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KIRISH (falsafa doktori (PhD) dissertatsiyasi annotatsiyasi)

Dissertatsiya mavzusining dolzarbligi va zarurati. Ma’lumki, Gibbs
o‘lchovlari nazariyasi fizik va biologik sistemalarning termodinamik xossalarini
tadqig etishga garatilgan ko‘plab ilmiy-amaliy tadgigotlarda muhim o‘rin tutadi.
O‘zgarmas harorat ostidagi atrof-muhit bilan issiglik muvozanatida bo‘lgan
sistemalar uchun tagsimot qonunini dastlab amerikalik olim J.Gibbs o‘rgandi va
bunday tagsimotlarni Gibbs o‘Ichovi deb nomladi. Panjarali sistemalarda berilgan
modellar uchun Gibbs o‘lchovlari nazariyasining rivojlanishini R.L.Dobrushin,
O.E.Lanford va D.Ryuelning tadqgiqotlari bilan boshlangan deyish mumkin. Gibbs
o‘Ichovlarini tadqgiq qilish termodinamika masalalaridan boshlangan bo‘lsa-da,
bugungi kunda uning tatbiglarini biologiya, genetika va xizmat ko‘rsatish kabi
fanning turli sohalarida uchratish mumekin.

Oxirgi yillarda mamlakatimizda fanning amaliy tatbiglarga ega yo‘nalishlariga,
jumladan, statistik fizika va mexanika masalalarini o‘rganishning asosiy ob’ekti
bo‘lgan Gibbs o‘lchovlari nazariyasini rivojlantirishga alohida e’tibor qaratildi.
Ta’kidlash joizki, berilgan model uchun Gibbs o‘Ichovini qurish va faza
almashishlari mavjudligini tekshirish Gibbs o‘Ichovlari nazariyasining muhim
masalalaridan hisoblanadi. Bunda har bir aniglangan Gibbs o‘lchoviga fizik
sistemaning bitta fazasi mos keladi. Haroratning ma’lum giymatidan boshlab
o‘lchovlar sonining o‘zgarishi fizik sistema bir holatdan boshga holatga o‘tishini
anglatadi. Konfiguratsiyalar fazosiga qo‘shimcha shartlar qo‘yish yordamida xizmat
ko‘rsatishga oid ba’zi masalalarning optimal yechimini topish mumkin bo‘ladi. Shu
bois bunday cheklovlarga ega konfiguratsiyalar fazosida Gibbs o‘lchovlari to‘plamini
tavsiflash magsadli ilmiy tadgigotlardan hisoblanadi.

Mamlakatimizda fundamental fanlarning ilmiy va amaliy tatbigiga ega bo‘lgan
o‘lchovlar nazariyasining dolzarb yo‘nalishlariga e’tibor kuchaytirilmoqda.
Jumladan, oxirgi yillarda spin giymatlari ko‘pi bilan sanogli bo‘lgan panjarali
sistemalarda aniglangan klassik modellar uchun translyatsion-invariant va davriy
Gibbs o‘Ichovlarini qurish hamda o‘lchovlar nazariyasining amaliy muammolarni hal
etish borasida salmoqli natijalarga erishildi. “Matematik fizika, funksional analiz va
o‘Ichovlar nazariyasi” fanlarining ustivor yo‘nalishlari bo‘yicha xalgaro standartlar
darajasida ilmiy tadgiqotlar olib borish matematika fanining asosiy vazifalari va
faoliyat yo‘nalishlari etib belgilandi'. Qaror ijrosini ta’minlashda ilmiy natijalardan
ilm-fanning turdosh sohalarida foydalanish magsadida panjarali sistemalarda
berilgan, spin giymatlari ko‘pi bilan sanogli bo‘lgan statistik fizika modellariga mos
Gibbs o‘Ichovlari nazariyasini rivojlantirish muhim ahamiyatga ega.

O‘zbekiston Respublikasi Prezidentining 2017 yil 7 fevraldagi  PF-4947-son
“O°zbekiston Respublikasini yanada rivojlantirish bo‘yicha xarakatlar strategiyasi
to‘grisida”gi Farmoni, 2019 yil 9 iyuldagi PQ-4387-son “Matematika ta’limi va

! O‘zbekiston Respublikasi Prezidentining 2019-yil 9-iyuldagi “Matematika ta’limi va fanlarini yanada
rivojlantirishni davlat tomonidan qo‘llab-quvvatlash shuningdek, O°zbekiston Respublikasi Fanlar
akademiyasining V.l.Romanovskiy nomidagi Matematika instituti faoliyatini tubdan takomillashtirish chora-
tadbirlari to‘g‘risida”gi Ne PQ-4387-son garori
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fanlarini yanada rivojlantirishni davlat tomonidan qo‘llab-quvvatlash, shuningdek,
O‘zbekiston Respublikasi Fanlar Akademiyasining V.l.Romanovskiy nomidagi
Matematika instituti  faoliyatini  tubdan takomillashtirish  chora-tadbirlari
to‘g‘risida”gi va 2020 yil 7 maydagi PQ-4708-son “Matematika sohasidagi ta’lim
sifatini oshirish va ilmiy-tadgiqotlarni rivojlantirish chora-tadbirlari to‘g‘risida”gi
garorlari hamda mazkur faoliyatga tegishli boshga normativ-huqugiy hujjatlarda
belgilangan vazifalarni amalga oshirishda ushbu dissertatsiya tadgigoti muayyan
darajada xizmat giladi.

Tadgiqotning Respublika fan va texnologiyalari rivojlanishining ustuvor
yo‘nalishlariga mosligi. Mazkur tadgiqot Oc‘zbekiston Respublika fan va
texnologiyalar rivojlanishining IV “Matematika, mexanika va informatika” ustuvor
yo‘nalishi doirasida bajarilgan.

Muammoning o‘rganilganlik darajasi. Gibbs o‘lchovi tushunchasining
umumiy ta’rifi dastlab R.L.Dobrushin, O.E.Lanford va D.Ruellarning ilmiy ishlarida
keltirilgan. Gibbs o‘lchovi tushunchasining xususiy holi bo‘lgan dastlabki
tagsimotlarni N.N.Bogolyubov va B.l.Xatsetlarning ilmiy tadgiqotlarida uchratish
mumkin. Gibbs o‘lchovlari nazariyasi R.Bekster, X.0.Georgi, V.A. Malishov,
R.A.Minlos, K.Preston, D.Ruel, Ya.G.Sinay, M.Baus, S.F.Nejero, G.Gallavotti,
F.Bonetto, G.Gentile, Jin Zin-Jastin, F.Muxammedov, N.N.G‘anixo‘jaev va
O°.A.Rozigovlarning ilmiy tadgiqotlarida keng yoritilgan. R.L.Dobrushin tomonidan
limit Gibbs o‘lchovining mavjudligi hagidagi teorema isbotlangan. Kvant maydonlar
nazariyasidagi panjarali modellar uchun bu teorema ilk bor K.X.Xinin tomonidan
qo‘llangan. Fizik sistemalardagi faza almashishlar nazariyasi S.A.Pirogov,
YA.G.Sinay, R.A.Minlos, N.Datta, R.Fernandes, J.Fryoxlix, A.D.Enter va
M.Zaxradnik ilmiy ishlarida oz aksini topgan. Cheksiz sondagi spin giymatlarga ega
konfiguratsiyali modellar uchun Gibbs o‘lchovining mavjudligi hagidagi teorema
J.Lebovits va E.Prezutti tomonidan isbotlangan.

HC modellari bilan bog‘liq ilmiy tadgigotlarni G.R.Braytvell, A.E.Mazel,
F.Spitser, R.Uinkler, D.Galvin, J.Kan, F.Kelli, G.Louz, R.Mitra, K.Ramanan,
A.Sengupta, I.Zaydins, Yu.M.Suxov, J.Martin, O‘.A.Rozigov va boshga olimlarning
ilmiy ishlarida uchratish mumkin. Panjarali modellardagi har xil sinflar uchun
Payerlsning kontur metodiga asoslangan holda limit Gibbs o‘Ichovlarini tahlil gilish
F.A.Berezin, S.A.Pirogov, Ya.G.Sinay, J.Ginibre, A.Grossman, D.Ruel,
R.L.Dobrushin, V.Gersik, 0O.J.Xeylman, E.M.Lieb, M.Kassandro, M.D. Fano,
G.Olivereri, G*.1.Botirov va boshga olimlarning ishlarida namoyon bo‘lgan.

Potts modeli uchun limit Gibbs o‘lchovlari N.N.Ganixo‘jaev, O‘.A.Roziqov,
F.Vagner, D.Grensing, J.Xayde, F.Y.Vu ilmiy ishlarida yoritilgan. Yuqorida sanab
o‘tilgan ishlarda asosan translyatsion-invariant va davriy Gibbs o‘lchovlari to‘plami
tavsiflangan bo‘lsa, kuchsiz davriy Gibbs o‘Ichovlari tushunchasi O‘.A.Rozigov va
M.M.Raxmatullaev tomonidan Kiritilgan. Keli daraxtida berilgan Izing modeli uchun
bunday o‘lchovlar mavjudligi isbotlangan. Translyatsion-invariant va davriy Gibbs
o‘lchovlarini analiz gilish bo‘yicha lzing modelining umumlashmasi bo‘lgan SOS
modeli uchun Yu.M.Suxov, O‘.A.Roziqov, R.M.Xakimov, Sh.A.Shoyusupov va
boshgalar ilmiy-izlanishlar olib borishgan. Aytib o‘tish joizki, yuqoridagi kabi
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ko‘plab olimlar tomonidan ilmiy ishlar bajarilganiga garamay, shu kungacha birorta
ham model uchun limit Gibbs o‘Ichovlari to‘plami to‘liq tavsiflanmagan.

Dissertatsiya tadgiqotining dissertatsiya bajarilgan ilmiy-tadgigoqt
muassasasining ilmiy-tadqiqot ishlari rejalari bilan bog‘ligligi.

Dissertatsiya tadgiqoti Matematika institutining F4-FA-F013 “Noassotsiativ va
operatorlar algebralari, dinamik sistemalar, hamda ularning statistik fizika va
populyatsion biologiyaga tatbiglari” (2012-2016 vyillar) mavzusidagi ilmiy tadgigot
loyihasi doirasida bajarilgan.

Tadgiqotning maqgsadi Keli daraxtida spin giymatlari soni chekli bo‘lgan HC
(Hard-Core) modellari uchun limit Gibbs o‘lchovlarining mavjudligini tekshirish
hamda translyatsion-invariant va davriy Gibbs o‘lchovlari to‘plamini tavsiflashdan
iborat.

Tadqgigotning vazifalari:

uchta holatli HC modeli uchun Gibbs o‘Ichovining mavjudligini tekshirish;

ikkinchi tartibli Keli daraxti ustida o°zaro ta’sir radiusi ikkiga teng bo‘lgan HC
modeli uchun translyatsion-invariant va davriy Gibbs o‘lchovlarini qurish;

to‘rtta holatli HC modeli uchun davriy Gibbs o‘Ichovlari to‘plamini tavsiflash.

Tadgigotning obyekti: Keli daraxti, uchta/to‘rtta holatli HC modeli, ta’sir
radiusi ikkiga teng bo‘lgan HC modeli, translyatsion-invariant Gibbs o‘lchovi, davriy
o‘Ichovlar.

Tadgiqotning predmeti: gruppalar va graflar nazariyasi, o‘lchovlar nazariyasi,
diskret vaqtli dinamik sistemalar nazariyasi, funksional analiz va Markov maydonlari
nazariyasi.

Tadqgigotning usullari. Tadgiqot ishida o‘lchovlar nazariyasi, nochizigli analiz,
chiziqgli algebra, Markov tasodifiy migdorlar nazariyasining rekurrent tenglamalariga
asoslangan usullardan hamda gisqartirib akslantirish prinsipidan foydalanilgan.

Tadgiqotning ilmiy yangiligi quyidagilardan iborat:

ikkinchi tartibli Keli daraxtida berilgan uchta holatli HC model uchun Gibbs
o‘lchovi yagonaligining yetarli sharti topilgan;

o‘zaro ta’sir radiusi ikkiga teng bo‘lgan modeli HC modeliga keltirilgan hamda
bu model uchun parametrlarning ba’zi giymatlarida kamida uchta translyatsion-
invariant Gibbs o‘lchovlarining mavjudligi isbotlangan;

HC modeli uchun Keli daraxti gruppaviy tasvirining indeksi ikkiga teng normal
bo‘luvchisiga mos sanogsizta davriy Gibbs o‘Ichovlari mavjudligi isbotlangan va
topilgan o‘lchovlarning translyatsion-invariant ham, ikki davriy ham emasligi
ko‘rsatilgan;

ikkinchi tartibli Keli daraxti ustida to‘rtta holatli HC modeli uchun kamida
uchta (translyatsion-invariant bo‘lmagan) ikki davriy Gibbs o‘lchovlarining
mavjudligi isbotlangan.

Tadgigotning amaliy natijalari. Olingan natijalar va dissertatsiyada
qo‘llanilgan usullar oliy o‘quv yurtlarida magistratura talabalari va tayanch
doktorantlar uchun o‘quv kurs sifatida o‘qitilishi mumkin. Bundan tashqari, Gibbs
o‘lchovlari yagona bo‘lmagan modellar uchun faza almashishlari mavjudligini
ta’minlaydigan parametrlar giymatlarining aniq hisoblanganidan xizmat ko‘rsatish va
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axborot almashish nazariyasi masalalarini yechishda foydalanish mumkin.

Tadgiqot natijalarining ishonchliligi. Funksional analiz, chizigli algebra,
Markov tasodifiy miqgdorlar nazariyasi usullaridan va Maple dasturidan
foydalanilganligi hamda matematik mulohazalarning gat’iyligi bilan asoslangan.

Tadgiqot natijalarining ilmiy va amaliy ahamiyati. Tadgiqot natijalarining
ilmiy ahamiyati HC modellariga mos davriy va translyatsion-invariant Gibbs
o‘Ichovlari to‘plamini tavsiflash borasidagi ilmiy natijalar ba’zi fizik va biologik
sistemalarning termodinamik xossalarini tadgiq qilishda qo‘llanilganligi bilan
izohlanadi.

Tadgigot natijalarining amaliy ahamiyati ta’sir radiusi ikkiga teng bo‘lgan
cheklita spin qgiymatli bir model uchun Gibbs o‘lchovlarini qurish usullari
parametrlarning ma’lum shartlarida Potts modeliga mos Gibbs o‘lchovining
mavjudligini tekshirish imkonini berganligi bilan izohlanadi.

Tadgiqot natijalarining joriy qilinishi. Keli daraxtida aniglangan HC
modellari uchun Gibbs o‘Ichovlari bo‘yicha olingan natijalar asosida:

HC modeli uchun davriy Gibbs o‘lchovlarini qurish usullaridan G0003247
ragamli “Panjarali modellarning renormalizatsion gruppalariga mos xaotik va
gorishma p-adik dinamik sistemalar” mavzusidagi xorijiy grant loyihasida Keli
daraxtida berilgan raqobatlashuvchi ta’sirga ega modellarga mos yangi Gibbs
o‘lchovlari to‘plamini tavsiflashda foydalanilgan (Birlashgan Arab Amirliklari
universitetining 2023 yil 26 apreldagi ma’lumotnomasi, BAA). lImiy natijalarning
qo‘llanilishi gattiq jismlar fizik sistemasi uchun faza almashishi mavjudligini
tekshirish imkonini bergan.

o‘zaro ta’sir radiusi ikkiga teng bo‘lgan modeli HC modeliga keltirilgan hamda
bu model uchun parametrlarning berilgan giymatlarida kamida uchta translyatsion-
invariant Gibbs o‘Ichovlarining mavjudligidan YoFA-Ftex-2018-78 ragamli
“Amenabel bo‘lmagan graflarda dinamik va termodinamik sistemalar” mavzusidagi
fundamental loyihada o°‘zaro ta’sirli sanoqlita spin giymat qgabul qiluvchi Potts
modeli uchun davriy Gibbs o‘Ilchovlarini tadqiq gilishda foydalanilgan
(V.1.Romanovskiy nomidagi Matematika institutining 2023 yil 1 maydagi Ne2/174-
sonli ma’lumotnomasi). lImiy natijaning qo‘llanilishi ikkinchi tartibli Keli daraxtida
Potts modeli uchun parametrlarning ma’lum shartlarida Gibbs o‘Ichovining
mavjudligi va yagonaligini isbotlash imkonini bergan.

Tadqgigot natijalarining aprobatsiyasi. Mazkur tadgigot natijalari 2 ta xalgaro
va 8 ta respublika ilmiy-amaliy anjumanlarda muhokamadan o‘tkazilgan.

Tadgiqot natijalarining e’lon qgilinganligi. Dissertatsiya mavzusi bo‘yicha
jami 16 ta ilmiy ish chop etilgan, shulardan, O‘zbekiston Respublikasi Oliy
Attestatsiya komissiyasining falsafa doktori dissertatsiyalari asosiy ilmiy natijalarini
chop etish tavsiya etilgan ilmiy nashrlarda 6 ta maqola, jumladan, 1 tasi xorijiy, 5 tasi
respublika jurnallarida, shuningdek 10 ta (2 tasi xorijiy) ma’ruza tezislari ilmiy
konferensiya materiallarida nashr etilgan.

Dissertatsiyaning tuzilishi va hajmi. Dissertatsiya kirish, o‘nta bo‘limdan
iborat uchta bob, xulosa va foydalanilgan adabiyotlar ro‘yxatidan tashkil topgan.
Dissertatsiyaning hajmi 83 betni tashkil etgan.
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DISSERTATSIYANING ASOSIY MAZMUNI

Kirish gismida dissertatsiya mavzusining dolzarbligi va zarurati asoslangan,
tadgigotning respublika fan va texnologiyalari rivojlanishining ustivor yo‘nalishlariga
mosligi  ko‘rsatilgan. Shuningdek, bu gismda dissertatsiya mavzusi bo‘yicha
muammoning o‘rganilganlik darajasi keltirilgan, tadgigotning magsadi, vazifalari,
obyekti va predmeti tavsiflangan, tadgiqotning ilmiy yangiligi va amaliy natijalari
bayon gilingan, olingan natijalarning nazariy va amaliy ahamiyati ochib berilgan,
tadgiqot natijalarining joriy gilinishi, nashr etilgan ishlar va dissertatsiya tuzilishi
bo‘yicha ma’lumotlar keltirilgan.

Dissertatsiyaning “Dastlabki ma’lumotlar va uchta holatli HC-modeli” deb
nomlanuvchi birinchi bobida dissertatsiya mavzusiga alogador ishlar hagida gisgacha
ma’lumotlar berilgan va dissertatsiya ishi bo‘yicha qo‘yilgan asosiy masala va
vazifalar yoritib berilgan. Gibbs o‘lchovlari nazariyasiga oid asosiy natijalarni
olishda zarur bo‘lgan muhim tushunchalar Kkeltirilgan. Shuningdek, uchta spin
giymatli HC modelining Gibbs o‘Ichovlari o‘rganilgan.

1.1-paragrafda asosiy ta’riflar, Keli daraxtida berilgan H Gamiltonian uchun
limit Gibbs o‘lchovlarini qurish konstruksiyasi beriladi, shuningdek, ma’lum faktlar
keltiriladi.

Ma’lumki, 7™ = (V, L) — k -tartibli Keli daraxti bu har bir uchidan k +1 ta girra
chigadigan siklga ega bo‘lmagan grafdir. Bunda V — daraxtning uchlari to‘plami,
L — qirralari to‘plami.

Agar x va Yy uchlar uchun ularni tutashtiruvchi girra | € L mavjud bo‘lsa, bu
uchlarga yaqin go ‘shnilar deyiladi va | =(X, y) ko‘rinishda belgilanadi.

Keli daraxtida x va Yy uchlar orasidagi masofa tushunchasi quyidagicha
aniglanadi:

d(X,y) =min{d | IX =X, X.,.., X, ;, X, = Y€V },

bu yerda (X, X, ),{X,, X,),..,{X, 1, X,» — Yaqin qo‘shnilar.
Fiksirlangan x° €V uchun quyidagi belgilashlarni kiritamiz:

W ={xeV |d(x,x")=n}, V. ={xeV | d(x,x°) <n},

L ={=(xyelL|xyeV}
N.N.G‘anixo‘jaev ishlarida keltirib o‘tilgan quyidagi tasdiq o‘rinli.
1-tasdiq. k —tartibli Keli daraxtining uchlari to‘plami V va G, gruppa
o‘rtasida o‘zaro bir gqiymatli moslik mavjud.

Bunda G, — yasovchilari a,,a,,...,a,,, bo‘lgan k +1 ta ikkinchi tartibli {e,a,}
ko‘rinishdagi siklik gruppalarning erkin ko‘paytmasi bilan aniglangan gruppa.

Aytaylik, kamida ikkita elementdan iborat chekli ® to‘plam berilgan bo‘lsin.
Quyidagi o:V — @ akslantirishga konfiguratsiya deyiladi. V to‘plamda aniglangan
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barcha konfiguratsiyalarni Q, =®" kabi belgilaymiz. Shuningdek, konfiguratsiyani
V ning ixtiyoriy A gism to‘plamida ham aniglash mumkin, ya’ni o, :A—>®. A
to‘plamda aniglangan barcha konfiguratsiyalarni Q, =®* kabi belgilaymiz. V

to‘plamning barcha chekli qism to‘plamlari oilasini K bilan belgilaymiz.
Ixtiyoriy Ae K va fiksirlangan o, € Q, uchun quyidagi

{aeQ: G‘A EO'A},

to‘plamga silindrik zo ‘plam deyiladi.
Barcha silindrik to‘plamlar oilasidan hosil gilingan o —algebrani B bilan
belgilaymiz. Quyidagi konfiguratsiyani garaymiz:

o(x), agar xe A,

= -
5V O (X) {6(x), agar xeV \A

1-ta’rif. Agar (Q,B) o‘lchovli fazoda aniglangan x ehtimollik o‘lchovi
ixtiyoriy chekli AcV to‘plam uchun quyidagi

_ efﬁH (oalovia)

lLl{O-A | Oy f= Z—A’&’

tenglikni ganoatlantirsa, bu o‘lchovga limit Gibbs o‘lchovi deyiladi. Bunda

1
B = T >0 temperatura.

1.2-paragrafda uchlari o(x) €{0,1,2} spin giymatlarni gabul giladigan HC
(hard-core) model qaraladi. Konfiguratsiyaning giymati o(x)=1, 2 ekanligi Keli
daraxtida x uchning “band” ekanligini, o(xX)=0 esa uning “bo‘sh” ekanligini
bildiradi.

2-ta’rif. Agar V (I, yoki W,) to‘plamdagi o konfiguratsiya barcha x va Yy
yagin qo‘shnilar uchun o(X)o(y)#1, o(X)o(y) =4 shartlarni ganoatlantirsa, bu
konfiguratsiyaga joiz konfiguratsiya deyiladi.

Barcha joiz konfiguratsiyalar to‘plamini Qa(Q$n i Q) bilan belgilaymiz.

Agar Xx,y,zeV uchlar uchun (x, y) yaqgin qo‘shnilar va (y, z) yaqgin
qo‘shnilar bo‘lsa, ¢ X, y, z) kabi yozuvdan foydalanamiz.

P ote — 10(X), o(y), o(2)} joiz konfiguratsiyalarga mos ehtimollik

bo‘lsin, bu yerda P, 20, Y'P e =1 berilgan sonlar.

a(x).o(y).0(2)

(X)o(y)o(z

Quyidagi matritsani aniglaymiz:
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PmOO PmOl I:)mOZ
Pm = (Pmii iZ,J':O = I:)mlO m11 I:)mlz , M= 011’2-
PmZO Pm21 Pm22

Joiz konfiguratsiyali HC model uchun quyidagi matritsalar hosil bo‘ladi:

P000 POOl POOZ PlOO PlOl I:)102 P200 P201 PZOZ
PO = I:)010 0 I:)012 ! R. = O 0 O ' PZ = I:)210 O I:)212 '
P, P 0 P, P 0 0O 0 O

020 021 120 121

HC-modelning Gamiltoniani ushbu formula orgali aniglanadi:

(X,Y,2);X,Y,2eV

- NP, .o, agar oeQ?
H(G): Z (X)a(y)o(2)
+ 00, agar oeQ°.

z,:1eL>z eR! - funksiya V da berilgan vektor funksiya bo‘lsin, bu yerda
2,=(2,5,60=012, e6#1,e6#4). Natural n=12.. sonlar uchun QFf

£,0,1"
to‘plamda

. 1
/J( )(Gn) B H I:)o’(X)cf(Y)o’(Z)I H ZG(X)VU()’)YI (1)

Zn (X,¥,2),X,Y,2€Vp =(X,y):xeWn_1,yeS(x)

ko‘rinishda aniglangan ™ ehtimollik o‘lchovini qaraymiz, bu erda Z_ -
normallovchi kattalik.

1™ ehtimollik o‘lchovlari ketma-ketligi har ganday n>2 natural son va
o, € Q%,, konfiguratsiya uchun quyidagi

Z /’I(n) (O-n—l Vv a)n)l(an—l Vv a)n = Q\a;n) = /Ll(n_l)(o-n—l )’
on e,

tenglikni ganoatlantirsa, bunday ketma-ketlikka muvofiglashgan ketma-ketlik
deyiladi.
Bunda

1, agar, o, Vv, ey,

1o, ,vo,eQ] )=
n 0, agar, o, ,vo, Q.

Bu holda muvofiglashgan ketma-ketliklar uchun Kolmogorovning o‘lchovni
davom ettirish hagidagi teoremasiga ko‘ra (2% B) o‘lchovli fazoda aniglangan
shunday yagona x o‘lchov mavjudki, uning uchun quyidagi tenglik o‘rinli bo‘ladi:

11



,u({a € :0|y, = o,}) = u™ (a,).

1-teorema. (1) ko‘rinishda aniglangan ,u(”), n=1,2,.., ehtimollik o‘lchovlari
ketma-ketligi muvofiglashgan bo‘lishi uchun har ganday x eV \{x,} uchda quyidagi
tengliklarning bajarilishi zarur va yetarlidir:

PoZio, + PyisZ

7 - 01010y 01212y

01x ]
yes(x) I::'ooo + POOlZOLy + Poozzoz,y

P.oZs0, + PyiZ

20y 021521y

02x ]
yes(x) I::'ooo + POOlZOLy + POOZZOZ,y

Poo+ PoiZor, + PoZ

7 — 101701y 102702y

10X ]
yes(x) I::'ooo + F)OOlZOI,y + Poozzoz,y

P,.Z,, + P2

7 — H 120520y 121421y
12x

]
yes(x) I:)ooo + P001201,y + POOZZOZ,y

I3200 + I3201201,y + I3202202,y

ZZOx = H ’
yes(x) I:::)oo + P001201,y + Poozzoz,y

PoZioy + P

7 — 21010y 212512y
21x I I

)
yes(x) I3000 + PO01201,y + Poozzoz,y

z
buyerda z,, =—">*, £6=0,1.2.

0,0<x,y>

1.3-paragrafda ba’zi xususiy hollarda Gibbs o‘lchovining yagonalik sharti
topilgan.

Dissertatsiyaning “Ta’sir radiusi ikkiga teng bo‘lgan bir model uchun
Gibbs o‘lchovlari” deb nomlangan ikkinchi bobida Keli daraxtida aniglangan A >0
faollikka ega o‘zaro ta’sir radiusi ikkiga teng bo‘lgan HC model o‘rganilgan. Bu
model uchun Gibbs o‘Ichovlari to‘plamini tavsiflash masalasi funksional tenglamalar
sistemasini yechishga keltirilgan hamda translyatsion-invariant va davriy Gibbs
o‘Ichovlari topilgan.

AcV chekli to‘plam bo‘lsin. | A| bilan A to‘plamning elementlari sonini
belgilaymiz.

Umumlashgan Kroneker simvoli quyidagicha aniglanadi:

U(c,):Q, =>{|Al-LIA[=2,....| A|-min{| A|,| D[} }

U(o,) =l Al=lo,n®],
12



buyerda AcV va|c, n®|-0o,(x),x e A konfiguratsiyaning turli qiymatlari soni.
Dissertatsiyaning ikkinchi bobida ® ={-1,1} va | A|=4 ga teng bo‘lgan hol
garalgan. M to‘plam bilan b(x) ={y eV :d(x,y) <1} radiusi 1 ga teng bo‘lgan
barcha sharlar to‘plamini belgilaymiz.
Quyidagicha aniglangan Gamiltonianni garaymiz:

H(o)=-J > U(o,), )

beM

bu yerda J > 0.

Asosiy masala (2) ko‘rinishda berilgan Gamiltonian uchun Gibbs o‘Ichovlarni
o‘rganishdan iborat. Keli daraxtida aniglangan lzing modeli uchun bu masala to‘liq
hal etilgan. Bu model O‘.A.Roziqov ishlarida kontur metod bilan o‘rganilgan.

x eV uch uchun quyidagi belgilashni kiritamiz: X, ={y eV : (X, y)}\ S(x), bu
yerda S(x)— x eV uchning “birinchi avlodlari” to‘plami.

b(x) ={x, xa,, xa,, xa,} va o, ={o(x), o(xa,), o(xa,), o(xa,)} bo‘lsin.
Q, fazoda quyidagicha aniglangan ™ ehtimollik o‘Ichovini garaymiz:

/’l(n)(an ) =7 exp{_ AH (O'n ) + h:::(()),(i;(x) }' (3)

xeWn

bu yerda Z — normallovchi kattalik.

Quyidagi teorema u™), ko‘rinishdagi o‘lchovlar uchun muvofiglashtirish
shartini ifodalaydi.

2-teorema. k=2 bo‘lsin. (3) ko‘rinishda aniglangan u(“), n=12,...
o‘lchovlar ketma-ketligi muvofiglashgan bo‘lishi uchun har ganday a € M sharda
quyidagi tengliklarning bajarilishi zarur va yetarlidir:

—_ ﬂ’ yb,O + yb,l + yb,Z R /1 yc,O + yc,l + yc,2

ya,O = ya,6 - ’
yb,O + yb,l + yb,2 yc,O + yc,l + yc,Z
y — y — /1 yb,O + yb,l + yb,2 X yc,3 + yc,4 +1
* " yb,O + yb,l + yb,2 yc,O + yc,l + yc,2 ,
y — y — yb,3 + yb,4 +1 yc,S + yc,4 +1
T Yot Yot Yo Yoot Vet Voo
ya13 — yayg — ﬂ’ yb,S + yb,4 +1 . ﬂ’ yc,3 + yc,4 +1

’
yb,O + yb,l + yb,2 yc,O + yc,l + yc,2
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— ﬂ' yc,S + yc,4 +1
yc,O + yc,l + yc,2 ’

ya,5 = 1’

ya,4 = a,10

bu yerda » =exp{Jp}, p=1T, v, =exp(h,, —h,,,),i=0,10.

2.3-paragrafda (1) ko‘rinishda berilgan modelga mos translyatsion-invariant
Gibbs o‘lchovlari to‘plamining tasnifi keltirilgan. 2-teoremadagi tenglamalarning

barcha aeM sharlar va i=0,1, 2,3, 4 indekslar uchun Y, =Y, ko‘rinishdagi

yechimlariga mos kelgan o‘lchovlarga translyatsion-invariant (T1) Gibbs o ‘Ichoviar
deyiladi.

3-teorema. k=2 bo‘lsin. (2) model uchun shunday A, (~1,8055) soni mavjud

bo‘lib, 11_8\/2_1 < A< A4,bo‘lganda kamida bitta, 2 =4, bo‘lganda kamida ikkita,
Ay <A< 11+8\/2_1 bo‘lganda esa kamida uchta (TI) Gibbs o‘lchovlar mavjud.

11++/21
8

4-teorema. A, <A< bo‘lganda kontinuumta translyatsion-invariant

bo‘lmagan Gibbs o‘Ichovlari mavjud.
Faraz qilaylik,

ya,O = ya,3’ ya,l - ya,4’ ya,z - 1’ va € M’ (4)

bo‘lsin. U holda 2-teoremadagi tenglamalardan y®+(1—A)y’ —1=0 ko‘rinishdagi
tenglamaga ega bo‘lamiz.
u, bilan y° + (1- 1)y’ —1=0 tenglamaning echimiga mos TI Gibbs o‘Ichovini
belilaymiz.
2.4-paragrafda x, o‘lchovning chetki bo‘lmaslik sharti tasnifi beriladi. Quyidagi

teorema s, o‘lchovning chetki bo‘lmaslik shartini ifodalaydi.

5-teorema. (2) model uchun (4) shartlar bajarilganda shunday A'(~ 2.6639)
soni mavjudki, 4> A" bo‘lganda g, chetki bo‘lmagan Tl Gibbs o‘lchov bo‘ladi.

2.5-paragrafda ¥, = V.5 Ya1 = Yasr Y., =1, VaeM shartlar ostida davriy
Gibbs o‘Ichovlari tasnifi keltirilgan.
3-ta’rif. H, G, bo‘lsin. Agar h,, =h
va yeH, elementlar uchun bajarilsa, h= {ha =(h,o,h,,):ae Gk} vektorga H,-
davriy vektor deyiladi.

1 =0,1 tenglik har ganday acG,

a,i?

4-ta’rif. H -davriy vektorlar to‘plamiga mos Gibbs o‘lchoviga H -davriy
Gibbs o‘Ichovi deyiladi.
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G, gruppaning uzunligi juft bo‘lgan so‘zlardan tashkil topgan gism gruppasini
G? kabi belgilaymiz. N.N.G‘anixo‘jaevning ishlarida G gism gruppaning indeksi
2 ga teng bo‘lishi keltirilgan.

6-teorema. (2) model uchun barcha A >0 va (4) shartlar bajarilganda yagona

G2 -davriy Gibbs o‘lchovi mavjud. Bundan tashgari bu o‘lchov translyatsion-
invariant Gibbs o‘lchovi bilan ustma-ust tushadi.

o (a) bilan X so‘zdagi gisqarmaydigan a,i=1,k+1 elementlar sonini
belgilaymiz.
F=AcN,={1,2,3yva H, ={x G, : > o, (a)—juft}bo‘lsin.

7-teorema. (2) model uchun (4) shartlar bajarilganda sanogsizta H,- davriy
Gibbs o‘lchovi mavjud. Bundan tashgari, bu o‘lchovlar tranlyatsion-invariant
bo‘lmagan va G’ -davriy bo‘lmagan Gibbs olchovlari bo‘ladi.

Dissertatsiyaning “Keli daraxtida aniglangan bitta HC model uchun Gibbs
o‘lchovining yagonalik sharti” deb nomlangan uchinchi bobi Keli daraxtida
aniglangan to‘rtta holatli HC modeli uchun Gibbs o‘lchovning yagonalik sharti va
davriy Gibbs o‘Ichovlarini tadqiq etishga bag‘ishlangan. D.Gandolfo, O‘.A.Roziqov,
J.Ruizlar tomonidan bu model uchun tranlyatsion-invariant Gibbs o‘lchovlari
to‘plami gisman tavsiflangan.

3.1-paragarafda asosiy ta’riflar Keltirilgan. Spin giymatlari ®={0, 1, 2, 3}
to‘plamdan olinadigan unumdor grafning uchta tipini garaymiz:

Gpa =1(0. 1), (0, 3), (2, 3)}
G ={©0,1, (0, 2), (0, 3), (1, 2)}
Gumuml. kalit :{(O’ O)’ (0’ 1)' (O’ 2)! (0, 3)! (11 2)}

5-ta’rif. Agar V to‘plamdan olingan X, y uchlar uchun {o(x),c(y)}— G

grafda girra bo‘lsa, u holda Keli daraxtida aniglangan o konfiguratsiya G -joiz
konfiguratsiya deyiladi.

Barcha G —joiz konfiguratsiyalar to‘plamini Q* bilan belgilaymiz.

6-ta’rif. Agar shunday P faollik topilib, unga mos Gamiltonian uchun kamida 2
ta tranlyatsion-invariant Gibbs o‘Ichovlari mavjud bo‘lsa, bunday grafga unumdor
graf deyiladi.

Quyidagi matritsani garaymiz:
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Po R. R, R,
o|Pe P R R
P, P. P, P,

P, P. P, P,

buyerda P, >0, agar (i, j)€G; P, =0, agar (i, j)¢G va X P, , =1
jed
G graf va P matritsa uchun HC-modelning Gamiltoniani quyidagicha
aniglanadi:

<X, y>

D I0gP i agar oeQ?’,
H(o) =

0, agar ocegQ".

t:xeV >t =(t
funksiya bo‘lsin.

Q; da quyidagicha aniglangan ™, n=12,... ehtimollik o‘lchovlari ketma-
ketligini garaymiz:

ie®)eR'-V to‘plamda aniglangan vektor gqiymatli

i,x?

u"(c,)= H P 0.0n ) Htan(x),x’ ®)
YV

1
Zn (x xeWn

D.Gandolfo, O°.A.Rozigov, J.Ruizlarning ishlarida quyidagi teorema
isbotlangan.

8-teorema. (5) ko‘rinishda aniglangan  #™, n=123,... ehtimollik

o‘Ichovlari ketma-ketligi muvofiglashgan bo‘lishi uchun har ganday xeV \{x,}
uchda quyidagi tenglikning bajarilishi zarur va yetarlidir:
P,+PR.,z,+P,z,,+P,z

— , i1%1y i, , i,373,y (6)

yes(x) I30,0 + Po,lzl,y + Po,zzz,y + Po,az?,,y

i,X

=12, 3.
3.2 -paragrafda G, .. =1(0, 0), (0, 1), (0, 2), (0, 3), (1, 2)} hol uchun Gibbs

o‘lchovining yagonalik sharti topilgan.
Endi G,..G..G

tayoq! ~kalit ? ~~umuml. kalit

mavjudligini keltiramiz.
9-teorema. Agar k’a(l- ) >1 bo‘lsa, u holda HC-modelining G

mos kamida 3ta G, -davriy Gibbs o‘Ichovlari mavjud.

buyerda z,, =t /t

0,x1?

hollar uchun davriy Gibbs o‘lchovlarining

holatiga

tayoq
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G

G

10-teorema. a =/ bo‘lsin. Agar k’a’ >1 bo‘lsa, u holda HC-modelining
holatiga mos kamida 3 ta G, - davriy Gibbs o‘Ichovlari mavjud.

kalit

11-teorema. « = f3 bo‘lsin. Agar k*(a—d)? >1 bo‘lsa, u holda HC-modelining
holatiga mos kamida 3 ta G, - davriy Gibbs oIchovlari mavjud.

umuml.kalit
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XULOSA

Mazkur dissertatsiya Keli daraxtida aniglangan HC modellar uchun Gibbs

o‘Ichovlari to‘plamini tavsiflashga bag‘ishlangan.

18

Tadgigotning asosiy natijalari quyidagilardan iborat:
1. Keli daraxtida aniglangan uchta spin giymatli HC modeli Gamiltonianining

aniq ko‘rinishi topilgan. Bu modelga mos Gibbs o‘lchovlari to‘plamini
tavsiflash masalasi funksional tenglamalar sistemasining barcha echimlari
to‘plamini tavsiflashga keltirilgan. Ba’zi xususiy hollarda Gibbs o‘lchovi
yagona bo‘lishining yetarli shartlari topilgan;

. Keli daraxtida aniglangan o‘zaro ta’sir radiusi ikki bo‘lgan model yaqin

qo‘shni ta’sirli HC-modelni o‘rganishga keltirilgan. Bu modelga mos
Gamiltonianning aniq ko‘rinishi topilgan hamda parametrlarning ba’zi
shartlarida kamida uchta translyasion-invariant  Gibbs o‘Ichovlari
mavjudligi ko‘rsatilgan;

. Sanogsizta H,-davriy Gibbs o‘lchovi mavjudligi isbotlangan;
. Keli daraxtida aniglangan to‘rtta Xxolatli HC modeli uchun Gibbs

o‘lchovning Yyagonalik sharti topilgan va davriy Gibbs o‘lchovlari
mavjudligi ko‘rsatilgan.
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AKTYaJIbHOCTh U BOCTPEOOBAHHOCTH TeMbl AUcCcepTaluu. V3BECTHO, UTO TEOPUS
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TeMIepaType, BIepBbIe ObLT U3yYeH aMepuKaHCKUM yueHbIM J[k. ['mO60com, u Takue
pacrpeziesieHus MONy4Ynid Ha3BaHue Mephl [ mo6ca. MOKHO CKa3aTh, YTO pa3BUTHE
teopun Mep ['mO0ca ans AaHHBIX MOJENEH Ha peHIeTyaThIX CHCTEMax Hayaloch C
uccinenosanuii P.JI.Jlo6pymmna, O.E.Jlandpopaa u JI.Prosns. XoTs uzydeHue Mepsl
['u60ca Hayanoch ¢ TEPMOAMHAMUYECKUX MTPOOIEM, CETOIHS UX TMPHIOKEHUS MOKHO
HAWTU B Pa3IMUHBIX OOJACTSIX HAYKH, TAKUX KaKk OMOJOTHUS, T€HETHKA U CEPBHUCHAS
WHXEHEPHUS.

B nmnociaennue roapl B Hamed cTpaHe o0co0oe€ BHUMaHHE —YJIENeTcs
HaIIPaBJICHUSAM HAYKH C MPAKTHUYECKHUMH IPWIOKEHUSAMHU, B TOM YHCIIE Pa3BUTHUIO
TeOpuu TMOOCOBCKUX MeEp, SIBJISIIOIICHCS OCHOBHBIM OOBEKTOM HM3yuU€HHUs MpoOsieM
CTATUCTUYECKON (M3UKM U MeXaHUKH. ClenyeT OTMETHTh, YTO MOCTPOEHUE MEpPHI
['nb0ca myig JaHHOM MOJENM W MpOBEpKa HaMMuusd (Pa30BBIX NMEPEXOAOB SIBISIOTCS
OCHOBHBIMHU 3a/JlauaMH Teopur TrUOOCOBCKUX Mep. B sToM ciydae kaxmoi
omnpeneyneHHo Mepe ['nb0Oca cooTBeTcTBYeT oaHA (paza (PU3MUECKON CHUCTEMBI.
N3meHeHue ymucna Mep OT ONpPENeSIEHHOTO 3HAYEHHUs TEMIIEpaTypbl O3HAYAET, YTO
¢u3nueckass cucTeMa NEpPEeXOAUT M3 OJHOTO COCTOsIHMA B apyroe. HakmanpiBas
JIOTIOJIHUTENIbHBIE YCIIOBUS HAa KOH(QUI'YPALlMOHHOE MPOCTPAHCTBO, MOYKHO HailTh
ONTUMAJILHOE pEIIeHHEe HEKOTOPBIX BOMPOCOB pabdorocrnocooHocTH. [losTomy
omrcaHnue MHOXecTBa Mep ['mbbca B mpocTpaHCTBE KOH(UTypaluii € TaKUMU
OTPaHUYECHUSIMU SBISETCS OJHUM M3 LEJIEBBIX HAYYHBIX UCCIEAOBAHUIA.

B nameil crpaHe ynensercs BHUMaHUE COBPEMEHHBIM HANPABICHUAM TEOPUHU
MEp C HayyHbIM U NPaKTUUYECKHUM IPUMEHEHHEM (yHIaMEHTAJIbHBIX HaykK. B
YACTHOCTH, B MOCJEAHHE TOAbl OBUIM JOCTUTHYTHl 3HAYUTEIbHBIE pPE3yNlbTaThl B
IJ1aHe MOCTPOCHMS TPAHCISLMOHHO-UHBAPUAHTHBIX U Nepuoanyeckux mep ['mbbca
IUTSl KJTACCUYECKUX MOJIENIEH, ONMpEEeNeHHbIX Ha PEUIeTYaThIX CUCTEMax ¢ He Oolee
YeM CUETHBIMU 3HAUYEHUSMH CIHMHA, U PEIICHUS MPAKTUUYECKUX 3a7a4 TEOPUH MEpHI.
B kauecTBe OCHOBHBIX 3a7]a4 U HAMNPABICHUN JESITEIIBHOCTH MaTeMaTUYECKON HayKu
OMpENENIeHO MPOBEICHUE HAayYHbIX MCCIEJOBAaHUM Ha YPOBHE MEXIYHAPOIHBIX
CTaHAAPTOB IO NPHOPUTETHBIM HAMNPABICHUSIM «MaTemaruueckas (u3suka,
DYHKIMOHANBHBIA aHAIN3 M TeOpHs Mep»’. BakHO pa3paboTaTh TEOPHIO Mep
['n66ca, COOTBETCTBYIOIIMX MOJENSAM CTaTUCTUYECKOW (U3UKH, 3aJaHHBIM B
pelIeTyaTbiX CUCTeMax, CO 3HAYCHUSIMH CITMHA HE 00Jiee CUETHBIX 3HAUYEHUM, YTOOBI
MCIIOJIb30BaTh HAy4YHBIE PE3YJIbTAThl B CMEKHBIX 00JacTSIX HAyKH JJsi oOecredeHus

2

INocranoenenue Ilpesunmenta PecnyOomukm Y3bekucran, ot 09.07.2019 r. Ne III1-4387 «O wmepax
rOCy/IapCTBEHHOU MOMICPKKU NATbHEUIIEr0 Pa3BUTHs MaTeMaTHYeCKOro oOpa30BaHWs W HAyKH, a TAKXKe
KOPEHHOT0 COBEPUICHCTBOBaHUS AesitenbHOocTH WHcTtuTyra Marematuku umenu B.M. PomanoBckoro

Axanemun HayK PecryOnuku Y306exkucTam»
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peanu3aiuu penieHusl.

HccnenoBanuss AaHHOM JOHMCCEPTAlMM B ONPEACIICHHOM CTENEHU CIIy’Kar
penieHuto 3agad, obo3HadeHHBIX B Ykaze Ilpesupentra PecnyOnuku VY30ekucTan
NoVI1-4947 ot 7 ¢despana 2017 roga «O cTpareruu NEeWCTBUS MO JajbHEHIIEMY
pazBuTHio PecnyOnuku ¥Y30ekuctan», B nocraHoBieHusix Nelll1-4387 ot 9 wutons
2019 roma «O wMepax TOCYIapCTBEHHON TMOJJICPKKU JTAJbHEHIIETO pPa3BUTHS
MaTEMaTUYECKOro 00pa30BaHUsA U HAYKH, a TaKKe KOPEHHOTO COBEpIICHCTBOBAHUSA
nesrenbHoctu Muctutyta Marematuku nmenu B.M. PomanoBckoro Akagemun Hayxk
Pecnyomuku Y30ekuctan» u NelI[1-4708 or 7 mas 2020 roma «O Mepax 1o
MTOBBINICHUIO Ka4eCTBAa 00pa30BaHUs U PA3BUTHIO HAYUHBIX UCCIEAOBAHUMN B 00J1acTH
MaTeMaTUKW» W B JIPyTMX HOPMAaTUBHO-TIPABOBBIX  aKTaX, KacaroUIUXCs
byHIaMEHTATBHON HAYKHU.

CooTBeTcTBHE HCC/IEA0BAHUS TNPUOPUTETHBIM HANPABJEHUAM PA3BUTHUA
HAYKH ¥ TeXHOJIOrMid pecnyOauku. J[aHHOe WHCClIeIOBaHUE BBINOJHEHO B
COOTBETCTBUM C MPUOPHUTETHHIM HAMNPABICHUEM Pa3BUTHUS HAYKW U TEXHOJOTHI B
PecniyOnuke Y36ekucran IV “Martemarrka, MeXaHuka 1 MHPOpMaTHKa’.

Crenenp u3ydyeHHOCTH mpodjembl. OOlee ompenerneHUe IMOHATUS MEpPHI
['u60ca nepBoHauanbHO OBUIO JaHO B Hay4yHbIX padotax P. JI. JloOpymunua, O. D.
Jlandopna u JI. Pysns. Vicxoansie pacnpeneneHusi, IBISIOMIUECS YACTHBIM CIIydaeM
MOHSATHS Mepbl [ 'MO0ca, MOKHO HalWTH B Hay4dHbIX HccienoBanusx H.H.boromo6osa
n b.M.Xarcera. Teopuss mep ['nb0ca Obuta M3yyeHa B HAYYHBIX HCCIEIOBaHUAX P.
bekcrepa, X. O. ['eopru, B. A. Mansimosa, P. A. Munioca, K. I[Ipecrona, /. Proans,
M. T'. Cunasa, M. bayca, C. ®. Hemxepo, I'. 'asutaBotTn, @. bonerro, I'. [Ixentune,
Jxun 3un-/xactuna, @. Myxammenosa, H. H. ['anuxomxaeBa u Y. A. Po3ukosa.
P. JI. JoOpymuH noka3an TeopemMy O CYIIECTBOBAHMM MpeaenbHO Mepbl ['nbbca.
BnepBeie 3Ta Teopema Obina ucrnonb3oBaHa K. X. XUHUHBIM IS pelieT4aThIX
Mojielield B KBAaHTOBOM Teopuu mojsi. Teopus (a3oBBIX MEPEeXo/0B B (PU3UUECKUX
cucremMax oTpaxkeHa B HayuHbix Tpymax C. A. Iluporosa, f. I'. Cunas, P. A.
Munnoca, H. [larra, P. ®epuanneca, XK. @puoknuya, A. [[. DaTep n M. 3axpaaHuka.

Teopema o cymectBoBanu# Mepbl [ 'n06ca 1si KOHPUTYPAITMOHHBIX MOJEIIEH C
OCCKOHEYHBIM YHCJIOM 3HAUYCHHMM cImHa ObUla Aoka3ana JIk. JleOoBumem m D.
IIpe3yrTu. Hayunsle uccnenoBanus, cBsazannbie ¢ Mojenamu HC, npeacrapiens: 1.
P. Bpaiityamnom, A. O. Mazenem, @. Cnutuepom, P. Bunknepowm, /. ['anBunom, [Ix.
Kanowm, ®@. Kenmnu, I'. Jloycom, P. Murpoii, K. Pamananom u BCTpe4aroTCs B HAYYHBIX
tpynax A.Cenrynra, W.3annnnca, FO.M.Cyxosa, /[x.Maprtuna, Y.A.Po3ukoBa u
IPYTUX YYeHbIX. AHamu3 MpeaenbHbiXx Mep ['ub0ca mjisi pa3IWyHBIX KJIACCOB
penieTyaTeiX MoJiesieil Ha OCHOBEe MeToa KoHTypoB [laitepiica nan B pabotax @. A.
bepesuna, C. A. [Tuporoga, . I'. Cunas, J[x. JLxuauodpe, A. I'poccmana, J1. Proas,
P. JI. Jo6pymuna, B. I'epruka, O. k. Xeitnmana, O. M. Jlueba, M. Kaccanapo,
M.A.®ano, I".Onusepepu, [.boTupoBa u Apyrux y4eHbIX.

[Ipenenbubie Mepsl ['106ca mist mogenu [loTTca ocBeleHbl B HAYYHBIX paboTax
H.H.I'anuxomxaesa, ¥Y.A.Po3ukoBa, ®@.Baruepa, JI.I'pencunra, . Xaiine, ©.1O.By.
TpancnauuoHHO-UHBApUAHTHBIE W Tiepuogudeckue mepbl [mb0Oca wu3yuyanuce B
OCHOBHOM B YIOMSIHYTBHIX BbIIIe padorax. [lonsarue cmabo mepuoanuecKkux Mep
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['n66ca Oputo BBenmeHo Y.A.PosukoBeiM nu M.M.PaxmarymnaeBeiM. [lokazaHo, uTo
Takue Mepbl CymecTByloT s moaenu WM3unra Ha nepeBe Komu. HO.M.Cyxos,
V.A.Po3ukoB, P.M.Xakumon, II.A.IllorocynnoB u JOp. TMPOBEIU HAYYHBIE
uccienoBanus s monenu SOS, sBistonieiicss 06o0umeHneM mozaenu M3uura ans
aHanM3a TPaHCISIIIMOHHO-UHBAPUAHTHBIX U MEPUOJAMYECKHX THUOOCOBCKUX MEp.
Crnenyetr OTMETHUTh, YTO, HECMOTPSI Ha Hay4YHbIEC MCCIIEIOBAHUS B 3TOM HalpaBJICHUU
MHOTHUX YY€HBIX, KaK yKa3aHO BBIIlI€, MHOXKECTBO MpeneiabHbix Mep ['nbOca s
000 MoJIeTN He OBLTO TTOJTHOCTBHIO OITUCAHO.

CBsi3b TeMbl JHCCEPTANMH € HAYYHO-HCCJIEA0BATEILCKUMHU padoTamu
HAYYHO-HCCJIEIOBATEIbCKOT0  yYpeKJAeHHsl, B  KOTOPOM  BbINOJIHEHA
auccepranms. /[ucceprarmmonnas paboTa BRITIOJHEHA B COOTBETCTBUU C IJIAHOBBIMH
TEMaMH Hay4dHoO-HccaenoBaTesbckux pador d4-OA-O013 «HeaccoumaTtuBHblE U
OTepaToOpHbIe  anreOphl, JAUHAMHUYECKHE CHCTEMBl W WX TNPUIOKCHHS B
CTaTUCTUYECKOMN (pU3MKE U MOMYJISIIIMOHHON Onostorum» (2012-2016 rr).

Hean ucciienoBaHus SBISIIOTCS MPOBEPUTH CYIIECTBOBAHUE MPENEIbHBIX MEp
I'n66ca mns moxmeneit HC (Hard-Core) ¢ KOHEYHBIM YHUCIIOM 3HAYCHHWU CIIMHA |
omucaTh ~ MHOXECTBA  TPAHCISIMOHHO-UHBAPUAHTHBIX W TMEPUOAMYECKHUX
THOOCOBCKHX Mep.

3amaum ucciie0BaHNSA:

IIPOBEPUTH CyIllecTBOBaHME Mepbl [mbOca mma momenu HC ¢ Tpems
COCTOSIHUSIMH,

MMOCTPOUTh TPAHCIAIMOHHO-WHBAPHAHTHBIC W Tepuoandeckue mepsl I mbOca
st moxenmu HC ¢ pammycom B3ammomeicTBusi aBa Ha jAepeBe Kamu BTOporo
MOPSIZIKA,;

JaTh OMUCHIBAOIMUNA HaOop mepuoamueckux mep ['mdbca mms momenu HC ¢
YETBIPHEMSI COCTOSTHUSIMHU.

O60bexTom mucciaenoBanusi. Jlepeso Komu, HC-monmenu c¢ Tpems/deThipbMs
cocrosiausimu, HC-monmens ¢ pamuycoMm B3auMOJCHCTBUS JBa, TPAHCIALUOHHO-
WHBapuaHTHas Mepa ['nd06ca, mepuoandecKue Mephl.

IIpeaMer wuccaenoBaHusi Teopus TPYHNn U TpadoB, TEOPHUS MEpP, TEOPHUs
TUHAMUYECKUX CHUCTEM C JUCKPETHBIM BpeMeHeM, (YHKIMOHAJIbHBIM aHadu3 H
TEOPHUSI MAPKOBCKUX ITOJIEH.

MeTtoasbl uccjienoBanusi. B pabore Mcnonb30BaaIuch METOAbI, OCHOBAaHHBIE HA
TEOPHH MApPKOBCKUX CIIYYaWHBIX BEIUYMH W PEKYPPEHTHBIX YPAaBHEHHSIX JTOU
TeopuH. TaxKe UCIOIb30BAIIMNCH TEOPUsS MeEp, HEIWHEHHBIA aHaiau3, JIMHEHHAs
anreOpa ¥ TPUHITUIIBI CKUMAFOIIETO OTOOpaKEHUSI.

Hay4yHasi HOBH3HA HCCJIEIOBAHHUS COCTOUT B CJICAYIOIICM:

HaWJIEHO TOCTATOYHOE YCIOBUE €AMHCTBEHHOCTH Mephl [ mb0ca nis moaenu HC
C TpeMsl COCTOSTHUSIMH, 3aJIaHHOH Ha jJepeBe Kaym BToporo mopsiaka;

MCCJIEI0BaHa MOJIETh C PAJMYCOM B3aMMOJICUCTBHS ABA ISl U3yUYCHUS] MOJICTTH
HC, npu 3TOM Moka3aHO HaJMYME HE MEHEE TpeX TPAHCISIHMOHHO-MHBAPHUAHTHBIX
Mep ['n66ca B HEKOTOPBIX 3HAYCHUSIX MTAPaMETPOB;

st mosienn HC nmokaszaHo, 9TO CYIIECTBYET HECUETHOE YHCIIO TIEPHOIUIECKUX
Mep ['ubGOca, COOTBETCTBYIONIMX HOPMAJbHOMY [IEJIUTENI0 WHACKCA JBa B
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rpynmnoBoro npeacrasieHus aepesa Kamu. Kpome Toro, 1okazaHo, 4To 3TU MEpPHI HE
ABJIAIOTCS TPAHCISALMOHHO-UHBAPUAHTHBIMU U J[BA IEPUOIUYECKUMU;

JI0Ka3aHO CYILIECTBOBaHUE HEe MeHee Tpex Mep ['nb0ca nBa nepuoanueckux (He
TPaHCIALMOHHO-UHBApUaHTHBIX) Uit Mozaenu HC c¢ 4eTblpbMsl COCTOSHUSMU Ha
nepese Kanu BToporo nopsaka.

IIpakTnyeckune pe3yabTarbl HcciaenoBaHusi. [lomyueHHble pe3ynbTaThl U
METO/Ibl, UCIOJIb30BAaHHBIE B JUCCEPTALMU, MOTYT OBITh MCIOJIb30BaHbl B KAaueCTBE
y4eOHOro Kypca JJii MaruCTpaHTOB U 0a30BBIX JOKTOPAHTOB B BBHICIIUX YYEOHBIX
3aBeAeHUAX. Kpome TOro, TOYHOE BBIYMCICHUE 3HAYEHUW IapaMeTpOB,
o0ecrnevnBarOIUX Haau4Kue (ha30BbIX MEPEXOI0B ISl MOJENel C HeeqUHCTBEHHBIMU
mepamu ['n0OOGca, MOXeT OBITh HCIONB30BAHO JJISI PEUICHHs 3aJady TEeOopUu
oOCITy’)KMBaHUS ¥ TEOPUU UHPOPMAIUH.

JloCTOBEPHOCTh Pe3yJIbTATOB HCCJIeJ0BAHMS O0OOCHOBAHA HCIOJIb30BAHHUEM
METOJIOB (PYHKIIMOHAJIBHOIO aHaliu3a, TEOPUM MApKOBCKUX CIIy4alHBIX MOJIEH U
KOMITBIOTEpHOM mporpamMMel  Maple, a Taxke CTpOrocTel0 MaTeMaTHYECKHX
pacCyKJICHUMU.

Hayunas u mnpakruyeckass 3HAYMMOCTb Ppe3yJbTaTOB HCCJEI0BAHUS.
HayuHnast 3Ha4MMOCTb pe3yJbTaTOB UCCIEJOBAHUS OOBACHAETCS TEM, YTO HAy4yHbIE
pe3ynbTaThl [0 ONUCAHUI0O MHOXXECTBA MMEPUOJUYECKHX U  TPAaHCISIMOHHO-
MHBapHaHTHbIX Mep ['mb0ca, coorBeTcTByromux HC-monensiM, UCHoONb3ylOTCA MpH
UCCIICIOBAaHUH  TEPMOJMHAMUYECKUX  CBOWCTB  HEKOTOPBHIX  (U3HUECKUX U
OMOJIOTUYECKUX CUCTEM.

[IpakTHueckass 3HAYUUMOCTb PE3YyJIbTATOB HUCCIEAOBAHUS OOBSICHSIETCS TEM, UTO
METO/bl MOCTpoeHUsI Mep ['mbOca i MOJEnM ¢ KOHEYHBbIM 3HAYEHHUEM CIIMHA U
paanycoM B3aUMOJEUCTBUS [Ba, MO3BOJISIIOT MPOBEPUTH CYLIECTBOBAHHWE MEpPHI
['ub0ca, cooTBercTBytomeid wmonaenu IloTrrca, npu ONpeneneHHbIX YCIOBHSX
apaMeTpoB.

BHenpenue pe3yabTaToB MccjaenoBaHusi. llonydeHHble B auccepranuu
pe3ynbTaThl ObUIM HKCIOJIB30BAHBI B  CJIEAYIOUIMX Hay4YHO-HCCIIEAOBATEIbCKUX
MPOEKTax:

Meronbl mnoctpoenus nepuogudyeckux wMep I[ubdca nmns HC  monenwu
MCIIOJIb30BAIMCH B 3apyOeskHOM rpanTtoBoM mpoekte Ne G0003247 «Xaotuueckue u
CMEIlIaHHblE  p-aJANyuecKue JTMHAMHYECKHE CHCTEMBI, CBSI3aHHbIE C
PEHOPMHUPOBAHHBIMH TPYNIaMH pEIIeTYaThIX MOJENe» Al OMHUCAaHUS HOBOTO
MHOXECTBa  TMOOCOBCKMX  Mep i  MoAeled C  KOHKYPUPYIOLIUMU
B3aumozeiicteusiMu (CripaBka YHuBepcurera O0beIMHEHHBIX ApaOCKUX DMHUPATOB,
ot 26 ampens 2023 rona, OAD). [IpumeHeHne HAy4YHBIX PE3yJIbTAaTOB IMO3BOJIUIIO
W3YYUTHh TEPMOJMHAMUYECKHE CBOWCTBA HEKOTOPHIX (PM3MUECKHX U OMOJIOTHYECKHIX
CUCTEM.

MeToapl onHMcaHUs MHOXKECTBa TMOOCOBCKMX MeEp JUIsl MOJAETH C KOHEYHBIM
COMHAMHM U PAJMYCOM KOHKYPHUPYIOILIETO B3aUMOACHCTBUS DPABHBIM JBYM, OBLIH
HCIIONIB30BaHbI B (hyHAaMeHTaTbHOM npoekTe EOT-Drex-2-18-78 «JluHamuueckue u
TEPMOJMHAMHUYECKHE CUCTEMbl B HeaMeHaOelIbHBIX Trpadax», MpH HCCIEIOBAHUSIX
nepuoanueckux mep ['mb6ca mia monenu IlorTca co c4eTHOM MHOXKECTBOM CIIMHA
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(cripaBka MHCcTHTyTa MaTtematuku uM. B.M. PomanoBckoro ot 1 mas Ne2/174 2023
r.). [IpumeHnenue HaydHOro pesyibTaTa MO3BOJIMIIO JI0OKa3aTh CYIIECTBOBAHUE MU
€AMHCTBEHHOCTh Mephl ['MOOca TpH OMNpEeAeTICHHBIX YCIOBUSAX IapaMeTpoB IS
moaenu [lottca Ha nepese Kanu BToporo nopsika.

Anpobauus  pe3yabTraroB  ucciaegoBaHusa. OCHOBHOE  COAEpPKAHUE
aUccepTaluu 00CyKIaIOCh Ha 2 MEXKIYHApOJHON M 8 pecnyOJMKaHCKUX HAy4YHbIX
KOH(EPEHITUSX.

HyOankanust pe3yabTaToB mucciaegoBanusa. Ilo Tteme nauccepranuu
onmyOIMKOBaHO 16 HaydHbBIX padOT, U3 HUX 6 BXOAAT B NIEPEUYEHb HAYUYHBIX W3/IaHUM,
MpeIOKCHHBIX BrIciiel arTectTaninoHHON KoMuccuen PecryOnuku Y30ekucTan s
3alIUThl JUCCEpTAlMii Ha CTemeHb JOoKTopa ¢umiocopuu, B TOoM umcie |1
oIyOJIMKOBaHa B 3apyOeKHOM JKypHale, 5 — B peciyOIMKaHCKUX HAYYHBIX U3JaHHIX
u 10 Te3uCcoB MOKIA0B B MaTepraiaXx HayIYHbIX KOH(EPEHITUH.

Crpykrypa n o0bem auccepranmu. Jluccepranns COCTOUT U3 BBEACHUS, TPEX
rjiaB, pa3OoUTBIX Ha OAMHAANATH maparpadoB, 3aKIIOYEHUS U  CIIUCKa
MCIIOJIb30BaHHOM uTepaTyphl. O0beM qUccepTalii COCTABISIET 83 CTPAHMIL.

OCHOBHOE COJEPXAHUE JUCCEPTALIUUA

Bo BBeneHum 000CHOBaHbI AaKTyaJlbHOCTb M BOCTPEOOBAHHOCTH TEMBI
IUCCEepTallUM,  ONPEAEIEHO  COOTBETCTBUE  HCCIECNOBAHUS  MPUOPUTETHBIM
HaIpaBJICHUSM Pa3BUTHUS HAyKH W TEXHOJOTUN pecnyOJuKH, MPUBENIEHA CTENEHb
M3YYEHHOCTH MpOoOJieMbl, CHOPMYIMPOBAHBI 1€ U 3a7a4H, BBISIBJICHBI OOBEKTHI U
MpeaMeT UCCIEeI0BaHus, U3JI0KEHBI HayuyHas HOBM3HA M MPAKTUYECKUE PE3YJIbTaThI
HCCIICIOBAHMS, PACKPBITA TEOPUTHYECKASI U MPAKTUYECKAs] 3HAYUMOCTD MOJTYYEHHBIX
pe3yabTaTOB, JaHbl CBEJICHUS O BHEIPEHUM PE3yJbTAaTOB HCCIEIOBaHUS, 00
OMyOJIMKOBAaHHBIX Pab0OTax M O CTPYKTYpPE AUCCEPTALIUU.

B nepBoii rnaBe nucceprauuu, HazBaHHOU «IIpeaBapuresbHbIe CBeleHUS U
HC-Moaeab ¢ TpeMsi COCTOSIHUSIMMY, JTaH KPAaTKU 0030p padOT, MPUMBIKAIOIINX K
TeMe JIMCCEepPTalliy, U3J1aratoTcs MOCTAHOBKA 33J1a4l U MPOOJIEMbI, KOTOPHIC PEIICHBI
B jauccepranuu. [IpuBeneHbl BakHbIC TOHSTHS, HEOOXOIUMBIE JJIsi TIOJYyYCHHUS
OCHOBHBIX DPE3yJIbTaTOB, CBSI3aHHBIX C Teopued mep ['mb6ca. Kpome Toro, B »TOM
riiaBe u3yudeHsl Mepbl [ m60ca st HC- monenu ¢ TpeMs 3HauY€HUSMH CIIMHA.

B maparpade 1.1 mpuBeneHsl HEOOXOAMMBIE OMpPENETIEHUS, KOHCTPYKITUS
peeIbHBIX THOOCOBCKUX MEp, aCCOIMUPOBAHHBIX C JaHHBIM raMIIbTOHHaHOM H ,
onpeneneHubM Ha nepee Komu 17 (V, L), ¥ HEKOTOpbIE M3BECTHBIE (DAKTHI.

W3BecTHO, uto nepeBo Komm 77(V, L) nopsaaxa K ects GeckoHEUHOE NEPEBO,

T.c. rpad Oe3 IUKIIOB, U3 KAKIOW BEPIIMHBI KOTOPOTO BHIXOIUT poBHO K +1 pebep,
3mech V —MHOXECTBO BEpIIMH U L —MHOXkECTBO pedep.
Bepmmmasl X u Y Ha3bIBAIOTCS OMMKAWIIUMHU COCENSIMH, €CJIM CYIIECTBYET

peopo | € L u coenunstomue ux, 1.¢ | =(X, y).
Paccrostaue d(X,Y), X,y €V, Ha aepeBe onpeaensercs GopMmynoi
d(x,y)=min{d |3IX =X, X,,..., X, ,, X, = Y€V},
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rae (Xg, X ), {X, X, )y« {X 4, X, ) — OMMKalime cocenu.

Jlnsa puxcupopanHoro X° €V BBenéM 0603HAUEHNE
W, ={xeV:d(x"x)=n}, V.= |JW, ={xeV:d(x’,x)<n},
m=0

L ={(x,y)eL:x,yeV }.
U3 pabotel H.H.I'anuxomkaeBa U3BECTHO CIIEAYIONIEE YTBEPKICHHUE.
YrBep:xkaenue 1. CymecTByeT B3aMMHO-OJHO3HAYHOE COOTBETCTBUE MEXKIY
MHOKecTBOM BepmnH V nepesa Koanmu nopsiaka K u rpynmoii G, .
3nech rpymma G, sBIseTCS CBOOOIHBIM Mpou3BeAeHHWEM K +1 MHUKIMYECKHX
rpynn {e,ai} BTOPOTO MOpsiiKa ¢ o0pa3ywlliuMu a,,4a,,...,a,,, -
Ilycth ZS‘CD‘<+OO. Otobpaxkenue o :V — @ HaszpIBaeTcsl KOH(UTYpaIUeH.
V) \
MHokecTBO Beex KoHpurypanuii Ha V obo3Havyaercs uepes (2, =D,
AHAJIOTMYHO MOKHO OIPENeIUTh KOH(PUIypalud Ha JHOOOM IOAMHOMECTBE
A wmuoxectBa V, T.6 0,:A—>®, u MHOXKeCTBO Bcex KOH(puUrypamueid Ha A
A
o6osnayaercs yepes 2, = D",

[Tycts K —cemelcTBO BCEX KOHEUHBIX TOIMHOXKECTB MHOXKECTBA V.
Hns  moboro AeK u  QuxcupoBanHoro o, €Q,  omnpenenum

{0 eQ): G‘A = GA} KOTOPOC HAa3bIBACTCA b;wzuﬁdupuqemww MHOXXECTBOM.

o —anredpa,  HNOPOXKJIEHHAas UWIMHANPUYECKUMH  MHOXECTBAaMH,
obo3Havaercs yepe3 B . Paccmorpum xonduryparmio

5 (%) o(X), eciu Xe€A,
o,V O =< _
ATV o(x), eciu xeV \ A

Omnpenenenue 1. BeposTHOoCTHas Mepa 4 Ha U3MEPUMOM IIPOCTPAHCTBE
(QQ,B) naspIBaeTcs npeacibHON Mepor I'nb0ca, eciu 1 modoro koneunoro AV

HUMCCT MCCTO

e_ﬂH (oalovia)

IU{O-A | O-V\A}: Z—’
AG

1
rae = = T >0 —remmneparypa.

B maparpade 1.2 mbr paccmorpum HC (hard-core)- monesnb, B KOTOPOM
Ka)XJOW BEpIIMHE X CTaBUTCS B COOTBETCTBHHO oiHO W3 3HaueHuil o(X) €{0,1,2}.

3naueHus o(X) =1,2 moka3bIBalOT, YTO BepIuHa X "3aHsATa" , a 3HaueHne o(X) =0
YTO BEpIIMHA X '"BakaHTHA'.

Onpenenenue 2. Kondurypanuss o Ha3zbIBaeTCs AOMYCTHUMOM eciu  (Ha
nepese B V. wmu W ), o(X)o(y) =1, o(X)o(y) #4 s Bcex Ommxalmmx cocenei

X, Y.
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o a a
OG603HAYMM MHOKECTBO BCEX JIOMYCTHMMBIX KOH(Urypanuii yepes {2 (Qf m
Q)
Beenem ob6o3nauenne (X,Y,z), ecau (X,Y), {VY,2), X,y,zeV.

[TycTs P o(s)6() — BEPOATHOCTD JOITYCTUMOM KOH(UTypanuu

{o(x), o(y), (@}, e P00 20, ) ;)P?()X)U(y)g(z) —1 3a7aHHbIE YHCIA.
o(x).0(y).o(z

Onpenenum MaTpuiLy

PmOO PmOl PmOZ
I:)m = (Pmij )iz,j:O = I:)mlo I:)mll Pmlz ! m= 0’1’2'
Pm20 I:>m21 Pm22
Jliist HC- mozienu ¢ TomyCTHMOCTBIO KOH(GUTYpAITUX TTOJTYIHUM
POOO POOl POOZ P].OO P].Ol I:)102 PZOO I:)201 P202
PO = POlO 0 POlZ ! Pl = O 0 O ! PZ = P2:|.0 0 P212
POZO P021 O F>120 I:>1I.21 0 0 0 0
I'amunsronnan HC- Mmoaenu onpenensercs clieayromuM o0pa3oMm:.
- > InP, ., ecmn  oeQf
H(G) =] cuiran (o (y)o(z)
+ 00, ectu o ¢ QO°.

Ilycte  Z:leli>z e RZ —BCeKTOpHO3HAuHass  (QyHKIMs Ha V., TI€
2,=(2,5,60=012, e6#1, &6 +4)

— (n) a
Jlns N=12,... paccMOTpUM BEPOATHOCTHOE pacmpenesienre " Ha Q) |

OTIPEJICITHOHOE KaK
u"(o,)= =3 [T Pemen 11 Zoomrr (1)
n (X,¥,2),X,Y,2eVp 1=(X,y):xeWn_1,yeS (X)
rne Z, — HOPMHpPYIONIAsi KOHCTAHTA.
['oBopsAT, 4YTO TOCICAOBATEILHOCTh BEPOSATHOCTHBIX MeEp y(”) SIBJISICTCS
COTJIACOBAHHOM, €Iy JUIsl MOObIX N> 2 u o, , € Q%,; BEpHO PaBEHCTBO:

Zs:zw 1 (o, vo,)lo,,ve, e )=u"c,,),
wn € h

rae
a
. 1, ecmu o, vao, eld,
1o ,vo,eQ )=
" 0 w, &
, ec O,,Va®, .
B sTom ciyyae, no reopeme Koamoroposa, CylecTByeT €qUHCTBEHHAsT Mepa

4 ua npocrparctse (€°,B), rakas, uro mist Bcex N u o, € Q)
,u({a eQ: G‘Vn =0, })= 1" (c)).
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Teopema 1. [TocnenoBaTenTbHOCTh BEPOSITHOCTHHBIX MEP ﬂ("), n=12,.., 8 (1)
SIBIIIETCSL COTJIACOBAHHOW TOTJAa M TOJBKO TOT/a, KOoThaa s Joboro XeV \{XO}
UMEIOT MECTO CJIEIYIOIINE PAaBEHCTRA!

—_ POlozlo,y + I:)012212,y
Zo, = 1

01x
yes(x) Pooo + P001201,y + Poozzoz,y

- Pozozzo,y + P021221,y
Zox = 1]

02x
yes(x) Pooo + P001201,y + P002202,y

Poo + PoiZos, + P,z

— 100 101501y 102502y
Zo = I
10X )
yes(x) I:)ooo + P001201,y + Poozzoz,y
P,oZ,0, + P,.Z

7 - H 120420y 121421y

12 x
yesS(x) I:’ooo + P001201,y + Poozz

Pooo + PooiZosy + PooyZ

02y

— 200 201501y 202402y
Zoox = |1
20x ]
yes(x) Pooo + P001zo1,y + POOZZOZ,y
7 = leozlo,y + P212212,y

21x
yeS(x) I:)ooo + POOIZOI,y + POOZZOZ,y

e Z,, =M, g,0=0,1,2.
ZO,O,<><,y>

B maparpage 1.3 u3yd4eHO B HEKOTOpPBIX YACTHBIX CIy4asX YCJIOBHE
€JIMHCTBEHHOCTHU Mephl ['nb0ca.

Bo Bropoit rnaBe mgucceprainuu, Ha3zBaHHOW «Mepbl I'm060ca ajsi omHoOM
MOJeJI ¢ PaguyCcOM B3amMoJeiicTBUA ABa», uzydeHa moaenb HC c pagmycom
B3aUMOJICUCTBUS JBa Ha nepeBe Komm, ¢ aktuBHOCThIO A > 0. 3agada omnucaHus
ruO0COBCKMX MEp paccMaTpUBAaEMONl MOJENN CBEIEHAa K PEIICHUIO CHCTEMbI
(GyHKIMOHATBHBIX ypaBHeHHU. [[ns 5TOW Monenu HaieHbl TPaHCISIMOHHO-
WHBAapUaHTHas U TieproInyeckas mepol [ nooca.

IIycte @ —xoHeuHOe MHOXecTBO. M3BecTHO, uTO KOH(urypamus o Ha V
ompenensiercs kak ¢QyHkuua XeV —o(X) e d. O6o3nauum uyepes Q=0

MHO’KECTBO BCEX KOH(GUTYpALHi, ONpeACICHHBIX B MHOXECTBE V .

[Tycte AcV. Yepes | A| 0603Ha41M YKCIIO DJIEMEHTOB MHOKECTBA A,

O0600meHHbI cuMmBosl KpoHekepa kak GyHKIIHIO

U(c,):Q, >{|Al-L|A|-2,...,| A[-min{| A|,| D |}}
OTIPEIeITUM CJICAYIOIIHM 00pa3oM:
U(GA) =| Al _| O, m(Dli

rie AcV u|o, "®|—uucrno pa3muuHbIX 3HaUeHU G, (X),X € A
Takue momenu u3BecTHsI U3 padbot Y. A. Po3ukosa.

B BTOpoOii rimaBe auccepramuu paccMoTpeH ciydai, korma @ ={-1,1} u
| A|=4. O6o3naunm yepe3 M mHoxkecTBO Beex mapoB b(x) ={y eV :d(x,y) <1}
paguycom 1.
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["aMUIBTOHMAH OTIPEAETSAETCS CIEAYIOMUM 00pa3oM:

H(c) =-J 2. U(o)), (2)

beM

rae J > 0.

OcHoBHast mpoOiiema g AaHHOTO (2) TraMUIbTOHHAHA - 3TO OIKMCAHUE
oTBevarommx emy mep I'mb6ca. Jlns momenu M3unra Ha nepee Komu sta 3amaua
M3y4yeHa JIOCTaTOYHO IOJIHO. ITa MOJIe]Ib KOHTYPHBIM METOIOM H3y4yeHa B padote V.
A. Po3uxkosa.

s xeV  nmonoxum X, ={yeV (X, Y)}\S(X), rme S(X)—mmuoxectso
"MPSAMBIX TOTOMKOB" TOUKH X € V.

ycts b(x) ={x, xa,, xa,, xa,} u c,,, ={c(X), 5(xa,), o(xa,), o(xa,)}.

PaccMoTpEM BeposTHOCTHOE pachpenenenne 1" Ha Q,

n = | Sb(x|)
1"(,)=2, exp{—ﬂH (0,)+ Zhb(x),ib(x)}. (3)
XxeWn
Crnenyroomas TeopeMa BBIPA)XKA€T YCIOBHUE COIVIACOBAHHOCTH JIsI MEp BHUJIA

#(o,).

Teopema 2. Ilycts Kk = 2. IlocimenoBaTeIbBHOCTh BEPOSITHOCTHBIX MEP ,u(n),
n=1,2,... B (3) sBisercs cOriiacoBaHHOM TOrJa M TOJBKO TOTJIa, KOrJa JJis JH000T0
a €M BBINOIHSIOTCS ClIEqYIONINE PABECHCTBA:

—_ ﬂ' yb,O + yb,l + yb,2 Z’ yc,O + yc,l + yc,2

ya,O = ya,6 - : )

yb,O + yb,l + yb,2 yc,O + yc,l + yc,2

y — y — ﬂ’ yb,O + yb,l + yb,2 X yc,S + yc,4 +1
! “ yb,O + yb,l + yb,Z yc,O + yc,l + yc,2 ’

y ., =y = yb,3 + yb,4 +1 yc,3 + yc,4 +1
" " yb,O + yb,l + yb,2 yc,O + yc,l + yc,2 ,

y o =y.= AVos + You+1 AVes+ Yo, +1
" " yb,O + yb,l + yb,Z yc,O + yc,l + yc,2 ’

Z’ yc 3 + yc 4 + 1
ya,4 = ya,lO = ’ ) ya,5 = 1!

yc,O + yc,l + yc,2 ’
rae L =exp{Ip}, B=LT, v, =exp(h,, —h, ) i=0,10.

B maparpade 2.3 nmpencraBieHa KJIACCHU(PUKALMS — TPAHCIALMOHHO-
MHBapUaHTHBIX Mep ['nb6ca monenu, 3aganHoit B Buze (1).

Mepbl, COOTBETCTBYIOIIME pemleHHsM Bupa Y,; =Y, mi Bcex aeM u

1=0,1,2,3,4 ypaBHeHW B TeopemMe 2, HA3BIBAIOTCA TPAHCISAIIUOHHO-

nnBapuanTHbiMu (TH) mepamu ['n06ca.
Teopema 3. Ilycte K = 2. [Jlns momemu (2) cymiectByeT A, (z 1,8055) TaKoe,
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11-+/21
8

4TO MpHU <A< A, cymectByer He MeHee ogHoii T wmepsl ['m66ca, mpu
11++/21
A=A, He MeHee AByX, a npu A, <A< T\/— cyuiectByer He meHee Tpex TU
mep I'nb0ca.
11++/21
Teopema 4. Ilpu A, <A< T\/— CYUIECTBYET  KOHTHHYYM

HETPAHCIIAIIMOHHO- UHBapUAHTHBIX Mep ['nb0ca.
[Ipeanonoxum, 4To

ya,O = ya,3’ ya,l = ya,4’ ya,2 :1’ va € M ' (4)

Tor/a u3 ypaBHeHHit TeopeMbl 2 noxydaem ypasuenue suga Y- +(1— 1)y’ —1=0,
Yepes u, o6o3nagaercss TU mepa I'nb60ca, COOTBETCTBYOIIAs PEILIEHUIO YPABHEHMUSI
vy +(1-2)y* -1=0.

B naparpade 2.4 npuBeneHa kiaccCu(puKanus yCI0BUI HEKPalHOCTH MEP L, .
Crnenyromas Teopema JaeT HEKPaHOCTH YCIIOBUM MEPBI L, .

Teopema 5. Jlns mozenu (2) mpu BBINOJHEHUM YCIOBUU (4) CylIecTBYeT
A" (= 2.6639) Takoe, uto npu A > A’ Mepa p, He ABISIETCSA KPaHEH.

B naparpadge 2.5 pu HEKOTOPBIX YCIIOBUSX
Yoo = Yazr Ya1 = Yaur Y & 1, VaeM peacTaBJIiCcHa Kiaccudukanms

nepuoanyeckux mep I'mboea .

Onpepenenune 3. [Tycts H -noarpynna rpynmns! G,. COBOKYITHOCTh BEKTOPOB
h= {ha =(h,,,h,,):ae Gk} HaspiBaercss H -mepuommueckoit, ecmn h,; =h, . s
mobsix a€G, m yeH,, 1=0,1.

Onpenenenne 4. Mepa I'nb0ca, coorBercTByromas H,-nepuoanueckoi
COBOKYITHOCTH BEKTOPOB , Ha3bIBaeTcsl H  -mepuoandeckoil.

2 o
ITycth Glf - noarpymmna rpymnmnsl G,, cocTosias u3 CJI0oB YeTHOU JJTMHBL. B paborax

k!
G(Z)
H.H.I'anuxomxaeBa yKa3aHO, 4YTO HHJIEKC TPYIIIbI . SBIIETCS WHAEKCOM

MOATPYTIIHI 2.
Teopema 6. [l monmenu (2) mpu Bcex A >0 u BBINOJHCHUU YCIIOBUS (4)

2
cymecrsyer exurcrBennas G -nepuonmueckas mepa ['u66ca. Boiee Toro, 9ta Mepa
coBnagaeT ¢ TU- mepoii ['m606ca.

Yucno 0ykB &, 1=1,k+1, yyacTByrommx B HECOKPATUMOM 3aIMCH ClIoBa X,

obo3HaunM @, (a,).
Hycts D#AcN,={1,2,3}u H, ={xeG,: ZCOX (8,) —uerHOE uHMCIIO}.
icA
Teopema 7. lnsa monenu (2) npu ycnoBuu (4) CylecTByeT HECUETHOE YUCIIO
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H, -nepuoanueckux mep I'm60ca. bonee toro, 3tu Meps! He saBstoTcss TU-mepamu u

Gk(z) -[IEPUOANIECKUMHU.

B Ttperben rmaBe nuccepranvv, Ha3BaHHOM «YCJOBHS €IUHCTBEHHOCTH
Mepbl ['m66ca nns ognoii HC-monenm Ha nepeBe Kijaw», W3ydeHBI YCIOBHE
€IMHCTBEHHOCTH Mephl [ n66ca u nepuoanyeckue mepsl ['u6oca st HC — mogenu ¢
YEeThIpbMSI COCTOSIHUSIMU Ha JepeBe Komu. TpaHCHAMOHHO-UHBAPUAHTHBIE MEPHI
['u66ca ns sroit Mogenu uzydensl Jl. 'angonbdo, Y. A. PosukoBsiMm u JIk. Pynzom.

B maparpade 3.1 gansl HeoOXoAUMBIE ONpPEIENECHUs U HEKOTOPbIE U3BECTHBIC
(haKThI.

PaccmoTpuM Tpu Tuma IMIOAOPOJHBIX TpadoB C YETHIPbMS BEpIIMHAMHU
® ={0, 1, 2, 3}, KOTOpPBIC UMCIOT CJICTYIOITUI BU/T

G,..=101),(03),(2 3}
G... ={0,1), (0, 2),(0,3), (1, 2)}
G, osuee =10, 0),(0,1), (0, 2), (0, 3), (1, 2)}-

Onpenenenne 5. Koundurypauus O  HaseiBaeTcsa G -gomyctumoit
koH(purypanue Ha nepeBe Komm, ecomum (o(X),0(y))}— pedbpo G nmua mroOoit
Omkaiiiieit mapsl coceneit X, y u3 V.

OG03HaYNM MHOKECTBO BCeX JomycTUMBIX G koH(purypanuii uepes Q°.

Omnpenenenue 6. I'pad HazpiBaeTcs MIOAOPOAHBIM, €CIIU CYIIECTBYET HAOOp
akTUBHOCTH P Takoi, 4TO 1yIsi COOTBETCTBYIOMIETO TaMHJIbTOHHAHA WUMEETCS He

MEHEE JBYX TPAHCIISIIMOHHO-UHBAPUAHTHBIX Mep [ 'nb0ca.
PaccmoTrpum matpuiy

P0,0 PO,l PO,Z PO,3
Po R: P, Py

O
e
«U JO
e

,3

P

3,3

w9
w9

,0 2

rae P, >0, ecmm (i, j)€G; P, =0, ecu (i, j)¢G u QP =1

i
jed

1

Hnsa G u P INamunerornan HC- Moaenu onpenenseTcs cleayonuM o0pa3om
> log P, eciu o eQ?,
H (0) — J<x y>
0, eciu o g,

(x)o(y)’

Iycts t:xeV >t =(t,,,i € ®) € R! —BexropHO3HAuHAas ByHKIM Ha V.

Jns N=12,... paccMOTpUM BEpOATHOCTHOE pacmpesenerue u " Ha Q,

n 1
#"(c,) :Z_ I1 P 0.on ) HtO’n(X)vX' ()
XxeWh,

n (X, ¥)eVp
N3 paGorer JI. Tlammomsdo, Y. A. PosukoBa m JIx. Pymsam wm3BecTHa
CIIeyIoIas Teopema.
Teopema 8. Ilociaen0BaTeILHOCTh BEPOSTHOCTHHBIX MEP ,u(”), n=123...8
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(5)- cormacoBaHHas TOTjia ¥ TOIBKO TOTJA, Korma ans moboro X eV \{x,} umeror

MCCTO CIICAYIOIINEC paBCHCTBA:

2 =TI P,+P.z,+P,z,, +P.z,, (6)

I, X
yes(x) P ot szly + sz2y + I3‘0323y

1=1 2, 3.

roe z,, =t [/t

0,x?

B maparpade 3.2 HalineHo ycrnoBue eIMHCTBEHHOCTH Mepbl [ nbbca muist cimyyast
Goﬁoﬁmmwv :{(O’ 0)’ (O’ 1)’ (0’ 2)’ (0’ 3)’ (1’ 2)}

Teneps NpeaCTaBUM CYIIECTBOBAHHUE TIEPUOJMUYECKAX M3MepeHuii ['uboca s
caoyqaeB G G

Teopema 9. Ecmu K’a(l-f)>1, to g HC- momenu ciaygae G

nanka ! " kwou ! " 0606w kmou "

majika

CYILLIECTBYIOT [10 MEHBIIIEN MEPE TPH Gk(z) nepuoauyeckue Mepel I'uooca.
Teopema 10. Ilycts a=/. Ecom k’a® >1, to mna HC- momenu ciygae

o 2
G_  CyIIECTBYIOT [0 MEHBIIEH Mepe TpU Gk( )~ nepronmnueckue mepst 'u66ca.

K04

Teopema 11. Ilycte a=/6. Ecm k*(a—d)*>1 1o mms HC- momenn

o 2
cnyune G CYILIECTBYIOT [0 MEHBIIIEH Mepe Tpu Glf ) neprommueckue Mepsl

06006111 KII0Y

['u00ca.
3AKJIIOUEHHUE

HuccepranuonHas paboTa mocBsAlleHa u3ydeHuto mepol ['mb66ca nna HC-
MoJenen Ha nepese Kamu.
OCHOBHBIE pe3yJIbTaThl UCCIAEAOBAHUS CIEAYIOLIUE:

1. Haiineno TtouHoe mpexacraBieHue ramuibToHnana HC-monmenu c tpems
3HAQYEHUSIMU CIIMHA, ONpeeneHHbIMU Ha naepeBe Komm. 3amaua m3ydeHus
Mep ['ub0ca 3Tol MOJIET COCTOUT B PELIEHUU CUCTEMbI ()YHKIMOHAIBHBIX
ypaBHEHUW. B HEKOTOpPBIX 4YAaCTHBIX Cily4asxX HaWJIEHO JOCTAaTOYHOE
yCIIOBUE €TMHCTBEHHOCTH Mephl [ nb0ca.

2. BBoguTcst Mozienb ¢ pagnycoM B3aUMOJCHCTBHUS JBa, ONPEACICHHBIM Ha
nepese Komm, nmns  wu3ydenuss HC-momenu ¢ B3auMoaecTBUsIMU
ommkaimero cocena. HaiieHo TouHOe mpejcTaBiIeHUE TaMUJIbTOHHAHA
ATOM MOJENH U MOKAa3aHO CYIIECTBOBAHHE HE MEHEE TPEX TPAHCISALMOHHO-
MHBapHaHTHBIX Mep ['ub0ca npu HEKOTOPBIX MAPAMETPUUECKUX YCIOBUSX.

3. Jloka3zaHO, YTO CYLIECTBYET HECUETHOE 4uCi0 H ,-epruoguueckux Mep

I'ub06ca.
4. V3ydeHO yCIIOBHE €IMHCTBEHHOCTH Mepbl I'mOOca M MmepHoauyecKux Mep
I'm66ca nns HC- Momenu ¢ YETBIPbMSI COCTOSIHUSIMH, ONPEICIICHHBIX Ha

nepese Kaun.
SCIENTIFIC COUNCIL AWARDING OF THE SCIENTIFIC DEGREES
DSc.02/30.12.2019.FM.86.01 AT V..LROMANOVSKY
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INTRODUCTION (abstract of PhD thesis)

The aim of the research is to check the existence of limiting Gibbs measures
for HC (Hard-Core) models with a finite number of spin values and to describe the
sets of translational-invariant and periodic Gibbs measures.

The objects of research are Cayley tree, HC-models with three/four states, HC-
model with interaction radius two, translation-invariant Gibbs measure, periodic
measures.

The scientific novelty of the research is as follows:

a sufficient condition for the uniqueness of the Gibbs measure for the HC model
with three states given on a second-order Cayley tree is found;

in order to study HC model it has been studied a model with an interaction
radius of two and it has been shown the existence at least three translation-invariant
Gibbs measures for the model on some values of the parameters;

for the model HC it is proved that there are uncountable number of periodic
Gibbs measures corresponding to a normal subgroup of index two. Moreover, it is
proved that these measures are not translation-invariant and periodic;

the existence of at least three periodic (non translation-invariant) Gibbs
measures for the four-state HC model on a second-order Cayley tree is proved.

Implementation of research results. The results obtained in the dissertation
were used in the following research projects:

the methods for constructing of periodic Gibbs measures for the HC model were
used in the foreign grant project No. G0003247 "Chaotic and mixed p-adic dynamical
systems associated with renormalized groups of lattice models™ to describe a new set
of Gibbs measures for models with competing interactions (Certificate of the
University of the United Arab Emirates dated April 26, 2023, UAE). The application
of scientific results made it possible to study the thermodynamic properties of some
physical and biological systems;

the methods for describing the set of all Gibbs measures for a model with finite
spins and a radius of competing interaction two were used in the fundamental project
YoOT-Ftex-2018-78 "Dynamical and thermodynamic systems in non-amenable
graphs", in the study of periodic Gibbs measures for the Potts model with countable
spin set (Certificate of the V.I. Romanovsky Institute of Mathematics dated may 1,
2023). The application of the scientific result made it possible to prove the existence
and uniqueness of the Gibbs measure under certain parameter conditions for the Potts
model in the second-order Cayley tree.

The structure and volume of the thesis. The dissertation consists of an
introduction, three chapters divided into eleven paragraphs, a conclusion and a list of
references. The volume of the dissertation is 83 pages.
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