 4a® — 12ab — 4ax + 5b° 4+ 22z — 22 =

=4(a—1/2(3b + z))? — 4b> + 16bz — 22>,
Bu funksiya a = 1/2(3b+xz) bo‘lsa, eng kichik qiymati miny; (a) = —4b? +16bx —2x? ga erishadi.
a

2)
Y2 (b) = —4b* + 16bx — 222 = —4(b — 22)* + 142>

dan ko‘rinadiki: max y2(b) = 1422. U holda: 14z% = 56 tenglama hosil bo‘ladi. Bundan: z1 o = +2.
2-misol. Quyidagi
min(4z? 4 4zy — y*) = max(—22? — dzy — 4y°)
x y

tenglik o‘rinli bo‘ladigan barcha (z;y) nuqtalar to‘plamini tekislikda tasvirlang.
Yechish. 1)
yi1 () = 42? + doy — y* = A(x + 1/2y)° — 2¢°

tenglik o‘rinli. y1(x) funksiya 2 = —1/2y bo‘lsa, eng kichik qiymati —2y? ga erishadi, yani
miny; (z) = —2y°%.

x

2)
yaly) = —20% — dwy — 4y = —A(y + 1/22)* — 27

tenglik o‘rinli. y2(y) funksiya y = —1/2z bo‘lsa, eng katta qiymati —z? ga erishadi, ya'ni
maxys(y) = —2? tenglik o‘rinli. U holda: —2y? = —22 tenglik kelib chigadi. Bundan: y =

y

+1/v/2x. (1-rasm).
3-misol. y = min(a? — 2ax + 22% — 3z) va y = mgxx(—b2 + 2bx — 2% + x) chiziglar bilan
a

chegaralangan soha yuzini toping.
Yechish. 1)
y = min(a® — 2azx 4 222 — 3z)
a

chiziqni tenglamasi aniqlaymiz. y = min(a? —2az+22% —3r) = min((a—z)? +22—3z) = 22— 3z.
a a

Demak, y = 22 —3z kvadrat funksiyani grafigi tarmogqlari yuqorida yo‘nalgan paraboladan iborat.
2)y = mgix(—b2 + 2br — 2% + 1) = m?x((—(b — )2 +2) = 2. y = x ni grafigi koordinata

boshidan o‘tuvchi to‘g‘ri chizigdan iborat. y = x? — 32 parabola va y=x to‘g‘ri chizigni kesishish
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nuqtalari absisalarini aniglaymiz. 22 — 3z = z tenglikdan 22 — 42 = 0 tenglama hosil gilamiz.
Bundan: 27 = 0,29 = 4 larni topamiz.(2-rasm). U holda bu chiziglar bilan chegaralangan soha
yuzi:

4 4
S = /(x — (2% = 3x2))dx = /(43: — 2?)dx = 10;.
0 0

Javob: S = 102 (kv.bir.).

Mazkur maqolada berilgan ma’lumotlardan o‘quvchilar fanlar olimpiadasida tayyorlanishda
foydalanishlari uchun tavsiya etamiz. O‘quvchilarni bunday masalalarni yecha olishi
matematikani chuqurroq o‘rganishga undaydi.

Adabiyotlar
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Lecture Plan for the "Surfaces of the Second Order"Module
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In explaining "surfaces of the second order,"the role of pedagogical technologies is
significant, as the teacher can achieve the objective with the help of applicable pedagogical
technologies.

The objective of this lecture plan for the "Surfaces of the Second Order"module within
the subject of "Geometry"is to introduce students to the topics included in this module and to
develop their knowledge in this field.

Topic: General Equation of Second-Order Surfaces

Among the important surfaces related to second-order surfaces are hyperboloids [1], [2].

In teaching the subject of the general equation of second-order surfaces, it is necessary to
form students’ knowledge, skills, and competencies regarding the topic.

Assignments for the script of a review-and-summation lecture session on the topic of "The
General Equation of Second-Order Surfaces."

Roll call is conducted in the group, and the topic and objective of the session are announced:

Topic: The General Equation of Second-Order Surfaces.

The objective of teaching this topic is to enable students to learn about subjects related
to second-order surfaces, compare them with other surfaces, and develop their base of geometric
knowledge.

To select the assignments to be given to students during the session, to check and
evaluate the completed assignments, and to determine which student’s opinion to listen to during
discussions, an expert group consisting of 3 students is selected based on the proposals of the
group’s students.
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During the session, the experts are given a number of freedoms:

* they call students to order;

* they motivate passive participants;

* they determine the examples to be given to the groups;

* they check and evaluate the written assignments completed by the students.

In this context, a precise and academic translation would be:

The teacher observes the students’ work with the experts and provides feedback when
needed.

The experts divide the group of students into three sub-groups. The maximum score for
each correct and complete assignment is set at 1 point.

Assignment 1: The Method of Invariants for Simplifying the General Equation of Second-
Order Surfaces.

The experts distribute the required assignment sheets to each student. Once the sheets
have been distributed to everyone, permission is given to start the assignment. Three minutes
are allocated for this task. A student signals that they have completed the assignment by raising
their hand. The first two students who correctly complete the assignment before the deadline
may receive various bonus points, up to 0.5 points, from the experts.

Every two students who have completed the assignment exchange their sheets with each
other and check their partner’s answers. The checking is to be done with red ink. The time limit
for checking is 2 minutes. The answer sheets that have been checked are handed over to the
experts. The answer sheets of students who fail to complete the task within the time limit are
also collected.

Until the experts have checked the answers and corrections, the teacher offers the students
an example to solve.

Based on the results of the evaluation, the experts select one student who performed well
and one who performed poorly and invite them to a discussion. The student with the low score
writes their answer on the board, while the student with the high score points out and corrects
their mistakes.

Students evaluate the presenter based on the accuracy of the corrections, the clarity and
fluency of the student’s speech, and the logical structure of their response. Those who are in
favor of adding 1 bonus point raise their hands; those who are neutral or against it do not. If
more than 10 students raise their hands, the bonus point is awarded. We believe that setting a
high value for this bonus point is necessary to cultivate the qualities of future educators from an
early stage.

The points each student earns for Assignment 1 are recorded in a special table.

Assignment 2: Comparative Analysis of the Classification of Second-Order Surfaces (Convex,
Saddle-Shaped, and Developable Surfaces)

The experts distribute assignment sheets for drawing a cluster that reflects the relationships
between geometric concepts in the classification of second-order surfaces. Ten minutes are
allocated for this assignment. The experts note the time spent on the answer sheets of those
who complete the task before the deadline.

After the specified time has elapsed, the experts collect the answers and check them while
the students complete the next assignment. The experts grade the clusters out of 1 point based
on the number of correctly included concepts and the time of completion. The relationships
established within the clusters will be thoroughly reviewed by the experts and the teacher and
will be analyzed with the students in the next lesson, earning them an additional 3 points.

Assignment 3: Analysis of Second-Order Curves Formed by Conic Sections
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The teacher provides feedback on the students’ in-class performance and their comments on
the topic, then proposes a 10-minute test. The test questions are prepared on individual cards
for each student. The test results are checked and the students are graded. The teacher then
assigns the homework for the next session.

Literature

1. Yunusova D.I. Modern technologies for teaching mathematics. Darslik.: Modern technologies
for teaching mathematics.

2. Safarov T.N. 7 Improving the methodology of the discipline”fundamentals of geometry".
Scientific-theoretical and methodological "Bulletin of the Urgench State Pedagogical
Institute"magazine. 1. 2025. Urganch. 286-292pp.

O‘ZGARUVCHILAR O‘RTASIDAGI MUNOSABATLARNI O‘RGANISHDA
KORRELYATSION-REGRESSION TAHLIL USULIDAN FOYDALANISH.

Sakiyeva O. B., Xushvaqtova D. R..

Termiz davlat universiteti, Termiz, 0‘zbekiston; ozodasakieva@gmail.com;

Fanda o‘zgaruvchi (belgi)lar o‘rtasidagi bog‘lanishlar xarakteriga ko‘ra quyidagi turlarga
bo‘linadi:

e funksional bog‘lanish;
e korrelyatsion bog‘lanish.

Bazi holatlarda esa ikkala bog‘lanish aralash holatda ham kelishi mumkin. Funksional
bog‘lanishda bir o‘zgaruvchi belgining har qaysi giymatiga boshqa o‘zgaruvchi belgining aniq
bitta qiymati mos keladi. Bunday bog‘lanishning muhim xususiyati shundaki, bunda hamma
omillarning to‘liq ro‘yxatini va ularning natijaviy belgi bilan bog‘lanishini to‘la ifodalovchi
tenglamani yozish mumkin.

Funksional bog‘lanishlarni to‘liq bog‘lanishlar deb ham atashadi. Korrelyatsion (yoki noto‘liq)
bog‘lanishda omil belgining har bir giymatiga natijaviy belgining aniq qiymati emas, balki har xil
giymatlar mos keladi. o‘zaro bog‘lanishlarni o‘rganishda eng keng qo‘llaniladigan metodlardan
biri korrelyatsion-regression tahlildir.

Regression tahlilning asosiy sharti shundaki, faqat natijaviy o‘zgaruvchi normal tagsimot
qonuniga bo‘ysunadi, ta’sir etuvchi omillar esa ixtiyoriy tagsimot qonuniga bo‘ysunishi mumkin.
Bu tahlilda natija (Y') va omillar (X;) o‘rtasida sabab-natijaviy bog‘lanish mavjudligi nazarda
tutiladi. Regressiya tenglamasi Y va X o‘rtasidagi munosabatni ifodalaydi. Oddiy eng kichik
kvadratlar bu magsadga quyidagi ifodani minimallashtiruvchi chizigni topish orqali erishadi:

n
min Z(Y’ - 2)2
=1

bu yerda Y; 8B i-kuzatish uchun natijaviy o‘zgaruvchining haqiqiy qiymati, 571 B'D” i-kuzatish
uchun taxmin qilingan qiymat..
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Regression tahlilning asosiy bosqichlari

Ilmiy masalani qo‘yish;

Ma’lumotlarni yig‘ish va dastlabki qayta ishlash;

Regressiya tenglamasini tuzish va uning dastlabki baholanishi;

Regressiya tenglamasini yechish, regressiya koeffitsientlarini hisoblash, omillar o‘rtasidagi
bog‘lanish zichligini baholash va tenglamani tekshirish;

Umumiy, faktorli va qoldiq dispersiyalarni aniglash hamda ularni solishtirma tahlil qilish;
Regressiya modelini kiritilgan omillar o‘rtasidagi korrelyatsiya zichligini baholash;

Regressiya tenglamasi parametrlarining ishonchliligini statistik baholash, nazariy kutilgan
giymatlar uchun ishonch intervallarini aniqlash;

Tadqiq etilayotgan hodisaning kelgusi ko‘rsatkichlarini regressiya tenglamasi yordamida prognoz
qilish.

Regression modellari

Regression modellari matematik tenglamalar bo‘lib, ular mustaqil o‘zgaruvchilar yordamida
bog‘liq o‘zgaruvchi bilan munosabatni ifodalaydi. Tenglamaning shakli ishlatiladigan regressiya
tahlilining turiga bog'liq. Chiziqli regressiyada model quyidagi shakldagi tenglama bilan
ifodalanadi:

Y =60+ pix+e

2

bu yerda Y -’ bog‘liq o‘zgaruvchi, = = erkli o‘zgaruvchi, 8y —” boshlang‘ich qgiymat, §; -’

o‘zgarish koeffitsienti, ¢ - xato atamasi.
Bir nechta mustaqil o‘zgaruvchilarni o‘z ichiga olgan ko‘pchiziqli regressiya quyidagicha
yoziladi:

Y:50+51$1+52$2+“'+5p$p+5

Regression tahlilining asosiy turlari

e Chiziqli regressiya — bog‘liq o‘zgaruvchi va mustaqil o‘zgaruvchilar orasidagi chiziqli
munosabatni o‘rganadi.

o Kof chiziqli regressiya —bir nechta mustaqil o‘zgaruvchilarni o‘z ichiga oladi.
e Nochiziqli regressiya — murakkab, chizigli bo‘lmagan munosabatlarni modellashtiradi.

e Logistik regressiya — kategorik natijalarni bashorat qgilish uchun ishlatiladi.

Kuchli va zaif tomonlari

Kuchli tomonlari:

e Interpretatsiya qulayligi — regressiya koeffitsientlari o‘zgaruvchilar o‘rtasidagi
munosabatlarni tushuntirish imkonini beradi.

e Prognozlash — regressiya modellari mustaqil o‘zgaruvchilar giymatlariga asoslanib natijani
taxmin qiladi.
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Zaif tomonlari:

e Taxminlarga sezuvchanlik —chiziqlilik, homosedastiklik va mustaqillik buzilganda natija
noto‘g‘ri bo‘lishi mumkin.

e Sabab-natija munosabatini to‘liq aniglay olmaydi, faqat bog‘lanishni ko‘rsatadi.

Xatolar va ularni bartaraf etish

Multikollinearlik: mustaqil o‘zgaruvchilar o‘rtasida yuqori korrelyatsiya mavjud bo‘lsa,
regressiya koeffitsientlari beqaror bo‘ladi.

Geterokedastiklik: xato atamalari dispersiyasi barqaror bo‘lmaganda yuzaga keladi.

o‘tkazib yuborilgan o‘zgaruvchi: muhim o‘zgaruvchi modelga kiritilmagan bo‘lsa,
natijalar buziladi.

Yechimlar:

e Ma’lumotlarni transformatsiya qilish.
e o‘zgaruvchilarni ehtiyotkorlik bilan tanlash.

e Mustahkam regressiya usullaridan foydalanish.

Xulosa

Regression tahlili o‘zgaruvchilar o‘rtasidagi munosabatlarni modellashtirish va tahlil qilishda
muhim rol o‘ynaydi. U ilmiy izlanishlarda, iqtisodiy tahlillarda va prognozlashda keng
qo‘llaniladi.

Adabiyotlar
1. Kpemep H.III. Teopusa eepoammuocmets u mamemamuyeckas cmamucmura. Mocksa,
2004. 573 c.
2. 'mypman B.E. Teopus seposammocmeti u mamemamuyeckas cmamucmuka. Mocksa,
2003. 479 c.

3. Bopoauu, C. A. Bsgodnwiti kypc sxonomempuru: Yuebnoe nocobue - Mu.: BI'Y, 2000. -
354 c.

4. HoBuxkos, A. 1. Oxonomempuxa: Yuebroe nocobue. - M.: UTHOPAM, 2003. - 106 c.

5. Shodmonov Sh.Sh., Gafurov U.U. Igtisodiyot nazariyasi. T.: Fan va texnologiya, 2005.
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MASOFAVIY TA’LIMNI O‘QITISHDA INNOVATSION TEXNOLOGIYALAR
"Turdimuratov B.K.!, Qurbonov A.B.2"

IToshkent davlat tibbiyot universiteti, Termiz sh., 0’zbekiston;
e-maillbaxtiyorturdimuratov6691@gmail.com
2Toshkent davlat tibbiyot universiteti, Termiz sh., 0’zbekiston;
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Hozirgi zamon ta’limining bosh va asosiy vazifasi-talabaning intelektual darajasini,
yaratuvchanligini, izlanuvchanligini takomillashtirish orqali yangi bilimlarni olish, yaratishga,
ruhlantirishga qaratilmog’i zarur. Mamlakatimizda ta’lim tizimini tubdan takomillashtirish
davlat siyosatining ustuvor yo’nalishi sifatida e’tirof etilmoqda.

Bu magsadni amalga oshirishda ta’limning yangi-yangi modellari yaratilmoqdaki, uning
nazariy-metodik asoslari yetakchi mutaxassis-olimlar tomonidan ilmiy-amaliy tarzda isbotlab
berilmoqda.

Zamonaviy axborot texnologiyalari taraqqiyoti ta’lim tizimiga ham o’z ta’sirini ko’rsatmoqda.
Aynigsa, so’nggi yillarda, dunyo bo’ylab ro‘y bergan pandemiya davrida masofaviy ta’lim keng
ommalashdi va an’anaviy ta’lim shakliga muqobil sifatida ko’rilmoqda. Bu ta’lim shakli o’quvchi
va o’qituvchi bir joyda bo’lmagan holatda, internet yoki boshqa aloga vositalari orqali ta’lim
olishni anglatadi.

Masofaviy ta’lim - bu o’quv jarayonining elektron aloqa, internet platformalari, video darslar
va boshqa raqamli vositalar orqali olib boriladigan shaklidir. Bu turdagi ta’lim odatda Moodle,
Zoom, Google Classroom, Microsoft Teams kabi platformalarda tashkil etiladi.

Moslashuvchanlik va qulaylik. Talabalar o’zlariga qulay vaqtda va joyda ta’lim olishlari
mumkin. Aynigsa, ishlayotgan yoki boshqa sabablarga ko’ra to‘liq kunlik ta’limda qatnasha
olmaydiganlar uchun bu juda foydalidir.

Xarajatlarning kamayishi. Yo’l, yotoqxona, ovqatlanish kabi qo’shimcha xarajatlar
yo’qoladi. Bu esa igtisodiy jihatdan tejamkorlikni ta’minlaydi.

Resurslarning ko’pligi. O‘quvchilar ko‘plab elektron kitoblar, videodarslar, vebinarlar,
testlar orqali bilimlarini mustahkamlash imkoniyatiga ega.

Shaxsiylashtirilgan o’qish. Har bir talaba o’z tezligida darslarni o’zlashtira oladi,
murakkab mavzularni qayta ko‘rib chiqish imkoniyati mavjud.

Jonli muloqot yetishmasligi. O‘qgituvchi va o‘quvchi o’rtasida to‘g‘ridan-to’g’ri muloqot
cheklangan. Bu esa savollarga tezkor javob olishni giyinlashtiradi.

O’z-0’zini nazorat qilish zarurati. Masofaviy ta’limda talabalar mustaqil ishlashga
majbur bo’ladilar. Bu esa o’zini boshqara olmaydiganlar uchun muammo tug’diradi.

Texnik muammolar. Internet tezligi pastligi, kompyuter yoki mobil qurilmalar yo‘qligi
ta’lim jarayonini to‘xtatib qo’yishi mumkin.

Amaliy mashg’ulotlarning yetishmasligi. Tibbiyot, muhandislik, kimyo kabi fanlarda
laboratoriya ishlari va tajriba asosidagi o’quvlar muhim. Masofaviy shaklda bunday
mashg‘ulotlarni to’liq amalga oshirish giyin.

Masofaviy ta’limning texnologiya’lari va unda qatnashuvchilari. Masofaviy ta’limning asosiy
texnologiyalariga quyidagilarni kiritish mumkin:

INTERAKTIV texnologiyalar:

Internet masofaviy ta’lim portali.

Video va audio konferentsiyalar.

Elektron pochta orqali ta’lim.

Internet orqali mustaqil ta’lim olish.

Uzoqgdan boshqarish sistemalar.
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Onlayn simulyator va o’quv dasturlar.

Test topshirish sistemalari.

Internet orqali mustaqil ta’lim olish - bu Internetda joylashgan ko’pgina saytlarda joylashgan
katta hajmdagi ma’lumotlar ustidan mustaqil ravishda ishlash va yangi bilimlar olish yo’li.
Elektron pochta orqali ta’lim esa eng ommaviy Internet xizmatlaridan foydalanib, o’quvchi
va o’qituvchi o’rtasida xatlar orgali muloqot o‘rnatib ta’lim olish yo’li. U yordamida har xil
test, vazifa, savol-javob va ko’rsatmalarni (matn, grafika, multimediya, dasturlar va boshqa
ko’rinishida) jo‘natib gabul qilishimiz mumkin.

Uzoqdan boshqarish sistemalar - murakkab dastur, sistema va uskunalarni real holatda
boshqarish va ularda ishlash imkoniyatlarini yaratuvchi maxsus sistemalar yordamida bilim olish
yo’li. Uzoqdan boshqarish sistemalarning asosiy vazifasi o’quvchiga fagatgina amaliy bilimlarni
berish.

Simulyator, elektron darsliklar va o’quv dasturlar - bu asosan nazariy va amaliy bilimlarni
kompyuter dasturlari orqali o‘quvchilarga off-layn holatida olish yo’li. Simulyator va elektron
dasrliklar hozirgi kunda ta’lim sohasida juda keng qullanilyapti.

Test topshirish sistemalar - bu maxsus dasturlar yordamida o’quvchilarning amaliy va nazariy
bilimlarni tekshirish uning asosiy vazifasi bu talabalar bilimlarini tekshirib ularni baholash.

Internetning masofaviy ta’lim portali bu maxsus Internet saytlar (onlayn resurslar). Ushbu
saytlarning asosiy vazifasi - ta’lim jarayonini tashkil qilish, yoki boshqa so’zlar bilan o’quvchi
va o’qituvchi o’rtasida elektron on-layn muloqotni o’rnatish, o’qituvchilarga o’quv materiallarni
joylashtirish va o’quvchilarga shu ma’lumotlar bilan ishlashga hamda boshga masofaviy ta’lim
servislardan foydalanishga imkoniyat yaratish.

Masofaviy ta’lim zamonaviy texnologiyalar asosida shakllanayotgan muhim ta’lim shaklidir.
Uning ko’plab qulayliklari mavjud bo’lsa-da, kamchiliklari ham inkor etib bo’lmaydi. Samarali
masofaviy ta’lim uchun texnik infratuzilmani rivojlantirish, o’quvchilarni mustaqil ishlashga
o’rgatish va interaktiv usullarni ko’paytirish zarur. Kelajakda masofaviy ta’lim an’anaviy ta’limga
munosib qo’shimcha bo’lib, ta’lim sifatini oshirishda muhim rol o’ynashi mumkin.

Foydalanilgan adabiyotlar
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Bakhytkul Akshalova. New Pedagogical Challenges in the 21st Century -
Contributions of Research in Education.

UDK 378:147

BIRINCHI KURS TALABALARIDA MATEMATIK ANALIZ FANI AMALIY
MASHG‘ULOTLARDA MATEMATIK AXBOROT BILAN ISHLASH
METODLARI SAMARADORLIGI

Umaraliyeva D.U.!
1Nizomiy nomidagi 0¢‘zMPU, Toshkent, 0‘zbekiston; khaldibekova96@gmail.com

Annotatsiya. Maqgolada matematik analiz fanining dastlabki bosqichida o‘tkaziladigan
amaliy mashg‘ulotlarning mohiyati, vazifalari va metodik asoslari yoritilgan. Birinchi kurs
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talabalari uchun amaliy mashg‘ulotlarda matematik axborot bilan ishlash ko‘nikmalarini
shakllantirishda kognitiv, interaktiv va ijodiy metodlardan foydalanish masalalari ko‘rib
chiqilgan. Talabalarda matematik matnni o‘qish, asosiy g‘oyani ajratish, teorema va isbotlarni
tahlil gilish,natijalarni vizual ko‘rinishda ifodalash hamda ularni yangi vaziyatlarga tatbiq etish
topshiriglari ishlab chiqgilgan.

Kalit so‘zlar: matematik analiz, amaliy mashg‘ulot, ta’lim metodlari, matn bilan ishlash,
oliy ta’lim.

Zamonaviy oliy ta’limning bosh vazifalaridan biri 8B” talabalarda nazariy bilimlarni
amaliyotda qo‘llash, yangi bilimlarni mustaqil izlab topish va ulardan ijodiy foydalanish
qobiliyatini shakllan tirishdir. Birinchi kurs talabalarida bu jarayon ko‘incha qiyinchilik bilan
kechadi, chunki ular oliy ta’lim muhitida kitob va matematik matn bilan ishlash, isbotlarni
tahlil gilish, ta’riflarni umumlashtirish ko‘nikmalariga yetarlicha ega emas. Shu sababli dastlabki
amaliy mashg‘ulotlarda ularni mustaqil o‘quv faoliyatiga tayyorlash muhim o‘rin tutadi. Quyidagi
vazifalar amaliy mashg‘ulotlarda talabalarni matematik axborot bilan mustaqil ishlashda oliy
ta’limdagi mustaqil ishlash metodlari bilan tanishtirish,talabalar darslik, qo‘llanma va ilmiy
magolalar bilan mustaqil ishlashning asosiy usullarini o‘rganadilar, konspekt tuzish, savol-javob
asosida matnni o‘zlashtirish, asosiy tushunchalarni ajratib ko‘rsatish metodlari shakllantiriladi,
mustaqil ishlash jarayonida vaqtni boshqarish, reja asosida o‘qish va natijalarni yozib borish
ko‘nikmalari rivojlantiriladi.

[lmiy-pedagogik asoslar sifatida quyidagi A. Schoenfeld (1985), D. Jonassen, o‘zbekiston
olimlari (Yoqubov R., Qodirova G.X., g‘ulomov Z.A., Ortigxo‘jayev A.) pedagog olimlar va
ularning takliflari inobatga olingan. [1;2;3;4;5].

Matematik axborot (matn, ta'rif, teorema, isbot) bilan ishlash ko‘nikmalarini shakllantirish
jarayonida talabalarga matematik matndan asosiy goya va ikkinchi darajali tafsilotlarni
ajratib olishni o‘rgatish, matematik ta’riflarni o‘qib, ularning zaruriy va yetarli shartlarini
tushunish, teorema va isbot matnlarini tahlil qilish, isbot bosqgichlarini reja shaklida qayta
tiklash, o‘quv materialini turli ko‘rinishlarda (jadval, sxema, chizma) qayta ifodalash orqali
chuqurroq tushunishga erishish chuqurroq tushunishga erishish va natijada talabalarda mustaqil
fikrlash, tanqidiy yondashuv hamda o‘zlashtirilgan bilimlarni amaliy vaziyatlarda qo‘llash
kompetensiyalarini shakllantirish imkonini beradi.

Dastlabki amaliy mashg‘ulotlarda matematik axborot bilan ishlash magsadida quyidagi
go‘llaniladigan metodlar darslarimizda tajribamizga asosan tanlab faol go‘T™llanildi va quyidagi
turlarga tavsiflandi:kognitiv, interaktiv, ijodiy va visual metodlar. Kognitiv metodlardan:
Talabaga matematik matndan muayyan qism (masalan, limit yoki hosila ta'rifi) o‘qitiladi va u
mazkur matnni o‘z so‘zlari bilan qayta izohlab beradi. Bu metod matnni yuzaki emas, balki ongli
ravishda o‘zlashtirish, asosiy mazmun va ikkilamchi tafsilotlarni ajrata olishni ta’'minlaydi. Tahlil
va sintez metodi ham amaliy ahamiyatga ega bo‘TMlgan mavzularda go‘Tllanilib kelmoqda.
Matematik ob’ektlarni (ta’rif, teorema, isbot) tarkibiy qismlarga ajratish, shart va xulosalarni
tahlil gilish hamda ular asosida umumlashtirilgan bilim hosil qgilishdan iborat. Bu metod orqali
talabalarda mantiqiy tafakkur, giyoslash va umumlashtirish ko‘nikmalari rivojlanadi. Mantiqiy
strukturaviy tahlil metodi deb o‘quv materialini jadval, sxema yoki diagramma shaklida gayta
ifodalash orqali talabalarda matematik tushunchalar va ular o‘rtasidagi bog‘lanishlarni yaxshiroq
anglash imkoniyati yaratiladi. Interaktiv metodlardan quyidagi metodlar mavzuning mazmunni
chuqur anglashga qo‘T™1lanildi. Masalan, Issiq stul metodi BB* Talabani markazga olib chiqib,
unga savollar berish orqali muhokama qilish. Ijodiy metodlardan; Yana bir metod, tadqiqot usuli
metodi BB o‘qituvchi misollar beradi, talabalar umumiy qoida yoki teoremani chiqaradi. Bu
usul tahliliy fikrlashni kuchaytiradi. Matematik analiz talabalar tomonidan o‘rganishda axborot
bilan ishlashda vizual metodlardan foydalanish o‘quv materialining chizigli matnli taqdimotiga
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nisbatan bir qator afzalliklarga ega.

Xususan, yangi bilim va harakat usullarini tezroq va yaxshiroq egallash, o‘quv materiali
bilan ishlashning yanada oqilona usullarini o‘zlashtirish, javob berishda materialni malakali
va aniq taqdim etish; munozaralarda asosli gapirish; xulosalarni shakllantirish, o‘rganayotgan
materialni eslab qolishni osonlashtirish, olingan bilim va harakat usullarini tizimlashtirish,
individual psixologik xususiyatlariga mos keladigan sur’atda ishlashga imkon beradi. Tajriba
davomida matematik analizga oid o‘quv axborotlarini o‘rganish jarayonini vizuallash qilish
vositasi sifatida biz o‘quv matematik ma’lumotlarini ifodalash uchun vizual modellardan ham
foydalandik: Freyer modeli, freymlar, aqliy xaritalar, blok-sxemalari, klasterlar va boshqalar.
o‘quv matematik axborotni taqdim etishning vizual modellaridan foydalanish uchun majburiy
talablar quyidagilardan iborat: belgili tilning uchta tilidan (visual obraz, matn, formula)
foydalanish va axborotni sigish. Bu talabalarda belgi-ramziy harakatlar va bilimlarni strukturlash
ko‘nikmalarini, shuningdek, analiz va sintezning mantiqiy harakatlari rivojlanishiga yordam
beradi. Amaliy mashg‘ulot darslarida matematik analiz fanidan biror mavzuni olib unga oid
matnni yaxlit o‘rganish uchun quyidagi o‘quv topshiriglar tizimiga murojaat gilamiz.

Birinchi kurs talabalarida matematik analiz bo‘yicha dastlabki amaliy mashg‘ulotlarni
turli kognitiv,interaktiv va ijodiy metodlar asosida tashkil etish talabalarni matn bilan
ishlashga o‘rgatib, mustaqil fikrlash, tahlil va ijodiy yondashuvni rivojlantirib, o‘qituvchi
va talabalar o‘rtasida faol muloqotni ta’minlab, oliy matematikaning keyingi bosqichlarini
samarali o‘zlashtirish uchun poydevor yaratadi.Amaliy mashg‘ulotlarda metodlarning
integratsiyalashgan qo‘llanilishi talabalarda mustaqil fikrlash, tanqidiy yondashuv va ijodiy
tafakkurni rivojlantirishda yuqori samaradorlik ko‘rsatadi.

Adabiyotlar

1. Schoenfeld, A. H. Mathematical Problem Solving. New York: Academic Press, 1985.

2. Jonassen, D. Learning to Solve Problems with Technology: A Constructivist Perspective.
New Jersey: Pearson, 2010.

3. Yoqubov R., Qodirova G. X., Eshmamatov I. Oliy ta’limda raqamli savodzonlik va
azborot madaniyatini rivojlantirish masalalari. o‘zbekiston Pedagogika Jurnali, 2020.

4. G*ulomov Z. A. Matematik tushunchalarni o‘zlashtirishda tangidiy fikrlashning roli. Ta’lim
va Innovatsiyalar, 2019.

5. Ortigxo‘jayev A. Tulabalarda matematik fikrlashni axborot-kommunikatsiya vositalari
orqali shakllantirish. Pedagogika va Psixologiya, 2021.

Metoa BbIYUCTIEHUS] MHTErpajia TPUTOHOMETPUYIECKUX (PYyHKITU

Baszaprenpgp Camaprenbnbles
TypkMeHCKull TOCYIapCTBEHHHN apXUTEKTYPHO-CTPOUTEJNIbHHE MHCTUTYT, Amxaban,
TyprMerucTan;

st mpenojiaBaHusi MATEMaTUKU HEJIOCTATOIHO 00J1aIaTh TOJHKO MATEMATHICCKUMU 3HAHUSIMU,
HO U T€JIarOTHYeCKUMU 3HAHUSMHU W HABBIKAMU WX HPABUJIBHOTO NpUMeHeHUs. Benb nsydenue
MaTeMaTUKA TPEOYET JIOTUMYEeCKOTO MBIINLIEHUS, OOIBIIOTO TPYJa W BHUMAaHWUS. PasBuTue 3TUX
Ka4eCcTB y M3ydaelnx MaTeMaTUKU — 3a/1a49a 1eJaroruku. 11oaToMy 1ejiaroruka urpaer BarxkKHyio
posib B 00yueHnn mMaremaruke. VIHTerpajbHas 9acTh MATEMATHIECKOTO aHAJIN3a TECHO CBsI3aHA
C TaKUMU €€ pazjeaMu, Kak (PyHKIUs U €€ HeIPEPBIBHOCTD, IIpeiest OYHKINN, TPON3BOIHBIN 1



_ ALGEBRA VA ANALTZNING DOLZARB MASALALARI TERMIZ-2026 364

muddepennman pyHkiuit. Borancienne Heonpe1e/IEHHBIX THTEMPAJIOB — OJNH U3 CAMBIX YBJIEKa-
TeJIbHBIX 1 MHTEPECHBIX €€ pa3/esoB. B 3aBucuMocTn oT mHTErpupyeMoil pyHKIIUK HEOIPe1e/IEH-
HbIE HHTErPAJIbI OBIBAIOT PA3HBIX BUIOB, U METOMBI MX BHITHC/IEHHUS TaK:Ke PasandHbl. MeTomguka
SABJISIETCsI TJIABHOE OCHOBO BBIYMCJIEHHUSI HEOIIPEICJIEHHBIX HHTEIPAJIOB.

Kak nsBecTHO, METOJI BBIYMCJICHUS C IIOMOIIbIO YHUBEPCAJILHOMN IIOJICTAHOBKY IIPU BBIYHCIE-
HUM UHTEIPAJIOB TPUTOHOMETPUYECKUX (PYHKIUNA IO3BOJISIET BEIUYUCIUTE JTIF000# MHTErpaJj 3TOro
runa. OJHAKO HeJIb3sI CKa3aTh, 4TO, IPUMEHsISI 9TOT METOJ IIPU BLIYUCIECHUN WHTEIPAJIOB BCEX
TPUTOHOMETPUIECKHUX (PYHKIINI, MOXKHO IOJIYINTh HCKOMOE pellleHre 3a OAUH mar. [lokaxkeMm 3To
Ha CJIEJYIOIIEM TIpUMepe BbIUUC/IeHus nHTerpaia. [Ipumep. Boraucants unarerpas |2, crp. 194]

dz
sinx —sina

Pemmenne: Cuagasa naBaiiTe paccMOTPHUM, KaK BBITUCIUTE CJIEIYIONINNA HHTETPAJI:

/ dx _ 1 / sin (a — b) dzx _
sin (x + a)sin(x +b)  sin(a—b) J sin(xz + a)sin(x + b)

_ 1 /Sin((az+a)(az+b))dx:
sin (a — b) sin (z + a) sin (z + b)

_ 1 /(sin(x+a)cos(x+b)—cos(:r—l—a)sin(:v—{—b))dac _
sin (a — b) sin (x + a) sin (x + b)

1 sin (x + a)cos (x +b)dr [ cos(z +a)sin(z +b)dz
sin (a — b) [/ sin (x + a) sin (x + b) /sin(x—i—a)sin(x—i—b)

~ sin (i—b) / Cossu(i; f)bfx _/ Cosblﬁ; +a i;lx
~ sin (;—b) [ / di?;n(g: zf;)) - / diin(;x: ;;))
_ S_m(al_w[ln|sin(x+b)| “lnfsin(z 4+ a)] + C =
= ae=n "mra] € W

st muTerpupyenmoit byHKImM cHadamta sin x —sin y = 2sin *5¥ cos %ry , & 3aTeM UCIIOJIb3yeM

ypasuenue (1):
/ dx _/ dz _/ dz B
sinx —sina 2sin%cos%r“ N QSin(g—%)sin g—%—“) N

__/ dz __/ d (5
2 (- B)sn(3+(6-3)  J sm(z- o
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1 cos £ta 1 sin £-¢
= —— In |— xza +C = In xia + C,
sin (5 — a) sin £5¢ cos a cos 54

Kax BuanmM, BLIOpaHHBIN MeTO T, OKa3aJjcs 3PPEKTUBHBIM JJIsT Oy YeHUST HCKOMOT'O PEITeHMST
MHTErPaJIbHOrO ncuucjaeHus. KEro Takke MOXKHO MTOJIyIUTh, UCIOJb3Ysl YHUBEPCAJIBHYIO ITOICTa~
HOBKY. OHAKO JJIsI IOJIy9eHHsI HCKOMOI'O PElIeHNs HEOOXOMMMBbI JIOIOIHUTEIbHbIE BHIYUCICHHSI.
JIaHHBIN METO/, KACAIOINIICS NHTErPAJIHHOTO HCIUCACHUST TPUTOHOMETPUIECKUX (DYHKITNIM, TPEeI-
CTaBJIAET COOOM IeJarornyecKyio METOIUKY, CBS3LIBAIONLYIO 3HAHUSI, IIOJIYIYEHHBIE B ITKOJILHOMN
mporpamMMe o MaTeMaTHUKe, CO 3HAHUSMU, MMOJYIeHHBIMU B By3€, U IOITOMY MOXKET OBITH MC-
MMOJTb30BaH Ha MOJITOTOBUTELHBIX U MPAKTUIECKUX 3aHATAAX K OJIMMIINA/IE IO MaTeMaTUKe.
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Kpurepun oby4deHUsi yIYEHUKOB JIOTUYECKOMY MBIIIIJIEHUIO.

ITambimes A. A.
Kasaxckui#l HaIWOHANbHHY NIeNarorMYeCKUil yHUBepCUTET uMeHM Abag, Ammate, KasaxcTax;
darap57@mail.ru

[Iporiecc dopmupoBamus rapMOHUYHO PA3BUTON JIMYHOCTU BKJIIOYAET BAXKHYIO POJIb ICTe-
THYIECKOE BOCIUTAHUE IMKOJHHUKOB. Maremarnka Kak ydeOHBIN HpeaMer mmeeT OOJIbIIoH To-
TEHINAJ B BOCHUTAHUHU ydaruxcsa. Maremaruka 6orara KpacUBBIMEA (POPMYJIAMH, TOKA3ATETb-
cTBaMU, puCyHKaMu u cxemamu. PopMupoBaHUe ITEHHOCTHBIX OPUEHTAINN JIMIHOCTU Uepe3 e€
CTpEMJIEHUs, OCBOEHUE MaTepuaJia, pa3BuTrue n (hOpMHUPOBaHNE TBOPYECKUX CIIOCOOHOCTEN y4va-
muxcst. Teopust U METOMKA MaTEMaTUKW, BOCIHUTAHUE YUAIUXCS HA YPOKAX MaTeMaTUKU Obl-
JIM UCCJIEJIOBAHBI PAIOM 3apyOeKHBIX yuenbiX, Takux kKak B.[.Boaranckwuii, B.JI.MunkoBckuii,
I'"'N.Capannes, H.U.@upcosa, B.JI.Kpynua u apyrue [1-5]. Ananus panee mpoBe/IeHHBIX Hay -
HBIX pabOT MOKA3BbIBAET, YTO MIPOOIEMBI 3CTETUIECKOTO BOCIIUTAHNUS YYAIIUXCS PACCMATPUBAJIUCH
B acCIleKTe: - OCHOBHBbIE TPeOOBaHUs K CONEPKAHUIO, 33J[a4d, HAIlIpaBJIeHHbIe Ha (DOPMUPOBAHUE
3CTETUYECKOI'0 BKYCA YUAIMXCs, METOJNYECKE PEKOMEH AN, CBI3aHHbIE C PEIlleHNeM I1JIaHu-
METPUYECKHX 33/1a9 U ICTETUYECKUM BKYCOM yYalllUXCs; SCTETUYECKOe pa3BuTue u (popMupoBa-
HUe Pa3/esdioTcsd HAa TPU OCHOBHBIX YPOBHs, B XOJ€ peIIeHHs ILIAHUMETPUIECKUX 3aJaY BKYC
YVUAIIXCsl; CUCTEMA 3aJ1ad, HAIIPABJIEHHBIX HA (POPMHUPOBAHUE W PA3BUTHE ICTETUIECKOTO BOC-
NUTaHUsA, MPOBEPEHa Ha MPAKTUKE B IIPOIECCEe IPENoJaBaHUs T'€OMETPUM B OCHOBHOM IIIKOJIE,
dbopmupyer u passubaer screrndeckuii Bkyc yuamumxcsi (I.1.Capannes, B.M.Kpymua); - scre-
TUYeCKasi PUBJIEKATEILHOCTh MaTeMaTuKu (hakThl, TEOPEMBI, 3aJIa91, CIIOCOObI 00CYKICHNS );
aBTOp paspabora MeTonuKy (HOPMUPOBAHUS MATEMATUIECKUX MOHATHUI U O0yUEHUsI, ITPUBOIS
CIIICOK TEOPEM U ICTETHYECKHN MPUBJIEKATETbHBIX 3aJaY B KOHTEKCTE PA3BUTHUS ICTETUIECKO-
ro BocruTanus ydanuxcs. [Ipobiiema ncmo/ib30Banmst 3CTETUIECCKOrO TOTEHIINAIA MATEMATHKU B
00yYeHNN U BOCIIUTAHUY YUAIINXCS ABJISETCHA TEMOM HECKOJIbKUX HccieioBannii. MHeHus aBTOPOB
9TUX MCCJIEIOBAHUN BechbMa pa3HooOpas3ubl. [IpuMenenne 3cTeTUYIECKOr0 MTOTEHITNAIA MATEMATH-
KI KaK 3MOIMOHAJILHOTO hoHa y4eOHOro Iporecca n HeOOXOMMOCTh UCIIOIb30BAHNS KPACOTHI
KaK HAYAJIBHOTO MOHSTHUsT YIeOHOTO IPOIECca MO/ IEPKUBAIOTCS.

OpiHako MHOTHE PabOTBHI CBSI3aHBI C METOJIMKON BOCIUTAHUS YUAIMXCS B IIpoIecce obyte-
Husi mareMmarrke. Hekoropble ucciienoBaresin MoKa3bBaOT yPOBEHb ICTETUYECKOIO CTAHOBJIEHUS.
D10 NPUBOJUT K CJIEJIyIoNIeil nepapxuu 0600IIeHnii YPOBHEii: 1) 4yBCTBEHHBII, DKW OIBIT; 2)
n3bupaTesbHOE PACCMOTPEHNE U3YyYaeMOI'0 MaTEMAaTHYECKOI'O COJIEPYKAHUS, CAMOCTOATEILHOE U



_ ALGEBRA VA ANALTZNING DOLZARB MASALALARI TERMIZ-2026 366

OCO3HAHHOE BBIJICJICHNAE 3JIEMEHTOB, OTIMYAIONINXCS CBOEH BBIPA3UTEIBHOCTBHIO; 3) CTPEMJICHIE
ydalerocss K caMOMYy IIPOCTOMY, YIOPSJIOYEHHOMY, €CTECTBEHHOMY, BLIPA3UTEILHOMY U OIHO-
BPEMEHHO HEOXKUIAHHOMY BHIY IIPEICTABJIEHUSI MaTepraja U COOTBETCTBYIOIINX MaTeMaTude-
CKAX METOJIOB JEeATENbHOCTH. DTO COUYETAHHE ICTETHYECKUX XapaKTEPUCTUK aBTOPBI CTABSIT B
OCHOBy MeTOILI/IIIeCKOfI pa6OTbI 110 SCTeTI/I“IeCKOMy BOCIIUTAHUIO y‘{&H.LHXCH: 1) neJieHalIpaBJICHHOE
BKJIIOYEHHE CTETUIECKOT0 KPUTEPHUAJILHOTO allllapaTa B BHIOOP 3JEMEHTOB PabOThI yUAIIXCS;
2) 1peJicTaBIeHe MaTeMaTHIeCKUX Uieil B HarvIsiiHOi hopMe, BBIGOP KOHTPACTHBIX CDABHEHMUI,
KOTODBIE JIEJIAIOT 9TU HJIEH 3alOMUHAIONIUMUCS; 3) CO3JaHUe OCOOBIX CJIydYaeB U3BECTHBIX Me-
TOJOB N UX KOM6I/IH8J_[I/II'7I7 BblJeJiecHue CHCTEMbI OTHOH_IeHI/II;'I, BeAyIIUX K HEBUJIUMBIM BBLIBOJaM
1 HEOXKUJAHHBIM CXOACTBaM. BO3HUKAET psij BOIPOCOB: KaKHe NeoMeTpUYecKre (PUIypbl HMe-
0T IpHBJIeKaTenbHoCcTh! KakoBa mpupoa sToil npusiekareabHocTu! Heobxomumo I n3ydarh
MaTeMaTHIeCKIe 3aKOHbI B KpaTKUX (POPMYJIMPOBKAX W UX aHAJUTUIECKUX 3amucsax! Kak ocy-
[IECTBJISIETCSI IIEPEXO/L C OAHOIO YPOBHS 3CTETUYECKOIO CTAHOBJIEHHS Ha JPYIoil, bojiee BHICOKMIA?T
Kak cBs13aHbI HampaBieHNsT (DOPMUPOBAHUSI SCTETUIECKON KyAbTypbl yuamuxcsi? Kakne (popMbr
[IpeJICTaBACHUsT yIeOHOr0 MaTepuaa 0COOEHHO XapaKTePHbI Ui yJallerocs! u Tak gaJjee. Me-
XaHNU3MbI BO3I[€I71CTBI/I${ ACTETUICCKUX IIPUYINH HA yqe6Hon AedTeJIbHOCTD y“IaH_[I/IXCH7 OTCYTCTBI/IG
YeTKOI XapaKTePUCTUKN SCTETUIECKOr0 ITIOTEHINAJIA B IIPoIecce GpOPMUPOBAHMSI IIOHSITHI TeopeM
U pelleHns 3aJ1a9 OCTABJIAIOT 9TH BOIPOCHI 6€3 0OTBETA B TPAIUIIMOHHON 1I€IarOrneCcKoil IpaKkTu-
Ke mpenofaBanus MaremMaTuku. OIHAKO CTOUT OTMETHTH, UYTO Pa3bsCHEHUE IMOHATHUS KPaCOTHI,
paspaboTaHHOEe B MEPBOM maparpade 3TOil IJIaBbl, IMOJHOIEHHO OTBEYAET Ha BBHINIEYKA3aHHBIE
BOIIPOCHI M IIOMOIAaeT IOHSATH SCTETHYECKOE CTAHOBJIEHHE B OOpa30BAHUH yUAIMXCsA. Bompock
9CTETUYECKOrO BOCIIUTAHNS B MATEMATHIECKOM 00pa30BaHUM TaK»Ke 00CYXKIAIOTCS B Psjie PaboT,
HAIPABJICHHBIX HA TyMAaHU3AIMIO MareMaTndeckoro obpasosanus (A.VM.Azesnq, T.A.VBanosa n
napyrue). Hanpumep, T.A.JBanoBa cuuraer, 9To 3CTETHYECKAs HAIPABJIEHHOCTH MaTeMaTHYe-
CKOro 00pa30BaHusI MOXKET OBITH IIPEJICTaB/ICHa KaK ABHO, TaK U HessBHO. OCODEHHO 3TO KacaeTCs
COJlepKaHusl, KOIJa 3CTEeTHYECKasli CTOPOHa ODHAPY>KMBAETCS B MaTEMATHYECKHX JTOKa3aTesIb-
CTBax, (bOpMy.HaX n T.1., a 9CTeTUIeCKasd HallpaBJI€EHHOCTDb O6y‘{eHI/I${ MaTeEMATUKE CBA3BIBAECTCA
C TPOIECCOM IIOJIyYEHUsT HOBBIX MaTeMAaTHYECKUX 3HAHWHI JjIs YUIeHHKa. DTO yTBEPXKICHUE He
[IPUHOCHUT HOBBIX B3IJISIIOB Ha peEIlleHre METOJIMIeCKuX 1mpobJeM B obsractu screruku. A M. Ase-
BUY BUIUT CYIIHOCTb 3CTETHYECKON HAIIPABJIEHHOCTH MATEMATHIECKOTO OOPA30BAHUS B IITHPOKOM
JAEMOHCTPUPOBaHUN BO3MOXKHOCTE MaTeMaTUKU.

Takum o6pa3oM, SKCypC B METO/IMYECKHUE HCCJIEOBAHNS 1I0Ka3aJl, YTO IIPO0JIeMa SCTETUKH B
o0ydyeHNr MaTeMATUKE OCTAETCs HEPa3PENIEHHON: OTCYTCTBYET Pa3bsCHEHHE MOHITHA KPACOTHI
MaTEeMaTUIeCKOTO O0bEKTa, HET YETKOM NepapXuul YPOBHEH 3CTETUIECKOTO CTAHOBJICHNUSI, HE OIIpe-
JleJIEHA POJIb SCTETHYECKUX T00Y2K/IeHn B OCBOeHNN y4yebHoro marepuaJa u T.7. MTak, kpacora
MaTeMaTUIeCKOT0 O0bEKTa CBSI3aHA C B3aUMOJIEHCcTBIEM 00pa3a 3Toro 00beKTa, KOTOPBIH CO3/IaH
HaIllUM ICUXUYIECKUM BOCIIDUATUEM, U €TI0 OPUTTHAJIBbHOCTU, KOTOPad BbIJIC/IIAET €TI0 Cpeau IPYyTux
00beKkTOB. VICTOUHUKH 9CTETUIECKON IPUBJIEKATEbHOCTH MATEMATHIECKUX O0BEKTOB (IIOHSITHIA,
TeopeM, 3aJ1ad, CII0cO0OB 06cy>K):LeHH5{) MOTYT OBITH CBSI3aHbBI C TAPMOHUEH dacTel, cuMMeTpueit
X JIOTUYECKON CTPOrOoCTH U HPOTUBOPEYUEM MEXKJY CJIOXKHOCTBIO 3aJa4i U IIPOCTOTOM METOIOB
eé pelleHns], HEOXKUJAHHO OTKPBIBAIOIIENCsT POCTOTON. DCTETUIECKOE PACKPBITHE MOTEHIHAJIA
MaTeMaTUKH BO3MOXKHO TOJIBKO B TBOPYECKON IeATebHOCTH yJaIllnxcs. Bocmpusarne KpacoThl
MaTEeMAaTUKNA XapaKTepU3yeTcs: HEeCKOJbKUMU ypoBHsaMU. Vepapxus 3Tux ypoBHEil BKJIIOYAET B
cebsi 9CTEeTUYECKYIO IPUBJIEKATEILHOCTD MATEMATHIECKOTO 00bEKTa OT COOTBETCTBHS €ro 00pas3a
U IIpEJICTaBJICHUS JIO CTPEMJICHUSI yJallerocs OCO3HaHHO pas3raj aTh 3aKOHOMEPHOCTH U IIOCTPOUTH
HOBBIi, ODUTMHAJIBHBIN BBIBOJI, HATH HOBBIE 3aja4u u T.J. Ha 9TOM ypoBHE KpacoTa IPOsSBJIIseT-
Cd B HEOXKUJAHHBIX, OPUIMHAJIBHBIX PENIeHUAX, CTPOrUX I0Ka3aTelbCTBaxX U IIOUCKE Pa3/InYHbIX
npuioxkenuit. 2Kejanme ycTpaHUTh HECOOTBETCTBHUS MEXKIYy OODBEKTAMHU, CO3JAaTh CHMMETPUU-
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HbIC O6'beKTI>I, JOIIOJTHUTL YaCTH, paCCMaTPUBATL OTJAEC/JIbHBLIE CJAy4daMr, IIOCTEIICHHO IIPUBOJUT K
AKTUBHOM HCCHeﬂOBaTeﬂbCKOﬁ AedTeJIbHOCTH, I'JIe BeAYIIYIO POJIb Ur'paeT 3aJa4a.
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Teaching students to solve mathematical problems using the vector method.
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Mathematical education is the main element of secondary education. The reform of
mathematical education, which began in the Sixties, and is still changing annually, is accompanied
by the introduction of the of modern and rational methods of problem solving into the geometry
school course. A new quality of teaching non-traditional geometry for the school course by the
method of solving problems requires the development of appropriate methodological support
for the educational process. The analytical method of solving a geometric problem is usually
understood as a method of solving it, in which analytical relations act as a formal mathematical
model. We will confine ourselves to considering the method of teaching an unconventional vector
method of solving problems for the school course in the context of the activity approach.
The vector method of solving problems meets all the criteria of leading knowledge, but the
practice of their application in the study of planimetry in existing textbooks and manuals does
not correspond to their methodological significance. We proceed from the need to harmonize
the methodological significance of the vector method of solving planimetric problems with the
practice of teaching the latter. The vector method enriched algebra with geometric clarity, made
it possible to present the course of various processes in visual geometric images. The same
problem receives a different vector representation depending on a particular way to solve it. The
vector method is effective in: a) proving the parallelism of lines and segments; b) substantiation
of the statement about the division of the segment by this point in this respect; ¢) finding
out the ownership of three points of the same line; d) proving the perpendicularity of lines
and segments; e) Finding the value of the angle. In P.Y. Galperin’s theory, the assimilation of
knowledge is considered as a process carried out based on assimilation of actions to apply the
acquired knowledge. The formation of new thought processes begins with the development of
the instructions developed by the teacher, presented in the form of detailed external actions.
The detail of the action to solve the problem of elementary actions or operations makes the
process of learning new methods of solving problems meaningful, conscious, as it reveals the
objective logic of the solution process. Inclusion in the process of solving a geometric problem by
an analytical method of actions on geometric illustration of the condition and interpretation of
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the obtained analytical result provides the basis for new ideas of thinking activity contributing
to the formation of the research structure of thinking. At the same time, during the transition
of actions, the mental plan, the student’s activity to create a geometric image of an adequate
analytical model includes activities in collapsed forms of reasoning. The geometric image becomes
a "support signal"and a necessary link in the activity to solve the problem by an analytical
method. The use of the modeling method in the development of teaching methods for solving
geometry problems is presented for several reasons. First of all, these methods themselves are
a means of mathematical modeling by which students receive a sign model adequate to the
condition of problems: the transformation of this model according to the relevant laws and its
analysis allow you to fulfill the requirement of the problem and move from a formal model to
its geometric interpretation. The activities that students perform include all the stages of which
mathematical modeling consists. At the same time, the requirement of the task is fulfilled and
the skills of mathematical modeling are formed, i.e. the goals of the activity of mastering a new
method of solving the problem and a new way of reasoning are realized. Let’s consider a system
of tasks that contribute to the formation of the ability to draw conclusions, to obtain a variety
of consequences from their conditions. The significance of the developed system is that it allows
students to identify not only the level of assimilation of theoretical material on the topic "Vector
method but also, most importantly, contributes to teaching students the techniques of recognition
of geometric images at the first stage. . The use of the vector method in specific situations causes
certain mental activity. To determine the content of tasks that form the ability to apply vectors,
it is necessary to identify actions adequate to this activity. The analysis shows that the use of
the vector method in situations a) ~ e) involves the possession of the following skills: 1) translate
geometric language into vector and vice versa; 2) perform operations on vectors; 3) represent a
vector as a sum of vectors, the difference of vectors; 4) represent a vector as a product of a vector
by a number; 5) transform vector equalities; 6) move from the ratio between vectors to the ratio
between their lengths and vice versa; 7) express the length of a vector through its scalar square;
8) express the magnitude of the angle between vectors in terms of their scalar product. Due to
the possibility of using a common logical scheme for finding a solution to a problem, analytical
methods allow us to develop prescriptions for solving classes of problems that are models of
activity samples in which the ways of finding a solution and implementing the requirements of
a geometric problem by analytical means are verbally described. The main idea of the activity
approach in the interpretation of G.I. Sarantsev is the expediency of describing and designing
the activities of students as a system of problem solving processes. We consider this approaches
to teaching the analytical method of solving planimetric problems by developing and applying
a methodologically expedient system of problems. Learning through problems in this case is the
only way in which students can master new methods of solving, assess their advantages, learn
the specifics of applying numerical methods to the study of the properties of geometric objects.
The success of the vector method in various situations is largely due to the possession of a special
dictionary used to translate from geometric language into vector language and back.

This dictionary also includes a few reference problems that are the key to solving many more
complex problems using vectors. These include the conditions that determine the belonging of
a point to a straight line, the division of a segment in this respect, the belonging of four points
of the plane. The analysis of the activity of using vectors in various specific situations made it
possible to identify actions in its structure that determine the type of tasks corresponding to
it, namely tasks: - to translate from geometric to vector language and vice versa; - to perform
vector operations. - to represent a vector as a sum (difference) of vectors; - to represent a vector
as a product of a vector by a number; - on the transition from the ratio between vectors to
the ratio between lengths and vice versa; - on transformations of vector equalities. - to find
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the length of the vector and the magnitude of the angle between them All types of problems
include the basic properties of vectors, most problems - involves the possession of the ability
to represent vectors in the form of a sum (difference), to translate the geometric language into
a vector and vice versa, the possession of some actions with vectors at the mental stage. The
experiment showed the feasibility of the following combinations of levels of formation of skills
to perform operations on vectors and represent the vector in the form of the sum (difference)
of vectors, the product of a vector by a number: 1) the formation of mutually inverse skills
is carried out at a materialized level; 2) the solution of problems for the representation of a
vector in the form of a combination of other vectors is carried out mentally, and the verification
of the correctness of the execution of this action is carried out at the material level; 3) the
formation of mutually inverse skills is carried out only in the mental plane. Thus, the solution
of mathematical problems by the vector method contributes to teaching students not only to
find the optimal vector solution to the problem, but also to form in their minds the techniques
and ways of knowing geometric images.
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