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"0O‘zbekiston Respublikasi Oliy ta’lim tizimini 2030 yilgacha rivojlantirish konsepsiyasini tasdiglash
to‘grisida” O‘zbekiston Respublika Prezidentining 5847-sonli Farmonida kozda tutilgan
vazifalardan biri - ilmiy izlanish yutuklarini amaliyotga joriy etish yo‘li bilan fan sohalarini
rivojlantirish, ya’'ni xalqaro ilmiy hamjamiyatda e’tirof etilishiga xizmat qilishdir. Shu va boshqa
tegishli farmonlarda va qarorlarda belgilangan vazifalarini amalga oshirish maqgsadida 2023 yil 21-
iyun kuni Qo‘qon universiteti “Ragamli texnologiyalar va matematika” kafedrasi “Raqamli
texnologiyalarning Yangi O‘zbekiston rivojiga ta’siri” mavzusidagi xalqaro miqyosida o‘tkaziladigan
ilmiy-amaliy konferensiyasi maqolalar to’plamini e‘lon qgiladi
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texnologiyalarning Yangi O‘zbekiston rivojiga ta’siri xalqaro ilmiy-amaliy konferensiyasi to“plami.
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TEKUCJIMKAA BEPUITAH 3/IJIMIICJIAP MUHKOBCKUA AMUPMACH
Kanonxon HyputanHoB TypcyHGOH YFIU
KYKOH YHHUBEPCUTETU OKUTYBUYMCH

AHHOTaTCcuA: Yuby MakoJsia OnTHMaJj OOIIKApUII MacalaJapyuHU XajJ KUJIULI[A KeHT
KyJUIaHUIaJUuraH MUHKOBCKUA ONEPaTOPJApPUHUHI OUp Typu MHHKOBCKM alMpMacH XakKuja.
Wijga sanuncinap 6OuiaH 4erapajaHraH TEKUCJAMKHUHT WKKUM  KaBapUK MaWJOHUHUHT
MUHKOBCKMM alMPMaCHHH TONMMII 6YHKMYA UMUK TaAKUKOT HaTHKaJapyu 6a€H 3THUJITaH.

Kaaut cyssnap: MUHKOBCKM WUFUHAMCHA, MUHKOBCKM aWMpMacHy, Napajjies Ky4upull,
3JUJIUIIC, 3JIJIMIIC AMaMETPUC.

Abstract: This article is about the Minkowski difference, a type of Minkowski operator
widely used in solving optimal control problems. The work describes the results of scientific
research on finding the Minkowski difference of two convex areas of a plane bounded by ellipses.

Keywords: Minkowski sum, Minkowski difference, parallel displacement, ellipse, ellipse
diametric.

JAuddepenTcuan yiiuH Ha3apUsACU 3aMOHAaBUU MaTeMAaTUKAHUHT aJjaJl pUBOXKJIaHAETraH
TAapMOFUAUD. YHUHT PHUBOXKJIAHUIIM, XyCyCaH, TaJKUKOT Macajajapd Ba YJapHU KyJuiall
CoXaJIapyHU (XapOuil xapakTepJaru macajajap/aH UKTUCOAWM, MeXaHUK, OUOJIOTUK Ba MHCOH
$aoIMATUHUHT OOIIKA coXajlapuraya) KeHrauTUpULl OUJ1aH OOFIUK.

JAuddepeHcran yWuHAapAa TabKUOHU TyraTHII YYyH OJIMHTAaH HaTWXXKaJlapHU, MacaJjaH,
TyraTULI BaKTHUHU UHTEerpasl TYIJIaMJapHUHT KEHTJIMTY 6y1Ya TaKKoCIall KeMMHYaIMK aMaIui
Macajajapja MyxyMM axaMusATra ara 6ysnagu. by MacasaHu ypraHuil, alHUKCA, KY4CU3 KaBapuUK
TYIJIaMJlap Ha3apUsACUHU Ba MHUHKOBCKH ONEPAaTOPHHUHI FeOMeTPUK XYCYyCUATJIApHUHU MLLIA0
YUKUIIHU Ba YHU YU3UKJIU AP PepeHTCcHa YUHHIapra KyJIallHy Taaab Kuiaaau. llyHuHr yuyH
MUHKOBCKH OllepaTOPUHUHT TeOMEeTPHUK XYCYCUATIApPUHU YpraHull J10/13ap6uruya KoJaMoK/aa.

MUHKOBCKMI omepaTopJsapy OUpUHUYM MapTa AuddepeHcHan yuuHAapHU ypraHui yuyH JI.C.
[TouTpsrun [1],[2]. WyHuHraek, MUHKOBCKHWHM omepaTOpUHUHT JuddepeHcUan yuuHJIapra
Kys/utanuauwu H.10.Catumos, I'.E.BanoB, b.H.[llneHM4YHWIap TOMOHU/JAH YPraHUJITaH.

X*Y MMHKOBCKMM aMMPMACUHUHI TeOMEeTPUK MabHOCKM Y TYyIUJIaMHU X TylJIaMJaH

YUKMacZaH TMapasuiesl paBUIIJA CUDKATHII MyMKUH. Kyduza TeKUCIUK[Ia OepuiraH
3JUIMIICIAPHUHT MUHKOBCKY GpapKUHHU TONUII YYyH 6a'b3U HATHKaJap KeJTHPUJITaH.
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Texucnukaa ukkuta E”Ba E° asuvnciap 6uiaH yerapajaHrad Tomjiamsap Gepura
6ycuH. AlTaiamk FlA(all,af), FZA(aé,azz) HyKTtanap E* smiuncuuur, F° (ﬂf,ﬂf),ﬁa (,821/322)

HyKTaJap 3ca E® ajmmncHusr dpokycaapu 6yacun. 2a” Ba 2a® connap moc pasumzga E*Ba E®
3JUIMIICJIAPHUHT KaTTa YKJIapH Y3yHJIUKIIapH 6Y116

a’>a®, (1)

(o -[ReR 2 a(e )[R 2

MyHocabatsiap ypuHau 6yacaruda E* = E® aiiupma xakuza ranupuin MyMkuH. By geranu E* * E®

alimpMa 6yl 6Y/JIMacJUTHHUHT 3apypui ImapTu: E” s/UIMNCHUHT yKjaapu y3yHauru, E°
3JUIMIICHUHT VKJapy Y3yHJUTHJAH KUYUK OysaMmacauru JosuM. Jlekun (1) Ba (2) waptiaap
6akapuaumu E**E® alimpma 6y 6yaMacauru yuyH etapsau sMac. Kyinga (1) Ba (2) wapTt.ap
6axkapuirad Takaupaa E**E® TynmiaMHMHT 6§11 6YaAMac/Mry yuyyH eTap/M IIapT/IapHU 6aéH

KUJIaMH3.
TexkucavkAa 3/IMIICHU aHUKJALl OMp KUMUMAT/IMA OY/JMIIM Y4yH YHUHI QOKYCJapUHUHT
KOOp/JMHAaTaJapUHA Ba KaTTa YKWUHU Y3YHJWUTMHM Gepum kudosa. E” snaMncHMHr mapkasu
1 1 2 2
Bi+B BB

2 2

1 1 2 2
or At ot
2 2

MapKasHu 6yaau.

ijKTa, XyAAu 1y Kabu OB( j Hykta E®  aaMncHuMHT

i(10) Bexrtop 6unan FF (a;—all,azz—af) BEKTOp opacujaru O6ypyak KOCHHYCH Ba
CUHYCH

11 2 2
a - a, —a

cosu = ,Sin p =

2 2 2 2
J(a;_a;) (a2 —a?) J(a;_a;) (a2 —a?)

popmynanap opkaau Tonunagu. Y xonga poxycaapu FP (all, af ) FA (aé, azz) HyKTaJlapAa Gy/ran

, (3)

o A
Bad KaTTa YKH Y3YHJIUTH 2a" ra TeHr EA SJIJIMIICHUHT TEeHTJIaMadCH

2

(2(xcos u+ ysinﬂ)—all—aé)z +(2(—xsiny+ ycos u)—a; —a; ) ) )
a(a") 4a") ~(a3-at) ~ (a2 -a?)

KYpUHULIJA OYIau.
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Xynnu my ka6u pokycaapu F° ( BB ), F° ( B, ,822) HyKTasap/a 6yJraH Ba KaTTa YK1

B
Y3YHJIUTHU 2a” ra TeHr EB JIJIMIICHUHT TEHI'JIaMadCH

(2(xcosn+ysinn)- B - B;) +(2(—xsin77+ ycosn)- B -5 )

2 2 2 ;=1 (5)
4(a°) 4(°) -(B-B) -(8:-5)

KypuHULLga 6ynagu.By epaa 7 6ypdak T(l, O) BekTop Guman F°F} (ﬂzl - B p: —,312) BEKTOD

opacujaru 6ypyak 6y/16, 6y 6ypuyaKHUHT KOCUHYC Ba CHHYCH

ﬁzlz_ﬂll _ sin n= ﬂzzz_ﬁlz =, (6)
BB +(5-5) B8 +(5-5)

cosn =

KaOH TOIMHIA/IH.
E**E® Tynaam 6ym 6yamacaury yuyn E® TymiamMHu napanien kydupuin épaamuga E*

TYNJIaMHUHT MYUTa >KOMIAIITUPUII MYMKKH 6¥1umu 103uM. lllynunr yuyn, E® tynaamau 0°0*

BEKTOp 6yi1ab napaies Kydupamus. Hatmxkazga xocua 6yaran E® anunc Tenrnamacu

(2(xcosn+ysing)-af - )2 (2(~xsinn+ycosn)-of o] )2

2 + 2 2 2 = (7)
4(a%) 4a°) -(B-A) (B -A)

KypuHULIJA 6Y110 KOJ1aau.

Teopema 1. EBkin/ Tekucaurua GoKycaapy Ba KaTTa KU OpKaau 6epuirad MKkura E*
Ba E®ayuncnap E* 2 E® MMHKOBCKMI aliupMacy 611 6YIMLIIMIH

(2(xcosn+ysinn) -« az) (2(~xsinn+ycosn)-af —a; )2
2 + B 2 2
e TS A
(2(XC03,u+ySin,u)—a11—a§)2 (2(—xsin u+ycos u)-a az)
+ =1;
4(aA)2 4(aA)2—(a2—a1) —(az —a )2

cucTeMa 4 Ta XakKMKMI eduMra era 6yuiy 3apyp Ba etapau. Kosran xosutapga E* = E®

MUHKOBCKHIT aitipMacu 6y 6yamaiigu. By epaa a* >a®.
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Hco60T. By TeopeMaHu UcOOT Kuna 6us (8) cucTeMaHU Tax/IuJ KAJIUMIIMMU3 Kepak. (8)
CUCTEeMaHH COJJIapoK é3UIl Y4yH 6a’b3U GeruaalllapHi KHPUTAMU3:

2bA:\/4(aA)2—(a;—a11)2—(azz—af)z, (9)

28 = Ja(a®) (g 5) (B -5 (10)

(9) Ba (10) udpoganap moc pasumza E» Ba E® aiunciapHUHT KUYUK YK/IapH y3yHIUKIApUAKDP.
By 6esruaauuiapiaH KeiuH (8) cucreMaHu

(2(xcosn+ysin;y)—ozll—oé)2 +(2(—Xsin77+yCOSn)—af—azz)z B
oy ) .
(2(xcos u+ysin y)—all—a;)z . (2(—xsin u+ycos u)—af —azz)z i
4(a") 4(0") |

KypuHMILZA 8316 onamus. E* = E® aiiupmanu xuco6aamzga E® tynaamau O°0* BekTop 6¥itna6

o A o o =
napaJuie] KyuupaMus HaTwxkaga Mapkasu O" mykraga 6yaran E® aasmuncra yxmam E®amiunc
xocuJ1 6ysiagu. ByHa Kyiuaru xoJiap 6yJauiy MyMKHH:

1) Bupunuu xonga F*F BaF°F} BekTopnap y3apo mapamien 6ynagu. E® Tymiamuu

0°0* BekTop G¥itna6 napasien KyyupranuMusaa E°Ba E* sJutunc/IapHUHT MOC YKJ1apH ycTMa-
yCT TyWlaAu Ba u =1 6akapuiaagu. bynaan xonatza (11) cucteMa 4yek3us3 Kyl XaKUKAM eduMra,

dakar 2 Ta euuMra sra GYJIMIIM KM yMyMaH eyMMra sra Gy/Macjurd MyMkuH. Arap a” =a°

6116, FlAF2A| =|F1B FZB| TeHIJIMK YPUHIM 6¥ca, y xoaa (11) cucTeMaHMHT MKKasa TeHrJaMacu

XaM 6up xua 6yau6 Kosagu. By JeraHu cucTeMa 4YeKcM3 KyI edyuMra ara, abHM E°Ba E”
3JIMIC/IAp YCTMA-yCT Tymu6 Koaaau. By aca E* *E® # (J skannurunu anraatagu.

Arap a" =a® 6y.u6,

FlAF2A| < |FlB FZB| MyHocabaT 6axapuca, (11) cucTeMaHUHT GUPUHYU

TeHIJIaMacUJiJaH UKKUHYHY TeHIJIaMacCUHU alupu6b Kyiuaaruda coagaialiTUupamMus:

(2(—xsinn+ycosn)-of -} )2 (2(—xsin u+ycos u)—af —at} )2
4(bB)2 - 4(bB)2 =0. (12)




RAQAMLI TEXNOLOGIYALARNING
Kokand YANGI O‘ZBEKISTON RIVOJIGA TA'SIRI

KU

Univers ity Xalqaro ilmiy-amaliy konferensiyasi

ByH/la OMpPUMHYM Ba HUKKUHYM TeHIJIaMaJIJapHUHT OUpPUHYM XaZJjlapu OUp XuJa OYJIUO
KOJITAHJIUTH YYYH KUCKApUO KeTAU. 1 =7 6yaranu yuyH (12) TeHrs1aMmaHu

(2(—xsin77+ycosn)—ozf—0:22)2 1 1 1, (13)

4(o°) 4(")

KYpUHHULIA 6332 OJIaMU3. |F1AF2A|<|FlBFZB| 6yaraHaury y4yH (13) TeHIJlaMaHUHT WKKMHYU
KYMauTyBUYMCH HYAaH GapKJau 6Vaaay, my 6oucaad (13) TeHrama

2 2

. a +a
—xsinn + ycosnlez, (14)
TeHrJlaMa 6uJiaH TeHr Ky4Ju.(14) udoaanu (11) cucremara Kyino
. s O+
Xcosnp+ysinp=a +T,
L (15)
. B O+,
Xcosn+ysinnp=-a +T
TeHIJIaMaJIaHU X0CUJI KulaMu3. [leMak, (11) cucTeMaHUHT e4MMJIapUHU TONHMLI Macaslacu
: ol +ai
—Xsinn +ycosn = —
L (16)
: B O+,
Xcosn+ysinp=a +T;
: ol +al
—Xsinn +ycosn = —
(17)
1 1
B, T,

Xcosn+ysinp=-a +T’

CcUCTeMaJlapHM euulira Kejqub Kosaau. (16) Ba (17) cucrteMasap MKKM HObMaJyMJM OUPHUHYHU
JlapakaJ/Iu TeHIJlaMaJslap CUCTeMacHu Ba YHUHT aCOCUH JleTepMUHAHTH

—sinny cospy
cosn sinpy

=-sinp—-cos’n=-1«0 (18)
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OVJITQaHJIMTU Y4YyH Xap Oup cucTeMa OUTTaAaH eyuMmra 3ara. ByHpaaH aca (11) cuctema UKKUTa
e4MMra 3ra 3KaHJIUTHU Kequ6 yukaau. lemak, E® Ba E* aiMnciapHUHT HKKUTA YMYMUE HYKTacH

6op akan. F*FF°F? Baa" =a® Gynrannuru ca6a6au 6y 3/IMNCIAPHUHT YMyMMi HyKTacu
KaTTa YKJapujard yd4iapu OGyaaju. |F1AF2A|<|FlBFZB| 6yarand y4yH aca E® ammunc, EA

SJUTMTICHUMHT MYUzia xoinamu6 Koaau(1l-pacm). By E* £ E® # & skaniurunuy anriatagu.

1-pacm

Arap a" =a® 6y.u6,

FlAF2A| < |F1B FZB| MyHocabaT 6axkapusica, (2) MyHocabaT 6akapuaMaii

Kosazu Ba E* = E® aiiupma 6y Tyniamgan uéopar 6y1au.

Arap a”>a®6yau6, (aA)2 —|F1AF2A|2 = (aB )2 —|F1B F;| MyHocabaT 6axapuica, (11)

|2
CUCTeMaJaru Xap HMKKaJia TeHIJIaMaJIapHUHTI UKKWUHYHU KSJ/]_HI/IJIYB‘{I/IJ]apI/I 6I/Ip XHJI 65'7.)11/16 KoJiaan
Ba

2

(2(xcosn+ysing) - —a§)2 (2(xcosn+ysinn)-a; —a3)

- =0, (19)
4(a® )2 4(a’*)2
TEHIJIUK YpUHJIU 6§nazu. a* >a® 6yaranu yuys (19) Tenriama
o —a,
XCOS 4+ ysin u = 12 2, (20)
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TeHrJlaMara TeHr Ky4/d. (20) Tenrsinkau (11) cucremara Kynu6

2 2
—xsinzn + ycosn =b® +0[1—J2raz;
L (21)
Xcosn +ysinng = % 2% ;
2 2
—xsinn+ycosn =—b® LAt
g (22)

; a4 —a
xcosy+ysing = =—=%;

CUCTecaJlapHU Xocua Kuiaamus. Jlemak, Oy BasuaTaa (11) cucremanu eyuwr (22) Ba
(21)cucTemanapHu euyulira Kejaub KoJsap skaH. by cucteMasnap y4yH xaMm (18) myHocabaT ypuHIU
OyJIraHu y4yH, y/ap ArTOHa e4MMra 3ra Ba IUYHUHT y4yH (11) cucTeMa MKKHTaA eyuMra ara. by xon
YUyH 3JUIMIICJAPHUHT XKOWJIAIIYBU 2-pacMjarujiek 6y/au6, yJapHUHT YMYMHM HYKTAachd KUYHK
YKJIapH y4Japuiad ubopar 6yianu;

2-pacm

2) By xonga F F,* BaF°F,; Bektopaap ¥3apo mapaanen 6yamaiiau. E® Tymnamaun O®0*
BeKTOp 6¥ii1a6 mapaien KydupranuMusza E°Ba E* ajaumnciapHUHT MOC YKJapH ycTMa-ycT
TymIMalgu Ba u = n 6ynagu. by xonga (11) cucrtema éxku 2 Ta TypJu XaKMKUKA WIAM3Ta, KU 4 Ta
TYpJHd XAKWKUW WJAW3ra 3ra O0ysaju, éKM yMyMaH WJaAu3ra sra 6yamaigu. by Basugarga (11)
CHCTeMa YeKCH3 KyN WIJU3ra ara 6y MyYMKHH 3Mac.
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(11) cucreMa TYpPTTa XaKUKUH eduMra 3ra Gyiau geranu E®Ba E” amunciap TypTTa
HYKTa/la KeCUIIMIIMHY 6Uagupaau. ByH/a a/IIMICIapHUHT Ba3UsATH 3-pacMaru kabu 6ys1azu Ba
E**E® aliupma 6y Tym1aMaH M60paT GYJIMIINHU KYPUII MyMKHH.

3-pacm

(11) cucTeMa MKKHUTA TypJIM XaKUKUH eduMra ara 6141 feranu E®Ba E* ajmncaap nkku
HYKTa/Zlda YPUHUIIMHMU Oungupagud. Bynzga (1) Ba (2) wapTyap VpUHIAA 6YAraHu y4yH
SJIJIMIICJIAPHUHT Ba3UATH 4-pacMjaru kabu 6yi1aau Ba E* *E® aiinpma 6y 6yamaiigu.
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(11) cucTeMa eunMra ara 6yiMaau JeraHu E°Ba E” aMIC/IapHUHT yMyMH# HYKTacH
MaBXyJ, 3MacJUTMHU Oungupanu. bynpa (1) Ba (2) wapTyiap YpUHJAM 6yAraHd y4yH
3JIIMIICIApHUHT BasUATH 5-pacMjary Kabu 6yaaau Ba E* *E® aiiupma 6y 6yimaiiau. Teopema

TYJUK UCOOTAAH/Y.

=12 =10 -8 -2 -4 -2 o 2 El e

5-pacm

(1) ,(2) wapTtaap Ba WKOpUAAru TeopemMa TeKUcAHe[a POKycaapyu Ba KaTTa YKU OpKaiu
O6epuJiraH 3JIJIMICAAPHUHT MUHKOBCKMU allMpMacy 6yl €Ky 61l 3MacJAMIrMHU aHUKJIal oJ1ajy,
JIEKVMH allMpMa HaTHWKacu/la X0CUJ1 OYJIraH TYMJIaMHU TOMUII UMKOHUHU 6epMaijy.
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