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AHHOTAIIUSA

Bubpayuonnoe 6o30eticmeue sgisemcsi 0OHOU U3 CePbEIHEUWUX YepO3 HA 300P08be
yenoseka. K momy oice 6 nacmosiwee epems 6cé Oonvuiee SHUMAHUE YOenAemcs KOHMPOIIO
CAHUMAPHLIM HOpMAM NO ubpayuu Ha pabouem Mmecme onepamopa. Beudy ocobennocmet
npogedenus Noesvix 2eou3uUdeckux pabom no OAHHOU MeMamuxe ABNAEMCcs OMPUYaAmeIbHoe
GnUsAHUE (hakmopa eubpayuu Ha meno onepamopa UOPAYUOHHOU MawuHbl. B oaumnoii cmamuve
0CBeWAIOMCSE BONPOCHL GIUAHUA 00Well subpayuu Ha meno YeloseKkd, Mepbl 3auumsl Om
BUOPAYUOHHO2O BO30€liCMEUst 800UMeNs CNeYUAIU3UPOBAHHO20 MPAHCHOPMHO20 CPeoCmed U
pacuem napamempos, HeoOX0OUMbBIX OJist CHUNCEHUSL OAHHO20 8030€liCMBUSL.

Knrwouesvle cnoea: suopayuonnoe ozoelicmsue, I10KAIbHAA eubpayus, oobwas suobpayus,
8UOPOCKOPOCMb, 8UOPOYCKOpeHUe, KO duyuenm demnghuposanus.

VIBRATION AS A FACTOR AFFECTING HUMAN SAFETY DURING FIELD SEISMIC
OPERATIONS
Yusupov D.D.
Branch of the Russian State University of Oil and Gas named
after 1.M. Gubkin in Tashkent, Teacher
Volokhina A.T.
Deputy Head of the Department of Industrial Safety and Environmental
Protection of the Russian State University of Oil and Gas named after .M.
Gubkina, Doctor of Technical Sciences, Professor.

ANNOTATION

Vibration exposure is one of the most serious threats to human health. In addition, at
present, more and more attention is paid to the control of sanitary standards for vibration at the
operator's workplace. Due to the peculiarities of field geophysical work, the focus of this topic is
the negative influence of the vibration factor on the body of the operator of the vibration machine.
This article highlights the impact of general vibration on the human body, protection measures
against vibration exposure of the driver of a specialized vehicle and the calculation of the
parameters necessary to reduce this impact.

Keywords: Vibration action, local vibration, general vibration, vibration velocity, vibration
acceleration, damping coefficient.
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JTAJIA CEHCMHK MIILIAPUHHA YTKA3UII MAUTHUIA TEFPAHUIIIHAHT THCOH
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AHHOTALIUA

Bubpayusnu mavcupranuw uncon caromamiaucued HcuoOutl. maxouonapoar oupuoup.
bynoan mawxkapu, enou onepamopnune uwi dxcoviuda mebpaHuwl Y4yH CAHUMApusi MebEePIapuHu
Hazopam Kuiuwied Kynpox evmubop Kapamuimokoa. Ywby mas3zy oOyiuuua oana eeopusux
UWUIAPUHUHR Y3U2a XOC XYCYCUsmaapu mydatiniu meopanuu MauwuHacu onepamoputune manacuza
meopanul OMUIUHUHE CAnOUll mavcupu masxcyo. Ywby maxonaoa ymymut meopanuiHune UHCOH
manacuea mavcupu, UXMUCOCIAUMUPUIZan MpaHCnopm 80CUMACU Xauoo8UUCUOAH MeopaHuuoan
XUMOSI KUTUWL YOpanapu 6a yuwOy mabCupHu Kamaumupuul YYyyH 3apyp Oyrean napamempiapHu
Xucobnaw épumunea.

Kanum cysnap: Tebpanuw xapaxamu, maxaiiuii meoOpanuwl, ymymui meopanuu,
meobpanuw meznucu, meopaHuHUHe me3nlauuiii, coHlim Koeppuyuenmu.

Bubépayus kak ghakmop, enrusarouiuii ha 6e30nacnocms 4en06eKa npu npoeedeHuu
noJ1e6blX celicMuuecKux paoom

[Ipu mpoBenenun ceicmMopas3BeouHbIX paboT kak 2D, Tak u 3D cymecTByIOT pa3inyHbIC
(baxTOophl, MaryOHO BIUSIONINE HA )KU3HEICIATEIBHOCTh YeloBeka. OTHUM U3 CaMbIX BPEIOHOCHBIX
SBIISICTCST BJIMSHUE BHOpali Ha OpraHu3M 4dejoBeka. BmuOpamuss — 3T0 B030yXIaeMble
MeXaHWYeCKHue KoJieOaHUs, TIepenaBacMbple IO JKUIKUM WM TBEpPAbIM cpernam. BuOparus
MPEACTABISIET COOOM KWHETUYECKYI0 DHEPruio, IepefaBacMyl0 MalllMHE WIH YeloBeKy [1].
[TprurHBI BO3HUKHOBEHUSI BUOpPAIIMK B TOJIEBBIX YCIOBUSAX MOTYT OBITh pa3IUYHBIMU. B maHHOM
paboTe paccMaTpuBaeTCs BIWsSHWE BHOpaluu, TIepeJaBaeMol Yepe3 CHUIEHbE aBTOMOOWII,
MpeAHA3HAYEHHOTO I €376 M0 0e310poXkbto. [log00HBIMH  aBTOMOOWIISIMU  SIBJISIFOTCS
BHOpAIMOHHBIC MAIIIWHBI, IPEIHA3HAYCHHBIC /TSI BO3OYKIACHUS CEHCMUYECKUX Kojebanuii (puc.1).

Puc. 1. Bnﬁpaum)ﬂﬂue MallluHbI, UCTI0JIB3YEeMbI€ ITPU MPOBEJICHUH IMOJIEBBIX ceilicMUUYeCKUX pa60T
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BoauTtenn Ha3eMHBIX CHCIHMATHM3UPOBAHHBIX BHEIOPOXKHBIX TPAHCIOPTHBIX CPEJICTB
MOJIBEPTarOTCsl B MPOIIECCe MBMKCHHS BO3JACHCTBUIO HU3KOYACTOTHOW BHOpAIMH, KOTOpAsi BIUSET
Ha KaueCTBO BBINOJIHEHUS pabOThl M YTO HE MAJIOBaYKHO Ha O€30MAaCHOCTH U 3/I0POBbE.

Knaccugpukayusa eubpayuu u oonycmumole 3Ha4eHus HOPMUPOBOUHO20 NOKA3AMENA

ITo cmocoby mepemayn Ha OpPraHM3M YEJIOBEKa BUOpAIMIO Pa3esiOT Ha JBa OCHOBHBIX

THUIIA:

> JlokanbHy0 BHOpAIUIO, NEPEAaBaEMyI0 YeJIOBEKY 4epe3 KOHTAKTHPYIOIIUE YacTH
T€Ja ¢ NICTOYHUKOM BUOpaIuu.

> OO0myro BUOpamuio, KOTopas MoJApa3yMeBacT B cebe mepenady BHUOPAIMOHHOTO

BO3JICHICTBUS HA BECh OPraHU3M B 1IEJIOM YE€pPEe3 OCHOBHBIE ONIOPHbIE TIOBEPXHOCTH.

1o cocoOy BOZHUKHOBEHHS OOIIYI0 BUOPALIMIO MOAPA3ICISIOT Ha TPU KaTETOpUH:

> OOmass BuOpammsi TEpBOH KaTeropuw, MoJApa3yMmeBaromas B cebe BHIBI
TPaHCIOPTHOM BUOpalMU A BUIOB HA3€MHOIO M BO3JYIIHOTO TpaHCHoOpTa. B psin HazeMHOro
TPaHCIOPTA BXOAAT MAIINHBI, IEPEMEIAONINECS 10 OE3A0POXKBIO.

> OOmiass BuOpamusi BTOpOM KaTeropuu, K KOTOPOM OTHOCUTCS BHUOpanus
TPaHCIIOPTHO-TEXHUYECKOI0 Xapakrepa. B 3Ty kareropuio BXOIUT BHOpamusi OT TpPaHCHOPTA,
MepPEMEIAOLIEroCs 0 CHEUAIbHO MOATOTOBIEHHBIM TOBEPXHOCTSIM.

> OO6mas BUOpauus TpeTheil kaTeropuu. B naHHy10 KaTeropuio BKIIOYEHBI BCE BH/IbI
BUOpALIMU, UCXOASIINE OT CTAI[MOHAPHBIX PA00UYNX MAIIHH.

HopMupyembiM mokaszareieM BUOpalUu  SBISIOTCS 3HAUEHHUS, KOPPEKTHPOBAHHbBIE
U SKBUBAJICHTHbIE KOPPEKTUPOBAHHBIE YPOBHU BUOpoycKopeHus. IlpenenbHo nomycTuMble HOPMbI
BUOpanuu npeactanieHsl B Tabmunax 1, 2.

Tabmuma 1.
[IpenenbHO nOMyCcTUMBIE YPOBHH BUOPOYCKOPEHUS JTOKATBHON BUOpAIMK Ha pab0OunX
MecTax
[IpenensHO HOMycTUMBIE YPOBHU BHOpOyckopeHus, | KoppekrupoBaHHbIE
b, o ocam X, Y11, Zi1 B OKTaBHEIX IIOJI0CAX CO W SKBUBaJICHTHBIE
HaumenoBanue
CpeIHETeOMETPUICCKUMU YacToTamMH, [ 11 KOPPEKTHPOBAHHBIC
roKas3are’s
8 | 16 | 315 | 63 | 125 | 250 | 500 | 1000 | ~CHATCHMAMHX
YPOBHH
Bubpanus 123 | 123 | 129 | 135 | 141 | 147 | 153 | 159 126
JIOKaJIbHAS
Tabmnuua 2.
[IpenenpHO JONyCTUMBIC YPOBHU BUOPOYCKOPEHUSsI 001Iei BUOpAIllMU Ha pabOYHX MecTax
[IpenenbHO nOMycTHMBIC YPOBHH BUOpOYyCcKopeHus, nb, mo ocsam Xo, Yo, Zo
CpenHereomerpuye B OKTAaBHBIX WK 1/3 OKTaBHBIX MOJIOCAX YACTOT
CKHUe 4acTOThI, I'1 B 1/3 oxraBe B 1/1 okraBe
Zo Xo,Yo Zo Xo,Yo
0,8 117 107
1,0 116 107 121 112
1,25 115 107
1,6 114 107
2,0 113 107 118 113
2,5 112 109
3,15 111 111
4,0 110 113 115 118
5,0 110 115
6,3 110 117
8,0 110 119 116 124
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10,0 112 121
12,5 114 123
16,0 116 125 121 130
20,0 118 127
25,0 120 129
31,5 122 131 127 136
40,0 124 133
50,0 126 135
63,0 128 137 133 142
80,0 130 139
KoppextupoBanubie
Y DKBUBAJICHTHBIE
KOPPEKTUPOBAHHBIE 115 112
YPOBHHU
BUOPOYCKOpEHUs

B nanHoif pabore paccMarpuBaeTCsl  BIMSHUE BUOpaluu NpU  TEpeMEIIeHUU
B CIIEIUAJIM3UPOBAHHOM TPAHCIIOPTHOM CPEJICTBE MO 0€370POKbI0. DTOT TUIT OTHOCUTCS K TIEPBOM
KaTeropuu ooiiei BUOpanuu.

Bausanue oowieit subpayuu na 300poeve uenogeka

B nmanHOM mogapasznene TpeACTaBICHBl BUIBI BIWSHHUS TPAHCIOPTHOM BHOpanuu Ha
COCTOSIHHE 37IOPOBbsI UellOBeKa. Bce paccmaTpuBaeMble TPUMEPHI BIUSHUN 00YCIOBICHBI CHITINM
MOJIOKEHUEM YEJIOBEKa, TOJBEPKEHHOTO OOIel BHOpamuy B YaCTOTHOM JMAra30He BUOpaIuu
0,5-80 I'm.

B orTHomeHnum cumsmero dYenoBeka BUOpanus TMPEACTaBIsSeT co0oil (akTop pucka,
B TEPBYIO Ouepelb i IMOSCHUYHBIX MO3BOHKOB W CBSI3aHHBIX C HUMH HEPBHBIX OKOHYAHHA.
Bbonbiine Mexannueckre HapsDKEHUS, HApYIISHUS MUTaHUS TKAHU JMCKa MOTYT BbI3BaTh pa3BUTHE
JIETEHEPAaTUBHBIX  TMPOIIECCOB B  MOSCHUYHBIX CErMEHTAaX IO3BOHOYHHMKA  (CIIOHAMIIE3A,
MEKIT03BOHKOBOTO OCTEOXOHJIpO3a, apTpo3a). BozaeiicTBue oOmielt BUOpallMK MOXKET MPUBECTH
TaK)Ke K MOSBJICHUIO OINPEAETICHHBIX 3HJIOT€HHBIX IMaTOJIOTMYECKUX OTKJIOHEHHMH MO3BOHOYHHUKA.
Kpome Toro, BuOpauus MOXKET OKa3bplBaTb BIMSHHE Ha  OpraHbl  IMUIIEBapeHUs,
MOYEBBIJICIUTENBHYIO CUCTEMY U )KEHCKHE PENPOAYyKTUBHBIE Oprausl [2].

Konebanuss ¢ uacroro 3—5 [’ BBI3BIBAIOT YyKauMBaHUE, PACCTPOKMCTBO COCYAMCTON
cucteMbl, pu yactotax 4—11 'l MOryT BOSHUKHYTh PE30HAHCHbBIE KOJIEOaHUs T'OJOBBI, JKEIy/Ka,
KUIIEYHUKa, IeYeHu [4].

OOBIYHO H3MEHEHHS] B COCTOSIHUM 3I0POBbSl YENOBEKa MPOSIBISIIOTCS TOJBKO IOCIE
MIPOJIOJDKUTEIIBHOIO MHOT'OJIETHEIO BO3JICUCTBUS 00IIei BUuOparuu [2].

Buﬁpauuormaﬂ 3amiuma eooumens CReuaIU3IuUPOBAHRHO20 MPAHCROPMHO20 cpedcmea

B mporecce mpoBeseHuUs MOJNEBBIX CEHCMOpa3BEIOYHBIX PabOT BOAUTENh BUOPAIIMOHHON
MAIIIMHbI MTOJBEPracTCsl BO3ACUCTBUIO HU3KOYACTOTHOM BHOpAIMH, 00YCIOBICHHOM, B OCHOBHOM,
JABWKEHHEM TPAHCIIOPTHOIO CPEJCTBA 10 HEOAHOPOAHOI moBepxHocTH. CHeHbE omeparopa
OpeCTaBiIseT COOOM MOCIeqHUI BUOPOU3OJUPYIOMIMA 3JIEMEHT Ha IyTH pPACIPOCTPAHECHHS
BUOpaIuu K Teny oneparopa [3].

OmHMM ©3 DJIEMEHTOB KOHCTPYKTHBHOW O€30MAaCHOCTH COBPEMEHHOTO aBTOMOOHJIS
SIBJISIETCSL TPaBMOOE30MmacHoe cujieHbe Boautens. ObecrieurBas 0€30MaCHOCTh, OHO B TOM YHCIIE
co31a€T KOM(pOPTHBIC YCIOBHS MOCAJIKU U €316l B TCUCHHE JUTUTEIBHOTO BpeMeHH [4].

3amuToil OT maryOHOro BIMsSHHUS BUOpanuu siBisiercss BuOpowmsomsiuus.  Llenbio
BUOPOM3OIISIIMYU SIBIISIETCSI YMEHbBIICHHE THHAMUYECKAX HArPy30K, IEPEAaBacMbIX OT HCTOYHHKA
K O0BEKTY BO3MYILICHHUSI.
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s obecrieuenus kampopHOW M Oe30macHOW pabOTHI BOAMTENS CIEIUAIA3HUPOBAHHOTO
TPAHCIIOPTHOTO CpeACTBA (BUOPAIIMOHHBIX MAIIWH) SIBIISETCS BHOpAIIMOHHAS 3alldTa MaITUHbBI
B kaOune (canone). C 3TOH 1ebi0 B KaOMHAX aBTOMOOWJICH, MpeHA3HAYCHHBIX IS IIEPEMEIICHHUS
1o 0e370pOKbI0 MPETYCMOTPEHBI MEPHI 3aIUTHI B BUAEC aMOPTH3UPYIOIIUX BUOPOH30ISTOPOB. OHU
MOIPa3yMEBAIOT MO COOO0H MPYKUHHBIC BUOPOH30JISTOPHI, YCTAHABIMBAIOIIUECS B ONMOPHYIO YaCTh

cuzeHbd (puc. 2).

o

Puc. 2. Cxema cujieHbsI TPAHCIIOPTHOTO CPEICTBA ¢ AMOPTH3MPYIOIIHUM NPY:KHHHBIM BHOPOU30/ITOPOM
Cuodenve 0anHO20 MUNa cOCMoum u3 ciedyruwux snemenmos: nooywxu (1), cnumku (2);
ocmoea (3); MexanHuzmMa nNo08ecKu, cocmosweco u3 KpoHwmetina (9), pwviuacos (8)
u amopmuzupyiowezo ycmpoucmea. OHO cocmoum u3z npyscunvl (5) u 08YX KPOHULMEUHOS
(4 u 7). Buympu yunrunopuueckoii npysicunsl (D) ycmanoenieH 2uopasiudeckKuil meaecKkOnu4ecKull

amopmuszamop (6).
OCHOBHBIM  DJICMEHTOM  BHOPOW3OJSAIMM B

amMopTHU3UpymoIas npyxxuHa. KapauHaneHeiM perieHreM ycTpaHeHus ¢akropa obuieit BUOpauuy,
OKa3bIBa€MOW Ha BOJUTENS CIEHUATM3HUPOBAHHOIO TPAHCIOPTHOI'O CPEJICTBA MaryOHOE BIUSHUE
SIBJIIETCS MOA0OP ONTUMAJIBHOIO MapameTpa NPYKMHHOTO BUOPOM30JIATOpa. [ TaBHBIM KpUTEpHEM
BUOPOU3OJISIMOHHBIX MPY>KWUH, TPUMEHSIEMbIX B JAHHOW KOHCTPYKIHH, SIBJIseTcS KOd(PPUIHEHT
xectkoctd (C). BpIBomOM SBISETCS TO, YTO aKTyaldbHOW 3aJayeil MpH pPacCMOTPEHUU TaHHOU
pOo0GJIEMBI SBJISETCS ONpPEesIeHNE )KECTKOCTH MPY>KUHBI TSl CUICHBS! BUOPAIIMOHHON MAIlIUHBI.

,Z[aHHOﬁ KOHCTPYKIIMH SABJIACTCA

Pacuem ycecmkocmu RPYIHCUHDBL 0/151 CUOCHbA euﬁpauuormoﬁ MAULUHbBL
HMcxogupIiMu TaHHBIMU 1 JAHHOTO pacucTa ABJIAIUCD :

> Macca Boautens. B kadecTBe nanpHEHIIEro pacdera ObUIM BBIOpPAHBI YETHIPE
Bapualnuu 3HadyeHu maccel Boautens — 60; 80; 100; 120 kr;
> Macca moapeccopcHOil dYacTh cuaeHbs. bbuta  BeIOpaHa cpeAHsisi  Macca
MOJIPECCOPCHOM YaCTH CUACHBS, UCIIONb3yeMasi sl BUOPAllMOHHOTO TpaHCcmopTa — 15 Kr.;
> AMIIIUTYa TIepeMelieHusl CUeHbs. bblio BBIOpaHO cpeqHee 3HAYEHUE TAHHON
BenmuuurHbl — 0,002 M, mo 'OCT 20062-96;
»  Koaddumment BSI3KOTO COINPOTHBIICHUS nemndepa (ko3 dunmenHT

neMnupoBanus). beuio BeIOpaHO cpeaHee 3HaueHUEe Ko3(p(UIMEHTa AeMI(UPOBAHMS, PaBHOE

600 H*c/m u3 TTOCT UCO 10326-1-2002.
> Yacrora KoyieOaHUU IMOJBECKU CHACHBS MO OE30pPOXKbIO BapbHpPyeTCs B 00JacTH
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4 T'u [4]. Ins npoBOIUMBIX pacyeToB ObLITH BHIOpaHbI 4acToThl 2; 4; 6; 8 T'.
HcxoaHble JaHHbBIE IPECTABIIEHBI B Ta0ULE 2:

Tabnuna 2.
M, — Macca BOJIUTENS my =60;80;100;120 xr
M¢ — Macca NOAPECCOPHOM YaCTH CHJICHbBS mc =15 kr
Yo — aMILIUTY 1A IEPEMENICHUS CUICHBS Y,=0,002 m
6 — xodpdumment Bszkoro comnpotusicHus | 6 = 600 H-c/m
nemidepa (kodhdurment gemMndupoBaHusi)
Yacrora f f=2;4;6;8T11

B kauecTBe pa3iMuUHBIX MapaMETPOB KECTKOCTH IPYXKHUH OBLIM PACCMOTPEHBI MPYKUHBI
Mapku «Jlo — N». XapakTepucTiku JaHHBIX IPYKHUH NpeACTaBlIeHbl B Tabnuue 3.

Tabnuua 3.
Haumenosanue napanempa Mapias npycu

Jlo-38 Jo-39 | Jo-40 | Jo-41 | Jo—42 | Jo-43 | Jo-44 | Jo-45
Maxcumanvras Padouas nazpysxa npysicun, H , Pmax 118 216 333 539 941 1646 | 2381 | 3724
KecmKocmb npysicutvi 6 Ipo0oTbHOM HANPAGTEHUY,
Hi 104, C0 0,46 0,62 0,83 1,23 1,68 3 3,64 45
Juamemp nposonoxu, mu 3 4 5 6 8 10 12 15
Juavemp npyscunsi, mm 30 40 50 54 72 80 96 120

Tak xak HOpMHpYEMbIM 3HAU€HHEM BO3JEHCTBHA BHOpalMM SBISETCS BUOPOYCKOpEHHUE,
OblTa ompenenieHa KaTeTOpHsl paccMaTpWBacMOW BHOpamwu Kak oOmias BUOpanus TmepBOr
Kareropud. B KkauecTBe mpeneabHOr0 HOPMHUPYEMOrO 3Hau€HUsi BUOPOYCKOpEHHs BbIOpaHO
3HaueHne A, papHoe 0,56 m/c2. Vicnons3yemblie pacueTHbIe (OPMYJIbI IPEACTABICHBI B TabIUIIE 4.

TaOnuua 4.
M. — Macca BOAHUTENs, IPUXOAIIasics Ha My =5/7" My
CUJICHBE, paBHA 5/7 BCeW MacChl My
Macca BoguTensa ¢ CUIEHbEM m=— mq + M,
. g
YacroTra cBOOOIHBIX KOJIeOaHU W, = ,|—
m
5 b
OtHOCHUTENBHBIN KOYDPHUITUEHT D=——
nemMiupoBaHUs: 2+/C-m
VYTi0Bas 4acTOTa BBIHYKICHHBIX w = 24
KoJIe0aHuii:
OTHOIIIEHUE YaCTOThI BHIHYKICHHBIX a)
KOJIe0aHU K 4acToTe CBOOOIHBIX V= _a)
Koaebanuii 0
. 1+ (2Dv)?
AbcomoTHbI (77) K03hGUIMEHT nepenayn T, = ; (2 ) ;
npu BUOpannu (1-v°)" +(2Dv)
AMIIIUTY1a BUOPOYCKOPEHHUS CUICHbBS Zo =’ Tz Yo
AmmuinTy1a BAOPOYCKOPEHUS Ga G.=%, IN 2
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Ha mepBom »stame Ob1 mpoBeACH MoAOOp ONTUMAIBHOIO MapaMerpa dacToT. bbeumn
paccunTansl 4actoThl 2;4;6;8 ', mpu macce Boaurens B 80 kr. Huxe Ha pucynke 3 nipeacTaBieHbl
rpaduKu 3aBUCUIMOCTH BUOPOYCKOPEHHS OT KECTKOCTHU IPYKUH MpH yacTtoTax 2;4;6;8 I'm.
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Puc. 4. Iloa6op onTUMAaIbHOr0 3HAYEHHS MACCHI BOTUTEJIS

AHanu3upys noiy4eHHble rpagUuKu U UCXOJs U3 MPeAeIbHOI0 HOPMUPOBOYHOI'O 3HAUYEHUS
napameTrpa BuOpoyckopenus (0,56 wm/c2), ObuUM cAenaHbl CIEAYIOIME BBIBOABI: JKECTKOCTh
NPY)XKMHBl MMEET MaKCUMAJIbHBIA MUK MO BHOPOYCKOPEHHUIO U KECTKOCTH MPY>KUHBI, KOTOPBIN
BO3pacTaeT MpHU YBEIHMYEHHUHM YacTOTHOro 3HaueHus. llpum moxbope 3HaueHus dvactoTel 2 Il
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HE MPEBBINIACT TPAHUYHOIO HOPMHUPOBOYHOTO 3HAuUeHUs BUOpoyckopenus; 4 Il Bapbupyercs
B TPEICIbHBIX 3HAYCHUAX HOPMHUPOBOYHOTO TapaMerpa; 4YactoTel B 6 m 8 [ wumeror
MaKCHMAJIbHBIN MUK, JAJIEKO PEBBIIIAOIINN HOPMUPOBOYHBIN Tipeenn. ONTUMaIbHBIM 3HAaYCHUEM
JUISL 9acTOTHI, ObUIA BRIOpaHa yacToTa, paBHas 4 1.

Ha BTopoM »rtame Obul TpoBeAEH MOMOOP ONTHMAIBLHOTO IapaMmerpa Beca BOIUTEIS
TpaHcnopta. beum paccunmransl Maccel Boautens 60;80;100;120 kr, mpu yacTore KoJeOAHUS
noaBecku B 4 ['m. Hmke Ha pucyHke 4 mpelcTaBiCHBI rpadUKd 3aBHCHMOCTH BHOPOYCKOpPEHUS
OT ECTKOCTHU NpPYXUH npu Maccax Boautens 60;80;100;120 kr.

AHanu3upys NoaydeHHbIC TpaQUKA U UCXOIS U3 TPEICIIbHOTO HOPMUPOBOYHOTO 3HAYCHUS
napamerpa BuOpoyckopenus (0,56 m/c2). Mcxons w3 TOHM ke JIOTMKH MOA00pa ONTHMAIBLHOTO
3Ha4YeHMsI, Hau0oJIee KOPPEKTHBIMU 3HAYEHUSAMHU SIBIISUIMCH 3HaueHust macc 60 u 80 kr. M3 nByx
MOJIYYCHHBIX 3HAYCHWH JJIT MAacChl BOJUTENS ONTHUMAJIBHOW ISl MPOBOJUMBIX pPacyeToB, Oblia
BBIOpaHa macca, paBHast 80 K.

[IpoBeneHue pacdyeToB MO BHIOPAHHBIM 3HAYCHHUSM YaCTOTHI KOJICOAHHS aBTOMOOWIISI 1O
6e310poxbio 4 I't 1 Maccel BoauTens 80 KT MpeACcTaBiIeHbI B TabIuUIe 5.
Tabmuna 5.

PaC‘IeTBI 110 BI)I6 DAHHBIM 3HAYCHUAM MACCHI 1 HaCTOTHI
m m y d f
80 15 0,002 600 4

To—38 [1o-39 [Mo-40 [Mo-41 [o—42 [0-43 [o-44 [o-45 [lo-46 [Ho-47 [10-48 [Ho-49 [Ho-50 [flo-51 [0 -52

Hecmwocms npysicun (C) 4600 6200| 8300] 12300| 16800| 30000| 36400| 45000| 54800| 63900| 73000 82100 91200 100300[ 109400

Pacuemor:

m 72,1429 | 72,1429 72,1429 | 72,1429 | 72,1429 | 72,1429 72,1429 | 72,1429 | 72,1429| 72,1429 | 72,1429 | 72,1429| 72,1429 | 72,1429 | 72,1429

w0 7,98513 | 9,27041| 10,7261 | 13,0574 | 15,2601 | 20,3922 | 22,4623 | 24,9752 | 27,5609 | 29,7614 | 31,8101 | 33,7345| 35555| 37,2867 | 38,9414

D 0,52077| 0,44857 | 0,38769| 0,31847| 0,2725| 0,20392| 0,18513| 0,1665| 0,15088 | 0,13973| 0,13073| 0,12327| 0,11696| 0,11153| 0,10679

w 25,12 25,12 25,12 25,12 25,12 25,12 25,12 25,12 25,12 25,12 25,12 25,12 25,12 25,12 25,12

\ 3,14585| 2,7097 | 2,34195| 1,92382| 1,64612| 1,23184| 1,11832| 1,0058| 0,91144| 0,84405| 0,78969| 0,74464| 0,70651 | 0,6737| 0,64507
T 0,36134 0,387 | 0,42846| 0,53325| 0,6958 | 1,5517| 2,23617| 3,14679| 3,21135| 2,76237| 2,37849| 2,10999 | 1,9218| 1,78528| 1,68264
Zo 0,45603| 0,4884| 0,54072| 0,67297| 0,87812| 1,95829 | 2,82211| 3,97134| 4,05281| 3,48619 | 3,00172| 2,66286 | 2,42536 | 2,25307 | 2,12354
Buépoyckopenue (4) 0,32246| 0,34535| 0,38235| 0,47586| 0,62093| 1,38472| 1,99553 | 2,80816| 2,86577 | 2,46511| 2,12254| 1,88293| 1,71499| 1,59316| 1,50157

[lo paccunTaHHBIM 3HAYEHUSM BHOPOYCKOpPEHHSI M TaOJIMYHBIM 3HAUYCHUSIM KECTKOCTH
npyxuH Mapku «Jlo — N» (Ta6xa. 3.) 61 MOCTpOEH TpaduK 3aBUCHMOCTH STHX JBYX BeIHUUH (pHC.
5.). Ilo nanHOMY rpaduKy MPOBOAUIICS NaTbHEHIINI aHAIH3.

Yacmoma 4 I'u; macca eooumensn 80 kz
35
25 °

15 o

0,5 ®

00 ®
0

0 20000 40000 60000 80000 100000 120000

Puc. 5. I'paduk 3aBucHMOCTH BUOPOYCKOPEHHS OT KeCTKOCTH MPYKUHBI 10 BHIOPAHHBIM
3HAYEHHUSM YaCTOThI M MaCChl
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YcnoBusiM, HEOOXOIUMBIM JIJIs1 0OecrieueHHsI 0€30MaCHOCTH JKU3HEACATEIIbHOCTH BOIUTENS
BHOpanMoHHOW MamwuHbl (BuOpoyckopenue 0,56 M/c2) MOAXOIAT 3HAYCHHE MPYKUHBI MapKH
«o —41». XapakTepucTuky JaHHON MapKH MIPY>KUHBI IIpeicTaBieHbl B Tadmnuue 6.

Tabnuua 6.
XapakTepucTuka npyxuHsl Mapku «/lo —41»

Mapxa npyscunoi
Haumenosanue napamempa "o - 41"
Maxcumanvnan Pabouas nazpyska npyymcun, H, Pmax 539
Kecmkocms npyscunsl 6 npoO0IbLHOM HANPAGIEHUU, 1.23
H/m <104, CO
Jluamemp npoeonoku, mm 6
Jluamemp npysicunvl, mm 54

Boieoon

C TOuKkuM 3peHHs BO3JCWUCTBUS Ha orepaTopa BUOpallMOHHOW MallMHBI oOmias BUOpaus
SBIIIETCA KpailHEe HeraTHBHBIM (AKTOPOM B JOJTOCPOYHON mepcrekTuBe. ONUCaHHbIE PacUeThl
SIBJIIIOTCSI TIOJPOOHBIM PACCMOTPEHUEM OJIHOTO W3 KPHUTEPUEB 3aLUTHI OlepaTopa. Y CIIOBUEM,
HeOoOXOUMBIM /711 obOecriedeHrs O0e30MacHOCTU JKU3HENEATEIIbHOCTH BOJUTENS BUOpPALMOHHOMN
MamuHsl  (Bubpoyckopenne 0,56 M/c?) MOAXOAAT 3HaueHHe TPYKMHBEI Mapku «JJo — 41».
Tem He MeHee, B KauecTBE AaJbHEHIIMX HMCCIEAOBAaHUN MPHOPUTETHBIMM 3a/ladaMH SIBISIOTCS
MTOCTPOEHHUS MAJIETOK JUIsl paCIIUPEHUS CIIEKTpa UCCIEAyEMbIX TapaMeTPOB.
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AKTHUBHBIE U ITACCUBHBIE METO/ bl DQHEPI'OCBEPEXEHUSA B CUCTEMAX
CHABXXEHMS BOJbI M BO31YXA HE®TET'A30BOM OTPACJIA

Mmupucaes A.Y.

TankeHTCKUN apXUTEKTYPHO-CTPOUTENbHBIA HHCTUTYT,
K.T.H, JOLICHT

HUnpucxomxkaesa M.Y.

TankeHTCKUI TOCyAapCTBEHHBIM TEXHUYECKUA YHUBEPCUTET,
CTapIlMii pernoaaBaTeib

AHHOTALIUSA

B cmamve paccmampusaromcs memoovl u no0Xo0vl N0 IHEP2OCOEPEHCeHUI0 8 YCMAHOBKAX
MACCOB020 NPUMEHEHUs, 8 YACMHOCMU 6 KOMMYHUKAYUOHHBIX CUCIeMAaX CHAOXNCeHUs 600bl
U 6030yxa, pacCMOmMpeHvl  CHOCOObl  NOBbIUEHUS  dHepeemuyecKkol  dghgdexmusHocmu
INEKMPO0OOPYO0BAHUSL HA NPpUMepe NPeodpazosameneli HANPHCEHUs U YaCMOMmbl.

Knwouesvie cnosa: snepeocoepedicenue, 21eKmponpugoo, 21eKmpoobopyoosanue, MexaHusm,
azpezam, MexHOLOUYECKULl NPoYecc, HACOC, BeHMUISAMOp, KO3puyuenm nonesno2o Oelicmeus,
K03 huyuenm mownocmu.

ACTIVE AND PASSIVE METHODS OF ENERGY SAVING IN WATER AND AIR
SUPPLY SYSTEMS OF THE OIL AND GAS INDUSTRY
Mirisayev A.U.
Tashkent Institute of Architecture and Civil Engineering,
associate Professor, Ph.D.
Idriskhodjayeva M.U.
Tashkent State Technical University, senior lecturer

ANNOTATION
The article discusses methods and approaches for energy saving in mass-use installations,
in particular in communication systems for supplying water and air, methods of increasing
the energy efficiency of electrical equipment are considered using the example of voltage and
frequency converters.
Keywords: energy saving, electric drive, electrical equipment, mechanism, unit, technological
process, pump, fan, efficiency, power factor

HE®Tb BA I'A3 COXACHUHMHI' CYB BATA3 TABMUHOTHU TUSUMJIAPUJIA
AKTHB BA ITACCUB D)HEPI'OTEX KAMKOPJIUK YCYJIUVIAPU
MupucaeB A.Y.
TOIIKEHT apXUTEKTypa KypHJIHIL HHCTUTYTH,
T.p.H , AOLIEHT
HNpapucxomxkaesa M.Y.
TOLIKEHT AaBiaT TEXHUKA YHUBEPCUTETH, KaTTa YKUTYBUU

AHHOTALUA

Maxonaoa ommasuii ¢hotidanranunaouean Kypuimaiapod, Xycycau, cy8 8d XaGOHU emKa3ud
bepaduean anoka MusuMaAApUOa SHepeusi medxncaul YCyriapu 6a EHOAULYLapu MyXoOKama KUITUHSAaH,
SNIEKMP HCUXO3NAPUHUHE IHEPeUS CAMAPAOOPIUSUHYU OWUPULL YCYLIAPU KVUIAHUW 84 YACMOMANU
KOHBEPMOpAap MUCOIUOA KYPUO YUKUTSAH.

Kanum cy3znap: snepeomedcamkopiuk, 21eKmp 0pumma, 21eKmp JHCUX03 MeXaHusM,
azpez2am, MeXHOJIO2UK JICAPAEH, HACOC, GeHMUNAMOp, ¢houdanu uw Kodppuyuenmu, Kyeeam
K03 puyuenmu.
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B ycnoBusiXx TOCTOSIHHO pa3BHBAIOLIETOCS JHEPreTHYECKOr0 KPH3HCA, PAIMOHAIBHOE
MCIIOJIB30BAHME DHEPrOPECYPCOB M IEKTPHUUECKONW YHEPIHU B YCTAHOBKAX, MAlIMHAX W arperarax
HeTEera3oBOH OTpPAciii HE TOJBKO SBIACTCS aKTyaJIbHOH NpoOJIeMOil Ha CEeroTHSIIHUIN JeHb,
HO ¥ Ha Bech nocienyooumii nepuoa. [lostomy pazpaborka, rcciaeI0BaHUE U IIUPOKOE BHEAPCHHE
SHEpProcOeperarmux TEXHOJOTHI — aKTyalbHas 3ajada, CTOSIIAs Iepel MPOCKTUPOBIIMKAMHU
U CIIEHUAIMCTaMH, 3aHATHIMH SKCIUTyaTalue 000py10BaHuUs.

Kak wu3BecTHO, OCHOBHas YacTh MEXAaHHW3MOB, OOECIEUMBAIOMIMX BOJOCHAOXKEHUE,
KaHAIM3ALWI0 W BEHTHIUIO NPUBOAUTCS B JBI)KEHUE HEPETYIUPYEMBIMH 3JICKTPOIPHUBOIAMH,
norpebmsromumMu - okosio  60-70% w3 Bcell  ANIEKTPUYECKOM  SHEpruM, MOoTpedisieMoin
AIIEKTPOYyCTaHOBKaMU. M3 001Iero KoarmuecTBa 3J1EKTPOIPUBOAOB TAKUX MEXAHU3MOB JIUIIb TOJIBKO
HeOoJbIIast 4acTh OOBEKTOB MMEET CIOKHBIM M TOHKO YIPAaBJISIEMBIH TEXHOJOTHUYECKHH MPOIecC,
IUTSl KOTOPBIX IPUMEHSIETCSl PETYIUPYEMBIN dIIEKTPOTIPUBO/I.

K gmcny Takux MeXaHW3MOB OTHOCSITCSI HACOCHBIE arperaThl, BEHTHIIATOPHBIE MEXaHHU3MBI,
KOMIIPECCOPHBIE YCTaHOBKH, IBIMOCOCHI, BO3JyXOIYBKHM M JApPYTH€ MeXaHH3MBbI, paboTaromime
B HETMPEPHIBHOM M IUKIMYECKOM PEXUMAaX paObOTHI.

J171st TIOBBIIIEHUS SHEPreTHYecKoi 3(p(peKTHBHOCTH MaIllMH 1 MEXaHU3MOB C BEHTHIIITOPHON
XapaKTePUCTUKOM, YCTAaHABIMBACMBIX B IMPOMBIIUICHHBIX 3IaHUAX, COOPYKEHUSIX U JIp., TPExKe
BCEro, HEOOXOMMO YMETh MPABUIBHO BHIOPATh: KOJIMYECTBO M MECTOPACIIONIOKEHNE arperaToB, NX
YCTaHOBJIEHHYIO MOIIIHOCTh, THI MCIIOJHEHHUs JBUTATENed M UX CHCTeMYy ymnpaieHus. KoHedHo,
BC€ OTO CHpaBeIMBO TIPU TIOJIHOM YJOBIETBOPEHWH TPEeOOBAHWUH IPOU3BOAUTEIEHOCTH
U HAASKHOCTH TEXHOJOTHMYecKoro mporecca. JlroObomy BeIOOpPY 0OOOpYIAOBaHHUS JOJIKHO
MIPE/IIECTBOBATh TIIATEIBHOE M3YYCHHE CaMOT0 TEXHOJIOTHYECKOTO mporecca (BOJOCHAOKEHHUS,
BEHTHIJISIIUK, OTBOJA BOJ W Jp.), P&KUMOB pabOTHl MEXaHW3MOB, aHAJIN3 DHEPrOHCIOIH30BAHMUS,
a TaKkkKe pacCMOTPEHHE BHEIIHMX OTPHUIATEIbHBIX BO3JeHCcTBUUA. K mnpumepy, ycTaHOBKa
AIIEKTPOJIBUTATENII U JPYTHMX 3JEMEHTOB CHUCTEMbI 3aBBIIIEHHON MOIIHOCTH COIPOBOXAAETCS
V3IUIIHUMH ~ TIOTEPSMHU  DJIEKTPOSHEPTUHU, JONOJHUTEIbHBIMU KAaIUTAJIbHBIMU  BIIOKEHUSAMU
U yBEIMYEHHUEM MaccOora0apuTHBIX XapaKTepPUCTUK YCTAaHOBKH, a TaKXe CHIKEHUEM
SHEPTeTUYECKUX TMOoKazaTened (K.ILJ. ¥ KO3(PPHUIIMEHT MOIIHOCTH) YCTaHOBKH B IienoM. [lpum
YCTaHOBKE OOOpYyNOBaHUS, HEAOCTATOYHOW MOUIHOCTH — CYIIECTBEHHO CHIKAIOTCA MPOEKTHAas
MIPOU3BOIUTENBHOCTD, TUHAMUYECKHE [TOKA3aTEIH U CPOK CIY>KObI MEXaHU3MA.

[IpencrtaBuM TexXHMYECKHE PEIICHHUS, CIOCOOCTBYIOLIUE JOMOJHUTEIHHOMY MOBBIIICHUIO
SHepreTHueckoil 3(PPEeKTUBHOCTH YCTAaHOBIEHHOTO 00OpyAoBaHusA. B  Hacrosmiee Bpems
CYILIECTBYET TEHACHLHUs OO0eCleueHus TEXHOJOTHYEeCKOro Ipolecca cucremMamMu Ha 0ase
npeoOpaszoBaresneil 4acToThl, HO OHHM HE SIBJISIIOTCS MaHaleeil, Tak Kak He BO BCEX CIlydasx
TpeOyeTcsi rIy0OKoe peryjiupoBaHHE CKOPOCTH U KakK CIEJICTBUE CYIIECTBEHHO YBEIMYHUBACTCA
CPOK OKYTIa€MOCTH TaKHX CHUCTEM.

Jliia TexHonoruyeckoro obopyaoBanus (puc.l), He TpeOyIOUIEro peryiupoBaHusi CKOPOCTH,
mpeaaraeTcsi SHEprocOeperaronfii  KOHTPOJUIEp C  MHUKPOIPOLIECCOPHBIM  YNpPaBICHUEM,
00eCreurBaOIIUM HE TOJIBKO CYHIECTBEHHOE YIYUYIIEHHE SHEPreTHYEeCKUX MOoKa3aTelield CUCTEMBI,
HO U IUJIaBHBIM TMYCK TEXHOJIOTMYECKOTO O0O0OpyAOBaHUs, COOTBETCTBEHHO, HCKJIIOYas TakK
HasbIBaeMblil ruapoyaap. Ha puc.2 u 3 mpencraBieHbl 3aBUCHMOCTH M3MEHEHUSI SHEPreTUYECKIX
KO3 (UIIMEHTOB MOIIHOCTU U K.ILJ. 000PYJIOBaHUS C dHEprocOeperarinmmM KOHTPOJIEpoM U 0e3
HEro. DTOT BHUJ DIEKTPOTEXHHUYECKOTO OOOpyAOBaHUs IMO3BOJSET OSKOHOMHUTH a0 10-12%
3JIEKTPOIHEPTUH.

Kak BUIHO M3 PUCYHKOB, IPUMEHEHUE YHEProcOeperaromiero KOHTpojiepa Mo3BoJsieT He
TOJIBKO CYIECTBEHHO TIOBBICUTh DSHEPreTHYecKHe IOKa3aTeld YCTAaHOBKH, CJIEJOBATENbHO,
obecrieunTh  3HEprocOepexkeHne, HO U CYIIECTBEHHO  YJIYUIIMTh  JKCITyaTallMOHHbIE
XapaKTepUCTUKHU 000PYIOBAHHUS B LIEJIOM.
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Jia  snekTpooOopynoBaHUs, TPEOYIOLIEro pPEryJupoBaHHME CKOPOCTH B JIUarna3oHe
peryupoBaHusi cKopocTd B mpenenax D>1,5:1, S5KOHOMHUYECKH BBIFOJHO HIMPOKO MPUMEHSTH
cucTeMbl Ha 0a3e COBpEMEHHBIX MpeoOpa3oBarenell 4acTOThl, KOTOPbIE 00ECIEUNBAIOT HIKOHOMHMIO
IEeKTpUuYecKor 3Hepruu B cpeneM 110 30-40% OT yCTaHOBJIEHHOM MOILIHOCTH JIBUTATENs, & TAKKE
B HEKOTOPBIX CIydYasx, KOI/a JBUTaTeId MallMH U MEXaHU3MOB MMEIOT 3amac Mo MOIIHOCTH, 0e3
BIMSHUS HAa  TEXHOJIOTMYECKMH  TpOLECC, MOXHO CHU3UTh Ta0apuUTHYIO  MOIIHOCTh
IEKTPOJIBUTATENIS, 3a CUET yJIyUIIEHUS IIyCKOBBIX IT0KA3aTEIEH.

[Ipumenenue npeobpazoBareseil 4aCTOThl JOKA3aJ0 CBOIO BBICOKYIO 3((GEeKTUBHOCTb. s
perynupoBaHusi pabOThl HACOCOB M BEHTWJIATOPOB Pa3pabOTaHbl HaJEXKHBIE dHEprocOeperaromnme
KOMIUIEKCBI, KOTOpBIE€ YCTaHABJIMBAIOTCS B CHCTEMaX XOJOAHOTO M TOPSYEro BOJOCHAOXKEHHS,
a TaKKe NPUHYIUTEIbHOM BEHTWISLIMH, COBMEIIEHHBIE C CUCTEMOH cOopa, oOMeHa M mepenayu
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uHpopmanmuu. OHHM mnpenHa3HAUYEHBl JUII aBTOMATUYECKOTO TMOJUICP)KaHUS JABICHHUS BOJBI
(Bo3ayxa) B mojaroleM TpyOonpoBoie IPU U3MEHEHUHU PACX0/1a U BXOJAHOI'O 1aBJICHUS.
PexoMenauum no CHUKEHHUIO NOTPedJIeHUS BUAOB YHEPrUU
B KOMMYHUKAIIMOHHBIX CHCTEMAax

[Tpu MonepHU3aMK U 3aMeHe 000pYyIOBaHUSI OOBEKTOB CIEAYET B 00sS3aTEIHLHOM IMOPSIIKE
paccMaTtpuBaTh  BOIPOCHI, CBS3aHHBIE C COOTBETCTBHEM TEXHUYECKUX  XapaKTEPUCTHK
00OpyZOBaHUSI C TpPeOOBAaHUSMH, TNPENBIBIIEMBIMA K HHM, T.K. HEKOTOpas YacTb CHIIOBOTO
000pYZIOBaHUSI HACOCHBIX arperaroB MMEET HHU3KUH KOI(PQHUIMEHT 3arpy3Kd M HCIOJIb30BAHUS,
a CJIEI0BATEJIbHO 3aBBIIICHHYI YCTAHOBJIEHHYIO MOIIHOCTb, YTO B IIEPBYIO OYEpedb CKa3bIBAETCS
Ha TIOBBIOICHUW TOTPEOJICHHUS ODIIEKTPOIHEPTUM W TPUBOJUT K HEOOOCHOBAHHBIM TMOTEPSIM
MOIIHOCTH KaK pEAKTUBHOM, TaK U AKTUBHOM.

[Tpu BBIGOpE TIPeoOpa30BaTENBHBIX arperaToB Jjs MPUBOJIOB YCTAHOBOK C BEHTHIIATOPHOMN
XapaKTEPUCTUKON HEOOXOAUMO OOpaTHTh BHHUMaHUE Ha Croco0 yhpaBlieHUss W OTJaBaTh
MpeANoYTeHNe MUPOTHO-UMIYIbcHON Moaynauuu (LHNM) kak 6osee sHeprordppekTuBHON (MMeeT
0osiee BHICOKUI KO3(pPUIIMEHT MOIIHOCTH U KO3(PPHUIIUEHT MOJIE3HOTO ACUCTBUS).

[Ipn sTOM crexyer NmpoBOAUTH NpoUIAKTHYECKHE pabOThl MO OOCIYKMBAaHUIO MAalllWH
U MEXaHM3MOB COTJIACHO 3aBOJICKMM HHCTPYKIMSM M BHYTPEHHUM perjaMeHTaM. 37ech 0coboe
BHUMAHHE HAJA0 YJAEIATh KadecTBYy OJTHX padOT, MOCIEAHEE HMEET pellarolliee 3HaueHue
IUTSL CHIDKEHHSI TTOTEPh AJIEKTPOIHEPTUH.

JUia Kaxaoro mojpasfesieHUs M ydacTKa HEoOXOIUMO pa3paboTaTh YJeNbHbIE HOPMBI
pacxojia AJIEKTPUIECKOM SHEPTHH, C MENIbI0 A3PHEKTUBHOTO KOHTPOJIS 32 AJIEKTPOIIOTPEOICHUEM.

MHorue MeponpHsTHS TI0 YPHEPTOCOEPEKEHNUI0 MOTYT OBITh OCYIIIECTBIICHBI ¢ HEOOIBIINMHU
3aTpaTamMu Wi coBceM 0e3 Hux. Cro/la OTHOCATCS: oOecreueHne IKCIUTyaTallMOHHOTO MepcoHalla
uHbopManMek W  MaTepualaMH O HOBEWIIMX METOJaX M  CPEACTBAaX  IOBBIIICHUS
9HEProdh(HEKTUBHOCTH HCIOIB30BAHUS TOILTMBHO-dHEpreTudeckux pecypcoB (TOP); paspaborka
W peanu3alus IporpaMM M CTaHJApTOB MPEANpPUATHS IO YHPABICHUIO HSHEPronoTpediieHneM
U DSHEProcOEpeKEeHUI0 IO OTIACIbHBIM BHUJIAM TEXHOJIOTMYECKOrOo O0OpYyIOBaHHUA M OOBEKTaM
B 1I€JIOM; BBEICHHME ITOCTOSHHOTO MOHUTOPMHTAa U TMPOBEIEHUS aHalM3a PEKUMOB pabOTHI
SHEpPronoTpeOyeHNs; BbISBICHUE MPUYUH HEIKOHOMUYHBIX DPEKUMOB pPabOTHI HHEPreTHUECKOTO
U TEXHOJIOTUYECKOTO 000pY10BaHMUSI.

3auacTyl0 Ha MeECTax, CIEUHUAJUCThl MpU BHIOOpE TOro WJIM HHOTO 000PYIOBAHUS
BBIHYKJICHbI, B OCHOBHOM, 00€CIeurBaTh apaMeTpbl TEXHOJIOIMYECKOro 000pyA0BaHUs, IPU ITOM
OCHOBBIBAsICh Ha CPAaBHUTEIBHOM aHAJIN3€ CYIIECTBYIOUIMX CHCTEM M THIIOB TEXHOJIOTMYECKOTO
obopynoBanus. Takum oOpazom, 000K BBHIOOP O0O0OpPYJAOBaHHMS OCHOBBIBACTCS Ha Tpex
“KkuTax”’- 3HaHWU, YMEHUU U TATbHOBUIHOCTH MPOEKTAHTA WM CHEIMAIUCTA 110 SKCILTyaTallluu.
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OCOBEHHOCTHU OBYYEHUA HHOCTPAHHOMY A3BIKY CTYJAEHTOB
IKOHOMUYECKOI'O TPOPUJISA B BBICIIEM OBPA3OBAHUU
baxpomosa U.T.
@unuan Poccuiickoro 'ocynapcrBennoro YHuBepcurera HepTu U rasa
(HY) umenu .M. I'y6kxuna B ropose TamkeHTe, mpemnogaBaTeib
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®unman Poccuiickoro ['ocyiapcTBeHHOro YHUBEPCUTET HE(PTHU U Taza
(HIY) umenu .M. I'yO6kxuna B ropose TarikeHTe, penojaBaTelib

AHHOTALIUSA

B cmamve paccmampusatomes paznuunvie ocobenHocmu npoyecca 00yYeHuss aHeIUUCKOMY
AZLIKY CMYOeHmMo8-3koHomucmos. O0cyxcoaromes pasiuunbvle ACHeKmvl OpeaHu3ayuu y4eOHol
0esimelbHOCMU, — NPeonazarmcs Memoobl NpPoB8edeHUs 3aHAmul, omeeuaowue Oyoyuum
NnOmMpeOHOCMAM IKOHOMUCIO8. Memoovl 00yueHuUss aHeIULICKOMY A3bIKY O0X8AMblEAom WUPOKUU
CHNeKmp — Om KIACCUYecKoUu 0en08oU NePenucku U OPUSUHATLHO20 U3VYEHUs IKOHOMUYECKUX
MEeKCmMo8 00 0el0BbIX PONEBbIX USp, UMUMAYUU 8bICTYNICHUL U npe3enmayui. B cmamve makoice
paccmampusaemcs poib dmukema U Kyibmypbl 6 O0elosblx nepecosopax. B pesyrvmame
UCNONL308AHUSL  PACCMOMPEHHBIX 8 Cmambe Nneodaz0cuyeckux O0cobeHHocmell NpenoodeaHus.
AHRNUTICKO20 SI3bIKA CIYOEHMAM=-IKOHOMUCIMAM NPEno0asamenb MOXNCem MNO8bICUMb KAYeCmBE0
00yYeHUsL U NPUBUMb CIYOEHMAM HABLIKU CAMOCHOAMENbHO20 U3VHUEHUS SA3bIKA C NOCAEOYIOUWUM
AKMUBHBIM UCNOTIL30BAHUEM €20 8 C80ell 0ell08OU 0esmenbHOCTU.

Knwueevte cnosa: npenooasanue, IKOHOMUKA,  IPeKmusHvlll,  OesmenrbHOCHb,
KOMMYHUKAYUSL, npoyecc.

FEATURES OF TEACHING A FOREIGN LANGUAGE TO STUDENTS OF AN
ECONOMIC PROFILE IN HIGHER EDUCATION
Baxromova I.T.
Branch of Russian State University of Oil and Gas (NRU)
named after I.M.Gubkin in Tashkent, Teacher
Razikova D.S.
Branch of Russian State University of Oil Gas (NRU)
named after I.M.Gubkin in Tashkent, Teacher

ANNOTATION

The article considers various features of the process of teaching English to students-
economists. Different aspects of the organization of learning activities are discussed, and methods
of classes are proposed to meet the future needs of economists. The methods of teaching English
cover a wide range - from classic business correspondence and original study of economic texts
to business role plays, imitation speeches and presentations. The article also considers the role
of etiquette and culture in business negotiations. As a result of the pedagogical peculiarities
of teaching English to students-economists discussed in the article, the teacher can enhance
the quality of teaching and impart the students the skills of independent language learning with its
further active use in their business activities.

Keywords: teaching, economics, effective, activity, communication, process.
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OJINH TABJIUMIA UKTUCOAUET MYHAJIUIIN TAJTABAJIAPUT A XOPUXKHUI
TUJIHU YKUTHUII XYCYCHUATJIAPH
baxpomosa U.T.
N.M. I'y6kun Homuzaru Poccust naBnat Hedt Ba ra3
yHuBepcuteTuHUHT (MTY) TomkeHT Qpunuanu, YKUTyBUH
Pa3uxosa JI.C.
N.M.I'yoxun Homuaaru Poccus nasnar He(T Ba ras
yauepcuteTiHUHT (MTY) TomkenT Gunuanu, YKATYBYH

AHHOTAIIUSA

Ywoby wmaxonaoa uxmucoo gaxkyrememu manabaiapuea uHeau3 MUIUHU - VKUIMUWL
HCAPACHUHUHE ~MYPAU  XYCYCUAMAAPU, MABLIUM  DAOTUATMUHY  MAWKULT  IIMUUHUHE — MYPIU
acuxamaapu Kypub yuxunaou. Lllynumeoex, uKmMucoOYUNAPHUHE KeNaANCaKoazu dXMuéxciapuea
#casob bepaoduean Oapciapuu ymkasuwl ycyaiapu maxiug) smunaou. Makonaoa, uiyHumeoex,
UOUIAPMOHIIUK MY30KApALapuoa 0000-axiok 8a MadaHusmuune ypruu Kypud yuxuiaou. llly ounran
bupea, ukmucoo gakyrbmemu manadanapuea UHAU3 MUTUHU VKUMUWHUHS MYXOKAMA KUTUHSAH
neoacocux  Xycycusimiapuoar Qouoaianuul Hamuxicacuod, — YKUmysuu mawvium Ccu@damunu
owupuwu 8a Keieycuoa manabanap y3 uid gaoausmu 0asomMuod uHeau3 muiuoar gaon gouoanana
ONUW KYHUKMALAPUHU CUHSOUPULUU MYMKYH.

Kanum cyznap: yxumuwi, ukmucoo, camapanu, aoiiux, aiokd, HeapaéH.

At present, there is a need in modern society to find ways to reform and modernize the higher
education system. The economic growth of the country largely depends on the education system, so
the problem of training competitive, qualified graduates and predicting the sphere of their
professional self-realization becomes the main task of higher education [1].

The new millennium is an era of fundamental changes in almost all spheres of life, from
economics and international politics to technology, science and human psychology. Therefore, in
today's increasingly globalized international business and economy, knowledge of English as a
means of communication is a vital necessity. Communication is the basis of corporate culture, and
therefore of its internal and external aspects.

Today there is an increasing need of economy and society as a whole in qualified economists
with analytical type of thinking, capable of active independent search of various information, and
also able to qualitatively process it for making effective decisions. Therefore, in the process of
training such specialists, the role of higher education institution becomes decisive, to be more exact
the process of organization of teaching English to the students — economists, allowing to develop in
students the basis on which to improve and specialize their English.

The very process of teaching future economists a foreign (English) language is a combination
of two factors. It is the so-called Business English, which is a relatively new branch of English in
Uzbekistan, and the complex comprehensive science of economics. It should be noted that
Economics is, on the one hand a system of economic knowledge and on the other hand a cognitive
activity, with the aim of gaining new economic knowledge. Both sides of economics are mutually
influenced by each other, constantly feeding off each other with new results, ensuring that old
knowledge is supplemented, updated, and fundamentally new knowledge is created.

Thus, economics can be conceptualized as a huge tree, whose large crowns and branches have
formed a multitude of economic schools and trends. It follows that the process of teaching a foreign
language to the economists, who are intended to become economists, financiers, managers, etc., is a
multifaceted and complex process consisting of many levels and sublevels. It should also be noted
that when teaching business English, one must pay close attention not only to developing the
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language skills of economists but also to imparting intercultural dialogue and business
communication skills. By knowing the characteristics of different cultures and business etiquette,
common personal and intercultural clashes can be avoided, while building an effective and mutually
beneficial business dialogue [5].

The learning of a foreign language is different for each student and depends on his or her
inclinations and personality traits, therefore the formation of communicative competence in students
is a complex process [5]. As G.G. Maslova notes, communicativeness implies the implementation
of the principles of speech orientation of training, stimulation of speech and thinking activity,
providing individualization, taking into account the functionality of speech, creating situational
learning, observance of novelty of the educational process organization [4]. When teaching a
foreign language, taking into account the individual characteristics of the learner is one of the key
values. Continuing her idea, G. G. Maslova emphasizes that for many years the main type of
individualization has been personal development, because taking into account students' personal
qualities, their interests, preferences, life experience, status in the team were considered to be the
most important in comparison with individual individualization (consideration of individual
characteristics: gender, age, temperament, hereditary characteristics) and subject individualization
(consideration of students as activity subjects: preference of individual or team work, assignments
[4].Speaking about successful application of individualization technology in modern higher school
conditions, O.S. Episheva stresses the importance of the following conditions:

- to divide students according to the level of learning;

- to take into account personal and professional interests of students;

- to use necessary organizational techniques; - to take into account high motivation of students
for comprehensive development,

- psychological and pedagogical and information culture of the teacher [2]. In our study we pay
attention to the peculiarities of economic students when teaching a foreign language [5].
As E.A. Klimov notes, economists are distinguished, first of all, by "hypodynamic (sitting) nature
of work with single-type functional duties that require increased responsibility” [3, p. 304].

Modern economics, finance, business and commerce require the ability to make quick and
informed decisions, solve current problems, achieve objectives and deal with the flow
of information and documents.

It is also necessary using actively the latest textbooks and manuals in business English,
economics and related disciplines. These include Olivie Blanchard's Macroeconomics, Burda and
Wyploz's Macroeconomics: The European Text, New Insights into Business by GrahamTullis,
TonyaTrappe, Business Objectives by Vicki Hollett, The Business by Karen Richardson, Marie
Kavanagh & John Sydes with Paul Emmerson, Market Leader by David Cotton, David Favley,
Simon Kent etc. It is noticeable that choosing a book for further study of business English is one of
the main tasks of every teacher. The effectiveness of teaching Business English hugely depends on
a book that teacher suggests to students. In the Branch of Russian State University of Oil and Gas
(NRU) named after [.M. Gubkin in Tashkent city a book «Market leader» is used as the main book
in the faculty of Economics. The Business English "Market Leader" is a multi-level course which
uses authentic materials from the most authoritative sources, such as the international business
newspaper "Financial Times", which allows students to get acquainted with the current problems
of the business world and professional language standards.

Let us consider what the advantages and disadvantages of this book are. The first thing that
needs to be saidis the presence of a large number of Case Studies. Doubtless, this fact will help to
improve students’ ability to communicate in English in a wide range of business situations. Another
good thing about Market Leader is the presence of articles on a variety of topics from the Financial
Times and other newspapers and books on business. It allows students to learn essential business
vocabulary. It is a well-known fact that the experience of real people makes it possible to consider
the business industry from different angles. Thus, Market Leader has authentic interviews with
businesspeople. This is a great opportunity to know about the business from the inside.

Key features:
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v" the dynamic and effective approach that has made this course widely accepted in Business
English training programs around the world;

v’ Case Study gives students the opportunity to apply not only their knowledge of English, but
also their personal business qualities to solve possible real-life business problems.

v' The Test Master CD-ROM in the teacher's book offers all the necessary additional materials
(audio and video materials for the textbook).

v Audio recordings are interviews with business leaders, which can be difficult for aspiring
students.

v" Market Leader will be useful at the Lower-Intermediate level and above, those who are
already familiar with the basics of business and seek to improve their general knowledge in
this area.

The textbooks cover the following topics: careers, large well-known companies, sales and
purchases, new ideas at work, stress at work, corporate events, marketing, planning, management,
resolving conflicts between colleagues, advertising, investments, etc.

A survey among the students was carried out in order to find out whether the decision to use
this book as the main book in the teaching process was the right one.A total of 30 students took part
in this survey. So, all the participating students were asked to write down their feedback to the
book«Market leader».

The analysis showed that 85% of the students found this book as interesting and relevant,
especially for students - economists.

Here some of the students’ viewpoints are given:

“In my point of view, this is a great book which I have ever met. The reason of coming up with this
idea is that this book helps me to enhance my English in business sphere. According to my
experience, there are a lot of variety words which are crucial and worth especially in business. For
example, nowadays, it is not difficult for me to read journals and listen to news and interview in this
field. Nevertheless, | firmly believe that this words which I learn will help me in future because
1 want to become an entrepreneur abroad”.

“I should firstly say that my knowledge and the knowledge of my groupmates about doing business
has expanded thanks to this book and the fact that it contains so much knowledge about business
that even we, students of economics, did not know about before. Secondly, I really like the fact that
this book, in addition to the scientific approach, which can soon get boring, also offers interesting
tasks and fun cases in which all students participate, interacting with each other. In addition,
| especially appreciated in this book that each chapter is invited to explore different stories -
whether it is the history of the formation of a particular brand or a brief history of how a particular
technology market developed”.

“We also learn, for example, how to lead negotiations, make an advertising campaign, behave in
stressful situations or deal with conflicts. These skills will definitely be useful for a manager. There
is a lot of information about real successful people, big organizations and their experience. Not less
important is that this book contains plenty of colorful pictures and pages are glossy, pleasant to the
touch. Authors of ‘Market leader’ also paid attention to grammar and included some exercises, SO
that students could refresh their knowledge. There is also a list of new vocabulary at the end of the
book with definition for each word”.

But 15 % of the students highlighted disadvantages and gave some suggestions as well:
“I would say that book doesn't include special video links related to the topics”.

“In my opinion, a disadvantage of ‘Market leader’ is that the edition is a little bit old and it may be
that some of the information inside is outdated, but it does not make this book less interesting”.
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“In the process of studying I did not see any disadvantages in this book, but I have several
suggestions for improving it”.

1) in each page of this book | would add phrases of famous people who have achieved their
success thanks to reading books and thanks to business

2) Moreover, | would increase the number of texts that provide some interesting facts about
business that can be admired and used in life.

“It would be unfair not to mention that fact, that Market Leader has little grammar practice. All
materials are aimed at increasing speaking and vocabulary, but not for grammar practice. Book
has not enough exercises for practicing student’s grammar”.

If we draw a conclusion, this book is a good choice mostly for classrooms. It’s easy to pick up
and offers lots of vocabulary and phrases for the student who needs to speak English at work. It’s a
great resource to improve student’s reading and listening skills — for the classroom setting this book
is an absolute gem.From these arguments one must conclude that Market Leader is incredibly useful
book for students.

Active use in the English course for economists of authentic texts from foreign economic
press, booklets and brochures, examples of real English-language documentation, etc. is also
necessary. Several mock examples of conducting conversational English classes can be developed:

e finding a job / submitting a CV / being interviewed / being employed;

e socializing in a team / building relationships with colleagues as well as with clients;

e creating a paper on economics / defending a paper in a classroom / discussing with critics
and opponents, etc.

At the same time, in order to improve general level of English for economists, it will be useful
to give students to study articles published in such publications and websites as The Economist,
Bloomberg, The Wall-Street Journal, Financial Times, etc.

All types of reading can be used in the work with economic and business texts: exploratory
reading, sight reading, exploratory reading, etc. It should also be noted that students should be
taught from the first year onwards the ability to separate useful information from secondary
information. With this skill, students save time and remain motivated when dealing with articles and
texts of considerable length. For example, economists in their research often use statistical data
from various countries, which they download from the English-language websites of the relevant
agencies. Also, students-economists study different economic disciplines (macro- and
microeconomics, international trade, etc.), hence they need to actively work with modern teaching
literature, most of which is written in English. Thus, students need to become proficient in a number
of different types of reading, be able to use e-dictionaries and reference books while studying
educational materials, etc.

Teacher should, from the beginning, engage students in cognitive activities and encourage
them to actively use the acquired knowledge for a range of tasks — from purely economic to
communicative (in business negotiations and presentations). Thus, when teaching English to
students-economists, it is important to conduct collaborative projects with native speakers of the
foreign language. By using the methods and approaches presented in both sections, it becomes
possible to help students-economists to develop a solid foundation in English language skills,
enhance competence and develop skills for independent language learning in the future.
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INPOEKTUPOBAHUE U IIPAKTUYECKOE TIPUMEHEHUE TEIIJIOBBIX
IPEOBPA3OBATEJIEN BJIAYKHOCTH ) KUJIKHUX MATEPHAJIOB

Marsky6osa II.M
TamKkeHTCKUHI roCy1apCTBEHHBIA TEXHUYECKUN YHUBEPCUTET
nMeHn M.KapumoBa, TOKTOp TEXHUYECKUX HAYK
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AHHOTANUA
B pabome paccmampusaemcs noxazamenu xauecmea u mopgono2uveckue maoauybsl
ocHosHbvix dnemenmos TIIBKM, na ocnose komopuix 8bloupaemcs onmumaibHas Cmpykmypa
TTIB)KM no cnedyrowum noxazameniam Ka4ecmea: 4y8CmeumenbHoCmy, MoYHOCHb, HA0EHCHOCMb,
bvicmpooeticmaue.
Knwueswie cnosa: Kauecmesa, uyecmeumenbHocmy, MoYHOCHb, HAOEHCHOCHIb,
Ovicmpooelicmeue, ONMUMATLHAS CMPYKMYPA, A0eK8AmMHOU, OUana3oH U3MepeHus, CmpyKmypa,
MEenaIonpo8o0, HA2Pe8amenbHulll J1eMeHN.

DESIGN AND PRACTICAL APPLICATION OF THERMAL HUMIDITY CONVERTERS
FOR LIQUID MATERIALS
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ANNOTATION
The paper considers quality indicators and morphological tables of the main elements
thermal converters of moisture content of liquid materials, on the basis of which the optimal
structure of the thermal converters of moisture content of liquid materials is selected based on the
following quality indicators: sensitivity, accuracy, reliability, and performance.
Key words: Quality, sensitivity, accuracy, reliability, speed, optimal structure, adequate,
measuring range, structure, heat pipe, heating element.
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CYIOK MATEPHUAJIUVIAP YUYH TEPMAJI HAMJIMK KOHBEPTOPJIAPUHH
JOUMXAJIAIII BA AMAJIJIA KYJIAII
Martsky6osa I1.M.
N.KapumoB HoMuaru TOLIKEHT 1aBJIaT TEXHUKA YHUBEPCUTETH,
TEeXHHKA (aHJIapy TOKTOPU
Hemaryianaes I1P.
N.KapumoB HoMuary TOIIKEHT 1aBiIaT TEXHUKA YHUBEPCUTETH,
KaTTa YKUTYBUYU
Age3oBa H.U.
N.KapumoB HoMuaru TOIIKEHT 1aBiIaT TEXHUKA YHUBEPCUTETH,
ACCUCTEHT
Koauposa LI.A.
N.KapumoB HoMuary TOIIKEHT 1aBJIaT TEXHUKA YHUBEPCUTETH,
JIOLICHT
AHHOTANUA
Hwoa cyrox mamepuannap HaAMAUSU UCCUKIUK Y32APMKUYHUHS ACOCULL SNeMEHmIapu
Mopghonocuk  dcaosan 8a  cugham Kypcamxuuiapu  Ypeamunieau,yulbyea —acociamHud  cyiox
MAMepuaiiap Hamauey UCCUKIUK Y32aPMKUYUHUHS ONMUMAT CIMPYKMYPACU CUDAMKYPCAmKUUIapy
103ACUOAH MAHTIAHAOU. CE32UPTIUK, AHUKTIUK, UMLOHYUTIUIUK, ME3KOPIIUK.
Kanum cysnap: Cugpam, ce32upIUK, AHUKIUK, UOHYTIUIUK, MEe3KOPIUK, ONMUMAJ
CMPYKMYpa,a0ekeamauK,yidaui - OUanazonu, CmpyKkmypa, UCCUKIUK ~ YMKa3y84auiuK, Kuzoupyeuu
IeMEeHM.

[IpoekTupoBaHue TEIIOBBIX IMPEeoOpa3oBaTesiel BIAroCOJACP)KAHUS JKUIKAX MaTePHAIIOB
COCTOMT W3 JBYX ATAllOB: ATall BbIOOpa ONTUMAILHOW CTPYKTYpPhl U 3Tal BbIOOpa ONTUMAaIbHBIX
MapaMeTpoB ISl BBIOPAHHOM CTPYKTYpBI TEIUIOBBIX MpeoOpa3oBaTelnieil BIarocoAep KaHus KUIAKIX
MaTepHaoB.

Br160op onTuManbHON CTPYKTYpHI TEIUIOBBIX MpeoOpa3oBaTenieil BIarocoep aHus KUIKIX
MaTepHuajJoB OCHOBaH Ha pa3paboTke Mop(donornyeckux TaOIHIl OCHOBHBIX AJIEMEHTOB TEIIOBBIX
npeoOpaszoBaresieil BIArocoAep kKaHus KUAKUX MAaTepUAlOB U UX KAYECTBEHHOW MO KPUTEPUSIM
BBIOOp (TIOKA3aTessiM KayecTBa) OTIACIBHBIX AJIEeMEHTOB. B oOmiem ciyudae ot6op 3¢dhdexTuBHOTO
BapHaHTa CTPYKTYPbI TEIUIOBBIX ITpeoOpazoBarTesiell BIarocoAep:kanus KUAKHUX MaTepUaIoB MOXKHO
MPEJICTaBUTh KakK IOcCiefoBaTeibHOe 00pa3oBaHHE HEKOTOPOro MCXOJHOTO MHOXKECTBa s
aHaJlM3a JIOMYCTUMBIX U pEaJU3yeMbIX BapUaHTOB CTPYKTYpbl TEIUIOBBIX Ipeodpa3zoBaTelieit
BIIArOCOJICP’KAaHUS KUAKUX MaTepHalioB Ha OCHOBE pe3yJbTaTOB IIOMCKa BapHaHTOB B
CYLIECTBYIOIIMX  CTPYKTypax TEIUIOBBIX IpeoOpa3oBareieil  BIArocOAEp:KaHUA  HKHIKHX
MarepuaioB, uMewmuxcsa B (poHmax HaydHo-TexHHYeckor wHbopmaruu (HTH). Bemonnenue
3alaud BBIOOpA ONTHUMAIBHBIX JJIEMEHTOB U BCEH CTPYKTYphl TEIUIOBBIX IpeoOpazoBaresei
BIIATOCOJICP’KAaHUS O KHJIKMX MaTepUalioB CBsS3aHa C UCIOJIb30BAHUEM pPEIIAIOIIUX IPaBUII,
OCHOBaHHbIE Ha HMH(OpPMAIMK O IOKa3aTelsiX KauecTBa CPAaBHHUBAEMBIX BapUAaHTOB CTPYKTYpbI
TEIUIOBBIX MPeoOpa3oBarTeeil BIarocoaep kanus KUIKUX MaTepPHAaIIOB.

[Ipu sTOM, HOKHBI OBITH OOECIIEYeHBl C OJHOW CTOPOHBI AJEKBATHOM 3aja4yu BhIOOpa
cTerneHu (opMaIr3alui PEIIANINX MPaBUII, a C JPYroi HEOOXO0AUMOE YIPOIIeHHE MPOoIeaypHOI
gactu aHanu3a. [loaToMy OCHOBHOE peliaroliee MpaBUIO OCHOBAaHO Ha HCIOJb30BAHHE
nH(poOpMallUd O TJIAHHPOBAHUHM BAPUAHTOB OCHOBHBIX SJIEMEHTOB TEIUIOBBIX MpeoOpazoBaTesei
BIIArOCOJIEP>KaHuUs KUAKHX MaTEpUajIoB MO MOKa3aTesM KadecTBa.

Nudopmanus mo mokazarensiM KadyecTBa KaXXKIOTO BapuUaHTa »JJIEMEHTA TEIJIOBBIX
npeoOpaszoBaresieil BIAarocoAep:KaHus >KUJIKUX MaTepHaliOB MPEICTaBIEHB B MOP(HOIOTUYECKUX
TabIuiax B BUE CTOIOOB PaHKUPOBOK.
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Tabmuna 1
[Tokaszarenu xayectsa TIIBXKM
UyBCTBUTEIBHOCTD;
MOIITHOCTS;
beicTponeiicTBue;
HagexuHocTs,
[TorpemHocTs;
Jlnana3oH u3mepeHus;
CTOUMOCTD DJICMCHTA;
Marast macca u rabapuThI;

0N OT DWW N

Panrosoe uucio Pi npuHrMaeT 3HaueHUs U3 BO3MOXKHBIX (1) coryacHo mpaBuily: BapuaHTy
JJIeMEHTa C JIYyYIIMM 3HAuY€HHWEM T[OoKa3aTessi KauyecTBa COOTBETCTBYET MEHBIIUWA paHr, a
OJIMHAKOBBIE TIO0 TIIOKA3aTENI0 KadecTBa OJJIEMEHTHl WMEIOT paBHBIE paHTH. TakuM 00pazom,
BBI6I/IpaIOTCH OIITUMAJIBHBIC IIO IIOKAa3aTC/IsIM KadeCTBa OCHOBHBLIC J3JIEMEHTBI M Ha HX OCHOBEC
KOMITOHYETCSl ONTUMajbHasi KOHCTPYKLUS, KOTOpasl MOJUIEKUT AalpHeimeMmy aHanuzy. Cuemyet
yKa3aTh, 4YTO TIOJyYEHHBIE TaKMM O0Opa3oM CTPYKTYpbl TEIJIOBBIX IMpeoOpa3zoBareneit
BJIAroCOACPXKAaAHUA KUIKUX MATCPHAJIOB €HIC HC MAOT OKOHYATCIbHYIO KOHCTPYKIMIO, OAHAKO,
MOJTy4YUB  TIEPBBIE  HECKOJBKO BapHAaHTOB KOHCTPYKIIMM  TEIUIOBBIX  MpeoOpa3zoBareneit
BJIarOCOJIEP’KaHUs KHUJIKUX MaTepuaioB, MOKHO 0OpaTUThCS K (OHy MaTEeHTOB U M300peTeHUI U
CpaBHHUTh HUX C CYHCCTBYIOUIMMH aHAJIOraMM W IPOTOTUIIAMH. B z[anLHeﬁmeM Ha OCHOBE
YKa3aHHOTO CpaBHCHUA NPUMCHSAA Pa3jJIndHbIC KOHCTPYKTHBHBIC W TCXHOJOTMYCCKUC IIPHUEMbI
YCOBEpIIEHCTBOBAHUA MOXHO  J0paboTaThb KOHCTPYKIMIO — TEIUIOBBIX  IpeoOpas3oBareneit
BJIAroCOACPNKAHUA KUAKHUX MAaTCPUAJIOB 10 YPOBHA 1/1306peTeH1/151 " IOJTYYUTH IIaTCHT.

Beimie Ob110 1MOKa3aHo, YTO UCCIIEAyEeMbIe TEIUIOBBIX MpeoOpa3oBaTesiell BIarocoiepxaHus
KUJKUX MaTepUaloB MMEIOT CIIEAYIOIINE OCHOBHBIE SJIEMEHTHI: TEIUIONPOBOJ, HAarpeBaTeNbHBIN
JJIEMEHT, TEPMOUYYBCTBUTENIBHBIA DJIEMEHT, HW3MEpPUTENbHYI0O CXeMy M YCTpOMCTBa s
cTaOMIM3aMU CKOPOCTH MOTOKA XKHUAKOI'0 MaTepuasa.

Jlnst BeIOOpa ONMTHMMAIBLHOM CTPYKTYpPHI TEIIOBBIX IMpeoOpazoBaTesield BIarocoep kaHus
KUJAKUX MaTepuajoB Kak ObUIO yKa3aHO BbIIe ObUIM pa3pabOTaHbl COOTBETCTBYIOIIHE
MOPGOJIOTHYECKUE TaOIUIIBI.

[lepBas mopdonornyeckas Tabauma M - 1 coepkuT cleayromnue OCHOBHbIE TUIIBI
TEIUIONPOBOJIOB TEIIOBBIX MPe0Opa3oBaTeseil BIarocoiep:kanus KUJAKIUX MaTEpPUaJIoB:

1.1 - quuHAPUYECKU CTEPKHEBOM MOJHOCTHIO BBOJIMMBIH MONEPEYHO MOTOKY JKUIKOTO
MaTtepuana;

1.2 - nunuHapuYecKuil TpyOUaThIii YACTUYHO BBOJIUMBIH MMOMEPEYHO MOTOKY >KUKOTO MaTepraa;
1.3 - numHapUYecKuit TpyOUuaThlii MOJTHOCTHIO BBOJUMBIH B MMOTOK KHUAKOI0 MaTepuara;

1.4 - nunuHapUYecKuit TpyOUaThIi YACTUYHO BBOJUMBINA MOMEPEYHO MOTOKY KHUAKOTO MaTepuana.

Bropas mopdonorudeckas tabnuma M - 2 coepKuT GopMbI HarpeBaTeIbHBIX JIEMEHTOB:
2.1 - cocpe0TOUEHHBIH MPOBOJIOYHBIN;

2.2 - pactipefieIeHHBIN TPOBOIOYHBIN;
2.3 - cocpe0TOUCHHBIH HE TPOBOJIOYHBINH;
2.4 - pactipefieIeHHBIN B BUJIE [IMJIMHAPUIECKOTO IJICHKU WX Tela.

Tpetbsa mopdonoruueckas Tadbmuia M - 3 cogepkut GopMbl TEPMOTYBCTBUTEIBHBIX
3JIEMEHTOB:

3.1 - cocpeoTOUEHHBIH MPOBOIOYHBIN;

3.2 - pacnipeieIeHHBIN TPOBOIOYHBIN;

3.3 - MOIyIPOBOIHUKOBEII TEPMOMETP COMPOTUBIICHUS COCPETOTOUCHHBI;
3.4 - MoNynpOBOIHUKOBBII TEPMOMETP COMIPOTUBIICHUS pacTpeIeICHHBIH.
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( Hauano )

1. \ 3.

3anpoc cucteM KOHTPOJIS U
BBon TpeboBanmii k TITBXKM YIIPABJICHUS BJIAXKHOCTBIO KUJIKUX

\4

MaTepUaioB
2. 1 >
4.
P Mopdonoruueckas Tabaumna
Beibop crpykrypet TIIBXKM snementos TITBXXM

\4

H3MmeHeHne cTpyKTypsl U

VY nosnerBopsieT
anemenToB TTIB’KM

TpeOoBaHUs?

[Ipumenenne 0000IEHHBIX
MPUEMOB yCOBEPIIIEHCTBOBAHUS
npeoOpazoBareneit

KoMnoHOBKa KOHCTpYKIIUU
TIIBXXKM

A

DOHJT HAYYHO-TEXHUYECKOU
uHpopmarun

CpaBHeHHE C CYIIECTBYIOIIMMHU
koHcTpykuusimu TITBXKM

Ectb 111 oTiinuns
OT CYIIECTBYIOIIUX
TIDKM?

[Tonyuenue HoBOM
koHcTpykuuu TIIBXM

A 4

( Koren )

Puc. 1. Biok-cxema ajJroputMa BoI00pa ONTUMAJIBHON CTPYKTYPHI.
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YerBeprass Mopdonoruyeckas Tabmuma M - 4 TemnoBbIX — mpeoOpazoBaTeneit
BJIArOCO/ICP)KAaHUS JKUIKUX MATEPHAJIOB COACPKUT THUIIBI M3MEPHUTEIbHbIX cxeM: 4.1 - MocToBas
M3MEpHUTENIbHAs CXeMa IMpH pexuMe Py = CONSt ¢ OMHUM akTHBHBIM IuiedoM; 4.2 - MocToBas
M3MEpHUTENbHAs CXeMa C JIByMs aKTHBHBIM IUJIeYaMH INpH pexxkume Pps = const; 4.3 - mocroBas
U3MepHTeNbHas cxeMa pH pexxume AT = const; 4.4 - MocToBast U3MEPUTENbHAS CXeMa MIPU PEKUME
JIMCKPETHBIM BKJIFOUCHUH M OTKIFOUEHUIN HAarpeBaTeIbHOrO JIEMEHTA.

[Istast mopdonornyeckas tabmuma M - 5 COAEpKUT THUINBI YCTPOKMCTB CTaOWIM3aLUU
CKOPOCTHU TOTOKA JKUJIKMX MaTepHaIOB: 5.1- 6aK MOCTOSIHHOTO YPOBHS; 5.2-IIEHTPOOEIKHBIA HACOC;
5.3- mopmHeBoii Hacoc; 5.4- EHTPOOEKHBIN HACOC.

Br16op onTUManbHON CTPYKTYpBI TEIUIOBBIX IPeoOpa3oBaTeeil BIarocoaep:Kanus KUIKUX
MaTepuaIoB MPOM3BOAUTCS COTJIACHO pa3paboTaHHOM 0510k cxeMbl anroputMa (Puc.1)

Br16op onTHManbHO CTPYKTYpBI TEIUIOBBIX IPeoOpazoBaTeNieil BIAarocoAep:KaHUs JKUIKUX
MaTepHUaJIOB OCYIIECTBISETCS Ha OCHOBE pa3paboTaHHOro OJOKa — CXEMbl alroputMa BbIOOpa
CTPYKTYphI TEIIOBBIX MpeoOpa3oBaTeniell Biarocoaep:kanus kuakux marepuanon (Puc.l). Beibop
CTPYKTYpPBI TEIUIOBBIX IpeoOpa3zoBaTesieil BIAroCONEpX)aHUS KHUIKAX MaTepUasoB HAuWHACTCS
BBOJIOM TpeOoBaHuii (60K 1) YyBCTBUTEIBHOCTh, TOYHOCTH, OBICTPOJIEUCTBHUE, HAJCKHOCTD,
MOTPEUTHOCTh, W JPyTHE, a caMh TpeOOBaHUS (OPMHPYIOTCS IO 3aMpPOCaM CHUCTEM KOHTPOJS U
YIIpaBJIEHUS BIAXHOCTH KUJIKUX MaTepuaioB (OJI0k 2).

Hanee B Omoke 3 oOCyIIeCTBISETCS BBIOOp ONTHUMAIbHOW CTPYKTYpPHl TEIJIOBBIX
npeoOpa3zoBaresieil BIIarocoAep kKaHus KUAKUX MaTepuanoB coriacHo TpeboBaHusMm. [[ns storo
oOpamiaroTcsi, Kak ObUIO TMOKa3aHO BBIMIE K MOP(OIOTHUECKUM TaOJHWIIaM OCHOBHBIX DJIEMEHTOB
(670k 4), KOTOpBIE OBUIM CHHTE3WPOBAHbI Ha OCHOBAaHMM aHAIM3a CYIIECTBYIOUIMX KOHCTPYKIUI
TEIUIOBBIX MPeoOpa3oBaTesieil BIarocoIepKaHust KHUIKAX MaTepUAIOB M B3ATH U3 (oHIa HAyYHO-
TexHHu4eckoi nHpopmaruit (01ok 10).

B Gnoke 5 ocyuiecTBisieTcs MpOBEpKa COOTBETCTBUS BBIOPAHHOIO BapHaHTa AJIEMEHTOB
TEIUIOBBIX IMpeoOpa3oBaTeseil BIArocoJep)KaHusl >KUIKUX MaTepHalioB TPEeOOBAHUAM U TNPHU €ro
MPUEMJIEMOCTH  OCYILIECTBJSIETCSl  MepexoJ] K  KOMIIOHOBKE  KOHCTPYKLUMH  TEIJIOBBIX
npeoOpaszoBaresieil BIarocoAep kaHus KUIAKUX MaTepuasoB. Jlajgee OCyIecTBIseTCs CpaBHEHHE
MOJIyY€HHOM KOHCTPYKLHHU TEIJIOBBIX MpeoOpazoBaTesield BIarocoiepxaHus KUAKHUX MaTepUaoB
(6mox 9) c CyHIECTBYIOIIMMH aHAJOTaMH M MPOTOTHHAMU W3 (OHAA HAYYHO-TEXHHUYECKOU
napopmanuu  (6;ok10). Ecnu  ornuuums HET, TO TNpUMEHSS OOOOIIEHHBIE TPHUEMBI
YCOBEpIICHCTBOBAHUS IpeoOpa3oBareiel U BappuUpys OCHOBHBIMH DJJIEMEHTAMH TEIUIOBBIX
npeoOpaszoBareseil BIarocoJep>kaHus >KUIAKUX MaTepuanoB u3 Ooka 4 H3MEHSEM KOMIIOHOBKY
KOHCTPYKLUMHU TEIUIOBBIX IpeoOpa3oBareyeil BIIarocoAep KaHusl JKUIKUX MaTepualioB [0
JOCTUKEHHS CYIIECTBEHHOrO0 OTJMYHMSA OT M3BECTHBIX KOHCTPYKIIMH TEIUIOBBIX MpeoOpazoBareneit
BJIarOCOJICP’KaHUS JKUJKUX MaTepUajoB U IMOTy4eHHE HOBOM KOHCTpykuuu (6sok 12), xotopas
MO>KET OBITh 3alllHIleHa TATEHTOM.

VYkazaHnHoe Bbllle 000OIIEHHBIE TPUEMBl YCOBEPLICHCTBOBAHMUS IpeoOpazoBaTese
MpeJICTaBIsIeT COOOM KpaTkoe MpaBWwiIo Mpeodpa3oBaHHs MPOTOTUIA MpeoOpasoBarens s
MOJIyYeHUsST HOBOM KOHCTPYKLIMHM TEIUIOBBIX MpeoOpazoBaTeieil BIIarOCOACPKAHUA KUAKUX
MatepuanoB. B oOmactu  TemnmoBBIX — mpeoOpazoBareneil  BIAKHOCTH  IPHEMaMHU
YCOBEPIICHCTBOBAHUS MOTYT OBITh CIEAYIOUIME MPUEMBI: COBMEIICHHE (QYHKIHA SIEMEHTOB,
pasnenbHble  (GYHKIUH JIIEMEHTOB, W3MEHEHHE B3aUMHOTO PpACIOJIOKEHHUS JJIEMEHTOB B
KOHCTPYKLMHU MpeoOpa3oBaTelis, BBEICHHE HOBBIX JOMOJHUTEIBHBIX AIEMEHTOB B KOHCTPYKIHUIO U
U3MEPUTENBbHYIO CXEMY, paclIUpeHne (PYHKIIMU JIEMEHTOB C LIEJIbI0 YIYUIIEHUS METPOJIOrHUECKUX
XapaKTepUCTHK Mpeodpa3oBatesel u Apyrue.

Ha ocHOBe BBINIEU3T0KEHHOW METOJIUKU ONTUMAIBHOTO CTPYKTYPHOTO HPOEKTHPOBAHUS
TEIUIOBBIX MpeoOpa3zoBaTenieil BiarocojepxaHus KHUJIKUX MaTepualioB Obula pa3paboTaHa HOBas
KOHCTPYKIIMS TEIUIOBBIX NpeoOpa3oBaresieil BIarocoiepkaHus sKUAKUX MaTepraioB, KOTopas Oblia
M0JIaHa B MATEHTHOE BEJOMCTBO Ha IPEJMET NOTy4YeHus nareHTal4].

Ha ocHoBe naHHON MeTOAMKHM M3 mepBod Mopdosoruueckoi Tabmuipl 1 Oblia BeIOpaHa
ontuMaibHas ¢opma TemiaonpoBoga 1.4, KOTOpas IO OCHOBHBIM IIOKa3aTelsiM KadecTBa:
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YyBCTBUTEIBHOCTh, TOUHOCTh, OBICTPOACUCTBUS OblJla HAa MEPBOM MecTe Mo panry. [lamee Obuia
BbIOpaHa ¢opMa HarpeBaTeIbHOIO 3J€MEHTa 2.2, KOTopas TakKe COOTBETCTBOBAJIA MOKA3aTENSAM
TOYHOCTH, YYBCTBUTEIBHOCTU U OBICTPOAECUCTBUIO M KOTOPask KaK IOKa3aHO B IAaHHOM JuccepTaluu
BECbMA TEXHOJIOIMYHO YCTaHABJIMBAJIACh HA IOBEPXHOCTh LIMJIMHAPUYECKOTO MTOJIYIIPOBOAHUKOBOIO
TEPMOMETpPA COMPOTHUBJICHHS B Mopdooruueckoit Tabnume M - 3 mo3unus 3.4. B kauectBe GhopMbI
M3MEpHUTENbHON cXeMbl Hamboiee 3(dexkTuBHONM ObUla MOCTOBas H3MEpHUTEIbHAas CXeMa C
JUCKPETHBIM BKJIIOYEHMEM M BBIKJIIOYEHHMEM HarpeBaTelbHOro ayeMeHta 4.4, Kortopas
COOTBETCTBOBAJIa TIOKA3aTENIIM KadeCcTBA: YyBCTBHTEIBHOCTh, TOYHOCTh, OBICTpojeiicTBHe. B
Ka4yecTBE YCTPOWCTBA Ul CTAOMIIM3AalMK CKOPOCTH TOTOKA KHJIKOTO MaTepuayia ObUT BHIOpaH 1O
Mo3uIKH 5.1- 6aK MOCTOSHHOT'O YPOBHS, KOTOPBII COOTBETCTBOBAJI ITOKA3aTENI0 Kaue€CTBA TOYHOCTH
1 KpoMe TOro Obu1 Hanbosee MpoCTO U HaAEKHOM 110 KOHCTPYKIIUH.

MMeHHO »5Ta KOHCTPYKIHS, COCTOAIIAs W3 DJIEMEHTOB MOP(OIOrHYECKUX TaOIUIL:
14 - 22 - 34 - 44 - 5.1 Obuta mpuHATA 32 OCHOBY HCCIEJAOBAHUS W JIOPAOOTKH HAa OCHOBE
CpPaBHEHMsI C aHAJOraMU U MPOTOTHINAMM M OblIa JOBeJIeHa 10 YpOBHA TpeOOBaHUU MaTeHTa
PecniyOnuku Y36exucras.

Kax mokasana BbIllie, Ha OCHOBE C(OPMYIHPOBAHHBIX TPeOOBAaHUU BBHIOMpPAETCS CTPYKTypa
terionposoga TIIBXXM. Marepuan TemnonpoBoaa BbIOMPAETCS C YYETOM SKCILTYyaTallMOHHBIX U
KOHCTPYKTUBHBIX XapaKTEPUCTUK KOHKPETHON KOHCTPYKLIMM TEIUIOBBIX IpeoOpazoBareneit
BJIarOCoJIep>KaHus )KUIKUX MaTeprasoB.

I[Ipu »>TOoM, HeoOXoaMMO, 4YTOOBI MaTepuand HMeN BBICOKYIO TEIUIONPOBOAHOCTD,
YCTOWYMBOCTh K MEXaHMYECKHM Harpy3KaMm, BBICOKYIO TEIJIOEMKOCTh il 00ecredeHrs BBICOKOTO
OBICTPOACHCTBHUS, a TAK)KE UMENl BO3MOKHOCTh MEXaHUYECKOM 00pabOTKH M B3aUMO3aMEHSIEMOCTH.
Haubonee nonxonsmasi ¢opMa TEmIONpoBoJia KaK YKa3blBaJOCh BBILIE - 3TO LMJIMHAPUYECKHUM
TpyO4aThlii, BOBHYTpb KOTOPOTO IIOMEIIAETCsl TaKKe LWIMHIPUYECKUN TMOJYNPOBOHUKOBBIN
TEPMOMETP COMPOTHUBIICHUS C HarpeBaTelbHbIM deMeHToM. Haunbornee 1enecooOpa3Ho B KauecTBe
MaTepuasa UCIoiIb30BaTh ME/Ib, JIATYHb U aTFOMUHHM.

Br16op HarpeBaTeabHOro 3JIEMEHTAa BBIMIOJIHSAETCS COTJIACHO MOP(MOIOrHYECKON TaOIUIIbI
M - 2. B kauecTBa HarpeBaTelbHOTO 3JeMeHTa BecbMa 3(PGEKTUBHO, TPUMEHEHUE TTPOBOJIOYHOTO
(M3 HMXpOMa M MaHraHWHA) pacnpeleNéHHOr0 HarpeBaTress, KOTOpBI 00eCreYrBaeT BBICOKYIO
TOYHOCTH 33/1aBa€MOM MOIIHOCTH HarpeBa, HAaJEKHOCTb, BOCIPOU3BOJUMOCTH XapaKTEPUCTHK,
Masble rabapuThl U Maccy. Taxke ciieyeT MOAYepKHYTh, YTO JaHHBIA HarpeBaTeIbHBIA SJIEMEHT
o0ecrieunBaeT MOCTOSIHCTBO  YAENBHOTO TEIUIOBOTO IMOTOKAa, Ha TIOBEPXHOCTH Harpena
UTHHIPAYIECKOTO MOJYIIPOBOAHUKOBOTO TEPMOMETpa ConpoTuBieHus ((X) = const, 4TO TaKxKe
COOTBETCTBYET MaTeMaTH4YEeCKUM MOJEJIsIM, MOJyYEeHHBIM MPU PaBHOMEPHOM MOIIHOCTH Harpena
TEIUIOBBIX MTPeo0pa3oBaTeseil BIarocoaep kanus KUJAKUX MaTepPHUAIIOB.

Boimie ObuiM yKa3aHbl OCHOBHBIE TPeOOBaHUS K TEPMOUYYBCTBUTENIBHBIM 3JIEMEHTaM
TEIJIOBBIX npeoOpasoBareeit BJIArOCOJIEP>KaHUS AKHUJIKHX MaTepUasoB: BBICOKas
YyBCTBUTEILHOCTh, TOYHOCTb, BEICOKOE OBICTpojelcTBUE, y100cTBa U 3(PPEKTUBHOCTh YCTAHOBKHU
B KOHCTPYKIIMU 30HJOBOTO THIAa COBMECTHOTO C HArpeBaTelIbHBIM 3JIEMEHTOB, a TaKXKe Majble
rabapuThl, Macca u IeHa.

VYkazaHHbIM Bbllle TpeOOBaHUSM Hauboyiee TOYHO COOTBETCTBYIOT LMJIMHIPHUYECKUE
MOJIyIIPOBOHUKOBBIE TEPMOMETPHI conpotuBienus Tuna MMT-1u KTM-1.

Cpenu W3MEpUTENBHBIX CXEM TEIJIOBBIX IMpeoO0pa3oBaTesieil BIAroCOACPIKAHUS KUAKUX
MaTepHuagoB C Y4€TOM BbIOOpa MOJIYNPOBOJHUKOBBIX TEPMOMETPOB COINPOTUBICHUN B KadyecTBE
TEPMOUYYBCTBUTEIBHBIX  3JIEMEHTOB  HauOojiee  paclpOCTPaHEHHBIX  SIBJISIOTCS  MOCTOBBIE
U3MEpUTENIbHbIE CXEMbl, B KOTOPBIX B 3aBUCUMOCTH OT pEXHMa pPabOThl TEIJIOBBIX
npeoOpa3oBaresieil  BIAarocoAep)KaHusl >KMJIKUX MaTepuanoB IPOUCXOAAT IpeBapUTENIbHbIE
OTpaOOTKU CUTHAJIOB O BIAKHOCTH KOHTPOJIMPYEMOTO IMOTOKA )KUKOTO MaTepHuaa.
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®opma Temsonposoaa M - 1

1.1. HnaunapuYecKuii cTepKHEBOH HA BeCh 1.3. Hnnuaapuveckuii Tpy0UYaThIil Ha Bech
NOTOK NMOTOK
4 :
% !
] !
7 :
2 !
Z :

1.2. HInsimHIpuYecKuii crep:kHeBoii Ha yacTh | 1.4. Huamuapuyeckuii Tpy0UaThIii HA YacTh
MOTOKA MOTOKA

N
Y
N
R

b,

@®opMa HarpeBaTeJIbHOI0 YJieMeHTa M-2

2.1. CocpenoToyeHHbIH MPOBOJIOYHbIIi 2.3. CocpenoToueHHbIH MeTaUINYeCKUii
TJIEHOYH b1V

T 1

2.2. PacnipenesieHHbIi MPOBOJIOYHBIH 2.4. PacnipenesieHHbII MeTaNJIHYeCKH
IJICHOYH bIi

T

@DopMa TEPMOYYBCTBUTEJIBHOr0 3j1eMeHTa M - 3

3.1. CocpenoToYeHHBII MPOBOJIOYHbII 3.3. HosrynpoBOAHMKOBBI
€cOCpea0TOYEHHbIH
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3.2. PacnpenesieHHbII MPOBOJIOYHBIN 3.4. IlonynpoBOIHNKOBBIH pacrpeneJeHHbIH
HUJIHHAP

e

®opMa u3MepuTeIbHBIX cxeM M - 4

4.1. MocroBasi H3MepUTeIbHAS CXeMa ¢ 4.3. MocToBasi u3MepUTeIbHAS CXeMa ¢
O/IHMM aKTHBHBIM ILIEYOM peryaupoBanuem pe:xkuma AT= const
U Liw
Uia
4.2. MocroBasi U3MEPUTETIBbHAA CxeéMa € 4.4, MocrToBast H3MEPUTEIbHAsA CxeMa ¢
ABYMS aKTUBHBIMHU IJICYaMHU AUCKPETHBIM BKIIOYCHUEM U BBIKJIIOYCHUEM

HarpeBaTe/JbHOIo 3JIEMEHTA

/¥
-
i

YcrpoiicTBa 1151 CTa0MJIN3AIMH CKOPOCTH MOTOKA KUAKOro Matepuaia M - 5
5.1. bak moCTOSAHHOTO YPOBHA 5.3. Ilopurnesoii Hacoc (ITH)

ﬁs@ ~qm g U b
1 !

C YUC€TOM CJIOKHOCTHU H3MCPUTCIBHOTO IIpoHecCa B TEIIOBBIX npeo6pa3OBaTeneI71
BJIAroCOACPIXKAHUA KUAKHUX MATCPUAJIOB U BO3MOXHOCTH TCIIJIOBOI'O MCETOJAa KOHTPOJIA
MO3BOJIAOIICTO KOHTPOJIIMPOBATH BJIAJKHOCTH, TCMIICPATYPY, 4 TAKKEC HAJIUNYHUC WM OTCYTCTBUC
IOTOKAa JKHUAKOIO Marepuajla BO3MOKHBIM SBJIACTCA HNPUMCECHCHUEC MHUKPOIPOLIECCOPHBIX
HU3MCPHUTCIIBHBIX CUCTEM JJIA O6pa6OTKI/I YKa3aHHbIX CHUTHAJIOB. B 1enoM wucnojp3oBaHHE
MUKpPOIIPOLECCOPOB B KOMIIIICKTC C TCIIJIOBBIX npeo6pasoBaTeneI7I BJIAaroCOACPIKAHUSA KUIAKUX
MaTepruajioB HaCT BO3MOXHOCTb IHPOBOAHUTH I(aJ'II/I6pOBKy, HCIIBITAHUC W TIIOBCPKY, KOPPCKIHIO
HEJIUHEWHOCTH U TEMIICPATYPHYIO KOMIICHCAIIHIO.
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OcHoBHas 3aj7a4a MapaMeTPUYECKOTO TMPOCKTUPOBAHUS TEIJIOBBIX MpeolOpa3oBaTeneit
BJIArOCOJIEP/KaHUS KUJKUX MATEPHAJIOB — IOJyYEHUE ONTUMAaJIbHBIX IIAPaMETPOB BCEX OCHOBHBIX
SIIEMEHTOB, TMOJIyY€HHE HUX XapaKTePUCTUK, YIOBJICTBOPSIONIUX IOCTABJIECHHBIM TpeOOBaHUS
U KPUTEPUSAM UX ONTUMM3ALUU.

OpHMM U3 BaXKHBIX 3aJa4 [IpU ONTUMAJIBHOM MapameTpudeckoM npoektupoBanuu TTIBXXM
SIBIISICTCS BEIOOP KPUTEPHS ONTUMAIBHOCTH |.

OOBIYHO HCXOJHBIMH JaHHBIMU IPU TPOEKTHUPOBAHUM TEIUIOBBIX IpeoOpazoBareseit
BJIArOCOJICP)KAHUS JKUAKMX MaTepHajoB SBISIOTCS: auana3oH mpeoopaszoBanus [Wmin Wmax],
IapaMeTpbl HarpeBaTebHOIO W TEPMOYYBCTBUTEJBHBIX  JJIEMEHTOB; MOCTOBOH  CXEMBbI
M YCTPOMCTBO CTAaOMIIM3AIMK CKOPOCTH IMTOTOKA KHUIKOro Matepuana [1,2,3].

B pesynbrare ONTHMaIbHOIO IAapaMETPUUYECKOIO IPOEKTUPOBAHMS HA OCHOBAHUU
uccnenoanuii B rinaBax |l u |1l HeoOxoaumo Haiitu ontumanbabie napameTpsl: Umo, Ko, Proo,
Rus0, do, Vo, KoTOpble B 00IIEM ciay4ae COCTaBISIOT OCHOBHBIC IAapaMETPhl TEIIOBBIX
npeoOpa3zoBareseil BIarocoAep KaHusl KUIKUX MaTepraoB.

a= {Cll, a,, as, a4, as, a61} (l)

B pesynprare onTUMu3alMM  HEOOXOOUMO HAWTH TakKhe MapaMeTpbl TEIJIOBBIX
npeoOpa3zoBareneil  BiarocojepXaHus O KUJIKUX MaTEpUajoB, MpPU KOTOPBIX JOCTUTAETCA
ONITUMAJILHOE 3HAYCHUE KpUTepus onTuManbHocTh [(a), T.€.

I(a) = aptl(a), a € Ja, (2
rae: aptl(a) ontumansHoe 3HaueHue I (a) /.- 00macTh JOMyCTUMBIX pEIICHUH

Ecmu, 06031naunTs [1-061acTh moucka, To

M{a:b; < a; <c¢;,i =1,7}, (3)
rae: b v ¢ — MUHUMAaJIbHBIE H MAaKCUMAJTbHbBIC 3HAUCHHS 4;;

B mporuecce npoexkTrpoBaHUs HEOOXOIUMO YUUTHIBaTh, YTO TEIJIOBBIX NpeoOpasoBareneit
BJIArOCOJIEP’KaHUs KUJKUX MaTepUAJIOB BBIMIOIHSAET CBOM (DYHKIIUM M OCTAETCS UCIIPABHBIM TOJIHKO
IIpH YCJIOBUH, UTO BXOJAHAasA BenuunHa W, He BBIXOAMUT U3 JUarna3oHa U3MEpEeHHil T.e.

Wi € (WMMH WIVIaX) (4)
rie: Whin, Winax - MUHUMAJIBHbIE MaKCUMAaJIbHbIC 3HAYEHUS BXOJHON BEJIMYHMHBI.

Jlig moucka ONTHMAJBHBIX MapaMeTpPOB TEIUIOBBIX MpeoOpa3zoBaTesiell BIIarocoAep:KaHus
KUJKUX MaTepHalioB HCIIOJIB3YIOTCS MaTeMaTH4eCKHe MOJENU TeIUIOBBIX MpeoOpazoBareneit
BJIArOCOJIEP’KaHUsl KUAKHUX MaTepHasoB, KOTOpbI€ TIOKa3bIBAalOT, YTO OHH, BO HEPBBIX
nH(OPMALIMOHHBIE,  BO-BTOPBIX  aJICKBaTHbIE  pEAIbHBIM  H3MEPHUTENbHBIM  IpoleccaM
npeoOpazoBaHusa  (KCIEPUMEHTaJIbHbIE JaHHbIE MPHUBEICHHBIE  XOPOIIO  MOJATBEPXKIAOT
a/IecKBaTHOCTh MAaTEMaTHYECKHX MOJeNeil), B TPEThbUX, BBIXOAHbIC BEJIMYMHBI M TapaMeTpbl
MaTeMaTHYEeCKUX MOJIeNIed JOCTATOYHO TOYHO OTPaKalOT CBS3b BapbUPYEMBIX IapaMeTpoB
C BBIXOJHBIMH BO3JCUCTBUSMH, B YETBEPTHIX, JaHHbIE MaTEeMAaTUYECKHE MOJICIH JIOCTATOYHO
MpOCThl M JieTKo peanusyrorcs Ha [I9BM. Bce wu3nokeHHOE CBHAETEIBCTBYET O TOM, 4YTO
MaTeMaTH4YeCKUe MOJENH  YAOBJIETBOPSIOT TpPeOOBaHUAM K MaTEeMAaTHUYECKUM  MOJIEINSM,
UCIONIb3YeMbIM  JUIS  ONTUMAJIbHOTO  MPOEKTUPOBAHMS  TEIUIOBBIX  MpeoOpazoBareneit
BIIArOCOJICP>KaHuUs )KUIKHX MaTepUasoB.

Haubonpiiee yucno 3aay ONTUMAIbHOIO MPOEKTUPOBAHUS TEIUIOBBIX MpeoOpasoBareneit
BIIArOCOJICPKaHUS KUAKIUX MATEPHAIIOB CBSI3aHO C YBEIMUEHUEM YYBCTBUTEIBHOCTH, MOBHIIIEHUEM
TOYHOCTH, TMHEHHOCTH CTATUYECKON XapaKTEPUCTUKH U ObICTPOICHCTBUS.

3amaua  TPOEKTUPOBAHUSA TEIUIOBBIX MpeoOpa3oBaTeNiell  BIAroCOACPKAHUS  KHUIKHX
MaTepUAJIOB IO KPUTEPUSAM JIMHEMHOCTH W YYBCTBUTEIBHOCTU CTAaTUYECKOW XapaKTEPUCTUKH
bopmynupyroTCs cieayomuM obpa3oM. BeiOpaHa cTpykTypa M, Cl€OBaTelbHO, OIpeesieHa
CTaTMYecKas XapaKTepUCTHKAa TEIUIOBBIX IpeoOpa3oBaresiell  BJIArOCOJAEPKAHUSA  KUAKHX

MaTepuanoB, HapUMep, A pexuma paboTsl Py, = const B Bue GopMyIibl
KARTq (5)
M (k+1)2-Rpy
B o0rmiem citydae cTaTHUECKyr0 XapaKTepUCTHKY (4) MOXKHO MPEJICTABUTh B BUJIE
Uppix = f[VVBbIX' é(y)]' Wanix € {WBblxmabilxmin}l é(?) € Da

UBbIX =
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rae:d = {a, a3, az.,..ccunnn.. ,an, } - BEKTOP BapbUPYEMBIX apaMeTpoB;
V=V Y2, Vareeeeeeains ,¥m,} — BEKTOp BIMAIONIMX [ApaMETPOB; N — YHUCIO BapbHPYEMBIX
[apaMeTPOB; M — YUCIIO BIUSAIOIIMX apaMeTPOB.

B pe3ynbpTare MOXKHO 3anMcaTh ONTUMAIbHBIA BEKTOP MapaMeTpOB.

a(y) € Da (6)
YTOOBI
Ia@)] = aptla(y), W], (7
Da={a:b;<a;<c,a=0,i=1,1n} (8)
3amaun IMOBEIIIEHUS JIMHEHHOCTH CTaTHYECKOMN XapaKTePUCTHKHU TEIIOBLIX

npeoOpa3oBaresieil BIarocoAepKaHus JKUAKMX MaTepUAIOB PEIIACTCS ITyTeM aIrlpOKCUMAIUN
peaJibHOM HEIMHEMHOM CTAaTUYECKOM XapaKTepUCTHUK THUIIAa TEIUIOBBIX IpeoOpa3oBareneit
BJIarOCOJIEp’KaHusl JKUIKUX MarepuanoB (7) nuHeHON 3aBucuMocThio. UM Torma craruueckyro
XapaKTEPUCTUKY MOKHO 3aIKMCaTh JINHEWHON 3aBUCUMOCTBIO:

Upix = AW + B (9)
Wcnonb3ys KBajpaTUUHBIN UHTErpalbHbIA KpUTEPUI OIU30CTH (PYHKLINNA UMeeM
Mustl = [y (U, (W) — AWy — BYAW, (10)
WU
Mutssl = [y ™) (W0 3(5)] — A Wy — BV, (11)

PemmB 3amauy, wHaxomar 3Hauenus A = A[W,,, a([{)];B = B[W,,ay)]; a(y) € Da
U TIapaMeTphl {a}, MPU KOTOPBIX PEATM3YIOTCS 3TH Kod(DPUIMEHTHI. 3a1a4a 00eCeYeHns BBICOKOM
YYBCTBUTEIBHOCTH JIETKO pelIaeTcsd TMocie 3aJadyd  o0ecrnedyeHus BBICOKOM JMHEWHOCTH
CTaTUYECKON XapaKTePUCTUKH, TaK KaK ATH 3aJa4l OYCHb TECHO CBs3aHBI. [l pemieHus 3amaadu
MOBBIIIEHHOW YYBCTBUTEIHHOCTH HEOOXOAMMO OINPENCTUTh ONTHMAJIbHBIE 3HAUYEHHUS BEKTOpa -
a(y) = a(y), koTopble 00eCIIEeYNBAIOT

Make A[VVBx: é(}_/)], a€Da, Wy,x € {WBblxmamexmin} (12)

TouHOCTB TEMIOBBIX Pe0Opa3zoBaTENEH BIArOCoIEpKaHUs KUJIKUX MAaTEpUAIOB B OCHOBHOM
ONpeAeNIsIeTCI Ha OCHOBE OHHTPONMMHHOM morpemHoctd A3 W 3a7aya  ONTHUMAJIbHOIO
MapaMeTPUIEeCcKOro MPOEKTUPOBAHUS IO KPUTEPUI0 TOYHOCTHU TEIUIOBBIX MpeoOpazoBareneit
BJIArOCOJIEP’KaHUS KHUJIKUX MaTepUaioB MOKET ObITh pelieHa MyTeM MUHUMU3ALHUK MOrPEeIIHOCTH
A0, KOTOpast onpeAessieTCss OCHOBHBIMU COCTABIIIIONIMMU GHD, OMC, OTy3 H Oyc, KOTOPBIC SBISIFOTCS
CPEIHEKBAPAaTUYECKUMU TMOTPEUIHOCTSMU COOTBETCTBEHHOI'O  HArpeBaTelbHOTO  AJIEMEHTa,
MOCTOBOM CXEMbI, TEPMOYYBCTBUTEIHHOTO IEMEHTA U YCTPOMUCTBA CTAOMIM3AMH MTOTOKA JKHUIKOTO
Mmatepuaia [5].

HeoOxonumble mapameTpbl TEIUIOBBIX MpeoOpa3oBaTesiell  BIarocojepaHus  >KHIKHX
MaTepuanoB @ = {a;, Az, Azeyeeennnnn.n. , Ay, } HAXOJATCS TAKMM 0OPa3oM, YTOObI

Wy 23] = MuBAD [ Wy, 4(3)] (13)
pu
VVBbIX € {WBblxmabiIxmin}n
bbuin  uccnenoBaHbl  TUHAMHUYECKME XapaKTEePUCTHKH  TEIUIOBBIX IMpeoOpa3zoBaTeseit
BJIArOCOJEP)KAaHUS KMJKUX MaTepuasioB, KOTOpble ompeaensior ObicTpoaeiictBue TIIBXKM
U OCHOBHBIM TIOKa3aTeneM OBbICTpOACHCTBUS TEIUIOBBIX IpeoOpa3oBareneil BIIArocoep KaHus
KUIKAX MaTepHUANIOB SBIISECTCSA IIOCTOSIHHASA BPEMEHU Trsxm M IO3TOMY IPOCKTUPOBAHUE
[0 KpUTEpPHUIO OBbICTPOJCHCTBUS TEMJIOBBIX IpeoOpa3oBaTenel BIIArocoJAepkKaHUsA KUAKHX
MaTepuagoB MOKHO CBECTH K 3a7a4€ HaXOXJIeHUd MUHUMYMa TnexMm
I[W,y, a(5)] = munTrygum [ Wiy, 3(9)] (14)
pu
VVBbIX € {WBblxmabilxmin}u a€Da
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Pacuer u BbIOOp ONTHMAIBHBIX NTAPAMETPOB TEIUIOBBIX MpeoOpa3oBaTesneil BIarocoiep anus
KUJKUX MATepPUAIIOB BBITIOIHSETCS MO paspabotaHHoMy ainroputmy (Puc.2). PaccMoTpum kpartko
OCHOBHBIE 3Tarbl OJOK CXEMbI AITOPUTMA, IIPUBEICHHOTO Ha PHC. 2.

B moayne 1 mpousBoauTcs NOATOTOBKA MacCHBa HCXOJIHBIX JaHHBIX Ha OCHOBaHUM
TpeOOBaHUIl CO CTOPOHBI CUCTEM KOHTPOJIS U YIIPABICHHS KHUIKUX MATEPUATIOB.

B Moayne 2 ocyuiecTBiisieTcss pacdeT paclpeaeiaeHus] TeMIIepaTypbl BI0JIb TEIUIONPOBOAA
U JOCTUTAIOTCS 3a/laHHbIE paclpeesieHus C IOMOILBI0 MOAyJeH 3 u 4.

B wmonmyne 5 ocymecTBisieTcss pacdyeT IapaMeTpoB TEPMOMETpPA CONPOTHUBIICHHUS
Y W3MEPHUTENBHBIA CXEMBI, PE3yJIbTaThl KOTOPOTO HCIONB3YIOTCS it (POPMUPOBAHHS KPUTEPUI
ONITUMU3AIINH, OTPAaHIMYEHHUH U BBIOOpAa METOAA MOMCKA ONTUMAILHOTO IIPOSKTUPOBAHUSI.

B monyne 6 ocymiecTBisieTcsi BHIOOp KpUTEPUEB OMTUMU3AIINH.

B Mogyne 7 ocymiecTBiaseTcsl BbIOOpP HAayalbHBIX HPUOIMKEHUH IO BapbUPyEMbIM
napamerpom a”’ = {af,ay,as,........... ,an

B Mmoxyne 8 ocymiectBisieTcs onpeneneHue ooaactu notoka I1.

B monyne 9 ocymiectBisieTcss mpoBepKa Ha MPUHAUIEKHOCTh HAYaJbHBIX MPUOIMKEHUN
00JacTH JOMYyCTUMBIX 3HaYeHUH Jla.

B moxayne 10 ocyuiecTBisieTcs BBIOOp METO/AA TApaMETPUUECKON ONTHMU3AIINH.

B monyne 11 ocymecTBisieTcst npoBepka Ha MHOI'O KCTPEMAJIbHOCTh MUCXOIHOM 3aa4H.

B moapyne 12 ocymiecTBiseTcsi MpoBEpPKa MPUHAIIECHKHOCTH ONTHUMAIBHOTO PEIIEHUS B
obmnactu nowucka II.

B monyne 13 ocymiectBisieTcss BBIBOJ pacUETHBIX JAaHHBIX U MapameTpoB (B BHJE TaOIUIL
U rpauKoB).

B pesynpraTe pacueta U NIPOEKTUPOBAHUS  IOJYYEHBl IapaMeTpbl  TEIJIOBBIX
npeoOpaszoBaresei BiIarocoaepKaHusl )KUIKUX MaTeprasoB.

a; =Uy =6B; a, =K=1; a3 =Py =1,6BT
a,=1lyy3 =12-103m;as =d =4-10"3m; 2, = v = 0,05Mm/c.

s8]

s8]
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ANNOTATION

The increase in oil and gas production also leads to an increase in other intermediate
products, such as sulfur, which is used in medicine, agriculture and other fields. However, tons of
sulfur is still stored in numerous warehouses. In this article, it is proposed to process sulfur into
sulfur concrete and sulfur asphalt, thereby obtaining economic benefits and reducing
environmental risk.
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plants.
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B coBpeMeHHBIX YCIOBUSX CTaHOBHTCS BECbMa aKTyaJbHOW 0 mMepepadoTku HedTH
M Ta3a BHYTpU CTpaHbl B oOmeM oObeMe H00biuu. B 3TOH CBSi3M BO3HHMKAaeT MOTPEOHOCTh
MOBBIIEHUST A(PPEKTUBHOCTH M OOBEMOB NEepepabOTKH HE(PTEra30BOrO CHIPhS Ha Yy30EKCKHUX
HedTe — M ra3o- mepepadaThIBAOIIUX NpeanpusaTHsX. [IpuopuUTeTHBIM HampaBICHUEM JIOJDKHA
ObITh MOJEPHH3ALUS M yBEIUYEHHE MOIIHOCTeH 00OpYIOBaHUS BTOPHYHBIX IPOIECCOB
nepepadoTKU ChIPbs 10 YPOBHS, COMOCTaBUMOI'O C MOIIHOCTSAMHU OOOpYIOBAaHHUS TEPBUYHOU
nepepadoTKu HEPTH U raza.

Kpome Toro, B pesynprare nepepabOTKu He(TH, MPUPOJHOTO Ta3a W IBETHBIX METaJIOB
B KauecTBE TEXHOTNEHHOI0 OTXO0/a IOJIy4aloT TEXHHUYECKYto cepy. COeqUHEHUs Cepbl MO CBOEMY
OTpPULIATEILHOMY BO3/IEHCTBHIO Ha OKPY>KAIOILYIO CpPely 3aHMMAIOT OJHO M3 IEPBBIX MECT CPeau
3arpsi3HAOMUX  BeulecTB. OOHAKO CEroJHs B MHUpPE CEpe HallId I[PUMEHEHHE, Jarollee
BO3MOXHOCTB HE 3arpsi3HATH OKPYKAIOUIYIO Cpey U K TOMY K€ MOJIy4yaTh IPUObLIb.

JleiicTBUTENBHO, OAHON W3 MpoOiaeM A HedTera3oBoi OTpaciu Jit00OW CTpaHbl SBIISETCS
BO3pacTarolllee KOJIMYECTBO OTXOOB IPOU3BOJICTBA, a TAKKE HEOOXOJUMOCTh UX YTHIIM3AIMHU.
B 37Ol CBSI3M OHUM M3 CIIOCOOOB PEIIEHUs JAaHHOW MpOOJIEeMbl SBISIETCS YTUIM3aLUs OTXOOB,
oOpa3yloIuXcsi MNpH OYMCTKE Ta3a OT cepbl U IMOJIy4eHHS Ha OCHOBE J3THUX OTXOJI0B
BBICOKOKAUECTBEHHOr0 OETOHA 10 LIEHE IPUMEPHO B 5-7 pa3 HIKE U HE YCTYHAIOIIETo M0 KaYeCTBY
O0OBIYHOMY OETOHY.

B 80-90-x rr. XX-ro Beka ¢ poCcTOM IOOBIYH YTJIEBOJOPOOB, YBEIUYMIOCH TOJTYYCHUE
cepbl, KaK COMYyTCTBYyIoIIero npoaykra. Cepa — He TOKCHUYHBIM MaTepuaji, TEM HE MeHee, NpH
MEepPEeMEIIEHUM U XpPAaHEHHHM KpPYIHBIX OOBEMOB, Ce€pa MOXKET CO3/1aBaTh BHYIIUTEIbHbIN
9KOJIOTHYECKUM pUCK. Tak Kak Ha JaHHBIM MOMEHT HaOJIOJAaeTcs Crmaja CrIpoca Ha CEpy, MOXKHO
YTBEPXKIaTh, YTO KPYMHBIE OOBEMBI MPOMEKYTOYHOTO MPOIYKTA MOTYT OBITH CKJIAJAUPOBAHBI
B TEUEHHE JIMTENBHOrO Iepuoja BpeMeHH. Tak kak cepa — 0O0s3aTeNbHBIM MPOMEKYTOUYHBIN
MPOYKT MepepaboTku HEDTH W rasza, €€ KOJIMYecTBO OyneT Bo3pactarh. [lo mporao3am, n30bITOK
cepbl OyIeT COCTaBIATh 5-7 MJTH. TOHH B T'0JI, HO IU(Ppa MOKET OKA3aThCsl HAMHOTO BhIIe [ 1].

Bbonee nonoBrHE MUPOBOTO 00BEMA CEPbl UCTIONB3YIOT IS IPOU3BOICTBA CEPHOM KUCIIOTHI,
qyTh Oombiie 25% MHUPOBOro MOTPeOICHUsS NaHHOTO BEIleCTBAa MPUXOIUTCS HA H3TOTOBJICHHE
cepubix coneil. Oxono 70 % wmupoBoro mpowusBonacta cepbl npuxonutca Ha CIIA, Kanany,
[Tonpury, Mekcuky, Upak, ®@pannuio u Poccuto, a MUPOBBIMH MOTPEOUTENSIME SIBIISIIOTCS Kuaid,
IOxnas Adpuka, Unnus, bpasumus, Asctpanus u Cesepras Adpuka [8].

Haubonpiyro akTUBHOCTH B 00JIACTH CO3[aHHUSl TEXHOJOTHMUHM BHEAPEHUS MOJIMMEPHOM
cepol mposiBisitoT dupmel  «Stauffer Chem. Co.» (CILHA) u «Kali-ChemieAG» (I'epmanus),
KOTOpBIE 00J1aat0T a0COMIOTHBIM OOJIBIIMHCTBOM MATEHTOB U SIBIISIOTCA 10 CYTH €IWHOJIUYHBIMU
JepxKaTels MU MHPOBOTO pPbIHKA MOJMMEpPHOH cepbl. Heckonbko ycTymaer 3TUM KOMITAHMSIM
aHrmiickas koprnopamus «Monsanto Chem. Ltd.», koTopas koHTpoiupyeT okojio 150 mouepHUX
¢upm mpumepHo B 40 crpaHax u umeer 31 HayuHblii meHTp. IlosmMepHyio cepy 3TH (GUPMBI
BBIITYCKAIOT TOJI HECKOJIbKUMHU TOPrOBBIMH MapKaMH, CpeAd KOTOPBIX Hambojee H3BECTHBI
«Manox» u «Krystex» [9].

dupmamu «Sulphur Innovation Ltd» u «H.P.Sulfur concrete» (Kanama), «Nipon Oil»
u «Recosuly (SImonwust), «StarCrete» u «MicroPowder» (FOsxuas Kopest), «Marbet WIL» (ITosbiira)
U JPYyTMMHU HallaX€H BBIYCK B TMPOMBIIUICHHBIX MaciiTabax cepHoro OeToHa aisi COOpPHBIX
U MOHOJIUTHBIX KOHCTPYKUMHA. KoMIO3WIIMOHHBIE MaTepuaabl Ha OCHOBE CEphbl YCIIEIIHO
MPUMEHSAIOTCA Takxke B cTpaHax bmwkHero Boctoka, Mekcuke, CIHIA, Benecyane u apyrux
ctpanax [10].

Kaxkue xe xauecTBa UMeeT cepa U Kakoe IPUMEHEHHE OHA UMEET B XO03sicTBE?

Ha ceroansmHuii neHb, B OCHOBHOM, XUMHUYECKas M IIMHHAs MIPOMBIILIEHHOCTh
MOTPeOIISAI0T cepy B OombIIoM kKonnyecTBe. Cepa Takke MOXKET ObITh HCIIOJIb30BaHA JJIsl TONyYeHHUs
MOJIUCYNIb(PUIOB B HEOTPAHUUEHHOM CHUHTE3€, OYMa)XHOW MPOMBIIIIEHHOCTH, CETHCKOM XO35HCTBE,
M3TOTOBJIEHUM B3pBIBYATHIX BEIIECTB, B MEIULMHE W JAPYrux oTpacisix. B mocinemHee Bpems
OOJBINYIO TOMYJSPHOCTh MPUMEHEHNE CepPhl CTAJI0 HAOMIOJATHCS B MPOMBINIJICHHOM U JOPOXKHOM
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CTPOUTCIILCTBEC, CTPOUTCIILCTBC THAPOTCXHUYCCKUX COOpy)KeHI/If/'I, B KOMMYHaJIbHOM XO3IHUCTBE JJIsL
YTUIA3alUU 3aXOPOHCHUS OTXOA0B I a30nepepa6aTLIBa10me U MYCOPOCKUI'AaTCIIbHBIX 3aBOJIOB.

AKTHBHOE UCIOJb30BAaHUE CEPbl B KAueCTBE CTPOMTEIBHOIO MaTepuajla Haydajaoch
B CCMUICCATBHIX roaax Mmpomjioro CToJCTHA. I[ef/'ICTBI/ITCJILHO, HaHHBIﬁ BUJ MaTcpHaia JOBOJILHO
SpQEeKTHBEH M HUMEEeT psAA JOCTOMHCTB, [0 CPaBHEHHIO C OOBIYHBIMH CTPOUTEIEHBIMU
MaTCpuajiaMu. Bricokoe xauecTBO I/I3I[€J'II/H>'I, IMPOCTOTAa TEXHOJIOTHWU IIOJIYUYCHHSA U COIIOCTAaBUMaAs
CTOMMOCTb  TO3BOJISIIOT  CEpoOEeTOHaM  ObITh  KOHKYPEHTHOCIIOCOOHBIMU IO  OTHOLIEHHIO
K CTPOUTCIIbHBIM MaT€pruajiaM Ha TPaAUIHUOHHBIX BSKYIIHUX MaTCpraiax.

Haunbonee mepcrieKTUBHBI CEpOOETOHBI JUIS HM3TOTOBJICHUS KOHCTPYKLHWH, B MEPUOX
OKCILTyaTalluk KOTOPBIX NPCABABIIAIOTCS MOBBINICHHBIC Tpe6OBaHI/I$I 110 CTOMKOCTH K arp€CCHMBHBIM
cpenam, Mopo30- ¥ aTMOC(EPOCTONKOCTH, BOZOHEIIPOHUIIAEMOCTH.

B ocHOBHOM, mpuMeHEHHE cepbl KaK CTpoiiMaTepualia CBSI3aHO C M3TOTOBJIEHHUEM CEPHOrO
BSDKYIIEr0 M KOHCTPYKIMH Ha €ro OCHOBE, NMPOMHUTKA W3JIENUHA B paciljiaBe Cephl, J100aBiieHHE
B ac(anbTo0eTOH. TepMOIIaCTUYHOE CEPHOE BSIKYIIEE MPOU3BOIAT KaK pa3 U3 TEXHUUECKON Cepbl
WIA CepocojepxkKallero orxojaa. JlaHHas TEXHOJOIHMsSI CEPHOrO BSDKYIIEr0 HAaMHOIO IpoIe
U JeuieBie, IO CPaBHEHHIO C IIPOM3BOJACTBOM IieMeHTa. Kpome Toro, cepHble BSDKYIIHE
OTHOCHUTEJIBHO LIEMEHTa 00JIafjat0T TAKUMH JOCTOMHCTBAMU, KaK: CHUXKEHHE 3aTpaT B IIOJITOpPA pasa,
MPaKTUYECKU HE OTPAaHMYEHHBIN CPOK XpaHEHUs, SKOJOIMYECKHM YHCTOE, a Takke O0e30TXOAHOe
MIPOU3BOJICTBO.

Tabnuna 1.
O65acTH MCTOIB30BaHMS CEpOOETOHA B CTPOUTEIBHOM XO3SHCTBE
ObaacTn
Ne Onucanue 00JaCTH MPUMEHEHUS
HCNOJIb30BAHNSA
BO3MOXHOCTbH HN3TrOTOBJICHUA JOOPOXHOTO TTOKPBITHUA nu3 OTXOI0B.
1 HopoxHoe [lpu npumeHeHWH cepoOETOHA B JIOPOKHOM CTPOUTEIHCTBE, BO3MOMXKHO
CTPOUTENLCTBO UCIOJb30BaHUE  TOJNBKO OTXOAOB  (cepbl M JIOJOMHUTOBOH  MYKH).
[Ipu 5TOM IIPOYHOCTH U JOJITOBEYHOCTh NOKPBITUS YBEINYHUBAIOTCS
Tomsemisre cBay; quHz[aMeHTH; MOJIOPHBIE CTEHBI; OrPAXIAIOLUIME KOHCTPYKLUHU
2 KOHCTYKILUHH TOHHEJIEH; CTEHbl OIYCKHBIX KOJIOJIIEB; KOHCTPYKLUHUHM OTHEIbHO CTOSIIUX
3ary1yOJIEHHBIX 3aKPOMOB JUISL XpaHEHMsI HETOPIOUMX ChIIYYUX MaTepHalioB
JJIEMEHTBl  3a00pOB; IOJOKOHHBIE JOCKH; TpyObl JUISI  CaMOTEYHBIX
3 Wznenus u3 U HalOpHBIX CHCTEM KaHaJIM3alMU; TPyOOIpPOBOIBI, TPAaHCIOPTHPYIOLIHUE
cepoberoHa arpecCUBHbIC M TOKCHYHBIE CTOYHBIE BOABI, TPOTYapHbIE ILIMTHI, CTYHNEHU U
JOPO>KHBIE TOKPBITHSI
4 Mo B NPOM3BOJACTBCHHBIX,  CKNAJCKAX,  JKMBOTHOBOIMECKMX  3IAHHAX
1 COOPYXKEHUSIX BCEX CTENEeHEH CTONKOCTH
(BepxHMIT 2IEMEHT MOKPBITHS) C YKIOHOM 1102,5% B 3AaHUSAX BCEX CTENeHei
5 Kposs OTHECTOMKOCTH JI000TO0 HasHaueHWs. Yepemuiia mis KpOBIM 3maHUd V
CTENICHH OTHECTOMKOCTH JII000r0 Ha3HAYEHUS
6 Hecymue u KOHCTPYKUUU 3JaHUN V CTENEHU OTHECTOMKOCTH
OTpaKIArOIHE
7 SHeMeHTril IUTMTHI, HACTHJIBI, IPOTOHBI, OaJIKH, (hepMbl, apKu, paMebl
MOKPBITUIA

Hcrounuk: [9]

Yro kacaercs camoro cepoOeToHa, TO 3TO MHCKYCCTBEHHBIH KaMEHHBIM MarepHai
U3 3aTBepjeBINed OTPOPMOBAHHON CMECH, KOTOpas COCTOMT W3 cepHOro Bsukymiero (20-40%)
u 3anonnuteneit (60-80%). WsrotoBinenue cmecu Hu (OPMOBKY H3JAEIUN HPOBOJIAT NpHU
temnepatype 130-150 rpamycoB. Heo6XouMoO OTMETUTH, YTO CEPHbIE CTPOUTENbHBIE MaTepHaIbl
MOTYT 00JIafaTh pa3jIMYHBIMH CBOWCTBAMH- OHH MOTYT OBITh M3TOTOBJIEHBI B BHJE PAacCTBOPOB,
0ETOHOB, MAaCTHK, IPUYEM IO TUIOTHOCTH MOTYT OBITh TOXE pa3HbIX BUAOB. [IpOYHOCTH CEpHBIX
MacCTHK 3aBHCHUT OT MPOLIEHTHOTO COAEP)KaHUS HATTOTHUTEIS U CEPBI.

Taxkum 06pa3oM, MOXKHO MOJIBITOKUTH U 0003HAUYNUTH PEUMYIIIECTBA CEpOOETOHA B OTIIMYHE
OT IPUBBIYHOIO [IEMEHTA!
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Tabnuna 2.

CpaBHeHue U3UKO-XMMHUYECKHX CBOUCTB OeTOHA U cepobeToHa

CBOJiCTBO CepobeToH beron
Brnarocroiikocth 1 0,8
XUMHYECKasi CTOUKOCTh 84% 23%
Mop030CTONKOCTh 300 50
HctupaemMocThb 3% 17%
[TpouHocTh Ha cxarue, Mma 55 -65 15-25
[Ipounocts Ha m3rud, Mma 10-15 6-9
[IpouHocTh Ha pactsxeHue, Mna 5-7 3-4
Bpewmst Habopa mpovHOCTH, U 0,3 24

Hctounuk: [3]

O¢ddexTUBHOCTh MPUMEHEHUS U3JEIUNA U KOHCTPYKUUN U3 cepoOeTOHa Kak ObLJIO yKa3aHO

BBIIIIE CKJIQBIBACTCS U3 CIIEAYIOIIETO:

. 3HAYUTENIbHAS JOJITOBEYHOCTh CEPOOETOHHBIX M3JECTUN U KOHCTPYKIUH, B YCIOBHUIX
SHAKOIICPEMCHHBIX TEMIICpATYyp H©W  arpe€CCUBHBIX CpPE€A 3a CYET BBICOKHMX IIapaMETPOB
MOPO30CTOMKOCTH, BOJOCTOMKOCTH U XUMUYECKOM CTOMKOCTH cepOOETOHA;

. BO3MOXHOCTh HCIOJIb30BAaHUSI MIMPOKOTO AacCOPTUMEHTA 3allOJIHUTENeH, 4YacTb
KOTOPBIX HE MOTYT OBbITh PEKOMEHJIOBaHbI JUIsl MIPOU3BOJCTBA TPAJAULIMOHHOIO OETOHA Ha OCHOBE
MOPTJIaH/ILIEMEHTA;

. BO3MOKHOCTh ~ IIPOM3BOJICTBA  CEPOOETOHHBIX CcMecel TEXHOJOTHYECKOM

000pYyIOBaHUU TPATUITMOHHOTO ac(haabTOOETOHHOTO 3aBOfa, 3a CUET 4ero acqaabTOOCTOHHBIN
3aBOJT MOXET OBITh IEPEBEJICH M3 pa3psia CE30HHOTO MPEANPUATHS HAa KPYTJIOTOAWYHBIH PEXKUM

paboTHI;

. SHEPTOEMKOCTh TPOM3BOJICTBA H3JCIHNA W3 CEpOOCTOHHOW CMECH Ha TOPSI0K
MEHbBIIIE HHEPro3aTpar, CBOHCTBEHHBIX MPOW3BOJCTBY TPATUIIMOHHBIX OCTOHOB HAa OCHOBE
MOPTJIAH/ALIEMEHTA;

. NpH TIPOU3BOJICTBE CEPOOCTOHHBIX H3ICITUI CyMMapHas SMHCCUS «IAPHUKOBBIX
ra30By» CYIIECTBEHHO HIDKE, YeM MPU TPAJAUIIMOHHON TEXHOJOTHH POM3BOICTBA IIEMEHTOOCTOHA.

Ha wam B3rmsg  menmecooOpa3HO — pacCMOTPETh  CO3JaHWsT  HOBOH  MOJOTpAciu
MPOMBIIICHHOCTH — CEPHBIX CTPOUTEIBHBIX KOMIO3MTOB. Kak W3BECTHO W3 BBICTYIUICHUS

npembep-muHucTpa PecyOnuku Y30ekucrtan, k 2025 romy okumaeTcs MPEKpalleHHe dKCIopTa
MIPUPOIHOTO T'a3a, U yBeIMYCHHE MepepadOTKU raza u ra30KOHIeHCcaTa Ha TEPPUTOPUH PECITyOIHKH.
[7] CornacHo nanubIM, B 2018 roay SKCIIOPT MPUPOTHOTO Ta3a B Y30eKucTaHe cocTaBuia 13 mupa
M3, aB 2019 — 15 mapa M. [7].

CornacHo Tabmuie 3, CTOUMOCTb | TOHHBI CEPbl COKPALIAECTCSI, T.€. HE SIBJIAETCS BBITOIHBIM
g npeanpusaTus. OueBUIHO, YTO HET IMOJIb3bl B XpaHEHUU CEphl, TEM OoJiee mpolecc Tpedyer
BBICOKHX 3aTpaT, U 3HAYUTEIHHO IMPOIIE U BHITOJHEE MepepadboTaTh cepy B CepoOETOH.

Ta0muua 3.
Oxonomuueckue nokazarean OO0 «T'XK»
ell. U3M 2016 2017 2018 2019
O6’°eMr:f£f{1;aL6§};‘;?eM°m winn® | 4258 | 4235 | 4223 | 419
O06nem BbIpaboTku cepsl Ha [HT'XK TH 1128 1245 1100 1059
Jlons cepsl B rase 26% 29% 26% 25%
O0beM peau30BaHHOM cepbl TH 60 2 325 1122 1045
BrIpyuka oT peann3anuu cepbl Teic.cyM | 4415 | 119271 | 70430 | 62522
CroumocTs | T cephl TBIC. CYM 73,6 51,3 62,8 59,8

HcTounuk: ocHOBaHO Ha pacueTax aBTOpOB
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[posenenusiit ABC-ananus® Ha accopTument nponykiy Ha npeanpustun 000 «ITXK»
IUIsL OTIpeNeNieHUs] BKJIaJAa B MPHOBUIR KaXXKJOTO M3 IMPOU3BOAMMON NPOAYKIMH MOKa3al, YTO
MOJIUATUIICH SIBJIACTCS TOBAPOM KAaTETOpUHM A, T.e. TOBAapOM, KOTOPBI MPUHOCHUT HaMOOJBIIYIO
NpUOBLIb MPENNPUATHIO. B TO ke BpeMmsi, HAMMEHBILINH BKJIaJ] B TPUObUIb TPEATIPHUATHS OKA3bIBAET
cepa: meHee 0,01% ot Bceil BbIpyUKH NMpeANpUATHs U IonasaeT 1noj Tosap kareropuu C — ToBapa,
KOTOPBIN HE IPUHOCUT JIOXO] PEANIPUATHIO M TSHET KOMIIAHHUIO BHU3.

Tabmuna 4.
ABC-ananu3 accoptumenTa npoaykuuu Ha OO0 «IHT'XK»
HaumenoBanue Joas JloJisi M0 HAKOTLJIEHHU IO Karteropus
ITonuaTunen 76,18% 76,18% A
[TpupoubIii ra3 12,03% 88,21% B
ITpouas npoaykuus 6,10% 94,31% C
CoKM>KEeHHBIN ras 4.22% 98,53% C
T"a30BBIl KOHAEHCAT 1,46% 99,99% C
Cepa 0,01% 100,00% C

Hcrounuk: CBCCHM OCHOBAHbI HA pacdy€Tax aBTOpa

Bo3nukaer Bompoc o cmpoce Ha cepoOeToH, OyneT Ju OH BOOOIIEe HCMHOJIb30BaThCS Ha
Tepputopun Y3oekucrana? I MoxxeT 1 OH ObITh IPUMEHUM B CTPOUTEIBHON OTpaciu CTPaHbI?

CornacHO CTaTHCTHUKE, Uil YAOBJIETBOPEHHS] MOTPEOHOCTH JKUTENEH CTpaHbl B JKUJIbE
HEOOXOUMO CTPOUTH €XeroaHo 145 Teicay KBapTuUp, NpU D3TOM HaceleHue Y30ekucraHa

HEYCTaHHO pacteT (puc. 2).
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= Beo g unba 8 Ysbekucrane, Toic kB.m. (nesas wxana)

i MocronannHoe Hac Y36 (CX-

sa rog), Teic. wen. (nesan wrana)

PEA!

~#—BBOg XNAbA Ha OAHOTO XuTENA, KB.M./uen. (npasas wkana)
Puc. 2. lunamuka Hacejenus Y3oekucrana ¢ 1991 mo 2019 rr.

Hcrounuk: [6]

B mocnennue rogpsl pe3ko BO3POCIM TEMIIBI pOCTa B MPOU3BOJICTBE Psijia CTPOUTEIBHBIX
MatepuainoB. Cienyer OTMETHTb, YTO IIPH 00IIEM pOCTe 0OBEMOB CTPOUTEIHHO-MOHTAKHBIX PadoT,
a TaKKe MPOM3BOJCTBA LIEMEHTa, COOPHOTo >Kene300eTOHAa, U APYTUX CTPOUTEITHHBIX MaTepUasoB,
KOA((GUIIMEHT 3arpy3Ku MPOU3BOJICTBEHHBIX MOIIHOCTEH MPEANPUATUN CTPOUTEIHHOT'O KOMILIIEKCa
OCTaeTcsi HU3KHUM. OTO OOYyCIOBJIEHO, TMpEeXAe BCEro, HEAOCTATOYHBIM HHBECTHPOBAHUEM
B CTPOMTENIBCTBO, U KAK CIIEJICTBUE, B MPOMBIIUIEHHOCTh CTPOUTENbHBIX MaTepuanoB. LleMeHT
U W3TOTaBIIMBAaE€Mble M3 HEro OETOH M KEJNe300€TOH SBISAIOTCA B HACTOSIEEe BPEMS OCHOBHBIMU
CTPOUTENLHBIMH MaTepHallaMd, KOTOpPbIE HCIIONB3YIOTCA B CaMBIX Pa3HOOOpa3HBIX OO0IACTAX
CTPOUTEIBCTBA.

Bbonee Toro, 3a 2018 — 2019 roga, 11 cTpouTenscTBa Y30€KUCTaH UMIIOPTHPOBAIT LIEMEHTA
Ha 176 muH. w 153 wMuH. gomnmapoB cooTtBercTBeHHO (puc. 3). Torma HampammBaercs
BOIPOC - Mo4YeMy Obl He JJOKaJIM30BaTh MPOU3BOJICTBO cepoOeToHa B Y30ekucTaHe?

Tabnuma 5.

lCBe,Z[eHI/ISI OCHOBAHBI Ha pacye€Tax aBTOPOB
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Wmnopt crpoiimarepuanos B Y3b6ekucran 3a 2018-2019 rr.

2018 2019
Y Y 2019 rox k
MJIH.$ BoK MJIH.$ BoK 2017 roay, B %
npea. roay npea. roay
Llement 176,5 7,8 pa3 153,5 86,9 6,8 paza
Kepamuiecie usnems u 88,2 1022 | 180,7 | 2.0 pasa 2,1 pasa
N3aCJINs U3 KaMHs U TUIIca
KoHcpykiui TponTeibHEX 182,1 2,5 paza 423,4 2,3 paza 5,8 paza
cbopoxk
CTeKJI0 U U3eNIUs U3 HEro 71,8 138,9 85,9 119,6 1,7 paza
ABTOMOCHIIH IPY3OBHIC H 426,8 2,5 paza 411,3 96,5 2,4 paza
CreIHA3HAYCHUS
DKCKaBaTOPBI U OYIIbI03EPhI 306,3 2,9 paza 364,6 119,1 3,5 paza

Hcrounuk: [6]

Boo6iie, nienHocTh 1 9koHOMUYecKast 3((HEKTHBHOCTh MHHOBAIIMI HEM3MEHHO BO3PACTAIOT,
Korja OJyiarojapsi MX HMCIOJIb30BAHUIO yAAeTCS OJHOBPEMEHHO PEIIMTh Cpa3dy HECKOJIBKO 3ajad.
TakuMm nOpUMEpOM MOXKET TMOCTYKUTh MPOEKT MO pa3paboTKe U BHEAPEHUIO TMPOU3BOJICTBA
cepo0eToHa, a TaKKe MaTepuajoB M KOHCTPYKIMH Ha €ro OcCHOBe. Peanmm3anusi 3TOTO TpoeKTa
MO3BOJIUT TMPEOAOJTETh HSKOJOTUYECKHE TPYIHOCTH, BO3HUKAIOIIUE TIPH IPOU3BOJICTBE CEPHI,
napajuieIbHO 00€CIIeYnB CO3/IaHHE B PECIyOJIKe HOBOW MEPCIEKTUBHON MOJOTPACITH, CBI3aHHOU
C TIPOU3BOACTBOM CTPOHMATEPHAIIOB.

YuuTeiBash ykazaHHOE BbIIE, ObUT MpoBeneH aHamu3 A(G(HEKTHBHOCTH WHBECTUIIMOHHOTO

IMPOCKTA, U PACCHUTAHBI OCHOBHBIC ITOKA3aTCIN SKOHOMHUYECKOMH 3(1)(1)6KTI/IBHOCTI/I.

Pacxo/pl ¥ TOXOJIbI MPOEKTa
HaumenoBanue CyMmmMma, ThIC. CYM

Pacxoanl
O6opynoBanmne 189 700
OOT 122 000
OrnepalmoOHHBIE PACXO/IBI 95 789
AMopTH3anms 18 970
[Tpouee 17 900
Hanoru u BbIIIaThl -

Jloxoabl
Ienal T 309,6
OObeM BBHITTyCKA, T 2 000
Bripyuka 619 200

VlcTOYHUK: OCHOBAHO Ha pacdyeTax aBTOPOB

DxoHomuueckas 3((HEeKTUBHOCTh MPOEKTa

Y11, TeiCc. cym

87 736

Cpox oKynaeMocTH

2 roaa 8 MecsIIEB

BHP

43%

VlcToYHUK: OCHOBAaHO Ha pacuyeTax aBTOPOB

Ta0nuua 6.

Tabmnuua 7.

Taxke ObUIH paccMOTPCHbI MHBCCTULIMOHHBIC PHUCKH IIPpU pCaIM3alluu IIPOCKTAa B TPEX

CIICHApUSX: TECCUMUCTUYECKHI, HOPMaJIbHBIA U ONTUMUCTHYECKHH (Tabnuna §).
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Tabmua 8.
Pe3ynpTarhl pac4eTOB MHBECTULIMOHHBIX PUCKOB MPOEKTA
HopmanbHblii IleccumucTuuHbl | ONTHMHCTHYECKH
cLieHapuil W ClleHApHUH W ClleHaApHuH
Y/ 87 736 131110 231 010
Cpok oKymaemocTu, 30 40 o7
Mec.
BHP 43% 41% 7%

VcTOYHUK: OCHOBAHO Ha pacueTax aBTOPOB

Takum 00pa3om, AaHHBIA MPOEKT COTJIACHO MPEABAPUTEIBHBIM pacyeTaM II0Ka3al CBOIO
HKOHOMHYECKYIO d(PPEKTUBHOCTD, PelIasi psij 3a/1a4 — 3HAYUTEIHHO YMEHBIIUTH U30BITOK CEphl HAa
MpEeaNpUATHIX Y30eKUCTaHa, COKPAaTUTh 3aTPaThl HA €€ XPaHEHUE U COKPAaTUTh BO3/EHUCTBUE CEpBI
Ha OKpyXaromyro cpeny. OnHaKo A €ro yCHelmHol peanu3anuu norpedyercs rocyaapcTBeHHas
noanepxka. OCHOBHasl MOMOIIb, KOTOPYIO MOIJIM Obl OKa3aTh OpraHbl BJIACTU -— 3TO BKIIOYEHHE
IIPOEKTA 10 UCIIOIB30BAHHUIO CEPHI B IKOHOMMYECKOE XO35MCTBO B FOCYAAPCTBEHHYIO MPOTrpaMMYy,
YTO T[O3BOJUT €€ Y4YaCTHUKAM IPUBJIEKAaTh KPEOUTHl Ha JIbIOTHBIX YCJIOBUSX, a IMPU3HAHHE
cepocoJiepKalluX MaTepHalioB 11eJeCO00pa3HbIMHU I HMCIONb30BaHUS B CTPOUTEIHCTBE — JacT
BO3MOHOCTb MX ITPOU3BOIUTEIISM MOJIYYUTh HAJIOTOBBIE JIBI'OTHI.
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OCOBEHHOCTH ®OPMHUPOBAHUS TPOPECCUOHAJIBHOM
KOMIIETEHTHOCTHU CTYAEHTOB HE®TEI'A30BOI'O TIPODPNJIA
IHOCPEACTBOM U3YUYEHUSA COUHUAIBHO-T'YMAHUTAPHBIX JUCHUIIJINH
Hamaszosa IIILA.
@unuan Poccuiickoro 'ocynapcrBennoro YHuBepcurera HepTu
u raza (HNY) umenn U.M. I'yOkuna
B ropojie TamikeHnTe, crapinii NpenoaaBaTesb

AHHOTALIUSA

Hannaa cmamovs noceaujena ucciedo8anuio npoodemsvl GopmMuposanus NPogheccuoHarbHoU
KOMNEeMeHmHOCmU ~ CIMyO0eHmo8 NOCPeoCmEOM  GbIAGNEHUS  OUOAKMUYECKO20 — NOMeHYuala
COYUANLHO-2YMAHUMAPHBIX OUCYUNTIUH, U3VUAEMbIX 8 mexHuueckom gyze. Kpome mozco, 6 cmamve
npeocmasienHa Memoouxka @opmuposanus npopeccuoHanbHolu KOMNEMeHMHOCMU CHYOeHmMO8
MexHUu4ecKo20 8)y3d.

Knrouesvie  cnosa:  komnemenmnocms,  NpoghecCUOHANbHAA ~ KOMNEMEeHMHOCMb,
KOMMYHUKAMUBHASL KOMNEMEeHMHOCMb, KOMMYHUKAMUBHbLE YMEHUsl, UHBAPUAHMHAS MEMOOUKA.

PECULIARITIES OF FORMATION OF PROFESSIONAL COMPETENCE OF OIL AND
GAS STUDENTS BY STUDYING SOCIAL AND HUMANITARIAN DISCIPLINES
Namazova Sh.A.
Branch of the Russian State University of Oil and Gas (NRU)
named after I.M. Gubkin in Tashkent,Senior teacher

ANNOTATION
This article is devoted to the study of the problem of the development of students’
professional competence by identifying the didactic potential of social and humanitarian disciplines
studied at a technical university. In addition, the article presents an elaborated technique aimed at
developing professional competence of students of a technical university.
Keywords: competence, communicative competence, communicative skills, invariant
technique.

WKTUMOWMN BA TYMAHUTAP ®AHJIAPHU YPIAHUII )KAPAEHUJIA HE®T BA
I'A3 TAJTABAJIAPHUHT KACBMM KOMIETEHIIUAJIAPHU INAKJIJITAHTUPHII
XYCYCHUATJIAPHU
Hamazosa LI A.
N.M. I'yoxun Homugaru Poccust naBiat HeTh Ba ra3 YHUBEPCUTETH
(MTYVY)uaunr TomkeHT maxpuaaru Ouaranm, KaTTa YKUTYBYH

AHHOTAIUA

Ywby maxona mexnuka yHusepcumemuoa YKUSaw UNCMUMOUL-CYMAaHumap Ganiapuune
CANOXUAMUHU AHUKIAWL OPKAIU Malabaiapuune Kacouti KOMNEemeHYUACUHU WAaKIIAHMUpul
MYAMMOCUHU ypeanuwea bauuinanean. bBynoan mawxapu, maxonaoa uwinad 4ukuieas mexsux
VHU8epcumem  manabaiapHuHe — KAcOuu — KOMNEeMEeHYUACUHU  WAKIGHMUpuw  ycuyousmu
KeimupuicaH.

Kanum cy3znap: rxomnemenyus, xacOuti KomnemeHyus, KOMMYHUKAMUS KYHUKMALAP,
uHeapuanm yciyousmu.

Within the framework of new socio-economic conditions, the development of education
in the Republic of Uzbekistan obtains a high status, since it is it that will assist the shift to an
information society and formation of priorities for the state development. This is due to the fact that
the problems of the formation of highly educated youth as the main strategic reserve of socio-
economic reforms in Uzbekistan, without which the further development of society is impossible,
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has always been in the focus of the government’s attention. In particular, as noted by the President
of the Republic of Uzbekistan Sh.M. Mirziyoyev, “It is clear that science, education, upbringing are
the cornerstone of development, a force that multiplies the power of the country and the people.
Tomorrow, the future of the Motherland are inseparably related to the education system
and upbringing that our children currently receive” [5].

In an effort to acquire the status of a developed state, Uzbekistan supports the development
of its entire multi-stage education system, as well as growth of the intellectual potential of society:
according to UNESCO forecasts, the level of national well-being that meets world standards will be
achieved only by those countries whose working-age population will be 40-60% of people with
higher education.

Within this context, one of the most essential tasks of contemporary vocational education
is the mastery of professional skills. The professional competence of the relevant field of
knowledge traditionally constitutes an indicator of the quality of mastering the educational material
within the educational process, and its active use in communication among professionals
contributes to mutual understanding and cooperation in the exchange of experience.

In the system of contemporary education, in understanding the goals, objectives, content and
its results, the priority role is given to the competence-based approach, which basic concepts
constitute the “competence”. The competence of a specialist acts as a requirement for a professional
to act independently and responsibly, guided by his rights, obligations and the area of professional
assignments to which all the necessary powers are applied. [8, 59].

The essence of competence is determined by J. Raven, V. Hutmakher through skills. In this case,
according to the explanatory dictionary of the Russian language the “essence” of something
is interpreted as the core [7, 121].

The concept of “competence” is associated with a specific type of activity. The specificity
of the activity performed assumes that a person has certain types of competencies. A.K. Bolotova,
Yu.M. Jukov, L.A. Petrovskaya consider skills as a compulsory component of any type
of competence [6, 73].

A.K. Yerofeev, S.A. Lipatov and I. Ya. Zimnyaya emphasize the universality of professional
competence, and determine it as cross-cutting, core, not only included in various types
of competencies (social, interpersonal, etc.), but also connecting them [2].

Within the framework of current educational policy, a graduate of an engineering university
must be ready for innovative engineering activities - the development and creation of new technologies,
marketable products that provide a new social and economic effect, and, consequently,
the competitiveness of all created products. In the opinion of I.N. Zotova, representatives of the
man-technician” professions manufacture material products of labor, types, forms of energy, create
various conditions and objects of the human environment, means of their existence and development.

Engineering activity consists in solving arising production problems and consists
of activities, operations, interaction of specialists of various levels and profiles. Such types
of engineering and technical activities as project, design, production and technology, etc. are
implemented in direct contact with people. Therefore, a significant requirement for the
implementation of engineering activities is the ability to organize productive interaction, which will
contribute to the achievement of a socially valuable result.

In our opinion, the communicative competence of a student of an engineering university
is perceived as an integral characteristic of the professionally and personally significant qualities
of a student of an engineering university, reflecting the level of his knowledge, skills and
experience in organizing productive interaction to achieve an optimal result in specific conditions
of educational activity, to develop and create competitive products in future professional activities,
innovative projects and technologies, which determine the socio-economic progress of the society
[8, 41].

Our understanding of the structure of the professional competence of students
of an engineering university is based on the fact that the core of professional competence includes
skills, which development constitutes a compulsory condition for training specialists. In addition to
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the core, we single out personal-motivational, cognitive, operational-activity components as
structural components of the professional competence of students of an engineering (oil and gas)
university.

To develop the technique for developing communicative competence of students of an
engineering university, we have planned and implemented a pedagogical study on the basis of the
Branch of the Russian State University of Oil and Gas (NRU) named after .M. Gubkin in Tashkent.
The study involved 170 1st-3rd year students of the faculties “Oil and Gas Business” and
“Economics of Enterprises and Organizations”. With the aim of arranging the research, an
experimental group (EG) consisting of 90 people and a control group (CG) consisting of 80 people
have been formed.

According to the standard curricula in the engineering university, in addition to academic
subjects on the specialty, social and humanitarian disciplines are studied as well. The list of social
and humanitarian disciplines that provide the required level of professional competence of students
of an engineering university in terms of communicative skills development was determined on the
basis of a survey of fourth-year students of the Branch of the Russian State University of Oil and
Gas (NRU) named after I.M. Gubkin in Tashkent, who had successfully accomplished these
academic subjects, analyzing curricula and the content of academic programs in social and
humanitarian disciplines in order to identify their opportunities for the formation of communicative
competence and taking into account the opinions of lecturers of these academic subjects. The
following academic subjects: Russian language, cultural studies, philosophy, history of the oil and
gas industry, psychology have been distinguished as social and humanitarian disciplines that have
the greatest opportunities for the formation of the communicative competence of students of an
engineering university.

Comparative analysis of the pilot study results, analysis of standard curricula for a number of
engineering specialties of an engineering university and consideration of communicative skills as
the core of professional competence have enabled to identify the peculiarities of its formation in the
conditions of an engineering university. In particular, such factors have been revealed: the level of
communicative skills development of first-year students of an engineering university is lower than
that of their peers who have chosen humanitarian sphere of activity; the natural predominance of
engineering subject areas in the educational process of a technical university which study does not
assume communicative skills development at the high level; lack of ways and means of developing
communicative skills of future engineers in the current practice of professional education at the
engineering university within the framework of professional competence development.

The professional competence development of students of an engineering university occurs
within the initial, normative and optimal levels. The generalized characteristics of each level are
determined in reliance upon the selected criteria of communicative skills. Herewith, the shift to a
new, higher level of professional competence is impossible without mastering the previous ones.

The professional competence development of students of an engineering university within the
framework of the essential characteristics specified above can be ensured in the educational process
by creating appropriate didactic conditions. These conditions are the following: targeted creation of a
communicative environment; ensuring the interiorization of the social experience of interaction into
the personal experience of the subject of knowledge; implementation of the integrated development
of communication skills as the core of communicative competence. Management of the developing
communication skills of students of an engineering university is considered both as a compulsory
component that determines the development of the communicative competence of students of an
engineering university, and as an activity for the rational use of the didactic potential of social and
humanitarian disciplines, all methods, types and forms of organizing educational activities which can
ensure development of the communicative competence of students of an engineering university.

The structure and content of professional competence based on communicative skills
development, the peculiarities and conditions of its development in a technical university in the
process of studying social and humanitarian academic subjects have enabled to shift to the
development of the technique for developing professional competence of students of an engineering
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university. In reliance upon the research results, we have proposed an invariant technique
for developing professional competence of students of engineering universities.

The structure and content of professional competence, the features and conditions of its
formation in the engineering university in the process of studying social and humanitarian
disciplines enabled to shift to the development of the technique for the communicative skills
formation of students of the engineering university. Based on the results of the research, we
proposed an invariant method of developing the professional competence of students of engineering
universities.

The invariant technique for the formation of the professional competence of students
of an engineering university in the process of studying social and humanitarian disciplines is represented
by five successive stages. Below we have identified the criteria and indicators of the studied
phenomenon within the framework of the technique for the professional competence development (see
Figure 1).

L
| |
[ | |

Figure 1. Technique for developing professional competence of students
of an engineering university based on the development of communication skills?

Each stage contains multifaceted activities aimed at developing the professional competence
of a future specialist. The essence of the propaedeutic stage is targeted training of teachers of social
and humanitarian academic subjects in order to intensify the activity on the development
of the communicative skills of students of an engineering university. At the stage of diagnostic
goal-setting, the initial state of the formation of personal properties and qualities is identified,
mediated by knowledge of the basics of communicative interaction, communicative skills and
constituting the essence of the professional competence of students of an engineering university;
determination of the goals and objectives of the activity on the development of the communicative
competence of students of a technical university in the process of mastering social and humanitarian
disciplines within the framework of the studied sections, subject areas, specific training sessions.
The content-procedural stage includes a wide range of knowledge in the field of communication,
interaction; construction of didactic conditions through the content of social and humanitarian
academic subjects; systematic use of group, collective forms and technologies for organizing
educational activities, active, interactive methods of organizing educational interaction;
management of the development of communication skills of students of an engineering university.
The assessing-productive stage involves identifying the dynamics of the development

2 Developed by the author on the basis of the literary sources researched
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of the professional competence of students of an engineering university in the process of studying
social and humanitarian academic subjects and assessing the efficiency of the work completed. The
tasks of the reflexive-correctional stage include analysis, generalization of the results obtained,
formulation of conclusions, recommendations, assistance to students in developing an individual
program for self-improvement of personal and professional qualities that constitute the basis
of the communicative competence of a future specialist.

The efficiency of the technique developed is confirmed not only by quantitative changes
(3.3% of students have an initial level of communicative skills in the experimental group, 17.1% - in the
control group, the normative level accounts for 23.9% in the EG and 52.3% in the CG, the optimal level shall
equal to 72.8% in the EG and 30.6% in the CG), but also with qualitative modifications in all structural
components
of the communicative skills of students of an engineering university in the process of the implementation
of the technique for the development of professional competence of students of an engineering university
in the process of studying social and humanitarian academic subjects.

Conclusion. In reliance upon the research results it is possible to make a conclusion that the
technique for developing professional competence of students of an engineering university (focused
on oil and gas) in the process of studying social and humanitarian disciplines is of invariant nature.
It enables to optimize the process of educating future engineers through the efficient use of the
didactic potential of social and humanitarian academic subjects of an engineering university and
does not require additional funding.
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BO3MOKHOCTb UCITOJIb30BAHUSA KPUCTAJIJIA GaAS B COJIHEYHBIX
AKNJAKOCTHBIX JAZEPAX JJIA MOAYJIALINUU JOBPOTHOCTHU PE3OHATOPA
IlajiinmoB D.D.
@unuan Poccuiickoro 'ocynapcTBennoro YHuBepcurera HehTH U
raza(HNY) nmenu .M. I'y6kuna B ropoae Tamikente,
CTapIlMii IpernogaBaTeib

AHHOTALIUSA

B cmamve  paccmampueaemcs = 603MOdMCHOCMb  UCNONBL30GAHUS  HACHIWAIOULE20
NOJYNPOBOOHUKOBO20 — KPUCMANIA — apceHuda 2aliusi 6 Kauecmee dleMeHma  MOOVIAAYUU
000pomHOCMU U, OOHOBPEMEHHO, BbIXOOHO020 3ePKANd 6 Pe30HAMOPAX COJIHEeUHbIX JA3epos.
Pezynomamor  mamemamuueckoco moodenuposanus NOKA3bl8AOM, YMO HPU  UCNOTb30BAHUU
KpUCMAania apceHuoa 2allus 6 pe30HAmopax CONHEYHbIX J1d3€p08 MOJCHO — NOLYYUMDb
nOC1e008amMeNbHOCHb KOPOMKUX UMNYTIbCOE.

Knrouesvie cnoea: conneunsiii nazep, Mooyasayus 00OpOmMHOCMU, apceruo 2aulus, UMNYIbC.

POSSIBILITY OF USING GaAS CRYSTAL IN SOLAR LIQUID LASERS FOR
Q-SWITCHING OF THE RESONATOR
Shayimov F.F.
Branch of the Russian State University of Oil and Gas
named after I.M. Gubkin in Tashkent,
senior teacher

ANNOTATION
The possibility of using a saturating gallium arsenide semiconductor crystal
as a Q-switching element and as an output mirror simultaneously in solar laser resonators is
considered. The results of mathematical modeling show that when using a gallium arsenide crystal
in solar laser cavities, a sequence of short pulses can be obtained.
Key words: solar laser, Q-switching, gallium arsenide, impulse

PE3OHATOP ACJUIMT'MHU MOAYJISIHUSJIALIL YUYH CYIOKJIUKJIA KYEI
JIABEPJIAPUJIA GAAS KPUCTAJIMHU KYJUIAIII UMKOHUSATH
HlajinmoB D.D.
.M. I'y6xkunr HoMuzaru Poccust qaBinat HepT Ba ra3 yHUBEPCUTETH
(MTY) aunr TomkeHT maxpuaara Ouauanm,
KaTTa YKUTYBYH

AHHOTAIUA
Kyéw nazepnapu pezonamopnapuoa, dup navmuune y3uda myuuHy8du apum Ymrazeuy
apCceHuo 2aunuti KPUCMAIUHU ACILIUK MOOYIAMOPU 84 YUKY8YU OUHA cugamuoa Kyuiaul UMKOHU
Kypub yuxunean. Mamemamux MoOeilaumupyu HAmMuiCaiapy apcesuo 2aiiull KpUCMailiuHu Kyéu
Jlazepaapu  pe30Hamopaapuoa KyJLlaHui2anod, KUCKA V3VHIUKIU UMAYIbCIAp Kemmda-KemaueuHu
ONUUL MYMKUHTIULUHU KYDCAMOU.
Kanum cy3nap: Kyéw nazepu, aciiuk MoOYIAYUACU, apcenuo 2aiiutl, UMNY1sC

BBenenue

W3BecTHO, 4TO Na3epHbIe TEXHOJIOTUU IPPEKTUBHO HCIONB3YIOTCSI B PAa3HBIX OO0JIACTSX,
HampuMep, B SKCIIEPUMEHTAIBHBIX UCCIIEIOBAHUAX MO (DU3UKE, XUMUU, OMOJIOTHH, TEPMOSIEPHOMY
CHUHTE3y, B AaBHMAIIMOHHOW U KOCMHYECKOH MPOMBINIJICHHOCTH, MPU O0pabOTKEe MaTepHalos,
B 1M (ppoBoO# CBS3H, NHOOPMALIMOHHBIX TEXHOJOTUIX, MEAUIIMHE, BOCHHOU cdepe U T.1.

[IpumeHeHne Ja3epHBIX TEXHOJOTMM OTKPBIBAET HOBBIE BO3MOXHOCTH B Pa3jIUYHBIX
001acTTAX HAyKH, TEXHUKH M MPOMBINIJIEHHOCTH. Hampumep, B HedTerasoBol OTpaciu Ja3epbl
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UCTOJNB3YIOTCS TPU OYHCTKE ac(aibTo-napaUHOBBIX OTIOXKEHUH, 00pa30BaHHBIX HAa BHYTPEHHUX
CTEHKaX HaCOCHO-KOMIIPECCOPHBIX TPYO, JJa3epHOE CKAHUPOBAHUE MCIIONIB3YETCS I MOHUTOPHHTA
He(TEHATMBHBIX pe3epByapoB [1], a Takke UCIONB3yeTCs JIa3epHasi CBapKa, HaIlJlaBKa U pe3ka [2].

Hcxons u3 3TOro, MOKHO CAENaTh BBIBOJ, YTO M3yUYEHHUE YCOBEPIICHCTBOBAHUS JIA3EPHBIX
TEXHOJIOTHH SIBJIIETCS aKTYaJIbHOM 3aa4eil.

C mosiBIeHHEM Ja3epoB, MHTEPEC K CO3JAHHIO COJHEYHBIX JIa3€pOB HE TOTEPsIT CBOECH
3HaYUMOCTH. B paborax [3-5] ObUI0 COOOIIEHO O CO3aHUM TBEPIOTEIBHBIX JTa3€POB C COTHEUHOM
Haka4ykoil. B paborax [6-7] ObUIO MPEIIOKEHO HECKOJBKO CXEM Ta30BBIX J1a3epOB C COJHEYHOM
HAKa4KOM, XOTs WX K.IL.JA. oTHOcuTenbHO Huskwid (0,2-0,3%) [7]. ABTOopbl paboThl [8] BIepBbIC
MOKa3aJld BO3MOYKHOCTh CO3JaHHUS IKUJKOCTHOTO HMMITYJIbCHOTO KOCMHYECKOTO Oa3upOBaHHMA.
B oroit Momenu, B KauecTBE AaKTUBHOW cpeabl ObUT  BBIOpaH okcuxyopun ¢ocdopa,
akTHBHpOBaHHBI wnonamu Heoguma (POCI3-SnCls-Nd*"). Otmewaercs, uto cuHTe3mposaHa
KMJIKOCTHAS Jla3epHasl aKTHBHAs cpefia, ¢ kodpduuuentom noriomenus 2-3-10% cv™ Ha niune
BONHBI TeHeparmu 1,05 MM, TIpy KoHneHTparmu Heomuma 102 cv, T.e. Ha OMH TTOPAOK MEHBIIE
(paHbIIe TIPH TAKOH e KOHIIEHTPAIMI HOHOB HEOMMA JUTHHA BOJIHBI paBHsmachk 2-3-107° em?).

XoTss WMeeTcss JIOCTaTOYHO MHOTO paloT, TOCBSIIEHHBIX COJHEYHBIM Jlazepam,
paboTaronM B CBOOOJAHOM peXHME, HE BCTpedaeTcs WHPOPMAIMKA O MOAYJISLIUH JTOOPOTHOCTH
PE30HATOPOB COJIHEYHBIX J1a3€pOB M O NMPUMEHEHWH HACHIIAIONINX MACCHBHBIX AJIEMEHTOB Ha
pe30HaTOpax TaKHX JIa3ePOB.

B nmanHoii paboTe paccMaTpuBaeTCsi BO3MOXXHOCTh HCIOJB30BAHUS KPUCTAIUIA apCeHHIA
rajulds, B KaueCTBE MACCHBHOTO AJJIEMEHTa M B KadyeCTBE BBIXOJHOTO 3epKaia, OJHOBPEMEHHO.
Jnist HarJsITHOCTH CHavalla pacCMOTPUM CBOOOTHBIN peXHM pabOThl COJHEYHOTO Jla3epa W MOTOM
HCCIIelyeM PEKUM TeHEPAluu ¢ MOIYJISIIUEH TOOPOTHOCTH, OCYIIECTBIISIEMBIH TPU HCITOTB30BAHUA
KpHUCTaJJla apCCHUIA TAJLIHSL.

Moaenab sKUAKOCTHOIO Jia3epa NMpU CBOOOHOM reHepaumu.

Pacyersl mpoBoaMINCH Ui AaKTUBHOTO 3J€MEHTa okcuxjiopuaa docdopa ¢ HEOAUMOM
(POCI3-SnCls-Nd®*), HakaunBaeMBbIM COTHEYHBIM IIOTOKOM Ha (OKyce KOHIIEHTPATOpa CONHEYHOTO
U3ITy4eHUs C pajuycoM 1M, MakCUMalbHasi MOIIHOCTh KOHIIEHTPUPOBAHHOTO MOTOKA COJHEYHOIO
M3JIydeHUsl TP 3TOM Tpesmnosaraiack paBHou 2,5 kBt Jlnuna pesonaropa Im, koaddummeHT
OTpa)K€HHUs BBIXOHOTO 3epkana R2=0,95.

B pacdyerax Mozenu COJHEYHOTO Ja3epa HCIONb30BAINCH CIEAYIOIIUE 3HAYCHUS
MapaMeTpoB XJOpHCTOro (ochopuaa: KoHeHTpanus noHoB Heomuma Nng=10% cm3, ceuenme

4 4 -
BBIHYKJICHHOT'O TIEpeX0/ia U3 COCTOSHUU F3/ , B |1]/ ,- coctosHue 6=8*10° cm? | Bpems KHU3HU

BEPXHEro Ja3epHoro ypoHs 12=2,5*10 ¢, mokasarens mpemoMieHus nazepHoii cpensl N=1.46,
kod¢dumenT nornomenus p=3*10"* cm>.

B xunkuii HeonuM, coliepiKamiuiicss B akTUBHOM cpesie Ha OCHOBe okcuxiiopuaa docdopa,
AKTUBHBIMH LIEHTPAMHU SIBJISIIOTCS MOHBI HEOJMMa, Ha KOTOPBIX MPOUCXOIUT FeHepalus M0 XOPOIlIo
M3BECTHOM YeTHIPEXypOBHEBOW cxeme. Tak Kak BpeMs >KU3HM B COCTOSHUAX | u 3 Mano mo
CPaBHEHMIO CO BpeMeHeM KH3HHU B cocTostHuH 2 (T1= 13 = 10 ¢, Torma kak 12 = 10 ¢), To onucars

Ja3epHYI0 TeHEPALMI0 MOKHO CKOPOCTHBIMH YpaBHEHHUSAMHU [9]:

dN, =W ()N, - BaN, N, (1.1)
dt 7,
99 _y ggn, -4 (1.2)
dt T,
Ny =N, +N, (1.3)
N, =N, =0 (1.4)

[Tpu pacueTrax ObUTH KCIIONIB30BaHbI cieAytonre HauaabHble ycaoBus N2(0)= 0 u q(0) = do,
rze, o — HeOobIIoe YnciIo (POTOHOB B pe30HATOPE, HEOOXOIUMOE /ISl BOSHUKHOBEHUS TeHEPAITUH.
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N1, N2, N3 — KOHIIEHTpamuu HOHOB HEOAMMA B BO30YXKICHHBIX COCTOSHUSX 1, 2 u 3 (CM'3).
Ng— KOHIIEHTpalusi HOHOB HEOJAMMa B OCHOBHOM COCTOSIHUU (CM'3), NNd — KOHIIEHTpAlUsi HOHOB
HeoauMa B JasepHO# xuakocty (cM”), W(t) — yaensHas ckopocTh Hakayku; B — xoddduiuent
DWHIITeHA BBIHYKJICHHOTO M3IIyYCHUs; (- MMOJHOE YHCIO (DOTOHOB B PE30HATOPE; T2 — CPEIHEE
BpeMs KU3HU B BO30YXKIEHHOM cocTosiHUU 2 (C); Va— 00beM, 3aHMMaeMblii MOJIOM B aKTUBHOM
cpene (cM); Ta — cpenHee BpeMs Ki3HN (OTOHA B pe3oHaTOpeE (C).
[Ipn conHe4yHOM HaKayke BBIPAXKECHUE [UIS YACIBHOM CKOPOCTHM HAKAa4Kd MOYKHO
MpeACTaBUTH B BUjE [9]:
W = 6P/(VhuNy); (2)

rae, & - shdexTuBHOCTS Hakauku; P - momuocts Hakauku (BT); V - o6beM sasepHoii
xuakoctu (eM®); hy =1.17 9B — sHeprus 1a3epHOro Mepexoa.
B [9] onpenenens! sSBHbIE BRIPAKEHUS UL BEIWYMH B 1, 7, KOTOPBIE BXOIAT B yPaBHEHUAX
(1.D)u (1.2)
B =olc, V,L'=oc, IV (3)
Ty = L'/7CO ! (4)
rze, V - >3bhexTHBHBIH 06beM MOE! pe3oHaTopa (cM2).
B BBIUKCIICHUSIX MBI HCTIOJIB30BAIH ClleAytolee Beipakerue aist V [9]:
V =1/ &) rw?l (5)
Ecmu q(t) w3BecTHO, TO HETPYIHO BBIYMCIUTH BBIXOIAHYIO MOIIHOCTH, M3ITydaeMylO depe3
OJIHO M3 JIBYX 3€pKaJl pe30HaTopa. BeIxo/1Has MOIHOCTD JaeTcs BhIpakeHueM [9]:
P, =(r1c0 /2L )naxy (6)
Bunno, uto aHamuTHYecKoro pemieHus cuctembl (1) He cyliecTByeT, M Js ONHUCaHUs
BBIXO/la CHCTEMBl B PEXUM TEHEpalluM, OINPENIEIICHUS] BPEMEHHON 3aBUCUMOCTH MOILHOCTH

U DHEPruM TeHepaluy TNpU 3aJaHHOW CKOPOCTH HAaKauku M Pa3jIMYHBIX MapaMeTpoB Ja3epHOM

CHUCTEMBI OHA peIiaiach YNCICHHO METOJIOM Aamca.
Py, KW

8.0 -

4.0

l lnhkﬂﬁm P — ——————

500 - 5000

Puc.1. BpemeHHasi 3aBHCUMOCTH BBIXOAHOI MOIIHOCTH Pout ;KMIKOCTHOTO j1a3epa
npu Hakauyke oT CoaHuA.

BpemenHas 3aBUCHUMOCTb BBIXOJHOM MOIIHOCTH JKHJKOCTHOTO Jla3epa C TEMH K€
napameTpami, paboTaloLIero B pexnMe CBOOOJHON TreHepanuu, npu Hakadke oT ConHiua
npeacrasieHa Ha puc.l. BuaHo, uTo cHauana yazep paboTaeT B MUYKOBOM pexume, u depe3 500
MKC MEpeXOAUT K CTalMOHApHOMY pexuMmy pabotel. [Ipu pexume cBOOOIHOW TIeHepanuu
MOIIHOCTh M3JIy4€HHUsl COCTaBIIsAeT 0KojIo 150 Br.
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Moaenab KHIKOCTHOTO COJHEYHOTO0 Jiazepa ¢ MOJYNPOBOJIHUKOBBIM BBIXOIHBIM
3epKaJIoM.

B nmanHOl Mozjenu, MpeArnoyiaraercsi, 4To B PE30HATOPE COJIHEYHOrO Jiazepa BMECTO
BBIXOAHOI'O 3€pKajia YCTAHOBJICH Hacmmannmﬁ HOHynpOBOHHHKOBBIﬁ KpHUCTAJJT apCCHU/ TaJUINA.
[Tpu Takoii cxeme pe3oHatopa, kpuctamt GaAS, 0JHOBPEMEHHO BBITIONHSAET (PYHKIIHIO BBIXOHOTO
3epKaJla M HACHIAIOMIETO TOTJIOTUTENS, BIIOCICICTBUH Ja3ep HayMHaeT paboTaTh B pPEKHME
¢ Moayisimuei Jgo0potHOocTH. M3BecTHO, uro B Kpuctaiuie GaAS BO3MOXKHO ABYX(OTOHHOE
MOTJIONICHHUE, CBA3aHHOE C MEK30HHBIMU TEPEX0IaMH, 0JTHO()OTOHHOE TOTJIONIEHHE HA IIPUMECHBIX
YPOBHSX, a TaKKe IOTJIONICHHEe Ha CBOOOJHBIX HOCHUTENSAX, KOTOpble OOpa3yloTcsi 3a CYeT
OHO-, HBYX(i)OTOHHI)IX HOFJIOIIIGHHﬁ. 3amnumem OCHOBHBIC YpaBHCHMU, OITMUCHhIBAIOIIINEC
MEPEYHCIICHHBIE TPOLECCHI, MOJB3YSICh CXEMOH SHepreTudeckux ypoBHeH GaAS M yduThIBas
BpemeHa penakcauuu [10]:

N" o, I(N-N') o,IN" N~

7.1
ot hv hv T (7.1)
2 o INT
@ = ﬁl_ + _0 _ B (72)
ot 2hv hv 7,

on 2 IN-N*) n
an_A ol )_n (7.3)

ot 2hv hv 7,
rie, N — TJIOTHOCTH HEHTpanmbHBIX TpUMecHBIX ypoBHer (cM™), N' - mmoTHOCTH

MOHM30BAHHBIX TIPUMECHBIX YPOBHEH (CM°), N— KOHIIEHTpPAIUs CBOOOJHBIX OIEKTPOHOB,
P- KOHIEHTpalHs ABIPOK (CM), O ,- CEYEHHE MEPeXoJa OIEKTPOHA M3 BAICHTHON 30HBI
Ha MPUMECHBI ypOBeHb (CM?), o - CeueHHe MePEXOoia HIEKTPOHA U3 MPUMECHOTO YPOBHS B 30HY

npoBoguMocTH (cM?), Ti— Bpems xm3HE N'ypoBHS (C), T2 — BpeMsl PEeKOMOMHAIIMM CBOOOIHBIX
Hocutenei (c), | — wHTeHCMBHOCTH W3nydenms (Bt/cm?), hv- sHeprus wmsnydenms (OB),
L - ko3 durment ByxdoToHHoro nornomenns (cM-Brl).

B mepBom mpubamxeHuin MOXXHO MPUHATH T2 = T1 =~ T = |1 HCc mis GaAS, MOCKOJBKY
T2 B OCHOBHOM OIpEAENsAeTCS KOHIICHTpalued AeQeKTHBIX YpOBHEHW. YpaBHEHHE A
MHTEHCHBHOCTH MOKHO 3anucaTh B Bujae [10]:

di/dz=-al -A* -no | (8)

rae, @ =0, (N=N")+0 N - kosdppunpent onHOPOTOHHOrO NOMIOWEHMS, G |, - CeUeHHe

MIOTJIONICHUS] Ha CBOOOTHBIX HOCHTEIISIX.
UToOBI OSYYUTH BBIpAXKEHHUE A1 KO PHImeHTa mporycKkanusi, peruM ypaBHeHHE (&)
B MPEIIOJI0KEHUH, YTO IOCIE IMPOXOXKICHHUS pacCcTosHus Z B Kpuctawwie GaAs mapamerpsl

HUMITYJIbCa MCHAIOTCS HC3HAUUTCIIbHO:

exp[—(a+no)z]

1) =1,(t) (9)
148, ) (@ +no )L —exp[—(a +no ) z])
W3 Beipakenus (9) momyuyaem i1 npomyckanus B kpuctaiuie GaAs:
exp[—(a+no)z] (10)

= |4, ) (@ +no ) fi-exp[—(a+ no )zl

rne, Z=d/cos@; d- Tonmmmua kpucramia; ¢ - yrom Mexmy HOPMAlbIO K MOBEPXHOCTH
KpHUCTaJIJIa ¥ HallpaBJICHUEM U3TyUeHUs] BHYTPH €ro.
B Mozenmn wucnone3oBaHbel cienyromue mnapamerpel: S =30 cM/I'Br, o, =106 cm?

c,=0,/10, 0,.=6x10"® cm? 3pmech MCHONB30BaH METOJN, OCHOBAHHBEI HAa CIEKEHHM IIar
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3a aroM 5BOJJIIOLIUN UMITYJIbCA B HpI/IGHPI)KCHI/II/I IIJIOCKHUX BOJIH U B 6ery1uel71 CUCTCMC KOOpAUHAT
IIpru KaXXJIOM IIPOXOoAC YCPE3 OTACIIbHBIC 3JICMCHTBI PC30HATOpPAa C YUYCTOM COOTBGTCTBYIOHICﬁ
HponyCKanmeﬁ CIIOCOOHOCTHU I HHTCHCUBHOCTHU, HAYHMHAA C OTHOCUTCIIBHO JJIMHHOI'O U c1aboro
IIYMOBOI'O UMITYJIbCa CIIOHTAHHOI'O U3JIyUCHUA.
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Puc.2. BpeMenHasi 3aBHCHMOCTb BBIXOJHOIO H3JIy4eHHsl IPH KoHueHTpanuu gedextos 10'° cm™ na
kpucraie GaAs. Momnocts Hakauku 2500 Br

Ha puc.2. nmpuBeneHa BpeMeHHas 3aBUCUMOCTh BBIXOJHOTO M3ITyYEHHsI MTPH KOHIIEHTPAIUH
nepexroB 10'® cm?® B kpmcramme GaAs. Kak BHIHO W3 pHCYHKA, TeHepalds HAUMHAETCS
¢ (GOpMHPOBaHUS IOCIEAOBATEILHOCTH HWMITYJIBCOB, KOTOPBIE CO BPEMEHEM 3aTyXaloT H Ja3ep
MEPEeXOAUT B CTAIMOHAPHBIA peXUM padoTel. [Ipu yBenWYEeHHWH KOHIEHTpAIMH Je(EeKTOB
Ha 1.2:10' cm® nasep mepexommT B CTAIMOHAPHBIH peXnUM 6e3 3aTyXaHHs, T.e. B CTAIMOHAPHBIHA
UMITYJIbCHO-TIEPHO MY ECKHIHA peKUM paboTHI, e TeHEPUPYETCS HeTpepbIBHAS
MOCJIeIOBATEIBHOCTh UMITYJIHCOB (pHC.3).

8

0 0.5 1 15 2 25 3 35 4
x10°

Puc.3. BpeMeHHAsi 3aBUCHMOCTb BHIXOJHOTO M3JIy4eHHsI IPH KoHuenTpanun Aedexros 1.2:10%° na
kpucrauie GaAs. MomHocts Hakauku 2500 Br

Ha puc.4. npuseneH ouH pa3BEPHYTHI UMITYJIBC U3 3TOM MOCIEN0BATEIBHOCTH UMITYJILCOB
(puc.3). BugHo, uyTo cpeHss JUIMTENbHOCTh UMITYJIbCA COCTABIISET IPUMEPHO 5 MKC.

51



MWHHOBAIIMY B HE®TETA30BOI OTPACJIH — INNOVATION IN THE OIL AND GAS INDUSTRY Ne 2/2021

Puc.4. ®opma umnyJibca npu MomHocTH Hakauku 2500 Bt

JlanpHeliiee  yBeNMYEHHE  KOHIEHTpauuu  JAe(PEKTOB B KPUCTAJUIE  HPUBOAUT
K [IPEKPAILEHUI0 TeHEePalUY Ja3epa, 00yCIOBIEHHOE POCTOM BHYTPEHHUX IIOTEPh PE30HATOPA.

Pe3ynbTaThl MOKa3bIBAIOT, YTO HCHONb30BaHME KpucTamia GaAs B yazepax ¢ COJHEYHOH
HAKa4yKOM B KaueCTBE BBIXOJIHOTO 3€pKajia MO3BOJIAET MOIYYUTh MOCIEA0BATEIHbHOCTH CTAOMIBHBIX
HMITYJIbCOB KOPOTKOM JTUTETLHOCTH.
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3APYBEJXHBIN OMNBIT B3AI/IMOI[EI71CTBI/I$[ YHUBEPCUTETA-IIPEJANIPUATUSA:
PA3BUTUE KOMMYHUKATHUBHOMN CPEbI
IIMamuonona K.
HarnmonansHoro yHuBepcurera Y30€KUCTaHA, MATHCTPAHT
Kaeapbl COLMOIOTHH MaCCOBBIX KOMMYHUKAITHN
CaoupoBa V.
HaunonaneHbiit yHHBEpCUTET Y30€KHUCTaHa, KaHIUIAT
COIIMOJIOTHYECKUX HAYK, TOIICHT, TIOKTOPAHT Kadeapbl
COIIMOJIOTHH

AHHOTALIUSA

Cmambs  noceswena 3a0ayam 63auMoO0eticmeus 8y3a ¢ NpeOnpusmuaMu ¢ Yeibio
NOO020MOBKU BbINYCKHUKOS C NPAKMuUuYecKumu Hasvikamu. IIpoananuzuposan 3apyoOedcHulil onvim
COmpyOHUYecmea 8y3a ¢ NpeOnpusmusaMU, BblOeleHbl OCHOBHble NpoONeMbl U NepPCHeKmugyl
compyOHUYecmea 8y3a ¢ NPeoOnpPUHUMAMENbCKUMU CIPYKMYPamu, paccMompensl nymu pazeumus
KOMMYHUKAMUBHOU Cpedbl 0 makoeo compyoHuuecmsa. Ilokasano, umo compyoHuuecmeo
MedHCOY VHUBEPCUMEMOM U KOMNAHUAMU PA3IUYHbIX Macumabog obecneuusaem OCHOBY Os
Gopmuposanus 0O6WeCmMEEeHHO20 CHPOCA HA Yelo8eYecKUue pecypcnbl, Om KOMopo2o YHUEepCUmenmy
cnedyem ommanKkueamuvcsi npu paspadbomie y4eOHol npoepammpl, KOMIIEKCA YY4eOHbIX OUCYUNTIUH
U NPAKMUK OJis1 NOO2OMOBKU CIYOEeHMO8.

Knwueevie  cnosa:  svicuiee  oOpazosanue,  COMpYOHUYECMB0  YHUGepCUmMema
C npeonpusmusMuy, KOMMYHUKAMUBHASL Cpedd, KayecmeeHHoe 00pa3zoeanue, o00pazosanue
8 V30exucmane, poiHoK mpyoa, 6udbl COMPYOHUYECMEA, AKMYAIbHblE 3HAHUSL

FOREIGN EXPERIENCE OF UNIVERSITY-ENTERPRISE COOPERATION:
THE DEVELOPMENT OF A COMMUNICATIVE ENVIRONMENT
Shamionova K
Master's student of Sociology of Mass Communication
at the National University of Uzbekistan
Sabirova U.
Doctoral candidate at the Chair of Sociology,Faculty of Social Sciences,
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ANNOTATION

The article is devoted to the issues of cooperation between the university and enterprises in
order to train graduates with practical skills. Foreign experience of university-enterprise
cooperation is analyzed, the basic problems and prospects of cooperation of university with
entrepreneurial structures are emphasized, the ways of development of communicative environment
for such cooperation are considered. The authors believe that collaboration between the university
and companies of various sizes provides the basis for the formation of a social demand on human
resource, from which the university should proceed in the formation of the curriculum,
a set of academic disciplines and practices for training students.

Key words: higher education, university-enterprise cooperation, communicative
environment, quality education, education in Uzbekistan, labour market, types of collaboration,
up-to-date knowledge.

53



MWHHOBAIIMY B HE®TETA30BOI OTPACJIH — INNOVATION IN THE OIL AND GAS INDUSTRY Ne 2/2021

YHUBEPCHUTET-KOPXOHAJIAPHHUHI Y3APO AJIOKAJIAPA: XOPUKHUI
TAKPUBA: KOMMYHUKAIIMOH MYXUTHHU PUBOKJIAHTUPUII
IITamuonoBa K.
V36exucTon Mumuii YHUBEpCUTETHHIHT OMMABHiL
KOMMYHUKAIIUS COLIMOJIOTUSICH Kadepa MarucTpu
CaoupoBa V.
V3MYV mwxrumonit panap $pakyareTy couponorus kapeapa
JOKTOPAHTH, COLMOIIOTHS (paHIapy HOM30IH, TOLUECHT

AHHOTALIUSA
Maxkona, amanuii KyHukmaniapea e2a OumupysuulapHy mauépaaul y4yH YHueepCcumemiapHu
KOpXOHanap Ounan XamkoOpIuk macaiaiapuea Oazuwinaneau. Yuueepcumem 6a KOpXOHANAD
ypmacuoazu XaMKOPAUKHUHS XOPUNCULL madxcpubacu maxaul KUIUHOU, YHueepcumem 6a OusHec
MY3UIMAIapu ypmacuoazu XaMKOPIUKHUHS ACOCULl MYAMMOAApU 84 UCMUKOOLIapu Epumuiou,
OyHOQUl XaMKODIUK YYYH KOMMYHUKAMUE MYXUMHU DUBONCIAHMUPUWL UYILAPU KYPUO YUKUIOU.
Myannugpnapuune guxpuea Kypa, yHueepcumem 6a xXap Xull y14amoau KOMRAHUANAp ypmacuoazu
XAMKOPIUK UHCOH pecypciapuea 0ynean udCmumMouti maiaonyu wakilaumupuul yyyH acoc 6yaub
xuzmam xunaou. Tanabanapuu mauéprawl yyyH YKy oacmypu, YKye haniapu éa amaiuémiapHu
uwnab yuKUwoa yHugepcumem wynapea masHuuiy Kepax.
Kanum cyznap: onuii maviymom, YHUSepcumemuuHe KOPXOHANAP OUNAH XAMKOPAUU,
KOMMYHUKAMUE MYXUm, cugpamau mavium, Y36exucmonoaz mawvium, MexHam 6030pu, XamMKOPIUK
mypaapu, 3aMoHA8ULl OUIUMILAPD.

The civilised world is undergoing fundamental changes in education. This change
is particularly noticeable in higher education system of the Republic of Uzbekistan. The President
of Uzbekistan Shavkat Mirziyoyev signed a Resolution On approval of the Concept of development
of the public education system of the Republic of Uzbekistan until 2030 on April 29, 2019. Within
the framework of this Concept, many reforms are currently being carried out to improve the quality
of education and increase its practical significance. In the past, students of higher education
institutions in Uzbekistan studied a wide range of subjects in order to broaden their horizons, but
this had an impact on their main field of study; it was difficult to immerse themselves in the subject
of their research, their future profession. This issue was also noted in the World Bank Report of
Education Sector Analysis dated of December 27, 2018. Given that Uzbekistan’s labor market is
evolving with the transformation of the economy, the need for a more diverse skills set is
increasing. However, both access to and quality of higher education remain key challenges in
Uzbekistan. Limited access to higher education over time has created a shortage of higher education
graduates, which now poses challenges to the needs of the labor market. Additionally, the fields of
study have remained largely constant over time, failing to adjust to changes in the country’s
economic structure and labor market [1]. Today, the Government and the Ministry of Higher and
Secondary Specialized Education have taken steps to reduce the range of subjects, which are not
vital for students’ major and outdated, to introduce new subjects, and to create the conditions for
independent research. Nevertheless, the opportunity for higher education institutions to cooperate
with business, industry, and organizations is being overlooked. In order to improve such
collaboration, it is necessary to study the experience of foreign universities.

Uzbekistan's spending on higher education — at 5 percent of the education budget — is one of
the lowest in the world. Only two other countries — East Timor (4.1 percent) and the Kyrgyz
Republic (4.6 percent) — allocate less of their education budget to higher education, according to
data analyzed for the preparation of this report. Most countries spend approximately 20 percent of
their education budget on higher education, with some countries spending significantly more, such
as Austria (35.5 percent). Uzbekistan spends 0.3 percent of GDP on higher education, and its
enrollment rate is very low at 9 percent. Other countries with relatively low rates of spending on
higher education, such as Kazakhstan (with spending of 0.35 percent of GDP) and Belarus and
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Russia (both with spending of 0.8 percent of GDP), have enrollment rates of 50 percent, 87 percent,
and 82 percent, respectively. These figures suggest that not only does Uzbekistan spend limited
resources on higher education, but its spending corresponds to lower enrollment rates in HEIs
compared with other low-spending countries [1].

Research on various forms of interaction between higher education institutions and
organizations in different countries has been conducted since the late 20th century. The theoretical
foundations and methodological concepts of these studies differed from each other, but as a result a
lot of data were obtained about the different forms of interaction between the education and
production spheres.

Communication innovations are a powerful resource for the development of educational and
cultural institutions in today's society. The formation of an integrated communications system
makes it possible to increase the efficiency of interaction between public institutions as part of the
joint implementation of significant socio-cultural and financially justified projects. The
development of a common information and communication space facilitates the effective
implementation of both targeted development programmes for specific educational institutions and
national initiatives to modernise education.

Both cannot be implemented without close cooperation with internal (corporate) and
external audiences - professional and business communities, state and local authorities, etc.
Integration of the university into social, cultural and economic life of the city, region and country is
the main goal of its communication policy. High practical orientation of education and its
connection with the realities of the economic situation should become unique characteristics of a
modern university. Higher education must meet the needs of the country, society and the individual.
Cooperation between the university and companies of various sizes provides the basis for the
formation of a social demand on human resource, from which the university should proceed in the
formation of the curriculum, a set of academic disciplines and practices for training students. In the
process of studying at a university, a student should develop the skills and professional competence
with which he or she will be in demand in modern society [2].

R. Geiger in his paper "Knowledge and Money: Research Universities and the Paradox of
the Marketplace” has distinguished four types of collaboration. In this paper, the focus is mainly on
interaction between nodes initiated by organizations. High-tech companies in the U.S. have four
purposes of collaboration with research institutes:

1. Obtaining up-to-date knowledge on modern scientific developments. Here we are talking
about the fact that knowledge-intensive industries pursue the encapsulation of knowledge of
advanced technologies within the company, to achieve this, companies need to cooperate with
universities, and even to sign documents of non-disclosure of developed technologies to other
companies.

2. Obtaining additional scientific interdisciplinary knowledge. In this way companies can
develop a set of technological systems that require interdisciplinary knowledge, then companies
may need academic expertise.

3. Recruitment of personnel. Companies see universities as a certain pool of potential
candidates for vacant starting positions, which reduces recruitment issues.

4. Instrumentation. Some universities in the U.S. have become the source of unique new
technological instruments.

Consideration of the needs of the external environment, in particular the needs of state
enterprises and independent businesses, allows the university to choose the right path in the course
of students' education in order to obtain a graduate with a list of professional skills that are in
demand on the labour market today [3].

The communication mechanisms of higher education institutions and business structures are
largely similar to those of a market economy: higher education institutions respond by the offering
specialists, research and organisational work, and to the corresponding demand resulting from the
national economy and business structures. By interacting at the institutional level, universities and
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business structures contribute to optimising each other's actions in various areas (economic,
industrial, social and cultural, educational, etc.), thus achieving an emergence effect.

However, such mechanisms are not functioning properly in Uzbekistan. State Universities
and Institutes in most cases provide students with general knowledge, simply broadening their
outlook on the basis of traditional sets of disciplines which were actual several decades ago. When
recent graduates walk into their career path they encounter a number of obstacles; they realize that
they do not have enough practical skills or their educational background is far from their
employment requirements. This is particularly related to the graduates of humanities disciplines.
After completion of a university, many graduates have to spend another year to take additional paid
courses which are more specific to the job that they intend to do, and which is in demand. We
believe that if necessary, measures are not taken in the nearest future, state universities and
institutes will lose a number of applicants as well as prestige, due to the fact that their potential
students may prefer the option of studying abroad or obtaining a degree in a private or foreign
higher educational institution branch in Uzbekistan. Even today, when applying for a job in an
enterprise or any business company a graduate from a foreign university is more likely to be
accepted compared to the one who has majored in the same field of study, but in the local
university. This is also because employees consider foreign education to be more relevant to their
company’s requirements. Therefore, a certain communication and cooperation mechanism between
universities and real economy sector should be established in our country in order to increase the
quality of the local higher education system.

In order to introduce communication mechanisms and perspectives of their impact on the
educational sphere and national economy we need to study foreign experience in organising the
system of cooperation between universities and business structures. An important incentive for
universities to strengthen their efforts to establish cooperation with companies is the initiation of
state programmes in which the presence of partners in the real sector of the economy is
a prerequisite for allocating state funds to the university for research activities. Universities in Great
Britain are among those, which interact and communicate with many enterprises and corporations.
For example, Cranfield University. It is the UK’s most business-engaged university. Cranfield
makes a practical and significant contribution to society by creating and reforming knowledge to
solve actual problems; providing considerable cost savings, increasing efficiency and improving the
quality of life. Cranfield has been working with strategic partner Rolls-Royce for 37 years.
Significant research has been investigating turbine blade coatings. Cranfield is home to one of
Rolls-Royce’s 19 International University Technology Centres (UTCs) — the Performance
Engineering UTC, and is a member of Rolls-Royce’s University Technology Partnership (UTP)
researching materials development within Rolls-Royce. This strategic partnership has led to more
than 100 Cranfield graduate engineers being recruited by Rolls-Royce and many collaborative
projects [4].

Another example of successful interaction between the academic institution and industry is
King’s College London in Great Britain. Their aim was to improve research projects.

Along with establishing links between researchers and industry, such projects can provide
access to start-up funding for new technologies, enabling them to move from ideas to beta
prototyping and scaling. Such funding encourages and rewards innovative behaviour and supports
the development of projects that produce tangible results or impact with business support [4].

In addition, the University of Manchester Institute of Science and Technology has
established the Northern Aerospace Technology Research Centre. Or the University of Lancaster,
home of the Environmental Alliance, which was established to promote knowledge-based
businesses in the field of environmental services and technology [5].

The Jonkoping University in Sweden offers all engineering students an opportunity to take
an internship or implement their project. At the International Business School of this university,
students of International Management and Economics programmes work with the company during
their first year and a half. The university cooperates with about 800 partner companies. In some
subjects, such as Advanced International Marketing, Trade, and Export Management, students work
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together with company representatives to understand how their products can enter various
international markets. This cooperation enables students to establish contacts with the business
community, while small businesses use the skills and knowledge of students to internationalise their
business [6].

As for Australia, Cadence Economics’ new modelling confirms that formal collaboration
between Australian businesses and universities generates an estimated USD 10.6 billion per year
directly to companies cooperating with universities. Data from the Australian Bureau of Statistics
confirms that around 16,000 Australian businesses have formal partnerships with universities. This
means that there is an average of 410 industry partnerships in each of 39 Australian universities [7].

Martha Crago, Deputy Director of Research and Innovation at McGill University, Canada,
said: "Social sciences play a dual role. There are researchers whose work becomes the basis for
innovative products, processes or services. They are not often commercialised for lack of
knowledge or culture to do so, but their work on the social impact of rapid technological innovation
has become vital in today's world. This is a peak time when science and technology and social
sciences must work hand in hand.

Social sciences do not have such a strong history of technology transfer as engineering or
life sciences and computing, probably because one of the methods of social sciences is based on
unbiased criticism when it is not possible to interact with the subject being studied. However, some
elements are ripe for cooperation with business. The social sciences have a role to play in meeting
the technical needs of the legal sector through artificial intelligence. Behavioural sciences are more
relevant than ever for businesses reaping the benefits of social data mining [8].

Academic cooperation between universities and companies can bring significant benefits to
both parties that could not have been achieved outside of this cooperation. In conducting research,
the university needs material support for the experiments and expensive equipment, which is too
costly for it without cooperation with businesses. Academics also benefit professionally: with
greater financial resources, firms allow them to work on larger and more ambitious research
projects and use their accumulated knowledge base [9].

Communication between universities and industries can have different forms. They include
Contract Research, Collaborative Research, Student Placement, Co-Location, Innovation Networks,
Industry Advisory Groups and others [7].

Contract Research allows a company to hire a university for conducting research on behalf
of the company. This cooperation is beneficial to both parties as it saves time for the enterprise and
provides employment and placement to teaching staff of the university and students as well.

Collaborative Research is when an enterprise and a university jointly conduct a research or a
project. Intellectual properties are shared during such cooperation.

Student Placement - this type of interaction means that a company obtains an intern, while a
student gets an experience and a job afterwards. Through this the company may grow a qualified
expert, knowing the peculiarities of its business. Moreover, many talented students cannot afford
studying in a university, but if enterprises invest in education a lot of students will have an
opportunity to study. This will benefit the entire wellbeing of a society, improving the quality of life
and decreasing unemployment.

Co-location implies that the company may put itself in the centre of activities by working
together with researchers on campus - either at the innovation centre or at the university site. Being
on the same site can lead to valuable cross-fertilisation of ideas - which means that companies,
researchers and students will benefit from working together.

Innovation networks can help businesses and organisations to connect with local researchers
and universities to find partners to collaborate.

Industry advisory groups may help universities to ensure that their courses reflect industry-
related skills and knowledge and help inform the university curriculum. Participants in the advisory
groups are also familiarised with the latest research and student trends relevant to their industry.

Based on the above, the communication between companies and universities can be
represented as a social network of interactions, which is built on the basis of mutual consideration
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of needs and interests in order to achieve certain goals. Such a network has at least three groups of
participants: a group of companies, a group of universities and a group of students, the connections
between which can be both one-way and two-way.

Thus, each of these groups can pursue its own purposes of cooperation, it is clear that the
main purpose of interaction between companies and universities is recruiting, or the selection and
employment of young professionals. The second place is taken by joint research, training, both
company specialists in the university, and teachers' training in new technologies and market
features, in order to improve the quality of training of young specialists.
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YODOEKTUBHASA OPTAHU3AIIAA CAMOCTOATEJBLHOM PABOTHI CTYJIEHTOB
HE®TEI'A30BOI'O YHUBEPCUTETA KAK ®AKTOP PA3ZBUTUSA
MNPO®ECCHOHAJBHBIX KOMIETEHIIUIA
Takramena JI.P.
@unuan Poccuiickoro 'ocynapcrBennoro YHuBepcurera HepTu
u raza(HNY) umenu .M. I'yOkuna B ropoje Tamikenre,
CTapIlIMii pernogaBaTeib

AHHOTALIUSA
Jannas cmamvs noceawena uUccie008aHUI0 OPSAHUZAYUU CAMOCMOAMENbHOU pabombl
CMYO0eHmo8 Hehme2azo8viX Y308 C MOUKU 3PEHU PA3BUMUSL NPODECCUOHATbHBIX KOMNEMeHYUl.
Ha ocHnoge  cpasnumenvnoco — ananuza  NOHAMUSL — «CAMOCMOAMENbHAS — paboma» ¢
MemoOoIo2u4eckol  MouKU  3peHus 8  cmamve  Onpeoenenvl  Cnocobbl  Opeanu3ayuu
CAMOCMOoSIMeNbHOU padomsl CHYOEeHMO8 C YUemoM Cneyu@duKku yuebHo20 npoyecca 8 UHICEHEPHbIX
8Y3aX U NpeoCmasleHvl  8bl80ObL O POIU  CAMOCMOAMENbHOU pabomsl 8  pazeumuu
npogeccuoHanbHbIX KOMNEmeHYuUl.
Knrouesvie cnoea: camocmosmenvuas paboma, npogeccuonaivuvie KOMNnemeHyuu,
MEPMUHONIO2UYECKASI KOMNEMEeHMHOCMb, Y4eOHblll npoyecc.

EFFICIENT ORGANIZATION OF SELF-STUDY OF STUDENTS OF OIL AND GAS
UNIVERSITY AS A FACTOR OF PROFESSIONAL COMPETENCE DEVELOPMENT
Taktasheva D.R.
Branch of Russian State University of Oil and Gas (NRU)
named after I.M.Gubkin in Tashkent, senior teacher

ANNOTATION

This article is devoted to the research of the organization of self-study of students of oil and
gas universities in terms of professional competence development. In reliance upon a comparative
analysis of the concept of “self-study” concept from a methodological point of view, the article
determines the ways to organize students’ self-study with the account of the specifics of education
process in engineering universities and presents conclusions about the role of self-study in the
professional competence development.

Keywords: self-study, professional competence, terminological competence, educational
process.

HE®T BA I'A3 YHUBEPCUTETU TAJTABAJIAPHUHI' MYCTAKHWJI NIIPAPUHU
TAIIKWJI OTUII KACBUA KOMIIETEHIIUSI PUBOXXJIAHTUPHII OMUWJIA
CUDATUIA
Taxramena /I.P.
N.M. I'yOkun Homunaru Poccus naBnat Het Ba ras
yauBepcuteTuHUHT (MTY) TomkenT maxpugaru Ounuany,
KaTTa YKUTYBUU

AHHOTANUA

Ywoby maxona megpm ea eaz ynusepcumemnapu menabarapHuHe MYCMAKUl UWLIAPUHU
KacoOuti KOMneMeHYUANIaApHU PUBONCIAHMUPUUL HYKMAU HA3APUOAH MAWKUIL KUTUWHU YPeaHuuea
bazuwinanean. “Mycmakun uw” mywyHuacunu ycayoutl HyKmau Ha3apoar KUECUtl maxaui KUiuul
acocuoa MyXauoOuciuk Oauti YKY8 0pmaapuoa YVKY8 HCAPACHUHUHZ Y3ued XOC XYCYCUAMIAAPHU
Xucobea oneam xo10a manadanaApHuHe MYCMaKuil UWIAPUHU MAWKUL MU YCyanap auukiaHou
8a KAcOUll KOMNEMEeHYUANAPHU PUBONHCIAHMUPULUOA MYCIAKUIL UWAAPHUHZ POTU EpUumub bepuneat.

Kanum cyznap: mycmaxun uw, kacouii KomnemeHyus, mepmMuHOI02UK KOMNEmeHYus, YKy
Jcapaénu.
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During the years of independence, Uzbekistan has implemented structural and substantive
reforms that have made an impact on all levels and components of the education system.
These reforms have been aimed at ensuring its compliance with the country’s long-term objectives
and interests, and the requirements of the time. In particular, there has been created an appropriate
legal framework for reforming this area, which has determined as a priority the growth
of investments in human capital, training of an educated and intellectually developed generation,
which is the most significant value and a decisive force in achieving the goals of democratic
development, modernization and renewal, stable and sustainable economic growth.

It should be noted, that the problems of upbringing a harmoniously developed personality,
real professionals in their field, with a broad outlook and a rich spiritual world in the Republic
of Uzbekistan have always been in the focus of attention of the government. In particular, in his
Message to the Oliy Majlis of the Republic of Uzbekistan on December 29, 2020, the President
Sh.M. Mirziyoyev noted that “... ... healthy and harmonious development of the young generation
plays a decisive role in the progress of any society and the future of this society depends on this
generation. That is why in terms of expanding and further enhancing efficiency of our reforms,
we consider our energetic, proactive, comprehensively developed youth with modern knowledge
and skills to be our support” [6].

Currently our country is actively reforming all stages of the educational system.
This is reflected in the search for new approaches to organizing the education system.
The contemporary stage of modernization of education is characterized by changes in its content,
structure of the effective-target principles, which in the last decade are considered in the context
of the competence-based approach. One of the crucially important problems caused by the
modernization of higher educational institutions within the framework of the competence-based
approach to the education of specialists - future graduates of the engineering universities - is the
problem associated with realizing and ensuring in practice the complexity, integrity of the result of
education, which is expressed in such general integral characteristics of a university graduate,
as a high level of professionalism, his self-sufficiency and high professional and terminological
competence.

Professional competence as an integral professional and personal characteristic implies
compliance with the requirements of society, possession of the appropriate terminological
apparatus, readiness and ability to perform professional functions in various fields of activity
in compliance with the norms and standards accepted in society, and have active knowledge; ability
to confidently achieve results and control the situation.

Formation of the foundations of students’ professional competence by means
in the educational process is activated by gradual introduction of methodological technologies;
application of subject-subject models of communication and joint creativity, contributing to the
formation of the foundations of professional development and terminological competence.

Enriching the terminological competence of students of engineering universities in the
process of self-study is an educational strategy that involves implementation of a set of didactic
conditions: innovative forms, methods, techniques aimed at developing students’ communicative,
creative and cognitive abilities that affect the level of formation of students’ professional
competence.

In the process of developing students’ professional competence, the objective
of a personality-oriented approach to learning is actualized. This approach implies development of
activity, independence, creativity, personal growth, subject-subject model of interpersonal
communication and joint creativity. Current trends in the world economy, development of the
“knowledge economy”, in which mobile and highly qualified “human capital” becomes the main
resource, require the achievement of a new quality of professional education [1].

There are many definitions of the “self-study” concept of students, but in essence implies
one common aspect - the fact that self-study of students is a planned individual or collective
educational and research work implemented within the educational process under
the methodological and scientific guidance and supervision of a teacher (instructor). Self-study
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is considered as the highest form of educational activity, which is integral in nature and in fact is a
form of self-education. At the same time, self-study, its planning, organizational forms are not fully
investigated in pedagogical theory in terms of education modernization.

The problem of organizing self-study in the development of terminological competencies of
future specialists is especially significant. Moreover, nowadays the objective is to develop
communicative language competencies in the majority of the students, which requires a change in
the approach to organizing self-study. The effect of self-study can be obtained only if it is organized
and implemented in the educational process as an integral system that covers all stages of learning.

The aim is to “teach students how to learn”. Thus, self-study in an engineering university
should be systematic, continuous and increasingly comprehensive. Depending on the level of
activity, autonomy and self-sufficiency of students, such forms of organizing students’ self-study
as:

1) initiation into interaction;

2) imitation of social and professional interaction;

3) authentic interaction.

These forms reflect the “progressive format” i.e. gradual complication of the forms of
organizing interaction of students in accordance with the types of activities in which they are
involved in the educational process [3]. In terms of developing terminological competence in the
process of training future specialists-engineers, there are three levels of complexity of self-study
(Table 1):

Table 1.
Complexity levels of self-study?
“Initiation into interaction” assumes a reproductive (or training) level of self-
Level 1 | study on which the foundations for other levels are created and standards are laid in
memory. The assimilation and consolidation of new material take place at this level.

“Imitation of social and professional interaction” assumes a (transitional or
quasi-creative) level of self-study and follows from the previous one. This level
Level 2 | supposes to analyze educational material with its subsequent synthesis. Herewith,
the acquired knowledge, skills and abilities are transferred to similar situations. Self-
study at this level requires more mental activity and creativity.

“Authentic interaction” is realized at the creative level of self-study and is
associated with the development of skills and abilities to search when solving more
complex communication problems. It is here that a creative personality and
professional independence are developed.

It should be noted that certain objective and subjective conditions are required for successful
organization of self-study at the university. Objective conditions include the following:

firstly, material and technical support, which implies presence of the necessary classroom
fund, including specialized classrooms and reading rooms, and a high level of facilities
of the classrooms with multimedia equipment;

secondly, educational, methodological and information support, including the required
amount of educational literature, study packs, educational aids on electronic media, a large set
of options for assignments and guidelines for their implementation for self-study, availability
of foreign language periodicals. Moreover, educational material in its structure and methodological
organization should become an indivisible part of integrated learning system, be focused on active
methods of mastering knowledge, developing students’ creative abilities, shifting from mass
to individualized learning with the account of the needs and capabilities of the individual.

Since nowadays the society is observing the transition of all cultural processes to computer-
mediated forms of production, distribution and communication [4] and occurring “communication
revolution” is demonstrated in the generation of new communication and information technologies,

Level 3

3 Developed by the author based on research of the literary sources
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such as Internet communication. This results in the fact that with the advent of the Internet “the
interconnection of the participants in the communication process becomes not two-way and
unidirectional, but multilateral, like the most complex thesaurus of neural connections in the central
nervous system” [5]. Herewith, the Internet acts “not only as a source of various information and an
effective means of communication, but also as a new media space” [4].

In reliance upon the statements specified above, we can conclude that there is: 1) rejection
of the authoritarian style of teaching; 2) improvement ofteachingtechniques, namely: a shift from
the monologue as a traditionally prevailing form of educational activity, and the development of
such a form of teaching as polylogue (communication, conversation, discussion); 3) understanding
of communication not only as the ability to shape the information in the structure and form of a
certain language, but also as an incentive for a partner to some kind of action of a speech and non-
speech order, as well as for the realization of the speaker’s self-expression.

When selecting educational material for self-study, it is required to be guided by the
following criteria: 1) the material must be authentic and accessible linguistically; 2) the information
should correspond to the studied topic; 3) the material offered for study should be problematic; 4)
sources for the selection of educational material must be permanent and authoritative (materials
from the state web-sites).

In the light of the statements, specified above, the role of the teacher in the classroom also
changes. Now the teacher or the instructor should act as the tutor who provides necessary assistance
and support in the preparation of self-study. In reliance upon this position a contemporary lesson
should ideally not be limited to the subject and the teacher. It should be an event in the chain of
knowledge, or more precisely, the study of the professional world [8]. Herewith it should be noted
that no matter what properties this or that teaching medium, the information-subject environment
possesses, didactic objectives and specific learning goals are primary. The Internet, with its
capabilities and resources, constitutes a means of realizing these goals and objectives. These can be
different objectives, but they are necessarily united by the ultimate goal of education — development
of the personality of a student who owns the appropriate terminological competence and is willing
and able to participate in intercultural interaction with foreign partners.

Efficiency of students’ self-study is largely determined by the presence of active methods of
its control, both at the intermediate and final levels. Control should be implemented on the regular
basis, first of all, in order to identify shortcomings in the educational process and create a
mechanism for their elimination, as well as form feedback for the correction of learning.

The forms of control differ in variety - they can be oral or written, individual or in a group,
selective or continuous. Along with the traditional forms, control of self-study can be based on a
rating system, which involves regular monitoring of the quality of mastering knowledge and skills,
as well as implementation of the scheduled volume of self-study. The multi-score rating system
enables assessing the outcome of students’ work at various stages of the educational process with
maximum objectivity, encourages the student’s intention to improve his rating results, his cognitive
and creative activity.

Within the framework of control over the types of self-study of students of engineering
universities, a particular emphasis is placed with self-control. Self-control is the ability of a student
to critically assess his own actions on his own initiative. The self-control mechanism can be
considered developed and optimally functioning if the student performs educational actions
accurately and realizes it, or he is able to make a correction in case of realizing the error of the
action. Thus, self-control and development of skills for self-study are interrelated and
interdependent.

In reliance upon the above theoretical background, an experiment has been organized at the
Branch of the Russian State University of Oil and Gas (National research University) named after
I.M. Gubkin in Tashkent. This experiment has involved 70 3rd year students of “Oil and Gas
Business” education profile. According to the curriculum on the subject “Foreign language
(English)” during the semester of the academic year, students have been assignments to prepare two
types of self-study - a presentation on the education profile and a glossary within the selected topic.

62



MWHHOBAIIMY B HE®TETA30BOI OTPACJIH — INNOVATION IN THE OIL AND GAS INDUSTRY Ne 2/2021

Before the launch of the experiment, using specially designed test items, the professional
competence of students has been assessed and this indicator constituted 39%. The first self-study
has been presented on the 8th week of the academic semester, when students have made a
presentation on their specialty and answered questions from the teacher and the audience. After
submitting self-study, the indicator of professional competence accounted for 45%. The second self-
study was presented in the 12th week of the academic semester. Within the framework of the
chosen topic, students developed an English-Russian glossary with definitions of terms in English,
after which the professional competence of students has been estimated at 57%.

In general, within the framework of this research it is possible to make a conclusion that
implementation of self-study by students enabled students to develop skills to quickly adapt when
changing the professional situation due to extrafunctional and polyprofessional (over-professional)
knowledge and abilities, contributed to the ability to independently solve typical and non-standard
problems, professional tasks of various nature, formed a willingness to take responsibility for the
quality and results of work, as well as possible negative consequences of activities, as well as a
willingness to actively accept innovations and socio-economic changes in their professional sphere
and other areas of culture, science and production. Students have enriched their terminological
vocabulary, acquired public speaking skills, developed the ability to defend and argue their point of
view, and efficiency of the communicative process increased. In addition, according to the result of
self-study performed, students have developed their creativity and analytical abilities, as well as the
ability to work with information and systematize it.

In conclusion, it is possible to say, that self-study should become the basis of the educational
process, a factor in the formation of professionally significant competencies. Strengthening the role
of students’ self-study shall imply a fundamental reconsideration of the organization of the
educational process in a higher educational institution, which should be constructed in such a way
as to develop the ability to learn, to work out the student’s ability for self-development, creative
application of the knowledge gained, ways of adapting to professional activity in the modern world,
and, as a result, enhancing competitiveness of future specialists.
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AHAJIN3 HOTEPH DJIEKTPOOHEPI'MU B MATUCTPAJIBHBIX JIEKTPUYECKUX
CETsX HA OCHOBE PACYHETA YCTAHOBUBIHINXCS PEXKUMOB
Jloces JI.1O.
AO «HaunoHanbHbIE 3JIEKTPUYECKUE CETU Y30eKUCTaHay,
uHxeHep 2-i kareropuu H/L]
Axo0apos VY.P.
TankeHTCKUHI roCy1apCTBEHHbIN TEXHUYECKUN YHUBEPCUTET,
MarucTp

AHHOTALIUSA
B cmamve paccmampueaemcs  enusAHue  USMEHEHUs — HANPAXCEHUs. HA ~ NOMepu
NEeKMPOIHEP2UU 8 MALUCMPATLHBIX DJIEKMPUYECKUX CemSsX, 803HUKAIOWUE 8 dIeMeHmax cemu, 6
HOPMANbHBIX U PEMOHMHBIX YCMAHOBUBWIUXCS INEKMPUYECKUXx pexcumax. Buvinoanen ananus
Meponpusimue no CHUNCEHUI0 Nomepb 8 MAUCMPATLHOU 2JIEKMPUYECKOU cemu NYMeEM npUuMeHeHUs!
KOMNEHCUpyowe20 yCcmpoucmea peakmusHol MOUHOCHU.
Knrouesvie cnoea: snekmpuueckue cemu, nomepu 31eKMPOIHEP2UU, YCHMAHOBUBUUIUTICS
DPedcum, UCOYHUK PeaKmuUgHOU MOWHOCHU.

ANALYSIS OF ELECTRICITY LOSSES IN MAIN ELECTRIC NETWORKS BASED
ON CALCULATION OF STEADY MODES
Losev D.Yu.
JSC “National electric grid of Uzbekistan”,
2nd category engineer of NDC
Akbarov U.R.
Tashkent State Technical University,
student of master

ANNOTATION
In the article is considered the influence of voltage changing to the losses of electricity in
the main electrical grid, arising in the elements of the grid, in normal and repair steady electric
regimes. There is analyzed the action to reduce losses in the main electric grid by using
a compensating device of reactive power.
Keywords: electric grid, electricity losses, steady regime, reactive power source.

VPHATWITAH XOJIAT XUCOBJIAPU ACOCHJIA MATHUCTPAJI DJIEKTP
TAPMOKJIAPUJIATU DJIEKTP DQHEPT'USACHU UCPODJIIAPUHUHI" TAXJINJIN
Joces /I.1O.
«Y36eKHCTOH MUILINI 371eKTp TapMoKIapm» AXK,
MJIM 2-4u Toudanu MyxaHaucu
Axobapos VY.P.
TomkeHT JlaBnar TeXHUKA YHUBEPCUTETU
MarucTp

AHHOTAIUA

Maxkonaoa nopman 6a pemonm naumoda YPHAMUIeau S1eKmp XOIAmiapuodzu KyulaHuul
V32APUUIUHUHE MASUCTPATL JNIeKMp MAapMOKIAPU INEMEHMAAPUOA 8YxHCYyO02a Kelaouean 1eKmp
SHepeusicu ucpograpuea mavcupu Kypub uuxuneaw. Peakmue Kyseamuu KOMNEHCAYUSIOBHUU
KYPUIMAHU KYLIAW OPKATU MASUCMPAL dAEKMp Mapmoudaod ucpoprapru kamaumupuws oyuuya
maooup maxaunu KUIUHeaH.

Kanum cy3znap: snexmp mapmoxiapu, sjiexkmp SHepeus ucpoduapu, ypHamuiean Xoiam,
Peakmue Kyeeam MaHoacu.
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DneKTpUUYecKas CeTh KaK 3JEMEHT 3JIeKTpodHepreTrudeckoi cucremsl (93C) obecnieunBaer
BO3MOKHOCTh BBIZJAYM MOIIHOCTU DJIEKTPUYECKUX CTaHIMHA, €€ mepeaayy Ha pPacCTOsSHUE,
npeoOpa3oBaHuEe MapaMeTPOB JIEKTPOIHEPTUH, TAKUX KaK HaOpsHKEHHE M TOK Ha I[IHHAX
MOJCTAaHIMI U €€ paclpeneieHUe Ha HEKOTOPOH TEeppUTOPUHM BIUIOTH 1O HEMOCPEICTBEHHBIX
NOTpeOUTENEH AIMEKTPOIHEPTUH.

DNEKTPUYECKUE CETH COBPEMEHHBIX JIJIEKTPOIHEPreTUUYECKUX CUCTEM XapaKTepU3YHOTCS
MHOTOCTYTIEHYaTOCThI0, TO €CTh OOJBIIUM YHCIOM TpaHC(hOpMAMii Ha MYyTH OT HCTOYHHUKOB
AIIEKTPOIHEPTHUH K €€ TOTPEOUTESIM.

[Ipy 5TOM CHJIBHO W3MEHHBIIHWECS 32 MOCJIECIHHE TOJbI YCIOBHS (YHKIMOHUPOBAHUS
IEKTPUUYECKUX CETEW, B YACTHOCTH, HENOTpPYy3Ka CeTed M UX IEMEHTOB, LIMPOKOE BHEIPEHUE
COBPEMEHHBIX MPHOOPOB yUYeTa U YCTPOWCTB TEIEMEXaHUKH, Ne(PUIUT MAaTCPHATIBHBIX U TPYAOBBIX
pecypcoB, MOBCEMECTHasi KOMITbIOTEpPH3AIHs ceTeil TpeOyroT pa3paboTKH 0ojiee COBEPIIEHHOTO
MaTeMaTHYeCKOro M IMPOrpaMMHOTO 00ecredyeHusi, CIOCOOHOI0 ONEpaTUBHO alalnTHUPOBATHCS K
JMHAMUYECKAM YCIIOBHSM JKCIUTyaTallld, YIUTHIBATh «HAOIIOIAEMOCTh)» YaCTH CETH, HEU30eKHBIC
WH(POPMAIIMOHHBIE TOTPEITHOCTH  JTAHHBIX, JOKa3blBaTb W  OOOCHOBBIBATh KOPPEKTHOCTh
MOJTy4aeMbIX PE3yJIbTAaTOB ITyTEM pacyeTa M aHaJIHM3a MOTPEITHOCTEN U JIOBEPUTEIILHBIX HHTEPBAJIOB
noteps [1].

Pacuersl moTepp B 2MEKTPUUYECKUX CETSIX -3TO TOJBKO OJHA M3 COCTaBHBIX yacTe oOriei
npoo6aemMsl oTeph. [lamee HeOOXOAUMBI: OIIEHKA TOJYYSHHBIX 3HAUEHHH U CTPYKTYpBI MOTEPh, UX
aHamM3 W pa3paboTka MyTeH NBMKEHHWS K ONTUMAIBHBIM MapaMETPUYECKUM U PEKUMHBIM
XapaKkTepUCTUKAM CETEH.

B Hacrosiiee BpeMsi HET JOCTaTOYHO OOOCHOBAaHHBIX PEKOMEHIAIMM IO IMPOBEIECHUIO
KaueCTBEHHOI0  aHalM3a pPEeKUMOB M TOTEPh  OJJIEKTPOIHEPIHMH. ITO  0OBACHSAETCS
MHOTOKPUTEPUAIEHOCTRIO 33aJadd W OTCYTCTBHEM B HACTOsIIee BpeMs pa3pabOTaHHBIX
OJIHO3HAYHBIX KPUTEPHEB KauecTBa (QyHKIIMOHUPOBAHUS DJIEKTPUUECKUX CETEH.

B TO ke Bpems ycmemHoe peuieHHe BOMPOCOB aHalM3a MOTEPh MO3BOJISIET BIUIOTHYIO
MOJIONTH K OIeHKE (PaKTUYECKOTO0 COCTOSIHMSI CETHM U Jajiee- K pacdeTy ONTHMAaJbHBIX YPOBHEM
MOTEPh AIIEKTPOIHEPTUHU B CETSX, a TAKKE MY TSIM JIBUKECHHS K HUM.

[Ipu mnepepgade HSIEKTPUUYECKOW DHHEPIHUM B KAXKIOM DJJIEMEHTE JIIEKTPUUYECKOM CeTH
BO3ZHUKAIOT MOTepH. [ U3ydeHHs COCTABIISIIOIIMX OTEPh B PA3JIMYHBIX dJIEMEHTAaX CETH U OLEHKU
HE0OXO0JMMOCTH MPOBEJICHUS TOT'O UM HHOT'O MEPOIPUSTHS, HAIIPaBICHHOTO Ha CHIKEHUE MOTEPbD,
BBITIOJIHSETCS AHATIU3 CTPYKTYPBI MIOTEPD AMEKTpoIHEepruu [2].

QdakTuueckre (OTYETHBIE) TIOTEPH  DJIEKTPOIHEPTUU  OMpPENesIoT KaK  Pa3HOCTh
AJIEKTPOIHEPTUHU, MOCTYIUBIICH B CETh, U 3JIEKTPOIHEPTUH, OTIMYIIEHHOW U3 CETH MOTPEOUTENSIM.
OTU MOTEpU BKIIOYAIOT B ce0s COCTABJISAIONIME PAa3IMYHON MPUPOJBL: MOTEPH B JIEMEHTAaX CETH,
MMEIOIUE YUCTO (PU3MYECKHM XapaKTep, pacxoi 3JIEKTPOdHEpruu Ha paboTy o0opyAoBaHUS,
YCTaHOBJIEHHOT'O Ha TMOJCTAHIMIX M 00ECIeYNBAIOIETO Mepeaady JIEKTPOIHEPTUU, MOrPEIIHOCTH
(dbuKcaluu AIEKTPOIHEPTrur MprudopaMu ee ydyeTa 1, HaKOHEIl, XUILEHUS IIEKTPOIHEPTUH, HEOIIaTy
WJIM HETIOJHYIO OIIATy MOKa3aHWN CUETYMKOB U T.II.

PacyeTrbl TeXHWYECKMX MOTEPh DJICKTPOIHEPTMM U MX CTPYKTYpPbl BBITIONHSAIOTCA IS
HOPMHUPOBAHUS TOTEPh, BBIOOpPA U OHEHKU 3(D(YEKTUBHOCTH MEPONPUITUNA MO HX CHIKEHUIO;
pacuera u aHaiu3a (PaKTHUECKUX HEOATaHCOB JEKTPOIHEPTHH B DJIEKTPUUECKUX CETSIX, BHISBICHUS
Y JIOKAJIM3allui KOMMEPYECKON COCTaBIAIONICH OTEPh, pa3pabOTKU U BHEPEHUS MEPONIPUATHI 1O
COBEpIICHCTBOBAHUIO y4YeTa 3JIEKTPOIHEPruH; yueTa Mmorepb B Tapudax Ha 3MEKTPOIHEPTHUIO IS
noTpeOuTeNnei, MPUCOCTUHEHHBIX K JJEKTPUYECKUM CETSM pa3lIMYHbIX CTyHeHeW HampspKeHUs:
BbicOkoro HampsbkeHus (110 kB u Bbime), cpennero Hampsbkenus [ (35...60 kB), cpennero
nanpsokenus 11 (1...20 kB), auzkoro Hanpsbkenust (0,4 kB u Huke).

B 3aBucumMocTM OT yYpOBHS  HampspKeHUs, MH(OPMAIMOHHONH  0Oecre4eHHOCTH
UCTOJNB3YIOTCA  PAa3IUMYHble METOJMKH pacuyeToB MEPEMEHHbIX MOTEpb  3AJIEKTPOIHEPIUU
B QJIEKTPUYECKHX CETSAX.

PazpaboTka mpueMieMbIX METOJOB  OLEHKH IOTE€Ph  JJNEKTPUUYECKOW  DHEPruu
B OJIGKTPHUECKUX CETSIX JHEProCHCTEM MPEACTaBiIsieT COOOW CIOXKHYIO M IOKa HE PElIeHHYIO
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npobiaemMy. DTUM U 0OBSCHSETCS OOJIBIIOE YHCIO METOJOB, pa3pabOTaHHBIX B HACTOSAIIEE BpeMs
s pacueta moTepb. OHHM  Pa3NMYalOTCS BUAOM  HUCHOJIB3YEMOW pEXUMHOW HH(MOpMAIMU
Y COOTBETCTBEHHO MOTPEIIHOCTSIMH pacyeTa u cepoid ucnonb3oBanus [3].

Bce cymiectByromme METOIbl OICHOK B JIOOOM Clydyae MOXXHO CBECTH K CIEIYHOIIUM
OCHOBHBIM: OIIEPAaTUBHBIX PACUYETOB; KOHTPOJIBHBIX CYTOK; CpPEOHMX Harpy3oK; 4HClla 4YacoB
HanOOJIBIINX TOTEPh; MO 00O0OIIEHHOW MHPOPMAIMM O CXeMaX M Harpy3Kax CeTH; U3MEPEHHBIX
3HAYEHUH NOTEPb HANPSHKEHMUSL.

B npennoxenHoill paboTe paccMOTpeHa BO3MOXHOCTh MPUMEHEHHUS METO/Aa KOHTPOJIbHBIX
CYTOK JIJISl OLIEHKH MOTEPb 3JIEKTPOIHEPTUUA B MATUCTPATILHON dJIEKTPUUECKON ceTH. JlaHHBIN METOT
IIPUMEHSIETCS, B OCHOBHOM, /ISl pacueTa IIEpEMEHHBIX IIOTEpb JJIEKTPOIHEPIMH B CETIX
IIPOM3BOJILHOM KOH(Urypauuu HampspkenneM 220 kB u Bwime. Ilpu Hamuuum HeoOXxonumoro
KoJIn4ecTBa HMH(OpMAIMM PEKOMEHIyeTCS HCIOIb30BAHWE STOT0 METOJNA W ISl ONpEeNeNeHUs
MIOTEPh B CETAX OOJiee HU3KOro HanpshkeHus. Takke, MeToJ] KOHTPOJIbHBIX CYTOK IPUMEHSETCS MpH
OTCYTCTBUHM HUCXOIHBIX JAHHBIX, HEOOXOIUMBIX Ui OIpPENENeHUs] TOTEPhb AIIEKTPOIHEPTUU IO
METO]ly ONEepaTUBHBIX PacueToB MPU OTCYTCTBUU JITAaHHBIX O Harpyskax ceteil. Meroauka ocHOBaHa
Ha OIpeAETCHUHN MEePEMEHHBIX MOTEPb AIEKTPOIHEPIHH 3a ToJl MO pe3ysibTaTaM pacueTa MoTepb
AJIEKTPO3HEPTUU 3a CYTKH: 3a J[Ba PEeKHMMHBIX JHS B TOJY: JHH MaKCHUMaJbHOW M MUHUMAalbHON
Harpy3Kd CETH B 3MMHHUX U JISTHUX Tepuojax [4-5].

[lepeMeHHBIE TOTEPU HIIEKTPOIHEPTHM 32 KOHTPOJIbHBIE CYTKM AWCYT oOInpenensrorcs
OTJIENIBHO JJISl CYTOK C MAaKCUMAJIbHBIMU M MUHUMAJIbHBIMU Harpy3KaMmHu o gopmyJie

n
AW,,,, = ZAPi At;,
- (1)

rjae, N - KOJUYECTBO CTyNEHel (MHTEepBaJOB OCPEIHEHHS) B CYTOUHOM TpaduKe HarpysKH,
mT.; APi - mepeMeHHbIe TOTEPH MOIIMHOCTH B 3JIEMEHTax J3JEKTPUUYECKON CETH, ONpeeieHHBIC
M0 pe3yjbTaTaM pacuera pekUMa C UCIOJIb30BAHUEM 1-i CTYMEHH CyTOYHOro rpaduka Harpys3KH,
KBT; Ati - IPOAOIKUTEILHOCTD i-i CTYIEHH CYTOYHOTO IpaduKa Harpy3KH, 9.

[lo oTmycky 3IEKTpPOPHEPTHMH B CETh 3a TOJl ONPENENSIOTCS CpenHe- apupMeTHYecKue
3HAYEHUS OTITyCKa SJIEKTPO’HEPIHH B CETh 3a Mecsll U cpeaHue norepu. [lorpemHocTts pacuera
MOTeph  DJIEKTPOIHEPTUU  BbI3BAHA MEPEXOJOM K YCPEAHEHHBIM CPEIHECTATUCTHYECKUM
napaMeTpam: HCIHOJIb3YIoTCA Kod(hduuueHTsl (opMbl Ui YCPEIHEHHBIX THUIOBBIX TpaduUKOB,
BIIUSIHUE YBEIMYEHHUS MOTEPh (B YACTHOCTH, B apMaType MUTAIOLIUX JIMHUI) C TEUEHUEM BpEMEHU
U CHU)KEHHE I[IOTepb B BBIXOJHBbIE U MPa3JAHUYHBbIC JHU YUUTHIBAIOTCS IOMPABOYHBIMU
Koa( puImeHTaMu.

JUis OneHKM U aHanu3a MOTeph DIEKTPodHepruu B DepraHckux MarucTpaibHbBIX
ANIEKTPUYECKUX CETAX OHEpProcucreMbl Y30eKucTaHa B  YCTAaHOBHUBIIUXCS (HOpPMAaJbHBIX
U PEMOHTHBIX) JJIEKTPUYECKUX PEKHMMaxX, BBIMOJHEHBI PacuéThl C MOMOUIBIO MPOrPaMMHOIO
obecneuenus DigSilent Power Factory, mpuHumnuanbHasi cxema KOTOpO# MpuBeieHa Ha puc. 1.

®epranckas T3l c
T T MC Anait
11018 110kB

2201B

NC Y3bermcraH MCNasynrod T MNC ®epraHa MC CoRWH MC NoumH
220KE e —— 220kB 220uB 220:B 220uB

Puc. 1. TIpunnunuanbHas cxema @epranckux MarucTpajbHbIX dJIeKTPHUYECKUX ceTeil

OKCIIEpUMEHTANIBHBIE PACYETHI BBITIOJHEHBI JUIS peXKMMa MaKCUMAJIbHBIX HArPY30K 3MMHETO
nepuona 2020 rona.
Ha puc. 2. mokazanbl ypoBHM HanpspkeHuM Ha mumHax 220 kB mopcrannmit depranckux
M3C HOpMaNIbHOTO ¥ PEMOHTHBIX PEKMMOB BO3/1YIIHBIX JIUHUN dnekTponepenay 220 kB.
66



HWHHOBAIIMY B HE®TET'A30BOM OTPACJH — INNOVATION IN THE OIL AND GAS INDUSTRY I Ne 2/2021

220

215

210

205 W [1C NasyneoH

200 m [1C depaaHa

195 W [1C CokuH

190

185
Hopm.  PemoHm PemoHm PemoHm PemoHmM
pexwum  J1-C-/1-1 J1-MN-@ J1-o-C J1-M-y3

Puc. 2. Yposuu Hanpsxennii (kB) Ha munaax 220 kB nmoacranumii @epranckunx MIC

Ha puc. 2 MOXHO yBHIETh 3HAUUTEIBHOE CHWKEHHE YPOBHEW HANpspKeHUs Ha muHax 220
kB moxacranmmii, kotopsie oTHocsTcs K Pepranckum MOC. K mpumepy, camoe 3HAUYNUTEIHHOE
CHIDKCHHME HaIpsDKeHUsT HaOMoJaeTcs Ha IIMHAaX [OJACTaHUMNA B PEXUME PEMOHTa JIMHUI
anekrpornepenaun 220 kB JI-I1-Y3. B ganHom pexxume Hanpspkenue Ha mmHax [1C [TaBynron, T1C
®eprana, [IC Coxun cocraBmwio 196 kB, 202 kB u 195 kB cootBerctBenno. Ilpu stom,
HEOOXOJMMO OTMETHTh, 4YTO CHIDKEHHE HAINpPsDKEHUS MPUBOJIUT K YBEIHMYEHUIO MOTEPh B
AIEKTPUYECKUX CETSX.

Ha puc. 3 moka3aHbl BeTHUUHBI OTEPh dJekTpodHepruu B Pepranckux MOC. Ilpu 3Tom B
HOPMAJIbHOM YCTAHOBHUBILEMCSI PEXHME, MOTEPU B JIMHUAX JJIEKTpomepeAadyr coctaBuwin 8,247
MBTt-4, a B Tpanchopmaropax — 1,506 MBt1-u. CymmapHas BEIMYHHA MOTEPHh B AICKTPUUCCKUX
ceTsax cocraBmia 9,753 MBT-u.

¥ Jlorepu 2JIEKTPOIHEPTHH B
Tpa"chopmaTopax

¥ [Torepu 351eKTPOIHEPTHHU B
BO3IyIIHBIX JIDII

Puc. 3. Ilorepu 21exTpo3nepruu B @epranckux MIC B HOPMAJIbHOM YCTAHOBHBIIEMCS peKUMe

JUig CHW)KEHHs IOTEPh B DJJIEKTPUYECKUX CETAX CIEMYET BBIIOJHUTH COOTBETCTBYIOIIHE
MeponpusaTisa. OIHUM U3 MEPONPUATHI MO CHUKEHUIO MOTEPH SIBISIETCS BBOJ KOMIIEHCHUPYIOLINX
YCTPOUCTB PEAKTUBHON MOIIIHOCTH.

[Ipoananusupyem ypoBHH HANpsKEHUM HAa NIMHAX NOJICTAHLIMNA U ITOTEPH DJIEKTPOIHEPTUU B
YCTAaHOBHUBILIUXCSI WIEKTPUYECKMX peXUMax I0ciI€ BBOJA KOMIIEHCHUPYIOUIETO YyCTpOMCTBa
peaktuBHOI MomHOcTH 200 MBAp Ha [1C ®deprana.

Ha puc. 4 nmokazansl ypoBHM HanpspbkeHuM Ha mmHax 220 kB moacranumii depraHckux
M3SC HOpMaNbHOTIO ¥ PEMOHTHBIX PEKMMOB BO3YIIHBIX JTUHUN 3ekTponepenad 220 kB ¢ yuérom
BBOJIa KOMIIEHCUPYIOILETO yCTPOMCTBA PEAKTUBHOW MOIIIHOCTH.

67



HWHHOBAIIMY B HE®TET'A30BOM OTPACJH — INNOVATION IN THE OIL AND GAS INDUSTRY I Ne 2/2021

226

224

222

220 m NC MasynroH

218 B NC PepraHa

216 W NC CoknH

214

212
Hopm. pesxcum Pemonm JI-C-JI- Pemonm JI-II-®@ Pemonum JI-®-C Pemonm JI-I1-V3
1

Puc. 4. Ypouu Hanpsxennii (kB) Ha munHax 220 kB nmoacranumii
®epranckux MIC (nocie BBoga UPM)

Ha puc. 4 Mo)xHO yBUETH, UTO TOCJIE BBOJA UCTOYHMKA peakTuBHOM MomHocTu (MPM) Ha
[1C ®eprana ypoBHU HampsbkeHUs: Ha muHax 220 kB moactaHnmii 3HaYUTENBHO YBEIUYMIHCH. K
puMepy, camble HHU3KHE ypPOBHU HampspKeHUs mocie BBoaa MPM HaOmromaroTcss Ha IMIMHAX
MOACTAHIIMN B peXUMe peMoHTa JuHuM aekTporepenaun 220 kB JI-C-JI-1. B manHoM pexunme
Hanpspbkenue Ha mmHax [1C IMaBynron, [1C ®eprana, [IC Cokun cocraBuio 220 kB, 220 kB u 218
KB cOoOTBETCTBEHHO.

H JTorepH 31EKTPO’HEPTUH B
TpaHchopMaTopax

¥ Jlotepu 371E€KTPO’HEPTUH B
Bo3yHbIX JIDIT

Puc. 5. Ilorepu 31exkTpo3nepruu B @epranckux MIC B HOpMaJIBLHOM yCTAHOBUBIIEMCS
pe:xume (¢ yuérom UPM)

Ha puc. 5 nokasansl BeqlnunHbI IOTEPD AIeKTpodHeprun B Pepranckux MOC nocie BBoAa
HNPM. Ilpu 3TOM B HOPMaJIbHOM YCTaHOBHBILIEMCS PEKHMME, IIOTEPU B JIMHUAX NIEKTpOINEpeaadn
coctaBuwin 7,587 MBT-u, a B Tpanchopmaropax — 1,484 MBT1-u. CymmapHas BelIM4MHa MOTEPh B
ANEKTpUUECKUX ceTsax coctaBuia 9,071 MBT-u.

Takum obOpaszom, COIJIaCHO pe3yJbTaTaM pacuéTa HOPMaJIbHBIX YCTaHOBMBILIUXCS
AIEKTPUYECKUX PEKUMOB, CIIENYET CAEIATh BBIBOJbI:

-0 BBOJAa MCTOYHHMKA PEAKTUBHOM MOLIHOCTH BEJIMYMHA IIOTEPb AKTMBHOW MOIIHOCTU B
anekTpuyeckux cersax @epranckux MIC — 9,75 MBt-4 (1,7% OT cyMMMapHO# Harpy3Kn);

-110CJI€ BBOJ]A UCTOYHUKA PEAKTUBHOM MOIIHOCTH BEJIMYHMHA MOTEPHh AKTUBHON MOIIHOCTH B
anextpuyeckux cersax depranckux MIC — 9,071 MBTt-u (1,69% 0oT cyMMMapHOI Harpy3Kn).

[IpoBenénHplii aHaNNM3 MOKa3aja, 4YTO IIOCJIE BBOAA KOMIIEHCHPYIOIIETO YCTPOMCTBA
pPEaKTUBHOM MOIIHOCTH IOTEPH IJNEKTPO3HEprMH B DEpraHckux JIEKTPUUYECKUX  CETIX
ymeHpmmmcs Ha 0,68MBT 4.
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HNCITOJIb30BAHUE ®OPMUPYIOLIEI'O ONEHNUBAHUSA B OBYYEHUU
CTYJAEHTOB HE®TEI'A30BOI'O ITPO®NJISI B BBICIHEM OBPA3OBAHUU
Pa3uxosa JI.C.
@unuan Poccuiickoro 'ocynapcTBennoro YHuBepcurera HehTH U
raza(HNY) umenn U.M. I'ybkuna B ropone Tamkenre, npenogaBareib

baxpomosa U.T.
®unuan Poccuiickoro ['ocynapctBeHHOro YHuBEpcuTeTa HEPTU U
raza(HNY) umenn .M. I'yOkuna B ropone TamikeHnre, npenoaaBaTelib

AHHOTALIUSA
B smoii cmamve 0aemcsa kpamxoe onucanue UCnOIbI0BAHUSL HOPMUPYIOUE20 OYEHUBAHUS
npu 00yuenHuu cneyuanrbHou 1eKcuke cmyoenmam Hegpmezazo6o2o npoguis. CoocmseenHo, 8 0CHoge
UCCIEe008AHUSL IeHCUM UOesL O MOM, YO COBPEMEHHble nedazocuiecKue mexHoai02ul, Heopsembvie 8
Hacmoswee epems, Ooiee dhhekmusnsvl u cmumynupyrowue, Yem npedvloyujue memoovl 00y4eHus.
B uccneoosanuu paccmampueanocb 000CHO8AHHOCIb 2UNOmMe3bl, Ymo opmupyrouee oyeHUusaHue
makace IPGeKkmueHo On yUauwuxcs 8 U3YYeHUU CILO8APHO20 3ANAca aHRIULUCKO20 S3bIKA NO
CPABHEHUIO C OpY2UMU NPEOLONCEHHBIMU MEMOOAMU. YPOBeHb 3HAHULL YUACMHUKO8 NO AHSTUTICKOMY
A3bIKY, HA KOMOPOM HNPOBOOUNOCH MO UCCIe008aHue, Obll CpeOHeM, 8 YHugepcumeme,
cneyuanusupyrowemcs Ha  Hegpmeeazoeou  ompaciu, 20e Oolee  GblcoOKUe  Mpebo8aAHUs.
NpeovABNIAIOMCA K PA36UMUIO CLOBAPHO20 3aNAca 6 COOMEEMCMEUU C PEKOMeHOYeMOu yieOHOl
npoepammoi.  Pesynomamuvl  3mo20  uUccie008aHusi NOKA3AAU, YMO  OYeHueaumue ucpaem
HEe3aMeHUMYIO POb U MONCEM MOMUBUPOBAMb CHYOEHMO8 U3YUEHUI0 AHEIUNICK020 A3bIKA. Mmoeu
OaHHO2O OnbIMa makxdice OyOym UCNONb308AHbL 8 KAYECmee OCHOBbl, HA KOMOPOU Mo2ym Oblmb
coenamvbl  KOHKpemmuvle NpeolodHCeHus No  NPAKMUYeckomMy NPUMEHEHUI) OYEeHUBAHUs 8
N0BCEOHEBHOU aAyOUMOpUU.
Knwuesvie cnosa: pesyromamsl obyuenus, opmupyrowas oyeuwka, obpamuas
CB513b, OOCMOBEPHDLI, NPO3PAYHOCTb, AYMEHMUYHBLU, YUeOHbLI npoyecc, MOMUGUPO8ams, 3a0ayu,
BbINOTHAMD.

USING FORMATIVE ASSESSMENT IN TEACHING STUDENTS OF AN OIL AND GAS
PROFILE IN HIGHER EDUCATION

Razikova D.S.

Branch of Russian State University of Oil Gas (NRU)

named after I.M.Gubkin in Tashkent, teacher

Baxromova I.T.,

Branch of Russian State University of Oil Gas (NRU)

named after I.M.Gubkin in Tashkent, teacher

ANNOTATION

This article gives a brief outline of using formative assessment in teaching specific
vocabulary to the oil and gas profile students. Actually the research is based on the idea that
modern pedagogical technologies implemented nowadays are more effective and motivational than
the previous methods of teaching. This research investigated the validity of the hypothesis that
formative assessment is also effective for students to learn English vocabulary effectively in
comparison to the other methods suggested. The participants’ level of knowledge of English, in
which this research was conducted, was pre-intermediate at the University specialized in oil and
gas profile, where greater demands are imposed on developing vocabulary skills by the
recommended curriculum. The results of this research revealed that the role of assessment is
indispensable and it has an ability to motivate students to learn English. The results of this research
will also be used as a basis upon which specific suggestions for the practical implementation of
assessment in the everyday classroom can be made.

Keywords: learning outcomes, formative assessment, feedback, valid, transparency,
authentic, educational process, motivate, tasks, fulfill
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OJINH TABJIUMIA HE®TH BA T'A3 MYHAJIMIIN TAJTABAJTAPUHA YKUTHIIJIA
IMAKJIJIAHTAPYBYHA BAXOJIAIIHA KYJIAHWIAIIA
Pa3uxosa JI.C.
N.M.I'yOoxun Homugaru Poccust naBiar HedT Ba ra3 yHUBEpPCUTETHHUHT
(MTY) Towkent maxpuaaru Ouwinany, YKUTYBUN

baxpomosa U.T.
.M. I'yOkun Homuaaru Poccust naBiar HeT Ba ra3 yHUBEPCUTETHHUHT
(MTYVY) Towxent maxpuaaru Ouinany, YKUTYBUU

AHHOTALIUSA

Ywby maxonada nepms 6a eas uyHanuwuda maxcui o1aémean manabaiapea maxcyc cy3
botiueuHu ypeamuwoa gopmamus o6axorauwoar QotuoaraHuUHUHE KUCKaua mascugpu oepunean.
Acnuoa, maokukom xo3upeu 3aMoHOA HCOPUL IMULAEMEAH 3AMOHABUL Ne0A20SUK MEXHONO0SUANAD
assaney yKumuwl ycuyoarapuea Kapazamoa camapaiuporx 6a paoamiaHmupyeuu oe2am gukped
acocnaneat. Ywoby maokuxomoa manadaniapHune uHeau3 muiuodazu cy3 O0UIUKIApUHU YPeaHuuoa
makiug KuiuHean Oowka ycyuiap Oulan MmaxkKociaeaHoa WAaKIIaHmupysdu oaxoraul Xam
camapanu  9Kauaueu  xaxuoasu ¢apasHune myepuiueu  Kypcamuaou. Ywby —maoxuxom
UWMUPOKYUNAPUHUHE UHRIUZ MUTUHU Ouluwl oapadxcacu ypma oapaxcada 6yaub, Hegpms 8a a3z
coxacuoa yKuémeaumnapea magcusi OMUIAH YKY8 oacmypueda Mmysoux cy3  OounucuHu
pusodiciaHmupuwiea 10Kopu maiaonap Kyuuiaou. Ywby maoxuxom —HAmudicanapu  uiyHu
Kypcamouxu, OaxoiauwHune Ypuu Kamma 8a manabaiapHuHe UHeIu3 MUIUHU YPeaHuued YHOAu
canoxuamu 1oxkcak. Ywby maogicpuba namudicanapu, wyHuHeOeK, KyHOAIUK cuH@oa 6axoiauiHu
amanoa Kyuiaw Oyuuya aHuxK maxkiugrap Kupumuauwiu MyMKuH Oyneaw acoc cugamuoa
UWIAMUNAOU.

Kanum cyznap: mavium nHamudicaniapu, Wakiianmupysyu 6axo, mMynoxazanap, anukiux,
waghogaux, XaKkuKULIUK, VKY8 HcapaéHu, pyxiaHmupmok, sasuganap, baxcapuul.

In higher education, the term assessment demonstrates the wide variety of methods or tools
that educators use to evaluate, measure, and document the academic readiness, learning progress,
skill acquisition, or educational needs of students. We use the general term assessment to refer to all
those activities undertaken by teachers and by their students in assessing themselves, that provides
information to be used as feedback to modify teaching and learning activities. According to the
function the assessment within the classroom can be categorized in three main groups of diagnostic,
formative and summative assessment. Diagnostic assessment which is done before the teacher
begins to actively teach in order to help create a learning profile of each student by giving the
teacher information on what student knows and can do. Black and Wiliam concluded that: “...
formative assessment does improve learning. The gains in achievement appear to be quite
considerable, and as noted earlier, among the largest ever reported for educational interventions [1].
The goal of a formative assessment is to monitor student learning to provide ongoing feedback that
can help students identify their strengths and weaknesses and target areas that need work. It also
helps faculty recognize where students are struggling and address problems immediately [2].
Summative assessments are used to evaluate student learning, skill acquisition, and academic
achievement at the conclusion of a defined instructional period-typically at the end of a project,
unit, course, semester, program, or school year. The primary difference between formative and
summative assessments is the time period in which they are given. While summative assessment is
given upon completion of a unit, formative assessment is ongoing. Michael Scriven claims that
while all assessment techniques can be summative, only some are formative [3].

The formative assessment, which reflects more clear the process of gathering and evaluating
information on what students know, understand, and can do in order to make a needed
decision about next steps in the educational process. As a teacher, who has some experience, |
consider, that the formative assessment is a fundamental key to identify the students’ learning
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outcomes gained during the lesson. Summative assessment demonstrates the extent of a learner's
success at certain relevant points in the learning process or unit of study (e.g. end of course, project,
semester, unit, year) and can be used formally to measure the level of achievement of learning
outcomes (e.g. tests, labs, assignments, projects, presentations etc.) that contributes to the final mark
given for the module. It is normally, though not always, used at the end of a unit of teaching.
Summative assessment is used to quantify achievement, to reward achievement, to provide data for
selection (to the next stage in education or to employment). For all these reasons the validity and
reliability of summative assessment are of the greatest importance. Formative assessment is an
essential part of teaching and learning. It usually takes place during day to day learning experiences
and involves ongoing, casual observations throughout the term, course, semester or unit of study. It
does not contribute to the final mark given for the module; instead it contributes to learning through
providing feedback. It usually reveals what is good about a piece of work and why this is good; it
also illustrates what is not so good and how the work could be improved. Effective immediate and
meaningful feedback will assist teachers in modifying or extending their programs or adapting their
learning and teaching methods.

Formative assessment includes both feedback and self monitoring. The noticeable fact is
that, the formative assessment has a lot of benefits for both teachers and students. Teachers are able
to determine what standards students already know and to what degree, besides they can choose
what minor modifications or major changes in instruction they need to make so that all students can
succeed in upcoming instruction and on subsequent assessments. In addition, they can design their
lessons according to the students’ abilities taking into consideration groups of learners or individual
students.

One of the priorities of this paradigm is that it is also useful for students. Students are more
motivated to learn. It encourages them to improve their drawbacks. They are responsible for their
own learning. They begin working independently considering their weak points and try to fulfill
these gaps. Students learn valuable lifelong skills such as self-evaluation, self-assessment, and goal
setting. Critical thinking ability helps them to do their best in the learning process. Ideally,
formative assessment strategies improve teaching and learning simultaneously. Instructors can help
students grow as learners by actively encouraging them to self-assess their own skills and
knowledge retention, and by giving clear instructions and feedback [4].

Having been acquainted with the efficiency of the formative assessment I always try to use it
maximally. Let me talk about one episode of my lesson conducted this term. During the lesson |
gave my students three different tasks in order to check up their learning outcomes, to involve them
in education process, and the last one is to adjust teaching including the results of assessment. At
the beginning of the lesson | gave them flashcards with pictures and some words for matching to
check up their vocabulary of the previous lessons. The purpose of the task was to check if the
students have learned the new specific vocabulary on the topics for the past two weeks as well as
the speaking skills. Each student, who was ready to fulfil and present his/her task orally in class,
received the highest mark, for instance five out of five, whereas those who rather preferred to only
submit their work and not present it orally received the mark of four. We do not have any written
criteria for this assessment. It caused their interest and made them to compete with their partners by
showing their superiority. This task fulfilled two aims: the first was to attract their attention and the
second was to check up their preparation for the lesson. After having got the flashcards they ought
to identify the name of tools and equipment, reasons and places for their usage and describe them
using simple words or sentences. The difficulty of the above mentioned assignment was in finding
the name of the tools and equipment used in oil and gas industry, according to the elements or
shapes which were shown in the picture. It demanded knowing not only the names them, but also
the ability to think creatively. Two teams succeeded it successfully. The industriousness of each
participant was evaluated. 1 am confident that this task was highly motivational, stimulating and
manageable, because | gave students enough time for preparing, students perceive it with
excitement and eventually all of the students have successfully completed the task. This is the way
how | ensured the task manageability, which is one of the principles of effective assessment practice
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which makes assessment efficient; by giving enough time | allowed opportunities for amendment
and remediation of error.

In our opinion this exercise was valid because we achieve the learning outcomes through
this task. Especially, | had a chance to evaluate how the students learned vocabulary, which was
difficult enough, as it could be used for only specific purposes in oil and gas industry. They also had
a chance to show their speaking and writing skills by making some simple sentences. This
assignment was quite authentic because students could adopt these writing and speaking skills in
their daily life. All in all the task should be meaningful for students’ life and this is exactly what
happened because the description was designed creatively interesting, which helped me as a teacher
measure and assess how the students could put into practice the learning achieved.

Talking about the transparency of this assessment task, | should say, that group students had
pre-intermediate level, | do not usually give them the description of the task well in advance, that is
because they had poor vocabulary. However, in my classroom | had some posters that describe oil
drilling process with the explanation of machinery handling, where all the examples of equipment
were demonstrated and explained. Students were aware of the assessment and | gladly answered
their questions. This exercise allows me to call my assessment a transparent one.

As | explained through assessment principles that my lesson was valid, manageable and
motivational by using samples, | can conclude that the lesson was student centered, because the
students liked it a lot and it created some kind of thinking. They were enjoying the lesson and this
means that it encouraged a deeper approach to learning. At lower level with beginner students it is
difficult to claim that this assessment was purely encouraging deep approach to learning, but it
provided the first steps for these students to encourage them thinking.

Let me evaluate this assessment task by two aspects: how inclusive the assessment was and
how student focused it was.

1. Before | started teaching, | activated the preliminary knowledge of students in this
subject. | tried to combine the assessment to teach new knowledge and skills that make it more
motivating and appealing.

2. In order to assure the students were learning at the needed level, | have used the formative
assessment, which allowed me to make necessary adjustments to my teaching approach and
teaching content whenever needed.

3. By monitoring the activities, | was able to give constructive feedback.

At the next stage, | will try to demonstrate that my assessment was student oriented:

4. The assessment method supported the unit's intended results. | tried to adapt to the
learning habits of today's students using different tools, such as a projector.

5. My teaching and assessment approach has created a good learning environment, whereby
students were allowed to make mistakes so that they could learn from their mistakes.

6. This assessment facilitates to advance students’ skills to analyze large data and use in
their daily life.

As a conclusion, we want to make the following remarks. The main purpose of this
assessment was to evaluate how much the students have studied the material presented to them for
last two weeks.

The assessment method was rather innovative, effective and exciting for both myself and my
students. At the same time all activities in teaching process from planning through assessing were
aligned to each other in order to facilitate the achievement of the intended learning outcomes.

This experience taught me to rather deeply realize the essence of learning outcomes.
A thoughtful result of the training indicates the teaching, for which assessment methods are suitable
and shows the skills and knowledge that the student should demonstrate. In brief, the clearer the
learning outcome, the easier it is to conduct a relevant assessment. | will continue to apply this
simple yet productive method of teaching as often as possible. “The teachers’ job is not to transmit
knowledge, nor to facilitate learning. It is to engineer effective learning environments for the
students. The key features of effective learning environments are that they create student
engagement and allow teachers, learners, and their peers to ensure that the learning is proceeding
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in the intended direction. The only way we can do this through assessment. That is why assessment
is, indeed, the bridge between teaching and learning.”

References:

1. Black P. and D. Wiliam (1998), “Assessment and Classroom Learning”, Assessment
in Education: Principles, Policy and Practice, CARFAX, Oxfordshire, Vol. 5, No. 1, pp. 7-74.

2.Crooks, T. (2001). "The Validity of Formative Assessments”. British Educational
Research Association Annual Conference, University of Leeds, September 13-15, 2001.

3.R. W. Tyler, R. M. Gagne, & M. Scriven (Eds) (1967). "The methodology
of evaluation™. Perspectives of curriculum evaluation. Chicago, IL: Rand McNally. pp. 39-83.

4. Nicol, D.J. and Macfarlane-Dick, D. (2006) Formative assessment and self-regulated
learning: a model and seven principles of good feedback practice. Studies in Higher Education
31(2) pp. 2-19.

74


http://www.leeds.ac.uk/educol/documents/00001862.htm

MWHHOBAIIMY B HE®TETA30BOI OTPACJIH — INNOVATION IN THE OIL AND GAS INDUSTRY Ne 2/2021

BHEJIPEHUE HOBOI'O MTOAXOJA B OBYUEHUE AHTJIMACKOMY SI3BbIKY
CTYJEHTOB HE®TEI'A30BOM OTPACJIA
Cyaranosa I'.C.
@unuan Poccuiickoro 'ocynapcrBennoro YHuBepcurera HepTu
u raza(HUY) umenu U.M. I'yOkuna
B ropojie TalkeHre, u.0. IOLIEHT
Kaabip6exona JI.X.
®umman Poccuiickoro ['ocyrapcTBeHHOro Y HUBEpCUTETA
Hedtu u raza(HIUY) umenu .M. I'yGkuna
B ropoze Tamkenre, 100eHT

AHHOTALIUSA
Llenvio  cmamvu  saenemcs  ucciredosanue  dPGexmueHocmu  UCHONILIOBAHUS
sudeomamepuanos npu oodoyuenuu ESP 6 evicwetr wixone ons ynyuwenus npogheccuonanbroeo
obujenuss 0yOVuuUx UHIHCEHEPOB-HePMAHUKOS HA AHSIUUCKOM S3blKe U NOBbIUEHUS UX VPOBHS
871A0eHUSI AHRTIUNICKUM sA3bIKOM. Paccmampueas 3nauenue mepmuna «aymeHmuyHoOCmsy», 8 CMamoe
00KA3bl8AEMCs, UYMO  BUOEOMAMEPUATbL  HA  PYCCKOM  s3blKe, CHAMble  CReyualucmamu
Heghme2az060il ompaciy, MO2Ym CUUMAMbCA AYMEHMUYHLIMU YYEOHbIMU MAamepuanamu Ous
s3auamuil auenuickum sAsvikom. Kpome mozo, 6 cmamve 2o6opumcsi o npeumyuwecmseax y4eOHUKOS,
UCNONIL3YeMbIX NPU NPOBEOCHUU 3AHAMUL AH2TULICKO20 A3bIKA Ol CMYOeHmo8 Heghmezazosoe 0eo
Quauana Poccutickoco eocyoapcmeennoco ynusepcumema Hepmu u eaza umenu U .M.Iyokuna 6
eopooe Tawxenme. B yenom, 6 cmamve paccmampugaemcsi HOGblll NOOX00 K HPenooasaHuro
AHRNIULICKO20 A3bIKA OISl CMYOEeHmMO8 Heghme2a3080L Ompaciu.
Knroueswvie cnosa: suoeomamepuansl, aymenmuytole yiebHvle Mamepuavl, Hepme2azoeas
cehepa, cmyoenm.
INTRODUCTION OF A NEW APPROACH IN TEACHING ENGLISH
FOR OIL AND GAS STUDENTS

Sultanova G.S.
Branch of the Russian State University of Oil and Gas
named after I.M. Gubkin in the city of Tashkent,
acting associate professor
Kadirbekova D.H.
Branch of the Russian State University of Oil and Gas
named after I.M. Gubkin in the city of Tashkent,
associate professor
ANNOTATION
The purpose of the article is to investigate the effectiveness of application of video materials
in teaching English at higher education for enhancing future petroleum engineers’ professional
communication in English and improving their English proficiency. By dealing with the meaning of
the term authenticity, the article proves that the video materials in Russian language taken by
specialists in oil and gas fields may referred to as an authentic teaching material for an English
classroom. Furthermore, there provided the advantages of textbooks used in conducting English
classes for ESP students in the Branch of Russian State University of Oil and Gas named after 1.M.
Gubkin in Tashkent city. In general, the article recommends new approach in teaching English for
oil and gas students.
Keywords: video materials, authentic teaching materials, oil and gas sphere, student.
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HE®T BA I'A3 COXACH TAJIABAJIAPUT A UHTJIN3 TWIVHA YKAUTHIIIJIA
SHIAYA EHJIAITYB TAJIKUHA
Cyaranosa I'.C.
.M. I'ybxun HomMuaaru Poccust nasnat net Ba ra3
yuuBepcutetd (MTY) nunr TolikeHT maxpuaaru
®unuany, B.B.O0 JOIEHT
Kaabip6exona JI.X.
N.M. I'yOkun Homuaaru Poccus nasnar HedT Ba ras
yHuBepcuretd (MTVY) Hunr TomkeHT maxpuaaru
®uiarany, JOLCHT

AHHOTAIINAA

Magolaning magsadi kelajakdagi neft va gas soxasi muhandislarining ingliz tilida
professional alogalarini yaxshilash va ularning ingliz tilini bilish darajasini oshirish uchun oliy
ta’limda ingliz tilini o'qgitishda video materiallardan foydalanish samaradorligini o'rganishdir.
Magolad "Autentlik™ atamasining ma'nosi yoritilib, neft va gaz sanoati mutaxassislari tomonidan
suratga olingan rus tilidagi video materiallarni ingliz tili darslari uchun autentik o'quv materiallari
deb hisoblash mumkinligi isbotlangan. Bundan tashqari, magolada I.M.Gubkin nomidagi Rossiya
davlat neft va gaz universitetining Toshkent shahridagi filiali neft va gaz ishi mutaxassisligi
talabalar uchun ingliz tili darslarida foydalaniladigan darsliklarning afzalliklari haqida ma’lumot
berilgan. Umuman olganda, maqolada neft va gaz ishi mutaxassisligi talabalari uchun ingliz tilini
o'gitishda yangi yondashuv yoritib berilgan.

Kanum cy3nap: video material, autentik o’quv materiallari, neft va gaz sohasi, talaba.

Xopomo U3BECTHO, 4TO HedrerazoBas MPOMBIIIJICHHOCTh SBIsieTCs  Haubouee
WHTEPHALIMOHAIIbHOM, HauMHasg OT TEOJIOTMYECKOM pa3BeIKW U 3aKaH4MBas XUMHYECKOMN
nepepaboTKONl U MapKeTHHIOM, BKJIIOYasi MPU TOM BBICOKOTEXHOJIOTHMUECKHUE Ipolecchl. B aTor
OM3HEC BOBJICUEHBl CHELMATUCTHl CaMBIX pa3HBIX 00JacTeil, MpuU STOM MPOU3BOACTBO
pacnpocTpaHsiercss o BceMy mupy. CiielyeT OTMETUTh, YTO OCHOBHBIM MEKIYHAPOJIHBIM SI3IKOM
He(dTerazoBoil MHIYCTPHUH BCE-TAKH SIBIISCTCS aHTIMHCKUM.

JlanHOe ucclnefoBaHHWE B OIPEAEICHHOW Mepe CIYKUT peaju3allid 3aJad, yKa3aHHBIX
B TOCTAaHOBJICHUSX W ykazax IIpesmpenta PecnyOmukum VY30ekucran ot 2 mapra 2020 roma
No VII — 5953 «O T'ocymapcTBeHHOM TporpamMme mo peanuszanuu CTpaTeruu IeUCTBUM MO MATH
MIPUOPUTETHBIM HampaBJICHUSIM pa3BuTus PecnyOmuku Y36ekucran B 2017 — 2021 rogax B «l'ox
pa3BUTHs HayKd, IPOCBEIICHHS H IMHMQPPOBOM HSKOHOMHUKH»», OT 8§ okTsa0ps 2019 roma
No VIT — 5847 «O6 yrtBepxkacHuu KoHIENIMU pa3BUTHS CHUCTEMBI BBICIIErO 0Opa3OBaHUS
Pecniy6muku Y36ekucran mo 2030 roma», mocranoBienuid [Ipesunenra PecnyOnuku Y30ekucran:
or 9 wuronsa 2019 roma NeIlll — 4388 «O mepax mo CTaOMIBHOMY OOECHEUEHUI0 SKOHOMHKHU
W HacelleHUsl dHepropecypcamu, (UHAHCOBOMY O3J0POBIEHHUIO M COBEPIICHCTBOBAHUIO CUCTEMBI
ynpaBieHus: HedrerazoBoil orpacibio», oT 27 utons 2017 roma Ne IMIT — 3151 «O mepax mo
JalbHEHIIIeMY pPaCIIMPEHHUI0 y4acTus oTpacied u cdep IKOHOMUKHM B TMOBBIIICHHUH KadyecTBa
MOATOTOBKH CIEIHMAIUCTOB C BBICIIUM oOpa3zoBaHuem», «Konuenmuu pa3BuTHs HedTerazoBoin
orpaciu PecnyOmuku VY36ekucran g0 2030 roma», Kommiiekca Mep MO HCIOJIHEHUIO
[TocranoBnenus Ilpesunenta PecnyOnuku Y30ekucran ot 25 centsiops 2017 roma Ne III1-3287
«O Mepax mo JajbHEWIIEMY COBEPIICHCTBOBAHUIO JEATEIBHOCTH M YKPEIUIEHUIO MaTepHalbHO-
TexHU4YecKoi 6a3pl @unnana Poccuiickoro rocyaapcTBEHHOTO yHUBEpCUTETa He(PTH U ra3a UMEHU
N.M. I'ybkuHa B ropojie TamkeHTey.

HecmoTpss Ha pa3nuyHyl0  SI3BIKOBYIO  TOATOTOBKY  CIELUAIUCTOB,  CYIIECTBYET
COTJIaCOBaHHOE MHEHHE B TOM, UYTO OOy4YeHHE HHOCTPAHHOMY SI3bIKY Oa3upyeTcsi Ha YeThIpex
HaBbIKaxX: YT€HUE, TUCbMO, TOBOPEHHE U CITyILIaHUE.

B HepaBHUX HCClieIOBAHUAX UCIOJIB30BAIUCH AyTEHTUYHbIE BUJIEO MaTEpHallbl, CHAThIE HA
n3yyaeMoM s3bike. Ham Merox mpeniaraer poiMKu, CHATBIE HAa PYCCKOM, KOTOPBIN SIBIISETCS

76



MWHHOBAIIMY B HE®TETA30BOI OTPACJIH — INNOVATION IN THE OIL AND GAS INDUSTRY Ne 2/2021

POIHBIM SI3BIKOM oOOydaroruxcsi. yis Toro, 4roObl MOHATH YPOBEHb AyTEHTHYHOCTH HAIIEro
MaTepHualia, HaM CIIEAYeT pa300paThbCs, YTO K€ BOOOIIE SIBJISACTCS ayTEHTHYHBIM JIMHI'BUCTUYECKUM
TEKCTOM.

Cornacno Adams Thomas W., marepuanbl SBISIOTCS AayTEHTUYHBIMH, €CIH OHH
MPEJCTABISAIOT COOONH HEM3MEHHBIE S3BIKOBBIC JAHHBIE M CO3JaHbI HOCUTEISIMH U JUIi HOCHTENEH
SI3bIKA U SIBJIAIOTCS OOLIMMU JJISl HUX, @ HE Ul N3Yy4YalolUX 3TOT S3bIK B KAYECTBE BTOPOIO.

C npyroil CTOpOHBI, TEPMHH «ayTEHTUYHOCTb» CBS3aH C IOHSATUEM, MPULIEALIUM U3
IPEYECKOro S3bIKa. OJTO TIOHATHE YKa3blBa€T Ha MPaBWIbHOCTb, MOJAJMHHOCTh, UCTHHHOCTh
CY/KJICHUW, 3HA4YCHMM, CBOWCTB, B3IVIANOB. I[IpakTMyeckM Tak K€ TPAKTyeTCs O3TO IOHATHE U
COBPEMEHHBIMU SI3bIKOBEIaMU. AyTEHTUUYECKUH, -as, 0€ (KHUXKH.). [efiCTBUTENbHBIN MOIINHHBIN,
COOTBETCTBYIOIIHMIA TIOUIMHHOMY // CyIl. ayTeHTUIHOCTh, - H, XK. [4, c. 38]. AyTCHTHUYHOCTh —
aAyTeHTUYHOCTH, K. [oT Tped. authentikos]. IlomTMHHOCTH, COOTBETCTBHE IIOJUIMHHOMY,
MEePBOMCTOYHHKY [3, c. 40]. 3HaueHHnEe ayTEHTUYHOCTH B TEKCTE MPH BCEH CXOXKECTU C TPEUYECKUM
MIEPBOUCTOYHUKOM HMMEET OIpPENIEICHHbIE CYLECTBEHHBIE paznuyus. [10JIMHHOCTh TEKCTa MOXKET
HUMETh «3ay>KEHHBII» psiJl IpobsieM, HapUMep: KOHKPETHOE aBTOPCTBO, MPUHAUIEKHOCTD K JKaHDY,
B KOTOPOM pe€alM3yeTcs TEKCT, BPEMEHHbIE pPaMKHU €ro CO3JaHHsl U COOTHOCHTCA C TaKUMU
SBJICHUSMH KaK (YHKIIMOHAJIbHOE IpelHa3HAYeHHE COACp)KaHMsI TEKCTa, 3HAYEHHE TEKCTa Kak
CpEICTBA JINHIBOKOTHUTUBHOTO MO3HAHUS MUPA U UHTEPIIPETALIMS TEKCTA MOIyYaTesIeM.

B teopuu peueBoro akrta no kinaccuduranuu P.O. SIko6cona [5] pasnuyaror cieayromme
OCHOBHbIE BapHaHTbl (DYHKUUN HCIIOJIb30BAHUS TEKCTa NIl JOCTHIKEHHS OMNpEIENIEHHBIX Lemeil:
penpe3eHTaTuBHAs;, NUPEKTUBHAS; (haTHUecKas,; SKCIpeCcCUBHas; dcTeThuueckas. Mbl pazbepeM 1Be
U3 HHUX, MOCKOJIbKY OHHM HEMOCPEJCTBEHHO BBINOJHSIOT CBOM (YHKIMU B HalleM OO0ydYaroliem
npotrecce.

Pernpe3enTtatuBHas QyHKIUS TEKCTa UIPAET BAXKHYIO POJiIb B (POPMHUPOBAHUM KapTUHBI MUPA
aJpecara WM TMPEACTaBICHUS KapTHHBI Mupa ajapecanta. (OcoOeHHOCTh 3TOM  (yHKIUU
3aKJII0YaeTCsl B TOM, YTO IyTeM penpe3eHTaluu (GopMUpYETCs MpeICTaBlIeHHE OJHOI0 OObEeKTa
MocpeACcTBOM Jpyroro. PenpeseHtatuBHas (pyHKUHS TOMMHHUPYET B ayTEHTUYHBIX TEKCTaX M IO
3HAYUMOCTH, U 10 00BEMaM CBOETO MPUMEHEHHUS.

@darnueckas (yHKUMS WUrpaeT pojb MOCTUKA OT OJHOTO YYacTHHKA KOMMYHHUKallUU
K Jpyromy. B ayTeHTHYHBIX TEKCTax BBIOOP CpPEICTB, PEATU3YIOUIMX (QaTHyecKyro (yHKIHUIO,
HEOJIHO3HAaYeH. MHOroe 3aBUCHUT OT TOTO, KaKOMY YHUTaTeNl0 aJpecoBaH TEKCT. ABTOpPY HMHOI/a
MPUXOAUTCA  TOJCTPAUBATBhCS IO  YPOBEHb  BOCHPHUSATHS, SMOIMOHAIBHOE  COCTOSIHHE,
MHTEJUJIEKTyallbHbIe BO3MOXKHOCTH aJipecara, M TEKCT IOJydyaeT HEKOTOPYIO MOTPEOUTEThCKYIO
okpacky (JIMHrBUCTHYECKUE MMPU3HAKU ayTEeHTHYHOCTH TekcTa. Jlesuenko M.H.).

Takum o00pazom, ayTEeHTUYHOCTh WJIM TO/UIMHHOCTh CUTYalluu, CHSATOW B BUICOPOJIHKE
CHEIHATMCTOM Ha MPOU3BOJCTBE HE MOMJICKHT COMHEHMIO, a OOJbllas JOCTYMHOCTb HUMEHHO
TAaKOro xapakrtepa MHGOpMAIUU JlelaeT JaHHBIM MaTepuai IMOJIE3HBIM B €ro HCIOJIb30BaHUH B
MpernoaBaHui HHOCTPAHHOTO SI3bIKa CIeMaTucTaM. B KOHTeKkcTe IpeICTaBIeHHbBIX IBYX (QDYyHKIUI
ayTEeHTUYHOT'O MaTepHualia, perpe3eHTaTUBHOM U (aTHueCcKOl, MBI MOKEM TOBOPUTH 00 YKIIOHE B
CTOPOHY Pa3BUTHS NEPEBOJUECKUX HABBIKOB B IAHHOW ayJUTOPHH, & UMEHHO OOYYEHHUIO CTYACHTOB
MEepPEeBOly BUAEOMATEPUATIOB 00pa30BaTEIbHON HAMPABICHHOCTH KaK MOABUAY ayIUOBU3YalbHOTO
nepeoga. [lon oOpazoBaTenbHBIM BHIEOMATEPHAIOM MOHMMAETCS 1LIEJIOCTHOE ayIuOBHU3YyalbHOE
MPOU3BE/ICHNE, HAllEJICHHOE Ha OOJEerdeHHe YCBOCHHUS U 3aKpEIUICHHUS MPEIMETHBIX MOHITHHA C
MOMOIIBI0 COEAMHEHUS TeKcTa M o0pas3a, IIyMOMY3BIKAIBHOTO psijia U JPYrMX METO/0B
BO3JICHCTBUS Ha 3pUTEIIA.

OOpa3oBarenbHble BHUAEOMATEpUANbl YK€ HECKOJIBKO JIeT MCIIONb3yeTcsd Kak OOBEKT
nepeBosa. OOpa3oBaTenbHbIl  BUAEOMATEpUAT  MOXHO  ONPENEeNUTh, Kak  IEJOCTHOE
ayJMOBU3yaJIbHOE IPOM3BEJCHUE, HALEIEHHOE Ha OO0JIerYeHHe YCBOEHHMS M 3aKpeIuIeHUs
NPEIMETHBIX TOHATUH C TIOMOINBIO COEIMHEHHMs TekcTa M obOpa3a. B oOpa3oBarenbHBIX
BHJIEOMATEpHANIaX JIOMYCKAETCS HCIOJb30BAHUE TAaKUX METOIOB BO3JCHCTBHSA HA 3pUTEIN, Kak
LIYMOMY3BIKaJIbHBIN psifl. OTHAKO, B OTIMYUE OT Pa3BIIEKATEIbHBIX ayJMOBU3YaJIbHBIX MaTEpHAJIOB,
3aJla4ya yIpaBJICHHUs SMOLUSMHU 3PUTENS 3/1€Ch SBIISIETCS BTOPUYHOM, XOTS U HE MEHEE aKTYaJIbHOM.
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OcHoBHasl LieJb CO3JaHMsI U MCIIOJIb30BaHMsI ayIMOBU3YaJIbHBIX IPOU3BEICHUI 00pa30BaTEIbHON
HANpaBJICHHOCTU - AUJAKTHUYECKas, 1 Ha MEPBOM MECTE HAaXOAUTCS COJEp)KaHUE, BKIIOYAIOIICE B
cebs HAay4YHBIC q)aKTBI, MOHATHA, KOHICTIINUH, CTATUCTUYCCKUEC U APYTUC KOJIMYCCTBCHHBIC NAHHELIC,
MMEeHa COOCTBEHHBbIE W T. M. TeM He MeHee, UMEHHO 4epe3 CTHMYJIMPOBAaHHE HHTEpeca M
MMO3UTUBHOI'O SMOLUOHAJIBHOI'O0 psgAaa 3a CUCT KOMIIOHCHTOB, COITYTCTBYROIIUX I/IH(l)OpMaL[I/IOHHO-
(bakTHUEeCKOMYy COAEp)KaHUIO M Jocturaercss Oonee dS(h(GEeKTHBHOE YCBOCHHE MaTepualia
MOCPENICTBOM ayAMOBU3YaJIbHBIX 00pa30BaTEIbHBIX MPOrPaMM IO CPAaBHEHHUIO C TPAJAUIIMOHHBIMHU
II€9aTHBIMU y‘IC6HI/IKaMI/I.

VY4ebHast mporpamMma Hallero By3a MpeayCMaTpUBAET CIEeAyromue yYeOHUKN aHTIHICKOTO
1u1s uHkeHepoB Hedrerasosoii orpaciu: Oil and gas, Oxford English for carriers, parts 1,2; English
for students of Petroleum Engineering, kotopbie IPeACTABISIOT COOOM MPEKPACHBIH MaTepUal s
Pa3BUTHUA YCTBIPEX 0a30BBIX HaBBHIKOB. BMmecte ¢ TEM, IJIA OOHOBIIEHUS U YCOBCPIICHCTBOBAHUA
JAaHHOTO MaTepuaia, HaM MoTpeboBaycs 00pa3oBaTeIbHBIN BHIEOMATepHall, KOTOPBIA SBIISUIICS ObI
JOCTOBEPHOH MH(pOpManHel 0 MPON3BOJICTBEHHOM IPOIEcce, M3y4aeMOM HAllUMH CTyAeHTaMH. B
IIOATOTOBKE U c6ope TaKOro BUJACOMaTCprajia HaM IMOMOIJIM BBIITYCKHHUKHU W MPETIOAAaBaATCIIN By3a.
I[J'Ifl CO3aHHd HAlUX YPOKOB MbI 6pan14 3a OCHOBY KpaTKUC BHUACOPOJIMKH, CHATHIC HA Pa3JIMYHBIX
JTanax MpOM3BOJCTBEHHOTO MPOIecca, ¢ KOMMEHTapUsIMHU aBTOPOB Ha PYCCKOM si3bIke. [Iporpamma
y4eOHOTO0 TMOCOOMsT TpeaAcTaBisieT co0oil 12 ypoKOB, HAUMHAIOIIMXCA C BHUACOPOJIMKA Ha
ONPEJICTICHHYI0 TEMATHKY, COOTBETCTBYIOIIMX TEKCTOB M MOCIEAYIONIUX yHpaxxHeHu!. Llens ypoka
— PACKpPBITh TEMY U 3aKPCIIUTh HABBIKH, 3aa4a — YCBOCHHEC CIICHHUAJIBHOI'O BOKa6y.]'I$IpI/I$I, pPa3BUTHUC
KPUTHYCCKOT'O MBIIIJICHUS, KOMMYHHUKAaTUBHBIX U IIEPEBOAUYCCKNX HABBIKOB.

B 3akmrouenne BaKHO OTMETHUTH YTO JaHHas1 METOJHNKa NMECT TICUXOJOTMYECKUH acIleKT B
HU3YYCHHUHU A3blKa — MOTHUBALUA HpOCbeCCI/IOHaJ'H)HI)IM YCIIEXOM BUCPAIIHUX BBITYCKHHUKOB H
CO3HAaHUEM MPUHAJICKHOCTH K TPOeCcChu.
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KOPEeKMHOCMb 3a0ayu, Memoobl «pe2yiapu3ayuuy u anpuopHslix oyeHox, npeooposzosanus Pypove.

ON A SEMINONLOCAL BOUNDARY VALUE PROBLEM FOR THE MODEL TRICOMI
EQUATION IN A PRISMATIC UNBOUNDED DOMAIN
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named after I.M. Gubkin in the city of Tashkent,

associate professor

Turakulov Kh.Sh.
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ANNOTATION
In this paper we  study, the unique solvability of the generalized solution of one
seminonlocal boundary value problem for the model Tricomi equation in a prismatic unbounded
domain by the methods of “‘e-regularizations”, and a priori estimates using the Fourier transform.
Keywords: for the model Tricomi equation, seminonlocal boundary value problem,
correctness of a problem, methods of " e-regularizations” and a priori estimates, Fourier
transforms.
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Kanum cyznap: moden Tpuxkomu meHenamacu, apum HOJNOKAL He2apasutl macaid,
YMYMAQUI2AH SYUMHUHS A20HanueU 6a masdxcyonueu, Pype onmawmupuwuy,"” -pecynapuzamcus’” ea
anpuop baxonap ycyanapu
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BBenenue u mocTaHOBKA 32124

Kak u3BectHO, B pabote A.B.bunamze mnokaszano, yto 3amaua Jupuxie uis ypaBHEHHS
CMEIIAaHHOTO TuIa HeKoppekTHa [1]. EcTecTBeHHO BO3HHUKAET BOIPOC: HENb3sl JIM 3aMEHUTH
ycioBusl 3amaud Jlupuxie IpyrMMM YCIOBHSMH, OXBAaThIBAIOIIMMU BCIO TpaHUIly, KOTOpbIE
o0ecreynBaOT KOPPEKTHOCTh 3a/1aun’? BrepBble Takue KpaeBble 3aaud (HEIOKalIbHbIE KpaeBble
3aaud) M YpaBHEHHUS CMEIIAHHOTO THIa ObUIM TIPEUIOKEHBl W HW3YyYeHBI B paboTe
O.N.Opanknsg 0pu pelIeHNH Ta30AWHAMHYECKOW 3amadud 00 00TeKaHWW MpopuiIel MOTOKOM
JI03BYKOBOW CKOPOCTH CO CBEPX3BYKOBOW 30HOW, OKAHYMBAIOILLIECHUCS MPSIMbIM CKaYKOM YIIJIOTHEHUS
[2]. Kak Oam3KHe 1o MOCTaHOBKE K M3y4aeMbIM, 33/1a4a JUIsS yPaBHEHUs CMEIIAHHOTO THIIA IIEPBOTO
poJa ucciieZioBaHa B OrPaHUYCHHBIX 00JacTsax B paborax [3-7].

B nmanHO# paboTe ¢ MCHOJIB30BaHWEM PE3yJbTaTOB paboT [6,7] M3ydaroTCs OXHO3HAYHAS
pa3pemmMMocCThb 0000IIEHHOTO pelIeHUs OJHOW TOJYHENOKaIbHOM KpaeBOM 3amaud s
MOJIETIbHETO ypaBHEHUS! TpUKOMU B HEOIPaHUUYEHHOM MPU3MAaTHYECKOW 00JIaCcTH.

B ob6nactu

Q=(-1LD)x(OT)xR=QxR={(x,t,2);xe(-11),0<t<T <+, ze R}, rue
paccMOTpUM MOZETbHOE ypaBHEeHUE TpHKOMHU:
Lu = Xut —AU+a(x)u +c(x)u = f(xt,z2), (1)
rae, AU =U,, +U,,- oneparop Jlamraca.
I[Iycts Bee kodddurments ypasaenns (1) gocraTouno rmamkue ¢ynkmum B oomacta Q.

B Oanvuetiwwem O0ns pewieHus NOCMABIEHHBIX 3a0ay¥ HAM HeEOOXO00UMO 88ecmiu ONnpeoeieHUll
HeCKONIbKO (PYHKYUOHANbHBIX NPOCMPAHCIE U 0003HAYEHUSL.
O603Ha4YnM vepes
+00

G(x,t,1) = (27) Y2 j u(x,t, z)e #dz

npeobpazosanue Oypbe 1o nepemennoi Z, ¢pynkmmn  U(X,1,2), a uepes

u(x,t,z) = (27) 2 j G(x,t,2)e'*dz

oOpartHoe npeobpazoBanue Oypne. Teneps ¢ momomibio npeodpazoBanus Oypbe onpenenaum

npocrpanctso W IZS(Q) C HOpMOH

—+00

2 _ 12 2.5 1A )
||U”W2',s(Q) =(27) -_J;o(l+ 1A]7)%-|a (x,t,l)||W2|(Ql) da, N

|
rne, S,| —mo6bie KoHEUHBIE MONOKUTENBHBIE IEJIBIE YKCIA. Yepes WZ(Ql) (pu

| = 0,W20 (Ql) =L, (Ql)) onpezensiercs npoctpancTBa CobosieBa cO CKANSPHBIM POU3BEICHUEM

(U, ), u Hopmoit
2
|91 =190 qp = 2 [|D8] ot
|a|£| Q.

31ech,

(24 .
& —MYJIbTUHHIACKC, D —O606IH€HHa${ MpOU3BOJAHAs IO IICPEMCHHBIM X u t-

OueBUIHO, YTO MPOCTPAHCTBO WIZS(Q) c HopMmoll (A) sBuseTcs THIBOEPTOBBIM
npoctpaHcTBoMm [8-11].
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HOJIyHe.TIOKa.]'ILHaH KpaeBasi 3ajilava.

Haiitn o606ménnoe pemenne U(X,t,2) ypasrenms (1) u3 mpocrpancTsa W%S(Q),
YJIOBJIETBOPSIOILEE CIEAYIOIUM KPAaeBbIM yCIOBUIM
yDPu|_, =DPu| ., )

u =uy| , =0 (3)

Xlx=—1

oPu
mpu  P=0,1, rne DPu==—, D% = U, » —HEKOTOpO€ IOCTOSHHOE YHCIIO,
t ot t

OTJIIMYHOE OT HYJIsI, BEJIMYMHA KOTOPOTO OyJeT yTOUHEHA HUXKE.
Onpeodenenue 1. O600mEHHBIM pemeHneM 3afaun (1)-(3) Oynem Has3biBaTh (YHKIUIO

u(x,t,z) eW22’3 (Q), ymosneropsontyro ypasuenuto (1) ¢ yenousmu (2)-(3) moutu Bcrogy.
Teopema 1. IlycTh BBINONHEHBI cleayronIe ycaoBus Uil koddduunenToB ypaBHeHus (1);

2a(X) + px> 6, >0, ¢(x) > J, > 0, ma seex X €[-L1], rze yzéln‘7‘>0 pu |7/|>1.

Torna s moboit Qynkium  f eW21‘3(Q), takoit, uro ¥ - f(x,0,2)=f(X,T,2z),

CYIECTBYET eIMHCTBEHHOE 0000menHoe pemrenue 3agaun (1)-(3) us npoctpancrtea W gs(Q)

Jlokazamenvcmeo meopemvl npogedem no credyoujeli cxeme:

1. dns 3anauu (1)-(3) popmanbHO 1Mo nepeMeHHbIM Z, TPUMEHUM NpeodpazoBanue Oypbe u
MOJIyYMM HOBYIO 3aaauy (4)-(6).

2. I3yuyuM OJHO3HAYHYIO pa3peiiuMOCTh IOJYHEJIOKATbHOW KpaeBOW 3amadd, IS
ypaBHEHHsI TPETHETO MOPSIIKA C MaJIbIM ITapaMeTpoM (BCIIOMOrarteibHasi 3a/1aya).

3.3areM C TIOMOIIBIO ATOW BCIOMOTaTeNBHOW 3aMa4yd  JOKaKEM OJHO3HAYHYIO
paspenmMocThb 3aaaun (4)-(6).

4. Ucnonp3yst  OJHO3HAYHYIO paspemumocts 3amaun  (4)-(6), magum obOocHOBaHHE
CXOIUMOCTH HHTErpasioB @ypre U JOKaxkeM pa3perrmMocTtsb 3aaadu (1)-(3).

Ipucmynum x peanuzayuu 2moti cxembi.

OnHo3nayHoe pazpemuMocTh 3amadd (1)-(3) mokakeM C TOMOIIBIO MpeoOpa3oBaHUEM
Oypee. [Ipumenss mnus 3amauun (1)-(3) dopmasibHO 1O MEpeMEeHHBIM Z, TpeoOpasoBaHue Dypbe
MOJIy4UM B 00JIaCTH

Ql - (_1’ 1) X (O,T) CIIEAYIOLIYO 3a7a4y

Ld = X0, —U,, +a(x)i, +(c(x)+12)ft:f(x,t,l), (4)
yDfdl_,=DPal_;p=01 (5)
GX x=—1 GX x=l 0, (6)

rie, LeR= (—OO,OO),
f(x,t,2)=(27) Y2 j f(x,t,z)e " *dz
-npeobpazoBanue Oypbe 1o nepeMeHHol Z, GyHKuu f (X,t, Z).

OnHO3HAYHas pa3pelIMMOCTh M TIIAJKOCTh peuieHus 3amauu (4)-(6) m3ydeHa B paboTax
[6,7]. Kopomxo npusedem smu pezyromamul.
ExuncTBeHHOCTH pemenusi 3aga4un (4)-(6).
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Teopema 2. IlycTh BHINOIHEHH! BhINICYKA3aHHBIE YCIOBUS 11 KO3(P(UIUEHTOB ypaBHEHHS
(4); xpome Toro, mycts 2a(X)+ x>0, >0, ¢(X)>35,>0, mma Beex X€[-L11], rre,

y:%|n‘7‘>0 npu |7/|>1. Torma, ecmu st J060#  QyHKIMHU f(X,t,l)eLz(Ql)

CYILIECTBYET perieHue 3anaun (4)-(6) U3 mpocTpaHCTBa W22 (Ql), TO OHO €IMHCTBEHHO.

JlokazaTejabCcTBO
JlokaxkeM €IUHCTBEHHOCTh pelIieHus 3anadu (4)-(6) ¢ TMOMOIIbI0 METO/Ja HHTErpaia

sHepruu. IlycTs cymecTByer pemienue 3agauu (4)-(6) us W22 (Ql)
PaccmoTpum ToxkaecTBO

2(Ld,e4,), = 2(f,e74,),, (7)

rae, 1 =const > 0.
B cuny ycnoBuil Teopembl 2, MHTETpUPYs MO 4acTsM TOXAEeCcTBO (7), JIETKO MOJYyYUTh
CIIEAYIOIIIEE HEPABEHCTBO

2[ LG -e~* . G dxdt > j e {(2a+ ux))- G2 + 1 G2 + A 202 +
Q Q
+(uc—c,) G4} dxdt> &, j e {42 + G2 + (6% }dxdt.
Q
rae, & = Min{S,, 11,8, + pA? > 5, > O},

B neBoii wactm HepaBeHcTBe (8), mcmonw3ys HepaBeHcTBa Komu ¢ O [12], momyunm
HE00XO0IMMYIO MEPBYIO OLICHKY

(8)

u

5 112
L.
Mz @ = e
. 2
13 KOTOPOH ClIeIyeT €MMHCTBEHHOCTh pemIeHus 3anaqu (4)-(6) uz W2 (Ql),

B JaibHeieM uepe3 Cj — O0O3HAYMM IOJOKUTENbHBIE BOOOILE TOBOPsA, pa3HbIE
MOCTOSIHHBIE YKCIIA, OTJIMYHBIE OT HYJIS.

Teopema 2 ookazana.

YpaBHeHue TPeTbero NOpsiAka ¢ MajibIM apaMeTpPoOM

Pazpemmmocts 3amaum (4)-(6) mokaxkem MerogoM & -peryispusanuu’’, a HMEHHO, B
obmactn Q =Qx(0,T) paccmorpum cemeiicTBO  ypaBHEHHIT TPETHErO MOPSAKA C MAIBIM

apamMmeTpom
- aa, . .
LG, =-¢ v +La, = f(x,t,4) (10)
Y C MOJIYHENOKATLHBIMHE KPA€BBIMH YCIOBUAMU

yDia,|_,=Dfd,] _;0=012, (11)
u€X|X:_1 = u8X|X:]_ = 0’ (12)

q 0 qW .10 .

rae, £ — Maloe NOJIoKHTeIbHOE uncio, D ;W = a—q, qg=12,D,w=w;,

Z

Hwmxe ucnonb3yeM CHUCTEMbl ypaBHEHMH TpEeThero mopsijika ¢ MaisiM napamerpom (10) B
Ka4eCTBE « & -peryJspH3UPYIOIIEro» ypaBHeHus A1t ypaBHeHus Tpukomu (4) [6,7,13,14].
OmnpeznenuM MpOCTPAHCTBO (PYHKLIUU
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W(Q) ={0,|;u, eWz2 (Q), U € L (Q}

YAOBJIETBOPSIIOIINE COOTBETCTBYIOMUM ycioBUsM (11),(12) ¢ koHeuHOM HOpMO

" 2
Jla.| |

A2
= 5||Ugttt||o +

ué‘

2
W - (B)

OueBnano, uro mnpocrpancteo W (Q;) ¢ Hopmoit (B) sBisiercss Iuib0OepTOBBIM

npocTpancTsoM [12].

Onpedenenue 2 Pemennem 3amaum  (10)-(12) Oymem Has3biBaTh  (PyHKIHIO
{0.(x,t,1)}eW(Q,)., ynosnersopsitoutyto ypasuenuro (10) ¢ ycnosusmu (11) ,(12) nourn
BCIOJTY.

Teopema 3. IIycTh BBHIIONHEHBI BILIEYKA3aHHbIE YCIOBHUS s KOXPMHUIMEHTOB ypaBHEHHS
(10); xpome Toro, mycts 2a(X)+ ux>0,¢(x)>68, >0, ams Beex Xe[-11], rme

y:%|n‘7‘>0 npu |7/|>1. Torma st mo6oit QyHKIMM f(X,t,ﬂ,) eWzl(Ql), TaKoii, 4TO

y- f(X,O, A) = f(X,T,ﬂ,), CYIECTBYET €IMHCTBEHHOE 0000mIeHHOe pentenue 3anaun (10)-(12)

u3 npocrpanctea W (Q;) u anst Hee crpaBeuIMBBI ClEAYIOIIME OLEHKH
2

f 0
A2
/ 1

Hokazamenvcmeo.  Jloxka3aTenbCTBO TEOpPEeMbl 3 OCYIIECTBISETCS  MOATANlHO, C
WCIIOIb30BAaHUEM MeETOJa ['ajepkruHa ¢ MoJIydYeHHEeM COOTBETCTBYIOIIMX allPUOPHBIX OIEHOK [6,7].
Cnauana ooxaxcem 1) — mpemwio oyenxy.

) el o <

) el + 0] <a

PaccmoTpuM ToXKI€CTBO:

—2[ e L0, -0 dxdt=—2[e f d,dxdt, (13)

Q1 Q
HNuterpupys mo dactsaMm ToxkaecTBO (13) W yuuThIBash yCJIOBHE TEOPEMBI 3 HETPYIHO
moinyuuth |ll)-TpeTbio anmpHOpHYIO OLEHKY, aHaJoruuHyro omeHke (9), OoTKyaa ciexyer

€IMHCTBEHHOCTH 0000111eHHOr0 pemenus 3aaa4n (10)-(12).
Tenepw ookasxcem cnpasednusocmos V') — vemeepmyro oyenxy

Z[J'ISI 9TOr'o paCCMOTPHUM TOXKACCTBO:
—2[ e 1,0, -Pd,dxdt=—2[e f P4 dxdt,
Q Q (14)

. . N u . N
rae, PO, = (O — 1404 +Eugxx — 10,4).

Wuterpupys no vyactsam (14), ¢ yuerom ycioBuii TeopeMbl 3 1 KpaeBbix ycioBuid (11),(12),
MOJIyYUM HEOOXOJUMYIO OICHKY:

|§£c2 f

ug

Ui ”5 + (15)

U3 10Ka3aHHBIX OLEHOK TOJYy4YUM  OJHO3HAuYHyH paspemumocts 3amaun (10)-(12) u3
npocrpanctea W (Q,).

&

2
E

Teopema 3 ookazana.

[lepeiineM k goKa3aTeNbCTBY pa3pemnMocTty 3anaqn (4) - (6).
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Teopema 4. [lyctb BbIIOIHEHB! BCe ycnoBUs TeopeMbl 2,3. Toraa o0oOLeHHOE penieHue

3anaun (4) - (6) CymIecTBYeT U OHO €IMHCTBEHHO B W22 Q).

2
Joxa3zatenbcTBo. EnnHCTBEHHOCTh pelieHus 3amgauu (4)-(6) B mpocTpaHCTBE W2 (Ql)
J0Ka3aHo B Teopeme 2. Temephb JOKakeM CyllecTBOBaHWe pericHus 3amaud (4)-(6) B W(Ql)

Jlist aToro pacemorpum B obnactu Q) ypasnenue (10) u kpaessie ycaosust (11), (12) npu £ >0,

Tak Kak BBINONHEHBI BCE YCJIOBHS TEOPEMBI 3, TO CYHIECTBYET €IMHCTBEHHOE OOOOIIEHHOE
pewenue 3axaun (10)-(12) B W (Q;), npu &>0 u mis Hee cnpaBeyiuBbl TpeTbsi M 4eTBepTas

ornenku. OTCroa cieayer, Mo M3BECTHOM TEOPEMBbl O KOMIAKTHOCTU [12], YTO M3 MHOXecTBa

byHKIUH {ﬁg(x,t,ﬂ,)} ,€>0, MokHO U3BITEYs CTAGO CXOMAIIYIOCS IO TOCIE0BATETHHOCT

(QyHKIMIA, TaKyro, 4TO {ljgi (x,t,ﬂ)}—>0(x,t,}t) mpu & —>0 B W(Q,). Ioxaxewm, uro

A

npenensuas  gynxuus U(X,t,A) ynosnersopser  ypasmenumto LU=Tf (4) moutu Bcromy

2 A
B W, (Q)). B camom zere, Tak Kak MOjI MOCIENOBATENEHOCTD {u 4 (X,t,l)} crabo CXOIMUTCS

B W (Q,), a nox nocnenosarensrocts {4/&;U , ittt(X,'[,/l)} paBHOMepHO orpannuena B L, (Q;)
u oneparop L nmmelinbIi, To nMeeM
Y- 0%,
Lu—-f=L0-L0, +&5—="=L0U-0,)+&—5"
! ot ! ot

N3 pasencrBa (16), mepexoms k mpemeny npu & —> 0, mnomyunm eamHCTBeHHOE

(16)

06o6mmenHoe pemenue 3amaun (4)-(6) u3 mpocrtpancrBa CobosieBa W22(Q1) [6,7,13]. Takum

obpazom, Teopema 4 dokazana.
CymecTBoBanue pemenns 3agaun (1)-(3).
Tenepr mepeiineM K JJ0Ka3aTeNbCTBY TeopeMbl 1, 00 OJHO3HAYHOE  Pa3pelIUMOCTH

ob6o6mennoe pemenue 3agaun (1)-(3) u3 mpocrpancTa W22’3 Q).

Jli1a moka3aTesibcTBO TeopeMbl-1,He00xo01MMa Cleayromas JeMma.
Jlemma. Ilycth BBIIOSHEHBI yciaoBus Teopembl 1-4. Torma mis pemrenus 3agauun (1)-(3)
CIPaBEUIUBHI CIIEIYIOIINE OL[CHKH:

2 2
). ”u”W%'?’(Q) <qf ”\/\/20'3(Q)

2 2
I). HUHWZZ'S(Q) <G|t ”w21'3(Q) '

Joxazamenvcmeo 1emmol.
B teopembr 2 mns pemenus 3amauu (4)-(6), 10kazaHa CIpaBeIMBOCTh OIEHKH (9), TO €CTh
ClIeyIoIIee

u

e =] [,

1 > .

2(Q) “ Lo (Q)

Yrobsr nokaszath, urto U,, € L, (Q),nam HeoO6X0aMMO YMHOXKHTH HepaBeHCTBO (9) Ha

(2z) Y.+ |/1|2)3 ¥ HHTETPUPOBATh 0 A OT —o0 10 400, MONY4YUM
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~+00
2 — 2 Al12
||u||w21’3(Q) = (27) e .[ @+ |;t| )3 ) ||u||W%(Ql) dA <

—+o0 u2
<) V2o [ @+ |af)C- fHLz(QJ_) d/1201||f||5\/20’3(Q). (17)

13 KOTOPOH clieAyeT BBINOJIHEHNE IEPBO allpUOPHOM OLIEHKH JIEMMBI 1.

TouHo Tak, ke UCTOJNIB3YsI YCIOBHsI TeopeM-3,4 ¢ mpeaeibHbIM nepexoaom mpu & —> 0, B
YETBEPTOM OLIEHKE HETPYIHO IMOJIy4uTh JUIsl pemieHus 3anauu (1)-(3) BelosHEHHE —crleayronen

OLCHKHU
A2 2
020 = 2] 5.y (18)

VMmHoKas HepaBeHCTBO (18) Ha (27[)_” 2. @+ |/7,|2)3 ¥ MHTErpupys 1o A oT —co o +00

f

MOy YUM
+o00
2 - 2 ~112
||u||W22’3(Q) =(27) v '_.‘- @+ |/1| )3 'HUHWZZ(Ql) da=<

A2 5
f‘L’V%(Ql) di=al/lgsq - @9

W3 KOTOPOIl ClIeyeT CIPABEIMBOCTh BTOPOU OLIEHKHU JIEMMBI 1.

Jlemma ookazana.

Moxkazamenscmeo meopemwvt 1. VI3 mepBoii anpuopHOi oneHku (17) jmeMMbl ciemyeT
€IMHCTBEHHOCTh  OOOOIIEHHOTO PEIICHHS 3amaun (1)-(3), a u3 cCHpaBeTMBOCTH  BTOPOM
anmpuopHo# oneHkH (19) ciaemyer cymectBoBanue o00o0OmeHHoro pemenus 3amadd (1)-(3) uz

+00
<@2z) V%, [ @+|2])3-

MPOCTpPaHCTBA W22’3 (Q) Teopema 1 ookazana.
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