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Annotatsiya. Ragamli aktivlar riskini baholashdagi asosiy muammo
daromadlilik  dispersiyasining vaqt bo‘yicha o‘zgarishi va ekstremal
yo‘qotishlarning normal tagsimotga nisbatan yuqori ehtimolligidir. Maqgolaning
magqsadi Bitcoin va Ethereum volatilligini baholash uchun statistik diagnostika,
shartli geteroskedastiklik va dum riskini yagona metodologik tizimga
birlashtirishdan iborat. Tadqiqot dizayni 2021-2026-yillardagi kunlik narxlar
asosida logarifmik daromadlilikni hisoblash, deskriptiv statistika, stasionarlik va
ARCH effektlarini tekshirishni nazarda tutadi. GARCH va EGARCH modellari
normal hamda Student-t innovatsiyalari ostida taqqoslanadi. Risk Value at Risk va
Expected Shortfall orgali, prognoz sifati esa tanlanmadan tashqari xatolar va gamrov
testlari yordamida baholanadi. Adabiyotlar sintezi og‘ir dumlarni hisobga olish
zarurligini tasdiqlaydi, biroq murakkab yoki asimmetrik modelning universal
ustunligini qo‘llab-quvvatlamaydi. Taklif etilayotgan metodologik hissa model
murakkabligini emas, risk prognozining kalibrlanishini tanlov mezoniga
aylantirishdir. Keltirilgan sonlar nashr etilgan tadqiqotlarga tegishli bo‘lib, yangi
davr uchun original baholar sifatida talqin qilinmaydi. Natijalar investitsiya limitlari,
kapital buferlari va stress-testlarni loyihalash uchun tekshiriladigan tadqiqot asosini

yaratadi.
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Abstract. The central problem in digital asset risk measurement is the
combination of time-varying return variance and extreme losses that Gaussian
models do not adequately represent. This article develops a reproducible framework
for assessing Bitcoin and Ethereum volatility using statistical diagnostics,
conditional heteroskedasticity models, and probabilistic tail-risk measures. The
proposed empirical design uses daily prices for 2021-2026, subject to an explicitly
documented observation cutoff. Log returns are examined through descriptive
statistics, stationarity tests, and ARCH diagnostics. GARCH and EGARCH
specifications are compared under Gaussian and Student-t innovations. Value at
Risk and Expected Shortfall forecasts are evaluated through out-of-sample losses
and coveragetests. Published evidence supports incorporating heavy tails, while the
superiority of asymmetric, regime-switching, or more complex models remains
conditional on assets, samples, and evaluation criteria. The methodological
contribution is a decision-oriented framework that prioritizes forecast calibration
over in-sample fit. Reported numerical examples originate from published studies
and are not presented as newly estimated results. The framework supports
transparent exposure limits, capital buffers, and stress-testing procedures.

Keywords: digital assets, Bitcoin, Ethereum, volatility, GARCH, EGARCH,
heavy tails, VaR, Expected Shortfall.

AnHoTanusa. OcHoBHas pobiieMa u3Mep eHUsl pUcka IUQP OBBIX aKTHBOB
3aKJTI0YAETCsl B COYCTAHUH M3MEHSIONIEICS BO BP EMEHU JUCTICP CUU JOXOTHOCTH H
BBICOKOM BEp OSTHOCTU DKCTP EMaJIbHBIX MOTEPh. Llenb craThu cocTOUT B pa3paboTke
BOCITP OM3BOJIMMON METOJIO0JIOTHH OIleHKH BodaTWiabHOCTH Bitcoin m Ethereum,
OOBCIMHAIONICH  CTaTHUCTUYECKYI0  JUArHOCTHKY,  MOJEIH  yCIOBHOU
reTep OCKENACTUYHOCTH M BEPOSTHOCTHBIE TOKAa3aTeId XBOCTOBOTO PHCKA.
[Ipennaraemplii SMIOMPHUYECKUM JW3aliH IPENYyCMAaTPUBAET HUCHOJIb30BAHUE

JTHEBHBIX 11eH 3a 2021-2026 roasl ¢ 00s3aTebHBIM YKa3aHUEM KOHEYHOW JaThl
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HaOMIOACHUN. AHAIIU3 BKIIIOYAET JIOTapU(PMUYECKYIO I0XOAHOCTh, OITUCATEIBHYIO
CTaTUCTHKY, MPOBEPKY cranimoHapHocTH U BeisiBIeHHe ARCH-3ddexroB. Mo e
GARCH n EGARCH conocraBisirorcss npu HOPMAJbHOM pacIpeiciCHUun U
pacnpenenenun Crterogenta. [Iporno3st Value at Risk m Expected Shortfall
P OBEPSIOTCS BHE 00YyUaromieil BHIOOPKH MOCp €CTBOM (QYHKIMH TOTEPH U TECTOB
nokpbiThsi.  CuHTE3  OMyOJMKOBAaHHBIX  HMCCIEAOBAaHUN  MOATBEPIKIAET
HEOO0XO0AMMOCTb YU€eTa TSKEJIbIX XBOCTOB, HO HE YCTaHaBJIMBAET YHUBEP CAJIbHOTO
IIPEBOCXOCTBA CIOXKHBIX MOJENerd. MeTon0JIOTHYECKU BKIIaJ 3aKIH04aeTcs B
BbIOOpE MOJENU MO KaduOpOBKE MPOTHO3UPYEMOTO PHCKA, a HE TOJBKO IO
BHYTPUBBIOOPOYHOMY COOTBETCTBHIO. [IpUBEICHHbIE YHUCIEHHBIC MOKA3aTeIH
OTHOCSITCS K OTTy OJITUKOBAaHHBIM HCCIIEIOBAHUSM U HE SIBIITFOTCS HOBBIMH OLIEHKAMHU.
[Ip ennoxxeHHbIH T0AX0A POPMUPYET TP OBEPSEMYIO OCHOBY JIJISl HHBECTHIIMOHHBIX
JTUMUTOB, PE3EPBOB KaMUTAJIa M CTP €CC-TECTUP OBAHMSI.

Kuarouesble ciioBa: mndp oBeie aktuBbl, Bitcoin, Ethereum, BoaTHIbHOCTS,
GARCH, EGARCH, msoxensie xBocTel, VaR, Expected Shortfall.

1.

Kirish

Raqamli aktivlarning yuqori volatilligi va rejim almashinuvi riskni o ‘zgarmas
dispersiya bilan ifodalashni cheklaydi; mingdan ortiq spetsifikatsiya tagqoslangan
tadqiqot standart bir rejimli GARCH noto‘g‘ri VaR va ES prognozlarini berishini
ko‘rsatgan (Caporale & Zekokh, 2019). Kriptobozorning uzluksiz, 24/7 ishlashi
kuzatuvlar vaqtini birxillashtirishni talab qiladi, aktivlarning
desentralizatsiyalashgan tuzilishi esa narxlarning nostasionar harakati bilan birga
kuzatiladi (Tsao & Cheng, 2025; Peciulis & Vasiliauskaité, 2025).

FinTech risk boshgaruvida muammo faqat tebranish kattaligi emas, balki
yo‘qotishlar tagsimotining shaklidir: 254 kriptovalyuta bo‘yicha tekshiruv og‘ir
dumlar, klasterlanish va uzoq xotirani keng tarqalgan xususiyatlar sifatida aniqlagan
(Fung et al., 2021). Ushbu tanlanmada Student-t GARCH spetsifikatsiyalari

aktivlarning gariyb 80 foizini yaxshi tavsiflagan (Fung et al., 2021).
r
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Tadqiqot gipotezasi uch qismga ajratiladi: daromadlilik normal tagsimotdan
chetlanadi; normal innovatsiyali risk modeli ekstremal yo‘qotishlarni yetarh
ifodalamaydi; asimmetriyani hisobga olish ayrim aktiv va davrlarda prognozni
yaxshilaydi. Oxirgi qism universal gonun emas: og‘ir dumli EWMA murakkab
GARCH bilan teng aniqlik ko ‘rsatgan, ayrim tanlanmalarda esa oddiy GARCH eng
yaxshimoslashuvni bergan (Alexander & Dakos,2023; Yildirim & Bekun, 2023).

2. Adabiyotlar Tahlili

Engle ARCH orqali shartli dispersiyaning o‘tmish axborotiga bog‘ligligini
shakllantirgan, Bollerslev esa tenglamaga oldingi shartli dispersiyalarni kiritgan
(Engle, 1982; Bollerslev, 1986). Nelsonning EGARCH modeli daromadlilik va
volatillik innovatsiyalari o‘rtasidagi bog‘liqlikni ifodalaydi; FIGARCH esa shok
ta’sirining sekin, giperbolik so‘nishini modellashtiradi (Nelson, 1991; Baillie et al.,
1996).

Jadval 1. Model Oilalari Taqqoslanishi

Asosiy vazifa Empirik dalil Muhim cheklov

GARCH Dispersiya Haftalik  BTC Simmetrik javob
klasterlanishi uchun yaxshi
moslashuv
(Yildirim &
Bekun, 2023)
EGARCH/GJR Shoklar Daqiqalik Natija
asimmetriyasi ~ prognozlarda chastotaga
GJR ustun bog‘liq

(Ampountolas,
2022)

FIGARCH/HYGARCH Uzoq xotira BTC va ETH Rejimlar alohida
uchun turlicha tekshiriladi
tanlov  (Okur,

2020)
MSGARCH Rejim BTC VaR Kalibrlash
almashinuvi prognozida murakkabligi
yaxshilanish

P —
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&
(Ardia et al,
2019)
GARCH-EVT Ekstremal Tanlanmadan Chegara
dumlar tashqgari VaR tanlashga sezgir

ustunligi (Omari
& Ngunyi, 2021)
Rasm 1: Volatillik model oilalarining vazifalari va empirik chekloviari

taqqoslanishi. Manba: jadvaldagi ilmiy tadqiqotiar; muallif tomonidan yangi
ekonometrik hisoblash bajarilmagan.

Asimmetriya yo‘nalishi bahsli: ayrim natijalarda salbiy shoklar kuchliroq,
boshgqalarida ijobiy shoklar volatillikni ko‘proq oshirgan (Sézen, 2025; Ozdemir,
2022; Cheikh et al., 2020). Shuning uchun “asimmetriya mavjud” degan xulosa
“klassik leverage effekti mavjud” degan xulosaga tenglashtirilmaydi (Ardia et al.,
2019).

GAS modellari Bitcoinning 1 foizlik VaR prognozida yaxshi natija bergan,
robustdiapazonli GARCH esa keskin o‘zgarishlar sharoitida dispersiya, VaR va ES
aniqligini oshirgan (Troster et al., 2019; Fiszeder et al., 2024). Kopula yondashuvi
Bitcoin uchun samarali bo‘lgan, Ethereum uchun esa yagona universal g‘olib
aniqlanmagan (Kar & Meka, 2025). Chegaraviy Bayes modellari va makroiqtisodiy
regressorlarga asoslangan neyron kvantil modellari ham dum riskini prognozlashda
yaxshilanish ko‘rsatgan (Chen et al., 2025; Lawuobahsumo et al., 2023).

3. Ma’lumotlar va
Metodologiya

Tadqiqot obyekti BTC/USD va ETH/USD kunlik narxlaridir. Rejalashtirilgan
boshlanish sanasi— 202 1-yil 1-yanvar; yakuniy sana2026-yildagi amalda mavjud
oxirgi kuzatuv bilan belgilanadi. CoinMarketCap ma’lumotlaridan foydalanish
ilmiy amaliyotda mavjud, biroq uning boshqga provayderlar bilan farqlari va

agregatsiyaqamroviqayd etilishi kerak (Wu & Yueh, 2025; Vidal-Tomas, 2022).
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UTC bo‘yicha kun chegarasi, yuklash sanasi, kotirovka valyutasi va
yetishmayotgan kuzatuvlar alohida qayd qilinadi. Bu tanlovlar tadqiqot protokolidir,
bajarilgan hisoblash natijasi emas.

Daromadlilik va Diagnostika

Logarifmik daromadlilik va tanlanma ko ‘rsatkichlari quyidagicha aniglanadi:

rt=InP t/P {t-1}),i=(1/n) Y r t,s= Vi (1/(n-1)) > (r t-7)?]

mbk=(1m)Y (r t-H™k,S=m_3/m 2"{32}, K=m _4/m_2°?

JB=m/6) *[S*+(K-3)*/4]

Bu yerda K — Pearson kurtosisi. Logarifmik daromadlilikdan foydalanish

kriptovalyuta modellashtirishida qo‘llanadi, ammo transformatsiyaning o ‘zi normal
tagsimotni ta’minlamaydi (S6zen, 2025; Okur, 2020). Stasionarlik ADF, sharth
geteroskedastiklik ARCH-LM, qoldiq bog‘ligligi esa diagnostik testlar bilan
tekshiriladi; ARCH-LM kvadrat qoldiglarning bog‘ligligiga asoslanadi (Yildirim &
Bekun, 2023; Engle, 1982).

Jadval 2. Deskriptiv Statistikalar

Ko‘rsatkich BTC: nashr ETH: nashr 2021-2026
etilgan etilgan original bahosi
O‘rtacha  kunlik 0,0015 0,0014 Hisoblanmagan
daromad
Standart og‘ish 0,0343 0,0436 Hisoblanmagan
Skewness —1,1036 -1,1312 Hisoblanmagan
Pearson kurtosisi 21,2730 18,3385 Hisoblanmagan
JB / ADF Bu manbada Bu manbada Hisoblanmagan
berilmagan berilmagan

Rasm 2: Bitcoin va Ethereum daromadliliklarining nashr etilgan deskriptiv
ko ‘rsatkichlari. Manba: Sozen, 2019-yil 1-yanvar—2025-yil 8-yanvar tanlanmasi;
sonlar o ‘nli birlikda, yangi hisob-kitob emas (Sozen, 2025).

Shartli Dispersiya va Risk Modellari
Bazaviy GARCH(1,1) modeli:
rt=puttegtegt=ct*z o =w+ta*e {t-1}’+p *o {t-1}°

P —
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o
GARCH oldingi shoklar va dispersiyani birlashtiradi (S6zen, 2025). Standart

birlik dispersiyali innovatsiyalar uchun w >0, a, >0, o+ B <1 shartlari tekshirilads;
yuqori persistensiya alohida FIGARCH dalilisiz uzoq xotiraning isboti deb
olinmaydi (Bollerslev, 1986; Baillie et al., 1996).

Asimmetrik EGARCH(1,1) mugqobili:

Inc ) =w+p *In(c_ {t-1}*) +a * (|7 {t-1}| -Elz|) +y * z_{t-1}

EGARCH log-dispersiya orqali musbat dispersiyani ta’minlaydi (S6zen,
2025). Normal va birlik dispersiyaga standartlashtirilgan Student-t innovatsiyalari
bir xil ma’lumot hamda prognoz davrida taqqoslanadi.

Yo‘qotish L = -r, ishonchlilik darajasi ¢ bo‘lsa:

VaR {c,}=FM-1} {L t|F_{t-1}})(c), ES_{c,}=(1/(1-¢)] ¢ VaR_fut}
du

VaR chegaraviy yo‘qotishni, ES esa eng yomon dumdagi o ‘rtacha yo‘qotishni
ifodalaydi (Kupiec, 1995; Acerbi & Tasche, 2001). Kupiec testi qamrovni,
Christoffersen yondashuvi shartli gamrovni, ES testlari esa dumdagi yo“‘qotishlarni
tekshiradi (Kupiec, 1995; Christoffersen, 1998; Du & Escanciano, 2015).

4. Natijalar

Ushbu bo‘lim yangi baholash emas, nashr etilgan natijalarni ajratib ko‘rsatadi.
BTC va ETH uchun ARCH effektlari qayd etilgan, biroq boshqa tanlanmada ular
aniqlanmagan; diagnostika davrga bog‘liq holda qayta bajarilishi zarur (S6zen,
2025; Yahaya et al., 2022).

Jadval 3. Model Parametrlari

Aktiv va © o B Qo‘shimcha

model parametr

BTCGARCH 0,0000201 0,0689 0,9301 v=12,9235

BTC —0,0456 0,0217 0,9928 vy=0,1526

EGARCH

ETH GARCH 0,0000326 0,0834 0,9156 v =23,2509
r
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ETH —0,0595 0,0231 0,9905 vy=0,1318
EGARCH

Rasm 3: GARCH va EGARCH parametrlarining Bitcoin hamda Ethereum

bo yicha taqqoslanishi. Manba: Sézenning 2019-2025 tanlanmasi; berilgan
jadvalda standart xatolar yo ‘qligi sababli barcha parametrlar uchun p < 0,05
tasdiglanmaydi (Sozen, 2025).

Jadvaldan GARCH persistensiyasi BTC uchun 0,9990, ETH uchun 0,9990
chiqadi; bu nashr etilgan koeffitsiyentlarning arifmetik yig‘indisidir (S6zen, 2025).
Biroq optimal model bir xil emas: ushbu tanlanmada BTC uchun TGARCH, ETH
uchun EGARCH tanlangan (S6zen, 2025). Rejimli modellar boshqga tadqiqotlarda
VaR va ES prognozini yaxshilagan, aralashma tagsimotlari esa ayrim
taqqoslashlarda Markov modellaridan ustun kelgan (Maciel, 2020; Caporale &
Z¢kokh, 2019).

Jadval 4. VaR va ES Baholash Sxemasi

Ishonchlilik VaR hisoblash ES hisoblash
ifodasi ifodasi
BTC 95% FA{- 20 * [ {0,951
1} {LLBTC}(0,95) VaR udu
BTC 99% FA- 100 * | {0,99}71
1} {LBTC}(0,99) VaR udu
ETH 95% FA - 20 * [ {09571
1} {LLETH}(0,95) VaR udu
ETH 99% FA - 100 * [ {0,997

1} {LLETH}(0,99) VaR udu
Rasm 4: Bitcoin va Ethereum uchun shartli dum riski hisoblash sxemasi.

Manba: VaR va ES ta’riflari; parametrik hisoblash uchun baholangan tagsimot
zarur (Acerbi & Tasche, 2001; Engle, 1999).
Vizualizatsiya Metodologiyasi
Ragamli aktivlar narxi (P_t) va kunlik shartli volatillik (¢_t) dinamikasini

vizual tahlil qilish uchun interaktiv grafik panellari qo‘llaniladi. Tahlilda UTC vaqti

T —

@_ https://global-science-review.com/ l 121 4-son | I_qism Noyabr 2026




OLIY TA’LIM SADOSI

Respulika ilmiy-elektron jurnal

www.global-science-review.com

@ admin@global-science-review.com

bo‘yicha saralangan logarifmik daromadlilik va baholangan GARCH/EGARCH

shartli dispersiya ko‘rsatkichlari alohida panellarda ifodalanadi.

ILMIY ILOVA: Grafikni shakllantirish va interaktiv tahlil qilish uchun

mo ‘ljallangan to ‘lig optimallashtirilgan Plotly/JavaScript kodi maqolaning 1-
llovasida keltirilgan.

5. Muhokama

Kriptoaktivlarning pasayish riski pandemiya tanlanmasida S&P 500 va
Shanghai indekslaridan yuqori bo‘lgan (Ozdemir, 2022). Bitcoinni oltinning
barqaror o‘rinbosari deb talqin qilish ham asoslanmagan: dastlabki hed;
imkoniyatlari haqidagi natijalarga qarshi, keyingi tagqoslash barqaror himoyalash
gobiliyatini topmagan (Dyhrberg, 2016; Klein et al., 2018). Ayrim ko‘p aktivh
portfellarda risk kamaygan bo‘lsa-da, kriptoaktivlar ichidagi diversifikatsiya
ekstremal yo‘qotishlarni sezilarli kamaytirmagan (Guesmi et al., 2019; Bruhn &
Ernst, 2022).

BTC-ETH bog‘ligligi vaqt bo‘yicha o‘zgaradi, ularning diversifikatsiya
imkoniyatlari ayrim davrlarda qisqargan (Benekiet al., 2019). DCC va boshqako‘p
o‘Ichovli natijalar bozorlararo shok uzatilishini tasdiglaydi (Gupta & Chaudhary,
2022; Ampountolas, 2022). Global moliya bozorlariga ta’sir esa ko “pincha mo ‘tadil
va qisqa muddatli bo‘lgan, shuning uchun aktiv volatilligi tizimli inqirozga
avtomatik tenglashtirilmaydi (Vukovic et al., 2024).

Markaziy banklar uchun kuzatuv va tayyorgarlik muhim, lekin xavf bahosi
davr va integratsiya darajasiga bog‘liq (Manaa et al., 2019; Joebges et al., 2025).
Jahon banki tadqiqotida 130 dan ortig mamlakat kriptofaolligi asosan global omillar
bilan bog‘langan, biroq ma’lumotlarning qisqa tarixi cheklov sifatida qayd etilgan
(Feyen et al., 2022). O‘zbekiston bo‘yicha huquqiy tadqiqot litsenziyalash va
vakolatli agentlik rolini tavsiflaydi; bu ekonometrik natija yoki Markaziy bankning

rasmiy pozitsiyasi emas (Ganiev, 2025).
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Chizma 1. Raqamli aktivlar volatilligini baholash va risk prognozini
tekshirish algoritmi

Model kalibrlash va risk ko‘rsatkichlarini ketma-ket baholash jarayoni
quyidagi bosqichlardan iborat:

Ketma-ketlik: 1. Narxlar ma'lumotlar bazasini shakllantirish (BTC/ETH
kunlik narxlari, UTC vaqti, manba auditi).

2. Log-daromadlilikni (r_t) hisoblash.

3. Deskriptiv statistika, ADF stasionarlik testi va ARCH-LM geteroskedastiklik
testi.

4. GARCH va EGARCH (Normal / Student-t) modellarini baholash.

5. Sirg*aluvchi darcha (rolling-window) yordamida prognozlarni shakllantirish.
6. 95% va 99% VaR hamda Expected Shortfall (ES) ko‘rsatkichlarini aniqlash.
7. Qamrov, mustaqillik va ES backtestlarini o‘tkazish.

8. Kalibrlash natijalari qoniqarli bo‘lsa: Pozitsiya limitlari va stress-test
o‘tkaziladi; Yo‘qbo‘lsa: Robust, rejimli (MSGARCH) yoki EVT muqobil modeliga
o‘tiladi.

Asosiy cheklov — haqiqiy volatillik kuzatilmasligi va uning proksisi model
reytingiga ta’sir qilishidir. Yuqori chastotali realizatsiyalangan dispersiyaga
asoslangan HAR qisqaufqda kunlik GARCHdan ustun kelgan (Bergsliet al., 2022).
Ethereum uchun strukturaviy uzilishlarni hisobga olish haftalik prognozni
yaxshilagan (Chen, 2024). Judakam ekstremal kuzatuvlar test quvvatini cheklaydi,
davriy geteroskedastiklik esa standart interval testlarini chalg‘itishi mumkin
(Kupiec, 1995; Clements & Taylor, 2003).

6. Xulosa va Tavsiyalar

Dalillar uch xulosani asoslaydi: og‘ir dumlar risk modelining markaziy
elementi; yuqoripersistensiya rejim almashinuvidan ajratilishi kerak; model tanlovi
aktiv, chastotava baholash mezoniga bog‘liq (Funget al., 2021; Ardiaet al.,2019;
Sozen, 2025). Yangi aktivlarning qisqa tarixida sodda og‘ir dumli modellar

murakkab mugqobillar bilan teng ishlashi mumkin (Mappadang et al., 2024).
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Investitsiya fondlari va tahlilchilar uchun uch aniq tavsiya:

1. Normal modelni yagonamezon qilmang: Student-t muqobili bilan VaR va
ESni birgalikda tekshiring (Troster et al., 2019; Acereda et al., 2020).

2. Pozitsiya limitlarini dinamik kovariatsiya va qo‘shma ekstremal
yo‘qotishlar asosida yangilang (Kantar et al., 2025; Bruhn & Ernst, 2022).

3. Modelni tanlanmadan tashqarida gayta tekshirib, keskin davrlar uchun
robust muqobil saqlang (Alexander & Dakos, 2023; Fiszeder et al., 2024).

Eng muhim siljish — “eng yaxshi moslashuvchi model”’dan “eng yaxshi
kalibrlanganrisk prognozi”ga o‘tishdir. Eng katta ochiq savol — aynan bir xi1 2021—
2026 tanlanmasida qaysi spetsifikatsiya inqiroz va sokin davrlarda birdek ishonchl
ishlashidir.

Foydalanilgan Adabiyotlar va Snoskalar

Acereda, B., Leon, A. and Mora, J. (2020). ‘Estimating the expected shortfall
of cryptocurrencies: An evaluation based on backtesting’. Finance Research Letters.

Alexander, C. and Dakos, M. (2023). ‘Assessing the accuracy of
exponentially weighted moving average models for Value-at-Risk and Expected
Shortfall of crypto portfolios’. Quantitative Finance.

Ardia, D., Bluteau, K. and Riiede, M. (2019). ‘Regime changes in Bitcoin
GARCH volatility dynamics’. Finance Research Letters.

Baillie, R., Bollerslev, T. and Mikkelsen, H. (1996). ‘Fractionally integrated
generalized autoregressive conditional heteroscedasticity’. Journal of Econometrics.

Bergsli, L.G. et al. (2022). ‘Forecasting volatility of Bitcoin’. Research in
International Business and Finance.

Bollerslev, T. (1986). ‘Generalized autoregressive conditional
heteroskedasticity’. Journal of Econometrics.

Caporale, G. and Zekokh, T. (2019). ‘Modelling volatility of cryptocurrencies
using Markov-Switching GARCH models’. Research in International Business and

Finance.

) Summmmn

@E‘ https://global-science-review.com/
3

124

4-son | I-qism Noyabr 2026



