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Physical and mathematical sciences
DuU3uKO-MaTeMATHYeCKUE HAYKH

UDC 53:51

PHASE DIAGRAM OF WATER AT HIGH PRESSURE (0-2500 MPa)
AND LOW TEMPERATURE (90-300 K) IN P-T COORDINATE

T. Bizhigitov?, A. Sembiyeva?
! Candidate of Physical and Mathematical Sciences, Professor, 2 Teacher
Taraz State Pedagogical Institute, Kazakhstan

Abstract. In this research paper we built experimentally phase diagram of ice at high pressure and low tempera-
ture in P-T coordinate. We determined borders of Ih-1I-VI, II'N-VI, Ih-VI-XII ice (XII) types with three points f, g, h, k, L
Keywords: phase diagram, high pressure and low temperature.

In this research paper we experimentally built phase diagram of ice at high pressure and low temperature in P-
T coordinate. Determined borders of Th-11-VI, II-V-VI, Th-VI-XII ice (XII) types with three points f, g, h, k, L.

Water is a source of living organism formation and minerals which are found in atmosphere, earth at gas, lig-
uid and solid state. Since % part of Earth is surrounded by water, its effect on weather and physical, chemical, biological
process is important. Since specific heat capacity of water is greater than of other substance, it transfers heat from high
temperature place to low temperature place. Conversion of vapour to water, water to ice, ice to water or water to vapour
affects to temperature change of the environment. We know that most of the bad circumstances comes from disruption
of water circulation. Amount of water of hydrosphere is in the ocean. On the earth 98% of water is salty water, 2 % is
fresh water. 0,025 % of fresh water is in liquid state, and 1,6 % is ice, 0,3 % is underground water. Now, amount of
water of crust, river, lake and water reservoir is about 360000 xm®. Use of fresh water increased in XXI century because
of rapidly developing of industry and increasing number of people. That’s why filling water reservoir is so important.
Some physical properties of water don’t depend on general law. Because it has abnormal decline which is explained by
it’s physical, chemical, biological properties. Even though human has effects on growth and development of all living
organisms, physical properties of water and its solid state are not fully researched. It is important to research phase dia-
gram of water at high pressure and at low temperature to solve problems mentioned above.

There are many works written on research of water and ice phase diagram. Tamman [6] and Bridgemen [1] de-
fined border of ice between the 200K-360K temperature and 2500 MPa pressure experimentally. However, many publi-
cations are written conditions relative to low pressure and temperature [2].

Phase diagram of ice at high pressure and under temperature 200K is not researched enough [7]. We can see
that ice has eight types (Ih, II, III, V, VI, VII, VIII, IX) at stable equilibrium and four types (1c, IX, amorphous and
glass typed) at unstable equilibrium. IV type of ice from simple water is unknown. Bridgemen found IV type of ice
from heavy water D,0. Phase diagram of ice is given at pressure of 3000 MPa and between temperatures 200K-360K in
the picture 1.

© Bizhigitov T., Sembiyeva A. / bixururos T., Cembuera A., 2017
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Picture 1. Phase diagram of ice at pressure 3000 MPa and between temperature 200K-360K [2] at P-T coordinate

Since borders of 1h, II, V, VI, VIII, IX ice types are undefined in the picture Nel, it shown as extrapolation
line. Lin-gun-Liu can’t find new phase of VII type of ice made from diamond [3] at temperature of 300K and at pres-
sure 50000 Mpa. In 1985 published about XI type of ice [5] at 70 K and at pressure of 150 MPa. Most of scientists [4]
proved that ice at temperature of liquid nitrogen and at high pressure is metastable. That’s why we can explore its struc-
ture and physical properties at atmospheric pressure, by cooling ice at high pressure until liquid nitrogen temperature.

Our aim is to build phase diagram of ice at P-T coordinate between the temperature of 90K-300K and pressure
of 3000 MPa. To get this result we collect automatic device [7] which measures temperature, pressure, volume change.
Phase diagram of ice at P-T coordinate using isobar and isotherm at temperature of 20 K and pressure of 200 MPa is
given in the picture 2.

0o XII

0700 800 1200 1600 2000 2400 P.MIla
Picture 2. Phase diagram of ice at P-T coordinate at high pressure and at low temperature

On the diagram we determined borders of the phase area which is got from points found experimentally. Black
circles show isobarically increased and then decreased temperature, circles show isothermally increased and then de-
creased pressure. Early unknown borders of 1h, II, V, VI ice types at low temperature and at high pressure are given
on the phase diagram. By the obtained result equilibrium area of the second type of ice is given as fghk, and V type of
ice is limited by lines across the points cdhg. Since VI type of ice is limited by lines dhkl, area of XII type of ice is
found as located below the lines min. On the phase diagram 1h—lII, II—-V, V- VIII, 1h—XII, VIII-XII complies with
the first ordered phase transition. Since we can’t determine border of the VII and VIII ice types parallel to the pressure
axis which is shown in the Chobbs monograph [2], it is marked as dotted lines. At the moment three points of six ice
types a, f, ¢, g, d, e are known, where two border with solid and other borders with liquid. In the given scientific work
experimentally determined coordinates of triple points of 1h-1I-V, II-V-VI, 1h-XII-VI ice types (Table 1).

9
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Table 1
Phases in equilibrium Three points T,K P, MPa
1h-1I-111 f 243 200
1I-111-V g 252 350
1I-V-VI h 173 970
1h-11-VI k 153 1070
1h- VI-XII | 105 1550
Conclusion:

1. Borders at equilibrium position of 1h-II-V-VI-VIII and 1h-XII, VIII-XII ice types at high pressure and at
low temperature in P-T coordinate on phase diagram are drawn.
2. Determined coordinates of three points h, k, I.
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NogkrwN

Mamepuan nocmynun  pedakyuro 26.10.17.

®A3Z0BASA JUATPAMMA BO/IbI B P-T KOOPIUHATE
ITPH BBICOKUX JABJIEHHUAX (0-2500 MIIa) I HU3KNUX TEMIIEPATYPAX (90-300 K)

T. Bizxkururtos?, A. Cem6uepa’
! kanpunar pu3KMKo-MaTeMaTHIECKHX HAyK, podeccop, 2 mpenoaBareb
Tapasckuii rocynapcTBeHHBIH Neqaroruueckuii HHCTUTYT, Kazaxcran

Annomauyun. B npeodnacaemoti nayuno-uccieoogamenvckol pabome sxcnepumenmanvio 8 P-T koopouname
NpU BbICOKUX OAGIEHUSX U HUSKUX MeMNepamypax nocmpoena gazosas ouazpamma ivoda. Onpedenenvl epanuybl Meic-
0y obnacmamu cyuecmeosanusi 0OHaApYHceHHoU Hogou moougurayuil 1oa (XII) 1h- VI-XII, 1h-1I-VI, [IV-VIf, g, h, k, L.
Knwouesvie cnosa: ghazosas ouazpamma, 6blcokoe 0ageHue, HuU3Kdas memMnepamypa.
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VIIK 532.691.1

OIIEHKA PA3MEPOB OBJIACTHU JEVCTBUSI CUJI AATE3UH
IPU PACTEKAHUM KAILIM )KUJIKOCTH I1O TBEPJOM NOBEPXHOCTHU

B.K. BepxoJ10M0B, KaHAUJAT TEXHUUECKUX HAYK
JIpiTkapuno, Poccus

Annomauus. Ilokazano, umo npu pacmexkanuu Kaniu HcuoKoCmu no meepooil 21aoKou 0OHOPOOHOU nosepx-
HOCIU 80KpY2 KANAU HA NOBEPXHOCMU BO3HUKAEM TOKATbHAA KOAbYeoOpasHaa obnacms deticmeus cun adeesuu. Ilony-
yeHo, umo wupura smotu oonacmu b = 0,414r, 20e r« — paouyc ocHosanus cuoAwell Ha NOBEPXHOCIU KANIu.

Kntouesvie cnoea: aozesus, cmauueanue, Kanis HCUOKOCMU, KPAEBOU Y20l CMAYUBAHUS, NOBEPXHOCHIHOE
HamsdCeHue, Culd ao2e3uu, Cuild Ko2e3uu.

Beenenne

B paborax [2-5] noka3aHo, YTO M30JMPOBAHHYIO CUCTEMY TBEPOE TENO/KHUIKOCTH/TIap CIIEAYeT paccMaTpH-
BaTh, KaK Pa3HOBUAHOCTh MEXaHMUYECKON CHCTEMBbI. B paMkax 3Toif HOBOHW KOHLIENIMHM PACCMOTPEHBI CUIOBBIE Xapak-
TEPUCTUKHU Ha JIMHUHM CMAYMBAHUA NPU PACTEKAHUU KAIUIM SKUAKOCTH 110 TBEPAOH INIaJKOH OAHOPOIHON IOBEPXHOCTH.
[TokazaHo, 4TO MPU ITOM BOKPYT CHJSILIEH KaIUIM HAa TIOBEPXHOCTH BO3HMKAET JIOKAIbHAsl 00JacTh ICHCTBUS CHIT ajre-
3uu. BennunHa pe3ynpTupyromiel CHIIbI aAre3uy, ASHCTBYIOMAs MO HOPManW K JMHUHM CMadWBaHUs, 3aBUCHT OT IO-
BEPXHOCTHBIX PHEPreTHUECKHX XapaKTEPUCTUK, KaK TBEPAOTO TeNa, Tak M >kKuaAKocTu. [lodydeHO HOBOe ypaBHEHHE
IOunra-BepxosiioMoBa paBHOBECHOTI'O KPAa€BOr'0 yIJjla CMaurlBaHU CIEAYIOIIEro Buaa [5]:

COS@o = (GA - GLs)/ oLV, (1)

TJie Ga — CHJIa QAre3UM Ha TpaHulle paszeia a3 TBepJoe Teno/map; oLs, Ly — OBEPXHOCTHBIC HATSKEHUsI Ha IPaHHIaxX
paszena JXUIKOCTh/TBEPIOC TEIIO U JKUAKOCTh/TIAP COOTBETCTBEHHO.

['maBHOE OTJIMUME HOBOTO ypaBHEHHs OT U3BECTHOTO ypaBHeHHst KOHra COCTOMT B TOM, YTO BMECTO CBOOOHO
MTOBEPXHOCTHOW YHEPIUU TBEPJOTO Tella Gsv BXOIUT BEIHMYMHA CUIIBI a/IT€3HH GA, ABJISIOIIEHCS ABMXKYIIEH CHUIIOi mpo-
1[ecca pacTeKaHHs KaIluly 10 TBepAOil MOBEpXHOCTH.

Jpyroe oTin4ue COCTOMT B TOM, YTO BMECTO BEIWYMHBI IOBEPXHOCTHON SHEPrMU Ha TpaHUIE TBEpAOE Te-
JIO/’KAAKOCTD GsL BXOJHUT BEIIMYMHA TOBEPXHOCTHOTO HATSHKCHUS HA TPAHHIE KUAKOCTH/TBEPIOE TETO. 3/1€Ch MpoCcMaT-
pHBaeTCs aHAJIOTHS MEXKITY COCTOSHHEM MOBEPXHOCTHOM MOJICKYJIbI )KUAKOCTH Ha TPAHHIE KUAKOCTH/TIap U COCTOSIHU-
€M ITOBEPXHOCTHOH MOJIEKYJIBI )KUAKOCTH HA TPAHHILIE KHIKOCTH/TBEPIOE TEIIO.

B mepBoM ciyuae Ha TIOBEpXHOCTHYIO MOJIEKYJIy HA TPaHUIIE XHUIKOCTH/TIAp, C OJAHOW CTOPOHBI, JAEHCTBYIOT
CHJIBI TIPUTSDKEHMS (CHIIBI KOTE3MH) CO CTOPOHBI OMMKAWIINX MOJICKYII, HAXOAAIINXCS B JKUIKOCTH B IIpeaenax cdepbl
ee MOJICKYJISIpHOTO JAeicTBHA. PaBHozeicTByIomas 3tux cui Fi HampaBieHa BIUIyOb JKHAKOCTH MEPIEHINKYIISIPHO K
noBepxHocTH. C Ipyroi CTOPOHEI, HA 3Ty K€ MOJIEKYJTy AEHCTBYIOT CHUJIBI MPUTSKEHUS CO CTOPOHBI )KUIKOCTHBIX MO-
JIEKyJI, HAXOJAIIMXCS HaJl TIOBEPXHOCTHIO KMIKOCTH B MapooOpa3HOM cOCTOSHHM. PaBHoneicTBylomas 3tux cui F»
HarpaBJieHa MPOTUBOMOJIOXKHO cuiie Fi.

Bo Bropom ciyuae, Ha IMOBEPXHOCTHYIO MOJIEKYJIY JKMIKOCTH Ha TPAaHUIIE KUIKOCTH/TBEPIOE TEJO, C OJHOI
CTOPOHBI, AEUCTBYIOT CHJIBI KOT€3HH CO CTOPOHBI OKPYKAIOIINX €€ MOJIEKYJ BHYTPH XKHUJKOCTH, CTAPAIOIIUXCS BTSIHYTh
MOJIEKYTTy BHYTPb XUAKOCTH. C APYrod CTOPOHBI, Ha 3Ty € MOJEKYIy HEHCTBYIOT CHIBI IMIPUTSKEHUS CO CTOPOHBI
YaCTHIl Ha MOBEPXHOCTH TBEPJOTo Tesa (Cuiibl aare3nu). Takum oOpa3oM, Kak CHIIBI CO CTOPOHBI MOJICKYJI T1apa Hal
MOBEPXHOCTBIO )KUIKOCTHU B IIEPBOM CITy4ae, TaK M CHIIbI aATE3UH CO CTOPOHBI YaCTUI TBEPIOH OBEPXHOCTH BO BTOPOM
ClIy4ae CTPEMATCS YMEHBIIUTh MOBEPXHOCTHOE HATSKEHUE KUAKOCTH.

W3 npuBeneHHONW KapTUHBI SIBJICHUS CIEIyeT, YTO CHJa aAre3UH BBICTyNaeT ABaxkabl. C OJHOI CTOPOHBI, OHA
JIeHICTBYET CO CTOPOHBI YAaCTUI] TBEPJOH MOBEPXHOCTH MEPNEHAUKYISIPHO K JTMHUU CMAYUBAHUS, SIBISIACH ABHXKYIICH,
BHEIIIHEeH CHIION Iporecca pacTeKaHUs Karuin >KuAKocTH. C Ipyroi CTOPOHBI, OHAa MPOJOJDKAeT ACHCTBOBATEH M MOCTE
TOT0, KaK XHJIKOCTh HaT€YEeT Ha TBEPAYIO MOBEPXHOCTh. HO B 3TOM ciydae cuiia aare3uu SBISIETCS YK€ BHYTpPEHHEH
CHIION, KOTOpasi CHIKAET IIOBEPXHOCTHOE HATSHKEHUE JKUAKOCTH.

HemsiMu HacTosmme paboOTHI ABISETCS OIICHKA pa3MepOB OONACTH JEHCTBHS CHIT a[re3ny MPHU KOHTAKTE KaIlIH
JKUJKOCTHU C TBEPJOU TOBEPXHOCTHIO.

1. B3anmoaeiicTBHe CHJI IPH PACTEKAHMH KAILIN KUIKOCTH 10 TBePA0il IOBEPXHOCTH

Ha pucynke npuBeeHa cxeMa B3aUMOJCHCTBUS CUIT TIPU PACTEKaHUU KAIUIM KUJKOCTU 10 NOBEPXHOCTH TBEP-
JIOTO TeJla B JIBYX COCTOSIHUSIX KaIUTH: a) COOTBETCTBYET ITPOMEXYTOUHOMY COCTOSHHIO C TMHAMHYECKUM KPAeBBIM YT-
710M Og; 6) COOTBETCTBYET KOHEUHOMY COCTOSTHHIO PaBHOBECHS C PaBHOBECHBIM KpaeBbIM yriioM 0o. Lludpamu 1, 2, 3 Ha
pHc. 0003HAYEHBI GA, GLV U GLs COOTBETCTBEHHO.

© Bepxonomos B.K. / Verkholomov V.K., 2017
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Puc. Cxema B3avMmMogeACTEWMA CWMN MpW pacTekaHWMKW KanmnW:
1- ; 2- ;o 3- 4 -Hapy®HBIA MNOBEepPXHOCTHbLIA

CNorM; S5S-BHYTPEeHHWHA MNOBEPXHOCTHBIA CRORK

Crenyer 0co00 OTMETUTB, YTO NPHUBEACHHAS CXEMa B3aUMOJCHCTBHS CHJI TIPH PACTEKAHUM KAl JKUAKOCTH
MOJTHOCTBIO COTJIACYETCS CO CXEMOH CHJI, MpeacTaBlicHHOM B paboTe IOHra [6]: paznen VII «Kore3noHHOE MPUTSHKEHUE
TBEPBIX TeJ U )KUIKOCTEI».

Wrak, npu pacTekaHUM KaIlId XUJIKOCTH IHepel Hell Ha TBepAOil MOBEPXHOCTHU JIOKAJILHO BO3HHKAET KOJIbIIE-
oOpazHas 30Ha JeHcTBUs cuil aare3nn. PU3NYecKuil MeXaHN3M BO3HHKHOBEHUS CHIJI a[re3ny Ioka HesceH. HeoOxonu-
MO TIOJTYEPKHYTh, YTO KaIUIA XHUIKOCTH IIPU PACTEKAaHNH MMEET IBa ITOBEPXHOCTHBIX CJOS: HAPYKHBIH (4, cM. puc.) Ha
TPaHUIIEe C TApOM M BHYTPEHHUH (5) Ha TpaHHUIlEe C TBEPJIOH MOBEPXHOCTHIO. [I0CKOIBKY IPH MaJIbIX AaBICHHUAX HACHI-
IIIEHHOTO Tapa CHJIbI MPHUTSHKEHUS Ha TOBEPXHOCTHBIC JKUIKOCTHBIE MOJIEKYJIBI B cioe (4) cO CTOPOHBI MOJISKYN Hapa
CYIIECTBEHHO HIDKE CHJI NMPUTSDKEHUS! HAa IOBEPXHOCTHBIE MOJICKYJIBI B ¢i10€ (5) CO CTOPOHBI YacTHIl TBEPIOH MOBEPX-
HOCTH, IOBEPXHOCTHOE HATSDKEHHE B HAPY)KHOM clloe (4) CyIIECTBEHHO OOJIbIIE TOBEPXHOCTHOTO HATSKEHUS BO BHYT-
penHem cioe (5), T.e. oLv > oLs. Pazymeercs, peub uaer o0 yMEPEHHBIX TemrepaTypax cucteMbl. OO6pa3HO TOBOpS,
BHYTPEHHUH MMOBEPXHOCTHBIN CJIOH MOXKHO CUHTATh OCIA0JICHHBIM, T.€. 00JIaJaroIlUM 3HAYUTEIbHO MEHbIICH BEINYH-
HOW OBEPXHOCTHOT'O HATSKEHUS.

Kak cnexyer u3 puc., Ha €UHUILY JUIMHBI JIMHUHM pacTeKaHUS KaIlTU JKUAKOCTH JEHCTBYIOT TPU CHIIBL: CHIIA aji-
re3un 6a (1) ¥ CHIIBI MOBEPXHOCTHOTO HATSKCHUSI KHUIKOCTH B HAPY)KHOM MOBEPXHOCTHOM CIloe GLv (2) 1 BO BHYTpEH-
HeM - o1s (3). B mpoexiuy Ha TOpPU30HTANBHYIO OCh IBE€ CHIIBI GA U GLs ABJISIOTCSA MOCTOSHHBIMU, a IPOEKIIHUS CUIIBI GLy
— TIEPEeMEHHON BEMYMHOW. Pa3HOCTB CHIJI GA - OLs TakXKe SBISIETCS MOCTOSTHHOW. Ha ocHOBanmu paboTsl [1] ATy pas-
HOCTb JIOTUYHO Ha3BaTh «aJr€3HOHHBIM HaTSHKEHUEM». B TaHHOM cilydae aqre3MOHHOE HATSHKEHUE SBISIETCS PE3YIbTH-
pyromeil nBrKyIei cuoi nmporecca pactekanust kamm. [Ipoekmust 6LvCosfq B Tporiecce pacTekaHus Karum (B cirydae
HETIOJTHOTO CMa4yMBaHMs) BO3PACTAET U B COCTOSHIN PaBHOBECHS CTAHOBHUTCS PABHON aJr€3MOHHOMY HATSDKCHHUIO!

(oA - oLs) = oLv Cosbo 2

Takum o6pazom, mpoekimio oLy Cos O3 MOKHO pacCMaTpHBaTh B KAYECTBE «CHIIOBOTO GamaHCHpPay aJre3uoH-
HOI'O HATAXKCHUS:

oLv CosOy < (oa-0OLs), (3)

IJle 3HaK «MEHBIIE» OTHOCHUTCS K IMTPOMEXYTOUHBIM COCTOSIHUSIM PacTEKaIoIeicsl Kaluim, KOTOPBIM COOTBETCTBYET JIU-
HAMHIYECKUI KpaeBoi yrou Og.

2. Ouenka pa3mepoB o0sactu AeiicTBus cuj aare3uu. Q0cyxxkaeHue pe3yabTaToB

Kak crnenyer u3 pabot [1, 5], oTIHYNATENEHOW OCOOCHHOCTHIO SIBIICHUSI CMAadyWBaHUS SBIISACTCS TOXKIECTBEH-
HOCTh TIOBEPXHOCTHBIX DHEPTETHUECKUX XapaKTEPUCTUK U COOTBETCTBYIOIUX cHI. Hampumep, BETUUHUHY GLv B OJTHO U
TOE BpPEeMsI MOKHO PacCMaTpHUBATh U KaK yAEIbHYI0 OBEPXHOCTHYIO SHEPTHIO, U KaK CHUJTy TIOBEPXHOCTHOTO HATSIKE-
HUS1, TPUXOJSIIYIOCS HA €IMHUILY JIJTMHBI JINHUW CMAurBaHUs.

[Tepenmmem ypaBuenue (1) B ciaenyroniem Buae:

oa =oLs + oLy Cosbo (4)

Bynem paccmarpuBaTh 3TO ypaBHEHHE Kak ypaBHEHHE OajlaHCa YAEIbHBIX IMOBEPXHOCTHBIX SHEpPIuil. YMHO-
XKHUM 00€ 4acTH ypaBHEHHUS Ha OJHY U TY)XX€ BEJIMUMHY M| s - BEJIMUMHY IUIOMAAN KPYra OCHOBAHUS CHJSMICH KAk B
COCTOSIHUU PaBHOBECHS

oa 0Ls = oLs OLs + oLy oLs Cosbo. (5)

B wrore Mpl monyuymnM ypaBHEHHE PaBHOBECHS ITOBEPXHOCTHBIX JHEPrHi BCEH CHCTEMBI TBEpAOE Te-
no/xuakocts/map. M3 ypaBaeHus (5) cieayer, 4To B paBHOBECHOM COCTOSIHUM KaIUTH >KHIKOCTH HA TBEPJIOH IIOBEPXHO-
CTH IUIOIIAb KOJIbIIe0Opa3Hoil 0071acTH NeHCTBAS CHIT a[ir€3UH PaBHA IUIOMIA I OCHOBAHUS KAILIH:
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WA = OLS . (6)
OTcroza cieyer, 4To MUPHHA KOIBIIe0Opa3HON 00JIaCTH ASHCTBUS CHII aATe3UH:
b =0,414r, (7

rAe rk — paauyc 1miomaau Kpyra OCHOBaHUs CUASAIIEH KaIljiu. C Y4€TOM TOr'0, YTO Ha IJIOIIaA OCHOBAHUWA KaIlJId TaK-
XKC )IeflCTByeT Cujla aAre3uu Co CTOPOHBbI YaCTUILL TBepZ[Oﬁ IMOBEPXHOCTH, NMOJTyUacM paJuycC Ijioumain Kpyra obnactu
NCHUCTBHS CHII aJre3UM:

ra=1414rk. (8)

MoHO, TO-BUANMOMY, IPEATIOIIOKUTH, YTO cooTHOMeHus (7, 8) OymyT meiicTBOBaTh M IpH pacTEKaHMH Kall-
JIM TI0 TBEpHOil moBepxXHOCTH. [Ipn 3TOM BMecTo ypaBHeHHs (5) OyneT UMEeTh MECTO CIeIyIOIee HePaBeHCTBO:

OA OLs > OLs 0Ls + oLy oLs Cosby, 9)
rae OLs - TeKylas IUIOIaah OCHOBAHKS KAILIH SKUIKOCTH.

BoiBoabl

1. IlokazaHo, 4TO mepes Karuied XKUIKOCTH Ha TBEPIOM IIaakoil 0JHOPOAHOM MOBEPXHOCTH BO3HHKAET JIO-
KaJlbHas KOJIblleoOpa3Hast 00JacTh JCUCTBUS CUII a[re3ur, pe3yIbTHPYIONIas KOTOPBIX G SBIISIETCS NBIDKYIICH CHIION
Ipolecca pacTeKaHUs Karllu.

2. TlomryyeHo, 4To MUpHHA 3TOH KoJbIieoOpa3Hoit obmact paBHa b = 0,414rk, e rk — paguyc Kpyra OCHOBa-
HUS CHSIIEHN KaIlaH.

3. LlenecooOpa3HO MPOBECTH CHENNATbHbIE SKCIIEPUMEHTHI 10 OLIEHKE 3MIOPbI PacIpeAeIeHHs CHII a/ilr€3UH 110
IIMPUHE KOJIbIIEOOPa3HOi 001aCTH C TOMOIIBIO, HAIPUMED, METOJJOB aTOMHO-CHIIOBOH MUKPOCKOITHH.
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ESTIMATION OF AREA OF ADHESIVE FORCES ACTION
AT LIQUID DROP SPREADING ON THE SOLID SURFACE

V.K. Verkholomov, Candidate of Technical Sciences
Lytkarino, Russia

Abstract. It is shown that at liquid drop spreading on a solid smooth uniform surface there is a local ring-
shaped area of adhesive forces action around the drop on the surface. It is obtained that width of this area is b =
0,414rk where rx is the radius of the drop base sitting on the surface.

Keywords: adhesion, wetting, liquid drop, contact angle, superficial tension, adhesion force, cohesion force.
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VIIK 621.315.592

BJIMAHUE UMITYJIBCHOI'O BCECTOPOHHETI'O C/KATHUSA
HA BAX TIOBEPXHOCTHO-BAPBEPHBIX TUOJA0B Sb— p—Si<Mn>—-Au

N.I'. TypcyHoB, kanauaaT GU3NKO-MaTEMaTHYECKUX HAYK, TOLIEHT
HammonansHsiit yauBepcuret Y306ekucrtana (Tamkent), Pecrybnmka Y306ekncran

Annomayusn. Hccneoo8ano uMnynbCHO20 GRusHUe SUOPOCMAMUYECKO20 OA6NeHUA HA BObM-AMNEPHYIO Xa-
DAKMEPUCMUKY NOBEPXHOCMHO-0apbepHbIX OU0OHbIX cmpykmyp muna Sb— p—Si<Mn>—Au. IIpogedénnvie uc-

C1e008aHUsL NOKA3ANU, YO MEMREPAMYPHbIL X00 00pAMHO20 MOKA NPU UMNYIbCHOM B030€UCMEUU CoHCamusi Ha OUOO 8
wiupoxom ouanasone nanpsaxcenus (0o 20 B ) cywecmesenno ne sasucum om snauenus o6pammnozo nanpsascenus

Knroueewie cnoea: nonynpo8ooHux, KpeMHull, 1ecuposatiie, Ouoo, OasieHue.

HccnenoBanue BIMSTHUS AaBICHUS HA XapaKTEPUCTUKH MTOJIYIPOBOJIHUKOBBIX ITPUOOPOB, B YACTHOCTH ITOBEPX-
HOCTHO-0apbEPHBIX HOAHBIX CTPYKTYp, MPEACTABISIET HHTEPEC C TOUKU 3PEHHA, KakK JUId W3ydeHUs! TeH303(deKTa u
MEXaHU3MOB €r0 MPOSBICHUS B JAHHBIX CTPYKTypax € LENbIO CO3[aHUSA UyBCTBUTEIBHBIX K BHEIIHEMY JaBICHHIO MPH-
00pOB, TaK ¥ JJIsl HCTIBITAHKUS HaJEKHOCTH pabOTHI TaHHBIX CTPYKTYP B YCIOBHAX BHEIIHETO JABICHHUS.

IIpy MMOynbCHOM peXHMME BO3IEHCTBHS BHEIIHETO NABJICHUS B KOMIIEHCHPOBAHHBIX KPHCTAIUIaX KPEMHHS
HaOJTI0Al0TCsI peNlaKCallMOHHBIE MIPOLECCHl H3MEHEHHS TOKA, CBSI3aHHBIE C TEPMUYECKIMHU HOHHU3AIMSMHU 1 OapHuecKh-
MU cMelIeHHsIMH Ti1yOokue ypoBHH (I'Y) U pexkoMOMHAUMsAME HEPaBHOBECHBIX HOcHTelel Toka. [Ipu aToM auHaMuue-
CKasl TEH30YyBCTBHUTEJILHOCTh KOMICHCHPOBAHHBIX 00pa30B KPEMHHUSI HAMHOTO TMPEBOCXOIMUT UX CTaTHYECKUE 3Haue-
Hus. B 9TOM I1aHE MPEenCTaBIsAeT UHTEPEC UCCIEN0BAHUE BIUSHUSA UMITYJIbCHOIO BHEIHETO BCECTOPOHHETO JaBJICHHUS
Ha BAX moBepXHOCTHO OapbepHBIX AUOJHBIX CTPYKTYP.

Hamu uccienoBano BIMAHHE UMITYJIBCHOTO BCECTOPOHHETo ruapocratuyeckoro cxkatud (BI'C) tpanenneBua-

Hoit gopwmb! ¢ ammmrynoit P =5-10% Ta u ckopoctsio nsmenenus 0P/ot =10° Tla/c na BAX noBepXHOCTHO Ga-
poeproro muona SD— P—Si < Mn>—AU. Ha puc. | npuBeneHa KMHETHYECKAs 3aBUCHMOCTb TIPAMOTO TOKA MPH

nanpsxenun cvemenns U =2 B (kpus. 1) u Temnepatypbl (KpuB. 2) HCCEI0BAHHBIX JUOIHBIX CTPYKTYP, H3MEPEH-
Has IPY HA3BAHHBIX PEKUMAX BO3IEHCTBHS NaBJIEHUs U TeMIepaTyphl okpysxkaromei cpenst 17 = 293 K .

PN
i I
g |-
sol- r
Mf-—ﬁ—rﬂ
X
235 =
= 2
2oz - ]
288
1 L 1 1 1 1
20 L &0 a0 1oR teex

Puc. 1. Kunemuueckue 3asucumocmu npsimozo moka u memnepamypuot I15/] Shb— p— Si<Mn>-Au
npu umnyascnom BIC ¢ P = 5.10° Ia « oP/ot =10° TTa/c

BunHo, 4yTO IpsIMON TOK B CTPYKTYpax, TaK € Kak U B Clydyae KOMIIEHCUPOBaHHBIX KPUCTAJUIOB, B MOMEHT

© Typeynos U.I'. / Tursunov 1.G., 2017
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PE3KOTO BO3pACTaHHUs JABICHUS, CIETys 3a JABJICHHEM M TEMIIEPATypOii, CTUMYTMPOBAHHON MMITYJIbCOM JIaBJICHHS,
BO3PACTaeT JI0 HEKOTOPOTO CBOETO MAKCUMAILHOTO 3HaueHHs. Jlanee ¢ TEYEHHEM BPEMEHH IOCIE yCTAHOBJICHHUS aM-
IUTMTY/IHOTO 3HAYEHUS JABIEHUS HAYMHAET YMEHBUIATHCSA M JOCTUIAET CBOETO CTATMYECKOTO 3HadeHwms. IIpu peskom
CHATHH JaBJIEHHUs IPSIMOi TOK MOBEPXHOCTHO-6aphEPHOTO MO/IA TOKE YMEHBIIAETCS 10 MUHAMYMa M JAJIee PENAKCH-
pys BoccTaHaiuBaetcsi 10 ucxoaHoro npu P =0 3nauenus. Crenyer oTMETHTB, YTO PENAaKCAIMOHHBIE MPOIECCHI
DY UMITYJIBCHOM PEXKMME BO3IEHCTBUS BHEIIHETO BCECTOPOHHETO JABICHHS B JAHHBIX CTPYKTYpax, XOTsS BHEIIHE
CXOMHBI ~ C  DENAKCAMOHHBIMH  MpPOIECCAMH  MPOBOIMMOCTH B KOMIIEHCHPOBAHHBIX  KPHCTaLUIax
Si<Mn> u Si<Zn>, ognako oHU CYIIECTBEHHO OTIMYAIOTCS. DTO OTIMYHE COCTOUT B TOM, 4TO €CIIM B CIIydae
CWJIBHO KOMIIEHCHPOBAHHBIX KPHCTAIOB KCTPEMYMHBIE 3HAYEHHS TOKA HAMHOTO OOJIBIIIE MX CTATUMECKUX 3HAYECHUH U
C YMEHBIICHHEM CTETIEHH KOMITEHCAIMH Pa3HOCTh MEXK/y MAKCUMAIbHBIM M CTATHYECKMM 3HAYEHHUSIMH TOKA yMEHbIIA-
€Tcs, TO B CIlydae CTPYKTYpPBI C TIOBEPXHOCTHBIM 6aphepoM Pa3HOCTh MAKCUMAIBHBIX M CTATHYECKMX 3HAYCHMil TOKa
3aBHCHT OT MPWIOKEHHOTO K JTHOLY HATPSIKEHHUSL.

DKCHEPUMEHTAIBHBIE PE3YNBTATHl TIOKA3BIBAIOT, YTO C POCTOM TPUIOKEHHOTO HANPSUKEHHS BEIMIMHA

Jax — J o, YMEHBILIAETCS, YTO TOBOPUT 00 yMEHBLIEHHH BKJIAJA TEMIIEPATYPBI B 3aBHCUMOCTH J (t) Ha puc. 2 npu-
BEZICHBI TEMIIEPATYPHBIE 3aBUCHMOCTH IIPSIMOTO TOKa IIOBEPXHOCTHO OaphepHOTO MO/, COOTBETCTBYIONINH ydacTKy I.
TeMnepaTypa CTpyKTypbI GblIa H3MeHeHa UMIYIbCHBIM AaBienneM ammmtyoil P =5-10° TIa u ckopoctsio msme-
HEHUs 6P/E}t:108 ITa/c. Kak BUIHO U3 pUCYHKA, NPU MaJbIX HANPSIKEHUSIX CMEUIEHUS MaKCUMaJbHbIE 3HAYCHUS

IIPSIMOTO TOKAa, COOTBETCTBYIOILKME MAaKCUMyMaM TEMIIEpaTyphbl, 3aMETHO IIPEBOCXOIAT MX CTaTUUECKUE IIPU IOCTOSIH-
HOM JIaBJICHHUM.

3ol
3' [ =

a0t N T

8

14 458
|_ l | 1 H
329 : 336 ' 338 o ?ﬂsﬁ T

Puc. 2. Temnepamypnuvie 3a8ucumocmu OmHoCUMeNbHO20 usmMeHenus npsamozo moxa I15]] Shb— p— Si<Mn>-Au

npu 6o030eticmeuu umnyscrozo BIC ¢ P =5 -10° TIa « oP/ot =10° Tla/c
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Puc. 3. Kunemuueckue 3asucumocmu 0mHoCumenbHo20 usMeHeHuss OuHamuyeckozo npsimozo (1, 2, 4-6) u o6pammnoco (3) moka

17 Sb— p—- Si < Mn > — AU npu so30eiicmeuu umnynvcnozo BIC ¢ P = 5.10° Ia oP/ ot =10° TTa/c

3aurcumoctu J (t) npu Bo3neicTBiM nMiysscHOro BI'C B 3TOM ciydae (Maible TOKH) ONPEAEIsIeTCs] TeM-

HepaTypHOﬁ 3aBUCUMOCTBIO TOKa HOBerHOCTHO-6apLepHOFO JAuozaa. HpI/I HaﬂbHeﬁmeM YBCJIMYCHUN HANPSKCHUS Ha
JAUOJ BKIIaA TEMIICPATYPhl B U3BMCHCHUC TOKA IPHU BO3JICHCTBHH HUMITYJIbCHOTO BI'C naunnaer KOMIICHCHUPOBATHCA. HpI/I

U,,=5B npsamoii nuHaMuueckuii TOK AMOJA COBMAIAET CO CTATHUIECKHM TOKOM, T.€. BKIaJ TEMIEpaTypsl B Xo1 J (T )
MOJTHOCTHIO "mofasinseTcs" (puc. 3)
B o6nactn Hanpspxennit U » >3 B (rae cymecTBeHHYIO pOIb HIpaeT MHKEKIMS HOcUTeNell B 6a3y) yBenu-

YCHUC YHCJIa MHIKCKTHPOBAHHBIX HOCHTEJICH TOKa qepes TIOHMKCHHBIN 1o JaBJICHUEM HOTGH].[PIaHBHLIﬁ 6apLep, 110~
BUANMOMY, KOMIICHCHUPYCT TeMHepaTypHHﬁ BKJIaJl B UIBMCHCHHUC TOKa. B cBs3u ¢ atEIM BKJIaJl TEMIECpaTrypbl B XOI

J (t)yMeHLHlaeTCSI. O6nacth 3nauyenuit Hanpskenus 0.5+0.3 B cootsercTByer npomeskytounomy ciydaro. I1po-
BeJIEHHBIE HCCIICAOBAHIS TOKA3aJIM, YTO TEMIIEPATypHBIH X04 00paTHOTO TOKAa MPH UMITYIbCHOM Bo3neiictBun BI'C Ha
JMOJ1 B IIMpokoM auanasone Hanpskerus (no 20 B)) cymecteHHo He 3aBUCHT OT 3HaUeHHS 06PATHOTO HANPSKEHHS.

Takum 006pa3zom, pe3ynbTaThl HccleaoBaHuA BIUsIHUA nMyiascHOro BI'C mHa BAX moBepxHOCTHO-0apbepHOTO
mona Sb— p—Si < Mn>—AU noxaTBepxnarOT pe3ybTaThI, MONy4eHHbIE NpH cTaTHueckoM BI'C, oTiwune co-

CTOMT B TOM, YTO BBLAGJISIOIIASCS NPH HUMITYJILCHOM BozieWcTBun BI'C Temora mpHBOANMT K KPaTKOBPEMEHHOMY
HATPEBY JIMO/IA, B PE3yJIbTATE YEro HAGMIOaeTCsl TeMIepaTypHbiit X0 J (t) . Bkiag Temneparypsl B U3MEHEHHE TOKA

YMEHbBIIACTCA C POCTOM ITPUIIOKCHHOTO MTPAMOI'0 HAIPSIXKCHU .

Mamepuan nocmynun ¢ pedaxyuio 27.10.17.

THE EFFECT OF PULSED ALL-ROUND COMPRESSION ON THE CURRENT-VOLTAGE
CHARACTERISTICS OF SURFACE-BARRIER DIODES Sbh— p—Si < Mn>—Au

1.G. Tursunov, Candidate of Physical and Mathematical Sciences, Associate Professor
National University of Uzbekistan (Tashkent), Republic of Uzbekistan

Abstract. The impulse effect of hydrostatic pressure on the current-voltage characteristics of surface-barrier
diode structures of the Sbh— p—Si <Mn>—Au type is investigated. The carried out researches have shown that the
temperature behavior of the reverse current under the pulsed action of compression on the diode over a wide voltage
range (up to 20 V) is not substantially dependent on the value of the reverse voltage.

Keywords: semiconductor, silicon, doping, diode, pressure.
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YCTPOMCTBO IO COBMEIIEHHOMY CTAYABAHHNIO JIETAJIEV 1 HAHECEHUIO
INOJIMMEPHOHU KOMIIO3ULIMHU B IBEUHBIX U3AEJIUAX U3 AIPACA

B.I'. Anumyxamenona’, A. Jlixkynycosa?, I'.JI. Kaiipanoexon®, B.M. [I:xannaunzosa®,
K.M. Temupmukos®, B. II. Topedaen®
12,6 crapmmii npenoaaparep, ° KaHAUAAT TEXHUYECKUX HAYK, JTOLEHT,
4 KaHUIAT XMMHUYECKHMX HAYK, IOLEHT, ° MATUCTP, CTAPIIHI MPENOIaBaTellb
! TalKkeHTCKMIA MHCTUTYT TEKCTHIIBHOM M JIETKOH NPOMBIIIEHHOCTH, Y30€KUCTaH
23,45 8 [Osxmno0-Kazaxcranckuii rocynapcteennsiii yuusepcureT ([bivkent), Kazaxcran

Annomayusn. B oannoii cmamve npugoosamcs onucanue, KOHCMPYKMUGHvle 0COOEHHOCIU U NPUHYUN pabombl
paspabomannozo ycmpoiicmea 0Jisi HAHeCeHUs. NOJUMEPHO-KOMNOZUYUOHHO20 MAMEPUAd HA cmayusaemvle 0emanu
WBEUHBIX U30eIUll U3 HAYUOHANbHOU mKaHu adpac. OBOCHOBbIBAEMCsl UCNONIL308AHUE YCMPOUCMEd, KOMopoe npeody-
cmampueaem 3aKpenienue CMpyKmypbl MKAHU N0 WEAM ¢ NHOMOUbIO NOIUMEPHOU KOMROZUYUU C Yelbio NpedoxpaHe-
HUSL HUMel MKAHU Om paz0eu2aemMocniu, Ymo yayyuaem npoyHOCHb WE08, YEeIUUeden CpoK IKCHILYaAmayuy u30eaul
U yMeHbuLaen MHO203MANHOCMb 00pabomKu U30eaus.

Knrwouesvie cnosa: nonumepras KoMno3uyust, YCmpoucmeo, weeinvle uz0enus, pazogueaemocmy, mKaHu, Xu-
MUYecKue npenapamol, mepmMoOuKcayusl.

Oco0eHHO aKTyaJbHBIM B HACTOSIIIEE BPEMsI SIBJISICTCSI HAalPaBJICHHE MCIIOIb30BaHHUSI XMMUUECKHX TIPENapaToB
B TEXHOJIOTHAX IIBEIHOTO MPOU3BO/ICTRA.

CyliecTByIOIINE B TPOMBIIUICHHOCTH XMMHYECKHE CIIOCOObI 00pabOTKH MIBEHHBIX M3/eNUil TPeOYIOT MEXaHH-
3al[MM M aBTOMATU3aIMU MTPOIIECCOB HAHECCHUS U TepMO(DUKCALMH 3aKPEIUISIONIMX KOMIIOHEHTOB, pa3paboTKu panuo-
HaJIbHBIX TEXHOJIOTMYECKUX CXEM, CIIOCOOOB ¥ 000PYAOBaHMUS, MO3BOJISIOIINX COBMECTHTh BCE OINEPAIMU 10 00paboTKe
Cpe30B B €IMHOM MIPOTHO3UPYEMOM H yTIpaBIiIsieMoM npouecce. [1].

IIpu skcrmyaTanuy MBEHHBIX U3IENMH U3 aApaca 4acTo MOSBIIAETCS Pa3JBUXKKAa TKaHHU Mo mBaM. Takoe cMme-
IIEHNE XapaKTEepHO JUIA psijia TKAaHEeH IpU KCIUTyaTallMK OACXKbl N3 HUX. Pa3aBUraeMocThb BBI3BIBAET HEOOXOIMMOCTD
BBEJICHUS JONOJHUTENBHBIX ONEpaluil B MIBEHHOM NPOU3BOJACTBE, Ul 3aKPEIUICHUS] CTPYKTYpBl MaTepuaia U yiydlle-
HUS IPOYHOCTH HIBOB.

Ha xadenpe KTIIN TUTJIII pa3paboTaHa TEXHOIOTHS XUMHUYECKON CTAOMIM3ANY W HAHECEHHS XHIKO]a3-
HO NOJIMMEPHON KOMIIO3ULMHU HAa COCIUHUTEIIBHBIC IUBbI IIBEHHBIX U3JEIIUM.

Ienbto naHHOM PabOTHI SIBNISETCS HMOBBIIICHUE HAAEKHOCTH U MPOYHOCTH HUTOUHBIX COSIMHEHUH B IIBEHHBIX
M3JeNUSAX U3 TKaHEeH MOJIBUKHBIX CTPYKTYP, @ IMEHHO YMEHBIIIEHHE Pa3IBUIa€MOCTH HUTEH B IIBaX 33 CYET HAHECCHHS
MOJIMMEPHO-KOMITO3UIIMOHHOTO MaTepualia Ha CTaYMBaeMble JeTanu Kpos. CHIDKEHHE TPYI0EMKOCTH, JHEPTOEMKOCTH U
MaTepHaIOEMKOCTH JTIOCTUTAETCS 3a CUET COBMENIEHHOTO MpOoIlecca CTauMBaHK JeTanel Kposi U HaHECEHHUS IOoJIUMep-
HOW KOMITO3HUITMH Ha COCTUHHUTEIIBHBIC IIIBBI.

CoBpeMeHHbIE XUMHUUYECKUE TEXHOIOTUU 10 HAHECEHUIO MOJUMEPHON KOMITO3UIMH HA TEKCTHIIBHBIE MaTepHa-
JIBI IPEAYCMATPHUBAIOT UCIIOJIb30BAaHNE KUCTOUEK, POIMKOB, BAIMKOB M PYYHBIX pacnsuinTenei [2].

B paspaboraHHOM HaMM yCTpOMCTBE JUIl HAaHECEHUS OIMMEPHOI KOMIIO3UIINK Ha CTAauMBaEMble JACTAIH KPOS
COBMELIEH MPOLECC CTAUYUBAHMS JETaleil Kpos M HAaHECEHUS MONMMEPHOM KOMIO3MLIUU HA COCIUHHTENBHBIC MIBBI.
CyIIHOCTh YCTPOMCTBA 3aKIHOYAETCsl B TOM, YTO CTa4MBAaEMble MaTepHabl, MOCIE MPOXOKICHUS MEXKAY MPHKUMHON
JIanKo# M 3y04aTol peiikoi cpa3y MpOXOAAT MEKAY JABYMs BCTPEUHO BPAIIAIOIIUMHUCS POJIMKAMH C TIOKPHITHEM U3 I10-
puctoro marepuana. POIMKY yCTaHOBJIEHBI Ha BaJlaX M ITOCPEACTBOM IMOJIIMITHIKOB HA KOPITyce IIBEHHOIN MAaIIMHEI.
OHH cBsI3aHBI MEXTy cO00H peMeHHOH mepenadeii (BHaxIECTKy). HIDKHUI pOTMK YaCTUYHO yTONAeT B BAHHOYKE C I10-
JIMMEPHON KOMIIO3MIMEH, @ MOBEPXHOCTh BEPXHETO POJIMKA IUTAETCS NOJUMEPHON KOMIIO3ULMEN OT BEPXHEH BaHHBI
yepe3 Tpybouky. KonndgecTBo HaHECEHHOI MONMMMEPHOH KOMIIO3HIINH U €€ PACcXO peryaupyeTcss BUHTOM. Bpamarens-
HOE IBIDKCHHME POJIMKU TOIYYaloT 32 CUET CHIIBI TPEHHUS CO CTaYMBaeMBIMHU MaTepuasaMu. B mporecce mpoBikeHUs
TKaHel *KuaKoasHas MoJIMMepHas KOMITO3HLIMS HAHOCUTCSI Ha CTadMBaeMble JeTaiu. [Ipu 5ToM BepXHHIT pOJIMK HaHO-
CUT MOJUMEPHYI0 KOMIIO3UIHIO HA BEPXHIOK TKaHb, a4 HIDKHUI POJMK — HA HUKHIOIO TKaHb. Y CTPOMCTBO HAHECEHUS

© Anumyxamenosa B.I'., [xynycosa A., Kaitpan6ekos I'. /1., [ xanmnan3zosa B.M., Temupiukos K.M., Topebaes B.I1. /
Alimukhamedova B.G., Dzhunusova A., Kairanbekov G.D., Janpaizova V.M., Temirshikov K.M., Torebaev B.P., 2017
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MOJIMMEPHOI KOMIO3UIMN yCTAHABJINBACTCS 3a MPIKUMHOHN JIANIKOH, T.€. CHadalla BHITIOJIHACTCS] CTAYNBaHUE MaTepua-
JIOB, @ IOTOM HaHECEHHUE MOJMMEPHOH Komno3unud. [Ipeanaraemas KOHCTPYKIHMS 00€CIIEYNBacT HAAEKHOE 3aKpeTlIe-
HHUE HUTEH TKaHU OT Pa3JBUTAEMOCTH IO IIBaM, yJIydIIEHHE IIPOYHOCTH M HAJECKHOCTH HUTOYHBIX COCIUHEHHUH B IIPO-
Iecce HKCIUTyaTallii IIBEHHBIX M3AeTHid. Pa3paboTaHHOE YCTPOHMCTBO oOecreunBacT Iiry0OKoe IPOHUKHOBCHHE JKU-
KO(a3HOH TTOJIMMEPHON KOMIIO3UINN B CTA0MIBHOCTh PUCYHKA HAHECCHHUS.

IIpenoxpaHeHue 1IBa OT Pa3BUTa€MOCTH MPOUCXOJUT 3a CUET CKPEIUICHUs CTPYKTYphl TKAaHU BAOJIb LIBA IO-
JUMEPHON KOMITO3UIIMEH, HAHOCUMOM € MOMOIIBI0 B3aUMHO BPAIAIOIUXCS POIHUKOB, KOTOpPBIE MPUKPETTIEHBI K KOPITY-
Cy IIBEHHON MaIIMHBL, MyTEM Yero JOCTUTAeTCsl COBMEIIEHUE CTauMBaHUA CIIOEB TKAaHM U HaHeceHUus moiauMepa. B to
BpeMsl KaK B IPOTOTHIIE BBIMOJIHIETCS TONBKO HAHECEHUE OIMMEPHOM KOMIIO3UIIUH HA OJUH CIIOH TKaHH.

Pucynoxk 1. Obwuii 6uo ycmpoiicmea 01151 HaHeCeHUs NOIUMEPHOU KOMNO3UYUU HA cmayusaembvle 0emanu Kpos

A-A
— 4

18

Pucynox 2. Cxema ycmanogku 8anuxos 8 Kopnyce weeiHol MauuHbl

1 — Kopmyc mBEHHOW MaIIMHbI, 2 — BEpXHUH M HWKHUHA COCTaBHBIE POJIMKU BpaIIAIOMIKIics pOnK, 3 — ynpy-
rHe PEe3UHOBBIE BTYJKH, 4 — MJIACTMACCOBBIE BTYJIKH C IOPUCTBIMU NOBEPXHOCTAMH, 5, 6 — MOAMIMIHUKY, 7 — BEpXHSA
BaHHA C TIOJMMEPHOH KOMIIO3MWIMEH, 8 — HIDKHSS BaHHA C TOJUMEPHON Kommo3wmued, 9 — muraromias TpyoOka,
10 — perynsarop nmojgauu mnojaumMepa, 11 — BepxHsisi cTaunBaeMasi TKaHb, 12 — HIKHsISL cTauMBaeMasl TKaHb, 13 — HaHeceH-
HBIH MTOTUMEPHBIN KOMITO3UT, 14 — MprKUMHAs Janka MBEHHON MamuHbl, 15 — HrKHSS 3y0daTast peiika mBeHHOH Ma-
mmHEL, 16 — urna, 17 — urojpHas TIACTHHA, 18 — BBICTYIIBI MOPUCTOI MMOBEPXHOCTH BTYIIKH
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IIpennmaraemoe yctpoiicTBo (puc. 1, 2) padoraet ciemyrommmM odpa3zom. [Ipu cTaunBaHUH TEKCTHUIIBHBIC MaTe-
pHAaIBl IPIKAMAIOTCS JTanKkoi 14 kx 3yOuaToit peiike 15 u uromsHOHN mnactude 17. [IponBrmkeHne TKaHW HAa BENUYHHY
CTEXKKa OCYIIECTBISIETCS 3yOUaTol perKoi, paclojI0KEHHOW B MIPOPE3N UrOJIBHOH TUIacTHHEL. Peiika mogaét marepua-
JIBI TOJIBKO TIOA UIITy 16, a HampaBiIeHUe NepeMEIeHNsT MaTEpHAJIOB TIPH BRIIIOJTHEHUN CTPOUKH 3a1aéT padorHuna. [Ipn
B3aMMOJICHCTBHN WUTIIBI 16 ¥ "enHOKa (Ha YepTeke He IMOoKa3aH) IMPOUCXOANUT 00pa30BaHNe YEITHOYHOTO CcTeXKa. [lamee
CTayMBaeMble MaTepUalibl MOMANAIOT O] B3aMMHO BpAILAIOIIUECs BEPXHUH W HIDKHUH COCTABHBIC POJIMKH, YCTaHOB-
JICHHBIE Ha BaJlax 2, CBA3aHHBIX C KOPITYCOM IIBEHHOW MamuHbl | MOCPEACTBOM IOAMIMITHUKOB 5 1 6. B mponecce npo-
JIBIDKEHUS] TKaHEHW M3 BEpXHEH BaHHBI 7 4yepe3 MUTAIOIIYI0 TPYOKY 9, MOJMMEPHBII KOMIIO3HUT MOCTYHAET K IMOPUCTOM
MOBEPXHOCTH BTYJIKH 4 BEpXHEro pojMKa W HaHOCHTCS Ha BEpXHIOIO TKaHb B Buae IuieHku 13. [logaya monmmepHoi
KOMITO3MIIH PETYIHPYETCsl ¢ MoMomIbio perynsitopa 10. Ha HmkHMIA coil cTauMBaeMbIX TKaHEH MOJIMMepHas KOMIIO-
3unMs 13 HAHOCHUTCS MMOCPEICTBOM BTYJIKH 4, HIDKHETO POJIMKa, MMEIOIIETO TaK)Ke IIOPUCTYIO OBEPXHOCTh U YaCTUYHO
YTOIJIEHHOI'O B PacTBOpE MOJUMMEPHON KOMIO3MLIMM B HM)KHEH BaHHOuke §. B mporecce crauuBaHus NOJUMEpPHas
KOMIIO3HUITUS HAHOCHUTCS TIOJI0COH MUPHHOH 15-18 MM, Takum 00pa3oM, 9TOOBI OB HAXOIWIICS B IIEHTPE MOIOCHL. [l
obecrieueHUs PaBHOMEPHOCTH IIMPHHBI HAHECEHUS MOJIMMEPHOW KoMmIo3umiu 13 Ha craumBaeMbie Matepuaisl 11, 12
IUTACTMACCOBBIE BTYJIKHM 4 BPALIAIOIINXCS PONUKOB BBHITONHEHHI ¢ BhicTynamu 18 (0,5-1,0 cm) mo obomm kpasm. DTu
BBICTYIBI 18§ MIaBHO CONMPSKEHBI ¢ HAPYKHBIMH LIJIMHIPUIECKIMHU TOBEPXHOCTSIMU BTYJIOK 4. B nmponecce HaneceHus
MTOJIMMEPHOTO KOMITO3UTa 13 M3-3a HEOAHOPOIHOCTH CTaYMBAEMBIX MaTepruainoB 11,12, BTynku 4 KONHPYIOT STH HEPOB-
HOCTH 3a c4eT JeopMalyy YIpyrux BTYJIOK 3 poiukoB. IIpu 3ToM obOecrieunBaeTcsi paBHOMEPHOE HaHECEHHE I0JIH-
MEpPHBIX MOKPHITHH 13 cTaunBaemMbIx MaTepuaiios 11, 12, kak 1o mMpHHE NOJIOCKHU, TaK U MO TOJIIHUHE MOKPHITUH 13.

BriBon:

[Tpumenenne pa3pabOTaHHOTO YCTPOMCTBA JAJsi HAHECEHHs MOJMMEPHON KOMIO3WIMU U PEaM30BAHHOTO Ha
€r0 OCHOBE YCTPOMCTBA 00ECIIeUnBAET COKpAlleHHEe BpeMeHH 00pabOoTKH, SKOHOMUIO 3HEPrOpecypCcoB, UCKIIIOUAaeT J10-
TIOJTHUTEJIbHBIC NIEPEMECTHTENBHbBIC TPHEMBI 38 CUET COBMELIEHHOTO Mpoliecca CTAYMBAaHMA M HAHECEHUS TOJIMMEPHOH
KOMITO3HIIH Ha CTAYNBAEMBbIE ACTAIH OJCK/IBL.

[Ipennaraemast KOHCTPYKLHMS oOecrieunBaeT HaA&XHOE 3aKpEIUIEHHEe HHUTEH TKAaHH OT pa3BUTacéMOCTH IO
IIBaM C TTOMOIIBIO TTOJIMMEPHOW KOMITO3MLIMH, IPH OJHOBPEMEHHOM YMEHBIICHHU TPYAOEMKOCTH 00paboTku. Yiryd-
IIEHHE MIPOYHOCTH HUTOYHBIX COCIMHEHHUH yIY4YIINT KaueCTBO IIBEHHBIX M3AETHH M3 TKAHEH C BBICOKOM pa3BUTacMO-
CTBIO HUTEH M YBEIHMUYHUT CPOK MX IKCIUTyaTalnu.
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THE DEVICE ON THE COMBINED SEWING-UP AND APPLYING
OF THE POLYMERIC COMPOSITION IN GARMENTS FROM ADRAS
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Abstract. In given article the description, design features and operating principle of the developed device for
applying of a polymeric composite material on sewing-up details of garments from a national fabric adras is given. The
usage of this device, which provides fastening of fabric structure stitches by means of a polymeric composition for the
protection from thread slippage, is proved, it improves durability of stitches, increases useful life of garments and re-
duces many stages of product processing.

Keywords: polymer composition, device, garments, slippage, fabrics, chemical preparations, thermofixation.
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AJI'OPUTM PEHIEHUSA 3AJAYN MAPIIPYTU3ALIUN
HA OCHOBE JMHAMUWYECKUX MHOI'OTAPAMETPUYECKUX I'PA®OB

O.T. AnnamoB, PhD crynent
TamkeHTCKIA yHUBEPCUTET HHPOPMAMOHHBIX TEXHOJIOTHI nMeHn Myxammana As-Xopasmuii, Y30ekucran

Aunnomayusn. B cmamve npedcmasien aneopumm Memood HACMUYHO2O nepebopa Ol peuwleHus 3a0ayu
Mapuipymuzayuy Ha OUHAMUYECKUX MHO2onapamempuyeckux epagax. Memoo uwacmuunoeo nepebopa ocHO8aH Ha
HAXONCOCHUU ONMUMATLHO20 PEULeHUs. C UCNOAb308AHUEM ONMUMATbHOU L-mapupymoe mesncoy yziamu. J{na onpede-
JIeHUSL ONMMUMATLHO20 PEULeHUS UCTIOb3068AHbL OUHAMUYECKUE CMPYKMYPbL.

Knrouesble cnosa: ounamuueckuii MHO2ONAPAMeMPUYECKuil 2pagd, 3a0aua mMapupymusayuu, OUHAMUYECKUe

CMPYKmMYypbl.

1. BBenenme

B cerognsmHee BpeMs pH pealn3aliiyl MHOTUX IMpoOJeM 3aada MapHIpyTH3aluM NepeMeHseTcsa Kak 1oja3a-
Jlada ¥ MOXKET BHEAPSITCS B Pa3HBIX OTPACisiX MPOU3BOACTBA. VHKEHEpHl MPUMEHSIOT Pa3Hble METO/IbI PEILICHNUS 3a1aui
MapHIpyTH3aIK B 00JacTH TEIEKOMMYHUKALWH, YIIPAaBICHUS IBI)KCHHEM TPAHCIIOPTHBIX CPEICTB M paclpeeiIcHUs
BOJHBIX pecypcoB. ONTHMalbHbBIE PEIICHNS BBINICYKa3aHHBIX MPOOJIEM HaXOZATCs Teopuel rpadoB u 10 HACTOSIIETO
BPEMEHH YITyUIIAIoTCS.

Anropurmel ([etikctpa, benmmana-®opa, ®noiina-Bapmana i ap.) onpeaenacHns KOPOTKOTO MapIIpyTa, Mpo-
XOJSIIIEro Yepe3 y3ubl rpada, IpuMeHseTcs Ul HAXOKACHHS ONTHMAJIBHOTO MapLIpyTa Mo OJHOMY mapameTpy [3-5].
Ho B peanbHOCTH NpH ONpeAeTIeHUH MapIIpyTOB HE BCE MCXOHBIC JaHHbIE ABISETCA CTATUUYECKUMHU M MapIIPyThl HE
3aBUCAT OT eIMHOro napamMerpa. [loaTomy HaxokaeHHE caMOro KOPOTKOTO MapIipyTa B TMHAMHUYECKUX M MHOToIapa-
METpHYECKUX Tpadax sBISETCS CaMOM aKTyalbHOM 3aJaduei.

B aroii cTaTee npemiaraeTcsi aNropuT™M 4aCTUYHOTO BBIOOpaA /IS PEeIleHUs 3aa4l MapIIpyTU3aLUH C pUMe-
HEHHEM AMHAMUYECKH MHOTO apaMeTpH4YecKux rpados.

2. IlocranoBka 3axaun

Homyctum, ects Takoi rpad. lana marpuna Ko3(QQUIEHTOB CTAaTHYECKUX M JUHAMHYECKUX CBSI3CH MEXIY
y31amu Tpada.

3amaya. PazpaboTka anropurMa omnpenesieHnst L — KoIM4ecTBO pe3epBHBIX MApUIPYTOB OT 3aJaHHOTO Y3JIa K
JPYTHM y3J1aM MHOTOIIapaMeTPUYECKOT0 CTaTHUECKOTO U TMHAMUYECKOTO rpada.

3. AlIropuT™M 4acTUYHOIO nepedopa

AnropuT™M dYacTHYHOro mepebopa paspaboraH myTeM MoanpuKanuu anroput™m Jleiikcrapa. Anroputm
JlefikcTapa mpuUMeHsIETCS I OTPEeNIEHUs] CaMOTro KOPOTKOTO IMyTH OT OJHOTO y3la K Apyromy [5, 6]. Kaxaprit yzen
COXpaHseT aJIpec COCEIHETO y3Jia, KOTOPBI UMEET CaMblii KOPOTKHUI MyTh K ce0e. A B Cllydae MeTojia YaCTUIHOTO Tie-
pebopa Kaxablil y3en coxpansieT aapeca L y3510B, KOTOpBIE MO0 PACCTOSHUIO OJM3KU K caMOMy KOpOTKoMYy TyTu. Mc-
nmoJe3yst L anpecoB, COXpaHSAIOMMXCS B Y371a,X MOXKHO OTPEAEIUTh L pe3epBHBIX IMyTeH OT 3aJJaHHOTO y3J1a K APYTHM, U
IIPU Tiepeiade UCTIONb3YIOTCS PE3EPBEI.

ITycts nan rpad G=(v,A). lns onmcanus CTpyKTypsI rpada CymecTBYIOT IBa METO/Aa: KBapaTHON MaTPUILIEI U
MaTpHibl cocesncTsa. [Ipu HEOOMBIIOM KOJMYECTBE CBA3EH MEXAY y3/IaMH rpada HCHONb3YEeTCsl MaTpUIla COCE/ICTBA,
KOTOpast O3BOJISIET 3KOHOMHTE 00BEM IAMSTH TEXHUUECKOT0 00opynoBanus [1].

Jnst penieHns 3a1a4M BBOJMM MapaMeTphl TEIEKOMMYHHUKAIIMOHHBIX ceTel. JlomycTiM, uto L-pe3epBHbIe myTH, He-
00XOIMMBIE JUTS OTIpeJIeIeHNs MapIIpyTa, 1 M-cTaTHCTHYeCKHe epeMeHHbIe cBsi3H V1, v2, C, V, t 03HavatoT cieyomniee:

1) vl u v2 — y3ne1 (BepmwHsl); 2) C — K03 OUIHEHT eMKOCTH MeXIy y3iaMu vl u v2; 3) V — CKOPOCTh MEXITy
y3namu; 4) t — BpeMsi IPOX0KICHHUS OTOKA TAaHHBIX B KaHAJIe MEXy y3JIaMHu.

BBezem cienyrolnyto BeJIMUUHY Uit 0003HaYeHUS K03 (DUIMeHTa IPOTHBOICHCTBHS MEKY3JI0BON CBS3H:

£

— 4 P

K;= ].:--F-- 100%[ € (wi, vf)
ij ¥ij

Yem meHbuie nauubiii Kodpduuuent Ki;, TeM MeHbE OyleT NPOTUBOACHCTBUE IS MPOXOXKIEHUS MOTOKA

JITAaHHBIX MEX1y y3JIaMH 1 1 j.
O603Ha4nM nogM eliie OHY HCXOJHYIO TMHAMUYHYIO BEIMUYMHY, OIMCBHIBAIONLYIO HArpy3Ky MEXAY IBYMS y3-
NaMH, SIBIAIOIIENCS OJIHOH M3 NCXOJHBIX NIapaMeTPOB MEPEMEHHONH. MexKy3oByIo Harpy3Ky 0003HAa4NM nag;; U 1po-
— r .
JOJDKUTENIBHOCTD Harpy3ku — nogVagt;;.

C ydeToM BBEACHHBIX 0003HAYEHHUI aJTOPUTM YACTUYHOTO Iepedopa s ONMpeNeNIeHHS MapuipyTa MOXKET
OBITh NIPEJCTABIICH B BU/I€ MOIYJIBHBIX aJITOPUTMOB.

© Amnamos O.T. / Allamov O.T., 2017
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A. BBOJI UCXOIHBIX TAHHBIX

\4

B. Pacnpenenenue nuHaMuueckoit
MaMsTH

\Z

B. Bei6op L Hanmyumuix myrei

Al
I'. Pesynbrarsl (1yTh, IpOTH-
BoJIeiicTBHE, HATPy3Ka U BpeMs)

Y

C Korten )

Puc. 1. Buo modyns aneopumma wacmuuno2o nepebopa

[IpuBeneHHBIC HAa pUCYHKE | MOIYJIN adrOpUTMa YaCTHYHOTO Iepebopa 0003HAYAOT CIIeayIoIIee:

A. Monysibs BBOJa MCXOIHBIX JAHHBIX — B JAHHOM MOJyJIe allrOpUTM (pOpMHUpYET UCXOJIHBIC TaHHBIE C UC-
MOJIb30BaHUEM MaTpPHUIIBI cOceACTBa rpada

B. Moayan pacnpejejieHusi IaMATH — B JJaHHOM MOJyJie IIEpEMEHHBIM MPHUCBAMBAIOTCS NEPBOHAYAIbHBIC
3HAUEHHMsI M pa3padaThIBaeTCs CTPYKTYpa OOpalleHus] K HOBOM MaMsTH Ul XpaHEHUs IWHAMUYECKH CTPYKTYPHBIX Iie-
pemeHHBIX. Takum 00pazom, GopMUpyeTCs AeATEIBHOCTh MAMITH TEXHHYECKOTO YCTPOUCTBA.

B. Moayab Bbioopa L- myTeii — B JaHHOM Mojyjie pa3paboTaH METOJI BBIOOpa MapIIPyTOB U IPUCBOCHUS HO-
BBIX 3HAYEHHH B CO3IAaHHYIO JUHAMHYECKYIO CTPYKTYypy. Vcmosp30Bascs MpUHIMUN AHCTBUS anroputMa Jleiikcrpa u
co3maHa ero moaumdukanus. AnropurMa JleikcTpa pa3paboTaH Uil HaXOXXICHUS TOJBKO OJHOTO «MHHHUMAJIbHOTO)
IIyTH, a CO3JaHHasi MOAN(HUKALIUSI KPOME 3TOTO €IIe MOXKET OIPENESNUTh OyvpKaiie K HeMy Jpyrue pe3epBHBIC MyTH.
Takum o6pa3om, B 3TOM Mozyie popMHUpyroTcs L-myTeit.

I'. Pesyabrarsl (IyTh, NPOTHBOJEHCTBHE, HATPY3KA, BpeMsi) — B JJaHHOM MOJYJIE BBIBOJSTCS CIEAYIOLIUE
PE3YIbTaThL:

e Omnpenensiercst k03P HUIMEHT MEKCTAHIIMOHHOTO MPOTHUBOICHCTBHS;

e  dopmupyercs cucok L-myreii;

e OmpenenseTca Harpy3Ka U BpeMs Harpy3KH;

e Bribuparorcs npuroaHslie 1100 HENPUTOIHBIE Ty TH;

e  dopmupyercs reorpadus MEKCTAaHIIUOHHOTO NPOX0XK/ICHHUS TAHHBIX.

A. AJITOPpUTM BBOJIa HCXOAHBIX JAHHBIX

[ar 1. Beog 3rauennii N, M, L. N — konmdectBo y3710B rpada, M — konmdecTBo cBs3eil B rpade, L — xommye-
CTBO pE3EPBHBIX ITyTel, KOTOPOE HEOOXOANMO HANUTH.

[ar 2. Opranuzauus uukia ot 1 1o M u BBousTcs nepemenssle — v1, v2, C, V, t. [Ipu BBINOJHEHUH KaXI0TO
mikia K cumraercss koadduimeHToM NpOTHBOAEHCTBUS M COXpaHSETCs B BHJAE TOYKM B CTPYKType Ages. 31ech
K =1{t/(CV))* 100%][ Bramcisiercs mo Gpopmyie.

Takum o0Opaszom, nepemennsie vl, v2, C, V, t onuceiBaroTcs uepe3 kodddunuent K. Ages — marpuna coces-
CTBA COCIUHEHU.

[ar 3. BRox BenW4IMHBI HATPY3KH COETUHEHUH nogM.

[ar 4. Opranuzanus ukna oT 1 10 nogM u BBOJ nepeMeHHbIX X, Y, PP, TT, roe PP — mpogomkurensHOCTh
Harpy3k# 1 TT — IpoomKUTENEHOCTS BPEMEHH Harpy3KH B HAIIPaBICHUH OT y371a X K y3i1y y. IIpy BEIIONTHEHNH Kax-
JIOTO IMKJIA 3arpy’KAIOTCs 3HAYEHUS B MAaTpHILI nog u vaqt. 3aeck nog[x][y] = PP, nog[y][x] = PP u vaqt[x][y] =TT,
vaqt[y][x] = TT omuchIBaIOTCS TAKUM 0Opa3oM.

B. AnroputMm pacnpegeneHusi JTHHAMHYECKOH MaMATH

[ar 1. D[1][1] = 0 IlepBoHauanbHOE 3HAYEHUE.

Hlar 2. inf = > maxNumber, — nepemMeHHOH . inf npucBanBaeTcsi MAKCUMaJIbHOE 3HAUYEHHE.

Hlar 3. Kaxzprit anement marpuisl D[N][L] 3anonnsercs nepemennoi inf. Marpuna D ucnons3yercs npu
HaXOKJICHNUH IyTH C MUHUMAJIbHBIM TIPOTHUBOICHICTBHEM.

[ar 4. Kaxnprit snement matpuibl Used[N][L] 3amonHsieTcst 3HaueHneM false.
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Marpuna Used HeoOxoauma A OMPENENCHUS TOTO, WCIOJIB30BAINCh WIM HE HCHOIB30BAINCH Y3JIbI JUIA
HaXO0XJICHUS MHHAMAJIBHOTO ITyTH. Ecnn Kakoi-mubo y3en ObLI HCIIONIB30BaH, TO JaHHOMY Y31y IPHUCBAWBAETCS COOT-
BETCTBYIOIIEE 3HAUEHHE true mepeMeHHoH used.

ar 5. O6wsBnenne cTpykrypsl List. CTpykTypa List ncromp3yercs i XpaHSHUS MAHUMAIBHBIX B OIH3KUX
K MHHUMAaJIbHBIM L-TIyTeil 0T 0qHOTO y371a K APYroMy.

B. Anroputm BeI6Opa L-Hanayymux myrei

Mopnynb BbIOOpa L-Hammyuymunx myTei c4MTaeTcsl caMblM OCHOBHBIM MOJyJeM airopurma. Jlanee mpuseneH
MOJIyJIb, CO3JJaHHBII MO MPUHIMITY IeHCTBHS anroputMa JleiikcTpa, KOTOpBIi COXpaHseT He MUHUMAaJbHBIC ITyTH KaX-
JIOTO y3I1a, a O1M3Kue K MUHUMaIIBHBIM L-ITyTH.

Hlar 1. IlepBoit cTpoke U MEpBOMY BEpXHEMY JJIEMEHTY MaTpulbl List HOCTaBUM B COOTBETCTBHE IEPBBIH
anemeHT y3na List[1][1] = 1. ByaeM cuuTath 3TOT y3e)I Ha4aIbHBIM.

[ar 2. JIns npocMoTpa BCeX 3JEMEHTOB, HAUMHAsI ¢ IEPBOro, co3aaercs nuki ¢ 1 mo L.

for (i ->1, n*L){

v->0,k->0
for(G->1,n){
for(2=1,L){
if (not used[j][j2] and (v=0 or d[j][j2] < d[V][K])) {
Vv-> J;
k->j2;
}
}
}

3nech 3Hauenus v = 0, k = 0. Maaekcel v u k nernonb3yrotest 1uist 0003HaYeHHS IPOXOXKICHHS OT PacCMaTpuBa-
€MOi TOYKH K HEHCIIOJIb30BaHHOH cocenHeil Touke. Co3naB JBa IMKJIA, OCYLIECTBIACTCS MPOBEPKa BCEX AIICMEHTOB.
Ecmu not used[i][j2], myTs oT y371a j X y31y j2 u v = 0 He mpoBepsuics, win d[j][j2] < d[v][k] — oT paccmarpuBaemoit
TOYKH K HOBOIl TOUKE Mepexoia pacCTOSHHUE Mo, B TAKOM CIIydac HaWICHHBIN y3ell COXpaHAeTCs U paccMaTpuBaeMast
TOYKa OTMEYAETCs KaK MPOBEPEHHAsI, TO €CTh!

used[Vv][K] = true;

Hlar 3. Bce cocennue myTu Juis y3j1a vV COXPaHSIOTCS B MOJyJe BBOJA. 37IeCh 110 V CTOJIOIaM MaTpUIIbI ages
npu j = 1,1 opranuzyercst nuki. Llens opranu3anuy JaHHOTO LUKIIA 3aKIII0YAETCS B CIEAYIOIIEM:

Ecnu, HOBBIN HalAEHHBIM IyTh OyAeT Jydlle paHee COXPAaHEHHBIX (TO €CTh MPOTHUBOAEHCTBHE €ro Oyaer
MEHBIIIE, YEM Y JPyroro myTd H3 L-COBOKYIHOCTH), B 3TOM CIlly4ae HOBBIM HaWJEeHHBIH IyTh BKIIOYaercst B L-
COBOKYITHOCTB, BHOBb COPTHPYETCS;

Ecnm HOBOTO HalWIEHHOTO MyTH HET B L-COBOKYITHOCTH IyTel, B 3TOM Cilyyae OH HETOCPEICTBEHHO BKIIOYA-
eTcs B L-COBOKYITHOCTb.

ITpn nepebope 3TuX myTel paccTosHUE Tarkke yuuTeiBaercs. [Iponece nmepebopa 3aBepiiaeTcs mocie onpese-
neHus L-myTeil B mopsake Bo3pacTaHHs, MPOXOAAIINX OT PACCMAaTPUBAEMOT0 y37a K COCeAHMM. JlaHHBIN Mpolece BBI-
MOJTHSETCS AT KaKAOTo y37Ia.

for (Point to : ages[v]) {
forG->1,L){
if (d[v][k]+to.y< d[to.x][j] and !(to.x in List[v][K])){
for (j2 ->L,j;) {
d[to.x][j2] -> d[to.x][j2-1];
List[to.x][j2] ->Clear
List[to.x][j2] -> List[to.x][j2-1] //adding all founded paths

}

d[to.x][j] -> d[v][K]+to.y;
List[to.x][j]->clear

List[to.x][j] ->addAllPaths
List[to.x][j] ->to.x (add x element)
Finishing loop
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[Tar 4. B pe3ynbrate pabote B Momyins anroputMa 9acTUIHOTO mepedopa oToOpaHHbie L-myTeit coxpaHsatoTes
B COCTaB CTPYKTYpHI List.

I'. Anropurm MoayJisi pe3yJibTaToB (NIyTh, IPOTHBOAEHCTBHE, HATPY3Ka, BpeMs) MOAYJIH aJITOPUTMA

ar 1. Opraamzyercs ki ot 1 mo L. Beogstes orobpannsie L-mryTu, onpenemnsercs K03)(OUIHCHT IPOTH-
BOJICHCTBHSA, PACCUUTHIBACTCS IIPOJIOIDKUTEIBHOCTD HATPY3KH U BPEMEHH HAarpy3KH.

for (i->1,L){

ar 2. Ecnu anement List[n][i]6yaet cBoGoaHBIM, TO 3TO 03HAYAET, YTO MYTH 3aKOHUUIUCH U IUKJI OCTAHAB-
JIMBAETCA.

if (List[n][i] is empty ) {
printin(i+"-path is not founded");
Finishing loop;
}

[Mar 3. Ha 3ToM mare npuBOANUTCA HAUKPATIAUIIHN MyTh 1, KOA(PPHUIHMESHT TPOTUBOICHCTBHSA, KOTUIECTBO ITy-
TEH U IIyTH.

print(i+"-SP : K koff="+d[n][i]+", number of vertices ="+len(List[n][i])+", list: );
for (j -> 0,Len(List[n][i])-1) {
print(Len(List[n][i])+"->");

}
print(List[n][i].get(Len(List[n][i])-1)+" loading: ");
[ar 4. Ha 5TOM mmIare mpuBOIUTCS HANKPaTIAHIINHN Iy Th 1, KOI()(HUITHEHT 3arpy3KH.

nogSum-> 0;
for (j = 0,Len(List[n][i])-2) {
x-> List[n][i].get(j);
y -> List[n][i].get(+1);
nogSum->nogSum +nog[x][yl;
}
x-> List[n][i].get(Len(List[n][i])-2);
y-> List[n][i].get((List[n][i])-1);
nogSum->nogSum +nog[x][y];
print(nogSum+" Vaqti: ");

[ar 5. Ha 5TOM mIare npuBOANTCS HAMKpaTIaHIIAN ITyTh 1, BpeMEHHASI IPOIOJKUTEIEHOCTE 3aTPYy3KH.

nogVaqt-> 0;
for (j -> 0,Len(List[n][i])-2) {
x-> List[n][i].get(j);
y-> List[n][i].get(j+1);
nogVaqt->nogVaqt +vaqt[x][y];
}
x-> List[n][i].get(Len(List[n][i])-2);
y-> List[n][i].get(Len(List[n][i])-1);
nogVaqt->nogVaqt +vaqt[x][y];
printin(hogVaqt);
}

4. TecTupoBaHHNe AIrOpUTMA

Juns mpumepa mycts 3a1aH rpad ¢ 7 y3naMu 1 9 Mexxy3IoBbIMH cBs3siMU. [lapaMeTpsl CBsI3HOCTH rpada nemnsT-
Cd Ha IBa TUIA. CTATUCTHYCCKUC U TUHAMHWYCCKHUC.

CraTucTHYecKHe MapaMeTphbl:

C — koo dunuieHT EMKOCTH; V — CKOPOCTH MepeIadu ceTH; t — BpeMs Nepeadm.

JluHaMHu4YecKkne napamMeTpbl:

Nog — ko3¢ durtnenT 3arpy3kn MeXay KaKHMU-TH00 y3maMu; Vaqt — BpeMeHHas IPOJAOIDKUTEIBHOCTD 3arpy3-
KM MEXIy KaKHMHU-TTHOO0 y3IaMH.

CBepxy HaJ| JIMHUSAMH COCMHEHHMS y3JI0B rpada MpHUBeIeHbl CTATUCTHIECKUE TTapaMeTphl, CHU3Y — JIMHAMHUYe-

CKHe TapaMeTpsl (puc. 2).
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Puc. 2. Cmpyxmypa epagha 013 mecmuposanust aneopumma

s w2 C \; t vl v2 nog Vagt
] 2 10 6 3 3 5 1 2
] 3 10 5 3 3 6 2 7
s 5 10 10 3 4 5 4 2
s 4 10 10 7

s s 5 5 1

s 5 10 10 1

Eas 6 10 10 7

Ha ocHoBe HNCXOJAHBIX JaHHBIX, BBEACHHLIX B JITOPUTM, IMOJTYUYCHBI CICAYIONUC PE3YIbTATHI:

1-SP : K koff=16, number of vertices =5, List: 1->3->5->4->7 loading: 5 time: 4
2-SP : K koff=17, number of vertices =4, List: 1->2->4->7 loading: 0 time: 0

3-SP : K koff=17, number of vertices =5, List: 1->2->5->4->7 loading: 4 time: 2
4-SP : K koff=21, number of vertices =4, List: 1->3->6->7 loading: 2 time: 7

5-SP : K koff=22, number of vertices =6, List: 1->3->5->2->4->7 loading: 1 time: 2
6-SP : K koff=24, number of vertices =6, List: 1->2->5->3->6->7 loading: 3 time: 9

B pesynbrare: k03()(GUUNMEHT MPOTUBOJACUCTBHS MEXAY | M 2 MyTIMHM OY€Hb HU3KUM, OHAKO HEOOXOIHMO
BbIOpaTh 2 myTh. IlockonbKy 2 MyTh He3arpyKeHHBIH, TO €CTh CBOOOAHBIN. Vcroap30BaHNe JAHHOTO PE3EPBHOTO MyTH
JUTA TIepeAayy JaHHBIX 00€CIIeYUT YCTOHYMBYIO paboTy ceTH.

5. 3akn04yeHne

[IpuBeneH anropuT™M MeToja YaCTMYHOTO Iepebopa B BUAE MOAYJIBHOTO QJTOPUTMA JAJS PEIICHUs 3aJadu
MapHIpyTHU3aIMY B CETSIX TeJleKOMMYHHUKanui. OOOCHOBaHA MOJIHOTA PELISHUs 33a4H METOJIOM YaCTUYHOTO repedopa.
[Tpu onpeneneHny MOIHOTHI PELISHHS 331a4X HCIOIb30BaHa AMHAMUYECKast CTPYKTYpa.

PazpaboTtan anropuT™m omnpenelieHHMs MapIHIpyTa HauKpaTdyalmmx L-pe3epBHBIX IyTeH, 00ecrednBarommnx
YCTOWYHMBOCTH CETH, C YIETOM MapaMeTpoB rpada B AMHAMHUUECKOM PEKHIME.
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ROUTING TASK SOLUTION ALGORITHM
BASED ON THE DYNAMIC MULTIPARAMETER CHARTS

O.T. Allamov, PhD Student
Tashkent University of Information Technologies named after Muhammad al-Khwarizmi, Uzbekistan

Abstract. The article provides a partial enumeration method algorithm for problem-solving on dynamic multi-
parameter graphs. The partial enumeration is based on solving for the optimum using L times routs between two nodes.
Dynamic structures have been used for solving for the optimum.

Key words: dynamic multi parameter graph, routing task, dynamic structures.
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VIIK 331.224/.4 (574)

AHAJIN3 JEVMCTBYIOILIETO MEXAHU3MA PEI'YJIUPOBAHMSI
TPYJA JIML, 3AHATBIX B HEBJIAT'OIIPUATHBIX YCJIOBUAX

C.M. Bazap6aegal, C.T. lllopmanor?, C.T. Toueyrann®
! loKkTOp TEXHUYECKUX HAYK, TPOPECCOp, CTAPIIMI HAYUHBIH COTPY/HUK,
2 cTapuInii HAYYHBIH COTPYHUK, > HAYUHBIH COTPY/IHUK
PI'KII «PecrrybnukaHCKHAN HAYIHO-UCCIIEAOBATEIBCKII HHCTHTYT IO OXpaHe TpyAa
MunHCTEpCTBa TPYAa U COIMANBHOM 3amuThl HaceneHus Pecryonuka Kazaxcran» (Acrana), Kazaxcran

Annomauyun. Ananus mexcoyHapooHo2o onvima Oyoem OCHO80U 08 paspabomku npedaoxiceHull no pegop-
MUPOBAHUIO MPYO06020 3aKkoHooamenvcmea PK no npedocmasienuio cokpaueHHoll npoooaxcumenbHOCmu paboye2o
8pemenU U OONOTHUMENLHO ONIAYUBAEMO20 eHCe200H020 MPYO08020 OMNYCKA NPU 3AHAMOCNU HA pabOMax ¢ 6peoHbl-
MU U (Unl) ONACHBIMU YCIOBUAMU MPYOd.

Kniouesvle cnosa: speduvie ycnosus mpyod, 2apanmuu, KOMNEHCayuu, 1b20mbl, Ammecmayusl.

B nacrosimee Bpems B PecriyOnuku KazaxcTan rapaHTHHM M KOMIECHCAMM PaOOTHUKAM, 3aHSATHIM Ha pabodymux
MECTax ¢ BPeAHBIMHU U OTIACHBIMH YCIIOBHSIMHU TPY/Ia MPEAOCTABISIIOTCS Ha ocHOBaHWH CrinckoB [1-2].

VYkazanHas cnoxuBmascs co BpemeH ObiBIiero CCCP u (yHKUHOHHpYIOIIAas cefidac MOJENb CIHCOYHOTO
KOMITCHCUPOBAHUS MPUYMNHIEMOro pabOTHHKAaM Bpena Oblna 0OyCIIOBIEHA TE€M, UTO €AMHCTBEHHBIM padoTonarenem
OBUIO TOCYAAPCTBO, KOTOPOE 00ECIEYNBAIO OJMHAKOBBIE (TUIIOBBIE) YCIOBHUS TPYZAA U IPOU3BOACTBEHHBIC MPOIIECCH B
3aBUCHMOCTH OT Tpogeccuil, TODKHOCTEH M BUIOB BBIOJIHIEMBIX padoT. Takoil moaxoxa naBan pabOTHHKaM rocynap-
CTBEHHBIE TaPaHTHN KOMIICHCAIINH MPUIMHEHHOTO BpeJa 370pPOBBIO B MPOLIECCE TPYAOBOI AECATEIBHOCTH, a TAKXKE Ta-
PaHTHPOBAHHBINA TOCYIapCTBOM JIOXOJ B CITydae yTPaThl CIOCOOHOCTH CaMOCTOSTENbHOT0 3apaboTka. COOTBETCTBEHHO,
€CII BUIOB paboT, npodeccuii U TOHKHOCTEH, UMEIOLIMXCs Yy paboTonaTelsl, B YKa3aHHBIX BBIIIE CIIUCKaX HET, KOM-
NeHcalyy paboTHUKAM He MPEeOCTaBIISIOTCS.

B coBpeMeHHBIX peanusx, obecrieunBaeMble pab0oTONATEISIMU YCIIOBUS TPY/a B paMKax OJIHOTO M TOTO e BHU-
Jla AEeATeJIEHOCTH MOT'YT UMETh 3HaYHTeIbHbIC pa3andust. OJHAKO yKa3aHHbIHM BBIIIE CIIUCOYHBIN MOJXO/ HE MO3BOJISIET
MPOBECTH SKOHOMUYECKH CIpaBeNBYI0 Au(depeHInanunIo 3aTpaT Kak padoToaTesel, Tak 1 rocy1apcTBa B 3aBHCH-
MOCTH OT CTEIIEHH peajibHOM BPEIHOCTH U ONACHOCTH YCJIOBUH TpyJa Ha KOHKPETHOM paboueM mecte. COOTBETCTBEH-
HO paboToaTesIM HEBBITOHO BKJIA/IBIBATH CPEJCTBA B YIIyUIICHNE YCIOBUI TPYyla, OCKOIbKY HUKAKHE MEPOTIPHATHS
10 IaHHOMY HaIlpaBJICHUIO HE CHU3ST UX 3aTPATHI 110 YKa3aHHBIM BBIIE HAIPABICHUSIM.

Bwmecte ¢ TeM, ¢ MOMeHTa npHOOpeTeHUsT He3aBUCUMOCTH B PecnyOnmke Kazaxcran n3ydeHune (mepecMoTp)
CIHCKA IPOU3BOJICTB, 11€XO0B, Npodeccuii u JOIKHOCTEN C BPEIHBIMH YCIOBHSAMH TPY/la, pad0Ta B KOTOPBIX /1AaeT MPaBO
Ha JIOIOJIHUTENBHBIN OTITYCK M COKpAILIeHHBIH padounii eHb, ¢ y4€TOM HAyYHO-TEXHHYECKOTO Iporpecca, He MPOoBO-
JUIIOCh. B cBsA3M C 4eM, B yueT He OepyTcsl 3HaYUTEIbHbIE H3MEHEHHS CTPYKTYPHI IPOU3BOJCTBA B OTJIEIBHBIX OTpac-
JIX SKOHOMHKH, B TEXHOJIOTHYECKUX ITpoIieccax MPOM3BOJACTBA, 3aMEHA U MOJEpHHU3anus 000pyI0BaHNUS, BHEIPEHUE
HOBEWIIIMX METOMOB M CPEACTB KOJJIGKTMBHOM M WHIMBHIYalTbHOM 3allUTHI, Pa3BUTHE IUCTAHIMOHHBIX METOJIOB
yIpaBJIeHHs TIPOIIECCaMU U, KaK CJIECTBHE, COKpAIIIEHHe MPUMEHEHHS PYYHOTO TPYAa .

Takum 00pa3om, Ha3pena HeoOX0AUMOCTh mepecMoTpa «CIucKa MPOU3BO/ICTB, IEX0B, MPOheCcCril U JOTKHO-
CTeH ¢ BpeAHBIMM YCIOBHSIMHM TpyZa, paboTa B KOTOPHIX JAaeT MIPABO Ha JOMOIHUTENBHBIA OTIYCK M COKpAIleHHBIN pa-
6ounii neHp». Kpome TOTO, IMEpecMOTpy MOJUISKUT W MEXAaHU3M NPEJOCTABICHUS COKPALIEHHOH MPOJOIKUTEIFHOCTH
pabodero BpeMeHH! M JJOMOIHUTEIBHOTO OIUIAYNBAEMOT0 €XKET0JHOT0 TPYAOBOTO OTITYCKa, B CBSI3H C MEPEXOIOM C yde-
TOM MEXIYHapOIHOTO OIbITA OT CIIMCOYHOTO IT0JIX0/1a K MCIOIb30BaHUIO NIPUHINIOB JuddepeHnranyum B 3aBHCHMO-
CTH OT CTETIEHH BO3JICHCTBHS BPEIHBIX ITPOU3BOICTBEHHBIX (haKTOPOB.

Iepecmotp «Cnmcka MpONU3BOJCTB, HEXOB....» U COBEPIICHCTBOBAHHE IMOPSIKA MPEIOCTABICHUS COKpAIIEH-
HOH TPOJOIDKUTENILHOCTH Pab0dero BpeMEHH M JOMOJHUTEIBHOTO OIUIAYNBAEMOTO €XKEroJHOTO TPYJIOBOTO OTIIYCKa,
IyTeM pa3paboTKH M BHEIPEHUS HOBBIX MOJIXOHOB, UCKIIOUYUT HEOOOCHOBAaHHOE NPEAOCTABICHHE JBIOT U TapaHTHH,
MIOBBICUT 3aMHTEPECOBAHHOCTH paboToIaTeNeH B yIyUIIEHHH U 03JOPOBIICHUN YCIOBHI TpyAa.

Cornacho cT. 69 u ct. 89 Tpynosoro Koaekca PK [3], cokpariennbIit pabounii JeHb U JOMOJTHUTEIBHBIN OT-
myck, kpome Crmcka MpeaoCcTaBiIsIeTCsl W MO pe3yibTaTaM aTTeCTaIlM MPOU3BOJCTBEHHBIX OOBEKTOB IO YCIOBUSIM
Tpyaa. Bmecre ¢ Tem, 1o pe3yibpTaTaM aTTeCTalny paboToNaTeNh UMEET MPABO M3MEHATH MPOJOJIKUTEIBHOCTE COKpa-
IIEHHOTO Paboyvero BpeMeHH, JIOMOIHUTEIBHOTO OTITYCKa M pa3Mep HOBBIIIEHHON OIUIATHI TPY/Ia.

CpaBHUTENBHBIN aHAJIN3 TTOKa3all, YTO BHIBI JIBIOT M KOMIICHCAIMH, PEIOCTaBIIsIeMbIX 3a paboTy B Hebsaro-
NPUATHBIX YCIOBHAX TpyAa B PecriyOnmke KazaxcraH, aHanoruueH Tomy, KOTOpbIi neiictByer B Poccuiickoii denepa-
nn 1 Pecybnnke Benapycs. B To jke Bpemsi, TOpsI0K peocTaBiIeHUs JIBroT U KoMreHcanuii B Pecrryonuke Kazax-
cran 1 Poccuiickoit @eneparym oTamyaeTcst 0T TOro, KOTOpbI aeiicTByer B Pecriy6nuke benapyce.

K npumepy, B Pecnybnuke Benapych OTCyTCTBYeT KOHKPETHBIH CHHMCOK (II€peueHb) MPOM3BOACTB, LIEXOB,
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npodeccuii ¥ TOHKHOCTEH, ¢ BPEIHBIMU U (MJIN) OMACHBIMH YCIOBHSIMHU TPY/Ja, KOTOPBIN JaeT MPaBo Ha JOMOTHUTEIb-
HBIM OIUTAYMBAEMBIN €KETOAHBIN TPYIOBOM OTHYCK. B cTpaHe NONOJHUTENBHBIN TPYIOBOU OTIIYCK IIPEIOCTABIIAETCS 1O
pe3yibTaTaM aTTeCTallli pabodYHMX MecT, Toraa kak B Pecmybnmke Kaszaxcran, Poccuiickoit @eneparwm u Keiprezckoit
PecnyOnuke nmefictByet koHKpeTHBIH CIEICOK, KOTOPHIH ObLT pazpabotaH emie B 1978 romy.

Opnako B Pecrry6nmmke Benapycs u Keipresckoit Pecniyommke cymectByer CHECOK MPOU3BOICTB, paboT, po-
(eccuii U JOIDKHOCTEH TPyia, Ha KOTOPBIX AAeTCsl IPaBO Ha JOMOJHUTEIBHBINA OTITYCK 332 0COOBIH XapakTep paboThI.

HecmoTps Ha yka3aHHbIe HE3HAUUTEIbHBIE Pa3/IMuMs, B LIEJIOM CUCTEMa MPENOCTaBICHUS JIbIOT U KOMIICHCA-
uun PecniyGnuke Kazaxcran, Poccuiickoit ®denepanuu, Pecriyonuke benapycs n Keipreizckoii Pecriy6nuku moutu onu-
HaKOBBI.

IIpumMeHnsieMblil Ha psifae MPOU3BOACTB, LIEXOB U YYaCTKOB NMPEIIPUATUIl KOMILJIEKC Mep IO OXpaHe Tpyaa He
Bceraa obecrnieunBaeT 3G PEeKTHBHOCTD, TaPaHTHUPYIOLIYIO ITOJHOCTHIO Oe30IacHbIe U 30pOBbIE YClIoBuUs Tpyna. Takoe
MIOJIO’KEHHE CIIOXKMIIOCHh N3-3a OTCYTCTBHS OJHOBPEMEHHON HAayYHOH M MPOEKTHO-KOHCTPYKTOPCKOH Pa3pabOTKH HOBBIX
TEXHOJIOTUII U COOTBETCTBYIOIIMX MM pPEHICHUH, IO oxpaHe Tpyna. IlosTomy, B HacTosee BpeMs MO-IPEKHEMY BO
MHOTHX IOCTCOBETCKHX CTpaHaX IIUPOKO HUCIIOJB3YETCA CHCTEMA JBIOT M KOMIIEHCALMH, MTPEJOCTaBIIAEMBIX JIHLAM,
3aHATHIM Ha paboTax ¢ BPEIHBIMH U TSDKEIIBIMH YCIOBUSMU TPYAA.

IIpn 3TOM cuctema IbroT U KOMIEHCANUI 3a TSKETble, BpeJHbIEC 1 (MIIH) ONIaCHBIC YCIIOBHSA TPyZa HE 3aMEHA-
€T, a TOJIBKO JOTONHAET HCIOIBb3yEMBIH Ha MPEANPUATHAX KOMIUIEKC MEPONPUATHI 10 OXpaHe TPyAa.

B Pecny6nuke Kazaxcran ycraHoBieHHe paOOTHHKaM KOMIIEHCAIMH 3a TSHKETYI0 paboTy u paboTy ¢ BpeIqHbI-
MU U (WIM) ONACHBIMU YCIOBHSMH Tpyla 3akperuieHo TpynoBbiM kogekcoM. ORHAKO CYyIIECTBYIOIIEE B HACTOsIEe
Bpems B PeciyOnnke Kazaxcran nmpaBoBoe peryJiupoBaHKHe BOIPOCOB IIPEAOCTABICHUS TapaHTUIl U KOMIIEHCALIUH pa-
OOTHUKAM, 3aHATHIM Ha TSDKEJBbIX padoTax, paboTax ¢ BPEAHBIMHU U (MJIM) ONACHBIMH YCJIOBHSMH TpPyJia, HE OTBEYAIOT
COBPEMEHHBIM TPEOOBAHMAM, TaK KaK HE YYUTHIBACT (JaKTUIECKOE COCTOSIHUE YCIOBHI TPyAa.

B Hacrosmee Bpems, B PecrryOnuke Kasaxcran arrecTanusi IpOU3BOICTBEHHBIX OOBEKTOB 110 YCIOBUSIM TPya
— 3TO €IMHCTBEHHBII MEXaHH3M OIEHKH COCTOSHHMS YCJIOBHH TpyZHa Ha KOHKPETHOM paboueMm Mecte. B 3To0if cBA3m,
aTTeCTaIHs NTPOU3BOACTBEHHBIX 00BEKTOB 10 YCIOBUSAM TPYAA AOJDKHA OCYIIECTBISITECS HE CAMOCTOSITEIIFHO, @ B KOM-
IUIEKCE ¢ HHBIMU 3aKOHOJATENBHBIMU U MOA3aKOHHBIMU aKTaMH 110 BONIPOCY MPEAOCTAaBIECHHS IbIOT U KOMIICHCALNH, U
MIPEACTABIITE COO0H MENIOCTHBIN, KOMIUIEKCHBIM MOIX0JI, HAPABICHHBIH Ha YIy4IICHHWE YCIOBHH TpyAa U TOPSAOK,
YCIIOBHSL U pa3Mepbl IPEIOCTABICHUS COOTBETCTBYIOIINX FApaHTUI M KOMIICHCALWH.

[peamnonaraercs, 4To TaKOW NOAXOJ MMO3BOJIUT, C OJHOM CTOPOHBI, MAKCUMAaJIbHO OOBEKTUBHO PEIIaTh BOIPOC
0 HE0OXOIMMOCTH KOMIICHCAIIMH BPEAHBIX (OMACHbIX) YCIOBUH TPyJa KOHKPETHOMY PaOOTHUKY Ha KOHKPETHOM pabo-
YeM MeCTe U, C IPYTroil CTOPOHBI, SKOHOMHYECKH CTUMYJIUPOBATh paboToaTesel BKIaAbIBaTh CPEACTBA B YIIyUIlIeHHE
YCJIOBHMH U B OXpaHy TPYy/Ja B LEJISIX ONTUMHU3AIMU CBOUX JaJbHEUIINX U3JEPKEK.
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CARRIAGE IN AHISTORICAL CONTEXT
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Abstract. the article examines prerequisites for the formation, the development and prospects for further pro-
spects of the domestic car building on the example of second-class carriages named Platz-Karte. Such factors as the
influence of the West on the formation of the Russian rolling stock, social disruptions and economic problems in Europe
and Russia XVIII-XX centuries, the spread and popularization of foreign inventions are analyzed. The actual influence
of the rail transport quality on politics and public sentiment is determined. By the analysis, the complete picture of the
history of Platz-Karte is identified and the direction of further developments in this area is found.

Keywords: Platz-Karte, car building, Amendorf, history, design.

Production of the first Russian wagons dates back to the middle of the XVIII century. The car building industry
began in the mid 40-ies of XIX century. History of domestic car building as well as the history of Russian railways be-
gan with the Tsarskoye Selo road on the October 30, 1837.

Tsarskoye Selo railway remained the only Russian common carrier rail road for 15 years, and in 1843, the con-
struction of the first Russian mainline railway between St. Petersburg and Moscow began. It took about three thousand
wagons for this grand turnpike. Also, a significant number of cars was needed for the second in Russia Trunk Railway
between St. Petersburg and Warsaw, which was completely opened to regular traffic in 1862. The construction of the
first steam locomotives and carriages was arranged at the Alexander Ironworks in St. Petersburg. Before that there had
not been any domestic carriage works in Russia, and all equipment had been purchased abroad.

Till the end of the 1940s, engineers were trying to find the best solution of the passenger car, which would be
optimal in terms of price and quality, but the design and development of passenger cars were far behind the freight cars.
In 1875, on the basis of the prototype, created in 1872, in Kovrov workshops of the Moscow-Nizhny Novgorod rail-
road, stream-line works of the normal boxcar began (official name "Boxcar government type 1875"). That wagon was
intended primarily for transportation of goods. However, because of the shortage of rolling stock, these wagons were
winterized by wooden boards and so that to be used for passengers and horses transportation. The car could accommo-
date 40 people or 8 horses. To avoid massive public complaints, these wagons were transporting only soldiers.

Construction of the Platz-Karte began later. These wagons had a body length of 14 and 18 meters, four berths
across and two ones along the car. They were called the third class open type carriages. In 1917 when the old classifica-
tion was abolished, they became known as hard long-distance cars, and until the end of 1928 various carriage works
were building 14-meter wagons. Then (until the 1941) the mass production of wooden wagons with a body length of
20.2 m began. The word "hard" began to pass out of use only in the mid-sixties, when wooden berths of all cars, includ-
ing compartment ones, received semi-soft upholstery with leatherette coating.

In 1934 or, according to other sources, in 1935 the Tver Carriage Works built the first all-steel car (ASC) of
open type (with the conditional name "DIP" signifying "Catch up and overtake"). It had a 25-meter body, 62 sleep
berths (or 82 seats). The model was built in several variations, but mass production wasn’t set up. In 1939 prototypes of
new compartment (the Tver Carriage Works) and sedentary (Egorov Carriage Works) cars with a body lenth length of
25 m and 25.2 m were designed. One year later these carriges passed the test run Moscow-Sochi-Moscow, but few
months further developments were canceled because of the outbreak of hostilities in the territory of the USSR.

After the end of the Second World War, the order of November 23, 1945 was issued to organize the design of
all-metal 4-axle passenger cars. The project with a body length of 23600mm and a body width of 3106 mm was chosen
to fit the carriage into the current "1-B" railway clearance (3205 x 5300mm). As long as passenger traffic increased
dramatically after the war, they chose the project with sixty berths, which the layout of a reserved car allowed at that
time only. It should be noted that this explains the fact of the release of ASC began precisely with the Platz-Karte.

In 1946 the Egorov Carrige Works built a prototype of a modern-style car (2sb) beared by unpedestial bogie
with a design speed of 120 km / h. Since 1947, the mass production of similar wagons began also at the Leningrad and
Lianozovo Carriage Works. The total number of such series was four: from 1947 to 1948, from August 1948 to 1949
(application of pedestial bogies), from 1949 to 1950 (further use of pedestial bogies, 58 beds, reduction of lightweight
to 55.3 tons) and 1950 to 1952 (return to the unpedestial bogie, changing the material of the inner lining and insulation).
In 1950, the Leningrad Carrige Works stopped the production of open type wagons and the Lianozovo one built the last
car in 1952 and was re-profiled.

Also the question of the renewal of the car fleet was posed across Europe. As the result, in the German town of
Halle occupied by the Soviet Union, the national enterprise VEB Waggonbau Ammendorf was created. It was German
engineers, who designed that fully-metal passenger car, which would be the standard for car-building of the USSR
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for many years. In 1948, the Ammendorf produced the first compartment car, and until its end it would essentially pro-
duce only compartment and dining cars.

Three years after the first launch, this highly successful design of German engineers arose the interest in the
Soviet leadership, and in 1951, Ammendorf drawings got into the Tver Carriage Works in Tver. It is believed that the
idea of creation a second-class carriage as it is now, belongs to the director of the Tver Carriage Works, Ivan Lukyanov.
By the order of the management Soviet engineers removed partitions and doors, cut off the berths and placed in the cor-
ridor extra 18 berths. This car, previously named open type carriage, got the title Platz-Karte in the USSR. Actually, the
word itself is German origin and means extra receipt to the ticket, which entitled a bed to a passenger.

From 1951 to 1960 the production of Platz-Karte was carried out by the Tver Carriage Works, gradually im-
proving the design. Since 1952, they implemented roller bearings, since 1957 - KVVZ-5 bogies with a design speed of
140 km / h have been used. All cars had forced ventilation and windows with went saches. At the same time the Polish
Poznan Carriage Works named after I. V. Stalin (since 1956 - named after H. Tsegelsky) supply 2,746 wagons of the
66W car model. They were built according to Soviet projects, but they were somewhat heavier (51 t lightweight versus
48 t) and identical improvements such as corrugated body or roller bearings were innovated by an order later.

Until 1959, the production of cars was carried out separately: the Ammendorf works produced the dining and
the compartment cars and the Tver Carriage Works produced Platz-Karte ones. In 1959 the Soviet Union finally decid-
ed to restart its own production of compartment cars.

Since 1966 the Tver Carriage Works has been remaining the only producer of second-class carriages in the
USSR and now in Russia. From 1966 to 1975 ASC 61-181 model were produced. These are the first wagons with a
layout for 54 beds, which became a standard for four decades, and with the K\VVZ-TSNII bagies with a design speed of
160 km / h. Further modifications (61-425 with combined heating, 61-821 with built-in coal boxes, etc.) are exploited
and are modernized to this day. For example, model 61-4194 (2003-2008) was the first car which received air condi-
tioning and environmentally friendly vacuum toilet systems, and since 2008 the body length has been increased to 25 m.
In 2013 61-4447.07 modification of with hermetic intercar transitions for train sets is being produced.

It is worth mentioning that in 1990, due to disagreements about the prices for deliveries of wagons, the USSR
partially stops buying wagons in Germany and designs a compartment car of model 61-817, exterior and interior looks
like a Platz-Katre both, however, because of its technical inadequacies, deliveries from Germany continues. In 1996,
VEB Waggonbau Ammendorf designes a new carriage for further sale to Russia, but these plans were not to be realized,
and in the same year supplies from Ammendorf ceased. Later this Carriage Works sells wagons to China, which were
part of the Chinese train No. 3/4 Moscow-Beijing, and to Uzbekistan, which could be seen on the train No. 5/6 Mos-
cow-Tashkent.

For sixty-four-year the child of German engineers has been transporting hundreds of thousands of passengers.
The Ammendorf plant was closed and the cars of its production almost disappeared (they can still be found, for exam-
ple, in trains Moscow — Ulan Bator), but efforts to create anything different from the classic platz-karte design turned
out a complete fiasco. In 2013, double-decker electric trains started to operate in some services Moscow — Adler, Kazan
— Moscow, etc.). It was expected that soon they would replace the outdated and inconvenient second-class carriages, but
in 2016 this process was declared too risky as it could lead to an increase in tariffs of up to 30%. Meanwhile, judging by
the statistics, for the majority of Russian passengers the price is more important than comfort, and for this reason they
choose a Platz-Karte.
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HOABJEHUE U PASBUTHUE IVIAIIKAPTHOI'O BAI'OHA B MCTOPUYECKOM KOHTEKCTE

A.A. Bepe3una, cTyzieHT Kadeapsl «YTIpaBieHNe SKCIUTyaTalllOHHONW paboToi 1 0€30IaCHOCTHIO HAa TPAHCIIOPTEY
denepanbHOE rOCYIapCTBEHHOE OIOPKETHOE 00Pa30BaTeIbHOE YUPEKICHUE
BhICHIEro oopazoBanust «Poccuiickuii yausepcuret tpancrnopra (MUUT)» (Mocksa), Poccus

Annomayus. B cmamve na npumepe niayKkapmHwix 6a20HO8 PAcCMOmMpenbl NPEONOCHIIKY CO30aHUs, CMAH08-
JleHue, a makdice nepcnekmugsbl OaIbHelue20 pa3eumus omevecmeenHo2o azonocmpoenus. Ilpoananusuposanst ma-
Kue ¢hakmopul, Kak enusanue 3anada na hopmuposanue poccuickozo NOOBUICHO20 COCMABA, COYUANbHbIE NOMPACEHUS
u skoHoMmuyeckue npobaemvt Poccuu u Egponwr XVIII-XX 68, pacnpocmpanerue u nonyaapu3ayus 3apyoexcHulx uzoo-
pemenuii. Iloxaszan OeicmeumenbHulil Macuumad 6IUAHUA KAYecmea JHeene3HO00POICHbIX NepPe6o30K Ha NOIUMUKY U HA
obwecmeennvle Hacmpoenus. B pesynomame anauza nonyuena noaHas Kapmuna ucmopuu pasgumus niaykapmuozo
8G20HA U HALIOEHO HaNpasieHue OAIbHeUWUx paspadbomox 6 3moi oonacmu.

Kniouesvle cnosa: niayxapm, sazonocmpoenue, Ammenoopd, ucmopus, npoekmuposamue.
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PABPABOTKA CTEHJA U1 UCIIBITAHUA
HEPABHOKECTKUX INIOAIINITHUKOBBIX OIIOP

A.A. ImaHryoBa, acCnupaHT
MxeBckuii rocyjapcTBeHHbIN TexHUueckuil yausepcuteT uM. M. T. Kananraukosa, Poccus

Annomauyun. B oannoii cmamve npogeden ananu3 axkmopos, IUAIOWUX HA paboOmoCcnocoOHOCHb NOOWUN-
HUK08. Paccmompenvl cywecmsyiowue cmenovl 015 ucnvblmanusi noOwunuukos. Paspabomana kunemamuuecxkas cxema
CMeHOa U NPeodNioNHCeHA €20 HO8As KOHCMPYKYUS O UCHbIMAHUA NOOUWUNHUKOBBIX ONOP C HePABHONCECTKUM KOPNY-
com. Cmambws noceawena npobieme pacuupenus QYHKYUOHATbHBIX 803MOICHOCEL CMEHOA 01 NPOBEOeHUs YCKOPEH-
HbIX UCHBIMAHUE NOOWUNHUKOBLIX Onop. B dannoti pabome onucvigaemca QyHKYUOHATbHAA cXeMAd CIMEHOA, U320MO08-
JIeHH020 Ha Kageope «Mexamponnvie cucmemvly. Bvinu npednodcenst osuzamens, nepedaua, KOmopuie UCHONb3yI0OMcs
Ha cmenode. Paccmompenul 3a0auu, Komopuvle HeoOX00UMO peuums ¢ NOMOWbIO U320Mo6NeHH020 cmenod. OCHOBHOI
3a0aueli A6AEMCA ASMOMAMUZAYUSL NPOYeCcca UCHLIMAHUA U YNPOueHue HaKOnaeHUus U 00pabomKy dKCnepuMeHmans-
HblX Oannbix. CmeHo Modcem UMUmuposams YUKIbl HAZPYHCEHUS MeMOOOM YCKOpeHHbIX ucnvimanuil. Oyenka enuanus
8bIOPANHBIX PAKMOPOB HA 00NI208€YHOCHI NOOWUNHUKOB020 Y3114 NPOBOOUMCA HA OCHOBE Pe3yIbmamos, NOaY4eHHbIX 6
coomeemcmeul ¢ NAAHOM dKChepumenma. B oaunnoii cmamve paccmompen 00un u3 memooos, smo memoo Jloxamu.
Paccmompenvr npuuunsl nocpewinocmeti 0anno2o memooa. Ilpu ucnoavsoganuu memoda Jlokamu nonyuaromes He-
CKONbKO 3a6bIULEHHbIE PE3VAbINAmyl, HO Haubonee OuKIe K 0elCMEUMenTbHbIM 3HAUEHUAM.

Kntouesvie cnosa: noowuntuxu, Ho6as KOHCMPYKYUs, CIMEHO 0I5 UCTILIIMAHUA NOOWUNHUKOS, YCKOPEHHbLe UC-
NbIMAHUsL ROOWUNHUKO8, Memoo JIokamu.

ITommUIHIKOBBIE OMOPBI — ATO OJAMH U3 CAMBIX PacIpOCTPAHEHHBIX Y3JO0B MAIIMH PAa3JIMYHOrO THUIA U NPHUH-
una aeucTsus. OTpOMHYIO TPYIIIY, KOTOpask COACPKHUT 3HAUUTEFHOE YUCIIO OTOp, MPEICTABIAIOT IOTOYHBIE TEXHO-
JIOTMYECKUE MAIINHKEI B 000opynoBanne. K TexHrmdeckoMy 000pyIOBaHHAIO MOKHO OTHECTH, HampuMep — Oymaro- u Kap-
TOHO/IEJAaTeNbHBIC MAITHHEI, IPOKATHBIC CTAHBI, JHHEHHBIC U (POPMOBOYHBIC MAIIUHEI, KY3HEUHO-TIPECCOBOE 000pPYI0-
BaHue. Taroke MOIIIUITHUKI UCTIONB3YyI0TCst U B TpaHcmopte [10].

BaxxHyto poib 171 BCeX 3THX BUAOB CPEICTB MEePEIBIKCHUS U 000PYIOBaHHU UTPaeT MPaBUIBHEIA 1 000CHO-
BaHHBIN NOA0Op TUMA MOANIMITHUKA U CONPSDKEHHBIX ¢ HUM JeTaneil. KadecTBo meraneit y3ma u obecrnedeHne TpeboBa-
HUIl MOHTa)ka MOJANIMITHHKA B KOPITYC OKAa3hIBACT CYIICCTBCHHOE BIHMSHHE Ha JOJTOBEYHOCTH OMOPHL. [loAIIMITHUKA
BBIOMPAIOTCS, MCXO/Isl M3 €ro CIocOOHOCTH BOCIIPHHUMATH TOT WIIM MHOI BUJ Harpy3Kd, a Takke TpeOyeMOH 4acTOThI
BpameHus. Kaxaslif TUIT NMOAIIMITHUKA NpeAHa3HAadYeH A KOHKPETHBIX YCIOBHM paboTel MexaHusma. Ecnu Hempa-
BHUJIBHO IOJI00PaTh MOAIIMITHUK, TO OH OBICTPO BBIHAET U3 cTpos. bomblryio pois B mepepacnpefesieHuH Harpy3Kd
MEX]Ty MTOJIBHKHBIMH JIEMEHTaMHU HOAIIUIIHUKA UTpaeT U cama onopa. CylecTByeT MHOTO PeKOMEHIALUH 110 pacdeTy
U TEXHOJIOTHSM COOPKH MOAUTUITHUKOBBIX OTIOP, U MHOTHE KOHCTPYKTOPHI YUYUTHIBAIOT MPH pa3pabOTKe HOBBIX KOPITY-
coB [10]. Kak pe3ynbpTaT, B HEKOTOPBIX CIydasX MOJIIUITHUKHA CIY)KaT MaJICHbKHI CPOK, YTO MPUBOJUT K OCTAHOBKE
paboTHI MEXaHHW3Ma Ha TIEPUO/T TEMOHTaKa-MOHTaXKa ITOIIITHITHUKA.

AHanu3 ycnoBHH 3KCIDTyaTallMy ITOAIINITHUKOBBIX Y3JI0B IOKa3aj, YTO JUIA pacdyeTa Harpy304HOH CIIOCOOHO-
CTH ¥ JOJTOBEYHOCTH, UCKIFOYasi THOKKE ITOMIIHITHUKY, HEOOXOIMO YIUTHIBATh OOJBIIIOE YHCIO PA3IMIHBIX 110 TPHU-
poxne daxropos (puc. 1).

DaKkTOphI

Koncrpykropckue TexHonornyeckue OKCIuTyaTalioOHHbIE
pasMephl HOIIMITHUKOB, KAaueCTBO YCTAHOBKM IIOIILIMII- Texuuueckoe 06CIyKUBAHUE, YCIIO-
CX€éMa yCTaHOBKH, IOCaaKa HUKa, 3a30p B MOJIIMITHUKE, B CMa3KH, BHJ CMa3KH, PEKHMBI
TTOAMIHITHAKA, . pusnxo- Ka4uecTBO COOPKH OIMOpHI, Kade- SKCILTyaTal}H, (bakTHuecKue
MEXaHMYECKHE CBOWCTBA Ma-

N CTBO YCTaHOBKHM OMOp, oGecre- Harpy3KH, TEMIIEPATYPHBIE PEXKUMBI
TEPHAJIOB J€TAJeH MOJIINII-
HAKA W OMOpA, XAPAKTED W YEHHE TEPMETHYHOCTH M BO3-
HaMpaBJICHHE HAPY30K U T.II. MOXHOCTH CMa3KH

Pucynox 1. @axmopul, énusiowue Ha 001208€4HOCHb NOOUWUNHUKOS

© Nmanrynosa A.A. / Imangulova A.A., 2017
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IIpu paboTe MOAIMMIHMUKOBBIX ONOP HA Pa3HBIX CKOPOCTSX, HA HAII B3IV, PEAaKIVs M3MEHSET HAIpaBJICHHE,
BBI3BIBAsI TEM CaMbIM Il€pepacnpeelIeHIe Harpy3KH Ha Tella KadeHHs], CerapaTop M KOJbla, CIeI0BATEIIbHO, N3MEHSIETCS
HJIC u Harpy309Has criocOOHOCTB, YTO HE YYTEHO B IPOBOAMMBIX paHee pabortax [3].

Taxoke HepaBHOXKECTKast (opMa KopITyca MOJIINITHUKOBOHW OMOPHI BIHMAET HAa PACHpEAEICHHE KOHTAKTHOTO
JIABJICHNS] MEXJy HUM M BHEIIHMM KOJBIIOM MOJIIMITHKUKA [5] M, KaK CIEICTBUE, HA HANPSHKEHHO-Ie(hOPMHUPOBAHHOE
cocrostaue (H/IC) [6] aneMeHTOB MOANIMITHUKA M MX JOJITOBEYHOCTD JIaKe MPU COOMIOAEHUH HEOOXOANMBIX PEXXKUMOB
CMas3bIBaHusl.

VcnpiTaHus HOBBIX HNOALIMITHUKOB BBIMOJHSIOT JUUIS KOHTPOJISL Ka4eCTBa, OLEHKU 3()(EKTUBHOCTH U COOTBET-
CTBHSI YCTaHOBJICHHBIM MapamerpaM. [IOIIIMITHUKY HCCIIENYIOT Ha JOJITOBEYHOCTh, HA W3HOCOCTOMKOCTH M MHOTOE
npyroe. st 5Toro NpUMEHSIOTCSl CTEHIBI.

[IpoBeneHHBIN aHaNN3 CyNIECTBYIOIIMX KOHCTPYKUMH JJIsi MCHBITAHMHA IMOJIIMITHUKOB IIOKa3al, 4TO CYIIe-
CTBYIOT CTCHJBI ISl UCIIBITAHUS, B KOTOPBIX MOJIIUIHUKN HAarpyXXaroTcs HEHTPOOEKHBIMU CHIAMHU TPY30B, IKCIICH-
TPUYHO 3aKPETUICHHBIX Ha Bpamaromemcs Baiy [9]. Ho Bce creHab! yxe ycrapend, He 00ecClednBalOT BRICOKYIO TOY-
HOCTb MCITBITAHHI.

Ha pucynke 2 u 3 npencTaBieHsl OCHOBHBIE KHHEMAaTHIECKUE CXeMBI cymiecTByromux cteHnoB CBK-04 (pu-
cyHok 2) [1] u ITIPOTOH-CIIII-2 (pucyHok 3) [12].

Lanzobbi
Bﬁexmpagﬁuzamem Mygbmg nampor

A
Y N

Tecimuplemsi
NOGWUNHUK © 0nopou

Pucynox 2. Kunemamuueckas cxema cmenoa CBK-04
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Pucynok 3. Kunemamuueckasn cxema cmenoa I[IPOTOH-CIIII-2

Tarokxe uMmeroTcst 0ojee coBpeMeHHBIE CTeHIbl. MonepansupoBanHbiii crenn CMT 1 [12] npeanazHaveH ais
UCTBITAHUN Ha TPEHHUE, U3HOC MaTepHasoB 10 CXEME Bal-BTYJIKA, JUCK — JHUCK, IPYTUM CXEMaM.

Ho ckompko GBI HE TPOBOIMIIOCH HCTIBITAHUN Ha TIOALIMITHUKH, PE3YIIBTaThl OCTABIISIOT JKenaTh jrydriero [10].

IIpoBeneHHbIN NpeaBapUTENbHBIN aHAIN3 YCIOBUHA B3aUMOIEHCTBHS NOJIINIHIKA C HEMOABHIKHBIM KOPITYCOM
IIPU Pa3IMYHBIX PEKUMaX U CKOPOCTAX HarpykeHus nmokasain [IIITPI'], uto HanpaBieHHe peakud B OOPE MOXKET OT-
KJIOHUTBCSI HA HEKOTOPBIM yTrojl, BEJIMYMHA KOTOPOTO 3aBHCHT, Ha HAIl B3MJIAJ, OT PEKUMOB Harpy>KeHHs, TOUHOCTH
U3rOTOBJIEHUS KOPILyca, €r0 JKECTKOCTH, YCJIOBUM CMa3Ku M COCTOSIHUA caMmoro noaumunHuka. Ha ocHoBe aHanusa cy-
HIECTBYIONMX KOHCTPYKILHUII CTEHIOB JUIS ONpeneneHus 1e(eKToB B MOMIMIMITHIKAX, IpeAIaraeMbIX Ha PBIHKE, pa3pa-
00TaHa KMHEMaTHYECKas CXxeMa HOBOTO cTeHpaa. [[ng ompeneneHus yria OTKIOHEHHS pEakid B OIOpe Ha Kadeape
«Mexatponnsie cucteMbn»y @I'BOY BITO Mk TY umenn M.T. KanamaukoBa pa3padaTbBarOT HCIBITATEIBHBIA CTEHI,
KHHEMaTH4ecKas CXeMa KOTOPOro NpeCTaBIeHa Ha PUCYHKeE 4.
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Pucynox 4. Kunemamuueckas cxema paspabamuiéaemo2o cmeHoa

CreHJ cOCTOUT M3 3JeKTpoABUratTeis — 1, MydTsl — 2, mmuHaens B coope — 3, HaHroBoro narpoHa — 4, cMeH-
HOTO Bajia — 5, HEPaBHOXKECTKOM NepeycTaHaBIMBAaeMON MOIIMIMITHUKOBOMN OMOPBI — 6 C UCHBITYEMbIM MOALUIUITHUKOM —
7, naTurka BuOpauuu — 8, TeHzoMerpuueckux naryukoB — 9, MJIHC — 10, y3na paagnansHoro Harpyxenus — 11, Buopo-
omop — 12, xavarouieiicst onopsl — 13. Ha onope moammnHanka 6 yCTaHOBJIEHBI JaTYMKU § JJIsl UI3MEpeHHs BHOpomnapa-
METPOB IOANINIHUKA, JJIs FAIlIeHUs] BUOpALUK OT JABUTATENs UCIIOJIB3YIOTCSI BUOpooIops! 12.

Koncrpykuus creHna Obina papaboTaHa ¢ y4€TOM CYIIECTBYIOIMIMX TEXHHUYECKHX M MPOMBIIUICHHBIX pelle-
Huii. Bece aneMeHTsl cTeH1a pa3MeInarTcsl Ha cBapHoOi pame pazmepoM 600 x 143 x 240, coctosiieit u3 mBeswiepa NelQ
u Nel4. Jlnsa ncnbitanuii ObUT BEIOPAaH aCHHXPOHHBIN ABHTATENh M3-3a €0 MPOCTOTHI KOHCTPYKIMHU, HAZIEKHOCTH U He-
0OJIBIION CTONMOCTH.

VcnbITanus IpoBOIATCS MPH 4acToTe BpameHne nommunanka 6000 06/MUH, TO3TOMY HCHOJIB3YETCSI PEMEH-
Has mepesada ¢ nepenatodyHsiM oTHomeHueM U=2. ITo TeXHHUECKUM XapaKTepUCTHUKaM BBIOpaIH peMEHHYIO Mepeaady
BA3 2108.

3amaun, KOTOpbIe MOXKHO PEIIUTh, UCIOIB3Ys CTEH]I: UMHUTALUS [IUKIIOB 3KCIUTyaTalluu MOAIINITHUKA, H3Mepe-
HHUeE 3HaYCHUH U 3alIOMHHAaHKE BUOPOMapaMeTpoB B PEKUME PEaIbHOI'0 BPEMEHH, TeMIIepaTypsl HOAIIUITHUKA, KOJIHYe-
CTBO LIUKJIOB HArPYyXeHHUs, a TaKOKe ONpe/ieIeHHue HAaIlPaBJICHNUs U BEIMUMHBI PeaklMy B MOJIINIHUKOBOH omope, KOTo-
past MOXET OTKJIOHUTBCSI Ha HEKOTOPBIM yros B 3aBHCHMOCTH OT CKOPOCTH BPAILICHHS WIM TEXHUYECKOTO COCTOSHUS
MOJIHIHUKA. [l COKpameHns: BpeMEHH HCIBITAHUHA, B COOTBETCTBHU C METOAOM JIOKaTH, B KOHCTPYKLHH CTEHIA
IIPEAyCMOTPEHa BO3MOXKHOCTh aBTOMAaTHIECKOTO CTYIIEHYaTOTO0 N3MEHEHHMS HATPY3KH 110 TPeOyeMOMY 3aKOHY.

B crenne i BU3yanu3aniy pe3ynbTaToB SKCIEPHUMEHTAIBHOTO UCCIECAOBAaHNS IPUMEHSETCS )KUAKOKPUCTA-
mueckuit nanukatop XKKU [2]. Ho ucmonms3yst JKKU, nmosBisroTcs IpoOIeMBl IIOCTPOSHUS TpadUKOB, KapTHl HarpeBa
1 0TOOpaXeHUE PEeaKIUM ONOPbI MOIINITHHUKA.

CrenoBartenbHO, CTAHOBUTCS aKTyalbHOW pa3paboTKa MHUKPOIIPOIIECCOPHON CHCTEMBI, TO3BOJISAIOIEH aBTOMa-
TU3UPOBATh IPOIECC HCIBITAHMSA M YIPOIIAroIiell HaKOoIUIEHHE M 00paboTKy AKCHEPUMEHTAIBHBIX JTaHHBIX. [Ipo-
rpaMMHOE obOeclieueHne JODKHO YCTPAaHUTh BCE HEAOCTATKU BBIBOAA JAHHBIX 3KCIIEPUMEHTA, CBS3aHHBIX C IPUMEHE-
HueM manonHgpopmarrsaoro JKKU.

Ha ceroassmHuii eHb CyIIeCTBYET OOJBINIOE pa3HOOOpa3ue MUKPOIPOIIECCOPHBIX cucTeM. Hanbonee mmpo-
KO€ NMPUMEHEHNE HAIlUIM MHKPOIPOLIECCOPHBIE CHCTEMBI Ha MPOrPaMMHUPYEMBIX KOHTPOJLIEpax.

OyHKINOHAIBHASA CXEMa BKIIOYAET TPH CUCTEMBI HH)OPMALMOHHYIO, SHEPTOAIEKTPOHHYIO M JJICKTPOMEXaHH-
YECKYIO.

Cornacuo 'OCT P (MCO 15242-1:2004) [7] Bubpaimsi HApy»KHOTO KOJIbI[A SIBISIETCS CIIOXKHOU CYMEePHO3UIIH-
el CMeUIeHn pa3IMYHbBIX aMIUTUTY]] TIPH Pa3IMYHBIX YacTOTaX. 3aJayl, IOCTABJICHHBIE B MCCIICOBAHNH, MOJKHO pe-
IIATH C TIOMOIIBIO BHOPOIIPEe0Opa30oBaTelsi CKOPOCTH, U3MEPSIONIEro MapaMeTpbl OTHOCUTEIBHO HETOBIKHBIX KOOp-
nuHAT. B kauecTBe BUOpONpeoOpa3zoBaTeis CKOPOCTH pelIeHo Uctonb3oBaTh ADXI.335 — aHamOroBEIf akcenepoMeTp.

TemmeparypHbIil aTYMK BBIOUPACTCS B 3aBUCHMOCTHU OT Juara3oHa pabodei Temmeparypsl. [Ipeamonaraeres,
YTO TeMIepaTypa HOAUHUITHUKA He OyaeT mpessimatk 150 rpaxycos Llenbcust, OATOMY BBIOHpaeTCs aHAJIOTOBBINA JIH-
HEHHbIN qaTunk Temnepatypsl DFR0023 [11].

OTKphITasg apxXUTEKTypa MHKPOKOHTpPOJUIEpA MO3BOJIMIIA 3aIPOTrpaMMHUpPOBaTh paboOTy CTEHIa Ha pas3HbBIe pe-
KHUMBI paboTsl. Hampumep, CTeHA MOXET IMUTHPOBATH LIUKJIBI HATPYKEHUS METOJOM YCKOPEHHBIX UCIBITAHUN. Y CKO-
PEHHBIEC HCTIBITAaHUS UMEIOT OOJIBIIOE 3HAYEHNE, TaK KaK Ha MPEANPHUITHAX M B MPOEKTHBIX OPTaHU3AIMAX Jalle BCETO
HET BO3MO>KHOCTH IIPOBOJIUTH JUIMTEIbHBIE M JOPOTOCTOSIINE UCTIBITAaHHS HAa YCTAJIOCTh KaK 00pa3loB MaTepHaIOB, TaK
U TOTOBBIX U3JIENUH.

OnHUM 13 METOJIOB YCKOPEHHBIX UCIBITAaHUH siBisieTcss MeTo]l JlokaTu [4]. MeTtoa ocHOBaH Ha JMHEHHOMN ru-
NoTe3e¢ CyMMHUPOBAHHUS NOBPEXIACHUH [4], OH IpearaeT onpeeaeHyue npeaena BHIHOCIUBOCTU IO Pe3yNbTaTaM UCIIbI-
TaHMs OJJHOTO 00pasla NMpH CTYIEHYAaTOM YBEJIHMYEHUH HArpy3ku. Meronom JIokaTH 1mosy4aroTcs HECKOJIBKO 3aBBIIICH-
HBIE PEe3yJIbTaThl, HO Hanboee OJIM3KUE K AEHCTBUTEIHHBIM 3HAYCHUSIM.

Hecmotps Ha To, uTo MeTon JlokaTh mpUMEHseTCs IJIaBHBIM 00pa3oM UId AeTalel C OnpeAeIeHHOW KPHBOH
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BBIHOCIIMBOCTH [8], Ha HaII B3I, IPH HAYyYHO OOOCHOBAHHBIX PEXXMMAax HAarpyKeHHs M ITapaMeTpax yCIOBHBIX KpH-
BBIX BBIHOCIIBOCTH, €TI0 MOKHO IIPUMEHUTH JUISl CPAaBHUTEIHHON OLIEHKH JONTOBEYHOCTH COOPOYHBIX Y3JIOB, TAKHX KaK
TOJIINITHIKY Ka4eHHS.

Lenpto Hamel paboOTHI SBIAETCSA MOBBILICHAE HATPY30YHONH CIHOCOOHOCTH M JIOJATOBEYHOCTH ITOJIMINITHUKOBBIX
OTIOp Ha OCHOBE COBEPIICHCTBOBAHMSA METOJOB pacdeTa U MPOSKTHPOBAHUS KOPITYCOB, HMEIONINX NIEPEMEHHYIO KECT-
KOCTb.
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THE TEST BENCH DEVELOPMENT OF UNEVEN-STIFFNESS BEARING ASSEMBLIES

A.A. Imangulova, Postgraduate Student
Kalashnikov Izhevsk State Technical University, Russia

Abstract. In this article the analysis of the factors influencing operability of bearings is carried out. The exist-
ing test bench for bearings are considered. The kinematic scheme of test bench is developed and its new construction
for test uneven-stiffness bearing assemblies is suggested. This paper deals with the issue of expansion of the bench func-
tionality for carrying out the accelerated tests of bearing assembly. In this paper the function chart of the bench manu-
factured at Mechatronic Systems Department is described. The motor, gear, which are used on bench, have been sug-
gested. Tasks, which must be solved by means of the manufactured bench, are considered. The main objective is auto-
mation of test process and simplification of experimental data collection and processing. The bench can imitate loading
cycles by method of the accelerated tests. Assessment of influence of the chosen factors on durability of bearing unit is
carried out based on the results obtained during experiment. In this article one of methods is considered, it is the Loka-
ti's method. The reasons of errors of this method are considered. When using the Lokati's method we obtain little over-
estimated results, but the closest to the real values.

Keywords: bearings, new construction, test bench for bearings, accelerated tests of bearings, the Lokati's
method.
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MATEMATHYECKOE OBECITEYEHUE HH®OPMAIIMOHHOM
CHUCTEMBI ITYCKA KPYITHOTOHHAKHOM STUJIEHOBOM YCTAHOBKHA

0.B. Kyaem?, A.JI. Asamun?, JI.B. Apanos®, B.A. Kypuunin*

MarucTpanT, > 3 KaH uJaT TEXHUYECKUX HayK, TOLEHT Kadeaphbl HHPpOPMAMOHHBIX
TEXHOJIOTHI MOJIETIMPOBAHHUS M yIPABJIEHUs, 4 KaHMIaT TEXHUYECKUX HAYK, TEXHUUECKHIT JUPEKTOP
123 ®rb0Y BO BopoHexckuii rocy1apCTBEHHBINH YHHBEPCUTET MHKEHEPHBIX TEXHOJIOTHIA,
43A0 «ACA-TIPOM» (Bopomnesx), Poccus

1

Annomauus. Paspabomaro mamemamuyeckoe obecneuerue UHGOPMAYUOHHOU CUCTEMbL PEXHCUMA NYCKA MHO2O0-
TMOHHAIICHO20 NPOU3EOOCMBA INULEHA U NPONULEHA, BKIIOYAS, MATNEMAMUYECKUe MOOeU NUPOIU3A HCUOKO20 U 2a3000pa3-
HO20 CbIpbsl. 3a0aua ONmMuMU3AYUY PEdCUMA NYCKA NPOU3BOOCHEA c8e0eHAd K O8YM OMOENbHbIM 3a0a4am: ONMuMU3ayuU
PedNcuMa nycka NUPOIUHLIX nedeti U ONMUMUZAYUL PENHCUMA pabombl nedell npu nycke NOCIeOYIOWUX Y3108 YCIMAHOBKU.

Knroueswie cnosa: npouszso0cmeo smunena, MoOeib NUpoOIU3A yeie6000po008, ONMUMUZAYUSL HYCKOBBIX PENHCUMOB.

C yBenMueHHEM MOLIHOCTH HE(PTEXMMHIECKUX YCTAaHOBOK BO3DPACTACT BIMSHUE HA MX YKOHOMHYECKHE ITOKa-
3aTeNn pexnMa mycka. IIpu pexuMe mycka XUMHUYECKOTO IMPOU3BOJICTBA CTAHOBUTCS 3a/ada JOCTHXKEHHS HOMHHAIIb-
HBIX 3HAYCHMH TEXHOJOIMYEeCKHX IapaMeTpoB 3a KpaTdaiiliee BpeMs IpU HaHMMEHBIIUX MYCKOBBIX 3aTpartax. s pe-
LIEHHUs 3TOM MpOoOJeMbl HEOOXOJMMO MMETh MATEMaTH4eCKHUE MOJENIU BCEX XUMMKO-TEXHOJIOTHUECKHX IIPOIECCOB,
MIPOTEKAIONIUX B CUCTEME, a TAKXKe UX TUHAMUYECKHUE XapaKTePUCTUKH.

3ajaya ONTUMH3ALUH PEKUMA ITyCKa CI0XKHON XUMHUKO-TexHosorndeckoi cucremsl (CXTC) dpopmynupyercs
CIeAYIOIIM 00pa3oM: U3 MHOXKECTBA YJIOBJIETBOPSIOLUIMX TEXHOJIOTUUECKHM TPEOOBaHUAM PEKMMOB (PYHKIIMOHUPOBA-
Hus ynpasisieMoit CXTC B nepuoa Imycka onpeieauTh TaKo!H pexuM e€ MycKa, IPH KOTOPOM BeIUYHHA O0IIero Kpure-
pust 3 HeKTHBHOCTH MUHUMAJIBHA:

| :ry(it?tff(p[F(t),B(t),E(t),K(t),U (t).t]t W

rne F (t), B(t), K(t), E(t) — 3aTpaThl, CBSI3aHHBIE COOTBETCTBEHHO C MOTEPSIMH CHIPhS U MaTepUajOB, HEJOBBI-
MyCKOM MPOAYKIHHU, U3HOCOM U 3arps3HEHHEM 000pYIOBaHMUS, KOMMYHHUKAIIMH, KATATH3aTOPOB, a TAKXKE dHEPreTHYC-

CKHe M3JEePXKKH npH mycke cucremsr, U (t) — BEKTOP YIPABJIAIOIIUX IIEPEMEHHBIX; tO — HA4aJIbHbI MOMEHT IIyCKa

CXTC; tgp* MOMEHT OKOHYaHUs IIyCKa U BbLAAYU F'OTOBOM MPOAYKLIUU; t - BpeEMs.

Ecmm myck CXTC ocymecTBiseTcss oo4epEHBIM BHIBEICHHEM Ha PEXKNUM BXOJSIINX B HE€ TEXHOJIOTHYECKUX
Y3JI0B, TO MPaBYI0 4acTh (1) MOXKHO NPEICTABUTH BU/IE CYMMBI:

EQZ [ o.[F (t).B.(t).E (1)K (t),U, (t),t] dt @

rae I — nomep Texmomormueckoro ysma. Crnenoparensno, mis CXTC Takoro kiacca 3agada ONTUMH3ALAH PEXKAMA
MyCKa 3aKIF0YaeTCs] B ONTHUMHU3AIMU PEKHUMOB MTYyCKa OTEIbHBIX TEXHOJIOTHUECKHX MPOIECCOB, BXOASIIUX B CHCTEMY.

K TakuMm cuctemMam OTHOCHTCS [2] MHOTOTOHHa)KHOE MPOU3BOJCTBO OJIE(DUHOB, MyCK KOTOPOTO OCYILECTBIIS-
€TCs B JIBA OCHOBHBIX dTara. BHauane mMycKarTCs M BBIBOAUTCS HA 3a/IaHHBIA PEXUM HECKOJIBKO MTUPOJIHM3HBIX IMeuei
(3-4), 3aTteM MOOYEPEAHO BBIBOISTCS HA PEKHM TEXHOJOIMYECKHE Y3IIbI MPOIECCOB KOMIPHUMHUPOBAHHS MHPOrasa u
ra3opasjiejieHust. Y3el CYMTACTCs BhIBEICHHBIM HA HOPMAJIbHBIN PEXXUM pabOThI, €CITU KAUYECTBEHHBIE TIOKA3aTeNU PO-
JYKTOB Ha €TI0 BBIXOAC, 4 TAKKC 3HAYCHUA PECKHUMHBIX IMapaMETPOB COOTBETCTBYIOT Tpe60BaHI/IHM TEXHOJOTHYECCKOT'O
pernamenTa. Ecin xapakTepuCTHKH MPOAYKTa HA BBIXOJE y3JIa HE COOTBETCTBYET 3aJJaHHBIM TPeOOBAHMAM, OH HE TOJ-
BepraeTcs JajbHelIIel nepepaboTku U cOpachiBaeTcs Ha (paken. AHATIOTHYHO TIOCTYMAIOT MPH JIUTEIbHOM (Oosee 2 1)
HapyYIIEHHH TEXHOJOTMYECKOTO PEriaMeHTa B KaKOM-JIM0O y3Jie YCTAaHOBKH B X0JIe €€ IKCILTyaTaI1H.

AHanmu3 crareil 3aTpar MPOW3BOJICTBA ATHIICHA TMOKA3bIBAET, YTO TMPU IYCKE MHUPOJU3HBIX Tedel HanOoJbiiee
BJIMSIHUE Ha YKOHOMHUKY OKa3bIBAIOT IMOTEpU K (t) CBSI3aHHBIC C 3aTPsA3HEHUEM IIeYel OTIIOKCHUIMH KOKCa, TaK KaK B 3TO

BpeMsI IIPOMCXOJUT HanboJiee NHTEHCUBHOE KOKCOOTIIOKEHHE Ha CTEHKaX MMPO3MEEBUKOB M OCOOCHHO TPYOOK 3aKasiou-
HO-HCTIApUTEIIBHBIX anmnaparoB (3M1A), 4To oTpHIaTebHO cKa3biBaeTCs Ha 3(Q(GEKTUBHOCTH MOCIIEAYIOMIEH paboThI reyei.

© Kynem O.B., UBamma A.JI., Apanos /I.B., Kypumsmi B.A. / Kulesh O.V., Ivashin A.L., Arapov D.V., Kuritsyn V.A., 2017
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[Ipu mycke u BBIBOZE HA PEXKHUM ITOCIEAYIOIMINX TEXHOJOTHUECKUX Y3JI0B HAaMOOJbINEe BIMSHUC HA BEIWUYHHY 3aTpaT
OKa3bIBAaCT COCTABIIOMAs (t) , CBSI3aHHAs C OTEPSMH OCH3MHOBOTO CHIPHS, T0IaBAEMOT0 Ha TIHPOJIIH3.

Torma 3agaga ONTUMHU3AINN PEXKIMa ITyCKa STUICHOBOH YCTaHOBKH (1) 3ammmercs Buze:

tp tgp
| = rLE(itr)lE[gol[Kl(t),Ul(t)] dt + rJ::tr)\ {[ o, F,(t).U,(t) ] dt ©)
rie tp — BpeMsl ITyCcKa MUPOJTM3HON MEYH.

B kauecTBe KpuTepHs ONTHMAIBHOCTH PEXUMa IyCKa Iedeil MPUHITO KOJIMYECTBO 00pa3oBaBIIMXCS 3@ STOT
Nepro/l KOKCOOOPa3yoHUX MPOAYKTOB MUPOJIN3a, KOTOPbIE HACHTHGUIHMPYIOTCS (ppaKuuei )KUIKUX yriIeBOJOPOIOB C
TeMIepaTypoil Hadana kureHus 473° K:

t

[F*() insv(T(t)’FN(t)’Fs(t)) dt. @

rae Bpsv (t) — BBIXOJI CMOJIBI TIPH TTUPOJIN3E YTIEBOAOPOAOB V Kiacca, noim en; F N (t), FS (t) — pacxoj CBIpbs U

Qps

mapa B 1edb; | (t) — TeMmIlepaTypa IMporasa Ha BbIXOJIE U3 IICUH.
I[pu mycKe mevei TeXHOIOTHYECKUIl perlaMeHT HaKJIaAbIBaeT OTPAHHUYCHHUS HA CKOPOCTh U3MEHEHHS | (t) u

pacxofia ChIpbs B neup F N (t) :

N
—dT(t)SAT*; aF (v (t)SAFN*. ®)
dt Pt dt P

C 1enpl0 yMEHBIICHHS Ipoliecca KOHACHCAIMU M OTIOXKEHUS KOKCOOOPa3yloIuX MPOAYKTOB, TeMIepaTypa
XJIaJlareHTa, nojgasaemoro B 3MA, npu mycke ne4u JOKHA YCTaHABIMBATHCSA HA MAKCUMAJIbHO BO3MOKHOM 3HAYCHUU!

T =T ©)

3amada ONTUMHU3AINE PEXHMA ITyCcKa Iedn (GOpPMyNIHpYETCs CIEAYIOIHUM 00pa3oM: 3a 3aJaHHOE BpeMs IIycKa
MOJIYYUTh MUHUMAJIHFHO BO3MOYKHOE KOJUYECTBO KOKCOOOPA3yIOIIHUX MPOAYKTOB MPU U3MEHEHUH YNPaBISIONINX BO3-

neiicteuit T (t), FN (t), FS (t) OT 33aJJaHHBIX HAYAJIbHBIX JJO KOHEYHBIX 3HAYEHUI U BHINOJIHEHUH OTpaHUYeHHIT (6) U
ycnosus (7).
ITorepu GeH3MHA MOKHO 3HAYUTEIHHO COKPATUTh BO3BPAILICHUEM, IIPU ITyCKe MOCIEAYIOMNX Y37I0B, HEKOH -

LHOHHBIX Ta3000pa3HBIX MPOAYKTOB U3 OTAEICHHUI KOMIPUMHUPOBAHMS U razopasfeieHus B nedu. B xauecTBe kpure-
pHs ONTUMAIBHOCTH 3TOTO ATAalla IyCKa MPHUMEM CyMMapHBIHA pacxoa OeH3MHA Ha MHPOJIU3:

=1t

tgp

tgp
Fr(t)dt=3 [ F"(t)dt, ™
t

p p

rae J — umcno neveit MUPOJIU3a.
Ha xpurepuii (7) HakIaapIBarOTCsl orpaHudeHus: 1) o0ycioBIeHHbIE HEOOXOIUMOCTBIO CTAOMIN3AINN BO3MY-
IICHUH 10 COCTaBY MUPOTa3a U KOJMYECTBY BHIPA0ATHIBACMBIX OTJCIICHIEM ITHPOJII3a ra3000pa3HbIX MPOIYKTOB:

P08 (00,0 F 028000
O+ F (D) =B ®

min
B™" <

npu | =1 - Bonopon, 2 —Meran, 3 —aueruies, 4 —3TUIeH, 5 — 9TaH, 6 — IPOIMJIEH.
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M
J-FR(t)D> B, (1)C, (1) < Féo: ©)

©=1
FY(t)+FR(t)=F""/J; (10)

2) HaKJIaAbIBACMbIC TEXHOJOTMYCCKHUM PCTIIAMCHTOM Ha 3HAYCHUA YIIPABJIAOIINX BO3JCHCTBUI U CKOPOCTH UX
U3MCHCHMU:

FE'<FY(t)<FY; T, <T(t)<T,; F°<F°(t)<F’; O<FR(t)<F™; @

N
AT ey |95 W) pp [F7O) e (12
dt dt dt

3) ompenenseMble paBEeHCTBOM HAa4aJIbHBIX M KOHEUHBIX 3HAUYCHUN YIPABISAIOIIUX BO3ACHCTBUIL:
T(t)=T(ty)s F(6)=F"(t): F*(6)=F*(t): F(6) = F"(t5))=0. @3

o . Bmin Bmax
rae BCOy (t) — BBIXOJI OKCHJIA YIJIEpOAa Npu nuposnse [ KOMIIOHEHTa PEIMKIOBOTO CBIPBSA, % Macc.; v 1 D

— MMHHHUMAJIBHOC W MAaKCHUMaJIbHOC 3HAUYCHHC BBIXOJa | MNpoAYKTa MOHUPOJIU3a ( I = l_ 6 ), % Macc.;
N* = R* * N* R* y
F y F f AT ,AF ,AF — 3aIaHHbIC 3HAYUCHUA pacxoda OcH3WHA U peuMKIIa Ha NHUPOJIN3 B I[I€UU U CKOPOCTCHU

W3MEHECHHUS YIIPABISIONINX BO3ICHCTBUI.

IIpoGmema oNTUMATBFHOTO YIPABICHUS BTOPHIM ATAIIOM IIyCKa YCTaHOBKH (HOPMYyITHpPYeTCs Kak 3aJada MUHU-
MU3AIUH CyMMapHOTO pacxo/ia OeH3MHA Ha MMPOJIU3 BO BpEMs Mycka npu orpanndeHusx (8)—(13).

Takum 00pa3om, 3a/aua ONTUMH3AIMH PEXHUMA ITyCKa KPYHMHOTOHHa)KHOTO 3THJICHOBOTO NPOM3BOACTBA CBE-
JIeHa K ABYM OTAEJbHBIM 3ajJ[auaM: ONTUMHU3AIMN PEKUMa MyCcKa Meyedl u ONTUMM3AIUH PEeKUMa TeUel Mpu MmycKe Mo-
CIEYIOUINX Y3JI0B YCTAaHOBKH. MojenupoBaHue U pelieHHe 3aJjauydl peaqn30Balli IOCPEACTBOM I'€HETHUECKOTo auro-
putMma [1].
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MATHEMATICAL SUPPORT OF THE INFORMATION SYSTEM
OF START-UP OF LARGE-CAPACITY ETHYLENE INSTALLATION

0O.V. Kulesh!, A.L. Ivashin?, D.V. Arapov?, V.A. Kuritsyn*

! Master’s Degree Student, > 2 Candidate of Technical Sciences, Associate Professor of Department Information
of Technologies of Modeling and Management, 4 Candidate of Technical Sciences, Technical Director
L.2.3\/oronezh State University of Engineering Technology,
4ZAO ISA-PROM (Voronezh), Russia

Abstract. The mathematical support of information system of the starting mode of large-tonnage production of
ethylene and propylene, including mathematical models of pyrolysis of liquid and gaseous raw materials, is developed.
The task of optimization of the production starting mode is reduced to two separate tasks: optimization of the starting
mode of pyrolysis furnaces and optimization of furnaces operation at starting of the subsequent units of installation.

Keywords: ethylene production, hydrocarbons pyrolysis model, optimization of the starting modes.
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MATEMATHYECKOE OBECIIEYHEHUE CUCTEMBI HEPEK/IIOYEHUSA
MIUPOJIM3HBIX NIEYEU B ITPOU3BOJACTBE OTUJIEHA

0.B. Kyaem!, AJI. Usammun?, 1.B. Apanos®
! marucrpanr,
23 kanu/IaT TEXHUYECKUX HAYyK, JOLEHT Kadeaphl MHQOPMAIHOHHBIX TEXHOJIOTHI MOJIETMPOBAHHS U YIIPABJIEHUS
OI'bOY BO Boponexckuii rocyapcTBEHHbIM YHUBEPCUTET HHKEHEPHBIX TexHosorui, Poccus

Annomauusn. Paspabomana memoouxa onpeoenieHus ONMUMATbHO20 KOIUYeCcmea pabomarowux neveii 8 npo-
u3800Ccmee IMuieHd 1 NPonuieHd, co30aH0 Mamemamuieckoe obecneyerue cucmemvl NEPeKiIOYeHUs. NUPOIUSHLIX Ne-
yeul. Kpumepuii nepexniouerus A6811emcs a0OUMuBHoIM 1 COCMOUM U3 CIAmMU4ecKoll U OUHAMUYECKOU COCMABIAIOUUX.
Cmamuueckas uacmo onpedensemcs Nymém cmamuieckol ONMmUMU3AYUY YCMAaHo8KU RUPOIU3a, OUHAMUYECKAs — 8
pe3yrvmame ONMUMUIAYUU PENHCUMO8 NYCKA U OCMAHOBA OMOETbHbIX Neyell.

Knrwouegvie cnoea: npouszgoocmeo smuiena, mMooeib nUpOIU3A y2iee000po00s, ONmuMU3ayus nycKosvlx pe-
HCUMOB, ONMUMATLHOE YUCTIO NUPOIUIHBIX Neyell.

BakHeHMMy BUIAMH CHIPbS IS TTOJYYE€HUs] OCHOBHBIX MTPOJYKTOB HE()TEXHUMUH SIBISIOTCS HU3IINE ATKEHBI
— 3THJICH U NPOINHUJICH, NOyyaeMble Ha ATUICHOBBIX YCTAaHOBKAX OOJBIION MOITHOCTH. B ycioBHsAX COBpeMEHHON pHI-
HOYHON SKOHOMHKH IUIaHOBBIE 33[aHHs HA BBITYCK 3THX MPOAYKTOB MOTYT U3MEHATHCA, B CBS3H C ATHUM 3a/a4a OIpe-
JIENICHNS] ONTHMAaJIbHOTO KOJMYEecTBA pabOTAOMMX MUPOJIM3HBIX MeYe W ONTHMAaJbHOTO MOMEHTa BPEMEHH HX Iepe-
KIIFOUCHHUS ABISIETCS aKTyalbHOW. B mpoliecce BEMHMCIEHHOTO 3KCrepuMeHTa Ha DBM ObIIO MCcIeqoBaHO BIHMSHHC
KoJIM4ecTBa paboTaommx mneded Ha 3(GQEKTUBHOCTH NMUPOJU3HOHM ycTaHOBKH. OOmmii pacxon OCH3MHA Ha MHPOIH3
OBLI IPHHAT PaBHBIM 98 T/4, 3amaHus Ha BRIPAOOTKY ITHJICHA W MPOIMIEHA COOTBETCTBCHHO 24 T/4 m 14,5 1/4. Ucce-
JIOBAaHMS TPOBOJMIIMCH HA MaTEMaTUYECKONH MOJENH NHPosn3a OEH3MHOBOTO M ra3oo0pasHoro cepbs [1-4]. 3a kpure-
pHii OLIEHKH SKOHOMHYECKOH 3()P()EKTHMBHOCTH CTallMOHAPHOTO PEXUMa KPYIMHOTOHHA)KHOW MHPOIM3HOW YCTaHOBKH
(KI1Y) mpuHsiTa BeMUUMHA, XapaKTepH3yIOIIas EPEMEHHYI0 4acTh MPHOBUIH, MOJY4aeMOoil OT mepepadoTKH ChHIPbs B
TOBapHYIO MPOAYKIIUIO NIPH BBHIIOIHEHUH MJIAHOBOTO 3aJJaHMs Ha BBIIIYCK ATWUJIEHA U (WIK) NponwieHa. B cooTBeTcTBUI
C TPHUHATBHIM BHUAOM KpuTepus 3()(HEeKTHBHOCTH W 3aJlaHHOW COBOKYIHOCTBIO OTpaHHYEeHHH (opMmynupyercs 3aaadya
ONTUMHM3AINH cTalmoHapHoro pexxuma KITY.

Bo3moxxHbIe €€ BapUaHThI: MMOJy4YeHHE MaKCUMaIbHON MPUOBUTH NPU 33aHHOM NPOU3BOIUTENEHOCTH 10 Chl-
PBIO U BBIPAaOOTKE 3THIICHA (WJIM MIPOMHJICHA) B YCIOBHAX TEXHOJIOTHIECKUX OTPaHUICHHH.

3amada ONTUMH3AIMN PelIajiach OTACITBHO IS KaXKIOro 4mcia paboratommx nededt J =6,7,8. I[lomyueHnsie

PE3YJIbTAThI MMOKA3bIBAKOT, YTO l'[pI/I6I)IJ'II>, Bblpa60TKa MMponunujICHa U pacxoq OeH3MHA B OJIHY I€Yb C YBCIIMYCHUEM \]
YMCHBIIAKOTCH, a BLIpa6OTKa OTHUJICHA YBCJIIMYMBACTCH. OnTrManbHOE KOJIHYECTBO pa60Ta}01u1/1x reyei AJIsL IEpBOTO
BapuaHTa MOCTAHOBKM 3aJa41 PABHO 6, AJIs1 BTOPOIo — 8. U3 MOJYYCHHBIX PE3YyJIbTATOB CICAYET BbIBOA, YTO ONTUMAJIb-
HOC 4YHUCIIO pa6OTaIOH.[I/IX neqef/i, 3aBUCAIICEC OT 06]1[61"0 pacxoaa OcH3MHA Ha MNUPOJIHN3 U TEXHOJOTHMYCCKUX OTIpaHU4C-
HI/II71, 3aBUCHUT TAKXKE OT LECJIN YIIPABJICHUA U ONIPEACITIACTCA U3 Bpra)KeHHﬁI

O ~FNEN . J°~FN/EY o)

min ’

*

rie J° — Gmmkaiimee menoe YHCIO OT PE3yIbTATOB JCICHHS; F" - sapaunwi pacxon OeH3MHA Ha INHUPOIIH3;
N N . o

Fmin’ Fmax — COOTBETCTBEHHO MUHUMAJIBHBIN M MaKCUMAaJbHBIN pacxo] OeH3MHA B Te4yb. YBeIuueHne Ha 1 uncia pa-
Goraronux medyel MpUBOIUT K cHinkeHuto ddextuBHocTH KITY Ha 91 $/4ac mpu 1 BapuaHTe MOCTAHOBKH 33734, HO
MO3BOJISIET MOBBICUTH BbIpabOTKy dTHieHa Ha 800 kr/d npu 2 Bapuanre. [Ipyn U3MEeHEeHHH 3a/1aHMs IO Pacxoly OCH3MHA
Ha MUPOJIU3 B KPYIHOTOHHAXKHBIX MPOM3BOJCTBAX OJE()UHOB CTABUTCS 3ajiada OLEHKH 3(P(HEKTHBHOCTH CyLIECTBYIO-
e KOMOMHAITMY TIeueil U aHaIn3a [eJIeco00pa3HOCTH YBEMUYEHNUS WIM YMEHBIICHU UX KonndecTBa. s e€ peanu-
3auy pazpaboTaHa TabIHLa, TO3BOJISIOIAS ONPENEIUTD LEIECO00Pa3HOCTh BKIIOUCHUS IOMOTHUTEIBHON I OTKIIIO-
YeHUsI OJJHOM N3 paboTaroIuX I1e4el MpH NU3MEHEHNH 331aHusl 110 pacxoay OSH3MHa Ha YCTAHOBKY.

© Kynew O.B., MBammn A.JI., Apanos /I.B. / Kulesh O.V., Ivashin A.L., Arapov D.V., 2017
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Tabnuya 1
PexomMeHaaumu no BKJINOYEHUIO JONOJTHUTEIbHON U OTKJIIOYEHHIO
padoTraouieil Neyu B 3aBHCUMOCTH OT 33/1a4M YIIPABJIEHHs YCTAHOBKOM
Ne 3agava ynpapieHUs BxutioueHne JONOTHUTENBHON TIeuH. 3aaHue OTKIII0YEHHE JOTOIHUTEIBHOM evun. 3a-
Ha BBIPAa0OTKY II€JE€BOTO MPOIYKTa: JIaHUe Ha BBIPAaOOTKY LIEJIEBOTO MPOIYKTA!
BBIOJIHSIETCS HE BBIIOJIHSIETCS BBIIOJTHSIETCS He BBIIOJHSIETCS
1 Maxkcumu3zanust mpuosNH
NIpH 331aHHON BBIPaOOTKE - + + -
STUIEHA
2 Maxcumu3zanust mpudsm
NP 33IaHHOM BRIPaOOTKE - - + +
TIpONMJICHA
3 MakcuMu3anust BEITYCKa
9TUJICHA [IPU 3a1aHHOH + - - +
BBIPabOTKE MPONMIICHA
4 MakcuMu3anust BBITyCKa + + B B
JTUNIEHA
5 MakcuMu3anust BBITyCKa B B + +
IIpONMJICHA

«+» — 3pPeKkTUBHO; «—» — HE IPPEKTHBHO.

[Neyn nmepruoANYECKH OCTAHABIMBAIOT HA OYHUCTKY OT KOKCA, BKJIIOYAs BMECTO 3aKOKCOBAaHHOHM pe3epBHYI0. B
KOMIUIEKCHO# cucteme aproMaruzanun KITY BakHOe 3HaueHHE MPUOOPETaeT 3aJa4a OTBICKAHUS YKOHOMHYECKH Lielie-
c000pa3HO B MOMEHTHI Ha4yajo 3ToH onepanui, 3G(HeKTUBHOCTh KOTOPOH HEOOXOJUMO OLICHUBATH UHTETPAJBHBIM I10-
KazaTelieM, XapaKTepU3yIoIUM OnpeneaéHHBINH 3P (eKT, MoIydacMblil 32 HEKOTOPBI MepHo] BPEMEHH OT 3aMEHBI 3a-
KOKCOBABILCHCS MeYH Ha PE3CPBHYIO € YUETOM 3aTpar, IPOM3BOJMMBIX Ha PEXKHUMBI ITyCKa M OCTAaHOBA ¥ JIOIYCKAaeMBIX
IIPH 3TOM TTOTEPh AP PEKTUBHOCTH:

R, = A, T[R(t)—r ]dt+jr dt+jr dt+jR t)dt -
’ t @)
—th(t)dt—AR(t) -Z,

0

e R(t), R (t) — TeKyllee 3HaueHHe Kpurepus 3(p(PeKTHBHOCTH pabOThl MUPOIU3HOW YCTAaHOBKH IIPH K sakokco-

BaBILICHCS MY U TIPH 3aMeHe e€ Ha I pe3epBHYI0, pyO/d WM KI/4; tp , tq ,ts — COOTBETCTBEHHO BpeMsI IIycKa I pe-

36pBHOI7[, OCTaHOBa k 3aKOKCOBABIICHCS U BO3MOKHOE BpeMA np06era k ne4vn OT TEKYLIETr0 MOMCHTA t , KOTOPOC

YCIIOBHO IPUHATO paBHBIM 0, 10 OCTAaHOBA HA OYUCTKY OT KOKCa B MOMEHT tpr 7 AR (t) — NOTEPU B OTJEJIECHUU NTHPO-

Jin3a 13-3a MEPCKIOYCHUA neqeﬁ, py6 WJIN KT, AR — MHOXMHWTCIIb, SaBI/ICHH.[I/Iﬁ OT 110Ka3aTeiiAa R ) AR = 1, €Clin 3(1)-

(EeKTHBHOCTD OTHEJICHHs] NMUPOJIM3a OLEHUBACTCS MPUOBLIBIO; AR O , ecnu 3GGEKTHBHOCTD OLIEHUBAETCS BBIPaA-

1 b
6otkoit | npoaykra; (f; — PHIHOYHAS IIEHA | IPOAYyKTa, pyO/KT; Z - MpUBEIEHHBIE 3aTPaThl Ha MEPeKIIUeHUE Te-

4eid, pyo.
[TpoMexxyTOK BpeMeHH, 3a KOTOPBIi onpejessiercs: Kpurepuit dgpdexkTuBHOCTH nepexmodenus (2), npencras-
*

JgeT coboit HUHTEPBAJI MCKAY HavaJIOM IMponecca NMepeKItOICHUA t 1 MMPOTrHO3UPYEMBIM BPEMEHEM OCTAaHOBA 3aKOKCO-
BaBIICHCS TIEYH 10 YCJIOBUAM TEXHOJOTHYECCKOTO pEriiaMeHTa — tpr . 21.]'[5{ OTBICKAHUA tpr 10 OKCIICPUMECHTAJIbHBIM

JAHHBIM OIIPEACIIAIOTCA XapaKTCPUCTHUKH, OTPAKAOIMINE U3MCHCHUEC TCXHOJOIMYCCKUX IMapaMeTpPOB, JUMHUTUPYIOIUX
np06er ne4u, BO BpPpEMCHU. 3arem MPOTHO3UPYETCA BPEMA JOCTHIKCHHUA I3TUMH HNapaMETpaMu TI'paHUYHBIX 3HAYCHMH.
MuHauManpHOE BpEMA OOCTUIKCHHUA JTMMUTHPYIOUIUM IapaMeTpaM TI'paHUYHOI'O 3HAYCHUA NPUPABHUBACTCSA BPEMCHU

tpr . [IlpuBeneHHbIE 3aTpaThl, BXOAIINE B KpUTepuid (2), MPEJACTAaBIAIOT COOO0M YacTh 3aTpaT, Ha KOTOPYIO yBEJINIHBA-

€TCA O6HII/I€ 3aTpaThbl Ha NEPCKIIIOYCHUC reven BCJIICACTBUEC Ooitee PaHHETO, YeM HCO6XO,Z[I/IMO IO pEeriIaMEHTy, OCTaHOBA
3aKOKCOBABIIICHCS IICUH:
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4
/ = ﬁzzu , (3)
tk u=1

*
rae tk — BpeMsi, KOTopoe npopadoTaia K neus ¢ momenta eé MyCKa JI0 TEKYIIEro MOMEHTa BPEeMEHHU tk =1; Zu -
U cocrasisorast 3aTpat Ha BEDKUT Kokca u ourcTky 3UA (U =1 — 3arparsl Ha TEXHOJIOTHIECKHH Tap, 2— TOIUTHBO, 3
— BO31yX, 4 — Ha 3apaboTHYIO IJIATy PEMOHTHOMY nepcoHaiy). st ynporuenus (2) cuenaeM ciiexylomuye Mpearnoio-

KCHHUA: 1) TIECPECKIIIOYCHUEC reyei He BIMSET Ha 3aKOHOMEPHOCTb M3MCHCHUS MoKa3aTejeu 3(1)(1)6KTI/IBHOCTI/I KIIVY B 3a-

BUCHMOCTH OT 3aKOKCOBAHHOCTH OTIENBHBIX IEUeH: R(t) =R- q)(t); R (t) =R — @(t), rie (D(t) — Qynk-

ust ©3MeHeHus nokasatenst 3¢ dexruBHocTH padotel KITY Bo BpemeHu; R, R - TeKylllee 3HaYeHUe MoKa3aTesnu 3¢-

¢dexruBHOCTH KITY 10 M mocie mepekitrodeHus medeit; 2) BBUay Majoro (2-6 1) BpeMeHH ITycKa pe3epBHOIl ImeuH, IoKa-
3ateny 3(GEKTUBHOCTH PadOTHl KaXIOH medn I (t) u motepu ddpdextrBHOCTH AR (t) CYUTaeM MOCTOSHHBIMU:

r, (t)=r, =const; R(t)—r(t)=const; AR(t)=AR = const. Torza:

Ry = A (R =Rt +(R—5 =R)t, = AR |- Z + A, (I, +1,). (4)

Kpurepuii (4) sBnserca aiJUTUBHBIM U COCTOUT U3 CTaTHYECKO M AMHamMHueckod yactei. CtaTudeckas co-
CTaBIISIONIAS OTpPENeIieTCs] MyTEM cTaTHdecKoi ontuMuzanuy pexnma KITY, nnHaMudeckast — B pe3yabTaTe ONTUMH-
3aIlM PEKUMOB ITycKa M OCTAaHOBA OTAENBHBIX Neded. ONTHMaIbHBIM MOMEHTOM BPEMEHH NEpEKIoueHHe OyIeT TOT

TEKYIIMH MOMEHT, KOTJa TIoKa3aTenb (4) MpuMeT 33alaHHOE TIOJIOKUTEIbHOE 3HAUCHHUE f , OTIPEAEIIEMOe U3 YCIOBHS
HOPMHUPOBaHHOH 3P (EeKTUBHOCTH: f n/ KD >E S 0,4, rre N — uncno MEPEKIIIOYEHUH TTeUeii B TO1y; K D~

3aTpaThl HA PEANN3AIMIO 3a/1a4H; EH — HOPMAaTHBHBINA KO3 PuIeHT 3pPeKTUBHOCTH 3aTpaT. TexHoIorndeckuii pe-

TJIAMEHT HaKJIabIBAaCT HA KPUTEPUH NEPEKIIOUEHHS TIedel OrpaHUYeHHMS 110 3HAYCHHIO JTMMHUTHPYIOIIETO ITapaMeTpa, 3a
KOTOpBIH NMPUHUMAETCS: TEMIepaTypa CTCHKH NMMPO3MEEBHKa, AaBICHUE MUpOrasa Ha BXOJE W (WJIM) TeMIeparypa Ha
BbIxone 3MA; Qpu3HuecKuM OorpaHUYEHUEM CIYKHUT BpeMsl OUMCTKH y3na medb — 3UA ot xokca. [Iman npodumakrude-
CKOTO PEMOHTa TIeueii 00yCIIOBIMBACT OTPaHMUYCHUS Ha BpeMsl HX mpobera. Taxske pu nepekirodeHnn neyeil Heo0xo-
MO YYHTHIBATh BBIITOJHEHHE ONEPATUBHOTO IIaHA IMPOM3BOJICTBA IO BBIpAaOOTKE MpPOXYKTOB. TakuM oOpazom, mo-
CTaBJIEHB! U PEIICHBI 337a4M ONpPEJeNICHUs] ONTUMAIBHOTO KOJMYecTBa pabOTarOMMX MUPOJIM3HBIX Hedeld U UX ONTH-
MAaJbHOTO MEPEKIIOYCHUS B TEUCHUE T0/a. 3aJaudl PELIMIIN C HCIIOJIF30BaHHEM T'€HETHYECKOTO aITOpUTMa M MeTona
Xyxa-Jlxusca [2, 4].
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MATHEMATICAL SUPPORT OF SYSTEM OF SWITCHING
PYROLYSIS FURNACES IN ETHYLENE PRODUCTION

O.V. Kulesh?!, A.L. lvashin?, D.V. Arapov®
! Master’s Degree Student,
23 Candidate of Technical Sciences, Associate Professor of Department Information
of Technologies of Modeling and Management,
Voronezh State University of Engineering Technology, Russia

Abstract. The technique of determination of optimum quantity of the operating furnaces in production of eth-
ylene and propylene is developed, mathematical support of system of pyrolysis furnaces switching is created. The crite-
rion of switching is additive and consists of static and dynamic components. A static part is determined by static optimi-
zation of pyrolysis installation, dynamic — as a result of optimization of the starting and shutdown modes of separate
furnaces.

Keywords: ethylene production, hydrocarbons pyrolysis model, optimization of the starting modes, optimum
quantity of pyrolysis furnaces.
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V]IK 629

AHAJIN3 ITPOU3BOICTBA OTEUECTBEHHOM
TEXHUKU B YCJIOBUAX NMIIOPTO3AMEIIEHUA

O.A. Mopo30B, KaHIUAAT TEXHUYECKUX HAayK, TOLEHT
Kagenpa «Texunueckue cuctemsl B AITK»,
®I'bOY BO I'ocynapcTtBenHsli arpapHsiil yauBepcuteT CeBepHoro 3aypainss (Tromens), Poccus

Annomauyus. B cmamee paccmompenvl 0OCHOGHbIE NPOONEMbl, € KOMOPLIMU CMOIKHYIUCL OMeYeCmBeHHble
CeNbX03NPeOnpuAmuUs 8 NOCieOHUe 200bl 8 CE:A3U C CAHKYUAMU NO COKPAWEHUIO NOCMABOK UMNOPMHOU mexHuxu. IIpo-
6edeH anausz o0vemMo8 nPOU3BO0CMEA CENbXO3MEXHUKU POCCULICKUMU NPOU3BOOUMENIMU, a MAKIce YCI08Us CyOCUou-
posanus 3a80008 no npoepammam Ilpasumenvcmea PP.

Kniouesvle cnosa: umnopmuas mexuuxa, omevecmeennas mexuHuxda, cyocuouposanue, 3epHoyoopouHsie KoMm-
oaiinwl, KOPpMOYOOPOUHAS MEXHUKA, MPAKMOPA.

B nocnennue roapl B Poccun yBenmMumMiICS CIPOC HAa OTEYECTBEHHYIO TEXHHUKY, YEMY CIIOCOOCTBOBAJIO pE3KOE
YAOPOXKAHUE UMITIOPTHOM TEXHUKH U CyOcuanpoBaHue 3aBonoB 1o nporpamme 1432 (Ilocranosnenue IIpaButenncTa
PO or 27 nexabdpst 2012 roga Ne 1432 «O6 yrBepxkaennu [IpaBui npenocTaBiaeHus: CyOCUINi IPON3BOJUTEISIM CEllb-
CKOXO3SHICTBEHHOW TEXHHKI») MO3BOJISIET IPEANIPHUATHSAM MTOKYTIAaTh HY)KHYIO UM TEXHHKY CO CKUAKOH 25-30 mporeH-
TOB. [3].

OTKa3 OT 3aKyNOK MMIIOPTHOH TEXHWKH 0OOCHOBaH JOPOTOBU3HOH ee 00CTyXMBaHHS, MHOT[Aa 3aMEHA 3aIrJa-
CTel CTOUT B 5 pa3 JOpoXke W3HOIMIEHHOH aeTany. [103ToMy OONBIIMHCTBO POCCHUICKHX 3aBOAOB YBEIMIHMBAIOT IPOU3-
BOJICTBO, @ 3TO TpeOYeT Cephe3HON MEPECTPONHKH LENIBIX OTPACIIEH MPOMBIIUICHHOCTH.

Tak kak u3-3a QUHAHCOBBIX NMPOOJIEM NMPAKTHUECKH OCTAHOBMIIOCH TMPOU3BOACTBO Ha XapbKOBCKOM M Bomro-
IpaJICKOM 3aBojiaX, B OJrkaiiliee BpeMsi CTOUT OXKHJIATh Ne(QHIUTA KIACCHYECKUX «TPEXTOHHUKOBY», U EIUHCTBEHHAS
aNpTepHaTHBA — 3apyOeKHbIe TpakTopa. [lo MHEHUIO CIIENMANUCTOB, Il 00ECIIEYeHUS] TEXHUKN PAa3HOTO THIIA OT/EJb-
HBIMH y371aMH U pabOYNMH OpraHaMH B perHoHaX HEOOXOIMMO CO3/1aBaTh PEMOHTHBIC MacTepPCKUe U MUHHU-3aBOJIBI 110
BBIIIYCKY JeTajeil.

VYcuseHnue no3uLuii 0TeYeCTBEHHBIX MPOU3BOAUTEICH IPUBOAMT K eI OAHOMY BaXXHOMY 3(h(DeKTy: Ipeanpu-
STHS HAYHHAIOT YyBCTBOBATH Ce0sl MOHOMOJIUCTAMHU U arpapyii YyBCTBYIOT POCT IIEH HA TEXHHUKY. [4].

Kak coobmraer anamutryeckoe areHTCTBO «ACM-X0oInuHrY», Takue npennpusatis kak «K3 «Poctcenpmarny,
000 «KJTAAC» 3a 2016 rox yBenuuuIu Npou3BOACTBO KOMOaitHOB 1 yOopku 3epHa Ha 35 % u Ha 180 % cooTBer-
CTBEHHO.

Taxast ke TI0JIOXKHUTENIbHAsL AMHAMUKA OTMEYAeTCsl B MPOM3BOCTBE KOMOaHOB 1711 yOOpKM KOpMOB. B acTHO-
ctH, «PocTcenpmanny yBenudui BbIIYCK Npoaykuuu nodtu Ha 20 %, a 3AO «bpsaHCKkcenbMaln», B CBOIO o4Yepenb, Ha
70 %. B o0mieit co)HOCTH, MPUPOCT MPOU3BOACTBA 3€PHOYOOPOUYHBIX U KOPMOYOOPOUHBIX KOoMOaitHOB B 2016 romy
coctasui 40 %.

3HaYUTEIBbHBIH POCT MPOU3BOACTBA, 0T 19 % 1o 75 %, HabGmiogascs U B KaTETOPUH TEXHHUKH TSI TIOBEPXHOCT-
HOM U T1y00KO0# 00paboTKH MOYBHI (TUTYTH, OOPOHBI, KYJIbTHBATOPHI), @ TAKKE CESUIOK U KOCHJIOK.

3a 2016 rox ¢ KOHBEWEPOB POCCUMCKUX MPEIIPUATHHA comIo 7,8 ThIC. TpakTopoB. TakuM oOpazom, TeMIl po-
cTa mpou3BojicTBa coctaBmit 20 % 1Mo CPaBHEHHIO C MPEIBIIYIIAM Toa0M. [3].

Poct npousBoacTBa arporexHuku B 2016 roay cran yHukanbHbIM. 1o nanHsiM Poccuiickoil accouuanuu mpo-
n3BoauTeNei cenpxo3TexHUKH («Pocarpomam»), B SHBape-oKTAOpE TEKYILEro rojia MPOHW3BOJICTBO OTEUECTBEHHBIX
TIOJTHOTIPHBOTHBIX TPAKTOPOB BBIPOCIIO 10 CPABHEHHWIO C MPOIUIBIM rogoM Ha 70 % (o 1775 ex.), 3epHOyOOpPOYHBIX
koMOaitHOB — Ha 32 % (mo 3995 en.), kopmoybopounsix — Ha 40 % (1o 600 en.), a cestok — Ha 116 % (mo 3081 en.).

3a Bocemb MecsueB 2017 roga oreyecTBeHHbIE MPeANPUATHS TpousBenu 5 353 tpakropa. B yactHoCcTH, Tpak-
TOPOB CEICKOXO3IMCTBEHHOTO Ha3HAYCHHS OBLIO BBIMYIICHO 4 663 enmuHHIEL, 9TO Ha 2,5 % MEHbIIe, YeM B IPOILIOM
TOJy, IPOMBIIUIEHHBIX TpakTopoB — Ha 11,1 % Mensie — 690 eaunut,

Ilo maHHBIM areHTCTBa, HA JIOJIIO OTEYECTBEHHBIX TPAKTOPOB B 00IIEM 00BbeMe MaIllWH, IPOU3BEICHHBIX C Hadasla
3TOro0 roja, Npunuiock 43,5 %, Ha MaIIUHbI U3 TPAKTOPOKOMILIEKTOB MT3 — 27,6 %, Ha cOOpKy n3 koMiuiektoB XT3 — 6,4 %,
13 KOMIUTEKTOB MMIIOpTHBIX Mapok (Versatile, New Holland, Agrotron, Axion, John Deere, Xerion) — 22,5 %.

B mpowusBoacTBe 3epHOYOOPOUHBIX KOMOAHOB 3adukcupoBaH pocT Ha 22,3 % — BCero 3a paccMaTpUBaeMBbIit
neproa ObUIO BBIMYIIEHO 5 594 mammHbl, B ToM yucie 1 283 komOaiiHa HHOCTpaHHBIX Mapok. [Ipu 3TOM BBIIYCK KOp-
MOYOOpOYHBIX KOMOaHOB ynai Ha 16,2 %, 10 555 enuHuUI, U3 KOTOPBIX 99 — KOMOaHBI HHOCTPAHHBIX MApOK.

OTrpy3ka 3epHOyOOpPOYHBIX KOMOaHOB yBesnnumiIach 1o cpaBHenuto ¢ 2016 rogom Ha 1,9%, kopmoybopou-
HBIX MalllMH — CHU3WIAch Ha 16,6 %.

Yro kacaeTcsi IPOM3BOJICTBA POUYMX BHUIOB CelbX03TeXHUKH B PD, To B stHBape-aBrycre 2017 roxa 6bu10 BBHI-
IMyIeHo 2,6 ThIC. IIyroB (Ha 6,2 % Oobllle, YeM 32 aHAJIOTUYHBIN MEPUO]T IPOILIOTO roja), 60poH — 21,5 ThIC. eTUHHMIL

© Mopozos O.A. / Morozov O.A., 2017
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(aa 6,7 % 6omp1me), cesstok — 7 ThIC. enquHAL (+2 %), onpeickuBaTeneit — 1,25 teic. en. (+28,4 %), xxatox — 1,8 THIC. ex.
(+23,6 %). IIpu >TOM KyITbTHBATOPOB M KOCHIJIOK OBIIO M3roTOBieHO 8,0 Thic. emuHMI U 5,1 THIC. €WHMII, YTO Ha
37,9 % u 7,1 % menbme, yem B 2016 romy. [2].

I'maa Tromenckoit oomactu Bnaguvup SkymeB u reHepaibHBIN AUPEKTOp KoMOaiHOBOTO 3aBoaa «PocTcens-
Marn» Banepuiit ManbneB moamicany corfialieHiue O COTPYIHNYECTBE MEKAY MPaBUTEIECTBOM TIOMEHCKOH 001acTH U
KPYIHEHIIMM NPOU3BOIUTENIEM CEIbCKOXO035HCTBEHHON TEXHUKH POCCUHCKOTO MTPOU3BOJICTBA.

«Y0exIeH, 4TO COrNAICHHE CTAaHET XOPOIIMM UMITYJIBCOM JUISl TEXHOJIOTHYECKOT0 M 9KOHOMHUYECKOTI'O Pa3BHU-
TUSI PETMOHAIBHBIX CENbXO3MPEANPUATHH, BHEAPEHUSI U pealn3aluu WHHOBauuii B TroMeHCKOH o0iacThy, — cKasai
Buagumup Sxynies.

HemanoBaXHBIM CTHUMYJIOM [UIsi ITPUOOPETEHUs] OTEYECTBEHHOW TEXHHKH SIBJISIETCSl TOCYAAapCTBEHHas IOJ-
JIepyKKa M3 CPEACTB KaK (eiepanbHOro, Tak U 00JaCTHOTO OFO/KETOB.

TrOMEHCKHMM arpapHBIM XOJIMHTaM M (epMEPCKUM XO03AHCTBaM PYKOBOAWTEIb KOMITAaHWHU roodeman mpede-
PEHIHNIO B BUJIE IATHIIPOIICHTHON CKUIKH Ha MPHOOPETEHNE KOCHIIOK, TPAKTOPOB M KOMOAHHOB [5].

K Bompocy nepeBoopy>keHHs TEXHHYIECKOTO OCHAICHUS OTPACIICH KMBOTHOBOJICTBA U PACTEHHEBOICTBA MOXK-
HO NIPUCTYTATh TIOCIIE aHAIN3a TSATOBO-YHEPIeTUIECKOT0 Mapka. Pa3BuTHE 0T€4eCTBEHHOTO TPAKTOPOCTPOCHHS U CEJlb-
CKOXO3HCTBEHHOTO MAaIIMHOCTPOCHNUS MO3BOJIUT CHU3UTH 3aBUCHMOCTH arpONpOMBIIUIEHHOTO KOMIIIEKCa OT UMIIOpTa
MamuH u obopynoBanus. [1].
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ANALYSIS OF DOMESTIC EQUIPMENT PRODUCTION
UNDER THE CONDITIONS OF IMPORT SUBSTITUTION

O.A. Morozov, Candidate of Technical Sciences, Associate Professor
Department “Engineering Systems in Agroindustrial Complex,
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Abstract. In this article the main current problems of domestic agricultural enterprises, connected with sanc-
tions on reduction of the import equipment deliveries, are considered. The analysis of the production of agricultural
equipment by the Russian producers and also conditions of subsidizing of the plants on programs of the Government of
the Russian Federation is carried out.

Keywords: import equipment, domestic equipment, subsidizing, grain combine harvesters, forage harvesters,
tractors.
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AHAJIN3 CYIECTBYIOIIUX METOJ10B
PACYETA KUJAKOCTHO-KOJIBLHEBBIX BAKYYMHBIX HACOCOB

A.O. I1aBieHko, MarucTp 2-ro Kypca
Hayunslii pykoBoanTenb: A.A. OUKkoB, accucTeHT Kadeapsl «BakyyMHas 1 KOMIIPECCOpHas TEXHUKa»
MockoBcKuil rocy1apcTBEeHHBIH TexHu4eckuit yausepcureT uMenu H.O. baymana, Poccus

Auuomauuﬂ. Hpu npoeKmupoeaHuu Co6pemMernblx DfCu()KOCWlHO'KOJZbI/IQGbZX BAKYYMHbIX HACOCO6 OOHUM U3
BAIICHBIX mpe6oeanuﬁ Ae6NAemcs onmumusayusl OCHO6HbLX napamempoe npomotmoﬁ yacmu. OOHOU u3 I’lp06]l€]l/l, B803HU-
Karowux npu 5mom, Aeisemcs 6bl60p coomeemcmeyrowux Kpumepues OnmuMaibHOCmu U ynpaejislemoblx napamempos.
HpuHuMCl}l 60 6HUMAHUE 05114146 mpe6osanuﬂ, l’lpe()'bﬂefl}leﬂ/lble K HUM, HeoOX00UMO yuumoledmvb KOHKpemHtble YCI06Usl U
ocobennocmu npoexkmupyemvlx JICM()KOCmHO-KOﬂbU@@be BAKYYMHbIX HACOCOS. Paccmompeﬂbz pasiudHsle Memoobl pac-
uemoe OCHOBHblLX napamempoe .?lCMOKOCI’I’IHO'KOJZbLfefiblx BAKYYMHbIX HACOCOB. Buioeneno oono uz naubonee nepcnek-
MUuBHbvlX Hanpaeﬂenuﬁ danvHelue2o paszeumusl COBpEeEMEHHbIX QlCLlal(OcmHO'KOﬂbl';e@blx BAKYYMHbIX HACOCO8B.

Knrwuesvie cnosa: WCM()KOCmHO-KOﬂbU@@OZZ GCZKyyMHblﬁ Hacoc, npomoyvHas 4acmov, Onmumusayusl, Kpumepuﬁ
onmumdajilbHocmu, 6blcmp0ma omkKkavKu, Memoo pacuema.

OmHUM U3 caMBIX PaCIPOCTPAHEHHBIX HU3KOBAKYYMHBIX CPEICTB OTKAYKH B HACTOALIEE BPEMS SIBISCTCS XKHI-
KOCTHO-KOJIBIIeBOH BakyyMHBIH Hacoc (JKKBH). DTu Hacochl OTIIMYAlOTCS IPOCTOTOW KOHCTPYKIUH, HAACKHOCTHIO B
sKcIITyatanuu. [Ipomecc cxxaTis B HUX MPOUCXOIUT C HHTEHCHBHBIM TEINIOOOMEHOM, UTO ITO3BOJIIET OTKAYMBATH JIETKO
pasnararomuecs, MOIHUMEPHU3YIOIIHNECS, BOCIUIAMEHSIOIUECS U B3PBIBOONACHBIE Ta3bl U CMECH, a TaK)Ke€ OTKA4MBATh
raspl, coJeprKallye Naphl, KalelbHYI0 XHIKOCTb M Ja)Xe TBEPAbIC MHOPOIHBIE BKIOYEHUs. IIpn cooTBETCTByOIEM
noabope pabouei KUIKOCTH BO3MOXHA OTKAa4Ka arpeCCUBHBIX T'a30B M OTCYTCTBHUE 3arpsA3HCHMS OTKAYHBAEMBIX 00BeE-
MoB napamu Macen. OcHoBHbIMU HegocTaTkaMu JKKBH sBistirorest: otHocutensHo Huzkuit KI1/, Gonbiine rabaputHbie
pa3mepsl. Bee 3To cyliecTBEHHO CHUXKAeT 00J1acTh UX MPUMEHEHHSI.

B cBs3u ¢ pa3BUTHEM CENBCKOXO35ICTBEHHON OTpaciiy U pAja oTpacieil MpOMBIIIJICHHOCTH BO3pacTaloT Tpe-
OoBaHUS K BaKyyMHBIM HacocaM. Bo3pocCIuuii crieKTp KOHCTPYKTHBHOTO MCIIOJIHEHHS, INHPOKUI JHana3oH HCIOJb30-
BaHMsI BBISBJIIET HEOOXOMMOCTb U 11e71eco00pa3HOCTh MpoBeeHus cucreMarndeckoro ananusa JKKBH ¢ nensio onpe-
JIEJICHUS] IePCIIEKTUB UX Pa3BUTH U HCIIOJIb30BaHMUS.

ITepsrie pacueTs! HekoTOphIX mapamerpoB JKKBH 6pum m3noxkens! B pabote [6]. B ocHOBY MeToma pacdera
1o omnpezaenenuto OsicTpoTs AeiicTBus JKKBH nonosxeno onpenenenne riyOnHbI IOTPY>KEHHS JIONATOK POTOPA B XKHA-
KOCTHOE KOJIBIIO B HIKHEH ero yacT. [Ipn pa3zpaboTke MeToqa ObUTH MPUHATHI CIESAYIOIUE JOIYILCHNUS:

e pacxoj pabodel JKHJIKOCTH 4epe3 J000e MPOM3BOIFHOE CeYeHHE NMPUPABHUBAETCS K PACXOJY B CCUCHHH,
rZie IMEETCsl HAMMEHBIINN PaJualibHBIN 3a30p MEXAY POTOPOM U KOPILyCOM HAcOCa;

® CKOPOCTb TeueHHs paboyeil )KUIKOCTH Ha CTOPOHE BCACHIBAHUs OE3JI0IAaTOYHOTO MPOCTPAHCTBA KHUAKOCT-
HOT'O KOJIbIa TPUHMMAETCS! TIOCTOSIHHOI 110 BEJIMUMHE U PABHOW OKPYKHOW CKOPOCTH paboyeil )KUIKOCTH Ha BBIXOJIE U3
poTopa;

e paccMaTpHUBaEMOE CEYCHHE MOIHOCTHIO 3aI0JTHEHO KHUJIKOCTHIO;

e BHYTPEHHAS IMTOBEPXHOCTH JKUIKOCTHOTO KOJIbI[A B Tpefeiax sueiKH MaKCHMAaJbHOTO Ta30BOro oObema
LIINHAPUYECKasl.

© ITaBnenko A.O. / Pavlenko A.O., 2017
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Puc. 1. Hpunuunuaﬂbnaﬂ cxema .’)ICMOKOCmHO-KO]le{e@OZO Hacoca

Pagmyc BHyTpeHHEH MOBEPXHOCTH >KUIAKOCTHOTO KoJbla B cedeHuu I-1I ¢ HanGompmmmM 3a30poM Mexzay po-
TOpPOM H KopirycoM (puc. 1) onpenensercst 3 BhIpaKEeHHS:

+2 [1 i i cum’?] , 1)

4 2

]
|1+L

Tz =7

. e
IJie 1, — PaIMyC POTOPA; 73 — HAPYKHBII PAjIyC JOMATOK POTOPa; ¥ = -y ¥ — Yo MOBOPOTA POTOPA.
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b=b,

I

al

050, 056,

\

o/

Puc. 2. Pabouee koneco: 6e3 pebep scecmrocmu (a) u ¢ pedbpom dxcecmxocmu (6)

TeOpCTI/I‘ICCKaﬂ 6BICTpOTa Z[CI7[CTBPI$I OIPCALCIIACTCS KaK:

Sp=1-2a—v? -I(1-v-a) |22 @)

Fa=Tan
rae o = —=; d — TOJIIIMHA JIONATKH; Z — YHUCIIO JIONATOK; b, — IIMPHHA POTOPA; c — YIIIOBasi CKOPOCTE;
L

JelicTBuTenbHas OBICTPOTA IEHCTBUS ONIPEACISETCS KaK:
5 =5 3)

TIIE, 1]y — IMIUPUUYECKHH 00BbeMHBIN K03 UIMEHT MoIe3HOTO AeHCTBUSL.

OCHOBHBIMU NIPEUMYILECTBAMU PACCMOTPEHHOTIO METO/1A SIBJISIIOTCS:

1. VHuBepcanbHOCTb. PaccMOTpeHHBIH METOJ MOAXOIWUT Ul pacdera B IIMPOKOM JHana3oHe M3MEHSIEMBIX
apaMeTPoB.

2. OtHOcHUTENbHAS MPOCTOTA pacyeTa.

OCHOBHBIMHU HEJJOCTATKAMH PACCMOTPEHHOTO METO/Ia SIBJISTIOTCS:

1. B paccMOTpeHHOM METOIe HE YUIHUTHIBAIOTCS CBOIICTBA paboUei KHUIKOCTH.

2. B paccMOTpPEHHOM METO/ie MPUHSTHI AO0MYIIEHHsI, CIPOSKTUPOBATH HACOC C ONTUMAIbHBIMH MTApaMeTPaMH.

BonbImmHCTBO HAyYHBIX TPYZOB, OCHOBBIBASICH HAa JAHHOM METOJIE pacueTa, NpeaaraloT JONOIHEHHS, YIUTHI-
Basl JIOMOJIHUTEIbHBIE (PAKTOPBI, C LENBIO MOBBIILECHNS! TOYHOCTH PE3yIbTaTOB.

B pa6ore [5] aBTop mpu pacuere GOpMbI KHIKOCTHOTO KOJIbIIa Ha CTOPOHE CXKaTUsl pacCMaTpHBaeT ypaBHEHHE
HEepa3phIBHOCTH CYMMAapHOT'O IOTOKA ra3a W paboueil XHUIKOCTH, NPUHUMAsI CPEIHIOI0 CKOPOCTh TedeHWsl pabouei
KUAKOCTH B CAMOM ILIMPOKOM CEYEHUH OE3JI0IaTOYHOro mpocrpancTsa paBHoi (0,97-0,98)u, [5]. Takxke yuutsiBaeTcs
BJIMSIHHE HAa 00BEMBI I'a3a U pabodel KUJIKOCTH B JIIOOOM paJHalbHOM CEYEHHH JIOTIATOK M pedep HKECTKOCTH poTopa.
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Panmyc BHyTpeHHEH IOBEPXHOCTH >KHUIKOCTHOTO KOJIBIIA B CAMOM LIMPOKOM CEYEHHH OE€3JI0NaTOYHOTO Ipo-
CTPaHCTBa MO ATOMY METOY OTpeaersieTcs Kak (puc. 1):

[1ke n
Tz < "'"I_,\IIF T (4)

rae K — ckopocTHO#M ko3¢ duLIeHT, 3aBuCAIINid 0T GOPMBI U YHCIA JOMATOK POTOPa; i — KOI(P(HULHEHT, YIUTHIBAIO-
N 7
1Hil yMeHbIIEHHE Pabodero 06HeMa 3a CYET TOMIIUHBL TONATOK; € — SKCHEHTPUCHTET; ¥ = * [ ;

TeOpeTI/I‘IeCKaSI 6LICTpOTa I[eflCTBHH OIMPCACIIACTCA KaK
Sy = mnrfyby (1 — £)F — vl ()

rae N — 9acToTa BpalleHHs pOTopa; b, — IMNPHHA Koyeca; [ — yroy HakJIOHa JIOTIATOK.

ﬂeﬁCTBHTCHLHaﬂ 6LICTpOTa JIEHCTBUS MEHBIIIE TeOpeTH‘-IeCKOﬁ Ha BCJIMYUHY 00BEMHBIX NOTEPb, KOTOPLIC YU~
TBIBAIOTCSI 00 HEMHBIM KOB(i)(i)HHI/IeHTOM MOJIE3HOT'O ICHCTBUS MNos

5 = MgeST (6)

B naHHOM MeTOzE HE YUHUTHIBAIOTCS ITOTEPH, CBA3AHHBIE C HCTIApEHHEM paboueil )KUAKOCTH, U HE YKa3bIBACTCS,
Kak 00beMHBIH KOI(PHUIIMEHT 3aBUCHT OT F€OMETPUUECKHX MapamMeTpoB U ycioBuii padotst JKKBH.

B metozne pacuera )KKBH, npuenenHom B padote [1], paanyc siueliku poTopa, KOTOpas HaXOAMTCS HENo-
CPEACTBEHHO 3a BCACHIBAIOLIMM OKHOM OIIpEZENseTCs KaK:

| . T
" = | W S Ll 23% ¢
= v = T (2e 1 ), W)

T b .
rae, ¥ = lf}: 0= D,?r B W — K03 dUIMENT, yuuThIBAIONIMH yMEHbIEHHE paboyero o6bema 3a CHeT TOMIUHBI JIOMa-

TOK; k77 — CKOPOCTHOH KO3 (PUIMEHT; € — IKCIICHTPUCHTET;
Teopernueckast OBICTPOTA OTKAUKH OIPEEIISAETCS KaK:

5r = mhnr [A(2ky, — 1) + 4kpq 6], (8)

rae, b — mmpuHa Koneca; N — 4acToTa BpalIeHHs POTOPA;
B ommume ot mpeablIymux MeTo0B pacdera, Obictpora otkaukn JKKBH 3aBucut ot ckopoctHOTO K03 dH-
IIMEHTa K;;, KOTOPBIH MOKA3bIBAET, BO CKOJILKO pa3 JAEHCTBUTENbHOE 3HAUCHHWE CPEIHEW CKOPOCTH TedeHHs pabouei

KHJIKOCTH B G€3JI0IIATOYHOM MIPOCTPAHCTBE )KUIKOCTHOTO KOJbIA B HIDKHEM CEUCHHH MEHBIIIE OKPYKHOH CKOPOCTH Ha
nepudepun paboyero KoJjeca.

B pabote roBopHTCS, 4TO BA3KOCTH paboyel >KMIAKOCTH OKa3bIBAaeT BIMSHHE HA €€ CKOPOCTh B JIOOOW TOYKe
0€37I0IaTOYHOTO MPOCTPAHCTBA. Tak Kak MpH yBEIWYEHHH BSI3KOCTH pabodell ®HUIKOCTH €€ CKOPOCTh B HIKHEM cede-
HHUM 0€37I0MaTOYHOTO MPOCTpaHcTBa OyIEeT YMEHBIIATHCS, TO COOTBETCTBEHHO YMEHBIINTCS U TeOpeTHIeckas OblcTpoTa
otkauku JXKBH. B pabote 0bUIO 10Ka3aHO, YTO OTHOCHTENBHBIN 3KcueHTprucuTeT £ B JKKBH Henb3s BeIOHpath Oe3
ydeTa 3Ha4eHHUsI OTHOCHTEIbHOTO MHUHMMAJIBHOTO 3a30pa & Mex1y pabounM KoiecoM M KopmycoMm. [Ipu 3amaHHOi Be-
JIMYMHE § OTHOCHTENIBHBIH 3KCHEHTPUCHTET HEOOXOJMMO BHIOMPATh MaKCUMaJbHO BO3MOXKHBIM M3 YCJIOBHSI KacaHUs
JIOTIaTOK paboyero Koseca MOBEPXHOCTH KHUIKOCTHOTO Koibla B ceueHuH I1-11, rie nMeeTcss HaubombpIuii 3a30p MEXIY
pabounM KOJIECOM U KOPITYCOM.

JelicTBuTenbHas OBICTPOTA AEHCTBUS ONPEAENIETCS 10 JAHHOMY METOJy OIMCaHHBIM 00beMOM U Ko duim-
€HTOM OTKa4KH A, KOTOPBIH YUUTHIBAET YMEHBLICHUE OIIMCAHHOIO 00beMa 3a CUEeT MOrPYKEHHs JIONATOK pabouero Ko-
Jieca B KHMIKOCTHOE KOJIBIIO, @ TAKXKE 3a CUET MepeTeduek ra3a, MepTBOTO 00beMa, NCTIapeHns padodel KUIKOCTH | psijia
IpyTHuX (haKTOPOB.

OpHako B JaHHOM METOZE NpH OIpefesieHHH TeopeTndeckor OpicTpoThl aeticTeus JKKBH Taxke BBOAHTCS
JIOTYIICHHE O TIOJTHOM 3aI0JIHEHUH padodell )KUAKOCThIO ceueHus [-1.

B nacrosimee Bpems pa3zpaboTka JIF000TO HOBOTO BHIAa TEXHHWKH TpeOyeT pemieHHs IEeNOoro psiia BOIPOCOB,
CBSI3aHHBIX C O0OeCTIeueHHeM HaWIy4YLIMX IapaMeTpoB, HEOOXOAUMBIX 3KOHOMHYECKUX ITOKa3aTesel, HCIOoIb30BaHnEeM
COBPEMEHHBIX KOHCTPYKTOPCKHX U TEXHOJOTHYECKHUX I0JXO0JI0B, IPUMEHIEMBIX B IIpOLECCEe pa3paboTKu 00beKTa Juis
BO3MOKHOCTH NMEPCIEKTUBHOIO pa3BUTHA. BaxkHENIINM U3 TaKUX BOIPOCOB SIBJISETCS] IOUCK ONTUMAIIbHBIX PEILIECHUI! B
npouecce pa3pabotku. IIpy co3qaHuM TEXHUYECKHX OOBEKTOB OCHOBHYIO POJIb HOJYYHIIM HOMCK M BBIOOP COOTBET-
CTBYIOLIETO KPUTEPHsI ONTUMAIBHOCTH, ITPEJHA3HAUYCHHOTO AJsl PEelleHNs IOCTAaBICHHON 3a7aull, a TaK)Ke BBIIBICHUE

YIpaBISIEMBIX [TApaMETPOB.
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IIpu pazpadotke )KKBH mpous3BomuTeNnb BCeTra CTPEMHUTCS K YMEHBIIICHHIO MOIITHOCTH Hacoca. B Takux ciy-
Yasgx MMPU ONTHMHU3ANUH NAapaMETPOB BaKYyMHOTO HAcoca B Ka4eCTBE KPHTCPHEB ONTHUMAIBHOCTH OyIyT BHIOMpATHCS
00BEM NMPOTOYHOH YAaCTH M MOIIHOCTH HAa BaTy Hacoca. BONBIIMHCTBO MONMBITOK yMEHBIICHUSI 00beMa MPOTOYHON da-
ct JKKBH nprBoIniio K yMEHBIICHUIO OBICTPOTHI OTKAYKH, YBEIMICHHIO YaCTOTHI BparieHus potopa. [loatomy upes-
BBIYaWHO aKTyalbHOM SABISIETCS 3ajada pa3pabOTKM METoJa pacdeTa ONTUMAIbHBIX IapaMEeTpPOB >KHUAKOCTHO-
KOJIBLIEBOT'O BaKyyMHOI'O Hacoca.

BriBon: [IpuBeneHHbIN aHaIU3 METOJOB pacyeTa *HUIKOCTHO-KOJIBLIEBBIX BaKyyMHBIX HACOCOB MOJTBEPXKIAET
MEepCHEeKTUBY coBepleHcTBOBaHUA MeTonoB pacueTa JKKBH. OnHuM M3 nmepcnekTHBHBIX HalpaBICHUN JanbHEHIIero
cosepiieHcTBoBaHus JKKBH sBnsiercs mouck onTUManbHBIX PELIEHUN C UCHOIb30BAHUEM PA3IMYHBIX KPUTEPUEB OIl-
TUMAaJILHOCTH U OIIpe/esIeHHe ONTUMANIbHBIX TapaMeTPOB IPOTOYHOH yacTu.
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ANALYSIS OF THE EXISTING CALCULATION
METHODS OF LIQUID RING VACUUM PUMPS

A.O. Pavlenko, Master’s Degree Student
Scientific Adviser: A.A. Ochkov, Assistant of Department "VVacuum and Compressor Equipment"
Bauman Moscow State Technical University, Russia

Abstract. At design of modern liquid-ring vacuum pumps one of important requirements is optimization of key
parameters of flow part. One of the problems is the choice of the corresponding criteria of optimality and operated pa-
rameters. In view of the general requirements applied to them it is necessary to consider specific conditions and fea-
tures of the designed liquid ring vacuum pumps. Various methods of calculations of key parameters of liquid ring vacu-
um pumps are considered. One of the most perspective directions of further development of modern liquid ring vacuum
pumps is allocated.

Keywords: liquid ring vacuum pump, flow part, optimization, optimality criterion, pumping rate, calculation
method.
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AKTYAJIBHOCTbDB BE3OITACHOCTHU U OXPAHBI TPYJIA
HA IMPEAIIPUSATUAX U B OPTAHU3ATIUAX

I'.B. Teinanunal, H.B. Ckpunuenko’
! KanMIAT TEXHMYECKUX HAYK, TUPEKTOP, 2 KAHINIAT TEXHUYECKMX HAyK, H.0. CTAPIIEr0 HAYYHOTO COTPYIHUKA
Ommman «HOxusrity, PIKIT «PecnybnmukaHCKui HaydHO-MCCIEI0BATEIbCKUA HHCTUTYT 110 OXpaHe Tpyaa
MuHHCTEpCTBa TPYOa U COIMANBHOI 3amuThl HaceneHus PecrryOnmka Kazaxcrany, (Anmarsr), Kazaxcran

Annomayus. B cmamve paccmompensvi 80npocyl axmyaibHOU 3HAYUMOCIU Op2aHu3ayuy 0e30nacHocmu u
OXpansl mpyoa HA NPeOnpUAMUAX U 8 OP2AHUIAYUAX, UX GIUAHUE HA PE3VAbMAM NPOU3E00CMBEHHOU OesIMeNbHOCHIU.
Paccmompensi ocnognuvle pakmopel, erusaiowue Ha yCaosus mpyoa pabomHuKo8 npeonpusmull u Op2anu3ayull.

Knrwouegvie cnoga: 6esonacnocmo u oxpana mpyoa, RpeOnpusmus u opanuzayuy, npogeccuonaisvhvie 3a60-
JIe8anusl, 3auuma pabomHuKo8 om 6peoHbIX U ONACHBIX PaKmopos, ammecmayus nPOU300CMEEHHBIX 00EKMOB.

BesonmacHoCTh 1 OXpaHa TpyJa B HacTosllee BpeMs UMEH KojoccalbHoe 3HaueHue. [IpeamocsuikaMu Takoro
OTPOMHOI0 3HAYEHUs SIBIISETCS MOCTOSIHHOE Pa3BUTHE MPOU3BOACTBEHHBIX OTpaciel, TEXHOJOIUH, a TaKkkKe CO3AaHue
HOBBIX BU/IOB JICATCIEHOCTH.

BrimonaeHne 1 cOOIFOICHHE HOPM 0€30ITaCHOCTH M OXPaHBI TPy AaeT BO3MOKHOCTB PEIINTh TaKHe BOIPOCHI KaK:

— 3amuTa PabOTHHUKOB MPENNPUATHS JTHOO OPTraHU3allii OT OIMACHBIX, a TAK)KE BPETHBIX (haKTOPOB, KOTOPHIE
MOTYT TIOBJIHATH Ha 3I0POBbHE, a B JalIbHEHUIIIEM BRI3BATH Pa3BUTHE MPod3a0oIeBaHUI;

— CHIDKCHHE BEPOSITHOCTH BOSHHKHOBCHHSI HECUACTHBIX CIIy4aeB Ha MPOU3BOJICTBE;

— HEYKOCHHUTEJBbHOE COOIto/ieHHe TpeOOBaHMH HOPM, TpaBHI M MHCTPYKUMH 1O OE30MacHOCTH M OXpaHe
TpyZla CO CTOPOHBI PAOOTHUKOB TI0 0€30MIACHOMY BEJICHHIO padoT;

— CHIDKEHHE BEPOSTHOCTH JOIMYCKa K TSDHKENIBIM paboTam, paboTaM ¢ BPEAHBIMU U (MJIM) OIAaCHBIMU YCIIOBUSIMH
Tpy/ia JIULI, JOCTUTIINX IEHCHOHHOTO BO3PacTa, JIMILI, He JOCTUTTIIMX BOCEMHAALATHUIICTHETO BO3PACTA, @ TAKXKE JKCHIIIMH;

— co3zjaHue Uil pabOTHUKOB HEOOXOIMMBIX CAaHMTAPHO-TUTMEHUYECKHX YCJIOBHUH, a UMEHHO oOecredeHHe
BBIIAYM M PEMOHT CICIMATBHON OJCKIBI U 00YBH PAaOOTHHKOB, CHAOKCHHE MX CPEJCTBaMHU MPOQUIAKTHICCKOH 00pa-
00TKH, MOIOIIMMH U Ie3UHOUIUPYIOIIUMH CPEICTBAMHE, MEUIIUHCKOM anTeukoit u T.1. [3].

Heo0xommmo otmernts, uTo Bo BpeMeHa CoBerckoro Coro3a Ha MPEANPUATHAX BOMpocaM Oe30MacHOCTH U
OXpaHe TpyZa yICIIOCh JOCTATOYHO Oobioe BHUMaHue. OIHAKO B IIOXY MEPECTPONKHA TOMHHAHTHON HENBI0 PYKOBO-
TUTENEH IPEIIPHUATHI ABISUIOCH TOCTIKCHAE MAKCUMATBHON IPHOBIIA B MAKCHMAITBHO C)KaTble CpOoKH. COOTBETCTBEHHO
HAJIO TIOJIaraTh, YTO MPHU TAKHUX YCIOBHAX TPyAa BOOOIIE HE COOMIONANCH 3JIeMEHTapHBIE TPeOOBaHUS HOPM Oe30MacHO-
CTH U oxpaHbl Tpyaa. K coxaneHuro, 1 B COBPEMEHHOE BpeMsI HEKOTOPbIE PYKOBOIUTENH TPEIIPUIATHI U OpraHu3aIii
MIPUMEHSIOT METO/IBI YIIPABIECHUS, B KOTOPBIX BOIIPOocaM 0€301MacHOCTH M OXPaHbl TPyZa OTBOJIHUTCS JANeKO He MepBOCTe-
neHHasi poib. OHAKO, CIIPABEVTUBOCTH PAIH, HEOOXOANMO OTMETHUTH, YTO HOBOE IOKOJICHHE PYKOBOJIHUTENECH MpeanpHs-
Tl ¥ OpraHM3alii MOHMMAIOT AKTYyaJbHOCTh IPAMOTHOTO MOIXOJa K OpraHM3alMi OE30MAacCHOCTH W OXpaHbl TPy[a.
HTak, B 4eM ke 3aKIIF0YaeTCsl aKTyaIbHOCTh 0€30ITaCHOCTH M OXPaHbI TPy/a Ha MPEANPUATHAX U B OPTaHU3AIMIX.

Arnpropu, akTyalbHOCTBIO 0€30IaCHOCTH U OXpaHbI TPyAa Ha MPEANPHUATHSIX U B OpraHU3aLUsgX SBISETCA TO,
4yro B cooTBercTBUH ¢ Koncturyuei Pecniyonuku Kazaxcran [2], caMoil BRICOKOH IEHHOCTBIO SIBJISICTCS YENIOBEK, a
TaKXKe ero )KU3Hb.

HyHO 0TMETHTB, 4TO COONMIOICHHE HOPM U TpeOOBaHMI OE30IIACHOCTH U OXpaHe TPy/a SBISCTCS 3aJI0TOM IHC-
IUIUTHHAPOBAHHOCTH PaOOTHHUKOB. A 3TO KaK CIICACTBUE CHIKACT KOJMYECTBO HECYACTHBIX CIIYYAeB Ha IIPOHM3BOJICTBE.

Bonee toro, cobmoaeHne HOPM W TpeOOBaHUI 0E30MACHOCTH M OXpaHBI TPyAa JaeT TapaHTHH OE30MacHBIX
YCIIOBHIA TPyZAa HE TOIBKO KOTAa paOOTHUKH HEITOCPEICTBCHHO BBIMOJIHIIOT CBOM CITY)KeOHBIC 00s13aHHOCTH. [IpH sTOM
BBITTOJTHACTCS PSIZI CAMBIX HEOOXOUMBIX MEPONIPHUATUH, TAKUX KaK:

—  arTecTauys MPOU3BOJICTBEHHBIX O0BEKTOB M0 YCIOBHSIM TPYAa;

— oOyueHue U NMpoBepKa 3HaHUI 10 BONpocaM 0€30MaCHOCTH M OXPaHbl TPy/a PYKOBOISIINX PAOOTHUKOB M
JIMILI, OTBETCTBEHHBIX 33 o0ecneueHne 0e30MacHOCTH M OXpaHbl TPY/Ia;

— npoduiaakTHka MpodheCCHOHATBHBIX 3a00IeBaHU;

— KOHTPOJIb MO MPEJOTBPAIEHUI0 HECUACTHBIX CIy4aeB Ha IPOU3BOJCTBE;

— oOecrieyeHne pexxiMa TpyZa v OT/IbIXa, a TAKXKEe MMUTaHUsl paOOTHUKOB BO BPEMsI IIEPEPHIBOB MEXY PaboTOH;

— obecrieueHre paOOTHUKOB CHENUAIBLHOM O/ICKI0H, CleaIbHON 00YBbIO, CpECTBAMH HHIMBUAYAILHOW 1
KOJIIEKTUBHOM 3alUTHI;

— TapaHTUM M KOMIIEHCAILlUH, HAlpHMeEp, TaKhe KaK CTpaxOBaHWE pAaOOTHUKA OT HECYACTHBIX CIIydaeB NpH
HCTIOTHEHUH UM TPYJOBBIX (CIyXKeOHBIX) 005S3aHHOCTEH.

Takum 00pa3oM, BBITIOITHEHHE BBIMICTICPEYNCICHHBIX MEPONPHATHH AaeT pabOTHHUKAM YyBCTBO 3alIMIIICHHO-
CTH, 4TO OJIaTOTBOPHO BJIMSAET HA CTAOMIHLHOCTH CAMHX MPEATPUATHI 1 OPTaHU3aAIHH.
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bezonacHOCTh M OXpaHa TpyJAa BeCchbMa aKTyallbHA Ha NPEANPHUATUAX W B opranm3anusax. HeBosmoxkHO mpen-
CTaBUTH ceOe yCIEIIHOEe MPEANPHUITHE, YIPABICHYECKAN COCTaB KOTOPOT'O XalaTHO OTHOCHWICA OBl K BOmIpocaMm 0e3-
OTIACHOCTH M OXpaHbl Tpyna. K mpumepy, HecuacTHBIE CIydaH Ha MPOU3BOACTBE HAOJTO MAapaU3yIoT paboTy Ha Mpen-
MPUSITAH, TEM CAMBIM CO3/1aBasi HE3I0POBYIO MICHXOJIOTHYECKYIO OOCTAaHOBKY B KOJUICKTHBE.

Ecnm oOpaTuTs BHIMaHKE HA ONBIT KPYMHEHIINX MUPOBBIX KOMITAHUH, TO MOXKHO 3aMETHTb, YTO PYKOBOJIUTE-
JIM CUUTAIOT 0€30MaCHOCTh U OXPaHy TPYAa OJHUM U3 BaXKHBIX IIPHOPUTETOB.

AKTYyaJIbHOCTB BOIIPOCOB 0€30IAacCHOCTH M OXpaHbl TpyAa Ha npou3BojcTBe B PecnyOnmke Kaszaxcran eme
BBIIIIE, YeM B cTpaHax EBpomelickoro coro3a, a Takxe B CoeanHenHbix lltarax. OOBsCHSETCS 3TO T€M, YTO OOJBIINH-
CTBO Ka3aXCTAHCKMX MPEANPHUATHH yxKe BbIpaboTano cBoi pecypc. COOTBETCTBEHHO, paboTa Ha H3HOLIEHHOM 000pyI0-
BaHMW MOXKEM IIOBJIEYb 32 COOOH MOBBIIIEHHYIO aBApUIHOCTD, COMPOBOXK/IAIOIIYIOCS HECYACTHBIMU CITy4YasiMU pa3iiid-
HOM CTENeHU TSHKECTH. B CBSI3M ¢ 3TUM BO3pacTaeT aKTyalbHOCTh OE30IIACHOCTH M OXPaHbI TPy/a Kak OJHON U3 IIepBO-
OYEpEeIHBIX 3a1a4 Pa3BUTHS MPEANPUSITHIA U opranu3anmii [1].

Poct mepBoouepenHOil 3HAYMMOCTH OE30MIACHOCTH M OXpPaHBI TPYAa HA NPENNPHUSATHSIX U B OPTaHU3ALMIX
IIPEAONPEEIsIET Pa3BUTHE CIECAYIONINX MPOLECCOB — OE30MACHBIC YCIOBHS TPyJa KaK OJWH U3 BaXKHEHIIHNX (pakTOpoOB,
BIMSIOIINX HA 340pOBbE pabOTHHKA.

HemanoBaskHyI0 ponb B JaHHOM BOIIPOCE MIPAIOT:

— oOyueHne U MpoBEpKa 3HAHUII IO BOPOcaM O€30MaCHOCTH M OXPaHBI TPyAa PYKOBOASAIINX paOOTHHKOB M
JIMLI, OTBETCTBEHHBIX 33 o0ecneueHne 0e30MacHOCTH M OXpaHbl TPYIa;

— TMOJrOTOBKA M 00y4YeHHe Oe30IacHBIM METOIaM Tpy/ia PaOOTHHUKOB;

— co3zaHue 0e30MacHBIX YCIOBHH Ul TPYAOBOH AEATEIBHOCTH, HAPUMED, IIyTeM o0ecrieueH sl ONTUMAaNb-
HBIX [TApaMETPOB MHUKPOKIMMAaTa, OCBELICHUS M CBETOBOI cpelbl, yueTa NCUX0(pHU3nOIOrHYeCKUX M IPrOHOMHYECKUX
ocoOeHHOCTeH Tpya;

— ¢QopmupoBaHHE ONTHMAIBHBIX PEXHUMOB TPYZAa M OTIBIXA, IPOBEACHHS JIEUeOHO-TIPODMIAKTHIECKUX Me-
ponpusTUi;

— TIPEJOCTaBJIEHHE COKPALICHHOH MPOAOIDKUTEILHOCTH pabodero BpeMeHH! 1Jisi pabOTHHUKOB, 3aHATHIX Ha pa-
00Tax C TSHKEJIBIMH, BPEAHBIMHU WM OIACHBIMH YCIOBHAMH TPY/Ia.

Co3znaHue BBIMICNIEPEYHNCICHHBIX YCIOBUI TpyAa Ha MPEANPHUATHUAX U B OpPraHU3alMAX IOCTHraeTcs IMyTeM
MIPOBEICHUS aTTECTAMH MPOM3BOJCTBCHHBIX O0BEKTOB MO ycioBmsM Tpyaa. Oumman «tOxwusrit» PIKIT «Pecnyomu-
KAaHCKHUI Hay4YHO-MCCIIEA0BATENbCKUI HHCTUTYT 10 OXpaHe TpyAa MUHUCTEPCTBA TPyla U COLMAJIBHOM 3alllUThl Hace-
nenust PK» ocymiecTBisier AesTeNbHOCTh 10 NMPOBEACHUIO aTTECTALUH MPOM3BOACTBEHHBIX OOBEKTOB MO YCIOBHIM
tpyna. Taxxe Ounman «lOxHBIN» NpoBOAUT 00y4eHHE M NMPOBEPKY 3HAHUI IO BOIPOCaM OE30MAaCHOCTU U OXPaHbI
TpyZla pyKOBOASIINX PAOOTHUKOB U JIML, OTBETCTBEHHBIX 33 00ecneyeHne 0e30acHOCTH U OXPaHbl TPy/a.

Bompocs! 6e30macHOCTH 1 OXpaHbl TpyZa ABISIOTCSA BEChMa aKTyaJIbHBIMH JUIS JTI000TO MpeAnpusaTys B PecrryGuke
Kasaxcran. besonacHoCTb ¥ 0XpaHa Tpy/a — 3TO BaKHEHIINI 37IEMEHT COLMANIBHO OJIMTHKI COBPEMEHHOTO rocyaapcTsa. bes
coOIrofieHnst TpeOOBaHMIA 1 HOPM TI0 O€30MacHOCTH M OXpaHe Tpy[a, a Takke 0e3 MOJepHHU3alMi Mep 110 00ecTiedeH o 0e3-
OIACHBIX YCJIOBHH TpyZAa Ha MPEINPHUATUSX W B OPTaHM3ALMSIX HEBO3MOXHO 3((EKTHBHOE pa3BUTHE NMPOMBIILIEHHOCTH. A
coOJro/ieHne BBIICYKa3aHHBIX TPEOOBAHMH M HOPM TI0 0E30IacHOCTH M OXpaHe TPpy/Ja HE BCEraa BO3MOXKHO Oe3 pe3ylbTaToB
TIPOBE/ICHHOM aTTeCTall POU3BOJCTBEHHBIX OOBEKTOB IO YCIIOBHAM TPYyIla, a TAKkKe 0e3 HAIMUMS 00y4eHHBIX W TPaMOTHO
TIOJITOTOBJICHHBIX PYKOBOLIIINX PAOOTHUKOB M JIMII, OTBETCTBEHHBIX 3a 0OecriedeHne 0e30IacHOCTH 1 OXPaHbI TPy/Ia.
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MOP®OJIOT U CEJEZEHKHU KPYIIHOI'O POI'ATOI'O CKOTA B BO3PACTHOM ACIIEKTE
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Annomayus. Ilenvio pabomel 66110 UCCAEO08AHUE CIPOCHUS CENE3CHKU KPYRHO20 PO2AMO20 CKOMA PAZHBIX
sospacmubix epynn. Ilo pesyromamam ucciedosanuil, NoaHOe MOPHOPYHKYUOHATLHOE CO3PesaHIUe OP2AHA C HemKUMU
onpedenenusmu 6enotl nyvnsl na T-3asucumvie u B-3asucumpie 30161 0ocmueaemes k mecsaunomy ospacmy. B opyeux
cmapuux 8ospacmuvix pynnax (4-7, 9, 1 200) 6 benoil nynvne auvle MUKPOCKONUYECKUE USMEHEHUS. HEe OMMEUANUCD.
Habniodanoce nuws 3amemnoe yseruuenue Kiemok 0eloll nyibnvl U ¢ 603DACMOM OMMEUANOCh HE3HAYUMENbHOEe
ymenvenue B-30nbl. Knemounwiii cocmag 30n npedcmasnen: T- u B-numgpoyumamu, niazmobracmamu u niazmamu-
YeCKUMU KIEMKAMU, CeLe3eHOUHBIMU MAKPODALamu u eOUHUYHLIMU NEPUSACKYISPHOIMU MYUHIMU KiemKamu. B kpac-
HOU nylbne, NOMUMO IMUX KIEMOK, 8CMpedaemcss 60Ibloe KOMUYECME0 IPUMPOYUnos, OmoeibHble 203UHOPUbL U
Heumpoguibl.

Knrouesste cnosa: cenesenxa, ummynumen, Kpynuoiil po2amolii CKOM, IUMMOUOHble Y3eKu.

VMMmyHHas cucTeMa XapaKTepu3yeTcsi MHOTOKOMIIOHEHTHOCTBIO, HO (PyHKIMOHHUPYET Kak eanHoe menoe. OnHa
MIOJI/ICPKUBAET KIETOYHOE ¥ TYMOPAJILHOE COCTOSHIE OpraHnu3Ma.

J1s1 IMMYHHOM CHCTEMBI XapaKTepHbIC CICAYIONINE OCHOBHbBIC (DYHKIIMH: OTKpHITast cCHcTeMa (YHKIIMOHUPO-
BaHMs, MHOTOKOMIIETEHTHOCTh, MYJIbTHBAPHAHTHAs! PETyJsiiys. 3aIliUTa OpraHiu3Ma MOCPEACTBOM UMMYHHON CHCTEMBI
MPOMCXOJUT 3a CUET CHEHU(PHYECKUX DIIEMEHTOB 3alUTHI C Y4aCTHEM OMOJIOTMUECKH aKTUBHBIX MaKpOMOJIEKYJ, UM-
MYHOKOMITETEHTHBIX KJIETOK, OPraHOB MIMMYHHO# CHCTeMBbl. BHONOrHuecky akTHBHBIMU MHKPOMOJIEKYJIaMHU SIBJISIOTCS:
MeIMaTopbl IMMYHHBIX peakIuil (MHTepJIEHKHUHBI), TOPMOHBI, pOCTOBBIE (PAKTOPHI (MHTEP(EPOHBI OIYyX0JIb HEKPOTU3U-
pytomux ¢axkTopos, pakrop pocta HUOpoOIACTOB, (HAKTOPHI IPAHYIONUTAPHBIN, KOJIOHHECTUMYIHPYIOMINI U MaKkpo-
(aranbHbIi KOJIOHHECTHUMYJIUPYIOIINHA).

K MMMyHHOKOMIIETEHTHBIM KiieTkaM oTHocstcst T u B-numdonunTsl, npeamecTBeHHUKH UMMYHOKOMIIETEHT-
HBIX KJIETOK, IIUTOTOKCHUYEeCKHe KiIeTKH. [lepudepnueckyio IMMYHHYIO CHCTEMY COCTaBIIAIOT Cele3eHKa, JuMpaTnye-
CKHE y3JIbl, TUM(OUIHBIE CKOIUICHHUS >KeJyJ0YHO-KHIIIEYHOT0 TpaKTa, Koxa [1, 2].

Crenyer ckaszaTh, YTO UIMMYHHasi cucreMa (OpMHpOBaIach B TEUEHHE MPOAOJDKUTEIHHOTO 3BOJIIOIMOHHOTO
nporecca. Y COBPEMEHHBIX MIICKOITUTAIOIINX 3Ta CTPYKTYpa JEHCTBYET Kak OTJIaKeHHBIH MexaHu3M. OH momoraer
KHMBBIM OpPTaHWU3MaM CIIPABIIATHCSI C HETATHBHBIM BIMSHHEM OKPYKalOLIMX YCJIOBHH. B 3amaunm cTpyKTypsl BXOOHUT HE
TOJIBKO paclio3HaHKe, HO W BBIBEJICHHE NMPOHMKIINX B OPTaHW3M UYXXEPOAHBIX areHTOB, a TAaKXXe IMPOAYKTOB pacliaa,
MAaTOJOTUYECKH U3MEHHUBIINXCS 3JIeMeHTOB [1, 2].

He oGnasas 3HaHUSIMH CTPOCHUSI OPraHOB MMMYHOT€HE3a, HeJlb3sl Hay4HO-00O0CHOBAHHO CYJHTh O (hyHKIIHO-
HQJIBHBIX BONPOCaX MMMYHOTEHe3a, Y9acTHe MX B MaToreHe3e Ooyie3HEil pa3IMuHON 3THOJOTHH, a TaKKe MIPOBOIUTH
MIPaBUIIBHOE JICUCHHE U MPO(UIAKTUKY Pa3IMIHOTO poJia 3a00IeBaHNH.

Opranam UIMMYHHOI CHCTEMBI Ha COBPEMEHHOM 3Tarle yJIeSI0T BCECTOPOHHEE CTPOSHHE, TaK KaK OHH B OpraHU3Me
MIJIEKOTTUTAIOIINX UTPAIOT 0COOYIO BasKHYIO POJIb B (POPMHUPOBAHUH €CTECTBEHHOTO M MPHOOPETEHHOIO NMMYHHUTETA.

NzyueHne Makpo-MHKpPOCTPYKTYPHI U YJIBTPacTPyKTypa JUM(OUIHBIX OPTaHOB B OCHOBHOM HMPOBOAWIOCH HA
71a00paTOPHBIX XKUBOTHBIX U YelloBeKa. IMeroTcs efMHUYHbBIE PaObOThl NCCIEI0BaHMS IPYTUX MIICKOITUTAFOIIHX.

Ha u3menenue ycioBuii BHEIIHEH cpelpl, BO3/EHCTBHE cTpeccupyomux (HakTopoB HAa (YHKIMOHAILHOE CO-
CTOSTHHE OpPTaHM3Ma »XKMBOTHBIX M3 IIEPBBIX PearnpyeT HMMYHHasl CHCTEMA, OPraHOM CIIEIM(UIECKOTO MIMMYHHOTO OT-
BETa KOTOPOW Ha aHTUTEHBI, IUPKYJIUPYIOLINE B KPOBH, SIBJISICTCS CeJie3eHKa. B Hell MpoMCcXoAnT aHTHreH3aBUCHMAs
nponudeparnust u aupdeperupoka T- n B-mumdormTos, pacno3HaBaHne YyKepOIHBIX I TaHHOTO OpraHW3Ma aH-
TUTE€HOB KJIETKH M CHHTE3UPYIOT crenupuiaeckne nMMyHorI00yuasl (Canna M.P., Hukuriok [1.b., 2000). B 3aBucu-
MOCTH OT ()YHKIMOHAJIHHOTO COCTOSHHS CEJIe3eHKY OTHOCAT K JemoHupyromeMmy Tuiy. Cene3eHka ¢ IeHOHUPYIOmeit
¢yHKIKEH (B IOKoe) HakarmmuBaeT 10 15-17 % ot obmiero o6sema KpoBH.

Cene3eHka MPUHUMAET aKTHBHOE YJacTHE B yIJIEBOJHOM OOMEHE, a Tak)Ke B OOMEHe jkeye3a, KOTOpOe OCBO-
00X TaeTCsl PU TEMOJIN3E IPUTPOIUTOB B oprane. OHa 4acTh sKeNe3bl UCTOIB3YETCs sl 00pa3oBaHMs TeMOTIIOOHHA,
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Jpyrasi COeAUHsIETCS CO crienndUIecKuMu OelTkaMHu KpOBH, 00pa3yst TeMoceiepuH B (peppuTHH, KOTOPhIE KaK pPe3eps,
OTKJIQABIBAIOTCA B celle3eHKe U medeHu. Cee3eHKa CTUMYIHPYET 00pa3oBaHHe B MEYCHU OMIMPYyOHMHA, XOJECTePHHA,
0esIkoB-(paKTOPOB CBEPTHIBAHMS KPOBH, HeTpamusanun (eHosla, OKUCICHHS THPO3UHA. BBUIO yCTaHOBIEHO, YTO U3
BCEX OPraHOB MMMYHOII0333, HMECHHO B CEJIC3CHKE BBIPaOaThIBAeTCsI HanOOJbIIee KOIMYECTBO MMMYHOTIIOOYJIMHOB.
Cene3eHKa TaKkKe ABISETCS €IUHCTBEHHBIM OPTaHOM HMMYHOT€He3a, 00eCTIeYMBAIOIMM HMMYHHBIH KOHTPOJIb KPOBH U
TeHETUYECKUX YYXKEPOJHBIX YaCTHL, HO €€ MUKPOCKOITMUECKass aHATOMHS U3y4eHa JaJieKo He TOJHOCTHIO [3].
Marepuan u Mmetoasl uccjenoBanus. Hayunsie vccnenoBanus IpoBoIMIIM B JadopaTopuu kadeapst Mmopdo-
sorun U ¢pusnonorun KasATY um. C. Ceitdymnmna. Marepuan s ucciaeoBanus Obul 0ToOpaH nocie 3a00si )KHUBOT-
HBIX, TIEpeJl B3ITHEM MaTepHasa OpraHbl ObUIM IOJBEPIHYTHI ACTAIBHOMY OCMOTPY /ISl UCKIIIOUEHHST KaKMX-JIM0O0 ma-
ToJloruii B opranax. [Ipu ocMoTpe opraHoB BHMMaHKE 00palajioch Ha MPABUIILHOCTh aHATOMUYECKOTO PACIIOJIOKECHUS
BHYTPEHHUX OPTaHOB, BEJIMYHHY, KOHCHCTEHIIMIO, [IBET, CTENICHb KPOBEHAIIOJIHEHHUS, COCTOSIHUE KalcCyJsbl U 3amax. B
XO0Jle TIPOBEICHHS UCCICAOBAHMS OBUTH HCIIOIb30BaHBl METOIBI UCCIICNOBAHMUS: IIPEapHpOBaHus, MOPHOMETPHS, IPH-
TOTOBJICHHE I'MCTOJIOTHISCKUX CPE30B, 3aIMBKa B ITapadHH, SJIEKTPOHHO-MUKPOCKOIIMYECKOE UCCIIeJOBAaHHUE.

Mopgpomempuyeckue usmepeHus
KpyrnHO20 po2amo2o ckomad
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Pucynox 1. Mopghomempuueckue noxazamenu cene3enku KpynHo2o po2amozo CKOma 8 603pacnHom achexme

Kax BuaHO U3 AuarpamMMel, HAMMEHBIIAs AJIMHA CEIE3EHKU Y KPYITHOTO POraToro ckorta B Bo3pacte 7 mec.-1 rof co-
crapnsier 31,2 £ 0,75 cm. MakcumanbHas IJIMHA Y KPyIHOTO poratoro ckota 10-14 et coctapisier 47 = 0,25, MUHUMATbHAS
LIMPHHA W TOJIIMHA Y KPYIIHOTO poraToro ckora 7 mecsiues-1 roj, kotopas pasHa 9,8 + 0,21 cm u 2,1 + 0,55 cm cooTBeT-
cTBeHHO. UTO KacaeTcs IIUPUHBI CENIe3€HKH KPYITHOTO pOraToro CKOTa, TO ¢ HAMMEHBIICH TONIIMHON SBISIETCS celle-
3eHka 7 mec.- 1 rox u paBHa 2,1 = 0,55 cM, a HambombIel y KpynmHoro poraroro ckora 10-14 mer u cocraBiser
3,8+£0,62 cMm.

Y KpyMHOTO POraToro CKOTa MEJIKHE Y3€JIKH OeJION IMyJIbIbl, BUAUMBIE Ha TIOBEPXHOCTH Cpe3a, IPEICTABISIOT
c000# uMQOKTHBIE Y3eNIKH, KaK y TEJIAT C 5 MECSYHOr0 BO3pacTa, Tak M Y dKHUBOTHBIX 110 roja. JlumbounaHblie y3enku
SIBJSIFOTCSL TJIABHBIMH MECTaMHU 00pa3oBaHus JTUM(OLUTOB B celie3eHKH. Kpome Toro, BUIHO, YTO KpacHas IMyJiblia,
OKpYy’Karomias TUM(OUIHBIE y3€IKH, COACPKUT B CBOUX S4YEHKaX MHOXKECTBO SPUTPOIMTOB, TaK KaK KpacHas IyJbIa
Npe/CTaBIsieT co00it YacTh cene3eHKU, QYHKIMOHUPYIONYI0 Kak (GuibTp kpoBu. JIuMbonaHbie y3eaKu 04eHb XOPOIIO
Pa3BUTHI Y KPYITHOTO POraToro CKOTa M B 5-6 Mec. Bo3pacTe U B 8-9 mecsIeB, 1 B Bo3pacTe | roja. Y KpymHOTO poraTo-
IO CKOTa MEePEKIIAJANHBI TOJIIE B BO3PACTE OJHOIO rojia, U OHU B OOJIbIIEH CTENIEHN KOHIEHTPUPYIOTCS B LIEHTPE CaMoi
CEIIC3CHKH.

B OGonbmMHCTBE ciydaeB NPH PACCMOTPEHHH MPOIOJBHBIX CPE30B CEIE3EHKH CHHYCOWABI BBITJIAIAT HE Tak
SICHO, KakK IIPHU PacCMOTPEHUH IOIEPEYHBIX Cpe30B. Ha rucTosornyecknx mpenapaTax cejle3eHKH NCCIIeJOBaHHBIX JKU-
BOTHBIX B BO3pacTe OJHOTO Iojia XOPOIIO BBIPAKEHBI JIUM(OUTHBIE Y3€JIKNA U LEHTPHI PAa3MHOXKEHHMS, a TAK)KE CHHYCO-
UAHbIE KalWIIAphl. B kpacHO! Mynble pacnonararoTcs MeNKUe KaluUIIpbl, BOKPYT KOTOPBIX PacHOI0XKEHbl FeMOJIU-
3MpOBaHHBIE 3PUTPOLUTHI. JINMQOUIHBIE Y3€IKH MMEIOT JOCTATOYHO YeTKYIo (opMy M CTPYKTypy. B mmmdonmubix
y3€eJIKaX XOPOILIO BUJIHBI LIEHTPHI PA3MHOXKEHHUS C MAHTUIHHON 30HOW, MapTUHAIBHOM 30HOM M KpacHOU mysbnoi. Mex-
Iy y3eJKaMH BBIpaK€Ha COEAMHUTENbHAsI TKaHb B BHAE KPYHMHBIX Tpabekynl. B nuM¢pougHBIX y3eIKax MpaKkTHIECKU
BCEX HCCIICIOBAHHBIX KUBOTHBIX XOPOIIO BUIHBI IEHTPH Pa3MHOXKEHUS, MAHTHITHAS 30HA YETKO OTIPAaHHMYUBAETCS OT
LIEHTpa pa3MHOXKEHHUS, MapTUHAJIFHAS 30Ha U KpacHas MyJibIa, C MUHUMAJIFHON TUTONIAbI0 COSMHUTEFHON TKaHH.

Takum 00pa3om, BO3pacTOM CTHUPAIOTCS TPAaHHIBI 30H JIMM(paTHuecKnx (OJUINKYIIOB, a TAaK)Ke YBEITHINBACTCS
1 KOJIMYECTBO TPaOeKyI.
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MORPHOLOGY OF THE SPLEEN OF CATTLE IN AGE ASPECT

A.l. Gazizoval, N.B. Akhmetzhanova?
! Doctor of Biological Sciences, Professor, 2Candidate of Veterinary Sciences, Senior Lecturer
S. Seifullin Kazakh Agro Technical University (Astana), Kazakhstan

Abstract. The research of spleen structure of cattle of different age groups is the purpose of this paper. Based
on the research findings, complete morphofunctional spleen maturation with clear determination of white pulpa on T-
dependent and B-dependent zones is reached to 1-month age. In other senior groups (4-7, 9 month, 1 year) in the white
pulpa obvious microscopic changes weren't noted. Only noticeable increase was observed in cells of white pulpa and
with age insignificant reduction of the B-zone was noted. The cellular structure of zones is presented by T- and B-
lymphocytes, plasmablasts and plasma cells, splenocytes and single perivascular mast cells. In red pulpa, besides these
cells, there is a large number of erythrocytes, separate eosinophils and neutrophils.

Keywords: spleen, immunity, cattle, lymphoid knots.
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THE MODERN ECOLOGICAL STATE OF THE ARAL SEA
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Abstract. This article considers the ecological state of the Aral Sea, the measures, which have been taken to
improve the environmental situation in the Aral Sea, and what else can be done to prevent further deterioration of the
present situation

Keywords: Aral, ecology, problems, salinity, level, water, soil, climate, measures, solutions.

The Aral Sea is located on the border of Kazakhstan and Uzbekistan. Since the 1960s, sea level began to de-
cline rapidly, due to the intensive use of water, including the abstraction of water from the main feeding rivers of the
Amu Darya and the Syr Darya for irrigation purposes.

In 1989, the sea broke up into two isolated reservoirs - the Northern (Small) and the Southern (Large) Aral Sea.
For 2003, the surface area of the Aral Sea was about a quarter of the original, and the water volume - about 10%. By the
beginning of the 2000s, the absolute water level in the sea had dropped to a level of 31 m, which is 22 m below the ini-
tial level observed in the late 1950s. Fisheries were preserved only in the Small Aral Sea, and in the Great Aral because
of its high salinity all the fish died.

In 2001 the island of the Renaissance became a peninsula.

In 2003, the Southern Aral Sea was divided into western and eastern parts.

In 2001, as a result of a drop in water level, the Renaissance Island connected with the mainland. On this island
until 1992, the Soviet military biochemical laboratory operated, which tested bacteriological weapons - causative agents
of anthrax, tularemia, brucellosis, plague, typhus, smallpox, and botulinum toxin - in laboratory animals. There are fears
that the deadly microorganisms buried in the soil on the island have remained viable, and infected rodents can become
their distributors to other regions.

From the 1950s to the 2000s. projects were proposed for the construction of a canal for the transfer of water
from the basin of the Ob to the Aral Sea basin, which would significantly expand the economy of the Aral Sea (in par-
ticular, agriculture) and partially revive the Aral Sea.

Such construction will require very large material costs (from several states — Russia, Kazakhstan, Uzbekistan)
and will entail serious environmental consequences in Siberia, so the practical implementation of these projects is not
yet a question.

In June 2013, at a meeting of the Presidium of the Russian Academy of Sciences, Deputy Director of the Insti-
tute of Oceanology of the Russian Academy of Sciences Peter Zavyalov reported that the drying processes of the Aral
Sea have slowed down. "The analysis ... shows that the sea has how come close to equilibrium, since its mirror has de-
creased so much that the evaporation has decreased too, that even not very significant residual river runoffs, and also
the underground drain allows balancing the sea,” Zavyalov said. Despite the extremely high salinity of water, the Aral
Sea has its own ecosystem. "The ecosystem of the Aral Sea is very specific, but alive," the scientist said. In particular,
40 species of phytoplankton, a large mass of zooplankton, represented mainly by the only species — the crustacean Ar-
temia parthenogenetica — were found during the expeditions of the Institute of Oceanology.

The desiccation of the sea somewhat influenced the climate of the region directly adjacent to the former sea
water area (at a distance of 100 km from the former coastline), which became more continental: the summer became
drier and hotter, the winter was colder and more prolonged. From a drained part of the former seabed, dusts containing
marine salts, pesticides and other chemicals are emitted in large quantities to nearby regions by winds.

As a result of shallowing sharply increased salinity of the Great Aral - 10 times, which caused the extinction of
many species of flora and fauna, adapted to less salinity. Large Aral has lost fishery importance, ports are closed.

There are a number of negative consequences for the inhabitants of the Aral Sea region: high unemployment,
high child and maternal mortality due to unfavorable environmental conditions.

In Karakalpakstan, Academician Chauzhou Abdirov studied the improvement of the ecological situation for
the population of the coastal areas of the Aral Sea in 1994-97. Nevertheless, the process of desiccation of the sea is most
active from the Uzbek side. On the place of the sea a new desert Akkum

Within the framework of the project "Regulation of the Syr Darya River and the North Aral Sea" (RRSSAM)
in 2003-2005, Kazakhstan constructed from the Kokaral peninsula up to the mouth of the Syr Darya the Kokaral dam
with a hydraulic gate (which allows to pass excess water to regulate the water level), which fenced the Small Aral

© Koshkarov N.B., Abseitov E.T., Kolpek A.K., Akhaeva A.A./ Komkapos H.b., A6cenros E.T., Kommek A.K., Axaea A.A., 2017
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from the rest (the Great Aral). Due to this, the Syr Darya runoff accumulates in the Small Aral Sea, the water level here
has grown to 42 m abs., The salinity has decreased, which allows breeding some commercial fish species here. In 2007,
the catch of fish in the Small Aral Sea amounted to 1910 tons, of which 640 tons account for the flounder, the rest -
freshwater species (carp, asp, pike perch, bream, catfish). It is assumed that by 2012 the catch of fish in the Small Aral
will reach 10 thousand tons (in the 1980s, about 60 thousand tons were caught in the entire Aral Sea).

The length of the Kokaral dam is 17 km, the height is 6 m, the width is 300 m. The cost of the first phase of the
project was $ 85.79 million ($ 65.5 million is for a loan from the World Bank, the remaining funds are allocated from
the republican budget of Kazakhstan). It is assumed that the water will cover the area of 870 square km, and this will
restore the flora and fauna of the Aral Sea

Carrying out feasibility studies, monitoring and evaluation of the results of the first phase of the project proved
the need to increase the height of the Kokaralsky dam from the current elevation of 42 m to 48-50 m and to discharge
water into the Great Aral through the strait in the western part of the Small Aral (it is necessary to move the current
spillway out of the strait Berg through the Bay of Shevchenko). Therefore, within the framework of PRRSAM-2, the
construction of hydrotechnical facilities in the Shevchenko Bay will be required.

According to calculations, as a result of this project, the water volume in the Northern Aral Sea will increase
from 27 km? to 59 km?. When the water level reaches 46 m and above, the sea will be much closer to the city of Aralsk,
the former port, which is currently 40 km from the sea. Thus, the project allows to do without the construction of a dam
to separate the bay of Saryshyganak. This method solves several problems at once: the water salinity in the Small Aral
is reduced from the current 13-16 g / I to 2.5-3 g / |, evaporation of water decreases, and the water and chemical balance
throughout the sea improves.

On Earth, it is difficult to find places where the population was so badly affected by the natural cataclysm. The
environmental situation in the Aral Sea region, despite the measures being taken, wants the best. Correct solution of the
problems of the Aral Sea will restore the excellent ichthyogenic fund, flora and fauna.
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COBPEMEHHOE 2KOJIOT'HYECKOE COCTOSHHUE APAJIBCKOI'O MOPSI

H.B. Komkapos!, E.T. Aocentos?, A.K. Koanex®, A.A. Axaesa*
L podeccop kadeaprl XUMUH, XMMUYECKOH TEXHOJIOTHH M SKOJIOTHH,
Z accONMMPOBAHHBIH poQeccop Kadeaphbl CTaHAaPTU3ALMH M CEPTU(UKALINH,
% 3aBenyrouuit kKadeapoil XMMUH, XMMHYECKOH TEXHOJIOTMH M SKOJIOTHH, aCCOLMMPOBaHHBII npodeccop,
4 mpenoiaBaTenn, MarucTp SKOJIOTUH
Kazaxckuit yHuBepcHuTeT TeXHONIOTHH 1 Om3Heca (AcTana), Kazasxcran

Annomayun. B 0annoii cmamve paccmampugaemcsi IKoa02uieckoe cOCmosHue Apanbckozo mops, Kakue me-
Dbl BPeOnpuHAmbL 0I5 YAYUUleHUs 9KoI02udeckol cumyayuu Ipuapanss u umo ewé MOodiCHO coerams 4umoobbl He 0ony-
cmumb OanvHeliuee yxyouleHue Hacmoauell CUmyayuu.

Kniouesvie cnosa: Apan, sxonozus, npooiemvl, 3aCONEHHOCHb, YPOGEHb, 800a, NOYEA, KIUMAM, MEPbl, PEULeHUS.
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KOMILVIEKCHAS MEJIMOPALIUA JET'PAJIMPOBAHHBIX
OPOIINAEMBIX 3EMEJIb I0T'A KASAXCTAHA

B.1II. Aman6aesa’, P.K. Bex6aes?, P.A. I:kaiicam6exoBa®
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Kazaxckuit HaygHO-HCCIeJ0BaTeNbCKAN HHCTUTYT BogHOTO X03siicTBa (Tapas), Kazaxcran

Annomayun. B 0annoil cmamve aHATUUPYEMC KOMNLEKCHASL MEAUOpayus 0e2paoupo8antblx Opoulaembix
semens wea Kasaxcmana.
Knroueevie cnosa: xomniexcnas menuopayus, 0ecpaouposantbie opouaemble 3emiu.

OmnbIT 3KCIUTyaTallUd UPPHUTalMOHHBIX cucTeM Ka3zaxcTaHa MOKa3bIBAeT, YTO COBPEMEHHBIE CHCTEMBI MENHO-
panyy MPHUBOAAT K HAPYIICHUIO MPHPOIHOTO PABHOBECHS B arpO3KOCHCTEMaX, YCHIIMBAIOT MPOIECCHl pa3pyIICHUS U
BBEIHOCA OPTAaHWYECKHUX BEIIECTB W MUTATEIBHBIX 3JICMEHTOB, YCKOPSAIOT IMHAMHUKY 3aCOJICHHS, OIICIAYMBAHUSI M OCO-
JoHIeBaHus 1o4B. [lo 3TO# mpuYnHE B KOPHEOOWTaEMOM CIIO€ IOYB MPOUCXOAUT CHIDKEHHE COACpKaHHS ryMmyca U
KaJbIHA, Pa3pyLUICHAE CTPYKTYPHL, MEPEyIIIOTHEHHE TAXOTHOTO U MOAIAaXOTHOTO TOPH30HTOB, HAKOIUICHNE TOKCHYHBIX
coneil. Yxynamenne BOTHO-QU3NYECKUX M XUMHUYSCKHUX CBOWMCTB TMOYBHI MOBBINIACT Pa3Mephl HEMPOHU3BOAUTEIBHBIX
MOTEPh OPOCUTEIBHOI BOJBI, HAPYIIAIOT BO3AYIIHBIC U MUIIEBBIC PEXKUMBI KOpHEOOUTaeMoro cios. [loatomy B HacTo-
siee BpeMst okouto 50 % opoliaemMbIx 3eMesib OJIBEPTIIoch 3aconieHuto, 30 % — OCOJIOHIIEBaHUIO, OlIEeTauUBAHUIO, TI0-
TepsIM MUTATENbHBIX BemlecTB. [1o 3Toi mpuyKrHE B KOPHEOOUTAEMOM CJIOE ITOYB TYMYC U COJCPIKAHNE KaJIbIUsI CHU3H-
quck Ha 20-30 %. OnHUM U3 MyTel NOCTHKEHUS TOCTABJICHHOW 1IeNIN ABISETCS KOMIUIEKCHAsI MEIUOpaLUs Terpagrupo-
BaHHBIX 3eMeJib, OHA OCTAETCsI aKTYyaJbHOMU JJIs BCeX UPpUrallMOHHBIX cucTeM Kazaxctana [3].

KoMIutekcHbIi 1oAX01 1Mo pa3paboTKe pecypcocOeperaronx CUCTeM METHOpalui 1Mo YHpPaBJICHHIO BOJIHO-
COJICBBIMHU W THUIIEBBIMU PEKHMaMH OPOIIAEMBIX MTOYB C YUETOM THIIA ITOYB, THAPOTCOIOTHICCKUX M KIMMATHICCKUX
YCIIOBHI SBJSIETCS HOBBIM U IPEIOTIPEISISCT IPHHINTHAIFHOE OTIHYUE UACH OT CYIISCTBYIONINX aHAJIOTOB.

HayuHoli HOBH3HOI IPOBEIEHHBIX HCCIICOBaHUH SBIACTCS TO, UYTO B YCIOBHAX fora Ka3zaxcraHa, rie BoJHBIC
peCypCHl OTPaHUYCHBI, 2 B KOPHEOOUTAEMOM CIIO€ MHTEHCHBHO IPOTEKAIOT JIETrPaJalliOHHBIE MPOLECCH — 3aCOJICHUE,
OCOJIOHIICBAaHUE W OINETaYMBAaHWE IOYB, CHIDKCHHE 3aI1aCOB OPTaHMYCCKUX BEIISCTB M IHTATEIBHBIX AJIEMEHTOB,
yIpaBJIeHHE BOTHO-3€MENBHBIMU PECypcaMy Ha OPOMIAEMBIX 3€MIIIX JOCTHTAeTCsl COBMECTHBIM HCIIONB30BAHHEM KOM-
IUIEKCHOM MEIHMOpAIiH, B pe3yIbTaTe KOTOPHIX YIYYIIAIOTCS BOAHO-(GU3NUECKHE M XUMHUECKHE CBOIMCTBA MOYB, IMO-
BBIIIAETCS BOJ00OECTICUEHHOCTh HPPUTAIIMOHHBIX CUCTEM U NMPOAYKTUBHOCTh CEIbCKOXO03IHCTBEHHBIX KyIbTYD [1, 2].

[ToneBblie Mcceq0BaHNs MPOBOJWINCH HA OMBITHOM yuacTke «becaram XXamObuickoro paitona XamObIIcKo#
obmactu mwiomaaeio 0,5 ra, Ui MpOBEIEHUS UCCIIECTOBAaHUH, BO3/IEIBIBAIACH CEILCKOXO03SHCTBEHHAs KYIbTypa — KyKy-
py3a Ha 3epHO. B oceHHumii meproa MpoBecHa BCIAIIKa MOYBBI U BHeCeHHEe (ocdorurica HOpMoit 5-7 T/ra U HaBo3a —
10 1/ra. BecHoii poBeIeHO rIy00KOe phixjieHue (PUCYHOK 1).

OnBITH MPOBEACHHI 110 BapuaHTaM: | BapuaHT — KOHTPOIb (0€3 PBIXJICHHS, ¢ TIIyOOKUM PHIXJICHHEM); 2 BapH-
aHT — C BHECEHHEM HaBo3a HOpMoii 10 T/ra (0e3 pBIXIICHHs, C TIIyOOKHUM PBIXJICHHEM); 3 BapHaHT — C BHECEHUEM (oc-
¢orurca HopMmoit 5-7 1/ra; 4-i — ¢ BHeceHHeM (ocdorunca u HaBo3a (0e3 PHIXICHUS, C TIYOOKHM phIxiieHHeM). [loce
KYKypy3HbI IPOBEJICH B CEPEIMHE Masl.

© Amanbaesa B.111., bex6aes P.K., [IxaiicambexoBa P.A. / Amanbayeva B.Sh., Bekbayev R K., Dzhaysambekova R.A., 2017
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Pucynox 1. I'ny6okoe puvixienue nougst (a) u noces Kykypysol (6) na onvimnom yuacmre «Becazawy

PesynbraThl HaOMIOACHUIT 32 JUHAMMKOM BJIQXKHOCTH TIOYBBI ITOKa3aJH, YTO €€ 3HAUCHHUs B TIOJIMBHOM NEpHO.
He omyckatotcst Huke 70 % ot HB. Ilpu aTOM ycTaHOBIEHO, YTO IIIy0OKOE PHIXJIEHHE ITOYB CIOCOOCTBYET HOAICpIKa-
HHUIO OoJyiee BBICOKOH BJIa)KHOCTH TOYB, OTHOCHUTENFHO BapHaHTOB Oe3 phixieHus. CieloBaTelbHO, PHIXJICHHE MOYB
obecrieunBaeT pa3pyleHne NOANaX0THOTO INIOTHOTO cllosl. B pesynbrare yBenu4uBaeTcs NOPUCTOCTh M COOTBETCTBEH-
HO BJIarOEMKOCTh BEPXHHX CJIOEB KOPHEOOHTaeMOIl TOJIIH ITOYB, YTO O0ECIICUHBACT YIIyUIICHHE TEMIIOB POCTA U pa3-
BUTHUS KYKYpPY3bl C CaMOIl HayaJIbHOM CTaJlUU €€ Pa3BUTHUSA.

deHonornueckrue HaGIIIOACHUS MOKA3alH, YTO BHECCHHE B IMOYBY HaBo3a U (ocdorurca, a TakkKe pHIXICHHE
MOYBBI 00ECIICUHMBAIOT BBICOKHH POCT M Pa3BUTHE PACTCHUH KyKypy3bl. DTO IMOITBEPXKIOAETCAd UX OHOMETPHYECKUMHU
rokasareasamu (tadsmna 1).

Hamnpumep, miomans JTMCTOBOM MOBEPXHOCTH KYKYPY3bl B KOHTPOJHHOM BapUaHTE IO MOBTOPHOCTSIM OIIBITA
usMensieTcs B npenenax 20569-26460 cm?/m?, a B cpeaHeM cocTasnseT 23229 cm?/M%. B BapuaHTE ¢ PHIXJIEHUEM ILIO-
ab JUCTOBOM HOBEPXHOCTH pacTeHui KyKypy3sl BospacTaeT a0 26310 cm?/M?, uto Ha 13,3 % Gonblle, 4eM B KOH-
Tposie. Hanpumep, npu BHeceHHM HaBo3a HOpMOH 10 T/ra W NPOBEAECHHM PHIXJICHUS MOYBBI ILUIONIA/b JIUCTOBOM MO-
BEPXHOCTH KyKypy3bl yBeauumpaercs o 30458 cm?m%, wim 31,1 % OTHOCHTENEHO KOHTPOJILHOIO BapHMaHTa.
Haunbonpmmii poct u pa3BuTHE KyKypy3bl OTMEUaeTCs B BapUaHTe, Il B MOYBY BHOCHTCA H (pocdorumnc u HaBo3. Ha
JIAHHOM BapHaHTE IUIOIIA/b JUCTOBON NOBEPXHOCTH cocTaBmia 32365 cm?/mM? — Ge3 puixienus u 33165 cm?/m? — ¢ riy-
OOKHMM PBIXJICHHUEM.

Tabnuya 1
BnomeTpnqecmle nmoxKasarTre/in paCTeHI/lﬁ KyKypy3l>I HaA OIIBITHOM y‘laCTKe «Becaram»
2/, 2 HOKaSaTCJ'II/I 110 BapI/IaHTaM OIlbITa
Ilomans AMCTHEB, CM*/M 5 5
HOBTOp' c3 pBIXJ'[eHI/IH [ l"J'Iy OKUM pI:IXJ'ICHI/IGM
Bapuantsl cpenHsis Mac- BBICOTA CpelHss Mac- o
HOCTh 6e3 phIX- ¢ TITyOOKHM . BBICOTA PAaCTeHUI,

ca OIHOTO paCTeHI/II/I, ca OJTHOT O
JICHUA pI:IX-J'IeHI/ICM CM

noyaTka, T CcM noyaTka, T
1 22658 25841 275 206 283 249
Kommoons 2 20569 26764 286 241 340 263
P 3 26460 26325 303 253 351 267
Cpean. 23229 26310 288 233 324 260
1 27301 27565 310 261 325 265
C BHece- 2 28620 32588 304 256 361 271
HUEM HaBO- 3 30125 31223 299 259 354 269
3a Cpe. 28682 30458 304 259 347 268
1 31244 30456 320 269 369 275
C Brece- 2 31128 32784 347 276 378 283
Huem ¢oc- 3 32655 32977 318 271 388 286
Qorumca Cpenn. 31676 32072 328 272 378 281
C BHece- 1 31692 32860 374 276 394 289
HIeM (oc- 2 32456 32921 369 281 391 283
(o-rumca n 3 32946 33714 281 279 385 280
Hasosa Cpen. 32365 33165 341 279 390 284

Bricora paCTeHI/Iﬁ 1 MaccCa MMOYaTKOB KYKYPY3bl Ha BApHUAHTAX C PBIXJICHUEM, BHECCCHUEM HAaBO3a U (1)00(1)01“1/11'[-
Ca CBsA3aHa € YBCJIMYCHHUCM 3al1dCOB IMUTATCIIbHBIX BCUICCTB B KOpHeO6I/ITa€MOM CJIOC II0YB (Ta6J’II/ILIa 2)
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Hanpumep, B KOHTPOJIBHOM BapHaHTE, TJ€ MPOBOIUTCS TOJIBKO BOAHAS MEIHOpANMs, T.€. OCYLIECTBISIOTCA
HOJIUBBI KYKypy3bl (BCEIO 3a BEreTalMOHHBIH MEepHOJ MPOBEIEHO 5 MOIMBOB OPOCUTENIbHOM HopMmoii 5000 m%/ra), oT-
MEUaeTCsl MOBBIIIEHHAS! INIOTHOCTb, IIEJIOYHOCTh M COJIOHIIEBATOCTh MOYBBI, @ OPTraHMUYECKHE U MUTATEIbHBIC 3JIEMEHTHI
— XapaKkTepu3yITCsl HU3KUMHU BeInunHaMu. [losToMy mokasaTenn pocTa M pa3BHTHA KyKypy3bl [0 CPaBHEHHIO C APY-
TMMH BapHaHTaMH ObLIH MOHIKCHHBIMH.

W3 npencraBieHHBIX MaTepHAIOB BUAHO, YTO IPHU PBHIXJICHUU MOYBHI IPOUCXOJUT CHUXKEHHE MIOTHOCTH IOY-
BbI B MOANIAXOTHOM CJIO€ U COOTBETCTBEHHO MOBBILIEHUE €€ MOPUCTOCTH. B BapuaHTe ¢ BHECEHHEM B IIOUBY HaBO3a, B
KOpHEOOMTAaEeMOM cJloe, KpOME YIIy4IIEHHsl IUIOTHOCTH M HOPUCTOCTH, Mo4Ba nomydaeT 2100 Kr opraHM4ecKux Be-
mecTB, 23 xr ¢ocdopa, 40 xr kanbuus, 59 kr kanus U 50 Kr a3ora B nepecueTe Ha oAMH rextap. Ha BapuanTte ¢ BHece-
HHEM HaBo3a, HO 0e3 MpOBeJCHUs TITyOOKOTrO PBIXJICHUS, MPUYNHAMHU CHI)KEHHS IPOJYKTUBHOCTH KOPHEOOMTAEMOTO
CJI0S1 TIOUBHI SIBJISICTCS BBICOKAS LIEIIOUYHOCTh, COJIOHIIEBATOCTh U YIUIOTHEHHOCTb.

Tabauya 2
IMoka3aTeau NJIOTHOCTH U MOPUCTOCTH KOPHEOOUTAEMOTO CJI0SI MOYBBI
U COJiep:KaHue B Heil MUTaTeJbHbIX )JIEMEHTOB Ha BAPUAHTAX ONBITHOrO yuacTka «becaramny

BapuanTsl omnbita
Enunaunnesl
Bapuant IToxa3zarenu
HU3MEpEHHS C IIyOOKHMM PBIX- OTHOCHTEIIHHO BapH-
0¢3 PBIXJICHUS
JICHUEM aHTa 0e3 peIXxIeHHs, %

KOHTDOME IInotHOCTH /1 1,65 1,56 94,5
P TlopucTocTs /1 38,6 414 107,2
IJIOTHOCTD, /1 165 156 94,5

MTOPHCTOCTH, /1 38,6 41,4 107,2

Asor KT 50 50 100

BHecenme Hapo3a Kanmit Kr/ra 59 59 100
-10 1/ra KaJbIANH Kr/ra 40 40 100
dbocdop Kr/ra 23 23 100

Oprasueckue sere- xr/ra 2100 2100 100

CTBa

[IJIOTHOCTE, /1 1,65 1,56 94,5
TIOPUCTOCTD, /1 38,6 414 107,2

Buecenne docdo- KaJIbLIMI T/ra 1,15-1,50 1,15-1,50 100
rurmca - 5 t/ra Cepa T/ra 1,1-1,3 1,1-1,3 100
dbocdop Kr/ra 125-150 125-150 100

[IJIOTHOCTE, /1 1,65 1,56 94,5
TIOPUCTOCTD, r/n 38,6 414 107,2

KaIbIUi T/Ta 1,15-1,50 1,15-1,50 100

B bocd Cepa T/Ta 1,1-1,3 1,1-1,3 100
HECEHHE OCRO- bochop Kr/ra 125-150 125-150 100

rumca — 5 t/rau

Haosa — 10 T/ra A3zotr KT 50 50 100
Kamnii KT 59 59 100

KaJIbIAN KT 40 40 100

Oprasueckue sere- xr/ra 2100 2100 100

CTBa

Bricokas 3(heKTHBHOCTH COBMECTHOTO NPHUMEHEHHS BOAHOH, XMMHUYECKOH, OMOJIOTHYECcKOi 1 pr3nueckoi Me-
JIMOpaLMi Ha MIETOYHBIX 0YBAX MAarHUEBOT'O OCOJIOHIIEBAHMS MTOATBEP)KAAECTCS yPOSKAHHOCTBIO KyKypy3bl (Tabummna 3).

Tabauya 3
Bausinue cucreM KOMILIEKCHOH MeJTHOPALUMM MOYBBI
HA YPO:KaiiHOCTh 3epHA KYKYPY3bl HAa ONILITHOM yuacTke «becaramy, n/ra
Bapuant onbiTa
be3 peIxyieHHs TOYBbI C ri1yGOKHM pHIXIEHHEM
[ToBTOpPHOCTH KOHT- BHECEHHUE BHeceHue (oc- BHECEHHE KO- dbocpo- thocdo-
HaBO3a (dorurmca dochorurnca HaBO3 THIIC,
poib U HABO3a POk rame HaBO3
1 52,8 57,3 62,5 64,3 56,6 58,3 64,4 66,6
2 57,1 58,5 60,8 61,3 57,3 60,6 63,2 67,1
3 54,2 57,1 59,7 65,4 58,5 61,7 63,4 66,7
Cpennss 54,70 57,63 61,00 63,67 57,47 60,20 63,67 66,80

Bericokast ypokaifHOCTh KyKypy3bl MOJIyueHa Ha BapHaHTe C INIyOOKUM PBIXJIEHHEM, TJe B MIOYBY BHOCHTCS U
¢ocdorunc u HaBoO3, ypokaiiHOCTh cocTaBmia — 66,80 m/ra.
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Takum 00pa3oM, pe3ysIbTaThl HCCIICAOBAHMIA, MPOBEACHHBIX HA CEpO3eMax, MOKa3a, 4To pa3paboTaHHas CH-
cTeMa XUMHYECKOH, OMOJOTHYECKOW W (PU3NIECKO METHopannui 00ecIiedrBaeT MOBBIIIICHHE BOT000ESCIIEIeHHOCTH 1
MPOIYKTUBHOCTH OPOIIAEMbIX 3€MEIIb.

3AKJIIOYEHUE

1. Ilpu xuMHUUECKOil Melnopanuu NpuMeHeHne (Gocdorurca yBEIMUUBAET COJEpKaHUE MOIBHKHBIX (Gopm
¢docdopa, npu HopMme 5 T/ra — Ha 125-150 kr/ra, npu HopMme 10 T/ra — Ha 250-300 kr/ra.

2. BHeceHue B I0UBYy B KauecTBE OMOMENIMOpaHTa HaBo3a, HopMoi 10 T/ra obecneynBaeT MoCTyIUICHHE ¢ HUM
100 xr/ra a3ora, 118 kr/ra — kanus, 80 kr/ra — kanpuus, 46 kr/ra — gocdopa u 2100 Kr oOpraHIIECKOro BEeLIECTBA.

3. [IpumeHeHne KOMIIJIEKCHOH MEJMOpalyy Ha OpPOIIAEMBIX 3eMJIIX 00eCIeUnBaeT CHIKEHUE COJepPIKaHUs CO-
JIel, COJIOHIIEBATOCTH M LIEJIOYHOCTH, a TaK)Xe IUIOTHOCTHU ITI0YB, MOBBIIICHUE COJIEPKAHUSI OPraHUYECKHX BELIECTB U
MMUTATEIBHBIX 3JIEMEHTOB (a30Ta, hocdopa, Kanms, KaJabIHs) B KOpHEOOUTaeMOii 30HE.
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Abstract. The article describes the dynamics of the changes of land resources, from the beginning of independ-
ence to the present period of the Republic of Uzbekistan. And also, the state of land resources across the regions (1991-
2014), information about their regional differences is given. We present proposals and recommendations based on the
statistical scientific analysis.

Keywords: agriculture, land and crops, agro-climatic resources, irrigated land, water resources.

INTRODUCTION. Land reforms ones of the main reforms which are fulfilling in economical sector in our
state. First of all, it links with a role of land resources in agricultural producing. Using the land resources in effective
way it is a particular functions of the economical and social developing of state. Have more importance of land in the
sector of producing. It is mainly a place for situation of factories for industry. On the other hand, have more possibilities
of land in agricultural sector. Land is not only a place for agriculture, it is also object of working and producing. More-
over, land is natural object and producing.

METHODOLOGY. It is named the stock of land which the whole land of state. The stock of land divided into
types by using of them:

1. Land of agriculture — which is used for agricultural requires and aims;

2. Land of population which live in that area (population of city and villages), land of population which live
near the boundary;

Land which are used for the purposes of industry, transport, communication and defense;
Land which are used for the purposes of recreation and defense nature;

Land which are used for the purposes of history and cultural;

Land of stock of forest;

Land of stock of water;

. Land of reserve.

It is known classification of the types of land for defining the amount, territory and quality of land.

The types of land it is known as have more natural possibility or used for the definite producing.

The type of agricultural land used for only growing agricultural products.

The agricultural land consists of followings:

1. Land of cultivating, this type is used for agricultural purposes. And also, grasses which are growing during
years, land of ploughed in autumn for spring sowing;

2. Group of trees which are growing during years. They are gardens, horticultures, vinicultures, mulberries
and fruit-trees;

3. Virgin lands. These types of land were used more than years but were not used for growing and did not cul-
tivate at least a year (from autumn to autumn);

4. Group of Hay. It is the land of agriculture for making hay permanently;

5. Pastures. It is also land of agriculture for grazing cattle permanently. [3]

DISCUSSION. The whole stock of land of the republic of Uzbekistan is 44,9 min. hectares, 44.4 min. hectares
or 98.9 percentage of the whole stock of land are consist of factories, organizations, farmlands and land which are citi-
zens used.

The stock of land divided in eight types, the main of them are the land of agriculture. Temporary used land and
organizations of agriculture are 20.47 min. hectares in the republic. Indication above it is 63.5 percentage of the years of
1991s. in generally, indicates diminished to 11.8 min. hectares till up to now or 1.6 percentage in ever year up to now. Dur-
ing the 1996-1997s were indicated enormously declining in 14.5 percentage which the highest diminishing until now. [3]

All the agricultural lands were 4.17 min. hectares in 1991. And also, indicate increased till 1996. After a while,
the result of scarcity of water in 1996 it was decreased in 20 thousand hectares. The main reason was the diminishing
waters of the Amu-Darya river. Nowadays, such irrigated lands are 4.2 min. hectares or 20.6 percentage of the whole
agricultural land of republic.

Irrigated lands are mainly in Djizak, Kashkadarya, Andijan regions, and also, in Tashkent, Syrdarya regions
and in the republic of Karakalpakstan. In other regions the indicates of irrigated lands are diminished in very low level.

The irrigated lands of Djizak region are 256.6 thousand hectares in 2000s and 264.5 thousand hectares in
2012s. As well as, in Kashkadarya region 417.7 thousand hectares in 2000s and 424.1 thousand hectares in 2012s. Also,
in Toshkent region indicates increased from 298.9 thousand hectares to 305.1 thousand hectares during 2000 and 2012s.

©NoO O ~®
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On the other hand, in Samarkand region indicates diminished from 261.9 thousand hectares to 253.9 thousand
hectares, in Surkhandarya region also, declined from 245.6 thousand hectares to 241.7 thousand hectares. As well as, in
Ferghana from 256.3 thousand hectares to 249.3 thousand hectares, in Khorezm from 212.5 thousand hectares to 205.4
thousand hectares. In Navoi also diminished from 32.1 thousand hectares to 91.0 thousand hectares which is have the
lowest irrigated lands.

Reasons of the above declining irrigated lands for should be taken attention for have been developing indus-
tries, because industries have more benefits than irrigated lands. Moreover, decreasing of water resources and increas-
ing of population also once reasons of diminishing of irrigated lands.

There are 4071.0 thousand hectares of sowing land in our republic, this indicator equal 18.3 percentage of agri-
cultural land. 3313.1 thousand hectares from the whole sowing land are irrigated land. These indicators do not change
almost during the independence of our republic. Sowing lands one of the most important needed lands for agriculture.

Furthermore, there are dry lands which are irrigated by nature. More of them in Kashkadarya, Djizak, Samar-
gand regions and lower of them in Surkhandarya, Navoi, Tashkent regions. There are 758 thousand hectares of dry land
in our republic. There are more than 200 mm rainfalls annual, almost more of them in spring.

The indicates of sowing areas are higher in Kashkadarya (424.1), the republic of Karakalpakstan (423.6),
Tashkent (305.1) and lower in Djizak, Surkhandarya, Samarkand regions (250-265). And, besides Navoi have more
than 200 thousand hectares of sowing area in every region.

Indicates shows that 16.8 percentage of the whole sowing areas are in Kashkadarya, 11.9 percentage of them in
Djizak, 10.7 percentage of them in Samarkand, 10.4 percentage of them in the republic of Karakalpakstan, 8.4 percent-
age of them in Tashkent regions. In the next step stays Surkhandarya, Syrdarya, Ferghana regions and the lowest level
in Navoi region. [2]

100 % of all sowing areas are irrigated in the republic of Karakalpakstan and in Andijan, Bukhara, Namangan,
Syrdarya, Ferghana, Khorezm regions. The highest difference in Kashkadarya, Djizak, Samarkand regions.

We must need indicates of an effective using level or factor of land. These indicates should be defined with
difference of indicates of irrigated lands from the whole stock of land. And also, it depends on nature and weather of
territory.

For example, the indicates of effective using level or factor are 3,2 (agricultural land) hectares, 0,26 (irrigated
land and sowing land) hectares in the Republic of Karakalpakstan, 8.1, 1.0 and 0.8 hectares in Navoi region, also in
Bukhara lower level because of having more desert territory. [2]

In contrary have higher level of effective using of land in the territories of valley and oasis. For instance, 60.2 %
of the whole stock of land are agricultural land and 47.4 % sowing land. In Syrdarya region 67.7 % are irrigated land, 58.6 %
sowing land. Last but not least, the highest level in Khorezm region, because of development of virgin land.

RESULTS. The resource of land, almost have not change during period, but level of populations increased. It
is clear by the following table.

Table 1
The indicators and dynamic of equality of land resources
and population in the republic of Uzbekistan (in hectares)
Years Irrigated lands in agriculture Whole sowing lands Irrigated sowing lands
1991 0,21 0,20 0,16
1996 0,18 0,18 0,14
2001 0,17 0,16 0,13
2006 0,16 0,15 0,12
2014 0,14 0,14 0,11
1991-2014 years comparing in % 66,7 70 68,7

Statistic of the table above was taken by the state committee of land resources, geodesy and cartography of the Republic
of Uzbekistan, 2014.

It is clear three type of information from the table above, land which is important for activity of population and
changes of them. For example, agricultural lands equal by 0,2 hectares to every person in 1991s. Nowadays, it is by 0,14
hectares to every person.

As we can see above there is no decreasing of land resources but increasing population of the republic almost
in 10 thousand (or 150 %).

The most increasing of population had begun at the first five years of 1990s thus equality of land resources to
every person decreased and be continued in every five years up to now.

Land of crops were equal to every person by 0,19 hectares in the first years of independence but it is changed
in 0,13 hectares or decreased in 31.5 % of whole up to now. As a result of, increasing population.

1,7 % of agricultural lands are grove lands, 351 thousand m? of them are trees of more than years, 80,5 thou-
sand m? of them are virgin lands. 96,7 % of grove lands were irrigated lands and decreased in 11,7 thousand hectares by
1991s. 368,1 thousand hectares of grove lands in 1993 and diminished 321,7 thousand hectares in 2005 years. Increas-
ing of population and demands of people it is the main result of diminishing of trees.
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The main parts of agricultural lands are pasture lands which are situated in northern parts of the republic. It is
11 min, hectares area or 54 % of whole agricultural lands. [2].

It is a pity, lands of pastures also diminished, it were 21 min, hectares in 1991 but diminished by 2 % percent-
age in every year. Nowadays, that lands changing in deserts lands.

Moreover, it is very short vegetation period, thus have possibility of using only in spring. It is also fed cattle at
beginning of summer and at the end of winter. The more of them in Navoi, Bukhara, Kashkadarya regions and in the
Republic of Karakalpakstan, the lower of them also in Andijan, Syrdarya, Ferghana and Namangan regions.

It is clear by the information above that it is lower indicates of irrigated lands in the whole indicates of stock of
land. Therefore, it is so important that irrigated lands must be used in effective way, should be bettered land reclamation
and should be risen effectiveness of them.

Nowadays, 8 % of irrigated lands are not so good. Because the high level of saltiness of soil and increasing of
water level of under land. It was assigned state program of 2008-2012s for aim of should improving land reclamation.

In accordance with that program have being improved kind of works such as drainage, sewers, rebuilt drain
trench and saltiness of soil in the Republic of Karakalpakstan, Khorezm, Djizak, Navoi, Syrdarya regions.

Today 1/3 part irrigated area of Karakalpakstan, 11.5% area of Djizak, 10.8 % of Navoi, 9.9 % of Syrdarya,
7.2 % of Bukhara, 6.8 % of Kashkadarya regions are not in good position of land reclamation.

Conclusion. In this republic it can be seen deterioration of land resources during years. Although, had been
done kind of reforms in improving of land reclamation after independence of the republic Uzbekistan. But, the level of
fertile lands could be being worse now. As we said above, as a result of increasing of population and demands for fertile
lands. Therefore, it must be done any kind reforms in improvement of land resources and reclamation of them, for ex-
ample:

1. To straighten reclamations of land for raising effectiveness of soil, to put attention on quality of land for put
in forcing state taxes and also to give attention to modern technologies and practices of people for improving effective-
ness of land resources.

2. To provide using modern technologies in the buildings of irrigation, after a while, it may be better results.

3. To create and develop an effective way of using land resources. For example, nowadays are building “sam-
ple homes” in villages.

4. To develop an effective way of using the stock of land and to control it, to improve the fertilities and to pre-
serve land. To be owner and preserver of land.

We know that fertile lands are needed to our nation by the years, for example, was cultivated, were given natu-
ral fertilizers.

Furthermore, today every developing western country gives attention to this sphere. It is created modern
“SOS” a helping signal for preserving land resources. The difference from the old “SOS” (save our souls) the attention
is given to natural resources and soil. Nowadays, it means “could preserve our soil”, because they know culture (“cultu-
ra” from Latin lang. “cultivation”) as home stay, taking attention to environment, land and preserving them. We must
not forget that fertile lands are not heritage from ancestors but it is borrowed to us.
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JANHAMMUKA 3EMEJIBHBIX PECYPCOB U TEPPUTOPUAJIBHASA
CTPYKTYPA PECIIYBJIUKU Y3BEKUCTAH

7K.A. Hamo30B, crapiinii Hay4Hblid COTPYIHUK
HanmonansHelil yauBepcuret Y306ekncTtana (TamkeHT), Y30ekuctan

Annomayus. B cmamve onucvigaemca OUHAMUKA USMEHEHUs 3eMeNbHbIX Pecypcos 6 Y3bexucmane ¢ Havand
YCMAHO8NeHUA He3asucumocmu u 00 Hawux Oueti. Takowce u3yueHo cOCMOsAHUE 3eMENbHbIX Pecypco8 No pPecUuoHam
(1991-2014 22.), npedcmasnena ungpopmayus 0 peuoHaIbHbIX paziuyusx. Ilpedcmagnenvt npeodrodicenus: u peKomMeH-
0ayuu Ha OCHOBAHUU CIMAMUCIIUYECKO20 AHATU3A.

Knrwouegvle cnosa: cenvbckoe X0351Cma0, 3eMaU U 3epHOBbLE KYIbIMYPbl, AZPOKIUMAMUYECKUE Pecypehbl, opoua-
emble 3eMU, BOOHbIE PECyPCb.
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Abstract. This article deals with the provision with water resources of Samarkand Region and total number of
water resources. The spreading of water resources in every region was shown separately and districts relativeness with
irrigation systems is given.
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Introduction. Samarkand region is considered one of the country's favorable geographical location. Situation
of Natural geographic of Uzbekistan in the mountainous area, in the central area are on the economic and geographic,
also have many opportunities in socio-economic development of the region. In particular, the role of the hydrographic
noteworthy advantage.

Reports that state the average annual amount of 5385 million m?, of which 251 million m® of water are formed
in the same place, the basic water come from Zarafshan river. The vast majority of water resources (4024 m3), namely
74.7 per cent will be spent on the territory of the region (the farm is used, to evaporate, sticks, etc..), While the rest of
1351 million m? of water will be returned to the river [3].

Water resources of the region and its quantitative indicators of wealth across regions and the quality of (water
sources). 2819.3 million m3 of water per year to the economy of the region [2]. Zarafshan River provides 86 percent of
the total water consumption in the region.

Agricultural drainage channels also play an important role, especially in the eastern areas, it is also used as drinking wa-
ter. The total amount of water to be kept 268.9 million m3, 9.5 percent of the total. Creeks and springs waters, mainly in moun-
tain and foothill areas of irrigated land is especially important to provide water. Not a small amount of underground water (45.3
million m®), and improve the quality of drinking water is used for the needs of the population as well as livestock. [2].

The main part. The rate of consumption of water resources in the region areal (differentiation), equivalent to almost
50 times, as much of water to Pastdarghom district than Kushrabat district. This status is a result of many factors. In addition,
adverse hydrographic comfortable seats and the bigger or smaller fields dominate in different areas, and others.

The provision of water resources in the region the status of the individual, that is, the districts and the purpose of the
study as part of their group. Regardless of their field below, classification, depending on the amount of water resources.

The first group which is the most water users of Pastdarghom and Payarik dictricts in 1/4 of the total water
used on the farm part of the consumer. Each of them spent more than 300 million m3 of water.

The second group, the more use the water in 6 rural areas. Every one an average of at least 200 million m3 of
water. Together consume more than half of the water due to the region corresponding to a total of (51.6 %).

The third group, an average water consumption of those Urgut, Akdarya, Samarkand and Taylyak areas. They,
in turn, have 2 sub-divisions. Samarkand and Taylyak areas accounted for almost the same number of relatively small
amount of water. In general, the four district owns 1/5 of the total water.

The fourth group of regions that consume less water or two major regional the Nurabad and Kushrabad. All of
the regional total water consumption at the expense of only 2 % of the total (56.7 million m3). But the difference be-
tween them is almost by 7 times [2].

Samarkand region’s Zarafshan river are managed by Zarafshan Basin Irrigation Systems Management proce-
dures (BISM) at six irrigation systems Department (ISD) and water (Table 1). These systems are also used in Zarafshan,
along with other sources of water.

Table 1
Samarkand REGION in irrigation water management systems, water supply and resources (million m?)
ISD(irrigation systems Sources -

Ne Departments) Total reserve Lying river Creelfs and Underground water Ditch

springs hath

1 Dargham 856,4 770,5 38,5 9,0 38,4

2 Mirza-Pai 726,5 545,9 9,5 17,5 153,6
3 Narpai-Navai 561,4 561,4 - - -

4 Ak-Kardarya 421,1 3417 30,8 18,8 29,8

5 Miyankal-Tass 2179 170,8 - - 47,1
6 Eski-Anhar 36,0 36,0 0,0 - -

Total 2819,3 2426,3 78,8 453 268,9

Table from Zarafshan BISM, 2015, prepared by the author based on the data.
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Irrigation systems are important for the region economy, their stocks of water in the table below. The Dargham
channel gives regional water (30.4 %), mainly in south-east and southern areas of water. 90 % of water is directly from
the river, and an almost equal amount (4.5 %) the river and the springs and drainages [2].

Mirza-Pay (Payarik) ISD controls the water channel by the same name, and Major areas (northern and eastern)
of water supply. Channel owns 25.8 percent of the region's water supplies. Naturally the water main or three-quarters of
the Zarafshan River, 21.1 percent of the ditches, creeks and springs, as well as the rest of the groundwater share.

Narpai-Navai ISD accounted for a total of 19.9 percent of the total water resources of the region. The water
management in the western districts of the region. Its only source of water in the Zarafshan River.

Ak-Karadarya the northern regions of the ISD's water needs, and owns 14.9 % of the total resource. The
amount of water in the river 81.1 %. Creeks and springs and ditches almost an equal amount of water. The share of un-
derground water is relatively low (4.5 %).

Nurabad ISD 7.7 percent of the water supply to the region and supply Ishtykhan and Kattakurgan districts. It is
also the main source of the Zarafshan River, and also use drainage (21.6 %) waters.

The old canal (Eski Anhar) system to control the water channel by the same name, and a very small amount of
water to the region (36 million m®) [2].

The districts above in the region water resources management and irrigation systems (ISD) the case considered
separately. Now they are together, that is, areas in which the use of the waters of the department that the purpose of
classification. Each district in a specific account of the ISD and its waters. In turn, irrigation systems supply for several
rural (Table 2).

The leading Dargham I1SD, which includes six districts of the province. This system three of the eastern (Urgut,
Taylyak, Samarkand) and the western districts (Pastdargham, Kattakurgan, Nurabad). Ak-Karadarya ISD is out of the
five regional water supply. The Jomboy, Ishtyhan, Akdarya, Payariq and Kushrabad districts use the waters of this de-
partment. Mirza-Pay ISD despite large reserves of water, but supply only three districts (Bulungur, Jomboy and Payarik
in) the land of water.

Eski Anhar and Miyankal-Toss ISD provide water in only two districts of the province. Because they are
neighboring in two regions (Kashkadarya, Navai) and regional services. Zarafshan Basin Irrigation Systems out Tuya-
tortar channel (Jizzakh region) and Karmana-Konimekh (Navai region) irrigation systems departments in general, does
not give water to the Samarkand region.

Table 2
Two or more districts receiving water from irrigation systems (in million m®)
L Total water From this
Districts ISD L - - Internal creeks | Underground | Water
receiving in the river . :
and springs water drainage
Miyankal-Tass 187,8 140,7 - - 47,1
Kattakurgan Dargham 32,9 32,9 0,0 0,0 0,0
Narpai-Navai 31,9 31,9 - - -
Total 252,6 205,5 0,0 0,0 47,1
Dargham 19,1 19,1 0,0 0,0 0,0
Nurabad Eski-Anhar 19,0 19,0 - - -
Narpai-Navai 12,1 12,1 - - -
Total 50,2 50,2 0,0 0,0 0,0
Jomboy Mirza-Pai 2115 135,3 0,0 19 74,3
Ak-Karadarya 16,3 16,3 0,0 0,0 0,0
Total 227,8 2117 0,0 3,4 29,8
. Mirza-Pai 292,7 200,8 9,5 3,1 79,3
Payarik
Ak-Karadarya 53,0 38,0 15,0 0,0 0,0
Total 345,7 238,8 24,5 3,1 79,3
Pastdargham Da_rgham 347,5 325,5 0,0 0,0 22,0
Eski Anhar 17,0 17,0 - - -
Total 364,5 342,5 0,0 0,0 22,0

Note: 0.0 - a very small amount.
Table Zarafshan Basin Irrigation Systems Management prepared by the author based on data from 2015.

There are total of 14 districts in the region, according to their own needs receive from the ISDs. As it is noted
above, each department has its own in a few districts, and each one of them with a certain amount of water. However, in
some areas, on the other hand, one can use the waters of the system (table 2). This is because the size of the area of
highly the first, and secondly, convenient place (situated in the center). Many of these areas located in a convenient
place of agriculture in the farming sector is well established. In addition, some of them do not meet the needs from the
regions and the ISD ability.

More than one in five districts of the province of irrigation systems and water use. The Kattakurgan district is
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considered the most important consumer. It is said the three a total of 252.5 million m® of water from the system, and
the main part Miyongol-Toss management of funds (74.3 %). Another 2 ISD district for almost the same amount of
water supply. In addition drainage waters (47.1 million m?) are also important for the region [2].

Nurabad district use very little water, and use the three services of the ISD. In the first 2 total reserves, 75.9
percent. And water from the canal Dargham and the old canal(Eski Anhar) irrigation systems from an average of 19
million m3 of water. Narpay-Navoiy ISD though Kattakurgan closer, but few provide water (24.1%).

Agricultural is better developed in Pastdargham, Jomboy and Payarik districts will use the waters of the two
ISD. The Jomboy and Payarik provided in both Mirza-Pay and Ak-Karadarya water systems. As Mirza-Pay channel,
both the main source of water for the region. Including, Jomboy 92.8 percent of all the water in this system. Which re-
ceiving a large part of from the Zarafshan river water (63.8 %), 1,9 min m3 of underground water, 34.8% of the drain-
age, and a very small part of creeks and springs. Ak-Karadarya system is fully by lying river

A large part of the water also Payarik district receive from Mirza-Pay ISD (84.7 %). The Zarafshan River it is
important for this area, that satisfies the needs of the whole part from the river, creeks and springs (9.5 million m?) and
groundwater (3.1 million m®) will play an important role in boosting the economy of the region. Drainage water also
provide needs of 27.1 percent. By Ak-Karadarya systems used 53 million m® of water, and 28.3 per cent directly to the
left of creeks and springs, river beds.

The Pastdargham district is also a large part of the water needed for agriculture of Dargham irrigation system
(95.3 %), less than the old water (Eski Anhor) canal. It is well known in this area, the region with the most water-
consuming region. The Dargom channel its most water spend to Pastdargham district, because the old Anhor (Eski An-
hor) Canal water also supplied from Dargham. Not a small amount of drainage water (22 million m®), 6.3 percent of the
total. The rest of the water is almost not water [2].

Conclusion. The Region of Samarkand in recently, representatives of water resources are one of the regions
with the best. It is better than in other areas of water reserves. However, recently, there is also a lack of water-related
problems were observed. These are the basic problems

< Increase in the number of population in the region. At present the region’s population increase of 3,400
people. It is almost ten-fold increase compared to the beginning of the twentieth century. Water is for more of the
amount raised.

«» The expansion of agricultural areas. Population growth and the increase in demand for food products with
regard to the sown areas increased, causing an increase in demand for water. Especially in the 60 years of the last centu-
ry, the expansion of the cotton fields has led to the use of water resources.

«» Industrial production and development. Samarkand's main industrial areas in Kattakurgan and other in-
dustries built on or near the river, and construction. Although the industrial and manufacturing sector did not eat a lot of
water, its quality is significantly affected.

«» Water resources continues to decrease. Enriched by the river of ice and snow, the water is directly related
to these factors. Climate change, air heater, including several years as a result of lower than expected, precipitation
glaciers have not collected enough water. As a result of the rise in temperature, they are in the early melting, at the same
time decrease the volume of the water, the water shortage problems. In fact, the Amu Darya rivers and Zarafshan river
were in full in July and August [3].

This is not a secret that solve complex problems, but it was far worse than the above negative processes are
continue. It is implementing a number of measures to prevent the country. But that alone is not enough, when this mat-
ter is fully controlled. In particular, the water resources necessary to absorb the concepts in the minds of the population
is very important.

In general, the efficient use of available water resources and the preservation of the current status of the follow-
ing suggestions.

1. To start the right process of water distribution. Zarafshan River entered in the territory of Uzbekistan,
almost 1/3 of the water all the time. But he still had many of the irrigated lands and settlements occur [6].

2. To reduce losses. Waste of water resources and the needs of the population, especially in agriculture spend-
ing, such problems will not be solved in a short time is not a secret. However, even if these things gradually, are re-
quired to be carried out step by step.

3. The most efficient use of available water resources. The region is located in an arid zone water shortage
problem should occur during the same. In addition, a large amount of resources will be wasted in vain, to stick to the
ground or evaporates. A lot of rainfall will be timely, necessary to keep the water as much as possible. The dam was
established for this purpose, but, most importantly, the construction of its convenient location. More important than the
introduction of modern irrigation technologies. Several types, including sprinkler, drip and underground irrigation
methods can be used. The experience of foreign countries is also of great help.

4. Installation of measuring and control technology of waters. It should be water distribution according to
the needs of each region. This could be done, above all the proposals and their direct continuation. In addition, the cur-
rent situation requires it. After water (stream) of natural wealth, it is not a common manufacturing resource.
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TEPPUTOPHAJIBHBIE ACHIEKTBI HCITIO/Ib30BAHUA
BOJHBIX PECYPCOB CAMAPKAH/ICKOHU OBJIACTH

K.A. Hamoszos!, H.JL. JloBysios?
CTapIIMii HAYYHBI COTPYIHHUK, 2 IIPENOIaBaTENh
HanmonansHerit yauBepcuteT Y30ekuctana (TamkeHT), Y30eKkucTan

1

Aunnomayusn. B oannoti cmamve uzyuenue obecneuerue CamaprkanOCcKol obaacmu 800HbIMU pecypcamu, 0o-
Wee Konuuecmso 0OMbIX pecypcos. Pacnpocmpanenue 600nvix pecypcos 6 KaicooM pezuote NOKA3aHO OMOeNbHO,
npeocmagiensl paioHvl OMHOCUMETLHO UPPUSAYUOHHBIX CUCTEM.

Knioueguie cnosa: soonvie pecypcu, bacceiin, [apeamckuii Kanan, uppueayuouuvle CUCHembl, SPYHMosble 60-
0bl, 000CMOUHAS KAHABA, 6HYMPEHHUE NOMOKU U CKEANCUHDL.

66



ISSN 2308-4804. Science and world. 2017. Ne 11 (51). Vol. I.

Historical sciences and archeology
HUcTopuyeckue HAYKH U apXeo0JI0TUs

V]IK 93:902

®OPMHUPOBAHUE Y PA3BUTHE COBPEMEHHOM METOJIUKA
PECTABPAIIMU U COXPAHEHUS APXUTEKTYPHbBIX IAMATHUKOB Y3BEKHUCTAHA

P.b. Ad6pues, crapimii npenoaasarens Kapeapsl «ApXeoaorus
CamapkaHICKHH rocyJapCTBEHHBIH YHUBEPCUTET, Y30€KUCTaH

Annomayun. B cmamve Ha OCHO8e aHANU3A OCHOBHBIX IMANOSE IBOTIOYUU COBPEMEHHBIX MEMOO08 pecmaspa-
YUU U COXPAHEHUsT APXUMEKMYPHBIX NAMSMHUKO8 Y30eKUCMana Gblis61eHbl, KaK OOCMUNCEHUs, MAK U NPOOaeMbl 8 OaH-
HoU chepe.

Knwouesvie cnosa:. namsamuuku apxumeKmypol, pecmaspayus, PeKOHCMPYKYuUsl, KOHCEP8ayus, COXPAHeHue,
Memoo.

3a MHOTHE BeKa MCTOPUYECKOTO PA3BUTHS Ha TEPPUTOPUHU Y30EKHCTaHA HAKOMMIOCH OTPOMHOE KOJHMYECTBO
MAMATHAKOB KyJIBTYPHOTO Hacjequs. DTO Hacieaue, BKIIoYaromee B ceOsl MHUPOKUN KPYyr 0OBEKTOB OT HAXOMOK OT-
JIeNbHBIX apTe(akToB 10 pyUH OIPOMHBIX CTOJIMUHBIX TOPOJIOB, IO TOCIETHUM JaHHBIM PyKOBOJCTBA [ J1aBHOTO Hay4-
HO-TIPOM3BOJICTBEHHOTO YIIPABIICHUS 110 OXPaHE M MCIOJIb30BaHUI0 00BEKTOB KyJIbTYpHOTO Hacieaus npu MuHHCTEp-
CTBE TI0 JiefiaM KYJbTYpPhI U CliopTa Y30eKHCTaHa, Ha CETOAHANIHUN JICHb B pecnyOiuke umeercs oosee 10 Thicsd 00b-
€KTOB MaTepUaIbHOTO KYJIbTYpHOro Hacienus, 7570 u3 HUX HaXoJATCs MO OXpaHOM rocyaapcTaa, 31o 2330 apXxuTek-
TypHBIX, 3945 apxeosnoruyeckux, 1138 cKyIbOTYypHBIX, MOHYMEHTAJIBHBIX NMPOU3BEICHUN HMCKycCTBa, 157 mocrompu-
MeYaTeNbHBIX MecT u Oosiee 700 ThICSY MEPEOBMKHBIX OOBEKTOB MAaTCPHAIBLHOTO KYJIBTYpHOTO Haciemus [7,
www.12.uz/#ru/news/show/culture/9079/].

Hemairyro moimo B 4ricie MaMsATHUKOB KyJIBTYPHOTO HAacleIns 3aHUMAIOT apXUTEKTYPHBIC COOPYKEHHSL. ApXH-
TEKTypa CITy’)KUT HEOThEMIIEMBIM MapKepOM YPOBHS Pa3BUTHS IMBIIIH3AINA U YpOaHU3aNH, KaK OTHOTO U3 €€ MPOsB-
neanii. CoxXpaHHBIINECS HAa TEPPUTOPHH Y30EKHCTaHa MOHYMEHTAJIbHBIC MAMATHUKHA apXHUTEKTYPHI MPEICTABICHBI
KYJBTOBBIMH, TOCYJapCTBCHHBIMH (B BUJIC ABOPIIOB IPABUTEIICH, KPETIOCTEH U T.1I.), OOIIECTBEHHBIMH, TIPOU3BOICTBEH-
HBIMH U XWJIBIMU 00bekTamu. OgHako K KOHIy XX Beka OoJbIIasi 4acTh COOPYKEHHM 3TIOXU CPEeTHEBEKOBbs U Ooiiee
paHHETro BPEMEHH JIC)KUT B PYHHAX, B PE3yJIbTaTe PA3JIMYHBIX HCTOPUYECKUX MPOLECCOB, MPOTEKABIINX HA TEPPUTOPUU
LlenTpanbHOi A3ny, a TaKKe IO/ BIUSHUEM MPUPOTHO-KIMMATHYECKHX (DaKTOPOB U aHTPOIIOTEHHOTO BO3/ICHCTBUSL.

OO011en3BECTHO, YTO €O BTOPOI Moja0BUHBI XIX B. MOSABISETCA MHTEPEC K IPEBHOCTSAM, CTPEMIICHHUE K UX H3Y-
YEHHUIO ¥ COXpaHEeHHUIO [9], B pe3ysbTaTe 4ero MocTeleHHO HaunHaeT (OpPMUPOBATHCS CBOCOOpa3Has COBpEMEHHas pe-
CTaBpAI[OHHAs INKOJA, CIOXWIIMCH OIpEeeNICHHbIE NMPUHIUIBl U TPAIUIHU, MPUEMBl KOHCEpPBAIlMH, WHXEHEPHOTO
VKpEIUICHHS  pEeCcCTaBpallid IaMATHUKOB W  OJNIarOycTpOHCTBa TpWIIETaomiell K HUM  TeppUTOpuH |2,
http://www.uzintour.uz/ru/about_uzbekistan/architecture/]. Bce 3To B Hauane 20-x rogoB XX B. BBUIMJIOCH B OpraHu3a-
U0 CTICUATN3UPOBAHHON rocymapcTBeHHOH opram3anuu Typkomcrapuc (Cpemaskomcrapuc, Y3koMcrapuc). B ka-
YeCcTBE BH3UTHOW KapTOYKHU €ro pabOTHI B T€ TOABI MOXKHO IPHBECTH MPUMEP IO BHINPABICHUIO MHUHApETa Meapece
Mup3o Yayroeka B Camapkanse [8, c. 27] wiu pecraBpaiuio acana Pabar-u Manuka [4].

B Tex CIOXHBIX MOTUTHKO-?KOHOMHYECCKHX YCJIOBHSX Hadad 3aKIaIbIBAThCS TEOPETHUYCCKUHA (DYHIAMEHT
HAyYHOH METOAMKH PEeCTaBpallli U KOHCEpBallMU. MHOTOJIeTHHE HAOMIONEHHS M MPAKTUYECKUN OIBIT CIIEI[HAIUCTOB U
VYEHBIX HAITM OTpaKeHHE B Hay4yHBIX myOmmkanwsix. Eme B 1928 roay B cOopHuKe «Bompockl pectaBpamumn» Obuin
OMyOJIMKOBAaHBl OCHOBHBIE KOHIIETIIIMU II0 apXUTEKTYPHO-apXEOJOTHUYECKOMY METOy WHCCIENIOBaHHUA MaMSITHHUKOB
KYJIBTYpBI, IZie 0co0asi pojib OTBe/ieHa (UKcalMu MmyTeM rpaduueckoro, GoTorpaduueckoro, OnucaTeIbHOIO XapaKTe-
pa. Ilpu aToM 0coboe 3HaueHHe MPUIAETCS TEXHUYECKOMY M TEXHOJIOTHYECKOMY HCCIIEIOBAHUIO, MCCIICAOBAHUAM ap-
XUTEKTYpPHBIX ()OPM H IEKOpa, BBIABICHHUIO MEPBOHAYAIFHOTO OONMKA MAMATHUKA C MPHUBICYEHHEM HCTOPHYECKOTO
MaTepuajia U JaHHBIX apXeOJOIMYECKHX PACKOMOK M TOJIBKO TOIZA CTABUIICA BONPOC O PECTABPAIMH, PEKOHCTPYKIUN
WA KOHCEPBALUU MTaMSATHUKOB.

Hayunas pectaBpanus U ImpakTHKa IHOCTENIEHHO HaOMPAJIH OIBIT, B PE3YJIbTaTe YETO CTaIM BO3MOXKHBI pelie-
HUS PAJia OTBETCTBEHHBIX U CJIOKHBIX HHKEHEPHO-KOHCTPYKTHBHBIX U apXUTEKTYPHBIX 3aJjau CBS3aHHBIX C COXPAaHEHU-
€M IaMATHUKOB 3014ecTBa. K aToMy meproay B Y30ekucrane chopMHpoBaiach IUIesa TAIAHTIUBBIX CIICIIHAINCTOB.
OHH OpraHW30BBIBAIH MEPBbIC SKCIEIUINH, BRIBISUIN U Opany Ha y4eT MaMSATHUKH HCTOPHH, apXEOJIOTHH, apXHUTEK-
TYpBI, COCTaBIIUIM M CHCTEMAaTH3HPOBAIM YYETHO-(UKCAIIMOHHYIO JOKyMEHTanuio. PazpabaTeiBayii mepBbIe HAyIHO
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000CHOBaHHBIE TIPOEKTHI PECTABPALMH U KOHCEPBALUH ITAMSATHUKOB aPXUTCKTYPBI, PACIIOJIOKECHHBIX B Pa3INYHbBIX paii-
OHax Y30eKucTaHa.

Taxk, Hanpumep, B 1937 roxy mo naunmatuBe Y3koMmcTcrapuca B CamapkaHzie Oblla OTKPHITA IIKOJBHAS Ma-
CTepcKas 1Mo 0OYYeHHIO IPEBHUM NPHEMaM CTPOMTEIHLHOTO MAacTEpCTBAa KIAJKE CBOAOB, PE3b0E 1O TaHdy, JEpeBY, Ke-
pamrrgeckoMy nponsBoacTBy. b.H. 3acemkuna coBmecTHO ¢ yero luprHOM MypamoBBIM MOATOTOBIIA YI€OHOE TIOCO-
Oue, T1ie pa3bACHAIACH CYIIHOCTH Paboyero mpouecca ¥ CTPOUTEIbHONW TEXHUKH, NPUHIUIBI U CIIOCOOBI TOCTPOCHHUS
TreOMETPUUECKOTO OPHAMEHTA.

B 1943 roay Y3koMmcTapuc ynpasaasercs. B nentpe opranusyercs I'1aBHoe ynpaBieHue o oxpaHe NaMsTHU-
koB ripu KomuTere 1o nenaM apxuTeKTypsl. B Y30ekuctane co3naHo YrpasieHue 1o aeinaM apXutekTypsl npu CoBere
HapoaHbIX komuccapoB Y3CCP, a npu YnpaBieHUM — OTJel MO OXpaHe MAMATHUKOB apXUTEKTYPBl U3 UETBIPEX CO-
TpyAHUKOB. [lepenaua opraHoB oxpaHbl MaMATHUKOB B BEJCHUE apXUTEKTYPHOTO BEIOMCTBA, KOTOPOE OCYILECTBIISAIO
3aCTPOHKY TOPOJIOB M CEJI CTPAHbI, IPUBEIIO B KOHEYHOM CUETE K TOTEPE MHOTHX MaMATHHUKOB.

B 1950-1960 romer pa3pabaThIBalOTCSI T€HEPAIbHBIC IUIAHBI HCTOPHYECKHX TOPOJOB, B KOTOPBHIX HOBas 3a-
CTpoOHKa IMIIaHUPOBATACH HA MECTE TPAJUINOHHBIX XKUJIBIX KBAapTaioB. TONBKO OrpaHUIEHHOCTh CPEACTB HE MO3BOIMIA
B TIOJIHOM Mepe OCYIIECTBUTH 3TH IUIAHBL. 1 Bce e B OpraHMYEcKOi TKaHM CTapbIX TOPOJOB TOSBHINCH UYXKIBIE KO-
pOOKH B CTHIIE PUMCKOH KJIACCHKHU — HIKOJIBI, I€TCKHE Cafbl, KIIyObl, KuHOTeaTphl. Tak, B CamMapkaHie B HCTOPHIECKOM
LIEHTpe BOKpPYT Perncrana ObIIM MOCTPOCHBI TUIOBBIC MATHITAXKHBIE JOMa, YETBIPEX3TaKHAS IIKOJIA, KHHOTEATp, YHHU-
BepMar 13 CTekJa U 0eToHa. DTOT MepeyeHb MOXKHO ITPOI0JKaTh OeckoHeuHo [6, c. 35].

O perpeccuBHOM CUTYyaIlUM, CIIOXKUBILIEHCS B /€€ COXPAaHCHHS U PEeCTaBpaIlMM apXUTEKTYPHBIX NMaMATHUKOB
VY306ekucrana HauuHas co BTopoid nosoBuHb! 1940 o 1960-¢ rr., noaTBepKIaeT NUChbMO (HanucanHoi B hopme aHaIM-
THYECKOH 3alHMCKK) U3BECTHOTO YUYEHOI0-apXxeoJiora, HCTOpHUKa U BOCTOKOBeMa, akagemuka S.I°. I'ynsmoBa, xpansmee-
cs B uuHoM ¢ouze [II'A PY3. Tak, aHaau3upys CUTYAIHIO TIOCIIC PeOpraHu3aliui Y 3koMcTapuca B [ 1aBHOe yrpaBiie-
HHE TI0 OXpaHe NMaMATHUKOB Ipu KoMuTeTe 1o menam apXUTEKTYphl, OH yTBepskaaeT, urto: «[IpakTuka mokasana, 4To
IJIABHOMY YIPABJICHUIO OXpaHbl MAMATHUKOB B cocTaBe MuHHCTEepcTBa KynbTypbl Y3CCP sBHO He moj cuity crpas-
JSITBCS C 9THMHU 3aJadaMu, TOTOMY YTO NMAaMSITHUKH KaK apXeoJIOTHYECKOT0, TAK U apXUTEKTYpPHOTO 3HAUCHHS (haKTHIe-
CKH JIMIICHBI HaJUIeXAIlIero HaJx3opa M OXpaHbl... B ropomax u pailioHax paspyIialoTcs 3aMedaTeNIbHbIC MaMSITHUKA
apXUTEKTypHl, B camoii byxape B 1967 1. pyxHyn riaBHbEI noptan Menpece AOmyiuiaxaHa, pyXHYNT Kymnoid XOHaKoO
Catipungmuna boxaps3u (XIV B.), kymona Mexapecst Mup Apada, Hopbakpa yrpoxaroT najeHueM, pyussl Pabata Menun-
ka oxosto T. HaBou Ge3 Begoma ['1aBHOTO yrpaBiieHUst OXpaHbl MaMITHUKOB JeToM 1967 r. cpaBHeHbI ¢ 3emieil. B Ca-
MapKaHJIe pyuHbI COO0pHOI MeueTr «brbu X0oHHUMY YIPOKAIOT HEMUHYEMBIM TaIcCHHUEM, B TAKOM COCTOSHHH HAXOJISAT-
csl M 3amedvaresibHble maMsaTHUKK Miupar xana, Akcapait u npyrue» [10, c. 83-92]. [lanee on yrBepxaaer: «Cuntaem
HCO6XOILI/IMLIM BOCCTAaHOBHUTH IoCyJapCTBCHHLIC KOMUTETHI IO OXpPaHE MaMATHUKOB, paHEC CYHICCTBOBABIIMC IIPH Mpa-
BUTEINIBCTBE, Takue Kak «TypkoMmcrapucy, «CpenaskoMcTapucy u «Y3koMcrapucy. IlocieqHuii uMen cBoe MOJI0XKEHNUE,
YTBECPKIACHHOC MPABUTECILCTBOM, CBOM BCAOMCTBCHHBIC allllapaThbl B OGJ’IaCTHX, o6ecnequHLIe Pa3bEe3JHBIMU UHCIICK-
TOpaMH U3 crequanuctoB. B cBsa3u ¢ peopranmzanuei «Yskomcrapuca» npu CHK Y3CCP B I'maBHoe ynpasieHue
OXpaHbl MaMATHUKOB B MuHHCTEpcTBE KyabTyphl Y3CCP opranuzamust nena oxpaHbl TaMSTHHKOB HE YIIydIIWIach, a
yxynmmiack. B Hactosimee Bpems [1aBHOe ynpaBiieHHE OXpaHbl ITAMSITHUKOB BCELEJIO 3aHATO PEMOHTOM M PecTaBpa-
el HEKOTOPBIX apXWUTEKTYPHBIX NMAMITHHKOB, OJHAKO HAJ0 CKa3aTh, YTO OHO C 3TUM SBHO He crpasisercs» [10, c.
83-92].

Bmecte ¢ TeM, TOCHOICTBO «PEBOJIONHMOHHOTO IMagocay COLMATHCTHYECKUX NPEeoOpasoBaHUM — CTHpaHUe
rpaHeil MeX1y HOBBIM M CTapbIM IOPOJIOM, U APYTHE paJHuKajIbHbIC UIeH HAaHECTH HEeMONpPaBUMBI yuiepd MHOTUM HC-
TOPUYECKUM ropojiaM Y30eKHCcTaHa, B TOM YHCIIE H apXUTEKTYPHBIM MaMsITHUKaM 3€paBIIaHCKOM JJOIMHBL.

3a ToJBI COBETCKOM BJIACTH HA OXpaHy, PECTAaBPAIMIO U M3y4eHHE MaMATHUKOB apXUTEKTyphl Y30eKucTraHa ot-
ITYCKAJIUCh €XKEIroJAHO JOCTATOYHO COJIMIHBIE CYMMBI. Ho IPpH TaKKUX BJIOKCHUAX PE3YJIbTATHI ObLIH OOJIee YeM CKPOMHBIC.

Jlonrue rosl TOCIOACTBOBABIINI B COBETCKHM MEPHOJT OOIINI HUTHIN3M U IPEHEOpeKeHNe M0 OTHOLICHHIO K
MaccoBOI JKHIION 3aCTpOiiKe MPHUBENN K yTpaTe MHOTHX apXUTEKTYpHBIX LleHHOcTeH. Kak mpaBmiio, B reHIIaHax ropo-
JIOB HCTOPUKO-apXUTEKTypPHbIE 3aII0BEIHBIE 30HBI OCTABIISUINCH B BUAE «OENBIX IATEH» — 0€3 MPOEKTHOH NMpopaboTKH,
TEM caMbIM (PaKTUUECKH 3aKpbIBast MyTH MOJEPKAHUS U OOHOBJIEHUS 3aCTPOHKH.

OMnBIT PEKOHCTPYKINN MCTOPUYECKON 3aCTPOMKH, MPOBEACHHBIM 3MM30IMUECKH B LIEHTPE, B 30HE MCTOpUYeE-
ckux 3actpoek Camapkanaa naéT MpuMepsl IBHBIX TBOPUYECKUX HEy/ad, HAPYIICHHUE 3JIEMEHTAPHBIX OCHOB COXPaHEHHS
apXHUTEKTypHOTo Hacienus. Ha npuMepe pekoHCTpyKIMK BOKpYr aHcamOusi Perucran B Camapkanie MOXHO oOHapy-
XKHUTh CTYCTOK (paKTOB HeraTHBHOTO Hopsnka. CoBpeMeHHBIH Perncran MHOTO moTepsul, OOJbIEe BCETO IOCTpasal OT
HEY/Ja4HOI'0 YCEepIusl apXUTEKTOPOB 0COOCHHO 3a neproa ¢ cepeaunbl 1960-x mo 1990-x rr. Kaxnpiii crapaics 31ech
K€ YBEKOBEUHTH OYEPEHYIO THIOBYIO 0€3JMKOCTh. Tak MOSBHINCH OJIUH 3a APYrUM B cepe 00603peHus Peruncrana
ciyJaiiHble, 1o CcymniecTBy 0e300pasHbie, kKopmyca HOBocTpoek. C 3amaja — THUIOBAs IIKOJa ¢ TPyOOH KOTEJIbHOH, Tak
Ha3bIBAEMOM «caJ] TI0A3UM» CO CKYJIBITYPOH, Ma3alKoil u ampuTeaTpoM (KCTaTH, BCE 3TO HE TOIBKO YYXKI0, HO U ITyTa-
€T aKIEeHTHI IUIONIA/IN), C FoTa — IIMPOYCHHAS OTKPHITAs 30Ha, TPAHCIIOPTHAS MarucTPajib C THIIOBOW YHBUIOHN 3aCTpOM-
KOM, C BOCTOKa U CeBepa — 10 apXUTEKType 3aMETHO TEHICHIIMO3HBIC KOPIyca HOBOT'O My3esl, KHHOTeaTpa, yHuBepMara
WIN pecTtopaHa. B uX pa3MelieHHH HET CUCTEMBbI, NOPS/Ka, B3AUMOCBA3H M CONOAYMHEHHOCTH: KaX/IbIH Kak ObI Moj-
YepKHBaeT Oe3pasiinuue K IJIaBHOMY — BEJIMKOMY MCTOpPHYECKOMY AHCaMOIII0, CO31aeT SBHBIN JHCCOHAHC, HApyLIaeT
MacITabHOCTh APXUTEKTYPHO-TIPOCTPAHCTBEHHOM CPEbl.
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3a nepuonx 1970-x — Hagama 80-X roIOB B CHCTEME OXPaHBI, MCIIOJb30BAHUS M PECTaBPAllUd MaMSATHHUKOB
KyJIBTYpBI TIPOBEJCHBI 3HAUNTEIBHBIE MEPOIPUATHSA HO CO3JAHUIO PA3BUTOM MH(PACTPYKTYpHI, KOTOpas MOIJa ObI
00eCTIeYnTh JIYUIIYI0 COXPAHHOCTh OECIIEHHOTO KyNbTypHOT'O Hacienus pecrmyOnuku. Bmecre ¢ TeM, HeoOXoauMoO OT-
METHUTb, YTO KyJIbTYpPHOE JOCTOSIHUE B COBETCKYIO 3TI0XY NMpuHaiexano CoBeraM, HO H3-32 OTCYTCTBHS MaT€PUaJIbHBIX
pecypcoB Ha COAEPKaHNUE MCTOPUYECKOTO HACIECAWS Y HHX (a LICHTP BBIOEISUT CPEACTBA HA PECTaBPAIMIO TOJIBKO ITa-
MSITHUKOB COIO3HOTO U PeCITyOJIMKAaHCKOTO 3HAYEHUS), CUCTEMa OXpaHbl U PECTaBpallui He paboTana J0CTaTOYHO d-
¢exTrBHO. 3a npouteqmre 70 JeT co BpeMEHH CO3AaHHs IEPBOr0 IOCYAapCTBEHHOTO OpraHa 10 OXpaHe ITaMSITHUKOB
cTapuHbl — TypKkoMcTapuca — 3Ta OpraHu3alys, IpeTepreBilas MHOKECTBO U3MEHEHHI! U B JIy4Ilyl0, U B XyALIYIO CTO-
POHBI, BCE XK€ JOCTUTTIA ONPEICIEHHBIX yCeXoB. HakomieH orpoMHBIN ONBIT B U3yUYE€HHH U PECTaBPALUU MaMSITHUKOB
apxuTeKTyphl. CI0XKNIach IIEHTpaJIbHOA3HaTCKasl IIKOJIa PECTaBpalliK, KOTOpas ONUpaIach Ha TIIyOOKHe 3HAHUS IpO-
LIECCOB POEKTHPOBAHMS M BO3BEICHNUS 3/IaHUI JpEeBHUMHU Mactepamu [6, c. 13].

C 1990-x rogoB HavajCs Ka4eCTBEHHO HOBBIN 3TAIl COXPAaHSHMHSI, PECTaBPALNU M PEKOHCTPYKIIUH apXUTEKTYP-
HO-MOHYMEHTAJIBHOTO Hacleaust Y30eKucTaHa. B yCloBHAX CyBEpEHHOTO pa3BUTHS COXPAHECHHE MATEPHAILHOTO H IIy-
XOBHOTO KYJIbTYpPHOTO HAacJeIust HapoAoB Y30eKucTaHa ObLla BO3BEICHA B PAHT TOCYAAPCTBCHHON MOIUTHKH. YUUTHI-
Bas 310, mepBeIii [IpesumenTt Y36ekucrana M.A. KapumMoB oTMedasn, 4To «COXpaHEHHE M PECTaBpalis YHHKATBHBIX
HCTOPHUYECKHUX NMaMITHHKOB, CO3/IaHHBIX Y30€KCKUM HapOJOM U SIBILSFOLINXCS HAIMOHAIBHBIM JOCTOSTHUEM, COCTABIISET
Ba)KHYIO 9acTh HallleH JyXOBHOW MPOrpaMMBbl. DTO HAIMOHAJIFHOE OOraTCTBO TOCTAIOCHh B HACIEACTBO OT HAIIMX NPE-
KOB. 3HaUUT, MBI TAK)XE JJOJDKHBI Oepeub ero Kak 3eHHIly OKa U MepeiaTh IPSAYIM TOKOJISHUsIM» [5, c. 34].

Jonrue roasl ofHON U3 MpoOJeM B pecTaBpalldi MaMATHUKOB apXUTEKTYPHl ABISUIOCH CO3AaHUE CTPOUTEIb-
HBIX U OOJHMIOBOYHBIX MaTepUalioB, MOJOOHBIX IPEBHUM oOpasiaM. biarogaps ycuiusm crienualicToB U HapOJHBIX
MacTepoB BOIPOC OBbLI PEeIlieH M JOCTUTHYT BAXKHBIN pyOeK B BO3POXKICHUU NMaMSITHUKOB. OT MPOCTON KOHCEpPBAIMH, C
3aKperuieHHeM OOJIMIIOBKY ane0acTpOBbIM PacTBOPOM, IEPEILIH K BOCCTAHOBICHUIO MO3auKH, MalOJIMKH, PE3HOH MO-
3aukd. He MeHee BaKHBIM (DaKTOPOM CIIEIyeT OTMETHTh BHEAPEHHUE METOJ0B MHKEHEPHOTO YKPEIUICHHS MaMITHHKOB
APXHUTEKTYPHI, IPUMEHEHHE COBPEMEHHBIX CTPOUTEIILHBIX MaTEPHAIIOB.

BaxHBIM COOBITHEM B JIeNie OXPaHbI MAMATHUKOB M NX OKPY’KAIOIIEH CPEabl SBISIETCS PEIICHUE IPaBUTEIHCTBA
pecryOonuku Y30eknuctaH o0 0OBSBICHHHM HMCTOPHKO-apXUTEKTYPHBIMHU 3aIlOBEJTHHKAMH HCTOPUYECKH CIIOKUBIIHECS
LIEHTPHI TOpo10B XuBbI, byxaps! u CamapkaHnja.

Y4nThIBast BOKHOCTH MAMATHUKOB HCTOPUH U KYJIBTYPBI IPABUTEIHCTBO PeciryOIIMK 3HAUNTEIBHO YBETHIHIIO
BBIJICNICHHE CPEACTB HAa MX OXPaHy M HCIIOJB30BaHHUE M a0 BO3MOXKHOCTh aKTHBH3HPOBATh CBOIO JESATEIHHOCTH. B
pe3ynbTare, B peciryOnnke Npou3BeieHa epeperucTpanys BceX HeIBI)KUMBIX MaMsSTHHKOB, COCTaBIICH HOBBIH CITUCOK
NaMsTHHUKOB, B3sATHIX Ha ['ocynapcTBeHHYIO oxpaHy. Bo Bcex pernmonax pecrnyOiuKy paOOTalOT roCyAapCTBEHHBIE WH-
CHEKIMH, OCYIIECTBIIAIONINE KOHTPOJb 32 TEXHUYECKUM COCTOSHHEM IMaMSATHHUKOB apXUTEKTYPHI, MIPABUIBHOCTBIO MX
9KCIUTyaTallid M TNPOHM3BOJCTBOM pECTaBpallMOHHO-KOHCEPBALMOHHBIX paboT. I'eorpadmusi pectaBpalMOHHBIX pabOT
OXBaTHJIa TIOYTH BCE PErHoHbI Y30ekuctana. OT pecTaBpallii OTAEIbHBIX MaMATHUKOB IEPEIUIH K BOCCTAHOBIICHUIO
LEIBIX aPXUTEKTYPHBIX aHCAMOJICH N HCTOPUYECKH CIIOKUBIIHMXCS [IEHTPOB APEBHUX TOPOIOB.

Bnarogapst 3TUM MEpONPHUATHSAM COXPAHEHBI M CTAIH OOBEKTaMH TYPUCTUYECKOTO MTOKa3a MAMSITHUKHM aHCaM-
6ms Perucran, Hexponons [llaxu-3uHna, apXUTEKTYpHBIH KOMIUIeKC bruOm-xaHbM, aHcamOip MaB3oneit ['yp-Owmup,
komIiekc Pyxaban, a taxke ancambmu opyc-Caomar, Jlopyc-THiioBaT W 3HaMeHHTHIA qBopen Tumypa Ak Capait B
[axpucsidze.

B cBsI31 ¢ yckopeHneM ypOaHM3alMOHHBIX MIPOIECCOB HA COBPEMEHHOM 3Tare Pa3BUTHS BO3HHUKIA HEOOXOH-
MOCTh pa3pabOTKH MPOEKTOB AETAJbHON IUIAHUPOBKH I Hanbojiee APEBHUX ropoJoB Y30ekucTaHa. Takue MpoeKTHI
pa3paboTaHb!l A7 TOPOJIOB Y30eKHCcTaHa, I/Ie IMEeTCs ONpeeleHHas KOHLEHTPAIU apXUTEKTYPHBIX MaMATHHUKOB, B
ToM yncne u anst Camapkania. YeTko omnpenesieHbl TpaHHUIbl OXPAaHHBIX 30H, 30H PEryIUPYyEeMOM 3aCTpPOKH, COXpaHe-
Hus naHamadTa u T.1. B pesynbrare, 3a mocieaHue ABa JECITUIIETHS HA pecTaBpallMOHHbIE PaOOThI OBUTH BbIJEICHBI
OoJbIIMe CPEACTBA, KOTOPBIE HAMHOTO IPEBBIIIAI0T AHAJIOTHYHBIE 3aTPATHl PEABIIYIINX JIET.

C oOpereHneM HE3aBUCHMOCTH Y30EKHCTaH CTaj ITOJHONPABHBIM 4YJIEHOM MeXIyHapoaHOH OpraHW3aluu
IOHECKO, Hapsiny ¢ TakUMHU LIEAEBPaMU apXUTEKTYpbl U IPpaJocTpouTenbeTBa Kak «MyaH-kanpa» B XuBe, HCTOpUYE-
CKHI 1IeHTp Topona byxapsl, apxuTekTypHble naMaTHUKN 31m0oxu AMmupa Temypa u TeMmypunoB — ropoaa lllaxpuca0s,
HCTOpUYECKHE NMaMATHUKU ropoja Camapkan] BHeceHbl B «CIIMCOK BCEMUPHOTo KylbTypHOro Hacienus» FOHECKO.
Kpowme toro, nox srunoit KOHECKO Bo BcemupHOM MacmrTabe OTMEUANHCH Psif I00MIIeeB, KaK UCTOPUICCKUAX JTHIHO-
CTei, TaK ¥ JPEBHUX roposoB Y3o0ekucrana. Tak, B 1996 r. otMeuanocs 660-J1eTHe BEIUKOTO TOCYJapCTBECHHOTO JAes-
TeJs, TOJIKOBO/IA, IOKPOBUTENSI TOPTOBIM M KyIbTypel AmMupa Temypa, a B 2007 r. — 2750 netnuit rob6wmreit Camap-
KaHAa. B paMKax TaHHBIX MEpPONPUATHHA Ha BCEX MaMATHUKAX apXUTEKTYpHI OBUIH PEeaIr30BaHbl KPYITHBIE KOHCEPBAIIH-
OHHO-PECTaBPALMOHHBIE U 0JIar0yCTPOUTEIbHBIE PAaOOTHI.

Bwmecre ¢ Tem, cymiecTBYIOT psAn mpoOieM B [1ee COBEPIICHCTBOBAHUS COXPAaHHO-PECTABPAI[OHHBIX M BOC-
CTaHOBUTEIHLHBIX MEPONPHUATHNA. B 4acTHOCTH, B CHIIy TOTO, YTO PECTaBpaIliOHHBIE pabOTH B OOJIBIIMHCTBE CIydaeB
ObUTH HATIPaBJICHBI HA PECTABPALMIO WIIM PEMOHT OTAEIbHBIX HaHOO0Iee BRIJAIOMINXCS TaMATHUKOB 30I4€CTBA C LENBI0
NIPEAOTBPALIEHHS UX OT JAJbHEHIIEro pa3pyleHNs] WK JKe MOJHOTO YHUYTOXXEHUsI, HA HEKOTOPBIX ITaMATHUKaX pado-
TBI HOCHJIM HEKOMILICKCHBII XapakTep, 3a4acTyI0 OCTaBAINCh HEM3YYSHHBIMHU MPUPOJA UX paspyiueHuii [1, c. 167].

[To MHEHHIO CIENUAINCTOB, K KaTErOpUH HEAOCTATKOB MOXKHO OTHECTH M TaKOH (DakT, Kak NMPHUMEHEHUE OT4a-
CTH COBPEMEHHBIX CTPOMTENBHBIX MaTEpPHAJIOB: IIEMEHT, XeJle300eToHHbIe KOHCTpyKimu [3, c. 116]. M3BecTHO, uTO
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OCHOBHBIM CHIPHEBBIM MaTEPHUAJIOM JJIsI COOPYKCHHsI 31aHni Ha Tepputopun LlenTpansHoit Asuu ciyxu jecc. O60-
MOKEHHBIN KUPIIY MITH TePPaKoTa, KOTOpast CTajia IPUMEHSATHCS B CTPOUTEIBCTBE B MACCOBOM ITOPSIKE, MPUXOIUTCS Ha
Hadaio [X BB. [Ipuuem Bce OHM ManoraGapUTHBI, TOMITYYHBl W TPEOOBANHN IS CHETUICHHUS CIICHHANBHBIX BSIKYIINX
MaTepHaioB. DTHM BO MHOTOM HAIllM NMaMATHHUKH OTIMYAIOTCS OT ApYyrux. ['aHd mmm anebactp, KOTOPBIC MOTyJaii
TaKXKe U3 MECTHOTO CHIPbs, CTaH He3aMeHUMBIMH. OTHAKO ¢ TeUSHHEM BPEMEHH H IO]] BIUSIHUEM aTMOC(HEPHBIX 0Cajl-
KOB, TEMIIEPaTypHO-BIAXKHOCTHBIX U KIMMaTHYeCKUX ycioBui LleHTpanbHON A3KU, OHU MOCTENIEHHO YTPaylBalOT CBOU
cBoiicTBa. [loAmuTKa arpecCUBHBIX M COJICHBIX IPYHTOBBIX BOJ, THIPOGOOHBIC CBOWCTBA BSDKYIIUX, AedopMalius ma-
MSTHHKOB H3-3a TPOCAJOK U BBICOKOW CEHCMUYHOCTH PErMOHA OKAa3bIBAIOT 3HAYUTEIILHOC BIMSHUE HAa WX (DU3UKO-
MeXaHu4YecKue cBoiicTBa. HaBepHOe, 3TO 1 00yCIOBWIIO B psific CIydYacB MPUMCHCHUE LIEMEHTA U KeJe300eTOHa C Iie-
JIBI0 OOecrieueHus 0oJiee JUINTEIBHOMN )KU3HU MTaMsATHHKA.

B 3aknroueHNM HEOOXOUMO OTMETUTh, YTO YYUTHIBAS MOTPEOHOCTH B CHCTEMHOM OOCCIICUCHUM HAlIC)KHOCTU
1 OJTOBEYHOCTH ITAMSATHHKOB, COXPAaHHUB WX apXUTEKTYPHBIH M UCTOPHICCKUN OOJMK MPU TOMOIIH, KaK TPaJHuIHOH-
HBIX METOZOB, TaK M JOCTIDKCHUH COBPEMEHHOH HAayKH, HEOOXOIMMO COBEPIICHCTBOBATh CHCTEMATHICCKUH KOHTPOJIb
32 TEXHHYECKUM COCTOSTHHEM KOHCTPYKIMHA M MPO(MIAKTHIECKHE pPecTaBpallMOHHBIC U KOHCEPBAIIMOHHEIE padoThL. B
pa3perIeHny TaHHOH MpoOIeMbl, Ha Halll B3I, aKTyaJbHBIM SBIAETCS 3aJada YKPEIDICHHS KaJpOBOTrO MOTEHIIHATa
CIEHAINCTOB — PECTABPATOPOB, BIANCIOMINX KaK TPAaAWIHOHHBIMH METOJAMH PECTaBPAlUN W KOHCEPBALWHU, TaK U
COBPEMEHHBIMHU JOCTIDKEHISIMHA HAyKH B JaHHOW 00yact. OCHOBHAS IIeJh — JINKBUIANNS BEISIBICHHBIX IIPHYUH C BOC-
CTaHOBJICHUEM U YCHJICHUEM KOHCTPYKIHUI 0e3 U3MCHEHUS apXUTCKTYPHOTO 00JIMKA MaMSITHHKA.
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FORMATION AND DEVELOPMENT OF A MODERN TECHNIQUE OF RESTORATION
AND PRESERVATION OF ARCHITECTURAL MONUMENTS OF UZBEKISTAN

R.B. Abriyev, Senior Teacher of Archeology Department
Samarkand State University, Uzbekistan

Abstract. In article, based on the analysis of the main stages of evolution of modern methods of restoration and

preservation of architectural monuments of Uzbekistan, we revealed achievements and problems in this sphere.
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VIIK 32
KUTAMCKUMN SI3BIK KAK COCTABHASI YACTh IYBJINYHOM JUIIJIOMATUU KHP

I'.I". Capresn, kKaHIuaaT UICTOPUUECKUX HAYK, AUPEKTOP
Wucruryr Kondynus (EpeBan), ApmeHus

Annomauusn. B nocieonue 200vl 0cobenno bonvuiue ocyoapcmea Havaiu 0eiams aKkyeHm Ha «MASKYIo CULY»
8 CBOUX MeHCOYHAPOOHLIX omHoueHusAx. Tax nHasvieaemas nyOIUYHASL OUNTOMAMUS Ce200H MEHAen 2e0NOAUMUKY MU-
pa, borvuiue 1 MaieHbKue uzpoKy pabomarom Hao NOOHAMUEM UMUONCA CMPAHBI, UCNOTIb3YA PA3HbLE JeMeHmbl ny0-
auynou ounromamuu, 6 mom uucie CMHU, cnopm u xyremypy. Kumail 6 nauie pems cepbEé3no 3aHuUMAaemcst nyoauyHou
ouniomamueil u 0adice Ha YposHe 20Cy0apcmea oHa 3aKpeniiena kax ochosnoe nanpasnenue KHP. s KHP eaoicneti-
UM DTIeMEHMOM UCHOHEeHUs. NYOAUYHOU Ouniomamuy aeisemcs kumaickul azvik. Kax eascnetiviuil komnonenm ny6-
auunol ounnomamuu Kumail pasHvlmMu Memooamu u Mexanusmamu no 6cemy Mupy paseueaem cemu U 603MONCHOCHIU
U3yueHus KUmaicko2o A3bIKa.

Knrueswvie cnosa: Kumail, nyoauunas ounnomamus, Hucmumym Kougyyust, Kumaickuil s3viK.

CeronHst akTyaJbHOCTD ITyOJIMYHON TUIIIOMAaTHH TaKke OOYCIIOBJIEHAa TEM, YTO B MEXIYHAapOIHBIX OTHOIIIE-
HUSIX Bce OoJblliee 3HAUEHWS HAYMHAIOT MPHOOpETaTh ajlbTepPHATHBHBIC (HEBOCHHBIC M HESKOHOMHYECKHE) PECYpPCHI
BHEIIHENOTUTUYECKOTO BIIUSHHUS.

Cornacro JIx. Haro, Msirkas cuma cTpaHBI IEPKUTCS B OCHOBHOM Ha TPEX pecypcax: ee KylbType, €€ IMOJIUTH-
YeCKHX LIEHHOCTSIX U ee BHelrHel nonutuke [4]. [lpu TakoM monxone myOnuyHAs AUIUIOMATHS MIPEBPALIaeTCsl B BaX-
HEWIINH KOMITIOHEHT YCIICIIHOW TOCYIapCTBCHHOW IOJMTHKH, ITO3BOJSBIICH MaKCHMAabHO 3()(EKTHBHO NPOABUTATH
HAI[MOHAJILHBIC HHTEPECHI 32 PyOeKOM.

C apyroii CTOpOHBI, NPOJBIKEHHE HAIIMOHAIBHBIX HHTEPECOB TECHO CBA3AHO C APYTHUMH pecypcamMH MATKOH
CHJIBL: KYJBTYPOH M MOJUTHYECKUMHU LIEHHOCTSIMH, PACIIPOCTPaHEHHE KOTOPBIX HEBO3MOKHO OCYIIECTBUTH O€3 HUCIIOJb-
30BaHMA A3BIKOB. B 9TOM KOHTEKCTe S3bIK KaK YHHUBEpCallbHas CHCTEMa HAuMHAET BBICTYIIATh B Ka4eCTBE ONTHMAIHHOTO
TPAHCIIATOPA TyXOBHBIX IIEHHOCTEH KyIbTYpHI.

Hano nogyepkHyTh 3HAUMMOCTD SI3bIKOBOTO (PAKTOpa, €ro COCOOHOCTHIO 00BENUHATh U CONMXKATH MpeAcTa-
BUTEJEH PAa3HBIX HALMH, PENTUTHIA M cOnMalbHbBIX rpymm. CeroqHs U3MEHEHHs Ha TeONOoIMTHIECKOH KapTe Mupa/ ¢op-
MHUPOBaHHS TPAHCTPAHUYHBIX S3BIKOBBIX COOOIIECTB, paciIupeHne cepbl BIMSIHUS MUPOBBIX S3BIKOB IPUBOJIAT K TOMY
4TO, SI3bIK B TOM MJIM MHOM CTaTyce, a TAK)KE SI3bIKOBBIE CUTYAI[MH CTAHOBSATCS MPEIMETOM BHEIIHETIOIUTHYECKOTO BO3-
neiictBus [1]. B 3TOM KOHTEKCTE S3bIK CTAHOBUTCS BXKHBIM PECYPCOM, KOTOPBIH TOCYAAPCTBEHHBIC IEATEIN HAYMHAIOT
aKTUBHO UCIIOJIb30BaTh PELICHHS BHEIIHEMONUTUYECKUX 3a]a4.

B Teuenne nmociennux 5 ner Kuraiickoe rocynapcTBo M 00pa3oBaHHE aKTHBHO 3aHMMAIOTCSI HCCIIEIOBAHHEM
MyONMUYHON AUTIOMATHH. YIKE CEroHs MHOTHE CTYACHTHI MUIIYT HaydHbIE PaOOTHI HA TeMYy ITyOJINYHOMN TUIUIOMATHH,
HO POJIb KUTaMCKOro s3bIKka B myOnnunoil qummomatun KHP mano o6cyxaaercs, XoTs co cTopons! npasurensctsa KHP
BBIZIBUTAIOTCSI MEXaHU3MBI PACTIPOCTPAHEHHST KUTAWCKOTO S3bIKa KaK BayKHEHIIETO 3JIeMEeHTa KyIbTyphI [6].

B 2015 roxy 651 0myOIMKOBaH OTYET O pe3yibTaTax AesresnbHocTH Kuras B 3T0it cdhepe, rae oTMedaercs, 4To
myOnUYHAs TUIUIOMATHS YK€ CTajla 9acThI0 HAI[MOHAJIBHON CTpaTerny, 3aBOEBajia MOMYJIPHOCTh U PEaTM3yeTcs ToCy-
JapCTBEHHBIMU CTPYKTYpaMH Ha BceX YpOBHsX [5].

B sToM oTuere Takxke oTMeudaeTcsi 0codast poiib KMUTAMCKOTO sI3bIKa W CeTH MHCTUTYTOB KoH]ymms, koTopas
(bakTHYeCKH cTaa MOAENBI0 MyonmyHoi nqumutomarun Kuras [3].

Ora ceth, coznanHas B 2004 rofy, sBisieTcs oOmiecTBeHHON opraHm3anuel, ahduimpoBanHoii ¢ MuHHCTEp-
ctBoM obOpasoBanuss KHP, u ee ocHOBHas 3amava 3akiroyaeTcsl B MOIYJISPU3ALMKM KHTAHCKOTO SI3bIKA M KyJIbTYpHI B
pa3HbIX yroskax Mupa. Kpome npenogaBanust KUTaliCKOTo sI3bIKa U KyJabTypsl Kutas B mporpamMmy naeruryra Kongy-
U TaKOKe BXOJAT OpraHu3anus KOH(GEpeHINHA, CeprH JIEKINH, pa3IHIHBIX MEPONIPHATHI, MOCBIMEHHBIX Kurato, Tak-
JKe pa3paboTKa MPOrpaMM KHTAaKWCKOTO S3bIKa W KBAIM(UKAIIMOHHBIX 3Kk3aMeHOoB 1o 3HaHWio s3bika HSK m HSKK. A
HEKOTOPHIE WHCTUTYTHI 3aHUMAIOTCS MOJITOTOBKOI MECTHBIX IIPEToaBaTeNiel W MPeIOCTABIAIOT CTHIICHANN IS H3Y-
4yeHns1 KuTaiickoro s3pika B Kuraiickux By3ax. B 2016 rogy cetpro MHCcTHTYTOB KOH(YyITHS, NEHCTBYIOMNX KaK MPaBU-
JI0, TIPY Pa3IMYIHBIX By3axX M IIKoiax / B mKosax (oHKM HaszpBaroTca Kiaces! Kondymus), Os10 oxBageno 135 crpas, B
KOTOpBIX (yHKInoHnpoBain 511 nactutytoB Kordymmst n oxono 1000 Knaccor Kondynus.
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B nene pacnpocTpaHeHusT KUTAHCKOTO S3bIKa B ApMEHHH OOJIBITYI0 poiib chirpai MuctutyT Kondynus. Ctout
OTMETHTH, 4T0 B 2015 romy MunmCcTepcTBOM 00pazoBaHus U Hayku PA Oblia yTBepKIeHa IMIKOIbHAsI IIporpaMma o0y-
YeHHsI KUTAMCKOMY SI3BIKY € 5-0ro0 1Mo 9-ple KJIacchl, KoTopas Opuia cocraBieHa Mucturyrom Kondymms. Ha mannbrit
MOMEHT B 5 mkonax PA kuTaiickuii s3BIK MperofaeTcs Kak 00s3aTeNbHBIN IpeameT, a B 6omee 10 ydeOHBIX 3aBEICHUAX
(byHKIMOHNPYIOT LIeHTpEI KHTAWCKOTO SA3bIKA U KYJIBTYPBI, B YHCJIE KOTOPBIX LIEHTPHI B EpeBaHCKOM rocyaapCTBEHHOM
yHuBepcuteTe U Poccuiicko-ApmsHckoM (CnassiHCkoM) yHHBepcutere. B aByx mkonax r. EpeBana, Ne55 wum.
A.TI. YexoBa u crapuras mkona Ne 29 um. A. Maprapssa, dyakunorupytot Kinacesr Kondyuust [2].

[IpumeuarensHo TO, uTo B MHCcTHTyTe KOH(YIMS mpociexxuBaeTcss pe3koe YBEIMUCHHE YHCIa M3YyYaroluX
KUTaWCKUH SI3BIK: 1O TaHHBIM Ha (eBpasb 2017 rona uncio ciymareneil npessimano 350 yenosek. s noctymieHns
Ha oOyuenue B MHcTHTYT KOHMYIMS HE IPeTyCMOTPEHO BO3PACTHBIX OTPAaHUYEHHI: B AETCKYIO TPYIITY IIPUHUMAIOTCS
JIeTH ¢ 7 JIeT, BO B3pOCIYIO Bee kenatomue 1o 60 et u Bolme. B rpynmax, mikonax u ueHrpax Mucturyra Konpynus
MPENOAAI0T PYCCKOSI3BIYHBIC W AHTJIOS3BIYHBIC KHTAWCKHE IMPENOAaBaTEIH, HalpaBlIcHHbIC N3 XaHbOAHb (Ha NaHHBINA
MomeHT B MK mpenomaet okomno 30 crenuanncToB) M MECTHBIE CIICIHANIICTHI KUTaiickoro s3bika. [lo moxcueram MK
YHCIIO M3YYAOIINX KUTAHCKUH 361K TpeBsimaet 1200 uenosek [2].

Eme ogHIM aKTUBHBIM YYaCTHHKOM HOJWTHKH MIPOABIKEHHS KHTAHCKOTO S3bIKa 34 TPAHHILCH SIBISIETCS TOCY-
nmapctBeHHOe Mexmyraponanoe pamguo Kuras (CRI). CRI, ocHoBanHOe B 1941 rony, cnenmanusupyercs Ha padore ¢
MEXTyHApOJHOH IMyONIMKOH M B HacTosmlee BpeMs Bemaer Ha 61 s3pike mo Bcemy mupy. C 1998-ro roma neiictByer
HMHTEPHET-CalT MEXyHapoJHOro paauo Kuras, rae exxerHeBHO MyOnuKyeTcs HHpopMalus Ha 61 si3bIKe, B TOM YHCie
Ha aHTJIUIICKOM, SITTOHCKOM, HEMEIIKOM, PYCCKOM.

Cpenu Ipyrux 3/eKTpOHHBIX mnpexactaButeneii CMU, npoasurarommx nHpopmanuio o Kutae, KynbType u
SA3BIKC, MOXHO OTMCTUTH Kuraiickoe ToCyaapCTBEHHOC ar€cHTCTBa CI/IHI)Xya, KOTOPOEC ICUaTACTCA Ha 7 HWHOCTPAaHHBIX
sI3bIKaxX. M3 myOnuKauy Takke MOXKHO OTAENUTh HHTepHET Bepcuu raset JKensMuHb JKubao, Yaitna Jlaitnu, koTopsie
TOJKE TI€YaTAalOTCs Ha pa3HbIX WHOCTPAHHBIX s3bIKaxX. Ha BceX 3THX 3IEKTPOHHBIX PECYpCax CYIIECTBYIOT MOJPa3/IeIbl,
npenHa3sHaYeHHbIC VI H3yYEeHHUs KUTalCKOTo sA3bIKa [6].

OnHOBPEMEHHO HAJ0 OTMETUTH, YTO MHTEPEC K KNTAHCKOMY SI3BIKY TAKXK€ CBS3aH C OYpHBIM 3KOHOMHYECKUM
passutaeM KHP, ocobernHo 310 mposBisercs B FOro-Bocrounolt A3nu, Te MO3UIMH S3BIKa B CPABHCHUH C aHTIIHH-
CKUM, HanOoJIee CHIIbHBI. DTOMY TaK K€ CIIOCOOCTBYET HAJIMYNE MHOTOYHCICHHON U BIMATEIHHON KUTAHCKOH qracmo-
PBI, IPEACTABUTENN KOTOPOH CYMENH 3aHATH JTHIUPYIOIINE ITO3HUINH B BAXKHBIX c(hepax 3KOHOMHUKH CTPAaH PETHOHA.

CornacHo MpoOBeIEHHOMY OMpocy cpeau 39 cTpaHax MHUpa, MOKa3aHO, YTO KUTAWCKOE BIIHMSHHUE OLECHUBAECTCS
MOJIOKUTEJIBHO B psijie cTpaH Adpuku u JlaTHHCKOW AMEPUKH, HEKOTOPBIX MycylbMaHCKuX cTpanax ([lakucran, Ma-
naizus, Uanonesus), Ho B ocHoBHOM oTtpuiiatensHo B CIIIA u Kanane, B HekoTophIx eBporneiickuii ctpanax (I'epma-
Hus, Utanus, Mcnanus).

OmnbIT MHOTHX BCAYHIUX CTPAH IMOKAa3bIBACT, YTO YCHCITHOC PCIICHNE BHCIIHCIIOIUTUYCCKUX 3a4a4 B HeMaJIou
CTCTEHU 3aBUCUT OT 3(p(HEeKTUBHOCTH MyOJMYHON AUIUIOMATHH. B COBPEMEHHBIX YCIIOBHSIX 3TY 33[1a4y HEBO3MOXHO
pEeLINTh, He yJIelsisi 0co00ro BHUMAaHHMS SI3bIKOBOM KOMITOHEHTE ITyOIMYHOMN TUIITIOMATHH.
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CHINESE AS A COMPONENT OF PUBLIC DIPLOMACY OF CHINA

G.G. Sargsyan, Candidate of Historical Sciences, Director
Confucius Institute (Yerevan), Armenia

Abstract. In recent years large states have begun to emphasize soft power in the international relations. So-
called public diplomacy changes world geopolitics today, large and small players work at improvement of country im-
age, using different elements of public diplomacy, including media, sport and culture. China seriously engage in public
diplomacy and even at the state level it is fixed as the main direction of China. For China the most important element of
public diplomacy implementation is the Chinese language. As the most important component of public diplomacy China
develops networks and possibilities of studying of Chinese worldwide by different methods and mechanisms.
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UbDC 31
LOCALITY AND FACTORS AFFECTING THE POPULATION

N.F. Latipov, Third Year Student
Navoi State Pedagogical Institute, Uzbekistan

Abstract. This article deals with the locality and factors affecting the population.
Keywords: factors, mineral wealth, transport and communications, human.

The population density is the main indicator of the population density. Today, along the globe, the population
is unevenly distributed, along with populated areas, as well as populated areas. The temperature is very low, there is no
water and there are other reasons. These areas make up about 10 % of the land surface. It includes North and South
Pole, over 5,000 m high mountains and deserts. The main widths of the urban population are 78 ° north and 54 ° south
latitude. Factors influencing the location of the population are as follows:

1. Good places:

Large-scale people's settlements are more productive and where they are more productive in agriculture. On
the other hand, low productivity areas have low population density. For example, fewer people live in mountainous and
rocky areas. India has been one of the most densely populated regions in the world since ancient times.

2. Presence of mineral wealth:

Every nation has a kind of mineral wealth. In fact, we can measure inequalities among nations on the basis of
their mineral wealth. Mineral resource zones are the main source of industrialization and employment. They attract long
and close people. Due to the centralization of industrial sectors in these areas, the population density is high. Europe’s
high density is the main reason for the existence of mineral wealth because employment opportunities are increasing
and more industry and city are developing.

3. Presence of water supply:

Water is important to life. There is moderate density of water supply for daily consumption and for agricultural
purposes. At the present time, industrial sectors have been established in areas with sufficient water.

Earlier human civilization emerged on the shores of large rivers. Indus and the Nile Valley civilization have
emerged and developed on the shores of the mighty rivers. Old towns have emerged and developed along the river
banks. On the other hand, few people live in Arabia due to water shortages and severe climate.

4. Expansion of the sphere of transport and communications:

Since ancient times, transportation and communication facilities have a large population. Transport and com-
munications will speed up the economy and increase trade between nations and regions. Goods manufactured in one
region can be delivered throughout the country in a very short time due to the speed of vehicles. In the areas where
transportation costs are low, we find localization and centralization of the industry and population concentration. As a
result, population density will increase. In ancient times the main transportation means were waterways.

Thus, the population of humanity is located on the shores of the great river towns. On the other hand, in moun-
tainous areas and in areas where traffic is difficult, people's homes are far from each other.

5. Electricity supply:

Almost all countries are now industrious. The agricultural economy has led to the industrial economy. Electric-
ity supply and supply are crucial in the development of the industry. As a result, industry-centered areas are heavily
populated by industrial densities and demand for electricity.

Many Indian cities are well aware of this process. Dustapur, Jamshedpur and Bhillay, as a result of the devel-
opment of the industry, have become a large industrial zone with a population density. This was due to other reasons
being power supply.

6. Positive climate: From the outset of human development, a favorable environment is an important factor responsi-
ble for human life. In very hot or very cold areas, the density is almost zero. Mild climate clusters live on a large scale.

7. Social factors: Social factors also affect population distribution and distribution. If social security is very
limited, people move to another location, so the density of the population varies. If the cultural environment is the same,
then people like to live there. African-Americans are growing in America, and the Negro has been here since the time of
slavery.

© Latipov N.F. / Jlarumos H.®., 2017
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8. Population Migration: Every time a population migrates, it has a significant impact on population distribu-
tion. Employment opportunities or areas with high returns attract people from diverse areas. In the past, many people
have moved to America, and migration to the Middle East today is a migration example of good work and income op-
portunities.

9. Educational Factors: In every corner of the country there is a class that is more interested in learning. This
class moves from one country to another in accordance with its economic conditions and circumstances. If they adapt to
the new environment, they will always be there. Nowadays, young people from Asia and Africa have moved to univer-
sities in the United States, Canada, and Europe, and have been living there for a long time.

10. Political factors: Political factors are also responsible for the change in population distribution in the world.
Today, these factors have become more important. If people do not fulfill their expectations by the government, or if the
public is dissatisfied with the political system, they leave that country and move to another location. In the past, these
people moved from Cuba to the United States. Likewise, Tibetans and Dalai Lama moved to India, where they lived.

11. Historical Factors: People do not easily move to a new place. When someone is in the right place, he will
never leave the area to a new place. People love to live in places where their ancestors lived in the past. Generations of
descendants live in a place where their sons and grandchildren can not easily leave. People like to live in their native
land during natural disasters such as earthquakes, hunger, and so on. Thus, for historical reasons, there are Marwari
Marwari, Maharashtra Marathon, and Bengalis in Bengal. People who share cultural heritage are united and proud of
their origin.

12. Economic Factors: It is an important factor influencing the distribution and accumulation of population.
Places where there are good opportunities for industrial production and employment include migrants from different
regions. Due to the large scale of migration, population density is increasing in the areas where it migrates. Generally
speaking, during the economic development process, the population migration continues from rural to urban areas. Peo-
ple are employed in urban areas. Thus, the urban population is growing rapidly and the population density is high.

In summary, in today's globalization process, there is a growing need for innovative ideas to create a lifestyle
for humanity. This confirms that the post-industrial society has stepped up the post-industrial society. At this stage it is
clear that the struggle between ideas and ideologies.
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MECTHOCTbB U ®AKTOPBI, BJIUAIOIIUE HA HACEJIEHUE
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PACCMOTPEHHUE BO3MOXHOCTHU NPEAYIIPEXKAEHUSA T'ASOAUHAMUYECKNX
ABJEHUU ITPU NPOBEJEHHUU NIOATI'OTOBUTEJBHBIX BBIPABOTOK

K.A. Illupsikosa’, A.B. AnamkoB?
KaH/IWaT TEXHUYECKUX HayK, JOLEHT Kadenpbl pa3paboTKH MECTOPOXKICHUH MTOJIE3HBIX HCKOMAEMBIX
Topwusrit uactutyr ®I'BOY BIIO Ky36acckuii rocynapcTBeHHbIH
TexHnuecknil yauBepcuteT umMeHn T.®. ['opbauesa (Kemeporo), Poccus

Lcrynenr, 2

Annomayua. Paccmompena 603moacnocmes npedynpedlcoenus: 2a300UHaMuieckux A6aeHull nymem npumere-
HUsl 6pYOOONOUHOU MEXHOIO2UU NPU NPOGEOEHUU NOO20MOBUMENLHBIX 2OPHBIX BbIPAOOMOK 8 Y20bHbIX WAXMAX.

Knrwouegvie cnosa: yeonvnas waxma, 2opnas 8bipabomka, mexHoa02us npo8eoeHUsl 2OPHbIX 8blpaboOmoK, 2a30-
OouHamuyeckue s6j1eHUs.

Ha yronpHbpIx maxtax Poccun ropHbIe BRIPaOOTKH MPOBOIATCS HIDKE KPUTHYCCKOM MO BHE3AITHBIM BBIOpOCAM
[IIyOWHBI IO OTMACHBIM HJIM yrpoXkaeMbiM IiactaM. OiHa U3 OCHOBHBIX MPOOJIEM, BOSHUKAIONIUX C YBEITHUCHHEM TITy-
OUHBI pa3pabOTKK YTONBHBIX IJIACTOB, — 3TO MPOSIBICHHE ra30IMHAMHYCCKON OMACHOCTH YTOJbHBIX IUIACTOB. BO3HHUK-
HOBCHHEC ¥ Pa3BUTHE BCEX I'a30MHAMHYCCKUX ABJICHUHN OMpPEICIsAeTCS OMHUMH U TeMH ke (hakTopamu — JaBJICHHE Ta3a,
TOpPHOE JaBJICHHE, XapaKTEPUCTHKH UIACTa W BMEHIAIOIINX ITOPOJA M CBOMCTBA Y. [JIaBHYIO ONMACHOCTH CPEIH ra30-
MUHAMAYECKHX SBJICHUAHN MPEICTABIAIOT BHE3AMHBIC BEIOPOCH! YT U ra3a. BeIOpoCH yris U ra3a mMeroT Mecto B Poc-
cuu, Aurinuy, Snonuy, [onswe, Benrpuu, Yxpaune, I'epmanun, Kurae u npyrux crpanax. ['azonnHamudeckue siBICHUS
OKa3bIBAIOT HETAaTHBHOE BIMSHHE Ha 0E30MAaCHOCTh W TEXHUKO-dKOHOMHYECKHE TIOKA3aTeNN TOPHEIX padoT. [Ipobiema
00pBOBI C Ta30AMHAMIYCCKUMHE SBICHHAMHU COICPKUT MHOTO TPYIHOCTSH M HEpEUICHHBIX BOIpocoB. Heobxommmo
M3BICKaHNE HOBBIX CIIOCOOOB BO3ICHCTBHS Ha MAacCHB, KOTOPBHIC MO3BOJAT ONEPATHBHO MPHUBOAWUTH OMACHBIC 30HBI B
HeomnacHoe cocrosinue [1, 2, 6, 10, 14, 15]

INazoarHAMHUYECKUE SIBICHHUS MOTYT MMETh PA3JIHUHBIC IPUPOIY U MEXaHU3M (BHE3aIHbIC BHIOPOCHI YTJIS U ra-
3a, TOPHBIC yapbl, BHE3AITHbIC Pa3pyIICHUS OPO TOYBHI, OOpyIIeHUs U Ap.). He3aBHCHMO OT TOro pa3iuyHbIC MeXa-
HU3MBI pa3pyIICHHs YrOJIbHBIX TIACTOB M MOPOJ MPH I'a30IMHAMUYCCKUX SBJICHHUSX HIIM HET, OOIIMM IS HUX SIBJISCTCS
TO, YTO CIIOCOOBI PEAOTBPALICHHS PA3IHYHBIX Ta30JMHAMUYCCKUX SBJICHUN 0a3UPYIOTCS, KaK MPABUIIO, HA MIPUHITUIIAX
pasrpy3KH YyroJbHbIX IIaCTOB U MOPOJ. [2, 4]

TIpenoTBpamnicHue BEIOPOCOB YT U MOPOABI TyTeM 00pa30BaHUA Pa3rpy30YHBIX MOJIOCTEH U IIeJICii OCHOBaHO
Ha pa3rpy3Ke W Jerasaliy Npu3a00HHONW YacTH YroJbHBIX IUIACTOB M MOpOJ. Pa3rpy3o0dHbIe INETW W TMOJIOCTH IS
MIPEIOTBPAIICHHS BEIOPOCOB YTIII MOTYT 00pa30BBIBAThCS KaK HEIMOCPEACTBEHHO B YIOJBHOM IUTACTE, TaK U BO BMe-
IIAFOIIUX YTOJNBHBIA IIACT MOPOJAX, a IS MPEeJOTBPAIISHHs BEIOPOCOB MOPOJa KaK HEMOCPEICTBEHHO B BEIOPOCO-
OMMAaCHbIX TIOPOJIaX, TAK U B MOPOJIaX, PACIOI0KEHHBIX BOJIIU3U BEIOPOCOONACHBIX Topo. [5, 8, 10]

[IeneBoit METO CHUYKEHHUSI KOHIICHTPAIIMU HANPSDKEHUI B MPUKOHTYPHOM MAacCHBE SBJSIETCS 3()(eKTUBHBIM
CPEIICTBOM IIPH PEIICHUH BOMPOCA MOBBIIICHUS YCTOHUYNBOCTH BBIPAOOTOK, OH MPUMEHSCTCS JJISl CHIDKEHHS BBIOPOCO-
omactHocTH. 11lenh OTOABHraeT MaKCUMYM HANPSOHKCHHUN B TIyOb MacCHBa ¢ OJHOBPEMEHHBIM YBEJIHUUCHHEM HECyIeH
crocoOHOoCTH TIOpoI. [3, 8, 9]

Pa3zpaboTtan nmpoxomyeckuil arperar ajis pa3pyuieHus] yroJIbHOTO MacCcuBa BpyOOOIOUHEIM criocoboMm (puc. 1).
[2 4, 12, 13] XapakTepHoit 0COGCHHOCTHIO BPYOOOIOUHOTO CIOCO0a paspyIIeHUs SBISIETCS COBMEIIECHNE OTIEPAIHi 110
00pa30BaHUIO BPYOOB M pa3pylICHUIO OJOKOB: 0apOBBEIMH HCIIOTHUATEFHBIMU OPTaHAMH OCYILIECTBIIICTCS 00pa3oBaHUE
BpyOOB, OTHOBPEMEHHO C IPOU3BOACTBOM BPYOOB ¢ HEKOTOPBIM OTCTaBaHHEM KIHMHOBHIHBIM HCIOJIHHUTEIBHBIM OpTa-
HOM pPa3pyIIalOT yroJbHBIC OJIOKH, U Jajiee MPOIECCh 00pa30BaHUs M OTIaMBIBaHUS OJOKOB IPOU3BOMAATCS OTHOBpE-
MEHHO.
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Puc. 1. Cxema pasdenenus maccusa u napamempuvl 610K08 npu paspyuieHuu 8pyo00J104HbIM CHOCOOOM.
1 — nepeviii 6epmuranvrulii 8py6, 1 — éepmuranvrulii 8py06, 2 — 20pU30OHMAILHYLIL 8DY0,
3 — yeonvHblil 610K, 4 — KIUHOBUOHBITL UCNOTHUMENBHBLIL OP2aH, U — eblcoma eépyoa, k — evicoma evipabomxu,
m — wupuna svipabomku, b — wupuna 610ka, h — vicoma 6a0ka, | — enybuna epyda (Oruna 610Kka)

[lpn mpoBeneHWHM MOATOTOBUTEIBHBIX BHIPAOOTOK BpPYOOOJIOYHBIM CIIOCOOOM B BBIOPOCOONACHBIX 30HAX
YTOJIBHBIX IJIACTOB, YCTAHOBJIEHHBIX TEKYIIIMM IIPOrHO30M BO3MOXKHO NPHUMEHUTH B Ka4eCTBE JIOKAJIHHOTO MPOTUBOBEI-
OpocHOTO crocoba ciIeayIoImue cXeMbl 00padOTKH 320051 ITPH IIOMOIIH ITPOXOAYECKOTO arperara;

— Ipope3aHue BpyOa Mo MOTEHINAILHO BEIOPOCOOIIACHON MavyKe TEKTOHWYECKH HAPYIICHHOTO YIJIS 10 KOHTY-
Py BBIpaOOTKH M 3a KOHTYp BJIEBO M BIPaBO (PHC. 2) B MOATOTOBUTENBHBIX BBIPAOOTKAX Ha MOJOTOM IJCHHUH IIacTa
WIN B HAKJIOHHBIX TIOATOTOBUTENBHBIX BBIPA0OTKAX Ha IIIACTE JIFOOOTO MaJICHNS;

— Ipope3aHue BpyOa 1Mo MOTEHINAIBLHO BEIOPOCOOIIACHON NMavyKe TEKTOHWIECKH HAPYIICHHOTO YIS 10 KOHTY-
py BBIpaOOTKH U 32 KOHTYp BJIEBO, C OypeHHEM OINEepesKaroIliX CKBAaXXHH BIIPABO IO MOTEHI[HAIFHO BBIOPOCOONACHOM
MadyKke TEKTOHMUYECKH HAPYIIEHHOTO YIJISl B HOJATOTOBUTENBHBIX BBIPAOOTKAaX Ha IOJIOTOM MaJeHHM IUIacTa WIH B
HAKJIOHHBIX MOJTOTOBUTEIBHBIX BEIPAOOTKAX HA IIIACTE JI0O0TO MaJgeHus;

— Ipope3aHue BpyOa 1Mo NOTEHIHAIBHO BRIOPOCOONACHOH Mauyke TEKTOHWYECKH HAPYIIEHHOTO YIS 10 KOHTY-
py BBIpaOOTKH U 3a KOHTYp BIIPaBO, ¢ OypeHHEM OIepexaroliX CKBaXUH BJIEBO IO MOTEHIHMAJIHHO BBIOPOCOOMACHOM
Ma4yKe TEKTOHMYECKH HAPYIIEHHOTO YIJISl B IOJATOTOBUTENBHBIX BBIpabOTKax Ha MOJOTOM MaACHHH IUIacTa WIH B
HaKJIOHHBIX TIOATOTOBUTENIBHBIX BBIPA0OTKAX HA IJIACTE JII0OOTO MaieHHS;

— Ipope3aHue BpyOa 1o MOTEHIHAIBLHO BRIOPOCOOIACHOH MayKe TeKTOHUYECKH HAPYIIEHHOTO YIJIA 10 KOHTY-
Py BBIpaOOTKH, ¢ OypeHHEM OIEpeKarONINX CKBAXHH 32 KOHTYpP BIIPABO M BJIEBO MO IMOTEHIIMAILHO BHIOPOCOOIIACHON
Iayke TEKTOHWYECKH HapYIIEHHOTO YTJISl B IIOJIOTOBHTENBHBIX BHIPAOOTKAaX Ha IIOJIOTOM MaJeHWH IUlacTa WIN B
HaKJIOHHBIX TIOATOTOBUTENIBHBIX BBIPA0OTKAX Ha IIACTE JIFOOOTO Ma/IeHHUS.
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Puc. 2. Cxema cxemvt 06pabomru 3a605 n0020mosumenbHol 6blpadbomKU npu NOMOWU NPOXOOUECKO20 azpe2ama:
1 — epyb6, 2- svibpocoonacnas nauxa yeins, 3 — n0020MoBUMenbHAsL GblpaboOmKa

MeponpusTus 1o NpeaynpeskKaeHHI0 BHE3AMHBIX BEIOPOCOB YIJIS M I'a3a U IPYTUX Ta30JHHAMHYECKUX SBICHUN
— Ba)KHEHIIIask COCTABIIIONIAs YaCTh TEXHOJIOTHH MIPOBEICHUS TOPHBIX BBIPAOOTOK Ha ONACHBIX M YTPOXKAEMBIX MO BHE-
3amHBIM BbIOpOcaM yriis U rasa miactaMm. OT ux 3¢ (eKTUBHOCTH U HaZEKHOCTH B OOJIBIIIEH CTETIEHH 3aBUCUT Oe3omac-
HOCTB U IIPOU3BOIUTEILHOCTH MMPOXOAKH FOPHBIX BEIpaboTOK. [Iponecc 00pazoBaHus pa3rpy304HBIX MMOJIOCTEH U BpyOOB
XOPOIIIO BITUCHIBACTCS B TEXHOJIOTHIO IOATOTOBUTENBHBIX PA0OT.

HecnoxxHast TEXHOJIOTHSI BBITIOIHEHHS CIIOC00a M OYEBHUAHBIN MEXaHU3M €r0 BO3/ACHCTBUS Ha Ta30HAIPSHKEHHOE
COCTOSIHHE MacCUBa ONPEETIAI0T €ro 00Jiee BEICOKYIO HaIEKHOCTD 110 CPABHEHHIO C APYTUMH JIOKAJIbHBIMH CIIOCOOaMH.
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RESEARCH OF THE POSSIBILITY OF PREVENTION
THE GASDYNAMIC PHENOMENA AT PRELIMINARY DEVELOPMENTS
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Mining Institute, Kuzbass State Technical University (Kemerovo), Russia
Abstract. The possibility of the gasdynamic phenomena prevention using technology of cutting in blocks at pre-

liminary developments in coal mines is considered.
Keywords: coal mine, excavation, technology of carrying out excavations, gasdynamic phenomena.
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