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['maBHas 1enb )KypHaia 3aKi04aeTcs B MyOIMKallM OpUTMHAIIBHBIX CTaTel,
IPEMMYLIECTBEHHO  HAy4YHOTO0 M HAYYHO-TEXHUYECKOIO  HaIPaBJICHMS,
IOPEJOCTABIICHUU  HAYYHOM  OOIIECTBEHHOCTH,  HAy4HO-IPOU3BOJACTBEHHBIM
OpEeINpUITUSIM, NPEICTaBUTENAM OU3HEC-CTPYKTYp, a TaKXkKe CTyJIEHTaM,
MAarvcTpaHTaMm M JTOKTOPAHTAM BY30B BO3MOYKHOCTb 3HAKOMMTBCS C PE3YJIbTATAMHU
HAYYHBIX MCCJIEJOBAaHUM U MPUKIIAJAHBIX pa3pabOTOK MO KIIIOUEBBIM IpobiieMaM B
00J1acTH MEePeIOBbIX TEXHOJIOT .

3agauu xKypHaia COCTOST:

® B IIPEIOCTaBJICHUHU YUEHBIM BO3MOKHOCTHU MMy OIMKALUU PE3YJIbTaTOB CBOUX
VCCIIEOBAHNN M0 HAYYHBIM U HAyYHO-TEXHUYECKUM HAPABICHUSM;

® JOCTHMKEHHH MEXIYHApOIHOIO YPOBHS HAYUYHBIX IMyOJIMKALMN KypHAIa;

® [IPUBJICYCHUH BHUMAHUS HAyYHOU U J€JI0BOM 00IIECTBEHHOCTH K Hanbosee
aKTyaJIbHBIM M IIEPCIIEKTUBHBIM HAIPABJICHUSAM HAyYHBIX HCCICIOBAHUM IIO
TEMAaTHKE )KypHaia;

® [IPUBJICYCHUH B KYpHAJ aBTOPUTETHBIX OTEUYECTBEHHBIX U 3apyOEeKHBIX
aBTOPOB, SBIIAIOLIUXCS CIIEIUAIINCTAMU BBICOKOTO YPOBHS.

Kypnan paszmemaercs m mHuaekcupyercss Ha nopranax eLIBRARY.RU u
Google Scholar.
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ELEKTR MARKAZLASHTIRISH TIZIMLARI UCHUN VAQT KECHIKISHINI
TA’MINLOVCHI QURILMALAR STATISTIK TAHLILI

Ametova Elnara Kuandikovna
Dotsent (PhD), Toshkent davlat transport universiteti
elnara.ametova.84@mail.ru

Mansurova Marjona Otabek qizi
Magistrant, Toshkent davlat transport universiteti
mansurovamarjona@icloud.com

Annotatsiya: Mazkur maqolada elektr markazlashtirish tizimlari uchun marshrutni bekor
qilish, sun’iy ajratishda vaqt kechikishini ta’minlovchi qurilmalarning o‘ziga
xos xususiyatlari ko‘rib chiqilib, ushbu qurilmalarning nosozliklari
statistikalarini tahlil qilish, qolaversa xorij mamlakatlarida ham ushbu vaqt
kechikishini ta’minlovchi qurilmalar tajribalari tahlil gilinadi.

Kalit so‘zlar: blok, vaqt kechikishini ta’minlovchi qurilmalar, mikrokontroller, statistik
tahlil, elektromagnit rele.

CTATUCTUYECKHI AHAJIN3 YCTPOUCTB, OBECIIEUABAIOIIIAX
BPEMEHHYIO 3AAEPXKKY AJ CUCTEM
JEKTPUYECKOUN IEHTPAJIU3ALIUU
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mansurovamarjona@icloud.com

AHHoTauusi: B naHHON cTaThe paccMaTpUBAIOTCS XapaKTepHblE OCOOEHHOCTH YCTPOWCTB,
o0ecrneynBaIUX BPEMEHHYIO 3a/Iep)KKy TIpH OTMEHE Mapuipyra u
HMCKYCCTBEHHOM pa3JIeJIEHUM B CHUCTEMAaxX JJIEKTPUYECKOM UEHTpAIN3aluy,
IPOBOAMTCA aHAJIM3 CTAaTUCTUKM OTKAa30B JAHHBIX YCTPOMICTB, a TaKkxke
AQHAIN3UPYETCS] OMBIT 3apyOeXHBIX CTpaH B MPUMEHEHHH YCTPOWCTB
BPEMEHHOM 3aJIEPHKKH.

Kawuesbie 0JIOK, YCTpOMCTBa OOECHEYECHHS BBIAEPKKH BPEMEHH, MHKPOKOHTPOJUIEP,
ciaoBa: CTaTUCTUYECKUI aHaJIN3, JJIEKTPOMArHUTHBIE PEIIE.
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Annotation: In this article, the specific features of devices that provide time delay during
route cancellation and artificial track sectioning in electrical interlocking
systems are examined. In addition, the statistics of failures of these devices are
analyzed, and the experience of foreign countries in the application of time-
delay devices is also reviewed.

Keywords: block, time delay devices, microcontroller, statistical analysis, electromagnetic
relay.

KIRISH

Temir yo‘l transportida harakat xavfsizligini ta’minlash va poyezdlar harakatini samarali
boshqarish temir yo‘l signalizatsiyasi va boshqaruv tizimlari, xususan, elektr markazlashtirish
tizimlari muhim ahamiyat kasb etadi. Elektr markazlashtirish tizimlarida marshrutlarni o‘rnatish,
bekor qilish hamda sun’iy ajratish jarayonlari qat’iy mantiqiy bo‘lib, vaqt bog‘liqligiga asoslanadi.
Marshrutni bekor qilish va sun’iy ajratish jarayonlarida vaqt kechikishini ta’minlovchi qurilmalar
harakat xavfsizligini oshirish, noto‘g‘ri buyuruqlar berilishining oldini olish va rels zanjirlarining
barqaror ishlashini ta’minlashda muhim rol o‘ynaydi. Ushbu qurilmalarning nosoz ishlashi yoki
noto‘g‘ri sozlanishi poyezdlar harakatida xavfli holatlarni yuzaga keltirishi mumkin.

NATIJALAR VA ULARNING MUHOKAMASI

Endilikda qurilmaning o‘ziga xos xususiyatlarini ko‘rib chigsak, elektr markazlashtirish
tizimlarida vaqt kechikishini ta’minlovchi qurilmalarning vazifasi marshrutni bekor qilish yoki
sun’ily ajratish jarayonida ma’lum vaqt oralig‘ini shakllantiradi. Ushbu vaqt oralig‘i poyezdning
marshrutdan to‘liq chiqib ketganini tasdiqlash,rels zanjirlarining bo‘shligini aniglash va ijro
mexanizmlari xavfsiz ishlashini ta’minlash uchun zarur. Marshrutni bekor qilish jarayonida vaqt
kechikishini poyezd marshrut elementlaridan to‘liq chigqanidan keyingina marshrutni bekor qilish
imkonini beradi. Sun’iy ajratishda esa rels zanjirlaridagi qisqa muddatli uzilishlar yoki noto‘g‘ri
bandlik signallarining oldi olinadi. “BBMII” vaqt bloki temir yo°‘l avtomatikasi va
telemexanikasida vaqtni ushlab turish vazifasini bajaradi, hamda u HMIII2-900 tipli ijro etuvchi
rele bilan birgalikda ishlaydi. BBMIII vaqt bloki tuzilish jihatidan HMII relesi korpusida
joylashadi. BBMIII vaqt bloki 12V yoki 24V quvvatli doimiy tok manbasidan kuchlanish oladi va
o‘rtacha 15-25 gradusda 6 turli vaqt tutishga imkon beradi. Masalan, 12 V kuchlanishda 5, 13.5,
27, 54, 72, 200 sekund davomida, 24 V kuchlanishda esa 6.3, 17.3, 34.5, 66, 92, 252 sekund
davomiylikda vaqtni tutib turadi.
a) b)

1-rasm. a) “bBMIII” vaqt bloki, b) “6BMIII” vaqt bloki sxemasi
I-rasmdagi b) sxemada BBMIII vaqt blokining ishlashi aks ettirilgan. Sxema R1, R2, R3,
R4,R5,R6,R7,R8, R9 rezistorlardan, C kondensator, diod, to‘g‘irlagich, T1, T2, tranzistor, lampa
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va transformatordan iborat. R1, R2, R3 himoya va cheklov rezistorlari hisoblanadi va kirish
kuchlanishlarini cheklab, zanjirni ortiqcha tokdan himoya qiladi. T1 va T2 tranzistorlar kirish
signaliga qarab ochilib yopiladi, transformator birlamchi cho‘lg‘amiga impuls beradi. Diod esa
teskari tokni o‘tkazmaydi va tranzistorlarni himoyalaydi. Transformator galvanik ajratish
vazifasini bajaradi, kirish impulsini ikkilamchi tomonga uzatadi. To‘g‘irlagich esa o‘zgaruvchan
tokni doimiy tokka aylantirib 51 va 52- nuqtalarda doimiy kuchlanish hosil giladi. R4, RS va C
kondensator asosiy qism ya’ni vaqt tutuvchi qismdir. Bu gism sxema yuragi hisoblanadi.
Kondensator asta sekin zaryadlanadi va zaryadlanish vaqti R4, RS, C qiymatlariga bog‘liq bo‘ladi,
shu sababli chigishda kechikish ya’ni vaqtni ushlab turish paydo bo‘ladi. Shunda sxema ishlashi
quyidagicha bo‘ladi. Kirish qismiga kuchlanish beriladi, T1 va T2 tranzistorlar orqgali impuls hosil
bo‘ladi. Transformator orqali esa ajralgan signal o‘tadi va diod yordamida to‘g‘irlanib kondensator
asta zaryadlanadi. Belgilangan ma’lum vaqt o‘tgach rele ishga tushadi hamda chiqish signali
paydo bo‘ladi. Agar kuchlanish yo‘qolsa kondensator razryadlanadi va rele yana vaqtni ushlab
turadi. Elektr mustahkamligi va izolyatsiya qarshiligiga to‘xtalsak. Elektr mustahkamligi: blok
izolyatsiyasi barcha tok o‘tkazuvchi chiqishlar va blok korpusi orasiga qo‘yilgan, chastotasi S0Hz
bo‘lgan 2000V o°zgaruvchan tok kuchlanishiga 1 dagiga davomida bardosh berishi kerak. Bunda
sinov qurilmasi quvvati kamida 0.5kV A bo‘lishi lozim. Izolyatsiya qarshiligi: barcha tok
o‘tkazuvchi gismlar va blok korpusi orasidagi izolyatsiya qarshiligi quyidagicha bo‘lishi kerak.
Normal iglim sharoitida kamida 200 MOm, 25 gradus harorat, 98% nisbiy namlikda esa kamida
50 MOm bo‘lishi kerak.

Vaqt kechikishini ta’minlovchi qurilmalarning nosozliklari va statistik tahlili amaliyoti
shuni ko‘rsatadiki, vaqt kechikishini ta’minlovchi qurilmalarda quyidagi nosozliklar ko‘p
uchraydi: rele kontaktlarining qizishi yoki yopishib qolishi, elektron komponentlarning eskirishi,
tashqi mubhit, jumladan namlik va harorat ta’siri, sozlash parametrlarining buzilishi kabilar.
Nosozliklar statistikasi shuni ko‘rsatadiki, xavfli holatlarning sezilarli qismi aynan vaqt
kechikishini ta’minlovchi qurilmalar bilan bog‘ligq. Shu sababli ushbu qurilmalarning texnik
holatini doimiy monitoring qilish va statistik ma’lumotlar asosida tahlil qilish muhim ahamiyatga
ega.

Rivojlangan mamlakatlarda, xususan Germaniya, Yaponiya, Fransiya kabi davlatlardagi
elektr markazlashtirish tizimlarida asosan mikroprotsessorli va ragamli vaqt kechikish qurilmalari
go‘llanadi. Zamonaviy temir yo‘llarda ko‘pchilik davlatlar mikroprotsessorli signalizatsiya va
elektron blokirovka tizimiga o‘tgan raqamli nazorat, PLC lar kabi tizimlar ko‘proq qo‘llanadi.
Ushbu qurilmalar yuqori aniqlik, 0°z o°zini diagnostika qilish, masofaviy nazorat imkoniyatlariga
ega. Xorij mamlakatlarining ushbu qurilmalarning raqamlashtirilgan turidan foydalanish, aniqroq
qilib aytganda raqamli vaqt kechikish qurilmalarini qo‘llash nosozliklar sonini kamaytiradi va
ekspluatatsiya ishonchliligini oshiradi. Masalan Norvegiyada eski rele tizimlarida interlocking
uskunalar tarqalgan bo‘lib, 220 dan ortiq o‘rnatilgan interlocking tizimlari mavjud.

Xulosa

Xulosa qilib aytganda, maqolada elektr markazlashtirish tizimlari uchun vaqt kechikishini
ta’minlovchi qurilmalarning ahamiyati, o‘ziga xos xususiyatlari, ishlash tartibi, ularning
nosozliklari va xorij tajribalari tahlil qilindi. BBMII blokining kamchiliklari qurilma asosan
rezistor, kondensator, tranzistor va elektromexanik rele elementlaridan tashkil topgan. Bu
elementlar parametrlari vaqt o‘tishi bilan o‘zgaradi, ya’ni eskiradi, kontaktlar kuyadi, natijada vaqt
kechikishi aniq bo‘lmay qoladi. Vaqt kechikishi haroratga, namlikka, kondensatorning eskirishiga
bog‘lig. Aynigsa qish-yoz mavsumlarida farq katta bo‘ladi. Aynan ushbu muammolarni bartaraf
etish uchun elektromexanik rele o‘rniga mikrokontrollerlardan foydalangan holda haroratga
bog‘lig bo‘lmagan vaqt dasturiy sozlanadigan mikroelektron qurilma ishlab chiqishni taklif
beraman. BBMIII vaqt tutuvchi bloki temir yo‘l signalizatsiya tizimlarida uzoq yillar davomida

-5-
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go‘llanib kelinmoqda. Biroq element bazasining eskirganligi, vaqt kechikishining past anigligi va
diagnostika imkoniyatlarining cheklanganligi uning zamonaviy SMB tizimlari talablariga to‘liq
javob bermasligini ko‘rsatadi. Olingan natijalar ushbu qurilmalarni modernizatsiya qilish va
raqamli texnologiyalarni joriy etish zarurligini ko‘rsatadi.
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cy3aap: rpaduka, aHUMAIUs, Ky OOCKUWIN TalEprapIiuk.

TEXHOJIOI'UA CO3JAHUA ITPOI'PAMMHBIX CPEACTB
HA A3BIKAX IPOT'PAMMUWPOBAHUA 110 JTUCHUTIJIMHE «JIEMEHTBI 1
YCTPOUCTBA CUCTEM YIPABJIEHUS»

Poxarosa Cesnnu Typcyn ku3mn
MarucTpaHT, TallKeHTCKUI roCyJapCTBEHHBIN TPAHCIIOPTHBIA YHUBEPCUTET
roxatovasevinchOl@gmail.com

Apunos Hasupxxan Mykamaposu4
I.T.H., Ipodeccop, TamkeHTCKU ToCy1apCTBEHHBIN TPaHCIIOPTHBIN YHUBEPCUTET
aripovl 110@gmail.com

AnHOTanusA: B crarbe aHanmm3upyelss MHOTOCTYNEHYaTass cucTemMa (QOpMHUpPOBaHUS Y
OyIymMX CHEIHAIMCTOB HABBIKOB CO3/IaHUS MEIaroTMYECKUX MPOTPAMMHBIX
CPEICTB U MYJIbTUMEAUNHBIX MPOAYKTOB. PaccmaTpuBarons nporpaMmbl Jist
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Annotation: The article analyzes a multi-stage system for developing skills in future
specialists to create pedagogical software tools and multimedia products. It
covers software for working with text, graphics, sound, animation, and
databases, as well as issues of their integration with teaching methodology.

Keywords: pedagogical software tools, multimedia, teaching methodology, graphics,
animation, multi-stage training.

KHUPUII

Pakaminu neparoruka mapouTua YKyB xKapaéHUHU 3aMOHABHM axO00pOT TEXHOJIOTUsIapy
acocysia TalIKWII 3TUII IOKOPH MaJlaKaiM Kajapyap Tal€pialllHUHT MyXUM oMuiuaup. Maxcyc
damrapHu YKUTUIIIA Tieaaroruk-gactypuii Bocutanapaan (I1JIB) doiinananwm TanadaniapHUHT
UHTEJUIEKTyall CaJOXMUSATUHU OIIMPUII Ba MYCTaKWJl OMJIMM OJIMIIMHU TabMUHJIALA HOKOPU
camapa Oepanu. bupok, OyHaai nactypuii MaxCcyJIOTIapHU SpaTHII HaakaT TEXHUK JACTypJIall
KYHUKMaJlapuHU, OaJIkyi 4yKyp MeJaroruk Ba METOMK EHALTYBHU XaM Tanad 3Taju.

AJTABUETJIAP TAXJIUJIA BA METOJIOJIOT A

[lenaroruk-gactypuil BOCUTaJIApDHUHT THIIEPMATH XYy>KKaTJIapuHU UIUIA0 YMKUII Ba YKYB
MaTepUaIapuHU AKJUIAHTUPUILIA TYPJId MaKCaJjlu AacTypiap MaXMmyuJaaH QoiganiaHumIaim.
[IIB onemeHTIapuHM sipaTHIAA KYJUIAHWJIAJAWTaH JacTypuil BocuTaiap (hyHKCHOHAI
HyHanumura kypa Kyiuaaruda KjiaccCupukanus KUIMHaIN:

I'unepmatH Ba TakAMMOT BocuTanapu: Mucpocopt @pont-Ilare (XTMII), Annuape Xome
Cute, Mucpocodt ITowepllount, Mucpocobt Wop.

Cratuk rpaduka (Pactpiu Ba Bektopmnu): Copen paw, Copen Xapa, Copen IIxoro
[Taunt, Ano6e [IxoTomon, Ano6e WUmmtoctparop.

JuHamuk Ba aHuMauusanu wunoctpanusuiap: Huccpeer 3/ Cryamo MAX, Anmac
Wasedpont Mas, JlurxtWase, Codprumare 3/, Anode MmarePeanii, Macpomenna ®nam, Anode
IIpemuepe.

HATUWIKAJIAP BA YJIAPHUHI' MYXOKAMACH

Tagkukor Metomonoruscu cudatuaa OYIFyCHM MyTaxacCHUCIapHU — MyJITUMeIua
MaxCyJIOTJIApUHU SPATULITA TaHEPIAIIHUHT Kyl OOCKUWIN TU3UMHM Ba 1aCTypuil BOCUTAIAPHUHT
¥3apo OOFNMUKINK KOHYHHUSTIApH YpraHUIIH.

JlacTypuii BOCHUTaJapHUHI THUIEpPMATH XyXOKaTiaapuHu unuiad uyumkumga Mucpocodr
O®ponr-Ilare (XTMJI-Xiinep Texr Mapkyn Jlanryare), Ammmape Xome Cure (XTMJI),
Mucpocodt ITowep ITount, Mucpocodpt Wopa kabu nactypuii Bocutanapaan (oiiaaaHuIaan.
MaB3yHMHI acOCHil TylUIyHYajapura Ouja YKyB MaTepUATIapUHHU SpaTUIIA pacTpiu EKu
BEKTOPJIM pacMiiap OWJiaH MIIJIOBYM JacTypiapaH QoimamaHui 3apyp Oyimaau. Yiap kaTopura
Copen [Ipaw, Copen Xapa, Copen IIxoto Ilaunt, Ano6e IIxoro Hlom, Anob6e Ummroctpatop
KaOWJIapHU KUPUTUII MYMKHH. JIMHAMMK WJUTIOCTpacusUIM YKyB MaTepHallapu sipaTuIiia
Hucpeer 31 Cryano MAX, Anauc Wase ®pount, Mas, Jlurxr Wase, Coptlmare 31, Anode
Nmare Peanmit, Macpomenua ®nam, AmnobGe Ilpemmep xabu Maxcyc gacTyp-japlaH
doiinananunaan. OBo3u xkapa€HIapHU TAKJAUM STHII Ba 0BO3HU TaX-pup Kunin Connc®oyHapit
Coynn®opre, Wase JIa6, Coyna Pecopnep Ba 6omika gactypriap épaamMuaa amaira OInupuiam.
Masbnaymotnap 6a3anapunu sipatui-na Mucpocodt Ixcen, MucpocodT Accecc kabu nactypiap
KyJnanwianu [1,2,3].

l-pacmzna pacTypuil BocuTanap spaTHILa KYJUIAaHWIAOUIaH JacTypuil BocuTajap
TU3UMUHUHT OOFJIaHUIIN aKC 3TTUpUIrad. PacMaan Kypu-HuO TypuOanMKY, MaTHIIM poLieccopiiap
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Ba Maxcyc AacTypiap €paamujia Meaa-roruk AacTypuil BOCUTallapHHU sipaTuiaa, (oiinananysun
yHAaH KucMmaH (oiiga-naHa onMaciuK OwiaH OOFIMK MyaMMOJIap TYFHJIMIIN MYMKHH.
@oiifananyByy MeJaroruk JacTypHil BOCUTANIap SpaTWIraH JacTypuil TAbMUHOTIA 3ra OYIHUIIN
n1aprT.

Opatna ypraryBUM MYyJITHUMEIUAIM JACTypHl BOCHUTAalap sIpaTUIl OWJIaH KOMITIOTEP
JacTypuuiiapu myrysuiaHaaniap. AMmo Oy gactypumiap y3iaapu spaTta&éTral MaxcysoT cudaru
Oyiinya erapnu OwinmMmra sra Oyncanapaa, Kyn Xoiuiapja YKUTHII METOAMKACHHHU eTapiidya
y3mamrupmaran Oynumnuiapy MyMKHH. By sca ypraryBum ngacTypuil BOCHTaHHHI METOJHUK
Tanalnapra TYJIUK >kaBo0 OepuiinHu TabMuHIai onMaiau. [y cababnan, nactypuil MyaTumenna
MaxCyJOTIApHHU sApaTa OJHII MaJlaKaCHHHM MIAKIUTAHTHPUIIIA KYI OOCKUWIM Tail€éprapimKHU
amalra OLUIMpHII 3apyp.

Ymly Tai€prapauKHUHT NacTiabku Oocku4n mHpopMaTtuka (aHWHH Ypra-HHUII OWiIaH
60frmuK 0Yn10, HHPOPMATUKAHUHT YMyMHUH acoclapuHU YpraHui ommaOon Jactypiap OuiiaH
TAaHUIININHA TabMUHIAaM. bonutanruu O0ockuuna andbarra MC Wuanowce xoouru Ba MC
Ododuce nacrypuil makeTu YpraHuiauily JIo3uM. by nactypmapHM ¥3m1amTupuil 3aMOHaBUN
ax0opOT TeXHOJIOTHSUTApHIaH (HOMTATaHUIIHUHT JACTIa0KH KYHUKMAaJapuHH IAKJUIAaHTHPAIH.
Bynna rpaduk xoOukiap OuiaH MILIAl KYHUKMACUHUHT IIAKUIAHUIIM OJJIMH Ba TYIIyHApIId
JlacTypiaap KOMIIOTEp TEXHOJIOTUSUIAPUHMHI aMalldii MEeTOJIapUHU YPraHWII-HU JacTIaOKH
Oockmunga MyxuMm axamusT kacO atamu. MC Odduce KOMIOHEHT-Tapu MabIyM MabHOJIA
YHMBEpCaJl CaHaJraHU y4yyH TajnabajlapHH axOopoT TEXHOJIOTHUSJIAPHHM Y3IallTHpHUIIIapuaa
MyCTaxkKam acoc Oyiaau.

;.‘&][l[lllall;l[l]]{ Bayy

Bex TopH rp admms o
T ¥ ITWo BIIH P achn

DIy

AMa sy smoTmap
GaHKHEA
ITEK TP 0 H
A TEATLTAp

Aap CIITHE

1-pacm. Jactypuii BocuTanap sipaTuiiia KyJJaHWIAAUTaH
AACTYpHii BOCUTAJIAP TAPKUOH
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TaliéprapaMKHUHI HKKMHYM OOCKMYM — rpaduka JacTypjapu OujaH UILI-jamira
Vypranumgad ubopat. By Oockuy rpagukaHUHT Typiiapura MoC paBHIIga OUp KaHYa KUYHK
O6ockuuiapra OyaMHa u: pacTpiiv; BEKTOPJIN; YU YIIUaMiIi; aHUMaLHsUIN.

Vpraumm KeTMa-KeTIMIH >KyJa MyXMM 5Mac, aMMO AaHHMAl|s acociapu OuiaH
TaHUILIUIIHYU CTaTHK TpaduKaHuHT Oapya TypllapuHU Y3JIallTUpraHaH

KEeWWH amaira OMIMPHII MaKcaara MyBOGUKIHP.

bupunun OGockuuparun kabu rpadukaHd YpraHuIIHM SHT OMMAaBHM JacTyp-iapjaaH
6onmam kepak. Anobe IIxorolllon pactpiu rpaduka gactypnapu opa-cuaa KEHI OMMaJalraH
6ynub, Oy gJactypaa pacTpiud pacmiap OWiaH HIUIAI-HUHT caMapajld MeTOoJapu
My>KaccamJIallraH.

bynpan tamkapu, Ma3Kyp AACTypPHHUHI OXMPIH BEpCHUsIapU BEKTOPJU >KapaéHIapHUHT
MabJIyM OHp UMKO-HHSITIApHTra 3ra. Arapaa OolIaHFUd KYHUKMaIap 3apypusiTé Oyica, y Xoiaa
Wunnowe Ba Odduce nunr cranaapt gacrypiaapu MC Ilaunt Ba MC IIxoro Dautop naH
¢oiinananui MyMkuH. By ukku nactyp mabiayMm Oup goupana [Ixorolllon HUHT UMKOHMSTIAPU
Ba METOJUIAPUHU TAKPOPJIANIN.

OwmmaBuiimurun  kmxatnan Copen  Jlpaw jmactypu XaMm KeHr Tapkaiurad. Ajo0e
(bupMacHUHMHT sIHaJa cosa AacTypiapuiaH oupu — Miuttoctparop canananu. by ukku gactyp
BEKTOp I'pa)MKaCUHUHI KEHI MMKOHMATIM BOCUTACMHM TALIKWI Kuiaaud. Bekropnu nacrypriap
Typiu TpapUKIapHA Ba YM3MAIapHH SAPATULI, TAXPHUPIIAII YIyH caMapalid BOCUTAIAPIUD.

VY4 ymyamnu rpaduka yMyMHH JacTypHUHI MaXOypHil KMCMUIa KUPHMIIM LIApT 3Mac,
YYHKH Y (pakat peasl 00beKTIapHU MOJIEUIAIITUPHUIILIA UITIATH-JIaau. AMMO, 3/ HU YpraHuiHu
aHUK Ba Tabuuil Qannap MyHanumnuiapu O6yinua YKUTyBUMIap Tal€piaml TabIMM Ma3MyHHra
KUPUTHIIHN TaBCUS 3TUII MYMKHUH. DHT Ky TapKaJlrad y4 yiuamiu peakropiap cudaruga 3]
Crynuo Max Ba Mas napHu Kapall MyMKHUH. YJap yHYa Mypakkad Oynmaran nntepgeiicra sra.
Pactpnu Ba BexTopiu rpaduka OmnaH unuiam Ouiumiiapura sra 6yiauo, yu yinuamiau rpadukana
MIUIAN KYHUKMACHHHU T€3/a Y3 TUPUII MyMKHH.

AHuManusiu rpaduKaHU SIpaTUIIHU Oup-Oupura sIKMH HHTepdeiicra sra OKopHaa
KEITUPHWIITaH JJacTypiapa amajra ol pHIl HMKOHUATH MaBxy/l. YJap acocaH rpaduka Typiaapu
Ownan QapknaHaau: pactpiu rpapuka yuyH Anode MmarePeanii, Bektopiu rpaduka yuyH —
Copen P.A.B.3, yu ymuamnu rpaduka yuayH 3ca — 3 /] Ctyauo Max ypunnuaup.

Hag6aTtnaru 6ockuyga oBo3 OuiaH MILIAIl METOUIapH ypraHwiaau. by epna oBoznapHu
€3u11, TaxpUpJaall Ba KaldTa sSpaTUIll Macajlanapu MyxuM xucobnanaau. by macananapuu CoyHp
®opre gactypu €paaMua Xajia 3TULT MyMKHH.

I'paduka sipaTuin Ba 0BO3 OMJIaH MIIAII OMJIMMHUra XaMmaa METOJIapura 3ra MyTaxacCcuc
KeWHHIM HaBOaTJa MyJITHUMEIUa MaxCyJOTJIapUHU HAMOWMMII ATHUII Ba SIPATUII BOCHUTATAPUHU
ypranagn. Bynra Oupumum mHas6artma XTMJI-macrypmam, ssan WHCHWUID nacrypmapu
rypyxura mancyo MC Wopa, MC ®pontllare, Macpomenua JIpeamweasep Ounan uniam, MC
[Towepllonnt na Hamo-iunuiap Ttaiépiam kupagu. by Oockuuna Ttamaba y3u ypraryBuu
MYJITUMEANA WIOBAJAPUHHU SIPATUILHU OUITUIIN 3apyp.

Metoauk OGockuy OYIFycH MyTaxaccucra «KaHIail Ba Kalicm BocuTanap OWwiaH YKyB
MaTepuaUIapuHu Tanabara eTKa3uIl Kepak?» JeraH caBojra xaBoo Oepumiu 3apyp. by 6ockuyna
ynap Vy3mapuHMHT rpaduka Oyinua OwiauMiapu acocujJa Ba KOMITIOTEPHUHT — ayJHo
MMKOHUSTJIIApUHYU OWJTraH X0Jj7a, Kalicu BazusTiap/aa axOopoTIapHU KaHAal y3aTHII Makcajra
MYBOGUKIUTUHA aHUK OWJIMIIUIApH [IAPT.

XVYJIOCA

@aHHUHT MYJITHUMEIUa KYpPCHHM 3JIEKTPOH TabIUM peCcypciapd IIAKIWAA JOMMXaall
TabJIUM OJyBUMJIAD TOMOHMJAH OMJIMMIIApHHU MXKOJMM Ba (paos sramaluiapuHy TabMHUHIAWIH.
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TaBcus >Thnran HaM}’HaBI/Iﬁ Ty3uJIMa OJUM TabJIUM Myaccacajlapuja pakKaMJii I€aaroruKaHu
PUBOKIIAHTUPUII Ba Taﬂa6aﬂapHI/IHF MYCTAKHJI TABJIUM CAJIOXUATUHU OLIUPHUIITa XU3MaT KWJIau.
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JEKTPOMATHUTHASI COBMECTUMOCTH TATOBOM CETH _
CO CME’KHBIMA KOMMYHUKALNIMUAMMU KEJE3HOAOPOXHOU

ABTOMATUKHU U TEJIEMEXAHUKU

ABa3ézoBa MyHuca MaapaxuMoBHa

Maructpant, TalkeHTCKU rocyAapCTBEHHBI TPAHCIIOPTHUI YHUBEPCUTET

avazyozovamunisa@gmail.com

Apunos Hasup:kan MykapaMmoBuy4

I.T.H., mpodeccop TamKeHTCKUH ToCy1apcTBEeHHbIN TPAHCIOPTHUI YHUBEPCUTET

AHHOTAIIUA:

KiaoueBbie
CcJI0BA:

aripovl 110@gmail.com

CraTbs MOCBSIIEHA UCCIEAOBAHUIO 3JEKTPOMAarHUTHOM COBMECTUMOCTU
(OMC) T4roBO# ceTH NEPEMEHHOT0 TOKAa CO CMEXHBIMU KOMMYHUKALUSAMU U
CHCTEeMaMH  aBTOOJIOKUPOBKM  JKEJIE3HOJOPOKHOW  aBTOMAaTHKH U
TeJleMeXaHUKU. PaccMOTpeHbl MeXaHU3Mbl 3JEKTPUYECKOr0, MarHUTHOTO U
raJIbBAHUYECKOTO BIUSHUH, a TaKKE€ KPUTEPUU UX OMACHOTO U MEIIAIOIIEro
BO37eHcTBUA. JJoKa3aHO, UTO JaHHOE YBEJIIMUEHUE B COUYETAaHUU C aCUMMETpUei
PENbCOBBIX JIMHHUNA U PE30HAHCHBIMH SIBIICHUSIMH CIIOCOOHO CIIPOBOIIMPOBATH
reHepaltio FapMOHUYECKUX TIOMEX B CHEKTpe pabO4YMX 4acTOT CUTHAJIBHOTO
TOKa pENbCOBBIX Ienel. Pe3ynbTaThl BaKHBI JUIsl TPOEKTUPOBAHUS CHUCTEM
3alUThl UHQPACTPYKTYPHI.

OnexTpoMarHuTHasi coBMecTUMOCcTh (OMC), TAroBas ceTb NEPEMEHHOI0 TOKa,
CMEKHBIE KOMMYHHKAIIMH, KEJIE3HOJOPOKHAS aBTOMATHKA U TeJle-MEXaHUKa,
AIIEKTPUYECKOE BIIMSHUE, MAarHUTHOE BIIMSHUE, TalbBaHUYECKOE BIIHSHHE,
aBTOOJIOKUPOBKA, OECCTHIKOBOW IMyTh, CONPOTHBIEHUE «PETbC-3EMIIS»,
PENbCOBBIE LIEMH, TAPMOHUYECKHE TTIOMEXH.

ELECTROMAGNETIC COMPATIBILITY OF THE TRACTION NETWORK WITH

Annotation:

ADJACENT COMMUNICATIONS

Munisa Madrakhimovna Avazyozova
master student, Tashkent State Transport University
avazyozovamunisa@gmail.com

Nazirjan Mukaramovich Aripov
d.t.s., professor, Tashkent State Transport University
aripovl110@gmail.com

This paper investigates the electromagnetic compatibility (EMC) of AC
traction networks with adjacent communications and automatic blocking
systems. The mechanisms of electrical, magnetic, and galvanic coupling, along
with their dangerous and disturbing effects, are analyzed. This increase,
combined with rail line asymmetry and resonance phenomena, is shown to
trigger harmonic interference within the operating frequency spectrum of
signaling rail circuits. The findings are critical for designing infrastructure
protection strategies.
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BBEJIEHUE

B coorBerctBUM ¢ ompexaereHueM MeXayHapOAHOM 3JIEKTPOTEXHUYECKOH KOMHCCUU
(M2K) oJ 3JIEKTPOMArHUTHON COBMECTUMOCTBIO IIOHUMAETCs CIOCOOHOCTh
3JIEKTPOTEXHUYECKOTO O00OpYZOBaHUS PadOTaTh YAOBJIETBOPUTEIBHO B 3JIEKTPOMAarHUTHOM
cpelie, He cOo3/1aBas HEJOMyCTUMOIO BIMSHUS Ha JIPYroe 3JIEKTPOTEXHUYECKOE 000pyI0BaHUE U
OKpPY’KaIOLIYI0 cpely. OJIeKTPOMAarHUTHAs COBMECTUMOCTh BKIJIIOYaeT B ce0s BOIPOCHI
B3aMMOBIIMSTHUS JIPYT Ha JIpyra Pa3IMYHBIX BUAOB DJIEKTPOIHEPTETHUECKOTO U CIIA00TOYHOTO
anexkTpoodopyaoBanus [1,2,3,4].

C TOUYKM 3pEHHUs KEJIE3HOJOPOKHOM JEKTPOIHEPIETUKHU 3TO, MPEXKJIE BCErO, B3AUMHbIE
BIMSIHUSA APYT Ha Jpyra KOHTaKTHBIX CeTeW COCEAHMX IyTed MHOIONYTHBIX Y4aCTKOB, 3aTe€M
BJIMSIHUE TATOBOW CETH HA CMEKHbIE JIMHUM HU3KOTO HANPSDKEHUS, JIMHUU CBSI3U U MPOBOJIHOTO
BEIIaHUS, Ha JIOOble NPOTSDKEHHBbIE IPOBOJALIME OOBEKTHI, pPACHOJOXKEHHbIE BOIU3U
NEKTPUPHULMPOBAHHOMN JKEJIEe3HON AOPOTH, a TaKKe M BOIPOCHI B3AUMOBIIUSHUS 3JIEKTPOBO30B
NEPEMEHHOTO TOKa C THPUCTOPHBIMHE ITpeodpa3oBaremnsamu [5,6,7,8].

PE3YJIBTATHI U UX OBCYXJIEHHUE

Tsrosass cerb 3MeKTpUPUIMPOBAHHON >KEIE3HOM JOPOTM OKAa3bIBAET JIIEKTPUUYECKOE,
MarHuTHOE U rajibBaHMUECKOE BIMSHUS Ha CMEXHbIe TUHUU (pHcC.1).

OcHoBHbIE 00BEKTE NOIBEPKEHHBE RTHAHHID

Chcrema
CucTema BHEIIHETD lMosemnbie
3neKTpocHabKEHHA Jlnsnu cemsu Agtofnokipoeka
MeKTPocHaDHEHHT COOpYKEHHA CLS
Jlunun CLIB Y Cikzinta 260 Bosaywhre KabenbHe URAI YKAB ABTL
anexTpocHabxenH NpoBOda Penbe ONTHYECKHE

Puc.1. XapakTepucTHKa BJMAHHUA TATOBOM CeTH HA CMEKHbIE JJICKTPOTEXHHYECKH e
KOMMYHHKaIUH HCCHCSHOHOPO)KHOﬁ ABTOMAaTHKHU U TEJICMEXaHUKH

DNEeKTPUYECKOE BIUSHUE 00YCIOBICHO €eMKOCTHBIMH CBSI3SIMU MEKIYy KOHTAKTHON CETHIO
1 CMCXKHBIM IPOBOJAOM, MArHuTHOC BJIMAHUC BOSHHUKACT U3-3a ICPCMCHHOTI'O MArHUTHOTI'O I1OJIA,

C0371aBa€MOT'0 TOKOM KOHTAaKTHOU CETH, a TAJIbBAHUYECKOMY BIIUSTHHIO ITOBEPKCHBI IIETIH,
nMeroiue 3azemienus [9,10,11].
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Hapsiny ¢ TATOBBIMH CETSMH BBICOKMUMHU HANPSHKCHUSMH W OOJBIIUMH TOKaMHU
XapaKTePU3YIOTCS BBICOKOBOJIBTHBIE JIMHUU  JJICKTPOTEpPEadd, BBICOKOBOJIBTHBIC —IIETH
ABTOOJIOKUPOBKH ¥ MPOAOJIBHOTO JIEKTPOCHAOKCHHUSI.

CoznmaBaeMble MMM OJCKTPOMArHUTHBIE TIONST HABOAAT HANPSOKCHUS W TOKH B
00€CTOYEeHHOW KOHTAKTHOHM CETH, B LIEMSAX aBTOMATHUKH, TEJIEMEXaHUKHU U CBSI3U, KOTOPHIE MOTYT
OBITh OMACHBIMU IS JIFOACH WJIM TPOW3BOAUTH Pa3pyIICHUS almaparypbl, a TakKe MOTYT
HapymaTh HOPMAJIBHYIO paboTy YCTPOKCTB.

Bnusitomass TUHHS CO3Aa€T B OKPYXKAIOIEM IPOCTPAHCTBE AIIEKTPUYECKOE TIOJIE,
orpeneNsieMoe HapsHKCHUEM B JIMHUH, a TAK)KE MAarHUTHOE T10JIE, CBSI3aHHOE ¢ TOKAMH B JINHHH.
[To xapakTepy 3aBHCHMOCTH OT BPEMCHH BIIMSIOIINX HANPSIKCHAH M TOKOB Pa3IMYaIOT
MIOCTOSIHHBIC HANpPsDKCHUST W TOKU, IMEPHOJANYCCKHE HANPSDKEHUS W TOKM WM HMMITYJIbCHBIC
HANPsDKEHUS U TOKH. [1o MexaHW3My BIIMSHUS Pa3IMYyaioOT TPU CIICTYIOIINX BUIA.

Bo-niepBbIX, anekmpuueckoe 6nusiHue, BO3HUKAIONICE 3a CUET AJICKTPHUUECKOTO OIS
BIIUSIONICH JTUHUM (KOHTAaKTHOW CETH) WJIU, IMO-JPYroMy, 3a CUET EMKOCTHOH CBSI3HM MEXKIY
TuHUAMH (pHC. 2, @).

Puc.2. Cxema IJTEKTPUIECCKOIo BJAUSITHUSA KOHTAKTHO! CeTH HA CMEKHYIO JUHHTIO

KoHTakTHyI0 ceTb U CMEXKHBI MpPOBOJ MOXHO paccMaTpuBaThb Kak OOKIIaJKu
KoH/ieHcaTopa eMKocThIo C; [, rie C; — eMKOCTh MEXKAY CMEKHOW JIMHUENH U KOHTAKTHOM CEThIO
Ha 1 KM JUIMHBI CUCTEMBI, [ — JJIMHA CUCTEMBI, KM.

BMCCTC CO BTOpLIM KOHI[GHC&TOpOM C 06KJ'IaI[KaMI/I CMCKHai JITUHUA-3CEMIIA EMKOCTBLIO Col
9TOT KOHJEHCATOp 00pa3yeT eMKOCTHBIH JeNuTeIb, OMNPEACHAIONINN  HampsHKEHUE
aneKTpudeckoro BnusHus U, Ha CMEXHOM TUHUM (pucC. 2, 6):

Uy = Uy —2 = Uy 2 (1)
C114Col C1+Co

KaK BHUJIHO U3 (I)OpMyJ'IBI 1 HaHp}I)KeHI/Ie U 5 HC 3aBUCHUT OT AJIMHBI CUCTCMBI, €CJIIM CMCXKHAasA
JIMHUA HAXOOAUTCS ITOJJTHOCTBIO B 30HC BJIMSHUSA. HaJ'II/I'—II/Ie YTquH 110 U300 CMG)KHOﬁ JIMHUN
Rm HpI/IBO,Z[I/IT K TOMy, qTo HpI/I CTpOF O TIOCTOAHHOM HaHp}I)KGHI/II/I BHI/IHIOH_Ieﬁ JIMHUU
E)J'IGKTpI/I‘IeCKoe BIIUAHUC OTCYTCTByeT.

Bo-BTOpBIX, MacHumHnoe enusnue, oOycnoBieHHoe HaBeaeHueM DJIC B 3aMKHYTHIX
KOHTYpax IpH MePeceueHn UX NEPEMEHHbIM MarHUTHBIM T0JIEM. [4]

TOI(, HpOTCKaIOIJ_II/Iﬁ B KOHTaKTHOﬁ CC€THU, CO3JaCT MArHHUTHOC IIOJIC B Opr')KaIOH_IeM
MPOCTpPaHCTBE. B KOHTYpe CMEXHBIN MTPOBOA-3€MIIsl TIEPEMEHHBIM MAarHUTHBIM TIOJIEM HABOJIUTCS
O/1C, BenuunHa KOTOPOH ONpPEAEAeTCs 3aKOHOM 3JIEKTPOMAarHUTHON MHAYKLIUU IO BBIPAYKEHUIO

do . . .
€ =—— Jns cunyconganbHeIX TOKOB E2 = —jo®d, rae @ — MarHUTHBINA NIOTOK I10J] CMEXKHOU

JMHHUEH B BO3/IyXe U B 3eMiie. MOXHO rOBOPUTH O CYLIECTBOBAHUU BO3AYIIHOTO TpaHcpopmaTopa,
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nepBUYHasg 0OMOTKa KOTOPOro 00pa3oBaHa KOHTAKTHOM CEThIO M 3eMJIEH, a BTOpUYHAs OOMOTKA -
3TO KOHTYpP CMEXHasl JUHMS - 3emiid. HanOonbliee MarHUTHOE BIMSIHUE CO3/1a€TCSI KOHTAKTHOM
ceTblo nipu cucteme 1x25 kB.

B-Tperbux, 310 eanrveanuyeckoe 6nusiHue, BOSHUKAIOIIEE 3a CYET TOKOB, IIPOTEKAIOIINX B
3eMile, Ha 00BEKTaxX, UMEIOLINX 3a3€MJICHUS.

Kpome TOro, pasznuusble BHUIbl BIMSHUM NOAPA3AEisAlOT IO 3HAYEHHUSM HABOJUMBIX
HaIPsDKEHUM, TO €CTh 10 CWJIE BO3JEHCTBUSA, HA OnacHvle u mewiaowjue BIUsHUA. OnacHble
BIUSHUS MOTYT BBI3BaTh IOPAXKEHMS JIIOJEH AJIEKTPUYECKUM TOKOM MWJIM IIPUBECTH K
MOBPEXKACHUAM annaparypbl WM I0XKapaM, a MEIIAIOIUE BIUSHUA, KOTOPHIE MEHBIIE II0
BEJIMYMHE M TOJIBKO CHW)XAIOT YCTOWYMBOCTb DPAOOTHI JIMHUN CBS3M WIM TEIEMEXaHUKH,
HapyIaT HOPMaJIbHYIO UX paboTy U JEHCTBYIOT KaK IIOMEXH.

Ecnu 3emns ucnonb3yercd B KayecTBE OJHOTO U3 pabO4YMX IMPOBOJOB, M IO 3E€MIIE
IPOTEKAeT MOJIHbIN padouuii TOK 1eTH, TO BIUSHUE HA CMEXHYIO JIMHUIO OyJ1eT HauOOIbIINM.

Haubonpiiee BiusiHUIE OKa3bIBACT TATOBAS CETh MEPEMEHHOTO ToKa 1x25 kB, sBistromasics
IIOJIHOCTBIO HECUMMETPUYHOM LIENBI0 U XapaKTepuzyemas TOKaMu B COTHM amrep. Ilockonbky
paccMaTpuBalOTCA JUHUM, MPOKJIAJbIBaéMble BOJIM3U KEJIE3HOW JOPOTH, TO BIMSHHE TATOBOMU
ceT 00BIYHO CaMO€ 3HAYUTEIbHOE 13 BOSMOXKHBIX BHJIOB BIUSHHUSL.

JIuHUM mUTaHUS aBTOOJOKUPOBKM U IPOAOJIBHOIO 3JIEKTPOCHAOKEHUS HampsKEHHEM
6...10 kB, noMuMo cyu1; €CTBEHHO MEHBLIET0 HANPSYKEHUS 110 CPABHEHUIO C KOHTAKTHOM CEThIO,
B HOPMaJbHOM pEXKHME XapaKTEpU3YIOTCS CHUMMETPUYHOM CHCTEMOM HANpPSIKEHUM 110
OTHOWICHUIO K 3eMJjie. TpHU €MKOCTHBIX TOKa 3JEKTPUYECKOrO BIUSHUS B CyMME JAalOT Majylo
BEJIMYMHY, OTIMYHYIO OT HYJISI, TOJIBKO 3a CUET pa3HbIX paccTostHUi mposoaos JIDII no cmexHoro
IIPOBO/IA, OJIBEPKEHHOTO BIHUSHHUIO.

BnusiHne koHTakTHOM ceTn 1x25 kB BBI3bIBaeT Takke U3MEHEHUS PeXUMa PaOOThI TMHUN
6...10 kB, pacnojio)xeHHBIX Ha ONOpaxX KOHTAKTHOW CETH, MOCKOJbKY Hapyuliaercsa paloTa
CHUCTEMBl CUTHAJM3allMM OT OAHO(A3HBIX KOPOTKMX 3aMblkauu. B oOmem, HaBoxumoe
HaIpspKeHUe TeM OoJiplle, yeM OJiMKe CMeXHasl JIMHMSI K BIHUSIOLIIEMY MPOBONY, MOITOMY
IpOBOJIa, TOJBEUICHHbIE HA OINOpaX KOHTAaKTHOM CeTH, MOJBEpXKEHbl Hanbojee CUIbHOMY
BIIMSIHUIO CO CTOPOHBI ToceaHe. [§]

3AK/IIOYEHME. Ha ocHOBe KOMIUIEKCHOTO aHaiu3a (akTOPOB UIEKTPOMArHUTHOIO
BJIUSIHUS TATOBOW CETH MEPEMEHHOT0 TOKAa HAa CUCTEMbl aBTOMATUYECKOM OJIOKMPOBKU B Ipeienax
YYacTKOB OECCTBIKOBOT'O MyTH YCTaHOBJIEHO, YTO JuIl 00BbeKTUBHOHN orleHkn OMC HeoO6Xxo1umo
YUUTBHIBATh MPOJIOJIBHYIO U MTOMIEPEYHYI0 aCUMMETPHUIO PENIbCOBBIX JIMHUHM, PE30HAHCHBIE SBJICHUS
B CETH, a TaKXKe MPOQUIb MyTH, ONPEACIAIOIINN THHAMHUKY TATOBOTO TOKA.

Oco0oe 3HaueHue HMeeT TOT (PAKT, YTO EMKOCTHas COCTaBIIAIOIIAs MEPEXOJHOTO
COIIPOTHUBIIEHUS «PEJIbC — 3eMJIsD» HAa TaKUX y4yacTKax JocTUraer nopsaka 5 Mx®d/km, 4ro Ha
MOPSAOK TPEBBINIAET MOKAa3aTedu JJs MyTeld cOo cTapoid KOHCTpYyKLUMEH OalljlacTHON HpPU3MBL
/laHHOE€  TIOBBIIEHME €MKOCTHM  IEPEXOJHOrO  CONPOTHMBIEHHS HPU  ONPEAEIIEHHBIX
9KCILTyaTallMOHHBIX YCIOBHUSX MOXKET BBICTYNATh TPUITEPOM Ui T€HEpalUud TapMOHUYECKHX
MIOMeX B CHEKTpe pabourX YacTOT CUTHAIBHOTO TOKA PEIbCOBBIX HEMEH.

CIIUCOK JINTEPATYPBI

1. becconoB B.A. DnekTpomarHuTHas COBMECTHUMOCTb.//J]albHEBOCTOUHBIA TOC. YH-T
nyTel coobmenus. Xabaposck, 2000. 17 c.

2. 3akaprokuH B.I1. DnexTpomMarHuTHas COBMECTUMOCTh YCTPOICTB 3IEKTPUPUIIMPOBAH-
HBIX JKeJe3HbIX nopor.//UpKyTcKkuii roc. yHT myTter coobmienus. Mpkyrck, 2003.

3. bagep ML.II. DnekrpomarautHas coBmectuMocth./M. I1. bagep. M.: YMK MIIC, 2002.
638 ¢

-15-



Volume 5 | Issue 50-51 |
May-June 2026
ISSN: 2791-3651

Young specialist /
JKac mamaH 7
Yosh mutaxassis

MoJogoi crieliajimcT ‘./
i) @
M\
&

4. Koran A.fl. Onenka 6€30MacHOCTH AKCILTyaTallid OECCTHIKOBOTO MYTH IO YCIIOBUIO
BbIOpOCa ¢ yueToMm ero axtuueckoro cocrosius./A.Sl. Koran, A.B. Casun.//Bectnuk BHUMXKT.
2003. Ne2.

5. CxoxoB P.b. CHmxeHue BAMSIHUS TSATOBOW CETH MOCTOSHHOTO TOKA Ha aBTOOJIOKUPOBKY
C TOHAJILHBIMU PEJIbCOBBIMU 1eTsIMU: [{rcc. kanauaara TexH. Hayk. Omck, 2004. 170 c.

6. Copoko B.I1. Annapatypa »*ene3HoJ0pOKHOI aBTOMAaTHKU U TelleMeXxaHuku: B 2 kH. 3-
e uzn. /B.M. Copoxko, B.A. MumtokoB. M.: [Tnanera, 2000. Ku. 2. 1008 c.

7. Xonkeud A.I'. HecummeTpusi B yCTpOHCTBAX AJIEKTPOIUTAHUS OOBEKTOB JKEJIE3HO/10-
poxxknorr aBromatuku./A.I'. XoakeBuu, C.C. CepomranoB, B.A. Cepsix.//BicHHK CxmHo-
ykpa'micekoro HairoHanbenoro yHiBeciTeTy iMeHi B. Jlans Ne 8(78). JIyrancek, 2004. C. 162 —
165

8. KorenbaukoB A.B. BeIO0p METOMKY OAKITIOUEHNS MEKITYTHBIX IIEPEMBIUEK B TATOBOMN
PENbCOBOM IeTH 3IEKTPUPHUIIMPOBAHHBIX kene3HbIX qopor./A.B. Korenpaukos, A.A. Haymos.
/Bectauk BHUMKT, 2001 .Ne 1. C.12 — 15.

9. OxuranoB C.H. Hecummetpus Harpy3ku o0bektoB CLIb 1 crabunbHOCTb HanpspkeHus./
C.H. Oxwuranos, H.B. Oxwuranos.//ABromaruka, cBsi3b, uHpopmaruka. 2003. Ne 4. C.27 — 30.

10. Knmumenko B.Sl. YpaBuurensusle ycrpoiicta./B.S. Knumenko, B.K. Conun.// [lyts un
nyteBoe xo3aicTBo. 2001. Ne 5. C. 9 - 10

11. Knumenko B. f1. PenbcoBble et JUIMHOM 10 IEPEroHa ¢ ypaBHUTEIbHBIMU CThIKAMU
B.4. Knumenko, JI. B. Kinumenko.// Bectauk BITUXKT. 2004. Neo 2

-16 -



MoJogoi crieliajimcT
Young specialist
JYKac maman
Yosh mutaxassis

May-June 2026
7 ISSN: 2791-3651

j‘./’ Volume 5 | Issue 50-51 |
M
&

QUVURO‘TKAGICHLARNING GRUNTLAR BILAN O‘ZARO BO‘YLAMA TA’SIRINI
TAJRIBA O‘TKAZISH USULLARINI O‘RGANISH VA TAHLIL QILISH

Annotatsiya:

Kalit so‘zlar:

Raxmanov Usarkul
professor v.b, Toshkent davlat transport universiteti
usarkul1953@gmail.com

Hozirgi vaqtda polimer quvurlari an’anaviy po‘lat va quyma temir quvurlarni
almashtirmoqda. Bu nafaqat global miqyosda, masalan, shahar kommunal
xizmatlarini, yangi qurilish va ishlab chiqarishni almashtirishda, balki xususiy
sektorda ham sodir bo‘lmoqda. Isitish, kanalizatsiya, suv va gaz ta’minoti - bu
jarayonlarning barchasi har xil turdagi plastmassalardan tayyorlanishi mumkin
bo‘lgan polimer quvurlarga tayanadi, bu ularning muayyan ilovalar uchun
yaroqliligini belgilaydi. Shu munosabat bilan biz polimer quvurlarini hisoblash
bo‘yicha adabiyot va me’yoriy hujjatlarni ko‘rib chiqdik. Bundan tashqari,
maqolada tuproq namligi va yuklanish tezligiga qarab, polietilen quvur
liniyasining tuproq bilan uzunlamasina o‘zaro ta’sirini eksperimental o‘rganish
natijalari keltirilgan.

quvuro‘tkazgich, yer osti inshootlari, seysmik turg‘unlik, deformatsiya, grunt,
tajriba, o‘zaro ta’sir koeffitsienti.

HW3YYEHHUE U AHAJIN3 METOAOB TPOBEJAEHUA SKCHHEPUMEHTOB
MMPOAOJBHOI'O B3BAAUMOAENUCTBUSA TPYBOIIPOBOJA C I'PYHTOM

PaxmanoB ¥YcapkyJ

n.o0. npodeccopa, TamkeHTCKHIA TOCYy1apCTBEHHBIN TPAHCIIOPTHBIM YHUBEPCUTET

AHHOTAIIUA:

KiaueBbie
cJI0BAa:

usarkul1953@egmail.com

B macrosimiee Bpemsi TpyObl W3 TIOJUMEPHBIX MaTEpPHAIOB CMEHSIOT
NpPUBBIUHBIE CTalbHbIE M 4YyryHHble TpyOompoBoabl. Ilpoucxomutr 310 He
TOJIBKO B INI00AJIbHBIX MacliTabax — 3aMeHa OOIIeropoACKUX KOMMYHHUKAIUH,
HOBOE CTPOMTEIBLCTBO, IPOU3BOCTBO, HO M B YaCTHOM cekTope. OTorieHue,
KaHaJIM3alus, BOJO- M ra3oCHa0XeHHe — BCE 3TH MPOLECCHl 00CITYKUBAIOT
MOJIMMEPHBIE TPYOBI, KOTOPbIE MOTYT OBITH MU3TOTOBJIEHBI U3 IUIACTUKA Pa3HOTO
TUIIA, YTO U ONPEIENAeT UX MPUTOAHOCTh K 3KCIUTyaTallud B TOW MM MHOU
cdepe. B cBsizu ¢ 3TUM Hamu cenaH 0030p JUTEPaTypbl U HOPMATHUBHBIX
JIOKYMEHTOB TOCBAILICHHBIX pacyeTy TpyO W3 IOJMMEPHBIX MaTepHaloB.
Kpome ToOro, B crarbe NPUBOATCS PE3YNbTATBI SKCIEPUMEHTAIBHOTO

VICCIIEJOBAHMUS IIPOJOJIBLHOTO B3aUMOJIENCTBUSA MIOJINATHIIEHOBOTO
TpyOOIpOBOJia C TPYHTOM B 3aBHCHUMOCTH OT BJIaKHOCTU I'PYHTa U CKOPOCTHU
HarpyKEHUS.

TpyOOIIPOBOJ, TOA3EMHBIE COOPYXEHHUS, CEHCMOCTOMKOCTH, Ie(opMarius,
IPYHT, 3KCIIEPUMEHT, KOA(PPHUIUEHT B3aHMOACHCTBHSL.
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STUDY AND ANALYSIS OF METHODS FOR CONDUCTING EXPERIMENTAL
METHODS OF LONGITUDINAL INTERACTION OF PIPELINES WITH SOIL

Rakhmanov Usarkul
professor, Tashkent State Transport University
usarkul1953@gmail.com

Annotation: Polymer pipes are currently replacing traditional steel and cast iron pipelines.
This is happening not only on a global scale—for example, replacing city
utilities, new construction, and manufacturing—but also in the private sector.
Heating, sewerage, water, and gas supply—all these processes rely on polymer
pipes, which can be made of various types of plastic, which determines their
suitability for specific applications. In this regard, we reviewed the literature
and regulatory documents on the calculation of polymer pipes. Furthermore,
the article presents the results of an experimental study of the longitudinal
interaction of a polyethylene pipeline with soil, depending on soil moisture
content and loading rate.

Keywords: pipeline, underground structures, seismic resistance, deformation, soil,
experiment, interaction coefficient.

BBEJIEHUE

B pabotax [1, 2, 3] Obli1a npeasiokeHa nepBasi METOAMKA pacueTa MOA3EMHbIX COOPYKEHUH
Ha CEHCMOCTOMKOCTb, TJE€ CEHCMHYECKas Cuila ONpPENeseTcs Kak IPOU3BEICHUE MacChl
COOPYKEHMS Ha yCKOopeHue rpyHTa. ClIeyIoIMM [LIaroM B pa3BUTHH ATOI0 HAIIPaBJICHUS SIBUIOCh
CO3JJaHME CTaTHYECKON TEOPHUU CEHUCMOCTOMKOCTH TIOA3EMHBIX coopyxkeHuut [4, 5, 6],
BBITEKAIOLIEH 13 MPEANONI0KEHUS paBEHCTB JeopMaLuii COOPYKEHHS U TPYHTA.

OB30P MHUCTOYHUKOB [MNOCBALIEHHBIX 3JKCIHEPUMEHTAJIBHO-
TEOPETUYECKOMY HUCCJIEJOBAHUIO CEMCMOCTOHUKOCTH MOA3EMHBIX
COOPYKEHUI

B Havane 60-X TOJ0B MOSBUIKCH MEepBbIe PabOTHI [7, 8, 9] MO AMHAMUYECKOMY pacyeTy
MOJI3EMHBIX TPYOONpPOBOJIOB, B OCHOBY KOTOPBIX TMOJIOKEH YYeT paszauuuil aedopmManuit
COOPY’KEHHSI U TPYHTA; )KECTKOCTh KOHCTPYKLUH (TPYHT - COOPYKEHHE) MPUHUMAIACh TaKOU XKe,
kak B paborax [10, 11]. Tako#t momxom mnpu pacueTre TMOI3EMHBIX COOPYKCHHMH Ha
CeMCMOCTOMKOCTh MO3BOJISUIT YUUTHIBATH T€ BaXKHbIE (PAaKTOPHI, KOTOPbIE BBIMAIN U3 PACCMOTPEHUS
B CTATUYECKOW TEOPHH.

B tpynax T.PammpgoBa u ero yueHukoB [5, 7, 8] TEOpETUUECKU U 3KCIEPUMEHTAIBHO
HCCIIeIOBaHa CEHCMOCTOMKOCTh MOJA3EMHBIX TPYOOIPOBOIOB, I/I€ BIIEPBHIE YUYTEHO JIBU)KEHUE
TPYyObI OTHOCUTEIBHO OKPY>KAIOILIETo TPYHTA IPU paclpoCTPaHEHUH CeCMUYECKOI BOJIHBI BAOJb
ocH TPyOOTIPOBO/Ia. ABTOPBI CTATHYECKON TEOPUH CECMOCTONKOCTH TI0/I3EMHBIX TPYOOITPOBOIOB
HE YYUTBIBAJIHM CHIIY B3aUMOAEUCTBUS MEXIY IMOBEPXHOCTBIO TPYOBI U OKPY’KAIOLIMM I'PYHTOM,
YTO MPH OINpPENeJeHUH ONAcCHBIX CEMCMHUYECKUX HAMpsHKEHUM MPUBEIO UX K HE y4YeTy TaKHX
Ba)XHBIX (PaKTOPOB, Kak AMAMETP TpPyObl, TOJIIMHA €€ CTEHOK, IIyOMHa 3aJ0XKEHHUs, BH]
TPYHTOBBIX YCJIOBHI, a TaKXke pacrpeieseHre Hanps>KeHUH Mo JJIMHE MOA3eMHOT0 TpyOonpoBoia
npu 3emierpsaceHusX. C 3TOM TOYKM 3pEHUs MCCIENOBAaHUSA 10 Y4YeTy IPOCKaIb3bIBaHUS
TpyOONpOBOJa OTHOCHUTENBHO OKpPY’KAIOIIEr0 TPyHTa Ha3bIBAIOTCA JIWHAMUYECKOW Teopuein
CEMCMOCTOMKOCTH  MOJ3EMHOr0  TPyOOINpOBOJMA, AHAJOTHYHO  JAMHAMHYECKOW  TEOpUHU
CEHCMOCTOMKOCTH OOBIYHBIX HA3€MHBIX coopyxeHui [11, 12].
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VYuuThIBas, 4TO OCHOBHBIM (DAKTOPOM, OMPEIENAIONIUM peallbHyl0 padOTy MOJ3EMHBIX
COOPYKEHHUH MpH 3eMJICTPSICEHUH, SBISETCS B3aUMOJCHCTBUE CHUCTEMbI «COOPYKEHHE-TPYHT,
OBLJIO BBIMOJHEHO OTPOMHOE KOJMYECTBO HCCIICOBAHMM 10 HM3YyUYEHHUIO XapakTepa 3TOro
B3auMozeiicTBus [8]. VYCTaHOBIEHO, YTO MpU MajblX CABUIAX 3aBUCUMOCTb YCHIHSA OT
nepeMenieHus TpyOo JUHeHHoe, Aaee MpeodiaJaonlyo YacTh Ha JuarpaMmax B3auMoOJIeHCTBUS
cocTaBiisieT HeoOpaTtumas Aedopmarus, Ha BEIMYMHY KOTOPOW CYIIECTBEHHO BIHSET IIyOMHA
yKJIaaKu TpyOonpoBo1oB [14].

B nocneanee Bpemst uccnenoBaTend ¥ NPOSKTHPOBIIUKHI 33JAI0TCSI TOMCKOM TEXHHYECKUX
pemieHui nans  TpyOONpPOBOJOB, MPOKIAIBIBAEMBIX B 30HaX C BBICOKOM celcMUYecKOn
AKTUBHOCTBIO.

Cneunamucramu  Snonun u  CIIA Obul mpoBeneH aHanu3 pabOTOCHOCOOHOCTH
MOJIMATUIICHOBBIX TPYO B YCIIOBHUSIX TOBBIIICHHON CEHCMUYECKON aKTUBHOCTH (B CpaBHEHUH C
IpyruMu TpyOaMu) B CBSI3M € 3emieTpsiceHusiMu BOm3u T. Kobe (Anonus) B 1995 r. u B r. Can-
Opanrucko (CLIA) B 1989 1. [13].

Tabnuna 1
Paspynienus B ra3opacnpeeTuTeIbHbIX CHCTEMaX

Hcroynuk yreuxku Cranp | KoBkuii | Ilmactmaccsl  (MONMATHICH BBICOKOH U
4yT'yH cpennelt miotHocty, [IBX, ABC)
Caapka 3 0 0
Kopnyc Tpy6st 46 3 6
Kinanan 1 0 0
Coenunenue ¢ KpaHOM 1 0 1
Pe3n00BOE coequHeHne 2 0 0
®uTUHT 3 0 2
Pactpybnoe coenunenne | 0 19 0
Bcero 56 22 9

PaccmoTpuM nmaHHBIE aHanmu3a pe3ynabTaToB 3emieTpsaceHus B CaH-DpaHIHMCKO IO
pa3pylLIeHUSIM Ta30pacipeeTuTeIbHBIX MarucTpasieit gapienuem 4,2 6ap (tadmn.1).

Kak BuaHO M3 TabmuUIBl, BCE YEThIpE BUAA MOJMMEPHBIX MATEPUAIOB CIPYNIIHPOBAHBI
BMECTE M JICMOHCTPUPYIOT IIOBBIMICHHYK) YCTOWYHMBOCTH IOJMMEPHBIX TPYyO B YCIOBHSIX
3emieTpsiceHus. [laHHble 1o 3eMIIeTpsICeHHSIM B SIMMOHUM MpoaHaIM3UPOBaHbI OoJiee MOAPOOHO U
MPEACTABICHBl B OTIEIBLHOCTH IO BOJAO- M MO raszompoBojaM (Tabm.2, tadm.3). Ilpu anammse
0COOCHHO BBIJICJICHBI MTOJIMATUICHOBBIE TPYObI, KOTOPBIE TTO3BOJIUIH COXPAHUTh TEPMETHYHOCTD B
YCIIOBHUSAX 3€MIICTPSICCHHSI, KaK 110 BOJIE, TaK U I10 Ta3y.

[IpuBeneHHbIE MaHHBIE IOKa3bIBAIOT, YTO TOJUATHICHOBBIE TPYOBI SBISIOTCS IOKa
€JIMHCTBCHHBIM THIIOM TPYO, KOTOpPBIC COXPaHSIIOT PabOTOCIIOCOOHOCTh TPH 3EMIICTPSICCHHUSIX.
[Tocne 3emmnetpscenus B Kobe mpenMyIecTBEHHOE MPUMEHEHHE MOMUATHICHOBBIX TPYO s
ra3o- ¥ BOJIOCHaOKeHUs OBLIO 3aKPEIUICHO 3aKOHOJIATeIEHO BO Beel SImoHun

Tabmuma 2
KonmuecTro pa3pymieHuit Ha 1 KM BOJIOBOJIOB JIJIsl TPYO M3 pa3IMYHbBIX MaTepraioB (110 Topoiam
Kob6e, Huunnomust, Amwst)[12,15]

Matepuan TpyOsl Kon-Bo pa3pymienuit Ha 1 km
KoBkwuii uyryn 0,488
UyryH 1,508
[NIBX 1,430
Cranb 0,437
AcOecTollEMEHTHEIE 1,782
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IlomusTunen 0,00
Tabuuma 3
Paszpyenus razopacnpeeanTeNbHbIX CETE HU3KOro nasiieHus [12,15]
Marepuan TpyOsI Obmas mmHa | Konmuectso KonuuecTtBo
TpyOOIpoBoOIa, KM pa3pylLIeHHI paspyiieHuii Ha 1 kM
Cranp 21338 25 821 1,210
KoBkuit uyryn 12 204 630 0,052
[Tonuatunexn 1458 0 0

B cBsi3u ¢ 3THM HEOOXOAMMO TIPOBEACHHUE WCCIICOBAHMIA C MOJMMEPHBIMUA TpyOaMu B
yBI&KEHHOM rpyHTe. B pabote [15] Obuln paccMOTpEHBI BOMPOCHI IKCIEPUMEHTAIBHOTO U
TEOPETUYECKOT0 HM3YUYCHHUS B3aMMOJICHCTBHS C TPYHTOM TPYOOIPOBOJOB W3 IMOJIMATHICHA WU
BUHUIUIACTA B HEYBJIAXXHEHHOM rpyHTe. Hamu paccmarpuBanuch MpoJI0JibHOE B3aUMOICHCTBUE
OPSIMOJIMHEHMHOTO ~ KOHEYHOTO  y4acTKa  MOJ3EMHOI0  TOJUMEPHOTO  TpyOompoBoja,
PacMoI0KEHHOTO B YACTHYHO BOJJOHACKHIIIEHHOM IPYHTE.

OKcnepumenmanvHoe uUcciedo8anue NpooobHO20 B3aAUMOOCUCMBUST NOJUIMUIEHOBO20
mpybonpo8ooa ¢ epyHmom 8 3a8UCUMOCNU OM BIAINCHOCMU SPYHMA U CKOPOCIU HAZPYIHCEHUS.
OpnHUM W3 TIIABHBIX (DAKTOPOB CEWCMOJMHAMUKH IMOA3EMHBIX COOPYKCHUH SIBISICTCS M3ydYeHHUE
B3aMMOJICHCTBUS Tena (TpyOompoBoja) C OKpyKarolel cpefoid. 31ech OmpeAestonuM
napaMeTpoM SIBISIETCS KOA(PQPHUIIMEHT PABHOMEPHOTO CIBHTa TPYyOOIPOBOJA OTHOCUTEIIEHO
rpynta - Ky (xkr/cm?). IlepBhle Mcclen0BaHus JaHHOTO HAMPABIEHHUs ObLIH C/eIaHbl aKaJeMHKOM
T.P.PammnossiM u npodeccopom I'.X. XoxxmerossiM B cteHax UMuCC AH PV3.

J11 SKCIepUMEHTaIbHOTO U3Y4YeHUS (PU3UUECKOM MPUPOABI B3aUMOICHCTBHUS TOI3€MHBIX
COOPY>KEHHI TUIIA TPYOOIPOBOIOB C TPYHTOM IPU CTATHYECKOM JIEHCTBUH HAa HUX MPOJIO0JIHHON 1
MOTIEPEYHOMN CHJI CO3/IaHbl YCTAHOBKU U METOAMKH UcclenoBanus [5,7,8]. B HacTosiee Bpems B

Sap}I6C)KHI>IX HUCCIICOOBAHUAX HCCIICA0BATCIIN CTAJIX YaCTO HCIIOJIb30BaTh HOI[O6HI)I€ YCTaHOBKH
[6,13,14].

Puc. 1. Cxema ycTaHOBKH /Il H3y4YeHHs NPOI0JLHOI0 B3auMO/ieiicTBUS TPYOBbI €
TPYHTOM

Cratudeckue HCClIeOBaHUS IMPOBOJUINCH HAa YCTAaHOBKE, KOTOpasl IpeacTaBiseT
co6oii mnatdopmy pazmepamu 4x4x1,5 M., COOTBETCTBEHHO JIJIUHE, IIMPUHA U BBICOTHI (pucC.1).
Jns u3ydeHus CONMPOTUBJICHUS TPYHTOB IPOJOJIBLHOMY IEPEMEIICHUI0 COOPYKEHHs THIMa
TpyOOIpoBOJa B yCTAaHOBKY (puc.l) 3achimaercst TPYHT ¢ COOTBETCTBYIOIIUM YIJIOTHEHHEM [0
onpeneneHHoil BbICOTHI (0,3 ™). Ilocnme astoro TpybOa ykmaapiBaeTcs Ha TOPH3OHTAIBHYIO
MOBEPXHOCTh. | OPU30HTATBHOCTh U COOCHOCTH TPYOBI C HANpaBJICHUEM ACHCTBUS HATPY3KH
JOCTUTAIOTCS C MOMOLIbI0 HuUBenupa. TpyOa, yjnokeHHas Ha POBHYIO IOBEPXHOCTH,
3aChINAaeTCA TPYHTOM C BIaKHOCTBIO OT 10+30 %, KOTOpBIN YIIJIOTHSAETCS Yepe3 OlpeeICHHbIE
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BbICOTHI (0,1 M) M IO UCTEUEHUU HECKOJIbKUX CYTOK MPOBOJATCS NPOOHBIE UCIBITAHUA C
LENbI0 OINpEACIICHNUs Harpy3Ku, HEOOXOOUMOM M JOCTUXKEHHUS CKOJIbXEHHUS TpYyObl
OTHOCUTEJIBHO OKPYXAOIIEro I'pyHTa B HaNpaBIE€HUM OCU TpPyObl. YCuiIMe NpH 3TOM
co3naercs jebenkod /. BenuuumHa mpoAoibHON Harpy3ku HM3MeEpsieTcs IUHAMOMETpOM 2, a
nepemeleHe TpyOobl 4 OTHOCUTEIBHO IPyHTAa HHANKATOPaMH 3,5, 3aKpEIUIEHHBIMU Ha IIEpeAHEM
U 3aHeM KOHIax TpyOsl. [locie mpoOHOTro MCHBITaHUS BBIPHIBACTCS TpaHUIEs ONpPeaeIeHHOM
HMIMPUHBI, 3aBUCALIEH OT Juamerpa TpyObl, MOArOTaBIMBAETCS OCHOBAaHUE (HOPMAJbHOE,
CIpoGUINPOBAHHOE U JIp.), B KOTOPOE 3aHOBO YKJIaJAbIBaeTCs TpyOa, U 3aChINACTCs TPYHTOM C
TpaMOOBaHUEM BPYUHYIO IIOCJIOHHO IPU IPEBAPUTEIILHOM YIUIOTHEHUH Ma3yX. Y IUIOTHSIOIUECS
ciou rpyHTa BeIOMparoTcs paBHbIMH 0,1 M. [y mpoBeneHHS OINBITOB C Pa3HBIMU TIyOHMHAMU
yKJaaKu TpyOa pacKkamblBaeTcs, 3aHOBO YKJIAIbIBA€TCSI M 3aChINAETCS TPYHTOM C TaKHUM K€
yiuioTHeHueM. [locie Kkakaoro ucnplTanus onpeaeisoTcs pU3nKo-MexaHuueCcKue CBONCTBA U
BJIAJKHOCTb I'PYHTA.

Ha sTux ycraHoBkax HpOBEAEHBI ONBITHI KW IOCTPOEHBI AMArpaMMbl HArpyXEeHUs U
pasrpy3Kd MpU TMPOJOJIbLHOM HEpeMElIeHUH TPyOOIpPOBOJOB MpH pa3IMYHBIX TIIyOHHAX
3aJI05KEHHUS, CKOPOCTH Harpy>KEHUs U Pa3IMYHON BIAXKHOCTH IPYHTA.

Hamu npoBoanInCh SKCIIEPUMEHTHI 17151 BOJOHACHIIICHHBIX I'PYHTOB 110 TOM K€ METOIHUKE
B J1abOpaTopHBIX yciaoBUAX. HelHe B ceilcMuyeckux pailoHaX YacTo Hayalu INPUMEHATh
NOJIMMEpPHBbIE TPYObI, 0OCOOEHHO TaM, I'Jie IpeodIagaeT KOPPO3UHHOCTh IpyHTOBOM cpebl. [Ipu
IPOBEICHUN SKCIIEPUMEHTOB ObUIM H3yueHbl KO3(PHUIMEHTHl B3aUMOJECHCTBUS MOJIMMEPHBIX
TpyO C CYIJIMHKOM C y4€TOM BiaXHOCTH. [IpoBeieHneM onbITOB HaMH OBbLIM W3YYEHbI BIHUSIHUE
BJIQKHOCTH Ha 3HA4YEHUs MapameTpoB B3aumoneicTBus. Ilnardopma 3aceimaercss TpyHTOM A0
HE0OXOJUMOM BBICOTHI C TOCIOMHBIM YIIJIOTHEHUEM.

Kx (kI[/cm3)
4
3
2
1
0 I I
15 20 25 30
BnaxHocTb W (%)

Puc. 2. 3aBucumocts k03ppunuenToB Kx 0T BJIAKHOCTH TPYHTA IPH B3aHMOJCHCTBUH
noaumep Tpyosnt (Du=10cMm, 1=200cm, H=60cm) ¢ CYyTrJIMHKOM
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Tpyba yknaapiBaeTcsi Ha TOPHU3OHTAIBHYIO TOBEPXHOCTH 3aChIIAETCS TPYHTOM C
BIAXHOCTbIO OT 15+30%, yIUIOTHEHHBIM 4Yepe3 OIPEICIICHHBIE BBICOTHI, M 110 HCTEUECHUU
HECKOJIbKUX CYTOK TPOBOJSATCS MPOOHBIE ONpeAeNeHUs] Harpy3kd, HEOOXOAUMOW s
JOCTHDKEHUS! CKOJBKEHHS TPYObl OTHOCHTEIBHO OKPYJKAIOIIEro IpyHTa B HANpAaBICHUU OCH
TpyOBbl. DKCIEPUMEHTHl TPOBEICHBI C MOJUMEpPHON TpyoOor muamerpoMm Dy=10cwMm, mauHOM
1=200cM, KOTOpas yKJIaIbIBae€TCsl B TPYHT CYIJIMHOK C €CTECTBEHHOH BIaXHOCTBIO 13% mpum
riyoune 3anoxxeHuss H=60cm. Py3ynbTaThl ONBITOB 110 H3yUEHUIO BIMSHUS BIAXKHOCTH IPyHTA Ha
3Hayenus K, npuBeneHsl Ha puc. 2.

Tax xak moxynp FOHra asst CBS3HOrO TpyHTa 3aBHCUT OT €r0 HOPUCTOCTH U BIAXKHOCTH
[5], To mo-BUAMMOMY, M 3Ha4YeHUS KOA(D(UIIMEHTOB B3aMMOJACHCTBHS OYIyT 3aBHCHT OT 3THX
(bakTopoB.

Hamu Takke moiydeHbl 3aBUCHMOCTH OT CKOPOCTH HarpykeHus (puc.3) u TiyOMHBI
3aJI05KeHUs TPYOBI.

Kx (kr/cm3)

35 \
,3 \

2,5

1,5

0,5

0 0,02 0,04 0,06 0,08
V (cmic)

Puc.3. 3aBucumocts ko3¢ppuunentoB Kx oT ckopocTn Harpy:keHust Tpyobl

ITonyuennbie pe3ynbrarhl Kx IpH yBIa)KHEHHOM I'PYHTE CpaBHEHBI ¢ 3HaueHHeM Kx npu
CYyXOM TpYHTE.

W3 puc.2 BUIHO, 4TO BIAXKHOCTB IpyHTa 10 24 % yBenuuuBaeT 3HaueHUs Kx, panee mnpu
BIaxHOCTH Ooubiiee 24 % 3naueHus Kx ymeHbmarorcs.

W3 nosry4eHHBIX 3KCIEPUMEHTAJIBHBIX UCCIIEOBAHUN BUHO, YTO IIPHU yYETE BIAKHOCTU
rpyHTa U Matepuaia TpyOsbl, pe3yiabTaThl Kx 3HaUWTENHHO OTIIMYAIOTCS OT MoTy4eHHbIX Kx paHee.
Kak n cnepoBano oxuaars, npu BiaxHocTu rpyHTa W>30%, ero MOXHO paccMaTpuBaTh Kak
BA3KYIO )KHJIKOCTb.

Ha puc.3 npusenen rpaguk 3aBucuMoctu kodpduirenta Kx oT ckopoctu HarpykeHus, Ha
KOTOPOM BUJHO, YTO C YBEJIMUYEHUEM CKOPOCTH Harpy>KeHHs B3aUMOJIEHCTBHE TPYOBI C TPYHTOM
YMEHBIIAETCS.

BbIBO/IbI U 3AKJIIOYEHMUSA

IIpu BnaxHocTu rpyHTta a0 24 % 3Hauenus Ky yBennunpaercs.

[Tpu BnaxuHoctu 6ombiee 24 % 3naueHus Kx ymeHbmarorcs.

IIpu BnaxHoctu rpyHta W>30%, €ero MOKHO paccMaTpuBaTh KakK BA3KYIO )KUJKOCTb.

C yBesnn4eHneM CKOPOCTH HarpysKe€HHsI B3auMOJICHCTBHE TPYOBI C IPYHTOM YMEHBIIIAETCs.
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DIGITAL INFRASTRUCTURE AND SMART MONITORING SYSTEMS ON THE
UKC RAILWAY: PROSPECTS FOR AI AND IOT INTEGRATION
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Annotation:

Keywords:

This article examines current trends in digital infrastructure and intelligent monitoring
systems on the Uzbekistan—Kyrgyzstan—China (UKC) railway corridor. Particular
attention is paid to the integration of Artificial Intelligence (Al) and the Internet of
Things (IoT) for managing rolling stock, infrastructure and traffic safety. Drawing on
up-to-date project data (523 km length, USD 4.7 billion cost, up to 15 million
tonnes/year capacity), the paper provides quantitative estimates of digitalisation
effects, develops an investment payback calculation, and benchmarks the corridor
states against the World Bank Logistics Performance Index (LPI). Strategic directions
for modernisation are proposed to improve the efficiency, resilience and digital
transformation of the UKC railway transport system.

digital infrastructure, artificial intelligence, Internet of Things, intelligent monitoring
systems, railway transport, UKC corridor, digitalisation, LPI.

NUPPOBASA NTHOPACTPYKTYPA U UHTEJIVIEKTYAJIBHBIE CUCTEMBbI
MOHHWUTOPHHI A HA )KEJIE3HOM JJOPOT'E UKC: IEPCIIEKTUBBI
HNHTET'PAIIMM NCKYCCTBEHHOI'O UHTEJUVIEKTA U UHTEPHETA

BEIIENA
bypues llyxpat XaMpoky.a yriu

PhD, ooyenm, Tawxenmckuii 20cy0apcmeenHvlil MpaHCNOPMHbLIL YHUGEPCUEm

AHHOTAIHAA:

KiaueBbie
cJIoBA:

B crarbe paccMmarpuBalOTCSI COBPEMEHHBIE TEHACHIMM Pa3BUTUS LUPPOBOH
MHQPACTPYKTYpBl U MHTEIIEKTYyaJIbHBIX CHCTEM MOHUTOPHHTA Ha ’KEJIE3HOAO0POKHOM
kopugope Y3oekucraH—Keipreizcran—Kurait (UKC). Ocoboe BHHMaHHE YIIEIEHO
BO3MOKHOCTSIM HWHTETpallid TEXHOJOTHIl HCKycCTBeHHOTO wuHTemekta (M) wu
Wnrepuera Beweir (IoT) B cucremy ympaBieHHS W KOHTPOJIA 32 MOJBMXKHBIM
COCTaBOM, HHPPACTPYKTYpOl u 0€30MacCHOCTHIO JBIKEHH. Ha ocHOBE akTyalmbHBIX
JIAaHHBIX O TIpoekTe (TmpoTskEHHOCTh 523 kM, crommocTh 4,7 mupa goir CIIA,
NPOIYCKHAasi CHOCOOHOCTH A0 15 MIIH T/T01) MPEACTABIEHBI KOJTUYECTBEHHBIE OLICHKH
sa¢dexra nudpoBU3aALNH, BEIIOIHEH PacuéT OKYNaeMOCTH MHBECTHLIMH, PUBEICHBI
CpaBHUTEJIbHBIC TOKA3aTeNH JIOTUCTUYECKOW 3(PeKTUBHOCTH CTpaH KOpHIOpa IO
unaekcy LPI. IlpennokeHbl HampaBleHUs MOJIEPHU3AIMM, HAIpPaBJICHHbIE Ha
noBbiicHHe  3()(EKTUBHOCTH, YCTOMYMBOCTH M 1IH(poBOH TpaHchopmanmu
YKEJIE3HOIOPOXKHOTO TpaHcmopTta B pamkax UKC.

mudpoBass UHPPACTPYKTypa, HCKYCCTBEHHBIM WHTEINIEKT, HHTEpHET Bemlei,
WHTEIIEKTYaIbHbIE CHUCTEMBI MOHUTOPHHIA, XeJIe3HOAOpOokHbIN TpaHcnopt, UKC,
nudposuzanus, LPL.

1. INTRODUCTION

The China—Kyrgyzstan—Uzbekistan (UKC, also CKU) railway corridor is set to become
a cornerstone of regional connectivity in Central Asia. After more than two decades of
negotiation, the intergovernmental financing agreement was signed and ground was
ceremonially broken on 27 December 2024 in the Jalal-Abad region of Kyrgyzstan, with full
commissioning targeted within roughly six years [1, 2]. The line is approximately 523 km long,
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of which about 304 km run through Kyrgyzstan, and is estimated to cost USD 4.7 billion; China
contributes 51 % of the project company’s capital, while Kyrgyzstan and Uzbekistan each hold
24.5 %, with a 35-year Chinese loan covering the remaining half [1, 3].

The route runs from Kashgar (China) through the Torugart pass to Makmal and Jalal-
Abad in Kyrgyzstan, and onward to Andijan in Uzbekistan, which is already connected by rail
to Tashkent [3]. Because China uses a 1 435 mm gauge while Kyrgyzstan and Uzbekistan
operate on the 1 520 mm gauge, a transshipment (break-of-gauge) facility is planned at Makmal
station. The corridor is engineered through difficult mountainous terrain: roughly 40 % of the
alignment consists of 50 bridges and 29 tunnels, including the Naryn (12.5 km), Koshtoba (13.2
km) and Fergana Mountain (12.2 km) tunnels [3, 4]. Once operational, the line is expected to
carry up to 15 million tonnes of cargo per year, shorten the China—Europe routing by about 900
km and cut transit time by 7-8 days [2, 4].

As the global logistics landscape evolves, such traditional railway infrastructure must
be supplemented with smart, technology-driven systems. Artificial intelligence (Al), the
Internet of Things (IoT) and cloud-based platforms provide powerful tools for transforming
freight monitoring, asset management and operational efficiency. This paper explores the
integration of digital infrastructure into the UKC railway, focusing on predictive maintenance,
real-time cargo tracking, border automation and environmental monitoring, and analyses the
associated benefits and implementation challenges across national borders.

Table 1. Technical and financial profile of the UKC (CKU) railway corridor

Total length ~ 523 km (Kyrgyz section = 304 km)
Kashgar (CN) — Torugart — Makmal — Jalal-Abad

Route (KG) — Andijan (UZ) — Tashkent
Estimated cost USD 4.7 billion
Capital: China 51 %, Kyrgyzstan 24.5 %,
Financing structure Uzbekistan 24.5 %; plus 35-year Chinese loan
(~USD 2.3 bn)
1 435 mm (China) <> 1 520 mm (KG/UZ); break-
Gauge

of-gauge transshipment at Makmal

50 bridges + 29 tunnels = 40 % of route; key
tunnels 12.2-13.2 km

27 December 2024 (ceremonial); ~6-year build

Engineering structures

Construction start

horizon
Main contractor China Railways
Design cargo capacity up to 15 million tonnes/year

. China—Europe routing —900 km; transit time —7—8
Expected corridor effect days: logistics cost —=~30 %
2. METHODS
This research applies a comparative technological evaluation approach, supported by
stakeholder interviews and case-study benchmarking. The methodology comprises four
elements: (i) a literature review of global smart-railway initiatives (e.g. China’s smart-rail

programme and the EU Shift2Rail / Europe’s Rail joint undertaking); (ii) a technology
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assessment of Al/IoT applications for railway safety, cargo integrity and predictive
maintenance; (iii) case studies of smart-infrastructure deployment on the China—Kazakhstan
corridor and the Trans-Siberian Railway; and (iv) structured feedback from railway engineers,
logistics operators and ICT specialists.

The key performance indicators (KPIs) used are system responsiveness, cost efficiency,
risk-mitigation potential and cross-border interoperability. Quantitative impact estimates are
expressed as percentage changes against an operational baseline, and the investment appraisal
uses a discounted cash-flow model (net present value, NPV; simple and discounted payback
period) with explicitly stated assumptions.

3. RESULTS

The analysis indicates that, under the modelled scenario, Al and IoT technologies could
reduce overall cargo delays by up to 35 % through predictive maintenance and automated
customs processing. The principal projected effects are summarised in Figure 1 and Table 2.

Figure 1. Projected operational impact of Al/IoT interventions
on the UKC corridor (scenario estimates)

60 1 -56%

Reduction vs. baseline (%)

Border wait
(18h — 8h)

Maintenance
cost

Mechanical
failures

Cargo delays
(overall)

Cargo
misplacement
Figure 1. Projected operational impact of Al/IoT interventions on the UKC corridor
(scenario estimates).
Table 2. Digital intervention impact matrix and external benchmarks

Intervention Modelled effect | Mechanism Independent
benchmark

Predictive 98 % failures: ML models on sensor 20-30 % cost; 30—
maintenance 59 ‘Vocost > time-series anticipate 50 % downtime
° component failure [6]
Smart carso  —41 o [oT/RFID tags and sensors Real-time tracking
trackin g misolacement ’ give real-time is a core LPI 2.0
g P consignment visibility dimension [9]
. . Sensors flag landslide- Critical on 40 %
0
i‘;‘;:;z?il::ental EZcur/;c detection prone zones and adverse bridge/tunnel
g y weather alignment [3]
Disital border Pilot blockchain/e- Border procedures
c01g1 trol 18 h — 8 hwait  document customs are a key time
processing penalty [9]
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3.1. Cost-benefit analysis (worked example)

To test the economic viability of the digital package, a transparent discounted cash-flow
model is constructed. The assumed digital-systems capital expenditure is lo = USD 65 million,
with annual operation and maintenance (O&M) of 8 % of CAPEX (= USD 5.2 million). Annual
gross benefits are estimated from the corridor’s 15 million t/year design capacity and a 523 km-
maintained length, as set out in Table 3.

Table 3. Annual benefit build-up and investment indicators (base case)

Benefit / indicator Value (USD m/yr) | Basis |

22 % x $15.7 m (=
Maintenance savings 3.45 $30k/km x 523
km)

10 h dwell cut x 15
m t X carrying cost

41 % fewer
Demurrage + misplacement reduction 2.50 misplacements;
faster turnaround

2 % x 15 mt x
Throughput / utilisation gain (=2 %) 4.50 $15/t net
contribution

Time / inventory carrying savings 3.10

Al energy / fuel optimisation 1.00 traction-energy

efficiency
Gross annual benefit (B) 14.55 sum of the above
less O&M —-5.20 8 % x $65 m
Net annual benefit 9.35 B - 0&M

Calculations: Simple payback = 65 /9.35 = 7.0 years. Discounted payback (r = 8 %) =
10.6 years. NPV over 15 years = 2 9.35/ (1.08)" — 65 = +USD 15.0 million; internal rate of
return = 11.6 %. Under more optimistic throughput assumptions (3—4 % utilisation gain),
simple payback compresses toward the 5—6-year range frequently cited for such systems.

Figure 2. Cost-benefit profile of a USD 65 m digital package
(base-case scenario, 15-year horizon)

[ =2} (o]
o (=] o
1 1 1

204

—— Cum ul_;ai.i\_f(-g net benelit (undiscounted)
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Figure 2. Cost—benefit profile of a USD 65 m digital package (base-case scenario, 15-year
horizon).
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4. REGIONAL LOGISTICS CONTEXT

The corridor’s competitiveness must be read against the logistics performance of its
constituent states. In the 2023 World Bank Logistics Performance Index (LPI), which ranks 139
economies, China placed 19th (3.7), well ahead of the Central Asian partners: Kazakhstan 95th
(2.7), Uzbekistan 107th (2.6), Tajikistan 124th (2.5) and Kyrgyzstan 133rd (2.3) [5, 9]. This
gap (Figure 3) underscores both the scale of the modernisation challenge and the potential
upside of digital infrastructure for the landlocked partner states.

Table 4. LPI 2023 — corridor states and benchmark (out of 139 economies)

China (benchmark) 3.7 19
Kazakhstan 2.7 95
Uzbekistan 2.6 107
Tajikistan 2.5 124
Kyrgyzstan 23 133

Source: World Bank LPI 2023 [5, 9].

Figure 3. Logistics Performance Index 2023 - UKC corridor states
and regional benchmarks (out of 139 economies)

Tajikistan 1 2.5 (rank 124)

Kyrgyzstan 4 | 2.3 (rank 133)

0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0
LLPI 2023 overall score (1 = low, 5 = high)

Figure 3. Logistics Performance Index 2023 for UKC corridor states and regional

benchmarks.

The strategic value of the corridor lies in routing. Relative to the existing China—Central

Asia connection through Kazakhstan, the UKC line is expected to shorten the China—Europe

freight routing by roughly 900 km and reduce end-to-end transit by 7-8 days, while diversifying

away from northern pathways (Figure 4) [2, 4]. For context, China—Kazakhstan rail freight

reached a record of over 32 million tonnes in 2024 (a 13 % increase year-on-year), illustrating
the latent demand the new corridor could capture [4].
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Figure 4. China-Europe routing: existing corridor vs. UKC (illustrative)
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Figure 4. China—FEurope routing: existing corridor versus UKC (illustrative).

5. DISCUSSION

The adoption of digital infrastructure on the UKC corridor presents a transformative
opportunity for operational optimisation and regional competitiveness. While initial capital
investment and capacity-building are required, the worked example indicates a positive net
present value and an internal rate of return above typical financing costs, confirming long-term
viability. Cross-border interoperability remains the central challenge: the break-of-gauge at
Makmal and three distinct national administrations necessitate bilateral agreements on data
governance, technical standards and shared digital identifiers for consignments.

The integration of Al for anomaly detection and real-time analytics can materially
improve incident-response times and predictive asset management — particularly valuable given
that some 40 % of the alignment runs over bridges and through tunnels, where structural
monitoring is safety-critical. IoT sensors deployed at critical nodes offer high-resolution
monitoring of cargo integrity, temperature, shock and vibration, all decisive for sensitive goods.
Comparable deployments on the China—Kazakhstan corridor have been associated with double-
digit gains in on-time delivery, while the Trans-Siberian Railway has demonstrated automated
inspection of bridges and tunnels.

However, cybersecurity and digital sovereignty remain strategic concerns. The three
states must develop robust frameworks for data sharing while retaining national control over
critical digital assets. A federated data-exchange architecture — where each country controls its
own node but exposes standardised interfaces — offers a pragmatic path that reconciles
interoperability with sovereignty.

6. CONCLUSION

Al and IoT integration into the UKC railway corridor can drive a paradigm shift in
Central Asian freight transportation. Enhanced visibility, reliability and efficiency would
improve the corridor’s competitiveness against alternative routes and help the landlocked
partner states close the logistics-performance gap evident in their LPI standings. The
quantitative analysis suggests that a USD 65 million digital package is economically justified,
with a base-case simple payback of about seven years and a positive 15-year NPV.

To realise these benefits, regional stakeholders must jointly invest in smart
infrastructure, harmonise digital standards and implement resilient cybersecurity protocols.
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Pilot programmes, international technical cooperation and public—private partnerships will be
crucial in enabling this digital transformation.
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Annotatsiya: Maqolada temir yo‘l turizmini oddiy tashish xizmati emas, balki transport,
joylashtirish, ovaqatlanish, ekskursiya va marketing elementlari birlashgan
kompleks servis mahsuloti sifatida rejalashtirish yondashuvi asoslangan.
“Afsona” turistik poyezdi misolida bozor sig‘imi, yuklanma koeffitsienti, narx
darajasi va servis xarajatlari o‘rtasidagi bog‘liglik tahlil gilindi. Hisob-kitoblar
2023-2025-yillarda temir yo‘l orqgali tashilgan turistlar ulushi 1,26 foizdan
15,92 foizgacha oshganini, poyezd reysi xarajatlarining asosiy gismi servis
xizmatlari hisobiga shakllanishini ko‘rsatdi. Natijalar turpaketni bosgichma-
bosgich sotish, turoperatorlar bilan blok-o‘rinlar mexanizmini yo‘lga qo‘yish
va mavsumiy narxlash orgali iqtisodiy barqgarorlikni kuchaytirish imkonini
beradi.

Kalitso‘zlar:  temir yo‘l turizmi, integratsion servis, yuklanma koeffitsienti, turpaket,
“Afsona” poyezdi, narx siyosati.
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B crarbe 00OCHOBaH MOAXOJ K PAa3BUTHIO JKEIE3HOIOPOKHOTO TypH3Ma Kak
KOMILUIEKCHOTO CEpBHUCA, OOBEAMHSIONICTO MEPEBO3KY, pa3MelleHHe, MUTaHHE,
9KCKYPCHOHHYIO TIPOrpaMMy U MPOJBHKEHUE TYPHUCTUYECKOro mpoaykra. Ha
npuMepe moesma “Afsona” paccMoTpeHa B3aMMOCBS3b MEXKIY CIIPOCOM,
3arpy3Kou, IIeHOM OuieTa U CTPYKTYpoul pacxooB. Pacuérel moka3pIBaoT, 4TO
JIOJISI TYPUCTOB B JKEJIE3HOJOPOXKHBIX mepeBo3kax B 2023-2025 romax BeIpocia
c 1,26% no 15,92%, a mpeoOmamarommas 4YacTh 3aTpaT CBs3aHa HE C
AKCIUTyaTalluel MOJBUKHOTO COCTaBa, a C CEPBUCHBIM MakeTOM. [IpenoxkeHbl
Mephl 0 TOBBINICHUIO YCTOWYMBOCTH IPOCKTA: MpeaBapHUTEIbHAS IMPOoJaxa
TypHaKeToB, OJIOK-MecTa Ui TyponepaTopoB, audQepeHImanus I[eH 10
CE30HAM M KOHTPOJIb MUHUMAJTLHOU 3arpy3KH.

KEJIC3HOJOPOIKHBIN TypU3M, HHTETPAIMOHHBIN CEPBHC, KOAD(DUIIECHT 3arpy3KH,
Typrnaket, moesn «Afsona», imeHopast MOJUTHKA.

FORMATION OF AN INTEGRATED SERVICE MODEL IN RAILWAY
TOURISM AND COMMERCIALIZATION DIRECTIONS FOR THE
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The article substantiates railway tourism as an integrated service product
combining transportation, accommodation, catering, sightseeing and marketing
activities. Using the “Afsona” tourist train as a case, the relationship between
market demand, occupancy, ticket price and cost composition is examined. The
calculations show that the share of tourists in rail passenger traffic increased
from 1.26% to 15.92% in 2023-2025, while most costs are generated by the
service package rather than by train operation. Practical measures are proposed,
including advance package sales, block-seat agreements with tour operators,
seasonal pricing and minimum occupancy control.

railway tourism, integrated service, occupancy ratio, travel package, “Afsona”
train, pricing policy.
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1. KIRISH

Turistik  mahsulotning  raqobatbardoshligi  fagat manzilning tarixiy
jozibadorligi bilan belgilanmaydi. Sayohatchi uchun marshrutning qulayligi,
xizmatlarning bir joyda jamlanishi, vaqt yo*qgotishlarining kamayishi va xizmat sifati
bo‘yicha oldindan aniq tasavvur mavjudligi ham muhim hisoblanadi. Shu sababli
temir yo‘l turizmi shaharlararo tashish vositasi doirasidan chigib, mehmonxona,
ovqatlanish, ekskursiya va madaniy dasturlarni birlashtiruvchi servis platformasiga
aylanishi mumekin.

O“zbekiston sharoitida Toshkent, Samargand, Buxoro va Xiva kabi xalgaro
darajada tanilgan tarixiy markazlarning bitta halgali marshrutga bog‘lanishi
“harakatlanuvchi mehmonxona” g‘oyasini amaliy jihatdan jozibador giladi. Bunda
turistlar kunduzgi vaqtda shaharlarda sayohat giladi, tungi vaqtda esa poyezdda
keyingi manzilga yetib boradi. Natijada mehmonxonaga gayta-gayta joylashish,
yuklarni ko“chirish va alohida transport izlash bilan bog‘lig tashkiliy yo‘qotishlar
gisqaradi.

Magolaning magsadi — turistik poyezdni “transport—servis—marketing” zanjiri
asosida tijoriylashtirish imkoniyatlarini baholash va “Afsona” poyezdi uchun
iqtisodiy bargarorlikni ta’minlaydigan amaliy yo‘nalishlarni ishlab chigishdan
iborat.

2. BOZOR TALABI VA TEMIR YO‘L TURIZMINING O‘SISH
DINAMIKASI

Tahlil gilingan ma’lumotlar temir yo‘l transportida turistik segmentning
umumiy yo‘lovchi ogimiga nisbatan tezrog kengayayotganini ko‘rsatadi. 2023-yilda
temir yo‘l orqgali tashilgan turistlar soni 114,3 ming kishi bo‘lgan bo‘lsa, 2025-yilda
bu ko‘rsatkich 1,59 min. kishidan oshgan. Shu davrda turistlar ulushi 1,26 foizdan
15,92 foizgacha ko‘tarilgan. Bu o‘zgarish temir yo‘l turizmini alohida mahsulot
sifatida loyihalash zaruratini kuchaytiradi.

1-jadvalda temir yo‘l tashuvlarida turistik ogimning asosiy ko‘rsatkichlari
jamlangan.

1-jadval
Temir yo‘l orgali tashilgan turistlar bo‘yicha asosiy ko‘rsatkichlar
Yil Jami yo_IO\_/chllar, Turistlar, kishi Turistlar ulushi,
kishi %
2023 9 053 953 114 272 1,26
2024 9 809 692 1200 105 12,23
2025 10 010 154 1593 803 15,92

1-jadvaldan ko‘rinadiki, umumiy yo‘lovchi ogimining o‘sishi nisbatan
barqgaror bo‘lsa-da, turistlar sonining ko‘payishi keskin tus olgan. Bu holat turistik
poyezd uchun potensial talab mavjudligini, ammo talabni yil davomida bir xil
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darajada ushlab turish uchun marketing va turoperatorlar bilan hamkorlik
mexanizmlari muhimligini ko‘rsatadi.
3. TADQIQOT YONDASHUVI VA HISOBLASH ASOSLARI

Tadgigotda turistik poyezd samaradorligi uchta o‘zaro bog‘liq blok orgali
baholandi: birinchisi — talab va yuklanma koeffitsienti; ikkinchisi — turpaket narxi
va daromad; uchinchisi — xarajatlar tarkibida transport hamda servis xarajatlarining
nisbati. Bunday yondashuv poyezdni fagat lokomotiv va vagonlardan iborat tashish
jarayoni sifatida emas, balki yakuniy iste’molchiga taklif gilinadigan xizmatlar
majmui sifatida tahlil gilish imkonini beradi.

Hisob-kitoblarda 196 nafar turistga mo‘ljallangan 4 kunlik turistik reys varianti
asos qilib olindi. Xarajatlar tarkibi ikki yirik guruhga ajratildi: ekspluatatsion
xarajatlar va servis-tashkiliy xarajatlar. Ushbu ajratish turistik poyezd iqtisodiyotida
gaysi xarajat drayverlari ustunligini aniglash uchun zarur.

2-jadvalda xarajatlar gayta guruhlangan holda berilgan.

2-jadval
Turistik reys xarajatlarining yirik guruhlar bo‘yicha tarkibi
Xarajatl_ar Tarkibiy elementlar Miqgdor, so‘m | Ulush, %
guruhi
lokomotiv-soat, lokomotiv-km,
Eksplugtatsmn brlgada-soat,_ vzilgon-soat,_ 103 206 608 1157
Xarajatlar vagon-km, yoqilg‘i-energetika
resurslari
Servis va xodimlar, poyezd taomlari,
tashkiliy restoran taomlari, ekskursiya, 788 750 000 88,43
xarajatlar marketing
Jami Barcha xarajatlar 891 956 608 100,00

Qayta guruhlash natijasi shuni ko‘rsatadiki, xarajatlarning asosiy gismi poyezd
harakatining texnik xarajatlari emas, balki turistga taklif gilinadigan servis to‘plami
bilan bog‘liq. Demak, loyiha foydaliligi nafagat kilometr yoki vagon-soat
me’yorlariga, balki servis paketi tarkibini ogilona shakllantirish, yetkazib
beruvchilar bilan kelishuv narxlarini optimallashtirish va guruhli sotuvlar hajmiga
ham bog‘lig.

4.  NATIJALAR: NARX, YUKLANMA VA FOYDALILIK
O‘RTASIDAGI BOG‘LIQLIK

Poyezd to‘lig band bo‘lgan holatda chipta narxi oshgani sari reysdan olinadigan
foyda ham to*g‘ri proporsional ravishda ko‘payadi. Birog amaliy boshgaruvda eng
yugori narx doimo eng yaxshi yechim bo*lavermaydi, chunki narx oshishi talabni
pasaytirishi va yuklanmani kamaytirishi mumkin. Shu sababli tijoriy garorlar narx
va kutilayotgan bandlikni birgalikda baholash orgali gabul gilinishi lozim.
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3-jadval
100% yuklanma sharoitida turli narx stsenariylari

Chipta narxi, | Daromad, AQSh | Xarajat, AQSh Reys foydasi,
AQSh dollari dollari dollari AQSh dollari
400 78 400 71 356 7044
500 98 000 71 356 26 644
600 117 600 71 356 46 244
700 137 200 71 356 65 844

Hisob-kitoblar to‘lig bandlikda zararsizlik chegarasi taxminan 364 AQSh
dollarini tashkil etishini ko‘rsatadi. Shunga garamay, amaliyotda xavfsiz narx
oralig‘i fagat xarajatlarni qoplashga emas, balki turistik bozordagi ragobat, xizmat
sifati va mijoz segmentining to‘lov qobiliyatiga ham mos bo‘lishi kerak.

600 AQSh dollarlik turpaket narxi bo‘yicha yuklanma sezgirligi 4-jadvalda
ko‘rsatilgan.

4-jadval
600 AQSh dollari narxda yuklanmaga bog‘lig moliyaviy natija

dollari AQSh dollari
50 98 58 800 -12 556 -452 016
60 118 70 800 -556 -20 016
70 137 82 200 10 844 390 384
80 157 94 200 22 844 822 384
90 176 105 600 34 244 1232784
100 196 117 600 46 244 1664 784

Ushbu jadvaldan kelib chigib, 600 AQSh dollari narxda loyiha 60 foizlik
bandlikda deyarli zararsizlik nugtasiga yaqinlashadi, 70 foizdan boshlab esa reys
igtisodiy jihatdan ijobiy natija bera boshlaydi. Demak, boshgaruvning minimal
magsadi 60-61 foizdan past bo‘Imagan bandlikni kafolatlash, optimal magsadi esa
75-85 foiz oralig‘ida bargaror sotuv portfelini shakllantirish bo*lishi mumkin.

5. “AFSONA” POYEZDINI TIJORIYLASHTIRISH BO‘YICHA
AMALIY YO‘NALISHLAR

Birinchi yo*nalish — turpaketni oldindan sotish tizimini kuchaytirish. Turistik
poyezd xarajatlarining katta gismi shartli doimiy xarakterga ega bo‘lgani uchun reys
boshlanishidan oldin minimal bandlik darajasini ta’minlash zarur. Bunda
turoperatorlar bilan oldindan blok-o‘rinlar bo‘yicha shartnomalar tuzish, xorijiy
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guruhlar uchun kvotalar ajratish va yirik mavsumlarda kafolatlangan buyurtmalarni
shakllantirish magsadga muvofig.

Ikkinchi yo‘nalish — servis paketini segmentlarga ajratish. Barcha turistlarga
bir xil xizmat to*plamini taklif gilish o‘rniga “standart”, “komfort” va “premium”
paketlarini shakllantirish daromadni diversifikatsiya giladi. Masalan, asosiy paketga
transport, yotoq joy va bazaviy ekskursiya Kiritilishi, yuqori paketlarda esa maxsus
ovgatlanish, gid xizmatlari, muzey chiptalari va suvenir dasturlari go‘shilishi
mumbkin.

Uchinchi yo‘nalish — mavsumiy va dinamik narxlash. Yugori talab davrida
narxni oshirish, past mavsumda esa guruhli chegirmalar yoki qo‘shimcha xizmatlar
bilan sotuvni rag‘batlantirish poyezdning yil davomida bir tekis yuklanishiga
yordam beradi. Narx siyosati xarajatni goplash formulasiga emas, balki talab
elastikligi, bozor segmenti va xizmat sifati bilan uyg‘unlashgan holda belgilanadi.

To‘rtinchi yo‘nalish — mahalliy xizmat ko‘rsatuvchilar bilan kooperatsiyani
tizimlashtirish. Restoran, ekskursiya, transport transferi, madaniy dastur va
marketing bo‘yicha hamkorlar bilan uzog muddatli kelishuvlar tuzilsa, servis
xarajatlari prognozlanadi va poyezd mahsuloti sifati bir me’yorda saqlanadi.

Beshinchi yo‘nalish — ragamli sotuv va monitoring. Onlayn bron qilish, real
vaqt rejimida bandlikni kuzatish, sotuv kanallari kesimida tahlil yuritish va mijoz
fikrlarini yig“ish turistik mahsulotni tezkor boshgarish imkonini beradi. Bunday
tizim marketing xarajatlarining gaytishini baholashda ham muhim ahamiyatga ega.

6. XULOSA

O*zbekistonda temir yo*l turizmining o“sish sur’ati turistik poyezdlarni alohida
xizmat turi sifatida rivojlantirish uchun qulay sharoit shakllanayotganini ko‘rsatadi.
2023-2025-yillarda temir yo‘l orgali tashilgan turistlar ulushining keskin ko‘tarilishi
“Afsona” kabi halgali turistik marshrutlarga bozor ehtiyoji mavjudligini tasdiglaydi.

Tahlil natijalari turistik poyezd iqtisodiyotida asosiy xarajatlar lokomotiv va
vagonlardan foydalanish bilan emas, balki servis, ovqatlanish, ekskursiya va
marketing xizmatlari bilan bog‘ligligini ko‘rsatdi. Shuning uchun bunday
loyihalarda samaradorlikni oshirish uchun fagat tashish xarajatlarini kamaytirish
yetarli emas; servis paketini to‘g‘ri tuzish, hamkorlar bilan shartnomalarni
optimallashtirish va bandlikni oldindan kafolatlash zarur.

600 AQSh dollari narx stsenariysi bo‘yicha reysning ijobiy moliyaviy natijasi
70 foiz va undan yugori yuklanmada shakllanadi. Shu bois loyiha boshgaruvida
minimal bandlik chegarasi, mavsumiy narxlash, turpaket segmentatsiyasi va
turoperatorlar bilan blok-o‘rinlar mexanizmini joriy etish asosiy amaliy choralar
sifatida tavsiya etiladi.
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This article explores the organizational-economic mechanisms of sustainable
tourism development in the Republic of Uzbekistan and substantiates directions
for their improvement. The study’s relevance stems from the increasing role of
tourism in economic diversification and the need to integrate sustainability
principles into tourism governance during post-pandemic recovery. Using
systemic and comparative analysis, SWOT analysis, economic-statistical
methods, cluster modelling, and international benchmarking, the research
identifies key shortcomings in tourism regulation based on 2019-2023
statistical data. A multi-level improvement model is proposed, including
tourism clusters, green certification, public-private partnerships, and digitalized
management. Findings suggest that implementing these measures could raise
tourism’s GDP contribution from 3.1% to 6.0% by 2030. The results hold
practical significance for policymakers, regional authorities, and tourism
stakeholders.

sustainable tourism, organizational-economic mechanisms, tourism clusters,
green certification, public-private partnership, Uzbekistan, digitalization of
tourism, ecotourism.

COBEPHIEHCTBOBAHHME OPITAHU3AIIMOHHO-9KOHOMMUYECKHUX
MEXAHH3MOB YCTOMYHUBOI'O PA3BUTHUSA TYPU3MA

3apunos Toxup:kon KOcydooii yriam

JoxropanT, TamkeHTCKuii rocy 1apCTBEHHbIA YHUBEPCUTET SKOHOMUKH

Orcid: 0009-0009-6801-4672
zaripovtohirjon9@gmail.com

AHHOTaHI/IH: B cratbe HCCICAYIOTCA OPraHU3allMOHHO-9KOHOMHWYCCKHUC MCXAHU3MbI

yCTOWYMBOrO pa3Butusi TypusmMa B PecnyOnuke VY30ekucran u
00OCHOBBIBAIOTCSI HAIPABJICHUSI UX COBEPIICHCTBOBAHUSA. AKTYyaJbHOCTh
uccienoBanus OOyCIIOBIICHA BO3pacTalolled  poJbi0  Typu3Ma B
nuBepcuPUKAIIN SKOHOMHUKH, a TakKe HEOOXOJIMMOCTBIO HHTETpaluu
IPUHIIMIIOB YCTOWYUBOCTU B CUCTEMY YIIPABICHUS TYpPU3MOM B MEPUO
MOCTIIAHIEMUIHOT0 BOCCTAHOBIICHUS. C MCIIOJIB30BAHMEM CHCTEMHOIO U
cpaBHUTENnbHOTO aHanu3a, SWOT-ananu3a, S5KOHOMHKO-CTATUCTHUECKUX
METOJIOB,  KJIACTEPHOTO0  MOJETUPOBAHUA U  MEXKIYHAPOJIHOTO
OCHUMapKUHTa B HCCIICJJOBAHUM BBISBICHBI KJIIOUEBBIE HEIOCTATKU B
cdepe perynupoBaHHs Typu3Ma Ha OCHOBE CTAaTHCTUYECKUX ITAHHBIX 3a
2019-2023 TOJIBI. [Ipennoxena MHOTOYpOBHEBast MOJI€JIb
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COBepH_IeHCTBOBaHI/ISI, BKJIFOYaro1iast TypI/ICTI/IlIeCKI/Ie KJIaCTepBI,
«3eNEHYI0» CEepTUPUKALNIO, TOCYJAapCTBEHHO-YACTHOE MAPTHEPCTBO U
U (POBU3UPOBAHHOE yIpaBJICHHUE. [Tonyuennsie pe3yJIbTaThl

CBUJETEJIBCTBYIOT O TOM, YTO peau3alys JaHHBIX MEP MOXKET MOBBICUTD
Bkiaa typusma B BBII ¢ 3,1 % no 6,0 % x 2030 romy. PesymnbraTs
UCCIIEIOBAHUS ~ UMEIOT  [PaKTUYECKYl0  3HAUMMOCTh  JUIsl  JIUL,
OPUHUMAIOIIMX  PEUIEHMs, PErHMOHAIbHBIX OpraHOB  BJACTU U
3aWHTEPECOBAHHBIX CTOPOH B cepe TypHu3Ma.

KiawueBble c10Ba:  yCTOWYMBBIA Typu3M, OPraHU3AIMOHHO-3KOHOMUYECKHE MEXaHHU3MBI,
TYPUCTHYECKHE KIIACTEphl, «3eyI€Has» cepTU(UKaALNS, TOCyAapCTBEHHO-
YacTHOE MapTHEPCTBO, Y30eKUCTaH, [UPOBU3ALIMS TypU3Ma, IKOTYPHU3M.

1.INTRODUCTION

Tourism has consistently ranked among the most dynamic sectors of the global
economy, accounting for approximately 10.3% of world GDP and 330 million jobs prior to the
COVID-19 pandemic [1]. However, the exponential growth of international tourist flows has
increasingly exposed the structural tensions between economic imperatives and the ecological
and socio-cultural carrying capacity of destination territories. This contradiction has catalysed
a global paradigm shift toward sustainable tourism — a model that reconciles economic
prosperity, environmental stewardship, and the preservation of local heritage and community
wellbeing [2-4].

For countries in the post-Soviet space, particularly for Uzbekistan — home to UNESCO
World Heritage Sites of global significance — the challenge is not merely to attract more
visitors, but to design governance frameworks that translate tourism growth into broad-based
socio-economic development while safeguarding the irreplaceable cultural and natural assets
that generate that growth. The Republic of Uzbekistan has pursued an active tourism
liberalisation agenda since 2017, introducing visa-free regimes for over 90 countries,
establishing the Tourism Development Fund, and adopting the National Tourism Strategy 2025.
These reforms have yielded measurable results: international arrivals recovered to 6.9 million
in 2023, exceeding pre-pandemic levels for the first time[5-9].

Nevertheless, tourism's contribution to GDP remains at 3.1% — substantially below the
government's target of 6.0% by 2030 — and significant structural weaknesses persist in the
organizational-economic mechanisms governing the sector[6-10]. Academic discourse on
Uzbekistan's tourism economy has largely focused on marketing and heritage management
issues, leaving the institutional and economic governance architecture insufficiently theorised.
This gap forms the central problematic of the present study.

The primary objective of this article is to conduct a systematic analysis of the current
organizational-economic mechanisms of sustainable tourism development in Uzbekistan and to
elaborate evidence-based recommendations for their improvement. Specific objectives include:
(1) reviewing the theoretical landscape of sustainable tourism governance; (2) analysing
empirical trends in Uzbekistan's tourism economy; (3) identifying institutional bottlenecks
through SWOT and comparative analysis; (4) proposing a multi-level improvement model
validated against international benchmarks.

The study contributes to the body of knowledge at the intersection of tourism
economics, institutional theory, and regional development policy. Its findings are intended to
be actionable for policymakers, regional development agencies, and tourism enterprises
operating in transitional economies with rich cultural endowments.
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2. LITERATURE REVIEW

2.1 Conceptual Foundations of Sustainable Tourism

The concept of sustainable tourism originates from the broader sustainability paradigm
introduced in the Brundtland Report [16], defining sustainable development as meeting present
needs without compromising future generations. The UNWTO adapted this concept to tourism,
emphasising the balance of economic, social, and environmental impacts while addressing the
needs of visitors, industry, environment, and host communities. Studies by Swarbrooke and
Hall established the three core dimensions of tourism sustainability — economic, ecological,
and socio-cultural. More recent research highlights governance as a fourth dimension, arguing
that effective institutional structures are essential for translating sustainability principles into
practice[10-15].

2.2 Organizational-Economic Mechanisms in Tourism Governance

The concept of organizational-economic mechanisms is widely used in post-Soviet
institutional economics to describe regulatory instruments, organizational structures,
incentives, and coordination systems governing economic interactions. In tourism, this includes
state regulation, fiscal instruments, public-private partnerships, digital infrastructure, and
territorial organization such as clusters and special economic zones. The cluster approach,
developed by Porter (1998) and further applied in tourism studies by Nordin (2003), Novelli et
al. (2006), and Jackson & Murphy (2006), highlights how geographically concentrated tourism
networks create competitive advantages through knowledge exchange, shared infrastructure,
and collective branding. International experience, including Italy, Costa Rica, and Portugal,
demonstrates that cluster-based tourism development improves productivity, sustainability, and
destination competitiveness.

2.3 Tourism Development in Central Asia and Uzbekistan

Research on tourism governance in Central Asia remains limited. Kantarci (2007)
highlighted key regional challenges, including infrastructure deficits and destination image
management. More recent studies by Ergashev (2020), Mirzaev & Tursunov (2021), and
Rashidova (2022) examined Uzbekistan’s tourism transformation, focusing on visa
liberalisation and heritage tourism development. Nevertheless, a comprehensive analysis of the
organizational-economic mechanisms of sustainable tourism development in Uzbekistan,
combining quantitative sector data with comparative international evidence, remains lacking.
This study addresses that gap through an empirical assessment of tourism dynamics (2019—
2023) and an evaluation of institutional mechanisms against international benchmarks.

3. METHODOLOGY

3.1 Research Design and Philosophical Positioning

This study adopts a pragmatic research philosophy, employing a mixed-methods design
that combines quantitative analysis of secondary statistical data with qualitative assessment of
institutional mechanisms and comparative case analysis. The pragmatic stance is appropriate
given the study's dual orientation: generating analytical insights about an empirical
phenomenon (tourism sector performance) while producing actionable recommendations for
policy improvement [20].

3.2 Data Sources

Primary quantitative data were sourced from: (1) the State Committee of the Republic
of Uzbekistan on Statistics (official tourism sector data, 2019-2023); (2) the Tourism
Development Fund of Uzbekistan (annual reports 2020-2023); (3) UNWTO Tourism
Barometer (2019-2024); and (4) the World Economic Forum Travel and Tourism
Competitiveness Index (2019, 2021, 2024). Qualitative data were drawn from regulatory
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documents, national strategic planning documents, and published interviews with sector
stakeholders.

3.3 Analytical Methods

The study employs the following analytical methods in an integrated framework. First,
economic-statistical analysis was applied to characterise trends in key tourism sector indicators
and to compute growth rates, structural shares, and performance ratios. Second, a structured
SWOT analysis was conducted to systematically identify internal strengths and weaknesses and
external opportunities and threats in the organizational-economic environment of Uzbekistan's
tourism sector, drawing on both quantitative data and expert assessments. Third, comparative
benchmarking was employed to evaluate Uzbekistan's tourism governance mechanisms against
five international reference cases (Bhutan, Costa Rica, Tuscany/Italy, Georgia, and
Kyoto/Japan) selected for their demonstrated success in integrating sustainability into tourism
management. Fourth, cluster modelling principles were applied to evaluate the territorial
organisation of tourism in Uzbekistan and to identify priority zones for cluster formation. Fifth,
a multi-criteria prioritisation framework was used to rank proposed improvement mechanisms
according to implementation feasibility, cost-effectiveness, and expected impact.

4. RESULTS

4.1 Tourism Sector Dynamics: 2019-2023

Table 1 presents the key performance indicators of Uzbekistan's tourism sector over the
study period. The data reveal a pronounced COVID-19 shock in 2020, with tourist arrivals
declining by 68.7% to 2.1 million and tourism's GDP share contracting from 2.8% to 1.1%.
Recovery was robust, with arrivals returning to 6.9 million by 2023 — a 3.3% increase over the
pre-pandemic level — driven by successful visa liberalisation and targeted promotional
campaigns[16-20].

Table 1.

Key Sustainability Indicators of Uzbekistan's Tourism Sector, 2019-2023

Indicator 2019 2020 2021 2022 2023 Jlayess
2030

Tourist arrivals 6.7 21 35 50 6.9 120
(mlIn)
Tourism GDP
share (%) 2.8 1.1 1.9 2.5 3.1 6.0
Green certified 12 14 19 97 38 120
hotels
Heritage sites,
UNESCO 4 4 4 4 4 8
Avg. tourist
spend (USD) 410 290 330 380 445 700
Employment in | 5, 147 189 P9l 259 500
tourism (k)
CO2 per tourist  ¢q 71 70 67 63 40

(kg)
Source: State Committee of Uzbekistan on Statistics; Tourism Development Fund of
Uzbekistan; UNWTO (2024). *Target values from National Tourism Strategy 2030.
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Positive trends are evident in green-certified hotels, which increased from 12 to 38
between 2019 and 2023, and in tourism employment, recovering to 259,000 jobs from a
pandemic low of 147,000. Carbon intensity per tourist declined modestly from 68 to 63 kg CO2,
reflecting gradual greening of accommodation services, although remaining above the 2030
target of 40 kg. Average tourist expenditure reached USD 445, indicating progress toward
higher value-added tourism, yet still below the target level of USD 700[20].

4.2 Analysis of Current Organizational-Economic Mechanisms

The analysis of existing mechanisms reveals a predominantly state-led governance
model characterised by centralised investment planning, directive targets, and regulatory
compliance frameworks. While this model has been effective in mobilising public investment
in large-scale infrastructure (airports, heritage site restoration, road networks), it exhibits
critical weaknesses in coordinating meso-level actors, stimulating private sustainability
investment, and integrating communities into tourism value chains.

Table 2 presents a structured evaluation of the main organizational-economic
mechanisms in operation, including their implementation level, expected impact, and assigned
priority for improvement.

Table 2.
Organizational-Economic Mechanisms for Sustainable Tourism: Assessment and
Priorities
Mechanism Description Implementation  Expected Priority
Type Level Impact
Public-Private Joint investment in  €CO- o /.
. infrastructure and heritage . High 1
Partnership . Regional
conservation

Green Standardised eco-labels for
Certification accommodation &  tour National High 1
System operators
Tourism Cluster Territorial clusters linking Regional Hiah 9
Model transport, hospitality, culture g g

. . Integrated booking,
DIFIED UGSt monitoring &  analytics National Medium 2
Platform

system

Communlty_- Revenue_gharlng with local Local Medium 3
Based Tourism communities
Carbon _ Offset Mandatory cgrbon offsettlng National Medium 3
Mechanism for large tourism businesses
Fiscal Incentives Tax breaks for sustainability National High 1

investments

Source: Compiled by the author based on regulatory documents, Tourism Development Fund
reports (2023), and expert assessment.

4.3 SWOT Analysis of the Organizational-Economic Environment

Table 3 presents the results of the structured SWOT analysis of Uzbekistan's tourism
governance environment. The analysis reveals a compelling strategic asset base — rich
UNESCO-listed heritage, a strategic Silk Road location, and strong state commitment — offset
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by institutional and infrastructural weaknesses that constrain the translation of assets into
sustainable economic outcomes.

Table 3.
SWOT Analysis of Uzbekistan's Tourism Governance Environment

Rich  UNESCO heritage (Samarkand,
Bukhara, Khiva) Strategic location on Silk
Road corridor Growing state investment in
tourism  Diverse  natural  landscapes
(mountains, deserts, steppes)

Limited eco-certified accommodation Weak
tourism cluster integration Low digital
infrastructure in rural areas Insufficient
English-language guides

OPPORTUNITIES | THREATS

Post-pandemic 'revenge travel' demand surge
Rising interest in authentic cultural
experiences SCO and CIS tourism
cooperation frameworks Growing Chinese
and Gulf outbound travel markets

Climate change impact on heritage sites Over-
tourism risk in historic cities Regional
geopolitical instability Global recession
affecting travel budgets

Source: Author's compilation based on WEF Tourism Competitiveness Index (2024),
UNWTO data, and national strategic documents.

5. DISCUSSION

5.1 The Multi-Level Improvement Model

Based on empirical findings, SWOT analysis, and international benchmarking, this
study proposes a three-level model for improving sustainable tourism governance in
Uzbekistan. At the macro level, reforms focus on sustainability-based fiscal and regulatory
incentives, including eco-certification tax benefits, Tourism Sustainability Bonds, and a
Heritage Protection Fee to support conservation and local communities. At the meso level, the
cluster approach is identified as a key development mechanism, with four priority zones
proposed: the Historic Silk Road, Ecological Mountain, Fergana Valley Agro-Cultural, and
Tashkent Business and MICE clusters. At the micro level, the model prioritises digital
transformation through a unified national Tourism Digital Platform integrating booking,
certification, visitor monitoring, and tax reporting, thereby reducing transaction costs,
improving destination management, and strengthening sustainability compliance.

5.2 Limitations and Future Research

Several limitations of the present study should be acknowledged. First, the analysis is
predominantly based on secondary data; a primary survey of tourism enterprise managers and
regional administrators would enrich the findings and allow for more granular assessment of
implementation barriers. Second, the proposed improvement model is developed at a
conceptual level; subsequent research should develop detailed implementation roadmaps with
costed action plans and measurable intermediate milestones. Third, the study focuses
exclusively on inbound tourism; the domestic tourism sector, which plays a critical stabilising
role in sustainable tourism economics, warrants separate analytical treatment.

6. CONCLUSIONS

This study examined the organizational-economic mechanisms of sustainable tourism
development in Uzbekistan and identified evidence-based directions for their improvement.
The findings show that while the tourism sector has recovered strongly from the COVID-19
shock, structural gaps remain in GDP contribution, sustainability certification, carbon intensity,
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and tourist expenditure, limiting progress toward 2030 targets. The current governance
framework reflects strong state involvement but weak meso-level coordination, fragmented
territorial management, limited fiscal sustainability incentives, and insufficient digital
infrastructure. Comparative benchmarking with Bhutan, Costa Rica, Tuscany, Georgia, and
Kyoto demonstrates the relevance of adaptable mechanisms such as eco-certification, tourism
clusters, visitor management systems, and integrated digital platforms. Accordingly, a three-
level governance model is proposed to strengthen coordination among state, private, and
community actors across macro, meso, and micro levels. Full implementation could raise
tourism’s GDP contribution to 6.0% by 2030, create around 500,000 jobs, and reduce the
sector’s carbon footprint. The study recommends prioritising a feasibility assessment of the
proposed model within Uzbekistan’s post-2025 tourism strategy and engaging international
partners for technical and financial support.
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