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PE3IOME. Makonaga CAl/CAE/CAM HMHHOBAaIMOH TEXHOJOTHSUIAPH acoCHIa JIOMHMXaNall-KOHCTPYKIMSIIAII KapaéHIIapHHIHT
Y3BUIIINTH XaM/ia BaJUTapHH MyCTaXKaMJIMK Ba OMKpIHKKa Xucobnami-noinxanamaa MathCad nacrypunan ¢oiiganaHUIIHUHT TabIHMIA

IOKOpHU CcaMapa 6epI/IH_II/I acocCJiaHIraH.

PE3IOME. B cratbe 000CHOBaHa LEIOCTHOCTh IPOLIECCOB NPOECKTUPOBAHUS M KOHCTPYHPOBAHMS HAa OCHOBE HWHHOBAIMOHHBIX
texHosoruii CAD/CAE/CAM wu BbIcOKast 3((eKTHBHOCTH HCIIONB30BaHUS IporpamMmuoro obecreuennss MathCad mpu pacuere u

TMPOCKTUPOBAHNH BAJIOB HA MPOYHOCTH U JKECTKOCTh.

SUMMARY. The article substantiates the integrity of the design and construction processes based on innovative CAD/CAE/CAM
technologies and the high efficiency of using MathCad software in the calculation and design of shafts for strength and stiffness.
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Introduction. Electrical safety is a key aspect in the field
of electric power industry. Proper operation of power grids
with neutral resistive grounding is crucial to ensure the
safety of both personnel and equipment. Let's look at this
aspect in more detail. Neutral resistive grounding is used to
limit the magnitude of a short circuit in the system and re-
duce the likelihood of a phase earth fault. This directly af-
fects the security of the system as a whole. However, in
order to ensure effective electrical safety, it is necessary to
take into account such aspects as the correct selection of
resistive grounding parameters, its connection to protective
devices, monitoring of the grounding condition and other
technical features [1].

An important aspect of ensuring electrical safety is the
training of personnel and the development of clear rules for
working with neutral resistive grounding. All employees
working in such conditions should be aware of the possible
risks and know how to safely handle the equipment.

Regular monitoring and maintenance of grounding
components play an important role in ensuring the smooth
operation of the system. This includes checking the condi-
tion of the resistors, the operability of the grounding and
identifying potential problems that may affect the safety of
the system. An analysis of world experience shows that
proper electrical safety in systems with neutral resistive
grounding helps to reduce production risks. losses, as the
probability of downtime and damage to equipment is mini-
mized, which directly affects the efficiency and profitability
of enterprises [2].

Formulation of the problem. There are standardized re-
quirements for electrical safety of electrical installations
using various methods of neutral grounding [1, 2]. The
norm for ensuring electrical safety is the permissible values
of the contact voltage, the value of which depends on the
duration of the voltage exposure. Standardization of the
resistances of grounding devices of electrical installations
ensures acceptable levels of contact voltage.

In networks with isolated or compensated neutral, zero-
sequence current protection is often activated based on a
signal, which implies the possible existence of a single-
phase earth fault (SPEF) for up to two hours. In such cases,
the fault current passing through the grounding device gen-
erates a prolonged voltage increase, and the corresponding
resistance can be adjusted in accordance with the recom-
mendations set out in the source [2], contributing to a deep-
er understanding and optimization of electrical solutions in
this area.

The requirements for the parameters of grounding de-
vices for networks with low-resistance resistive neutral
grounding, i.e. with a relatively large (up to 1000 A) earth
fault current, are not regulated in Uzbekistan. Meeting the
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requirements for the resistance of grounding devices ac-
cording to [1], as 250/1sper (but not more than 10 Ohms in
the absence of a distribution point and a connection point
with a grounding device for 0.4 kV electrical installations)
and 125/ spe (but not more than 4 Ohms in the presence of
such a connection), for Iz = 1000 A gives the values of 0.25
and 0.125 ohms for the first and second cases, respectively,
which is 2-4 times lower than the permissible [1] resistanc-
es for 110 kV and higher substations with a deafly ground-
ed neutral, which is difficult to achieve.

Since 110-220/20 kV substations must have a low-
resistance resistive neutral grounding, it follows that the
resistance of the grounding mechanism of the electrical
installation must be determined using the specifications for
the permissible contact voltage.

Relay protection is used in the urban electric network
with a voltage of 20 kV to ensure prompt disconnection of
short circuits on feeders. The operation occurs within a time
delay of 0.7 to 1.7 seconds, depending on the network to-
pology, demonstrating the importance of using relay protec-
tion in terms of ensuring the safety and stability of urban
electric networks.

The use of the regulatory requirements for electrical
safety set out in work 80, intended for networks with a
voltage above 1000 V, can also be applied in networks with
a voltage of 20 kV. This is possible by reducing the expo-
sure time of industrial frequency current to humans, which
contributes to improving safety and ensuring compliance of
electrical systems with standards and recommendations in
this field.

In the case of a blind grounding of the neutral, the same
response time of single-phase short circuits is explained
both in 110 kV networks and in higher-level networks. This
is due to the specifics of the operation of systems in the
absence of a zero sequence, which is important for evaluat-
ing and developing effective methods for protecting and
stabilizing the operation of high-voltage networks.

The choice of parameters of resistors in a 20 kV net-
work under the condition of electrical safety significantly
depends on the resistance of the grounding device to the
connecting point and the 20 kV transformer substation.
Taking the values of the maximum permissible contact
voltage from [2], the required resistances of grounding de-
vices in a 20 kV network (Table 3.1) are estimated by the
ratio:

o))

where Rg-is the resistance of the grounding device,
Ohms; U,-is the maximum permissible contact voltage; Ig-
is the rated current of the resistor.
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Table 1. The values of the permissible resistances of grounding devices in a 20 kV network.

Short circuit ~ [Permissible Permissible resistance of the grounding device,
shutdown time, contact Ohms**
S voltage, V| 1z=1000A** | 1;=800A | 1z=600A | 1z=400A

upto 0.1 500 0,490 0,606 0,790 1,118

0,2 400 0,392 0,485 0,632 0,894

0,5 200 0,196 0,242 0,316 0,447

0,7 130 0,127 0,158 0,205 0,291

1 100 0,098 0,121 0,158 0,224

1,0-5,0 70 0,069 0,085 0,112 0,156

* According to [29], tightening the requirements for the  sistance of 0.17-0.37 ohms/km per circuit, relatively suc-

resistance of grounding devices at a distribution point
(junction point, transformer substation) to values not ex-
ceeding 0.5 ohms is not justified. This is possible only in
the case of special designs and for distribution points that
stand alone and are not connected to the grounding devices
of other electrical installations - even combined protective
grounding and neutral conductors of 0.4 kV cables for aux-
iliary needs.

** The resistance of the grounding devices was evaluat-
ed at a capacitive short-circuit current of 200 A.
1=(1,12,...,1,20)I is the highest calculated value of the total
short-circuit current for a given current.

Results. When considering the results of Table 1, it
should be borne in mind that more than 80% of the short-
circuit current passes through the cable sheaths [3], which
are grounded on both sides and connected to the primary
grounding circuits at supply centers of 110 kV and above
with a resistance of up to 0.5 ohms.

Up to 20% of the short-circuit current is distributed
through the combined protective grounding and neutral
conductors of the 0.4 kV network with low-resistance resis-
tive grounding of the neutral of the medium voltage net-
work, and up to 85% of this current is distributed through
the cable sheaths of 10-20 kV. The grounding device of a
20 kV electrical installation directly accounts for no more
than 2-3% of the short-circuit current of the medium volt-
age network. Under such conditions, the step and touch
voltages with a probability of 0.95 do not exceed 5 V/KA
relative to the short circuit current, and the highest values
reach 20-30 V/KA, according to field measurements in ur-
ban distribution cable networks with resistance currents of
950 - 1400 A. Therefore, when using a resistor with a cur-
rent of 400-700 A in the cable network, the probability that
the expected values of the touch and step voltage exceed
12.5 V is only 0.05; the highest values can reach 40-75 V,
which is not dangerous with a quick shutdown of damage
[4].

Therefore, it is essential to consider the inclusion of ad-
ditional metal connections, such as copper cable shields
with cross-linked polyethylene insulation, between all sub-
stations (including transformer substations) and the ground-
ing devices of the 110-220/20 kV power supply center
when evaluating the electrical safety parameters within a
specific 20 kV network. This proactive approach is pivotal
in ensuring comprehensive safety measures and protecting
the integrity of the electrical infrastructure, especially in
high-voltage environments.

Deep grounding devices are used to achieve the re-
quired value of equivalent grounding resistance in the ab-
sence of shunt connections. Electrical safety is achieved
with an equivalent resistance of grounding devices to the
power center, distribution point, connecting point and
transformer substation in the range of 0.1-0.2 Ohms by re-
ducing the fault current in the network using a resistor to
400-600 A (Table 1).

The natural parallel connection of the main grounding
circuits of the power supply center, as well as the distribu-
tion point, the connecting point and the transformer substa-
tion using copper shields grounded on both sides of cables
with cross-linked polyethylene insulation with a linear re-

cessfully solves the problem of electrical safety in a 20 kV
network with a low-resistance resistor at 1;=400-600 A. In
this regard, before the introduction of one-way screen sepa-
ration on single-core 20 kV cables, a feasibility study
should be carried out to eliminate induced currents and
losses. The issue of potential transfer to the enclosures of
electrical equipment in a 0.4 kV network connected to a
grounding device with transformer substations of 20/0.4 kV
becomes relevant with a large number of such substations.
Depending on the maximum short-circuit time (tn.) in a
high-voltage network [5] in the document, restrictions on
the permissible value of the voltage Upgerm for phase isola-
tion of equipment in electrical installations with a voltage
of up to 1 kv are shown in Table 2.

Table 2
tiax, S 0271047 10,7 13 [ 1,7
Uperm: V 560 | 300 | 140 |90 |80

* disconnection during this time is possible if an assem-
bly with a fuse is used as a complete switchgear (switch-
gear) complete 0.4 kV switchgear is used as an assembly
with fuses;

** disconnection during this time is possible if a
switchgear with circuit breakers is used as a 0.4 kV switch-
gear.

These values correspond to the European electrical safe-
ty standards [6] adopted in Denmark, Poland, Germany,
Belgium, Great Britain and other countries. With a re-
sponse duration of 1.7 seconds or more, the maximum
permissible voltage at the contacts is 80 V (Fig. 1).
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The shutdown time of a single-phase fault in the power supply is 1 kW, c.
Figure 1. Permissible voltage on
equipment housings up to 1 kV

To prevent the transmission of high potential to a 20/0.4
kV substation and a 0.4 kV network with two-way ground-
ing of 20 kV cable lines, it is fair to use the separation of
grounding elements of the high-voltage and low-voltage
parts of the substation, described in [7]. An additional
measure that guarantees safety conditions in case of possi-
ble dismantling is to reduce the current of the resistor in the
neutral of the 20 kV network by 40-50% compared to the
value of 1000 A [6, 7].

Conclusion. Taken together, global experience not only
confirms the importance of a feasibility study for convert-
ing 6-10 kV networks into 20 kV networks to ensure elec-
trical safety, but also provides unique ideas and best prac-
tices that are key to the development of concepts and strat-
egies in the field of electrical safety. areas of electrical safe-
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ty. Electrical safety in a 20 kV network with a low- through the shells of cables grounded on both sides and

resistance resistor in the neutral should be assessed by the  connected to the main grounding circuits, at 110-220 kV

normalized values of the contact voltage. Taking into ac-  supply substations, the contact voltage on the 20 kV side

count the fact that at 110-220 kV supply substations more  with a single-phase short circuit current of up to 400-700 A

than 80% of single-phase earth fault currents are distributed  with a probability of 0.95 will not exceed 12.5 V.
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REZYUME. Ushbu maqolada energetika sohasi xodimlari va jihozlarning xavfsizligini ta'minlashda neytralni rezistorli yerga ulash-
nining muhim roliga e'tibor garatadi. Bunda rezistorli yerga ulash parametrlarini tanlash, ularni himoya qurilmalariga ulash va ularning
holatini kuzatish bilan yagona xavfsizlik standartlariga rioya gilish muammosi ko'rib chigiladi.

PE3IOME. B 3701 cTratbe OCHOBHOE BHUMAHHUE yIENSETCS BaKHOU POJH 3a3eMJICHUS] HEMTpadd Pe3HCTOPOM B obecrieueHUU 0e3-
OIIaCHOCTHU NE€pCoOHala U 060py}10BaHI/I$I B SHEPIreTUYECKOM CEKTOPE. B JIJaHHOM cCJiy4dac pacCMaTpUuBacTCsA np06neMa COﬁJ’HO}leHI/IH cau-
HBIX HOPM 0€30IIaCHOCTH C BEIOOPOM ITapaMeTPOB 3a3eMIICHHS PE3UCTOPOB, MOAKIIOYCHUEM UX K YCTPOHCTBAM 3aIIUTHl M KOHTPOJIEM HX
COCTOSHUS.

SUMMARY. This article focuses on the important role of neutral resistor grounding in ensuring the safety of personnel and equip-
ment in the energy sector. The considers the problem of compliance with uniform safety standards with the choice of grounding parame-
ters of resistors, connecting them to protection devices and monitoring their condition.
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Shigiskatran - (Crambe orientalis L.) — atanaq galliler
(Brassicaceae) tuqimlasina kiretugin qumbat bahali ot-
jemlik ham pal beriwshi oOsimlik sipatinda ayyemgi
zamanlardan berli jergilikli xaliglar tarepinen paydalanip
kelingen. Bul o6simlik amiq guallegen wagtinda onnan
jagimli, xoshpal iyisi tarqaladi. Shigis katrani ayrigsha tur
sipatinda ajiraliwina shekem oni kobinshe Respublikamizda
ken tarqalgan Kochikatrani — Crambe kotschyana Boiss
sipatinda Uyrenilip kelingen [6].

Botanikaliq adebiyatlarda 6simlik trinin atamasi
boyinsha tarli qarama-qarsi pikirler bar. A.Ya. Butkov ham
Z.AMaylun om Crambe amabilis dep esaplasa [4], bul

tuqumlasti jagst biletugin belgili alim B.P. Bochantsev, bul s S R s ,
Crambe orientalis L., sonin ushin Crambe amabilis-t1 1-suwret. Crambeorientalis L.-tiri uliwma korinis
Crambe orientalisL.-tin sinonimi dep qabil etiw kerek Uzin atahqglar jogar tarepinde tisshege iye, geyde tisshe
degen pikirdi aytadi [3]. bolmaydi. Shanhg analig awzinan alislaganday, tisshe
Bizler 0z izertlewimizde S.K.Cherepanov ham analig awzina burilgan boladi. Jogargi pal bezsheleriri,
B.P.Bochantsevlardin pikirine toliq gosilamiz [5]. apiwayr yamasa muyeshli-baganali bolip, har bir jup

Joqaridagilarga tiykarlanip, Ozbekstan aymaginda atahqtin aldinda birewden jaylasadi. Témengi pal bezsheler
shigis katrani- Crambe orientalis L., 6sedi dep juwmaq mayda, prizmah, olar kelte atahqgtin ishki tarepinde
shigariwga boladi. jaylasadi. Analig, shetleri birigip, bir uyali anahq

Shigiskatran1 gillegen wagqitta S. kocchiana-ga juda  garinshani duzetetugin kimiywe japiragtan turadi. Analig
usaydr. Ol keyingiden 6zinin sizgish tarizli tilkimlengen-  garinsha otirmali.Omin ishinde eki tugim buartik, onnan tek
par styaqlh hAm mayda gualleri hdm miyweleri menen  jogarg tugqim rawajlanadi. Moy kelte, otirmal analiq
jagsi parq qiladi (1-suwret). awzinan turadi.

Crambeorientalis L.-tin guali tawr, gal gorgam Crambe orientalis L.-tifi bioekologiyaliq 6zgesheliklerin
quramali. Ol 4 jasil renli gl kese japwragi ham gul ayreniw ham om Qaraqalpagstan sharayati ushin keleshegi
japiraginan, sonday-aqg, gultaji da 4 diagonal jaylasqgan ag  bar ot-jemlik 6ésimlik sipatinda madeniylestiriw boymsha
gul japiragman turadi. Ataligr alti, sonnan ekewi kelte  ilimiy izertlewler bir tajiriybe uchastkasinda alip barildi. Ol
jip penen sirtqr qatarda, al tortewi iri olar ishki qatarda  Ajiniyaz atindagi  Nokis mamleketlik pedagogikaliq
jaylasgan. Analiq qarinsha otirmali, kelte analig moym institutinin  «Grachevaya rosha»da Botanika  baginda

27’ jaylasqan. Jumista tdjiriybe uchastkanin 1qlim ham
ham awizshadan ibarat. Gl formulas1 *+ Cay,,C04A2:4G1.  agroximiyaliq sipatlamasi toliq Gyrenilgen.
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