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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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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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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 rajibBAaHMUECKOE BIMSHUS Ha CMEXHbIe TUHUU (pHc.1).

OcHoBHbIE 00BEKTE NOBEPKEHHBE RTHAHHID

Cucrema BHewnero Momsemubie Crcreva
3NCKTpOCHAGKEHHA Jlnsnu cemsu Agtofnoxipoeka
mnexTpocHabxenns COOPYKEHHH CL
TNt CLB Jliun nposansHoro Chcrema 182 " T—— Kafensibie BonoxonHo - UKAR ABTIL
anexTpocHabxenna NpoBOaa 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.
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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.

-32-


mailto:balnuramansuralieva@gmail.com

MoJiogoi crieliuajimcT
Young specialist
JKac maman
Yosh mutaxassis

j"/. Volume 5 | Issue 50-51 |
M\ May-June 2026
7 ISSN: 2791-3651

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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. Ozbekiston  Respublikasi ~ Milliy  statistika ~ go‘mitasi ~ ma’lumotlari:

https://stat.uz/uz/matbuot-markazi/qo-mita-yangiliklar/66309-2025-jilda-
zbekistonga-11-7-million-nafar-turist-kelgan-2

O*zbekiston Respublikasi Turizm go‘mitasi ma’lumotlari:
https://gov.uz/oz/uzbektourism

RZD Tour rasmiy sayti: https://rzdtour.com/

Belmond Venice Simplon-Orient-Express rasmiy sahifasi:
https://www.belmond.com/trains/europe/venice-simplon-orient-express/

Rocky Mountaineer rasmiy sayti: https://www.rockymountaineer.com
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IMPROVING ORGANIZATIONAL-ECONOMIC MECHANISMS

Annotation:

Keywords:

FOR SUSTAINABLE TOURISM DEVELOPMENT

Zaripov TokhirjonYusufboy ugli
Toshkent davlat igtisodiyot universiteti tayanch doktaranti
Orcid: 0009-0009-6801-4672
zaripovtohirjon9@gmail.com

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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UDK 629.4.02
YECHILADIGAN KUZOVNING ASOSIY YUK KO‘TARUVCHI

ELEMENTLARI MUSTAHKAMLIK XOSSALARINI ANIQLASH

O.l. Zaynitdinov, O.O. Raximov
Toshkent davlat transport universiteti, Toshkent sh., O“zbekiston

Annotatsiya: Maqola yechiladigan kuzov konstruksiyasining mustahkamlik hisoblariga,
shuningdek, qiyosiy tahlil asosida kuzovning asosiy yuk ko‘taruvchi
elementlarini tanlashga bag‘ishlangan. Dasturiy hisoblash yordamida
konstruktiv yechimlarni tanlash va yechiladigan kuzovning asosiy yuk
ko‘taruvchi elementlarini ilmiy asoslash gadoglangan-donali va
palletlangan yuklarni tashish uchun mo‘ljallangan ishlab chigilayotgan
yechiladigan kuzovning mustahkamlik hamda ekspluatatsion tavsiflarini
baholash imkonini beradi.

Kalit yechiladigan kuzov, yechiladigan kuzovning 3D modeli, mustahkamlikka

so‘zlar: hisoblash, asos, torets devorlari, oraliq balka, yon suriluvchi devorlar.

OIIPEJEJEHUE TPOYHOCTHBIX CBOMCTB OCHOBHbBIX
HECYIIUX 3JIEMEHTOB CHATOI'O KY30BA

O.U. 3aiiauTaunos, O.0. PaxumoB
TamkeHTCcKH rocyJapCTBEHHBIN TPAHCTIOPTHBIN YHUBEPCUTET, I'. TalkeHT, Y30eKkucTan

Annotauusi: Cmambs nocesueHa pacuemam npoOYHOCMU KOHCMPYKYUU CbeMHO20 KY3086d,
a makdxce 6b100pY OCHOBHBIX HECYWUX JJIeMEeHMO8 KV308d HA OCHOGe
CPABHUMENbHO20 aHaIu3a. Buibop koncmpykmusHvlx peuieHull ¢ noMoubio
NPOCPAMMHO20 pacyema U HAYYHOe O0OOCHOBAHUE OCHOBHBIX HeCyUUx
NEMEHMO8 CHLEMHO20 K)Y308d NO360J4en OYeHUmb NPOYHOCIHbIE U
IKCNILYamayuoHHble  XapakKmepucmuku  papadamsiéaemoco  CbeMHO20
KV308d, NPEOHA3HAYEeHHO20 Ol Nepe8o3KU  (Paco8OYHO-UMYUHBIX U
NANIEMHbBIX 2PY308.

KawueBble  cwvemmubii ky308, 3D moodenv cvemnoco kyzoea, pacuem Ha NpOYHOCMDb,

cjaoBa: OCHOBaHUe, mopyesvie CMeHKU, NpoJiemuds 0anKka, OOKogvle Pa308UNCHblE
CMeHKU.
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DETERMINING THE STRENGTH PROPERTIES OF THE MAIN
LOAD-CARRYING ELEMENTS OF THE DEMOLIBLE BODY

O.1. Zaynitdinov, O.0. Rakhimov
Tashkent State Transport University, Tashkent, Uzbekistan

Abstract:  The article is devoted to the strength calculations of the removable body
structure, as well as the selection of the main load-bearing elements of the
body based on comparative analysis. The selection of structural solutions and
the scientific substantiation of the main load-bearing elements of the
removable body using software calculation allow for the assessment of the
strength and performance characteristics of the developed removable body
designed for the transport of pre-packaged and pallet goods.

Key words:  removable body, 3D model of removable body, strength calculation, base,
end walls, span beam, side sliding walls.

Bugungi kunda tashish jarayoni samaradorligini oshirish, temir yo*l tarmog‘ining yuk ko‘p
bo‘lgan uchastkalarida o‘tkazish va tashish qobiliyatini ko‘paytirish, mavjud harakatlanuvchi
tarkib tangisligi sharoitida yuk tashish hajmlarini oshirish uchun temir yo‘l transportini
rivojlantirishning yangi yo*nalishlarini izlash zarur. Xususan, mamlakatning yagona milliy temir
yo‘l tarmog‘ini shakllantirish magsadida mavjud temir yo*llarni takomillashtirish va yangilarini
qurish, texnik-igtisodiy ko‘rsatkichlari yaxshilangan innovatsion harakatlanuvchi tarkibning yangi
turlarini ekspluatatsiyaga joriy etish muhim ahamiyatga ega [1]. Ushbu vazifalarni hal gilish uchun
harakatlanuvchi tarkibning yangi konstruksiyalarini ishlab chigish va mavjudlarini
takomillashtirish, jJumladan, yechiladigan va almashtiriladigan kuzovli vagonlar konstruksiyalarini
rivojlantirish talab etiladi [2]. Natijada tashiladigan yuklar nomenklaturasi o‘zgarganda yuklash-
tushirish operatsiyalari vagti hamda mehnat sarfini kamaytirish hisobiga mavsumiy tebranishlar
davrida vagonlarning bekor turib qgolishini sezilarli gisgartirish mumkin.

Mavjud yechiladigan va almashtiriladigan kuzovlar konstruksiyalarini ko‘rib chigish va
tahlil gilish yon tomondagi suriluvchi devorlari hamda tomi bo‘lgan, atmosfera yog‘inlaridan
himoya talab giladigan turli gadoglangan-donali va palletlangan yuklarni texnik talablar asosida
mahkamlab tashishga mo‘ljallangan yechiladigan kuzovning yangi konstruksiyasini ishlab chigish
imkonini beradi (1-rasm).
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1-rasm — Turli gadoglangan-donali yuklar bilan yuklangan yechiladigan kuzov
konstruksiyasi modeli

Ishlab chigilgan yechiladigan kuzov payvandlangan konstruksiyali ramadan, kuzov
ramasiga gattiq mahkamlangan ikkita torets devoridan hamda eshik ko‘rinishidagi tomli ikkita yon
suriluvchi devordan iborat.

Yechiladigan kuzovning torets devorlari pastki gorizontal balkalardan, quti kesimli bir
nechta vertikal balkalardan tashkil topgan bo‘lib, ular yugori gismda oralig balkani yon tomondan
gamrab oluvchi yoysimon balkalar bilan birlashtiriladi. Yechiladigan kuzovning torets devorlariga
sakkizta yuk ko‘tarish fittingi o‘rnatilgan, ulardan to‘rttasi pastki fitting bo‘lib, yechiladigan
kuzovni platforma-vagon ramasiga o‘rnatish va mahkamlash uchun, to‘rttasi esa yuqori fitting
bo‘lib, yechiladigan kuzovni yuk ko‘tarish mashinalari yordamida ko‘tarish uchun xizmat giladi
[3, 4].

Yechiladigan kuzovning eshik ko‘rinishidagi yon suriluvchi devorlari tomi bilan birga bir-
biridan mustaqil to‘rtta eshik shaklida bajarilgan bo‘lib, ular rolikli osmalar yordamida kuzov
bo‘ylab siljiydi. Pastki rolikli osmalar rama bo‘ylama balkasiga, yuqori rolikli osmalar esa
yechiladigan kuzovning oraliq balkasiga o‘rnatilgan. Yechiladigan kuzovning har bir suriluvchi
eshigida qulf ko‘rinishidagi blokirovka gqurilmalari nazarda tutilgan.

Yechiladigan kuzovning mustahkamlikka hisoblashlari va asosiy yuk ko‘taruvchi
elementlarini tanlash giyosiy tahlil asosida bajarildi. Buning uchun turli konstruksiyaga ega,
gabarit parametrlari bir xil bo‘lgan yechiladigan kuzov ramalarining to‘rtta ijro varianti ishlab
chigildi va taklif etildi: uzunligi — 12200 mm, eni — 3200 mm, pol goplamasisiz balandligi — 180
mm [5].

Taklif etilgan barcha variantlardagi yechiladigan kuzov ramalarining mustahkamlik
hisoblari natijalari asosida konstruktiv kuchaytirish yoki konstruksiyani o‘zgartirishni talab
giladigan eng kuchlangan zonalar aniglandi. Eng kuchlangan zonalar bo‘ylama balkalarning
ko‘ndalang oxirgi balkalar bilan mahalliy birikish tugunlari ekanligi aniglandi (2-rasm).
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zonalar: a — birinchi variant; b — ikkinchi variant; v — uchinchi variant; g — to‘rtinchi variant

1-jadval
Yechiladigan kuzov ramalari mustahkamlik hisoblari natijalari
Sinov parametrlari a b % g
Qo‘llangan yuklama, kN 200 200 200 200
Materialning ogish chegarasi, MPa 710 710 710 710
Maksimal tugun kuchlanishi, MPa 730 700 705 471
Mustahkamlik zaxirasi koeffitsiyenti 0,6 0,76 0,63 1,5
Asos massasi, kg 2570 3670 13000 3310
20 t yuklama bilan 10°¢ siklga sinashda 281,512 | 133,026 | 485,870 | 1,238617
charchoqgqga qgarshilik
Elementlar 96391 93116 16904 66446
Tugunlar 192274 | 185327 29583 120995

Hisob natijalarini tahlil gilish (1-jadval) shuni ko‘rsatadiki, yechiladigan kuzovning
to‘rtinchi variantidagi rama konstruksiyasi eng kichik tugun kuchlanishlariga va 1,5 ga teng eng
yuqgori mustahkamlik zaxirasi koeffitsiyentiga ega. Bu me’yoriy hujjatlar talablarini
ganoatlantiradi, shu sababli mazkur variant yechiladigan kuzov ramasi uchun bazaviy
konstruksiya sifatida tanlandi.

Yechiladigan kuzov torets devorlarining yuk ko*taruvchi karkasi kvadrat kesimli bir nechta
vertikal va gorizontal balkalardan bajarilgan (3-rasm). Bundan tashgari, yuqori bog‘lamalar
markaz tomonga egilgan yoysimon shaklga ega bo‘lib, oraliq balkani mahkamlash uchun xizmat
giladi va galinligi 1,5 mm bo‘lgan po‘lat listlar bilan goplangan.
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3-rasm — Kuzov torets devori elementlarining ekvivalent tugun kuchlanishlari
tagsimoti va charchog mustahkamligiga garshiligini baholash: a — tugun kuchlanishi; b —
charchogqa garshilik
100 kN ga teng kuch qo‘yish bilan o*‘tkazilgan sinov natijasida yechiladigan kuzov torets
devori konstruksiyasining ekvivalent tugun kuchlanishlari tagsimoti epyurasi qurildi (3-rasm, a).
Bunda maksimal ekvivalent kuchlanish 66 MPa ni tashkil etdi.
Oralig balka uchta tarkibiy elementdan iborat payvandlangan konstruksiyaga ega, galinligi
10 mm bo‘lgan po‘lat goplama esa barcha ichki gattiglik elementlarini yagona konstruksiyaga
birlashtiradi [6]. Oralig balkani mustahkamlikka hisoblashlarda bir xil tagsimlangan yuklama — 20
t (200 kN) va 9,81 m/s? og‘irlik kuchi go‘yildi. Natijada Mizes nazariyasi bo‘yicha ekvivalent
tugun kuchlanishlari tagsimoti epyuralari olindi hamda charchoq sinovlari o*tkazildi (4-rasm).
Eshik ko‘rinishida bajarilgan yechiladigan kuzovning yon suriluvchi devorlari vilkali
avtoyuklagich yordamida yuklash-tushirish operatsiyalarini amalga oshirish imkonini beradi.
Avtoyuklagich yuk bilan kuzov ichiga kirishi va undan chigishi mumkin. Shuningdek, tom
tomondan yuk ko‘tarish mashinalari yordamida yuklash-tushirish ishlarini bajarish imkoniyati
ham yaratiladi.

4-rasm — Oraliq balka ekvivalent tugun kuchlanishlarining tagsimoti: a — tugun
kuchlanishi; b — mustahkamlik zaxirasi
5-rasmda yechiladigan kuzov suriluvchi devori konstruksiyasining modeli keltirilgan.

GOGT 1

4007 ree
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5-rasm - Yechiladigan kuzovning suriluvchi devori: a — suriluvchi devorning
konstruktiv sxemasi; b — suriluvchi devor konstruksiyasidagi ekvivalent tugun kuchlanishlari
tagsimoti; 1 — eshikning profilli karkasi; 2 — eshik qoplamasi; 3 —roliklar; 4 — rezina
zichlagichlar

100 kN ga teng kuch qo‘yish bilan o‘tkazilgan sinov natijasida yechiladigan kuzov
suriluvchi devori konstruksiyasining ekvivalent tugun kuchlanishlari tagsimoti epyurasi qurildi (5-
rasm, b). Bunda maksimal ekvivalent kuchlanish 22,5 MPa ni tashkil etdi.

Shunday qilib, gadoglangan-donali va palletlangan yuklarni tashish uchun mo‘ljallangan,
yon tomondagi suriluvchi devorlari hamda tomi bo‘lgan yechiladigan vagon kuzovining yangi
konstruksiyasi ishlab chiqildi va taklif etildi. Gabarit parametrlari bir xil bo*lgan yechiladigan
kuzov ramalarining konstruktiv ijro variantlari ichidan dasturiy modellashtirish va bajarilgan
hisoblar asosida eng magbul hamda ilmiy asoslangan variant tanlandi. Yechiladigan kuzov
elementlari (torets devorlarining yuk ko*taruvchi karkasi, oraliq balka, yon suriluvchi devorlar)
bo‘yicha virtual sinovlar natijalari keltirildi va ekvivalent tugun kuchlanishlari tagsimoti
epyuralari qurildi.
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UDK 629.45
SINOV KAMERASINI TARIRLASH METODIKASINI ISHLAB
CHIQISH

K.X. Inoyatov, B.A. Abdullayev, X.A. Raxmatov, O.O. Raximov
Toshkent davlat transport universiteti, Toshkent sh., O“zbekiston

Annotatsiya: Yo‘lovchi vagonlari kuzovlarini loyihalash jarayonida asosiy dolzarb
masalalardan biri to‘siq konstruksiyalarining issiqlik uzatish koeffitsiyenti
giymatini albatta hisobga olgan holda issiglik izolyatsiyasi gatlamining ilmiy
asoslangan optimal galinligini tanlashdir. Bu masalani o‘rganishga temir
yo‘l sohasi olimlarining ko‘plab ishlari bag‘ishlangan, birog ularning
aksariyati nazariy xususiyatga ega bo‘lgan. Yo‘lovchi vagoni kuzovi to‘sig°i
uchun issiglik o‘tkazuvchanlik koeffitsiyenti eng past bo‘lgan issiglikdan
himoyalovchi materiallarni asosli tanlash maqgsadida sinov kamerasini
ishlab chigish orgali nazariy va eksperimental tadgigotlar o*tkazildi.

Kalit kuzov, yo‘lovchi vagoni, issiglik izolyatsiya materiali, sinov kamerasi,

so‘zlar: issiglik uzatish koeffitsiyenti.

PA3BPABOTKA METOJIUKHU TAPUPOBAHUSA
WCHBITATEJIbHOM KAMEPHI

K.X. UnositoB, b.A. Adaynnaes, X.A. Paxmartos, O.0. Paxumos.
TamkeHTCcKH rocyjapCTBEHHBIN TPAHCTIOPTHBIN YHUBEPCUTET, I'. TalkeHT, Y30ekucTan

AHHoTammsA: OOHUM U3 OCHOBHBIX AKMYANbHBIX 60NPOCO8 8 Npoyecce NPoeKmupo8aHus
KY30808 NACCANCUPCKUX BACOHOB ABNAEMCs 8blOOP HAYYHO 0OOCHOBAHHOU
ONMUMANLHOU  MONWUHBL  MENTOUIONAYUOHHO20 Cl0A € 00A3aMeNbHbIM
yuemom  3HaueHus Kodhduyuenma menionepeoayu  02paRCOAOUIUX
Koncmpykyuil. H3yuenuro smoeo 6onpoca OblI0 NOCEAUEHO MHOICECHEO
pabom yuemvix JHcene3HOOOPONHCHOU OMpPAciu, HO OONbUUHCINBO U3 HUX
Hocuno meopemuyeckuii xapaxmep. C yeavio 060CHO8AHHO20 6bIOOPA
MeNIoOU30NAYUOHHBIX ~ MAMEPUATO8 C  HAUMEHbUWUM KO duyuenmom
Menionpo8oOHOCMU 0151 02PAAHCOCHUS KY308a NACCANCUPCKO20 8A20HA DbLIU
nposedenvl meopemuyeckue U IKCHePUMEHMANIbHbIE UCCIe008AHUS  C
Pazpabomxoll UCnblmamenbHou Kamepeol.

KnroueBble  ky308,  naccaxcupckuti — 6acoH,  MENIOU3ONAYUOHHLIL — Mamepuar,

cJI0Ba: ucnvlmamenvHas Kkamepa, Kodghguyuenm menionepeoayu.
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DEVELOPMENT OF A METHODOLOGY FOR TARYING THE
TEST CAMERA

K.Kh. Inoyatov, B.A. Abdullaev, Kh.A. Rakhmatov, O.0. Rakhimov.
Tashkent State Transport University, Tashkent, Uzbekistan

Abstract: In the process of designing passenger car bodies, one of the most pressing
issues is the selection of a scientifically grounded optimal thickness of the
thermal insulation layer, taking into account the value of the heat transfer
coefficient of the enclosing structures. Many works by railway scientists are
dedicated to the study of this issue, but most of them are theoretical in nature.
Theoretical and experimental studies were conducted by developing a test
chamber to justify the selection of thermal insulation materials with the lowest
thermal conductivity coefficient for passenger car body partitions.

Key words:  body, passenger car, thermal insulation material, test chamber, heat transfer
coefficient.

Yo*lovchi vagonlari kuzovlarining to‘siq konstruksiyasini hisoblashda asosiy vazifalardan
biri texnik talablar va igtisodiy rentabellikka muvofiq issiqlik izolyatsiyasi gatlamining optimal
galinligini tanlash hisoblanadi. Yaxshilangan ko‘rsatkichlarga ega yo‘lovchi vagonlarini
loyihalash uchun kuzov to‘siq konstruksiyalarining o‘rtacha issiglik uzatish koeffitsiyenti kabi
issiglik-texnik ko‘rsatkichni hisobga olish zarur. U vagon kuzovi to‘siqg konstruksiyalari
yuzasining bir kvadrat metri orgali, vagon ichki va tashqgi gismidagi harorat fargi bir gradus
bo‘lganda, vaqt birligi ichida o‘rtacha o‘tadigan issiglik migdori bilan tavsiflanadi.

Hozirgi vaqgtgacha yo‘lovchi vagonlari kuzovlarining issiglik uzatish koeffitsiyentini
aniglash masalalari bilan A.O. Meyster, M.A. Yuxnevskiy, A.A. Golubin, S.N. Naumenko, N.S.
Teymurazov, N.V. Belova, S.L. Samoshkin, R.P. Nigay, B.A. Abdullayev va boshqga olimlar
shug‘ullangan. Biroq o‘tkazilgan tadgiqotlar bevosita vagonning o‘zida amalga oshirilgan yoki
naturaviy namunalarni konstruksiyalamasdan nazariy xususiyatga ega bo*lgan [1-5].

Davlatlararo standartga [1] muvofig, yo‘lovchi vagoni kuzovining issiglik uzatish
koeffitsiyenti K = 1,0 Vt/(m2-K) dan katta bo‘Imasligi kerak, bu giymat yetarlicha yuqori
hisoblanadi. Shuning uchun vagon kuzovi to‘sig‘ida go‘llaniladigan izolyatsion materiallarning
issiglik izolyatsiyalovchi xossalarini yaxshilash zarur.

Ushbu ishda tadgiqot predmeti sifatida sinov kamerasining issiglik to‘sig‘i
konstruksiyasining issiglik-texnik tavsiflari, obyekt sifatida esa issiglik uzatish koeffitsiyentini
eksperimental aniglash uchun yangidan ishlab chigilgan sinov kamerasi gabul gilingan.

Vagon kuzovi to*sig‘i uchun issiglik o‘tkazuvchanlik koeffitsiyenti eng past bo‘lgan
issiglikdan himoyalovchi materiallarni asosli tanlash magsadida sinov kamerasi tayyorlandi. U
yopiq qutisimon tizimdan iborat bo“lib, uning ustki gismiga qopgoq sifatida issiqlik izolyatsiyasi
paketi bo*lgan tajriba namunasi joylashtiriladi.
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Sinov kamerasi issiglik o‘tkazuvchanlik koeffitsiyenti A = 0,028 Vt/(m-K) bo‘lgan listli
penopleksdan tayyorlangan. 1-rasmda kameraning umumiy ko‘rinishi ko‘rsatilgan bo‘lib, uning
elementlari (yon devorlari, tub qismi va qopgog‘i) galinligi & = 80 mm ni tashkil etadi.

1

" o4
1-rasm — Sinov kamerasining umumiy ko‘rinishi: 1 — gqopqoq; 2 — gopgog uchun
teshik; 3 —yon devorlar; 4 — tub gism

Qalinligi bilan farglanuvchi gopgogning ikkita variantidan foydalanish taklif etiladi:
birinchi variant — 6 = 80 mm, ikkinchi variant — 6 = 40 mm.

Sinov kamerasi elementlarining o‘rtacha yuzasini aniglash uchun (1-jadval) quyidagi
formuladan foydalanildi:

Fort = V(Fusn - FiCs),
bu yerda F.s, — elementlarning tashqi yuzasi; Fic, — elementlarning ichki yuzasi.
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1-jadval
Kamera elementlari yuzalarini hisoblash natijalari
No Kamera . Fua, M2 Ficy, m?2 O‘rtacha Fru, M2
elementlari yuza, m?
1 Yon devorlar 0,14 0,076 0,102 0,384
2 Yon devorlar 0,128 0,064 0,09 0,386
3 Tub gism 0,112 0,030 0,057 0,057
4 Qopgoq 0,064 0,030 0,043 0,043
Kameraning
5 o‘rtacha - - - 0,486
yuzasi
Qopqogsiz
5 k?meraning i i ) 0,443
o‘rtacha
yuzasi

Kamera ichida quvvati P = 15 Vt bo‘lgan elektr isitgich hamda kameraning tashqi va ichki
haroratini o‘lchash uchun K tipidagi M6 rezbali termoparaga ega, 30~800 °C diapazonda
o‘lchovchi sanoat ragamli termometrni (2-rasm) joylashtirish ko*zda tutilgan.

Kamera ichidagi harorat XH-W1209 termoregulyatori (3-rasm) yordamida tashqi harorat
10-12 °C bo‘lganda 70-72 °C oralig‘ida, sovitish kamerasi ichidagi harorat -10 °C bo‘lganda esa
58-60 °C oralig*ida boshqarildi.

—-—— =

2-rasm — Sanoat ragamli termometri 3-rasm — Termodatchikli XH-
(XH-B310) W1209 ragamli termoregulyatori
Sinovlar kamera ichki va tashqi gismlari orasidagi (tic, — tws) haroratlar farqi 51-58 °C
oralig*‘ida bo‘lgan sharoitda o*tkazildi.
Elektr energiyasi sarfi Rovato Easy Control hisoblagichi (vattmetr) yordamida vattlarda

o‘lchandi (4-rasm).
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4-rasm — Vattmetr

5-rasmda sinov kamerasini tarirlash stendi elementlarining joylashish rejasi ko‘rsatilgan.

Sinov kamerasi o‘lchash va monitoring vositalari bilan jihozlangan iglim kamerasiga
joylashtirildi. Unda harorat -10 dan +75 °C gacha bo‘lgan oraligda ushlab turilishi mumkin.
Tarirlash jarayonida sinov kamerasi iqlim kamerasi ichiga joylashtirildi va harorat ichkarida +10
°C dan +62 °C gacha, tashqarida esa -10 °C dan +10 °C gacha ushlab turildi. Elektr energiyasi
sarfi va ichki hamda tashqi haroratning bog‘ligligi 6-rasmda ko‘rsatilgan. Undan ko‘rinadiki,
harorat deyarli o*zgarmas holatda saglangan, elektr energiyasi sarfi esa tajriba vaqti bilan chizigli
bog‘lig. Sinovlar 22-23 soat davomida o‘tkazildi.

- 1
I 2
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5-rasm - Sinov kamerasini tarirlash stendi: 1 — sovitish kamerasi; 2 — qopqoq; 3 —
sinov kamerasi; 4 — termodatchiklar; 5 — termostat; 6 — hisoblagich
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6-rasm — Sinov kamerasining ichki va tashqi gismidagi harorat hamda elektr
energiyasi sarfi bog‘ligligi: 1 — sinov kamerasining tashqarisi, tus, = 10 °C; 2 — sinov
kamerasining ichi, tus = -10 °C

Sinov kamerasi ichidagi harorat termoregulyator yordamida tashqgi havo harorati 10-11 °C
bo‘lganda +10 °C dan +62 °C gacha va tashqi havo harorati -10 °C bo*lganda 52 °C atrofida ushlab
turildi. Bunda haroratlar fargi (tic, — tws) +0,5 °C interval bilan 52 °C darajada saglanishi
ta’minlandi.

Termoregulyatorning yogqilish va o‘chish intervali 0,5 °C qilib belgilandi. 6-rasmdan
ko‘rinib turibdiki, statsionar rejimga chigish 2 soatdan 3,5 soatgacha davom etadi, ya’ni bu davrda
termostat sinov kamerasining ichki hajmini issiglik uzatishning statsionar rejimi yuzaga kelguniga
gadar gizdirish uchun doimiy quvvat beradi. Har 0,5 °C da kamerani gizdirish to*xtatiladi, ya’ni
yoqilish vaqtida gizdirish amalga oshadi, so*ngra issiqlik kamera elementlari orgali uzatiladi va
harorat pasayishi natijasida termoregulyator gayta yoqilib, gizdirish davom ettiriladi.

Materialning issiqlik o‘tkazuvchanlik va issiglik uzatish koeffitsiyentlarini o*lchash
usullarining asosida Furye tenglamasi yotadi [6]:

Q/F=(@110) (T:-Ty), 1)

bu yerda Q — berilgan issiglik ogimi; F — issiglik uzatiladigan kesim yuzasi; A — issiglik
o‘tkazuvchanlik koeffitsiyenti; & — material galinligi; T: va T2 — devor sirtlarining harorati.

Eksperiment natijalari bo‘yicha kameraning issiglik uzatish koeffitsiyenti K quyidagi
formula orgali aniglanishi mumkin [2]:

K, =W/[F, 7 (tC - tus)], (2

bu yerda K, —issiqlik uzatish koeffitsiyenti; W — o‘Ichashlarning hisobiy davri uchun elektr
energiyasi sarfi; F, — to*siq yuzasining o‘rtacha geometrik giymati; t — hisobiy davr vaqti; tws, —
tashqi havoning o‘rtacha harorati; tic, — ichki havoning o‘rtacha harorati; (ticy - tws) — 0‘Ichash
davrida ichki va tashqi gqismlar orasidagi o‘rtacha harorat farqi.

Eksperiment natijalariga ko‘ra, galinligi 80 mm bo‘lgan qopgogning issiglik uzatish
koeffitsiyenti elektr energiyasi sarfi W = 217 Vt-soat bo‘lganda K, = 0,329 Vt/(m?-K) ni, galinligi
40 mm bo‘lgan qopgoq uchun esa elektr energiyasi sarfi W = 238 Vt-soat bo‘lganda K, = 0,619
Vt/(m2-K) ni tashkil etdi.
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Kamera korpusining issiglik uzatish koeffitsiyentini aniglash va keyinchalik tajriba
gopgoglarining issiglik uzatish koeffitsiyentini hisoblash uchun ikkita noma’lumli ikki
tenglamadan iborat tizimdan foydalanamiz:

K,'F, = Ki-Fr + Kgt-Fq
K,2F, = Ki-Fr + Kg?Fq. 3

bu yerda Kgt va Kg2 — mos ravishda galinligi 80 va 40 mm bo‘lgan gopgoglarning issiglik
uzatish koeffitsiyentlari; Ki — kamera korpusining (yon devorlar va tub gism) issiglik uzatish
koeffitsiyenti bo‘lib, u quyidagi formula orgali aniglanadi:

K=1/(Yac, + 61 + Louas).

Shunday qilib, qgalinligi 40 mm bo‘lgan gopgoq koeffitsiyenti galinligi 80 mm bo‘lgan
gopgoq koeffitsiyentidan 1,88 marta katta, ya’ni Kg? = 1,88-Kq*.

Tenglamalar (3) ga ma’lumotlarni qo‘yib, kamera korpusining issiglik uzatish
koeffitsiyentini aniglash uchun quyidagi ifodani olamiz:

Kt = (K,t-F, + Kg*-Fq - 1,88-Kq*-Fq) / Fs.

Kamera korpusining issiglik uzatish koeffitsiyenti K = 0,482 Vt/(m?-K) ni tashkil etdi.

Shunday qilib, sinov kamerasining eksperimental tarirlashi nazariy hisoblar bilan
birgalikda bajarildi va natijalar 2-jadvalda keltirildi.

2-jadval
Sinov kamerasini tarirlash natijalari
Ne Parametrlar nomi Qopgoq 6 =80 mm | Qopgoq é =40 mm
1 To‘liq yuza F,, m2 0,486 0,486
Qopqogsiz
2 kameraning o‘rtacha 0,443 0,443
yuzasi Fy, m?
3 Qopqc_)qning o‘rtacha 0,043 0.043
yuzasi Fg, m?
Qopgoqning issiglik
4 uzatish koeffitsiyenti, 0,329 0,619
Vt/(mz2-K)
Eksperimentdagi
5 elektr energiyasi sarfi, 217 238
V1t-soat

Eksperimentdagi
to‘liq issiglik uzatish

0 koeffitsiyenti K,, 0456 0.496
Vt/(m?-K)
Eksperimentdan keyin

7 gopgogsiz kamera 0,482 0,511

korpusining issiglik
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uzatish koeffitsiyenti
Ky, Vt/(m2-K)

Qopqog‘i 6 = 40 mm bo‘lgan kamera uchun ham xuddi shunday tenglamalar tuzilib,
tegishli giymatlar aniglandi.

Tenglama (3) da issiglik uzatish koeffitsiyenti K, eksperimental yo‘l bilan aniglangan
bo‘lib, uning o‘rtacha giymati K, = 0,456 Vt/(m2-K) ni tashkil etdi (2-jadval). Qopgogsiz kamera
korpusi koeffitsiyentining o‘rtacha giymati esa Ky = 0,482 Vt/(m?-K) ga teng. Ushbu giymatlar
keyingi tadgiqotlarda yo‘lovchi vagoni kuzovi to‘sig‘ining tajriba namunalarining issiglik uzatish
koeffitsiyentlarini aniglash uchun foydalaniladi.
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UDK 629.4.027
YUK VAGONLARI BUKSA KORPUSLARINING

YO‘NALTIRUVCHI YUZALARINI NAPLAVKA QILISH
TEXNOLOGIYASINI TAKOMILLASHTIRISH

X.X. Otajonov, O.0. Raximov
Toshkent davlat transport universiteti, Toshkent sh., O“zbekiston

Annotatsiya: Tadgiqotlarning magsadi yuk vagonlari buksa korpuslarining yeyilgan
yo“naltiruvchi yuzalarini tiklash texnologiyasini takomillashtirishdan iborat
bo‘lib, bunda tiklash jarayonida rolikli podshipniklar uchun teshik
o‘lchamlarini ishonchli nazorat gilgan holda ko‘p elektrodli naplavka
usulidan foydalaniladi. Ishlab chigilgan yangi texnologiya naplavka gilingan
gatlamning yuqori sifatini ta’minlash, ta’mirlash jarayonida brak hosil bo*lish
ehtimolini istisno qilish hamda buksa korpuslarini tiklash jarayoni
unumdorligini oshirish imkonini beradi.

Kalit yuk vagoni, buksa korpusi, yeyilish, ta’mirlash, naplavka, deformatsiya,

so‘zlar: tiklash texnologiyasi.

COBEPHIEHCTBOBAHHUE TEXHOJIOI'MH HAIIVIABKH
HAINPABJIAIOINUX NOBEPXHOCTEM BYKCOBBIX KOPITYCOB
I'PY30BbIX BAI'OHOB

OrtaxonoB X.X., Paxumon O0.0.
TamkeHTCKHi rocy1apCTBEHHBIN TPAHCIIOPTHBIN YHUBEPCUTET, I'. TallIKeHT, Y30eKucTan

AHHoTauMs: [lenvio  uccrnedosanus — AGNAEMCA  COBEPUIEHCMBOBANHUE — MEXHOLO2UU
B0CCMAHOBNIEHUS USHOWEHHbIX HANPABIAIOWUX NOGEPXHOCMEN OYKCO8bIX
KOpNyco6 2py306blX 6420H08, Npu 3MOM 6 Nnpoyecce 60CCMAHOEICHUA
UCNONb3YEeMCS.  MemoO  MHO2091eKMPOOHOU  HANAABKU C  HAOEICHbIM
KOHMpONeM — pasmepog omeepcmuii Ol POAUKOBbIX — NOOUWUNHUKOS.
Paspabomannas Hoeas mexHono2us no3eosiaem obecneuums 6blCOKoe
Kauecmeo HAaNIA8NEeHHO20 COS, UCKIIOUUMb GO3MONCHOCb 00PA308aAHUs.
bpaxa 6 npoyecce peMOHmMA U NOGLICUMb NPOU3BOOUMENLHOCIb NPOYecca
80CCMAHOBIIEHUS KOPNYCO8 DYKCH.

KiawueBble  2py3060i 6azon, Kopnyc OYKCbl, U3HOC, PEMOHM, HANLABKA, 0ehopMayusl,

CJIOBA: MexXHOI02Usl 60CCMAHOBNEHU.
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IMPROVING THE TECHNOLOGY FOR NAPPLATING THE
GUIDING SURFACES OF TRUCK CARRY BOXES

Otajonov Kh.Kh., Rakhimov O.O.
Tashkent State Transport University, Tashkent, Uzbekistan

Abstract: ~ The aim of the study is to improve the technology for restoring worn guide
surfaces of freight wagon axle bodies, utilizing the method of multi-electrode
surfacing with reliable control over the hole dimensions for roller bearings
during the restoration process. The developed new technology ensures high
quality of the surfacing layer, eliminates the possibility of defects during the
repair process, and increases the productivity of the repair process.

Key words:  freight car, boxcar body, wear, repair, plating, deformation, restoration
technology.

Temir yo‘l transportining boshga transport turlari orasidagi raqobatbardoshlik darajasini
oshirish uchun vagonlarni, shuningdek ularning uzel va detallarini ishlab chigarish hamda
ta’mirlashning ilg‘or texnologiyalarini joriy etish talab etiladi [1].

Shu munosabat bilan harakatlanuvchi tarkib buksa uzeliga texnik xizmat ko‘rsatish va uni
ta’mirlash, xususan, yuk vagonlari rolikli buksa korpuslarining yeyilgan yo‘naltiruvchi yuzalarini
tiklash masalalari muhim o‘rin egallaydi [2]. Temir yo*l harakatlanuvchi tarkibi uzel va detallarini
tiklash xalq xo*jaligi uchun katta ahamiyatga ega. Detallarni yangidan tayyorlashga nisbatan ularni
tiklash jarayonining igtisodiy samaradorligi bir nechta asosiy sabablar bilan izohlanadi: material
xarajatlari sezilarli darajada kamayadi va zagotovkalar ishlab chiqgarish bilan bog‘liq xarajatlar
to‘liq bartaraf etiladi, detallarga ishlov berish xarajatlari kamayadi, chunki detal yuzalarining
hammasiga emas, balki fagat nugsoni mavjud bo‘lgan yuzalarigagina ishlov beriladi [3].

Ekspluatatsiya jarayonida aravacha yon ramasining buksa o‘rni yuzalari bilan juftlashuvchi
buksa korpusi yeyilgan yuzalarining geometriyasini tiklash muayyan murakkabliklar bilan
bog*lig. Buning sababi rolikli podshipniklar o‘rnatiladigan korpus teshigi diametrini (250 mm)
+0,2 mm dopuskda saglash hamda ruxsat etilgan ovallikni 0,2 mm dan oshirmaslik bo‘yicha gat’iy
talablarning mavjudligidir.

Yuk vagonlari rolikli buksa korpuslarining yeyilgan yuzalarini tiklash jarayonlarini tizimli
tadqiq etish o‘tgan asrning oltmishinchi yillari o‘rtalarida boshlangan. Shu maqgsadda turli
usullarni qo‘llashga urinishlar amalga oshirilgan [4-8]:

— plastinalarni elektr zaklyopkalar yoki plastina-elektrod bilan payvandlash;

— korpusni suv vannasiga botirgan holda naplavka qgilish;

— podshipniklarning tashqi halgalarini korpus ichiga kiritish orgali gattiglikni oshirgan
holda naplavka qilish;

— korpusni oldindan gizdirish va unga texnologik payvand choklarini qo‘yish bilan
naplavka qilish;

—jag* girralari yo*nalishida ichki kuch bilan oldindan yuklash orgali naplavka gilish;

— elektrokimyoviy goplamalar;

— kompozitsion po‘latlash;

— plastinalarni portlatib payvandlash va boshqalar.
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Bunday jarayonlarning yuqori giymati va murakkabligi ularni muntazam ravishda
go‘llashga imkon bermagan. Temir yo‘l depolari va zavodlarida keng amaliy go‘llanilgan yagona
usul go‘lda elektr yoyli naplavka orqali tiklash usuli bo*lgan [9, 10].

Yuk vagonlari rolikli buksa korpuslarining yeyilgan yuzalarini qo‘lda elektr yoyli naplavka
yordamida tiklashda tiklash jarayonining sifati va anigligiga buksa korpusini jag‘lar zonasida
elastik deformatsiya orgali oldindan yuklash, yuklash kuchini bir vagtda nazorat gilish hamda
tiklash operatsiyalarining ketma-ketligiga rioya qilish sezilarli ta’sir ko*rsatadi [10].

1-rasmda tirgak mexanizmi 1 ga ega bo‘lgan burilish stendi keltirilgan bo‘lib, uning
yordamida buksa korpusi 2 qo‘lda elektr yoyli naplavka bajarilishidan oldin elastik
deformatsiyalanadi.
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1-rasm — Buksa korpuslarining yeyilgan yuzalarida naplavka ishlarini bajarish
uchun burilish stendi
Yo‘naltiruvchi “A” yuzalarni ketma-ket naplavka qilish (2-rasm, a) yuklangan holatda
diagonal bo‘yicha, har bir bajarilgan chokni bolg“alab zichlash bilan amalga oshiriladi, ya’ni 3-
rasmda ko‘rsatilgan 1-2-3-4 ketma-ketlikda bajariladi. Bunda “A” yo‘naltiruvchi yuzalarining biri
yugori, ikkinchisi esa pastki holatda bo‘lishi kerak.

I A U
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2-rasm — Yuk vagoni buksa korpusi

3-rasm — Yo*‘naltiruvchi jag‘larni naplavka gilish tartibi

Yuklangan holatda 30 dagiga davomida tutib turish va oraliq tabiiy sovitishdan so‘ng buksa
korpusining “B” tayanch yuzasi naplavka gilinadi (2-rasm, b). Yuzalarni payvandlab naplavka
gilish mexanik ishlov berish uchun goldiriladigan qo*yimni hisobga olgan holda bajariladi.

Biroq ushbu tiklash usulida korpusdagi sezilarli deformatsiyalar va kuchlanishlar har doim
ham kompensatsiya gilinmaydi. Bu podshipnik o‘rnatiladigan teshikning shakli va o‘lchamlarini
buzib, buksa korpuslarida tuzatib bo‘lmaydigan brak paydo bo‘lishiga olib keladi. Bunday brak
ulushi tiklangan detallar sonining 50 foizigacha yetishi mumkin. Bu esa yangi buksa korpuslarini
xarid gilish uchun katta moliyaviy xarajatlarni keltirib chigaradi.

Shu sababli tagdim etilgan usulni takomillashtirish magsadida chekli elementlar usulidan
foydalangan holda nazariy tadgiqotlar olib borildi hamda maxsus qurilma yordamida buksa
korpusini oldindan yuklagan holda buksa korpuslarining yo*‘naltiruvchi yuzalarini elektr yoyli
naplavka orgali tiklash jarayonida hosil bo‘ladigan kuchlanishlar aniglandi (4-rasm).
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4-rasm — Yo‘naltiruvchi yuzalarni ko‘p elektrodli payvandlab naplavka qilish orqali

tiklash jarayonida buksa korpusida hosil bo‘ladigan kuchlanishlar

Bajarilgan tadgiqotlar natijalari va kuchlanishlarning tagsimlanish diagrammalarini tahlil
gilish asosida aniglanishicha, umumiy payvandlash toki berilgan holda ikki yoki undan ortiq
elektrodlar bilan bir vaqgtda bajariladigan ko*p elektrodli naplavka usulini dastlabki tashqi sigish
yuklamasi bilan go‘llash buksa korpuslarining yeyilgan yuzalarini podshipnik o‘rindiglari
o‘lchamlarini buzmasdan tiklash imkonini beradi. Shu bilan birga, ko‘p elektrodli naplavka
jarayonning yuqori unumdorligini va naplavka gilingan metall sifatini ta’minlaydi, solishtirma
issiqlik kiritilishini kamaytiradi, natijada detallarning chuqur eritilishi va giyshayishi kamayadi.
Eritib kirish chuqurligi elektrodlarning targalish kengligi hisobiga kamayadi.

Nazariy va eksperimental tadgigotlar natijalari asosida buksa korpuslarining yeyilgan
yuzalarini kam deformatsiyali tiklash texnologik jarayoni ishlab chigildi. Mazkur texnologik
jarayonni amalga oshirish uchun oldindan tashgi sigish yuklamasiga ega maxsus naplavka
qurilmasi konstruksiyasi yaratildi va qo‘lda ko‘p elektrodli naplavka qilish taklif etildi.

Shunday qilib, yuk vagonlari buksa korpuslarining yeyilgan yo‘naltiruvchi yuzalarini
tiklash uchun ishlab chigilgan yangi texnologiya ko‘p elektrodli naplavka usulidan foydalanadi
hamda tiklash jarayonida rolikli podshipniklar uchun teshik o‘Ichamlarini ishonchli nazorat
gilishni ta’minlaydi. Bu texnologiya ta’mirlash jarayonida buksa korpuslarida brak hosil bo‘lish
ehtimolini bartaraf etish va tiklash jarayoni unumdorligini oshirish imkonini beradi.
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TEMIR YO‘L VAGON TAROZILARINI
MEXANIZATSIYALASHTIRILGAN QIYOSLASH TEXNOLOGIYASINI
TAKOMILLASHTIRISH UCHUN ISTIQBOLLI TEXNIK YECHIMLARNI
ISHLAB CHIQISH

D.D. Sultonaliyev, O.0. Raximov
Toshkent davlat transport universiteti, Toshkent sh., O“zbekiston

Annotatsiya: Ishning magsadi turli  statik temir yo‘l vagon tarozilarini
mexanizatsiyalashtirilgan giyoslash uchun qurilma ishlab chigishdan iborat.
Ishlab chigilgan qurilma mobilligi tufayli vagon tarozilarini tezkor giyoslash
imkoniyati bilan ajralib turadi. Ushbu qurilmani giyoslash o‘tkaziladigan
joyga bevosita yetkazib borish, ishlar yakunlangach esa uni yig‘ish va
gismlarga ajratish mumkin. Mazkur qurilmani joriy etish nafagat vazn
o‘lchash asboblari ko‘rsatkichlarining aniqgligini oshiradi, balki davriy
giyoslash ishlarini o‘tkazish giymatini kamaytirishga ham imkon beradi. Bu
esa “O‘TY” AJ tarozi xo‘jaligini rivojlantirishga muhim hissa bo*ladi.

Kalit tarozi xo‘jaligi, temir yo‘l vagon tarozilari, vazn giyoslash vagoni,

so‘zlar: mexanizatsiyalashtirilgan giyoslash.

PA3PABOTKA NEPCNEKTUBHBIX TEXHUYECKHUX PEIIEHU
JJIA COBEPHIEHCTBOBAHUSA TEXHOJIOI'MA
MEXAHU3UPOBAHHOM CBEPKH KEJE3HOJJOPOKHBIX
BAT'OHHBIX BEC

Cyarananues [[.Jl., Paxumon O.0.
TamkeHTCKHii rocy1apCTBEHHBIN TPAHCIIOPTHBIN YHUBEPCUTET, I'. TallIKeHT, Y30eKucTan

AunHotauusi: [lervto  pabomer  sAengemca  paspabomka — ycmpoiucmea O
MEXAHUUPOBAHHOU NOBEPKU PAZIUYHBIX CIAMUYECKUX HCELe3HOOOPONHCHBIX
6acoHublx  8ecos. Paszpabomannoe  ycmpoiicmeo — 6nacooaps  ceoell
MOOUNLHOCU OMAUYAETNCS 8O3MONCHOCTIBIO ONEPAMUBHOU NOBEPKU 8€CO8
6a20H08. JlanHoe ycmpoucmeo MONCHO O00CMABUMb HENOCPeOCMEEeHHO Ha
Mecmo nogepku, a N0 OKOHYanuu pabom coopamo u pazoopams. Bneopenue
0aHHO20 ycmpolucmea He MOAbKO Nosblulaem mMoYHOCMb HOKA3AHULL
8ECOUBMEPUMENbHBIX NPUOOPO8, HO U NO360JAem CHU3UMb CHOUMOCHb
npoeedenUss NepuoOUtecKUx NO8epouHbIX pabom. Dmo cmaHem 6aAXHCHbIM
6KIA0OM 6 pazsumue 6ecogozo xosaiicmea AO "VTH."

KiawueBble  6ecosoe x0341icmeo, dHcene3HoO0POICHbIE BA2OHHbIE 8ECHl, 8ECONOBEPOUHDILLL

cjIoBa: 8A20H, MEXAHUUPOBAHHAS NOBEPKA.
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DEVELOPMENT OF PERSPECTIVE TECHNICAL SOLUTIONS
FOR IMPROVING THE TECHNOLOGY OF MECHANIZED
COMPARISON OF RAILWAY WAGON SCALES

D.D. Sultanaliyev, O.0. Rakhimov
Tashkent State Transport University, Tashkent, Uzbekistan

Abstract: ~ The aim of the work is to develop a device for the mechanized calibration of
various static railway wagon scales. Due to its mobility, the developed device
is distinguished by the possibility of rapid calibration of wagon scales. This
device can be delivered directly to the verification site, and upon completion
of the work, it can be assembled and disassembled. The implementation of this
device not only increases the accuracy of weighing instrument readings but
also allows for a reduction in the cost of performing periodic verification
work. This will be an important contribution to the development of the
weighing farm of JSC "UTY."

Key words:  scales, railway wagon scales, weighing wagon, mechanized weighing.

Hozirgi vaqtda temir yo*l transportini tortish uchun davriy giyoslashdan o‘tkazilishi talab
etiladigan tarozilardan foydalaniladi [1]. O‘zbekiston Respublikasida barcha turdagi vagon
tarozilarini mexanizatsiyalashtirilgan giyoslash 640-VPV turidagi vazn giyoslash vagonlari
yordamida ta’minlanadi (1-rasm) [2]. Ushbu turdagi vagon 1964-1965-yillarda olti o‘qli yarim
vagondan yopiq vazn giyoslash vagoniga gayta jihozlangan bo‘lib, vagon tarozilarini giyoslash
uchun namunaviy uskunalar va mexanizmlar bilan komplektlangan o‘zi harakatlanuvchi agregat
hisoblanadi [3-6].

Hozirgi vaqtda xizmat muddati bir yarim me’yordan ortiq bo*lgan vazn giyoslash vagonlari
ma’nan eskirgan va ularni tashishda maxsus tortuvchi harakat tarkibidan foydalanishni talab etadi.
Buning uchun sezilarli darajada yoqilg*i-energetika resurslari sarflanadi. Bundan tashqari, ushbu
vagonlarga texnik xizmat ko‘rsatish va ularni ta’mirlash katta xarajatlarni talab giladi [3].

Yuqoridagilardan kelib chigib, turli turdagi temir yo‘l vagon tarozilarini davriy
mexanizatsiyalashtirilgan giyoslash jarayonini takomillashtirish zarurati mavjud [7].

-67-



Monogoi

CTIeI[UATHCT " ‘./. Volume 5| Issue 50-51 |
Young specialist < M\ May-June 2026
YKac maman - ISSN: 2791-3651

Yosh mutaxassis

S NG
1-rasm - 640-VPV turidagi vazn qgiyoslash vagoni

Tadgiqgotlarning magsadi korxonalarda turli turdagi temir yo‘l vagon tarozilarini davriy
mexanizatsiyalashtirilgan giyoslash jarayonini takomillashtirish uchun qurilma ishlab chigishdan
iborat.

Mazkur magsadga erishish uchun quyidagi vazifalar belgilandi:

— vagon tarozilarini mexanizatsiyalashtirilgan giyoslashning mavjud texnologiyalarini
tahlil gilish;

— istigbolli yo*nalishlarni tanlash va vagon tarozilarini mexanizatsiyalashtirilgan giyoslash
jarayonini takomillashtirish uchun yangi texnik qurilmani ishlab chigish bo‘yicha tadgiqotlar
o‘tkazish;

—yangi texnik qurilmadan foydalangan holda giyoslash texnologiyasini ishlab chiqish;

- yangi texnik qurilma konstruksiyasi bo‘yicha eksperimental tadgiqotlar o‘tkazish;

— ishlab chigilgan texnik va texnologik yechimlarni O*zbekiston Respublikasi temir
yo‘llari tarozi xo‘jaligida joriy etish bo‘yicha takliflar ishlab chigish.

Bajarilgan nazariy va eksperimental tadgiqotlar natijasida korxonalarda turli turdagi temir
yo‘l vagon tarozilarini davriy mexanizatsiyalashtirilgan giyoslash uchun yangi texnik qurilma va
unga mos texnologiya ishlab chigildi. Ular xizmat muddati tugab borayotgan, gimmatbaho xizmat
muddatini uzaytirish tadbirlariga garamay iqtisodiy jihatdan samarasiz bo‘lgan va ishlab
chigarilishi O‘zbekiston Respublikasida yo‘lga qgo‘yilmagan vazn giyoslash vagonlarini
ekspluatatsiyadan chigarish imkonini beradi.

Ishlab chigilgan vagon tarozilarini giyoslash qurilmasi ikkita asosiy uzeldan: kuch
beruvchi va statik (qo‘zg‘almas) uzellardan iborat. Kuch beruvchi uzel vagon tarozilariga ularning
texnik tavsiflaridan kelib chigib zarur ta’sirni hosil giluvchi asosiy uzel hisoblanadi. Kuch gismi
domkrat, moy nasosi, H-shaklli balka va tenzodatchikdan iborat.

Statik uzel domkrat tomonidan hosil gilinadigan va vagon tarozilariga ta’sir etadigan kuch
uchun go‘zg‘almas tayanch vazifasini bajaradi. Statik gism biriktiruvchi balka orqgali beton
poydevorga qo‘zg‘almas qgilib o‘rnatilgan temir karkasli fermadan iborat (2-rasm).
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2-rasm — Vagon tarozilarini mexanizatsiyalashtirilgan giyoslash qurilmasi:
1 —temir karkasli ferma; 2 — biriktiruvchi balka; 3 — beton poydevor; 4 — moy nasosi; 5 —
domkrat; 6 — vagon tarozilari; 7 — H-shaklli balka; 8 — tenzodatchik
Yangi qurilma, shuningdek, mobilligi bilan ham ajralib turadi. Bu xususiyat uni bevosita
ishlar bajariladigan punktga yetkazish hamda giyoslash yakunlangach tizimni yig*ish va gismlarga
ajratish imkonini beradi. GOST 8.453-82 talablariga muvofig, giyoslash jarayonida vagon
tarozilarining aniglik darajasini aniglash magsadida tarozilarga uchta nuqtada kuch ta’sirini hosil
gilish va go‘llash zarur. Buning uchun vagon tarozilarining ikki tomoniga beton poydevorlar va
domkrat hosil giladigan kuch uchun tayanch sifatida temir karkasli ferma o‘rnatilishi talab etiladi

3-rasm — Vagon tarozilarini giyoslashda beton poydevorlarni o‘rnatish sxemasi
Domkrat hosil giladigan kuch domkrat bilan biriktirilgan tenzodatchik ko‘rsatkichlari
bo‘yicha aniglanadi. Olingan qiymatlar vagon tarozilaridan olingan ma’lumotlar bilan
tagqoslanadi va shundan kelib chigib ularning aniqglik darajasi hagida xulosa gilinadi. Domkrat va
vagon tarozilari ko‘rsatkichlari farg gilgan hollarda vagon tarozilarini kalibrlash zarur bo‘ladi.
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Yangi texnologiya tashishda maxsus tortuvchi harakat tarkibidan foydalanishni talab
gilmaydi. Bu qiyoslash ishlarini amalga oshirishda yoqilg‘i-energetika resurslarini tejash,
ishlarning giymatini kamaytirish va ularni bajarish vaqgtini gisqgartirish imkonini beradi.

Shunday qilib, korxonalarda turli turdagi temir yo‘l vagon tarozilarini davriy
mexanizatsiyalashtirilgan giyoslash jarayonini takomillashtirish bo‘yicha ishlab chigilgan texnik
va texnologik yechimlarni joriy etish davriy giyoslash ishlarining giymatini kamaytirish va
bajarilish muddatini gisqartirishga, vazn o‘lchash asboblari ko‘rsatkichlarining anigligi hamda
ishonchliligini ta’minlashga imkon beradi. Bu esa O‘zbekiston Respublikasi temir yo‘llari tarozi
xo‘jaligini rivojlantirishga sezilarli hissa go‘shadi.
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UDK 53.083.5
STRELKALI O‘TKAZGICHNI AVTOMATIK ELEKTR ISITISH
TIZIMINING ISHLASH ISHONCHLILIGI

Sh.X. Sultonov?, V.P. Bubnov?, O.0. Raximov?.
1Toshkent davlat transport universiteti, Toshkent sh., O‘zbekiston
2Imperator Aleksandr | nomidagi Peterburg davlat yo‘llar universiteti, Sankt-Peterburg
sh., Rossiya Federatsiyasi

Annotatsiya: Maqolada og‘ir iglim sharoitlarida temir yo‘l yo‘lining yuqori tuzilmasi
elementlarida muz gqatlamlari hosil bo‘lishining oldini olish bo‘yicha
igtisodiy jihatdan samarali yondashuv sifatida strelkali o‘tkazgichlarni
avtomatik tozalash tizimini qo‘llash zarurati asoslab berilgan. Matlab
Simulink muhitida nazorat gilinadigan yuzada muz yoki qor borligini
aniglash usulini imitatsion modellashtirish natijalari keltirilgan. Nazorat
gilinadigan yuzada muz yoki qgor borligini aniglovchi datchik asosida
istigbolli tizimni ishlab chiqish zarurligi to‘g‘risida xulosa gilingan.

Kalit elektr isitish, muzlanishni aniglash tizimi, strukturaviy sxema, imitatsion

so‘zlar: modellashtirish, datchik.

HAJIEXKHOCTbh PABOTBI ABTOMATUYECKON CUCTEMBI
JIEKTPOOBOI'PEBAHUSA CTPEJIOYHOI'O ITPOBOJA

I1.X. Cyaranos!, B.IL. By6nos?, 0.0. Paxumos?.
!TamkenTckuit TOCyIapCTBEHHKII TPAHCTIOPTHEIH YHUBEPCHTET, T. TalIkeHT,
V36ekucran
’[Tetep6yprekuii rOCyIapCTBEHHBIN JOPOKHBIH YHUBEPCHTET HMEHH UMIIEPATOpa
Anexcanapa |, r. Cankr-IlerepOypr, Poccuiickas ®@eneparus

AHHOTAIMA. B cmamve 000cHO8aHA  HEOOXOOUMOCMb — NPUMEHEHUs  CUCHeMbl
A8MOMAMUYECKOl OYUCMKU CHMPENOYHBIX Nepeo008 KaK IKOHOMUUECKU
agpghexmuenoco nooxoda K npedomepaujeHuro 00pPA306aHUsL NEeOSTHLIX
OMNOMNCEHUI HA DNEeMEHMAX GepXHell KOHCMPYKYUU IHCEe3HOOOPOICHO20
nYmu 8 mANCenblX Kiumamuyeckux ycnogusx. Ilpusedenvi pesynvmamol
UMUMAYUOHHO20 MOOENUPOBAHUS Memooa onpeoesieHus HAIuyus 1b0a uiu
CHe2a Ha KoHmpoaupyemou nogepxnocmu 6 cpede Matlab Simulink. Coenan
8b1800 0 HEOOXOOUMOCMU PA3PAOOMKYU NEPCREKMUBHOT CUCTEMbL HA OCHOBE
oamuuka, onpeoensiouje20 Hamudue 1604 Ul CHe2d HA KOHMPOIUPYeMOl

NOBEPXHOCTU.
KawueBble  anexmpoobocpes, cucmema obHapydceHuss obOnedeHeHUs, CMpyKmypHas
cjaoBa: cxema, UMUMAayuoHHoe MoOenuposanue, Oamyux.
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RELIABILITY OF THE AUTOMATIC ELECTRIC HEATING SYSTEM FOR
ARROWED CONDUCTORS

Sh.Kh. Sultanov?, V.P. Bubnov?, O.0. Rakhimov?.
1Tashkent State Transport University, Tashkent, Uzbekistan
2St. Petersburg State University of Roads named after Emperor Alexander I, St.
Petersburg, Russian Federation

Abstract:  The article substantiates the necessity of applying an automatic cleaning
system for arrow guides as a cost-effective approach to preventing the
formation of ice layers on the upper structural elements of railway tracks
under harsh climatic conditions. The results of simulation modeling of the
method for determining the presence of ice or snow on a controlled surface in
the Matlab Simulink environment are presented. It was concluded that it is
necessary to develop a promising system based on a sensor for detecting the
presence of ice or snow on the controlled surface.

Key words:  electric heating, freeze detection system, structural diagram, simulation
modeling, sensor.

Kirish

Hozirgi vaqtda temir yo‘l strelkali o‘tkazgichi ostryak, strelkali berkitgichlar va ishchi
tortgilar kabi ko‘plab harakatlanuvchi mexanizmlardan iborat. Qish davrida ushbu
mexanizmlarning ishlashi ularning harakat trayektoriyasida qgor va muz hosilalari mavjudligi
sababli sezilarli darajada murakkablashadi va ko‘pincha turli vazifadagi strelkalarning, jumladan
temir yo‘l stansiyalari bo‘g‘izlarida joylashgan hamda peregon yo‘llarining stansiya yo‘llariga
tarmoglanishini ta’minlaydigan strelkalarning bloklanishiga olib keladi [1, 2]. Strelkali
o‘tkazgichlarning asosiy elementlari 1-rasmda keltirilgan.
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CTpenka CoepieHUTENbHbIE KoMnnexT KpeCcTOBUHHOM
nyTH YacTu

1 - paMHbie penbChl;

2 - OCTPSK;

3 - NepeBOAHON MEXaHW3M;

4 - nepeBogHbie 6pyChs; 6 - YCOBUK;

5 - KOHTppenbCbl; 7 -CepacUHUK.

1-rasm — Strelkali o‘tkazgichning asosiy elementlari: 1 — ramali relslar; 2 — ostryak; 3
— 0‘tkazish mexanizmi; 4 — o‘tkazish bruslari; 5 — kontrrelslar; 6 — ganot rels; 7 — krestovina
0‘zagi

Uzog davom etadigan gish sharoitida transport harakatini ta’minlash uchun doimo alohida
ehtiyot choralariga rioya gilinadi. Shu maqgsadda gishki ekspluatatsiya uchun go‘shimcha
gurilmalardan foydalanish nazarda tutiladi. MDH davlatlari temir yo‘llarida bunday qurilmalar
sifatida strelkali o‘tkazgichlarni avtomatik tozalash tizimlari qo‘llaniladi. Ushbu tizimlar oldida
gor uyumlari va muzlanish kabi omillarga garshi kurashish vazifasi turadi.

Qor uyumlari deganda “temir yo‘l yo‘llari va stansiya hududlarida bo‘ronli qorning
to*planishi” tushuniladi. Muzlanish esa temir yo*l yuzalarida muz gatlamining hosil bo“lishidir [3,
4].

Strelkali o‘tkazgichlarning muzlashi ostryakning ramali relsga harakatlanishi va uning
oxirgi holatlarda ishonchli mahkamlanishini buzadi, bu esa avariya holatiga olib kelishi mumkin.

Shu sababli qor yog‘ishi, sovuq tushishi va muzlanish temir yo‘l transportining uzluksiz
ishlashi uchun go‘shimcha xavf tug‘diradi. Ularning ogibatlarini bartaraf etish uchun katta
moliyaviy, energetik va mehnat resurslarini jalb gilishga to‘g‘ri keladi. Shuning uchun yo‘llar va
strelkali o‘tkazgichlarni, aynigsa yirik uzel stansiyalari joylashgan hududlarda, o‘z vaqtida
tozalash ishlarini tashkil etish muhimdir. Demak, mazkur muammolarni bartaraf etish yuk tashish
jarayonining bargarorligini ta’minlaydigan muhim shart hisoblanadi. Shu bois temir yo*l yo*llarini
ishga yarogli holatda saqlash dolzarb vazifadir.

Qo‘yilgan vazifalarni hal qgilish uchun samarali usullardan foydalanish zarur. Usulni
tanlashda temir yo‘l yo‘llarini ekspluatatsiya gilish bo‘yicha barcha talablar, yo*l va atrof-muhitni
muhofaza qilish, shuningdek xavfsizlik qoidalari va texnikasi talablariga eng mos keladigan
yechimga ustuvorlik beriladi.
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O‘tkazilgan tahlil asosida avtomatik elektr isitish tizimlaridan foydalanish magsadga
muvofig ekanligi aniglangan. Strelkalarni elektr isitishning prinsipial sxemasi 2-rasmda
keltirilgan.

pononmoooooooooooonoonooooonononada
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2-rasm — Strelkali o*tkazgichlarni elektr isitishning prinsipial sxemasi

Elektr isitish tizimi tarkibiy gismlari, avvalo, nazorat gilinadigan yuzada muz yoki qor
mavjudligini yugori ehtimollik bilan aniglashni ta’minlashi kerak. Bu harakat xavfsizligini
ta’minlashdagi asosiy vazifadir. Ushbu vazifa muzlanish datchigi yordamida hal gilinadi va butun
avtomatik elektr isitish tizimining ishlashi datchikning sifatli ishlashiga bog‘lig.

Tadgiqgot o‘tkazish uchun texnik tavsiflariga ko‘ra muzlanish datchigi talablariga eng mos
vosita sifatida “KTN” MChJ (Sankt-Peterburg shahri) tomonidan ishlab chigilgan datchik tanlandi
(3-rasm).
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3-rasm — Muzlanish datchigi konstruksiyasi: D — datchik korpusi; 1 — datchikning
birinchi sezgir elementi; 2 — datchikning ikkinchi sezgir elementi; 3 va 4 — birinchi va ikkinchi
sezgir elementlarning harorat datchiklari; 5 va 6 — birinchi va ikkinchi sezgir elementlarning
elektr isitkichlari

Atrof-muhit holatining aniq giymatlari uchun dasturlashtirilgan shartlardan foydalangan
holda ob-havo holati bo‘yicha elektr isitish tizimini yogish momentini aniglash uchun barcha
meteorologik datchiklar hamda rels harorati datchigi bilan jihozlangan meteorologik blokdan
foydalaniladi [5].

Mazkur ishlanma turli sanoat buyumlarida qo‘llash imkoniyatiga ega universal datchik
yaratishni nazarda tutadi. Datchikni ishlab chigish hozirgi bozorda mavjud yechimlardan farq
giladigan yangi fizik usulga asoslangan.
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4-rasmda laboratoriya-sinov ishlari uchun mo‘ljallangan, kompleks iglimiy laboratoriya
sinovlaridan muvaffagiyatli o‘tgan muzlanish datchigi eksperimental maketining tashqi ko‘rinishi
ko‘rsatilgan [6].

Namunani laboratoriya sharoitida sinash jarayonida empirik ma’lumotlar olindi. Ushbu
ma’lumotlar 5 va 6-rasmlarda keltirilgan.

Yog‘ingarchilik bo*Imagan holat uchun sinov natijalari 5-rasmda berilgan. “Qurug” so‘zi
mazkur sinovda datchik yuzasida qattiq fazadagi suv, ya’ni muz yoki gor mavjud bo‘Imaganini
ko‘rsatish uchun ishlatilgan.

4-rasm — Muzlanish datchigi maketi

Abssissa o‘gida sanog ragamlari keltirilgan bo‘lib, bir soniyada 10 ta sanoq amalga
oshirilgan. Ordinata o*gida termopara drayverlari chigishidagi kuchlanish ko‘rsatilgan. Tabiiyki,
har bir kuchlanish tegishli sezgir element (SE) yuzasining ma’lum haroratiga mos keladi. ul egri
chizig‘i 1-SE drayveri chigishidagi kuchlanish (harorat), u2 egri chizig‘i esa 2-SE drayveri
chigishidagi kuchlanish (harorat)ni ifodalaydi. Av1 egri chizig‘i 1- va 2-SE haroratlari orasidagi
fargni bildiradi. Qor mavjudligi belgisi hosil gilinishi uchun quyidagi formula bo‘yicha egri
chiziglar fargining mutlaq giymatidan foydalaniladi:

Av: = |U1 - U2| = Ifl(t) - fz(t)l,

bu yerda ul = f1(t), u2 = f2(t) — sezgir elementlar plastinalarining ishchi yuzasi haroratlari;
f1, 2 — empirik bog‘liglikka mos keluvchi funksiyalar; t — ko*rsatilgan isitkich yoqgilgan paytdan
boshlab suvning “gattig—suyuq” fazaviy o‘tish harorati, ya’ni 0 °C dan yugori giymatga yetgunga
gadar o‘tgan vaqt.
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5-rasm — Quruq datchikda sinov natijalari

Awval 1-SE isitkichi yogilgan, bir necha soniyadan so‘ng esa 2-SE isitkichi ishga
tushirilgan. Isitkichlar o‘chirilgandan keyin harorat teskari eksponenta gonuniga muvofig pasaya
boshlaydi, ya’ni sezgir elementlar soviydi.

5-rasm bo‘yicha asosiy natija shundan iboratki, qurug SElar gizdiriladigan uchastkada
ularning haroratlari fargi nolga teng emas, ya’ni mutlag giymat bo‘yicha ma’lum bir belgilangan
chegaraviy giymatdan katta bo‘ladi.

Yog‘ingarchilik mavjudligi fagat Avl = 0 giymatining amalda nolga yaginlashishi bilan
tasdiglanadi [7].

Yog‘ingarchilik mavjud bo‘lgan holat uchun eksperimental ma’lumotlardan olingan natija

6-rasmda ko‘rsatilgan.
e ! : r ! :

Temnepartypa Harpesa U9, °C

1 1 L I ¢
0 200 400 600 800 1000 1200
Bpems Harpera UD, cex

6-rasm — Qor bilan goplangan toza datchik sinov natijalari
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Grafikdan ko‘rinadiki, gor erishi boshlangandan keyin (taxminan 800-sanoq atrofida) ul
va u2 egri chiziglari “yaginlasha” boshlaydi. 1 va 2 egri chiziglar orasidagi farq chegaraviy
giymatdan kichik bo‘lgan paytda sezgir elementlar yuzasida gor mavjudligi belgisi hosil gilinadi.

Ko‘rgazmalilik uchun ul va u2 gizish egri chiziglari harorat qiymatiga pastga siljitilgan.

Muzlanish datchigini real sharoitlarda qo‘llash bo‘yicha takliflar

Muzlanish datchigi nazorat gilinadigan yuzaga bevosita yaqin joyda o‘rnatiladi. Muzlanish
datchigi yonida klemma qutisi o‘rnatilib, unda muzlanish datchigi kontrolleri joylashtiriladi.
Ushbu kontroller axborotni yig‘ish va uni optik tolali aloga liniyasi (optik rozetka va klemma
bloki) orgali avtomatlashtirilgan ish joyiga (AlJ) uzatishni ta’minlaydi [8].

Muzlanish datchigi tajriba namunasining asosiy elementlari 7-rasmda keltirilgan.

TennonpoeogHas
niactuHa 1,v 2

HarpegsaresnbHbie
anemeHTHy 1, v 2

Kpbiwa Kopnyca

7-rasm — Muzlanish datchigi tajriba namunasining asosiy elementlari

Muzlanish datchigi metall korpusga joylashtirilgan bo‘lib, uning ichida go‘shimcha
ravishda isitish elementlari (rezistorlar) va o‘rnatilgan harorat datchiklari (termodatchiklar) bilan
jihozlangan issiglik o‘tkazuvchi plastinalar joylashgan.

Datchik konstruksiyasi mexanik ta’sirlarga, atrof-muhit omillariga hamda agressiv
muhitlarda foydalanishga chidamli bo‘lib, uni bevosita nazorat zonasida joylashtirish imkonini
beradi. Shu sababli u bevosita ta’sir etuvchi datchik hisoblanadi. Agar u yog‘ingarchilik borligi
hagida signal bersa, bu muz yoki qor nazorat gilinayotgan yuzada albatta mavjudligini anglatadi.

Datchik konstruksiyasi uni nazorat obyektida go‘llash va joylashtirish bo‘yicha keng
doiradagi konstruktiv talablarga moslashtirilishi mumkin. 8-rasmda muzlanish datchigining tajriba
namunasi va uning sinov poligonida o‘rnatilishi ko‘rsatilgan.
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8-rasm — Muzlanish datchigi tajriba namunasi va uni sinov poligonida o‘rnatish

Muzlanish datchigi mustaqgil qurilma bo‘lib, avtomatik rejimda yog‘ingarchilik
mavjudligini nazorat gilish, yog‘ingarchilik turini aniglash, yog*ingarchilik intensivligini o‘lchash
va shu kabi funksiyalarni ta’minlaydi. Muzlanish datchigiga bevosita yagin joyda o‘rnatilgan
kontroller axborotni optik tolali aloga liniyasi orgali stansiyadagi telekommunikatsion shkafda
joylashgan mediakonverter kontrolleriga uzatadi.

Muzlanish datchigi mediakonverter kontrolleri yog‘ingarchilik hagidagi ma’lumotlar
asosida isitishni yoqish yoki o“chirish zarurligi hagida garor gqabul giladi [8]. Boshqgaruv buyruglari
AlJga yoki AlJ nosoz bo‘lgan yoxud o‘chirilgan holatda BQS orqgali BKBga uzatiladi. Aloga
kontrolleri va yog‘ingarchilik datchigi 24 V doimiy tok kuchlanish manbaidan ta’minlanadi.
Quvvat manbai SBda yoki yog‘ingarchilik datchigiga bevosita yagin joylashgan muzlanish
datchigi kontrollerida o‘rnatiladi.

Intellektual muzlanish datchigining afzalliklariga quyidagilar kiradi:

— havo oqgimi bilan oqib o‘tish tezligiga sezgir emasligi;

— kontroller hisoblash quvvatiga qo‘yiladigan talablarning yugori emasligi;

— tashgi mexanik va iglimiy ta’sirlarga chidamliligi;

—to‘lig mahalliy dasturiy ta’minotga egaligi.

Muzlanish datchigi ishlashini tavsiflovchi matematik apparatni ishlab chigishda
quyidagilar hisobga olindi:

— fizik jarayonlarni dastur kodida talgin qgilish;

— muzlanish datchigi va dasturiy ta’minot ishini boshqarish.

Avtomatik elektr isitish tizimi tarkibida qo‘llash uchun taklif etilayotgan ishlab chigilgan
muzlanish datchigining xususiyatlari monoblok izolyatsiyalangan konstruksiya, kichik o‘Ilcham va
massa, muzlanishni gayd etishning optik usuli, yuqori sezgirlik, o*z-o‘zini diagnostika gilish
gobiliyati hamda ragamli interfeysdan iborat. Ko‘rsatkichlar anigligini oshirish uchun ushbu
ishlanma qo‘shimcha datchik bilan jihozlanishi mumkin.

Xulosa

O‘tkazilgan eksperiment nazorat gilinadigan yuzada muz yoki gor borligini aniglashning
taklif etilgan usulini apparat-dasturiy jihatdan amalga oshirish bo‘yicha ishlar yo‘nalishi
to*g‘riligini hamda muzlanish datchigi eksperimental namunasi ishga yarogliligini tasdigladi.
Shuningdek, u atrof-muhitning muayyan tavsiflari (harorat, namlik va havo ogimi tezligi) uchun
muzlanish datchigi isitish elementlarini yogishdagi vaqt kechikishlarini aniglash hamda datchik
dasturiy ta’minotini takomillashtirish bo‘yicha vazifalarni shakllantirish imkonini berdi.

Imitatsion modellashtirish natijalarini tasdiglash magsadida meteorologik blokning tajriba
namunasi bilan naturaviy eksperiment o‘tkazish to“g‘risida garor gabul gilingan.
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TURISTIK-EKSKURSIYA POYEZDLARIDA YO‘LOVCHI TASHISH
TANNARXIGA TEXNIK-EKSPLUATATSION OMILLARNING
TA’SIRINI BAHOLASH

Mansuraliyeva Balnura Nurbolat qizi
Toshkent davlat transport universiteti “Korporativ boshgaruv” kafedrasi talabasi
balnuramansuralieva@gmail.com

Masharipov Ma’sud Nu’monjonovich
Toshkent davlat transport universiteti “Iqtisodiyot” fakulteti dekani, t.f.d.,
professor
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Annotatsiya: Maqolada turistik-ekskursiya poyezdlarida 10 turist-o‘rin-km tannarxining
vagon turi, bir o‘qga to‘g‘ri keladigan o‘rinlar soni, tarkibdagi o‘glar soni,
tortuv turi va marshrut tezligiga bog‘ligligi tizimli tahlil gilindi. Hisob-kitob
natijalariga ko‘ra, platskart vagonda tashish tannarxi kupe vagonga nisbatan
o‘rtacha 42 foizga past; bir o‘qga to‘g‘ri keladigan o‘rinlar sonining kamayishi
tannarxni platskart vagonlarda 8 foiz, kupe vagonlarda 12 foizga oshiradi.
Tarkibni 36 0*gdan 60 o*ggacha uzaytirish tannarx indeksini 100 foizdan 74,2—
77,4 foizgacha pasaytiradi. Marshrut tezligini 35 km/soatdan 50 km/soatgacha
oshirish esa tannarxni 9,3 foizgacha kamaytirishi aniglandi. Natijalar turistik
poyezd tarkibini va harakat jadvalini igtisodiy mezonlar asosida
shakllantirishga xizmat giladi.

Kalit so‘zlar:  temir yo*l turizmi, tashish tannarxi, turist-o‘rin-km, vagon turi, tarkib uzunligi,
marshrut tezligi, tortuv turi.
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AnHoTanusi: B crarbe cucreMHO uUccienoBaHa 3aBUCUMOCTH cebecrommoctu 10 Typucrto-
MECTO-KM OT THIIa BaroHa, KOJMYECTBA MECT Ha OCh, YMCIIA OCEH B COCTaBe, BUIA
TSATU U MapUIPYyTHOM CKOPOCTHU. Y CTAaHOBJICHO, YTO C€0ECTOMMOCTh IEPEBO3KHU B
TUTALIKAPTHOM BaroHe B cpenHeM Ha 42% Huxke, 4eM B KyIIeHHOM; YMCHbBIIICHHE
gyclla MECT Ha OChb Ha EIUHMIy TMOBbImIaeT cebecroumocth Ha 8% B
mankapTHoM u Ha 12% B kymeitHOM BaroHe. YBennueHue cocraba ¢ 36 g0 60
ocell cHmxkaer uHIEKC cebectommoctu co 100% mo 74,2-77,4%, a pocr
MapiipyTHo# ckopoctH ¢ 35 10 50 km/a4 — 10 9,3%. IloydeHHbIe PE3yIBTATHI
MOTYT MPUMEHSITHCS TPH YKOHOMUYECKH 00OCHOBAaHHOM BEIOOPE CXEMBI COCTaBa
Y TIapaMeTpoB TpaduKa IBUKCHUS TYPUCTCKUX MOE3]I0B.
KiroueBble >KeIC3HOIOPOKHBIN TYypH3M, CEOCCTOMMOCTh TEPEBO30K, TYPUCTO-MECTO-KM,
CJI0BA THII BaroHa, [UIMHA COCTaBa, MAPIIPYTHAsi CKOPOCTb, BUJI TATH.

ASSESSMENT OF THE IMPACT OF TECHNICAL AND OPERATIONAL
FACTORS ON PASSENGER TRANSPORTATION COSTS IN TOURIST
AND EXCURSION TRAINS

Mansuraliyeva Balnura Nurbolat gizi
Student, Department of Corporate Governance, Tashkent State Transport
University balnuramansuralieva@gmail.com

Masharipov Ma’sud Nu’monjonovich
Dean of the Faculty of Economics
Tashkent State Transport University,
Doctor of technical Sciences, Professor
uer_tashiit@mail.ru

Annotation: The article systematically examines how the cost of 10 tourist seat-km depends
on coach type, seats per axle, number of axles in the train, traction type and
route speed. The calculations show that transportation in an open-plan sleeper
coach is on average 42% cheaper than in a compartment coach. Reducing seats
per axle by one increases cost by 8% for open-plan sleepers and 12% for
compartment coaches. Increasing train size from 36 to 60 axles reduces the cost
index from 100% to 74.2-77.4%, while increasing route speed from 35 to 50
km/h lowers cost by up to 9.3%. The results support economically justified train
formation and timetable design.

Keywords: railway tourism, transportation cost, tourist seat-km, coach type, train length,
route speed, traction type.

1. KIRISH

Turistik-ekskursiya poyezdi oddiy yo‘lovchi poyezdidan xizmatlar tarkibi,
yo‘lda uzoq vaqt bo‘lishi, bekatlardagi ekskursiya dasturlari va maxsus vagonlardan
foydalanilishi bilan farglanadi. Shu sababli uning iqtisodiy samaradorligini
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baholashda fagat umumiy reys xarajati emas, balki bir birlik transport ishiga to‘g‘ri
keladigan tannarx va unga ta’sir giluvchi texnik-ekspluatatsion omillarni aniglash
muhimdir.

Tahlil uchun natijaviy ko‘rsatkich sifatida 10 turist-o‘rin-km tannarxi gabul
gilindi. Ushbu ko‘rsatkich tashilgan turistlar soni, foydalanilgan o‘rinlar, marshrut
masofasi va poyezd ekspluatatsiyasiga sarflangan resurslarni yagona o‘lchovda
bog‘lash imkonini beradi. Tadgiqotning maqgsadi vagon turi, sig‘im, tarkib uzunligi,
tortuv va tezlik omillarining tannarxga ta’sirini miqdoriy baholash hamda poyezd
tarkibini shakllantirish bo*yicha amaliy tavsiyalar ishlab chigishdan iborat.

2. TADQIQOT USULI VA BAHOLASH KO*RSATKICHLARI

Hisoblashlar xarajat stavkalari usuliga asoslangan bo‘lib, elektr va teplovoz
tortuvi, kupe hamda platskart vagonlar, bir o‘qga to*g‘ri keladigan o‘rinlar soni,
tarkibdagi o‘glar soni va marshrut tezligi bo‘yicha variantlar taqgoslandi. Bazaviy
variant tannarxi 100 foiz deb gabul gilinib, qolgan holatlar nisbiy indeks yordamida
baholandi.

Umumlashtirilgan ko*rinishda tannarx indeksi Is = (Ci/Cy-)100 munosabat bilan
aniglanadi, bunda C; — ko‘rib chigilayotgan variantdagi 10 turist-o‘rin-km tannarxi;
Co — bazaviy variant tannarxi. Nisbiy indeksdan foydalanish turli tarkib va
ekspluatatsiya sharoitlarini bir o‘Ichovda taggoslash imkonini beradi.

3. VAGON TURI VA SIG'IMINING TA’SIRI
Turistik poyezdlarda kupe vagonlar qulaylik darajasi yuqoriligi sababli keng
go‘llanadi, biroq o‘rinlar sonining kamligi bir birlik transport ishiga to‘g‘ri
keladigan xarajatlarni oshiradi. Hisoblashlarda bir o‘qga to‘g‘ri keladigan o‘rinlar
soni platskart vagonlarda 12,4-13,5, kupe vagonlarda 7,9-9,0 oralig‘ida gabul
gilingan (1-jadval).

1-jadval
Vagon turi va sig‘imiga bog‘lig tannarx indeksi
Vagon turi Bir o*qqa o‘rinlar soni Tannarx indeksi, %
Platskart 13,5 100,0
Platskart 12,4 108,8
Kupe 9,0 168,7
Kupe 7,9 191,9

1-jadval natijalariga ko‘ra, eng qulay sig‘imli platskart vagon bazaviy daraja
sifatida gabul gilinganda, 7,9 o‘rin/o‘q ko‘rsatkichiga ega kupe vagonda tannarx
deyarli 1,92 baravar yuqori bo‘ladi. O‘rtacha hisobda platskart vagondagi tannarx
kupe vagondagi tannarxning gariyb 58 foizini tashkil etadi. Demak, xizmat darajasi
oshirilganda narx siyosati sig‘imning kamayishi natijasida yuzaga keladigan xarajat
o‘sishini goplashi kerak (1-rasm).
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1-rasm. VVagon turi va bir o*gga to‘g‘ri keladigan o‘rinlar sonining tannarxga ta’siri

4. TARKIB UZUNLIGINING TA’SIRI

Lokomotiv, brigada va poyezdni tashkil etish bilan bog‘lig bir gator xarajatlar
tarkibdagi vagonlar soniga nisbatan shartli-doimiy xususiyatga ega. Shu sababli
tarkib uzaygan sari ushbu xarajatlar ko‘proq o‘rin-kilometrga tagsimlanadi va
solishtirma tannarx pasayadi (2-jadval).

2-jadval
Tarkibdagi o‘glar soniga bog‘lig tannarx o‘zgarishi
O‘glar soni Tannarx diapazoni, % O‘rtacha indeks, %
36 100,0 100,0
40 93,6-94,4 94,0
44 88,6-89,9 89,25
52 84,3-85,9 85,1
56 80,7-82,7 81,7
60 74,2-77,4 75,8

Tarkib 36 0‘gdan 60 0‘ggacha oshirilganda tannarx 22,6-25,8 foizga kamayadi.
Biroq tarkibni maksimal darajada uzaytirish har doim ham magsadga muvofig emas.
Talab yetarli bo‘lmasa, bo‘sh o‘rinlarning ko‘payishi bandlik koeffitsientini
pasaytiradi va kutilgan iqtisodiy samara yuzaga kelmaydi. Shuning uchun tarkib
uzunligi prognoz talab, platforma uzunligi, tortuv imkoniyati va xizmat ko‘rsatish
texnologiyasi bilan birgalikda tanlanishi lozim (2-rasm).
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2-rasm. Tarkibdagi o‘glar soni ortishi bilan tannarx indeksining pasayishi

5. TORTUV TURI VA MARSHRUT TEZLIGINING TA’SIRI

O‘rtacha ekspluatatsiya sharoitida elektr tortuvida 10 turist-o‘rin-km tannarxi
teplovoz tortuviga nisbatan taxminan 6 foiz past ekanligi aniglangan. Bu farq
energiya samaradorligi, lokomotivdan foydalanish ko‘rsatkichlari va texnik xizmat
xarajatlari bilan izohlanadi. Elektrlashtirilgan yo‘nalishlarni tanlash turistik
marshrutning iqtisodiyligini oshirishi mumkin, ammo marshrutning turistik
jozibadorligi va mavjud infratuzilma ham hisobga olinishi zarur (3-jadval).

3-jadval
Marshrut tezligiga bog‘lig tannarx indeksi
Marshrut tezligi, km/soat Tannarx diapazoni, % O‘rtacha indeks, %
35 100,0 100,0
40 96,1-96,6 96,35
45 93,2-94,5 93,85
50 90,7-92,6 91,65

Amaliy tezlik oralig‘ida marshrut tezligining 1 km/soatga oshishi tannarxni
o‘rtacha 0,5 foizga kamaytiradi. Tezlik oshishi poyezd va brigadaning vaqt bo‘yicha
bandligini gisgartiradi, vagon-soat va lokomotiv-soat xarajatlarini kamaytiradi. Shu
bilan birga, tezlikni oshirish yo*ldagi turistik dastur va tungi harakat rejimiga zid
kelmasligi kerak (3-rasm).
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3-rasm. Marshrut tezligi oshganda tannarx indeksining o*zgarishi
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Amaliy tavsiyalar

Birinchidan, turistik poyezd tarkibida kupe va platskart vagonlar ulushi bozor
segmentlariga mos ravishda kombinatsiyalanishi kerak. Bazaviy va komfort
paketlarni ajratish yuqori xizmat darajasi bilan birga o‘rinlardan foydalanish
samaradorligini saglab qgoladi.

Ikkinchidan, reys oldidan prognoz bandlik asosida tarkib uzunligini
moslashtirish zarur. Yuqori mavsumda 52-60 o‘qli tarkib tannarxni sezilarli
kamaytirishi mumkin; past mavsumda esa gisqaroq tarkib bo‘sh o‘rinlar xavfini
kamaytiradi.

Uchinchidan, elektrlashtirilgan uchastkalardan maksimal foydalanish va
harakat grafigida ortiqcha to‘xtashlarni gisgartirish lozim. Tezlikning iqtisodiy
samarasi xavfsizlik, ekskursiya dasturi va stansiyalarning texnologik imkoniyatlari
bilan muvofiglashtirilishi kerak.

6. XULOSA

Turistik-ekskursiya poyezdlarida tannarxga eng kuchli ta’sir giluvchi omillar
vagon sig‘imi va tarkib uzunligidir. Kupe vagonlarda o‘rinlar sonining kamligi
tannarxni 68,7-91,9 foizgacha oshirishi mumkin. Tarkibni 36 o‘gdan 60 o‘ggacha
uzaytirish esa solishtirma tannarxni gariyb chorak gismga pasaytiradi. Elektr tortuvi
teplovoz tortuviga nisbatan 6 foiz atrofida ustunlik beradi, marshrut tezligining
35 dan 50 km/soatgacha oshishi tannarxni 7,4-9,3 foizga kamaytiradi. Shunday
qilib, igtisodiy samaradorlikka vagon turi, tarkib uzunligi va harakat tezligini yagona
optimallashtirish vazifasi sifatida garash magsadga muvofiqg.

ADABIYOTLAR RO*YXATI:
1. O‘zbekiston Respublikasi Turizm go‘mitasi materiallari.
2. O‘zbekiston Respublikasi Milliy statistika qo‘mitasi transport va turizm
statistikasi materiallari.
3. Temir yo‘l transporti igtisodiyoti va tashish tannarxini hisoblash bo‘yicha uslubiy
go‘llanmalar.
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TURISTIK POYEZDLAR TANNARXINI MASOFA VA XARAJATLAR
TARKIBI BO*YICHA BAHOLASH

Mansuraliyeva Balnura Nurbolat qizi
Toshkent davlat transport universiteti “Korporativ boshgaruv” kafedrasi talabasi
balnuramansuralieva@gmail.com

Masharipov Ma’sud Nu’monjonovich
Toshkent davlat transport universiteti “Igtisodiyot” fakulteti dekani, t.f.d.,
professor
uer_tashiit@mail.ru

Annotatsiya: Maqolada turistik poyezdlarda tashish tannarxining marshrut masofasiga
bog‘ligligi va masofa oshishi bilan xarajatlar tarkibining o‘zgarishi tahlil
gilindi. Hisoblashlar 500 km dan 20 000 km gacha bo‘lgan yo‘nalishlar uchun
umumlashtirildi. 500 km dan 2000 km gacha masofa oshganda 10 turist-o*rin-
km tannarxi kupe vagonlarda 35 foiz, platskart vagonlarda 42,6 foizga
kamayadi; 2000 km dan 6000 km gacha bo‘lgan intervalda pasayish mos
ravishda 7 va 5,7 foizni tashkil etadi. Masofa uzayishi bilan vagonlarni
jihozlash, ta’mirlash, amortizatsiya va yo‘lda xizmat ko‘rsatish xarajatlarining
ulushi 72,7-79,9 foizdan 43,6-53,6 foizgacha kamayadi, lokomotiv ishi va
energiya xarajatlarining ulushi esa ortadi. Bandlikning 1 foizga oshishi
tannarxni taxminan 0,8 foizga pasaytirishi asosida marshrut uzunligi,
to*xtashlar va o‘rinlardan foydalanishni birgalikda optimallashtirish usuli taklif
etildi.

Kalit so‘zlar:  turistik poyezd, marshrut masofasi, xarajatlar tarkibi, bandlik, uzoq to“xtash,
lokomotiv ishi, tannarx.

OLHEHKA CEBECTOUMOCTHU TYPUCTCKHUX ITIOE310B B
3ABUCUMOCTHU OT JAJIBHOCTHU U CTPYKTYPbBI PACXOA0B

MancypasaueBa baanypa HypoOoaar kusu
cTyneHTka kadenpsl «KoprnopaTuBHoe ynpapiieHHe» TallkeHTCKOro
roCyJJapCTBEHHOI'O TPAHCIIOPTHOI'O YHUBEPCUTETA
balnuramansuralieva@gmail.com

Mamapunos Mascyn HybMoOHKOHOBHY
NekaH (pakynbTeTa « JKOHOMHUKA»
TamkeHTCKOro rocy 1apCTBEHHOIO TPAHCIIOPTHOI'O YHUBEPCUTETA,
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AnHoTanusi: B crarbe ncciaenoBaHa 3aBUCUMOCTh CE0ECTOMMOCTH TYPUCTCKUX TIEPEBO30K OT
JTAJIBHOCTH MapuipyTa W TpaHchopMaIus CTPYKTYpbl pPacXoJOB IO Mepe
yBenuueHus: paccrosaus. I[lpu pocre nampHoctn ¢ 500 mo 2000 xm
cebecroumocth 10 TypucTO-MecTo-KM CcHMkaeTcs Ha 35% B KyneWHOM M Ha
42,6% B mnankaptHom BaroHe; B uHTepBaie 2000-6000 kM cHmkeHue
COCTaBJISICT COOTBETCTBEHHO 7 ¥ 5,7%. J0J1 pacxoI0B Ha SKUITUPOBKY, PEMOHT,
aMOpTHU3aIMIo0 U 00CITY)KUBAaHUE BarOHOB yMeHbIaercs ¢ 72,7-79,9% no 43,6—
53,6%, Torma Kak MoJisl JIOKOMOTHBHOM paOOThI M dHEpPruM Bo3pactaer. Ha
ocHoBe d(¢dekra cHwKeHUs cebectoumoct mnpumepHo Ha 0,8% mpu
MOBBIIICHUN HCIIOJIb30BaHMsI BMECTHUMOCTH Ha 1% mpemokeH MOaXoa K
COBMECTHOH ONTHMHU3AIMH JATHbHOCTH MapIIpyTa, IJIUTCIbHBIX CTOSHOK H

3arpy3KH 1moesja.
KirouyeBble TYypHCTCKHIA IMO€3]], JaJbHOCTh MapIIpyTa, CTPYKTypa pPacXoJoB, 3arpyska,

cJIOBa: JUIMTENIbHAS CTOSHKA, paboTa JIOKOMOTHBA, CEOECTOMMOCTb.

ASSESSMENT OF TOURIST TRAIN COSTS BY TRAVEL DISTANCE
AND COST STRUCTURE

Mansuraliyeva Balnura Nurbolat gizi
Student, Department of Corporate Governance, Tashkent State Transport
University balnuramansuralieva@gmail.com

Masharipov Ma’sud Nu’monjonovich
Dean of the Faculty of Economics
Tashkent State Transport University,
Doctor of technical Sciences, Professor
uer_tashiit@mail.ru

Annotation: The paper analyzes the relationship between tourist train cost and route
distance, as well as changes in the cost structure as distance increases. When
distance rises from 500 to 2,000 km, the cost of 10 tourist seat-km decreases by
35% in compartment coaches and 42.6% in open-plan sleepers; from 2,000 to
6,000 km the reductions are only 7% and 5.7%, respectively. The share of coach
preparation, repair, depreciation and onboard service falls from 72.7-79.9% to
43.6-53.6%, while locomotive and energy shares rise. Based on the finding that
a one-percentage-point increase in capacity utilization reduces cost by about
0.8%, a joint optimization approach for route length, long stops and occupancy
is proposed.

Keywords: tourist train, route distance, cost structure, occupancy, long stop, locomotive
operation, cost.

1. KIRISH

Turistik poyezdning marshrut masofasi uning tijoriy jozibadorligi, xizmat
dasturi va tashish tannarxini belgilovchi asosiy parametr hisoblanadi. Qisga
-87-
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marshrutlarda poyezdning uzoq to‘xtashlari va tayyorlash operatsiyalari umumiy
vaqtning katta gismini egallaydi. Uzoq marshrutlarda esa ushbu xarajatlar ko‘proq
o‘rin-kilometrga tagsimlanadi, birog lokomotiv ishi va energiya sarfining ulushi
ortadi.

Magolaning magsadi turistik poyezd tannarxining masofaga nisbatan o*zgarish
gonuniyatlarini aniglash, xarajatlar tarkibidagi transformatsiyani baholash va
marshrutni igtisodiy jihatdan optimallashtirish mezonlarini ishlab chigishdan iborat.

2. MASOFA OMILINI BAHOLASH

Tahlilda 10 turist-o‘rin-km tannarxi va xarajat guruhlarining umumiy
tannarxdagi ulushi asosiy ko‘rsatkich sifatida gabul qgilindi. Masofa oshganda
shartli-doimiy xarajatlarning transport ishiga nisbatan ulushi kamayadi. Biroq ushbu
effekt cheksiz davom etmaydi: muayyan masofadan keyin tannarx kamayish sur’ati
keskin sekinlashadi.

Masofa bo‘yicha samaradorlikni baholash uchun chegaraviy igtisodiy samara
ko‘rsatkichi taklif etiladi: E. = ((C.; — C12)/Cy1)-100, bunda Cy1, C., — mos ravishda
boshlang‘ich va keyingi masofadagi 10 turist-o‘rin-km tannarxi. Ushbu ko‘rsatkich
masofani uzaytirish natijasida olingan nisbiy tejamni ifodalaydi.

1-jadvaldan ko‘rinadiki, masofa oshishining eng katta iqtisodiy samarasi gisqa
va o‘rta marshrutlar oralig‘ida shakllanadi. 500 km dan 2000 km gacha masofa to‘rt
baravar oshgan bo‘lsa-da, tannarx kupe vagonlarda 35 foiz, platskart vagonlarda
42,6 foizga kamayadi. 2000 km dan keyin tannarxning pasayish sur’ati ancha
sekinlashadi. Bu holat marshrutni fagat tannarxni kamaytirish magsadida haddan
tashqgari uzaytirish igtisodiy jihatdan asosli emasligini ko‘rsatadi.

1-jadval
Marshrut masofasi oshganda tannarxning kamayish sur’ati
L Kupe vagonda Platskart vagonda N ,
Masofa oralig‘i, km Ve, Ve, T Iqtisodiy tavsif
500-2000 35,0 42,6 Eng katta masshtab
Samarasl
2000-6000 km 7,0 5,7 Kamayish sur'a
sekinlashadi
Chegaraviy samara juda
19 000-20 000 km 4,5 3,3 Kichik

Masofa oshishi bilan xarajat guruhlarining mutlag giymati va umumiy
tannarxdagi ulushi turlicha o‘zgaradi. Vagonlarni jihozlash, joriy va depo ta’miri,
amortizatsiya hamda yo‘lda xizmat ko‘rsatish xarajatlari ko‘proq vaqgt omiliga va
uzoq to‘xtashlarga bog‘lig. Lokomotiv va energiya xarajatlari esa harakat masofasi
bilan yaginroq bog‘langan (2-jadval).
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2-jadval
Masofaga bog‘liq xarajatlar tarkibi, %

Xarajatlar guruhi 500 km | 1000 km | 2000 km | 4000 km | 10 000 km | 20 000 km
Vagonlarni jihozlash,
tq’mirlash, amortizatsiya va 72,7-79,9 | 59,5-68,8 | 58,9-68,2 | 57,2—66,9 | 52,2-62,2 | 43,6-53,6
Xizmat
Lokomotiv ishi 15,8-23,2 | 25,1-35,2 | 25,7-35,8 | 26,8-37,0 | 30,8-41,6 | 37,8-49,4
Yoqilg‘i yoki elektr energiyasi | 2,3-2,5 | 3,4-38 | 35-4,0 | 3,6-4,2 4,1-4.8 4,9-5,9
Manevr ishlari 1,3 1,3-1,5 1,1-1,2 1,1-1,2 1,1-1,3 1,2-1,9
Boshqga xarajatlar 0,5 0,7-0,8 0,7-1,1 0,7-0,9 0,8-0,9 0,9-1,1

500 km masofada vagonlar bilan bog‘liq xarajatlar ulushi 72,7-79,9 foizni
tashkil etadi. 20 000 km da ushbu ulush 43,6-53,6 foizgacha kamayadi. Aksincha,
lokomotiv ishi ulushi 15,8-23,2 foizdan 37,8-49,4 foizgacha, energiya xarajatlari
esa 2,3-2,5 foizdan 4,9-5,9 foizgacha oshadi. Manevr va boshga xarajatlarning
ulushi nisbatan bargaror goladi (1-rasm).

100,00
X 80,00 \
o
= 6000 —— —— ——
S 40,00 —A
= / —i- - —
20,00
0,00 e e 5% 5% 3 - S
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=== \/agonlar bilan bog‘liq xarajatlar === |_okomotiv ishi Yoqilg‘i yoki elektr energiyasi

e Manevr ishlari Boshga xarajatlar

1-rasm. Masofa oshishi bilan asosiy xarajat guruhlari ulushining o‘zgarishi
(diapazonlarning o‘rtacha giymati bo*yicha)

3. UZOQ TO*XTASHLAR VA VAQTDAN FOYDALANISH

Qisga marshrutlarda stansiyalardagi uzoq to‘xtashlar poyezdning umumiy
aylanish vaqgtida katta ulush egallaydi. Natijada vagon-soat, xizmat ko‘rsatuvchi
xodimlar va amortizatsiya xarajatlari bir birlik masofaga nisbatan yuqori bo‘ladi.
Masofa ortgan sari harakat vaqti ko‘payib, uzoq to‘xtashlarning nisbiy ulushi
kamayadi. Shuning uchun gisga turistik yo‘nalishlarda to‘xtashlar davomiyligi va
ekskursiya dasturini aynigsa puxta muvofiglashtirish zarur. Marshrut jadvalini
takomillashtirish fagat tezlikni oshirishdan iborat emas. Poyezdning magsadsiz
kutishini gisqartirish, texnik operatsiyalarni ekskursiya vaqti bilan birlashtirish,
vagonlarni ta’minlash ishlarini parallel bajarish va tungi harakatdan foydalanish vaqt

xarajatlarini kamaytiradi.
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O‘rinlardan foydalanish darajasi turistik poyezd igtisodiyotining eng sezgir
ko‘rsatkichlaridan biridir. Hisoblashlarga ko‘ra, vagon sig‘imidan foydalanish
1 foizga oshirilsa, tashish tannarxi taxminan 0,8 foizga kamayadi. Bu bog‘liglikning
sababi shundaki, reysning ko‘p xarajatlari tashilgan turistlar soniga to‘liq
proporsional emas; qo‘shimcha turist mavjud poyezdning bo‘sh o‘rnini to‘ldiradi va
shartli-doimiy xarajatlarni ko‘prog o‘rin-kilometrga tagsimlaydi (3-jadval).

3-jadval
Bandlik oshishining kutilayotgan tannarx tejamiga ta’siri
Bandlikning oshishi, foiz punkt | Tannarxning taxminiy kamayishi, %
1 0,8
5 4,0
10 8,0
15 12,0
20 16,0

Bandlikka oid natija marshrut masofasi bilan birgalikda go*llanishi kerak. Uzoq
marshrut tannarxni pasaytirishi mumkin, lekin talab yetarli bo‘lmasa, bo“sh o‘rinlar
ushbu samarani yo*‘qga chigaradi. Shu sababli optimal marshrut — tannarx eng past
bo‘lgan emas, balki bargaror talab va yugori bandlik ta’minlanadigan marshrutdir.

Taklif etilayotgan metodika besh bosgichdan iborat. Birinchi bosgichda turistik
obyektlar va bozor talabi asosida mugobil marshrutlar shakllantiriladi. Ikkinchi
bosqichda har bir variant uchun harakat masofasi, uzoq to‘xtashlar va aylanish vaqti
aniglanadi. Uchinchi bosgichda xarajatlar vagon, lokomotiv, energiya, manevr va
boshga guruhlarga ajratiladi. To*rtinchi bosgichda prognoz bandlik asosida 10 turist-
o‘rin-km tannarxi hisoblanadi. Beshinchi bosqgichda tannarx, turistik jozibadorlik va
reys davomiyligi bo*yicha ko‘p mezonli tanlov amalga oshiriladi.

Amaliy tanlovda 500-2000 km oralig*idagi marshrutlar masshtab samarasidan
eng katta foyda olishi mumkin. 2000 km dan yuqori masofalarda marshrutni
uzaytirish fagat yangi turistik obyektlar, yugori to‘lov qobiliyatiga ega talab yoki
logistika afzalliklari mavjud bo*lganda magsadga muvofig bo‘ladi.

4. XULOSA

Turistik poyezd tannarxi masofa oshishi bilan kamayadi, ammo ushbu
bog‘liglik chizigli emas. Eng katta pasayish 500-2000 km oralig‘ida kuzatiladi;
undan keyin chegaraviy samara gisgaradi. Masofa uzayishi bilan vagonlarni
jihozlash, ta’mirlash, amortizatsiya va xizmat ko‘rsatish xarajatlari ulushi kamayib,
lokomotiv ishi va energiya xarajatlari ulushi ortadi. O‘rinlardan foydalanishning har
bir foiz punktga oshishi tannarxni taxminan 0,8 foizga pasaytirishi bandlikni
boshgarishning  ustuvorligini  ko‘rsatadi. ~ Shuning  uchun  marshrutni
optimallashtirish masofa, to‘xtashlar davomiyligi, tarkib sig“imi va prognoz talabni
yagona tizimda baholash asosida amalga oshirilishi lozim.
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ADABIYOTLAR RO*YXATI:
O*zbekiston Respublikasi Turizm qo‘mitasi materiallari.
2. O‘zbekiston Respublikasi Milliy statistika qo‘mitasi transport va turizm
statistikasi materiallari.
3. Temir yo‘l transporti igtisodiyoti va tashish tannarxini hisoblash bo‘yicha uslubiy
go‘llanmalar.
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Magolada yirik sanoat korxonasida temir yo‘l logistikasi Xxizmatlarining
igtisodiy samaradorligini oshirish usuli ishlab chigilgan. Tashish hagini alohida
baholash o‘rniga, korxonaning vagon bilan ta’minlash, sanoat temir yo‘l
shoxobcha yo‘llaridagi manyovr ishlari, bo*‘sh yurish, ortiqcha turish, yo*ldagi
moddiy zaxiralar hamda kechikish sababli ishlab chigarish yo‘qotishlarini
gamrab oluvchi jami logistika xarajatlari taklif etilgan. Ekspluatatsion
ko‘rsatkichlar vagon aylanmasi va zarur ishchi park orqali igtisodiy natijaga
bog‘langan. Shartli hisobda vagon aylanmasi, turish va bo‘sh yurish
kamaytirilganda vyillik xarajatlarning o‘zgarishi aniglangan. Usul xususiy,
ijaraga olingan va kafolatlangan tashgi park variantlarini bir mezonda
tagqoslash imkonini beradi.

temir yo‘l logistikasi, yirik sanoat korxonasi, jami logistika xarajatlari, vagon
aylanmasi, bo*sh yurish, vagonning turishi, igtisodiy samara.
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Pa3pabotan MeTon TMOBBIIIEHUS HSKOHOMUYECKOM S(PPEKTUBHOCTH YCIyT
KEJIE3HOJOPOKHOM JIOTUCTUKHA KPYIMHOI'O HPOMBINIIEHHOIO HpeanpusaTtus. B
OTJIMYME OT OLIEHKH TOJIbKO IO MPOBO3HOW IUIaTe MpeasiaraeTcs y4YUThIBAThH
COBOKYIIHBIE JIOTHCTUYECKHUE 3aTPaThl MPEINpUsATHsS. oOecliedyeHne BaroHaMH,
MaHEBPOBYIO pabOTy Ha TMOABE3THBIX MYyTAX, TMOPOXHUK  TIpoOer,
CBEPXHOPMATUBHBIM IPOCTON, CTOMMOCTh 3alacoB B IYTH M IIOTEPH H3-3a
HECBOEBPEMEHHON JOCTAaBKH. OKCIUTyaTallUOHHBbIE [IOKa3aTelu YBS3aHbl C
3aTparaMu yepe3 000poT BaroHa U moTpeOHbIN pabounii mapk. Y ClIOBHBIHN pacder
MOKAa3bIBa€T SKOHOMMYECKHUU pe3ysibTaT COKpalleHuss 000poTa, MpocTos U
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HNOpPOXKHETO  mpodOera. MeToq TO3BOJSET  COMOCTABIATH  COOCTBEHHBIE,
APpCHAOBAHHBIC W TAapaHTHUPOBAHHO IIPUBJICKACMBIC BaroHbl, HC IIOAMCHIA
pacyeTHbIH mpuMep GaKTUIeCKOH OTYETHOCTHIO IPEAIPUSATHS.
KinroueBble KeJIe3HONOPOXKHAsL JIOTUCTUKA, IIPOMBIIUICHHOE MPEINPUATHE, COBOKYIIHbBIE
CJI0BAa. JIOTHCTHYECKHE 3aTpaThl, OOOpPOT BaroHa, IOPOXKHHH TPOOer, IpOCTOi,
SKOHOMHYECKUH 3 DeKT.

IMPROVING THE ECONOMIC EFFICIENCY OF RAILWAY
LOGISTICS SERVICES AT LARGE INDUSTRIAL ENTERPRISES

Barlas Mohammad Mansoor
Tashkent State Transport University

Kobulov Jamshid Renatovich
Doctor of Technical Sciences, Professor, Tashkent State Transport University
E-mail: uer_tashiit@mail.ru

Annotation: The article develops a method for improving the economic efficiency of railway
logistics services at large industrial enterprises. The method evaluates not only
the transport charge but the enterprise's total logistics cost, including wagon
provision, shunting on industrial sidings, empty movement, excessive dwell,
inventory tied up in transit and losses caused by late delivery. Operational
indicators are linked to cost through wagon turnaround and the required
working fleet. A conditional case shows how reducing turnaround, dwell and
empty running decreases annual total logistics cost and releases wagon
resources. The proposed approach supports comparison of own, leased and
guaranteed external wagons and provides a basis for operational decisions
without treating a conditional calculation as enterprise reporting data.

Keywords: railway logistics, industrial enterprise, total logistics cost, wagon turnaround,
empty running, dwell time, economic effect.

I. KIRISH

Yirik sanoat korxonasida temir yo‘l logistikasi ishlab chigarishning
yordamchi jarayoni emas, balki xomashyo ta’minoti, tayyor mahsulot jo‘natilishi va
ishlab chigarish uzluksizligini birlashtiradigan tizimdir. Ko‘mir, ruda, metall,
mineral o‘g‘it, sement va neft mahsulotlari kabi ommaviy yuklarda bitta
jo‘natmaning kechikishi fagat transport xarajatini emas, ombordagi zaxira
miqdorini, ishlab chigarish ritmini va shartnoma majburiyatlarini ham o*zgartiradi.
Shu sababli igtisodiy samaradorlikni fagat tashish haqi yoki vagon ijarasi bilan
baholash yetarli natija bermaydi.

“O‘zbekiston temir yo‘llari” AJ bo‘yicha tagdim etilgan ko‘rsatkichlarda
2015-2025-yillarda jo“natilgan yuklar 67,2 miIn tonnadan 76,0 min tonnagacha, yuk
aylanmasi 22 934,9 min tonna-kilometr netdan 27 926,9 min tonna-kilometr
netgacha oshgan. Shu bilan birga, bitta yuk operatsiyasida vagonning turish vagqti
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2017-yildagi 9,0 soatdan 2024-yilda 11,6 soatgacha uzaygan [8]. Bu o‘zgarishlar
yuk ogimi ko*paygan sharoitda korxona va stansiya o‘rtasidagi texnologik jarayonni
tezlashtirish igtisodiy ahamiyat kasb etishini ko‘rsatadi.

Tadgigotning maqgsadi yirik sanoat korxonasida temir yo‘l logistikasi
xizmatlarining ekspluatatsion ko‘rsatkichlarini  korxonaning jami logistika
xarajatlari bilan bog‘lash, tashishni tashkil etish variantlarini bir xil mezonda
taggoslash va tejamkorlik manbalarini aniglash usulini ishlab chigishdan iborat.
Tadgigot obyekti sanoat korxonasining umumiy foydalanishdagi temir yo‘l tarmog‘i
bilan bog‘langan tashish jarayoni, predmeti esa yuk ogimlari, vagon resursi va
Xizmat xarajatlari o‘rtasidagi igtisodiy munosabatlardir.

Il. ADABIYOTLAR TAHLILI VA TADQIQOT USULI

O.V. Lipatova vagonlardan foydalanishni  baholashda miqdoriy
ko‘rsatkichlarni sifat ko‘rsatkichlari bilan birgalikda ko‘rishni taklif giladi. Muallif
vagon aylanmasi, sutkalik yurish, unumdorlik, statik va dinamik yuklama hamda
bo*sh yurish koeffitsiyenti o‘zaro bog‘liq ekanini ko‘rsatgan [1]. Mazkur yondashuv
yirik yuk jo‘natuvchi uchun muhim, chunki sanoat temir yo*l shoxobcha yo*llaridagi
ortigcha turish va vagonning to‘lig yuklanmasligi transport tashkilotidan tashqari
bevosita korxona ishiga ham bog‘lig.

V.1. Bodyul va A.N. Feofilov vagonlar parkini boshgarish uchun igtisodiy va
texnologik jihatdan asoslangan yagona mezon zarurligini, bo‘sh vagonlarni tartibga
solishda fagat masofani kamaytirish emas, xarajatlar mezonini qo‘llash lozimligini
ta’kidlaydi [2]. Yu.O. Leynova park ehtiyojini aniglashda yuklashning notekisligi,
vagon turi va ta’mir zaxirasini hisobga olishni asoslaydi [3]. Uslubiy tavsiyalarda
park ehtiyojini vagon turi va oylar bo‘yicha hisoblash belgilangan [4], vagonlar
mavjudligi va holatini hisobga olish yo‘rignomasida esa ishchi va ishlatilmaydigan
park alohida yuritilib, operatsiyalar vagon ragami bo‘yicha gayd etilishi ko‘rsatilgan

[5].

A.A. Tixonov turli mulkdorlarga tegishli vagonlarni boshgarishda yukli va
bo‘sh wvagon oqgimlarini muvofiglashtirish igtisodiy natijaga ta’sir gilishini
ko‘rsatgan [6]. Magolada go‘llangan vagon aylanmasi, ishchi park, manyovr ishlari
va temir yo‘l shoxobcha yo‘llari atamalari sohaviy o‘quv lug‘atidagi mazmunga
muvofiglashtirildi [7]. Mavjud tadgigotlar ekspluatatsion samaradorlikni chuqur
yoritadi, biroq yirik sanoat korxonasi darajasida tashish hagi, vagon resursi, ortigcha
turish, bo‘sh yurish va kechikish tufayli ishlab chigarish yo*qotishlarini bitta hisobda
birlashtirish masalasi yetarlicha ochilmagan. Shu asosda magolaning ilmiy yangiligi
quyidagicha ifodalanadi: yirik sanoat korxonasida temir yo‘l logistikasi xizmatlari
samaradorligini vagon aylanmasi va zarur ishchi park bilan bog‘langan jami
logistika xarajatlari mezoni asosida baholash hamda tashishni tashkil etish
variantlarini igtisodiy natija bo‘yicha tanlash usuli takomillashtirildi.
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1-rasm. Temir yo‘l logistikasi xizmatlari samaradorligini baholash ketma-ketligi
1. HISOBLASH MODELI
Hisoblashning birinchi  qoidasi  xarajatlarni  korxona nuqtayi nazaridan
shakllantirishdir. Tashuvchi yoki operator uchun daromad hisoblangan to‘lov
korxona uchun xarajat bo*lishi mumkin; korxonaning ishlab chigarish uzilishi esa
tashuvchi hisobotida ko‘rinmasligi mumkin. Shuning uchun bir xil davr va bir xil
yuk ogimi bo*yicha jami logistika xarajati quyidagicha aniglanadi:
Zjami = Ztash + Zvag + Zmany + Ztur + Zbo‘sh + Zzax + Zkech + Zboshq
(1)
bunda: Zjami - korxonaning jami logistika xarajati; Zush - tashish va ekspeditorlik
to‘lovlari; Zyag - Xususiy yoki ijaradagi vagon bilan ta’minlash xarajati; Zmany - Sanoat
temir yo‘l shoxobcha yo‘llaridagi manyovr ishlari xarajati; Zy, - me’yordan ortiq
turish va u bilan bog‘liq to‘lovlar; Zyqsh - bo“sh vagonni gayta joylashtirish xarajati;
Z.x - YO‘ldagi va xavfsizlik zaxirasidagi kapital qiymati; Zech - kech yetkazish,
ishlab chigarishning majburiy to‘xtashi va shartnoma jarimalari; Zpeshg - axborot,
dispetcherlik va boshgaruv xarajatlari. Bitta xarajat ikki modda tarkibida takroran
hisoblanmasligi shart.
Vagon resursi bilan bog‘lig xarajatni baholash uchun vagon aylanmasi operatsiyalar
bo‘yicha ajratiladi:
Tay] — tyuk + t]o n t thar ‘;itex + ttush * tbo'sh (2)
bunda: Tay - vagon aylanmasi, sutka; tyu - yuklash; tj:n - jo‘natishga tayyorlash;
thar - pOyezd tarkibida harakat; twx - texnik stansiyalardagi turish; tys, - Yuk tushirish;
thosh - Vagonni navbatdagi yuklash joyiga bo*sh holatda yetkazish vaqti, soat.
O‘rtacha sutkalik vagon ishi U ma’lum bo‘lsa, tashishni bajarish uchun bir vaqtda
band bo‘ladigan ishchi park quyidagicha topiladi:
Nish = U - Tayl (3)
3-formula vagon aylanmasining har bir sutkaga uzayishi korxona uchun U migdorda
go‘shimcha vagon resursini band qilishini ko‘rsatadi. Aylanish gisgarganda
bo*‘shaydigan resursning yillik giymati quyidagicha baholanadi:
anl = U(To —T1) - cy—sue - D (4)
bu yerda E.; - vagon aylanmasini gisqartirishdan vyillik tejam; To va T1 - mos
ravishda boshlang‘ich va taklif etilgan aylanma; c,s: - bitta vagon-sutkaning
korxona uchun giymati; D - yil davomidagi hisob kunlari.
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Agar bo‘sh yurish ulushi umumiy vagon-kilometrga nisbatan berilgan bo‘lsa, yukli
yurishdan bo‘sh vagon-kilometr quyidagi munosabat bilan tiklanadi:

Lbo‘sh - % ' Lyuk (5)
bu yerda B - bo‘sh yurish ulushi; Lyw - yukli vagon-kilometr. Mazkur formula
B ko‘rsatkichi aynan umumiy yurishga nisbatan olinganda qo‘llanadi. Manbada
ko‘rsatkichning boshga ta’rifi berilgan bo‘lsa, hisob ham shu ta’rifga
moslashtiriladi.
Taqgoslanayotgan variantlarning vyillik iqtisodiy samarasi va bir tonna yuk
hisobidagi xarajat quyidagicha aniglanadi:

Evi = Zjamio — Zjamis 2 = % (6)
bu yerda Ey; - yillik sof igtisodiy samara; Zjami,0 Va Zjami,1 - amaldagi hamda taklif
etilgan variant xarajatlari; z - bir tonna yuk hisobidagi logistika xarajati; Q - yillik
tashish hajmi. Axborot tizimi yoki texnologik gayta tashkil etishning yillik xarajati
Zjamiy1 tarkibiga kiritiladi.
Boshlang‘ich investitsiyaning rentabelligi va oddiy qoplanish muddati:
R, = EILO‘ - 100; Tyep = % )

bu yerda R, - investitsiya rentabelligi, foiz; lo - boshlang‘ich investitsiya; Tqop - 0ddiy
goplanish muddati, yil. Uzoq muddatli loyihalarda pul ogimlarini diskontlash talab
etiladi; 7-formula tezkor dastlabki baho uchun xizmat giladi.

3.1. BAHOLASH KO‘RSATKICHLARI VA MA’LUMOTLAR
BAZASI

Hisobning ishonchliligi barcha ko‘rsatkichlarni bir xil yuk ogimi va bir xil
vaqt davriga keltirishga bog‘lig. Birlamchi ma’lumotlar vagon ragami bo‘yicha
operatsiyalar jurnalidan, tashish hujjatlaridan, sanoat temir yo‘l shoxobcha
yo‘llaridagi topshirish-gabul gilish gaydlaridan, operator schyotlaridan, ombor
hisobidan hamda kechikish sababli ishlab chigarish yo‘qotishlari to‘g‘risidagi
dalolatnomalardan olinadi. Tarif, ijara va jarima stavkalari shartnoma kuchga kirgan
davr bilan bog‘lanadi; turli yillardagi qiymatlar bir hisobda bevosita go‘shilmaydi.

Amaldagi va taklif etilgan variantlarda tashish hajmi, yuk turi va xizmat
chegarasi bir xil saglanadi. Aks holda xarajatning kamayishi texnologik
yaxshilanishdan emas, ish hajmi yoki hisob tarkibi o‘zgarishidan kelib chigishi
mumkin. Natija joriy etishdan oldingi kamida bitta to‘lig mavsum ma’lumotlari
bilan hisoblanib, keyingi mustaqil davrda reja-fakt usulida tekshirilishi magsadga
muvofig.

IV. SHARTLI HISOB NATIJALARI VA MUHOKAMA

Usulning ishlashini ko‘rsatish uchun yiliga 1 752 000 tonna ommaviy yuk
jo‘natadigan shartli sanoat korxonasi gabul gilindi. Korxona sutkasiga o‘rtacha
80 ta vagonni 60 tonnadan yuklaydi. Keltirilgan stavkalar muayyan korxona,
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operator yoki “O*“zbekiston temir yo‘llari” AJning amaldagi tariflari emas; ular fagat
formulalarning hisoblash ketma-ketligini tekshirish uchun tanlangan.

Vagon aylanmasi 7,5 sutkadan 6,2 sutkagacha gisgarganda hisobiy ishchi park
600 tadan 496 tagacha kamayadi. Bunda 104 ta vagon resursi bo‘shaydi. Bir vagon-
sutkaning shartli giymati 120 ming so‘m bo‘lganda 4-formula bo*yicha yillik tejam
4,56 mird so‘mni tashkil etadi. Yuk operatsiyasidagi turishning 10 soatga gisqarishi,
yiliga 29 200 ta vagon operatsiyasi va 8 ming so‘m/vagon-soat shartli giymatda yana
2,34 mird so‘m tejam beradi.

Yillik yukli yurish 20,44 min vagon-kilometr deb olindi. Bo*sh yurish ulushi
30 foizdan 24 foizgacha kamayganda 5-formula bo‘yicha bo“sh yurish 8,76 min dan
6,45 min vagon-kilometrgacha gisgaradi. 1 200 so‘m/vagon-kilometr shartli
xarajatda igtisodiy natija 2,77 mird so‘mni tashkil giladi. Yetkazib berish kechikishi
va ishlab chigarishdagi uzilishlardan zarar 2,20 mlrd so‘mga kamayadi. Yangi
dispetcherlik va axborot tizimining yillik 1,50 mlrd so‘mlik xarajati chegirilgach,
sof samara 10,36 mird so‘m bo‘ladi.

106.0

100 - 95.64
80 -
60 -

40 -

Yillik xarajat, mird so'm

20 -

0..

I
Amaldagi variant Taklif etilgan variant

= Tashish hagi = Bo'sh yurish mem Manyovr = Kechikish
=== Vagon resursi Ortigcha turish Zaxira s Boshgaruv

2-rasm. Jami logistika xarajatlarining shartli variantlar bo‘yicha tarkibi

Natijada bir tonna yuk hisobidagi logistika xarajati 60 502 so‘mdan 54 590
so‘mgacha yoki 9,8 foizga kamaydi. 12,0 mlrd so*mlik boshlang‘ich investitsiya
uchun rentabellik 86,3 foiz, oddiy goplanish muddati 1,16 yilni tashkil etdi. Mazkur
natija tarif stavkasini pasaytirish hisobiga emas, vagonning ishlab chiqarish siklida
kamrog vaqt band bo‘lishi, bo‘sh yurish va kechikish yo‘qotishlari kamayishi
hisobiga olingan.

Hisobdan kelib chigadigan muhim xulosa shuki, eng arzon tashish tarifi
doimo eng tejamkor logistika varianti bo‘lavermaydi. Past tarifli yo*nalishda vagon
uzog turib qolsa yoki bo‘sh qaytish ulushi oshsa, korxonaning jami Xxarajati
gimmatrog, ammo bargaror xizmat variantidan yuqori bo‘lishi mumkin. Shuning
uchun shartnomalarni baholashda yetkazish muddati, vagon berish kafolati, ortiqcha
turish uchun javobgarlik va axborot almashish sifati igtisodiy shartlar gatoriga
Kiritilishi lozim.
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4.1. SEZGIRLIK VA NATIJANI TEKSHIRISH

Shartli parametrlar bo‘yicha vagon aylanmasining har 0,1 sutkaga qgisqarishi
8 ta vagon resursini bo‘shatadi va yiliga gariyb 0,35 mird so‘m tejam beradi. Yuk
operatsiyasida turishning har 1 soatga kamayishi 0,234 mlird so‘m, bo‘sh yurish
ulushining 30 foizdan 29 foizga tushishi esa taxminan 0,49 mird so‘m samara beradi.
Demak, mazkur misolda birinchi navbatda bo‘sh vagonlarni gayta yo‘naltirish va
vagon aylanmasini sekinlashtirayotgan operatsiyalarni gisgartirish iqtisodiy jihatdan
ustuvor.

Haqigiy korxonada sezgirlik natijasi boshga bo‘lishi mumkin, chunki
yo‘nalish masofasi, vagon turi, to‘lov stavkalari va ishlab chigarishdagi uzilish
giymati bir xil emas. Shu sababli usulning amaliy ustunligi fagat hisoblangan tejam
bilan emas, joriy etishdan keyingi davrda vagon aylanmasi, bo‘sh yurish, ortigcha
turish, tashish tannarxi va 0‘z vaqtida yetkazish ko‘rsatkichlarining birgalikda
yaxshilanishi bilan tasdiglanadi. Xarajat kamayib, yetkazish barqgarorligi
yomonlashsa, variant samarali deb gabul gilinmaydi.

V. AMALIY TAVSIYALAR

Yirik sanoat korxonasida taklif etilgan usulni joriy etish uchun avvalo tashish
ogimlari jo‘natish stansiyasi, yuk turi, vagon turi, yo‘nalish va hisobot davri
bo‘yicha ajratiladi. Har bir ogimda vagonning yuklashga berilishi, yuklash tugashi,
stansiyaga topshirilishi, jo‘natilishi, manzilga yetishi, tushirilishi va keyingi
yuklashga yo*naltirilishi vagon ragami bo‘yicha gayd etiladi. Ushbu ma’lumotlar
korxona, tashuvchi va operatorning vaqt belgilarini o‘zaro solishtirish imkonini
beradi.

Keyingi bosqgichda korxona dispetcherlik markazi sutkalik reja-fakt nazoratini
yuritadi. Rejada zarur vagonlar, yuklash oynasi, stansiyaga topshirish vaqgti va
poyezdga go‘shish muddati belgilanadi; faktda esa og‘ishning sababi korxona,
tashuvchi, operator yoki tashqi omil kesimida gayd etiladi. Bunday ajratish jarima
yuklash uchun emas, gayta takrorlanadigan vaqt yo*‘qotishlarini bartaraf etish uchun
zarur.

Vagon bilan ta’minlash tarkibi ham jami xarajat mezoni bilan tanlanadi.
Xususiy park bargaror ommaviy ogimlarda, ijaradagi park mavsumiy yoki o‘rta
muddatli ehtiyojda, kafolatlangan tashqi park esa talab tebranishlarini goplashda
go‘llanadi. Tasodifiy jalb gilinishi mumkin bo‘lgan vagon reja ta’minoti sifatida
gabul gilinmaydi. Park tarkibi bo‘yicha garor vagon turi va oylar kesimida alohida
hisoblanishi kerak.

VI. XULOSA

Yirik sanoat korxonasida temir yo‘l logistikasi xizmatlarining iqtisodiy
samaradorligi fagat tashish hagi bilan emas, tashish jarayoni korxonaning vagon
resursi, zaxiralari va ishlab chigarish ritmiga ganday ta’sir gilishi bilan belgilanadi.
Taklif etilgan model ushbu ta’sirlarni jami logistika xarajatlari tarkibida birlashtiradi
va ekspluatatsion o‘zgarishlarni pul ifodasiga o‘tkazadi.

-08 -



MoJiogoi crieliuajimcT
Young specialist
JKac maman
Yosh mutaxassis

May-June 2026

jl"/. Volume 5 | Issue 50-51 |
M\
7 ISSN: 2791-3651

Shartli hisobda vagon aylanmasini 1,3 sutkaga, yuk operatsiyasidagi turishni
10 soatga va bo“sh yurish ulushini 6 foiz bandga kamaytirish hisobiy ishchi parkni
104 vagonga qisqartirdi. Qo‘shimcha boshgaruv xarajatlari hisobga olingandan
keyin yillik sof samara 10,36 mird so‘m, xarajatlarning kamayishi 9,8 foiz bo‘Idi.
Ushbu sonlar usulning ishlashini ko‘rsatadi va muayyan korxonaning amaldagi
iqtisodiy natijasi sifatida talgin gilinmaydi.

Amaliy hisob uchun korxonaning bir xil davrga tegishli yuk ogimlari, vagon-
ragam operatsiyalari, shartnoma stavkalari, sanoat temir yo‘l shoxobcha yo*llaridagi
manyovr xarajatlari, ortigcha turish to‘lovlari, ombor zaxiralari va kechikishdan
ko‘rilgan yo‘qotishlar talab etiladi. Shunda xususiy, ijaradagi va tashqgi park
variantlari real xarajatlar asosida taqgoslanib, iqgtisodiy jihatdan asoslangan
boshgaruv garori gabul gilinadi.
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