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Mathematical model for studying the danger zone of train approach on

Abstract:

Keywords:

sections of the roads of JSC ""Uzbekistan Railways"

R.M. Alievi®a M.M. Aliev®P G.D. Talipoval®¢, M.M. Yuldasheva'

1Tashkent state transport university, Tashkent, Uzbekistan

The safety of train traffic depends on the reliable operation of intermediate train control systems, the
basis of which is the rail circuits as a sensor of information about the location of trains. Currently, the
railway networks of many countries of the world are switching to continuous rail circuits of the tonal
type with potential receivers, but with all their advantages, these rail circuits have disadvantages, which
are that when a train approaches the rail circuit at a certain distance, it begins to short-circuit it and the
prohibitory light turns on when the traffic light passes, that is, such rail circuits have additional short-
circuit zones when the train approaches and leaves the rail circuit. To eliminate this drawback, it was
proposed to use current receivers that accurately record the entry of the train into the controlled rail
circuit. However, in such track circuits, a situation may arise where there may be two trains at the relay
end of the track circuit, then the first train may not short-circuit the receiver and the track circuit will
appear falsely empty. In this article, a mathematical model has been developed and studies have been
conducted for different frequencies of the tonal track circuit to determine the critical zone of convergence
of two trains at the relay end of the track circuit. A solution scheme for this problem is also proposed,
which completely eliminates the above-mentioned effect.

potential path receiver, current path receiver, standard shunt sensitivity criterion, critical zone of
sensitivity

AJ “O‘zbekiston temir yo‘llari” yo‘llarning uchastkalarida poyezdlar
yaqinlashishning xavfli zonasini tadgigotning matematik modeli

Annotatsiya:

Aliev R.M.1 @2 Aliev M.M.2®P Talipova G.D.1 ©¢, Yuldasheva M.M.!

Tashkent davlat transport universiteti, Toshkent, O‘zbekiston

Poyezdlar harakati xavfsizligi poyezdlar harakatini oraliq nazorat gilish tizimlarining ishonchli ishlashiga
bog‘lig bo‘lib, ularning asosi poyezdlarning joylashuvi haqidagi ma’lumot datchik sifatida rels zanjirlar
hisoblanadi. Hozirgi vaqtda dunyoning ko'plab davlatlarining temir yo'l tarmog'i potentsial gabul
giluvchilar bilan tonal tipidagi uzluksiz rels zanjirlariga o'tmogda, ammo ularning ko'pgina afzalliklari
bilan bu rels zanjirlarining kamchiliklari bor, ular ma'lum masofada poezdning rels zajiriga
yaginlashganda, uni gisqa tutashuvi boshlaydi va svetoforning o'tishida tagiglovchi chiroq yonadi, ya'ni,
bunday rels zanjirlar poezd yaginlashganda va rels zanjirdan chigib ketganda go'shimcha gisga tutashuvi
zonalarga ega. Ushbu kamchilikni bartaraf etish uchun poezdning boshqariladigan rels zanjiriga kirishini
aniq qayd etadigan tok gabul giluvchilardan foydalanish taklif gilindi. Ammo bunday yo'l zanjirlarida
shunday vaziyat yuzaga kelishi mumkinki, rels zanjirining rele uchida ikkita poyezd bo'lishi mumkin,
keyin birinchi poezd qgabul gilgichni gisga tutashuv gilmasligi mumkin va rels zanjir noto'g'ri bo'sh
ko'rinadi. Ushbu magolada rels zanjirining rele uchida ikkita poezd yaginlashishning kritik zonasini
aniglash uchun tonal rels zanjirning turli chastotalari uchun matematik model ishlab chigilgan va
tadgiqotlar olib borilgan. Ushbu muammoni hal gilish sxemasi ham taklif etiladi, bu yuqorida aytib
o'tilgan ta'sirni butunlay yo'q giladi.

Kalit so‘zlar: potentsial yo'l gabul giluvchisi, ogim yo'l gabul giluvchisi, standart shuntga sezgirlik mezoni,
sezgirlikning tangidiy zonasi

1. Kirish yaginlashganda ham, undan chigib ketganda ham, rels

zanjirning aniq chegarasi yo'q [6-8].

Hozirgi vaqtda temir yo'l tarmog'ida potentsial gabul Ushbu kamchilikni bartaraf etish uchun ogim gabul
giluvchilar bilan izolyatsiyalovchi birikmalarsiz ohangli rels gilgichlari bilan tonalli rels zanjirdan foydalanish taklif
zanjirlari keng qo'llaniladi [1-5]. Biroqg, bunday sxemalarda etiladi, bu poezd rels zanjiriga yaginlashganda ularning
izolyatsion bo'g'inlar yo'qgligi sababli, poyezd rels zanjirga gisga tutashuvini va svetoforning bloklanishini butunlay

yo'q giladi [9-11].
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Shu bilan birga, tok yo'l qabul qilgich bilan datchiklarining shunt ta'siri ikkinchi poyezdning ishg'ol
izolyatsiyalash bo'g'inlari bo'lmagan boshgaruv gilingan uchastkaga yaginlashishiga ta'sir giladi (1-rasm).
I
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1 - rasm. Tok gabul gilgich yaqginida ikkita poezd borligida tok gabul gilgich bilan boshgaruv datchik sxemasi

Ushbu rasmda quyidagilar ko'rsatilgan:

1RZ,2RZ,3RZ - temir yo'l liniyasi blok uchastkalarining
mos ravishda 1,2 va 3-rels zanjirlari.

Magqolada asosan ikkinchi 2RZ rels zanjir ko'rib
chigiladi, u quyidagilardan iborat:

2RZq - rels zanjirining signal
generatori;

2RZqq - signal tokni gabul giluvchi;

qgbz va qgbz signal tokni gabul giluvchi bobinalar;

3RZq - uchinchi rels zanjirining signal tokning chastota
generatori;

Rshz - birinchi poezd shunti;

Rshz - ikkinchi poezdning shunti.

Bunday vaziyatda birinchi poyezdning shunt ta'siri tok
yo‘l qabul qilgichdan birinchi poyezdning xsh1 va ikkinchi
poyezdning xsh2 masofasining gisqarishi, birinchi
poyezdning shunt qarshiligining oshishi va ikkinchi
poyezdning shunt garshiligining kamayishi bilan kamayadi.

Ikki poezd tok yo'l gabul gilgich yaginida joylashganida,
boshgaruv datcikning shunt sezgirligi deyarli nolga teng
bo'ladi.

Bunday holda, boshgaruv datchikning bandligini nazorat
qgilish yo'goladi va poezdning dumi yo'l signalining gizil
chirog'i bilan himoyalanmaydi, bu poezdlarning harakati
uchun xavflidir. Shunday qilib, tok yo'l gabul gilgich bilan
boshgaruv datchikning shunt rejimining eng yomon shartlari
Rsh2 = 0 qarshiligi bilan qgo'shni uchastkaning oxirida
ikkinchi poezd shuntining mavjudligini 0'z ichiga oladi.

Qabul qiluvchi yo'l bobinlarining xshl ulanish
nugtasidagi nazorat datchikning bo'limi, ikkinchi poezd
ushbu bobinlarga yaginlashganda (xsh2 = 0 va Rsh2 = 0)
standart shunt sezgirligi ta'minlanmaydi, xavfli zona yoki
standart shuntga befarglik zonasi Lznsh deyiladi.

Magolada ushbu kamchilikni rels zanjirining rele uchida
— tok va potentsial gabul giluvchilar bilan ikkita gabul
giluvchidan foydalanish orqgali bartaraf etadigan usul taklif
etiladi va poezd shuntiga befarglikning tangidiy zonasi
uchun usullar tagdim etiladi.

tokning chastota

2. Tadqigot metodologiyasi

Befarglik zonasining uzunligini hisoblash sezuvchanlik
mezonining tok gabul gilgich bilan uzluksiz rels zanjirining
standart shuntiga tenglamasi bilan aniglanishi mumkin:
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Knsh = NZSZ‘:h =1, 1)
bu erda
- Zsna - qo'llaniladigan shunt bilan shunt sezgirligini
aniglash uchun gabul qilingan rels zanjir

xususiyatlariga ega uzatish garshiligi;
- Zah - poezd bo'lmaganda, rels zanjirining uzatish

qgarshiligi;
- N= % - apparat koeffitsienti;
Zath tok gabul gilgichi bilan uzluksiz rels zanjirining

uzatish garshiligi 2-rasmdagi ekvivalent sxema yordamida
bo'Imaganda

rels zanjirida harakatlanuvchi birliklar

aniglanadi:

Zv1

2 —rasm. Uzluksiz rels zanjirning harakatlanuvchi
birlik bo'Imaganda o'zgartiruvchi sxemasi

Ushbu ekvivalent sxemada qo'shni rels zanjirlari 1RZ va
3RZ to'lqin qarshiliklari Zv1 va Zv3 sifatida ifodalanadi.

Me’yotiy rejimda uzatish Zan ning garshiligini aniglash
uchun 2-rasmdagi sxemani quyidagicha ifodalaymiz: 3-
rasm.

3 —rasm. O'zgartiruvchi sxemasi

Qayerda
— Zok*Zyz
k ZoktZyz

Ag = chyyly; By = Zyashy, by Cp =
iShYz ly; Do = chyyly.
Zatn =Zr *A+ B+ Z,(Z  C + D);

O]
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Zatn = Z i * chyyly + Zypshy,ly + Zpy (Zy

Qo'yilgan shunt bilan shunt sezgirligini aniglash uchun
gabul gilingan rels zanjirning xarakteristikalari bo'lgan tok
qgabul qgilgichli rels zanjirining uzatish garshiligini quyidagi

] Zv3

chy,l 1
* ( V22 +—shyzlz) +-
Zy2Shyl Zn Zve ekvivalent sxema yordamida aniglash mumkin, 4-rasm
S+ vz; Y2l +Ch}/zlz), (3) y q ’ .
V1

Fmmm e m e m -
| Ash T | Bsh :
Lo o
: | D Za(l-xsng) Za*xsn1 | 1 Z3*Xsn2
P i

|| 1 N
L ||

Ee | | : :
| : [
1 [

: —
S
|
1
4 — rasm. O'tish garshiligining o'zgartiruvchi sxemasi
Qayerda

M) Ash + Bsh + ZIIJk *=

Zona = (Zsxonz +
sha 34sh2 Zys+Rsha

sz*Rshz)
- (Z3x C Dgp |
(( 34sh2 + Zps+Rsha sh + sh
1 0
Ash Bsh 1
Csn Dsn Zos 1
Zo*(ly—x Z2(l3—Xgp1)*X.
1+ 2 (RZ shl) ZZIZ + 2\‘2 Rshl) shi
sh1 sh1
1 ZyX.
1 + 2Xsh2
Rsn1 Rsh1

*(1,—. 2(1,— *
A =142z, g g 4 Zra) (g
Rsp1 Rsh1
U]

1 Zy*(l2=Xsh1) 1
CSh:Z_m*(l-i-—Rgm )+a;
Dop = = (Zyly + Elazmdom) 4 g 22 ()
Ikki poyezdning kritik yaginlashuv zonasi uchun eng
yomon shartlar ikkinchi poyezd yo‘l zanjirining qabul qilish
uchida xsh2=0 va Rsh2=0 bo‘lsa, (3) tenglamani quyidagicha
ifodalash mumkin:
2 *
Zopa = 2oy + LRI 7« (1455, (0
Ushbu o'zgarishlarni hisobga olgan holda, tok yo'l
gabul giluvchisi bilan uzluksiz yo'l zanjirining standart
shuntiga sezgirlik mezoni quyidagi shaklga ega bo'ladi:
Knsnh =

*

*

®)

Zol, RACRERRERN =le)k*(1 , szsm)
Rsh1 Rsh1

hyalz
N(Z grchyaly + Zppshy, L+ 28 (Zi+ (£ -
(Z Yal2tZyzShyzl; bk(k(zvl

1 (10)

Yugoridagi tenglamalar asosida ikkita poyezdning
yaginlashishning kritik zonasini aniglash algoritmi va
dasturi ishlab chiqildi (4-rasm) va hisoblangan grafiklari 5 -
6-rasmda ko'rsatilgan.

Ikki poezdning tok yo'l gabul qilgichi bo'ylab
yaginlashishning kritik zonasini hisoblash signal ogimi
chastotalarining turli giymatlari, balastning o'ziga xos
garshiligi, modullar va boshgaruv datchiklarining
uchlaridagi garshilik argumentlari uchun amalga oshirildi.
Nazorat datchukning ikkita poyezdining kritik yaginlashuv
zonasi uzunligining optimal giymatlarini izlash (9) tenglama
yordamida normal va shunt ish rejimlarini ta'minlash sharti
bilan amalga oshiriladi. Ikki poyezdning yaginlashish kritik
zonasining uzunligini aniglashda kompyuterga quyidagi
dastlabki ma'lumotlar kiritiladi: signal chastotalari f, nazorat

1 \, Zv2shy2lz | =
brShyala 472 .\.hyzlz))
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datchik uchlaridagi Zok garshilik moduli va argumenti, ri, |
ning barcha mumkin bo'lgan giymatlari.

|f|}—'|n2H 1, Hxshquom—ankﬁl

Knsh hisoblash

Xshi chiqarish

Xshl parametrni < <>0
o'zgartirish

<0

Zbkparam.ozg. |4
Xshl tildash

| bk par o'zz 15 |4‘>—0{ @b his tah. |4|

=0

Y .
,ul
< >()

[rbpml;zg. :1]‘;{ thhistah ]

=0

v Y
vl ; <>(
R R et R
=0
A 4
oy
2 Xshl Zbk b [ Obk 25

tiklash

Zpkhis.tah. -,

Xshlva zbk
tiklash

Xshl Zbk va Obk 19
tiklash .

5 — rasm. Danchik ishining blok-sxemasi

Optimal qiymatni izlash jarayonida 1+6 operatorlari
kontaktlarni hosil giladi va ularni Kshnta Standart shuntiga
sezgirlik mezonini topishni va bu mezonni Knsh > 1 ifodasi
bo'yicha nazorat datchikining shuntlash bilan solishtirishni
tashkil gilish uchun ularni sikl hisoblagichlariga yuboradi.

Agar sezgirlik mezoni bittadan kichik bo'lsa, u holda
lazshu parametri bo'yicha sikl hisoblagichi tarkibini bittaga,
Xsh1 parametrini esa gadamining giymatiga o'zgartiradigan
10+11 operatorlariga o'tkaziladi. Agar sezgirlik mezoni
birga teng yoki undan katta bo'lsa, boshqgaruv ldzshu
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giymatlarini chop etadi va boshgaruvni variantlarning blok
diagrammasini ifodalovchi 12 + 25 ga o'tkazadigan 9-
operatorga o'tkaziladi. Ularning har biri ma'lum bir parametr
uchun tsikl hisoblagichining tarkibini bittaga o'zgartiradi,
uni nolga tahlil giladi va agar tsikl hisoblagichining tarkibi
nolga teng bo'lmasa, bu parametrni gadamining giymatiga
o'zgartiradi va keyingi  parametrlarning  dastlabki
ma'lumotlarini tiklash uchun boshgaruvni uzatadi. Agar
hisoblagichlarning tarkibi nolga teng bo'lsa, u holda
boshqgaruv keyingi parametr bo'yicha tsiklni tashkil giluvchi
operatorlarga o'tkaziladi. Barcha kombinatsiyalarni sinab
ko'rgandan so'ng, kompyuter tugatish belgisini chop etadi va
to'xtaydi.

3. Natijalar va muhokama

Yugoridagi algoritmga muvofiq, poyezdlar
yaginlashining kritik zonasi uchun rels zanjirning gabul
qgiluvchi uchida dastur ishlab chigildi va hisob-kitoblar

amalga oshirildi. Hisoblash natijalari 6-7-rasmlarda
keltirilgan.
Xshl,m

=425 Gh

Xshl =f(7)

@b=80°

@bk=40°

Lkm

6 — rasm. Signal tok chastotasi 425 Gts bo’lgan
poezdlarning tok yo'l gabul gilgichga yaginlashish
kritik masofasining bog'ligligi grafiklari, Zvk=0,2 ohm
zanjirning uchlaridagi kirish garshilik modullari va
ularning @bk argumentlari.

Xshlm

Xsh1=f(F)
obi = 800

¥ 50 75 13 175 25 ms 3w 3 a3 475 FyGh
7 — rasm. Signal tok chastotasi 425 Gts bo'lgan
poezdlarning tok yo'l gabul gilgichga yaqginlashish
kritik masofasining bog'ligligi grafiklari, zanjirning
uchlaridagi kirish garshilik modullari Z'bk va Zok=0,2
ohm va argumentlar @bk = 80°.
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4. Xulosa

6-7-rasmda keltirilgan hisob-kitoblarni tahlil gilishdan
shunday xulosaga kelish mumekinki, yaginlashib kelayotgan
poyezdlarning kritik masofalari keng miqyosda o‘zgarishi va
ko‘pgina parametrlarga bog‘lig bo‘lishi, shuningdek,
poyezdlarning tormozlanish masofasidan sezilarli darajada
kichik masofaga ega bo‘lishi, bu esa favqulodda vaziyatlarga
olib kelishi mumkin. Bu rels zanjirning aniq chegarasini
belgilash va svetoforlarni o'rnatishni giyinlashtiradi. Ushbu
kamchilikni bartaraf etish uchun intervalli boshgaruv
tizimlarida poezdlar harakati xavfsizligini ta'minlaydigan
texnik echimni ishlab chigish kerak
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