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KIRISH (falsafa doktori (PhD) dissertatsiyasi annotatsiyasi)

Dissertatsiya mavzusining dolzarbligi va zarurati. Jahonda so‘nggi
vaqtlarda texnologik jarayonlar va ishlab chiqarishlarni avtomatlashtirish sohasida
dinamik obyektlarni boshqarish va holatlarini baholash usullari va algoritmlarini
ishlab chiqishga alohida e’tibor qaratilmoqda. Bu schada holatlarni adaptiv
baholashning muntazam algoritmlarini ishlab chigish va nochizigli rostlagichlarni
sintezlash muhim masalalardan biri hisoblanadi. Bu, boshqarish jarayonlarining
sifatiga bo‘lgan yuqori talablarning dinamik obyektlardagi nochizigli hodisalarni
hisobga olishga majbur gilishi bilan belgilanadi. Shuning uchun ham noaniqlik
sharoitlarida ishlovchi murakkab texnologik obyektlarni boshqarish va ulamning
holatlarini adaptiv baholashning samarali nochizigli algoritmlarini ishlab
chiqishning nihoyatda zarurligi yuzaga keladi.

Jahonda nochiziqli modellarni o‘rganish, tahlil qilish va sintezlash asosida
boshqarish sistemalarining zamonaviy rostlagichlari va boshqa elementlarini
yaratish bo‘yicha ilmiy-tadgiqot ishlari olib borilmoqda. Nochiziqli obyektlarning
boshqarish sistemalarini nochizigli rostlagichlarini sintezlash masalasi chiziqlilari
bilan solishtirib bo‘Imaydigan darajada murakkab. Shu sababdan, holatlarni adaptiv
baholash va nochiziqli rostlagichlarni hamda ular asosida harakatning asimptotik
turg‘unligini tortish sohasidagi umumiy yoki katta bahosi bilan ta’minlovchi
boshqarish qonunlarini sintezlashning usul va algoritmlarini takomillashtirish va
modifikatsiyalash dolzarb masalalardan hisoblanadi.

Respublikada hozirgi kunda avtomatlashtirish va boshqarish yo‘nalishiga,
jumladan turli texnologik jarayonlar va ishlab chiqarishlarni avtomatlashtirish va
boshqarishda energiya va resurs tejamkorlikni ta’minlovchi takomillashtirilgan
boshqarish sistemalarini yaratishga alohida e’tibor qaratilmogda. 2022-2026 yillarga
mo‘ljallangan yangi O‘zbekistonning Taraqqiyot strategiyasida, jumladan «...
zamonaviy energiya tejamkor texnologiyalar, jihozlar va qayta tiklanuvchi energiya
manbalarini joriy etish, ... sanoat sohalaridagi yo‘qotishlamni kamaytirish va
resurslardan foydalanish samaradorllgml .oshirish, gayta tiklanuvchi energiya
qurilmalarini ishlab chigish va energlya samaradorhkm oshirish bo‘yicha loyihalarni
moliyalashtirish»' vazifalari’ belgll'ab benlgan Mazkur vazifalami bajarishda,
jumladan, boshqarish Jarayonlarmmg snf‘at ko*rsatkichlarini va anigligini oshirish
imkonini beradigan nochizigli- rogtlagnchlamn sintezlash va holatlarni adaptiv
baholashning samarali algontmlanm yaratish nihoyatda dolzarb hisoblanadi.

O‘zbekiston Respublikasi Prezidentining 2017 yil 7 fevraldagi PQ-4947-son
«O‘zbekiston Respublikasini yanada rivojlantirishning Harakatlar strategiyasi
to‘g‘risidangi Qarori va 2019 yil 3 apreldagl PF-4265-son «Kimyo sanoatini yanada
isloh qilish va uning insvestitsiyaviy jozibadorligini oshirish chora-tadbirlari
to*g risidangi, 2018 yil 25 oktabrdagi PF-3983-son «O*zbekiston Respublikasining
kimyo sanoatini tezkor rivojlantirish chora-tadbirlari to‘g‘risidangi, 2018 yil 27

! Vi6exncran pecny6iukach [pesunenmnmmr 2022 Han 28 snmapnarn T®-60-con «2022-2026 firuuiapra
Mymxannanran apry Yibekuctonmunr TapakkueT CTpaTeriacy TYrpRCARAnTH DIPMOHH
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?p{eldag.i.PQ-3.6§2-§9n «Innovatsion g*oyalar, texnologiyalar va loyihalarni amaliy
Jorty ql"fh tizimini yanada takomillashtirish chora-tadbirlari to‘g‘risidangi
Farmonlari hamfia mazkur faoliyatga tegishli boshqa me’yoriy-huqugiy hujjatlarda
belgilangan vazifalami amalga oshirishga ushbii dissertatsiya tadqiqoti muayyan
darajada xizmat giladi. ,

Tadgiqotning respublika fan va texnologiyalari rivojlanishi-ning ustuvor
yo‘nalishlariga mosligi. Mazkur tadgiqot respublika fan va texnologiyalari
rivojlanishining I, «Axborotlashtirish ~ va axborot-kommunikatsiya
texnologiyalarini rivojlantirish» ustuvor yo*nalishi doirasida bajarilgan.

Muammoning o‘rganilganlik darajasi. Nochiziqli obyektlaming holatlarini
adaptiv baholash va nochiziqli rostlagichlarni sintezlash usullari va algoritmlarini
ishlab chiqgish bo‘yicha tadqiqotlarga tegishli, so‘nggi yillardagi ilmiy-texnik
adabiyotlar tahlili mazkur sohada ahamiyatli darajadagi nazariy va amaliy
natijalarga erishilganligidan darak beradi. Nochizigli adaptiv boshqarish
sistemalarini sintezlash muammolariga bag‘ishlangan ko*p sonli ishlar nashr etilgan,
umumnazariy konsepsiyalar ishlab chiqilgan, yechilgan amaliy masalalar soni ortib
bormoqda. Nochiziqli sistemalarni qurishni adaptiv usullari rivojiga xorijlik
olimlardan J.Zhou', K.S.Narendra?, V.F.Sokolov?, V.O.Nikiforov®, S.B.Pelsverger’,
D.Aeyels®, B.Widrow’ kabilar, mamlakatimizdan B.M.Azimov, T.F.Bekmuratov,
Sh.M.Gulyamov, 0.0.Zaripov, X.Z.Igamberdiev®, M.A Ismailov, A.A.Kadirov,
A R.Maraximov, I.X.Siddikov®, Sh.X Fozilov, N.R.Yusupbekov'® va boshqalar
o‘zlarining ulkan hissalarini qo‘shishgan.

Biroq ilmiy tadgiqot doirasining muntazam murakkablashuvi va kengayishi
nochizigli rostlagichlarni sintezlash hamda avtomatik boshqarishning nochizigli
sistemalarini tahlil gilishning yangi samarali usullari va algoritmlarini ishlab
chigishni talab etadi. Shuningdek, kvazichizigli yondashuv va nochizigli
kvazimodal rostlagich asosida nochizigli roslagichlarni  sintezlashning
muntazamlashgan algoritmlari ham o‘zining rivojini talab etmogda. Bundan
tashqari, o‘zgaruvchan holatlarning nochizigli kuzatuvchilarini sintezlash,
nochiziqli obyektlarning o‘Ichanadigan o‘zgaruvchilaridan vaqt bo‘yicha olinadigan

! Zhou J., Wen C. Adaptive Backstepping Control t?f Uncertain Systems. Nc oth Nonlinearities, I ions or
Time-Variations. Berlin, Heidelberg: Springer, 2008. - 241 pp.

2 Narendra K_S., Monopoli R.V. Application of adaptive control. New York: Academic press, 1980.

3 Sokolov V.F. Adaptive /; robust control for SISO system // Syst. Control Lett. 2001. V. 42(5). -p. 379-393.

4 Huxndpopos B.O. Azammsnoe # poBacTHoc ynpasienHe ¢ koMIeHcaumel o3y e, - CT16.: Hayxa, 2003. -
281 c.

5 Memugeprep C.B. AnropirMpmeckoe 06eCIEICHAE MPOUECCOB OLCHUBANNA B AHHAMHUCCKHX CHCTEMAX B yCIOBHAX
HeonpeaesennocTH. -M.: Hayka, 2004. - 116¢.

¢ Aeyels D., Lamnabhi-Lagarrigue F., Van der Schaft A. (Eds.) Stability and Stabilization of Nonlinear Systems.
London: Springer, 2603. - 387 pp.

7 Widrow B., Walach E. Adaptive Inverse Control. A Signal Processing Approach - IEEE Press, 2008. - 521 p.

8 Hranbepmaes X.3., Cenmnos XK.V, 3aprmos 0.0. PerysspHsic MCTOIb H JTOPITME CHHTCIA AZANTHBHEIX CHCTEM
yNpansieHns ¢ FacTpanBacMEMK Mojenany. - T.: Taml TY, 2014,

9 Siddikov, I.X., Izmaylova, RN, Siddikov, A L. Structural-Parametric Adaptation of Fuzzy-Logical Control System
// AIP Confesence Proceedings, 2022.

10 }0cynbcxon H.P.. Hypsyxasieson X.C., 3oxmpon C.F. Kiniéaui) Toxionoris acocidl azpale sa (ypumarapn. ~T.. «dan ra TexmoOrUDY,
2015. -848 6.
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hosilalarini baholash, shuningdek boshqarishning nochizigli obyektlari holatlarini
turg‘un ko‘p qadamli baholashning turg‘un algoritmlarini ishlab chigishni amalga
oshirish magsadga muvofiqdir. Yuqorida qayd etilganlardan, noaniglik sharoitida
nochiziqli obyektlarni adaptiv boshqarishning samarali algoritmlarini yanada
modifikatsiyalashni nihoyatda zarur ekanligi kelib chigadi.

Dissertatsiya tadqiqotining dissertatsiya bajarilgan oliy ta’lim
muassasasining ilmiy-tadgiqot ishlari rejalari bilan bog‘ligligi. Dissertatsiya
tadgiqoti Toshkent davlat texnika universiteti ilmiy-tadqiqot ishlari rejalarining
OT-F4-78 -  «Identifikatsion yondashuv asosida dinamik obyektlarni
boshqarishning adaptiv sistemalarini sintezlashni nazariy asoslari va muntazam
usullarini ishlab chiqish» (2017-2020) loyihalari doirasida bajarilgan.

Tadgiqotning magsadi noaniglik sharoitlarida nochizigli dinamik obyektlarni
adaptiv baholash va boshqarish algoritmlari va ularni amalga oshirishning hisoblash
sxemalarini ishlab chiqish hisoblanadi.

Tadgiqotning vazifalari:

noaniglik sharoitida nochiziqli dinamik obyektlarni adaptiv baholash va
boshqarish nazariyasi va usullari rivojini tizimli tahlil qilish;

nochizigli dinamik obyektlarning holatlarini adaptiv baholash va kvazichizigli
aks ettirishlar asosida o‘zgaruvchan holatlarning nochizigli kuzatuvchilarini
sintezlash algoritmlarini ishlab chiqish;

variatsion tengsizliklar asosida boshqarish obyektlarining o‘tishlar matritsasi
va obyekt shovqinining kovariatsion matritsalarini turg‘un adaptiv baholash
algoritmlarini ishlab chiqish;

nochiziqli boshqarish sistemalarini analitk va ko‘p hadli sintezlash
algoritmlarini ishlab chiqish;

nochizigli dinamik obyektlarni asimptotik boshqarish algoritmlarini ishlab
chiqish va nochizigli kvazimodal rostlagichlarni sintezlash;

nochiziqli dinamik jarayonlarni adaptiv baholash va boshqarishning ishlab
chiqilgan algoritmlarini texnologik obyektlarni boshqarish masalalarida qo*llash.

Tadgiqotning obyekti noaniqlik sharoitida nochizigli dinamik obyektlarni
adaptiv baholash va boshqarishning usullari va algoritmlari hisoblanadi.

Tadgqiqotning predmeti noaniglik sharoitida nochizigli dinamik obyektlarni
adaptiv baholash va boshqarishning muntazam usullari va algoritmlari hisoblanadi.

Tadgiqotning usullari. Dissertatsiya ishida tizimli tahlil, identifikatsiyalash,
nochizigli baholash, nochiziqli rostlagich va kuzatuvchilami sintezlash, adaptiv
boshqarish va nokorrekt qo‘yilgan masalalarni yechish usullaridan foydalanilgan.

Tadqiqotning ilmiy yangiligi quyidagilardan iborat:

kalman turidagi kengaytirilgan dinamik filtr asosida nochizigli dinamik
boshqarish obyektlarining holatlarini turg‘un adaptiv baholash algoritmlari ishlab
chigilgan;

iterativ muntazamlashtirish tamoyili doirasidagi variatsion tengsizliklar

asosida boshqarish obyektining o‘tishlar matritsalarini turg‘un adaptiv baholash
algoritmlari ishlab chiqilgan;



tenglamalarini kvazichiziqli aks ettirish asosida nochizigli boshqarish
sistemalarini turg‘un ko*p hadli sintezlash algoritmlari taklif etilgan;

lokal optimallashtirish asosida nochiziqli dinamik obyektlarni asimptotik
boshqarishning turg‘un algoritmlari taklif etilgan.

Tadgiqotning amaliy natijalari quyidagilardan iborat:

me’yoriy ishlash sharoitidagi sanoat tajribasi natijalari asosida unni saqlash
jarayonining matematik modellari ishlab chiqilgan;

unni saglash texnologik jarayonini avtomatlashtirish va adaptiv boshqarishning
strukturaviy va funksional sxemalari ishlab chiqilgan;

jarayon borishining texnologik rejimlarini barqarorlash va uning
samaradorligini oshirish imkonini beradigan mos texnik ta’minot bilan unni saqlash
texnologik jarayonini boshqarish sistemasi taklif etilgan.

Tadqiqot natijalarining ishonchliligi. Tadqiqotning olingan natijalarini
ishonchliligi uslubiy asoslangan nazariy yechimlaming bajarilishi; holatlarni
adaptiv baholashning nazariy asoslangan konsepsiyalarini qo‘llash; avtomatik
boshqarishning zamonaviy nazariyasini aprobatsiyadan o‘tgan usullari va
algoritmlaridan foydalanish; adaptiv boshqarishning taklif etilgan usullari va
algoritmlari muvofigligini talab darajasida ekanligi; nazariy va-amaliy tadqiqotlar
natijalari va ularning o‘zaro muvofigligi bilan ta’minlanadi.

Tadgiqgot natijalarining ilmiy va amaliy ahamiyati. Tadgiqot natijalarining
ilmiy ahamiyati noaniglik sharoitida nochizigli dinamik obyektlarni adaptiv
baholash va boshqarishning konstruktiv algoritmlarini ishlab chigilganligidan
iborat.

Tadgigot natijalarining amaliy ahamiyati noaniglik sharoitida nochiziqli
dinamik obyektlarni boshqarish qonunlari, nochiziqli rostlagichlar va nochiziqli
kuzatuvchilamni sintezlash, holatlarni adaptiv baholash masalalarining matematik va
algoritmik ta’minotlarini ishlab chigilganligidan iborat. Ishlab chiqilgan algoritmlar
uzluksiz xarakterli ishlab chiqarishning texnologik jarayonlarini adaptiv boshqarish
sistemalarini avtomatlashtirilgan loyihalash va funksional strukturalarini qurishda
keng go‘llanilishi mumkin.

Tadgiqot natijalarining joriy qilinishi. Noaniglik sharoitida nochiziqli
dinamik obyektlarni adaptiv baholash%a boshgqarish bo‘yicha olingan ilmiy natijalar
asosida:

kalman turidagi kengaytirilgan dinamik filtr asosida nochiziqli dinamik
boshqarish obyektlari holatlarini turg‘un adaptiv baholashning ishlab chigilgan
algoritmlari «Toshkentdonmahsulot»y AJda joriy etilgan («O*zdonmahsulot»
AKning 2023 yil 3 maydagi Ne4/200-son ma’lumotnomasi). Natijada rostlagich
parametrlarini hisoblash aniqligi ortgan;

tenglamalarini kvazichizigli aks ettirish asosida nochizigli boshqarish
sistemalarini turg'un ko‘p hadli sintezlashning taklif etilgan algoritmlari
«Toshkentdonmahsulot» AJda joriy etilgan («O*‘zdonmahsulot» AKning 2023 yil 3
maydagi Ne4/200-son ma’lumotnomasi). Algoritmlar unni saglash jarayoni
borishining texnologik rejimlarini barqarorlash imkonini bergan;
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lokal optimallashtirish asosida nochiziqli dinamik obyektlarni asimptotik
boshqarishning taklif etilgan turg‘un algoritmlari «Toshkentdonmahsulot» AJda
joriy etilgan («O‘zdonmahsulot» AKning 2023 yil 3 maydagi Ned4/200-son
ma’lumotnomasi). Natijada obyekt va g‘alayon parametrlarini aniglash aniqligi
ortgan.

Tadgqiqot natijalarining aprobatsiyasi. Mazkur tadgigot natijalari 6 ta
xalqaro va 4 ta respublika ilmiy-amaliy anjumanlarida muhokamadan o‘tkazilgan.

Tadgiqot natijalarining e’lon gilinganligi. Dissertatsiya mavzusi bo‘yicha 20
ta ilmiy ish, jumladan, O‘zbekiston Respublikasi Oliy attestatsiya komissiyasi e’tirof
etgan ilmiy jurnallarda 7 ta maqola, shundan 3 tasi xorijda chop etilgan. Shuningdek,
EHM uchun dasturiy vositalarni qayd qilinganligi to‘g‘risida 3 ta guvohnoma
olingan.

Dissertatsiyaning tuzilishi va hajmi. Dissertatsiya kirish, to‘rtta bob, xulosa,
foydalanilgan adabiyotlar ro‘yxati va ilovalardan iborat. Dissertatsiya hajmi 102
betni tashkil etgan.

DISSERTATSIYANING ASOSIY MAZMUNI

Kirish qismida o‘tkazilgan tadqiqotlaming dolzarbligi va zarurati asoslangan,
tadqiqotning maqsad va vazifalari, obyekt va predmeti tavsiflangan, tadgiqotning
O‘zbekiston Respublikasi fan va texnologiyalari rivojlanishining ustuvor
yo‘nalishlariga mosligi ko‘rsatilgan, tadqiqotning ilmiy yangiligi va amaliy
natijalari bayon qilingan, olingan natijalarning ishonchliligi asoslangan, olingan
natijalarning ilmiy va amaliy ahamiyati ochib berilgan, tadgiqot natijalarini
amaliyotga joriy qilish, ish natijalarini aprobatsisi ro‘yxatlari keltirilgan, nashr
etilgan ishlar va dissertatsiya tuzilishi bo‘yicha ma’lumotlar keltirilgan.

«Noaniqlik sharoitida nochizigli dinamik obyektlarni adaptiv baholash va
boshqarish masalalari va algoritmlari» deb nomlangan birinchi bobda nochizigli
rostlagichlarni qurish usullari va algoritmlari keltirilgan, nochizigli sistemalarning
holatlarini baholash usullari va algoritmlari ko‘rib chiqilgan, tadqiqotning maqsad
va vazifalari qo‘yilgan.

Hozirgi vaqtda nochiziqli avtomatik boshqarish sistemalarini tahlil gilish va
sintezlashning ko‘plab usullari ishlab chigilgan, ammo ularning har biri fagatgina
ma’lum bir sinfdagi obyektlar uchungina yechimni bera oladi. Boshqa tomondan,
ko‘p hollarda nochiziqli sistemalar uchun rostlagichlarni qurish masalasi haligacha
o‘z yechimini topa olgani yo‘q. Ma’lum-ki, texnologik taraqqiyot zamonaviy
sistemalami yaratish uchun ajratilgan vaqtni qisqartirishga olib keladi, bu jarayonlar
va boshqarish obyektlarining matematik modellarini yaratishda sezilarli
qiyinchiliklarni keltirib chiqaradi. Shuning uchun ham ko‘plab zamonaviy
avtomatik boshqarish sistemalari aprior noaniqlik sharoitida yaratiladi. Bu,
boshqarish obyektining ayrim xususiyatlari oldindan noma’lum bo‘lishi yoki uning
ishlashi davomida o‘zgarishi mumkinligini anglatadi.




Nochiziqli obyektlarni boshqarish masalalarida, agar boshqarish obyektining
holat o‘zgaruvchilari ma’lum yakuniy holatga o‘tishning optimal traektoriyalarining
matematik tavsifi parametrlar anigligida ma’lum. bo‘lib, g‘alayon ta’sirlari esa
additiv oq gauss shovqini hisoblansa, ishonchii ekvivalentlik tamoyili bajariladi.
Biroq, ma’lum-ki, haqiqiy sistemalarda bu shartlar bajarilmaydi.

Shundan kelib chiqqan holda turli funksional vazifadagi dinamik obyektlarni
boshqarish sistemalarini qurish nazariyasi va amaliyotida obyekt shovqini va
o‘lchashdagi xalagitlar mavjud bo‘lganda boshgqariladigan obyektlarning holat
vektorini baholash masalalariga nihoyatda muhim ahamiyat garatiladi.

Yugorida bayon etilgan xulosalar noaniglik sharoitida nochiziqli dinamik
obyektlarni adaptiv baholash va boshqarish algoritmlarini ishlab chigish va ulamni
sanoat ishlab chiqarishi texnologik jarayonlarini avtomatlashtirish va boshqarish
masalalarini yechishda amaliy qo‘llashning zarurligini ko‘rsatadi.

Dissertatsiyaning «Nochizigli dinamik obyektlarning holatlarini adaptiv
baholashning turg‘un algoritmlarini ishlab chigish» nomli ikkinchi bobi
nochizigli dinamik boshqarish obyektlari holatlarini adaptiv baholash algoritmlarini
ishlab chiqishga bag‘ishlangan. Nochizigli dinamik sistema quyidagicha
tavsiflansin: ' : -

{z’ = f(z,u, p), n

y=z,
bu yerda u(f) € D, < R — R fazoda D, ostfazo bilan cheklanishi mumkin bo‘lgan,
o‘Ichanadigan kirish; y(f) € R —ofIchanadigan chiqish; z(¢) € R” —holatlar vektori;

p(t)eD,c R’ — vaqt bo‘yicha o‘zgaradigan noma’lum cheklangan
parametrlar vektori; f() esa n-o‘lchamli silliq xilma-xillikdagi silliq vektorli
maydon.

p(t) parametrlar o‘zida z(f) noma’lum funksiyani namoyon etishi va
parametrlarning vaqt bo‘yicha o‘zgaradigan noma’lumlari sifatida ilgari surilishi
mumkin. Ko‘pincha (1) dagi z(f) holatlar va ba’zi noma’lum p,(¢) parametrlar sof
fizik qiymatga ega bo‘ladi. Bunday hollarda (1) berilgan fizik sistema (BFS) deb
nomlanadi. c

Vagqt bo‘yicha invariant foydalanilganda nochiziqli silliq o‘zgartirishni keyingi
ekvivalent shaklga o‘zgartirish mumkin bo‘lgan (1) shaklidagi nochiziqli sistemani
ko‘rib chigamiz:

[x":6'Y =T(z, pscys s €,) ()
bunday o‘zgartirishni adaptiv kuzatuvchining kanonik shakli (AKKSh), deb
ataymiz:

{i(t)=Rx(t)+§).(a)(t))9(t)+g(t) 6)
y(H)=x).

(2) va (3) ifodalarda: x(¢) € R" — z(?) bilan bir xil o‘lchamdagi holatlar vektori;
() e R™ — avtonom bo‘Imagan tarzda baholanishi mumkin bo‘lgan, vaqt bo‘yicha
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o‘zgaruvchi parametrlarning noma’lumlari vektori; axt) e R* — u(t) va y(f) ma’lum
funksiyalar vektori, masalan, w(¢) =[u(r), y(t), y*(t),sin p(8)]; U@(t)) — nxm
o‘lchamli matritsa bo‘lib, barcha elementlari ma’lum o‘zgarmaslar uchun
Q; (w(1)) = ajeot) shakiga ega va nolga teng bo*lishi mumkin, vektorlari @; € R;
R — nxm o‘lchamli matritsaning ma’lum doimiysi. (2) sistema uchun adaptiv

kuzatuvchini tavsiflash va (1) BFS da global turg‘unlik kafolatlanishi uchun
yetarlilik shartlarini olish lozim.

(3) bilan tavsiflanadigan sistema uchun quyidagi adaptiv kuzatuvchini ko‘rib
chiqamiz
. clj; (t) ( 4)
(1) = RI(1) + Qo ()6(t) + g(t) +] -~

20018

A
50 =0, FO=50)- 560, )
bu yerda c| — ixtiyoriy musbat o‘zgarmas, c,, ..., ¢, esa shunday tanlanadi-ki,
F(c,, ..., ¢,) ning xususiy qiymatlari ochiq chap yarim tekislikda yotadi; yordamchi
filtr V() — (n—1)xm -matritsa, ¢(f) esa m-vektor.
Parametrlar adaptatsiyasi quyidagi ifoda asosida amalga oshiriladi:

() =Te()5(0), 6
bu yerda G — I =diag(v,, ..., v,) kabi tanlangan ixtiyoriy musbat aniglangan
matritsa, v, > 0.

Unda, mazkur sistema uchun (4)-(6) adaptiv kuzatuvchilar global turg‘un
hisoblanishini ko‘rsatish mumkin.

Nochiziqli dinamik sistemalarning holatlarini adaptiv baholash, parametrlarini
adaptiv identifikatsiyalash va adaptiv kuzatuvchisini qurishning keltirilgan
algoritmlari holat vektorini baholash anigligini va shu bilan birgalikda boshqarish
jarayonlarining sifat ko‘rsatkichlarini oshirish imkonini beradi.

Nochiziqli dinamik boshqarish obyektlarining holatlarini adaptiv baholash
masalalarini yechishda boshqarish obyektlarining o‘tish matritsalarini adaptiv
baholash algoritmlarini sintezlash masalasi yuzaga keladi. Faraz qilamiz, dinamik
sistemaning modeli quyidagi tenglamalar ko‘rinishida tavsiflanadi:

X =Ax, +Tw, )
z, =Hx, +v, ®)
bu yerda x, — n o‘lchamli sistemaning holat vektori; z, — m o‘lchamli kuzatish

L}

vektori; w, va v, — mos ravishda ¢ va p o‘Ichamli obyekt shovgini va kuzatuvchi
xalagitlari vektori bo‘lib, E[w;]=0, E[ww]]=0s,, E[v]=0, E[]=Rs,,
E[w,v[ ]: 0 tavsifli gauss turidagi oq shovginlar ketma-ketligi hisoblanadi; 4, G va
N — mos o‘Ichamli matritsalar.

Ko‘rib chigilayotgan (7), (8) sistemalar siljishga vaqt bo‘yicha invariant va
to‘la kuzatiladigan bo‘lsin:
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rank[HT | (HA) © ... . (HA"')"]" =n,
bu yerda «™» matritsalarni transponirlanishini anglatadi.
Matritsalar ketma-ketligi {4)", —> 4 shaklda, deb faraz qilgan holda quyidagi
ko‘rinishli masalani ko‘rib chigamiz:
AT -[HT {(HAY :..(HA™Y' T =[C] iC]i.CI T =C, ©)
bu yerda blokli matritsa S tajriba maxlumotlariga ishlov berish natijasi hisoblanadi.
Shunday qilib, 4 bahoni olish uchun (9) tenglamani yechish lozim. Mazkur
masala nochizigli tenglamalar sistemasini yechishga ekvivalent bo‘lib, uni
yechishda iterativ usullarni qo‘llash nazarda tutiladi.
Unda algoritm ;1” baholarni beradigan™ quyidagi tenglamani ketma-ket
yechishdan iborat bo‘ladi:
L,(4)A4,=C, i=0,..,n-1,
buyerda L, (4,)=[H" (HA,) ---(HA™")'T .
a, vektorni aniqlashni quyidagi ko‘rinishli funksionalni minimallashtirish
asosida amalga oshiramiz:
f@)=3 )¢ n=m-n,
=
ya’ni qidirilayotgan & ; vektor baho a; =arg Egv S(a)).
Shunday qilib, quyidagi shart bajariladigan shunday 4, ni aniqlash lozim:
(F(a,),a,~d,)<0, Vd, €0, (10)
bu yerda F(a,) — ixtiyoriy monoton operator.

(10) tenglamani yechish uchun variatsion tengsizliklar bilan bog‘liq bo‘lgan
aks ettirishlar uchun Tixonovning muntazamlashtirish algoritmini yuzaga
keltiruvchi iterativ usul nihoyatda samarali hisoblanadi. Agar a,, berilgan bo‘lsa,
unda q,,,, (10) turdagi “muntazamlashgan” tengsizlikni yechish orqali topiladi:
(Fla,, )+ £.a,, +(Fla,,)+e)a,-a,,)} a,-d,)<0, 6 >0,Vd, Q.

{€.} vaboshlang‘ich yaginlashuv a,, mos ravishda tanlanganda la,, } ketma-
ketlik a;. ga, ya'ni (10) ningoyechimiga juda kuchli — minimal me’yor bilan
yaginlashadi. Unda quyidagi munosabat o‘rinli bo*ladi:

m |a;, - a,.]=0.

r=»x

bu yerda a,. — (10) ning minimal me’yorga ega bo‘lgan yechimi.

Boshqarish obyektlarining o‘tish matritsalarini iterativ muntazamlashtirish
tamoyili doirasidagi variatsion tengsizliklarni yechish usullari asosida adaptiv
baholashni keltirilgan turg‘un algoritmlari qidirilayotgan baholarning asoslanganligi
va muvofiqligini ta’minlaydi.

Bu yerda shuningdek Gauss-Nyuton usulini modifikatsiyalash asosida obyekt
shovqinining kovariatsion matritsalarini kvazichiziqli aks ettirish va turg‘un
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baholash asosida o‘zaruvchan holatlarning nochizigli kuzatuvchilarini sintezlash
masalalari ham ko‘rib chiqilgan.

Dissertatsiyaning «Nochizigli dinamik obyektlarni adaptiv boshqarishning
turg‘un algoritmlarini ishlab chigish» nomli uchinchi bobi nochizigli boshqarish

sistnemalarini ko‘p hadli sintezlashning muntazam algoritmlarini ishlab chigishga
bag‘ishlangan.

Quyidagi tenglama bilan tavsiflanadigan boshqariladigan nochizigli sistemani
ko‘rib chigamiz:
x=f(xu), aan
bu yerds xeR" - sistemaning o‘lchash mumkin bo‘lgan holatlar vektori;
f(x,u)eCy; — vektor-funksiya bo‘lib, uning uchun xeQ bo‘lganda quyidagi
munosabatlar o*rinli:

ren=0, LED 7 (),

bu yerda Q={x:[[x| <M <o} — Re faznnmg biror sohasi. Bunday sharoitlarda (11)
tenglama kvachiziqli aks ettirishlarga yo‘l go‘yadi:

X =A(x)x +b(x)u, (12)
bu yerda b(x) =[b(x)..5,(x)]" va A(x)=[a;(x)] — funksional n-vektor va nxn-
matritsa.

(11) berk sistemani x =0 muvozanat holatining asimptotik turg¢unligini, yoki
xuddi shunday (12) sistemani Q,eQeR" sohada quyida keltirilgan shartlar
bajarilishini ta'minlaydigan u =u(x) boshqarishni sintezlash masalasini ko‘rib
chigamiz. Boshqarishni w=-h"(x)x ko‘rinishida qidiramiz, bunda A(x)eR".

Shuning uchun (12) ni hisobga olgan holda (11) sistemaning tenglamasi quyidagi
ko‘rinishni qabul giladi:

x=H(x)x, H(x)=A(x)-b(x)"" (x).

Faraz qilamiz, (11) dagi f(x,u) shunday ko‘rinishga ega-ki, bunda qidirilayotgan
u = u(x) boshqarishning A(x) natijalovchi vektori vaqt bo‘yicha olinadigan hosilaga
bog‘liq emas. Quyidagi ko*rinishli ko*p hadlarni aniqlaymiz:

a(s,x,h)=s" +"Z_la (x,h)s*, (13)
G,(s,x,h)=z:u,,(x,h)s’, i=ln. 14)
Kutilayotgan gurvis ko‘p hadij;‘:lyidagicha bo‘lsin:
W) =s"+3s'. (1)
(13)(15) ko‘p hadlar asosida quyidagi sisu;:ani tuzamiz:
Vn=y, (16)

bu yerda
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Ve Uy - U hy Yo

Ot Uppy & Upast h, Vaa
bunda 7, =y,(x,k)y=7, —a,(x,h), i=0,n—1.

(16) tenglamadagi ¥ matritsa yomon shartlangan bo'lishi mumkin va u (16)
tenglamani yechishda muntazamlashtirish usulini qo‘llashni talab etadi. (16)
tenglamaning taqribiy yechimini qurishda turli xil iteratsion usullar katta rol
o‘ynaydi. Qulaylik nuqtai-nazaridan qaralsa, A.N.Tixonovning muntazamlashtirish
usulini iteratsiyalangan varianti eng qulay hisoblanadi:

an, +VVy =an_ +Vy; (r=l..m). a7
(9) tenglamaning yechimi quyidagi formula bilan beriladi:
==V VTV + 8aa VTV s,
bu yerda 7, — boshlang‘ich yaginlashish, g,,,(4) — A.N.Tixonov usulining (17)
interatsiyalangan varianti uchun funksiyalarning natijaviy sistemasi.

Yaginlashishda parametr » =r(8,h) ni quyidagi shartlar bajariladigan qilib,

tanlash lozim:
50, h—0 bo‘lganda, r(8,h) >, (5+h)*r&,h)—>0.
Unda 650, h—»0 bo‘lganda, 7,,, —>#. bo'ladi, bu yerda 7. -

V'Vn. =V"y tenglamaning yechimi.

Nochiziqli boshqarish sistemalarini ko‘p hadli sintezlashning keltirilgan
algoritmlari ma’lum sharoitlarda tizimli matritsalarning xarakteristik ko‘p hadlari
koefTitsientlariga chiziqli algebraik tenglamalar sistemasini yechish orqali tegishli
ko*rinishlarni berish imkonini yaratadi.

So‘nggi vagtlarda dinamik obyektlarni cheksiz vaqt intervalida optimal
boshqarish (asimptotik boshqarish) masalalari ko‘p uchramoqda, bunday
masalalarda boshqarishning magsadi sistemaning x, (7=0,1,...) traektoriyasida
aniglangan funksional yoki berilgan kattalikdan oshib ketmasligi £>0 yoki
minimal giymatni qabul qilishi loziomligidan iborat bo‘ladi. Dinamik obyekt
quyidagi tenglama bilan tavsiflansin:

X, =f(x,)+Cu, +7,, (n=0..), 18)
bu yerda x, € R” — obyektning » vaqt momentidagi holatlar vektori; u, € UcR"
— n vaqt momentidagi boshqarish ta’sirlari vektori, L<N; 7,€R" — n-vaqt
momentidagi o‘lchanmaydigan tasodifiy g‘alayonlar vektori; f(x) ~R"da
aniglangan berilgan vektor-funksiya; S — N x L o‘lchamli / rangli doimiy matritsa,
I<N.

Agar har bir n da quyidagi shart bajarilsa, {u,} boshqarish ta’sirlari ketma-
ketligini shakllantirish qoidasi «lokal» optimallashtirish algoritmi deyiladi:

u, =arg min|[g(x,) + Cu+ N O(x, ) - (19)
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Boshqarish ta'siriga cheklanishlar bo‘lmaganda (U =R") «lokal»
optimallashtirishning (19) algoritmini quyidagi yaqqol ko‘rinishda yozish mumkin:
u, ==C"[g(x,)+ N O(x,)], (20)

bu yerda C* — S ga psevdoteskari matritsa.

(18) berk sistemaning tenglamasi (20) «lokal» optimallashtirish algoritmiga
mos ravishda quyidagi ko‘rinishga ega bo‘ladi:

X =X, = NOx,)+(I - D)g(x, + VO(x,)]+7, @1
bu yerda D = CC" — matritsa-proektor (rangD =1).

Agar S matritsa buzilmagan (/=N) bo‘lsa, unda D=1 va (21) berk
sistemaning  tenglamasi o(x) funksiyalarni  xalaqgitlar  sharoitida
minimallashtirishning radientli algoritmiga mos keladi. S matritsani o‘zgartirishda
(20) ifodadagi O = CC” ni hisoblashga asoslangan usuldan foydalanish mumkin. O
matritsa / x/ tartibli / <N rangli simmetrik nomanfiy aniqlangan matritsa ekanligi
e’tiborga olinsa, unda quyidagi o*rinli:

Q+ = TT(TTT )—ZT’
bunda C* =C"Q* =C'T"(IT")*T.

Agar @ matritsa yomon shartlangan bo‘lsa, bunday hollarda (20) dagi
psevdoo‘zgartirish amallari turg‘unligini oshirish uchun quyidagi ko‘rinishli
muntazam amallardan foydalanish maqsadga muvofigdir:

C'=C'T"(IT" +al)T,
bu yerda & >0 — muntazamlashtirish parametri; 7 — birlik matritsa.

Bu yerda muntazamlashtirish parametri « ni modelli misollar usuli asosida
aniglash maqsadga muvofiq. Agar Q=CC” matritsa buzilmagan bo‘lsa, unda
Q' =0 va(16) ifoda o‘rinli bo‘ladi.

Keltirilgan ifodalar nochizigli dinamik obyektlami barqaror asimptotik
boshqarishning soddalashgan turg‘un hisoblash amallarini sintezlash imkonini
beradi.

Shuningdek, ushbu bobda boshqarish obyektiga xos bo‘lgan xossalar va
kuzatiladigan o‘zgaruvchilarni hisobga olgan holda boshqarish sistemalarini
sintezlash imkonini beradigan nochiziqli kvazimodal rostlagichlar va nochizigli
boshqarish sistemalarini analitik sintezlash algoritmlari ham ko*rib chigilgan.

Dissertatsiyaning «Ishlab chiqilgan algoritmlarni unni idishsiz saqlash
texnologik jarayonini avtomatlashtirish va boshqarish masalalarida
qo‘llanilishi» nomli to‘rtinchi bobida ishlab chigilgantalgoritmlami unni idishsiz
saqlashning texnologik jarayonlarini avtomatlashtirish va boshqarishda go‘llash
natijalari keltirilgan.

Unni idishsiz saqlash jarayonini boshqarish obyekti sifatida amalga oshirilgan
ifodalanishi ko‘rib chiqgilayotgan jarayonni tavsiflovchi quyidagi asosiy
o‘zgaruvchilani ajratish imkonini berdi: boshqariluvchi parametrlar: U =(u,,u,,u,),
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bu yerda u, — isitish tizimidan olinadigan issiqlik sarfi; u, — namlash tizimidan
olinadigan bug‘ sarfi; #, - binoni shamollatish .uchun toza havo sarfi; chigish
parametrlari: Y=(y,,y,,y,), bu yerda y, — bino ichidagi havo harorati; y, -
texnologik binodagi havoning namligi; y, — texnologik bino havosidagi karbonat
angidrid gazi (SO:) ni konsentratsiyasi; g‘alayon ta’sirlari: W =(w,,,w;), bu yerda
w, — atmosfera havosining harorati; w, — atmesfera havosining namligi; w; —
atmosfera havosining kimyoviy tarkibi.

Noma’lum parametrli dinamik sistemalarni boshqarish masalalarida
parametrlarni bilmaslik ortidan kelib chiquvchi noaniqlik o‘rinli bo‘lgan yondashuv
keng tarqaldi, bunday noaniqliklar kirish va chigish signallarini o‘lchash natijalariga
ko‘ra obyektning modelini aniglovchi va real vaqt masshtabida ishlovchi adaptiv
identifikator yordamida yumshatiladi. Bunday sistemalarda boshqarishning dual
samarasini yo‘qligi berk konturda identifikator ishining sifatini pastligi hisoblanadi.

Faraz gilamiz, ko‘rib chigilayotgan sistema yetarlicha umumiy ko‘rinishdagi
quyidagi nochiziqli tenglama bilan tavsiflanishi mumkin:

xn#l = A¢(xn)+cun + gn = an +€n’

22
x,=0,n=012,.., (22)

bu yerda x, € RY — obyektning n vaqt momentidagi holatlar vektori; u, e U c R"
— mumkin bo‘lgan U boshgarishlar to‘plamidagi boshqarish ta’sirlari vektori (
L<N);bunda & e RY — mustagil tasodifiy g‘alayon (xalagit)lar vektori bo‘lib,
MENF)=0, ML IF}=oi<w, MEEIF}=R>0; F, -

{X, s X, s Uy .-, 84, } jarayon bilan muvofiglashgan o -algebra; @(x) eR* —R"da
berilgan qektor-funksiya; B=(A4:C)—(Nx(K +L)) — tarkibiy matritsa; RY -
Z7 =(@"(x,):u]) kirishlaming umumlashgan vektori. Obyekt parametrlarining
matritsalari A va C noma’lum, deb faraz qilinadi, (22) obyektga nisbatan ham
shunday taxmin qabul gilinadi.
Boshqarish magsadi quyidagi kg‘rinishli bir gadamli mezon bilan beriladi:
T = MY, + e, ) Fo3s (23)
bu yerda Q va R — musbat aniqlangan simmetrik vazn matritsalari.
Qabul gilingan yondashuv «ajratish» tamoyilidagi lokal optimallashtirish
uslubiyatiga asoslangan bo‘lib, (22) obyektga muvofiq sozlanuvchi model tuziladi:
‘i‘ml = A7|¢(xn) + Cnun = BnEn’ (24)
modelning parametrlari rekurrent eng kichik kvadratlar usuli yordamida aniqlanadi:

B,, =B, +(x,, -B,z2)z'T,, B,=B, (25)
r zz'r
r =r __"_-i_"_"_"_-', r = -']’ >0,
n n-l l+z:1",,_,z,, [} p p
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(23) boshqarish magsadi esa quyidagi mezon bilan almashtiriladi:
o =M{“in+l 2 | F.}

bu yerda B, =(A4,:C,) — parametrlar baholarining (25) algoritm yordamida har bir
iteratsiyada qayta tuziladigan tarkibiy matritsasi; B, — B matritsaning aprior bahosi;
z, =(¢(x,)(u, +v,)") - galayonlangan kirishlarning umumlashgan vektori;
v, € R" — identifikatsiyalash jarayoni sifatini oshirish magsadida boshqarish
kanaliga sun’iy kiritilgan mustaqil tasodifiy g‘alayonlar (zondlangan signallar)
vektori bolib, bunda M{y,}=0, M{y,|}=c<o, M{y}=P >0,
M{v,£7}=0.

Bunday yondashuv quyidagi ko‘rinishli rostlagichdan foydalaniladigan
boshqarish qonuniga olib keladi, bunda obyektning A va S haqiqiy parametrlari A4,
va C, baholarga almashtiriladi:

&, =~(C,QC, + RY"'C,’04,0(x,) =—0;'7,9(x,)-
Buyerda a, =(C’ OC,+R),y,=Cl0A,.

Parametrlar xatoliklari kovariatsiyalarini o‘zgartirilgan matritsasini ko‘rib
chigamiz:

A4 pT
P,=M{(B~B, (3, -B")|5}=M{a.’genlm=[’;; l'%}
Unda boshgarish uchun ifoda quyidagi ko*rinishda yozilishi mumkinligini ko‘rsatish
mumkin:
i, ==(C;0C, + I + Ry (C, 04, + B)p(x,) ==B,"5,0(x,).  (26)
bu yerda B,=(CIOC,+PS+R),6,=C'Q4, +P, H, — u
bo‘Imagan hadlar.

(26) algoritmni amalga oshirishda P, kovariatsion matritsani bilishning
zarurligi identifikatsiyalash konturida (25) amalni qo‘llashga imkon bermaydi.
Shuning uchun ham maxsus turdagi algoritmni sintezlash masalasi yuzaga keladi,
buning uchun parametrlarni sozlashning rekurrent gradientli amalini kiritamiz:

B,, =B, +(x,,~B,z,)z,'D, 27
yoki xatolikka nisbiy yozamiz:
Opn =6, -(6,2,+£,)2, D,
bu yerda D, — algoritmning aniglanishi kerak bo‘lgan matritsali kuchaytirish

koeffitsienti.

Unda (27) algoritmning kuchaytirish koeffitsienti uchun ifodani quyidagi
ko‘rinishida olish mumkin:

2
Q+u,,

ga bog'liq

P

n

"= zy Pz, + SpQP,’



bu yerda Sp — matritsa izlari belgisi.
Keltirilganlardan Katman-Meyn algoritmining modifikatsiyasi hisoblanuvchi
identifikatsiyalash algoritmini yozish mumkin:

Bz)z'P
B, =B, +MM,
z, Pz, + SpQPc

Pnznz: Pn . -
P == et Bo=(0SP0R)' 1, 0. 29)

Dissertatsiyada ishlab chigilgan adaptiv baholash va identifikatsiyalashning
muntazam algoritmlari asosida unni saqlash jarayonining adaptiv boshqarish
sistemasini umumiy strukturasini taklif etish mumkin (1-rasm).

Matematik  modelni olish va amalda  foydalanish  uchun
«Toshkentdonmahsulotlari» AJda unni saqlash texnologik jarayonini me’yoriy
ishlash ashroitida turli xomashyolar uchun sanoat tajribasi o‘tkazildi. Saqlash
jarayonining dinamik tavsiflarini dastlabki tahlili asosida kuzatiladigan tasodifiy
jarayonlarni qayd etish T va diskretlash Ar vaqti, mos ravishda, 3 soat va 2 minut
etib, tanlandi. Hamasi bo‘lib, 90 ta o‘Ichashlar amalga oshirildi.

I

B,=B (28)

as

Optimal p
boshqarishai identifikatsiyalash
shakllantirish bloki
blaki
Rostlagichni
sozlash bloki
Tk Jo
g “Adapti v o o 2
ptiv Boshgariladigan | _ |
+ LO-rostlagich " jaayon >

1-rasm. Unni saqlash jarayonini beshqarishning lokal-optimal adaptiv sistemasini
strukturasi:

g — topshiriq ta’siri; w,v — g*alayon ta’sirlari; # — boshqarish ta’siri; D, —obyekt
parametrlarining baholari; ¥ — obyektning joriy holatini bahosi; k — rostlagichning
sozlanadigan parametrlari; z — obyektning chigish signali.

(24)tenglamadagi 4, va C, matritsalarning gidirilayotgan qiymatlari (27)~(29)
algoritmlar asosida hisoblandi.
Shusday qilib, 4, va C, matritsalarning qiymatlari quyidagicha bo*ldi:

0328 0573 0.167 0.078
A=[0967 -0056(» C=[0.811 0.427]-
0.081 0.522 0.308 0.591

18



Ishlab chiqilgan modellarning monandligi qoldiqlarming xossalarini tahlil
gilishga asoslangan mezon asosida o*rnatilgan.

Shunday qilib, unni saqlash jarayonining ishlab chiqilgan modellari asosiy
kirish va chiqish o‘zgaruvchilari o‘rtasidagi miqdoriy nisbatlarni aniqlash, mavjud
va tanlanadigan boshqarishda jarayon holatini bashoratlash hamda ko‘rib
chigilayotgan jarayon uchun adaptiv boshqarish qonunlarini sintezlash imkonini
beradi.

Sistemaning o‘tish jarayonlarini grafiklari 2-rasmda keltirilgan,
20
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2-rasm. Sistemaning holati (@) va boshqarish (b) ni o‘zgarish grafiklari

Shunday qilib, unni idishsiz saqlash jarayonini boshqarishning ishlab chigilgan
sistemasi rostlashning yuqori sifatini ta’minlaydi va ko‘rib chiqilayotgan jarayon
uchun yetarli aniglikka ega.
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XULOSA
Dissertatsiyada tizimli tahlil, avtomatik boshqarish nazariyasi usullari, nochiziqli

sistemalarni sintezlash, dinamik filtrlash va nokorrekt masalalarni yechish usullari asosida
noaniglik sharoitida nochizigli dinamik ~obyektlarni adaptiv  baholash va
boshqarishalgoritmlari ishlab chiqilgan.

1.

20

Natijada quyidagi ilmiy natijalar olingan: -
Kalmanning kengaytirilgan filtri asosida nochizigli dinamik boshqarish obycktlarining
holatlarini turg‘un adaptiv baholash algoritmlari ishlab chiqilgan. Adaptiv
baholashning taklif etilgan algoritmlari holatlar vektorini baholash aniqligini va shu
bilan birgalikda boshqarish jarayonlarining sifat ko‘rsatkichlarini oshirish imkonini
beradi.
Kvachizigli aks ettirish asosida o‘zgaruvchan holatlarning nochizigli soddalashtirilgan
kuzatuvchilarini sintezlash algoritmlari ishlab chigilgan. Olingan algoritmlar
obyektning differensiallanuvchi nochiziglilikka ega modeli o‘lchanmaydigan
o‘zgaruvchilar chizigli kiradigan osttizimlardan tarkib topgan hollarda kuzatish
amalini bajarish imkonini beradi.
Iteratsion algoritmlar asosida obyekt shovginining kovariatsion matritsalarini turg‘un
baholash algoritmlari ishlab chiqilgan. Keltirilgan algoritmlar obyekt shovginining
kovariatsion matritsalarini turg‘un baholashni amalga oshirish va shu bilan birgalikda
adaptiv baholash amalining anigligini oshirish imkonini beradi.
lterativmuntazamlashtirish tamoyili doirasidagi variatsion tengsizliklar asosida
boshqarish obyektining o‘tish matritsalarini turg‘un adaptiv baholash algoritmlari
ishlab chigilgan. O‘tish matritsalarini adaptiv bag olashning olingan turg‘un
algoritmlari qidirilayotgan baholarning asoslanganligi va muvofigligini ta’minlaydi.
Nochizigli boshqarish sistemalarini analitik sintezlash algoritmlari ishlab chiqilgan.
Keltirilgan algoritmlar obyektning xususiy xossalari va kuzatiladigan o‘zgaruvchilarni
hisobga olgan holda chizigli tenglamalarning algebraik tizimlarini yechish asosida
nochizigli boshqarish sistemalarini sintezlash imkonini beradi.
Nochiziqli boshqarish sistemalari sinfi uchun ularning tenglamalarini kvazichizigli aks
ettirish asosida turg‘un ko‘p hadli sintezlash algoritmlari taklif etilgan. Olingan
algoritmlar gidirilayotgan boshqarishni hisoblash aniqligini oshirish imkonini beradi.
Lokal optimallashtirish asosida nochizigli ~dinamik obyektlarni asimptotik
boshqarishning turg‘un algoritmlari taklif etilgan. Keltirilgan algoritmlar boshgarish
ta’sirlarini berilgan sifat mezoni, bo‘yicha shakllantirish imkonini beradi.
Nochizigli kvazimodal rostlagichlarni sintezlash algoritmlari ishlab chiqilgan. Olingan
algoritmlar o°tish jarayonining sifatiga qo‘yilgan talablarni ta’'minlash imkonini
beradi.
Muntazam sintezlashning ishlab chigilgan algoritmlari asosida unni saqlash jarayonini
boshgarishning adaptiv sistemasi taklif etilgan. Taklif etilgan adaptiv boshqarish
sistemasi jarayon borishining texnologik rejimlarini barqarorlash hamda uning ishlash
samaradorligi va sifatini oshirish imkonini beradi.
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BBEJIEHME (annoTaunsi AMcCepTaUMH JoKTOpa GRAOCODHH (PhD))

AKTyaanHocTh H BocTpeGoBaHHOCTL TeMbl AHCCEpTaLHH, B wmupe B
nocnemHee BpeMa B O6NACTH aBTOMATH3aUMM TEXHOJIOTHUECKHX MPOLECCOB H
NpOM3BOACTE 0c060€ BHHMaHME ylenseTcsi paspaboTke METOAOB M anropuTMOB
OLEHHBAHMA COCTOSHHA W YNpPaBNeHus IMHaMuueckumM obbektamu. B aToi
obnacTh pa3paGoTka perynApHEIX aITOPUTMOB aNaNTHBHOTO OLCHWBaHNMSA
COCTOSIHHSI ¥ CUHTE3a HENIHHEHHBIX PEry IATOPOB SB/AETCS OMHOMN U3 BAXHBIX 3a124.
D10 obycnoBjieHo TeM, YTO BEICOKMEe TpeGoBaHMA K Ka4ecTBY MPOLIECCOB
yNpaBNeHus AeNAlOT 06A3aTENBHEIM YHeT HETMHEHHBIX SBICHHA B IWHAMHICCKHX
obbekrax. [oaToMy BO3NHHMKaeT HacTosfTeNbHasd HE0OXOMMMOCTD paspaboTkH
3 (EKTUBHBIX HENMMHEHHBIX ANITOPUTMOB AJAITTHBHOTO OLECHHBAHKS COCTOAHAA H
yNpaBieHHss  CJOXKHBIMM  TEXHOJNOTMYECKHMHM  oObekTaMP B YCIOBHAX
HEONpPEeNeNneHHOCTH UX OYHKUMOHHPOBAHHS.

B wMupe BeoyTcd HaydHO-HCCNENOBaTeNikckue paboTei RO CO3JAHMIO
COBPEMEHHBIX PErynsTOpoB H APYrHX 3JIEMEHTOB CHCTeM YMpaBlieHHs Ha OCHOBE
H3yueHHus, aHanuza W CHHTE3a HeNIMHeHHBIX MogjeneH. Ipobnema CHHTE3A
HEJMHEHHBIX PETYNSTOPOB CHCTeM YMpaBNEHHS HeNHMHEHHBIMA 0ObexTaMH B
OT/IMYKE OT NHHEHHBIX HecpaBHEHHO Oonee cnoxkHas. B CBi3H C ITHM BaXKHOM
3anaueil ABNAETCA yCOBEPLIEHCTBOBANME U MOAU(HKaALMSA METONOB H AJIrOPHTMOB
ananTHBHOTO OLIEHHBAHWS COCTOSHHA M CHHTE32 HEJMHEHHBIX PErynATopoB H
3aKOHOB YNpaBlieHMs HAa KX OCHOBE, OOecrnevHBaloMWX acHMITTOTHYCCKYIO
YCTOWYMBOCT: IBHKEHHs B LENOM WM B GONbOM C OLEHKOH obnacTH
NIPUTSHKEHUA.

B Hacrosiee Bpema B Pecnybnuke ynenserca Gonpoe BHHManHe
HanpaBleHUsM aBTOMAaTH3allM¥ H YNPABNECHHs, B TOM YKCNE CO3NAHMIO CHCTEM
YCOBEpPIIEHCTBOBAHHOTO  yMpaBieHns,  obecneumBalommuX  3Hepro-  H
pecypcocGepeskeHne npu  aBTOMaTH3aUMH M YNpABNEHHH  pasfiNuHBIMH
TEXHONOTHYECKNMHN npoueccaMd M mnpoussoacteamu. B Crpaternn pasBHTHA
HOBOro Y3bGekucTana, paccuuTanHoi Ha 2022-2026 roxwl, o603HaueHB! 3amauH
«BHenpeHne COBPeMEHHBIX 3Heprocheperarommux TexXHONOrni, 06opyROBaHHH H
BO30GHOBJISEMBIX HMCTOYHHKQB, . DHEPIRH. ..., TNO CHIXKEHWIO TOTEpL B
NPOMBILINEHHBIX OTPACHiX " W~NOBLIYENYIO. 3EKTHBHOCTH HCHONB30BAHUA
pecypcos, npomaonc‘rja&'rygf!;pbﬁgfra’bg;‘og‘:bgnxemux MCTOYHHKOB JHEPTHH H
¢unancuposanue npcfé:g‘m@f.nd'ﬁosi,l_iijﬁ}i'lp::axuepro3d)¢emnnocrm>'. B atom
acnexte co3nande {PHHEKTHBHBIX AITORMTMOB aNaNTUBHOTO  OLUCHWBAHHA
COCTOAHHS H CHHTe3a H&TUHEHHEX. PeryisFopoB, CNOCOGCTBYIOMUX MOBLIIEHHIO
TOYHOCTH H xaqecmeni-ijgkg:rt_gxazarmeﬁ.ﬁpdgecmn ynpasieHns, ABMAETCA BeCbMa
aKTYaJIbHBIM. et e

&

Hannoe mlccep-rauuoHHQ_;e,;'_ﬁ_oqjjegoBanue B ONpERENICHHOH CTENEHH CITYXHT
LN BHINONHEHMs 3ajlay, NMpeayCMOTpeHnsX Ykasamu Ipesunenta PecnyGnmkn
Vi6ekucran NeVYT14947 ot 7 despans 2017 ropa “O cTparernn NeACTBHH NO

' Vxa3 IMpesnnenra PecnyGnmkn Vibexncran Ne YT1-60 ot 28 ansapa 2022 rom «O cTpaTerii pasBHTHA ROBONO
V3bexncTana Ha 2022-2026 roasm
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AansHeiimeMy pa3sutHio Pecny6maxn V3bekuctan” u NelTl1-4265 ot 3 anpens
2019 roma “O Mepax mo nanbHeliemy peOPMHPOBAHHIO M TOBBILIEHHIO
HHBECTHLIMOHHOH  MPHBIEKAaTeABHOCTH  XHMMYECKOH  NpOMBIIIEHHOCTH”,
nocraHopficHuamMl  NelTl1-3983 o3 25 okrabps 2018 roma “O Mepax no
YCKODEHHOMY  pa3BHTHIO  XMMHYECKOH  MpPOMBILUIEHHOCTH  pecnybnuku
VY3bexncran” u NelTI1-3682 ot 27 anpens 2018 roga «O Mepax no nanbHekHiemy
COBEpLIEHCTBOBAHHIO CHCTEMBI MPAKTHYECKOTO BHeApeHHS HHHOBALIMONHEIX MaeH,
TEXHONOFHA M TPOEKTOB», a Taioke IPYrHMH MHOPMAaTHBHO-TIPaBOBLIMH
NOKYMEHTaMH, IPHHATBIMH B jaHHO# cepe.

CooTBeTcTBHE HCC/IEN0BAHHA NPHOPHTETHLIM HANPABJICHHSIM Pa3BUTHS
HAYKH H TeXHoJornii pecnyOankn. .JlaHHOe HCC/IEOBAaHHE BBIMOJIHEHO B
COOTBETCTBHH C MPHOPHTETHBIM HANpaBlieHHEM Pa3BHTHA HayKH M TEXHONOrHii
pecmybnukn IV,  «MndopMatmzaums w  passutHe  MH(OPMaLUUOHHO-
KOMMYHHKaLHOHHBIX TEXHONOTHI»,

Crenenh  H3ydeHHOCTH npoGiemnl. AHaIH3  HayYHO-TEXHHYECKOH
JIMTEpaTYpPhI NIOCIIEAHHX JIET, KaCAIOLIUXCS HCCIIefOBaHHii Mo pa3paboTke MeTomOB
H alrOPHTMOB aNnanTHBHOTO OLECHWBAHHS COCTOAHMA HENHMHEHHBIX OOBLEKTOB H
CHHTE32  HEJIMHEHHBIX  PETYNATOPOB, CBHIETENLCTBYET O  JOCTHXKEHHH
3HAYHTESIBHBIX TEOPETHYECKHX H NPAKTHYECKHWX pe3yJLTaToOB B 3TOH obnacTh.
OnyGnukoBaHo 60blLOE KOAHYECTBO paboT, NOCBALUEHHBIX MpoOneMaM CHHTe3a
HENTHHEHHBIX alaNTTHBHEIX CHCTEM YNipaBJicHHs, pa3paboTaHel oblieTeopeTHueCKHE
KOHLIENUHH, BO3PACcTacT YHCIIO PELIEHHBIX NPAaKTHYECKHUX 3aay. bonbuwoli Bkiag B
pa3BHTHE afaliTHBHLIX METONOB NOCTPOCHHA HEIMHEHHEIX CHCTEM BHECIIH MHOTHE
3apyGexHble ydenbte, Takme kak Zhou J.!, Narendra K.S.2, Sokolov V.F.3,
Hukudopos B.O.%, Iensuseprep C.B.5, Aeyels D.5, Widrow B.”, Asumos B.M.,,
Bexmypatos T.®., T'ynamos LLLM., 3apunos O.0., Uram6epanes X.3.8, Hcmannos
M.A., Kaasipor A.A., Mapaxumor A.P., Cummuxos M.X.°, ®osunos 11X,
IOcyn6exos H.P.!° u np.

Onuako nNOCTOSHHOE YCNOXKHEHHE W  pacluMpeHue Kpyra Hay4HbIX
uccnenosanuii Tpebyer paspaboTkn HOBBIX 3peXTHBHEIX METOOB H ANrOPHTMOB
CHHTE33 HEJIMHEHHBIX DETYNIATOPOB M  aHa/in3a HEJNMHEHHBIX  CHCTEM
aBTOMaTHYeckoro  ynpaesenns. TpebGylor  cBoero  pasBHTHA  TakiKe

! Zhou J., Wen C. Adaptive Backsteﬂ)ing Control of Uncertain Systems. Nonsmooth Nonlinearities, Interactions or
Time-Variations. Berlin, Heidelberg: Springer, 2008. - 241 pp.

2 Narendra K_S., Monopoli R.V. Application of adaptive control. New York: Academic press, 1980.

3 Sokolov V.F. Adaptive /, robust control for SISO system // Syst. Control Lett. 2601. V. 42(5). —p. 379-393.

4 Huxmopos B.O. AzantusHoc H pobacTroe ynpasienne ¢ RoMmeHcanwelt soaymennii. - CT16.: Hayxa, 2003. -

281 c.
* Mensuseprep C.B. Anropamairuecxoe oGecnedeHHe MPOLIECCOB CLEHHBANKA B AFHAMHYECKHX CHCTEMAX B YCIOBUSIX

HeonpenenennocTH. -M.: Hayka, 2004. - 116¢.

¢ Aeyels D., Lamnabhi-Lagarrigue F., Van der Schaft A. (Eds.) Stability and Stabilization of Nonlinear Systems.
London: Springer, 2003. - 387 pp.

7 Widrow B., Walach E. Adaptive Inverse Control. A Signal Processing Approach. - IEEE Press, 2008. - 521 p.

8 Urautepawes X.3., Cenunos XK.V, 3apimos 0.0. Perynspiinie METOIb! H AMMOPSTME CHHTE3 AZANTHBHLIX CHCTCM
YNPaRICHAA C HACTPANBACMEIMH MozeaMy. - T.: TamlTY, 2014,

9 Siddikov, 1L.X., Izmaylova, R.N., Siddikov, A.I. Structural-Parametric Adaptation of Fuzzy-Logical Control System

/] AIP Conference Proceedings, 2022.
10 [Ocyntiexos H.P., Hypmyxamenos X.C., 3oxupos C.I". Kinésuil Texnonorns acocutt ®apaéH ba KypriManaph. —

T.: «dan Ba TexronorHm, 2015. - 848 6.
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PErysifipH30BaHHLIC ANFOPHTMBI CHHTE3a HENIHHEMHBIX PETYJATOPOB Ha OCHOBE
KBa3HNHHEHHOTO NOAX0Oa M HEIHHEHHOTO KBa3HMOAAILHOTO perysstopa. Kpome
TOro, OKa3bIBACTCA LENECO0OpasHBIM OCYIUECTBIATL paspaboTKy YCTOWYHMBBIX
AITOPUTMOB CHHTE3a HENHHEHHbIX Habmopareneli nepeMEHHBIX COCTOSHHA,
OLICHHBaHHS NPOM3BOAHLIX MO BPEMEHHM H3MepAEMBIX MEPEMEHHBIX HEHHEHHBIX
O0BEKTOB, a TakKe YCTOHYMBOrO MHOTOLIArOBOrO OLEHHBAHWS COCTOSHHSA
He/MHeHHbIX O0BEKTOB ympasnenus. B CBA3M C BbIEOTMEYEHHBIM BO3HHKAET
HAacToATENIbHAA HeoOXomMMOCTh JanbHeiimedl Mmoaudukauuu  3¢GeKTHBHBIX
anropuUTMOB AJANTHBHOIO YINpPAaRNEHHs HENHHEHHBLIMH 00BEKTaMH B YCHOBHSX
HEONpeAeNEHHOCTH.,

CBA3b  QHCCEPTALMOHHOrO HCC/ICNOBaHHA ¢ IUIAHAMH  HayqHO-
HCC/IER0BATENBLCKHX PaGoT HayuHO-HCCIEN0BATE/ILCKOTO YUpeKAeHus, rie
BBINONHERA Anccepranmsa. JlHccepTalMOHHOE MCCIEAOBaHHE BHINOJNIHEHO B
paMKax HayuHO-HCCJIeOBaTENbCKHX NMPOEKTOB TaluKeHTCKOrO rocyfapCTBEHHOTO
TEXHHYeckoro yHupepcutera: EP-4-06 — «Pa3paboTka perynsapHLIX MeTONOB H
aJITOPUTMOB CHHTE3a aJaNTHBHEIX CHCTEM YMpaBleHHs C HACTPaNBaEMBIMH
monenamu» (2012-2013); A-5-42 — «TTporpaMMHO-HHCTPYMEHTaNBHbIE CPEACTBA
HWHTC/UICKTyalH3alil  aBTOMAaTH3UPOBAHHOTO MOHMTOPHHTA M ynpaBiIeHHA
TEXHONOTHYECKHMH oOBEeKTaMH B YCJIOBHAX aNpPHOPHOH HeonpeneNeHHOCTI»
(2015-2017); OT-4-78 — «Pa3paboTka TEOPETMYECKHX OCHOB M PEry/APHBIX
METOIOB CHHTE3a aaNTHBHBIX CHCTEM YNPaBJIEHHS IHHAMHIECKMMH 001heKTaMH Ha
OCHOBE MAeHTHMKauHoHHOTO oaxona» (2017-2020).

Hemblo mccienoBaHns sensercs paspaGoTka anrOpUTMOB ANaNTHBHOTO
OLIEHHBAHHA N YNPaBNeHHs HENMHENHLIMY AUHAMHYECKUMH 0OBEKTaMH B yCNOBUAX
HEOMNpeeNeHHOCTH M BEIYUCIUTENBHBIX CXEM MX NPAKTHYECKOl peanu3aliu.

3aaaun HeesegoBanun:

CHUCTEMHBIH aHann3 pa3BHTHA TEOPUM M METONOB aNaNTHBHOTO OLIEHHBAHUA H
YNpaBJICHHA  HEJIMHEHHBIMH  [MHAMHYECKHMH OObEKTaMH B YCJIOBHSAX
HEOMNpeneNneHHOCTH,

pa3paGoTka aNropuTMOB aganTHBHOIO OLEHHBAHMA COCTOSHHSA HENHHEHHbIX
DHHaMU4eCKUX O0OBEKTOB ynpaBneHHs W CHHTE3a HENMHEHHBIX HaGmopareneii
NEPEMEHHBIX COCTOSHHS Ha OCHOBE KBa3WJIMHEHHOIO NPEeACTABNCHHUSE,

paspaoTka  anropuTMOB  YCTOMYMBOrO  aJaNTHBHOFO  OLEHHBAHHS
KOBapHaUHOHHOH MaTpHUbl WyMa oObeKTa U NMepexonHoii MaTpHLbl 0GLEKTOB
YNpaBjieHHA Ha OCHOBE BAPHALMOHHLIX HEPABEHCTB;

pa3paboTka aIrOpHTMOB aHAIMTHYECKOTO H NONHHOMHMAIBLROTO CHHTE3a
HENUHEHHBIX CHCTEM ynpaBJieHNUS;

paspa6oTka anropuTMOB aCHMITOTHYECKOTO YNpABIEHHS HEIHHEHHBIMH
OHHAMMYECKHMM  O0BEKTAMM W CHHTE3a HENMHHEHHBIX  KBa3AMOAWILHBIX
peryJisaTopos;

NpUMeHeHHe pa3pabOTaHHLIX AITOPHTMOB AQNANTHBHOTO OUCHHBAHMS M
YNpas/enus HENMWHEHHbIMH IHHAMHYECKMMH NpPOLECCAMH B 3a1a4aX ympaBNeHus
TEXHONOrHYECKHMH 06LEeKTAMH.
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O61LeKTOM HCCIEN0BAHHA SBIAIOTCH METONB! H JIFrOPHTMBI aNanTHBHOTO
OLICHHBAHHA H YTIpaBNeHNs HeMHHERHBIMU ARHAMAYECKHMH ob6bekTams B yCIIOBHAX
HeompenesIeHHOCTH. :

IpeaMeToM HCCEAOBaHNS ABNAIOTCA PErY/NAPHBIE METOALI U aNTOPHTMBI
ANANITHBHOTO OLEHHBAHUS ¥ YWADaBJIeHHS HENHHEHHBIMH JHHAMHYECKHMH
06BEKTaMH B YCIOBHAX HEONMPERENEHHOCTH.

MerToas! BccaeaoBanns. B auccepTauHonHo# paboTe HCTONB30BaHEBI METOML!
CHCTEMHOTO aHa/H3a, MAEHTHOUKAUHMY, HENWHENHOTO OLCHHBaHWA, CHHTE3a
HeJTMHeHHBIX PEryJISTOpoB H HaGmonareneH, alanTHBHOTO YNPABJICHUA W PELIEHHA
HeKOpPEKTHO NOCTaBIeHHbIX 3a1aY.

HayuHasi HOBH3HA HCCJIEI0BAHNS 3aK/TIOYACTCA B ClIEAYIOLIEM:

pa3pa6oTaHBI ANTOPATMBI YCTORUHBOTO aNaNTHBHOTO OUECHHBAHHS COCTOAHHA
HeNVHeAHLIX OWHaMHYeCKHX OOBEKTOB YNpaBjieHHss Ha OCHOBE paclIMpPEHHOro
auHaMpaeckoro GUIETPa KaliIMaHOBCKOIO THIIA,

pa3pa6oTaHbl ~ ITODHTMBI  YCTOHYHBOTO  alanTHBHONO  OLEHMBaHMSA
nepexofHofi MaTpAubl OGBEKTOB YMpaBNCHHA HA OCHOBE BapHALMOHHBIX
HEPABEHCTB B paMKaX NPHUHIMIA HTEPATHBHON perynspH3aumu;

npeaiokeHbl  AITOPHTMBL  YCTOWYHBOrO  NMONHHOMHANLHOTO  CHHTE3a
HeJIMHEeHHEIX CHCTEM YNpaBeHHs Ha OCHOBE KBAa3H/IMAEHHOIO MpPeACTaBlieHHA HX
yPpaBHEHHiA; ‘

TpeIOKEHE! YCTOHYMBEIE ANFOPHTMEI aCHMITOTHYECKOTO  yNpaBJieHHA
HeNTMHeHEIMH IHHAMHYECKMMH 06bEKTaMH Ha OCHOBE JIOKANBHON ONTHMH3aLMH.

TpaKTHYeCKHe PE3YILTATEI HCCAeI0BAHASA 3AKITIOHAIOTCA B ClIE/yIOLEM:

Ha OCHOBE pE3YNLTAaTOB NPOMBLILUICHHOTO 3KCHEPHMEHTa B  YCNIOBHAX
HOpManbHOTO  (DYHKUHOHNPOBAHHA pa3paGoTaHbl MaTeMaTH4YECKHE MOMENH
npouecca XpaHeHHA MyKH;

pa3paboTaHbl CTPYKTYpPHBIC H (yHKIHOHANBHEIE CXEMbl aBTOMATH3alMH Y
aJanTUBHOTO YNPABNEHHs TEXHONOTMYECKHM NPOLECCOM XPAHEHHA MYKH;

npennokKeHa CHCTEMa YNPaBIEHHA TEXHONOTHYECKUM MPOLECCOM XpaHEHHA
MyKH C COOTBETCTBYIOLIHM TEXHHUECKHM obecneyeHyeM, Mo3BonAloLas
CTaGHIN3HPOBATH TEXHO/IOTHYECKHE PEKUMBI NPOTEKAHHS NPOLECCOB H NOBLICHTL
3¢ peKTHBHOCTD €r0.

JlocTOBEPHOCTE Pe3yabTaTos Hec/Ied0BaAHHS. JlocTOBEPHOCTE NOJTyYEHHBIX
pe3y/bTaToB  HCCIIEIOBaHHA obecneynBaeTcsi BBIMOJHEHHEM  METOLHUYECKH
O0GOCHOBAaHHBIX  TEOPETHYECKMX  BBIKNAJOK; NPHMEHEHHEM  TEOPETHHECKH
060CHOBaHHbIX KOHLeNnuMi afanTHBHOTO OLIEHHBAHHS COCTOSIHHSA;
HCHOJ/Ib30BaHHEM anpoOHpOBaHHLIX METOIOB H AJITOPHTMOB COBpeMEHHOi1 TeOpHH
ABTOMATHYECKOTO YNpaBieHHs; TpeGyeMoil CTENeHbI0 CXOAHMOCTH MpeanaracMbix
METOOB M AITOPHTMOB afalTHBHOTO YNPaBJICHHA; PE3Y/IbTATAMH TEOPETHICCKUX
H NpHKIIAIHBIX HCCJIEIOBAaHHH M HX B3aHMHOM COrJIacOBaHHOCTBIO.

Hayusasi H NIPaKTHYECKas 3HAUHUMOCTD Pe3y/iLTaTOB HCCIe0BaHNA

HayuHas 3HauUMMOCTb Pe3yNbTaTOB HCC/IE[OBAHHS COCTOMT B paspaboTke
KOHCTPYKTHBHBIX  @IFOPHTMOB  aJaNTHBHOTO  OLEHUBAHWA MW ynpaBieHHs
HelTMHEHLIMH IMHAMHYECKMMH 00BbeKTaMH B YCNIOBHSX HEONPENENECHHOCTH
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TTpakTHueCKas 3HAUMMOCTS pe3ysbTaTos paboThl 3aKiodacTcs B pa3paboTke
MaTEMaTHYECKOro W anropHTMuueckoro obecnedeHus 3ajad  aNnanTHBHOIO
OLIEHHBAHHS COCTOSHMSI, CHHTE3a HEJIMHEHHLIX PeryjiSTOpoB W HEJIMHEHHBIX
HabnionaTenei H 3aKOHOB YNPaBNEeHUs HEMTHHEHHBIMH NWHAMHYECKHMH 00 BEKTaMH
B YCNOBHAX HeonpeleNeHHOCTH. Pa3spaGoranHble anropHTMbl MOTYT HAlTH
LIMPOKOE MPHMEHEHHE TPH  NOCTPGEHHM (YHKUHOHAIBROW CTPYKTYphl H
aBTOMATH3alMM  TIPOEKTUPOBAHMA  aNaNTHBHBIX  CHCTEM  YNpaBieHWs
TEXHONOrHYECKMMH NMPOLECCAMH C HeNpepbIBHLIM XapaKTEpPOM MIPOH3BOACTEA.

BHeapeHHe pesy1LTATOB MccsleoBaHns. Ha ocHOBE MONYYEHHBIX HayUHBIX
pe3yNbTaTOB  aJanTHBHOTO  OLEHHBAHMA H  YMpaBlieHHs  HEIHHEHHBIMH
OMHaMHYECKHMH OOBEKTaMH B YCIOBUAX HEONPENENEeHHOCTH:

pa3paboTaHHbIE  aNrOPHTMBI.  YCTOWYMBOrO amANTHBHOTO OLEHHBaHHS
COCTOSIHHA HEJIMHEHHBIX OWHAMHYecKHX OOBLEeKTOB YMpaBlieHHS Ha OCHOBE
PacUIHpEHHOTO JHHAMHUYECKOTO (GHIBTPa KaJIMaHOBCKOTO THNA BHEAPEHH Ha AO
«Toshkentdonmahsulot» (Cnpaeka AK «¥Y3noumaxcynom Ned/200 ot 3 mas 2023
roga). B pesyneTaTe MOBBINAETCA TOYHOCTH BBIYHCIIEHHS MapaMeTpoB
pErynsTopos;

NpenfioKeHHsle aNrOPHTMEI  YCTOHYMBOrO TNOJMHOMMAIBHOrO CHHTE3a
HEHUHEHHbIX CHCTEM YMPABIEHHA HA OCHOBE KBa3sWJIMHEHHOTO NPEACTABIEHHA MX
ypasuenuii  BHenpennt Ha AO  «Toshkentdonmahsulot»y (Cnpaska AK
«Y3ponmaxcyno™ Ne4/260 ot 3 mas 2023 rona)). ANITOPHTMBI MO3BONSAIOT
CTaGHAH3NPOBATE TEXHOJIOTHYECKHE PEXHMMBI MPOTEKaHMs TPOLECca XpaHEHHS
MYKH;

NpeMIOKEHHbIE YCTOHUMBLIE ANrOPUTMBI ACHMITTOTHYECKOTO YNpPaBiCHHA
HENHHEHHBIMY ANHAMHYECKHMH 06beKkTaMu Ha OCHOBE JIOKANbHONM ONMTHMH3ALMH
BHenpensl Ha AQ «Toshkentdonmahsulot» (Cnpaexa AK «Yzmonmaxcynom
Ned/200 ot 3 mas 2023 rona). B pesynsTare nossimaercs TOYHOCTE ONpENE/IEHUS
napameTpoB 00bexTa H BO3MYLIEHUiA.

AnpoGauns  pe3syJbTATOB  McCleaoBaHusl. PelynsTaThl  JaHHOIO
uccnenosanua 6bumn o6cykneHbl Ha 6 mesxxayHaponAHLIX M 4 pecnyGaMKaHCKMX
Hay4yHO-NPaKTHYECKUX KOH(epeHLusX.

Ily6nukauus pe3ynbTaToB HccdeJoBaHHA. [Io Teme auccepTauuu
omy6nukosaso 20 HayuHbIX paboT, H3 HMX 7 — B KYPHANBHBIX W3NAHHAX,
PEKOMEHAOBAHHEIX  Bricwueit  arrecrauMonnofi  komuccmedh  Pecny6nnxm
Vi6eknctad, B TOM 4YHCie 3 — B MHOCTPaHHBIX XypHanax. Tawke nosydeHs
3 ceuaetenscTsa o6 opuuHanbHoOf perncTpaunn nporpamMm 1 IBM.

Crpykrypa n o6nem auccepraumu. Jlucceprauus COCTOMT W3 BBEACHHA
YeTLIpEX FJ1aB, 3aKIOUCHHS, CIIMCKA HCTIOb30OBAHHOM IMTEPATYPhi H MPHIIOKEHHIA.
O6m1em muccepTauuu coctasnset 102 crpauuw.
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OCHOBHOE COAEP)KAHHE JUCCEPTALIMM

Bo BBegeHMH O0COCHOBaH3 aKTyalnbHOCTH H BOCTPeGOBaHHOCTL TeMbI
ZHccepTaliy, cOPMYTHPOBAHE! BesTE M 3aJauM, BBIARICHE OOBEKT M npeamer
HCCNIenoBaHHA, onpenpeneHo COOTBETCTBHE HCCNEA0BAHHA MPHOPHTETHLIM
Hanpap/iecHHAM pPa3BHTHs Haykl H TexHonorui Pecnybnukn V3bekmncraH,
H3JI0KEHB! HAyYHasi HOBH3HA M MpPaKTHYECKHE Pe3yNbTaThl HCCIEIOBaHHS,
obocHoBaHa JOCTOBEPHOCTh MONYHEHHBIX PE3YNLTATOB, PAacKPBIThl Hay4yHas M
npakTHyeckas 3HAYHMOCTh MOJYYEHHBIX Ppe3yNsTaTOB, NpPHBEdEHbl MNepeueHb
BHe[peHHH B MNpPaKTHKY pe3yNsTaTOB MCCNENOBAHHA, CNHCOK anpobaumii
pe3ynsTatoB paGoThl, CBENCHHA MO ONYGNHKOBaHHLIM paboTaM M CTPYKType
auccepTalHH.

B nepso#i rnase «3agauH M aATOPHTMEBI aJANTHBHOTO OMEHMBAHHA H
ynpaBJieHHs] HEINHEHHLIMH AUHAMHYECKHMH O00LEKTAMH B  YCJA0BHAX
HeonpeaeeHHOCTH NPHBOLAATCA METOE! H AJITOPHTMEI FIOCTPOCHHA HENMHHERHBIX
perynaTopoB, pacCMOTPEHbI METOAbl H ANTOPHTMBI OLIEHUBAHHA COCTOSHHSA
HEHHERHBIX CHCTEM, TOCTAHOBKA LIG/IH Y 331a4H HCCIIEJOBaHNS.

B HacTosee Bpems pa3paborano 6oib1I0e YHCTIO METOIOB aHANTH3a H CHHTE3a
HeIMHEAHBIX CHCTEM aBTOMATHYECKOTO YNpaBicHHs, OAHAKO KKObIA M3 HUX AaeT
pellenue ML Ans o6bekToB onpeaeneHHoro knacca. C apyroi CTopoHs! 3ana4a
MOCTPOCHHS PEryJIATOPOB NS HEMHHEHHBIX CHCTEM BO MHOTMX CNy4adx elle He
noJyiyunna csoero peieHnst. Kak npasuio, TeXHONOrHueckHii Mporpecc NpHBOOMT K
COKpaLIcHHIO BPEMEHH, KOTOPOE OTBOOHTCA Ha CO3[aHHE COBPEMEHHBIX CHCTEM,
YTO CO3NAET 3HAYMTE/IbHBIC TPYAHOCTH NPH CO3JaHHH MaTeMaTHYeCKHX Moaenei
npoueccoB H 00BEKTOB ynpasiieHusn. [To3TOMY MHOMHE COBPEMEHHLIE CHCTEMbI
aBTOMaTHYECKOTO  YMpaBJIEHHA  CO3[alOTC B YCNOBMAX  anpHOPHO#
HeONpeAeNeHHOCTH. 3TO O03Ha¥aeT, YTO HEKOTOPHIE XapaKTEPHCTHKM ofbekTa
ynpasieHns MOryT GLITh 3apaHee HEH3BECTHBIMHM WM MEHATHCA B MpPOLIECCE €ro
paboTs!.

B 3amauax ynpaBjieHHA HenMHEHHLIMHM OObEeKTaMH NMPUHUMN ACCTOBEPHOM
3KBHBIEHTHOCTH BBINOJIHAETCA, €C/IN MaTeMaTHYECKOE ONMHUCAHHE ONTHMAIBHBIX
TpaeKTOpHii NepexoAa NMePEMEHHBIX COCTOAHNs OOBEKTa ynpaBieHNs B 3alaHHOE
KOHEYHOE COCTOAHHE M3BECTHO ¢ TOYHOCThIO JIO MapaMeTpoB, a BO3MyLUAIOLUME
BO3NEHCTBHA ABNAIOTCS alAMTHBHBIMH GE/IbIMH [ayCCOBCKAMH Wwymamn. OaHako B
peaibHBIX CHCTEMAX, KaK MPAaBHUIIO0, 3TH YCIOBHA HE BBIMOIHAIOTCA.

B cBA3KM C 3THM B TEOPHM M NPAKTHKE MOCTPOEHHA CHCTEM YNpaBJICHHA
AMHAMHYECKUMH oObekTaMH  pasnnunoro (yHKUMOHANLHOFO  Ha3HAueHHs
BOMNpOCaM OLICHHBaHHs BEKTOPAa COCTOSAHHS YNPARISEMbIX OOBLEKTOB B YCIIOBHAX
HaTHuks LIYMOB 00BEKTa M MOMeX W3MepeHHii NpuaaeTcss BeChbMa BaKHOE
3HaYeHHE. )

BrLileH3/I0)KEHHBIE  BBIBOJIN YKa3biBalOT Ha HeoOXOAHWMOCTb pa3paboTke
AITOPHUTMOB  aJaNTHBHOTO  OLEHHBAHMA H  YNpaBJIEHHMA  HENHHEHHBIMH
IMHAMHYECKHMH 0OBEKTaMH B YCIIOBHAX HEONPEAENEHROCTH H HX NPaKTHYECKOMY
NpUMEHEHHI0 TNpH  pelieHHH 3afad  aBTOMAaTH3alMH M yMpaBiieHHs
TEXHOJIOrHYECKHMH NMPOLECCAMH NPOMBILUTEHHBIX NIPOH3BOJICTR.
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Bropas raaBa naMccepraumu «Pa3pafoTka aJropHTMOB YCTOHYHBOrO
ajanTHBHOTO OLEHWBAHHA COCTOSIHHA  HEJHHEHHBIX  JHHAMHYECKHX
o0bexToB» NOCBALICHA pa3pa60'n(e aNropuT™MOB aanTHBHOTO ONLECHHUBAHHUA
COCTOSHHS HENMHEHHBIX AMHAMUYecKuX 06beKTOB ynparnenus. ITycTs HenuHelinas
JHHAMHYyEeCKasa CHCTEMA ONUCHIBACTCA CieAyiOUHM oﬁpa30M:

{2=f(z,u.p), )
Y=z

rne  u(tyeD,cR — H3MepuUMBIA BXOHA, BO3MOXHO OrPaHMYEHHBIA B
nognpoctpaHcTee D, npoctpaHcTea R, y(t)€ R — n3MepUMBblii BLIXOA, z(t)eR” ~
BEKTOp COCTOAHMH, p(f)eD,cR' — BEKTOP HEH3BECTHEIX OrpPaHHYECHHBIX

H3MEHAIOWNXCS BO BpEMEHH NapaMeTpos, a f () ecTh rafKoe BEKTOPHOE MoJie Ha
r1aJIkOM n-MEPHOM MHOTro06pasun,

Mapamerpet  p(f) MoryT npeacraBisaTth co0OH BO3MOXHO HEH3BECTHbIE
yHkuun z(f), ¥ MOTYT TPaKTOBATLCA KaK HEH3BECTHbIE H3MEHSAIOILMECH BO
BpemeHy napametpsl. HanGonee 4acto cocrosnus z,(f) H HEKOTOPbIE HEH3BECTHBIE
napameTpel p,(f) B (1) umetoT yncto dusuyeckoe 3Hauenue. B Takom ciayqae (1)
Ha3bIBAIOT 3afiaHHOM (H3udeckoi cuctemoit (3BC).

PaccmoTpum Henmuelinsie cucteMsl B ¢opme (1), KoTopeie MOryT GbITh

npeoGpa3oBaHbl NPH MCMONB30BaHUM WHBAPHAHTHOTO BO BPEMEHH HEJIMHEHHOTO
npeobpazoBaHna:

X" :67) =T(z, p,cys -rC,)» 2

B CHEAYyIOUYI0 3JKBHBANEHTHYI0 ¢opMy, KOTOPYIO HAa3BEIBAalOT KaHOHHYECKOI
¢opmoit ananTHBHOro Habmopatens (KOAH):

{fr(t)=Rx(t)+0(w(t))0(r)+g(t), 3)
W) =x(1).

B Bripaxenusx (2) 1 (3): x(t)e R” — BEeKTOp COCTOAHHH TOTO Xe pa3Mepa, 4To
1 =(f); 6(¢t)e R” — BEKTOp HEN3BECTHBIX H3MEHSAIOLIUXCA BO BPEMEHH NapaMeTpoB,
KOTOpble MOTYT GbITh OLIEHEeHbl HEABTOHOMHO; a(f)€ R’ €CTh BEKTOP M3BECTHBIX
bynxuuit u(t) n y(1), Hanpumep, o(f) =[u(), y(t), y* ¢),siny(0]; Ua(t)) ects nxm —
MaTpHua, BCe MEMEHTbI KOTOpoil uMeloT dopMy Q,(a())=ajeAt) AN H3BECTHOH
KOHCTaHTbl, BO3MOXXHO PaBHOMH HY/TO, 3 BEKTOPbI a,eR’; R-w3BecTHas nocToaHHasA

nxm — wmarpuua. [na cucremml (2) HeobxoOMMO OMNMCATh ANANTHBHEINA
HabalonaTens U MOAYYHUTH NOCTAaTOYHBIE YCIIOBHSA WA TOTO, YyToGH cucteme 3MC
(1) 6bw1a 661 rapaHTHpOBaHa rl0GaNEHas YCTONYHBOCTS.

Ins cuctemsl, onHceiBaemoii (3), paccMOTpHMM CrEQYIOIHH aanTHBHEI
Habnlonarenn:

A . cl; (‘) (4)
x() = Rx(6) + Q(a(N)0(0) + g(1) +

vinba

=30, FO=y0) - 30), ®)
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re ¢) — NPOHU3BOJTLHAS NIONIOKHUTETbAAs KOHCTAHTA,  C,, ..., €, BHIOUPAIOTCA TakuM
06pazoM, YTo cOOCTBEHHEIE 3HAYeHHs F(c,, .., ¢,) HAXOOATCA B OTKPBITOH neBoii
nonynnockoctu; Benomoratenstii puastp V(f) ectb (n-1)xm - matphua, a o(t)
€CTb m -BEKTOP. ’

Auam'auml napaMeTpoB NPON3BOANTCA HA OCHOBE Bblpa)K€HHA

6(0) =T@)7(0), (6)
rae T — NpoM3BONLHAA TOJIOKHTENLHO ONpeesieHHas MaTpuua, BbibpaHHad Kak
I =diag(v,, .., v,), v, >0.

Torfa MOXHO fOKa3aTh, YTO afaNTHBHEI Habmopartens (4)-(6) ana sTod
CHCTeMB! ARNAETCS M06ANBLHO YCTONIHBEIM.

INpuBeneHHEle aNTOPHTMBI AZANTHBHOM OLEHKW COCTOSHHH, aNanTHBHOMH
MAeHTMQHKALMA NapaMeTpoB H IMOCTPOGHHMs ananTuBHOro Habmioparens
HeHHeHHON AMHAMHYECKOH CHCTEMEI MO3BOJIAIOT MOBLICHTL TOUHOCTH OLUEHHBAHHS
BEKTOpAa COCTOAHHA H TEM CaMbiM KauyeCTBCHHbLIE MOKa3aTeJn MnNpoueccoB

ynpasieHus.

Tpy pewieHun 3aaay aganTHBHOTO OLEHHBAHMS COCTOSHHA HENHHEHHBIX
JIMHAMHYECKHX OOBEKTOR YNpaBneHWs BO3HMKEET 3alaya CHHTE3a anropuTMOB
aJANTHBHOTO OLICHHBAHHA NEPEXOAHOH MaTpHubl 00BEKTOB ynpasnenus. Bynem
NpenoNnaraT, 410 MOMIENb IMHAMHMYECKOH CHCTEMbI OMHCLIBACTCA yPaBHEHHAMH

BHAA.
Xy =Ax, + D, (7)

z,=Hx; +v,, ®)
e x, — BEKTOP COCTOSHMS CHCTEMbI PasMEpHOCTH 1, z, — BekTop HabmioneHus
pasMEPHOCTH m, w, M v, — BEKTOphl UIyma obbekTa M nomexu HaGmionenns
pasMEPHOCTH g M p COOTBETCTBEHHO, SBJSIOUIMECA MOCIEAOBATENLHOCTRIO THNA
rayccoBckoro Ge/loro uryMa ¢ xapaktepuctukamu E[w,]=0, E|ww] |=06, , Elv]=0
s E[v,,v[]= RS, , E[w,v{ ]—_—O;A, ' H — maTpHLbl COOTBETCTBYIOIIMX Pa3MEPHOCTEM.
Tycts paccMaTpiBaeMas cicrema (7), (8) MHBapHaHTHA K C/IBHTY BO BPEMEHH
H BriofiHe Habmopaema:
rank[HT | (HAY i ... 1 (HA"")]" =n,
rae «T» 0603Ha4aeT TPAHGNOHNPOBAHHE MaTPHLIBL.
TMonaras nocnexoBaTeNbHOCTh MaTphu {4)., — A, Gynem paccmaTpuBaTh
3agavy BAAA:
AT [HTi(HAY & AT =[C]iCh . ChT =C7, 9)
rae 6nouHas matpuua C ABNseTcs pe3yasTaToM 06paboTky KCrEpHMEHTANBHBIX

IaHHBIX.
TaknM 06pa3oM, is NOTy4eHHs OLEHKH A HEOBXOAMMO peLIuTh ypaBHEHHE

(9). JlanHas 3anaua 3KBHBAICHTHA PELICHHMIO CHCTEMbI HENMHEHHBIX ypaBHEHHH,
YTO MpeanosaracT NPUMEHEHHE HTEPATHBHBIX METOZIOB pelueHns.
Toraa anropuT™ COCTOMT B NOCEA0BATENLHOM PELEHHH Y PaBHEHHHA:

L, (A4)A,=C, i=0,..n-1,
RAIOUWX OUEHKY 4, , [A€ L,,(4)=[H™ (HAY --(HA7YVT .
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Onpenenenve BexTopa a, GyneM NpOM3BOAMTL HA OCHOBE MHHMMH3aLMH
¢yHKuHoHana Buaa:
f@)=3Wa)-c,?, n=m-n,
Jj=l
T.€. HCKOMas OLEHKA BEKTOpa G, €CThb 4a, =arg i",f,,f("l)'
aE€.

Taknm 06pa3oM, HeOGXOHMO ONPENENHTE TAKHE a;, INIA KOTOPBIX:
(Fla;),a;-d;)<0, vd; eQ, (10)
rie F(a,) — NPOU3BONbHbIH MOHOTOHHEIR ONepaTop.

Hnsa pewseHns ypasnenns (10) Becbma 3 heKTUBHBIM SBISETC HTEPATHBHLIN
METOJ, KOTOPBI# MOPOKAAET PErYNAPH3YIOLIHI aNropuT™ B cMEIciie TuxoHoBa mnst
OTOGpakeHHs, CBA3aHHOTO C BapHaUMOHHEIM HepabenctsoM (10). Ecnu a . YHe

3a0aHo, TO a,,,, HAXOMUTCS U3 PEIEHUA (PETYNAPHIOBAHHOIO» HEPABEHCTBA THMA
(10):
(Pl J+ ey, +(Flay )+2. ) -a,, ) a;-)s0, £,>0, va, 0.

Tlpu noaxomswem BuiGope f{¢,} ¥ HawaneHoro npuGMWKeHHAs a 0
NOC/ENOBATENLHOCTb {a; | CHIBHO CXOAMTCA K a ;« - pewtennio (10) c MunMMansHoR
HopMoid. Toraa cnipaBennnBo COOTHOLLIEHHE
i oo ~a.]

r-»n

rze a;. pewenue (10), obnanaromee MUHUMANLHOM HOPMOit.

TpuBeneHHsle  yCTOWUMBEIE  ANFOPHTMBI  aNaNTHBHOIO  OLIEHUBAHMS
NepexoaHoi MaTpHilbl OOBEKTOB YNpaBliEeHHA Ha OCHOBE METONOB pELICHHS
BapHaLlHOHHBIX HEPaBEHCTB B PaMKax NMPHHUWNA HTEPATHBHOM pPerynsapH3auuH
MO3BONAIOT 06ECNEYNTL COCTOATENLHOCT H CXOAMMOCTh HCKOMBIX OLIEHOK.

3neck Takke PaccMOTPEHBI BOMPOCH CHHTE3a HENMHENHBIX HabGnmopareneii
NEPEMEHHBIX COCTOAHHA HA OCHOBE KBAasWJIMHEHHOrO MpPEACTaBNEHHA WM
YCTOH4HBOrO OLCHHBAHNA KOBAapPHALMOHHON MaTpHLbI WyMa 06LEKTa HA OCHOBE
moznudukauun merona I'aycca-HetotoRa.

Tperba rnaBa  auccepraumu  «PaspaGoTka  ycTOMYMBLIX arOpHTMOB
ANaNTHBHOIO YNPABICHHA HeIMHeHHBIMH JHHAMHYECKMMH ofbeKTaM

nocBAllEHA Pa3pabOTKE PeryiApHBIX aNTOPUTMOB MONMMHOMHMALHOTO CHHTE3a
HEMUHENHBIX CHCTEM YNpPaBICHHS.

PaCCMOTpHM H&"HHCﬁHyIO YNpaBisieMyl0 CHCTEMYy, KOTOpasi OIHCBIBaETCA
YpaBHeHueM

=0

’

%= f(x,u). (m
rae xeR" — JOCTYNHBIA U3MEpEHHI0 BEKTOP COCTOAHHUSA CHCTCMEI, f(x,u)eCj;' -
BEKTOP-(hy HKIHS, IPHYEM

£(0.0)=0, ‘9“"'“’ AL

npu xeQ. 3nech Q={x:[x|<sM <o} — nekoropas: obnacts npocTpaHcTea R*. B 3THX
ycnosusix ypastcHue (11) nomyckaer ksasunnHeHHOe npencTasieHne
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E= A(x)x+b(X)u, (12)
rae b(x)=[k(x)..5,(x)]" u A(x)=[a,(x)] — pyHKUHOHA/ILHbIE 71-BEKTOP H 7% - MATPHLA.
PaccMOTpHM 3afiady CHHTe3a yNpaBicHHs u=u(x), koTopas obecneunBact

aCHMITTOTHYECKYIO YCTOHYHBOCTL OJIOXKEHHs paBHOBECHS X =0 3aMKHYTO# CHCTEMBI
(11) mm, 970 TO %Xe camoe, (12). B obnactn Q, eQe R", e BLIMONHAIOTCA yKasaHHbIC

HHKe yenoBus. Ynpasnenue GyeM HeKaTb B BUAe u =—h' (x)x , rac h(x) e R". TToaTomy
¢ yuetoMm (12) ypasHenue cucrems! (11) npuHHMaeT Bu
i=Hx)x, H(x)=A(x)-b(x)i (x).
Tpeanonoxum, yto f(x,u) B (11) UMeeT Takoii BMI. 4TO pPe3yJLTHPYIOLLMH
BEKTOP h(x) HCKOMOIO YNPaBNEHUA u =u(x) HE 3aBUCHT OT MPOH3BOAHBIX 11O BPEMCHH.
Onpenennm MoTMHOMB! BHAA

=1 _
a(s,xh)=s"+Y a(xh)s', (13)
i=0
a-l —- —
Vs, xh)= Y v;(xh)s’, i=ln. (14)
0
ITycts
-l
h“(s):s"+2r);s' ' (15)

i=0
— KenaeMblif rypBuueB nonusoM. Ha ochose nosmuomoB (13)-(15) cocraeasem
CHCTEMY

Vp=y, (16)
rae
Ve Up Uno Ay Yo
V= vy Uy U;u . hy . y= h ,
Vgt Vrpt b Upany h, V-1

rae y, =r,(x,ii)=r7,' _ai(x?i;)‘l i=.0:;:-l-

B ypaesennn (16) matpuua ¥ moxkeT 6BITh MOX0 00yCNoBIEHHOH, YTO
TpeGyeT NpUMeHeHNs NpH pewueHny ypasHenns (16) Merogos perynapusauny. Ipu
NOCTpoeHHH MpHGIIKeHHOro pelenus ypaBHenus (16) Gonswyio pone HrpaioT
pasHooGpasHble HTepauudtnbie metoapl. C 3TOi TOYkH 3peHHs Gonee yaoOHBIM
ARMsieTCS MTEPHPOBaHHLIA BapuaHT MeToza perynapusauud A.H. TuxoHosa:

an+Vvy =an_ +1"7y; (r=1..m). (17)

Pewenue ypaerenns (9) aaercsa — hopmyoi

B, = ~VVgp (Vs + 80 ad VTVIVT¥5,
rne 7, — HavanbHoe NpUOMIKEHHe, a g,, (1) — NopoXaloLLas cHeTeMa (yHKLUHH
Q1A uTepupoBanHoro BapnanTa (17) meroaa A.H. Tuxonosa.
[TapameTp r=r(6,n) B NpHGNHKEHHA cnenyeT BhIGMpaTh TakuM obpasoM,

4YTOOk!
r(8,h)y >, (5+h)’r(6,h) >0, npu 5 50, h—>0.

Torga 7,.s,, —7. IpH 5 -0, h—> 0 rae N.—peleHne ypaBHeHns Fvn.=vTy.
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TTpyBeieHHBIE aNTOPHTMBI NONMHOMHAILHOTO CHHTE3A HETWHEHHBIX CHCTEM
YNpaBJIEHNA MO3BOJIAIOT NPHAATL MpPH ONpeHeNeHHbIX YCIOBHAX 3allaHHBIi BHI
KO3 (PHULUMEHTaM XapaKTEPHCTHUYECKOTO MONMHOMA CHCTEMHON MaTpHLLI MyTeM
pelueHts CHCTEMbI JIMHEHHBIX anreGpaHuecknx ypaBHEHH.

B nociaenHee BpeMs BcCe yaiue BCTPCHAIOTCA 3a[a4yH ONTHMaJIbHOTO
yTipaBJieHHs QUHaMHYeCKHMH 06beKTaMi Ha GeCKOHEWHOM BPEMEHHOM HHTepBane
(3ama4y acCHMNITOTHYECKOO YNpPaBiEeHHs ), B KOTOPLIX Liefih YNPABIeHHs COCTOHT B
TOM, 4TO6bI HEKOTOPLI#H (hYHKLUMOHAN, ONpeaeNeHHEI Ha TPAEKTOPHSX CHCTEMEI X,
(n=0Jl,...), nu6o He npeBBIAN 3afaHHOH BenMuMHBI £>0, NGO nNpEHAMAanN
MHHUManbHoe 3HaueHue. TTycTh AMHaMuueckuii 06BLEKT ONMUCHIBAETCS YPaBHEHHEM

X =f(x)+Cu, +n,, (1=0],..), (18)
rzie x, € R" — BEKTOp cocTosHHit 00beKTa B MOMEHT BpEMEHH n; u, eU — Rt —BexTop
yNpasnsoWKX BO3NEHCTBUII B MOMEHT BpeMeHM n, L<N; 75,eR" — BexkTop
CNyuaiiHBIX HEU3MEPAEMBIX B n-if MOMEHT BpeMeHH BO3MYLIEHHi; f(x) —3anaHHas
BekTOp-yHKLMs, onpenenenHas Ha RY ; C — nocrosunas MaTpHua pasmepa NxL
panra /,I<N.

TlpaBuno hopMHPOBAHHS MOCNEAOBATENLHOCTH YNPABISIOMMX BO3AEHCTBUI
{t,} HA3LIBAIOT ANTOPUTMOM «JIOKANBHOI ONMTHMHU3ALHH, ECIIA TIPH KAKOOM 7

“n = argTezi?“g(X,,) +Cu+NQ(x, )ﬂz. (19)

Ipu oTcyTcTBMM orpanueHMii Ha ynpasnsomme eosaeiicteus (U=R%)
anropuTy (19) «iokanLHOM» ONTHMH3AUMH MOKHO BbITHCATH B ABHOM BHIE:

u, =-C"[g(x,)+ VO(x,)], (20)
rae C* —marpuua, ncesgoobpathasn k C.

VYpasuenne cucrtemsl (18), 3aMKHYTOH B COOTBETCTBHM C alrOpHTMOM
«wiokanbRoW» onThMu3aumy (20), uMeeT Bua:

Xpor = Xy = NO(x,) + (I - D)[g(x, + WO+ 1, (2D
rae D=CC* — matpuua-npoexrop (rangD=1),

Ecnu Matpnua C He BripoxiieHa (/=N), To D=/ ®H ypaBHEHHE 3aMKHYTOi
cuctembl (21) coBnanaer ¢ rpaIgMEeHTHLIM aNTOPHTMOM MKHHMH3AUMH yHKIHit
O(x) B ycnosusx mnomex. Ipu oGpawenuu marphuubi C MOXHO HCIOJB30BATH
NpHeM, OCHOBaHHBIA Ha BLIYHCNEHHH Q=CCT B BbipaxeHnH (20). TpuHumas BoO

BHMMaHWe, 4TOo O SBJIAETCA CHMMETPHYHON HEOTPHUATENEHO ONpenesieHHOM
MmaTpHueil nopaaka /x/ paura /<N, To

Q' =7"(aT")’r,
NIPH 3TOM
C' =CT'Q" =C"T"(177)°T.
B cnyuae, ecnu matpuua @ mnoxo ofycnosnewa, TO I MOBbIMIEHHA

YCTOHUHBOCTH NpoLenyphi niceBnccGpawenns B (20) uenecoobpasHo Hcnos30BaTh
perynspHble Npouenypsl BHAA:

C*'=C'T"(aT" +ad)T,
rae a >0 — napameTp peryispH3auuH, / — eauHu4Has MaTpHia.
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ITapametp perynspusaunu o« 3zmech LenecooOpasHO ONpPEAEnsTh Ha OCHOBE
cnocoba MonensHEIX Mpimepos. Ecnu matpuua Q=CC’ HEBBIPOXKAEHHasA, TO
Q' =0 B uMeeT MecTo BoipaxeHue (16).

IpuBeneHHbIe BBIPAKEHHS NO3BONAIOT CHHTE3INPOBATH  YMPOUIEHHBIC
YCTOHUYMBEIE BLIMHCHHTENEHBIE nNpoueqypsl CTabHIBHOTO ACHMNTOTHYECKOro
YNpaBlneHHs HEJTHHEHHLIMH QHHAMHYECKHMH 00bEKTaMH.

B rnaBe Taloke paccMOTpeHB! aNrOpHTMBl AHATHTHYECKOTO CHHTe3a
HEJTHHEHHBIX CHCTEM YMNPaBIeHHs H HEJMHEHHBIX KBa3HMOJANBHLIX PEryisTOpOB,
MO3BOJIAIOIIME CHHTE3HPOBATL CHCTEMBI YIPABJICGHHA C YYETOM CBOWCTB
cobcTBeHRO 061eKTa ynpaBieHHs u HabNMoIaeMbIX MEPEMEHHBIX.

B d4ereepro#i rnase - muccepraumn «flpaMeHenne paspaboTaHHBIX
aJITOpUTMOB B 3a[a9aX ABTOMATH3alHH H YNPAaBJICHHA TEeXHOJOTHYeCKHM
npoueccoM GecrapHoro xpaneHuss MyKH» MPHBOIATCA PE3ybTaThl IPHMEHEHHS
pa3paboTaHHBIX aNTOPHTMOB NTPH aBTOMATH3ALHH H YTIPABIEHHH TEXHOMOrHUECKHM
nponeccoM 6ecTapHOro XpaHeHHs MYKH.

Tlpon3eenennas (opmanusauus npouecca 6ecTapHOro XpaHeHHs MYKH Kak
oObekTa ynpasieHHA NMO3BOMWIIA BLIAEINTDL CIEAYIOLIHE OCHOBHLIE NEPEMEHHBIE,
XapaKTepH3YIOIHE PpacCMaTpUBaeMblii npolecc: YNPaBAsIOUIHE MapaMeTphl:
U=(u,u,,1y), rae ., — pacxol TeMIa OT CHCTEMbI OTOILIEHHUS; ., — pacXon napa ot
CHCTEMEI YBIXKHEHNA; U3 — PacXOX CBEXEro BO3AYyXa [Vl BEHTHIISALHH NOMELIEHHNS,;
BbIXONHbIE MapaMerpbl: Y =(y,),)3), rAe », — TeMnepaTtypa BO3yXa BHYTPH
TOMEIUEHHS; 5, — BIAKHOCTh BO3NYXa B TEXHOJIOTHYECKOM TMOMELIEHHH; Y3 —
KOHLIEHTpalHsa yraekncioro raa COa: B Bo3yXe TEXHOJIOTHYECKOTO MOMEIEHHH;
BO3MYMLIAIOINHe Bo3feiicTHe: W =(w,w,,w;): TOE ., — TEMIEpaTypa aTMocepHoTo
BO3IyXa; w, — BJIAXHOCTb aTMOCEpHOro BO3AYXA; W; — XMMHMYECKMIi COCTaB
Bo3ayxa atmocdepsl.

B 3amayax ynpaBneHHA IOMHaMHYECKHMH CHCTEMaMH C HEH3BECTHLIMH
napamMeTpaMH ILIMPOKOE PacnpocTpaHEHHE MOJMYYH/l MOAXOA, MNPH KOTOPOM
HeonpeaeNeHHOCTh, BhI3BAHHYIO He3HaHHEM MapaMETPOB, YMEHBLUAIOT C MOMOLULIO
aganTHBHOrO MaeHTHdHKaTopa, paboTalolero B pealbHOM MacluTabe BpeMeHH M
YTOUHSIOLIEro Moe/b 00bEKTa 1Mo pe3ynbTaTaM H3IMEPEHHS BXOMHLIX U BHIXOAHBIX
curHanos, OToyTcTBHe HyansBoro 3ddexTa ynpaslieHMs B TaKMX CHCTeMax
ABNIAETCH TPHYMHON HM3IKOTO KadecTBa paGoTsl MAEHTH(DHKATOPA B 3aMKHYTOM

KOHTYype.
ByaeM mnonaraTh, YTO paccMaTpHBaeMas cHCTeMa MoxeT ObITh onmMcaHa

CJIeAyIOLIHM HETMHEHHBIM YPaBHeHHEM JIOCTATOYHOFO ofllero suaa
S = AQ(x,)+Cut, +£, = Bz, +¢,, 22)
X =0,n=012,...,
roe x,eR’ — BexTop cocrosHMA ofbexTa B MOMEHT BpEMEHH n, u,eUcR" —
BEKTOp ymNpaBJisiolnX Bo3fedcTeuii (L<N) u3 MHokecTBa U AOMyCTHMEIX
ynpas/ieHHii, £ € RY — BEKTOp He3aBHCUMBIX ClTydaiiHRIX BOIMYILIEHHH (MOMeX),

Takux, uto M, |F,}=0, MIE[|F,}=02 <o, MEET |F,}=P. >0, F, — o —anrebpa,
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COr1acoBaHHasgs C MNpOUECCOM  {x,,.., X, Uy, U, } 5 o(xv)e R BeKTOp-pyHKUMS,
3anaHHan Ha RY, B=(A4:C)-(Nx(K +L)) —cocTaBHas MaTpHLa, R — o6obumeHHbli
BeKTOp Z, =(¢@'(x,)iu]) — BXOROB. Marpuusl mapamerpoB ofbekta 4 u C

NIonaratoTCs HEHU3BECTHLIMH; OTHOCHTENLHO 0OBekTa (22) NPHHHUMAIOTCA TE Ke
NpeanonokKeHNs.

Llensb ynpasneHus 3a1aeTcs OQHOLIArOBLIM KpUTEpUEM BHAA
2 2
Jnvl = M{]]xm-l"g +"un“R | I:n} b (23)
rae O 1 R — NoNoXHUTENbLHO ONpeAeneHHbIE CHMMETPHUECKHE BECOBLIE MAaTPHL{LL.
TMpunaTelii nomxon 6asmpyercs Ha MeTOAMKE JOKATLHOM ONTHMH3AUMH B
NpHHUKNE «pa3fiefleHHs», Koraa B cooTBercTBHe oO0bekTy (22) crasuTcs
HacTpansaeMas MOJEJb
2a=40(x)+Cu, =872, (24)
napaMeTpsl KOTOPOH YTOUHSAIOTCA C MOMOWBIO PEKYPPEHTHOro Merona
HaNMEHBILNX KBapaToB

Bml = Bn +(xu+l _ann)znrrn" Bﬂ = Ba’ (25)
r
r,=r,, _Lﬁ-ﬂ_l r,=pI, p>0,

1+21T, 2,
a uenk ynpaenienus (23) 3amMeHsieTCS KpHTEpHEM
Jow =M+l 1 FY

rae B,=(4,:C,) — cocTaBHas MaTpHllia OLEHOK NapaMeTpoB, NepecTpanBaeMas Ka
Ka)K[I0¥ HTEPaUKH C MOMOLIBIO anropHTMa (25), B, — anpHOpHAsl OLEHKA MATPHLILI
B, zI =(¢p"(x,)iu, +v,)") — 06061eHHbIH BEKTOP BO3MYIUEHHBIX BXOHOB, v, € R: —
BEKTOp HE3aBMCHMBIX CNly4YaHHEIX BO3MYLUECHHMH (3OHAMPYIOIMX CHIHAJIOB),
HCKYCCTBEHHO BBOAMMBLIX B KaHajl ynpaBlieHHs C LeNblO YJIYYIUCHHs KauecTsa
npouecca HIEHTHOHKALUMH, TAKHX, uTO M{v,} =0, M {||v,,||2} =0} <o, Myy'}=P >0
» M {Vng: }=0.

Tako#t mnonxonm mNPUBOAWMT K 3aKOHY YMpaBleHHs, KOTJa HCNONB3yeTcs
perynarop Buaa

#, =~C0C, + RY'C,/ 04,0(x,) = @'y, p(x,)

B KOTOPOM HCTHHHBIE napaMeTphl o6bexTa 4 1 C 3aMEHAITCS OllCHKaMHK 4, U C,.
3nech @, =(CIQC,+R), y,=C'OA,.

BBefieM B paccMOTpeHHe B3BELIEHHYHO MaTpuily KoBapHaumit owmmnGox
napaMeTpoB

AN

Torna MoXHO NoKa3aTh, YTO BbIpaXXCHHE NJ1A YNIPABJICHHA MOXET 6bITh 3anucano B
BHAC

. r P\ BT
P,=M{(B-B,Y Q(B,~-B,)|F,}=M{6,00,|F,} =| ===

it,=~C]QC, + F{ + Ry (C1Q4,+ B)p(x,) = =B, 5, 0(x,) (26)
rae B, =(C.QC, + P +R), 8, =CIQ4,+F,, H, — uneHbl, He 3aBHCAILME OT U, .
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HeobxoaHMOCTb 3HAaHHA KOBapHAUMOHHONH MaTpHUBl P, TpH peanH3aluy
anropuT™a (26) He NO3BOJISET NPUMEHNTD B ROHTYpe HAEHTH(HKAUKUH ipouedypy
(25). TloaToMy BO3HMKAET 3a[ja4a CHHTE3a A/IFOPUTMa CIIELMATIBHOTO BHJIA, ANA HEro
BBE/IEM PEKYPPEHTHYIO rPaHEHTIHYIO MpoLenypy HaCTPOHKH NapaMeTpoB

B, =B, +(x,,—-B,2,)2, D, (27)
WIH OTHOCHTENBHO OHOOK:
0,1 =0,0,2,+£)z, D,
roe D, — MaTpHuHbiii K0IDQULUMEHT yCHNEHWs anrOpHTMa, MOMJIEKALIHI
onpenesieHAIO.
Toraa MOXHO NOJNY4HTH BeipaxkeHHe ajist ko3 duUMEHTa yCHICHHS aNlropHT™Ma

(27) B BUzIE
P

D=— 0 ___
"Rz, +SpOR,
rae Sp — CHMBOJI CJie[ia MaTpHLbI.
OTciona MOXHO 3anycaTh COGCTBEHHO AIFOPHTM HACHTHHKALHK:

,
B,, =B, +(1;_.~._'_F_B,i_.,)z_,._§._’ B,=8,, (28)
z, bz, +SpQF,
PzzTp
P, =P - n“u<n Ty ,P= P'"L >0, 29
1 z,fE,z,,+SpQP, % =(oSpOP) 1, p (29)

aenstougiica Mogudukaune# anropurma Kaimana — MeiiHa.

Ha ocHoBe pa3paGoTaHHBIX B QHCCEPTalMH PETyNSPHbIX AIrOPHTMOB
uaeHTHGHUKALMKA H aJarTUBHOTO YNpaBJieHHs MOXKHO TIPEANIOKHTE CITeXYIOLLYIO
061y10 CTPYKTYpY CHCTEMBI alaliTUBHOIO YMIPaB/IEHHsI MPOLIECCOM XpaHEHHs MYKH
(puc.1).

JIns noslyueHUss M NPaKTHYECKOT0 MCNONB30BAaHHA MaTEMaTHYECKOH MonaesH
6b11 npoBeneH MPOMBILIEHHBIA 3KCNEPHMEHT 111 Pa3fiiyHbIX BHAOB ChHIPbA B
YCNOBHSX HOPMANBHOrO ()YHKUMOHHPOBAHHA TEXHOJOTHYECKOro mpolecca
xpanenus Myk# Ha AO «Toshkentdonmahsulotlari». Ha ocHose npeasaputensHoro
aHanmM3a IWHaMHYECKWX XapaKTEPHCTHK MpoLecca IKCTPAKLUHH BpEMs pErHCTpaLiy
T ¥ OMCKpeTH3alWH peanuzaumii A HabmiofaeMsbIx cry4afiHEIX mpoueccos GbuU0
BbIOpaHo COOTBETCTBEHHO: T=3 uac, Ar=2 muH. Bcero 6suto mpouseeneHo 90
HW3MEpEHHH.

HckoMble 3HaueHUsA MaTpull 4, U C, B ypaBHEHMH (24) pacCYMTHIBAINCH Ha

ocHoBe anroputMa (27)-(29).
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Puc.1. CTpykTypa JIOKaIbHO-ONTHMANBHO} aanTHBHOW CHCTEMBI YTIPABIICHUSA
NpoUECCOM XpaHEHHs MYKH: g — 3ajaloHiHe BO3AeiiCTBUA, W,V — BO3MYIIAIOUIHE
BO3JEHCTBYA, 4 — yNpaBlisiouiue BO3AEHCTBHSA, & — OLEHKN MapaMeTpoB 06beKTa,
X — OlIEHKH TEKy11ero COCTOAHNA 06beKTa, kK — HacTpanBaeMBle MapaMETPhI
perynsTopa, z — BEIXOQHO# CHUTHaJN 06BekTa

Tak, HanpuMep, 3HaY€HHA MaTPHL, 4, U C, OKa3ATHCh PABHLIMH:

0328 0573 0.167 0.078
4=|0967 -0056|s» C=]0.811 0.427|-
0.081 0522 0.308 0.591

AnexsaTtHocTb paspaboTaHHbIX Mozeneii Obina ycTaHOBIEHa Ha OCHOBE
KPHTEpHUA, OCHOBAaHHOTO Ha aHaJIH3e CBOHCTB OCTaTKOB.

Taxum obpasom, paspaboTaHHEle MaTeMaTUYeCKMe MOZEJM ITpouecca
XPaHeHUS] MYKM [TO3BOJISIOT YCTAHOBUTBH KOJIMYeCTBEHHblE COOTHOIIEHMS
Me>KLY  OCHOBHBIMM BXOAHBIMM ¥  BbLIXOZHBIMM  I€pEMEHHBLIMIM,
TIPOrHO3MPOBATL COCTOAHME IIpollecca ITPU MMEIOIIMXCA UIM BhIGUPaeMbIX
yrupaBieHMAX M CHHTe3UPOBaTh AaAanTHBHBIE 3aKOHb! YIIPaBJIEHUA
paccMaTpyBaeMbIM ITPOLIECCOM.

I'pahykn nepexoqHLIX MPOLECCOB B CHCTEME NMPENCTABIEHE HA PHC. 2.
20 -]

8

3
8

H i 5

5 b &
s

01 02 03 04 05 05 07 gg o9 ! ot 02 o3 04 o35 06 47 as 09 !

a b)
Puc. 2. 'padmku n3meneHua cocroanuii cucrems! (@) M ynparnesHs (6)

Taknm o6pasom, paspaGoTannas cucrema ynpasieHnus npotieccom GecrapHoro
XpaHeHus MyKH oGecneuuBaeT BLICOKOE KayeCTBO Pery/MpoBaHMa M obnanaer
JOCTaTOYHOM IUIA pacCMaTpHBaeMoro NpoLeEcca TOYHOCTBIO.
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3AKJIOYEHHE

B JAMCCEPTALMH Ha OCHORE METOZIOB CHCTEMHOTO aHaJIN3a, TEOPHH aBTOMATHUCCKOTO

YIpaBlcHAs, METONOB CHHTE3a HEAMHEHHBIX CHCTEM, IWHAMMHECKOA (HILTpaumy, u
peleHns HEKOPPEKTHLIX 3afa4 pa3paGoTaHbl anropHTMbl alaTHBHOTO OLCHWBAHMA
yTIpaBlicHAs HETAHERHLIMH ARHAMHYECKHMH OGBEKTaMH B YCIIOBHAX HEOTIPEICICHHOCTH.

L.

38

B #TOre MONY4EHB! CEAYIONIHE HayqHbIC Pe3y/IbTaThl:
Pazpa6oTaHbl anropHTMLl YCTOHYMBOrO anaNTHBHOTO OLCHWBAHHA COCTOSHHA
HENMUHEHHBIX JHHAMHYECKAX OOBEKTOB YTPABICHHA Ha OCHOBE PAaCUIMPCHHOIO
dwistpa Kanmana. TlpeioxeHHblEe ANrOPHTMEI  aJaNTHBHOTO  OLCHHBAHHA
MO3BONAIOT TIOBLICHTh TOYHOCTL OLCHHBAaHHA BEKTOPA COCTOSHHS M TEM CaMbM
KaueCTBEHHBIE [T0KA3aTEINHN MPOLECCOB YNpaBJICHHA.

Pa3paboTaHr! afATOPUTMBI CHHTE3A HENHHEHHBIX PEXYIHPOBAHHBIX nabmonarenci
NiEpeEMEHHEIX COCTOSHHSA Ha OCHOBE KBa3HIMHEHHOTO MpElCTaBNCHHA. Iosyuennsic
aNTOPHTMEI MO3BOJIAIOT OCYMICCTRAATE NpoUeAypy HabmoacHHA UiA Cliyyad, Koraa
Mozeib o6bekTa ¢ aAndipepeHINpyeMbIMA HCIUHEHHOCTIAMA COIICPXHT NMOJICHCTEMY,
B KOTOPYIO HEH3MEPSEMEIC NEPEMEHHRIE BXONST JIHHEHHO.

Pa3paGoTaHsl aNMrOpPHTME! YCTOHYMBOTO OICHHBAHHS KOBApHAUMOHHON MaTPHLE!
wyMa 06BEKTa Ha OCHOBE MTEPALHOHHBIX a1ropHTMOB. TIpHBEACHHEIC ANTOPHTMBI
1103BOJISIOT NPOUIBOAKTS YCTONYHBOE OLEHUBAHHE KOBAPHAUHOHHON MaTPHLLLI LyMa
00BEKTA H TEM CAMEIM MTOBRICHTD TOYHOCTE NPOLIEKYPEI AlANTHBHOTO OLUCHHBANNS.
Paspa6oTansi aIrOpHTMEl YCTOHYHBOTO AaJANTHBHOTO OHEHHBAHHA TNepexoiHoH
MaTpHiisl 0GBEKTOB YNpaBNcHHA Ha OCHOBC BAPHAIMOHHLIX HEPABEHCTB B pamkax
NpUALANAG WTepaTWBHOW perynapusaum. TlomyucHHEIC YCTOHYHBLIC anTOPHTMEL
ANANTHBHOTO OLCHHBAHMA NEpEXOJHOM  MaTpHuLl NO3BONSIOT  obecneunTsb
COCTOSTENBLHOCTh H CXOAHMOCTb HCKOMEIX OLICHOK.

PaspaGoTanei  @iropuTMbl  AHAIMTHYECKOrO CHHTE3a HEJIHHCHHLIX  CHCTEM
ynpasnenusi. TIpUBEAEHHBIC AIrOpHTMBl MO3BOJACT CHHTC3HPOBATL HENMHEHHbIC
CHCTEME! YMpaBJCHHS Ha OCHOBE peEleHHA airefpauucckoif CHCTEMBI JTHHCHHBIX
ypaBHEHHH C y4eTOM CBOWCTB COGCTBEHHO GOLCKTA YNpABICHHA H HabmonaeMbIX
nepeMEHHBIX.

TpensioxkeHpl aNrOPHTMbI YCTOHHMBOrO MOJMHOMHANLHOMO CHHTE3A /A Knacca
HEMMHEHHBLIX CHCTEM YNpaBJieHHs HA OCHOBE KBA3WJIMHEMHOrO MPEACTABICHHA WX
ypaBkenHii. TToy4eHHbIC AITOPHTMBI NO3BOJIAIOT NOBLICHTL TOYWHOCTL BbIMHCICHHA
HCKOMOTO YTpaBieHHsl.

TpennokeHs!  YCTOHYMBLIC — ANTOPHTMBI  ACHMITOTHYECKOTrO  yMpaBneHus
HeJIMHEWHBIMH JHHAMHYECKHMH OGLEKTaMH Ha OCHOBE JOKAILHON ONTHMH3AUMH.
TTpHEENEHHbIE aNFOPHTMBI NI03BONIAIOT (JOPMHPOBATE YNpaB/AloUHME BO3HCTBAS MO
3a7laHHOMY KPHTEPHIO KayecTBa.

Pa3spaboTaHs!l aITrOPHTMbI CHHTE3a HEJMHCHHBIX KBa3SMMONANBLHLIX PEry/STOPOB.
TosydeHHEIe ANrOPHTMBI T103BOMIAIOT 0OECTIEYHTH 3alaHHbIC TPeGOBAHHS K KaeCTBy
nepexoHOro npouecca.

Ha ocuoBe pa3paGOTaHHBLIX anropHTMOB PpEryjiApHOIO CHHTE3a NpCIoKCHA
azanTHBHas CHCTEMa YNpamienns npoueccoM xpaHeHusi myku. Ilpemioxennas
aJanTHBHas CHCTEMa yNpapjicHus TO3BOJHT CTaOWIH3HPOBATH TCXHOJOTHYECKHE
PeXMMBI TIPOTEKAaHHA TpPONECCAa M FOBBICHTh KAuccTBO W I(PGEKTHBHOCTL €ro

(YHKUHOHHPOBAHUS.
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INTRODUCTION (abstract of PhD thesis)

The aim of the research is to develop algorithms for adaptive estimation and
control of nonlinear dynamic objects under conditions of uncertainty and computational
schemes for practical implementation.

The object of the research is methods and algorithms of adaptive estimation and
control of nonlinear dynamic objects under uncertainty.

The scientific novelty of the research is:

algorithms for stable adaptive estimation of the state of nonlinear dynamic
control objects based on the extended dynamic Kalman filter have been developed;

algorithms for stable adaptive estimation of the transition matrix of control
objects based on variational inequalities within the framework of the iterative
regularization principle have been developed;

algorithms for stable polynomial synthesis of nonlinear control systems are
proposed based on the quasi-linear representation of their equations;

stable algorithms for asymptotic control of nonlinear dynamic objects based on
local optimization are proposed.

Implementation of the research results. Based on the scientific results
obtained from adaptive estimation and control of nonlinear dynamic objects under
uncertainty:

The developed algorithms for sustainable adaptive estimation of the state of
nonlinear dynamic control objects based on the extended dynamic Kalman filter
have been implemented at JSC “Toshkentdonmahsulot” (Reference of JSC
“Uzdonmahsulot” No. 4/200 dated May 3, 2023). As a result, the accuracy of
calculating the parameters of the controllers is increased.

The proposed algorithms for stable polynomial synthesis of nonlinear control
systems based on a quasi-linear representation of their equations have been
implemented at JSC “Toslikentdonmahsulot” (Reference of JSC “Uzdonmahsulot”
No. 4/200 dated May 3, 2023). The algorithms allow for the stabilization of the
technological regimes of the flour storage process:

JSC “Toshkentdonmahsulot” has implemented the proposed stable algorithms
for asymptotic control of nonlinear dynamic objects based on local optimization
(Reference of JSC “Uzdonmahsulot” No. 4/200 dated May 3, 2023). As a result,
determining the parameters of the object and disturbances becomes more accurate.

The structure and volume of the dissertation The dissertation includes an

introduction, four chapters, a conclusion, references, and appendices. The
dissertation has 102 pages.
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