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AHHOTAILIHSI

B cratbe paccmoTpeHbl cOBpeMEHHbIE TeHICHIIMU B chepe oOpa3oBaHmsl, KOTO-
pbI€ OKa3bIBAIOT BIUSHUE HA apXUTEKTYpYy HAyYHO-00pa30BaTEIbHBIX OOBEKTOB, UX
MPWJIETAIOIINE TEPPUTOPHH, KAMITYChl U OTKPBITHIE OOIIECTBEHHBIE MPOCTPAHCTBA.

ABTOpOM BBIJI€TIEHA B3aUMOCBSI3b MEXAY 3(D(PEKTUBHOCTHIO OOYyUEeHHS Oy TyIIHUX
CIICOUAJIMCTOB, UX SMOLNHUOHAJIBHBIM COCTOSAHHUEM, 'OTOBHOCTBIO K ITOJIYUYCHHIO 3HA-
HUH, 4TO gocTturaercss GopMupoBaHreM KoMGOpTHONH 00CTaHOBKH, CTIOCOOCTBYIOIICH
00y4YEeHHI0, M YCTICIITHOCTHIO CUCTEMbI 00pa30BaHUs TOCYIAPCTBA B IIEJIOM.

ABSTRACT

The article discusses current trends in the field of education that have an impact
on the architecture of scientific and educational facilities, their surrounding areas, cam-
puses and open public spaces.

The author highlights the relationship between the effectiveness of training future

specialists, their emotional state, readiness to gain knowledge, which is achieved by



creating a comfortable environment conducive to learning, and the success of the state

education system as a whole.

KiarwueBble ciioBa: coBpeMeHHOE 0Opa3oBaHue, CUCTeMa 00pa3oBaHus, o0yde-
HUE, BbICIIee Y4eOHOE YUPEKACHHUE, apXUTEKTypa, KaMITyC, OTKPBITOE 0OIIIECTBEHHOE
MPOCTPAHCTBO, TpaHChOpMaIIUs.

Keywords: modern education, education system, training, higher education insti-

tution, architecture, campus, open public space, transformation.

O6mectBo XXI| Beka HaXOIUTCS B IIEHTPE HEOOBIYAMHO OBICTPBIX IMPOIECCOB
uudpoBu3alKK, TI00aTU3aIMU, BMECTE C TE€M, T'yMaHU3alluu OOIIEeCTBA U CO3JaHuUs
MHKJIIO3UBHOM CpeJibl. ITO OKa3bIBACT BIUSHUE Ha BCE Chephbl YETOBEUECKOM KU3HE-
NEATEIbHOCTH, B 0OCOOEHHOCTH Ha KYJIbTYPHO-00pa30BaTEILHYIO CPEY.

[Ipu 5TOM crucTeMa 00pa30BaHUs MTOCTEIIEHHO CTAHOBUTCS KOMILJIEKCOM ITPOTHO-
3UPOBAaHUS BOCTPEOOBAHHOCTH CIEIUATIMCTOB B TE€X WJIM WHBIX OTPACisiX, C YYETOM
M3MEHEHUH B 0011IeCTBE, M100aNN3alnu, Pa3BUTHS TEXHUKU U TEXHOJOTUM, U (hopMu-
pyeT HEOOXOMMBbIE KOMIIETSHIINH JIJIi COBPEMEHHBIX CIEIIUATHCTOB.

Konnenmus «o6mects 3uanus» B nokiajne KOHECKO npencrasisiercs Kak HOBast
MOJieb pa3BuTHs oOiecTBa. [losiBneHre «o0111ecTB 3HaHUS» TOBOPUT O HEOOXOIUMO-
CTH YEJIOBEUECTBA B MHTEJUICKTYyaJM3aIlMi 00IeCTBeHHON XKn3HHU. «OOIIEecTBO 3Ha-
HUSD» CTABUT LIEJIbIO PA3BUTHUE TUYHOCTHBIX KAUECTB YeJI0BEKa U MOOIIPEHUE COIUATTb-
HOW aKTUBHOCTH I'PAXKJIAH.

[Iponcxoaur pa3BUTHE HOBOM KYJIBTYPbI, OTKPBIBAIOIIEH HOBBIE BO3MOXXHOCTH
JUIs TBOPUYECTBA U CAMOBBIPKEHUS, @ HOBbIE TEXHOJIOTUH CIIOCOOCTBYIOT ATOMY pa3-
BUTHIO U paclpocTpaHeHuio 3HaHusA. OO01ecTBo 3HaHUs criocoOcTByeT (hopmupona-
HUIO HOBOT'O Y€JIOBEKa, MHTEJUIEKTYaJIbHO COOTBETCTBYIOIIETO MPUPOJIE U BOZMOKHO-
CTSIM COBPEMEHHBIX TEXHOJIOTHH.

WNHTeHcuBHBIN mporpecc, TyOnHa W MaciiTadbl U3BMEHEHUA B )KU3HU TPEOYIOT

pedopMupoBanus Beiciiero oopazoBanus. O06pa3zoBaHUe JTOJKHO U3MEHUTHCS: K Oa-



30BBIM 3HAHUSIM HEOOXOJIHUMO C(HOPMHPOBATH CUCTEMY JOIMOJIHUTEIbHBIX KOMIETECH-
I[Ui, OCBOCHME 3HAHUS JOJDKHO paboTaTh C MPOU3BOJICTBOM HOBOTO 3HaHUs. V3MeHe-
HUE 00pa3oBaTENbHON CHCTEMBI TpPeOyeT M3MEHEHUS M MPOCTPAHCTB, B paMKax
KOTOPBIX MPOUCXOAUT JAHHBIN MpoIecC.

Tak xak MbI OIpeneIid OOPY COBPEMEHHOro O0IeCTBa Ha HAYYHOE 3HAHUE,
CTOUT paccMaTpUBaTh BHICIINE yUeOHbIC 3aBEICHUS [IEHTPOM COLIMAIBLHOM OpraHu3a-
. By3 cerosius — 3To spo Npou3BOICTBA, HAKOIUICHHUS, PACIIPOCTPAHEHUS 3HAHMS.
D710 00yCIOBIMBAET HEOOXOUMOCTh IEPECMOTPa MPUHIIUIIOB MPOSKTHUPOBAHUS TEP-
pUTOpUI BY30B, KAMITYCOB, OTKPBITBIX MPOCTPAHCTB M CIIOCOOOB UX UCIOJIb30BAHUS B
KyJbTYPHOM U 00pa30BaTEIbHOM IIJIaHAX.

Bricimie yueOHble 3aBeieHUs JOKHBI TPAaHC(POPMHUPOBATHCS B OTACTBHBIC JKU-
BbI€ OpPraHU3Mbl, OTAEJbHBIE SKOCHUCTEMBI, TaK Ha3bIBAEMbIH «rOpoJ B ropojae». B
YCIIOBHUSX TIOCTOSTHHBIX M3MEHEHWI MHHOBAIIMOHHBIN BY3 JIOJKEH COBEPIICHCTBOBATH
cUCTeMy 00pa3oBaHUs, MCKAaTh KA4eCTBEHHO HOBBIE IMOAXOJBI B 00pa30BaTEIHHOM
porecce.

Jl5isa yHMBEpCUTETa BaXKHO CO3/IaTh TEPPUTOPHIO, KOTOpasi OyJIeT obecreuynBaTh
YCTOWYMBOE Pa3BUTHE, IPU ITOM COXPAHSThH KyJIbTYPY IaHHOTO YHUBEPCUTETA. 3a I10-
clielHee BpeMs BO3pOCIa MOTPEOHOCTh MOJAEPHU3ALMU TPOCTPAHCTB KaMITyCOB YHH-
BepcuTeTOB. OCHOBHBIE METO/IbI, HA KOTOPBIC OMUPAIOTCS MPH TNIAHUPOBAHUH MTPOCKTA
00pa3oBaTenbHOM Cpeibl, ’TO CUCTEMHO — JIaH A THBIN 1 dKoorudeckuid. [Ipu sTom
MIPOEKT PacCMaTPUBAIOT HE MIPOCTO KaK Coco0 OaroycTpoiicTBa U pa3BUTHUSL TEPPU-
TOPHH, HO U KaK criocob co3aaTh KoMGOPTHYIO Cpeny, 3adUKCHPOBAHHON B CTPATETHH
pa3BUTHUS By3a KaK TEPPUTOPUH 370POBOro 00pa3a KU3HHU.

Kammyc — oTaenpHas TeppuTOpHS, BKIIOYAIONIAs BCIO HHOPACTPYKTYPY: yueO-
HbIE KOpITyca U OOIICKUTHS, CHIOPTKOMITIIEKCH U OMOTMOTEKH, CTYJACHUYECKUE KITyObI
Y LIEHTP KYyJIbTYpbl U gocyra. Kammyc o0beAnHsIET BCe, 4TO He0OX0AUMO st 00pa3o-
BaTEIBHOTO TpOIlecca, a TakKe IS )KU3HH CTy/eHToB. KaMimyc oObequHsIeT pa3Hbie

KOMITIOHCHTBI B OIHY ICHHOCTHYIO KaTCTOPHUIO PAa3BUBAOIICTOCA BO BPECMCHHU U IIPO-



CTpaHCTBE KyJabTypHOro nanamadra. KyasTypHelil nanamadt kammyca noapasyme-
BaeT 00pa3oBaHUE UHTEIUIEKTYyalIbHOU CpeJibl, B KOTOPOU pa3BUBAETCs CTYyACHUYECKOE
COOOIIECTBO.

OTKpBITBIE TOPOACKUE MTPOCTPAHCTBA HA TEPPUTOPUU KaMITyca JIOJKHBI OBITh HE
TOJIBKO MECTOM JIJI1 aKTUBHOI'O OT/AbIXa, HO U 00pa30BaTelIbHON 30HOU. Teppuropus
yHHUBEpcUTETa TpeOyeT 0COOEHHOTO MOAX0/a K MIIAHUPOBAHUIO U OPTaHU3AI[MOHHOM
ctpykrype. [IpocTpancTBa yHuBepcurTera 001a1at0T COpMYITHMPOBAHHBIMU TPUHIIH -
MaMU PEKOHCTPYKIIMH ¥ BHYTPEHHUM PETJIAMEHTOM PadOT Ha COOCTBEHHOU TEPPUTO-
pHUH, TaK MPOCTPAHCTBA OTPAXKAIOT OCOOEHHOCTh OpraHU3allly, €€ KyJIbTypy, €€ UAeH-
TUYHOCTb.

[IpeobpazoBanue TeppuTopuu Kamiyca Heooxoaumo. Co BpemeneM GhopMbl MO-
paJIbHO YCTapeBaIOT, HEOOXOAMMO CO3/1aBaTh COBPEMEHHOE HAIIOJHEHHUE ITPOCTPAHCTB
kamiryca. CoBpeMEHHbIE KaMITyChl HEOOXO0IMMO OOHOBJISITH HE TOJIBKO B HANPABJICHUN
65aroycTpoiicTBa, HO ¥ MOJEPHU3UPOBATH CPEAY C MOMOIIBI0 MATBIX APXUTEKTYPHBIX
($hopM, OTKPBITHIX POCTPAHCTB.

YHUBEpPCUTET MPEACTaBISIET COOOM HE MPOCTO MECTO OOYyYEHHUS U HEMOCpen-
CTBEHHOTO KOHTAKTa IeJlarora U CTyJeHTa, a MECTO, TJie TIeAaror U CTyJACHT B3anMO-
o0ydaroT JIpyT ApyTa, Tak KaKk COBPEMEHHBIN 00pa30BaTEIbHBIN MPOIECC OTINYACTCS
OTKPBITOCTBIO M HE TUPEKTUBHOCTHIO. CIIe10BaTENbHO, 38]ICHCTBYSI COBPEMEHHBIE TEX-
HOJIOTMH, MOKHO OTOWTH OT CTaHJAPTHBIX 3aHATHI B ayJUTOPUAX U 3ajaX, MepeHecs
9acTh WX B OOIIECTBEHHOE OTKPHITOE MPOCTPAHCTRO.

Oco6oe 3HaueHne HEOOXOUMO YACNIATh OTKPBHITHIM MPOCTPAHCTBAM U PEKpealiu-
OHHBIM 30HaM, TaK KaK UMEHHO OHU CO37at0T KoM(GOPTHOE MpeObIBAaHUE CTYJCHTOB Ha
TEPPUTOPUHU U CIIOCOOCTBYIOT MPOBEACHHUIO OCyTa B KOMGOpPTHOM cpene. Passutne
OTKPBITHIX TPOCTPAHCTB HA TEPPUTOPUN KaMITyCa MO3BOJIUT PA3BUBATHCS YIACTHUKAM
00pa30BaTeNHLHOTO MPOIIeCCa, BHICTPAMBATh KOMMYHHUKAIIUN U 0OMEHUBATHCS OMBITOM
BHE CCTKH YUCOHBIX 3aHSTHM.

Taxoke BayKHO B TIpOIIeCCe BRICTPaMBaHUsI 00pa30BaTEIbLHOTO MTPOCTPAHCTBA By3a

YUYUTBIBATbL HE TOJIbKO Kade€CTBa 3CTCTHYHOCTU U 6630HaCHOCTI/I, HO M JO€J1aTb IIpO-



CTpaHCTBa KOM(GOPTHBIMU B TICUXOJIOTHYECKOM TIaHe. Benp GaronpusiTHoe SMOIINO-
HAJIBHOE COCTOSTHUE 00yJaromIelicss MOJIOSKH TIO3BOJUT HE TOJIBKO YJIy4IlIaTh MOKa-
3aTed MO TEKYLIeH yCHmeBaeMOCTH CTYIEHTOB, HO M CO3JacCT YCJIOBUSA MJis
TAPMOHHUYHOTO Pa3BUTHSI TUIHOCTH.

Awnrmuiickuii apxutektop I1. Cmut yTBepkaaet, uto 90% nHbopManum 4eIoBex
HE OCO3HAET, a BOCIPHUHUMAET Ha IOJICO3HATEIBHOM ypoBHE [2, C. 45]. B pabore K.
JInaua «O06pa3 ropoga» aBTop obpaliaeT BHUMaHHE Ha TO, KaK BIUSAET TOPOJCKAs AC-
TETUKa Ha IMOLIMOHAIILHOE COCTOSTHUE YeloBeKa. [ paMoTHas opraHu3alus OTKPHITOTO
TOPOJICKOTO MIPOCTPAHCTBA MO3BOJISIET CHU3UTh TPEBOKHOCTh, CTAOMIIHM3UPOBATH AMO-
IMOHAJIBbHOE cocTosiHue [1, ¢. 68].

AHAJOTHYHO M OTKPBITOE IPOCTPAHCTBO HA TEPPUTOPUH KaMITyca MPEACTABIISAET
co00ii cpefy, BIUSIOUIYIO HAa SMOLMOHAIIEHOE COCTOSIHUE CTYA€HTOB. DTO TEPPUTOPHS,
r7ie TPOUCXOIUT YPaBHUBAHHUE COITMAIIBHOTO CTaTyca, CTUPAIOTCS MEKHAIIMOHALHBIC
rpaHuiel. OTKPBITOE MPOCTPAHCTBO JIOJDKHO CTAHOBHUTCS TEPPUTOPHUEH IPYKECTBEH-
HOT'O OOILIEHUSI.

Pe3romupys ckazaHHOE B CTaThe, BCE MEPEUHCICHHBIC TOBOBI C OMOPOI Ha CO-
BpPEMEHHBIE TeHJICHIIUU B chepe o0pa3zoBaHus TpeOyIOT TII00AIbHON IEPECTPONKHU CH-
CTEMBI KAMITyCOB M OTKPBITBHIX MMPOCTPAHCTB HA TEPPUTOPUSIX YHUBEPCUTETOB JIJISl BO3-

MO>KHOCTH COBEPIIEHCTBOBATH MpoLecc 00yYeHUs HAIle CTPaHBI.
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AHHOTAINUA

B crarthe paccMoTpeHa 3HaUMMOCTh CTUIMCTHYECKOTO OPOPMIIEHUSI KaMITyCOB H
OTKPBITHIX O6H1€CTB€HHI>IX IMPOCTPAHCTBO COBPCMCHHBIX YHUBCPCUTCTOB JIA (bOpMI/I-
POBaHUS aKTyaJIbHOTO Ha JAHHBIH MOMEHT MPOCTPAHCTBA, CIIOCOOCTBYIOIIETO YCBOE-
HUIO 3HaHUH, OOMEHY OITBITOM, aKTUBHON KOMMYHHKAIIUH.

ABTOpOM BBIJIETIEHA B3aUMOCBSI3b MEXY 2D (PEKTUBHOCTHIO O0yUeHUs OyayIIUX
CIICOUAJIMCTOB, UX SMOLNHUOHAJIBHBIM COCTOSAHHUEM, 'OTOBHOCTBIO K ITOJIYUYCHHIO 3HA-
HUH, 4TO gocTturaercs: GopMupoBaHrueM KoMGpOpTHONH 00CTaHOBKH, CTIOCOOCTBYIOIICH
00y4YEeHHIO, ¥ YCTICIITHOCTHIO CUCTEMbI 00pa30BaHUS TOCYIAPCTBA B IIEJIOM.

Taxoxe IMPUBCACHLI B IPUMEP COBPCMCHHLIC TCHACHIWHU, ITPUHATBIC B MUPOBOM
COOOIIIECTBE MPHU BO3BEICHUN KPYITHEUIIIUX KAMITyCOB: SKOJIOTUYHOCTh U UCTIOIB30Ba-
HHC IIPUHIMIIA «HYJICBBIX OTXOAO0B», IPHUHIHUIILI YCTOﬁqHBOfI APXUTCKTYpPhbI U, KaK
CJICACTBHUEC OTOI'0, aKTUBHOC HNCIIOJIB30BAaHUE O3CJIICHCHU .

ABSTRACT

The article considers the importance of the stylistic design of campuses and open
public spaces of modern universities for the formation of a currently relevant space that
promotes the assimilation of knowledge, the exchange of experience, and active com-

munication.
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The author highlights the relationship between the effectiveness of training future
specialists, their emotional state, readiness to gain knowledge, which is achieved by
creating a comfortable environment conducive to learning, and the success of the state
education system as a whole.

Also given as an example are modern trends adopted in the world community
during the construction of the largest campuses: environmental friendliness and the use
of the principle of "zero waste", the principles of sustainable architecture and, as a

result, the active use of landscaping.

KaroueBble cioBa. KaMIIyC, OTKPBITOC O6HI€CTB€HHO€ IMPOCTPAaHCTBO, YHUBCP-
CUTET, By3, CTUJIMCTUYECKOE OPOpPMIIEHUE, JOKA3aTEIbHbIN IU3aiiH, IKOJIOTHYHAS ap-
XUTEKTypa, COBPEMEHHOE 00pa3oBaHUE.

Keywords: campus, open public space, university, university, stylistic design,

evidence-based design, sustainable architecture, modern education.

[IpocTpaHCTBO CTYAEHYECKOTO KaMIlyca W OTKPBITOIO OOIIECTBEHHOTO TIPO-
CTpPaHCTBA B HEM OKa3bIBAET CJII0KHOE MHOTO(AaKTOPHOE BIUSHHUE HA TICUXUKO-IMOIIH-
OHAJIBHOE COCTOSTHUE M Yepe3 HEro 00pa30BaTEIIbHYIO MPOIYKTUBHOCTh CTYJEHTOB U
npenoaasareiiei. JlokazaTenbHbIN IU3aiH CETOIHS, ONUPAIOIINANCS HA SKCIIEPUMEHTHI
U SMIUPHYECKUE HccienaoBanus P. Yiabpuxa, nmpuMeHseTcs B pa3IudHbIX cde-
pax [3, c. 115].

N3BecTHO, UTO J1ayke Ka4eCTBEHHO OPraHM30BaHHOE MIPOCTPAHCTBO MOKET OKa3bI-
BaTh HETaTUBHOE BO3ACHCTBHE, (OPMHUPYS Y JIFOJICH YyBCTBO HE3aBEPIIICHHOCTH, CMa-
3aHHOCTH, CEPOCTH, YTHETCHHOCTH, €CITH CTHJIMCTHYECKOE O(DOPMIICHHE HE YIYUTHIBACT
0COOCHHOCTEH UeI0BEYeCKOro BOCIPHUATHS. Toraa Kak IpaBUIbHO OI00paHHOE CTH-
JUCTUYECKOE PEIIeHNEe TTOMOTAET JIFOJISIM YyBCTBOBATh ce0s1 00siee CBOOOHBIMHU, OILTY-
aTh IPWJINB TBOPYECKON SHEPTHH, JIETKOCTH, SHEPTHH.

Ha »ToM ocHOBaHMYM MBI MOKEM CJIEaTh BHIBOI, UTO MPOCTPAHCTBA YHUBEPCUTE-

TOB OOJIKHBI OIIMPATLECA HA UJACHU JOKa3aTCIILHOI'O nn3aﬁHa, oTpakas HC TOJIbKO KOH-
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HETINI0 Y9eOHOTO 3aBE/IEHUS, €0 HCTOPHIO U MEIarOTHYeCKYI0 MUCCHIO, HO U CTUMY-
JUPYS TOJOXKHUTEIbHBIM SMOIIMOHANBHBIN CIIEKTP CTYACHTOB M WHBIX MOCETUTEICH,
HaXOJIAIIUXCS B UX MpeJenax.

CoBpeMeHHas apXUTEKTypa 00pa30BaTEIbHBIX YUPESKICHUH JODKHA OBITh (DYHK-
[IMOHAJIbHA, aKTyaJIbHA, JINIIIEHA U30BITOYHOTO, TaK KaK OHa (DOPMHUPYET Ha MEePCIIeK-
TUBY HE TOJIBKO 00Pa30BaTENbHYIO Cpely I CTYACHTOB, HO U 3aKJIaJbIBAET, XOTh U
HE3pPUMO, 3CTETUIECKOE YYBCTBO, CIIOCOOHOCTh OPTraHU30BaTh MPOCTPAHCTRBO.

[TpaBunpHO peanu3oBaHHAS APXUTEKTYPHAs! MBICIb, TPETBOPECHHASI B TIPOCTPaH-
CTBO, BJIMSIET HA YMEHHUE ONIYIaTh KOHTEKCTYaJbHBIC UCTOKH 3aMbICIIa, O0BEIUHATh
(GyHKIIMOHAJIBFHOE U dCTeTHYeCKOoe Havasa. [103BossieT BUAETh U OIyIIaTh SMOIUU OT
XYIO’)KECTBEHHBIX BIICUATIICHWM MpoCTpaHcTBa. [Ipn 3TOM HEOOXOAMMO YYHTHIBATH
TpeboBaHus KoM(popTa JIJIsl BCEX YUaCTHUKOB 00pa30BaTEIbLHOTO MPOIecca U MOCETH -
TeJIeH, TEXHOJIOTHIHOCTH U COPA3MEPHOCTH, COOTBETCTBHIO BPEMEHHU.

Bce kadecTBa MOCTaTOYHO CJIOKHO COBMECTHTH C BHU3YaJIbHOUM BBIPA3UTEIHHO-
CTBIO, KOHTPACTHOCTBIO, KOTOPBIE CO3/Ial0T HEMTOBTOPUMYIO aTMOCGhEPY BhIPA3UTEINb-
HOCTH W HECIIYJalHOCTH Ka)KJOTO MOMEHTa MpeObIBAaHUS Ha TEPPUTOPHH KamIryca.
Bwmecte ¢ Tem, npogyMaHHbIe apXUTEKTYpPHbIE KOHIEMIUU Jal0T BO3MOXKHOCTh CHe-
JaTh MPOCTPAHCTBO 00PA30BATEIBLHOM CpeIbl HE TOJIBKO YAOOHBIM, COOTBETCTBYIOIUM
HOPMAaTHBaM, HO U YHUKAJIbHBIM, HCIIOJIB3YIONINM SI3BIK MICKYCCTBA U AW3aiHA JJIST OT-
paXEHUsSI MBICIIA TTOCPEICTBOM (HOpM, IIBETA, MATEpUAJIOB, (PaKTyphl TaK, YTOOBI ITO
OBLJIO MOHSATHO BCeM BH3UTEpaMm. [103TOMY CTHIUCTHYECKOMY M TU3AMHEPCKOMY pe-
IICHUIO B XOJI€ CO3/IaHUs MPOCTPAHCTBA KaMITyca U OOIIECTBEHHBIX 30H B HEM, HE0O-
XOJIMMO YJIEISATh JOCTATOYHO MHOTO BHUMAHUS.

TamaHTIUBBIA MOAXOA K CTHIMCTHYECKOMY O(OPMIICHHIO TIPOCTPAHCTBA KaM-
myca, a TaK)Ke KadyeCTBO OOCIY)KMBaHHUS ITOTO MPOCTPAHCTBA (TIOJJEPIKAHUE ITOTO
MIPOCTPAHCTBA B MOPSIIKE M YUCTOTE, UTO BIHMACT M HA CAMOOPTAaHU3AIIMIO CTY/ICHTOB),
OKa3bIBaCT BIMSHHUE Ha CO3HAHHME 00yUaronmxcs, GopMupyeT deIoBeueckoe MmoBeje-
HUE W 3aKJIaJIbIBAET CHCTEMY B3aHMMOOTHOIIICHUA MEXIY CTYJACHTaAMHU U APYTUMH TIO0-

CCTUTCIISIMU.
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3710 00yCIIOBIMBAETCA TEM, UTO ICTETHUECKUE CBOMCTBA 00PA30BaTEIHLHOTO MPO-
CTPAHCTBA CTUMYJIMPYIOT >KEJAaHUE YUYHUThCS U paboTarTh, TPAHCIUPYIOT KpacoTy,
(GYHKIIMOHATBHOCTD, Y100CTBO, GOPMUPYIOT 00pa3 HHOTO OMNBITA, 3HAHUS, KOMIICTEH-
I}, a 3HAYUT, U IPYTOM TUUHOCTH, BEIXOSIIECH U3 00pa30BaTEIbHOM Cpeibl IO UTOTY.

K. 3uckun, cnenuanucTt eHTpa cTpaTeruu pa3BUTHs oOpazoBanuss MI'Y, tak
OXapaKTepr30Baj 3HAYMMOCTh JAM3ailHa U CTUJIMCTUYECKOTO pelieHus B o0pa3oBa-
TenpHOU chepe: «/luzaiiH 00pa30BaTEIBLHOTO YUpPEKACHUS HEOOXOAUMO COUYETaTh C
MEJarOrM4eCKOil KOHIENIMEN, TaK KaK JW3aiH SBJISETCS MaTepUajbHBIM MpOsBIIE-
HUEM MeIaroruyeckon uaeu, 6e3 oJJHOM HEBO3MOXKHO cJieiaTh JPYroe B TOW Mepe, B
KaKo# 370 HeoOxoaumMo» [1].

["apMOHMYHOCTh BU3YaJbHOTO MPOCTPAHCTBA KaMITyca JOCTHIaeTcs COOIIOJe-
HUEM MPUHLIMIIOB (OPMHUPOBAHUS LEIOCTHOTO XyAO0KECTBEHHOIO 00bEKTA, IOBTOPS -
IOIIETo crenuuUKy IeI0ro B KaX10i oTAeIbHOM yacTu. [Ipu 3ToM Kaxaas 4yacThb siB-
JSIeTCA CONMOJAYMHEHHOM LEJIOMY, COpa3MEpHOM, YpPaBHOBELIEHHOM, KaK €IMHCTBO
CBA3EH U MPOTUBOIOJIOKHOCTEN.

To4HOCTB, UMCTOTA, AKUEHTUPOBAHHOCTH (POPM, COBPEMEHHOCTh M HAIIOJHEH-
HOCTb Uieel MPOCTPAHCTBA YHUBEPCUTETCKOTO KaMITyca IMO3BOJISIET B3aMOOOYCIIOBIH-
BaTh KayeCTBO 0Opa30BaTENIbHOTO MPOLECCa, CIOCOOHOCTh K OOYYEHHUIO M >KEJIaHHUE
o0y4aTbCsi CTYAEHTOB BMECTE CO CKPYMYJIE3HOCThIO U TAIAHTIMBOCTHIO MOJIX0/1a ap-
XUTEKTOPA, TUIAHUPYIOLIETO HE TOJIBKO OPraHU3allMOHHOE, HO U CTHJIMCTUYECKOE pe-
IIEHUE TPOCTPAHCTBA.

[TomuMO 3TOT0, TOBOPS O 3HAYUMOCTHU CTUIIMCTUYECKOTO OPOPMIIEHHUS KaMITyCOB,
HEO0OXOMMO MPUBECTU OCHOBHBIE MUPOBbIE TEHACHIIMU, KOTOPbIE OTPAXKAIOTCA U Ha
nu3aitHe 00pa30BaTEIbHbBIX YUPEKICHUN:

e cuCTeMa «Zero wastey, nomyJsspusupyemasi B KpyIHbIX €BPONECHCKUX U a3UaT-
CKHX TopoJiaX, KaKk JaHb HKOJOTMYECKH Pa3BUTOMY CO3HAHHUIO 4yeloBeKa OyIyIiero
(BociTaHue OyIyIIMX FPaKJIaH Kak pa3 OCYUIECTBISETCS B 00pa30BaTeIbHbIX yupe-

KICHUSX ),
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® YCTOWYMBAsI APXUTEKTYPa, MPUHIIUAIIEI KOTOPOH YaCTUYHO OTPAKAIOTCS B TPHU-
POJIHBIX MOTHBAX B 00pa30BaTEIbHBIX YUPEKICHUAX U AKTUBHOM MCIOJIB30BAHUH O3€-
JICHEHUS TTPOCTPAHCTB.

Cucrema «HYJIEBBIX OTXOJIOBY», «ZEro Waste», 0oJpIiie pacmpoCcTpaHeHa B €BpO-
NENUCKHUX CTpaHax, UMEIOIINX YETKHE TUTaHbI IO COKPAIICHUIO BEIOPOCOB OT YeJioBeye-
CKOH JKU3HEACITEIIPHOCTH B TIEPeX0ay K BO30OHOBIIsIeMOi 3Heprun. Ho Takke oHa uc-
noJyib3yercst B A3uu, ABCTpainu, OCOOCHHO B KPYIHBIX TOpOJaX-MUJUTMOHHHUKAX C
BBICOKOW TUIOTHOCTBIO HACEJICHUS, T/I€ 1I€JbI0 CTAHOBUTCS BO30OHOBJICHHE OTHOIIIE-
HUH 4eJI0BEeKa ¢ MPUPOIOH (TO eCTh 0OUITHE TPUPOTHBIX OOBEKTOB B ApXUTCKTYPHOM
naHAmadTe KaMIycoB), a TakyKe MUHUMU3AIMS Bpe/la OT YEJOBEYECKON aKTUBHOCTH
JUISL IPUPOTHOM CPEJIBL.

Crnenyst IpUHITUIIAM «HYJIEBBIX OTXOJI0OBY», ApXUTEKTOPHI, CO3IAI0IINE KaMITyChl U
OOIIIECTBEHHBIE 30HBI B HUX, CKPYITYJIE3HO MOJXOIT K CHUKEHUIO YPOBHS TTOTpeodie-
HUS MaTepUATBHBIX, JHEPTETUICCKUX PECYPCOB Ha MPOTSHKEHUH CPOKA AKCILTyaTaIiH
CTpOEHHUH J1I000ro HazHaueHus. Kpome TOro, akIeHT Ha «3€JI€HO0e» CTPOUTEIbCTBO
MTO3BOJISIET CYIICCTBEHHO YBEIMYNUTh Ka4eCTBO 3aHUA U YA00CTBO OT NMPEOBIBAHUS B
HUX JJIS CTYJICHTOB, TIPEToIaBaTelici U IOCETUTENIeH KaMITyCOB.

Kax mpaBuiio, B COBpeMEHHBIX KaMITycax, MPUHIIMITBI «HOJIb OTXO/I0B)» TECHO CO-
SAVHSIOTCS C AICHTUKOW MTPOCTPAHCTBA, OKPYKAIOIMIETO YHUBEPCUTETCKYIO TEPPUTO-
pHIO0, 2 TAKXKE HECYT B ce0€ OTCHUTKH K HCTOPUYECKOMY HACIEIUIO YUPEIKICHUSI.

«YcToiuuBas apXuTEKTypa», MPUHSTas KaKk TEPMUH U, OJTHOBPEMEHHO, TEHCH-
IIUST APXUTEKTYPHOTO Pa3BUTHS, BCE OOJIBIIIE BOCTPEOOBaHA B YHUBEPCUTETCKOM Ccpefie.
OTOT MOAXOMA K apXUTEKTYPE OMUPAETCS Ha IPUOPUTETHI IKOJIOTHUECKOTO TOAX0/1a K
MPOEKTUPOBAHUIO, BO3BEACHUIO M dKCIUTyaTanuu ctpoeHuii. Kpome Toro, B xozae pea-
JU3AIMH TPOSKTOB YCTOWIMBOM apXUTEKTYPhl IPUMEHSIOTCS SKOJIOTUYHBIE, PECYPCO-
coeperaroiue, s3HeprodPPeKTUBHBIC MATEPUAIIBI K TEXHOJIOTUH, B TOM YUCJIE MAaCCHB-
HOE O3€JICHeHHue Kpbill, (acagoB, OamrocTpall, co3AaHUE KUBBIX YKOCUCTEM BHYTPHU
3aKPBITHIX MTPOCTPAHCTB KaMiycoB. [lo1o0Has TeXHOIOTHS CIOCOOHA HE TOJIHKO BBI-
CTYNIHTh OPUTHHAIBHBIM CTHJIMCTHYCCKUM, TIPOCTPAHCTBEHHO- AU (EPEHITUPYIOIIIM

SIBIICHUEM, HO U MOIEPKUBATh dHeprocoepexenue [2, c. 36].
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PestoMupysi ckazaHHOe B CTaThe, MPOCTPAHCTBO COBPEMEHHOI'O 00pa3oBaTeib-
HOTO yUpEeXJACHHS, KaMITyca Ha €ro TEPPUTOPHUH, JOJKHO OBITh HE TOIBKO (PYHKIIHO-
HaJIbHBIM M COOTBETCTBYIOIIUM aKTyaIbHBIM TCHICHIIUSIM B aDXUTEKTYPE, HO U OTKPbI-

TbIM, CBCTJIbIM, CHOCO6CTBYIOHII/IM AKTHUBHU3alIWUHU MHTCIJICKTYAJIbHBIX ITPOICCCOB.
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AHHOTAIUA
B nanHol cTaThe paccMaTpuBaeTcs BOMPOC 0 (popMax CKBaXKUHBI IPU OypEeHUHU.
Haubonee nmogxoasumm croco6om OypeHust SBJISETCS UCIOJIb30BaHUE OYpOBOM KO-
JIOHKHM U BUHTOBBIX IITAHT. B mipoiiecce Oypenus, TpeboBaHKE «BEPTUKATBHOCThY, HE-

00XOIUMBIX JIJIsl COOJIIO/IEHUS TPOCKTHBIX PEIICHUI U PACUETHBIX CXEM.

KuiroueBrble cjioBa: OypeHUsi, HaKJIOHHbBIE CKBa)KMHBI, HECYIIasl CIIOCOOHOCTh

CBau, OCh CBall, OypeHue rpyHra.

I1o naHHBIM MH)KEHEPHO-TEOJIOTHYECKOTO pACcCUETa MPEICTABUM HATJISAHBIN ITPU-
M€p OTKIIOHEHUE CTBOJIOB CKBAKMH OT BEPTUKAJIbHOCTH JIsl CKBaxuH No5, Nel0.

Jlist puKcay ropu3oHTaIbHBIX MMEPEMENIEHUH TPYHTOBOTO MacCHBa CKJIOHOB
Tpouukoro Mpica ¥ 3Ha4€HUsI BEPTUKAIBHOIO ITOJI0KEHUS YPOBHS ITOA3EMHBIX BO:

e Oypenus 10 BepTUKaIbHBIX CKBaXKHH Ha OPOBKE CKJIOHA TPOMIIKOTO MbIca TITy-
OuHOM 25 M;

® [IOrpyXCHHE B CKBAKMHBI CTAHJAPTHBIX HAMPABJISIONIMX TPYO AJI1 MHKJIUHO-
MeTpa quameTpom 70mm;

® CHSTHE «HYJIEBBIX» IIOKA3aHUM, YUYUTHIBAIOIIUX TEXHOJIOTMYECKOE BIIMSHUE

YCTPOMCTBA CKBaXXMHbBI HA PETUCTPUPYEMBIEC 3HAUEHUS. 3AHECEHUE CEPUU TAHHBIX «HY-
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JIEBBIX» TMOKa3aHui (4 u3mepeHust B TeUeHUH 14 AHel mocne ycTpoiicTBa HaOmoaa-
TEJIbHBIX CKBXHUH ISl TIOJTBEPIKICHUS «HYJIEBBIX» MOCTOSIHHBIX 3HAYCHUI H3Mepe-

HUI) B )KypHaJl HaOIIOICHUS.

-25

Pucynok 1. Omknonenue cmeona ckeaxcunvl Ne5 om eepmukaivnocmu

-30,

Pucynok 2. Omknonenue cmeona ckeaxcunvt Nel10) om eepmukanvnocmu
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IIo JaHHBIM Fpa(bI/IKOM MOXKEM Ha6JIIO,Z[aTB, YTO OTKJIOHCHHUEC CTBOJOB CKBaXXHH

pa3iIndaroTCH. DTO MOXKET 3aBUCETh OT HHXCHCPHO-TCOJIOTHIYCCKUX HaHHaCTOBaHHﬁ,

HpHMCCGﬁ B HUX W IMIOA3CMHBIX BOJI.

Tak xe MoXeM 3aMCTUTDB, YTO I ckB.Nel0 B CpaBHCHHHU C ckB.Ne5 oTkIIOHEHUE

COCTaBUJIa MAKCUMYM. DTO MOKHO CPaBHUTDH CO 3HAUYCHUAMU CUII ITPCACIIBHOT'O COIIPO-

THUBJICHHA, OHU OKa3aJIuChb MMHUMAJIbHBIC.

OTKI0OHEHUE JJIA CKBA)>XHMH COCTaBHJIA:

e T CKBaXHHBI NeS — 1°36/;

e 1 cKBaXHHBI Nel10 — 2°48/;

Fpa(bm( OTKJIOHCHHUC CTBOJIOB CKBA>XMH OJI1 BCCX 10 ckBaxuH IIpCaACTaBJICH Ha

pUCYHKE 3.

Mpeaen OTKAOHEHUA, M

2,5

I
ol

-

o
&)

-0,5

OTK/IOHEHMe CTBOJIOB CKBAXXWUH OT BEPTUKAJIbHOCTU, M

|
>

0

[Ny6UHA CKBAXKUHbI, M

ckB.1 CKB.2 CKB.3 CKB.4 CKB.5

CKB.6 CKB.7 CKB.8 CKB.9 ckB.10

Pucynox 3. OmKnonenue cmeoy06 CKeaX CuH om eepmuKajibHocmu

[To nannoMy rpa¢uky Ha pUCyHKe 3 MOKeM HabJt0/1aTh 3aBUCUMOCTh Mepeceye-

HUA JIPIHI/Ifl, Kak 00J1acTh HanuoboJiee BCPOSATHBIX U YaCTbIX OTKJIOHCHHUH.

K sToii o0mactu otHOCATCSA cKkBaKMHBI Ne6, Nel, No2, Ne3,
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[ToxBenem UTOT 3aBUCUMOCTH JIMHUU TPeH 1a B Auarpamme. [1o GonbIieit BeposiT-
HOCTH 3HAYCHUsI JIJIS1 COCTABJICHUS TAaHHOTO rpaduka ObLIN MPUHSTHI IO CKBaKUHE No2

C MaKCUMaNbHbIM OTKJIOHeHHEeM 1,092 M npu rimyOune Oypenus 26,5 M.

[ 3%
[N
8%

1

Pucyuox 4. OmKnonenue cmeona CKea)dcuHbvl 6 0eyx HanpaejieHUuAX

(8]
N
IR

Pucyuox 5. Omknonenue cmeona ckeasrcumol 6 03yx HanpaegleHUAX
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AHHOTAIUA
B craTthe onuckiBaeTcs HEOOXOAUMOCTH 00y4YeHUs! OyAyIIMX BbITyCKHUKOB UT-
CHEUATbHOCTEH BBICIIUX YY€OHBIX 3aBEJICHUN OCHOBHBIM MOJIETISIM YIIPaBJICHUS BbI-
yuciaeHusaMu. PaccMarpuBaroTcst MEXaHU3MBI YIIPABIIECHUS TTOCIIEN0BATEIBHOCTBIO BbI-
YUCJICHUW, MPUHIIUI Pa0OThl CTATUYECKOW MOTOKOBOW BBIUMCIUTEIIBHOW CHUCTEMBI,

IIPOCKTUPOBAHUC U pa3pa60TKa MMPpOTrpaMMHOTI0 SMYJIATOpPA AJIA UCITIOJIB30BaHUA €TO B
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paMKax 06p330BaT€JIBHOﬁ nporpaMmsal 4JIs1 U3YUCHHA ITIOTOKOBBIX BeIUMcCiIeHu. Onn-
CBIBAIOTCs IICPCIICKTUBLI MOACPHU3AINH ITPOTIPAMMHOIO SMYJIATOPA HJIA 0oJiee CII0XK-
HBIX JTUHAMHWYCCKHUX ITOTOKOBBIX BBIYUCIUTCIBbHBIX CUCTEM U ITOTOKOBBIX BBIYUCIIU-
TCJIBHBIX CUCTEM C IIOMCUYCHHBIMHU TOKCHAMMU.
ABSTRACT

The article describes the need to teach future graduates of the higher school of
computer science the basic models of computing management. The mechanisms of
controlling the sequence of calculations, the principle of operation of a static streaming
computing system, the design and development of a software emulator for using it as
part of an educational program for studying streaming computing are considered. The
prospects of upgrading the software emulator for more complex dynamic streaming
computing systems and streaming computing systems with tagged tokens are de-

scribed.

KarwudeBble c¢jioBa: MOTOKOBasl BBIYHUCIIUTEIbHAS CUCTEMA, rpa(b BBI‘IHCJICHHfl;
oOyyaronasi cucrema; y4yeOHbId MpoLecc; MporpaMMHas yCTaHOBKA; IIPOrPAMMHBIN
IMYJISITOP.

Keywords: streaming computing system; graph of calculations; training system;

learning process; software installation; software emulator.

Ha cerogusimiauii A€Hb CyIIECTBYET MHOMXECTBO PA3JIUYHBIX BBIYMCIUTEIBHBIX
MaIlIUH: OT epcoHanbHol OBM 110 CynepKOMIbIOTEPOB U MOIIHBIX MHOTOMAIIIMHHBIX
KOMIUIEKCOB. [IpuHITMI paboThI MOAABISIONIETO OOIBIIMHCTBA U3 HUX SBIISIETCS MOJIC-
JIbIO BBIYMCIICHUM, OCHOBaHHAsI HA TPAAUIIMOHHOM MOAX0/1€ — IMOCJIEI0BATETILHOM BbI-
nosiHeHnn komaus [1,2]. Jlanaast Mojieins SIBIsSETCS JAJIeKO HE eIMHCTBEHHOM, HE BCe-
r71a UMeeT BhICOKHE ToKazaTeu 3¢ (HEKTUBHOCTH.

[Tox BBIUMCIUTENBHON CUCTEMOM TOHUMAKOT COBOKYITHOCTbD aMIapaTHBIX U MPO-
IPaMMHBIX CPEJICTB, PYHKITMOHUPYIONIUX B €IMHON CHCTEME U MPpeHA3HAYEHHBIX IS

pelieHus: onpeneneHHbix 3anad [3]. s BBIMOJHEHUS BBIYMCICHHH HEOO0XOIUMO
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yIpaBJj€HUE UMU. BBIIEISIOT Tpyu MEXaHU3Ma YIIPABIICHHUS ITOCIEA0BATENBHOCTHIO BbI-
yrcienuit [1]:

e TpaauUHMOHHBIA — KOMaH/a BBIOJHAETCS MOCJE TOr0, KaK BBIIIOJIHEHA MIPEA-
HIECTBYIOIIAs € KOMaH/a;

e VYmpaisieMblil TaHHBIMU (IIOTOKOBBIN ) — KOMaH/a BBIMOJHAETCS, KOTJIa CTaHO-
BSITCS IOCTYITHBIMU €€ ONEPaH/IbI;

e VYmpaBieHus Mo 3anpocy (peayKUMOHHBIM) — KOMaH/Ia BBITIOJHAETCS, KOra
JIPYTUM KOMaHaM TpeOyeTcsl pe3yJIbTaT €€ BhIMOJHEHUSI.

B moTokoBO# BEIUHUCIUTEIHHON CHCTEME UCIIOIB3YETCSl OPUEHTUPOBAHHBIN Tpad
(rpad MOTOKOB JIAHHBIX ) JIJIS ONMMMCAHUS BhIauciacHu [1]. BepmmHaamu o0o3HavaroTes
orepanuu, a pedpamMu — MOTOKHU JaHHBIX, MIEPEAAOIINXCS MEXITY BepIIMHAMU (PUCY-
HOK 1). Omnepariusi BBIMOJHSIETCS TOJIBKO KOTJa B HEE MOCTYIUIU BCE HEOOXOAUMBIC

JaHHBIC. OI[HOBpCMCHHO MOKCT BBIIIOJIHATBCA HCCKOJIBKO OHCpaHHﬁ.

Pucynok 1. Ilpumep zpagpa nomoka oannwlx ona evipaxrcenusn «a*b+b/c»

B norokoBbix BC nporpaMMa BbIUKCIEHUNA XPAaHUTCS B TAMSTH B BUJIE TaOJIHIIBI.
Kaxxnas 3amuch B TabnuIe ONMMChIBAeT OJJHY BEPITMHY OTOKOBOTO Tpada (Tadmura 1).
B 3amucu conmepxkutcs mHGOpMAIMA O MAIIMHHON KOMaHJE, ONepaHaX U BBIXOJaX,
KyZa HE0OX0IUMO TepeaaBaTh MOJTyUYeHHbIN pe3yabTaT. B oqHOM 13 cT0010B (OUTHI
Hanmnuusl) puxkcupyetcst nHGOpMaIKs O MPUIIEANINX JAHHBIX Ha COOTBETCTBYIOIIYIO

BepuIrHY: 0 — €CM JaHHBIE HE TOCTYNWIH, | — ecnu gaHHble nocTynwin. Ha kaxaom
y y ) y
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1are BeIUMCIECHUN coOupaeTcs nHGopMaIus co BCeX BEPIIUH U aKTUBUPYIOTCS TE, B
3aMKUCSIX KOTOPBIX OUTHI HAJTUYMS COAEPKAT €AMHUIIBI, CIIEJOBATENBHO, B KOTOPHIE IO~

CTYIIMJIA BCC HGO6XOI[I/IMBIG JaHHBIC.

Taobnuua 1.

IIpumep TadauLBbI NOTOKOBOTO rpada st Beipaxkenus «a*b+b/c»

Komanna Onepana 1 Onepanp 2 Brixon buTtel HaTUYUA
gl mul a b q4 0,0
g2 dup b - ql, g2 0
g3 div b c q4 0,0
q4 sum a*b b/c g5 0,0

B apxutektype crarnueckoii notokoBoit BC Ha myre rpada MoKeT mpHCyTCTBO-
BaTh TOJILKO OJMH TOKEH M JICMCTBYET MPABUJIO AKTUBALlMH BEPIIMHEI. BepiinHa akTu-
BUPYETCS, KOT/Ia HA BCEX €€ BXOJHBIX Jyrax IPUCYTCTBYET 110 TOKEHY U HA Ha OJHOM
13 €€ BBIXOJI0OB TOKEHOB HET. [loa TokeHoM moHuMaetcs Tpuaaa <v,<f,n>a>, riae v —
JaHHbIE, TlepeiaBaeMble TOKeHOM, f — uaeHTudukarop GyHKIMU, peaan3yeMon TeKy-
UM TOTOKOBBIM rpadoM, n — HOMEp 1IeJIEBON BEPIIUHBI, 3 — HOMEP JYTH, IO KOTOPO
TOKEH MEePEAACTCA.

Crynentsl UT crienmanbHOCTEN Ha y4eOHBIX TUCHUIUIMHAX, MTOCBAIIEHHBIX ap-
xuTekType 9BM, Kak mpaBuiio, U3y4aroT TPU OCHOBHBIE MOJICJIH YIIPABICHUS BHIYUC-
neHusiMu [1]: TpaAUIIMOHHYIO, 1O JAaHHBIM U 110 3anpocy. s u3yuenus paboTsl pas-
JUYHBIX MOJIEJIEH BBIYHCICHUNM HEOOXOIMMO KaK O3HAKOMUTHCS C TEOPETHUECKOU
4acThIO, TaK U HA MPAKTUKE OCBOUTH MIPUHIIUI UX PAOOTHI.

Cneunanucramu Batl'V pazpabotan mporpaMMHBIN SMYJISTOP CTATUYECKOH T10-
TOKOBOU BhIuucaUTENbHON cucTembl (BC), momumo pabodeit yacTu, BKIIOYAIONIUHN B
ce0sl CIPaBOYHYI0 M METOJUYECKYI0 HH(GOPMAIIUIO 110 MOJICNIU BEIYUCICHUN. DMy IIs-
TOP MPEIOCTABISAET BOBMOKHOCTH JETAIBHO U3YUUTh KaXIbIH dTal pabOThl cTaTuye-
ckoil motokoBblld BC. B kauecTBe aHAJIOrOB paccMaTpUBAIMCH CYHIECTBYIOIINE IMY-
JATOPA, MO3BOJIAIONINE I€TATBHO U3YUYUTh TPAIULIMOHHYIO apXUTeKTypy O9BM [4,5].

Cratudeckre BIYUCIUTENbHbBIE CUCTEMBI MOXKHO Pa3J€IUTh HA OTJEIbHBIE MTPO-

1ieccopHsie 3eMenTsI [1]. IIpu pazpaboTke mporpaMMHOTO AMYJISITOPA, MOJIEITUPYETCSI
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OTrpaHUYEeHHBIA HAOOP MPOLECCOPHBIX 37eMEHTOB. CTpyKTypa MpPOLECCOPHOIro 3Je-
MEHTa pa3pabaThIBAEMOT0 MPOTPAMMHOI0 dMYJISITOpA MPUBEACHA HUXKE (PUCYHOK 2).
[TaMsITh nEHCTBUI COCTOUT M3 IBYX OJIOKOB: MaMSITh KOMaH I/ TaHHBIX 1 YIIPABIISIOIIAs
namsTh. B maMsTi KoMaH/JaHHBIX COJAEPKUTCS MH(POpMAIKUs O TIOJI€ OTepalluu, Ore-
paHiax u BbIXoAax. B ynmpasisionieil maMsaTé coepkutcs nadopmarms o Outax Haju-

Yusl ONEPaHI0B.

MNakeT onepayMi

opc | opry | .. | opr, |desy | . | des,

MNaMATE AEWCTBMIA

P CrOK BRITOpEN [

MaMATE KoMaHa'
¥ :
Ouepens | | | | | OaHHBIX
KOMaHT
Y b1 oB2 B3 B4 || DBS
| | | I |
YTpPEENAKLUER

v NamMATb

Enok
oBHOENEHWR | 'I

[MamATL KoMaHg

I K opyram N3
Pucyuox 2. Hpoueccopnbtﬁ 1emMenm cmamuueckou nomokoeoii BC

OMyJISTOp COCTOUT U3 TPEX MOJIYJIEW: AIEeMEHTOB (hOPMbI, MOIYJIb 00pabOTKH
JaHHBIX U (PYHKIIMOHANBHBIN MOy b. Ha prucyHke 3 mpencTaBieHa CTpyKTypa 3MyJisi-
TOpA.

Monynb 371€MEHTOB (DOPMBI OTBEYAET 32 OTOOPAKEHUE BCEX DIIEMEHTOB (POPMBIL,
3a IOCTPOEHHUE MMOTOKOBOTO Tpada 1 0TOOpakeHHE ero B COOTBETCTBYIOIEM OKHE U 3a
0TOOpakeHHE MpPOoIecca BHIMOJHEHUS BBIYMCICHUN M KOHEYHOTO pe3yibTara. ITOT
MOAYJIb MPEAOCTABIISAET OKHA JIJISl BBOJIA JAHHBIX MOJYJII0O 0OpabOTKH TaHHBIX U TIPH-
HUMAET JaHHbIE U3 TaOJUIBI TOTOKOBOTO Tpada v JaHHbIE O BHIMOIHSIIOIINXCS BBIYUC-

JICHUSIX YU KOHEYHOM PE3YJIbTaTE.
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Monynb 00paOOTKM TaHHBIX OTBEYAET 3a MPOBEPKY BBEJIECHHBIX JIaHHBIX U Xpa-
HEHHE MHEMOHHMYECKUX KOJOB KOMaHJ U TaOJIULbI TOTOKOBOTO rpada. ITOT MOIYJIb
MPEIOCTABIIACT JaHHBIE TAOJIUIBI MOTOKOBOIO rpada MOIYIO 3JIEMEHTOB (POpPMBI U
JaHHbIE 0 MHEMOHHUYECKUX KOJIax U Ta0JIMIbl IOTOKOBOTO rpada pyHKIMOHAIBHOMY
MOAYJIIO.

QOYHKIMOHAIBHBIA MOJTyJIb OTBEYAET 32 BBIIIOJHEHHUE IPOIPAMMBI BEIYUCIECHUHN U
[OJly4YE€HUE KOHEUHOTO pe3yJbTaTa. DTOT MOJYJIb IPUHUMAET JJAHHBIE U3 MOIYJIs 00-
pabOTKM JaHHBIX U MPEAOCTABISET JaHHBIE O MPOIIECCE BBHIMTOJIHEHUS POTPaMMBbI BbI-

YHUCIICHUHA U O KOHEYHOM PE3YJIbTAaTC MOAYJIIO 3JICMCHTOB (I)OpMI)I.

MpoOrpaMMHLI SMYNATOP NPOLECCOPHOTD
3MeMEeHTa cTaThdeckoil noTokosoi BC

Mepefasa MHEMOHMYECKIX
KOO8 W TAabmMLeI
MoTOKOEOrD rpada

MNepenada Tadnuus
NOTOKOBOTD rpada A
Mogyne snemenTos % Mogyns oSpadoTim | CYHKLMOHANLHGIA
dopMsl » JaHHbx MOOy Mk
. , MpegocTasnesue oKoH
oeon SO ATR 82053 Ras | + OTBUaET 33 IpOseDyy PO BAMCHG
+ OTEEeYaET 23 OTPUCOBKY EBe'j'EHHbIX AHHSIX, . P p. y .
_ HPSHEHME MHEMOHMYECHNK W nonyJyese KOHEWHoro
n":}ﬁ;‘jggazﬁwe koaos, Tabnuuel pesynetata

NOTOKOBOrD rpada
NOTOKOBOTO rpata padp

>

Mepenada MHAOPMALWK
0 BEINONHAKLMECA
BBIMMCTIEHWA W
KOHEUHOTD PEZyMETaTa

Pucynok 3. Mooyavnasa cmpykmypa IMyaamopa

Pa3zpaboTtanHnas nporpamMmmMma UMeET OCHOBHYIO 3KpaHHYIO (OpMYy, Ha KOTOPOU pac-
noJyiararotTcsi Tpu BkiIanku: «Tabmuia motokoBoro rpada», «llotokoBwiii rpad» u
«BBINOJIHEHUE aNTOPUTMA.

Ha Bxmanke «Tabnuia moTtokoBoro rpada» HaxomsTcs JIBe pabouyne MMaHeNH.
[TepBas maHes b UCIIOIB3YETCS TSI MHEMOHHUYECKOTO KOJ1a, BTOpast — JIJIsk TAOJINIIBI 110~
ToKOoBOTO rpada. [Tomp3oBaTenp 3aMoaHAET TAOIHMIy ¢ MHEMOHHUYECKUM KOJIOM JIISI
BBIOOpA HEOOXOJMMBIX KOMAaHJI, 3aT€M 3alOJHSIET TaOJIUIly MOTOKOBOTO rpada as
OTHMCaHMS BEPIIMH CBOETO MIOTOKOBOTO Tpada.

Ha Bxiagke «IloTokoBblii Tpad» pacronoxeHa maHelnb, Ha KOTOPOM OTPUCOBHI-

BaeTCs MOTOKOBBIN rpad), COCTaBICHHBIN IO Ta0IHUIE TOTOKOBOTO Tpada (pUCYHOK 5).
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KHomka «3amycTuTh, paclojioKeHHas BHU3Y MaHEIH, 3aIycKaeT 00paboTKy Havalb-
HBIX BEPIIHMH M OTKPBIBACT TPETHIO BKJIAJIKY, /ISl BBOAA BXOHBIX JaHHBIX.

Ha Bxianke «BrIoJIHEHUE aIrOpPUTMay AWHAMHYECKHA OTOOPaKAIOTCS TEKCTO-
BBIC TIOJIS JIJISl BBOJIA BXOJIHBIX JTAHHBIX (PUCYHOK 6). X KOJMYECTBO OMpenesieTcs
mocyie 00padoTKK TaOIHIIBl TOTOKOBOTO rpada. Takyke Ha ATOW BKIAAKE HAXOIUTCS
kHOTKa «[loJyInTh pe3yiabTaT», KOTOpas 3alycKaeT BBIUMCICHHUS U BBIBOJMT B ITOJIC

«PGBYJIBT&T» IMOJIYYCHHOC 3HAYCHUC.

Process element static streaming computing system

®aitn  Cnpaska O nporpamme

Tafinuua NoTokoBoro rpata NMoTokosei rpag BeinonHetve anropwTva

3anycTtute

Pucynok 4. Ixkpannas popma npozpammuozo ymyaamopa

N3yuuB TEOPETUUECKYIO YaCTh, CTYACHTHI MPUCTYNAIOT K BHITIOJIHEHUIO Jabopa-
TOPHOTIO 3a/I1aHUs1, COCTOSIIETO U3 OMMCAHUSA MPOCTOTO BBIYUCIUTEIBLHOTO AJITOPUTMA,
MPEJCTABIICHHS €0 B AMYJISITOPE, KaK B MaMsITH MOTOKOBOKM DBM, u nomaroBom BbI-
noaHeHuu. CTOUT OTMETUTh, YTO MPEAYCMOTPEH U MOIIATOBIN U OOBIYHBIN PEKUMBI.
B smynsaTope npucyTCTBYyeT BO3MOXKHOCTh aBTOMAaTHUYECKON OLICHKU PabOThI, CoXpa-
HEHUS pe3ysbTaTa B OOIIYI0 TaOIHILy.

Ha Texymmiit MOMEHT TeKyIasi BEpCus SMYJIITOpA MOAEPHUZUPYETCA JI U3yUe-
HUs 00Jiee CIIOXKHBIX MOTOKOBBIX CHCTEM, pa3palOaThIBACTCSl CETEBasl BEPCUS dMYJIS-

TOpa, C JIOKAJTBHBIM CEPBEPOM.
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AHHOTAIUSA

OpnuMm u3 BaxkHeHIMX BbIOOPOB mpu pazpadorke IO sBusieTcss BbIOOp maT-
dbopmel. CymiecTByet caeayromuii psaa miatdhopm: Web, Desktop u Mobile. MooOwib-
HYI0 TIaTHOpMy, 10 MPUINHE CePhE3HBIX PA3NIUYUN CHCTEM, CIIEAYyeT pa3AeiIuTh Ha
IOS u Android. [3] MoHO MpoA0IKATh IeJICHUE, OJHAKO TIEPEUUCICHHBIC BAPUAHTHI
SBIISIIOTCS HanOoJee TOMYJIAPHBIMUA CPEIU Mosib3oBareneil. O4eBUAHO BBHITOTHEE TTO-
KpBIBaTh HECKOJILKO MIATPOPM, ECIIH HE BCE CPasy, OJHAKO 3TO TPeOyeT JOTMOTHUTEIh-
HBIX BPEMEHHBIX U JICHS)KHBIX 3aTpat. B qaHHO# paboTe OMMChIBaIOTCS CIOCOOBI, T03-
BOJISIONINE TOKPBITh HECKOJIBKO IIATGOpPM, TIPH 3TOM MHHHMH3UPYS 3aTpaThl Ha

pa3paboTKy.
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ABSTRACT
One of the most important choices in software development is the choice of plat-
form. There are the following platforms: Web, Desktop and Mobile. Due to serious
system differences, the mobile platform, should be divided into 10S and Android. You
can continue dividing, but the options listed are the most popular among users. It is
obviously better to cover several platforms, if not all at once, but this requires addi-
tional time and money. This paper describes ways to cover multiple platforms while

minimizing development costs.

KarueBbie ciioBa: mynbruiuiatdopma, oommuit koa, KMM, Flutter, React Native.

Keywords: multiplatform, common code, KMM, Flutter, React Native.

[Ipu BBIOOpE MIaThopm A pa3pabOTKH, ONTHUMAIbHBIM MOJXOJ0M OYJET BbI-
OpaTh OCHOBHYIO IIEJEBYIO MIATGOpMY, KOTOpasi OyJeT MPUOPUTETHEE OCTAJbHBIX.
OTOT BBIOOP MOMOXKET OMPEIEIIUTHCS C TEM, KAKUE TEXHOJIOTUH JIyYIlIEe UCII0JIb30BATh
pu pa3zpadboTke. B ciyuae ecnu ogHa U3 JOMOIHUTENBHBIX MIaTHOPM HAYHET HAOU-
paTh MOMYJSIPHOCTh CPEAM IO0JIb30BaTENeH, MOKHO OyleT HauaTh YAENIATh €€ paspa-
060Tke Oobllle BHUMAHHS, BO3MOXKHO JOOABJIsS KOJ, HATMCAHHBIA HCKIIOUUTEITHHO
IUTSI ATOM TIaTGOPMBI, OJTHAKO JJI HavaJia MpoIle CKOHIEHTPUPOBATHCA HA YEM-TO O/I-

HOM. PaccMoTpuM CyllecTBYIOLIME HA PHIHKE PELICHUS.
Kotlin u Jetpack Compose

Kotlin — cTtporo TUNMM3MpPOBaHHBIN SI3BIK OOINEr0 HAa3HAYCHUS, pa3paOOTaAHHBIM
Jetbrains. Camoii mpuBieKaTeIbHOW €ro 0COOCHHOCTHIO ISl pa3pabOTYUKOB CTaja
MoJIHAsl B3auMo3aMmeHsieMocTh ¢ Java. HecmoTpst Ha ato, Kotlin siBnsiercsa He ToJbKO
JVM s13bIKOM, ¥ MOKET TaK >K€ KOMIIIMPOBATHCA B HATUBHBINA KOJI U Javascript, 94To
MTO3BOJISIET UCIIOIB30BATh €T0 JJIsl MyJIbTUILIaT(GOopMEeHHOM pazpaboTku. Hanbonbiryro
nonyssipHocTh Kotlin momyuyun B Android paspabotke. Ceiiuac Jetbrains npukiasi-
BalOT OoJpIMe ycwius K agantanuu s3bika moj [0S, B3amMo03aMEHSIEMOCTh C
Objective-C u Swift [7], mo3Bosis neauTh oauH oo1umi ciroit goruku B [0S u Android

npuioxenusx. JlaHHyro TexHosnoruto o HaspiBaroT Kotlin Multiplatform Mobile
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(KMM). barogaps Bozamoxuoctu Kotlin kommuupoBathces Takxke B Javascript u Java
Bytecode, Mbl MOkeM mepencnonb30BaTh 3TOT cioi Jioruku emE u B Desktop u Web
MPUJIOKEHUSAX, & BO3MOXKHOCTh SI3bIKa pabOTaTh COBMECTHO C HATUBHBIMU SI3bIKAMH
1aTGOPMBI, TTO3BOJISET UCIIOIB30BATh HATUBHBIE HHCTPYMEHTHI U (DYHKIIMU C MUHH-
MaJbHBIM 00bEMOM Pa3IMYHOTO KOjAa Ha miaTtdopmax [6]. Takum oOpa3om pasnaenb-
HbIM ocTaércs Toyibko Ul. MHOrne KTo MHTEpecyeTcsl TaHHbIM MOAXOJIOM K paspa-
00TKEe NPENMOYUTAIOT OCTAHABIMBATHCA HAa OJHOM OOIIEM CJIO€ JIOTMKH, OJIHAKO
MOYKHO TOWTH U JaJblIIe.

Jetpack Compose — nexnapaTuBHBIN, peaKTUBHBIN Tpadudeckuii GpeiiMBOpK, OC-
HOBaHHBIN Ha COCTOSIHUAX, pa3zpaboTanHbiii Google® B kauecTBe HOBOTO TYJIKUTA IS
co3nanus uarepgdeiicoB Ha Android. ITo3xe Jetbrains 3ansmuce nopaboTkoi Gpeiim-
BOPKa, TO3BOJIMB MCIOJIB30BaTh €ro He ToJibko Juist Android, Ho u aist Desktop u Web
pazpadotku. Ha nanueiii Mmoment Compose for Web 3ameTHO oTiiMuaercst OT Bepcuit
st Android n Desktop, uckmnrodast BO3MOXHOCTH nepenciionb3zoBanus Ul koga aus
Web mnatdopmsl. Jetbrains paboTarot Haja 100aBICeHHEM HOBOTO METO/1a PEHICPHUHTa
¢ ucnojib3oBanreM Canvas, 4To JOJIKHO BEPHYTh 3Ty BO3MOXKHOCTb, OJTHAKO MOKA J0-
CTyIHA JIUIIb SKCIIEPUMEHTANIbHAS BepCUs JaHHOU TexHojoruu. [loxoxas curyarus
cknazasiBaetcs U ¢ I0S, nogaepxxka Compose Ha JaHHOM mi1atopme JOCTYITHA JHIb
B OKCIIEpUMEHTAIIbHON Bepcuu PpeiiMBopka. B nmpumepax kona ot Jetbrains, ucnosns-
3YIOUIUX IKCIEPUMEHTAIBHYIO BEPCHUIO [8], MOKHO YBUAETh MIPOEKTHI, TA€ UCIIOIb3Y-
etcsa oommit Compose Ul 1t Bcex mepedyrcieHHbIX B JaHHOW paboTe miaTdopm.

YuuTeIBas monyJsIpHOCTH BO3MOKHOCTH Kotlin B3auMoielicTBoBaTh ¢ HATUBHBIM
WHCTPYMEHTApHEM BBIOPAHHOM TIaT(HOPMBI, BAXKHO OTMETHUTH, UTO B 00IIIEM KOJIE HC-
M0JIb30BaHUE HATHUBHBIX MHCTPYMEHTOB IUIaTGOPMBI HEBO3MOXKHO. [loToMy 3aBucH-
MOCTH CJIETyEeT COCTaBIISATh U3 OUOIMOTEK U GPEHMBOPKOB, pa3pabOTaHHBIX Ha SI3BIKE
Kotlin.

Kacarenbno npousBogutenbHocTd, Ha Desktop minardopmax Kotlin ucnonssyer
JVM u nnpumepHO paBeH s3bIKY Java, KOTOPBI MPOIEeMOHCTPUPOBAI CeOsT KaK HaIEXK-

HBIN U pOU3BOAUTELHBIN s13bIK B Backend u Desktop paspabotke. B Web pazpabdotke
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Kotlin yctynaet Javascript, oJHako TPOM3BOAUTEIBHOCTH JIOCTATOYHO XOPOIIIA U CeH-
yac S3bIK aKTHBHO HCIIOJB3YETCS JJIA HamucaHus OubOimorek i Javascript. B
Android pa3zpabotke Kotlin siBrsieTcsi HATUBHBIM S3BIKOM, M TIOTOMY TapaHTUPYET MaK-
CUMAaJIbHYI0 BO3MOXKHYIO Mpou3BoAuTeIbHOCTh. Ha ctopone 10S Kotlin ucnons3yer
LLVM 11 KOMOWIAIMKA B HATUBHBIM KOJI M ONTHUMM3AIMH, KaKk U Swift, HaTUBHBIH

1t [OS a3bIK [S], 4TO IPUBOAUT K CX0KEH MPOU3BOJUTEIHLHOCTH.
Dart u Flutter

Dart — cTporo TUMU3UPOBAHHBIN SI3BIK OOIIEro Ha3HAYEHHUs, pa3pabOTaHHBIN
Google*. SI3pIk OPHEHTHPOBAH HA MCIIOJIF30BAaHHUE B KIIMEHTCKUX MPHUIIOKCHUSIX, MO-
KET KOMIMJIMPOBAThCS B MAIIMHHBIN Koz U Javascript. [Ipu BbIxoze 3bIK HE HAIIEN
0Cc000i1 MOMYJIIPHOCTH, OJJHAKO €0 KUCIOJIb30BAHNE BBIPOCIO C MOSIBICHUEM (PperiM-
Bopka Flutter.

Flutter — nexnmapaTuBHBIN, peakTUBHBIA rpaduIecKuil GpeMBOPK, OCHOBAHHBIN
Ha COCTOSIHMU, pazpabotanHblii Google* [1]. MHorue nogoOHoro poaa (gppelMBOpKH
ITIOXO0H KaK 10 OIIMCAHUIO, TaK U 110 UCIIOIb30BAHMIO, YTO IIO3BOJISIET IPU HYXKJIE T1€-
PENTH Ha UCIIOJIb30BaHUE ApYyroro GppeiiMBOpKa ¢ COXpaHEHHUEM OOJIbILIEH YaCcTH 3Ha-
Huil. Flutter HaGpan nmonmyasipHOCTB 3a CYET TOTO, YTO MO3BOJISET MMO3BOJISIET CO3AATh
Android u IOS npunoxenust u3 ogHoro oduiero koga kak joruku, Tak u UL Flutter
UCIIONB3YeT Tpaduueckuil ABMXKOK Skia, 4TO MO3BOJISET €My BBIBOJUTH COOCTBEHHBIE
IIMKCEJIA Ha 3KPaH, 3a CUET Yero U CTajgo BO3MOXHBIM IepeucnoiibzoBanue Ul koxa.
Takke 3T0 mMoMoraer co3/iaBaTh MOJHOCTHIO YHUKAIbHbIE HHTEP(EIChI, XOTs B apce-
Haje Flutter mmeroTcs 1 rotoBbie 371eMeHTHI B cTHUISIX Material (Android) u Cupertino
(IOS). B mobunsHo# MynbTUiiaTGopMeHHoM paspadboTtke, Flutter siBisieTcst TOTOBBIM
PELICHUEM U YK€ TOCTUT CBOEU TPEThEN BEPCUM.

Taxk e hpelMBOPK MO3BOJISIET U3 TOTO ke Koja co3aaBath Desktop u Web nipu-
noxxkeHus. O0e 3TH omIuu emé HaxoasITcsl B pa3padoTke. Bo3MokHOCTH pa3pabdathl-
Bath Ha Flutter Desktop nmpuiioxkeHus: y’e UCTBITHIBACTCS B PEaIbHBIX YCIOBUSIX Psi-
nom komnanuii. Be6 npunoxxenus ¢ Flutter, Ha qanabii MOMEHT, HCONB3YIOT Canvas
U UMEIOT Yepery 0aroB, CBSI3aHHBIX C 3TUM MOAXOAOM, KOTOPbIE BBIHYKIAIOT MUCATh

I[OHOHHHTGHBHBIﬁ KO CIICouaJIbHO JJIA BeO BCPCHUHU IIPUIIOKCHUA.
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Ha kondepennuu Flutter Forward [9] paspaboTunku 3asBUIH PsiJi HOBOBBEICHUIM
1 00HOBIIeHU. Cpey mepeyHs rpsayero GyHKIroHaua Mpo3Byyaso 4To B JaJIbHE -
mem Flutter Oyaer mognepxuBate Web Assembly, 4To, BO3MOXXHO, pEIIUT YacTh CY-
MIECTBYIOMIUX MPOOJIEM C €r0 UCIOJIb30BaHUEM /IJisi BEO pa3pabOTKH.

CunpHO OpUEHTHpPOBAaHHBIE Ha MYJIbTUILIATPOPMEHHYIO pa3paboTky, Flutter u
Dart 3aMeTHO yIpoIIaloT HaMMCaHWEe YacTO He0OX0uMOro (pyHKIIMOHAIa, HallpuMep
MCIOJIb30BAaHUE JIOKAJIbHOTO XPAaHUIIUIIA, KOTOPOE OTJIMYHO Ha Kaxaou riatdopme,
BJI0OABOK TEXHOJIOTHUSA sABIIIETCs Oosee 3penoit, uem Kotlin u Compose, ogHako Takas
OpUEHTAallM 03HAYaeT TPYAHOCTH B MCIOJIB30BAHUM HATUBHOTO (DYHKIIMOHAJA TUIAT-
dbopwm. JlanHas mpobiieMa, BO3MOKHO, PEIIUTCA B JalIbHENIIIEM, TaK KaKk Ha KOH(pEpeH-
1IUU OBLIIO 3asIBJICHO, YTO HaJ 3TUM BOIPOCOM BeAETCs padoTa. Tak ke 3TO 03HAYaeT,
yto Flutter ycTymaer B kaxaoi miargopmMe HATUBHBIM SI3bIKAM C TOYKU 3PEHUS MPO-
M3BOJUTEIILHOCTH, OJTHAKO, KaK BUJHO Ha PUCYHKaxX | u 2, pa3HUIla JOBOJBHO Mala, U
B OOJIBIIMHCTBE CiTy4yaeB OyIeT HE3HAUYUTEIbHOM!.

HecmoTpst Ha Takol (hyHKIIMOHAN W JOBOJBHO XOPOIIWUW OMNBIT MOJh30BaHUS,
npemaioxkenuit o padore ¢ Flutter mano, u moka oH 00JbIlIE UCHIOIB3YETCS CAMOCTOS -

TEJIHLHBIMH pa3pabOTUNKaAMU.
Javascript u React Native

Javascript — Camplii monyaspHBIA Ha CETOMHSIIHUHN JIEHD S3BIK [0 €KETOIHOMY
ornpocy Stack Overflow. DT0 nuHAMUYECKH THUIMH3UPOBAHHBIA S3BIK, MPEUMYIIE-
CTBEHHO UCIOJIb3YeMbIi B BeO pazpadboTke. Ceiiuac mpakTUUECKU HU OJIMH CalT HE 00-
XOJUTCs 06€3 ero UCIOJIb30BaHUs, U PACCMOTPEHHBIC paHEe SI3bIKU CaMU KOMIHIIUPY -
10Tcst B Javascript, 4To0bI MO3BOJIUTH CBOE UCTIOIB30BaHKEe BO PpoHTIHAE. briaromgaps
CBOEH NMOMYJSIPHOCTH, TAHHBIN S3bIK CMOT BBIMTH 3a paMKu (DPOHTEH/IA, U Celyac ero
MOKHO HMCTIOJIB30BATh JIJISl TPAKTUYECKH JIF0OOTO po/ia pa3pabOTKH, XOTS B OCHOBHOM
SI3BIK MPOJOJIKAET UCTIONB30BATHCS JIs Pa3paOOTKU KIMEHTCKUX TPUIIOKESHUM.

React Native — ¢ppetimBopk pa3padboranubiii Facebook**, KoTOpbIi 103BOJISET CO-
3naBath Android, IOS u Web nmpunoxenust Ha 6a3e oobmero koga [2]. Javascript, kak

u Dart, HC ABJIACTCA HATUBHBIM SI3BIKOM AJIS1 MOOMJILHBIX CUCTEM, OAHAKO IIPpH UCIIOJIb-

33



3oBaHuu React Native, 31eMeHThI, HAlIMCAHHBIE C TOMOLIBIO Javascript TpaHCIUINPY -
IOTCSl B HATUBHBIE JJIS1 KAKI0U MI1aTGOpMBI [4], muias Hykabl B UCIIOJIB30BAHUU J10-
MOJIHUTENBHOTO TpaduvecKoro IBMUKKA, Kak B ciydae ¢ Flutter.

Kaxk u React]s, React Native sBIsIeTCS MHUHHUMAJIUCTHYHBIM (pEeHMBOPKOM,
MIPEA0CTABIIAA JHUIIb CaMO€ HEOOXOIMMOE M PACCUUTAH HA UCIIOJIb30BAHUE CO CTOPOH-
HuMu Onbnmorekamu. React Native coBMeCTUM cO MHOTHMU TOMYJIIpHBIME Web u
React]s 6ubmmorekamu, ogHaKo mepes A00aBICHUEM 3aBUCUMOCTU B IPOEKT CTOUT
yoenuThcs B coBMecTUMOCTH. B mo6aBok React Native umeeT psin cTopoHHUX O1OIHO-
TEK, pa3pabOTaHHBIX CHEIUAIBHO JIJIS HETO.

React Native 10B0JIbHO MOIYyJIAPEH 17151 MOOMJIBHOM U MYJIBTUILIAT(HOPMEHHOM
pa3pabOTKH, BO MHOTOM 3a CYET TOTO, YTO OH MOKAKETCA 3HAKOMBIM MHOTHUM pa3pa-
0oTurkam (POHTIHAA, B JOOABOK OH MOITYJIAPEH Ha pbIHKE Tpyaa. OJHaKO OH UMEET
CEpbE3HBII MUHYC B IJIAHE TPOU3BOAUTEIBHOCTH HA MOOMITBHBIX IIaT(opmax.

Tak xak Javascript He SIBISIETCS A3bIKOM HATUBHOM pa3paOOTKH sl MOOMIIbHBIX
m1atopm, NpUIIOKEHNUs, HaMCaHHbIe HAa HEM ¢ ucnoib3oBaHueM React Native pabo-
TalOT B JIBYX MOTOKAaX, OJJUH U3 KOTOPBIX OTBEYAET 3a IpapuecKue 3JIEMEHThI, TPAHC-
NUIMPOBaHHbIE U3 Javascript B HATUBHBIE, BTOPOM MOTOK, B CBOIO OY€pe/ib, UCIOIb-
3yeT HAaTUBHBIA Javascript engine, YTOObI BBINOJHATh HA HEM JIOTUKY HPUIIOKEHHUS.
OTU 1Ba MOTOKA OOUIAIOTCS APYT C IPYTrOM Yepe3 MOCT. ITO, B CBOKO OUYEPEIb, TPUBO-
IUT K JOMOJIHUTENbHOM 3anepkke. [Ipunokenus, HaMcaHHble TaKUM 00pa3oM, Tpe-
OyIOoT OOJIbIIE ONEPATUBHOM NMaMSTH, CUJIbHEE HArpy KatoT MpoLeccop U ObicTpee ca-
KaroT 3apsan ycrtpoucTB. [loTOMy Ui CHIOXKHBIX 3a4ad PEKOMEHJIyeTCsl NHcaTh
HAaTUBHBIE MOJIYJIM HA POJAHOM /ISl TUNIaT(HOPMBI SI3bIKE.

CpaBHeHME NMPOU3BOJUTENBHOCTHA BCEX MPUBEAEHHBIX B JAHHOW paboTe TEXHO-
noruii [10] MOXXHO YBHJIETh Ha CIEAYIOUIMX pUCYHKaxX. B kauecTBe GeHuMapka uc-

IMOJIB30BAJIMCh JIBa AJIrTOPUTMaA BBIYUCIICHUS YHCJIa TT.

34



Gauss-Legendre (Android)

.

React-native Flutter

Pucynok 1. Tecm ¢ unmeHncugHvIM UCNOIb308AHUEM RA
mamu (anzopumm I'aycca-Jlescanopa) onsa Android

Borwein algorithm (Android)

React-native

Pucynok 2. Tecm ¢ unmencugHvim UCno1b308aHUEM BPOUECCOPA
(anzopumm bopeeiina) ona Android
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[To pe3ynbraram O€HYMApKOB BUJIHO, YTO HauboJiee MPOU3BOJUTENBHBIM OCTa-
&Tcs HaTUBHBIN KO React-native, HCIOIB3YysI MHTEPIPETUPYEMBIN U HE HATUBHBIN IS
CUCTEMBI S13bIK, UCIIBITBIBAET OOJIBIINE TPYIHOCTH U HATPYKAET CUCTEMY 3HAYUTEIBHO
cuiIbHee apyrux pemenuid. Flutter ncrnonp3yeT KOMIMIUPYEMbIi S3bIK, YTO MO3BOJISET
eMy cephE€3HO TpeB30iTH React-native kak B MlaHe Harpy3kd Ha MPOLECCOp, TaK U
TpeOoBanuil k mamatu. Flutter Bcé emi€ ycTymnaer HaTUBHBIM SI3bIKaM, OJTHAKO B IAaHHOM
Cllyyae pa3Hulla He3HAYUTeNbHas1, 0COOCHHO C TOYKH 3PEHUSI UCTIOIb30BAHUS TAMSITH.

Kaxxnasg 3 npuBeIE€HHBIX TEXHOJIOTUH MO3BOJISIET MEPEUCIIONIB30BATh KO IS
pa3pabOTKHU MPUJIOKEHUN HA HECKOJIBKO MIAT(OPM, MOIYUUTH OO0JIbIlIe TPOIYKTOB C
MIPUMEPHO TEM K€ KOJTUYECTBOM TPYJla U BPEMEHU. Y KaKJIOM M3 HUX Pa3HbIC 11EJIEBHIC
mnaTtdopmel, Tak React Native ornmuuno padoraer B Web cpeae, Kotlin u Compose
MO3BOJISIIOT TOJIYYUTh MaKCUMaJIbHYIO MPOU3BOoauTENbHOCTh B Android, Flutter xo-
poio padboraer Ha 00enx MOOWIBHBIX IIaTdpopMax. B KOHEUHOM WTOTE IpHU BBIOOPE

OJIHOM M3 ATUX TEXHOJOTHIN HY>KHO OCHOBBIBATH Ha II€JIEBOM IaTdhopme.

*(Tlo mpebosarnuio Pockomuaosopa ungopmupyem, umo uHOCMpaHHoe TUYo, 61a0er0-
wee ungopmayuonnvimu pecypcamu Google sensemes napywumenem 3axonodameins-
cmea Poccuiickoti @edepayuu — npum. pea.)

**(Facebook, coenacro cyoebnomy pewenuio, 8 Poccuu npusHana s3kCmpemucmcKkoul
opeanuzayuell — npum. Peoaxyuu)
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10.

Odummansuas nokymentanus Kotlin Multiplatform Mobile. [DnekTpoHHbIN
pecypc] https://kotlinlang.org/docs/multiplatform-mobile-getting-started.htmi

OdunmanbHbie TpUMEPHI UCIIOJIB30BaHUs dKCIIepeMeHTanbHoI Bepcun Compose
B MYJIbTUILIATHOPMEHHOM IIPOEKTE. [ DJIEKTPOHHBII pecypc]
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3ammce koHpepenmuu Flutter Forward 2023. [OnexTpoHHBI pecypc]
https://www.youtube.com/watch?v=zKQY GKAe5W8

Cpasuenue npousBogutensHocTH Flutter u react native ¢ HaTUBHOM pa3paboTKOi
[OnexTponHbld  pecypc]  https://medium.com/swlh/flutter-vs-native-vs-react-
native-examining-performance-31338f081980
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ABSTRACT
The study of the possibilities of micro-service architecture in the development of

modern web applications, as well as the study of the approach based on message brokers.

KuroueBble ciioBa: pa3paboTka, MUKPOCEPBHCHI, OPOKEPHI COOOIICHHIA.

Keywords: development. microserices, message brokers.

MHUKpPOCEPBUCHBIN MMOAXO0 — 3TO APXUTEKTYPHBIN IMOAXO I CO3AaHUs IPUIIO-
KEHUH, KOTOPBIN OazupyeTcst Ha pa3fesieHUH PUIIOKEHHS Ha OT/AENIbHbIE MUKpPOCEP-
BUCHI. Ka)XIp1ii MUKPOCEPBUC SIBISETCS OTIEIBHBIM MPOIECCOM, KOTOPBIN BHITIOJIHSIET
OTIpENEICHHYI0 (DYHKITMIO BHYTPH TPWIOKCHHUS. DTH MHKPOCEPBUCHI MOTYT OBITH
HaIlMCaHbl Ha PA3HBIX S3bIKAX MPOrPAaMMUPOBAHUS U pabOTaTh HA Pa3HbBIX IIATHOP-
Max, HO BMECTE OHH 00pa3yIoT €IMHOE MPUIIOKEHHE.

[IpenmytiecTBa MUKPOCEPBUCHOTO MOIX0/a BKIIOYAIOT Oojee THOKYI0 M Mac-
MTabUPYyEMYIO apXUTEKTypy, Oojiee ObICTpOE pa3BEpTHIBAHHE MPHIOKEHUS, YIyd-
HIEHHYIO HAJEKHOCTD U JIYYIIYI0 OTKa30yCTOMYMBOCTE. Kaxaplii MUKpPOCEPBUC MOXKET
OBITH pa3pabOTaH U Pa3BEPHYT OTIEIHHO, YTO TMO3BOJISIET OBICTPEE BHEAPATH HOBBIC
(GYHKIMH U JIeTYe TIOIIeP)KUBATh IPHIIOKEHHE B 11eJIoM. KpoMe Toro, MUKpOCEPBUCHI
MO3BOJIAIOT UCIOJIb30BATh PA3IMYHBIC TEXHOJIOTHH BHYTPHU MPUIIOKEHHS, YTO o0ecte-
quBaeT OOJIBITYI0 CBOOOAY BBIOOpA TEXHOJOTHI M MHCTPYMEHTOB Pa3pabOTKH.

OpaHako, MUKPOCEPBHUCHBIN TOIX0J] TaK)Ke MMEET CBOM HemocTaTku. CozmaHue
MUKPOCEPBUCHOM apXUTEKTYPbl MOXKET ObITh CJIOKHBIM M TPEOYET BHICOKOM KBATH(PH-
Karuu pa3padboTunkoB. Kpome Toro, ynpapiieHre ¥ MOHUTOPUHT MUKPOCEPBUCOB MO-
KET OBITh CIIO)KHBIM M TPeOOBATh JOMOJHUTEIBHBIX WHCTPYMEHTOB M PECYpPCOB.
Taxoke, MpUIOKEHUE HA OCHOBE MUKPOCEPBHUCOB MOXET OBITH 00JI€€ CIOXKHBIM IS
TECTUPOBAHUS M OTJIAJKH, OCOOEHHO B CITydae CIIOKHBIX B3aMMOCBSI3€H MEXKIY MUK-
pocepBHCcamMH.

Bpoxepsi coobmiennii (message brokers) sIBISIIOTCS KITIOYEBBIM JJIEMEHTOM MHK-
POCEPBUCHON apXUTEKTYpbl, TaK KaKk OHU 00ecriednBarOT 3(PPEeKTUBHYIO KOMMYHHKA-

MU0 MCIKAY CCpBUCAMU, ITIO3BOJISIA UM 0OMEHHUBATHCS COOGHICHI/IHMI/I ACHMHXPOHHO.
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OcHoBHas uzes Opokepa COOOIIECHUN 3aKITI0YaeTCsl B TOM, YTO OH BBICTYIIAET B
KauecTBE MOCPETHUKA MEXKIY OTHPABUTENIEM U ToydaresneM cooluieHus. OTnpaBu-
TeJb OTHPABIISET COOOIIEHUE B OpOKEp, KOTOPBIN 3aT€M XPaHUT €ro 10 TeX Mop, MOKa
MoJIy4aTesib HE TOTOB MPUHSATH €ro. Takum 00pa3oM, CEPBUCHI HE CBSA3aHbI APYT C JIPY-
rOM HampsSMYIO U MOTYT paboTaTh HE3aBUCUMO JAPYT OT JApyTa.

Cy1miecTByeT MHOXECTBO OpOKEpPOB COOOIIEHUHM, KOTOpbIE MOTYT HCIOJIb30-
BaThbCs B MHUKPOCEPBHCHOM apxuTekType, Takue kak RabbitM(Q, Apache Kafka,
Amazon SQS u MHorue apyrue. Kaxapiii U3 HUX UMEET CBOM OCOOCHHOCTH U MOXKET
OBITh HACTPOECH VISl KOHKPETHBIX OTPEOHOCTEN MPOCKTA.

Hcnonb3oBanue OpOKepOB COOOIICHUN MO3BOJSET JOCTUYbL BBICOKOM OTKa30-
YCTOWYMBOCTH M MacIITaOMPyEeMOCTH CHCTEMBI, TaK KaK OHU MO3BOJIIOT 00padaThI-
BaTh 00JIBLIOE KOJIMYECTBO COOOLIEHHUM U 00€CTIeYMBAIOT rapaHTUPOBAHHYIO TOCTABKY
coo0uieHuit npu c6osx B padore cucrembl. Kpome Toro, 6pokepbl COOOIIEHHI T03BO-
JSIOT YIYYIIUTH MPOU3BOIUTEIBHOCTh CUCTEMBI, TaK KaK CEPBHCHI MOTYT 00padaThI-

BaTh COOOIIEHUS ACHHXPOHHO, HE OJIOKUPYS APYT JIpyTa.

Kparkas xapakrepucTuKa HeCKOJIbKHX
NONYJIAPHbIX OPOKEPOB COOOIICHU

RabbitMQ — »to Opokep coobiiennii Ha ocHOBe mpotokoa AMQP (Advanced
Message Queuing Protocol), koTopblil moaepKuBaeT pa3InuHbIe TUITBI COOOIICHUN 1
obecrieynBaeT rapaHTHPOBAHHYIO TOCTaBKY cooOmeHud. OH SIBJISIETCS OTKPBITBIM H
JIETKOBECHBIM OPOKEPOM, KOTOPBIH MOAAEPKUBACT MHOKECTBO SI3BIKOB IIPOrPAMMHUPO-
BaHUSI.

Apache Kafka — ato pacnpesenennas cucreMa OTOKOBOM 00paOOTKH JTaHHBIX,
KOTOpasi MOXKET HCIIOJIb30BaThCS B KadyecTBe Opokepa coobOineHuii. OH OCHOBaH Ha
nyOIMKAIUU-TIOANUCKE U 00ECIeUYUBACT BHICOKYIO MPOU3BOAUTEIILHOCT W MacCITa-
OMPYEMOCTh, a TaK)Ke FrapaHTHPYET COXPAHHOCTh JaHHBIX.

Amazon SQS — 310 ympaBisieMblil cepBUC OUepenei COOOITeH, KOTOPBIN o0ec-
MICYNBACT BBICOKYIO OTKA30yCTOWYMBOCTh M MacIITaOMpyeMoCcTh. OH MO3BOJISET OT-
IPaBJIATh, XPAHUTH U IIOJIy4aTh COOOIIEHHUS B II0OOM KOJUYECTBE, HE TPeOys OT MOJIb-

30BaTeield HACTPOUKH M YIIpaBIeHUS HHOPACTPYKTYPOM.
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Apache ActiveMQ — 310 Opokep coobiieHuii Ha ocHOBe mpoTokojiaa JMS (Java
Message Service), KOTOPbIH MOJJIEPKUBAET MHOKECTBO S3bIKOB MPOrPaMMHUPOBAHUS
1 MOJKET OBITh MCTIOJL30BaH KaK BCTPOCHHBIN OpOKEp COOOIIECHUH JIJIT MHOTUX TIPH-
JIOKEHUM.

Br160op Opokepa cooO1ieHui 3aBUCUT OT KOHKPETHBIX TpeOOBaHU MPOEKTa U 3a-
7a4, KOTOpBIE JOJKHBI OBITH perieHbl. Hanpumep, 171s mpoekTa, KOTOPhIi TpeOyeT BhI-
COKOM MacITabupyeMOCTH M 00paboTKu OOJBIINX O00BEMOB JIAHHBIX, MOXKET OBITh
noaxoasmmM Beioopom Apache Katka. C apyroii cTOpoHBI, €clii IPOEKT HE TpeOyeT
00paboTKH OOJBIINX 00BEMOB JTAHHBIX U OOJbIIEH MPOU3BOAUTEIILHOCTH, TO MOXKET
OBITH JIydIlle UCIIOJIb30BaTh 00Jiee JIETKOBECHBIE OpoKephl, Takue kak RabbitMQ wnu
Apache ActiveMQ.

Br160op Opokepa coOOIIEHHI TakKe MOKET 3aBUCETh OT TEXHOJIOTUM, UCTIONb3Y -
eMbIX B ipoekTe. Hampumep, eciim mpoekT pa3zpabateiBaeTcs Ha Java, To 6oiee moaxo-
JSIIAM BEIOOpOM MOXKET ObITh Apache ActiveMQ, KOTOPBI MOAACPKUBAET MPOTOKOI
JMS u aBnsiercst Hanbosee pacnpocTpaHEeHHBIM OpokepoM cooOieHuit B Java-coo0-
niectBe. Ecim sxe mpoekT paspabateiBaercsa Ha Python miam apyrux si3pikax mporpam-
MHPOBAHMS, TO MOXKET OBITH O0JIee TOAXOAAITUM BEIOOpOM RabbitMQ, koTopsIii mo/1-
JIEP’)KUBACT MHOYKECTBO S3BIKOB IMMPOTPAMMHUPOBAHUS.

B nienom, BeIOOp Opokepa COOOIIEHUI 3aBUCUT OT KOHKPETHBIX MOTPEOHOCTEM
MpoeKTa u TpeOOBaHUN K MaCIITaOUPyEMOCTH, TPOU3BOIUTEILHOCTH U APYTUM (DYHK-

[IUOHAJILHBIM BO3MOXKHOCTSIM OpoKkepa.
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AHHOTALUSI
B pabote paccmarpuBaeTcs perieHue mo pa3padboTke mpaBuil ITpaMMaTHKH U pa3-
paboTKa MPUIIOKESHUS JIJIST ONITUMU3AIMN PAOOTHI 0a3bl JaHHBIX.
ABSTRACT
In this work we consider a solution for developing grammar rules and developing

an application for solving performance tasks for database.

Karouebie ciioBa: PostgreSQL ; xpanumsie niporieaypsl; plpgsql; ontumuzanus.

Keywords: PostgreSQL; stored procedures; plpgsql; performance.

B coBpemeHHOM Mupe OBICTPOE B3aUMOJICUCTBHE C 0a3amMu JaHHBIX SIBISETCS
JEUCTBUTEIHLHO BXKHBIM. B MPOMBIIIIEHHBIX 0a3aX JaHHBIX 0OBIYHO XPAHUTCS OTPOM-
HOE YHCJIO TaHHBIX. D ()EeKTUBHOE U OBICTPOE B3aUMOCHCTBUE C TAHHBIMU ITO3BOJISCT
BBITTyCKaTh 00Jiee Ka4eCTBEHHBIE MPOIYKThI, dKOHOMHUThL PECYPChI KaK TEXHHUYECKHE,
TaK 1 (PUHAHCOBBIE.

Ha ceroansinramii 1eHb CyIIECTBYET MHOYKECTBO CITOCOO0B YBEITMUCHHUS CKOPOCTH
paboThI Kak caMux 0a3 JaHHBIX, TaK U 3aMpocoB. YacTo B 0a3ax JaHHBIX UCTIOIb3YIOTCS
crienuaibHble 0O0BEKTHI, Ha3bIBAEMBIC XpaHUMBIMH TporeaypamMu. C MOMOIIBIO HUX
pa3pabOTUYNKH MOTYT BBIHECTH OTIPECIICHHBINA (YHKITMOHAN, KOTOPBIH OyIeT CKOMITH -
JUPOBAH OJMH pa3 v OyJeT XPaHUTHCS HA CEPBEPE.

Pa3paboTumku, UCTONb3ysl XpaHUMBIE TIPOICAYPhI, OOBIYHO CTPEMSTCS K TOMY,
9TOOBI Kak/iast (DyHKIHMS BBIMOJHSIA CTPOTO CBOU 33JlayM M BKJIIOYAJia B ceOsl Kak
MOHO MEHbIIIEe CTPOK Ko/1a. Ho Tak kak oHa HeOobIast GyHKIMS MOKET BBITIOJTHUTD
TOJIBKO HEOOJIBIIIOE KOJIMYECTBO 3a/1a4, CO3AAI0TCS MHOKECTBO MaJICHbKHUX (DYHKITHA,
KOTOPBIE 3aT€M BBI3BIBAIOTCSI B OCHOBHOW XpaHUMO Tiporienype. OObIYHO JaHHAS CH-
Tyalusl yCyryOsieTCs BBI30OBOM XPAaHHMMBIX MPOIEAYpP B IUKJIC. B pesynabTaTe Ha cH-
CTEMY yTpaBJICHUS 0a3aMU JTaHHBIX OOPYIIMBACTCS OOJIBIIIOE YHCIIO BHI30BOB XPaHH-
MBIX TIPOIIEyp, YTO 3aCTaBISIET €€ OTPOMHOE YHCJIO pa3 MEePEKI0YaTh KOHTEKCT

BBI30BOB. DTO HEU30EXKHO BEAET K JErpaJallii IPOU3BOIUTEILHOCTH.

43



Onumem peunieHue JaHHOUM mpoOnembl. Pemenue paspabaThiBaeTCst AJs sI3bIKa
plpgsql — mporiemypHBIit A3bIK AJIs CHCTEMBI yIIpaBacHHs OazaMu qaHHBIX PostgreSQL.
PostgreSQL — oxgun u3 Hanbosee ycremHbeix Open Source mpomyktos. PostgreSQL
MO>KET MCIOJIb30BATHCS U3 MHOTHX SI3bIKOB ITPOrPAMMHUPOBAHMSI, B TOM YHUCJIE U3 Java,
C, C++, Python [1].

[Tpu momomu sei3ka Plpgsql pazpadareiBaroTCst XpaHUMBIE TIPOIIETYPHI.

Pemenre nmpo0GiemMbl COCTOUT B CIEAYIONIEM: HEOOXOJUMO MpPOaHAIU3UPOBAThH
KOJI OCHOBHOM XpaHUMOU MPOLETYpbl, CO3/1aTh €€ KJIOH, B KOTOPbIA OyayT MOMEIIEHbI
KOJIbI BBI3BIBAEMBIX €10 TTOAMPOIIEAYD.

Janee HeoOXoAMMO caenaTh CleayoIIee:

® BHIOPATh MHCTPYMEHT JIGKCUYECKOTO aHAIN3a;

® CO3/aTh JJIsI HErO cloBaphb KitoueBbIX cioB (g PostgresSQL u PostgresPL
S3BIKOB);

® OmHCcaTh MPABWIIA MOCTPOCHUS a0CTPAKTHOTO CUHTAKCUYECKOTO JIEPEBa;

® HaMNKMCaTh TECTHI XPAHUMBIX MPOLEAYP I IPOBEPKH MOCTPOCHUS A0CTPAKTHOTO
CUHTaKCUYECKOI0 JIepeBa.

[Tocne yero HeoO6Xx0aUMO pa3padboTaTh MPUIOKEHUE, KOTOPOE JIJIST KAXKION Xpa-
HUMOMU MPOLIEAYPHl TOCTPOUT aOCTPAKTHOE CHHTAKCHUYECKOE JIEPEBO Uepe3 BBI3OB CO-
3maHHoro mapcepa plpgsql u, B citydae, eciu BBI30B MOAIPOLIEAYp UMeeTCs, OyIeT 3a-
MEHSTH BBI30BBI MTOAMPOIEAYP Ha KOABI ATUX MPOIICAY].

Pabota BeInosiHsIack Ha si3bike Java. JJis mapcuHra XxpaHuMBbIX TIpolieAyp Oblia
ucnons3oBana omomoreka ANTLRvV4 mms Java. ANTLRV4 — sTo reneparop mapce-
POB, KOTOPBIA MOXKET OBITh MCITOIB30BaH IS YTCHUS, 00paOOTKH, BHITIOJHEHUS WU
OTIpeIeICHNs CTPYKTYPUPOBAHHOTO TEKCTA WU OMHAPHBIX (paitos [2].

briu co3mansl IeKcephl U Mapcephl, BKITIOYAIONTUE TTpaBuila, HEOOXOIUMBIE IS
MapCHUHTa XpaHUMBIX MPOIEAYP U CO3/IaHUsI a0CTPAKTHOTO CHHTAKCUYECKOTO JIepeBa
JiepeBa XpaHUMBIX TIporieyp. beutn Hammcanspl Kiacchl, GUKCUPYIONMINE HYKHYIO UH-
(dbopmario Bo BpeMs IapCHHTa XPaHUMBIX TPOIEAYD.

[Tnanupyercs peanm3anus GyHKIIMOHATA, KOTOPBIA OYJIET 3aMEHSATh KOJI BHI3bI-

BAEMBIX MOJMPOLEAYP B XPAHUMOM MPOLEAYPE HA KOJI 3TUX MPOLEAYD.
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AHHOTALUSI

LICJIB pa6OTBI — CpaBHI/ITeJII)HHﬁ AHaJIN3 ITUPOJIN3HBIX YCTAHOBOK PA3JIMYHBIX THU-
OB, MPOU3BEAEHHBIX Kak Ha Tepputopun PD, Tak u 3a pydexom. B crarbe akieHTH-
PYCTCA BHUMAHUC Ha IIOJIOKUTCIIBHBIX KAa4YCCTBAX ITPOMBIIIJIICHHOI'O 060py,ZLOBaHHH,
HNX TCXHUYCCKHX IMOKA3aTCIIAAX U XapaAKTCPHUCTUKAX. Haquaﬂ HOBH3HAa — OIIPCACIICHUC
MPEUMYILECTB UCMOIb3YEMON Ha TEPPUTOPUN O0JACTU TUPOIUZHON YCTAHOBKH.

ABSTRACT

The purpose of the work is a comparative analysis of pyrolysis plants of various
types produced both in the territory of the Russian Federation and abroad. The article
focuses on the positive qualities of industrial equipment, their technical indicators and
characteristics. Scientific novelty — determination of the advantages of the pyrolysis

plant used in the territory of the region.

KuiroueBble cjioBa: yTwind3anusi OTXOJIOB, MHUPOJIHM3, MHUPOJIM3HAS YCTAHOBKA,
DKOJIOTHSL.

Keywords: waste disposal, pyrolysis, pyrolysis plant, ecology.

Bomnpoc o 3arpsizHeHNN OKpY>KaroIiel cpeibl B COBPEMEHHOM MUPE TIOTHUMAETCS
BCE yare u yaie. THTeHCUBHOE pa3BUTHE BCeX cep KU3HU U CSITEILHOCTH YelIO-
BEKa HaBPSI/ JIM CIIOCOOCTBYET YJYUINEHUIO HKOJOTHHU, KaK pa3 Hao0opoT. Thicsun
TOHH MYyCOpa, BEIOPAChIBAEMOT0 €KEIHEBHO 3arpsA3HSIOT CO00i MOYBY, BOJY U BO3/YX.
B HEekoTOphIX cTpaHax OBITOBBIC OTX0 1Bl cOCTaBIISIOT OT 0,6 10 1,0 TOHHBI HA YeTOBEKa
B roJ1. [ToaTomy nepepaboTka v yTHIM3ALMSI OTXO0JI0B SBIISIOTCS BaXKHEHIIIEH IKOJIOTH-
YECKOM, CAHUTAPHO-3MUJACMHUOJIOTHYECKON M COIMAIbHO-DKOHOMHUYECKOW 3amaueit
pa3BuTHIX cTpaH. s mepepadoTku TBepabix kKoMMyHanbHBIX (TKO) 1 OBITOBBIX OT-
xo10B (TBO), a Takxke Apyroro oTpabOTaHHOTO ChIPbs (KOMIIOHEHTHI HepTEeXUMUYE-
CKOT'0 MPOW3BOCTBA, MEIUIIMHCKHUE TIpenapaThl U T.I1.) pa3pabaThIBalOTCS pa3IudHbIC
METO/Ibl, OCHOBAHHbBIEC HA PA3HBIX TEXHOJIOTUUYECKUX MTPUHIINIAX, BKIFOYAIOIINE TAKKE

MOCJIETYIOUTYI0 BBIPA0OOTKY 3HEPTUU U3 OTXOJ0B. TpagullMOHHO MO YTHUIU3aLUEH
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nojipazyMeBaetcs ckuranue. Ho camo nmoHsitue «Mycop» cTajio mupe, Kak Obl1o yka-
3aHO BBIIIIE, M HAYaJIO BKJIIOYATh B CE€0S OTXO/IbI, pacrojiaratrouiie 0oibIuM MOTeHIIH -
aJIOM BO300HOBJIIEMOr0 MCTOYHHMKA SHEPIHH, KOTOPBIA, B CBOIO OYEPENb, SBISAETCA
HKOJIOTUYECKU O0JIEe YUCTHIM, YEM KIIACCUYECKOE MPUPOIHOE ChIPhE (HePTH U e€ mpo-
W3BOJIHBIE, Ta3, yroJib). TexHonoruu, mpuMensemsbie nmpu nepepadotke TKO meTomom
TEPMHUECKOTO pa3joKeHusi 0e3 JOCTyma KHUCIOpoAa, M TOCIeayiomas BbhIpaboTKa
SHEPIruM NMOAPA3yMEBAIOT CAHUTAPHO-3AIIUTHYIO 30HY B pa3bl MEHBIIYIO, YEM Y TIPE-
npusTuii HedrenepepadaThIBaIOICH MPOMBIILIICHHOCTH.

Ba)xHO MOMHUTB, YTO HEPTHUSL OTXOJOB — ATO HE TOJILKO YHEPrOCHAOKEHUE KU~
JIBIX TIOCEJICHUH U MTPOMBIIUICHHBIX MPEANPUITUH, BBIPAOOTKA SJIEKTPOIHEPTUH, TOPSI-
4eil BOJIBI M TEIJIa, HO U PEIIEHUE HACYLIHBIX AKOJIOTMYECKUX MPOOIJIEM, 8 UMEHHO:

e YTuiamzauus Mycopa He MOAXO/SIIEr0 U He MOABEPKEHHOTO MepepadoTKe;

e DKOHOMHMSI MCKONAEMBbIX TOIUIMBHBIX PECypcoB (ra3, He()Th, yroyib) 3a CUET
MIPUMEHEHUSI BTOPUYHBIX SHEPrOPECYPCOB;

e CokpaluieHue mionaaei, OTBoAUMbIX 1o noauroxsl THO.

Ha teppuropun CmoneHckol 00JacTH CyIIeCTBYET KOMITaHUS, 3aHUMAIOIIAsCS
coopoM u yrunuzanueid ThO — nmoauron TBEPALIX OBITOBBIX OTXOA0B B 1. Kuciaoso
JlyxoBmMHCKOTO paiioHa. Ha 6aze maHHOTO mpeanpusiTUs yCTaHOBJICHA U (PYHKIIMO-
HUpPYET NUposIU3Has ycTaHoBKa DopTaH, mpruoOpeTeHrue KOTOPOoi ObLII0 00YCIIOBIEHO
PAIOM NMPEUMYIIECTB MEPEe]] aHAIOraMu.

[TuponuzHbie ycTaHOBKH (hOpTaH MHOTO(PYHKITMOHAIBHBI U MPETHA3HAYCHBI IS
nepepadoTKU M yTHIM3AIUKN JTHO0BIX 0TX00B nmoMuMo TKO: muHbI, MIacTUKH, OT-
XOJIbl 3JIEKTPOHUKH, HedTeliambl, HeQTe3arpsi3HEHHbIE TPYHTHI, OTpaOOTaHHBIE
Macja, Ma3yT, OMTyM, 3aMaclieHHasi OKaJIMHA, MEIMIIMHCKUE OoTX0abl U Ap. [lomHbIN
CIIMCOK OTXO0/0B BKJIFO4aeT 6osiee 900 HanmeHnoBanwmil. [1].

[IpeumyniecTBa MUPOTU3HBIX YCTAHOBOK (hOpTaH

1. Huskuit pacxon snekrposnepruu (1,0-1,4 kBT B 3aBUCUMOCTH OT THUIIA 3arpy-
KaeMbIX OTXOJ0B) M HU3KUM pacxo 1 ToruBa (30-40 1 MazyTa Ha OJUH MPOIIECC

2. Jlyummas 1ieHa cpeid IpOu3BOAUTEIICH.

3. PetopTa BhINOIHEHA U3 HEPKABEIOLIEH KapONPOYHOM CcTamu.
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4. Tleub MHOTOTOIUIMBHAS: MOKHO MCIIOJIb30BATH JIFOOOM BT TBEPAOTO TOILIMBA,
rasa M KHJIKOTO TOTUIMBA.

5. @yTepoBKa M3rOTOBJIEHA U3 OTHEYNOPHOIO BOJOKHA, 3AIIMIIEHHOTO CIOEM
KPENKOro OTHEYMOPHOI0 OETOHA, apMUPOBAHHOI'O HEP)KABEIOIIEH CTallblo, 00J1a1aeT
BBICOKOI CTOMKOCTBIO K MEXaHHUYECKHM U XUMUYECKUM BO3JECHCTBUSIM, 00ECIIEUBAET
TEMIIEpaTypy HapyHOU MOBEPXHOCTH yCTaHOBKHU He Bbille 60°C, uro 6e30nacHo 11
OIepaToOpoOB, KOTOPbIE OOCTYKHUBAIOT YCTAHOBKY B TE€UEHHE BCETO MpOIlEcca.

6. YcranoBka mpocras B padoTe 1 00CITy)KHBaHUH, ISl OTIEPATOPOB HE TpedyeTcs
npodeccruoHaaIbHOe 00pa3oBaHUE.

7. MOOMIBHOCTh YCTAHOBKHU. Y CTAHOBKH INPEAHA3HAUEHBI JIJIsl MOOMIIBHOTO HUC-
MOJIb30BaHUS: UMEIOT CTaHAAPTHBIE pa3Mephl JJIsl TPAHCIOPTUPOBKHU JTHOOBIM BUAOM
TpaHCIOPTa; (pIaHUEBBIE COEAUHEHUSI BO BCEH KOHCTPYKIUH, 3@ CUET YEro Mpolecc
MOHTa)Xa-JIEMOHTaXa He TpeOyeT CBAPOYHBIX padOT M 3aHUMAET MHUHUMYM BpEMS;
(¢ukcupoBaHHas OeToHHas (yTEepOBKa, IOATOMY JEMOHTaX €€ He TpeOyeTcs.

BaxxupiM npenmy1iecTBoM, 00yClIaBIMBAIOIIUM BbIOOp JaHHON YCTaHOBKH, CTAJl
camblii OOJIBIIION MPOIEHT BhIX0/1a MUPOJIU3ZHOTO T'a3a [0 CPAaBHEHHIO C KOHKYPEHTaMH —
85-90%. I'a3z umeer caemyromuii cocras: Bomopoxa (Hz) — 59,74 %, metan (CHj) —
24,41 %, 6YTaH (n-C4H10) — 6,70 %, ATaH (C2H6) -4 %, I/I306yTaH (I- C4H10) — 2,88 0/0,
stuiieH (CaH4) — 0,73 %, npumecu — mopsiaka 1,5% [6].

Hapsiny ¢ BitieoncanHon yCTaHOBKOM B TaHHOU c(epe UCTIONIb3YIOTCS:

1) Yceranoska T-ITY 1 ot komnanuu «I[Tuponnz-Dkomnpomy»

[IpousBoaUTEND 3aSIBISET, YTO YTHINM3ALMSA OTXOJOB METOJOM HH3KOTEMIIEpa-
TypHOTO nupoJin3a Ha ycranoBkax T-ITY 1 — aTo penTabenbHOe MPOU3BOACTBO, KOTO-
po€ OKyIMaer camo ce0si U MPU ATOM MOKET MPUHOCHUTH JOMOJHUTENIbHBINA JOXO/:
OIlIaTa 3a YTUJIU3ALHIO OTXO/0B, HUCIIOIb30BaHUE MMOTYYEHHBIX MTOCIIE MUPOJIN3a IIPO-
IYKTOB B KaY€CTBE BTOPUYHBIX YHEPTOPECYPCOB. [2]

2) [Tuponusznas nmeusb 30-3000 GF ot «Syngas-Biomass»

Camas noporocrosiasi u3 Bcex npeactaBieHHbIX. Llena o6opyaoBanust o0ycioB-
JIeHa PSAIOM MPEUMYIIECTB: YCTaHOBKA CHa0XkeHa 00JbUM IHHAPOM (300 MM, 4TO

Ha 40 MM Ooutbiiie, 4eM y (opTaHa), KOTOPhIE UMEET CPABHUTEIBHO HU3KYIO CKOPOCTh
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NepeMEIIeHHs], YTO 00ecreynBaeT OOJBIION Pe3epB MOIIHOCTUA U BBICOKYIO CTEMEHb
HAJEXKHOCTU; KOHCTPYKIMSI BHYTPEHHEN CHUCTEMBI CMELICHUS BO3AYIIHBIX OTOKOB
BBITIOJTHEHA TaK, YTO a3 U BO3/IyX 3a0MPAIOTCA OTAEIBHO U CMEIIMBAIOTCSI BHE KAMEPHI
CrOpaHHUsl; BCE CTPYKTYPhI PaClO0KEHBI BEPTUKAIBHO; YACTKA BHYTPEHHHUX CHCTEM
peIycMOTpeHa 0e3 pa30opku O1oKa MIIUHAPOB [3].

3) YcranoBka tepmuueckoit aectpykuuu Ypain-24 HIII Jlunamuka

YcranoBka Tepmuueckor nectpykiuu (YT/l) npegnaznaueHa uist yTUIU3ALUHA
OTXOJIOB YIJIEBOJAOPOAOB. B oT/iMuMe OT KOHKYpPEHTOB, YCTAHOBKA HE IPUMEHSETCS B
nupoauze TKO [4].

4) AIT BMII «PeakTtop»

¥YcranoBku a1t nuposn3a "Peaktop" aBTOHOMHBI, MOOMJIBHBI M KOMITAKTHBI. Mo-
TyJIbHas KOHCTPYKIIHSI TO3BOJISIET IEPEBO3UTH 000PYI0BaHUE IPY30BBIM TPAHCIIOPTOM
K MECTY YTUJIU3aIlu1 0TX0/10B. Kopmnyc nuposin3HoN yCTaHOBKH JIOMOJTHUTEIBHO yTEI -
neH. KoMIuiekTyeM TpaHCHopTepaMH U JPYTUM HEOOXOIUMbIM 000pYAOBaHUEM, ME-
TaJUIOKOHCTPYKIUAMHU. JlOTIOTHUTENBHOE MOABEMHOE 000pYy/IOBaHUE HE TpeOyeTcs,
T.K. yCTAHOBKU 000PY/I0BaHbI pyYHBIMHU JieOenkamu. [5].

JIns1 ynpoIlieHus: CpaBHUTEIBHOTO aHAJIW3a MPEJICTABUM BCE U3BECTHBIC TAHHBIC

B BUIIE TaOJIUIIBI.

Taonuua 1.
CpaBHUTEJbHAS XaPAKTEPUCTUKA MMPOJIM3HBIX YCTAHOBOK
DopTan T-IY 1 30-3000 GF Ypan-24 «PeakTop»
V)
o BLIXOIA 90 75 - <50 60
MTUPOJIM3HOTO Ta3a
[loTpebnenune
AJIEKTPOIHEPTHUH, 1,0-14 1,1 1,35 1,3 1,27
kBt
Pacxon Tommea ia | - 544 50 40 65 ~50
CTapTOBBIN HAIPEB, J
.. TBEPHOE, ..
Tun ToranBa BCE X ras, JKHJIKO€ ras, JKHJIKOe BCE
JKHJIKOE
CanurapHasi 30Ha, M 200 100 200 350 500
CTOMMOCTD, MJIH. <4 3,75 >7 455 3.7-6.0
pyo.
HedTenuam,
Tun yTHIN3UpyeMbIX OopraHuyecKas MIPOU3BOICTBEHHBIC OpraHuyecKas
BCE * BCE
OTXO/0B gacts TKO OCTaTKH vacte TKO
He(TENPOMBIIIEHHOCTH
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X— raz000pa3HO€ TOILTUBO, KUAKOE U TBEPIOE TOIUIUBO (Ma3yT, YroJib)

X — oprannueckas 4actb TKO, MIMHBIL, MJIACTUKU, OTXOJbI JJIEKTPOHUKH,

HedTenuiambl, HedTe3arpsi3HEHHbIE TPYHTHI, OTPA0OTaHHbIE Macia, Ma3yT, OUTYM, 3a-

MacCJICHHAaA OKaJIMHa, MCAUITMHCKUC OTXOObI

Ha ocHoBaHuM Bcero BBILICTICPCHUCIICHHOI'O MOXXHO CICJIaTh BBIBOJ 00 PKOHO-

MHYECKOMN BBIT'OAC U HGHCCOO6pa3HOCTI/I IMPUMCHCHHUA YCTAHOBKHU (DOpTaH, TCXHHNYC-

CKHUC XAPAKTCPUCTUKU U IMOKA3ATCIIN KOTOpOﬁ MOKHO CUHTATh Hanboiee BbII'OAHBIMHU

U IIPpUCMIICMBIMH, 4 UMCHHO! CaMbIil BBICOKMU IIPOOCHT BbIXOJZd ITUPOJIM3HOT'O I'a3a,

MUHHUMAJIBHBIC PaCXOd TOIINIIMBA U HOTpC6JIeHI/I€ QJICKTPOIHCPIUHU.
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AHHOTANMUS

Cerun nepenayuu M pacpeiesieHUs dJIEKTPUUECKON SHEPTUN SBJISIFOTCS OJTHUM U3
Ba)KHEHMIIINX KITIOUEH K 6y,Z[y1H€My. KauectBO QJICKTPOSHCPIUU B 3HAYUTEIILHOMN CTe-
IICHU CBA3aHO C IIpoHecCcCaMu €C IICpCaadin U PaCIIpCaACICHU . OHO sBIIgETCS KpUTHYC-
CKHMM IapamMeTpoM JJIsI COBpEMEHHOT'0 IIPOU3BO/ICTBA.

ABSTRACT

Electricity transmission and distribution networks are one of the most important

keys to the future. The quality of electricity is largely related to the processes of its

transmission and distribution. It is a critical parameter for modern production.

KiroueBble cj10Ba: KaueCTBO AICKTPOIHEPTUH; SHEPT03(P(HEKTUBHOCTH; KOMIICH-
callysi, peaKTUBHAsi MOIITHOCTb.

Keywords: power quality; energy efficiency; compensation, reactive power.

OCHOBHBIMH TIOTPEOUTENSIMU DJICKTPUUECKON SHEPTUU SIBJSIOTCS MPOMBIIIICH-
HbI€ MPEANPUSATHS.
Cucrema 371€KTpOCHAOKESHHS TTPOMBITIUICHHBIX TIPEANPUATUAN, COCTOSIIAS U3 Ce-

Tel BBICOKOTO M HU3KOTO HAIpPSKEHUs, TpaHC(HOPMATOPHBIX U MPeoOpa3zoBaTEIbHBIX
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MOJICTaHILIUU, CIY>KUT JJis oOecrieueHus] TpeOOBaHUM MPOU3BOJACTBA IMyTEM IOAAYU
AJIEKTPOIHEPTUH OT UCTOUHUKA MTUTAHUS K MECTY MOTPEOICHUS B HAJJISKAILEM KOJIH-
YECTBE U COOTBETCTBYIOUIETO KaueCTBA B BUJI€ TOCTOSIHHOTO WJIM TIEPEMEHHOTO TOKa,
0/1HO(ha3HOTO WM TpeX(Pa3zHOTO, MPHU PA3TUYHBIX YACTOTAX U HANpsbKeHMsIX. KauecTBo
ANEKTPOCHAOKEHUS ONPEEIAETCS NOAIEP)KAHNEM Ha YCTaHOBJIEHHOM YPOBHE 3Haye-
HUW HANpsI)KEHUS U YaCTOThI, @ TAKKE OTPAaHUUYCHHUEM 3HAUYEHUHN B CETU BBICHIUX Tap-
MOHUK, HECUHYCOUJIATbHOCTH U HECUMMETPUYHOCTH HAMPS>KEHU.

B npOMBIIIIIEHHOCTH AEKTPOIHEPTUS IPUMEHSAETCS KaK JJisl IPUBEICHUS B 1Cii-
CTBHUE Pa3IMYHbIX MEXAHU3MOB, TaK U HETIOCPEJACTBEHHO B TEXHOJIOTMUECKHUX IMPOIIeC-
cax. KauecTBeHHbIE U KOJTMYECTBEHHBIE IMOKA3ATENIN 3TUX MTPOLIECCOB B 3HAUUTEIBHOMN
CTEIECHM 3aBUCST OT apaMEeTPOB JICKTPOIHEPTUHU, KOTOPHIC JOJIKHBI TOCTOSHHO MO/ -
NEP>KUBATHCS B 33IaHHBIX MANa30HaX. YKa3aHHas 3a7a4ya pelaeTcs MyTeM MOCTOSH-
HOT'O KOHTPOJIsI KAYECTBEHHBIX MApaMETPOB DJICKTPOIHEPTUU U UCMOJIb30BAHUS CIIE-
[IUAJIBHOTO JIEKTPOOOOPYIOBAHUS I UX KOPPEKTUPOBKHU.

B nacrosmee Bpemst Ha OO0 «I1IK «H3B3y» nabntogaeTcst yBelInueHHE KoJude-
CTBaM DJIEKTPUUECKUX HArPy30K, ONPEesieMOe BHEAPEHUEM COBPEMEHHBIX DHEPTO-
€MKHX TEXHOJIOTHI: JTa3epHOU U IJIa3MEHHOU PE3KH, dJIEKTPOIPPO3UOHHOM 00pabOTKH
METAJIJIOB, OOJIBIINX 00pa0aTHIBAIOLIMX IIEHTPOB, POOOTU3AIIMU TTPOU3BOJICTBA. IDTO,
KaK MPaBUJIO, YXYAIIAET KAYECTBO AJNEKTPOIHEPTUH B paclpeaenuTeabHoi cetu. O-
HOBPEMEHHO YXKECTOUYAIOTCS TPEOOBAHUS K KAYECTBY DJIEKTPOIHEPTUU U aKTUBUZHUPY-
eTCs JIeATENIbHOCTh MO0 CTaHAApTU3allMU KadyecTBa sHepruu. llocienHsst TeHaeHIUs
BeChbMa HE OJHO3HAYHA, TaK KaK Ha HAYaJIbHOM 3Tale OHa MPUBOIUT K MITpadHBIM
CaHKIIMSIM 10 OTHOIIEHHUIO K MPOU3BOJUTENSM U JIaXKe K MOTPEeOUTENSIM, B TO BpeMs
KaK OpraHu3alliy, 3aHAThIC PACPEICICHUEM dHEPIuH, Kak IpaBUJIO, HE HECYT HUKa-
KO OTBETCTBEHHOCTH B OTHOIIEHUU MOIIHOCTH KOPOTKOTO 3aMBIKAHUSI WJIH CTPYK-
TYpBI TIOJTHOTO CONPOTHBIICHUS ceTH [1].

CusoBasi 3JIEKTPOHMKA, HAIIPUMEp, MpeoOpazoBaTe/d YacTOThI, IIIMPOKO BHEApsie-
Mble Ha OO0 «I 1K «HOB3», BbI3bIBAaCT YXYIIIEHUE KAYE€CTBA SHEPTUH, HO IO CPABHEHHIO

C APYTUMHU BUAAMHU MPe0oOpa30BaHUs OHA XapaKTEPU3YETCS HAIMYUEM COOCTBEHHBIX
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CpeICTB OOpPBOBI C 3TUM YXYALIEHUEM — BCTPOCHHBIMHU (PUIBTPOKOMIIEHCUPYIOIIUMHU
ycTpoiictBamu [2].

B Teuenme MHOTHX JIeT MAaCCUBHBIC (PUIBTPHI UCIOJIB30BATUCH BMECTE C MOIII-
HBIMU TUPUCTOPHBIMH UJIU TUOHBIMH NpeoOpa3oBaTesiMu.

Ceifuac Ha pbIHKE MTOSIBUIMCH 3aIIMPAEMBbIE 3JIEKTPOHHBIE 3neMeHThl — IGBT (0u-
MOJISIPHBIN TPAH3UCTOP C M30JIUPOBaHHBIM 3aTBOpoM), GTO (3amupaeMplii TUPUCTOP)
win IGCT (3anupaeMblil TAPUCTOP C UHTETPUPOBAHHBIM OJIOKOM YIIpaBJIEHMS ), KOTO-
pBI€ CAENIAT BO3MOKHBIM MPOU3BOJICTBO NMPE0Opa3oBaTelield, ClIOCOOHBIX MOBBIIIATH
KayecTBO 3Hepruu. CTajv peaibHOCTbIO aKTUBHBIE (PUIIBTPBI AJI1 HU3KUX HaIpshKe-
HUH, I0Ka3aHa BO3MOXXHOCTb UX ITPUMEHEHUS Ha CPEJHUX HAIPSIKEHUSX, U 3Ta TeX-
HOJIOTHSI B OJIMKaMIe rojpl OyeT akTHBHO pa3BUBAThCs [3].

YXyIeHue KayecTBa IEKTPOIHEPTHH HE CBOAUTCS TOJBKO K TapMOHHKaM.
Croza sxe BXOAT U3MEHEHHUSI HallPsDKEHU S, TOCAIKU HAIIPSKEHUS U BO3MYIICHMSI, CBSI-
3aHHBIE C KOJICOAHUSIMU HAMPSHKEHUS, Ha3bIBAEMbIE «MeEpIIaHueM» WU «hIuKKep-3¢h-
¢dexrom», ¢ yacrotot ot 1 10 30 'y M1 MakcuMyMOM BO3MYyIIEHUH ITpH yacTore 9 I'm.
DneKTpOHUKA OOJIBIIMX MOILIHOCTEN B COCTOSIHUM MPEJIOKHUTH peIeHus 1o 00pboe ¢

MMOCJICAHUMH TPCMA BUIaMH BO3My1].I€HPIﬁ.
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