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CEKIUA 1
OBPA3OBAHHUE B OBJIACTH ATOMHOI DHEPTETHUKHA

YIAK 621.311.25:621.039.524.4
MMOJATOTOBKA KAJIPOB JIJISI BEJIOPYCCKOM ADC
HA KA®E/JIPE TEIIJIOBBIE JIEKTPUYECKHUE CTAHUUU BHTY
H.b. Kapnuyxuu, C.A. Kauan, A.I'. I'epacumosa, A.JI. bypos

[ToaroToBKa BHICOKOKBATU(UIIMPOBAHHBIX CIEIIUATHCTOB SBIISETCS OTHUM
U3 BOKHEHIINX YCIOBUU yCHEIIHOW peanu3anuu npoekrta benopycckoit ASC.
Pemenune storo Bompoca npeaycMoTpeHo ['ocynapcTBeHHO# mporpammoit (na-
nee — l'ocoporpamma) MOATOTOBKM KaJIpoB Uil siA€pHOM 3HepreTuku Pb
Ha 2008-2020 roawl, yTBep)aeHHOM nocTtaHoBieHueM Coseta MunuctpoB Pb
Nel329 or 10 centssopst 2008 roma. IloctanoBnenuem CoBera MHHHCTPOB
ot 26 mapta 2016 roma Ne 250 yrBepxkaeHa ['ocynapcrBeHHas nporpamma «O0-
pa3oBaHuE W MOJOJEKHas nohautuka» Ha 2016-2020 rosel, noamporpamma
10 «IToaroTroBka KaapoB ISl SAEPHON SHEPTETUKIY.

OcHoBHbIE 3a7auM ['ocriporpaMMbl: OpraHU3aLMUsl CUCTEMbl KOMIUIEKCHOU
MOJITOTOBKM CIELUATUCTOB, TOJYyYeHHE 3HAHUW M HAaBBIKOB, HEOOXOJMMBIX
JUIS CTPOUTENBCTBA M OE30MAaCHOM AKCIUTyaTall aTOMHOM 3JIEKTPOCTAHIIUY,
a TakKe TapaHTHs SIEpHOW M paJHallMOHHOW 0e30MacHOCTH, Oe30MacHOCTH
nepconana ADC, HaceNneHUs U OKPYKarOmIe Cpebl.

B coorBerctBun ¢ Yka3zom Ilpesunenra Pb or 12 nos6ps 2007 ropa
Ne 565 «O HEKOTOpBIX Mepax MO CTPOUTENBCTBY aTOMHOM cTaHIMU» U [ ocmpo-
rpamMmoi, Ha kadenpe «Temnobie snekrpudeckue cranuuny (TIC) snepreTu-
yeckoro (pakyiapTeTa benopycckoro HalMOHAIBHOIO TEXHHUYECKOTO YHUBEPCH-
tera (BHTY) B 2008 romy oTkpbiTa HOBas crienuaibHoCcTh 1-43 01 08 «Ilapo-
TypOUMHHBIE YCTAHOBKH AaTOMHBIX DJIEKTPUYECKHX CTaHIMI», Ha KOTOPYIO
B TEUEHHE YK€ JAECATHU JIET OCYILLECTBISAETCS IPUEM aOUTYPUEHTOB.

Brimyckuuku cnenranbHocT 1-43 01 08 roTtoBsiTes s npodecCHOoHab-
HOM J1eATeNbHOCTH He TOJBKO B chepe MpOU3BOJCTBA B 00JIACTH MPOEKTUPOBA-
Hus 1 dkcruryatanuu ADC, HO Takke B chepe oOpazoBaHus U Hayku. B Hacrto-
siee BpeMst 6osee S0 BITyCKHUKOB MpuObLTH Ha padoty B PYII «benopycckas
ADC» u JlemapTraMeHT 1o sifiepHON W paauanuoHHoi 6e3omacHoctu (I'ocatom-
HAJ30p); JBa BBITyCKHUKa paboTtaroT Ha Kadenpe TOC, obecnieunBas yueOHBIM
IIPOLIECC HO CHEUUATBHBIM JUCHUIUIMHAM B J1a00paTOpHUsiX, aCCUCTUPYS U CaMO-
CTOSITENILHO MPOBOAS yueOHbIe 3aHTHS. BoimyckHuku crienuanbHocTu 1-43 01
(08 MOT'yT MIPUMEHUTH CBOU 3HAHUS, TPOBOJI HAYUHBIE HCCIIEOBAaHUSA B 001aCTH
IPOECKTUPOBAHUS U SKCIUTyaTallud NapoTypOUHHBIX ycTaHOBOK ADC, MoiepHu-
3alMu 000PYI0BaHUA, ONTUMHU3ALNUN TEXHOJIOTUYECKUX CXEM U MPUPOI00XPaH-
HBIX MEpONpuUATUi U B3auMoaerncTBUst ADC ¢ OKpyKarollen CpeIon.

[ToaroToBKa CHEMANKMCTOB BEIETCSA B COOTBETCTBHUM C BBEIECHHBIMHU
B JICICTBME HOPMATUBHBIMH JOKyMeHTaMHu. B mporecce oOydeHUS! CTYIEHTHI
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MOJTy4aloT TIyOOKYI0 TEOPETHUYECKYIO TIOJATOTOBKY MO (yHIaMEHTAIbHBIM JIHC-
UIUIMHAM | IPHUOOpPETal0T HEOOXOAMMBbIE 3HAHMUS IO BCEH TEXHOIOTHMYECKOM
cxeme Mmpou3BoAcCTBa 3aekTpo3Hepruu Ha ADC. CTyaeHThl 0CBauBalOT 0a30BbIe
3HAHMS MO SAEPHONM U HEUTPOHHON (U3MKE, KOHCTPYKLUMH U paboTe sACpHBIX
SHEPreTUYECKUX PEAKTOPOB, MAPOreHepaTopoB, NapOTypOUHHOIO U BCIOMOTa-
TenabHOro obopynoBanus ADC, Hanajke U AMArHOCTUKE 00OPYIOBaHUs, MO aB-
TOMATU3UPOBAHHBIM CHCTEMaM YMpaBIICHUS, PaAUAIIMOHHONW O€30MacHOCTH
1 00pallleHHIo ¢ paAuoaKTUBHBIMU oTX0oaMu ADC.

YyebHo-MeToanueckass 06aza Kadeapbl MOCTOSHHO MOIMOJHIETCS COBpE-
MEHHOU yueOHOM, CIIPaBOYHON U HAYYHOU JIMTEPATypPOH.

[IpenonaBarensamu kadeapbl MOATOTOBICHBI W HW3JaHBI B W3MATEIHCTBAX
«Bpmmiimas mwkonay, «Texnuueckas nureparypa» BHTY u Benopycckoro
roCyJapCTBEHHOIO TEXHOJIOTMYECKOTO YHUBEPCUTETA psAJl YUCOHUKOB U yueO-
HBIX TOCOOUH B paMKaxX M3y4YeHHs TUCHUIUIMH cneruansHoctu 1-43 01 08.

C 1enb0 MOBBILIEHUS YPOBHS MOATOTOBKM WH)XEHEPOB /Il YTEHUS CIIELU-
QJIbHBIX JMCUUIUIMH MPUTJIAIIAIOTCA CHELMATIUCThl OTEYECTBEHHBIX W MHOCTpPaH-
HBIX BY30B U SHEPreTUYECKUX MPEANPUITUN, Cpear KOTOPbIX: IHCTUTYT aTOMHOI
sHepreTuku (r. O6HuHCK, Poccust), YbsiHOBCKHUIA TOCYAAPCTBEHHbIN YHUBEPCUTET
(r. YaesinoBck, Poccust), CeBacTomonbCKuil HallMOHATBHBIN YHUBEPCUTET SACPHOM
sHepruv u npomsinuieHHocTH (. CeBacrononb, YkpauHa — Poccust), O0beanHeH-
HBII MHCTUTYT SHEPreTUUeCKuX U saepHbix ucciaeaoBanuii — Cocusl HAH b, be-
JIOPYCCKHI T'OCYJTapCTBEHHBIA YHUBEPCUTET, MEXKTyHapOIHbIN IOCYIapCTBEHHbBIN
sKosiornueckuid yauepeuteT umenn A.Jl. Caxaposa u mp.

Kadenpa TOC umeet xopoiio ocHameHHy 0 TabopaTtopHyto 0a3y. braromaps
(uHaHCHPOBaHUIO, MpeTycMOTpeHHOMY ['ocnporpammoi, ee MOMOJHUIN COBpe-
MEHHbIE JIAOOPATOPHBIE CTEHJIBI U YCTAHOBKH: BO3AYLIHBIE TYpOMHBI OCHAIECHBI
COBPEMEHHOI CHCTEMON BUOPAIIMOHHOTO KOHTPOJISI; BHEAPEHBI CTEHBI M0 OaaH-
CHPOBKE BpAILAIOLINXCS MEXAHU3MOB U UCCIIEJOBAHUIO TUIPABIMYECKUX XapaKTe-
PUCTHUK HACOCHOI'O 00OPY0BaHUs, HEHTPOOEKHBIX U OCEBBIX BEHTHJISITOPOB, BEH-
TWIATOPHOW TPAJMPHU, A TaK)KE COBPEMEHHBIE CPEJICTBA TEIUIOTEXHUYECKUX W3-
MEpPEHUH, KOTOPbIE UCIIOJIB3YIOTCS HA JEHCTBYIOUIMX 3JEKTPOCTAHIUAX, PUOOPHI
JUISl IPOBEACHUSI XUMUYECKOTO aHAIW3a M MOJATOTOBKU TEIJIOHOCUTENS, CTEHJIbI
JUTSL HICCIIEAOBAHUS TEPMOJIMHAMUYECKUX MPOLIECCOB U MTPOLIECCOB TEIUIONEPEIAUH.
Ha nepcoHallbHbIX KOMITBIOTEPAX YCTAHOBJIEHA KOMIIbIOTEpHasi oOydaroias Cu-
crema (KOC) no ocnoBam Ilonutuku, PykoBoactBa u Texnonornn ASC (poekT
MAT'ATD); BHeApeH aHATUTUYECKUN TpeHaxkep TypOuHHOro otaenenuss ADC
¢ BBOP-1000 (mpoekt MAI'ATD), koTOpbIii oOecriedrBaeT BBIPAOOTKY OOIIMX
HaBBIKOB TI0 ympamieHuto Typooreneparopom ADC ¢ peakropom BBOP
B peXUMaxX HOPMaJIbHOM SKCIUTyaTallUd, PEKMMaX C HapyIICHUSMU HOPMaIbHOMN
AKCIUTyaTalliy U aBapUMHBIX PEKUMAX.

JUIs 3aKperuieHusl TEOPETHYECKUX 3HAHMM CTYAEHTHl MIIAJUIMX KypCOB
cnenranbHOCTH 1-43 01 08 mpoxXomaT mpakTUKy Ha TPaAULMOHHBIX TEIJIOBBIX
anekTpoctaHuusax bemapycu. Ha crapmmx xypcax NMpOW3BOJACTBEHHAs U NPEA-
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OUIUIOMHAsl TPaKTUKU TpoBoAMTca 3a pyoOexkom: Ha ADC, B ydeOHO-
TPEHUPOBOYHBIX IeHTpax (moapazaencHusx) ADC, B yueOHBIX By3ax.

OcHoBHble 0a3bl npakTuku — Qumansl AO «KonuepHn Pocaneproarom»
(Poccust): HosoBoponexckas ADC (r. HoBoBoponex); Kamununckas ADC
(r. Yaomns), PoctoBckas ADC, (. Bonronounck), Cmonenckas ADC (r. [ecHo-
ropck); CeBacTONONBCKUNA HAIMOHAIBHBIA YHUBEPCUTET SIACPHON HHEPrUu
u pomebiniuieHHocTy (1. CeBacrononib, Ykpauna — Poccus); Hwkeropoackwuii
roCcyJapCTBeHHBIM TexHHUeckuil yHuBepcureT uMm. P.E. Anekceesa (r. Hrxuuii
Hogsropon, Poccus) u ap.

B 2012 rogy cTyaeHTbl MPOXOAWUIN MPOU3BOJCTBEHHYIO MPAKTUKY IO MPO-
rpamme ['epmanckoii cmyxOb1 akamemuueckux oomeHoB ([JAAJl) B I'epmanum,
IJle 03HAKOMWJIUCh € YCTPOMCTBOM WU 3KCIUIyaTalell COBPEMEHHBIX OOBEKTOB
DHEPreTUKH, KOTOPbIE HE HWMEET aHaJIoroB B bemapycn. 2DTO AEWCTBYIOIIUE
U HaxoJsmuecs B crauuu geMoHTaxa ADC; 0ObEKThl 3aXOPOHEHHS SEPHBIX OT-
XOJIOB; MCCJIEIOBATENbCKAs IIaXTa, [ HA MECTE F€0JIOIrHYECKOro COIITHOrO 00pa-
30BaHMsl Ha riiyouHe okoso 900 M BENUCh HCCIENOBAHUSE O €r0 MPUTOJHOCTH
K OpraHM3alMy MOCTOSHHOTO OJ3EMHOI0 3aXOPOHEHHSI PaIMOAKTUBHBIX OTXO/IOB.

B 2016 romy mnpou3BoICTBEHHas MpakTHKa mpoxoauna B «MHcTuTyTe
ynpasieHus saepHbpiMu 3HaHUsAMI» — NKMI (r. Bena, ABctpus), a B 2017 roxy —
Ha ADC «Moxogre» (. JIleBure, CioBakust).

EerolHo HECKOIBKO CTYJICHTOB IPUHUMAIOT aKTUBHOE Y4acTHE B IIKOJIE-
ceMUHape «SlnepHas sHepreTuka U HEPACHPOCTPAHEHHUE: OTBET HA BBI3OBBI CO-
BPEMEHHOCTH», KOTOpas €KEroJHo INpoxoAuT B HamumonambHOM wHcciienoBa-
TeIbCKOM siiepHOoM yHUBepcuTere « MUDW» (r. Mocksa).

B pamxkax BeinonHeHus ['ocniporpamMmel ipenogaBaTenu Kadeapsl MOCETUIN
Beaylme By3bl Poccun u YKpauHbl JUisl 03HAKOMJIEHUSI C YY€OHBIMH IJIaHAMMU
¥ IPOrpaMMaMH, MaTepUalbHO-TEXHUYECKOW 0a30i MU OCOOCHHOCTSAMHU IMOJITO-
TOBKH CTYACHTOB-aTOMIIMKOB; TMPOIUIM KYypChl MOBBIIICHUA KBaNIU(DUKALNUN
U CTAXKUPOBKM B MHCTUTYyTe aToMHOM »sHepretuku (r. OOHuHCK, Poccus),
B Hanmonansnom siiepaom ynusepcurere « MUD®N», B yuebnom niearpe CETIC
MexnyHapoanort Akanemun atomHod sHepreTuku (Chalon-sur-Sadne, ®pan-
ust), NKMI (r. Bena, ABcTpusi); HEOAHOKPATHO TOCEIIATN CTPOUTEIBHYIO TUIO-
maaky benopyeckoit ADC, a Takke IPUHUMAIOT Yy4acTUE B PA3IUYHBIX CEMUHA-
pax, npoBouMbix MAT'ATD.

Ormerum Takxke, uto B PYII «benopycckas ADC» paboraer 6osiee COTHH
BBIITYCKHUKOB crnenuaibHocTu 1-43 01 04 «TemnnoBble 3JIEKTPUUYECKHE CTaH-
[IUW», TOJYYMBIIKME OMBIT paboThl Ha TpaaunuoHHbIX s bemapycu TOC
U IIPOIIEANINE CIelraabHyl0 moarotoBky Ha ADC, kak Ha pabouYuX JTOJDKHO-
CTSX, TAK ¥ Ha CHEIMAIM3UPOBAHHBIX Kypcax y4eOHO-TPEHUPOBOUYHBIX LIEHTPOB
u noapasaeneHuit ADC Poccun, JINTBBI 1 TanbHETO 3apyOeKbs.

BeiBoa. Iloapasnenenne D@ BHTY — kadenpa «TemmoBsie ayekTpuye-
CKHME€ CTAHILIMM» MPEJOCTABISIET IUPOKHUE BO3MOKHOCTH TMOJIYYEHUS! COBPEMEH-
HBIX 3HAHUU B 00JIACTH SAEPHON SHEPreTHUKU, 00ECIIEYMBAET BHICOKOE KAYECTBO
TEOPETUYECKUX W MPAKTUYECKUX 3aHATUHA, B TOM YHCIE MPOU3BOACTBEHHOM
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npakTUuKy. 11orydeHHbIN ONBIT U 3HAHUS UHXXEHEPbI-DHEPTreTUKH, OATOTOBJICH-
Hble 110 crienraibHOCTH «IlapoTypOuHHbIe ycTaHOBKH ADC), CMOTYT YCIEIIHO
UCII0JIB30BaTh IIpHU padbote Ha nepBoit benopycckoit ADC.

YK 621
PABBUTUE MEXKIAYHAPOJHOI'O COTPYJIHUYECTBA
B OBJIACTU SAJEPHOI'O OBPA3OBAHUA (STAR-NET)
E.H. Kueuykasa, C.M. Cayyx
benopycckuii cocyoapcmeennulii ynugepcumem
UHopmamuku u paouod1eKmpoHUKU

B coorBercTBHM ¢ peKOMEHJAUUsAMH MeEXIyHapOJHOLO areHTCcTBa
o atomHo#l sHepruun (MAI'ATO) cucrema MOATOTOBKM KaApOB i SIAEPHOM
SHEPreTUKHU JOJKHA Oa3UpoOBaTHCS HA MPUHLUIAX MPUMEHEHHsS CHUCTEMHOTO
N0/IX0/1a K MOJArOTOBKE MEPCOHANA, OCHOBAHHOTO HAa COOTBETCTBYIOIIUX JIOKY-
MeHTax MAT'ATO, MexayHapOJHOM OIIBITE, & TAKKE HA COOTBETCTBUM CUCTEMBI
MOJITOTOBKU TIEpCOHaNa TPeOOBaHUSM 3aKOHOJATENbCTBA B OOJACTH SAEPHOMN
U paJInalliOHHON 0€30MacHOCTH.

B at10ii cBsA3u psag ctpaH, wieHoB MAT'ATO, Kak ¢ pa3BUTOMN SAEPHON WH-
bpacTpyKTypoi, Tak U C pa3BUBAIOUIECHCS, BBIPA3WIN KEJIaHUE O COTPYIHUYE-
CTBE JJIsi 0OOMEHa ONBITOM B OOJIACTH SIICPHOM DHEPreTHKU U OoOecreyeHus cra-
OWJIBHOTO Pa3BUTHS SIAEPHOTO CEKTOPA.

B yactu oOpa3zoBanusi B 00JaCTH SACPHBIX TEXHOJIOTHI HAOIIOIAI0TCS 3a-
METHBIE Pa3Ju4Msl B yPOBHE MOATOTOBKM M MCIIOJIb30BAaHUS PECYPCOB B 3aBUCH-
MOCTH OT 3KOHOMHYECKOTO Pa3BUTHs CTPAHBL U IPUMEHEHHUS SIIEPHBIX TEXHOJIO-
I'Mii: HEXBaTKa KaJIpOB B OJIHUX CTpaHax U 3Q¢eKTUBHbIE 00pa30BaTEIbHbIE CHU-
CTeMbI JUIsl IOATOTOBKHM ~BBICOKOKBAIM(UIIMPOBAHHBIX KaJgpOB B JPYIHX.
D710 0003HAYMIO HEOOXOAUMOCTh COTPYAHMYECTBA MEXKAY YUeOHBIMU 3aBejie-
HUSIMH, HAyYHBIMU LIEHTPAMH U OpraHu3alyusMM CTpaH perunona Bocrounon EB-
pombl 1 CpenHeldt A3un. DTH cTpaHbl 0003HAYUIIN MOTPEOHOCTH B 00ECTICYCHUHN
KBTU(PUIIMPOBAHHBIMU KaJpamMu JUis 3PGEeKTUBHON pabOThI AEPHOTO CEKTOPA,
a TaKxKe s OyIyIIero paclimpeHus U pa3BUTUS HAYKU.

C 22 no 24 amnpens 2015 roga B BI'YUP npoxoauiio KOHCYJIbTaTUBHOE CO-
BEI[aHUE B paMKax co3JMaHusi PernonanbHON ceTu saepHOro oOpa3oBaHMS
U TIOJITOTOBKYU TIEpPCOHAJIa B 00JIacTU sIepHOM sHepreTuku. B xozae copemanus
OBLIO MPUHSATO PElIeHUE O HEOOXOIUMOCTH CO3/aHMSI PETMOHAIBHON CETH, BbI-
paboTaH IJIaH MEPONPUATHI 1O CO3JAHUIO CETH B COCTAaBE CTPaH pernoHa Bo-
crouHoit EBponbl u Cpenneit Azun u B3aumopeiicteuio ¢c MAT'ATO.

17 cenTs6ps 2015 roma B MAI'ATD cocrosmocsk nmoanucanue CoramieHus
o coznannu cetu sgepHoro oopazoanusi STAR-NET. Cornamenue moamnucanu
npeacTaBuTeNd 12 yHuBEpcUTETOB U3 6 ctpaH: Apmenun, AsepOaiiakana, Pec-
nyOmuku benapycs, Kazaxcrana, Poccnn n Ykpansbsl. DTO HOBasi perMoHaIbHAs
cetb snepHoro oOpaszoBanusi (anamor ANEN, LANET, AFRA-NEST, ENEN
U Jp.), oxBatbiBatouias peruoH Bocrounoit EBponsl u Cpeaneit Azun. Cetb co-
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3naHa noa aruaod MAT'ATO. MannmaropaMu co3aHus CeTH BBICTynWIHA berno-
PYCCKUI TOCYIapCTBEHHBIN YHUBEPCUTET MH()OPMATUKU U PATUOIIEKTPOHUKH,
HaunonanbHel uccnenoBaTenbCkuil saepubil yaHusepcurer «MUOU» u Huxe-
TOPOJACKUI TOCYAApCTBEHHBIA TEXHUYECKNN yHUBEpCUTET UM P.E. AnekceeBa.

B nexabpe 2015 rona Pernonanshas cetb STAR-NET Obuta 3apeructpu-
pOBaHa KakK acCcolMallys B COOTBETCTBUHU ¢ ABCTPUICKUM 3aKOHOM 00 accolua-
IUAX C MEXKIYHAPOJIHBIM YYACTHUEM.

OcHoBHo# 1enbto peruoHanbHo ceth STAR-NET gaBnsiercst ynydiienue
KauecTBa MOArOTOBKHU KaJpOB JIJIS AIEPHON SHEPTETUKHU CTPAH-YUYACTHUKOB CETH
yepe3 COTPYJHUYECTBO B 00JacTH siiepHOro oOpa3oBaHUs U MPOBEAEHUE COB-
MECTHBIX HAy4YHBIX UCCIICAOBAHUM.

Hamnpasienus nesaTeabHOCTH:

— oOpazoBaTesbHas JeATeIbHOCTh U YueOHO-MeToAnYecKast paborta;

— npodeccuoHanbHas TOJATOTOBKA M B3aMMOJIEUCTBHE C aTOMHOM
IIPOMBIIIIEHHOCTHIO;

— MCCIIE0BATENbCKAS U HAYYHO-TEXHUYECKas JEATEIBHOCTS;

— YHOpPaBJICHUE SJICPHBIMU 3HAHUSIMU;

— MH(QOPMALIMOHHBIE CUCTEMBI MOAIECPKKU JEATEIbHOCTH CETH.

Opranamu ynpaBJIEHHsI PETHOHAIBHOW CETH ABISIIOTCA: ['eHepanbHas Ac-
cambnes, [Ipesuauym, [Ipesunent u Yuensiii cekperapb, cnomaurenbabiii u-
pektop. B xone yupemaurenbHoi ['eHepaibHOM AccaMOyien YICHOB CETH ObLIN
BbIOpansb! yrpasistonire opranbl STAR-NET: [Ipesunuym, [Ipesunent, Yuensiit
cekperapb, Hcnomuutenbhbiii  Jupekrop.  Omnpenenensl 5 pabouux Tpynmn
0 HaIpaBJICHUAM JesTenbHocTH ceTH. [Ipesunentom BbIOpan pexkrop HUAY
«MUDN» Crpuxanos M.H. YaenbiMm cekpeTapeM — MPOPEKToOp Mo y4eOHOM pa-
oore BI'YUP Kusunkas E.H. O cBoem unTepece 1 BO3MOKHOM MPUCOECTUHEHUH
K 3TOU ceTH 3asiBUM Beaylne ynusepcuteTsl bonrapun, CnoBakuu, Benrpun.

B kauectBe ucnonnurenet B cetu STAR-NET BeicTynaroT paboune rpyi-
b, KOTOpbIE NTpeAcTaBisiiOT yuacTHUKOB STAR-NET:

I'pynna 1. BeGcaT, BKitouas 00pa3oBaTesIbHbIN OPTaT:

— CO3/laHHuEe BeO-CTpaHuUIlbl, 00pa30BATENILHOIO MOpTana, 0a3bl JaHHBIX,
(pa3pabotka T3: qu3aiid, pyHKIMOHAI, aIMUHUCTPUPOBAHUE);

— WHTErpanus cuctemsl auctanimonHoro ooyuenuss CLPANET B ob6pazo-
BaTEbHBIN [MOPTAI;

— KOOpAMHAIMA CO3JaHus1 00pa30BaTeIbHOIO MOpTaJia U €ro0 OOCITYKUBAHNUS;

— aKTyanu3anus 06a3bl JaHHBIX JUIsl XpaHEeHUs1 HH(OpMaIuu.

I'pynna 2. IlporpamMmbl, MOAYIU U TUCUUTLTMHBI O0yUEHHUS

— MHBEHTApU3allMs U ONpEIeNIeHue porpaMm O0yUeHUs, TUCIUILUTMH IS TIO-
TOTOBKH CIEIUAIKCTOB B 00JIACTH SIIEPHBIX TEXHOJIOTHIA, IOCTYITHBIX B PETHOHE;

— OIpejesieHne BO3MOXHOCTEW TUCTaHIMOHHOTO OOyYeHHUs W/ UM KypCOB
3JEKTPOHHOI'O 00YUYEHUS;

— aKTyaJu3alus U nepeaadya COOTBETCTBYIONIEH nH(popMmanuu A myonu-
Kalluu Ha BeO-caiiTe.
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I'pynna 3. Y4eOHO-METOINYECKUE MATEPUAIIBI:

— cOop, KOMIUIEKTAlUg U OOMEH COBPEMEHHBIMU y4eOHO-METOINYECKUMU
MaTepuaIamu;

— NpOJABMXKEHUE pPa3pabOTKU HOBBIX M HMHHOBAIMOHHBIX Yy4e€OHO-
METOJNYECKUX MATEPHUATIOB;

— pa3paboTka y4yeOHBIX MaTepUagoB U MOAYJEH JIJIsl CUCTEM JIUCTAHLIUOH-
HOro OOy4YeHHS;

— pa3paboTKa METOJMYECKOro oOecrnedyeHuss U y4eOHbIX MaTepuajoB
JUTSI IOBBILIEHUS! KBATM(PUKALIUK [TEPCOHAIIA IEPHOU cepbl;

— cHUCTeMaTH3alusl KaTeropuil sIepHBIX 3HAHHM, SKCIUTyaTalus SAEpPHBIX
HYHEPreTUYECKUX YCTAHOBOK;

— Tepejavya MaTepuasoB s MyOIuKamuy Ha BeO-caiTe;

— (opMupoBaHUS AUCIUIUIMHBI IO YIIPABICHUIO €PHBIMHU 3HAHUSMU.

I'pynna 4. Ilegarornyeckas ¥ TEXHOJIOTHYECKAS OAAEPKKA:

— MOJArOTOBKA JOKYMEHTOB, B KOTOPBIX OTPaK€HO MCI0JIB30BAHKE TIEAro-
IMYECKUX U TEXHOJOTUYECKHUX MPUHIUIIOB, MPAKTUK, METOJIOB U PECYPCOB;

— paspaborka mnsa moprtana STAR-NET ' BuptyanmbHOrO compykecTa
110 OKA3aHUIO M1€1arOrNYeCKOM U TEXHOJIOTUYECKON HOLIEPIKKHY;

— OpraHu3auus TPaJAULHMOHHBIX U JUCTAHIUMOHHBIX CEMUHAPOB.

I'pynna 5. UccnenoBaTenbckas 1 HAyYHO-TEXHUYECKAs NEATEIbHOCTD:

— OpraHM3aiusi Hay4YHbIX HCCJEJIOBaHMM M pPACIPOCTPAHEHUs] WHHOBAIU-
OHHBIX 3HAHUH B chepe AAEPHBIX TEXHOJOTHH;

— COBMECTHOE II0JIb30BaHUE YHUKAJIBHBIM HAy4HO-UCCIIEI0BATEIbCKUM
00opyI0BaHUEM (HCCIIeIOBATEILCKUE AAECPHBIC PEAKTOPHI U JP.);

— co3fanue 0a3bl JaHHBIX pedepaTuBHON MHPOPMAIUN B UCCIIEI0BATENb-
CKOM M HAyYHO-TEXHUYECKOU JEATEITHHOCTH C YUETOM MHTEIICKTyaIbHOU COO-
CTBEHHOCTH M aBTOPCKOIO MPaBa;

— OIpejiesieHne BO3MOKHOCTEH O0OMEHa HAay4YHBIMU COTPYJHUKAMH, acIu-
paHTaMu, JOKTOPaHTaMU;

— pa3BUTHE METOJOB OIICHKM U YCOBEPIICHCTBOBAHUS MOKa3aTeleil kaue-
CTBa pabOThI CUCTEMBI yIpaBICHUS siepHbIMU 3HaHUsAMU Ha ADC.

I'pynna 6. Opranu3zanusi COTpyHUYECTBA:

— OIpEIESICHNE BO3MOXKHOCTEM /1151 0OMEHA CTYIEHTOB U MpenojaBaTeeil;

— onpejesieHre pa3InyHbIX popM (HUHAHCOBON U IOPUIUYECKON MOACPHK-
KU JIJIS1 OpraHu3aluuyd oOMeHa CTyJJIeHTaMu U IPEernojaBaTessiMu;

— OIIpe/eNIEHne BO3MOXKHOCTEH KOMIUIEKTAlMu U (opM mepegauu o0opy-
JOBaHUS JJI MOATOTOBKH CIIELIMATIMCTOB B 00JIACTH SAEPHBIX TEXHOJIOTHI;

— aKTyaJu3alus U nepeaada COOTBETCTBYIOIIEH nHpopmanuu amns myomu-
KalluK Ha BeO-caiTe.

B xaxmoil paboueil rpymnrme onpeaeneH YHUBEPCUTET-KOOPIUHATOP U PYKO-
BOJIUTENIb, KOTOPBI HECET OTBETCTBEHHOCTh 3@ OPraHU3aLUIo0 AEATeILHOCTH pado-
Yel TPYyIIIbl 110 BBIIOJHEHUIO 3aIUIAHUPOBAHHBIX HA TEKYLIUH TOJl MEPOIPUATUI
U MpejicTaBieHre rojioBoro ordyera Ha ['enepansHoit Accambiiee STAR-NET.
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B ampene 2016 roga B BI'YUP cocTosuiock pabodee coBellaHue B paMKax
PernonanbHOW ceTH MO MOJATOTOBKE KaApoB Aiid siaepHou sHepretukn STAR-
NET. B xone coBemanusi MOJATOTOBIEH IUIAH pabOThl TEMAaTHUYECKUX TPy
Ha 2016 rom u OOCYXJEHBI TEKYIHME BOMPOCHI COTPYIHHYECTBA B 00JaCTH
AJIEpHOTO 00pa30BaHU.

B urone 2016 roma Ha ocHoBe STAR-NET Obuta opraHuzoBaHa MpOH3BO/I-
cTBeHHas TipakTuka cTyiaeHToB BI'YMP u BHTY Ha 0a3ze mraG-kBapTUpHI
MATI'ATO BrT. Bena (ABctpusi). B kauecTBe opraHM3aTopoOB NMPAKTUKUA BHICTYIHIIN
Pernonanshas cetb STAR-NET u MHCTUTYT ynpaBiieHUs SIACPHBIMU 3HAHUSIMHU
r. Bena (Asctpus). B mporpammy mpakTUkd ObBUTM BKITFOYECHBI JIKITMOHHBIC
Y MPAKTUYECKUE 3aHITHS, TEXHUUECKUE BU3UTHI, KPYIJIbIE CTOJbI, MHAUBHUIyAIbHAS
pabota crynenToB. [IpenonaBarensckuii coctaB coctosil u3 19 yenosek, npeacras-
JSIFOILMX pa3HblE CTPAHbl U KOHTUHEHTHI. B KauecTBe TEXHWYECKUX BU3HUTOB Opra-
HU30BaHO mnoceumieHne uHeHtpa MAI'ATO 1o 4ype3BbMaiHBIM — CUTyaUUsIM
u uccnenosatenbekoro peaktopa TU Wien/Atominstitut Stadionallee 2 A-1020.
WunuBuayansHas paboTa CTYJEHTOB MPOBOJAWIACH AUCTAHLMOHHO C MCIOJIb30Ba-
HueM miatgopmel MAI'ATO «CLPANETY.

B okTts6pe 2016 roga na 6aze HUAY «MHUDOWN» cocTosanoch COBMECTHOE
3acenanue ydyacTHUKOB ['eHepanbHoit Accam6Onen u [lpesuanyma. Paccmorpensr
o0111Me BOIPOCHI COTPYIHUYECTBA, OANMKUCAH MPOTOKOJ IO UTOTaM COBMECTHOTO
3acefanus ydacTHUKOB ['eHepanpHoit AccamOien u [Ipesuauyma STAR-NET.
beutn 00cykIeHBI BOMPOCHI, CBSI3aHHBIE C COBMECTHOW pabOTOM IO HarpasJe-
HUAM TEMaTUYECKHX TPYyII (MTOTU ACATEIbHOCTU, NPEAJIOKEHNUS YHUBEPCUTE-
TOB-KOOPJIMHATOPOB U TuTaHbl padboT Ha 2017 roxn).

B ampene 2017 roga Ha 6aze benopycckoro HalroHaIbHOTO TEXHUYECKOTO
yHHUBepcutTeTa coctosioch padouee copemanne STAR-NET. Ha stom cosema-
HUM ObUTH 00CYKIEHBI BOMPOCHI, Kacarommecs: pabot nmo HampasieHusM «IIpo-
IpaMMbl, MOAYJIM M JUCUMUIUIMHBI 00yueHus», «lccnenoBarenbckas U Hay4dHO-
TEXHUYECKas EATEIbHOCTEY a TaKXKe 3aciayllaH OT4eT 00 y4acTUH MpecTaBUTe-
neit cetu STAR-NET B coBelllaHuu peruoHaIbHbIX CETEeH A1epHOro o0pa3oBaHuUs
B I. MaHuecrepe.

ITon srumoii STAR-NET u npu HemocpeactBeHHoM ydactun HUAY
«MHUDOUy», BI'YHUP u BHTY B 2015 1 2016 ronax Obuta opraHu3oBaHa U MpoBe-
neHa MexayHapo/iHas CTyJeHYecKas oJuMIuaja Mo siiepHoi (u3uke u saep-
HbBIM T€XHOJIOTHUSIM.

PervionanbHast cetb 00pa3oBaHUst M TOJATOTOBKM KaJpoB B o0jacTu
anepubix TexHongoruit STAR-NET siBiisieTcst CBSI3yOIIMM 3BEHOM JJIsSl pealin3a-
OUU Hay4YHO-00pa30BaTEIbHBIX IPOEKTOB B 00JIACTH TOATOTOBKH KaJpOB
JUISL IAEPHOM YHEPTETHUKH.
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YK 629.735
KOMIIJIEKC TEXHUYECKHNX PEINIEHUM 11O MMOBBINEHUIO
SOOEKTUBHOCTHU T3II B YCJIOBUAX PABOTHI BEJIOPYCCKOH
ADC N MOAT'OTOBKA KAJIPOB
B.H. Pomanrox, A.A. boouu
benopycckuii nayuonanvuviu mexuuueckuu ynugepcumem

B ycnoBusx u30bITKa FeHEPUPYIOMIUX MOIIHOCTEH W 3HAYUTEILHOTO M3Me-
HEHUSI MX CTPYKTYpPbl Pa3BUTHE HSHEPrOCUCTEMBI JOJIKHO CBS3BIBATHCS C- MEPO-
NPUSITUSAMH 110 OOECIICUCHUIO YCIOBUI CTAaOMIIBHOCTH U TOBBIIIEHUS d)PEeKTHB-
HOCTHU €€ paboThl. TpeOyroTcs n3MEeHeHus B paboTe BCEX YHEPTOMCTOYHUKOB, KO-
TOpPbIE TIPU COXPAHEHUM WJIM MOBBIIICHUN HA/IEKHOCTh YHEPTrOCUCTEMBI JTOJIKHBI
obOecrieunBaTh JATBHEHIINI POCT CHCTEMHOTO 3HeprocOeperaromero 3ddexra.
C yClOXKHEHUEM CTPYKTYPhI 1 pEKUMOB (DYHKITMOHUPOBAHUS CUCTEMBI Bee OoJiee
aKTyaJbHbIM CTAHOBUTCSI MPOOJIEMbl BHIOOpPA BapUAHTOB MJIAHUPYEMbBIX K BHE-
PCHHIO TEXHUYECKHX PEIICHWA. B 3TUX ycrmoBusX i OuUeHKH 3¢GHEKTUBHOCTH
SHEPTrOCUCTEMBI, KpOME TPATUIIMOHHBIX U a0COJIFOTHO HEOOXOAMMBIX MOKa3aTe-
JIel HaJIeKHOCTH U SKOHOMHUYHOCTH, CJIEAyeT PEKOMEHJI0OBAaTh TEPMOIMHAMUYE-
ckue kpurepuu [1].

C BBomom benopycckoii ADC NporHO3UPYIOTCA H30BITKH MOIIHOCTH
B [IEPHOJI HOYHBIX MPOBAJIOB B OTOMUTEIBHBIM W MEKOTOMUTEIHHBIA MEPHOIbI
BO3HMKAET MpobsieMa peryIupoBaHus rpauKoB HArpy3KH SHEPTOCUCTEMBI, T10-
CKOJIBKY M3 F€HEpallud BBITECHSIOTCS TPAJULMOHHBIE PETrYJIATOPhl MOIIHOCTH,
U pelIeHUuEe KOMIUIEKCa 3a7ad, - COMyTCTBYIOIIMX MpoOiieMe, HEBO3MOXKHO
6e3 yuactus TOLI.

JUJist TUKBUAAIIMN OKHUIAEMbIX W30BITKOB MOITHOCTH TMPETyCMaTPUBACTCS
MCII0JIb30BaHUE TEIJIOBBIX HArpy30K CUCTEM TEIIOCHAOKEHHMS, YaCTh KOTOPBIX
IJIAHUPYETCs MepeiaBaTh B 4achl MPOBAJIOB 3JIEKTPOMOTPEOICHHUS OT TpaaUIluU-
OHHBIX TEIIOTEHEPUPYIONUX HCTOYHUKOB K B3aUMOCBSI3aHHBIM KOMILIEKCAM
B COCTaBE «OJIEKTPOKOTEN — TEIJIOBOW aKKyMYJATOP», 00€CleunBalONINX yBe-
JUYEHUE JIEKTPUUYECKON Harpy3ku sHeprocucteMbl benapycu [2]. YkazaHHbIe
KOMIUIEKCHL 0€3yCIIOBHO HEOOXOJHUMBI B YCIOBHUSAX, KOTOPBIE OYIyT UMETh Me-
CTO B DHEPrOCUCTEME CTPaHbl, MOCKOJIbKY MPH AOJKHOM MX CyMMapHOW MOII-
HOCTH B COCTOSIHUU O00€CIIEYUTh HEOOXOUMYIO TMHAMHUKY IPOIecca PeryInupo-
BAaHUS BBIIOJIHEHUSI COOTHOIICHUS «TeHepalusi — NOTpeOJIeHUe 3JIEKTPOIHEP-
ruu». Bmecrte ¢ TeMm, Takoe HMCKYCCTBEHHOE YBEIUYEHHE JJICKTPUUYECKOM
Harpy3Kd HE pemaer BceX 3a]ay, TPAAUIMOHHO HMEIIIUX MECTO
B DHEProcucTeMe, Hampumep, HaJEKHOCTh TEIJIO- U 3JIEKTpOooOecneueHus Mmo-
TpebuTenel, CHUKEHUE yAeNbHOTO pacxoja TormmBa Ha TOLl, a Takxke mpo-
O5leM, CBSI3aHHBIX C HEOOXOIMMOCTBIO Pa3rpy3Kd OTOOPOB MApOBBIX TYpOHH
JI0 TEXHUYECKOI0 MUHUMYMa. TakKe clIeAyeT OTMETUTh, UTO Pe3yJIbTaThl KOJIU-
YECTBEHHOM OLEHKH TEPMOJIMHAMHUYECKON 3((PEeKTUBHOCTH 3HEprocucreMsl be-
napycu nocie BBojia B cTpord ADC 1 3EKTPOKOTIIOB U CPABHEHUE UX C JAHHBI-
MU IO CYIIECTBYIOUIEMY IMOJOKEHUIO B YHEPTOCUCTEME YKA3bIBAIOT HA CHUXKE-
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HHUE ee TepMOAUHAMUYecKoi 3pPpexTuBHOCTH OT 2,3% B OTOMUTEIHHBINA MEPHO]
10 3,2% B MeXOTONUTENbHBIN ntepuon [3], puc. 1.

35,2%
=039 ()0 ?2,_ /0 20 90 20( /0 1015
i Ex EE °
Me:xoTormenbHbIi epiog,  OTOITENBHELI IePHO] ('perHrm 3a 107

Pucynok 1 — CpaBuenue 3xceprerudeckoro KII/I sneprocucremst benapycu B 2015
u B 2020 roxy npu padote benopycckoit ADC u 371eKTpOKOTIOB

B cBeTe u310:K€HHOT0 OUeBUIHA HEOOXOAUMOCTh MPUAAHNS HE CBOWCTBEH-
HeIX TOLl QyHKUMIT HU ceroiHs, HU B HEJAABHEM IPOLUIOM, U KOTOpBIE Kella-
TENBbHO OYJIET BBINOIHATH 0€3 YXYIIEHHs] OJJHOTO U3 OCHOBHBIX ITOKa3aTeseu pa-
6otel TOLl — yaenbHOro pacxoja TOIUIMBA Ha OTIYCKaeMble IOTOKU AJIEKTPO-
SHEPrUM U TEIUIOBOM SHEPruu. TakuMU HOBBIMHU, BOCTPEOOBAHHBIMU CO CTOPOHBI
sHeprocuctemsbl K TOL] cTpanbl GyHKIMSIMU, HA HAL B3TJs1, OyAyT JBE:

1. cnocoOGHOCTh pe3epBUPOBATH M M3MEHSATH I'€HEPAIMIO 3JIEKTPOIHEPTUU
IPU COXPaHEHUH OTITyCKa TEIUIOBOM SHEPruu 0e3 rnepepacxojia MpUPOAHOIO ra-
3a 1 6€3 MoTepu MOTOpeCypca OCHOBHOT'O 000pPYA0BaHNUS;

2. cIOCOOHOCTh 3HAYUTENBHO MU3MEHATh (CHUXKAaTh) yAEIbHYIO BBIPaOOTKY
AIIEKTPOIHEPTUU HA TEIJIOBOM MOTPEOIECHUU.

[Tpu ykazaHHBIX (YHKIMOHATBHBIX TPEOOBAHHIX HEOOX0IUMO 00ECIEUHUTD
BBICOKHE TEXHUKO-2KOHOMHYECKHE mokazarean TOL:

— cHu3uTh YPT 10 ypOBHS JyUlIUX TEIJIOTEXHOJIOTHYECKUX KOTEeHepalu-
OHHBIX KOMIUIEKCOB MPOMBILUICHHBIX NPEANPUATHH, T. €. BeauuuHbl YPT
Ha ypoBHe He Oosiee 150 r/(kBt1-4) myist obecrieueHuss KOHKYPEHTOCITOCOOHOCTH
AIIEKTPOIHEPTUH, BeipaboTanHoit Ha TOL;

— o0ecreynTh HaJKHOCTh CHAOXKEHUS TEIJIOBBIX MOTpeOUTENe B COOT-
BETCTBHM C UX KaTETOPUIHOCTBIO U C COXPAaHEHWEM KOMOMHHPOBAHHOM BbIpa-
OOTKHU OTIyCKAaEeMBIX TEILJIOBOM U AJIEKTPUUYECKOU SHEPTUH;

— MHHUMHU3UPOBAThH PACCESHUE PHEPIHH 3a CUET YTHIM3ALUU HU3KOTEMIIe-
paTypPHBIX TEMJIOBBIX TOTOKOB M BHITECHEHUEM IMPOIIECCOB JIPOCCEIUPOBAHUS.

JUist_JoCTHXKEeHMs yKa3aHHBIX 1iesield B pabote [4] mpeiokeHbl nepcrek-
TUBHbBIE TEXHUYECKUE MEPONPUATHSI, MO3BOJISIONINE TOBBICUTh 3P(EKTUBHOCTD
OHEPrOCUCTEMBI TyTeM BHeAapeHuss Ha TOLl abGcopOImoHHBIX OpOMHUCTO-
JTUTHEBBIX TeroBbIX HacocoB (ABTH), temnoBeix akkymynstopoB (TA) u un-
terpanuu B coctaB TOLl BbicOkMX HavyalbHBIX mapameTpoB ['TY mo cOpocHoit
CXeMe C OCHOBHBIM O0oOpynoBaHueM. EAMHOBpeMEeHHOE BHEApPEHHUE Iepeync-
JICHHBIX MEPOTPUSTHI B TIOJIHOM 00BEeMe, MPU BCEW 3aMaHUYMBOCTH TaKOW pea-
JM3allAA, TI0 PAa3IMYHBIM MIPUYHMHAM OKa3bIBACTCSI HEBO3MOXKHBIM. B 3TOM CBs3M
OYCBHUIHA HEOOXOIUMOCTH OIICHKHM BKJaJa B OKHJIaeMbIH 3PdeKT (BO3MOKHO-
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CTH PE3EpPBUPOBAHUS, CHWKEHHUS pacxojla MPUPOJHOIO raza M Mp.) TOro
VI UHOTO W3 INEPEUYUCIIEHHBIX MEPONPHUITHH, a4 TAKXKE ONPENEIICHHs KOJIude-
CTBEHHOM OLEHKH 3()(PEKTUBHOCTU SHEPTOCUCTEMBI C MHOTOYKJIQAHOU CTPYKTY-
poii sHeprouctouHukoB: KOC, TOII, koTenpHble HAa OPraHMYECKOM TOILIMBE,
ADC Ha saepHOM TOIUIMBE, NIEKTPOKOTIBI Ha TIL, snekTpokorenbusie, ' IC,
BeTpoaiekTpocTaHimu. B [1, 5] mokazana 1enecooOpa3HOCTh NPUMEHEHUS
JUTSl IPUHATHST PEIICHUs IO BHIOOPY BapuaHTa Pa3BUTHUSL CHCTEMbl TEPMOJUHA-
MHUYECKOTO0 METOJla, M, B YaCTHOCTH, Ha 0aze pacyera TEepMOJMHAMHYECKOTO
KIIJl nms monmydeHus: KOJWYECTBEHHOM OIICHKH TEPMOJUHAMUYECKOU 3Pdek-
THBHOCTH JHEPrOCHCTEMBI bemapycu Ha pasIMuHBIX CTaausAX €€ Pa3BUTHSL:
OT TeKylLIeH CUTyaluu, 10 UHTerpanuu B ee coctaB ADC u AanbHEHIIEro co-
BEPLIECHCTBOBAHNUS C IPUMEHEHUEM KOMILJIEKCA TEXHUYECKUX PELICHUN.

Peanuszanus KoMIuieKca MEpONPUSATUH, paCCMOTPEHHBIX BBIILE, OOecrneyu-
BaeT JIONOJHUTENIBHO Mmocie BBojga B cTpol ADC yMEHBIIEHUE MOTPEOICHUS
npupoaHoro rasa 10 0,74 MJIH T y.T. B TOJI, YTO, B KOHEYHOM UTOIE, yBEIUYUBACT
TEPMOAMHAMHUYECKYIO 3P PEKTUBHOCTD dHEProcucTeMsl 10 32,2%, ogHako Tpedy-
€T CIELUUAINCTOB COOTBETCTBYIONIEH KBAIU(PUKAIMN, KOTOPBIX CIEAYEeT aJanTH-
pPOBaTh ¥ MOJArOTABIMBATH K CKIIAJBIBAIOIIMMCS B-OHEPrOCUCTEME YCIOBHSIM.

BoiBoabl: TepMonunamuueckas 3(GEKTUBHOCTb DHEPrOCUCTEMBI MOKET
OBITh JOMOJHUTEIHHBIM OOBEKTUBHBIM M CTAaOWJIBHBIM IOKa3aTeNIeM P MpUHS-
TUU COOTBETCTBYIOLIUX PEUICHUN BHEAPEHHSI SHEPrOcOEPEraromX MEpOTPUSTHIA.

Boag ADC ynydiiaer CTpyKTypy T€HEPUPYIOUIUX MOIIHOCTEW SHEProCH-
CTEMbI, CHM)XAeT MOoTpeOJeHre NpUpPOAHOTo rasa 10 4,2 MIH T Y.T., OJHAKO
IPU 3TOM, YTO OKMIAEMO, yXyJUIaeTcs TepMoJauHamMuueckas 3(PQPEeKTHBHOCTb
sHeprocuctemsl ¢ 33,1 1o 30,6%.

Jlns peanu3anmy pacCMOTPEHHOTO KOMIUIEKCA TEXHUYECKHUX PEIICHUH, KO-
TOPBIA TO3BOJUT MOBBICUTH d()(PEKTUBHOCTD HCIOIB30BAHUS MPUPOJHOTO ras3a
Ha TOLI, cnegyer pekoMeHI0BaTh CYIIECTBYIOIMM crienuanucram TOL npoiitu
MEPENOATOTOBKY I BO3MOXHOCTH aJanTallMd K TPSIAYIIAM H3MEHEHUSIM
u npuganueM TOIl HECBOWCTBEHHBIX ISl HUX (PYHKUMN B YacTU pPEryJIUpOBa-
HUs rpaduka reHepanuy dJeKTPUYECKOd MOLIHOCTH. Takke clielyeT YCUIHUTh
MOJTOTOBKY CTYACHTOB MO CHElualbHOCTIM Kadeapsl «TerniaoBbie deKTpuye-
CKHE CTaHLUNY.
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VJIK 621.039
TPEHAYKXEPHAS ITIOJAI'OTOBKA CTYJAEHTOB B BEJIOPYCCKOM
HAIINOHAJIBHOM TEXHUYECKOM YHUBEPCUTETE
JIJISI TIEPBOM BEJIOPYCCKOM ADC
A.JI. Bypos, A.A. Ilasnogckas
benopycckuii hayuonanvubly mexuuueckuu ynusepcumen

B pamkax peanuzanuu ['ocymapCTBEHHOM IIpOrpaMMbl MOATOTOBKH KaJpOB
Ui siaepHoi sHepretuku Pecnyonuku bemapycs Ha 2009—2020 rozapl Ha sHepre-
THUecKkoM (hakynpTeTe benopycckoro HAMOHAIBHOTO TEXHUYECKOTO YHUBEPCUTE-
ta (BHTY) B 2008 romy otkpeita HOBas cmenuanbHocTh 1-43 01 08 «Ilapotyp-
OMHHBIE YCTAaHOBKM aTOMHBIX 3JEKTPUYECKUX CTAHLUID, BBITYCK CHELUAIUCTOB
1o KOTOpo# obecrieurBaet kadeapa «Temnosble anekTpuueckue ctanuumy (TIC).

CTpouTeNnbCcTBO aTOMHOW 3JIEKTPOCTAHIIUMU SIBISIETCS OJHUM M3 CTpaTeru-
YeCKHMX HalpaBJICHUM Ppa3BUTUSL dHEpreTuku bemapycu, a moaroroBka coO-
CTBEHHBIX BHICOKOKBANIM(PUIMPOBAHHBIX CHEIIUATMCTOB — OJJHUM M3 BaXKHEHUIITUX
(bakTOpOB peaau3aluy 3TOro NpoeKTa.

Oco0EeHHOCTHIO TOTOTOBKU WHKEHEPOB JJII YHEPTETUKU, B OCOOEHHOCTH
JUTsl paboThl HA 00BbEKTaX aTOMHOM YHEPTETUKH, SBISAETCS COYETaHHE TTyOOKHUX
TEOPETUYECKUX 3HAHUHN U IPUOOPETEHHBIX TPAKTUUECKUX HABBIKOB.

CrpontensctBo benopycckoii ADC motpelyeT CrnenuaiucToB, CIOCOOHBIX
00€CIIeYNTh IMyCK W SKCIUTyaTaIli0 SHEProOJIOKOB C COOMIO/EHNEeM TpeOOBaHUI
SAJIEPHOIL M paauaiMoHHON Oe3omacHocTu. [Ipu xommiektoBanun mrtata ADC He-
00X0/IMM MOJrOTOBJIEHHBIN ONEPATUBHBINA MEPCOHAT OJIOUHBIX IIUTOB YIIPABJICHUS:
BE/IyILIME UHKEHEPHI 10 yripasieHuto peaktopoMm (BUYP) u typounoii (BUYT).

OnepaTUBHbBIN MEPCOHAN B XOJIE CBOEr0 O0YUYEHHS JOJDKEH MOMYYUTh 3HAHUS,
JIOCTaTOYHbIE JUISI CAMOCTOSITEIbHON NIEATEIbHOCTU TIO YIPABJICHUIO 3HEPro0JIo-
koM ADC; pa3BuUTh HaBBIKM MPHUEMA, OLEHKH U MepepadoTKu MHpOpMaIUU, Tpu-
HATHUSI PEHICHUA U UX peaju3aliM, YBS3KU CBEIICHUH, MOJy4aeMbIX OT CPEJICTB
oTtoOpaxkeHus: MH(POpMAIMH, C XOJOM TEXHOJIOTMYecKuX mporecco. s Oymy-
IMX paOOTHUKOB aTOMHOM 3JIEKTPOCTAHLIMU BAKHO NIOHUMAaTh B3aMMOCBSI3b MEXK-
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Jy COCTOSIHUEM TEXHHYECKOTrOo OOOpYIOBaHHS M XOJOM TEXHOJOTHYECKOTO MpO-
1iecca, 3HaTh STAJIOHHBIE MOJAEIH COCTOSHUS OOBEKTa yNpaBiICHUS, e U MOTH-
BbI, KOTOPBIMU JIOJIKEH PYKOBOJICTBOBATHLCS ONEPATOP B CBOEH EATETBLHOCTH.

[TockonbKy TpyAoOBas JEATENbHOCTh KpPOME 3HAHMWA TpeOyeT yMeHUui
Y HaBBIKOB, MOJIO/ION CIICIIMANINCT, MOTaB Ha MPEANPUATHE, IIPOXOUT dTal MpakK-
TU4eckor amanTanuu. M yem cioxkHee MpOM3BOACTBEHHBIN MpoIecc, TeM Ooiee
JUIUTEIBHBIM Oy/ET 3TOT epuoi. ITo TpedyeT nepecMoTpa mpolecca moAroToB-
KU Y UCTIOJIb30BaHMUsI HOBOT'O, CUCTEMHOIO MO/1X0/1a K 00YYEHHIO: CTPYKTYypa MO/~
TOTOBKU CIIEUUAINCTOB IS aTOMHOM SHEPreTHKH B BY3€ JIOJDKHA COTJIACOBbI-
BaThCS C TPEOOBAHUSIMU TIOJITOTOBKU OTEpaTUBHOTO nepconana na ADC.

B 2015 ronay B maboparopuu Obia BBeJeHA B y4€OHBIN IPOIIECC CIIeLUau-
3upoBaHHas yuyeOHo-HccaenoBarenbekas gadoparopust «TypOuHHOE oTAeNeHne
ADC ¢ BBOP-1000» co3zgana B HUAY MUMOU u nocraBieHa o 3akazy
MAT'ATO B benopycckuii HAMOHAJIBHBINA TEXHUYECKUI YHUBEPCHUTET.

Jlabopatopus «Typounnoe otaeneane ADC ¢ BBAOP-1000» obecnieunBaet
NPAaKTHUECKUE 3aHATHS MO CIEKTPY AMCIMILIAH CHEIHAIbHOCTEH, CBSI3aHHBIX
C IpoeKkThpoBaHueM U 3kciuryatauueid ADC, ynpasieHHem TypOoarperaTom
U €ro BCIIOMOTaTEIbHBIMU CUCTEMAMU.

Llenbro 00yueHus1, peainzyemMoro Ha 6asze 1abopaTopuu, IBISIOTCS:

® TPAKTHUECKOE OCBOEHUE TEOPETUUECKUX 3HAHMUN MO KOHCTPYKIUHU TypOH-
Hbl U COIYTCTBYIOIIEMY OOOPYAOBaHMIO, HA3HAYEHHUIO M COCTaBY TEXHOJOIMYe-
CKUX CHUCTEM TypOOreHepaTopa U TEXHOJOTHYECKHM IpolieccaM B 000pYAOBaHUHY,
AKCIUTyaTallMOHHBIM pEXMMaM M TpUHIMIIAM 0e30MacHON SKCIUTyaTalluy, Ha3Ha-
YEHUIO U CTPYKTYpPE CHCTEM YMpaBJICHHS M 3aIIUTHI, IPUHIUIIAM U aJTOpUTMaM
yTpaBiieHHs TypOoreHeparopa;

e puoOpeTeHUEe OOIIMX HABBIKOB [0 YIIpaBieHUS TypOOreHEepaTopoM
ADC c peaktopom BBOP-1000 B pexxuMax HOpMabHOM SKCILUTyaTallMd U pe-
KUMax C HApYIICHUSIMU HOPMaJIbHOM 3KCIUTyaTalllu.

(W Hoa

B«

Pucynok 1 — Pabouas cranmus Pucynok 2 — ®opmat «TypOuHay»
aHAJTUTHYECKOTO TPEeHaXXepa aHAJTUTHYECKOTO TPEeHaXepa
TypOMHHOTO OTACIICHHS TypOMHHOTO OTACIICHHS
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Ha puc. 1 u 2 npencraBiieHbl COOTBETCTBEHHO padoyasi CTaHIUS aHAJIUTH-
YeCKOro TpeHaxepa TypOuHHOro otaeneHus u ¢popmat « TypOunay, sIBISIOIIMIA-
Csl OCHOBHBIM Pa00OYUM HKPAHOM TpEHaxKepa.

B Hacrosimee Bpemsi TpeHaxkep «Typounnoe otnenenue ADC ¢ BBOP-
1000» peanuzyet sl CTYAEHTOB KaK PEeKUMbI HOPMaJIbHOW SKCILUTyaTallluu, TakK
Y aBAPUIHBIE PEIKUMBI.

K pexxumam HOpMaJIbHOM SKCILTyaTallud OTHOCSATCS TAKUE PEKUMBI, KAK:

1. Ilyck TypOoarperara

2. OcTaHoB Typboarperara

3. PexxuMbl HOpMaJIbHOM 3KCILTyaTaluu

4. PesxrMbl I0/1a4M TUTATENBHONW BOJIBI B IAPOT€HEPATOPHI:

* BKJIFOYECHHUE B Pa0bOTY J€a’pallMOHHON yCTaHOBKH (3allOJTHEHUE U MPOTPEB);

* BKJIIOYEHHUE B pabOTy TpakTa nuTaTeNbHOW BOAbl (BkitoueHue BITOH),
[1B/I, BBOa B paboTy peryistopoB ypoBHs I117;

* BKJIIOUEHHUE B paboTy TypoOonurareabHbix HacocoB (TIIH);

5. PexxuM pacxosiaKvBaHUsA:

* cOpoc napa u3 riaaBHOro naposoro koiekropa uepe3 bPY-K (RC);

* cOpoc mapa W3 riaaBHOro mapoBoro koiwiekropa depe3 bPY-CH (RQ)
B KCH (RQ), B TK (RR).

K pexumam paboThl ¢ HapyllIeHUEM HOPMAJIbHBIX YCIOBUHN IKCILTyaTalUH
U aBapuu (cpabaTbiBaHHE MITATHBIX aBAPUHHBIX 3alUT TypOoarperata u o0opy-
JIOBaHUs1) OTHOCSTCS TAaKHE PEKUMBI, KaK:

* YBEJIMYEHUE OCEBOTO CIIBUTA POTOPA;

* CHWJKEHUE JaBJICHUS Macja B CUCTEME CMa3KH;

* TIOBBIIIECHHE JABJICHUS Mapa Ha Bbixoje u3 LIB/I;

* CHIDKEHUE JJaBJICHUS Hapa B IJIABHOM NTaPOBOM KOJIJIEKTOPE;

* IIOBBIIIEHUE YPOBHS B TapOTrE€HEPATOPE;

* orxirouenune nByx TTIH;

* OTKJIFOYEHHE TEHEPATOPA OT CETH;

* oTkiroueHue oanoro TITH u3 nByx padoTtaBuiux;

* OTKJIIOYEHHE OJHOT0 LUPKYJSLHMOHHOTO HAcOCa U3 YEThIPEX B Pa3HBIX
KOHJICHCATHBIX TpyHmnax;

* MIOBBILLICHUE CKOPOCTH BpALIEHUS POTOPA;

* CHU)KEHUE JABJICHHS Macja B CUCTEME aBTOMATHYECKOTO PErYJIMPOBAHMS;

 noBbiieHue ypoBHs B [IB/] no IV npenena;

* MOBBILLIEHUE YPOBH B 0akax Jiea’sparopa.

B nacrosiiee Bpemsi TpeHaXKep IKCIUTyaTUPyeTCsl MpH MpOBEAeHUH j1a0o-
patopHbix pabor mo mucumiuinHaMm «ADCy», «Typounsr ADCy», «Hananka
v 3KcIuTyarauuss obopynoBanuss ADCy», «BcnomorarenbHoe 000pyAOBaHHUE
ADC», «Tumnosblie 31€MEHTHI CUCTEM aBTOMATUYECKOTO YIPABICHUSY.

Ba)XxHO OTMETHUTB, UTO TPEHAXKEP MO3BOJISIET NPHUOOPETATH MPAKTHUYECKUE
HABbIKH HE TOJIBKO CTYZEHTaM, HO U IIPENOJaBaTEISIM.

Takxe B paMkax OCBOEHHUS W IKCIUTyaTallMu TpeHaxepa kadenpa «Temo-
BbI€ DJIEKTPUUYECKHE CTAHLIMM» aKTUBHO COTPYJIHUYAET C pa3paboTUMKaMU Tpe-
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Haxxepa — HUAY MUOU, senymumu cotpynaukamu HOxxuHo-ykpanackon ADC,
3-it 9HeprobI0K KOTOPOil ABIsAETCS peepeHTHBIM ISl HACTOAIIETO TpEHaXepa,
a Takke MeXIyHapoJHbIM areHTCTBOM MO aroMHOM sHepruun (MAI'ATO),
IIPU AKTUBHOM COJIEWCTBUM KOTOPOTO ObllIa OCYLIECTBJIEHA KaK MOCTaBKa Tpe-
Haxxepa B bBHTY, Tak u ero ganpHeuiiee pa3BUTHE KaK IIyTEM YCOBEPILIEHCTBO-
BaHUsl IPOrPaMMHOr0 OOECIEUEHUs], TaK U IyTEM OKa3aHUs MOJJEPKKU B pas-
paboTKe yueOHO-METOJUUECKUX MaTEpUaoB.

YK 681.51. (075.8)
KOMBUHHUPOBAHHASA CUCTEMA ABTOMATHYECKOI'O
YIIPABJIEHUSA YPOBHEM BO/Ibl B BAPABAHE
IHAPOT'EHEPATOPA DHEPI'OBJIOKA A3C
I'T. Kynaxoe V, A.T. Kynaxos V', A.H. Kyxopenxo ¥
D Benopycckuii HayuoHanbHblil MexHu4ecKull yHueepcumen
Y Hayuno-ucciedoeamenbCkuil uHCMumym noicaprot: 6e30nacHocmu
u npoonem upessviuaiinwvix cumyayuti M4C Pecnyonuxku berapyce

JIJist OBBINIEHUST KauecTBa MOJAEPKaHUsl YPOBHS BOJBI B OapabaHe mapo-
renepatopa [1I'B-1000 »>neprodioka ADC ¢ BBOP mpennoxeHn ontumanbHbII
[TN-perynsTop ¢ HabIOAaTENEM COCTOSHHUS, KOTOPBIA MO3BOJSET YMEHBIIUTD
MaKCHUMAaJIbHYI0 JTMHAMHYECKYIO OIUOKY peryiupoBanus npu 10% Bo3zmyte-
HUU pacxoioM Imapa Ha 9%, a TakkKe COKpaTUTh BpeMs pPEryJIUpOBaHMUS
Ha 18,8% Mo cpaBHEHUIO C TUIIOBOW TPEXUMITYJIbCHOM CHUCTEMOW aBTOMAaTHYe-
ckoro ynpasienus (CAY) [1].

[TocTaBiieHa 3a1a4a CylIECTBEHHOTO YIIYUIEHUSI KaueCTBa PEryJIupOBaHUs
ypOBHsI BOJibI B Oapabane maporeneparopa [1I'B-1000. Jlnsa pemenus 3Toit 3a1a-
4y pazpaborana komOunupoBanHas CAY, CTpyKTypHas cxema MOJEIUPOBAHUS
KOTOpPOM Ipe/icTaBlIeHa Ha puc. 1.

W (p)

e TP

N

% m) =) |1 @
. (0) T 0
W (P) E

\1/3’1(3) -1

Pucynok 1 — CtpykrypHas cxema komOuHUpoBaHHOM CAY ypoBHEM BOJbI
B Oapabane [1I'B-1000 ¢ onTuManbHBIM KOPPEKTUPYIOLIUM PETYISATOPOM

xg)_'[_? Wd:'. (p) +]. kon H;l(p)

B nannoit CAY nepenarodnas GyHKIUS ONTUMAIBHOTO KOPPEKTUPYIOIIE-
ro peryisTopa onpesenena mo Gopmyre [2]:
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rae T, =0,056t, =11,742 c.

IIpu 3TOM 4UKCIEHHOE 3HAYEHUE NapaMeTpa ONTUMAaJIbHON JUHAMUAYECKOU

HaCTpOﬁKH Tw3 B YCTpOﬁCTBC KOMIICHCAIIMM BHCHIHCTO BO3MYIIICHUA IIPUHATA

T ,=0,09t =1,71 c. (puc. 2).
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Pucynok 2 — Cxema monenupoBanusi komOnHupoBaHHo CAY ypoBHEM BOJbI B Oapa-
6ane [1I'B-1000 ¢ onTuManbHbIM KOPPEKTUPYIOLIUM PETYIATOPOM

I'paduku nepexoHbIx npoieccoB kKoMOuHUpoBaHHON CAY ypoBHEM BOJIbI
B Oapabane III'B-1000 ¢ onTtuManbHBIM KOPPEKTHPYIOUIUM PETYISATOPOM
P OCHOBHBIX BO3MYIIIEHHUSX MIPUBEICHBI HA puC. 3.

N3 ananu3a mpsMbIX MOKa3aTesiel kauecTBa mepexoaHbix npoieccoB CAY
(puc. 3) cnemxyeT, yTo OTpabOTKA 3aJaHUs TPOUCXOIUT O€3 epeperyIupOBaHUS
c BpeMeHeM peryiupoBanus 75 ¢. Haubonee onacHoe BHyTpeHHEE BO3MYILICHHE
PAKTUYECKH HE OTKIOHSET ypOBEHb BOJAbI B OapabaHe maporeHeparopa,
a BHEIIHEe BO3MYIIIEHHME M3MEHEHHEM pacxojia mapa oTpadaThIBAETCsl ¢ MaKCH-
MaJIbHOW JMHAMHUYECKOM ommoOKkoi B 61,5 MM BojastHOTO crojba. [Ipsmeie moka-
3aTeM KauecTBa IMEPEXOJHBIX IMPOIECCOB M3MEHEHUSl YPOBHS BOJbBI IPU BO3-
MYIIIEHHH PacXoIoM mapa cpaBHuBaemMbix CAY npuBeneHsl B Tabmuie 1.
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Puc. 3. I'paduku nmepexoqHbIX MporieccoB KoMOMHUpoBaHHO CAY

ypoBHeM Bojbl B 6apabane [1I'B-1000 ¢ onTuMansHbIM KOPPEKTUPYOIIUM

.c

(v

PETYJISTOPOM MPHU OCHOBHBIX BO3AEHCTBUSAX:

a— OTpa6OTKa CKayKa 3aJ]a10Iero BO3ACUCTBUS xw N

0Tpa6 OTKa BHCHIHCT'O BO3MYIIICHU A

Jisc
— U3MCHCHUA peryJII/Ipy}omero BO3JCHUCTBUA

b~ oTpaboTKa BHYTPEHHETO BO3MYILICHHS

x,(¢) npu otpaboTke

v

pacxogom napa f, ;d

(v

; € — USMCHCHUS KOPPCKTHUPYIOMICTO BO3JACHCTBUA

BHEIIIHETO BO3MYIICHHS Pacxo/0M Mapa

x (f) IpH 0TpabOTKE BHEIIHETO BO3MYILEHUS PACcX00M Iapa; {— BpeMms.
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Taomuna 1

[IpsiMble moka3aTenu KayecTBa IMpH OTPAOOTKE BO3MYILIEHHEM
pacxonoM napa CAY pasiMuHbIX CTPYKTYP

IToka3aTenu kauecTBa

Ayly, | AHg, mmBon. et ¢,¢ | AX, Y%YIIPIK

p’
Tunosas TpexummynbcHas CAY [1] 0,034 83,6 160 8,3
CAY c nabmonenuem coctosuaus [1] | 0,031 76,0 130 15,7

Kom6unuposannas CAY Ha 6aze
ONTUMAJBHBIX PETYIATOPOB (puc. 3)

Hanmenosanue CAY

0,024 61,5 75 11,3

[Tpu sTOM B KadecTBe Oa3bl I CPAaBHEHHSI OBLIT BHIOPAH TIEPEXOTHBIN TTPO-
Hecc B cHUCTeME Npu ckaukooOpasHoMm 10 % Bo3MyHIaOIIEM  BO3JEHCTBUU
10 pacxoay Mapa (IOJIHOE BPEMsI PEryJIMpPOBAaHUS TUIIOBOM TPEXUMITYJIbCHOM
CAY cocraBuio 160 ¢; MakcUMalIbHBIA TUHAMHYECKUI 3a0pOC MO YPOBHIO BOJIBI
83,6 MM BOJSHOrO CTOJI0A, MAaKCUMaIbHOE U3MEHEHHUE IMOJIOKEHUS PErylnpyro-
IIEr0 MUTATENBHOTO KilaraHa Mpyu BO3MYIIEHUU pacXxoiom mnapa — 8,3%). Ontu-
ManbHbIM 1H@poBoit [IU-perynsarop ¢ HaOmopaTeseM COCTOSHUS oOecrneuunt
Ha 9% MeHbllle MaKCUMaJIbHBbI TUHAMUUYECKUI 3a0pOC MO YPOBHIO U MEHbIIIEE
BpeMs peryiaupoBanust (Ha 30 c), npu U3MEHEHMM DETYJIUPYIOIIEro BO3/AEH-
ctBusi — 15,7% [1]. Ipennoxennas komOuHupoBanHass CAY ypoBHEM BOJIbI
B O6apabane I1I" npu miuaHOBOM M3MEHEHMH HArpy3Kd C UCIOJIb30BAaHUEM ONTHU-
MaJIbHBIX PETyJIATOPOB OOECHeUnBaeT JydllMe MpsiMble MOKa3aTeld KadyecTBa:
BpeMsl OTpa0OTKM BO3MYILEHHUS pPAacXOIOM I[EPerperoro napa yMEHbIIUIOCH
Ha 53,1%, MakCuMaabHOE AMHAMUYECKOE OTKJIOHEHHE II0 YPOBHIO COKPATHUIIOCH
Ha 26,4%. llpn 5TOM M3MEHEHME IOJOKEHHs PEryJMPYIOLIEr0 NMUTATENBHOTO
KJIAIlaHA yBEIUYMIIOCH BCero Ha 36,1%.

Cnmcok ucnoIb30BaHHBIX HCTOYHHKOB
1. [demuenko, B.A. Ontumansssiii [IN-perymarop ypoBHS BOJABI B IIapo-
reHepaTope 3Heproodsioka ADC ¢ peakropom BBOP-1000 / B.A. JemMueHko
[u ap.] // Tpyast Onec. nonurexH. yH-Ta. — 2000. — Bein. 1. — C. 73-76.
2. Teopus aBTOMATUYECKOTO YMNPABJIECHUS TEIUIOAHEPIETUYECKHUMU IPO-
neccamu: yue0. nmocooue / I'.'T. Kynakos [u np.]; mox pen. I'.'T. Kynakosa. —
Munck: Beimaimas mkona, 2017. — 238 c.: n.
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CEKIIMA 2
YKOJIOTHSI DHEPTETUKH, BO3OBHOBJIIEMBIE UICTOUYHUKHA
SHEPTUM, CACTEMHOE B3AMMO/JIENCTBUE
C BO30OBHOBJISSEMBIMUA UCTOYHUKAMM DHEPTUU

YK 621
MOJYYEHUME TBEPJIOI'O TOIIJIMBA ITYTEM
TEPMOXUMMWYECKON KOHBEPCHUHU JIPEBECHOM BUOMACCHI
C.B. Bacunesuu, M.B. Manvko, A.H. Acaouuu, B.H. bozau, /I.B. /leemepos
HUncmumym suepeemuxu Hayuonanvnou akademuu Hayk benapycu

JIpeBecHBI yToib MpeacTaBisieT cOO0H MUKPOTOPUCTHIN BBICOKOYTIEPO-
JUCTBIA TIPOJIYKT, 0OOpa3yIOIMUNCS TIPU MUPOJIU3E APEBECUHBI O€3 T0CTyma Kuc-
Jopoja. ITOT MPOIYKT UMEET pazHooOpa3zHoe npuMeHeHne. OH UCHOoNb3yeTcs
B KQUECTBE TOIUIMBA B JOMAIIHEM XO34MCTBE U MPOU3BOJACTBE KEJI€3a U CTaNH,
IIPY NOJIYYECHUU Psifia IPYTUX METAJIIOB, a4 TAKKE TEXHUYECKOTO KPEMHUS U Ma-
TEPHUAJIOB JIJISl AIIEKTPOIOB, JJIS MPOU3BOJICTBA YIIIEPOIHBIX COPOCHTOB, HCTIOIh-
3YEeMBIX JIJIs1 aICOPOIIMOHHON OUMCTKU U pa3/ieJICHUsl CII0KHBIX CMECEei, a TakkKe
JUISL pELICHUs UHbIX 3a7ad [1, 2].

Ha ocnoBe BemosiHeHHbIX paHee B MHcturyTe sHepretnkn HAH benapycu
UCCIIC/IOBAaHUM, CBA3AHHBIX C TEPMOXMMHUYECKON KOHBEpCUEll Onomacchl, aBTopa-
MU Obl1a pa3paboTaHa MUPOJIU3HAS YCTAHOBKA JIJIS TTOJTYYEHUS IPEBECHOTO YTJISL.

MII\I/

|| ’

Pucynox 1 — O6uwmii Bug nuponmsaoit ycranoBku OIT-800:
1 — pabouas kamepa, 2 — Kamepa IpeIBapUTENbHON CyIIKH, 3 — KPBIIIKA, 4 — IECTHUIIA,
5 — momaaka, 6 — orpaxaceHue, / — TOnkKa, 8§ — AJIEKTPONPUBO/L 3aCIIOHKH, 9 — omopa,
10 — o6mmmoBKa, // — ocHoBaHue, /2 — mkad ynpasieHus, /3 — cucteMa BOJIOTIOITOTOBKH

[Tponu3znas ycrtanoBka OII-800 (nmanee 1o TeKCTy — YCTAaHOBKA) B COOTBET-
CTBUU C pUC. | COCTOUT U3 CIENYIOIUX OCHOBHBIX Y3JIOB: PEAaKTOpa, MPEACTAB-
JSIOLEro co0O MOHOOJIOK M3 YETHIPEX TEIJIOM30JIMPOBAHHBIX PabO4YMX Ka-

26



Mep /, ¥ KaMepbl MPEIBAPUTEIBHON CYIIKH 2, Pa3MEIICHHbIX HA OCHOBaHUU [/
¢ perynupyembiMu onopamu 9. CBepxy KaxkJas KaMepa 3aKpbIBA€TCSI ChEMHBIMU
Kpbiliikamu 3. PeakTtop mpegHazHaveH Jisl pa3MelleHus B kamepax [/ KOP3UH
C CBIPbEM (JIPEBECHBIM MaTepUajoM) U 0OecrieunBaeT B KaXKJI0M Kamepe C ycTa-
HOBJICHHON KOP3WHOM, COOTBETCTBYIOIIETO COINIACHO TEXHOJOTMHU TEMIIEPATYp-
HOTO peKUMa (PEKHUM CYIIKH, MPOKAJIKU, TUPOJIU3a, oxJaxaeHus). CoenuHeHne
KaMep Mexay co00il OCYIIECTBISETCS MOCPEICTBOM CUCTEMBI TPYOOIPOBOIOB
(ra3oBBIX KOJJIEKTOPOB) C 3aCIIOHKAMH, 00ECIEYMBAIOIINX paclpeie]IeHUE ra3o-
BbIX MOTOKOB MEXJIy pabOuyMMU KamMepamu, MOABOJI JIbIMOBBIX Ta30B M3 TOIKH
B paboumne KaMephl, Moady TOPIOYUX MUPOJIU3HBIX Ta30B B TOIKY U cOPOC JIbI-
MOBBIX I'a30B U3 PEAKTOPA COTJIACHO 3aJJaHHOW MMPOTPaMMeE.

Kamepa npenBaputensHON CylIKd 2 MpenHa3HauyeHa Jjisl MPeABAPUTEIBHOTO
Harpesa JpeBecuHsl J10 Temneparypbl 50-70 °C 3a cuetr 0cTaTOYHOro Teia, coOpachl-
BAacMOI'0 PEAKTOPOM, U COCTOSILEN U3 TETION30JIMPOBAHHOIO CTAKaHa C KPBIIIKOM.

” o

Pucynok 2 — OOmuii BUJI TOMOYHOTO YCTPOMCTBA B MOMEHT PO3KHTa (@) U paboThl (6)

Kamepa coenuHeHa ¢ bIMOCOCOM U BBITYCKHBIM KOJIJIEKTOPOM pPEaKTopa.
TomoyHoe ycTpONCTBO 7, MpeACTaBIsIoNee COO0N TOMKY ISl CKUTAHUS TBEP-
JIOTO APEBECHOTrO TOIIMBA (IIPU 3aIlycKe peakTopa) (puc. 2a) U MUPOIM3HBIX Tra-
30B, oOpasyromuxcsi npu pabote peaktopa (puc. 20). Cucrema BrIOpOCa ABIMO-
BBIX Ta30B, BKJIIOUAET B ce0s IBIMOCOC U JBIMOBYIO TPYOy, COEAMHEHHYIO Yepe3
KaMepy MpeIBapUTEIHLHON CYIITKU 2 C BBITYCKHBIM KOJUIEKTOPOM PEAKTOpA.

Cuctema ynpapjieHus, COCTOUT u3 mmKada /2 ¢ OJOKOM ympaBieHUs, 3a-
CJIOHKH C DJICKTPONPUBOJIAMH 8, JaTYMKOB KOHTPOJISI TEMITEpaTyphl (TEPMOIJICK-
TpUYECKue MpeoOpa3oBaTev, YCTAHOBICHHBIE HA BBIXOJIC M3 TOTKA M BO BCEX
Kamepax peakTopa).

B npouecce paborer nuponmsnoi ycrtaHoBku OII-800 B kaxkmol kamepe
MOCJIEIOBATEIHHO MPOXOASAT CICTYIOIIUE ITAIbI:

1. 3arpy3ka. [IpenBaputenbHO 3arpy>KeHHbIE ChIpbeM KOp3HHBI (pHc. 3a)
MOMEIIAIOTCS B KAMEPBI PEaKTOpa, KaMephl 3aKPhIBAIOTCS KPBIIITKAMH.
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2. Cymka. B xozme mpouecca CylIKH OCYIIECTBISIETCS HarpeB JPEBECHHBI
1o temneparypsl 100-120 °C u ucnapenue Boabl. Temneparypa razoB Ha BBIXOJIE
He npesbiaeT 200-220 °C. Cymka pasgensercs Ha Ba dtana. Ha nepBom srame
(HarpeB W COOCTBEHHO CYIIIKa) OTHOCHUTENbHAS BIIAXXHOCTb AOBOAMTCA A0 5%.
Bropoii atan — gocymmBaHUe OCYLIECTBIISIETCS YK€ B MPOLECCE IHAOTEpMHUYE-
CKOT'O IIMPOJIH3a.

3. DHIOTEPMUYECKUI NUPOIU3. DHIAOTEPMUUECKUI MUPOJIU3 OCYLIECTBILA-
ercs npu temmneparypax ot 180 mo 275 °C u tpebyer moasoja temiotbl. Oc-
HOBHBIMH ITPOJYKTaMH TaKOTO PA3JIOKECHUS SABIISIFOTCS HU3KOMOJIEKYJISIPHBIE CO-
€IMHEHMS (BOJIa, OKCUBI YTIEPOa, METAHOJI, YKCYCHAsI KUCIIO0Ta U Ap.).

Coxuranue 1maporasoBoil CMECH IPOJAYKTOB JAHHOW CTaJuM HEPAMOHAJb-
HO, TO3TOMY OHH BBIOpAChIBAIOTCS B aTMOchepy.

T 6

Pucynok 3 — O0mmwmii BUJ 3arpy>XCHHOTO B KOP3WHY CBIPBS (@) U MOJyYSHHOTO MPOAYKTa (0)

4. DK30TepMHUUYECKUN MUPOIU3. DK30TEPMHUUECKUN MUPOJINA3 MPOUCXOIUT
B TeMmrepaTypHoM auamnas3one ot 275 no 400 °C. Ha nanHol ctaguu obecriequ-
BaeTCSd MHTEHCUBHBIN OTBOJI TEIJIa, a ra3bl, 00pa3yeMble B pe3yJsibTaTe MUPOJIH-
3a, UCIIOJIb3YIOTCS I C)KUTaHMs B TOIIOYHOM KaMepe.

5. Tlpokanka. Ilpokanka HeoOXoauma /i yAalieHUs OCTAaTKOB JIETYYHX
BemiecTB. TemmepaTtypa npokanku 10 600 °C.

6. Oxnaxaenue. Oxnaxaenue a0 150 °C ocyiecTBisieTcs ¢ UCMOJIb30Ba-
HUEeM Tiapa (BOJAsSHBIMU (OPCYHKAMH, YCTAHOBICHHBIMH B KaXKI0U KaMmepe).

7. Beirpy3ka. Onepatop CHUMAET KPBIIMIKY KaMepbl, JOCTAaCT KOP3UHY
¢ mpoaykiueit (puc. 3, 6). [Tocae BRITpY3KH KOP3WHBI U3 PEAKTOPa MPOUCXOIUT
€ro IMOJHOE OCThIBaHWE 0€3 J0CTyIa KUCIopoaa (HaKPhIBAETCA CTEKIOTKAHBIO).
[Iponecc BBIrpy3KH COBMEIIEH € MMPOLECCOM 3arpy3KHu.

CornacHO TMPOBEICHHBIM MCHBITAHUSIM, TOJTYyYaeMbld JPEBECHBIM YroJib
MMEET CIIEAYIOIINE XapaKTePUCTUKU: 30JbHOCTh — 0,7%; BBIXOJ JETYy4yHX Be-
miectB — 24,3%; uusmasa Terora cropanus — 28880 kJk/Kr. ITu xapakrepu-
CTUKH COOTBETCTBYIOT TPEOOBAaHUSAM JIJIsl APEBECHOTO YIII MAPKH A.
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BeiBoabl. Ha oCHOBE pe3ynbTaTOB BBINOJHEHHBIX PAHEE HCCIEHOBAHUU
pa3paboTaHa M W3rOTOBJEHA JeWCTBylomias nuposin3Has yctaHoBka OII-800
C BEPTUKAJIbHBIMU I[IAXTaMU M BBIEMHBIMU METAJUIMYECKUMHU PETOPTaMH, OCY-
LIECTBIIAIONIAs TTOJHBIA UK IPOU3BOACTBA APEBECHOIO YIJIA OT CYLIKH ChIPbS
10 OXJIKJIECHUS NpoayKuuu. [Ipu 3TOM TEIIOBOM pEXUM B yCTAaHOBKE MOIIEP-
KUBaeTca OJyarojiapsi CropaHuio oOpasyIoIIUXCs B IMPOIIECCe MUPOIU3a Ta30B
U KUIKUX TpoAyKToB. [IponsBoaurenbHOCTh ycTaHOBKM — 200 TOHH ApEBECHO-
ro yrisi Mapku A.

Cnucok ucnoJib30BAHHBIX HCTOYHHKOB
1. Felicano-Bruzual C. Charcoal injection in blast furnaces (Bio-PCI): CO»
reduction potential and economic prospects//J. Mater. Res. Technol, 2014. —
Vol.3, No 3. — Pp. 233-243.
2. Alburquergue J.A., Calero J.M., Barron V. et al. Effects of biochars pro-
duced from different feedstoks on soil properties and sunflower growth. J. Plant
Nutr. Soil.Sci //2014. — V. 177. — Pp. 16-25.

YIAK 621.311.6:621.311.001.57
MOJAEJIUPOBAHUE CUCTEMBI
I'EHEPATOP-HAKOIIUTEJIb-IIOTPEBUTEJIb
JJISA ONITUMU3AIINU PABOTBI DOHEPTETUUYECKUX CUCTEM
HA OCHOBE BHUD
K.B. Jlobpezo, I'.b. Koemyn, A.J[. /[ybamoska
benopycckuii nayuonanbusly mexuuueckui ynugepcumen

OnHuM U3 TPEHAOB PA3BUTHUS SHEPTETUKH BO BCEM MHPE SIBISIETCS YBEJIH-
YeHHE JI0JIM TeHepaluu 3a CYET BO30OHOBIISIEMBIX MCTOYHUKOB 3Hepruu. CHu-
KEHHE PBHIHOYHOM CTOMMOCTH (DOTOIIEKTPUUECKUX IaHEeIe, MpoucXoAsiiee
B MTOCJIETHHAE NECATUIETHS [1]| MPUBOAUT K TOMY, YTO COJIHEUHAs AJIEKTPOreHe-
panys CTAaHOBUTCS SKOHOMMYECKH IPUBIIEKATEIBHON, B TOM YHUCJE B CTpaHax
C YMEPEHHBIM MOTEHIMAJIOM COJIHEYHOW 3HEpruu. IIpm 3TOM CTOMMOCTBH HaKoO-
NUTEJIEH SHEPTUU HE MMEET TEHACHUMU K CHWKeHHIo. [lockonpky BUD pa3Bu-
BAaIOTCA B PaMKax CHCTEM «TE€HEpaTop — HakomuTesnb — norpedurtensy (I'HII),
BOIIPOC IKOHOMHMYECKON 3(]dexkTuBHOCTH ucmosb3oBaHuss BUD nomken pe-
IaTBCA IIyTEM ONTUMHU3ALMU CUCTEMBI B LIEJIOM.

BBugy Toro, uro npsiMbie UcibITaHUs U ontuMm3aius cucteM ['HIT tpeGy-
10T OOJBIIMX 3aTpar, MPUOOPETAeT aKTYaJbHOCTh aJEKBATHOE KOMIIBIOTEPHOE
MOJEIUPOBAHUE TakUX cUCTeM. J[JI1 MOJEIMpOBaHUs CUCTEMBI «TE€HEPATOP-
HAKOMHUTEIb- TOTPEOUTENb) TPEeOYIOTCS MoJenu paboThl BCEX DJIEMEHTOB STOM
CUCTEMBI, IIPUYEM COIIACOBAHHBIC IO JETAIBHOCTH U METOINYECKUM MOAXOIAM.
B koMMmepuecknx mporpammax Ajisg pacdeTra mapaMeTpoB aBTOHOMHBIX THOPH/I-
HBIX 3HepreTudeckux cucreM Takux kak HOMER, Hybrid2, HOGA [2], ucnos-
3YIOTCS JIOCTaTOYHO I'pyObl€ CTATUCTUYECKHE MOJEIM, YTO YMEHbBIIAET UX LIEH-
HOCTb KaK HCCIIEOBATEILCKOTO MHCTPYMEHTA M OTCYTCTBYET NOCTYH K KOJaM.
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B pabGote [3] mpencraBieHa MMHUTALMOHHAST MOJENb MOTPEOJICHUS DJIEK-
TPOSHEPTHH KWIHIIHO- OBITOBOTO OOBEKTA, peaTu3yIomias CTaTHCTHYSCKH
paBAONOA00HbIE TpaUKN HArPY3KH, YUUTHIBAIOIINE WHINBUAYATbHBIC BKITIO-
YCHUSI- BBIKITIOYCHUS BCEX DJICKTPONOTPEOUTENICH.

MonenupoBaHie METE03aBUCUMBIX HMCTOYHUKOB DJHEPrUU (COJHEYHOM
¥ BETpOTCHEpalun) TpeOyeT UMUTAIMH COOTBETCTBYIOIIMX METEONapaMeTpOB
[4, 5]. Tak m1st MOAETUPOBAHUS COTHEUHOW T'CHEpAIMU HCIIOJIb3YETCs MOJEIb
BHeaTMOC(epHO OOIYYCHHOCTH («IpoCTasi MOJENb COJTHEYHOro Heba» [6])
¥ MOJIENTb TIPOITyCKasi aTMOc(epbl, COOTBETCTBEHHO ISl BETPOTEHEPAIIMHA — MO-
nenb rpadyKa CHIIbI BETpA.

B nacrosmieit pabote mpencraBieHa METOIMKA MOJISITMPOBAHUS METE03aBH-
CUMBIX UCTOYHMKOB SHEPTUU Ha OCHOBE TOIIArOBOTO YMCJICHHOTO PEIICHUS CTa-
TUCTHUYECKOTO ypaBHEeHUs JlaH)KeBEeHa, WCITOJIb3YyeMOTO JUIsl pacuera OpOYyHOB-
CKOTO JNBIKEHHUS dYacTull. [IpeiokeHa METOIWKa ONPEACICHHS MapaMeTpoB
ypaBHeHHs JlamkeBeHa 00ECTICUYMBAIONIUX BBHIMOTHEHUE CTATHCTUYECKUX 3aKO-
HOMEPHOCTEW COOTBETCTBYIOIUX METEOPOJIOTUIECKUX IMPOIECCOB Ha TPEeX Bpe-
MEHHBIX MacITadax, — aBTOKOPPEIISAIAI0 BPEMEHHOTO Psifia 3HAYCHHUI MapaMeT-
POB, BapuaOEIIbHOCTh JHEBHBIX M HENCIBHBIX PACIPENCIICHUN 3HAYCHHH COOT-
BETCTBYIOIIHX TAPaMETPOB.

Tax nmst 00Ty4EeHHOCTH TOPU30HTAIBHOH TIOIIAIKA MOKHO 3aITUCaTh

ﬂ(t_trise)
t.—t

2
I (1)=1.362| 1+0.033 cos 37;‘2" cos 0. -sin xM(t),

set rise

rne d,, 6., t
M(t)c[0,1].
Mopnens npornyckanusi arMocepsl mpeanoyiaracT KBa3uciydailHOe HU3Me-
HEHUE MPOITyCKaHUs aTMOC(hEphl, MOJUUHSIIONIEECS ONpPEIeICHHBIM CTaTUCTH-
YECKUM 3aKOHOMEPHOCTSM, JIEIAIONIUM 3TO U3MEHEHHE TIPABI0T0100HbIM [7].
B xauecTBe CTaTUCTUYECKOTO ypaBHEHUs IPUMEM ypaBHEeHUE JlaH)KeBeHA

t., M) — pyHKIUS TponycKaHUs aTMOC(EpPbl OT BPEMEHH,

rise 9

mM+vM=FWM)+ [(1), (1)

riae v —9(QdeKkTuBHAS «BSI3KOCTH» IS U3MEHEHUs M, m — ko3P PuimeHT naep-
HUOHHOCTH U3MEHEHUs1 M, F(M) — CUJIOBOE T0JIe onpeesieMoe MpoduieM mo-
TEHIUAIBHOMN SIMbI, SKBUBAJIEHTHON aKTyaJIbHOMY PACHPEACIICHUIO BEPOSTHOCTU
TOTO WJIM MHOTO 3HAYEHUS MPOITyCKaHus (KaK MpaBUiIo, 3aJjaBaeMbIM BelOyios-
CKMM pacripeaenenuem) £, (M), F(M)=const-0F,, (M)/oM, f(f) — cToxacTu-

yeckas pyHkuusa. BennunHa nponyckaHust M He ABIseTCs PU3NUECKONW KOOPIHU-
HaTOW OpOYHOBCKOM YAaCTHIIbI, OJHAKO MJI HATJISIAHOCTH MOMKHO HCXOIUTh
U3 MEXaHUYECKON wuHTeprnperanuu ypaBHeHus (11) u ucrnonb3oBaTh MOHITHS
«UHEPTHOCTBY», «BSI3KOCTBY», «UMITYJbC» U «KOOPAHHATA». VHEpUMOHHBIA YJIEH
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B (11) obecneunBaeT HEMApKOBCKHI XapaKTep IOCIEI0BATEIbHOCTH 3HAYEHHI

IPOITyCKaHUsl aTMOC(EpPBI, a BI3KOCTh MPEISATCTBYET OBICTPOMY U3MEHEHUIO M .
PaccmarpuBaem ypaBHenue (12) B IUCKpPETHOM BHUJE, M UIIEM €ro pele-

HUE Ha MPOCTPAHCTBEHHO-BPEMEHHOU ceTke M = M (¢, +i-A7). Ilpu sTom PyHK-

nus  f(f) He SABIAETCS HENPEpPhIBHON CTOXacTUYecKOoil (PYHKIHUeH ¢ HyJeBbIM
BPEMEHEM AaBTOKOPPEISAILUU, a KyCOUYHO-TIOCTOSHHOM ciy4ailHON (yHKIueH
BPEMEHH.
Takum oOpazoM, MOJIeb ONpeeNsaeTcsa napaMmeTpamMu m , v, aMIUTHTYOU
f(t), XapaKTepPOM CHUJIOBOTO 1oJsA F(M) W marom mno BpeMeHu Ar. EcrecTBen-
HBIM MAacIITa0OM JUIsl «KOOPJIMHATHD B 3TOU 3ajadye Oy/neT BeTUYHHA paspele-
HUSl TIEPBUYHBIX JaHHBIX O paclpeAesieHUd aTMOC(PEPHOro MPOMYyCKaHUsl AM ,
Harpumep, 0,1.
HNcXoaHbIMM JAHHBIMM IS UMUTAlHOHHOTO MOJICJIMPOBAHUS SIBISIFOTCS:
1) crarucTuyeckoe pacnpezesieHue MpoIycKaHus aTMocdepsl Ui 3alaHHOTO
MecsIa UM CPEHET0/I0BOE (MaTOXUAAaHUE, TUcnepcus, Tpodmib pacupeserne-
Hus BeitOymia unu uHoit), Bxoasiee B (1); 2) BpeMsi aBTOKOppemsiiuu rpaguka
nponyckanust atMocgepsl no ypoHio 0.4, 7, XapakTepu3ylollee H3MEHYH-
BOCTh IIPOITYCKAaHMs HAa BpEMEHAaX TMOpPsIKa 4acoB; 3) 3HaueHUs1 BapuaOeIbHOCTH
pacnpeneneHus npomyckanus (0T HeJleJu K HelleJIN U Mecslla K MecsIy), Xapak-

Tepusyromue 6oiee J0IrocpoYHble 0COOEHHOCTH NPOIyCKanus Var,,,, Var,,, .

hort

HOI[ BapI/Ia6CHBHOCTBIO ABYX HOCICIOBATCIbHBIX PAJ0B, YCTAHOBJIICHHBIX
3a ABa IOCJICAOBATCIIbHBIX IICPHUOAa BPEMCHU F1 n F> noHUMaeM OTHOCHUTEIIb-
HYIO BCIMYHUHY CPpCAHCKBAAPATUIHBIX OTKJIOHCHHUH 3THUX pacnpeﬂeHeHI/Iﬁ Apyr
OT apyTra

1 1N .
Var(Fl»Fz)=maX(F;) N 2 (F (i) = F, (iAx))* )

max

r7€ Ax IIar 1Mo BPEMEHHU.

[TockonbKy ypaBHeHue (1) MO3BOJSET ONPENACIUTh TPU HE3aBUCUMBIX O€3-
pa3MepHbIX KOMILUIEKCa, XapaKTepU3yIOIINX MPOLECC, TO LelIecoo0pa3Ho ompe-
JIEUTh UX TaKUM 00pa3oM, YTOOBI KaXAbld U3 HUX ObUT CBSI3aH CO 3HAYCHHEM
OJIHOFO UCXOJHOI0 NapamMeTpa 3aauu.

Cy1iecTBEHHON OCOOCHHOCTBIO MpeaJiaraéMoi MOJENH SIBISETCS TO, 4YTO
aMIUIATYy/1a CIIy9ailHOM CHJIBI BO3ACWCTBUS OMpeAesieTcss TIyOMHOM MOTEHIH-

AITbHOM SIMBI m ~D(x) .

[Touck mapamerpoB (1) HaWIydIIMM 0O0pa30M COOTBETCTBYIOIIMX HEOOXOIH-
MBIM TpEeOOBaHUSM MO 7, Var, Var,,, OTHOCHTCS K IIOXO OIPEACIEHHBIM CTaTH-

short
CTUYECKUM 3aJaudaM. PelieHue ee mnpemyiaraercs pelinTh B paMKax ajiropurMma
npuctpenku. s 3Toro mpoBoauTCcs 3HaumMTenbHoe (mopsaka 10°) komudectso
WH/IMBUYaJIbHBIX PACUETOB BEIUYMUHBI MPOMycKaHusi atMocdepnl. Kaxmpiii pac-
YET MO3BOJISIET ONPEAEIUTh CTATUCTUUECKHUE NTapaMeTPhl MOJTYUYEHHOTO BPEMEHHO-
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TO psiia ¥ COMOCTAaBUTh MX BXOJHBIM TapamerpaMm ypaBHeHus (1), mpencTaBiseT
coboii orobpaxenue (KK1,KK2,KK3)—> (z,,Var,,,,Var,,,), KOTOPOE MOXKHO H300-

short >
pasuTh B  BHJAE CTAaTUCTHYECKOr0 oOOJlaka W HAWTH  KOPPEIAIHMH
r,=Cor(KK1,KK2,KK3), Var,, =Cor(KK|,KK2,KK3), Var,, =Cor(KK1,KK2,KK3).

COOTBETCTBEHHO ~ MOXKHO  ONpEeAeNUTb W OOpaTHbIE  KOPPENALHH
KK1=Cor(z ,,Var,,,,Var,,.), KK2=Cor(z,,Var,,, Var,, ) B KK3=Cor(z,,Var,

horts Y Miong Short » shorl’Varlang) .

B kauecTBe mpuMepa UCXOAHBIX JAaHHBIX MPUBEIEM pacIpe/ieICHHE MOII-
HOCTHU reHepanuu 3a aeHb (6 utons 2016 roga). BpemeHHON NpOMEKYTOK BbI-
O0opku — nBeHaauath yacoB (¢ 6:00 mo 18:00), mar — 10 munyt (puc. 1), He-
JieNbHas BapuaOebHOCTh AHEBHBIX paclpeielieHuil BhIpadaThiBaeéMOM COTHEY-
HbIMH OartapesiMu anekTposHepruu (1-7 urons 2016 ropga). Ilo ocu abemmcc
yKa3aH MOPSIIKOBBI HOMEpP CPaBHUBAEMBIX THEBHBIX NaHHBIX (1 COOTBETCTByET

CPaBHEHUIO MEPBOI0 U BTOPOIrO UIOJIS U T.11.).
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0,08 ‘
G \V/\‘_,AVA\
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0,02 \ A\

0 W \w—\
0 20 40 60 380 100 120 140 160 180 200 220 240 260 280 300 320 340
Beipabateisaemasn sHeprua, kBt

Pucynoxk 1 — JlneBHOE pacnupeereHue BbIpadaThIBAEMOM JIEKTPOIHEPTUH.
JleTHmii cezoH, 6 nrois 2016
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024 ;A _ /
0,1
0
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Pucynok 2 — HenenbHast BapraGeapHOCTh THEBHBIX paclpeieIeHu
BbIpabaThIBa€MOI COTHEUHBIMU OaTapesiMu aekTposHepruu (1-7 utonsg 2016 rona)

C noMoMIpI0 aHAJOTMYHOM CTOXACTUYECKOM MOJCIH 3aJ1acTCs M3MCHCHHE
CKOpPOCTH BeTpa IJii MOJIeTUpPOBaHUsI BeTporeHeHapiuu. [Ipumep HCXOTHBIX
JAHHBIX JIJI1 MOJICJIMPOBAHUS TPUBEAEH Ha puc. 3 u 4.
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BoiBoabl. Vcnonb30BaHHE CTOXACTHYECKUX MOJEJIEH IMO3BOJIAET T'E€HEPHU-
poBaTh MPaBaONOI00HBIE TPAPUKH COTHEYHOW M BETPOTCHEPAIIUN MPAKTHICCKU
C BBICOKMM BPEMEHHBIM Pa3pellieHUeM U, TAKUM 00pa3oM, IPOBOJIUTH UMUTAIIH-
OHHOE€ MOJICJIMPOBAHUE W ONTUMHU3AIMIO aBTOHOMHBIX YHEPre€TUYECKUX CUCTEM
«TEHEePATOP — HAKOTUTEIb — MOTPEOUTEIbY.

ITocTpoeHHbIE MOAEIN MOTYT HAWTH MPUMEHEHUE MPU ONTUMM3ALMUU CU-
creM ACKVYD, nipu peuieHru 3KOJOTMYECKUX, CEIbCKOXO3SUCTBEHHBIX U JIPY-
rux 3ajad.
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YK 620.9
CUCTEMA DHEPT'OOBECIIEYEHMU S
HA BA3E TUBPUJITHOM YCTAHOBKH
M.A. Komapesyes, A.H. [lonos, /[.A. Apkos
Cesepnuiii (Apxmuueckuit) @edepanvhwviii YHusepcumem

['uGpuHas s3HEproycTaHoBKa MPEACTaBIsAET CO00M cucTtemMy, paboTaroIIy 0
HA OCHOBE TPAJULMOHHBIX M aJbTEPHATHBHBIX HWCTOYHMKOB SHEPIrUU. DTa CH-
CTEMa IO03BOJIAET PELINTh TaKylo NpoOsieMy, Kak sHeprooOecrneyeHue yJaieH-
HBIX HACEJIEHHBIX ITyHKTOB.
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OCHOBHBIMU TPYJHOCTSIMH 3HEPrOCHAOKEHUS SIBIISTIOTCS BBICOKHE 3aTpPaThl
Ha TOIUIMBO IS TU3eNIbHBIX 3eKkTpocTanimii (JI9C), BeIcOKas cTeneHb U3HOCa SHEp-
roo0OpyI0BaHMsI, CJICICTBUEM YEro SIBJISICTCS TIOHMKEHHAS! HAJIGKHOCTh PaOOTHI.

['uGpuHast SHEProyCTaHOBKA MO3BOJISIET PEIIUTH ITU MPOOJIEMBI 32 CYET MO-
JIEpHU3AIIMN SHEPrOoO0OPYIOBAHUS ITyTEM 3aMEHbI U3HOIICHHBIX JTMHUMA JIEKTpOIIe-
penau (JIDII), akkyMyTUpOBaHUSI SHEPTUM M CHMYKEHUST KOJTMUECTBAa HEOOXOIMMOTO
TOILIMBA, OJ1aroiapst UCIOJIb30BAaHUIO BO30OHOBIISIEMBIX HICTOYHHUKOB SHEPTUU.

s mpoekTa 66110 BeIOpaHo ceno Koiga ApxaHrenbckoil 001acTu, HaXxo-
nsmieecst Ha 6epery benoro mops. Dnexkrpoobecniedenue ocymectpisercs AOC
MouIHOCThI0 360 kBT, TOmmBo nocraBisieTcss 1o Mopro. CTaHUUsS pacXxomyeT
360 ToHH TOTUIMBA B TOJl U 00€CIeUnBaET dIeKTpuuecTBOM 478 sxureneit. B mo-
NOJIHEHUE K yxke cymectByroniei /I9C ycraHaBiuBaeTcsl BETpOBast dJIEKTpUYe-
ckast cranius (BOC). Ilocneansis Bkiatoyaer B cedsi 8 BETpOreHEpaToOpoOB
C HOMUHAJIbHONU MOIIHOCTHIO 60 KBT kawxapiii, 40 akkyMyJsITOpHbIX Oatapei
¢ enMHUYHON eMKocThio 200 Au Ha oiuH BeTporeneparop, JID1I, koHTposiepsl.
B kauecTBe HETpPaIUIIMOHHOIO UCTOYHUKA SHEPTUU ObLT BBIOpaH BETEp, UCXOS
U3 HEMOCPECTBEHHOM OJIM30CTH HACEIEHHOI0 MyHKTAa K MOPIO, YTO XapaKTepH-
3yeT ero BBICOKU BETPOBOM moTeHIuanl (puc. 1u 2).

AHanuzupys puc. 1, MOKHO YTBEpXAaTh, YTO HAUOOJIBIINE CKOPOCTH BET-
pa HaOIIOAAIOTCS ¢ OKTAOPS 1O (eBpasib, a TaKkKe B Mae U utoHe. CorjaacHo puc.
2 Berporenepatop paboraer 323 1Hs B roji, YUYUTHIBasI, 4YTO CTAPTOBAsi CKOPOCTh
JUIs 9TOW Monenu — 2,5 m/c. Micxonst w3 AaHHBIX TpadUKOB, MOKHO TOBOPHUTH
0 11eTIeCO00Pa3HOCTH HMCTOIB30BaHMS BETpa B KayeCTBE BO30OHOBIISIEMOTO HC-
TOYHUKA SHEPTUU B 3TOM MECTHOCTH.

N

' pemHId e/KeMe CUHASI CKOPOCTh
Pa
. a-h. e .
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Pucynok 1 — Cpennue exemecsyHble CKOPOCTH BETpa

34



60
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Pucynok 2 — IToBTOpsieMOCTb CKOPOCTEN BETpa

[Tocne ycTaHOBKHM BETpOTE€HEpaTOPOB dHEprocHadkenue cena Koiina u 6mm3-
JeXKalluX HaCEIEeHHBIX ITyHKTOB OYJIET OCYIECTBIISITHCS B OCHOBHOM 3a CUET SHEP-
run Betpa. g obecrieuenus: morpeOuTesnss HEOOXOAMMON MOITHOCTBIO TIPU HU3-
KOM CKOPOCTHM BETpa WIM €ro IIOJHOM OTCYTCTBHM IOAKIKOYACTCS U3EIIb-
renepatop. Ecnmu Habmomaercst mepen3ObITOK MOIIHOCTH, TO OCYIIECTBIISETCS
HENOCPECTBEHHAs MOI3apsi/iKa aKKyMYJIATOPHBIX Oarapeid. Takas cxema 1mo3BoJis-
er OecriepeOOiHO cHA0XaTh HACEJICHHbIE ITyHKTbl HEOOXOJUMBIM KOJIUYECTBOM
IIEKTPUYECKON SHEPIUU.

B nacrosumii momeHT B CeBepHOM (ApkTrueckoMm) denepasbHOM YHU-
BEpPCUTETE IOCTPOEHA JabOpaTopus, B KOTOPOH NPOBOJATCS HCCIEIOBAHUS
10 UCIOJIb30BaHNIO TMOPUAHBIX YHEPrOyCTAHOBOK B ycioBuax Cesepa. Jta Ja-
Ooparopus HcciaeayeT padoTy CIEIYIOIIUX YCTaHOBOK: BETPOr€HEpaTop, COJ-
HEYHBIC [TAHEIH, a TAKXKe X B3aUMOJICUCTBUE C TU3EIIBHBIM I'€HEPATOPOM.

V]IK 620.9
OPHUI'MHAJIBHAS TYPBUHA JJIS1 MAJIBIX HAITIOPOB
N MAJIBIX FI/II[POT)JIEKTPOCTAHHI/Iﬁ
@. Ceumana
Jlobonunckuti Kamonuueckuii Ynusepcumem, 2. Jlroonun, Ionvwa

B COBpeMEHHBIX YCIIOBHSIX BECbMa AKTYaJbHBIM HAMNPABICHUEM PA3BUTHS
BJIEKTPOIHEPIETUKHA BO BCEM MHPE SIBJISCTCS HMCIOJIb30BaHUE BO300OHOBIISIEMBIX
MCTOYHHUKOB dHeprun [4-13]. MIX orpoMHOE NpEenMyYIECTBO — HAHECEHUE IpU-
POJIHOM Cpelie HauMEHbIIETo 3Kosornueckoro yiiepoa [14-19]. Yenosek ceityac
yMmeeT 3QQPEKTUBHO UCHOIB30BaTh T'HIPABIMYECKYIO SHEPIUI0 PeK M OONbIINUX
TedeHuil. Bmecrte ¢ Tem, UCIOIb30BaHKE TAKOW SHEPTUH TPEOyeT OUeHb OOJIBIINUX
(MHAHCOBBIX CPENICTB M3-3a TPYAHOCTEM CO3JAaHMsI COOTBETCTBYIOIIMX HAOPOB
U eMKocTel BogoxpaHwmina [20-21] ams moydeHus: Haubosee BLICOKOTO U OIl-
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TuManbHOro Ko3(dduuumenta nonesnoro aeiicteusa (KILJ) ee mpeobpazoBanus,
a Takke OOJIBIIMMU 3aTpaTaMHM, CBSI3aHHBIMHU CO CTPOUTEIBCTBOM I'MAPOTEXHUYE-
CKUX COOPYKECHUM.

Boanbie Macchl Hamiel miaHeTsl 00J1aJaloT OTPOMHBIM MOTEHIIMAJIOM Me-
XaHWYECKOW (TedeHus, MPUIIMBBI, BOJIHBI), TEIUIOBOM (FpaUEHT TeMIepaTyp),
XUMHUYECKOUN (IpaueHT COJeHOCTH, OromMacca) dHeprueil, crnocoObl MUCIOIb30-
BaHUS KOTOPOM HAXOMASTCS TOJIBKO B HAaYaJIbHOM cTaguu pa3paboTku. B cBszu
C OTUM TaKME€ MCTOYHUKHU SHEPIMU YacTO HA3bIBAIOT HETPAAULMOHHBIMU, XOTS
0oJiee MpaBMIIBHO OMPENIETUTh UX KaK MepBUYHBIE BO30OHOBIISIEMbIE UCTOYHUKH,
KOTOpbIE BO3HUKAIOT 0€3 y4acTusi YeJIOBEKa, U BTOPUUHBIMH BO30OHOBIISIEMBIMU
UCTOYHUKAMU IPU BO30OHOBJICHUH KOTOPHIX yUaCTBYET YEIIOBEK.

Camoii crapiieii cper BCeX BO30OHOBIISIEMbIX SHEPTUM SBIISIETCS TUAPAB-
andeckas (BoaHas) sHeprus. Bce MHOXKECTBO HETPaJAMIIMOHHbBIX 3aITATEHTOBAH-
HBIX TUAPOIHEPreTUYECKUX YCTAHOBOK, MOJB3YIOINUX MEXaHUYECKYI SHEPIHUIO
BOJIbI (3apeructpupoBano Oosiee 300 maTeHTOB HAa UX OCHOBHOE KOHCTPYKTHB-
HOE pElIeHUEe C OMPEACIICHHOW J0Jiel YCIIOBHOCTH), MOKHO Pa3feiUTh HA TPH
kinacca [4-7]:

— Hcnojib3ytolue (mpeodpas3yrolire) YHEPrui0 ruApaBIndecKoro IaBiie-
HUS BOJIHBIX MAcC;

— HCIOJb3YIOIINE KHHETHYECKYIO SHEPTUIO BOJBI, BOJHBIX IOTOKOB;

— HCIMOJb3YIOIIKE SHEPTUIO BETPOBOI'O BOJTHEHUS.

Kpome 3Toro, cyuiectsyer orpoMHOE KOJMYECTBO TEXHUUYECKUX PEIICHUI
110 OTJIEJIbHBIM 3JIEMEHTaM MPOTOYHOTO TPAKTa TMIPOIHEPTreTUYECKUX YCTaHO-
BOK, 00€CMEeUnBaIOIINX YIyUllIEHUE YCIOBHUM T€UEHUsI MOTOKA B HUX U CIIOCO0-
ctBytomux noseimenuto KILJ padotel. I[lpumepamu Takux pemieHuid MOryT
CIYXKUTh pPa3pabOTKu Kapeapbl MNPUPOAOOXPAHHOTO M THAPOTEXHUYECKOTO
ctpoutenbcTBa CamMapcKOro rocyapCTBEHHOTO0 apXUTEKTYPHO-CTPOUTEIBHOTO
YHUBEPCUTETA, IPUBEACHHBIE B [22-32].

Hcnonb30BaHUE MaJbIX HAIOPOB COCTABJISET MPOOIEMY MOIYUEHHUS COOT-
BETCTBYIOIIEH 2(DPEKTUBHOCTH U BCETJa MPUTATUBACT M300peTaTeneil, KoTo-
pble pa3BUBAIOT CTApPble KOHCTPYKIMHU, COBEPIIEHCTBYIOT UX U pa3padaThIBalOT
METO/bI UX NPUMEHEHUS.

Pa3paboTky sToro marenra co3manu Ha kadeape ['uapasiuku YHuUBEpCH-
Tera B MIOHXEHE.

HoBoe o6opynoBanue i UCMONIB30BAHUS MaJbIX HAlOPOB IJ€ MCMOJb30-
BaHa KOHBEHEpHAas KOHCTPYKLMS YCTAaHOBKM THJIPABIMYECKOTO JBUTATEIS
Jutst nonydenus sHepruu BoAbl. Mammua CTED® typOuna paboTaet, Kak KOH-
Beliep, YTO MOKa3aHo Ha puc. 1.
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Pucynok 1 — DieMeHTBI KOHBEHEPHOH TypOUHBI

OCHOBHBIM 3JIEMEHTaMH SIBJISIFOTCA JIBA POJIMKH, KOTOPBIE OMOSICAHBI KOHBEM-
epoM ¢ podUIMPOBaHHBIMU JIONaTKaMu. Bosia mocTynaeT HUXKe BEpXHEro poJiu-
Ka, KOTOPBIN ABJISIETCS] IPUBOIHOM Ochlo. Bec Bojibl, KOTOpasi MOCTyMNaeT B TypOu-
Hy NIEpeIaeT Harpy3Ky Ha JIONATKU U Yepe3 LEb HArpy»aeT uX, co3/1aBas Bpalle-
HUE 32 MOCJICACTBUEM LIEMU YCTAHOBJICHHON HA POJIMKAX. DTOT KPYTAIIUNA MOMEHT
NPUHUMAET HJIEKTPUUECKUI TeHepaTop NMPeoOpa3oBbIBAET B DJIEKTPHUECKYIO SHEP-
ruro. Cremyrorieil aHaJIoTHeH SBISIETCS KOIMYECTBO 0OOOPOTOB Bajia TypOMHBI UTO
MOYHO TMPHUPABHATH K KOJIECY MEIBHHUIBI MOTOMY, YTO OOOPOTHI €T0 JTOCTUTAIOT
30-35 00opoToB B MUHYTY. IIpu Takom pemeHun nosxy4aercsi OTHOCUTENBHO BbI-
cokull K.m.j. [lepBpiii maTeHT Mo 3ToM KOHCTpykimu Obul mpu3HaH B 2009 roxy,
a JIBEHa/ILIaTh MECALIEB 03K padboTalia MOAENb MPOTOTHUIIA.

[1epBblil 3K3eMILISAP, KOTOPBIH ObLI MPUCTIOCOOJIEH K UCIBITAHUAM, CO3/1aI1
B 2011 rony, u 6611 ucnibiTad B IlBeitapuu B ropozae PyTu.

Pucynok 2 — UccnenoBatenbckas yctaHoBka B I1IBeliniapuu B ropoae Prytu

TypOuHa BO BpeMsl UCHBITAHWI MOKa3ajia CBOU MPEUMYIIECTBA U HEJIO-
cratku. TypOuHa moKa3ajga BBICOKOE CONMPOTHBIIEHHWE Ha (OPMHPOBAHUE JIhIA
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Ha KOHCTPYKIIMU, HO TMOKa3aja TOXKe, a HEMHOTO0 MEHbIINN Kod()HUIMEHT mo-
JI€3HOTO ACHCTBHSI, MPUYUHONW 4Yero ObUT BBICOKHMH YpPOBEHb TYypOYJIECHTHOCTH
Y HE MOJIHOTO ONTUMAJIbHOTO HAINOJIHEHUs! TypOMHHOM Kamepbl. Ha ocHoBe mep-
BOHAYaJIbHBIX MCHBITAHUN ITPOBEJEHO YCOBEPILIEHCTBOBAHUE KOHCTPYKIIMH,
¥ 3TO OBUIO HAYaJOM CTPOMUTENIbCTBA OOJBUIETO MO YCTAHOBJIEHHOW MOUIHOCTH
arperata 10 xBT.

Pucynok 3 — Typouna CTED® B 3UMHHX yCIOBUSIX

Mogens Oblla yCTaHOBJIEHA HA CTEHJIE M MPOBEPEHA C TOYKU 3PEHUS K.I1.1I.
CTeHI0BbIE UCIIBITAaHUS IPOBEEHO IIPH, PAa3HBIX HAMOPA U PACXOAAX YTO MO3BO-
JIWJIO ONTHMHU3UPOBATh KOHCTPYKIMIO B AMana3oHE HAamopoB M pacxonoB. Cre-
OYIOIUM IaroM OBUIO YCTAaHOBJIGHWE TYpOMHBI HA HATypHBIE HCIBITAHUS
B I. Putu B IlIBeinapuu, KOTOpBIE MOKA3aJIA BBICOKYIO CTOMKOCTh HA BHEIIHUE
YCIIOBUS, W TIOBBIIIEHHBIM K.M.JI. OCOOCHHO NMPU HUBKUX CKOPOCTSIX OOOPOTOB.
OpnHako Ha3BaHHE «TYPOMHOW» HE COOTBETCTBYET ACHCTBHUTEIHLHOCTH, MOTOMY
YTO €il Oyke BOASIHOMY JIBUraTeito, nuraroniemMy reueparop. Ilpu uccrienona-
HUM B HaType ObLT H3MEHEH yroJl HAaKJIOHA M PAacXOJ] BOJBI, I ONPEIEICHUS 110~
TE€Pb THAPOCUCTEMBI U BEJIMUMHBI KPyTAEro MoMeHTa. [IpousBeneHno uccneno-
BaHUE TP UBMEHSIOIIUMCS, KPYyTSAIIMM MOMEHTe B 393 Toukax pabOThl BOAHOTO
asuratesns. HabmoneHus: mo3BoIMIIA ONPEACIUTh MaKCUMallbHbIe Koddduiuen-
ThI MOJIE3HOTO JEHUCTBUS NIPHU PA3HBIX HAKJIOHAX, M Pa3HBIX HAMOpax, U MOKAa3aHO
ux Ha rpaduke puc. 2. JlokazaHo, YTO yIJIOBbIE CKOPOCTU UMEIOT OOJIbIIINE BIIUS-
HUE TPU ONPEJCIICHUN KOHCTPYKIIMU 000PYIOBaHMS IJI PETyJIUPOBAHUS YIJIO-
BOI CKOpOCTH B 3aBUCHUMOCTU OT pacxoza. [Ipu pacxone 400 i1/c u HeOONbIINX,
yriax HaKJoHa KOHBehepa kodhduimeHT noae3noro aercteus gocturai 90%.
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Pucynok 4 — BiiusiHue pacxojia, ¥ yKJIOHa, Ha K.I1. 1.

WcnplTanus nokasaiv, 4To B 00JIACTH YaCTUYHOW HArpy3KH U yBEJIIMYEHHBIX
YKJIOHAX TUAPABIUYECKOrO JBUTATENS XapaKTEPUCTUKA K.I1.J. CTAHOBUTCS OoJiee
IUIOCKOM B Anana3one 85-88%, MpUUMHOM 3TOT0 MOMXKET ObITh pa3HULIA KPYTSIIUX
MOMEHTOB, KOTOPBIE Pa3INyartoTCa KPyTALIIEr0 MOMEHTA PU HOMUHAIBHOM pac-
X0JIe ¥ MOTOMY HAJO JIeJaTh JIONOJHUTENBHYIO PEryJIMPOBKY U3MEHEHHUS BEIU-
YUHBI 000pPOTOB. B aHanu3e He yyTeHO MOTEPh B TeHEpaTope, MpeodpazoBaTesu
YaCTOThI, KOTOPBIE HAJI0 ONPEACHSITh WHAWBUAYAJIBHO MJI KAXKIOTrO Ciyyas.
B npuBeneHHbIX BEIMUMHAX YAaCTUYHO YUTEHO MOTEPU HA MPHUBOJE BOJIbI B JBU-
ratreiib, a He IPAMO MPHU NEPEBOJE ABUTaTeis ¢ padoThl B TOPU30OHTAIBHOM MO-
JIOKEHUH, B peKUM paboThI ¢ yKIoHOM. Ha naboparopHom creHae Obuin IpoBe-
JIEHBI TOKE M3MEPEHUS TPOMKOCTH pabOThl, KOTOpbIE MOKa3aJld BeIu4uuHy 7618
TOJIKO U3-32 IJIECKa BOJIBI.

[lepBblii TakoW TUAPABIMYECKUM JBUTATENb YCTAaHOBJICHO B Adpuke
Ha uiotuHe Helanrao (Nyangano) B Tan3zanuu, wucnonb3ys Hamop 3,5 M,
B 2014 roxy u ¢ Tex BpEMEH NUTAET 3JIEKTPUUECTBOM IIKOIy. Ha ctpouTenbHyo
IJIOIIAJIKY IOCTABIIEHO €€ KaK MPEJICTABISIET PUCYHOK .

Pucynox 5 — JloctaBka ruznpaBnnueckoro napuratens B Holanrao Tanzanus
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YCTaHOBKY HpH HCIOJb30BAHUM MECTHBIX CTPOMUTENBHBIX MAaTEPHUAIOB
U BKJIIOYCHHE €€ B pabOoTy 3aHJI0 TOJBKO CeMb JHEH, U 3JaHHE IIKOJIbI OTyYH-
JIO AIEKTPUYECTBO. [ MApABINYECKUN IBUTATEIb, a JAJbIlIE€ TOBOPS TUAPOTECHE-
paTop AOCTUTaeT B 3TUX ycioBUAX 10 kBT MOIIHOCTH, B yCIOBUAX HUCIOJb30Ba-
HUS TIEUCTBYIOIINX TUAPOTEXHUYECKUX COOPYKEHUN BOJOXPAHUIINIIA.

T e e

Pucynox 7 — 'mapoarperar moutHocTsio 12 kBT, pacxogom 400m1/c, Harop 3,5 M

Crnenyromuii ruapoarperat Obl1 YCTAaHOBJIEH Ha 3aBOJIE€ OYMTKH CTOYHBIX
Boj B IlIBeitnapun Jla Caynepue B [{omomOuep Ha BbIxojie ¢ 6aka OUMIIICHHBIX
cTOYHbIX BoJ. Hamop, kotopblidi TaM co3gaH 3T0 4 M U MO3BOJISIET MOJIYYUTh
12 kBT Ha cOOCTBEHHBIE HYX/IbI IPETPUSATHS.

Peanuzanus nanpueiimero Credd TypOuHb MpoekTa HaMe4YeH Ha 00JacTh
BOkpyr Ilapmer (Mrtamus). JIBe uppuUraliMioHHbIE CHUCTEMbI NMPUHOCUIN BOMIY
Ha aXOTHBIE 3eMJId, OyJET CIY>KUTh B Ka4eCTBE MCTOYHHKA DHEPIUH, a MOUI-
HOCTb, TAKUM 00pa3oM, TeHepupyemas OyeT MoaBaThCs B CETh.

KommaktHas Credpd TypOuHa UMeeT MIMPOKHUI CIIEKTp NMpuMeHeHus. Pexu
U PYYbH, IUNIOTUHBI, OTBOJIbl, BOJJOOUHUCTHBIE COOPYKEHHSI, CACTEMBI OPOLIEHUS.

Haxmon Ctedd TypOMHBI MOKHO OTPETYIMPOBATH B COOTBETCTBUH C MECTHOM
Tororpadueil. B kpaitHeM ciydae, MOKHO T€HEPHUPOBATH DJICKTPUYECTBO M3 KUHE-
THYECKOM SHEPrHU BObI, CTEKAIOIIEH MO TOPU30HTAIN. DIEKTPOIHEPIUs, BhIpada-
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ThiBaeMast Ha Steffturbine, MokeT OBITH MO/1aHA B BAT HA COOCTBEHHBIC HYKIBI U30-
JIMPOBAHHOTO TIOTPEOUTEIIS. DIEKTPHUECKYIO CETh, OJIaroiaps MpUCIocoOIIEMOCTH
Credd TypOUHBI, MOXKHO YCTAaHOBUTH €T0 O€3 HAPYIICHHS SKOCUCTEMBI.

BriBoabI

1. B COBpeMEHHBIX YCIOBHSIX aKTyaJlbHbIM HAIlpaBICHUEM Pa3BUTHUS DJICK-
TPOIHEPTETUKHU SIBJIIETCS HCIOIb30BAaHUE BO30OHOBISIEMBIX MCTOYHHUKOB JIHEp-
I'MH, B YACTHOCTH, TUJIPABIMYECKON IHEPIHH MAJIbIX BOJHBIX MOTOKOB. [Ipu 3TOM
1eJIeCO00Pa3HO MPUMEHITh HU3KOHAMOPHBIE THIPOArperaTbl yrpoueHHOro KOH-
CTPYKTUBHOTO HCIIOJIHEHUS, XapaKTEPU3YIOLIUECS CPABHUTEILHO MaJIbIMU 3aTpa-
TaMU Ha CTPOUTEIHCTBO U MAJION CTOMMOCTBIO OCHOBHOTO 000PY/I0BaHUS.

2. B kadecTBe THUAPABIMYECKONW TYPOWHBI MaJIbIX THIPOIIEKTPOCTAHITUI
pEKOMEHIyeTCsl pUMeHEeHNe KoHBerepHoi Typounsl Ctedd, oTBeHaromniei co-
BPEMEHHBIM TPEOOBAHUSIM IO CTOMMOCTH, a TaKke OOJaJarolled XOpOIIUMHU
HSHEPTeTUYECKUMH U IKCILTYaTAllUOHHBIMUA XapaKTEPUCTUKAMMU.

3. Maspie TUAPOAIICKTPOCTAHIINA C KOHBEHEPHBIMH TYypOWHAMU, HAPSTY
C OTMEYEHHBIMU BBIIIE, 00JIa/Ial0T BEChMa BAXKHBIMU MOJIOKUTEIBHBIMU J10CTO-
WHCTBaMU SKOJIOTUYECKON 0€30MacHOCTH, B TOM UYHCIIC, 10 OTHOIICHUIO K PhIOb-
€My MOTr0JIOBbIO U3-3a OCOOEHHOCTEN KOHCTPYKIHH padovero Kojieca npaKkTuie-
CKH HE TPaBMHUPYIOIIET0 0CO0H PhIO.
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VI]IK 620.91/98
POJIb BO3OBHOBJISAEMBIX HCTOYHUKOB 3JIEKTPOOHEPI'UA
B SHEPI'OBAJIAHCE PECINIYBJIMKH BEJIAPYCbH
B.I". I'pucopves, K.IO. lllarabooosa
Hayunwiii pykosooumens — J[.B. Myciuna
benopycckuu nayuonanvuviu mexnudeckuu ynugepcumem

B mHactosmee Bpems, moBblimieHHE 3h(HEKTUBHOCTH HHEPrOCHAOKEHHUS
Y DHEPrOMCIIOIb30BaHUA SIBJIsIETCS KitoueBoM 3amadeit EC u cocencTByrommx
c HuM ctpad Bocrounoit EBpornbi. HemocTtaTok cOOCTBEHHBIX MCKOMAEMbBIX HUC-
TOYHHMKOB SHEPIHH BBIHYKZIaeT OOIIECTBO MCIIOIB30BATh IHEPropecypchl Oosee
parmoHanbHO M d(PPEKTUBHO, pa3BUBATh U BHEIPSATH AIBTEPHATUBHBIC MCTOY-
HUKH JHEpPrum OOJiee aKTUBHO, YTOOBI KOHTPOIMPOBATH W3MECHEHHE KJIMMAaTa
Y 3arpSI3HEHUE OKPYJKAIOWIeW cpenbl. Mcnosib30BaHME HOBEMIIMX TEXHOJIOTHM
Y NHHOBAIIMOHHBIX MOAXOJIOB KpaHE aKTyaJIbHO, MIO3TOMY SHEPTEeTHKA SIBIISIET-
C IPUOPUTETHOW OTPACIIBIO HAYKU U TEXHUKH Kak B benapycu, Tak U B CTpaHax
EC u 3a ee nmpenenamu.

CoOctBennsie sHepropecypcebl Pecrybnmuku benapych MOMXHO pasienuThb
HAa JIBC KaTerOpUu: MUHEPAIbHBIE UCTOYHUKH, TaKWe KaK HETh, TOPIOYNE CIIAHIIbI,
TIPUPOJIHBIN Ta3 ¥ Top(, a Takke BO30OHOBIISIEMbIE UICTOYHUKHU SHEPTUU: Oromac-
ca, buoras, TUIpO- U BeTpodHeprus u T.1. OaHako, benapych He MOKET MOKPHITH
HIOJTHOCTBIO SHEPronoTpedaeHne 3a CUe€T COOCTBEHHBIX SHEPrOpECYpPCOB, TaK Kak
¢€ MHUHEpaJIbHbIE M BO300OHOBISIEMBIE PECYPCHI JOBOJILHO OrpaHudeHbl. CTpaHa
BBIHY’KJIEHA MUMIIOPTUPOBATh TOIUIMBO M 3HEPruto. Joyist yucToro mmmnopra mnep-
BUYHOT'O TOIUIMBA B TOILTMBHOM OajlaHCe CTPaHBI COCTaBIIsACT mopsiaka 86% [1].

CornacHo crtaTuku MexXITyHapOJTHOTO HEpPreTHuecKoro areHrcrna 3a 2015 r.,
notpebnenne HehTn B benmapycu coctaBuio 33,8 MiH. T y.T., TEM HE MEHeEe
OosbIIas yacTh HEQTU MepepadaThIBACTCs rOCYJapCTBEHHBIMU HedTenepepada-
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ThIBatoIUMU npeanpustusimu (73,4%) wnu pesxcnoprupyercs (6,9 %). Tonbko
6,9% mnotpebHOCTH B HedTH obecmedmBaeTcs COOCTBEHHBIMU 3amacamiu. [lo-
TpeOJIeHUEe MPUPOJHOrO raza Ha TOT e MEePUoj| COoCTaBwio 22,3 MJIH. T V.T.
(19,5 mupa. M%), u3 KoToporo codcTBeHHOE 100bMa He npeBbicuna 1 %. Tomo-
Boe notpedaenue Topda u yriist 1,1 MIH. T y.T. U BKJIIOYAET CICAYIOIINE BUIBI:
Topd u Topdsiubie Opukersl (72,9%), yroas u koke (27,1%) [1].

MosxHO oT™MeTuTh, uTO B benapycu 6onee 90% TOMIMBHO-IHEPTrETUUECKUX
pecypcoB obecrieyrBaeTcs 3a CUeT UMIOpTa He(TU U Tra3a, B TO BpeMs Kak co0-
CTBEHHBIE pecypchl (Topd, Omomacca U APEeBECHbIE OTXO/bl MOKPHIBAIOT TOJIHKO
nopsnka 10 % notpebaenus. K Tomy ke, B benapycu HeT 10CTaTOYHBIX 3aMacoB
TOIUIMBHBIX U YHEPTeTUYECKUX pecypcoB. [IpupoaHbIil ra3 no-npexHeMy ocTa-
€TCsl BEIyIIUM BUJIOM TOIUIMBA M 3aHUMAET OK0JIO 62,8% B CTpYKType TOILIMB-
Horo 6ananca ctpassl [1]. IlocTOsSHHBIN POCT LIEH HA MPUPOJHBIN ra3 HPUBOIUT
K HETAaTUBHOMY BIIUSIHUIO Ha SKOHOMHKY PecnyOnuku benapych, MmMOCKOJIBKY
JUIsl €€ MIOKYTIKM He0OX0AMMBbI 3HauuTeNbHbIe cpeacTa. Kpome Toro, k 2020 ro-
Iy OXHUJAETCS PE3KOE YBEIMYEHUE CTOMMOCTH HMCKOIMAaeMbIX BHOB TOILUIMBA,
YTO MOTPEOYET ONpe/IeICHHBIX HHBECTHUIUH.

[Ipu paccMOTpeHUU CUTYaIMU C TMOTpeOJeHNEM TOTUIMBA HA HYXIbl TeHE-
panuu AIEKTPOIHEPTUH, CUTYaIUsl TAKOBA, YTO MOJISI MPUPOJIHOIO ra3a BO3pac-
TaeT yxe 10 97,8%, 107 BO30OHOBIISIEMBIX UCTOYHUKOB SHEPTUH B NMPOU3BO/I-
CTBE DJIEKTPOIHEPTrUU KpariHe HuzKas — nopsaaka 0,73% [2]. UToObl ucrpaBUTh
3Ty CUTYyaIWIO MPaBUTENbCTBO PecryOnnku bemapych CKOHIIEHTpUPOBAIO YyCH-
must Ha ctpoutenibeTBe ADC U TanbHENIeM pa3BUTHH BO30OHOBIISIEMBIX UCTOY-
HUKOB dHEpruu. B 3ToM CBsI3HM yBEIMYEHHE JOJIU BO30OHOBISIEMBIX UCTOUHUKOB
OHEPTUU B DHEPreTHUeCcKoM OajlaHce benmapycu cTaio OJHUM U3 PUOPUTETHBIX
HaIPaBJICHUI Y5KOHOMUYECKOM MOJUTHUKU MPABUTEIIbCTBA CTPAHBI.

B nocnennemM OOHOBIEHMHM 3HEPreTUUECKON U HKOJOTMUECKON MOJUTUKU
benapycu noguepkuBaeTcsi, YT0 MOTpeOICHUE MCKOMAEMOIro TOILUIMBA JOJAKHO
OBITh YMEHBIIIEHO € BBOJIOM B JKCIUTyaTalluio SACPHOM, BETPOBOM, THUIPO-
u 6uonHepretuku [3]. Kpome toro, corsiacHo HamuoHalibHOM mporpaMme pas-
BUTHUS MECTHBIX U BO30OHOBJISIEMBIX UCTOUHHKOB SHEPIUH, /10 MECTHBIX HC-
TOYHMKOB JHEPruu B OajaHCe MEPBUYHOM DHEPrUM JOJKHA OBITh HE MEHee
32-34% « 2020 roxay, rae 6momacca, Ouoras, SHEprus COJIHIIA U BETpa U TUPO-
HHEPreTUKa JOJKHBI 3aHUMATh Beaylee mojoxenue [4].

B cooTBeTcTBHM C HallMOHATBHBIMU CTpaTerusiMu B benapycu rutanupyet
Kk 2020 rony co3nath 3 kackaaHble cuctembl ['IC:

» Kackangnas cucrema «Heman» oOmierr momHocThI0 37 MBT (I'poaHeH-
ckas u Hemanckas I'DC);

» Kackannas cucrema «3amagHas J[BunHa» oOmieit momrHocThio 112 MBT
(ITonoukas, Butebckasi, bemenkoBuuckas u Bepxuensunckas 1'9C);

» JlHenpoBckasi KackagHas cuctema ob6mieit momntHocthio 20 MBT (Op-
manckasi, Peunnkas, [lxknosckas u Moruiesckas I'9C).

B OGmmxkaitiem OyayiieMm IJIaHUPYETCS BHEIPUTH JOMOJHUTENbHbIEC YCTa-
HOBKH, paboTatoiue Ha Ouorase (46 MBT) u na 6uomacce (117 MBT), a Takxe
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YBEJIMYUTh MOIIHOCTh BETPOBBIX YCTaHOBOK OT 25 no 200 MBT n cosHedHbIX
anekTpocTanuuii 10 258 MBT.

[losrydyeHHbIe B XO/€ UCCIEIOBAaHUM NpEIBApUTENIbHbIE OLICHKH MMOKa3bIBa-
0T, 4TO B pe3yJibrare BBeAeHUsI ADC U BCEX NEPEUNCIEHHBIX B YJHEPIeTUUECKOM
CTpaTeruu MEPONPUATUI MO CTPOUTEIHCTBY BO30OHOBISIEMBIX UICTOYHUKOB SHEP-
ruu, B 2030 r. mpou3oiaAET 3HaUMTENbHAS AUBEPCUBUKALINS CTPYKTYPhI dHEpre-
TUYECKOro OanaHca MPOM3BOJICTBA AJIEKTpodHeprun B benapycu. A uMeHHO A0
MIPUPOJHOrO Ta3a B CTPYKTYpE I€HEpaluu JIEKTPOIHEprun cokparurcsa 10 33%
110 CPAaBHEHUIO C HBIHEITHUM ypoBHEM B 97,8%, a ADC Oyner nmokpbIBaTh MOPS/I-
ka 52%, 15% npunercs Ha BO30OHOBIISIEMbIE HCTOYHUKHU SHEPTUU.
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YK 620.91/98
CTOJETHAA TUAPOIJEKTPOCTAHLIUA JIECHASA
HAMATHUK APXUTEKTYPbI
@. Ceumana
Jloonunckut Kamonuueckuii Ynusepcumem, 2. Jlrooaun, Ionvwa

[Tocie kaTacTpoduyeckux MaBoJAKOB ¢ Hrojs 1888r, a 0coOeHHO ¢ KOHIIA
uoist 1897 r nna reppuropun Huxkneit Cuiiesun, a koHkpeTHo M3epckux 'op
CO3/1aHO CIICIIMAIILHYIO MTPOTrpaMMy, KOTOpasi Obl TO3BOJIMIA MUHIMAIH3UPOBATh
MOTEepHU M3-3a MaBOAKOB B Oyaymiem. [Iporpamma pa3zpaboTraHa HEMEIIKUMU WH-
KeHepamu, a 0co0eHHO mpodeccopoM YHHUBepcuTeTa B AxeH, nmpodeccop OTTo
WNHTe, yYUTHIBAT CO3JaHUE TJIOTUH, U PETEHIIMOHHBIX BOJOXPAHWIIUIL HA TEP-
putopun Huxueit Cunesun. Ilpodeccop Otro MHTHE pa3paboTai Takke HOBYIO
TEXHOJIOTHIO CTPOUTENBCTBA TAKEIBIX (KAMEHHO-OCTOHHBIX ) TIJIOTHH.

[Tpodeccop Otro MHTIIE MMeNn OOIBIION OMBIT B MPOCKTUPOBAHUU TSKE-
JIBIX KAMEHHO-OETOHHBIX IUIOTHH, TPOSKTUPOBAJ IIOTHHBI [IunuxoBuile, 310T-
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HUKkU U Bxkenipine. [1noTuHa co3maeT Bogoxpanuiuiie ¢ Bojgocoopom 300 KM>
Ha peke KBuca, koTopas siBisierca npuTokoM peku boop. CrpourtenbHbie pado-
Thl ObUTM HauaTbl oceHblo 1901 rona, ympasisin umu KTH.MHXK. Kypr Baxman.
Bo3Beznen Torja nepBblii TYHHENb, A1 CTPOUTENBCTBA, ISl MOCTPOEHUS TIOTH-
HbI UCII0JIb30BaHO 32 TOHHBI B3pbIBUaTKH, 600 BaroHoB niemenTa, 20 Thic. Ky0o-
METpOB Tecka, 2,4 ThiC. KyboMmeTpoB u3BecTuH, 460 ToH ctanu. CTpOUTEIIbHBIC
paboThI TIOTHHBI 3akoHYeHO 15 utona 1905 roga. ['pebeHb IOTHHBI HAXOUTCS
Ha ypoBHE 282MHYM, a ee 00beM cocTaBsgeT 62 Toic. M>. [lapaMeTphl IIIOTHHEI
U BOJOXpaHuiumia B Tadbnuue 1.

Tabmanma 1

HapaMeTpBI IIJIOTUHBI U BOAOXpaHUJINIIA

ITapametp Enununna
BricoTa mi1oTHHBI M 45
Jlnnna no rpebHio M 130
TonmuHaa Mo rpedHIo M 38
Tonmuaa 1Mo mMoomIIBE M 8
EMKOCTB MJIH M 15
IInomans ra 140
JlnmHa BogoxpaHuinia KM 7

I'maposnexrpocranuus JlecHass pacmosiokeHa Ha toro-3amnaje [lonpmm siB-
JSI€TCSL IEPBOU 3aBOJICKOM THAPOIIIECKTPOCTAHIIMEN, TOCTPOEHHOW HA TEPPUTO-
pun coBpemenHow [lonpmm. [LtoTuHa, 3n1aHHE TUAPOCTAHLINM, €€ KOHCTPYKIIUS,
SBISAIOTCA 3PPEKTOM CaMOro BBICOKOI'O MacTepCTBa MPOESKTHUPOBIIUKOB U CTPO-
UTEJEH, MOKHO CKa3aTh 3TO IIPOM3BEACHUE NCKYCCTBA COXPAHSAIOIIETO yBJIEKa-
TEIbHYI0 YHUKAIBHOCTD JaHAMA(Ta, U MECTA B MUPE OKPY’KAIOIIEH IPUPOIBI.

Crpoutens, nsxkenep Kypr baxman, paciumpuii npoeKT INIOTHHBI B THIPO-
anexkTpocTanimio. B 1905 romy Hadamock CTpOUTENBCTBO THAPOAIEKTPOCTAH-
UM, MAIIMHHBINA 3aJ1 pacnionoxeH 100 M Huxke mnoTuHbl. OTBOASAIINE TYHHEIN
IS yAepKaHus ypoBHS BOALI B BOJOXPAHUIMIIE ¢ pacxomoM 660 m>/c. Bogo-
XpaHWIHILE MNPUHSIO TMEPBYK0 MAaBOJAKOBYK BOJHY B 1905 romy BO MoOMeEHT
OKOHYaHUus cTpoutesibcTBa [LIOTHHBI, a HAYAJIO CTPOUTENBCTBA THAPOAIEKTPO-
CTaHLIHH.
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Pucynok 2 — Pa3pe3 uepe3 nmiotuny

Bun 3gaHus TUAPOANEKTPOCTAHLMH, pa3MEIIEHHE NEPBBIX YEThIPEX
TUAPOArpPEraToB pUC. 3.
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Alb. 7. Langenschnitt.

Pucynox 3 — 3nanne ['OC ¢ Tpems ruapoarperatamMmu, rneppasi ouepeib

[lepBbie deThIpe ruUaOparperara ObUTM BBEACHBI

Abb. 6.
Querschnitt.

B O3KCINIyaTalluro

B 1907 rony, a nBa cieayromux — B 1908 roay. ITapameTpsl 3TUX ruapoMaiini
IpUBEAECHBI B TAOIHIE 2.

Tabnuma 2
[TapameTpsl ruapOarperaTon
ITapamerp Enunauna | Arperar 1,2,3,4 | 5 6
1 |YcraHoBieHHAass MOIIHOCTD kBT 515 515 35
2 |Jlocturaemasi MOITHOCTD kBT 550 550 30
TypOuna
1 |T'ox crpourenbcTBa 1907 1908 | 1908
2 |Tun PO PO PO
3 |IIpousBoauTensb Bontx
4 | YcraHOBJIEHHAs MOIIHOCTh kBT 526 526 20
5 |Pacxon M/c 2,75 2,75 | 0,15
6 |Hanop M 26 26 26
7 | O6opoTHI 00p/MUH 375 375 1000
I'enepartop
1 |0 CTPOHTENHCTBA 1907 1908 | 1964
2 |IIpon3BoauTEIb CCB [Tonbiia
3 | YcTaHOBIIEHHAss MOIITHOCTD kBT 620 620
4 | MoIIHOCTh KBT 496 496 35
S |cosp 0.8
6 |Hanpsbkenue kB 10 10 0,4
7 | Tok A 35,8 35,8
8 | O60opoTHI oOp/MuH 375 375 1000
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Pa3menienne HeKOTOPBIX THAPOCOOPYKEHUI BOAOXPAHUIHINA MPEACTABIISA-
eT puc. 4, rae XapakTepHbIMH VISl 3TO KOHCTPYKIUH SABJISKOTCH KOJIOALO-
Bbl€ MPOJMUBHI VISl IOBOJKOBOI1 BOBI.

Oberlaufstollen bel Hochststau

Pucynok 6 — Bun ¢ miioTHHbI Ha 31aHNE THUIPOAIEKTPOCTAHLIUN
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stelle heramgefithre.

In cinem ~piteren Bau-
zustande, nahezu bis zur
Krone vollendet, sehen wir

v dic
in Fig. 125, Textbl. 3. Das
Gerilst liegt a alb der
Mauer, damit die Mater
lien seitlich

frdort werden kémnefs(

Pucynok 8 — Buz nioTuHs! ¢ npoekTa

Q ( Oberlaufstollen bei Hochststaw: |

Pucynox 9 — IIponuB Boabl B KOJOLIBI
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Pucynoxk 10 — Bug ot BepxHel BOJbI Pucynok 11 — Bua nioTuHbl € HU3Y

Pucynok 12 — Bopoxpanunuie

I'uaposneKTpOCTaHLNs 110 CEN IEHb COXPAaHAET NEPBOHAYAIBHBIC IBUTATE-
JIM ¥ YHUKAJIbHBIE PEIICHUs, TaKhe Kak 0ak JiJIsi BOJABI U cOpoca yCTpOuCTBa.

C apXUTEKTypHOUN TOUKH 3PEHUSI TUIPOICKTPOCTAHIUSA SBIAETCS MpPUME-
poM dKIIeKTHKU. KOopoHy MIOTHHBI BEHYAET apKaaoil (ppu3 MOAIMIUITHUKA TPHU-
3HAKW HEOKJaccuuu3ma. biamke Kk nmpaBoi ynopa rpeOHs IUIOTUHBI CTAHOBHUTCS
HEOTOTHYECCKOM OamH0. Bbixog wu3 oOpamieHuss TyHHEnss o(opmiieH c
HAJACTpOIKoW B BUjae mapanerta. [lomykpyribie ¢GopMbl XapaKTepHbI KOHIIE MO-
NEpHA, TII€ PSIIOM OpraHuYeckue GopMbl, Ha TEPBBINA JIaH BBIXOJAT T€OMETPU-
YECKUE DIIEMEHTHI.

CozlaHHOE BOAOXPAHWIIMIIE BBINOJHAET TPU (QYHKLUHUHU SHEPIETHUECKYIO,
IPOTHBOIIABOIKOBYIO M peKpealnonnyto. Ha Gepery pok mbica BOIOXpaHUIUIIA
HAaXOJUTCS MPEKPACHBIM M MHTEPECHBIA 3aMOK Hoxa, a Ha MPOTUBOIOJIOKHON
CTOpPOHE OCTaTKH 3amKa Palicko.
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YK 620.91/98
O PACTYIIEHA POJIM BO3OBHOBJISIEMbBIX HCTOUYHHUKOB
OHEPI'M B OBHLIEMUPOBOM SHEPTETHUYECKOM BAJIAHCE
N INEPCIIEKTUBBI PA3BUTUSA UX UCITOJIB30OBAHUS
JJISI IPEANPUSTUHI TOPHOM MPOMBIIIJIEHHOCTH
HA JAJIBHEM BOCTOKE P®
I A. Cmpouxkos
Canxm-Ilemepbypeckuii 2opHblil yHUBepCUmem

Annomayus. /lannas ananumudeckas cmamvsi npeocmasisiem co6ou 00-
30p npuduH U haxmopoes pazeumus 60300H0BISEMOU IHepeemuKku ¢ mupe. 1710~
OanbHble MpPeHObl 0OHOZHAYHO YKA3bIBAIOM HA COYUANbHblE, IKOHOMUYECKUe
U mexHoao2uyecKue nNpeonoCvLIKU pPAa3eUmMus 60300HOBIAEMOU OHEPeemuKy
e mupe. B pabome 3ampoHym B0npoc MedNCOVHAPOOHBIX 0053amelbCme
N0 02PAHUYEHUIO 8bIOPOCOB NAPHUKOBBIX 24308, OCHOBHbIE NOKA3AMENU, XAPaK-
mepusyowue pazsumue 80300HOBNIAEMOU dHepeUuU - OUHAMUKA NPOU3BOOCEA
8 MUpe U 8 OMOeNbHbIX CIMPAHAX, CMPYKMYypa npou3800Cmed 60300HO0BAEMOl
9HepeUuUu No UCMOYHUKAM 2eHepayul, UHEeCcmuyuu 6 OanHyo ompacis. Pac-
CMOMPEHbL NOCTIeOHUEe HOBOCMU 8 BONPOCE NOBbLULIEHUS I PeKkmusHocmu pado-
Mbl CONHEUHBIX MOOYelU, CHUMCeHUe ux cebecmoumMocmu, 603MONCHOCTU UUPO-
K020 NpUMeHeHUsi MOHOKPUCMATLIUYEeCKUX COIHEYHbIX nanesell U pa3sumue mex-
HOJO2UL 8bICOKOIPDEKMUBHBIX MHO20NEPEXOOHLIX MOOYiel, homoInemeHmos
Ha OCHOBe Nepo8CKUmMA, a makce papabomKa HOBbIX MEXHON02UN CUucmem
xpanenus 3Hepeuu. Ocoboe GHUMAHUE YOeNeHO NepCnekKmusam pa3eumus 803-
MOJACHOCIEU UCNOIL308AHUSL 80300HOBIAEMBIX UCTOYHUKO8 SHEpeUU O npeo-
APUAMULL 20PHOL NPOMBIUUIEHHOCU, PACNONIONCEHHbIX HA meppumopuu /lans-
HesoCMouH020 hedepanvHoeo okpyea Poccuu.

B nexabpe 2015 r. B Ilapmxe mpouuta 21-1 xoudepenmuss PKUK OOH.
1o pe3ynbraram KoOH(pEpeHIMU ObLTO NPUATO TaK Ha3biBaeMoe «Ilapurkckoe co-
rnamenuey. [loanucanue cornamenus: Hayanoch 22 anpens 2016 r., U K UIOHIO
2016 r. Ilox cornamenremM NOCTaBUIM MOANKUCHU TIpeacTaBuTeNn 177 cTpaH.

[Tapukckoe cornameHue 00 U3MEHEHUH KIMMara, Jajlo MOIIHBIN JTOMOIHU-
TEJNbHBIM  MMITYJIbC ~ Pa3BUTHIO  BO30OHOBIISIEMBIX  MCTOYHHUKOB  SHEPIHH.
N3 177 crpan, nognucapiux CoriamieHue, Tojabko 11 yrnomMsHyau B CBOMX Iula-
HaX AACPHYIO YHEPTE€TUKY U TOJIBKO 6 (haKTUUECKU YTBEPKIAIOT, YTO OHU TPEITOo-
JIATar0T paclIMpUTh €€ ucnoiibzoBanue: bemapyces, Kurait, Maaus, Anonwus, Typ-
s 1 OAD. B To Bpems kak 144 cTpaHbl yHOMSHYJIM UCTOJIb30BaHUE BO30OHOB-
JSIEMBIX MCTOYHMKOB BHeprud U 111 cTpaH o03ByuMiauM 1eid WIH IUIaHbI
10 PACHIMPEHUIO UX MCIIOJIb30BaHMSL.

Poccus Toxxe monmucana [lapmkckoe cornarienue, HO paTH(PUIUPOBATH €TO
noka He criemut. OTHOIIEHHE K KIMMAaTH4eCKOW MHMpOBOM moBecTke B Poccum
npotuBopeunBoe. Patudpukanus [lapmwkckoro cornamenuss HamedeHa Ha 2019—
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2020 rozpl; 4O 3TOro, KCTaTH, INIAHUPYETCS MOATOTOBUTH JOKIIAJ O €€ LeJIecoo0-
Pa3HOCTH, KOTOPBIH JISDKET Ha CTOJI IPE3UICHTY.

['MaBHBIMU TOKA3aTENSIMU, XapaKTEPU3YIOIIMMHU pPa3BUTHE BO300HOBIIsIE-
MBIX MCTOYHHMKOB DHEPrUH, SIBJISIOTCS JWHAMUKA MPOM3BOJICTBA BO30OHOBIIsE-
MOl SHEPIruU B MHUPE U B OTAENIbHBIX CTpaHaX, CTPYKTypa IPOU3BOACTBA BO300-
HOBJISIEMOWM YHEPTHM MO MCTOYHUKAM TIE€HEpalHH, UHBECTULUWU B JAHHYIO OT-
pacib U UX PeHTa0EIbHOCTb.

[To odpuimanbHBIM TaHHBIM MEXIyHApOJAHOTO areHTCTBAa M0 BO30OHOBIISAE-
moit sHeprun (IRENA), npon3BoACcTBO BO30OHOBIISIEMOM YHEPTHH B MUPE 3a HEPH-
011 2006-2015ro10B o4t yaBOWIOCh, ¢ 1,03 MiH. 10 1,96 Mian MBTu.

YcTaHOBJIEHHAsT MOIIHOCTh BO300HOBJISIEMOM SHEPreTHMKH BO. BCEM MHPE
no uroraMm 2016 r BriepBbie NpPEBbICHIIA 2 THICSIYM rUraBart, 1ocTurayB 2 006 I' Bt
(8 2007 romy 6nu10 Beero 989 I'BT). 56% stoit Benmuunsl win 1 122 T'BT npuxo-
JUTCS Ha TUIPOIHEPTETUKY .

IIpupoct mommuocrert BUD 3a 2016 rox cocraBusn pexopansle 161 I'Br.
ConHeuHast »HEpreTvka BIEpBble OOOTHAja BETPOIHEPLETUKY IO MPHUPOCTY.
71 I'BT HoBBIX MouHOCTel 3adukcupoBana IRENA B colHeYHOU reHepauuu
u 51 I'Bt B Berpoanepreruke. [Ipupoct B ruaposnepretuke: 30 ruraBarr.

["o10BO# MPOIEHT pocTa BO30OHOBIISIEMON SHEPTETUKH B II€JIOM COCTaBHUII
8,7%, 4TO COOTBETCTBYET TpeHIy, oTMeuaemomy ¢ 2009 roma (poct Ha 8-9%
B rona). 58% HOBbIX MomHocTeld BUD npumnocs Ha A3uio, Te, KpOME TOro,
3auKcUpoBaH pocT Bhimie cpeaHero — 13,1% 3arox [3].

['pynmna unxkenepoB u3 HannonansHOM abopaTopuu 1Mo U3y4eHUIO BO300-
HoBisiemon sHeprun CIIIA (NREL), IIBeitniapckoro ueHTpa 3JIEKTPOHUKH
u mukporexHoiorun (CSEM) n ®enepasibHOM MOJUTEXHUYECKON MIKOIBI Jlo-
3aHHbl (EPFL) pa3pabortana cojiHeuHble MOAYJIM C MHOTONEPEXOIHON CTPYKTY-
pOii U PEKOPIHBIMHU MOKa3aTeasIMu PHEKTUBHOCTH. UTOOBI MTOOUTHCS MaKCH-
ManpHOro KII/I, ydyeHsle dKCHEPUMEHTUPOBAIM C KPEMHUEBBIMU MOAYJSIMHU U
PAa3IUYHBIMU ITOIYyHPOBOAHUKOBBIMU Marepuanamu III-V rpynmel. JIByxmepe-
XOJIHBIE COJIHEYHBIE ITAHENIM HA OCHOBE I€TEPOIEPXOTHOIO0 KPEMHUEBOTO MOJY-
JIsl 1 BEpXHEro MoayJis u3 apcenua raums (GaAs) npogemonctpupoBanu KIT
32,8%, noouB mpeapiayuii pekopa yuenoix. B 2016 rony sadpdexruBHOCTH CO-
craBisuia 29,8% 1ipu 1oxoxen crpykrype. MHKEHEpbl TakkKe CO3[ajlu TpexIe-
pexoanbie Moyiu co ciioeM dochuna ramus uaaus (GalnP) ¢ KIT/1 35,9% [4].

Kwraii. M3yudas Bonpoc nomucka HOBBIX TEXHOJIOTHM, PELIEHUN U IPOU3BOJI-
CTBAa COJIHEUHBIX MOJYJIEM M JPYTrUX KOMIIOHEHTOB COJHEYHON SHEPreTHKH,
a TaKke TEMIIbl pOCcTa BO30OOHOBIISIEMON SHEPreTUKU B CTpPaHE, MOXKHO CHEIaTh
OJIHO3HAYHBIN BBIBOJ, 4TO KuTail — ovH U3 nuaepoB B 3Toi cdepe. B pamkax
nporpammMsl Top Runner 2017 Kuraii muranupyeT noBBICUTH MOIIHOCTb COJTHEY-
HBIX YCTaHOBOK B cTpaHe Ha 8-10 I'Bt n HanaauTh MaccoBoe MPOU3BOJICTBO MO-
HOKPUCTAJNIMYECKUX COJTHEYHBIX MaHeneu ¢ BbicoknuM KII/I.

C o5TOl TEXHOJNOTMEW KWUTAWCKHE TPOU3BOAUTENMN COJIHEUHBIX IaHENIEH
CMOTYT NMPOU3BOAUTH Oosiee 3P (HEKTUBHBIE MOAYJIU 110 CHIXKEHHOMU 1IeHE, OTMe-
yaeT Reuters. [IponsBoaumeie B KHP MoHOKpuCTammyeckue MOayau yxke Io-
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YTU CPaBHSUIMUCh IO CTOMMOCTH C TOJIMKpUCTaUIMYeckumu. llepBbie cTosT
$0,319 3a Barr, a BTOpbie — $0,225 3a BatT [5].

MOHOKPUCTAININYECKUE MOJYJIM JIMIIb €11 OJUH ATall Ha MYTH Pa3BUTUS
TEXHOJIOTUH COJIHEUHOU 3HepreTuku. Crenyromas ctaaus IpeanoiaracT co3aa-
HUE JOJITOBEYHBIX U BBHICOKOA((PEKTUBHBIX MHOTOMEPEXOIHBIX MOIYJIEH, a TaK-
*e (OTORJIEMEHTOB Ha OCHOBE MEPOBCKUTA.

Pa3Butre BO300OHOBIISIEMBIX HCTOYHUKOB SHEPIUU MOJTAIKUBAET K pa3pa-
OO0TKE TEXHOJIOTUH aKKyMYJIMPOBaHHUsI, a T€, B CBOIO O4Yepeib, o0ecrneyar Aaib-
Hellee pacKpbiTHE MOTEHIMANIA «3€JIeHO0» dHeproreHepauu. Bo3zoOHoBiise-
MbI€ MCTOYHUKHU IHEPIUH, MPHU BCEX HX IMOJOXKUTEIbHBIX Kaue€CTBaX, B CBOEU
MPOU3BOAUTEIBHOCTH HEMOCTOSHHBI U MO3TOMY HEJIOCTATOYHO HAJEKHbI, YTO-
OBl CTaTh OCHOBHBIM SHEPrOTCHEPUPYIONIUM aKTUBOM CTAaOMIHHOM SHEProCH-
cTteMbl. UMEHHO MO3TOMY pa3BUTas CUCTEMA aKKyMYJHUPOBaHHS 0OECHEUYUT CO-
3laHue B OyIyIIeM «3elIeHOI», «yMHOI» dHEPrOCUCTEMBI — KaK TJI00aTbHOMH,
TaK U JIOKAJIbHOM.

[lonBona mpeaBapuUTENIbHBIE UTOTH Pa3BUTUS POCCHIMCKOM BO300HOBIIsIE-
Mo 3Hepretuku B 2017 rony, Anekceit Texcnep — nepBbiit 3amMectutenemM Mu-
HUCTpa dHepreTuku Poccurickor denepanuu, OTMETUI, YTO OTPACIH YAAIOCh
YAEPKATh XOPOUIYK) NTHHAMHUKY pOCTa — KOJMYECTBEHHOIO M KAayeCTBEHHOTIO.
3a nBa mpeapiaymux rojga B Poccum ObUIM MOCTPOEHBI M BBEICHBI MOPAJIKA
130 MBT 06bekToB BUD. 1o utoram 2017 roaa oxuaaercst 3aBepiieHue CTPo-
UTENbCTBA €€ CTONbKUX ke — 130 MBT COIHEUYHBIX U BETPOBBIX 3JIEKTPOCTAH-
uii. 70 MBT U3 HUX ye BBEJICHO B IKCILTyaTallUIo.

B cosHE4YHOU 3HEPreTHKE CETrOJIHs YK€ CO3JaHa ITOJHas MPOW3BOJICTBEH-
Has LIEN0YKa — OT HAYKU U MPOU3BOJICTBA COJHEUYHBIX MOMYJIEH 10 CTPOUTENb-
ctBa U 3kciuryarauuu COC. BaxHbIM COOBITHEM B 3TOM CBSI3M CTaja MOJEPHU-
3alMs 3aBOJia MO MPOU3BOCTBY COIHEYHBIX MOyJsiel B UyBalickoil peciy0inke
C yBenIu4YeHHeM ero MomuocTw 10 160 MBT B rog. 3¢ dekTuBHOCTH HOBBIX MO-
IyJIEW U MaHeJen, MPOU3BOAUMBIX IO OTEYECTBEHHOU IeTEPOCTPYKTYPHOM TEX-
Hosioruu — 6osee 20%, 4TO COOTBETCTBYET JIYUIIIUM MUPOBBIM 0Opa3uam [7].

B ropnopaoOGsiBaroniem cektope ucnoiab3yercs 11% Bceil MupoBoil 3HEp-
run. B cpemHeM, 3arpaThl Ha HEPrUI0 COCTaBIAIOT 15% OT 0011el CTOUMOCTH
npou3BojicTBa. [Ipu 1006kIYE METAIIOB ATOT MTOKa3aTesb Bo3pacTaeT A0 20-40%.

Ha tepputopun [lanbHero BocToka, mo JaHHBIM HH()OPMAIMOHHOIO
nopraina «/lanpHuii Boctok. Henpononb3zoBanue», Ha 1 aBrycra 2016 rona
3aurcupoBaHo 984 xKoMIlaHWU, CBS3aHHBIC C TOPHOJOOBIBAIOIIEH U TIEpepa-
OaThIBarOmICH ICATSIBHOCTHRIO [§].

BwMmecre ¢ Tem, Ha JlanibHeM BocTOke CKOHIIEHTPUPOBAH OTPOMHBIA SHEP-
reTu4eckuii moreHuuan. JlaneHuidi BOCTOK-3TO TakoW pEerMoH-Mapagokc. ITO
UCTOYHUK MHOTHX MpOOJIEM U OJHOBPEMEHHO TEPPUTOPHUSI C KOJIOCCAIbHBIM
MOTEHIIMAIOM Jisl pocTta. OrpOMHBIE PACCTOSIHUS, CYPOBBIN KIIMMAaT, HABOJIHE-
HUSI, OOBETIIAIOCTh OOIIeH MHPPACTPYKTYphI, a MOPONA M TMOJTHOE €€ OTCYT-
CTBHUE, MAJIOHACEJIIEHHOCTb.
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[TonpaBku Kk 3akoHY «O0 OXpaHe OKpyXarolleil cpeap» BBOIAT B 3aKO-
HOJATeNbCTBO PD MOHSITHE «IMApHUKOBBIE Ta3bl» U OO0A3bIBAIOT KOMIIAHUU
c Hayama 2018 roga oruuThiBaThCcd 00 ux BbIOpocax. Pa3paboTanHbIit
B MUHKOHOMHUKHM U HE MOJYUYHUBIIMU BO3pakeHUU MuHIpupo b, MuHIHED-
ro 1 MuH}purHa 3aKOHOMPOEKT MPOXOIUT (UHATBLHYIO CTAJUI0 COTJIACOBAHUS,
B TOM 4HCJie ¢ On3Hec-00beauHeHusMu [10].

[ToaBonst UTOTH, MOKHO C YBEPEHHOCTBIO CKa3aTh, YTO OJHUM M3 IJIAaBHBIX
PETHOHOB JUIsl Pa3BUTHUSI BO30OHOBIISIEMbIX HCTOYHUKOB dHEPIruu siBjsieTcst [lanb-
Huil Boctok. ITorennman BMD no 3aMelieHnto Ju3ebHON reHepaly MpOMBIIII-
JICHHBIX MOTpEOUTENEH, PACIOOKEHHBIX Ha yAaJCHHBIX Y4acTKaX M BHE CUCTEM
sHeproobecneueHus Jlanpaero Bocroka, upe3BbuaiiHo BenuK. EcTh Bce ocHOBA-
HUS T0J1araTh, YTO TeHepalys dHepruu Ha 6a3e BMD B Gmkaiiiime roasl OyaeT
BO MHOT'OM OMpEEsATh OOJUK SHEpreTuku J[arbHero BocToka.
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YK 620.91/98
SHEPI'OOBECIEYEHUE OCTPOBHBIX TEPPUTOPUI
APKTHYECKOMH 30HbI POCCUMCKOM ®EJEPAIIUA
HA MIPUMEPE ITOCEJIKA COJIOBEIIKUH
A.U. Kaneaw, H.P. Haymos, I[1.A. Mapbanuoviuies
CesepHnuiii (Apxmuueckuit) ghedepanvuwiii ynueepcumem um. M.B. Jlomonocosa

Annomayusa. B oannou cmamve paccmompena npobirema 3anepeoobecne-
yeHus: ocmposHvix meppumopuii Apkmuueckotu 30Hbl Poccutickoi @edepayuu.
lIpoananuzuposansl oevicmeyrowue cucmemuvl dHepeoobecnevenus Conoseyxux
0CMPOB0O8G C paCHemoM HA2PY30K HA NPOU3BOOCMBO DJIeKMPULECKOU U Menio8ol
9HepeUll, paccuumamnbl 8blOPOCHL 3a2PAIHAIOUUX BeUleCE 8 ammocgepy om Ou-
3e/1b-2eHePamoOpPHbIX YCMAHOBOK U 80002PEUHbIX KOML08. Bulagiena HeoOxoou-
MOCMb CHUMCEHUSI 8blOPOCO8 3acpsasHArouux eeujecms. OOHUM U3 B8APUAHMOB
peuleHuss npoodremvl A61emcs NpuMeHeHue AlbMEePHAMUBHBIX UCMOYHUKOS
SHepeUU.

BBenenue. HeoOXonuMoCTh yMEHBIICHHS BBIOPOCOB 3arpsi3HAIONIMX Be-
niecTB B atMocepy 3acrapiisieT oOpaTUTh BHUMAaHHME Ha TEKYIIYIO CUTYalUIO
B MUPOBOM 53HepreTudeckoil cucrteme. lIlepexosq oT uckomaeMoro TOIMIIMBA
K BO30OHOBJISIEMBIM HUCTOYHHMKAM dHepruu (BUD) sBasercs kirodeBoil crpate-
TMeH, HAIPaBJICHHOM HA COXPAHCHHUE KJIMMAaTa, 3allUTy OKPY>KAKOIIECH CpEeIbl.
B mupe nacuutsiBaercs 6osree 50 000 octpoBoB, Ha KOTOpbie mpuxoautcs 17%
oOme#t miomaau cymu [1]. B HacTosiee Bpemsi cymecTByeT psij mpoosiem, cBsi-
3aHHBIX C YHEPrOOOECICUCHNEM OCTPOBHBIX Tepputopuii. OcTpoBa, HAXO AT~
ecsl B yIaJICHUHU OT MaTepuKa, 4aCcTO 3aBUCSAT OT UMIOPTA UCKOMAEMOTO TOTLIH-
Ba, KOTOPOE OOBIYHO SIBJISIETCS] JJOPOTOCTOSIIIIAM M3-32 TPAHCIIOPTHBIX M3IEPIKEK.
Eme onHoil mpoOiemMoil SBISIOTCS KIMMAaTUYECKHE YCIOBUS, KOTOPbIE TaKXKe
YCIIOXKHSIOT IOCTaBKy ToruinBa. [1oaToMy yaaieHHbIE OCTpOBa 4acTo o0ecreyu-
BaIOT UJI€AJIbHBIE YCIIOBUA JUJISl TEXHUKO-3KOHOMHYECKOr0 OOOCHOBAaHMS CO3/a-
HUS HE3aBUCUMBIX DHEPreTHYECKHX CHUCTEM, OCHOBAaHHBIX Ha HCIOJIb30BAaHHUU
aJIbTEPHATUBHBIX UCTOUHUKOB dHEPIruu [2].

CytecTByeT psiji OIyOJMKOBAHHBIX pabOT MO PHEProoOECIeYeHHI0 OCTPOB-
HBIX TeppUTOpUil. B OCHOBHOM, 3TH pabOThI ONMUCHIBAIOT CHUCTEMY JJIEKTPOCHAO-
YKEHUSI TEPPUTOPUIA, HAXOMAIIMXCS B FOKHBIX pailOHaX, TJ€ Harpy3ka Ha MpOU3-
BOJICTBA TETUIOBOM SHEPTUU JIMOO OTCYTCTBYET, IMOO MMEET HEOOIBIIINE 3HAYCHUSI.

ManbpauBCKHE OCTpOBA IJISi YHEProoOeCreYeHusl UCIONb3YIOT AU3EIbHBIC
ANEKTPOCTAHIIUM, TOIUIMBO JUIsl KOTOPBIX JOCTaBJISIOT ¢ maTepuka. CoriacHo
[3], mOTEeHLHAa COJIHEYHOM, BETPOBOM SHEPTUU U 3HEPIUU OMoMacchl ManbauB-
CKHMX OCTpOBOB cocrtasiseT 9.51x10'! kBr/rox, 4To HaMHOrO GOJNIBIIE, YEM TO-
JI0OBOE MOTPeOIEHNE IHEPTUU OCTPOBAMH.

56



B [2] npoBeneHo KoMILIEKCHOE UCCeA0oBaHKEe ocTpoBa Ban-Aii, pacmnoso-
KEHHOTO K 3amajy oT ocTpoBa TaliBaHb, BKJIIOYArOUIEEe B ce0s pacdeT IHEPruH,
KOTOpast MOXKET ObITh MOJyUY€Ha 3a CYET BETpa, COJIHIIA, BOJH U OMOMAcCCHhI, pe-
HIeHHE NPoOJIeMbl HEOCTOSHCTBA BIPAOOTKHU SHEPTUU.

Kanapckue ocTpoBa Takke CUIBHO 3aBUCST OT IKCIOPTA HEPTENPOIYKTOB,
3a CHYET KOTOphIX BhIpabaThiBaeTcs 10 99% mnotpebisiemoil Ha OCTpOBaxX JHEP-
ruu. B [4] mpemnoxkena monenb, Onaromaps koTopod Kanapckuwe octpoBa
Kk 2050 rogy MoJHOCTHIO MEPEUIyT Ha CUCTEMY dHeproodecneyeHus, 6a3upyro-
IIYIOCS TOJIBKO Ha alIbTEPHATUBHBIX HCTOYHUKAX YHEPTUH.

B Poccuu Takxke CylmecTBYIOT yAAJIEHHbIE TEPPUTOPUHU, KOTOPBIE 3aBUCAT
OT MOCTaBOK TOIUIMBA ¢ Martepuka. [Ipumepom sBisaroTcs CoJlOBELIKME OCTPOBA,
Haxojsmuecs B Apkrudecko 3oHe Poccuiickoit denepanuu, Tiae Harpyska
Ha IPOU3BOJICTBO TEIUIOBOWM IHEPruM UMeeT OO0JNbIIOE 3HAYEHUE B BUIY CypO-
BbIX KJIIMMAaTHYECKUX YCIOBUHN. DTO IpyIia OCTPOBOB, HAXOSAIIASACS B CEBEPHOM
yactu OHexckoro 3anusa benoro mops. Ha ogHOM M3 OCTpOBOB apxurenara
HaxoauTcs nocenok COoMoBEIKHI, HACETIEHHE KOTOPOrO COCTaBiseT 898 yeno-
BeK. [Ipon3BOJCTBO TEIIOBOM U 3JIEKTPUYECKOW IHEPTrUU MPOMCXOAMUT HA JBYX
nu3enbHbIX  AnekTpocTaHiusax (TOC u  JADC), oCHAIIEHHBIX JU3Elb-
r€HEPaTOPHBIM YCTAaHOBKaMH M BOAOTPEHHBIMU KOTJIaMH. COOTBETCTBEHHO, OC-
HOBHBIM BHJIOM TOIUIMBA SABJISIETCS IM3€JIbHOE TOILTUBO, a TaKkKe OTpaboTaHHOE
Macio au3eneil. /luzenbHoe TOIUIMBO 3aBO3UTCS HA apxulienar 2 pas3a B roj
BO BpEMS JICTHEW U OCEHHEW MOPCKON HABHUTAIIUM.

[enpto maHHOW pabOTHI SBISETCS QHAIMA3 JACHCTBYIONMIEH CHCTEMBI YHEPro-
obecrieyennss CoJIOBEIIKUX OCTPOBOB € PacuyeToOM HArpy30K Ha IMPOU3BOJCTBO
AIIEKTPUYECKON M TETUIOBOM IHEPIHid, pacyeT BRIOPOCOB 3arpsi3HSIONINX BEIIECTB
B aTMOc(epy OT TU3€eIb-TreHEPATOPHBIX YCTAHOBOK U BOJIOTPEIHBIX KOTJIOB.

Marepuajbl 1 MeTOAbI HccaenoBaHuMsA. [IpoBegeHUE IHEPTETHUECKOTO
oOcienoBaHMs TEKyIIEW cucTeMbl sHeproodecrneueHus mnocenka CoJoBEeUKHi
IIPOBOJAWIIOCH aBTOPAMM IIyTeM Bble3na B noc. ColnoBEUKUI, OCMOTpA IEUCTBY-
ommx TOC u IIDC. PacyeT 3neKTpuYecKux 1 TEIIOBBIX HArPy30K MPOU3BOAUII-
Csl Ha OCHOBE JIaHHBIX BaXTEHHBIX YpPHAJIOB SHEProcHa0XKaroIeil opraHu3aluu
nocesika CoNOBEIKUIN 10 MOTPEOICHUIO TU3EIbHOIO TOIUIMBA U YCTAHOBIIEHHBIX
npuOOpOB yyeTa.

PacueT BHIOPOCOB B OKPYKAIONIYIO CPely 3arps3HSIONIMX BEIIECTB OT KOT-
J0B BojorperHbiXx «KBant» KBa-2,0 Obu1 mpom3BeieH ¢ MOMOIIBI0 METOIuYe-
ckoro mocooust [5] TOMCKOro MOJUTEXHUYECKOTO YHUBEPCHUTETA, HCIOJIb3Ys
nanueie, npenoctaBieHHbie OAO «ApxOO612HEpPro», Mo moTpedIeHHOMY KOT-
JaMU TU3€JIbHOMY TOILIUBY.

Jns  pacdera BBIOPOCOB 3arpsi3HSIIONIMX BEIIECTB [5] oOT Ju3enb-
reHepatopHbIX ycTaHoBOK (I'Y) Beuucisics o0beM MOTpeOJEHHOTO TOIIMBA
10 JTAHHBIM 00 AJIEKTPUYECKUX Harpy3kax, MPUBEICHHBIX B PYKOMHCHOM XYp-
Haje yuyeta padotsl AI'Y.

Pe3yabTatsl nccienoBanus. B pesynbrare ncciaeaoBaHus ObUIH MOTyYe-
Hbl JaHHble 00 nAJIEKTpUUECKUX Harpy3kax. CpemHsisi CyTO4YHash MOUIHOCTb
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B 3UMHUH niepuoj coctapisieT 1440 kBt, B netnuit — 721 kBt. ['ogoBoit rpaduk
Harpy3ok mnpuBeneH Ha puc. 1. I'padux geMOHCTpUpYET CHUKEHHE HArpy3Kd
B JIETHUI NEPHOJI MPAKTUYECKH B JIBA pa3a MO OTHOUIEHUIO K 3MMHUM MaKCUMY-
MaM, 4TO CBA3aHO C MOBBIIICHUEM TEMIIEPATYPbl BO3/lyXa U YBEIUYEHUEM MPO-
JOJKUTEIBHOCTH CBETOBOTO JHS, HO OTYACTU KOMIIEHCUPYETCS POCTOM SHEPTro-
noTpedaeHUs] 00BEKTOB TYPUCTUUECKOTO KOMITJIEKCA.
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Pucynoxk 1 — I'ogoBoii rpaduk 37eKTpUIECKON Harpy3KH C Iarom
B 1 mecsn 3a 2016 rog, kBt

Onpenenuth (HakTUYECKYIO BHIPAOOTKY TEIUIOBON SHEPTUU KOTJIAMU HEBO3-
MOJKHO, TaK Kak ycraHoBjeHHble Ha TOC mpuOopsl yueTa TEIIOBOM 3HEpruu
He pyHKImOoHNPYIOT. [loaTOMY pOM3BEACHHBIE PacYeThl U MOCTPOSHHBIN rpaduk
ObLTH cJieslaHbl HA OCHOBE JIaHHBIX O MOTPEOJIEHUH AU3EIbHOTO TOIJIMBA KOTJa-
mu. B Hactosiee Bpemst QyHKIuOHUpYeT cuctema ytwimzanuu Termna /'Y,
HO HE BEJETCS y4yeTa NMPOU3BEICHHOM TEIUIOBOM dHepruu. lIpunumas, uro cucre-
Ma yTWIM3alKUK rapaHTUpoBaHHO nokpeiBaeT 0,49 ['kan/d noiayyaem criemyromniye
JAHHBIE 10 TEIUIOBBIM HArpy3KaM II0CENKa, IIPEICTABICHHbBIE HA PUC. 2.
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Pucynok 2 — I'onoBo#i rpaduk TEII0BOM Harpy3KH, yUYUThIBAIOIINN
YTUJIM3alHUI0 AbIMOBBIX ra3oB 1Y, ['kan
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Ha ocHoBanum pacyera BBIOPOCOB B OKPYKAIOIIYIO CPEAy 3arps3HSIONINX
BeniecTB [5] ot kotnoB BoporpeitHbix «KBant» KBa-2,0 6511 mocTpoen rpaduk,
npeAcTaBieHHbId Ha puc. 3. Ha rpaduke npencraBieHo pacrpeseieHue mo Me-
csillaM BBIOPOCOB OKCHJA YIJIepoja, OKCHJIOB a30Ta B Nepepacyere Ha JUOKCHU]
a30Ta ¥ OKCHJIOB CEpHI B epepacyeTe Ha TUOKCU] CEPHI.

T/Mec.
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Pucynok 3 — I'onoBoii rpaduk BHIOPOCOB 3arps3HAIONIMX BELECTB
OT KOTJIOB BOJOTpeiHBIX «KBaHT»

PesynpTaTom pacyera BHIOPOCOB 3arpsi3HMIONIMX BELIECTB [5], Mpon3BOIu-
MBIX JU3€Nb-TeHEPAaTOPHBIMU YCTAHOBKAMHM, SBIsSETCS rpaduK, MpeicTaBiIcH-
HBII Ha puc. 4.
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Pucynok 4 — I'onoBoii rpaduk BIOPOCOB 3arps3Hsonux semects ot AI'Y

CyMMapHO€ TOJ0BOE€ KOJMYECTBO BBIOPOCOB 3arpsi3HAIOIIMX BELIECTB
(B TOHHAX) OT BOJAOTPEUHBIX KOTJOB U JU3EJIb-T€HEPATOPHBIX YCTAHOBOK MPE/I-
CTaBJICHO Ha pHC. 3.
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Pucynok 5 — CymmapHoe To10BO€ KOJIM4eCTBO BEIOPOCOB
3arps3HAIOLIMX BEIIECTB OT BoJOrpeiHbIx kKoTiaoB u AI'Y, 1/rox

BriBoabI

1. Ilpoananu3upoBana AelcCTBYMONIas cuctema 3HeproodecneueHuss Co-
JIOBEIIKMX OCTPOBOB, paCCUMTAHbl HATPY3KHU HA MPOMU3BOACTBO 3JIECKTPUUECKOMN
Y TEIUIOBOW DHEPTHUU.

2. Y[aleHHOCTh OT MaTe€pUKa M CIIOXKHbBIE KIMMATHYECKUE YCIIOBUS
3aTPYAHSIOT JIOCTaBKY JAM3EIBHOTO TOIUIMBA, 38 CYET KOTOPOTO 00ECIIeUnBaETCS
SHEpruen MocesokK.

3. BerenctBue CypoBBIX KIMMAaTHYECKUX YCIOBUM YBEJIMUMBAETCS DHEPTe-
TUYECKasl Harpy3Kka B 3UMHUU [TepUOJ BpEMEHH.

4. TlpousBeneH pacyeT BHIOPOCOB 3arps3HSIONIMX BEHIECTB B arMochepy
OT IU3€JIb-T€HEPATOPHBIX YCTAHOBOK U BOJIOIPEMHBIX KOTJIOB.

5. Heob6xouMo npeamnpuHUMAaTh MEPHI MO CHUXKEHHIO BBHIOPOCOB 3arpsi3-
HSIOTIUX BEIIECTB B aTMOChepy.

6. ComnoBenkue OCTPOBa HWMEIOT OOJBINIOW MOTEHIMAT K CO3JaHUIO
HE3aBUCUMOW SHEPreTUYECKOM CHUCTEMBbI, OCHOBAHHOW HA HWCIOJIb30BAHUH
aJbTEPHATUBHBIX UCTOYHUKOB SHEPTUU, YTO MO3BOJUIIO Obl COKPATUTH BHIOPO-
ChI 3arpsA3HSIONINX BEIIECTB.

7. JanpHelmue ucciaeqoBaHusi OyAyT HalpaBlICHbl HA YriayOJIEHHOE H3Y-
YeHUE BO3MOKHOCTH BHEAPEHHS AJIbTEPHATUBHBIX UCTOYHUKOB DHEPTUHU U CO-
CTaBJICHUS TEXHUKO-3KOHOMUYECKOT0 0OOCHOBAHMSI.

Cnmcok HCnoIb30BAHHBIX HCTOYHHKOB
1. Marin C, Alves LM, Zervos A., ‘100% RES-A challenge for island sus-
tainable  development. Instituto  Superior Techico’, http://issuu.com/
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2. Cheng-Dar Yue, Chung-Sheng Chen, Yu-Chen Lee, ‘Integration of op-
timal combinations of renewable energy sources into the energy supply of
Wang-An Island’, Renewable Energy, 86 (2016), 930-942.
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3. Jiahong Liu, Chao Mei, Hao Wang, Weiwei Shao, Chenyao Xiang, ‘Mu-
tual adaptability of renewable energy and water-supply systems in islands’, En-
ergy Procedia, 105 (2017). — Pp. 799-804.

4. Hans Christian Gils, Sonja Simon, ‘Carbon neutral archipelago — 100%
renewable energy supply for the Canary Islands’, Applied Energy, 188 (2017). —
Pp. 342-355.

5. Pacuer BBIOPOCOB 3arps3HSIONIMX BEIIECTB MPH CXKUTAHUHM TOIUIMBA
B KOTJIOarperarax KoTeidbHbIX: MeToauyeckoe MmocoOue Mo BBIMOJIHEHUIO TMpakK-
TUYECKUX 3aHATUHN 10 Kypcy «I[IpoMbllieHHas SKONOTHs Jsl CTY/ICHTOB: CIie-
nuanbHocTH 320700 «OxpaHa OKpyXkaroleld cpeabl U palOHAIbHOE KCIIO0Ib30-
BaHue mnpupoaHeix pecypcoB» / Coct. JL.U. bompaneroBa, B.T. Hosukos,
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VK 622.631.22
OBOCHOBAHUE MTAPAMETPOB CHUXKEHUSA 3ATNIBIJIEHHOCTU
ABTOJOPOTI YT'OJIBHOI'O PA3PE3A
A.M. Caghuna
Canxm-Ilemepbypeckuii 2opHblil YHUGEPCUNEM
e-mail: aza-safina@mail.ru

Annomayua. Yzonvuvie npeonpusamus. — UCMOYHUK KOMNIEKCHO20 Held-
MUBHO20 B030EUCMBUSL HA OKPYHCAIOWYI0-cpedy. Y20nbHas nNpoMblULIeHHOCMb 34-
2pA3HAEm ammocgepHblll 8030YX, B00HbIE 00BLEKMbL, HAPYULAem 3eMIU, AGIAemCs
UCTMOYHUKOM 00pA308aHUS 02POMHO20- KOAUYecmsea omxo008. 3a nocieouee Oe-
camuiemue nvlie2azosvie 8blOPOChl 8 AMMOCHepy Om Npeonpusmuil y2oabHOl
ompacau 803pociiu bonee uem 8 06a paza — ¢ 233 moic. m 00 549 muic. m.

HUccnedosanus, nposedennvie na baze bopoounckoeo paszpeza um. ll]laoosa,
nokazanu, umo Haubolee ocmpo npodlema 3anvlIeHHOCMU CIOUm Had agmooo-
po2ax, 0cobeHHO 6 JlemHUL nepuood pabomul. B3geuiennasn y2oivHas noulib npeo-
cmaensem OnacHoCmu 0l 300p08bs pabouux, Kpome mozo, OmpuyamenbHo
enusem Ha pabomy asmomoouell.

Knrwoueswle cnoea: yeonv, yeonvHulll paspes, nvlieobpazoganue, nwlieno-
oasnenue, Agmooopozu, YOelbHblll 8blOPOC NbLIU, KOHYEHMPAayusi NuLiu.

Pa3ButHe yroibHOW MNPOMBINIUIEHHOCTH OTPUILIATENBHO CKa3bIBAETCSA
Ha OKPYKAIOIIEe cpelie, KpOME ATOTr0 YIOJbHBIE pPa3pe3bl SIBISIOTCS UCTOYHU-
KOM 00pa3oBaHMs OTPOMHOIO KOJMYECTBA OTXOJIOB.

Exeronno Ha pa3pesax nepemeniaercsa B orBayibl 300-350 MITH. T. TOPHBIX
nopoA. YenbHBIM BHIOPOC 3arpsi3HSIONINX BEIIECTB MPEANPUITHIMU 1O TOObI-
Ye TOIUIMBHO-IHEPTreTHUECKUX MOJIE3HbIX McKomaembix B 2009 rogy cocraBui
OKOJIO 5 KT Ha TOHHY YIJIS.

3a mocneHee eCATUIIETUE TTBUIETa30BbIe BRIOPOCH B aTMOCheEpy OT Mpe/l-
NpUSATUN YrOJIbHOW OTpaciv BO3pociik Oosiee ueM B JiBa pa3a — ¢ 233 ThIC. T
10 549 Tteic. T. BeaeacTBue BhIBETPUBAHUS TOPHBIX MOPOJ, a TAKXKE MbLIeoOpa-
30BaHUsl W TBUICBBIICICHUS B BO3AYyX MomadacT OOJBIION CHEKTp 3arps3HsIo-
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IIMX BEIIECTB, IEPEHOC Ha OOJIBLIOE PACCTOSHUE JIEJAET XapaKTep 3arpsi3HEHUM
TpaHCrpaHUYHBIM. [Ipy 3TOM 3HAYUTEIHLHOE KOJWYECTBO BHIOPOCOB MBLIU MPO-
UCXOJUT OT TMPOLECCOB A0OBIUM, CKIAIUpPOBaHUs, OYypEHUs, B3pPbIBAHUS
U TPAHCIIOPTUPOBKHU YIJISI.

OcoOeHHOCTH OTpPabOTKH pa3pe30B OKa3bIBAIOT CYIECTBEHHOE BIIMSHUE
Ha crenu@UKy CTPOUTENBCTBA M IKCIUTyaTallMd TEXHOJOTMYECKUX aBTOIOPOT.
KapbepHble 10pOrn OTIIMYAKOTCS OT MaruCTPajbHbIX U aBTOAOPOT IPYTHX IMPO-
MBIIIJIEHHBIX TPEINPUATANA HEOONBIIUM CPOKOM CIY>KOBI U MPOTSHKEHHOCTHIO,
BBICOKMMH YAENbHBIMU HAarpy3kaMyd W 4YacTbIM H3MEHEHUEM Tpacchl. Kpome
3TOT0, OTJIMYUTEILHON 0COOCHHOCTBIO SIBIISIETCS OOJIbINAs TPY30HANPSIKEHHOCTD
Y UHTEHCUBHOCTD JIBUOKEHUSI.

[Tpute00pa3oBaHue Ha aBTOJOPOTrax MPOUCXOJUT BCIEJCTBUE BHICHITIAHUS
U3 Ky30Ba MOPOJIbl, YIJISl WJIM PYJibl, BHECEHHUS MbLIM KOJECaMU aBTOMAIIIHMH, 3a-
HOCa BETPOM C MPUJICTAIOIINX TEPPUTOPHUHN, U3HOCA MOKPHITUS U 1UH. Ha uH-
TEHCUBHOCTb MBUIEBBIJCICHUSI HA aBTOAOPOTaxX BJIMSIOT B OCHOBHOM (PU3HKO-
MEXaHUUYECKHE CBOMCTBA Marepualia MOKPBITHS, CKOPOCTh JABHXKEHHUs, Macca
Y TUIT aBTOMOOWUJISA, pa3MePhI JOPOTU U METEOPOJIOTHYECKUE YCIOBUSI.

Pe3ynbTaThl MCCIEAOBAaHUN TMOKA3bIBAIOT, UYTO 3albUICHHOCTh BO3/yXa
BOM3M aBTomopor coctasiser 0,5-103 kr/M°, MHTEHCUBHOCTD BHIIEIECHHUS MIBLIN
Ha goporax — 0,014 kr/c. JlucnepcHOCTh BUTAOIICH MbLIA YPE3BBIUYAHO BHICO-
kas: 90-98% mnpuMHOK nMmeroT paszmep meHee 10 mxm. U ABns0oTCS MOTEHIM-
JIbHO TTHEBMOKOHHUO300TIACHBIMH H3-3a COIEPKaHHUsI CBOOOIHOTO KpeMHe3eMa
B BUJIC KBaplia, KOJMYECTBO KoToporo gocturaet no 40-42%. Takas mbuUib
HAXOJUTCS B 30HE JBIXaHUSA KaK HITATHOTO pabodyero mepcoHana, Tak M Mpes-
craButeneit U'TP pazpesza. [Ipudem nnsg paOOTHUKOB pa3pe3a HE MpeaycMaTpH-
BaeTCs BblJaya CPEJICTB 3aIUThL OPTraHOB JIbIXaHUS, TOCKOIBKY KJIACC YCIOBUIMA
TpyZa 1o mnbiieBoMy ¢paktopy, corimacHo COYT, oTHOCHTCS K TOITYyCTUMOMY .

HccnenoBanms, TpoBEACHHBIC Ha 0aze bopomuHckoro paspesa um. Illamgo-
Ba, MOKa3ajd, YTo OpobsiemMa 3anblIEHHOCTH Ha aBTOJOPOrax CTOMT OCOOEHHO
OCTpPO B JICTHHI Iiepuoj paboThl. B3BerieHHas yronbHas MbUIb TPEACTaBISET
OMMACHOCTH JIJISl 310POBbS paboUYnX, KpOME TOr0, OTPHUIIATENILHO BIUSAET HAa pado-
Ty aBTOMOOMJICH.

[ToMUMO MHTEHCUBHOTO MbUICOOPA30BAaHUS U MBUIEBBIICICHUS OT Kapbep-
HBIX JIOPOT, Ha pa3pes3e uMeercs npoodiema, cBa3aHHas ¢ 3((PEKTUBHBIM YBIIaXK-
HEHHUEM U CBA3BIBAHUEM BBIACIISIIOLIEHCS TBLIH.

Ha cerogusiinuii 1eHb OpOILIEHHE KapbEePHBIX AOPOT MPOU3BOAUTCS OJJHUM
apromobunem «BEJIa3», 00beMOoM 75 M>, ¢ NpeACTaBIECHHONW CIpaBa OPOCH-
TEJIHHOW CHCTEMOH. A Takke B IEsIX 00€CTbUIMBAHUSA JOPOT UMEIOTCS 2 TOo-
’KapHbIe aBTOMAIIMHBI THIA «Ypaim» eMKOCThIo 13 M>. OpocuTenbHas cucTema
HA JTHUX THMAaX aBTOMOOWJIEH MpeCTaBlieHA MPUBAPECHHONW COOCTBEHHOPYYHO
TpyOO#l C TIPOCBEPJICHHBIMU B HEW OTBEpPCTUSMU. DPGHEKTHBHOCTH OPOIICHHUS
BOJOW B TaKMX CHCTEMAaX OCTAaBJISET JKEJaTh JY4YLIEro, MOCKOJbKY 3a CUET He-
OO0JIBIIOrO pasilyca U HU3KOTO JABJIEHUS PACIBUICHUS, & TAKXKE HU3-3a OBICTPOIO
BBICBIXaHUS IOPOTH YBIIAXKHSIETCS HU3KUI MPOIIEHT MbutH. KpoMe 3Toro, mosjvs-
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Ka aBTOMOOMJIBHOM JOPOTH BOAOW CBsI3aHa CO 3HAYUTEIbHBIMU 3aTpataMi. lpu
OJIMHAKOBBIX 3aTpaTax Ha TOIIMBO U, COOTBETCTBEHHO, OIUIATy TPY/a, B Pe3yib-
TaTe TMOJy4YaeM HEBBICOKYIO CTENEHb OPOIIEHHUS aBTOMOPOT paspesa. B mepmon
BBICOKHX TeMIIEpaTyp, CyXOro Bo3ayxa HEOOXOIUMOCTh OPOIICHUS yBEIHMYHBa-
eTCsl, YTO IPUBOJUT K YBEITMUCHHUIO 3aTpaT HA YBIAKHEHUE ITHLUTH.

Takum 00pa3omM, O UTOTaM HCCIEAOBAaHUI HA pa3pe3e C YYeTOoM IpoBe-
JIEHHOTO aHaju3a CYIIECTBYIOIIUX MEPONPUITHI MO MbUICTIOAABICHUIO ObLI
chOopMHUPOBaH Psijl TEXHOJOTHYECKUX TMPEUIOKEHUN MO YIYUIICHUIO a’dpoTeX-
HOTEHHOM CUTYallMM Ha aBTOJI0OpOTax pa3pesa:

* U3MEHEHUE KOHCTPYKTHUBHBIX OCOOEHHOCTEW IMOJIMBOYHBIX MAUIUH C Lie-
710 yBennueHUs 3((PEKTUBHOCTH PACIIBUICHHUS BOJIBI 32 CUET BBEIEHUS (HOpCy-
HOYHOTO pacHblICHMUS;

* TPUMEHEHUE OTOTHUTEIbHBIX BSDKYIIMX BEIIECTB JJisl CO3AAHMS IbLIe-
MOJIABJISIIOIIETO PacTBOpa, MMEIOIIEro OoJsiee JOITOBPEMEHHBIN XapakTep Iei-
CTBUSL: IJISl IOPOT IpeJjiaraeTcsl MpuMEHEHHe pacTBopa KapOOKCHMETHIIIEILITIO-
JI03bl WJIM €€ COJIeH, a Il YMEHBIICHUS MbIICO0Pa30BaHMsl U MPEAYIPEKICHUS
CaMOBO3TOPAHUS YTJIsl XJIOPUCTOTO KabIIHs;

* pa3paboTKa CHCTEM aBTOMATH3MPOBAHHOTO PACHBUICHNS BOJBI B 30HAX I10-
CTOSIHHBIX aBTOAOPOI Ha OCHOBE MPOKJIAJKUA CHUCTEMBI MOJMIPONUICHOBBIX W
PE3UHOBBIX TPYOOIPOBOIOB U (POPCYHOUHOTO PACHBUIEHUS B JIETHUN MEPHOI;

* IpPUMEHEHUE IOBAPEHHOM COJIM, KaK peareHTa, MNpeaynpeskKIaroero
CMep3aHKe BOJbI BHYTpHU Oaka MOJIMBOYHBIX MAIIMH B 3MMHUMN MEPUO/I.

Cnmcok ucnosib30BaHHbBIX HCTOYHUKOB
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HUMU, 1969. — C. 39-43.
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63
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YK 622
MOJIEJTUPOBAHME IMPOLIECCA B3AUMOJIEMCTBUSA
HAKOIIUTEJA DQHEPTUU C BETPOI'EHEPATOPOM
B.JI. Yepeunckuu, A.M. [llumens
benopycckuii nayuonanvuvlu mexuuueckuu ynugepcumem

MonenupoBaHue MPOIECCOB COBMECTHOW pabOThl HAKOMUTENEH M HCTOY-
HUKOB pacIpe/ie/IEHHON T'eHepaluy MPEACTABISIET HAYYHBIM MHTEPEC C TOUYKH
3peHusl ONTUMU3ALNU, KaK €MKOCTU HaKOMHUTENEH, TaK U PEKUMOB UX PaOOTHI.
B Hacrosmiee BpeMss aBTOHOMHBIE YHEPTrOCUCTEMBI TIOKA HE ITOIYYHIIN IIHPOKO-
ro pacnpoctpanenusi B Pecnyonuke benapycs. OnHako, B CBS3W C POCTOM Ta-
puQOB Ha IIEKTPUUYECKYIO U TETUIOBYIO SHEPTUIO M BO3POCIIMMHE TPYIHOCTSIMH,
CBA3aHHBIMM C IMOJKJIIOYEHUEM K SHEPrOCUCTEME HUCTOYHUKOB PacHpeeIeHHOM
reHepalnn, UHTEPEC K aBTOHOMHBIM SHEPTOCUCTEMAM PacTeT.

Jlist MozenupoBaHUsl CUCTEMBI «BETPOTEHEPATOP — HAKOMHUTENbY ObLia
co3JaHa (uznyuecKas MOJelb, COCTOSIIAS U3 BETPOI€HEPATOPa HA MOCTOSHHBIX
MarHuTax W HAKOMUTENsd HAa OCHOBE KHCJIOTHOTO aKKyMyJsiTOpa €MKOCTBIO
100 A*u. [Ipu 3TOM BeTporeHepaTtop Bpallajics NPUHYIUTEIBHO MPU MOMOIIU
AIEKTPUUYECKON JIPENu C peryupyeMol CKOpoCThio BpaieHus. Llenpio ¢pusu-
YECKOr0 MOJEIMPOBAHUSI CUCTEMBI «BETPOT€HEPATOpP — HAKOMUTENb» ObLIO
W3YYEHHE W3MEHEHHMs 3apsHON MOIIHOCTU JJISI HAKOMUTENS NPU W3MEHEHHUU
00OpOTOB BpallleHUs] BETPOT€HEPATOpa, a TAKXKe U3ydeHHEe U3MEHEHUs OTpeo-
J51€MOM MOILIHOCTH BETPOTLEHEPATOPOM TaK K€ MPU U3MEHEHUU YHUCia ero 00o-
pPOTOB, KaK Ha XOJIOCTOM X0y, TaK U MOJ HAarpy3KOM.

Berporenepatop camMOJeNbHOM KOHCTPYKLHMHM MPEACTaBIseT cCOOOM CHH-
XPOHHBIN Tpex(a3HbIil TeHEPATOP HA MOCTOSHHBIX MarHUTaxX C ABYMsI CEKIIUSIMU
CTaTOpPOB M OAHUM poTopoM. Ha kaxxoil cexuuum cratopa pacnonaraercsa 9 o06-
MOTOK 110 100 BUTKOB B KaXXJ0¥, HAMOTAHHBIX MEJIHBIM IPOBOJOM CEUECHUEM
0,75 mm>. BHEHUI BHI TeHEPATOpa MOKa3aH Ha puc. 1.

JunogHbie cGopkm e —

Pucynok 1 — Buemnuii Bug BeTporeHeparopa
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[TepemenHbIil TpexQa3Hblii TOK BHIIPSIMIIAETCS JUOJHBIMUA COOPKaMU C Iie-
CTBIO IMOJIaMH B KAXKJIOU.

AKKYMYJIATOP-
HAKOMNTeb
100A*q

/

Pucynok 2 — B3anMHoe pacrosioskeHre mpruOopoB Py UCCIIeT0BAaHUN

Ha xaxxayro cexumio cratopa paboTaeT oJjHa A0 JHas cOOpKa.

Jlnst mpoBenieHus MccieoBaHui OblTa coOpaHa cienyiouiasi cxema, moka-
3aHHas Ha puc. 2. O6OPOTH pOTOpPa BETPOTCHEPATOPA HU3MEPSUIUCH ITU(DPOBHIM
na3epHbIM TaxoMeTpoM Mapku DT-2234C". [TotpeOasieMblii TOK HU3MEpsIICS Te-
crepom mapku 114340. [TorpebasieMast MOIIHOCTh HAXOUIACH 1O (hopMyIIe:

P=U*I,

rae U — Hanpsixenue B B, [ — Tok B A.

[Ipu mpoBeneHUM UCCiIeA0BaHUN ObLTHA MOJYYEHBI TaHHBIC, HA OCHOBaHUU
KOTOPBIX OBLI MOCTPOECH COBMEIIECHHbIN IpaduK, MOKa3aHHBIN Ha pUC.3.

31ech MO BEPTUKAIBHOM OCH OTMEUYEHA MOIIHOCTH B BT, a 1o ropu3oH-
TaJbHON — 000POTHI BETPOKOJIeca B 00/MHH.

600

500

400

=—=Psal

300
== Panl

200 Pan3

100

Pucynok 3 — I'paduku m3MEHEHHSI MOIITHOCTH OT 00OPOTOB POTOpa BETPOTCHEpaTOpa:
Panl (cunwmit) — 3apsianas momHocTh (BT); Pan2 (kpacHslit) — MoiHOCTb, OTpebasiemast
JIpEIbIo MIpU paboTe BeTporeneparopa noxa Harpyskoi (Bt); Psaa3 (3enensiit) — MomHoCTb,
notpedisieMas Apelibio IpU X0JIOCTOM X0y BeTporeHepatopa (Br)
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U3 rpaduka BUIHO, YTO 3apsiAHBIA TOK pAacTeT HE Cpa3y C HAYAJIOM Bpallle-
HUS BETpoOKoJieca, a HaunHasg npumepHo ¢ 200 o6/mun. s Takux 0O60pOTOB
TpeOyeTcss MexaHuyeckass MomHocTh nopsaka 100 Br. Jlanee ¢ pocrom yucna
000pOTOB COOTBETCTBEHHO BO3pPACTAET KaK MOTpedisieMas BETPOreHEPATOPOM
MOIIHOCTh — P orp, TaK W 3apsiiHAsT MOIIHOCTb — Psapsy. COOTHOILIEHWE 3THX
MOIIHOCTEN OnpeAesaeT K.II.JI. BETpOreHeparopa:

= P3ap;m/ PHOTp-

[Tpu paboTe BeTporeHepaTOpoOB HEOOXOAUMO YUUTHIBATH HX OCOOCHHOCTH,
TaKHe Kak:

— JUtst 00ecCIieYeHUs MAKCUMAJILHOTO K.I1.Jl. BETPOKOJIeca CIeAYeT U3MEHSTh
YaCTOTY €r0 BpAIllEHUs B 3aBUCUMOCTH OT CKOPOCTH BETPa, COXPAHsIs MOCTOSH-
HBIM KOA(PHUIIMEHT OBICTPOXOAHOCTU Z, KOTOPBIM paBeH OTHOIICHUIO CKOPOCTH
KOHIIA JIONACTU K CKOPOCTH BeTpa (puc. 4):

Z=V1n/V;

Pucynox 4 — OcHOBHBIE TapaMeTpbl BETpo3HEproyctaHoBku (BOY)

— JUIs 3apSIKA HAKOTIUTENST HE0OXO0IMMa CKOPOCTh BpAIICHUSI BETPOKOJIC-
ca, MpEeBBINIAIONIee HEKOTOPOS MHHHMAIBHOE 3HAYCHWE, TIPH KOTOPOM Harps-
YKEHUE Ha BETPOTCHEpaTOpe MPEBHIIIACT HOMHUHAIBHOE HAMPSHKEHNE Ha aKKyMY-
astope-Hakonurene. B Hamewm ciaydae — 3to 200 00/MuH;

— ropasno 3¢ ¢deKTUBHEE YIPABISTH CKOPOCTHIO BpAIICHHUS BETPOKOJEca
yTeM M3MEHECHHsI BEJIMUMHBI IIYHTUPYIOIICH HArpy3KH, YeM MPUMEHEHUEM Me-
XaHUYECKUX CHCTEM. B HaimieM cirydae BO3MOXXHO TOJIKITIOYCHHUE 3aMBIKAFOIINX
KOHTaKTOB peJie K BBIBOJAAM «+» M «-» AUOIHON COOPKH, YTO MOJTHOCTHIO OCTa-
HOBUT BETPOKOJIECO. BO3MOXXHO TOAKIIOYEHHE NIYHTUPYIOIIMX EMKOCTEH
Ha Tpex(da3zHyro 0OMOTKY CTaTopa, Kak 9TO MOKa3aHo Ha puc. 5.
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Pucynok 5 — BapuaHT NOAK/IIOYEHHUS IIYHTHPYIOIIMX €MKOCTEH /1711 aBTOMATUYECKOTO
YIpaBJICHUS] CKOPOCTHIO BpallleHHUs] BETPOKoJIeca

MOXHO BBIJICIUTH CIEAYIONIYI0O OCOOCHHOCTh padOThl BETpPOreHepaTopa
B COCTaBe C HAarpy3KOil: C T1eJbI0 CHIDKEHUS EMKOCTH aKKyMYJISITOPOB-
HaKOMUTENIeH HEOOXOAMMO NPHMEHSTH COBMEIICHHE PA3MYHBIX HCTOYHHKOB
DHEPTUHM, TAaKWX KaK COJHEYHAas, BETpOBas, Au3elib-reHeparopHas u T.1. llpe-
UMYIIECTBAa THOPUIHON TeHEepaIy — 3TO, B MEPBYIO OYepelb MEHbIas He0OXO0-
JMMOCTh B HAKOIMUTEIISAX SHEPTHH. YTIpaBIeHNUE THOPUIHON CUCTEMOW OCHOBaHO
Ha MOJIepKaHUK dHEeprodaaHca:

PHan = PBeTp + PCOJ’IHC‘{H + PHaKOl‘II/IT>1< - PHOTepI/I-

*3mech, B 00meM ciydae, Puaonur, MOKET CIYKUTh KaK MCTOUYHUKOM SHEPTUU
JUIsl TOTpeOUTeNIs, TaK M HArpy3KOM Jiisi reHepatopoB. CxeMa ynpaBieHus ru-
OpUIIHON cCUCTEMOM C 00IIe# MMHOM HU3KOro HanpsbkeHus 12B mpencrasieHa
Ha puc. 6.

[ ] L‘,}la'r-un: T _|I
PV > AKRKYMyIATOP
[ o
vex 12 B
Beproremepa Brempsa- Ki K P 3 Lo
o 3 rtzeos pia —> o Harpyvaka
B

Pucynok 6 — Cxema yrnpaBieHHs] THOPUIHON CUCTEMOM C 001Iei IIMHON
HU3KOro HanpsbkeHus 12 B
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3nech M yIpaBi€HUS CUCTEMOM MOXHO 3aJaThCsl KOHTPOJIBHBIM I1apa-
METPOM — BEIMYMHON HANpSHKEHUS Ha KIEMMax aKKyMYyJsTOpa-HaKOMUTEIs
Utakomur, KOTOPAsl OMPEAEISAET CTENEHb €ro 3apsIKy.

[Ipu 5TOM 32 OCHOBHOI reHepaToOp MOKHO B35Th COJIHEUHYIO MaHENb, TOTAa
JOTIOJTHUTENbHBINA (BETPOBOM WIIM AU3EIb-T€HEPATOPHBIN) OyIeT MOIKII0YAThCS
B 3aBUCUMOCTH OT BENUYUHBI Unaxomur. IIpy cHIKEHUN Usnakomr HHIKE OIIpese-
JIEHHOTO TOPOTrOBOTO 3HAYEHUS, YTO MPEICTABISAET IJII CUCTEMBI aBapHIHBINI
PEXUM, TaTYMK HANIPSKEHUS 1a€T CUTHAJI HA OTKIIFOUEHUE HArPY3KH.

BoiBoabl. B pesynbrare ¢pu3nueckoro MOAEIMPOBAHUS CUCTEMbI CO3JaH-
HOM CHCTEMBI «BETPOTECHEPATOP-HAKOIUTEbY» TOJYy4YeHbl Tpa@UKU COOTHOIIIE-
HUS OTPEOIIIEMO BETpOreHepaTOpOM MOIIIHOCTH Ha pa3HbIX 000pOTax, Kak Ha
XOJIOCTOM XOJYy, TaK U MOJ HArpy3Kou, KOTOpOH sBJsICA Hakonutens. M3 rpa-
(UKOB BHIHO, YTO 3apsiiHAs MOIIHOCTb PACTET HE Cpa3y C HAYaJIOM PACKPYTKH
BeTporeneparopa, a HaunHas ¢ 200 06/mMuH. CooTHOIIEHHE MOTPEOIIIEeMOil U 3a-
PAIHON MOIIHOCTH ONPENENsIoT K.I.J. BeTporeHeparopa. [IpenmyiiecTBo ru-
OpUIHON reHepalu COCTOMT B MEHbIIEH MOTPeOHOCTH B HAKOMUTENSX SHEp-
run. Ousnyeckoe MOAECIMPOBAHUE ONMPEAESITUIIO TIOAXO0AbI K YIIPaBICHUIO aBTO-
HOMHON THUOPUJHON TeHEepaTOPHOM CHUCTEMOM, COCTosIerd u3 (POTOIIEKT-
pUYECKON CHUCTEMBbl M BETpOTE€HEepaTopa, padoTarolleld Ha IIMHBI HU3KOTO
HaNpsDKeHUs, & UMEHHO: YIpaBJieHUE 3aKII0YaeTcs B MepBOOYEpeqHOM padoTe
(OTORIEKTPUUECKON CUCTEMBI U BTOPUYHOM TMOJKIIOUEHUHU BETPOreHEpaTopa.
CUrHajmoM Takoro NEPEKIIOUYEHUS [O0JKHA CIYXKUT BEIMYMHA HANpsHKEHUs
Ha aKKyMYJISITOpE-HaKOIUTEIIE.

YK 662.8.05
MNOUCK CITIOCOBOB YTUJIN3ALIUUA 30JIbHBIX OTXOJA0B TIAC
HA ITPUMEPE CJAHIE3OJIbHBIX OTXOA0B
M.IO. Hazapenxo, H K. Konopawesa, C.H. Carmvixosa
Canxm-Ilemepoypeckuii 2opHblil yHUSepCUmMem
E-mail: max.nazarenko@mail.ru, natalia.kondrasheva@mail.ru,

ssn_S8@mail.ru

Annomawun. B oannou pabome paccmampuearomcs 6asicHvie npooiemvl
UCNONL308AHUSL MBEPO020 HUSKOCOPIMHO20 Yele8000POOH020 Cbipbs OJisl MEeno-
8bIX | DNEKMPOCMAHYUL, A UMEHHO CHUMNCEHUE OMPUYAMenbHO20 6030eliCmEUs.
npu ux nepepabomke HA OKPYICAIOWYIO cpedy U paspabomrka KOMNAEKCHbIX
U PAYUOHATILHBIX MEXHONO02ULL UX NepepabomKu.

Knroueewvie cnosa: 3onvHvlie omxoovl, meniod1eKmpoCmanyuu, Ymuiusa-
Yus OmMx0008, payUuoHaIbHOe NPUPOOONOIb308AHUE, 2OPIOYUEe CIAHYbI.

B nacrosiee Bpemsi IpOMCXOIUT MOCTOSHHBIA POCT SHEPronoTpedIeHus
YMEHBILIEHNE N3BECTHBIX 3a1acOB JIETKOW HE(TH, yBEIIMYEHUE CEPHUCTOCTH U 00-
BoJHEHOCTH He(Tu. B pe3ynbprare dero, OOJBIIMHCTBO CTPAaH CTPEMSTCS JUBEP-
CU(HUIHUPOBATH CTPYKTYPY CBOEH SHEPreTUKU, Pa3BHUBATh MECTHBIE HH3KOCOPT-
HbI€ BUJIbI TOIUIMBA, HAIIPUMeEp, Oypble yIiM Uiu roproune cianisl [1-7]. I'nas-
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HOU TpoOseMoill mepepadOTKH TAaKOro BHUAA CHIPhS, HANPHUMEP, OypBIX Yriiei
Y TOPIOYUX CJAHIIEB, SBJISIETCS 00pa3oBaHUE OOJIBIIOTO KOJIUYECTBA 30JIbHBIX OT-
XOJIOB, JIJIsl XpaHEHUSI KOTOPBIX HEOOXOIUMO BBIJEISATh OIPOMHBIE TEPPUTOPHUHU.
YuuthiBas T0, 4TO Ha Kaxbie 50 ThIC. T. 30JIbHBIX OTXO0B, CKIAJUPYEMbBIX B OT-
Bajiax, 3aTpauuBaercs 15-20 muH. pyOnelt B rojl Ha SKOHOMUYECKHUE ILIATEXKH,
TO MOJIOKEHHUE C OTXOJIaMU CTAHOBHUTCSA HE TOJIBKO AKOJIOIMYECKOH, HO U DKOHO-
Mu4eckoi npobiemoi. Mcnonb30BaHre 307161 B CTPOUTEIBHON U CEIbCKOXO035H-
CTBEHHOW MPOMBIIIEHHOCTH TOJHOCTBIO HE pemniaer mpodiemMy oOpa3oBaHMS
OO0JIBIIIOTO KOJMYECTBA JAHHBIX OTXOAOB, TaK Kak OOJbIIAs 4acTh MPOJOIKACT
CKJIAAUPOBATHCS B OTBAJIAX.

[Tockonbky Poccust umeer 60bIre Mo 00beMy MECTOPOKICHHS TOPIOUNX
cianneB: [Ipubantuiickuii (10246,7 muH. 1.), Tumano-Ileqopckuii (4888 mutH.
T.), Beraeroackuii (58105,8 muH. T.), Bommkckuit (25822,4 miH. T.), OneHEKCKHUI
(380000 mmH. T.) U 1p. OGaccelHbl, MO KOJIMYECTBY KOTOPBHIX €€ OMepeKaroT
tonbko CIIA u bpasunus o0bekToM uccienoBanus B JaHHOK paboTe Oblia BbI-
OpaHa claHileBas 30Jla U UCXOJISl U3 BBIIIE CKa3aHHOIO, Ledb JAHHON paboThl —
MOUCK CIMOCOOOB YTHJIM3ALUM CIIAHIIEBOM 30JIbl, TP KOTOPBIX 30Ji1a OyJIET sB-
JISITCS CHIPbEBBIM 00bEKTOM MHOT'OIICJIEBOTO Ha3HAUEHUSI.

Panee B padotax [7-9], ObLIM M3yYEHBI COCTaBbI CIAHIIEBON 30JIbI, PE3YJIb-
TaThl MMOKA3aJIM SKCIEPUMEHTAJIbHBIX UCCIEAOBAHUH MO ONpPEACICHUI0 XUMUYe-
CKOT'O COCTaBa 30JIbl MOKA3aJIM, YTO IMOYTH BCE 3JIEMEHTHI CIAHIIEBOM 30J1bI TIPH-
CYTCTBYIOT B BU€ okcuJ0B: Si02, Al20O3, CaO, Fe2Os3, MgO. B Hebob1110M KO-
JUYECTBE MPHUCYTCTBYIOT TaKXke Takue »diemMeHThl, kak Pb (316.9 ppm),
Cr(420,3 ppm), Ni(511,9 ppm), Cu (271,6 ppm), Zn (407,7 ppm),
Zr (596.0 ppm). IIpoanann3upoBaB MOJYYEHHbIH XUMUYECKHI COCTaB ClaHIE-
BOM 30J1bI, CAEJIAH BBIBOJI, YTO OJiarofapsi OOJBIIOMY COJEPKAaHUIO CIIEAYIOIINX
okcusio: CaO, Si0;, Fe 03, SiO2,; MgO, Al,O3 u Ap. cnaHUEBYIO 301y MOXKHO
UCIIOJIb30BaTh B Kau€CTBE MPUPOIHBIX MUHEPAIBbHBIX COPOEHTOB JJISI OYUCTKU
BOJIbI OT OpraHWYecKUX 3arpssHutesiei (HedTu u HePTENPOAYKTOB) U B Kade-
cTBe (hirocyromiei 100aBKU JIJIsl MOJyYeHUsI TAKUX METAJNIOB, KaK MeJlb, HUKEJb
U KOOaJIbT B METAJLTYPIUH.

B pa6ore [10] mommcaHo HUCIOIb30BaHUE CIAHIIEBOM 30JbI B Ka4yeCTBE
IPUPOAHOr0 COPOIIMOHHOIO MaTepuaia JUisi OYMCTKH BOJBI OT OPraHUYECKUX
3arpsgauteniel (Hedtu u HedTenpoaykToB). B tabmuiie 1 mokazaHbl moJydeH-
HbIC 3HAYCHUSI COPOIMOHHONW €MKOCTH CIIAHIIEBOW 30JIbI 110 OTHOIIEHUIO K pa3-
JUYHBIM 3arpsI3HUTENSAM € Pa3JIMYHON IJIOTHOCTBIO U BSI3KOCThIO. [lomydueHHbIe
JAHHBIE TOBOPSIT O BHICOKOH () (PEKTUBHOCTH MCIIOIH30BAHUS 30JIbHOTO MAaTEPH-
ajia 1711 OYMCTKH BOJABI OT OPTaHUYECKUX 3arpsi3HUTENEH.
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Tabmnma 1

CopOLUOHHAs €EMKOCTh Pa3IMYHBIX MaTEPHUAIIOB, MII/CM’

[Tpupoansiii copoeHT, dhpakius 1-2 MM
Martepuai Hecox Lleosmut ['oproune | CnanneBast
CJIAHIIbI 30I1a
Celpas jerkas HedTh 0,39-0,48 | 0,52-0,79 | 0,67-0,74 | 1,07-1,23
E:g‘ffa" BRICOROBIBRAL 1 078-0,85 | 0,86-0,94 | 0,86-0,94 | 1,89-2,01
Tsokenpiit razoiabs KK 0,70-0,78 | 0,85-0,99 | 0,87-0,93 | 1,76-1,99
Jlerkmii razoins KK 0,32-0,40 | 0,64-0,82 | 0,64-0,74 | 1,52-1,61
Jl3eapHOE TOILIHBO 0,37-0,42 | 0,47-0,51 | 0,53-0,69 | 1,06-1,16

dmrocyrornue Matepualbl ((IrCh) — 3TO MaTepUallbl, B3aUMOJCHCTBYIOIIHE
B 00XUTe C IIIMHUCTBIMU MUHEpAJIaMU ¢ 00pa3oBaHreM 0osiee JIErKOMIaBKUX CO-
enuHeHuil. [ToaToMy BBelIeHHE B COCTaB MacChl (MIIFOCYIONIUX MaTepHaIOB yIIy4-
[IaeT CTENEHb CIICKaHUsI U CHIDKAET TeMmreparypy oOxkura. B kadectse drocy-
IOIIMX MAaTEepUaIOB HCIIOJIB3YIOTCS Pa3JIMUHbIC BEIIECTBA, HANPUMEp, IOJICBbIC
mmaTel. OHM OBIBAIOT CJICAYIONIETO BU/A: KAIMEBBIN MOJIEBOM mmaT (OpTOKIa3) —
K>0-ALO3:-6S10;, Hatpuessblil oneBoit mmar (ansouT) — NaO-AlO3-6S10;, us-
BeCTKOBBIN moneBoi mmar (aHoptut) — Ca0:AlO3-2S10.. Wcnons3oBanue 10-
agomuta (CaCO3-MgCOs) u Tambka (4S510-3Mg0O-H,0) Takke oka3bIBaeT IMOJIO-
KUTEIIbHOE BIMSHUS Ha MPOIECC TUIABKH, TaK, HapuMep, J00aBKa Tajbka B (a-
STHCOBYIO MacCy MpenoTBpamaeT oOpa3oBaHUE TPEUIMH B TJIa3ypHOM CJIO€ —
«TIeKa» — ¥ TIOBBIIIIACT TEPMOCTONKOCTb.

B pabote [10] nana orieHKa MCIOJB30BAHUS CJIIAHIICBOM 30JIbI B KAUECTBE
dmrocyroniet 100aBKy il MOTYYCHUST MEU, KOOaIbTa U HUKEIS U3 OKCUIHBIX
U cynb(puaHbIX coenuHeHHM. [1o pe3ynbpraraM 3KCIepuMEHTATBHBIX HCCIIE0Ba-
HUN OBUIO YCTAHOBJICHO, YTO 3a CUET OKCHJIOB KaJIbIIUS, KPEMHHUSI, aTFOMUHUS
W KeJle3a B CIIaHIEBOW 30Jie, MOHIKAETCS TeMIlepaTrypa Ipoliecca MoJTydeHHUs
METAJIJIOB M KaK CJICACTBUE CHIIKAIOTCS PacXoJibl Ha JIEKTPOIHepruro. B cnan-
IIEBOM 30JI€ YK€ cofiepKaTcs (IIOCYIOIIME MaTepHalibl, 32 CUET Yero JOCTUTa-
eTCsl IKOHOMHSI CPEJICTB UIYIINX, Ha MpuoOpeTeHne (QIroCyomux 100aBoK.

OCHOBHOE TTPEUMYIIECTBO UCIIOJIB30BAHUS 30JbHBIX OTXOJOB MEPEpadOTKU
TOPIOYNX CITAHIIEB B paCCMAaTPHUBAEMBIX MPOIECCaX OYUCTKHA BOABI OT OpraHHYe-
CKHX 3arps3HEHUH WIA B KadecTBe ()IFOCOB B METAJLUTypTrHYE€CKON MPOMBIIIICH-
HOCTH, SIBJISIETCS TO, YTO 30J1a HEe TPeOyeT MOMOJHUTENBHBIX 3aTpaT Ha €€ M3ro-
TOBJICHHE, TaK KaK OHA YK€ SBISICTCS OTXOA0M MEePepadOTKH U €€ UCTIOIb30BaHUE
B Ka4E€CTBE CHIPHEBOTO MaTepHaa MO3BOJIUT MOBBICUTH d()(PEKTUBHOCTD UCTIONb-
30BaHUs HU3KOCOPTHBIX BUOB YTIIEBOJIOPOIOB TSI TOTYYCHHSI DJICKTPOIHEPTHH.
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VK 628.543.1
OBPABOTKA OCAJIKA CTOYHBIX BO/Jl HA COOPYXEHMUSAX
C HU3KUMU PECYPCO- U1 DHEPI'O3ATPATAMHU
B.3. bnaoscyx, B.H. Anygpues, O.U. Poovkun
benopycckuii hayuonanvuvly mexuuuecku ynusepcumen

B nHacrosimee Bpemss B Pecnybnmuke benapych skcruryatupyercs Ooliee
200 coopy>keHui OMOIOTHYECKON OYUCTKU TOPOJICKUX CTOYHBIX BOJ Pa3IMYHOM
MIPOU3BOUTEILHOCTH, & UX CyMMapHas MOIIHOCTh B OJFKaiield mepcreKTuBe
OyJzieT ToJIbKO Bo3pacTarh. OHON U3 HauboJee CIOXKHBIX MPOOJIEM, CBA3aHHBIX
¢ GyHKIIMOHUPOBAHUEM OYHCTHBIX COOPYKEHHUH, SBISICTCS yIpaBiieHHEe oOpa-
3YIOIMUMHUCS OCaJKaMH, KOTOPBIE SBISIOTCS OJHUM W3 BHJIOB KPYyIMHOTOHHAX-
HbIX 0TX0J10B. Exxeronno B Pecnybnuke benapyck oOpasyercs 6onee 50 Thic.
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TOHH OCaJKOB CTOYHBIX BOJI B II€pECUETE HA CyXO€ BEIIECTBO, T.€. 0€3 ydera
BIaXHOCTH. COOTBETCTBEHHO Macca U O0BEMBI 00pa3yIOLIErocsl BIAXXHOTO
ocaJika HAMHOT'O BBILIE U B CPEIHEM COCTABIISIIOT OKOJO 0,7 MIJIH. TOHH B TOJ.
Takum 00pa3om, 0CaJKh CTOYHBIX BOJ| SIBJISIFOTCS OJTHUM M3 HamboJjiee pacupo-
CTPAHEHHBIX OTXO0JI0B, 00bEM KOTOPBIX NPOAOIKAET YBEINUUBATHCS.

B Hacrosmee BpeMs OCagkM CKIAIUPYIOTCS WA HEMOCPEACTBEHHO
Ha OYMCTHBIX COOPYKEHMUSAX WIM Ha CIEUHUAIBHO BBIICJICHHBIX IUIOMIAIKAX, KO-
TOpPBIE SBIAIOTCS UCTOYHMKOM JIOJITOCPOYHOTO BO3ACHCTBHS HA MOYBY M BEpX-
HUE TOPU30HTHI MOA3EMHBIX BOJI, IJIaBHBIM 00pa3oM CBS3aHHOTO C 3arps3HEHU-
€M CONpEeNeNbHBIX Cpell OMOTCHHBIMHU DJIEMEHTAMH U TKEIBIMH METaJIaMH.
MHorue npeanpusaTus BOJIONPOBOJAHO-KaHATU3ALMOHHOTO XO35MCTBa B HACTO-
sA1ee BpeMsi UMEIOT MPOoOJIeMbl ¢ MOTyUYeHUEeM HOBBIX TUIOMIAIOK IS pa3Melie-
HUS OCAJIKOB CTOYHBIX BOJ, B TE€X CIydasiX, KOT/1a €MKOCTb UMEIOIIMXCS UIIOBBIX
IpyJ0B UCUEpIIaHa.

Pa3zmMenienre u JOATOBPEMEHHOE XpaHEHHWE OCaJKa Ha WIOBBIX IIOLIAJIKAX
i PeciyOonuku benapych BecbMa pacnpoCTpaHE€HHBbIM CHOCOOOM YTHIIM3ALUU
JaXe JUIsl KpyIHBIX OYMCTHBIX coopykeHui. IIpum stom paeiicrByromme THITA
(TKIT 45-4.01-202-2010) orpannuuBaro 00JaCTh MPUMEHEHUS WIOBBIX IUIONIAI0K
IPOM3BOIUTENLHOCTEIO  OYMCTHBIX — COOpYKeHui He Oomee 25000 m3/cyr.
J1J11 OYUCTHBIX COOPYKEHUH OOJIbIIEeH MPOU3BOAUTENHHOCTHIO JOKHBI MPUME-
HSTBCSI COOPY>KEHUsI MEXaHUUECKOTro 00e3BOMKHBaHUsI ocajika. Kak u3BecTHO, Oc-
HOBHBIM HarpaBJIeHHEM Tpu 00pabOTKe OCaKa SBISETCS MaKCUMalIbHOE YMEHb-
meHue ero o0bEMa 3a CYeT YMEHBIICHHS €r0 BIAXHOCTH. Tak MpU CHIDKEHUH
BJIQXHOCTH ocanka ¢ 99,4% (M30bITOYHBIM WJI W3 BTOPHUYHBIX OTCTOMHHUKOB)
70 65% (ocafok Mociie MEXaHMYECKOro OOE3BOYKMBAHUS WM BbIICPKUBAHUS
10-15 nmeT Ha WIOBBIX IUIOMIANIKaX) 00beM ocajka ymeHbImaercs B 10 pas. lams-
Heillee CHIKEHUE BIaXHOCTH 10 10% MoxkeT qocturarses Cymkoi. Makcumalb-
HO BO3MOYKHOE COKpaIleHUE 00beMa 0cajiKka MOXKET OBbITh TOIY4EHO MPH €r0 CHKU-
TaHWUU C MOJTyYE€HUEM 30JIbl KaKk KOHEUHOro npoaykra. [Ipu atom croumocTts 00pa-
OOTKM OcajiKa B CiIy4yae MPUMEHEHHS BbICOKOTEXHOJIIOTMYHBIX METOI0B 00Pa0OTKH
0CajiKa, KOTOpbIE MO3BOJISIFOT CHU3UTh C BIAKHOCTh U COOTBETCTBEHHO 00BbEM 00-
pabaThIBAEMOr0 OCaJKa XapaKTEPU3YIOTCS PE3KUM POCTOM B CPAaBHEHUM DKCTEH-
CUBHBIMU MeTofamu (00e3BOKMBAHME Ha WJIOBBIX ILUIOMIAJKax). Tak, Hampumep,
CTOMMOCTbH KalUTAJbHBIX BJIOKEHUM Ha COOPYKEHHSI MEXaHUYECKOTO 00E3BOKHU-
BaHUS € UCTIOJIH30BAHUEM JICHTOUHBIX (PHIIBTP-TIPECCOB BAPBUPYIOTCS B MpeIenax
80-250 Teicsu EBpo B 3aBUCHMOCTH OT MPOU3BOJAUTEIHLHOCTH OOOpPYIOBAHMSL.
Jlannoe o0opymoBaHKe XapakTepusyercs: snepromnorpediaeaneM okono 20-30 kBt
y Ha 1 T cyxoro BemecTBa ocanka. [Ipu atom Tpebyercst 4—12 Kr cnenuaibHOro
pearenta (IOKKyJIsiHTa Ha 1 T cyxoro BemiecTBa ocajka. [IpumeHneHne mMeTooB
JOTIOTHUTENHLHOM 00pabOTKU, TAKOW KaK CyIIIKa U CKUTaHUE JIearoT Mmpoiecc 00-
paleHus ¢ ocaakoM emie Oonee 3arpatHbIM. [Ipu CXUTaHUM CTOMMOCTH MHBECTH-
i yxe pocruraet ypoBHs 20-40 muummonoB EBpo. U ecnu a1 KpynHBIX OYHCT-
HBIX COOPYXEHHI TAKHE TEXHOJOTUH SIBJISIOTCS MPUEMIIEMBbIMU H3-3a OOJBILIOTO
o0beMa 00pabaThiBa€MOro 0Cajka, TO VISl OYMCTHBIX COOPYKEHHM HEOObIIION
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U CpEeIHEH MTPOM3BOAUTEIBHOCTH Tpo0IeMa 00pabOTKM OCaKa SBISICTCS] aKTyallb-
HOM B YaCTH TEXHUYECKUX PELICHHI, KOTOPBIE TP COOTBETCTBYIOIIEM YPOBHE Ca-
HUTAPHOMN U SKOJIOTUYECKON OE30MaCHOCTH XapaKTEPU30BAIUCH Obl TPUEMIIEMBIMU
TEXHUKO-2KOHOMHUYECKUMH MMOKA3ATEIISIMU.

B sTOM miaHe mpencTaBise€T ONPENEIICHHBIA WHTEPEC 3aMEHA WIIOBBIX
MJIOMIAJI0OK TPAAUIIMOHHBIX KOHCTPYKIUM HAa TPYHTOBO-PACTUTEIbHBIC TIIOMIA]-
KM MpeTHa3HAYCHHBIX JJIs1 00paOOTKH OCaIKOB.

IIpocTtoTa ycTpoiicTBa TPyHTOBO-PACTUTEIBHBIX IUIOIMIAJAOK OMNpPEACIsSET
uXx 23 (HEKTUBHOCTH ISl OUUCTKU CTOYHBIX BOJ HEOOJBIINX HACEICHHBIX IyHK-
TOB W K HactosimeMy BpeMeHu B PecnyOnuke benmapychk mocTpoeH psi coopy-
xenuit Takoro tuna. B THITA Pecnybnuku benapych BHECEHBI TIOIOXKEHHS pe-
IJIaMEHTUPYIOIINE OCHOBHBIE MIPAaBUIIA IPOCKTUPOBAHUS TAKUX COOPYKECHUH.

['pyHTOBO-pacTUTEIbHBIE IUIONMIAJKKA MPEIHAa3HAYEHHBIX sl 00paboTKU
OCaJIKOB MMEIOT OIPEJICIICHHBIE OCOOCHHOCTH U TPEOYIOT MPOBEIACHUS CIICIIH-
AJbHBIX HMCCIENOBAaHUM MO AJaNTallMM TEXHUYECKUX PEUICHUM K KIuMaTuye-
ckuM ycioBusaM PecnyOnuku benapych u pa3zpaboTke yCOBEpIIEHCTBOBAHHBIX
KOHCTPYKILIMI TaKUX COOPYKEHUH.

TunuyHasg KOHCTPYKIHMS COOPYKEHUS MTpUBEJICHA Ha puc. 1.

Ha nomanky ocamok mogaeTcs Ha MOBEPXHOCTh TWIOMAJIKY 10 pacupee-
JUTEIBLHON cucTeMe TPpyOOnpoBoI0B. B ciioe 3arpy3ku ¢ pacTeHUSIMU MPOUCXO-
JTUT 00€3BOKMBAHMUE OCAJIKa 32 CUET TPAHCHHUpPAIIUM, UCTIAPEHUS U €r0 YacThY-
Hasg MuHepanuzaius. [IpodunbTpoBaBimiascs Bojga coOOHMpaeTcs IpPeHaKHBIMU
TpyOOIIpOBOAAMH, YIOKCHHBIMH B HIDKHEH YacTH 3arpy3KH M OTBOAMUTCS 00-
pAaTHO HA OYKMCTHBIE COOPYKEHUS.

H.0 TpaHCAHPANAH H AcHapeHne

0, Bemrmumus ‘ MER e ES P AU $rifdeg i) -

—

Ofe3B0:XHEAHHE H
| MEHEpATHIALHA
OpraHm9ecKoro
BEMECTBA oCagKa

PrIsTp

Ocamor

Bo3epart mIoBoi
BOJBI

Pucynok 1 — Cxema uioBoii rpyHTOBO-paCTUTENbHBIE MIOLIAAKU
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s mpenoTBpalieHus NpocauyruBaHusl UIOBOW BOJ B HUXKEJEKAIIHUE CIOU
TpyHTa (QUIBTPYIOIIAs 3arpy3ka pa3MelIaeTcs HaJl CJI0eM THAPOU3OJISIIHH
U3 TOJIMMEPHOM TJICHKU TaKUM 00pa3oM B OTJIWYKE OT TPAAUIIMOHHBIX HJIOBBIX
IJIOMIAJ0K OTCYTCTBYET (PuiabTpalusi B TPYHT WJIOBOHM BOJIbI, MPO(UIHTPOBAB-
HIeUCs Yepes 3arpysKy.

OTnenpHBIM TEPCIEKTUBHBIM HAIMPABICHUEM SIBJIIETCS HCIIOJIb30BaHUE
HA WIOBBIX IPYHTOBO-PACTUTEIBHBIX IUIOIIAJI0K BMECTO MAaKpO(PUTOB (KaMblll,
TPOCTHUK U T.J.) OBICTPOPACTYLIUX IAPEBECHBIX KYJbTYp, HApuUMep, UBbL. Ta-
KOU MOJXO/JT TO3BOJISIET UCITOJIB30BATh OPTaHUYECKUE BEIIECTBA OCAKA CTOYHBIX
BOJI KaK pecypc s MOTy4YeHUs: OMOTOIINBA. Y POXKAWHOCTh TIPH BO3/IENIBIBAHUH
obicTpopacTymiel uBbl B benapycu coctaBmiia ot 7 10 12 TOHH cyxOii ApeBecH-
HBI B TOJ] Ha pa3HbIX BUAaX IpyHTOB [2]. Takum oOpazoM, paccMaTpuBaeMoe
NPEJIOKEHUE MOXKET MO3BOJIUThH MOIYUYUTh TEXHUUECKOE pPelIeHue obecredu-
BAIONIEE YTUIIU3AIMIO 0CAJIKa CTOYHBIX BOJ C HU3KUMU 3aTpaTaMyd U MUHUMAJIb-
HBIM SHEPronoTpeOJCHUEM KOTOPOE IMO3BOJISIET JOHOJHUTEIHHO TMOIYYUTh
SHEPropecypc B BUJE APEBECHOIO OMOTOILIUBA.

Cnmcok UCnoIb30BAHHBIX HCTOYHHKOB
1. Sludge Treatment Reed Beds. @ OaekrtpoHHBIE  pecypc
http://waterandcarbon.com.au/technology/sludge-treatment-reed-beds/ mara no-
crymna 15.10.17.
2. Pogpxun O.U. TIpon3BOoACTBO BO3OOHOBIISIEMOTO TOIUIMBA B arpapHbIX
napmmadTax: ASKOJOTHUYECKHE W TEXHOJOTMYECKHE acCIeKThl: MoHorpadwms/
Ponbkun O.U. — MH.: MI'DY um. A Jl. Caxaposa, 2011. - 212 c.

VK 622.418
PAHOHUPOBAHUE I'OPHOJOBBIBAIOIIINX PETUOHOB
POCCHUHU 1O 3ATPATAM HA PEI'YJIUPOBAHUE
TEINJIOBOI'O PEXKUMA B PYJTHUKE
J.B. Hukonaesa, A.A. Haymos
Canxm-Ilemepoypeckuii I 'opHwlii yHusepcumem
e-mail: nikolaeva.dasha@inbox.ru

Annomauua. Pazpaboman Kpumeputi OyeHKU IHep2OnompeOneHus cucmem
KOHOUYUOHUPOBAHUSI PYOHUUHO20 6030YXd, KOMOpPbl N036074em 000CHOBAHHO
npoB8oOUMb 8b100P CNOCOO08 U CPEOCME CHUINCEHUS IHEPLEMUUECKUX U IKOHOMU-
YecKux 3ampam Ha pe2yiuposanue meniogozo pexcuma. Ilpoeedeno paiionuposa-
HUe OCHOBHBIX 2OPHO000ObIBAOWUX pe2uoHoe Poccuu no nonyuennomy Kpumepuro.
B yenom, pesynomamor uccieoosanusi no3eonsom eblOUpams pecuoHbl, 20e KO-
HOMUSL SHEp2emU4ecKUx pecypcos nymem papabomku u 6HeOpeHus HO8bIX CHOCO-
0086 u cpedcme pe2yIuposanusl Meni08020 PeXCUMA s811emcs Haubonee aKmyaisb-
HbIM U NePCNEeKMUBHBIM, KaK 8 MeXHOL02UYECKOM, MAK U 8 9KOHOMUYUECKOM NaHe.

Knioueevie cnosa: mennogoii pexcum, KOHOUYUOHUPOBAHUE B030VXA, KPU-
meputi, 3HepeonompebieHue, Waxmsl, pyOHUKU, PAUOHUPOBAHUe.

74



Bonpmas dacte ropHOAOOBIBarOmIMX mnpeanpusituii Poccum nHaxonmsarcs
B CyOapKTUUECKOM T0sice, B OOJAaCTU KOHTMHEHTAIBHOTO U  PE3KO-
KOHTHUHEHTAJIBHOTO KJIMMaTa, 4TO 00YCIaBJIMBAET JOMOJHUTEIIBHOE MOTpeodie-
HUE DHEPrUU Ha PETryJUPOBAHUE TEIIOBOTO PEKHUMA, KOTOPOE 3aBUCHUT OT JJIH-
TEJBHOCTH XOJIOJHOTO IIEPUO/IA FO/a, KOTIa TeMIeparypa Bo3ayxa ke +2 °C.

Bormnpocamu perynnpoBaHus TEILUIOBOTO PeXHUMa IIaxXT U pyaHUKOB CeBepa
3aHUMAJIUCh MHOTHE Yy4eHble TopHble-Teropusuku: Janpkun FO.Jl., Yaban
[1.A., 3umbensbopa A.®., lllepcto B.A., IllyBanos 10.B., Kazakos b.I1., I'an-
kud A.®., u np. [1, 2, 3,4, 5, 6, 7]. Imu o00cHOBaHBI M pa3pabOTaHbl pa3IAYHBIC
CIOCOOBI U CPEeNICTBA ISl PETYIMPOBAHUS TEIJIOBOTO PEKUMA MAXT U PYTHUKOB.
MOXHO KOHCTaTUPOBATh, YTO HAKOIUIEH JOCTATOYHBIA HAYYHBIM U MHXKEHEPHBIN
MOTEHIMAN [0 NPOESKTUPOBAHUIO Y BHEAPEHUIO SHEPIeTHUYECKU U SKOHOMUYECKH
3((EKTUBHBIX CIIOCOOOB PErYIMPOBAHUS TEIJIOBOIO PEKMMA IIAXT U PYIHUKOB.
OpnHako B HACTOALIUHN MEPUOM, TPUMEHEHUE MOJOOHBIX CUCTEM, HE HOCUT 00s13a-
TEJIBHOTO XapaKTepa U CKOpee SBISIETCS UCKITIOUEHUE, YEM MPABUIIOM.

[lenbro naHHOUM pabOTHI SABISETCS ONMpe/esieHne TOPHOI00BIBAIOIIUX Pe-
THOHOB, JIJISI KOTOPBIX MCIOJIb30BAHUE ONTUMAJIBHBIX PEKUMOB pEryjiupoBa-
HUSI TEIJIOBOTO PEeXUMa IIaXT UM PYJIHUKOB, C HUCIOJb30BAaHHEM «Oe33Hepre-
TUYECKUX» CUCTEM HauboJiee aKTyalbHO.

[To pe3ynbTaTam MpoBEACHHBIX PAcUue€TOB OBIJIO MPOBEACHO PaliOHUPOBA-
HUE TOPHOJOOBIBaOIIMX peruoHoB Poccuu mo pa3zpaboTaHHOMY KPHUTEPHUIO
OIIEHKHU YHEPTOMOTPEOICHUS.

Cnenan BbIBOJ, B Kakux peruoHax Poccuiickoit denepanuu npuMeHEeHUE
«O€39HEePreTHYECKNX» CUCTEM TIPU  PETyJUPOBAHUU TEIUIOBOTO peXUMa
HanboJiee aKTyaJbHO.

CnMcoR HCIO0JIb30BAHHBIX HCTOYHHKOB

1. Aanpkun O /1. u ap. TerioBoil pexuM pyaHbIX, YTOJBHBIX U POCCHITHBIX
maxt Cesepa. / YO . Janpkun, A.®. 3misbepoopa, I1.J]. Yaban. M.: 1U3n-Bo
«Hayka», 1968. — 172 c.

2. Hanekun FO.JL., TlyBanoB FO.B., Tumodeerckuit }0.C. ['opuas Terio-
¢usuka. PeryaupoBanue TEIJIOBOrO pexuMa maxT u pyaHukos. JI.: Uzn. JIT'U,
1976. - 159 c.

3. KazakoB Bb.I1. PecypcocOeperatorniyie TeXHOJIOTUU YIIPaBICHUS KIUMAaTH-
YeCKMMH IapameTpaMu pyIHUKOB: Ha npumepe KanuiiHbIX pyAHUKOB. [uc. n-pa
TexH. HayK: — [lepms, 2001. — 315 c.

4. OconoeB M.T., IllepcroB B.A. K skonomuueckoit oreHke 3¢ GheKTUBHO-
CTH peryJupoBaHus TerioBoro pexxuma maxt Cesepa / Uccnenosanus no ¢pusu-
KO-TexHu4eckum npobiemam Cesepa. — Axytck, 1974. — C. 11-14.

5. ankun A.®. TermnoBoi pexxuM Moa3eMHbIX coopyxkenuid Cesepa. — Ho-
BocuOupck: BO Hayka, 2000. — 305 c.

6. 'ankua A.®D. I'OpHOTEXHUYECKHE CUCTEMBI PETYIMPOBAHUS TEIUIOBOIO
pexxuma // I'opHast npombinuieHHOCTb. — Ne 3, 2008. — C.14-17.
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7. Tankua A.®., XoxonoB F0.A. Temmoakkymymupyromme BoIPAOOTKH. —
Hosocubupck: BO «Haykay», Cubupckas nuznatensckas ¢pupma, 1992, — 133 c.

8. I'yneima H.B., T'ankun A.®. OmnpeneneHue pucKa NPOU3BOJICTBEHHO-
00yCIJIOBJIEHHBIX MPOCTYIHBIX 3a00JieBaHUN ropHopabouux. — Hepxens Hayku
CIIOI'TIY: maTepuanbl HAyYHO-IIPAKTUYECKOW KOH(PEPEHLIUU C MEXKIYHAPOIHBIM
ydyactueM. HHCTUTYT BOEHHO-TEXHUYECKOro o00pa3oBaHus U 0€30MacHOCTH
CIIOI'TIY. — CI16: U3n-Bo IlomurexH. yH-Ta, 2014. — C 73-75.

9. 'op6yno H.M. Teopust u mpakTHKa a’pOJOTUU TOPHBIX MPEANPUATUIN /
Vueb. mocobue. — Anmuesck: JII’'MU, 2003. — 116 c.

10. IlerpaukoBa H.M., Xopxopauna E.M., I'ankun A.®. AHanu3 cpeacts
MH/IMBUYaIbHOMN 3allIUThl OPraHOB ABIXaHUS JUIs paOOThl B 3MMHUX YCIOBUSX. —
Henens waykm CIIOITIY: wmarepuanbl Hay4dyHO-TIPAKTUYECKOW KOH(MEPEHIINH
C MEXXIYHAPOJIHBIM ydacTUeM. HCTUTYT BOEHHO-TEXHHUYECKOIO 0Opa3oBaHUs U
oe3onacHoctu CIIOI'TTY. — CI16: U3a-Bo IlonutexH. yH-Ta, 2014. — C 99-102.

11. Crpoutensubiii HopMbl M npaBuna: CHull 23-01-99. Crpoutenbhas
kiaumarosorus. — M., 2003.

12. Ctpourensubiii HopMbl U nipaBuia: CaHIInH — 2.2.4.548-96 T'uruenuye-
CKue TpeOOBaHUs K MUKPOKIIMMATY IPOU3BOJICTBEHHBIX TOMeeHn. — M., 1996.

YK 541
ONNPEJAEJIEHUE KOJIMYECTBEHHOI'O U KAYECTBEHHOI'O
COCTABA HE®TSIHBIX ®PAKLUI C TEMIIEPATYPOM
KHITEHUS 40-140°C B BOJAE METOJI0M TBEPJJO®A3HOM
MUKPOIKCTPAKIUU (SPME)
A.C. Ilanacweun, A.U. Tepan, B.H. Anygpues, C.B. [ pucopwes, T.B. Curuna
benopycckuii nayuonanvuei mexuuueckuu ynugepcumem

Annomauun. B cmamve paccmompern memoo onpeoeieHusi KOIu4eCmeeH-
HO20 U KA4eCmeeHH020. COCMAB8a He@mMAHLIX Ppakyuil ¢ memnepamypou Kune-
nusa 40-160°C 6 so0e. memooom meepooghaznoti muxposxcmpaxyuu. Ipunyun
Memooa OCHOBAH HA COPOYUU AHATUZUPYEMO20 KOMNOHEHMA U3 B0OHBIX 00bEK-
MO8 COPpOYUOHHBIM MAMEPUATIOM (ROTUOUMEMUICUTIOKCAH). [lanee npu mepmo-
decopbyuu 8 ucnapumeine 2a308020 Xpomamozpaga u aHaIu3upyemsvlic. KOMno-
HeHm onpeoesnu no CmaHoapmuol npoyeoype ¢ UCNOIb308AHUEM NIAMEHHO-
UOHUBAYUOHHO20 0emeKmopa.

B pe3ynomame psoa usmepenuii 8 pabome noKa3aHa NPUHYUNUATLHAS 803-
MOJNCHOCMb UCHONB308AHUSL  PACCMAMPUBAEMO20 Memooda OJisi OnpeoeieHusl
HegmenpooyKkmoa pa3iuyHo20 cOCmasa 8 600OHbIX CPeoax.

Kntouesvie cnoea: nepmsanoe 3acpsasHenue, Heghmenpooykmvl, 2a308as
xXpomamoepagust, meepoohaznas MUKpOIKCMpPaKyusi.

Brenenmne. [Ipu sxcrutyaTaium oObEKTOB SHEPTETUKU OJHOW M3 paclpocTpa-
HEHHBIX MPOOJIEM SIBIISIETCSI COPOC B BOJHBIE OOBEKTHI CTOUYHBIX BOJ, COJIEPIKAIIAX
HedTenmpoayKThl. KpoMe TOro, MOCTYIUIEHHE B BOJIHBIE OOBEKT HE(DTEMPOMTYKTOB
COTPSDKEHO C aBapUsIMU U JPYTMMH HEIITaTHBIMU CUTYaIlUsIMU Ha OOBEKTaX dHEp-
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TEeTUKU U TpaHCIopTa. B 3TUX ciayuasx 3arps3HEHUsS HOCST AEJIOKATM30BaHHBIN
XapakTep U MOTYT pacCIpOCTPaHIThCS Ha OOoJbIIMe riomanu [1].

B Hacrosimee Bpems Juisl onpezesieHuss HepTenpoIyKTOB B BOJAX pasiiny-
HOTO IPOUCXOKJEHHUS IIUPOKO HCIMOIb3YIOT METOJ TBEpAO(}a3HON MHKPOIKC-
tpakiuu (Solid Phase Microextraction — SPME) [1-2]. OTnunuutensHO# uepToit
ATOr0 METOJa SIBJISIETCS COBMEIIEHUE B OJIHOM YCTPOWCTBE CUCTEMBI MPOOOOT-
6opa u BBOJa NpoOkl B Xxpomartorpad [2]. [IpoBeneHHbIe SKCIEPUMEHTHI MMOKa-
3alld, YTO METOJ TBEpJAO(Pa3HONH MHUKPOIKCTPAKIUU JIUIIEH psia HEeOCTaTKOB,
IPUCYIIUX CYHIECTBYIOIIMM METOJUKAM. DTO METO]I TPOOOMOArOTOBKH B KOTO-
POM HCKJIIOUYEHO MCIOJIb30BaHUE OPraHUYECKUX PACTBOPUTEINIEH B KAUECTBE IKC-
TpareHToB. OH TaK)Xe XapaKTepU3yeTcsl IPOCTOTOM U IKCIPECCHOCThIO, 0COOEH-
HO TPU aHAJIN3€ BOJHBIX MaTPUILI.

PaccmarpuBaeMblii METO/ TaK)Ke YAOBJIETBOPSIET TPEOOBAaHUIO K METOIU-
KaM KoHTpouist HedrenpoaykToB B Boae CanlluH 10-124 Pb 99, cornacHo koto-
pomy B ciydae npesbimeHus [1/IK Heo6xoaqumMo onpenesasTh He TOJBKO KOJIHYe-
CTBEHHBIM, HO ¥ KQUECTBEHHBIN COCTaB HE(YTETPOIYKTOB B BOJIE.

B ocHoBe mMeTona JIKUT UCIONb30BAHUE MUKPOKOJIMYECTBA SKCTPAKLIMOHHON
(asbl, KaK MpaBuiIo, MeHee | MKII. DKCTpaKIIMOHHOM (ha30ii MOKET TBEP/IbIi COPOEHT,
00JIaIat0IINI PA3BUTOM IOPUCTON CTPYKTYPOH SISl YBEIIMICHUS a7ICOPOITHH.

Takum oOpa3zoMmM, MeTOJ H3MEPEHHS OCHOBaH Ha KOJIMYECTBEHHOM
Y KQUECTBEHHOM OIIPEJICJICHUH aHAJIU3UPYEeMbIX KOMIIOHEHTOB METOJOM TIa30-
BOM XpomaTtorpaduu ¢ MPeaBaApPUTEIbHBIM KOHIEHTPUPOBAHUEM MPOOBI METO-
oM TBepaodaznoit mukposkcTpakiuu (SPME). Ananus npoBoauTCst Ha KOJIOH-
K€ C HEMOJISIPHON HEMOABMKHOU (DA30M.

Bo3moskHocTH MeToma TBep1oha3HOM MUKPOIKCTPAKIIUU HUILTIOCTPUPYIOT-
Csl Ha IpUMepe onpeaeeHusT He(TEPOIyKTOB B BOJHBIX CpeIax.

Metoauka. BeimoiHeHHEe H3MEpEeHUT METOIOM TBepAOo(a3HON MUKPOIKC-
tpakuu (SPME) ocymiecTBisnoch Ha Ta30KUAKOCTHRIX XpoMaTorpadax cepuu
«IBet» n «Xpomacy, OCHAIEHHBIX MJIaMEHHO-UOHU3AIMOHHBIMU JAETEKTOPAMHU
C MCMOJIb30BAaHUEM JIBYX KOJOHOYHOU CXEMBI.

Xpomatorpapuueckas koiaoHka Nel 1j1si KOJIMYECTBEHHOI'O OINpPEIECIICHHUS:
Marepuan — CcTekio; anuHa 30 M; BHyTpeHHuu auametp 0,6-0,65 mm; Heno-
nBwkHas (aza — nomuaumetuiacuiaokcan (SE 30), 3¢dbdexkTUBHOCTh KOJOHKH
He menee 30000 t1. mo toayony npu 170°C npousoactea HIT OZ1O «JIroxam».

Xpomatorpadudeckas KoJoHKa Ne2 1jisi KaueCTBEHHOTO OTPECIICHHs: Ma-
TepUall = CcTekJio; JaruHa 60 M; BHyTpeHHu nuametp 0,4-0,45 MM; HEOABHXK-
Has (aza — nomuaumetmwicuiokcan (SE 30), ahpexkTuBHOCTD KOJIOHKU HE MEHEE
150000 TT. o Tonmyouy ipu 170°C, nmpouzBoactea HIT OO «JTrokam».

Ha mepBoii KOJIOHKE OMpeesii KOJIMYeCTBO HE(TENPOAYKTOB B Mpoode,
IIpU 3TOM HIDKHUU mpezien ooHapyxenus coctasisin 0,064 mr/a. [lpu conepxa-
HUM HePTenpoayKkToB Beime 1,0 Mr/m HEOOXOAMMO MPOBOAUTH KAa4€CTBEHHOE
onpeaeneHue Thuna HeQTenpoayKTa, KOTOPOE MPOBOAST HA KOJIOHKE 2.

VYerporictBo st TBepAoda3HOM MUKPOIKCTPAKIMU, CHAOXKEHHOE JKC-
TPAKIMOHHOW HUTBHIO, MOKPBITON CJIO0EM MOJHAUMETHICHUIOKCAHA TOJIIUHOM
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100 mxm, mpousBoacTBa Gupmsl "Supelco". [locne sxcTpakunu HEDTETPOTYK-
TOB M3 MPOOBI YCTPONUCTBO BBOJAT B UCIIAPUTEIb XpomaTorpada, rae Ipoucxo-
JUT TePMOJIecOpOLIHs HePTENPOIyKTA.

PacTBOpel ¢ U3BECTHBIM KAauE€CTBEHHBIM U KOJHWYECTBEHHBIM COCTaBOM
HeTEeNnpoyKTOB B MpoO€ TOTOBWJIM Ha OCHOBE BOJIONIPOBOIHOM BOJLI. B BOAY,
XUMHUUYECKHI COCTAaB KOTOPOW MPUBEJAEH HUKE, IOMENIATN PACYETHOE KOJIMYe-
CTBO cMecH He(TENPOIYKTOB.

Xumuueckuii coctaB Bomsl: pH — 7.46; Na™ — 7,38 mr/m; K" — 1,27 mr/m;
NH;" — 0,21 mr/m; Ca?* — 43,4 mr/m; Mg?" — 4,9 mr/m; CI' — 29,11 mr/i; SO> —
41,2 mr/m; NO5™ — 2,03 mr/m; NOy — menee 0,1 mr/m; HCOs™ — 167,0 mr/ir; COs> —
HeoOH. Br — 0,12 mr/i; F- — 0,1 mr/m; SiOz — 11,44 mr/it; oOmast )kecTkocTh 2,65 Mr-
9KB/JI; KapOOHATHAs )KECTKOCTh 2,49 MI-2KB/II.

B kauecTBe MOjenbHOM cMecu HE(PTENPOYKTOB UCIOIB30BAIM MACTIOPTH-
3oBanHble Ppakiun ¢pupmsel FLUKA: nerponeiinsiii 3gup temmepaTtypa Kurie-
nus 40-60 °C, nurpoun temneparypa kunenus 60-100 °C, Gensun remMneparypa
kunenus 65-100 °C, Gensun Temneparypa kunenns 80-110 °C, Gensun temie-
patypa kunenus 100-140 °C. Knaccudukanus XMMUIECKOM YUCTOTHI BCEX pe-
aKTUBOB — 4.]1..

['panynpoBOUYHYIO XapaKTEPUCTHUKY, BBIPAKAIOUIYIO 3aBUCUMOCTH ILJIOIIA-
nel xpomatorpaduyecKux MUKOB OIpeAesieMbiX HE(TENpoayKTOB OT UX CO-
JIep’KaHusl B TPaJyMpOBOYHON MpoOe yCTaHABIMBAIMU IO S5 pacTBOpaM pas3iiny-
HOW KOHIIeHTparuu. VX roToBWIM U3 CMECH HEPTEPOYKTOB, aTUKBOTY, KOTO-
pPBIX PACTBOpSAJM B alleTOHE, Jajnee pa3baBieHHWEM B BOJAE JOCTHraju
cieayromero coaepxkanus HedrenpoaykToB B mpode 0,053; 0,525; 1,05; 1,575;
2,625 mr/i, coorBeTcTBeHHO 0T 0,5 Mo 26 TTK.

Kaxnywo rpamyupoBounyto mpoOy xpomarorpadupoBaiv 5 pa3, HauuHas
C CaMOMl HU3KOM KOHIICHTPALUMK ONPEIEIIIEMBIX KOMIIOHEHTOB. Y CJIOBHS IPOBE-
JICHUS aHaJIN3a U IPayUupOBKHU IIpUBEICHbI B Tabule 1.

Ta6nuna 1

Yci10BUS IPOBEICHUS aHATTN3a U TPATyUPOBKH
Iloka3arteJb 3HaveHue
TemnepaTtypa TepMocrara KoJOHKH, °C 200
Temneparypa ucnaputens, °C 270
Temneparypa nerekropa, °C 250
CyMMapHbIi pacxo]] ra3a-HOCUTENs, CM>/MHH 35
KoadhdummenT nenenus nmotoka Ha BXOJe 15
B KOJIOHKY

Pacxoj ra3oB 111 HOHM3AIIMOHHO-IIJIAMEHHOIO
JETEKTOPA, CM>/MUH:
BOJAOPOA 30
BO3/yX 300
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Pe3yabTaTsl 1 ux o0cy:xkaenue. [Ipu onpeaeneHnn KOJIMUYECTBEHHOTO CO-
nepaHusl He(TEIPOAYKTOB B BOJIE MCIIOJIB30BAM METOJI a0COIIOTHOM Kaiuo-
poBku. Konnenrtpauuo vedrenponaykros B Boge (C, mr/am’) onpenensiu no
dbopmyie (1). st 5TOro UCnonb3yloT cpeHee apupMeTuuecKoe mionaiaei mnm-
KOB, MTOJIyYEHHBIX IpH 00pabOTKE HE MEHEe 2 XPOMATOIPAMM.

C,-=H,-/a, (1)

rae H;— cymma 1uiomaaeu nukos;
a — K03(OUITMEHT PErpeccuu, KOTOPHIA OMPEICISUIN MPOIecCe TPayupoOB-
KH.
3a pe3yJbTaT WCIBITAHHUS MPUHUMAIOT cpeHee apu(METHIECKOe Pe3yiib-
TaTOB aHAJIN3a JBYX MapalIeIbHBIX TIPOO.
[TonyueHnHble XpoMaTOrpaMMbl IIOKa3aHbl HA puc. 1-2.

6215 mv ? ‘\1

1 2 3 4 5 6 7 MWH

Pucynok 1 — XpomarorpaMMa HU3KOKHUITALMX HEPTENPOAYKTOB
IUTST CMECH TIETPOJICHHOTO 3(hHpa-TUrpOrHA.

1433 mv 4‘

-Ww

T
1 2 3 4 5 6 7 8 9 10 11 12 13 14 mMuH

PucyHok 2 — XpomaTorpamma Jerkux 6eH3suHoBbIX ppaxiuii 100-140°C
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3akiarouenue. B nannoii pabote Hamu ObUTH pa3paboTaHbl U alpOOHPOBAHEI
NOJXOJBI JJIsl IPUMEHEHUST METoJa TBEpAO(pA3HON SKCTPAKUMK Il ONPEAEICHUS
HeTENpoayKTOB B BoJie. PaccMOTpeHHbII METO] M3MEPEHHsI OCHOBAH Ha Ompesie-
JICHUU aHAJIM3UPYEMOro KOMIIOHEHTAa METOJIOM ra30BOM XpoMaTorpapuu ¢ HOHU3a-
LMOHHO-TUIAMEHHBIM JETEKTUPOBAHUEM M IIPEIBAPUTEIBHBIM KOHLIEHTPUPOBAHUEM
npoObl MeToaoM TBepao(da3zHoN MUKposKcTpakiuy (SPME) paBHOBECHOH Ta30BOi
Gbazbl.

Cnmcok UCnoIb30BAaHHBIX HCTOYHNUKOB

1. ITanactorun A.C., AzapoB C.M., Mamepoa H.II., CuBak HO.b. Mo-
JyJbHast cucrema OYKCTKH BOJI Pa3IUYHOIO IIPOMCX 0K ICHHUSL
ot HerenpoaykToB // JlureiitHoe mpousBoAcTBO u Metamuryprus, 2005. —
Boim. 2. — C. 179-181.

2. BoakoB C.M., UYepnoseny A.H. HoBas KOHCTpyKmusi yCTpOWCTBa
JUTSL OCYIIECTBICHHSI MUKpOdKcTpakuuu // CopOuuoHHBIE M XpomaTorpaduye-
ckue npoueccsl, 2011. —T.11. — Bem 3. — C. 367-372.
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CEKLIMA 3
SJIEKTPOYHEPTETUYECKHUE TEXHOJIOT A

YK 621.311
CXEMHO-KOHCTPYKTUBHBIE PEHIEHUSA
N THOOPMAIIMOHHOE OBECHHEYEHUE I'OPOJACKUX
SJJEKTPUUYECKHUX CETEM B YCJIOBUSIX SMART GRID
M.U. @ypcanos, A.A. 3onomoii, B.B. Maxapesuu

['opoackue AIEKTPUUECKUE CETU SABJISIOTCS OCHOBHBIM KOMIIOHEHTOM CH-
CTEMBI 3JIEKTPOCHAOXKEHHUS JTH000ro ropojia, KOTOPbIA OCYLIECTBIISET pacipeie-
JIEHWE JJICKTPOSHEPTUM MO TEPPUTOPUHM Topoja ¢ mnomoibio ceteid 6-10 kB
u conepxkuT Tpanchopmartopusie noactaHuu (TIl) m nuHUM, COENUHSIONINE
nentpsl mutanus (L{I1) ¢ TII u TII mexay coboii, a Takke pacupeaeIUuTeIbHbIC
cetu 10 1000 B, nuraroniye norpedUTenen 3MeKTPUIECKOM SHEPTHUH.

35 {110 xB

IMToncranmms «HOro-3anam»

IIIIl T6-10 xB

Dunep-404

Tl Drnep-302
ACE-240 AAB-240 AAB-185
TI12930 (o84 g 0158 JTII2941% 12wm .
e L _ ACB-240!
Cc2

2xTM-400

S

AAB-185 ACB-95

TII 2725 (aboHeHTCKaA)

Cc2

35— 110 xB /I\_

Pucynok 1 — @parMeHT ropoJcKoi 3IeKTPUIECKON ceTH
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@parMeHT ropoJCKON INEKTPUUECKON CETH IPUBEIEH Ha puc. 1 u cocTonut
u3 IByX nurtaromux noactaHuuid 35-110 kB («kOro-3anag» u «IleTpoBiimHay)
(LIIT1 u LI12), Tpex pacnpeaenurenbHbix dunuid (punepa 302, 404 u 611), tpex
noHmwkaromux noacraniui 10/0,38 kB (TII 2930, 2941 u 2725), cetu 0,38 kB,
noAkIoueHHOU K aboHenTckol TII 2725 u AByX UCTOYHUKOB pacHpeIesICHHOM
reHeparnuu — ['1(1a mumuax 10 kB TIT 2930) u ['2 (na mmmuax 10 kB TTI 2725).

Jns aHanu3a M ONTHUMM3alMU PEKUMOB ropoAckux cerei 6-10 kB Ha Ka-
benpe «Inexkrpudeckue cuctemby BHTY paspadoran u B Pb moBcemecTHO 3KC-
IUTyaTUPYETCSl YHUBEPCAJIbHBIM MPOMBIIIJICHHO-BBIUNCIUTENBHBIA  KOMIWIEKC
GORSR. OcHoBHBIMH (GYHKIHSIMH KOMILICKCA SIBJISIFOTCS: CO3/IaHUE MOICIH
AIIEKTPUYECKON CETH B pEaJbHOM BPEMEHH M PEIICHHE OCHOBHBIX TEXHUYECKUX
3a/1a4 SKCIUTyaTalluy FTOPOACKUX CETEH - pacyeT M aHaIU3 PeKUMa, ONTUMU3ALIMS
TOYEK pa3pe3a, OLICHKA YyBCTBUTEIILHOCTH MaKCUMAJIbHBIX TOKOBBIX 3alllUT, pac-
YET U aHAJIM3 €MKOCTHBIX TOKOB 3aMbIKaHUSI HAa 3€MJIIO, 3aPSAHBIX TOKOB U T.]I.

HoBble ycnoBusi (yHKIIMOHUPOBAHUS SJIEKTPOIHEPIETUKH, IOBBIIICHHUE
TpeOOBaHUM K TEXHOJOTHYECKOMY COCTOSIHUIO OTPAC)I, HaAEKHOCTH CUCTEM B
OOJILIIMHCTBE PA3BUTHIX CTPAH MPEAONPEACIIUINA IEPEX0]l K PECTPYKTYpHU3aALIUU
ANIEKTPUUYECKUX CETEeM dHEprocucTeM Ha 0a3e WHHOBAIMOHHON OpraHu3aluoH-
HOM cTpyKTypbl SMART GRID (uHTENIEKTYalIbHBIX DICKTPUUECKUX CETEH).

Tepmun SMART GRID odunmansuao ucnoassyercs ¢ 2003 roga, ogHako
€AMHOI TPaKTOBKU 3TOr0 MOHATHA B MHpe A0 cux nop Her. B OOC benapycu

tepMuH SMART GRID B pacnpenenuTenbHbIX 3MEKTPUUECKUX CETSIX OIpese-
neH crangaptom ['TIO «bemsnepro» CTII 09110.47.104-11.

CXeMHO-KOHCTPYKTHBHbIE pelieHUsI U HHGopMaMoOHHOe o0ecrevyeHue
rOpoOACKHUX djeKTpruyeckux cereii B ycaousax SMART GRID

CxeMbl pacnpefe/JUTEJbHBIX TOPOACKHX JJEKTPHUUYECKUX cCeTei
JOJKHBI COOTBETCTBOBATH OIIPEACICHHBIM TEXHUYECKHUM PELIEHUSIM, MEPO-
npusiATHsIM U TpeOoBaHUsAM. B cersix ¢ mpeoOiianaHueM KaOeIbHBIX JUHUM
3JIEKTPOIIEpEIaYy PEKOMEHIYETCS MPUMEHATh IBYXJIYUYEBYIO, a TAKXKE METIIe-
BYIO CXEMY ITOCTPOCHUS CETH.

[TocTpoeHne MarucTpayiv B ceTu HanpsbkeHuem 6-10 kB oT He3aBuCUMOTO
VMCTOYHHUKA MUTAHHUS O TOYKH COEOUHEHUS, TOJKHO OCYUIECTBIISTHCS YeEpe3
nyHKT ABP. Ilpu nanuuumn Ha maructpansax BJI-10 kB oTBeTBieHui peKoOMeH-
yEeTCsl, B LIEJISIX CEKUMOHUPOBAHUS U CETEBOTO PE3ECPBUPOBAHUS B KAUECTBE
OTKJIFOYAIOIIIETO amnmnapaTa NPUMEHATh PEKIIOy3epbl (YCTpONCTBA C ympaBlise-
MBIM BBIKIIFOUATEIIEM).

JI1si OTBETCTBEHHBIX TMOTPEOUTENEH CIeAyeT YCTaHaBIUBATh YCTPOWCTBO
ABP 6-10 u 0,4 kB, HEnocpe1cTBEHHO BO BBOJTHOM YCTPOMCTBE IMTOTPEOUTES.

Ha Bcex BHOBb BBOouMBIX BJI u KJI 6- 10 kB HeoOxogumo npexycMarpu-
BaTh YCTAaHOBKY YCTPOMCTB PErMCTPALlMM aBAPUKHBIX PEKUMOB C MOIKIIOUYECHU-
€M UX K TEJIEMEXaHHKE.
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K KOHCTPYKTHMBHBIM MOKHO OTHECTH CJICAYIOLMe PelleHHs: B TpaHCPOp-
MaTOPHBIX TMOACTAHIUSIX BMECTO BBIKIIOYATENCH C MEXAaHWUYECKUMH MPUBOJIAMU
HEOOXO0IMMa YCTAaHOBKA BBIKIIIOUYATENEH C MOIEPKKOM AUCTAHIIMOHHOTO YIIpaBJie-
HUSI 110 KaHaJlaM CBSI3HM YCTPOMCTB TereMexaHuku. [IpuMeHeHre pexnoy3epoB mo3-
BOJISIET YIAJIEHHO YNPABJISATH 3JEKTPOCHAOKEHUEM MTOTPEOUTENIE Y ABTOMATUYECKU
OTKJIFOYATh MOBPEKICHHBIE Y4acTKu ceTd. [IpuMeHeHre coBpeMeHHOro o0opy/o-
BaHMsI, KOHCTPYKIIMH, MaTepUaioB 1 3PPEKTUBHBIX TEXHOJIOTHA.

Nudopmannonnas cucrema SMART GRID crpourtcsi Ha orneparuBHO-
uHpopmarmonubix komiiekcax (OUK). [Ins Toro, 4ToObl 21eKTpUYecKas CeTh
npeparmwiack B SMART GRID, menocrtatouno BHeApeHUs Ha €€ 0OBEKTax OT-
JIENbHBIX «YMHBIX» 3JIEMEHTOB. TpelyeTcs: Takke ajeKkBaTHOe MH(POPMAIIMOH-
HOe obOecrieyeHue, T.€. CO3JlaHue €AMHOr0 MH(POPMAMOHHO-TEXHOIOTUYECKOTO
npoctpancTBa. MHdopmanus ¢ undposbix noactanuuii SMART GRID kxonnen-
TPUPYETCS U MEpPEeNacTcs Ha CIEAYIOIIMA ypoBeHb ynpasieHus - B SMART-
JTUCTIETYCPCKHUE, TTOTOMY, UYTO MU(PPOBHIE MOJACTAHIIUN B MPUCYTCTBUU TTOCTOSH-
HOT0 OOCTY>KMBAIOIIET0 NEpCOHaa He HyKIAl0TCA.

Pa3pabotannsie B Pb Meroauueckue pexoMeHIAlMU HPEeayCMaTpUBAIOT
HECKOJIbKO 3TanoB BHeApeHus TexHoinoruu SMART GRID B pacnpenenurens-
HBIX ekTpudeckux cetsax OOC benapycu:

® aBTOMATHU3ALMS NEPEJaYu U paCIIPeICIICHUS] SHEPTHUH;

® YCTaHOBKA ‘“yMHBIX CYETUYHUKOB M 0OCCTICUCHUE CBSI3U C HUMU;

® YOpPaBJIECHUE HHEPrOCHAOKEHHEM JKUIIbIX JOMOB U KOMMEPUYECKHUX
IPEeANPUATHN;

¢ (opMupoBaHHE MOITHBIX TIEHTPOB 00PaOOTKU HMHQOpPMAIUH, MOCTYyIIaA-
roriert ot matayukoB SMART GRID.

C y4€ToM H3JI0KEHHOT'O B CTaHJApPTE MPEIyCMATPUBAKOTCA MPAKTUUYECKUE
MEphl [JI pealu3aluy NEPBbIX IMIAroB IMEpexojia pacrpeieUTEeNbHbIX CETel
kK SMART GRID.

BuiBoabI

1. SMART GRID npencraBisier coO0il CBEpXyINpaBiIsIEMyl0, WHTEIIEKTY-
IbHYI0, PacCHPECNIEHHYI0, CaMOIMarHOCTUPYIOUIYIOCS U CaMOBOCCTaHaBJIMBAIO-
HIYIOCS CHCTEMY,  COCTOSIIIYI0 M3 HH()OPMAIMOHHO-TEIIEKOMMYHUKAIIMOHHON
1 3JIEKTPOHEPIreTUYECKON YacTeil.

2. SMART GRID sBnsiercst cuMOH030M 3JIEKTPO3HEPTETUKH, IIIEKTPOHU-
K, WH(QOPMAIMOHHBIX TEXHOJOTUM, TEIEKOMMYHUKAIIMM, CEHCOpPOB, MpO-
IPaMMHOTO OECIIEYEHUSI U MAaTEMATUKH.

3. TpaguMOHHO pacCYUTHIBAEMBIE PEKHUMHbBIE MAPAMETPhl B YCIOBHSIX
SMART GRID sBnsitorcst HaOM0JaeMbIMH, IOTOMY OOJIBIIMHCTBO 3aj1a4
yIpaBJEHUs PEeKUMaMU, XapaKTepHbIE JJIs1 TPAJULIUOHHBIX TOPOACKUX pacrpe-
nenutenbHbIX cetel, B ycnoBusax SMART GRID B Oyayiiem TepsioT CBOIO akx-
TyaJabHOCTb.

4. 3agauu ympaBlCHHUS PEKUMAMHU TOPOJCKUX AJIEKTPUUYECKUX CeTel
B ycioBusix SMART GRID TpebytoT npumeHeHus 00jee CIOKHBIX U JOPOrUX
MHOTOYPOBHEBBIX MATE€MaTUYECKUX MOJEJICH, YUYUTHIBAIOIINX BIUSHUE pa3HO-
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00pa3HbIX CPEACTB PErYJIUPOBAHMS, PEXKUMHYIO PEAKIIMIO AKTUBHO-aIalITHBHOM
YaCTU CETEU U paCIpeEICHHON MaJIOM TeHEPALUH, B TOM YHUCJIE UCIIOJIb3YIOIIEH
HETPAJULIMOHHBIE UCTOYHUKH SHEPTUH.

5. OCHOBHBIM HaIIpaBJIICHUEM Pa3BUTHUs ABTOMATUYECKOW CUCTEMBI yIIpaB-
JIEHUS PEKUMaMHU TOPOJCKHUX dJIeKTpuueckux cererl B ycsmoBusix SMART GRID
SBIISIETCS pa3paboTKa METOJOB M aJITOPUTMOB PACHPEJEICHHBIX pacuyeToB
HA OCHOBE MHOTOYPOBHEBBIX MAaTE€MaTHYECKMX MOJEIEH € HCIOJIb30BAHUEM
0J104HO-TTapalIeNIbHON 00pabOTKU JaHHBIX B YCIOBUSAX PACIPENEICHHBIX BbICO-
KOIIPOU3BOAMTEIBHBIX BBIYUCIUTEIBHBIX CUCTEM.

YAK 621.311
3OOEKTUBHOCTH NPUMEHEHWS KABEJIEN C U3OJISIIUEN
N3 CHIMTOT O IMOJINITUJIEHA B QJIEKTPUYECKUX CETAX
M.A. Kopomxesuu

IlenecooOpa3HOCTh MPUMEHEHHUS Oojiee JOpOTHX KaOelmel ¢ W30JSIHCH
U3 CLIMTOrO MOJIMATHIICHA 0 CPABHEHUIO ¢ KabensaMu ¢ OyMa)KHO-MACIISTHOM U30-
JSIUEN pacCMOTPUM MPUMEHHUTENFHO K KAaOEIbHBIM JIMHUSM, BBITIOJTHEHHBIM Ka-
oensMu:

— TPEXXKWJIBHBIMU IUIOMIAABIO MONEPEYHOr0 CedeHus Kuia 35-240 mm?
HanpsbkeHuem 6-35 kB;

— OJHOXXWIbHBIMHU IUIOLIA/IbI0O TONEPEYHOTO ceueHus kuin 35-240 MM?
(kabenu ¢ M3OJAIMEN W3 CHIMTOrO MOJMATHICHA) M TPEX>KWIbHBIMU TOU K€
caMo¥ TUIONIaAN TMOMEPEYHOTO CeueHHs kUi (kabemu ¢ OymMakHO-MACISTHOM
U30JIsient ) HanpsixenneM 6-35 kB;

— OJHOXUILHBIMU IUIOLIAIbI0 HOIEPEYHOro cedenus xui 150-630 mm?
(kabenu ¢ M30JSANUEH W3 CHIUTOTO TMOJMATHIICHA) U OJHOXXIJIHHBIMH TOU K€
IUIOIAIA MOMEPEYHOr0 CeUEHUs KW (KaOeau MaclOHANOJHEHHbIE C OyMax-
HO-MAacJsiHOM u3ossiuueit) HanpspkenueM 110 kB.

VY CcTaHOBIIEHO, YTO YBEIMYEHUE CTOUMOCTHU Ka0Oesl ¢ N30JsIUUEN U3 CIIUTO-
ro MOJIMATUJIEHA MO CPABHEHUIO CO CTOMMOCTBIO Kaless ¢ OyMa)KHO-MacsTHOM
m3oisinment B 1,2-2,0 pa3a npuBeeT K yBEJIMYEHHIO CTOMMOCTH COOPYKEHUS
JUHUU ¢ Ka0eneM ¢ M30JISIKUCeH U3 CIMToro moamdtuieHa B 1,1-1,48; 1,07-1,37;
1,11-1,57; 1,06-1,3 paza cooTBETCTBEHHO AJisl JIMHUN Hampsbkenuem 6-10; 20;
35; 110 kB.

KomnnekcHyto oneHky 1menecooOpa3HOCTH TpUMEHEeHUs Kabeleil ¢ u3o-
JALUEN U3 CHIUTOrO MOJMATUIEHA NaJUM C MCIOJb30BAHHUEM METOJa MHOIO-
LIEJIEBOM ONTUMU3ALIUH.

CpaBHUTEIbHBIE TEXHUYECKUE XAPAKTEPUCTUKH CUJIOBBIX 3JIEKTPUUYECKUX
Kabeei ¢ OyMa)KHO-MaCSTHONW M30JIAIUEH U U30JISIHUEH U3 CITUTOTO MOIUITH-
jeHa Ha HanpsbkeHus 6...110 kB npuBenens! B Tadaune 1.

B tepMuHax merona MHOTOIENICBOM ONTHUMM3ALUH 33714y CPOpPMYIUpyeM
CIIEAYIOMUM 00pa3oM: HEOOXOIUMO OIEHUTH 1IeTIECO00Pa3HOCTh MPUMEHEHUS Ka-
Oeneil ¢ n30AIuel U3 CIIMTOro MOJMATUIIEHa Ha Hanpsbkenue 6-110 kB no cpas-
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HEHMIO C KalelsiMu ¢ OyMa)KHO-MacCJISIHOM M30JSILMEN IPU JOCTHXKEHUU CIIEYIO-
IIUX IEJICH:

— MUHMMYMa MPUBEIEHHBIX 3aTpaT Ha COOPY>KEHHUE M AKCIUIyaTalUI0 Ka-
OeJIbHBIX JTMHUI; MAKCUMyMa HAJIeKHOCTH pabOThl; MAKCUMyMa y00CTBa MOH-
Ta)a; MAaKCUMaJIbHOW JJIMHBI JTUHUU 0€3 KOMIIEHCAIMH 3apsSIHOM MOLIHOCTH;
MakcUMyMa JOIyCTUMOM Pa3HOCTH BBICOT MPOKJIAJKU KaOess; MUHUMAJIbHOTO
BO3/ICHCTBUS Ha OKPYIKAIOLIYIO Cpeay.

3HaueHUs] KpUTEpUsl ONTHUMM3ALMM Ul Kabenel ¢ OyMaKHOM M30IsILUeH
Y U30JIIUEN U3 CIIUTOrO MOJIMATUIIEHA IPUBEAEHBI B Ta0nuLe 1.

Taomuna 1

3Ha4YeHUs1 KPUTEPUS ONTUMU3ALNN

3HayYeHUs KpUTEpUst

HaumMmenoBanune xabeneit OIITUMM3ALIMH I Kabeei
AAB IHACB Amnsll
1. Tpex>kmbHbIC Kabenu Ha HanpsbkeHue 10 kB 0,558 0,615 0,959
2. TpexokuiibHBIC Ka0eIu ¢ OyMaKHO-MaCIISTHOM
M30JIIIUEN U OMHOKUIbLHBIE KaOeIn ¢ M30JISIHEH 0,536 0,579 0,959

13 CIIMTOTO NOJIMATUIIEHA Ha HanpsbkeHue 10 kB
3. OnHOXHWIbHBIE MACIIOHAIIOIHEHHBIE Ka0eIun

¢ OymaxkHO-MacnsaHo# uzomnsueit Tuna MHC 0,536 0,967
Y OJTHOKUJIbHBIE KaOeln ¢ U30Js1ueN U3 CILIUTOTO (MHC) (IIBIT)
nosudTriieHa Tuna [1BI1 Ha Hanpsbkenue 10 kB

Kak BuaHO M3 TaOnHIbI, 3HAYCHUE KPUTEPHs ONTUMHU3ALNN, XapaKTepHOe
Ui kabenel ¢ W30MSIIHed W3 CHIMTOrO TOJHMITUIICHA, MPEBBIMIAET COOTBET-
CTBYIOIIIEE 3HAYEHUE KPUTEPHUsi ONTUMHU3AIMU JUIs Kalenmed ¢ OymaxkHO-
MaciasHoM u3osauueit B 1,6-1,8 pasza, yto o3Hadaer 0e3yClOBHYIO 3(PQpeKTHB-
HOCTh HCIIONIb30BaHUs Kabelel ¢ M30JAIueld W3 CIIMTOTO TOJUATHIICHA
110 CPaBHEHHIO C KabemsiMu ¢ OyMakKHO-MACIISTHOM U30JISIUCH.

VYIIK 621.3
ABTOMATHYECKOE CEKIIMOHUPOBAHUME U BBIJIEJIEHUE
MHHOBPEX/JIEHHBIX YYACTKOB PACHPEI[EJII/ITEJII)HOﬁ
SJIEKTPUYECKOM CETH
E.B. Karenmuonok
benopycckuii hayuonanbhbll mexuuuecku yHugepcumen

ABTOMAaTUYECKOE CEKIMOHUPOBAHUE, T.€. JIEICHUE JUHUU HA HECKOJBKO
Y4aCTKOB C MOMOIIbI0 aBTOMAaTUYECKHU YIPABISIEMbIX KOMMYTAIIMOHHBIX arla-
paToB, MO3BOJISIET OTKIIOYUThH TOJIBKO MOBPEXKACHHBIN yyacTok. B aToM ciydae
3HAUYUTENIbHO YMEHBIIAETCS HEIOOTIYCK AJEKTPOIHEPTUHU U yIIepO MmoTpeduTe-
Jeil Tpu BOSHUKHOBEHUU IMOBPEXKIACHUN B 3JIEKTPUUECKOW CETU U TEM CaMbIM
MOBBIIIAETCS HAJIEKHOCTh AJIEKTPOCHAOKEHUS MOTpeOuTemne.
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3ajaya ONTUMHU3AIUEU BbIOOpA CEKIIMOHUPYIOIIMX YCTPOMCTB B paclpeIeiin-
TEJIbHOW DJJICKTPUYECKOW CETH CBOJMUTCS K ONPEACIICHUIO THUIIA, KOJIMYECTBA
Y MECT YCTAaHOBKM KOMMYTAIIMOHHBIX WM 3alUTHBIX anmaparoB. JlaHHas 3amaya
TPAAUIIMOHHO HA3bIBAETCS ONTUMAJbHBIM CEKIIMOHUPOBAHUEM PaACIPEICITUTEIb-
HBIX AJICKTPUUECKUX CETEH, a MPUMEHIEMOE MPU ITOM 000PYAOBAHUE — CEKIIUO-
HUPYIOIIUMU ycTpoiicTBaMu. [Ipy 3TOM HEOOXOIMMO YETKO MOHMMAaTh, YTO JIFO-
00€ CEeKIIMOHUPYIOIIEe YCTPOUCTBO TpeOyeT 3aTpar.

B ycnoBusix pplHOYHOW SKOHOMHUKH JJISI ONTUMHU3ALUU CEKIIMOHUPOBAHUS
CETH 11eJ1eCO00Pa3HO UCIOIb30BaTh YUCTHIM JUCKOHTHPOBaHHBIN noxox (Y/1).
[Ipy yCTaHOBKE CEKIIMOHHMPYIOIIMX YCTPOMCTBA B TEUEHUE OJIHOTO TIO0Ja,
YJI/] mpu ycTaHOBKE 1-TO CEKITMOHUPYIOIIET0 YCTPOUCTBA MPEITIOKEHO 3aChl-
BaTh B BHUJIC

_ c I[ti _I/Iti _Kn'
g —Z (1+E)'

: (1)

rne T — pacuerHsiii nepuon; i — J0XO OT 1-T0 CEKIMOHUPYIOMIET0 YCTPOCTBa
B rof t; Ui — u31epKKu B 1-€ CEKIMOHUpYIOLIee YCTPOHCTBO B roA t; Ky — kamnu-
TaJbHBIE 3aTpaThl B i-€ CEKIMOHUPYIOIIee YCTPOUCTBO B roj t; E — Hopma nuc-
KOHTA.

YcTaHOBKA 1-TO CEKIIMOHUPYIOIIETO YCTPOWMCTBA 1ieJiecoo0pa3Ha, eclid Bhl-
MOJIHSIETCS YCIOBUE:

YJi, > 0. (2)

PesynbraTel pacueroB Y/ npu paznuyHbIX 3HAYECHUSIX YAEIBHOTO yIIED-
0a y nmoTpeOuTeseil mpeacTaBieHbl B Buje rpaduka 1, mpuBeJeHHOr0 Ha PUCYH-
Ke. [I0CKOJIBKY YHCTBIA JUCKOHTHUPOBAHHBIN JOXOJ MPH MPUHATHIX HNapameTpax
MMEET OTPUIIATENIbHOE 3HAYCHHE, TO YCTAaHOBKA PEKIIOy3€pa Ha paccMaTpuBae-
MO JINHUM SKOHOMUYECKHU HE 11eJIeco00pa3Ha.

3aBUCUMOCTH 2 1 3 PUCYHKA MOCTPOEHBI ISl IBYX APYTUX JIUHUHN 3JIEKTPO-
nepeayn pa3IMyHON JUTMHBI U MOIITHOCTU ToTpeduteneit. [l 3Tux muHui 9Ko-
HOMHYECKHM  IICJIeCOO0pa3Ha yCTaHOBKA  CEKIMOHHUPYIOMIETO  YCTPOMCTBa
npu y > 2 pyo/kBt-u (3aBucumocts 2) 1 ipu y > 1 py6/kBT-4 (3aBUCHMOCTH 3).

ABTOMAaTHYECKOE BBIJICIICHUE MOBPEKIACHHONW CETH MOXET OBITh peaiu-
30BAHO IIYyTEM:

— LEHTPAJIU30BAHHOIO ABTOMATUYECKOTO  YINPABIEHUS — KOMaHIBI
0 MEPEKIIIOUYCHUSIX (POPMUPYIOTCS BEPXHUM YPOBHEM aBTOMATU3AIUU AJIEKTPH-
YECKUX CETe C MCIMOJIb30BAaHUEM MPOrPaMMHOTO OOECIEUYEHHMs, BXOMSIIETO
B coctaB komiiekca ACJIY, Ha OCHOBaHMM aHAJIM3a TeJIEMETPpHIECKON MHDOP-
Maluy ¢ 00bEKTOB aBTOMATHU3AIIMU U JTUHAMUYECKON MOJIEIN CETH;

— JCLECHTPAIN30BAHHOE  ABTOMATHUYECKOE  YNPABICHHUE —  KOMaHbI
0 TIEPEKITIOUEHHSIX (DOPMHUPYIOTCS HETIOCPEACTBEHHO Ha OOBEKTE aBTOMATH3AIlWH,
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IIYCKOBBIMHU (PaKTOpaMH KOTOPOTO SIBIISIFOTCS] BEJIMUYMHA TOKA KOPOTKOTO 3aMbIKAHUS
WM (DaKT OTCYTCTBUS/HANMYMS HAPSDKEHNS HA KOHTPOJIMPYEMOM Y4acTKe CETH;
— KOMOMHAIUS LIEHTPAJIU30BAHHOIO U ACLIEHTPAIM30BaHHOTO yIIPaBICHUS.

I,
TBIC. pyO

-

6_

4 2

2_

0 I | | | | I | |

4 ¢ 8 10 12 1416 18 Y pyoBru

Pucynok 1 — 3aBHCHMOCTB YHCTOTO TUCKOHTHPOBAHHOTO JJOXO0/1a OT yAEIBHOrO yiiepoa
y oTpeOuTeNneu ot nepepriBa daekTpocHadxkenus: [ — muausg L = 9,27 km, P = 459 kBr;
2 —maansg L =13,9 km, P = 890 xBt; 3 - muausg L = 15,8 xm, P =2010 kBt

JeueHTpain30BaHHOE YIIPaBJICHUE MEPEKIIOYCHUSIMU TIPU aBApUMHBIX T0-
BPEXKICHUSIX TTPUMEHSETCS B CETSX, MUTAIOIINX ToTpeduTenei 1-oi kaTeropumu.
[{eHTpanu30BaHHOE YIIPABICHUE MEPEKIIOUCHUSIMUA MOXKET MPUMEHSATHCS B Ce-
TAX, TUTAIOIINX MOTpeOuTee 2-0i u 3-ei KaTeropui.

BbIBOABI

1. B coBpeMeHHBIX YCIOBHSIX (PYHKIIMOHHUPOBAHUS PACTIPEIEITUTEIbHbBIX
AIIEKTPUUECKUX CeTeil sHeprocucreM 0OOCHOBAHUE II€JI€COO00PA3HOCTU JOMOJI-
HUTEJBHBIX 3aTPaT HA YCTAHOBKY YCTPOMCTB aBTOMAaTHYECKOIO CEKIIMOHHPOBA-
HUS BO3MOXHO TOJIbBKO MO KpHUTEpUSM OOLIECTBEHHON (COLMaIbHO-
IKOHOMUYECKOI) 3((HEKTUBHOCTH, OTPAXKAIOIIUM HHTEPEC BCEX CyOBEKTOB XO-
3SICTBOBAHUS (JMIEKTPUUYECKUX CETE U MOTpeOUTENe SIEKTPOIHEPTUN ).
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2. Heob6xomuMocTh 1 3PPEKTUBHOCTh YCTAHOBKU JOTIOTHUTEIBHBIX CEKITHO-
HUPYIOIINX YCTPOMCTB, 3aBUCUT OT UX TUTIA K CTOUMOCTH, YITIepOOB TOTpeOnTeNneit
OT TIEPEPHIBOB ANEKTPOCHAOKEHUS, TEXHUICCKOTO COCTOSHUS U JIIMHBI pacipe/ie-
JMTEIBHBIX JTMHUN DJIEKTPOIIEpeauH, 3aTpaT MEKTPUICSCKUX CETEH Ha TIOMCK TI0-
BPEXKICHUHN BBITIOJHEHUS TEXHUYECKUX OTPAHUYCHUM B SJICKTPUYECKOW CETH.

YK 621.32
OCOBEHHOCTU YIHPABJIEHUSA PEXXUMAMMU PABOTHBI CUCTEM
HAPYXHOI'O OCBEIIEHUSA
B.b. Koznosckas, B.H. Kaneuuy
benopycckuii nayuonanvubiu mexuuueckuu ynusepcumen

OCHOBHOI1 3aJ1a4€il CUCTEM HAPYKHOTO OCBEIICHMUS SIBJIIETCS OCYLIECTBIIE-
Hue OecriepeOOHON pabOThl OCBETUTENIBHBIX YCTAHOBOK YJIUL, JOpPOT, TpaHC-
NOPTHBIX TOHHEJIEH U T.I. JUIsl MOBBIIEHHs Oe30nacHOCTH Jroaei. Ha co3nanue
eIMHON CBETOBOM Cpeabl HACENEHHOTO IyHKTAa, (HOPMHUPYEMOH Hapy>KHBIM
OCBEIICHUEM, BJIMSET CHCTEMa YIPABJICHHS, 00ECIeUNBAOINIAsl YI00CTBO JKC-
IUTyaTalud U KOMPOPTHOCTH OcBeleHusl. COBpeMEHHbIE CUCTEMbI YIPABIICHUS
HapY>KHbIM OCBEILIEHUEM I03BOJIIOT OCYIIECTBIISITh PAlMOHATIBHOE HCIOIb30-
BaHUE JJIEKTPOIHEPIUH, YBEIMUMBATH CPOK CIIY»KObl MICTOYHHUKOB CBETA MYTEM
UCKJIIOUEHMsI HEXKEJIATEIbHBIX PEKUMOB U oOecmeunBaTh HaAEXKHYIO padoTy
OCBETHUTEJIbHBIX YCTAaHOBOK.

VYrpaBieHue ceTsIMU Hapy>KHOT'O OCBEUICHUS! JOJIKHO OBITh I[EHTPAIN30-
BaHHBIM (TEJIEMEXaHUYECKUM WJIN JAUCTAHUMOHHBIM). BO3MOXHOCTH MECTHOIO
yHOpaBiICHUs AODKHA MPEAyCMaTpUBAThCS B HApPYyKHOM OCBELIEHMM OOJIBHULL,
IIKOJI, SICJIEW, CTaAMOHOB, TOCTUHUI U T.N. IIpy HCIIOIB30BaHUM MECTHBIX CH-
CTEM YIIPABJIEHUS HET BO3MOKHOCTH OIEPATUBHOIO KOHTPOJS COCTOSHUS OCBE-
TUTENIbHBIX CeTel, MKa(doB OCBELICHUS; OTCYTCTBYIOT IIEHTPAIU30BAHHbBIE KO-
MaH/Jbl Ha BKJIIOYEHHUE M OTKIIOUYEHHE, PETYJIMPOBAHHE CBETOBOIO ITOTOKA.
DOHeprod3GHEeKTUBHOCTH PAOOTHI TAKMX CHCTEM Tak)KE B 3TOM ClIydyac HU3KA.

MecTHOe yIpaBieHUE OCBEIICHHUEM MOXET SIBISATHCS JOMOIHEHUEM LEH-
TpaTU30BaHHOM CHUCTeMBbI ympasieHus. s nepudepuitHpix pailoOHOB ropoja,
r7ie 3aTpyAHCHA BO3MOKHOCTh MOJMYyUYEHUS MPSMBIX TeJIe(OHHBIX Tap U OpraHu-
3aiuu Apyrux kaHaioB cBsizM (GSM cBs3b, paguocBsi3b U T.J.), YIPaBJICHHUE
HapY>KHBIM OCYILECTBIIAETCS B Ipelesax OJAHOW TpaHCcHOpMaTOPHOM MOJCTaH-
muu 10/0,4 xB.

B aTom citydae ynpasiieHHE peanu3yeTcsi aBTOMaTU4YECKU C IIPUMEHEHHEM
QJIEKTPOHHBIX YCTPOWCTB, B KOTOPBIX 3aJ0’KE€HA IOJ0Bas IIporpaMma BKIIIOUeE-
HUS U OTKJIFOUEHUSI B COOTBETCTBUU C Irpa@uKoM padOThl HApYKHOTO OCBElle-
HUs. B BuIE HCKIIIOUEHUS HCHOJB3YIOT BCTpauBaeMble (POTORIEKTPUUECKHUE
YCTPOMCTBA JUJIsl BKIIFOYEHUS U OTKJIIOUEHUSI OCBETUTEIBHOMN JIMHUU B 3aBUCHMO-
CTH OT YPOBHS OCBEIIEHHOCTH. DOTOIaTUMK YCTPOICTBA JOKEH OBITh paccuu-
TaH Ha pabOTy BHE MOMELICHUH, 3alllUIIEH OT MOCTOPOHHEW 3aCBETKU U HAJMUIMA-
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HUSI CHETa Ha BBIXOJHOE OTBepcTue (hoTonmprueMHuKa [1], KoTopble MOTYT MPHUBO-
JIUTH K HEKOPPEKTHBIM PEXXUMaM pabOThL.

Oco0oe MecTo 3aHMMalOT AaBTOHOMHBIE OCBETUTENbHBIE YCTAHOBKH.
B Hapy>XHOM OCBEIIEHUH B MECTAX, OTHOCUTENIBHO yIaJEHHBIX OT MMyHKTOB IU-
TaHUs, 3a4acTyl0 CJIEeAyeT pacCMaTpPUBaTh BO3MOKHOCTh MCIOJb30BAHMS aBTO-
HOMHBIX OCBETUTEJIbHBIX YCTAHOBOK, PAOOTAIOIIMX HA COJTHEYHOU SHEPTUH.

Cucrema yrnpapiieHUs HApYKHBIM OCBEIIEHHEM Topojia popMUpYyeETCs B 3a-
BUCUMOCTHU OT YUCJICHHOCTH XuTeliel. LleHTpanu30BaHHOE TEIEMEXaHUYECKOE
YIPABJICHUE UCIOJIb3YeTCs MPU KOJMMYeCTBE kutened 0osee 50 ThIC. YENOBEK,
LEHTPAIIN30BAaHHOE IUCTAHLIMOHHOE — IIPU KOJMYECTBE kKuTesen 10 20 ThIC.; ec-
JY YUCJIEHHOCTh HacesieHus: oT 20 Thic. 10 50 ThIC. YETOBEK, TO MPUMEHSIOT
LEHTPAJIU30BAaHHOE TEIEMEXAaHNYECKOE WA TUCTAHIIMOHHOE YIIPaBJICHUE.

[lenTpanin3oBaHHOE yIpaBieHHE B OCHOBHOM Oa3upyeTcss Ha MPUMEHEHUU
KOHTaKTOpPOB B JIMHHUAX HApY>KHOIO OCBEIICHHSA, a TAKXe WCHOJIb30BaHUU [U-
CTaHLIMOHHO YIIPABJIAEMbIX aBTOMAaTOB. CETH HApPY>KHOI'O OCBEILLEHUs I'OPOJIOB,
KaK IIPABUJIO, UCIOJB3YIOT KaCKaJHYI0 CUCTEMY YIIPABIICHUSI Y4aCTKaMu pacrpe-
JEJIUTENbHBIX JINHUM HAPYKHOTO OCBELIEHUS, YTO PEaInu3yeTcs € MOMOIIBIO MO
KJIFOYEHUS] KaTYIIKH KOMMYTAILIMOHHOI'O armapara BTOPOro y4yacTKa B JIMHHIO
NEPBOro, KaTYIIKA TPEThEro ydyacTka B JIMHMIO BTOPOro W T.A. B Bo3mymiHo-
KaOeJbHBIX CETSIX JOMYCKAeTCsl BKIIIOUEHUE B OJIMH Kackaj 10 10 myHKTOB muTa-
HUS, a B KAOEIbHBIX — 10 15 MyHKTOB MUTAHMSI CETU YIUYHOIO OocBeleHus [1].

CoBpeMeHHbIE CUCTEMBI yIPABICHUS HAPYKHBIM OCBEIICHUEM (POPMUPYIOT-
Cs Ha OCHOBE TPEX YPOBHEW: CBETWJIBHUKH, ITyHKT MUTAHHUS U JAUCHETUYECPCKUI
nyHKT. [I[puMensieMoe 00opy/IOBaHUE M CXEMHBIE pEIIeHHs] B CUCTEME YIpaBlie-
HUSl HapY>KHBIM OCBEILIEHHEM Pa3HOOOPA3HbI U 3aBUCAT OT 3a/IeCTBOBAHHBIX HC-
TOYHHKOB CBETA, CII0c00a Mepeayrl KOMaH 1, TaHHBIX MEXIY TPeMsl YPOBHSIMH.

OCHOBHBIMU (QYHKIMSIMH COBPEMEHHOW aBTOMATU3MPOBAHHOM CHUCTEMBI
LHEHTPAIN30BAaHHOI'O YIIPABIEHUS OCBELIEHUEM TOPOJIOB SIBIISIOTCS:

— LEHTPAIM30BAHHOE BKJIIOYEHHUE M OTKJIIOYEHHE B 3aBUCUMOCTH OT Bpe-
MEHH CYTOK;

— CMEHa pexuma padoThl OCBETUTENIbHBIX CETeH;

— U3MEPEHUE M KOHTPOJIb 3HAYEHNH TOKOB, HAIIPSIKECHU;

— BejeHHe rpaduka Harpy3oK, NoJydyeHre HHPOPMALIMU MO PACXOy AJIEK-
TPO3HEPIHH;

~ KOHTpPOJIb LIEIOCTHOCTH OCBETUTENBHBIX CETEN U T.[I.

DHeprodhPpeKTUBHOCTH pabOTHI CETH HAPYKHOT'O OCBEIICHUS ONpE/IeIseT-
Csl UCIIOJIb3YEMbIMU UCTOUYHUKAMHU CBETA, & TAKXKE CIOCOOAMU U CpEACTBAMHU pe-
aNM3aIuu CUCTEM ynpaBiieHus. DPGHEKTUBHON CIeayeT CUUTATh TaKyl0 OCBETH-
TEIbHYI0 YCTAaHOBKY, KOTOpas CO3/1a€T BHICOKOKAYECTBEHHOE OCBEILLEHUE U CO-
XpaHsIeT CBOM XapaKTEPUCTHKHA HAa TMPOTSIKEHUU JUIUTEIBHOW pabOThI
MpU HAMMEHBIIUX KaNUTaJbHBIX U AKCIUTyaTallMOHHBIX 3aTpaTax, B TOM YHCIIE
IPY MUHUMAJIHLHOM SHEpronoTpedaeHuu [2].

B yTwintapHOM Hapy>XKHOM OCBEIIEHHMH HET TpeOOBaHU, OTHOCALIUXCS
K IBETOBBIM XapaKTEPUCTUKaM MCTOYHUKOB CBETA, MO3TOMY HauOolee I1eseco-
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oOpasHbIM siBiIsieTCsl mpuMeHenne yamn tuna J[HaT, oGmamaromux GompmmMu
CBETOBOU OTIa4yeil M CPOKOM CIY>KOBI 1o cpaBHeHHUto ¢ mammamu JIPJI. Cero-
JTMOJTHbIE UCTOYHUKH 00J1a1at0T pAJIOM MPEUMYILIECTB MO CPABHEHUIO C APYTUMHU
VMCTOYHUKAMU CBETA, HO UX OTHOCHUTEJIBHO BBICOKAs CTOMMOCTh HAa CETOAHSAI-
HUU IEHb OIPAHUYMBAET IIUPOKOE UCIIOIb30BAaHUE B HAPYKHOM OCBEILICHHH.

Co3naHue OoNTUMaIbHBIX PEKUMOB PabOThl OCBETUTENIBHBIX CETEH MO3BO-
JSIET CHU3UTh PacXObl HA AJIEKTPOIHEPTUIO, TEKYIIIMM PEMOHT U 00CITy)KUBaHUE
OCBETUTEIIbHBIX YCTAHOBOK. B HapyKHOM OCBEIIEHMM MpPEIyCMaTPUBAIOT Be-
YEpPHUN U HOYHOU PEXUMBI PAOOTHI.

Ho4Hoil pexuM IpUMEHSETCA i DKOHOMMH DJIEKTPOOHEPIMHM B 4aChI
CHWIKEHUS TPAHCIIOPTHBIX TOTOKOB M IPYTOil aKTUBHOCTH HACEJICHUS.

[Iupoko ucnosb3yeTcs Nepexo]l Ha HOYHOM PeXUM IyTeM OTKIIoueHHus ¢a-
36l OCBETUTEJILHOM JIMHUM. | JTaBHOE TOCTOMHCTBO OTKJIKOYEHHMS YAaCTHU CBETUJIb-
HUKOB 3aKJIIOYAETCs B MPOCTOTE pean3alii, OTCYTCTBUM HEOOXOIUMOCTH ycCTa-
HOBKH JIOTIOJIHUTENbHOTO 00opynoBanusa. Ho Takoii cnoco0 3KOHOMHH 3JIEKTPO-
DHEPIUHA  IPUBOAWT K  TOSABICHHUIO  3HAYUTENBHOW  HEPAaBHOMEPHOCTH
OCBEILEHHOCTHU, NIEPEXO0/ly HA HECUMMETPUYHBIN PEKUM PabOTHl OCBETUTEIBHOM
auHuK. He nomyckaercs OTKIIOYEHUE NMOAPAT ABYX CBETHJIBHUKOB, & TAKKE OT-
KJIFOUEHHE CBETHJIBHUKOB Ha OTJENbHBIX y4acTKaxX ropoJa, MEPEYHCICHHBIX B [1].

JlomyckaeTcsi TakKe CHUXKATh YpOBEHb oOcBeuieHHocTu (He Hmke 50%
OT HOPMHUPYEMOTO 3HAYEHHS COTJIACHO [3]) € MOMOIIbIO PErYJIATOPOB B 3aBUCH-
MOCTH OT CTEIIEHU YMCEHBIICHHSI MHTCHCUBHOCTH JBMKEeHHUs. [Ipumepamu Tako-
IO PETYJIUPOBAHMUS SIBIISIOTCS:

— CHW)KCHHE HAIIPSDKECHMS B IYHKTE IMTaHUS C IIOMOIIBIO PETrYyJISITOPOB
HaIPsHKEHUS;

— NPUMEHEHHE CBETWJIBHUKOB C IBYXCTyneH4aTbiMu OMIIPA.

Perynaropsl HanpsbK€HHs B IyHKTE MUTAHUS ITO3BOJISAIOT MOIIEPKHUBATH
HaNpsKEHUsT Ha HEOOXOAMMOM YpPOBHE /Il 00ECIEUYEHUsI ONTUMAJIBHBIX PEKU-
MOB pa0oThl. [IyHKT MUTaHUS HAPYKHOTO OCBEILECHHUS MOAKIIOYAIOTCSA K TpaHC-
(opMaTOpHOM MOACTAHLIMN, OCHOBHYIO J10JIy HArpy3KU KOTOPOM COCTaBIsET CHU-
noBas. [losToMy B 3aBUCUMOCTH OT CXEMHBIX pELICHHH, rpaduka Harpy3oK, xa-
paKkTepa W MOIIHOCTH CHJIOBOM HArpy3kM HANpsDKEHHWE B IYHKTE MUTaHUS
MeHsieTcs. J{nurenpHas paboTa CBETUIIBHUKOB C HAINPSHKEHUEM Ha UX 3aKHMax
BbIIIE HOMHHAJILHOTO MPUBOAUT K COKPAIICHUIO CPOKA CITY>KObI JIaMII, BBIXOLY
u3 crposi OMIIPA. Ecnu HampsbkeHHe Ha 3a)KMMaX CBETWJIBHUKA CHUXKAETCA
Ha 10 % u Oonee OT HOMUHAIBHOTO HAIPSDKEHUS, TO MPU BKIIOYEHUH OCBETH-
TEJIbHOW JIMHUM 3TO MOXET NPUBOJUTH K TOMY, YTO YacTh 3aJI€WCTBOBAHHBIX
B JIMHUM JIaMIl He OyneT 3axxurathes. [Ipumensis peryiasTopsl (CTaOUIM3aTOPHI)
HaIIPSDKEHMS, UMEETCSl BO3MOKHOCTD PEryJIMPOBATh HANPSKEHUE B IIyHKTE IH-
TaHUs, YTO MO3BOJIUT YIYUIIUTh PEKUM PaOOThI OCBETUTENILHON JTUHUU, B TOM
yucie u30exaTb HECUMMETPUU HaIpsKEHUH B (pa3ax MyHKTA MUTAHUS.

HouHoli pexuM peanus3yercs MyTeM CTYNEHYAaTOr0 CHUKEHHS HallpsiKe-
HUE B IIyHKT€ NUTaHWsI. MOXXHO mpenycMaTrpuBaTh HECKOJIBKO CTYIICHEH,
oOecrieunBas IJABHOE CHI)KEHHE HaIpshKeHue B JMHHUM. [Ipu 3TOM BaKHBIM
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YCJIOBUEM ABJISIETCA TO, 4TO 3axxuranue jgamn JIHaT HeoOXoauMo Mpou3BOINUTH
IIPY HOMMHAJIbHOM HalIpSKEHUU.

JByxctynenuyarbie OMIIPA ¢ BO3MOXHOCTBIO IMOHMKEHUS MOIIHOCTH OT-
an4aroTcs oT 00bIYHBIX DMIIPA Tem, 4To UMEIOT ABE OOMOTKH AJIEKTPOMArHUT-
HOTO JPOCCENs, MEPEKII0YATENb MOITHOCTH C HACTPAUBAEMBIM TAMMEPOM, YTO
IIO3BOJIAIOT aBTOMAaTHYECKU CHIKATh MOIIHOCTH B 3aJaHHBIC IIPOMEXKYTKH Bpe-
MeHU. 1 cBeTunbHUKOB ¢ OMIIPA, KOTOpBIE MOHNXKAIOT AKTUBHYIO MOLIHOCTb
Ha 40%, pu nepexone Ha PeKUM IKOHOMHUHU DJIEKTPOIHEPTUU CBETOBOU MOTOK
yMeHnbiaercs Ha 50%.

Ha nokasarenu 0CBELIEHHOCTH U SIPKOCTHU BJIMSET BEJIMYMHA CBETOBOIO I10-
TOKa IPUMEHSAEMBIX UCTOYHUKOB cBeTa. CHM)KEHHME YPOBHSI HAIIPSDKEHUS Ha 3a-
KMMaX CBETWJIBHMKA IPUBOAUT K YMEHBIICHUIO CBETOBOI'O IIOTOKA U yXYALIe-
HUIO Ka4yeCTBa OCBEILECHUSA, HO HE BBI3bIBAS 3HAYUTEIBLHOM HEPAaBHOMEPHOCTH
OCBEILEHHOCTH, KOTOpasi MPUCYTCTBYET IPU OTKIIFOYEHUHU YaCTH CBETUIIBHUKOB.

CnMcoK HCIO0JIb30BAHHBIX HCTOYHUKOB

1. TKIT 45-4.04-287-2013 «HapyxHO€ OCBELICHUE TOPOJOB, IMOCEIKOB
Y CEJIbCKUX HACEIEHHBIX NMyHKTOB. [IpaBuia npoexruposanus». — MH: MuHu-
CTEPCTBO apXUTEKTYPBI U CTpoUTENbCTBA, 2013. - 19 c.

2. CnpaBounas kuura no cerorexnuke/ [lox pen. 10.b. AiizentGepra.
3-e u3a. nepepad. u gon. — M.: 3Hak, 2006. = 972 ¢.

3. TKII 45-2.04-153-2009 «EctecTBeHHOE M HCKYCCTBEHHOE OCBEILICHUE.
CrtpouTenbHble HOPMBI IPOEKTHUPOBAHUSL». — MH: MHUHUCTEPCTBO apXUTEKTYPBI
u ctpoutebeTBa, 2010. — 100 c.

YAK621.311.22
CEMAHTUYECKHWHA KOHTPOJIb JOCTOBEPHOCTHU NU3MEPEHUI
B DOHEPTETUYECKHUX CUCTEMAX
B.A. Anuwenko, T.B. Ilucapyk
benopyccxuii nayuonanvublil mexuuyeckul yHugepcumem

HanexxHoCTh 3KCITyaTallud HEPTETUYECKUX CHUCTEM BO MHOIOM OIpEJie-
JE€TCA JOCTOBEPHOCTHIO U3MEPEHUE MEPEMEHHBIX, XapAKTEPU3YIOLIUX COCTOSI-
HUE DHEPreTUYecKoro ooopynoBanus. K HUM OTHOCSTCS 3JIEKTPUYECKHE TOKH,
HaIPSKEHN A, MOIIIHOCTH, OTOKH JIEKTPUYECKON M TEIJIOBOM SHEPIruu, AaBie-
HUsA, TEMIIEpaTypbl. MI3BECTHBI CHHTAKCUYECKUE U CEMAHTUYECKHE METObI KOH-
TpoJisi TocToBepHOCTH MH(popManuu [1]. Pe3ynbrarel u3MepeHuil nmpu CHUHTAK-
CHYECKOM KOHTPOJIE PAcCMaTpPUBAIOTCS KaK MOCJEI0BATEIbHOCTH CHMBOJIOB,
CBSI3aHHBIX MEXKy COO0M KOHCTPYKTHMBHBIMH IIPABHJIAMH B paMKaX (popMan3o-
BaHHOU cucTeMBI. [Ipr CHHTaKCHYECKOM KOHTPOJIE TUAarHOCTUPYETCS COCTOSIHHUE
BBIYHMCIIUTEILHOTO KOMIUIEKCa, 00pabaThIBAIOIIETO pPe3yIbTaThl H3MEpPEeHUH,
¢ TOMOTIIIBI0 TIUGPOBHIX KOMOB [2]. CHHTAKCHUUYECKUH TTOIX0/ HE YUUTHIBACT TEX-
HOJIOTUYECKYIO CYIIHOCTb U3MEPSIEMBIX JAHHBIX U HE MO3BOJISIET OOHAPYKUBATh
BCE BO3MOYKHBIE HEJJOCTOBEPHBIE IEPEMEHHBIE.
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CeMaHTHYECKUI KOHTPOJIb OCHOBAaH Ha HCIIOJIb30BAHUU TEXHOJIOTHYECKOTO
CMBICIIa M3MEPSAEMBIX JaHHBIX, UX HEMPOTUBOPEYMBOCTH M COIIACOBAHHOCTH,
a TaKKe Ha anpUOPHON MH(POPMAIIMK O BEPOSATHOCTHBIX XapaKTEPUCTUKAX Iepe-
MeHHBIX. CeMaHTUYEeCKUI KOHTPOJIb YUUTHIBAET TEXHOJIOIMUECKUI KOHTEKCT 3a-
Jla4u U JOONPEIENSIET Ha COAEP KATEIbHOM YPOBHE aJrOPUTMbI KOHTPOJIS, KOH-
CTPYKTHBHOE MOCTPOEHUE KOTOPBIX HE MPEACTABISIETCS BO3MOKHBIM. JTO IOBBI-
[Ia€T BEPOSTHOCTh OOHApYXKEHHUsS TpyObIX TMOrpemHocTe usMepeHu |[3].
HeoO0xoaumbIM yCIIOBUEM KOHTPOJIS JOCTOBEPHOCTH SIBIISIETCS MH(OPMAIIMOHHAS
U30BITOYHOCTH 00 U3MEPSIEMBbIX MIEPEMEHHBIX. B 3aBUCMMOCTH OT BuAa U30BITOY-
HOCTH Pa3jIM4yaroT KOHTPOJb IO MPEACIIbHBIM 3HAYECHUSM IEPEMEHHBIX, UX Iep-
BBIM IIPUPAILECHUAM, HA OCHOBE YPABHEHHI B3aUMOCBSI3€ MEKY IEPEMEHHBIMH.

VYcnoBue AOCTOBEPHOCTHM HM3MEPEHUS X(1) MO MPEAEIbHBIM 3HAYCHUSIM
UMeEeT BUJ

a(t) < x(t) < b(1),

rae a(t) u b(t) — COOTBETCTBEHHO HWXHSS U BEPXHSISI TPAHULBI JIOCTOBEPHBIX
3HaYEHUHN U3MepsSEMOl IEPEeMEHHON B HOPMAJIBHOM PEKUME PabOTHI.

Pa3pemmaroniryto ciocoOHOCTh 3TOTO METOJIa MOXKHO MOBBICUTH ITyTEM OIl-
THMAJIbHOTO CY)KEHHUs JHMarna3oHa JOCTOBEPHBIX 3HAYeHUU b(t)-a(t) Ha OCHOBE
TEOPUM CTATUCTUYECKUX PELICHUN MO0 KPUTEPUI0 MHUHHUMYMa CpPEIHEH IEHBI
pacro3HaBaHUs HEOCTOBEPHBIX U3MEPEHUM [3 ]

C=(U=q)CF, +qC,F,,

1€ g — anpuopHasi BEPOATHOCTh FPyOOM MOTPEUTHOCTH,
C; — uena omnbku 1-ro pona (JIOKHOW TPEBOTH),
C> — neHa omubku 2-ro posa (TIpomycka HeA0CTOBEPHOTO U3MEPEHUS),
F; — BeposTHOCTH O1MOKH 1-ro poaa,
F> — BeposTHOCTH OMIMOKHU 2-r0 poja.
VYcnoBue 10CTOBEPHOCTH U3MEPEHUS 10 NEPBBIM IIPUPALIECHUAM UMEET BUJ

[x(t))—x(1—=h)|<d,

r1e 4 —uHTepBaJl BDEMEHHON AUCKPETU3ALINH,
d —TpaHuLa NPUHATHS PELICHUS O I0CTOBEPHOCTH U3MEPEHUS.
Paspemaromas cnocoOHOCTh KOHTPOJISL MO MEPBBIM MPUPALIEHUSAM I1OBbI-
[1aeTcsd IpU UCHOIb30BAHUM (PUIIBTPA SKCTPANOJIALMN 3HAUYEHUI MEPEMEHHOM.
Torga ycioBre 10CTOBEPHOCTU IPUMET BUJ

lx()—x,@)|<d,

IA€ x,(¢) — SKCTPANOIMPOBAHHOE B MPEBbIAYIIMH MOMEHT BPEMEHHU -/ Ha Te-
KYILLIUM MOMEHT BPEMEHHU { 3HAUCHUE NTEPEMEHHOU
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xa(t)zx(t—h)+k[x(t—h)—x(t—2h)].

Koaddunment k onpenensiercs mo KpUTEpru0 MUHUMYMa JUCIIEPCUU pac-
COTJIACOBAaHUS W3MEPEHHBIX W JKCTPANOJIMPOBAHHBIX 3HAYCHHUH IMEPEMEHHOM.
VYcioBust JOCTOBEPHOCTH U3MEPEHHUI B3aUMOCBA3aHHBIX MEPEMEHHBIX BBITTISISAT
CIICTYIOIIUM 00pa3oM:

15,(1)|<8,,,

8,(1)|<8,,...

8)1(t)| < 8;10 2

e &,(1),8,(t)...8 (t) — PaKTU4eCKue, a §,,,3,,,...,5,, — JOMyCTUMbIE HEBSI3KM N ypaB-
HEHUI CBSI3H, COOTBETCTBYIOIME KJIacCaM TOYHOCTH M3MEPUTENBHOM alaparyphl.
BepositHocTHas nprpoAa rpyObIX NOrPEMIHOCTEN M3MEPEHUI HE rapaHTUPYyET
oOHapy»eHue Bcex rpyObIX MOrperHocTeld. MakcCuMyM BEpOSITHOCTH 00HApYKEHUS
HEJIOCTOBEPHBIX HM3MEPEHUI JTOCTUIaeTCs MHOTONPU3HAKOBBIM KOHTPOJIEM, OCHO-
BaHHBIM HAa COBMECTHOW 0OpabOTKE pe3yJbTaroB KOHTPOJSI BCEMU OIHOIPH3HAKO-
BbIMU MeToniamu. OOHapy>KeHHE HEIOCTOBEPHBIX MOKa3aHUi MPUOOPOB aBTOMATHU-
YeCKH 3aMEelIaloTCsl UX HanOosiee BEPOSTHBIMU 3HAYECHUSIMU, YTO OOECIeurBaeT He-
NpepbIBHOE (PYHKITMOHUPOBAHUE CUCTEMBI cOOpa 1 00paboTKK H(GOPMAITHH.
Peanuzanus paccmarpuBaeMbIX METOIOB CEMaHTHYECKOTO KOHTPOJIS B aB-
TOMAaTU3UPOBAHHBIX CUCTEMaX YMPaBICHUS HA DJICKTPUUECKUX CTAHIUAX, TIOHU-
3UTENIbHBIX DJIEKTPUYECKUX MOACTAHIUAX, HA MPOMBIIUICHHBIX TPEINPUSTUIX
MO3BOJIUT MOBBICUTDH SKCIUTYaTallMOHHYIO HAJIEKHOCTh SHEPTrOCUCTEMBI B LIEJIOM.
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Tax ans npoBeneHust UCIBITAHUN UGPPOBHIX YCTPOICTB peICHHON 3alUTHI
¢ momoIibio ucneitTatenbHOro komiuiekca CMC 356 kommanuu OMICRON pas-
pabotanbl KoMIbloTepHbIe Tporpammubie komruiekchl (KIIK), mo3Bomstomue
10JIy4aTh METOJOM BBIUMCIUTENIBHOTO SKCIEPUMEHTA BXOAHbIE MH(DOPMALIMOH-
HbI€ CUTHAJIBl PEJICMHBIX 3aIUT JIMHUM 3JIEKTPONEpPEeNauyd W CUJIOBBIX TpaHC-
dbopmatopos (puc. 1).

=212 [l bl |ciee

| Pacugr mamn 112 I

EmKBlm LKS,KMW HKS,DMW
[F3] | % Tt % é a2 —
M 0, L L PrH, QuH
= K11 K10

K20
Prl Qn Lr| k|50 Pul,Qul Lr| k|50 PCH_,?CH
04 s[04 Pau, (BH 4@
42

qu
PeH,[BH PuH, QHH Ryr |0.742

Pucynok 1 — IIporpaMMHbIE KOMIIEKCHI JUIs1 pacdeTa PeKMMOB YIaJIeHHbBIX 3aMbIKaHUH JIH-
HuH anekrporepenaydun 6(10)-35 kB u cumoBoro Tpancdopmaropa

OcHoBHBIM JIocTOMHCTBOM paspaboranubix KIIK sBnsercss To, uro oHHM
MO3BOJISIIOT BBINOJIHATH PACYE€Thl BXOJHBIX CUTHAJOB 3aIIMThl — BTOPUYHBIX TO-
KOB TpaHC(OpPMATOPOB TOKA — € Y4ETOM HUX HECHHYCOMAAIBHBIX (hopMm, 00y-
CJIOBJICHHBIX HAJIMYUEM B SHEPrOCUCTEME HEIMHEHHBIX JIEMEHTOB, M HACHILIE-
HUSI MarHUTOIPOBOJIOB CUJIOBOTO U U3MEPUTEINIbHBIX TpaHCc(hopmaTopos (puc. 2),
4yTO B OOJIBIIEH CTENEHH COOTBETCTBYET PEAIbHBbIM YCIIOBUSIM aBapUMHBIX pe-
KUMOB. Pe3ynpTaTel pacyeToB HNPOTPAMMHBIX KOMIUIEKCOB COXPaHSAIOTCS
B popmare COMTRADE, u Moryt ObITh HCIIOJB30BaHbI B KAUECTBE MCXOHBIX
JAHHBIX UCIIBITATEIIbHBIX KOMIUIEKCOB.
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Pucynok 2 — Bropuunslii Tok TpaHchopMaTopa TOKa aBapuiHOTO peXUMa

[IpumeneHnne cucTeMbl TMHAMHYECKOTO MojaenupoBanus Matlab-Simulink
MO3BOJIAET CO3/JaBaTh KOMIIBIOTEpPHBIE ucCHbITaTeNbHble KoMIuiekchl (KHUK),
COBMECTHO MOJIETHPYIOININE 3alTUIIAeMbIi 00BEKT (PUC. 3) U HCCIETYyEMYIO 3a-
muty (puc. 4). OcHoBHbIM JocTonHCTBOM Takux KUK siBnsierca To, 4To OHM
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MOTYT OBITh PEATN30BaHbI TOJIBKO C MUCTIOIB30BAHUEM MTEPCOHATHHOTO KOMITHIO-
TE€pa U MO3BOJISIOT MMPOBOJIUTH UCIBITAHUS MOJEIM 3aLUATHI HA CTAIMU MTPOEKTHU-
poBaHUs U OTPAOOTKH €€ (PYHKIIMOHAIBHBIX BO3MOXKHOCTEH METOJOM BBIUMCIIHU-
TEJIbHOTO AKCIIEPUMEHTA.

TRIF TRIP

=3 Differential protection
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Pucynok 3 — KomnbroTepHbIil HCTIBITaTENbHBIN KOMITIEKC AU GepeHInanTbHON 3anuThI
CHJIOBOTO TpexdazHoro TpancdopmMaTopa
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CDO[JM. TOPMO3HBLIX TOKOB

Pucynok 4 — biiok-cxema 1indpoBoit 00pabOoTKH ¥ PUIBTPALIMHA BXOTHBIX
CHTHAJIOB MUKPOIIPOLIECCOPHON TOKOBOM 3aILIUThI

Ha puc. 4 npusenena 0sok-cxema uppoBoil 00pabOTKU M (HUIBTpaIUU
BXOJIHBIX CUTHAJIOB TOKa CO CTOPOHBI BHICOKOTO HarpsikeHusi (HV) u HU3KOro
Harnpspbkenns (L)) 3amumiaeMoro cuioBoro TtpexdazHoro TpaHcdopMaropa.
Bxonubie Toxu ia HV, iy HV, i. HV — BTOpu4YHBIE TOKH Tpex(da3zHON TPYIIIbI
TpaHCc(OpPMATOPOB TOKA, PACIOJOKEHHOW C BBICHIEH CTOPOHBI CHUJIOBOIO
TpaHncdopmaropa; BXOAHbIE TOKU i, LV, ip LV, i. LV — BTOpUYHBIE TOKH
TpexdazHoil TpymIbl TpPaHCPOPMATOPOB TOKA, PACIOJIOKEHHOW C HU3IIEH
CTOPOHBI CHJIOBOTO TpaHc(opmaTopa.

[IpoBeneHne HCMBITAaHUIM YCTPOMCTB HU(POBBIX 3AIIUT OCYLIECTBIIAETCS
C IOMOIIBIO UCTIBITATEIBHBIX KOMIUIEKCOB.
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B cocraB wucnbITaTENbHOrO KOMILIEKCA (PHC. S) BXOAMT NEPCOHAIBHBIN
KOMIIBIOTEP, B KOTOPOM PEaTM3yeTCs] MOJIETh SHEPTOCUCTEMBI MJIH 0000IIEHHO-
ro aJIeKTpodHepreTudeckoro odwvekra (O20) u mporpaMMHOe oOecTedeHUeE,
YIOPABJISIIONIEE UCMBITATENbHBIM YCTPOMCTBOM M PEKHMMOM IPOBEIECHUS HCIIbI-
TaHUU. B KauecTBe HCHBITATENIBHOIO YCTPOMCTBA MOTYT OBITh HCIOJIb30BaHbI
MHUKPOIIPOLIECCOPHBIE aNIapaTHO-IPOTPaMMHBIE JUArHOCTUYECKUE KOMILIEKCHI
HIIT «/Innamuka» (Poccus) tuna «PETOMy, komnannun OMICRON wunu ana-
JIOTUYHBIE KOMILUIEKCHI APYTUX MPOU3BOAUTEIICH.

Pucynok 5 — AnmapaTHO-IpOorpaMMHBIN HCIIBITATENIbHBIA KOMILJIEKC Ha 6a3e yCTponucTBa
CMC 356 xommanuu OMICRON

MopenupoBanue O30 nOpoBOAUTCS C MOMOLIBIO  KOMIIBIOTEPHBIX
MIPOrPAMMHBIX KOMIUIEKCOB, KOTOPbIE MOTYT OBITh B BHJI€ CaAMOCTOSTEIbHBIX
IPOrPAMMHBIX MPOAYKTOB WJIM pPEAIU30BaHbl B KOMIIBIOTEPHBIX CHCTEMax
JUHAMHYECKOTo MojennpoBanus tuna Matlab-Simulink.

HakomieHHbIil ONBIT B MOJEIUPOBAHWU SHEPrOCUCTEM U HUCIBITAHUU
YCTPOMCTB pENEeHOMN 3auThl |1, 2] MO3BOIAET PEKOMEHI0BaTh HA HAYAIbHOU
CTaAuM pa3pabOTKH HOBBIX YCTPOMCTB OTKA3aThCsA OT UCIOIb30BAHUS JTOPOTUX
anmnapaTHO-IPOrPAMMHBIX UCIIBITATENbHBIX KOMILIEKCOB, a UCIIOJIb30BaTh OoJiee
JIelIeBbIe U O€301acHble KOMIIBIOTEPHBIE UCTIBITATEIbHBIE KOMILIEKCHI.
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dopMupoBaHUs JIEKTPOIHEPTETUKH B COOTBETCTBUM C KOHIEMNIMEH Smart
Grid ocHOBaH Ha 1EIIOCTHOM CHUCTEME MOJAXO0J/0B, MPUHIIUIIOB U UHCTPYMEHTOB
CO37IaHUsl TEXHOJOTUYECKON 0a3bl C LEIbI0 MPeoOpa3oBaHMs dIIEKTPOIHEPreTH-
YEeCKOM OTpaciii B COOTBETCTBUM C PACTYUIUMHU TPeOOBAaHUSMM K SHEPreThye-
CKOM U 2KOJIOrH4eCcKoi 3P PEKTUBHOCTH YKOHOMUKH.

KoHuenuus «ymMHbIE CETH» OCHOBaHA Ha BHEJIPEHUU «UHTEIEKTYaJIbHOIO
y4eTa», «UHTEJUICKTYyaJIbHOU CETH», «dHEprodPGeKTUBHOCTHY, «IIOTPEOUTEIh-
ckux texHnonoruiy. Konnenmus dopmupoBanus Smart Grid B o0acti opraHu-
3alMM «MHTEJUIEKTYaJbHOTO YUYETa» MOJIyYHIa TOCYyAapCTBEHHYIO MOAIEPKKY B
Poccuiickoii @enepanuu, 4To 3aKpeIIeHO B « DHEpreTuueckon crpareruu Poc-
cun Ha niepuoa 1o 2030 roma» [2].

C skxoHOMHMUYECKOW TOYKHM 3peHus BHeApenume Smart Grid B poccuiickoit
ANEKTPOIHEPIETUKE PACCMATPUBAETCA KaK CPEICTBO YBEJIWYEHUS 3KOHOMHYE-
CKOM M 3HepreTrueckoil 3((HEeKTUBHOCTH SKOHOMUKH. BHenpeHnue «yMHBIX ce-
Tei» CIOCOOCTBYET PEryJIMPOBAHUIO CIIPOCA HA SJIEKTPOIHEPTHUIO U CHUKEHUIO
€€ U3JIEPKEK B DJIEKTPUUECKHUX CETSAX; YBEIMYEHUIO MPOMYCKHOW CIOCOOHOCTH
JENUCTBYIOUIUX M HOBBIX JIMHUM 3JIEKTPONEpeiadyi; TOUHOMY MOHUTOPUHTY U pe-
T'YJIUPOBAHUIO PEKUMOB MOTPEOICHUS IIEKTPOIHEPTUH; CHIIKEHHUIO TUIOMIAIH
3eMellb, OTBOJAMMBIX TO/I AJIEKTPOCETEBbIE KOMMYHUKAIIUH.

[lepexos Kk THHOBAIIMOHHOMY BapUaHTy pPa3BUTH Ha OCHOBE MHTEIJICKTY-
aJIbHOM SHEpPreTuku OyNeT COMPOBOXKAATHCS CYIIECTBEHHBIM YMEHBLICHHEM
BBOJIOB HOBBIX 3JIEKTPOCTAHIMM M CBSI3aHHBIX C HUM CETEBBIX OOBEKTOB IS
BBIJIA4YX MOIIHOCTH. BeneAacTBue, 4ero CHUKEHNE KaluTal0BIOKEHUHN SBIIETCA
HanboJsiee 3HAYUMBIM CUCTEMHBIM S KOHOMUYECKUM IPHEKTOM.

HaunbGonee xpymabiM 3 heKkToM SBISETCS CHIKCHHE TOIUTMBHBIX PACcXO0B
3NeKTpocTaHlni. JlonomHuTenbHbIi 3 HEKT MOKET OBITh JOCTUTHYT C YUETOM
SKOHOMHUYECKON CTOMMOCTH BHIOPOCOB MAPHUKOBBIX T'a30B.

B kauyecTBe nmpumepa pacCMOTPUM MOJEIMPOBAHUE BHEAPEHUS YMHBIX CETEl
Ha TeppuTopru enruHoi sHeprerudecko cuctemsl (EDC) Poccuiickoit denepanmu.

Jist mpeBapuTeNbHOM OIEHKH BO3MOKHBIX CUCTeMHBIX 3(pdexToB B EDC
Poccuu nipu co3naHuy UHTEIUIEKTYaIbHON 3JIEKTPOIHEPIETUKN ObLIN UCTIONb30-
BaHbI JJaHHBIE MO Pe3yJibTaTaM MWJIOTHBIX MpoekToB Smart Grid, ocyuiecTBie-
HUE KOTOpPBIX Hadara B pa3HbIX cTpaHax. CorjacHO MHOTMM MpPUYMHAM COXpa-
HSETCS KpaliHEe BBICOKAsl HEOIPEACICHHOCTh OKUIAEMBIX PE3YyJIbTaTOB OT BHE/-
penus anemeHToB Smart Grid. Pe3ynbTaTsl ipeacTaBieHbl HUXeE Ha puc. 1:
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CHuxeHune Tpebyemon CHuxeHune notpebHOCTH B
YCTaHOBNEHHOW MowHOCTH, MBr 3NeKTPO3Hepruu, mnpa KBr*y
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B CHmeHMe MaKCMMyMA Harpy3ku y notpebutenein npu B CHM¥M@HMe KOHEeYHOro 3NeKTponoTpetneHus npu
ynpagneHuM cnpocom ynpasneHuu crnpocom

B CHuXEeHWe pe3epea B reHepauMM ¢ yyetom ¥ CHUMEHME NOTEPL B CETAX € YYETOM HOBbLIX
NoBbIWEHKA HapexHocTM cpeacTeamm U3C AAC n TEXHOMOIMK, YNPABNEHHA NOTEPAMA W CHUXEHUA
CHHMEHMA MAKCHMYMA Harpy3Ku KOH@YHOro aneKrponotpetneHun

Pucynok 1 — KonnyecTBeHHas o1jeHKa H3MEHEHHsI OalaHCOBBIX YCIIOBUI
B EDC Poccuu npu pa3BUTHN UHTEIEKTYallbHON SHEPT€TUKH

CpaBHeHHE »HKOHOMUYECKUX pe3yJbTaTOB M HEOOXOJAMMBIX 3aTpar
Ha (hOpMUPOBAHUE «YMHOM CETHU» MOKA3bIBAET, YyTO yke K 2030 r. saxoHOMUYe-
CKHE BBITOJIbl OT peaau3alii MPOCKTa UHTEJVIEKTYyaIbHON SHEPreTUKHA B Mac-
mrabe EDC Poccuiickoit denepannu 0KaxkyTcs COMOCTAaBUMBIMH ¢ HEOOXOH-
MBIMH KalTUTaJIOBIOXKEHHUSIMH.

AKTyalbHOCTh UHHOBAIITMOHHOTO Pa3BUTHUSI POCCUNCKOU 3JIEKTPOIHEPIreTH-
KA Ha OCHOBE MHTEJUICKTYAJTbHON SHEPTOCUCTEMBI 00YCIOBICHA HU3KUM TTOTEH-
MAJIOM YBEJIWYEHUS MPOU3ZBOJAUTEIHHOCTH NPUMEHEHHS SHEPropecypcoB
Y OTPAaHUYECHHOCTHI0 NHBECTUIIMOHHBIX PECYPCOB.

Smart Grid 00beauHsAeT B ce0€ HOBbIE KOMMYHUKALIMOHHBIE U SHEProdPdek-
TUBHBIE TEXHOJOTHYECKHUE MPOLECChl U SIBISIETCS JIEMEHTOM TJIOOATLHOM Mpo-
rpaMMbl UHTErPAldd BO BCEOOIIYIO CUCTEMY MPUMEHEHUSI BO30OHOBIISIEMBIX HC-
TOYHUKOB dHEpruu. B Helt paccMaTpUBarOTCS BOBMOXXHOCTH OOBEIMHEHUSI CUCTEM
HAKOIUICHUS ~ DHEPIMM M PaClpeesIeHHbIX Te€HEPUPYIOIIMX  MOITHOCTEH,
a Taoke popmMupoBaHus BceoOIel CCHCOPHOM CETH, MTO3BOJISIFOIIECH OCYIIECTBIISITh
MOHUTOPHUHT ¥ ONTHUMH3AIMIO JIOKAJLHBIX MPOIIECCOB MPOU3BOACTBA U MOTpeoIIe-
HUS AJIEKTPOIHEpru [3].

Hcnonb3oBaHue TEXHOJIOTHI «yMHBIE CETU» MPECIeNyeT Lebio odecreye-
HUS HAJICKHOCTHU U YBEJIMYEHUS TPOU3BOAUTEIILHOCTH (DYHKIIMOHUPOBAHUS BCE-
ro 3JIEKTPOCETEBOr0 KOMIUIEKCa. B 1emom ke perreHue 3amad sHeprocoepexe-
HUS ¥ YBEJIMYCHUSI DHEPreTUUYECKON A((PEKTUBHOCTH SKOHOMHUKH HAa OCHOBE
ATOM KOHIENIUU JAacT BO3MOXXHOCTh YIPOCTUTH MPOUECCHl MPOIABUKECHHUS
Y PaCTIPOCTPAHCHHS] HHHOBAIIMOHHBIX YHEPTOCOEPETalmnuX TEXHOIOTHH, a TaK-
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K€ HOPMAJIN30BATh TCXHOJOTHYCCKHUC PCIrIIaMCHTBI 1 MCTOJUKHU SHEPTCTHICCKO-
T'O aHaJIn3a U ayauTa.

Cnncok ucnoyib30BaHHbBIX HCTOYHUKOB
1. Banees U. "Ymubie" anektpuueckue cetu. — M.: Palmarium Academic
Publishing, 2015. - 172 c.
2. Konnenuus sHeprerudeckon crpareruv Poccun Ha nepuoa a0 2030 roga
(mpoexr). [pui. x xypHany “DHepreruyeckas noautuka”. — M.: I'Y UDC, 2016.
3. bopoBukoB B. A. DnekTpuyeckue CeTu IHEPreTHUECKUX CHUCTEM.. YueO-
Huk / B.A. bopoBukos, B.K. Kocapes, I'.A. Xogot. — M.: Oueprus, 2016.— 392 c.

99



CEKIUS 4
TEIJIOOBMEH Y TEIUIOTEXHIYECKHWE TEXHOJIOTAU TC U A3C

YK 629.76
NPUMEHEHUE ABCOPBIIMOHHBIX TEIIJIOBBIX HACOCOB
B CUCTEME I'OPOJICKOI'O TEIVIOCHABXEHUA
C.U. Cmpayunckuti, B.B. Anuyk
benopycckui nayuonanvuviu mexuuueckuu ynugepcumem

Pecniybnuka benapycs umnoptupyer okoio 85% MepBUYHBIX 3HEprope-
cypcoB. [loaromy yBennuenue 3¢h(peKTUBHOCTH MCTOIB30BAHMS JTAHHBIX pecyp-
COB SIBJII€TCS TJIABHBIM U3 HAIIPaBJICHUN B PEIICHUU MPOOIEMbI COBPEMEHHOCTH
sHepreTukn — sHeprocoepexxenus [1]. IlosTomy B 3TO# cdepe OCHOBHBIMU
MOXXHO CUHMTATh CIEAYIOIIMA BHUJBI JIEATEIbHOCTH: peaau3aliius MEpOIpPHUITH,
CBSI3aHHBIX C Pa3BUTHEM BO300HOBIISIEMBIX W HETPAJAWIIMOHHBIX HCTOYHUKOB
SHEPIUM M HCMOJb30BAHUEM BO300HOBIISIEMBIX 3HEPrOPECYpPCOB; pa3paboOTKa
BBICOKO?(P()EKTHBHBIX CHUCTEM YMPABICHUS SHEPTOCOCPEKECHUEM U CPEJICTB
KOHTpPOJIs 32 3(PPEKTUBHBIM HUCTIOIB30BAHUEM TEIUIOBBIX YHEPTOPECYPCOB.

B cBsi3u ¢ 3TM, Bce OOMBIIYI0 aKTyalbHOCTh MPUOOPETAIOT BOIPOCHI MPHU-
MEHEHHMS TETUIOBBIX HACOCOB JIJIsl MCIIOJIb30BAHMUST HU3KOTIOTEHI[MATIBHBIX UCTOY-
HUKOB TeIJIOThl. OCOOEHHO TOMYJISIPHBI B-ITOCTEAHEE BpeMsi aOCOPOIIMOHHBIC
HACOCHI, Ha MPUBOJI KOTOPBIX UCIOJIb3yeTCs 0oJiee JemieBasi TEIUIoBasi SHEPIus,
[0 CPABHEHUIO C HEOOXOJAMMOCTBIO MOJBOJIa JIOPOrOCTOSALIEH 3IEKTPUUYECKOIM
HHEPTUU K MapOKOMIIPECCHOHHBIM MalIMHaM.

AOCOpOIIMOHHBIN TETUIOBOM HACOC HCIONb3YET MOABEACHHYIO TEIUIOTY
JUTSI TIOBBIIIIEHUS HU3KOW TeMIIepaTyphl TEIJIOBOTO IMOTOKA M3 OKpYKarouleh
Cpelbl — HalpuMep, TeIIOTY COPOCHBIX IMOTOKOB, COJIHEYHYIO, T€OTEPMAIbHYIO
— JIO TAKOTO TEMIIEPaTypHOr0 YPOBHS, MPU KOTOPOM OH MOXKET OBITH TOJIE3HO
UCIOJIb30BaH. Teriora, KoTopas MOABOJUTCS K TEIUIOBOMY HACOCY MPHU BBICO-
KOM TeMIiepaType, 3aTéM CHOBa HCIOJB3YETCS B CPEIHEM TEeMIEpaTypHOM
YPOBHE BMECTE C TEIUIOTOM M3 OKpY’XKalollel cpeiabl, KoTopas adcopOupyercs
IpU HU3BKOM TEMIlepaType C MOCJICAYIOIIMM MOBBIIIEHUEM TEMIIEPaTypHOIro
ypoBHsi. Takoe nmpeoOpa3oBaHUE TEIJIOBBIX MOTOKOB, BBHIMOJIHIEMOE MPU MTOMO-
1 a0COpOLUMOHHOTO TEMJIOBOTO HACOCa, OCHOBAHO HA MOBBILIEHUU TEMIIEpaTy-
PbI KUTIGHUS pacTBOpA XJIAJIar€HTAa M0 CPABHEHUIO C YUCTHIM XJIaJareHToM. AG-
COpOLIMOHHAs TETJIOHACOCHAs YCTAaHOBKA COCTOUT M3 YETHIPEX TJIABHBIX AJie-
MEHTOB — WCHapuTenb, abcopOep, KOHJEHCATOp M TEeHepaTop, KOTOphIe
paboTalOT Ha JABYX pa3HbIX YPOBHSX JaBJCHHsS. XJIaJlareHT UcCHapseTcs
IIPY HU3KOM JIaBJICHUU B UCHIAPUTENIe M BO3BPAIIAETCS B KUJIKYIO dazy B abcop-
Oepe, NOBBIIIAs KOHIIEHTPAIIMIO pAcTBOpa. 3aT€M B FeHEpaTope pacTBOP KUITUT
IIPY BBICOKOM JIaBJICHUU, TIPOUCXOJIUT MCHAPEHHE YUCTOrO XJIaJareHTa U BOC-
CTaHOBJICHHE COPOLMOHHOM CcrOCOOHOCTH pacTBopa. [lomydeHHBIN XJagareHT
KOHJICHCUPYETCS B KOHJICHCATOPE W BO3BpaIlaeTcs B ucnapurenab. PactBop xia-
JAaTeHTa IUPKYJIUPYEeT MEXITy adcopOepoM W TeHepaTopoM, obecrieunBas He-
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MIPEPHIBHOCTh JACHCTBUS YCTAHOBKU. TEMIO0OMEHHUK CIYXKUT ISl pereHepaIun
3HAYUTETHPHOTO KOJIMYECTBA TETUIOTHI BHYTPH KOHTYpa pacTBOpa, yBEIUUIUBAs -
(exTuBHOCTH Pa0OTHI MKIIA. MicnapeHue xnagareHTa 1 BOCCTaHOBIIEHUE pacTBOpa
0o0ecreynBaroTCs 3a CYET MOJIBOA TEIUIOTHI U3 OKPYKAIOIIEH Cpe/ibl U BHICOKOIIO-
TEHIMAIBHOM TEIIOThl. B mporiecce abcopO1uu ¥ KOHACHCAIIUU TOJIE3HAs TEIUI0Ta
BhIjIETIsIETCS B abcopOepe 1 KoHaeHcaTope [2].

AOCOpOLIMOHHBIE TEIIOBbIE HACOCHI MPEACTABIIAIOT COOON OJIHOCTYNEeHYa-
ThIE U JBYXCTYNEHYAThl€ YCTAHOBKU C paboTarolne Ha BOJHOM pacTBOpe Opo-
muja autus. TernoBas 3QGEeKTUBHOCTh OJHOCTYIIEHUATHIX yCTaHOBOK (COP —
kod(ppunmeHT nmpeodpa3zoBaHus — OTHOIIEHHUE MOJYYCHHOHN TMOJIC3HON TETUIOTHI
K MOJBEJEHHOM) cocTaBisieT okoso 1,7. BenencTBue Oosiee BHICOKOW TeMIiepa-
Typbl TOABEJECHHON TEIIOTHI, TerioBas A(PPEKTUBHOCTb ABYXCTYyNEHYATHIX
YCTAaHOBOK JIOCTUTaeT mpuMepHo 2,2. CiemoBaTeiabHO, TpUMEHEHHEM abcopo-
[MOHHBIX TEIMJIOBBIX HACOCOB MOKHO C3KOHOMUTH OK0JIO 50% MepBUYHOI SHEP-
UM, TpeOyeMoil Il TOTy4eHUsT HEOOXO0MMOTO KOJTUYeCTBa TeIIoThl. [lomyya-
eM Jaxke OOJIBIIYI0 YKOHOMHUIO MEPBUYHOMN SHEPTUU MO CPABHEHUIO C MAPOKOM-
MPECCOPHBIMU  TEIUIOBBIMA ~ HAcOCaMH, TAe¢. HEOOXOAMMO  YYUTHIBATH
K03 GuIueHT npeodpa3oBaHUs YHEPTHH TOIUIMBA B DJEKTPHUUECKYIO Ha DJICK-
TPOCTAHIIMH, YTOOBI OIEHUTH 3aTPAThl IEPBUYHOM TETUIOTHI Ha TMOJIyYCHHE KO-
HEYHOTO KOJINUECTBA MOJIE3HOMN TEIJIOTHI.

VYcraHOBKM Ha OpOMHUJIE JIUTHUS IITUPOKO MPUMEHSIOTCS JIJIs MPOU3BOACTBA
OXJIXKJIEHHOM BOJBI B chepe KOMPOPTHOTO KOHAUIIMOHUPOBaHus. O1HA U Ta Ke
pabouasi )KUJKOCTh U OJIHA U Ta K€ KOHCTPYKIIUS IJIABHBIX JIEMEHTOB TEIJIOBO-
ro Hacoca MOXKET MPUMEHATHCS ISl MOJIC3HO MCTOIB3YEMOMN TETUIOThI C TeMIIe-
parypoii ot 10°C mo 180 °C u temioBort MomHoctd OT 50 mo 5000 xBT.
OT0 yrpoiaer pa3BUTUE TaKNX YCTAHOBOK CIEIIMAIBHOTO HA3HAYEHUS 10 CPaB-
HEHUIO C MOPOKOMIIPECCUOHHBIMH TETUIOBBIMU HACOCAMH, TJE JUIsl 00eCTIieueHUs
COOTBETCTBHS TpeOOBaHUAM 3aKa3zuuKa Bcerja HeoOXO0auMO MoAOMpaTh MOJIX0-
TSTIAN XJTaIareHT W KOMITPECCOp, YUYUTHIBASI TEMIIEpaTypHbIe YPOBHU, K03 du-
IIUEHT CKATHsl, MOITHOCTD | T.]I.

TennoBoil pacyeT aOCOPOLMOHHBIX TEIUIOBBIX HACOCOB OCHOBBIBAETCS
Ha Terio(U3uIeCcKuX cBoiicTBax padodero tena. Eciu pabouee teno — Opomua
JUTHS, TEMIIepaTypa MCTOYHUKA TEIUIOTHI JOJDKHA OBITh BBINIE TEMIIEPATypPhI
KpUCTAJUIM3AMUA BOJbl U KOHLICHTPAILUS COJU B pacTBOPE JOJKHA OBITH Orpa-
HUYEHA, YTOOBI N30€XKaTh KPUCTAIII000pa30BaHUS.

B 3aBucumocTH OT mpUMEHEHUSs, TEIJIOBOM HACOC MOXKET BBIMOJIHATH He-
CKOJIbKO (DYHKIIMH, TAKMX KaK MOBBILIEHUE TEMIIEPATypPbl UCTOYHHUKA JI0 YPOBHS
MIOJIC3HOT'0 MCTOJIb30BAaHMS WJIM MOCTENEHHOE TaJICHUE TeMIlepaTypbl BHEITHUX
TEIJIOHOCUTENEH, T.€. IIelb HUCTOYHUKOB TEIJIOTHI, IEMb MOJIE3HON TEIJIOTHl WU
MCTOYHUK MPUBOJAHON TEIUIOTHL. s onTuMu3anuu paboThl TEIJIOBOTO Hacoca
MPUMEHSIOTCSI MHOTOCTYTIEHYAThIE LUKJIBI UM, TaK Ha3bIBaeMbl€, CIBOCHHBIC
KOHCTpYKIuu. C MpUMEHEHHEM MHOTOCTYIEHYaTOCTH Pa3HHIIA TEMIIEPATYP BbI-
COKOTIOTEHIIUATLHOTO, HU3KOMOTEHIINAILHOTO UCTOYHUKOB TETUIOTHI U TEMIIe-
paTypa BBIXOJAHOTO MOTOKA, MOXET BapbUpoOBaThcs. OJHOBPEMEHHO C YBelUYe-
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HUEM pPa3HOCTH TEMIEpaTyp NpU MPUMEHEHHH ABYXCTYNEHYATOro LHUKJIA Mpo-
ucxoaut ysennuenue COP. CaBoeHHbIE KOHCTPYKIIUH 3JIEMEHTOB, PaOOTAIOIINX
MIpU HU3KOM JaBJICHUM — UCMapUTesib/abcopOep i padoTaloMMX MPU HU3KOM
JABJIEHUU — TEHEPaTOp/KOHACHCATOP, MOTYT NPUMEHSTHCA AJI CIIIa’KWBAHUS
OOJIBIIMX PA3HOCTEN TEMIEPATYP BHEITHUX UCTOYHUKOB TEIUIOTHI.

3a pyOexoM TeIJIOHACOCHAs TEXHUKA HaXOAUT IIUPOKOE NPUMEHEHUE
JUTSL 11eJIed TeTI0CHA0MKEeHUs KUIbIX U 0(DUCHBIX 31aHui O6osee 30 Jer.

B MioHnxeHe B HOBOM pa3BUBarOIIEMCs cniajibHOM paiione ¢ 300 gomamu
YCTaHOBJIEHA MECTHAsl CUCTEMa OTOIUICHHUS C MCIIOJIb30BAaHUEM COJIHEYHOM BHEp-
run. Ha Bcex kpblliax ¢ F0)KHOM OPUEHTALIMEN YCTAHOBJICHBI COJIHEUHBIE TAHENH;
ux o6mas miomans cocrapiser 3600 M2, Ha cTpouTenbHOM MIIOMIaAKe CMOHTH-
POBaH HAKONUTEIBHBIA 0aK Ul ropsYeil BoAbl €eMKOCTHIO 0Koso 5700 M 1 00-
mieid BeicoTor 16 M. Takas cucrema XpaHEHHs TEIUIOTHI MO3BOJUT MOKPHIBATH
YaCTh 3UMHEW OTONMTENIBHOM HArpy3KH 3a CYET COJHEYHOW YHEPIrHUH, HAKOILICH-
HOM B JIETHUI NEPHUOJ, XpaHsLIEics npu TemnepaTtypax, gocturaromux 90 °C [3].

Jns nosiienust 3pPEKTUBHOCTU XpaHEHUSI SHEPTUM, B UHHOBAIIMOHHYIO
CUCTEMY OTOIUIEHHUS C UCIOJIb30BAaHUEM COJIHEYHOM >HEpPruu BCTpauBaeTcs aod-
copOUMOHHBIN TeroBoM Hacoc. [locie npsAMoro UCHOJIb30BAHMS TOPSAYEH BOJIbI
U3 HAKOIIUTENA, BOAA C HU3KUMHM TeMmmeparypamMu B uHTepBasie oT 45 °C
1m0 19 °C OGynetr moABOAMTHECS K MCHAPUTENIO TEIUIOBOrO0 Hacoca. TakuM oOpa-
30M TO0JIOBOE KOJIMYECTBO COJIHEYHON SHEPruu, KOTOPYI0 MOXKHO MepeaaThb
B OTOIUTEIBHYIO CHUCTEMY, BO3PAcTacT M YMCHBIIAETCS KOJIWYECTBO TEIUIOTHI,
KOTOPYIO HE0OXOJIMMO MOJBOAUTH OT CTOPOHHEro MCTO4YHMKA. [Ipu sTOM He
TpeOyeTcsl YBEJIIMYMBATH pa3Mephl HAUOOJEE JTOPOrOCTOSIIUX AJIEMEHTOB, CH-
CTEMBI COJIHEUHBIX KOJUIEKTOPOB W HakomuTenabHoro Oaka. [IpuBogom abGcopoO-
MOHHOT'O Hacoca SIBIISIETCS Topsiyas BoJia U3 MOAAIOIIEH MaruCTpalid CUCTEMBI
TOPOJACKOTO paHOHHOTO OTOIICHHUS.

Jlnia obGecnieduenus Ha/leKHONU paObOThl B U3MEHSIOUINXCS YCIOBUAX Ha MPO-
TSYKEHUU OTOINUTEIBHOIO MEepHOoa, TEIJIOBOM HACOC CIPOEKTUPOBAH HA TEMIIE-
paTypy 00OpaTHOI BOJbI cucTeMbl oTomieHus: B uHrepBaie 2040 °C, koropas
BXOJIUT B abcopOep, W TeMIiepaTypy NOTOKa, BBIXOJSAIIEr0 M3 KOHJAEHCATOpA,
okoso 55 °C. B uukie mupKyJIsSIIIMOHHON BOJIBI (MCTOYHUK TETUIOTHI/CE30HHBIM
HAKOIUTEIh) Ha MPOTSHKEHUM OTOMMUTENIBHOIO CE30Ha TeMmIlepaTypa IOJIBOIU-
Mol Kk wucnaputento Temiotel nagaer ¢ 45 °C mo 10 °C. Ilpenmnonaraercs,
YTO TEMIIEPATypa BBIXOJALIETO U3 UcnapuTens nortoka cocraBut 5—10 °C B koH-
[I¢ OTOMUTEIHLHOTO MEepHUoja s 0oJjiee MOJHOIO HCIOJIb30BAaHUS BCEM HAKOM-
JIEHHOM TEIIOThL. TeMneparypa B CHCTEME OTOIUICHUS 3aBUCHUT OT TEMIIEPATYPHI
OKpy arolien cpensbl u JiexkuT B uutepBaiie ot 120 °C go 90 °C.

YtoOBl AOCTHYL TMOBBIIICHUSI TeMIepaTypbl nmpuMepHo Ha 45 °C mexmy
BBIXO/IOM M3 UCHAPUTENsS M BBIXOJOM M3 KOHJEHCATOpa U OONBIIMX MEPEenaoB
TEMIIEpaTyp B TPEX BHEIIHHUX KOHTypax TeIUIOHOcuTenei, T.e. okojgo 10 K
B KOHTYpE€ OXJIAKJIEHHOU BOAbl, 25 K B KOHTYype mupKyassunoHHOW Boubl, 30 K
B KOHTYpE ropsiueil BOABI, JjIsi IPUMEHEHHUS! ObUIM BHIOpAHBI CIBOCHHBIC KOH-
CTPYKLIUM HcHapurelsi/abcopOepa U reHeparopa/KoHJAEHcaTopa, 4YTO SKBUBa-
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JIEHTHO TOCJIEOBATEIbHOMY COEIWHEHUIO OJHOCTYNEHYATHIX yCTaHOBOK. Ta-
KUM 00pa3oM, JlaHHas yCTAaHOBKA BKJIIOYAET B ce0s BOCEMb IJIaBHBIX TEIIO00-
MEHHBIX almnapaToB W YEThIPE CTYICHU JABJICHHUS, T.€. IBA Pa3HBIX YPOBHS J1aB-
JICHUS B UCIIApUTEJIC U JIBa B KOHJACHCATOPE, U KAXJbI BHEITHUN KOHTYP BOJIbI
NOCJIEIOBATENbHO MPOXOAUT Yepe3 ABe a0COPOLUMOHHBbIE YCTAaHOBKU. Takas
cXeMma TMO3BOJISIET MOJYYUTh 3HAYUTEIBHYIO IUIOMIAb OOINEH MOBEPXHOCTH
BOCBMHU TETJIOOOMEHHUKOB U BbICOKUU ko3(dunument COP TemnoBoro Hacoca,
paBHbIi 1,7. DT aBa aOCOPOLMOHHBIX arperata ObUIM OOBEAMHEHBI B OJIHY
YCTaHOBKY, TOJIbKO UMEIOT JIBa KOXKyXa, M yCTaHaBIMBAIOTCS Ha 001IeM (pyHa-
MeHTe. Y CcTaHOBKa Obljia BBEJIEHA B dKcIuTyaTaiuio BecHon 2007 roaa.

bonee BoctpeboBanHbIMU B benmapycu B Cuily KIMMATHYECKUX YCIOBHIA
CTpaHbl U CHENU(UKU MPOMBIIUICHHBIX MPEANPUITHI, OOJIBIICH YaCThIO TEIIIO-
TEXHOJIOTUYECKHUX, MOTYT CTaTh aOCOPOIMOHHBIE TEIJIOBBIC HACOCHI, MpETHA-
3HAYEHHBIE IS IOJIyYeHUs ropsyeld BoAbl TeMieparypoil- 1o 90 °C miga Hyxna
ororuienust u I'BC.

Ha cuctems! TemocHabxenust B benapycu npuxoaurest 40% Bcex moTpeo-
JSIEMBIX TOIUIMBHO-3HEPreTUYECKUX pecypcoB. Pacxomyemasi cucreMaMu rops-
YEero BOJOCHA0KEHUS 3HEPIUsl B KOHEUHOM UTOre TaKXE pacCEeUBaeTCsl B OKpY-
Karollen cpefie U, KaK MPUHATO CUUTATh, cocTaBiisgeT 10 30% sHepruu, HeoOXo-
IUMOI  cucteme TeruiocHaOkeHus. OaHAakO ~ HHU3Kas TeMmIeparypa TaKux
MCTOYHHUKOB HE MO3BOJIAET UX MPSIMOE MOBTOPHOE UCITIOJIH30BAHUE.

KorenbHbie 3aHUMAIOT TOMUHUPYIOIIEE MECTO B CUCTEME TETLIOCHAOKEHHUSI
CTpaHbl, IPUYEM MHOTHUE SIBJISIIOTCS NPOU3BOJACTBEHHO-OTONUTEIbHBIMU. Psiiom
C HUMH B OOJIBIIMHCTBE CIIy4YaeB PacIioiaraioTcs MpeanpusIThs, UMEIOIINe HU3-
KOTEMIIEPATyPHbIE TOTOKH TETLIOTHI.

V3ke cerofns 4aCTHYHO HAJIAXKEHO HUCIOJIb30BaHue Takux MoTokoB. ABTH mpu
COIPSDKEHUH C KOTEeIbHBIMU 00ecrieunBaroT 110 40 % sxoHomuu TorumBa. COOTBET-
CTBEHHO OUYEBHJIHA SKOHOMHUSI CPEJICTB, T.K. TOIUTUBHAS COCTABIISIOIIAs c€OeCTOMMO-
CTH OTITyCKaeMOM KOTETbHOM TEIIOBOI SHEPTUH BBICOKA U MOXKeET gocturats 90%.
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YK 620.9, 577.23:622.76
BJIMSTHUE YJIbTPA3BYKOBOM OFPABOTKH OPTAHUYECKHX
BEHIECTB HA BbIXOJA BUOT'A3A
M.U. Banenoix, K.B. I[Ipoxonenxo
Hayunwvui pykosooumenv — U.H. [Ipoxonens
benopycckui nayuonanvuviu mexuuueckuu ynugepcumem

B nanHoli pabote ucciemyeTcs BIUSHHE YJIbTpa3Byka Ha OpPraHUYECKHE
BellecTBa. [lenb pabomei: BBISIBUTH ONTUMAJIbHBIE TApaMETPhI IS YIbTpa3ByKa,
KOTOpbIE CIIOCOOCTBYIOT Hambosee 3p(HeKTUBHOMY BO3/CHCTBUIO HAa OpraHUYe-
CKHE BELIECTBA.

[Tox Bo3meiicTBHEM YyIbTpa3ByKa Ha KJIETKHA MCXOJHOTO CyOCTpaTa mpouc-
XOAUT UX paspyllieHue. Pa3pylieHue 4acTULbl IPOUCXOAUT NPU MEPEXOME IO-
pora kKaBuTaIu. B BOJHBIX CYCIIEH3USX C HEOOJBIION KOHIICHTPAIMEH KIETOK
stot nopor cocrasiser 0,2...0,3 Br/cm?, npu wactore 1 MI'w.

Camoro (akrta MOSBIEHUS MyJIHCUPYIOMUX Ta30BBIX ITy3BIPHKOB B Cpee
€IIe HEJOCTATOYHO JJIA pa3pylieHus KiIeTok. DPdexT HabaromaeTcs, eciu am-
IJIMTYJIa MyJIbCAlU My3bIPHKOB BO3PACTAET JI0. ONPEJICIICHHON BEJIMYUHBI. JTa
BEJIMUMHA Pa3JIMuHA JIJIsl Pa3HbIX KJIETOK U 3aBUCUT OT UX (OPMBI U pasmepa, a
TaK)Ke MPOYHOCTH IIUTOIIA3MAaTHUYECKON MEMOPaHbl M HATMYUS IUTOCKETIETA.

[Ipy BBICOKMX YacTOTax yJIbTPAa3BYKOBOI'O BO3JIEHCTBUS Ha CYCIEH3UIO KIIETOK
MEXaHU3MbI PA3PyLICHUS] TAKKE UMEIOT MEXaHUYECKYr0 npupoay. [loporoBas uH-
TEHCUBHOCTh YJIbTPa3BYyKa, BbI3BIBAIOIIASL THOCIH KJIETOK, 3aBUCUT KaK OT YaCTOThI
YIIBTPa3ByKa, TaK W OT TUIA KJIETOK. HanpuMmep, mopor pa3pyliaroiero AeicTBus
yIbTpasByka Ul KIETOK OIHOM W3 MONylsuuii osimomen paseH 75 MBT1/cm?
1 HaxoauTcs B o6macty 0,65 ML, a Aymst 1ByX IPYTHX MOMYJISIIIANA 310U THOCITb-
Hasl JUIs KJIETOK MUHMMAJIbHAS MHTEHCUBHOCTH paBHO 180 MB1/cM? (5 MI).

YpTpa3ByKoBas AE3UHTErpalrs KIECTOK IMOJy4uia IIUPOKOE MPUMEHEHUE
B OMOTEXHOJIOTHH, B OHOXMMHYECKMX W BUPYCOJOTUYECKUX HCCICAOBAHMIX
TSl BBIZICJICHUST OT/ICNTbHBIX BEIIECTB WM (DparMEeHTOB KIIETOK, a Tak»Ke B J1abo-
paTOpPHOW JUATHOCTUKE I OINPEICIICHUS MEXAHUYECKONM PE3UCTEHTHOCTH KJIe-
TOYHBIX MeMOpaH.

VY pTpa3ByKOBbIE MPOLECCH OCHOBAHBI HA BOSHUKHOBEHUN KaBUTALIMOHHOM
3PO3UHU, KOTOPAs JICKUT B OCHOBE aKyCTOKANMWUIIpHOTO 3¢ dexTa, 00yciaBiu-
BAIOIIET0 BHICOKYIO CKOPOCTh CMAUYMBAHUS KANMMJUISIPHBIX CTPYKTYp, IMTOMEIICH-
HBIX B KABUTUPYIOUIYIO KUIKOCTD.

KaBuranus conpoBoXIaeTcsi ANEKTPUUECKUMU MPOLECCAMHU U U3ITyUYEHUS-
MU B yJIbTPa3ByKOBOW YaCTH CIIEKTPA, YTO SIBJIAECTCS OJHOM W3 MPUYUH XUMHUYE-
CKOr'0 JIEVCTBUA YJIbTpa3ByKa. XHUMHYECKHE MPOLECCHI, TPOTEKAIOIIUE B IOJIE
yJIBTPA3BYKOBBIX BOJIH, MHOT000pa3Hbl. KaBuramusi o0yciaBinBaeT BOSHUKHO-
BEHUE MPAKTUYECKU BCEX XMMHYECKUX PEaKIMii, HAOIIOJaeMbIX B TOJIBEprae-
MO 00pab0TKe yJIBTPA3BYKOM cpejie. ITO CBSI3aHO HE TOJBKO C 3aXJIONMBIBAHU-
eM 00pa3yroluXxcsi KAaBUTAIIMOHHBIX MOJIOCTEH, HO M CLIOCOOHOCTBIO MX K pe30-
HAHCHBIM TMEPUOAMYECKUM MyJibcalusaM. KaBUTAIIMOHHBIA MY3bIPEK MO
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NEUCTBUEM aKyCTUYECKHUX KOJIEOAHMU 3apOKJIaeTcs B TEYEHHUE MEPBOIO IOJIy-
nepuoja. Ilpu 3Tom rugpocraTnyeckoe AaBICHUE CHHXKAETCS U KUIAKOCTh OKa-
3bIBAETCA CHJIBHO PacTAHYTOU. B crienyromuil momynepuo mpoucxoauT cxKaTHe
BO3ZHHKIIIETO My3bIpbKa. ECIM MpU TakoM CXaTUU HE MPOM30MAET €ro MoJHOE
3axJIOMbIBAHUE, TO MPHU OMPEACIICHHBIX €ro pa3Mepax My3bIpeK HAUMHAET IMyJb-
CHUpPOBATh B TaKT C YACTOTOM aKyCTUUECKUX KOJIEOaHUH.

Paccmotpum HekoTOpbIe (haKTOPbI, BIUAIOMKE Ha 3PPEKT yIbTpa3ByKOBOU
KaBUTAaLlMU, U CBSI3aHHOE C HEM BO3/CICTBHE yIbTPa3ByKa Ha XUMHUECKHE U (U-
3UKO-XMMHYECKUE IPOLECCHI.

eticmeue pacmeopennozo 2aza. B nerasupoBaHHBIX >KHIKOCTSIX XUMUYE-
CKHE peakLUy MOJ BIUSHUEM YJIbTpa3ByKa HE MPOUCXOIAT, TaK KaK Tpedyemble
IpY 3TOM 3BYKOBBIE JABJICHUS HE MOTYT ObITh MOJYYEHbI MPHU MOMOIIU COBpE-
MEHHBIX TeHepaTopoB. ToT ke 3((HeKT moayyaercs, eciiu MOABEPrHYTh KUAKOCTh
nasnenuto 10 1000 atM, menpyaime ra3oBble IMy3bIPbKH HNPUBOLATCS B COCTOS-
HUE MCTUHHOIO pacTBOpPa, M HX YK€ HEBO3MOXHO BBIICIUTh W3 JKUIKOCTH
N0J1 ACMCTBUEM YJbTPa3ByKa. DTHU SBIICHUS €lI€ HE IMOJYYWIA JOCTaTOYHOrO
00BSICHEHUS], HO HEOCTIOPUMO, YTO HAJIMYME PACTBOPEHHOM razo00pa3Hoi (a3sl B
AKUJKOCTHU SIBJISIETCS] HEOOXOAUMBIM JIJIsl IPOSIBJICHUS 3P PeKTa KaBUTALUH.

Yacmoma. Ilpu npoBeaeHnN (PU3NKO-XUMUYECKHX HPOLIECCOB O] BO3EH-
CTBUEM YJIBTPA3BYKa IPABWIbHBIN BbIOOP YAaCTOTHI MOYKET UIPaTh PELIAOIIYIO
POJIb I JOCTHIKEHUS ONTUMAIIBHBIX PE3yJIbTaTOB, B TO BpeMs KaK Ha XHUMHYeE-
CKHE PEaKIM1 U3MEHEHHE YacTOThl KOJIeOaHU BIUSIET MaJo.

Humencuenocms. XUMUUECKUE PEAKLINN B KUIAKAX CPEAAX HE IMPOUCXOIAT
IIPY MHTEHCUBHOCTH HMJKE ITOpOra KaBUTAalMH. Bele 3TOro npezena cKopocTb
peakuuu yBeJIMYMBaeTcs 0o0Jiee WM MEHEE MPONOPLHUOHAIBHO MOBBIILIEHUIO
yJIBTPa3BYKOBOM MHTEHCUBHOCTH. XOTS HEKOTOPBIE MCCIIEIOBATEIN YCTAHOBU-
JIM, 4TO CYLIECTBYET ONTUMAalIbHAasi MHTEHCUBHOCTh, KOTOPAsl COBNANAET C MaK-
CUMAaJIbHBIM O00pa30BaHUEM ITY3bIPbKOB KaBUTalUU. C €€ MPEBBIIIEHUEM YHCIIO
KaBUTAI[MOHHBIX MY3bIPbKOB YMEHbILIAETCS.

Lnumenvrocms 6o30eticmeusi. B O0NBIIMHCTBE (PU3UKO-XUMHUYECKHUX IIPO-
LECCOB MaKCUMaJIbHbIM 3(QQEKT BO3ACUCTBUS MPOSBIAECTCA B  IEPBbIC
10-30 MuH, yBenIUYeHNE NPOAOKUTEIBHOCTH BO3ICHCTBUS MOXKET BBI3BaTh 00-
paTHOe JEHCTBUE (HampuMmep, SMYyJIbIUpOBaHHME U Koaryisauuio). Ilostomy,
B Bompoce (GakTropa JUIMTEIbHOCTH BO3JAEHUCTBUS TPeOyeTCs] MHAMBHUIYaJIbHBIHI
HOJIXOJ K KaXX/I0My OTAEIbHOMY MpOIlecCy, TaK KakK ONpeAesIeHHbIX OOIIMX 3a-
KOHOMEPHOCTEH €Ille HE YCTaHOBIICHO.

Buewmnee oasnenue. I3MeHeHHE CTaTUYECKOTO JABJICHUS OKA3bIBAET CHUJIb-
HOE BJIMSIHUE Ha Mpolecc KaBuTaluu. [Ipu uccienoBaHny Te4eHUs] XUMUYECKUX
peaxiuii B yJabTpa3ByKOBOM I0JI€ OBUIO BBISBICHO, YTO KaK MOBBILICHHUE JaBIie-
HUS, TaK ¥ TIOHMKEHHUE €r0 HUXKE aTMOC(EepHOro BhI3bIBACT CHIKEHUE 3 dexTa
BO3JCICTBYS U JaXKe ITOJIHOE €ro MPEKPAlLlECHUE.

Temnepamypa. TOYHO peryaupoBaTh TeMIEpPATypy XUAKOCTH, MOJBEpra-
IOLLENCS BO3/IEUCTBHIO YIBTPa3BYKOBBIX BOJIH, TPYJHO, TaK KakK 3a CYET IOIJIO-
HIEHUS YJIbTPA3BYKOBOW DHEPTUU BBIIEISAETCS 3HAYUTEIBHOE KOJIMYECTBO TEIl-
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70Tel. ONTUMaIBHOU TEeMIEPaTypoil (U3UKO-XMMHUYECKHUX MPOIECCOB, MPOBO-
JTUMBIX MPU BO3AECUCTBUM YibTpa3Byka, cuutator 1030 °C. Ilpu npogosxu-
TEJIHHOM BO3JICHCTBUU yJIbTPa3ByKa U CBSI3aHHOM C 3THUM IOBBIIICHUN TEMIIEpa-
Typbl 00pa0aThIBAEMBIX BEILIECTB 3a CUET IMOIJIOIICHUS YIbTPAa3ByKOBOU SHEP-
UM TpeOyeTCs OXJIaXKIEHUE PaCTBOPOB.
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YK 620.9
TEXHOJIOTYHX TIEPEMEHNINBAHUA ITPU ITPOU3BOACTBE
BUOTI'A3A
O.B. Bacunesckuii, C.IO. I onuapos
Hayunwvui pykosooumenv — U.H. [Ipoxonens
benopycckui nayuonanvuviu mexnuueckuu ynugepcumem

TexHonorus UCnoyib30BaHUs OPraHNYECKUX OTXOI0B IS MMOJTy4eHUs Ouora-
3a Ucnoib3yercs Ha npaktuke nociegnre 100 ner. buoras, koTopsiii 06pazyercs
B IIPOIIECCE aHA’POOHOT0 COpaKUBAHMSI OPTaHUYECKOTO CyOCTpara, SBISETCS
IbTEPHATUBON TPATUIIMOHHOMY MPUPOTHOMY Ta3y. VI MOXKET HCIOIb30BaThCS
JUISI KOMOMHUPOBAHHOM BHIPAOOTKHM TETUIOBOM U AJIEKTPUUECKO dHEpruu (puc.1).
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Pucynok 1 — [IpyHuunuansHas cxema Noay4yeHHs TEMJIOBOU U 3JIEKTPUUECKON S3HEPTUU
u3 OMOopeakTopa ¢ MEXaHMUECKUM MepeEMELINBAHNEM
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Cam 1o cebe Ouora3 cocroutr u3 metana: 40-70%, nuokcuaa yriepoja:
30-60%, u apyrux raszoB, Takux Kak Bojopona: 1-5% u cepoBomopon: 0-3%.
KkBm
M3
MOJIOBUHE JIUTpa Ju3esibHOro ToruuBa. [Iporecc momyyeHusi Ouorasza MOMKHO
pa3nenuTh Ha 4 3Tana: TUAPOJIU3 MOJIUMEPOB, KUCIOTOTE€HE3, alleTOTUHE3 U Me-
TaHOTHHE3. Kak Uy Jpyrux ra3oB €ro XapakTepUCTUKH MPEACTaBIAIOT COOOH
3aBUCUMOCTH OT TEMIIEpaTyphl U JAaBieHUs. BaxHyro pois B mporecce o0pa3o-
BaHUs OMOraza UrparoT: COCTaB UCXOIHOTO ChIPhs (HaTWYUE MUTATEIbHBIX BeE-
IIECTB), BIAYXHOCTh UCXOJHOTO CHIPbsi, BpeMsl COpakKHBaHUsI, BEJIMUYUHA 3arpy3-
KU, KHUCITIOTHO-IIEJIOYHOM OasiaHc (0KoJo 6,5), COOTHOLIEHUE COJEPIKAHMS yTie-
pona u azora (ontumMyM B auanazone 10-15), orcyTrcTBHe HMHTHOUTOPOB
mpoliecca, KaueCTBEHHOE TIepeMEIIMBaHUE.

Kak 1 mpu Bcex reTepOoreHHBIX PEeaKIUsaX MePeMENInBaHNe UTPAeT BaAKHYIO
pois. [IpenorBparias oOpa3oBaHre MEPTBBIX 30H, PACCIOCHUE OcCamka (OTIOXKe-
HUE TecKa U 00pa30BaHNe KOPKH Ha IMOBEPXHOCTH), YMECHBUICHHE HEOTHOPOIHO-
CTH TemrepaTypHoro nojist. [Ipu sToM nmepememuBaHe J0HKHO 00€CIIeYNTh BhI-
paBHMBaHUE KOHIIEHTpaIMi MeTa0OoJIMTOB, 00pa3yIIIMXCS B Ipoliecce Opoke-
HUS U SBJIIONIUECS TPOMEKYTOYHBIMU CyOCTpaTaMHl JUIi MHKPOOPTaHH3MOB
WA MHTHOUTOPAMHU UX YKU3HEICATCIILHOCTH, W TIOJICpyKaHue He0OX0IMMOTO KOH-
TakTa MeXay (pepMeHTamu U cyOcTparaMu, pa3HbIMU rpymmnamu O6akrepuid. Of-
HAKO SHEPrusi, KOTOPYI MOXHO 3aTPATUTh HA OCYIIECTBIIEHUS Ipoliecca mnepe-
MEIIMBaHUsS HE MOXET ObITh OECKOHEYHOM, a 3aBUCUT OT KOJIMYECTBAa METaHa, Mo-
Jy4aeMoro B peakTope. B To e Bpemsi TBEP/IbIi OCTATOK MpoIecca MOTyYeHUs
Ouoraza MOXXeT ObITh MCIIOJIb30BaH B KaUeCTBE yA00peHus. B 11e110M MOXKHO BbI-
JIEJIUTH TPU CIIOCcO0a MepeMEINBAHNS: MEXaHUUECKOE, TUPABINIECKOE U Ta30M.

Mexanuueckuit crocod MpeACTaBlIeH MOTPY>KHBIM JIOMTACTHBIM TIE€PEeMEIlIH-
BaTeJeM, OOBIYHO HCIIONB3YIOMMMCS, B BEPTUKAILHBIX Onopeaktopax. Jlomactu
MIPUBOJIUTHLCS B JIBMKECHHUC DJIICKTPOBUTATEIIEM C BOJOHETIPOHUIIAEMON U KOPPO-
3MOHHOCTOMKOM 000JI0YKOH, OXJIaXACHUE TPOUCXOJUT 32 CUET NEPEMEIINBAEMOM
cpensl. JIpyrast pa3HOBUIHOCTH 3TO JIOMIACTHOM IMePEMEITMBATEIh, HMEIOIIHA OCH,
pacmoI0KEHHBIC KaK TOPU30HTAIBLHO, TaK M BEPTHKAIBHO WM TIO JHATOHAIIH.
JIBurarenb pacrtoiaracTcs CHapyXH.

[lpu Ta30BOM TMEpeMEIIMBaHUM HCHOJb3yeTCcsl Ouoras, MNpPOU3BOAUMBIN
B ycTaHOBKe. KOTOpbIif MOJ aBI€HUEM BBIXOAUT W3 COIMEN, PACHOJOKEHHBIX,
KaK MMPaBUJIO, HA JIHE pEeaKkTopa. DTOT ra3, MOJAHUMASICh, BBI3bIBAET BEPTUKAILHOE
JBUKEHHUE, U TEM CaMbIM TiepeMenuBas ornomaccy. Bee cunoBoe o0opymoBaHue
(Hacockl, KOMIpeccopa) pacnojiaraeTcs cHapyku. Vcronb3yercsi JTaHHbI METOJ
JMIIb ISl TIEPEMEIIMBAHMS JKUJKAX CTOKOB, B KOTOPBIX HE OOpasyercsi Kopka
Ha MOBEPXHOCTH. Tak ke HEOOXOAMMO UCKIIFOUUTH BO3MOXKHOCTD MOMAaHUs HC-
XOJTHOTO CHIPhS B Ta30BYIO CUCTEMY (HAIIPUMeEp, ITyTEM YCTAHOBKH KJIAllaHOB).

B rumpaBiamdeckom crioco0e CTOKM HAacoCaMU 3aKauyWMBaKOTCS B PEaKTOp,
IIPY 3TOM BXOJ ¥ BBIXOJT OMOMACCHI JOXKKEH OBITh CAENIaH TAKUM 00pa3oMm, 4To-
OBl 00ECIIeYnTh MaKCUMAaJIbHOE TIEPEMEITUBAHUE.
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YK 338.27
IJIAHUPOBAHUE CIHIEHAPUEB HAIITMOHAJIBHOM
SHEPTETUYECKOM CTPATEI'MHA C UCIIOJIb30BAHUEM
MOJEJIA ENERGYPLAN
I.b. Mycnuna, T.A. [lempoeckas
benopycckuti Hayuonanvnwiui Texnuyeckuu Yuusepcumem

Beenenne. MoienupoBaHye JOJTOCPOYHBIX CLIEHAPUEB Pa3BUTHs HAILMO-
HaJbHBIX YHEPreTUYECKUX CUCTEM M SHEPIreTUKH B LEJIOM AKTYaJIbHO IS BCEX
cTpaH 0e3 uckioueHus. OJIHaKO, OT TOTO HACKOJBbKO 00 yMaHHO OyIyT pa3pa-
OOTaHbl CLIEHApUH, B3BEIICHHO IPOM3BE/ICHA OILIEHKA HMX PEHTA0EIbHOCTH
Y OCYUIECTBJIEH BBIOOP AaJIbHEHILIEH TOJTOCPOYHOM dHEPreTHUECKOW CTpaTert,
OyJIeT 3aBUCHUT B 1I€JIOM JajbHeillliee pa3BUTHE IKOHOMUKH TocyAapcTBa. ITo,
B CBOIO OYepe/lb HOCUT KpailHe cepbe3Hblid XapaKTep.

Ocy1IecTBIICHUE TEXHUKO-IKOHOMHYECKON OLICHKU 3(P(HEKTUBHOCTH BHE/-
pEeHUsl T€X WM MHBIX WHHOBAIIMOHHBIX TEXHOJIOTHI BBIPAOOTKH SHEPTUU B OY-
JyIlIeM B MaciiTabax CTpaHbl C Y4€TOM Ipa@UKOB CIpOca Ha TETIOBYIO U JJICK-
TPUYECKYIO DPHEPIUHU, U MMEIOLIMXCS YKE B COCTaBE PHEPrOCUCTEMBI MOIIHO-
CTe, KpallHEe TpyHoeMKO. s co3gaHus MOAENH 3HEPTOCUCTEMBI TPUXOIUTCS
UITU HA Ppsii AOMYILIEHHM, KOTOPbIe MOPOM MOTYT MPUBECTH K MCKAKEHUIO pe-
3ynbTaToB. bonee Toro, Ha popmupoBaHuEe MOAOOHONW MOJEIH HOTpedyeTcs
3HAYNUTEIBHOE KOJIMYECTBO BPEMEHU U PECYPCOB.

Ota 3ajaya 3HAYUTEIBHO YIPOLIAETCS MPU HMCHOJb30BaHUM TAKOTO WH-
CTPYMEHTa MOJEIMPOBAaHMS pa3BUTHs dHeprocucteMsl, kak EnergyPLAN. Oc-
HOBHBIM Ha3HaueHueMm mojenu EnergyPLAN sBnsercs pazpaboTka J0Jrocpoy-
HBIX CTPATErui, MPU3BaHHBIX TOMOYb PYKOBOJICTBY Oyayllleid MECTHOM, Halluo-
HaJbHOM, PETMOHATIBLHON WK JaXke r100albHOM SHEPreTUUECKOU CUCTEMBI.

[TnaHupoBanue TOJTOCPOUYHBIX IHEPreTUUECKUX CTPATErHMil 4acTo MpPOBO-
JUTCSL C HCIOJIb30BAHMEM KOMIUIEKCHBIX TIOJIXOJIOB, KOTOpBIE YYHUTHIBAIOT,
KaK HaJIM4Kue COOCTBEHHBIX SHEPTOPECYPCOB, TaK U POJIb FIHEPTrodP(HEKTUBHOCTH
B CHMYKEHUU NOTPEOHOCTEN B UMIIOPTUPYEMOM TOTLIHBE.

[1nanupoBaHue SHEPTETUUECKONW CTPATETUU TPAAUIIMOHHO MTPAET BAXKHYIO
poJib B YCTAaHOBJIEHUU CTPYKTYpbl SHEPrOMCTOYHUKOB MJISI PEryJIHPOBAHUS
B DHEPreTUYECKOM cekTope. B cdepe OTBETCTBEHHOCTH IMJIAHUPOBAHUS JIEKUT
BbIOOP TUIOB 3JEKTPOCTAHIMM, KOTOphIE OYIyT MOCTPOEHBI, OI[EHKAa BO3MOXK-
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HOW CTOMMOCTH BBbIpa0aThIBAEMBIX BTOPHUUYHBIX YHEPIOPECYPCOB, YUET TEHJIEH-
il B cepe 1IeH Ha TOILTUBO U TIp.

[ToaTOMy Npu opraHu3aly IUIAHUPOBAHUS B cpepe SHEPreTUKU JTOJKHBI
YUYUTBIBATbCS PE3YIbTAThl SKOHOMHYECKOIO PA3BUTHUS CTPAHBI, THUHAMHUKA IIO-
TpeOJIEHUS SHEPTOPECYPCOB MPOMBIIUIEHHOCTBIO U HACEJIEHUEM, 3KOJIOTHYECKas
cUTyalusi. Y4eT SKOJOTHYECKUX IMOCIEeACTBUI MOTpeOJIeHUsT U MPOU3BOACTBA
OHEPruu MpUoOpen B MOCIAEAHUE TOJIbI 0COOYI0 akTyalbHOCTh B cTpaHax EC
u CIIIA B cBere yrpo3sl INIOOQJIBHOTO WM3MEHEHUS KiIuMaTa, 00YyCIIOBJIECHHOM
BBIOpOCAaMU TAPHUKOBBIX Ia30B.

Hanpumep, muorue crpanbl OOCP u nHekoropsle mrathl CIIIA Tenepb
pu olleHKe I(PPEKTUBHOCTH PErYJIUPOBAHUS CBOMX JHEPreTUUYECKUX CUCTEM
npuOeraroT K 1eJeBbIM MokazaTessiM BeiopocoB CO2 u Apyrux MapHUKOBBIX ra-
30B. B cBeTe 3TUX COOBITHI MIMPOKOE UCIOJIB30BAHUE NHTETPUPOBAHHOIO dHEP-
TEeTUYECKOTO TUTAHUPOBAHUS MOKET CTAHOBHUTHCS BCE OOJIee aKTyalbHBIM [ 1].

EnergyPLAN paccmarpuBaeT Tpyu OCHOBHBIX CEKTOpa JHOOOW HAIMOHAIh-
HOM  DHEPreTUYECKOM  CHCTEMBI:  TEIUIOOHEPTETHKY, - DJIEKTPOIHEPIETUKY
u TpaHcnopT. [IockonpKy B IOCHIENHHE TOIBI B psAE€ €BPONMEUMCKUX CTPAH JOJIA
BO300HOBJISIEMOM SHEPIUU HA OCHOBE BETPA, COJIHIIA, BOJbI B dHEprodanaHce cra-
HOBUTCSI Bce OoJiee 3aMETHOM, oOecriedyeHre yCTOMYMBOCTH U MaHEBPEHHOCTH
SHEProCUCTEMbI CTAHOBUTCS KItOueBOM 3amauei. s pemenuss o003HaueHHON
3amaun B Moaenu EnergyPLAN nocTymHbI CleayrOnMe BapUaHThl: WHTETPALUS
KOMOMHHPOBAHHBIX TEIUIOIHEPTETUYECKUX YCTAHOBOK, TEIUIOBBIX HACOCOB, BBOJ
AIEKTPUYECKUX TPAHCIIOPTHBIX CPEACTB, IPOU3BOJICTBO BOAOPOJIHOIO TOIUIHMBA.

Baxno ormeruts, uto EnergyPLAN Moxaenupyer paboTy HalmoHaIbHBIX
HPHEPreTUYECKUX CHUCTEM Ha OCHOBE I'pa()MKOB YaCOBBIX HAIPYy30K IHEPrOCUCTE-
MBI IO TETJIOBOM U 3JEKTPUYECKON SHEPTUU C YYETOM BBIPAOOTKU 3HEPIONOTO-
KOB OT Pa3JIMYHbIX SHEProucTOUHUKOB, B koM uncie ADC, KOC, TOII, kotensb-
HBIX U UCTOYHHKOB, YCTAHOBJIEHHBIX Ha IPOMBIIIJIEHHBIX PEATPUATHSIX.

EnergyPLLAN Taxke mo3Bossier MojienupoBath crpareruu co 100% crabxe-
HUEM 3JIEKTPO3HEPIUEil OT BO30OHOBIISIEMBIX HCTOUYHHUKOB. Takasi cTpaTerus Ha ce-
TOAHALIHUMN JIeHb pa3paboTaHa v MPUHSTA I SHEPTETUIECKOI cuctemMbl J{aHum.

AHaNOruyHbIe UCCIEI0BaHUS, MOCBIIICHHBIE MUPOKOMACIITAOHON HHTE-
rpauuu BUD, y:xe npoBOAWINCH €BPONIEUCKUMU YUEHBIMH ISl SHEPTETUYECKUX
cuctem XopBatuu, Cepbun, OUHISHANM TPHU HCIOJIb30BAHUM HHCTPYMEHTA
moaenupoBanus EnergyPLAN. Pe3ynpTarhl 3TUX HUCCIEIOBAaHUM YKa3bIBalOT
HA CIIOCOOHOCTH PHEPTOCUCTEMBI NMPUHATHh U UCIOJB30BaTh 00Jiee BBICOKYIO J10-
JIT0 pa3nruyHbIX BUAOB BIO.

Onucanue mogean EnergyPLAN. EnergyPLAN pa3zpabotan u uccrieno-
BaTEJIbCKOM IPYNION MO yCTOWYMBOMY 3HEPreTHUECKOMY IJIaHUPOBaHUIO Ob-
ooprckoro YHuepcuteta (lanus). Moaenb UCHosib3yeTcss MHOTUMH HCCIIE0-
BaTEJSIMHM, KOHCYJbTAaHTAMHM W TOJUTHKAMHU MO BCEMY MHUpPY Oiarojaps TOMY,
YTO OCHOBHO€ BHHMAaHHE MpHU pa3paboOTKe MOJAEIU ObLJIO HAINPaBJIEHO Ha ee 00-
IEJOCTYIMHOCTh U Y100CTBO uHTEpdeiica, puc. 1-3.
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Pucynok 1 — CraproBas crpanuua moaenu EnergyPLAN

E

Demand | Supely | Balancing and Storage | Cott | Simulation | Dusput | Notes | Delsle | Impodt From Excel |
Ew@|um|m||mmrumum1wﬁ

Electricity Demand and Fixed Import/Export ’
Electricty demand 2 Twhies | Change dstibubon| Houl_siechicty it

Electrc heating (IF inchided) [0 | Twhivesr  Sub )
Electic cosling [IF nchided) -0 TWhiea  Subhiact sleckic codling using ditibulion iom &

Elec. for Biamaszs Conversion 000 TWhiesr  [Transeted from Biomass Conversion Tabd

Elec. for Tranaporlation 000 Twhiea  (Tianstered fom Transpart TabSheet)

Sum [eechidng slectic heaing and coolngl 2000 Twhibear

Electiic heating findividual]

Electricky for heat pumps [indiidusl]

Electie coslng

Flebie desnond (1 day)

Flesibies demand [ wesk)

Fleable demand 14 weeks]

Fised Impoe/Export

Total electicity demand”

Pucynok 2 —Ctpanuna monenu EnergyPLAN 1o BBeieHUIO JaHHBIX
IO AJIEKTPOMOTPEOICHUIO U HMITOPTY/IKCIIOPTY IIEKTPOIHEPTUU

Bl | Simuslion | Dutpul | Notes | Delete | Impo From Excel |
sty aret Fueh | Tianspart | Wales

Gl phss Distect Hasing) 1750

E stimated
Efiicency  Heai  Efiiency Capacky Elechicly  Heat

Themal  Demand Eleckic  Limi=  Production Storage

Distibutiors [ Heat_|
b Hour_dsirheat tat
Codl bole - o em o7 om -
0 boder o 00 jos 0 o
MNgas boles : 0 o jos 000 o
Bomassbole! o 000 o7 om0 o
H2mice CHE ;. L0 fos 0 03 I 000 (o
Migas micia CHP - 0o g5 o o3 | [ oo p
Blomass ici CHP 000 o5 o i o
Hest Purp ! o v o [o
Electric hesting q I LT
Total Inividusl. 00 000 0.0
District Heating:
Groupl:  Grow2 Group 3 Totak Distibulion:
Production: o |10 10 20,00 Change | How_distrheat b
Metwork Losses: 0.2 Jo1s 01
HeatDament: 00 850 a0 17.50
[

Pucynok 3 — Crpanuna monenu EnergyPLAN 1o BBeieHUIO JaHHBIX
10 TETUIONOTPEOIECHHUIO 110 BUIaM MTOTpeOuTenei
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EnergyPLAN pacnpoctpansiercss kak OecIiaTHOE MporpaMMHOe oOecre-
yeHue. K Hemy nMeercs MHOXKECTBO YUEOHBIX MATEpUAIOB, PYKOBOJICTBO K HC-
N0JIb30BaHUI0. boiiee TOro, CymecTByromre MOJIETU yYKE JOCTYIHBI JJIsl MHO-
TUX CTpPaH, a IMOJYYEHHbIE C €€ MOMOILIBIO PE3YJbTAaThl JABHO HMCHOJIb3YIOTCS
B MHO>KECTBE HayUYHBIX MMyOJIMKAIUH.

Jnst co3manusi cTpareruii HeoOXOIUMO TPHUAEPKUBATHCA OINMpPeaeSIeHHON
JIOTUKW, OCHOBAaHHOW HA CTPYKTYPHUPOBAHHOM IIPOLECCE MPHUHATUSA PELICHUI
HA OCHOBE LIECTHU KJIIOUYEBbIX 11ar0B, @ UMEHHO:

l. wn3ydeHwe TeKylled CUTyallud U BOCCO3JaHHUE CYUIECTBYIOIICH CHUTya-
uu B Mojieniu EnergyPLAN;

2. IpOBEpKa CO3AAHHOW MOJENIN HAa JOCTOBEPHOCTH;

3. u3y4YeHHe MOTEHIMaJa CTPAHbl MO PA3IMYHBIM BO30OHOBIISIEMBIM HC-
TOYHHMKAM 3HEPI'HH, TaKUM KaK JHEPrus COJHLA, BETpa, MPWIMBOB U OTJIUBOB,
OHOra3zoBble KOMIUIEKCHI M YCTAaHOBKM Ha Onomacce. OLieHKa NOTEHIMAlIa Mpo-
MBIIIUIEHHBIX U MyHUIIUTATbHBIX BOPOB, OBITOBBIX OTXO/0B U IIP.;

4. pa3paboTka KOHKPETHBIX CTPATErvii U BOZMOXHOCTEH, KOTOPhIE BO3ZMOXK-
HO Peajn30BaTh B paMKax MPOLECCa IUIAHMPOBAHUS. yCTOMYHBON SHEPTreTHKH;

5. co3maHue psa MOJENEH Ui MPOTHO3UPOBAHUSI BEPOATHOTO BO3MCH-
CTBHS PA3JUYHBIX CIICHApUEB € MoMoupl0 MHcTpymMeHTa EnergyPLAN, ocHo-
BAHHOT'0 HA MAaT€MAaTU4YECKOM MOJIEJTMPOBAHNH;

6. aHanM3 TOJYYEHHBIX pe3yJbTaTOB I BbIOOpa M OOOCHOBAHMS
HaWIy4lled CTpaTerui SHePreTHUecKoro pazputusa. OnpeaeneHue GUHaHCOBBIX
3aTpart, TpeOyeMBbIX JJI peann3aluy CTPaTer uu.

BoiBoabl. Takum o6pazom, EnergyPLAN — 310 y100HBIIT MHCTPYMEHT MaTe-
MaTHYECKOTr0 MOZEITUPOBAHUS, KOTOPBIA IO3BOJISIET IUIAHUPOBATh YCTONYHUBOE
DHEPreTUYECKOE Pa3BUTHE CTPAH M PETMOHOB U HaKOOJIee MOIXOAUT TEM, KTO HaMme-
peBalOTCs pa3BUBATH CBOIO BHEPIETHUYECKYIO 0€30MacHOCTb, UCIIONB3YS MPHU 3TOM
B CBOMX MpOLIECCAX TUIAHUPOBAHUS HAWITYUIIYIO IOCTYIIHYIO B MUPE ITPAKTUKY.

V]IK 629.735
KOMILIEKC TEXHUYECKUX PEHIEHUM 11O MOBBIIIIEHUIO
IOOEKTUBHOCTHU TOL B YCJIOBUSIX PABOTbBI BEJIAJC
B.H. Pomanwxk, A.A. Boouy
benopycckui nayuonanvuvlu mexuuueckuu ynugepcumem

Hauunag ¢ 2000 r. akTUBHO MPOBOAUTCA MOJECPHU3AIMSA T'€HEPUPYIOUIUX
MolHocTe benopycckoit sHeprocuctemMbl. 3a 3To Bpems K 2015 r. yaenbHbIi
pacxop ycioBHoro toruBa (YPT) Ha BeIpabOTKY 37EKTPUUECKON IHEPTUU CHU-
suicsa Ha 14,3%, a YPT Ha Bbpa®oTKy TeruioBoi 3Hepruu Ha 2,7%. AGComtoT-
Hele BenmmumHbl YPT, mpum 3ToM, paBHBI COOTBETCTBEHHO 235,5 /KBt u
u 167,5 xr/'kan, askceprernueckuii KIIJ[ sneprocucremsr cocrasmn 33,1%,
YBEJIMYUBIINCH B a0COMOTHON BennuuHe Ha 3,7% wunu 12,6% B OTHOCHUTENBHO
M BeIpakenuu [1]. BMecte ¢ TeM, sHEprocucTeMe CTpaHbl HEOOXOIUMO TIOCTO-
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SIHHO€ pa3BUTHE, YTO HE TEPSET aKTyaIbHOCTH C BBOJOM B CTpoi benmopycckoi
ADC B 2018-2020 rr.

[IpuMeHeHue TpaAUIMOHHBIX MMOKa3aTelel Uil OLICHKU SHEPreTUYECKOU
3 PEKTUBHOCTU CIOXHBIX U MHOTOYKJIAHBIX SHEPrOCUCTEM MPU UX MOJAECPHU-
3allMy ¥ ONTHUMU3AIMK HE BCErJa MO3BOJSET MPUHSATH OJHO3HAYHOE PEIICHHUE.
Uto maeT moBOJ OTAABATH MPEANOYTEHHUE B ATUX CIy4asX UHAUKATUBHBIM MOKa-
3aTesnsiM, KOTOPbIH, MO HAllIEMy MHEHHUIO, MOTYT ObITh MOJIy4eHbI TOJIBKO Ha 0aze
0e3pa3MepHBIX IKCEPTETUUECKUX XapakTepucTuk. Hamuuue momoO6HOM MHIUKA-
TUBHOM OIIEHKH TEepPMOJAMHAMUYECKON S(PGHEKTUBHOCTH, SIBIISFOLIEHCS OJITO-
BPEMEHHOM, CTaOWJILHOM XapaKTePUCTUKON, MO3BOJUT OoJjiee 00OCHOBAHHO
MPUHUMATh PEIICHHsS MO BHIOOPY BapuaHTa Pa3BUTHS MCTOUYHUKOB JHEPrOCH-
CTEMBI U3 psiJa albTEPHATUBHBIX PEIICHUH, UMEIOIUX OJIN3KHE SKOHOMUYECKHE
MOKa3aTeJ1, YTO YaCTO UMEET MECTO MPHU BHIOOPE CUCTEMHBIX pelieHui [1].

C BBosioM benopycckoit ADC nporHo3upyroTcsi U30bITKA MOITHOCTH B Tie-
pUOJ HOYHBIX NPOBAJIOB B OTOMMUTENBHBIA U MEKOTOMUTEIBHBIA MEPHOJIbI
U TIPUOPUTETHBIM  SIBJISIETCSI  CTPOMTEIBCTBO  KOMIUIEKCOB  «3JIEKTPOKO-
TEI—TEIUIOBOM aKKyMYJSTOpP», KOTOpOoe Hambojee 1es1eco00pa3Ho peann30Bbl-
BaTh Ha MajbIX TOLI sHEpPrOCUCTEMBI U KOTEIBHBIX [2].

B pabGore [3] npennoxeHbl MEPCHEKTUBHBIE TEXHUUYECKHE MEPONPHUSTHS,
MO3BOJIAIOIINE TOBBICUTH A(P(EKTUBHOCTh SHEPrOCUCTEMBI MYTEM BHEIPEHUS
Ha TOIL abcopOIMOHHBIX OPOMUCTO-JIMTHEBBIX TEIIOBBIX HacocoB (ABTH), Ten-
J0BBIX akKymyJsiTopoB (TA) u unrerpamuu B coctaB TOLl BRICOKMX HayalnbHBIX
napametpoB ['TY mo cOpocHOl cxeme ¢ OCHOBHBIM 00opymoBanueM. EgumHOoBpe-
MEHHOE BHEJPEHHUE MEPEUUCICHHBIX MEPONPUATHUIA B MOJTHOM O0BbEME, MPU BCEH
3aMaHYMBOCTH TAKOW peanu3auuy, IO Pa3IMYHbIM MpPUUYMHAM OKA3bIBAETCS He-
BO3MOXXHBIM. B 3T0# CBSI3M 04€BHIHA HEOOXOIUMOCTh OIICHKH BKJIJIa B OXKHIa-
emblii 3P (PeKT (BO3MOKHOCTH PE3EPBUPOBAHUS, CHIXKEHHUS PacXo/la MPUPOTHOTO
rasa ¥ Ip.) TOro Wik UHOT'O U3 MEPEUUCICHHBIX MEPONPUITH, a TaK)Ke orpe/ie-
JIeHUs KOJIMYECTBEHHOM OLICHKHU s pexTUBHOCTH SHEPTrOCUCTEMBI
C MHOTOYKJIQJIHOM CTPYKTypor sHeprouctouyHukoB: KOC, TOILI, korenbHble Ha
oprannueckoM TtormBe, ADC Ha SIEPHOM TOIUIMBE, AJIEKTPOKOTIH Ha TIII,
anekTpokorenbHbie, ['IC, BerpoanekrpocTaniuu. B [1, 5] mokaszaHa 1enecoo0-
Pa3HOCTh OPUMEHEHHUs ISl MPUHSITHUS PELIeHUs 10 BbIOOPY BapuaHTa pa3BUTHUS
CUCTEMBI TEPMOAMHAMUYECKOTO METO/Ia, M, B YaCTHOCTH, Ha Oa3e pacuera TepMo-
auHamuueckoro KIIJ mis mosiydyeHHs KOJIMYECTBEHHOM OLIEHKW TEPMOJIUHAMH-
yeckor 3(PPEeKTUBHOCTH PHEProcuUcTeMbl benapycn Ha pas3iMyYHBIX CTAausX €e
Pa3BUTHS: OT TEKYILIEW CUTyalluu, 10 UHTerpanuu B ee coctaB ADC U nanbHeu-
IIEr0 COBEPILIEHCTBOBAHMUSI.

B 2020 r. mocme BBoma aByx OnokoB benopycckoit ADC cutyarms
C BBIpAOOTKOI TEIJIOBOM M 3JEKTPUYECKON HEPruu HAa MCTOUYHHMKAX 3HEPrOCH-
cTeMbl u3MeHuTcs. [Ipu 3TOM OTIYCK TEIIOBOM YHEPTUM COXPAHUTCS. DTO MOJ-
TBEPKAAETCS TEM, UTO 32 MOCIETHHUE 15 JIET OTIMYCK TETIOBOM HEPTUU OCTAET-
Csl MPAKTUYECKU Ha OJJHOM YpOBHE ¢ KosieOanusimMu B npenenax 5%. [Iporuosu-
pyemasi CTpyKTypa oTmycka jsiekTposHepruu B 2020 roamy crnemyromas:

112



ADC - 48%, KOC - 9%, TOILl— 37%, u30BITOK Ha 3JIEKTPOKOTIBI — 6%.
Jlist ycTpaHeHusT M30BITKOB MOIITHOCTH T€HEpAIliu B MEPUOJ HOYHBIX MPOBAJIOB
NOTPEOJICHUST AJIEKTPOIHEPTUH, MPEAyCMATPUBACTCS CTPOUTEIHLCTBO KOMILIEK-
COB  <OJIEKTPOKOTEI—TEIUIOBOM  aKKyMYJIATOP» CYMMAapHOH  MOIIHOCTBIO
1o 1,2 I'Bt B Tom uucine 0,5 I'Bt va TOI1, 0,5 I'Bt — Ha xotenpHbIX U 0,2 'BT —
Ha MIPOMBIILUICHHBIX TPEANPUATHUAX.

Pe3ynbpTaThl KOTMYECTBEHHOW OIIEHKH TEPMOJAMHAMHUYECKON 3 ()EeKTUBHO-
cTu 3HeprocucteMbl benapycu mocne BBoaa B ctpoil ADC U 3JIEKTPOKOTIIOB
Y CPaBHEHHE UX C JAHHBIMU IO CYUIECTBYIOIIEMY MOJIOKEHHUIO B SHEPTOCUCTEME
yYKa3bIBaIOT Ha CHIDKCHHE €€ TepMoauHammuueckoi sddextuBHoct ot 2,3%
B OTOINUTENBHBIN NEPpUOA 110 3,2% B MEKOTONUTENBHBIN NEpUOI, pUcC. 1.

m2015 m2020

35

'Jl

..‘ .

32.0% 32.2%

. . =

MeKOTOIHT eIIBHBIIH IIe PO/ OTOIMTEIBHBII ITEPHOL CpeaHii 3a rof

30,6%

Pucynok 1 — CpaBuenue s3kcepretuueckoro KIII sneprocucrems! benapycu B 2015
u B 2020 roxy npu padote benopycckoit ADC u 371€KTpOKOTIOB

N3meHenne TepMOAMHAMHUYECKOH I(PPEKTHUBHOCTH IHEProCUCTEMBI
B CBSI3M C COBEpPIICHCTBOBAHMEM KOMOMHHMPOBAHHBIX HCTOYHHMKOB JHEPIo-
cucremMbl. Kak yxe oTMeudanoch, COBEPIIIEHCTBOBAHUE T€HEPUPYIOIINX UCTOYHH-
KOB DHEPrOCHUCTEMBI HE MOKET OBITh OCTAaHOBJIEHO. HekoTophie M3 BO3ZMOXKHBIX
AHEprocOeperaromx MEpONpUsITHN TpuBeAcHBI B [2]. PaccMoTpuMm n3MeHeHHe
skceprerruueckoro KIIJ[ sHeprocucremsl B pe3yJibTaTe BHEIPEHUSI ITUX MEpO-
IIPUATUN.

Yemanoeka ABTH na TOILl. ABTH na TOIl cinemyer ucnoib30BaTh
JUISL yTUIIM3AlAN HU3KOTEMIIEPATYPHBIX TEIUIOBBIX MOTOKOB CUCTEMBI ITUPKYIIS-
[IMOHHOT'0 OXJIAKIEHUS, UTO TIPU COXPAaHEHUM OTITyCKa HEOOXOAUMOTO KOJuye-
CTBa TEIJIOBOWM PHEPrum 00ECIEeUnBAET CHIKEHUE W Pacxojia MPUPOJHOTO rasza
Ha TOLl, u snmexrpuueckori momuoctu TOLl. CymMmapHas TenaoBas MOIIHOCTb
ADBTH Ha Bcex TOI] sneprocuctemsl benapycu B ycnoBusx 2020 r. olieHUBaeT-
ca BennunHoi 10 0,44 I'Bt. B mexoronurensHbiii nepuog ABTH He ncnons-
3YIOTCS, MOCKOJIbKY TOLl paboTaroT mpakTUYeCKH Ha TEXHUYECKOM MUHUMYME
Harpy3ku. B oTonuTenbHBIN MEPHOJ BO BPEMsSI HOYHOIO IMPOBAJIa 3JIEKTPOIIO-
Tpebnenns ABTH Takke He padoTaroT Mo TOW ke mpuyuHe pasrpy3ku TOL]
110 TEXHUYECKOIO MUHUMYMa.

UcnonszoBanne ABTH B ommcanHoM kadectBe 1mo3BojsieT TOLl M3MeHsTh
TEHEPaIUIO JIEKTPOIHEPTUU B CTOPOHY YBEIMYEHHUS WIM YMEHBIICHUS AJIEKTPU-
YECKOW MOIIHOCTU TPH COXPAHEHWH TEIIOBBIX HArpy30K. ITO 0OCTOSITEIHCTBO
crocoOCTBYeT padoTe OCHOBHBIX PETYIISITOPOB, MIOCKOJIBKY MOXET OBITh W3MEHEH
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B HY’KHYIO CTOPOHY JMAIla30H PEryJIMpOBaHUs, BO3JIaraeMblil Ha HuUX. Mcnoms3o-
Banne ABTH na TOIl no3BoJsieT U3MEHSTh YKa3aHHYIO T€HEPALIUIO AJIEKTPOIHEP-
ruu 1o 3Heprocucreme B 1esoM a0 0,15 I'Bt B oronurensHelil nepuoa. [Ipu stom
cpenHeB3BEIICHHBI YPT Ha OTIyCK 3JEKTPOAHEPTHMU B OTOIMTENBHBIA MEPHOL
no BceM TOLI cumxaercs Ha 13 r/(kB1-4) ¢ cHUKXeHrneM noTpedsieHus: IPUPOIHOTO
rasza B aHeprocucrteme 10 0,11 MJIH TOHH YCIOBHOIO TOILIMBA B TOA.

Brenenue B coctaB TOL[ ABTH npuBoauT K TOMy, 4TO B JHEBHOE BpeMs
OTOMUTEIFHOTO TepUoJia M30BITOK TEHEPAIUU AJIECKTPOIHEPTHH COKpaIAeTCsI
Y UCKJIIOYAETCS UCITOJIB30BAHUE DJIIEKTPOKOTIOB B 3TOT NEPUO.

Pe3ynbpTaThl pacueToB KOJUYECTBEHHOM OIIEHKH TEPMOJIMHAMHYECKON (-
dbextuBHOCTH PHEprocuctemMbl benapycu nocne BHeapenus ABTH cymmapHoii
terioBoil MontHOCThIO 0,44 I'BT TOLI mocne 2020 1. npuBeieHbl Ha puc. 2.

M Gasopbli BapHaHT Moasopsic ABTH 30.8%
30,6% \
30,2%
= - .
OTOIITENbHBII IIEPHOL CpeHIm 3a 107

Pucynoxk 2 — CpaBnenue skcepreruueckoro KIIJ[ sueprocucremsr benapycu B 2020 r.
ipu pabote ADC u anexTpokoTioB U Toxxe ¢ ABTH na TOL]

Ucnons3zoBanre ABTH Ha kpynHbix TOL mo3BoJSI€T yBENTUUUTH SKCEPreTHYe-
ckuit KIIJ[ sneprocucrembl Ha 0,35% B otonurensHblii nepuog u Ha 0,23%
B CPEIHEM 32 0]l C COOTBETCTBYIOIINM CHIKEHUEM MOTPEOICHHS IPUPOIHOTO rasa.

Yemanosxa I'TY no copocnoii cxeme na TOI]. CymmapHasi BO3MOMKHAS DJIEK-
Tpuyeckas MouHocTh I'TY mo cOpocHoil cxeme Ha Bcex TOLI aneprocuctemsl be-
napycu cocrasysieT 10.0,6 I'Bt. B otonuTenbHblid 1 MEXXOTOMUTEIBHBIN MTEPUOIBI
BO BpeMsi HOYHOTO TpoBaja 3jekTponorpedsenus I'TY mo cOpocHoit cxeme no-
MycKalT cHmkeHne MomHoctd 10 0,3 I'Br. BaxkHo otmeruts, uto TpeOyroTcs
I'TY envHMuYHON MOIIHOCTHIO 0 45 MBT, T.e. IPOMBIIUIEHHBIX TUIIOPA3MEPOB,
KOTOPBIE MPAKTUYECKU HE CHUKAKOT MOTOPECYPC NIPU YKA3aHHBIX Pa3rpy3Kax.

CpennensBenieHHbIM YPT Ha OTIYCK 31EKTPOIHEPTUH B MEKOTOMUTENIBHBIN
nepuo o Bcem TOLI cHukaeTcsi BO BpeMsl THEBHOIO MKMKa U HOYHOTO MpoBajia
anekTponorpednaeHus Ha 36 r/(kBt-4). B oTonuTenbHbIN nepruo1 COOTBETCTBEHHO
camwkenne YPT cocraBnsier 10-11 r/(kBtu). B pesynbrare BHempenus ['TY
10 COpOCHOI cxeme Ha KpymHbIX Tl sHeprocucTeMbl TOCTUTaeTCsl HHTETPAITh-
HOE TOJI0OBOE CHI)KEHHE TTOTPEOICHUsT IPUPOTHOTO ra3za 0 0,62 MiaH T y.T.

KonudectBeHHas orieHKa TepMOIMHAMUYECKON (P(HEKTUBHOCTH YHEPTOCH-
crembl benapycu B pesynbrare BHeapenus I'TY mo cOpocHoit cxeme Ha TOIL]
10 OTHOIIEHHIO K cuTyanuu B 2020 r. nmpuBeeHa Ha puc. 3.
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y M0mossnigapiar — WOm0BIICTTY M0 cOpocHoit cxeMe

32,0% 337 , C a1 00/
J=,U70 . 2999 30,9% 30,6% -31.9%
MeKOTOMIMIENBHBII Mepio,  OTOMITETBHBII IIepHOT ('peTHILT 3a TOT

Pucynok 3 — CpaBnaenue skcepreruueckoro KIIJI sneprocucremsl benapycu B 2020 1.
npu pabore ADC u snekTpokowioB U ¢ I'TY no copocHoi cxeme Ha TOL]

Oxkcepretnyeckuit KII/[ sneprocucremsl B pe3ynbraTe yCTaHOBKM Ha TOL]
sHeprocucteMbl ['TY mo cOpocHoil cxeme Bo3pacTaeT Ha 1,9% B MEKOTONUTEIb-
HbII niepuo, Ha 1,0% B oTonuTenbHbIN niepuoa U Ha 1,3% B cpeaHeM 3a roj.

O060011eHNE Pe3ybTAaTOB: CPEIU Pa3IMYHBIX BapUaHTOB Haumboiee rddek-
TUBHBIM siBsieTcss komOuHanus ABTH cymmapHO# TErmioBOM  MOITHOCTBIO
0,44 I'Bt u ['TY no cObpocHoil cxeMe CyMMapHOU 3JIEKTPUICCKON MOIIIHOCTHIO
0,6 I'Bt. B otonutenbHbI nepuoa, cpennen3penieHHbld YPT Ha oTnyck smek-
TPOSHEPTHUH BO BpeMsi JHEBHOTO IHKA SJIEKTPONOTPEOSICHUS YMEHbBIIACTCS
Ha 23 1/(kBT'4), B 4Yachkl HOYHBIX TPOBAIOB HMMEET MeCTO CHIKeHue YPT
Ha 10 r/(xkBt-4). B pesynsrate BHeapenuss ABTH u ['TY nmo cOpocHoit cxeme
Ha TOII sHeprocucTemMbl JOCTHTAETCS TOMOBOE CHUXEHUE MOTPEOJICHUS TMPH-
poanoro ra3a 10 0,74 MJIH T y.T.

WoasopsiBapiant  MGasoBbic ABTHu I'TY 1o cGpocHoil cxeme

30,09 339% 313 0 32.2%
I 29,0% 313% 306% 322
Me KOTOITITeNbHEII NIEPHO (OTOMIITEBHEII MepHOT Cperdi 3a T07

Pucynoxk 4 — CpaBHenue sxcepreruyeckoro KII/I sneprocucremsr benapycu B 2020 1.
npu padbote benopycckoit ADC u 3nexTpokoTioB u Toxke ¢ ABTHu I'TY
1o cOpocHoit cxeme Ha TOL]

[ToBeimenne skceprernueckoro KIIJ[ sHeprocucremsl bemapycu B 3TOM
BapuaHte cocrasiugeT ot 1,4 1o 1,9%, puc. 4.

BeBonel:  Tepmomunamudeckas 3¢GQGEKTUBHOCTh JHEPrOCUCTEMBI MOKET
OBITh JIOMOJHUTEIHHBIM OOBEKTUBHBIM M CTAaOWJIBHBIM TOKa3aTeNieM IMPHU TpPUHS-
THUHU COOTBETCTBYIOIIUX PEIICHUNA BHEAPEHHS SHEPrOCOEPETAIONTIX MEPOTPUSTHIA.

Beog ADC cumxkaer morpelieHre NpUpoOJHOro raza A0 4,2 MIH T Y.T.
U, TIPH 3TOM, YTO OKHAAEMO, YXYIIAeTCs TepMOauHaMu4decKasi 3PHEeKTUBHOCTh
sHeprocuctemsl ¢ 33,1 mo 30,6%. Peanuzaius komIiekca MEpONpUSITUIA, TIPE/I-
JIO’)KEHHBIX B paboTe, o0ecreuynBaeT IOMOJHUTEIRHO TIocie BBoAA B cTpoit ADC
yMEHbLIEHUE NOoTpedieHuss npupoaHoro raza a0 0,74 miH T y.T. B TOJ, 4TO,
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B KOHEYHOM HUTOTE, YBEIUYMBACT TEPMOAMHAMUYECCKYIO d(PHEKTHBHOCTH dHEP-
rocucteMsl 10 32,2%.
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YK 697.343
PETEHEPATUBHO-YTUJIN3AIIMOHHOE
TEIJIOUCITIOJBb30OBAHUE
B HEITPOXOJHBIX KAHAJIAX TEIIJIOTPACC
B.A. Ceonun, T.B. byouvips
benopycckun Hayuonanvnwviu Texnuueckuu Yuusepcumem

OI[HI/IM N3 OCHOBHBLIX HOBOJOB IMPOTHBHUKOB HCHTPAIN30BAHHOI'O TCILJIO-
CHaO>KEeHHS SABJISETCI CChUIKA Ha HGO6XOI[I/IMOCTB B TCINIOBBIX CCTAX JIA TPaHC-
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MnopTa TEIJIOBOM SHEPrUU HA OOJBIIOE PACCTOSIHUE CO 3HAUYUTEIIBHBIMU TEXHO-
JIOTUYECKUMH MOTEPSIMU TEIIOThL. be3ycloBHO, MPOKIagKa TEIUIOBBIX CETEH
TpeOyeT JONMOJHUTENBHBIX KalmUTaJbHBIX 3aTpaT, a TEIJIOBbIE MOTEPHU
IIpU TPAHCIIOPTE TEIUIOBOW SHEPTUU TPEOYIOT JOMOIHUTEIBHBIX 3aTpaT Ha TOM-
JIMBO, U COBMECTHO 00a 3TUX (PaKkTopa — BIUSAIOT KaK HAa 3HEProd3PPEeKTUBHOCTD
CUCTEMBbI TEIUIOCHAOXKEHMsI B 1EJIOM, TaK U Ha Tapud OTIYCKAaeMOMl >HEpruu.
W XOTs 3TH HEJOCTATKU MEPEKPHIBAIOTCS COOTBETCTBYIOMIMMH MPEUMYIIIECTBA-
MU IIEHTPAJIM30BAHHOTO TeIIocHaOxkeHus [1-3], TeM He MeHee, pelIeHue Mpo-
0JIeMbl MUHUMM3AIIMK TEIJIOBBIX MOTEPh B CUCTEMAaXxX IEHTPATU30BaAaHHOTO TEM-
JOCHA0XKEHUS BCET/1a OblIa BAXKHONW M AKOHOMHYECKH OIPaBIaHHOM.

OnHUM U3 OCHOBHBIX TMOJAXOJOB PEHICHUS ATOW MPOOJIEMBbI B HACTOSIIICE
BpeMsl SIBJISIETCS MPUMEHEHHUS HOBBIX KOHTCPYKTHBOB JIJIsl TEIUIOBBIX CETel,
B YACTHOCTHU, C IPUMEHEHHEM TPEAU30IUPOBAHHBIX TEILIONPOBOJIOB 3aBOJICKOM
rotoBHOCTH [4]. OHAaKO, HECMOTPSI HA COBPEMEHHYIO TEHACHIIUIO TPUMEHEHHUS
OecKaHaJIbHOW MPOKIANKU MPEAN30THPOBAHHBIX TEIUIONPOBOJIOB, B CYIIECTBY-
IOIIUX CHCTEMAax LEHTPATM30BAHHOIO TEIUIOCHAOKEHUS TETUIOTPacChl, MPOJIo-
YKEHHbIC B HEITPOXOJAHBIX KaHANaX, UMEIOT JOCTATOUHO OOJBIION Y/IeNbHBIN BEC.
Y4uuThiBas BBICOKYI0 CTOMMOCTb M3TOTOBJICHUS M MPOKJIAIKHU TEIIONPOBOIOB,
WX TIOJHAs 3aM€Ha C MPUMEHEHWEM WHHOBAIIMOHHBIX TEXHOJIOTHH 3alMeT ellle
HE OJIHO JecaTwiieTre. B 3Toi CBsI3M OcTaeTcsl akTyallbHbIMU pa3paboTKa U HC-
CJIe/IOBaHUE TEXHOJOTUM TOBBIIICHUS JYHEProd(MPEKTUBHOCTH HSKCILTyaTalluu
CYILECTBYIOIIUX TETIOMPOBOIOB, MPOJIOKEHHBIX B HEIPOXOAHBIX KaHaJaX.

Cremyer OTMETUTh, YTO B KaU€CTBE TEIUIOU3OJISIIIMOHHOTO MaTepuaa Terio-
MPOBOJIOB B HEMPOXOHBIX KaHAJIaX, OONBIIEH YacThIO, UCIIOIb3YETCSl MUHEPATbHAS
Bata, umeromias koddduiment temionpooanoctu 0,044 B1/(m-°C), HECKOIBKO
OosnbIne, yeM y neHonomyperanoBou n3ossiiun 0,035 B1/(m-°C). Ho paccenBanue
TEIUIOTHl CYIIECTBYIOIIMMHU  TEIIONPOBOIaMu  OlleHuBaeTcs: 10 13% u Bble,
YTO MPEBBIIIACT HOpMATHB Ha 4% u Oosee, U B 1,5...2 pa3a MmpeBbIlIaeT 3Ty Xapak-
TepucTUKy Ui TerioTpace ¢ [1-tpybamu [4]. B Oonblioi creneHu Takas CUTya-
LY CBSA3aHA C yTPATOW TEIIOU30JISIIMOHHBIX CBOMCTB MUHEPAIIBHOM BaThl B CBSI3U C
€€ YBJIAKHEHUEM B MPOIECCE HKCIUTyaTalliy TEIIONPOBOAOB, MPOJIOKEHHBIX B HE-
MPOXOAHBIX KaHadax. OMHUM U3 CrOCOO0B OOPHOBI C YBIAKHEHUEM H3OJIALIUU SIB-
JSIETCS yCTPOUCTBO €CTECTBEHHOM MPUTOYHO-BBITSHKHOM BEHTWISALUH, TPU3BAHHON
o0OecneuuTh yJlajieHue Biaru u3 artMoc(epHol yacTu KaHajia. Tem He MeHee, Mo-
JOOHOE pEellIeHHEe He BCEr/la BO3MOXKHO M HE BO BCEX CITydasiX pelaeT 3afaqy yia-
JICHUS BAaru u3 kaHaiga. Kpome Toro, mporoyHasi BEHTHIISAIMS KAaHATOB MOYKET MPH-
BOJIUT K YBEJIMUYCHHUIO TETLJIOBBIX MOTEPb.

B paborte [5] mpeacTaBieHbl pe3yJbTaThl UCCIIECIOBAHUS B paMKaX TEXHHU-
YECKOr'0 PELICHUS 0 UCIOIb30BAaHUI0 HEMPOXOAHBIX KAaHAJIOB JUIsl TPAaHCIOPTA
BEHTUJISIIIUOHHBIX BHIOPOCOB MPOMBIIUICHHBIX MPEANPUATUNA HA TETUIOJIEKTPO-
HEHTpaJIb JIJIs X MCIOJb30BaHUs B KaUeCTBE OKUCIHTEN B KoTiax. [lokazana
BO3MOXKHOCTh TEPEMEIIECHUS 110 HEMPOXOAHBIM KaHajdaM 3aMETHBIX pPacXoJOB
Bo31tyXxa (10 50 ThIC. M3/49ac), Ha OCTAaTOYHO OOJIBIINE PACCTOSTHUS (110 1 KM).
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TexHudeckas cxema peanus3aluuy pereHepaTHBHO-YTUIN3aAUMOHHON CHCTE-
MBIl TEIUIOMCIIOJIb30BAaHUS B TEIUIOBBIX CETAX C NPOKIAIKONH TpyOONpOBOIOB
B HEMPOXOJHBIX KaHajax. Ha TermIoucTouHHMKEe WM IEHTPATbHOM TEIJIOBOM
nyHkre (L[TII) ycTtanaBnuBaeTcs BEHTWISIIMOHHAS TEIJIOHACOCHAS BO3AYIIHAS
YCTaHOBKA, MPEACTaBIAIONIAs COO0M KOMOMHAIMIO Ta30AyBKU (BEHTHIISTOPA)
¥ KOMIIPECCUOHHOTO TEIJIOBOTO Hacoca Tuma «Bo3ayx-Bojga» (BTHY) [6],
00eCIeynBaloIINii, BO-TIEPBBIX, MPOKAYKY HAPYHOTO BO3AyXa uUepe3 HEeIpo-
XOJTHOM KaHajl COMPSKEHHOI'0 y4acTKa TEIUIOTPACcChl, BO-BTOPHIX, TPEOYyEeMYyIO
CTeNeHb TpaHC(HOPMAIUIO TEIUIOThI, TOCTYMAIOIIEH C 3TUM BO3AYXOM. DTO 03~
BOJISIET MCIIOJIB30BATh MOJYYEHHBIE MOTOKU TEIUIOTHI JIJIsi HYXJ TEIIOCHa0ke-
Hus. Takum 00pazoM, BO3IyX 4epe3 CHEIUaIbHO YCTPOCHHBIE BO31yX03a00pHU-
KM HaIlpaBJISIETCS. B KaHAJIbI TEIJIOBBIX CETEW, MPOXOAs YEpPE3 KOTOPbIE HArpeBa-
eTcsl, W Jajee IMOCTymaeT B TermtooOMeHHbIN ammapatr BTHY (ucnaputens
WM TIPOMEKYTOYHBIA TEMJI000OMEHHUK), W Jajiee OXJIAXACHHBIM BO3IYyX BO3-
Bparmiaercs B atmocdepy.

Cnenyer OTMETUThH, NPHUBIEKATEIBHOCTh IMOJOOHOIO PEIICHHS, MPEXKIe
BCEro, B OTHOIICHHHM HMCIOJIb30BaHUS TEIUIOTHI [PYHTA. B mTatHOM moaxone
K YTWIM3alUU TEIJIOTHl TPyHTa TpeOyeTcs 00yCeTPOMCTBO MOJIsi CKBAaXXUH T'OpH-
30HTaJbHBIX WM BEPTUKAIBHBIX, YTO U 3aTPATHO, U HOCTATOUYHO TPEOOBATEIHHO
B DKCIUTyaTauuu [6]. B yCloBUAX TOpOACKON 3aCTPOMKH, C YUYETOM CTOMMOCTH
Y4aCTKOB 3EMJIM MCIIOJIb30BaHUE TpyHTOBbIX THY npakTuyecku HEBO3MOXKHO.
B 10 k€ BpeMs, HEMPOXOAHbIE KaHAIbl MOKHO PaCCMaTpPUBATh KaK TOTOBYIO CH-
CTEMY TOPU30HTAIBHO-PACIIONIOKEHHYIO KAHAJBHYIO CHUCTEMY ISl YTHIM3ALUH
TEIUIOTHl TPYHTA, YTO PACHIMPSIET MOJQKUTEIBHBIE CTOPOHBI MOJE3HOCTH MPU-
MEHEHUS HEMIPOXOIHBIX KaHAJIOB ISl TPOKJIAAKH TETIONPOBOIOB.

[IpenBaputenbHpiii  aHanu3  SHEProdPPEKTUBHOCTH  PETCHEPATUBHO-
YTUIN3ALUOHHON CUCTEMBI TETUIOUCTIONb30BAHUS B TEIUIOBBIX CETSIX C MPOKIIAI-
KO TpyOOIIPOBOJIOB B HEMPOXOJAHBIX KaHanax. Jms onpenenenus 3¢ HexTuBHO-
CTU NPEIJIOKEHHON CUCTEMBI PreHEepPaTUBHO-YTUIIM3ALMOHHOTO TEIJIOUCIIOIb-
30BaHMS ISl TEIUIOMPOBOJIOB B HEMPOXOAHBIX KaHAJIaX TPEOYeTCs pPEeInTh KOM-
riekc 3aaa4. [leppoodepeHbIMH CpEeIN HUX SIBIIIFOTCS ONPENEICHUE BETNYUHBI
U CTPYKTYpPhI TOTOKA TEIUIOTHI HArpeBa BO3AyXa MPU MPOXOXKICHUM YEpe3 yya-
CTOK KaHaja, a TaKXe Tpe0yeMOoro Harnopa BEHTUISITOPa, KOTOPBI TOJKEH OBITh
OOy KAAOIIMM YCTPOMCTBOM JIJIsl IPOKAYKHU BO3/yXa MO KaHaTYy.

TenaonpuToku K BO31yXy, IPOXOIALIEMY MO KaHAILY, ONPEAEIIAIOTC KOM-
IJIEKCOM (DaKTOpPOB, Cpeu KOTOPBIX HanOoJiee 3HAYMMBIMH SIBJISIOTCS JITMHA
KaHaja, CKOPOCTb BO3/lyXa B HEM, XapaKTEpHbIA pa3Mep KaHalla, TEMIIEpaTyp-
HBII HaIop TEIJIONEPEAAYH OT CETEBOM BOJBI K BO3/IyXYy KaHAJIA, XapaKTEPUCTH-
KM TeryioBou u3ossuu. [Ipu sTom, TpeOyeTcs BBINOIHATH OUYEBHIHOE OTPaHU-
YeHUE: Ul UICKIIFOUEHUSI PACCESHUS TEIUIOBOM PHEPTrUM B TPYHT, TEMIIEpaTypa
BO3/lyXa B KaHaJIe HE JIOJHKHA MPEBBICUTh TEMIIEPATYPY IPyHTA BOKPYT KaHaja.
371ech ke cieayeT ykazaTh U APyroe orpaHUuYeHHe: HEO0X0AUMO, YTOOKI MocIIe-
OYIOLIEE OXJaXJACHUE IMPOKAYMBAEMOIO BO3JyXa IMPOUCXOAWUIIO A0 3HAYCHHUS
TEeMIIepaTypbl HE MPEBBIIIAIOIIET0 TEMIEPATYPY HAPYKHOTO BO31yXa, KOTOPHIA
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MOCTYNaeT B KaHAI W3 OKPYXalollel cpedabl B JaHHBIM MEpUOJ] BPEMEHH.
Yro obecrieunBaeT MOJHOE MCIOJNb30BAHUE TEIUIOTHI, 3aTPAYeHHONW Ha HarpeB
HapY>KHOTO BO3[lyXa MPHU €ro HaXOXJACHUHU B KaHaJe.

B kauectBe kpurtepus >PpGEeKTUBHOCTH Ha TEPBOM ITare HMCCIEAOBAHUS
MO>XHO MPUHSITh SKOHOMUIO NEPBUYHOrO 3HEpropecypca (TOIIMBA) B CHUCTEME
HEHTPAIU30BAaHHOTO TETIOCHA0KEHUSI TN OTJIETTLHOM CETEBOM paiiOHE.

CrpyKkTypa TEIIOBOrO MOTOKA, 3aTPAYEHHOT0 HA HAarpeB BO3/1yXa, MOMKET
ObITH OIpezesieHa OalaHCOBBIM METOJIOM ITyTEM CYMMHUPOBAHUS: TEIUIONOTEPb
OT MPSIMOTO U OOPaTHOrO TEIJIONPOBOAA (OXJaXKACHUS MPSIMON U 0OpaTHOM ce-
TEBOM BOJIbI) HA YYAaCTKE, TEIJIOOTBOA OT TPyHTA Yepe3 CTeHKHU KaHaia. B mep-
BOM MPUOIMKEHUH, JUISI OIEHKM BEITUYWHBI MOTOKOB YTHJIM3AIMU TEIUIOTHI
IPYHTa U TEIUIOTHI paccesiHus TEIUIONPOBOAAMHU B KaHAJE MOXHO OpPUEHTHPO-
BaThCSl HA PACUETHYIO BEJIMUMHY TEIJIONOTEPh B TEIJIOTPAcCaX CUCTEM IIEHTpa-
JM30BaHHOTO TeriocHabkenus [S5]. OxgHako 3amaya pacuera TEMIOBBIX MOTEPH
cama 1o cebe J0CTaTOYHO CJI0XHAasi 1 OKOHYATENbHO /10 CUX [op He perieHa [7].
B 310l cBSI3M 1enecooOpa3Ho A peleHus 3aa4l HarpeBa BO3AYIIHOIO TOTO-
Ka B KaHaje TEeIuIOTpacchl LEIeCO00pa3HO NPUOErHYTh K YHCIECHHBIM METO/aM
MOJIEIUPOBAHUSL  C UCIOJIb30BAHUEM CTAHAAPTHBIX TMPUKIAJAHBIX MaKETOB,
B YACTHOCTH, nporpamMMHubiii KoMiiekc ANSYS[8, 9]. B aTom ciaydae MOXKHO
TOBOPUThH O MPUEMIIEMOCTH MOJYYEHHBIX PE3yJNbTATOB JUJISl aJanTaluuu U 0000-
HICHUS C LIEJIbI0 TPUMEHEHUS B IPOEKTHOM MPaKTHKE.

AHaIM3Upysl PAaCCMOTPEHHYIO CUTYAIMI0 MOKHO KOHCTaTUPOBAaTh LIETIECO-
00pa3HOCTh MPOBEJCHUSI UCCIICIOBAHUN HUCTIOIB30BAHUS TEIUIOTHI OXJIAXKICHHUS
BO3/IyXa, B TEUEHHE KAaK OTOINUTEIBHOrO, TaK U MEKOTONMUTEIBHOIO NEPUOIOB
BPEMEHM C OIPEIEICHUEM MUHUMAIBHOW TEMIEpaTypbl OXJIAXKICHUS BO3IyXa
10 BBIOpaHHOM 11eJIeBOM (PYHKIUU JJI1 TOTO WM HMHOTO YHUCJIA YaCOB CTOSIHUS
Hapy>XHBIX TEMIIEPATYP TOW UM MHOW Ipajlaliuu.

HecMmoTps Ha ompeneneHHyl0 TEXHUYECKYH0 THMIOTETHYHOCTh peliaeMou
3aJlayy, B LIEJIOM HCCJIEJAOBAHMS B JJaHHOM HAIIPaBJIEHUU IpECIeayeT LEeb COo-
3/1aHUs] THHOBALIMOHHBIX KOHCTPYKTHUBOB TEILIOMPOBOJOB C «aKTUBHOI TEILIO-
U30JSI0UEN, T.€. CO3JaHUs TEIUIONPOBOJOB C HYJIEBOU IJIOTHOCTHIO TEIJIOBOTO
NOTOKA Ha FPaHULIE C OKPYKaroLIeil cpeoil.

BeiBoabl. cKkycCTBEHHAss BEHTWISILIUS HEMPOXOIHBIX KAHAJIOB TEIIOTPACC
MOXKET Hapsly C MOAJECPHKAHUEM IMPOECKTHBIX XapPaKTEPUCTUK MHUHEPATIOBATHOM
U30JISIAKA  TPYOOIIPOBOJIOB 00ECTIEYNTh BO3MOXKHOCThH TOBBIIICHUS YHEProdd-
(EKTUBHOCTH CHUCTEM TEIJIOCHA0KEHHSI ITyTeM pereHepalvi U YTUIN3aIui HU3-
KOTEMIIEpaTyPHBIX TEIUIOBBIX MOTOKOB OT TEIUIONPOBOJIOB, TPYHTa M HAPYKHOTO
BO3/lyXa C TMOCIEAYIOIEeH TpaHcpopMaluell ux MOTEHIMala JI0 YPOBHS, JOIY-
CTUMOTO K HCIIOJIb30BaHUIO B CUCTEMax TeriocHaOxeHus. [ opranuzanuu pe-
reHEPATUBHO-YTWIIM3AIMOHHOM CXEMbl TEIUIOUCIIONB30BaHUSI B HEMPOXOJHBIX
KaHaJIaX TEIUIOBBIX CETEH MPEeJIaraeTcsi UCIOIb30BaTh B TEIIOBBIX MYHKTaX BEH-
TUISILIMOHHBIE KOMITPECCHOHHBIE TEMIOHACOCHBIE YCTAHOBKH.

JUis pa3pabOTKW METOAMKUA pacyeTa M MPOEKTUPOBAHUS PEreHEepaTUBHO-
YTHUIM3AMOHHOW CXEMBI TEIJIOUCIIONb30BaHUS B HEITPOXOJAHBIX KaHajaxX Terio-
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BBIX CeTeH IUIaHMPYETCS MPOBEACHUE MCCIEAOBAaHUS MPOILECCOB TEIIOMACCO0-
MEHa METOJOM YHUCJIEHHOro mojenupoBanus. [Ipenmomaraercs, 4To mnomydeH-
HbIE€ pe3yJIbTaThl UCCIIEIOBAHUSA MMO3BOJIAT TAK)XKE MPEJIOKUTh HOBbIE KOHCTPYK-
TUBBI TEIUIOMPOBOJIOB C «AKTUBHOM TETJIOU3OJISILIUEH.
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YK 621.181
AHAJIN3 U MTAPAMETPUYECKAS OIITUMU3ALUS
SHEPT'OTEXHOJOI'MYECKUX CUCTEM
HA BA3E KOMITPECCOPHbBIX CTAHIIUHA
MATUCTPAJIBHBIX T'A30OITPOBOAOB
B.A. Ceonun, A.A. Abpaszosckutl
benopycckuii hayuonanvubll mexuuueckui yHugepcumen

DHepreTrueckas 1eecoo0pa3HOCTh CO3/IaHN KOMOMHUPOBAHHBIX YHEPTO-
TexHoJornueckux yctaHoBok (KOTY) na 6a3e razonepexkaynBaroux arperaTon
(I'TTA) KOMIIPECCOPHBIX CTAHIIMI MAruCTPaIbHOTO Ta30mpoBoja OblIa 000CHO-

BaHa B paborax [1-5]. B xome uccnenoBanust ObUT CHHTE3UPOBAHBI HECKOJIBKO
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texHonornyeckux cxemM KOTY. OguuM u3 nepcneKTUBHBIX BAPUAHTOB ISl pea-
mm3anuu MoxHO cuutath KOTY B cocrase 'TIA, TemnodukannonHo# mapocu-
noBoit ycranoBku (TIICY) u abcopOunoHHoN xonoauinbHoN MamuHbl (ABXM)
JUTSL OXJIAXIEHUS BO3/yXa, rojgaBaemMoro B kommpeccop ['TY (puc. 1).
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Pucynok 1 — IIpuHipnuanbHas cxema KOMOMHUPOBAHHOM SHEPrOTEXHOIOTMYECKOM YCTaHOBKU
B coctaBe ['TIA u IICY: I — TemmmoodMennbIi anmapart; I/ — kommpeccop; /1] — kamepa CropaHus;
1V —ra3oBas TypOuHa; V'— HarHeTarenp; V1 — KoTen-yTHiIn3aTop;

VII, VIII, IX — ctyneHu napoBoii TypOuHBL, X — reHepaTop; XI — KOHIeHcaTop;

XII — notpebutens TeroBoi suepruu; X111 —adcopOIroHHast XOJIOAWIbHAS MAIINHA;

1, 2, 3—Bo3ayx; 5, 6, 10 — IpORYKTHI CrOpanus; 4, 7, 8, 9 — NpupOIHBIii ras;

11,12, 13, 14,15, 16 —map; 19, 20, 21, 28 — KOHJIeHCAT;

24, 25 — Boaa xonoaHoro koutypa AbXM;

22, 23 — BoAa U3 KOHTYpa 000pOTHOTO BOJOCHAOKEHHSI KOMITPECCOPHOM CTAHIIHM;

17, 26, 27, 29, 30 — mexaHn4yecKkas sHeprusi; 3/ — TerioBas SHEPIus;

18 — snexTpuyecKast SHEprust

[IponykTsl cropanusi mociie ra3oBoil Typounsl [V moctynaioT B KOTel-
yrwimszaTop VI, rae renepupyercs neperpeTsiid nap, Juisl IpUBOJa NapoBOM Typ-
ounbl. [lap mocie nepBoit crynenn TypOunbl HanpasisieTcss K ABXM s mony-
YEHUST XOJIOLHOU BOJBI, a MOCJIE BTOPOWM CTYNEHH HA TEXHOJIOTMYECKHE HYKIIbI
sHepronoTpeduTens. XomoaHas Boaa u3 ABXM HampapisieTcss B TEI000MeH-
HBIM ammapar sl OXJIAXKACHUS BO3JyXa, M01aBaeMOro0 B KOMIIPECCOP ra3oTyp-
OWHHOTO JIBUTATEISL.

Jlis mapameTrpudeckoil onTUMM3aIK Oblla pa3paboTaHa MaTeMaThdecKas
MOJIeJIb MakpoypoBHs [5]. B mpomomkeHue nccieoBaHus BbIIEyKa3aHHas Ma-
TeMaTU4ecKas MOJIeTb OblIa MPUMEHEHA JI TIOJTYUYEHHUS] PErPECCHOHHBIX 3aBH-
cUMOCTeN. YUUCIEHHBIN 3KCIIEPUMEHT MPOBOJIMIICA ¢ TPUMEHEHUEM MaTreMaTuye-
CKOTr'O anmapara perpeCCHOHHOTO aHaJIN3a TEOPUM TUIAHUPOBAHUS IKCIIEPUMEHTA
[6...8]. IIpu »TOM paccmaTpuBaEeTCsl 3aBUCUMOCTb KPUTEPUsI ONTUMU3ALMH (OT-
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KJIMKa) OT BEJIMYMHBI yNpaBIIEMbIX NapaMeTpoB ((pakTopoB), Monenb 0OBEKTa
UCCIIEIOBaHMS B OOIIIEM BUJIE:

y=f (x,x,,..x,), (1)

rZie ¥y — KpUTepU ONTUMU3ALUY; X,,X,,...X, — (PAKTOPBI, KOTOPbIE BAPbUPYIOTCS
IIPY MPOBEACHUH SKCIIEPUMEHTA.

B kadecTBe KpUTEpHEB ONTUMHU3ALMNKN TPUHUMAIIACH AJEKTPUYECKAST MOII-
HocTh U KIIJI KOTY, B kauectBe (hakTOpoB — TeMIiepatypa BO31yxa, mojiaBac-
MOr0 B KOMIIPECCOp ABHUIATENs, CTEINEHb CXKATUS B KOMIIPECCOPE ABUTATEIIS
Y pacxo/l rapa Ha TEXHOJIOTHUIO.

OO0mmii BUI 3aBUCUMOCTEN

Ny=1 (,.B,.G,); (2)
Niory = f (t29BK9G14)5 (3)

rae N,,— anexrpuueckas MomHocTs IICY, kBT; £, — Temneparypa Bo3ayxa, mo-
JaBaeMoro B koMmpeccop asurareis, °C; . — cTENeHb cKaTHs B KOMIIPECCOpe
nsuratens; G, — TeXHOJOTUYECKUHN pacxoa napa, Kr/c.

B pesynbrare 00paboTKU MOYYEHHBIX NAHHBIX, C YY€TOM MCKIIFOUEHUS CTa-
TUCTUYECKH HE3HAYUMBIX KOI(PDUITUEHTOB 3aBUCUMOCTH (2) 1 (3) MpUHSIN BU

Y(N)=1,78-10* +0,60-10° x, =1,06-10 x, — 0,69 -10° x, — 6,2x,x, +23,6x, +75x3 +6,8x; .
Yoy ) =37,2+0,271x, =0,480x, =0,320x, +0,0211x; +0,0441x; +0,0130x; .

OueHka aJieKBaTHOCTH MOJYYEHHON PErpeccuu Mnokaszaia, 4ro MoJTydYeHHas
3aBUCUMOCTh MPUTOJIHA JUIsi MCIOJb30BaHUSI C JOBEPUTEITHLHON BEPOSTHOCTHIO
He MeHee 95 %.

[Tepexos K MMEHOBAHHBIM BEIMYMHAM TO3BOJIWI ypaBHeHUs (2) u (3) mpen-
CTaBUTh B BUJIC:

N, =5,03-10" +75¢, —3,29-10°B, —369G,, — 0,75¢,8. +0,37¢> + 75B> +1,69G>.

n=55+3,01-10"1, 1,818, —20,1-10°G,, +3,25-10*#> +4,51-10°p’ +3,01-10°G".

OnruManbHble 3HAYEHUs YHPaBISIEMbIX IapaMeTpoB UIi MaKCUMAaJIbHOU
sniekTpuyeckoi MomHoctu N, =20,3 MBT B uccnenoBanHoi 0071aCcTH COCTaBIIH

Z, =23 °C, BK =14, G14 =4 xr/c, 1pu 5TOM T]I<3TY:38’4(%)'
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YK 621.311
NCCIEJOBAHUA MACCOOBMEHHBIX IMTPOIECCOB
IHPU YTUJIN3AIIUU OTPABOTAHHBIX PET'EHEPAIIMOHHBIX
PACTBOPOB 110 3JJEKTPOMEMBPAHHOM TEXHOJIOI' MU
A.U. Munubaes, A.A. Yuuupos, H.J]. Yuuuposa, A.P. Mamneesa
Ka3zanckuii 2ocyoapcmeennviil dnepeemuyeckuli yHugepcumen,
Poccuiickaa ®eoepayus

TernoBbie snexkTpudeckue cranuuu (TOC) SABISIOTCA OJHUM M3 OCHOBHBIX
HMCTOYHHKOB BBICOKOMUHEPAIN30BAHHBIX CTOKOB, OKAa3bIBAIOIIMX HEraTHBHOE
BJIMSIHUE Ha SKOJOTHIO BOAHBIX CHCTEM PETrHOHA. SIpoM BBICOKOMHHEPAIU30-
BaHHBIX CTOKOB Ha TOC SBISAIOTCS BOAONOATOTOBUTENbHBIE ycTaHOBKHU (BITY),
MpeXJie BCEro yCTAaHOBKM HMOHUTHOIO oOeccojiuBaHus. B Hacrosinee Bpems
Ha OonbmmHCTBE TOC KHCTBIE BRICOKOMHUHEPAIM30BAHHBIE CTOKH C KaTHOHHUTO-
BbIX (DMJIBTPOB U IIEJIOYHBIE BHICOKOMHUHEPATN30BAHHBIE CTOKW ¢ aHMOHUTOBBIX
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¢unbTpoB BIIY B3auMHO HEWTPaTM3yIOT W KOHEYHBIN BBICOKOMHHEPATM30BaH-
HBI CTOK COpPachIBAIOT.

[IpakTuKkyeMblii B psifie CTpaH CIOCO0 YTUIIM3AIMd BBHICOKOMHUHEPAIU30-
BaHHBIX CTOKOB yIapUBaHHEM C 3aXOPOHEHUEM TBEPJIbIX COJIEH HEJb3sl Ha3BaTh
yAa4HbIMHM, TaK KakK IMPU 3TOM CIOcoOe OE3BO3BPATHO TEPSIOTCS BCE LICHHBIC
XUMHUYECKHE KOMIIOHEHThI CTOKOB [ 1].

B petenuu npo6seMbl peACTaBISIET HHTEPEC UCIIOJIb30BAHUE AIEKTPO -
QJIM3HOTO KOHIICHTPUPOBAHUS CTOKOB, IO UX HEUTpalM3alliu 10 YPOBHS, MPH-
TOJIHOTO JUIsl IOBTOPHOTO McToJib30Banus B 1ukiie TOC. [Ipu 3ToM ocoOblid MH-
TepeC NPEACTABISAIOT LIenouHble CTOKM BIIY, mockonbky OoHM He coaep:kar
MOHOB ECTKOCTH, a cama IIeJI0Yb — JOPOTOCTOSIINNA peareHT [2].

[Tponecc 3JIEKTPOIUATIU3ZHOTO KOHUEHTPUPOBAHUS JOCTATOYHO XOPOIIO
U3y4eH, MO3TOMY 3aJadd paldOThl BKIIOYAIU IMPOBEPKY PabOTOCTIOCOOHOCTH
C UCTIOJIb30BAaHUEM TIEPCTIEKTUBHBIX JJIEKTPOMEMOPAHHBIX aImapaToB U MEM-
Opan. B kadecTBe a1eKTpoMeMOpaHHBIX ammapaToB HCIOIb30BAJN alapaThl
muHelikn OMA npousBojacta JSC «MembraninesTechnologijos LT» oTimua-
IOIIUXCS HAJIE)KHOCTbIO pa0OThl B KOHIIEHTPUPOBAHHBIX PACTBOpax IMPHU BHICO-
KOM TOKOBOHM Harpy3ke. B kauecTBe MeMOpaH MCHOJIb30BAIM MOHCEJIIEKTUBHBIE
KaTuOHO- U aHnoHoOMeHHble MeMOpaHnbl IONSEP-HC/MC npennazHaueHHbIC
JJ1s1 paOOTHI CO CTOYHBIMU BOJIAMH.

[Totok coym yepe3 MeMOpaHHYIO Tapy (J,) MPU IPOBEIACHUH SKCIICPUMEH-
TOB OMNPEACISIN ABYyMs MeToaukamu [3, 4, 5].

[To nepBomMy METOJy MOTOKH OMPEAEISUIN 110 U3MEHEHUIO KOHUEHTPALUU
COIM B IIMPKYJISAIMOHHBIX HAKOMUTEIbHBIX EMKOCTAX (&€, — JUI1 eMKOCTH J1a-

nau3ara, £¢; — I EMKOCTH KOHIICHTpaTa):

o= —— (1)

rae ¥; — o0bem eMkoCTH Auanu3aTa.
[To BTOpoMy METOAY MOTOK OHPEAEISAETCS MO0 U3MEHCHUIO KOHUEHTPALUU
COJIM BHYTPH amIlapaToB MEkK/1y BXOJOM U BBIXOJIOM:

, At - v .
= &)
rae 7' — CKOpPOCTh IIOTOKA, M—a.
- i
_ _pil_ @)

Ac * F Ad

A1
rae A¢ — rpagMeHT KOHIEHTPAIIMH MEXTy KOHICHTPATOM H JHII0ATOM, —;
= c

o o M
F, — xoaddurment nudpy3noHHOM U OCMOTHYECKOI MTPOHUIIAEMOCTH COJH, —.

MOk :
1] — BBIXOJ 110 TOKY, —

124



[TomydeHHbIe 3KCTIEpUMEHTANIbHBIE PE3YIbTaThl 00pabaThIBATHNCH B PaMKaxX
MOJIENIN 3JIEKTPOAHAIN3HOTO KOHUEHTpUpOoBaHHs. COrIacCHO MOJIENIH, OTOK CO-
JM ¥ BOABI 4epe3 MeMOpaHy CKiajbiBaloTcs M3 AUPDY3HMH OCMOTHYECKUX
U 3JIEKTPOMEMOPAHHBIX TOTOKOB:

. 1
Is = _Pé(‘:rc_ ‘-"'.e;r)'f' T}’?r

, 1
he = Pwiﬂﬁ_eg}+ E'P'FFP

TJI€ Jy: ¥ J<— COOTBETCTBEHHO IOTOKH COJIM M BOJBI B KaMephbl KOHIICHTPHUPOBA-
HUS;

P.= F®+ FF, B, = F® + PF — muddy3noHHas 1 ocCMOTHYECKAs [POHH-
I[AEMOCTh MEMOPAHHOW TTaphl COOTBETCTBEHHO;

£ = %+ £ —gucio TIepeHoca BOJIbI Uepe3 MEMOPaHHYO mapy;

7= 1= £% = £ BBIXOJ 11O TOKY IS IEPEHOCA KATHOHOB (K) H aHHOHOB ();

Cyx U C; — KOHLEHTPALUS COJIM B KaMepaX KOHLIEHTPUPOBAaHUs U 0OecconBa-
HUSI, COOTBETCTBEHHO.

B monenu mpeamnonaranock, 9YTO B KOHIIGHTPUPOBAHHBIX PACTBOPAX DJICK-
TPOOCMOTHYECKUM MIEPEHOC CBOOOAHOM BOABI MPEeHEOpekuMo Mai (Boda mepe-
HOCHTCS TIPEUMYIIIECTBEHHO B COCTaBE THAPATHBIX 000J0ueKk HOHOB). [loaTOMy
YHCIIO TEepeHoca BOIBI MPEACTABIIOCh B BUAC Ly = E&+ & = g, roe h —
YHUCJIO TUAPATAIMK COJU. B 3TOM MpuUONMWKEHHH YpaBHEHHE JJI TIOTOKA BOJBI
MO>KHO 3alKcaTh B BUJE:

1
fo= Bplex—eg)+ fmF

Bce detpipe dheHOMeHOIOrHUecKuX apamerpa moaenu: F., B, 1 u h Mox-
HO OIpPEACNIUTh IyTeM JIMHeapu3aluu ypaBHeHuit (2) u (3), AeneHueM ux mpa-
BBIX U JICBBIX YacTeH Ha (EH o ﬂ] = Ae:

J g 1
2o Ble-e)+ I
. . |

b (e ea) + Z o

SKCHCPI/IMeHTaHBHBIe JAaHHBIC C HCIIOJIB30BAHHCM MCETOAdAa HAMMCHBIINX

{ :
KBaaApaToB O6pa6aTBIBaJII/I B KOOpAWHATAax i—i— ‘{-— 141 .‘E&
& & &

TPaHCHIOPTHBIX XapaKTepucTUK MeMOpaHHo napel. Ha puc. 1-3 npencrapneHsl
pe3yabTaThl MPOBEJACHHBIX SKCIIEPUMEHTOB.

i
— ﬂ_ I OIIPCACIICHUA
&
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js{O)/dc, nfm3-c

0,003

0,0025

¥ = 0,00001018x - 0,00048528
R* = 0,99767331

0,002

0,0015

0,001

0,0005

-9E-18

-0,0005

50

100

150

200

250 300

350

i/dec, A-n/mi?-mons

Pucynok 1 — 3aBHCHMOCTB OTOKA COJIM Yepe3 MEMOPaHHYIO Mapy OT INIOTHOCTH TOKa

js(K)/dc
0,0012

0,0012
0,001
0,0008
0,0006
0,0004
0,0002
0

0 7
-0,0002

R? = 0,08627895

ot ¥

50 100

y = 0,00000508x - 0,00014471

150

200

250 300

ifde, A-n/mZ-mone

Pucynok 2 — IloTok coyin u3 KOHIIEHTpaTa

jw{a)/dc

0,1

0,08

y = 0,00021360x-0,01459787

0,06

0,04

0,02

R® = 0,88542990

200

300

400 500

i/dc, A-nfm?-mone

Pucynox 3 — I[ToTok BoabI U3 nuiroaTa

Tabmuma 1

XapaKTEepUCTUKN MAaCCOOOMEHHBIX MPOIIECCOB MPH KOHIICHTPUPOBAHUH
MOJIEIBHBIX PACTBOPOB Ha Kackaje u3 1syx OMA

h Sl
ﬁﬂ’ .ﬁlb PS (I[)a PW: ’ SRE
N 7a | w9 | kr/mAd ns (1) g | TV (m) T/[(Z:JIII;/ MOJTE /;IOJIB
1] 2000 { 2000 1,40 0,907 25,38 8,45 6.4
2 | 6000 | 6000 1,595 0,704 3,5 17,8
3 | 4000 [ 4000 0,91 0,75 9,65 17,5
0,67 0,59
413000 | 3000 0,936 () | 0.715 (x) 17,9 10,61 | 14,84 14,2
0,72 0,675 _ 12,2
55000 | 5000 | | o2 e =916 | (3 18,2
6 | 1000 | 1000 1,44 0,933 14,9 5,45 5,84 12,9
7 1 2000 | 1000 1,44 1,022 52,56 | 20,61 20,2 19,2
g | 1000 | 600 0,03 0,982 55,44 | 14,57 14,8 11,2

126




B Tabmuue 1 mpuBeneHbl pe3ynbTaThl pabOThI Kackajla JIBYX allllapaToB
OMA-400/2 npu KOHIIECHTPUPOBAHUN MOJIEIBHOTO PACTBOPA XJIOPHIa HATPUS.
Macca nepereniiei coau U3 Auanu3ara B KOHLEHTpaT:

::C;F-F — Cgﬂ}

1000 ‘wFm
. AC,V Er
== Tg.¢ ‘¢

D¢ddexTuBHOCTH MpoTIECCa:

V- (¥ —c*) moas
57,5 (@, + Qz:[’ F '

mg) o o
rae @, = —2%- 117, @ n; — 9ucio kamep 1o I Tpakry, 200 .

[ToTok conu yepe3 MEMOpaHHYIO Mapy:

) AC, -V MOAb
Is — r R
Ar-575 TOTE 3600c-0,08 m2-15 M™*C
I'paguent:
&CECE = cﬁ:"ﬂl - Cﬂ.‘fcp ]
A -::ﬂiﬂ _'5331-;'«'32
ITepeHoc BObI:
&M, - MOJAb
b = 18T 3600-- 0,08 15 M2 ¢
4 MOAk vac M

B xojte AaHHOM pabOTHI IPOBEAECHBI TEOPETUUECKUE U IKCIIEPUMEHTAIbHBIE
UCCJIEIOBAHNUSI MAacCCOOOMEHHBIX MPOLIECCOB, MPOTEKAIOIINX MPU pEreHepalvu
MOHOCEJIEKTUBHBIX AaHUOHO- U KATHOHOOOMEHHBIX MEMOpaH BBICOKOMHUHEpAJIU-
30BAHHBIMH PACTBOPAMM CII0)KHOT'O COCTaBA.

[TosrydeHbl 3aBUCMMOCTH BIIUSHUS MTOTOKA COJIM 4epe3 MEMOpaHHYIO Mapy
B 3aBUCUMOCTH OT IJIOTHOCTH TOKA. J[aHHBIE MCCIIEIOBAHUS 3aTparuBajid OTOK
BOZBI U3 IUJIK0ATa U IOTOK COJIM M3 KOHLETpara.

JlaHHBIE HUCClIEIOBaHUS TO3BOJIMJIM BBIABUTh 3aKOHOMEPHOCTH 3JIEKTPO-
MeMOpaHHOW nepepadOTKU BOJ C Pa3IMYHON CTeNeHbI0 MUHEpanu3auu. [lomy-
YEHHBIE pe3yJibTaThl ObUIM YUYTEHBI MPU BHIOOPE HOHOCEIEKTHUBHBIX AHHOHO-
Y KATUOHOOOMEHHBIX MEMOpaH JjIsl 2JIEKTPOMEMOPAHHOTO armapara.
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Pabota BhImonHeHa npu QUHAHCOBOM moanep:kke MunucrepctBom oOpa-
30BaHus M Hayku P® npuKiIagHbIX HAay4YHBIX HCCIEIOBAHUM U JKCIIEPUMEH-
TaJdbHBIX pa3paboTok B pamkax peanuzauuu OLIT «MccnegoBanus u pazpadbor-
KM IO TPUOPUTETHBIM HAIpPaBICHUSAM pa3BUTUS HAYYHO-TEXHOJIOTMYECKOTO
komiiekca Poccum Ha 2014-2020 ronpr». (Cormamenue Ne 14.577.21.0238
ot 03.10.2016 1., aTarn 2). YHUKaIbHbBIN uaeHTUPUKaTOp ITHUDP
RFMEFI57716X0238.
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YVIK 622.4
MPOBJIEMbBI OITUMU3AIIUU TAPAMETPOB MUKPOKJIMUMATA
IIPU JOBBIYE HE®THU NOA3EMHBIM CIIOCOBOM
M.A. Kopoouyvina
Canxm-Ilemepoypeckuii copHblil yHUBEpCUmMEm

Hed1b — BaxkHblll 3HEpropecypc, a A yCHEIHOIo Pa3BUTUS SHEPreTuye-
CKOr0 KOMIUIEKCa Heo0XoauMo obecredeHrue Oe30MacHbIX U KOM(OPTHBIX
YCJIOBHUM TPYA, 3aHITHIX B HEM JIFOJICH.

B Poccuu cyiiectByeT yHUKaIbHOE MECTOPOKACHUE TAKETON BHICOKOBS3-
Koii HepTH — Sperckoe MecTOpOXKACHHUE, PACIooKeHHOe B pecyonuke Komu.
Jlo6b1ya HepTH TamM OCYIIECTBISETCSA MOJA3EMHBIM TEPMOIIAXTHBIM CIIOCOOOM.
OcHOBOI1 Takoro croco0a SIBISIETCS CHUIKEHUE BS3KOCTH W TOBBIIICHUE I10-
JBYKHOCTH HEe(DTH 3a cUeT pa3orpeBa BMEMIAIOIEToO TUIacTa ¢ MOMOIIbIO 3aKay-
KU TEIUIOHOCUTeNs. B KadecTBe TEMIOHOCUTENS HCIONb3YETCs HACBIIEHHBIH
BosiHOM map. Mcnonb3yemoii u Hauboliee NepCIeKTUBHOM SIBIISIETCS MOA3EMHO-
MOBEPXHOCTHAs1 cucrteMa pa3paboTku (puc. 1). 3akayka mapa OCyIIEeCTBISETCS
B BEPXHIOI0 4YacTh IUIACTa Ye€pe3 MOBEPXHOCTHbIE HATHETATEIbHBIE CKBAXKUHBI.
[Ton 3emueit u3 noObIBaroIIel rajgepen OypaTcs mapopacnpeeIuTeabHble U J10-
ObIBalOIE CKBaXXWHBI. B ramepee Hedrecomepxkamas >XKUIKOCTh coOUpaeTcs
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B KAaHABKH UM CAMOTEKOM IEpeMeIaeTcs B 3yMii, OTKyAa Mo cucteme Tpyoo-
IIPOBOJIOB TIEPEIAETCs Ha MepepaboTKy.

AOHAMHETATENLHEIS CHERMHHE!

Pucynok 1 — [ToazeMHO-IOBEPXHOCTHAs CUCTEMA Pa3pabOTKU

Harneranue ropsdero napa B HeTSIHON TIACT CIIOCOOCTBYET IMOSBICHUIO
npo0ieM, CBS3aHHBIX C TMOBBIIMICHHONW TEMITEPATypOd W BIAXHOCTHIO BO3IyXa
B BBIPA0OTKAX, MPOXOISAIINX HEMOCPEICTBEHHO B MPOJYKTHUBHOM ILIacTe,
U B COCIMHEHHBIX ¢ HUMHU. TakK, BO BC€X YKJIOHHBIX 0JI0OKaX OCHOBHBIM BPEIHBIM
dbakTopoM Ha paboYMX MecTax SBJSETCS TEMIlepaTypa BO3ayXa, KoTopas B Oy-
POBBIX rajgepesix MpeBbIIIacT JAOMyCTUuMble 3HaueHus1. CoriacHo mnpaBuiam 0e3-
OMACHOCTH, TeMIepaTrypa BO3/1yXa B JACHCTBYIONIMX BbIpAOOTKax, HE JOJDKHA
npeBbimaTh 26 °C npu. OTHOCUTENBHOM BIaxHOCTH A0 90%. A mpu ycioBuw,
YTO B BBIPA0OTKAX HET MOCTOSHHOTO MPHUCYTCTBUSI JIIOJIEH B TEUEHHUE CMEHBI,
JoIycKaeTcsl TeMreparypa Bo3ayxa o 36°C. B tabnune 1 mpeacraBieHsl pe-
3yJIbTaThl 3aMEPOB TEMIIEPATY Pl BO3TyXa.

Tabmuma 1

PesysbTatel 3aMepoB TeMIEpaTypbl Bo3Ayxa B yKIOHHBIX Osokax HIII Ne3

V KIIOHHEIH 610K Temneparypa B(33)1yxa TeMnepavapa BO3/lyXa
Ha BXOJI€ B YKJIOHHBIN 010K, t °C | B 6ypoBoii ranepee, t °C
Ykion 4T-4 31 50
VYkion 4T-2 24 54
Vxion 3T-1 20 37,5
Ykiion 2T-1 33 49
Vxnon 1T-1 29,3 49
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[ToBblllIeHHAs] TeMIepaTypa U BIAKHOCTh BO3yXa MPUBOJUT K CHUKEHUIO
MIPOU3BOJAUTEILHOCTH TPy, OBICTPO YTOMIISIEMOCTH, CHIDKCHHUIO BHUMAHWS,
BSUIOCTU U MOKET 0Ka3aThCsl MPUYMHON BOBHUKHOBEHUSI HECUACTHOTO CITyYasi.

dakTopbl, (QOPMHUPYIOIIME TEIJIOBBIE YCJIOBUS B TOPHBIX BBIPAOOTKAX
He(Temaxrt aenasTcs Ha SHJIOreHHbIe (00YCIOBICHHBIE MPUPOIHBIMU TTIpoliecca-
MH) M SK30TeHHblEe (TexHoreHHble). Hanbonee cymiecTBEHHBIN BKJIaj BHOCST
IIPOU3BOJICTBEHHBIE MPOLIECCHI, MPOXOAlIUE B BbIpaOoTKax maxT. OCHOBHBIMU
HMCTOYHUKAMU TEIJIOBOM YHEPTUH SIBIISIOTCS:

— BBIJICJICHUE TeIla MCKYCCTBEHHO Pa3OrpeThIMU TOPHBIMH MacCHBaMH,
TeMreparypa Kotopsix 48-52 °C;

— TETUIOBBIZICIICHUS] OT HEU3OJIMPOBAHHBIX U M30JIMPOBAHHBIX HE(DTEIIPOBO-
JIOB ¥ TAPOIIPOBO/IOB;

— OTBO/IbI SKCIUTYaTallMOHHBIX CKBAKHH;

— TEIJI00TIaua OT HedTecoAepKaIle KUIKOCTH, mpoTekatomei mo OLLIT
u BIIII, remneparypa kotopoii nocturaet 49-50 °C;

— BBIOPOC TEIJIOBOM PHEPTUU U BJIATU C HEKOHTPOJIUPYEMBIM BBIXOJIOM Ta-
pa U3 3aTpyOHBIX MPOCTPAHCTB IKCILTYaTAIMOHHBIX CKBAXKHH (TeMrepaTypa mna-
pa 93-95 °C) u reonoruyueckoro HapyiieHus (Temreparypa napa 72—78 °C).

s perynupoBaHus TEIUIOBOTO pPEeXMMa Celdac Ha IaxTe MPUMEHSIOT
TOJILKO BEHTHWJISIIMIO, KaK BUJIHO W3 HAaTYpPHBIX HCCIEIOBAHUM ATOr0 HEI0CTa-
TOYHO JIJIsi COOJIFOJICHUSI HOPM [TapaMeTPOB MUKPOKIIMMAaTa Ha paboyux MecTax.

Jist yny4iieHus: TeIIOBOTO peKUMa YoKe JACHCTBYIONIMX YKJIOHHBIX OJ10-
KOB CYIIIECTBYET HECKOJIbKO BO3MOKHBIX MYyTEH, OHUM W3 KOTOPBIX SBIISIETCS
yBEJIMYECHHE O00BEMOB BO31yXa JUisl YCHJIEHHOM BeHTW siuuU. Pacxon Bo3myxa
B 3TOM Clly4ae OTpaHUYMBACTCS MPENeNbHO PA3PEIICeHHONW CKOPOCTHIO JBUMKE-
HUS BO3/[yXa B TOPHBIX BbIPA0OTKax. TakuMm 00pa3oM, 3HAYUTEIHHOTO CHUXKE-
HUSL TeMIIepaTypbl JOOUTHCS JOCTATOYHO CIOXKHO. JIpyruMm crnocoOoM MOXKeT
CIIy’KUTh YCTAaHOBKA CIIEHHAIBHOTO OXJIAKAIONIET0 000pyA0BaHUs, K IPUMEDY,
MPU UCIOJIb30BaHUU TTOJ3EMHON XOJOAWIBHOM MaIIMHBI TEMIIepaTypa BO3ayXa
B KOHIIe OypoBO#l rajgepen OyaeT He Bhilie gonmyctumbix 26 °C. HemoctaTkom
ATOTO CIOC00a SBISIETCS BHICOKAsi CTOMMOCTh 00OPYIOBAaHUS M 3aTPAThl HA €T0
oOcmyxuBaaue. CriocoOoM 3allUThl MepCcoHaa, paboTarOIIEro B YCIOBUSIX MO-
BBIIIIEHHBIX TEMIIEPATYPhl U BIAXKHOCTU BO3JlyXa Ha pabOyux MecTaxX, MOXKET
SBJISITECS. MCIIOJIb30BAaHUE PAOOTHHKAM CpPEACTB HWHIUBUAYAIBHOM 3alllUTHI,
HAMPUMEP, TEIUIO3alUTHON onexkbpl. Takoil cnocod TpeOyeT ompeneraeHHOro
KOHTPOJSI B UCIIOJTHEHUH, IS JCHCTBEHHOMN 3alllUThl 3alIUTHBIA KOCTIOM J10J-
eH OBbITh BBIIIOJIHEH U3 BBICOKOKAYECTBEHHBIX MAaTEpHUANIOB, CTOUMOCTb U JI0-
CTYITHOCTh KOTOPBIX, BO3MOXKHO, HE OyJET yJAOBJIETBOPSITH BO3MOXHOCTSM IIO-
Tpeburens. 3amuTa TOPHOPAOOUUX MOKET ObITh OCYIIECTBICHA METOJOM PEry-
JUPOBAHMS PEKUMOB TpyJa M OTAbIXa. «3allMTa BPEMEHEM» paclpocTpaHeHa
Ha MPEANpUITHSIX, I1e paboTa CBsI3aHa C BO3JCHCTBUEM OJHOTO WM HECKOJb-
KHX BPEIHBIX (PAKTOPOB, MPU OTPAHUYCHUU BPEMEHHU BIUSIHUS KOTOPHIX, MOYKHO
n30eKaTh BOZHUKHOBEHHUSI HECUACTHOTO CIIy4as WIH pa3BUTHUS NPodeccruoHamb-
HOTO 3a00JICBaHMSI.
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[TpoGiiemMa HOpManIM3aUU apaMeTPOB MUKPOKIMMATa Ha pabovunx MecTax
npu 100bde He()TU MOA3EMHBIM CIIOCOOOM C MCHOJB30BaHUEM MapOTEIIOBOTO
BO3/ICHCTBUS Ha IJIACT IMPEJCTaBIIsIET COOON KOMIUIEKCHYIO 3a/ady, KOTOPYIO
HEBO3MOXKHO PEIINTh, UCIOJB3YSl OINpPEAENCHHBIA BBIMICONMHCAHHBIN CIOCO0.
JInist pa3HbIX paboYMX MECT JOJHKHO MPUMEHSThCS Hambosiee 3(pPpekTuBHOE pe-
IIEHUE, a CyMMa TaKHX PEIIECHUH J0JKHA (POPMHUPOBATH CUCTEMY MEp IO YIIy4-
IICHUIO YCIOBUH Tpy/a.

YK 622.864
TEIIJIOOBMEH PABOTHUKA B CHEITMAJIBHOM OJIEK/IE
C OKPYKAIOIIEHN CPEJJOM B YCJIOBUSIX
TEPMOHEHNUTPAJIBHOI'O MUKPOKJIMMATA YT OJIbHBIX IITAXT
M.JI. Pyoakos, JI.B. Cmenanosa
Canxm-Ilemepbypeckuti 20cyOapcmeentblii 2OpHblll YHUGepcumen
e-mail: rudakovilo@rambler.ru, Stepanova LV(@spmi.ru

CnenuanbHas OJeXa UCIOIb3YETCS YEIOBEKOM ISl 3alUThl TOBEPXHO-
CTU TeJla OT BPEAHBIX M OMACHBIX (DAKTOPOB MPOU3BOJICTBEHHON CpeJbl, TAKHX
KaK MeXaHudeckue, pusndeckue, xumudeckue Gaxtopel u T.1. OCOOEHHOCTHIO
K€ BEACHUS NOOBIUM YTJsl MOJ3EMHBIM CIIOCOOOM SIBJISIETCS TO, YTO OJHHUM
U3 OCHOBHBIX BO3JCHCTBYIONIMX (PAKTOPOB. SBJISETCA YrojbHas MbUIb Ha IIO-
BEPXHOCTAX M B BO3Ayxe paboued 30HbL [loTOMY cO3paHMe crenuaibHOM
OJIeKbI /Uil paOOTHUKOB, 3aHSTHIX Ha MOJA3EMHON n00ObIYe yTiis, TpeOyeT uc-
MOJIb30BAHUS CIIEUAIILHON OJI€K/ bl BBICOKOH IJIOTHOCTU. DTO B CBOKO OYEPEb
emie OoJbIlle CHUKAET TEIIOOTJady M BIarooOMEH Tejla YelloBeKa C OKPY’Karo-
mieit cpenoit. Takum 00pazoM, Jake B YCIOBUAX TEPMOHEHTPAIBHOTO MHUKPO-
KJIUMaTa MPOUCXOJUT HAKOIUICHUE TEIUIa B OPraHU3ME UYEJIOBEKA, OINpPEEsto-
ieecs TETUIONPOYKITMEH YeI0OBEKa TPU BBHITTOJTHEHUH UM TPYA0BON (DYHKITHH.

B nacrosiuuii MOMEHT CHieoIeK 1y (IIaXTepCKUM KOCTIOM) BBIIAIOT HA OC-
HOBe THUIOBBIX OTPAaciEBbIX HOPM BBIJAYM CPEJCTB WHIUBUIAYAITbHOW 3aIlIUTHI
(CH3), KoTOpBIE€ HE YYMTHIBAIOT PA3JIMYHOE KOJIUYECTBO TEIUIA, KOTOPOE BbIJE-
JISI€T TEJIO YeJIOBEKa MNP pa3nuyHoli (U3NYECKOM Harpy3Ke.

B pamkax Hamero uccieqoBaHusi ObUI NMPOU3BEICH aHAIU3 PE3YJIhTATOB
CHelUAJIbHONW OI[EHKH YCJIOBHUHM TpyJa paOOTHUKOB YroJIbHBIX IIaxT. [IpousBe-
neHa BeIOOpka — 158 mommkHOcTe u mpodeccuii, 6osee yem ¢ 820 pabounx
MecT, u3 Hux:73 pabouue mnpodeccuu, 6osee 500 paboyux MeCT, CBSI3aHHBIC
c paboToy Mo 3emiiei, Ha TIPOTSHKEHUU Bee cMeHbl. OCHOBHOM 3a7a4eil ObLIO
BBISIBUTh KPUTEPUU I KiIacCUPUKAUU MPOPECCUi U ONPEeAeUTh B3aUMO-
CBsI3b DHEPro3arpar pabOTHUKOB C JOHKHOCTAMH M CTPYKTYPHBIMHU MOJpa3e-
neHusaM. OCHOBHBIE PE3YJIbTAThI IPEACTABIEHBI Ha pUC. 1.
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IIo 116 116

TTa

Mpoxoa4uy MaLWKUHKCT FoDHLIX INCKTROCACCADL FopHopabo4yui lFopHopaGo4Hi lFopHopabo4ui no
DLICMO4HLIX MBLLHH MOAICMHLIF MNOAICMHLIH PCMOHTY FOPHLIX
RRIpAioTOK

B Ouyneriol yuacrox
= [ToArOTORWTCIRHRIT VIACTOK TOPHO-KATTHTATEHREIX padoT

IToaroTOBHTENBHEIT V'IACTOK

Pucynok 1 — Pacnpenenenue kateropuii paboT 1o ypoBHIO 3HEpro3arpar
B 3aBUCHUMOCTH OT CTPYKTYPHOTO TIOApa3esieHus 1 npodeccun

Kak BuaHo u3 rpaduka, xareropud paboT MO 3HEpro3arparam CTPOro
HE TPUBS3aHbl HU K MpodeccusiM pabOTHUKOB, HU K y4aCTKaM BBINOJHEHUS pa-
6ot. Kpome Toro, ocHoBHasi yactb paboTHukoB oTHocutes K Ila, 116 u III kate-
ropun TspKecTH Tpyna (puc. 2). COOTBETCTBEHHO Takue pabOThI COMPOBOXK/IA-
IOTCS CYIIIECTBEHHBIM BBIJICJICHUEM TEIlIa OT Tejia HeJIoBeKa U JUIs MOoJJiepxKa-
HUS TEIIOBOTO KoMdopTra HeoOXxoaumo Ooiee BHUMATEIHHO IMOJAXOAUTH
K BBIOOPY CHEIHATbHOM OAEK bl I pAOOTHUKOB.

35
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Pucynok 2 — Pacnipenenenne padounx npodeccuii pabOTHUKOB YTOJIbHBIX IIAXT
10 KaTeropuu 3Hepro3arpar

TenoBoir koM(OPT XapakTepuszyeTcs MOKa3aTesIMU, MPU KOTOPBIX CO-
XpaHseTcsl TeIIOBOE PaBHOBECHE B OPTaHU3ME UEJIOBEKA U OTCYTCTBYET Hampsi-
YKEHUE B €r0 cucTteme TepMmoperysainuu. Hapsny ¢ cyObeKTUBHBIMU TEIIOBBIMU
ONIYIIEHUSIMU CYIIECTBYIOT OOBEKTHMBHBIC MOKA3aTEeNM TEIJIOBOTO COCTOSHUSA
YeJI0BEKa, OJJHUM U3 KOTOPBIX SIBJISIETCSl CpE/IHEB3BEIlIEHHAs TeMIlepaTypa Ko-
KU [2]. B yClIOBUSIX TEPMOHEUTPAIBHOTO MUKPOKJIUMATA YTOJbHBIX IIaXT CPEI-
HEB3BEUICHHAs! TeMIepaTypa KOXKU paOOTHUKA B OCHOBHOM 3aBUCHUT OT CBOWCTB
TKaHU, U3 KOTOPOM M3rOTOBJIEHA €ro CHEUOAEKAa, a TAKKE OT HHTEHCUBHOCTH
TETUIOBBIJICJICHUS YesioBeKa [3].

132



Ha cnenyroniem srarne ObL1 MPOU3BENEH PacyeT CPEJHEB3BELIEHHOW TEM-
nepaTypsl KOxHu, 1mo ¢opmysie 1, mpu KOTOpoil 00ecTieunBaETCsl TETIOBON KOM-
bopT AJist pa3IMYHBIX YPOBHEN dHEpro3arpar pabOTHUKOB. 3a BEpXHEH W HMXK-
HEelW rpaHullel 30HbI TETIOBOTO KOM(opTa HACTYMAET aKTUBU3AIUS MEXaHU3MOB
TEPMOPETYJISILINU — CY>KEHUS U PACIIUPEHUS COCYIOB, IOTOOTACICHUS, JPOXKHU.

tesc =36,07-0,0354Q/S, (1)

7€ tesx — CPEJIHEB3BEIIICHHAS TeMIIepaTypa KoxH, °C;
Q — sHeprotpathl, BT;
S — moaas NOBEPXHOCTH Tena, M2[4].
Hcxonst U3 mOTy4eHHBIX Pe3yJIbTaToB (pHC.3), MOKHO ClI€NIaTh BHIBOJ O TOM,
YTO IS TIO/IEPKaHUs TETIOBOTO KOM(MOPTa, IPU PAaBHBIX YCIOBHIX MUKPOKIIHU-
Marta pabodei 30HbI paOOTHUKAM HEOOXOIUMO BBIIaBaTh CIECHOACHKIY C pas3iiny-
HBIMH TTapaMeTPaMu, B 3aBUCUMOCTH OT YPOBHS YHEPro3aTpar pabOTHUKA.

40

35

Ia 1a Ila 16 11

0 - 4+,
0 50 100 150 200 250 300 350 400
Q, Br

PucyHnok 3 — 3HaueHHe CPeIHEB3BEIICHHON TEMITEpaTypPhbl KOKU YEJIOBEKA,
o0ecrieunBaroIue TeroBOM KoM(pOPT, IPU Pa3IUUHBIX KATETOPHUIX padOT M0 TKECTH

OCHOBHBIM U3 IMOKa3aTeJCH, BIUIIONINX HA 3HAUYCHUE CPETHEB3BEIIAaHHOM
TeMITepaTyphl KOXH, ¥ TTO3BOJISIONINX KOCBEHHO CYAUTh O TETUIOBOM COCTOSITHUHT
YEJI0BEKA, SBIACTCS TUIOTHOCTH TEIUIOBOTO MOTOKA ¢. OH M3MepseTcs Ha TeX Ke
y4acTKax Tejia, 4TO M TeMIlepaTypa KOXH. AHAJIOTHYHBIM e 00pa3oM paccuu-
THIBACTCSA M CPEIHEB3BEIICHHAS IIOTHOCTH TEIUIOBOTO IMOTOKA. KoM@opTHBIit
YPOBEHb TEILUIOBOTO II0TOKA, BT/M?, COOTBETCTBYIOIIUI PA3IMIHON (PH3HUECKOM
aKTUBHOCTH, MOKET OBITH OIpesiesicH 1o ¢hopmyiie 2.

Jesr—[83.3+39,5Q—11658]/S, (2)
TJI€ (esr— CPEAHEB3BEIICHHAS TEIIOBOM ITOTOK, BT1/M?;

Q —sneprotpatsl, BT;
S — momaae NOBEPXHOCTH Tena, M? [5].
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PucyHok 4 — 3HaueHus TEJIOBOTO MOTOKA OT KOKU YeJIOBEKa,
o0ecTieunBaroIIre TeIUIOBOH KOM(OPT, IPU Pa3IMUHBIX KATETOPHIX padOT MO TSHKECTH

Kak BuIHO HCXO/s U3 pPe3yJabTaTOB pacuera (puc. 4) 3HaYE€HUS TEIJIOBOTO
MOTOKA OT KOXXM YeJIOBEKa, 00eCIeUnBaIONIUe TEIIOBOM KOM(OPT, CyIIeCTBEH-
HO Pa3IMYaIOTCs JUIsl KaKJ0M KaTeropuu padoT mo sHeprozarparaM. [IOTHOCTH
TEIJIOBOTO TIOTOKA, COCTABIIAECT OOMBIINYIO YaCTh TETIONOTEPh YeTIOBEKA B yCIIO-
BUSX TETUIOBOTO KoMbopTa (75%) u oTpakaeT KOMIUIEKCHOE BO3/IeHicTBHE (haK-
TOPOB, 00YCIIOBIIMBAIOIINX TEIJIOOOMEH OpraHu3Ma ¢ OKpY’KaroIIeH cpenoit [6].

[TokazaTenb TETUIOBOTO MOTOKA OT TEJia YEJOBEKa B YCIOBHSIX TEPMOHEH-
TPAIBHOTO MUKPOKJIMMATa YTOJBHBIX IIaXT MOXKET CIYKUTh JUIsl OICHKH KOH-
CTPYKIMH CIICTIOJCKIBl U MaTEPHAIIOB, UCIOJIB3YyEMBIX JJII €€ W3TOTOBJICHHUS.
B paccMaTpuBaeMbIX YCIOBHSX TMPETaraeTcsi CHUXATh TEIUIOBYIO HArpy3Ky
Ha OPTaHU3M YeJIOBEKAa MPU BHITIOJHEHUU (U3UYECKU TSDKEIBIX paboT 3a cuer
CHI)KCHHSI  TETJIOM3O0JIAIIMOHHBIX ~ CBOMCTB  CHEIOACKIb. ITO BO3MOXKHO
IIPY YMCHBIIICHUH TETJTIOBOTO COMPOTHUBIICHUS CIICIIOACKIBI, KOTOPOE BO3MOYKHO
onpenenuTs no Gopmyse 3.

Rc = ((tk - tHap )S)/Q, (3)

rae Re — ternosoe conporusnenue crenonexasl, M2 C/BT;

Q — KOJIMYECTBO TEIJIa, YIAIIeMOro paaualieil 1 KOHBEKIUEH C TIOBEPXHO-
CTH Tena, TTIOKPBITOH O1eK 10, BT/M%;

tk = CpeHEB3BELIEHHAs TEMIIEPATYPa KOXKH MO CIIEHOAEKION, C;

thap — CPEIHEB3BEIIAHHAS TEMIIEPATypa HAPYKHOM MOBEPXHOCTH CHEOACHKBI, °C;

S — mIomaas MOBEPXHOCTH TeJla YeJI0BEKA, IIOKPBITOTO CIIEMOAEXKI0M, M2 [4].

[To MHEHUIO aBTOpA, AJIA CO3/IaHUs YCIOBUM TEIIOBOro komdopTa s pa-

OOTHHKOB YTOJIbHBIX IIAaXT B YCJIOBHUSAX TEPMOHEHUTPAIHLHOTO MHKPOKJIMMATA,
HEO0OXOIMMO HCIIOJIH30BaTh TKAHU U MaTepualbl JJI U3TOTOBJICHUS CIEIIOIEK-
Tkl COOTBETCTBYIOIIME KaTeropuu padboT mo sHepro3arparaM. M Ha OcHOBE 3TO-
ro BHECTH M3MEHEHUs B TUMOBBIE OTpaciaeBbie HOpMbI Bbiaun CU3.
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B nHacrosiiiee Bpemsi B 006J1aCT MPOMBIIZICHHOTO TTPOU3BOICTBA BECbMa OCT-
PO CTOUT BOIIPOC CO3JaHUSI COBPEMEHHBIX, OCHAIICHHBIX MPOTPECCUBHBIMU TEX-
nporeccaMd U 000pyI0BaHUEM, CHEIUATM3UPOBAHHBIX MPEANPUSTHI MO MPOEK-
TUPOBAHUIO U M3TOTOBJICHUIO BBHICOKOKAYECTBEHHOM TEXHOJIOTMYECKON OCHACTKHU
Y MHCTpYMEHTA. Kak HOKa3bIBa€T MUPOBOW MPOMBIIIJIEHHBIN OIBIT, MAIIMHOCTPO-
UTEIFHBIM  TIPEIIPUATHSAM HEOOXOAUMO TPUMEHSITh HHCTPYMEHT, IITAMIIBI
U npecc-popMbI KAYECTBOM Ha MOPSIIOK BHIIIIE, YeM BhITycKaemasi MpOAyKIHUs. ITO
CBSI3aHO C YCJIOKHEHHEM BBIITYCKAEMOM MPOMYKIIMU U COKPALIEHUEM €€ KM3HEH-
HOTO IIMKJIA B COOTBETCTBUU C TpeOOBaHUSIMU pbiHKA. biaronmaps psgy npeumy-
IeCTB, (aAuabaTHBIC YCIIOBUS MPOTEKaHWS IMpollecca, CHUKEHUE KOHTAKTHOTO
TpeHus1, OJaronpusTHOE JAEUCTBUE CUJI MHEPIMH, CIOCOOCTBYIOIIEE JIyUIEMY 3a-
MOJTHEHUIO MaTPUYHON TIOJIOCTH U T.JI.) MIPOLECCH CKOPOCTHOTO (hOPMOU3MEHEHUS,
0c00eHHO ckopocTHoro ropsiuero BoigaBnuBanus (CI'B), co3maror addexruBHbIC
yCIIOBHSI [ 00paOOTKH MalOIUIACTUYHBIX M TPYAHOAE()OPMUPYEMBIX MaTepHa-
JIOB, IIIMPOKO HCIOJIb3YEMBIX B HHCTPYMEHTAJIbHOM MPOU3BOACTBE |1, 2]. B cBs3mn
C TE€M, YTO BBICOKOCKOPOCTHASI IITaMITOBKa 00ECIIeYMBAET MOTYYCHUE TOYHBIX 3a-
TOTOBOK C TMOBBIMICHHBIMA MEXaHUYECKUMHU CBOWCTBAMH, OHAa MOXET OBITh WC-
M0JIb30BaHA KaK TEXHOJIOTMYECKUH IMPOIIECC M3TOTOBJICHUSI CTEP)KHEBBIX JAETajeil
mrammnoBoi ocHacTku [3, 4]. B BHTY na xadenpe «Kopabnectpoenue u ruapas-
JIMKay pa3paboTaHbl TEXITPOIIECCH CO3/IaHUs OMMETATMNYECKOTO CTEP’KHEBOTO MH-
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CTPYMEHTA, MTPEeIHA3HAYEHHOIO /ISl OCYILIECTBIIECHUS ONepalfii TopsaYeil U XO0Jo1-
HOM mtamMnoBkH [5]. CyllieCTBEHHBIM WHHOBAIIMOHHBIM MOMEHTOM B pa3padoTaH-
HBIX TEXMpoIleccax sBIsETCS (POPMUPOBAHUE CBAPHOTO COSAMHEHUS PA3HOPOIHBIX
cTaneil Ha ocHOBe IU(D(PY3MOHHOTO NEPEHOCA JIETUPYIOLIUX 3JIEMEHTOB B 30HE CO-
€IMHEHUS, YTO 00ECIICUMBAET BLICOKOE KAYECTBO U MPOYHOCTh COSANMHEHUS [6].

Jli1a poBeieHust UcceI0BaHU UCTIOIb30BAJIUCh COCTABHBIE 3aIrOTOBKH, CO-
crosie u3 kommosuimid crainet 40X+5XHM u 40X+45X3B3M®C (JAN23).
®opmMooOpa3oBaHUE U COCAUHEHUE PAZHOPOAHBIX METAJIOB OCYILECTBIISLIM
B KOHMYECKUX Pa3bEMHBIX IMOyMaTpPHUIAX CHCIUATBLHON KOHCTPYKITUH TIO- 3aIla-
TEHTOBAaHHOMY CIIOCOOY M3TOTOBJICHHS CTEP>KHEBBIX JIETAJICH 32 CUET COBMECTHOTO
CKOPOCTHOTO TUTACTUYECKOT0 UCTeUeHHUs] 000MX METAJIOB B OCEBOM HAlpaBJICHUN
C MOCJICAYIOLIUM 3aTEKaHHUEM B KOJIBLIEBYIO KaHABKY, PACIIONIOKEHHYIO Ha paccTo-
STHAW OT JIOHHOW YaCTH Ha BBICOTE Al, pOMOPIIMOHATILHON BBICOTE paboueit yacTtu
COCTaBHOM 3ar0TOBKU U KOA(PDUITMEHTY BBITSKKU A, KOTOPOMY 3aaBaJTUCh 3HAUC-
Hust A=2-5 [7, 8]. IIpu coBmeniernnu nporecco CI'B OuMeTamimueckux u3aenuit
u pexxuma BTMO B nepByro ouepesib HEOOXOAUMO YCTAaHOBUTH TeMIIEpaTypPHbII
pPEXHUM, KOTOPbI OOECHEUYUT TEPMHUUECKYIO AKTHBAIUIO JUISl KAYECTBEHHOI'O CO-
eIMHEHNS IBYX CTaJIeH U TIOJTHOE PACTBOPEHUE KapOUIOB JISTUPYIOMIUX HJIEMEHTOB
B ayCTEHHUTE, YTO oOecrneyuT TpedyeMble MEXaHN4YeCKHe CBOMCTBa MpoaedopMu-
POBaHHBIX MaTEPHAJIOB.

Hns  komnoszunuu craned 40X+5XHM  rtemneparypHblid HMHTEpBal
MITAMIIOBKH, OOECIEeYMBAIONIMNA HAWIyYHIyl0 I[JACTUYHOCTh COCTAaBJISIET:
40X — T = 800-1250°C; SXHM — Tup = 850-870 °C. TemnepaTypbl KpuTHUie-
CKHX ToueK Ac3, o0ecreuynBaoIMe MPOBEACHUE MOTHOW 3aKalKU COCTABIISIOT:
782 °C (40X); 780 °C (5XHM). CienoBaTeabHO, C yY€TOM IMOJCTYKUBAHUS 3a-
TOTOBKH TIPH TIEPEHOCE B IITaMII, ONTHMAaJIbHASI TEMIIepaTypa HarpeBa COCTaB-
HOM 3aroTOBKM B M€Y JOJbKHA coctaBiATh 131 = 1150 °C u Bpems HarpeBa
ImuH Ha MM cedenus 00pasmna. HekoTopsie pe3yabTaThl MTAMITOBKH IO MPEI-
JI0KEHHOW TE€XHOJIOTUH NPEACTABICHBI HA puc. 1.

Xk
SX3BIMPC

-

4

40X

a) 6) ¢)

Pucynok 1 — Bun npononbHbIX TDHGOB (@, ¢) ¥ IOKOBKH OMMETAIUTMIECKOTO MyaHCOHa (8)
rocie ckopocTHoro BeiAaBnuBanus mpu Vo= 70-80 m/c, To = 1150+£20°C; A=2 u 5 (a, 8); A=3 (c)
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N3 paccmoTpenuss Ha puc. | MpOmONABHBIX NUIM(OB, H3TOTOBJICHHBIX
u3 OMMeTaUTMIecKX 00pasmoB, KOTOPhIE OBUTH OTIITAMIIOBAHBI IO CXEME CKO-
POCTHOTO TOPSYErO BBIIABIMBAHUS B Pa3bEMHBIX MOJyMaTPHUIIaX, XOPOIIO BU/I-
Hbl YETKHE, KOHTPACTHbIC TPAHMIBI COCIUHEHUS PA3HOPOJHBIX METAJIOB
KaK B nornepeyHoM (puc. 1a), Tak u B oceBOM (puc. 1B) HanpaBiIeHUsX.

HccnenoBanusi CBApHOTO COSIUHEHUSI B 30HE 1IBa OMMETANIMYECKOro Iy-
aHCOHA TPOBOJWIMCH HAa PEHTICHOCKONMHYECKOW CUCTEME KOHTPOJIA KayecTBa
X-CUBE compact. PentreHorpaMMbl CTEp>KHEBOM 4YacTU OWMETAJUIMYECKOTO
oOpa3ia mpeAcTaBiIeHbl Ha puC. 2.

Pucynok 2 — PenTreHorpamMmma OUMETaNTHY9ECKUX 00pa31oB, MOITyYEeHHBIX
MIPU BBIXOJHOM HANPSOKCHUH U TOKE paBHBIX 198 kV-6,3 mA;
pexkumbl u3rotosieHus o0pasnoB Vo= 70-80 m/c, To = 1150+20°C

Kak BugHO U3 puc. 2, 00pa3libl UMEET YETKO BBIPAKEHHYIO OJHOPOIHYIO
CTPYKTYpPY B 30HE CBApHOILO COECIUHEHHUS C OTCYTCTBHEM OKHCHBIX BKIIIOYCHHUH,
4YTO  ONaronmpusTHO  CKa3bIBACTCd Ha  OKCIUIyaTallMOHHbIX M (DU3HKO-
MEXaHUYECKUX XapaKTePUCTHKaX OMMETaNTM4eCKOro MHCTPYMEHTA, MpeaHa3Ha-
YEHHOTO ISl METAJII000pa00TKH Ha Pa3IMYHBIX SKCILTyaTalIMOHHBIX PEKUMaX.

Ha ocHOBaHuM MOMy4YE€HHBIX SKCIIEPUMEHTAIBHBIX JAHHBIX MOXHO CJIENaTh
CJIETYFOIINE BHIBOJIBI:

— pa3paboTaHbl TEXIPOLECCHl CO3[aHUsl OUMETAIIIMYECKOTO CTEP>KHEBOTO
WHCTPYMEHTa, TMpPEJHA3HAYEHHOTO JUIsl OCYUIECTBJICHHUS ONEpalMil Topsueit
U XOJIOJTHOM IITaMITOBKHU;

— YCTaHOBJIEHA BO3MO)KHOCThH MOJTYYEHHUS] KaUeCTBEHHOIO OMMETaJUTMYECKO-
IO COeTMHEHUs, KOTOpoe (HOPMHUPYETCs TIPU COBMECTHOM ITACTUYECKOM TEUCHHUU
Ha MOBEPXHOCTH KOHTAKTa JBYX YacTEil 3arOTOBKU C yJaJ€HHEM MOBEPXHOCTHBIX
OKCHJIHBIX TUIGHOK TIpu AeQopMHpOBaHHMU CO CKOpocThio Vo = 70-80 wm/c
U TeMrepaTypoi coctaBHou 3arotoBku T = 1150+20 °C.
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V]IK 669:620.197
TEXHOJIOTHUSI PEBEPCUBHO-CTPYHHOHN OYNCTKH CTAJIBHBIX
JUCTOB NEPE] JIABEPHOH PE3KOI
U.B. Kauanos, A.H. Kyx, A.B. Qununuuk, B.A. Kntounuxos
benopycckuii nayuonanvublu mexuuueckuu ynugepcumem

JlJ1si COBpeMEeHHOr0 MaIlIMHOCTPOUTENIBHOTO Mpou3BojicTBa PecyOnuku be-
Japych XapakTEPHO OTCYTCTBHE COOCTBEHHOM CHIPHEBOM 0a3bl, pe3yJbTaTOM YEro
SBIIICTCSL CYIIIECTBEHHAs] 3aBUCUMOCTh OT UMIIOPTHBIX MaTEPHAILHBIX PECYpPCOB,
[IOCTaBIISIEMBIX TI0O MUPOBBIM IieHaMm. [Ipu Takux ycioBusix paboThl d)PeKTuB-
HOCTh ITPOM3BO/ICTBA MOXKET OBITh IOCTUTHYTA 32 CYET SKOHOMMHU U UCIIOJIb30Ba-
HUSI DHEPro- U pecypcocOeperatomux texHomoruit [1-10]. DddexTuBHOCTH pea-
JU3aIMU LEJI0T0 pAga TEXHOJIOTMUECKUX MPOLIECCOB HAIPAMYIO 3aBUCUT OT Kade-
CTBa OYHMCTKM IOBEPXHOCTEH OT Kopposuu. Tak, Hampumep, il MOATOTOBKU
CTAJIBHBIX JIMCTOB MOJ Ja3epHyto pe3ky (JIP) HeoOXoaumo Mociie OYHMCTKH
OT KOPPO3UM HMETh BBICOKOKAUYECTBEHHYIO MOBEPXHOCTH C IIEPOXOBATOCTHIO
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R. = 0,4-1,0 MKM C MUHUMAaJbHBIM YPOBHEM YIPOUYHEHHS (MUKPOTBEPIAOCTH f,
nocse 00pabOTKU MO CPABHEHHIO C UCXOHBIM 3HaUeHHEM Hyo JOKHA HAXOIUTCS
B nipeaenax H,= 1,5-1,6 H,0) u HU3KOM oTpaxxkarenbHou criocooHocThio [11, 12].

Jns peannzanuu texnonorun PCO Ha kadenpe «KopabnectpoeHue v TUI-
paBnuka» BHTY Obuta paspaboraHa KOHCTPYKLHMsI CTpyWHOro Osioka (puc. 1)
XapakTepu3yrolascss maTeHTHOWM HOoBU3HOW [13]. KOHCTpyKIMsl BKIIIOYAET KO-
HYCHOE COIUIO /, yCTAaHOBJIEHHOE B KOPITYC 2, KOTOPBIN Yepe3 yIJIOTHEHHE 3 To-
JIOTHO TPHKUMAETCSl K OYMIAEMON NOBEpXHOCTH 4. 3MeHeHue paccrosiHus L
MEXAY MOBEPXHOCTHIO M COIJIOM OOECHeYMBaeTCs 3a CYET MepeMelleHuUst 10~
CJIEIHETO B paJuajbHBIX ONOpax J.

4 3 2
a

CImp 47 : :

/Dmax ; -
— = .;— Q

-/ . 7

Pucynok 1 — Cxema cTpyWHOTro yCTpOWCTBaA JIsl peasiu3aluu
MPOLECCA PEBEPCUBHO-CTPYHHON OUMCTKHU

[Ipu moaKIIOYEHUU TAaHHOTO CTPYHHOTO OJI0OKa K HACOCHOM YCTaHOBKE IO-
TOK paOoydell MKUIAKOCTH MOCIE B3aUMOACHCTBUS C MOBEPXHOCTHIO 4 pa3BOpayu-
Baercsa Ha 180° OTHOCUTENBHO CBOETO MEPBOHAYAIILHOIO ABWKEHUS. DTOT pas-
BOPOT o0ecreynBaeT POPMUPOBAHUE PEAKTHUBHOM CHIIbI, KOTOpAsi, CKJIaIbIBASICh
C CWJON OT BO3HEHCTBHUS CTPYH, MPUBOJUT K YBEIUUYECHUIO [ABICHUS Pmax
cTpylHOro Bo3zaeiictBus B 1,25+1,5 pa3a (Teopernuecku B 2 pa3a) 10 CpaBHeE-
HUIO C TPAJULMOHHOM CXEMOMW OYMCTKH, KOTJa CTPysS IOCIE B3aUMOICHUCTBHUS
C TIOBEPXHOCTBLIO pacTekaercs moja yrioM 90° OTHOCHTENBLHO CBOEro MeEpBOHA-
YaJbHOT'0 HAMPABIICHUS TEYEHUS.

B paborax [14, 15], B pe3ynapTare pelIeHHUs BapHALMOHHOM 3aJayu
110 YCTAHOBJICHUIO MUHUMAJIBHOM MOIIHOCTH OOpaOOTKH OBLIO YCTaHOBJIEHO,
YTO MUHUMAaJbHas CUJia pa3pylICHUs CJIOsS KOPpPO3uU Ha oOpabaTbiBaeMOM Io-
BEPXHOCTU OTMedaeTcs (MpU MpOYMX paBHBIX MapameTpax (AaBieHHE Ha BXOE
B COILIO pc, paccTosiHUE L OT coruia o o0pabaThiBaeMoil TOBEPXHOCTH) TIPH KO-
s urmente ooxatas crpyu A = 0,063.

B uwactHOCTH, HccieoBaHUAMU Obljla yCTAaHOBJICHA 11€7I€CO00PAa3HOCTh IPO-
BEJICHUS] OYMCTKH B TpH dTama. [Ipu 3TOM Ha mepBoM 3Tare B KauecTBe pabodeit
KHUJIKOCTH MCIIOJIb30Bajlach BOJa, COAEprKaliasi peyHOM MECOK C pa3MepoM (pak-
uuit 0,1-0,63 MM u nonuakpuinamua. Konmentpauuu pedynoro necka Ky U mo-
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nmuakpunamuga Ky cocraBusmi cootBeTrcTBeHHO 8 — 10 % u 10— 102 % ot 06-
mero oobema paboueit xunkoctu. [IpenBaputensHas MoAroOTOBKa PEYHOTO MecKa
1o PpaKIMOHHOMY COCTaBY OCYIIECTBISJIOCh B YCTPONCTBE TPABUTAIMOHHOTO
THUIIA JEUCTBUSA, KOTOPOE XapaKTEpU3yETCs MATEHTHOM HOBU3HOM [16].

Ha Btropom stane PCO wucnonp3oBanach yuctas BOJAQ, C LEIbIO IMOJHOU
MPOMBIBKH OUYUIIIEHHOW MOBEPXHOCTHU OT MEJIKOJAUCIEPCHBIX (paKivii peuHOro
necka, 94To He00X0IUMO JIJIsl TPOBEJICHUS TPETHETO ATara OYMCTKH.

Ha tpetbem srtame ocymectsienuss PCO akexkTupoBaiach pabodast >Kuj-
KOCTb, COJEpIKallasi BoJly, B KOTOpOH ObLIM pa3MelllaHbl OCHTOHUTOBAs TJIMHA
Y KQIBIIMHUPOBAHHAS COJAa C KOHLEHTpalMsIMU COOTBETCTBEHHO Kg = 5-20%
U Kic. = 2-10% ot obmiero o0beMa. YKazaHHbIC KOHIICHTPAIIUN TTOCIIE 3KEKTH-
pOBaHHS B CTPYHHOM COILJIE CMEIIMBAJIUCh B CTPYe, JICUCTBYIOIICH Ha oOpalda-
THIBAEMYIO TIOBEPXHOCTb, 10 3HaueHUl Ksc = 2—5 % U Kice = 0,2-1,0 %. Yka-
3aHHBIC JMANa30Hbl ObUIM YCTAaHOBJICHBI KAaK ONTHMAJIbHBIC TPHU TMOJITOTOBKE
OYHIIIEHHOHN MOBEPXHOCTH MOJ JIa3eHPHYIO pe3ky (JIP). O0s3aTenbHbIM SBISACT-
cs omepanys Cymku o06pas3nos npu komHarHoit remmneparype (' = 20 °C) B te-
yeHue 20—24 4., yTo mo3BoiseT chopMupoBaTh Ha 0OPAOOTAHHON OBEPXHOCTH
AHTUKOPPO3UOHHBIN 3aIMTHBIN CJIOW C TOJIIMHOW O, COCTABIISIONINI HE MEHEE
1,1-1,2 oT MakCUMaabHON BBICOTHI BEICTYTIOB MUKPOHEPOBHOCTEM.
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Ne 14172 Pecn. benapycs, MIIK E 02F 3/88/ KauanoB U.B., ’Kyk A.H., Ilectios
I'.B., YUepHoOnuien A.H.; 3asBurens benopyc. Hail. TexH. yH-T. — Ne a 20081686;
3asBi. 24.12.2008; omy6:1. 30.04.2010.
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YK 621.039
IKCIIEPUMEHTAJIBHBIE UCCJIEJOBAHUSA MPOLIECCOB
CMEIIEHUSA TEIIJIOHOCHUTEJISA B COBPEMEHHBIX AJTEPHBIX
SHEPTETUYECKUX YCTAHOBKAX
C.M. [[mumpues, A.A. [lobpos, M.A. Jlecuanos, A.B. Pazanos, A.H. [Iponu,
I.H. Connyes, A.E. Xpobocmog
Huoicecopoockuti 2ocyoapcmeen bl mexHUuYecKuil yHugepcumen
um. P.E. Anexceesa, Poccutickasa ®@edepayus

[Tporecchl cMemeHNsT HEU30TEPMUIECKUX TTOTOKOB CYIIIECTBEHHO BIIUSIOT
Ha MapaMeTphbl TEIJIOHOCUTENS Ha BXOJE B aKTUBHYIO 30HY, YTO OTPENeseT €
TEIJIOTEXHUYECKOE cocTosiHue. Ha BXojie B peakTop MOTyT BO3HHKATh HEpaB-
HOMEPHBIE MOTOKU TETUIOHOCHUTEIIS TI0 Pa3HBIM METISAM, MPUBOJSIIUE K JTOKATb-
HBIM OTKJIOHCHUSM TapaMeTPOB OT HOMHHAIBHBIX. [Ipoliecchl, MpoTeKaromue
IIPY OTKJIOHEHUHU MMAPaMETPOB TEIJIOHOCUTENS OT JOMyCTUMBIX 3HAUCHHM, HEOO-
XOJIMMO OIICHHUBATh MPU OOOCHOBAHHUH 0€30TMaCHON paOOTHI SIICPHBIX YHEPTETHU-
YECKHUX YCTAHOBOK, IMMOCKOJIBKY OHU MPUBOAT K CYIIECTBEHHOM HEPABHOMEPHO-
CTH TEIUIOTHIPABIMYCCKUX XapaKTEPUCTHK B KaMepe CMEIICHUS pPEeaKTopa
Y Ha BXOJIC B KaHAJIbI aKTUBHOW 30HBI. Takue sIBICHUS HYKIAIOTCS B J€TATHHOM
uzydeHuu npu nomomu CFD-komoB, KOTOpHIE AOMKHBI MPOXOAHUTH MPOLETYPY
BepU(DUKAIIUU OCHOBE MPEACTABUTEIBHBIX IKCIIEPUMEHTATBHBIX JaHHBIX.

Ha 06aze xadenpsl «ATomublie u TeraoBbie craniuu» HITY um. P.E.
AnekceeBa ObUT CO3/1aH DKCIIEPUMEHTANBHBIN cTeH A (puc. 1) 1is uccneaoBaHus
CMEIICHHS] TIOTOKOB B MOJIENIM BOJAO-BO/ISIHOTO pEaKTOpa C IEbI0 JACTAIBHOTO
U3YYEHUS TIPOIIECCOB JIOKAIBHOI'O OTKJIOHEHMS U3ydaeMbIX rapamerpoB. CTeH
CIPOEKTHPOBAH B BUJE JABYX KOHTYPOB: MCCIIEIOBATEIHLCKOIO KOHTYpa CMelle-
HUS TIOTOKOB C YCTAaHOBJIEHHOM JKCIIEPUMEHTAIBHOM MOJEIbI0 U KOHTYpa
OXJIaXKJICHUs, HEOOXOMUMOIO JJII OTBOJIa TEIUIa M TOJTOTOBKH «XOJIOJHOTO)
TETJIOHOCUTEIS.

Pucynok 1 — [IpuHnunuaneHas cxema cTeHaa

O6opynoBaHue CTeHJa MO3BOJISIET CO3/IaTh PEKHUMbI KaK JIAMUHAPHBIE,
Tak U TypOYJIEHTHbIE TE€UEHHS MPHU Pa3TUYHONU TeMIEpaType, pacxoaax U KOH-
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LEHTPAalUA NIpUMECEd B INOTOKE TemuioHocurensd. [lapamerpsl, mpu KOTOPBIX
MOJKET OCYIIECTBISITHCS MOJICTMPOBAHHE, TPUBEACHBI B TA0IHIIE 1.

Tabnuual
OcHOBHBIE TApaMETPhI FIKCIEPUMEHTAIILHOTO CTEHA

ITapamerp 3HaveHue
Yuclio MMUTUPYIOIIKX NETENb UUPKYJISUNUNA TENIOHOCUTENS 6
MOIIHOCTh HarpeBaTeNIbHbIX YCTAHOBOK (CymMMapHasi), KBT 800
MOIIHOCTh KOHTYpA OXJIaXKJAeHUs (MaKkCcUMalibHasl ), KBT 960
Pacxon yepe3 skcniepruMeHTaaIbHY0 MOJIeNb, M3/4 1o 200
TemnepaTypa cMeIMBaeMbIX TOTOKOB, 0C 15-200
JlnameTpsl uccienyeMbIX MOJiesiel 1o BHelTHel odevaiike, MM | 400-1500
JlaBiieHrEe B KOHTYPE CMEILIECHUS TOTOKOB, KI'C/CM2 1o 20
VY nenbHas 3JI€eKTpUYECKasi IPOBOAUMOCTD TETNIOHOCHTEIIS 10 4000

MKCM/cM

DkcrnepuMeHTanbHas Moielb (M) mpecTaBiieHa Ha puc. 2. DKCIIEPUMEH-
TajgbHAs MOJIE]h OCHAIeHa YEeThIPhMS NaTPyOKaMH BBOJA TEIJIOHOCHUTEI,
110 OJTHOMY M3 KOTOPBIX MOJAETCS COJICHBIN IMOTOK, IO TPEM JIPYTUM JTHCTHILIH-
poBaHHas Boja. TeIJIOHOCHUTEIh MPOXOAUT OT BXOAHBIX MaTpyOKOoB DM BHH3
10 OITyCKHOM KOJIBIICBOM Kamepe, MoMaiaeT B HIDKHIOIO HAIIOPHYIO KaMmepy, OT-
KyJla pacrpeenseTcs Mo JIPOCCEIMPOBAHHBIM KaHAIAMUMUTATOPAM aKTHBHOM
30HBI. [0 OKOHYaHWHU TOABEMA B KAaHATUMHUTATOPAX TEIJIOHOCHUTENIh BBIXOIUT
B BEPXHIOIO CIIMBHYIO KaMEpPy M YJANSETCs U3 MOJIETH Yepe3 /1Ba BHIXOIHBIX Ta-
TpyOKa B KpBILIKE.

Pucynok 2 — O0mumii BUJ SKCIEPUMEHTATbHON MOJIEIH

DKCNepUMEHTAIbHBIE UCCIIEI0BAHNS OCHOBBIBAIMCH HA METOJIE IPOCTPaH-
CTBEHHOM KOHIYKTOMETpHH. M3mepurenbHas cucteMa CTeHAa COCTOUT U3 TeX-
HOJIOTMYECKOM 4acTH, HEOOXOIUMOM Il KOHTPOJISI PEKUMHBIX MApaMeTpoB pa-
OOTBhl YCTaHOBKH, a TAKXX€ HMCCIIEIOBATEIbCKON YacTH, MPU MOMOIIU KOTOPOM
BBINIOJIHAIOTCS 3aMepbl (DU3UUYECKUX XAPAKTEPUCTUK B 00JACTH TYpOYJIEHTHOTO
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CMEILIECHMs IIOTOKOB B MOJAENM peakropa. MccnemoBarensckas 4acTb U3MEPH-
TEJIBHON CHCTEMBbI OCHOBAHA HA MPUMEHEHUH KOHAYKTOMETPUYECKUX JAaTYUKOB
CeTYaToM U CTEP>KHEBOM KOHCTPYKIUU (puc. 3).

JlaT4ymKu yCTaHOBJIEHBI HA BCEM MPOTSIKEHUH OIYCKHOW KamMephl SKCIIEPH-
MEHTaJIbHOM MOJENU (B TpeX MJIOCKOCTAX € azuMyToM 20° MeXIy COCEeIHUMH
JaTYNKAMHM), a TAKKE HAa BXOJE M BBIXOJI€ U3 00JaCTH, UMUTUPYIOLIEH KaHaJbI
AKTUBHOW 30HBL. XapaKTEPUCTUKU WU3MEPUTEIBHOW CHUCTEMBI JAlOT BO3MOXK-
HOCTb I0JIy4aTh YaCTOTHO-3HEPI€TUUYECKUE XAPAKTEPUCTUKHU (IyKTyaluil 3Ha-
YEHUI JTOKAJIbHOW KOHUEHTPALUHU IS OCIEYIOIIEr0 BOCCTAHOBIICHHS CIIEKTPA
TypOYJIEHTHBIX ITyJIbCallui B IOTOKE.

0)

PucyHnoxk 3 — UccnenoBaTenbckas 4acTh U3MEPUTEIbHOM CUCTEMBI:
@ — CeTYaThIid JaTYMK (BEPXHSSA Kamepa), O — CTePKHEBbBIC TaTUUKU

DKCIepUMEHTAIbHBIE HUCCIICIOBAHUS MPOBOJUINCH MIPU PA3IMYHBIX Mapa-
MeTpax. M3mensis nBa mapameTrpa — BSI3KOCTh M CKOPOCTh TEIIOHOCHUTEIS, yia-
JIOCh TIPOBECTH MCCIEN0BaHUs B JuanazoHe uwucen PelHonmpaca ot 10000
10 40000. O6paboTKa MokazaHUil UCCIEAOBATEILCKON N3MEPUTEIIBHOM CUCTEMBI
MO3BOJIMJIA TOJYYUTh TOJIE OTHOCUTEIBHOTO COJIECOJCPKAHUSI B IKCIEPUMEH-
TQJIbHOM MOJIEJIM Ha BXOJI€ M BBIXOJIE UMHUTATOpa aKTUBHOM 30HBI AKCIIEPUMEH-
TajabHOU Monenu (puc. 4). B xone 06pabOTKu JaHHBIX SKCIEPUMEHTA BBISBICHO
HaJIMYKUE 3aKPYTKH MOTOKA MPHU JIBUKECHUH IO KOJBLIEBOMY 3a30pY IKCIIEPUMEH-
TaJIbHOW MOJIEIN IO YaCOBOM cTpelike Ha yroua nopsaka 180°.

- e

- . b & ' =
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L

Pucynok 4 — PacnipenienieHrne OTHOCUTENbHON KOHIIEHTPAIlMK B HUYKHEH Kamepe
IKCIIEPUMEHTATBFHON MOIeNH (a) U Ha BbIXOJIe 13 KaHanoB-umutatopos(6) (Re=10000, t=20°C)
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[TperecroBbie u moctrectoBble CFD-pacuérhl mMO3BOMMIN OLEHUTH APQek-
TUBHOCTb HCIIOJIB30BAHUS MOJENEH, 3aJI0KEHHBIX B PACUETHBIE IPOrPAMMBI,
a TaKXKe OIPENIENUTh SBJICHUA U 3(P(EKThI, KOTOPbIE U3HAYATIBHO HE ObUIN YUYTEHBI.
Taxkum oOpa3oM, yxe Ha JaHHOM 3Tale BO3MOYKHOCTH CTEH/A MO3BOJISIOT IOJTY-
YUTh MPEJICTABUTENBHBIE SKCIIEPUMEHTAIIbHBIE TAHHBIE, KOTOPbIE MOTYT ObITh HC-
II0J1b30BaHbl B KAUECTBE BEPUPHUKALIMOHHON 0a3bl JUIs paCUETHBIX POrPaMM.

B pamkax npoBeneHHs CIEAYIOIIEro dTara IUIaHUPYEeTCsl IPOBECTH HUCCIIe-
JIOBaHUs MPOLECCOB CMEIICHUs TEIUIOHOCUTENSI B HAIIOPHOM KaMepe peakropa
IIPY BapbUPOBAaHUM KpuTepun PelHOIBACA 33 CYET U3MEHEHUsI CKOPOCTH HOTO-
K4, MOJIEKYJIIPHOM BSI3KOCTH M THAPABIMYECKOTO JUAMETPA.

YK 621.039
SKCHEPUMEHTAJIBHBIE UCCJIEJTOBAHUSA JIOKAJIBHON
I'MAPOANHAMUKU U MACCOOBMEHA TEIIVNIOHOCHUTEJIA
B TEIIVIOBBIAEJAIOINX CBOPKAX PEAKTOPHBIX YCTAHOBOK
C BOJOM MO JABJEHUEM
C.M. JImumpues, /].B. [{loponros, A.H. I[Iponun, A.B. Pazanos,
J.H. Connyes, A.E. Xpobocmos
Huoicecopoockuti cocyoapcmeenuvlil mexHuueckutll yHusepcumem
um. P.E. Anexceesa, Poccutickasa @eodepayusi

OnHrMH K3 3a/1a4 aTOMHOM 3HEpreTukyu PO sBISIOTCS: MOBBIIIEHUE MOIII-
HOCTH M HajJeXHOCTU padortarommx ADC, co3laHue NEpBOi B MUpPE IJIaBydei
ADC u np. [IpuBHOCS 3HAYUTEIBHBIN BKJIAJ B JOCTH)KEHUE MOCTABJIEHHBIX II€-
et AO «OKBM Adpukanrosy (PO, r. H. HoBropoa) mpoBoaut paspaboTku
TBC nnsa peaktopoB paznuuHbix THHOB. K TakuMm kacceram otHocstcsa: TBCA
st peakropoB BBOP-1000 u TBC KJIT-40C mns nnaByueit ADC. Ilepeuuc-
JICHHBIC TOIUTUBHBIE COOPKH MMEIOT MPHUHITUIHAIBHBIC KOHCTPYKTUBHBIC OTIIH-
yust ot Apyrux TUnoB TBC aHanorMyHOro Ha3HAYEHHUsS, YTO IMO3BOJISIET MOJIY-
4yaTh 0oJiee BBICOKUE IKCIUTYaTAIl[MOHHBIE MOKa3aTeNu MpU COXPAHEHUU YPOBHS
TeItoTexHn4Yeckon HaaexHocth. Koncrpykunn TBC npegycmarpuBaroT Hamu-
Yyhe pEelIeTOK MHTEHCU(PUKATOpoB. Takum 00pa3oM, HEOOXOAUMBI HCCIIE0BA-
HUS, KOTOPbIE ITO3BOJIAT OLICHUTh BIMSHUE PEIIETOK HA MOTOK TEIJIOHOCUTENS,
C LIeJIbIO BBIOOpPA ONTUMAIBHOW KOHCTPYKIMHM C TOUYKH 3PEHHUS MHTEHCHUBHOCTH
nepeMelIMBaHus U THIPABIUYECKUX MOTEPD.

JUisl OLIeHKU BIMSIHUS HA TMOTOK TETUIOHOCHUTENS Pa3IMYHbIX THUIIOB pelle-
TOK, B 0a30BOI Hay4YHO-UCCIEN0BATENbCKON JabopaTopun «PeakTopHas ruapo-
JUHAMUKA» CO3/1aH DKCIIEPUMEHTANBHBINA CTEH]I, MPECTABISIOMNNA cO00i a’po-
JTUHAMUYECKUMKOHTYP Yepe3 KOTOPBIN MpoKaurBaeTcst BO3ayX (puc. 1).
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Pucynok 1 — Cxema a’poiuHaMHUYECKOTO CTEHa
1 — ra30BbIii OAIIOH, 2 — peayKTOp, 3 — 6a30BbIi OJJOK KOMMYTaIlMH/U3MEPEHHS,

4 — MOy IbHBIN ra30aHATN3aTOP, J — IPeoOpazoBaTeNn TaBICHHs, 6 —peryIsTop pacxo/a rasa,
7 — OTOOPHBIN 30H/, § — CTaTUYECKUE OTOOPHI, 9 — YCTPOHCTBO BBOJIA Tpaccepa B TUCHKy DM,
10 — sxcriepuMeHTaNbHast MOJIENb, /[ — yCIIOKOUTENBHBIN YYacTOK, /2 — pECUBEPHAsi EMKOCTD,

13 — BEHTHIIATOP BBICOKOTO JaBiieHus, /4 — mpeodpa3oBareib 4acTothl, /5 — 9BM

HccnenoBanus TOKAIBHBIX XapaKTEPUCTUK MEKBIUCCUHOTO MAaccOOOMeHa
MOTOKa B 3KCIEepUMeHTanbHbIX Mojnensax (OM) TBC mpoBoauiuch METOAOM
Tpaccepa. [IpuHINI NpoBeAEHUS HCCIEOBAHUM 3aKIIIOYAETCS B TOM, YTO MTOTOK
BO3/lyXa MOCPEJICTBOM PAJHUAIBLHOTO BEHTUISITOPA BBICOKOTO JABJIEHUS IOCTY-
NAaeT B PECHUBEPHYIO €MKOCTb, IBUKETCS HYEpe3 pacXoJIOMEPHOE YCTPOMCTBO
U YCIIOKOUTEBHBIN y4acTOK, a 3aTeM, Iponasa yepe3 DM, BeIOpachIBaeTCs B aT-
Mocdepy. ['a3-Tpaccep mogaercs depe3 BIMYCKHOM 30HA (puC. 2a) B XapakTep-
HYIO SYelKy IMy4yKa TBAJIOB B HAYaJie MCCIENYEMOT0 YUacTKa U TaKXKe BbIOPACHI-
BaeTcd B aTMocdepy BMECTE ¢ ra30BO3AYyIIHOM cMechio. [Ipu momoiu TpyOku
[Tuto (puc. 26), UCTIONIL3YEMOI B KaueCTBE OTOOPHOTO 30H/A, 3a UCCIICAYEMbIM
MOSICOM PELIETKU MPOU3BOIUTCS 3aMEP KOHIIEHTPAIIMU Tpaccepa Mo JIJIMHE U ce-
yeHuto OM. Kaxas u3 uccnenyembix OM B IONEPEYHOM CEUEHUU YCIOBHO Je-
JUIach Ha SYEUKH, KaKIOH M3 KOTOPBIX IMPUCBAMBAJICSA CBOM MOPSAIKOBBIM HO-
Mep. Taxxe o anuHe Kaxkaas uydaemas cOopka paz0uBajach Ha ONpeJesIeH-
HOE KOJIMYECTBO CEYEHUI, B 3aBUCUMOCTH OT MECTa YCTAaHOBKH HCCJIEIYyEMOM
pemietku. M3mepenue monei ckopoctd B OM MNPOU3ZBOAWIOCH HPHU MOMOIIU
MMHEBMOMETPUYECKOTO MSATUKAHAJIBHOIO 30HAA. [laHHBIM 30HAOM (puUC. 2B)
ONPEHEIACTCS BEKTOP CKOPOCTH B TOUKE IO TPEM €r0 KOMIIOHEHTAM MYTEM H3-
MEpEHMS JaBJICHUN B OTBEPCTHUSX UYBCTBUTEJIBHOM T'OJOBKH 30H/A U IMOCIENY-
IOLLETO MepecyeTa 1o TaApUPOBOYHBIM XapPAKTEPUCTHKAM.
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IIpuemunie
OTBEPCTUSL

a 7] 8

Pucynok 2 — OcHacTtka [u1si TpOBEAEHUS SKCIIEPUMEHTOB:
a — BILyCKHOM 30H], 6 — TpyOKa I[1uTo, 6 — naTHKaHaIBHBII THEBMOMETPUYECKHIA 30H]T

Ha aspopnHamuueckoMm cTeHze ObUTM Takke omnpeAeseHbl KO3 UIUEHTHI
ruapasiandeckoro conpotusieHus (KI'C) Bcex uccimeayeMbIX pemieTok. AHamu3
pe3ynpTatoB uccnenoBanuii KI'C mokasbiBaeT, 4TO BBIOpaHHBIC KOHCTPYKLUU
Y TEOMETPUYECKUE XAPAKTEPUCTUKM U3YyYaeMbIX DPELIETOK B JHAana3oHe Tpedye-
MbIX yKced Re obecneunBaroT UX HEOOXOIMMOE THAPABIUYECKOE COMPOTUBRIICHHUE,
a TIOJyYCHHbIE 3HAUYCHUS COOTBETCTBYET THJIPABIMUYECKOMY - COMPOTHUBIICHUIO
HATYpHBIX pemeTok. [lorpemHocTH M3MepeHus KOHUEHTpalluu rasa-Tpaccepa
He npeBbimaoT 1,5%, mogada rasa obecrieunBaeTCsl PEryssiTopoM pacxoja rasza
El-Flow ¢ otknonenusmu 0,5% maccoBoro pacxona. M3smepeHue naBieHH B Ka-
HaJIaX ITHEBMOMETPUUYECKUX 30HJIOB OCYIIECTBIISUIOCH TIPHU TIOMOIIY MPeoOpa3oBa-
Tesel N30BITOYHOTO JIABJICHHUS C TIPECIIOM JIOYCKAaeMOW OCHOBHOM MOTPENTHOCTH
0,25%, MOrpemHOCTh MOIy4aeMbIX MPOEKIMI CKOPOCTH HE MpeBbimaia 7% ot ee
a0COIIFOTHOTO 3HAYCHHUSI.

Pe3yabTaTthl ucciaenoBanuii TeueHuss B Moaeasx kaccetol TBCA

HccnenoBanus JOKAIBHBIX XapakTepucTuk notoka B TBCA nmpoBoaunuce
Ha pa3nuyHbIX DM, mpeacTaBiIsomMX co00il MacmTaOHble KONUU (PparMeHTOB
aKTUBHOM 30HBI U CETMEHTOB KacceT (puc. 3). 57 u 94 crepkHEBbIE MOJEIH
UMUTHPYIOT 001acTh A3 Ha cThike cocenuux TBC peaktopoB BBOP, uto nmaer
BO3MO>KHOCTb UCCJIEOBAHUS MEKKACCETHBIX B3aUMOJICHCTBUI B IMOTOKE.

Pucynok 3 — Dkcnepumentanbabie moaenun TBCA

B xone uccnenoBanuii onpezenssiach onTUMalibHasi KOHPUTypalus ycra-
HOBKM mnepeMemuBaronux pemerok (IIP) tuma «mopsiaHas mporoHka» M «3a-
KpyTKa BOKPYT TB3Jia». [lo pesyipTaTaM KOMIUIEKCHBIX WCCIICOBAHWUN ObLIH
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CIeaHbl CIEAYIOIINE BHIBOJIbI: IKCIIEPUMEHTAIBLHO OMPEACIICHBI PacXObl Uepes
XapaKTEPHBIC TUCHKN MOJIEIN; HATN4Iue Ae(IECKTOPOB MPUBOIUT K BOSHUKHOBE-
HUIO HApPaBJIECHHOIO KOHBEKTHUBHOI'O JBIKCHHSI MOTOKA MO HAMPABJICHUIO OT-
ruba COOTBETCTBYIOIIUX ACHIEKTOPOB U, KaK CIIEJCTBUE, MOSBJICHUIO MOIEpey-
HBIX MOCTENEHHO 3aTyXalolIUX COCTABJISIIOIIUX CKOPOCTH; M3MEHEHHE KOHIICH-
TpalMHd Tpaccepa B SYEHKAX IMOKA3bIBAET, UTO HE BECh MOTOK TEIJIOHOCUTEINS
JIBUKETCS 110 HAMIPaBJICHUIO pacroyioxkeHust neduaexkropos. YacTe Tpaccepa me-
penaeTcsi B COCEHUE SYEHKH 3a CUET TypOYyJIEHTHOTO MaccOOOMEHa, UMEIOIIETO
3HAYUTEIHHO OOJbIIYI0 BenuuuHy 3a [IP BcliencTBue MOMOJHUTEIBHON TypOy-
JU3allid TIOTOKA; OMPEJETeHbl JUIMHBI 3aTyXaHUW BO3MYIIIEHUNH MacCOOOMEH-
HBIX Tipotieccos 3a [1P (1/d = 14,16, d — ruapaBiuyueckuii TuaMeTp MOJICIH); TIPU
MOCJIE0BATEIBHON MMOCTAHOBKE JIBYX IMEPEMEIIMBAIOIINX PELIETOK THUIA «IIO-
psaHas TMPOTOHKA» MPOWCXOAUT 00Jiee paBHOMEPHOE pacipeelicHue KOHIICH-
TpalMd Tpaccepa B IMOMNEPEYHOM CEUYEHUU OSKCIEPUMEHTANIbHON MOJIENH,
1o cpaBHeHUIO ¢ ogHou 1P tuna «mopsnnas nporonkay wiu 1P Tumna «3akpyr-
Ka BOKPYT TBRJIay.

BoiBoabl. B pesynbrare sKCIEpUMEHTAILHBIX PaOOT BBISIBJICHBI OCHOBHBIC
3aKOHOMEPHOCTH TEUEHUSI B TOIUTMBHBIX COOPKAX pPa3IMYHBIX KOHCTPYKIIUH.
Ha ocHOBe uccnenoBaHnii MacCOOOMEHHBIX XapaKTEPUCTUK ObUT CO3/1aH pacyer-
HBII QJITOPUTM, 3aJ0KE€HHbIA B Tiporpammy st OBM. Co3ganHas mporpamma
MO3BOJIIET OLICHWBATh PACHPENEIICHUs KOHUEHTPAlWH, UCMONb3Yysl KCIIEPUMEH-
TaJILHO TIOJTYYEHHBIE MO CKopocTeil. Pe3yibraThl pacueToB ObUTH MCIIOJIH30BAHBI
JUIS BBIYMCIICHUS KO3(PPHUIIMEHTOB MacCOOOMEHA MEXITy XapaKTEPHBIMU sTUeHKaMu
MoJienel, a Takke apdextuBHoro kodhdunuenta nepemermpanus [1P s TBCA
peaktopoB BBOP, ucnonbs3yembIx py UHKEHEPHBIX pacdyeTrax A3 B KauecTBE 3a-
MBIKAFOIMX COOTHOILICHHUHU.

Hakoriernas 6a3a JaHHBIX 110 TedeHUto TerutoHocutens B TBC ais peakro-
POB PA3IMYHBIX THUIIOB JIETJia B OCHOBY MH)KEHEPHOTO OOOCHOBAHMS KOHCTPYKITUA
A3. Pe3ynbrarel uccnenoBaHuil Mcnoib3yroTcs s Bepugukaumu CFD-xomoB
U IIPOTpaMM JIETAIBHOIO MOSYEEUHOTO pacuyeTa aKTUBHBIX 30H C LIETbI0 YMEHbIIIe-
HUSI KOHCEpBAaTHU3Ma MPU 0OOOCHOBAHUU TEIJIOTEXHUYECKON HA/ICKHOCTH.
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CEKLIUSA 5
BOIPOCHI BE3ONIACHOCTHU DHEPTETUKU

YK 519.8
MOIEJUPOBAHUE NPOLHECCOB PACITPOCTPAHEHUS
HU30BbIX JIECHBIX ITOKAPOB ITPU HAJINYUHN
IHOJISAH HA ITYTHU OT'HA
B.b. Tapanuyk, /{.B. baposux
benopycckuii cocyoapcmeennulii ynugepcumem
e-mail: taranchuk(@bsu.by

Co3naHue KOMIIBIOTEPHBIX MOJIETEH JIECHBIX MOXKAPOB BAXKHO JJIS1 UCHOJIb-
30BaHUsA MOJPA3JCIICHUSMU MO YCTPAHCHHUIO YPE3BBIYANHBIX CHUTYAIUi, ONTH-
MHU3ALWN UX IEUCTBUNA, MUHUMHU3AUU TOTE€Ph, OLIEHKE MPEIaraéMbIX pEelICHUM
no npodmiakTuiyeckuM mMepam. Oco0yro BaXXHOCTh MPEACTaBISAIOT OO0 Mpo-
THO3BI BO3MOKHOTO PAa3BHUTHS T0XKApOB BOJM3U OOBEKTOB DSHEPIETHKH.
C 0030pOM KOMIBIOTEPHBIX MOJEJEH JIECHBIX MOXKAPOB MOMKHO O3HAKOMHTHCS
no nyonukanusim [1-2]. B HacTosimieit padote npenjgaraeTcs MoauQuKaius npo-
rPaMMHOTO KOMIUIEKCa [3] MIsi MOATrOTOBKM THUIIOBBIX CLEHAPUEB BO3MOYKHOTO
pa3BUTHA MOXApOB, B YACTHOCTH, BONMM3M cTposmieiics benopycckoit ADC.
B pabote o0cyxkaat0Tcsi TOMOJIHEHHUs] MOJEIIH, TEOPETUUECKHE OCHOBBI MaTeMa-
TUYECKOTO OINMUCAHUS, MPUBEJCHBI MPUMEPhl KAYECTBEHHBIX OIICHOK JUHAMUKHU
IIPOLIECCOB JIJIsl TUNIOBBIX MPEACTABUTEIBHBIX KOH(DUTYpALIHii JIECHBIX MAaCCUBOB.
B npennoxkeHHONW MaTeMaTUYeCKOW MOJICNIHM PACIpOCTPAHEHHUs JIECHBIX IOXKa-
POB BBIYMCIISIETCS BOJIOLMS PACIPENCICHUN CIEAYOIUX BEIUUYUH: 1 — ocpeli-
HEHHAasl MO BBICOTE CJIOA JIECHOro roproyero matepuana (JI'M) temmeparypa;
00BEMHBIE JJ0JIM MHOTO(a3HON pearupyromei cpeibl, MacCoBble KOHIICHTPALIUU
KOMIIOHEHTOB ra3oBoi ¢a3bl. IlpuHiATOE MaTemaTHUecKoe OmucaHHe Ipolecca
pacrpoCTpaHEHUsT HU30BOI'O MOXkKapa, MPeII0KEHHbIN U pealn30BaHHbIA METOJ
YUCJICHHOTO PELIECHMS N3JI0KEHBI B [4-7].

Pe3yabTaThl MOIEJIMPOBAHUS NPH HAJIMYUM JIECOMOKAPHBIX Pa3pbIBOB.
KpaeBas 3amaua st OnMChIBAIOMICH MPOLIECC PACHPOCTPAHEHUS M0XKAPa CUCTEMBbI
TM(pPEepeHINATBHBIX YpaBHEHUI pelllanach YHUCIEHHO C HUCHOJIb30BAHUEM
Wolfram Mathematica. llpumeHsuch npeIoxKeHHbIE 1 000CHOBAHHBIE aBTOPaMHU
SIBHBIE Pa3HOCTHBIE ANNPOKCHUMALIMA C PABHOMEPHOM CETKOW MO IMPOCTPAHCTBY
U TMIEPEMEHHBIM BPEMEHHBIM IIaroM 1o BpeMeHU. BpeMeHHbIe maru BbIOMPauCh
W3 YCJIOBUN YCTOMYMBOCTH YUCIICHHON CXEMBI C YYETOM CIEIU(PUKU U CKOPOCTEH
NpoTeKaHust (PU3UKO-XUMUYECKHUX MPOIIECCOB HA KAKJIOM KOHKPETHOM IIIare.

OTMeTHM NpeACTaBUTENbHBIE PE3YJIBTAThI BBIYUCIUTEIBHBIX SKCIIEPUMEHTOB.
PaccmotpumM kBaspaTHyto 007acTh JieCHOro mMaccuBa. CyUMTaeTcsi, UTO B LIEHTPE
0011acTH «BO3HUKAET)» OYar TOPEHUsI, Ha PUCYHKAX CJIeBa MOKa3aHbI TPAHUIIA 30HbI
ouara (B IIEHTpE), a caMa cxeMa odara — (pparMeHT B IIpaBoM BepxHeM yriy. [Ipu-
HSITO, YTO CKOPOCTh BETpa B IOJIOTE Jieca HampaBlieHa cieBa HampaBo. [Ipu stom
10 HAMpPaBJICHUIO BETPA, IPOTHUB BETPA U MEPIECHAUKYJISPHO (HA BEPXHEM (pIIaHTe)
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UMEIOTCSl YYaCTKHU (TOJISIHBI) ¢ OTCYTCTBUEM TOPIOYEro Marepuana (pacTUTEIbHO-
CTH) — I'paHULbl MOJSH MOKa3aHbl MyHKTUpoM. Ha puc. 1-3 npuBeneHsl KapTbl
pacrpenencHus TeMIEpaTypsl B IBA MOMEHTA BPEMEHU: B IPOLIECCE «OTMOaHUD)
NOJISIH, KOTAa (PPOHTHI PA3MBIKAIOTCSA, W TMOCIE MPOXOXKIEHHUS MOJISH (POHTOM.
[IpuBeneHsl pe3yabTaThl TPEX XapaKTEPHBIX BAPUAHTOB PA3BUTHSI ITPOLIECCA.

Pucynok 2 — Cxopoctb BeTpa 1.5 M/c.
IMpexpariieHue pacpoCTpaHEHHUs MOKapa «IIPOTUBY» BETpa

time: 6. . : | ' fime: 10.

1
(2]

Pucynok 3 — CkopocTb BeTpa 2 m/c.
@DpoHT noxkapa pacnpoCTPaHAETCs TOJIbKO 10 HAIIPABICHUIO BETPA
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JI1s1 IpuBEICHHBIX BAPUAHTOB MOJCIMPOBAHUS OTIUYUE OBLUIO TOJIBKO B Be-
JMYMHE PAaBHOBECHOW CKOPOCTH BETpa Ha YPOBHE CEPEAUHBI BBICOTHI IJIAMEHH,
a UIMEHHO, pacyeThbl MPOBOJWINCH JUId 3HaUeHui ckopoctu V=1, 1.5, 2 m/c. Ouar
1okapa pacrpoCTpaHsIeTcs JUIMIICOM, JOCTUTAET MOJIIH U HAYMHAET OrudaTh MX.
[Ipu cxkopoctu BeTpa 1.5 M/C UMEET MECTO MPEKpaIlleHUE PacpOCTPaHEHHUS TO-
’Kapa «IpOTUB» BeTpa MOCIEe «pa3pbiBa» (PpoHTa noisHou. Jlanmee sBomtouus
(bpoHTa MJIaMeHu pa3Hasl.

Pe3ynbTaThl MOKa3bIBAIOT U MOXKHO CHENATh BBIBOJbI, IPOTHO3UPOBATH TPU
Pa3HbIX ClIEHapus pa3BUTHS Mpolecca Ha (UHAIbHOM cTanuu. BapuaHThl:

* CMBbIKaHUE (PpOHTA MOKapa HE3aBUCUMO OT HarpaBJeHus BeTpa (puc. 1);

* IpU YBEIUYCHUH CKOPOCTH BETpa CMbIKaHHWE (POHTA MPOTHUB BETPA
HE MPOUCXOUT (puc. 2);

* TIpU JAOCTATOYHO CHJILHOM BETPE BCTpEYa MPEMATCTBUSA Ha MyTH (HpOHTa
OPUBOJUT K €ro OCTaHOBKE BO BCEX HAIPABICHUSAX KPOME HampaBIICHUS
o BeTpy (puc. 3).

Hano noHumaTrh, 4TO OTMEUYEHHBIE CLEHAPUU PEAIU3YIOTCA B HAType
[P pa3HbIX 3HAYEHUSAX CKOPOCTU BETPA, a COOTBETCTBYIOIIME 3HAYEHHS] MOTYT
ONpENENAThCA B BBIYMCIUTENBHBIX JKCIIEPUMEHTaX, OHU OyIyT 3aBHCETbH
OT BJI&KHOCTH U COCTaBa JECHOTO FOPIOYEro MaTepuaia, TeMIepaTypbl U BiIax-
HOCTH OKpY>Karoueil BO3yIIHON Cpeibl.
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OBECIIEYEHUE HAJIEZAKHOCTU U BE3OITACHOCTH
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Annomayun. Cmamos nocesujeHa npooiemam 6e30nacHocmul, CesA3aHHbIX
C HEHAOeJICHOU 2epmemu3ayuell SHYMpPeHHel NONOCMU  INTeKMPOMASHUMHBIX
KIananos, UCNOIb3yeMblX 8 AMOMHOU, Menosoll U Hepme2azo60t NPOMbIULLEeH-
HOCMSAX, U CILOJNCHOCMAM NPU NPOU3BOOCMBE MAKOBLIX HA NPUMepe pacmaqusa-
HUsl 21yO0K020 CMyneH4amoz2o omeepcmus 6 oemanu «Bmynxa» xknanaua, pa-
bomarue2o 8 WUPOKOM OUANA3oHe padboyux cpeo, 0asieHull u memnepamyp.
B cmamuve npeonacaemcs naoéxcuvlii cnocob no pacmavu8aruo maxKux omeep-
CMUll ¢ UCNONB30BAHUEM HOB020 UHCMPYMEHMA, KOMOPbIU NO360/IUM NOBbICUMDb
MOYHOCMb NOBEPXHOCIMHO20 CIIOSL U CHU3UNL YPOBEHb BbICOKOYACMOMHO20 KoJle-
bamenvHo20 npoyecca 80 8pemsa 00PaAbOMKU, He NPepbleas NPoYecc Ha KAHCOOM
u3 yuacmrkos. Ilpednosicennviti cnocob no3eonum coKpamums mexHon0SUYecKull
npoyecc, 4mo Kaxk cieocmeue, NnoblCUm. Npou3800UmMeIbHOCMs U NO360UM
npou3800ums uzoenuss 6e3 UCNONb308AHUSL CHeYUATUIUPOBAHHO2O OOPO2OCHIOs-
we20 060py008aHusl.

Knrwouesvie cnosa: b6ezonacnocms, 31eKMpoMASHUMHBIN KIANAH, Men108as
9HepeemuKa, 2epmMemuidHOCHb, MOYHOCb U320MOBIEHUsL, 1e38ULIHASL 00pabomKa.

B pa3znuuHbIX OTpaciisiX OPOMBIIIJIEHHOCTH JIOCTATOYHO IIMPOKOE MpUMeE-
HEHHE HAXOJAT JIETAJId ¢ KOMOMHUPOBAHHBIMU MOBEPXHOCTSIMU, COCTOSIIIIUE U3
Pa3HOPOAHBIX KOHCTPYKIITMOHHBIX MaTepUasioB. B M3roToBJIeHUHN MOIOOHBIX Jie-
Tajel TJaBHOW TEXHOJOTMYECKON MpoOJIeMOil SBISIETCS HHCTPYMEHTAIbHOE
obOecrnieueHue M BHIOOp crmocoba oOpabOTKU sl BOCHPOU3BOJCTBA 3aJaHHBIX
TOYHOCTHBIX U KaUeCTBEHHBIX NMokazarenei. J[Ji1 TeraoBoil, aToMHON U HedTe-
razoBOil MPOMBIIUIEHHOCTH TOJ00HBIE M3ENUS MOJYUYUIIU PACHpPOCTPAHEHHUE
B 00JIACTH MPOU3BOJICTBA 2-XOJOBBIX AJIEKTPOMATHUTHBIX 3alIOPHBIX KJIalaHoB,
OTIUYAIONTUXCS B3PBIBO3ANIUIIIEHHOCTHIO U pa0OTOM B IMPOKOM JHAara3zoHe pa-
00uuXx MaBIEHUMN, TEMIIEPATYP U MPOXOIHBIX CEUCHHIA.

Hcnonb30BaHrEe 3IEKTPOMArHUTHBIX KJIANaHOB MPOJUKTOBAHO, MPEKIE
BCEr0, JIOJITOBEYHOCTBHIO M HAJIE)KHOCTHbIO KOHCTPYKUWU W3NS, CBSI3aHHOTO
C TEM YTO B aHAJOTUYHBIX (ITHEBMONPUBOJHBIX U JIEKTPOMEXAHMYECKHUX) KIa-
MaHax ¢ MOJOOHBIMHM TEXHUYECKUMU IMapaMeTpaMu, UCTIOIb3YETCSI CAIbHUKOBOE
YIUIOTHEHHE B BBIJBMKHOM paboueM IITOKE, KOTOPHIM HE MOXKET OO0CCIEUHThH
TpeOyeMyI0 JOJTOBPEMEHHYIO HAJEKHYI0 T€pPMETU3ALNI0 BHYTPEHHEN MOJOCTH

152



OTHOCUTEIHLHO BHEIIIHEH Cpe/ibl, BRI3BAHHBIX OOJIBITUM U3HOCOM JIeTallel IITOKA
U canbHUKa. Bl oAHMM HEJOCTaTKOM MOAOOHBIX THUIPONPHUBOAOB SIBISETCA
OoJblllasi UHEPIIMOHHOCTh Mpoliecca 3aKpbITUs KJlalaHa, CBsI3aHHAasi CO CKOPO-
CThIO cpabaThIBaHUS MEPEAATOUYHOIO MEXaHU3Ma B DJIEKTPOMEXAHUYECKOM IPU-
BoJie. B 3/eKTpOMarHUTHOM KJIallaHEe CaJbHUKOBOE YIUIOTHEHHE OTCYTCTBYET,
a TePMETUYHOCTh 00ECTICUMBACTCS Pa3ACIUTEIHLHON BTYJIKOM.

Hetanb «BTynka» 371€KTpOMarHUTHOTO 3ariopHOro kiamnaHa (puc. 1) coctout
U3 Pa3HOPOJHBIX MaTEPHUAJIOB, MPOJIUKTOBAHHBIX KOHCTPYKTUBHON HEOOXOIMMO-
CTBIO U37ieNus. [leTaib U3roTORIISIIOT U3 CBAPHOM KOHCTPYKIIMH, KOTOpask BKIKOYA-
eT B ce0s1: [ — cranb 45; 2, 4 — HeprKaBerolas CTallb; 3 — MarHUTHAs CTaJlb.

=0

7 23 4

a3
P
gea

A g6 )
i

Pucynok 1 — /lerans «BTyika» 3an0pHOTO 3JIEKTPOMAarHUTHOTO KJIAllaHa

K Hell mpenbsBIAIOTCS Cleayrolue XECTKUEe TpeOOBaHUS MO KAYECTBY
BHYTpPEHHEU nmoBepXxHOCTH (puc. 1).

[IpenBapuTenbHbIe Pe3yIbTaThl UCCIEIOBAHUS, IPOBEACHHBIC HA MPEATIPUS-
tun OO0 «HHIT Opros» mpou3BOIMINCh HA TOPU3OHTATHLHOM TOKApHOM 00pa-
6areiBatomiem 1eaTpe Hyundai WIA L300C ¢ ucnonp3oBaHrneM aHTUBUOPAIIMOH-
Horo umHcTpyMeHTa Silent Tools ot xommanuu Sandvik ¢ riyOuHON pe3aHus
t=0,4 MM, obGoporamu mmuHAens n=650 o6/mMuH u momayeir S=0,08 mMm/00.
[Tpu pacTaunBanuu netanu «BTynkay BOSHHUKIH sl TPOOIEM, CBSI3aHHBIX C pas-
HOpPOJIHOCTBK) CBAPHOM KOHCTPYKUMH. Tak mpu Mepexoie HHCTPyMEHTa
13 OJHOTO MaTepualia B JPyroil MHHTEHCUBHOCTh KOJieOaHUii Bo3pacTaer (puc. 2a),
YTO XapaKTepU3yeTCs 3alupaMi U BOSHUKHOBEHHEM I'ITyOOKMX PHCOK Ha 3epKajie
netanmu «BTynka», 3aTeM NpU Mepexoie TPaHMIbl pasziena JIByX MaTepHalioB
IPOLECC CTAOMIM3UPYETCS, HO MOCKOJIbKY T€OMETPHsl MIIACTUHBI Obli1a BIOpaHa
c yuétoM 00pabOTKM Hep:KaBeIoIel CTalM, Ha y4dacTKe U3 MArHUTHOW CTaJlH
BO3HMKAIOT YYaCTKH C BBICOKUMHM 3HAYCHHUSIMU IIEPOXOBaTOCTH (puc. 20). ITO
SIBJIEHUE OOBSICHIETCS, BO-IIEPBBIX, PA3IMYHON 00pabaThIBAEMOCTHIO JIBYX Mare-
puanioB (1 — cranp anekrporexuHudeckas HenerupoBanHass ['OCT 2590-2006,
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2 — cranb Hepkaseromias 12X18H10T), Bo-BTOpbIX 0COOEHHOCTHIO BHIOPAHHOTO
WHCTPYMEHTA JUIsl pACTAYMBAaHUS TAKOTO OTBEPCTHSL.
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Pucynok 2 — a — Cxema u pe3yJibTaTbl UCIIBITAaHUI, IPU pacTaulBaHUU
Pa3HOPOJHBIX MaTepHaoB; 6 — [ TyOOKHe pUCKU HA y4acTKe U3 MarHUTHOM CTalu

[Tpu 00paboTke Takoil pa3HOPOAHON KOHCTPYKIMH, HE OOECHeurnBaeTCs
CTaOMJIBHOCTB TIpoLiecca pe3aHus. BO3HUKAIOT CUJIbl pe3aHus, 3HAYUTEIbHO OT-
JUYAIoNUecs] Ha KaXJOM W3 YYacCTKOB, YTO MPHUBOJIUT K TMOTEPE TOYHOCTH
Ha y4yacTKe ¢ Jydiueil o0pabaTblBAEMOCTbIO, 32 CUET MEHbBIIEH paguanbHOU Co-
CTaBJIAOLIEH CUJIbI PE3aHUsl, YEM HA MEPBOM ydacTke. PacTaunBaHue mpownsBo-
JUJIOCH CIIeIIMaIbHOM pacToyHOM ompaBkoi Silent Tools, B oCHOBE KOTOpOH HcC-
MOJIb3YETCsl OJHOMACCOBBIN AemIiep, MOABEHIEHHBIN Ha AIACTUYHBIX KOJbIAX,
IPOCTPAHCTBO MEXAY KOPIYCOM U JIeMI(epoM 3arOJHEHO CHEIUATbHONU KU/
KocTh10. OJIHAKO MPU HECTAOMIBHOM pe3aHuu d(PPEKTUBHOCTh TAKOTO MHCTPY-
MEHTa PE3KO0 MajgaeT. ITO CBA3AHHO C TEM, YTO MHEPLIMOHHOE TEJIO HE YCIIEBAET
BOWTHU B MPOTUBO(A3Y C KOJCOAHUSIMU KOHIIA OMPABKH, TEM CaMbIM HE MPOUC-
XOJUT MOJaBJICHUE KOoJeOaHuM, a 3a4acTyIO SBISIOTCSA CJIEICTBUEM 3HAYUTEIb-
HOT'O YBEJIMYEHHS €ro MHTEHCUBHOCTH. Kak pe3ynpTaT Ha rpaHule paszena
JIBYX Pa3HOPOIHBIX MAaTEPUAJIOB, CYIIECTBYET YUYaCTOK C 3aJIUPAMH.

Hamu Obu1 co3gaH mpoOTOTHN PEXYLIEr0 MHCTPYMEHTA JUIsl pacTauuBaHUs
r1yOokoro otBepctHsi (puc. 3), KOTOPBIM MO3BOJISIET PEUIUTHh ATy MOpoOJIeMy.
Koprniyc ompaBku 6 mpexacrtaBisieT u3 ceOs LHWIMHAP C OCEBBIM OTBEPCTHUEM
NOJ1 CTPEXKEHb KPBILIKH, OAUH KOHEI] KOTOPOTO 3aKpEIJIEeH B PEBOJIbBEPHOM TO-
JIOBKE Yepe3 pa3pe3Hyl0 BTYJIKY Uil HAaWIy4dlIero 3aKperieHUsl Ha CTaHKE,
a IPyrod — COCTOUT U3 OTBEPCTHUSI KOHYCHOCTH 1:30 m moJiocT 1111 yCTaHOBJIE-
HUS TapesibuaThiX MpY>KUH. KphIllika U KOpIyc OMpaBKU MPEACTABISECT U3 ceOs
TOPLIEBOM KYJIAUKOBBIA MEXaHU3M C ABYMS yYaCTKaMH OIJUHAKOBOM BBICOTHI,
/i€ BEAYIIUM 3BEHOM SIBIISIETCS KPBIIIKA, @ BEIOMBIM — KOPITYC OIPAaBKH.
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Pucynok 3 — [IpoToTun pacTouHoi ornpaBKH

KynaykoBblif MEXaHU3M MO3BOJISIET CHU3UTh YacTh KPYTWIBHBIX KOjeOa-
HUW, BO3HUKAIOIIMX B MPOIECCE pe3aHus KPyTSIUM MOMEHTOM Mz, 3a cuér
MOMEHTa KpyueHust Mkpy4, 00pa30BaHHOTO MyTEM 3aTSKKHU FaiKu Ha CTEPIKHE
KPBIIIIKA OMPABKU HA MPOTUBOIOJIOKHOM KOHIIE MHCTPYMEHTA; a JApyras 4acThb
BUOpaIMii, KOTOpasi MpeBpaTUIach B MPOJIOJIbHbIE BUOPALIMH, BOZHUKIINX TPU
NEepPEeMEIICHUH KPBIIIKKU ONPAaBKU BIOJIb OCU KOpITyca OMpaBKH, AeMIpUpyeTcs
MOCPEACTBOM CYXOrO0 TPEHHsI TAPENbYaThIX INPYXKUH U KOHYCA O CTEpPKEHb
KPBIIIKK OMpaBKu. Takoe HampsHKEHHO-e(OpMUPOBAHHOE COCTOSTHUE, TO3BO-
JSI€T 3HAYUTEIBHO YBEIUYUTh YYBCTBUTEIBHOCTh CUCTEMBI K PA3JIMYHOIO poja
KojeOaHusIM. DTO TO3BOJIUT HEMPEPHIBHO PACTAUYMBATh BCE YYACTKU JETAJH
«Btynka», KOTopasi COCTOUT U3 Pa3HOPOAHBIX MATEPHUAJIOB.

Pa3paboTka HOBOW TEXHOJOTHU IIO3BOJUT YMEHBIIUTH TPYIAOEMKOCTh
10 HAJIAJIKE CTaHKa, YBEANYUT O€30MMaCHOCTh MpoIlecca, MyTEM COKpAIleHUs UH-
CTPYMEHTAJIBLHOIO OCHAILCHUS JJIsl YUCTOBOM OOpabOTKU U COKPATUT KOJIUYe-
CTBO NpPEABAPUTENBHBIX YUCTOBBIX OINEpalldii, TEM CaMbIM YMEHBIIWUB MAIIWH-
HOE BpeMs CTaHKa, a BBICOKHE JieMN(UPYIOIIHE CBOMCTBA MHCTPYMEHTA MO3BO-
JSAT ~ TOPOBECTH  Pa3MEPHO-UYUCTOBYIHO 00pabOTKy JE3BUHUHBIM  TOKapHBIM
WHCTPYMEHTOM, OCHAILICHHBIM TBEPAOCILUIABHOM TJIACTUHKOM.
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[TocTpoenne MUPPOBBIX TE€OIKOTOTHUECKUX, TEOJOTHUECKUX MOJIENIEH SBIIS-
eTcsi 00s13aTeIBbHOM COCTaBIISIONIEH AKCIEPTHBIX 3aKIIOUECHUN B psie cdep aes-
TEIbHOCTH, B YACTHOCTH, MPU OpraHU3alluu TOCYIapCTBEHHOTO MOHUTOPUHIA CO-
CTOSIHUS OKPY>KalOLIEH Cpefibl, Hep, B 3aJa4ax pPaMOHATBLHOTO UCIIOJIb30BAHMS
MHUHEPaAJIbHO-CBIPhEBON 0a3bl, B MPOEKTAX 3AIIUTHBIX MEPONPUSATHH, CBA3aHHBIX
C onMcaHueM pelnbeda U MHKEHEPHO-T€0JIOTNYECKOI0 CTPOEHUSI MECTHOCTH, IPU
IUIAHUPOBAHUM CTPOUTENILCTBA POMBIUUIEHHBIX 00bEKTOB. OCO0YI0 poJib reosIo-
TMYECKUE MOJIENIM MMEIOT NMPU OOOCHOBAHMHU MPOEKTOB pa3MEILEHUs] 0ObEKTOB
DHEPreTUKHU. 1'€03KOIOrNYECKOe, T€OJIOTUYECKOE MOJEIUPOBAHUE SIBIISIETCS Ca-
MOCTOSITEJIBHBIM HAIIPABJICHUEM, KOTOPOE INPEATONAracT pa3BUTUE MaTeMaTH4e-
CKUX METOJOB M aJITOPUTMOB; pa3pabOTKy KOMIIBIOTEPHBIX Iporpamm, odecrie-
YUBAIOIIMX IUKJI IOCTPOCHUS Mojiesel, (popMUpOBaHUs, HAIOJIHEHUS U COIPO-
BOXKJeHUs 0a3 naaHHBIX. IIporpamMmuble cpeicTBa JOJDKHBI 00ecreurnBaTh
npeoOpaboTKy M MHTEPAKTUBHBIN aHAIM3 JAHHBIX, KOppeJsiuio, (GpopmMupoBa-
HUE IU(PPOBHIX KYOOB JaHHBIX, BU3yaIM3aLIMIO0 C IPUMEHEHUEM TpaUKH pa3HbIX
THUIIOB, KapTonocTpoeHue. OHON W3 BAKHEUIINX COCTABJISAIOIINX B T'€OJOTAYe-
CKOM MOJIETTUPOBAHNU SABJIECTCS 3a/1aya OLIEHKH a/IeKBaTHOCTU U TOYHOCTH IPEI-
JaraeMbIX HA(POBBIX MOJIENEH, KITIOUEBBIMU SBIISFOTCSI BOIPOCHI aBTOMAaTH3aI[UU
HACTPOMKH, aianTalliid MOJIENIEH ¢ yYE€TOM MOCTOSHHO MOCTYMAIOIMIMX JOMOJHHU-
TEJbHBIX JIaHHBIX, & TAKXKE PEBU3UU PE3YyJIbTATOB 00paOOTKH MCXOIHON MHGOp-
MAal1H C UCIIO0JIb30BAHUEM HOBBIX METOJ0B HHTEPIIPETALIH.

IIporpaMMmupoBaHue, pealn3anyss AIrOPUTMOB IIOCTPOCHUS W aJalTalluu
I'€0DKOJIOTHYECKUX MOJENIEH TPYAOEMKO, NPEAIojaracT HMCIOJIb30BAaHUE YHU-
KaJIbHBIX MaTeMaTH4eCKUX MeTOOB. lIpencrasisercs, 4To B HACTOSIIEE BPEMs
IIPU CO3J]aHUK KOMITBIOTEPHBIX T€0JOTHYECKHX Mojeieit 0onee 3((EeKTUBHBIM,
o0ecrneynBaroMM 3aMETHO OoJiee HU3KHE TPYy103aTpaThl U OTHOCUTEIBHO OBbICT-
pBIM 110 BpeMeHH OyAeT MOJIXOJ, OCHOBAaHHBIM Ha COUETAHWM WU HHTETrpaluu
B €IMHBIM TIPOrPAMMHBIM KOMIUIEKC MOJIYJIEM COBPEMEHHBIX BEPCHU CHCTEM
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kommnbtoTepHOr anredpsl (CKA) u reorpaduueckux MHPOPMALMOHHBIX CHCTEM
(THUC). IIpu sTOM CcrnemyeTr MOHUMATh, YTO JJI PEUICHHUS 3amad 00paOOTKH WC-
XOJHBIX JAaHHBIX, B YACTHOCTH, PE3YJbTAaTOB AUCTAHIMOHHOIO 30HIUPOBAHUS,
CeliCMO- U MarHUTOPAa3BEAKU, MOAECTUPOBaHus HUKakas KoHKpeTHas [ IC He sB-
JISIETCSI TIOJIHBIM HabOpOM MPOCTPAHCTBEHHO-aHATMTUYECKMX METOJIOB U CPEICTB
aHanm3a. Bo MHOTHX cily4asix NpuxoauTcs KOMOMHUpPOBaTh UHCTpyMeHThl ['TIC
C MporpaMMaMH CTaTUCTHUYECKOIO aHaJlh3a JAHHBIX, CPEACTBAMHU ISl MaTeMaTH-
YECKHU CJIOKHBIX BBIYMCIIECHUH, BKIIOYAIOIIUX pPEaTU3aliid COBPEMEHHBIX METO-
JIOB U aJITOPUTMOB aHAJIM3a U UHTEPIIPETALUN IPOCTPAHCTBEHHBIX JAHHbBIX.

B pabote [1] uznoxeHsl IpenoKeHHbIE U PeaTu30BaHHbIE METOANYECKUE,
TEXHUYECKHUE M OpPraHU3AIlMOHHBIE PEUICHUS CO3JaHHs MPOTPAMMHOTO KOM-
wiekca ['TM3, onucanbl U MPOWLTIOCTPUPOBAHBI IPUMEPAMU UHCTPYMEHTHI aB-
TOMAaTU3UPOBAHHOTO PabOUero Mecra CHelHauCcTa, KOTOPbId B BBIYMCIUTEIb-
HBIX 3KCIIEPUMEHTAX MOXKET BBIIOJIHATH TOATOTOBKY 3TaJOHOB, aHAIN3 U ajar-
TalUIlO0 LUQPOBBIX TMOJIEH MNPUMEHUTENBHO K 3adadaM . (popMupoBaHUS
Te0JIOTHYECKUX W T€0IKOJIOTHUeCKUX Mojeseil. PazpaboTanHas MHTErpupoOBaH-
Hasi KOMIIBIOTEPHAsl CUCTEMA JA€T BO3MOXHOCTU MaHUIYJUPOBAHUS UCXOJIHbI-
MU JaHHBIMH, COTIOCTABIICHHUS MU(PPOBBIX MOAENeH, (hOpMUPOBaHHS ONOITHOTEK
ATAJIOHOB, MOJTOTOBKH TECTOBBIX HAOOPOB JAHHBIX MJIS BO3MOXKHBIX MHTEpIIpe-
TalMi SKCHEPTOB, aHaIW3a MOJyYaeMbIX Pa3HbIMU CIIOCOOAMU PE3yJIbTaTOB.
B nporpammuom komiuiekce ['TM3 peann3oBansbl ClieAyOIUE CPEACTBRA:

* MHCTPYMEHTHl M IIAOJIOHBI JJIS IOATOTOBKM STAJIOHHOW MOJAENTU
u(GpOBOro MoJs, OTBEYAIOIIEr0 OroBOpPEHHBIM cBoiicTBaM («KoHCTpYKTOp
(G poBOro moJIs»);

* CpEACTBa U HECKOJIbKO BAapUAHTOB MOAYJEH «UCKAKECHUSD 3TAJTOHHOU
MOJIEIIN;

* WHCTPYMEHTBl MMHTALHUU «CHEMA» JIaHHBIX, KOTOPBIE HCIIOIb3YIOTCA
B IIpaKkTHKE MoaenupoBanus («I eneparop nmpoduss HaOIIOACHUS);

* MOJYJIM PacyeTa, BU3yaIM3alliH, COMTOCTABICHUS APOKCUMHUPYIOLUHX (-
POBBIX OJIEN HECKOJIBKUMH Pa3HBIMU METOIaMH (KOMITIOHEHT « ATITPOKCUMALIUSD» );

* UHCTPYMEHTBI M MOAYJM ajantauud («I0BOAKW») hopMHpyeMOil nud-
POBOI MOJIenH (KOMIIOHEHT «AJanTarus).

CrnemyeT mOHMMAaTh, YTO CO3JAHUE U COIPOBOXKACHHUE T'€0IKOJIOTUYECKOM
MOJIEAN HE MPEANOaraloT HaXOXJACHUE €IUHCTBEHHOI'O PEIICHUS HEKOTOPO
maremarudeckoil 3anaun. CyObeKTUBHOE MHEHHE, KBaIM(UKALUS JKCIepra —
(baxTopsl, Bcerjga NpUcyTCTBYIOIIKME B MOAOOHON AesrenbHOCTH. [Ipu cozpanuu
MOJIETIEN MPUXOAUTCS ONEPUPOBATH C JAHHBIMHM, TOYHOCTh KOTOPBIX Pa3JIN4Ha,
a HEKOTOPbIE MCXOJHBIC JITaHHBIE BOBCE INPOTHBOPEUYMBBI; HA PA3HBIX YYacTKax
IUIOTHOCTh JAHHBIX HAONIOJCHUIM 3HAUUTENbHO pasnuyaercs. [lostomy misa mo-
CTpoeHUsI UPPOBBIX MOJENIEH BaXKHO UMETh MHCTPYMEHTHI MHTEPAKTUBHON 00-
pabOTKM NTaHHBIX, UMUTAIIUM BO3MOXKHBIX CUTYallUW TMOITYYCHHUS U KOPPEKIIUU
BXOJTHOM MH(pOpMaLMK, BKIIOYasi JOMOJHEHUE U MPOPEKUBAHUE, MOJYJIM MaTe-
MaTH4eCKoW 00pabOTKM M CTaTUCTUYECKOro aHanusza. Bece atanbl paboThl ¢ 1aH-
HBIMU B KOMILJIEKCE BKJIIOUAIOT pa3HOOOpa3Hble BapHaHThl rpaduyecKkoi BU3ya-
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JU3aLUH, IPOTOKOJIMPOBAHUE U COMOCTABJICHHUE MOTYYaeMbIX MM MOMEIIEHHBIX
B apXuB pe3yibTaToB. MHCTpYMEHTHI pa3pabOTaHHOTO U 0OCYKIa€MOT0 B JTOKJIa-
ne komiuiekca I'TM3 obecrieunBaroT 1oyib30BaTessi BO3MOKHOCTIMU «IIOUTPATH
UCXOAHBIMU JTaHHBIMU M COINOCTABHUTH PE3YJbTaThl C MOJATOTOBICHHBIMU 3TaloO-
HaMU, BO3MOKHOCTH U3BJICUYECHHUS U IOMOJHEHUS] OMOIMOTEKH 3TATIOHOB, IPUYEM,
orepaTop CHUCTeMbl OO€CIeYeH CpeJCTBAMU HUMIIOpTa M JKCIOpPTa JAHHBIX
U n300paxkeHui, macirabupoBanus. [llupokre BO3MOXKHOCTH 0OMEHa JTAHHBIMU
BaYKHBI JUI1 OJTHOBPEMEHHOM pabOThl B HECKOJIBKHUX MPOTPAMMHBIX Cpeiax.

OcHOBHBIE MHCTPYMEHTHI BU3yaju3anuu moaeae. B kommiexkce I'TM3
peanu3oBaHbl Oosee necsatu BapuantoB 1D, 2D u 3D rpaduku, cOOTBETCTBYIO-
IIM€ UHCTPYMEHTHI ONKCaHbI B [2 - 4]. B 4aCTHOCTH, B KOMILJIEKCE €CTh MOIYJIH
noJiy4eHus: 1 0(OpPMIICHHUSI KapT U BCTABOK Ha HUX (BBIKOMUPOBOK), rpadUKOB
Ha npoduisax, 3D Buzyanuzanu BO3MOXKHBIX pa3pe30B (BEpTUKAJIbHBIC, TOpU-
30HTaJbHBIE), TPOCTBIX U CIOKHBIX OTcedeHuil. [Ipu paccMOTpeHHH U aHanu3e
ATAJIOHHBIE PACIPEACIICHUS] KOHTPOJIHMPYEMBIX XAPAKTEPUCTUK MOJEIU MOTYT
UCKA)KaTbCsl 10OABJIEHUEM Pa3HbIX BO3MYUIEHUH, B TOM YUCIE C UMUTALUEN MO~
IPEIHOCTEW U3MEPEHUM, PETYISIPHBIX U CIIyYalHbIX IIyMOB. BaxxHo, 4yTO pac-
CMaTpHUBAEMBbIE PACIIPEIEIICHHUS HA MEPBOM ATane€ UMEIOT MOJHOE MaTeMaThuye-
cKkoe omucaHue (rpaduueckas BH3yalIM3alUs MOXKET OBITh ClieJlaHa C JIF0OOM
TpeOyeMoi TOYHOCTBIO, B JTIOOOM MacITade).

Busyanu3zauuss mnpoduiei. I[IOSCHSIOTCS = BO3MOXHOCTH  ITOJYYEHUS
B KOMIUIEKCE TpauKOB reosiornyeckux npoguieir. OTMeueHbl OCHOBHBIE Bapu-
aHTbl MHTepdeiica. B mpuBeneHHbIX NMpUMEpax AeTanu3alus pacrpereiaeHUs
KOHTPOJIMPYEMBIX XapaKTEPUCTUK OCYILIECTBIIIETCS BU3YyalIU3alUEHd C HCIIONb-
3oBanueM 2D u 1D rpaduku, nokazaH BapuaHT BU3yaJIM3aIlMK C UCIIOJIb30BAHU-
em 3D u 1D rpaduxkn.

Busyanusauus pa3pe3os, ceuenmnii. B xommnexkce ['TM3 ecte unTEpak-
TUBHBIE MOJYJIM C MAHEISIMU YKa3aHUS 3Ha4YeHUN KoopauHat it 3D Busyanu-
3allMM BO3MOXKHBIX Pa3pe30B (BEPTHKAJIbHbIE, TOPU3OHTAJIBHBIE), OTCEUCHMII
(mpocthie u cnoxHbie). CpeacTBa KOMIUIEKCA MO3BOJSIOT, 3a()MKCUPOBAB Ka-
KYI0-TU00 KOH(UTypaluio CEeKylUuX IJIOCKOCTeH, nmpocmaTpuBaTh 3D Moaensb
00bEKTa UHTEPAKTUBHO, MEHSSI PAKypcC, MacIiTad, OTHOCUTEIHLHOE TOJI0KECHHUE;
IIPUMEPBI COOTBETCTBYIOIIMX HACTPOEK NPUBEICHHI B [3, 4].

KoHeuHO ke, B UMCIIO HHCTPYMEHTOB BU3yallM3alMy MOJENIEH BXOAAT Kap-
Thl U30JMHMI U 30H (IJIOTHOCTH), IPUMEPBI KOTOPBIX MPUBEJACHBI B JOKIIAIE.

NucTpymMeHTHI MMUTALIMH COOpPA JaHHBIX U KapTonmocTpoeHnus. [Ipu co-
3/1aHUH T€0IKOJIOTMYECKUX, T€0JIOTHYECKUX MOJIENIE OCHOBHBIMU MCTOYHUKAMU
JAHHBIX SIBIIAIOTCS PE3yJbTAThl JUCTAHIMOHHOIO 30HIMPOBAHUS, celcMopas-
BEJIKM, T'PaBU- U MarHUTOpa3BeAkHu. HampaBiieHHMEM COBEPILIEHCTBOBAHUS TEX-
HOJIOTUU JUCTAHLIMOHHOTO 30HIUPOBAHUS ABJIAETCS pa3paboTka U 0O0CHOBaHHUE
METO/Ia aJJPECHOT0 YIUIOTHEHUS CeHCMHUUYECKUX Mpoduiieid, Tpacc HaOIIOACHUH.
B noknane mpoWsuIrOCTpUpPOBAaHBI MIPUMEPAMHU CPEACTBA T'eHepaTopa Mpopuis
HAO0JIIOICHUS] KOMIUIEKCa, KOTOPbIE MOTYT MCIIOJIb30BaThCA MPHU OLIEHKaX pdek-
TOB ONTUMU3ALMKU CETH CEHCMOPA3BEIOYHBIX NMpPOdHIiIel, Tpacc HaOIIOAEHUMN.
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PaccmaTpuBaroTcsi BapuaHThl «Py4HOI» pabOTHI (IKCIEPT MHTEPAKTUBHO OIpe-
JEJSIET CXEMY), 1 B aBTOMaTHYECKOM DPEXKHME, KOTJa HCIOJHSIOUIMIA MOIYJb
KOMITIOHEHTa «AjanTanus», o0padaTsiBasi ONIpeIeIeHHYI0 HCXOAHYI0 UH(popMa-
MO0, MIPEJIaraeT Ha BHIOOP HECKOJBKO BAPUAHTOB CXEM HAOJIOICHU.

Pe3tomupyst pe3yabTaTbl MOXKHO OTMETUTh, UTO pa3paboTaHHAs] HHTErPUPO-
BaHHAsi KOMIBIOTEPHAs CUCTEMa JAeT BO3MOKHOCTH MAHMITYJIMPOBAHUS HUCXO/I-
HBIMU JTAHHBIMHU, COTIOCTABJICHUSA LU(POBBIX I'€OJIOTUYECKUX Mojelel, popMu-
POBaHMsI STAJOHOB, MOATOTOBKH HAOOPOB JTAHHBIX JIJISi BO3MOKHBIX UHTEpIIPETa-
U 3KCIEPTOB, aHAIM3a MOTYYaeMbIX Pa3HBIMU CIIOCOOAMHU PE3YJILTATOB.
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YK 621.039(083.75)
PACUET XAPAKTEPUCTHUK ITACCUBHOI'O KATAJIUTHYECKOI'O
PEKOMBHUHATOPA BOAOPOJA
B.B. Copoxun
benopyccxuii nayuonanvuslil mexuuyeckull yHugepcumem

JI71s1 MOBBIIEHUS] MPOTUBOABAPUIHON YCTOMYMBOCTU M O€30MACHOCTH CO-
BpeMeHHOM ADC ¢ BBOP pemaromuM 31eMEHTOM OKa3bIBA€TCsl YETBEPTHIN Oa-
pbep — JIOKAJIU3YIOas cCucTeMa 0€30MacHOCTH, C OCHOBHBIM 3JIEMEHTOM — Tep-
METUYHBIM 00BeMOM. JlJisi 3ammThl Oapbepa HEOOXOIUMO PELIUThH MPodIeMy,
CBA3AaHHYI0 C BBIXOJOM OOJIBILIOTO KOJIMYECTBAa BOAOPOJA MOJ OO0O0JIOUKY
IIPU TSKEJION aBapuu ¢ BO3MOKHOCTBIO BOCIUIAMEHEHHUSI U B3pbIBa [ 1-4].

Bonopoa yaansioT mpu MmoMoIy MacCUBHBIX PEKOMOWHATOPOB BOJOpOA
[5, 6]. Ans skciepuMEeHTaIbHON MPOBEPKU PabOTOCIIOCOOHOCTH YCTPOMCTB He-
BO3MOHO CO3[aTh Cpely aJC€KBAaTHYIO aBAPUIHOWN, MO3TOMY MOJEIUPOBAHHE
puoOpeTaeT UCKIOUUTEIIBHO BakHOE 3HaueHue [3, 5, 7].

B xauecTBe KOHKPETHOTO 00BEKTA MOJICIIMPOBAHUS BIOpAH PEKOMOMHATOP
C KaTaJM3aTOpOM HAHECEHHBIN Ha IUIacTUHBI pupmbl Apesa [5, 6]. PekomOuHa-
TOp COCTOWUT U3 METaJUIMYECKOro KOpIlyca M KacceThl. B KacceTe ycTaHOBJIEH
psAA mapajuleNbHbIX IUTACTHH, MOKPBITHIX CJIOEM IUIATUHOBOTO KaTajlnu3aTopa.
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Kopmyc oTkpbIT cBepxy u cHu3y B atmocdepy. [Ipu Hanmugauu Boopoaa B aTMo-
cdepe, OH MOMaAAeT HA IUIACTUHBI, MOCJIEIHUE PA30TPEBAIOTCS, MOBBIIIACTCS
TeMIlepaTypa OKpYKarolleld ra30BOM cpeAbl U HAUMHAETCA €CTECTBEHHAsl LUp-
KyJsinust aTMocepsl uepes anmnapat. Ha Beixoae popmupyercs cTpysa Harpero-
r'0 ra3a ¢ HOHM>KEHHBIM COZEPKaHUEM BOJOPOAA.

PaboTy pekoMOMHATOpa COMPOBOXKIAET MHOXKECTBO CIIONKHBIX 3HAUMMBIX
(bakTOpOB: COOBITUM U YCIIOBHUI, MEHSIIOLIUXCS CO BpemeHeM [1, 2, 4, 7], npume-
POM HX y4eTa Ha MPAKTHKE MOTYT CIIY>KUTb JTOKYMEHTHI [8, 9]. JleranbHee dak-
TOPBI PACCMATPUBAIOTCS MIPU COCTABJICHUU W aHAJIM3€ OTYeTa MO 0€30MaCHOCTH
omoka ADC. JlanHOe HccieoBaHUE TMOCBAIIECHO OIIEHKE TEIIOBOTO d(ddekra
U IPOU3BOAUTEIBHOCTh PEKOMOMHATOPA.

Coznmana TeIUIOrHIpoJMHAMUYECKass MOJENh PEKOMOMHATOpa BOAOPOJA
B COCTaBE€ LIEJIEBBIX KAHAJIOB CO CTEHKAaMU, MOKPBITBIMU KaTaJIU3aTOPOM U TATO-
BOTO Kopmyca. B mMonenu yuyTeHsl Mmpolecchl TEIUIOOTIAa4d OT CTEHKH K rasy,
b dy3noHHBI 0OMEH BEIIECTBAMH MEXKIy TEYCHHEM WM CTEHKAMH, PEaKITus
MEXy KUCIOPOAOM M BOJOPOJIOM HA MOBEPXHOCTU IUIATHHOBOI'O KAaTaau3aTopa.
Bnusinue ¢cBOOOHOM KOHBEKIMU HA KOA(M(ULKUEHT TeIooTaauu yuteHo no [10],
KUHETUKHA XUMUYECKOW peakuuu 1o [11], tara Beraucisercs no danancy cui Ap-
XUMEJIa U COMPOTHUBIICHUS, TpUUeM KO3((DUIMEHT COMPOTUBICHUS YCTaHOBJIEH
C UCTIOJIb30BaHUEM JaHHbIX [6]. IlapaMeTp CKOPOCTH XMMHUYECKOM peakuuu Io-
JIY4€H C MUCIOJIb30BAHUEM dKCIEPUMEHTANBbHBIX AaHHbIX REKO-3 [12].

PacyeToM ycTaHOBJIEHO, UTO TeMIepaTypa BHIXJIOMHON CTPYyH U3 PEKOMOU-
HaTOpa npu 00BEMHOM KOHLIEHTpaluu Bogopoja 2% u 6osnee npesbiinaet 240 °C;
coziepkanue Bogopoza coctasiser 17-33% ot ucxoganoro. [Ipon3BoauTenbHOCTD
PEKOMOMHATOPOB NP ABApUKUHBIX MapaMeTpax Cpejibl HE HIKE 3asBICHHBIX W3-
TOTOBUTENIEM M MPOEKTAaHTOM. [IpOM3BOAUTENBHOCTD JIMHEHHO PAaCTET C POCTOM
00BEMHOI KOHILIEHTpallui Bogopoaa B cpene. HoBuzHa 3akitouaercs B eTann3a-
UM TEIJIOBOTO 3(h(eKTa 1 He3aBUCUMOM MOATBEPKICHUH POU3BOIUTEILHOCTH
pPEeKOMOMHATOPA, YCTAHOBJIEHHOW JTIMHEHHOCTH XapaKTePUCTUKU peKOMOUHATOPA.

Pe3ynbpTaThl OyJIyT HMCIIOJIB30BAaHbl IIPU aHAIM3€ OTYETAa MO O€30MaCHOCTH
osmokoB benmopycckoii ADC Ha craguu sKcIUTyaTaluu. Pe3ynbrarsl MOTyT HC-
IIOJIb30BATHCS ITPU aHAIM3€e TsHKENBIX aBapuil ¢ Teuamu BBOP, PWR u LWR.
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YK 681.51.(075.8)

METOJIMKA OIIEHKH IPEJEJBbHBIX BO3SMOKHOCTEHN
TUIIOBOM CUCTEMbI ABTOMATHYECKOI'O YIIPABJIEHUSA
MOIIHOCTBIO DOHEPTI'OBJIOKA
I''T. Kynaxos, H.b. Kapnuykuti, A.T. Kynakos, B.B. Kpasuenxo, K.1. Apmémenko
benopycckuii hayuonanbubly mexuuuecku ynugepcumem

CtpykTypHasi cxeMa TUIIOBOM CHCTEMBI aBTOMAaTHYECKOTO YIPABJICHUS
MOITHOCThIO 3HEeprobioka (CAYMB) u ee ynpoieHHON Monenu MpuBejeHa
Ha puc. 1 [1].
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Pucynok 1 — Crpykrypnas cxema tunosoit CAYMb

Benymmm B CAYMBD sBiisieTcsl KOTENIBbHBIA PETyJISITOP MOMIHOCTH, O3TO-
My TJIaBHOM OOpaTHOM CBA3BIO CHCTEMbI Oy/JE€M CUHUTATh OOPATHYIO CBSI3b KOH-
Typa kotenbHOro peryisitopa. Cxemy CAYMDB ¢ pazomkHyTOi 0OpaTHOU CBS-
3bl0 10 KOHTYPY KOTEJIBHOTO PEryJjsiTopa MOIIHOCTM OyJeM Ha3blBaTh pa3o-
MkHyTOM CAYMB.

CrpykrypHyto cxemy pazoMkHyTod CAYMb MOXKHO NpeacTaBuTh B BUJIE
JBYX IIApajuUIC]IbHO BKJIIOYECHHBIX KAHAJIOB: KaHajla KOTEIBHOIO PEryJsaropa
motHocTy (KPM) 1 kanana TypOuHHOTO perynstopa momHocTa (TPM).

X3 Nq)

»
— | »

Wers ()
W (P)

Pucynok 2 — CtpykTypHas cxema ynpouieHHol Moaenu CAYMb

3nech Wat(p) u WiM(p) — mepenatodHbie (PYHKIIMU KaHAIOB KOTEIHHOTO

(KPM) u typbunnoro perynaropoB (TPM) momuHocTH COOTBETCTBEHHO.
Paznenenue crpykrypHoil cxembl TunoBoii CAYMbB na kananst KPM
1 TPM BbINOIHEHO MyTeM MepeHoca BXOAHOIO CHUTHAajia MepenaTouyHor (yHK-

uuu W, . (p) 4epes mepenaTouHyto GpyHKIUIO KOTEIbHOrO PETYIISATOPa MOIIHO-

CTH, T.€. Ha BXxoA W,"™(p).

IIpencraBnenue cTpykTypHoi cxembl TunoBoii CAYMB B Bujie €€ SKBHUBa-
JIEHTHOM, HO YIPOIIEHHOW CXEMBI MO3BOJSAET MOHATH POJIb U BIUSIHUE KOPPEK-
Topa Wxor(p) Ha KaueCTBO MEPEXOIHBIX MPOIECCOB MPU OTPAOOTKE 3aTAFOIITUX
BO3JEHUCTBUN MO MOIITHOCTU N3; M OLIEHUTH TIpeieNibHbIe BO3MOkHOCTU CAYMB.
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MonennpoBanue nepexoanbix npoueccos B tunoBoii CAYMbB u ee ympo-
HIEHHOUW MoJienH (pUC. 2) NOATBEPANIN aIEKBATHOCTh UX AUHAMUKH (puC. 3 U 4).
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Pucynok 3 — Cxema monenupoBanust Tunnosoii CAYMD u ee ynpoueHnHoi Monenu
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Pucynoxk 4 — [lepexonnsie npoueccol B TunoBoit CAYMB u ee ynpoieHHoi
MO/JIEJIN TPU OTPabOTKE CKauKa 3aJarollero BO31eHCTBUS
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HccenenoBanns mokasayy, 4To MEpexoaHas XapakTepucTuka kaHaima TPM
MOJKET OBITh MPEJCTaBICHA MHEPITMOHHO-TH(PHEPEHITUPYIOIUM 3BEHOM.

BriBoabI

1. MoaenupoBanue tunoBoii CAYMB nipu oTpaboTke 3a/1aro1iero Bo3aei-
ctBUsL Ns; U ympouleHHOW cxembl CAYMDbB nokaszano mOmyCcTUMOCTh OLICHKH
npeaenbHbIX BO3MOkHOCTEN TUIIOBOM CAYMDB no ee ynpoieHHOW MOJIEIIH.

2. Ilepenarounas ¢yHkus koppekropa Wior(p) B TunoBoit cxeme CAYMb
MO3KET ObITh MPEJCTABICHA TOJIBKO YCUIUTEIbHBIM 3B€HOM Wkop(p) = a.

OpnHako B 3TOM cllydae IIPU yBEJIWYEHUH 3HAYCHHS [TapaMeTpa o MoJIydaeMm
IIPUEMIJIEMBIA POCT MOLIHOCTH HAa HA4YaJbHOM 3Tale MNEPEXOJHOro Ipolecca,
HO BpEMs PEryJIMPOBAHUS BEIUKO (IIEPEXOAHOM MPOLECC 3aTAHYT).

3. Cy11iecTBEHHO MOBBICUTH BO3MOXKHOCTH TUTIOBOM CAYMB MOXHO TOJIb-
KO MPH «KOMIICHCALIMI) NEPEAATOYHON GYHKUUU W, | (p). DTO YCTPAHSET B3a-

uMo3aBucuMocTh kaHaioB KPM u TPM u mo3Bosisier npuMeHsITh 0osee ClIoxk-
HBIE BHJIBI MEepeNaTOuYHbIX (PyHKIUN Koppekropa Wkop(p), U4TO MO3BOJIAET CY-
IIECTBEHHO YJYUYIIWTh KA4e€CTBO IEPEXOAHBIX MPOLECCOB B CHCTEME
aBTOMATHYECKOTO YIIPaBIEHHUS MOIIIHOCTbIO SHEPro0JIoKa.

Cnucok UCcnoib30BaAHHBIX HCTOYHUKOB
1. Teopusi aBTOMaTHYECKOTO yIPABICHUS TETIOIHEPTETUUECKUMHU TTPOIIeC-
camu: yue0. [Tocobue / I'.T. Kynakos [u ap.]; nox pexn. I'.T. KynakoBa. — MuHck:
Brimiimas mkona, 2017. — 238 ¢.: mi.

YAK 621.1:681.51.01 (075.8)
MPONOPIIUOHAJIBHO-UHTEI' PAJIBHBIN PETYJISITOP
C 3AJIEPKKOM MOJAKJTIOYEHUSI HHTETI'PAJIBHON
COCTABJIAIOUIEN 1151 OFBEKTOB C 3ATIIA3ILIBAHUEM
I''T. Kynaxos, A.1. Kynakos, B.B. Kpaguenxo, K.1. Apmémenko
Benopycexuii nayuonanvuwiii mexnuueckuil ynusepcumen

Jlis  Ka4eCTBEHHOTO PEryJIMPOBAHUSA TEIJIOOHEPTreTUUYECKHX OOBEKTOB
c OonblIMM  3aMa3blBAHUEM TMPUMEHSIOT NPEIUKTUBHBIE MPOMOPIHOHAIBHO-
unterpanpubie (I1[1N) perynsropsl, sBisroruecss MoauduKauend mpeauKTopa
Cwmura, a takxke [11-perynsaTopsl ¢ fuHaMHUYECKUM KOPPEKTOpOoM [ 1].

JLJ1s1 IOBBIILIEHHSI KaueCcTBa PEryJIMpPOBAaHUS TEIUIOIHEPIETUYECKUX OO0BEK-
TOB U YMCHBIICHUS BIWSHUS WHTETPAJIBHOTO HAKOIUICHWS IPEIJIAraeTcsi UcC-
nmone30Bath [IM-perynsarop ¢ 3aaepKKou NOAKIFOYEHNUS] UHTETPAIIBHOM COCTaB-
Jsifolen 171 OObEKTOB C 3ala3/blBaHUEM, NepenaTovyHas (PYHKIUS KOTOPOro
MMEET CIEAYIOIIMNA BU:

e P

. (1)

/e Kp — K03 HUIMEHT nepeavn;
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Tuw — BpeMsi MHTETPUPOBAHUSI PEryysITOpa, SBISIOUIETOCS MOAU(pHUKALUEH
npeauktuBHoro [11-perynsaropa;
Tp — BPEMS 33JI€P’KKHU NOJKITFOUEHUSI NHTErPATbHON COCTABIIAIOIIEH PErysTO-

pa.
[IycTh nepenarounast pyHKIMs 0ObEKTA paBHa:

= Kos ,e’ryp (2)
T p+1~

06
/1€ Ko — KOX(pPUIIMEHT mepeaayn;
TK — OCTOsIHHAsI BPEMEHU;
Ty — YCJIOBHE 3aIa3bIBaHUsI IO KaHATY PETYJIHPYIOIIETo Bo3AeUCcTBuUS [1].
[{enecooOpa3Ho BpeMs 3aIep KU MOAKIIOUEHUS WHTETPAITBHON COCTaBJIs-
IOILIEH peryysiTopa Tp MPUHITH PABHOM YCIOBHOMY 3ara3bIBaHUIO TY.
[TocTpoum nepexo/IHyI0 XapaKTEPUCTUKY peryiisitopa (1):

+1 1 Xp
T.p e

b4

¥
=

1] 10 20 30 40 .c

a) 0)

PucyHok 1 — XapakTepuCTUKU NPEIUKTUBHOTO PETYJISTOpA!
a — cXeMa MOJIeNIUPOBaHusl; 6 — rpaduk nepexoHoN GpyHKIUU

3amasnbiBaHme € | B nepenaToyHor GyHKIuu peryisropa (1) mpencra-

BUM B BHjE psana Teisopa, OrpaHMYMBIINCH B PA3NIOKEHHUH JIMIID JABYMsS TEp-
BBIMHU YJICHAMH [2]:

e ~l-7.p. (3)
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[lepenaTounas ¢pynkius peryistopa (1) ¢ yuetom (3) npuHUMaeT BUA:

W (p) = o e o +x T, p _ -t p+x T, p _ x,T,—t)p+1
P p
T.p T.p T p T p @

3Oto0 [T1-perynsrop ¢ HeE3aBUCUMBIMU NTApAMETPAMH JUHAMUYECKON HACTPOUKH.
[lepenaTtounas QyHKIMs pa3oMKHYTOM cucTeMbl ¢ ydeTtoM (1), (2) u (3)
IIPUMET BU:

~Tpp “Typ - P
+Kanp‘K06-e ; N(KPT“ rp)p+1.1<o6.e Y

T.p T p+1 T.p T.p+1" (5)

W (p) = W™ (pWis(p) =~

141

Bribop mnapameTpoB IUHAMHYECKOW HACTPOWKU PEryJsiTOpa BBITOIHUM
U3 YCJIOBHUS IMOJyYEHUs] MOHOTOHHOI'O NEPEXOAHOro Npolecca B 3aMKHYTOW CH-
cTeMe Tpu OTpabOTKE CKayKa 3a/aHus, YTOObI mepeaaTouHas (yHKIUS Pa3OMKHY-
TOW CUCTEMBI IIPECTaBIsIa COOON HHTETPUPYIOIIEE 3BEHO C 3ala3/IbIBAHIEM.

[lepenaTtouynast PyHKIIUSI pa30MKHYTOU CUCTEMBI (5) MpeBpalaeTcsi B UHTE-
TPUPYIOLIEE 3BEHO C 3aMa3AbIBAHUEM:

K 'eityp \ W
W,.(p)=—= =—,
r,p T,p (6)
. T
roe I, =—, 7
8 Koﬁ ( )
€CJIU BBINOJIHAETCS ycnosue: k, 7, -z, =T, . (8)

N3 dopmyamsr (8) caeayer, 4To KOIDPUIIUEHT YCUICHUS MPETUKTUBHOTO
[TH-perynsTopa pacCHUTHIBAIOT 1O (hopmyie:

n )

3anumiem ¢ yuetom (6) u (7), nepenatounyio GyHKIHUIO 3aMKHYTOW CHUCTe-
MBI T10 33Ja0IIEMY BO3IEHUCTBUIO:

e

W T x TP ~yP ~TyP
T P 1Y R S
1+Wpc(p) 1+e b T.p+e b (TM—Ty)erl T,p+1
T.p (10)
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N3 popmynst (10) cnemyer, 9To MOCTOSIHHAS MHTETpUpOBaHUs 7, JTOJDKHA

*

T >1 .
OBITH OOJIBIIIC BPEMEHH 3ala3AblBaHus 00beKTa, T. €. ~* ~ ¥ uiu ¢ yuetoM (7):
TH>K06.Ty- (11)
N3 nepenarounoit pynkiuu (10) ¢ yuerom (7) momyuum:

T,=T,-1, = L.
3, " y K y
o6 . (12)

U3 (12) ¢opmyna mist pacyeTa MOCTOSTHHOW MHTETPUPOBAHUS Ty MPEIUK-
TUBHOTO PEryJsTOpa UMEET CIETYIOIINA BUT;:

T, =x4(T, +‘Cy).

(13)

3a1aBIIUCh YUCIEHHBIM 3HAYEHUEM MOCTOSIHHON BpPEMEHH 73, PACCUMTHI-
BaeM 1o (opmyie (13) nmoctosHHyro MHTErpupoBanus 7 npeauktuHoro I1M-
perynsTopa u gaiee o ¢popmysie (9) — 3HaueHue kodpdunmenta ycumieHus K.

OOBIYHO UMCIIEHHOE 3Hau€Hue 71s; PEKOMEHIYIOT BHIOMpATh C YUETOM Clle-
JYIOIIEro HEPaBEHCTBRA!

T, >0,5T, (14)

[Tycth 00beKT perynupoBanus (1) umeer cienyroiine napameTpsl: Kp = 2,
Tx=20c,ty=10c.
PexomeHnyeMoe MUHUMaIbHOE 3HaueHue 15, cornacHo (14) paBHo:

r,>0,57,=0520=10_ (15)

B 3TOM citydae BpeMsl peryJIMpoBaHUs IPUMEPHO PABHO:

t,~T,+4-T, =10+4-10=50 c.

C yuerom (15) MmunuManbHasi MOCTOSIHHAS WHTErpUpoBaHus coriacHo (13)
OyneT paBHa:

T, =x(T, +1,)=2-(10+10)=40 c.

CornacHo dopmyie (9) cooTBeTcTByIOIIEe 3HAUeHHUE KOAhPUIMeHTa ycu-
JeHus1 OyJIeT paBHO:
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_T,+1, 20+10
P 40

u

K

=0,75.

[IpoBepuM NOIyYEHHBIE PE3YyJIbTaThl MOAEIUPOBAHUEM, CPABHUB MEPEXO-
Hble npouecchl B CAP ¢ npenuktuBHbIM [IU-peryasTopomM u 3TaIOHHONW MOJeE-
JIBKO 3aMKHYTON CUCTEMBI.

> L e

\]_ 0=
Step Transfer Fon Transpart
Delay2

z
= —hD%K >
|_.D
Transfer Fonl  Trensport

Delay Scope

(20+10¥40

(Gain

h

A > D%Z
10s+1
Transfer Fen2 Transport
Delayl

Pucynok 2 — Cxema MozaenupoBaHus 3aMKHYTOM cueTeMbl ¢ ipeukTuBHbIM [1H-perynstopom (1)
U €r0 pacyeTHBIMU NapaMeTpaMy TMHAMUYECKONW HACTPOWKU M ATAJOHHOM MOJIEIBIO

Pucynok 3 — [lepexoansie npoueccsl B 3aMkHyTONH CAP ¢ npenuktuBabM [11-perynstopom
Y 3TaJIOHHOM MOJEIBIO

CpaBHeHne TpaduMKOB Ha PUC. 3 TIOKA3bIBAET XOPOIIEE COBIAJECHUE Tepe-
XOJIHBIX ITPOLIECCOB.

CpaBuuMm nepexoansle mnpoueccel B CAP ¢ npenuktuBHbiM  [IH-
PEryJISITOPOM U MUHUMAJIBHBIM 3Ha4€HUEM T3 /11 MOHOTOHHOTO MEPEXOTHOTO
nporiecca u CAP, HaCTpOEHHOI MO METOIy MOJATIBLHOTO ONTUMYMA JiJi 00BEKTa
C 3arma3abIBaHueM [3]:
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Pucynok 4 — Cxema monenupoBanust CAP ¢ npeauxtuBHbeiM [IW-perynsaropom
u CAP, HacTpoeHHON METOJJOM ONTUMAJIBLHOTO MOAYJIS

0 o0 ,c

Pucynok 5 — Ilepexoansie nponeccol B CAP ¢ npenuktuBHbiM [T1-perynsitopom
u CAP, HaCTpOEHHOI METOJIOM ONTUMAJIBHOTO MOTYJIS

CpaBHeHHE TpaMKOB IMOKA3bIBAET, YTO 00a peryisTopa 0OeCneyuBaIOT
IPUMEPHO OJIMHAKOBOE BPEMs PETYJIMPOBAHUS, HO ONTUMAJIbHBIA MOAYJb JAeT
nepeperyanpoBaHue, NpuMepHo paBHoe 4,3%.

Cnncok ucnoib30BaHHBIX HCTOYHUKOB

1. Teopust aBTOMaTUYECKOTO YIPABICHHUS TEILIOAHEPTETUYECKUMU POLIEC-
camu: yue0. mocobue / I'.T. Kynakos [u ap.]; mox pexn. I'.T. Kynakosa. — MuHck:
Beimiimnas mkomna, 2017. — 238 c.: uin.

2. Porau B.4. Pacuér nuHaMUKU MPOMBIILICHHBIX aBTOMAaTHYECKUX CUCTEM
perynmupoBanus / B.. Porau. — M.: Dueprus, 1973. — 440 c.: un.

3. Ky3emuniknit 1.®. Teopus aBromatudeckoro ynpasienus / .. Ky3b-
munkuid, ['.T. KymnakoB. — Munck: BI'TY, 2010. — 576 c.: u.
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V]IK 621.643
SYODOEKTUBHBIN METO/ SAIIUTBHI IPOMBICJIOBBIX
TPYBOIIPOBOJOB OT BHYTPEHHEHN KOPPO3UU
A.A. Konomos, A.H. Tepenmves

Ha ceromnsmnuii nenp B Poccnn skcrumyarupyercs nopsaka 350 TeIc. KM.
IPOMBICIIOBBIX TPYOOTIPOBOJAHBIX CHCTEM.

Exerogno ¢uxcupyercs oxono 100 Teicsid 0TKa30B TpyOONpPOBOIOB
win npuMepHo 30 MUJUIMOHOB pa3NIUThIX Oappeneil HepTu B TOJ, U3 KOTOPBIX
90 % Tak nnu MHa4Ye CBSI3aHbI C KOPPO3UOHHBIM U3HOCOM.

Koppo3sus — 310 dpyHnamentanbHas npodsiemMa Ha MPOTSHKEHUH MHOTUX Jie-
CATWJICTHI: 3TO MUJUIHAP/IbI HEJIOMOIYYECHHON MPUOBLIN, €XEIHEBHbBIE OTKA3bI,
paznuBbl HEPTEMPOIYKTOB, 3apaKEHUE MOYBBI, )KUBOTHBIX, ITUI] 1 HETONPABU-
MBI yiiep6 Juist okpy»Karomieit cpeast [1].

[IpruriH BO3HUKHOBEHUSI KOPPO3UHU JOBOJBHO MHOIO: HAJIMYKME B METAJLIEC
MEXAHUYECKUX NPUMECEN, HaJW4YME YYaCTKOB C JAWHAMUYECKOM Harpy3Kou
Ha TpyOOIIPOBOJI, arpeCCUBHAsA CpeJia: cepa, Cojlb, BOAA, KACIOPOa, O€3yCIOBHO,
YCKOPSIFOT KOPPO3UOHHBIN TIponece [2].

Kak moka3zpiBaeT npaktuka, HauboJyiee onacHa MIMEHHO BHYTPEHHS KOPpo-
3Ms1, TAaK HA3bIBAEMBIN «KaHABOYHBIN» U3HOC.

Ha cerogHsamHuil A€Hb CYIIECTBYET PAA TEXHOJOTHH, IMO3BOJISIONIUX,
TaK WIKM MHA4Ye, CHU3UTh KOPPO3MOHHOE BO3JeMCTBUE (MHrUOUpoBaHue, ¢yTe-
pOBaHUE, KOMIO3UIIMOHHBIE MaTepualibl, U T.1.). be3ycioBHO, KaxKaas U3 TeX-
HOJIOTMI UMEET CBOM JIOCTOMHCTBA M HenocTaTku. Ho, ocHOBHas 3agada — pas-
paboTKa MeToja 3alIUThl YXKe JJIs CYIIECTBYIOIIUX TPYyOOIPOBOIOB, 0€3 Ux Jie-
MOHTaXka, 4To0 He Hapymarh paBHOBecue OIIC. Kpome Toro, mpumensemas
TEXHOJIOTUS JIOJDKHA HACAJIbHO padoTaTh C YK€ CYIIECTBYIOIIMMHU CIOCOOaMu
3al0UTHl OT KOPPO3HH.

[Ipu ucnonb30BaHNM HPOTEKTOPHOTO CIIOCO0A 3aIUTH BHEITHUN UCTOYHUK
TOKa He TpeOyeTcs, B ape paboTaloT JBa MeTallla, W3-3a PA3HOCTH MOTCHIINA-
JIOB MEXJY HUMHU BO3HHMKACT JICKTPUUECKHUM TOK, U YaCTHUIIbI METAJUIOB B BUJE
VMOHOB MEPEXOAT K KaTOJIHBIM YYAaCTKaM.

=) e e ar

{+} e
AHop | (-) | |

Pucynok 1 — CrangapTHasi cxema MpOTEKTOPHOMN AJIEKTPOXUMUUYECKON 3aIIUTHI

HpezmaraeTc;I MOICPHU3ALNA CTaH,HapTHOﬁ CXCMbI HpOTCKTOpHOﬁ QJICK-
TpOXHMH‘-IGCKOﬁ 3allIUThI 3a CUCT PA3MCIICHUA JJICKTPOJada HC B I'PYHTC, a HCIIO-
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CPEICTBEHHO BHYTpPH TpYyOONpOBOJA, HCHOJIB3ys B KAayeCTBE OJIJIEKTPOJIUTA
TPAHCIIOPTUPYEMYIO  JKHUIKOCTb, YTOOBI B  pE3yJbTaTe OKHUCIUTEIHHO-
BOCCTAHOBUTEJIBHOW pPEaKIMM BOCCTAHOBJIEHUE METaula MPOXOJIUIO Ha BHYT-
pEeHHElN CTEeHKE TPYOBI.

(-)
KaTton

Pucynoxk 2 — MonepHu3anusi CXeMbl IPOTEKTOPHOM 3JIEKTPOXUMUYECKOMN 3alIUThI

Kpome cranaapTHOM 37E€KTPOXUMUYECKOM 3aLUTHI, IPH pacIiaje aHOAHOTO
AJIEKTPO/a, BO3MOKHO 00pa3zoBaHue okcuja xkene3a FesOs, KOTOpBIN JOJKEH
MOKPBIBAaTh TOHKOW IUIEHKOW BHYTPEHHIOK CTEHKY TPYOBI, 3aKyNOpHBasi CyIe-
CTBYIOIIIME TIOPBI, AE(PEKThI, MHUKPOTPEHINHBI ‘M MPEMSTCTBOBATh KOHTAKTY
C arpeCCUBHOMU CpeaoM.

s mpoBepku pabOTOCTIOCOOHOCTU TEOPHUH, ObLT CKOHCTPYUPOBAH U CO-
OpaH MPOTEKTOPHBIN AHTUKOPPO3UOHHBIH MOYJIb.

CrnenyroomuM maroM ObLT BBIOOP aKTUBHOTO MeTajuia Jyisl 0OecredeHHs
AJIEKTPOXUMUYECKON 3aIUThl. B MPOMBIIINIECHHOCTH HauOoJsee pacpoCTpaHEHbI
TPH TUTIA aKTUBHBIX METAJIJIOB, 3TO IIUHK, MAarHUN, aJTFOMUHUH.

Jlns onTUManbHOTO BO3MAEHMCTBHUS OBLI CO3/aH AJICKTPOJ — alFOMUHUCBBIN
craB ¢ 45% conep:kaHuEM MarHusl.

[To pe3yapTaTam NpoBENEHUS UCTIBITAHUN Ha ApeHaxHoU tnHuu PBC-5000
VIIH «Kuenromy», OpUTH MOAYUYEHBI JaHHBIE, XapaKTEPU3YIOIIHE TOTEPIO MACCHI
oOpasiia-cBHIETENS U XapaKkTep KOPPO3ZHOHHOTO Pa3pyIIeHUS.

[{enpro mepBOro 3Tama SBISIOCH MOTYyUYCHUE 3HAYCHHs TIOTEPU MACChl 00-
pa3lOB-CBUJIETEIICH B HAaYaJbHbIH MOMEHT, 10 YCTAHOBKHM MPOTEKTOPHOIO MO-
nyns. [lepuox 3amepa ¢ 4 mas 2016 rona o 19 mas 2016 roma. CymmapHas mo-
TEpsi -MacChl. 00pa3IoB-CBUETENEH BO BpeMs (POHOBOrO 3amepa COCTaBHIIA
0,1395r. Koppo3unoHHoe pa3pyllieHHUE BBIPA)KEHO B BHUJE SI3BEHHON KOpPPO3UU
10 BCEI MTOBEPXHOCTH 00pa3lioB-cBUAeTeNCH. 3aMmep POHOBOM CKOPOCTH KOPPO-
31U CHUMAJICSI TPUK/IBI.

[Tocne ycTaHOBKM MPOTEKTOPHOTO MOJYJISA, MO pe3yJibTaTaM MepPBOToO 3aMme-
pa, OBLJIO OTMEUEHO YMEHBIIIEHHE IMOTEepH Macchl obpasma-ceuaerens a0 0,0093 r
3a mepuoj ¢ 2 o 16 urons 2016 roga. Ha o6pasmax-ceuaetensax Ne710 u Ne725
BBISIBIICHBI HE3HAYUTEIIbHBIE KOPPO3UOHHBIE Pa3pyIICHUSI.

Bropoit saran OIIN, npoxoasumuii B nepuoa ¢ 16 nmo 30 utonsa 2016 r.,
TaKXe XapakTepeH He3HaunTenbHou noteperd maccel OCK (0,0052 1). Ha 06-
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pasuax-ceuaerensax Ne700 u Ne516 BbIsSIBIIEHBI HE3HAYUTENIbHBIE KOPPO3UOH-
HBIE pa3pyILLICHUS.
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Pucynok 3 — He3nauutenbHble KOppO3HMOHHBIE OBpEXACHUS Ha BTopoM 3tane Ol

A Tl I

3aknmounTtenbHbIi Tpetuit 3tan OIIN, npoxonsinuii B mepuon ¢ 30 uroHs
o 14 urons 2016 roma, xapakTepeH B pa3bl MeHbllend nortepeir maccsl OCK
(0,0123 1) 1 OTCYTCTBHEM BUJIUMBIX U3MEHEHMM Ha oOpasiax Ne532.

BoiBoasbl. [lociie mpoBeneHrsl ONBITHO MPOMBICIOBBIX MCIBITAHUNA AHTH-
KOPPO3MOHHOTO MPOTEKTOPHOTO MOJYJISL MOKHO KOHCTAaTUPOBATh, YTO MOTEPS
Macchl 00pa3la-CBUIETENST KOPPO3UH CoKpatmiiach 0 14 pas. [IpemnoxeHHbIit
croco0 3amMThl MoKasan cBoio 3ddexTuBHOCTh. [locnenyromme npoBeACHHbIE
OTBITHO TPOMBICIOBbIE HCHbITaHUS Ha yudactkax Pocuedptr m OOO «PH-
IOranckuedreraz» moaATBepaMIN MEpBOHAYAIBHBIN pe3yabTaT. Ha ocHoBaHMM
pe3yibTaTOB MOJaHa 3asBKa Ha MATEHT, MOJIOXKEHO Hayayo mpolecca cepTudu-
KallMK MPOAYKTA — IIEKTPOJIA.

Cnucok ucnojaib30BaAHHBIX HCTOYHNKOB
1. banaGan-Mpmenun FO.B., Jlumosckux B.M., Py6GamoB A.M. 3ammra
OT BHYTPEHHEW KOPPO3UHX TPyOOIPOBOIOB BOISHBIX TeIIoBbIX cereld, 2008. — C. 97.
2. Kpacuosapckuii B.B., [{ukepman JI.51. Koppo3us u 3amura 1noja3eMHbIX
METAIUTMYECKUX cOOpykeHU, 1968. — C 43.

YJIK 620.9
AHAJIN3 ABAPUIMHBIX ITPOIIECCOB B SJHEPTETUKE
B.3. Canaxymounosa
Ka3zanckuti 2ocyoapcmeennulil snepeemuueckuii yHugepcumem

CTouT OTMETUTB, UTO B HACTOSAIIEE BPEMS CUCTEMBI HCCIIEJOBAaHUH 10 aHa-
JIM3Y aBapUUHOCTH TEXHUYECKUX KOMIUIEKCOB, KOTOPBIE HOCAT HAyYHBIA XapaK-
T€p, U UTOTH KOTOPBIX YMEHbIIAIN Obl MOTPEOHOCTh B MPAKTUKE UCIIOIb30BAHUS
KPYIHBIX CUCTEM DHEPreTUKH, OTCYTCTBYIOT. Henb3s He cka3aTh 00 akTyalbHO-
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CTH JTaHHOTO HAIPaBJICHUS WCCIICOBAHWN, TaK KaK BO3JCUCTBUE OOIIMPHBIX
TEXHUYECKUX CUCTEM Ha Pa3BUTHUE YEIOBEUYECTBA PACTET.

Hcxona u3 utoroB oceHne-3umHero nepuoaa 2016-2017 rogoB pykoBoiu-
Tenb DenepanbHON CITY>KObI 9KOJIOTHYECKOT0, aTOMHOTO M TE€XHOJIOTHYECKOTO
Haja30pa CcooOmua, 4YTo ObUI0 3adUKCHPOBAHO 14 aBapUMHBIX IIPOIECCOB
Ha 00BEKTaX 3JEKTPOIHEPTETUKH, UTO CBUIECTEIHCTBYET 00 YMEHBIICHUHU YUCa
noao0OHbIX aBapuit. [lo uroram 2015-2016 roxa mpouzonuio 23 MPOUCHISCTBUSI,
KOTOphI€ ObLIM M3y4deHbl PocTexHaazopom [1].

[ToBpexxnenue o0OpyAOBaHMs, HapyUIEHUS H30JSLUU, HEBEpHas paboTa
Pa3IUYHBIX YCTPOWCTB M amlmnaparoB, OMIMOKK B paboueM Mpollecce mepcoHana
ABJISIIOTCSI CIECTBHEM aBapUHHBIX MPOLIECCOB B 3HeprocucteMe. CTaaKkHBasCh
C BOIIPOCOM aBapHMHOCTU B AJIEKTPOIHEPTETUUECKUX CHCTEMaX, HEOOXOIUMO
3HATh €€ XapaKTEPUCTUKMU:

1) pa3HOPOAHOCTH COCTABJAIOMMX dIeMeHTOB. [(uddepennuanus odbopy-
JIOBaHUSI, CTPOCHUI, UMEIOIIUX Pa3JIMYHbIE MPOU3BOJACTBEHHbBIC XapaKTEPUCTH-
KM, CPOKH MOJIE3HOTO UCIIOIb30BaHUs U MOKa3aTenn 0€30macHOCTH;

2) HEM3MEHHOE PA3BUTHUE, MOJCPHU3UPOBAHUE. 3AKITIOYACTCSI B COBEPIICHUU
PEMOHTHBIX paboT, KaK MPeTyCMOTPEHHBIX TUIAHOM, TaK W BHEIUIAaHOBBIX. BHeape-
HUE HOBEWIIMX COCTABIISIOLIUX, BBOJ Pa3BUBAIOLIUXCS TEXHOJIOTMYECKUX M TeX-
HUYECKUX Pa3pabOTOK ¢ OecrpepbIBHBIM BBINMOJIHEHNEM (DYHKIUI MPOU3BOACTBA;

3) aganTUBHOCTH K BIMAHMUSIM. B CBS3M C pa3inMuYHBIMU BUJIAMU 3aracoB
OTKJIOHEHUE OJHOTO WJIM K€ HECKOJBKHMX COCTABISIONIMX 3JIEKTPOIHEpPreTHYe-
CKOM CHCTEMBI CIIOCOOHO COXPaHUTh PAOOTOCTIOCOOHOCTH C YCIOBHEM Tpeolpa-
30BaHMS HEKOTOPBIX JEHCTBYIONIUX XaPaKTEPUCTUK U KPUTEPHUEB;

4) npuurHa BEPOSITHOCTHOTO MOBEICHUS AJIEKTPOIHEPTETUUECKUX CHUCTEM.
COBOKYITHOCTh MHOXECTBA CIIYYalHBIX (DAKTOPOB BBICTYIACT MPUUYHUHON BO3-
HUKHOBEHHS TEXHOJIOTHYECKUX COOEB B CHCTEME, a TAKXKE BIUSET HA MECTOIIO-
JIO’)KEHUE U OCOOEHHOCTH MPOTEKAHUS HAPYIIICHHSI.

B mponecce npoBeAeHHs aHalv3a aBapUMHBIX IPOLECCOB B HEPIrETHUKE
BCE€ MPUYMHBI TEXHOJOTMYECKUX CcO0EB Heo0Xoaumo Au(QdepeHInpoBaTh
Ha TPU CErMEHTa!

1) HapylleHusl, KOTOpbIE CBSA3aHbl C TEXHUYECKUM COCTOSHHEM TEXHUKH,
31aHUA W MPOYUX KOHCTPYKLHM, OTPAKAIOT COCTOSIHUE OCHOBHBIX MPOU3BO/I-
CcTBEHHBIX (POH10B U 3PHEKTUBHOCTD JICSITEIHHOCTH JIEMEHTOB BCEl CUCTEMBI;

2) HapylIeHus U3-3a OMIMOOK B dKcIuTyatanuu. COou Takoro poja mo3Bo-
JISIFOT OHMEHUTH YPOBEHb MPOIECCa OpraHu3aliK pa3pabOTKU U CTereHu npodec-
CHUOHAJIBHOW MOATOTOBIIEHHOCTH TIEPCOHAA;

3) HapyuieHuss 1O MPUYMHE BO3HUKHOBEHHMS OIMACHBIX BHEIIHUX (aKTo-
POB — OTPAXKAIOT BJIMSIHUE BHEITHEH CPe/Ibl HA KOMIUICKC B IEJIOM.

KiroueBoi 1eNb0 peryaupoBaHus 3JIEKTPUUECKON CUCTEMBI B aBAPUITHOM
peXrMe 3aKJII0YAETCAd B YMEHBIICHUU MOTEPh OT CHUYKEHHS AJIEKTPONoTpedIe-
HUS WU TOJIOMKE 3JEKTPOOOOPYAOBaHUS 3a CUET COBEPIICHUS HaJIeKalleH
MOOMIM3AIMU UCTOYHUKA BO3ACHCTBUI M MX HamOoJiee MPUEMIIEMOTO UCIOb-
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30BaHus. Baxna Oe3oTiiararenbHas TUKBUAAIMS UCTOYHUKA MPOOIEMBI U MPO-
BeJICHHs pabOT MPOTHUB PAaCIPOCTPAHECHUS PE3YJIbTATOB aBapHUH.

Hcxons w3 aHanmu3a aBapUMHOCTH, KOTOPBIA BBISIBUT MPUYMHBI TEXHUYE-
CKHX OIIMOOK, KOMIIOHEHTBHI CHCTEMBI C OOJIBIIMM ITOTOKOM cOOEB M MOCJIe-
CTBUS OT JIaHHBIX HAPYIICHUH C Y4E€TOM BO3MOKHBIX PUCKOB, OyJET BBHISBIICH
BEPJUKT Ha YNpaBJsitoniee Bo3aerucTBUE [2]. OH MOKET BIMATh HA YCTPAHECHHE
WIM HAa CHIKEHUE BO3JICUCTBUS KOHKPETHBIX MPUYHUH TEXHOJIOTHUECKUX COOEB.

Takue cratucTuyecKkue JaHHbIE, KaK KOJIWYECTBO, MECTOIOIOXKEHUE, (haK-
TOPbl U UTOTH TEXHOJOTUYECKHX NEpeOO0EB, SIBISIOTCS MCXOJHBIMU B BOMPOCE
aHaJIu3a aBapUUHOCTHU B AJIEKTpO3HEpreTuyeckux cucremax [3]. HecyiecTsen-
HBIC PACCTPOMCTBA NOPOW CTAHOBATCS PE3YJbTaTaMHU KPYHHBIX aBapui, IO-
CKOJIbKY TEXHOJIOTHYECKUU mepe0oil ¢ He3HAYUTEeIbHBIMU, Ha TEPBBINA B3TJIS]I,
MOCJICJICTBUSIMU  CTIOCOOCH B JPYTHX YCIOBHSX YBEIUYUTHCS B MacmiTadax
U YCUJIUTh HEONAronpusTHbIC YCIOBUS.

Biajerre BEpOSTHOCTHO-CTATHCTUYCCKOW MH(POpMAIMEH O TEXHOJIOTHYEC-
CKMX KpPH3HUCaxX B JJIEKTPOIHEPTETUUECKUX CUCTEMAX 3@ JUINTEIBbHBIA NEPUOJ
AKCILTyaTalliy MO3BOJIUT, IPUOETHYB K aHAJIW3y. aBapUHHOCTH, 00OCHOBaHHEE
IPUHUMATh PELIEHUE MO pa3pabOTKe MEPONPUATHI CBSI3aHHOM C KOJIOTMYECKOM
0€30MacHOCTbIO0 OOBEKTOB SHEPTETUKHU.

AHanm3 aBapuiHBIX MPOIIECCOB B SHEPreTHKE, N3ydeHrue c0oeB 1 (hakTOpPOB UX
MOSIBJICHUS TTOKA3aJI0, YTO KITFOUEBBIMU MPUYUHAMU OOJIbIIIEH YacTu aBapuid, CTaJH:

1) MOHMKEHHBIN YpPOBEHb OPraHU3alMK PA0OTHI PJIEMEHTOB AJIEKTPOIHEP-
retukd. Opraiu3aiuu, SKCIUTyaTUPYIONIMe JaHHbIE OOBEKTHI, HECBOEBPEMEHHO
Y HEYJIOBJIETBOPUTENIBHO OCYIIECTBISIOT OOCITYXKMBAaHUE U TEXHUUYECKYIO IpO-
BEPKY TEXHUKH, €T0 PEMOHT W HE OCYIIECTBIISIIOT 3aMEHy IPHOOPOB, KOTOPHIE
BBIPA0OTaIM YCTAHOBJICHHBIE CPOKHM JKCIuTyatanuu. [Ipumepom siBiseTcs aBa-
pusi Ha UepHoObuibckoii ADC. PeakTop, HecooTBeTCTBYIOmUN HOpMaM Oe3-
OMACHOCTA HMEJI ONACHBIE KOHCTPYKTHBHBIE OCOOEHHOCTH, 4YTO IIPUBEIIO
K KPYIIHENIIEN B CBOEM POJE aBAPUHU 34 BCIO UCTOPUIO AaTOMHOW SHEPrETUKH [4];

2) Hu3Kas KBaIM(UKAIMS PYKOBOIAIIETO U OOCTYKUBAIOIIETO MEPCOHANA
ucrnoyib3yronmx npeanpustiii. HecnocoOHOCTH OBICTPO OLIEHUTHh CHUTYalLUIO
Y NIPEANPUHATH ONTUMAJIbHBIE IEUCTBUSA B CIOXKUBILIECHCS aBAPUNHON CUTYaLIUH.
Tak, k npumepy, jeroM 2011 roga paGoTHuk KpynHoi amepukanckoit ADC,
HE BBIMIEAIIUN U3 JUArHOCTUYECKOI0 PEKMMa, BbI3BaJl cpabaTblBaHHE aBTOMa-
TUYECKOTO OTKJIIOYEHHUS], YTO MPUBEIO K BEEPHBIM OTKIKOUYEHUSM, JIUIIMBIINM
cBeTa 6oJiee AeCSITH MIJIJTHOHOB YEJIOBEK;

3) BHemHUE (PaKTOPHl, TAKME KaK MOTOJHbIC yCIOBUS. Y CHIICHHBIN BETEp,
najJieHue JCPEeBbhEB WJIM MPOUYUX COOPYKEHUM, 00pa3oBaHME 3aMbIKaHUW B MPO-
BOJIaX, KPYUICHHE OIIOP JIMHUM DJIEKTPOIIEpEead, CBSI3aHHOE C ITOA3EMHBIMHU
TOJTYKAMH, 3HAYUTEIbHBIMH 3aTOIJICHUSIMU WK onoj3HsMu. B auBape 2012 r.
yparaHHblii BeTep cO CKOpPOCThI0 40 METPOB B CEKyHAY 00€CTOUMI ABECTH MSATh-
JECAT ThICAY YenoBek KpacHogapckoro kpasi.
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