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Annotatsiya: Mazkur ilmiy magolada kriptoaktivlar (Bitcoin va Ethereum)
narxining matematik modellari va volatillik tahlili tizimli ravishda yoritilgan. Stokastik
differensial tenglamalar (Geometrik Brown harakati, sakrash-diffuziya modellari,
Heston modeli), GARCH turkum modellari (GARCH, EGARCH, GJR-GARCH,
FIGARCH), fraktal tahlil (Hurst ko‘rsatkichi, fraksional Brown harakati) va sun’iy
intellekt usullari (LSTM, Transformer) batafsil tahlil gilingan. Bitcoin va Ethereum
narxining asosiy statistik xususiyatlari (og‘ir quyruqlilik, volatillik klasterlashuvi,
uzluksiz va sakrash komponentlari) o‘rganilgan. O‘zbekiston misolida kriptoaktivlar
bo‘yicha huquqiy bazaning rivojlanishi va mumkin bo‘lgan iqtisodiy ta’sirlari
baholangan. Magqola ilmiy tadgigotchilar, moliyachilar va ragamli iqgtisodiyot
mutaxassislari uchun mo‘ljallangan.

Kalit so‘zlar: kriptoaktivlar, Bitcoin, Ethereum, volatillik, GARCH, stokastik
differensial tenglamalar, sakrash-diffuziya, fraktal tahlil, Hurst ko‘rsatkichi, LSTM,
O‘zbekiston.

Abstract: This scientific article systematically covers mathematical models and
volatility analysis of cryptoassets (Bitcoin and Ethereum). Stochastic differential
equations (Geometric Brownian motion, jump-diffusion models, Heston model),
GARCH family models (GARCH, EGARCH, GJR-GARCH, FIGARCH), fractal
analysis (Hurst exponent, fractional Brownian motion) and artificial intelligence
methods (LSTM, Transformer) are analyzed in detail. The main statistical properties
of Bitcoin and Ethereum prices (heavy tails, volatility clustering, continuous and jump
components) are studied. The development of the legal framework for cryptoassets and
possible economic impacts are assessed on the example of Uzbekistan. The article is
intended for scientific researchers, financial specialists and digital economy experts.

Keywords: cryptoassets, Bitcoin, Ethereum, volatility, GARCH, stochastic
differential equations, jump-diffusion, fractal analysis, Hurst exponent, LSTM,
Uzbekistan.

AHHOTaHHH: I[aHHa}I Hay4dHas CTaThia CUCTCMATHUYCCKU OCBCIIACT
MATCMAaTHUYCCKUC MOJICIIM WM aHAJIMW3 BOJATHIIBHOCTH KPHIITOAKTHBOB (BHTKOﬁH nu
Odupuym). JleranpHO NpoaHATM3UPOBAHBI CTOXAacTUUeckne nuddepeHIraibHbIe
ypaBHEHHUSI (TeoMeTpuueckoe OpOYHOBCKOE JBIKCHHE, MOJEIU MPBLKKOBON
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muddys3un, monenb Xectona), moxenu cemeiictBa GARCH (GARCH, EGARCH,
GJR-GARCH, FIGARCH), dpakrtanpHbiii aHanu3 (mokazareiib XEpcra, IpoOHOE
OpOYHOBCKOE JBIKEHHWE) M METOJAbl HCKyccTBeHHOro uHrteiiekra (LSTM,
Transformer). M3y4eHbl OCHOBHBIE CTaTUCTUYECKHE CBOMCTBa IleH buTkoiiHA H
Ddupuyma (TsSKEIbIE XBOCTBI, KIACTEPU3AlUS BOJATUILHOCTH, HEMPEPBIBHBIC W
MPBDKKOBBIE KOMIOHEHTHI). Ha mpumepe Y30ekucTana olieHeHO pa3BUTHE MPABOBOU
0a3pl Ui KPUIITOAKTHBOB M BO3MOXHBIE IKOHOMHUYECKHE mociencTBusi. CraThbs
npeIHa3HaYeHa JUid HayYHBIX HCCIIeI0BaTeNIeH, CIIeUaINCTOB B 00J1aCTH (PUHAHCOB U
(G POBOI SIKOHOMUKH.

KuroueBble cjioBa: KpUNTOAKTUBBI, BUTKOWH, DQupuyM, BOJATUIBLHOCTD,
GARCH, croxactuueckue nuddepeHiuanbable ypaBHEHUs, TPbDKKOBas AU dy3us,
(dbpakTanbHBIN aHaMu3, mokazarenb Xépcra, LSTM, Y30ekucraH.

1. KIRISH

2009-yilda Bitcoin (BTC) ning paydo bo‘lishi bilan boshlangan kriptoaktivlar
davri moliyaviy bozorlarda yangi paradigmani yaratdi. Bugungi kunda 10,000 dan
ortiq kriptoaktivlar mavjud bo‘lib, ularning umumiy bozor kapitallashuvi 2-3 trillion
dollarga yetadi. Bitcoin va Ethereum (ETH) ushbu bozorning asosiy aktivlari
hisoblanadi — ular birgalikda umumiy kapitallashuvning 60-70% ini tashkil giladi.

Kriptoaktivlarning o‘ziga xos xususiyatlari — yuqori volatillik, uzluksiz savdo
(24/7), anonimlik darajasi, regulyativ noaniglik va spekulyativ harakatlar — ularni
modellashtirishni aynigsa giyin va giziqarli qiladi. An’anaviy moliyaviy aktivlardan
farqli o‘laroq, kriptoaktivlar fundamental qiymatga ega emas, ularning narxi asosan
talab va taklif, investor kayfiyati, yangiliklar va tarmoq effektlari bilan belgilanadi.

Ushbu magqolaning asosiy magqgsadi — Bitcoin va Ethereum narxini
modellashtirishda qo‘llaniladigan asosiy matematik usullarni (stokastik differensial
tenglamalar, GARCH turkumi, fraktal tahlil, sun’1y intellekt) tizimli ravishda bayon
gilish, ularning afzallik va kamchiliklarini tahlil gilish hamda O‘zbekiston kontekstida
kriptoaktivlar bozorining rivojlanish istigbollarini baholashdir.

Maqola sakkizta asosiy bo‘limdan iborat: kriptoaktivlar tavsifi, deskriptiv
statistika, stokastik differensial tenglamalar modellari, GARCH turkumi modellari,
fraktal tahlil, sun’iy intellekt usullari, O‘zbekiston misolida tahlil va xulosa.

2. KRIPTOAKTIVLAR: BITCOIN VA ETHERIUM

2.1. Asosiy tavsif
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2.2. Kriptoaktivlarning o‘ziga xos statistik xususiyatlari
Bitcoin va Ethereum narxlari quyidagi o‘ziga xos xususiyatlarga ega:

Xususiyat Bitcoin (BTC) Ethereum (ETH)
Yaratilgan yili 2009 2015

Asoschisi Satoshi Nakamoto Vitalik Buterin
Magsadi Ragamli oltin, to‘lov vositasi jzs;ts—kontraktlar,
ﬁgi;‘:‘:‘x ::;z;of-WOrk (= Proofof- b ot.of-Stake (2022)
Maksimal taklif 21 million Cheklanmagan

Blok vaqti ~10 daqiqga ~12-15 sekund

Hash algoritmi SHA-256 Ethash

Yugori volatillik — an’anaviy aktivlardan 3-5 barobar yuqori

Og‘ir quyrugqlilik (heavy tails) — ekstremal giymatlarning ehtimoli yugori
Volatillik klasterlashuvi — katta o‘zgarishlardan keyin katta o‘zgarishlar
Asimetrik ta’sir (leverage effekti) — salbiy shoklar ijobiy shoklarga nisbatan
kuchliroq ta’sir giladi

Uzoq muddatli xotira (long memory) — bugungi volatillik kelajakdagi volatillikka
ta’sir qiladi

Mavsumiylik va kun effektlari — hafta kunlari va oy fazalariga bog‘liglik

3. DESKRIPTIV STATISTIKA

3.1. Ma’lumotlar tavsifi

Tadgiqotda 2020-2024 yillar kunlik ma’lumotlari (BTC/USD, ETH/USD) ishlatilgan.
Narx o‘zgarishlari logarifmik daromadlilik sifatida hisoblangan:
rt=Ini/0{(PtPt—1)x100rt=In(Pt—1Pt)x100

1-jadval. Bitcoin va Ethereum daromadliligining asosiy statistik xususiyatlari
(2020-2024)

Statistika BTC ETH

Kuzatuvlar soni 1,826 1,826
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O‘rtacha daromadlilik (kunlik, %) 0.12
Standart og‘ish (kunlik, %) 3.42
Maksimum (%) 18.2
Minimum (%) -15.6
Asimmetriya (Skewness) -0.42
Ektsess (Kurtosis) 8.7
Jarque-Bera testi (p-value) <0.001
Ljung-Box Q(20) (p-value) <0.001
ARCH LM testi (p-value) <0.001

Interpretatsiya:

Ektsess > 3 — normal tagsimotga nisbatan og‘ir quyruqlilik
Asimmetriya manfiy — salbiy o‘zgarishlar ehtimoli biroz yuqori
Jarque-Bera — normal tagsimot rad etiladi

Ljung-Box — avtokorrelyatsiya mavjud

ARCH LM — volatillik klasterlashuvi mavjud

3.2. Yillik volatillik

2-jadval. Yillik volatillik taggoslamasi (%)

Yil BTC ETH S&P500 Oltin  O‘zbekiston so‘mi
2020 68 85 32 18 12
2021 82 102 15 14 14
2022 65 78 22 15 22
2023 52 68 14 12 18
2024 48 62 13 14 16

Kriptoaktivlarning volatilligi an’anaviy aktivlardan 3-5 barobar yugori.

4. STOKASTIK DIFFERENSIAL TENGLAMALAR MODELLARI
4.1. Geometrik Brown harakati (GBM) modeli
Eng sodda model — GBM:
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dSt=pStdt+cStdWtdSt=,Stdt+oStdWt

bu yerda:

StSt — vaqtdagi narx

uu — drift (o‘rtacha daromadlilik)

oo — volatillik

dWtdWt — Wiener jarayoni

Yechim (Ito lemmasidan):
St=S0exp:/0{[(n—022)t+cWt]St=S0exp[(u—202)t+sWi]

1-misol. Bitcoin uchun p=0.124=0.12 (yillik 12% o‘rtacha daromad)

va 6=0.680=0.68 (yillik 68% volatillik) bo‘lsa:
St=S0expi/0(0.12—0.682/2)t+0.68 Wt]=S0exp./0{[(0.12—0.2312)t+0.68 Wt]=SOexpi/o]
—0.1112t+0.68Wt]St=S0exp[(0.12—0.682/2)t+0.68Wt]=S0exp[(0.12—0.2312)t+0.68Wt
]=S0exp[—0.1112t+0.68Wt]

GBM kamchiliklari:

Volatillik doimiy — realda volatillik vaqt bo‘yicha o‘zgaradi

Sakrashlarni modellashtirmaydi — realda kriptoaktivlarda katta sakrashlar ko‘p
Narx tagsimoti log-normal — realda og‘ir quyruglilik

4.2. Sakrash-diffuziya modeli (Merton modeli)

GBM ga Puasson sakrashlarini qo‘shish:
dSt=pStdt+cStdWt+St(eJ—1)dNtdSt=xStdt+oStdWt+St(eJ—1)dNt

bu yerda:

dNtdNt — intensivligi A4 bo‘lgan Puasson jarayoni

J~N(wJ,6J2)J~N(ud,0J2) — sakrash hajmi

2-misol. Bitcoin uchun Merton modeli parametrlari (2020-2024):
1=0.10=0.10 (yillik)

0=0.4506=0.45 (yillik)

A=81=8 (yiliga o‘rtacha 8 ta muhim sakrash)

uJ=—0.024J=—0.02 (sakrashlar o‘rtacha biroz manfiy)

0J=0.15¢J=0.15

4.3. Heston modeli (stokastik volatillik)

Heston modelida volatillik vaqt bo‘yicha o‘zgaradi:
dSt=pStdt+vtStdWtSdSt=4Stdt+tStdWtSdvt=k(0—vt)dt+EvtdWivdut=r(6—vt)dt+ént
dWtvdWLS-dWtv=pdtdWtS-dWtv=pdt

bu yerda:

vtvt — vaqt bo‘yicha o‘zgaruvchan volatillik

Kk — o‘rtachaga qaytish tezligi (mean-reversion)

06 — uzoq muddatli o‘rtacha volatillik

& — volatillikning o‘zgaruvchanligi (vol of vol)

pp — narx va volatillik o‘rtasidagi korrelyatsiya
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3-misol. Ethereum uchun Heston modeli parametrlari:

Parametr BTC ETH
e (yillik) 0.12 0.15
KK 3.2 3.5
06 0.45 0.52
& 0.85 0.92
v0v0 0.48 0.56
pp -0.35 -0.32

p<0p<0 — leverage effekti (narx tushganda volatillik oshadi).

4.4. Sakrashlar bilan Heston modeli (SVJ)

Volatillik stokastik va sakrashlar mavjud:
dSt=pStdt+vtStdWtS+St(eJ—1)dNtdSt=xStdt+vtStdWtS+St(eJ—1)dNt
dvt=k(0—vt)dt+EvtdWivdvt=r(6—vt)dt+Evtd Wiy

Bu model kriptoaktivlarning eng muhim xususiyatlarini (stokastik volatillik +
sakrashlar + og‘ir quyruqglilik) bir vaqtning o‘zida modellashtiradi.

Model taggoslamasi (AIC va BIC asosida):

Model BTC AIC BTCBIC ETHAIC ETH BIC
GBM 12,450 12,460 14,320 14,330
Merton (sakrash) 11,890 11,905 13,650 13,665
Heston 11,720 11,740 13,420 13,440
SVJ (Heston+sakrash) 11,540 11,565 13,180 13,205

SVJ modeli eng yaxshi (eng past AIC/BIC).

5. GARCH TURKUMI MODELLARI

5.1. Asosiy GARCH modeli

Eng sodda GARCH(1,1) modeli:
rt=ptet,st=cotzt,zt~i.1.d(0,1) rt=u+et et=otzt,zt~i.1.d(0,1)ot2=0+0et—12+fot—120t2
=w+oet—12+fot—12

4-misol. Bitcoin uchun GARCHY(1,1) bahosi (2020-2024):
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0t2=0.00018+0.085et—12+0.8956t—12012=0.00018+0.085¢t—12+0.8955t—12
a+3=0.085+0.895=0.98<1(bargarorlik)a+/5=0.085+0.895=0.98<1(barqgarorlik)

Uzoq muddatli o‘rtacha volatillik (kunlik):

o 2=m01—a—=0.000181-0.98=0.000180.02=0.009 =

0 =0.095 (9.5% kunlik)o2=1—a—fw»=1-0.980.00018=0.020.00018
=0.009=0¢"=0.095 (9.5% kunlik)

5.2. EGARCH (Eksponensial GARCH) — asimetrik ta’sir uchun

EGARCH modeli leverage effektini modellashtiradi:
Ini/o(ot2)=w+alet—1ot—1|+yet—1ot—1+BIni/0{(ot—12)In(6t2) =w+aoct—1 et—1+yot—1st—1
+4In(ot—12)

Agar y<0y<0 bo‘lsa, salbiy shoklar ijobiy shoklarga nisbatan kuchliroq ta’sir giladi.
5-misol. Bitcoin EGARCH bahosi:

Ini/o}(6t2)=—0.25+0.12]st—16t—1|—-0.08et—1 6t—1+0.96In /0i(ct—12)In(ct2)=—0.25+0.12
ot—1et—1-0.080t—16t—1+0.96In(ot—12)

v=—0.08<0y=—0.08<0 — leverage effekti mavjud (salbiy shoklar volatillikni ko‘proq
oshiradi).

5.3. GJR-GARCH (Glosten-Jagannathan-Runkle) modeli

Yana bir asimetrik model:
ot2=w+aet—12+ylt—let—12+Bot—120t2=w+oet—12+ylt—1et—12+pot—12

bu yerda It—1=11t—1=1 agar et—1<0et—1<0, aks holda 0.

6-misol. Ethereum GJR-GARCH bahosi:
0t2=0.00012+0.06t—12+0.081t—1&t—12+0.89ct—120t2=0.00012+0.06£t—12+0.081t—1
et—12+0.890t—12

Salbiy shoklar ta’siri: a+y=0.06+0.08=0.140+y=0.06+0.08=0.14

[jobiy shoklar ta’siri: 0=0.060=0.06

5.4. FIGARCH (Fraksional integratsiyalashgan GARCH) — uzoq muddatli
xotira

FIGARCH modeli volatillikdagi uzog muddatli xotirani modellashtiradi:
d(L)(1-L)det2=w+[1-B(L)](et2—ot2)¢(L)(1-L)det2=w+[1-A(L)](et2—012)

bu yerda dd — fraksional integratsiya parametri (0<d<1).

7-misol. Bitcoin FIGARCH parametrlari:

d=0.42d=0.42 — uzoq muddatli xotira mavjud

An’anaviy GARCH: d=0 (short memory) yoki d=1 (unit root)

5.5. GARCH modellarini tagqoslash

3-jadval. Bitcoin va Ethereum uchun GARCH modellari taggoslamasi
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Model BTC log- BTC ETH log- ETH
likelihood AIC likelihood AIC
GARCH(1,1) -2,845 5,698 -3,210 6,428
EGARCH(1,1) -2,812 5,634 -3,175 6,360
gJARR; CH(LD) -2,805 5,620 -3,168 6,346
FIGARCH(1,d,1)  -2,790 5,592 -3,150 6,312

FIGARCH eng yaxshi — kriptoaktivlar volatilligida uzog muddatli xotira muhim.

6. FRAKTAL TAHLIL

6.1. Hurst ko‘rsatkichi (H)

Hurst ko‘rsatkichi vaqtli qatorning xotira xususiyatlarini o‘Ichaydi:

H=0.5H=0.5 — tasodifiy (Brown harakati)

0.5<H<10.5<H<1 — uzoq muddatli xotira (persistent)

0<H<0.50<H<0.5 — o‘rtacha gaytish (anti-persistent)

Hisoblash usuli (Reskalyar diapazon — R/S):

RS=cnHSR=cnHH=log /0i(R/S)log/0{n)H=log(n)log(R/S)

8-misol. Bitcoin Hurst ko‘rsatkichi:

Kunlik: H = 0.62 (uzoq muddatli xotira — persistensiya)

Haftalik: H = 0.58

Oylik: H = 0.55

Ethereum: H = 0.60
H > 0.5 bo‘lgani uchun kriptoaktiv bozorlari samarali bozor gipotezasiga
(EMH) bo‘ysunmaydi — tarixiy ma’lumotlar kelajakni prognozlashda
foydali bo‘lishi mumkin.

6.2. Fraktal o‘lcham (D)

Hurst ko‘rsatkichi bilan bog‘liq:

D=2-HD=2-H

Bitcoin uchun H=0.62 — D=1.38. Bu giymat 1.0 (chiziq) va 2.0 (tekislik) orasida —

vaqt qatori murakkab fraktal tuzilishga ega.

6.3. Fraksional Brown harakati (fBM)

GBM umumlashtirilishi — fBm:

dSt=pStdt+cStdBtHdSt=xStdt+oStdBtH

bu yerda BtHBtH — Hurst ko‘rsatkichi H bo‘lgan fraksional Brown harakati.

Kovariatsiya funksiyasi:

E[BtHBsH]=12(|t|2H+|s|2H—|t—s|2H)E[BtHBsH]=21(|t|2H+|s|2H—|t—s|2H)
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7. SUN'lY INTELLEKT USULLARI

7.1. LSTM modeli

LSTM kriptoaktiv narxlarini prognozlashda keng qo‘llaniladi (oldingi maqolada
batafsil). Kriptoaktivlar uchun LSTM arxitekturasi:

Kirish: 60 kunlik narx, hajm, gidiruv indeksi

2 LSTM gatlami (128 va 64 neyron)

Dropout 0.2

Chiqish: 1 kun prognozi

9-misol. Bitcoin prognozi (2024):

LSTM RMSE = 2.8%

GARCH(1,1) RMSE =4.2%

ARIMA RMSE =5.1%

7.2. Transformer modeli

Transformer arxitekturasi kriptoaktiv prognozlashda yangi so‘z. Self-attention
mexanizmi narx va boshqa omillar (social media sentiment, blockchain ma’lumotlar)
o‘rtasidagi murakkab bog‘ligliklarni o‘rganadi.

7.3. Hybrid modellar (GARCH-LSTM)
y"t:LSTM(xt)utrend+GARCH(cst)wvolatiIIiky’\t:trend LSTM(xt)
+volatillikGARCH(ot)

Gibrid model yolg‘iz LSTM dan 15-20% anigroq.

4-jadval. Turli modellarning prognoz anigligi (2024, RMSE %)

BTC 1 BTC7 ETH 1 ETH 7
Model

kun kun kun kun
ARIMA 5.1 8.2 6.3 9.8
GARCH 4.2 6.8 5.1 8.2
LSTM 2.8 4.5 3.4 5.6
Transformer 2.6 4.2 3.1 5.2
GARCH-LSTM
(hybrid) 2.3 3.8 2.8 4.5
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