N25(52-53) ISSN 2791-3651

Monoaown
cneunanncrt

5 Google g oy

aerjan84@mail.ru
Beinyck N25(52-53) 2026/08-09

@% http://t.me/mspeskz
+7 705 724 97 69
L

: MpocnekT LWakapim
TOGETHER WE REACH THE GOAL

Kyaanbepaiynbl, 4. 25/3




IJTEKTPOHHBIN HAYUYHBIN )KYPHAJI

«Monodou cneuyuanucmy»

Bobimyck Ne5(52-53) (aBrycr-ceHTAOpPS, 2026)

CBHI[CT@HI)CTBO O ITIOCTaAaHOBKC Ha
YUCT NICPUOINICCKOI'O IICUYATHOT'O
U31aHuA, I/IH(bOpMaLII/IOHHOFO

areHTCTBa U CETEBOTO U3JaHUs
On Ne KZ26VPY 00048061
oT 15 anpens 2022 r.

['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 JOKTOPAHTAM BY30B BO3MOXKHOCTb 3HAKOMMTBCS C PE3YJIbTATAMH
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;

® JOCTHMKEHUH MEXIYHApOIHOIO YPOBHS HAYyUHBIX IMyOJIMKALMN KypHaa;

® [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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ANDIJON VILOYATI BIR SATHDAGI TEMIR YO‘L KESISHMALARINI
RIVOJLANTIRISH STRATEGIYASI: XAVF USTUVORLIGI VA AVTOMATIK
TO‘SISH QURILMALARINING TEXNIK-IQTISODIY ASOSLANISHI

Yo‘ldoshev Abduvosit Azizbek o‘g‘li
Andijon davlat texnika instituti, “Transport logistikasi” mutaxassisligi magistranti
yoldashevabduvosit234@gmail.com

Annotatsiya: Andijon viloyatidagi bir sathdagi temir yo‘l kesishmalarining holatini
baholash, xavfi yuqori uchastkalarni aniglash hamda qo ‘riglanmaydigan
kesishmalarni avtomatik to‘sish qurilmalari bilan jihozlashning texnik-
iqtisodiy samaradorligini asoslash. Metod: viloyatning 51 ta kesishmasi (30
ta qo ‘riglanadigan, 21 ta qo ‘riglanmaydigan) bo ‘yicha uchastka kesimidagi
transport oqimi, 2024—2026-yillardagi yo ‘I-transport hodisalari statistikasi
va «Xitoy — Qirg‘iziston — O ‘zbekiston» temir yo'li orqali kutilayotgan
yuklama tahlil qilindi; xavf ekspozitsiyasi indeksi hisoblandi; uch qurilma
variantining kapital va ekspluatatsion xarajatlari uch stsenariy bo ‘yicha
solishtirildi. Andijon I-Jalolobod uchastkasi umumiy ekspozitsiyaning 45
foizini tashkil etib, birinchi ustuvorlikka ega. Yuk hajmi yiliga 5—20 min tonna
bo‘lganda sutkasiga qo‘shimcha 8-31 ta poyezd qatnovi kutiladi. 21 ta
kesishmani jihozlash uchun kapital xarajat 1 743—-3 591 min so ‘m; bazaviy
stsenariyda qoplanish muddati 2,4-5,7 yil bo ‘lib, natija bir hodisaning zarar
bahosiga sezgir. Har bosqichda yettitadan kesishmani gamrab oluvchi uch
bosqichli modernizatsiya rejasi taklif etildi.

Kalit bir sathdagi kesishma, temir yo ‘l, harakat xavfsizligi, avtomatik shlagbaum,
so‘zlar: xavf ekspozitsiyasi, texnik-igtisodiy asoslash, Andijon viloyati.

DEVELOPMENT STRATEGY FOR RAILWAY LEVEL CROSSINGS IN ANDIJAN
REGION: RISK PRIORITISATION AND TECHNICAL-ECONOMIC JUSTIFICATION
OF AUTOMATIC BARRIER DEVICES

Yoldoshev Abduvosit
Master’s Student, “Transport Logistics”
Andijan State Technical Institute
yoldashevabduvosit234@gmail.com

Abstract: To assess the condition of level crossings in the Andijan region, identify the
highest-risk railway sections, and justify the technical and economic feasibility
of equipping unguarded crossings with automatic barrier systems. Section-
level traffic flows, accident statistics for 2024—2026 (16 accidents, including 5
fatalities), and the expected traffic generated by the China—Kyrgyzstan—
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Uzbekistan railway were analysed for 51 crossings (30 guarded and 21
unguarded). A risk exposure index was calculated, and the capital and
operating costs of three types of equipment—an automatic barrier, the UZP
level-crossing barrier device, and a bollard system—were compared under
three scenarios. The Andijan 1-Jalolobod section accounts for 45% of the total
risk exposure and ranks first in terms of risk. At a freight volume of 5—20 million
tonnes per year, an additional 8-31 train movements per day are expected. The
estimated capital cost of equipping the 21 unguarded crossings ranges from
1,743 to 3,591 million UZS, while the payback period under the base scenario
is estimated at 2.4-5.7 years and is sensitive to the assumed economic loss per
accident. A three-stage modernisation plan, covering seven crossings at each
stage, is proposed.

Key words:  level crossing, railway, traffic safety, automatic barrier, risk exposure,
technical-economic justification, Andijan region.

CTPATEI'UA PA3BUTUSA KEJIE3HOAOPOXHBIX IEPEE3/10B B
AHJINKAHCKOM OBJIACTU: TIPHOPUTU3AIIMS PUCKOB U TEXHUKO-
IKOHOMUMNYECKOE OBOCHOBAHUE ABTOMATHYECKUX IIJIATBAYMOB

IOnnomes AdayBocuT A3uslex yrium
MarucTtpaHr no crnenuaibHOCTH « TpaHCTIOPTHAS JTOTHUCTHKA
AHIMKaHCKUHM TOCYAapCTBEHHBIN TEXHUUECKUH HHCTUTYT

yoldashevabduvosit234(@gmail.com

AHHoOTauus [lenvio uccnedoganus s61A€mMCcs OYEHKA COCMOAHUSL HCeNe3HOOOPONCHBIX
nepee3008 8 AHOUNCAHCKOU 001ACMU, BblAGIeHUe HCENEe3HOOOPONHCHBIX
yuacmkog ¢ Haubonee BblCOKUM YPOBHEM pPUCKA, d MAKH#Ce MEeXHUKO-
9KOHOMUYECKoe 000CHO8AHUEe  OCHAWEHUSl HeOXPAaHAeMblX  nepee30os
agmomamudeckumuy wnazoaymuouimu yempoticmeamu. [na 51 nepeezoa (30
oxpausemvlx u 21 HeoxpaHsemoz2o) Ovliu NPOAHANUSUPOBAHBL YUACHKOBbLE
MpAHCnopmmuvle  NOMOKU,  CMAMUCMUKA — OOPOACHO-MPAHCHOPIMHBIX
npoucutecmeuti 3a 2024-2026 200wt (16 npoucwecmsuil, 6 mom uucie 5 co
CMepMeNbHbIM UCXOO00M), A MAKHCE 0AHCUOAeMbIl 00BEM NePeBo30K & CE:3U C
66000Mm dcenesnoli oopoeu Kumaii—Kvipevizcman—Y36exucman. Paccuuman
UHOEKC PUCKOBOIL IKCHOZUYUU, A AKIHCE NPOBEOEHO CPABHEHUE KANUMANbHbIX
U OKCNIYamayuoHuHulx 3ampam Ols MpEx munog 060py00S8aHUA:
asmomamuiecko2o unazoayma, ycmpoucmea sazpasxcoenus nepeezoa Y311 u
bonnaponol cucmemvl — no mpém cyenapusm. Haubonvuwas oons cosoxynuou
puckosoi skcnozuyuu (45 %) npuxooumcsa ua yuacmox Awnoudican-1—
Licananabao, komopulil 3aHuMaem nepgeoe mecmo no ypogHio pucka. llpu
00véme 2py308bix nepeso3ok 5—20 MAH MOHH 8 200 0HCUOAEMC Sl YEeIudeHUe
Koauuecmea noezoonpoxodos Ha 8-31 6 cymxu. Pacuémuvie kanumanbhvie
3ampamul Ha ocHaujenue 21 neoxpausemozo nepeesoa cocmasnsirom 1 743—3
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591 man cymos, npu 3mom Cpoxk OKynaemocmu no 0az080My CYEHAPUIO
oyenusaemcss 6 2,4-5,7 2o0a u 3asucum om NPUHAMO20 pamepd
IKOHOMUYECKO20 Yywepba om 00Ho20 npoucwecmeus. I[Ipednacaemcs
MPEXIMANHBLI NIAH MOOEPHUAYUU, NPeOdyCMAMPUBAIOWULL OCHALEeHUe CeMU
nepee3008 Ha Kaxcoom smane.

KuroueBble oicene3sHo0opodicHbli nepeeso, HCENe3HOOOPOICHDBLI mpaucnopm,
cJIOBA bezonachocms  0BUIICEHUsl,  ABMOMAMUYECKUL  WAA20ayM,  PUCKOBASL
OKCNO3UYUsl,  MEXHUKO-DKOHOMUYECKoe  obocHnosanue,  AHOUINCAHCKAsL
obnacme.
1. KIRISH

Transport-logistika tizimini rivojlantirish O‘zbekiston iqtisodiy siyosatining ustuvor
yo‘nalishlaridan biri bo‘lib, bu «Transport to‘g‘risida»gi Qonun va Prezidentning 2025-yil 27-
yanvardagi PQ-28-sonli qarorida o°‘z ifodasini topgan [1, 2]. Shu yo‘nalishdagi eng yirik
loyihalardan biri — Qashqgar—Torugart—-Makmal—Jalolobod—Andijon yo‘nalishidagi «Xitoy —
Qirg‘iziston — O°‘zbekiston» (XQO) temir yo‘lidir. Uning qurilishi 2024-yil 27-dekabrda
boshlangan [3]; rejalashtirilgan yakunlanish muddati 2030-yil bo‘lib, qurilishni ikki yil ertaroq
tugatish imkoniyati ham e’lon qilingan [4]. Yuk hajmi dastlabki bosqichda yiliga 5-8 mln tonna,
uzoq muddatda 13—15 mln tonna deb baholanadi; Yevrosiyo taraqqiyot bankining 2026-yilgi
hisobotiga ko‘ra, quvvat yakka izli variantda 7 mln tonna, ikki izli variantda 20 mln tonnagacha
yetishi mumkin [4, 5].

Koridor O‘zbekiston hududiga Andijon viloyati orqali kirib keladi, shu bois viloyatdagi
temir yo‘l va avtomobil yo‘llari kesishmalariga tushadigan yuklama ortadi. Bir sathdagi
kesishmalar esa har ikki transport turi uchun eng xavfli joylardan biridir. Yevropa Ittifoqida 2024-
yilda temir yo‘l halokatlarida o‘lganlarning 25,5 foizi (750 kishidan taxminan 190 nafari)
kesishmalarga to‘g‘ri kelgan [6]; 2010-yillarda esa yiliga 300 ga yaqin kishi kesishmalardagi
to‘gnashuvlarda halok bo‘lgan [7, 8]. AQShda har yili 200 dan ortiq kishi shu sababli vafot etadi,
2023-yil uchun dastlabki ma’lumotlarda 248 ta o‘lim qayd etilgan [9, 10]. Hodisalarning asosiy
sababi, odatda, yo‘l harakati qatnashchilarining xatti-harakatidir [8].

Andijon viloyatida 6 ta temir yo‘l uchastkasida 51 ta kesishma mavjud bo‘lib, ularning 21
tasi (41 foiz) navbatchi xodim va signalizatsiyasiz, ya’ni qo‘riglanmaydigan holatda [11, 12].
Muallifga ma’lum bo‘lgan manbalarda viloyat kesishmalarining uchastkalar bo‘yicha xavf
ustuvorligi aniqlanmagan, koridor yuklamasi miqdoriy baholanmagan va avtomatik to‘sish
qurilmalari variantlarining iqtisodiy samaradorligi mahalliy sharoitda solishtirilmagan.

Tadqiqotning magqsadi - Andijon viloyati bir sathdagi temir yo‘l kesishmalarining
holatini baholash, xavfi yuqori uchastkalarni aniqlash va qo‘riglanmaydigan kesishmalarni
modernizatsiya qilishning texnik-iqtisodiy asoslangan strategiyasini ishlab chiqish. Vazifalar: (1)
kesishmalar va transport oqimini uchastkalar bo‘yicha tahlil qilish; (2) xavf ekspozitsiyasi asosida
uchastkalarni ustuvorlash; (3) XQO* koridori keltirib chigaradigan qo‘shimcha poyezd gqatnovini
baholash; (4) uch qurilma variantining xarajat va samaradorligini solishtirish; (5) bosqichma-
bosqich modernizatsiya rejasini taklif etish.

2. MATERIALLAR VA METODLAR

Kesishmalar soni va turi «O‘zbekiston temir yo‘llari» AJ Yo‘l xo‘jaligi bo‘limining texnik
ma’lumotlaridan [12], hodisalar to‘g‘risidagi ma’lumotlar Qo‘qon mintaqaviy temir yo‘l uzeli
Harakat xavfsizligi bo‘limi va Ichki ishlar vazirligi Yo‘l harakati xavfsizligi xizmati statistikasidan
(2024-yil — 2026-yil 1-may) [11, 13] olindi. Transport oqimi 6 ta uchastka bo‘yicha Andijon 1
stansiyasining Harakat xavfsizligi va Yo‘l xo‘jaligi bo‘limlari xodimlari bilan hamkorlikda
sutkalik sanash orqali aniqlandi [11] (yuk transporti, yengil avtomobil, avtobus va marshrutka,
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mototsikl va moped, kajavali mototsikl). Uchastka bo‘yicha keltirilgan qiymatlar shu uchastkadagi
barcha kesishmalar bo‘yicha jami oqim sifatida talqin qilindi.

Qurilmalarning kapital va ekspluatatsion xarajatlari 2025-yil O‘zbekiston bozori narxlari
va ishlab chiqaruvchilar (Siemens, CAME, FAAC) mahsulot ma’lumotlari asosida baholangan
[14]. Har bir variant asosiy qurilma bilan birga svetofor, elektron axborot taxtasi, [P-kamera va
poyezdni aniqlash datchiklarini o‘z ichiga oladi.

Uchastkalarni ustuvorlash uchun xavf ekspozitsiyasi indeksi kiritildi:

I;=U- (Fj/Nj), (1)

bunda U; — j-uchastkadagi qo‘riglanmaydigan kesishmalar soni; F; — uchastkadagi

sutkalik jami transport oqimi (barcha turlar bo‘yicha); N;— uchastkadagi kesishmalar soni. Indeks

go‘riglanmaydigan kesishmalardan o‘tuvchi taxminiy sutkalik oqimni ifodalaydi. Hisobda
uchastka oqimi uning kesishmalari orasida tekis tagsimlanadi deb qabul qilindi.

XQO* koridori bo‘yicha yuk hajmi Q (t/yil) ning yuk poyezdlari qatnoviga ekvivalentini
hisoblash uchun quyidagi ifoda qo‘llandi:

Nyuk = Q/(365-q), n=2"nu, (2)

bunda ¢ — yuk poyezdining o‘rtacha netto massasi (shartli 3 500 t, loyiha ma’lumotlari

bo‘yicha aniqlashtirilishi lozim); #,. — yuk bilan qatnovchi poyezdlar soni (sutkasiga); n — jami

qatnov. Yuk asosiy yo‘nalishda yuk bilan, teskari yo‘nalishda bo‘sh tashiladi va oqim yil
davomida tekis deb gabul qilindi.

Yillik foyda, qoplanish muddati va 10 yillik sof natija quyidagicha hisoblandi:

B=Nyo-s-r-Z+T, 3)
PP=K/(B-E) Siw=10-(B-E)-K, 4)
bunda Ny — yillik hodisalar soni (2024-2025-yillar o‘rtachasi, 6,5); s — hodisalarning
qo‘riglanmaydigan kesishmalarga to‘g‘ri keladigan ulushi (0,72) [11, 13]; » — qurilma
o‘rnatilgandagi hodisalar kamayishi: passiv kesishmani chiroqli signalizatsiya bilan jihozlashda
70 %, avtomatik to‘siq bilan jihozlashda 83 % [15, 16]; Z— bir hodisaning iqtisodiy zarari (tibbiy
yordam, infratuzilma va transport vositasini tiklash, tirbandlik, huquqiy xarajatlar), bazaviy
gqiymat 300 mln so‘m, oraliq 150450 mln so‘m [14]; T — kesishmada to‘xtab qolish vaqtining
qisqarishidan tejash; K — kapital xarajat; £ — yillik ekspluatatsion xarajat amortizatsiyasiz
(texnik xizmat, masofaviy operator, elektr va aloqa). Qo‘riglanmaydigan kesishmalarda navbatchi
xodim yo‘q bo‘lgani uchun xodimlar ish haqini tejash foydaga kiritilmadi. Diskontlash
qo‘llanmadi.

Uch stsenariy ko‘rib chiqildi: S1 — konservativ (r = 70 %); S2 — bazaviy (r = 83 %); S3
— S2 va vagqt tejash bo‘yicha T = 1 000 mln so‘m/yil (muallifning dastlabki bahosining pastki
chegarasi [14]). Bundan tashgari S2 uchun zarar bahosi Z = 150 va 450 mln so‘m bo‘lgandagi
sezgirlik tekshirildi.

3. NATIJALAR

Viloyatdagi 51 ta kesishmaning 30 tasi qo‘riglanadigan, 21 tasi (41,2 %)
go‘riglanmaydigan (1-jadval). Asaka—Shahrixon va Andijon 2—Paxtaobod uchastkalarining barcha
kesishmalari (jami 10 ta) qo‘riglanmaydi. Uchastkalar bo‘yicha jami sutkalik oqim 502 681
birlikni tashkil etadi; uning 73,5 foizi ikki uchastka — Marg‘ilon—Andijon 1 (179 916) va Andijon
1-Jalolobod (189 754) hisobiga. Yuk transporti ulushi o‘rtacha 9,9 % bo‘lsa-da, Andijon 2-
Paxtaobod uchastkasida 40,1 %, Asaka—Shahrixonda 15,5 % ga yetadi.
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1-jadval
Temir yo‘l uchastkalari bo‘yicha kesishmalar va sutkalik transport oqimi [11, 12]
Uchastka Jam | Qo‘riglanadiga | Qo‘riglanmaydiga | Qo‘riglanmaydiga | Sutkali | Yuk
i n n n ulushi, % k oqim, | transport
birlik i ulushi,
%
Marg‘ilon— 9 8 1 11,1 179916 | 8,5
Andijon 1
Andijon 1-| 17 11 6 35,3 189754 | 7,9
Jalolobod
Uchqo‘rg‘on | 10 7 3 30,0 61907 9,2
—Post 331 km
Asaka— 7 0 7 100,0 16 144 15,5
Shahrixon
Andijon 2-|3 0 3 100,0 20 265 40,1
Paxtaobod
Savay— 5 4 1 20,0 34 695 9,5
Honobod
Jami 51 30 21 41,2 502 681 | 9,9

Viloyat kesishmalarida 2024-yilda 7 ta, 2025-yilda 6 ta va 2026-yil 1-mayigacha 3 ta
hodisa qayd etilgan; jami 16 ta hodisaning 5 tasi (31 %) o‘lim bilan yakunlangan [13].
Hodisalarning 72 foizi qo‘riglanmaydigan kesishmalarga to‘g‘ri kelgan [11, 13], holbuki bunday
kesishmalar umumiy sonning 41 foizini tashkil etadi. 2026-yilning dastlabki to‘rt oyidagi 3 ta
hodisa yillik hisobga o‘tkazilganda taxminan 9 taga to‘g‘ri keladi; tanlanma kichik bo‘lgani uchun
bu tendensiya sifatida emas, ehtiyotkorlik bilan kuzatuv sifatida qaralishi lozim.

(1) formula bo‘yicha hisoblangan ekspozitsiya indeksi 2-jadval va 1-rasmda keltirilgan.
Andijon 1-Jalolobod uchastkasi (I = 66 972) jami ekspozitsiyaning (148 883) 45,0 foizini beradi
va ikkinchi o‘rindagi uchastkadan 3,3 barobar yuqori. Buning sababi shundaki, bu uchastkada
go‘riglanmaydigan kesishmalar soni (6 ta) ham, kesishmaga to‘g‘ri keladigan o‘rtacha oqim
(11 162) ham yuqori. Marg‘ilon—Andijon 1 uchastkasida faqat bitta qo‘riglanmaydigan kesishma
bor, biroq unga to‘g‘ri keladigan o‘rtacha oqim eng katta (19 991).

2-jadval
Uchastkalarning xavf ekspozitsiyasi indeksi
O‘rin Uchastka Qo‘riqlanmaydigan Kesishmaga Indeks I
kesishmalar, U o‘rtacha oqim,
F/N

1 Andijon I-16 11162 66 972
Jalolobod

2 Andijon 2-13 6 755 20 265
Paxtaobod

3 Marg‘ilon— 1 19 991 19 991
Andijon 1

4 Uchqo‘rg‘on—Post | 3 6 191 18 572
331 km

5 Asaka—Shahrixon | 7 2 306 16 144

6 Savay—Honobod 1 6 939 6 939
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Andijon 2-Paxtaobod - 20 265
Marg‘ilon-Andijon 1 A 19991
Uchgo'rg'on-Post 331 km A 18 572
Asaka-Shahrixon A 16 144
Savay-Honobod 6939
0 10 000 20 000 30000 40000 50 000 60 000 70 000

Ekspozitsiya indeksi |, transport birligi/sutka

1-rasm. Uchastkalar bo‘yicha xavf ekspozitsiyasi indeksi I
(2) formula bo‘yicha hisoblashlar shuni ko‘rsatadiki, koridor yiliga 5 min tonna yuk
tashiganda sutkasiga o‘rtacha 3,9 ta yuk bilan gatnovchi poyezd (jami 7,8 ta gatnov), 15 min
tonnada 11,7 ta (23,5 ta qatnov), 20 mln tonnada esa 15,7 ta (31,3 ta gatnov) qo‘shimcha harakat
yuzaga keladi (3-jadval). Ya’ni koridor to‘liq ishga tushganda kesishmalardan o‘tuvchi poyezdlar
soni sutkasiga 8—31 taga ortadi.

3-jadval

Koridor yuk hajmiga mos qo‘shimcha poyezd qgatnovi (q =3 500 t) [4, 5]

Stsenariy Yillik hajm, | Sutkalik Yuk bilan | Jami qatnov,
min t hajm, t poyezd, sutka
sutka

Dastlabki bosqich (quyi) 5 13 699 3,9 7,8
Dastlabki bosqich (yuqori) 8 21918 6,3 12,5
Uzoq muddat 15 41 096 11,7 23,5
Ikki izli quvvat 20 54 795 15,7 31,3

Uch variant — avtomatik shlagbaum, UZP (temir yo‘l kesishmasini to‘sish qurilmasi) va

Ballard tizimi (avtomatik va statik ustunlar) — solishtirildi (4-jadval). UZP paketi eng arzon (bitta
kesishma uchun o‘rtacha 83 mln so‘m), Ballard tizimi eng qimmat (171 mln so‘m). 21 ta kesishma
uchun kapital xarajat 1 743-3 591 mln so‘m, yillik ekspluatatsion xarajat amortizatsiyasiz 452—

530 mln so‘m.

4-jadval

Qurilma variantlarining xarajatlari (2025-yil narxlarida, mln so‘m)

Variant 1 kesishma: 1 kesishma: 21 kesishma: 21 kesishma:
kapital yillik kapital yillik

(o‘rtacha) ekspluatatsiya ekspluatatsiya

Avtomatik 77-115 (96) 22,1 2016 464

shlagbaum

uzp to‘sish | 63—-103 (83) 21,5 1743 452

qurilmasi

Ballard tizimi 131-211 (171) 253 3591 530

Hodisalar kamayishi hisobiga oldini olinadigan zarar S1 stsenariyda yiliga 3,3 ta hodisa

(983 mln so‘m), S2 da 3,9 ta hodisa (1 165 mln so‘m) ni tashkil etadi (5-jadval). Bazaviy
stsenariyda (S2) qoplanish muddati UZP uchun 2,4 yil, avtomatik shlagbaum uchun 2,9 vyil,
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Ballard uchun 5,7 yil; 10 yillik sof natija mos ravishda 5 395, 4 996 va 2 760 mln so‘m.
Konservativ S1 stsenariyda qoplanish 3,3-7,9 yilga uzayadi. Vaqt tejash hisobga olingan S3
stsenariyda muddat 1,0-2,2 yilgacha qisqaradi. Sezgirlik tahlili natijani zarar bahosi belgilashini
ko‘rsatdi: Z = 150 mln so‘m bo‘lganda hech bir variant 10 yil ichida qoplanmaydi, Z = 450
mln so‘m bo‘lganda qoplanish 1,3-2,9 yilga tushadi.
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5-jadval

Stsenariylar bo‘yicha goplanish muddati (yil) va 10 yillik sof natija (mln so‘m), 21 ta kesishma
Stsenariy Yillik Avtomatik uzZp Ballard

foyda B, | shlagbaum

min so‘m
S1: =70 %, 7Z =300 983 39/3171 3,3/3570 7,9 /934
S2 (bazaviy): r =83 %, Z = 1165 2,9/4996 2,4/5395 5,7/2760
300
S3: 52+ T =1 000 2165 1,2 /14 996 1,0/ 15395 2,2/12760
S2,Z=150 583 17,0 /830 13,3/-431 68,5 /-3 067
S2,Z =450 1748 1,6 /10 823 1,3/11222 2,9/8586

4. MUHOKAMA

Natijalar xavfning uchastkalar bo‘yicha keskin notekis taqsimlanganini ko‘rsatadi. Andijon
1-Jalolobod uchastkasi ekspozitsiyaning deyarli yarmini beradi va koridor Andijonga Jalolobod
(Jalal-Abad) tomonidan kirib kelishi rejalashtirilgani [3, 4] uchun aynan shu yo‘nalish kelajakdagi
yuklama nugqtai nazaridan ham birinchi navbatga qo‘yilishi asosli. Aksincha, Asaka—Shahrixon
uchastkasida barcha 7 ta kesishma qo‘riqlanmasa-da, oqim kichik (indeks 16 144), shu sababli u
keyingi bosqichga qoldirilib, oraliq chora sifatida ko‘rinish masofasini ta’minlash va belgilarni
yangilash tavsiya etiladi. Andijon 2—Paxtaobod uchastkasida yuk transporti ulushi 40,1 % bo‘lgani
uchun (og‘ir transportning to‘xtash masofasi uzun, kesishmani bo‘shatish vaqti ko‘p) bu uchastka
indeksdan yuqori e’tiborga loyigq.

Xalgaro tajriba passiv kesishmani avtomatik to‘siq bilan jihozlash hodisalarni taxminan 83
foizga kamaytirishini ko‘rsatadi [15, 16]. Shu bilan birga qurilma o‘rnatilgach ham xavf butunlay
yo‘qolmaydi: Yevropa Ittifoqida 2016-yilda kesishmalardagi to‘qnashuvlarning 60 foizi faol
kesishmalarda yuz bergan, sabab ko‘pincha haydovchining to‘siq tushayotgan paytda o‘tishga
urinishi [7]. Shlagbaum yo‘Ining to‘liq kengligini to‘smasligi sababli haydovchi uni aylanib o‘tishi
mumkin, kutish vaqti uzayganda esa signalga rioya qilish pasayadi [16]. Bu ikki holat UZP kabi
gatnov qismini to‘liq to‘suvchi qurilmalar, kesishmadan o‘tish vaqtini qisqartirish va
qoidabuzarliklarni foto-video qayd etish (IP-kameralar) zarurligini asoslaydi.

Iqtisodiy natijalarni ehtiyotkorlik bilan talqin qilish kerak. Birinchidan, foyda asosan oldini
olingan hodisalar zararidan iborat: Z = 300 mln so‘m bo‘lganda barcha variantlar 10 yil ichida
goplanadi, Z =150 mIn so‘m bo‘lganda esa qoplanmaydi. Shu sababli Z qiymati rasmiy hisobotlar
asosida aniqlashtirilishi kerak. Ikkinchidan, kesishmalarda navbatchi xodim yo‘q bo‘lgani uchun
xodimlar ish haqini tejash foydaga kiritilmagan; qo‘riqlanadigan 30 ta kesishmada
avtomatlashtirishning tejamkorligi alohida tadqiqot mavzusidir. Uchinchidan, vaqt tejash (T)
kesishma darajasida hisoblanmagan, shu bois asosiy xulosalar S1-S2 stsenariylariga tayanadi.
Odam hayoti va sog‘lig‘iga yetkazilgan zararning ijtimoiy qiymati (16 ta hodisaning 5 tasi o‘lim
bilan tugagan) Z ga faqat qisman kiritilgan; to‘liq ijtimoiy baholash qurilmalar foydasini oshirishi
mumkin.

Qurilmalar funksional jihatdan bir-birini to‘ldiradi: UZP shlagbaum tushirilgandan so‘ng
gatnov qismini to‘liq to‘sadi, Ballard esa asosan piyoda va xizmat yo‘laklarini transportning kirib
kelishidan himoya qiladi. Shu sababli 5-jadvaldagi solishtirish har bir qurilma paketini mustaqil
baholaydi; keyingi bosqichda «shlagbaum», «shlagbaum + UZP», «shlagbaum + Ballard»
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kombinatsiyalarini solishtirish lozim. Hozirgi hisobga ko‘ra UZP paketi eng arzon va tez
qoplanadi, Ballard tizimi esa eng qimmat, shuning uchun uni piyodalar oqimi yugqori
kesishmalarda qo‘shimcha chora sifatida ko‘rish magsadga muvofiq.

Ekspozitsiya indeksi va koridor yuklamasiga tayangan holda har bosqichda yettitadan
kesishmani gamrab oluvchi uch bosqichli reja taklif etiladi. 1-bosqich (1-2 yil): Andijon 1—
Jalolobod (6 ta) va Marg‘ilon—Andijon 1 (1 ta) uchastkalari. 2-bosqich (3—5 yil): Andijon 2—
Paxtaobod (3 ta), Uchqo‘rg‘on—Post 331 km (3 ta) va Savay—Honobod (1 ta). 3-bosqich (5-10 yil):
Asaka—Shahrixon (7 ta) hamda barcha 51 kesishmani yagona monitoring va intellektual boshqaruv
tizimiga ulash. Har bir bosqichning kapital xarajati avtomatik shlagbaum variantida 672, UZP
variantida 581 va Ballard variantida 1 197 mln so‘m.

Hodisalar tanlanmasi kichik (16 ta), 72 foizli ulush ishonchli intervalga ega emas. (2)
Transport oqimi uchastka darajasida berilgan va kesishmalar orasida tekis tagsimlangan deb
olingan; kesishma darajasidagi sanash va poyezdlar soni bilan indeks aniqlashtirilishi kerak. (3)
Hodisalar kamayishi koeffitsiyentlari xorijiy (asosan AQSh) ma’lumotlariga tayanadi,
«qo‘riglanmaydigan» kesishma esa har doim ham «passiv» kesishmaga teng emas. (4) Narxlar
2025-yil bozor narxlari bo‘lib, diskontlash va valyuta kursi o‘zgarishi hisobga olinmagan. (5)
Koridor yuklamasi shartli massa va tekis oqim farazlariga asoslangan.
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O‘ZBEKISTON TASHQI SAVDO TEMIR YO‘L MARSHRUTLARINING XARAJAT
VA VAQT SAMARADORLIGINI QIYOSIY BAHOLASH: UMUMLASHGAN
TRANSPORT XARAJATI YONDASHUVI

Baxritdinov Umidjon Urmanovich
Toshkent davlat transport universiteti
sbal51226@gmail.com

Annotatsiya: O zbekistonning temir yo ‘Iga asoslangan tashqi savdo marshrutlarini xarajat
va vaqt bo ‘yicha, yuk giymatini hisobga oluvchi yagona ko ‘rsatkich asosida
solishtirish. Metod: janubiy, shimoliy, g ‘arbiy va sharqiy yo ‘nalishlardagi 12
ta marshrut bo ‘yicha masofa, yetkazib berish muddati va 20-22 t yukni
tashishning o ‘rtacha xarajati muallif magqolasidan olindi; solishtirma
ko ‘rsatkichlar (doll./km, sent/t-km, km/sutka) hisoblandi; xarajat va vaqtning
masofa hamda dengiz/parom bo ‘g ‘inlari soniga bog ligligi eng kichik
kvadratlar usulida baholandi; jo ‘natma giymati 20, 100 va 300 ming dollar,
vaqt qiymati sutkasiga 0,05-0,6 foiz bo‘lgan uch yuk sinfi uchun
umumlashgan xarajat hisoblandi. Xarajat modeli (R* = 0,75) bo ‘yicha
masofaga bog ‘liq bo ‘Imagan qism jo ‘natmaga taxminan 1 576 dollar, masofa
stavkasi 0,29 doll./km, har bir dengiz yoki parom bo ‘g ‘ini esa qo ‘shimcha 921
dollar va 4,1 sutka, vaqt modeli o ‘zgaruvchanlikning 93 foizini tushuntiradi
(bazaviy tezlik = 442 km/sutka). Riga, Minsk va Varshava yo ‘nalishlari
modeldagidan 560-820 dollar arzon, Saraxs va Xorgos orqali marshrutlar
esa qimmatroq. Umumlashgan xarajat bo ‘yvicha reyting yuk gqiymatiga
bog ‘liq: arzon yukda Riga, o ‘rta va gimmat yukda Minsk yo ‘nalishi birinchi
o rinda. Kaspiy va Qora dengiz orqali marshrutlar barcha sinflarda
raqobatbardosh emas: Eron—Turkiya orqali quruqlik marshrutiga nisbatan
Jjo ‘natma uchun 450—650 dollar gimmat va 5,5 sutka uzoq. Chegara, terminal
va qayta yuklash xarajatlarini qgisqartirish ustuvorliklari taklif etildi.

Kalit temir yo'l transporti, tashqi savdo marshruti, umumlashgan transport

so‘zlar: xarajati, vaqt qiymati, qayta yuklash, transport koridori, O zbekiston.

COMPARATIVE COST-TIME EFFICIENCY ASSESSMENT OF UZBEKISTAN’S
RAIL-BASED FOREIGN TRADE ROUTES: A GENERALISED TRANSPORT COST
APPROACH

Bakhritdinov Umidjon Urmanovich
Tashkent State Transport University
Tashkent, Uzbekistan
sbal51226(@gmail.com

Abstract: The study compares the cost and time efficiency of Uzbekistan’s rail-based
foreign trade routes using a single indicator that accounts for the value of the
cargo. Distance, transit time and the average cost of shipping a 20-22 t
consignment were taken from the author’s dissertation for 12 routes in the
southern, northern, western and eastern directions. Unit indicators (USD/km,
US cents per tonne-km, km/day) were calculated; linear cost and time models
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with distance and the number of sea/ferry legs as explanatory variables were
estimated by ordinary least squares; and a generalised cost was computed for
three cargo classes (consignment value of 20, 100 and 300 thousand USD; time
cost of 0.05-0.6% of value per day). The cost model (R?> = 0.75) yields a
distance-independent component of about USD 1,576 per consignment, a
distance rate of USD 0.29/km and a premium of USD 921 and 4.1 days for each
sea or ferry leg; the time model explains 93% of the variation (base speed =
442 km/day). The northern routes to Riga, Minsk and Warsaw are USD 560—
820 cheaper than predicted, whereas the routes via Sarakhs and Khorgos are
more expensive. The ranking by generalised cost depends on cargo value: Riga
leads for low-value cargo and Minsk for medium- and high-value cargo. Routes
across the Caspian and Black Seas are uncompetitive in all classes: compared
with the land route via Iran and Turkey they cost USD 450—650 more and take
about 5.5 days longer per consignment. Priorities for reducing border, terminal
and transhipment costs are proposed.

Key words:  rail transport, foreign trade route, generalised transport cost, value of time,
transhipment, transport corridor, Uzbekistan.

CPABHUTEJBLHAS OIIEHKA CTOUMOCTHO-BPEMEHHOM
IPPEKTHBHOCTH KEJTE3HOJOPOKHBIX BHEHIHETOPI'OBBIX
MAPIHIPYTOB Y3BEKHCTAHA: IIOAXO0/J OBOBIIEHHBIX TPAHCIIOPTHBIX
3ATPAT

baxputauHoB YMHAXKOH YPMaHOBUY
TamKkeHTCKUI TOCy1apCTBEHHBIN TPAHCIIOPTHBIN YHUBEPCHUTET
r. TamkeHnT, Y30ekucran
sbal51226@gmail.com

AHHOTaUMs [Jenv uccrne0osanus — CpPAGHUMb JHCENE3HOOOPOICHbIE GHEUHEMOP208ble
mapuipymsl Y3bexucmana no cmoumocmu u pemen O0CmMagKu ¢ NOMOUbIO
e0UHO20 NOKA3ames, yuumsuléaroueco cmoumocms epysa. I[lo 12 mapupymam
H0JICHO20, CE8EPHO20, 3aNAOH020 U BOCMOYHO20 HANPABGIEHUL U3 OUCCepMayuu
asmopa 63amvl paccmosuue, CpoK O00CMABKU U CpeOHUe 3ampamsl Hd
nepeso3ky omnpagku maccou 20—22 m. Paccuumansl yoenvuvie nokazamenu
(OO0JLL./KM, YEHM/M KM, KM/CYM), MEMOOOM HAUMEHbULUX KBAOPAMO8 OYeHEeHbl
JIUHeliHble MOOenu 3ampam U 6peMeHU 8 3A8UCUMOCMU OM PACCMOAHUSL U
YUCTA MOPCKUX/NAPOMHBIX 36eHbes, OnpedeieHbl 0000WeHHbLe 3ampambl OJisl
mpéx kaaccos epyza (cmoumocmo omnpasku 20, 100 u 300 meic. oonn.;
cmoumocmsb epemenu 0,05—0,6 % 6 cymxu). Mooenv 3ampam (R?> = 0,75) 0aém
He 3a8UCAWYI0 OM PACCMOAHUA cocmasiawylo okono I 576 odoan. Ha
omnpasky, cmaexy 0,29 oonn./km u naobasxky 921 oonn. u 4,1 cym 3a kasxcooe
MOpCKOe UNU NapoMHoe 36eH0, MoOelb 8pemeHu obvacHaem 93 % eapuayuu
(6azosas ckopocmo = 442 km/cym). Cegepnvie mapupymol na Puey, Munck u
Bapwasy oewesne mooenvrvix Ha 560-820 oonn., mapupymet uepes Capaxc u

Xopeoc — 0opooice. Petimune no 00600wjénnvim 3ampamam 3a6ucum om
cmoumocmu epy3a: 0ns 0eulégvix 2py308 auoupyem Puea, 0ns cpedHux u
oopoeux — Munck. Mapwpymer uepe3 Kacnuiickoe u Yépnoe mops

HeKOHKypeHWZOCI’lOCO6Hbl 60 6Cex Kuaccax.: no CpAadGHEHUIO C CYXONnYmMHbIM
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mapwpymom yepes Upan u Typyuio onu 0opodce na 450—650 oonn. u donvuue
npumepHo Ha 5,5 cym. Ilpednodicensvt npuopumemul CHUNCEHUS NOSPAHUUHDLX,
MEPMUHATLHBIX U NePEeBATIOUHBIX 3AMPan.
KiwoueBble oicene3H000podCcHblll MPAHCROPM, 6HEUWHEMOP208blil Mapuipym, 0600uéHHble
cJI0Ba MPAHCNOpMHUbIe  3ampamol, cmoumocms 8pemMeH, nepeesaika,
MPAHCNOPMHBIL KOPUOOp, Y3bexucman.

1. KIRISH

Dengizga bevosita chiqish imkoniga ega bo‘lmagan mamlakatlar uchun tashqi savdo
yuklarini tashish xarajati va muddati eksportning raqobatbardoshligini belgilovchi asosiy
omillardan biridir. Jahon banki tadqiqotida bunday mamlakatlarda logistika xarajatlarining
darajasini masofaning o‘zidan ko‘ra yetkazib berishning ishonchliligi, chegara va terminallardagi
kutish vagqtlari ko‘proq belgilashi ko‘rsatilgan [1]. «2022-2026-yillarga mo‘ljallangan Yangi
O‘zbekistonning taraqqiyot strategiyasinda transport-logistika tizimini rivojlantirish va tashqi
savdo uchun qulay sharoit yaratish ustuvor yo‘nalishlar qatoriga kiritilgan [2].

Yetkazib berish vaqti yuk egasi uchun alohida iqtisodiy resursdir. Djankov va
hammualliflar bahosiga ko‘ra, yetkazib berishning har bir qo*‘shimcha kuni savdo hajmini o‘rtacha
1 foizdan ko‘proq kamaytiradi [3]; Hummels va Schaur esa tranzitdagi bir kunning qiymati tovar
giymatining 0,6-2,1 foiziga teng boj ekvivalenti ekanini aniglagan [4]. Maqgolada Osiyo taraqqiyot
banki ma’lumotlariga tayangan holda mintaqada yuk tashish vaqtini bir kunga qisqartirish savdo
hajmini 5,7 foizgacha oshirishi mumkinligi qayd etilgan [5]. Demak, marshrutlarni faqat tarif yoki
fagat muddat bo‘yicha solishtirish yuk egasining haqiqiy xarajatini to‘liq aks ettirmaydi.

CAREC dasturining koridorlar samaradorligini kuzatish mexanizmi chegarani kesib o‘tish
vaqti, chegaradagi xarajat, koridor bo‘ylab o‘rtacha xarajat va o‘rtacha tezlikni alohida
ko‘rsatkichlar sifatida baholaydi [6]. Jahon bankining Kaspiy dengizi orqali o‘tuvchi O‘rta koridor
bo‘yicha hisobotida esa bu yo‘nalishda tashish muddatini 2030-yilgacha ikki baravar qisqartirish
magsadi qo‘yilgan [7]. Biroq muallifga ma’lum manbalarda O‘zbekistonning amaldagi tashqi
savdo temir yo‘l marshrutlarini xarajat, vaqt va yuk qiymatini bir vaqtda hisobga olgan holda
solishtiruvchi, shuningdek xarajatning masofaga bog‘liq va bog‘liq bo‘lmagan qgismlarini ajratib
beruvchi miqdoriy baholar uchramadi.

O‘zbekistonning temir yo‘lga asoslangan tashqi savdo marshrutlarini umumlashgan
transport xarajati asosida qiyosiy baholash va xarajatni kamaytirishning ustuvor yo‘nalishlarini
aniqlash.Maqoladagi marshrut ma’lumotlarini yagona ko‘rinishga keltirib, solishtirma
ko‘rsatkichlarni hisoblash; (2) xarajat va vaqtning masofa hamda dengiz/parom bo‘g‘inlariga
bog‘ligligini baholash; (3) yo‘nalishlarga xos ustama va chegirmalarni aniglash; (4) uch yuk sinfi
uchun marshrutlarni umumlashgan xarajat bo‘yicha reytinglash; (5) xarajatni kamaytirish
ustuvorliklarini asoslash.

2. MATERIALLAR VA METODLAR

Dastlabki ma’lumotlar muallif magqolasining «O‘zbekiston Respublikasining asosiy
transport yo‘laklari va tashqi savdo marshrutlari» jadvalidan olindi [5]. Unda har bir marshrut
bo‘yicha masofa (km), yetkazib berish muddati (sutka) va 20-22 t yukni (bitta jo‘natma)
tashishning o‘rtacha xarajati (AQSh dollari) oraliq ko‘rinishida berilgan; hisobda oraliglarning
o‘rtacha qiymati olindi. Tahlilga xarajati ko‘rsatilgan 12 ta marshrut kiritildi. Kiyev orqali o‘tuvchi
yo‘nalish 2022-yildan buyon amalda foydalanilmagani sababli, Amsterdam, Parij va Madrid
manzillari esa xarajat ko‘rsatilmagani uchun chiqarib tashlandi; bir xil xarajatli takroriy
manzillardan (Vilnyus, Buxarest) bittasi qoldirildi.

Har bir marshrut uchun dengiz yoki parom bo‘g‘inlari soni S aniglandi. Oqtau—Boku va
Turkmanboshi—Boku parom o‘tishlari hamda Poti portidan Qora dengiz orqali tashishni o‘z ichiga
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olgan ikki marshrutda S = 2. Batumi—Trabzon oralig‘ida temir yo‘l bo‘lmagani uchun bu bo‘g‘in
gayta yuklash bilan bajariladi, shu sababli Kavkaz—Istanbul marshrutida S = 1 deb olindi; qolgan
marshrutlarda § = 0. Marshrutlar quyidagi solishtirma ko‘rsatkichlar bilan tavsiflandi:
¢=GlL, ¢j=100-C/(m-L;), vi=L;/T, (1)

bunda C; — j-marshrut bo‘yicha jo‘natmani tashish xarajati, doll.; L; — masofa, km; 7; —
yetkazib berish muddati, sutka; m — jo‘natma massasi (21 t); ¢;— doll./km; ¢’; — sent/t-km; v; —
yetkazib berish tezligi, km/sutka.

Xarajat va vaqtning tuzilmasini ajratish uchun quyidagi chizigli modellar eng kichik
kvadratlar usulida baholandi:

Ci=a+b-Li+d- §+g, ()
Ti=to+k- L+t S+, 3)
bunda ¢ — masofaga bog‘liq bo‘lmagan xarajat (terminal operatsiyalari, chegara va

hujjatlashtirish); b — masofa stavkasi, doll./km; d — bitta dengiz yoki parom bo‘g‘inining xarajat
ustamasi; o — masofaga bog‘liq bo‘lmagan vaqt; £k — 1 km ga to‘g‘ri keladigan vaqt (1/k —
bazaviy tezlik); r — bitta bo‘g‘inning vaqt ustamasi; ¢;, 77; — qoldiglar. Qoldiqlar model hisobga
olmagan yo‘nalishga xos omillarni (tarif siyosati, iz kengligi almashinuvi, tranzit davlatlar soni)
ko‘rsatadi.

Vagqtni pul ko‘rinishiga keltirish uchun umumlashgan xarajat tushunchasidan foydalanildi
[8]:

Gu=GC+0c Vi T, gn=GilL 4)

bunda Vx — k-sinf jo‘natmaning qiymati; x — vaqtning sutkalik qiymati (yuk qiymatiga
nisbatan ulush). Uch sinf ko‘rib chiqildi: A — arzon yuk (V' = 20 ming doll., 8 = 0,05 %/sutka,
ya’ni yiliga taxminan 18 % kapital qiymati); B — o‘rta qiymatli yuk (7= 100 ming doll., 6 = 0,3
%/sutka); C — vaqtga sezgir qimmat yuk (¥ =300 ming doll., 8 = 0,6 %/sutka, [4] dagi bahoning
pastki chegarasi). Bitta dengiz/parom bo‘g‘inining umumlashgan ekvivalenti (2)—(4) dan kelib
chiqadi:

AGr=d+71- 6 Vi )
1-jadval
Tashqi savdo temir yo‘l marshrutlarining dastlabki va solishtirma ko‘rsatkichlari [5]
Kod Marshrut (manzil) L,km T, C,doll. | S | c, c', v,
sutka doll./km | sent/t-km | km/sutka

M1 Termiz — Mozori-Sharif 85 1,0 1200 0 | 14,12 67,2 85

M2 Saraxs — Bandar-Abbos 3065 6,5 2 500 0 | 0,82 3,9 472

M3 Saraxs — Mersin 4208 13,0 3150 0 | 0,75 3,6 324

M4 Saraxs — Istanbul — Sofiya (J) | 5 156 14,5 4150 0 |0,80 3,8 356

M5 Beyneu — Moskva — Riga 4781 12,0 2150 0 |045 2,1 398

M6 Beyneu — Moskva — Brest — | 4 421 9,5 2300 0 | 0,52 2,5 465
Minsk

M7 Beyneu — Moskva — Brest — | 4 800 11,0 2400 0 | 0,50 2.4 436
Varshava

M8 Beyneu — Moskva — Brest — | 5400 14,0 3250 0 | 0,60 2,9 386
Berlin

M9 Astraxan — Tbilisi — Batumi | 5 500 14,5 4150 1 10,75 3,6 379
— Istanbul — Sofiya (K)

MI10 Oqtau — Boku — Poti — | 4558 20,0 4 600 2 | 1,01 4.8 228
Konstansa

Mil1 Turkmanboshi — Boku — Poti | 4 320 20,0 4 800 2 | 1,11 5,3 216
— Burgas

M12 Olmaota - Xorgos — | 1850 5,5 2900 0 | 1,57 7,5 336
Urumchi
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Mozori-Sharif marshruti (85 km) solishtirma reytingdan chiqarildi, chunki uning xarajati
deyarli to‘lig masofaga bog‘liq bo‘lmagan qismdan iborat; u modellarni baholashda saqlab qolindi.
3. NATIJALAR
Marshrutlarning masofa bo‘yicha solishtirma xarajati 0,45 doll./km (Riga) dan 1,57
doll./km (Urumchi) gacha, ya’ni 2,1-7,5 sent/t-km oralig‘ida o‘zgaradi (1-jadval). Mozori-Sharif
yo‘nalishida bu ko‘rsatkich 14,1 doll./km (67 sent/t-km) ga yetadi: 85 km masofaga 1 200 dollar
sarflanishi xarajat asosan chegara va terminal operatsiyalari bilan belgilanishini ko‘rsatadi.
Yetkazib berish tezligi Bandar-Abbos (472 km/sutka) va Minsk (465 km/sutka) yo‘nalishlarida
eng yuqori, Kaspiy va Qora dengiz orqali o‘tuvchi marshrutlarda esa eng past (216—228 km/sutka).
(2) model bo‘yicha masofaga bog‘liq bo‘lmagan xarajat a = 1 576 doll., masofa stavkasi b
= 0,291 doll./km, bitta dengiz/parom bo‘g‘inining ustamasi d = 921 doll.; barcha koeffitsiyentlar
statistik ahamiyatli (2-jadval). Natijaga ko‘ra 4-5 ming km masofada ham jo‘natma xarajatining
52-57 foizi, 1 850 km (Urumchi) da esa qariyb 75 foizi masofaga bog‘liq bo‘lmagan qismga to‘g‘ri
keladi. Bitta dengiz yoki parom bo‘g‘ini xarajat bo‘yicha taxminan 3 200 km qo‘shimcha temir
yo‘l masofasiga teng. (3) vaqt modeli yanada aniq: bazaviy tezlik 1/k =~ 442 km/sutka, har bir
bo‘g‘in esa 4,1 sutka qo‘shadi, bu 1 800 km ga yaqin temir yo‘l masofasini bosib o‘tish vaqtiga
teng (1-rasm).
2-jadval

Xarajat (2) va vaqt (3) modellarini baholash natijalari (n = 12;

avs ichida standart xato)

Ko‘rsatkich

Xarajat modeli, C

Vaqt modeli, T

Ozod had (a / t)

1 576 doll. (498)

1,0 sutka (1,4)

Masofa koeffitsiyenti (b / k)

0,291 dolL./km (0,119)

0,00226 sutka/km (0,00033)

Dengiz/parom bo‘g‘ini (d / 7)

921 doll. (241)

4,1 sutka (0,66)

Bazaviy tezlik 1/k — =~ 442 km/sutka
R? / tuzatilgan R? 0,745 /0,689 0,925/0,908
- | @ Faqgat quruglik (S = 0) —
el W 1 tadengiz/parom bo'g'ini (S = 1) Brghs iz ,Kdl-lgw’u‘s; -
& 2 tadengiz/parom bo'g'ini (5 = 2) g = ﬁofiw: )
s ‘e =
4000 s Sofiva (K)

Mersin

3000 ® Urumchi

ar-Abbos Varshava
]
Minsk

2000 Riga

Xarajat C, AQSh dollari / jo‘natma

@ Mozori-Sharif

1000

T
3000
Masofa L, km

T T
0 1000 2000 G000

1-rasm. Jo‘natma xarajatining masofaga bog‘liqligi: uzluksiz chiziq — (2) model S = 0 da, uzuq
chizig— S=2da

Model qoldiglari yo‘nalishlar bo‘yicha aniq farqlanadi (3-jadval). Shimoliy yo‘nalishdagi
Riga, Minsk va Varshava marshrutlari modeldagidan 564-819 dollar arzon, Berlin esa model
chizig‘iga yaqin. Saraxs orqali Eron va Turkiyaga chiquvchi marshrutlar qimmat: Mersin +348,
Sofiya (J) +1 071 dollar. Xorgos orqali Urumchi marshruti +785 dollar ustamaga ega. Kaspiy
dengizi orqali ikki marshrut model bilan deyarli mos keladi (—147 va +122 dollar), ya’ni ularning
yuqori xarajati to‘liq dengiz/parom bo‘g‘inlari bilan tushuntiriladi. Vaqt bo‘yicha eng katta
chetlanishlar Kavkaz—Istanbul marshrutida (—3,0 sutka) va Mersin yo‘nalishida (+2,5 sutka)
kuzatiladi.
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3-jadval

Marshrutlarning haqiqiy va model bo‘yicha xarajati hamda yetkazib berish muddati

Kod Manzil C, doll. Model C, | & doll. T, sutka Model T, | n, sutka
doll. sutka

Ml Mozori-Sharif 1200 1 601 —401 1,0 1,2 —0,2
M2 Bandar-Abbos 2 500 2 469 +31 6,5 7,9 -1,4
M3 Mersin 3150 2 802 +348 13,0 10,5 +2.,5
M4 Sofiya () 4150 3079 +1071 14,5 12,7 +1,8
M5 Riga 2150 2 969 —819 12,0 11,8 +0,2
M6 Minsk 2 300 2 864 —564 9,5 11,0 -1,5
M7 Varshava 2400 2975 —575 11,0 11,9 —0,9
M8 Berlin 3250 3150 +100 14,0 13,2 +0,8
M9 Sofiya (K) 4150 4100 +50 14,5 17,5 -3,0
MI10 Konstansa 4 600 4747 —147 20,0 19,5 +0,5
MIl1 Burgas 4 800 4678 +122 20,0 19,0 +1,0
MI12 Urumchi 2900 2115 +785 5,5 5,2 +0,3

(4) formula bo‘yicha umumlashgan xarajat va marshrutlar reytingi 4-jadval va 2-rasmda
keltirilgan. A sinfda vaqt qiymati sutkasiga atigi 10 dollarni tashkil etadi va reyting amalda tarif
bo‘yicha shakllanadi: Riga (0,47), Varshava (0,52) va Minsk (0,54 doll./km) yetakchi. B sinfda
(sutkasiga 300 doll.) eng qisqa muddatli Minsk yo‘nalishi birinchi o‘ringa chigadi, Bandar-Abbos
esa sakkizinchi o‘rindan beshinchiga ko‘tariladi. C sinfda (sutkasiga 1 800 doll.) vaqt xarajati
umumlashgan xarajatning 77-91 foizini tashkil etadi; Bandar-Abbos uchinchi o‘ringa chigadi,
Riga esa to‘rtinchiga tushadi. (5) formula bo‘yicha bitta dengiz/parom bo‘g‘inining ekvivalenti A
sinf uchun 962, B uchun 2 148, C uchun 8 283 dollarni tashkil etadi.

4-jadval
Yuk sinflari bo‘yicha solishtirma umumlashgan xarajat g, doll./km, va marshrutning o‘rni

Kod Manzil A sinf: g O‘rin B sinf: g O‘rin Csinf: g O‘rin
M2 Bandar-Abbos 0,84 8 1,45 5 4,63 3

M3 Mersin 0,78 5 1,68 8 6,31 8

M4 Sofiya (J) 0,83 7 1,65 7 5,87 7

M5 Riga 0,47 1 1,20 3 4,97 4

M6 Minsk 0,54 3 1,16 1 4,39 1

M7 Varshava 0,52 2 1,19 2 4,62 2

M8 Berlin 0,63 4 1,38 4 527 5

M9 Sofiya (K) 0,78 6 1,55 6 5,50 6

M10 Konstansa 1,05 9 2,33 9 8,91 10

Mil1 Burgas 1,16 10 2,50 11 9,44 11

MI12 | Urumchi 1,60 11 2,46 10 6,92 9

] Asinf(V = 20 ming $)
B B sinf (V= 100 ming $)
8 s Csinf(V =300 ming $)

2, AQSh dollari / km

s s > o # W 9 ) & ;
o @ N @ @ & &
S “&( =y g R ,#;\‘

WP

2-rasm. Yuk sinflari bo‘yicha marshrutlarning solishtirma umumlashgan xarajati g
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Janubi-sharqiy Yevropa (Bolgariya, Ruminiya) yo‘nalishida to‘rtta muqobil marshrutni
solishtirish alohida e’tiborga loyiq. Kaspiy va Qora dengiz orqali o‘tuvchi M10 va M1l
marshrutlari Eron—Turkiya orqali quruqglik marshrutiga (M4) nisbatan jo‘natma uchun 450-650
dollar gimmat va 5,5 sutka uzoq, ya’ni hech bir yuk sinfida undan ustun kelmaydi. C sinfda bu
farq jo‘natmaga 10 350—10 550 dollarni tashkil etadi; [3] dagi bahoga ko‘ra 5,5 sutkalik farq savdo
hajmini kamida 5,5 foizga kamaytirishi mumkin.

4. MUHOKAMA

Birinchi muhim natija — xarajatning katta qismi masofaga bog‘liq emasligi. Transport
xarajati terminal va harakat (masofa) qismlaridan iborat bo‘lib, masofa ortishi bilan solishtirma
xarajat kamayishi umume’tirof etilgan [9]; O‘zbekiston marshrutlarida esa 4-5 ming km masofada
ham qat’ily qism xarajatning yarmidan ko‘pini tashkil etadi. Shu sababli masofaviy tarifni
pasaytirishdan ko‘ra chegara, terminal va hujjatlashtirish xarajatlarini qisqartirish samaraliroq
bo‘lishi mumkin: a ni 20 foizga (= 315 doll.) kamaytirish 4 500 km masofada masofa stavkasini
24 foizga kamaytirish bilan teng natija beradi. Bu xulosa CAREC monitoringida chegaradagi vaqt
va xarajatga alohida e’tibor berilishi bilan mos keladi [6]. Aynigsa, Mozori-Sharif va Urumchi
kabi gisqa va o‘rta masofali yo‘nalishlarda chegara o‘tkazish punktlari va iz kengligi almashinuvi
nugqtalarini modernizatsiya qilish ustuvor vazifa sifatida qaralishi lozim.

Ikkinchi natija dengiz va parom bo‘g‘inlariga taallugli. Har bir bunday bo‘g‘in 921 dollar
va 4,1 sutka qo‘shadi. Kaspiy—Qora dengiz marshrutlari Eron—Turkiya marshruti bilan
tenglashishi uchun M10 misolida A sinf yukda har bir bo‘g‘in xarajatini taxminan 253 dollarga (d
ning 27 foizi) kamaytirish, B sinfda xarajat o‘zgarmagan holda har bir bo‘g‘indagi vaqtni 3,5
sutkaga (r ning 86 foizi), C sinfda esa 2,9 sutkaga (7 ning 70 foizi) qisqartirish talab etiladi. Demak,
O‘rta koridor uchun e’lon qilingan tashish muddatini ikki baravar qisqartirish maqgsadi [7] amalga
oshsa, bu marshrutlar o‘rta va qimmat yuklar uchun raqobatbardosh bo‘lishi mumkin; arzon yuklar
uchun esa asosiy omil tarif bo‘lib qoladi.

Uchinchidan, shimoliy yo‘nalishdagi 564-819 dollarlik chegirma va Saraxs orqali
marshrutlardagi 348—1 071 dollarlik ustama model hisobga olmagan omillarni ko‘rsatadi. Saraxs
nuqtasida 1 520 va 1 435 mm iz kengligi almashinuvi hamda ikki davlat hududi orqali tranzit
bunday ustamaning ehtimoliy sabablari hisoblanadi; bu farazni chegara xarajatlari bo‘yicha
alohida ma’lumotlar bilan tekshirish lozim. Shimoliy yo‘nalishlarning arzonligi esa tashqi xatarlar
va sanksiyaviy cheklovlar hisobga olinmagan holda olingan; ular modelga kiritilsa, reyting
o°zgarishi mumkin.

To‘rtinchidan, reytingning yuk qiymatiga bog‘ligligi marshrutlarni yuk turlari bo‘yicha
tabaqalashtirish zarurligini ko‘rsatadi. Arzon ommaviy yuklar uchun eng past tarifli shimoliy
marshrutlar, vaqtga sezgir qimmat yuklar uchun esa eng tez marshrutlar magbul. C sinf yukda
yetkazib berish muddatini bir sutkaga qisqartirish jo‘natmaga 1 800 dollar tejaydi; bu
kafolatlangan jadval asosida qatnaydigan tezlashtirilgan konteyner poyezdlari uchun tarif
ustamasini iqtisodiy jihatdan asoslash imkonini beradi.

Tadqiqotning cheklovlari: (1) xarajatlar maqola jadvalidan olingan, manbada sanasi
ko‘rsatilmagan va ular 2021-2022-yillar atrofidagi tarif darajasini aks ettiradi deb hisoblanadi; (2)
tanlanma kichik (n = 12), shu sababli koeffitsiyentlar taxminiy xarakterga ega; (3) oraliq
qiymatlarning o‘rtachasi olingan, yetkazib berish muddatining barqarorligi (dispersiyasi) hisobga
olinmagan; (4) V' va 6 qiymatlari stsenariy tarzida tanlangan; (5) Bandar-Abbos, Mersin, Riga va
Qora dengiz portlaridan keyingi dengiz bo‘g‘ini tahlilga kiritilmagan; (6) S o‘zgaruvchisi parom
va dengiz bo‘g‘inlarini, shuningdek iz kengligi almashinuvini alohida ajratmaydi.
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Abstract:
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The article examines the main approaches to improving the performance
properties of superhard materials based on cubic boron nitride (cBN) and
titanium-containing compounds. The primary focus is on forming Ti—Cr
coatings on the surface of cBN particles, obtaining TiB2—TiN composites, as
well as ¢cBN composites with combined binders. Based on published data, the
influence of temperature, composition, and treatment conditions on the phase
composition, microstructure, hardness, density, and strength of materials has
been demonstrated. The possibilities of vacuum deposition and magnetron
spraying as promising methods for surface hardening have been considered.
The work is of an overview nature and can serve as an introductory theoretical
basis for further research in the field of surface treatment technologies.

cubic boron nitride; c¢BN, TiN, TiB2; Ti—Cr coating, PVD,; magnetron
spraying; surface hardening; superhard materials

NEPCHHEKTUBBI IPUMEHEHMUS Ti—Cr, TiN U TiB. CUCTEM

JIJIA YOIPOUHEHU S CBEPXTBEPIBIX MATEPUAJIOB

Typcynos Toxup

nonent kadenpsr «MatepuanoseieHre 1 MAIIMHOCTPOEHHE» TalIKEeHTCKOTO
roCyJJapCTBEHHOT'O TPAHCIIOPTHOI'O YHUBepcuTeTa: t.tursunov87@gmail.com

OmonoBa Kamuia

MarucTpaHT kadenpsl «MarepuaaoBeeHIe U MAILIMHOCTPOEHUE» TalIkeHTCKOro
rocy/IapCTBEHHOI'O TPAHCIIOPTHOTO YHUBepcHuTeTa: kamilaaa.77@icloud.com

AnHoTauus B cmamose paccmomperovl OCHOBHblE noo0xXo0bl K NO6bIUEHUIO

IKCHIAYAMAYUOHHBIX ~ CBOUCME CBEPXMBEPOLIX MAMEPUANO8 HA OCHOBE
Kybuueckoeo Humpuoa 6opa (cBN) u mumancooepicawux coeouHeHutl.

Ocnosnoe gunumanue yoeneno @opmupoganuro Ti—Cr noxkpeimui Ha

nogepxnocmu dacmuy cBN, nonyuenuto komnozumos TiB—TiN, a maxoice
cBN-xomnosumose ¢  kombOunupoeannvimu  ceéazyiowumu. Ha ocnose

Ony6ﬂuK06aHHblx OAHHBIX NOKA3AHO GIUSHUE memnepamypbvl, cocmasa u

yenosuil 0bpabomku Ha (hazosviii cocmas, MUKPOCHPYKMYpPY, mMEPOOCMb,
NIOMHOCMb U NPOYHOCMb Mamepuanos. Paccmompenvt  803modcHOCHU

6AKYYMHO2O ocaxdcoenus u MAaAcHeMPOHHO20 pACNbLIEHUA KAK NEPCNEKMUBHbLX

Memo008 N0BepXHOCMHO20 yYnpouHenus. Paboma nocum 0630pHulll xapakmep
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U MOJCem CAYHCUMb BBOOHOU MeOPemudeckol. OCHO80U 05 OANbHeuuux
ucciedosanuil 8 001aCmMu MexHoI02Ull 00PAdOMKU NOBEPXHOCTEIL.
KuroueBble «xyouueckuit numpuo oopa, cBN; TiN; TiB:; Ti—Cr nokpweimue;, PVD;
cJ10Ba MazHempoHHOe DAChblieHUue, NOBEPXHOCMHOe YNPOYHEeHUe, C8epXmeepobvie
mMamepuanvl

1. INTRODUCTION

Modern mechanical engineering places increasingly high demands on cutting, abrasive,
and tool materials. These materials are expected to combine high hardness, wear resistance,
thermal stability, and the ability to retain their properties under high contact loads. Cubic boron
nitride (cBN) is one of the most important superhard materials. Although it is less hard than
diamond, it has high thermal and chemical stability and is therefore widely used for machining
steels and other ferrous materials [3].

The performance of cBN depends not only on the properties of the grain itself, but also on
the condition of its surface, the quality of bonding with the matrix, and the structure of the
interfacial zone. Therefore, surface modification of ¢cBN with metallic and ceramic layers is
considered a promising direction. Titanium is of particular interest because it can interact with
boron and nitrogen to form hard TiB: and TiN phases. Chromium, in turn, can improve oxidation
resistance and the thermal stability of the surface layer [2, 5].

Another important direction is the production of bulk TiB>—TiN ceramic composites. TiB:
is characterized by high hardness and wear resistance, while TiN has long been used as a protective
and wear-resistant coating. The combination of these phases makes it possible to obtain materials
suitable for high-temperature operation and significant mechanical loading [1]. For thin-film
systems, PVD processes and magnetron sputtering are of particular interest because they allow
control of coating composition, thickness, and multilayer architecture [6, 7].

The aim of this paper is to summarize, in an accessible form, the results of studies on Ti—
Cr coatings, TiB>—TiN composites, and cBN composites with binders, and to define their
significance for the further development of surface strengthening technologies.

1. TiB—TiN composites and the influence of synthesis conditions

In the study by M. M. Liu et al., TiB>—TiN composites were produced from titanium and
hexagonal boron nitride powders at a high pressure of 5.0 GPa and temperatures ranging from
1400 to 1800 °C [1]. The authors investigated phase composition, microstructure, density, and
hardness. The main reaction can be represented as 3Ti + 2BN — TiB: + TiN. At the same time,
intermediate phases such as TiNo.2s, Ti2N, TiB, and Ti:Bs4 were also formed, and their amount
depended on the temperature and holding time.

As the temperature increased, the reaction became more complete and the amount of
residual BN decreased. The highest relative density reached 96.2%. The maximum Vickers
hardness was 17.9 GPa at 1800 °C with a holding time of 30 min [1]. These results show that
temperature directly affects phase formation and the size of structural elements and, through them,
the mechanical properties of the material.

Such systems are of interest not only as bulk ceramics. Thin-film nitride and boride
coatings are also widely discussed in the literature. The review by PalDey and Deevi shows that
PVD coatings based on TiN and complex nitrides are extensively used to improve tool wear
resistance and thermal stability [7]. The addition of alloying elements and the formation of
multilayer structures make it possible to control hardness, oxidation resistance, and tribological
properties.

Thus, the results obtained for TiB.—TiN may serve as a basis for selecting compositions for
future coatings. If hard phases provide a positive effect in a bulk material, the same concept can
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be applied to a surface layer where high hardness must be combined with sufficient adhesion to
the substrate.

2. Ti—C¥ coatings on cBN surfaces

The study that is most closely related to surface engineering is the work by Y. Jiang, L.
Fang, and W. Yang, devoted to the deposition of a Ti—Cr coating on cBN particles by vacuum
vapor deposition [2]. The work is published as a preprint, so its results should be regarded as
promising but still requiring further independent verification. Nevertheless, it presents a clear
technological route and compares several Ti/Cr ratios.

Before coating, the cBN particles were chemically cleaned and then mixed with Ti and Cr
powders. The process was carried out at a vacuum level of about 1072 Pa and a temperature of
approximately 850 °C, with a holding time of about three hours [2]. The authors used SEM and
XRD together with computational modeling of the deposition process. According to their
interpretation, TiN first forms on the cBN surface, after which Ti and Cr participate in the
formation of a combined surface layer.

The highest compressive strength of the particles was obtained at a Ti:Cr mass ratio of 1:1
[2]. After heat treatment, increasing the Cr content also had a positive influence on strength
retention, which was associated with reduced titanium oxidation. These results are consistent with
the general understanding of chromium as an element capable of improving the oxidation
resistance of protective coatings.

The importance of titanium-containing surface layers is also supported by other studies.
Daoush et al. obtained TiN coatings on cBN through preliminary titanium deposition followed by
heat treatment, resulting in nanoscale layers of Ti-containing compounds on the surface [4]. Chang
et al. also showed that Ti coatings on cBN may contain TiB., TiN, and metallic Ti and can improve
particle strength and the bonding quality between cBN and a metallic matrix [5].

Therefore, T1 and Cr represent a promising pair for cBN surface modification. A transition
from conventional vacuum deposition to DC/RF magnetron sputtering can provide wider
possibilities for controlling coating composition, process power, working pressure, gas
atmosphere, and layer thickness.

3. ¢cBN composites with AIN-AI-Ni binders

In the work by L. Li et al., cBN composites were produced under high-pressure and high-
temperature conditions using a mixed AIN-AI-Ni binder [3]. The concept of this composition is
to combine the advantages of metallic and ceramic binders. Metallic components promote
densification and improve bonding between grains, while ceramic phases help retain high
hardness.

The authors varied the binder content from 11 to 17 wt.% and the sintering temperature
from 1350 to 1550 °C. At 17 wt.% binder, the relative density reached 99.6%, flexural strength
reached 661 MPa, and fracture toughness reached 7.19 MPa-m'/2. At the same time, the maximum
hardness of 47.92 GPa was obtained at 13 wt.% binder [3]. This result demonstrates that a single
composition does not necessarily provide the maximum value of every property at the same time.

A similar conclusion was reported by Yang et al., who compared cBN composites with Al-
and TiC-based binders [8]. The composition and amount of the binder phase affect density,
microstructure, and mechanical properties; therefore, the priority property—hardness, strength,
fracture toughness, or wear resistance—should be defined in advance when designing the material.

This principle is directly relevant to surface engineering. A coating should not be evaluated
only by hardness. Even a very hard layer may be ineffective if it has poor adhesion, excessive
brittleness, or low oxidation resistance. Therefore, promising Ti—Cr—N, TiN, CrN, and TiB.-
containing coatings should be studied using a combined set of characteristics.

4. Prospects of PVD and magnetron sputtering methods
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Physical vapor deposition (PVD) makes it possible to form thin coatings in vacuum while
precisely controlling many process parameters. Magnetron sputtering is one of the most widely
used PVD techniques. Its main advantage is the possibility of depositing metallic, nitride, and
multicomponent layers with relatively accurate control of composition and thickness [6, 7].

In the study by Otafio-Rivera et al., cBN films were produced by magnetron sputtering,
and the effects of Al additions and AIN interlayers on the stability of the cubic phase and adhesion
were investigated [6]. It was shown that even small changes in composition can strongly influence
the stability of the cBN phase. This highlights the importance of accurate control of technological
parameters during coating deposition.

The practical importance of surface metallization is also confirmed by studies on abrasive
materials. Wang et al. showed that a titanium coating on diamond grits improved their strength,
oxidation resistance, and retention in a metallic bond [10]. Although diamond and c¢BN are
different materials, the general concept is similar: a surface layer creates a more favorable interface
between the superhard particle and the surrounding matrix.

In addition to PVD, electrochemical methods are also important. Feng et al. demonstrated
the possibility of forming nickel coatings on fine diamond particles by electroplating using a
rotating electrode [9]. Such studies show that the choice of technology depends on the required
coating material, sample geometry, and research objectives. For an educational and research
laboratory, combining magnetron sputtering with electroplating processes makes it possible to
study different mechanisms of surface layer formation.

A promising direction for further work is a comparative study of single-layer and
multilayer Ti, Cr, TiN, CrN, and Ti—Cr—N systems. Possible process variables include DC/RF
power, Ar and N2 flow rates, working pressure, substrate temperature, and deposition time. The
resulting coatings can then be evaluated in terms of structure, hardness, adhesion, wear resistance,
and corrosion resistance.

CONCLUSION

The analysis of published studies shows that Ti-, Cr-, nitride-, and boride-based systems
are of considerable interest for strengthening superhard materials. High-pressure synthesis of
TiB>—TiN makes it possible to obtain dense and hard ceramic materials, while modification of
cBN surfaces with titanium and Ti—Cr layers can improve particle strength and interaction with
the binder phase [1, 2, 4, 5].

At the same time, composition optimization should be based on a combination of
properties. Studies of cBN composites demonstrate that maximum hardness may be achieved at
one binder content, while maximum strength and fracture toughness may occur at another [3, 8].
Therefore, promising coatings should be evaluated simultaneously by mechanical, structural, and
service-performance parameters.

For further development of this research area, PVD and DC/RF magnetron sputtering are
particularly promising. These methods allow the production of single-layer and multilayer coatings
with controlled composition and provide a basis for systematic studies of the influence of
technological parameters on surface properties. The reviewed literature may be used as an
introductory theoretical basis for a master’s thesis and as a foundation for subsequent
computational or experimental research.
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Abstract: The article examines the patterns of failure of green iron ore pellets at the
drying stage. The causes of surface cracking and volumetric (explosive)
destruction of pellets are analyzed; they are associated with the mismatch
between the intensity of water vapor generation and its filtration through the
pore space. Experimental data are summarized on the share of cracked pellets
depending on the size class (165 mm) and drying temperature (300—600 °C)
for fluxed and non-fluxed raw material, on the compressive strength of dried
pellets, and on the thermal shock temperature at residual moisture of 3.0-9.4
%. It is shown that the thermal stability of pellets decreases as their diameter
and moisture content increase. Recommendations are formulated for the
temperature regime of the first drying zone of an induration machine.

Key words:  iron ore pellets, drying, thermal stability, crack formation, thermal shock, size
class, moisture, compressive strength
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AHHOTAUMSI B cmamve  paccmompeHnvl  3AKOHOMEPHOCMU — PAPYULEHUS — CbIPbIX
Jrcene3opyonslx oxamiuteli Ha cmaouu cywku. [lpoanarusuposansl npuyuHbl
NOBEPXHOCMHO20  PACMPECKUBAHUsi U  00bEMHO20  (83pblB00OPA3HO20)
PaspyuieHusi OKamuvlell, CesA3AHHbIEe C HECOOMBEMCMEUEeM UHMEHCUBHOCIU
006pazoeanus 6005IHO20 Napa U e20 QQUIbMpayuu yepes NOPoGoe
npocmparcmeo. Q606uervl IKCnepuUMenmaibHble OaHHble 0 00Jle OKambvluiell
C mpewuHamu 8 3asucumocmu om Kiacca KpynHocmu (16-5 mm) u
memnepamyput cyuwiku (300-600 °C) ons ogharocosarnno2o u HeoharocosanHo2o
CbIPbs, O NPOYHOCU BbICYUIEHHBIX OKAmblulell Ha cocamue, d maxdice o
memnepamype mennio8oco wioka npu ocmamourou eraxcuhocmu 3,0-9,4 %.
Ilokaszaro, umo mepmocmouKoCcnms OKAmMbvluLell CHUNCACMC A C YEeNUYeHUEM UX
ouamempa u  eraxchocmu.  Cehopmynuposanvl  pekomeHOayuu  no
MeMnepamypHoOMy PeXcUMy Nepeol 30Hbl CYUIKU 00HCULOBOL MAUUUHDL.

KiaoueBble orcene3opyonbvie okamviuu, CYWKA, MePMOCMOUKOCMb, PACMpecKugaHue,

cJI0Ba MeNna060U WOK, KIACC KPYNHOCU, BLAANCHOCTb, NPOYHOCHIb HA CHCAMUe

1. INTRODUCTION

Pellets made from finely ground iron ore concentrates are one of the main components of
the charge of blast furnaces and direct reduction units. The quality of the finished product is largely
determined not only by the parameters of balling and induration, but also by how defect-free the
green pellets pass through the initial stage of heat treatment — drying. It is at this stage that intensive
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heating, evaporation and moisture migration occur simultaneously in the pellet, making it most
vulnerable to mechanical damage.

The most important technological characteristic of green pellets is thermal stability — the
ability to withstand heating at the highest possible rate of heat supply without cracking or complete
destruction. This concept combines two phenomena: crack formation, in which the integrity of the
granule is preserved but defects appear on its surface, and temperature (thermal) shock,
accompanied by instantaneous destruction of the pellet [1, 2]. The mechanical properties of pellets
obtained as a result of heat treatment depend on the temperature level, holding time, heating and
cooling rates, as well as on the chemical and mineral composition of the charge [2, 3].

The physical picture of the processes occurring in a pellet during intensive heating is shown
schematically in Fig. 1. Heat from the hot gas reaches the surface, and the outer layer dries first.
The boundary between the dry shell and the wet core — the evaporation front — gradually moves
toward the center. The vapor formed escapes outward through the pore system; if the pores cannot
remove it in time, pressure in the core rises, and radial and tangential stresses arise in the shell,
leading to cracks or destruction.

Lrasse:
Wet core

v ore
{liquid in pores)

Excess vapor ——
pressure
Dried

Surface

Figure 1. Drying scheme of a green pellet: moisture distribution, vapor escape paths and stresses
in the shell

The appearance of cracks at the drying stage has a number of negative consequences: the
strength of pellets decreases, the yield of fines during transportation and handling increases, and
the gas permeability of the bed on the induration machine and in the blast furnace deteriorates.
Therefore, determining the maximum permissible drying temperatures for pellets of different size
and moisture content remains a relevant task for pelletizing plants seeking to increase the
productivity of induration units without impairing product quality.

The aim of this work is to summarize and analyze experimental data on the effect of particle
size distribution, drying temperature and residual moisture on crack formation, strength and
thermal shock temperature of fluxed and non-fluxed iron ore pellets, and to formulate practical
recommendations on the drying regime.

2. MATERIALS AND METHODS

The object of the study was green fluxed and non-fluxed pellets produced from magnetite
concentrate. Before testing, the pellets were screened into four size classes: 16-12.5; 12.5-11.2;
11.2-8 and 8-5 mm. Samples weighing about 200 g were formed from each class.

The general scheme of the experimental studies is shown in Fig. 2.
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Figure 2. Scheme of the experimental studies

The study included three series of experiments. In the first series, pellet samples of each
class were dried in a laboratory furnace at fixed temperatures of 300, 400, 500 and 600 °C. The
initial moisture content was determined by the standard gravimetric method — drying the samples
to constant weight at 100 °C. After drying, each pellet was inspected visually; a pellet was
considered to have failed the thermal load if at least one crack was detected, regardless of its size
and orientation. Based on the inspection results, the share of cracked pellets (%) was calculated
for each combination of “pellet type — size class — temperature”.

In the second series, the compressive strength of dried pellets was determined. For this
purpose, 20 pellets without cracks and 20 pellets with cracks were selected from each class and
crushed on a hydraulic press according to the standard method [6]. The result was expressed as the
average breaking load in kilograms per pellet.

In the third series, the thermal shock temperature was determined. Wet pellets were placed
in a drying oven preheated to a specified temperature in the range of 800-1200 °C, and the moment
of their destruction was recorded visually. The shock temperature was taken as the minimum
ambient temperature at which explosive destruction of the pellets occurred. Tests were performed
for pellets with a moisture mass fraction of 3.0; 5.4; 7.4 and 9.4 %; moisture was controlled by the
same gravimetric method. The obtained dependences were processed graphically; the values given
in the figures and table were taken from the experimental curves and are approximate.

3. MAIN PART

In the initial period of drying, moisture evaporates mainly in the near-surface layer of the
pellet, and the vapor escapes relatively freely. As the inner layers heat up, evaporation spreads
deep into the granule. If the intensity of vapor generation exceeds the throughput capacity of the
porous structure, excess vapor pressure builds up inside the pellet. A moderate excess leads to the
formation of surface cracks; with a sharp rise in temperature, when the vapor generation rate
continues to increase while the rate of its filtration through the pores remains practically
unchanged, the pressure becomes sufficient for instantaneous destruction of the granule, i.e. for
thermal shock [1, 4].

Under a severe drying regime, a complex stress state forms in a spherical body, which can
conveniently be described by two components: radial (normal) stresses directed along the radius
and tangential stresses acting perpendicular to it. Exceeding the strength limit for tangential
stresses causes surface cracking in different directions, whereas exceeding it for radial stresses
leads to detachment and destruction of the outer shell of the pellet, which is observed as shock.
The thermal conductivity of the charge components also plays a significant role: a material with
higher thermal conductivity heats up faster and becomes a source of vapor earlier.
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The nature of mass transfer depends on the ratio of the thermal conductivity coefficients of
the solid skeleton As and the liquid A1 [4]. When A5 > Ay, a so-called piston mode of moisture removal
is possible, in which the evaporation front quickly moves inward, creating significant excess
pressures; drying in this case proceeds at high intensity, but with an increased risk of destruction.
When As = A, moisture removal approaches the laws of evaporation from a free surface and is
“softer”.

The thermal stability of pellets is also affected by the binder composition. It is known that
increasing the proportion of bentonite in the charge lowers the temperature at which cracking
begins, since the number of closed pores that hinder the escape of vapor increases; the bentonite
additive has little effect on the shock temperature [5]. A generalization of literature data shows
that the tendency of pellets to fail increases with a decrease in porosity and particle size of the
concentrate, a widening of the particle size distribution range, an increase in pellet diameter and
moisture content, as well as with an increase in drying temperature and rate [1, 3, 5].

The results of the first series of experiments for fluxed pellets are shown in Fig. 3. For all
size classes, the share of cracked pellets increases monotonically with increasing drying
temperature, but the absolute values differ significantly.

70 Size class
- 16-12.5 mm
604 -M- 12.5-11.2 mm
& 11.2-8 mm
50 4 - 8-5mm

Share of cracked pellets, %

-,"_'.
ol .--,'#;;.’:/
4 "#.‘.rﬂi—.’
. e B p— -
T ”"_'.:,::._._—,:’.:._- ............. S
0 I | | |
300 400 500 600

Drying temperature, °C

Figure 3. Share of cracked fluxed pellets versus drying temperature for different size classes
(plotted from experimental data)

The pellets of the coarse class 16-12.5 mm proved to be the most sensitive to heating:
already at 300 °C approximately every fifth pellet has cracks, and at 600 °C — about 70 %. For the
12.5-11.2 and 11.2-8 mm classes, the share of defective pellets does not exceed 5 % at 300 °C, but
increases to 35-40 % by 600 °C. The fine class 8-5 mm showed the best thermal stability: even at
600 °C the share of cracked pellets was less than 20 %. Thus, other things being equal, an increase
in pellet size leads to a decrease in their thermal stability.

The explanation of this pattern is related to the length of the path that vapor must travel
from the evaporation zone to the surface. In a large pellet, this path is longer and the resistance of
the pore structure is higher, so the time required to evacuate the vapor increases, and at the same
heating rate vapor generation outpaces filtration. For non-fluxed pellets the qualitative picture is
similar: the share of crack-free pellets increases as their size and drying temperature decrease. At
the same time, non-fluxed pellets are generally more prone to cracking: at 600 °C the share of
defective pellets of the coarse class approaches 80 %, and at 500 °C — 60 %. Even at 300 °C, coarse
non-fluxed pellets crack in about half of the cases, while for the 8-5 mm class crack formation at
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this temperature is practically absent. Consequently, the size distribution of pellets is one of the
determining factors of their behavior during drying.
Data on the compressive strength of fluxed pellets without cracks are given in Table 1.

Compressive strength of dry fluxed pellets without cracks, kg/pellet fevle
Size class, mm 300 °C 400 °C 500 °C 600 °C
16-12.5 ~7 ~ 19 ~33 ~41
12.5-11.2 =5 ~12 ~21 ~ 31
11.2-8 ~7 ~11 ~ 15 ~22

As can be seen from Table 1, the strength of pellets increases with increasing drying
temperature: for the 16-12.5 mm class it increases approximately 6 times (from 7 to 41 kg/pellet)
when moving from 300 to 600 °C. Strengthening is associated with the onset of oxidation of
magnetite to hematite, whose crystal lattice has a denser packing, which promotes the formation
of strong intergranular bonds. It should be emphasized that this pattern applies only to pellets that
have retained their integrity; pellets with cracks failed at significantly lower loads. Therefore, the
gain in strength with increasing drying temperature can only be realized provided that the heating
regime does not cause mass crack formation.

The results of the third series of experiments are presented in Fig. 4. For all size classes,
the shock temperature decreases with increasing residual moisture of the pellets.

1200 A Q---—-—-.__.________
e
O 1150 A - H.H‘hh‘"‘*-‘.,
. A i
£ 11004 m._ e B
i.;_ll]f)f'!* T
é 1000
= J = &
'::: Size class
£ | % 85mm
@ 950 &- 11.2-8 mm
- 12.5-11.2 mm
900 1 -~ 16-12.5mm

3.0 5.4 7.4 9.4
Residual moisture of pellets, %
Figure 4. Thermal shock temperature versus residual moisture of pellets of different size classes
(plotted from experimental data)

Pellets of finer classes withstand higher temperatures without destruction. At a moisture
content of 3 %, the shock temperature for the 8-5 and 11.2-8 mm classes reaches about 1200 °C,
while for the 12.5-11.2 and 16-12.5 mm classes it is 1050-1100 °C. With an increase in moisture
to 9.4 %, the shock temperature decreases to 1000-1100 °C for fine pellets and to 890-900 °C for
coarse ones. Thus, an increase in moisture from 3 to 9.4 % lowers the shock temperature by 100-
200 °C on average.

The obtained dependences are consistent with the mechanism considered. The more
moisture a pellet contains, the larger the volume of vapor formed during sharp heating and the
higher the pressure in its pores; destruction therefore occurs at a lower ambient temperature. For
small-diameter pellets, the distance the vapor must travel is short, and the time of its formation
does not exceed the time required for its removal, which ensures their increased resistance to
thermal shock.
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On travelling grate induration machines, pellets successively pass through the drying,
preheating and firing zones, with the temperature of the heat carrier increasing from zone to zone.
The data obtained make it possible to reasonably limit the gas temperature in the first drying zone,
taking into account the type of pellets and their size distribution. At the same time, the results
emphasize the importance of stabilizing pellet size at the balling stage: narrowing the size range
and reducing the proportion of the +12.5 mm class lowers the risk of crack formation and allows
drying to be intensified. In addition, controlling the residual moisture of pellets at the exit from
the drying zone makes it possible to prevent their destruction during the transition to high-
temperature zones [3, 7].

4. CONCLUSION

The main cause of crack formation and thermal shock of green pellets is the excess of the
water vapor generation rate over the rate of its removal through the pore structure; cracks are
caused mainly by tangential stresses, while explosive destruction is caused by radial stresses.

The share of cracked pellets increases with increasing drying temperature and pellet size.
For fluxed pellets of the 16—12.5 mm class it reaches about 70 % at 600 °C, while for the 85 mm
class it does not exceed 20 %. Non-fluxed pellets are more sensitive to heating than fluxed ones.

The strength of dry crack-free pellets increases with increasing drying temperature due to
oxidation of magnetite to hematite; however, this effect is realized only in the absence of crack
formation.

The smaller the pellet size, the higher the thermal shock temperature: for the 8-5 mm
fraction it is approximately one and a half times higher than the corresponding value for the 12.5-
11.2 mm fraction. As residual moisture increases from 3 to 9.4 %, the shock temperature decreases
by 100-200 °C.

Under production conditions, it is recommended to keep the heat carrier temperature in the
first drying zone below 300 °C for non-fluxed pellets; for fluxed pellets it can be increased to 320-
350 °C. The residual moisture of pellets during the transition from the drying zone to the preheating
zone should not exceed 3-4 %, which prevents their destruction.
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Ushbu maqolada 2023-yilda Turkiyada sodir bo‘lgan kuchli zilzilalar
ta’sirida uzluksiz temirbeton ko ‘prik va yo ‘l o ‘tkazgichlarning seysmik holati
hamda konstruktiv elementlarida yuzaga kelgan shikastlanish xususiyatlari
tahlil gilingan. Xususan, ko ‘prik tayanchlari, oraliq qurilmalari, tayanch
qismlari va poydevorlarining zilzila vagtida o ‘zaro ta’siri, seysmik
yuklarning konstruksiya bo ‘ylab taqsimlanishi hamda zilzilabardoshlikka
ta’sir etuvchi omillar ko ‘rib chigilgan. Turkiyadagi zilzilalar tajribasi,
jumladan, Nurdagi viadugida kuzatilgan shikastlanishlar —asosida
konstruksiyalarning seysmik ta’sirga javob xususiyatlari yoritilgan.
Shuningdek, grunt, poydevor, tayanch va oraliq qurilmalarning o ‘zaro
bog‘liq ishlashini hisobga olish, real zilzila akselerogrammalaridan
fovdalanish, seysmik izolyatsiya tizimlari va tayanch gismlarining samarali
parametrlarini tanlash masalalariga alohida e’tibor garatilgan. Tadgiqot
natijalari ko ‘prik va yo'l o ‘tkazgichlarning seysmik xavfsizligini oshirish,
hisoblash usullarini takomillashtirish hamda kuchli zilzilalar sharoitida
konstruksiyalarning ishonchliligini ta’minlash bo ‘yicha muhim ilmiy-amaliy
xulosalar chigarishga xizmat qgiladi.

uzluksiz temirbeton ko ‘prik, yo‘l o ‘tkazgich, zilzila, seysmik ta’sir,
zilzilabardoshlik, konstruktiv shikastlanish, ko ‘prik tayanchi, oraliq qurilma,
poydevor, seysmik izolyatsiya, real zilzila yozuvlari, Nurdag: viadugi
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This article analyzes the seismic performance of continuous reinforced
concrete bridges and overpasses subjected to the strong earthquakes that struck
Tiirkiye in 2023, with particular emphasis on the damage patterns observed in
their structural components. The study examines the interaction between bridge
piers, superstructures, bearings, and foundations during seismic events, the
distribution of seismic loads throughout the structural system, and the factors
affecting earthquake resistance. Based on the experience of the 2023 Tiirkiye
earthquakes, including the damage observed at the Nurdagi viaduct, the
seismic response characteristics of bridge structures are discussed. Particular
attention is given to considering the interaction between soil, foundations,
piers, and superstructures, using real earthquake accelerograms in structural
analysis; and selecting effective parameters for seismic isolation systems and
bridge bearings. The findings provide a basis for developing important
scientific and practical recommendations aimed at improving the seismic safety
of bridges and overpasses, refining structural analysis methods, and ensuring
the reliability of bridge structures under strong earthquake conditions.
continuous reinforced concrete bridge, overpass, earthquake, seismic effects,
earthquake resistance, structural damage, bridge pier, superstructure,
foundation, seismic isolation, real earthquake records, Nurdagi viaduct
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3EMUIETPSICEHHMSIX X BOITPOCHI ITOBBIIIEHUS UX CEUCMOCTOMKOCTH

HlepmyxamenoB Yayroek 3aduxy/iaeBu4
DsC, mpodeccop kadeapsr “MocTsl 1 ToHHETH TalIKeHTCKOTO TOCYJapCTBEHHOTO
TPAHCHOPTHOTO YHUBEPCUTETA
ulugbekjuve@mail.ru

KapumoBa Anopa baxTuéposna
PhD, nouent kadeaps! “MocTbl 1 TOHHEIN TalIKEHTCKOTO rOCYJapCTBEHHOTO TPAHCIIOPTHOTIO
yHHMBEpCHUTETa
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AHHOTAUSL B OaHHOU cmamve aHATUBUPYIOMCA — CelUcCMUYecKue Xapakxmepucmuxu
HENpepul8HbIX — JHCeNe300emMOHHbIX MOCMO8 U ICMAKAO, NOOBEPIULUXCSL
8030€licmBUI0 CUTbHBIX 3emaempscenuil, npousoweowux ¢ Typyuu ¢ 2023
200y, € 0COObIM — aKYeHmoM HA  3AKOHOMEPHOCMU  NOBPEeNCOeHUl,
Habnooaemvie 68 UX KOHCMPYKMUBHBLIX KOMNOHeHmax. B uccnedosanuu
PACCMampusalomcs — 83auMooeticmeue  MOCMOGbIX — ONOp,  HAOCMPOEK,
NOOUUNHUKO8 U YYHOAMEHMO8 NPU CEliCMUYECKUX SGNIeHUsX, pacnpedeneHue
celicMu4eckux Hazpy3oK no 6ceti KOHCMPYKMUGHOU cucmeme u (akmopul,
erusOwue Ha ceucmocmotikocms. Ha ocnoge onvima 3emnempsacenuu 2023
2ooa 6 Typyuu, exnouas nogpedxicoenus, Habarooaemvle Ha suadyke Hypoae,
obcyacoaromes celicMuyeckue Xapakmepucmuku MoCmogblX KOHCMPYKYU.
Ocoboe sHumanue yoensiemcs pacCMOMPEHUIo 63aumMoO0eucmsus. cpyHmada,
Qynoamenmos,  onop U  HAOCMPOEK,  UCNONb308AHUIO  PEANbHbLIX
akcenepocpamm 3emMAempsaCceHull 6 KOHCMPYKMUBHOM aHanuze; 8vloopy
appekmuenvix napamempos cucmem CeucCMOUONAYUU U HOOUWUNHUKOB
mocmos. Ilonyuennvie pesynrbmamvl CAyxHcam OCHOBOU OJisi pazpadbomku
BAICHBIX — HAVUYHO-NPAKMUYECKUX — PEKOMEHOAYull,  HANpaeieHHblX  Ha
nosvluleHue celcmMuiyeckol 6e30nacHocmu  MOCMOo8 U NYmenpoeooos,
co8epulenCmeo8anue Memooo8 CMpPYKMYPHO20 aHaiu3a u obecneueHue
HAOEeAHCHOCMU MOCHOBbIX KOHCMPYKYULL 8 YCIO0BUAX CUTLHO20 3eMIIeMPACEHUS.

KitoueBble HenpepwigHvili  Jiceie300eMOHHbILL  MOCH,  9CMAKAod, —3eMmlempsceHue,

cjaoBa ceticmudeckue ¢hghekmol, celucMOCmMOUKOCMb, NOBPeHcOeHUe KOHCMPYKYUU,
onopa mocma, Ha0CMpoUKa, YyHOamMeHnm, ceticMOU3oNAYUSA, peaibHble 3aNUcU
0 3emaempscenusx, euadyk Hypoazol
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Kirish

Jahonda bugungi kunda avtomobil yo‘llaridagi ko‘priklar va yo‘l o‘tkazgichlarning
zilzilabardoshligini oshirish, seysmik xavf yuqori bo‘lgan hududlarda yirik ko‘priklarni hisoblash
hamda loyihalash usullarini takomillashtirish masalalariga alohida e’tibor qaratilmoqda. Mazkur
yo‘nalishda ko‘priklarning konstruktiv elementlarini “grunt — tayanch — tayanch gqismi — oraliq
qurilma” konsepsiyasi asosida o‘zaro bog‘liq va bir-biriga ta’sir ko ‘rsatuvchi yaxlit tizim sifatida
tadqiq etish muhim ahamiyat kasb etadi. Shuningdek, transport inshootlarida seysmoizolyatsiya
texnologiyalarini qo‘llash samaradorligini asoslash, haqiqiy zilzila yozuvlari asosida uzluksiz
temirbeton avtomobil ko‘priklarini seysmik ta’sirlardan himoyalashning samarali usullarini ishlab
chiqish hamda seysmik himoyalovchi tayanch qismlarining maqgbul parametrlarini aniqglash
dolzarb ilmiy vazifalar sirasiga kiradi. Shu bilan birga, ko‘p tayanchli ko‘prik inshootlarining
seysmik ta’sir ostidagi dinamik xususiyatlarini o‘rganish, ularning zilzilabardoshligini baholash
mezonlari va hisoblash usullarini takomillashtirish hamda konstruksiyalarning ishonchliligi va
ekspluatatsion xavfsizligini ta’minlashga qaratilgan ilmiy-amaliy tadqiqotlarni rivojlantirish
bugungi kunning ustuvor yo‘nalishlaridan biri hisoblanadi [3, 9].

Zilzila — Yer qobig‘i yoki yuqori mantiyada sodir bo‘ladigan tektonik siljishlar, tog*
jinslarining yorilishi va uzilishi natijasida yuzaga keluvchi, elastik seysmik to‘lqginlar orqali turli
masofalarga tarqaladigan yer osti silkinishlari hamda yer yuzasining tebranishlari jarayonidir [1].

Kuchli zilzilalar ko‘priklarning konstruktiv yaxlitligi va normal ekspluatatsiya holatiga
jiddiy ta’sir ko‘rsatib, ayrim hollarda ularning shikastlanishi yoki butunlay ishdan chiqishiga sabab
bo‘lishi mumkin. Shu sababli avtomobil yo‘llaridagi ko‘priklar va boshqga sun’iy inshootlarning
zilzilabardoshligini ta’minlash, seysmik ta’sirlar ostida ularning mustahkamligi va barqarorligini
oshirish muhim ilmiy-amaliy masalalardan biri hisoblanadi. Ko‘prik inshootlari o‘zaro bog‘langan
ko‘plab konstruktiv elementlardan tashkil topgan bo‘lib, ularning seysmik xavfsizligini
ta’minlashda, aynigsa, tayanchlar va tayanch qismlari muhim o‘rin tutadi. Ushbu elementlarning
seysmik yuklar ta’siridagi ishlash xususiyatlarini chuqur o‘rganish, ularning o‘zaro ta’sirini
baholash hamda konstruktiv parametrlarini to‘g‘ri tanlash ko‘priklarning zilzilabardoshligini
oshirish va favqulodda vaziyatlarda ishonchli ishlashini ta’minlashga xizmat qiladi [2-3].

Magnitudasi 8,2 ni tashkil etgan va 143 ming kishini halok bo‘lishiga sabab bo‘lgan
Yaponiyadagi Tokio (1923y.) zilzilasining keltirgan seysmik zararini baholash mumkin. Zizlilani
Tokio sh. va uning atrofiga keltirgan zarari 3 mlrd dollarni tashkil etdi (1923 y. narxlarida). Zilzila
va sunami natijasida Yaponiyada avtoyo‘llar 582 joyidan, ko‘priklar esa 32 joyidan
shikastlanganligi aniglandi. Yo‘llarda ko‘plab yoriglar paydo bo‘lgan, ayrim holatlarda esa yo‘l
polotnolari va ko‘priklar butunlay buzilib ketgan [9].

2020-yil ma’lumotlariga ko‘ra, zilzilalar natijasida jami iqtisodiy yo‘qotishlar 1,904 trin.
AQSH dollari va suv toshqinlari hamda tropik siklonlardan keyin 3-o‘rinni egallaydi.
Zilzilalarning umumiy iqtisodiy yo‘qotishlari taxminan 2 trillion AQSH dollarini tashkil etganligi
sababli, zilzilalar natijasida o‘lim darajasi 2020-yil ma’lumotlariga ko‘ra taxminan 4500 kishini
tashkil etadi (1-rasm) [9]. Iqtisodiy yo‘qotishlardan tashqari, tabiiy ofatlardan o‘lim darajasi ham
juda dolzarbdir (1-rasm).
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2-rasm. Tabiiy ofatlardan o‘limning o‘rtacha darajasi

Natijalar tahlili shuni ko‘rsatadiki, zilzilalar natijasida iqtisodiy yo‘qotishlar yig‘indisi
0°sib boruvchi xarakterga ega bo‘lib, eng katta sakrashlar 1994-1996-yillar oralig‘ida kuzatilgan
(Koba zilzilasi, Yaponiya, 1995-yil 17-yanvar, Rixter shkalasi bo‘yicha 7,3 magnitudali, qurbonlar
soni 6434 kishi, iqtisodiy zarar 102,5 mlrd. AQSH dollari), 2008-2012 yy. (Sichuan zilzilalari,
Xitoy, 2008 yil 12 may, Rixter shkalasi bo‘yicha 7,9 magnituda, qurbonlar soni 69197 kishi,
iqtisodiy zarar 1,37 mln. AQSH dollari; Fukusima zilzilalari, Yaponiya, 2011-yil 11-mart, Rixter
shkalasi bo‘yicha 9,1 magnitudali, qurbonlar soni 19747 kishi, iqtisodiy zarar 309 mlrd. AQSH
dollari) [1]. 2023-yilda kuchli zilzilalarda halok bo‘lganlar soni 1-jadvalda keltirilgan.
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1-jadval
2023-yilda kuchli zilzilalarda halok bo‘lganlar soni
. . . Zilzila sodir bo‘lgan
Reyting Qurbonlar soni Magnituda Sana hudud

7.8. .
1. 59,259 6.02.2023 y. Turkiya,

75 Qahramanmarash
2. 2,960 6.8. 8.09.2023 y. Marokash, Al-Hauz
3. 1,482. 6.3. 7.10.2023 y. Afg‘oniston Hirot
4. 153. 5.7. 3.11.2023 y. Nepal, Karnali
5. 151. 5.9. 18.12.2023 y. Xitoy, Gansu

Afg‘oniston,

6. 21. 6.5. 21.03.2023 y. Badaxshon
7. 18. 6.8. 18.03.2023 y. Ekvador, Guayas
8. 13. 6.3. 20.02.2023 y. Turkiya, Hatay
9. 11. 6.7. 17.11.2023 Filippin, Sokksargen

2023-yilda zilzilalar oqibatida 64,1 mingdan ortiq odam halok bo‘ldi, bu 2010-yildan beri
eng yuqori ko‘rsatkichdir.

2023-yil 6-fevralda Turkiyaning janubi-sharqiy hududlarida taxminan to‘qqiz soatlik vaqt
oralig‘ida ikkita kuchli zilzila sodir bo‘ldi. Birinchi zilzilaning magnitudasi 7,8 ni tashkil etib,
uning epitsentri Gaziantep viloyatining Shehitkamil hududi yaqinida, ikkinchi zilzila esa 7,5
magnituda bilan Qahramonmarash viloyatining Ekin6zii hududida gayd etildi.

HepH e p LT 53 .: 3
ponrapusa

.
Crambyn o
Istanbul et

3-rasm. Turkiyaning Qahramanmarash viloyatidagi ro‘y bergan zilzilaning ta’sir hududi
Ushbu kuchli seysmik hodisalardan keyin hududda magnitudasi 6,7 gacha yetgan takroriy
silkinishlar ham kuzatildi. Mazkur zilzilalar katta hududda sezilarli tebranishlarni yuzaga keltirib,
binolar, transport infratuzilmasi va muhandislik inshootlarining seysmik mustahkamligini
baholash masalasini dolzarb qilib qoydi [4] (3 va 4-rasm).
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4-rasm. Qahramonmarashdagi 7,5 magnitudali (a) va Gaziantepadagi 7,8 magnitudali (b)
zilzilalar seysmogrammalari

Xalqaro tibbiyot korpusining 2023-yil 8-martdagi vaziyat hisobotida keltirilgan
ma’lumotlarga ko‘ra, 2023-yil 6-fevralda Turkiya va Suriyada sodir bo‘lgan kuchli zilzilalar
oqgibatida halok bo‘lganlar soni 50 ming kishidan oshgan. Jumladan, Turkiyada 45 968 nafar,
Suriyada esa 7 259 nafar inson hayotdan ko‘z yumgan. Ushbu fojiali hodisa keng ko‘lamli
vayronagarchiliklarga sabab bo‘lib, aholi turar joylari bilan bir qatorda transport infratuzilmasi va
muhandislik inshootlarining seysmik xavfsizligini ta’minlash masalasi naqadar muhim ekanini
yana bir bor namoyon etdi [4, 9].

Bundan tashqari, 2023-yil 8-sentabr kuni Marokashning Marrakesh—Safi mintaqasida
magnitudasi 6,8 ga teng bo‘lgan kuchli zilzila sodir bo‘ldi. Zilzila epitsentri Marrakesh shahridan
taxminan 72 km janubi-g‘arbda joylashgan bo‘lib, yer silkinishlari katta hududda
vayronagarchiliklarni keltirib chiqardi (5-rasm). Tabiiy ofat natijasida tarixiy obidalar va turli
infratuzilma obyektlari, jumladan, binolar hamda transport tizimining ayrim elementlari zarar
ko‘rdi. Mavjud ma’lumotlarga ko‘ra, zilzila oqibatida 2 946 kishi halok bo‘lgan, igtisodiy zarar
esa taxminan 12 milliard AQSH dollariga baholangan. Mazkur hodisa kuchli seysmik ta’sirlar
sharoitida muhandislik inshootlarining konstruktiv mustahkamligi, barqarorligi va ishonchliligini
ta’minlash zarurligini yana bir bor ko‘rsatdi.
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5-rasm. Marokashning Marrakesh - Safi 6-rasm. Xitoyning Gansu provinsiyasidagi
mintaqasidagi ro‘y bergan zilzilaning ta’sir ro‘y bergan zilzilaning ta’sir hududi
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Shuningdek, 2023-yil 18-dekabr kuni Xitoy Xalq Respublikasining Gansu
provinsiyasidagi Jishishan (Jishishan Bao’an, Dongxiang va Salar muxtor okrugi) hududida
magnitudasi turli manbalarda 5,9-6,2 oralig‘ida qayd etilgan zilzila sodir bo‘ldi. Asosiy seysmik
hodisadan so‘ng magnitudasi 3,0 ga yetgan to‘qqizta takroriy silkinish (aftershok) kuzatildi. Ushbu
zilzila mintaqadagi bino va muhandislik inshootlariga seysmik ta’sir ko‘rsatib, hududning tabiiy
ofatlarga tayyorgarligi hamda qurilish konstruksiyalarining zilzilabardoshligini ta’minlash
masalalariga e’tiborni kuchaytirdi. Mazkur hodisa seysmik xavf mavjud hududlarda transport
inshootlarini loyihalash, hisoblash va ekspluatatsiya qilishda zilzila ta’sirlarini chuqur tahlil qilish
zarurligini ko‘rsatadi (6-rasm). Zilzila Xitoyning Gansu va Sinxay provinsiyalari chegarasida
joylashgan, aholi zich istigomat qiladigan hududlarda jiddiy vayronagarchiliklarni keltirib
chigardi. Tabiiy ofat oqibatida 150 nafardan ortiq kishi halok bo‘ldi, ko‘plab bino va inshootlar
zarar ko‘rdi. Ushbu hodisa 2014-yilda Yunnan provinsiyasida yuz bergan Ludian zilzilasidan
keyin Xitoyda qayd etilgan eng ko‘p qurbonlarga sabab bo‘lgan =zilzilalardan biri sifatida
baholandi. Mazkur fojia seysmik xavf yuqori bo‘lgan hududlarda nafaqat turar joy binolari, balki
ko‘priklar, yo‘l o‘tkazgichlar va boshqa muhim transport inshootlarining zilzilabardoshligini
ta’minlash, ularning konstruktiv ishonchliligini oshirish hamda favqulodda vaziyatlar oqibatlarini
kamaytirishga qaratilgan muhandislik yechimlarini takomillashtirish zarurligini ko‘rsatdi [5].

2024-yil 1l-yanvar kuni Yaponiyaning Ishikava prefekturasida, Noto yarimorolida
magnitudasi 7,6 ga teng bo‘lgan kuchli zilzila sodir bo‘ldi. Zilzila, aynigsa, Vadzima va Sudzu
shaharlarida katta vayronagarchiliklarni keltirib chiqardi. Tabiiy ofat oqibatida ko‘plab bino va
inshootlar shikastlandi, transport infratuzilmasi faoliyatida uzilishlar yuzaga keldi hamda
qurbonlar soni 200 nafardan oshdi. Ushbu zilzila seysmik xavf yuqori bo‘lgan hududlarda
muhandislik inshootlarining zilzilabardoshligini ta’minlash, konstruktiv elementlarning dinamik
ta’sirlarga chidamliligini oshirish va transport aloqalarining uzluksizligini saqlash masalalarining
naqadar muhimligini yana bir bor namoyon etdi (7-rasm) [6].

2025-yil 28-mart kuni Myanmaning Sikayn hududida moment magnitudasi (Mw) 7,7 ga
teng bo‘lgan kuchli zilzila sodir bo‘ldi. Mazkur seysmik hodisa keng hududda kuchli yer
tebranishlarini yuzaga keltirib, bino va inshootlar hamda transport infratuzilmasiga jiddiy xavf
tug‘dirdi. Ushbu zilzila seysmik faol mintaqalarda joylashgan muhandislik inshootlarining,
xususan, ko‘priklar va yo‘l o‘tkazgichlarning zilzilabardoshligini ta’minlash, ularning dinamik
yuklar ta’siridagi xatti-harakatlarini baholash hamda konstruktiv himoya choralarini
takomillashtirish zarurligini yana bir bor ta’kidladi. (8-rasm). Mazkur zilzilaning intensivligi
Merkalli shkalasi bo‘yicha IX darajaga yetdi. Kuchli yer silkinishlari Myanma va qo‘shni Tailand
hududlarida katta vayronagarchiliklarga sabab bo‘lib, binolar, muhandislik inshootlari va transport
infratuzilmasiga jiddiy zarar yetkazdi. Asosiy zilziladan keyin 169 ta takroriy seysmik silkinish
(aftershok) qayd etildi. Mavjud ma’lumotlarga ko‘ra, tabiiy ofat oqibatida Myanmada kamida 5
300 kishi, Tailandda esa 36 kishi halok bo‘lgan. Ushbu hodisa kuchli zilzilalar sharoitida
ko‘priklar va boshqga transport inshootlarining konstruktiv mustahkamligini ta’minlash, seysmik
ta’sirlarni hisoblash usullarini takomillashtirish hamda infratuzilmaning favqulodda vaziyatlarga
chidamliligini oshirish zarurligini yana bir bor ko‘rsatdi. [7-9].
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7-rasm. Yaponiyaning Ishikava
prefekturasidagi ro‘y bergan zilzilaning ta’sir
hududi

2024-yil 1l-yanvar kuni Yaponiyaning Ishikava prefekturasida, Noto yarimorolida
magnitudasi 7,6 ga teng bo‘lgan kuchli zilzila sodir bo‘ldi. Zilzila, aynigsa, Vadzima va Sudzu
shaharlarida katta vayronagarchiliklarni keltirib chiqardi. Tabiiy ofat oqibatida ko‘plab bino va
inshootlar shikastlandi, transport infratuzilmasi faoliyatida uzilishlar yuzaga keldi hamda
qurbonlar soni 200 nafardan oshdi. Ushbu zilzila seysmik xavf yuqori bo‘lgan hududlarda
muhandislik inshootlarining zilzilabardoshligini ta’minlash, konstruktiv elementlarning dinamik
ta’sirlarga chidamliligini oshirish va transport aloqalarining uzluksizligini saqlash masalalarining
naqadar muhimligini yana bir bor namoyon etdi (7-rasm) [6].

2025-yil 28-mart kuni Myanmaning Sikayn hududida moment magnitudasi (Mw) 7,7 ga
teng bo‘lgan kuchli zilzila sodir bo‘ldi. Mazkur seysmik hodisa keng hududda kuchli yer
tebranishlarini yuzaga keltirib, bino va inshootlar hamda transport infratuzilmasiga jiddiy xavf
tug‘dirdi. Ushbu zilzila seysmik faol mintaqalarda joylashgan muhandislik inshootlarining,
xususan, ko‘priklar va yo‘l o‘tkazgichlarning zilzilabardoshligini ta’minlash, ularning dinamik
yuklar ta’siridagi xatti-harakatlarini baholash hamda konstruktiv himoya choralarini
takomillashtirish zarurligini yana bir bor ta’kidladi. (8-rasm). Mazkur zilzilaning intensivligi
Merkalli shkalasi bo‘yicha IX darajaga yetdi. Kuchli yer silkinishlari Myanma va qo‘shni Tailand
hududlarida katta vayronagarchiliklarga sabab bo‘lib, binolar, muhandislik inshootlari va transport
infratuzilmasiga jiddiy zarar yetkazdi. Asosiy zilziladan keyin 169 ta takroriy seysmik silkinish
(aftershok) gayd etildi. Mavjud ma’lumotlarga ko‘ra, tabiiy ofat oqibatida Myanmada kamida 5
300 kishi, Tailandda esa 36 kishi halok bo‘lgan. Ushbu hodisa kuchli zilzilalar sharoitida
ko‘priklar va boshqa transport inshootlarining konstruktiv mustahkamligini ta’minlash, seysmik
ta’sirlarni hisoblash usullarini takomillashtirish hamda infratuzilmaning favqulodda vaziyatlarga
chidamliligini oshirish zarurligini yana bir bor ko‘rsatdi. [7-9].

Kuchli zilzilalar natijasida transport infratuzilmasi obyektlari, jumladan, ko‘priklar va yo‘l
o‘tkazgichlarning konstruktiv elementlari turli darajada shikastlanishi mumkin. Xususan, 2023-yil
6-fevralda Turkiyada sodir bo‘lgan Qahramonmarash zilzilalari avtomobil yo‘llari
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infratuzilmasiga sezilarli ta’sir ko‘rsatib, ayrim ko‘prik inshootlarida shikastlanishlar yuzaga
kelishiga sabab bo‘ldi. Bunday holatlar ko‘priklarning seysmik yuklar ta’siridagi ishlash
xususiyatlarini, konstruktiv elementlarining mustahkamligini hamda tayanch va tayanch
qismlarining zilzila vaqtida tutgan o‘rnini chuqur o‘rganish zarurligini ko‘rsatadi.

Shu munosabat bilan, mazkur maqolada Turkiyada sodir bo‘lgan zilzilalar ta’sirida
shikastlangan Nurdag: viaduki va Asi ko‘prigining texnik holati hamda konstruktiv xususiyatlari
tahlil qilinadi. Ushbu inshootlarni o‘rganish orqali seysmik ta’sirlarning ko‘prik
konstruksiyalariga ta’sir mexanizmlarini aniqlash, yuzaga kelishi mumkin bo‘lgan shikastlanish
sabablarini baholash va kelgusida shunga o‘xshash transport inshootlarining zilzilabardoshligini
oshirishga garatilgan muhandislik yechimlarini takomillashtirish masalalariga e’tibor qaratiladi.

Nurdagi viaduki — Turkiyaning janubiy qismidagi past tog‘li hududda joylashgan yirik
ko‘prik inshooti bo‘lib, uning konstruksiyasida diametri 3 m va balandligi taxminan 24 m bo‘lgan
temirbeton tayanchlardan foydalanilgan. Viaduk ikkita mustaqil, har biri beshta oraliqdan tashkil
topgan ko‘prik konstruksiyasidan iborat. Inshootning yuk ko‘taruvchi tizimida oldindan
zo‘riqtirilgan temirbeton elementlar hamda eng uzun oraliqgda po‘lat oraliq qurilma konstruksiyasi
qo‘llanilgan.

Mazkur viaduk 2023-yil 6-fevralda Turkiyada sodir bo‘lgan, moment magnitudasi Mw 7.8
ga teng zilzila epitsentridan 29,1 km masofada joylashgan. Shunga qaramay, inshoot zilzila
vaqtida yuzaga kelgan yer yorig‘i chizig‘idan 161 m dan kam masofada joylashgani uning seysmik
ta’sirlarga duchor bo‘lish xavfini yanada oshirgan. Bunday sharoitda gruntning siljishi, yer
yuzasidagi deformatsiyalar hamda kuchli seysmik tebranishlarning ko‘prik tayanchlari va oraliq
qurilmalariga ta’sirini o‘rganish alohida ilmiy ahamiyatga ega. Nurdagi viaduki misolida yirik
ko‘priklarning zilzilabardoshligini baholashda nafaqat epitsentrgacha bo‘lgan masofa, balki faol
tektonik yoriqlarga nisbatan joylashuvi va grunt sharoitlarini ham hisobga olish zarurligi namoyon
bo‘ladi [8].

Katta konsolli temir-beton tayanchlardan birining ko‘tarilish yo‘lida kutilmagan plastik
deformatsiyalar qayd etildi (9 — 12- rasmlar). Nazariy hisob-kitoblarga ko‘ra, ko‘prik tayanchida
eng katta eguvchi moment, odatda, uning poydevor bilan tutashgan quyi qismida yuzaga kelishi
kutiladi. Biroq, mazkur holatda deformatsiyaning tayanchning yuqoriroq qismida kuzatilgani
alohida e’tiborga loyiqdir. O‘tkazilgan tahlillar shikastlanishlar, asosan, ko‘ndalang yo*‘nalishdagi
egilish ta’sirida yuzaga kelganini ko‘rsatadi. Tayanchning ikki tomonida beton qatlamining sinishi
va ko‘chishi, bir tomonda vertikal armaturalarning egilishi, shuningdek, ko‘ndalang
armaturalarning sezilarli deformatsiyalanishi hamda o‘z vazifasini yo‘qotishi qayd etilgan.
Bunday shikastlanishlar tayanchga ko‘ndalang yo‘nalishda ta’sir etgan seysmik yuklar natijasida
ikki yo‘nalishda ham katta eguvchi momentlar hosil bo‘lganidan dalolat beradi.

9-rasm. Nurdagi viadukining koﬁstruktiv elementlari ko‘rinishlari: plasfik deformatsiyalangan
temir-beton tayanch va yig‘ma beton hamda po‘lat oraliq qurilmalar
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10-rasm. Nurdagi viadukining diametri 3 m bo‘lgan temir-beton tayanchida kuzatilgan plastik
deformatsiyalar

12-rasm. Nurdag‘i viadukining diametri 3 m bo‘lgan temir-beton tayanchining yaqinlashuv yo‘li
(ko‘tarma) bilan birikkan chetki zonasida kuzatilgan plastik deformatsiya turlari

Bundan tashqari, poydevor elementlarida ham shikastlanishlar aniglangan. Bu holat kuchli
zilzila vaqtida grunt, poydevor va tayanch konstruksiyalari o‘rtasidagi murakkab o‘zaro ta’sirning
natijasi bo‘lishi mumkin. Shu sababli ko‘priklarning seysmik mustahkamligini baholashda faqat
tayanchlarning yuqori qismlaridagi deformatsiyalarni emas, balki poydevorlarning ishlash
xususiyatlari, armaturalarning holati va butun konstruktiv tizimning o‘zaro ta’sirini ham kompleks
ravishda hisobga olish zarur [9].

Ko‘priklarni zilzilabardosh qilib loyihalash va qurish bo‘yicha xalqaro tajriba shuni
ko‘rsatadiki, ushbu yo‘nalishda sezilarli yutuqlarga erishilgan bo‘lsa-da, kuchli seysmik ta’sirlar
sharoitida konstruksiyalarning ishonchli ishlashini ta’minlash bilan bog‘liq qator muammolar
hanuz dolzarbligicha qolmoqda. Amaldagi me’yoriy hujjatlarda ko‘priklar va yo‘l
o‘tkazgichlarning seysmik ta’sirlarga chidamliligini hisoblash hamda ularni antiseysmik
kuchaytirish  bo‘yicha belgilangan usullar barcha murakkab seysmik vaziyatlarda
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konstruksiyalarning shikastlanmasdan ishlashini to‘liq kafolatlay olmaydi. Shu bois hisoblash
usullarini takomillashtirish, haqiqiy zilzila yozuvlari asosida dinamik tahlillarni amalga oshirish
va ko‘prikning barcha konstruktiv elementlari o‘rtasidagi o‘zaro ta’sirni hisobga olish muhim
ilmiy-amaliy vazifalardan biri hisoblanadi.

2023-yil 6-fevralda Turkiyada sodir bo‘lgan kuchli zilzilalar oqibatlari ushbu
masalalarning amaliy ahamiyatini yaqqol namoyon etdi. Zilzilalar natijasida ko“plab ko‘priklar va
yo‘l o‘tkazgichlarda turli darajadagi shikastlanishlar kuzatilgan bo‘lsa-da, ularning qulash
holatlari turar joy binolariga nisbatan kamroq qayd etildi. Ayrim inshootlarda, jumladan, ko‘rib
chiqgilgan ko‘prik misolida, kuchli tebranishlar ta’sirida oraliq qurilmaning tayanch qismidan
siljishi yoki ajralishi kuzatilgan, biroq ushbu holat bo‘yicha insonlar jabrlangani gayd etilmagan.
Bunday shikastlanishlar ko‘priklarning seysmik xavfsizligini ta’minlashda oraliq qurilmaning
tayanchlarda ishonchli saqlanishi, tayanch qismlarining siljishga qarshi xususiyatlari va
konstruksiyaning umumiy dinamik javobi muhim o‘rin tutishini ko‘rsatadi.

Turkiya tajribasi shuni anglatadiki, ko‘priklarni zamonaviy muhandislik talablari asosida
loyihalash, sifatli qurilish materiallaridan foydalanish, konstruktiv yechimlarni to‘g‘ri tanlash va
qurilish jarayonida me’yoriy talablarning bajarilishini ta’minlash kuchli zilzilalar oqibatlarini
kamaytirishda muhim omillardir. Shu bilan birga, hatto yuqori muhandislik standartlari asosida
qurilgan inshootlarda ham seysmik ta’sirlar natijasida ayrim shikastlanishlar yuzaga kelishi
mumkin. Shuning uchun ko‘priklarning zilzilabardoshligini faqat konstruksiyaning
mustahkamligi bilan emas, balki uning deformatsiyalanish qobiliyati, tayanch qismlarining ishlash
xususiyatlari, poydevor va grunt bilan o‘zaro ta’siri hamda zilziladan keyingi ekspluatatsion
yaroqliligi bilan birgalikda baholash zarur.

Xulosa

Xulosa qilib aytganda, Turkiyada sodir bo‘lgan kuchli zilzilalar tajribasi uzluksiz
temirbeton ko‘prik va yo‘l o‘tkazgichlarning seysmik holatini chuqur o‘rganish, ularning zaif
konstruktiv elementlarini aniqlash hamda zilzilabardoshlikni oshirishga qaratilgan samarali
muhandislik yechimlarini ishlab chiqish zarurligini tasdiglaydi. Aynigsa, “grunt — tayanch —
tayanch qismi — oraliq qurilma” tizimining yaxlit ishlashini hisobga olgan holda hisoblash
usullarini takomillashtirish, seysmoizolyatsiya texnologiyalarini qo‘llash va tayanch qismlarining
magbul parametrlarini asoslash kelgusidagi tadqiqotlarning ustuvor yo‘nalishlari bo‘lib xizmat
qiladi. Mazkur yondashuvlar ko‘priklarning seysmik ishonchliligini oshirish, transport
qatnovining uzluksizligini saqlash va kuchli zilzilalar oqibatida yuzaga kelishi mumkin bo‘lgan
iqtisodiy hamda ijtimoiy talafotlarni kamaytirishga yordam beradi.
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