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USE OF THE FISH FAUNA OF THE VESELOVSKY POND FOR INDUSTRIAL AND FISHERMAN'S
FISHING IN 2020
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HNCIIOJb30BAHUE NXTUO®AYHBI BECEJJOBCKOI'O BOOJOXPAHUJIMIIA JJIsA
MMPOMBIIIVIEHHOI'O ! JIIOBUTEJBCKOI'O PBIBOJIOBCTBA B 2020 I'.

Bapa6amun T.,

K.6.H., FOoxchvlil ghedepanvhbiil yrusepcumenm,

Axaodemusi 6uonoeuu u buomexHoro2uu, Kageopa 300102uu
2. Pocmoe-na-fony, np. Cmauxu 194/1,

Araodemus 6uonocuu u buomexuonocuu IODY, k. 606
IHoruBanoBa B.

IOoicnviii pedepanvrviil ynusepcumem,

Axademus buonoeuu u buomexnonozuu, Kageopa 300102uu
2. Pocmoe-na-fony, np. Cmauxu 194/1,

Axademus buonozuu u buomexnonocuu FOPY, k. 606

Abstract

Despite the restrictions caused by the pandemic, both industrial and fisherman's fishing continued in the
Veselovsky pond in the Rostov Region in 2020. Our studies have shown that the fauna of the reservoir is unevenly
used by fisherman's and industrial fishing. The survey data on the occurrence of fanciers of various species in the
catches, as well as the statistics of fishing in the reservoir, were also analyzed. Both amateur and commercial
catches were dominated by silver crucian, but the other species were distributed differently. The amateurs also had
rudd and taran in the top three. In the fishery, the first 3 species included silver carp and river perch. This is due
to the peculiarities of fishing with amateur and commercial gear, as well as with the places where fish are caught.
In general, the conclusion is made about the impact of fishing on a significant proportion of the fauna of the
Veselovsky pond.

AHHOTALUA

HecmoTtps Ha orpannueHwus, BeI3BaHHBIE MaHAaeMueil, B 2020rony Ha BecenoBckoMm Bomoxpanuimie B Po-
CTOBCKOM 00JIaCTH MPOJI0IHKATIOCH KaK MPOMBITIINIEHHOE, TaK U JIIOOUTENILCKOE prI0O0TOBCTBO. Hatu uccneqoBanus
MOKa3ayu, 4To (hayHa BOJOXpaHWIMINA HEPABHOMEPHO HCIOJIB3YETCsl PbIOaKaMu-IIOOUTENSIME U IIPOMBICIIOM.
Taxxe AHAJIU3UPOBAJIUCH ONIPOCHBIC TAHHBIC BCTPEYAEMOCTH B YJIOBAX J'IIO6I/ITGJ'ICI?I TCX WJIHU UHBIX BUIO0B, 4 TAKXKC
CTaTUCTHKA IPOMBICJIa HA BOAOXPAHUIIUIIIE. Us J'IIO6I/IT6J'IBCKI/IX, 1 B IPOMBICJIOBBIX YJIOBaX JOMHUHHUPOBAJI cepe6-
PSHBIN Kapack, HO BOT OCTalbHBIE BH/IBI pacIpeAessUINCh HHade. Y JII0OUTeNIe! B TPOWKE JIMAEPOB OBIIN TaKKe
KpaCHOIIEPpKa U TapaHb. B IIPOMBICJIC )K€ B IICPBLIC 3 BHJa BXOJUJIN TOJICTOJIO0OUK U pequi/'I OKYHb. 3TO CBSI3aHO
¢ 0COOEHHOCTSIMH JIOBA JTIOOUTENHCKUMH U MIPOMBICJIIOBBIMU CHACTAMHU, a4 TAKIKE C MECTaMH NIPOBC/ICHUA BbIJIOBA
pLIﬁ. B OeJIOM JACJIa€TCA BBIBO O BOSHGﬁCTBI/II/I pLI6OJIOBCTBa Ha 3HAYUTCIIbHYIO OO0 (I)aYHLI BOJOXpaHUJIUIIA.

Keywords: fish fauna, Veselovsky pond, industrial fishing, fisherman's, amateur fishing
KuoueBble cioBa: mxtuodayHa, BeceroBckoe BOIOXpaHWIWINE, MPOMBIIIJIEHHOE PHIOOTIOBCTBO, JTHOOH-
TEJIBbCKOE PHIOOIOBCTRO.

BecénoBckoe BopoxpaHuiMIe U peka MaHbd -  00pa3oBaHHBIC peKoi 3anaaHblii MaHbI4, U IPUJIETato-
OJTHO M3 TJIaBHBIX MPUPOJHBIX OOTaTCTB BeC&moBCckOro M1yt K HUM TPYIITY 03€p.
paiioHa. Bec&noBCKUM BOJOXPAHWIMILEM MPUHATO BecenoBckoe u Ycrb-MaHbIUCKOE BOJIOXpaHH-

Ha3bIBaTh CAMHYI THUAPOCHUCTEMY, BKIIOYAMOIIYIO  JIMINA PACIIOIO0XKEHBI B 65 KM Ha BOCTOK M FOT0-BOCTOK
VYere-Manbruckoe u BecénoBckoe Bonoxpanwiuiia, — oT r. PoctoBa-Ha-JloHy B 3amajHON 4acTd AOJIUHBL P.
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3anaanelif Mansry, Ha Tepputopun Cansckoro, [Ipose-
Tapckoro, Eropasikckoro, MapteiHoBckoro, Becenos-
ckoro, baraesckoro n CeMuKapakopcKoro p-HOB.

Hecmotps Ha 1O, uto B 2020 romy maHmeMus
HAJIOKMJIa MHOXKECTBO PAa3IMYHBIX OTPaHWICHUH,
JIFO/IM HE TIePECTAIN 3aHIMAaThCS PHIOOIOBCTBOM. Baxk-
HYIO POJb B 3TOT MOMEHT UTPAJIO MIPOMBIIIICHHOE PHI-
00JI0BCTBO, KOTOPOE 00ECIIEUNBAIIO POTYKTAMH ITUTa-
HUS TPaXJIaH, HO ¥ PhIOaKHU-JIIOOUTENH BBIONPAINCH Ha
BOJIOEMBI, MHOT/IA JTakKe HECMOTPS Ha 3aIlpeT ¥ KapaH-
TuH. PBI00I00OBIBAIOIIME OpPTaHU3AIMH, COTJIACHO Ka-
PaHTHHHBIM MEPOIPUATUSAM, HE OCTaHABIMBAIH CBOIO
IeATENBLHOCT, B CBSA3HM C MaHuemueil. Bo3MoxkHo, B
CBS3M C KapaHTWHOM MHOTHE HAIPOTHB CTaJH dYarie
BEIOMpATHCS HA PUPOAY, YTOOBI B I OT BCEX 3aHU-
MaTbCS JTFOOMMBIM JI€IOM — PHIOAITKOI.

B cpaBrennu ¢ 2019 rogom 00bEMBI BEUIOBA PhI-
00I00BIBAIOIINX OPTaHU3AIMNA COKPATHINCH HE3HAUH-

TENIbHO, 3TO CBUICTEILCTBYET O TOM, UTO IAXKE B CIIOXK-
HOM pEKHME TTaHAEMHUHU BBUIOB HE CHIDKaics U Bece-
JIOBCKOE BOJIOXPAHWIIMILE UTPAT0O BaKHYIO POJb, KaK
TIPOMBICJIOBBI BOZOEM.

HccnenoBanne nxtruodayHbl MPOBOAMIOCH ITyTEM
orpoca pIOAKOB JFOOUTENEH, aHATIN3y CBEICHHIA O BBI-
JI0BE PBIOOIOOBIBarOIINX oprann3anuii 3a 2020r. Mer
paccMOTpeIH JaHHbIE 110 BBUIOBY CIEAYIOIIUX OPTaHH-
3aruii: OO0 «Poctpsibay, UIT Eropos A.C., UIT Kap-
nenko M.A.

CBOJIHBIE JJaHHBIE 110 TPOMBICIIOBOMY JIOBY 3a
2020r. Obun TpenocTaBieHbl A30Bo-UepHOMOPCKUM
TEPPUTOPHAIBHBIM yIIpaBIeHHEM PocpribonoBcTBa.
KonmuecTBo BbIIIOBa MPUBOAMIOCH B TOHHAX.

OnpammuBaiuch PHIOAKU-TIOOUTENN, PETYISIPHO
MIPOBOAAIINE JIOB HA BOJOXPAHMIUILE Pa3peIIeHHBIMU
OpYAMSIMH JIOBa Ha MPOTSDKEHUH Bcero roga. OueHka
OoOMIIMST BHAOB TPOM3BOAWIACH IO CHCTEeMe OaiioB
(Tabmuma 1).

Tabauna 1
banpHas olleHKa 00MJIMs BHJIOB B YJOBax pblOakoB-mooureneit, 2020r.
Bajuibl Bcerpeyaercs B yJjoBax

5 O4eHb MHOTO

4 MHoro

3 Cpenne

2 Maio

1 OueHp Majlo, eTUHUYHO

CornacHo IUTEpaTypHBIM JaHHBIM (BUTKOBCKHIA,
2000, BosoBuk 1 1p., 2010), hayna pei6 Becenosckoro
BOJOXpaHWIMIIA IpencTaBieHa 35 Bugamu u3 10 ce-
MeiicTB. B ¢ayHe mpeobimamaroT NMpenCcTaBHTENN ce-
MeiictBa Kaprnossle, nomnst koTopsix coctasuna 51,1%

ot obuiero uncna BuaoB. Ha BTopom Mecte OkyHeBbIE
u berukoBbie — o 14,3%, a ocTranbHBIE ceMecTBa 3a-
HHUMAIOT 110 2,9% OT 00111ero BUAOBOTO pa3sHOOOpa3us.

O Kapnoeble B BbtoHoBble 0O ComoBble

O LLlykoBble
B OkyHeBble 0O BbbikoBble M OcetpoBble B CenbaeBble

B HanvmoBble O Mrnosble

Puc. 1. Cmpyxkmypa aynvl Becenogckozo 800oxpanuuua

OCHOBHBIM BHIOM TIpOMBICTa PBIO B Becemos-
CKOM BOJIOXPaHMIINIIE, KOTOPHII BBIOIHSAIOT PEIO0XO0-

3SIACTBEHHBIC OPTaHH3AIMHU, SBJSIETCS MPOMBICET 3a-
KUJIHBIM HEBOJIOM. AHANW3 BBUIOBAa PBHIOOI0OBIBAIO-
X opranu3anuii 3a 2020r. mpuBeieH Ha PUCYHKeE 2.
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Puc. 2. [Ipomvicrosviil 661106 puib 8 Becenoeckom eoooxpanunuuge 3a 20202., mouw

B mpomeicioBOM BBUIOBE Hpeobnanan cepedps-
HBII Kapach, OJIT KOTOpPOro cocrasmna 75% oT 00-
mero odbeMa NpoMbICia, a KBOTa ObIJIa OCBOEGHA Ha
82,6%. Ha BTOpoM MecTe mo 00beMy BBUIOBA HAXO-
JIATCS TOJICTOJIOOHK — 8,7% OT 00I1ero 4ucia, KBoTa
ocBoeHa Ha 21%. Ha tpeThemM MecTe OoKkazalcs Jieny —

7% ot obmero obOpema, KBOoTa oOcBoeHa Ha 51%.
OcranbpHble BUABI OBIIM BBIJIOBJIEHBI B HE3HAYHTEIb-

HBIX 00BbEMAX.
JlaHHBIC MO aHANKM3y JIIOOUTEIHCKOTO PHIOOIIOB-

CTBa MIPEJCTABJICHBI HA PUCYHKE 3.
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Puc. 3 Oyenxa mobumenvckozo evi06a pwid 6 Becenosckom soooxpanunuwe 3a 20202., banne

B ymnoBax prI000BOB-IOOUTENECH Tpeobagain
Kapach U KpacHOIIEpKa; Ha BTOPOM MecTe TapaHb, ca-
3aH, TycTepa M Jiell], TaK KaK MX 4acToTa BCTpedaeMo-
cTH OblIa MPUOJU3HUTEIHHO OJMHAKOBOW. MeEHbIIe
BCETO  PHIOOIIOBAMU-TIOOUTEISIMH  BBIJIABIMBAJINCH
KapIl 1 amyp.

CpaBHHBasi TOJyYeHHBIC PE3yJbTaThl IO IIPO-
MBIIIJICHHOMY U JIOOUTENECKOMY BBUIOBY, CIIEIyeT OT-
METUTh, YTO AAHHBIE 10 BBUIOBY HEKOTOPBHIX BHJIOB
coBnamarT. Tak MpeoOsafaroiM BHIOM B KaxuJI0M
ciry4ae okasaJics Kapack. ITO HanboJiee MacCOBBIH BH]]
B BOJIOXPAHWJIUILE, HO NPU 3TOM HaMMeHee LIEHHBIM.
[ToxoXuMu OKa3allich U JaHHBIE TI0 BBIJIOBY TapaHu. A
BOT JIaHHbIE MO OCTAJbHBIM BHUJIAM OKa3aJKCh pa3-
JTu4HbL. Pa3Huna B BEJIOBE IPOMBICIIOBHKOB H JIIOOHTE-
Jell OCHOBaHAa HAa MWCIIOJIb30BAHUM Pa3HbIX OPYAUH

noBa. B 100UTEIbCKOM PHIOOJIOBCTBE JIOB BEACTCS Ha
YIOYKH, CIIMHHUHTH, (QUICPBI U JOHKH Yallle BCETO B
IPUOPEKHOI 30HE, T/Ie BRICOKAS 3apacTaeMOCTh TPOCT-
HUKOM, POrO30M H ILIaBAIOMICH PaCTUTEILHOCTHIO.
B03M0XHO, UMEHHO TI0 STOW MPHYHHE T'yCTEPhI HE OKa-
3aJI0Ch B MPOMBICJIOBBIX YJIOBAaX, TaK KaK OHA MPEIIo-
YUTACT MECTA C XOPOIIIO Pa3BUTOM PACTUTEIBHOCTHIO U
3aUJICHHBIM WJIU MIIMHUCTBIM JHOM. UTO Kacaercs TOJl-
CTOJIOOWKA, TO 3TOT BUA-TUIAHKTOHO]AT U JIOBJIS €ro Ha
JIIOOUTENIbCKHIE CHACTH TPEOYET CIICIHaIbHBIX MPHUCITO-
COOJIEHN M MCIIO/Ib30BAaHUE TEXHOIUIAHKTOHA.

B 11e710M k€ ClieIyeT OTMETUTH ITMPOKOE UCIIOJb-
30BaHKE (ayHBl peI0 BecelroBCKOro BOJOXpAHIITUINA
KaK POMBICIIOBHKAMH, TaK U PhIOAKaMU-ITFOOUTEIISIMH,
HECMOTpsI Ha KapaHTHHHBIC OTPaHUYCHHS IO MaHJe-
muu Kosuza-19.
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PROSPECTS OF INTRODUCTION PSEUDOTSUGA MENZIESII FIR NORTHERN KYRGYZSTAN
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DOI: 10.24412/2701-8369-2021-8-1-7-10

The forests of Northern Kyrgyzstan have very poor species composition. Harsh growing conditions, dry cli-

mate, vertical zones, localization of forests on the slopes of northern exposures, whereas the opposite forestless
slopes have created more or less tolerable conditions for the existence of only one species. It is Tien-Shan’s spruce.

According to some sources forests of Northern Kyrgyzstan was not consist of only one species. In past his-
torical periods in their composition was also attended by Pseudotsuga of Asian species, hemlock and other wood
species.

The unsatisfactory natural resumption of local breed, intensified exploitation of spruce forests of Kyrgyzstan
during the last hundred years, cattle grazing, and in recent years the recreation led to serious concerns for their
further fate. One of the ways to solve this situation may be introduction of tree species in the region. In last 80
years’ different tree species was been tested for the enrichment of species composition, productivity improvement

of spruce forests and for landscaping purposes.

One of these species, which may in a relatively short time increase forest productivity is Pseudotsuga. The
prospects of its breeding noted in many countries of Europe. In Central Asia, small areas of artificial plantations

of this species are only in Kyrgyzstan.

Currently, the second stage of introduction of this breed in Kyrgyzstan is underway. Pseudotsuga in local
conditions creates highly productive plantations, developing according to class | bonitas, tolerates harsh forest
conditions,also there is a natural resumption. Not affected by pests and diseases. Among the shortcomings, a rela-

tively high trunkshift should be noted.

In general, this breed can be recommended for plantation afforestation and widespread introduction into the

belt of spruce forests of Northern Kyrgyzstan.

Keywords: Pseudotsuga, the results of the introduction, the course of growth, trunk shape.

Introduction.

Main aim of a forestry of Kyrgyz Republic is
strengthening protective properties of mountain forests
and their recovery. Also new plantings must be the
source of wood production, which cease feels sharper
every year. This questions must be solved, by breeding
local spruce, and by methods of introduction, which can
result in increased productivity of forests and reduced
wood growing time, also enriching the very poor spe-
cies composition of spruce forest.

Works on the introduction of exotics in Northern
Kyrgyzstan began at the 30s of the last century and over

several decades, 11 species of pines, 8 of larch trees, 9
of spruce trees, 7 firs and 3 species of Pseudotsuga were
introduced into crops and park plantings as well as
hardwood.

For more than 50 years, a green species of
Pseudotsuga (Pseudotsuga menziesii var. Viridis
Franco) has been growing in forests of Northern Kyr-
gyzstan.

The growth of this breed under different forest’s
conditions was studied at 27-years old plantings [8].
Long time, which past after research has made its own
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adjustments, and it became necessary to conduct re-
search in a more mature plants and develop the recom-
mendations for its further cultivation.

The purpose of these studies was concluding the
results of introduction 53-years old plantings of green
species pseudotsuga and evaluation prospects of its cul-
tivation in the region. To achieve the goals it was nec-
essary to solve the following tasks:

1. conducting retrospective analysis of the growth
of this breed in various forest conditions

2. revealing the results of introduction and the
state of plantings of this breed.

3. developing recommendations for further testing
and widespread adoption of this fast-growing species
for afforestation in the region.

Methodology.

The objects of research were ordinary cultures of
pseudotsugas in the tracts Krasulino (2150) and
Djelanda (2036 m above sea level), growing on the hills
of NE exposition, with a steepness up to 100. Trial ar-
eas were laid here and taxation measurements were car-
ried out. For this purpose, trees were counted at each
trial plot, and three sample trees corresponding to the
average trees on the plantation were taken. The taxation
description of the stands, growth analysis at different
periods of growth and the shape of the trunks were car-
ried out according to the generally accepted technique
[2, 7]. For the clarification of objects location GPS-
navigator, rangefinder was used. For taxation measure-
ments, a measuring fork and an altimeter PM 5/1250
were used. Microsoft Excel was used for the processing
of field materials.

On the test areas, as well as during the reconnais-
sance survey of all plantings, the state of stands for the
presence of diseases and pests and presence of natural
regeneration were determined in general.

Main part.

The issue of distribution of the genus Pseudotsuga
in past historical eras was described in details by Her-
mann R. [18] with reference to various literary sources.
According to archaeological findings, it was found that
Pseudotsuga, which is similar to the North American
species, belongs to the early Tertiary period (about 50
million years ago). Since then, the morphological char-
acteristics of the species have changed slightly. Cones,
seeds and needles of modern Pseudotsuga can hardly be
distinguished from the "ancestral".

The findings of this breed in Japan and North
America do not give an answer, which of the two spe-
cies is original, Asian or North American. In the early
Tertiary period, it could grow between Asia and North
America.

According to some reports, severe changes in cli-
matic conditions occurred during the Pleistocene and
Halacene in the Northern Tien-Shan. At this time,
spruce satellites (Abies, Tsuga, Pseudotsuga, Cedrus,
etc.), which were previously in the first ancient tier, se-
cede from spruce forests of the Northern Tien-Shan.
The spruce formation then became monopodial [13].

This breed is introduced to Western and Eastern
Europe, Scandinavian countries. It grows successfully
in Baltic States, Ukraine, Belarus, Northwest Russia
and Caucasus.

In the countries of Central Asia, for the first time
it was introduced in Northern Kyrgyzstan, where cur-
rently there are small experimental plantings of this
breed.

The first experiments on breeding Pseudotsuga of
green variety in Kyrgyzstan began in 1952. Seeds ob-
tained from Trans Carpathian Ukraine were sown in a
nursery at an altitude of 2036 m above sea level. In the
spring of 1954, the obtained seedlings were planted in
three plots at heights of 2036, 2100 and 2137 m above
sea level. At heights of 2100 and 2137 m, the plants fell
out completely, at 2036 m, they were frozen almost
every year [4]. Currently, 5 trees have been preserved
at this height. Maximum diameter - 52 cm, height - 28
m.

Work on testing Pseudotsuga in Northern Kyrgyz-
stan continued in 1961. Seeds obtained from natural
range (British Columbia, Canada) were sown in the
nursery without preparation.

For three years, seedlings were grown in the sow-
ing department of the nursery. The average height of
three years old seedlings was 18.7 cm. In the spring of
1964, forest crops were planted from the grown seed-
lings in the tracts of Dzhelanda (2036) and Krasulino
(2150 m above sea level), in an ordinary way.

Currently, these plantings have reached the age of
53 years. They are characterized by rapid growth and
resistance to diseases and pests.

During the growth and development, thinning was
carried out in the plantings. Information on the dates of
their holding, the volume of logged wood and mortality
has not been preserved.

Under Pseudotsuga crops, soil was formed on car-
bonate loams [14]. The content of humus differs greatly
in various forest conditions. In general, the soils under
crops are highly humus and have a good structure,
which allows them to be classified as fertile.

Currently, grassy and shrubby vegetation in all
plantings is completely absent. The results of
Pseudotsuga’s ordinary crop, growing in the tracts of
Jelanda and Krasulino at the foot of the slopes of NE
exposure, growth analysis presented in Table 1.

Table 1.

Taxation indicators of 53-year-old Pseudotsuga crops in the tracts of Jelanda and Krasulino

Place Amount of trunks Average A\{erage Sum Stock per Average increase
on 1 hectare, pcs diameter, cm | height, m ofM®* | 1ha m? in stock, m¥/ ha

Jelanda 958 31.5 24.0 74.6 843 15.9

Krasulino 914 30.8 23.0 68.0 763 14.4
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As can be seen from the data in the table,
Pseudotsuga plantings growing under slightly different
forest conditions, in this case, it is height above sea
level, have almost identical growth rates. The decrease
in stock in Krasulino is due to a slightly smaller number
of trees per hectare, a smaller diameter and height. Ac-
cording to our observations in Northern Kyrgyzstan, or-
dinary Pseudotsuga cultures grow in the first class of
bonitas.

The severe forest conditions of the Tien-Shan,
main of which are dry air and soil, do not significantly
affect the productivity of Pseudotsuga plantings. In
some cases, this breed outpaces coeval plantings in Eu-
rope in terms of growth rate and productivity.

In Europe, a Pseudotsuga forms plantations of I-
111 classes of bonitas. At the age of 60, bonuses of class
I bonitas have a reserve of 595 m®/ ha, 11-476 and class
111 bonitas -307 m®/ ha. The total productivity of plant-
ings (including intermediate use) of I-111 classes bonitas
at the age of 55 years provides 924 m3 ha [17].

In France, in Rhone Valley, at the age of 40, its
average height is 20 m, average diameter is 33 cm, the
stock is 698 m®/ ha, number of trees per 1 hectare is
1000 pcs., increase in stock is 17.4 m3/ ha [1].

In England, 47-year-old Pseudotsuga have a stock
of 715 m3/ ha. At the age of 80, particular trees produce
12 m® of wood, and the best specimens at the age of 140
reach a height of 56 m [16].

In Belarus, intensive growth of this breed in vol-
ume continues up to 55-65 years, and its maximum av-
erage increase in stock occurs at the age of 65-70 years.
[15].

The current growth in height in Northern Kyrgyz-
stan increases up to 30 years, then it decreases up to 40
years, and over the past 13 years it has been the same.
The average growth in height up to 50 years is steadily
increasing. Its maximum noted at the age of 50 years,
then it decreases slightly.

Periodic growth in diameter reaches its maximum
value at 30 years, then drops sharply. The average in-
crease in diameter up to 53 years is gradually increasing
and in its values is as close to the current one as possi-
ble.

The current growth of Pseudotsuga in the natural
range reaches its greatest value at the age of 40, and the
average at 50 years [10].

In Latvia, a significant growth in this breed is ob-
served at a relatively young age. The growth in height
begins to decrease earlier than the growth in diameter
[12]. An increase in the current growth of this breed in
Germany is observed up to 35-45 years and is equal to
I bonitas 25.1, in 1l bonitas - 21.1 and in 111 bonitas 14.1
mS per ha [17].

Pseudotsuga cultures grow slowly in the first dec-
ade, and then significantly increase growth. Their
productivity in the northwest of the USSR lags behind
the productivity of forest stands in their homeland, but
it is more than that of pine and spruce plantations [5].

Pseudotsuga could become the most important and
valuable tree species worldwide [6]

Thus, studies of the growth of Pseudotsuga in
Northern Kyrgyzstan have shown that this breed in lo-
cal conditions is characterized by rapid growth, re-
sistance to diseases and pests, and now we can confi-
dently say that it is very promising for afforestation and
the creation of industrial plantations in this region.

One of the main indicators of acclimatization is
the ability of the planting or particular individuals to
produce high quality seeds and viable natural resump-
tion. As for the Pseudotsuga, in some cases a good re-
sumption is noted.

In the conditions of Northern Kyrgyzstan, the
fruiting of this breed was first observed at the age of 20
[8]. Seeds at this age were of poor quality. Currently,
abundant fruiting is observed every 3-4 years. Seed-
lings are obtained from seeds of local resumption,
which are mainly used for growing large-sized planting
material for landscaping. The second stage of introduc-
tion has begun, and the creation of forest crops has not
gone beyond the boundaries of experience.

The reasons are more subjective associated with
frequent reorganizations of both the forest industry and
scientific approaches to solving various issues related
to the introduction of plants. It is believed that the sub-
sequent naturalization after acclimatization of not only
Pseudotsuga, but also of other introducers may ad-
versely affect the formation of the local Tien Shan
spruce.

Currently, the problem of increasing the produc-
tivity of spruce forests by growing fast-growing tree
species in the region has been partially solved. But the
question of the sustainability of natural forest ecosys-
tems remains open, because artificial introduction of al-
ien species is always accompanied by certain risks of
displacement of local species, which are supplemented
by a number of negative phenomena, such as global cli-
mate change, import of diseases and pests, anthropo-
genic impacts (logging, grazing of livestock) and they
can be very vulnerable to natural biocenosis.

Now it is difficult to determine the critical value
of the intervention when it becomes irreversible and
therefore it is rather difficult to predict the conse-
quences. They should be based on a sufficient amount
of empirical material and developing relationships of
woody vegetation, because the sustainable develop-
ment of the forest ecosystem is a prerequisite for sus-
tainable forest management in the future [9].

Productivity and relationships of introduced tree
species and native species in Northern Kyrgyzstan, the
forecasting of possible risks when introducing intro-
ducers into the belt of spruce forests have not been
raised and discussed so far, and their importance and
novelty become obvious.

The high growth rate of Pseudotsuga in Belarus
makes it possible to completely displace other breeds
from plantings at ripening age, even with their equal in-
itial participation [15].

Recently, quite harsh and persistent demands have
been voiced to stop the introduction of plants alto-
gether, because this can lead to a “global environmental
disaster” [11]. The introduction of alien species into
new for them territories is recognized as one of the most
serious threats to biological diversity [3].

At the beginning of the introduction search in
Northern Kyrgyzstan, productivity was paramount.
Now the views have changed somewhat and the sus-
tainable development of the natural forests of the Tien
Shan has been highlighted. The expansion of introduc-
tion due to introduction of a sufficiently large number
of introducers into the forest belt that are already begin-
ning to penetrate into the forest belt should be inde-
pendently studied and evaluated. So far, we can only
talk about a potential threat.
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But such breed as a Pseudotsuga (Pseudotsuga
menziesii var. Viridis Franco) in the future may seri-
ously compete with the Tien Shan spruce, which may
not be in favor of the latter [9].

Introduced forest cultures in Kyrgyzstan are
mainly created in areas where the local Tien Shan
spruce (Picea schrenkiana Fisch. Et. Mey) does not
grow, close proximity, and sometimes even mixing, has
a positive effect on the distribution of local species,
subject to the close location of seed trees, since under
the canopy of crops favorable conditions are created for
its growth and development. Thus, studies conducted in

80-year-old cultures of Scots pine (Pinus silvestris L.)
showed that spruce undergrowth develops well under
its canopy. Sometimes it already begins to suppress the
pine and later the local breed can take a leading position
in the plantation.

In Pseudotsuga cultures, spruce undergrowth was
not found even with a close arrangement of seed trees.
This suggests that the conditions for its distribution are
not in favor of spruce.

In the mountainous conditions of Northern Kyr-
gyzstan, the Pseudotsuga is characterized by a high
trunkshift from the butt part to the top (table 2.).

Table 2.
Relative diameters of trunks of Pseudotsuga,
Scots pine and Tien-Shan spruce, % of the diameter by 0.1 N in the bark.
Breed 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9
Pseudotsuga 92.0 89.0 83.0 68.0 56.0 46.0 30.0 16.0
Pine 91.6 85.0 78.3 76.6 63.3 53.3 434 23.4
Spruce 90.1 82.1 71.8 61.1 51.4 41.8 28.8 14.3

At relative heights of 0.7, 0.8, and 0.9, this indica-
tor reaches maximum values in Pseudotsuga. The shape
of the Pseudotsuga trunks in local conditions is close to
the shape of the trunks of Tien-Shan spruce’s medium
full wood (g2 = 0.60). Ordinary pine, under similar
growth conditions, is characterized by significantly
greater full wood than local spruce.

Findings.

Conducted research on the introduction of
Pseudotsuga in Northern Kyrgyzstan allows us to draw
a number of theoretical and practical conclusions:

In Northern Kyrgyzstan, in order to increase the
forest cover and forest productivity, in areas where the
Tien Shan spruce did not grow earlier, promising conif-
erous introducers with valuable economic traits, such
as growth rate, resistance to diseases and pests, which
in the future will fulfill not only raw material, but also
ecological and aesthetic values, should be introduced.

The speed of growth, resistance to adverse envi-
ronmental conditions and various diseases and pests
can significantly expand the area of growth of
Pseudotsuga in the Northern Tien-Shan.

1. To carry out the second stage of introducing
Pseudotsuga from seeds of local resumption, it is nec-
essary to carry out artificial selection in plantings of pri-
mary introduction, which differ in the most valuable
economic characteristics.

2. Pseudotsuga may become one of the most valu-
able species in plantational forest cultivation.

3. It is necessary to carefully select areas for cre-
ating forest crops from this species in the belt of spruce
forests.
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Abstract

Despite certain successes in the treatment of lung cancer a significant number of patients is subject to symp-
tomatic and palliative treatment. Accession of hemoptysis is one of the most severe symptoms of unresectable
lung cancer. The combination of endoscopic hemostasis in conjunction with endovascular embolization of bron-
chial arteries (REEBA) allows to improve quality of life of patients and prolong it for a while.

The clinic REEBA performed in 258 patients with unresectable cancer of the lung. Reasons for non-surgical
treatment were prevalent neoplastic process, age and severity of comorbidities.

Managed to achieve stop bleeding in 231 patients. Recurrence of pulmonary hemorrhage was observed in 21
patients who iteratively performed REEBA. Lethal outcome was observed in 9 case. Ineffective hemostasis ap-
peared in 3 patients.

Thus the experience of using REEBA and endoscopic hemostasis in complicated forms of unresectable lung
cancer allows to improve quality of life, as well as in the future to hold chemoradiotherapy, which makes it possible
to prolong the patient's life.

AHoTanis

HesBakarouu Ha MEBHI YCHiXH y JIIKyBaHHI paKy JIETeHi 3Ha4YHa KUIbKICTh XBOPHUX IiUISATae NaJiaTUBHOMY 1
CUMIITOMATUIHOMY J'IiKyBaHHIO. HpI/ICILHaHHSI KpPOBOXapKaHHA € OJHUM 3 HaMOIBII BaXKKUX CUMIITOMIB HEPE3CK-
TabeIbHOTO paKy JiereHi. OnacHUM YCKIIaJHEHHSIM TAKOXK € aTeNICKTa3 Ta TIMOBEHTHIIAIIS A0 a00 BCi€l JIeTeHi.
KomOGiHarist eH10CKOIIYHOTO reMocTasy B MO€JHAHHI 3 PEHTICHEHI0BACKY ISIPHOIO eMO0Ti3allielo OpoHXiallbHUX
aprepiii (PEEBA) 103B0JIsI€ TOMIMIIIATH SIKICTH XKHUTTS HALI€HTIB 1 MPOJOBXKUTH i1 Ha IESKUH Jac.

V xninini PEEBA Bukonana y 258 mariieHTiB 3 Hepe3eKTabenTsHIMHU (hopMaMHu paky JereHi. [lpnannamu Bi-
JIMOBH BiJl XipypTidHOTO JIIKyBaHHS OYyJIM MOIIMPEHUN MyXJINHHAN IPOIIEC, BiK 1 TSHKKICTh CYITyTHBOI ATOJIOTI].

JloMorTHcs 3yTUHKA KpoBOoTedi BAanocs y 231 marieHTiB. PeruanB JereHeBoi KpoBOTEUi CIIOCTepiraBcs y 8
TaIi€eHTIB, SKUM oBTOpHO BukoHyBanacsi PEEBA. Jletansanii pe3ynpTaT crioctepirascs B 8 Bumaakax. Heedexk-
THBHHUM T'€MOCTa3 BUABHBCS Y 21 XBOpOTrO.

Taxum unHoM nocBin BukopuctanHs PEEBA Ta ennockomniyHoro reMocrasy npH ycKJIaJHEHUX (popMax He-
pe3eKTa6eJ’ILHOI‘O paKy JIereHi JO3BOJIA€ MOJIIIIUTH SIKICTH JKUTTH, @ TAKOXK B IMOAAJIBIIOMY IIPOBECTU XiMiOl’[pO-
MCHCBY Tepani}o, 1o gae MOJKIJIMBICTH MMPOJAOBXKUTHU HaL[iGHTy KUTTA.
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Keywords: pulmonary hemorrhage, lung cancer, bronchial artery embolization.
KuiouoBi ciioBa: rereHeBa KpoBoTeua, pak JereHi, em0Ooizalist OpOHXiaIbHUX apTepii.

BBenenns. He3paxxarouu Ha IIEBHI yCIiXH B JIKY-
BaHHI paKy JIeTeHi, 3HaUHa KiTbKICTh XBOPHX MiJIsATae
TUTBKH TaJIaTHUBHOMY CHMIITOMAaTHYHOMY JIKYBaHHIO.
[IpuxoBaHuii mepedir MyXJIMHHOTO TIPOIECy, TpUBaia
BIZICYTHICTh SIBHUX KJIIHIYHHMX HPOSBIB 0arato B 4oMy
BU3HAYa€ BEJNUKI TPYIHOIII Cy4YacHOi JiarHOCTHUKH
paky jereHi. JlocBin miakasye, 1o OLIBIIICTh XBOPHUX 3
yucyia ocid 3 ynepie BCTAaHOBJICHHMH 3aXBOPIOBAaH-
HSIMU 3BEPTAIOTHCS JI0 JIiKaps BKE MAlOUH IMOIIMPEHUH
MyXJIUHHUM NIpoLec, IKUH HE JO3BOJISIE IPOBECTH pa-
JVKaJbHE JiKyBaHHA. Tak, 3 4KciIa XBOPHX, IO HAIX0-
JIITh Ha CTallilOHApe JIIKyBaHHS B pa3Hi OHKOJIOTIYHI Ta
xipyprigni nikyBaneHi ycranoswy, 1111 IV cranii 3axBo-
proBaHHS BCTaHOBIIOIOTECSA Bim 40% mo 75%, mpu
mpomy |V cranis —y 12% (10). Ilpueaaanas KpoBoxa-
pKaHHS a0o0 JIereHeBi KpOBOTeUl € OJJHUMH 3 HAHOUIbII
OOTSDKITMBHX CHUMIITOMIB HE PE3EKTa0CIbHOCTI paky.
[Tpu paky nereHi KpoBoTe4a SIK MOYaTKOBHH CHMIITOM
3aXBOPIOBaHHs Bin3HayaeThes y 20% mariieHTiB, a 'y ¢i-
HaJll 3aXBOPIOBAaHHS KPOBOTE4a BUHHUKAE Y 60% XBOPHX
(8). He MeHII HeOE3MEYHHM YCKIAMHCHHIM € aTeJICK-
Ta3 1 TIITOBEHTUIIALIS YacTKH a00 BCI€l JIereHi, KiIiHiKa
SKOTO CYMPOBOKYETHCS SBUINAMH AWXATBHOI HEJO-
CTAaTHOCTI 1 PHUETHAHHIM THIHHO-CEITUYHOT THEBMO-
Hil.

OcTaHHIM 4acoM 3'IBHIIHCS METOIUKH €HIOCKOIII-
YHOI peKaHaJIi3amii IyXIMHHOTO CTEHO3Y 1 reMocTasy 3
MYXJIMHYU 110 KPOBOTOUUTH, i3 3aCTOCYBAHHSM Jasep-
HOTO BUIIPOMIHIOBaHHSI, TJIa3MOBHUX MOTOKIB, €JIEKTPO-
koarymsiuii (4-5) mpu JiKyBaHHI ycKiagHeHHX (opm
paky niereHi. Pingme juis nux uijgeld BUKOPUCTOBYETHCS
PEHTTCHOCHIOBACKYIISIPHA eMOOoJTi3allisi OpOHXIaTbHIX
aprepiii (PEEBA) (1-3,5-7) i mpakTU9HO HE BHKOpPHC-
TOBYEThCS METOJ PajiodyacTOTHOI TepMoalIsLil myX-
JTHHOTO cTeHo3y Oponxa (PYA) (9). Paninie wacTo Bu-
KOPHCTOBYBAIlM pHTiIHI OpoHXockomu @pimens Ta
Kapn Illtopu anst eHmoOpoHXiadbHUX ONEPaTUBHHUX
BTpy4YaHb. AJie X mosiBa piOpOOPOHXOCKOIIIB Ta BUKO-
pHUCTaHHs iX JJIsl BUILE3raJaHuX OMNEPATUBHUX BTPY-
YaHb, CKOPOTHJIM 3aCTOCYBAaHHS PUTiTHOT OPOHXOCKO-
nii. Hamu 3anpononoBanuii meron (PUA) nyxinuHHHX
CTEHO3IB Tpaxei Ta OPOHXIB 3 BUKOPHCTAHHIM PHIi[I-
HOTO OPOHXOCKOIA, pO3POOIEHOTO HAMH €JIeKTPOoa Ta
anapata ®orek 150. HacTynmauMm eTamom 3a A0mOMO-
TOFO PUTITHOTO Ta PiOPOOPOHXOCKOIIIB, €HIOCKOMIYHOT
TOJIKM, B JIOXKE MyXJIMHM MU BBOIWIN IuciuiaTHH 30
mrp. Lle 103BoOsII0 B MOJanbIIoMy 3amo0irTd po3Bu-
TKY MYXJIMHHUX PECTEHO31B OpOHXIB.

VY 1pOMy IMOBIJOMJICHHI JIO3BOJIMMO ITOJITUTUCS
BJIACHHUM JIOCBIJIOM BUKOPHUTCTaHHS €HIOBACKYIISIPHUX
Ta €HJOCKOIIYHUX METOANK y JIIKyBaHHI yCKIIaJTHEHIX
(dhopm paxy nereHi.

Martepianu i meroau. Y xiinini PEEBA 3 6pon-
XOCKOITIYHOKO pEeKaHaJi3aIli€l0 1 TeMOCTa30M BHKOHAH1
y 258 XBOpHUX 3 HE pe3eKTabeTbHUMHU (OPMaMH PaKy
JIETeHI, YCKJIaJHEHOI'0 KPOBOXapKaHHSM, JIET€HEBOIO
KpPOBOTEUEI0, aTeIeKTa30M IOJOBHOTO abo JI0Ib0BOTO
6ponxiB. Cepen aHani30BaHOi IpynH XBopHux Oyno 169
4oJIOBiKiB 1 89 >xiHOK. Po3moain XBOpHX 3a CTalisMu

6yno HactymanMm: Illa — 38, 1116 — 135, IV — 85. [Ipu-
YHHAMH BiZIMOBH BiJ XipyprigHOTO JiKyBaHHS OyB HO-
OIMPEHUN ITyXJIMHHIHA MPOIIeC, BiK i HASBHICTh Ba)KKOT
CYITyTHBOI IAaTOJIOTi1, a HepiaKo i 0OM/ABI Ii TPUINHHU.
JlecsiTh MauieHTIB paHillle ONepoBaHi B Pi3HUX JIIKyBa-
JIbHAX YCTaHOBAxX 3 MPHBOJNY LEHTPAILHOTO PaKy Jje-
reHi. Y 4OTHphOX BHITAIKaX IPUUUHA KPOBOTEUI PEIH-
JIMB IyXJIMHHU B KyKcy Oponxa. Y 189 nauieHTiB Oyno
3BHYaifHe KPOBOXapKaHHsI i Maja JiereHeBa KpOBOTEYa,
y — 68 BHpakeHe.

PEEBA BukonyBaiacs Ha amaparti Allara Xper FD
—20 «Phillips». ITicis kaTeTepu3aii CTETHOBOI apTepii
mo CenpAiHrepy B TPYIOHY AOpTy BBOJAMBCS KaTeTep
«Cobra» 5F2. V mectr marieHTiB BUKOHyBaIacs KaTe-
TepH3alis MpaBoi pamiabHOI apTepii, y 3B'I3Ky 3 HasiB-
HICTIO B aHaMHe31 cunapomy Jlepima. lani BukoHyBa-
nacst aHriorpadis 3 KaTeTepuT3ali€lo i KOHTPACTyBaH-
HSIM OpoHXIallbHUX apTepii Ha Oomui ypaxeHHs. [Ticis
BUSIBJICHHS 1 KaTeTepu3alii OpoHxiajnbHOT apTepil, sKi
KUBIIATH MyXJIUHY, B Hel M0 mpoBigHUKY «Transendy
BBOJAMBCS poOounii karetep. Uepes ocTanHii 3aiiicHIO-
BaJ M eMOOJIi3aIlif0 CYJUHH IOJNiypETAHOBIMH e€MO0O0-
nmamu «lmaramm» po3mipamu 420-750 mm. Kputepiem
e(peKTHBHOCTI eMOoTi3aii Oyia BiICyTHICTh KOHTpAc-
TyBaHHS OpOHXiaJbHHUX apTepii B 30HI ITyXJIMHU.

Metoauku eagockonignoi PYA xoarymsmunu i pe-
KaHaTi3amii MyXJIUHA 9epe3 OpOHXOCKOM Oy HACTYTI-
HUMH. Y BCIX BUNaJIKaX MU BUKOPHCTOBYBAJIN MICIIEBY
aHecTe3ito 1 2x KaHanbHI  (iOpoOpoHXOCKOHU
«Olympusy i «Pentax». ITicis petenpHOT aHecTe3il au-
XaJbHUX LUIIXIB 4epe3 poOoymid KaHaia OPOHXOCKOIY
JI0 MyXJIMHU MiABOIAMBCS TOHKHH enekTpom. Jlmst rux
[iTeld BUKOPUCTOBYBABCS SIIEKTPOJI IS KapIioadisil
i amapat ®OTEK 150, motyxHicts 40 BT, gac excmo-
sumii Big 20 go 30 cexyrn. Kpurepiem edexruBHOCTI
Oyna pekaHamizaris Oponxa. binpmicTe eHIO00pOHXia-
JIbHUX OTIePaTHBHUX BTPYyYaHb BUKOHYBAJIHNCS ITij Mic-
LIEBOIO AHECTE31€10 BUMarajii He OJHOPa30BUX MOBTO-
peHb, B cepeiHbOMY 4-5 pasiB.

[Ipu cniocTepekeHHi 3a HAITUMHU XBOPUMH MU BijI-
3Hayany, o B 30% y maiieHTiB yepes JesIKuii 4ac BU-
HHUKAaJIM TIOBTOPHI MyXJIMHHI cTeHo3u. 1106 3amobirtu
[bOMY, MH 3alpOIOHYBaIH BJIACHUHA KOMOIHOBaHUIi
crocid JiKyBaHHS NyXJMHHHX cTeHo3iB. Cro4arky
XBOPHM BHKOHYBaJach peKaHami3amis OpOHXiB 3a JO-
ITOMOT OO0 PUTiTHOTO OpoHXOCKoNa Dpinerns, eHIOCKO-
MIIYHOI ONTHKK 5 MM, BIIACHOTO PO3POOJIEHOTO €JEeKT-
poxa ta anapara (PYA) ®orek 150. OnepaTuBHe BTpy-
yanHs TpuBayo Big 10 mo 15 xBwimH. [lin 3aransHuM
3HE00JICHHSAM XBOPOMY BBOJIWIIH /0 Tpaxei OpoHXoc-
xon Dpigenst, IPOBOAWIN ONTHKY Ta PHUTIAHUIN €JIeKT-
poa. Enexrpon OyB miakmrodeHuit 1o amnapary Dotek
150, nmotyxnicts 40 Br. Jlokamizamist myxJivH Oyna B
HUXKHIX Ta CepeHbOJIONIOBUX, a00 TOJOBHHX OpOH-
Xax. 3aB/sSKU 3arajibHOMY 3HEOOJICHHIO, MU MOTJIU 32
OJTHC BTPYYaHHS IOBHICTIO BiJIHOBHTH TPOXIiTHICTH
OponxiB. Uepes 2 TwxkHi micins PUA Mu BUKOHYBaiu
purisHy OpOHXOCKOIIIO, IPOBOIMIIM CaHAMiI0 OPOHXIB.
HactynauM eramom 3a gomomororo ¢iopoOpoHxOC-
KOIIa Ta €HJIOCKOIIYHO T'OJIKH, B JIOKE ITyXJIMHH, TOOTO
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y cTiHKy OpoHxa M BBoawM nucruiatud 30 mrp. 3a
JIAaHUM METOJ0M HaMmH OyJIOo MPOJIiKOBaHO 15 XBOpHX,
BiK XBOPHX CTaHOBUB Bix 62 10 78 pokiB. YoJIOBiKiB
Oymno — 11, xxiHok — 4. Y Bcix XBopuX OyB IIOCKOKJTi-
TuHHEAN pak, III B cr. 6yma y 11 xBopux, IV ct. — 4
XBOPHX.

Pe3yabTaT Ta 00roBopeHHs. Y pe3ynbTarTi mpo-
BezicHHs PEEBA Ta eHoCcKOmiYHOT pekaHai3arii Bia-
JIOCSl JIOMOTTHCS 3yNUHKH KPOBOTEYl Ta MPUITMHEHHS
kpoBoxapkaHHs y 237 (91,8%) xBopux. Heedexrus-
HUM TemocTa3 BusBuBcs y 21 (8,2%) xBopux. [lpuun-
HaMH 3'sIBUJIacsi HEMOXKJIMBICTh BUKOHATH eMOOJTi3allio
CYZAMH IIO KUBJIITH ITyXJIMHY 1 CKIaJHICTh B CHIOCKO-
MYHIN KOaryIsmii HOBEpXHi IyXJIMHHU IIPH BEPXHBOI0-
THOBOT JIoKaji3arii. JletanbHUI pe3ynpTaT Bi TpHUBa-
10901 KpOBOTeUi crocTepirases B 8 Bumaakax. ¥ 1 ma-
[i€HTa MOPOXHUHHOIO (OPMOI0 paKy JereHi B
PaHHBOMY IICIIAOIEPAlifHOMY TEpioi BHHHUK TOCT-
puii iHdapkT Miokapaa, B iHIIMX 7 BUMAAKax MPHYH-
HOIO JICTJILHOTO Pe3yJbTaTy Oyjla TpHBaroya KpPOBO-
Teya 3 MyXJIMHU 10 PO3MaJIA€ThCs, a JHKEPEIOM TpUBa-
10401 KpoBOTeul Oynu CyIMHH Majoro Koja
KpPOBOOOITY.

3arpornoHoBaHuii crocio 3amo0diraHHs ITOBTOPHUX
MyXJIMHHUX CTEHO31B OpOHXiB OyB €(peKTHBHIM Y BCiX
15 marienTiB. CriocTepeXeHHs 3a TPYIIOI0 XBOPHUX TPHU-
BaJI0 5 MicsuiB. KoHTpoIs MpOBOAMBCS 32 JOMOMOTOI0
(hibpoHXOCKOMA, MyXIMHHNH 3picT OyB BiACYTHIH.

Jo TemepimHpOro Yacy HE BHKIHKAE€ CYMHIBIB
e¢pextuBHicTs PEEBA B nikyBaHHI JeT€HEBUX KPOBO-
Ted, HaBiTh MacuBHOTO xapaktepy (6,7). [lpu paky je-
reHl KpoBOTeYa PiIKoO HOCUTh MAaCUBHHH XapakTep i 4a-
CTillle HOCUTh MaJHH XapakTep, L0 JO3BOJISIE 3 YCIIi-
xoM BuxopuctoByBatu PEEBA mns #oro 3ynmuHkM
(1,2). Y xoni anriorpadii npu PEEBA BusBisiin pos-
mIMpeny i 1e)opMOBaHy CyIMHHY MEPEXY B 30HI ITyX-
JIMHY, HasABHICTH €HJI0Ba3alii KOHTPAacTy, pO3IIMPEHHS
apTepiii 3 HasIBHICTIO TATOJIOTIYHOTO ITYHTYBaHHS.

PEEBA BBaxanacs eQeKTUBHOIO y BHITAJKaX I10-
BHO{ BiJICYTHOCTI KOHTpacTyBaHHs apTepiit OepyTh yd-
acTh y KpOBONOCTAa4aHHI MyXJiuHHU. He citig BUKOHY-
Bati PEEBA npu HasiBHOCTI IIMPOKUX MAaTOJIOTTYHHX
aHAaCTOMO3iB, 110 POOWTH IO MpoLEaypy Hebesmeu-
HOI0, 110 MiATBEPKYIOTh iHII aBTopH (1,5). AGcomnto-
THUM mpoTtunoka3aHusM 10 PEEBA cmyxats aHacTo-
MO3H 3 CIiHAJILHUMH, BEpPTEOPaIbHUMH 1 IIHHHUMU ap-
TepisMU.

[MpunuHeHHsT KPOBOTEUl AO3BOIMIO Hajaii Mpo-
BECTH XiMioTpoMeHeBe JIikyBaHHs y 207 xBopux. Y pe-
mTy 51 mamieHTiB XiMioTIpOMEHeBa Tepallis He IPOBO-
Juiiacs y 3B'A3Ky 3 HasIBHICTIO Ba)KKOi CYIYTHBOI IaTo-
Jorii, TpHUBAIOYOIO KpOBOTeuero, ab0 HHU3BKUMH
(yHKIIOHATBHUMHE TIOKa3HUKaMU. PelluinBi KpoBoxa-
pPKaHHS CcHocTepiramucs y 23 XBOpHX, NpHIHHAMH
OyJiu mojanbliie 3pOCTaHHsI PAKOBOI MyXJIMHU 1 TpHUBa-
tounit 1i posman. [lepiox crmocTepeXeHHsS 3a TaIli€H-
TaMu ckJaB 12 micsiiB. JIoCBig MPpOBEACHHS €HIOCKO-
MIYHOTO TeMOCTa3y MpH PaKy JIereHi moka3aB e(eKTu-
BHICTh IIbOTO METOY IIPH HEBEIMKHX KPOBOTEYax i
KpOBOXapKaHHS. MacuBHE HaJXOJUKEHHsS KpOBi B aH-
XaJIbHI IUISIXH HE JJ03BOJISIE KOHTPOJIIOBATH IPOLIEC KO-
aryJsinii myxJIMHK 1 poOUTH 11el MeTo]l Maoe(heKTHB-
HHM.

3acTocyBaHHS METOAMKH eHa00ponxiansHol PUA
JIO3BOJIMJIO TOOWTHCS TapHOTO ePeKTy peKaHaizamii i
koarymsiii. OgHak mpu O1JIbIT IHTEHCUBHUX JIETEHEBUX
KpOBOTeUax JaHHUH BUJ TeMOCTa3y He eekTuBHMMA. Pa-
Hillle IPY BUKOPUCTAHHI AiaTePMOKOATYIALIi IS pe-
KaHaTi3amii MyXJIMHHAX CTeHO31B, ¥ 10% mamieHTiB se-
TeHBa KPOBOTEYA HE TUNBKH HE 3YNMHUHIACS, ale i Mo-
CHJIFOBAJIacs.

Bce Buie ckazaHe J03BOJIUIIO HAM PO3POOHUTH Me-
TOJMKY KOMOIHOBaHOTO TeMOCTa3zy HpH PaKy JIereHi.
Cnouatky xBopuM BukoHyBasacst PEEBA, a nmotim Bu-
KOPHUCTOBYBCS €HOCKOIIYHUI MeTo] remocrazy. Ok-
PEMO BUKOPHCTAHHSI €HIOCKOMIYHOTO TEMOCTa3y MOX-
JIUBO 3aCTOCOBYBATH TUTBKH P NEHTPATBHIX (hopMax
paxy JiereHi, KOJi KpOBOTOYMBA MyXJIMHA JIOKAJi3yBa-
JIacsi B TOJIOBHUX 200 JOJTHOBUX OpOHXAX.

[Ipu ypakenHi Oinpime mepupepuIHNX BiIALTIB
OpOHXiaJTFHOTO JIepeBa, OCOOIMBO TPH MOPOKHIHHUX
¢dopmax paky PEEBA Oyna eIMHUM JIiKyBaJIbHUM Me-
togoM. Takum unHOM nocBif Bukopuctanus PEEBA ta
€HJJOCKOIIYHOTI'0 'eMOCTa3y IpH YCKIIaJHEHUX Hepese-
KTaOenbHUX (OpMax pakKy JETeHi JO3BOJISE 3pOOHUTH
HACTYITHI BUCHOBKH:

1. PEEBA € ocHOBHHUM cmocoboM TeMocTa3y
IIPU yCKJIaHEHNX (hOopMax paKy JIEreHi.

2. llpm ueHTpanpHUX (opMax paky JIeTeHi,
YCKJIaIHEHOTO KPOBOTEUEIO 1 aTeJIeKTa30M OpoHXa J10-
niteHO moenayBatn PEEBA 3 ennmockomiunoro PUA
Ty XJIHH.

3. 3actocyBaHHSI METOMY DPaaiO4acCTOTHOI Tep-
MOaOIILIi Ul yCyHEHHS aTelieKTa3y OpoHXa BUMarae
MOJANBIINX KIIHIYHUX JTOCIIKEHD.

4. TloTpeOye mMOaNbIIOr0 BHBYEHHS JIOLLIb-
HICTh BHIIC 3a3HAYCHHX METO/IB SK €Tamy IMiArOTOBKH
JI0 BUKOHAHHSI XIMIOITPOMEHEBOI Teparii.

5. 3amponoHOBaHUII crtoci0 3amo0iraHHs MOBTO-
PHHM ITyXJIMHHUM CT€HO3aM € €(pEKTHBHUM, aJie TAKOXK
BHMarae Io/IaJIbIIoro BUBUCHHS.
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YPABHEHU S ®U3UKU KBAHTOBOM PEAJIBHOCTH
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Abstract

A system of equations for describing quantum reality is given. As a calculation method, particular solutions
of the system of equations for individual physical objects are used. The general solution is found as the sum of the
solutions of individual objects. As a result, the structure of quantum reality is found.

AHHOTAN NS

IIpuBonuTcs cucreMa ypaBHEHHUs I ONMCAaHUs KBAaHTOBOM pealbHOCTH. B kauecTBe MeTona pacyera uc-
TOJIB3YIOTCS] YacTHBIE PEIICHHs CUCTEMBl YPaBHEHUI ISl OTIAENbHBIX (u3nuecknx o0bekToB. OOlIee peuieHue
HaXOAMTCS KaK CyMMa PELICHUH OTIeIbHBIX 00BEKTOB. B pe3ynbTaTe HaXOIUTCS CTPOCHUE KBAHTOBOW peasibHO-
CTH.

Keywords: mathematical operators; mathematical representations; mathematical functors; quantum infor-
mation, elementary particles, quantum computers, theory of relativity, decoherence, "black holes","big explosion™.

KiroueBble cjioBa: MaTeMaTHYECKHE OIICPATOPLI; MATEMATHYCCKUC HNPCACTABJICHUA; MATCMATHYCCKUC
(I)YHKTOpLI; KBAaHTOBas I/IHq)OpMaLII/Iﬂ, DJICMCHTAPHBIC YaCTULIbI, KBAHTOBbIC KOMIIBIOTECPLI, TCOPHUA OTHOCUTCIBbHO-
CTH, ACKOICpCHINA, «YCPHBIC AbIPbI», «OOJIBIION B3PBIB».

Hayunble noctmwxeHust B (pU3UKe KBAHTOBOW HH-
(dopmary nocieHuxX JetT 3HaunTenbusl [9], [17],18].
COBOKYITHOCTH IKCTIEPIMEHTAIBHBIX U TEOPETUIECKUX
uccieI0BaHKi B 00J1aCTH KBAHTOBOW MH(OpPMAIIHMH MO-
CTETIEHHO OCMBICIMBAIOTCS U CKJIQABIBAIOTCS B Kaue-
CTBEHHO HOBYIO KBAaHTOBYIO NMapagurMy pealbHOCTH
[15], [3]. MoxHO yTBepkJaTh, YTO MOCTENEHHO OHU
HOPUBEAYT K KOPEHHBIM HM3MEHEHUSM B €CTECTBO3HA-
HHUH. 32 HUMH CTOSIT Pe3yJIbTaThl (PU3MUECKHUX DKCIIe-
PUMEHTOB, MPOBEACHHBIX 3a MOCIEIHUE TOJbI, KOTO-
pble yOeIUTeNIbHO MOATBEPKIAI0T HATMIHE KBAHTOBOM
3aIyTaHHOCTH B MaKpOCKOIMYeCcKUX cucreMax [9], [2].

@Ou3MKU TPOBOIAT MEXKIYHApPOHbIE KOH(DEepeH-
IIUH U CUMIIO3UYMBI, IIEJTMKOM IOCBAIIEHHBIE MaKpo-
CKOMMYECKON KBAHTOBOW 3aIlyTAHHOCTH - 3TOH (PyHa-
MEHTaJIbHOH npobaeme ecTecTBO3HAHUA[9].

[Tomyyen OGoNBIION TEOPETHYECKHH M JKCIEPH-
MEHTaJbHBIN MaTepHuai. B Hactodmiee BpeMs He0OXo-
JUMO CO37aTh MaTeMaTH4YECKYI0 MOJENb KBaHTOBOU
peanbHOCTH, BKIIIOYAIOIIYIO TaKXKe JOTUKY. B kauecTBe
OCHOBBI TAaKOrO IMOCTPOCHHs SBISETCA MaTeMaTHue-
CKO€ OIIMCaHHEe pealbHBIX OOBEKTOB KaK Macco-
9HEPro-MH(OPMALMOHBIX CUCTEM.

Tak KaK METpUYECKUN TEH30p B COOTBETCTBUHU C
obmeit Teopun otHocutensHOocTH (OTO) 3aBucHT OT
TpaBUTAINHU, TO YPAaBHEHHUS KBAaHTOBOW MEXaHUKH, CO-

nepxaiue oneparop ['amunbToHa H , JOJDKHBI OBIThH
cormacoBansl ¢ ypaBHeHusimu OTO [14]. Ilostomy
omeparop ['aMunbTOHA B CIy4ae MPON3BOJIBHBIX IPaBHU-
TAI[IOHHBIX MOJEH I YUCTBIX COCTOSHUH JOJKEH
paccMaTpuBaThCsl KaKk ONepaTop 3HEPIuH, YTOOBI €ro

O0XNIAEMOE€ 3HAUYCHUC YAOBJICTBOPAIO COOTHOUICHUIO
[14]

<yf\ H 5v>=jT;§dei , )
f
rae Tij — TeH30p JHEPTrUU-UMIIYJIbCa IHPaKOB-

CKOI'O II0JId, OHpeILGJ'IeHHHﬁ MOCPEACTBOM PABCHCTBA
[14]:

Tmn :_%[ST/(}/mﬁU;n _7/m5U;n )_(Qm7n +¥7,§n7m )SU]’(Z)

rae ymyn — Marpuisl Hdupaka; fj — mpoctpan-
CTBEHHO-II0JJOOHAs TPEXMEpHasi THIEPIIOBEPXHOCTD; &

-KacaTeabHbIH BEKTOD K MHPOBBIM JIMHUAM,
_ j
= dx’

oGbruHo - A =T cOOCTBEHHOMY BpeMeHH HaOJIro-
JaTens.
TeH30p PHEPrUU-UMITYJIbCA OTPENEeIISieT YHEPTHIO
Y UMIIYJIbC MUKpOYacTuLbl. [lanee:
|SU> - BEKTOP YHUCTOT'O COCTOSHUS;
A
¥ = - BOJIHOBas (yHKIHS - OWUCTIMHOD,

Dy

I/IMGIOH_II/Iﬁ YCTBIPE HE3aBUCUMBIC KOMIIJICKCHBIC KOM-
IIOHCHTHI,

y/.n - KOBapHWaHTHAasA NpOU3BOAHAA B FI/IJ'II:6epTO-

BOM NpOCTpaHcTBe [14];
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KoBapuanTHas Npou3BOHAS BEKTOpA TMIILOEP-
TOBA MIPOCTPAHCTBA MOXKET OBITH OTIpe/ie/IeHa TaK:

oy\ dy

— ) =—+1 , (3
or) " W@

rne I - adpdunHas cBszHOCTh [13],

P = XA ,(pA - CONPSDKEHHBIH OUCTIMHOP.

YpaBHeHHE 1151 onieparopa TeH30pa YHEPrHU-UM-
Mynbca Tmn MOKA3bIBAET 3aBUCHMOCTH OT I'paJMeHTa
MIOTOKA MacChl.

BceneacrBue Hannums rpaBUTAlMU OPOCTPAHCTBO-
BpeMs KPHUBOJIMHEHHO ¥ JUTS HAXOXKACHHS €r0 METPUKH
Qik HEOOXOOMMO WCIOJB30BAHHE YypaBHEHUS OWH-
mrTeiHa [5]

1 87K, .
R' __g :—T , I,I,k,m20111213l
i 2 ik C4 ik
(4)

o, an
= axl'k _aTLI‘*‘rilk m =i Ty

km 1
rae: Tik -TeH30p JHEPTUH-UMITYIbCa; Ky- TpaBHTa-

Rik Rik = Rki'

i
I[HOHHAsl TIOCTOSIHHAS; Fkl -TeH30pHbIe K03 dHLH-

€HTBI CBSI3HOCTH, Rik -TE€H30p KpUBU3HEI Puuun; (J; -

METPUYCCKUH TEH30p (B YECTHIPEXMEPHOM IMPOCTpPaH-
CTBE-BPEMEHN).
Hmerot MecTo cBs3U
i 1 in( Omk , O9mi 99y
ke =59 t—— =
2 OX OX OX
3/1ech MO MOBTOPSIOIIUMCS BEPXHUM U HIKHUAM
MHJIEKCaM MMO[Pa3yMEeBaCTCsl CyMMHUPOBaHHE.
Takum o6pazom, ypaBaeHus (1), (2) craBsaT B co-
OTBETCTBHE OIEPaTOPy rpajueHTa BOIHOBOU (QyHKIINU
(IIOTOKY Macchl) OIepaTop UHTErpaia TEH30pa Hep-

TUU-UMITYJIbCA Tik U ecTb 1o onpenenenuto [4],[21]

npencranenie (ENTERTAINMENT).

3nass BomHOBYI0 (ymkimoo Y ¥(q,t), moxHO
HalTH MHGOpMOoeMKOCTh DY, MpHUHUMAsI, YTO BEPOSIT-
HOCTh HaxoxieHus DU B euHUIE 00beMa paBHa Y2,

Wcnone3ys mepy uHpopmanuu no lllexnHoHy,
HaiiieM MH()OPMALMOHHYIO SHTponHio (MHbOpMOEM-
KOCTb) pacnpesieieHuss %2 4HCTOrO COCTOSIHMS CH-
ctemsl [13]

H =[] In||* do; (6)
Q

rae Q— obsacTh, 3aHATass MUKPOYACTHIECH.
HNmeet mecto ypaBHenue lllpenunrepa ¢ yuerom
KPUBHU3HBI IpocTpaHcTBa [9]:

2
i _pw, H=—"v2iu .o
ot 2m
rae: Y - BOmHOBas (yHKIMs; h -TOCTOsSHHAs
ITnanka, U -moTeHManbHas SHEPTUS dJIEKTPUIECKOTO
0JIA Apa aToMa, t- BpeMs.
B npeaAcTaBJICHUN B3aHMOI[€I71CTBPIH YpaBHCHUC
BTOPUYHOTI'O KBAHTOBaHUSA MMECT BUJ B PCISITUBUCT-

CKoii crcTeMe euHUI u3MepeHuii V, = C; /1 = 1):

oD () - _
= =Hm® O

i%z[ﬁoﬁ(t)l. ®)

rae: @(t) - Bektop cocrosmmit; F - omepatop;

A

H - INIOTHOCTH Oo1neparopa B3aPIMOI[eI71CTBPIH;

Ho+tH=H - mnorsocts T aMUJIbTOHUAHA,

H ; - mrotrOCTE MaMunbTOHMAHA CBOOOIHBIX ITOJEH.
+00
H ()= J.(HO +H, )dX - nonueiii Tamuib-
—00
TOHHAH CHCTEMBI.
Taxum o6pa3zom, ypaBHeHHE (8) CTABHUT B COOTBET-

cteue oneparopy sueprun H Bextop cocrosmii @Xt)
1 €CTh TI0 OTIpeeNIeHHI0 npeacTasiuenne (4], [21].

B npencrasnenunu Lllpeaunrepa oneparopsl He 3a-
BHUCST OT BpEMEHH

oFs _
ot

B npencrasnennu I'eiizenbepra oT BpeMeHHU 3aBH-
CST JIMIIb ONEPATOPHl, a BOJHOBEIE (PYHKIHHU IOCTO-
SIHHBI

0.

COF,
—i—r=HR L. ©

al//h 0

2

[HF,1 =HF, -F.H, [HF,1. = HF, + F,H.
3/1eCh KOMMYTATOP ¥ aHTHKOMMYTATOP 0003HAYAIOTCS
KaKk — H +.

Ieiizenbeprckoe mpejacTaBieHUe TOTy4YaeTcs U3
LIPETUHTEPOBCKOTO YHUTAPHBIM MPpeoOpa3zoBaHHEM

vy =eMps(t), R ()=e"Fe ™

[TpencraBneHne B3aUMOEHCTBUS MOIYyYaeTCs
U3 MIPEMHIEPOBCKOT0 IPeodpa3oBaHuEeM

‘// — eIHOt‘//S (t), F(t) — e'Hot Fse_lHot . (10)
B obmem ciydae BEKTOp COCTOSIHUSI MOKET OBITH
omnpeAenéH B BUJE CYINEPIO3UIUN BEKTOPOB COCTOSI-
Hull 6e3 yactun, @ (BakyyM), ¢ oJHON yactuied @y, ¢
JIByMs yactuamu @ , ¢ N yacTULIAMHU:

D =c,+C, D, +C, D, +..., (11)

npuuéM BEPOSITHOCTh OOHAPYKHUTHh COCTOSIHUE C
OIIpeeNEHHBIM N ONpeeseTcs C2y.

Yucio JacTull B JTaHHOM COCTOAHUU OIIPEACIIsA-
€TCs 4ucjaMu 3anoJiHeHus. JlefcTBys omeparopom

POXICHUS al") u YHUYTOXKEHUS a' ma BaKyyMHYIO
¢yHKIHI0O @9 MOKHO 00pa30BaTh COCTOSIHUE C 3a/1aH-
HBIM YHCJIOM YacTHUII.

OmnepaTopsl POXKAECHUS U YHHYTOXKEHHUS B OIepa-
TOPE COCTOSIHUS YBEIUYHMBAIOT WK YMEHBIIAIOT YHUCIIO
o4u.

Pemenuem ypaBaenus (8) siBisiercs 3HaueHue @ B
MIPOU3BOJIbHBII MOMEHT tf , BEIpaXKEHHOE Yepe3 3Hade-
HHue @ B HEKOTOPBIH HavyanbHbIH MOMeHT {; (tr >t ), 3a-
IMMCAHHOE B CHUMBOJIMYECKOM BHJIE

te
@(t;)=Texp{—i[H, ()t @(t), (12)
t.
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rae | - XpOHOIOTMYECKHii OMepaTop, 03HAYAI0-
U ONPEACNICHHYIO MOCIEeNOBATEIbHOCTE MOMEHTOB
BPEMEHH.

To ects ypaBHeHHe (8) ecTh OmHMCaHHE Macco-
9Hepro-uHYOPMALMOHHON CHCTEMBI, PEIIeHHE KOTO-
POTO TaeT HaM y4acTBYIOIIKE BO B3aNMoAeHcTBIH DY.

OnmHako It ONMUCAHUsS TPUYUHHOCTHOHW CBS3H
MEXy BO3HUKAMOUIMMHU U MCYE3aIOUIMMH YacTUIIAMHU
HeoOxonumo nobasnenue B pemenue (11) xponomnoru-

YECKOro oreparopa T 1 ONHMCBIBAIOLICTO IMPUYUH-

ViMeHHO Hanu4ne XpOHOJOIMYECKOro oneparopa
B BbIpakeHnu (11) maeT BO3MOXHOCTh TEPEUTH OT
MacCco-9HEePreTHYECKOr0 ONMUCAHUS paccMaTpUBACMON
cucreMsl DY Kak Macco-3HEpPro-uHPOPMAIHOHHOMY
OTIMCAHMIO CUCTEeMBI DY.

Taxk xak onepatopsl poxxaerns DY a(+) u omepa-
Tophl yHIYTOKeHUS DY a(-) mepeBomaT GpyHKINH co-
crosHus @s W3 OJHOTO COCTOSHHS B JAPYroe, TO UX
MOXHO 3anucath (s Y co cnimHOM © =1/2 ) B BUze

[7]:

|01 |01 10 10
HOCTHYIO CBSI3b «H3 TIPOIIIONO B HacTosmee» wim «u3  g(*) — T “n= c 1= .
HACTOAIIIEro B GY/IyIIee», TO eCTh MOPAIOK HOSABICHUS 00 10 00 01
¥l HCUE3HOBEHHUS PEANbHBIX U BUPTYaIbHBIX YACTHI] BO Jormucckue oneparophi|7]:
BpEMEHH. ’
111 000 001
01 100 010 011
NOT(HE)=| - | cNOT =| " |, AND(#)=| | NAND=| |,
10 1 100 101
000 111 110 (13a)
011 000
101 100
ORE(MITH)=|" - | IF(EC/TH TO) =
000 010
111 111

MOTYT OBITh BBIP@)XKEHBI Yepe3 ONepaTophl poXKie-
HUs U yHHuToxeHus. Hanpumep [7]:

NOT =al”+a'”; CNOT =a™a (b +b)+aPa™.(136)

Outponusa mno Helimany, sBusromeiics mepoit
KBAaHTOBOM WH(OpManMu Ul 3aIyTaHHBIX CHCTEM,
OTIpEETINTCS 110 hopMyJIe

H(p)=—Tr(plog,p) (13)
ManI/II_Ia IINIOTHOCTHU /3 CMCIIAHHOT'O COCTOAHUSA

JIOJDKHA YAOBJIETBOPSIET TAKOMY K€ YPaBHEHHIO HBO-
JIOIWHU, KaK M MaTpHIla MJIOTHOCTH YHCTOTO COCTOS-
HUS, TO €CTh

A(S) .
e O_[aem,590]  ao

”(5)( - )_ 5(8)
C nauaneneim ycnosuem PO (t=1;)= py”.
D10 ypasHeHue Goiee obuiee, yeM ypasHenue Llpe-
JIMHTEpa JUIsl YUCTOTO cOCTOsIHMS. OHO HOCUT Ha3BaHUE
ypasHenust pon HeiiMana Ui MaTpuubl MJIOTHOCTH
18]

Takum obpasom, ypaBHeHue (14) cTaBUT B COOT-
BeTCTBUE oOmepatopy oSHeprum H (S)(t) orepaTop

A(s
[JIOTHOCTH p( )(t) U SBISICTCS IO OIPEICICHHIO
npezncrasieHuem [4], [21].
3aBHCHMOCTh OT BPEMEHH CPEIHEro 3HAUYCHHS
100011 HaOrogaeMoil A MOKET OBITH BBIUMCIIEHA 110
thopmyne

(A) =Tr{pOOAD)=Tr{pO (" (t.t,)AU (t.t,))

Jnst 3amyTaHHBIX CHUCTEM YpaBHEHHE IBHMIKCHUS
MOJKHO C(POPMYTHPOBATH CIEAYIOIINM 00pa3oM: CHiia

F, neifcTByromas co CTOPOHBI MPOU3BOJIEHOTO BBIJE-
JICHHOTO 00beMa paccMaTpUBaeMOM CHUCTEMBI, paBHa
rpaaueHTy sHeprun W Bo BceM 3ToM 00BeMe, TO €CTh

[18]

F'=VvW (15)
OT0 ypaBHEHHUE, TpaKTyeMoe B TepMuHax audde-
peHIMANBHBIX (GopM, — obOIinekoBapuantHo. OHO HE

3aBHCUT OT CHCTEM OTCueTa (3TO CHpPaBEATIHBO U IS
0OBIYHOTO MOHSATHS TpajguenTa). boxee Toro, s rpa-
JMeHTa, IOHUMaeMoro kak |-auddepeHnuanbHas
(dopma, BUA 3TOrO YpaBHEHHUS HE 3aBHCHT OT pa3Mep-
HOCTH MPOCTPAHCTBA, OT €T0 METPHUKH, U CIIPABEIIIBO
OHO JJaKe MPH TOJHOM ee OTCyTcTBUH (auddepeHu-
aJpHas TOMNOJOTHA). DTO ypaBHEHHE MPOJOIDKAET pa-
60TaTh U B TOM Cilydyae, KOT/ia, HapuMep, OObEKT Iie-
pelen B YMCTOe 3alyTaHHOE COCTOSTHHUE, TO €CTh CTall
HEJIOKAJIbHBIM, U HET BO3MOKHOCTH BBECTH €0 KOOp-
JMUHATHOE TIpejacTaBieHue. YpaBHeHue (15) o6o0mmaer
BTOpPO# 3ak0H HbIOTOHA ¥ MOXKET CIIy’KUTb €r0 aHajo-
TOM JUIsl KTOHKHX» CTPYKTYp, OHO paboTaeT He TOJIbKO
B INDTOTHOM MaTe€pHaIbHOM MHUpPE, HO U Ha JIFOOBIX KBaH-
TOBBIX 0OJIee «TOHKHX, HAIIPUMEp, CO3HAHHUE — MICHXH-
YecKasi SHEPTUS» YPOBHSAX PEabHOCTH.

Taxkum oOpazom, ypaBHenue (15) craBuT B coOT-
BETCTBHE ONEPATOPY MPAAUEHTa SHEPTUU BEKTOP CHIIBI
U SBISETCS IO OMNpEAeNeHUI0 MpelacTaBieHueM [4],
[21].

TpakToBKa MPOCTPAHCTBEHHBIX KOMIOHEHT TEH-
30pa SHEPTUU-MMITYJIbCa B TEPMHUHAX I'PAIMEHTa SHEP-
run (15) U TpaguIMOHHOE ONHMCAaHWE B TEPMUHAX IO-
TOKa UMITyJIbca SKBUBaNeHTHBIL. [IpenmymiecTsa sHep-
FeTUYEeCKOr0 MPEACTaBICHUS TEH30pa JHEPrUH-
UMITyJIbCa TIPOSIBIISIIOTCSL B TEX CIydasX, KOTJa pac-
cMaTpuBaeMasi CUCTEMa OIHCHIBACTCS HENPEPHIBHBIMU
(U3MYECKUMH BEJIMYWHAMH, WM, KOT/AA OTACJIBHBIA
0OBEKT Hellb3sl paccMaTpHBaTh B BUJE MaTepUaIbHOM
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TOYKH, ¥ HEOOXOAMMO YUYHTHIBATh IPOCTPAHCTBEHHOE
pactipeneneHue GU3NIECKUX BEINIHH, XapaKTePH3yIo-
[IUX TAHHBIA OOBEKT.

B »ToM cirydae HEmOCPEOCTBEHHO U3 YpaBHEHUS
(15) BerTekaet psix cieactuit [18].

1. CBoOOIHEIIT 00BEKT (TIPH OTCYTCTBUHU BHEITHUX
BO3JICHCTBHI) MOXKET HaXOJIUTHCS B TOKOE WU JIBH-
raThCsi PABHOMEPHO U NPSMOJIMHEHHO TOJNBKO IPH HY-
JIEBOM 3HA4YCHUH I'PajMeHTa YHEPTHH BO BCEM 00beMe
paccMarpuBaeMoro 00beKTa.

2. V3 nuHEWHOCTH TEH30pa IHEPrHU-UMITYJIbCa
(kak NHMHEWHOro orepaTopa) clexyeT, 4YTo Jrobas
BHEIITHSS CHJIa, IEHCTBYIOMAs Ha OOBEKT, XapaKTepu-
3yeTcs COOTBETCTBYIOIIMM € TpagieHTOM SHEpPTHU
BHYTPH TeJla, TO €CTh IPOU3BOJIBHEIN 00BEKT (Kak CBO-
OOIHBIN, TAK M HAXOMAIIMKCS I10J BHEIIHUM BO3IEH-
CTBHEM), ABUTAIOIINICS C YCKOPEHHEM, IMEET B CBOEM
00BeMe COOTBETCTBYIOIINN 3TOMY YCKOPEHHIO Tpaju-
€HT DHEepPIHH.

3. YckopeHue Tena ecTh Mpolecc nepexoaa B co-
CTOSIHHE C PaBHOBECHBIM pacIpelelieHHEM JHEpPIHH,
«BBIPAaBHUBAHKE TPAJUEHTa SHEPTUU B CBOEM 00BbEME
3a CYeT YCKOPEHHOTO JBM)XeHus. Bo BHellHeM rpajau-
EHTHOM II0JIe 00BEKT Bceraa OyleT JBUraThCs C YCKO-
peHHEM.

4. VI3 ypaBaeHus (15) v mocnenyromux paccyxie-
HUH cienyeT oObsACHeHnE (PU3MUECKON MPUPOIBI Ipa-
BUTanMy. Ecny UCXOMUTh W3 OTpeieeHns] paBHOBEC-
HOTO COCTOSIHHSI CBOOOJHOTO Teja, CHJBI TATOTCHUS
€CTECTBEHHBIM 00pa3oM OOBACHSIOTCS HapyIICHHEM
PaBHOBECHOTO pacIipeeseH s S3HEPT MU 1 BOBHUKHOBE-
HUEM I'paJuCHTA DHCPIHUHU Y KAXKIOTO U3 TATOTCIOMINUX
TEJl B pe3yJIbTaTe B3auMOICHCTBUS MX SHEPIeTUUECKIX
coctapisomx. C 3TOi TOYKM 3peHHs I'paBUTAIIMOH-
HOe 1noJie 00beKTa XapaKTepH3yeTcsi IPaMeHTOM Cpe/i-
HETO 3HAYCHHS SHEPTHHA PAa3IMYHBIX (U3UIECKHUX II0-
Je B cHCTeMe, U HEeT CMBICIAa HCKaTh, HaIpUMeEp,
KBaHTHI TPABUTAIIOHHOTO TIOJISL. [[iis Ter, Momenupye-
MBIX MaTCpHAIBHBIMU TOYKaMH, TaKoe OOBICHEHHE
TPaBUTAINU YXKE HEIPUMEHHUMO.

5. JlomomHss onpeneneHne paBHOBECHOTO COCTO-
SAHUWA T€J1a IPUHATBHIM B CTaTUCTUYECKON (1)1/131/11(6 IIOHA-
TUEM peilakCallui CUCTEMBI, HHEPTHOCTH TCJIa MOXKHO
COIOCTAaBUTh C IPOLIECCOM BO3HHMKHOBEHUSI WU PENaK-
CalMy I'PaJUEHTOB DHEPIUU IIPU HAPYLIEHHU PaBHO-
BECHOTO COCTOSHUS CHCTEMBI. CHIIBI HHEpLHU, CO-
TJIacHO 0011eMy BeIpakeHuIo (15), MOXKHO onpenenuTh
KaK TpaJleHTHl YHEPTUH, CBSA3aHHBIC C HEWHEPIUAIb-
HBIMH CHUCTEMaMH OTcueTa. TakuM 00pa3oM perraercs
BOIPOC 00 AKBUBAJIICHTHOCTH CHJI MHEPIIMH U TATOTE-
HUsg. OHM HEOTIMYHMMBI JPYT OT Jpyra, Tak Kak B MX
OCHOBE JIEXKHT OJIHA U Ta ke (U3udecKas npupoja —
TPaZMeHT SHEPTHH B 00beMe Tema.

6. Ucxons u3 obmiero xapakrepa ypaBHeHus (15),
MOXHO C(HOPMYJIUPOBATH YTBEPKIEHUE: JTF00ast Pu3u-
yeckasi Ciiia B MPHUPOJIe 00YCIIOBJIEHA HAIMYUEM I'pa-
JIMEHTA SHEPTHU B PACCMATPUBAEMON CHCTEME.

C nosinenneM B Hagase 80-X IT.  OBICTPBIM I10-
CJIC/TYFOLIM pa3BUTHEM KOHIICTIIINN «pa3ayBarouencst
Bcenennoit» (I'yra—Jlurne [21]) rocnoactBoBasiiee
B KaHOHMYECKOI PEJIITHBUCTCKOM MOJIENIN TPEJICTaB-
JIEHWE O KOHEYHOCTH M OJHOPOJHOCTH BcenenHoi

BHOBb, YK€ HE B IEPBBIN pa3, yXoauT B npouuioe. Bee-
JICHHAs B HAIIMX MPEICTaBICHHUAX C HEBOOOPa3UMOM
CKOPOCTBIO «YBEIIMYHBACTCS, CTAHOBUTCS TIPEIEIBHO
HEOTHOPOIHOH, 6ECKOHEYHO Pa3HOOOpa3HOW M BechMa
HETPUBHAIBEHO (PaKTATHHO-CTPYKTYPHOM.

Vpasuennst (1) - (15) onuceIBaroT KBAHTOBYIO pe-
anpHOCTH [9], [17], [18].

Cucrtema ypaBrenuii (1) - (15) ects 1o onpenese-
uuto[4], [23] dyHKTOp, CTaBAIUNA B COOTBETCTBUC
MIPEICTAaBICHUI0 TEH30pa 3HEPrUM- UMILYJIbca, Ipea-
CTaBJICHHE BOJHOBOI'O BEKTOpa Ul YHUCTOrO COCTOS-
HUsSL, MO0 TpEeICTaBlICHNE MAaTPHUIbI IUIOTHOCTH IS
CMEIIaHHOTO COCTOSHHS.

B ¢usuke mox ¢pynkropom [4], [23], 3amaHHOM Ha
HEKOTOPOM MHOJKECTBE IPE/ICTaBICHUH, TTOHUMACTCS
COOTBETCTBHE KaXXIOMY NPEICTABICHUIO M3 3TOTO
MHOKECTBa OIPEICIICHHOE IIpe/ICTaBlIeHNe (BOoOoOIIe
TOBOpSI, HE U3 3TOTO MHOYKECTBA NPECTABICHUI).

Pemenuem ypasaenuit (1) - (15) sBasiercss kBaH-
TOBOM peanbHOCTh[ 1] B BUIe MHOTOYPOBHEBOTO peaib-
Horo mupa [6], [19].

Pemenue cucteMsl OCYIIECTBIISETCS 1O YaCTSIM —
JUIL «4epHBIX JbIp» [11], mnd «OonbIIoro B3phIBa»
[16], mns pacmmpstomeiicss Bcenennoit [22], ans
«KBAaHTOBOHU TEICMIOPTALIUI, ST KBAHTOBBIX BBIYHC-
JICHUH W KBaHTOBOH mepemaun wHpopmauuu[9], [17],
JUTS TIapajuIeIbHBIX BeceleHHBIX JIname[19] mubo OBe-
perta [6]. CymmMapHOe pemienue aaet KBaHtoByro pe-
AITBHOCTB.

Te cocrosHUS W (QU3UUECKUE MPOIECCHI, KOTO-
PBIMHU OIIMCHIBAETCS pab0oTa KBAHTOBBIX KOMITBIOTEPOB,
KBAHTOBBIX JIMHHUH CBS3M, HE MMEIOT KJIACCHYECKOTO
aHajiora. OTO HeJIOKaJIbHBIE COCTOSIHUSA, U IIPOLIECC UX
«IIPOSBICHUSA» (AEKOTePeHLUs) B BHJIC JIOKAIBHBIX
9JIEMEHTOB PEAIBHOCTH — «MaTepUaIN3aIusgy) 00b-
eKTa «U3 HUYEro». A oOpaTHBIN IPOIECC «pacTBOpe-
HUSD IOKATBHBIX 00BEKTOB H HX TIEPEX0/1a B HEJIOKANb-
HOe cocrosiHMe (pekorepeHnwms). Kmaccuueckast ¢u-
3WKa  OMHUCHIBACT  «IPOSIBICHHYIO»  PEalbHOCTb.
KBaHTOBas TEOpHsT 000CHOBEIBACT CYIIECTBOBaHUE 0O-
nee TIIyOOKOH W (yHAaMEHTaIbHOH PeaTbHOCTH, «HE-
IPOSIBJICHHOW», MOTEHUUAIBHOM, HeJloKalabHOU. Teo-
pUs 3aIlyTaHHBIX COCTOSHUHM BXOAMT B CTaHIApTHYIO,
OOIIENIPUHATYI0 HHTEPIPETAIMI0 KBAaHTOBOW Mexa-
HHUKH ¥ UMEET MHOTO O0IIero 0JHOBPEMEHHO ¢ «MHO-
TOMHUPOBOW» HHTEpIpeTanuel DBeperTa, U Teopuei
«pusmnyeckoro Bakyymay Illunosa [24], HO mPOTHBO-
MOJIOXKHA KOHICTIINU «pa3ayBarolneiics BceneHHO»
I'yra—JIunne [19], ocHoBanHoil Ha OTO.

Bnu3ko MOHATHIO KBAaHTOBOW PEalbHOCTH ITOHSI-
THE (PU3NIECKOro BaKyyMa, O KOTOPOM B COBPEMEHHBIX
HaY4YHBIX ITyOJIMKAUSAX TOKE TOBOPAT B TEPMHUHAX He-
JIOKAJIBHBIX CYTIEPIIO3UIIMOHHBIX COCTOSHUI.

OnHOI N3 OCHOBHBIX 0COOEHHOCTEH 3aIyTaHHBIX
cocTosHUI — 3T0 MxX HecenapabensHocTh[13], 18]. To
€CTb 0OBEKTHI, HAXOAIINECS B 3aITyTAHHOM COCTOSHUHI
C OKpY)XEHHEM, B NPHHIHUIIE HE MOTYT OBITH MOJHO-
CTBIO OIMCAHBI B TIPEAMETHOM MHpE.

EnuHCTBEHHBIM OOBEKTOM, KOTOPBIH MOXHO
Ha3BaTh B IOJIHOM Mepe 3aMKHYTOW CHCTEMOMU, SIBJIs-
eTcs Becb YHuBepcyM, Bcenennas B nenom [8]. OHa
CUMTAeTCsl 3aMKHYTOH CHCTEMOH (M, clleloBaTeNbHO,
YHCTBIM COCTOSIHUEM ) 110 OTIPEIEIEHUIO — HET HUYETO,
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4T0 OBLIO OBI BHE ee. Bece apyrue oObeKTH yxe He OY-
IOyT aOCONIOTHO 3aMKHYTBIMHU, B TOM YHCIIE «4EPHBIE
JBIPEI», ¥ PpeUb B JIyHIIEM CIydac MOXKET UATH O KBa-
3U3aMKHYTBIX CHCTeMaXx (TICEBAOYUCTBIX COCTOSHHMSAX)
C Pa3IMYHON CTENEHBIO MPUOIIKEHUS K YUCTOMY CO-
CTOSIHMIO. Takue OTKPBIThIE CHCTEMbI HAXOIATCS B TaK
Ha3bIBAEMOM CMEIIAHHOM COCTOSIHUH.

JHexorepenuus [13] — 370 npouiecc nepexoaa 4u-
CTOr0 COCTOSiHUS B cMmelaHHoe. IIponecc, KOTOpblid
HUMeeT MECTO TOJBbKO IJIS MOACUCTEM, ATl COCTAaBHBIX
9JacTell 3aMKHYTOM CUCTEMBI. YHUBEPCYM, KaK eUHast
cHcTeMa, B JII000M citydae OyJIeT 0CTaBaThCsl B YUCTOM
COCTOSIHWH, HE3aBUCHMO OT TOTO, YTO HPOUCXOAUT y
HETO «BHYTpPH», Ha ypoBHE mozacucreM. U uncroe co-
CTOSIHHE MOJET OCTaBaThCsi HEIOKAJIBHBIM HE3aBH-
CHMO OT TOT0, KAKO€ M3MEHEHHE WM ABM)KEHHE IIPO-
UCXOAUT BHYTpU YHUBepcyMma. Bo Bceil cBoelt uenoct-
HOCTH OH TO-TIpeXHEMY OyIeT HEJIOKAJIbHBIM,
HETBapHBIM M MO-TIPEKHEMY Oy/IeT ocTaBaThCsl BHE
BPEMEHH U MPOCTPAHCTBA.

CornacHO KBaHTOBOH KOCMOJIOTHYECKOM KOHIIETI-
UK 10 Teopuu AexorepeHuuu [18], Beck kmaccuue-
CKUH MHUP CO BCEMH OOBEKTAaMH M B3aUMOICHCTBUSIMU
MEXJy HUMH BO3HHUK U3 HEJIOKAJIbHOI'O HCTOYHHKA pe-
anpHOCTH. Bech kimaccudeckuii MUp, COrIacHO KBaHTO-
BOH TEOPHHU, HE SIBISIETCS OCHOBOM peanbHOCTH. COBO-
KylHasi KBaHTOBAas pEaJbHOCTh TOpa3fo Oorade u
muMpe: BKIFOYaeT B ce0s Kak Maccy, Tak U SHEPTHIO, U
napopmanuro. Kiaccnaeckuii MuUp — 3TO JIMIIH BHEII-
Hee TPOSBJICHUE OJHOM M3 CTOPOH KBaHTOBOW pealib-
HOCTH (B KOTOPOH Halll MHP COJEPIKUTCS B TOTCHLIU-
anpHOM BHJE). HenokanbHbIM MCTOYHHMK PEaNbHOCTH,
U3 KOTOPOTO «IIPOEIUPYyeTCs» Halll IIOTHBINH MHp —
3TO JIOBOJILHO TiIyOokoe monsTHe. KBaHTOBas Heso-
kanbHOCTh[ 13],[18] BooOIIIE HE MOXKET OBITH ONKCaHa
KJaccuaeckoil ¢u3mkoil. HenmokanbHBIA KBaHTOBBIN
MCTOYHHK PEaIbHOCTH — 3TO MHP, B KOTOPOM BOOOIIE
HET HUKAaKOH Macchl ¥ TOTOKOB SHEPTUH. DTO MyCTOTA,
KOTOpast, TeM HE MEHee, COJIEPXKUT B ce0e BCIO MOJTHOTY
KJIACCHYECKUX (TBAPHBIX - BOSHUKAIOLINX M3 MH(POpPMa-
IIM) SHEPTUH U Macc B HEJIOKAJIbHOW CYNEPIIO3UINH.

Bce TBapHBIE 3HEpruM (B TOM YHCIE HA TOHKUX
YPOBHSIX) KOMICHCHPYIOT APYT APYTra U B CBOEH COBO-
KymHOCTH 00pasytoT Beeoowsemmomyto [Tyctoty. Ily-
CTOTY JIUIIb B TOM CMBICJIE, YTO 3TOT MHUP HEBUJIUM B
cBoeil nenoctHoctu. Ha ypoBHe YHUBepcyma ocTaercst
TOJIBKO OJTHA BO3MOXHOCTh — OIIEPHPOBATH KBAHTO-
BOM WH(QOpMaIUe, KpoMe KOTOpOH TaM HHYEro
Goutbiie 1 HeT. MOXKHO Ha3BaTh €T0 eMHBIM HH(pOpMa-
IIMOHHBIM I10JIEM, KOTOPOE COJIEPKUT B cede HH(popMa-
LIUIO O BHYTPEHHEN CTPYKType YHHUBEpPCYMa, a JIeKore-
PEHIMS — 3TO IPOSIBJICHUE 3TOH MH(OPMAIK B BUJIE
TOW MM MHOM KJIACCHYECKOW PEeaTbHOCTH (TIPOEKINH),
KOTOPOE COIPOBOXKAAETCS MOTOKAMH TBapHBIX JHEp-
TUA ¥ Macc (B TOM 9YHCJe Ha TOHKHX YPOBHSX, TJe
BBIIIIE Mepa KBAaHTOBOH 3amyTanHocTh) [13].

ITonTBepxkaeHUEM HENOKaJbHBIX CBONCTB YHH-
BEepCyMa SIBIISICTCS CYIIECTBOBAHHE «UEPHBIX ABIPY», B
KOTOPBIX BpPEMsI I10]] IEHCTBUEM IPaBUTALIMN OOJIBIITHX
MacCc OCTaHaBJIMBAE€TCA, a MPOCTPAHCTBO IpeBpalla-
eTcs B TOUKY (T. €. B MUHHYHHBEPCYM).

Jpyrum noaTBepaxKIeHHEM HEJOKAIbHBIX CBOICTB
YHuBepcyMa SIBISIETCS] HyJIEBOE COOCTBEHHOE BpEMs 1
HYJIEBOE COOCTBEHHOE MPOCTPAHCTBO (POTOHA.

JexorepeHnus, kak GpyHIaMeHTaIbHBIN (u3mde-
CKHH ITPOIIECC, UMEET MECTO HE TOJIBKO CPEIH MIIOTHBIX
SHEPruil NPUBBIYHOTO HAM MHpA KIACCUYECKOM peab-
HOCTH, HO W JIpYyrux OoJjiee «TOHKHX» dHepruid. Tam
«COOMPAIOTCS» YK IpyTrue MPOCSKINH PEaNTbHOCTH.

Taxum 06pa3zom, Halll MaTepUanbHbIN MUp, KOTO-
PBIid CUATACTCS IIEPBOOCHOBOM BCErO CYILEro, ¢ TOUKH
3pEeHUs KBAHTOBOM TEOPHH SIBISETCS BTOPHYHBIM 00pa-
30BaHUEM B IIpejesiax BCEOOBEMIIIONIET0 KBAHTOBOTO
HCTOYHHKA pea’bHOCTH ((pu3mdeckoro Bakyyma). Co-
BOKYIHYIO KBAaHTOBYIO PEaJbHOCTh MOXKHO MpEACTa-
BUTh B BHJI€ MHOTOYpOBHEBOH cucteMbl. Kaxknwiii ee
SHEPreTUYECKHH yPOBEHb — CBOETO pOJa OTACIbHAs
PEaTbHOCTH CO CBOMMH OOBEKTAMH, YJHEPTETHIECKIMHU
XapaKTEpPUCTUKaMH, TPOCTPAHCTBEHHO-BPEMEHHBIMHU
METPUKaMH U (PU3UYECKHUMHU KOHCTAHTaMU B COOTBET-
CTBHH ¢ Teopueil JIunne. A COBOKyNHas peaqbHOCTh —
Cynepno3unus BCEX I3THUX JSHCPICTUYCCKUX ypOBHeﬁ.
HpI/I‘-IeM MECXKIAY HHUMH BO3MOKHBI KBAHTOBBIC II€pEC-
X04bl, HO HEMOCPECACTBCHHO U3y4YaTb OAWH YPOBCHbD,
HaXOJACh NPH 3TOM Ha APYroM, HeBo3MOxkHO. C ox-
HOTO ypOBHS HEJb3s HANPSMYIO BIMATH HA JPYrod —
SHEPTUH 3TUX MUPOB Pa3JINIHBI.

B TOT MOMEHT, KOT1a ITOACUCTEMBI HAUNHAIOT JIO-
KaJIM30BBIBATHCS, TO €CTh HPOSBISIOTCS U3 HENOKAJb-
HOTO COCTOSIHHMS, IJIsl HUX 3TO BBITJIIIUT Kak MEpexo
Yepe3 TOUKY CHHTYJSIPHOCTH, TTOCKOJIBKY OHHM BO3HH-
KarT «HU3 HHUYCTO». I[J'IH HUX OTO MPOABJICHUEC TUIIA
«Oonb1Ioro B3phIBay [22], — eciu Ha CUTYyalHio Oy ayT
CMOTPETh B OJJHOM U3 IIOJICUCTEM U IIPUMYTCSI pacCyK-
JaTh, OTKY/la OHAa MOSBUJIACH B CBOEM IIJIOTHOM COCTO-
auuu [13].

[MpyunHO# NOKanu3anuu (AEKOTEPEeHINN) SIBIIS-
eTcsl CiydaifHoe BOSHUKHOBEHHE TEPMOIMHAMHYECKOH
SHTPOTIHH.

KBaHTOBast TEOpHS peaibHOCTH TAKXKE OITUCHIBACT
JKIBOW OpraHM3M KaK MECTHBIH HecemnapaOelbHbIN
(Hepa3eIMMEIiA, 3aITyTAHHEIH) YHUBEPCYM.

Takum 00pazoM, KBaHTOBas TEOPHs PEaJbHOCTH
OIUCHIBAET B3aMMOCBS3b HH(OPMAIMH, SHEPTUH U
Macchl B CaMOM IIHPOKOM CMBICIIE.

BriBoasl

3anmyTaHHOCTh B aBTOMATax OTpakaeTcs MareMa-
THYECKH B BHJIE NPEJCTABICHUH JIOTHYECKUMH (YHK-
LUSIMU ¥ KBAHTOPaMH JINOO WHTErpajIbHBIMHU Ipeodpa-
30BaHUSIMHM SHEPTETHUYECKUX OINEpaToOpoB M IPOSBIIA-
ercsi kak uH(opManmoHHas (GopMa  JABHKEHUS
MaTepuH.

B kauecTBe OCHOBBI MOCTPOEHHS MaTeMaTHYe-
CKOM MOJIENH PEaTbHOCTH SIBIIAETCS MPEACTaBICHHUE
00BEKTOB KaK MacCO-IHEPTO-HH(POPMAIIMOHBIX CHCTEM
" CIIOKCHHUEC TTOJTYUYCHHBIX YaCTHBIX MO}IGJ’IGﬁ B BUIC
¢yukTopa [4], [23].

B otiimume ot kimaccudeckoit Gpuzmku, nMeromei
JIeNI0 HETIOCPE/ICTBEHHO ¢ (PM3MYECKHMMH XapaKTepH-
CTHKaMH 00BbEKTOB, KBAHTOBAs TEOPHS HCXOJUT U3 00-
nee (PyHAaMEHTAILHOTO W MEPBUYHOTO MOHSTHS «CO-
crostHue cucteMbl». C 3Toi ToUkM 3peHus Bce puznye-
CKHE  BEIMYMHBI, XapaKTepPHU3YIOIIME  CUCTEMY,
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SIBJISIFOTCSI JIUIb BTOPUYHBIMHU IPOSIBIICHUSIMH, OTIpEe-
JsIEMBIE TEM W UHBIM €€ COCTOSIHHEM.

Metoapl KBaHTOBOW TEOPHUH MOTYT IMPUMEHSTHCS
KaK K MUKPOYaCTHUIIaM, TaK U MAaKpOTENIaM, )KUBBIM Op-
raHW3MaM H Ko Bcel BceneHHol B menom.

VYpaBrenwsi(1)-(15) cyrb ¢yHKTOp, ONHCHIBAO-
M peBpalieHne HHPOPMAaNnH, 3alTUCAHHOW B MaT-
pHlie TUNIOTHOCTH 110 ypaBHeHH!IO (14), B peanbHbie QyH-
JlaMEHTaJIbHBIE YacTUllbl Mo ypaBHeHHIO (l)(Teopus
«0OombIIOro B3pbIBa», pemieHne ypaBHeHuil (1)-(15)
JUISL 3TOTO CITy4ast TPUBE/ICHO B paboTe aBTopa [16], rue
B COOTBETCTBHMHU ¢ MH(OpMaLuel, 3alMcaHHoi B Mart-
pHILE MIOTHOCTH PEANTN3yeTCsl MacCO-IHEPIreTHIECKOe
cTpoeHne BeenenHoit. ).

OnbpITHON TpOBEpKO pa3pabOTaHHOW TeopuHu
KBAaHTOBOI pealkHOCTH MOTJIO OBI SIBUTHCSI OOHapyKe-
HHE aHTHYACTHI], TEJICHOPTUPYIOUIUXCA W3 ILEHTpa
Halled TajJakTUKH, ¢ MexayHapoqHOH KOCMHMYECKOMN
cranuuu (MKC) [17].
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VARIOUS CATHODES AND TARGETS
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The combined methods of surface treatment for obtaining heat-resistant coatings, proposed by us, consist in
a combination of various kinds of influences on the material being processed. For example, the nitriding process
is combined with the preliminary activation of the surface by means of an electric discharge in an inert gas medium.
This makes it possible to intensify the process of diffusion saturation, to increase the depth of the modified layer
and its microhardness. Similar goals are also achieved with a combination of gas nitriding and pretreatment of the
product surface with laser radiation. We associate the radiation resistance of the Zn-Al coating with its pronounced
globular structure. The presence of such a system of "balls™ leads to elastic scattering of argon ions, so that the

local deformation turns out to be insignificant.

Keywords: nanostructure, coatings, surface, nitriding, deformation, microhardness, modified layer, nitrogen,

argon.

Introduction

In modern conditions, the production of competi-
tive mechanical engineering products and their effec-
tive renovation are impossible without the use of
strengthening technologies, especially those that allow
the formation of layers or coatings on the surface of
products, characterized by increased performance char-
acteristics, primarily increased wear resistance.

Let us list these methods [1-4]: heat treatment, cry-
ogenic, cutting, electrochemical polishing, diffusion
saturation of a non-metal, diffusion metallization, dif-
fusion saturation with a complex of elements, surface
heat treatment, mechanical processing by plastic defor-
mation, electrophysical treatment, surfacing with al-
loyed metal, spraying, chemical deposition, electro-
chemical deposition, electrophysical methods, deposi-
tion of hard coatings from the vapor phase, processing
in a magnetic field. The listed methods belong to the
class of hardening treatment [1-4]: hardening by chang-
ing the structure of the entire volume of the product,
hardening by changing the surface roughness, harden-
ing by changing the chemical composition of the sur-
face layer of the metal, hardening by changing the
structure of the surface layer, hardening by applying
coatings on the surface, hardening by changing the en-
ergy reserve of the surface layer. The combined meth-
ods of surface treatment for obtaining heat-resistant

coatings, proposed by us, consist in a combination of
various kinds of effects on the processed material [5-
10]. For example, the nitriding process is combined
with the preliminary activation of the surface by means
of an electric discharge in an inert gas medium. This
makes it possible to intensify the process of diffusion
saturation, to increase the depth of the modified layer
and its microhardness. Similar goals are also achieved
with a combination of gas nitriding and pretreatment of
the product surface with laser radiation. Preliminary
production tests have shown the promise of using a
coating formed by Cr-Mn-Si-Cu-Fe-Al+Ti in a nitro-
gen atmosphere by magnetron sputtering followed by
laser treatment.

Synthesis of nanostructured coatings with sim-
ultaneous sputtering of various cathodes and targets

We carried out studies of the microstructure of coat-
ings using composite targets of the composition: Cr-Mn-
Si-Cu-Fe-Al, Zn-Al, Fe-Al, Zn-Cu-Al, Mn-Fe-Cu-Al and
a titanium cathode sprayed by the CIB method. Figures 1
and 2 show an electron microscopic image and XPS of a
Cr-Mn-Si-Cu-Fe-Al + Ti coating in an argon atmosphere.
Titanium grains with a size from 1 to 10 microns in diam-
eter are clearly visible. Materials with such a grain size are
usually called coarse-crystalline [4].
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Figure 1 - SEM coating
Cr-Mn-Si-Cu-Fe-Al + Ti in argon
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Figure 2 - XPS coating
Cr-Mn-Si-Cu-Fe-Al + Ti in argon

Table 1 shows the results of a quantitative analysis, from which it follows that the content of Mn, Si, Cu and

Al is less than 1 mass. %.

Table 1

Results of quantitative analysis of the Cr-Mn-Si-Cu-Fe-Al + Ti coating in argon at various points on the surface

001 002

Element (keV) Mass% Error% Atom% Element (keV) Mass% Error% Atom%

TiK 4508 4945 025 5224 CK 0.277 796 004 26.69

CrK 5411 4259 045 4145 TiK 4508 48.80 0.24 41.03

FeK 6398 589 062 533 CrK 5411 4024 043 31.16

AgL 2983 207 034 0097 AgL 2983 301 033 112

Total 100.00 100.00 Total 100.00 100.00

003 004

Element (keV) Mass% Error% Atom% Element (keV) Mass% Error% Atom%

CK 0277 717 005 2381 CK 0.277 396 005 1456

TiK 4508 7897 0.29 6572 TiK 4508 5475 0.26 50.50

CrK 5411 11.16 052 855 CrkK 5411 3881 047 3298

FeK *6.398 270 0.69 192 FeK 6398 248 065 196

Total 100.00 100.00 Total 100.00 100.00

In a nitrogen environment, the structure of the coating changes dramatically (Figures 3 and 4), due to the
formation of titanium nitride. In this case, the average grain size is (100-150) nm. Such coatings are called submi-

crocrystalline [4].

‘e LG8

Figure 3 - SEM coating
Cr-Mn-Si-Cu-Fe-Al + Ti in nitrogen

Table 2 shows the results of quantitative analysis

of Cr-Mn-Si-Cu-Fe-Al + Ti in nitrogen at various

points on the surface, from which it follows that the

content of chromium, titanium and nitrogen are close to
each other. This suggests that, in addition to the for-
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Figure 4 - XPé coating
Cr-Mn-Si-Cu-Fe-Al + Ti in nitrogen

mation of titanium nitride, chromium nitride is also be-
ing formed. Figure 3 shows that microcrystallites of ti-
tanium and chromium nitrides have an orientation (pre-
sumably in the (200) direction), which is also different
from the spherical symmetry of microcrystallites of
pure titanium.
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Table 2

The results of the analysis of the Cr-Mn-Si-Cu-Fe-Al + Ti coating in a nitrogen atmosphere
022 023
Element (keV) Mass% Error% Atom% Element (keV) Mass% Error% Atom%
CK 0.277 10.07 0.04 20.74 CK 0.277 844 0.05 17.89
NK 0392 2720 0.19 48.04 NK 0392 2693 020 48.94
TiK 4508 3390 026 1751 TiK 4508 3646 029 19.38
CrK 5411 2883 045 13.72 CrK 5411 2816 050 13.79
Total 100.00 100.00 Total 100.00 100.00
024
Element (keV) Mass% Error% Atom%
CK 0277 931 0.04 1852 -
NK 0392 3084 0.18 52.62
TiK 4508 3469 025 1731
CrK 5411 2516 045 1156
Total 100.00 100.00

The structure of the coating can be changed using
ion bombardment. Figures 5 and 6 show the electron
microscopic image and XPS of the Cr-Mn-Si-Cu-Fe-Al
+ Ti coating in argon after ion bombardment. The irra-
diation of the coatings with argon ions was carried out
using a multi-ampere ion source with a hollow cathode.
The current in the arc was 1 A, and the potential on the

Figure 5 - SEM coating

Cr-Mn-Si-Cu-Fe-Al + Ti in argon after ion bombardment

substrate was maintained at 300 V. In this case, the
grain size is less than 100 nm and such a structure is
usually called nano-crystalline [4]. lon bombardment
offers great opportunities for regulating the structure
and properties of coatings and is often used to create
various combined deposition methods.
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Figure 6 - XPS coating
Cr-Mn-Si-Cu-Fe-Al + Ti in argon
after ion bombardment

In the case of binary cathodes, the situation is somewhat different (Figures 7-10). The average size of the
titanium phase in the Fe-Al + Ti coating in argon is smaller than in the coating Cr-Mn-Si-Cu-Fe-Al+Ti. In a
nitrogen environment, smaller sizes of titanium nitride crystallites are also observed.

&

Figure 7 - SEM coatinbg
Fe-Al + Ti in argon environment
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Figure 8 - XPS coating
Fe-Al + Ti in argon
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Figue 9 -SEM coatin
Fe-Al + Ti in nitrogen environment

Figure 11 - SEM coating
Zn-Al + Ti in argon environment
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Figure 10 - XPS coating
Fe-Al + Ti in nitrogen

res 11-12).

Figure 12 - SEM coatig
Zn-Al + Ti in nitrogen atmosphere

In general, the structure of the Fe-Al and Zn-Al coatings at the nanoscale is significantly different (Figures
13 and 14). In the first case, an open dissipative structure is observed, and in the second, a globular structure.

Figure 13
AFM image of the surface of the Fe-Al coating

lonic bombardment of the Fe-Al + Ti and Zn-Al +
Ti coatings does not lead to a crushing of the grain
structure, as is observed for the Cr-Mn-Si-Cu-Ee-AI +

0

Figure 15 - AFM image of the Fe-Al coating sur-
face after irradiation with argon ions

0
Figure 14
AFM image of the surface of the Zn-Al coating

Ti coating. It's related with the fact that ion irradiation
has little effect on the coatings Fe-Al and Zn-Al. This
is clearly seen from Figures 15 and 16.

Figure 16 - AFM image of the surface of the Zn-Al coat-

ing after irradiation with argon ions
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We associate the radiation resistance of the Zn-Al
coating with its pronounced globular structure (Figure
14). The presence of such a system of "balls" leads to
elastic scattering of argon ions, so that the local defor-
mation turns out to be insignificant. This is reflected in
the behavior of Young's modulus, which does not
change during irradiation, and in the roughness param-
eter. The radiation resistance of the Fe-Al coating is as-
sociated with the disorder of its structure. The presence
of strong "amorphization" of the coating makes it radi-
ation-insensitive.

It should be noted that a decrease in the thickness
of the coating to nanosize strongly affects the thermal
and time stability of their properties. For example, it
was shown in [11] that relaxation processes in
nanostructured multilayer TiN-ZrN films proceed even
at room temperature, which manifested itself in a sig-
nificant decrease in hardness after long-term storage.
Single-layer nanostructured condensates obtained un-
der conditions of ion bombardment also have low sta-
bility. lon bombardment leads not only to grain refine-
ment, but also to an increase in the density of defects
(dislocations, etc.), the formation of compressive
stresses [4].

Further research prospects are as follows

At present, it is nanocomposites that are the most
promising materials for creating stable nanostructures.
In the future, high-quality nanostructured coatings can
be obtained by optimizing the coating composition by
adjusting the energy of the deposited ions, the substrate
temperature, the composition and pressure of the work-
ing gas, and other technological parameters of the dep-
osition process. However, even greater efforts are to be
made in this direction.
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Abstract

The article presents models and methods for constructing broadband fiber-optic power transmission lines. To
increase the maximum transmission speed along the existing transport routes, to ensure the quality and reliability
of the service, it is proposed to develop a scenario for the modernization of the information and communication
infrastructure of the regional data transmission network. Modern technologies for constructing a fiber-optic
transmission line using the wave distribution principle are described. It also allows you to increase the bandwidth
by transmitting various modulations of code signals in a fiber-optic cable. This technology makes it possible to
increase the efficiency of the use of fiber by applying the distribution of distribution directions in the directions of
propagation of the light flux and is implemented in fiber-optic elements available in the domestic market.

AHHOTaNUA

B craTthe moka3ansl MOACIN U METOJbI IMOCTPOCHHS MINPOKOIIOJOCHBIX BOJIOKOHHO-OIITUYCCKUX JIMHAH TIe-
penaun. IIpenmaraercs pazpaboTaTh ClieHapHil MOJEPHH3AIMH WHPOPMAIMOHHO-KOMMYHUKAITMOHHON HH(pa-
CTPYKTYPbI perHOHaﬂBHOﬁ CCTHU NiepeAavun JaHHbIX IJId YBCJIUYCHUA MaKCHMaJIbHOH CKOpPOCTH mIepeJavu 1o Ccy-
HIECTBYIOLIUM MAarucTpaisiMm, obeclieueHusT KayecTBa U HaJCKHOCTHU O6CJ‘[y>KI/IBaHI/I$I. OmnuncaHbl COBPEMCHHBIC
TEXHOJIOTUHU CTPOUTEIBCTBA BOJJOKOHHO-OIITUYCCKHUX JIMHUH nepeaadyun 1mo MpuHIUITY BOJJHOBOI'O pacrpocTpaHe-
HMSA. DTO TaK)KE MO3BOJISIET YBCJIIMYUTH IOJIOCY NPOITYyCKaHusA, NepeaaBasi pa3jiniHbIC MOAYJIANNNU CUT'HAJIOB IIepe-
TPY3KH{ KOJIa TI0 ONTOBOJIOKOHHOMY Kabemro. J[aHHast TEXHOJIOTHS TTO3BOJISIET MMOBBICUTH () (EKTHBHOCTH UCTIONb-
30BaHU BOJIOKHA 3a CHET pACIIPCACICHUA HaHpaBJ‘ICHI/Iﬁ pacrpeaciicHrs CBE€Ta U peajin30BaHa B BOJIOKOHHO-OII-
TAYECKUX DJIEMECHTAX, UMCIONIUXCA HAa OTCUYCCTBCHHOM PBIHKE.

Keywords: broadband fiber-optic networks, modeling, construction methods, transmission speed, new tech-
nologies.

KiawueBble cioBa: INHUPOKOIIOJOCHBIE  BOJIOKOHHO-ONTHYCCKUE CE€THU, MOIACIHUPOBAHUE, METOIBI
IMOCTPOCHUS, CKOPOCTU NE€peaain, HOBbIC TEXHOJIOTUH.
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[IpoekTupoBaHKE CIOXHBIX TEXHHYECKUX CH-
CTEM, TAKHX KaK JIOKaJIbHbIC, KOPIIOPATUBHBIEC U TEIe-
KOMMYHHUKAIMOHHBIE CETH, IPEICTABISIET COOOM CIT0X-
HBIi MHOTOYPOBHEBBIH IIpoIlecC. JTO MpeAroiaraeT
CO3JJaHME ONTHMAIBHONH CHCTEMBI, KOTOpas MaKCH-
ManbHO 3P PEKTHBHO UCIIONIB3YET CBOU pecypchl. [Ipn
MOJICTTMPOBAHNH CETH CIICIMAINCT JIOJDKEH UMETh DS
CTaTHCTHYECKHUX NaHHBIX, HOCIE 00pabOTKH KOTOPBIX
OH MOXXET BBIOpaTh ONTHUMAJbHBIE XapaKTEPUCTHKU U
THII CETH, YTOOBI B TaJIbHEWIIIEM BHECTH M3MEHEHUS B
ee koHdurypanuto. [Ipu npoekTupoBaHUN HOBOH CETH
pa3paboTyMK MOXKET MpeAcKa3aTh, Kak OyAeT 3arpy-
JKEH KOHKPETHBII CETEBON KaHAI U HACKOJIbKO BEJIUKU
BBIYHCIIEHUA OyIyT MPOM3BOANTHCA KOHKPETHBIM Y3-
JIOM ceTd. DTO OCOOCHHO BaXKHO IPH BBHIOOpE MeTona
CO3JaHUSI OIMPOKOIIOJIOCHBIX BOJIOKOHHO-ONTHYECKUX
JIMHUH nepenayu.

CerogHss MHOTHE BaXXHBIC OPTaHH3ALUH CTPOST
IIMPOKOIOJIOCHBIE MaruCTpalld, HCIIONB3YsS BOJIO-
KOHHO-ONTUYECKHE CETH CBSA3M JUISI CO3JaHMS JIOKAJIb-
HBIX CeTel M COeMHEHMsI KpyIHbIX (uiuanos [1. - C.
71]. Ilo3BomnsieT co3aTh BEICOKOCKOPOCTHYIO, HaIexkK-
HYIO ITI00AJIbHYIO MJIH JIOKAJIbHYIO CETh ONTOBOJIOKOH-
HoH nHdopmanuu. B HacTosee Bpemst 00beM Tepea-
BaeMOW MH(OPMAIINH PacTeT B TE€OMETPHIECKON Tpo-
Tpeccuy, MO3TOMY MHOTMM KOMIIAHHSAM TpeOyroTCs
BBICOKHE CKOPOCTH Niepeadll JaHHbBIX.

Bonpimoe BHUMaHHE CllefyeT yAEIUTb TEXHUYE-
CKUM XapaKTEepHCTHKaM ONTHYECKHUX Kaberneil. B Bomo-
KOHHO-ONTHYECKUX CETAX CBS3H HCIHONB3YIOTCA Ka-
Oenu ABYX THUIIOB: MHOFOMOHOBLIﬁ BOJIOKOHHO-OIITH-
YecKuil Kabeab M, COOTBETCTBEHHO, OJHOMOIOBHII
Kabens.

Kak crenyer u3 Ha3BaHUS, B apXUTEKType OIHO-
MOJIOBBII KabeJb He 03BOJIIET NepeaBaTh HECKOJIBKO
MOJHBIX JTydeil. Takum oOpa3om, pasHHIA MEXIY OJI-
HOMOJIOBBIM M MHOTOMOJIOBBIM ONTHYECKUMH Kabe-
JSIMH 3aKJIFOYAETCsl B CIIOCOOE PacIpOCTPaHeHHUs Yyepe3
HUX ONTHYECKOro H3iydyeHus. Pasmep cepaednmka
JaMIbl - caMmas BayKHas 0COOCHHOCTh, KOTOPasi MOXKET
MOBJIMATH HA MOKYNKY TOTO WJIM MHOTO ONTHYECKOTO
Kaoes.

Mautelii JraMeTp cepeuHuKa o0ecneynBaeT HI3-
KyIO IMCIEPCHIO MOJEMA, YTO IO3BOJIAET IepeiaBaTh
JTaHHbIC Ha OOJIBIIME PACCTOSIHUA 0€3 MCIOJIB30BAHUS
MapIIpyTU3aTOpoB U MoBTOpHUTENei. OTpULIaTENBHBIM
(hakTOpOM SIBIISETCA TO, YTO OJHOMOJIOBOE BOJIOKHO H
3JIEKTPOHHBIE KOMITOHEHTHI, 00eCIeunBaloINe Iepe-
Jlady, IpUeM U IpeoOpa3oBaHUe NaHHBIX, a TAKXKE MO/~
JIep>KUBAIOIIIE Ha JI0JDKHOM yPOBHE TEXHHUECKHE Xa-
PaKTEpUCTUKN  BOJIOKOHHO-ONTHYECKHX  Kabelew,
oueHb gopord [2. - cTp. 15].

Hepexoa OT TPAAUIIUMOHHBIX TCJICKOMMYHUKAIIA-
OHHBIX CETEN K MYJIBTUCEPBUCHBIM CETAM CIICAYIOIICTO
nokonenust (NGN) (NGN - Next Generation Networks)
MOJHUMAET MHOKECTBO TEXHOJIIOTHIECKUX, METO0JI0-
THYECKUX U JIPYTHX MpoOiieM, BKITI0Yas KadyecTBO 00-
CITy>KHBaHU, HEOOXOAMMOE JIJIsl THUTIOB TpaduKa U 0co-
6enHo peun (QoS - Quality of Cepsuc) I[Ipobnema
CHa0>XeHMs1 3aHMMAaeT LEeHTpajbHOe MecTo. Ha srame
TUIAaHWPOBAHUS CETH JJISI IPOTHO3MPOBAHMS KadecTBa
00CITyKMBaHMs IIUPOKO HCIOJIB3YIOTCS KaK aHaJIUTH-
YecKHe MOJICNTH, OCHOBAaHHBIE Ha pean3aliii METOI0B

TEOPUH MACCOBOTO OOCITY)KMBaHHs, TaK ¥ METOIbI Ma-
TEMaTHYECKOTO MOJICTMPOBAHMS IIPOEKTUPYEMOH CeTn
Ha OCHOBE CpeJl KOMITBIOTEPHOTO MOJEIUPOBAHHMS, Ta-
kux kak GPSS World [3. - 189 c.]. BaxxHbIM 251€MEeHTOM
IMS sBrsieTcst HEOOXOIMMOCTH BBICOKOCKOPOCTHOTO
nocryma k cetd (HVN). Dta yacTe MynbTHCEpBUCHOMN
CETH ONpeneNsieT ypOBEHb CIOCOOHOCTH oOmeparopa
TIPEOCTABIISITH OJ30BATENSIM COBPEMEHHBIH Habop
LIMPOKOIIOJIOCHBIX YCIIYT, HauOoyee pacripocTpaHeH-
HBIM U3 KOTODPBIX Ha JAaHHBIH MOMEHT SIBIISICTCS MHTE-
rpupoBanHas yciyra «Triple Play» (Buzeo, peus, nan-
Hble). COBpeMEHHBIE MapHUKOBBIE Ta3bl 4acTO CTPO-
SATCSI HAa OCHOBE IIMPOKOIIOJIOCHBIX BOJOKOHHO-
ONITHYECKUX TEXHOJIOTUH, HMCHONB3YIOIUX MPUHINI
«IOMAITHETO BOJOKHA», CPEeIU KOTOPHIX ITaCCHBHBIC
OINITHYECKUE CETEBbIE TEXHOJOTHUHM 3aHMMAIOT IICH-
TpaJTbHOE MECTO, B YACTHOCTH, HAIIEJICHHBIE HA PabOTy
Ha TUTA0UTHBIX CKOPOCTAX, Takue kak GPSS.

W3HavanbHO, Mpexae 4eM MPUCTYNUTh K cO37a-
HUIO (PU3HYEcKOl ceTH, HEOOXOAMMO CO3JaTh CETEBOM
MIPOEKT C BO3MOXHOCTBIO €r0 MOJICTUPOBAHUS U OITH-
Mu3aii. OCHOBHBIE METOJBI MOJENHUPOBAHUS U pe-
KOHCTPYKIIMU CeTeH OCHOBaHBI Ha TOM, 4TO B CyIle-
CTBYIOIIYIO CETh MOCTYIAIOT JaHHbIE O Tpaduke, pac-
CUNTAHHOM HarpysKe y3JI0B ITOCPEICTBOM HECKOIBKHUX
CTaTHCTHYECKUX M3MEpEHuil. 3aTeM 3TH JaHHBIC aHa-
JM3UPYIOTCS, W 3KCIEPT AAaeT PEKOMEHMAAIMH II0 pe-
KOHCTPYKIIMHU CErMEHTOB MM Beell cetn. Kpome Toro,
HEeT KPHUTEpUEB A aHalu3a IpH IPOSKTHPOBAHUH
CeTH C HyJs, W TIPOCKTHPOBIIMK MOXET padoTaTh
TOJIBKO C TNpenanonoxeHusmMu. Ilostomy HeoOxoaumo
BKJIIOYAaTh B CHCTEMY HPOEKTHPOBAHUS XapaKTepu-
CTHKM NMPHUMEHSAEMBIX IIPOIIECCOB, YTO MO3BOJIUT NPH-
HUMAaTh ONTUMAJIbHBIC PELICHN JJa)ke Ha OCHOBE IPO-
THO3HBIX JIAHHBIX.

CeTn cpemHero pasMepa BKIIOYAIOT TOPOACKYIO
cetb (MAN). Cetit MAN - 3TO COBOKYITHOCTH KOMITb-
IOTEPOB B TOpoe, KoTopble MeHbIie WAN, HO GoJbie
LAN. HemaBHue pa3paboTKH, CBS3aHHBIE C BBICOKO-
CKOPOCTHBIM O€CIPOBOIHBIM TOJKIIOYEHHEM K MH-
TEpHETY, MPHUBEIH K co3aanuio apyroro MAN, onu-
carHoro B IEEE 802.16, koTopHIii OMCBIBAET IHUPOKO-
MOJIOCHYIO BOJIOKOHHO-ONTHYECKYIO0 OECIPOBOAHYIO
JIOKaNbHYIO ceTh [4. - C. 65].

Cranpapt IEEE 802.16 otHOCHTCS K OecipoBOA-
HBIM CETSM CpeaHel NanbHOCTH, 0003HAUEHHBIM KaK
WMAN (6ecrpoBOIHBIE TOPOJICKUE CETH). DTa TEXHO-
Jorust o0ecreunBaeT MIMPOKOIIOIOCHBIN JOCTYII K CETH
4yepe3 paJroKaHall.

B otimume ot Apyrux TeXHOJIOTHI paiMoa0CTyTIa,
WiMAX mno3BosisieT paboTaTh B yCIOBHSX IIFIOTHOM ro-
POJICKOM 3aCTPOWKH BHE MPSIMOI BHIAMNMOCTH 0a30BOU
CTaHIIUHU. JTO OYEHb BAYKHO JJISI KPYTIHBIX TOPOJIOB, HE
HY)KHO yCTaHaBIMBATh CIIENHANbHBIC OanIH{, HO J0-
CTaTOYHO YCTAHOBHUTH 0a30BYIO CTAaHIIMIO HA KPBIIIAX
3IaHUH WJIM BBICOTHBIX JOMOB, YTO MO3BOJHT OBICTPO
Pa3MeCTHUTh TaKyI0 CeTh Ha OOJBIINX PACCTOSHUAX.

YHUBEpPCAIEHOCTH CHCTEM ITUPOKOIIOIOCHOTO pa-
JUOA0CTYIa MO3BOJIET UCIIOJIb30BaTh UX AJIS PELICHUS
LIMPOKOT0 Kpyra 3ajad: CO3JaHHe MYJIbTHCEPBHCHBIX
ceTeil KPyIHBIX TOPOJIOB, MATNCTPaJIbHBIX CETEH orle-
paTopoB MOOMIIEHOH CBSI3U, TPYIHOIOCTYITHBIX TEPPH-
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TOPHIi, CEIBCKOW MECTHOCTH, MPUTOPOIAHON TeneOH-
HOM CBSI3W, KOHBEPI'CHTHBIX CETEH NPOMBIIUICHHBIX
MpEANPUITHI.

Opnnako opranm3anus WiMAX B Pecniyonmuke Ka-
3aXCTaH - SIBJICHHE DPEIKOE, MO3TOMY B HACTOSAIIEE
BpeMs JaHHas TEXHOJIOTHsS OECIpOBOJHOTO IIOCTYIa
HCIOJB3YETCs TOJNBKO B AcTane u Anmatel. Tectupo-
BaHHE OECIPOBOJHBIX CETEH 3TOH TEXHOJOIMH BBI-
SIBUJIO MHO’KECTBO HEJOCTAaTKOB, TaKMX KaK HHU3Kas
CKOPOCTB Iepe/iaun JaHHBIX, BO3MOXKHOCTb ITOTEPH Ya-
CTH IIaKETOB M3-3a BHEIITHETO IIyMa, 1epeOoH, CBsI3aH-
HBIE C BO30OHOBJICHUEM COEMHEHUS], a TAK)KE HEe3aHs-
TOCTH TeIe()OHHON JTMHUM PH HOAKIIOUYCHUH MOJEM.
OTa TEeXHOJIOTHS Ceifyac 4acTO HCIOIb3yeTcs, KOraa
Jpyroe MOJKITI0YEHNE HEBO3MOXKHO.

Hcxonst u3 BBIIEU3IORKEHHOTO, METOA IIOCTpOe-
HHS CeTeil Ha OCHOBE BOJIOKOHHO-ONTHYECKOT0 Ka0es
Ob11 BEIOpaH B KaU4€CTBE OCHOBBI ISl TEXHOJIOTHH TIPO-
eKTHPOBaHUsl ceTed cpeaHero Mmacmrada. HanbGoinee
BEPOATHBIN BapHaHT ocHOBaH Ha noctpoeHnu TOC u
MO3BOJISIET CO3/aTh BBICOKOKOHBEPI'CHTHYIO Cpeny
HaJIeXKHOI mepenayn JaHHBIX, 00ECIEUNBAIOIIYIO Ka-
YEeCTBEHHYIO Tepeady Jo0oro tumna tpaduka, HeoO-
XOJIMMOTO OT BBIYUCIIUTENBHBIX CETEH.

TOC - Ge3ycioBHBIN IMAEp B CO3MAHUHU pacipe-
JENUTENBHBIX CeTel, HUKAKOH Jpyroi BUI CBS3U (pa-
muokaHai, DSL u np.) He moxet obecnieunts TpeOye-
MOTO0 KauecTBa U CKOpOCTH [5. - ctp. 39]. HepaBHOMep-
Has 3arpy3ka y3J0B PETHOHAIBHOH CEeTH mepenadu
JAHHBIX SBISIETCS BakKHOW mpobiemoii. B pesymbrare
CeTh HMCHOJB3yeTcsl Hed(D(PEKTHBHO MM €€ PEeCcypcoB
HEJ0CTaTOYHO Ul 00ecHeyeHus: He0OX0JUMOrO 00b-
ema TpaduKa ¢ rapaHTHPOBAaHHBIM YPOBHEM KauecTBa.
CymiecTByloIas cereBast HHPpacTpyKTypa perioHab-
HBIX CeTeil 0OBIYHO OCHOBaHa Ha BOJIOKOHHO-OINTHYE-
CKHX CETSIX CBSI3M C TOMOJIOTHEH THna «Koibno». OH
00BEANHSET CETEBBIE Y3IIbl C Pa3HBIMU TPEOOBAHUAMHU
K IIPOITYCKHOW CIOCOOHOCTH, B CBSI3U C YeM HEOoOXo-
VMO aHAJIM3UPOBaTh MHTEHCUBHOCTh MH(OPMAIOH-
HBIX TIOTOKOB 1 BBISIBIISITH «TPYAHOCTH - IEPETPYKEH-
HBIC WJIM HEHArpy>XeHHble y9acTKu ceTd. Kpome Toro,
TEKYLIUI pecypc MEKpallOHHBIX ONTOBOJIOKOHHBIX Ce-
Tei CBSI3M NPAKTUYECKU UCUEPIIaH 10 MHOTUM Harpas-
JICHUSIM, YTO HE IO3BOJISIET YBEJIMYHUTH IPOMYCKHYIO
CIOCOOHOCTH PErMOHATIFHOM CETH Nepejauil JaHHBIX 32
CYEeT MPOCTOTO YBEJIMYEHHUS KOJIMYeCcTBa KaHaJoB. Ta-
KM 00pa3oM, HEOOXOAMMO pa3padoTaTh KOMILIEKC
Mep 110 ONTHMHU3AIMU CETEeBOW M TPAHCIIOPTHOW WH-
(hpacTpyKTypBHI.

CymecTByIomue METOAbl ONTUMH3ALUH CETEBOH
MHQPACTPYKTYpHl BKIIIOYAIOT HCHOJIB30BaHUE HOBBIX
COBPEMCHHBIX DpEIICHHH - BHEAPEHHE MEXaHn3Ma
MPLS (MHOTONpPOTOKONBHASI 3aMEHa METOK), a TaKKe
MPOBEPEHHBIX BPEMEHEM METO/I0B PEKOHCTPYKIIHH, Ta-
KHX KaK HCIIOJIb30BaHHE TEXHOJIOTHH CHKATHS BOJH
WDM, koTtopas Mo3BOJIAET C UCHOJIb30BAaHUEM CYIIIE-
CTByIOIIEH KaOenpHOH MHOPACTPYKTYpHl. DTH perie-
HHS TIO3BOJISIFOT M3MEHSITh apXUTEKTYPy PErHOHAIIb-
HBIX ceTel Iepeayl JaHHBIX, YBEJITMYMBAThH POITYCK-
HYI0 CIOCOOHOCTb HMX CEIMEHTOB M 3aXBaThIBaTh
Gosbiue y3isl [6. - cTp. 166].

Ilo ananmoru4yHoOW METOAMKE PacCUUTHIBAIOTCS
3HaueHMs1 KOI((PUINEHTOB 3(P(HEKTUBHOCTH MOIOCHI

MIPOITYCKaHMsI KaHAJIOB CBSI3U U IOJIOCHI MPOIYCKaHUs
HOBBIX KaHAJIOB AJISI BCEX BO3MOJKHBIX BapHAHTOB pe-
KOHCTPYKIINHU Ha OCHOBE H3MEHEHHS TOTIOJIOTHHU CETU U
BHeapeHuss WDM-kaHaios. .

CymiecTByIOI#e MeTOAbl ONEeHKH 3(PQPEeKTHBHO-
CTH PA3IMYHBIX CXEM ONTHMH3AIUH IAKETHBIX ceTei
MIO3BOJIIIOT OLIEHUTh CTOMMOCTH BHEJPEHUS TOTO WU
WHOTO PELICHUs, YTO MOMOXET 0o0jiee TOYHO U TOYHO
MIOJIrOTOBUTH TEXHUYECKUE TPEOOBAaHUS ISl TOCTPOE-
HUSI ONTHYECKUX TPAHCIIOPTHBIX CETEeH, MOJIEIHPYS
BO3MOXKHOE CTPOHUTENBCTBO INHUPOKOIIOJIOCHBIX BOJIO-
KOHHO-OIITHYECKUX CETeH. ONTHYECKHE CETU JOCTYIIA.
OCOOEHHOCTB 3TOM MOJICITH B TOM, YTO IIPH T€HEPAITUHI
TIEPBUYHBIX JaHHBIX HEOOXOJMMO HCIONB30BATh CTa-
THUCTUKY HAarpy3KH Ha CETEBBIC Y3IIbl peallbHOM CETH
nepeiadu JaHHBIX.

IIpn TPOEKTHPOBAaHMHU LIMPOKOIOIOCHOTO IO-
CTyma Ha 0a3e BOJIOKOHHO-ONTHYECKUX CeTei ocoboe
BHUMaHHE CJIEJyeT YACNIATH CIeIYIOUIMM TeopeTHde-
CKUM pacueTam:

- pacyer CTOMMOCTHU ONTHYECKHX Pa3beMOB;

- MeXaHWYeCKHuil pacyeT KOHCTPYKLHH ONTHYE-
CKOro Kaoes;

- pacyeT mapaMeTpoB HAJEKHOCTH BOJIOKOH B
OINITHYECKOM Kabere;

- MEXaHWYECKHE XapaKTePHCTHKH 1 SKCILTyaTa-
LIMOHHAS HAJEKHOCTh;

- MeXaHWYecKas NPOYHOCTh ONTHYECKHUX BOJIO-
KOH;

- pacder pucKa pa3pblBa OT CTATHIECKUX Harpy-
30K M pacyeT HAJEeKHOCTH ONTHYECKOT0 BOJIOKHA B
cllydae ero pas3phiBa;

- pacyer ITUCIIEPCHOHHBIX NCKaKEHUIL.

Crnenyer OTMETHUTb, YTO TEOPETUYECKUE JOMyIIe-
HHSI OTHOCHTEINILHO HArpy30K, IpHjIaraeéMbiX K OITHYE-
CKHMM BOJIOKHAM TP CIIOJIb30BaHNH PACTIPEIeITUTEIb-
HBIX KaOeJIbHBIX CeTel, OYeHb OMM3KH. AOOHEHTCKHUHA
Tpaduk nepenaetcs yepe3 cermeHT PON B Hampasie-
HUM HUCXOJAIIEH BETBU U BocXoAialie BeTBU. Pa3nen
BRAS-OLT wucnone3yeT cTaHIapTHEIN CTEK MPOTOKO-
JIOB JUIs IEPEIavy TPEX BBIICYKa3aHHbIX KJIACCOB TPa-
¢uka no obuienocrymnHoi IP-ceru.

[epenaua uHpOpPMALMU TI0 TOKY OT MEJHOW BHU-
TOW Maphl MO Kabemro JaeT HECKOJIbKO IMPEHMYIIECTB.
ITockoJIBKY BOJIOKHO C BBICOKOW IIOMEXOYCTOHYHUBO-
CTBIO BBINOJIHEHO U3 JAWAJIEKTPUYIECKOTO MaTepHuala,
OHO MPOTHUBOCTOMT DJIEKTPOMArHUTHBIM [TOMEXaM BO-
KpPYI' MEJHBIX KaOENbHBIX CHCTEM U 3JIEKTPUYECKOTO
000py10BaHMs, BO30YXKIAIOWIETO 3JIEKTPOMAarHUTHOE
n3IydeHne. MHOTOXHIIbHBIE Ka0eIn He MMEIOT Ipo-
OJIEMBI TTEPEKPECTHOTO BO3IEHCTBUS AIIEKTPOMAarHHT-
HOTO M3JTy4eHHsI, THITMYHOM JUIi MHOTHX MEIHBIX Ka-
Oeneit.

B 3akmouenne ciexyer OTMETHTh, YTO MOJEITHPO-
BaHHUE MO3BOJIIET MOIYYUTH MOJHOE MPEICTABICHNE O
IIpoIiecce 1 OIICHKE HE TOJIBKO Ha YPOBHE CPETHUX 3HA-
YEeHUIi, HO U 0 THCTOrpaMMax pacrpejeieHus. B atom
KOHTEKCTE CYIIECTBYET PEXHMM Ieperadu Tpaduka c
TIOCTOSTHHOW cKOpocThio mepenaun nanHbeix (CBR), a
TaK)Ke C MPOITyCKHON CHOCOOHOCTHIO B ceTH. Mcnonb-
30BaHNE MEXaHM3MOB MPUOPHUTETHOTO OOCITY>KUBAHUS
TI03BOJISIET OOECTIEUNTh HAMITYUIlIE YCIIOBUS AJIS TIepe-
Jla4ll 4yBCTBHUTEIBHOTO K 3a/lepXKKaM Tpaduka Ui
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BCEX THUIOB Tpaduka Jake NMpH OJMHAKOBBIX 3HaYe-
HUSX WHTEPBAJIOB OOCTyXuBaHUSA. TakuM oOpaszoMm,
pa3nUYHbIE MOJIETH MOTYT OBITh peaar30BaHbI Ha OC-
HOBE rpayMIecKoil TeOpHH, OMTUCHIBAIOIICH KaXKIbIH 13
BapUMaHTOB pEKOHCTpyKnuu. Kakmas Bepcust mMMeeT
OIIPEZIETIEHHOE KOJIMYECTBO HOBBIX KaHATOB M HOBBIX
Y3JI0B ONTOBOJIOKOHHBIX ceTeil mocTyna. C MOMOIIbI0
MOJICIUPOBaHMUA IO M3BECTHBIM alrOpUTMaM IONIy-
YeHBI JaHHBIE O pacHpeAeICHUN Harpy3KHU B KaHalIaX U
orpezieieHbl UX KO3(PQUIMEHTH HCIOIb30BaHUS.
Kpome Toro, Oyzer paspaboraH psii KpUTEPHEB IS
OLIeHKH 3()()EeKTHBHOCTH BapHaHTa PEKOHCTPYKLUH C
Y4E€TOM KOHKPETHBIX YCJIOBUI PErMOHANbHOMN CETH.
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The main purpose of the research is to identify the factors that negatively affect the performance of the wagon

turnover, which is a key indicator of the quality of railway work. The article analyzes the methods of determining
the time of wagon turnover. Execution of the indicator wagon turnover on the example of JSC “Uzbekistan
Railways” for the period from 2015 to 2020, the analysis was carried out on the basis of its constituent elements.
Factors influencing the timing of the wagon turnover were identified and the result was expressed in the form of
“Ishikawi diagram”. Measures to accelerate the wagon turnover were developed on the basis of the Hosin-Kanri
principle.

Keywords: Wagon turnover, wagon working fleet, wagon turnover time, transportation process, factor.

Introduction

Wagon turnover is a general complex quality
indicator of the work of railway transport, which
reflects the results of technical, economic and
organizational activities of all sections of the railway
network [1-12]. It also assesses the quality of railway
transport infrastructure and the use of fleet wagons [9-
13, 16].

Wagon turnover can be determined for all wagons
of the working fleet, either in general or in particular
wagons and types of transport [1-6, 16]. This is
important in determining the overall demand for a fleet
of wagons to perform transportation. The shorter the
turnaround time, i.e. the faster each wagon rotates, the
more cargo can be transported by the wagons of the
working fleet.

Therefore, one of the most pressing issues is to
accelerate the timing of the wagon turnover, to improve

the methods of its detection, to analyze and evaluate the
level of performance and to identify measures affecting
its implementation and develop measures to eliminate
them in a timely manner.

Materials and methods

Many scientists have conducted research at
various times to develop and improve methods for
determining the time of wagon turnover. However, they
used different parametric bases to determine the time of
the wagon turnover. For example, in the work [1] the
author proposed the following simple analytical
formulas for finding the time of wagon turnover

n
ewag.tur = U » Per day (1)
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wor
fr.wag

wag tur —
ZU load +ZU rec.carg

here N — wagon working fleet, wagon-per day;

, per day (2)

U - working park work, wagon, Nfr wag — freight
wagons working fleet, wagon, ZUmad — average
daily number of wagons loaded by rail, wagon;

ZU rec.carg — the number of freight wagons received

from adjacent railways, wagon.

The author [4] in general wagon turnover
proposed to divide the time into 2 elements: 1) wagons
on the territory of the railway; 2) wagons located in the
territory of shippers.

Itech

1(1
Hwag ur = tech
24 '9 sec L[ech

ttech + Kloc cargj! per day (3)

1(1

tech Itech
24 l9sec I—tech

Author [3] In the study, the wagon turnover time
was 3 mainelementthat is,

wag.tur —

ewag.tur = troad +ttech +tcarg’ per day 5)
here t,,.4 — time spent on the road, h.

Author [5] noted that taking into account the 4
main elements in the calculation of the wagon turnover
time, it is possible to achieve high efficiency in
assessing the level of its implementation

full flight of the wagon, km; S, —

section speed of train movement, km/h; Ly, —
average distance between technical stations, km;

here |, —

Ko — local work rate; Tioep,toarg — the norm of
standing time at the technical and freight stations of the
wagon, per day.

Itech tech

1gsec Ltech

time of the wagons in the railway area, (K,Oc -tcarg)

part of which is the time of the wagons in the
consignor’s territory.
The authors [2, 6] to the formula (3) in the study

The first two parts t[ech the

ztim,st. (time of stay at intermediate stations)
formed the following formula by adding the element

ttech + Ztmt st. + Kloc carg |! per day (4)

Hwag.tur = troad + ttech + tint.st. + tcargv per day (6)

The results of the research show that, although the
main goal is to accurately determine the timing of the
wagon turnover, scientists have different approaches.

The main purpose of the analysis of the
performance of the indicator wagon turnover is to
improve the operation of railway transport. Therefore,
in this study, on the basis of statistical data of JSC “Uz-
bekistan Railways” [14], the level of performance of
wagon turnover was analyzed (Fig. 1).
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Figure 1. Wagon turnover performance graphs

The results of the analysis (Fig. 1) show that in
2017, the number of wagons working fleet increased,
and from 2018, a decrease was observed. Wagon
turnover time was analyzed for general and local
wagons in the working fleet. As can be seen from the
graph, since 2017 there has been an acceleration of

wagon turnover time, ie in 2020 compared to 2017, the
total wagon turnover time decreased by 16,5%, and
local wagon turnover time decreased by 9,1%.

In addition, the timing of the wagon turnover for
2020 was analyzed on the basis of its constituent
elements (Fig. 2).
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Total wagon
turnover:

3,9 per day

Figure 2. Elements that make up the wagon turnover time

Analysis of the performance of the wagon turno-
ver by elements (Fig. 2) shows that the time of wagons
at loading and unloading stations is 50% of the total
time. This means that the largest share of wagon turno-
ver time falls on the time spent on cargo operations.

Results and discussion

The main factors influencing the value of the
indicator wagon turnover of railway stations, sections
and loading areas are as follows [3, 5, 6, 13]:

— inability of some railway stations to transfer
and transport wagons to loading and unloading points
during the day;

— maintenance of a single shunting locomotive
on several station and station tracks;

Parking time at
intermediate stations

Time walking on
the road

Speed sections Reliability of the
work of technical

means

One-way share plo

Sending Motion Content

at limited speed ) .
The fact is that it is not

provided by modern
blocking systems
State of the movemen

composition units
Infrastructure status

existing demand for the
ability to conduct cargo

Failure to follow the
train movement chart

Not optimal control

— violation of the terms of the freight train
construction plan;

— increase in the duration of the process of
assembling wagons on the tracks of the sorting station;

— exceeding the “window” time for the repair of
infrastructure facilities or railway tracks;

— failure of trains on hauls to comply with the
speed standards established for the section, etc.

According to the results of the analysis (Figures 1
and 2), the factors influencing the time of wagon turn-
over were divided into groups, namely: wagons
traveling on the road; was determined by the time spent
at intermediate stations and freight operations at non-
recyclable and recyclable transit wagons at technical
stations (Fig. 3).
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Figure 3. Factors affecting the time of wagon turnover results of detection by “Isikavi diagram’
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Such a description of the factors influencing the
timing of the wagon turnover allows to determine the
group to which each factor influencing its performance
and assess their level of impact, as well as to achieve
high efficiency in developing the necessary measures
to eliminate it in a timely manner.

Development of measures to accelerate the
wagon turnover. Acceleration of wagon turnover will
play an important role in improving the work of railway
transport. In particular, it emphasizes the need to use
modern techniques and technologies in the organization
and management of the transportation process. This, in
turn, will increase the attention of customers, the
competitiveness of the industry among other modes of
transport and the quality of services provided, as well
as increase the volume of freight transport, which is the
most important priority in the work of railway transport
in a new market economy.

ACCELERATION OF WAGON TURNOVE

ZON

Railway lines (intermediate,
load, maintenance)to reduce the time of
standing wagons

Improving the distribution of cargo,
unloading and transportation resources

Improving the technical condition
and work of the structure of the
action

Logistics technology
reduce inefficient time losses on the
basis of

What?

Many scientists have also conducted research on
the acceleration of wagon turnover [3-6] and have come
to the following conclusions: reduction of wagon travel
time by optimizing the transportation plan; reduction of
idle time of wagons; complex mechanization of loading
and unloading operations; reduction of wagon
downtime during freight operations; increase the speed
of freight trains; improvement of all management
systems in railway transport, etc. However, most
scholars have not cited specific mechanisms for how to
implement these measures.

Based on the results of the analysis and assessment
of the level of completion of the wagon turnover
(Figures 1 and 2) and the factors affecting it (Fig. 3),
the necessary measures to accelerate it were developed.

Measures to accelerate the wagon turnover, ie the
main directions, were developed by applying the
Hosin-Kanri principle [15] (Fig. 4).
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Figure 4. The main directions of acceleration of wagon turnover

Through this developed mechanism (Fig. 4), it
determines what measures need to be taken at each
stage to accelerate the wagon turnover.

Conclusion

Wagon turnover is one of the complex indicators
of the quality of railway transport. Its implementation
will have a significant impact not only on the
acceleration of Wagon turnover, but also on the
performance of other important indicators of railway
transport.

The analysis of the performance of the wagon
turnover over the years, the timely identification of any
factors that negatively affect its performance and the

development of rapid measures to eliminate them,
allows you to effectively assess the work of railway
transport and each participant.

The application of the proposed measures will
reduce the downtime of wagons during freight
operations and accelerate the turnover of working fleet
wagons.
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PACYHETHOE HCCJIEJOBAHUE XAPAKTEPUCTHUK TYPBOBAJIBHOI'O IBUT'ATEJIA C
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The results of mathematical modeling processes in the turboshaft gas turbine engine are presented. The using
calculation method based on a high-level Gas Turbine Engine mathematical model, which is founded on a multi-
stage axial compressor two-dimensional description. Presented are the processes in Gas Turbine Engine on sta-
tionary modes analysing results given in the article showed the used model advantage, reliability and expediency

of its practical application.
AHHOTAIHSA

HpeﬂCTaBHeHH PE3YIbTATBI MATEMATUYCCKOT'O MOJACIIMPOBAHUS TPOLIECCOB B Typ6OBaJ'IBHOM Fa3OTyp6I/IHHOM
JABUTATCJIC C OAHOKACKaJHbIM I'a30I€HEPATOPOM. I[J'ISI HX MOJYYCHUS UCIIOJIb30BAH METOJ pacyeTa, OCHOBaHHBIN
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Ha MareMatuueckor moaenu I'TJl BBICOKOTO YpPOBHSI, ONUpAIOIEHCs Ha JBYMEPHOE ONMHMCAHWE MHOTOCTYIEeHYa-
TOTO OCEBOTO KoMmIipeccopa. [IpuBeeHHbIe B cTaThe pe3ysibTaThl aHaiu3a npoueccoB B ['T/] Ha crarmoHapHbBIX
peXHUMax MOKa3agd MPEUMYIIECTBO HCIOIb3yEeMOW MOJIENH, JOCTOBEPHOCTh MOIYYECHBIX PE3YIbTaTOB U IIEJIeCO-

00pa3HOCTb €€ MPAKTHIECKOTO IPHMEHEHUSL.

Keywords: gas turbine engine, axial multistage compressor, throttle characteristic.
KiroueBble cjioBa: ra30TypOUHHBIN IBATATENb, OCEBOW MHOTOCTYIICHYATHIH KOMIIPECCOP, APOCCEeNbHAS Xa-

paKkTepucTHKa

Beenenne

PacuerHblil aHamM3 TepMOJUHAMUYECKHUX IMapa-
METPOB Ta30TYpOMHHBIX JBUraTelell pa3iuyHOTO
Ha3HAYEHHSI UTPAET BAXXHYIO POJIb HAa BCEX CTaIMIX UX
MPOEKTUPOBAHMS: OT ONIPEEICHNUS ITAPAMETPOB OCHOB-
HBIX Y3JI0B, COIJIACOBAHMS MX PabOTHI, ONTHMHU3ALNHI
Ha «pacdyeTHOM» PEXHMME N0 BBIUYUCICHUS JKCILIyaTa-
IIMOHHBIX XapPaKTEPUCTUK (IPOCCENBHBIX, BHICOTHO —
CKOPOCTHBIX M KIMMAaTHYECKHX) B IMIMPOKOM AHama-
30HE PaboUnX PEKUMOB.

g aT0oro B 3aBUCHUMOCTH OT pEIlaeMOH 3ajadu
MOTYT OBITh UCIOJIB30BAaHBI PACUETHBIC METOABI U Ma-
TeMaTU4YeCKHe MOJENd JIBUTaTesel  pa3iIuyHOIo
YPOBHS CJIO)KHOCTH. B cOOTBETCTBUU ¢ MMEHOILEHCS
kiaccudukanumeit [1, 2] Mogenu ra3oTypOUHHBIX JBHU-
rareneii (['T/]) 1-ro ypoBHs onmparoTcs Ha MaTeMaTH-
YeCKHE MOJIETH COCTaBIISAIOMINX UX y3710B 0-TO ypOBHS,
T.€. TAKHE, B KOTOPHIX MX XapaKTEPUCTHUKH 3aJar0TCs
W3BHE B BU/E TaOIHIl (MAaCCHBOB IIEPEMEHHBIX ) HIIH 3a-
BUCHMOCTEH. I JIOMAaTOYHBIX MAIIWH 3TU JaHHBIC
MOTYT OBITh TOJTy4EHBI JINOO SKCIEPHUMEHTAIBHO, TH00
C HMCIOJIb30BaHUEM OHMOJIMOTEKH XapaKTepPUCTUK KOM-
MPECCOPOB M TYpPOUH C MOCISAYIOIIUM UX MaciiTaOu-
poBaHueM [3] B COOTBETCTBUH CO 3HAUCHUSMHU CTETICHU
MOBBIIICHNS! (MM MOHWKEHHUS) JABIEGHUS M pacxoja
pabouero Tena Ha «pPacdeTHOM» PEeKUME Ul paccMmar-
puBaemoro I'T/I.

Mertop! pacueTa XapaKTepUCTHK Ta30TypONHHBIX
JBUTaTeNell, OCHOBaHHBIE Ha MaTEMaTHYeCKUX MOJe-
JSIX 2-TO YpOBHS, ONMPAIOTCSI HA pacdeT IapamMeTpoB
MOTOKA T10 CPEAHEMACCOBBIM IIOKa3aTelIsIM C Y4eTOM
TeOMETPUYECKHX MapaMeTpoB NMPOTOYHON YaCTH M pe-
HIETOK IpoQuIel JONaTOYHbIX BEHIIOB Ha CPETHEM pa-
quyce (1 ypoBeHb MOJENHPOBAHUS IIPOIECCOB B Y3-
nax). Takue MeToAbl pacdyeTa MMEIOT BechMa CyIle-
CTBEHHBIE ITPEUMYIIECTBA TI0 CPABHEHHIO C METOAAMH,
OCHOBAHHBIMH Ha MOJIENIAX y370B 0-TO YpOBHS.

Eme 6onpmmMu BO3MOXKHOCTSIMH 00J1a1al0T Ma-
teMmatuueckue mogenu ['T/] 3-ro ypoBHs, B KOTOpPBIX
IIPY OTIMCAHUH TPOLECCOB B y3JIaX MPUMEHSIOTCS MO-
JIeTH 2-TO YPOBHS, KOTOPbIE ONMHMPAIOTCS HA pacyer I1a-
paMeTpoB TEYEHUs B JIBYMEPHOH OCECUMMETPUYHOMN
MOCTaHOBKE HAa OCHOBAHHH 3alaHHOM Fe€OMETPHH JIOTIa-
TOYHBIX BEHIIOB 10 BCEH BHICOTE MPOTOYHOM yacTu. Ta-
KM€ MOJIENTN TTO3BOJISIIOT YYECTh BIMSHNE BXOAHOH pa-
JUaTbHON HEPaBHOMEPHOCTH ITOTOKA M JPYTUX (haKTo-
pOB Ha TmapaMeTpsl JIOMATOYHBIX MAIIWH, WX
CyMMapHBIE XapaKTepHUCTHKH, a TaKXKe XapaKTepH-
cruku ['T]] B uenom.

VYuuThIBas CKa3aHHOE BBIIIE, IPECTABISIETCS 1ie-
J1ec000pa3HBIM MPOBECTH aHAJIM3 BO3MOXKHOCTEH MpH-
MeHeHUs1 B Maremarndeckux mozensx I'TJl aBymep-
HBIX MOJXOJO0B K pacueTy TeYeHHUs B MHOIOCTYIECHYA-
TBIX KOMIPECCOPaAX.

1. ITocranoBka 3a5a4n

ITpn ananuze xapaxrtepuctuk ['TJ[ MoryTt OBITH
HCIIOJIBb30BaHbl METO/IbI pacueTa U MPorpaMMHbBIE KOM-
IUIEKCHI, B OCHOBY KOTODBIX IOJIOKEHBI pa3IH4YHbIE
ITOIXOBI K OTIMCAHHIO IIPOLIECCOB B y31ax. J{Jis OLeHKH
TOYHOCTH PacyeTa SKCIUTyaTalHOHHBIX XapaKTEPUCTUK
KOHKpeTHBIX ['TJl, MOJIy4eHHBIX C HCHOJb30BaHUEM
pa3INYHBIX METOJOB, HEOOXOAMMO MPOBECTH COIO-
CTaBIICHHE PE3YIBTATOB C SKCIIEPHUMEHTAILHBIMU JaH-
HBIMU.

B npencraBneHHol HUXE cTaThe OyAeT MpoBeieH
aHaIM3 XapakTepucTuk typoosaibpHoro ['TJ] ¢ oxHo-
KAaCKaJIHBIM ra30r€HepaTOPOM, UMEIOLIMM PETYIHUpYe-
MBbI€ B 3aBHCHMOCTH OT PeXHMa pabOThl HAIPaBJISIO-
M€ anmapartsl MepBBIX cTyneHe. CiaenyeT OTMETUTh,
YTO TAKUE PACUEThl HEBO3MOXKHO IPOBECTH, OMUPASACH
Ha MOJIEIM KOMIIPECCOPOB HYJIEBOrO YpoBHs. B maH-
HOW CTaTbe MPUBEACHBI PE3YIbTATHI, OITYYECHHBIE IPU
MOJAKIIIOYEHUHU K KOMIUIEKCY nporpamm pacdera ['TJ]
MaTEMAaTUYECKUX MOJENEH MHOTOCTYNIEHYATOr0 KOM-
IIpeccopa U pacCUeTHBIX MOAYJIEH, OCHOBAHHBIX Ha JBY-
MEPHOM METOJIE pacyeTa.

Takxum 06pa3oM, IENbI0 JAHHOW CTaTbU ABJSAETCS
HCCIIeIOBAaHHE BO3MOXHOCTH NPUMEHEHHUS IPU MOJe-
nupoBaHuu TeueHus B ['TJ nBymepHoro mogxona k
pacdeTy Te4eHMs B KOMIIPECCOPE U COIIOCTABIIEHUE pe-
3yJlbTaTOB C ONBITHBIMHU JaHHBIMH.

2. Pemrenue 3agauu

B kadecTBe 00BEKTa HCCIEAOBAaHMS HCIIONB30BAH
OIHOKacKaHbIN TypOoBanbHbI ' T/ ¢ 12-TH cTymeH-
4aTbIM OCEBBIM KOMIIPECCOPOM, HAIIPABIISIOIINE alIa-
paThl MEPBBIX TPEX CTYNEHEH M BXOAHOI HaIpaBIIsIO-
M anmapar SBISIOTCS PEryIUPYEeMbIMH B 3aBUCHMO-
CTM OT 4YacToThl BpameHusa. Ilpu BBINOJIHEHUH
pacueToB 3aKOHBI PETYINPOBAHNA OBIIH 33/1aHBI U OIIH-
CaHbl C UCIOJIb30BaHUEM JIMHEUHBIX 3aBUCUMOCTEN. B
paccMaTpUBAaEMOM JUANa30HE OTHOCUTENbHBIX YaCTOT

BpamieHus N =0,9...1,0 (4acTOTEI OTHECEHEHI K «pac-
p np p

4eTHOW» dactoTe ais nanHoro I'TJI) kmamaHbl mepe-
MyCKa HE OTKPBIBAJIUCH.

ITpu BeImonHEeHNU pacuetoB napamerpos ['T uc-
M0JIb30BaH METOJ| pacueTa T€YEeHUs] B KOMIIPECCOpE B
JBYMEPHOIl OCeCMMMETpPUYHON INOCTaHOBKE. Pacuer
XapaKTEePUCTUK TYPOHMHBI BBIITOJIHEH C IIOMOIIBIO 0000-
LIEHHBIX 3aBUCUMOCTEH [4].

2.1. Ucnonb3yeMblii MeTO pacyera nmapamMer-
POB MHOTOCTYIIEHYATOr0 KOMIIpeccopa

Heo6xonumeble 1i1s MpoOBEICHUS pacueTOB Xapak-
tepuctuk ['T/] mapameTpsl MHOIOCTYNEHYATBhIX KOM-
IIPECCOPOB MOTYT OBITH MOTYUYEHBI C TIOMOIIBI0 METO-
JIOB TIOBEPOYHOT0 ra30JMHAMUYECKOTO pacdeTa C yde-
TOM T€OMETPHUYECKHUX ITapaMeTPOB IIPOTOYHON YaCTH U
JIOMATOYHBIX BEHIIOB, 4YTO MO3BOJSET JOCTATOYHO
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JIETKO MOJEINPOBATh UX U3MEHEHHE U OIPECIATh T1a-
paMeTpsl ITOTOKA B KOMIPECCOPE TPH PETYINPOBAHUU
YIJIOB YCTAHOBKH JIONATOYHBIX BEHIIOB HAIPAaBIIAIO-
MMX annapaToB HA PasIMUHBIX PEXKUMax WIH 0TOOpa
pabotero Tena u3 MPOTOYHOH JaCTH.

OCHOBHBIE TIOJIOKEHHUS HCIOJIB3YEMOTO METOJa
pacdera JO3BYKOBOTO OCECHMMETPHIHOIO TEUCHHS B
KOMIIpeccope mpencraeieHsl B pabore [5]. Meton
npesHa3Ha4YeH Ui ONpeeICHUs] PaguaIbHONH CTPYK-
TYpBl TEYEHHUS B 3a30pax MEXJIYy JIONATOYHBIMH BEH-
[[aMH, a TaK)Ke MHTErPaJbHBIX IaAPaMETPOB TEUCHHS B
MHOTOCTYIIEHYaTOM KOMIIPECCOPE B IIMPOKOM Juaria-
30HE CTAI[MOHAPHBIX PEKMMOB IO PAacXOAy U YacTOTE
BpalieHuss. MeTo MO3BOJSIET NMPHUOIIKCHHO YIHTHI-
BaTh 3((eKTH TypOyJICHTHOTO MEepeHoca mapaMeTpoB
MIOTOKA B PaHaJIbHOM HAIPaBJICHHUH, a TaKxke (HOopMH-
POBaHME TOPIEBBIX IOTPAH CIOEB C YYETOM IIOABOJA
SHEPTUH U3 A1pa MOTOKA M WX BIMAHMS HA TEUCHHUE B
sape MOTOoKa.

TpaauMOHHO BBOAMMOE B METO/BI pacyera oce-
CUMMETPUYHOTO TEYEHUS TPEJIOI0KEeHUE 00 OTCyT-
CTBHHU TypOYJIEHTHOI0 0OMeHa MEeXIy CTpyHKaMU ToKa
HE BIIOJIHE OTPaXKaeT peaibHbIe MPOLIECChl B TypOoMa-
muHaX. OCHOBEIBAsICH Ha OKCIICPUMECHTAJIbHBIX JaH-
HBIX, MOJKHO CKa3aTb, YTO TypOyJIEHTHOE CMEIICHHUE
BHOCHT CYIIECTBEHHBIC KOPPEKTHBEI B mpouecc (op-
MHUPOBAHHS TEUCHHUS U BIUSIET HAa pajyaIbHbIC SITIOPHI
apaMeTpoB. Y CIIOBHOE pa3zieiIeHHe Ipoliecca YHEpro-
oOMEHa B JIOIIAaTOYHBIX BEHIAX IIPU OOTEKaHUU HEBO3-
MYIIIEHHBIM TOTOKOM M TypOyJICHTHOTO OOMEHa IT03BO-
JIMJIO YIIPOCTUTD OTMCAHUE PEalIbHOTO Mpolecca B Typ-
6omaruHe.

Pacuet obnactu TypOyneHTHOr0 oOMEHa ¢ IOMO-
IBI0 YPaBHEHUI MepeHoca Macchl, UMITYJIbca U SHep-
T KPYNTHOMACIITaOHBIMH TypOYJNEHTHBIMH ITyJIbCa-
IUSIMH, TIO3BOJISIET OLICHUTH CTENEHb BBIPABHUBAHUS
TEUCHHS B CTYIEHH, CTIIXXMBAHHUs BXOJHOHN paauaib-
HOH HEpaBHOMEPHOCTH TEYECHUSI B MHOTOCTYIIEHYATOM
0CEBOM KOMIIpECCOpE.

JAst nosmyyeHns paJuaibHOTO pacipeeneHus ma-
paMeTpoB MCHOIB3YETCs MPUHIMIT MAaKCUMyMa TIOTOKa
MEXaHMUYECKOH 3Hepruu, npeayoxenHelii B.H. Epmio-
BBIM [6], U XapaKTEpUCTUKH peleTok npodueit gomna-
TOYHBIX BE€HIOB, PACIIOJOXCHHBIX Ha pa3IMYHbIX pa-
Jinycax, ompeneiseMble Ha OCHOBAaHUM OOOOIIEHHBIX
HOJIy3MIIUPUYECKUX 3aBUCUMOCTEM.

Pacuer TopueBoro morpaHuYHOro CJOsi Ha Orpa-
HUYHMBAIOMINX MPOTOYHYIO YacTh MOBEPXHOCTSX C yde-
TOM TIO/IBOJIa MEXaHMYECKOH SHEPTHUH MO3BOJISIET MO-
JIeTMPOBaTh CTAOWIIM3AIMIO €r0 TONIIMHBI B IPOTOY-
HOH 4YacTM MHOTOCTYNIEHYaTOro KoMIpeccopa ¢
YYETOM HO/BO/IA SHEPTUH U3 SI/pa TOTOKA.

ITpu apoccennpoBaHUY CTYIIEHH YBETHYMBAIOTCS
YIIIbl HATEKAHWS Ha JIONATKH, COOTBETCTBEHHO PAcTyT
MOTEPH DHEPTUY, a TAKXKE IOSABISACTCS BEPOSTHOCTH
CpBIBa ITOTOKA C TIOBEPXHOCTH pa3pexeHus. [Ipuuaro,
YTO OTPBHIB XapaKTePH3YeTCs MPeIeIbHBIM 3HAaUCHUEM
creneHn an¢dy30pHOCTH Degq [7]. Ipenmnomaraercs,

YTO CTyNEHb HAaXOAWTCA B PEXHME CpbIBAa, KOTJa B
OOJIBIIMHCTBE 3JIEMEHTaPHBIX CEYEHHH 110 BBICOTE JIO-
MAaTKA JOCTUTHYTO MPEAETbHOE 3HAUYCHHWE CTEICHU
muddy3opHOCTH.

C yBennueHHEM pacxo/ia B OTAEIbHBIX peIIeTKax,
PAacIIOI0KEHHBIX Ha Pa3IMYHBIX Paiycax MOTYT ObITh
JOCTUTHYTHl KPUTUYECKHE 3HAYEHUSI CKOPOCTH Tede-
HUS, TaKU€ CEUeHHs NMPHHATO CUUTATh 3alepThIMU. B
9TOM Clly4ae pacxoJl pabodero Tena nepepacnpeness-
€TCsl MeXIy OCTaIbHBIMU ceueHUSIMH. CTyIIeHb CUUTa-
eTcsl 3alepToi, eciy 3anepTa 0oJbIIas YacTh MPOXOI-
HBIX CEYCHHUN.

CyMMapHbI€ TapaMeTphl CTYIICHH (CTETIEHb TTOBBI-
menns nasneHust 1 KI1J]) MoryT OBITh OIpeeNieHEI my-
TeM MHTETPUPOBAHUS MTAPaMETPOB IOTOKA IO PATNYCY
C MCIIOJIb30BAHUEM 3aKOHOB COXPAaHEHHS MacChl, YHEp-
THH U 3HTPOIHMHU B OCPETHEHHOM M OCPETHIEMOM IIOTO-

*
Kax. AHaJIOrM4HO HaxonsaTcs 3HadeHus 7, u KILJI nms

MHOT'OCTYIIEHYaTOr0 KOMIIPECCOPa B LIEJIOM Ha KaXI0M
U3 UCCIIEAYEMBIX PEXKUMOB.

OmnpenieneHye TpaHullbl yCTOWYUBOCTH B TOBEPOY-
HBIX pacyeTax BBINOJHACTCS C HCHOJIB30BAaHUEM IIpe-
JETHHBIX 3HAYCHU cTeneHn muddysoproctu [7].

OmnucaHHBIN BBIIIE METOJ pacdyeTa OCECHMMET-
PUYHOTO TEUCHUS B KOMIIPECCOPE PEasIM30BaH B IPO-
rpammMHOM Kominiekce PROC.

3. Pe3ysabTaThl pacyera mapaMeTpoB KoMIpec-
copa

Hike mpuBeneHbI pe3ynbTaThl pacyeTa napaMer-
POB ¥ XapaKTEPUCTUK KOMIIPECCOPa C IIOMOILBIO MPEe-
CTaBJICHHBIX BBIIIE METOJA pacyeTa ABYMEpHOTO Teue-
HHUSL

Ha puc. 1 moxa3ana noiyuyeHHas pacueTHBIM ITy-
TeM CyMMapHasl XapaKTepHCTHKa KOMIIPECCOpa B BUJIE

*
3aBUCUMOCTCH CTCIICHH ITOBBIIICHHUA HABJICHUA TU,. U

*
nzodHTpornmueckoro KITJ Mg OT MPHBEJIGHHOTO pac-

X0fla Bo3/lyXa Ha Bxoje. M3 pucyHka ciemyer, 9To xa-
PaKTEepUCTHUKH, TOJyUYEHHBIE C TIOMOIIBIO TBYMEPHOTO
IOIX0/Ta IOCTATOYHO XOPOIIIO COTIIACYIOTCS C pe3yJbTa-
TaMH OTIBITHBIX HCCIICTOBAHUIM.
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Puc. 1. Xapakmepucmuxa komnpeccopa

O- skcnepumenr,
— pacueT KoMIpeccopa

—IKCIIEPUMEHTAJIbHAS IPaHHLA YCTOWYHBOCTH PabOTHI,

__________ — pacueTHasi TpaHUIAa YCTOHYMBOCTH pabOThI

4. MatemaTu4eckoe MoJeJTMpPOBaHUE NPOLeC-
coB B TypOoBaasaom I'T/]

ArmnpoOupoBaHHBIN BBIIIE METOJ pacueTa Mapa-
METPOB MHOTOCTYIIEHYaTOTO KOMIIPECCOpa U COOTBET-
CTBYIOIIWI TPOTPaMMHBI MOJYJIb HCIOJB30BAH B
KOMILUIEKCE MpOTpaMM i aHalu3a XapaKTePUCTHK
I'T/I. Ha puc. 2 npuBesieHO cxemaTnieckoe n3oopaxe-
HUe NpOoTOYHOM yacTu uccneayemoro I'T/l, uconbzy-
eMoe TpU IOCTPOCHUHU €r0 MaTeMaTHYECKOW MOJIEINH.
Pacuder npoccenbHOI XapaKTepUCTHUKHU BHITIONHEH C I10-
MOIIBI0 pa3pabOTaHHON paHee MaTeMaTHYeCKOH Mo-
nemu I'TJ] [4]. Monens mocTpoeHa Mo MOIYJIbHOMY
npuHImny. [Ipu ompeneneHuH TepMOra3oJHHAMHIYE-
CKHX IapaMeTpoB OCHOBHBIX y3710B I'T/] 1 ux snemeH-
TOB TIPOU3BOAUTCS OOpaIIeHHEe K COOTBETCTBYIOIINM
MOJYJISIM: BXOIIHOTO YCTPOMCTBA, KaMephl CrOpaHus,
MHOT'OCTYIICHYATOH TYpOUHEI, BBIXOAHOTO YCTPOMCTBA.
COOTBETCTBYIOIIE M MOJICIH BHIIIOIHEHBI B TPaJIU-
IIMOHHOH MOY3JI0BOM MHTEpIpeTranuu. OcoOEHHOCTHIO

(CH nep

MOJIENH SBJISAETCS MOBEHLIOBAas AeTalu3alys Mpolec-
COB B MHOTOCTYNEHYAaTOM OCEBOM Kommpeccope. st
OIUCAaHMS €ro TePMOra30JMHAMUYECKUX MapaMeTPOB
IIPU MOJEIMPOBAHUH MPOLECCOB B IBUTATEIIE UCIIOJNb-
3YIOTCSl TE€OMETPHYECKHE MapaMeTphl JOMaTOYHBIX
BEHIIOB, IPOTOYHON YaCTH, CBEJEHUS O pacxojax OT-
Oupaemoro u nepenyckaemoro Bosayxa. [Ipu Hannuuu
MTOBOPOTHBIX CTATOPHBIX JIOMATOK YYHTHIBAETCS IPO-
rpaMMa UX peryJupoBaHHS B 3aBUCUMOCTH OT YaCTOTHI
BpAIICHHUS.

Uccnenosanue xapaxrepuctuku I'TJ[ npoBoau-
JIOCh Ha yCTAHOBMBIIMXCS peXuMax paboTsl. B pac-
CMOTPEHHOM [JHaNa3oHe 4YacTOT BPALICHHs KIIAIaHbI
neperycka ObUTM  3aKpbhITBL. [IOBOPOT BXOAHOTO
HAMpaBJISIONIETO aNlapara U HaIpaBIIOIUX anmnapa-
TOB 1-H, 2-i1 1 3-i cTyneHeil oCyLeCTBIISIICS COITIACHO
MIPUHSATBIM B 9KCIUTyaTalluy JINHEWHBIM 3aBUCUMOCTSIM.

GEI.QI.ﬁ.

KC

n Itc

Puc. 2. Cxemamuueckoe uzodpasicenue npomounou yacmu I T/]
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Pe3synbraTtel pacdera ApOCCENBHON XapakTepu-
ctuky TypooBasibHOTO ['T/] B BHIC TMHUHA COBMECTHBIX
PEXUMOB pabOTHI Y3JI0B ra3oreHepaTopa IMpH pas3iind-
HBIX YaCTOTaX BPAIICHHS MOKa3aHbI HAa XapaKTepu-
CTUKE KoMIlpeccopa Ha puc. 3. TaM ke mpencTaBieHbl
pe3yIbTaTHl SKCIIEPUMEHTAIBHBIX HCCIIEOBAaHUH, KO-
TOpBIE HAXOISATCS B XOPOIIEM COOTBETCTBHH C PE3YIIb-
TaTaMU PacyeTHOTO aHaIM3a.

Ha puc. 4 nokazaHo, Kak U3MEHSETCSl MOLITHOCTb U
yIETBHBII pacXo/] TOIIMBA B 3aBUCUMOCTH OT YaCTOTHI
BpaleHus. Bce mapaMeTpsl npeacTaBiieHsl B 00e3pa3-
MEpEHHOM BHJIE: MX 3HAUCHUS OTHECEHBI K IapaMeT-
paM Ha «pacueTHOM» pexume. Kak BUIHO U3 pUCyHKa,
pe3yabTaThl pacdeTra XOPOIIO COIJTACYIOTCS C OIIBIT-
HBIMHU JaHHBIMU.
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Puc. 4. 3asucumocme mownocmu u y0eibHo2o pacxooa monauea om npueeoeHHoU 4acmomyl 8paujeHus pomopa
eazozenepamopa

O- skcnepumenr,

— pacyeT ¢ noMouIs0 MaTemaTudeckoi moaenu ['T/]

BriBoabl

1. IIpoBeneHo MaTeMaTH4YeCKOE MOJEIUPOBAHHE
napameTpoB TypOoBanbHoro I'T/l Ha ycTaHOBUBIIUXCS
pexxumax pabotsl. [1pu nocrpoennn monenu I'T/ ue-
MOJb30BAH MOAXO0J K pacyeTy napaMeTpoB MHOTOCTY-
MEHYaTOr0 OCEBOr0 KOMIIPECCOPa, OCHOBAHHBIM Ha
JIByMEPHOM METOJIE pacyueTa TeUSHHS.

2. J1ndg oneHKH METOMa pacyeTa MPOBEAEH pacdeT
CYMMAapHBIX XapaKTepUCTHK MHOTOCTYIIEHYAaTOro Oce-
BOT'O KOMIIPECCOPA, SIBIISIFOIIETOCS OAHUM M3 Hanboiee
cioxHbIX y310B ['T/, Ha ycTaHOBUBLIMXCS pEeXUMAX

paboTsl ¢ yueToMm noBopota Jionatok BHA u Hampas-
JISoIuMX anmnapaTtoB 1-i, 2-i, 3-i cTyneHe no 3ajgaH-
HOW B IKCILTyaTalluy ImporpaMMe perynupoBanus. Ha
PacCMOTPEHHBIX pEKUMax palbOThl KiamaHbl Iepe-
ITyCKa HE OTKPBIBAIUCH, I03TOMY PETYIHPOBAHUE MHO-
TOCTYHNEHYaTOr0 OCEBOT0 KOMIIPECCOPA OCYILECTBIIS-
JIOCh TIOBOPOTOM CTaTOPHBIX JiomaTok. IIpoBeneHHOE
COIIOCTAaBJICHHUE C ONBITHBIMU JTaHHBIMH ITOKA3aJI0 YAO0-
BIICTBOPUTENIEHBIN Pe3yIIbTaT.

3. Hcnonp3oBaHHEe B MaTeMaTHYECKOW MOJENH
I'T/] monynelt pacyera MHOTOCTYIIEHYATOI'O OCEBOIO
KOMITpECCOpa MO3BOJISIET MOIYYUTh I'PaHUIy 00IacTi
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YCTOWYMBOW pabOTHI M BHITIOJIHUTE aHAJIH3 TaPaMETPOB
MOTOKA B 3230pax MEX/y BEHIL[AMH.

4. BuIosHEH pacyeT NPOCCENbHON XapaKTepH-
ctuku TypooBamsHoro I'TJ[ ¢ mcrmoms30BaHHEM JBY-
MEpHOTO TOJXO0Ja K aHaJIN3y MapaMeTpOB KOMIIpec-
copa. [losnyueHHbIe pe3ynbTaThl B BUJE 3aBUCUMOCTEN
MOIIIHOCTH ¥ YAEIBHOTO PacxXo/a TOIUIMBA OT YaCTOThI
BpAIlCHUs yJOBIETBOPUTENILHO COIIACYIOTCS C OIBIT-
HBIMU JTaHHBIMH.
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Abstract
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Modern ideas about healthy nutrition are based on the concept of optimal nutrition, according to which it is
necessary to meet the needs of the body not only in energy, essential macro - and micronutrients, but also in the
necessary minor components by optimizing the structure of nutrition through the introduction of specialized food

products into the diet. Which are functional food products.

Keywords: amaranth, protein, food, beverage, technology, functionality, extract

Functional food products are products created by
a person in order to give him certain properties aimed
at preserving and improving health.

Food products, in particular beverages, play an im-
portant role in the structure of the population's diet.
Currently, the market of non-alcoholic and low-alcohol
beverages is actively developing. There is an increase
in demand for functional drinks.

The conducted research shows that consumers are
currently showing interest in functional drinks that are
enriched with natural substances that have therapeutic
and preventive properties and reduce the risk of dis-
eases [2].

The average annual growth rate of the market of
traditional and low-calorie food and beverages is 2-4%,
while functional beverages have these indicators at the
level of 15-20%.

Drinks obtained with the use of plant extracts,
which not only give new flavors, but also enrich them
with biologically active substances that have a positive
effect on the functional activity of the body, are gaining
popularity [3].

Of great interest for the creation of biologically ac-
tive food additives are the leaves of the amaranth plant.
All parts of amaranth contain a significant amount of
biologically active substances: amino acids, trace ele-
ments, vitamins, proteins, pectin, flavonoids, including
natural antioxidants: amaranth, ascorbic acid, carote-
noids, methionine, squalene, rutin and quercetin.

We conducted research on the use of amaranth
leaves for the production of functional beverages-a
whey drink with an extract of the amaranth plant .

According to the results of the studies, amaranth
leaf extract was obtained with curd whey, the estab-


https://doi.org/10.24412/2701-8369-2021-8-1-38-40

German International Journal of Modern Science Ne8, 2021 39

lished optimal extraction modes were: extraction tem-
perature-43 ° C, extraction duration-40 minutes, the ra-
tio of dry amaranth leaves and curd whey-1:8. Its chem-
ical composition was determined, which showed a high
content of antioxidant substances: polyphenols — 7.14;
flavonoids — 4.4; rutin — 2.95; soluble pectin — 1.62.

The resulting extract was used to produce a fer-
mented milk product, it was added in an amount of 10%
to normalized pasteurized milk and fermented with pro-
biotic culture. The biochemical composition of the re-
sulting product was studied, which showed that it con-
tains 740 mg % of polyphenols, 350 mg% of flavonoids
and 120 mg% of pectin substances.

Our analysis showed a high content of antioxidant
substances in the product due to the use of amaranth
extract [13].

Studies were conducted to obtain functional drinks
based on whey using amaranth leaf extract. [14]. An

aqueous extract obtained from amaranth leaves har-
vested during the flowering phase from fresh leaves
with high antioxidant activity (276 mg/l) was used.

The extract was a clear cherry-colored liquid with
a dry matter content of 1.0%, pH 6.4. The curd whey
was clarified by denaturation of proteins by heating for
30 minutes at 95 ° C, after cooling, the proteins were
precipitated by centrifugation at 4000 rpm.

Studies have been conducted to study the effect of
amaranth extract on the reproduction and physiological
activity of S. cerevisiae yeast. Clarified whey with a
different content of amaranth extract was inoculated
with a daily culture of S. cerevisiae ZS yeast (1%) and
incubated for a day of 30 ° C, after centrifugation, the
mass of raw yeast sediment was determined.

The stimulating effect of amaranth extract on S.
cerevisiae yeast was established, the greatest effect was
exerted by the extract content in malt wort at a concen-
tration of 1%, which increased the accumulation of
yeast biomass by 13% (Figure 1).
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Figure 1. - Effect of amaranth extract on yeast reproduction S. Cerevisiae

This indicates the feasibility of using amaranth ex-
tract in the production of beverages, the production of
which is based on fermentation processes, such as
kvass and beer.

From a technological point of view, a bread drink
(kvass) is a product obtained as a result of incomplete
alcoholic and lactic acid fermentation of kvass wort,
and the classical technology of bread kvass production
includes such a complex stage as the preparation of a
combined starter culture consisting of yeast and lactic
acid bacteria. When obtaining bread kvass from curd
whey, it is advisable to use only yeast starter culture,
since the raw material-curd whey already contains lac-
tic acid up to 0.8%.

The causative agents of alcoholic fermentation
were baking yeast S. cerevisiae- pressed baking yeast
and pure yeast culture S. cerevisiae ZS (washing off the
daily culture grown on agar wort). Fermented at
30-32°C during the day. The optimal amounts of intro-
duced yeast starter cultures were determined, they were
1% for pressed yeast and 3% for liquid starter cultures
of S. cerevisiae ZS. At such concentrations of starter
cultures, fermentation was carried out for 14-16 hours

at a temperature of 30 ° C (up to an alcohol content of
0.5-1%). Previously, 4% sucrose was added to the se-
rum in the form of sugar syrup. It was found that the
drink obtained by fermentation of whey after the intro-
duction of a liquid starter culture of S. cerevisiae ZS
was characterized by a more intense and prolonged gas
formation, pure taste and aroma compared to the drink
obtained on compressed yeast. The use of pure yeast
culture as a starter culture guarantees high and stable
quality indicators of the product.

Based on the results obtained, a functional whey
kvass containing an extract based on the amaranth plant
according to the recipe (wt.%) was obtained: amaranth
extract — 1; sucrose 4-6, yeast starter culture — 3-5. The
drink has high taste properties, refreshing sweet and
sour taste, aroma and taste of freshly baked bread and
has therapeutic and preventive properties due to the
content of antioxidant substances amaranth and vita-
min-mineral complex of whey.
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Abstract

HTY «XIIl», m. Xapkis, Ykpaina

The article is devoted to research on the creation of a rational technology for refining modified fats, in par-
ticular ethyl esters of fatty acids. It has been experimentally established that the neutralization of ethyl esters of
fatty acids by means of a 10% development of the sodium salt of glycine in 40% ethyl alcohol reduces the value
of the acid number to 0.2 mg KOH / g. This technology reduces the loss of the target product during refining and
uses the neutralization by-product to produce biocompatible and biodegradable acylamino acid surfactants for food
and cosmetics or food additives for pet food. Surface tension for surfactants based on amino acids obtained after
amidation of a by-product of neutralization of fatty acid ethyl esters was determined.
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AHoTaIis

CraTTs mpUCBsIYeHA JOCTiPKSHHSM II0J0 CTBOPEHHS paIlioHaIhHOI TEXHOJIOTIT padiHallii MoaudikoBaHUX
JKUPIB, 30KpeMa eTUIIOBUX e(ipiB KUPHUX Kucion. ExcriepuMeHTanbHO BCTAHOBIICHO, IO HEHTpai3allis eTHUiIo-
BUX €(]ipiB JKUPHHUX KHUCIIOT 3a gornoMororo 10 %-Boro po3BuHy HaTpieBoi comi riinuHy B 40%-BOMy €THIOBOMY
CHHPTI 3HIWXKYE BenmuunHy KuciaoTHOTo gucna mo 0,2 mr KOH/r. Taka TeXHONOTiA HO3BOJSE€ 3MEHIIUTH BTPATH
IUTBOBOTO MPOAYKTY i 9ac padiHamii Ta BHKOPHUCTOBYBATH MOOIYHUH MPOAYKT HEHTpaizamii 11 BUpOOHUIITBA
GiocyMicHUX i 010pO3KIATHAX allMIIAMiHOKUCIIOTHUX IIOBEPXHEBO-aKTUBHUX PEUOBHH ISl IPOTYKTIB XapuyBaHHS
Ta KOCMETUYHHX 3ac00iB a00 Xap4oBUX JOOABOK 10 KOPMIB CBifiCbKHMX TBapuH. Bu3HaueHO MOBEpXHEBUN HATSAT
JUTS IOBEPXHEBO-aKTHBHHUX PEUOBHMH Ha OCHOBI aMiHOKHCIIOT, III0 OTPUMAHI MICJIs aMiTyBaHHS MOOIYHOTO MPOIY-

KTy HelTpaizamii eTriIoBuX e(ipiB )KUPHUX KHCIIOT.

Keywords: refining, modified fats, ethyl esters of fatty acids, sodium salt of glycine, surfactants based on

amino acids.

KurouoBi ciioBa: padinaris, MoaudikoBaHi KUPH, €TUIOBI edipn KUPHUX KUCIOT, HATPi€Ba CUTh TIIIMHY,

TIOBEPXHEBO-aKTHUBHI PEUOBHHU Ha OCHOBI aMiHOKHCIIOT.

Beryn. V 3B’s3Ky 3 MigBUIIEHHS BUMOT JI0 SIKOCTi
Ta OE3MEKN XapUOBHX MPOAYKTIB, 3alIPONIOHOBAHO HO-
BUI MiXiz 10 MOAN(iKyBaHHS )KUPIB — NEPETBOPEHHS
aIWIrIINEepHHiB Ha edipyd Ha OJHOATOMHHX CIIUPTIB,
30KpeMa eTHI0OBOTO. Takuif crocid 103BOJISE BUTOTOB-
JISITH BUCOKOSIKICHI KOPHCHI Ta O€3MeYHi JJIs JIFOIMHA
Mo u(hiKOBaHi )KUPH 3 epe10adyBaHUMHU (Di3HKO-XiMi-
YHUMH Ta CTPYKTYPHO-MEXaHIYHUMH BIIACTUBOCTSIMHU,
30KpeMa ISl KOHIUTEPChKUX BHPOOiB. | Halrosos-
Hilre, MOaM(iKOBaHI IUITXOM eTepu]iKalii eTHIOBUM
CIHPTOM aNWITTIIEPHHN, HE MOXYTh MIiCTUTH e(ipiB
TIOAIONY Ta 3 —MOHOXJIOPIPOIIAHAIONY i HE MICTATH
TpaHC-130MepiB JKUPHUX KHUCIOT Ta HeOakaHMX HACH-
YEHUX KHUPHUX KHUCIIOT, IO CIIPHSE 3HIKECHHIO PU3HUKIB
BUHHMKHEHHS CEPLEBO-CYIMHHUX Ta OHKOJIOTIYHUX 3a-
XBOPIOBaHb, 8 XapUuOBi MMPOIYKTH Ha IX OCHOBI € HEIlIKi-
JUTUBUMH JIJIs1 itoquHu [1].

Merta Ta akTyajJbHicTh po60OTH. 32 TEXHOJO-
rieto, 10 3aMporoHoBaHa B poboTi [2], eTusosi edipu
JKUPHUX KUCIIOT, 0€3 HACTYIMHOI JUCTHIIALIL il BaKy-
YMOM, OTPHUMYIOTh 3 KHCJIIOTHHM YHCIIOM OJIU3BKO 5 MT
KOH/r, mo € 3aHaAgTO BHCOKHM Ta HE BIANOBIZac 3a
[IUM TTOKa3HUKOM YHHHIN HOPMAaTHBHINA JOKYMEHTAIII1,
mo nepexbadeHa Uit MOAN(DIKOBAHUX JKHPIB, a caMe
TY V 20.5 - 1225000194 - 001:2019.

Ha cpboromuimHiii JeHs padinaiis omiit Ta xKupis
Y MUJIBHO-JIY)KHOMY CEpEJIOBHILI € HAUTIOIIUPEHILIO0
1 BBOXKAETHCS e(PCKTUBHOIO, aJic BOHA MPOBOKYE HHU3KY
TEXHOJIOTIYHUX TPOOIIEM, TAKUX SIK BUJAJICHHS eMYJlb-
ciifHOro mapy B mpoueci HeWTpasizallii, KOHIEHTPY-
BaHHS COAICTOKIB IUIAXOM BHIIAPIOBAHHS IiJI BaKy-
YMOM Ta OMUJIEHHSI HEUTpaJIbHOTO XKupy [3].

Oxpim JTyTiB ICHYIOTH # iHIIII HEWTpami3yroui are-
HTH, HAIPUKIAA, KapOOHAT HATPIO, CHIIKAT HATPilo,
tomto [4]. JIoBOII MEPCIIEKTUBHIM € JI0IaBaHHs PO3YH-
HIB €THJIOBOTO CIIUPTY JIO LMX HEHTpaTi3ylounx areH-
TiB 3 METOIO YCYHEHHS eMYJIbI'yBaHHS KupiB [5,6]. Ka-
pOoHAaT HATPit0 HEUTPATBHUMN KUP HE OMIITIOE, aJle Ji-
OKCHUJI BYIJICLIO, SIKUM BHUIUISETHCS, NPHU3BOAUTH JIO
cuiipHOTO TiHOYTBOpeHH: [4]. [Ipu BuKopucTaHHi po3-
YUHY CHJIIKaTy HaTpilo BinOyBa€ThCS 3aXOIUICHHS Be-
JIMKOI KITBKOCTI HEHTPAIILHOTO KUY TeIIMHU KpeMHie-
BOI KHCJIOTH, 1110 IIEPEKPHBAE EKOHOMIIO XHPY 32 paxy-
HOK CJ1a0IIoro oMmieHHs [5].

s HeliTpaiizanii )kupiB 3aCTOCOBYIOThH (hepMe-
HTHI TEXHOJIOTII, 5IKi € eHepro- Ta pecypco3bepiraro-

gynMmu. TexHomoris mepexbadae 3acTOCYBaHHS TJIIIe-
PHUHY 3aMiCTh IIyT, i B IPHCYTHOCTI CIENU(IIHOTO JIi-
MOJITUYHOTO IMOOLTI30BaHOTO 200 HEIMOO1II30BaHOTO
(bepmeHTy nepeeTepu(iKyBaHHS «BUIBHHX» >KUPHHK
KHCJIOT [T OJICPIKaHHS aIlMITIIiepuHiB, [7].

B po6ori [8] mns HedTpanizawii )upHOT KopiaHI-
poBoi 0Jii BUKOPUCTAHO 10HOOOMIHHI CMOJIM — aHio-
nitTi EJIE-10n. [IpuHnun aii aHioHITIB I'PYHTYETBCS Ha
XeMOocopOIIil )KHPHUX KUCIOT Ha IOBEPXHI 10HOOOMIH-
Hoi cMouti. KapOOKCHITBHI TPYIH KUPHHUX KHUCIIOT 371a-
THI YTBOPIOBATH CTilKi (i3MKO-XiMiuHI 3B’A3KH 3 i0-
HaMH, OI0 € Ha TOBEPXHI aHIOHITIB, a MOTIM TaKOX
JIETKO 1X pyHHYBaTH IpHU Iil CHIBHUX KUCIIOT Ta TEM-
nepaTypH.

OcTaHHIM YacoM 3’SIBJIAIOTHCSA HAYKOBI JOCIIi-
JDKEHHS Y SIKUX HEHTPali3ylounM areHToOM € aMiHOCIIO-
nyku. B po6oTi [9] 3anponioHOBaHO 3HMKYBATH KOHIIE-
HTpalilo HeeTepr]iKOBaHUX KHUPHUX KUCIIOT 3a JIOMO-
MOTOI0 [TO€IHAHHS afcopOLil i HelTpaiti3ailii, 3 METOIo
BUKJIIOYECHHS YTBOPEHHS MHJa. Y SIKOCTI ancopOeHTy
BHKOPHCTOBYBAJIM  aMiHOQYHKIIHHWIA  aJCOpOCHT,
SIKMH OTPUMYIOTh IIUIIXOM B33a€EMOJIi TIOKCHAY KpeM-
Hit0 200 CHITIKaTy MarHifo 3 aMiHOAJKIICITTAaHOM.

ANBTEepHATHBOIO BHJAJCHHS HeeTepru(ikoBaHUX
KUPHUX KHCIIOT CHPOT MAJIBMOBOI OJIil BITOHKOIO T1a-
POIO, € EKCTpaKIlisi eBTeKTUYHUMHU PO3YNHHUKAMH MO-
HOTiJpaTy OeTaiHy-IpoIiOHOBOT KUCJIOTH Ta MOHOT1/I-
pary OeraiHy-olUTOBOI KHCIIOTH, sSIKa HPOXOAUTH NPH
OiIbLI HM3BKIH TeMmIepaTypi 3 METOI0 30epeeHHs
NPUPOJHUX aHTHOKCHJAHTIB y padiHOBaHIl MaibMO-
Biil onil, 3anmo0irae yTBOpEHHIO HeOakaHUX MOOIYHHUX
MIPOAYKTIB peakmii — edipiB MIIUA0NY Ta 3-MOHOXJIIO-
pupomnaH-1,2-miony. Po3unHHUKYE Ha OCHOBI OeTaiHy €
3araJbHOBH3HAHOIO OE3IEYHOI0 XIMIYHOIO PEYOBUHOIO
[10].

3Bakal0YM Ha HEJOJIKH 3aCTOCYBaHHS BITOMHX
HENTpaTi3ylounx areHTiB Pi3HOI MPHUPOIH € aKTyalb-
HUM po3poOka 6e3BimxomHoi TexHojorii padinarmii
eTHIIOBUX e(ipiB KUPHUX KUCIIOT.

TexnoJioria padinauii erunoBux edipis xkup-
HHUX KHCJOT. 3alporoHOBAaHO 3ilcHIOBaTH padiHa-
Lif0 eTWIOBUX €dipiB KUPHUX KHUCIOT 32 JOIMOMOTOIO0
HATPIEBOI COJI TITIIMHY, 3BAKAHOYH Ha T€ IO JJIS BUIa-
JICHHS HeeTepr(iKOBaHUX KUPHUX KUCIIOT 3 ETHIOBUX
edipiB TpamumiliHa Jy)KHa HeWTpamizalis He MOXe
Oytu 3actocoBaHa. Lle TOB’s3aHO 3 THUM, IO ETUIIOBI
edipy KUPHUX KHUCIOT, HA BiAMIHY BiJl XKHPIB, TyXKe
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MIBUAKO OMMJISIOTHCS (T1APOIII3YIOTHCS), HABITh HEBE-
JIUKOIO KiJBKICTIO JIYTY B PO3YMHI. AMiHOKHCIIOTH i3
3a0JI0KOBaHOIO  KapOOKCHIILHOIO TPYIOK  MaloTh
C1a0o-IIy’KHI BIIACTHBOCTI, 3aBISKH IBOMY ETHJIOBI
edipu He OMHIISIOTHCA.

Heiirpamnizamito eTnnoBux edipiB )KUPHUX KACIOT
COHSIITHUKOBOI OJIii 3 TOYaTKOBUM KHCIIOTHAM YHCIIOM
6,45 mr KOH/r npoBoaniy HacTynHUM YUHOM. [ TTinmH
Ta TPOKCH HATPIIO B MOJILHOMY CHiBBigHOMIEHH] 1:1
pozuunsaTH B 40%-BoMy eTmiioBoMy cnupTi. DyHKIisA
€TaHOJy Y CKJIaJli OCHOBH HEWTPaNIi3yI0uOro pO3uuHYy
MOJIATAE Yy 3HIKEHH] BEJIMYMHU TOBEPXHEBOI'O HATATY
BonHOI (hazu. Bix BenwumHM OBEPXHEBOTO HATATY OC-
HOBH HEHTPaNi3yl0doro po3dmHy 3ajekaTb IIOBEpX-
HEBO-aKTHBHI BIACTHBOCTI HEHTPai30BaHHUX XKUPHHUX
kucnot. 10% -Buif ciMpTOBHI PO3YMH HATPIEBOI COIi
TITIOUHY BUKOPUCTOBYBAIM I HEHTpamizamii y Kijib-
KocTi 2:1 o BigHOIIEHHIO 10 eTWiIoBUX edipiB. Peak-
LilfHy CyMill mepeMimryBany 3a KiIMHATHOI Temrepa-
TypH mpoTsroM 5 xBuiuH. [loTiM migirpiBamu 3a Tem-
nepatypu Onu3bko 100 °C mpoTrsarom 2 XBHIMH JJIS
MIBUAKOTO po3UIapyBaHHsS emyJbcii. [lo 3aBepuieHHrO
MpOLECY BUALIAIMN COAIICTOK, 110 MPECTaBIIsE COOOO
aMOHINHI COJIi XHUPHUX KHUCIOT COHAINTHUKOBOI OJIil.
ETtunosi edipm HOHaTKOBO NPOMHUBANH CYMIIIIITIO
BOJA-CIIUPT-TIINECPHUH Y BIONOBITHUX IPOLECHTHUX
criBBigHomeHHaX — 20:30:50 Ta QUCTHILOBAHOIO BO-
JIOF0, Y KITBKOCTSAX PIBHUX HEHTpalli30BaHUM ETHIIO-
BuM edipam. Ilicns HeWTpamizamii KHCIOTHE YHCIIO
etmioBux edipis cknamae 0,16 mr KOH/r.

Coancrok, 1110 € NOOIYHUM HPOJYKTOM HEHTpalti-
3aLii, MOYKHa pallioHaJbHO BUKOPHCTOBYBATH 3 METOIO

OTPUMaHHS KOPMOBOi I00aBKM Ha OCHOBI aMiHOKHUCIIOT
JUTSL CBIICHKUX TBapWH. J[J1s IIbOTO 31 COANCTOKY BUIA-
JISTIOTH €TaHOJI Ta BOJAY Ta OJIEP’KYIOThH aMMOHIIHI COJTi
KUPHUX KHUCJIOT COHSIIHUKOBOI OJIii Ta HATPIi€EBOI COIi
TIIIUHY. SIKI0 YTBOPEHUH MTPOAYKT HATPITH 32 TEMIIe-
patypu Oinpmie 160 °C BIpomoBx 5 TOAWH, TO MOXHA
OTpUMAaTH HATPIEBY CUIb AlMIAMIHOKUCIOTH — LIHHY
MOBEpXHEBO-akTUBHY peuoBuHy (ITAP) nms xapuoBux
MPOAYKTIB Ta KOCMETUYHUX 3aco0iB. [IAP Ha ocHOBI
AMIHOKHMCJIOT IIMPOKO BiIOMI siK Oi0CyMicHI Ta 06i0po3-
KJIaJ{Hi PEYOBUHH 3 TAPHUMH €MYJIBI'YIOUUMH Ta aHTH-
MIKpOOHMMU BIacTHBOCTsIMH [11].

AHaJIi3 NPOAYKTIB oJep:KaHUX i3 COANCTOKY.
CoaricTok, mo € MoOiYHIM TPOIYKTOM HEHTpaizamii
eTHIIOBUX e(ipiB KXUPHUX KUCIOT, BUKOPHUCTAIN LI
BUTOTOBIICHHS TTOBEPXHEBO-aKTUBHUX PEYOBHH. [liis
I[LOTO 3 COANCTOKY BHJAIMIN BOJHO-CIIMPTOBUI PO3-
YMHHMK Ta HarpiBaJu OTPUMaHi aMOHIHHI coJii IpH Te-
mneparypi 160 °C Buponosx 60 xBwiuH Ta npu 250 °C
BIIpo1oBXkK 30 XBUJIMH AJIsl YTBOpPEHHS aminiB. J{ns Bu-
3HAYEHHS TIOBEPXHEBOTO HATATY aMOHIMHUX COJIeH KH-
PHHX KUCIIOT COHSIIIHUKOBOT OJ1i1, aMifliB )KUPHUX KHC-
JIOT OJIi1 COHSIIHUKOBOI OTPHUMAaHHUX IPH TEMIepaTypi
160 °C i 250 °C mpUroTOBICHO CEpifo BOAHUX PO3UHHIB
koHneHTpaniero Bix 0,01 /i go 0,000625 v/ma. dns
TIOPiBHSAHHS MPUTOTOBJICHO PO3YHNHHU BiIOBIAHUX KOH-
LEHTpaIliif TaypiicynshaTy HaTpiro.

Pe3ynpraTi BH3HAUEHHs IIOBEPXHEBOTO HATATY
AMOHIWHHX COJIEH )KUPHUX KUCIIOT OJIi1 COHSILITHUKOBOT,
aMiJIiB JKUPHHUX KHCJIOT OJIi1 COHSIIHUKOBOI Ta Jiaypi-
ncnb(haTy HATPir0 HaBEACHO Yy Tabmuiil.

Tabmuns 1

[ToBepxHEeBUii HATAT PO3UNHIB AMOHIHHUX COJICH KUPHUX KUCIIOT OJIiT COHSIIHUKOBOT, aMiliB KUPHUX KHUCIIOT
oJ1ii COHSIITHMKOBOI Ta JlaypijcibdaTy HaTpio

[ToBepxHeBuit HaTAT 6, MH/M
KOHLCHTPALs A - . AMIinu KUPHUX KUC- AMIiH KUPHUX KUC-

1 o/Tp T, MOHIHHI COJT H- JIOT OJIiT COHSIIITHUKO- JIOT OJIi1 COHSAIIHUKO- Jlaypincynsdar

() PHHX KHCIIOT OJIi1 . . - . .

.. BOi, oTpuMaHi ripu 160 | Boi, orpumani npu 250 HaTPIIO
COHSIIHUKOBOT oC oC

1,0000 37,5 40,0 40,0 39,6
0,5000 38,7 41,0 40,5 40,0
0,2500 39,6 43,7 40,7 42,0
0,1250 42,6 46,0 41,0 49,0
0,0625 45,2 51,3 47,5 50,0

3MiHy TIOBEPXHEBOTO HATATY JIOCHIIPKYBaHUX PEYOBUH 300pa)KeHO HA PUCYHKY 1.
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Naypincynodar Hatpito

AW AMUPHUX KMIOT ONiT COHALWHUKOBOI, OTpMMaHi npu 250°

OT ON1i1 COHALWHMK

Pucynox 1 — I3omepmu nogepxneeoco Hamsazy 0as 00CAIOHCY8AHUX PEUOBUH

Jis mOpiBHSHHS Ha pUCYHKY | 300paskeHo i30Te-
pMy MOBEPXHEBOTO HATATY JaypHICYib(hary Harpito,
fioro moka3ank KKM mepeBurnye iHOI qOCiiTKyBaHi
pEUOBMHU. AMIiIM JKHPHUX KHCIOT OTPUMAaHI mpH
250°C maroth HaiiHmwkuuii mokasauk KKM mopiBHioe
0,0125 Moutb/m, 11€ 3aCBiTUYE T€, IO HOTO MOYKHA BHKO-
pucroByBatH sk [IAP y ckiaai KOCMETHYHUX 3aCO0IB
Ta MPOJYKTIB XapuyBaHHI.

Jnst aMOHIHHMX coJiel Ta aMifliB )KUPHUX KUCIOT
COHSIIHUKOBOI 0J1iT oTpuMaHo iH(ppadeproni (1Y) cre-
KTPH 3 METOIO MiATBEP/HKEHHS HASIBHOCTI BIJIIOBITHUX

N

(YHKIIOHATBHAUX TPYM. AHaJi3 IPOBOIMIN Ha CIIEKT-
podoromerpi Specord 75 IR («Carl Zeiss», Himeu-
4pHA) B Jiana3oHi XBUIboBuX uncen 2200 + 400 cm™.
JUns aHamizy TOCIiKyBaHy PeUYOBHHY PO3UMHSIIN B Ba-
3eJiHOBIH 0Jii Ta HaHOCKIH Ha 1iacTUHKY KBr.

Ha pucynkax 2 ta 3 306paxeni 4 cnekrpu aminy
Ta aMOHIHHOT COJIi, OTPUMAHHUX 3 COAICTOITY IiCJIsl HEe-
cTpanizaunii eToBux e(ipiB COHANIHUKOBOI 0Oii BO-
JTHO-CITUPTOBMM PO3YMHOM TJIIMHATY HATpilo, BiAIO-
BiJIHO.

Pucynox 2 — I'9 cnexmp amioy scuprux Kuciom onii coHauwnukosoi, ompumaroeo npu 250 °C

Pucynok 3 — I cnexmp amoHitinux coneti JHCUpHUX KUCIOM Olii COHAUHUKOBOT
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Pesynbratu [4 cnekrpockomnii moxasain, o B 00-
nacTi XBUnboBHX yncen 1650-1690 cml, axi xapakre-
pui mus C=0 rpynu amigis [12], 3uaiineno intepsa,
SKUHA BUAUICHO Ha pucyHKax 2 Ta 3. I[TopiHioroun 14
CHEKTPH Ha PAUCYHKAX 2 Ta 3 MOXKHA CIIOCTEPIraTH, 10
Ha PHCYHKY 2 IHTCHCHBHICTH HOIJIMHAHHSA CYTTEBO
BUIIIE i IIe TOBOPUTH PO T€, IO JOCITIHKYBaHHH 3pa30oK
€, IMOBIPHO, aMiJIoM, a JuIsl PUCYHKY 3 — aMOHIHHOIO
clto.

BucHoBkn.

1. BupimeHo akryasnbHy 3a1a4y — po3po0JIeHo Te-
XHOJIOT1F0 padiHalii eTHIoBUX edipiB KUPHUX KHUCIIOT,
II0 TO3BOJISIE€ KBANi(hiKOBaHO BUKOPHUCTOBYBATH COATIC-
TOK.

2. BcraHoBieHo, oo e(eKTHBHUM HEUTpasi3yro-
YUM areHToM JUTA padiHamii eTHIoBHX edipiB KUPHIX
KHCJIOT € HAaTpi€Ba CUIb TIIIHHY.

3. BusHaueHO pamioHalbHI YMOBH HEHWTpaizarii
eTWIOBHX e(]ipiB )KUPHUX KUCIOT HATPIEBOIO CLILIIO
TIIMHY: KOHUEHTApIisi HEHTPali3ylouoro areHry y
BOJHO-CIIUPTOBOMY po3umHi (60:40) 10 %, Temnepa-
Typa — 10 100 °C, yac nepeminryBaHHs 5 XBUIHH.

4. 3amponoHOBaHO HACTYIHY TEXHOJIOTIIO mepe-
POOKHM COAICTOKY — BUIIAPOBYBAHHS CIIUPTY i BOIHM 3
MOJANBIIAM HapriBaHHAM Tpu Temneparypi 250 °C i
OJICpP)KaHHAM IOBEPXHEBO-aKTUBHUX PEYOBHH HA OC-
HOB1 aMiHOKHCIIOT.

5. Po3po0iteHy TeXHOJIOTIIO TOMITHHO BUKOPHUCTO-
ByBaTH Ul HeWTpamizalii He JMIle eTHIOBUX edipi
JKHUPHUX KHUCJIOT, & 3 IHIIMX MPUPOAHUX Ta MOAU(IKO-
BaHMX JKUPIB, II0 € MEPCHEKTUBOIO Uil MOJAJBLIOTO
PO3BUTKY.
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The purpose of the article is to acquaint the public with the technology of making satin and adras fabrics,
which are products of ancient crafts. The sequence of production of these fabrics at the factory "Yodgorlik" de-
scribes the process from the separation of silk from cocoons to the formation of the finished fabric. The secrets of
the old masters are still preserved here, and most of the work is done by hand. This is why the fabric comes out in
a truly unique pattern, making it very difficult to replicate the same patterns.

Keywords: atlas, adras, silk, handicrafts, Margilan, factory, round shop, abrband, weaving.

Atlas and adras fabrics are the products of Uzbek
silk art and have a long history. [1,2,3] Margilan has
long been a world-famous city with its craftsmen, satin
and adras natural fabrics. There are still various craft
centers in Margilan. One of them is the Yodgorlik fac-
tory. The Memorial Factory was founded in 1972 and
continues the ancient tradition. The secrets of the old
masters are still preserved here, and most of the work
is done by hand. This is why the fabric comes out in a
truly unique pattern, making it very difficult to replicate
the same patterns. About 400 specialists work here,

ad

Pic. 1. The process of rémoving si‘lk from a cocoon using a hand wheel

weaving up to 6 kilometers of fabric a month. At pre-
sent, carpets made mainly of silk fabrics, cotton blends
and silk wool products are also exported.

The souvenir factory has agreements with many
countries in Russia, Turkey, Europe and the United
States, and exports its products to these countries.

At the Memorial Factory, the fabric undergoes
various processes before it is ready, there are 11 main
processes, which are as follows:

1- Process silk is separated from the cocoon. This
process is carried out using a hand wheel, followed by
a spinning process with a cotton thread. In this case the
yarns are prepared, Fig. 1.
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Process 2 is called the “Circle” where the finished yarn is libita, i.e. the length of the fabric is determined and

determined, Pic. 2.

The process 3 is called Qad. In this process, the thread is fixed on the fabric.

Pic. 2. The process of libitation of finished yarns

Process 4 means "Abirband", which means "con-
necting the cloud". In this process, the master draws a
pattern on the threads.

Process 5 - Dyeing, in which the fabric is dyed.
This work is carried out in the boiler room. Two differ-
ent colors are used for painting. Natural and artificial
colors. 90% colors are natural and 10% artificial colors
are used. Artificial colors are imported from India and
Turkey. natural colors are obtained from walnuts, on-
ions, pomegranates, and peels. Peanuts, pomegranates
and onions are boiled in special pots to create color.

Process 6 is called Discovery. This removes the
connected lengths. The shape of the fabric is formed. It
shows what kind of flower is embroidered.

Process 7 is called Gulavardor. In the process, the
yarn is prepared for knitting. That is, satin and adras
yarns are divided according to their weaving. In this
case, the number of silks is considered. For example: 2
strokes, 4 strokes, 8 strokes, Pic. 3.



German International Journal of Modern Science Ne8, 2021 a7

/ I/I%

,;. ///l/l ll/lll-
' lmul”
4 / // /// //// / ”ll l ‘)”"I“unu m

1 ”,/’,/// //-u il

urul. \u\\m\\\ \\

Pic. 3. The process of preparing yarn for knitting

8- The process is called "Tig". This process is used
to determine the size of single and double fabrics on the
blade.

Process 9 “Knitting”, in which the fabric is woven
with the help of weavers, Pic. 4.

Satin weaving is used in the 8-step weaving
method of satin. The 4-step weaving method uses a type

\ i ‘y | !

Pic. 4. Knitting process Pic.

of weaving. In the 2-step knitting method, the back and
front are woven in the same canvas.

Silk and thread are used in the weaving of the
adras. Silk is mainly used in the body, yarn is used in
the back, and there is also a type of adras made of 100%
cotton.

Silk is made frpm a mixt'ure of 3\/arn and silk.

5. Samples of finished products
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10-The process is finishing, in which the finished
fabric is cleaned of threads.

11- The process of preparing the finished product
for sale. The labels of the Yodgorlik factory will be af-
fixed. Figure 5 shows samples from the finished prod-
ucts.

Atlas and adras go through these stages and be-
come a finished product and reach the hands of con-
sumers.

The patterns applied to these fabrics are also im-
portant. The origin of these patterns is derived from na-
ture and reflects its beauty. If you look closely at the
patterns on the silk, you can see the symbolic shapes of
flowers, trees, and birds. In addition, the fabric is pol-
ished with geometric shapes. Each pattern has its own
meaning. For example, a copy of pepper is a symbol of
optimism, a pomegranate is a symbol of family, the sun
is a symbol of warmth, flowers are a symbol of nature.

The fact that the patterns on satin and adras fabrics
are not the same is another important aspect of creativ-
ity.

The "Souvenir" factory sells a wide range of fab-
rics for women, including dresses, shirts, coats, scarves,
shawls, skullcaps. All products are sold to customers in
the "Memorial” store. The price is a bit expensive, but
each process is done by hand, the quality is excellent,
the patterns are not repeated.

It attracts tourists from all over the world at any
time of the year. During the tour, each tourist can re-
ceive news and souvenirs that reflect the national spirit.
Most importantly, he discovers a new world of colors.
The "Memorial" factory is always open to the public
and foreign tourists, who can easily find answers to
their questions. Most importantly, they can enjoy the
creation of satin and adras fabrics. It is commendable
that such beauties are man-made.

With the help of this article, we learned about the
weaving and composition of various satin and adras
fabrics. In the process, we found that satin, adras fabrics
are also very comfortable for pregnant women. The fact
that the fabric is well breathable and the base of color
is made of 100% natural fibers is very important during
pregnancy. The use of national fabrics for pregnant
women is one of the current problems. We would like
to suggest developing a pregnant women’s shirt that has
a national spirit in the study process. Today, many
women want to make clothes from national fabrics in
accordance with modern styles. The aim is for women
to use and promote more national and modern clothing.
At the same time, it is to continue the Uzbek national
values and pass them on to future generations.
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Abstract

The article discusses the increase in efficiency in the air heat pump installation in the expander-generator unit
during preheating of the air used as a heat carrier. A graph of the dependence of the conversion coefficient on the
initial air temperature is obtained.

AHHOTAUUA

B cratbe paccMaTpuBacTCs NOBBIMICHUC 3(1)(1)CKTI/IBHOCTI/I B BOSZLYLHHOP'I TEIJIOHACOCHOM YCTAaHOBKC B ACTAH-
ACP - ICHEPATOPHOM arperare 1npu npeABapuTCIbHOM NOAOIPEBE BO3AYXaA, UCIIOJIB3YyEMOI'0 B KaUCCTBC TCIIIOHO-
curens. [lonyder rpaduk 3aBECHMOCTH KO3QQHIMeHTa IpeoOpa3oBaHus OT IEPBOHAYATIHHOMN TeMIIepaTyphl BO3-
ayxa.

Keywords: expander-generator set, air heat pump unit, conversion factor, secondary energy resources, air
heating.

KuroueBbie cjIoBa: lleTaHllep-FeHepaTOpHBIf/'I arperar, BO3AyIIHAA  TEIUIOHACOCHAasd  yCTaHOBKa,
K03 duUIneHT mpeodpa3zoBaHusl, BTOPUYHBIE YHEPTOPECYPCHI, TIOJ0TPEB BO3IyXa.

Ha ceronnsmamii 1eHs B Y30eKUCTaHe MOSBUIACE  DHEPrOCOEPEraroliX YCTaHOBOK SIBIISIETCS HPUOPHUTET-
TEHJCHIMSI K MCIIOJIb30BaHUIO PACIIpe/IeIEHHON BbIpa-  HBIM HalpaBJICHUEM Pa3BUTHA B chepe IHEpreTHKH.
OOTKH 3IIEKTPOIHEPTHH, YTO CIIOCOOCTBYET K MOBBIIIE- Ha teppuropun Y30ekucrana HaxoauTcs OO0JIb-
HUIO 3(Q()EKTUBHOCTH M HCIIOJIH30BAHUIO BTOPUYHBIX  IIO€ KOJIMYECTBO Tra30paclpeliesUTENbHBIX CTAaHINH,
UCTOYHUKOB PHepruu. BHenpeHHe M HCHONb30BaHME T/€ IpU PEAYLUPOBAHUU TepsieTCs MOTCHLIUANbHAs

SHEPTHs JaBJICHUS, KOTOPYIO MOYKHO NpeoOpazoBarh B
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JJIEKTPUUECKYIO C TOMOLIBIO JIeTaHJep- IeHepaTop-
HOTO arperara.

Jlis moBbImeHnst 3QpPEKTUBHOCTH NETaHAep- Te-
HEpaTOPHOI YCTaHOBKH, HEOOXOIUMO MOBBICUTH TEM-
mepaTypy rasa 1o Bxojaa B arperaT. D((eKTHBHOCTH
JI'A 3aBuCUT OT criocoba mojorpesa rasa mepen Je-
tangepoM [1]. Kpome toro, texHonoruueckue Tpe6o-
BaHMs K SKCIUTyaTallly ra30lpoBOIOB 3aCTaBISIIOT HO-
Jorpesath ra3 nepea neranaepom A no Temnepa-
Typst 80-100°C.

OOBIYHO /7SI OBBIICHHUS TEMIIEPATYPbI UCTIOIb-
3yeTcsl TeIUIoBasi SHEPrus, MOJyYeHHas C TOMOIIBIO
TEIJIOHACOCHOH YCTaHOBKOW, pabOTArOIMNUN Ha HHU3KO-
MOTEHIIHATBHOM paboueM Tere.

B nocnenHee BpeMs OIpelneleHHBI HHTEpEC
Haydal TPOSBIATHECS K BO3AYIIHBIM TEIUIOHACOCHBIM
ycranoBkam (BTHY) — TerutoBsIM Hacocam, B KOTOPBIX

B KauecTBe pabouero Teia MCIoJb3yeTcs Bo3ayXx [2].
Hasznauennem BTHY sBnsieTcst moBsilieHne Temiiepa-
TYpHOTO TIOTEHIIHANIA TEIUIOTHI I 0OECIIEYCHHUS BO3-
MOJKHOCTH TEIUIOOOMEHA IPH Tepeade 3TOH TEILUTOTH
HarpeBaeMoil cpeze.

[TpuHINI PpabOTH YCTAHOBKHY 3aKITIOYACTCS B CIIC-
nytorieM. ATMOC(epHBIit BO3IYX, SBISIOIIUICS B JaH-
HOW YCTaHOBKE PabOYHMM TEJIOM, MOCTYIMAET MO JTUHUU
1 B xoMIipeccop 2, IPUBOIUMBIN B ACHCTBHUE IEKTPO-
asuratenem 3. B xomnpeccope gaBineHue U, COOTBET-
CTBCHHO, TEMIIEpaTypa BO3yXa yBeInYnBaroTcs. JlaB-
JICHHE, IO KOTOPOTO HEOOXOAMMO CKATh BO3AYX B KOM-
mpeccope, JIOJDKHO OBITh  TakuwM, 9TOOBI
COOTBETCTBYIOIIAsl €My TeMIlepaTypa BO3AyXa Ha BEI-
X07le M3 KOMIIpeccopa Obla BBIIIE TEMIEpPaTyphl, J0
KOTOPOH HEOOXOIMMO TIOJOTPETh TEIUIOHOCHTENb B
TeruoooMeHHuKe 4 (puc.l.).

Puc. 1. Ilpunyunuanvras cxema 8030yUiHOU MENIOHACOCHOU YCMAHOBKU
1 — 6x00 6030yxa; 2 — komnpeccop, 3 — anekmpoosucamens, 4 — menio0OMeHHUK,
5, 6 — 6x00 u 6b1X00 Hacpesaemoil cpedvl, 7— mypbuna, 8 — bix00 8030yxa

Ha puc.] ans onpeneneHHOCTH BbIOpaHa MPOTH-
BOTOYHAsl CXeMa TEIUIOOOMEHHUKA, CIIE0BATENHHO,
MO3UIMH 5 U 6 - BXOJI ¥ BBIXOJ] HArpPEBaeMOU CpeJibl COo-
OTBETCTBEHHO. JlaBlieHHE BO3[yXa Ha BBIXOJE TEIUIO-
oOMeHHUKa ocTaeTcs 6oyiee BBICOKUM, YeM aTMocdep-
HOe JaBlieHHe. B BO3MymIHO# TypOuHEe 7, KyIa BO3IyX
MOMAaeT Mocie TEINIOOOMEHHHKA, OH pacIInupsercs,
SHEPTrHsl MOTOKA BO3yXa MpeodpasyeTcsi B MeXaHW4e-
CKyI0 paboTy, BO3yX IpH 3TOM oxjiaxjaaercs. [locie
TypOMHBI BO31yX Hampaeisiercss B armocdepy. [lomy-
YeHHas B BO3AYIIHOH TypOMHE MexaHH4eckas pabora
HCTIONIB3YETCS AT IPUBOJIa KOMIIPECCOPa, CHIDKAS TEM
caMbIM TOTPEeOHYIO 3HEpPIuio, MOABOAMMYIO K yCTa-
HOBKE H3BHE.

B kauectBe kpurepus mis omnpeneneHus ddek-
THUBHOCTH pabOThl TEINIOHACOCHBIX YCTAHOBOK OOBIYHO
ucrone3yercs koddduimenT mnpeoOpazoBaHUs Tell-
JOTHl V , IPEICTABIAIONINNA COOOW OTHOIICHHUE Iepe-
JTAaHHOW TOTpeOuTeNo TeroTsl Q1 BHICOKOTO MOTEH-
[Manga K 3aTpavyeHHON MPH 3TOM 3JIEKTPHIECKON MOIII-
HoctH [3].

IV @

rae Q1 - TeroTa, nepesaHHas BO3LyXOM Tasy B Tell-
JI00OMEHHOM armapare,

N, - anekTpryeckas MOIIHOCTb, OTpedsieMast KoM-
HPECCOPOM.

KonmuecTBo TeTuioTsl onpeaesnsieTcst pa3sHOCTBIO 3H-

TaJIBITHIN:
Q =G, (h,—hy), @

rae Gy — pacxoj] Bo3ayxa.

DTOT KpUTEpUH XapakTtepu3yeT 3PQeKTHBHOCTH
UCTIOJIB30BAHMSI YCTAHOBKU U 3aBUCHT, B TOM YHCIIE, U
OT TEMIIePaTyp TEIUIOTHI HU3KOTO U TETIOTHI BEICOKOTO
noTeHuuaioB. B cBs3u ¢ TeM, yTo Temmeparypa 71, KO-
TOPYIO JOJKEH MMETh BO3yX Ha BBIXOJE M3 KOMITpec-
copa, OTpeneNnseTcsl YCIOBHSAMM IKCIUTyaTallid U He
MOJKET OBITh IPOM3BOJILHO M3MEHEHA, OIIPEICIICHHBII
HWHTEpEC MPEACTABISICT HCCIICOBAHUE BIIUSHUS TEMIIC-
paTypbl BO31yXa Ha BXOJI¢ B KOMIIPECCOp Ha KO3 Pu-
nueHT npeobpaszosanust BTHY [4].

Ha pucynke 2 npusenena hs -auarpamma mporiec-
coB B BTHY npu nosblienny temnepaTypsl BO3ayxa
Ha BXOJIe B KoMnpeccop. B nanHoit pabore paccmaTpu-
BaeTCsI IOBBIIICHHE TEMIIEPATYPHI KaK PE3yJIbTaT Ipe/-
BapUTEJIFHOTO MOJIOTPEBA BO3TyXa HU3KOMOTEHIHAIb-
HOW TETUIOTOW BTOPUYHBIX SHEPTETUIECKHX PECYPCOB
(BOP). B kauecTBe Ha4aJIbHOTO pacCMAaTPUBAETCS MPO-
necc 19-20-30-40. 3arem Temneparypa Tam, COOTBET-
CTBYIOIIAasg TOYKE lo, MOBBIIIAETCS JO TEMIEpaTyphl
Tsx, coorBercTBYIOLIEH Touke 11. [Ipu 3TOM AOIKHBI
OBITH 00ECTIeYeHBI IOCTOSIHHBIE YCIOBHSA PaOOTHI Tel-
JI00OMEHHHMKA, T.€. JIOJDKHBI OCTABATHCS IMMOCTOSTHHBIMHU
nepeaBaeMasi B TEIUIOOOMEHHUKE TEIIOTa, a TaKKe
TeMIlepaTyphl BO31yXa Ha BBIXO/IE M3 KoMIpeccopa (Ha
BXOJIe B TEIUIOOOMEHHHUK) W Ha BBIXOJE M3 TEII000-
MEHHHKA.

Jlnst BBITIOJIHEHUS] 3TUX YCJIOBUM, KaK BHUJIHO W3
JUarpaMMbl, OPUBEJICHHOW Ha PUCYHKE 2, BO3IYyX B
KOMIIpECCOpe TOJDKEH OBITh CXKAT IO MEHBINIEro, IO
CPaBHEHHIO C Ha4aJbHEIM, naBieHus p1 (B BTHY moin-
JeH OBbITh OpraHu3oBaH npouece 11-21-31-41).
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Puc.2. IIpoyeccor 6 BTHY 6 hs -Ouazpamme npu nosviuieHuu memnepamypsi 6030yxa
Ha 6X00€ 8 KOMNpeccop

YBenmmautcst Ko3pPUIHEHT Ipeodpa3oBaHuUs TET-
JIOTBI TIpU TOBBIMICHUW TEMIIEPATYpbl BO3AyXa Ha
BXOJIe¢ B KOMIIPECCOpP WJIM YMEHBIIUTCS, 3aBHCHUT OT
TOT'O, HACKOJIBKO HHTCHCHUBHO U3MCHAIOTCA ITOJIHAA I10-
TpeOHasi MOIIHOCTH KOMIIPECCOPA M MOIIHOCTh BO3-
JIYUIHOW TypOUHBL. DTO ONpEAEeNseTCs TeM, YTO HE0O-
xoaumMast s ooecniedeHust pabotet BTHY anexrpude-
ckas MommHocTh N» mpencrasiser co0OH pasHOCTh
MEKAy MONHON moTpedHoH MomHocThi0 Nk KoMIpec-
copa ¥ MOUIHOCTBIO NpT BO3YIIHOW TYpOUHBI

IpeobpazoBaB dopmyiy (4), B COOTBEICTBHH C
0003Ha4YeHUSAMH Ha PHC.3, OHA MOXKET OBITh MPHBECHA K

BHILY
N,=G,[(h, -h)-(h -h)] @

C wucnone3zoBanuem Gopmya (1), (2) u (4) Obutu
MPOBEACHBl PAcYeThl IPU  CICAYIOIIUX HCXOHBIX
JAHHBIX:

— 0. —o0- —, R
T,=100°C; T,=25°C; p,,,=0,15 MIla, Mige=0-825 1;7=0.80.

Temmnepatypa Tex BO3IyXa Ha BXOZIE B KOMIIPECCOP

N 5 :NK 'NBT . (3)  msmensnack ot 5 1o 25 °C.
Pe3ynbraThl pacyeToB mpecTaBieHbl B rpaduye-
CKOM BHjI€ Ha puc.3.

2,5
B
i &) 23
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TemnepaTypa Bo3AyXa HA BXoge B komnpeccop 'C

Puc.3. 3asucumocmov kosppuyuenma npeobpazosanis 030YUIHO20 MENI0BO20 HACOCA OM MEMNEPAMYPbL 603~
0yxa Ha 8xo0e 8 KOMIpeccop

IIpoBeneHHbIE pacyeThl MMOKa3ajiu, 4TO MpPHU yBe-
JMYEHUH TEMIIEPaTypbl BO3yXa Ha BXOJE B KOMIIpEC-
cop K03 GUITUEHT MPeoOpa30BaHUs YBEITHIUBACTCS.

Taxkum 00pazoM, ITpu NPUHSTHIX YCIOBHSIX Tpe.-
BapUTEJIbHBIA MOJOrPEB BO3JyXa IEpej] KOMIIPECCco-
POM T03BOJISIET HOBBICHTH 3()()EKTUBHOCTH PaOOTHI
BTHY.
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DATA PREPROCESSING BEFORE CLUSTERING WITH “OUTLIERS”
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Clustering is the task of grouping in the same group objects which are more similar to each other than those
in other groups (clusters). There are quite many clustering algorithms due to the notion of a "cluster™ isn't precisely
define. A problem of solving clustering task on data with outliers is well studied and approaches are guided in
form of recommendations to remove “noisy” data or to replace it by mean [1,2]. For the dataset considered in
current work the replacement of outliers by mean resulted the improved clustering’s results, however the better

score is achieved by keeping outlier values unchanged.

Keywords: clustering, outlier, k-means, DBSCAN, Silhouette Coefficient

To evaluate the feasibility to keep outliers’ values
unchanged in dataset while solving clustering task are
considered the steps: 1) standardize input data (col-
umns: X; Yy from Tablel) by RobustScaler formula
[3] and solve clustering task by clustering algorithm
based on centroid model - k-means and density model
— DBSCAN; 2) assess clustering results based on Sil-
houette Coefficient (further SC) (1):

sc(i)=—w—al)
max{a(i),b(i)}
where i - data point in the cluster C,, and a(i)
- presents the internal similarities by calculating euclid-
ean distance between points inside the cluster; b(i) -
the smallest mean distance of i to all points in any
other cluster, of which 1 is not a member. The received

1)

negative value of SC indicates that data point is as-
signed to the wrong cluster; SC equal to 0 means over-
lapping clusters are created; SC equal to 1 - the best
clustering results; 3) replace values of outliers identi-
fied based on measuring the local deviation of density
of each outlier with respect to its neighbors [4] and cal-
culate new SC score; 4) draw box-plot diagram to ver-
ify that outliers detected in step 3 are not outliers ac-
cording to Tukey notation [5]; 6) keep outliers’ values
unchanged but add to data set 1 outlier according to
Tukey’s notation and solve clustering task 7) calculate
new SC score and compare it with received in steps 2
and 3.

The execution of steps 1 and 2 on scaled dataset

(columns: X', Yy from Tablel) gave SC score of the

k-means clustering (left drawing on Pic. 1) equal to
0.55 and DBSCAN clustering (middle drawing on Pic.
1) is 0.48.

Table 1
Assessment of clustering results on scaled dataset
. y . . k-means DBSCAN

X y cluster SC(i) cluster SC(i)

3 4 0.25 0 0.452 1 0.682
2.5 4 0 0 0 0.335 1 0.669
3 5 0.25 0.5 0 0.551 1 0.61
2.8 4.5 0.15 0.25 0 0.54 1 0.772
2.5 4.5 0 0.25 0 0.481 1 0.749
1 5 -0.75 0.5 0 0.021 0 -0.51
5 6 1.25 1 0 0.421 0 -0.24
4 3 0.75 -0.5 0 0.204 0 -0.44
1 2 -0.75 -1 1 0.795 2 0.77
1.5 2.5 -0.5 -0.75 1 0.794 2 0.759
1.2 2.5 -0.65 -0.75 1 0.862 2 0.84
1 3 -0.75 -0.5 1 0.743 2 0.697
1 2.5 -0.75 -0.75 1 0.858 2 0.837
SC 0.543 SC 0.477

The received scores are witness that internal simi-
larity of the points in the cluster not high; furthermore,
SC score for clustering by DBSCAN is less compare to
the score of k-means clustering because dbscan algo-
rithm detects outliers as “noise” (black points on mid-
dle drawing on Pic. 1) and joins it in a separate cluster

(cluster 0) which internal similarity is negative, i.e.
points are not supposed to be joined in a single cluster.
Therefore, the assessed SC score does show good clus-
tering’s results and further data processing is required.
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On middle drawing from Pic.1 can be seen that
DBSCAN detected 3 “noise” points; and LocalOutli-
erFactor algorithm [4] ran on scaled dataset detected
the same points O1 [-0.75;0.5] and O [1.25;1] as outli-
ers. To follow the existing data preprocessing proce-

changing values of O, and O, to be [-0.11; -0.13] and
running clustering algorithms again. From Pic. 2 can be
seen that SC score is improved for both algorithms be-
cause internal similarities of points in a single cluster
had increased.

dure of replacement the outliers by mean — we are
SC:0.543 SC.0.477
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Pic 1. k-means; DBSCAN clustering and box-plot diagram for dataset from Tablel
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Pic 2. k-means;, DBSCAN clustering for dataset with outliers’ values are replace by mean

At the same time, box-plot diagram (right drawing
on Pic.1) shows that input dataset doesn’t include out-
liers according to Tukey’s notation, i.e. all points be-
long to internal [ Q1-1.5-IQR; Q3+1.5- IQR]. In that

SC.0.771
. e ClusterD
Cluster1
1.0 10
- L]
a5 - Q
.
L} o
ao ao
. .
05 - 05
.
1] -1.0
-1 1] 1 2 3 4 3 6 -1 a 1 2

case, we keep outliers’ values unchanged but add 1 out-
lier according to Tukey’s notation to dataset.

SC:0.771

e Clusterd Lo}
Cluster1 8

3 4 3 -] x Y

Pic 3. k-means; DBSCAN clustering and box-plot diagram for dataset from Table2

The new clustering results are illustrated in Pic. 3
— SC score for both algorithms are identical and greater
than SC score received after values’ replacement by
mean. From Table2 can be understood that the score
had improved because added outlier always forms a

new cluster with a single point where as other points
are put in a separate cluster(s) so the internal similarity
is always higher than similarity to points in the external
cluster.
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Table 2
Assessment of clustering results on scaled dataset with added outlier
X y " y' Cluster SC(i)
1 2 -0.76923 -0.75 1 0.827544
3 4 0.25641 0.25 1 0.858144
2.5 4 0 0.25 1 0.873569
15 2.5 -0.51282 -0.5 1 0.856494
3 5 0.25641 0.75 1 0.834267
2.8 4.5 0.153846 0.5 1 0.860585
2.5 4.5 0 0.5 1 0.86684
1.2 2.5 -0.66667 -0.5 1 0.855152
1 3 -0.76923 -0.25 1 0.859601
1 5 -0.76923 0.75 1 0.831432
1 2.5 -0.76923 -0.5 1 0.85052
5 6 1.282051 1.25 1 0.649957
4 3 0.769231 -0.25 1 0.77162
15 1 6.410256 -1.25 0 0
SC 0.771123

The results from conducted analysis allow to pro-
pose when dataset has outliers detected by measuring
the local deviation of density algorithms by not de-
tected by Tukey’s notation then to achieve the better SC
score do not replace outliers’ values by mean by add 1
outlier according to Tukey’s notation.
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Abstract

At the present time, more than 60% of agricultural machinery operates with a depreciation service life. Eco-
nomically feasible service life can be higher than depreciation by 10 ... 15 years. The purpose of the study is to
determine the dependence of the annual operating time, the total costs of eliminating failures, and the operating
time cost on the service life in the range from 1 to 32 years. The research was carried out according to the reported
data of the agricultural enterprises "Malalla" and "Pervomaisk" of the Batyrevsky district of the Chuvash Republic
during 1998-2019. Analysis of the consumption of spare parts showed that the largest number of total spare parts
falls on the interval of service life of 17-19 years and operating time from 32-35 thousand equivalent hectares. The
study of the consumption of spare parts and the operating time of the tractor and the cost of operating time by
years of operation allows us to conclude that from 27 to 32 years of operation, with a total operating time of 46784
a.e. ha, despite the annual increase in the consumption of spare parts, its operating time begins to decrease, and
the cost per unit of operating time increases dramatically and the total consumption of spare parts reaches the cost
of a new tractor. It is at this time that the operation of the tractor must be stopped.

AHHOTALUA

B nanHOe Bpemst 6omee 60% cenmbX03TEXHUKH pabOTaeT 3aaMOPTH3AIOHHBIM CPOKOM 3KCILTyaTaIlH. DKO-
HOMUYECKH IIeJIeCO00pa3HbIe CPOKH IKCILTYyaTAIlnH MOTYT OBITH BBIIIIE aMOpTH3atuoHHBIX Ha 10...15 ner. Lensio
WCCIICTOBaHUSA SBIISICTCS OTPEICIICHNE 3aBUCIMOCTH I'0JTI0OBOI HApaOOTKH, OOIINX 3aTpaT Ha YCTpPAaHEHHE OTKA30B,
W CTOMMOCTH HapabOTKH OT CPOKOB AKCILTyaTally B MHTEpBaie oT 1 1o 32 met. MccnenoBanue MpoBOIUINCH 110
otuyeTHbIM naHHBIM CXA «Manamna» u «IlepBomaiick» batsipeBckoro paiiona Uysamickoit PecrryOnuku Ha npo-
TsokeHud 1998-2019rr. AHanu3 pacxoja 3amyacTed mokasai, uTo HauOoJbliee KOJUYECTBO CYMMAapHBIX 3aIria-
CTel MPUXOIUTCS Ha MHTEPBaJ Cpoka sKciutyatauuu 17-19 net u HapaboTku ot 32-35 ThIC. y.3.ra. MccnenoBanue
pacxopa 3am4actedl 1 HapabOTKU TPAKTOpa U CTOMMOCTH HapaOOTKH MO TOJaM dKCIUTyaTallly TO3BOJISIET AeNaTh
BBIBOJI, 4TO ¢ 27 mo 32 roj dKcIuTyaTaluy, pu cyMMapHoOi HapaboTke 46784 y.».ra, HECMOTpSI Ha €XEroTHOe
YBCJIMYCHUHN pacxoga 3anqaCTe171, €ro Hapa60T1<a Ha4YUHACT YMCHBIIACTCA, a CTOMMOCTb €AWHMUIILI Hapa6OTKI/I
PE3KO BO3pPACTACT U CYMMapHLIﬁ pacxonq 3amJacTei AOCTUTACT CTOUMOCTHU HOBOT'O TPAaKTOpPa. Kax pa3 B 3TO BpEM4
HaJ0 MPCKpalaTrb 3KCILTyaTalluo TpaKTopa.

Keywords: spare parts consumption, mean time [1], the cost of operating time, the cost of the content of the
tractor during operation.

KiroueBble ciioBa: pacxo]] 3amdacTeid, cpeqass HapaboTka [1], cromMocTs HapaOOTKH, 3aTpaThl Ha Coaep-
JKaHU TpAaKTOpa B IEPUOA SKCILUTyaTalluu.

Bgeoenue. OHoit U3 akTyanbHBIX IPOOJIEM CEIlb-
xo3npennpusaTuii YyBanickoil pecnyOnuku siBIseTCS
MIPOM3BOJICTBO CEIBXO3MPOIYKIIMH CTapbIM TPaKTOP-
HbIM napkoM [2]. bonee 60% TpakTopHOro napka Haxo-
JUTCA 32 aMOPTU3AalMOHHBIM CPOKOM JKCILTyaTallMHy,
HaurHadg ¢ 1990 rona, KOJIMUECTBEHHO MAapK TPAKTOPOB
cHu3MICA B 9 pa3 unu Ha 89%. B Takoi cutyanuu uc-
MOJb30BAHUE KAXKAOTO CTAPOro TPAKTOPa 10 IKOHOMHU-
YECKH BBITOJHBIX CPOKOB OKCILTyaTallMH SIBISETCS
HapOJHOXO3sIICTBEHHOH 3aaueii [3].

OCHOBHBIM 3KOHOMHYECKUM JICHTMOTHBOM MpH-
HATHS PEIISHUS 0 CPOKe CITYKObI 110001 KOHKPETHOI
MAIIUHBI CITY’KUT CTpEMJICHHE PeIOTBPAaTUTh BO3pac-
TaloIKe 3aTPaThl HA PEMOHT U BOCCTAaHOBJICHHUE JITH-
TEJIbHO 3KCILTyaTUpyeMon TeXHUKU. [loaToMy OTBET Ha
BOIIPOC, YEMY paBHA MPOJOJKUTEIBHOCTh YKOHOMUYE-
CKH I1e7IecO00pa3HOT0 CPOKa, 3aBHUCHT, IPEXIE BCETO,
OT AMHAMHKH JTHX 3aTpar.

Henablo Hamiero uccieaoBaHus SBIsETCA ONpee-
JICHUE 3aBHCUMOCTH T0JIOBOM HapabOTKH, a TaKkKe 00-
IIUX 3aTpaT Ha yCTPaHCHHWE OTKa30B, M CTOMMOCTH

HapaOOTKH OT CPOKOB IKCILIyaTal[li B UHTEpBaJe OT 1
1o 32 ner.

Marepuaibl 1 MeTOAbI. MICII0Ib30BaHbl JaHHBIE
0 TMHAMUKe N3MEHEHUs 3aTpat, HapaboTKu 1o Oyxra-
TEpCKUM JOKYMEHTaM, B JIByX XO3fHCTBax, rae ObuI
MIPOBEJCH aHaNn3 (PAKTUUECKHX 3aTpaT Ha 3alacHble
yacTu Juist pemoHTa 20 TpakTopoB cemeiictBa MT3, ¢
1998-2019 romax B xo3sticTBax «Manamnay u «[lepBo-
Matick» BaTeipeBckoro paiiona Uysamickoil peciry0-
nmuKd. Bo3spacT TpakTopoB cemeiicta M T3 cocraBisit
ot 1 o 30ner. Teoperndeckoe ucciaeT0BaHUE TPOBO-
JIMJIOCH 110 OTYETHBIM JAaHHBIM X034icTB. [leproa npo-
BEJICHUS HCCIIEOBAaHMS COCTABUJ OT Hadaja 3KCILTya-
Tallid JI0 CIHCAHUS, & Y HEKOTOPBIX TPaKTOPOB, NO
MaKcUMaJbHOHM HapaboTku 52000 y.».ra.

PesyabTraTrel m obcy:xkaenme. Kpamudpukamms
UTP u MmexaHu3zaTopoB MOXKET B pEIIAIOIIEH CTENEHU
TIOBBICUTH AKCILTYaTal[MOHHYIO HaJIE&KHOCTh TEXHUKH
3a CYeT NPaBUWIBHOW AKCILTyaTallui U PEMOHTA YMEHb-
LIUTH 3aTPAThl MO MOJAEPKAHUIO TEXHUKU B TEXHHUYE-
CKH UCTIPAaBHOM COCTOSTHUH [4].
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@omo 1. Kanumanvnuwiii pemonm mpaxmopos MT3-80/82
6 OAO «Bamuipesckas cenvxosmexnuxay dysawickou pecnyoiuxu.

Ha puc.] moka3aHo uU3MeHEHUE cpeAHel Hapa-
6otku 20 TpakTopoB MT3 B Tedenue 32 et IKcCIITya-
tanuu. Habmonaemble TpakTopa B 4eThIpe pasa mepe-
KpbUIM YCTaHOBJICHHBI HOpMaTHBHBIA pecypc B 10
TBIC. YaCOB.

ITocne cymmapHoit HapabGoTku 46 ThIC.y.3.ra
HapaOOTKa HayMHAET YCTOMYMBO YMEHBIIATHCS, He-
CMOTpSl Ha YBEJIMYEHHE CYMMBI pacxoja 3amyacTei.
Pacxox 3amuacreit (mo nenam 2010 roxa) moka3aH Ha
puc.2.

Taxum 06pa3om, BEIOOP cpoKa CITyKObI TEXHUKH -
9TO 33ja4a, yCJIOBHS KOTOPOW CIIMIIKOM HHAWBHIY-
QJIBHBI, 9TOOBI MOXHO OBUIO BBIICIUTD TUITMYHBIN CITy-
Yyall ¥ peKOMEHJIOBaTh Pe3y/IbTaThl pacyeToB Ul Mac-
COBOTO IPUMEHEHUS [5].

WH1uBHyalbHOCTE 00YCIIOBJIEHA IIMPOKUM JHa-
Ma30HOM BapbUPOBAHUS TAKHX MMOKa3aTelei Kak:

1) TexHMYECKOE COCTOSHHE  HCIONB3yEMbIX
MaIll1H

2) yCIOBHUS SKCIUTYaTAIMd M PEMOHTA TEXHUKH,
BKJTIOYast IPO(PECCHOHAIBHBIC HABBIKA PAOOTHHKOB;

3) ¢uHaHCOBBIC BO3MOHOCTH
CEITbCKOXO3SIHCTBEHHBIX OpraHn3alni;

4) wHamuuwe COOCTBEHHOW PEMOHTHOM 6as3bl H
KBaJTU(PUIIPOBAHHBIX KaapoB[6].

5) oT BeNMUMHBI HATPY3KH Ha TPAKTOP B XO35H-
CTBE B I'a IOCEBHOM ILIOMIAIH.

Bce pabotel mo TO u peMOHTY TEXHHMKU B THX
X03s1iiCTBaX MPOBOASATCS MEXaHU3ATOPaMH I10]] Ha0JI0-
JICHUEM MHXECHEPOB, UMEIOIIUX MHOTOJIETHUI! OnbIT. B
BHUIY OTCYTCTBHS TUIIOBOM PEMOHTHOM MacTepcKod U
CHeLuaIbHOro 000pYAOBaHUS, B XO3IHCTBAaX HE MPO-
BOJISIT KAITUTAIBHBI PEMOHT TPAaKTOPOB C pa3OOpKoOit
BCEX Y3IIOB, a OCYLIECTBISIOT arperaTHbIi METOJ pe-
MoHTa. Hanpumep, B 3TOM roly peMOHTHPYIOT JIBUTa-
TeNb U CLeNeHne, B cneaytomeM roay KIIIT u nepen-
HUll MocT U T.1. [Ipy peMOHTE CII0KHOTO y3I1a, HAallpU-
mep, KIIIT Bce MONIIMMHUKH CTaBsT HOBEIE, HO O/y
noamunHuky oT KIIIT ucnonb3yroTest MOBTOPHO, CTa-
BSTCS HA JIPYTHUE Y3JIbI, T1€ MEHbIIAst TPYI0EMKOCTb IO
ux 3ameHe. Hampumep, GoptoBoii pemykrop, BOM,
000pyI0BaHNE MEXaHU3AIUH (epMm.

Bbnaronaps sToMy Ha moajepxaHue TPAaKTOPOB B
TEXHUYECKH HCIPABHOM COCTOSHHUM 3aTPadHBAIOTCS
MUHHUMAaJbHbBIE CPEACTBA. B CBSA3M C HEXBaTKOM Tex-
HUKHU, OHHM HUCIOJIb3YIOTCSI KPYTJIBIM TOJ, BCIEACTBHE
Yero ¥ UMEIOT OYeHb OOJIBITYI0 HAPAOOTKY.
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Puc. 1. Usmenenue napabomku mpaxkmopos MT3-80/82 ¢ zasucumocmu
om 200a sKcnyamayuu 8 (y.om.ea).
B 3umHee Bpems, kpoMe oOChmyxuBaHus Gepm, B03MOXXHOCTh KPYIJIOTOJUYHO PaboOTaTh U 3apa-

TPaKTOpa HCIIONB3YIOT B 3arOTOBKE JIECOMAaTEpHAJIOB  OaTHIBaTh HAa CBOEM TPAKTOPE AT TPAKTOPHUCTAM JO-
JUISL PEMOHTA M CTPOUTENHCTBA IOMEIIICHHUH, 3aTOTOBKM  MOJHUTEIBHBIA CTHMYJ B €ro OepekHOI IKCIiTyara-
1pos st paboTankoB CXIIK 1 meHCHOHEepOB. IINH ¥ [TOJ/ICPKAHUY B MICIPAaBHOM COCTOSHHU.
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Puc.2 3ampamut na sanacuvie wacmu mpaxmopy MT3-80/82 (pyo).
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Puc 3. 3asucumocms cmoumocmu napabomxu mpaxkmopa MT3 om cpoka skcniyamayuu
(Ilo yenam 3anuacmeii 2010 200a).

AHanu3 BpeMeHH pacxo/1a 3amyacTeif o Mecsiam
[6] moka3pIBaeT, YTO HAMOOJBIIIEEe KOJIUISCTBO 3aITda-
CTel pacxojayeTcss He BO BpeMs HauOoiblleil Hapa-
OOTKM B TEYECHHE NPOBEICHHS CEIbX03padoT, a Mo
Hayaja BECEHHE-TIOJICBBIX U IIOCJIC OKOHYAHUS OCCH-
HUX, yOOpoUHBIX paboT. Bo BpeMs moneBBIX paboT B
OCHOBHOM DacXOJAYIOTCS BHE3aITHO OTKa3aBIlHE Jie-
Tajau B BUAe ruapouuiadros, I'YPoB, runpopacnpese-
TUTeNeH, TaMIouek, peMHen u T.1 [7].

Ha pwuc.3 BumHO, 9TO mMocie aMOPTH3aUOHHOTO
cpoka (10 yier), cronMOCTh HapabOTKH PE3KO YMEHb-
raeTcs, a K KOHITy CpOKa IKCILTyaTallud HaYuHAeT T0-
BBIIIATHCSA M JAOCTHIAeT CTOMMOCTH HapabOTKH B Iie-
pHOJT aMOPTU3ALIMOHHOTO CpoKa. B aToM ciydae Tpak-
TOp HEOOXOIMMO BBIBECTH U3 IKCILTyaTallHH.

BoiBOaBI.

1) Hapa6otka tpakTopoB MT?3 3aKk0HOMEPHO
YMEHBIIIAETCS C YBETUYEHUEM CPOKa IKCILTyaTalluu
TEXHHUKH [2].

2) Amnanus cpenHeil HapaOOTKM B T€YEHHUE T0/a
[TO3BOJIIET PACIPEACINTh HAIPY3KYy HA TPAKTOPHBIM
MapK, ONpeaeInTh HeOOX0AUMOE KOJTHUECTBO TEXHUKH
B 3aBHCHMOCTH OT Tpebyemoro oOwséma paboT, m3be-
JKaTh MEPErpy3KH MaIIIKH.

3) HccnemoBaHue CTOMMOCTH BBITOJHEHHS CENIb-
X03paboT B MEPHOJI AMOPTHU3AIMOHHOTO U MOCIIeaMOp-
THU3aIIMOHHOTO CPOKa JaeT BO3MOXKHOCTh aHAJIU3HPO-
BaTh U MPUHUMATDH PEIIEHHS TI0 BEIBOAY TPAKTOPOB M3
JKcIUTyatanuu. Eciiu HecMOTps Ha yBeJIMYEHHE 3aTpar,
HAaYMHAET YMEHBIIAThCS HapaOOTKa, a €¢ CTOMMOCTh
HAaYMHAET YBEJIUYHMBAThCS, TOTJA dYepe3 HEKOTOPoe
BpeMsl, €€ CTOMMOCTbH JIOCTUTHET CTOMMOCTH Hapa-
OOTKH B IIEPUOJ AMOPTU3AILMOHHEIX CPOKOB. (puc.3).

4) Ha 28 roamy »KCIUIyaTalldd HapacTaroOLUi
CYMMAapHBIH Pacxo/l 3aIT9acTeil CPaBHACTCS CO CTOMMO-
CThIO HOBOT'O TPaKTOpa.

5) IlpoBeneHHBIH aHAIN3 [TO3BOJIMT Pa3paboTaTh
pexoMeHmanun dP(EKTUBHOIO HCIOJIB30BAHUS Ma-
NIMHHO-TPAKTOPHOTO MapKa B CEIbCKOXO3SHCTBEHHBIX

OpraHM3alysgX U YMEHBLIINTE 3aTPaThl Ha 3allacHbIE Ya-
CTH B 3aBUCUMOCTH OT CpOKa dKcIuTyatauuu [7].
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