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HAYKA C MOJIOJEXBIO JIA THHOBAIIMOHHOI'O PA3BUTHUA MOJIOAOI'O
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AHHOTAIUA

B koHTekcTe mnemaroruyeckoro Haciaemaus npO(beccopa V. yMypSaKOBa MpeaCTaBJICHbI
MCKAYHAPOAHBIC TPCHAbBI HMHHOBAIIMOHHOI'O PpPa3BUTUA COBPECMCHHOI'O TIoOCydapCTBa Ha OCHOBC
HAayKHU U O6p330BaHI/IH.

Knwuesvie cnoesa: aClipanTypa, MHTCpHAallMOHAIN3alud, WHHOBAILIUH, HCCISIOBATCIbCKUM
YHUBCPCUTECT

Science with Youth for Innovation Development of Young Souvereign State: “New Axis”
of Professor Umurzakov

Hancharonak I.1., D. Sci., Professor, Director of the Belarus-Uzbek Intersectoral Institute of
Applied Technical Qualifications, Minsk, Republic of Belarus

Zhabborov N.M., D. Sci., Professor, Executive Director of the Belarus-Uzbek Intersectoral
Institute of Applied Technical Qualifications, Tashkent, Republic of Uzbekistan

Summary: In the context of pedagogical heritage of Professor Umurzakov international trends
of innovation development of modern state on the basis of education and science are presented.
Keywords: doctoral education, internationalization, innovationst, research University

Beeoenue - «Hayka u o6pazosanue — 23mo HO8AA 0Cb, G0Kpy2 KOmopou
CMPYKMYpUpyemcs co6pemennoe 00uiecmeo.

B 2021 ropay Bbimesn o4eHb OOCTOSITEBHBIM aHATUTHYECKOM 0030p BEIYIIUX POCCHICKUX
yueHbIX U3 BrIcIeil mKonpl 3KOHOMUKH MO/ UHTPUTYIOIUM Ha3zBaHueM «Hayka 6e3 monmoaexu?
Kpusuc acnupanTypsl W BO3MOXKHOCTH = €rO IPEOAOJEHHS», B KOTOPOM OBLI TMpeICTaBlIeH
OOCTOSATENbHBIA ~ aHAJIM3 TEKYLIET0 COCTOSHUS IOATOTOBKM KaJpOB BBbICIIEH Hay4HOIl
kBannpukanuu B Poccuu, oTMedeHa oTpuliaTesbHas JUHAMHKAa OCHOBHBIX MoOKa3aTened B chepe
MOCJIEBY30BCKOTO0 00pa3oBaHMs (acmMpaHTypa U JOKTOPAHTYypa) OIpeNeNeHbl KIIIOUYEeBbIE
npoOsieMbl U TEPCHEeKTUBBl MX pELIEHUS, HECMOTPS Ha HEYTEIIUTENIbHBI BBIBOJA, YTO
acrMpaHTypa OCTaeTCs CaMbIM «OTCTAIOLIUM» ypOBHEM oOpa3oBaHusi B Poccum, 4to siBisercs
0€e3yCII0BHON yrpo30i /11 MHHOBAI[MOHHOI'O PAa3BUTHUS HALIMOHAIBHOI'O FOCY1apCTBa.

B Hamem nokname Ha KOH(EpEHIWH, TMOCBAIMICHHONW 70-IETHIO CO JHS POXKICHUS
BBIJIAIONIETOCA  y30€KCKOTO Y4Y€HOTo, Iielarora, HacTaBHUKA, ObIBIIero pekropa HUY
«TUUMCX» npodeccopa V. YMyp3akoBa BONPOCUTENbHYIO PUTOPUKY Ha3BaHUs PaObOTHI [1] MbI
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3aMEHHMJIM HA YTBEPAHUTEIBHYIO JJIsi TUHAMHYHO Pa3BUBAIOIIETOCS Y30EKCKOTO TOCYIapCTBa, T
MoJI0/1ekKb B Bo3pacte 10 30 et coctaBnser noutu 64% Hacenenus crpansl [2]. Takum o6pazom,
Y30ekucTaH He TOJIBKO MOJIOZOE U CYBEPEHHOE TOCyIapCTBO, HO CTPaH MOJIOABIX Jtojiei. bonee
TOT0, OXXHUJAeTcs, 4To B Ommkaimme 20 JeT MOJIOAOE IMOKOJEHHE CTaHeT IMpeodiagaromiei
paboueit criioi B UCTOpUHU Y30€KHCTaHa U C YYETOM JOJIKHOTO Pa3BUTHUS CUCTEMbI 00pa30oBaHUs
obecrieunt peanuzanuio o0bsBiIeHHOW [Ipesmmentom III. Mwup3ueeBbiM 0OJIarOpOJHON HIEH
«Kuth B HOBOM Y30€KHCTaHE — CBOOOJHOW W TPOIBETAIOIICH cTpaHe». [IpHHIMNHATBEHBIM B
9TOM IIJIaHE SIBJISIOTCS Pa3pabOTKU y30€KCKUX YUYEHbIX M MPAKTUKOB, CPEeld KOTOPHIX MbI 0c000
BBIJICNIIEM TIeJarornyeckoe Hacienue mnpodeccopa Y. YMyp3akoBa, ONpEAETHB Ha3BaHUIMHU
CTPYKTYPHBIX 3JIEMEHTOB HACTOsIIEH pabOThl €ro BhICKa3bIBAHMS.

B ycnoBusix coBpeMEHHBIX BBI30BOB M yIpo3, CPEAU KOTOPBIX B JOKJIAJ€ Mbl BBIJICIHIH
(rmobanu3anuio ¥ MHTEPHAIMOHAIM3AIMIO, TEePEOlleHKa U «HEIOOLEHKa» Hay4yHOro 3HaHWS,
HECTA0MJIBHOCTh W HEYCTOWYMBOCTH IIEHHOCTEHM, HOBBIC MPUHIUIIBI PEATHHOCTH, COIMAIBHOE
paccmoeHne U «IU(GPOBOE»  HEPABEHCTBO,  pACIIATBIBAHHE  IMOJUTUYECKUX  CHCTEM,
«IPO3PAavyHOCThY» MHUpPA, YCHUICHUE HJACH TOMyJau3Ma, pagukanu3ma) (popmMupyercs yCTOWYHMBOE
MOHMMAaHUEe, YTO MbI 00pa30BBIBaEM JIIOJEH [UIsl HEONpeaAeleHHOro Oyayliero, Koropoe OyneT
TOJIbKO BO3pacTarh. JIOrMYHBIM B 3TOH CBSI3U SBISIETCS W IIOCJEI0OBATElIbHAs peajln3alus
TEXHOJIOTMYECKOro TpeHaa B oOpa3oBarenbHoW monutuke EBpomeiickoit Komuccuu, dto
00pa30BaTeNbHBIC CHCTEMBI JOJDKHBI OBITH PEPOPMUPOBAHBI TaK, YTOOBI TOTOBUTH JIFOACH IS
pabounx MecCT, KOTOpbIe elle HE CYIIECTBYIOT, HCIOJb30BaTh TEXHOJOTUHU, KOTOpPBIC elle He
M300peTeHbl, HAayYUTh peulaTth Npo0aeMbl, KOTOPbIE €Ile JaKe He BO3ZHUKIIU. B 3TOl CBA3M BecbMa
aKTyaJIbHBIM SIBJIsIeTcs Te3uc u3 paboThl [4]: «boru oOpa3oBaTenbHOIl T€OpUU BCEMOTYIIH, HO
YEepPTH TEXHOJOTHU — PaCTOPOITHEW. OnHako He MEHee BaXXHOM MpeacTaBiseTcs W
BOCTIHTATEIbHAs KOMIIOHEHTa 00pa30BaTeIbHOM CHCTEMBI, KOTOpas 1Mo MHEHHUIo mpodeccopa V.
YMyp3akoBa JOKHA TIO3BOJIUTh  «M30aBUTHCS OT HUMIIETHI JyXa, OO0ECHEeYuTh CBOE
CYIIIECTBOBaHHE, 3/I0pOBbE, HMETh IOCTOSHHYIO paboTy, Oparh Ha ce0sd OTBETCTBEHHOCTH,
OCBOOOJIUTBCA OT BCSKOTO THETa, CJeNaTh HEBO3MOXHBIM YHW)KEHHE YEJIOBEUECKOTO
JIOCTOMHCTBA, OBITH OoNiee 00pa30BaHHBIM, CIIOBOM, JIeNaTh, 3HATh U UMETh OOJIbIIE, YTOOBI CTATh
JTyqIe».

Yuueepcumem 3.0 onsa skonomuku 3nanuil — «padbpuKa UHHCUHUPUHSA UHHOBAUUOHHBIX
npeonpuamuil.

[Tpodeccop Y. YMyp3akoB MOAYEPKUBAIL, YTO «IJIsI OCYIIECTBICHUS TpeOyeMbIX HHHOBAIUI
caMa Hay4yHO-oOpa3zoBaTenbHasi cdepa 00s3aHa NPUMEHSATH B CBOCH JCSITEIBHOCTH CaMble
COBPEMEHHbIE HMHHOBAI[MOHHBIE TEXHOJIOTUM. [IpyHUMNIMATBHO BaXHOM  CTAHOBUTCS
HE0OXOAMMOCTh CHOPMHUPOBATH Y BHIMTYCKHUKOB TEXHUUYECKHX BY30B HOBBIC TEXHOJOTHYECKUE U
OM3HEC-KOMITETEHINH, MPEANMPUHUMATENBCKYIO KYIbTYpYy. DTOT MpOIlecC B JOKIae Mbl Ha3BalU
npeoaoaeHueM «a¢pdeKTa Kojien» TpaAUuIIMOHHOTO Kilaccnyeckoro oopasoBanusi. ©opMUpOBaHUIO
Vuusepcurera 3.0 mpodeccop Y. Ymyp3akoB mpugaBai oco0oe 3Hau€HHE, TOCBATHB CBOIO
NEeSTENIbHOCTh IOCIIEIOBATEIbHOMY - U LIEJIeHalNpaBlIeHHOMY - opMupoBanuio HannoHaibHOTO
uccienosarensckoro yHusepcurera «THUHMMCX»: «MupoBoil ONBIT CBHIETENBCTBYET, 4YTO
BOXHBIM  (akTopoM (POpMHUpOBAHUS HCCIIENOBATEIBCKUX YHHBEPCUTETOB  SBISIETCS  HX
MHOTO()YHKITHOHAJIBHOCTh U TOJICP’KKAa WHHOBAIMOHHBIX IMPOIIECCOB B 0Opa30BaHUM M HAYKeE,
XapaKTepU3yeMbIX YCTOMUMNBOIN B3aUMOCBSI3aHHOCTHIO: 00pa3oBaHNEe — HayKa — MPOU3BOACTBOY.
Baxxen u komMMmepuecKkuil pe3ysibTaT JEATeTbHOCTH BBICIINX YYEOHBIX 3aBEJICHHI, WX BKJIaJ B
SBOJIIOLMIO COBPEMEHHOTO TOCYyAapCTBa KaK CI0KHOW CHCTEMbI, KOTOpasi B CHHEPreTUYECKUX
KOOpJMHATAX MpeJcTaBieHa Ha Puc. 1 ¢ BeigenennemM «HoBoM ocu» mpodeccopa Y. YMyp3akona,
ONpeIENSAIONIeH HAallpaBIECHUE Pa3BUTHSL.



CuHepreTnyeckue KoopauHaTtbl COBpPeMeHHOro
rocygapcrsea

Openness (1HAJIOTHYHOCTD)

——Inustability
k-
| e (AMHAMHYHOCTD,
1 ¥ T

Nonlinearity e _
# MOGHMJILHOCTH
(MHHOBALIMOHH? ol )

BOCIIpHHMYIH C 'I"b-)

Tl

Puc. 1. Cuneprernyeckuii GopMain3m pa3BUTHSA IOCYIaPCTBA KAK CJO0KHOM CHCTEMbI

OcoOyro 3HaumMocTh pa3BuTus YHuBepcurera 3.0 mnpuobperaeT B mnepuoa 4-oif
IPOMBINIJIEHHON PEBOJIIOIIMM C MAaCCOBBIM BHEAPEHHEM KHOep(U3MUECKUX CHCTEM B SKOHOMHKY,
JKU3HEJEATENIbHOCTh YelIOBEKa, pa3BUTHEM LU(DPOBONM SKOHOMUKH, AJTUTUBHBIX M KBAHTOBBIX
texHojoruil. [lo atomy nosoay npodeccop V. YMypsakoB nucan: «Mbl XOpOLIO MOHUMAEM, UTO
CO3/laHHE€ U TPOJYKTHBHOE (DYHKIIMOHUPOBAHME HCCIEI0BATEIbCKOIO YHUBEPCUTETA JOJKHO
ONMMpaThCS  HA  COBPEMEHHYI0  BBICOKOOPTaHM30BAaHHYIO  HMHHOBALlMOHHYIO  LHU(POBYIO
o0pa3oBaTenbHyI0 6a3y».

besycinoBHo, 4to pektop VY. YMyp3akoB CTpOMJI HOBYIO MOJENb BBICIIETO y4eOHOTO
3aBEICHUS, XapaKTEPHBIMU YePTaMU KOTOPOTO MPEACTABISAIOTCS:

e Bricokast cTeneHb MHTepHAMOHAIN3allUK;

e CereBasi opraHuzanus 00pa3oBaTENbHON, HAYYHOM W WHHOBAIMOHHOW JEATETHbHOCTH
(TMUMCX kax HallMOHATbHBIN Xa0);

e Pa3BuTas MHHOBAIIMOHHAS BOCIIPUUMYHUBOCTH;

e llHTennexTyanpbHoe JUAEPCTBO (HAa Haml BIIsLA, npodeccop Y. YMyp3akoB - SIpKHid
MpeJICTaBUTENb HAIIMOHATIBLHOW NEAaroruky JUAEPCTBA).

Ipunyunsr noo2omoexku kaopos evicuieli HayuHou Keanuguxkayuu-«He omcmasams, a

JUOUPOBAMb ».

HOIIFOTOBKa HAaYYHBIX H HAYYHO-TNICAAIOTMYCCKHUX KaJApOB B AaCIHUPAHTYpPEC ABIIACTCA
0e3yCcIOBHBIM JIpaliBEpOM IKOHOMUYECKOTO pOCTa B YCIOBMSIX INoOambHONW KOHKypeHuuu. [Ipu
9TOM CJICAYCT O6paTI/ITB BHUMAaHHUC W Ha TO, YTO HMMCHHO IIOATIOTOBKaA pa60THI/IKOB BBICIIIEN
HayT-IHOI\/II KBaJ'H/I(i)I/IKaI_[I/II/I SABJISICTCSI B  HACTOAIIECEC HAUMCHEC CTaHJIapTI/I3PIpOBaHHOI>'I n
pCFHaMCHTI/IPOBaHHOﬁ B EBpone HECMOTPA Ha IHOIBITKY Pa3BUTHA HEeKOH XapaKTepI/ICTI/I‘{eCKoﬁ
mozaenu (“a characteristic model of doctoral education™) [5]. Bosmee Toro, B OTIHYHN OT HMEPBBIX
JBYX LUKJIOB BBICHIET0 OOpa3oBaHMs, HCclenoBaTeibckas padoTa B acHHpaHType HMEeT
3HAYMMYIO MPAKTUKO-3KCIIEPUMEHTAIBbHYIO HAIPaBICHHOCTh. OTMETUM M POJIb MOCIEBY30BCKOTO



o0Opa3oBaHUs 7Sl HApaAIlIMBAaHWsS KOMIIETEHTHOCTHOTO TMOTEHIMAIA CUCTEMBI MEPENOITOTOBKUA U
MOBBILIICHHS KBATHU(PHUKAIUU PYKOBOIUTENEH U CIIELIUAINCTOB CUCTEMbI 00pa30BaHMUS.

C yyeroM 3HAUMMON aKTyaJbHOCTHM JTH BOIPOCHI COCTABJIAIOT IIOBECTKY HAay4HO-
UCCJIEIOBATEILCKOM M HMHHOBALIMOHHOW TMOJIMTUKUA BEIyLIUX TOCYIapCTB MHUpa — JIUIEPOB
HPKOHOMUYECKOr0 pa3ButTus [1]. ABCTpuiickoe MUHHUCTEPCTBO OOpa30BaHUs, HAYKU U KYJIBTYPBI,
['epmanckoe QenepaibHOE MHHHCTEPCTBO 00pa3oBaHus W Hayku, EBpormelickas accoruarus
yHuBepcuteToB emie B (eBpane 2005 r. opranmzoBanu B 3anbilOypre (ABCTpusi) CeMHHAp IO
JOKTOPCKUM (aCIHUPaHTCKUM) MPOrpaMMam € LEeIb0 BEIPaOOTKH MPAKTUYECKUX PEKOMEH Al 110
Pa3BUTHIO CUCTEMBI ITOJATOTOBKH KaJpOB BBICHICH HAYYHOH KBaJIM(UKAIIH.

ITockoneky u bemapych, um PecnyOmuky Y30ekucTaH 3aTpOHYJ CEpbE3HBIM Ipolecc
MOJICPHHU3AIIMN KaK CHCTEMbI BBICHICH MIKOJIbI, TaK M ITOCIEBY30BCKOrO 0oOpa3zoBaHus [6], Ham
MPEJICTaBIISIeTCS  1IeJIECO00pa3HbIM  IPEACTaBUTh BbIpaOOTaHHBIE B 3anbLOypre MOIXOIbI,
penyurpoBaHHbIe B «cucTeMy 10 mpUHIMIIOBY, TeéM Oojiee, YTO B HETABHEM MCCIEIOBAaHUU [5],
BKIItouaromeM 250 yHUBepcUTEeTOB W3 36 cTpaH, AEKIapupoBaHa WX HEHU3MEHHOCTh, a
npelcTaBiIcHHBIE B pabore  [1] myTw BhIXOJAa W3 KPHU3UCHOTO COCTOSHUS POCCHUHCKOMN
ACIHUPAHTYpPbl BO MHOTOM UM CO3BYYHBI.

Ilepswiii npunyun — TIONY4YEHHE HOBOTO 3HAHUS 4Yepe3 IMPOBEACHHE OPUTMHAIBbHBIX
UCCIIEIOBAaHUI B acmupaHType. B To ke Bpemsl mpH3HAETCs, YTO MOJArOTOBKAa KaJApOB AOJDKHA
3HaUYMMBIM  00pa3oM OTBeYaTh TPEOOBAHUSM PBIHKA TPYy/Aa, KOTOPHIA HE CIEIYeT OrpaHUYUBATh
TOJIbKO Hay4HO-IIEIJarOrM4ecKOi NesATENIbHOCThI0 B By3aX M HAYYHBIX OpraHM3alMsIX, HO U Ha
OpeNIpUATHIX-TapTHEPAX pPEaJbHOrO0 CEKTOpa SKOHOMMKH. [lpuueM 3Ta TEHIEHLUs AOJKHA
UMETh MPOTPECCUPYIOIINMA XapaKTep.

Bmopoui npunyun — 0TBETCTBEHHOCTb CIIELUATM3UPOBAHHBIX YUPEKIACHUN 3a aKTYalbHOCTh
pa3pabaTeiBaeMOi acnmupaHTaMu (AOKTOpPaHTaMH) TEMAaTHUKH, KOTOpas BIOCIEICTBUU OyaeT
CIO0COOCTBOBATH KAPHEPHOMY MPOJBUKEHHUIO U PA3BUTHIO BBIITYCKHUKOB.

Tpemuii npunyun — pa3zHoOOpa3ue, BKIIOYas COBMECTHBIE, MpeJjiaraeMbie, HampuMmep,
JByMsI YHUBEPCUTETAMU U3 Pa3HbIX CTPaH, — IMOJIOKUTEIbHBIA CTUMYIUPYIOLIUI (QakTop.

Yemeepmoiti npuHyun — aCMUPAHTHl JOJDKHBI BOCIPUHUMATHCS B  aKaJIEMHYECKOM
coo0IlleCTBE KaK HAuMHAIOLIUE WCCIIEeI0BaTeNd, CIOCOOHBIE BHECTH KIIOYEBOM BKIad B
TeHepalii0 HOBOTO 3HAaHUS M TOJYYHUTh COOTBETCTBYIOIIYIO MOAJIEPKKY(IPaHTHI, ydacTHe B
MEX1YHapOAHBIX MPOEKTAX U JIp.).

Ilsmoii  npunyun — ONpeAensdmronias poJib HAYYHOTO PYKOBOACTBA M aTTECTAllUH.
HeobOxonuMo = co3naTh MNpo3payHyld KOHTPAKTHYIO OCHOBY, OOECIEUMBAIOLIYI0 B3aUMHYIO
OTBETCTBEHHOCTh COMCKaTeJeil y4eHOH CTEeNeHHu, pyKoBOJUTeNeH, ydpexaeHuii oOpa3oBaHus u,
BO3MOXKHO, JPYTruX MapTHepoB. Peub B gaHHOM ciydae ujer o0 3(h(EeKTHBHOM YyHpaBlIeHUU
MOJTOTOBKOM KaJIpOB BBICIIEH KBaM(UKAIMK, KOTOPOE MBI MIpearaeM OCyIeCTBISITh B paMKax
TaK Ha3bIBAEMOM JIa3epHOM MOJIENH, PeIoKeHHO Hamu emie B 1996 1. [7] (Puc. 2).
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Ora MOAENh MOXKET CIYXHUTh JOCTAaTOYHO XOPOIIMM HWHCTPYMEHTOM TIPEOJIOICHHS
HETaTUBHBIX TOCIEACTBUN MAacCOBU3AIIMM COBPEMEHHOW acHHUpaHTYyphl [8] U MMeeT cleayrolue
DIIEMEHTHI:

eI — HAMPABIEHHOCTh U KOT€PEHTHOCTH;

NPUOPUTETHI — HAYYHBIC IIKOJIBI (86100 AKMUBHOU CPEObL);

IUJIaH-TIPOTHO3 (Hakauka);

MOHUTOPHUHT M KOHTPOJIb (00pammas c6s3b « peKmopam — HAYYHbIUL PYKOGOOUMETbY);

NepCcoHANM3AIMs — WHAMBUAYAIbHBIM IUJIaH TOJATOTOBKU aclupaHTta (rocmupoexka uiu
NONYNSAPHBIIL Ce200Hs MIOHUH?).

TakuM 00pa3oM, UMEHHO «Ta3epHBIN MPUHIMI, HA HAll B3[JISJl, MOXET CTaTh BIIOJHE
TUIOJOTBOPHBIM JUIT  oOecrieueHusT 3(P(EKTHBHOCTH TOJITOTOBKA HAYYHBIX KaJPOB BBICIICH
KB (DUKAIIHH.

lllecmou npunyun — JOCTHIKEHHUE «KPUTHYECKOHW MacChl» JUIsi  OOeCTICUeHHs
WHHOBAIIMOHHOCTA B YHUBEpcHTeTax. [Ipm ATOM MOMYEPKUBACTCS BApPUATUBHOCTH MPUHSATHUSL
peIIeHN B Pa3JIMYHBIX KOHTEKCTAX, YYUTHIBAS OCOOCHHOCTH WM Pa3jIMuhs CTPaH EBPOIEHCKOTO
peruoHa. JlaHHoe OOCTOATENBCTBO OYyIET CIOCOOCTBOBATh PA3BUTUIO MEXKAYHAPOIHOTO,
HAI[MOHAJIHLHOTO U PETHOHATBLHOTO COTPYIHUYCCTBA MKy BBICIIAMHA YIeOHBIMU 3aBEICHUSMHU.

Cedvmoti npunyun — cpok oOydeHus. JIOKTOpCKHME TPOrpaMMbl JIOJDKHBI HMMETh
aZICKBaTHYIO IJTUTEIHHOCTH (KakK MpaBwmiio, 3—4 roja).

Bocwmoti npunyun— pa3BUTHE WHHOBAIIMOHHBIX CTPYKTYp. JlaHHBIN MPUHIIUT HAMPABJICH HA
HEOOXOJUMOCTh  O0CCITCYCHHUS MEKIUCIUIUTMHAPHOW IMOATOTOBKM M COBEPIICHCTBOBAaHHE
COOTBETCTBYIOIIUX YMEHUW M HABBIKOB. B JaHHOM KOHTEKCTE YMECTHO MPHUBECTH WU TaKOE
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OIpe/IeTICHNEe MHHOBAIINH, PaKTHKyeMoe B CHHramypcKoOM KOJUIEIKE TOCYIapCTBEHHOMN CITYXOBI,
KOTOpPOE B QHIJIOSI3BIYHOM BapuaHTe 3By4uT Kak «thinking new things + doing new things» wu
«TBOPHUTH U JEHCTBOBATH).

Hesamoiii npunyun — MOOWIBHOCTb. JIOKTOpPCKHE TMPOrpaMMBbl MPHU3BAaHBI COACHCTBOBATH

KaKk TeorpadUyecKkuM, TaK MEXKAUCIUILUIMHAPHBIM  B3aUMOCBSI3SIM W MEXIYHAPOIHOMY
COTPYAHUYECTBY B paMKax MEXYHHUBEPCUTETCKON KOOIEpaluu M B3aUMOJCHCTBUSL C JIPYTrUMU
naptHepamMu. HTEpECHO OTMETHThH, 4TO B CooTBeTcTBUU C mporpammoii EC Erasmus Mundus
(«OKHO MEXYHApOJHOTO COTPYJHUYECTBA») MPOMOPIHH MEXKIY MOOUIBLHOCTBIO Ha IEPBOM,
BTOPOM U TPEThEM LIUKJIE pacupeeneHsl kak 35, 25 u 20%.

Ipunyun Oecsaimoiti — o0ecnieueHue ageKBaTHOTO U YCTOMYMBOTO (PMHAHCUPOBAHMS IS
KaueCTBEHHOW MOATOTOBKH Pa0OOTHUKOB M 00ECTICUEHUE YCIICIIHOMN 3alUThl TUCCEPTAIIUN B CPOK.
Crenyer OTMETHTh, YTO HCCIEIOBaHME [S5] B KadecTBE HanbOJee BaXKHOTO CTPATErHYECKOTO
IpUOpUTETa Ompenenser (UHAHCHPOBAHUE JOKTOPCKUX mporpamm (74%  omnpolieHHbIX
YHUBEPCUTETOB).

Bwisoowi.

B kaudectBe BBIBOJA HaM MPEICTABISACTCS HEOOXOAMMBIM TPUBECTH BBICKA3BIBAHUE
pekTopa Y. YMyp3akoBa, KOTOPO€ B IOJIHOM CTENEHW MOXKHO CUHUTATh €ro MeAaroru4ecKum
3aBenjanueM: «HyXHO oleHUTh OECIIEHHBIH ONBIT M CBOM JBOJIOIUOHHBIE HAKOIUICHUS —
KaJpoBble, HAay4HO-0Opa3oBaTellbHbIE, METOAOJOTHYECKHE, MaTepHaIbHbIE, CTPYKTYpHBIE,
UCCIIeIOBATEILCKHUE, MHHOBAIIMOHHBIC, YTOOBI ClIeIaTh HECKOJIBKO MIAaroB kK 0o0HoBIeHUI0. CaenaTth

3T0 Heobxomumo! M 3TOT myTh — MmyTh IpeoOpa3oBaHUN U OTKPBITHM, MyTh TpaHchOpMaLuu
TUNUUMCX B cOBpeMEHHBIN UCCIIEN0BATEILCKII YHUBEPCUTETY.
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Abstract

The resistance of concrete to axial tension is much less than the resistance to the compression
and is largely determined by the adhesion of its components. The low tensile strength of ordinary
concrete is explained by the heterogeneity of its structure and the discontinuity of concrete, which
contributes to the development of stress concentration, especially under the action of tensile forces
[1,2,3,4,5,6].

In order to increase the tensile strength of concrete, it is necessary to eliminate, first of all, the
heterogeneity of the structure of concrete - one of the main reasons for the large dispersion of the
results of mechanical tests of this material, which affects the experimental determination of
compressive strength.

A significant difference between the compressive strength for ordinary concrete indicates a
rather large spread of such values [7, 8, 9]. This scatter is explained by the different influence of
factors on tension and compression. For example, for ordinary concretes it has been established [10,
11, 12, 13] that with an increase in W / C, the tensile strength decreases, but to a lesser extent than
the compressive strength.

With an increase in the grade of concrete, the tensile strength increases. High-strength
concretes, as a rule, prepared on concrete mixes with low W / C and on clean conditioned
aggregates in the form of crushed stone and sand, have an increased density, therefore, they have
less variation in strength readings both in compression and at stretching [14, 15].

Keywords: resistance, tension, strength, heterogeneity, structure, continuity, concentration,
stress, effort, mechanical test, compression, rupture, concrete grade, aggregate, crushed stone, sand,
density, dispersion, vibration impact pressing, deformation, sample, compaction, conditions,
process, concrete mixture, cement paste layer, homogeneity of the cementing matrix, vibration
impact

1. Introduction. To determine the value of the temporary resistance to stretching Rp, at one
time Feret proposed a dependence in the form

Rp=0,50-R2/3, (1)

which was obtained for concrete of low grades. At present, this dependence also applies to
concrete of grade 600 and more.

Under the influence of vibration-impact pressing, the concrete is compacted, which is
characterized by a decrease in the thickness (height) of the sample. In all experimental observations,
small discrepancies in the relative deformation were noted at different heights of the samples, i.e.
the dimensions of the samples were taken as 80 x 80, 100 x 100, 150 x 150, and the concrete
composition was 1 : 1,1 : 2,84 at (W/C)beginning=0.35.
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Thus, during vibration-impact pressing of a concrete mixture, preliminary vibration -impact
compaction creates favorable conditions for uniform deformation of the mixture. In the process of
vibration-impact compaction of the concrete mixture, the aggregate grains begin to move, meeting,
repel each other and from the mold walls. As a result, a layer of cement paste appears between
them, increasing the homogeneity of the cementing matrix, which contributes to a more compact
arrangement of aggregate grains in the concrete mixture. The foregoing is confirmed by the fact that
on the surface of samples prepared by vibration impact pressing without preliminary vibration
impact compaction, individual grains of coarse aggregate were observed that were not covered with
cement mortar [15, 16, 17, 18].

For samples made by vibration-impact pressing, after preliminary vibration of the mixture, the
outer surface consisted mainly of cement stone with a thickness of 0,5...1,0 mm.

2. Methods. As a result of the analysis of modern technologies, it has been established that
physical modification is possible by removing excess mixing water added to the concrete mixture to
give it the necessary fluidity and workability.

In the process of removing excess water and entrained air, the cement particles will begin to
approach each other, which, in turn, will lead to the convergence of grains of coarse and fine
aggregates. The normal pressure that is transferred to the water and causes its removal will
contribute to the approach of the particles until the external pressure is completely perceived by the
dispersed phase.

The removal of free water during the compaction process maximizes the use of the potential
properties of cement to increase the density, water resistance and strength of concrete. Currently, in
the technology of complex elements, there are several methods for dehydrating a concrete mixture:
centrifugation, pressing, vacuuming, vibration compression and others. One of the most effective
methods should be considered a vibration-peristaltic pressing method, since this can create the
necessary conditions for maximum dehydration of a concrete mixture and concrete.

3. Results and discussion. The mode of vibration compression of the concrete mix with
dehydration (Table 1) provides the possibility of reducing the water-cement ratio from 0,31...0,40
no 0,263...0,290, i.e. by 14..29,5% the initial A/C . As a result, the compressive strength of
concrete at the age of 28 days increased to 110,7 MPa, the tensile strength reached 16 MPa, and the
water resistance increased to 3 MPa. The values of R, and R, for GUME and conventional concrete
are shown in Fig.1. At the same time, the value of Rp for ordinary concretes was taken according to
the experimental data of O.Ya.Berg [11]. It is characteristic that the area of hypercompacted
concrete lies above the area of ordinary and even high-strength concretes [19, 20]. A particularly
significant difference in the values of Rp was observed in extra-strong hypercompacted concretes.
[21]
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The influence of molding methods on the strength of concrete (Zh-10s)

Table 1

. I Quantity of Compressive REn
Primary Consumption of materials per 1 m3 of Vlbrapon squeezed |Residual W /| strength A= 2
W/C pressing O RV
n.n. concrete, kg mode water, % C limit, MPa, b
C P S \V/ BOJIBI, % 28 days.
2 3 4 5 6 7 8 9 10 11
14,0 0,268 101,3
1 - 0,31 46,7 2,17
14,5 0,267 104,6
0,31 530 495 1272 165 _— _— _—
2 - 0,31 46,7 224
15,7 0,263 110,7
3 : 0,31 26,7 2,37
16,7 0,276 93,6
1 - 0,33 45 2,08
17,9 0,271 96,3
0,33 490 506 1300 162 2 — m ? 214
19,1 0,268 100,4
3 - 0,33 45 2,23
19,9 0,280 85,5
I 035 42,1 2,03
1
20,5 0,278 88,4
- - - 2,10
0,35 460 508 1308 161 2 - 0,35 42,1
21,7 0,275 90,5
3 S 2,15
- 0,35 42,1
22,6 0,287 79,4
1 1,97
- 0,37 40,3
24,5 0,280 85,4
0,37 430 512 1316 159 2 2,02
- 0,37 40,3
24,5 0,280 85,4
3 S _ 2,12
- 0,37 40,3
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27,7 67.1
1 _ 0,290 . 1.94

- _ 34.6

28,3 0.40 69.5
0,40 397 | 516 | 1326 159 2 - 0.288 . 2.01

- . 34.6

29,5 0.40 72.7
3 . 0.283 . 2.10

. 34.6

0.40

Note: Above the line - test results of concrete samples, compacted; vibro-impact pressing,
under the line - the same, compacted by vibration, where:

Rbvp - strength of vibro-impact-peristaltically pressed concrete;

Rbv is the strength of vibrocompacted concrete.
A significant change in the strength of concrete in compression and tension (Rb / Rp) is
characterized by the fact that this ratio decreases with a decrease in (W / C) beg. It can be concluded
that with a decrease in the initial W/C, the efficiency of hyper densification increases [22, 23, 24].
The greatest hyper compaction effect was observed at (W/C)beginning=0.31, when the Rb/Rp ratio
decreased to 7...8. Consequently, the average tensile strength of hyper compacted concrete was
109.7/6.9=15.9 MPa. Such tensile strength corresponds to the M150 grade of ordinary concrete in
compression. This material is able to withstand significant tensile stresses. For example, it can be
reliably used without reinforcement for non-pressure and low-pressure tubular elements. A
production review of these provisions confirmed the legitimacy and reliability of these provisions.
The dependence of the strength of concrete in axial tension Rr on its cylindrical strength Rb
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1 —vibration -peristaltic hyper compacted concrete (Rp);
2 - data of O.Ya. Berg [11].
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The ratio of the strength of concrete in tension and compression, given in table. 2 are also reflected
in the graph, fig. 2.

An analysis of the experimental data for determining the tensile strength of hyper compacted
concrete leads to the conclusion that the use of the Feret formula is impossible. As follows from
dependence (1), the coefficient 0.5 is a constant value. This may be true for vibration compacted
concrete. During hyper consolidation and modification of concrete, the coefficient in the Fere
formula becomes variable and depends on the value of the compressive strength of concrete, Fig. 3.
Experienced?; It follows from the data that when the strength of concrete changes from 70 to 110
MPa, the coefficient increases from 0.55 to 0.70. One can accept the linear dependence of Kp on
Kb. In this case, the Feret formula for GUME takes the form:

Rp=K-Rb3/R2. (2)

The ratio of concrete tensile and compressive strength

Table 2
Strength characteristic | Designa (VIC)begin/(VIC)stop.avg.
of concrete, MPa, aged tion
28 days 031 [ 033 0,35 0,37 0,40
0,265 | 0,270 0,276 0,281 0,285
Vibra compacted Rs 46,3 45,1 42,0 41,2 34,9
Ry 51 4,9 4,5 4,0 3,4
R/R, |91 9,2 9,3 10,3 10,1
Vibro-impact pressed Rop 109,7 | 97,4 89,1 84,9 71,3
Rp 15,9 12,5 10,2 9,1 7,4
RoR, |69 7,8 8,7 9,3 9,6

Rs/ Rp

10 / )\"(}

0.31 0.33 0,35 037 0.40 (B/LL)Hay

Figure. 2.
1 - concrete compacted by vibration;
2 - concrete compacted by vibroimpact pressing.
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The dependence of the stretching coefficient in the refined Feret formula for GUMB

0,7

/

0,5 /

0,55

0 :5 —
50 60 70 80 g0 160 "o R5

Figure 3.

It is more rational to bring this formula to the form

3
K-~ |RE

fos 100 (3)

As shown by the experiments, this dependence makes it possible to reliably predict the tensile
strength of hypercompacted concrete. It should be noted that for GUMB with a strength above 90
MPa, the Ry/R, ratio decreases to 7...8. Consequently, high-intensity compaction and modification
of concrete also leads to an increase in the homogeneity of the material, and, consequently, an
additional increase in tensile strength.

Conclusions

1. The developed complex method of hypercompacting and modifying the concrete mix
allows to increase the strength of the test concrete by 2...2.2 times compared to the strength of
vibrocompacted concrete with the same initial W/C value.

2. The relationship between the strength of hyper compacted concrete and (W/C)res is linear,
however, the tangent of the slope of the dependence Rb=(W/C)res is 2 times greater than the
analogous parameter of vibration compacted concrete.

3. The functional dependence of the strength of hypercompacted concrete on its structural
components, strength, elasticity and deformability of the corresponding cement stone and mortar
part of concrete has been established, while the dependence of Rb on Rc and Krast is approximately
linear.

4. Experiments have shown that hypercompacting, together with the modification of the
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concrete mixture, to a greater extent affects the tensile strength of concrete, while the ratio Rb / Rr
decreases to 7 ... 8 compared to the same indicator for high-strength concretes, equal to 9...10. A
refined dependence is proposed for determining Rr by grade strength Rb obtained from the Feret
formula.
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Abstract.

Till present, there is no data on the change in the strength of hyper compacted concrete. The
conducted field observations generalize the data of the long-term period and make it possible to
draw a number of conclusions.

As shown by numerous studies [1, 2, 3], the nature of the development of concrete strength
over time depends mainly on the type of cement, the composition of the concrete mixture, the
temperature and humidity conditions of hardening, and also on many other factors.

Obtaining highly efficient building materials is possible by modifying the structure of cement
stone and concrete. Consequently, the modification of the concrete structure in this direction is
intended to improve the technological properties of the material. By modifying it is possible to
change the kinetics of the growth of physical properties and the final values of the strength of
concrete.

Without considering the physical-analytical mechanism of modifying the structure-formation
of concrete, we note that it is primarily aimed at reducing the amount of water-mixer per unit
volume of the material. However, various studies have shown that in the initial period, the structure
formation of cement stone develops in the optimal direction only at a certain volumetric water
content. The limiting reduction in water content complicates the process of hydration of the binder,
limiting the final strength properties of the material. At the same time, the final strength properties
of the material are improved by reducing the volumetric water content of the mixture in every
possible way. In all cases, the modification of concrete assumes its composition to be unchanged
from the mixing of the mixture to the final stage of the formation of the concrete structure.

Key words: strength, cement, concrete mix composition, hydration process, high-strength,
hyper compaction, total effect, given strength, technological parameters, water extraction, grade
strength, material quality, dependence, speed, limit level, optimal conditions, mixture modification ,
technological parameters.

1. Introduction. The dependence of the strength and water resistance of concrete on W
|/ C follows from the physical essence of the formation of the concrete structure. The study of the
process of cement hydration showed that cement, depending on the quality and hardening time,
binds only 15...25% of water from its mass [4, 5]. During the first month, at least 20% of water by
weight of cement binds. At the same time, to impart plasticity to the concrete mixture, to improve
the conditions for hydration of the binder, a significantly larger amount of water is introduced, since
at (W/C)beginning = 0.20 the concrete mixture remains practically dry and it is impossible to lay,
mold and compact it with high quality. Excess water, without entering into chemical reactions with
cement, remains in the concrete in the form of water pores and capillaries or evaporates, leaving air
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pores. Undoubtedly, this is the main reason for the decrease in the strength and water resistance of
concrete.

To optimize the properties of concrete, to obtain ultimate strength, it is necessary to remove excess
mixing water. The physical and mechanical properties of concrete in this case will be directly dependent on
the amount of residual mixing water [6]. If the concrete mixture is compacted by squeezing out a certain
amount of free water, then the concrete strength will be inversely functionally dependent on the residual W /
C, since it determines the porosity of the cement stone and concrete. Therefore, in order to obtain concrete of
extremely high strength and density, the pre-laid mixture must be additionally compacted under conditions of
maximum concrete dehydration.

For a preliminary identification of the factors affecting dehydration, let us consider the process of
compaction of a concrete mixture placed in a mold representing a cylinder with a solid wall. Let us assume
that the mixture is subjected to compression by normal pressure applied to the piston. If the volume of
cement mortar (V_(c.r.)) present in the concrete mixture is less than the volume of pores (V_pore) between
the grains of a coarse aggregate, then the normal pressure will be perceived only by the coarse aggregate, and
the cement mortar will not perceive any pressure in this case . The influence of vibration-impact-peristaltic
pressing in these cases is likely to be negative, since under the action of normal force there may be cases of
fragmentation of individual grains of a large fraction, which leads to a decrease in the strength of concrete.

If VV_(c.r.) = VVpore between the grains of coarse aggregate, then the normal pressure will be perceived
by the grains of all components of the concrete mix. Under these conditions, the effect of vibration-peristaltic
pressing will be unstable.

If V_(c.r.) is greater than Vpor by a certain value, then the normal pressure will be perceived only by
the cement mortar, and the effect of vibration -peristaltic pressing will depend on the ability of the cement-
sand mortar to deform. The mortar will deform if the amount of cement paste is greater than the pore volume
of the fine aggregate. Under these conditions, the entire load must be taken up by the cement paste. With an
excess amount of water in the cement paste, the entire load will be taken up by water.

2. Methods. The process of squeezing the liquid and gaseous phases from the molded material is the
main process of structure formation and modification of concrete properties. The reason for the removal of
liquid and gas from concrete is the pressure drop across the wall thickness of the molded product towards the
perforated surface of the formwork. The removal of liquid and gaseous media from the concrete mixture is an
ex filtration process, i.e. removal of liquid and gaseous fluids from the material into the environment [7].

The main role in the formation of a particularly dense structure of concrete is played by the process of
concrete dehydration. The extraction of excess mixing water from the concrete mixture under the action of the
applied normal pressure is a filtration process [1]. An important role in it is played by the difference in the
chemical potentials of the interacting phases and various gradients that arise in the system depending on the
type of energy source, under the influence of which free water moves. The movement of free water under the
action of a moisture gradient occurs in the direction of less moistened pores until the moisture is completely
equalized.

Therefore, in order to remove free mixing water from the concrete mixture under pressure, it is
necessary to perform work (energy consumption) to overcome the forces of water bonding with cement
particles and to move it in the system. Naturally, the main task of studying the transfer of excess mixing water
from a concrete mixture is to determine the dependence of the parameters of vibration-peristaltic action and
filtration rate on various technological parameters and normal pressure.

3. Results and discussion. Let us consider the general patterns of increase in the strength of concrete
under normal temperature and humidity conditions of the environment (6=90...100%, t=20°C). Having thus
eliminated the influence of external factors on the hydration process, we compare the potential possibilities for
increasing the strength of ordinary, high-strength and hyper-compacted concretes depending on their
individual qualities. High-strength, hyper-compacted concretes are characterized by the fact that they are
produced on highly active cements and have low W/C values [1, 5, 8]. However, it is rather difficult to
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quantify their total effect in most cases, especially since concrete of a given strength can be obtained with a
wide variety of combinations of these technological parameters.

With an increase in the activity of Portland cement or a decrease in W / C, in particular, as a result of
water extraction, the increase in the strength of concrete, other things being equal, as a rule, accelerates.
Therefore, the influence of both factors on the increase in the strength of concrete (for a given brand) should at
least compensate for each other. Taking into account these considerations, one can try to estimate the joint
influence of these factors on the growth rate of concrete strength through its nominal grade strength R;,.
Although this kind of assessment is rather tentative, it is convenient because it allows us to proceed from the
generally accepted characteristics of the quality of the material. Yu.N. Khromets and E.N. Shcherbakov [2]
proposed the following empirical expression for assessing the growth of concrete strength over time:

R 100—1 28
= P @

R, = sqoo+ry I

where R - cubic strength of concrete when loaded at an arbitrary age 3<t < 180 days;

R, - cubic strength of concrete at 28 days of age.

Further studies conducted by E.N. Shcherbakov [10] have shown that high-strength concretes (grades
up to 1000) also obey regularity (1) quite well. This can be seen from the analysis of the data of numerous
researchers cited in [1, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21].

This also applies to experimental data on hyper compacted concretes, although they lie in a separate
area, but they are subject to general laws. Therefore, dependence (1) can be accepted as valid for hyper
compacted modified concrete. Figure 1, on which the values of the ratios R v/ R}, (== 3.7 and 90 days) for
ordinary and high-strength concretes are entered as a function of grade strength R, at 28 days of age.

The hyper compacted concretes used in the experiments hardened under normal temperature and
humidity conditions. The composition of mixtures and the individual properties of alite Portland cements
varied over a wide range. Nevertheless, the location of the experimental points in the entire considered range of
R,, satisfactorily obeys the laws (1).

In early age concretes (t = 3 days), a slightly increased scatter is noticeable experimentally?; points, but
the general nature of dependence (1) is preserved. For concretes of mature age (t > 180 days), it is more
difficult to check the nature of this dependence, since there is not enough experimental data. However, the
increase in the strength of concrete on alite Portland cements at T > 180 days, as a rule, is small, therefore,
expression (1) actually describes the region of the highest values of strength Rt in time.

High-strength hyper compacted concretes, as compared to concretes of conventional grades, are
characterized by a more intensive increase in strength at an early age (t < 28 days) and a less significant
increase in strength beyond the 28-day age (Fig. 1). This was also noted in [2, 8, 16, 22] for high-strength
concretes.

The development of the strength of concrete over time, depending on their graded strength. Alite
Portland cements 40 different batches
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The nature of the development in time of the strength of various heavy concretes on alite Portland
cements

1-experimental data; 2-Dutron [18]; 3-Hummel [17]; 4-Kiselev [1]; 5-Meyer [19]; 6-Vishers
[21]; 7-Ceylon [2]; 8-Kwao [20]; 9-Sytnikov and Ivanov [16]; 10-Pisanko and Golikov [14]; 11-
Berg, Pisanko and Hromts [12]; 12-Bonzel and Dams [23]; 13-Pinus [8]; 14-Rokach and Kochetkov
[15]; 15-Berg and Rozhkov [13]; ( - ) according to O.Ya. Berg [11].
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Figure 2

1 - hypercompacted concrete; 2 - concrete grade 200; 3 - the same, 600;

4 - the same, 1000; 5 - according to the logarithmic dependence, (curves 2, 3, 4, 5 - data of
O.Ya. Berg) [11...13].

Expression (1) is more general in comparison with other well-known formulas of this type. In
particular, for concrete of low grades, it is close to the known logarithmic dependence [24], and
with increasing grade, it deviates more and more from this dependence [1, 2, 8, 25]. As can be seen
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from Fig. 2, as a result, the rate of growth in the strength of ordinary and high-strength concretes
can differ quite significantly. This feature of hyper-compacted, high-strength concrete is one of the
important advantages that makes it possible to reduce the time for manufacturing structures, and in
some cases, for example, in the climatic conditions of Uzbekistan, to abandon the use of heat and
moisture treatment.

At the same time, one should be more careful when considering the possible increase in the
strength of this concrete beyond the 28-day age. For the experimental type of concrete, R28 should
be taken as the ultimate strength level. At the same time, no strength drops were observed during
the observation period.

Conclusions:

1. Experimental data confirmed that the greatest strength of concrete is provided with (W / C)
rest close to the normal density of the cement paste and the use of concrete mix compositions with
cement consumption by 10 ... 12% exceeding the minimum binder consumption, which provides
optimal conditions of deformation, hyper consolidation and modification of the mixture.

2. According to the testing of experimental cylinders and drilled cores with a diameter of 150
mm, the strength level reaches 80 ... 110 MPa on ordinary cements (Rc - 42 ... 44 MPa) and
carbonate aggregates, when using a vibration-peristaltic wave of hyper compaction up to 20 MPa.

3. The level of modification of the concrete mix, determined by the ratio (W / C) rest/ (W / C)
beginning, depends on the value of the initial W / C and the mode of vibration-impact pressing.

4. An extensive analysis of various experimental data on the change in the strength of various
concretes over time was carried out, which made it possible to establish the area of placement of
experimental data for hyper compacted concrete in the range from 3 to 90 days.
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Obtaining extra-strong concrete of class B100 and above

1 The above is possible on the basis of controlling the composition of the concrete mixture and concrete, using
the developed physics-analytical method for designing concrete compositions, as well as using the peristaltic method of
hypercompacting and modifying the concrete mixture.

2. The choice of the optimal concrete compositions to be hyper-compacted and modified is made from a table
of equivalent concrete compositions, while the technological parameters of the compositions are obtained in the course of
preliminary laboratory experiments.

3. The developed complex method of hyperconsolidation and modification of the concrete mixture makes it
possible to increase the strength of experimental concrete by 2...2.2 times compared to the strength of vibrocompacted
concrete with the same initial W/C value.

4, The ratio between the strength of hyper-compacted concrete and (W / C) rest is linear, however, the tangent
of the slope of the dependence Rb \u003d (W / C) rest is 2 times larger than the similar parameters of vibration compacted
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concrete.

5. The functional dependence of the strength of hyper compacted concrete on its structural components,
strength, elasticity and deformability of the corresponding cement stone and mortar part of concrete has been established,
while the dependence of Rb on Rc and Crust is approximately linear.

Experiments have shown that hyper consolidation, together with the modification of the concrete mixture, has a
greater effect on the tensile strength of concrete, while the ratio Rb / Rr decreases to 7 ... 8 compared to the same indicator of
high-strength concrete, equal to 9 ...ten. A refined dependence is proposed for determining Rr by grade strength Rb obtained
from the Feret formula.
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RESEARCHING THE OUTPUT PARAMETERS OF THE ENERGY SYSTEM
BASED RENEWABLE ENERGY SOURCES

Siddikov I.Kh. (TIIAME)

Abstract

This paper discusses the issues of digitalization of electrical networks, the organization of
remote monitoring of the values and parameters of electrical energy, as well as the creation of
digital elements, devices for monitoring and managing energy quality indicators of power supply
systems with renewable energy sources based on Cloud Computing technology.

Keywords. Cloud Computing, renewable energy sources, current, voltage, simulation, remote
monitoring, control, converter.

Introduction. In the world in context of globalization of economy, an important attention is
given to digitalization and automation of monitoring of indicators and values of production
processes, including in the field of electric energy consumption. Ensuring high accuracy and
efficiency of monitoring the values and parameters of power supply with renewable energy sources,
contactless signal conversion about the values and parameters of the electrical nets based on modern
elements and devices of Cloud Computing technologies are relevant and the main tasks of ensuring
reliable operation of electrical equipment. Currently, the use of digital monitoring technology based
on Cloud Computing is limited due to insufficient formation of the principles of building elements,
devices, control and management, calculation and design methods. In addition, the classical devices,
methods and models used for measure and control electrical quantities and parameters do not
provide the necessary accuracy of monitoring processes.

Models and methods. Output values and parameters of power supply systems with renewable
energy sources, especially current and voltage, and their curve accordance with the standard (GOST
13109-97. Electrical energy. Electromagnetic compatibility of technical means. Standards of
quality of electric energy in general-purpose power supply systems) characterizing by following
mainly indicators [1-5]: - frequency deviation; - steady-state voltage deviation; - voltage
fluctuations characterized by the magnitude of the voltage change and the dose of the flicker ; -
coefficient of the nth harmonic component of the voltage ; - coefficient of distortion of the
sinusoidal voltage curve ; - coefficient of stress asymmetry in the reverse sequence ; - coefficient of
stress asymmetry in the zero sequence ; - duration of voltage failure; - voltage pulse; - coefficient of
temporary overvoltage.

An analysis of the operating modes of power supply systems with renewable sources shows

that the most general law of change of primary currents is electric current. The model of the three-
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phase current conversion circuit of the power supply system with renewable sources, built on the
basis of accepted symbols and assumptions, is shown in Fig. 1.
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Fig. 1. The model of the three-phase current conversion circuit of the power supply
system with renewable power sources

Based on the configuration of the model, analytical equations are formed to determine the
output voltages of the primary three-phase current converter of power supply systems with
renewable sources [6]:

U, =Kgy, Wa(Xy, 20K\ g - I, Up+K, - 11,,Ug +K, -11,cUc);
Up =Kgu, Wo (%Y, 20K, g - 1T, U +K, - 11,,Ug +K, g -11,cUc); (1)

U =Key, We (XY, 2,)(K| ¢ 1, 5 + KiF T ,pU g + Ki.k -11,cU¢);

Where K,:aUa =444 f -W,; K,:bUb =444 f -W,; KFCUC =4,44. f -W,-the
coefficient of inter-chain coupling between magnetic and electrical quantities, depending on the
frequency and number of turns of sensing element, installed in magnetic conversion circuit;
| ,=1I1n-Up; g =ITg-Ug and I =1l -Uc — phases currents, flowing through the
electrical nets of the three-phase electrical network of power supply system with renewable energy
sources; I7,; I1g and I — phases currents flowing through the electrical nets of the three-phase

electrical nets of power supply system with renewable energy sources.

Graphs of the static characteristics of a three-phase current converter of a power supply
system with renewable sources can be determined by next equations [7-8]:

Ry Rz Rs
Ua=4,44-f-W1 Q‘uAeLl +@HBeL2 +@#eL3 ]
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where f — frequence; Wy, Wy, W5 — he number of turns of the secondary windings of the
three-phase current converter; dDyA, @”B, @#C — magnetic fluxes of phases, created by primary

currents A, B,C; Ry, L, Ry, Ly, Ry, Ly — active and inductive resistances of secondary
windings.

RESULTS AND DISCUSSION. Graphs of static characteristics of electromagnetic
converters of three-phase current of the power supply system with renewable sources obtained on
the basis of Cloud Computing technology and experiments are presented in Fig. 2-4.

Usanix. B

20

I
16 7
FKCRIEPHNMEHTIN //
npu 1=0,002 / >
e
1z _ ///_}’
e
° A
& ﬁ/
4 « 8 12 16 20 Izgx, 4
Fig.2.

Static characteristics of electromagnetic converters of three-phase current of the power supply
system with renewable sources
1-1=0,002; 2-1=0,0022; 3-1=0,0024; 4-1=0,0026.

From the graphs shown in Fig. 2, it can be seen that with an increase in the length of the path
of the magnetic flux through the magnetic circuit, the voltage at the output of the converter
decreases, by the dependence itself Ue oui=f(le in) it is linear.

Figure 3 shows a graph of the dependence of the output voltage - Ue o from the cross-
sectional area of the winding - F. It can be seen from the graph that this dependence is linear in
nature and with an increase in the cross-sectional area of the winding, the output voltage increases.

Figure 4 shows a graph of dependence of output voltage — Ue oyt Of cOnverter is depends on the
size of air gap .
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Fig.3. A graph of the dependence of the output voltage - Ue o4t from the cross-sectional
area of the winding - F.
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Fig.4. A graph of dependence of output voltage — U, ot Of converter is depends on the
size of air gap o.

From the graphs presented in Fig. 4. it can be seen that with an increase in the air gap - dthe
value of the output voltage decreases U. o, moreover, according to a nonlinear rule.
Conclusions

1. Mathematical models and an algorithm have been developed that allows calculating the
characteristics of the current-to-voltage converter and monitoring the values and parameters of the
conversion of the primary three-phase current of the electrical network of the power supply system
with renewable energy sources with a wide change in circuit and operating parameters.

2. A graph model and algorithm have been developed that allow monitoring the
characteristics of a three-phase current converter of a power supply system with renewable sources,
and the results of the study showed that the duration of the transition process does not exceed two
periods of the fundamental frequency.

The effects of secondary converter currents and ambient temperature on the conversion
accuracy have been theoretically and experimentally investigated, and it has been revealed that
secondary currents practically do not affect the accuracy of a three-phase current converter, and the
effect of ambient temperature leads to an increase in the error to 0,11%.
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Abstract

The issues of determining the optimal values of the regulatory parameters of irrigation
systems engaged in the cultivation of agricultural crops are considered. In accordance with the
requirements of a market economy, the main emphasis is placed on taking into account two types of
criteria: maximizing the yield of agricultural crops and minimizing monetary costs. The proposed
method for solving the multi-criteria optimization problem is based on the combination of the
minimax criterion and the medium-step convolution, which makes it possible to scalarize the vector
optimality criterion with access to smooth optimization methods. In relation to the case of priority
uncertainty according to particular optimality criteria, an intelligent algorithm is proposed based on
the approximation of the preference function of the decision-maker by the fuzzy Mamdani model.
The results of the multi-criteria optimization of the irrigation system used for the process of
growing cotton differ favorably from the average values.

Taken in terms of one hectare yield in the republic- increased by 2%, monetary costs -
reduced by 4.5%. It could be concluded that the developed methodology makes it possible to bypass
the computational difficulties that arise when solving problems of multi-criteria optimization of
irrigation systems engaged in the cultivation of agricultural crops, and to obtain real results in
conditions of certainty and uncertainty goals.

Keywords: optimization, optimization model, multicriteriality, minimax convolution,
scalarization, smoothing, uncertainty of priorities, preference function, approximation, fuzzy model,
irrigation systems, agriculture.

1. Introduction

One of the effective ways to solve the problems of rational use of water and land resources in
water and agriculture, increasing crop yields is the use of system analysis, mathematical modeling
and optimization in planning, preparing and managing the technological processes of irrigation
systems.

A feature of setting the optimization problem in a market economy in relation to irrigation
systems of agriculture is multi-criteria, since along with technological (yield), it involves the use of
economic optimality criteria (cash costs for irrigation, mineral fertilizers, etc.). The vector
optimality criterion gives rise to two problems in practice [1-5].

First, the existing methods of scalarization of vector optimality criteria often lead to non-
smooth functions. Conventional numerical optimization methods under these conditions turn out to
be ineffective due to the emerging «jamming» effect. Overcoming this problem is possible on the
basis of smoothing the scalar optimality criterion and is in the plane of solving ill-posed problems
by regularization methods [6- 8]. The practical implementation of these methods encounters a
number of difficulties due to the need for additional functional analysis, as well as relatively high
computational costs.
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Secondly, most methods of scalarization of vector optimality criteria require setting priorities
(weight coefficients) for each of the particular optimality criteria. In practice, setting priorities is not
a trivial task and leads to a situation of uncertainty. The solution to the problem of «uncertainty of
priorities» is possible based on the introduction of a preference function (PF) of a decision maker
(DM), followed by its approximation by fuzzy or neural network approximation methods [9-12].

Thus, further progress in the field of solving problems of multicriteria optimization in the
preparation and control of technological processes of irrigation systems of agriculture provides for
the creation of effective methods and algorithms that combine traditional numerical optimization
methods, regularization methods for ill-posed problems, and intelligent decision support.

2. Methods

Multicriteria optimization of irrigation systems used for cultivation of agricultural crops
under conditions of certainty. The problem statement for optimizing the irrigation system has the
form

y, — max; y, — min, (1)
xeQ, XeQ,

In (1) y,- is the yield; y, =c X +CyX; +CgX, +CyXs + CeXg + Cg + C; + Cg + Cg + g + €1
money spendings; X - irrigation rate per integrated hectare (thousand m*/hectare); xs - costs of
nitrogen fertilizers (Ton/hectare); x4- costs of phosphate fertilizers (Ton/hectare); xs- labor costs
(man-days/hectare); xs - average consumption of seeds (kg/hectare); c; - cost of irrigation
(sum/thousand m®); ¢, - cost of nitrogen fertilizers (sum/t); c; - cost of phosphate fertilizers
(sum/Ton); c4 - the average wage rate (sum/person-day); cs - average cost of seeds (sum/kg); ce -
average cost of land reclamation works (sum/hectare); c; - the average cost of sowing
(sum/hectare); cg - average cost of crop protection from pests and diseases (sum/hectare); cg - costs
for services (sum/hectare); cip - expenses for the needs of management (sum/hectare); c;; - other
expenses for social contributions (sum/hectare); Q, - is the set of feasible solutions.

The set of feasible solutions is defined as:
Qv =Y M X :{Y € Rk|y1 21:1tasl<; y2 StZtask; X <€ Rn ijin = Xj = ijax; J :ﬁ} (2)
Applying the combined convolution method, we transform problem (1) as follows [2, 15].

Multiplying both parts of the criterion constraint y,>tiusk in expression (2) by -1, we obtain
constraints of the form —y;<tl.s and a particular criterion—y, — min. Let us introduce estimates of

XeQ,

the degree of fulfillment of constraints for each of the output parameters of the form
z(X) =ail(t-y,) /6 -120; i=12; & >0; Sa =1,(3)
i=1

where d; - is the estimate of the scattering of the i- th output parameter, which is set on the
basis of practical considerations, or is determined using the method of statistical tests; «; - weight

coefficients that determine the relative importance of particular criteriay;; i =12.

Applying the maximin convolution, we obtain a scalar optimality criterion
F(x)= r_r}g z,(x) > max, 4)
where D - is a set in which direct restrictions on the variable parameters with the help of an
appropriate substitution, for example Xj = Xjmax + (Xjmin - xjmax)*sinz(x'j), converted to functional,

X;; j =1,n- new independent variables.
Let's smooth the criterion (4) using the exponential function and the power-mean convo-lution
2
FOO=2¢"(x) > min; y=12..,(5)
i=L xe

30



In (5) ¢ (x)=exp [-z,(x)] , - parameter, introduced to control convergence in the vicinity of
the optimum point.
The final optimization problem (1) will take the following form
2
F(x) :éexp[—y/-zi (¥)] —>rp€i£1; y=12,..,(6)

In (6) F(x)- is the modified optimality criterion.

As applied to additive regression, for the smoothness of the modified criterion, it is necessary
that the partial derivatives be continuous [15]. When the condition of smoothness of the modified
criterion is satisfied, as applied to problem (6), the simplest f,(x;,a), ; i =1,nsmooth optimization
algorithms can be applied in practice.

Intelligent Decision Support in the Problem of Multicriteria Optimization of Irrigation
Systems under Uncertainty of Priorities. When solving problem (6), the values may not be
known in advance, which leads to the «,, i =1,2 uncertainty of priorities. The general statement of

the problem of multicriteria optimization of irrigation systems in this case is formulated as follows.
A vector function is given, whose components are particular optimality criteria and, defined on the
set of alternatives of the vector of variable parameters w(x, a) = (y,(x, @), ¥, (x,a)) y;(x,a) y,(x,a)

Q. X. Itis necessary to find such a solution on the set, &>, would minimize all components of the
vector function ¥(x,a) .

For each fixed vector, the combined convolution method reduces the solution of problem (6)
to the solution of a single criterion optimization problem of the form: A = (o, &,)

min F(x, A) = F(x",A) (7)
2
If the solution of problem (7) is unique for each AeD, :{A‘O‘i <0,2e; =1}, then this
i=1

means that each of the admissible vectors A corresponds to a single vector YO corresponding
values of partial optimality criteria yl(x*,a), yz(x*,a). Based on this, you can build some PF DM
¢ (A), definedontheset D, : ¢ A —>R.
Then the problem of multicriteriative optimization is reduced to the choice of A" e D, , such
that max ¢ (A) = ¢ (A).
AeDA

We will assume, that £ it is a linguistic variable, that takes a certain number of finite values,

for example, e=5: «Very bad», «Bady, ..., «Very Well». Let us & %denote the kernel of the fuzzy
variable £ and introduce the following correspondence: the value ' «Very bad» corresponds to

%=1, the value ¢ «Bad» corresponds to ¢° =2, the value ¢ «Average» corresponds to
2% = 3, the value ¢ «Well» corresponds to Z° = 4 and the value ¢ «Very Well» corresponds to
0 _
Z"=05.
This, the problem of multicriteria optimization is reduced to finding a vector A e D, , that
provides the maximum of the discrete function £(A):

(A7) =max £(A), (8)

those, to the approximation of the PF DM.
The general scheme for solving such a problem is iterative and has several stages [1, 13].
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At the first stage n vectors Az, Ay,..., Ay are randomly generated. The order of the following
actions is as follows.
A one-criteria problem is solved:

F(x',A)=minF(x,A)I=1m (9)

The obtained values are ;1 = 1, m ;y, (x/); i= 1

The obtained values are evaluated y. (x"); i = 1,2; 1 = 1,m evaluated and the values of the

preference function z(A,); | = 1_m are introduced.

In the second step, based on the values Ai, Ay, ..., Ay and estimates z(A)); | = 1_m the
following actions are performed.
1) A function g:l(A) IS constructed, approximating ¢ (A) in the vicinity of points Ay,
AZ;"'; Am’
2) A single-criteria problem is solved
max £, (A) = £ (A7) (10)
AEDA
3) A single-criteria problem min F (z,A;) = F(X,A])is solved;

4) The found values x™;y. (x™); i = 1,2 are displayed,
5) The obtained values y. (x"); i = 1,2are evaluated and the value of the preference

function ¢(A;) is entered.
In the third step, based on the available values of A, As,..., Am, AI and the corresponding
estimates of the preference function (A;), {(A,),...¢(A}), g(AI), an approximation of the

function ¢£(A) in the vicinity of points A, Az, ..., Am, AI is performed, as a result of which the

function £,(A) is constructed. Further, the procedure continues according to the scheme of the

second stage until the DM decides to stop the calculations. At each iteration, a «rollback» is allowed
in order to change the previously introduced estimates of its PF DM.

The approximation of PF DM ¢ (A), given indistinctly as a linguistic variable, can be carried
out by fuzzy models, neural and neuro-fuzzy networks [9-12].

3. Results of practical application. The above optimization technique has been applied to the
irrigation system used for cotton cultivation.

The software implementation of optimization algorithms was carried out in the MATLAB
2015 environment on a computer with an Intel(R) Core (TM) i5-9400 CPU @ 2.90 GHz and 8.00
GB of RAM.

The vector of input parameters of the technological process included: irrigation rates per
complex hectare x; (thousand m®hectare), cash costs X, (thousand sum/hectare), costs of nitrogen
fertilizers x3 (Ton/hectare), costs of phosphate fertilizers x4 (Ton/hectare), labor costs xs (person-
days/hectare).

On the output parameters y; (yield) and y, (monetary costs), the input parameters x, + x, of the

technological process of cotton irrigation, restrictions were imposed, constituting a set of
permissible solutions
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W,=Y 1 X={Y OR®|y,i 37 Centner / hectare;
y, J 86000 thousand sum/ hectare;,
X O R5‘6 thousand . / hectare J x, J 10 thousand ° / hectare;
80000 thousand sum / hectareJ x, J 86000 thousand sum / hectare;

0,2T/ hectareJ x;J 0,25 T/ hectare;0,15 T/ Hal x,J 0,175 T / hectare;
Xs = 720 person - days / hectare}.
The equalization of mathematical modeland yield has the form of an additive regression
equation
L 5+ 83X, + 8, X + 85X, + X, (11)
(a, + %)
where a; = 420.06; a, = 6.49; a;=0.00000002; a, =0.075; a5=0.075; as=0.01505.
The optimization problem under conditions of certainty was to maximize parameter y; and
minimize parameter y,. A set of variable parameters make up parameters xi, X3 and Xu.
The scattering estimates of the output parameter values were selected as follows:d = 5,

d, = 150000. The static optimization problem in proposition (6) was solved by the method of
coordinate descent for different sets of values a;;i= 1,2. The results of the optimization are

summarized in Table 1. Bold indicatesa situation in which the functional limits on the output
parameters are violated.

Y1

Table 1.
Results of software implementation of the optimization model.

Ne | o o yii :ﬁ F X1 X3 X4 It's _ti(ne
decisions, sec.

1 [0 1 | y(1)=38.5605502 | 1.7964 | 6.0000 | 0.2000 | 0.1500 | 19,22
y(2)= 79023222.5

2 (01 |09 y(1)=385605502 |1.8151 | 6.0000 | 0.2000 | 0.1500 | 19,16
y(2)= 79023222.5

3 |02 |08 y(1)=385605502 |1.8342 | 6.0000 | 0.2000 | 0.1500 | 19,22
y(2)= 79023222.5

4 |03 |07 y(1)=385605502 |1.8537 | 6.0000 | 0.2000 | 0.1500 | 19,22
y(2)= 79023222.5

5 |04 |06 | y(l)=385605502 |1.8737 | 6.0000 | 0.2000 | 0.1500 | 19,16
y(2)= 79023222.5

6 |05 |05 y(1)=385605502 |1.8941 | 6.0000 | 0.2000 | 0.1500 | 19,22
y(2)= 79023222.5

7 (06 |04 y(1)=38 5605502 |1.9150 | 6.0000 | 0.2000 | 0.1500 | 19,22
y(2)= 79023222. 5

8 |07 |03 y(l)=38.5605502 |1.9364 | 6.0000 | 0.2000 | 0.1500 | 19,22
y(2)= 79023222. 5

9 |08 |02 y(l)=38.5605502 |1.9582 | 6.0000 | 0.2000 | 0.1500 | 19,16
y(2)= 79023222. 5

10 [ 0.9 | 0.1 | y(1)=38.5744754 | 1.9805 | 6.1596 | 0.2000 | 0.1500 | 19,22
y(2)= 79026271. 1

111 0 | y(1)=38.7631635 |2.0032 | 6.4920 | 0.2500 | 0.1750 | 19,11
y(2)= 87627619.4
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Optimization in the face of uncertainty of priorities was carried out as follows.
The formation of function values £ was carried out on the basis of the rules given in Table 2.

Table 2.
VALUE GENERATION RULES.

Mo F <

1 F<1.8 Very Well

2 1.8<F<1.86 Well

3 1.8<F<1.92 Average

4 1.92<F<2 Bad

5 F>2 Very bad

When solving the problem (6), the method of coordinate descent was used, the method of the
golden ratio was used to solve the problem (10). The intermediate points of the function
z(A) = z(a,, a,)Wwere determined using a cubic spline. The approximation of the function ¢ was
carried out using a fuzzy Mamdani model, which was implemented using the Fuzzy Logic Toolbox
MATLAB 2015 extension [16, 17].

Thesemi complete fuzzy output system (see Fig. 1) has two inputs (weighltl, weighlt2), a
Mamdani fuzzy output mechanism, one output (function). The input variables area,, a, the

weighting coefficients of the particular criteria of optimality y; and y,, the output variable
corresponds to the function ¢ .

The input and output variables correspond to the coziness of the membership function, which
were given as a symmetrical Gaussian function.

The input variables correspond to three types of membership functions: small, middle, big,
which correspond to a small, medium and large value of the weighting coefficients a; and a,. The
output variable corresponds to five types of accessory functions, which have been assigned names -
VB (Very bad ), B (Bad ), A (Average), W (Well ), VW (Very Well ).

XX

weighti

\\
XX

weight2

oplimE66666

(mamdani)

function

Figure 1. Fuzzy Output System

The set of rules that specify the relationship between the input and output variable is of the
form
IF weightl= small AND weight2 =big THEN function = Very Well;

IF weightl= small AND weight2 = middle THEN function = Well;

IF weightl= middle AND weight2 = middle THEN function = Average;
IF weightl= big AND weight2 = middle THEN function = Bad;

IF weightl= big AND weight2 = small THEN function = Very bad.
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Fine-tuning of the fuzzy output model at each step of the problem solution (10) was
implemented using the fmincon function of the extension Optimization Toolbox MATLAB 2015
[18-20].

In Fig. 2 an illustration of a fuzzy model is given Mamdani, obtained after tuning in the next
step of solving the problem (10).
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Figure 2. Fuzzy Mamdani model after fine tuning

a- editor window of the functions of belonging to the variable weightl; b- window of the
editor of the functions of belonging to the variable weight2; c- the function editor window of the
function membership variable; d- output Rule Editor window; e - output rule viewer window; f-
solution Viewer window

When solving problem (10), the number of "overclocking” solutions n was chosen equal to
six: A1, Ay, ..., As. Moreover, the extreme values A;, As were chosen at the boundaries of the area

of change in the weighting coefficients &; and @,, and the average values A, As, ..., As were

randomly generated. The results of solving the problem of multi-criteria optimization are shown in
Table 3 and illustrated in Fig. 3.
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In Table 3, the «overclocking» iterations are highlighted in gray. The optimal value
a, = 0.059 and, respectively a, = 0.941. At the same time, the values of the partial optimality
criteria were: f,=38.560 centner/hectare and f, = 79023.222 thousand sum/hectare. The optimal
values of the variable parameters obtained during optimization are distributed as follows: x;=6.0000
thousand m®/hectare; x*=0.2000 Ton/hectare; x*=0.1500 Ton/hectare.
The maximum time for one iteration when solving the problem (10) was 4.6 s. The total time
for solving the problem (9) was 30 seconds.
Table 3.

Problem solution results optimization.

Iteration
No. % % F d
1 0 1 1.99661 VW
2 0.31 0.69 1.99888 W
3 0.861 0.139 2.00295 B
4 0.599 0.401 2.00101 A
5 0.202 0.798 1.99809 W
6 1 0 2.00699 VB
7 0.08 0.92 1.99719 VW
8 0.04 0.96 1.99689 VW
9 0.059 0.941 1.99703 VW
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Figure 3.

Graph of the face preference function, the decision maker
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Conclusion

1. The proposed method of solving the problem of optimizing the values of parameters of
irrigation systems makes it possible to bypass the computational difficulties associated with the
complexity and incorrectness of the problem.

2. The described algorithm of intellectual decision support makes it possible to solve the
problem of multicriteria optimization of irrigation system parameters in conditions of uncertainty of
priorities according to particular criteria of optimality.

3. The software implementation of the developed methodology and algorithm for optimizing
the parameters of irrigation systems is very effective and can be widely used in practice to solve the
problems of multicriteria optimization of various irrigation systems in agriculture.
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Abstract

To enhance the cutting performance of high speed steel(HSS) end mill, single and
multilayer coating is applied on the substrated of the HSS end mill. Coating material reduces
cutting force and enhances resistance against abrasive wear. This paper presents the physical
vapour deposition(PVD) coating technology and the machinability of PVD coated HSS end mill.
The performance of coated HSS end mills are fifteen times better than uncoated HSS end mill on
proposed cutting conditions. The TiAIN monolayer coated end mills(futura nano coating) are
better than those of multilayer coated end mills(futura coating) on machined surface and tool
wear.

Key Words : PVD coating, HSS end mill, Coating Tool

1. Introduction

The current metal processing process is progressing with high precision and high efficiency,
and in order to improve the productivity of this metal cutting process, metal processing using high-
speed steel (HSS) end mills with good toughness is the mainstream in the field. This end mill is an
elongated, slender rotary tool that is widely used for free machining of outlines and small spaces
within parts with the development of machining centers

With the development of tool grades, starting from HSS tools, hard grade tools such as
cemented carbide and cermet tools are becoming common. This good HSS end mill has a lot of
market share. Although the HSS end mill has good toughness, it has poor wear resistance compared
to cutting tools of other grades, so it is generally used by coating the end mill.

Coating methods for cutting tools are generally divided into chemical vapor deposition (CVVD)
and physical vapor deposition (PVD). Although the CVD method has a high adhesion between the
coating and the base material, due to the disadvantages of high working temperature and
environmental pollution, so it is being replaced by PVD coating which is economical and the
process temperature is relatively low,

TiN coating obtained by PVD coating improves the wear resistance of cutting tools. In the
case of TICN coating, it improves the tool life by having excellent hardness as well as wear
resistance. In addition, in the case of TiAIN coating, the friction coefficient between the workpiece
and the cutting tool generated during machining is lowered so that the tool can be operated without
using coolant. It improves performance. In addition, it has low thermal conductivity, thermal
stability, and excellent high-temperature corrosion resistance by removing the heat generated during
processing together with the processing chip.

Recently, there is a trend to improve the tool life and performance by treating the TiAIN
coating as a multi-layer coating instead of a single-layer coating to greatly improve the resistance to
crack growth on the surface of the coating layer generated during operation.

Therefore, in this study, TiAIN single-layer coating(futura nano) and multi-layer coating
(futura) coating by PVD coating method of HSS end mill were tested to evaluate the cutting
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performance according to the change of cutting speed and machining conditions of this coating tool.
2. Main Contents

2.1 PVD coating technology

For alloy coating such as TiAIN, it is preferable to apply the coating using Arc-type sputtering
equipment. <Fig.1> is an arc-type sputtering type BAI1200 PVD coating equipment that can coat
TiN and TiCN as well as alloy coatings such as TiAIN in a relatively low vacuum. The coating
process is divided into four stages: Heating - Etching - Coating - Cooling, and the total coating
process for TiAIN alloy coating takes about 9 to 10 hours.

Looking at the PVD coating mechanism, first, the target metal is vaporized and moved from
the target material, and after the vapor is converted to an ion state by a coating auxiliary device such
as plasma, it is deposited on the surface by the bias voltage applied to the object to be plated. As
deposition proceeds in the form of ion plating, the adhesion between the base material and the
coating layer is increased, and the porosity of the coating layer can be significantly reduced.

In general, the thickness of the PVD coating is determined by the coating time, and since the
growth of the coating layer is different depending on the bias voltage or the temperature of the
coating process during coating, the mechanical and physical properties of the coating layer can be

controlled by these variables.
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Fig.1

Balzers BAT1200 coating system and PVD coating mechanism
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Fig.2

The three phases of coating formation

The vacuum-deposited thin film in the PVD coating process basically exists in three phases as
shown in <Fig.2>. That is, 1) conversion of the coating material into gaseous state by the physical
evaporation principle 2) vapor transfer through the gas atmosphere (plasma) state between the
evaporation source and the substrate 3) It is condensed in the form of a thin film on the surface of
the substrate.
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2.2 Structure of TiAIN The TiAIN coating has the following FCC structure.

WEmax (mm)

t £t t t-

In the face-centered cubic structure of TIAIN, titanium atoms are located at the vertices of the
cube and aluminum atoms are located at the center of the plane. And the reacted nitrogen is in a
form that penetrates into the gap between the titanium

atom and the aluminum atom.
At this time, it can be seen that one crystal structure contains one titanium atom, three
aluminum atoms, and two nitrogen atoms. When these ratios are correctly combined, the color of a
complete TiAIN coating can be obtained.

3. cutting experiment

The machine tool used for the cutting performance test of the end mill was Daewoo Heavy
Industries Co., Ltd. Machining Center (ACE-V400), and the workpiece material was alloy steel
SCM4. The performance of the end mill was evaluated by applying TiAIN single-layer and multi-
layer coating to an HSS end mill of @10 mm with four cutting edges.

After fixing the workpiece in a vise, it was cut at regular intervals. Using a tool dynamometer
(Kistler 9257BA), the change in cutting force according to the abrasion of the end mill was acquired
and analyzed using an A/D converter (DT3001).

In order to minimize the error caused by tool setting during the cutting experiment, the cutting
force was measured while continuously changing the radial depth of cut after setting a new cutting
edge. When the end mill is mounted on the tool, the protrusion length significantly

affects the tool life and surface roughness. In this experiment, the protrusion length was fixed
at 30 mm to minimize the error caused by the change in the end mill protrusion length. Tool wear
was measured using a tool microscope (Mitutoyo TM). For flank wear, VBmax was constantly
measured at 5 mm from the tip of the cutting edge, and the wear amount VVC of the minor cutting
edge was measured.

4. Results and Discussion
4.1 Performance evaluation according to changes in cutting speed
In the performance evaluation according to the cutting speed of the HSS end mill, based on
the cutting conditions recommended by the manufacturer of the test end mill, the feed rate and
depth of cut are constant and only the cutting speed is changed to investigate the wear and surface
roughness of the coated tool at each cutting speed. In the cutting process, the wear phenomenon of
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the cutting tool appears in various ways depending on various variables. In particular, compared to
the turning process, the analysis of the characteristics of the milling process is difficult because the
intermittent cutting process is performed. However, the wear of the cutting tool is most dominantly
affected by the change in cutting speed.

Due to the high toughness of the uncoated HSS end mill, gradual wear is dominant on the
flank surface of the cutting tool's main cutting edge according to the change of the machining length
under the given machining conditions. Tool damage is predominant.

As shown in Fig. 3, up to the cutting speed of 37m/min, when the limit of flank wear is
VB=0.2mm, it was possible to machine up to 4.5m in length, but as the cutting speed increased,
HSS without coating End mills suffer from severe tool wear, so their performance is poor.

Fig.3 Rack face wear (uncoating) at V=37 m/min

In Fig. 4, when the cutting speed (V) is 53m/min, In the case of the non-coated HSS end mill,
the abrasion of the free surface of the main cutting edge exceeds 0.2mm even when the machining
length is only about 3m. However, the PVD-coated end mill can process more than 45 m, so it
shows a performance difference of about 15 times compared to the PVD-coated and non-coated
tool.

In terms of economy, the general HSS end mill (¢10) without coating is about 5,000 won, and
when it is coated, it is about 11,000 won. It can be said that the economic effect of coating is large
as it increases by about 15 times.
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Fig.4

Wear of Race face on V=53m/min
(futura coating & uncoating)

Fig.5 and Fig.6 show the test results by changing the cutting speed of the PVD coated end
mill to 200m/min.

As can be seen from the figure, in the futura nano coating, the tip wear (VC) of the end mill
was about 0.4 mm at a machining length of 84 m, but in the futura coated end mill, the tip wear
exceeds 0.4 mm at a machining length of 15 m.

The surface roughness of the futura nano-coated end mill shows Rmax 12.2um, but the futura-

coated endmill shows 39.2um when machining 12m at the same cutting length.

In conclusion, in the performance evaluation of end mills according to the change in cutting
speed, PVD coated tools can improve productivity significantly compared to uncoated tools. It is
also shown to be excellent in tool wear and surface roughness.
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Fig.5
V = 100m/min, flank wear and surface roughness (futura nano coating)

— ==

Fig.6 V=100m/min, flank wear and surface roughness (futura coating)

4.2 Performance evaluation according to change in radial depth of cut (Rd)

Fig. 7 shows the cutting length by changing the axial depth of cut (Ad) to 10mm and the
radial depth of cut Rd to 0.5mm, 1mm, and 2mm at a cutting speed of 100m/min, a spindle speed of
3183rpm, and a feed rate of 636mm/min. Changes in tip wear (VC) and surface roughness of coated
end mills after 3 m machining were shown. As can be seen from the figure, as the radial depth of
cut increases under the same machining conditions, the tip wear (VC) of the coated tool increases,
and the futura nano coated end mill shows less wear than the futura coated end mill.

In the case of surface roughness, there is no general tendency that the surface roughness
increases or decreases as the cutting depth in the radial direction is gradually increased.

It can be seen that the surface roughness of the futura nano coating tool is relatively superior
in the surface roughness of the workpiece according to the change of coating. As can be seen from
the change in the length of the tip wear according to the change in the radial depth of cut, the futura
nano-coated tool has less wear than the futura-coated tool, so the surface roughness is also
improved.

Fig.11 Changes in VC and Ra according to radial depth of cut change (cutting length=3m,
V=100m/min)

According to the change of the radial depth of cut in high-speed machining using an end mill,
the futura nano coating causes less wear at the tip than the futura coating and shows excellent
properties in terms of surface roughness.

4.3 Changes in cutting force due to coating

Fig. 8 shows the average values of the cutting forces in the X, Y, and Z directions when the
radial cutting force Rd is changed to 0.5mm, 1.0mm, and 2.0mm under dry cutting at a cutting
speed of 100m/min and a feed rate of 626mm/min. was shown.

In fact, as the radial depth of cut increases, the cutting force increases. Under the conditions of
this experiment, the cutting forces in the X and Y directions are generally similar, but the Z
direction is smaller than the cutting forces in these two cutting directions.

The difference between the cutting forces of futura nano and futura coated end mills is not
constant in the cutting forces in the X and Y directions.
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It can be seen that the end mill with futura nano coating in the Z direction takes less cutting
load according to the change in depth of cut than the case with futura coating.

Table 1
Performance of Z-direction cutting force according to coating

Rd
, 0.5mm,  lmm 2mm, g
ccating, g
futura nano | 34N | B3N 82N
futurad 44N‘J BBN‘J ].OZN‘J
per formance(%)| 22% | 19%_ 9%

Table 1 quantitatively shows the change in cutting load according to the change of the radial
depth of cut in futura nano coating and futura coating in the Z direction.

Here, it can be seen that the smaller the Rd value, the better the cutting load performance of
the futura nano coating.

The Z direction is a component of the cutting force acting in the axial direction of the end mill
and has a great influence on the surface roughness of the workpiece.

Therefore, it is suggested that the HSS end mill is coated with a single layer (futura nano) in
high-speed machining at a cutting speed of 100 m/min to reduce the radial depth of cut, thereby
improving the performance of the cutting load.

Fig.9 and Fig.10 show the cutting force signals of futura nano and futura coating.

Fig. 11 shows the change in cutting force in the X, Y, and Z directions as the machining
length of the coated end mill changes at a cutting speed of 100 m/min.

As can be seen from the figure, the cutting force in the x-y direction increases as the
machining length increases, but the change in the machining length in the z-direction changes
slightly.
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Fig.9 Cutting force signal according to radial depth of cut (futura coating)
Fig.10 Cutting force signal according to radial depth of cut (futura nano coating)
Fig.11 Cutting force in the 3-axis direction according to the machining length
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5. Conclusions

In this study, PVD coating technique of HSS end mill with excellent toughness and low price
was presented, and the performance of the PVD coating coated end mill was tested according to
changes in cutting conditions.

Through this study, we would like to present the following conclusions.

1) By applying PVD coating to HSS tools, machining speed can be improved and tool
performance is significantly increased. In this experimental condition, the PVD-coated end mill has
about twice the unit price compared to the non-coated tool, but in terms of performance, it shows a
performance difference of about 15 times.

2) In terms of surface roughness of the workpiece, futura nano coating shows better results
than futura coating.

3) In the performance evaluation of the coated tool according to the change of machining
conditions, the tip wear (VC) of the coated tool increases as the radial depth of cut increases under
the same machining conditions.

In addition, futura nano coated end mills show less wear than futura coated end mills.

4) The cutting force applied to the coating tool increases as the radial depth of cut increases.
According to the change in depth of cut, the end mill with futura nano coating takes less cutting
force than the case with futura coating.
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Abstract

In this article trends and changes of development of a savdovodstvo and intensive gardening
in the region and in the country in general are considered. Are submitted the analysis of the current
state of the areas of gardening and their change. The recommendations of an irpedlozheniye about
improvement of gardening in the Kashkadarya region and the republic are given.

In fact, currently the agricultural is not gotten well efficiently without new technologies. The
intensive gardens are also the most effective than traditional method. The researchers are showed
that the development of intensive gardening have to be based on agricultural production and
efficient use of regional characteristics.Do not forget that the production of agricultural goods is
directly dependent at the climate so all processes have been required a long time, for instance farms
have to spend minimum six months to get their harvest. However, each fruits have several varieties
and if farms can use intensive method they will produce over the during year.These features are
important to organized of product marketing processes.Today, specific farms have been established
and operate in replace of liquidated collective farms.

1 Introduction.

In our country in the conditions of liberalization of economy large-scale reforms in the field
of intensive gardening and wine growing are undertaken. Even before creation of farms in the sector
of fruit and vegetables the most part of fruit (78.1%) was grown up by Dehkan farms and farms. In
particular, in 2016 60.6% of total area of gardens 33.9% - to Dehkan farms were transferred to
farms, the others belonged to other agricultural enterprises. Besides, 45.7% of all fruit which are
grown up in 2015 are grown up on farms and 52.2% on Dehkan farms. If to draw a close attention
to these figures, that is for 33.9% of Dehkan farms with the land plots, 52.2% of a harvest of fruit
show high efficiency of Dehkan farms. Development of intensive gardening demands use of
features in the industry. Specific features which need to be taken into account, according to us, the
following groups:

The first group is various products of intensive gardening which are directly connected with
intensive gardening; appearance of products, difference in the nature of goods; process of intensive
gardens and labor-consuming harvesting; differences in maturing of fruits; All types of fruit can be
stored and be processed.

The second group - the specific features connected with activity of intensive gardening farms.
That is agricultural grounds and small amount of production; Production of fruit demands from the
farmer of sufficient knowledge, experience and skills; far away from the market; The Possibility of
cultivation of fruit in water, magnificent, mountain and foothill areas; Fertility on the basis of
various agrotechnical actions; access to the field; experiments generally from generation to
generation; the beginning of investments into the industry in 5-6 years; Very intensive influence of
climatic conditions should be considered at intensive gardening. [1]

Organizational aspects of activity of intensive gardening economy can be divided into two
groups.

Establishing intensive gardening business - land lease, a solution of the problem of possession
and use of gardens; Infrastructure, use of objects; Possession of fixed assets; management of a farm;
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production creation; processing of the earth; care of a garden; protection against insects and
diseases; harvesting and marketing.

Within economic aspects of economic activity of economy - landing and realization of fruit;
contractual relations; price policy, mechanism of material benefit; financial and credit, tax,
insurance relations; organization of processing and product sales; issues of professional
development, retraining and use of scientific achievements of gardeners have to be resolved.

It is desirable to allocate to farmers the long-term credits for purchase of the mineral devices,
mini-technologies connected with production, processing, storage and transportation of fruit.

Intensive gardening began in 2012. For example, the area of gardens in the territory of our
country in 2013-2017 increased from 254.6 thousand. Hectare up to 279.6 thousand. Hectare, i.e.
For 9%, and the quantity of gardens increased by territories of the country from 201.3 thousand. Up
to 226.9 thousand. Hectare. for 12%. Productivity increased by 19%, and the gross product grew by
34%. In spite of the fact that these figures are low now, such growth rates in the short term indicate
that development of the industry of gardening is positive development.

Fruit and berry fields, gross collecting and productivity in our country

2013 2014 2015 2016
2546 | 2619 | 2664 | 279.6

Fruit and berries
(thousand pieces)
from which profitability
(thousand pieces)
Gross revenue
(one thousand tons)
productivity
(one thousand tons)

201.3 | 2146 | 2143 | 226.9

2261.1 | 2490.6 | 2746.1 | 3042.8

1123 | 116.0 | 128.1 | 134.1

In particular, taking into account a situation in the Kashkadarya region a share of gardens in
the region in 2016-2017. Makes 17238.0 hectares. from 20755.6 to 20%. The area of younger
gardens increased from 122,140 to 15,156.0 points and increased by 24%, and the share of intensive
gardens increased from 1945.3 to 1954.5, or for 0.4%. The low share of intensive gardens in the
region aggravates need of intensive gardening for the region now. However lack of necessary
conditions for creation of intensive gardening in the region, lack of adequate knowledge and skills
in the cost of new technologies for development of intensive gardening.

Information on the existing gardens in the Kashkadarya region

Available gardens, Areas of Areas of younger Intensive
hectare gardens, hectare | gardens, hectare | gardens, hectare
2016 year 17238 12214 1945.3
2017 year 20755.6 15156.0 1954.5

Today intensive gardening is based on the market principles and is not a method of
administrative management for development of the industry, and it is rather an inadequacy of
deliveries of high levels of mineral fertilizers, gardens and insecticides and also intensive methods
of gardening. Quantity of the got profit low. In recent years increase in profit is observed. In
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particular, the analysis of intensive gardening in the Kashkadarya region in 2012 allowed to receive
a harvest of 1025 000 sum from hectare of crops, 1957 000 sum in 2015, 3251200 sum in 2016 and
profitability of 5895600 sum in 2016, 75.6 percent. In view of the fact that the average gross area of
an average farm in the region in 2017 is 10.8 hectares the annual net profit of a farm is 33694.0
thousand Sumov. Of course, taking into account the level of this income, and good results are
achieved. In particular, on an intensive garden farm Orifzhon who grows on the area of 3.5 hectares
in Yakkabagsky district in 2017 the net profit of one hectare of gardens was 1055 000 sum.

Apparently above, development of intensive gardening in our country differs from traditional
gardening, with its high productivity for the short period of time, with its high efficiency, resistance
to storage and transportation of the grown-up fruit. Thus, for development of intensive gardening in
our country it is expedient to realize the following tasks:[2]

- increase in quantity of the farms specializing in intensive gardening;

- interest rates reduction on soft loans and extension of tax benefits for effective development
of intensive gardening;

- allocation of the grain and cotton fields free from intensive gardening, not for objects of
housing construction, and for intensive gardening;

- Creating favorable conditions for import of the leading foreign technologies (drop irrigation)
for development of intensive gardening and increase in efficiency.

Development of intensive gardening and achievement of high efficiency will allow to ensure
in the future food security in our country, to fill the national markets with fruit and vegetables, to
satisfy demand of the population for fruit and also will contribute to the further development of the
export potential of our country and increase in the standard of living.

At the same time the most modern products are based on a private property and can be used
for free agrarian economy, but also provide extensive information for those who want to get
economic support from the industry. The garden network is not an exception. Now in gardening
network there is a set of problems, revealing ways of their overcoming, minimizing shortcomings
and applying new effective methods of gardening.[3]

For example, by 2016 the population of our country which is engaged in fruit and berries had
only 39.3 kg of real consumption (only fresh, raw) within one year, and this figure will make 65.31
kg according to medical standards. Because fruit and berries are generally grown up in Dehkan
farms, consumption of fresh fruit is 40% less than medical norms that, in turn, creates the need for
additional fruit and berries of the population of the country. The deficiency of fruit in the national
markets is compensated by import fruit from our country, and their share makes 35-40% now. The
product range of import fruit from abroad consists mainly of our fruit, but our fruit differ in the
taste, ecological purity and the maintenance not of GMB. However this problem can be solved by
further development of intensive gardening in our country, strengthenings of material and technical
resources of the farmers and Dehkan farms specializing in intensive gardening, implementation of
new technologies and further state support. In our country there are a lot of affairs, but with
intensive gardens still there is a problem.

Therefore, in our opinion, importance and importance of organizational and economic
development of intensive gardening differ. The purpose of this article is the analysis of a number of
methodical and practical recommendations about the organizational and economic principles of
intensive development of gardening, to organizational and economic mechanisms of development
of intensive gardening.

The following difficult tasks are necessary for achievement of our purposes:

- theoretical studying of the current state of intensive gardening;

- assessment of the current state of fruit growing and intensive gardening;

- to define the factors influencing development of intensive gardening;
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- to define ways of increase in efficiency of cultivation of fruit and berries;

- development of methodical recommendations about optimization of high-quality gardens;

- development of mechanisms of the state support of intensive development of gardening;

- justification of organizational forms of agro-industrial integration by production of fruit and
vegetables, etc.

It is necessary to analyse carefully set of the economic relations developing in development of
intensive gardening. Besides, close cooperation with research institutes, the centers and farmer
councils in intensive gardening, carrying out theoretical and methodological researches, wide use of
domestic and foreign experience, revision of the existing standard and legal documents,
development of intensive gardening is planned. and production of high-quality fruit and berries.

According to us, the seasonality of operation of these products and use of human resources,
operation duration, fast losses, harvesting, transportation and packing, non-standard grades of fruit
and berries are the reasons of slow growth of intensive gardening.

It should be noted that in the region there are favorable conditions for mountainous and
foothill areas and districts, with the aim of developing, developing and improving the efficiency of
intensive gardening. Favorable climatic conditions, abundant rainfall, high land productivity and
weak winds are most suitable for the future development of intensive orchards. In these regions,
about 65% of intensive orchards will be used to increase production, increase the amount of fresh
fruit and processed foods. to meet growing needs.

We are concerned that the lack of financial resources and the purchase of related equipment
are a problem for many horticultural farms in the region. Therefore, in our opinion, it is desirable to
introduce a system of specific measures for long-term leasing or concessional lending for farms
engaged in intensive or intensive gardening in all regions of the country. To effectively implement
these measures, government agencies, officials, or private entrepreneurs should rent companies and
rent leasing operations.

In order to develop and increase the efficiency of intensive gardening in the region, it is
extremely important to create stores, small and medium-sized enterprises, goods, trading and
warehouse structures specializing in fruit processing, modern packaging and fruit cultivation, which
correspond to the domestic and foreign markets of the country. Development and implementation of
new investment projects to attract foreign and local investors. ahamiyatag view.

The aim of these projects is the development and implementation of comprehensive measures
aimed at improving the productivity of intensive gardens through the optimal placement of highly
productive seedlings. In addition, the correct placement of saplings in dekhkan and private farms
and an increase in the area of highly productive competitive varieties. To achieve effective solutions
to this problem is possible through the introduction of highly efficient and innovative technologies
that are promising areas in intensive gardening.

The main disadvantage of previously unsupported layouts is that other types of agricultural
production are present in the gardens at the same time and, in turn, little attention is paid to the
composition of the coriander gardens. As a result of such allocation schemes, the volume of fruit
crops grown in the region, as well as mountainous and mountainous. In the regions, there is a
decrease in the efficiency of gardening.[4]

Based on the above, we propose to improve the efficiency of intensive gardening in the region
as a prospective plan:

Economically:

- The increase in sales markets nigilnogo (bakery) products;

- stabilization of legislation and tax policy;

- reducing the share of imports in the domestic market;

- regulate the prices of products grown in gardening;
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- increasing the level of material and technical base of the industry;

- Optimization of the wage system in horticulture;

- improving the quality of products grown for the purpose of increasing the demand for
products in the domestic markets. agro-ecologically:

- Efficient layout schemes in gardening;

- an increase in acreage for the creation of intensive gardens;

- effective implementation of spring frost-resistant and high-yielding varieties;

- Increased use of cost-effective irrigation systems and harmless fertilizers;

- the transition from extensive low-income gardening to new, modern intensive gardening;

- Reducing the level of stress and instability in natural and climatic conditions due to
environmental protection and so on.

From the point of view of science:

- increasing knowledge and experience in improving the skills of horticultural specialists,
improving the quality and average yield of garden products;

- strengthening the exchange of experience and knowledge between manufacturers and
industry experts;

- providing education to qualified agricultural producers, etc.

The above reasons determine the development of intensive gardening in the region. Thus, the
main task of developing intensive gardening in the region is to rationally and fully utilize the
potential available in this region, to develop and implement investment projects. The practical
implementation of these projects is to create favorable conditions for the full use of natural
resources for the development of intensive gardening and increase in crop production, and therefore
the following activities were developed to achieve the goals (Figure 3.2.1).
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RELIABILITY OF INTENSIVE DRAINAGE DEVELOPMENT WITH DRUGS
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Currently, 71.3% of horticultural farms are concentrated in dekhkan and farms in the region,
their processing amounts to 74.4%.

As a prospect for the development of gardening in the region, it is rapidly moving towards
intensive gardening. To achieve this goal, it is important to ensure the success of scientific and
technological progress and plant new varieties, introduce varieties that can withstand frost, are

Infrastructure development and
creation of additional services for
farms

Creation of enterprises specializing in
the storage, processing and sale of
dried fruit

resistant to various diseases and provide an average annual crop of high quality fruits.
The main potential aspects of intensive gardening in the region are:

- convenience of natural, climatic and hereditary phenomena;

- the existing socio-economic potential necessary for the development of healthy gardening;

- Experience in agro-economic knowledge and crop production for the development of

intensive gardening in the region;

- the hard work of the inhabitants of the region, their experience in agriculture, knowledge and

intensity;

- Potential of product manufacturers in the territory-and local markets.

Taking into account the above factors, prognostic indicators have been developed for the

development of intensive intensive gardening in the Kashkadarya region. (Table 1).

Thus, according to the forecast of the intensification of the growth of gardening in the region,

4,771 new ones will be created by 2025, of which 1997 will be the construction of gardens.
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Expansion of gardens in Kashkadarya region
Forecast for the period until 2025

Table 1

Indicators 2020 2025 Total
All stone All stone All stone
gardens | gardens | gardens | gardens | gardens | gardens
Creating new gardens 2118 832 2653 1165 4771 1997
Creating intensive 121 65 213 107 334 172
gardens (hectare)
Restoration of old 747 483 1096 794 1843 1277
gardens
Planting area (hectare) 80 21 93 . 173 58
Growing seedlings 2341,6 706,7 3751,8 1074,2 6093,4 1780,9
(thousand pcs.)

Currently, the region allocates land for the cultivation and development of intensive gardening
in areas of cotton and wheat. For the effective and timely creation of large gardens with great
attention is needed new sowing seedlings in the region. According to him, today in Kashkadarya
region will need 6093.4 thousand seedlings. To solve this problem, it is important to increase the
number of seedlings growing in the region.[5]

These seedlings are the basis for creating intensive orchards in the region and updating
existing seedlings with higher yields and higher quality. Also in 1843 it is necessary to reconstruct
the gardens and restore many gardens. These reconstructed and restored gardens are also of great
importance for increasing the production of garden products in the region. The key and key factors
for the development of intensive gardening are the provision of energy efficient and basic
production facilities, as well as the creation of highly productive gardens.

According to the results of the forecast, it can be concluded that the rational formation of
intensive gardening and the production of coniferous fruits in most cases determine the economic
efficiency of the industry.

In addition, the increase in yields and the growth of gardening in the region due to an increase
in the melting of the forecast indicators in the table will ultimately improve the overall horticulture
system. The development of the horticultural sector is an incentive to increase the export potential
of the region and the country.

References

1 Strategy for Agricultural Development of the Republic of Uzbekistan for 2020-2030

2 Tunman J., bneitzep C., Xwumn ., bedopt B.JI., 2011, MupoBoii cripoc Ha MPOJOBOIBCTBUE
U ycTOMYHMBasi MHTEHCU(UKAIUS CEIbCKOTO X03sicTBa, Tpyasl HanmoHanmpHOW akaneMuu Hayk,
108.

3 Maprteiaenko ['., IHTEHCHBHOE CaJIOBOJICTBO B Y30EKUCTaHE, COCTOSHUE W TIEPCIIEKTHBBI
pa3BuTus, TalkeHT.

4 Mupsuée III.M. KommekcHbIH aHaIW3 pPe3yJbTaTOB  COIHAIBHO-YKOHOMHUYECKOTO
pa3BuTHs ctpanbl B 2016 roay u 3asBienune Kabunera MunuctpoB Peciyonuku Y36ekucran ot 14
saBapst 2017 roxa Ha 3acenanun Kabmnera MunuctpoB PecnyOnuku Y30ekucTaH, MOCBSIIEHHOM
ONpeJIeJICHUE KIIIOUEBBIX MPUOPUTETOB U TPUOPUTETOB SKOHOMUYECKON U COLMATIBLHON MPOrpamMMbl
Ha 2017 rox // 16 stuBapst 2017 rona.

5 Agriculture Financial Services Corporation (AFSC) [Electronic resource].

52



6 www.Agrolnsurance.com - Specialized informational and analytical resource featuring a
broad array of issues related to agricultural insurance and risk management in the agrarian sector.

7 www.mf.uz - Ministry of Finance of Uzbekistan

8 www.stat.uz - Statistics Committee of Uzbekistan

9 www.agros.uz — official website of “Uzagrosug’urta” JSC

MECHANISMS FOR THE IMPLEMENTATION OF STRATEGIC PARTNERSHIP
IN THE CONTEXT OF ORGANIZATIONAL AND ECONOMIC TRANSFORMATIONS
OF THE GREENHOUSE INDUSTRY

Shakhida Khodjimukhamedova

Tashkent Institute of Irrigation and Agricultural Mechanization Engineers (TIIAME)-National
Research University

Akmal Durmanov

Tashkent Institute of Irrigation and Agricultural Mechanization Engineers (TIIAME)-National
Research University
akmal.durmanov.1977@mail.ru, 0000-0003-3947-4986

Annotation.

In the article a study was conducted on the issues of strategic public-private partnership in the
formation of agrarian structural policy”. The necessity of using a synergistic approach to
determining the directions of transformations of modern agriculture in general and the greenhouse
segment in particular is considered. The prospects of the export orientation of transformational
transformations as a mechanism for the implementation of agrarian structural policy have been
studied. The ways of improving the transformational transformations of the agrarian sector of the
economy are determined on the example of the greenhouse sector. The promising vectors of the
direction for improving the agrarian structural policy are analyzed in order to accelerate the
transformation processes and increase the effect of the directions of the agrarian structural policy in
the greenhouse sector. The study also considered the issue of deepening the development of the
agricultural sector through the introduction of public-private partnerships and determining the
prospects for their use in the context of the development of agricultural sectors.

Keywords: agriculture, agro-industrial complex, greenhouse economy, public-private
partnership

Statement of the problem in general. In the context of global challenges, the content of the
structural policy of the national economy should cover all levels of the complex hierarchy of the
agricultural sector as a separate system. In this context, we should talk about agrarian structural
policy, the main goal of which is a series of measures aimed at systemic changes that give impetus
to the progressive and dynamic development of industries and the development of agriculture.

At present, in the Russian Federation, there is an acute dilemma of generalizing the best
practices for growing crops in closed soil, an important task is also to determine the main vectors
for the development of state policy in the field of agriculture in general, in the direction of
greenhouse farming in particular. In the context of the rapid development of the public
administration and administration sector and the growth of progressive state influence on the
development of the agrarian sector, the concepts of “government mechanism” and “state regulation
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mechanism” are quite often used in the scientific community *. However, as evidenced by numerous
studies, unfortunately, there is no systematic definition of the very mechanism for the formation and
phased implementation of state policy, in particular, state policy in the agrarian sector.

Analysis of recent research and publications. Domestic and foreign scientists have studied
various aspects of the production of crop production in greenhouses 2.

Modification vectors of development of the world market of closed soil vegetables were
studied by Zhurova I.V., . A detailed system analysis of the cost as a determining factor in
strengthening the competitiveness of an enterprise was carried out by Alikin S.V. %, Aksenov I. A.
*paid his attention to the economic aspects of the development of the fruit and vegetable market of
the Russian Federation . He studied the ecological aspects of growing agricultural products in
greenhouse conditions °.

It should be noted that the results of their research do not cover the fundamental principles of
the formation of the state policy for the development of the crop industry in closed soil. In contrast
to them, Pronina Yu.Yu., described in detail the methodological foundations of the formation of the
agricultural sector in the system of ensuring the economic security of the state ’. One of the most
thorough, in our opinion, recent studies is the study of Krasilnikova L. E. 8In numerous works, she
substantiated the dilemma of the formation, development and implementation of state agrarian
policy in the Russian Federation. The author proposed a solution to the issue under study, namely a
description of ways to improve the mechanisms for the formation and implementation of state
agrarian policy in our state.

The purpose of the article is to study the features of the development of the crop industry at
the present stage, as well as to determine the foundations for the formation of state policy in the
greenhouse segment.

Presentation of the main material . The issue of ensuring food security is a basic and
constant problem of both countries with a low level of economic development and fairly developed
countries that are constantly improving the mechanisms for supporting food security.

In the Russian Federation, vegetable growing is a specific industry that has certain
disadvantages associated with a low level of product transportability; a high level of diversity of
cultivated crops, which are characterized by the aspect of using specific agricultural techniques;

! Monakhov, S.V. Institutional aspects of the development of agro-industrial formations in modern
conditions // Actual issues of modern economics. 2022. Ne2. pp.173-176.

2 Krinichnaya, E. P. Modern trends in the development of the plant growing industry in the context
of the implementation of the export-oriented strategy of the agro-industrial complex of Russia //
Bulletin of the Michurinsky State Agrarian University. 2020. Ne3. pp.104-114.
Zhurova , 1.V., Features of production and development of the world vegetable market // Collection
of scientific papers "Problems of Economics". 2019. Ne2. pp.76-86.
* Alikin, S.V. Problems of competitiveness of agricultural enterprises of the Russian Federation //
Student Bulletin. 2020. Vol. 22. No. 120. Part 1. S.26-33.
> Aksenov, I.A. Features of the functioning of the fruit and vegetable market in Russia // VVegetables
of Russia. 2020. Ne5. pp.107-115.
® Kontrovskaya, I.A., Technological aspects of increasing the efficiency of greenhouse production
//Sustainable socio-economic development of regions. 2020. S. 129-135.
" Pronina, Yu.A. Resource potential of the agrarian sector in the system of ensuring food security in
Russia // Food policy and security. 2020. V.7. No.2. pp.138-149.
® Krasilnikova, L.E. Management of the development of agro-industrial territorial-economic
systems: dis. — Abstract of the dissertation for the degree of Doctor of Economics. Yekaterinburg,
2019. 2019. 49 p.
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insignificant mechanization of basic production processes; the use of significant manual labor costs
with the active involvement of workers of appropriate specialization for servicing specific types of
equipment, organizing the processes of routine commodity processing, storage and sale of
vegetables; general high labor intensity of work, which as a result leads to significant total
production costs °.

We also note that agricultural land is used for growing crops.

The development strategy of the crop growing industry in closed soil, taking into account the
analysis of the above factual data, should be aimed at increasing the production of high-quality crop
products, respectively, while minimizing the cost of obtaining the latter. What is needed to meet the
needs of the industry in the necessary financial resources? This is, first of all, the creation of
favorable conditions for the implementation of financial transactions, the improvement of
investment, innovation, budget and tax policies. State support must be implemented within a certain
period of time and be predictable and planned, and not chaotically selective with certain seasonal or
political activity of the leading levels of state authorities. For example, on such simple issues within
the state as the construction of new greenhouse complexes or the supply of energy, food and plant
protection. If we are talking about state policy in the field of crop production of closed soil,
unfortunately, the area we are studying is increasingly left without the attention of the domestic
legislator and politicians as a whole.

State support for growing plants in greenhouses can be activated through targeted funding
aimed at acquiring, improving and repairing greenhouses, modernizing irrigation systems and using
more modern types of biologically safe fertilizers, fully providing production with cost-effective
energy sources, organizing conditions for storage, processing and subsequent sale of vegetable
products, etc. An integrated approach to the implementation of such measures should ensure an
increase in production efficiency, while improving the quality of grown products, and an additional
factor in the form of lower prices for greenhouse products, which will form an increase in demand
for them *°.

In our opinion, in order to support the crop production industry on closed soil, an appropriate
strategy should be adopted at the state level, aimed at promoting the development of the industry
through the construction, modernization and technical re-equipment of greenhouse complexes and
enterprises; provision of state support in the implementation of investment projects for the
construction of new generation greenhouses; reducing the financial burden on agricultural producers
in the production of crop production of closed soil in terms of reducing the cost of energy carriers
by subsidizing part of the costs for the purchase of electrical energy and (or) process gas, for the
construction of new generation greenhouses and the purchase of equipment for them.

The implementation of the measures of such a strategy will contribute to the innovative
process of developing the crop production industry in closed soil, especially in terms of increasing
the efficiency of the industry through the introduction of new energy and resource-saving
technologies, will make agricultural products economically competitive, increase the motivation for
growing producers of high-quality vegetables and berries in closed soil, ensure a guaranteed supply
of the population of the Russian Federation with fresh vegetables during the off-season, regulate the
price factor in the consumer market.

Implementation of the activities of such a program will help ensure:

1) economic effect: increase in crop production in closed soil; increase in the area of new
generation winter greenhouses; increase in revenue from the sale of crop production of greenhouses;

% Barcho , M.Kh., Pozoyan , D.P. Actual aspects of digitalization of the Russian agro-industrial
complex // Journal of Applied Research. 2022. V.1. No.1. S.20-27.
1% Tyurin, G.V., Nikolavna , S.N. Agro-industrial complex today: current trends and main threats //
Epomen . Global. S. 17.

55



2) budgetary effect - the volume of tax and non-tax revenues both in the regional budget and
in the state;

3) social effect - an increase in the number of workers employed in the field of greenhouse
crop production.

The main risks that may affect the achievement of planned results include: changes in state
and regional legislation; insufficient level of co-financing from investors, as well as agricultural
producers from their own and borrowed funds; unfavorable market conditions, as well as
unpredictable high price growth for seeds, fertilizers, equipment, materials, electrical energy, which
can lead to a significant increase in the cost of crop production and difficulties in its sale. Zhakhov
N.V. believes that the mechanism of state regulation of the agrarian sector of the economy is a
method of action of the subject of regulation, based on such functions and principles that are able to
effectively achieve the goals and resolve contradictions *.

Rural territories, as an object of management at all levels of state regulation, are characterized
by the exceptional socio-economic importance of locating agricultural production, employment,
recreation, and livelihoods of almost a third of the country's population. Therefore, the provision of
large-scale, strategic projects that form the competitiveness of the country and regions is impossible
without an effective partnership of state and local authorities with representatives of private
business through a public-private partnership (hereinafter referred to as PPP).

Table 1
SWOT analysis development industries crop production protected soil

Strengths (S) Weaknesses (W)

- high quality of domestic =
products, compliance with environmental -

a significant increase in energy prices;
lack of qualified personnel for the introduction

- large areas occupied in the
production of protected crop production;

- increasing the gross production
of protected crop production;

- stability of sales in the
domestic market, preference by domestic
consumers of domestic greenhouse products;

- the opportunity to receive the
only state support currently provided for the
protected soil crop industry: compensation of
interest on a loan from banks

standards; of new technologies for the production of greenhouse vegetables;
= the ability to produce products - dependence of the industry on imported
in the winter; equipment and materials;

- the complexity of the process of attracting
investments in the industry;

- lack of guarantees regarding the quick return of
invested funds;

- the difficulty of communication between
greenhouse producers and financial institutions that do not have
sufficient technological knowledge, do not understand the
mechanisms of the existence of the relevant market, and they are
also stopped by complex marketing in the conduct of this
business;

- sanctions restriction of the export of greenhouse
vegetables;

- the difficulty of exporting domestic greenhouse
products to the EU countries due to their high cost compared to
European ones;

- saturation of the domestic market of greenhouse
vegetables;

- low purchasing power of the population;
- a short period of storage of products;
- seasonality in production.

Opportunities (O)

Threats (W)

! Ugurchiev , 0.B., Albogachieva, A.A. Creation and development of agricultural clusters in the
region // Management Accounting. 2022. No.2. pp.371-376.
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— modernization and expansion of - uncertainty with the economic and political

production capacities; situation in the country;

— release of the share of the domestic marke - further increase in the cost of energy resources;
of greenhouse vegetables from imported products - extension of sanctions to limit the export of
due to the depreciation of the ruble; domestic greenhouse products;

— penetration of domestic greenhouse - the difficulty or impossibility for many
products into foreign markets through the possible | enterprises in the industry to pass the Global GAP certification
depreciation of the ruble; process, which at the same time closes the possibility for them to

— introduction of energy-saving technologie enter the markets of Europe, Canada, the USA and other
and the use of alternative energy sources to countries with a high level of purchasing power of the population;
optimize production costs, - risks associated with the technological process:

cost reduction, as well as to increase the | the likelihood of plant diseases, etc.;
competitiveness of domestic products; - risks associated with the occurrence of natural

- achieving a reduction in labor intensity in | disasters.
the activities of greenhouses;

— creation of scientific and practical centers
on the basis of the largest greenhouse farms to
provide the industry with highly qualified
personnel;

—an increase in the production of premium
segment products and rare varieties by domestic
farms for the subsequent replacement of import
positions in the domestic market of greenhouse
vegetables.

Source: Compiled by the author based on scientific research materials*?

In the scientific space, a lot of attention is paid to the development of the theory of interaction
between government and business. The results of modern studies of institutional ambushes, the
economic efficiency of PPP are reflected in the works of such domestic and foreign experts as V. P.
Cherdantsev *, J. Delmon, J. Newman, and others. But many issues of forming effective models of
partnerships between business and government, especially in terms of the development of rural
areas, have not found a proper theoretical and methodological justification **.

In world practice, to attract private capital in order to develop and further manage the public
private production infrastructure, the mechanism of public-private partnership is used, which is an
objective conditional trend of modern economic development and is focused on balancing the
interests of the state and private business, the development of innovative activity of economic
entities and efficiency community management *.

The essence of relations within the framework of a public-private partnership is that, unlike
other forms of interconnection between the state, business and institutions of public society, such a
partnership is a form of joint participation in projects to obtain a socio-economic effect on the one
hand and focused on redistribution between participants tasks, responsibilities, risks and profits, on

12 Trysyachny V.I. Sustainable development of the territorial agro-industrial complex in the context
of ensuring food security // Economics and business: theory and practice. 2022. Ne2. pp.197-199;
Ugurchiev O.B., Ugurchieva R.O. Dynamics of development of the agrarian sector of the region //
Management Accounting. 2022. Ne2. pp.316-320.
¥ Novikova, K.A., Trends in the development of the agro-industrial complex, state support /
Innovative vector of development of agrarian science. 2022. S.226-228.
4 Artyushevsky , N.V. Theory and practice of formation and development of large -scale agro-
industrial production // Economic issues of the development of agriculture in Belarus. 2022. No. 49.
pp.5-18.
> Timonina, A. E. Innovative development of the Russian agro-industrial complex: tools for
stimulating investments and principles for their use. 2022. 125 p.

57



the other. The current situation in the Russian Federation, positive changes in the legal field, have
actually identified public-private partnerships as one of the highest priority tools for attracting funds
from financial partners for the development of rural areas.

The main prerequisites for the initiation of the process of partnership with the private sector
by the authorities of rural territorial communities arise if:

- services or a project cannot be provided (implemented) only with the use of financial
resources from the budget of a territorial society;

- the participation of a private partner will lead to an increase in the quality of services;

- the participation of a private partner will accelerate the implementation of the project or the
start of the provision of services;

- there is support from users of services to attract a private partner;

— there is an opportunity for competition between potential partners;

- it is possible to easily measure the result and establish the cost of services;

- the cost of the implemented project or newly created services can be recovered through the
user fee mechanism;

- the project or new services are innovative;

- there is an experience of partnership cooperation between the authorities and the private
sector;

- as a result of the partnership, it will be possible to accelerate the economic development of
the territorial community *°.

In summary, PPP is an important tool for achieving sustainable rural development by
integrating rural perspectives as a natural element in all policies. The application of the PPP
mechanism in the context of rural development is quite wide and actually covers all possible forms
of activity. In the context of existing needs and development tasks, the most attractive models of
public-private partnership in rural territorial communities can be divided into:

- aimed at the development of agricultural production (irrigation and fertilizer application
systems, restoration of soil fertility; vegetable and grain storage facilities, processing and storage
facilities; transport and logistics infrastructure facilities, including port elevators; greenhouse
facilities, incl. including on the basis of heat generation capacities, orchards, vineyards, fish farms,
wholesale markets for agricultural products;

- focused on the implementation of the socio-economic needs of the community
(reconstruction or construction of social infrastructure facilities (social housing, reconstruction of
the heating network, construction of social housing and housing for specialists, etc.), improving the
quality of public services - water supply and wastewater treatment, collection and waste
manalgement, improving the quality of life - reconstruction of hospitals and educational institutions,
etc.) .

The state, in particular, regional and local governments responsible for the development of
rural areas and natural resources on which rural development is based, should play an important role
in managing the process of sustainable rural development through partnerships, namely: initiating,
structuring, financing and regulating partnerships. relations. Public-private partnership according to
the usual scheme of attracting investments is gradually turning into an effective form of investment

1% Ermolaeva, G.S. Development of food and processing industries in the region: prerequisites and
directions // Bulletin of the Belgorod University of Cooperation, Economics and Law. 2022. Ne2.
241-251.
: Karpovich, N.V. Conceptual approaches to the formation of a coordinated aaro-industrial policy
of the member states of the CU and the SES // Economic issues of the development of agriculture in
Belarus. 2022. No. 42. pp.139-147.
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project management. The advantage of PPP projects for investing in social infrastructure
development is that they provide:

- attracting non-state funding for investments in social infrastructure facilities in rural areas;

- reduction of government spending on the maintenance (operation) of social infrastructure
facilities; sharing project risks between municipalities and private investors;

- ensuring cost-effective management of the implementation of an infrastructure investment
project by transferring management functions to a private investor;

- attraction of modern highly efficient technologies for the development of social
infrastructure in rural areas; improvement of the investment climate in rural areas.

Attracting the experience and funds of private partners on the basis of public-private
partnerships significantly reduces risks and provides better investment protection.

The experience of using the public-private partnership format abroad is considered as a
priority mechanism for implementing innovation policy in such areas as: strategic cooperation in
sectors that are strategically and critically important for the state (social innovations and high
technologies); the formation of sustainable ties between science and business, with the alignment of
technology transfer into everyday market circulation; program and project support for innovative
business entities, private investment in advanced research and program innovation through
partnership financing mechanisms and redistribution of risks between public and private partners;
promotion of cluster-oriented policy *°.

PPPs can be defined as collaborative mechanisms in which actors from two or more sectors of
society (government, business and/or civil society) are involved in a common synergistic decision-
making process in order to achieve goals. Although PPP is a voluntary agreement between state and
non-state actors, it is based on a set of rules and regulations and involves the development of
mechanisms for the creation of public goods, which distinguishes them from ad hoc public-private
interactions or lobbying. The concept of partnership is based on the idea that the state itself cannot
provide collective benefits such as sustainable development, and support must be sought from other
sectors of society.

A feature of the participation of different participants in the partnership is that each party can
initiate the development of the project. It is at this stage that a certain set of works is carried out for
their successful implementation: a clear definition of the goals and objectives of the project, the
appointment of a project manager, the development of a charter, the identification of participants
and stakeholders.

Therefore, the participants in the partnership have basically two fundamentally different roles,
where the first is to provide state actors with experience and local knowledge, financial and
technological tools, and the second is to increase participation or cooperation between sectors and
interests through deliberative and expert tools. .

In the first case, PPP is an effective means to achieve the goal of promoting rural development
through development strategies, strengthening regional/local competitiveness and identity,
encouraging innovation and cluster benefits. They can be created for territorial coordination of
activities when combining various types of resources.

In the second, the partnership itself can become an important part of the goal, involving the
establishment of partnerships to actively participate in the implementation of local policies, adapt
the overall policy objectives to the regional/local level, or participate in PPP monitoring activities.
Also, such PWYPs can become an arena for mitigating conflicting interests, trying to reconcile
opposing policy goals and finding win-win solutions and/or acceptable compromises between

8 Suboch , F.1. Classification features of value added chain clustering in the agro-industrial
complex based on the formation of an intersectoral corporation of innovation-industrial clusters
with "de jure" and "de facto" statuses / Agrarian economy. 2022. Ne2. pp.43-52.
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different stakeholders. In this regard, it is of particular interest to determine what opportunities and
legitimacy different types of PPPs have when it comes to resolving conflicts related to natural
resource management and rural development.

Through a partnership process, it is envisaged that the public and private sectors can benefit
by pooling their expertise, technology, finance and other resources to more effectively create
common goods. Participants perform common functions as well as their specific roles, each of
which contributes to the sustainable development of rural areas (table 2).

The state plays an important role in the design and management of PPPs for sustainable rural
development. PPP can take various forms depending on the goals, types of actors and distribution of
powers to make decisions or influence them, which, in turn, determines the role of the state in terms
of the ability to achieve and develop consensus based on the potential to pool resources (human,
material and financial).

The role of public actors is mainly to initiate, structure, finance and regulate partnerships, i.e.
they provide the authority for the functioning of the partnership and are able to regulate and control
partnerships, for example by regulating business and providing subsidies to stimulate the
participation of certain sectors. Involving the public in solving rural problems by financing the best
programs for the development of rural areas can become an effective form of public-
private partnership in our country. However, the roles may differ depending on the goals of the
partnership and what powers are associated with the partnership.

Table 2

Means and roles of participants in public-private partnership for sustainable
development of rural areas

Cy0beKT CpencrBa Poan
NapTHepPCTBA
Opransl 3aKOHOTBOPYECTBO WNHnnmarop pa3pabOTKH NpOEKTa
roCyJ1apCTBEHHOTO [MonuTnyeckoe MapTHEPCTBA
YHOpaBJICHUS U [1e7IeCO00Pa3HOCTh Perymsitop
MECTHOTO 3aKOHHOCTD duHaHCHPOBaHNUE - TPOBaep
caMOyIIpaBJIEHUE FOpuamnieckas ICrH THMHOCTh ITocpennuk, akTuBaTOp, KOOPAUHATOP
PDUHAHCOBBIE CPEACTBA
buznec CTPYKTYPbI dunaHCOBBIC CpeacrBa I/IHI/IHI/IaTop pa3pa6()TKI/I IIPOEKTa
[IpaBo cobcTBeHHOCTH / TapTHepCTBa
II0JIB30BaHMs (OIIEpPaTHBHOE Tlp€rapmmK yo
yTpaBiIeHue ) yeayr
Dxcnepry3a / 3HaHHe Punancnposanne
Opranusauu 3nanue / DxcrnepTusa MHnnymarop pa3paboTKH MpoeKTa
TPAKIAHCKOTO MectHble colUanbHbIE MapTHEPCTBa
obmiecTBa W3MEHEHUS KoncynerarusHas poib
MecTHasi HIEHTUIHOCTh MecTHast MOOMIIN3aHsI THTEPECOB OOIITUHBI
CouunanpHas HNuadopmarimoHHBIA KaHAT
JIETUTUMHOCTh VydiieHne mogoTIYeTHOCTH
MonuuTtopuHT 3 PEKTUBHOCTH pean3aiu
MIPOEKTa

COS,HaHI/IC COIIMaJIHOT'O aKTHBa [ wimm
CHMIKCHUEC COHI/IEU'ILHOI\/'I U300 1UH

Source: Compiled by the author based on scientific research materials™®

9 |_enskava, T.I. Improvina the economic mechanism for the functionina of agro-industrial
integrated formations of the holding type // Economic issues of the development of agriculture in
Belarus. 2022. No. 43. pp.108-115.
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Thus, the general form of the organizational structure based on these features is viable with
the condition of the responsible role of the authorities in partnerships, which will contribute to the
sustainable development of rural areas.

Findings. As a result of the study carried out in the article, the main directions of structural
policy are defined as structural transformations of agricultural production aimed at diversifying the
manufacturing and processing industries. The prospects of the markets for agricultural products of
the greenhouse segment for most of the leading countries of the world, as well as for countries that
are characterized by instability, a high degree of risk, but contain significant consumer potential,
have been determined. The mechanism for implementing the export-oriented direction of the
transformation of the greenhouse sector is the development of new forms of public-private
partnerships, transport, logistics chains and agricultural infrastructure.

Summarizing the above, it can be stated that the interaction between the public and private
sectors is crucial in the context of achieving the goals of sustainable development, which are an
integral part of the development of rural areas and their management, using their resources to
improve regional and local well- being. Thus, partnerships can serve different purposes and be
involved in different activities and processes, and serve a range of individual and specific tasks,
from policy development to resource management of rural communities. Therefore, the application
of PPP tools is important as they can help the authorities to adjust their strategies depending on the

type of partnership — and more importantly — to cope with the lack of integration of
policies for management and development in rural areas and agriculture in general, and the
greenhouse sector in particular.
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At the present stage of the development of society, the requirements for the quality of training
specialists for various fields of production are constantly increasing; the emergence of new branches
of knowledge (modeling, technoscience, synenergetics, acmeology, etc.), complex sciences
(genetics, cybernetics, introscopy, engineering pedagogy, etc.), "hybrid sciences" (physical
chemistry, agrophysics, economic cybernetics, pedagogical qualimetry, etc.) is characteristic. The
training of specialists for these areas requires constant improvement, in particular, it is necessary to
train specialists who are ready to possess competencies in a certain field of sciences, to make sound
scientific and technical decisions in a market economy.

The transition from the knowledge paradigm to the competence one also poses new
challenges to professional pedagogy. One of the main objectives of the educational policy outlined
in @ number of documents (laws on education, on higher and postgraduate education is to ensure
high quality training of specialists.

In modern society, continuing professional education is becoming one of the main conditions
for scientific and technological progress in any country, as well as a condition for the life success of
an individual. Of particular importance is the implementation of educational standards established
by state acts. In connection with the above, the problem of designing and implementing pedagogical
standards in the system of continuing education is being actualized, including the problem of
forming and diagnosing professional competencies, the solution of which will contribute to
improving the quality of training of future specialists.

There is a need to solve the problem of specialist training at the scientific and methodological
level: the need to eliminate contradictions between the theory and practice of the competence
approach in vocational education and its scientific justification for specific areas of training. We
believe that a modern specialist should be "multifunctional”, that is, have the ability to work in
different "related" areas, have a high level of professional competence in his field of activity, be
ready to engage in practical activities in real conditions. To solve these problems, we propose using
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modern learning technologies, such as - test, distance learning, automated training and monitoring
systems, etc.

In general, these problems at different levels are related to the general problem of this study:
further improving the quality of training of future specialists in all levels of continuing professional
education.

It is known that the methodology of narcology is widely used in economics, law, product
quality control and other fields. In the field of education, rationing is applied when financing
educational institutions, determining their status, certifying teaching staff, setting requirements for
students (exams, USE, state, etc.). However, it should be noted that there is no unified approach to
establishing pedagogical standards yet.

The main key concepts of the study:

- the system of continuing professional education in our study includes specialized classes of
secondary schools, institutions of primary, secondary and higher professional education, leading
training in one or "related" areas;

- the pedagogical norms in this study include requirements for students of a didactic and
normative nature (test and examination questions, requirements of the GEC, GAC, for final
qualifying works, master's theses, etc.);

- pedagogical quality standards — requirements such as state, HEC, HAC, etc. in a
competency-based format, imposed on students;

- qualitative technologies - pedagogical technologies based on system-qualitative and
competence-based approaches;

- system-qualitative approach — a complex of systemic, cognitive, thesaurus and qualimetric
approaches aimed at improving the quality of education, including professional,

- the cognitive approach involves the use of taxonomic learning models in a competency-
based format: matching learning models with the requirements of the HEC, HAC, etc.;

- thesaurus approach - the use of classifiers of knowledge, abilities and competencies in
learning technologies;

- qualimetric approach - the use of quantitative indicators to assess the fulfillment of
pedagogical requirements for students of a normative nature;

- pedagogical normology is an integral part of educational normology, which considers issues
of a financial nature, terms of study, requirements for educational institutions during their
accreditation and certification, requirements for teaching staff such as categories of teachers and
academic titles, issues of awarding honorary titles, titles of laureates of pedagogical competitions,
etc.) and includes the following sections:

- the theory of pedagogical norms of a didactic and normative nature (requirements for
students of educational institutions, etc.);

- the theory of the fundamentalization of vocational education, taking into account the features
of the modern scientific, technical and technological revolution.

- educational standardology - a section of professional pedagogy on the development of the
content of educational standards and methods for diagnosing their implementation;

- pedagogical cognitology is a scientific direction that arose at the intersection of psychology
and pedagogy about the typology and formation of students' knowledge;

- regulatory knowledge and regulatory competencies — knowledge and competencies defined
by regulations or requirements for students;

- educational qualitaxons — classification elements in pedagogical qualimetry; a group of
hierarchical structure indicators characterizing the integral quality of a pedagogical object or
process;

- key professional competencies — competencies that determine the qualifications of a
specialist and are necessary for his professional activity.
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- the conceptual foundations of this study are a set of approaches, concepts and theories
necessary for the design and implementation of pedagogical norms of a didactic and normative
nature in the system of continuing professional education.

The problem of rationing in pedagogy is directly related to the problem of the quality of
education, since the norm is always a measure of the quality of any object or process (Aristotle,
Kant, Hegel, K.Marx, Herbert, Husserel; analysis of their ideas on the philosophy of norms as a
philosophy of quality standards is given in the works of A.l. Subetto).

Numerous studies of Russian and foreign scientists, practitioners and managers have been
devoted to the problems of improving the quality of vocational education. In their works, in
particular, the following aspects are considered:

e conceptual, methodological and theoretical basis for the design of pedagogical activity (V.
A. Bolotov, B. S. Gershunsky, V. I. Zavozin-sky, N. In. Kuzmin, V. A. Slastenin, D. I. Feldstein, A.
V. Khutorskoy, etc.);

e management of the quality of training in professional educational institutions (G. D.
Bukharova, L. I. Gore, A. S. Kazarinov, A. A. Kirsanov, G. V. I., V. P. Ovechkin, A. Y. Petrov, Yu.
a. Petrov, G. M. Romantsev, Yu. N. Se-min, V. P. Simonov, etc.);

e methodological foundations of pedagogical qualimetry for assessing the quality of education
(V.P. Bespalko, I.A. Zimnaya, A.l. Subetto, Yu.G. Tatur, V.S. Cherepanov, A.A. Chervova, Yu.K.
Chernova, etc.).

Many researchers note that at present the requirements of society and the market economy are
increasing for the level of professionalism of specialists, and the actual level of their training does
not always correspond to them. Therefore, the search for new ways to improve the efficiency of
professional educational institutions in this direction is relevant. One of such ways, according to a
number of researchers, is the scientific justification of the requirements for students based on the
methodology of pedagogical normology. It has to be stated that to date, research in this area is
conducted inconsistently by different scientific schools. A small number of doctoral dissertation
studies have been devoted to this problem (I1.D. Belonovskaya, L.V. Yelabina, A.M. Mityaeva,
O.G.Pervyakov, O.F. Shikhova, N.V. Yankina). However, these studies considered only general
aspects of the problem and did not outline the issues of technology for their implementation.

Currently, the development of pedagogical requirements for the level of formation of
knowledge and competencies for students in educational institutions is often carried out without
proper scientific justification (meaning the choice of a learning model, classifiers of knowledge,
abilities and competencies and justification of the choice of pedagogical control materials for the
diagnosis of didactic norms).

The article describes the content of a number of concepts, such as "knowledge" and "types of
knowledge", adapted to the research topic. The so-called "knowledge approach™ in pedagogy,
including professional, according to a number of researchers is the foundation of the competence
approach (V.l. Baydenko, L.I. Gurye, E.F. Zeer, I.A. Zimnaya, Yu.G. Tatur, etc.). The analysis of
theoretical sources on the competence approach in education has shown that there are several
definitions of the concepts of "competence”, "competence” and the grounds for their classifications
(O.M. Atlasova V.I. Baidenko, E.V. Bondareva, A.A. Verbitsky, L.I. Gurye, E.F. Zeer, LA
Zimnaya, V.M. Rostovtseva, A.l. Subetto, G.S. Trofimova, A.V. Khutorskoy, etc.). In the Federal
State Educational Standard, competence is interpreted as the ability to apply knowledge, skills and
personal qualities for successful activity in a certain field. In the existing classifications of
competencies, the following are distinguished: universal, key, academic, subject-specialized (I.A.
Zimnaya, B.K. Kolomiets, V.V. Kondratiev, A.l. Subetto). These authors refer to universal
competencies: general scientific, instrumental, general cultural, social. We believe that it is
necessary to add ideological competencies to the listed types of competencies. Analyzing various
literary sources, the characteristics of each type of competence are given in the work and various
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approaches to their classification are proposed: philosophical-social, cognitive, activity. Based on
the proposed classifications, we have given a description of competencies and constructed so-called
"competence trees": "competence - knowledge", "competence - attitude”, "competence - ability",
"competence - readiness”, "competence - compliance", "competence - disposition™. Fig. 1.
Pedagogical normology, defined as part of educational normology, may have the status of an
independent scientific direction. It is shown that the main section of pedagogical normology should
be the theory of pedagogical norms. The article partially reveals its basic principles: continuity;
fundamentalization; integration; humanization and democratization; technologization, etc. Based on

these principles, a structural and conceptual model of pedagogical normology has been developed,

presented in Fig. 2.
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Fig. 1. The Competence — knowledge tree

It is determined that the conceptual foundations of pedagogical normology should include:
systemic, activity-based, competence-based and qualimetric approaches, as well as concepts such as
the fundamentalization of vocational education, its continuity, philosophy of norms, diagnosticity,
multidimensionality, integrativity, etc.

It is shown that the primary tasks of pedagogical normology are: substantiation of the
axiomatics and conceptual model of pedagogical normology; development of a qualitative
technology for constructing pedagogical norms of various types; creation of tools for the
development of pedagogical norms in the field of vocational education.
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Fig. 2. Structure-forming components of pedagogical normology in the field of vocational
education

A special place is occupied by the classifier of pedagogical norms, which contains the norms
of the university level;

« general-purpose pedagogical norms (educational standards; competence and qualification
characteristics of a future specialist; educational and methodological complexes, requirements for
educational institutions, etc.);

« pedagogical norms introduced by the educational institution (rating of students, teachers;
requirements for final qualifying works, for innovative projects, for control materials, etc.).

Competencies are proposed to be formed in students at four different levels, for example, the
cognitive approach should include the levels: knowledge-understanding, ability-readiness, analysis-
evaluation, acmeological; activity approach: student, entrant, student, professional.

Based on the proposed concept of normative competencies, an algorithm of qualimetric
technology for designing pedagogical norms was developed, including 3 main stages:

1. Designing the goals of training specialists in a certain area;

2. Substantiation of the range of competencies of the future specialist (KX);

3. Design of diagnostic tools of the introduced pedagogical norms (PN).
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Fig. 3. Block diagram of regulatory competencies of a future specialist

The design of the goals for the introduction of PN has a different status (regional and local at
the level of a separate educational institution) and is associated with the justification of the
competencies of the future specialist, with the level of competence formation within the framework
of the accepted training model and the analysis of the disciplines of the curriculum in terms of the
formation of planned competencies.

In the scientific substantiation of the conceptual foundations of the study, substantiation of the
status of pedagogical normology in the structure of pedagogical sciences, clarification of a number
of concepts and definitions of pedagogical normology, its axiomatics, in the systematization and
integration of a number of approaches (philosophical, social, cognitive and activity) in determining
the category of "competence”, in substantiating the need to apply a qualimetric approach in the
design and implementation of pedagogical norms, including the method of group expert
assessments; substantiation of the structure-forming components of pedagogical normology in the
field of wvocational education and the structure of normative knowledge and normative
competencies, in the creation of a methodology for constructing “"competence trees"; an algorithm
for the qualitative technology of designing pedagogical norms in the field of education; in the
development of a methodology for constructing pedagogical control materials (PCM) for the
diagnosis of pedagogical norms and tools.
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Abstract

Agriculture plays an important role in providing food and for millennia has been an important
factor in the overall economic development of societies around the world. The continued
development of agriculture plays a vital role throughout the world in ensuring food security,
improving nutrition, eradicating poverty and contributing to the overall economic development of
the world. In the past, agriculture in hot and dry countries such as Qatar faced many problems, chief
among which was the lack of water for irrigation. This article examines the recent evolution of the
agricultural sector in Uzbekistan and explores future trends to address the challenges of a hot arid
climate and limited availability of agricultural inputs. In particular, the review analyzes the potential
of Uzbekistan to develop a national food security strategy based on a significant expansion of food
production in the country. Regardless of the relative economic importance of agriculture, its role in
peace and food security means that we ignore its strategic importance at our peril. Moreover, the
development of agricultural science, which includes many different activities such as soil tillage,
tillage, harvesting, animal husbandry and agriculture, has increased world food production and has
enabled humanity to avoid the cycle of population growth leading to to an inevitable reduction in
resource constraints. Finally, agricultural products are not limited to food, but include many other
products such as fibers, leather, timber, biofuels, etc. In this article, the author made an attempt to
critically analyze and scientifically comprehend the organizational and economic mechanisms for
using greenhouses to ensure optimal food security in Uzbekistan.

Keywords: development of agriculture, development of the greenhouse complex, ensuring
food security, the Republic of Uzbekistan.

materials and research methods are determined by the topic and specifics of the tasks, the
solution of which requires an integrated approach. Much of the data relating to the greenhouse
sector in Uzbekistan is updated infrequently or has reporting gaps. Since there is no farm structure
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database, details regarding equipment and supplies are largely unknown. The study also confirms
the absence of a standardized operational database of greenhouse operations. In an attempt to
address gaps in wording and reporting, and to collect personal opinions from farmers and others
involved in the industry, the author conducted field research in Uzbekistan. Twelve greenhouses in
Uzbekistan were visited and semi-structured interviews were conducted with farmers. A number of
informal conversations were held with farm workers who were busy sorting and labeling vegetables
during the harvest period.
I.  Introduction.

Greenhouses are often found in the rural areas of Uzbekistan and are an integral part of
Uzbekistan's food system. This promotes sustainability, enhances food security and benefits
consumers. This article explores the relative advantages of Iceland's greenhouse sector - using a
combination of statistics, observations and interviews to understand the resource needs of
greenhouse agriculture, how well greenhouses can mitigate food insecurity and provide local food.

1.1. The role of 5th generation greenhouses in the development of food security in
Uzbekistan

In recent years, the greenhouse industry has become one of the most promising and rapidly
developing branches of agriculture in many countries of the world. The main reasons for the rapid
development of the greenhouse industry in the world are: the growing demand of the population for
fresh vegetables, berries, green crops, as well as mushrooms and the emergence of innovative
technologies of the so-called "protected soil".

In addition to the use of greenhouses for growing vegetables, more rare types of plant
production in protected ground have already been used or are planned to be introduced in the
coming years in Uzbekistan.

Today, the systematic construction of greenhouses in almost every major city or its immediate
suburbs is recognized as a positive experience of the Soviet period. [1, p. 23 ]

Over the past 5-6 years, the greenhouse industry in Uzbekistan has indeed developed rapidly,
largely due to two types of state support: through subsidies to reimburse the costs of building new
greenhouses, and through subsidizing interest rates on loans. Private business began to actively
invest in the greenhouse industry thanks to state support. However, we emphasize that state
subsidies were issued only for the construction of new generation greenhouses (4th and 5th), with
the so-called light culture (with the possibility of year-round differentiated additional illumination ),
whose share today is about 50% of the total area of winter greenhouses. [2, p. 11 ]

The construction of greenhouses takes an average of six months to a year. In the current
macroeconomic situation, it is possible to recoup investments in greenhouses, taking into account
EBITDA , at the level of 45-50% in an average of 7-10 years. Therefore, without subsidizing loans,
which are paid for up to 45% of revenue, this industry practically cannot develop.

It is important to note that, given the fact that the state allocates subsidies only for new
generation greenhouses, they are actually inaccessible to small businesses in Uzbekistan today.

It should be noted, however, that in order to accommodate the actual greenhouses of the latest
generation, as well as old greenhouses, a fairly flat area is required. But in comparison with other
natural conditions, this factor is one of the most easily overcome. [3, p. 5]

Requirements for the environmental friendliness of the resulting crop products (especially
vegetables, berries, mushrooms) play a crucial role in the organization of all processes in the
greenhouse industry. This corresponds to the trend of development of all modern agriculture,
expressed as an imperative: “... in modern conditions of cultivation of agricultural crops, it is
important not only to find and apply new effective methods of growing plants that would guarantee
high yields and growth, but it is also important that these technologies did not disrupt the ecological
balance. [4, p. 33 ]
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In modern greenhouse farms, high-precision dosing of the amount of mineral and organic
fertilizers supplied to the substrate is used, which ultimately makes it possible to obtain a safe
residual amount of them in the finished product. Plants are pollinated inside the enclosed space of
greenhouses by specially bred species of bumblebees, and this method provides the best taste
characteristics of the resulting crop. Plant protection is carried out by a biological method with the
help of special insects - entomophages, which also makes it possible to completely eliminate the use
of chemical methods of protection. All this highlights the quality and safety of the products of new
generation greenhouses in comparison with plant agricultural products grown in the open field.

Thus, we can probably assume that in this industry the model of an almost completely closed
local ecosystem has already been achieved and is widely used, which scientists have been
dreaming about for so long.

It should be noted that the negative impact of the greenhouse industry on the external
environment is not yet as impressive in terms of safety, controllability and size as in the internal
space of greenhouses. This is primarily due to the fact that modern advanced greenhouse facilities
have appeared relatively recently, at least in our country. So far, their influence on various
components of the environment has not been sufficiently studied. Unlike conventional crop
production in the open field, there is no areal impact on the land, there is no annual cyclicity and
variability in the types and number of impacts, it is possible to use a closed water circulation,
cleaning all used water, air and solid waste discharged outside. That is, although the greenhouse
industry belongs to the branches of agriculture, in its technological essence it is a typical industrial
enterprise of an almost closed loop. Thus, all the requirements that are currently applied to any
industrial enterprise, which at the same time has its own pronounced industry specifics, can and
should be applied to it. [5, p. 29 ]

In addition, in the greenhouse industry, the negative impact on the environment, as in many
conventional industries, primarily in industry, does not affect the quality of finished products and
the competitiveness of farms. Therefore, since greenhouse farms are not economically interested
in the costs of protecting the environment outside the greenhouses, it is necessary to use other
mechanisms that force the enterprise to invest in the best available technologies to minimize the
negative impact. [6, p. 44]

At present, judging by a number of publications on the impact of greenhouses on the
environment, the following types of greenhouses and related problems can be noted [7, p. 7].

1) The impact on the atmosphere is associated with the need to provide greenhouses with
heat and energy. This is expressed by the presence of electricity generating capacity in the
greenhouse facilities, as well as one or more boiler houses. The composition and volume of air
emissions from these enterprises depend primarily on the type of fuel used, its quality and
quantity, and on the presence or absence of treatment facilities. This is a well-developed side of
the assessment of the impact on the atmosphere from greenhouse farms, although it requires more
detail. In particular, it is not entirely clear how to calculate the allowable emission from several
point sources or from one (aggregated) source on a small production site.

2) Impact on water resources can be divided into two types:

a) quantitative aspect - the volume of water withdrawn, and the volume of waste water
discharged. Although the volume of water intake per unit of finished product is relatively not as
large as, for example, in the chemical industry, nevertheless, as a result of water intake from wells,
the probability of lowering the level of the groundwater horizon and the formation of a depression
funnel around the wells increases over time;

b) the quality of the discharged waste, incl. drainage water, with or without treatment. There
are still poorly worked out points in this issue, since the additional purification and heating of the
water required in the production process occurs with the formation of a certain amount of
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wastewater with increased salinity, and the discharge of waste and drainage water without
sufficient treatment can lead to pollution of reservoirs, groundwater and adjacent lands .

3) The formation of solid industrial waste in greenhouses largely depends on the type of
substrate used for growing plants. In the most advanced greenhouses, as a rule, the technology
provides for the use of a substrate made of mineral wool or other inert materials produced by
specialized enterprises outside the greenhouses themselves. However, greenhouses with less
advanced technology still use soils and mixed substrates that, after their cycle of use, must either be
recovered or disposed of as solid waste. In a number of greenhouse farms, both substrate options are
involved, since the farms that arose earlier, including back in the days of the USSR, still retained
the old greenhouse fund, along with the construction of new, advanced greenhouses. In addition,
after harvesting in greenhouses, a large amount of plant residues are formed that require disposal.

A study of trends in the development and location of greenhouse farms in Uzbekistan over the
past 20 years has shown that at the level of large regions of the country, southern and central
regions predominate in terms of the area of new greenhouses and the production of greenhouse
vegetables. In these regions, greenhouse farms are developing with a focus on warmer climates, free
land, population density (labor and product sales), as well as energy security . In the more northern
and northeastern regions, these placement factors are mostly worse, with the exception of energy
supply (and even then not everywhere), but the placement of individual new modern greenhouses is
more likely to be associated with the need to provide the local population with local greenhouse
vegetables, as well as the task of creating new jobs . Therefore, in addition to "natural” factors, the
factor of the state imperative, supported by more reliable financial support, works here to a certain
extent. [8, p. 29 ]

A certain dependence was noted in the ratio of the number of greenhouses of spring and
winter, year-round type, as well as the number of greenhouses in large farms and small
entrepreneurs, farmers, etc. The further south the region, the closer this ratio is to 50% by 50%. In
more northern regions, in recent years, new large farms with modern year-round greenhouses
clearly predominate, since such greenhouses are economically inaccessible for small entrepreneurs,
and spring ones are even less effective here. In addition, small and spring greenhouses could not
count on financial assistance from the state in recent years.

At the intra-regional level, there has been a gradual departure from the previous trend of
preferential choice of the location of greenhouse facilities in the areas closest to the regional center
to localization in the outlying areas.

Trends in the creation of greenhouse clusters, agro-complexes and the placement of
greenhouse farms within the boundaries of Agro-industrial parks, caused by the orientation of
investors to lower infrastructure costs, have also been identified. [9, p. 12]

Despite environmental sustainability, food security benefits, and general consumer support in
Uzbekistan, the future of horticulture in Uzbekistan remains uncertain. The industry requires both
government subsidies and protective tariffs to reduce operating costs and remain competitive with
imports, a practice that has proven controversial. [10, p. 13 ]

The future of greenhouse agriculture, and indeed of all agriculture in Uzbekistan, depends on
state support for the industry. Uzbekistan supports its greenhouse agriculture sector in three ways:
tariffs, energy subsidies and direct payments.

Tariffs have proven to be effective in ensuring the competitiveness of Uzbekistan's meat and
dairy products in the domestic market. Policies are flexible and tariffs are waived when goods are
not available in Uzbekistan to protect Uzbek consumers from unnecessarily high food prices.

Domestic produce struggled to compete with less expensive foreign competitors, and many
farms went out of business.
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As with many island nations, the cost of agriculture and transport in Uzbekistan is higher than
in neighboring countries, so the industry requires more financial support to remain viable and
competitive. Indeed, support for agriculture in Uzbekistan is well above average.

1. 2. Digital transformation of agriculture in Uzbekistan

In Uzbekistan, the development of the digital economy is one of the priorities of the state
economic policy. Today, agriculture occupies an important place in the economy of Uzbekistan.
According to the State Statistics Committee, in 2019, the share of agriculture in the country's GDP
was 32%. 27% of the able-bodied population is employed in agriculture. [11, p. 35]

The Decree of the President of the Republic of Uzbekistan states that "The state is taking
large-scale measures to develop the digital sector of the economy, introducing electronic
document management systems, developing electronic payments and improving the regulatory
framework in the field of electronic commerce."”

The natural and climatic conditions of our country, together with a properly developed
strategy in this area, contribute to the effective development of the agricultural sector and increase
the export potential. Tasty, ecological pure fruits of the earth and the sun are grown in Uzbekistan,
which are in great demand in the world markets. In the context of the coronavirus pandemic, when
the topic of food supply is escalating around the world and some states impose bans on the export
of food products, issues of agriculture and food production become the most relevant. In our
country, much attention is paid to the development of agriculture and the agrarian sector. In
particular, a number of legal documents have been adopted, such as the Concept for the
Development of the Agricultural Engineering Industry in the Republic of Uzbekistan for the
period 2018-2021, the Decree of the President of the Republic of Uzbekistan dated April 17, 2019
“On measures to improve the public administration system in the field of agriculture”, the Decree
of the President of the Republic Uzbekistan No. UP-5853 dated October 23, 2019 “On approval of
the agricultural development strategy of the Republic of Uzbekistan for 2020-2030”.

In fulfilling this task, there is currently a rapid growth in the use of the digital economy on a
global scale in almost all branches of human activity.

Agriculture is no exception, including in the Republic of Uzbekistan, where in recent years
e-commerce has been adopted in the development of the digital economy, which includes:
electronic data interchange (EDI), electronic funds transfer (EFT), e-commerce, electronic money
(e - cash ), electronic marketing, electronic banking (e- banking ) and electronic insurance services
(e-insurance). [12, p. 12 ]

In the Message of the President of the Republic of Uzbekistan Shavkat Mirziyoyev to Oliy
The Majlis was told: “In 2020, we must make a radical turn in the development of the digital
economy, first of all, it is necessary to fully digitalize the areas of construction, energy, agriculture
and water management, transport, geology, healthcare, education, cadastral and archiving.”

In addition, the President of the Republic of Uzbekistan Shavkat Mirziyoyev proposed a
systematic program for the development of the economy. In his speech, the head of state launched
a strategic vector for the transformation of the country, which can provide significant benefits in
the medium term. Among the three priority areas identified in the report, the leading role is given
to the digital economy in the agricultural sector of the economy.

Over the next five years, the priority task for Uzbekistan will be to accelerate the transition
to a digital economy in the field of agriculture. The formation of a digital economy in the field of
agriculture will require appropriate infrastructure, huge funds and labor resources, and this should
be done today, otherwise it will be too late tomorrow. The problem of the formation and
development of a new economic order in the field of agriculture is relevant not only in theoretical,
but also in practical terms, including at the state level due to the decisive role of digital
technologies in the strategic competitiveness of the country related to food security. [13, p. 42 ]
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With the advent of the digital economy, the world today is experiencing truly revolutionary
changes in the field of agriculture associated with new technologies that are transforming industries
and production systems, increasing productivity and giving rise to new business models in the
agricultural sector of the economy. In this regard, the acceleration of economic development,
international competitiveness and integration of Uzbekistan into the world economy largely depends
on the development of the digital economy in the field of agriculture. [14, p. 11 ]

The digital economy in agriculture helps to reduce the cost of providing services, provides
access to exports through e-commerce in agriculture, positively affects the flow of investment and,
in general, economic activity.

1. 3. The role of greenhouses in agriculture in Uzbekistan

Greenhouses are an amazing and frequent occurrence in the rural landscape of Uzbekistan.
They are also an integral part of the food system of Uzbekistan, providing the country with fresh
products. The practice has become more sophisticated due to technological advances in horticulture,
and today greenhouses have become a common sight in the countryside of Uzbekistan. This
agricultural technique arose from the need to increase crop yields and provide the population with
sufficient food, as well as for the export of greenhouse products.

In this regard, Uzbekistan is not unique. As countries develop, they tend to outsource
agriculture, which leads to a reduction in domestic food production and the use of farmland for
other purposes. This shift is useful, even necessary, as it allows public resources to be invested in
more specialized industries. However, domestic agriculture can still be an asset to countries that no
longer rely on it for their food supply. [15, p. 24 ]

In the case of Uzbekistan, agriculture has many benefits that need to be continued and
supported, including promoting resilience, improving food security, and benefiting consumers.
However, the benefits of greenhouse agriculture also come at a price. In this article, we discussed
the changing role of greenhouses in Uzbekistan in today's globalized economy. We argue that the
benefits of greenhouse agriculture are significant in terms of food security and local food supply,
but the barriers are also huge. This raises the question of whether subsidizing greenhouse
agriculture is worth the cost. [16, p. 55 ]

The first indoor greenhouses were surrounded by natural materials and later replaced by
plastic. Most greenhouses today are covered in glass, although some use plastic for smaller or
seasonal operations. Advances in greenhouse technology, such as automatic irrigation systems and
precise temperature control, allow for greater variety and quantity of crops to be grown than would
ever be possible outdoors in Uzbekistan's climate.

According to the study, by 2023, the area of greenhouses will reach 582 hectares. With ever-
evolving technology and almost complete control over growing conditions, it would seem possible
to grow anything from lettuce and peppers to bananas and temperamental vines. Tomatoes and
cucumbers make up the majority of the total greenhouse crop.

Gardening has an advantage over traditional methods due to the ability to control all
environmental factors, including sunlight, water, temperature and nutrients. Given the scarcity of
arable land and the harsh climate in Uzbekistan, greenhouses provide the opportunity for greater
diversity, longer growing seasons, and higher crop yields than could be achieved with the traditional
method. Uzbekistan already possesses and produces most of the resources needed to operate
greenhouses, and food produced in this way is significantly less energy intensive than its imported
counterparts. A closer look at these key operating resources reveals both success and opportunities
for domestic renewables. [17, p. 37]

It should be noted what is the basis of agricultural technology? Agricultural technologies are
the interrelation of methods and techniques in animal husbandry and crop production, which
increase the yield of crops, increase the number of livestock while maintaining and improving the
quality of the products produced.
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In order to increase production volumes on the basis of agricultural technology, it is necessary
to increase the efficiency of digital transformation in agriculture.

From our point of view, among the priorities of implementing the concept of smart
agriculture, the following provisions can be noted: [18, p. 11]

- increasing the quantity and quality of promising digital management technologies in
agriculture through internal and external investment of significant funds in this vital area for the
republic in order to ensure food security;

- the introduction of various modern resource-saving technologies in the field of agriculture,
including the use of precise sowing mechanisms, the elimination of the loss of mineral fertilizers by
accurately calculating their consumption per unit of sown area;

- wide use in the field of agriculture of the drip irrigation system on open and closed land
plots using modern farming technologies and appropriate digital information and communication
management systems;

- the widespread use in agriculture of methods and methods of growing local and tropical
crops in enclosed spaces, shelters and greenhouses, using technologies developed in some
developed countries;

- training and involvement of modern specialists in the field of high technologies to work in
various directions in the field of agriculture of the republic;

- introduction of advanced innovative technologies and advanced foreign experience in
various areas of agricultural clusters of the Republic of Uzbekistan;

- the transition of agriculture to a digital method of information exchange, first at the level of
regional centers with a further transition to a nationwide scale;

- reducing the number of paper, accounting and reporting forms, followed by the transition to
electronic media and electronic office work;

- improving the efficiency of interaction between agricultural workers , agro- clusters ,
farmers and private producers with government bodies;

- creation of a mechanism for continuous monitoring and evaluation of the state of agricultural
crops and lands in order to ensure an effective management mechanism;

- introduction in agriculture of methods of growing various local and tropical crops using
artificial substrates, including perlites and aerons;

- development of methods for growing crops using modern methods of aeroponics and
hydroponics in smart greenhouses with digital program control;

- the use of agricultural mechanisms and technological equipment provided with navigational
equipment in order to accurately record the organization and conduct of various agricultural works;

- the introduction of robotics for the care of agricultural machinery and equipment, animals,
milking milk and cutting meat;

- the use of drones to monitor the state of agricultural land, record the use of land resources
and monitor the state of herds of animals in the fields;

- development and implementation of methods, tools and appropriate consulting companies to
advise agricultural workers and farmers on the cultivation, processing, storage, marketing and
marketing of agricultural crops;

- creation of a digital platform in agriculture for effective management, consultation and
monitoring of agriculture at the republican and regional levels;

- development of a technology for growing crops that can adapt to changes in climate, the
external environment based on modern achievements in digital technology and thereby achieve the
sustainability of crops to external influences;

- development of work on genetic engineering to develop new varieties of crops that are
resistant to local climatic conditions;
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- development of new methods, technologies, equipment and automated devices for long-term
storage and long-distance transportation of vegetables, fruits, flowers and herbs;

- formation of a structure in agriculture focused on the market, export and ensuring the
competitiveness of agricultural products on a global scale;

- on a planned basis, ensure the introduction of "Smart Agriculture” technologies based on
the most advanced foreign analogues;

- based on the introduction of innovative solutions to increase the efficiency of the logistics
infrastructure of agricultural producers.

For the successful implementation of this concept in agriculture, it is necessary to widely
use the means and methods of digital technologies in the agriculture of Uzbekistan. And it is also
necessary to ensure effective planning for the implementation of the above provisions on a
temporal and spatial scale. It is also planned to use artificial intelligence technologies for
collecting, processing, transmitting and storing data on agriculture in Uzbekistan, as well as virtual
and augmented reality technologies for modeling and managing the state and development of
crops in various conditions. [19, p.10 ]

The benefits of greenhouse agriculture lie in its ability to grow food that would otherwise be
impossible. However, they require certain resources to operate effectively. Fortunately, most of
these resources are renewable and greenhouses can be quite efficient in how resources are used,
especially in the context of Uzbekistan.

Almost all electricity produced and used in Uzbekistan comes from non-renewable sources.
About 85% of electricity generation comes from thermal power plants, mainly powered by
natural gas, the rest from hydroelectric power plants. Because this electricity is produced
domestically, it has the added benefit of price stability and protection against disruptions.
Greenhouses require electricity and gas to operate, especially during the winter months when
artificial lighting compensates for the lack of natural sunlight. Other electrical needs include
ventilation, irrigation, backup heating, and computer processing. [20, p. 22 ]

Many greenhouses in Uzbekistan are hydroponic, and while the water requirement may
seem high for this practice, greenhouse-grown vegetables require a tenth of the water needed by
their outdoor counterparts. This is because water is used more efficiently in hydroponic systems,
reducing losses from evaporation and reuse of water not used by plants. The renewable and
abundant nature of Uzbekistan's water supply contributes to the self-sufficiency and environmental
friendliness of the horticulture industry.

A tomato is 90 percent water, so water quality is important. We are lucky in Uzbekistan,
we can water our plants with the same water that we drink in our homes, and we have a lot of
clean water.

Although food security is usually discussed in the context of developing countries,
industrialized countries also face threats to adequate food supplies. According to a 2004 World
Bank report, nearly two-thirds of developed countries lack the domestic infrastructure to produce
and distribute enough food to feed their populations. Reliance on imported food is an often
overlooked threat to food security, namely the consequences of disruptions in global supply
chains. Examples of factors that have affected food supply chains include natural disasters,
political conflicts and economic crises. Uzbekistan's vulnerability to disruption was clearly
exposed at a time of financial trouble, proving that food shortages quickly follow disruptions in
the import network.

Today, Uzbekistan is an autonomous country that actually relies on other countries for its
food supply, including many essentials. In addition, other inputs needed for food production must
be imported. Uzbekistan's history of transition from self-sufficiency to import dependency shows
that as it became more dependent on external food, the domestic agricultural sector has been
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significantly weakened. Following the trend in other developed countries, Uzbekistan has lost the
ability to feed its population and has become vulnerable. [21, p. 10 ]

Since the financial crisis, food importers have been hesitant to do business with Uzbekistan
due to the unstable economic climate, and many suppliers have temporarily suspended operations.
There was a brief period of panic as some Uzbeks hurriedly bought groceries from grocery stores
and stocks quickly ran out.

If food imports are stopped, Uzbekistan will not be able to feed its population. Suggestions for
improvement include building grain reserves, contingency plans, and conducting further research on
food security in Uzbekistan.

Uzbekistan needs to address its vulnerability to food insecurity and protect its food stocks
from the unpredictable nature of international trade. While it is true that outsourcing food
production is cost-effective and even necessary, the vulnerability associated with it is undeniable.
To mitigate this security threat, domestic food production and distribution networks can be
maintained not as a substitute for imports or achieving self-sufficiency, but as a temporary food
supply to protect against disruptions. In addition to other local food systems such as lamb and dairy
farming, greenhouse agriculture in Uzbekistan is a sustainable industry and offers the unique
advantage of growing food all year round and regardless of weather conditions. [22, p.10 ]

In general, residents of Uzbekistan have a positive attitude towards local products.
According to the study, more than 70 percent of consumers in Uzbekistan believe that local food is
healthy and safe, and more than 80 percent are satisfied with the quality of their purchase.
Respondents emphasized the importance of supporting local farmers and reducing environmental
impact, and were willing to pay a little (but not too much) more for food grown to support these
goals. [23, p. 47 ] .

Locally produced products are also a source of national pride. Many food producers in
Uzbekistan capitalize on "food nationalism" through marketing that emphasizes the Uzbek nature of
their products.

Conclusion

Although Uzbekistan is heavily dependent on imported food, it still benefits from a
sustainable agricultural sector. Domestic food production can protect against the unpredictable
nature of international trade networks and enable the supply of food from local sources. One way
Uzbekistan has been able to overcome some of its climate constraints is through the development of
geothermal greenhouse agriculture. Greenhouse farming can provide a stable and nutritious source
of food all year round. However, its effectiveness requires government support, which currently
takes the form of direct payments and protective tariffs. National spending is proportionately high
compared to other European countries, leading some to doubt the viability of agriculture in
Uzbekistan. We also argue that a comprehensive and regular survey of farms is necessary to gain
accurate access to environmental sustainability and opportunities for industry sustainability.

Our study explored the costs and benefits of greenhouse farming based on interviews with
local farmers and agricultural representatives. Farmers were most concerned about the government's
policies that protect and support the industry, and how the fate of the industry depends so much on
these laws. These include protective tariffs on imported goods, subsidies on energy costs and
production quotas. The farm visits provided valuable information on some of the common practices,
including types of culture media, fertilizers, and automated systems, factors not often reported in the
literature.

We have found that there is significant market demand for greenhouse products and that
greenhouses can help promote food security and local food supply. In addition, greenhouses also
benefit from renewable resources. At the same time, greenhouses require electricity and depend on
significant government subsidies. These subsidies have decreased over the past few years, resulting
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in a decline in greenhouse production. The question is whether Uzbekistan decides that the loss of
much of its agricultural sector and local food is worth the social and political costs.
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Abstract

Makosa KMIIUIOK Ba CyB XY »KaJUI'U 3HEPrusi TAabMUHOTHJIA aHbAaHABHH Ba KaiTa THKJIAHYBYM
SHEeprusi MaHOaJapUHUHI OKMJIOHA KOMOMHAIMSICH TaHJALl acocuia Ky€ll Ba CYB SHEPrusicuiaH
Oupranukaa ¢poigananum Kypuod yukuiarad. bynaa, komOuHanMsIaHrad SXJIMT SHEPrusl TAbBMUHOTH
TU3UMMHU WaKuiaHTupuiarad. Kaiita TukiaHyBuM MaHOalaH OJIMHTaH HEPIUsl HUCTEbMOJYMHU
TYJIUK TabMHUHJIACA Ba YHJIAH OpPTraH ’HEpPIrUsHU MapkasjamraH Tamokka (N'") yzatumuianu, arap
TapMOKJIaH OJIMHAETTaH PHEPTHs TAPMOKKA OepriIaéTrad SHEPTUsIaH KaM OyJica TaBCHs dTUIIAETraH
TU3UMHUHT camapazop (N"') sKaHJIUTH KeATUPHIITaH.

Introduction. DyekTp TabMHUHOTH TH3MMH CaMapaJOpJIUTH CE3WJIApiH Japa)kaga OIIUPHII
TEeXHUK edynmiapra O0ofnuk. ILyHHMHr ydyH MHTerpanMsialiraH 3HEprus TabMUHOTU THU3MMHJA
HadakaT KaillTa THKJIaHaguraH, OalKu aHbaHaBUM MaHOanmapaaH camapanu (oiaanaHuIl Y4yH
TEXHUK €UMMIIApHH UILIa0 YUKHII 3apyp XUCOOIaHAIH.

Xo3upru BakTAa Ky€lml Ba IIamMai J3JIEKTp CTaHIUSUIApUAAH ajloXuJa Ba OMpraiukaa
dolianaHuIra UMKOH OepyBUYM TYpJIM XWJI TEXHHUK Ba CXeMaslud 3uumiap MaBxyxd [1, 2, 3]. OHr
non3apd MyaMMO KY€l Ba CyB JHeprusicuiiaH Oupranukina Qoigananumaup. YiaapaaH Oup
BaKTHUHT y3uja oiinananum OuiaH KalTa TUKIAHAAMTAH SHEPTHSHUHI KMPYBUYM OKUMIIApHUIaH
MakcuMai Japaxkajga QoiganaHuil Ba 11y OuiaH ynapAaH (oHJalaHWIl caMapajopiIuruHU
OLIMPUII Kepak. YOy mapTIapHi KOHIUPUII YUyH TETUILUIN SYMMIAPHU MIIUIA0 YUKUII KEPaK.

WNmna® 4uKwiraH TEXHUK Ba CXEMald d4YMMIIap KalTa THKJIaHAIWTaH Xamja aHbaHaBHUM
MaHOanapHu Oup-Oupu OWJIaH HMCTEBMOJ PEKHMU YHFYHJIAIITUPUII TAMOWMIIMTA ACOCIAHUIIN
kepak. byHnait xomna, KyHIUK SHEpPrusra OyiraH 3XTUEKHU TabMUHJIANI IAPTUIAH KeJTNO YUKHUIIT
Kepax.

Kuiuiok Ba cyB XyKaauru UCTEbMOIYMIAPH MIEKTP TABMUHOTH yUyH KYEII Ba KUUUK THAPO
ANIEKTp CTaHUMsUIap €pramua cxema UIiad yuKwirad. TexHUK eduM »Heprusi MaHOanmapuiaH
cMapaii (poiiiaTaHuII YIyH OKHJIOHA KOMOWHAITMACH OWJIaH aXXpaiaud Typaau.

I'mapo TypOuHa y3rapyBuaH 3J€KTp TOKMHM MIUIad yukapaau. Ky€mr siaekTp craHuusicu
y3rapMac 3JeKTp TOKMHU unuiad yukapaau. Mmmad ynkapuiirad y3rapMac 3J€KTp TOKH HHBEPTOP
épaamMuja y3rapyBrat 3JeKTp TOKUra y3raptupunaau. Ky€ént anekrp craniusicy uiiad Yukapuirad
AIIEKTP PHEPTHSCHHUHT OUp KUCMHU HCTEbMOJIYMra eTka3ul Oepuianu, OUp KUCMH aKKyMYJISTOp
OarapesCHHM 3apsA] KWIMII y9yH HIuiatwiagy. barapes TYnuK 3apsara erranga KOHTPOJUIEP YHU
Yyuupaay Ba uiuIad YMKapwiIrad SHEPIUs TYIMK UCTEbMOYMra y3aTuiaau (1-pacmra KapaHr).
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1-pacm. Kyém 3C Ba kumunk I'DCiiapHHHT KOMOMHALMSACH.

KyBBaT MCTEbMOIMHUHT OPTHUILY THAPO TYpOMHA YMKUIIUAATH KYyWIAHUIIHU acalTUpaau Ba
CTa0MIIM3AaTOp Kepakid KyWIAHWIIHH youlad TyposiMaca, Ky€ml JIIEKTp CTaHLIMSCHAAH EKu
OarapesJaH Kepakyid SHeprusiHu ojuHagu. Mmna® uyumkapaguraH 3J€KTp SHEPrUsicd MHUKAOpU
KyBBaT PEryJiTOpM TOMOHHJIAH OOMIKapwiaau, OyHIa HCTEHMOIYH DIIEKTP DHEPTUSICHHU THAPO
TypOuHa €KM KYEI AJIEKTP CTAaHIMACUIAH OJUIIN MyMKUH [4, 5].

Research Methods. CyB okumu Hykauruna €K YHUHT TE3JIMTH MAacT OyiaraHaa Ba Ky&r
AJIEKTP CTAaHLMACH KepakiM KyBBAaTHM €TKa3a O0JMaca, HMCTEbMOJIYM 3JIEKTP SHEPTUSCUHU
MapKasJallllaH JJIEKTP TAabMWUHOTH THU3WMUJAAH ONagu. Mapkasjammarad SJeKTp TabMHHOTH
TU3UMU . TYIUK KaliTa WIIra TyHMTaHAaH CYHT KyBBaT pEryasTOpHM TOMOHHJAH HCTEbMOYU
MapKa3JalliraH »JJIEKTP TabMHHOTH TH3UMHJAH aBTOMATHUK Y3WJIQJAH. OJEKTP OSHEPrHsICH
UCTEbMOJTUMWIAPH OYynMaraH €ku KaM OYIraH Takaupja, MapKasjaliMaraH SJeKTp TabMHHOTHU
TU3UMHU WIUTA0 YMKAPWITAH SHEPIrUs KyBBaT PETrYJIATOPM TOMOHHIAH MapKa3jialiraH OJJIEKTp
TapMOKJIapuraH 1o0opmiaam (2-pacmra Kapasr) [6, 7, 8].

[ysgatt kuaub, UCTEHMOMYIIApTa MapKaszjiallMaraH OJJIEKTP TabMUHOTH YYYyH Takiaud
ATUIAETraH JIEKTP TabMUHOTH THU3MMHU KHUIUIOK Ba CYB XYXKaJUTW HCTEhMOTYMIAPUHM KaiTa
TUKJIAHYBYM DHEPrusaH (GoUmallaHWI caMapaJOpJIMTHHU ONIMPHINTa MMKOH Oepamu. TaBcus
ATUITAH CXeMmajap 3JEKTp TabMUHOTH THU3MMUJIArM aHbaHABUN Ba KalTa THKJIAHYBYM SHEPIUs
MaHOATapHUHT MYBO(MUKIAIITUPUITAH TABMUHOTH YYYH TEXHHK €YAMIIAPHH WNLIA0 YMKHUII Ba
YIAQPHUHT UILIANl peXXUMIapUHHU XUcobnam UMKOHUHM Oepaau [9, 10].
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MapKaSJ'IaI_HFaH Ba MapKkasjiammaran QJICKTpP TabMHWHOTHU TU3NUMUHUHT OHEPTIUa
camapazopauru 6axoJam aaropuTMMu 3-pacmaa kentupwirad. bynna, ncresmomun (N7) Kaiita
TUKJIaHyBud SHeprus (Np) OuiaH TYJIMK TabMHHJIAHMAca, 3apyp SHEPrHsl MapKasjalliraH 3HEPrust

TabMHHOTHAAH (N ) OJIMHaAH. KaﬁTa THUKJIAHYBYU MaH6a,Z[aH OJIMHI'aH SHEPIrusl HUCTEbMOJTYHUHHU

TYJIMK TabMMHJIACa Ba YHJAH OPTraH SHEPIUsHU MapKas3jalraH TaMoKka (N ) y3aTHUIi MyMKHH.
Arap TapMOKJaH ONMHAETraH SHEeprusi TapMOKKa OepuiaéTraH SHeprusanaH kam Oyica TaBcHs

STHIIAETraH TU3UM camapajop (N ) xucoOimaHaau.

Xozupeu eakmoa 6u3yan MoOOeLIAUIMUPULL MUSUMU MYPAKKAO OUHAMUK MUSUMIAPHU TAXTIUTL
Kuiuwi Y4yH Kyiai eocuma Oyaub, mypau UIMUuti 8a MYXAHOUCIUK MAOKUKOMIAPUOA KeHe
Kyananunaou. Busyan mooeinawmupuw muzumunune acocutl agpzaiiuxnapu [11]:

- Xap KaHJail MOJICJIHYA UePAPXUK Ty3UIMa MaKiIuaa udoaanan UMKHOUSITH;

- amMaira omupuiaaéIraH MOJCTHMHT TalllKMJI eTyBYM Oapua OJIOKIapHHM BepTyall ¥3apo
Oofuamn Ba OyH/1a 103aJiara KellaJural XaTolMuKJIapHu OJMUIMTaH 0axoiaml UMKOHUST,

- CUMYJSIMS TalTHAa TuU3uMAa coaup OYymaérran sxkapaéHnapHu CHUMYIMHK JIacTypd
épramua Ky3aTuill UMKOHHSIT.

Hurerpamusinamran kyém OC Ba kwunk [DC Bu3yan MoaeialITHpUII EpaaMuja
KypuJiMalapHU HIIa0 YUKWII, VHATHII Ba CHUHOBJIAH YTKa3ull y4yH TOMIKEHT BUJIOSATUHUHT
Kopacys kananu Tanma® omuHau (4-pacMra Kapasr).

4-pacm. Kuopaii rymannnaru KopacyB kanaau

VTKa3wiran TaaKMKOTIAp HATIXACKTA Kypa, Kubpaii Tymann XOCHIOT MaXa/lachaaH OKuG
yTyBun KopacyB KaHaTMHUHT KEHTJIUTH — 28 MeTp, ypTada 6ocumu — 4 meTp, cyB caphu 3 — M/c,
OyHJaH TamKapu TaHjaald OJIMHTaH XyAyAda KyEl HypJIaHUIIMHUHT MHTEHCUBIUTY KyHUTa ypTaya
4,6 kB1/M? sKamMr aHUKJIAaHU.

Kyém 3C Ba xkuunk ['DCHUHT KOMOMHAIMSUIAIITAH KYPUIMAHUHT TEXHUK, SKCIUTyaTallMoOH Ba
JIU3aiiH mapaMeTp JKUXaTHJlaH YpHATHUII YU4yH BHAyaJl MOJEN MyBO(MUK >KoMmamTupuian (S-pacmra
KapaHr).

Nmna6 yukunran kyém OC Ba kuuuk ['DCHUHT KOMOMHAIUSIAIITAH BU3Yyal MOJICTH TYpIiu
[IapOUTJIap/ia MIUTAIIMHN CUMYJISLIUS KW UMKOH Oepaau. Llynaai Kuiaul, CUMyIISIHS MOIEIH 1A
MKKHTA OJOKJIaru CyB OKUIMUHUHT THPO TypOUHANapra TACHPUHU KYPHUILI MyMKHUH.
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o-pacm. Kyém IC Ba kuuuk ['DCHUHI KOMOMHAIIUAIALITaAH
BU3YyaJl MOJIeJH

Results and Discussions. Cumyssiiusi MOJCTMHUHI y3Ura XOC XYCYCHSATH HIYHIAKH, CYB
OKMMHMHHUHI MakCHUMall Japakafa KHHETUK dHeprus (oiinanaHuin UMKOHMHU Oepanu. byHna, cys
OKMMMIra KYHJQJIaHT >KOWJIAIITHUPWIraH TMOpua KypWJIMaHMHI TypOMHajlapu IOHUM OUp TOMOHTra
XapakaTJIaHUIIM YY9yH CYBHHU TYFpHIAH TYFpU-TypOMHAra HyHaITHPYBUYH KAHOT >KOWJIAIITHPHUIITAH.
MexaHuK KyBBaTHU OILMPHUII YUyH OMp BaKTHUHT ¥3uJa HKKUTA TypOrUHa TacMallid y3aTMa €paamusia
OWTTa reHepaTopra yjiaHaJu. HU xapakarra Kentupaau (6-pacmra kapasr) [12].

R ot Lo
— Tenepam

h‘-

Tunporypdnua

<
g ! Cysun
Tuaporyphusa | iffmarrupysn
E 7N\ S ¥ KamoT
(@), -
o G / i
4=

4= Temepatop

a 0
6-pacm. CyB oKHMH, TYpOMHA Ba TreHepaTop XapakaT O0yiinua cCUMYJISALIUOH MOJEJHU.
En Tomonaan (a) Ba nactaan kypunuu (0).
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Kuauk I'DC TypOWHAcWHUHT yayamiiapy — CcyB  Te3nurd (v), (UKCHpJAaHTaH BakT
MOMEHTHJIar¥ TypOWHa Mappakjapura ypuiajurad cyB XakMu (Q) Ba CyB CAaTXUHHMHT YyKYypJIUTHUTA
(H) 6ornmuk Oymagu. TypOuHAaHMHT TamKd AuameTpu dq = 2d, OYyiaranga >HEpPrus camapaiu
1oKopu Oymummm anabuérna kentupwiarad [1, 13]. TpyOuHaHUHT WYKM YyKYpJIMTH KyHHIard

OMIICPUK YCYyJIa aHUKJIaHaIu:
-k /ﬂ
V - k dzl (l)

oynna 0,6 < k < 0,7 cyBuunr Typbunara tabcup koddpdunnentu. TpyOuHAHUHT KEHIJIUTH:

_Q
X = = @)
dopmyna Epnamuna ndponananaau. TypOMHAHUHT WYUKU F03aCH:
cos 20
o [/ 3¢ [1+ sin@]' (3)

Oy epna 6 — CyBHM MKKM TaMOHTa HYHaITHPYBYH KaHOTJIAp opacuaaru Oypdyak, Taxiaud
THIAETral TUAPOTYOMHA ydyH O Oypuak MyXuMM KaTrTalnuk XucoOnaHamau. By OypuakHu mryHmaii
TaHJIAIIMMU3 KePaKKW, HATHXKa/la, OMTTa KypuiMara >KOMJAIITHPWITaH UKKA TypOuHa cyB OniaH
TabCUPJAIINIIM MaKCHUMaJ OYIMIIM, aiaHMII MOMEHTHAA 3Ca MUHUMaNl OYiauiu Jjo3uM, Oy
Oypuak Kyhugara ¢popmysa EpaaMuaa aHukianaau (7-pacMra KapaHr):

0= 180° — arcsin (dld_j), 4)

1

Oynaa E mappakHUHT y3yHJIUTH:
B = YRkt 12 (5)
OHau TypOWHara TabCUp KWIYBYM CYB MaccacH, s’bHH, appakiiap Opacura TyIITaH CyBHHHT

MaccacuHM TonaMu3. CyBHUHT Maccacu Kyiujaru nuddepeHnuan TeHriiama OuiaH aHuKJIaHau:
dm s
— = pS(v—7), (6)
OyHZa p — CyB 3UWINTH, V — CYB NappakKa ypuiraHJaH KeHUHTU Te3nuru. [lappakHuHr cyB
okMMHM O¥iinal XapakaTiaaHuIIMaa TYpOJEHTIMK XOIUcCAacH COIup Oynaau, IIYHUHT Y4yH YHHHT
TE3NIUTW U OjaTAard VvV Te3nuruaaH (apk Kwiaau, spHU ¥ = 0v, OyHna 0 < 0 < 1 opanuruna

Oynmaau.

7-pacm. I'nApOTYypHHAJIAPHUHT VI4aMiIapu
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TypOunanuHr Oypuak TE3NMUTH 3ca OEBOCHTAa VU YM3UKIM TE3JIMKKAa OOFIHK paBHIIAA
TONMWJIAN:
: _d
@ =4v/[d;(1 + cos 8 / sinB)] =v71. (7
TypOuna nappaknapura Tabcup 3TyBuH Kyd (F) Xam y3rapyBum Ba Kyiiugaru auddepeHnmuan
TeHrJ1iama OujiaH TONWIIaIu:
d _
F=—(mv-7)= pSv?(1—9?). (8)
Ou3MK HyKTau Ha3zap/aH Mappakiapura Tabcup KWiyBYM (8) KyuHH aHMKJIAII Y4yH J1acTiia0d
E, «y3aTuun KyduHu» Ba Fy TOPTHII KYYHHU TONUIIMMHU3 KEPaK.
Yzarum Kydu F, Ba TOpTHII Kyuu F; MOC paBumiia Kyhuparn (opmynanap €paamuia
AHUKJIAHA/IU:
_ ,P =2 — o P =
Fp—/,tgv So Ft—nEvS 9)
OyHZa W, ) — MPONOPHHOHAILTUK K03 urmeHTIapu. (8) hopmynanap épraMuaa aHUKIAHTaH
Kywiap BEKTOp KaTTajlukiap OYIraHu ydyH TEHI TabCHpP ITyBUYM F KYYHU HUKKUTA BEKTOPHUHT
WUFUHINCH KYPUHUINNA TAaCBUPJIAIl MyMKHH (8-pacMra KapaHr).

(10)
8-pacm. TypOuHara Tabcup KHIYBYH KydJap
ByHaaH € Oypuak oCcTH/Ia TabCUP KWITYBUH (HOMIATH Ky:
E, = F cos ¢, (12)

OyHna € = arctan% - (a—vy).

MareMaTHK MOJEIHUHT pean jkKapa¢Hra SKWHIMTHHH TabMUHIIAII MaKcaauaa TYpOMHAHWHT
alJaHUI KOHYHUSATHHH YpraHamus. AWTtainuk, nappakuap U;, i = 1,2, ...,n, Oy epaa n nmappakiap
conn Oyncun. Ilappakmapunu ky3ranmac 0Oz Ykka HucOaran (4.28) ¢opmyna Epaamuaa
AHUKJIAHYBYM ¢ Oypuak Te3NuMK OwiaH aijaHyBuM >KHCM J1e0 ¢apa3 Kuiainuk. Kuneruk
MOMEHTHHHT Y3rapHIli XaKuJIard TeopeMara MyBO(HK:

dK

ar U1 (E) + Uz (B) + -+ + Up(F) = Xi= Ui(R)). (12)

Kartuk sxucMHUHT Ky3ranMac Oz YKu aTpoduia aillaHUIIN HATHXKACUIard KHHETUK MOMEHT:
D =B, (13)

dbopmyna épaamuaa Tonunaau, Oy epaa B,— MexaHUK CUCTEMaHUHT (PUKCHUPIIAHTaH BaKTaaru
0, avinanum YKura HucOaTaH MHEPIMS MOMEHTH, Y Kyiiuaaru gpopmyiia épaaMuia TOMUIATH:
B, =mr® + myr® + -+ m,r* = ¥ myr?
(14)
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(13) popmynanan doiigananud (10) nuddepeniman TeHrIaMaHu Kyiuaarnya é3aMus:
d
B, o = Zi=1 Vi(RY). (15)

dat
KaTTHK XxucM KHHEMaTHKaCHJaH MabJIyMKH:
dao :

w = It =0, (16)
6ynma 6 — Typounanunr Oz yKura HUCOATaH aiinaHum Gypyar.
Hartwmxkana Kyitmaarura sra 0yiaMus:

dw daze n

BZE = BZ? = Li=1 Bi(Fu)' (17)

(17) ndoma KAaTTUK KUCMHUHT Ky3faiMmac VK aTpoduaa aillaHumUHUHT JuddepeHmran
TeHrinamacu neimnaau. (17) tenrnamana B, unepuus MoMmeHTH (6) dhopmyna OMIaH aHUKIAHYBYH
m MacCaHUHT aHAJOTHIH, ci_f — YM3HKJIM TE3JIAHUIL POJIMHU Oakapanu, Y., U;(F,) durunmu sca
TabCUp KWIyBUM F,, KydIapHHHT OOII BEeKTOpU poiuHU Oaxkapaan. Onarna typouna (11) popmyna
OMIaH aHUKIAHYBYM OMp HeuTa Kyd TabCUp KWIaiu, myHuHT yuyn F, = YR_  EF (El E?, .. EM"}
KywIap TabCUpPHJIA YapXnalak YKuaaru noAlMnHukiIapaa Ry Ba R, peakuusiaap xocun 6ynaau, Oy
peakuusIap XaM TallKd Kyd XucoOjaHaau, JeKUH yJapHUHI MOMeHTH Oz YKura HucOaTtaH HoJra
TEHT.

OHAM TypOMHAHMHI aiJlaHMIIM HaTW)Kacu OaxapwiraH WIIHM Tonamu3. Typbuna U;, i =
1,2,...,n, mapparura (11) ¢dopmyna Ounan aHuknanagurad F, Kyd a Oypyak OCTHAA TabCHP
KWJICHH. By KydHUHT OakapraH vy TypOuHa aiaaHTUpHII yuyH Oaxkapwiirad umra Tesr. Lllyaunr
yuyH Oa)kapuJraH uii:

dA=E,-r-sinfdef. (18)

A¥inannm ykura Huc6aran (13) xkyd momentd D = F;r sina >kaHnura xXucodra osncax,

Kylugaru ¢popmysnara sra 6yinaMus:
dA = Dd6 (19)

(19) TeHrnmamaHWHT Xap MKKH TOMOHHMHH WHTErpauiad TypOMHaHMHT 4ekin df Oypduakka

Oypuiarasaaru uil, yMyMHi HIITApHUHT UHTErpall HUFUHANCUTA TEHT SKAHIUTUHH TOTIAMU3, STbHU:

A= [ Ddo. (20)

Jlemak, TypOMHaHUHI ailllaHMa XapakaTH JaBOMMJa Oa)kapuiraH HII TabCUp STYBUU Ky4
MOMEHTJIapy OMJIaH aillaHuI Oypyaru KynaiTMacura TeHT SKaH.

Conclusions

O06o00masi pe3yabTaThl UCCIEAOBAaHUMN, OTHOCSIIMECS K JaHHOW paboOThl, MOXKHO ClelaTh
CIIEIYIOIIME  BBIBOABIL:

1. OupuHYM MapTa KyEIl 3JIeKTPOCTAHIMACH XaMia TMAPOdJIEKTPOCTAHIMSUIApUIaH ajloXuaa Ba
Oupraymkia (oiranaHua ATMAIITUPWITaH SHEPTUsl YIyILIMHN XUCOONaIl MOJEIN MIIUIa0 YUKUIITaH,
Oup BaKTHHMHT Y3uja Ky€ll Ba THAPOdJIEKTPOCTAHIMIIAPUHN KYHIIUK 3apyp SHEprus OujiaH TabMUHJIAII
HIapTiapura Kapab TaHman MMKOHUATH aHUKJTaHTaH;

2. Ky€UI 3NIeKTPOCTAHILIMSACH Ba THIPOAIEKTPOCTAHIMSIIAPUHUHT ONTUMAJ €UMMIIApUHH TaHJIaIiga
aHAMTUK M(Ooa OJIMHraH Xamja KailTa TUKJIAHyBYM SHEPTUsHH €TKa3uO OepuIll Ba MCTEHbMOJ KMIIHII
peXUMIIAPUHA  MYBOGHKJIAIUTUPUII OPKAIM SHEPrus TAabMHUHOTU TH3MMHUHUHT Y3IIyKCHU3JIUTH Ba
UIIOHYWIMIIMTY OaxOJlaHTaH;

3. OupuHYM MapTa KaiiTa TUKJIAaHYBYM Ba aHbAaHABUN HSHEPrusi MaHOAJAPUHHUHT OKHIJIOHA
KOMOWHAIMSJIAI aJITOPUTMH Ba YJIAPHUHT UII PEeXXUMIApUHE XUCOOIAIl MOJIENN HIUTa0 YMKHINO,
y OpPKaJIM SIHTH HEPTHsl TAbMUHOTH TU3UMUHUHT UKTUCOIUN caMapaJopiIuru 6axoJiaHTaH;

4. TaIKMKOT HaTW)KaJapy Ha3apHil Ba aMajMii axaMusTra sra 0yau0, OJIMHTaH yCyl, MOJENb
Ba ayiropuTMiIapAaH (oiganaHu® KHUILIOK Ba CyB XY KalUTHA JIEKTP PHEPTUSICH HUCTECHMOJIHHU
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Oaxomnam Ba Taysad STWIAUraH SHEPTUs MEbEPIAPHHM aHUKJIAII, KaiTa TUKIAHYBYM SHEPIrUs
MaHOanapuaH ¢oiilaTaHuIl Ba yJIapHU aMallnéTra KeHr )KOpHi 3TUIIa MyXUM YPUH TyTalu.
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Abstract

The article presents the current state of development of the agrochemical services, the
problems and factors affecting them, as well as scientific suggestions for the effective organization
of the agrochemical services in agriculture.

Key words: agrochemical services, agroclusters, infrastructure, stock exchange, subsidies,
factors, futures contracts, innovative technologies.

Introduction. Since the country gained independence, large-scale economic reforms have
been carried out in agriculture. As a result of economic reforms in the agrarian sector, farmers and
peasant farms, which have property and entrepreneurial freedom, have become the main agricultural
products producer. Also, the special attention paid to the development of agroclusters in our country
has led to changes in the nature of property relations and service infrastructures in agriculture, that
is, the liberalization of the economy in agriculture has gained practical importance. The reduction of
irrigated land resources per capita in the republic and the increase in demand for agricultural
products have an impact on the need for agrochemical services.

Only 20.7% of the 20.2 million hectares of agricultural land is irrigated land. Over the past 15
years, irrigated land per capita has decreased by 24 percent (from 0.23 ha to 0.16 ha). According to
forecasts, the irrigated land area may decrease by 20-25% over the next 30 years [1 ].

In order to eliminate these problems, it is necessary to develop agrochemical services, which
are an important link of production intensification, involving innovative technologies in the
agricultural sector. If an additional yield is obtained as a result of the rational use of mineral and
organic fertilizers, the yield is maintained and the quality is improved due to the protection of plants
from pests, diseases and weeds with the help of chemical (pesticides) and biological means.

Materials and methods. Today, the specific aspects of the development of agrochemical
services are as follows:

- availability of agricultural enterprises of various forms and sizes, as well as their high
number;

- that modernizing agricultural machinery based on smart technologies, instead of materially
and morally outdated machinery, is the demand of the time;

- formation of free competition of agrochemical services through the purchase of mineral
fertilizers and chemicals by various economic subjects in the commodity exchange trading system
in the conditions of shortage of financial resources in agricultural enterprises;

- as a result of the diversification of agricultural crops, the demand for a number of new
agrochemical services (chemical processing, biofertilizer delivery, etc.) in the field of fruit and
vegetables and horticulture is increasing;

- coordination of activities of agricultural and agrochemical service enterprises.

Taking into account the above, in order to create an integrated system of providing agriculture
with mineral fertilizers, chemical and biological means of plant protection, agrotechnical services
for agricultural crops and to improve the quality of services for protection from pests and diseases,
the President of the Republic of Uzbekistan dated October 24, 2016 "Protection of plants and
Decision PR-2640 "On measures to improve the system of providing agrochemical services to
agriculture™ was adopted, and this decision became an important turning point for solving problems
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in the field. As a result, the Joint Stock Company "Agrokimyohimoya" was formed, and
agrochemical services of plant nutrition and protection were integrated into a mutually integrated
system [2 ].

The head of our state emphasized the problems of the sector and noted that the large-scale
reforms implemented in the chemical industry are also giving positive results, but the systemic
problems that have existed in the industry for many years have not yet been resolved. For example,
the lack of financial resources of industrial enterprises producing mineral fertilizers. Lack of
attention to the financing of agriculture or a superficial approach to the issue caused defects in the
system of mutual settlements in this area [3 ].

The issues of conducting scientific research work and introducing the results into production,
improving the skills of employees and providing laboratory services are neglected. Development of
the chemical industry and ensuring competitiveness in the world markets, radical diversification of
the industry is directly related to the potential of scientific research, design, engineering, diagnostic
centers and qualified personnel.

In order to solve the existing problems in the provision of agrochemical services in the
Republic in 2016-2017, the President of the Republic of Uzbekistan and industry officials at the
meeting on December 28, 2017, dedicated to the " Financial and economic situation of chemical
industry enterprises and issues of development of the industry” done. In this regard, since 2018,
"Uzkimyosanoat" Joint Stock Company has started selling mineral fertilizers to consumers through
stock exchanges. This change directly caused the transition of the agrochemical services market to a
new format.

As a result of this reform, it was possible to form free competition for agricultural
agrochemical service enterprises. Based on the needs of agricultural enterprises based on different
ownership, agrochemical services companies are demanding that they act as "service providers"
instead of "supplier" functions. Because the changes in the composition of services in the economic
indicators of "Agrokmyohimoya™ Joint Stock Company in recent years prove it.

In the last 10 years, the composition of the services provided by the "Agrochemical
Protection” Joint Stock Company was studied. In 2016-2019, the types and volume of agrochemical
services increased, and from 2020, a sharp decrease in the volume of agrochemical services is
observed. The sharp decrease in demand for centralized agrochemical services was directly caused
by the development of agroclusters and their establishment of agricultural infrastructure functions
based on market mechanisms.

T.Sh.Shoghiyasov recommended regarding the selection of the factors affecting the economic
activity of the enterprise into positive and negative factors, (internal) factors related to the
enterprise's activity, unrelated (external) factors, intensive and extensive factors of production,
factors of production and transaction processes [4 ].

While researching and studying the activity of entities providing agrochemical services to
agriculture, we believe that it is important to classify the factors affecting economic activity based
on the signs of internal and external factors. Because the influence of external factors on the activity
of agrochemical enterprises is strong, and internal factors determine its capabilities. The internal
factors in the organizational direction include such factors as determining the demand for mineral
fertilizers and chemicals, effective management and motivation of employees, improving the skills
of employees, and forming a digital economy in the service sector. External factors include the
implementation of government decisions and programs, the implementation of research results, the
effective organization of the activities of dealerships and branches, the improvement of contractual
relations, the holding of exchanges and fairs.

Internal economic factors include factors such as effective management of working capital
and investments, increase in labor productivity, strengthening of the material and technical base of
the enterprise, and external factors include state incentives (preferential credit, tax policy, grants,
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subsidies, leasing relations), discounts from suppliers. and the granting of bonuses, the introduction
of futures contracts, the allocation of funds by investors, the organization of insurance in the service
sector and other factors affect it. Also, the introduction of innovative technologies to improve the
technologies of agrotechnical activities carried out in agricultural enterprises has a direct effect as
an internal factor. Studies show that the introduction of cost-effective technologies as a result of the
introduction of innovative technologies also affects similar agrotechnical technologies. For
example, in "Tortkol Agrotech Cluster” JSC, the results of providing agrochemical services have
increased in the case of effective use of water resources in cotton fields.
The results of providing agrochemical services with efficient use of water resources on 1

hectare of cotton land in JSC ""Tortkol Agrotech Cluster*

The
No Naming measurement is | Quantity Avifgge Amount
the same P
1 Area where drip irrigation technology is o 1 25,000,000 25,000,000
introduced
2 _Su_b5|d_y for introduction of drip to 1 8,000,000 8,000,000
irrigation technology
THE DIFFERENCE 17,000,000
Productivity before introduction of drip irrigation technology
1 field to 1.0 tons 2
2 amount of cotton tons 1 6,500,000 13,000,000
3 water consumption tax cubic meters 3600 200 720,000
4 electricity consumption kW. 5,500 450 2,475,000
5 land tax (varies by region) to 1 13 461 13 461
6 salary expense piece 2 1,500,000 3,000,000
7 a_grotechn_lcal service (2—cu_|t|vat|on and o 1 550,000 550,000
tillage) with fuels and lubricants
8 Mineral fertilizers
Nitrogenous kg 300 3000 900,000
Phosphorous kg 100 3500 350,000
Potassium kg 50 2500 125,000
8 TOTAL profit 2-3-4-5-6-7-8 4,866,539
Productivity after introduction of drip irrigation technology
1 area (at the expense of 40 centners) to 1 tons 4
2 amount of cotton tons 1 6,500,000 26,000,000
3 water consumption tax cubic meters 300 200 60,000
4 electricity consumption kW. 1500 450 675,000
5 land tax (varies by territory) to
6 salary expense piece 1 1,500,000 1,500,000
7 agrotechnical service (2-cultivation and
tillage) with fuels and lubricants
8 Mineral fertilizers
9 Nitrogenous kg 150 3000 450,000
10 | Phosphorous kg 70 3500 245,000
11 | Potassium kg 25 2500 62,500
8 TOTAL profit 2-3-4-5-6-7-8 23,007,500
1 THE DIFFERENCE 18 140 961
2 | Cost of technology implementation 17,000,000
3 | Residual profit per year 1140961
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Analyzes show that as a result of the use of water-saving technology, the consumption of
mineral fertilizers has decreased up to 2 times, that is, nitrogen fertilizers have decreased from 300
kg to 150 kg per hectare, phosphorus fertilizers from 100 kg to 70 kg, and potash fertilizers from 50
kg to 25 kg. At the same time, the increase of the average yield per hectare from 20 t/ha to 40 t/ha
ensured a 4-fold increase in the efficiency of agrochemical services.

Therefore, in order to develop the provision of agrochemical services in the country, taking
into account the specific aspects of agrochemical services, the priority tasks of the sector in the
"Strategy for the Development of Agriculture of the Republic of Uzbekistan for 2020-2030",
approved on the basis of the Decree of the President of the Republic of Uzbekistan No. PD-5853 of
October 23, 2019 It is desirable to effectively organize the specified tasks on a scientific basis.

Conclusion

Taking into account the important aspects of the strategy, in order to systematically eliminate
the problems identified as a result of scientific research, it is necessary to further implement the
following tasks in the field of agrochemical services for agriculture:

- liberalization of prices by further improving the activities of the Commaodity Exchange of
the Republic of Uzbekistan for the sale of mineral fertilizers;

- formation of equal competition between participants in the market of agrochemical services;

- accelerate the process of digitalization of agrochemical services and ensure the transparency
of economic relations;

- privatization of state enterprises in the field of supplying agricultural enterprises with
mineral and organic fertilizers and agrochemical service and targeted orientation of state benefits;

- promote activities on the basis of futures contracts instead of providing resources and
providing services through soft loans;

- further stimulation of the introduction of innovative technologies for the intensive
development of the sphere of agrochemical services.
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MOBBIIIEHNUSA KAYECTBA JIEKTPHUECKOM SHEPTUHU, HAJIEXKHOCTH
IJIEKTPOCHABXEHUSA U SJIEKTPOBE3OITACHOCTH CEJIbCKHUX
HACEJIEHHBIX ITYHKTOB

Mysagapos LI.M. Hayuonanvhuiii ucciedosamenvckuti ynusepcumem . « THHMUMCX»
AHHOTaNUA

B crarbe npuUBOAMTCS aHaNM3 COCTOSHHSI BOIpPOCA AJIEKTPOCHAOKEHHS  CEIbCKOTO
HACEJIeHHOro NyHKTa Ha mnpumepe kunuiaka Ilamman Tamkentckoil o6mactu. B uactHOCTH
KosmdyecTtBo Tpanchopmaropusix noacranimii 10/0,4 kB u npotsokenHocts ceteir 10 u 0,4 xB.
CoOpanbl cTaTUCTHYECKME MaTepHalibl 10 YPOBHIO HalpsDKEHUs y aOOHEHTOB, OOIIel Harpysku
TpaHc(OpMaTOpOB M HArpy3kH Ha OTAENbHBIX (pazaXx. Ha OCHOBaHWMM OTHX [JaHHBIX JIaHO
3aKJIIOYEHHE O HEYJOBJICTBOPUTEIBHOM COCTOSHUM BOIIPOCA SJIEKTPOCHAOKEHHUS HACEIEHHOTO
nyHKTa. Jlis TOBBINIEHUS] HAJEKHOCTH 3JIEKTPOCHAOXKEHUS PEKOMEHIOBAHO MCIOIb30BaHUS
camMoOHecyIux u3oiaupoBaHHbIX poBoaoB (CUII) na nanpsxenus 0,4 u 10 xB. [lns noblimeHus
Ka4eCTBO 3JICKTPOCHAOKEHUSI CHU3UTH Pa30BYI0 MOLTHOCTH TPAaHC(HOPMATOPHBIX MOACTAHINSA 10 25
KBA ¥ 3aJ0)KUTh B HPOEKT YCTAHOBJICHHYIO MOIIHOCTb OJHOro JoMa paBHyro 4 kBr. Jlns
o0ecrieyeHns 3JIeKTpoOe30nacHOCTH pa3padoTaHa cXxeMa ¢ M30JIMPOBAHHON OT 3eMJIM HEUTPAJIBIO C
JIBYMs HYJEBBIMH IPOBOJAMHU: pabOYMM M 3alIMTHBIM. Pa3paGoTaHbl CXEMBbl 3alIUTHI OT
onHo(a3HBIX 3aMbIKaHWi Ha 3emuto. Kommyrarus B ceTsix 10 kB mpousBoauTest pexioy3epamu -
aBTOMAaTHYeCKUMM IyHKTamH cekunoHupoBanus (AIIC). IlpoBeneH pacuer CHUKEHHUS CTOMMOCTHU
noreps B cetax 10/0,4 xB.

KiroueBble ciioBa: DieKTpocHaOXKEeHNEe, CAMOHECYIIHI W30IMPOBAaHHBIN NMPOBOJ, U30JUPOBaHHAsS
HelTpaidb, 0co00 OmacHbI, KA4eCTBO JJIEKTPUUYECKOW HHEPruM, 3JIEKTPOOE30MaCHOCTD,
HaJIe)KHOCTb, CEIbCKUE DIEKTPUUEOCKUE CETH.

BBenenune

B pasgene 3.2. «IloBblieHHME KOHKYPEHTOCHOCOOHOCTH HAIMOHAJBbHOW JKOHOMHKH
3a cueT yruayOjeHMsl CTPYKTYPHBIX HNpeo0pa3oBaHMii, MOAEPHH3ALMH M AWBepcHPUKAIUH
ee BeAylIUX oOTpaciaei» cTpaTermid JAeWCTBHH 10 NATH NPHOPHUTETHBIM HANPABJICHUAM
pasButusa Pecnydiuxku VY3oexucran B 2017—2021 roamax ykasbiBaercsi «CokpaiieHue
DHEPrOEMKOCTH M PECYpCOEMKOCTH  HDKOHOMHKH, IIUPOKOTO BHEAPEHUS B IIPOU3BOJCTBO
sHeprocOeperaroMx TEXHOJIOTHUN, paCHIMPEHUE HCIIOJIb30BAHUS BO300HOBIISIEMBIX HMCTOYHUKOB
SHEPIrUH, MOBBILIEHUE IPOU3BOAUTENBHOCTH TPY/1a B OTPACIIAX SIKOHOMUKMW» [1].

B nacrosiiee Bpems B PecriyOnnke Y30ekuctaHn ocylecTBiIsieTcsl SKOHOMHUYecKas peopma B
Pecnybnuke VY30ekucran. B 3Tux ycioBuax Ooibllle BHUMAHUS ylenseTcss NpoOiieMaTuke
B3aMMOOTHOIICHUN OOLIECTBEHHOW U 3KOHOMUYECKOW 3((EeKTUBHOCTH B JHEPIreTHUKE, BHIOOpPY
BapUaHTOB ONTHMAJIBHOIO Pa3BUTHS U (YHKIIMOHHPOBAHHS PHEPreTMUECKUX CHUCTEM. BakHOCTb
3TON IPOOJIEMBI BBITEKAET U3 TOTO, YTO HAIlle OOLIECTBO €XKETrOJHO PacXOAYEeT OT OAHOW TPETU IO
MOJIOBUHBl KaNUTAJIOBIOKEHUH B MPOMBIIUIEHHOCTh TOJBKO Ha PAa3BUTHE SHEPreTHYECKOTo
xo3sticTBa [2].

BhICTpBIi pocT 31eKTpUUKAIINK CEIbCKOXO3SIICTBEHHOTO MTPOU3BOACTBA, MOCIEI0BaBIINMA 32
HUM HEKOTOPBIM CIaJIOM, CO3JaHHE arpONpPOMBINUIEHHBIX KOMILJIEKCOB, TpeOyeT aajbHeHIIero
Pa3BUTHS AJICKTPUUECKUX CETEH B CEIBCKOM MECTHOCTH. [1oBbIIatOTCS TpeOOBaHUS K TPOITYCKHON
CHOCOOHOCTH, HAJEKHOCTU 3JIEKTPOCHAOKEHHUS U KaueCTBY JJIEKTPHUECKOW 3Hepruu, Pemenue
KOTOPBIX OCHOBAHO HA NMPABUJIBHOM INPOEKTUPOBAHUH HIEKTPUUYECKUX CETEH PalOHHOIO 3HAYCHHUS.
[3,4,5].
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OnHOMl M3 OCOOCHHOCTEH CEeNbCKUX MOTPEOUTENBCKUX CeTel SABISETCS IOBCEMECTHOE
MPUMEHEHNUE BO3IYIIHBIX JUHUN Hanpspkennem 0.4 kB Oombmoi mpotsbkeHHOCTBIO. OTCroma
HU3Kas HAJEKHOCTh CeTeid M OOoJblIMe NOTepU HANPSDKEHHS B CETAX. JTO NPUBOAMT K
3HAUUTENIPHOMY YXYIIIEHUIO KayecTBa 3JIEKTPOIHEPIUU M0 BaKHEHIIEMY IOKA3aTell0 — BEJIUYUHE
HaNpsOKEHUs. DTH BOIIPOCHI PEIIANIMCh B HACTOSIIEN cTaTbe [6,7].

CxeMmbl pacripesieleHus] 3JIEKTPUUECKOM SHEPruu IO TEPPUTOPUHM CEJIBCKUX HACEJICHHbIX
INYHKTOB 3aBHCUT OT HAJEKHOCTH IJIEKTPOCHAOKEHMS, YUCIIAa JIOMOB, IJIAHUPOBOYHOTO PELICHHUS
IIOCEJIKOB, HAJIMYUS NPEANPUATHNA U YUpEKICHUN
(Mara3uHbl, aTelbe, KO, JETCKUE YUPEXKIAECHUS, IOYTAMT, ITapUKMaXxepCKUE, MACTEPCKUE U JIp).
OTHU cXeMbl HE UMEIOT 00LIEero MPUHLUIA IOCTPOSHHS ¥ OTIIMYAOTCS. HHAUBUYaIbHOCTBIO.

B tabmuue 1 npuBenens obmue ganubie no Tpaccam 10 u 0,4 kB, KOTUYECTBY U MOIIHOCTH
TpaHC(HOPMATOPHBIX MOACTAHIIUH .

O6mas auHa jguHuM BJI 10 kB cocraBnsier 2310 merpa, npu uucie onop 33 mryk. BJI 10 kB
BbINOJHEHA npoBojioM AC 32.

Hacenenne nacenennoro mnyHkra «IIAMIIAH» cocraBaser 2058 uyenoBek (Ha cocrosiHue
31.01.2020 r.) KonuuectBo n0MOB - 370, B KOTOPBIX MPOKUBAIOT 596 cemen.

Taoauna 1.
Oo0mme nannbie o Tpaccam 10 u 0,4 kB, KoJMYecTBY M MOIIHOCTH TPAHCHOPMATOPHBIX
noacranmii kunuiaka llamnan

N | O6o3uaue- MomiHocTh Yucao | Yucno JmurHa | Mapku npoBOJIOB TUHUU
Hue TII kBA orop aboHe- JIMHUU 0.4 kB, m
Bn 0,4xB | aTOB 0.4xB A25 Al6 Al0
()

1 | TII277 100 27 28 1200 800 400 -

2 | TI1278 100 43 52 2600 1800 | 600 200

3 | TI127 250 172 200 7700 4100 | 2800 800

4 | TI1439 250 31 50 1100 900 200 _

5 | TII197 250 41 40 1900 800 600 200

=5 2 =950 Y=314 |X=370 | 2=14500 =840 |>=4600 | X=1200
0
Taoaumna 2
Hanpsiskenue Ha Bbixonae u3 TII u y camoro ynasnenHoro a6oHeHTa (Uyyen;
Usgeuepom-)BOJIBT
O0o3HaueHne Hanpsixenue y camoro 6au3koro ot | ¥ camoro yaanenHoro ot TI1
TII TII abonenra, B aboHeHTa, B
Unnaem Useuepom UnneM Usedepom

TII 277 220 220 217 209
TII 278 220 220 212 210
TII 27 220 220 210 183
TII 27 220 220 210 183
TII 439 220 220 217 216
TII 197 220 220 215 212
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Jlist cpaBHEHUsI pe3ylbTaTOB M3MEPEHHM HAMpsHKCHHsI Ha BBIXOJAE TpaHcopmaropa u y
camoro yaaneHHoro ot TII aboHeHTa B THEBHOE M BeUYepHEE BpeMs, U3MEPEHHbIC HANPSKEHHS Ha
ObUIM TIepecUMTaHbl M3 YCJOBHSA, YTO Ha BBIXOJE TpaHchopmaTopa HampsbkeHue pasHo 220 B
(Tabmuna 2).

OOwmuii BBIBOA K IMPOBEACHHOMY aHaJIW3y 3aKIYaeTcs B TOM, YTO CYIIECTBYIOIIAs CXeMa
anekTpocHaOxeHus: kunuiaka [llamman He B cocTosiHMM OOecrneyuTh TpeOOBaHMS CTaHIapTa K
KayeCTBY JIEKTPUUYECKON SHEPTUU M0 BEIMUNHE HANPSIKEHUS.

HccnenoBanue cocTOsSHUS 3JIEKTpocHaOkeHus kuiniaka [llamMmnan nmpoBoauiocs Takxke Uis

Harpy3ok mo ¢aszam BbixonoB 0,4 kB TtpanchopmaTopoB, pe3ynbTaThl KOTOPBIX INPHBEICHBI B
tabnuue 3.  AHaiu3 pe3yNbTaToOB U3MEPEHUN U MPOBEICHHBIX HA UX OCHOBE pacdeThl HArpy3oK
1o ¢azam OTAENbHBIX TpaHc(HOpPMATOPOB M OOLIEH HArpy3ku Mo (hazam Mokasan Ha CyIIECTBEHHOE
pasHUIly KaKk Ha OTHAEIbHBIX TpaHchopMaTopax, Tak M oOOIIeld TOKOBOM HAarpy3kd MO BCEMY
KHIIUIAKY.
ToxoBast Harpy3ka ¢a3sl A Tpancopmaropa T277 cocrasmser 24 A, a dazer C — 2,7 A. Uto
SBISICTCA TPyOeHIIUM HapylleHHeM TpeOOBaHWH TMpaBHJ YCTPOMCTBAa DIEKTPOYCTAHOBOK.
AHaJOrM4HbIe HApYIIEHUs! TOBTOPsIOTCS y Tpancopmatopos TI1278, TT1439, TI1197. Cymmapnas
Harpyska no (azaM Bcex TPaHC(OPMATOPOB TAKKE OTIMUYAIOTCS JPYT OT APYra.

Ta6auna 3
Pe3yabtaTsl u3mMepenust pasHbIX HArPYy30K TpanchopmaTopos knnuiaka Hlamnan Ha
cropoHe 0,4 kB u o0mas Harpyska no gazam

O6o3HaueHne dunepsl a B g
TI1
TI1 277 1 24 22,3 2,7
TII1 278 1 2,2 27 31,3
2 4,8 0 0
2 i 27 31,3
TI127 1 28,5 51,4 23,8
2 28,2 25,5 32,1
3 41,5 75,5 69,5
4 0,01 0,2 0
5 0,03 0,01 9,9
)y 98,24 152,61 135,3
TI1439 1 4,2 0,03 0,01
2 29,8 22,3 2,7
3 0 0 0
4 0,05 3,5 0,04
)y 7,05 25,83 2,75
TI1197 1 28,2 27 4,6
2 0 0 0
) 28,2 27 4,6
)y 164,49 254,74 176,65
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Taoauna 4
MomHOCTh, IPUXOAAIASICA HA OHOT0 a00HeHTa Kuuiaka Hlamnan

N | O6o3Hauenune MomtHocTh Yucno MoHOCTh NPUXOAIIASICS
TII kBA a0OHEHTOB Ha ogHOro aboHenrta, KBA

1 TII 277 100 28 3,57

2 TII 278 100 52 1,92

3 TI127 250 200 1,25

4 TI1439 250 50 50

5 TII197 250 40 6,25

Takxe cienyer OTMETUTh HEMPaBUIbHBINA BBIOOP MOIIHOCTH TpaHchopMaTopoB (Tabmuna 4).
MoIHOCTh, TPUXOAIIAICS Ha OXHOTO abOHEHTa WHUTAromero ot TpaHcopmartopa TII197
cocraBiseT 6,25 kBA, a ot TII 27 Bcero 1,25 kBA. IlocnegHss MOIIHOCTh SIBHO HEAOCTAaTOYHA,
€CJIM Y4eCTh HACBIIICHHOCTh IOMOB DPA3JIMYHBIMU JJIEKTPUYECKUM HPUOOpAMU: XOJOAUIHHHUKH,
TEJICBU30PbI, KOMIIBIOTEPHI, YTIOTH, JJICKTPUYCCKHE OBITOBBIC MPUOOPHI, MECTHOE H o0Iee
OCBEILIEHUE U TIP.) YCTaHOBJICHHAs MOIIHOCTh BCEX AIEKTPONPUOOPOB COCTABISET B cpeaHeM OT 4
1o 7 kBA. [1o maHHbIM TabIUIIBl 4 MOXKHO CAENATh 3aKII0UYEHUE, YTO JICKTPOCHAOKEHHS KUIILIaKa
[Ilamman TPOBEAEHO ¢ rPyOBIMH HApYHICHUSAMH TPeOOBaHHMI HOPMATHBHON JOKyMeHTaruu [8, 9,
10].

IToBbIlIeHNE HAIEKHOCTH 3JIeKTPOCHAOKEHUs!

B Hacrosimee BpeMsi OCHOBHBIM CIIOCOOOM 3JIEKTPOCHA0KEHHS CeJIbCKHX HACEJICHHBIX
NYHKTOB SIBJISIeTCSl MCIIOJIb30BAHUS BO3AYLIHBIX JUHUMH JJIeKTponepenay Hanpsixkenuem 10, 6
n 0,4 kB koropbie BBIIOJHAKTCH TOJAbIMM AJIOMHHHEBBIMH (THHA A) HWIM cTajde
amoMuHueBbIMH nposoaamu (tuna AC). B Hacrosilee Bpemsi uaeT noBceMecTHasi 3aMeHA
roJIbIX NPOBOAOB Ha u3oaupoBanubie Tuna CUII (camoHecymmii M301HPOBAHHBINH NIPOBOJ).

K unciy Takux mpeuMyIiecTB, CYIIECTBEHHO MOBBIIIAIOMINX HAACKHOCTD dJIEKTPOCHAOKEHUS
noTpeOuTeNel M yACHIEBISIOMUX CTPOUTEIHCTBO BO3AYIIHBIX JIMHUM C H30JUPOBAHHBIMHU
npoBoaamu (BJIN), MOKHO OTHECTH CIEAYIOIIHE:

* Bricokas HagexxHocth BJIU B o6ecnieueHnn morpeduTeset 37eKTpoIHEPTHEH.

* Pe3koe CHMWKEHHE OHKCIJIYaTAllMOHHBIX 3aTpaT, BbI3BAHHOE BBICOKOW HAJEKHOCTBIO H
OecrniepeO0HOCTBIO0 YHEPTO0OECTICUCHUS TOTPEOUTEIEH.

* B03MOXHOCTb COBMECTHOM MNOJABECKM Ha omnopax Ha BJIM mpoBogoB C pa3HbIM ypOBHEM
HaANPSDKEHUS ¥ POBOJIOB TeNIE(HOHHBIX JTMHUM.

» Uckmouenue ciaydyaeB Bo3HHKHOBeHHsI Ha K3 mexay mpoBomamu (a3 Wi Ha 3eMIIIO, a Takke
OTIaCHOCTH BO3HUKHOBEHHS TIOKapoB [16].

* Bricokas 6e3omacHocTh 06cmyxuBanus BJIN.

* OTCcyTCTBHE WM HE3HAUUTEIbHOE 00pacTaHue TOI0JIe10M U MOKPBIM CHETOM.

* CyuiecTBEHHOE yMeHblIeHUE 3aTpar Ha MOHTax BJIU, cBs3aHHOE ¢ BO3MOXKHOCTHIO MPOKJIAJIKH
CUII no dacamam 3qaHU# B yCIOBUAX TOPOJICKON 3aCTPOUKH.

* CHmxkenue moteps B mpoBoaax BJIM m3-3a ymeHblieHus Oojee yeM B TpU pa3a PEaKTHBHOTO
COTIPOTUBIICHUS.

* CokparteHre 00beMOB aBapuitHO-BOCCTAaHOBUTEIBHBIX paboT.

* 3HaYNTEIHLHOE CHIDKCHHE HECAHKITMOHUPOBAHHOTO 0TOOpa AekTposHeprun Ha BJIN.

OTmeTHM Takxe HEKOTopble HepocTaTku BJIN:

* bonpmas croumoctu CUII o cpaBHEHUIO ¢ HEM30JIMPOBAHHBIMU MIPOBOAaMHU Mapok A u AC.
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Pa3paboTka Bonpoca o0ecnieueHns 3J1eKTPO0e30NaCHOCTH

DNeKTpoycTaHOBKM HampspkeHrneMm 220/380 B BBIONHSIOTCS € TUIYX03a3eMJICHHBIMU
HelTpansamu (puc.l). OTcroma Bce MOMEIIEHHsS O CTENEHM OMNACHOCTH IOpPaXEHMs YeslOBEKa
JIEKTPUUECKU TOKOM I0/Ipa3AeisoTCs Ha Oe30IacHble, onacHele 1 0co00 onacHble. K 6e3omacHbIM
OTHOCSTCS TIOMEIIICHHS B KOTOPBIX TeMiieparypa He npesbimaer 30 °C, OTHOCHTENbHAS BIAXKHOCTD
He npeBblmaeT 75%, Mo He TOKOIPOBOAAIIMMI, HET BO3MOXHOCTH OJHOBPEMEHHO IPUKOCHOBEHHUS
K (ha3HOMY MPOBOAY M 3a3€MJICHHBIM KOHCTPYKIUSAM, HAJIMYAE XUMUYECKH AKTHUBHBIX Ta30B H
napoB. Eciu B moMemieHuu ecTh B HAJIMYMU XOTA Obl OJHO M3 OIpAaHMYEHHH, TO MOMELICHHE
CUMTAETCs OMACHBIM, €ClH 2 U OoJiee OrpaHMYEHHA, TO TOMEIIEHUE CYUTACTCS 0COO0 OMACHBIM.

CenbCKOXO03SHMCTBEHHbIE  IPOU3BOJCTBEHHBIE, JKMBOTHOBOAYECKHE M  INTHUIEBOJYECKUE
MIOMEIICHUS, HACOCHBIE CTAaHIIMHM, MOXHO C OOJbIIEHl BEPOSITHOCTH OTHECTH K 0CO0O0 OMAaCHBIM
noMemieHussM. To ke OTHOCUTCS M K OBITOBBIM  3JIeKTpOycTaHOBKaM. (OcoOeHHO eciu
AIIEKTPOYCTAaHOBKY MOHTHUPYIOT M SKCIUTYaTHPYIOT B IMOMEHICHHSX 0€3 HM30JMPOBAHHBIX II0JIOB
(KOPOBHUKH, ITUYHUKH, KJIAJJOBKH, JIETHUE KyXHHU, OaHH, AyILIEBbIe U T.II.
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Puc.1. Cers 220/380 B ¢ riryxo3azemMJIeHHOH HEHTPAIbIO
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Puc.2. Cers 220/380 B ¢ n30,1MpoBaHHOI HEMTPAJIBIO U ABYMS HYJIeBbIMHU IIPOBOAAMM
(paGoyuM M 32U THBIM)

OCHOBHOH NPUYMHON JAHHOTO ITOJOKEHHMsI SIBISICTCS HMCHoJib3oBaHue B ceTsax 220/380 B
TIIYXO 3a3eMJICHHYIO HEWTpasb (puc.l) W YeThipex MPOBOAHYIO ceTh (3 (a3HbIX MPOBOJA U OIUH
HYJIEBOI) 3T0 00yclaBIuBaeT To, uTo Oojee 95 % HecuacTHBIX CIIy4aeB CBSA3aHHBIX C MOPAKECHUEM
AIEKTPUUYECKUM TOKOM TPOUCXOJUT B TEMsax ¢aza-3eMiIsi, WK enu - ¢a3za 3a3eMJICHHBIE KopITyca
ANEKTPOyCcTaHOBOK. OTCI0/la €IUHCTBEHHBIM CIIOCOOOM YCTPAHEHUS CMEPTENBHBIX CIIyuyaeB H
ANIEKTPOTPAaBMATU3Ma SIBIISIETCA HW30JUPOBATh CE€Thb OT 3€MJIM M HCIIOJNBh30BaTh JBa HYJIEBBIX
npoBoAa: pabounii M 3amUTHBINA (puc.2.). OgHaKo B 3TOM ciy4yae MOSBISETCS HE0OXOIUMOCTD
pa3pabOTKU METOOB 3alIUThI OT OJHO(GA3HBIX 3aMBIKAHHI Ha 3EMITIO.

3amuTa OT 0JHO(A3HBIX 3aMBIKAHWIA Ha 3€MJII0 MOXKET OBITh pealn30BaHa Ha OCHOBE JIBYX
pa3HBIX MOAXO0M0B [8]: myTeM oOOIIEro HECeICKTUBHOTO KOHTPOJISI COCTOSIHHUSI HM3OJISIIIUH CETH
OTHOCHUTENILHO 3eMJIH; M30UpaTeNbHO (CENEeKTUBHO) NEHCTBYIOIIUMHU CPEICTBAMH, BBISIBISIOIINMHU
3aMBIKAHUS Ha 36MJTIO Ha OTJEIBHBIX TPUCOCTUHEHUSIX.

B cooTrBercTBUM C ONpENEIeHUEM CHUMMETPUUYHBIX COCTaBISIOMIMX HANpPsHKEHHUE HYJIEBON
MOCJIEIOBATEILHOCTH MPEICTABIIAETCS TaK:

Uo=1/3( E49 +E5o +Ecy). 1)
3neck E 40, Ezo, Eco - Bextopst DJIC da3 A, B, C OTHOCHTEIBHO 3eMIIH.

Ortcroa crneayer, 4To B HOPMaJIbHOM CUMMETPHUYHOM pEXUME, Korja MOTeHI[Mal HeHUTpanu
CETH PaBEH HYJIIO, a MOIYIH BEKTOPOB E 49, Epy, Ecy PaBHBI COOTBETCTBYIOIIMM MOIYJISIM BEKTOPOB
dazubix D/1C, HanpspbkeHue HyneBol mocneaoBarenbHOCTH B cetu Up=0.

[Tpu 3ambikanuu dassl C Ha 3eMITIO:

ECO =0 ) EflO = Eﬂc ’ Eeo = Eec . (2)

Torna

Uo :1/3( EA() +EB() +EC()):1/3(EA() + EB()):1/3( EAC +Egc):-1/3(3 Eco):- EC().
©)

Kak BumHO B BhIpaxkeHuu (3), IpyU METAUIMYECKOM 3aMbIKaHMKM (a3bl HA 3EMIIF0 MOJIYJIb
HaIpsDKEHUsST HYJEBOM TOCIIe0BATEILHOCTH paBeH Moayio (asnoit DJIC cetu. CnemoBarensHoO,
JEUCTBYIOIIEE 3HAYCHUE HANPSDKEHUSI HYJIEBOW TMOCIEIOBATEIHLHOCTH PAaBHO JEHCTBYIOIIEMY
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3HaYeHu10 (pa3zHoro HampspkeHus. HTerpaabHOe 3HAYE€HUE 3TOr0 HANPSIKEHUS MOXKHO KOHTPOIH-
poBaTh 4yepe3 TpanchopmaTop HanpspkeHus (puc. 3).
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Puc.3. Cxema KOHTPOJIsl HANPSI>KEHUsI HYJI€BO#i M0OCJIeI0BATEJIbHOCTH € IOMOUIBLIO peJie
MOJKJIKYAaeMOro K HelTpau ceTH
st KOHTpOJISI HANPSKEHUSI HYJIEBOM IMOCJIEIOBATEILHOCTH YacTO HCIOJIB3YeTCsl (QUIBTP
HANPsDKEHUS  HYJIEBOW  MOCIEAOBAaTENbHOCTH, IOCTPOCHHBIH HAa  OCHOBE  Tpex(azHoro
TpanchopMaropa HAmNpsDKEHHUS, BTOPUYHBIE OOMOTKH KOTOPOTO COCIWHEHBI 10 CXEMe
Pa3OMKHYTOro TpeyrojbHuka (puc. 4) [8].
3HaueHue HanpsbkeHus: cpabaThiBaHMs (B MaciiTade NEpBUYHBIX 3HAU€HUI) BbIOMpaeTcs 10
YCIIOBUIO OTCTPOMKH OT MaKCHMMAalbHO BO3MOXHOTO HAMpPsKEHHs HYJIEBOW IMOCIEI0BATEIbHOCTH,
BO3HHKAIOIIETO B KOHTPOJIUPYEMOI CETH B HOPMAJIbHBIX JIJISl HEE PEKUMAX:
Ucs > Uonpmax, (4)
3nech Ucs - nelictBytoiee (MEpBUYHOE) 3HAUCHHUE HAMPSHKEHUS CpadaThIBAaHUS
3aIlUTHI;
Uonpmax - HaOOJIbIIIEE BO3MOKHOE B HOPMAJIBHBIX PEKUMAX JCHCTBYIOIIEE
HaANPSDKEHUS HYJIEBOM MOCIIeIOBATEIbHOCTH.
3nauenne HampskeHUsT Uoppmax OMpEAENseTcs MPEAeNbHO JOMYCTHMBIM TMOTEHIIMATIOM
HelTpann Uy max, KOTOpPOE B CBOIO 04epelb O0YCIOBICHO CTETIEHbI0 HECUMMETPHH eMKocTel ¢a3
CETH OTHOCHTEINILHO 3eMJIH U cocTaBiisieT 5-10 % HoMUHAIBHOTO (hazHOro HanpsHKeHUs ceTH Ug oy

=3

F =
=

£ £ £

3
~~
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Puc.4. KoHTpoJIb Hanpsi:keHUs1 HyJIeBOH MOC/IeA0BATEJIBHOCTH ¢ MOMOIIBI0 (puiabTpa
HAIPSIZKeHHUs HYJIEBOM MOC/1e10BaTeIbHOCTH

KpoMme 3Toro HampspkeHHe HyJeBOH IOCIEIOBATEIbHOCTH MOKET BO3HUKATh B CETU Kak
MPOSIBJICHUE 3aMbIKAaHUM Ha 3€MJII0 B CMEXKHBIX (BHEIIHHMX) CETSAX U MOrPEIIHOCTEN TpaKTa u3Mepe-
HUil. B pe3ynbTare COBMECTHOrO BO3JEHCTBUSA 3TUX ABYX (DAKTOPOB OHO MOKET COCTaBUTH 3..5 %
U(b HOM*

HpI/IHI/IMaSI BO BHMMAHHUC BO3MOXHOCTL IOSABJICHHA HAIIPSKCHUA HYJIGBOP'I OoCJIICEAOBATCIBbHOCTHU
HOJ IeHCTBHEM BCEX OTMEUEHHBIX (PAKTOPOB, KaK MPaBUIIO, BEIOUPAOT:
Uc3 = 0,15 Uy yow- (5)

HanpsixeHnune cpabaTbiBaHus pesie ONPenesIeTcs ¢ yueToM Ko3pduureHTa TpaHchopmanuu
TpaHcdopmaropa HanpspkeHust K 1v:

Ucp: Ucs/ k TV (6)

[Ipr cTaHmapTHOM 3HAYCHHHM MAaKCHMAIBHOTO BBIXOJHOTO HAIPSDKCHUS TpaHchopMaTopa
(punbTpa) HanpskeHus HyneBoll mocnenoBatenbHocTH 100 B, Hampsbkenue cpa®aTbhiBaHUS pelie
paBHO 15 B. DT0O 3HaueHME HaANpsDKEHUs cpabaThbIBaHUS MHOIZIA YCTaHaBJIMBaeTcs O€3 pacueros,
T.K. OHO COOTBETCTBYET MHUHUMAJILHO BO3MOKHOMY HampsDKeHUIO cpabarbiBaHus peine tuna PH-
53/60/1, ncrosib3yeMoro B 3alllUTaXx.

HN3MeHeHus B cxemMe 3JIeKTpOCH36)KeHI/Iﬂ xkuniaka llamnan

Jlns ycTpaHeHus: HEJJOCTaTKOB B CXEM€ 3JIEKTpocHa0keHus kuiniaka [llamman HeoOXxoaumo

IIPOBEJCHUE CIEAYIOUINX N3MEHEHU!
e YMEHbLIUTH NpPOTsKEHHOCTH ceTH 0.4 kB;
e VYMEHbUIUTh €IUHUYHYIO MOIIHOCTH TPaHC(HOPMATOPHBIX MOJACTAHIUN NPU OJHOBPEMEHHOM

YBEJIMYEHUU UX YHCIIA;

IToBBICUTE YCTaHOBIIEHHYIO MOIHOCTD, IPUXOIALIYIOCS HAa OJIUH JAOM KHIIUIAKa,

YBenuuuTh npoTskeHHOCTh cetu 10 kB;

TpanchopmaTopHbie MOACTAHIIUN COCTUHUTD 10 TIETIIEBOU pacipeeIuTeILHON CXeME;

Bce nuHuMM snekTponepenayd BBINOJIHUTH CAMOHECYIIMMHU H30JIMPOBAHHBIMH MPOBOJAMH THUIIA

CUII nnm xabenem.
Bb10op unci1a, MOIIHOCTH TPAHC(OPMATOPHBIX NMOACTAHIMI U CXeMbI pacnpeae/MTeJIbHOM

ceru 10 kB
MoIHOCTb, MPUXOAIIASACS Ha OJHOTO a0OHEHTa B KHIIIAKe IamIaH Kosebnercs oT 6,25

kBA 10 1,25 kBA. [locneaHsst MOITHOCTh SIBHO HEJOCTATOYHA, €CJIM YYECTh HACBHIIIIEHHOCTh JIOMOB
Pa3IMYHBIMH BJIEKTpUUYeCKUM Ipubopamu. Hemoctatkom cenbekux anekTpuueckux cereid 0,4 kB
ABIIE€TCS OOJbIIAas UX HPOTSKEHHOCTh. 1l03TOMYy HamMHM NpeIoKEHO PEe3KO CHU3UTH PAa30BYIO
MOIITHOCTh TpaHC(HOPMATOPHBIX MOJACTAHIUSA 10 25 KBA M 3a10XHUTh B IPOEKT YCTaHOBIICHHYIO
MOIIIHOCTh OAHOro Jnoma paBHyio 4 kBt. B srtom cinydae ot ogHoro tpancdopmartopa OyAyT
3anuTasbl 6 oMoB. IIpu konndectse 370 ZOMOB B KMIIIIAKE CyMMapHasi YCTaHOBJIEHHAS! MOIIIHOCTh
Bcero kunuraka oyzaer paBaoit 1480 kBA, a konmuectBo Tpancdopmaropos — 60.
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Puc.5.I1etsieBas pacnpenenTeabHasi JIMHAA ¢ MUTaHUeM OT ABYX ¢ugepos 10 kB
noacTanmum 35/10 kA «lllamman»

s 6ecriepeboiiHOro cHabxeHusi aDOHEHTOB KUIIIaKa BCE TpaHCPOpPMATOPHBIE MOJICTAHIIMU
HEOoOXOUMO pa3ouTh Ha 4 Tpynmbl B KOTOPHIX TPaHC(HOPMATOPBI COSAUHHUTH IO IETICBOM
pacnpeenuTeNbHON CXeMe C MUTaHUuEeM OT ABYX (QuaepoB TpaHchopMaTOpHOM mojactaHimu 35/10
kB «llammnany (puc.5).

JJ1s OBBIIEHNS HAIE)KHOCTU 3JIEKTPOCHA0KEHHSI IPUMEM PACIIPOCTPAHEHHYIO B KPYITHBIX
ropoJiax paclnpeaeauTelbayto cetb 6-10 kB, BeIoIHEHHOM 110 NeTIeBON cxeMe. Jra cxema He aB-
TOMAaTHU3UPOBaHA, HO CO3JaeT BO3MOXXHOCTh JIBYCTOPOHHEIO MUTAHMS KaXI0H TpaHC(HOPMATOPHOH
noacranuuu. [loaromy netsieBas cxema NPUMEHSETCS JUIsl JIEKTPOCHA0KEHU S HJIEKTPOIIPUEMHUKOB
2-1i 1 3-1 KaTeropHid.

IletneBoii nMHUEN B paclpefeIUTENbHON CETH Ha3bIBAIOT JIMHHUIO, MUMEIOLIYI0 JABOWHOE
nutaHue. PaboTast mo pa3oMKHYTOH cXeme, OHa MOKET MUTAThCs JIMOO OT OJHOrOo, JIU0O0 OT ABYX
PII. Ha puc. 5 uzo0OpaxkeHa metyieBasi pacupeaeauTeNbHas JuHMs, nuTaomasics ot ognoro PII. B
HOPMAJIBHOM PEKHMeE IeTieBas JIMHUS pa30MKHyTa pazbeaunutenem Pl u kaxmas MaructpanbHas
auHus nutaercs ot PII HesaBucumo. [Ipu moBpexaeHnu Kakoro-inbo yyacTka Ha OHOM U3 JIMHUHN
ABTOMATUYECKU OTKJIIOYAETCs MAcisHBIM BhIKiItouaTenb Bl win B2 u npekpargaercs nuTaHue Beex
notpeOuTene, NpUCOEIUHEHHBIX K 3TOM JmHMM. Haliag MecTo MOBpEeXJEHHs, 3TOT Y4acTOK
OTKJIIOYAIOT ~ Pa3bEeIMHUTENIIMU U, 3aMKHYB nepembldky A—Db, pasbenunutenem Pl
BOCCTaHABJIMBAIOT NHTaHUE MOTpeduTenei. s Takod JHMHUM caMoe€ TSKeNoe MOBPEeXKJICHHE
ObiBaeT B Touke K, Tak Kak mUTaHME BCEH HAarpy3Kd OCYILIECTBISIETCS MO OAHOM JHMHUU. UTOOBI
IPOBOJIa MOTJIM BBIAEPkKATh YBEIUUYEHHYIO Harpy3Ky, HEOOXOAMMO CJIeNIaTh MPOBEPOYHBIN pacyer
JUHAW Ha HarpeB Mo aBapuilHOMy pexumy. Kpome Toro, Heo0XoaMMO MPOBEPUTH JIMHUIO Ha
notepio HanpspkeHus. KonuuecTBo TpaHcopMaTOpHBIX MOJCTAaHIMI, TPUCOEAUHIEMbIX K OJIHOM
neTie, He A0JDKHO ObITh Oonee 10—12 (T. e. 5—6 nmoacTannumii Ha nuHKUIO). HemocTtaTok metieBoi
CXEMBI 3aKJIFOYAETCSI B TOM, YTO B HOPMAJIBHOM pPEXUME PE3€pPBHASI NEPEMBIUKA HE MCIIOIB3YETCS
JUIS TIEpElayl SHEPTUN.

Bb100p pexi10oy3epoB s cXeMbl 3J1eKTpocHal0keHus kuuuiaka lamnan
CroBo «pekioy3ep» ele JeT JecsiaTh Ha3ajd OblIo aOCOJIOTHO HE3HAKOMBIM M CTAaBUJIO B
TYIOUK MHOI'UX OSHCPICTHUKOB. CGFOZ[HH K€ OHO CTaJI0O IMPUBBIYHBIM W JaKC MOJIHBIM. B
ILCP'ICTBI/ITGHBHOCTI/I, PEKIIOY3EPBI oL Ha3BaHUEM IIYHKT CEKIIMOHUPOBAHUA BO3AVYIIHBIX
JUHUHU CylIeCTBOBAIM ¢ Havyana 60-x rogoB mpouuioro Beka. Torga OHU MCIONB30BATUCH MOYTH
UCKJIFOUUTENIBHO 3HEProCHa0KaloIMMU OpraHu3anusMu Uit oOecrieueHust OecrniepeOOHHOro
3HCKTpOCH8.6)K€HI/IH HpCZ[HpI/ISITI/Iﬁ 1 HACCJICHHBIX ITYHKTOB, IMMOAK/IIIOYCHHBIX K BO3AYIIHBIM JIMHUAM
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anekTponepeaayn. M3-3a 601bpmuX rabapuToOB U BHICOKOH CTOMMOCTH KOHEYHBIMU MOTPEOUTEISIMU
9TH YCTPOWCTBA HE UCIIOJIE30BAIIHCE.

Puc. 6. Pexnoysep PBA/TEL "Taspuaa Jaexkrpux"

Hacrosmas peBostonus Mpou3o0Iuia mociie MosBICHN KOMIAKTHBIX U OBICTPOJICHCTBYIOIINX

BaKyyMHBIX BBIKJIIOYaTelde. OTO MO3BOJWIO ClelaTh pPEKJIOYy3epbl MalloradapUTHBIMH, C
BO3MO>KHOCTBIO Pa3MEIEHUs] HENMOCPeACTBEHHO Ha omope JIOII, a Ttaxke B 3HAUMTENBHOU Mepe
MO3BOJIUJIO aBTOMATU3UPOBaTh padOTy IMYHKTOB CEKIIMOHUPOBAHUS, KOTOpPbIE CTaJldi UMEHOBATHCS
aBTOMaTHYeCKUMH TyHKTamu cekiuonupoBanus - AIIC. Ilpu stom AIIC npuoOpenu riaBHYIO
yepTy, KoTopas ciaenana ux pekioysepamu - AIIC cranu HeoOCiyXMBaeMbIMH, TO €CTh HE
TpeOOBaJIM PEryJIspHOrO NMPUCYTCTBUS IepcoHana. [ImoHepoM B NpPOABMKEHMH PEKIIOY3€pPOB B
Hamie crpaHe sBisercs Kommanus "TaBpuma OnexTpuk" - TPOU3BOAUTENh BaKyyMHBIX
BhIKJItOUaTesel. [leppoHauanbHO BaKyyMHBIE BRIKJIFOUATEIH pa3padaThIBAINUCh Ui IPUMEHEHHs Ha
MOABOJIHBIX JIOJKAX, HO TOTOM OYE€Hb IPUTOAMINCH U Ha cyIie (puc.6).
Pexnoysepst PBA/TEL "TaBpuaa DnekTpuk" OTINYAIOTCS BBICOKUM KadeCTBOM M BKJIOYAIOT Pl
YHHUKAJIbHBIX TEXHUUECKUX PELIEHUI, HO IPECTABISIOT COOOH JOCTaTOYHO IOpOrue ycrpoiicrea. B
NOCJIEZIHEE BPEMsSI HAa DPBIHKE MOSIBUWIOCH MHOIO HE3aBUCHUMBIX IPOU3BOJUTENEH PEKIOY3€pOB,
KOTOpBIE HCIOJB3YIOT Kak BakyymHble BbIkIouarenu BB/TEL "TaBpuma Onexktpuk", Tak u
BBIKJIFOYATEIH JPYTUX OTEYECTBEHHBIX, A TAKKE 3apyOeKHbBIX IPOU3BOIUTEICH.

Pexiioy3ep cocrout u3 AByX yacTeil: BbICOKOBOJIbTHOrO Moayis (BM) u mkada ynpasneHus
(IITY), cBsi3aHHBIX MEXIy COOOM COeTMHUTETHHBIM KabeneM.

BbICOKOBONBTHBI MOJYJIb YCTAHOBJEH B BEPXHEHW YacTU OMOPBHI M MOJKIIOYEH K JIMHUU Yepes3
IIPOXOJHBIE N30JISTOPBl. BHYTpH BBICOKOBOJIBTHOTO MOJYJISl HAXOAATCS: BAKYYMHBIH BBIKJIFOUATENb,
TpaHchopMaTopsl TOKAa U TpaHCHOpPMATOP COOCTBEHHBIX HYXI.

[Ika¢d ynpaBieHHs YCTaHABIMBAETCS B HMKHEM 4YacTH OINMOPHI HA BBICOTE YEIOBEYECKOTO
pocra. B HeM HaxoaWTCs MHUKPONPOIIECCOPHOE YCTPOWCTBO 3alIUThl W OpraHbl PYyYHOTO
YIPaBIEHUS PEKIIOY3EPOM.

Anroput™m paboThl pekioy3epa ciaeayroommii. TpaHchopMaTopbl TOKA, YCTAaHOBJICHHBIC B
BBICOKOBOJIbTHOM MOJYJI€, U3MEPSAIOT TOK B JIMHUU U 10 NEPEJAI0T CUTHAI HAa TEPMUHAJ 3allUTHI,
HaxoJsAUIMics B IIKay yrnpaBiIeHus.
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MuKponpoleccopHblii TEpMUHAN 3aIIUThl CPABHUBAET TOK B JIMHUU (@ TakXke, BO3MOXKHO,
JIpyrue TmapameTpbl) C 3aJaHHBIMU ycTaBKaMu. Eciam Tekymue mapaMmeTpbl JIMHUHM BBIXOAST 3a
CPaHMIIBI 33JJAHHOTO JIMANa30Ha, TEPMUHA 3alIMThI BHIJAET KOMAaH/Iy Ha OTKJIIOYEHUE BAaKYyMHOTO
BBIKJTIOYATEIs, KOTOPBIN pa3pbeiBaeT 1enb. Ho Ha 3TOM paboTa pekioy3epa He 3aKaHUYHNBAETCS.

TepmuHan 3alUThI BBIACPKUBAET 33JaHHBIN TPOMEKYTOK BpEMEHH, Hanpumep, 1 cexkyHuy, u
MoJaeT Ha BAKYYMHBIM BBIKIIOYATEIb CUTHAI Ha IOBTOPHOE BKIIOUYCHHE (aBTOMATHYECKOE
noBropHoe BkItoueHue - AlIB). Eciaum HeucnpaBHOCTh Ha JIMHMM TIOCJIE€ OTKJIIOYEHUS HE
caMOyCTpaHUJIaCh, TO C TpaHC(POpPMATOpPOB TOKAa HA TEPMHUHAJ CHOBA MPUXOJMUT "TPEBOKHBIN
curHan", W 3alldTa CHOBA OTKIIIOYAET JHHHUIO. Tak MOBTOpsieTCS OT OJHOrO JO TpeX pa3, B
3aBUCHUMOCTH OT HAaCTpPOEK pekiioy3epa. Eciin aBToMaTH4eckoe MOBTOPHOE BKIIFOYEHUE HE MOMOTJIO
YCTPaHUTh HEUCIPABHOCTh, TO PEKJIOY3€p OTKIIOYAET JUHUIO, IEPEIAET MO JUHUU CBS3H CUTHAI B
JUCIIETYEPCKYI0 W KACT NpHe3a PEeMOHTHOH OpWrajbl, KOTOpas yCTpAaHMB HEUCIPAaBHOCTh Ha
JUHUHW, BPYYHYIO BKJIOYaeT pekiioy3ep. Coriacurech, 3TO BBITTISAIUT OYEHb KPACHBO - TOYTH
HMCKYCCTBEHHBIN MHTEIJICKT!

Pacyer TeXHHMKO-DKOHOMHMYECKHE  IOKa3aTeJed OT  TOBBINIEHHS  KadecTBa
JJIEKTPUYECKONH JHEPruM, HAJEKHOCTH 3IJIEKTPOCHADKEHMSI U JJIEKTPo0e30IacHOCTH B
kunuiake llamnan

Pa3zpaboTannbie BOMpPOCH OOEcIeYeHUs] KadecTBa DJIEKTPUYECKONM DHEPruH, HAIC)KHOCTH
AIEKTPOCHAOKEHUS U AIEKTPOOE30MaCHOCTH HE MOAJNEKAT MPSMOM SIKOHOMUYECKON OLEHKH, BBUAY
HEOOXOJUMOCTH COCTaBJICHHSI IIOJHOM MPOEKTHOM M CMETHOM JokyMeHTamuu. Iloatomy
SKOHOMMYECKUW pacyeT TMpOBEAEM MpPH CPaBHEHHUH CTOMMOCTH TMOTEPb JJIEKTPOIHEPTHH B
CYIIECTBYIOIIEH CXeMe OJIIEKTPOCHAOKEHUsI CO CTOMMOCTBIO IOTEPh B pa3pabOTaHHON cxeme
AIEKTPOCHAOKEHUSI.

[lorepu oHeprum B JHHHAX DIEKTpOIEpenad ONPENENSIOTCS KaK — IPOM3BEICHUE
COIIPOTHUBJIEHUS IPOBOJHMKA R Ha KBajipaT cpeHero 3Ha4eHus MPOTEKAIOIIEro Mo MpoBoJaM TOKa
I B Teuernn 24 4acos:

JUTst ofHO(ha3HOM ceTH

Wi=24(Ryy.; 11);

Ui Tpexdas3Hoi ceTu

Wi=3224(R,p;i I§).

BBuIy CIIO)XKHOCTH OIpeJeNieHs] CPeTHEro 3Ha4eHHs TOKa MPOTEKAoLIero Mo MpoBOJaM B
TEYEHUN CYTOK, BOCIOJB3YEMCs INPOW3BEICHHEM KBaJpaTa MaKCHMAJIbHOTO TOKa M BpPEMEHEM
UCIIOJIb30BaHUSI MAKCUMAJIbHOM Harpy3k (8 4acoB), Torja:

JU1st oTHO(ha3HOM ceTH

W;i=8[Rypi (ZP* ye:/U?)];
JU1st Tpex(da3Hou ceTn
Wi=8+3[Rp; (ZP? ,./U?)].
3neck XPyc— yCTaHOBJIEHHAs MOIIHOCTB BCEX TOTpeOuTenei, kBT;
U — ¢a3noe HanpspkeHue cetu, B.
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Tabauua S.
Pacuer morepsb 3j1eKTpUYeCKOii JHeprum B cymectsyromux cersix 10/0,4 kB B
3JIEKTpU4YecKol ceTu kuuuiaka Hlamnan

Ucern, | JlnuHa, Ry, Rup, 2Pyer, Wi I,
B M OM/KM Om kBT kBTteuac THIC.CYMM B T'OJ[
10000 2310 0,92 6,38 950 1.38
220 8400 1,28 32,26 950
220 4600 1,98 27,32 950
220 1200 3,16 11,38 950
z 70,76 950 31,67
> 33,05 4825

B pacuerax moTepp 3HEpPrMU B IMPOBOJAAX IO Pa3pabOTaHHON CXeMe 3JIEKTPOCHAOKEHUS
CyMMapHasi MOILITHOCTh aOOHEHTOB KHIILIaka Obuta mpuHsaTa paBHOUM 1480 kBA, u3 pacuera 4 kBA
Ha osiHOro aboHeHTa. OOuyro nnuny cetu 10 kB npunsinu paBaoit 3 kM. Cetb 10 kB BbinonHsercs
nposogoM trna CUIT-3 ¢ TpeMs: aTIOMUHIEBBIMH JKIJIAMU CEUCHHEM 35 MMX. OO11yt0 UIMHY CEeTH
0,4 kB, BBUly HE3HAYUTENbHOHN UIMHBI, OPUEHTUPOBOYHO NpUHAIN paBHOW 1200 M. PesynbraTsl
pacyeToB MpUBEICHBI B Tabiuie 3.3.

Ta6auna 6.
Pacyer noreps 3JjieKTpuYeckoii 3Heprun B pazpadorannbix cetsax 10/0,4 kB B djiekTpu4eckoi
ceru kunuiaka Hlamnan

Ucern, | JlnuHa, Ryx, Rup, 2Py, Wi I,
B M Om/km Om kBt kBreygac TBIC.CYMM B I'0J1
10000 3000 0,92 2,76 1480 2,99
220 1200 1,2 1,44 1480 1,56
X 4,55 664

AHanu3 MPOBEACHHBIX PAacYeTOB MOKa3all, YTO KpoMe 00ecredeHHs KauyecTBa ANEKTPUIECKOM
SHEPTUM, HAJCKHOCTH OJJICKTPOCHAOKEHUSI U IJIEKTPOOE30MaCHOCTH, pa3paboTaHHAs cXxema
aneKkTpocHaOxkeHus kunmaka [[lamMmnaH mo3BoJseT 3a CUeT CHIKEHHUS MOTEPh B DJIEKTPOIHEPTHH B
CETH CHU3UTH 3aTPAThl HA MTOTEPH DJIEKTPUIECKON YHEPTUU B pACTIPEICIUTENBHBIX ceTsaX Ha 4825 —
664 =4 161 TbIC. CYyMM.

3AKJITIOYEHUE

1. OCHOBHBIM NPEUMYIECTBOM CAaMOHECYIIMX H30JMPOBAHHBIX MPOBOJIOB SBIIAETCA
BO3MOKHOCTh MX MOHTa)Ka Ha YK€ HaXOJSIIUECS B IKCILTyaTallK Onopskl. JIjist 3Toro HeoOXoaumo
MCIIOJIb30BaTh MOJIEPKUBAIOLINE, HATSXKHBIE, OTBETBUTEIbHBIE U COCIUHUTENbHBIE 3aKUMBI U
JIpyrue 3JIEMEHTHI TMHENHOM apMatypsl 1t kperiennss CUII k onopam.

2. CenbCKOXO3SIICTBEHHBIE TMPOW3BOJICTBEHHBIC, XUBOTHOBOJUECKHE U TTHUIIEBOJYECKHE
MTOMEIICHHS, HACOCHBIE CTAHI[UU, MOXKHO C OOJIbIIIEH BEPOSTHOCTH OTHECTH K OCO0O0 OMacHBIM
noMmenieHusiM. To ke caMoe OTHOCUTCS U K OBITOBBIM 3JIEKTpoycTaHOBKaM. OCOOEHHO eciu
AIEKTPOYCTAHOBKY MOHTHUPYIOT W OJKCIUTYaTUPYIOT B TIOMEIICHHSIX 0€3 H30JUPOBAaHHBIX II0JIOB
(KOpOBHUKH, ITUYHUKH, KIAIOBKH, JICTHUE KyXHHU, OaHU, TyIIEBbIE U T.II.

3. OCHOBHOW NPUYMHOMN JTAHHOTO TOJIOKEHHUS SBISIETCS] UCTIOb30BaHue B ceTsax 220/380 B
TIIyX0 3a3eMJICHHYIO HEHTpallb M YeThIPEX MPOBOAHYIO CeTh (3 (ha3HBIX MPOBOJA U OJUH HYJICBOK)
3TO0 00yciaBnuBaeT TO, 4To Oosnee 95 % HecUyacTHBIX CIIydaeB CBS3aHHBIX C MOpPaXKEHHEM
AIIEKTPUIECKUM TOKOM MPOUCXOIUT MpHU B Iensx Qasza-zemis, win (aza 3a3eMIICHHBIE KOpITyca
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ANIEKTPOYCTaHOBOK. OTClo/la €IWHCTBEHHBIM CIIOCOOOM YCTpaHEHUS CMEPTENbHBIX CIy4aeB H
JNIEKTPOTPABMATU3Ma SIBJSIETCS H30JMPOBATh CETh OT 3€MJIM W HCIOJIB30BAaTh JBa HYJIEBBIX
npoBoJa: pabounii M 3alTUTHBIMN.

4. 3amura OT 0MHO(A3HBIX 3aMbIKAHUIl HA 3EMIII0 MOXKET OBITh pean30BaHa Ha OCHOBE JIBYX
pa3HbIX TOIX00B. Bo-TiepBhIX, MyTeM 00IIero (HECeIEeKTUBHOTO) KOHTPOJS COCTOSTHUS M30JISIIUN
CETH OTHOCHUTEINILHO 3eMJIH. BO-BTOPBIX, H30MpaTEebHO (CEICKTUBHO) ACHCTBYIOIIUMHU CPEIICTBAMH,
BBIABJIAIOIIMMU 3aMbIKAHUA HA 3EMJIIO Ha OTACIIbHBIX NPUCOCAUHCHHUAX.

5.J171sl KOHTPOJIS HANPSIKEHUS HyJIEBOM MOCIEN0BATENLHOCTH YaCTO MCMONB3YETCS (DHIIBTD
HalpsDKEHUsT  HYJEBOW  IOCIIEAOBAaTENbHOCTH, IOCTPOEHHBIM Ha  OCHOBE  Tpex(a3zHOro
TpanchopMmaropa HamNpsHKCHUs, BTOPHUYHBIE OOMOTKHM KOTOPOTO COCQMHEHBI 10 CXeMe
Pa30OMKHYTOI'O TPEYTOJIbHHKA.

6. Jlns ycTpaHeHHs HEAOCTaTKOB B CHCTEME JJEKTpocHaOkeHus kunuiaka Illamman
HE00XO0/MMO: YMEHBLIUTh MPOTSHKEHHOCTh cetu 0.4 kB; yMEHBIINTh €IMHUYHYIO MOIIHOCTb
TpaHC(OPMATOPHBIX MOACTAHIUI NP OJHOBPEMEHHOM YBEJIWYCHWH WX YHUCIA; TOBBICHTH
YCTaHOBJICHHYIO MOILHOCTB, IPUXOZSAIIYIOCS HAa OJUH JIOM KUIUIAKA; YBEIUYUTH NPOTSHKEHHOCTD
ceru 10 kB; TpancopMaTopHbIe MOACTAHIIMHA COSTMHNUTH TI0 METIIEBOM PaclpeaeIuTeIbHONU CXeME;
BCE JIMHHUM DJIEKTPOIIEpenay BBIIIOJIHUTH CAMOHECYIIIMMH M30JIMPOBaHHBIMU TpoBoaamu tuna CHUII
WK KabeneMm.

7. IlooToOMy HaMu MpPEUIOKEHO PE3KO CHHU3UTHh Pa3oBYI0 MOIIHOCTh TPaHC(HOPMATOPHBIX
nojcTaHus 10 25 KBA 1 3a10KUTh B IPOEKT YCTaHOBJIEHHYIO MOIIIHOCTbH OJIHOTO JOMa paBHYIO 4
kBT. B 3TOM cayuae ot ogHoro tpanchopmaTtopa OyayT 3anutanbsl 6 qomoB. Ilpu komauuectse 370
JIOMOB B KHIIJIAKE CYMMapHasi YCTaHOBJICHHAsI MOIITHOCTh BCEro Kumuiaka oyaet paBHoit 1480 kBA,
a KonuyecTBO TpaHchopmaTopoB — 60. [l GecniepeCoiitHOro cHaOxeHus aDOHEHTOB KUIIIAKa BCe
TpaHcQOpMaTOpHbIE MOJICTAHIIMK HEOOXOAMMO pa3OoUTh Ha 4 TPYIIBI B KOTOPBIX TpaHC(HOPMATOPbI
COCMHUTh IO TETJIEBOM paclpeleNUTeNbHOM cXeMe ¢ MUTaHueM OT JByX (uAepoB
TpancopmaropHoit nojactanuu 35/10 kB «Illamnany.

8. Pasnenenue BO3AYIIHOW JMHUM Ha CEKLUUMH MPOM3BOIMIOCH C TIOMOIIbI IYHKTOB
CEeKLIMOHUPOBAHUS — peKiIoy3epoB. [losBiIeHNEe KOMIAKTHBIX M OBICTPOAEHCTBYIONIMX BaKyyMHBIX
BBIKJIFOUYATEIeH MO3BOJIMIO  CAENaTh PEKIOy3ephl  MajiorabapuTHBIMH, C  BO3MOXKHOCTBIO
pasmenieHusi HemnocpeacTBeHHo Ha omnope JIOII, a Takke B 3HAYUTEIBHOM Mepe MO3BOJIUIIO
aBTOMAaTH3UpPOBaTh pabOTy NYHKTOB CEKIMOHUPOBAHMS, KOTOpbIE CTadlM HMMEHOBATbCS
ABTOMAaTUYECKUMHM ITYHKTaMu ceKIMOoHUpoBaHus - AIIC.

9. AHanu3 pacueToB TEXHHMKO-)KOHOMMUYECKMX TIOKa3aTesledl BBIIBUJI, 4YTO KpOMeE
oOecrieyeHHss  KayecTBa  AJIEKTPUYECKOM  DHEPrHM, HAJEKHOCTU  JJEKTPOCHAOXKEHUs H
AIIEKTPOOE30MaCHOCTH, pa3paboTaHHas cxema 3JeKTpocHa0keHus kunuiaka [llammnan mo3Bosnser 3a
CYET CHIKEHHS MOTEpPh B AJIEKTPOIHEPIMH B CETU CHU3WUTH 3aTPaThl HA MOTEPU DJIEKTPUUECKOM
SHEPIUU B pacrpepenTeNbHbIX ceTax Ha 4825 — 664 = 4 161 Thic. cymM.
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VJIAYF HHCOH BA 2HT SAKHH IYCTHUM XAKHUJIA AUPUM TABCYPOTJIAPUM
Kyp6on Yapues

“TUKXMMHU” munnuti maoxuxom yHusepcumemu npogeccopu, u.@.o., npogheccop

Xaér naBpuga OYIFrycH aBioj yuayH 00 MepocC, IIOTUP] BOPUCIIAp, SKMH KUIIHJIApU Kajaouaa
qyKyp Ydmac U3 Ba XypMmar KOJAupuIl Imapadura mysccap Oyna onaaurad, AJJIOXHUHT HazapH
TYIITaH, ry3al THCOHUH (ha3uiar Ba XUCIATIap COXUOM, TAHUKIIM OJMM OYJIMII Xammara XaM Hacuo
srMaiinu. Kampnouum, Macmakpommm Ba 9T skuH Jlyctum Yiram Ilapraeeuy aHa mryHpjaif
MHCOHJIADHUHT €pKUH HaMOEHJa Ba THUMcOJIM cudaTtuga OyTyH YMPHHM 33TYIMKKa, MHCOHJApra
SXIIAIMK KAJTUIITa OaFuIiarad TATaHTIH pax0ap Ba MeXprOOH MypaOOomii qapakacuaa cepMa3MyH
Ba CEPKUpPpa XalT KednpHo yranunap (AJIoX posu OYiICHH).

Vram Iapaaesua Gunan mik 6op Gymman 34 #iunm MyKaanam Y36eKHCTOH (aBBaITH COGHMK
VYpra Ocué) KMIIOK X¥KANMIH MKTUCOMMETH WIMHI-TAIKUKOT MHCTHTYTHIA TAHHIITaHMAH.
bupunun cyx6atnaék Oy MHCOHHUHT OMpJaHWTra acoCHi MaKcajara YTUIN Ba OyHUHT cababiapuHu
KHUCKa 0aéH 3Ta OJMILM MEHUHI 3bTHOOPUM Ba XypMaTHMMHHU KO30HIaH 31u. Mabiaym Oyiauminya
ymby TaHMIIMINTA Kajap Ykram IlapiaeBuu MEHMHT pecypeiap Ha3apHsCH, KMILIOK X3YKalIurd
pecypc calloXUATH MKTUCOJIUM KaTeropusicura OarMIIUIaHTaH JOKTOPJIMK JUCCepTallusM Ba OOIIKa
WIMMIA acapilapyMHM YpraHraHjapuHy, Iy HYHanuIjga WIMHA-TaIKUKOT OJIMO Oopuil ucraru
OopauruHu OMAaupud, MIMHUM MaciaxaTdu OYiMIIra po3WiMK cyparaH >1u. by TaknupHu MeH
XypcaHIUWINK OunaH KaOyn KuiaraHmMaH, OyHHHT acocwil cabaOnapumaH OUpW HIyHAA SIHKH,
nactial pecnyOnukaMu3 mapoutuja akaaemMuk JKopuiikoran Menyryinae (Anox po3u OYIICHH)
arpocaHoaT MaXMYH CaJIOXHSTH (arpONpMBIIUICHHBIA TOTEHIHAN) MaB3yCHAAa WIMHN-TAIKUKOT
uIIapu oiaub Oopras, KeHUH 3ca KMIIUIOK XY>KalIUTH pecype CaloXUsATH OYiinda TaIKUKOTHH JaBOM
STTUPULI MEHTa HacuO 3TraH d/u.

Vxram IMapnaesuuna ymby MaB3y Ba y GHIaH GOFIMK MyaMMonap 6yiinua ayKyp GHIAM
MykaccaM OVJIraHJIWIM Ba pecypciiap Hazapusacu Oyinda sHa OUp MKTHAOPIM TaIKUKOTYH
IIAKJUTAHTAHJIMTY MEHU KyBOHTHpraH »au. LIyHWHr yuyyH XaM Kucka BakTaa J[YCTHUMHUHT
JOKTOPJIMK JUCCEPTAIMACHHUHT apXUTEKTOHWKACH Ba WII pPEXaJapuHU TY3UO OMprajukia WOl
OonutaraHMu3. IbTHOOPIIM TOMOHH IIYHJAKH, OM3HUHT UIIJApUMHU3AaH (apKiIM paBUIIga Y3UHUHT
JUCCEPTALMSICUHU arpap CEKTOp CaJOXHUATH MyaMMoJiapura OaruMIUIAIINHM alTuO, ¥3 QUKpH Ba
FOSICUTa 7dra SKaHJIUTUHU acocnad Oepran »sau. Ba Huxoar 2003 iinnna auccepranus
MyBa(aKKUATIM XMMOS KIIMHTaH Ba YKTaM IlapjaeBud MKTHCOA (AHIApH JOKTOPH HIMHMIA
JApaKACHHM OJMINTA Mysccap OYNIraH SIu. Y36eKHCTOH MKTHCOAMI MIM-(DaH coXacuaa sHa Oup
TaNaHTIIM Ba TAHUK/IN o1uM cudaTuaa Yiram [TapiaeBid KeHHHIH UIMHUIT GaONMATHHY KHIUIOK Ba
CYB X¥>KalIMId uxTucociauruaa gancada Ba ¢aH JOKTOpJIapH Tai€prain Macajiajapura anoxuja
9bTHOOP KapaTau. by WHCOHHWHT TamabOycu Ba cabii-XapakaTH HATHKACH YIapOK WHCTUTYTAA
08.00.04-Kunumok X¥y>Kamuru UKTUCOAMETH HXTHcocauruaa VaMuil KeHramr TamiKuil STHIAN Ba
OyryHra kaaap $haonusaT Kypcatud KeIMOK/a.

V30KHM Kypa ONaJuraH, SHIWIMKIAPra WMHTHIyBYaH YKTaM IlapJaeBHUHMHT siHAa Gup
TaxCHHra Ca30BOp HIUIapuaaH Oupu cudatuaa HyQy3Iu XOPMKMHA OJIMIMl TabJIUM Ba WIMHIL-
TaJKUKOT Myaccacaiapy OWJIaH ¥3apo WHTErpalus ajJoKaJapuHU PUBOMXIIAHTHPHILI, HKTHIOPIU
MaxXaJUTiil €NUTapHH dYeT dJulapa TaxXxCWJI OJIMINTa Ba YJIapHU JOUMHNA KyJUTaO-KyBBaTJalira
KapaTwirad (paosMsaTHHH aloXuJa YbTUPO(d ITUI TO3UM. YMyMaH, KaapAoH JYCTUMHUHT WIM-(haH
coxXacuJard Ba IOKOPH Majakajid WIMUN Kaapiap Taiépnam Oyiinua >KOHOO3JIMK KypcaTra
UIIapu OCHUXOs YJIKaH Ba yJapHUHT XaMMAacuHU ymoOy caTpiapra curaupuin mymkys. Ly 6owuc,
Oy Ynyr nHcoH OmtaH OoIKa Macaianapaa Kyn GuKp aamariap dIuK.
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Kymnanan, um kaOMHETUAArd CyXOaTUMU3HUHT OMpHIa Ma3Kyp MHCTUTYTHH YHUBEPCTUTET
MaKOMHM/Ia TAIIKWJI ATHI Ba YIIa AaBpAa TaKIUpH MaBXyM OYynub Typran, Oup maitinap HadakaT
Vpra Ocué mukécuna, 6anku cobuk UTTUdOKIa XaM Hydys3mu Xucobmanran Kuuuiok xyxamurn
uktucoquérn WTUHM yHuBepcuTeT TapkuOuru osuim TakiupuHU OepraHumiaa, OupAaHura
Cyx0aTHH y37apu JaBoM ITTHPUO, Oy Oopana TaIKWIMH-XyKyKUH Wuiap OONUIaHTaHWHU alTraH
smumap. Xa, 6yryn Vkram IlappaeBud GommmaraH HIUIAp Ba Op3y-MakKCaiIapd pyeobra UmMKmu
(ApBoxu mox 0yicuH). AWTranjaii, ScuMra TyIIIH, Iy CyXOaTUMU3HUHT OXHUPHJIA, MEHU Ky3aTHII
maiiTuaa KymuMra 6up kuto6 Gepmumap. By Hamp é3yBunm YkTaM XaKUMaIMHHHT “SIXIIMIMK
GOFMHMHT 6OFOOHKM™’ HOMIM acapW SkaH. By KHTOOHWHI TYFHIMIINIA acocuii caGabum Ba
Tama66yckop cudatuna Yxram ITapraeBUYHHHT XU3MATIApH GEHMXO0S CAIMOKIH. ACApHUHT y3aru
Ba MasMyHuHu Jlyctumunnr manapu-0y3pykBopu [lapaa otamusHuHT 60cub yTran xacr
CYKMOKJIapu, caboKIapy Ba pax0apiuk GaoausTH, IIyHUHTACK, Oy yJIyF MHCOHHUHT HOPATIIH Ty3a
dasunar Ba xucinariapu, Oapuara ¢akaT SXIIWIMK KWIraHiaapu, €paam OepraHiapu, Kajpiap
Taii€pmam Ba 6omiKa xadxanapaaru GaoausaTd MOXUPOHA pea 0aéH KUIMHTaH.

Opamuiinuk, Mexp-okuOaT Ba MeXpuOOHIMK OoOujga TeHrcus —OeHazup Vkram
[TapraeBnaHuHT Hadakat dap3aHmaiapu, OATKK IMIOTHPAY-Tajladalapra XaM BaTaHTa Ba Y3 XaJKura
COIUKIMK TYWFYJIapUHHM CUHTIUPUIIL, CUAKM IWIAAH XHU3MaT KWK, aTpoduaruiapra akar
SAXIIWIAK KAIAI Oopacunaru tapOusich [lapna oramusra 60pu0 TaKaIMIIMHHM TabKUJIAII SKOH3.
[Tapna ortamu3 48 €miga, SHr HABKUPOHJIMK HaTHIA OAMN HOTYFPU >KappOXJUK HaTHKacuaa Oy
OJAMHHM TapK 3TraH KyHJa 3 smap YKTaM TyMOHAT OJaMiiap HHMFUIAPMHUHT CabGaGMHH TyIIMHA
OJIMaraH XoJj/a y3u xaMm Lalkarop Ky3 émuiap TykkaH. KelimHuanuk yiraiiran capu llapna otanu
TaHWTaH, Oupra HWIUIaraH KUIMIWIApAaH CYpad-CypHIITHPUO TYIMK MabIyMOTJIAp TYIUIaraH Ba
Y3uHUHT Oapua coxanapaard ¢paoiausTuia ynapra acocianrad. bynu, macanas, knuuk yriau Caprop
VKTaMOBHY THMCOIHIA KYPHII MyMKHH. Y MU )KaMFapMacH ifyIIaHMacy OMIaH AHIJIHSA TaXCHIT
onraH, Hy¢y3nu OaHkIapja MIUIarad, 6apya UMKOHMSTIAp MaBxXyJ Lapoutda siuarad Capuaop 5
Huan CcyHr ¥3 *OHOXKOH BaraHura, XaJKUHUHT Ba OTa-OHACMHUHI Oarpura KauTuO KearaHjiuru
acmua apBasioMbop Yiram IMapmaesud Ba MexpuGoH OHacH 3aMUPAaXOHHHHT TYEPH TapOHACHHUHT
MaxCyJIM SKAHJIUTUHU TabKUJIAUI YPUHIIH.

Vmyman, Ykram [lapaaeBud TaGuaTtan yTa KamMTap, CAMAMUIA, Xap KaHAail EM1ary KUImmap
OwaH yMyMu# THJI TOHa OJraH, CyxOaTJomMHU cabp OuiiaH oXupurada THMHIIA0 KEWHWH Y3WHUHT
buKp-Myaoxa3acu Ba KApOPUHU aifTraH, Oupra Unutaérrad 6apya KaTTaro-KMYUK KUIIMIapra JOuMo
AXIIMIMK Ba FaMXYpJIMK KypcaTa oOJrad, MIOTHpJJIapura xam TajladuaH, Xam JOuMO V3
épIamiapuHu asiMaraH MeXpuOoH MypaOOuii, 3m-topT MaHpaaTiapuHu ¥3 MaHpaTIapuaaH yCTyH
KyHran (uaoin MHCOH Oyiraniapu xed kumra cup smac. LIlyHuHT yuyH xawm, ¥3 JaBpUHUHT €TYK
pax6apyl Ba HKTHCOIYHM ONUMH, GAFPH KEHI' KOMIJI MHCOH YkTaM IlapaeBUUHMHT PKUH XOTHPACH
XaMUIIa KaTOMMHU3/1a MyXpJIaHuO KOJIaIx.

20 Ykram Xakumann. “SIXumk GornsuHr GorGoHN”.-T.; UynmoH HoMHIary HampuéT-maroaa
wxoauit yin”, 2011.-94 Ger.

107



USE OF ELEMENTS AND ALGORITHMS OF INTELLIGENT SUPPORT IN THE
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Abstract

The article deals with the choice of criteria for efficiency, applicability in measuring
technology, analytical andconstruction, on the basis of which a methodology for assessing the
quality of structures of measuring devices of moisture of materials of the agro-industrial complex is
proposed. The standard deviation of the random error characterizing the accuracy of measurements
is shown. A complex efficiency criterion is discussed, including the dominant particular parameters:
accuracy, reliability, cost, allowing to solve the problem of optimal design of humidity control
devices for the materials under consideration. As an optimal option, a differential measuring device
is analyzed, which practically eliminates random and systematic errors and makes it possible to
design a multiparameter measurement method that considers the features of a heterogeneous
environment, such as bulk grain materials of the agro-industrial complex

Keywords— design, efficiency criteria, moisture of materials, moisture measurement,
error, standard deviation, accuracy, reliability, measuring device

Introduction

Currently, an extensive material has been accumulated that illuminates the physical
foundations of moisture-measuring (high-frequency, ultra-high-frequency) method of measuring the
moisture content of various materials of the agro-industrial complex (AIC), numerous designs of
measuring devices have been used and proposed for implementation [1-10].

Analysis of literary sources [11-15], as well as a number of scientific studies
[16-20] aimed at the development of methods and synthesis of measuring transducers of agricultural
materials, there are no data on such important issues of modern instrumentation as the use of
efficiency criteria, on the basis of which the quality of measurements is assessed and the structures
of moisture measuring devices are optimized.
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The construction of private and complex criteria for the effectiveness of information
converters (IC) is one of the most important and complex stages of external design [21]. External
design of IC is understood as the design of external parameters characterizing the accuracy of
measurement, speed, reliability and cost, each of which can be considered as a particular indicator
of the quality of IC [22].

Due to the fact that particular indicators characterize the quality of IC only from a certain
angle and do not give a sufficiently complete picture of its effectiveness as a whole, in practice they
use a complex (generalized) criterion of efficiency Q = (addekr)/(3aTpaTsr), Which connects in
the required proportions the main, most important functional and cost particular indicators, such as
"accuracy-cost™ or "speed-cost"” [23].

Various information criteria are used to characterize IC. This is an entropic error, the speed of
information transmission, information ability, etc., which have a certain metrological color [24].

On the basis of these information criteria in the theory and technique of information
transformation, generalized criteria for the effectiveness of IC are designed, which, along with the
accuracy of measurements, also allow to consider the reliability and cost of converters [25].

Proposed Methodology

Automation of production processes, and especially where perishable raw materials are
processed, requires the use of express methods for controlling its basic parameters, providing the
desired expected effect from the introduction of automation systems. There are still losses due to the
lack of means of express determination of the moisture content of raw materials.

For the choice of method and synthesis on their basis, the IC of material moisture control and
control of technological processes of industrial processing of agricultural materials allows us to
conclude that humidity plays a dominant role in the formation of the quality of the final product and
the optimization of technological processes at various stages of its processing.

For these purposes, in practice, most researchers use the electric (dielcometric) method of
measuring the moisture content of bulk materials of the agro-industrial complex. The dielcometric
method for measuring the humidity of the materials in question is based on the dielectric constant of
the material. Recently, the main task in most cases was given to technical tasks and, to a lesser
extent, to scientific ones: the study of the properties of the studied materials as objects of automatic
control, the justification of the type of devices and their metrological parameters, based on their
properties and grade of agricultural materials and the conditions for their collection, transportation,
storage and industrial processing.

Studies of the electrical properties of the grain mass significantly expand the existing
understanding of the factors affecting its electrical properties and make it possible to implement
scientifically based methods for calculating the parameters of primary transducers and measuring
circuits of humidity control devices [26].

Outcomes

To meet the basic requirements of the considered method and build a comprehensive criterion
for the effectiveness of IC in [27], a heuristic algorithm for the synthesis of partial parameters of the
following type is proposed.

3600
_ (Ao+Amu)
O = o @ma: @

Where: R is an estimate of the average information performance, characterizing the amount of
information about the converted signal into a unit of time, when the measurement accuracy is taken
as the dominant parameter;

B — IC performance (number of conversions per second);

X is an uninformative characteristic of accuracy;

R™IR[ 19H-BaB x T
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C;- cost parameters;

qr, 98, 9u, 97 - Boolean variables that take the value 1 if the corresponding parameter is
dominant, and the value 0 - otherwise. Moreover, variables qg, qr, 95, q;- must satisfy the following
ratios:

qr/\qr = 0, qr\qg = 0, qi\q; =0, arN\qu\qs/\q; = 0,

Where A - is the symbol of the logical conjunction operation.

Algorithm (1) allows you to obtain a broadcriterion for the effectiveness of IC, which have
the properties of prostate representativeness and versatility, which will later be used in the
engineering assessment of the quality of the structures of measuring devices. Mass moisture ratio
(MMR) is one of the main qualitative indicators of AIC materials, it is advisable to take the
accuracy of measurements as the main particular parameter when building complex efficiency. At
the same time, accuracy isa vector parameter determined by the static and dynamic components of
the resulting error. The resulting error in this case can be considered as the output signal W(;, of
some multifaceted nonlinear dynamical system, the input signals of which are the convertible signal
Ut)- To characterize the errorW), we will use such functionalities that reflect individual properties
of the error that are of interest in a particular situation. Such functionalities include, in particular,
modules of maximum relative and reduced errors, confidence interval, modulus of relative and
reduced errors of standard deviation (SD), dispersion of error, etc. [27].

On the basis of the SD, a number of authors [28], in the field of measuring instrumentation -
P.N. Novitsky, in the field of analytical instrumentation in the design of fluorescent analyzers -
Prof. 1.V. Korablev and Prof. M.V. Kulakov, the deviations of the real characteristics of devices
from the nominal ones, due to such random factors as the change in the radiation power of the
electromagnetic wave, the variation in the transmission coefficients of receivers and radiation
amplifiers, etc., i.e. the studied factors caused by the instability of the parameters of the scheme and
the intrinsic noise of the IC, on the basis of which the quantitative statistical criterion of the quality
of IC is formed - the SD of random error.

Currently, very effective methods forsuppressing systematic error have been developed, for
example, the method of periodic verification of two points of the instrument scale, often performed
automatically [28] or this error is considered during calibration, or by the substitution method, etc.

From the point of view of the application of coex and the conditions under which this
criterion most fully characterizes the quality of 1C, we will use the model presented in Fig. 1.

¢

W

Fig.1. Converter Information Model
Where: x is the measured value;
W — measured output signal;
X  n—uninformative influencing factors;
{ — IC's own noises.

From Fig.1 it can be seen that the output signal of IC depends not only on the measured value
X but also on the parameters of IC, the conditions under which the conversion is carried out
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(temperature, pressure, ambient humidity, etc.), i.e. uninformative parameters x, (X, + x = 1) and
own IC noise.

Considering the listed characteristics of the transformation functions, we will write in the
following form

w =f1(x,fn, U'Z) (2)

Where U determines the IC parameters and external measurement conditions. The type of
function f;depends on the method of analysis and the structure of the IC. The ratio (2) is a
mathematical model of the IC. This model may be adequate to the real IC when measurements U
change significantly slowly than transients are established in IC, i.e. when there is at least a quasi-
static measurement regime. When quasi-static is performed, vectors X, U, { are random variables.
Therefore, under real conditions, the response of W IC is a random value (even with a fixed but
unknown value of x). This fact leads to the involvement of statistical criteria for the quantitative
assessment of the quality of IC.

If the deterministic function WW(x) is called the nominal (average) value of IC, which
characterizes the transformation of x to Wg of nominal conditions, i.e. when the vectors xy have U a

A A
nominal value %of n, ﬁ, and there is no eigenstate noise ({ = 0), then provided that there are few
A

deviations Ax, =%, -x, AU =U — U ; of the nominal conditions (6x, = A;f“ K 1,0U « 1) the
expression (2) at fixed x can be decomposed into a series by the powers of the incrementsx , U, {.

Limiting ourselves to linear approximation (due to the smallness of deviations &,, U, ¢) in the
A A

vicinity of the nominal point with coordinates X\, ﬁ, , ¢ we get

aw

A
- aw
W'AXH'l‘E

A
W'AU'F—{

SR

A
AW =W —W =

¢ (3)

A
Where: AW- uncontrolled deviations of the signal W from nominal W, caused by random
factors A x,, , AU &
The value AW characterizes the error IC reduced to its output. with a fixed x , the error AW
causes an error in the evaluation of the measurements of the value x

aw
AW = ——=5§"Ax.
dx
Where: § = Z—V: |W — nominal sensitivity of IC.
Ax = x — X - Absolute error in estimating x.
A quantity Ax (as well as AW a random one; the properties of this quantity in static mode are
characterized by a mathematical expectation of M{Ax} = ACi.e., the probability of a quantity. the
current mean determines the systematic error of the set of similar IC and the measure of scattered
quantities Ax about AC

M{[Ax — M{Ax]]?} = §%Ax, the positive value with which

O = /M{[Ax — M{Ax}]?)
is called the SKO of random error IC [30]. Indicators AC and gAx - quite fully determine the
properties of IC and in accordance with GOST 8.009-84 are standardized metrological
characteristics.
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Currently, there are quite effective ways to suppress systematic error AC, so the presentation
is allowed AC = 0. In this case, the main criterion for the quality of measurements will be the SD of
random error a,, , Which characterizes the potential accuracy of IC.

Other most important external parameters of the IC can be speed and reliability. However, if
accuracy is the dominant parameter, then the speed may not play a dominant role due to the fact that
at a given input signal of the IC it is uniquely related to dynamic errors, which are considered when
assessing the accuracy of the IC.

It follows that performance can only be dominant when accuracy does not play a dominant
role.

The reliability of IC can be considered in relation to catastrophic and permanent (degradation)
failure.

CONCLUSIONS

From the analysis of patent and scientific and technical literature [33-35] it can be noted that
on the basis of the construction of measuring circuits, analog devices for monitoring the humidity of
agricultural materials are divided into single-channel, with a direct reading of the physical quantity,
bridge, operating in differential mode and compensatory, with a zero-measurement method.

It follows that the construction of structural diagrams in analytical instrumentation and,
consequently, the method of assessing the quality of luminescent analyzers with some changes can
be used to assess the quality of measuring instruments based on the dielcometric method for various
materials of the agro-industrial complex. At the same time, we believe that it is advisable to assess
the effectiveness of structures on the basis of a comprehensive performance criterion, which
includes the SD criterion as a particular external parameter. This most fully characterizes the
developed and further design of measuring instruments.

Based on the analysis of existing methods and devices for controlling the humidity of
agricultural materials, the criteria for assessing the accuracy of measuring transducers of the
electrophysical properties of bulk materials have been substantiated; a methodology for calculating
their transformation characteristics has been proposed; a mathematical model of the primary
transducer of the capacitive sensor of technological parameters has been obtained, on the basis of
which the conditions for achieving the highest sensitivity of the conversion characteristics of the
primary transformation have been obtained. Converter.

The evaluation is based on a comprehensive efficiency criterion, including the dominant
single indicators: accuracy, reliability and cost of the designed humidity control devices both in
discrete mode and as part of an automated system of technological processes.
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Annotation

10.8% of population in the world or more than 840 million people are undernourished.
The report of the FAO (Food and Agriculture Organization of the United Nations) states that
although population growth has been slowing down in recent years, this growth is expected to
increase in some countries until 2050.There is a high emergency of increasing food insecurity
all over the world. In the case of Uzbekistan, the population is growing rapidly annually. Yet,
in the country prevalence of both obesity and overweight are increasing. Additionally,
micronutrient deficiencies remaining at a high level both women reproductive age and
children. In this article, one of the best indicators of food security in respect of food access
Dietary Diversity Score (DDS) used in order to analyze and spread healthy diet in rural
households of Samarkand region. Total 140 observations were taken from rural households.
Mean Households DDS was 8.2. Results indicated most of food groups consumed through
own production. Though more than 50% of all members living in the households did not
consume any fruits, greens, pulses and legumes due to lack of food access. It seems, there is a
positive correlation between dietary diversity and own production in some circumstances, but
not in all cases. In that case, own production positively associated with dietary diversity in
some situations, but not in absolutely. Nevertheless, appropriate nutrition sensitive
agricultural programs will encourage both food production and consumption. Analysis shows
nutrition information have a significant role in improving DDS. Promoting nutrition education
via interventions for example information on healthy eating and well-balanced diet by the way
of mass media, educational institution curriculum, field days to upgrade better nutrition at
household and individual level.

Key words: Dietary diversity score, nutrition information, household, Samarkand
region.

Introduction: Agriculture plays crucial role in sustainable food supply of the world’s
population. Although the positive effects of technological changes increased food productivity
in this sector recent years there are still cases of hunger and malnutrition in the world. 10.8%
of the population in the world or more than 840 million people are undernourished [1]. The
report of the FAO (Food and Agriculture Organization of the United Nations) states that
although population growth has been slowing down in recent years, this growth is expected to
increase in some countries until 2050 [2]. In the case of Uzbekistan, the population is
increasing rapidly annually and according to the end of 2021, the population exceed 35
million and got leading dominance among the countries of Central Asia[3]. However, the
level of undernutrition decreased from 16.2% in 2002 to 2.5% by 2020[4]. But the rate of
obesity in the country is increasing annually. The Ministry of Health of the Republic of
Uzbekistan reported that 51% of the population is overweight, and 28% have a higher level of
obesity. The regulation on the procedure for organizing the activity of the “Healthy Lifestyle”
platform was approved in 2021 in order to solve the obstacle in the country and prevent it
from increasing in the future[5]. According to the regulation, 3000 sums will be transferred to
the electronic wallet of the citizens of Uzbekistan aged 18 and older who walk ten thousand or
more steps in one day in the territory of Uzbekistan. In addition, various marathons on
walking are held in of all organizations in the country.

Nevertheless, many programs are being implemented to support a healthy lifestyle and
sport, at the same time, the lack of micronutrients in the population remains at a high level.



Sadly, 1/4 children under the age of two is anemic, 75% of these cases are as a consequence
of iron deficiency [6]. The level of iron deficiency in teenage girls was almost 50 percent, and
it was also found that women of reproductive age in Uzbekistan suffer from strong hidden
hunger [7]. 1/5 non-pregnant women is anemic and deficient in vitamin B12. 50 % of women
in reproductive age experience folate deficiency. Cause of these deficiency is unhealthy diet
can be explained. Because, FAO and WHO experts mutually recommended at least 400g of
fruit and vegetables intake per day (except starchy tubers, potatoes and other) for protection of
various chronic illnesses and mitigate several micronutrient deficiencies [8].

Furthermore, mostly rural households are vulnerable in terms of food insecurity.
Therefore, we considered our research at a rural household level. Previous empirical research
at rural households’ levels have been conducted topics related to nonfarm income[9] and
analysis of the possibility of contract sales of farm products[10], diversification of
smallholders agricultural production[11]. However, food security research has been conducted
more at the national level than at the household level [12].

In this article, we intend to determine food access using DDS offered by international
organizations in the case of rural households and provide a broad overview of its possibilities.
Based on the above food security and nutrition problems, we addressed to find out following
research questions: 1. Which aspects effect dietary diversity in the country? 2.Does nutrition
information have association with improvement of dietary diversity? Our hypothesis that,
there are positive association with farm production and nutrition information in rural areas in
Uzbekistan.

Materials and methods.

The research was conducted in Samarkand province which is a major agricultural area
in Uzbekistan, which agricultural production share was the highest (12.9 percent) in 2021.
Data collection through in-person interviews, started from January up to end of March 2021.
140 respondents were randomly selected regarding the methodology of collecting DDS data
in nine districts (Akdarya, Bulungur, Ishtixan, Jambay, Kushrabat, Payarik, Pastdargom,
Taylak, Urgut) of Samarkand province.

Table 1
Data collection by districts

District name Number of households interviewed
Akdarya 19
Bulungur 20
Ishtixan 15
Jambay 26
Kushrabat 4
Pastargom 6
Payarik 18
Taylak 17
Urgut 15
Total 140

Source: Data from the survey conducted by authors in 2021.
In this article, one of the best indicators of food security in respect of food access DDS
[13]used in order to analyze and spread healthy diet in rural households of Samarkand region.
Since it has been verified that DDS reflects the both physical and economical food access, the
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adequacy of nutrients in the diet as a result of several previous scientific and practical
studies[14].

Methodological usage and calculation of the DDS was developed by international
organization Food and Agriculture (FAQO) in 2010 on the framework Food and Nutrition
Technical Assistance (FANTA) project[15]. According to the guidelines there are several
crucial points and requirements in order to get correct data during a survey. Thus, we
constructed and conducted this research under the following requirements.

1.We took consideration to measure of DDS at the household level, information given
from a respondent covers a period previous 24 hours. As a result of the conducted research,
the most optimal period of 24 hours was highlighted, due to the reduction of incorrect answers
by the respondents and the ease of recall [16,17,18].

2. It is important to focus on consumption patterns when creating DDS. We took into
account the usual daily food consumption in household, unusual days, such as holidays,
weddings, and Ramadan, did not coincide with periods that affect food patterns. Also, the
source of food is as follows will indicate food access more clearly: 1=self-grown; 2=bought
is specified. We considered all household members consumed food at home in this period.
Since, it is not possible to capture accurately DDS at household level.

3. In addition it is essential to categorize food intakes. Swindale and Bilinsky proposed
using data on food intakes categorized into 12 different food groups[15]. The DDS is a count
variable that include 12 food groups from 0 to 12. In the paper food groups categorized into
cereals, roots and tubers, vegetables, greens, fruits, nuts and pulses, meat, eggs, milk and
dairy products, sugar, beverages, oil and fat.

4. When calculating the index of dietary diversity in rural areas, it is appropriate to take
a survey in each season, paying attention to seasonality. In several studies, it was considered
important the study should hold during the lean period after harvesting the main crop in rural
areas, because it was noted that there may be difficulties in ensuring food security during this
period.

5. Knowing the names and composition of local foods during the survey made it
possible to get accurate information; Several food groups are used at the same time in the
preparation process, and there is no need to set minimum amounts of food at the household
level, so even a small amount of food (for example, meat included in a mixed meal is very
small part) is taken into account. Whereas the score is tailored to reflect the economic access
of food, and therefore even a small amount of a food item reflects the ability to purchase that
item. Regarding on the technical requirements the above we listed strengths and weaknesses
of DDS on Table 2
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Table 2
Advantages and disadvantages of DDS

Advantages Disadvantages
v Convenient and easy to use; v Does not collect information on
v It takes less time to get a|quantity;
questionnaire; v It is impossible to estimate the extent
v Allows monitoring of seasonal | to which consumption is sufficient in terms of
changes in food consumption; calories.
v It can be determined at individual and
household levels;
v It is possible to adjust according to
rural and urban areas;
v It is possible to repeat and compare;
v Can determine economic and physical
availability of food for households

6. At the household level, the respondent was chosen the person responsible for
preparing food for the household on the previous day. The respondent was asked about all the
meals eaten at home by all member of the household during the day and night.

Results. Based on the survey results, the household DDS was found an average value of
8,2. According to the 5-point categories of Likert scale [19], out of 49% of HDDS were
recorded at the medium level, 37% at the high level, 5% at the very high level, 8% at the low
level and 1% at the very low level respectively.

Figure 1

Categorization Households Dietary Diversity by value

= Very high(11-12) = High(9-10) = Medium(7-8) = Low(5-6) = Very low(0-4)

Source: Data from the survey conducted by authors in 2021.

Table 3 presents the indicators of Households which largely consumed from food
groups included Cereals (100%), Root and tubers (86), Vegetables (98.5%), Oil and fat (98.5),
Sugar and sweets (81%), Beverages (84%) respectively. Low consumption among food
groups were witnessed on Greens (37%), Eggs (39%) and Fruits (46%). In terms of main
source, high consumption of food groups through own production observed Root and tubers
(91%), Greens (71%), Nuts and pulses (77%), fruits (70%), milk and dairy products (85%).
Contrarily, households’ consumption through own purchasing among food groups were meat
(96%), sugar and sweets (81%), beverages (95%), Oil and fat (77%).
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Table 3
Households’ consumption of food groups and its sources, %

Food groups Consumption Main source
Consumed Own produced Bought

Nb % Nb % Nb %
Cereals 140 100 2 1.5 138 98.5
Root and tubers 120 86 109 91 11 10
Vegetables 138 98.5 80 58 58 42
Greens 52 37 37 71 15 29
Fruits 65 46 46 70 19 30
Nuts and pulses 60 43 46 77 14 23
Meat 100 71 4 4 96 96
Eggs 55 39 24 44 21 56
Milk and dairy products 82 58 70 85 12 15
Sugar and sweet 113 81 21 19 92 81
Beverages 118 84 7 5 111 95
Oil and fat 138 98.5 45 33 93 77

Source: Data from the survey conducted by authors in 2021.

According to the results of the calculations, all respondents engaged in crop growing
and out of 82 percent of households engaged in animal husbandry. Additionally, 53 percent of
households reported that their main income source comes from agriculture. In sum,
households mainly cultivated vegetables, roots and tubers regarding to land sizes. In respect
of animal husbandry poultry and cattle rearing were observed to be more common in these
households compared to sheep and goats and others.

Table 4
Descriptive statistics of the households’ agricultural activities
Types of crop/livestock Total area each crop (hectare)/number of livestock each
group
Vegetables 12.35
Fruits 2.35
Pulses, Legumes and Nuts 1.68
Greens 0.16
Root and tubers 3.95
Cattle 344
Sheep and goat 191
Poultry 544
Other livestock (horse, rabbit) 31

Source: Data from the survey conducted by authors in 2021.

Following previous literatures, we constructed three questions and those questions were
asked from each household member which responsible for food preparation and having
nutritional knowledge which is important in dietary diversity[20] .

1. Do you aware any health problems or diseases which are related to consuming too
much oil and fat products?

2. In your view, how many grams of fruit and vegetables should be consumed daily by
an average person of your age and sex to maintain good health?
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3. Do you often get information on nutrition through medical personnel at your location,
various training platforms such as health community clubs, digital communication platforms
(Telegram, Instagram)

Results in each question presented that 80% of those households’ members are aware
about health diseases concerning oil and fat consumption, 35% of them know recommended
norm of daily fruit-vegetable consumption and only 28 % of households reported that they
received nutrition information (Figure 2).

Figure 2
Access of nutrition information of the households

Received nutrition information

Awareness of daily medical norm of eating
fruits and vegetables

Awareness of health diseases on eating
more fat and oily products

o I
0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

Source: Data from the survey conducted by authors in 2021.

Discussions

As stated by the results, more than 50% of all members living in the households did not
consume any fruits, greens, pulses and legumes due to lack of food access. Respectively,
other households who consumed fruits, greens, pulses and legumes their main source of
consumption of these food groups through own production was higher than 70 percent the day
before the survey conducted. It expresses the households have a positive association DDS
with own fruit-vegetable production but less economic access for these food groups. Similar
results were found in many developing countries [21, 22, 23] Survey results showed high
consumption of bread and grain-based products, oil and fat, sweets as traditional Uzbek high
energy-dense diet. As a results year by year overweight and obesity rate is increasing in the
country. Another point that, lack of nutrition information can lead for the persistence of this
diet. Thus, only 28 % of respondents reported that they received the information. We can
estimate there is a positive association nutrition information and dietary diversity. Besides
that, 35% of them said that they know the recommended norm of daily intake of fruits and
vegetables. As well as in the case of Zimbabwe and Ethiopia nutrition knowledge had
considerable improvements in households’ and individuals’ dietary diversity[24]. Hence,
increasing promotion of nutrition education, dissemination nutrition information will
accelerate households’ healthy eating diets.

Conclusions

In summary results indicated most of food groups consumed through own production.
Though more than 50% of all members living in the households did not consume any fruits,
greens and pulses, legumes were determined by using DDS. In that case, own production
positively associated with dietary diversity in some situations, but not in all. Nevertheless,
appropriate nutrition sensitive agricultural programs will encourage both food production and
consumption. However, Samarkand region has the largest share in the country in terms of
agricultural production, in rural areas there is a real shortage of fruits, vegetables, legumes,
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and eggs consumption. In order to solve this problem, it suggests to support the cultivation
and processing of fruits for year-round harvests (apples, berries, bananas, kiwi) on home
gardens. As well as mixed farming practices are important in dietary diversity. The obtained
results of the study showed that share of households who received nutrition information is
low. At the same time in the world practice, this factor might be significant influence on
increasing DDS as well as fruit, greens, pulses and legumes consumption. Further it leads
inherent value of promoting nutrition education via interventions for example information on
healthy eating and well-balanced diet by the way of mass media, educational institution
curriculum, field days to upgrade better nutrition at household and individual level.
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MITIGATING THE IMPACT OF RISKS ON ECONOMIC INTEGRATION
BETWEEN ENTITIES IN THE AGRI FOOD SUPPLY CHAIN
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Samarkand branch of Tashkent State Agrarian University, Samarkand, Uzbekistan
Abstract

The paper aims to assess and reduce the level of risks associated with infrastructure,
financial, natural and environmental, farm management and political changes among entities
in the smallholder tomato supply chain. Risk darajalarini baholashda mahsulot ishlab
chigarish zanjirida producer, buyer, infrastructure, finance, natural and environmental,
management and political changes related uncertainties hisobga olingan. These threats were
assessed using Fuzzy Linguistic Quantifier Order Weighted Aggregation (FLQOWA) model.
Olingan natijalar shuni ko'rsatdi, production, cooperation, infrastructure and financial
masalalarda yuzaga keladigan risk darajalari yuqori bo’lgan. Shu bilan birga, tadgigotda risk
darajalarini pasaytirish choralari ko'rilgan. Natijalarga ko'ra, application “written contract”
and “insurance” to collaborative relationships to reduce risk levels has been shown to reduce
risks until 0.6 coefficients. The results obtained from this investigation will have a positive
effect if policy makers use the applications to increase the economic cooperation between the
subjects in STSC.

Keywords: Agricultural Economics, Agricultural Policy, Food Security, Risk
Management

JEL code: Q13, Q18

Introduction The agrifood supply chain (ASC) is encompassed inextricably linked
blocks of input resource provision, production, packaging and processing, wholesale, and
retail trade (Porter, 2021). This system fulfills the task of providing sufficient, safe and stable
food products produced in agriculture, which necessary for the consumption of the population
and industry. In agriculture, each of products has its own unique characteristics and problems
faced by actors in ASC (Constas et al., 2021). These problems arise from various
inconsistencies related to climate change, over use of chemical inputs and infrastructure,
financial, environmental, management and political changes. As a result, the risks that occur
under their influence have a negative effect on the effective operation of the system of
delivering the product “from the field to the table” (Gadhok et al., 2020). Such risk factors
prevent the implementation of economic relations with partners for producers of agricultural
products, as a result, lead to a decrease in their income.

Recently, the COVID-19 pandemic has threatened human lives around the world and
has been one of the shocks that have negatively affected the agricultural production chain. In
particular, it caused major disruptions in food production and supply chains and destabilized
the economies of countries (Aday & Aday, 2020; Pardaev et al., 2021). According to the
report of the Food and Agriculture Organization of the United Nations, as a result of the
impact of the COVID-19 pandemic, there has been a disruption of the structures of demand
and supply of products in the agricultural production chain ((FAO), 2020; Sharma et al.,
2020). At the initial stage of the pandemic, the balance of demand and supply of agricultural
products was disturbed. The established strong order to protect the population from the
disease led to the disruption of economic relations between entities in the chain of production
of agricultural products (Hammond et al., 2022).

Risk levels in the production system of agricultural products in Uzbekistan are
observed in different forms of farming type (farmers, peasants, estates and agro-firms). There
are inconsistencies related to the large scale of production in farmers and agro-firms,
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otherways in smallholders, it occurs in economic partners with subjects (Djanibekov &
Finger, 2018).

Samarkand region is considered one of the regions that produce the most vegetable
products in the republic, and its share in 2020 was 15.6% or 1636.3 thousand tons. Of this,
66.3% of vegetable products are contributed by smallholders. Among vegetable products,
tomato is the most cultivated crop, accounting for 31.2% of the total cultivated area.”* The
production and sale of tomatoes by smallholders is somewhat difficult and risky compared to
other types of crops. From an objective point of view, such negatives can be distinguished by
their small land and the size of the product, the short period of harvesting, the need for special
vehicles for the product, the market life is short, and the product price flactuates sharply in
different periods of the year.

Unfortunately, today in Uzbekistan, local producers do not have the full opportunity to
maintain the product at the level of technical requirements. As a result, at the stages of
delivering the product to consumers, the infrastructure facilities are not fully formed
(Lombardozzi, 2021; Geoffrey et al., 2014). In most cases, processing companies use their
monopoly power to force smallholders to sell their products at low prices (Muratov, 2021). In
addition, processing enterprises do not have the opportunity to quickly accept the product
during the peak season, they deliberately do not fulfill the terms of the contractual agreements
between the entities in order to reduce prices. The long-term transport and storage of tomatoes
in transport seriously damages its quality. Unfortunately, in such cases, smallholders are
forced to sell the product at a low price, fearing that the product will become unusable.

The article aims to assess and reduce the level of risks associated with infrastructure,
financial, natural and environmental, farm management and political changes among entities
in the smallholder tomato supply chain (STSC). Based on this, the following questions were
answered in order to determine the causes of risks in STPC and to apply measures aimed at
mitigationg the level of them: What risk factors affect the cooperation between entities in the
tomato production chain? What measures can be treated to mitigate the affects of the high-risk
factors? In search of answers to these questions, we identified STSC risks from the existing
literature of review, empirical methods were chosen for analysis, data was collected from
subjects in the STSC in Samarkand region based on a questionnaire, and a three-stage-
scenario experiment was conducted.

In the next part, STSC risks are classified according to their sources, then next section
presents the methodology outlining the motivation and fuzziness related to evaluating STSC
risks, as well as conducts of materials. The obtained results and their discussion are highlited
in the last section.

STSC and its risks classification

In Uzbekistan, smallholders are interconnected in a systematic sequence according to
the order of integration between subjects in STSC. It is divided into separate blocks according
to the mechanism of participation in the system, they can be divided into the following
sections (Fugure 1).

The supply block includes a set of activities for the supply of raw materials for
production (seeds/seedlings, fertilizers, fuel and lubricants, chemicals, machinery, etc.). This
block directly affects the quantity and quality of the produced products and serves to reduce
the excess costs and risks of smallholders (Otsuka et al., 2016). Suppliers of raw materials are
divided into groups of buyers and non-buyers of the product. It is more profitable for the
smallholder to supply raw materials by suppliers who are buyers of the product, i.e. with
customers who have formal (by signing a contract) cooperation (Otsuka et al., 2016; Otsuka et
al., 2016; Hernandez et al., 2015). In this case, the quality of raw materials is guaranteed,

2! Statistical department of Samarkand province of Uzbekistan. www.samstat.uz
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assistance is provided regarding the technology of its use, and the control mechanism is
strengthened. The main participants in the supply block may be:
- smallholders themselves;
- Customers (buyers): processing enterprises; retail outlets; meddlemen; exporters;
- “Tomopka xusmaru” LLC, and etc;
In STSC, vertical integration is directly linked to the production unit through the supply

of resources.

Provision Production Processing Wholesale Retail
Seed or The period Product Middlemen Retail outlets
from sowin ackagin i Bazaars
Minerals th d fg P q gt g Supplier
eseed o an. its Exporters
Fuel and the product various
lubricants to ith processing
Pests physical
Mechanization ' —

Fugure 1. STSC in Uzbekistan. The structure of STSC in smallholder is based on the
scientific proposals of Michael Porter, who introduced the "production chain® to science in
1985 (Porter, 2011).

The production block includes the production of tomatoes for family consumption and
income by smallholders during the summer seasons. According to the Law of the Republic of
Uzbekistan on “dehkan” farming, that farms produce and sell agricultural products together
with family members on owned or leased land.?* “Tomorka” - households are entities that
produce agricultural products for family needs or for sale on the market on the plot of land
allocated to them.? Therefore, they carry out production activities on the land areas seperated
to them or on leased land based on legally defined activities, and they supply the resources
(seeds, fertilizers, equipment, labor) directly on the farm itself.

Their product sales channels cover the direct or indirect sale of agricultural and
household products for consumption or processing. If processing enterprises, outlet stores,
bazaars and various social institutions (cantens and restaurants, hospitals, hotels, kindergarten,
etc.) are included in the channels of direct sale of the product, middlemens in indirect sales
can be included.

In the processing block, the product prepares and readiness to eat - washed, sliced, cut,
peeled, trimmed or otherwise prepared in a way that makes it convenient for consumers.
Product storage warehouses (refrigerators) safely store vegetable products grown for the
population in the winter and spring seasons and provide them for the population’s
consumption. Currently, the government is taking a number of measures to increase the
warehouses number.

In the wholesale block, middlemen, supplier distributors and exporters are the main
player. In Uzbekistan, the number of middlemen in the tomato production chain is

?2 Law of the Republic of Uzbekistan dated April 1, 2021 No. O°'RQ-680 "On Dehkan Farms"
2 Law of the Republic of Uzbekistan dated April 1, 2021 No. O°'RQ-681 "On Tomorka Farms"
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significantly high. In STSC, they buy the product from the smallholder to the main consumer
or buyer (processing companies or retailer). Today, they have become the main buyers of
smallholders. It is positive that they serve to deliver the product to the consumers, hovewer,
the fact that thay buy the product cheaply and sell it at a high price causes the price of the
product to rise. Supplier distributors and exporters work in an official form in the product
production chain. It provides guaranteed market and price for producer. Unfortunately, there
are very few of them today. Especially since the level of risk in delivering tomatoes to
consumers is high, they are less involved in the tomato production chain.

In the retail block, supermarkets and minimarkets are considered as branches of trade
services in providing the population with various consumer goods, and in the last 20 years
their number has increased dramatically in the country (Porter, 2011). Such trade branches of
the modern type are more effective and convenient in implementing economic relations
between institutions in the chain of food products than farmers™ markets. Bazaars have long
been a traditional infrastructure in the food chain, and today they are the main institutions that
exchange food products between producer and consumers. Today, their number in the
republic is 328, but in the following years, it is planned to transform bazaars into outlet
shopping complexes in the form of minimarkets, supermarkets and hypermarkets.

Legal and modern conduct of economic relations between the above-mentioned entities,
establishment of parties’ agreement, measures to reduce costs and risks are important issues in
the country.

As in the production chain of various products, risks in STSC also lead to sudden
changes in production, service, decision making of the entities and ultimately the price of the
product. The level of risk in the field of agricultural production is higher than in other sector
of the economy. Yusupov argues that the field of agricultural production is described as a
complex biotechnological and socio-economic system, and the risk level is high as a result of
the production process being closely related to natural factors (FOcymos, 2019). Komarek et
al., (2020), analyzed the risks that occur in ASC, they found that the risk factors related to
production, marketing, institutional, personal and financial processes occur more. Taking this
into account, we grouped risks in STSC by sources of formation (Table 1).

In order to determine the strategic directions for reducing and mitigating risks in STSC,
it is necessary to determine the directions of risk, sources of formation and links of its
influence. Such practice means coordination of economic relations between entities in the
system, determination of risk reduction strategy and application of efficiency improvement
measures.

Different shocks in ASC emerged as a new factor affecting demand and supply in the
chain. Under its influence, the level of risks related to the supply of raw materials, sales,
transportation and management have increased (Aday & Aday, 2020).

At the same time, as a result of the instability of the political situation in the regions, the
impact points of the risk related to the amount of production, economic cooperation between
the parties, opportunities for product realization, and the reduction of incentives for product
production were separately recognized.
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Table 1
Sources of risk in STSC and its impact

T_he main Sources of risk Impact points
directions
Low production volume Trade, transport
Low availability of modern | Production, price, product standard,
Production | production technology product quality
Lack of technique Product quality, productivity
Supply interruptions Product quality, productivity
Uncertainty of demand Distribution, planning
Inadequate information regarding | Production, harvesting
Cooperation | product demand Trust of the parties to each other
Absence of a clear agreement on
the purchase of the product
The long distance and bad road | Product quality and price
infrastructure Product quality and price
Not enough transportation for the | Confidence in place of sale at farmers
Infrastructure
harvest markets
Conditions in Dakhon markets are
not fully formed
Lack of financial support Production, product quality, raw
The  investment is  poorly | materials
Financial diversified Production, product quality
Difficulties in getting a loan Incentives for production, raw materials
Sudden price changes in the market | Farmers' decision-making
Crop destruction by diseases Productivity, product quality, price
Natural and g .
. Lack of water for irrigation Production
environmental N i
Random precipitation Production
Decision making in production Production, harvesting, processing, sale
Quality control in production Production, product quality, cooperation
Planning Production, price, cooperation,
Management . g .
Producer experience implementation
Production,  productivity,  product
quality, cooperation
" Political instability Production, cooperation, realization
Political b . . N
Restrictions on trade Production, cooperation, realization,
changes - : i
incentive to production

Material and methods

In the study of the problem, small, medium and large organizational entities in vertical
integration in STSC were covered. At the initial stage, suppliers of input resources - agro-vet
pharmacies, seed and technical supply farms, suppliers of fuel and lubricants, “Tomorqa xizmati”
LLC and customer organizations; the production organizations - households, smallholders and
smallholders producing products by renting land; product processing - product packaging and
processing enterprises; wholesale trade - product sellers, supply distributors and exporters; in retail
trade - retail shops, catering establishments and social houses were involved. Data were collected




directly from respondents in the Samarkand region in January-March 2021, and an three-staged-
experiment was conducted.

In this study, we used non-traditional methods of risk assessment of economic integration
relations between entities in STSC, based on the data collected on the basis of a questionnaire from
the entities listed above. This method was used for the first time to assess the impact of risks in the
production chain in Uzbekistan using the Fuzzy Linguistic Quantifier Order Weighted Aggregation
(FLQOWA) model.

When assessing the impact of risks, unlike other analysis methods, it takes into account the
subjective characteristics of the problem under study, evaluates risks in specific coefficients is used
in the analysis of all life problems in decision-making, and provides opportunities for mutual
comparison. Taking into account the existence of a number of additional features listed above, this
method of analysis was used.

A number of modern economic analysis methods were used to determine the result of the
impact of risks. These methods include mathematical and multi-criteria decision making.

Most of the analyzes carried out in this direction mainly included studies in two directions.
One of them is related to the acceptance of opinions based on the knowledge of experts, and the
other is based on information from the past period. In this study, we used the FLQOWA model by
combining the above two types of methods. This approach provides a new approach to assessing the
impact of various risks on economic cooperation between entities in STSC in Uzbekistan.
According to Rohit Sharma et al., this model is adopted to obtain qualitative information of
decision-making entities regarding their relationship between various evaluation criteria (Sharma et
al., 2020). Therefore, when performing the analysis, it is appropriate to consider each factor
separately, along with the levels of data collected from each respondent (Zadeh, 1975).

Table 2
Notations used in the assessment of risks in STSC
Notations Description
P Index used for organisations, where p = (1,2,3....,5);
Q Index used for organisational risk factors, where ¢ = (1,2,3 ..., t);
a Input data of ‘q™ organisational risk factors of ‘p™ organisation;
pq p q & P g )
byq Normalised input data of ‘q" organisational risk factors of ‘p" organisation;
gmin Minimisation value of ‘p" organisation among all ‘q™ organisational risk
q factors {a,q, azq,...v.. ... ,sq )
qmax Maximisation value of ‘p™ organisation among all ‘g™ organisational risk
q factors {aq, azq,..-v...... SOy
W, Aggregation weighted vector W of ‘¢™’ organisational risk factors;
Wq Maximal entropy aggregation weighted vector W*;
OR,, Organisation risk score (p)

In carrying out the analysis, the initially collected data were divided into appropriate groups
and separated into vague linguistic quanta and collected according to their order. In the last step, the
respondents’ answers were evaluated in a weighted summation order for each alternative. The
symbols used in the risk assessment in STSC are presented in Table 2.

The stages and conditions of the analysis were carried out in the following sequence (Sharma
et al., 2020):
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1. Set of organizations Op = {O4, Oy, Os, ...... , Os} be a set of s organisations, where p

=(1,23,...59);

2. Risk factors of the organizations (ORFs) [i.e. {ORF;, ORF;, ORFFsg, ...... , ORF},
whereq=(1, 2,3, ... ., Y];

3. Construct a multiple factor matrix A = [apq] based on ‘experts’ inputs for different
risks faced by their organization;

4. Convert the multiple factor matrix A = [ayg] into a fuzzy multiple factor matrix B =

[bpg] using the fuzzy membership function as shown in Equation (1) and Equation (2)
For the maximisation factor, .
_ pq—aq™"
[bpq] - ag1ax_ agiin (l)

where, p = 1,2,3,...s, g = 1,2,3,....t

For the minimisation factor;
max
Apq ™~ Apq

[bpq] . aznax_ agu’n (2)
where, p = 1,2,3,...s;, q = 1,2,3,....t
ag'™ = max {a1q, Azq, «on won o asq)
o= minda, o ... o G}
5. Computation of aggregation weighted vector (W):
| a g-1
W, =0 (})- e (%), )
where, g = 1,2,3,....,n
Q(r) = {::g’i if,0,5<r<1,a b, re[o,1], (4)

6. Aggregation of the weight vector by the following formula to optimize the order of fuzzy
linguistic quantiles and using entropy to constrain the optimization problem.
It is advisable to use the following formula to aggregate the weighted vector:

1
W) = = Zi_4(t - Dw, (5)
Logarithmization when using entropy gives maximum use of weighted vector aggregation:
w) = - 23—1 Wq In Wq (6)
We use the following formula to calculate the risks of organizations based on the system:

1
W)= = Zhat—wg, — Zhoiwg, wg=€[01] ©
where, g = 1,2,3,..., t

Based on the above formulas, we use the FLQOWA model formula as follows:
t— -
iy (FE- ) rta =0

ht-4
w) = t_% Y-t - Q)m (8)
, ht74
Wq = f]:l ht—a (9)

where, g = 1,2,3,..., t
7. It is appropriate to use the following formula to calculate the levels of risk affecting the
relationships between entities in STSC:
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TP, = [w; * byl (10)
Inconsistencies in economic relations between entities in STSC prevent mutual integration.
We evaluated the impact of risks on the economic integration between subjects in STSC separately
for each block using the research method that includes the above-mentioned stages. Below, the
results of the analysis are presented and interpreted separately.

Results

Assessment of risk levels of supply organizations in STSC. A total of 7 grouped main
factors, which include factors that negatively affect the economic integration cooperation of the
supply organizations with smallholders: infrastructure, capacity of producers, and the level of risk
associated with procurment and services, gave an above average result. That is, due to
inconsistencies such as long distances in the delivery of input resources and services by suppliers,
deficiencies in the road infrastructure, insufficient formation of conditions in special transport and
bazaars, the risk level is 0.8; due to the small amount of production in smallholders, the lack of
access to modern production technology and interruptions in cooperation caused the risk level is
0.6; and the type and quantity of working capital due to the uncertainty of the demand and the lack
of a clear agreement on the purchase of the product the risk level is equal 0.6 (Figure 2). In addition,
the risk levels of the financial issues of the supplier organizations are equal to 0.5, which showed
that the impact levels of inconsistencies related to the lack of financial support and market prices
fluctuations in this sector are high.

Assessment of production-related risk levels in STSC. In tomato production, the financial
support of smallholder, their economic integration with buyers, and the risk levels associated with
production have been shown to be high. In particular, the level of risk arising in financial matters
for farmers is equal to 0.75, from which the risk of lack of supply and financial support during the
production period is high. In addition, it was determined that the price of the product in the market
changes sharply in different years, which has a negative impact on their decision-making.

We found that the risk level of cooperation with buyers for farmers was 0.75. 43.6% of this
risk level was caused by the lack of a specific agreement on the purchase of products. At the same
time, 35.2% was due to the lack of accurate information related to product demand, and another
22.1% was due to other risk factors.

For smallholders, the low production volume, difficulties in using modern technologies, lack
of equipment and supply interruptions caused the risk to increase by 0.5. Deficiencies in the
infrastructure were also assessed as increasing the risk level by 39.4% in the implementation of
economic cooperation with entities in STSC.
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2-figure. Assessment of the level of risk in economic relations between entities in STSC in
Samarkand. (The highest risk level is equal to 1 coefficient).

Assessment of risk levels of processing enterprises in STSC. It was found that the activity of
other buyers competing for tomato processing enterprises can increase the risk level by 0.9 in their
decision to cooperate with farmers. For them, the level of risk associated with financial matters also
showed that they could have a significant negative impact on their cooperation. Of course,
processing kompanies can also be suppliers input resources for tomato producers. Financial
inadequacies, operating a system of payment of product money in advance in the form of
prepayment also mean financial risks for them.

It should be recognized that low production of smallholders, low availability of modern
technologies and other similar factors for processing enterprises have a low level of risk in
cooperation with smalholders. But the negative effects of biological and environmental factors have
shown to increase the risk level by 0.4.

Assessment of risk levels of wholesaler in STSC. 33.0% indicated the lack of support from
various financial institutions and 43.5% difficulty in using credit opportunities as the cause of the
risk. As can be seen from the figures, we can see that even for wholesale trade organizations, the
level of risk has increased due to the influence of other buyers competing in STSC.

Assessment of risk levels of retailer in STSC. Retail trade organizations are one of the main
blocks that serve to deliver agricultural products to the table of the population. It was found that the
main risk in economic cooperation with farmers is financial relations. If we look at the analysis
data, we can see that the level of risk associated with financial issues is equal to 0.7. It is shown that
the origin of the level of risk in financial relations is caused by the lack of advance payments and
input resources, as well as the sharp changes in the price of agricultural products in the market. At
the same time, it was found that the level of risk in the economic relationship of this type of entities
with farmers is somewhat higher. 46.5% of the increase in risk was caused by the lack of specific
equipment, 32.2% by supply interruptions, and 21.3% by the lack of modern production
technologies for smallholder.

In STSC, the level of risk in economic relations between subjects showed that the part related
to financial issues is high. At the same time, there are high levels of risk arising from production,
supply, infrastructure and financial issues in cooperation between supplier organizations and
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smallholders. In conclusion, it should be mentioned that it is appropriate to consider ways to
eliminate high risk factors related to buyers, financial issues, infrastructure and production when
smallholders implement economic cooperation with entities in STSC.

Risk mitigation in STSC

The tomato production chain by smallholders covers all value-added activities from the
initial stages of production to consumption. Since this supply chain is important for producing
constant, cheap, high-quality and sufficient consumer products for consumers, it is important to
ensure that the cooperation between the entities in this system works smoothly and efficiently
during the transitional economy. However, due to several inconsistencies and high risks in the
system, it is very difficult to keep it running smoothly.

In order to determine strategic directions for reducing and eliminating risks in STSC, it is
necessary to determine the directions of risk, sources of formation and links of its influence. Such
practice means coordination of economic relations between entities in the system, determination of
risk reduction strategy and application of efficiency improvement measures.

Based on this practice, as measures to reduce the risks affecting cooperation, with the
participation of representatives of “Provision companies”, “Smallholder”, “Processing companies”,
“Wholesalers” and “Retailers” in the main blocks of STSC a three-staged-scenario experiment was
conducted. In the first stage of the experiment, ““collaboration without guarantee” (current condion),
in the second stage, “Written contracts” and in the third stage, “Insurance” were introduced. The
results obtained at each stage were separated and analyzed using the FLQOWA model. The results
of the analysis are presented in parts A, B, C, D, E of Figure 2.

Figure 2. Evaluation of the impact of assurance factors on mitigating the level of risk among
subjects in STSC. Sources of occurrence of risk levels: a) Production; b) Cooperation; c)
Infrastructure; d) Financial; €) Natural and environment; f) Management; g) Political changes.
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The results of the analysis showed that the guarantee factors have a positive effect on
cooperation between entities and reduce the impact of risks. When a “written contract” is
entroduced, the level of risk decreased in supply organizations on average 0.2-0.4; 0.3 in
smallholders; 0.1-0.6 in product processing enterprises; 0.1-0.2 in wholesale trade organizations;
and up to 0.1-0.2 in retail organizations. And when “Insurance” is introduced, the level of risk
decreased in supply organizations on average 0.1-0.3; 0.1-0.3 in smallholders; 0.1-0.4 in product
processing enterprises; 0.1-0.2 in wholesale trade organizations; and in retail trade organizations by
0.1-0.4.

Conclusion

The results of the analysis carried out in this article will help to implement the tasks of
doubling the income of smallholders, set in the new development strategy of Uzbekistan for 2022-
2026. In the study, the risk levels of various inconsistencies in the establishment of cooperation
between farmers and households in ASC with economic partner subjects were determined and ways
to reduce it were found. The problem was studied on the example of subjects participating in five
blocks in STSC in Samarkand region. In this study, we found the following answer for the question
“what risk factors affect the cooperation between subjects in the tomato production chain?”. The
model results demonstrated that in cooperation between subjects and smallholders the production-
related risk levels in product manufacturers and supply organizations are 0.6 and 0.5 coefficients,
respectively; 0.5-0.9 coefficient in the cooperation of suppliers, manufacturers, processing
enterprises, wholesale trade enterprises; 0.8 coefficient of the level of risk of supply organizations
with infrastructure; and it was proved that the level of risk related to financial issues in all blocks is
higher than the average by 0.6-0.8. It was concluded that higher than average levels of risk lead to
disruption of cooperation between entities.

For the question “What measures can be treated to mitigate the affects of the high-risk
factors?”” we found the following answer. The level of risk related to relations between subjects,
financial issues, infrastructure and production is above then average. The high level of risk has a
negative impact on the economic relations between smallholders and partners in ASC. Application
“written contract” and “insurance” to collaborative relationships to reduce risk levels has been
shown to reduce risks.

The results obtained from this investigation will have a positive effect if policy makers use
the applications to increase the economic cooperation between the subjects in STSC.
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Abstract

In this scientific research, the role and importance of using innovations in the income from
tomarka farm activities in rural areas is studied. Also, the “The Innovation use index” is developed
using factor analysis to assess the impact of the use of innovations on the income from tomorka
farm activities. The analysis based on the data of 1428 respondents who took part in a social survey
conducted in the rural areas of Samarkand region. The influence of the innovation index on the
income from tomarka farm activities is determined to be statistically significant at 1 percent
(p<.01). Particularly, it is based that, a 1% increase in the index of the use of innovations to increase
the income from tomorka farm activities by 32.9%. Based on the results of the analysis, proposals
were made to increase income from tomarka farm activities in rural areas and to introduce
opportunities for using innovations.

Key words: tomorka farm, non-farm, Innovation use index, factor analysis, VIF test

Introduction. Before the COVID-19 pandemic, there was a focus on ending hunger and
malnutrition on Earth by 2030(Banik, 2019). However, the pandemic period had a significant impact
on the economic sphere of all countries, including agricultural activities and the food production
network. These impacts have led to major changes in storage, processing, delivery, and population
consumption which are related with production. As a result, hunger and malnutrition among the
population increased from 8.4 percent to 9.9 percent in one year(UNICEF, 2021). In particular, in 2020
compared to 2019, more than 57 million people suffered from famine in Asian countries.

Populations suffering from hunger or malnutrition, with low or no income from their labor, can
have a significant impact. Whereas, for the normal growth and development of the population, to live
an active and healthy life, it is necessary to provide enough food products(Pelletier et al., 2016).
However, 45 percent of the world's population lives in rural areas, and most of them rely on income
from agricultural activities. In this regard, diversification of risks in agricultural activities, seasonal
income changes and financing of production resources are important for the sustainable development
of production efficiency. Also(Miiller and Campos, 2021), attracting innovations to the agricultural
sector and financial support from the government will have a positive effect on the increase in the
quantity and quality of the products obtained from the activity. However, the involvement of
innovations in agricultural activities affects the employment of the population in agriculture. In
particular, the use of innovations in the labor-intensive work process, which requires a lot of manual
labor in agriculture, the implementation of agrotechnical measures, the harvesting of cultivated crops
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or the use of resources, has an impact on the reduction of labor costs. The influence of such factors
leads to the decision of the population to be engaged in non-farm activities from agricultural activities.
While(Hasanov and Sanaev, 2018), the decision to engage in non-farm activities and the income
coming from it affects agricultural activities. At the same time, although families grow agricultural
products in their household for their own consumption and for the market, in families with a large
number of family members, they rely on income from non-farm activities to meet their food and non-
food needs(Lanjouw P., 2001).

However, the growth of non-farm sectors in rural areas also affects agricultural activities.
That is, according to the results of a scientific study conducted by E. Giannakis and
others(Giannakis, Efstratoglou and Antoniades, 2018) in households of the rural area of Cyprus,
they found out that there is an inverse relationship between the arable land in farmers' or peasant
farms and the probability of participation in non-agricultural activities. Also, according to the
results of scientific research by S. Haggblade and others(Haggblade, Hazell and Reardon, 2010), in
rural areas, households with less than 0.5 hectares of income from non-agricultural activities make
up to 30-90 percent, and households with little or no arable land rely on sources of income from
non-agricultural activities. However, agricultural activity includes the production of agricultural
products (crops, livestock) in the course of agricultural activities using production factors (natural
resources)(Reardon, Berdegué and Escobar, 2001). However, innovations introduced into
agricultural activities(Ermakova, 2021) have an impact on the increase in income from activities.

The share of tomarka farms in the production of agricultural products in Uzbekistan is 70.1%,
which plays an important role in the country's economy. Today, the number of homesteads is more
than 5 million, 1.5 times more than in 2000. The land area used for agriculture in
Uzbekistan(Agricultural statistics, 2021) is 3686.7 thousand hectares, 13.0% of which is arable land
used by homesteads.

Tomarka farming(Law of the Republic of Uzbekistan. About the farm(tomarka), 2021) is a
labor activity related to agricultural production on private homestead land plots for family economic
activity, cultivation (processing) for sale on the market. Tomorka farming is not considered an
entrepreneurial activity; it is not required to be state registered. However, a person may receive the
status of a self-employed person in accordance with the legislation on employment. However,
26.9% of the working-age population in Uzbekistan is engaged in agricultural activities, and in
2020, compared to 2017, employment decreased by 3.1%. The decrease in the employment of the
population in agricultural activities is related to the decrease in the size of agricultural arable land,
which has decreased by 3.3% over the last 4 years. Although it is observed that the agricultural
arable land has decreased, the volume of agricultural products and their value have increased over
the years (2017-2020). The increase in the volume of agricultural products is related to the
attraction of innovations in the field. In particular, in 2017, 66.7 percent of technological
innovations were involved in agricultural activities by agricultural entities, and in 2020, this figure
was 90.4 percent. Basically, innovations introduced by agricultural subjects are agricultural
machinery, technologies related to the implementation of agrotechnical activities, innovative
technologies related to crop irrigation. However, the involvement of such innovative technologies in
agricultural activities are carried out by farm or agro cluster entities.

However, the owners of farm land in Uzbekistan are small farm subjects that grow
agricultural products. It is important to introduce innovations in agricultural activities, which are the
use of innovations by the owners of the agricultural land, such as irrigation of crops, fruitful new
varieties of fruits and vegetables and potatoes, and cultivation of plant products from cultivated
fields in all seasons. Also, the use of livestock with high productivity in livestock farming activities
by the landowners can have a positive effect on the increase in the volume of products obtained
from the activity.
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The purpose of the scientific research work is to make an economic assessment of the impact
of the innovations used by the estate owners on the income from the estate business and to make
scientifically based proposals.

The scientific research work was based on survey data obtained from 1428 homestead land
owners who operate in rural areas of Samarkand region.

1. Material and methods

1.1. Materials

The object of study of the scientific research work is homestead farms operating in the rural
areas of the Samarkand region, the center of the Republic of Uzbekistan. Samarkand region is
located in the middle part of the Zarafshan river basin and is one of the largest and ancient irrigated
regions in Central Asia. There are 14 districts and 2 large cities in Samarkand region. The Zarafshan
river divides into two rivers around the city of Samarkand - Akdarya and Karadarya, and merges
again near Khatirchi district of Navoi region. (Figure 1).
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Figure 1. Location map of Samarkand regional districts

Pastdargom, Payarik, Narpai and Kattakurgan districts are the largest districts in the region in
terms of the size of irrigated cropland. But, in the region, the cultivation of vegetable products on
homestead farms is more due to the contribution of Jomboy, Taylak, Urgut and Samarkand districts.

This valley, located around the Zarafshan River, is 2000-3000 meters above sea level, and in
some lowlands it is 980-1400 meters above sea level, and the annual rainfall is 320-360 mm. The
climate of the region is sharply continental, the sun shines on about 300 days of the year, summer
days are up to 15 hours long. In general, the climate conditions in the territory of the region
correspond to the generally accepted soil-climate classification. According to agroclimate, the
irrigated area is divided into 2 parts: the larger part of the area corresponds to the region of typical
gray soils, and the smaller part corresponds to the region of pale gray soils. Irrigated gray soils are
located in the temperate-hot thermal zone, the annual effective temperature is 2140-2300 CO, the
length of the vegetation period is 208-212 days.

A social survey was conducted to study the activities of tomorka farms. The survey was
conducted from March 10 to August 24, 2021, and a total of 1428 respondents from 14 districts of
Samarkand region participated. In this case, a questionnaire was conducted among the landowners
located in the district, but not included in the neighborhood of the central city of the
district(Saydullaeva, 2021). The agricultural products grown on homesteads in the research object,
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especially the crops obtained from plant growing, are grown for the consumption of family members.
However, the needs of family members for agricultural products are met at the expense of vegetable,
potato, fruit and grape products grown on homesteads. Surplus of consumption of family members is
sold for income. However, family members are engaged in agricultural activities, the main income of
families is income from agricultural activities. That is, tomorka farm land owners grow commodity
products for sale in 1 or 2 types of markets on arable land. Nevertheless, a certain part of the goods is
used by the family members to meet the needs of the family. In this process, agricultural products used
for sale and for family needs were taken to determine the income from tomorka farm activities. In this
case, the agricultural products used for family needs in homesteads, which are vegetables, potatoes,
fruit and grape products, were expressed at the market price. According to the approach, when
agricultural products are not grown on the cultivated area of the tomorka farm, how many soums will
be spent for the needs of family members. In total, the incomes from household activities of 1428
respondents were taken in the value index, and their average income is 14,531 thousand soums

Table 1

Descriptive Statistics of tomorka farms activities
Variable Obs | Mean Std. Dev. Min Max
Income 1428 | 14.531 5.458 3.3 37.5
Inn_irrigation 1428 | 344 475 0 1
Inn_veg var 1428 | 548 498 0 1
Inn_fruit_var 1428 | 506 5 0 1
Inn_greenhouse 1428 | 297 457 0 1
Inn_ped_cattle 1428 | 2 4 0 1
Age 1428 | 48.1 6.87 27 60
Male 1428 | 832 374 0 1
Education 1428 | 1.926 685 1 3
Non-farm 1428 | 543 498 0 1
Cropland 1428 | 7.323 2.438 3 18
Family_members 1428 | 5.588 1.229 2 11
3 _year_members 1428 | 272 445 0 1
log_Income 1428 | 2.598 413 1.194 3.624

Innovations used by tomorka farm land owners, which are the use of modern technologies in
crop irrigation, high-yielding varieties of vegetables and fruits, and the presence of closed space and
productive livestock in tomorka farms, were taken as dummy variables. In particular, 34.4 percent of
1,428 respondents used modern technologies to irrigate agricultural crops grown on tomorka farms.
Also, 54.8% of the respondents used high-yielding vegetable crops in their homesteads, and 50.6% of
respondents have high-yielding fruit trees in their homesteads. However, 29.7 percent of homesteads
have a closed area and 20.0 percent have productive livestock. The average arable land in homesteads
is 7,323 hectares, which can limit the possibility of raising productive livestock breeds. The age,
gender, education and number of family members(Pardaev, 2021) of the owners of the estate are
important for the change of the income from the tomorka farm activities(Muratov, 2021). However, the
average age of the respondents is 48.1 years, and they are at working age. Similarly, 83.2% of the
landowners are men, 27.2% of the family members have children under 3 years of age, and the average
number of family members in the household is about 6 people. However, 54.3 percent of homestead
land owners living in rural areas are mainly engaged in non-farm activities
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1.2. Methods

In scientific research, the standard deviation of different values of the independent variable or the
variation of the relationship between them causes the problem of heteroskedasticity and
multicollinearity(Daoud, 2018). In order to partially eliminate the problem of heteroskedasticity, we
introduce a new variable, innovations used by landowners, which use dummy indicators. This new
variable represents the index of the use of innovations in household activities of 1428 respondents.
Factor analysis(Rummel, 1988) was used to create the index of the use of these innovations.

First, the Kaiser-Meyer-Olkin (KMO=0.568) test(Kaiser, 1974) was conducted to determine the
suitability of factor analysis for the variables used in agricultural activities, which represent
innovations. In this case, the statistic is a measure of the ratio of variance between variables that may
be the total variance. Also, according to the results of Bartlett's test(Bartlett, 1937), HO: the fact that the
variables are not related to each other is explained by the condition that p value is less than 10%, 5%,
and 1%. According to the result of Barlett's test, the variables representing the use of innovations in
agricultural activities are not related (p=0.0000). Determinant of the correlation matrix(Bartlett, 1951)
Is explained by multicollinearity between variables greater than 0.0000001. However, the
multicollinearity between the variables representing the innovations used in gomorka farm activities
explains 0.890.

According to the results of the 3 tests conducted, using factor analysis, it is possible to express
the innovation use index by means of the variables that represent the use of innovation.

Factor 1 explains 27.5% of the innovations used in homesteads as a variable (Table 2).

Table 2
Value of interpretation of variables in factors

Factor analysis/correlation Number of obs 1,428
Method: principal-component factor Retained factors 2
Rotation: (unrotated) Number of params 9

Factor Eigenvalue  Difference Proportion Cumulative
Factorl 1.37979 0.24770 0.2760 0.2760
Factor2 1.13209 0.27211 0.2264 0.5024
Factor3 0.85998 0.04324 0.1720 0.6744
Factord 0.81674 0.00535 0.1633 0.8377
Factorb 0.81139 0.1623 1.0000

LR test: independent vs. saturated: chi2(10) = 165.75 Prob>chi2 = 0.0000

However, in 5 factors, their eigenvalue is greater than 1(Larsen and Warne, 2010), Factorl
and Factor2 explain the variables expressed in the use of innovations by the landowners. In
particular, Factor2 explains 22.6 percent of 5 independent variables.

Existing innovations in the activities of homesteads (Figure 2), which means that fruit trees
were planted in homesteads 1 year ago or many years ago, and are present in homesteads for years.
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On the other hand, the price of fruit seedlings set in the markets or by the growers of fruitful fruit
seedlings shows that the farm is suitable for the consumption of the landowners.
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Figure 2. Loadings of variables representing innovations in farm activities
The variables representing innovation were explained by Factorl and Factor2 and indexed
by Bartlett's method(Bartlett, 1937) (Table 3).

Table 3

Descriptive Statistics of Inn_index

Std. Dev. Min Max
.2449325 -5.40e-17 1

Variable Obs
Inn_index 1,428

Mean
.3504802

In this case, according to the statistical description of the index of use of innovations, 1428
estate owners, which represented the innovations used in estates, were indexed between 0 and 1.
The average value of the innovation use index is 350, and the standard deviation is 244.

In the object of scientific research, it is expressed that there is a relationship between the
income from tomarka farm activity and the index of use of innovations (Figure 3).
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Figure 3. Graphic representation of the relationship between income from tomorka farm

activities and the index of use of innovations
In this case, the relationship between the dependent variable, the income from household

activities, and the independent variable, the innovation use index, is positive. Innovations
introduced into real estate activities, which are variables representing the index of innovation use,
have a positive effect on the increase in income from real estate activities.

The presence of variable correlation in the variables indicates multicollinearity, that is, the
independent variables are statistically insignificant. When determining such a situation, a diagnostic
test was conducted to ensure the robustness of our results (Table 3).

Table 3
Variance inflation factor

Variable VIF 1/VIF
Income_tf 1.34 7146
Education 1.312 762
Age 1.17 .855
3_year_members 1.112 .899
Male 1.086 .92
Cropland 1.075 .93
Inn_index 1.048 .954
Family _members 1.016 .984
Mean VIF 1.145

VIF (Variance inflation factor) test was conducted for independent variables to determine
multicollinearity. The VIF test(Wichers, 1975) is a measure of the amount of multicollinearity in a
set of multiple regressor variables. Mathematically, the VIF for a variable in a regression model is
the ratio of the total model variance to the variance of the model containing only one independent
variable. This ratio is calculated for each independent variable. A high VIF indicates that the
dependent independent variable is correlated with other variables in the model. However, according
to the VIF test result, its mean value is 1.145, indicating that there is no multicollinearity between
the variables.
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The results were obtained in the STATA-16 program package using the multivariate linear
regression model in the economic evaluation of the influence of independent variables on the
income from household activities. The "robust” command was used in the STATA-16 program
package in order to strengthen the variables and eliminate multicollinearity when obtaining the
results. Here, the marginal effect of the index of use of innovations on the income from household
activities was determined.

Results. According to the results of the analysis (Table 4), independent variables explain 50.7
percent of the changes in the dependent variable (R-squared=0.507). The functional equation is
statistically significant (Prob > F 0.000) and at least 1 of the independent variables affects the
dependent variable. However, the change of the income from tomorka farm activities is influenced
by the use of innovation index, tomorka farm area, employment of the owner of the tomorka farm
land in non-farm activities, education, gender, age, number of family members and family members
under 3 years of age 1 percent (p<.01) is statistically significant. In this case, the influence of
independent variables on the dependent variable is statistically significant.

However, the presence of children under the age of 3 in the family members has a negative
effect on the increase in income from household activities. That is, the presence of 3-year-old
children in the family has a statistical significance of 1 percent (p<.01) on the income from
household activities, and it reduces the income from household activities by 7.9 percent. In this
case, it is possible to limit the labor costs of family members in the homestead or the expenses spent
on the homestead. However, the busyness of working-age family members with raising children up
to the age of 3 limits the labor consumption in the cultivation of agricultural products

Table 4

Economic assessment of the impact of variables on the income from farm activities

log_income Coef. | St.Err.| t-value | p-value | [95% Conf | Interval] | Sig
Inn_index 329 .032 10.23 0 .266 392 | ***
Cropland .083 .003 23.95 0 .076 09 | ***
Non-farm 168 .018 9.20 0 132 203 | ***
Education 221 012 18.03 0 197 245 | ***
Male .083 022 3.71 0 .039 127 |
Age .004 .001 3.22 .001 .002 006 | ***
Family_members .025 .006 4.07 0 .013 037 | ***
3_year_members -.079 .019 -4.17 0 -.116 =042 | ***
Constant 984 .078 12.67 0 831 1.136 | ***
Mean dependent var 2.598 | SD dependent var 0.413
R-squared 0.507 | Number of obs 1428
F-test 168.270 | Prob > F 0.000
Akaike crit. (AIC) 532.252 | Bayesian crit. (BIC) 579.628
*** p<.01, ** p<.05, * p<.1

in homesteads. However, sending children older than 3 years to kindergarten, which can have
a positive effect on the increase in income from household activities. An increase in cultivated area
by 1 hectare in tomorka farms increases the income from the activity by 8.3 percent. However, there
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IS no possibility to increase the cultivated area due to the limited amount of cultivated land in the
regions. However, in order to reduce poverty in the rural areas, to increase the employment of the
population and their well-being, the government is allocating 15 hectares of arable land for long-
term use, but not exceeding 10 years.

Use of resources, in which the limitation of land resources forces the intensive use of arable
land. However, the intensive use of open spaces is related to the innovative technologies involved in
the activity. In particular, a 1% increase in the index of the use of innovations by the landowners
increases the income from the estate by 32.9%. However, the use of innovations by homestead land
owners depends on the level of education and income of family members. In particular, an increase
in the level of education of tomorka farm land owners by 1 unit increases the income from tomorka
farm activities by 22.1 percent. In this case, it is required to increase the literacy of the landowners
in the field of agriculture and livestock.

In homesteads, the employment of the head of the family in non-farm activities increases
the income from homestead activities by 16.8%. However, the head of the family's employment in
non-farm activities depends on the number of family members. In particular, the limitation of labor
costs in farm activities, which the heads of families focus on the income from non-farm activities.
However, an increase in the number of family members by 1 person increases the income from
tomorka farm activities by 2.5%.

Innovations used in farm activities or the innovation index have a positive effect on the
increase in income from tomorka farms (Figure 4).

However, we cannot say that homestead landowners have effectively used innovations such
as crop irrigation, high-yielding vegetable and fruit varieties, greenhouses, and productive livestock.
Based on the results of the analysis, the innovation use index has a significant impact on the
increase in income from household activities. In particular, the relative marginal effect of the index
of use of innovations on the income from household activities confirms this.

Average Marginal Effects of inn_index with 95% Cls

A 15
|

5

Effects on Linear Prediction
.0
1

0 2 4 .6 .8 1
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Figure 4. The relative marginal effect of the index of use of innovations on the income received
from household activities

Conclusion and suggestions. In the economy of Uzbekistan, agriculture is important in
supplying industry with raw materials, meeting the population's demand for food products, and
providing employment for rural residents. In particular, the agricultural products grown in the
homestead economy, which, in addition to meeting the demand for food products of the family, are
their source of income.

In the economic analysis of the impact of innovation on the income from tomorka farm
activities, the data of the rural areas in Samarkand region was analyzed. 1428 respondents or
landowners took part in the social survey. The results of the analysis showed that there is an
opportunity to increase the income from tomorka farm activities in the rural areas of Samarkand
region.

The size of tomorka farm land is important in increasing the income of the residents of rural
areas from tomorka farm activities. However, the limited amount of arable land in tomorka farms,
the use of innovations in activities is important. In this case, the homestead requires the use of new
technologies by the landowners, which include crop irrigation, high-yielding vegetable and fruit
varieties, greenhouses, productive livestock and other innovations. However, the effect of the use of
innovation index on the income from farm activities is statistically significant at 1 percent (p<.01),
and an increase in the use of innovation index by 1 percent increases the income from the activity
by 32.9 percent. Also, the increase of the income from tomorka farm activities is statistically
significant in 1 percent (p<.01) of tomorka farm area, occupation of the tomorka farm land owner in
non-agricultural activities, education, gender, age, and number of family members. Although the
presence of members under 3 years of age in the family household is statistically significant at 1
percent (p<.01), it has a negative effect on the increase in income from household activities.

Nowadays, the reforms carried out by the government, which reduce poverty in rural areas
and provide long-term arable land to the population, are important for improving the welfare of the
population. However, it is necessary to develop a system to support or encourage the use of
innovations in homestead tomorka farms and arable land allocated to them for a long time.
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