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AnjgaTna

JluccepTausuibIK JKYMBICTA TYPAKThl MAarHUTTET1 IeHepaTopbl Oap HipiMii
MUKpOI DC-TiH  OipiieCKE€H KYMBICHIH  TaJJaH/Ibl. TypakTbl MarHurTeri
TeHepaTopyiap  KYMBICBIHBIH OpPTYPJIl PEXUMACP] KapacThIPbUIABL. TYpPaKThI
MarHWTTEr1 TeHEepaTopjap OpaMIapblH aybICTHIPY JKYHECIH KaJBINTACTHIPY 63
QNIBIHIA DJIGKTP DHEPTUSCBIH OHAIPYIl JKOFapiiaTaibl KOHE TMalgansl ocep
KOd(OPUITMEHTIHIH  JKaKCapTybIMEH rEHEpPaToOp KYMBICBIHBIH JUaIa30HbIH
KEHEUTyre MYMKIHIIK TYFbI3a/Ibl.

AHHOTALUA

B nmanHo# mucceprannoHHOM pabore ObLIa MpoaHaIM3UpOBaHa COBMECTHAas
pabora mHeKoBoM MUKpOI DC c reHeparopoM Ha TMOCTOSHHBIX MarHuTax. bwiiu
PacCMOTPEHBI Pa3IMYHbIE PEKUMBI PAOOTHI TEHEPATOPOB HA MTOCTOSIHHBIX MarHUTaXx.
dopMupOBaHHE CHUCTEMBI TEPEKIIOYEHUsT OOMOTOK reHeparopa Ha IOCTOSHHBIX
MarHuTax TMO3BOJIUT PACHIMPUTh JMANA30H pabOThl TeHEpaTropa C YIYyYIICHHBIM
K03 GUIIMEHTOM MOJE3HOTO JEHCTBHUSA, YTO B CBOIO OU€PE/b YBEIUYUT BBIPAOOTKY
SHEPIUH.

Annotation

In this thesis, the joint work of a screw micro HPP with a generator on
permanent magnets was analyzed. Different modes of operation of generators on
permanent magnets were considered. The formation of a system for switching the
generator windings to permanent magnets will expand the range of operation of the
generator with an improved coefficient of efficiency, which in turn will increase the
generation of energy.
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Beenenue

Ha ceromusmnmii JeHb YPOBEHb )KU3HH YEJIOBEUYECTBA HAMPSIMYIO 3aBUCUT OT
HHEPrUU, TOYHEE OT YCIYT, MOJy4yaeMbIX MpHU ee BhIpaboTke. JloOblua, TOoCTaBKa,
nepepadoTKa, mpeodpa3oBaHre YHEPTUU HETATUBHO CKA3bIBAIOTCS HA OKPYXKaIOIIeh
cpelne, MOATOMY OJHOW M3 CaMbIX aKTyaJIbHBIX MpPOOJIEM 4YeOBEYECTBA SIBIIACTCS
«QHepreTHyeckas npodemMa», B COUYETAHUH C «IKOJIOTHUECKOM.

B Onwmxalimem OynymieM naHHas TO3UIMS  HE U3MeHUTCa. Bech mup
00CY>KIaeT BOIMPOC O HEMOCPEICTBEHHBIX YIPO3aXx aHTPOIOTEHHOTO MapHHUKOBOTO
a¢deKTa U 3TO JUIIb OJUH U3 HEMHOTHUX IpUMEpoB. BenecTBre TOro, 4To CTENEeHb
OCO3HAHHOCTH YEJIOBEYECTBA PACTET, MPU3HAIOTCS U MPOOJIEMBI, OTHOCSIIHUECS K
VCITOJIb30BAHUIO SHEPTUH B CAMOM IIMPOKOM CMBICIIE 3TOTO CJIOBA. JTO BCE BEJET K
MOBBINICHUIO MHTEPECa K TEMATUKU BO30OHOBIISIEMbIC UCTOYHUKH YHEPTHH.

Ha panHblii MOMEHT MHpPOBOE COOOIIECTBO YAENISIeT 0CO00€ BHUMAHHUE
IbTEPHATUBHBIM U BO3OOHOBIISIEMBIM UCTOYHUKAM SHEPTUH.

BcenenctBue pasBUTHS M aKTyallbHOCTH BO300OHOBIIIEMBIX HCTOYHUKOB
PHEPruM TeMaTuka MexayHapoaHod BbicTaBku EXPO-2017, koropas Oyaer
npoxoauth B Kazaxcrane moj HazBaHueMm «HEprusi OyayIero», OCBETUT OAHY U3
caMbIX BaXXHBIX TE€M, KOTOpas BOJHYET BCE MHPOBOE COOOILIECTBO —
albTEPHATUBHBIE HICTOUYHUKHU SHEPTHH.

[Ipu opranuzaumu BeicTaBku EXPO-2017 crosn Bompoc O TOM, 4YTOOBI
PEAYCMOTPETh 3JEKTPOCHAOKEHHE OOBEKTOB BBICTABKM JSHEPrUEl 3a CYET
abTEPHATHBHBIX UCTOYHUKOB dHEpruu. B cBs3u ¢ mpoBenenneM BoictaBku EXPO-
2017 B Kazaxcrane, Hama cCTaHa WMEET HCKJIIOUUTEIBHBINA INAHC TOACPKATh
TaKyl0 HEO0OXOAMMOCTb BCIEJACTBUE CBOET0 YHUKAJIBHOTO Teorpapuyeckoro
MECTOMOJIOKEHHSI, Oylarofaps CBOEMY 3HAYUTEIbHOMY HYHEPreTUYECKOMY
MOTEHIMATY, UMesS 3HAYUTEJbHBIC BO3MOXKHOCTH TMPUMEHEHUS BO300HOBIISIEMBIX
MCTOYHUKOB SHEPTHUH.

DHeprocHa0KeHue OTHAJEHHBIX TMOTpeOuTeNnell SBISETCA aKTyaJlIbHOU
mpo0IeMoii, Kacaromieicss BCeX PEerMoHOB Halie crpaHbl. OrpoMHasi TEPPUTOPHS
HaIllEr0 TOCyAapCTBa W HEBBICOKASA IUIOTHOCTh HACEJIIEHUS B CEIIbCKUX panloHax
UMEIOT TOTPEOHOCTh B CEIBCKUX JIMHUAX dJIEKTponepenay, okoio 360 ThiCSY KM.
DHeprocHa0XeHUe OTAAJICHHBIX TMOTpeOuTeNe  HepeHTabelbHO, TaK Kak
CTPOUTENLCTBO U AKcIuTyaTaus JISI1 00Ol MpOTS)KEHHOCTH, KaK U OTPOMHbIE
NoTepyu MpH MepeJayd dSJIEeKTPUYECKOM HHEPruuM B 3HAYUTEIBHOM CTENEHU
YBEIMYMBAIOT CTOMMOCTb 3JIEKTPO3HEpruu. [ns pemeHue AaHHOW MNpoOJIeMbl
HPKOHOMHUYECKM U DKOJIOTMYECKH O0Jee BBITOJAHBIM SIBJIAETCS HCIOJb30BaHUE
HEHUCYEPIIAEMOU YHEPTUMU.

B nmaHHOM Marucrepckod JUCCEpPTAlMA  PACCMATPUBAETCSA BOMNPOC O
NOBBIMIEHUA I(PHEKTUBHOCTH COBMECTHOM paboThl mrHeKoBOW MHUKpol DC ¢
r€HEPaTOPOM Ha MOCTOSIHHBIX MAarHUTaXx.

JIJist TOCTHKEHHST YKa3aHHBIX I1eJIeld OBLITM TIOCTABJICHBI CIIEIYIONTNE 3a1auu:
pazpaboTka u MojaenupoBaHue 3(PPEKTUBHOTO pexMMa pabdOTHl TeHepaTopa Ha
MOCTOSTHHBIX MarHuTax.



OObeKTOM HCccne0BaHus JaHHON paboThl sBisieTcs mHekoBas MUKpol DC u
BEHTUJIbHBII '€HEPATOP HA NOCTOSIHHBIX MarHUTax.

Meton wuccienoBaHMsT — MOJEIMPOBAHUE TIEHEpAaTopa B Iporpamme
COMSOL.

B pabore OyayT paccMOTpeHBl BOIPOCHI 00 aKTyaJlbHOCTH HBIHEIIHEN
pa3paboTKke Ha TEPPUTOPUM HAIIETO0 IOCyNapcTBa, OyJleT JaHa OIEHKa MaJloi
rusiposHepreTuku Kaszaxcrana, OyayT paccMOTPEHbl NPEUMYIIECTBA ITHEKOBOM
mupol DC, a Takke TUAPO-AMHAMUYECKHE U KOHCTPYKTHBHBIC IapaMeTphI
IIHEKOBBIX TypOWH. B cremyromeit Bo BTOpoil riaBe OyayT MpOaHATH3UPOBAHBI
PEXUMBI pabOThI 3JEKTPUUECKOrO TeHepaTopa C IMOCTOSHHBIMH MarHuTamu. B
TpeThell rinaBe OyAyT CMOJAETUPOBAaHBI YETHIpE TUMA MPOdUIS HMIHEKOOOpa3HON
TUAPOTYPOUHBI U OYZET OCYLIECTBIECH BEIOOP Hanbosee 3PpPeKTHBHOTO MPOQUIIS.

B derBeproii rnaBe OyIeT CMOJAEIUPOBAH BEHTUJIHHOTO reHeparopa Ha
MOCTOSTHHBIX MarHuTax B mnporpamme COMSOL. byayr mnpoaHanu3upoBaHbI
YEThIPE €ro YEThIPE PeKUMa PabOTHI.

Taxke HEOOXOAUMO OTMETUTh 3HAYUMOCTh JAHHOW JHUCCEPTALMOHHOU
pabotel. B HacTosmee Bpems, C pOCTOM OCO3HAHHOCTU YEJOBEYECTBA
aJIbTepHATUBHbIE HCTOUYHUKU Bce OoJjiee HaOMPaIOT MOMYJISPHOCTh, HO HA JaHHBIN
MOMEHT HE HACTOJIBKO JJIsi TOTO, 4TOObI COCTaBUTh pPEATbHYI0 KOHKYPEHIIHIO
TPaJMLIMOHHBIM JHEProHOCUTENSIM. Bno0aBOK KO BCeMy, OKAa3bIBAE€T BIUSHUE
nepuut wuHPOpMAMM W OYEBUJIHAS HETOTOBHOCTH OOIIECTBA JaymMaTh 00
HKOJIOTUYECKU OE3MATEKHOM OyaylIeM Tpsaylux rnokojeHui. [Tloatomy paboTsl
TAKOTO POAA SIBISIFOTCSI MMITYJIbCOM IS Pa3BUTHSI BO3OOHOBISIEMBIX MCTOYHHKOB
DHEPI'UM B HAILIEH CTPaHE.



1 AKTyaJbHOCTBH M BOCTPEOOBATEIbHOCTH JAHHOI PadoThI
1.1 EXPO - 2017

HeiHenHee cocTOsSIHME OKpYXKAlIEd Cpeabl W €€ OXpaHa IPUBJICKAIOT
npucranbHoe BHUManue I[Ipesuaenta u IlpaBurenscrBa PK. Iloatomy skonorus u
HEJJPOIOJIb30BAaHUE, B YACTHOCTU COCTOSIHUE BOJHBIX OOBEKTOB, PETYIHPOBAHUE
mporiecca BBIOpOCAa W TOTJIONIEHUS TAPHUKOBBIX Ta30B, HAXOMATCA TOA WX
MOCTOSTHHBIM KOHTpoJeM. 25 anpenst 2016 rona IIpesunent crpanst H.A.HazapOaes
noanucan 3akoH Pecnyonuku Kazaxcran, Ne 505-V, «O BHeceHUM WU3MEHEHUU U
JIOTIOJIHEHUN B HEKOTOpbIE 3aKOHOHATeNbHbIe akThl PecnyOnuku Kazaxcran mno
BOIIPOCAM 3KOJIOTUU U HEAPOIOJIb30BAHUS.

Vkazom IIpesugenta PK ot 30 maa 2013 ronma, Ne577, Oblna yTBepKIaeHa
KoHuenuusa no nmepexolly CTpaHbl K «3€JICHOW» 3KOHOMMKE, COCTOSINAas M3 TPeX
ATAIOB.

ITepBerii stam. 2013-2020 rr. OnTumu3ainys HCHOJIB30BAaHUS PECYPCOB M
MOBBIIIEHUE TPUPOJAOOXPAHHON JAESATEIBHOCTH, a TaKXKEe CO3JIaHHE «3EJEHOM
UH(DACTPYKTYPHI.

Bropoii stan 2020-2030 rr. [IpeoOpa3zoBaHue HallMOHAIBHOW HKOHOMHKH,
OpPUEHTHUPOBAaHHOM Ha IIUPOKOE BHEAPEHHE TEXHOJIOTHI BO30OHOBIISIEMOMN
HHEPreTUKH, Ha 0a3e c(HOPMUPOBAHHON «3€JICHOW» UHPPACTPYKTYPHI.

Tperunt sran 2030-2050 rr. Ilepexon HaNMOHAIBHOM HKOHOMHKM Ha
INPUHIUIBI TAK HA3bIBAEMOU «TPEThEH MPOMBIIUICHHON PEBOJIIOIUNY, TPEOYIOIIEH
WCIIOJB30BaHUsl MPUPOJHBIX PECYPCOB MPHU YCIOBUM HX BO30OHOBISIEMOCTH U
YCTOMYHUBOCTH.

Bo300HOBIsIEMble UCTOUYHUKH PHEPTUM BMECTE C TAKUMHU TPATUIIMOHHBIMHU
HMCTOYHHUKAMU YHEPTUH, KaK HEe(Th U ra3, MPEeBPAIAOTCs B IIABHEHUIITNE UCTOUYHUKH
NeKTpuUeckoil HHepruu. (OCOOCHHO TMpUBIEKACT BHUMAHHUE HCIOJIb30BAHHE
AJIEKTPUUECKOM JHEPruyM Ha OTIAJEHHBIX TMOTPEOUTENAX, MOIydaeMoOu IyTemM
npeoOpa3oBaHus dSHEpruv Bojabl. [lo mpuumHe TOrO, YTO J00BIYA U
TPaHCIIOPTUPOBKA Ta3za M HEPTH SBISAIOTCA JOPOTOCTOSIIMMH U (HPUHAHCOBO
3aTpatHbiMu [14].

Onnum w3 coObITHil TIIOOANbHOTO MaciiTaba siBisiercsa BbicTaBka «EXPO-
2017».

BrictaBka «EXPO-2017» mo cBoeil TypUCTHUECKOW MPHUBIEKATEIbHOCTH
CpaBHUMa CO CHOPTUBHBIMU WUTPaMU MHUPOBOIO MaciiTaba, a Mo 3HAYUMOCTU - C
KpyHOHEHIIMMH  SKOHOMUYecKMMH  (opymamu. Ilpeanonaraercs, 4To OHa
MOCIOCOOCTBYET MpuBJieUeHUIO0 B KazaxcTtaH KpyIHBIX UHBECTHUIIMM, a TaK)Ke Hallla
CTpaHa MOJIYYUT HOBIIECTBA B 00JIACTH TEXHOJOTMH M MHHOBAILIMM, YTO HAIPSMYIO
OKa)KET BIIUSIHUE HA PA3BUTHUE «3€JIEHON SKOHOMUKNY.

BricTaBka «EXPO-2017» — JIOMIOJIHUTCIILHBIN CTUMYJI I
UHOPACTPYKTYPHOTO U SKOHOMHUUYECKOTO PA3BUTUSI CTPAHBI. «ITO caMoe OOJIBIIIOE
noctuxenne KazaxcraHa B MEXIyHapOJAHOM ILJIaHE 32 TOAbl HE3ABUCUMOCTH. JTO
CTaHET MOBOPOTHBIM IYHKTOM JUIsl Hamied crpanbl. B Hameil cromuue OyayT
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MPEACTABJICHBl JIy4llIN€ MHPOBbIC JOCTHXKEHUSI HAYKH M TEXHUKU. MHorue
Ka3aXCTaHIbl CBOMMH TIJIa3aMU CMOTYT YBHUIETh «IKOHOMHUKY Oyaymliero», K
kotopoit Mmbl ctpemumcs» (H. A. Hazap6aes, I1pesunent Pecriyonuku Kazaxcran).

BrictaBku Expo, mnpoBoaumbeie ¢ 1851 roma mom pykoBOICTBOM
Mexnaynaponnoro biopo BreicTaBok mnpeacTaBisitor coOOM — BEAYIIMM CMOTP
BCEMUPHBIX HAy4YHO-TEXHMYECKUX JOCTWKEHHH. ['ocymapcTBaM, NIPOBOISIIMM
BBICTAaBKH, IPU XOPOIIEH OpraHu3alii OHU Bcerja o0ecleurBalld TOMYOK K
pa3BUTHIO, a TAKXKE PACKPYUUBAJIN HAlIMOHAJIbHBIE OPEH/IbI M IPOEKTHI, MPOABUTATIN
OTEUYECTBEHHBIE JOCTUKEHUS U JaBajIl MPUTOK TYPUCTOB.

Jis Kazaxcrana BeicTaBka «EXPO-2017» sBasercs caMblM KpYIHBIM
MEXIYHAPOJHBIM MEPOINPUATUEM C HAUMOOJBIIMM  KOJIMYECTBOM TYPHUCTOB,
MHOCTPaHHBIX rocTel U ounmambHbIX neieranuit u3 6onee 100 crpan mupa.

Bo-niepBbIX, BBIOOp B MOJb3Yy HAIIEr0 I'OCYIapCTBa IMOKAa3bIBAET BBICOKYIO
OLIEHKY ycniexoB KazaxcraHa U BbIIETSIET IEPCIEKTUBBI €70 pa3BUTHUsA. Bo-BTOpBIX,
3TO TOBOPHUT O NPU3HAHUU HAIIEH CTONMIBI ACTaHBl KaK LIEHTPA, JAOCTOWHOIO
IPOBECTH  COOBITUE  BCEMHUPHOTO  Macmitaba.  B-Tperbux,  MmOBBICUTCS
MOJIOKUTENIbHBIA UMHIK U Y3HABAEMOCTbh T'OCYAApCTBA, €r0 HayYHO-TEXHHUYECKUX
JOCTUKEHUW U UHUITUATHUB.

Ha cerogusimauit newp momanaku EXPO mpomomkaioT mpeacTaBisTh U
KOHCOJIMJIUPOBATh SIpKUE pa3pabOTKu B 00JIACTH HAYKH, CIYXAT CTUMYJIOM IS
pa3BUTHS TOPOAOB U IOCYIAPCTB, B KOTOPBIX OHU MPOXOJAT, U SBJISIIOTCS MOIIHBIM
TOJYKOM JUIsl SKOHOMUYECKOTO PA3BUTHS CTPaH.

BrictaBka «EXPO-2017» B AcrtaHe, B cooTBeTcTBUU ¢ KoHBeHIuEH o
MEXIYHApOJHbIX BBbICTaBKax Oyner npoxoauTs B mnepuon ¢ 10 umrons mo 10
ceHtsa0ps 2017 roga, B oOiei cnoxkHocTH npojyiuTcst 3 mecsiua. [Ipennonaraercs,
YTO B BbICTaBKE NpumyT ywactue Oonee 100 crpan wmwupa, He ™meHee 10
MEKIYHAPOIHBIX AaBTOPUTETHBIX OpraHu3auuii, okoimo 10 kommaHuii —
WHHOBAI[MOHHBIX JIUJIEPOB.

BrictaBka «DHeprusi Oymayiero» OyaeT IeMOHCTPUPOBATH MHHOBAIMOHHbBIC
JOCTHKEHHSI TEXHOJIOTUYECKUX BO3MOYKHOCTEHN YesoBeuecTBa. « BaXKHO MpeBpaTuTh
«EXPO-2017» B ueHTp nepexoaa K TPEThEW UHIYCTPUATIBLHON PEBOIIOLINH, KOTOpas
BKJIIOYAeT B ce0s aJIbTEPHATUBHYIO HSKOHOMHUKY, CO3/IaHHE COOTBETCTBYIOLIUX
BBICOKOTEXHOJIOIMUYECKUX MaTepualioB, MCTOYHUKOB BO30OHOBISIEMOM SHEpPrUH,
MOATOTOBKY KaapoB u apyrue Bonpockl» (H.A.Ha3zap6aes, IIpesunent PecnyOnuku
Kazaxcran).

BricTaBkm, OCyliecTBIsIEMbIE TI0J PYKOBOJACTBOM MexayHapoaHoro bropo
BbICTaBOK, SIBISIIOTCS HOBBIM, JEMOKPAaTHYECKUM, TJIOOAIBHBIM HHCTUTYTOM
KOHCOJIMJIALIMA ~ yCWJIMA  BCEr0  MHPOBOIO  COOONIECTBA IO  BBISBIICHHIO,
OOBEAMHEHUI0O W PACHPOCTPAHEHUIO TIEPEIOBbIX JOCTH)KEHHUH YEJIOBEUECTBa,
MHCTUTYTOM «JI€MOKpaTHU3al[M1» UHHOBALIHIA.

W nameit ctpane BbIMal MIAHC BHECTH OTKPBITUE B Pa3BUTHH YEJIOBEUYECTBA -
— HOBEHUIITYI0 YKOHOMHUKY, KOTOpasi OCHOBaHa Ha JOCTYITHON 0€30MacHOM YHEPTUU U
«3EJEHBIX» TEXHOJIOTHUSX.



EcrectBenno, Kazaxcran crnpaBeyiMBO 3acCiy’KMJl TaKOW IIAaHC, BEIb Ha
Halleil 3emiie BHEpPBbIE OTKPHLIACH JIOpPOra BCEMY YEJIOBEYECTBY B HEOOBATHYIO
BCEJICHHYIO, 3apOJIWIINCh UIEU SIACPHOTO PA30pPyKEHUsI, WHCTUTYThI €BPA3UKUCKOMN
WHTETpaluuy, ACTaHUHCKOro OKOHOMHUYecKoro @Popyma, BCEMHUPHOIO Cbhe3aa
MHUPOBBIX PEJIUTUH.

KonkpetneiMu nensimu BbicTaBku «EXPO-2017» siBisieTcst ucciegoBaHUe
MOJUTUKH,  TMPOrpaMMbl M TEXHOJIOTMM,  KOTOpPbIE  HAaNpaBJIEHbl  Ha
YCOBEPIICHCTBOBAHUE  YCTOMYUBBIX  HCTOYHUKOB  HDHEPIUM,  yBEJIUUYECHUE
HAJSKHOCTH M A(PPEKTUBHOCTH HHEPTOCHAOKEHMSI, MOOIIPEHUS HCIOJIb30BaHUS
BO300HOBIISIEMBIX MCTOYHUKOB SHEPIUH, a TAKKE MPOJEMOHCTPUPOBATH >KUTEISIM
IUTAaHEThl TOTPEOHOCTh B AKTUBHOW WHHIMAIIMM H YYacTHH B  IPOIIECCE
DHEPTrOCOEPEIKEHUS U COXPAHECHUH IKOJIOTHH 3EMITH.

Jlist pemnieHnsi Takux MpoOJieM Kak YMEHBIIEHHWE BBIOPOCOB B atMmocdepy,
yBEIMYEHHS SHEProdh(PEeKTUBHOCTH M caMoO€ TIJIaBHOE OOecleueHue J0cTymna K
AIIEKTPOIHEPTUH JIJIsl BCEX Mpemnoaraercs, 4To Ha BeicTaBke «EXPO-2017» 6ynyT
JIEMOHCTPUPOBATHCSI MTHHOBALIMOHHBIE METOIUKH, PEIICHUS U PEIIUTEIbHBIE UCH.

3a Bcio wucroputo EXPO caMoil «3KOJIOTUYHOW» BBICTABKOW SIBJISIETCS
«EXPO-2017».

«BpicTaBka OyAeT crocoOCTBOBATh MPUBJICYEHUIO B HAIy CTPAHY KPYITHBIX
naBectunni. Takxke yepe3 «9KCIIO» KazaxcraH MoiaydydT HOBBIE TEXHOJIOTMU U
WHHOBAIIMHU, YTO HEMOCPEACTBEHHO MOBJIMUSET HA Pa3BUTUE «3€JICHOM IKOHOMUKU
(H. A. Hazap0aes, [Ipe3unent Pecriyonuku Kazaxcran).

B kpaiiHue necsaTUiETUS MOXHO TMPOCICIUTh B TEMATHKUA MPOBEICHUS
BceMupHBIX BbICTaBOK OKCIIO Takyr0 3aKOHOMEPHOCTh, KaK IEpEXoa C
TEXHOJIOTUYECKUX BOIMPOCOB Ha MPOOJEMBbI M PEIICHUS 3ajad B DKOJIOTUU U BO
B3aMMOJICUCTBUU  4YelioBeka ¢  mpupojaou: Jluccabon  Dxcmo-1998»  —
paccmaTpuBaeMas TemMa « «OKkeaHbl — HACJEACTBO Oyaymiero», 'anHoBep «KCMo-
2000» - "YenoBek nmpupoaa U TEXHUKA co3aatoT HOBbI Mup Haros «9xkcmo-2005» -
«Mynapocts npuponb», Caparoc Jkcno-2008» — «Boga u cbamancupoBaHHOE
pa3zButuey, llanxait «9kcno-2010» - «Jlydmmii ropo — JTydiiast >KU3Hb».

Tematuka «OHeprus Oyaymiero» 3akiro4aeT B ce0e  OrpoMHEHIIui
MOTEHUHAJI JJISI HOBBIX TEXHOJOTWH. JlaHHas BBICTABKA OCBETUT BCEHl ILIAHETE
OecrperieIeHTHOE KOTMYECTBO HAYYHBIX 9KOJIOTHUECKUX pa3padOTOK, H300peTeHHMI
B 00J1aCTH PHEPTETHUKH, a TAKXKE PA3TUYHBIC TaK Ha3bIBAEMbIC «3€JICHBIC» TOBAPHI.

Takoe MOHATHE KaK «3€JICHBIN» TOBAP CI0XKHUIOCH 10 BOSHUKHOBEHUS B 2008
rojly TEpMHUHA <«3el€Has» HKOHOMHKA». OTH <«3€JIEHbIE» TOBaphl M YCIYyTH
CIIOCOOCTBYIOT ~ YJIYUIIEHHUIO OKpPYXAIOIIEH Cpelbl, YIYYIICHUIO 3J0POBbS
4yelioBeuecTBa U pabOTOCHOCOOHOCTH, a Takke JHeprodp(PeKTUBHOCTH U
pecypcocOepekeHHUIO.

[Ipennonaraercsi, uto BbicTaBka «EXPO-2017» BBISIBUTH NpPEeUMYIECTBA
«3€JEHON» DHEPTeTUKA M TEM CaMbIM OTKPOET HOBYIO CTPAHHUIy B Pa3BUTUHU
YeJIOBEUeCTBa, KOTOpass OyneT OCHOBaHA Ha TPUHIMIE JOCTYIMHOW JHEPTruw,
«3eNEHBIX» TEXHOJIOTHUIX M OTKPHITHIX HHHOBaIMsX [11].
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1.2 Ouenka manoii ruapodneprerukn Kazaxcrana

Pexu sBIsAIOTCS YacThio BOAHOTO OacceitHa 3emun. 3amac BOJABI B peKax
ONpeNeSieH MPUPOAON M TMOCTOSSHHO MeHsieTcsa. OH HenpenckazyeM, MHOYKECTBO
CIIy4ailHBIX U HEomNpeeIeHHBIX (PaKTOPOB BIUSIOT HAa PEUHbIE MIPOLIECCHI, BEIMUMHA
BOJHBIX PECYPCOB MOCTOSTHHO MeHsieTcsl. BoaHbIe 3amacsl — BO30OHOBIIsSIEMBIE.

DHepreTUUeckuil pecypc pek o0JajaeT CBONCTBOM BO300HOBIISIEMOCTH.
Oprannydeckoe TOIUIMBO (yroiyib, He(PTh, Ta3) — 3TO «KJIAIOBas», B KOTOPOMl depes
100...200 ner Gomblas 4acTh 3amacoB OyAET M3pacXoAOBaHa. DHEPrus pek Oynuer
BCET/a, I0KA HE U3MEHSATCS IJI00aIbHBIE KOCMUYECKHE MPOLIECCHI.

['unposneprus ABisieTcsl BO30OHOBIIIEMBIM HCTOYHUKOM SHEPIHH, B KOTOPOM
SHEPrui0 MOJY4YaloT M3 PHEPTHH BOJBI, MEpeMeiaromieiics ¢ 6ojaee BHICOKOTO Ha
0oJiee HU3KUU ypOBEHb. JTO XOPOIIO 3apEKOMEHJOBaBIlas ceOs, COBEpIICHHAs
npejackazyeMass M KOHKYPEHTHO CIOCOOHasi ¢ TOYKH 3PEHHS 3aTpaT TEXHOJOTHUS.
MexaHuueckass 3HEprusi Najarolleil BOJbI ABJISIETCS CTAPUHHBIM HHCTPYMEHTOM,
UCIOJIb3YEMBIM ISl Pa3IMUHBIX YCIYT CO BpEMEH JAPEBHUX I'pekoB Oosiee yem 2000
ger ToMy Hazan. IlepBas ruzpposnekTpocTaHuus MoiHocTh 12,5 kBT Oblia
noctpoeHa 30 centsOps 1882 roma Ha peke dokc, mratr Buckoncun, CIIA, B
Kazaxcrane B 1894rony Ha peke Typryceis (4x50kBT).

I'onoson rJ100aTbHBIN TEXHUYECKUU MOTEHLIA A [IPOU3BOACTBA
ANeKTpodHepruu, coctapisier 14 576 TBtu (52, 47 3/Ix) npu COOTBETCTBYIOIIEM
OLICHOYHOM 001IeM noTeHuuaie MouHoctd B 3 721 I'Bt, To ecth B 4eThipe pasza
OOJpIIE CYIIECTBYIOIIEH B HACTOSINEE BpPEMsS YCTAHOBIEHHOM TIJIOOAIbHOM
MOIIIHOCTU TUAPO3JEKTpocTaHMid. OOmmii cpenHuii Ko3()PUIMEHT MOIIHOCTU
TUAPOAIEKTpOCcTaHIMU paBeH 44 %. DToT KO3(Q(PUUUEHT rOBOPUT O TOM, KAKUM
o0pa3oM TUIPO3JIEKTPOIHEPIHsl HCIHONB3YETCSl B HHEPreTHUYECKOM OalaHce
(Hampumep, THMKOBas TEHEpalus [0 CpaBHEHUIO C 0a30BOil reHepupyomen
MOIIHOCTBIO), WJM O HaJU4YUM BOJHBIX pECypcoB, a TakKe MOXKET
CBUJETEIBCTBOBATh O BO3MOXXHOCTH YBEJIMYEHMS] TEHEpPAlUUU JIIEKTPUYECTBA
MOCPEACTBOM MOJIEPHHU3ALMN 000PYI0BaHMS U ONTUMU3AIMH SKCILTyaTalllu.
PecypcHblii moTeHIMAN I TEHEPALMU THIPOSJIEKTPOIHEPTUU MOKET MEHSTHCS W3-
32 U3MEHEHUs KIMMaTa. MOIIHOCTh €KEroJHOTO IPOU3BOJICTBA 3JIEKTPOIHEPTUU 10
2050 rona moxeT yBenuuuthesd Ha 2,7 TBtu (9,72 I1/1k) B A3un 1 yMEHBIIUTCS Ha
0,8 TBtu (2,88 I1/1x) B EBpome.

OtHocutenbHO 80-X TroAOB TJIOOAIBHOE MOTPEOJIEHUE HJIEKTPOIHEPTUU
BO3pocyio Ha 70 % ¥ mpomoKaeT YBEIUUYUBATHCS, CO CPEIHUM MHUPOBBIM TEMIIOM
pocta npuOIM3UTENHHO 2% B roA. 3HauyuMas JI0Jsl AJIEKTPOIHEPTHH B MHPOBOM
MPOU3BOJICTBE MPUXOJUTCS HA BO30OHOBIIIEMbIE HICTOYHUKHA YHEPTUU U COCTABIISIET
18 %. W3 Hux Haubojiee COBEPIICHHOW B OOJACTH TEXHOJOTHUU SIBISETCS
TUAPOIHEPreTUKa, OHa cocTaBisgeT 87 % MUPOBOIl MPOU3BOIUMON AIEKTPOIHEPTUU
U3 BO30OHOBIISIEMBIX HICTOYHUKOB SHEPTHUU.
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[leprion KpymHBIX NTPOEKTOB B OOJACTH TUAPOIHEPTETUKH OTHOCUTCS K
nepBbIM fecaTuiieTusiM XX Beka. Co3maHue KPYHHBIX THUIPOIJIEKTPOCTALIMU
W3HAYaJbHO TOJY4YWSI0 HauOosbiiee paszButhe B CeBepHoil Amepuke, 3arem
HIMPOKOE PACIPOCTPAHEHUE MOJYYHIIO B Ipyrux perunoHax mupa: Kurae, Kanane,
osiBieM CCCP, Typuuu, Adppuxe, Uunuu, Jlatunckoit Amepuke, Mpane u Upake.
Takue ctpanbl kak CeBepHast AMepuka, Jlatunckas Amepuka, u EBpora o0nagaror
3HAYUTEIBHBIM TUPOIHEPTETUUECKUM MOTEHIIMAIOM, OOJIbIIas A0JIsi KOTOPOIO YKe
ucrosib3oBaHa. K pervoHam, rie THIPO3HEPreTHKa €lIe pa3BUTa HEIOCTATOYHO
xoporio oTHocsATces FOxuas u Bocrounas Azus, u eme Adpuka.

Kuraii 3aHmMaer mepBoe MeCTO B MHpPE IO YCTAaHOBJICHHOM MOIIHOCTH
TUAPOArperaToB M BhIPAOOTKE AIEKTPOIHEPTUH, JAJEE B MATEPKY JTUAEPOB BXOAUT
Kananpl, bpasumun, CHIA u Poccus. Jlunepamu no BbeIpaOOTKE T'MIPOSHEPTHH HA
nyury HaceneHus ssisitorcess Hopserus, Mcnannua m Kanana. Hanpumep, B Takon
ctpaHe kak HopBeruss Ha [0JI0 TUApPOCTaHIMK mnpuxoaurcs 98-99% Bcen
BbIpaOaTbiBaeMoOl diekTpudeckod sHeprun. A IlaparBaii He TOJIBKO NEIUKOM
HOKpPBIBAET COOCTBEHHBbIE MOTPEOHOCTU B 3eKTpo3Hepruu omarogapsa ['9C, HO u
skcnoptupyeT 90% npousBeieHHOM 3Heprun B AprenTrHy u bpasuinuro.

Tabmuma 1.1 — Crpanbl, 3aHUMalONMe HAUOOMIBIIYIO JOJI0 B BHIPAOOTKE
TUAPOIHEPTUU
BripaboTka Bripabotka VYceranosneHHas | Jons THaApO3HEPrun
AJIEKTPOIHEPTHU B | IJICKTPOIHEPTHH B MOIITHOCTb B 00111e# BBIpaOOTKE
2008 roxy (mpn | 2009 romy (mupg (I'BT) 3JIEKTPOIHEPTUH B
kBT.4) kBT.4) ctpane (%)
Kuraii 522,4 548,9 196,8 22
Kaunana 369,5 363 88,9 61
bpazums 365,8 387 69 85
CIIA 254,8 272,1 78,1 6
Poccust 167,5 176 47,4 21
Hopgerust 138,1 1249 27,5 98
Nunus 113,1 104,4 33,6 16
Benecyana 86,7 85,8 14,6 69
SImonus 75,4 75,1 27,2 7
[IIBenus 68,3 64,4 16,2 44

bonee wem 50 % ot Bceobmiero odbeMa MOTPEOIIEMON 3IIEKTPOIHEPTUU
00€eCcreynBalOT TUAPOIIIEKTPOCTAHIIMY, B Oosee yem 60 cTpaHax mupa. OHHU Takxe
OCYUIECTBJISIIOT APYrve, HE MEHEee 3HAaUMMbIe YCIYyTH — O0pb0Yy ¢ HABOJHEHUSMHU U
notpedHocTn opoueHusi. Ilokazarenu na 2006 rog B MHpe MO YCTaHOBJIEHHBIM
MomHOCTAM KpynHbeIX ['9C pocturmm 770 I'BT, B TO BpeMsi Kak, NpOU3BOACTBO
AIEKTPOIHEPTUH HA HUX — 2725 TBT.41.

[To xnmaccudukamuu ['SC paznuyaroT Mo MOIIHOCTH U Hamopy. Heobxoaumo
OTMETUTh, YTO B KaXKJIOM rOCYAapCTBE UCIIOIB3YEeTCsI COOCTBEHHAs KilacCU(UKaLUs
U TapaMeTpbl, KOTOPhIE PACCMATPUBAIOTCS HIKE MPHUBOIATCS MPHUOIUZUTEIBHO.
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['DC 1o MakcumaldbHO HCIOJAB3YEMOMY  HAmopy MOAPA3ACISIIOTCS — Ha:
BbICOKOHanopHbie (Oonee 60 ™M), cpeaHeHamopHbie (oT 25 1o 60 m);
Hu3KkoHamopuele (oT 3 gm0 25 ™). Ilo ycranoBienHodt wmomHocTH (MBT)
paznuyatorca ['DC: kpynssie (250 u Boie); cpennue (ot 10-50 go 250); mansie (10
1-10, B HEKOTOPBIX ciryyasx 10 50).

PaccmoTpum Bompoc O pa3BUTHM Majol rujpos’Hepretukn B crtpanHax CHI.
[IpeBasnpyromiast 4acTb CTPaH MHpPa UMEIOT MPOrpaMMBbl HAllEJICHHbIE HA Pa3BUTHE
MaJiol THUJPOIHEPTEeTUKHU, KAK OJHOTO W3 BHUIOB BO30OHOBIISIEMBIX HCTOYHUKOB
SHEPIUH.

BenenctBue  MmoCnenyromero  yCOBEPIIEHCTBOBAHMSI — TEXHOJIOTMM 1O
UCIOJB30BAaHUIO  THUJPOIHEPreTUUECKOro  MOTEHIMajda  MajblX  peK |
COOTBETCTBYIOIIETO  YMEHBIIEHUS  CTOMMOCTH  BbIpa0aThIBAEMOr0  UMU
AIEKTPOSHEPTUH, a TaKXKe T[OCYJIapCTBEHHOM MOAJEPKKM JaHHOIO CEKTopa
HHEPreTUKH, B OOJIBIIMHCTBE PA3BUTHIX U BO MHOTUX Pa3BUBAIOIIMXCA CTpaHaX
MUpa ee J0Ji1 HEYKJIOHHO Bo3pacTtaeT. [loTpeOHOCTh ajganTaiuu K TiI00aJIbHOMY
M3MEHEHHIO KIINMaTa, YMEHBIIEHUE PacXxoJa U S3KOHOMHUS OPraHUYECKHX PECYpPCOB
BCE 3TO CIOCOOCTBYET POCTY HCIOJB30BaHUSI  BO30OHOBIISIEMBIX HCTOYHUKOB
SHEPIUH.

[IporpamMsbl MO MOAAEPKAHUIO MAJION THAPOIHEPTETUKUA pa3padaThIBAIOTCS
takke B crpaHax CogmpyxkectBa HeszaBucumbix [Nocymapcts (CHI'). Takke Ha
CETOJIHSIIIIHUI JIEHb PACTET YHCJIO BOCCTAHOBJICHHBIX paHEE CIUCAHHBIX U3
sKcruryatanuu maisie ['9C

Cnenyer oOpaTuTh BHUMaHUE Ha YBEJIWYCHHE 4YHUCIA BO300HOBJICHHBIX
IpeXJie BbIBEICHHBIX M3 dKciutyaranuu MI'DC, npumeHnenne QyHKIMOHUPYIOIINX
VUPPUTALMOHHBIX THAPOCOOPYKEHUM 11 COOpYXKeHUs B nX cocraBe mainsle ['OC.
Takxe MOXHO OTMETUTH, YTO MPEIMET HUCCIEAOBaHMUS B cocrtaBe Maiibie [ 9C —
chepa, BbI3BIBAIONIAS MHTEpEC dYacTHOro KamuTana. Ilepwon oxymaemoctu
MOCTPONKH HEOOBIINX TUIPOCOOPYKEHUN — 4-5 JeT, a ¢ yBeIWYECHUEM IICHbl Ha
ANEKTPOIHEPTHIO, TTOKYIIA€MOM Ha PO3HUYHBIX M ONTOBBIX PBIHKAaX, 3TOT MEPUOL
CHUYKAETCSl 4epe3 CPaBHUTENIBHO HEJIOITHI MPOMEXKYTOK roga B 1,5 pasa, uto numeet
0COOYIO MPUBJIEKATEILHOCTD JIJISI CPEAHET0 U MaJIOro OHU3Heca.

Taxxke ecTh HEOOXOAMMOCTh O0003HAUUTH OOIMEe U  CIEHHATbHbBIE

npenarctBus ctpad CHI', koTopble TOPMO3ST MOCIEIYIONINE YCOBEPIICHCTBOBAHMS
naHHoW oTtpaciu. OAHOM W3 TJIABHBIX MPOOJIeM  SBISETCS  HEJOCTaTOK
JOJITOBPEMEHHOTO (PMHAHCUPOBAHMS 17151 CTpOUTEIbCTBA Majbix ['IC.
B ocHOBHOM 3aka3zuMKaMu CTPOUTENBCTBA SIBISIOTCS CPEIHHUI OU3HEC, a TaKkKe
MYHULIUNAIBHBIE U PETHOHATIBLHBIE OpraHbl UCIIOTHUTEILHOM BiacTH. O0ecrneueHus
(¢buHaHCHpOBaHUs MOJAOOHOTO poja BO3BEICHUS U3 OI0KETa rocy1apcTBa OOBIYHO
HE MpeayCcMaTpUBaETCs.

banku u KpenuTHBIE KOMIIAHUH HE YYacTBYIOT B BOo3BeaeHUU Malibix ' 9C u3-
3a TPOJOJDKUTENBHOTO (MO0 YyCIOBUAM (HUHAHCHpPOBAaHUA OaHKaMM) TMepuoaa
OKYIIa€MOCTH, MaJIbIX 00BEMOB KalUTaJIbHBIX BJIOYKCHU M. Taxxe
MPOJIOIKUTEILHBIMU U CIIOKHBIMU SIBJISIFOTCSI MEPOIIPUATHS 110 OTBOJY 3€MEJIb MO
BO3BE/ICHUS MaJIbIX THAPOIIEKTPOCTAHIIMM U COTJIACOBAHUE 11O MPOEKTAM CTAHIIUM.
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B otrnensHbix rocymapcrBax CHI' ceTeBble KOMMaHUU MPEYyBEIUYUBAIOT 3aMPOCHI
[0 TEXHOJOTMYECKOMY NpUCOeNMHEHUIO K ceTaM Maiibix ['DC. [lo Ha3zBaHHBIM
NpUYMHAM HaOMIOAAI0TCA Pa3HOOOpa3HbIE MOJIXObI K OCYIIECTBICHUIO MOJIUTUKU
10 PACIIMPEHUIO JAHHON OTPACIIH.

CornmacHo crtpareruu pa3BuTust sHepretuku Poccum no 2020 rona,
wianupyercs B Ommkaiiimme 10 ner yBenwuuth pomo BUD mo 4%, uto
NpUOJM3UTENIbHO B TSATh pa3 MEHbIIE, YeM TOTEHIMAl BO300OHOBIISIEMON
SHEPreTUKH, KOTOPBIA BO3MOXXHO OCYIIECTBUTH Ha YPOBHE HBIHEIIHETO
SKOHOMHMYECKOTO Pa3BUTHS.

B mnameit crpane cutyanus mnojnoOHas. 37ech ObUT NPUHAT 3aKOH O
MOJJICP)KKE BO30OHOBIISIEMOM DSHEPTETHKH, HO OH HMMEET CKOpPEE XapakTep
paMOYHOTO THIIAa W HE BKJIIOYAET B ce0S OMPEAEICHHBIX MEXaHU3MOB IIO
OCYILECTBJICHUIO CTUMYJIMPOBAHUS PA3BUTHUS JAHHOW OTPACIIM SHEPTETUKHU.

[Ipeanonaraercs, 4To 1075 BO300HOBIsieMO# sHeprun A0 2020 roga 10omKeH
COCTaBUTh OKOJIO 2,5 %, 3TO B CBOIO OYepe/lb, TOBOPUT O CIAOOM TEeMIIE POcTa
BO300OHOBJISIEMO SHEPTETUKHU, B TOM YHUCJIE MAJIOH.

OrnpeneneHHple CeNUaNuCcThl CYUTAIOT, YTO HECHIIbHAS 3aUHTEPECOBAHHOCTD
MOKET OIPEAEATHCS CTAPOMOJIHBIM CTEPEOTUIIOM MBIIIJICHHUS HAIIIETO 00IIeCTBa O
JIOBOJIBHO ~ BBICOKOM  3aIlac€ OpPraHMYeCcKOro TOIUIMBA, BCJIEACTBUE ATOTO
OTIpeJIeIISIETCS HE 0COOBIN MHTEPEC K MaJIOl TUAPOIHEPTETUKH.

B npyrux crpanax CHI' Taxxke oxupaercss HEOOIbLIONW POCT MPUMEHEHUs
BO300HOBIISIEMOU SHEPIETUKH, B TOM YKCJIe Majoil. B cBsI3u ¢ 3TUM 11e51eco00pa3Ho
OpraHMW30BaTh  MEXIOCYJapCTBEHHBII  OpraH B paMKax  HMMEIOIIUXCS
uHTerpauuoHHbIX cTpykTyp CHI' mo pa3ButHio BO300HOBISIEMOIl SHEPreTUKH,
OKa3bIBAIOIINM HAYYHO-TEXHUYECKOE MOMOIIb pa3padoTKaM B JaHHON 00JIaCTH.

Ha cerogusammnauii  neHp Hama ctpaHa KazaxcraH MMeeT BHYIIUTEIbHBIN
TUJpOdHEpPreTuueckuid moteHnuan — 170 mapa kBt.4, u3 Hux 30 Mapa nojjexar
1[€J1€CO00Pa3HOMY MCITOIH30BAHUIO CO CTOPOHBI SKOHOMUKH.

Pacnipenenennie pecypcoB B 00JaCTH THAPOIHEPTETHUKUA IO TEPPUTOPUU
Hallleld CTpaHbl HEOAHOPOJHO, OHM CKOHILIEHTPUPOBAHBI B OCHOBHOM B IOTO-
BOCTOYHOM M BOCTOYHOM pervoHax. LlenTtpanbublii u CeBepHBI pPETUOHBI
conepkat Bcero 1,7% BO3MOXKHBIX THAPOIHEPTETUUECKUX PECYpcoB cTpaHbl. Ha
pucynke 1.1 mpencraBiaeHBl BOAOXO3SMCTBEHHBIE OacceliHbl  PecmyOnmuku
Ka3zaxcran

Mormunocts uMmerontuxcss ['9C Pecny6nuku Kazaxcran — 2068 MBT ¢

roJIoBoi BbIpa0OTKON 3ekTposHeprun 8,32 miapa kBt.u (12% B crpykType
TEHEPUPYIOIINX MOIIHOCTEH U BBIPAOOTKE PIECKTPUUECKON IHEPTUH ).
OcBoeHHE THUAPOPECYPCOB MPOU3ZBOAUTCS PAIMUYHBIMU CPEAHUMU U KPYIHBIMU
craniusiMu  — [lyneOunckasi, byxtapmunckas, u Ycrb-Kamenoropckas Ha
Upteiue, [lapnapunckas Ha Ceipaapee, Kanuaraiickast Ha pexe Wnu, MoliHakckas
Ha peke YapeiH. Kazaxcran oOnamaer Takke W CYIIECTBEHHBIM MOTEHIIMAIOM
Majioit ruaposHepreTuku. HacuureiBaercs 2174 peku niuHOo# 6osee yem 10 kM, ux
BCEOOIIIast MPOTSHKEHHOCTh MPEBOCXOUT 83,2 THIC. KM.
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KonuuectBo pek npotsbkeHHocThiO 0T 10 10 50 kM cocraisier 1889 (86,9%), ot 50
10 100 km — 130 (6%), 60ee 100 km — 155 (7.,1%). CregoBaTenibHO, K KaTErOpUN
MaJjbIX MOKHO OTHecTH moutu 90% pek, 4To ompeaenser uX ILenecoo0pa3HOCTh
MPUMEHEHUE CO CTOPOHBI SKOHOMUKHU JJIS HYKJI MAJION TUIPOIHEPTETUKHU.
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Pucynok 1.1 — Bonoxo3zsiiictBennblie 6acceitnbl Pecriyonuku Kazaxcran

MakcumanbHyto Joit0 B obmeM oOseme BUWD 3anumaror wmanble
ruapodiekTpoctanimu. Ha 2009 ron BeipaboTka siekTposneprun Mmasibivu ['9C
379,6 muiH kBT1.u (oOmias ycraHoBjeHHas MomHOCTH 97,6 MBT). B pe3synbrare
nepexoja Ha IICHTPAIM30BAHHOE JHEpProcHadkeHue Oblla MPUOCTAHOBJICHA
sKCIUTyaTanusi 0oJbuioro kojguyectBa Manbix ['DC, kak B Kazaxcrane, Tak W B
npyrux rocynapctBax CHI'. B Hacrosiiee BpeMs (GYyHKIIMOHUPYIOIIME MaJible
TUJAPOCTAHIIUU  TPEOYIOT, UTOOBI uX O0OpYyIOBaHHME MPOULIO MPOIECC

MOJEPHU3ALMHU U PEKOHCTPYKIIHUH.
Tak, k mpumepy, Ha peke boisbimas AnMaTWHKa HaxXOAUTCSA Kackax w3 9

nepuBallMoHHbIX MI'DC, HyXIaronmics B TEXHUYECKOM PEKOHCTPYKUUWA U
MoepHu3aiuu. CymMmapHasi yCTaHOBJIEHHAs] MOIIIHOCTh Kackaja paBHa 43,7 MBrT,
cpeaHeMHorojieTHsss BeipaboTka — 203,2 mMiuH kBT.4, cample OoibIlue CTaHIMU
kackaga — Bepxaue ['DC-1 m I'DC-2. C nenpio MOKPHITHS KOMIICHCUPOBAHMUS
HEXBATKH JJIEKTPOIHEPTUU B I0kKHBIX perroHax PK ocymectBistoTcs pabora 1o
BOCCTAHOBJICHUIO U PEKOHCTPYKIIMU Tpexae (YHKIIMOHUPOBABIINX MaJbIX
TUAPOCOOpYKeHM. Takue COOpy)KeHHsS ObUIM BOCCTAHOBIICHBI B  IOCEJKE
®abpuuHblii ATMaTHHCKON 00acTu, MOIHOCTH cocTtaBmwia 600 kBT, a Taxxke uaer
pexoHcTpykuua Mccebikckoit '9C. Ha pekax bosbimas m Manas AnMmaTuHKa, B
AnMatuHCKOM o0acTu pacronaraetcss AnMatuHckuil kackan ['9C. OH BKIIIOYAET B
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cebst 11 manbix rupoy3noB, 00IIasi MOIIHOCTh KOTOPBIX coctaBisieT 49,15 MBT,
BBEJICHHBIX B dKciutyaTanuio B 1944—1954 ronax. BrnanenerneM kackaaa sBISE€TCS
AOQO «AIIMaTUHCKHUE AIEKTPUUYECKUE CTAHLIMWY. BEpOSITHO pa3BUTHE KacKaJa 3a CUET
BO3BEJICHUS IBYX MaJIbIX 00I[asi MOIIHOCTh KOTOPBIX cOCTaBUT 5 MBT.

Ha rtakmx pekax kak Tuxas u I['pomortyxa, Bocrouno-Kazaxcranckoi
obnactu HaxoauTcs JIeHMHOropckuil kackaa. B cBOW cocTaB BKIIIOYAET [BE
dbyukuonupyroime I'C obmeit momHocthio 11,78 MBT u Ha 1aHHBIE MOMEHT
HECKOJbKO HE (DYHKITMOHHPYIONIUX, KOTOpPhIe OBUIM BBEICHBI B JKCILTyaTaIlUIO B
1928-1949 ronax. Bmanenenem kackaga ssisietcs TOO «Pummep I'9C».

Ha peke Kapartan, B AnmartuHckoil oOmactu Haxoautcs Kapartambckuit
Kackaa. B cBoil coctaB BKJIIOYAET YEThIpE (PYHKIIHMOHUPYIOIIUE U HECKOJBKO
MPOEKTUPOBOYHBIX cTaHluil. [Ipenmnonaraercsi, 4to B Ciydae MOJHOTO Pa3BUTHS
Kackaa JoibkeH cocroarh u3 gecaru ['DC. Boseeaenue Kaparanbckoit 'DC
Hayajock B 1950 roay, ctanmus Obuta 3amyiieHa B 1953-m roay, 3akondyeHa B 1954
roxy. MomHocTs coctaBmwia 10.,08 MBT, cpenneronoBas BeipaboTka — 50 MIIH.
kBt.4u. B 3manuu I'DC Bo3BeneHBI TPU BEPTUKAIBHBIX THApOarperara ¢ paJualibHO-
OCEBBIMH TYpOMHaMH, KOTOpbIEe padOTalOT MpH pacueTHOM Hamope 46,2 Mmerpa.
TypOunbl 3amyckatoT B pabOTy THApOreHepaTopbl MomHocThio 3,36 MBT.
[Ipou3BoAUT NaHHBIE TUIpoOArperatbl BeHrepckas kommanus Ganz. Branenernem
Kaparansckoit ['DC sBnsercs AO «Kazunaky.

Kapartansckas ['DC-2. Hawamo BosBemenuss — 31 ampens 2007 rona,
3aBepuieHue — 19 centa0ps 2008 roga. JlanHasi cTaHiusi JEPUBALMOHHOTO THIIA,
pasmenieHa Huxe Kaparanbckoit '9C, BbINOIHSAET BOJ03a00p U3 €€ OTBOJSIIETO
kaHaa. MomtHocTh coctaBisieT 4 MBT, cpenneromoBast BeipaboTka — 19,5 miH
kBr.u. B 3maHMM uMEIOTCA JBa THApPOArperara, MOIIHOCTb KOTOpbIX 2 MBT,
(GYHKUIMOHUPYIOIIMX HAa pacueTHOM Hamope 19,8 M mpu obmiem pacxoae Boabl 25
m/c.Ob6opynoBanue mocraisieT (paniysckas kommnanus SA Mecamidi. Bianenerr
craniuu — TOO «Kackaa Kaparansckux I'9C».

Kaparansckas I1'2C-3. Hauwano Bo3Bemenus — ¢eBpanp 2009 rona,
3aBepuieHue — 22 nekadbps 2009-ro. Kaparanbckas ['9C-3 pacmonaraercst HuUxe
Kaparansckoit '3C-2, a Takxke oCylIecTBIsIET BOA03a00p M3 OTBOASAIIETO KaHaja.
Cranius AepuBallMOHHOTO TUma. B cocTaB coopyKeHUW BXOAAT: BOAONPHUEMHUK;
JEPUBAIIMOHHBIM KaHan JuIMHOW 1255 ™M; HamopHbli OaccelH; TypOUHHBIE
BOJIOBOABI, 3aaHue ['DC; OTBOASIIMI KaHAN;, JEIUTeIh COPOCHOW U XOJIOCTOM
copoc. MomHocTts coctaBimsier 4,4 MBT, Tpu ruapoarperata yCTaHOBJICHBI B
3nanuu. OOopyaoBaHUE MOCTaBisieT KuTaiickas kommanus «lllannm». Bnangenen
craniuu — TOO «Kackan Kaparansckux ['9C».

Kaparansckas I'2C-4 BHeapena B ctpoit 28 uroHs 2010 roma, MOIIHOCTh —
3,5 MBrT. Bnanenen ctanuuu — TOO «Kackan Kaparanbckux ['9C».

B EnGekmukazaxckom paiioHe AnMaTtuHCKOW oOnactu Ha peke Hcchik
pacnionaraetcsi Kackag I'DOC. CocTtouT W3 Tpex CTaHIUMU, JHA M3 KOTOPBIX
NEUCTBYET, BTOpas CTPOUTCS M TPEThsl MpoeKkTupyercs. BruagenenmeM kackana
apigercss  TOO  «OueproAnem». Beegena B skcmiyaramumio [DC-2,
peanu3oBbIBacTCs cTpouTeabcTBO ' DC-1 u npoektuposanue ['IC-3.
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Tanrapckas ['DC Haxoautcss Ha peke Tanrap, MOUIHOCTH COCTaBiseT 3,2
MBT. bpun ycTaHOBJIEHBI TpU TUApoarperara, Kotopbld B 1959 romy u3rotoBui
3aBoa  «Ypairugpomam». Brnagenen — AO «AJIMaTHHCKHE BJIEKTPUYECKHUE
craniuuy. [Ipeanonaraercss ocyecTBieHrne padoT MO PEKOHCTPYKIMHU THIPOy3Jia
C IOBBIIIEHNEM MOIIIHOCTH 10 6 MBT.

Uccrpikckas 'D9C-2 BBenena B crpoit 3 HosOps 2008 royma. Pacmonaraercs Ha
0.,7 xM HMIKE cene3aluTHON TUIOTUHBI Mcchikckoro o3zepa Ha Tepputopuu Mie-
AJaTayCcKoro rocyJlapCTBEHHOTO HAIlMOHAJIIBHOTO MPUPOIHOIO mapka. MOITHOCTh
cocraBisier 5,1 MBT, cpegnerogoBas Belpad0TKa — 25 MiH KBT.4. CTOMMOCTB
JTAaHHOT'O TTPOEKTa OorlcHuBaeTcs B $4.3 MiTH.

Mepkenckass ['9C-3 naxonutcsi Ha peke Mepke B MepkeHCKOM paiioHe
KamObuickoit obmactu. MomHocTh  coctaBisier 1,5 MBt, cpeanerogoBas
BbIpaboTKa — 6, 5 MiH KBT.4y, croumocts Bo3BeaeHHs: — 237 miuH. TeHre. ['OC
BBejicHa B cTpoit 28 nekadbps 2010 rona.

Cepreesckas ['9C pacnonokeHa Ha peke MmumM, Kak HamOpHOE COOPYKEHHUE
ucrosib3yercs miaoTuHa CepreeBCKOro BOAOXPAHMIUIA. MOIIHOCTh COCTAaBIISET 2
MBT, ycTaHOBIJI€HBI ABE TUIPOTYPOUHBI MOIIIHOCTh, KaX0i cocTaBisier | MBT.

Nuble Manbie runpocoopyxkeHusi Kazaxcrana: Axcyckas ['DC - 2 MBr,
KOTOpasi BBEJIEHA B CTPOM IMOCIIE€ BOCCTAHOBJIEHUS U PEKOHCTPYKIIMH B Havaie 2008
rona; 3aricanckas ['DC - 2 MBT; Ycnenckas ['DC — 2,5 MBT. OcymiecTBisercs
skcIuryatauuss AHTOHOBCKOM ['DC, mMomHOCTh KOTOpOU coctaBisier 1,6 MBT, Ha
HEW YCTAaHOBJIEHBI JBa Truapoarperara, cuemanHele B 1960 romy Ha 3aBone
«Ypanrugpomarin»; ['eopruesckoii 'DC - 1,7 MBT; Ypmxkapckoit '2C 0,175 MBT.

[locTtanoBnennem mpaButenbcTBa PecnyOnuku Kaszaxcran yTBepkeHa
nporpaMma Mo pa3BUTHIO JIEKTPOIHEPTETUK, B KOTOPOU 3aIlJIaHUPOBAHO Pa3BUTHE
MaJiol TUAPOIHEPreTUKHU. [IpupocT reHepupyrommrx MOIIHOCTEW MpeanonaaraeTcs
MOJYYUTh 3@ CYET CTPOUTEIbCTBA HOBBIX MaJbIX THAPOAIEKTPOCTAHIUNA B
00J1aCTsX, B KOTOPBIX PACTIOIO0KEHBI THIPOIHEPTETHUECKUMU PECYPCaMHu.

B Anmarunckoint oOmactu: kackam manesle I'9C Ha pexke Kokcy oOmiei
MoiHOCThI0 42 MBT u BBOgOoM B cTpoil B 2012 rony; MI'DC Ha peke backan
MortHOCTEI0 4,37 MBT m BBosioM B 2011 roxy; MI'DC Ha peke Mccbik oOmei
MoiHOCTEI0 5 MBT u BBosoM B 3kcmutyaranuio B 2011-2012 rogax; MI'DC Ha
peke Ilenex obmreit momHOCTHIO 30 MBT 11 BBOos1oM B 2014-2015 rogax; MI'DC Ha
peke Jlencol MomHOCTHIO 4,8 MBT 11 BBO1OM B 3KcItyaTanuto B 2012 romy.

B HOxHo-Ka3zaxcranckoil 00acTu: Malible THAPOAIEKTPOCTAHIMU HAa PEKe
Kenec o6uieit MmontHocThio 10 MBT 1 BBos10M B skcrutyatanuio B 2011-2014 ronax.

CoBpeMeHHbIE TEXHOJOTHH MPUMEHEHUs] SHEPTUd MaJIbIX PEeK M BOJOTOKOB
pa3peliaroT CTPOUTHh Majble U MUHU - THAPOIICKTPOCTAHIIMM TPU HMEIOIIUXCS
TUAPOTEXHUYECKUX COOPYKEHHUSX. DTO J100aBOYHBIM pe3epB B PAa3BUTHU Majloil
rugposHepreTuku. B Kazaxcrane cylecTBYIOT KaHalbl € MepernaiaMu, BEPOSITHBIMU
JUIST TIPUMEHEHUST B TakuxX 1elsix. [IpoekTHeie mpopabOTKH MPEACTABIISIOT:
CTPOUTEIHCTBO MaJbIX THAPOY3JIOB Ha Mepemnajgax Ieaecoo0pa3sHo pean30BbIBAThH
no tumy Oe3HanopHoi aepusaronHod ['9C. Hanuune G0MBIIOT0 HEOCBOSHHOTO
TUAPOIHEPTETUYECKOrO0 TMOTEHIMala Ha KPYMHBIX HPPUTAIMOHHBIX KaHajdax H
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BOJIOXPAaHMJIMILAX pa3peliaeT pa3BUBaTh THIPOIHEPTETHKY B palloHaX OpPOIIAEMOTO
3eMIIe[IeNus, TJe OTMeYaeTcs AePUIUT dIEKTPOIHEPTUH.

MupoBOi ONBIT MOKA3bIBAET, YTO OCBOCHHE TMAPOINOTEHIMAIa MaJbIX PeK
HAXOJIUTh PELICHHE B 00JIACTH YHEPTOCHAOKEHUsT MeNKKX rorpeduteneii. B Kurae,
K mnpuMmepy, Bo3BeneHo Oonee 90 Thicau Manbix ['DC, obecneuuBatonme 30
IPOLEHTOB 3HepronoTpedieHus B cenbckux panonax. B CIIA pazpaborana
rOCyJapCTBEHHAs MpOrpaMMa pa3BUTHS Malloi ruaposnepretuxu: ao 2020 rona
npeanoiaraercs BBectd Manbie ['9C cymmapHoil MontHocThiO 50 Thics iy MBT, uTO
obecrieunt npousBoacTBo 200 mmummapnoB kBt/a anekrtposneprum. [Ipu 3tom
croumocTh 1 kBt1/u anekrposneprum, BeipaboranHoi Ha Manoi ['DC, cocraBuser

1,8-2,4 nienra (Habonpmux '9C— 3,2-5,5 nenra, na ADC— 2,8-3,9 nenra)[3].

B wmanbix, "mukpo" wumu "Hano" I'DC coBmemniarorcs MNpeuMyIlecTBa
oonpmiolr I'DC ¢ 0OJHON CTOPOHBI M BEPOSATHOCTH JICLEHTPAIM30BAHHON IMOJa4H
SHEPIUM C Jpyrol cTopoHbl. OHM HE HUMEIOT MHOTHX U3bSHOB, KOTOpHIE
xapaktepHbl s Oonbmnx ['IC, a UMEHHO: JOpOrMe TPAHCMHUCCHH, MPOOJIEMBI,
CBSI3aHHBIE C OTPHIATEIBHBIM BIMSHUEM Ha OKpykaromyrw cpeay. Kpome Toro,
WCIIOJB30BaHUE MaJiol TUJIPOIHEPTETUKU TMPUBOJUT K JELUEHTPAIM30BAHHOMY
WCIIOJIb30BAaHUIO  DJIEKTPOIHEPTUH, OKa3aThb COACHCTBHE pPAa3BUTHIO JTAHHOTO
peruoHa, riiaBHbIM 00pa3oM OCHOBAHHOM Ha CaMOJIOCTaTOYHOCTH U UCIOJIb30BAaHUU
MECTHBIX PECYPCOB.

Bo BceM Mupe cerojHs yCTaHOBJEHO HECKOJBKO Thicad wmanbix [IC.
CoBpemeHHbIE TUAPOIHEPIETUUECKHE TEXHOJIOTUU ABJISIIOTCS OYECHb
BBICOKOPa3BUTHIMHU.

3a mnocneguue S0 et ObUIM  3HAYUTENBHO  YCOBEPIIEHCTBOBAHBI
KOHCTPYKIIMU THUAPOTYpPOWH, B MEPBYIO O4YEpelb C IEIbI0 JOCTHXKEHHUS Ooliee
BBICOKOT'O YPOBHSI MPE0OPa30BaHUSI MEXaHUUECKOM YHEPTUU B DJICKTPUUECKYIO.

Manass ruApo3’HEpreTMka HMeeT oco0oe 3HaueHHe [JIsi CTpaH ¢
pa3BHUBAIOILEHCA HSKOHOMHUKOM, B TMEpPBYIO ouepelb, Onarogaps 00eCTeUeHHIO
MPUHIUINA JAeleHTpaIn3aiuu. BeipaboTanHas IeKTpOIHEPTUsi 0OBIYHO MepeaaéTcs
M0 HU3KOBOJIbTHOM paclpeleNuTeIbHOM CeTU OTHOCUTEIBHO HEOOJBIIOMY
KOJIMYECTBY MOTpeOUTENeH, pacrnonoxkeHHbix moodnuzoctu ot I'2C.

Marneie ['DC oTauyarorcst Apyr OT Apyra B 3aBUCHMOCTH OT UCMOJIb3yEeMOTO
Haropa Bojbl. BricokoHamopubie ['DC TUMMUHBI [ TOPHBIX OOJNacTel; u
BCJIEZICTBUE TOTO, YTO JJIsl BRIPAOOTKHU TAKOTO YK€ KOJIMYECTBA AJICKTPOIHEPTUU UM
HEOOXOJIMM MEHBIINA TMOTOK, OHKM 00bIYHO jaemieBie apyrux ['DC. I'DC manoro
Haropa TUIIUYHBI JJIsl paBHUH, UM HE HY>X€H BOJONpoBoAsmuil kaHai. Ha pasmep
KalUTaJIbHBIX 3aTPaT, CBSI3AHHBIX CO CTPOUTEIHCTBOM MaibiX ['DC, BiIHsSEeT MHOTO
dbaxTopoB. OgHAKO OJTHUM W3 HauOoJjiee CYIICCTBEHHBIX SIBISETCS BBHIOOp MecCTa U
"nmpuss3ka" k Hemy [ 9C. Hanuuue COOTBETCTBYIOIIETO HAMOPa U CKOPOCTH MOTOKA
BOJIbI - HEOOXOIMMbBIC YCIIOBHUS JIJIsl IPOU3BOJICTBA JICKTPOIHEPTUu [4].

Cpenu HKOHOMHUYECKHX, HKOJOTMUECKHUX M COIMAJIBHBIX MPEUMYIIECTB
O00OBEKTOB Majol THAPOIHEPIeTUKH MOXHO Ha3BaTh cienyroume. Mx cosnanue
MOBBIIIAET YHEPreTUYECKYI0 0€30MacHOCTh PEruoHa, 00eCreYnBaeT He3aBUCUMOCTh
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OT TOCTaBIIMKOB TOIUIMBA, HAaXOJAMIMXCA B JPYTMX pEruoHax, 3KOHOMHUT
nepUIUTHOE OpraHudeckoe TomiMBo. CoopykeHue MOoJA0OHOI0 dHEPreTUYeCcKOro
o0ObeKkTa He TpeOyeT KpYNHBIX KAlHUTaJIOBJIOKEHUH, OOJIBLIIOTO0 KOJMYECTBA
DHEPrOEMKHMX CTPOUTEIBHBIX MATEPUAIOB U 3HAYMTEIBHBIX TPYH03aTpar,
OTHOCHUTEJILHO OBICTPO OKYIIaeTCsl.

B mpouecce BblpaboTku 3nekTposHeprun  MI'DC  He mpou3BOIUT
IIAPHUKOBBIX Ta30B U HE 3arpsA3HICT OKPYXKAIOLIY Cpeay IPOAYyKTaMU IOPEHUs U
TOKCHUYHBIMH OTXOJIAMH, YTO COOTBETCTBYET TpebOoBaHUsAM Kuorckoro mportokona.
[TonoOHuble OOBEKTHI HE ABIAIOTCS NPUYMHONW HABEIECHHOM CEMCMHYHOCTH H
CPAaBHUTEIBHO O€30MacCHbl MPH ECTECTBEHHOM BO3HUKHOBEHUU 3EMIIETPSACEHHI.
OHu HE OKa3bIBAIOT OTPULATEIBLHOIO BO3ACHCTBUSA HA 00pa3 KU3HU HACEJICHHS, Ha
YKUBOTHBIM MUP U MECTHBIE MUKPOKIMMATHYECKUE YCIOBUSL.

CrpoutenbectBo MI'DC  1mo3BoauT  cHa0XaTb  TOpPHbBIE  paliOHBI
AJIEKTPO3HEPTUEH B IOJIHOM O00BEME, UTO MPHUBEAET K PE3KOMY YIIYUIIECHUIO
COLIMAJIBHBIX YCJIOBUW >KM3HU TOPLEB, PACIIMPEHUIO CYIIECTBYIOIIMX U CO3JAHUIO
HOBBIX IPOU3BOJACTB (OPOCUTENBHBIX CHCTEM, LIEXOB IO BBIMYCKY CTPOUTEIBHBIX
MaTepuajoB, CUCTEM BOJOCHAOKEHUS M BOJOOTBEIEHHUS, arpOIpPOMBIIIICHHBIX
KOMIUIEKCOB U T.I.) U, COOTBETCTBEHHO, K CO3/IaHUIO JOMOJHUTEIBHBIX pabounx
MecT. B koHeUHOM UTOre CHAOKEHUE JIEKTPOIHEPTUel TOPHBIX PailOHOB Ha OCHOBE
UCIOJIb30BaHUSl BO300HOBIISIEMOM M 3KOJOTHYECKOW YHMCTOM TUApPaBIMYECKOM
HEprun OyJeT crocoOCTBOBATh BO3POKACHUIO M Pa3BUTHIO OTHAJICHHBIX FOPHBIX
CEJICHHI U 3aKPEIVICHUIO HA MECTaX KOPEHHOT'O HACEJICHHUS.

K yckopeHHOMY pPa3BUTHIO MajiOl THJIPOIHEPIe€THUKUA MOTYT MOJTOJIKHYTh
aBapuy, YYaCTHBIIMECS B DHEPrOCHCTEME CTpaHbl, MOCKOJIbKY THApPOArperathbl
MOTYT ObITh MCTOYHMKAMU aBTOHOMHOTO muTaHus. [pyroil gakrop yckopeHus —
HKOJIOTHYECKUE TPEOOBaHUS K BbIpaOAThIBAEMOWN 3HEPruu, 4TO CTajo elie Oosee
aKTyaJIbHBIM B CBSI3M C BBEJICHHEM B JielicTBUE KHOTCKOTrO MpoToKona.

Ceromnst manbie ['OC (Mukpo-I'DC) monmyuunu yke pacrnpoCTpaHEHHUE BO
MHOTHX cTpaHax Mupa. OHU XapaKTepu3yIOTCs OOJBINON YacOBOW HapabOTKOM,
3HAYUTEIBbHBIMU KOHCTPYKTMBHBIMU 3allaCaMd M BBICOKOM HaJEXKHOCTBIO, HE
TpeOYIOT MOCTOSTHHOTO MPUCYTCTBUS 00CITY>KHBAIOIIIETO MEPCOHAIA.

DKOJIOTUYECKHUE TOCIEACTBUS OT CTPOMUTENbCTBA M 3KcIutyaTtauun MI'DC
MUHHAMAJIBHBI. Masnasi TMApO3HEPreTUKa MPaKTUYECKH HE 3aBHCUT OT IOTOJHBIX
yCIOBUM U cnocoOHa oOOeCrneyuTh YCTOMYMBYIO T0Jayy 3JIEKTPOIHEPTIHH
NOTPEOUTENIO.

MI'DC BbIpabaThIBAIOT ACHIEBYIO AJIEKTPOIHEPTHIO, U CPOK OKYIIA€MOCTH HE
IpeBbIacT 3-5 Jer.

bosbmMHCTBO CTpaH MHpa HMMEIOT [OPOrpaMMbl  pPa3BUTHS  Majou
THAPOIHEPTreTUKA KaK OJHOTO W3 BHUIOB BO30OHOBISIEMBIX HWCTOYHUKOB. B
pe3ynbTrare JalbHEHMIIEr0 COBEPLIEHCTBOBAHWS TEXHOJOTMH  HMCIOJb30BaHUS
TMIPO3HEPTETUYECKOr0 MOTEHIMAA MaJbIX PEK M COOTBETCTBYIOLIErO CHUKEHUS
CTOMMOCTH MPOU3BOJMMON HMH 3JIEKTPOIHEPTMHU, a TaKXKe TOCYAApCTBEHHOU
HOJIEPKKHA 3TOrO CEKTOpa SHEPreTHKH, B OOJBIIMHCTBE Pa3BUTBIX U BO MHOTHUX
Pa3BUBAIOILMXCS CTPAHAX MUpA €€ J0JS HEYKIIOHHO BO3pacTaeT. DTOMY B HEMAJION
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CTETICHU CIIOCOOCTBYET POCT WCIOJB30BaHUSI BO300HOBISEMBIX HMCTOYHHUKOB
HHEPrYH, BBI3BAHHBIA HEOOXOJIMMOCTBHIO aJanTaliu K TiI00aJbHOMY H3MEHEHUIO
KJINMaTa, CHUKEHHUS pacX0J0BaHUs U SKOHOMUHU OPraHUYECKUX pecypcoB [6].

I'mapornorennnan Kazaxcrana onenuBaercss npumepHo B 170 TBt (muH.
MBT) B roz, Ha ceroaHs U3 HUX BbIpabaTbiBatoTCs nuiib 7-8 TBT B rog, T.e. MeHee
5%. D10 cBsizaHO cO cTpouTenbcTBOM KpynHbiX ['D9C Ha p. Upteim u p. in u
OTCYTCTBUEM TEXHMYECKHUX BO3MOKHOCTEN MOAKIIOUECHHUS Malibix U MUHH-1DC B
oOmryro cetb. B HacTosmiee Bpems pa3pabaThIBalOTCS MPOTPaMMBI IO
ctpoutenscTBY Manbix ['DC kackagHoro tuma. B 3ToMm ciydae 6omblnoe 3HaUeHHE
MMEIOT Majible TUJIPOIJICKTPOCTAHIIUU, MOIIHOCTh KOTOPBIX cocTaBisieT mMeHee 10
MBT.

Poct SKOHOMHUKHU Kazaxcrana npeamnonaraeT BO3pacTaHue
MEKTpONOTpeOaeHus. J[ns CTUMYyITUpOBaHUS CTPOUTENHCTBA BO300HOBIISIEMBIX
UCTOYHUKOB AHepruu B 2009 roxy npuHAT 3ak0H «O MOAAEPKKE MCHOJB30BAHUS
BO300OHOBJISIEMBIX UCTOUHHUKOB SHEPTHI.

Ecnu HamaguTh NOpPOM3BOJCTBO HHEPrUM HA OCHOBE BO300HOBIISEMBIX
UCTOYHUKOB, Ka3zaxcTaH COKOHOMUT JAECATKH COTEH TOHH YCIOBHOIO TOILUIWBA,
KOTOPbIE MOXKHO JKCIIOPTHPOBATH, U MPHU 3TOM PAJAUKAIBLHO COKPATUTH BBHIOPOCHI
YTIEKUCIIOTO Ta3a B aTMmocdepy.

[upokomacmtabHOE CTPOUTENBCTBO MalibiXx U MUHHU-IDC mo3BOIUT
CHU3HUTH CE€0ECTOMMOCTh SJIEKTPOSHEPIUU 3a CYET MPOU3BOJCTBA COOCTBEHHBIX
TUAPOTYPOMH U 3JIEKTPOOOOPYAOBaHUS C MaKCHUMaJIbHBIM  Ka3aXxCTaHCKUM
conepkanuem [10].

1.3 I'uaposoruyeckue 0COOEHHOCTH U XaPAKTEPUCTHKH CTOKA BOAbI

3aKOHOMEPHOCTH U XapaKTEPUCTHUKU CTOKA PEK U3y4yaloTCsl B THIPOJIOTHHU.
['unposHepreTrka cBsi3aHa C PEYHBIM CTOKOM M 3aBUCUT OT Hero. B TedeHue
BPEMEHHU TMPOUCXONAT KOJEOAHMsS CTOKA, TaK KaK BO BPEMEHH MEHSIIOTCS OCAJIKH,
TasHUE CHEera, WCIapeHue, TpPyHTOBoe TmMTaHue u japyroe. Ce30HHbIE W
MHOTOJIETHHE KOJIeOaHUsS CTOKAa pek HeOmarompusaTHel st [DOC u st MHOTHX
JIPYTUX OTpaciedl HapOJHOTO XO3SHCTBA, IMOATOMY CTOK PEK pPEryJIupyeTcs
BOJOXpaHWINIIAMA. Pa3Mep BOAOXpaHWIHINA TPSIMO BIUSET Ha CTCIICHb
pPETYIMpPOBaHMS CTOKAa. PerynmmpoBaHuWe OCYIIECTBISETCS B COOTBETCTBUHU C
TpeOOBAHMSIMU YHEPTETUKU U OTPACIICH BOJTOX03IHCTBEHHOT'O KOMILICKCA.

DOddeKkTUBHOCTh  peryJUpOBaHUS CTOKA 3aBUCHT OT 3HAHHUS  €T0
OCOOCHHOCTEH M XapaKTEPHUCTHK, TTO3TOMY THIPOJIOTHS SBJISICTCS B ONPEACICHHOM
CMBICIIC YaCThIO THIPOIHEPTCTUKU. | HIAPOJIOTHS ITOMOTaeT IPABUIBLHO ONPEICIIATh
XapaKTEPUCTHUKW CTOKAa U, CJEN0BAaTEeIbHO, BBIPAOOTKY OJIEKTPOIHEPTHU U
MOIITHOCTbH CTaHITUH.

Ocanku — TIaBHBIA CTOKOOOpazyromwuii (aktop OonpmmHCTBA pek. CTOK
BOJIbI B OTIPEICIICHHOM CTBOPE PEKHU 3aBUCHUT OT OCAJKOB C IJIOMIATU BOAOCOOPHOTO
OacceitHa. YacTh 0calKoOB, BBIMABIIMX Ha CYIIy, UCHAPSETCs, B OCTAJIbHAsI 4acThb
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crekaeT B peky. Ocamku (popmupyroT ctok. CTOK 00b€M BOJBI, MPOTEKAIOIINAN
yepe3 JaHHOE MOTEPEeYHOe CEeUCHUE PEKU 3a OIpEIeTICHHBINA MPOMEXKYTOK BPEMEHH
(cyTku, Hemens1, MecsI, ce30H, rof). [lmomans, ¢ KOTOPOH OCYIIECTBISETCS COK B
JTaHHYIO PEKy, Ha3bIBaeTCsi BOAOCOOPHBIM OacceitHOM »ToW peku. JluHus,
OTIEINSIONast OacCeH OMHON PeKH OT OacceliHa APYToi, Ha3bIBACTCS BOIOPA3ICTIOM.
JlIs  MHOTOJIETHEro TepHoJa MOXXHO TIpEeHeOpedYh TPYHTOBBIM CTOKOM, TOTAa
YPaBHEHHE BOJHOTO OajaHca 110 CTOKY peku Oaccelina W, OyIeT UMETh B

=W, -W

pexu oc ucn*

(1.1)

Crok, ocagKy ucnapeHusi MOTyT ObITh BbIpaX€Hbl 00OBEMHBIMU MEpax —
KyOMUYECKHX MeTpax M KyOMYECKHX KHJIOMETpPax, HO MPHUHATO BbIpaXXaTb HUX B
MUJUIUMETPAX WU CAHTHMETPAxX CJIOSl BOJBLKAaK Obl PABHOMEPHO IMOKPBHIBAOLIETO
IJIOLIAAL BOJOPOIHOTO OacceiiHa.

Momnocts ['DC 3aBucut ot Hamopa, pacxona u KIIJ| mpeobpazoanus
TMIPABINYECKOM DHEPIUHM a DJJIEKTPUYECKYI0. OTH IapaMeTpbl IMOJYy4arT Ha
pPa3IMYHBIX JTalax TexHojornmyeckoro mnpounecca ['DOC. Bcero mmeercs msTh
JTAIIOB:

- IIOJlyYEHUE IHEPTOHOCUTEIIS;

- PEryJIMPOBAHUE TUAPOIHEPTHH ;

- CO3/IaHHUE HAIIoPa,;

- npeoOpa3oBaHKE TUAPABINYECKON SHEPTUU B DJIEKTPUUECKYIO;

- iepeayva IEKTPUUECKON SJHEPTHUHU K MECTY MOTPEOIICHUS.

Oran 1. Ilomydyenue nsHeproHocurens. Pacxox BOXABI, NPUTEKAOIMUNA K
HHEProy3iy, XapakTepusyercs rufporpadomM — KaJeHJApHBIM IpaQHUKOM CpeIHUX
pacxonoB. YCpEIHEHHE pacxoda MOMKET IPOU3BOAMUTCA 3a 4Yac, CYTKHM, MECAL U
npyrue nntepBaibl. Ha pucynke 1.2 mokasan rujgporpad romoBoil MPUTOYHOCTH C
yCpeIHEHHEM pacxo/10B Ha MHTepBaiax 1,2...00,

Crok dopmupyeTcs 1moj BO3IeHCTBUEM MHOTOYUCIIEHHBIX, PA3HOOOPa3HbIX U
4acTO B3aMMOCBSI3aHHBIX (akTopoB. B uX d4wHclie TJIaBHBIMU  SBISIOTCS
KJIMMaThyeckue (HakTopbl, KOTOpPblE HMEIOT Ciy4yallHbli Xapaktep. OTcroga u
CIIy4alHbIM XapaKTep CTOKA.
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Puc. 2.1. N'naporpad pexu

Pucynok 1.2 — 'maporpad pexu

OCOOEHHOCTBIO CTOKa SBJIETCSI W3MEHYMBOCTb, HEMOBTOPUMOCTh U
HEBO3MOXHOCTh TOYHOT'O €r0 IPOTHO3UPOBAHUS HA JIUTEIBHBIE NEPUOABL. OTH
CBOMCTBA CTOKAa YUYHTBHIBAIOTCS INPU MPOEKTHUPOBAaHUM M dkcruryararuu ['OC. Ilpu
npoektupoBaHuy ['DC paccunThIBaETCS Ha UCIIOJIB30BAHUE TOJIBKO 3KOHOMHUYECKH
nenecooOpasHo yacTu croka. [Ipu oSKcrulyaTanMu HaMeyaroTcsi pa3iMyHbIe
MEPOIPUSITHS, IPABUIIA, KOTOPbIE TO3BOJISAIOT 3 (HEKTUBHO UCIIOIB30BATh CTOK.

Oran 2. PerynupoBaHWe T'MApPABINYECKOW »dHepruu. PerynupoBaHue
THJIPOSHEPTUU OCYIIECTBIIIETCS B COOTBETCTBUHM C TpeOOBaHUSIMH NOTpeOUTENeH
anekTpuueckoil 3Hepruu. [loTpebieHue uMMeeT HEpPaBHOMEPHBIM U CIIy4ailHBIN
xapakTtep. OObIYHO PEKUM MOTPEOJIEHUE YHEPTUU NIPEICTABIAETCS B rpaduyecKon
¢dopme. Ha pucynke 1.3 nokazan rpaduk CyTOYHOro MOTpeOIeHUs, a Ha PUCYHKE
1.4 — roxosBoro.

HepaBnomepHocTh oOBsICHSIETCS W3MEHEHUEM OCBETHUTEIIBHOM,
OTOMUTENBHOM, MPOMBILIIEHHOW, TATOBOM U IPYTUX BUIOB Harpy3ku MoTpedouTenei
anekTposHeprun. Hampumep, HOUbIO HE pabOTAlOT MNPEANpPUITHS C JBYX- U
OTHOCMEHHBIMU TMPOU3BOJCTBAMH, YMEHBIIAETCA OCBETUTEbHASI Harpy3ka. Jletom
OTOIUTENbHAS HArpy3Ka MEHBIIE, YEM 3UMOM, U TaK Jajee.

st oOecriedyeHUsT HOPMAJIBHBIX — YCJIOBUM  pabOThl  moTpebuTtenen
AIIEKTPUYECKOW DHEPrMM HEOOXOAMMO  PEryjMpoBaThb JHEPrUI0 pEKU U
COIJIACOBBIBATh PEXXUM PETYJIUPOBAHUSI C TOTPEOIEHUEM DIIEKTPOIHEPTUH.

PaccmoTpuM  mpuMep — peryiaupoBaHMSl  PECYpCcOB  BHYTpPM  roja.
MakcumanbHble Harpy3ku moTpeouTeneil Ppm, UMEIOT MECTO 3UMOM B TMEPBOM M
JIBEHAJIIaATOM Mecslax, a HauOoJbllee KOJIUYECTBO THAPOIHEPTUU — BECHOM.
Heobxoanmo nepepacnpenenuTb THAPOIHEPTUIO C BECEHHET0 MepUoja Ha 3UMHHUIA.
DTy poJib BRINOJHAOT Bogoxpanwmma ['IC.
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Pucynox 1.4 — T'onoBo# rpaduik Harpy3Ku CUCTEMBI

B BogoxpaHwiuiie B mepruoi BECEHHETO IMOJIOBObS HAKAILJIMBAETCSA BOJA, a
3aTeM OHa HCIHoJb3yeTcs 3uMou. CTeneHb Mepepaclpe/iesieHuss PecypcoB
omnpenensercs o0beMOM BoAoXpaHUiuIa. M3 3KOHOMHUUYECKUX COOOpaKEHUM HE
BCErJa yaaeTcss Cco3/aBaTh  BOJOXPAHWJIUINA, OOECIEUUBAIOIINE  TOJHOE
nepepacupeeIeHue CTOKA.

Oran 3. Co3nanue Hanopa. OCyIIECTBISIETCS C TOMOIIBIO THIPOTEXHUYECKUX
coopyxeHul. [lameHue pexku paccpegoTOYEHO MO €€ JnHE. s ucrnosib30BaHus
Haropa HeoOXO0JUMO COCPEIOTOUUTh ero B ogHoM MecTe. Hamop I'DC 3aBucut ot
CXEMBbI KOHIICHTPAIIMX HAIOpa U €CTECTBEHHOTO MaJICHUS YPOBHS BO/JIBI.

Ortan 4. IIpeoOpa3oBaHuWe TUAPABIMYECKOW HSHEPTUU B IICKTPUUECKYIO.
['maposHepruss NOABOAUTCS K BOJOIPOBOMSIIMX COOPYKEHUSIM, U B HHUX YacCTb
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Hanopa AHp. Tepsercs (pucyHok 1.5). Ilorepu Hamopa BbI3BIBAIOTCS TPEHHEM,
yIApHBIMU MOTEPSIMHU, BUXpeoOpa3zoBaHueM U npyroe. [Ipolecc TpaHCIOPTUPOBKU
xapaktepusyet KIIJI BogonpoBOaAIIMX COOPYKEHUIM:

9,81Q(H —AH )
Kl =5 810m (1.2)
L @ o Y
3 ) Y 3 >
» 2 A '

Pucynoxk 1.5 — Cxema npeoOpazoBanusi sHEPTUU U MOIIHOCTH Ha ['DC:

KH,ZZ _ 9’81(Q_AQT)(H _AHBC _AHT) (1 3)
! 9,81Q(H —AH ) ' '

Mexannueckas SHEPrusi 4aCTUYHO TEPSIETCS HAa TPEHUE, W OCTABIIMECS €€
4acTh MpeoOpa3yercs B THAPOTEHEpPATOpe B DBIEKTpUYECKyr0 HHepruto. [lpu
npeo0pa30BaHUM YaCTUYHO TEPSIETCS SHEPTHUs, MOJIBeJIeHHAas K reHepaTopy. Ooiue
noTepu MomHocTu 0603HaunmM BenuuuHoit AN, Torna KII] renepatopa Oyner:

_ 981(Q-AQ,)(H —AH,. —AH,) - AN,

(1.4)
981(Q - AQ,)(H —AH . —AH,)

K11,

Jlerko nokazats, yto KII/ :

KT, = (1.5)

T

rae N — MOIIHOCTh TE€HEPaTopa;
N — noTeHManbHasi MOITHOCTH (cpeansisi), noaBeaeHHas k ['[DC.

CpeI[HI/Ie IIOKAa3aTCJIu 110 dTallaM:

KI,. =08..096- K11/, =09..0,96- KI1/], = 0,96...0,98.
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Oran 5. Ilepenaua snekTpo3Hepruu no JauHUsAM snekrponepeaaun (JIDID) k
MecTy noTpebaeHus. ['uapocTaHuu pacroiaraloTcesl B y100HBIX CTBOpax Ha pekax
U OYEHb YACTO OKA3bIBAIOTCA YAAJICHHBIMU Ha OOJBIIUE PACCTOSHHUSA OT IIEHTPOB
anekTpuueckoil Harpy3ku. Hanpumep, cubupckue ['DC nepenaroT 351eKTpOIHEPTUIO
naxe B 1ieHTp Poccun Ha paccrosiaue 10 3000 kM, Bomkkuit kackan ['2C nepenaer
ANeKTpodHepru0 Ha paccrosaue 10 1500 km. Ilostomy pma muormx I['OC
CYILIECTBYET Tpoljema Neperadyd UuX SHEepruu K mecty mnotpedsieHus. [lotepu
motHocTH B JIDII cocraBnsieT ot 2...10 % B 3aBHCMMOCTH OT mapameTpoB [1].

1.4 TIpenmymecTBa mHeKOBO MUKpPOI IC

Mukpol' 9C B COOTBETCTBMM C PUCYHKOM 1.6 MpencTaBisieT CI0XHYIO
THIPOIHEPTEeTHUYECKYIO CUCTEMY, COCTOSIIIYIO U3 COBOKYITHOCTH BOJHBIX MOTOKOB U
CUCTEM MPeoOpa30BaHUs SHEPTUU BOJABI B AJICKTPUUYECKYIO PHEPTUI0O U HAXOIUTCS
moJ ~ BO3JCHCTBMEM  BHEIIHEH  cpeabl. [‘maposHepreTmyeckas  cucTema
npeo0pa3oBaHus SHEPTHH BOJIBI B AJIEKTPUUECKYIO DPHEPTUIO BKIIIOYAET B ce0s psij
MOJICUCTEM PA3JIMYHOTO HA3HAYCHUS:

—THIPOCOOPYNKEHHUE, KaK MOJCUCTEMY JIJIsi CO3JJaHuUsI HEOOXOIMMOI0 HAMopa;

— TUJIPOTYPOUHY JJIS CO3/IaHUS KPYTSIIErO MOMEHTA;

— MOCUCTEMY TIepeadyu KPYyTAIIEro MOMEHTa Ha TeHEpaTop;

— TMOJICUCTEMBbI CTaOWUJIM3allMd MapaMeTpoB  KadyecTBa DJIEKTPUYECKOU
DHEPTHUU;

— MOJICUCTEMBI TIepeauM JICKTPUIECKON SHEPTUU K MOTPEOUTEITIO;

— TIOJICUCTEMBI 3aMEIICHUsI AJEKTPUUYECKON SHEPTrUU U3 CETH WIM JIPYTrux
aBTOHOMHBIX UICTOYHUKOB DHEPTHH.

B cooTBeTCTBMM C TNPUHIUIOM IIEJIOCTHOCTH, TPAHMIIBI HCCIEIYEMOTO
00BEKTa OIpPEENICHbI, KaK OJHY U3 MOJACUCTEM cucTeMbl MUKpol DC, koTopasi cama
MOXET pacCMaTpPUBATHCS, KaK HEKOTOpask CaMOCTOSITeNbHAs cHCTeMa ''CHCTeMa
AJIEKTPOTECHEPUPOBAHUS U CHaOkeHus", a Jpyrue— Kak BHEIIHSS cpela WiH
MeTacucTeMa.

B 3aBucuMoCTM OT Ha3HAYEHUS TUIPOTEXHUYECKUX CHUCTEM OHH MOTYT
OTIIMYAThCS 10 HA3HAUCHUIO, HANpUMEp Il aKKyMYyJWPOBaHUS BOJBI, IS
OpPOIIEHUS CEIbCKOXO3SIMCTBEHHBIX YTOJUM, JJIsI TOAbEMa BOJbI HAa HEKOTOPYIO
BBICOTY.

DT 0COOEHHOCTH MPEANOIaraloT HAyYyHO—0OOCHOBAHHBIN MOJIX0/ K BBIOOPY
U TIOCTPOCHHUIO ONTUMATBHOW CHCTEMBI TCHEPUPOBAHUS DJICKTPHUCCKOW SHEPTUH U
OTNPEEICHUIO ONTUMAJIBHOTO COCTaBa TeHEPUPYIOIIET0 000pyAOBaHUS.

Kaxk u3BecTtHO motpeduTeneit MOKHO pa3aeiauTh no Harpyskam 10,25,50, 100
kBT u BbIe, KOTOpble MOXHO oOecneunTh 3a cueT MuKpol DC, a Takke ¢
BO3MOYKHOCTBIO 3aMEIICHUSI U3 IPYTUX UCTOUYHUKOB.

Kak moka3piBaeT aHanmm3,  SJCKTPUYECKAs DHEPTHsl PacXoayeTcss Ha
OCBEIlleHHe, Ha OBITOBBIC MPHOOPHI, Ha TOpsSYee BOJOCHAOKCHHE, Ha OTOIUICHHE,
KOHJUITMOHUPOBAHUE W TEXHOJOTUYECKHUE TMPOIECChl PA3IMYHOTO HA3HAYCHMS.
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[ToaToMy BBITIIC HA3BaHHBIX MMOTPEOUTENICH MOKHO OTHECTH K OOBEKTaM C BHICOKHM
KOHIICHTpAIUEH SHEProMOTPEOIISIONIMX POIIECCOB.

Peaanmzanmnsa

T

Mponxyrmms —
ITERTPHYECKAA IHEPTHA

t

Mawpol 3C-Trapo-
JHEpreTHTeckad CHCTEMA

[

Boauan
cpeda

Oxpyxawman

rH;EI;pUT EXHITHECKIE COO0HeHIT

= Hanmopueiii Tpybonpoeon

™| 3mamme nna mupol 3C

™ TugpoTypbuna

le| Ilepemaua Kpy TAIIETC

Ly HuskoobopoTHEIE
TEHEpPaTop

! ARKYMYIATOD

- HueepTop ons

NEPEMEHHOT® TOEA

JNEKTPHYeCEHH ITHT

Pucynox 1.6 — CTpykTypa ruipodHEepreTHIeCKOM CHCTEMBI M CHCTEMBI
sHeprocHadxenust MUKpol 9C

Hamu paccmarpuBaeTcsd  cleAyrOmMi — KOHLIENTYyalbHBIM  IMOAXOX K
MOCTPOCHUIO CUCTEMBI dJiekTporenepupoBanust (COI) Ha ocHoBe MUKpOl IC:

— COI' momxkHa OBITH TOCTpOCHA HAa 0a3e MHOTO(YHKIIMOHAIBHOTO 3JIEKTPO
reHepupyroLero o0opyn0BaHus, CHaOKEHHbIA T€HEPATOPOM, B KOTOPHIX MOIIIHOCTb
3aBUCHUT OT Pacxo/ia BOJBI, a pacXo/ BOABI PETYIUPYETCS 3a CUET JOMOIHUTEIBHOTO
BCAChIBaHMs BO3/yXa, YTO MO3BOJIAET MONYYUTh ABYX(a3zHyr cucreMy. JlaHHBIHI
MUKpol DC oTnu4aeT HU3KUE IKCILTYyaTALMOHHBIE 3aTPAThl, IPOCTOTA KOHCTPYKIIMU
Y HaJI©KHOCTh COCTABJISIOIINX U PETYIUPYIOLIUX 3JIEMEHTOB, HO C IPYyrOil CTOPOHBI
npeHedperaeM  SIBJICHHEM KaBUTAllMEd THUIPOTYpOMH, 4YTO JOMYCTHUMO JJis
HU3K0000pOoTHBIX MUKpOI IC.

B 0a3oBoM BapuaHTe Ui TEHEPUPOBAHMS DJIEKTPUUECKON DHEPIUU
IPEIyCMAaTPUBAETCSl HCIIOJIB30BAHUE PA3JIMYHBIX YCTPOMCTB Ui BBINOJIHEHUS
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OINPEJEIECHHBIX TEXHOJOTHYECKUX MPOLECCOB, B YACTHOCTH MOBOPOTHO—JIOMACTHBIX
TUAPOTYPOUH B 3aBUCUMOCTH OT Pacxo/ia U HaIropa BOJIbI.

Tak ns1 perynupoBaHus pacxo/ia BOAbI UCIOJb3YIOT TOBOPOTHO—JIONACTHBIE
THAPOTYPOUHBI WJIM PEryJHUpyeMble pElIeTKH, a Ui MepeJadyd MEXaHHUYeCKOu
DHEPTrUM UCIOJIb3YeT YCWJICHHBIM Bajl Jjig Oosbliux TypOuH, a aist Mukpol DC
3yOuaTble WJIM pPEMEHHbIE INepelayd, a TakKe PEIyKTOpbl Jisi TOBBIIICHUS
000pOTOB.

s TEHEPUPOBAHUS ANEKTPUYECKOU JHEpPruu KJIaCCUYECKUE
HU3KOOOOPOTHBIE TE€HEpaTOphl, a TaKXKe MMeeTcs IIUT YIpaBICHUS C
IIyCKO3AIIUTHOM anmapaTypoyd U CHCTEMOM BBIIPSAMIICHHUS TOKA.

KoaddummenT 3arpy3ku u k03 GUIUEHT UCIONIB30BAHUS KKIBIX W3 ITHUX
y3JI0B OYEHb HU3KUH, uTO cHMxkaeT oouwmit KI1/] ycranoBkwu.

C napyroii cTopoHbl B cocTaB 0a30BOro BapHaHTa BXOJIAT TMOJCHUCTEMA
nepeadyd MEXaHUYeCKOW DSHEpPruu, W TeHepaTop padoTaloImMid TpH CTPOTUX
rOCTUPOBAaHHBIX O00OpOTaxX, a TakKe IIUT IS BBINPAMICHUS HOMHHAIBHOTO
HaIpsHKEHMUS.

B cBoo ouepenp, KJIacCUYECKHME  BBICOKOOOOPOTHBIE  I'E€HEPATOPHI
00yCIIOBIMBAIOT BBICOKHE 3aTpaThl Ha MPeoOpa3OBaHUE SHEPIUU, U CIEACTBHEM
SBJIIETCS] HU3Kasi peHTa0eIbHOCTD.

[ToaToMy MHOTrHME XO34WCTBYIOUIME CYOBEKTH HE MMEOT MUKpol' DC, XxoTs
pPacnoJIOKEHbI BO3JIE PEK.

B HOBOM BapuaHTe CHCTEMBI T€HEPUPOBAHUS DIJIEKTPUYECKOM DSHEPTrUU
(CI'D2), MBI HCXOAMM M3 HEOOXOIUMOCTH Yyuera (HaKTOpPOB, OINPEAEIISIIOIINX
ANEKTPUYECKUE HATPY3KHU, YCIOBUS U peXUMa dKCIuryaranuu Mukpo ['DC:

—  CpaBHUTEIBHO  BBICOKAas  CTENEHb  KOHIIEHTPAUMUWA  pa3IMYHBIX
TEXHOJIOTUYECKHUX MPOIIECCOB B OJTHOM OJIOKE HEOOIBIION Tomaabio (10 500 m? ),
4TO 00YCJIOBIIMBAET BO3MOXHOCTH U I€J€CO00pa3HOCTh Mcmonb3oBanusa CI'D3 Ha
6a3e ogHoro Mukpo I'DC.

— HaJIM4Yue ONPENECICHHOU BPEMEHHOU II0CJIENOBATEIBHOCTH
TEXHOJIOTHYECKUX IIPOLIECCOB B TEUYEHUE CYTOK, YTO CO31aeT YCIOBUA IS
nepepaclpeesieHusl SJEKTPUIECKON MOIIHOCTH TeHepaTopa.

— KpaillHe HU3KHMH YPOBEHb CEpPBHUCHOTO OOCITYXHBAaHUS 3JIEKTPUUYECKOTO
o0opyioBaHus B 00bEKTaX W HU3KAs IJIATEKECIIOCOOHOCTh CEIIbCKOX03HCTBEHHBIX
TOBApOINPOU3BOJUTENECH U XO3AUCTBYIOIIUX CYOBEKTOB, KOTOPbIE OOYCIIOBIUBAIOT
HEOOXOAMMOCTh Pa3pabOTKU HAAEKHBIX B pabOTe M MPOCTHIX B IKCILTyaTalluu
Mukpol 9C;

—HaJau4ue OJIAarONPUATHBIX KIMMATHYECKUX YCIOBUU MJI MOJHOBOJHOIO
MOTOKA BOJIBI.

Ha ocHOBaHMHU BbIIIE€ U3TI0KEHHOTO C(OPMYIMPOBAHBI CIEAYIOIINE TPAHULIBI
MOCTPOCHUS U TPeOOBAHUS K KOHCTPYKTUBHOMY MCTIOTHEHHIO MUKpOl DC:

— CI'DD nomxkHa OBITh HACTPOEHA HA HU3KHUX HAIMOPAX BOJBL;

— CI'9D moxet ObITh TOCTpOoeHUS Ha 6aze omHoro Mukpol DC, a Tak xe 1mo
BO3paCTarOIIEN MOIIHOCTH. ;
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— IS DJEKTPOCHAOKEHUS CETbCKOXO3SHUCTBEHHBIX W MPOMBINIJICHHBIX
OOBEKTOB 11€J1eCO00pa3HO MPUMEHATh NPUHLMI IEHTPAIU3AUU  BbIPAOOTKU
AIEKTPUYECKUN DJHEPTUM WM KACKaJHOCTH Ha OJHOM pEYHOM IIOTOKE IIpHU
JIOCTaTOYHOM HArope BOJIbI.

OcHOBHOM TEHEPATOP DIEKTPUYECKUI DHEPIUU Mukpol 2C-a
KOHCTPYKTHUBHO JOJDKHA MpeNcTaBisiTh co0oil Mukpo I'DC miHekoBoro tuma, Tak
KaK OH:

— BO TIEPBBIX , MO3BOJISIET PETYJIUPOBATH MOTOK BOJIBL;

— BO BTOPBIX, B THAPOTYPOMHE HE TpeOyeTCsl y3el PeryIHupOBaHUS JIOTIACTH;

—B TPETHHUX, B Cllydae reHeparopa ¢ OapaOaHHON JIONACTHIO, OTCYTCTBYET
cCUCTEMa Mepe/laud MEXaHUYECKON SHEPTUHU U OHO YIIPOIAETCS KOHCTPYKTUBHO;

— B YETBEPTHIX CHUCTEMa PEryJHUPOBAHHUS MOIIHOCTH TE€HEPATOphI, MEHEe
CJIOKHA, TaK Kak OHAa peryjupyercs NyTeM U3MEHEHHs pacxojia BOJ, B
TUAPOTYpPOHHE, YeM Oomnpiie  00OPOTOB , TeM OoJibllle BbIpabaThIBAET
ANEKTPUYECKAsi SHEPTUS;

— B IATHIX, [0 CpaBHEHHIO C O0ceBbIMU MHKPOl IC mHekoBbiil Mukpol OC
MIPUMEHHUM HMIMPOKOM JIHANa30He pacXodbl BOJIBI;

B 3aBucuMocTu OT Ce30HHOTO KosieOaHus MoToka BoJbl MUKpol DC mosker
paboTtath B OJHOM U3 TpeX PEKUMOB, MHUHUMAIbHOWU-TIPU MaJbIX 000pOTax,
HOMUHAJIBHOM - CPETHUX 000POTaX, MAKCUMAJILHOM - MpU 00JIBIINX 000pOTaX.

MuUHUMaTBHBIA PEXKUM - XapaKTEPU3YETCsl TEM, YTO CTOK BOJbI B JIETHEE
BpEMsI YMEHBIIAETCS, BBULY OPOIIEHUS CEIbCKOX03IUCTBEHHBIX YIOIU.

[Ipy HOMHMHaAJIBHOM pPEXHUME CTOK BOJAbI HauboOJee YCTOMYHMB, MOMKHO
JIOTIOJIHUTENILHO BKJIFOUUTH HAIPY3KY HarpeBa BOJbI U T.]I.

[Ipy mMakcuManbHOM pEXKUME OCOOEHHO B 3UMHUM MEPUOJ| TOMOJHUTEIBHO
BKJIIOYAETCSI  OTOIUICHHE OOBEKTOB, YTO TPEOYeT HAJICKHOCTU BCEX arperatroB
CI'oao.

Kommnekcupiii ananu3z CI'D3 u uccienoBaHue €€ CTPYKTYpbl MPOBOJUTCS
MyTeM TPEACTABICHUS WX B BHJIE MOJEIEH: CTPYKTYPHOU, (PYHKIIMOHATHHOU H
(GYHKIIMOHAILHO-CTPYKTYPHOI [6].

1.5 I'mapo -AMHAMHU4YeCKHUX W KOHCTPYKTHBHBIX NAPpaMeTPOB IIHEKOBBIX
TYypOuH

B ruapaBnnueckoi TypOHHE MOTOK MOCTYNAaEeT B MAILIMHY YEPE3 CEUCHHE €-€
BBIXOJIUT Yepe3 ceueHue a-a (pucyHok 1.7). DHeprust equHuLbl Beca kuakoctu ((E)
B CEUCHUSX:

2
E_ =Z LA (1.6)
e—e e 7/ 2g

2
E,_, =2 +i+%, 1.7)
a-a a ]/ Zg
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rae Z — BbICOTa HaJl TIIOCKOCThIO CPaBHEHMUS;
P- naBnenue;
V — CKOpPOCTb TTOTOKA KHUJKOCTH;
y - 00BEMHBIN BEC KHUJIKOCTH,

a - kodpdunment Kapuonuca (HepaBHOMEPHOCTH CKOPOCTEH 1O
CEUYEHMIO MMOTOKA).

Pucynok 1.7 — Cxema rupaBindecKoil MaluHbI

Ecmu E, >E, ,, TO Takas rugpaBiuueckas MalliHa Ha3bIBa€TCs TYpOUHON U

ABJISIETCA JBUTATENIeM, T. €. YacTh TUJIPABIMYECKON SHEprum mnpeoOpaszyercs B
mexanuyeckyro. Ecmm E, <E, ., TO 3T0 Hacoc. lloTok mpu 3TOM moOJy4yaer
JOTIOTHUTENBHYIO ~ THUIAPABIMYECKYI0 OJHEPruUi0 3a CYET MpeoOpa3oBaHUs
MexaHuueckoit aneprun. Hakonen, ecnu E, ,=E, ., To 3TO ruaporpancdopmatop.
Knaccugpurxayus mypoun.
Hanbonee mmpokoe pacnpoCTpaHEHHE HAIJIM PEAKTUBHBIE U AKTHUBHBIC
TypOuHbl. OHU OIpPEACNSIIOTCS TeM BUIOM DHEPIHH, KOTOPBIM HCIIOJIB3YeTCs B

TypOune. Ilo ypaBHeHuto bepHyIIM pa3HOCTh SHEPIrHil B CEUCHMSIX HA BXOJIE H
BBIXO/IE€ TYpOUHBI:

P-P VZ—aV}
E=Eee—Eaa=[(Ze—Za)+ : a}a” S (1.8)
29
PeaxkTuBHbBIE TYpOUHBI UCIIOIB3YIOT TOTEHIIMAIBHYIO SHEPTHIO!
P-P
E, = {(ze -Z.) +—} (1.9)
4
u KI/IHeTI/IIIeCKYIO:
2 2
g GeVe —%Va (1.10)
29
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a4 AKTUBHBIC TOJIBKO KHHCTHYCCKYIO.

2 2
aV -aV,

_ Ve ~%aVa 1.11
E % (1.11)

KoucTpykuus ruapoTypOMHHOM YCTAaHOBKM MMOKa3zaHa Ha pucyHke 1.8a u

1.86. OHa B 3HAUMTEIBHOW CTETEHHU 3aBHCHUT OT THMa pabodero koseca 4, a TN
KOJIeca ONPEIEIIIeTCs] HATOPOM U PacXOJIOM.

E53

el Lo IO{XW"'/:—L“
— j_—_:—__' - / \ . .' '

1 — moaBoAsIIIIME YCTPOUCTBA, YePE3 KOTOPHIC BOJIA TIOABOJUTCS K PAOOYMM OpraHam
TypOUHBI; 2 — CTaTOp TYpOMHBI, KOTOPBIN CIY>KUT JUTS TIEpeady Beca Tupoarperara Ha
dbynnament 3ganust '9C; 3 — nanpasnstouuii anmnapar (HA), koTopsliif obecriedunBaet
perynupoBaHue pacxoja BOJbl, IOCTYIAIOIIEr0 B TypOUHY; 4 — pabodee Kojeco TypOUHBI — 3TO
pabouee Teno, KOTOPOe, B3aUMOJIEHCTBYs C IIOTOKOM, ITPeodpa3yeT T'HpaBIHUECKyI0 SHEPTHIO
BOJIbl B MeXaHN4ecKyt0. OCHOBHBIM OpraHOM TypOUHBI siBisieTcs: pabouee koseco (PK);

5 — oTBoJsIIHE ycTpoiicTBa (oTcackiBatomux Tpydo — OC).
Pucynok 1.8 a — Cxema rugpoTypOMHHON YCTaHOBKHU

30



vBb

»)

5

Pucynok 1.8 6 — JIBr>keHHE OTOKA BOIBI

OcnosHoe ypasnenue uOpOMAaliu.

PaccMOTpUM TUIOCKYHO THApPOJUHAMHYECKYIO perreTky (pucyHok 1.9). Ha
BXOJIC B PEHIETKY MOTOK MMEET CKopocTh Vi U naBieHue Py, Ha BbiXoge — V;, Po.
Pemerka apmketcs co ckopocthio U (Ui=Uy).

AR

/)

Pucynoxk 1.9 — Cxema miiockoi ruipoIMHAMUYECKON peleTKA

BBenem kunematuueckue moHsSTHS: V — aOCOMIOTHAsT CKOPOCTh YacCTHIL
KUAKOCTH; W— OTHOCUTEIbHASI CKOPOCTb JKUJIKOCTA BHYTPHU KaHAJIOB pemieTku; U-
NEPEHOCHAs] CKOPOCTh (IJIsi KPYIJIOM pelIeTKH - OKpyxkHasi); 1 - mecTo BXxojaa
MOTOKA B PEIETKY; 2 - MECTO BbIXOJa MOTOKA U3 PEUIETKU.

AOcoitoTHast CKOpOCTh V MOJTy4yaeTcsi MpH CI0KEHUH BEKTOPOB CKOPOCTEH

—

U u W .Bekropst U, W 06pasyroT mapasmienorpaMM CKOpPOCTEH ¢ nuaroHainbio V u
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COOTBETCTBEHHO TPEYTOJbHUK CKOPOCTEH. YTIbI MEXIYy CKOPOCTSIMU o U g Ha
Bxoje 1 u Ha BeIxojie 2 moka3zaHbl Ha pucynke 1.10.

Pucynok 1.10 — TpeyroysibHUKM CKOPOCTEW HA BXOJIE€ U BBIXOJIE
T'UIPOJAMHAMUYECKON pelIeTKN

JUist KpyrJiod pelIeTKH COOTBETCTBYIOIME TPEYrOJbHUKM TOKa3aHbl Ha
pucynke 1.11. ITpu BbIBOJE OCHOBHOIO YpaBHEHHUS THJIPOMAILHUH HCHOJIb3YIOTCS
IUIOCKUE U KPYTJIBIE PEIIETKHY.

Pucynok 1.11 — Kpyrnas ruapoauHaMuieckas pererka

[IpuHuMaroTCs Cieayrome A0MyIeHUs

- MpeAnojiaraeTcsi, 4ro pelieTka UMeeT OECKOHEYHOE YUCI0 OECKOHEYHO
TOHKHMX JIOMAcTe. DTO 03HAYaeT, YTO OYyJeT UMETh MECTO MOJIHASI PABHOMEPHOCTh
MOTOKA, JEHCTBYIOIIETO HA PELIETKY;

- paccMaTpHUBAETCsl YCTAHOBUBIIIEECS ABUKEHHUE MOTOKA;

- mpexamnojaraeTcs Oe3ynapHBI BXOJ TOTOKa B pemIeTKy. besymapHbiM
HA3bIBACTCSI TAKOM BXOJl, MPH KOTOPOM BEKTOPHI OTHOCUTEIBHBIX CKOPOCTEH
napajuiebHbl CTEHKaM KaHajla M KacaTeldbHBI K JIOMACTSAM Ha BXoJie U Bbixoje. Ha
pucynke 1.12 mokazan 6e3ymapHblii BXoj, a Ha pucyHke 1.13, a, 6 - ynapHbiil u
TPACKTOPHH OTHOCUTEIIBHOTO JBMIYKEHUS YaCTHI] )KHIKOCTH.
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Pucynok 1.12 — ITnockas rugpoaHaMr4ecKast perieTka

Ypaeuenue Junepa.
VYpaBHeHue Jujiepa NaeT CBSI3b MEXKIY MOMEHTOM CHII, JECHCTBYIOLIHUX CO
CTOPOHBI ITOTOKA Ha JIONACTH paboyvero Koyieca TypOUHBI, U CKOPOCTHIO MOTOKA.

Ynapusiit Bxox 2 Yaapustit Bxon <

Pucynoxk 1.13 — Y napHblii BX0J OTOKa B PEMIETKY

[Ipy nBMKEHUU KUAKOCTH MO KaHAJIaM PELIETKH CKOPOCTU YACTHULL )KUIKOCTH
MEHSIFOT CBO€ HANPABJICHUE U BEJIIMYMHY, A CIEA0OBATEIbHO, HA YaCTHULIbI )KUIKOCTH
CO CTOPOHBI JIONATOK JIEUCTBYIOT cuibl. [lo TperbeMy 3akoHy HproTOHa yacTuibl
KUJ-KOCTH OyIyT JEHCTBOBaTh Ha JIOMATKM C TaKOW JK€ CHJIOM B OOpaTHOM
HarnpaBjieHUH. J[s TOro 4toObl HAMTH MOMEHT 3THUX CHJ W 3aT€M MOIIHOCTD,
UCIIOJIB3YIOT TeopeMy 00 WM3MEHEHUHM KoinuyecTBa ABWxkeHus. Ilo 3Toil Teopeme
M3MEHEHNE KOJIMYECTBA JBMXKEHHUSI PABHO UMITYJILCY BHEUIHUX CHJI, IEMCTBYIOIIUX
Ha TEJI0, TO €CTh.

FAt=m(V, -V,), (1.12)

rae F - BHemHue CHiInL;
M - Macca Tea,
At - BpEMS ICUCTBUS;
V,,V, - CKOpPOCTH IOTOKA HA BXOJIC B JIONIATKM PEUICTKH U BBIXOJIC C HUX.
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[IpousBenem HeOombinne mpeodOpa3oBanusd. [Ipumem At =1 ¢ U HCHOIB3yEM
bopmyny m=p-q, TA€ ( - pacxo 3IEMEHTAPHOTO 00beMa MOTOKa KUAKOCTH 3a 1
C, p - IDIOTHOCTh. Toraa st aeMeHTapHOTo 00beMa, BBIJICIICHHOTO U3 MOTOKA:

F :pq(vl _Vz) = PV, — PV, (113)
O6o03HauuM R, = pqV, , R, = pqV, , TOrOA:
F=R —-R,, (1.14)

rae R, - cuia, JeHCTBYIOIAsA B HAPABIEHUH BEKTOpPA CKOPOCTH V, , KOTOpas

HA3bIBACTCS] AKTUBHOM CUJIOW, a - CUJIa, IEUCTBYIOIIAs B HAMPABIICHUH,
00OpaTHOM CKOpPOCTH V,, — pEaKTUBHAs CUJIA.

Cuinbl R, ¥ R, CO37AI0T BpAIAIOMIMA MOMEHT TYpOWHBI OTHOCHTEIBHO OCH
rupoMammHel (pucynok 1.13):

M =R/, -R,l,, (1.15)
rae I,1, - meuun cun R, R,. IIpuyem OB=1,, oB' =1, , (AOB=¢, ,

’ o’
(AOB'=¢,
I, =rcose, |, =r,c08¢,, I - paguyc.

Pucynok 1.14 — Cxema BEeKTOPOB CHJI, TAFOIIUX BpAIAtOIAi MOMEHT
TypOUHBI
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[TpousBenst moacranoBKy 3tux ¢Gopmyrn B (1.15), momydum BeIpakeHUE st
MOMEHTa Ha BaJly TYpOUHBI ISl 2JIEMEHTAPHOTO 00beMa )KUJIKOCTH

M = pq(V,r, cosa, —V,I, cosa,). (1.16)

COOTBETCTBEHHO MOIIHOCTh Ha Bally TypOMHBI B 3aBHCUMOCTH OT
BO3JICMCTBHUS DJIEMEHTAPHOU YaCTHILIbI )KUJIKOCTH:

N, =M@, (1.17)
rne @ — yckopenue Mmm.
N, = pV,rL@cose, —V,r,wcosa,); (1.18)
ro=U . (1.19)
M COOTBETCTBEHHO:
N, = mq(V,U, cosa, —-V,U, cose,). (1.20)

JIns Bcero MOTOKAa KHUJKOCTH MOIIHOCTh paBHAa CyMME€ MOIIHOCTEH ee
AJIEMEHTAPHBIX O0BHEMOB:

N=> N, =pQ(V,U, cose, —V,U, cos,), (1.21)
TZIe Q - PacXoJ XHUIKOCTH Yepe3 padouee KOoieco.

Tak KaKk MOIIHOCTb N = 5QH , TO:

N =QH = pQ(V,U, cos; —V,U, cos,); (1.22)
1 HaIop:

H =%(\/lulcosoz1 -V,U, cosa,) . (1.23)
VpaBuenue (1.23) - 3T0 ypaBHeHHE Diijepa, OCHOBHOE YpaBHEHHE

ruapomMaiiid. OHO JaeT BEJIWYMHY Hamnopa TypOWHBI, UMEIOLIEed OECKOHEYHOE
YUCIIO JonacTel. B necTBUTENbHOCTH HAoOp OyeT MEHBIIIE!

H, =nH =%(\/1U1coso:1 -V,U, cosa,). (1.24)
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3nech n, - ruapasinueckuii KI1/[ typ6unsl, To ecte KIIJI ucnosb3oBaHus
II0JIBEIEHHOTO K TypOMHE Haropa:

H  —AH
_Hu—AH 1.25
n . (1.25)

noos

rae H,,,,- Harmop MoJBEIECHHOT0 K TypOuHE OTOKA; AH - MOTEpH HAropa B

noos

npoliecce npeoOpa3oBaHus JHEPTUU Ha paboueM KoJiece.

W3 (1.24) BumHO, 4YTO 3a CUET BEJIMYHMHBI V,U,COSq, HAmmop TYpOWHBI

yMeHbIaeTcsi. Ecnu KOHCTPYKTUBHO TYpOWHY BBIIIOJHUTH TaKUM 00pa3oM, 4TOOBI
o, =90°, TO MOJYy4YHM HaIop.

H, =nH =%V1U1005al. (1.26)

Takas TypOuHa Ha3bIBaeTCs TypOMHON C HOpMaJbHBIM BhIX0A0M. Kak Oynet
nokaszaHo ganbiue, KIIJ[ TypOuHBI noOBBIIAETCSA, €CIAM MOTOK MPH BBIXOAE HUMEET
3aKpYTKY, IO3TOMY YaIlle BCEro yroia BeIXoAa o, <90°.

Hus wucciaenoBanust ypaBHenuid (1.23), (1.24) MOXXHO BOCIIOJIB30BAaThCS
TpeyroyibHUKaMu ckopoctedt (puc. 1.14, 4.15). Ilpoeknuu ckopocteit V Ha
HaIpaBJIeHUE MEPEHOCHON CKOPOCTH OYIyT pPaBHBI:

V,, =V, cosa, (1.27)
V,, =V, cosa,, (1.28)

OTH BEJIWYMHBI HA3bIBAIOTCS TAHTCHIIMAIBLHBIMH CKOPOCTSIMH a0COJIOTHOM
CKOPOCTH.
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[peyronbHUK
BXO/a

Pucynox 1.15 — TpeyroJibHUKU CKOPOCTEN Ha BXOJIE B TypOUHY

]'pc} MOJIBHHK
BbIXOJAa

Pucynok 1.16 — TpeyronbHHUKHN CKOpOCTEH Ha BBIXOJIE B TypOUHY

[Ipoekuuu aOCONIOTHBIX CKOpOCTEN V Ha HamlpaBJIeHHE OTHOCUTEIBHOM CKOpO,
cta W OyIyT paBHBIL:

V,, =V, sina; (1.29)
V,, =V,sina,. (1.30)

Y OHU HA3bIBAIOTCS MEPUINOHAIBHBIMU COCTABIISIONIMMH a0COTFOTHON CKOPOCTH.
[MpunsB >t  oOo03HaueHws, ypasHeHus (1.23), (1.24) moxHO 3amucartb
CJIEAYIOIIUM 00pa3oMm:
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1 .
H, =nH ZE(VU1U1 ~VyU3)s (131)

H, =nH :%VU1U1' (132)

st peanmbHON TypOWHBI, paboTaromell ¢ ONPEeACIICHHBIM CHHXPOHHBIM
YHCIIOM 00OPOTOB, MEPEHOCHBIE CKOPOCTH U, U U,- TOCTOSIHHBI, CIEA0BATEIbHO,
Harmop TYpPOMHBI OMNpENENSIeTCS TaHTeHIMAIBLHOM COCTaBJstomEeld abCOIIOTHOM
ckopoctd. B mporiecce MmMpoeKTUpOBaHUS MOXKET H3MEHSTBHCS YHCIO 00OpPOTOB
TypOUHBI, TOT/Ia MEHSETCS ¥ HAIlOp TYPOUHBI.

MepuaroHanpHas cocTaBisifolasi aOCONIOTHOM  CKOPOCTH — ONpenensieT
pacxofl, Opoxoisdumui dvepe3 TypOuHy. JleMCTBUTENBHO, pacxoi 3aBUCHUT OT
CKOPOCTEH, MEPIEeHIUKYISIPHBIX )KUBOMY cedeHHI0. K )KMBOMY CEYeHHUIO TYpOUHBI,
UMEIOIIEMY paanuyc I, HOpMallbHasE CKOPOCTh V,,, @ K )KUBOMY CEUCHHUIO Ha BBIXOJC
13 TypOUHBI, UMEIOIIEMY PaIUyC I, , IEPIECHIUKYJISIpHA CKOPOCTh V,, (pUCYHOK 4.9,
4.10). Torna pacxoa TypOUHBI Ha BXOJie OYJeT:

QZVTl[Zm—lBl_ZgilBlj’ (133)

rje B - BbICOTa BXOJHOTO CEUEHUS;
8, - TOJIIMHA I-i JIOMAacTH TypOMHBI HA BXOJIC.

Benmnunna K, = (2a1,B, — > 6,B,) ONpeNeNAeTcs KOHCTPYKUMEH TypOHMHBI U

JUJIs1 pealibHOM yCTaHOBKM Hen3MeHHa. OTcrofa:
Q=Vn,K;. (134)

N3 (1.34) BuaHO, YTO pacxod TYpOMHBI YBEJIMYMBAECTCS C POCTOM
MEPHIMOHAILHOM COCTABJIAIOINICH ckopocTH [1].

1.6 Tunsl reHepaToOpoB, HCMOJIb3yeMbIX HA MUKPOI IC

B Masoi ruipo v BETpOIHEPIreTUKE MPUMEHSIOTCS TEHEPATOPHI IEPEMEHHOTO
TOKa, BCEX COBPEMEHHBIX THUIIOB. (OCHOBHOE pacCIpOCTPAHEHHE MOIYUYUIIU
CUHXpPOHHbIE  TreHeparopbl.  [IpeuMylecTBO ~ CMHXPOHHBIX  I'€HEPATOPOB:
BO3MOXKHOCTh BBIPAOOTKM PEAKTUBHOW MOIIHOCTH, JETKOCTh PETYIHUPOBAHMUS
HaMpsHKEHUsT TIpU paboTe HAa aBTOHOMHYIO HArpy3Ky, JXKECTKas CBS3b YaCTOTHI
reHeparopa co CKOpPOCThIO BpateHus, Bbicokuii KII/I.
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CHHXpOHHBIE TE€HEpPaTOpPbl MPUMEHSIOTCS OT MAKCUMAJbHBIX MOIIHOCTEH,
XapaKTEePHBIX JI MAJIOW SHEPrETUKH, 10 MUHUMAaJbHbIX. Ha pbIHKE ITpeACTaBIICHBI,
MPEUMYIIECTBEHHO, 3apyOekHbie TeHeparopsl st MI'DC momtHocThio oT 50 10
5000 kBT ¢ BepTUKaJIbHBIM WJIM FOPU30HTAIBHBIM BAJIOM M CKOPOCTBHIO BpPAlCHUS
ot 75 no 750 o0/muH.

Henocratrok CHHXpPOHHBIX T'€HEPATOPOB - CJIOKHOCTb KOHCTPYKUHH IO
CPAaBHEHUIO C T€HEpaTOpaMH JAPYTUX TUIIOB, B OCHOBHOM HM3-3a HaJIU4Msi OOMOTKH
BO30YXKICHHUSI HAa POTOpPE M HEOOXOAUMOCTH MPUMEHEHHUS IIETOK W KOHTAKTHBIX
KOJIeI[ JIs1 IOJIa4M HampsDKEHUs Ha OOMOTKY BO30yXxAeHus: poropa. B pesynbrare,
CUHXPOHHBIE T€HEPAaTOPbl UMEIOT OOJIbIIME radapuThl, MacCy M CTOMMOCTb, YEM
JIpyrUe TUIBI FeHepaTopoB. B mociennee BpeMs MpakTHYECKH JIs BCEro Axana3oHa
MOIIIHOCTEH MaJIO 3HEPreTUKM HAYMHAIOT HAXOAWTh NPUMEHEHHE CHUHXPOHHBIC
TeHEPATOPHI ¢ Oe3METOUYHBIM BO30OY ) aeHHeM. OqHaKo, 0e3METOUHOE BO3OYKICHHE
HE MOJHOCTBIO YCTPAHAET KOHCTPYKTHUBHYIO CJI0KHOCTh CHHXPOHHOI'O F'€HEpaTopa.

B nwuanazone wmommHocteit or 1 MBT u  Bblllle NPEUMYLIECTBEHHO
UCIIOJB3YIOTCS. CHUHXPOHHBIE TE€HEPATOPhl C TMOCTOSHHBIMM MarHuTaMu. Tak
KOHILIEpH Pycannpom mnpemnaraer cunxpoHHble reneparopel CI, CI'C u BI'C
MoIHOCcThIO 0T 500 MBT 1 60see (tabmuma 1.2) [5].

[Tpu momHocTH arperata MI'DC menee 300-500 MBT npoMBIIIIIEHHOCTh HE
MpeIaraéT MHOTOMOJFOCHBIX TUXOXOAHBIX T€HEPATOPOB, TO3TOMY B MAJIOMOIIIHBIX
MI'DC wucnosb3yroTcsi OOMICHPOMBIIIJIEHHBIE CHHXPOHHBIE T'€HEPATOPBl  CO
ckopocThio BpamieHus 500 oO/mMuH. u Bbime. [ coryiacoBaHus CKOPOCTEH
BpallleHUs TeHepaTopa W TYpOMHBI HCIHOJNB3YIOTCA MYJIbTHILUIUKATOpPHl. B
BETPOIHEPIeTUKE NPAKTUUYECKH BO BCEM auarna3oHe MomrHocTed (oT 20 kBT wu
BBIIIE) HUCIOJIB3YIOTCS MYJBTUIIMKATOPHI M BBICOKOOOOPOTHBIE TIeHepaTopbl. B
tabnuue 1.2 mpeacTaBieHbl OE3LIETOYHBIE TE€HEPATOPhI OOIIETPOMBIIIIIEHHOTO
MPUMEHEHUS, TIPUTOJIHBIE ISl UCIOJb30BaHUS B THUAPO U BETpoarperatax Majou
DHEPreTUKH.

Tabnuna 1.2 — Molabsle CHHXPOHHBIE T€HEPaTOPhI

MoOIIHOCTh Hanpsoxenue Hacrora Macca
Monenb BpAILICHUS KIIJT
(xBT) (xB) (06/vun) (xr)
BI'C-450-40-0,4 YXJI4 450 0,4 150 93,2 13000
CM-500-6,3-300Y XJ14 500 6,3 300 92 9100
CI'B-500-10,5-300YXJ14 500 10,5 300 92,2 12300
CI'C-500-20-6,3 YXJI4 500 6,3 300 93,6 6900
CI'-630-12B2 YXJI3 630 6,3 500 95 5900
CI'-800-16B2 YXJI3 800 6,3 375 96 6300
CM-4000-18YXJI4 4000 6,3 333,3 94,8 57600

ACHHXpPOHHBIE T€HEpPaTOpPbl, TAKKE MOTYT HCIOJb30BATHCS MOYTH BO BCEM
JINAIIa30HE MOIIHOCTEHM MaJIOW SHEPTETHUKU. TOJBKO T€HEPATOPhl OTHOCUTEIIBHO
Ooonpmoii  mMomHocTH (6oee 1 MBT) BBHIMOTHSIOTCS  MPEUMYIIECTBEHHO
CUHXPOHHBIMM, BBUJy JIYUIIMX SHEPreTUYecKux Mmokazareneit. I[IpeumyiecTBo
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ACHHXPOHHBIX T€HEpaTOpOB - O0jiee HU3KUE CTOMMOCTh, Macca U rabapuThl YeM Y
CUHXPOHHOTO TeHepaTopa TO € MOIIHOCTH. MX cienyer ucnonb3oBaTh is
CHIDKEHHUSI KalUTalbHBIX 3aTpaT Ha cTpouteiabcTBO MI'DC mim BETpOyCTaHOBKH,
eclii TpeOOBaHMs K 3KCIUTyaTallMOHHBIM 3aTpaTaM HEBBICOKHU.

JIONOJIHUTENbHBIE TPEUMYLIECTBA ACMHXPOHHOIO TIeHeparopa — Majas
YyBCTBUTEIBHOCTh K KOPOTKOMY 3aMBIKAHHIO U BBICOKAs CTENEHb 3alIUThl OT
BHEIIHUX BO3JEHCTBUN. Maiasg 4yBCTBUTENBHOCTh K KOPOTKHUM 3aMbIKaHHUSIM
00yciIOBJI€Ha pa3BO30YyXKIEHUEM aCHHXPOHHOIO TIeHepaTopa IpU KOPOTKOM
3aMbIKaHUU. BpIcOKasi cTemeHb 3alIUTBl JIETKO obecreynBaeTcs, Onaromaps
POCTOTE KOHCTPYKIUH.

HenoctaTtok acMHXpOHHOTO TreHeparopa — MNOTPeOJeHUE pPEaKTUBHOU
MomHocTH. Ilpm pabore reHeparopa napauleIbHO C MOIIHOM CETHIO, OH
noTpebsieT peakKTUBHYIO MOIITHOCTD U3 CETH.

Jis pa®oOTBl aCMHXPOHHOTO TE€HEparopa Ha MaJOMOIIHYIO CEThb WM Ha
aBTOHOMHYIO HAarpy3Ky HCIOJIb3yeTCsl Oarapesi KOHJIEHCATOpPOB ISl TE€HEepaluu
peakTtuBHOI MouHocTH. [locnennee yxyamaer mMaccorabapuTHbIE 1 CTOUMOCTHBIE
NOKa3aTeIM ACHUHXPOHHOIO TI'eHepaTopa, IMO3TOMY €ro MPUMEHEHHE OIpPAaB/IaHO
a10o0 U1t paboThl MapajieIbHO C MOILHOM CEThIO, IMOO AJisl pabOThl HA AKTHUBHYIO
aBTOHOMHYIO Harpy3Ky. AKTUBHas Harpy3ka TpeOyeT NpUMEHEHus Oarapeu
KOHJICHCATOPOB OTHOCUTENIbHO HeOosblo MouHoctu. Ilpu uMHAYKTUBHOU
Harpyske OaTapes KOHIEHCATOPOB JAOJDKHA 00ECIeUnBaTh PEAKTUBHON MOIIHOCTBIO
Y TEHEepaTop U Harpy3Ky, 4yTo Tpedyer 6aTapen OosbiIoro oobema [9].

Tabsuua 1.3 — I'eHepaTopbl 0OIIENPOMBIIIIIEHHOTO TPUMEHEHUS

Crtpana Monenb P (xB1) n (06/mMun) U (xB)
Yexus GSH 400 S14 104 500 0,42
Yexust GSH 400 L12 200 500 0,42
Yexust GSH 400 S14 104 500 0,42
Yexust GSH 400 L12 200 500 0,42
Poccus SGA 450-315/8 315 750 0,4
Yexust GSH 500 M12 352 500 0,42
Yexust GSH 63 Ma 14 416 428 0,42
CI'C 900F-12H1 ¢
Yexus VYBI'C-CI'-500-0,4 u 500 500 0,4
YKH-500 v [HIT'B
Yexust GSH 710 M16 600 375 0,42
Yexust GSH 450 L8 736 750 0,42
Yexust GSH 840 L16 800 375 0,42
Yexust GSH 710 L12 S14 1008 500 0,42

JIpyruMy HENOCTATKAMHM ACUHXPOHHOI'O T'€HEparopa SBISIOTCA CI0KHOCTh
pEeryaupoBaHusl HampspDKeHUsT Mpu  paboTe Ha AaBTOHOMHYIO HAarpy3Ky WM
MaJIOMOIIIHYI0 CE€Th, TaK KaK pPETryJMpOBaTh HANpPsHKEHWE MOYKHO TOJBKO Ha
BBIBOJIaX TE€HEPATOpa, M HE KECTKas CBSA3b YACTOTHl T'€HEPATOpPAa CO CKOPOCTHIO
BpalICHUs] POTOPA, M3-32 CKOJIKEHHUS, YTO OCJIOKHSET PEryJMpOBAaHUE YACTOTHI.
[Tocneauuii HegOCTATOK HE UMEET 3HaueHuss npu padoTe TeHepaTopa Ha
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BBIIPAMUTEb WU MPOMEXKYTOUYHOE 3B€HO MOCTOSSTHHOTO Toka [10, 11]. B Tabmune
1.4 mpencTaBiaeHbl aCHHXPOHHBIE TeHepaTophbl MOIHOCTHIO OT 100 10 1000 kBT n
CKOpOCThIO BpanieHus oT 125 no 500 06/MuH., npeHa3HAYCHHbIE JJIs1 TPUMEHEHUS
B TUJIPO U BETpo3HEpreTuke [12].

Tabnuna 1.4 — ACHHXpPOHHBIE TEHEPATOPBI

Crpana Mopenb P (xBT) N (06/MuH) (K%)
Poccus ACBO-90-32-64 90 187,5 0,38
Poccus AOK2-560MK-10 200 600 0,4
Poccus AK4-4504-12V3 250 500 0,4
Poccus A4-4504 250 500 6

Poccust JIBAH143-500-6-16Y3 500 375 6

Yexus GAKS560 S12 600 500 0,4

Tak k€ KaKk U CHHXPOHHBIE T'€HEpPATOpPbl, MHOTOMOJIIOCHBIE ACHHXPOHHBIE
reHepaTopbl MolIHOCTBIO MeHee 300-500 MBT mano mnpenctaBieHbl Ha PBIHKE.
[losToMy, B  MaJOMONIHBIX THAPO W  BeTpoarperatax HMCHOJIb3YIOTCS
OOIIECTPOMBIIIVICHHBIE ACHHXPOHHBIE TE€HEPATOPbl M JBUTATENM CO CKOPOCTHIO
Bpamenust 300-500 06/mMuH. J[J1g corimacoBaHMsI CKOPOCTEH BpallleHHs TeHepaTopa C
HU3KOOOOPOTHOM TYpOMHON HMCHOJB3YIOTCS MYJbTUILNIMKATOpPBl. B Tabmume 1.5
MPECTABIICH PSIJl aCHHXPOHHBIX MAIIIMH MPUTOHBIX JJIsl UCTIOIB30BaHUS B TUAPO U
BeTpoarperarax HeOOIbIION MOIIIHOCTH.

CUHXpOHHBIE TEHEpPaTOpbl C TMOCTOSHHBIMM MAarHUTAaMHU OTJIUYAIOTCS OT
OOBIYHBIX CHHXPOHHBIX T€HEPaTOPOB 00JIee MPOCTON KOHCTPYKIIMEH, HO OTCYTCTBUE
Ha poTOpe OOMOTKM BO3OYXKICHUSI MNPUBOAUT K CIOXKHOCTSIM PETYJIUPOBAHUS
HampsbkeHusl. bosiee mpocTasi KOHCTPYKIIMS YMPOIIAET OOCIy)KHMBaHWE MAaIlUHBI,
MOBBIIAET €€ HaAeKHOCTh. OIHAKO TE€HEepaToOpbl C IMOCTOSHHBIMH MarHUTaMH
MPAKTUYECKU HE 00ECTICUMBAIOT PETYIMPOBAHUE U CTAOMIIM3AIIMI0 HAMPSHKEHUS HA
BBIXOJIE.

Tabnuma 1.5 — ACHHXpOHHBIE TeHEePaTOPhl HEOOJIBIIION MOIITHOCTH

Crpana Mopenb P (xB1) n (06/MuH) (Klle)
Kuraii Y280M-8 45 740 0,4
Kuraii Y315M-8 75 740 0,4
Yexus GAK?280L10 100 600 0,4
Yexus GAK355S512 155 500 0,4
Yexus GAK355L12 200 500 0,4
Poccus JAH-355M-8VY3 200 750 0,4
Poccust A-450X-12VY3 250 500 0,4
Poccus AK4-450VY-12VY3 315 500 0,4
Poccus AI'T-400-0,4-10Y3 400 600 0,4
Yexust GAKS500M12 510 500 0,4
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Henocratkom reHepatopa ¢ BO30YXKIEHHMEM OT IOCTOSHHBIX MAarHUTOB
SBIIIETCS. TAKXE BBICOKAass CTOMMOCTb IIOCTOSIHHBIX MAarHUTOB M  CIIOKHOCTb
KOHCTPYKLMU pOTOpPA, U3-32 HEOOXOAUMOCTH KpeIjIeHUs: Ha HEM MarHutoB [13].
Kpome TOro, AONOJHUTENBHBIM HEAOCTATKOM TIE€HEPATOPOB C MOCTOSHHBIMU
MarHuTaMu SIBJISIETCSl CJIOKHOCTh YTHUJIM3ALUMU TOCTOSIHHBIX MarHuToB. OO0nacTh
IPUMEHEHHUS T€HEPATOPOB € MMOCTOSHHBIMU MarHuTaMu — FMIPO U BETPOATrpEraThl C
HeCcTaOUJILHOW YacTOTOW BpalleHus TypOHHBI, paboTaromue Ha mpeoOpa3zoBaTelib
4acTOThI. [IpOMBINITIEHHOCTh Mpe/IaraeT reHepaTophbl C MOCTOSHHBIMU MarHUTaMH
MOIIIHOCTBIO JI0 HECKOJBKHUX JIECATKOB KHIIOBATT, PEXKE 0 HECKOJIBKHX COTEH, CO
ckopocThio Bpamienus ot 200-300 oO6/muH. u Bbime. W3-3a  yxyamenus
CTOMMOCTHBIX M MAacCOTa0apUTHBIX IMOKa3aTesiel, HU3KOOOOPOTHBIM TeHepaTop ¢
MOCTOSTHHBIMA MarHUTaMH HEOOJBIION MOIIHOCTH M3TOTOBUTH TaKXKe TPYAHO, KaK
reHepaTophbl Apyrux Turos [18].

Ta6J'II/II_Ia 16 — CI/IHXpOHHBIe T'CHCPATOPHI C IOCTOAHHBIMHY MarHUTaMH

Crpana Mopenb P (xBr) N (06/MuH) U (xB) | KII[T (%) N{ii;:a
Kuraii YGDL-100 100 125 0,4 93,7 2800
Kuraii YGDL-200 200 250 0,4 94 2800
Kuraii YGDL-320 320 500 0,4 94,6 1680
Kuraii YGDL-400 400 500 0,4 94,5 2800
Kuraii YGDL-600 600 500 0,38 94,6 3900
Kuraii YGDL-560 700 250 0,4 93,8 6930

B mocnennee BpeMs B THAPOIHEPTETUKE HAYMHAIOT HAXOIUTh MPUMEHEHUE
WHIYKTOPHBIE TeHepaTopbl. MHIYKTOPHBIA TreHepaTop SBISETCS PAa3HOBHIHOCTHIO
CHHXPOHHOTO TeHEepaTopa M 00J1aaeT BCEMHU €ro MPEUMYIIECTBAMH: KECTKAs CBSI3b
YacTOTBl TEHEpaTopa CO CKOPOCTHIO BpAIICHUS, BO3MOXXHOCTH T'E€HEpaIuu
pPEaKTUBHOW MOIIHOCTA TP paboTe TMapauieIbHO € CEThI0, BO3MOXKHOCTH
PETYIMPOBAHMUSI aKTUBHON MOIIHOCTH HM3MEHEHHWEM TOKa OOMOTKH BO30YKICHHSI
pu paboTe Ha ABTOHOMHYIO Harpy3Ky WU Ha MAJOMOIIHYIO CETh.

KoHCTpyKTHUBHBIE OTIWYUS WHIYKTOPHOTO T€HEpaTtopa OT TPaJAUIIMOHHOTO
CUHXPOHHOTO — 0€300MOTOYHBIA POTOP U PACIOJOKEHHE OOMOTKH BO30Y>KIEHUS
Ha cTatope. [lodToMy, OIHO #3 OCHOBHBIX MPEUMYIIECTB HHIYKTOPHOTO
reHeparopa MpoCTOTa U HaAEKHOCTh KOHCTPYKIMU. be300MOTOUHBIN 3yOuaThiii
pOTOp HHIYKTOPHOTO TEHeparopa KOHCTPYKTHBHO TIpOIIe Jaxe poTopa
aCUHXPOHHOTO reHeparopa. OOMOTKa BO30YKIEHHUS PACIOaraercsi Ha CTatope, B
TeX >K€ Maszax (YacTh Mas3oB JIJIs 3TOr0 YBEIMYMBAIOT) 4TO U 3-(pazHas oOMOTKa
cTaTopa, YTO HE3HAYMTEIIBHO YCIOXKHICT KOHCTPYKIIMIO cTaropa. Kpome Toro,
OTITaJIaeT HEOOXOAMMOCTh B KOHTAKTHBIX KOJIbIIAX M MIETKAX IS MUTaHUSI OOMOTKH
BO30YXKJIEHUSI.

['1aBHBIM TPEUMYIIIECTBOM WHIYKTOPHOTO TeHepaTopa SBISICTCS MarHUTHas
pPeayKIUs CKOPOCTH BpallICHHs, KOTOpas IT03BOJIIET COTJIACOBBIBATH CKOPOCTH
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BpaIlieHUs] TeHepaTopa CO CKOPOCTHIO BpalieHusi TypOWHBI 0€3 HCIOJIb30BaHUS
MOBBIIIAIOIIEH MEXaHUYECKOW TMepenayu — MyJbTUIUIMKatopa. B Ttabmuue 1.7
IIPUBEICHBI napaMeTpbl WHYKTOPHBIX rE€HEPATOPOB, BBIITYCKaEMBbIX
TupacnonbckuM 3aBoIoM «DaekTpomann [4].

Tabnuna 1.7 — UHAYKTOpHBIE reHepaToOphl

Yacrora
Tunopasmep MoimHocTh Hanpsixenue BpaLcHus Macca

(xBT) (B) (06/MmH) (xr)
CI' 75-22V3c LIIYN 75 V3 75 400 273 4300
CIM 110-22¥3c IIYN 110 V3 110 400 273 5400
CI'1 100-14Y3c IIIYN 100 Y3 100 400 428 4300
CI' 150-14¥Y3c LIIYHU 150 V3 150 400 428 5400
CI'M2-100-14 Y3c IIIYHX 100 V3 100 400 428 5000
CI'ri37-22Y3 BK 37 400 273 1500
CI'1u75-22Y3 BK 75 400 273 2400
CI'ri100-14VY3 BK 100 400 428 2400
CI'i150-14Y3 BK 150 400 428 3200
CBUI-250-0,4 250 400 600 2500

HomenknaTtypa renepaTopoB 0XBaThIBA€T AUANIa30H MOITHOCTH OT 75 1o 250
kBT, co ckopoctpio BpameHus ot 273 mo 600 o6/mun. Ha pucynke 1.17
IpEJICTaBICHbl HMHJYKTOPHBIE TE€HEpaTopbl 3aBoAa «iekTpoMmainny. B nanHoM
JMANa30HE CKOPOCTEW M MOIIHOCTH, MOTYT IPUMEHATHCS TEHEPATOPBI IPYrUX
turnoB. Ho naxxe B 3TOM city4dae, MHAYKTOPHBIE FTEHEPATOPBI UMEIOT MPEUMYLIECTBO
B CTOMMOCTH, Oyilarojapsi IpoCTOTe KOHCTpyKUuu. Ha mpencraBieHHOM pHCYHKe
NOKa3aHa Majas TUAPOAJIEKTpocTaHIMs «HeMHOBO», MOI3EMHOrO 3aJIOKEHUS C
WHIYKTOPHBIM rugporeneparopom MoHocTei0 100 KBT Ha ABrycToBCckoM KaHaie

B benapycu.
Huxyxropuseit
reRepaTop -

| "T

Pucynok 1.17 — Manas runposnexktpoctaniiys « HeMHOBO» MOI3EMHOTO 3a7105KEHUS
C UHJIYKTOPHBIM THApPOreHepaTopoM MOIHOCThI0 100 kBT
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1.7 IlpeumyuiecTBa reHEPATOPOB HA MOCTOSIHHBIX MATHUTAX

Manas sHepreTrka umeeT 00JbIION MOoTeHIMAal pa3BuTha. Ho GosbInHCTBO
HPHEPropecypcoB COCPENOTOUYECHBI B OO0JACTH HHU3KOPHEPIeTUUYECKUX BOAHBIX H
BO3AYIIHBIX IIOTOKOB, OCBOCHHE KOTOPBIX CHEPKHUBAETCS  OTCYTCTBHUEM
sabdexTuBHOrO 060pynoBanus. OOOpyIOBaHUE ISl BHIPAOOTKH DJIEKTPOIHEPTUU C
MTOMOIIIBI0 HU3KOIHEPTETUICCKUX IMOTOKOB JTOJDKHO OBITh BBICOKOPEHTAOCTHHBIM,
JUISL  OKYNaeMOCTH  KalWTAJOBJIOXEHUHM TPH  OTHOCUTENIBHO  HEOOJIBIION
sHeprooTaaye. I[loaToMy, rmaBHOe TpeboBaHME K TaKOMy OOOpPYIOBaHHIO —
MPOCTOTAa KOHCTPYKIIMM, MHUHUMAJIbHOE HCMOJb30BAHUE JOPOTMX MaTEpPHUasoB,
MUHHAMYM CTPOUTEITHHBIX KOHCTPYKITUH JJI pa3MEIIeHUust 000pyT0BaHHMS.

B Haunbonbiiel cTeneHn 3TUM TpeOOBAHUAM YAOBJIETBOPSIOT FEHEPATOPHI HA
MOCTOSIHHBIX MarHuTax. B Mamnoil ruaposHepreTMke 3TH TeHepaTopbl Hauboliee
[[eJeCO00pa3HO TMPUMEHATh B MPSAMOTOYHBIX THApoarperarax, TpeOyOIMX
HamOoJiee MPOCTHIX TUIPOCOOPYKeHU. Bo3MOXXHOCTH paboThl TeHepaTopa Ha
MIOCTOSTHHBIX MAarHuTax MpHU HU3KOM 4acTOTE BPAIIECHUS MO3BOJISIET CONPATaTh Baj
reHepaTopa HENOCPEACTBEHHO C BaJOM HHU3KOOOOpOTHOW TypOuHBI, 0e€3
MPUMEHEHUSI MEXaHWYECKOro  MyJbTUILIMKaTtopa. IIpocroTa  KOHCTPYKLIHH
reHeparopa M 0€300MOTOYHBIA POTOP O0OECIEUMUBAIOT BBHICOKHE CTOMMOCTHBIC
MOKa3aTelld Tuapoarperara i BbICOKYI0 HaJl€XHOCTb.

Lenpto paboOThl sBIsETCS aHaIW3 pabOThl HOBOM THUIOBOM KOHCTPYKLUHU
TEHEePAaTOpa HA MOCTOSHHBIX MAarHUTax JJis MHEKOBOM Mukpo ['IC.

Bwvi6o0wt no nepsoti enase.

I'maponorenunan Kazaxcrana onenuBaercsa npumepHo B 170 TBt (M.
MBT) B roa, Ha cerojiHs U3 HUX BbIpaOaThiBatoTCs Juillb 7-8 TBT B roa, T.e. MeHee
5%. D10 cBsizaHO cO cTpouTenbcTBOM KpynHbiXx ['DC Ha p. Upteim u p. nu u
OTCYTCTBUEM TEXHMYECKHUX BO3MOKHOCTEN MOAKIIOUEHHS Malibix U MUHU-IDC B
obOmryro cetb. B Hactosmee Bpemsi pa3pabaThIBalOTCS MPOrpaMMbl IO
ctpoutenabcTBY Manbix ['DC kackaaHoro tuma. B aTom ciydyae 6osbioe 3HaUYCHUE
MMEIOT Majble THAPOAIEKTPOCTAHIIUH, MOIIHOCTh KOTOPBIX COCTAaBIIIET MEHEE
10 MBT.

Poct SKOHOMHKHU Ka3zaxcrana peanoiaraeT BO3pacTaHue
ANEKTpOnoTpeOaeHus. s CcTUMyIupoBaHUS CTPOUTENHCTBA BO30OHOBISEMBIX
UCTOYHUKOB dHepruu B 2009 roxy npuHAT 3ak0H «O MOANEPKKE HUCIOIb30BAHUS
BO300HOBIISIEMBIX UCTOYHUKOB IHEPTUM.

Ecnu HamaguTh NOPOM3BOJICTBO HHEPrMM HA OCHOBE BO300HOBISEMBIX
uCcTOYHUKOB, KazaxcraH COKOHOMHUT JACCATKM COTEH TOHH YCJIOBHOTO TOILUIMBA,
KOTOPbIE MOXKHO SKCIOPTHPOBATh, U MPHU 3TOM PAJUKAIBLHO COKPATHUTHb BBIOPOCHI
YTIEKHUCIIOTO Ta3a B aTMmocdepy.

[IIupoxomacmtabHOE CTPOUTEIBCTBO Masibix U MuUHH-IDC mo3BOIHT
MCIIOJIB30BaTh SHEPIUIO MAJIBIX TOPHBIX pek KazaxcraHa.

Haunlosnee nepcnekTUBHOM SBISIETCS MCTIOJIb30BaHMEe MHEKOBOM MUKPOl DC,
TaK Kak OHa 00JIaJaeT PSAIOM MPEUMYIIIECTB.
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Hcnonb3oBaHWe TeHEPATOPOB C  MOCTOSHHBIMM ~ MarHUTaMud  JaeT
HAWJTYUIIYI0 SHEPreTHYecKyro 3(PQPeKTUBHOCTh paboThl reHeparopa ¢ Mukpol IC,
HO B Y3KOM JHMana3oHe, a TaK KaKk B TEUEHHUU CE30HOB M CYTOK PEXKUM pabOThI
MUKpol DC meHsieTcsi, TO TeHepaTop OyIEeT OTKJIOHSTCS OT CBOMX ONTHMAJIbHBIX
PEXKUMOB, HEOOXOAMMO  HCIOJb30BaHUE  YMPABICHUE TEHEPATOPOB  JUIS
oOecrieueHus: MakKCUMaIbHOU A((HEKTUBHOCTU palbOTHI, IPU U3MEHEHUU PEKUMOB
Mukpol IC.
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2 PesknMbl padoThI 3J1eKTPHYECKOI0 FeHepaTopa
2.1 PesxxuM pabdoThI reHepaTopa HA MOCTOSTHHBIX MATHUTAX

OcobenHoctn  paboyero  mporecca CHUHXPOHHBIX  TI€HEpPATOpOB  C
MOCTOSIHHBIMA MarHuTaMu OOYCJIOBIIMBAIOTCS HAJIMYMEM IOCTOSHHOTO MAarHuTa
MarHUTHBIX HEMAX 3TUX MalIMH. MarHuT BHINIOJIHSET 1B QyHKIMHU: 1) UCTOUHUKA
H.C.,  3aMEHSIONIET0  OOMOTKY  BO30OYXKIEHHS  OOBIYHOM  MalIMHBI  C
AJIEKTPOMArHUTHBIM BO30YKJICHUEM, U 2) y4acTKa MarHUTONPOBOAA, 00J1aal0IIeTro
OTIPEJICTICHHBIM MarHUTHBIM COITPOTHUBIICHUEM.

Kak WCTOYHWK H. C. TIOCTOSHHBIA MAarHUT HMMEET Ty OCOOCHHOCTH, YTO
BEeITMYMHA OT/JaBAEMOT0 MM MAarHWUTHOTO TOTOKA W pa3BUBaeMas H.C. BO BHEIIIHEM
MPOCTPAHCTBE HE OCTAIOTCS TIOCTOSHHBIMH, a W3MEHSAIOTCS C HM3MCHCHHUEM
MPOBOJIMMOCTH BHEIIIHEW MAarHUTHOW LI M MarHUTHOTO TOJISI PEaKUUU SIKOPS.
[Ipu >TOM ¢ U3MEHEHHEM JTHX IMapaMETPOB HM3MEHSIOTCS COOTHOIICHHE MEX]Y
MOTOKOM PACCESIHUSI U TOJE3HBIM IMOTOKOM U BEJIMYMHBI HABOJUMOM B OOMOTKE
axopst D/1C u HanpsKEHUs.

BHemiHelt MarHUTHOM XapaKTEPUCTUKOW IMOCTOSHHOTO MAarHuTa SIBJISETCS
mpsiMasi  Bo3BpaTa C YIVIOM HakjJoHa [ , ONPEACISIIONUMCS BEIMYUHON

kod(pdunreHta Bo3BpaTa p . BBHAY OTHOCHUTEIBHO MAaJiOTO 3HAYEHUS p
BHYTPEHHEE COMPOTUBJICHUE MATHUTA BEJIUKO:

R, =—2—. (2.1)

Nmeercss Oosbllioe BHYTPEHHEE TNAJEHWE MArHUTHOTO HAMpSOKCHUS B
MAarHuTe.

Kak yyacTox MarHuTONpoBOAa MOCTOSHHBIM MarHUT MPEJICTABISIET OOJbIIOE
MAarHUTHOE COMPOTHUBJIEHUE ISl MOTOKOB peakunu sAkops. [[oToku peakuum saxops
MO3TOMY BBIHYKJEHBI 3aMBIKAThCSl MO NYTSIM NOTOKOB paccesiHus. PacueTHbie
(GopMyJIbI PEAKTUBHBIX CONPOTUBIEHMH X, U X, 3A€Ch NPHOOPETAIOT IPYyron

BH/I.

B anexTpudeckoii MalimHe ¢ MOCTOSHHBIMA MarHUTaMU B OTJIMUUE OT MallluH
C  DJIGKTPOMAarHUTHBIM  BO30YXKIEHHEM HE HMMEeTCS MpsSIMOro  crocoda
pEryJIMpPOBaHMSl  BEIWYWHBI  MOJIE3HOTO IOTOKAa, OTJABA€MOT0  MAarHUTOM.
PerynupoBanue BO3MOXXHO TOJIBKO KOCBEHHBIM O0pa3oM TyTeM W3MEHEHUS
MAarHUTHOM MPOBOAMMOCTH BHEIIHEW LIEMU WJIM 32 CUET BO3ACHCTBUA CO CTOPOHBI
LIETTH SIKOPSI.

Takue (dakTophl, Kak OTCYTCTBUE€ OOMOTKH BO30OYXACHHS, OOJBIIOE
BHYTPEHHEE MAarHUTHOE CONPOTHUBJIEHUE MArHUTA, OTCYTCTBHE OIIYTUMBIX
KOHTYPOB  BHUXPEBbIX TOKOM BHYTPM MaTepuaja MarHUTa, OKa3bIBaIOT
CYIIECTBEHHOE BJIMSIHUE€ Ha BEJIWYMHBI YJAPHOTO U YCTAaHOBUBILIETOCS TOKOB
KOPOTKOTO 3aMbIKaHHS.
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B oanexkTpuuecknx MammHAX C TOCTOSHHBIMA MarHWUTamMu Ha pabouuit
MPOLIECC OKA3BIBAIOT 3HAYMTEIBHOE BIUSIHUE TPOBOJUMOCTH PACCESTHUS MATHUTHOM
LENH, OMNPEACISAIONINE HMCIOIb30BAHUE MArHUTHOW HSHEPrUM MArHUTAa, BHEIIHUE
XapaKTEPUCTUKUA T€HEpPATOpa U Pa3BUBAEMYI0O UM MOIIHOCTb, BEJIMUYUHBI YAAPHOIO
M YCTaHOBHUBIIETOCSl TOKOB KOPOTKOTO 3aMbIKaHUSI.

PabGounii mporecc B reHeparopax € IOCTOSHHBIMH MarHUTaMH JIOJDKEH
paccMaTpuBaThCsi B TECHOM CBSI3M CO CXEMaMM 3aMEIICHHS MAarHUTHBIX
MMPOBOJIUMOCTE BHEIIHEWM MArHATHOM TI€HM W MAarHUTHBIM  COCTOSIHUEM
MMOCTOSIHHOT'O MarHuTa.

B pexuMe X0m0CTOro xoja 3ieKTpUYecKas LENb SKOPS Pa30MKHYTAa W H.C.
peaknuu SKOps paBHa HYNO. BernencTBue BpamieHwst poTopa B OOMOTKE SIKOPSI
Hasoautcs D/1C xonocroro xona E, .

BenyuuuHa 10JIE3HOTO MOTOKA D,, a CICOa0BATCIbHO, U BCINYHWHA QI[C E,

MOTYT OBITb OIpPEACICHBl C TMOMOIIBI0 CXEMbl 3aMEIIEHUs MArHUTHBIX
IIPOBOJMMOCTEN U pabouel JuarpaMMbl MarHuTa.

CxeMa 3aMmelleHHMs] MAarHUTHBIX TPOBOJAMMOCTEN OMNPENEISAETCS TUIIOM
MarHUTHOM LIETIM FeHEpATOpa U MarHUTHBIM MOJIEM MAILVHBI.
Haubomee npocTeie cXeMbl 3aMEIleHUs MarHUTHBIX MPOBOJUMOCTEN (PUCYHOK 2.2,
a U 0) COOTBETCTBYIOT MAarHMUTHBIM IIE€TSIM TE€HEPATOPOB CO 3BE31000pa3HBIM
poTOpoM 0e3 MOIOCHBIX OanmakoB (pucyHokK 2.1, a u 0).

a — CTaTop 0e3 BBICTYIIAIOMIUX ITOJIHOCOB; 0— CTAaTOp C BBICTYIIAOMIUMU IMOJTKOCAMU
Pucynok 2.1 — MarauTHsI€ 1I€MTU TEHEPATOPOM CO 3BE3/1000pa3HBIM POTOPOM O€3
MIOJIFOCHBIX OaIlIMaKoB

JUtst pexxuma XoJIocToro xojga F,, =0, TO €CTb CO CTOPOHBI F,, =0 cxema

3aMCIICHUS 3aMKHYTa HAKOPOTKO. Torz[a, IMOJIB3YysACh CXCMaMHU 3aMCIICHUS, MOKCM
noaCUYuTaTh PE3YILTHUPYIOMINWE 3HAYCHHUA HIPOBOAMMOCTH XOJIOCTOI'O XOJa G

Opes !
kodddurmenTa paccesHus TOTOKa §, , TOJE3HOW mpoBoAUMOCTH G, U
PE3YIBTUPYIONIEH MPOBOJUMOCTH paccessHusl G,. COoriacHO cxeme 3aMeleHHs Ha

pUCYHKE 2.2, a UMEEM:
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P S 2.2)

Ope 1 2 2

v G, 3
Sy = P _ 1, Cow (2.3)

Dy Go _GSM
G

G, =—". 2.4
=g (24
Gs =G, -G, =G, (6, -1). (25)

[Tone3Hblil NOTOK @, paBHIETCS NOTOKY B BO3IYIIHOM 3a30p€ @, .

JIJist MarHUTHOW CHCTEMBbI Ha pUCyHKe 2.1,0 XapaKkTepHbIM SIBIISIETCS HAIMYUE

JOIIOJIHUTEIIBHOIO IIOTOKA pacCCIHUA MEXKAY ITOJII0CaMu @, , ci1abo BBIPAKCHHOT'O

B 1nepBoil cucreme. IIOTOKy @, COOTBETCTBYET HEKOTOpas OSKBHBAJICHTHA,

IPpUBCACHHAs K KOHIAM IOJXOCOB MHIPOBOAHMMOCTL G HaxoAmasAcCAa 1101

sq4 2
HAIIPAKCHUCM, PABHBIM IIAACHHUIO HAIIPSPKCHUA B ITIOJIIOCC U SApMEC CTATOpPA.

';d fad
1!
bt
N b4
B 24
G G
Gy Gsre Oy
J4 “
b
R T T B
fuo

a - co cTaTopoM 0e3 BBICTYMAIOIIUX MOJIFOCOB; O - CO CTaTOPOM C BBICTYNAIOIIUMU MOJIIOCAMU;
Fyo BHYTpeHH:S (QUKTUBHASA) H.C. MarHuTa; G, - IPOBOJUMOCTb PacCEsSHHs MarHuTa;

G;.G;,,G; - IPOBOJAMMOCTb BO3/YLIHOIO 3a30pa, 3yOLIOB U pMa COOTBETCTBEHHO; G, -
HPOBOJMMOCTb paccesiHus akopsi; G,, - MarHUTHas IPOBOJUMOCTb MarHUTa

PucyHok 2.2 — CxeMbl 3aMeNIeHUsI MATHUTHOW 1IEMTU T€HEPATOPOB CO
3BE€3/1000pa3HBIMU POTOPaMH 0€3 MOJTIOCHBIX 0allTMaKoOB Ha Mapy MOJTIOCOB
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Benuunna moToka @, B peXUME XOJOCTOTO X0/a OOBIYHO HE3HAYUTENbHA.
CornacHo cxeme 3aMelneHus (pUCyHOK 2.2,0) UMeeM:

1
GOpes = G3,4 = GSM + 2 1 . (26)
G's Gsn +
7_'_7
G, G,
G G
o, =0, ,0. =(l+¢)-(l+¢). (27)
° e Gl,2 _Gsn G3,4 _GSM
1
G,, =Gy +ﬁ' (2-8)
7_*_7
Gy
1
Gy =Gy + 5 (2.9)
Gl,2 Gs

G,, ) Gy, - MPOBOJMMOCTH OTHOCHTEIBHO Y3JIOBHIX TO4eK 1 - 2 m 3 - 4
COOTBETCTBEHHO; §,,,5,, - YACTUYHBIE KOD(DMUIMEHTHI PacCesHUs COOTBETCTBEHHO

BTOUKax 1 -2u3-4.

CymMa mnafeHWil MarHUTHBIX HAaNpsOKEHUHW HAa  OTACNBHBIX  y4acTKax
MAarHUTHOM UENH PAaBHAETCA H.C., pPA3BUBAEMOM MArHHUTOM BO BHEIIHEM
MIPOCTPAHCTBE:

F, =2F; +2F, +F,, (2.10)

rae F; =0,808; .10*— IMag€HUuEe MarHUuTHOTO HaIIps’KCHUA B BO3AYIIHOM

3a3ope, a;
0 — BCJIMYMHA BO3JYLIHOI'O 3a30pa, CM,

2.
B, —HHIYKIIUS B BO3yIIHOM 3a30pe, BO/M";

FZ )41 Fj — IMaJACHUA MArHUTHOI'O HAIIPAKCHUA COOTBCTCTBCHHO B 3y611ax

HJIK IIOJIFOCC CTAaTOpa U ApME CTaTOopa.

BenuunHa moroka paccessHHs @, B pacCMaTpUBAEMOW MArHUTHOM CUCTEME
OIPEJIENISIETCS. B OCHOBHOM IPOBOJAMMOCTBIO pAaCCEsIHHS MarHuTa G, (IIOTOK @, ),

TaK KaK 3Ta IPOBOAUMOCTb HAXOAUTCA 1101 ITOJTHBIM HAIIPAKCHUCM MarHuTa FM .

JIIsi MarHUTHOM CHUCTEMBI CO 3BE€3/1000pa3HbIM POTOPOM 0O€3 MOIOCHBIX
0amMakoB XapaKTEPHBIMHU SIBJISIFOTCSI CPABHUTEIHLHO MaJlble PACCESTHUS MarHUTHOTO
HOTOKA.

Benuunna moToka paccesHUSI 3aBUCUT OT BEJIMYMHBI BO3IYIIHOTO 3a30pa & .
C yBenuueHHeM 3a30pa § TOTOK pacCesHUsl BO3PACTAET, a MOJE3HBIA MOTOK @, U

OOIIMIi TOTOK @,, YMEHBILAIOTCA.
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C touku 3peHus odbecredeHusi HanOONbIIUX 3HAYSHU TOJIE3HOTO TIOTOKA &,

U JIyYIIEro MCIOJb30BaHUS MAarHuta 3a30p & JAOMDKEH ObITh MHHUMAJIBHO
BO3MOYKHBIM.

[Ipy HaJMyuM MOJMIOCHBIX OalIMakoB Ha MOJIOCAX MarHUTa-3BE310YKU
(pucyHOK 2.3) KapTHHA paclpeiesieHuss MarHUTHBIX TIOTOKOB M CXE€Ma 3aMELEHUs
MarHUTHBIX TPOBOAUMOCTEN (pUCYHOK 2.4) ycnoxHstoTcsa. IlomumMo mNOTOKOB
paccessHusA @, U @, MOSBISAETCA 3HAUMTEIIbHBINA [0 BEJIWYMHE MOTOK PACCESTHUS

TTOJIFOCHBIX OaIlIMaKoB Dy, 0 . Cxema 3aMCIICHUA, IMPEACTABJICHHAA HAa PUCYHKC 24,

OTJMYAeTCS OT CXEeMbl, H300paXEeHHOW Ha pUCYHKE 2.2, HaIu4ueM
JIOTIOJTHUTEIIBHBIX TPOBOAUMOCTEN: @) G, , - Ul Yy4acTKa IOJIOCHBIX OaIIMakoB; 0)

G - il yd4aCTKa CTbIKa MAarovuTa € ITIOJJIOCHBIM 6aIHMaKOM; B) G JJIA

cm.m

SI1.5

paccesiHUs Taphl MOJTIOCHBIX OaIMaKoB.

W= ™\ =

PucyHnok 2.3 — DckHU3 MarHUTHOM LEMU T€HEPaToOpa € MOJIOCHBIMU OaliMakamMu

Pemienne cxembl 3aMelIeHUs] HAa PUCYHOK 2.4 B NPUHLMUIIE HUYEM HE
OTJIMYAETCSI OT PEUICHUS «IPEeAbIaylIell CXEeMbl 3aMEIICHHUS. 3HA4YeHUs
pe3yNbTUPYIONIEH  MpoBOoAUMOCTH G u  koxpduuMeHTa paccesHUs g,

Opes

ONPEIENSIOTCS TaK:

1 .
GOpe3 = GS,6 = GSM + 2 2 1 1 (211)
G... G, 1
cm.m 1.6 GSH.§ + 1 2 1
- 4+ 4+
G, G, G,

Gy d14 Gsu

0y = 034055 =|1+ ,
oo (Gsa)ir (Gs )i

(2.12)

rac
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Goidi=1—3 5 (2.13)

2

e

G, G, G,

1 .
(GS,G)H = 1 2 2 1 (2.14)

+ +
G3 4 GH.&' Gcm.M

G3,4 = (G3,4)n +Geyr.5 - (215)

3HaueHHs] TOJIE3HOW NPOBOAUMOCTH G, U MNPOBOAUMOCTH PACCESHUS G,

OIpeaeNAtoTCs BhipaxkeHusmu (2.4) u (2.5).
[TasieHrie MArHUTHOTO HANPSYKEHHS BO BHEIIHEH €M DPaBHACTCA CyMME
naJICHUI HaNPsDKEHUSI Ha OTACIBHBIX YUacTKaX IEIH:

F, =2F, +2F,  +2F,, +2F, +F,. (2.16)

cm.m

oA

G

26.‘4 fuo 26‘3

G,;,G;,G;,G,,,G

HOJIIOCHBIX 0allIMaKOB, CThIKA MATHUTA U MATHUTA COOTBETCTBEHHO; G, ,Gg, 5,CGoy -

oGy - MATHUTHBIE IPOBOJMMOCTH SIpMa, 3yOI0B, BO3IYIIHOIO 3a30pa,
IIPOBOJIUMOCTH PACCESHUS SIKOPS, MOJIFOCHBIX 0allIMaKoOB, MarHUTa COOTBETCTBEHHO; F,, - H.c.
NIOCTOSIHHOTO MaruuTa; F,, - BHyTpeHHss ((HUKTUBHAsS) U.C. IOCTOSIHHOTO MarHMTa.

Pucynok 2.4 — CxemMa 3aMeIeHNs] MArHUTHOM LIENN FEHEPATOPA € MOJIOCHBIMHU
OammMakamMu (AJ1 apbl MOJTIOCOB)
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PucyHok 2.5 — YnpouieHHas cxema 3aMeeHUs MArHUTHBIX ITPOBOIMMOCTEN
MarHUTHOM LIETIH TeHEepaTopa ¢ KOrTeoOpa3HbIM POTOPOM (Ha mapy MOJIIOCOB)

Jls reHepaTopa ¢ KOrTeoOpa3HbIM POTOPOM CXEMa 3aMElIeHUsS MarHUTHBIX
MPOBOAMMOCTEN mpuBeAecHa Ha pucyHke 2.5. Ilo cpaBHEHUIO C NpeablaylIeH

cXeMoii (pucyHKe 2.4) 3/1€Ch MMEIOTCS JIONOJHUTENBHBIE MPOBOJUMOCTH Gy ,, M

de . PenlieHune 3Toi cXeMbl 3aMelCHUS HOI[O6H0 PCUICHUIO Hpe,ubmymeﬁ CXCMBEI.

IIpuBeneHHBIE BBIIIE CXEMbI 3aMELICHUsS MArHUTHBIX IPOBOAMMOCTEN IS
HauOojiee XapaKTepHBIX MAarHUTHBIX CUCTEM COCTaBJICHbI JJIsl Tapbl IOJIOCOB.
OpHako 4acTo Moib3yKTCA CXEMaMH 3aMELICHUS U Ha OJMH NoJroc. B 3ToM ciydae
pacueT BeIeTCsl Ha TOJOBHHHYK ummHYy MarHuta (l/2 mo cpenHeilr cwiioBoi
auHuM). Pacdyer nmpoBoAMMOCTEN paccesHus MOIKCa MPOU3BOAUTCS OTHOCUTEIBHO
DKBUITOTEHIHAIBHBIX TOBEPXHOCTEU, MPOXOIAIINX MEKAY MOIIOCAMHU U 110 CBOEMY
MAarHATHOMY ITOTEHIHATY COOTBETCTBYIOIIUX HEUTPAIBHOMY CEUEHHIO MATHUTA.

Pucynok 2.6 — Cxema 3amelieHusi MarHuTHOM 1IN F€HepaTopa co
3B€3/1000pa3HbIM POTOPOM C MOJIOCHBIMU OallIMaKkaMy Ha OJIUH MOJIOC
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JIns mepexo/ia OT CXeMbl 3aMEIICHUS JJIsl IBYX MOIIOCOB K CXE€ME 3aMEelIeHUs
JUISL OJHOTO TMOJI0CA B CUMMETPUYHBIX MArHUTHBIX CHUCTEMax HEOOXOAUMO OT
NepBOMl  CXEMbl OCTaBUTh OJIHY BETBb IOCIEAOBATEIBHO COEIMHEHHBIX
MPOBOJMMOCTEN (Hampumep, JIEByI0O B cXeMax Ha pucyHkax 2.2, 2.4 wu 2.5),
MPOBOJIMMOCTH PACCESIHMS YIBOUTh M BTOPOM KOHEI[ MX MPUCOCIUHUTH K OOIIeH
JIMHUM, UMEIOLLEH MMOTEHUMAI HEUTPAIbHOIO CEYeHUsl MarHurta. B kadectse H. C.
MarHuTa M H.C. PEaKIMu SKOpsi OepyTcsi MX MOJIOBUHHBIE 3HaueHus. B kauecTBe
npuMepa Ha pUCYHKE 2.6 TIpUBEJeHAa CXeMa 3aMEUIeHUS MAarHUTHBIX
MPOBOAUMOCTEH [IJIi OJIHOTO TIOJIFOCA, IIOJy4YeHHasT Ha OCHOBAHUM CXEMBI
3aMelIeHus Ha pucyHke 2.4.
[TozncyeT BeMMUYUH MOJIE3HOTO MOTOKA @,, TOTOKA PACCESTHUS @, , U OOIIEro MmoToka

MarHuTa @,, IPOM3BOJIUTCS C TIOMOIIBIO paboyeH quarpaMMbl Marauta [19].

2.2 BeHTHJIbHBII TeHepaTop

BenTtuneHbie TeHepaTopel mepeMeHHoro Toka BI-1(12)/450-04 cepun
«BUH2K».

BenTmibHbIe TeHEpaTOphl cepuu « BUHAK» MpeaHasHadeHbl I paboThl B
COCTaBe BETPSIHBIX DJIEKTPOCTAHIINHM, paOOTAIOMIMX Yepe3 BHEIIHUN BBIPSIMUTEND
Ha 3aps]l aKKyMYJISITOpHBIX Oatapeil. ['eHepaTophl BBITYCKAIOTCS Kak OOpaIieHHOM
KOHCTPYKIIMU, TaKk U HeoOpamieHHoW. Bce reHeparopsl umeror BO30YXKIEHHE OT
MOCTOSIHHBIX MAarHUTOB HAa OCHOBE CIIJIaBa HEOJUM — JKeJIe30 - 00p. DTH reHepaTopsl
MOT'YT UCNOJIb30BaHbl B MUKPOI DC.

['enepatopsl MPUBOASTCS BO BpallleHUE HEMOCPEICTBEHHO OT Bala,
KOHCTPYKIIMSI KOTOPOTO ompezensercs pa3zpaboTunkoM. Bce reneparopsl cepun
UMEIOT MaJIbIii MOMEHT CTparuBaHus.

Konctpykuuu reneparopos BI'-05(12)-04, BI'-1(12)/450-04 u BI'-1(12)/650-
04 BeIMOSHEHBI TaKUM 00Opa3oM, 4TO Ha (PIIAHIIEBOM HIUT KOPITyCa, JIETKO MOXKET

OBITh YCTAaHOBIIEHO uyepe3 My(Ty ¢ Bel TypOWHBI WIIM BETPOJBUTATENS (PUCYHOK
2.7) [20].

Pucynok 2.7 — BHeunuii Buj renepatopa BI'
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Pucynok 2.8 — Konctpykuus reaeparopa BI'-1(12)/450 u BI'-2(12)/650-01

OTOT TUN reHEPaTOPOB MOXKET padOTaTh B HU3KOOOOPOTHOM JIMANa30HE, YTO
HeoOxoaumo 11t Manbix Mukpo ['DC, K KOTOpbIM OTHOCHUTCA IIHEKoBas. Tak Ha
pucyHKe 2.9 moka3zaHbl BHEIIHHE XapAaKTEPUCTHKU CEPUMHOTO TE€HEparopa, Tae
TEHEPATOpP MOXKET B IIMPOKOM JUana3oHe Harpy3ku padoTaTh C OTHOCHTEIIBHO
BoicokuM KIIJ[. Jlnsi oOecneuenus mnotpedOuTeneil HEOOXOIUMOro KauecTBa
ANEKTPO’HEPTUH TO PaboTa ATOro reHepaTopa OyneT OCYLIECTBISATHCS Yepes3
BBINIPSIMIICHUE U UHBEPTUPOBAHMS HAIIPSKEHHUS.
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Pucynok 2.9 — BHemnHue XapakTepucTuku cepuiiHoro reneparopa BI'-1(12)-01 npu
n =428 06/MuH

["eneparopsl HeoOpareHHoM koHCTpyKImu BI' — 5(28)/114-300-02B u 02I"

Koncrpykuus. I'eneparopsr BI'-5(28)/114-300-02B u 02I' mpencraBiisitor
coboil Tpex(dasHble MHOTOMOJIOCHBIE T€HEPATOPhl KJIACCUYECKOW KOHCTPYKIHMH C
BO30YXKJIEHHEM OT IIOCTOSHHBIX MarHuToB Ha ocHoBe Nd-Fe-B. Ha
WIMHIPUYECKOM POTOpE OOJIETYEHHON KOHCTPYKIIMM HAaKJIEEHbl B JIBa psija
cerMeHTHbIe nostoca. ['enepaTopsl ucnonHenus: 02B uMer0T «ymm» ais KperieHus
B BEPTUKAJIBHOM ITOJIOKEHHMH, a reHeparopsl 021" mMeroT jamnsl 171 yCTaHOBKM Ha
CTaHUHY.

['eneparoper BI' — 5(28)/114-300-02B u 02I" nmpeaHa3zHaueHs! st paboOThl B
COCTaBE€ BETPODHEPTETUUECKUX YCTAHOBOK M Mukpol DC ero xapakrepuctuka
npuBeieHa B Taonuie 2.1.
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Tabmuna 2.1 — Xapakrepuctuku reaeparopoB BI'-5(28)/114-300-02B u 02I"

No Mapane BI'-5(28)/114-300- | BI'-5(28)/114-300-
° panmerp 02B 021
1 | HomuHanbpHass MOIIHOCTE, KBT 5,0 5,0
2 | Yactora BpamieHus, 06/MuH 300 300
HomuHansHOE BBIXOHOE 114 114
HanpsDKEHUE BBITIPSIMIICHHOE, B
4 iBIXOILHOI/I TOK, BBITIPSIMJICHHBIH, 50 50
5 | Yucmno da3s, mrt. 3 3
6 YacToTa BEIXOJJHOTO HAIPSKCHUS, 50 50
'
7 | Anamerp, MM 360 360
8 | MowmenT ctparuBanus, H-m 3) 3)
8 | KIIJ 0,85 0,85
9 | Macca, kr 95 95
p,er MMM
8000 — 240 — |
4 230 i
3 220 S————
7000 — 210 — ey - :
; 200 -;* \ s . i P(l).n:‘i
- 190 — : -
6000 ;180 ;‘. —n ‘ e
4170 = . =
4 160 = — : f“)”
5000 — 150 — — < Tom.
: 140 = : —u] = ~{ =
=3 130 = i
4000 —— 120 — ! 7 £ < Ul
3 110 3 T S s
S 100 = T .
3000 — 90 —— -‘(l)l g
3 80 F——t
3 70 3 {2
2000 — 60 — i
- 50 —=
_‘_:‘_ 40 ,,,—,7,,‘,,’,,',,,‘
1000 = 30 424
3 20 47 M)
3 10 G4~ |
0 — 0 # [ I J [ T T 7171 IR | T l' A
0 10 20 30 40 50 60

Pucynox 2.10 — Baemnsis xapakrepuctuka reaeparopa BI'-5 mpu 30006/mMun
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2.3 Pe:xuM padoThl BEeHTHJIBLHOTO FeHepaTopa

Y reHepaTopoB BEHTWIBHBIX €CTb HEKOTOpPbIE OCOOEHHOCTH, KOTOpbIE
BIIUSIIOT HA UX XapaKTEPUCTUKHU:

- BBINIPSIMJICHHBIN IEPEMEHHBIN TOK;

- BBIOOp OOMOTKM C JJaHHBIMU, OOecrieurBasi HOMUHAJILHOE HAMPSKEHUE TIPU
MUHHUMAJIbHOM YacTOTE BpalleHHUs POTOpPa, COOTBETCTBYIOIIEH XOJIOCTOTO XOAa
JIBUTATENIST aBTOMOOMIIS,

- yAep>KUBaroIIas cuja, mojaBaeMasi U3 ToKa.

['maBHBIMEM TapaMeTpaMH BEHTWJIBHBIX TE€HEpaTOpoB - HampsbkeHue U,
4YacTOTa BpallleHUsT poTOpa N U MOIIHOCTH P (umnam cuiia Toka, OTJaBaeMOro
TEHEepPaTOPOM IPHU 3aJaHHOM HAIPSHKEHUN ).

3aBUCHMOCTh BBIIpsiMiIeHHOTO Hampspkenus Ud Bo3Oyxnaenusi Toka lg mpu
OTKJIIOYEHUH HArpy3ku W TIOCTOSHHOM CKOpPOCTH poTopa N  Ha3bIBaeTCs
XapaKTepUCTUKOM xosiocToro xoxa (pucynok 2.11) [4]. Ha xomoctom xonuy,
BeIIpsiMiIeHHOe HampspbkeHue paBHo DJIC Ed. XapakTepucTHku X0J0CTOTO XO0jaa
BEHTUJIbHBIX T€HEPATOPOB, MOATOTOBICHHBINA K HE3aBUCUMBIM BO30YKICHUSM.

Uq]

Nenas

'.Mll l.

Nmax; ncp, np, No —Y9acToTa BpalllCHUA POTOPA COOTBETCTBEHHO MaKCUMaJIbHasA, CpEAHAA, pacuCTHas
1 HayaJia OTAa4u, UdH - BBIIPAMIICHHOC HOMHWHAJIbHOC HAIIPSAXKCHUEC

Pucynok 2.11 — XapakTepucTUKu X0JIOCTOr0 X0/1a BEHTUJIBHOTO FeHepaTopa

BHemiHue  XapakTEpUCTUKH  BEHTHIBHBIX TE€HEPATOPOB  3aBUCIT  OT
BBITIpsIMIICHHOTO HamnpspbkeHust Uy (pucyHok 2.12) u Toka |y Harpy3ku mpu
MOCTOSIHHOM CKOPOCTH BpallleHUsI pOTOpa, HAMNPSHKEHUE HA BBIBOAAX KATYIIKH
BO30YXXJIeHUsI U ero compoTuBiieHrne. Korna Harpys3ka Bo3pacTaeT BBITPSMIICHHOE
HalpspKeHUE TajaeT MoJl JCMCTBUEM pEaKIMH SKOps, 3a CYET YMEHBIICHUS
HaMpspKeHUST B 1IEMM cTaTopa (SKOps) M B BBIIPSMUTENEC, B KOTOPOM MajJCHUE
HaIpsDKeHUs B OOMOTKE CTaTOpa U B 3HAYUTEIBHOM CTENEHU 3aBUCUT OT CKOPOCTH
poTopa.
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Buemnue XapaKTCPUCTUKN  BCHTUJIBHBIX TI'CHCPATOPOB  ONPCACIAIOTCA
CaMOB036Y)KI[CHI/I}I N HCE3aBHUCHMBIM B036y7K,Z[€HI/I€M. Ha,Z[CHI/IC HAIIpsKCHUS TIPU
YBCIMYCHUN HAI'PY3KH HC TOJIBKO dKTHBHBIM, HO U MHIYKTHUBHBIX COHpOTHBHCHI/Iﬁ
0OMOTOK craTopa. B cl1ydac CaMOBO36y}KI[eHI/ISI HaIIPpAKCHUA I'CHEpATOpa KildllaHa
magacr Ha CaMoro II0JIA OOMOTKH. Pa3MaI“HI/IIII/IBaI-OHII/Ie 3(1)(1)€KT PCAKIUN AKOPA
MAaramuTHOI'O IIOTOKAa YMCHBIIIACTCA B pa60qer0 3a30pa MCKIAY POTOPOM U CTATOPOM.

Ve &

Idp| |dmax - COOTBETCTBCHHO paCuY€THOC U MAKCUMAJIbHOC 3HAUCHU CUJIbI TOKA HAI'PY3KH
Pucynok 2.12 — BHemHne XapakTepUCTUKHA BEHTUIIBHBIX T€HEPATOPOB

[lo BHEIHUM NpHU3HAKaM OINPEAEISIETCS MAKCUMAJIbHBIM TOKOM | jy0xc,
KOTOPBIM CO3AAETCA IS 3aJAHHOTO 3HAYECHUS WU PETYIUPYEMOTO HAIIPSKECHHUS.

[loBenenue perynupoBaHus CKOpocTd (pucyHOK 2.13, a) mpeacraBisieT
co0Ol 3aKphITHI 3aBUCHMOCTh CHJIBI TOKa BO30OyxkaeHus [ oT ckopoctu
BpAllleHUs] POTOpa Ha T€HEPATOp MOCTOSHHOIO HamnpsbkeHus. Kak mpasuiio, oHa
ONPENENSAETCS I HECKOJIBKUX 3HAYEHUI TOKA HAarpy3KH.

B)

a - OT 4aCTOThI Bpalll€HHUA pOTOPA; 0 - OT CHUJIBI TOKa Harpysku, UH - HOMHHaJIbHOC HAITPSKCHUC
Pucynox 2.13 —3aBucHMOCTH HanpsHKEHHS TEHEPATOPa U CHITBI TOKA BO30YKICHUS
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MuHUMAaNTBHBIN TOK BO30YXICHUS MOIIHOCTH OIPENEISIETCS CHJIOW TOKa
HYJIEBOM HArpy3Kd U MAaKCHUMaJIbHOW CKOPOCTH BEHTUJIATOpPA pOTOpa reHeparopa.
XapakTEepUCTUKU PETYJIHPOBAHUS CKOPOCTH MOKHO ONPEACIIUTh JTHANAa30H
U3MEHEHUS TOoKa BO30YXKIEHUS K M3MEHEHUIO Harpy3kd TMpU TOCTOSHHOM
HaIpsKEHUH.

[Ipn yBenuyeHHWH CKOPOCTH BpAILICHHS pPOTOpa N 3aKPBITOTO CHJIBI TOKa
B0O30Yx1eHus |, 1omkHa ObITh yMeHbIlIeHa (pUCYHOK 2.13, a), a Ipu yBEJIUUCHHUH
TOKa HArpy3KH - yBeJInueHue (pucyHok 2.13, 6).

Hanpspkenue reHepaTopa JOMKHO — MOJJIEPAKUBATHCS — MOCTOSIHHOW B
JMara3oHe CKOpOCTed poTopa OT Ny 10 Npax, B TO BpeMsl Kak TOK BO30YKICHUS
OyJIeT U3MEHSTHCS OT MAKCUMAJILHOIO 10 MUHUMAIBHOTO ¢ yare |c m-

N3-3a HenmpepbIBHOTO H3MEHEHHS PEXUMa JBUKEHHUS U, CIEHOBATEILHO,
YacTOTHI BPAILEHUS POTOPA TEHEPATOpa M TEKYIIEW CKOPOCTH HArpy3KH SIBIIAETCS
BOKHOM XapakTEPUCTHKONM — 3aBUCUMOCTh TOKa |y, KOTOpBIM MOXET aaTh
NOTPEeOUTENSIM TE€HEPATOP MPH 3a/IaHHOM HAIPSKEHUHU, CKOPOCTh BpPAIIEHUSI POTOPa
(pucyHok 2.14).

Texymias xapakrepHasi ckopoctb, yaansatoTces npu Ud = Const u Ic = Const.
DONeMEHThl yNpPaBJIEHUS SIBISIIOTCS 3HAYEHUS HAYaJbHOM 4YacTOThl FE€HEepaTopa Ng
OTaud BBIYUCIEHHON CKOPOCTM pOTOpAa N, U COOTBETCTBYIOUIEH MPOEKTHOM
npoyHoCTH Tekymero Map m makcumansHoro toka Id makc Ha mrax. Pacuernas
CKOPOCTb POTOpa U CUJIa TOKa OMPEAENIAECTCS B TOUKE KOHTAKTa CKOPOCTH TE€UEHUS
xapaktepHod 1 m 2 npsiMOHM, NMPOBEICHHOW M3 Hayajga KOOPAHMHAT. JTa TOYKa
COOTBETCTBYET MAaKCUMAaJIbHOMY 3HAYEHHIO PACYETHOM MOIIHOCTH Ppp K pacueTHON
CKOPOCTH POTOpa N, (PE€KUM MaKCUMAJIbHOI'O T€HEPATOPHOI0 HArpeBa).

Hanpspkenue reHepatopa MNOAACPKUBAECT KOHCHUCTEHIMIO B IIMPOKOM
nuanazone ckopocreir (100-500 o0 / MuWH), W TOAIEPKHUBAET BBICOKUI
koadurment moneznoro aeiicteus (KILJI) (0.8-0.94) Bo Bcem 3TOM nuarnas3oHe.

BBenenne HOBOW  KOHCTPYKIIMM — DJIGKTPUYECKOW  MAaIIUHBI  TpeOyer
ONPEICICHHBIX MAaTEPUANIBHBIX 3aTPAaT U BPEMEHH JJI1 TEXHOJOTUHM MPOU3BOJICTBA.
Takum o0pa3om, uzes KOHCTPYKIIMM TeHepaTopa KiamaH ObLI pealn30BaH Ha
OCHOBE acHWHXpoHHOro apuratenas MT-51-8 ¢ HomuHanpHON MomIHOCTRIO 10 KBT
(100% M®) u co ckopoctbto 750 06 / MUH.

OTIMYUTENHEHONM OCOOCHHOCTHIO TMPEAJIaraeMoro AJIEKTPOMEXaHUYECKOTO
npeoOpa3oBareisi SBISETCS UCHOJHEHHE OOMOTKM SIKOpS U3  HECKOJIBKUX
napasuiesIbHbIX BETBEH, KaKIash U3 KOTOPBIX COCIMHEHA CO CBOUM BBINIPSIMUTEIICM.
Yucno mapaienbHBIX BETBEHM 3aBUCUT OT W3MEHEHHUs JUana3oHa CKOpOCcTU. B
YaCTHOM cllydyae, He0OXOAMMOro Yrciia NapajijiesIbHbIX BETBEW paBHa a = 6.

NHpykTop MalrHa MMEET YeThIpe Mmaphl MoacoB p = 4. CorinacHO TEOpUH
ANEKTPUYECKUX MAIlUH, C 2p = 8§, KaTYyIIKH SIKOPS MOTYT OBITh BBITIOJIHEHBI U3
a = 1,2,4,8 mapanmnenbHbIX BeTBel. TpebyeMoe KOJWYECTBO MapalieTbHbIX BETBEH,
HE BKJIIOUYECHHBIX B 3TOU CEpUH.

B cBsa3u ¢ 93THM, aBTOpPHl HCMOJB30BaJId HETPAJAUIMOHHBIA METOJ
napajyieIbHBIX BETBEH, OTAENsAs 30HY (a3el B Tpex rpymmax. J[Jis Toro 4Tto0sI
YMEHBIIINUTH BIMSIHUE HEPABHOMEPHOTO BO3AYIIHOIO 3a30pa MO 3JIEKTPOMArHUTHBIM
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MoJIsIM, MapajUlelbHbIE BETBH, KaxJas W3 MapajuleibHbIX BETBEH KaTyIIKH
pacrpeiesieHbl paBHOMEpPHO MO JauameTpy cratopa. Kaxknas mapasienbHas BETBb
COEJIMHSETCS C BAIlIUM BBITIPSIMUTEIIEM.

...
o

7,

X
A
e

/]

o)
]

Pucynok 2.14 — DnektpoMexannueckuil mpeoodpazonarens 1iia BOC Ha 06aze
aCUHXPOHHOTO aBurarens MT-51-8

Just  npoBepku  3(PPEKTUBHOCTH  pabOThl  BBIIPSAMUTEIBHON  CXEMBbI
nugpepbare ObUIM MEpEecakeHbl HA XOJOCTOM XOJy XapaKTEPUCTUKH U BHEIIHUE
xapakrepucTuku. Ha pucynke 2.15 mpuBeneHsl KpuBble BO30ykaeHHs Toka Ic u
HanpsbkeHus: Ur u3menenus ckopoctu IMII [6].

1,2

) ISR
0,8 \/ '\'\-\_
0,4

0,2

O I I
0 200 400 600

4acToTa BpaleHusA 06/MUH

HanpshXeHue n ToK
BO306YyXaeHus

—— HanpsiKeHne reHeparopa —8—TOK BO30YKOEeHMs

Pucynok 2.15 — XapakTepucTika X0JI0CTOro Xo1a
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JIns HanpspKeHWsl TeHepaTopa CTYINEHEM NEPEKIIIoYUT NOCTOSIHCTBO KB wm
OJTHOBPEMEHHOE YIIpaBJI€HHE TOKOM B030yxaeHus. Ha pucyHke mokazaHo, 4TO
ucrosb3zoBanue KB noaiepkuBaeT MoCTOSIHHOE HAIPSDKEHUE U TIPEE] H3MEHEHUS
TOKa BO30YXJCHHUsS DJIEKTPOMAarHUTHBIX IIOMEX, YTO IO3BOJIAET H30eXkKaTh
HACBIIIECHNS] MATHUTHOM LEIN.

Ilo pe3ynbraramM UCHBITaHWM, NOCTPOCHHBIX XapaKTEPUCTUK YIIPaBICHUS
OMII (pucynok 2.15). Kpusbie 1,2,3,4 sBAsIOTCS XapaKTEPUCTUKUA TOKa
BO30yxkaeHus Ic, Kaxkaas M3 KOTOPHIX MOKAa3bIBAeT M3MEHEHHE B CBOEH paboTe B
pamkax oxHoro wu3 cryneHeil KB. Jluausa 11 mpencraBusier  coOoif
XapaKTEpUCTUYECKOE HanpspKeHHE. B Xone WCIbITaHuil, U3MEHEHUE Harpy3sku U
gacToThl BpameHuss OMII mpou3sBOAMTCS B COOTBETCTBUHM C 3KCIEPUMEHTAIBHO
MOJIyYeHHBIMH XapaKTEPUCTUKAMH SHEPTUH TYpOUH.

1,4

1,2 y.

Hanps)XeHue U TOK Bo3GyxaeHus

0 0,2 0,4 0,6 08 1

TOK Harpv3kum
——1 —8—2 —a—3

Kpussie 1,2,3,4-xapakTepucTuku TOKa Bo30yxkaeHus Ha 1,2,3,4 cTyneHsX COOTBETCTBEHHO,
KpuBas | 1- xapakreprucTruka HanpsHKEHUS

Pucynok 2.16 — PerynupoBounas xapakrepuctuka OMII

Kak BumHO U3 pucyHka 2.16 , marv peryJmpoBKYA MOITHOCTH 0€3 TePEeKTIOUeHHUS
KOMMYTHPYEMOTO BBINIPSMHUTENSI C IIMUPOKHM JHAra3oHOM CKOPOCTH TPHBOAWT K
HACBIILIEHUI0 MAarHUTHOW LIEMH, 332 CUYET YBEJIMYEHUs TOKA BO30YXIEHHs (ITyHKTHUpHAs
yacTh xapakrepuctuk Ic). Ha pucyHke mokazaHo, Kak YMEHBIIEHHE MOIIHOCTH M
CKOPOCTH JOJDKHA YMEHBIIAThCS B TE€UEHUM NPHUBOJA, YTO MO3BOJISIET MOIEPKHUBAThH
COIJIACOBAHHOCTh W COXPAaHUTh 3HAYCHUWE HANpPsHKEHUS  yJOBJIETBOPUTEIBHOMN
sdpdexruBroctu (0.7-0.83), Bo Bcem pabouem auana3one ckopocth [12].

Bv1600b1 no smopoii 2nase.

Hcnonbs3oBaHre reHepaTopoB HA TMOCTOSHHBIX MarHUTax MNpU MEPEeMEHHOM
pexume padbotel MUKpOl DC He onTUMAaIBHO.

[Ipennaraercss MCHOIB30BaHWE BEHTWJIBHOIO TE€HEpaTOopa Ha MOCTOSIHHBIX
MarHuTax.
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3 MopenupoBanue Mojaeau IHekoBoii Mukpol'9C B mnporpamme
COMSOL

3.1 Co3nanue MeTOAUKH MOAEJIMPOBAHUS

Hamu craButh 3amaua pa3paboTaTh HMMHUTAIIMOHHYIO MOJENb paboyero
npoliecca B mHekoBoi TypouHe Mukpol DC, yunThIBalomui BapuaHTHbIEC PEIICHUs
T€OMETPHUU B IPOTOYHON YACTH.

Ilenpto pa3pabOTKM MMUTAIMOHHOW MOJCIH SBISIETCS  MCCIICOBAHUE
BIIUSIHAC KOHCTPYKTHBHBIX W PEXUMHBIX TapaMETPOB THAPOTYPOMHBI Ha €e
SHEPreTUICCKHE XAPAKTEPUCTHKH C Y4ETOM HOPMATUBHBIX TOKyMeHTOB [40—43].

Ilocmanoska 3a0auu u 06veKm UCCcIe008aHUs.

B kauectBe 00bekTa McciaenoBaHUN BbIOpaHa MPOTOYHAs YacTh HTHEKOBOMU
ruApoTypOunsl, 1151 Mukpol DC MomHocThIO 10 5 KBT 1 HanmopoB 10 M u pacxof
BoAbl 10 2001/c. BapuaHThl pacueTHBIX CXeM OOIIero BHJla MPOTOYHOM 4YacTH
MOKa3aHbl B COOTBETCTBUU C PUCYHKOM 3.1.

['unpotypbuna coctout u3 paboyero koseca (p. K.) pacroiOKEHHOTO B
TpyOe.

Pucynok 3.1 — BapuaHThl pacueTHBIX CXeM IIHEKOBBIX TypOuH Mukpol 2C

MaremaTtiaeckoe MOJEIMPOBAHKE C TIOMOIIBI0 KOMITBIOTEPA CTAHOBUTCS BCE
o6onee >(PPeKTUBHBIM WHCTPYMEHTOM HCCIEIOBATEIC W HMHXKEHEPOB M YacTo
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ABJISIETC  OJIHOM M3 OCHOBHBIX 4YacT€l CHUCTEM  aBTOMAaTU3HPOBAHHOTO
npoekTupoBanusi. OHO, MO3BOJSET MOJYYUTh OOILIYI0 KAPTUHY BCEro TEUEHUs
KUJIKOCTU B o0beMe U Tpaduuecku BU3yaJM3UPOBATH MOJIsI CKOPOCTEH, JaBiICHUIN
WIM TeMIlepaTyp BO Bcel oOnacTu TeueHus. B To Bpems kak mnpu ¢u3HUECKOM
MOJICIMPOBAHUU U3MEPUTENIbHbIE JTAaTYUKHU PACIONAraloTCs B HECKOJBKHX TOYKaX,
i€ MPEANoIaracTcsl pa3BUTUE UCCIIETYEMBIX SBJICHUM.

Taxke mnpu MaTEeMaTHYECKOM MOJCIMPOBAHUU HCYE3AI0T MPOOJIEMBI,
CBSI3aHHBIC C BO3MYILICHUSIMU HCCIIEIYEMbIX MPOIECCOB YCTAaHABJIMBACMBIMU
JaTYNKaMU, TPUMEHSIEMBIMU B 3KCIIEPUMEHTAX, & TAKKE OTCYTCTBYIOT TEXHUYECKUE
TPYAHOCTH, BBI3BIBAEMBIC MaJBIMA WX OOJBIIUMU pa3MepaMU HCCIETyEeMbIX
O0OBEKTOB, BBICOKMMH WU HU3KUMH TeMIEpaTypamu, I0KapOOIMACHBIMUA WIIH
TOKCUYHBIMM BellleCTBaMU. [Ipu 3TOM UHCIEHHOE PEIICHUE MOXHO MOJYYUTh IS
peanbHbIX YCIOBUNA HCCIEAYyEMOTr0 MPOLECcca, YTO JTaJeKO HE BCETIa BO3MOKHO MPHU
HKCIIEPUMEHTAILHBIX UCCIIEI0BAHUSIX.

Llenpi0 BBITIOJIHEHHBIX HUCCJIENOBAaHUM OBLUIO pa3paboTka HAJASKHOU U
MPOTHO3UPYIOIIEH MAaTEMAaTHYECKOM OCHOBBI [ HW3YYEHHUsI IPOLECCOB B
MPOTOYHOMN 4acTu TypOUHBI. Ananus MOCBSIIIIEHHBIX W3YUYEHUIO
TUAPOJMHAMUYECKUX SIBIICHUM, IIOKA3bIBA€T, YTO MAaTEMaTUYECKHE MOJEIU
0a3upyroTcsi B OCHOBHOM Ha ypaBHeHUsX HaBre-CTokca, BKIIIOUAIONIMX YpaBHEHUE
HEpa3pbhIBHOCTU (3aKOH COXpPAHEHHUS MACChl); YpaBHEHUE UMITyJbca (3aKOH
COXpPaHEHHSI MUMITYJIbCA); YPABHEHUE HHEPIUH (3aKOH COXPAHEHUS AHEPIUM) . DTU
3aKOHBI, MpeJACTaBiIeHHbIE B Bujae AU((dEpEeHIIMATbHBIX YPaBHEHUN B YaCTHBIX
MPOU3BOJIHBIX, PEIIAIOTCA METOJIOM KOHEYHBIX JJEMEHTOB C MPUMEHEHUEM
CTaHJAPTHBIX MAKETOB JIsl KOMITBIOTEPHOI'O MOJICTUPOBAHUS JBYXKCHUS KUJIKOCTU
(Comsol).

3.2 Onucanue cpeacrea moaeaupoBanuss COMSOL

Pa3paboTka mMaTeMaTHYeCKON MOJEIM BBHITIOJHEHA HAMHU C MCIOJIb30BaHUEM
npukiagaHoro makera Comsol, peanusyrorero MeTo 1 KoHeUHbIX 3meMeHToB (MKD)
B pamkax moxayis Fluid Flow, kotopsiii orpaxxaer CFD (Computerized Fluid
Dynamics) TexHoOIOTHIO MoOJenupoBanus. Mogenb paccMaTpuBaiach Kak
HECTallMOHApHasi, TypOyJieHTHasi, C OJHO(A3HBIM TPEACTABICHUEM TEUCHUE
xuakoctu [13].

Coriacao wMeromonorun makera Comsol, pa3paboTka MaTeMaTHYeCKOH
MOJENH BKIIFOYAET CIEAYIOIIME ITAIBI :

|. [IpenpouieccopHast  cranus, BKIIOYAIONIas ONEpaldud IO  CO3JaHMI0
rCOMETPUYECKOM MOJIeNId paccMaTpyBaeMOW pacueTHOW 00JacTv; 3aJaHUI0
bu3MYeCKUX CBOMCTB cpeabl (MarepuajoB) B pacyeTHOW 00JIacTH; TEHepaluu
KOHEUHO-3JIEMEHTHOM MOJIeNn (JUCKpeTH3alksl) paccCMaTpuBaeMOl pacuyeTHOM
00JacTH, T.€. CO3/JaHMIO CETKH KOHEYHBIX JJIEMEHTOB; MPHJIOKEHUIO K MOJEIH
IPAHUYHBIX YCJIOBUM: BHEUIHUX BO3JCUCTBUN (TeMmmepaTyp, TEIJIOBBIX MOTOKOB,
CWJI U T.J.) ¥ 3aKPETICHU Ha TpaHuIlax 00JacTH.
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Juckperuzanus oOJacTH BKIIOYAET 3a/laHUE YHUCIa, pa3MepoB U (OPMBI
JIEMEHTOB, KOTOPBIE MCHOJB3YIOTCS I TOCTPOCHUS KOHEYHO-3JIEMEHTHOM
MOJIeTN. DJEMEHTHI CBSI3aHbl JPYr C JAPYroM B Y3JIOBBIX Todkax (y3jgax) W B
COBOKYIIHOCTH aNIpPOKCUMHUPYIOT (opMmy pacueTHOW oOnacTh. OKOHYATEIbHBIN
BBIOOP pa3MepoB 3JEMEHTOB IPOU3BOJIUTCS, UCXOI U3 (PU3MUECKON CYIIHOCTU
3aJ1a4yu.

I1. ITpouieccopHas ctaaus, 3aKI0YarOIasicsl B BHIIOJHEHUU TaKUX OTIEPaLIHii:
MOJlyYeHUE HAa OCHOBE (YHKIUH KOHEUYHBIX 3JIEMEHTOB KYyCOUHO-HETPEPHIBHOM
(byHKIUH, OMpPEEICHHON Ha BCel pacyeTHON 00J1acTH, U MOCTPOCHUE TII00aIbHON
MaTpHUILIbl TETUIONPOBOIHOCTH; COCTABJICHUE CHCTEMbI aIreOpanvecKuX ypaBHEHHI
OyTeM MHUHUMH3AIUd HEKOTOPOM BEIMYMHBI, CBA3aHHOM C  (U3HYECKOM
ITOCTAHOBKOM 3a/1a4M, U PELICHUE 3TOW CUCTEMBI OTHOCUTEINIBHO Y3JIOBBIX 3HAYCHUM
— TeMIEPaTyphl B 3aJ1a4ax TEIIONPOBOIHOCTH, CMEIIEHUN B IPOYHOCTHBIX 3a/1a9ax
U T.IL.

I11. TlocTponieccopHasi ctafusi: BbIBOJA PE3yJIbTaTOB pacueTa B rpaduyeckoit
U TeKCcToBOM (opmax (Tmoyis cCKopocTed, negopManvii M HaNpsHKEHUH, MOTOKU
TeIlIa, TEMIIEPAaTyPHbIE TPAIUEHThI U JIp.); aHAJIU3 ITOJIYYEHHBIX PE3YJILTATOB.

Taxum 00pa3zom, yUUTBIBast 0OCOOEHHOCTH KOMIIbIOTEPHOTO MOJIEIUPOBAHUS B
nakere Comsol, Obi1a co3mana MareMaTudeckas MOJETb JBHXKCHUE BOJBI 33 CUET
JABJICHUS.

YpaBHEHUE HEPA3PBIBHOCTH, COOTBETCTBYIOIIEE 3aKOHY COXPAHEHUs MAcCCHhI,
UMeeT BUJL!

ap alpv,) aleV,) alpv,) (3.0)
ot ox oy oz ! '

rne Vy, Vy, V; — KOMIIOHEHTBI BEKTOpa CKOPOCTH B HATIPABJICHUSIX X, Y U Z
COOTBETCTBEHHO;
£ — IUIOTHOCTH;
X, Y, Z — r7100anbHbIE I€KaPTOBbIE KOOPAUHATHI,
t — Bpems.

3aKOH COXpAaHEHUs HMITYJIbCAa, CBA3BIBAIOIIMN HANPSIKEHUS U CKOPOCTH

nedopmali KUJIKOCTA JUIsl TPEX HampaBleHWH, MOXKHO TPEICTaBUTh B BUJC
ypaBHenuii HaBbe-Crokca!

o\pV,vV
apvx +a(pvxvx)+ (p X y)+ a(pvx\/z)ng ap

-4
ot OX 8y 0z X (3 2)
Lo N, o v, o v,
ox Hy ox oy Hy oy pe Hp 2 x
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+ =pg, -+
ot OX oy oz Yooy
6 N, o oWy
— Uy, —+—pu, ——+T,
ox ‘" ox ay#B oz
(3.3)
asz a(pvxvz)_i_ a(loVZVZ)+ a(pvzvz) _ _6_10_’_
ot OX oX 0z ooz
I AR A A A
' ox Tyt y e P

rzie gx, Oy, J; — KOMIIOHEHTBI BEKTOpA YCKOPEHHsI CBOOOHOTO MaJICHUS B
HaIpaBJICHUSIX X, Y U Z, COOTBETCTBEHHO;
M. — 3pdekTruBHAs BSI3KOCTH;
Ty, Ty, T; — KOMIIOHEHTBI BEKTOpA BA3KUX MOTEPH B HAMPABIICHUAX X, Y U
Z, COOTBETCTBEHHO:

o oV o oV
_0,, . 3.4
PPN VEP (3.4)

oV, v, oV, (3.5)

0 o, N 9
Cat ey Tyt Ty Ta

V ov
T, =2, M, 0, 0, (3.6)
ox o0z oy o0z oz oz

Ilepexonst OT 3amuCy ypaBHEHHWM B YaCTHBIX MPOW3BOJHBIX K MATPUYHOU
dopme, QopmupyeTcs cucTeMa YpaBHEHHM, pEIIEHUEM KOTOPBIX SBISIOTCA
3HAUYEHHUA  KOMIIOHEHTOB  BEKTOpAa  CKOPOCTH, JIaBJIIEHHs B  Ipenesax
paccMaTpuBaeMoil pacyeTHOM 00J1IaCTH. DTOT MEPEX0/]] BBIIOJIHAETCS BCTPOCHHBIMU
anroputMamu rmakera Comsol.

C ydyeroM TMpHUBEACHHON BBIIIE IOCJIEIOBAaTEIbHOCTH  pa3paboTKa
MaTeMaTUYeCKOM MO/IeN pabOThl TypOUHBI:

3.3 IIpoBeneHue uccaea0BaHUI

Co3zoaHue ceomempuueckol Mooenu paciemuou obiacmu.

Ucxomnoit undopmarmeit 1y1st co31aHusi TEOMETPUYECKONM MOJIENIA pacueTHOM
00JIaCTH BBICTYMAJIa MIHEKOBAsi TypOWHA Pa3IMYHON MTPOTOYHOCTH MPUBEICHHON Ha
pucynke 1.1. B kadecTBe pacueTHOW 0OJIaCTH TMPU CO3MaHUM TEOMETPUUECKOM
MOJIENIA TPUHATO AOMYIICHUE, YTO BHYTPEHHUI 00BEeM TYpOUHBI SBISECTCS TEKyde
JKUIKOU CPESIOH.

3aoanue muna Koneuno2o 1emenma.
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B wmonyne Global Defenition mnpemycMoTpeHo nBa THIIa KOHEYHBIX
AJIEMEHTOB: JIByMepHbIC 4-X y3ioBble — 2D u TpexmepHbie 8-mMu y3moBbie — 3D,
MPUMEHSIEMbIE COOTBETCTBEHHO B IBYMEPHOM U TPEXMEPHOM MOCTAaHOBKAX 33]1a4H.

I'enepayus koneuHo-21eMeHmMHOU CemKuU.

JIist KakJiol JMHUU, o0pa3ylollel pacueTHYI0 001acTh, B PyYHOM peKUME
3a/1aBaJIOCh KOJIMYECTBO JIEJICHUH, COOTBETCTBYIOIIMUX YHCIY JJIEMEHTOB. Jlis
CO3JIaHMUSI PETYJSIPHOM CETKHM CTPEMUJIMCh, YTOOBI pacueTHass o0sacTh ObLia
orpanuyeHa 4 JmuHUAMH (11 ABYMEPHOM 3amayu) wid 6 momaasmMu (s
TpeXMEpHOM 3amaur). B OTAENbHBIX Clay4yasX HCIOJIb30BaJIOCh MPOU3BOJIBLHOE
pazOueHre Ha KOHEYHBIE dJIeMEHThl. B  pesympraTe Takoro moaxoia
dbopmupoBamach  KOHEYHO-IJIEMEHTHAash  MOJEIb  pacueTHOW  oOmactm (B
COOTBETCTBUU C PUCYHKOM 3.2).

Buvibop muna pewiaemotii 3a0auu.

[IpoBeneHHbIEC HCCIIEIOBAHUS BBHINMOIHSUIMNCH B MOCTAHOBKE HECTAI[MOHAPHOMN
3a/1aun JUIsl HEC)KMMAEMOW >KUJKOCTU C TypOyJeHTHbIM TeueHueM. KoindyecTBo
UTEpaIyii, HUCIOJIb3YEMBIX IPU PEIICHUU CUCTEMbl YpaBHEHUN, MPUHUMAIOCH
paBHBIM 15.
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Pucynok 3.2 — Bun KoHEYHO-37IEMEHTHON MOJIEIH PAaCY€THOM 00JIaCTH MPOTOYHOM
YaCTH CO CPE3aHHBIM HMIIMHAPOM TpyOsl Muxpol DC

3aoanue ceoticmeé nomoka.

MaremaTtnyeckass MOJIENb JKHIAKOCTH 3aJacTCs IUIOTHOCTBIO, BS3KOCTBIO.
[170THOCT, W BS3KOCTH PACCMATPUBAIMCH 3aBUCUMBIMH OT Temmeparypsl. [lis
BBIPDOKEHUSI OTUX 3aBUCHMOCTEH HAa OCHOBAaHWUHU CIPABOYHBIX JAHHBIX OBLUIA
paccunTanbl KO3(PGUIIMEHTH B YPaBHEHUSX, OIMMCHIBAIOIINX PAaCCMaTPUBAEMbIE
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cBoiicTBa. B pe3ynpTaTre B MOAENs OBLIM BHECEHBbI JaHHBIE M BBIPAKECHUA,
OIMCHIBAIOIIIE: IOTHOCTb, BOJBI KI/M°

3aoanue Hacpy30K U 2pAHUYHBIX YCA0BUIL.

B kadectBe Harpy3ok W TpaHUYHBIX YCJIOBUH /I 3a/ay THUIPOJUHAMUKHU
MOTYT BBICTYIIATh: CKOPOCTH (M/c), , uctounnku suepruu (Br/m), , nasrerne ([1a).

JIJist KaXXJI0ro U3 PacCUUTHIBAEMBIX MMapaMEeTPOB (COCTABJISIONIUE CKOPOCTH,
JaBJICHUE, TEeMIepaTypa U Ap.) 3aJaBaJUCh METOJIbI PEUICHUSI CUCTEMbI YpaBHEHUHN
Y TOTPEIIHOCTD I MOMCKA UX CXOJIUMOCTH. Jlanee aBTOMaTHYECKH BBINOIHSIOCH
pELIeHNE CUCTEM YPaBHEHUM ISl KaXKI0I0 BPEMEHHOI'O 1Iara.

PesynpraTamMu pacyeta SBISUIMCh 3HAYEHHS BEKTOPOB CKOPOCTH U
CYMMAapHOM CKOPOCTH, TEMIIEPATYPHI, TEIIOBOTO MOTOKA B KAXKJIOW Y3JIOBOM TOUKE
pacueTHOM 00JIacTH AJIsl KaKJO0TO0 BPEMEHHOTO I11ara, KOTOPbIe MOKHO MPECTaBUTh
B TabmuyHOW u Tpaduyeckoil popme (B BHIE BEKTOPHBIX WM KOHTYpHBIX). B
MOJIENIA TaK’K€ UMEETCS BO3MOKHOCTh OILICHUBATh KUHETUUECKYIO SHEPTHIO .

B pesynbrare = BBIIOJIHEHHOTO  MaTEMAaTUYECKOTO  MOJEIMPOBAHMS
YCTaHOBJIEHO, YTO THAPOJMHAMHUKA MEHSETCS B IPOILIECCE MMEET HECTaOMIIbHBIC
HEPUObI [[laHHbIE HEPUO/IbI XapaKTEepU3yITCS HEYCTOWYUBBIMU
IUPKYJISIUOHHBIMU TOTOKaMH, OOpa30BaHUEM BUXPEBBIX 30H U 30H MPSIMOTO
TEYEHUS CEKIHUHU, YTO YBEJIUYMBACT BEPOSTHOCTh IMOSBICHUS KaBUTAIUU.
XapakTepHble CKOPOCTU JBHM)KEHUS MOTOKOB, MMEIOIHME MECTO B BEPTUKAJIBHOU
IJIOCKOCTH MO MPOAOJIBHOM OCH B Hayaje, MPEICTaBIE€Hbl B COOTBETCTBUU C
pucyHkom 3.3.

" S * Coia g s Soybe

S55 AN | 021 A

Pucynok 3.3 — PacnipenieneHue CKOpOCTHOTO TOJIE MOJENH pacyeTHOU 00J1acTh
npotoyHoi yactu Mukpol DC
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IIpencraBieHHble  3aKOHOMEPHOCTH  M3MEHEHHs  TOPU30HTAJbHOM U
BEPTUKAJIBHOM COCTABJISIOIIEH CKOPOCTH JBWXKCHHS ITIOTOKOB COOTBETCTBYIOT
LEHTPAIBHOMY CEYEHHMIO BEPTUKAJIBHOMN INIOCKOCTH.

BbInOTHEHHBI KOMIUIEKC MCCIEAOBAHUNA MO OLEHKE J(PPEKTUBHOCTH
IPUMEHEHHUS CJIOKHOTO MpOo(duis MPOTOUYHOM YacTU U MO3BOJIWI YCTAaHOBUTH, YTO
CYLIECTBYIOT IIUPOKHE BO3MOXKHOCTU IO MOBBIIIEHUIO 3(()EKTUBHOCTU B Cilydae
palMOHAIBHONW OpPraHU3allMM JBM)KECHMSI €r0 IIOTOKOB.. TeCTOBBIE HCCIENOBaHUSA
TUAPOAMHAMUYECKON KAPTUHBI Pa3BUTHS TYypOYJIEHTHBIX MOTOKOB B MPOTOYHOMN
YacTH MO3BOJIMIIN BBIJCIUTD YETHIPE XapaKTepHbIe 00JIaCTH:

- 00jacTh aKTUBHOT'O BO3/ICHCTBHS MOTOKA,

- YYacCTOK, JIOKAJIM30BAHHBIA Yy CTEHOK TYpOMHBI , OTJIMYAIOIIHKC
BBICOKOH CTENEHbIO TypOyJIn3aluy;

- BUXPEBOM YUYaCTOK, JIOKAJIM30BAHHBIN HAJl KAXKJIOW JIONACTHIO;

- 00jacTh FOPU30HTAIBLHO HAIIPABJIEHHBIX TOTOKOB BJOJIb JIOIACTH.

3.4 Pe3ybTaThl MO/IEJILHOTO UCCJIEI0BAHUSA XapaKTepucTHK MUKPOl IC

I[JUI MOACIUPOBAHUC OBLIM MCITOJIE30BAaHbI TCXHUYECKHUE JaHHBIC MI/IKpOFQC,
KOTOPLIC IIPUBCACHBI B COOTBCTCTBUU C Ta6HI/IHeﬁ 3.1.

Ta6nuna 3.1- cxoansie mapameTpsl i pacueta MUKpol IC

[TapameTp Muxpol 9C
Harmop (HeTTo), M 3,5-7
Pacxom BoablI, M/c 0,1-0,25
BripabatbiBaemasi MOIITHOCTh, KBT 1o 10
YacrtoTa Bparienus, 00/MUH 1500
JluameTp pabouero kojeca, MM 150
JlnameTp MOaBOASIIETO TPYOOIIPOBOAA, MM 200

Jlji MoJienupoBaHMs UCIIOJIB30BaHbl YEThIpE TUIA MPOQHIIA IIHEKOOOpa3HOi
TUAPOTYPOUHBL:

- TypOMHA TUTIA IITHEK;

- TypOMHA —IIHEK C U3MEHSIIOIIUMCS LIaroMm;

- TypOMHA —IIIHEK CIOXHBIM NpO(UIIEM JIONACTH;

- TypOMHa — IIIHEK C UCTOJIb30BaHUeE 1. 2) U 3).

MopaenupoBanioch paboTa THAPOTYPOUH MPHU CIAEAYIONTUX XapaKTEPUCTHUKAX

1) M3menenune pacxoia BOJbI IPU MOCTOSTHHOM HAIlOpe M 4acTOTE BpallleHUs
TypOuH:

2) U3menenne Hamopa BOJBI MPU MOCTOSHCTBE PAacXojia BOABI M CKOPOCTH
BpAIllCHUS BOBI.

MopenvupoBanue TypOyJleHTHBIX 3(P(HEKTOB BBIMOIHSIOCH ¢ Tomoiisio 110
Comsol 4.3.
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JUiss MoaenupoBaHUsl T€UEHUs B MPOTOYHOM yactu arperara Mukpol DC,
COCTOSIILIETO W3 BXOJHOIO IMJMHIpPA , HCIOJIB30Bajdach pacyeTHas CeTKa C
CyMMapHbIM 4YHCJIOM siueek okojio 800 Teic. OOmmMil BUJ CETKH MpUBEACHA B
COOTBETCTBHUM C PUCYHKOM 3.4.

1. Wt s ISR [TSNTFRSRL ST A )

iy

WS €Ll Ale € Q18

Pucynok 3.4 — PacuetHas o61acth ruApoTypOunsl MUKpol DC ¢ nmocTpoeHHOM
CETKOU

PacyeTbl BBIMONHEHBI IS MSATH MOTOKAa BOABI TPHU TOCTOSITHHOM YacToTe
BpameHuss p. kK. N =1500 MHH " PesynbraTamMmm pacyeToB  SABIAIOTCA
KMHEMaTUYECKUE  XapaKTEPUCTUKA MPOCTPAHCTBEHHOTO TIOTOKA, 3HAYCHHUS
CKOPOCTEH W JIaBJICHWI BO BCEW 00JIacTH TEUEeHHs, 00padOTKa KOTOPHIX MO3BOJISET
OTIPENICTTUTh TAKUE BEIMYMHBI, KaK MOTEPH IHEPTUHU B DJIEMEHTAX MPOTOYHON YacTH,
KII/I, MmomHOCTD 1 Jp.

B cootBerctBUM ¢ pucyHkoM 3.5 mpeacTaBiieHbl TypOyJEHTHBIH MOTOK Ha
KpOMKaXx JIoNacTel Mpyu 3HaYeHUU CKOpocTH ToTtoka 8,03 m/c.
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Pucynok 3.5— TypOyneHTHOCTb MOTOKA THIPOTYPOUHBI HA KPOMKE TP BXOJIE HA
pabouyro MOBEPXHOCTh

B coorBerctBHM ¢ puUCYHKOM 3.6 MpPUBEACHBI JIIOPHI PACHpPEACICHUS
naBieHus P Ha NHMIIEBOM M THUIBHOM CTOPOHAX JIOMACTH PACHOJIOKEHHBIX BOJIM3H
BTYJIOYHOIO, CPEIHEro W  NepuepuiHOr0  HWIMHAPUYECKUX  CEUYECHHIH
(cootBercTtBeHHO 90, 50 M 10 % pa3zmaxa nomactu) mist pexxkuma ¢ V= 10,3 m/c.
Xapaktep 00TeKaHUs JIOMACTH HA TAHHOM PEXHME HOCUT O€30TPBIBHBIN XapaKTep C
OTCYTCTBUEM 3HAQUUTEIbHBIX TIPAJUEHTOB JaBieHUs P 1o BbICOTE, 4YTO
o0ecrieunBaeT OTCYTCTBUE MIEPETOKOB 10 pa3Maxy JIOMACTH.

p, MNa

3,5E+05

3,0E+05 W

2,5E+05

2,0E+05

1,5E+05 :
0 0,2 0,4 0,6 0,8 S

PucyHok 3.6 — Pacnipenenenue qaBiieHHs 10 OBEPXHOCTHU JIONACTH
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B coorBerctBUM ¢ pUCYHKOM 3.7 mpeAcCTaBi€Ha BU3Yyadu3alMs I0JIE
CKOPOCTEW, MOJy4YE€HHas JJIsl OJHOTO U3 PEXHMOB pabOThl pexuma padoThl, U3
KOTOPOW BHUIHO, YTO TEYEHHWE B IMPOTOYHOM YaCTH T'HApOoTypOuHBI MUKpol DC
sABJIsIeTCSL O€30TPBIBHBIM. Ha 1aHHOM pexume MoKa3aHO YaCTMYHOE cpabaThIBaHUE
UPKYJISUU, YTO CBUJETEIBCTBYET O HEOOXOAMMOCTH 0pabOTKe Mpoduiis s
CO3/1aHus1 OJIN3KOTO K OCEBOMY YIIy BbIXO/A IMOTOKA U3 JIOMIACTHON CUCTEMBI.

........

Pucynok 3.7 — BekTopHOE 10j1e CKOPOCTEN N0 MOBEPXHOCTH JIONACTH

B coorBerctBun ¢ pucynkamu 3.8-3.10 mpuBeneHbl 3aBUCHMOCTH OT
n3MeHeHus: pacxojga Q(uiu ckopocmu nomoka), TUAPABINYECKOW MOIITHOCTH,
npwioxkeHHoro Harmopa H u ruapasnuyeckoro KIIJ[ mporouHol yacTu TypOWHBI.
W3 mpeacTaBiIeHHBIX pe3yJbTaTOB BUIHO, YTO MPOTOYHAS YaCTh THAPOTYPOMHBI
MuKpol DC 006nasaer OTHOCUTENBHO BBICOKUMU JHEPreTUUYECKUMU IMOKA3aTEISIMU
BO BCEM pAaCCMOTPEHHOM JMamna3oHe HamnopoB. Ha pexumax MHUHUMAIbHBIX
HaropoB HaOmomaetrcs cHrkeHue BennuuHbl KITJ[ Ha 8-10 %, yTOo MpUBOIUT K
YMEHBIIICHUIO TEHEPUPYEMOM MOITHOCTU. Takke BUAHO, YTO TPH YBEIUYCHHH
3HAYEHMI Haropa ¢ 5 10 7 M U, COOTBETCTBEHHO, PACX0/a BEIMYMHA T€HEPUPYEMOH
MOIIHOCTH Bo3pactaetr ¢ 4,2 no 9,3 kBT, npu 3TOM 3Ha4YE€HHWE TUIPABINYECKOTO
KIIJI 6mm3ko k MakcumanbHOMy (Ha ypoBHE 92%). IlomyueHHble pe3yibTaThl
YKa3bIBaIOT HA BO3MOXKHOCTh TMPUMEHEHMSI TMPOTOYHOM YacTH TIpU OOJIBIINX
Hamopax (TpW  YCJIOBUM WCIOJB30BaHHUS COOTBETCTBYIOIIUX TE€HEpaTopa W
perynsTopa 4actoThl). ['uaporypbuna co CIOXHBIM TpoduiieM NTHEKOOOpa3HBIX
JOMATOK W C M3MCHSIONIMMCS I1aroM HWMEET HAWIydIllie SHEPreTUYECKUe
XapaKTEPUCTHUKHU.
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3aBucumocts KII/I or ckopocTu nmoroka

e

/ / == Typ6UHa WHeK

./ === TYPOUHA LWHEK C MU3M. LLaromM

=>=TypbUHa WHek npod sonactb

==i=TYypOUHA LUHEK KOMb.

CKOPOCTb NOTOKa m/c

Pucynoxk 3.8— 3aBucumoctu KITJ[ mukpol DC ot pacxona

3aBHCHUMOCTH MOIITHOCTH TYPOHUHBI OT CKOPOCTH MOTOKA

=0—TypbuHa WHeK

== TyobM1Ha WHEeK cM3M.
Lwarom

== TypObUHa LWHEK npoo.
nonacTb

MowHocTb KBT

=== TYPOUHA LWWHEK KOMD.

CkopocTtb notoka m 3 /c

Pucynok 3.9— 3aBucumoctu mormHocti MUKpol IC oT pacxona
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3aBucumocts KIIJI or BeIpadaTsiBaeMo MOLIHOCTH
3
o
z
g /
(L]
8
/ =@=—TypOHHa IIHEK
== TypOKHa LIHE C U3M.LIarOM
"TypOWHa TTHEK TIPO(. JIOITacTh
=>&=TypOuHA IIHE KOMO.
MowHocTb Typ6UuHbI KBT
- J

Pucynok 3.10— 3aBucumoctu KII/] ot momuocTr Mukpol 9C

Bwv1600b1 no nposedennvim uccnedosanusm.

B pesynbrare mMonenupoBaHus mHEKOBOW MHUKpol' DC ObLIM paccMOTpPEHBI
YeThIpe TUNAa NPOQUIs IMIHEKOOOpPa3HOM TUAPOTYpOMHBI: TypOMHAa THMA LIHEK,
TypOMHa —IIIHEK C U3MEHSIOLIMMCS LIaroM; TypOMHa —IIIHEK CIIOKHBIM Ipoduiem
Jonactd; TypOMHAa — IIIHEK KOMOMHHMPOBAHHAs C HCIIOJIb30BAHHUE IIHEKA C
M3MEHSIOIIKMMCS [IarOM U IIHEK CO CIOXKHBIM MPOo(UIIeM JIONACTH.

MonennpoBanue paboThl THAPOTYPOMHBI OCYIIECTBISIACH IPU CIAEAYIOLIUX
peXuMax :

1) PexxuM W3MEHEHHsI pacxoja BOABI MPU MOCTOSHHOM HANoOpe M YacTOTe
BpalleHUs TYpOUH.

2) PexuM W3MEHEHHE HANopa BOJBI MPH TOCTOSHCTBE pacxoja BOIbI U
CKOPOCTH BpAICHHSI BOIBI.

B pesynmpraTe MONMYy4YEHHBIX JaHHBIX , MOXHO CJIelaTh BBIBOMA, YTO
TUAPOTYpOMHA CO CIOXHBIM TpoduiIeM I[HEKOOOpa3HbIX JOMATOK U C
U3MEHSIOIIMMCS [IIaroM UMEET HaWIy4dlIue S3HEPTeTUYECKUE XapaKTEPUCTUKH.
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4 MopaeaupoBanue Mojaeaud BeHTWIbHOro A/II'-15 reneparopa Ha
NMOCTOSIHHBIX Maruutax B nporpamme COMSOL

Co3zoaHnue memoouxku MoOeaupoB8aHusl.

Hamu craBuTh 3a/1aya MCCIEIOBaTh BEHTHUIIBHBIA T€HEPATOpP C MOCTOSITHHBIMHU
MarHMTaMH, IyTeM MEPEeKITI0UYCeHNsT 0OMOTOK TeHepaTopa ¢ MOCIIeJOBaTeILHOTO Ha
napajuIeIbHOE BKITFOUCHUE.

Lenpto pazpabotku sBisiercss nosbiienne KIIJ mpu pexume padboThi
reHepaTopa B 06osiee IIMPOKOM JIharna3oHe.

4.1 Onucanue cpencrsa moaeauposannss COMSOL

ITpu momomtu mporpammel COMSOL MultiphysicS MOKHO OCYIIECTBISATH
MOJIEJIUPOBAHUE MPAKTUUYECKH BCEX (PU3MUYECKUX MPOIECCOB, OMUCHIBAIOIINECS
mupdepeHINaIbHbIMA  YPAaBHEHUSIMU. 3aTe€M IIOCTaBJICHHbIE 3a/layd HaXOJsIT
penieHue myTeM KoHeuHbIX aneMmeHToB (MKD). JlanHas mporpamma Takke HUMEET
oubnmuorexy YPUII (YpaBHeHHs B 4YaCTHBIX IMPOM3BOIHBIX) U Pa3HbIE CPEJCTBA
MozenupoBanus. K HUM OTHOCATCSA: TE€HEpaToOpbl CETKH, CPEACTBAa B 00JACTH
rE€OMETPUYECKUX IOCTPOCHUMN, a TaKKe peliaread ¢ pa3iuyHbIMU (YHKIUSIMHU,
MOMOTAIOIIMMHA C Pa3HbBIMU C CJIOKHBIMU 33Ja4aMH HEIUHEHHBIX WU JIMHEHHBIX
3ajay.

CucremHblli aHanW3 (PU3HYECKOW MOJEIM TOJy4aeTcs IyTEM OINHUCAHMS
koMOuHanuu pasHeix YPUII, Gnaromaps pemieHuio MyiabTU(OU3UYECKUX 3a7ad B
nporpamme COMSOL Multiphysics.

JlanHast mporpaMma HMMEET YETKYI0 CTPYKTYpYy HNPHIIOKEHHS, YTO B CBOIO
oyepeib o0ecreunBaeT MpocToe U ruokoe ucmnonb3oBanue. COMSOL Multiphysics
npeJHa3HayeHa s OKCIEpUMEHTATOpoOB,  pa3pabOTUYMKOB, M  HAYYHBIX
COTPYIHHUKOB.

Hcnonb30BaHue mporpamMmbl B BBICHIMX Y4E€OHBIX 3aBEIACHHSIX BO3MOYKHO
Omaroymapsi  pacHIMpPEHHOMY  JIMana3oHy BbIOOpa  (yHKIMA  OTOOpaKeHUs
pE3yJIBTATOB U PACUETOB.

W3 HeCKOIBbKUX pa3iIMyuHbIX YacTel COCTOUT rpaduueckas cpesa mporpaMMsl.

Model Builder (IToctpoutenr Monenei) — riaBHas 9acTh Cpeibl, B HEH
n3o0pakaerca CTpykrypa mojaenu. MHtepdeiic moxox Ha JepeBO MOCTPOEHUS B
cucremax CAD, KoTOpbI€ Ha CErOHSIIHUMI AEHB ITPEACTABIICHBI HA PHIHKE.

[Ipu co3ganum Mojenu 03ep BHUIUT B XOA€ pa3pabOTKU MOJEIN BCE €€
TJIaBHBIC YacTH B 4-X OCHOBHBIX TOukax: Geometry - moaroroska reomerpuu, Mesh
- TeHepupoBaHue cetku, Study - BapuanT aHanmm3a u Results - oOpabGoTka
pe3yNbTaTOB pacyeToB. Pa3znuuHble BapuaHThl MOJEIM BO3MOKHO NOJATOTOBHUTH B
OJTHO Y TOXE BpPEMHI.

J5is mpoBeieHrs HccaeloBaHusl Mbl ncnoiib3oBain Moayiis AC/DC. Moaynb
AC/DC wumeer mnpeaHa3HaueHHE MOACIUPOBAHUS 3a1a4 SJICKTPOMArHUTHBIX
SBJICHUM KaK I[EPEMEHHOI0, TaK M IOCTOSIHHOro Toka. Ilpu wmcronb3oBanunn B
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3apaHee MPUTOTOBJICHHBIX MPUIOKEHUH MOKHO OCYIIECTBISTh MOJEIHUPOBAHUE
AJIEKTPOMOTOPOB, 3JIEKTPOMAarHUTOB, TPAaHC(HOPMATOPOB HAMPSIKEHUS W TOKa,
reHepaTopoOB, UHIYKTOPOB, KOHJIEHCATOPOB, MUKPOCEHCOPHI U Tak Janee. JlaHHbIN
Moayiabr AC/DC Bkiodaer B ce0si NPWIOKEHHUS JJisi OOLIEro CTaTUYECKOTO H
KBa3UCTAaTHUYECKOTO JIEKTpOMarHeTusMa ABYXMepHbIX (2D) m tpexmepubix (3D)
Mojielield, uMes CHUMMeTpuyeckue reomeTpud. [Ipu ocyliecTBICHUM pacyeToB
Moiesield BO3MOXHO peain30BaTh TAPMOHMYECKHUH, CTaTUYECKUM, M TMEePEXOIHBIM
aHaJli3 WM aHaIu3 SBJICHUI BO BpeMeHH. Elle MOKHO OCYIIECTBUTh PacyeThl MPH
3aJJaHHOW YacToTe. A TaKke €CTh BO3MOXKHOCTh BKJIIOYCHHS] B MOJEIH, KOTOpHIC
aHAIM3UPYIOTCS WHbIE (PU3MYECKHe MPUIoKEeHUs, Hanmpumep, [[koyneBa TemioTa,
TeIUIonepeavya, WM WHAYKIIMOHHBIN HarpeB. @U3n4YecKoe MOJICTHPOBAHIE MOKHO
CBSI3aTb C pEIICHHEM DJJIeKTpuueckux 1enerd 3amaHHbix B ¢opmate SPICE,
IPEJICTaBISIEMbIX KaK BO30YXKIaroImuil uin aeMnupyroumii sneMent. B nannom
moayiae AC/DC pacronararoTcs Takke NPUIOKCHHS IS MAllldH C BPAIlICHHEM,
KOTOpBIE UCIOJIB3YIOT NoBHXKHBIE ceTkU (MeToga ALE) B 2D n3mepenuu. C nenbio
MOJICJIMPOBAaHUSI ~ HEOTPAHUYEHHBIX  o0JacTed  BO3MOXKHO  HCIIOJIb30BaHHE
OeckoHeunbie aneMeHThI («Infinite elementsy).

4.2 IlpoBeneHue uccaea0BaHui

OOBeKT MOJCIHUPOBAHUA — BEHTUJILHBIN reacparop C€ MOCTOSHHBIMU
MarauTaMu.

Tabsuua 4.1 — IlapameTpbl BEHTHIIBHOTO F€HEpPaTOpa C NOCTOSSHHBIMU MarHUTAMH

HomunanbHas MOIIHOCTH SxBT
HomunanpHoe Hanpsoxenue, Uy 150 B
HomunanpHbIe yacTOTa BpallleHus 60-120 06/c
(] | > u
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Pucynok 4.1 — MogenupoBanue 2 reHepaTopa

I'enepaTop Ha pucyHke 4.1 MozaenupoBaics Ha 6a3ze CTaHIaPTHOM MOJIENH, HO
OOMOTKa SIKOpsI BBINOJHEHA M3 HECKOJbKUX HapaielbHbIX BeTBed a=2. [lns
YMEHBUICHUS BJIMSHUS HECHMMETPUYHOIO IOJS U HEPABHOMEPHOIO BO3AYLIHOTO
3a30opa Ha OJIC mapayiesbHBIX BETBEH, KaTYIIKM KaXIOM NapajuleIbHONM BETBU
pacnosokeHsl 0 AuaMeTpy cratopa. Ha pucynke 4.2 nmokazaHa cxeMa IOJy4YEHUs
HIECTH NMapaUIeTbHBIX BETBEH At OTHOM (pa3bl.

X
}
X
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Pucynok 4.2 — CxeMa ykJ1aJIku OOMOTKH SIKOpS U pa3/ieJICHUE Ha NapajliesibHbIe
BeTBH (Pa3bl A

B mensix mpoBepkd MPaBWIBHOTO HCIOJHEHHS OOMOTKH SIKOPS, a TakKXKe
CUMMETPUM TapajluIeNIbHbIX  BETBEU OBIJIO MPOBEIEHO TPEBAPUTEITHLHOE
MOJEIUPOBAHUE C 3aMEPOM HAMNpSHKEHUE Ha 2 MapajulelIbHbIX BETBAX HA CTOPOHE
MEPEMEHHOT0 TOKAa. MoJeIupoBaHHE MTPOBOAMINCH HAa HECKOJIBKHX CKOPOCTAX
BpamieHus. O0mias cxema ¢ UCIIBITYEMBIM T€HEPATOPOM NpHUBEACHA HA pUcyHKke 4.3
JlanHbIE MOJIETUPOBAHMS MPUBEJACHBI B TaOiuile 4.2 COTJIACHO JaHHBIM pacyeTa u
UCIIBITaHUs pUCYHKE 4.4, pe3yIbTaThl UCIIBITAHUN HA PUCYHKE 4.6.

Tabnuna 4.2 — XapakTepucTHKa X0JIOCTOr0 X0a Ha IEPEMEHHOM TOKE

N 1 BeTBb 2 BETBb
00/MUH B B
Uas Usc Uac Uas Usc Uac
127 12 12 12 12 12 12
178 15,2 15,6 15,8 15,8 15,8 15,8
250 22 22 22 22 22 22
500 33,2 33,2 33,2 33,2 33,2 33,2
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Pucynok 4.3 — O6mias cxema MOJEeIUpOBaHuUs reHeparopa, al-a2 napanienbHbie
BETBU OOMOTKH SKOPS

Pucynok 4.4 —Pe3ynbTatsl MOJAEIMPOBAHUS T€HEpaToOpa

Crnenyromuii ONBIT MPOBOAWICA C MOJIKIIOYEHHUEM OOMOTKH SIKOpS K
KOMMYTallUOHHOMY BBIIIPSIMUTENO (HAa CTOPOHE IOCTOSIHHOTO TOKa). JlaHHbIe
onbITa npuBelaeHbl B Tabnuie 4.3. B 3ToM ombiTe 3aMepsiioch BBIIPSIMIIEHHOE
HaIpspKeHUE B KaxaoM Osioke. OJHUM U3 TJIABHBIX MOMEHTOB JAHHOTO OTBETa
SBJIIETCSI COOTBETCTBHE KOA(P(PUIMEHTOB Tepeaaun Bcex cryneHer (kordduimeHt
U3MEHEHUs HanpsbkeHus: reHepatopa Uy, 0OpH MNEpeKIIOYeHUU  CTyNeHel
KOMMYTHUPYEMOTO BBIITPSIMUTENS HA TOU e YaCTOTE BPAILICHHUS).
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Tabmuma 4.3 — XapakTepucTHKa XOJOCTOTO XOJa C KOMMYTHPYEMBIM
BBIHpHMI/ITCJIeM
Yacrora Hanpsoxenue Ha Hanpspoxkenue npu | HanpsixeHnue npu
KOMMYTHpYE- IOCJIEOBATEIb- napauiebHOM [Ipumeuanue
BpallIeHUs
MBIX OJIOKax HOM BKJIIOYEHUH BKJIFOUECHUH
n o6/MuH Udﬁnl B Ugﬂz Udrpl B Udrp2 B
127 14,5 14,5 0JI0KM aBTOHOMHBI
0J10KHU
127 14,5 14,5 29 [IOCJIEAOBATEIBHEI
OJI0KH1
178 20 20 40 [OCJIEIOBATEIBHEI
0J10KHU
250 29 29 59 59 [IOCJIEAOBATEIBHEI
0J10KHU
375 40 40 83 83 [OCJIENOBATEILHBI
Bce 6moku
375 42 42 84 napanienbHO
Bce 0moku
500 60 60 120 MApATIENBHO

[lepexmtoueHrne MpPoOM3BOAMIOCH Ha dYacTore BpamieHus N=200 o6/muH.
CxeMa OOMOTKHM SIKOpSI C TOJKIIOUYEHHEM K KOMMYTAIIMOHHBIM BBIIPSIMUTEIEM
npuBezeHa Ha pucyHke 4.5. [lepBoe nepexioueHrne COOTBETCTBYET MEPEKITIOUCHUIO
C IEPBOM HA BTOPYIO CTYIIEHb BBIMPSIMUTENS.
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Pucynok 4.5 — KoMmmyTupyemblil BeIIpsIMHUTENb, K1- koMMyTHpyOlye



XapaktepucTUKa reHeparopa

120
100 ﬁ
80
| OBnacTe gMarpammel | ﬁ—
40 //

20

0 T
0 5 10 15

HanpaxeHwe , B

TOK HarpysKm, A

Pucynok 4.6 — Harpy3ounasi xapakTepUCTHKa reHepaTtopa rnpu padoTe Ha
AKKyMYJISITOP

[locne mnepekioueHUss Ha BTOPYIO CTyIeHb (pa3Mbikaerca kiwou K3),
oOpa3yloTcd JABE TIpyIIbl, MO Tpu ONoka B Kaxzaol. HamnpsbkeHwe A0MKHO
u3MeHHUTCs B ABa pasza. CocraBmsem 3Hauenue: U, =128 B u U,,=62 B, n;=n,=178
00/MuH.

KoadduimenT Ha nepBoii CTynieH! paBeH:

62

YTO COOTBETCTBYET 0KHIAEMOMY.
DTO COBMAaJICHUE MOATBEPKIAET PAOOTOCTIOCOOHOCTh U UACOJOTHUIO PAOOTHI
KOMMYTHPYEMOTO BBIIPSIMUTENSI. Takke OBLTM CHATA XapaKTEPUCTHKHA KOPOTKOTO

3aMbIKaHUS, JJaHHbIC OMbITa TpHUBEICHBbI B Tabmuie 4.4. Cxema mOpuBeJeHa Ha
pucyHke 4.7.

Ta6nuna 4.4 — XapakTepUCTUKHU KOPOTKOTO 3aMbIKAHUS

Yacrtora Bparmie- | Tok KOpOTKOTO 3aMbIKaHHUS,
[Tpumeuanus
HMSA, N 00/MUH l A
127 2,5 BCE MOCJIE0BATENBHO, (pUC. )
178 5,25 BCE IMMOCIIEI0BATEINBbHO, (pHC. 5)
178 2,5 kiou K1 pazomMkHyT (puc. 5)
250 6 kiou K1 pazomknyT (puc. 5)
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Pucynok 4.7 — KommyTHpyeMblid BHITPSAMUTEND B PEKUME KOPOTKOTO 3aMbIKAHUS

CornacHo TCOPHH IJICKTPUICCKUX MAIINH, TOK KOPOTKOI'O 3aMbIKaHHSI PaBCH.

E
-, 4.1
=y (4.)
rac
p-n @ .
X,=w-L=2-7-f - L =27 - — —2%; (4.2)
60 I,
E=444-f -0k, -@. (4.3)

3nauenue Ls W, Ky, @ Wi onpeneneHHOro ToKa BO30YKICHHS, YacCTOTHI
BpalleHus MOCTOsSHHBI. OTcloma cienyeT, 4YTO 3HAYE€HHUs HHIYKTUBHOIO
conpotuiicHuss U DJIC reHeparopa M3MEHSAIOTCS MPOMOPUUOHAIBHO W3MEHEHUIO
YacTOThl BPAlIEHUSI U COOTBETCTBEHHO M X OTHOLIEHHUE |l ; OCTaeTCsl MOCTOSHHBIM.
[Ipn nmepexiroyeHusax cTyneHed kommyrupyemoro Bemnpsamurenss 9C reneparopa
U3MEHSAETCS MPONOPIHOHATIBHO Ko3(pduuuenty mnepenaun crynenun K., a
MHTyKTHBHOE COMPOTHBJICHHE SIKOPS OOMOTKM sKOps m3MeHsercst B K7, mostomy
ToK |, w3Menutrcas B K. pa3. Oto BumHo mno rpaduxam Ha pucynke 4.9
XapaKTEPUCTUKU KOPOTKOTO 3aMbIKaHUS MOCTPOCHBI MO JAHHBIM MOJEIUPOBAHUM,
r7ie HaOJII0IaeTCsl COBIAIEHNE XapaKTepUCTUK 1, 2 (mpu cKopocTsx BpamieHust 127
nl78 o0/MHUH Ha MEPBOW CTYNEHU) M YBEIWYECHUE TOKA KOPOTKOTO 3aMBIKAHUS B 2
pa3a mocie NepeKIIoYeHHs], YTO COOTBETCTBYET Ko3pduimenty nepenaun K., npu
NEPEKIIIOYEHNH ¢ | Ha 2 CTyIIEHb.

80



=

X
My

7 a0/ M

Pucynok 4.8 — XapakrepucTuka KOPOTKOTO 3aMbIKaAHUSA

AHaM3  pe3ysibTaTOB  MOJEJIUPOBAHUM  TO3BOJISIET  YTBEPXKIAThb O
paboTOCIOCOOHOCTH UIeM KOMMYTHPYEMOTO TeHepaTopa.

B wrore monydensl ase xapakrtepuctuku KIIJ[ mims mocnenoBaTenbHOTO
BKJTIOYCHUsST 0OMOTOK 1kpuBas (pucyHOK 4.9) u mapajieabHOe BKIYEHHE 00MOTOK
KkpuBas 2 (pucyHok 4.9). Ecnu uX COBMECTUTh MCTIONB3YS MEPEKII0YECHUE 0OMOTOK
TO MOXHO JOOUTHCS PEKUM pabOThI TEHEpaTop B OoJiee MIMPOKOM JHAIa3oHEe C
6omee BeicokuM KIIJI, uem 6e3 koMmmyTanuu KpuBas 3 (pucyHOK 4.9).
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ATH

10

o

) 250 375 7 o0/MH

Pucynox 4.9 —I'paduk KII] s usmeHsieMbIx 000pOTOB 3JI€KTporeHepaTopa

Bwv1600b1 no nposedennvim uccnedosanusm.

CmonenupoBaHa paboTa BEHTWJIBHOIO TI€HepaTopa, T[IE€ I[I0Ka3aHa €ro
3¢ PeKTUBHOCTD B Auarna3oHe padbotsl mHekoBoi MUKpol DC. U caienaH BBIBO, UTO
peXKUM TEPEKIIIOYeHUST OOMOTOK TIO3BOJIIET PACHIMPUTh JAHANa3oH paboThI
reneparopa ¢ ynyumeHHsiM KIT/I, yem ¢ KIIJ[ 6e3 nepexitoueHusl.
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3ak/IoueHue

I'maponorennman Kaszaxcrana oneHuBaetrcs npumepHo B 170 TBt (MiH.
MBT) B roz, Ha ceroaHs U3 HUX BbIpabaTbiBatoTCs nuib 7-8 TBT B rog, T.e. MeHee
5%. D10 cBsizaHO cO cTpouTenbcTBOM KpynHbiX ['DOC Ha p. Upteim u p. inu u
OTCYTCTBUEM TEXHMYECKHUX BO3MOKHOCTEN MOAKIIOUECHHS Malibix U MUHH-1DC B
oOuryto cetb. B Hacrosmiee Bpemsi pa3pabaTbiBalOTCS MPOrpaMMbl 10
ctpouTenbcTBY Manbix I'DC kackaaHoro tuma. B 3ToM ciiydyae 00ibIIOe 3HAUYECHHE
UMEIOT MaJlble TUAPOIEKTPOCTAHIMU, MOIIHOCTh KOTOPBIX cocTaBisieT MeHee 10
MBT.

Poct YKOHOMUKHU Kazaxcrana MpeAnoaaraet BO3pPACTaHUE
aneKkTponoTpediaeHus. Jas CTUMyIUpPOBaHHS CTPOUTENBCTBA BO300OHOBIISIEMBIX
UCTOYHUKOB 3Hepruu B 2009 rogy npuHAT 3aK0H «O MOAAEPKKE MCIOIb30BAHUS
BO30OHOBJISIEMBIX MCTOYHUKOB JHEPIHM», MOCIECIHUE WU3MEHEHHS U JOTOJHEHUS
ObLTM BHECeHBI 28 nekabps 2016 roxa.

Eciu HamaguTe NpPOM3BOJACTBO 3HEPIUM Ha OCHOBE BO30OHOBISIEMBIX
UCTOYHHUKOB, Ka3zaxcTaH COKOHOMHT JAECITKH COTEH TOHH YCJIOBHOIO TOILUIWBA,
KOTOpBIE MOKHO 3KCIOPTHPOBaTh, U MPHU ITOM PaJUKAIBHO COKPAaTUTh BBIOPOCHI
YIJIEKUCIIOTo ra3a B atMocgepy.

upokoMacmiTabHOE CTPOUTENBCTBO MalbiX M MHUHU-I'DC 1O3BOJIUT
UCITI0JI30BATh YHEPTUIO0 MAJIbIX FTOpHBIX pek KazaxcraHa.

Haunboiee nepcnekTUBHOM SBIISIETCS] UCIOJIb30BaHUE MIHEKOBOM MUKPOl DC,
TaK Kak OHa 00JaJaeT psaoM MPEUMYIIECTB.

Hcnonbs3oBaHWe TE€HEPATOPOB C  IOCTOSIHHBIMM ~ MarHUTaMu  JIaeT
HAaWJIYYlIYI0 SHEPreTHYECKYyl0 3(PPeKTUBHOCTh padOThl reHeparopa ¢ MUKpol DC,
HO B Y3KOM JMamna3oHe, a TaK KaK B TEUEHUU CE30HOB M CYTOK PEKUM pPalbOThI
Mukpol DC meHsieTcs, To reHepaTop OyIeT OTKIOHATCS OT CBOMX OINTHUMAaJIbHBIX
pPEXXKUMOB, HEOOXOAMMO  HCIIOJIb30BAHHWE  YIPABIEHUE TEHEpPaTopoB UL
oOecrieueHus: MakKCUMaIbHOU A(()EKTUBHOCTH pabOTHI, IPU U3MEHEHUU PEKHUMOB
Mukpol IC.

Hcrnons30BaHrne INeHEpaTOPOB HA TOCTOSHHBIX MAarHMTax MpU IEPEMEHHOM
pexumMe padoTel MUKpol DC He ONTHUMAaNTBHO.

[IpemiaraeTcss KCIONB30BAHWE BEHTHJIBHOIO TIE€HEpPATOpa Ha IOCTOSHHBIX
MarHuTax.

B pesynbTare nccnegoBaHUM ObLIM PACCMOTPEHBI YEThIpE TUMa Mpoduis
ITHEKOOOpa3HOM THUIPOTYpPOMHBI: TypOMHA THUNA IIHEK, TypOWHa —IIHEK C
M3MEHSIONTUMCS 1IIaroM; TypOuHa —IITHEK CJIOKHBIM MpoduiieM JI0nacTu; TypouHa —
IIHEK KOMOWHUPOBAHHAsl C HMCIIOJIb30BAaHUE IIHEKA C WM3MEHSIOIIMMCS I1aroM |
ITHEK CO CJIOXKHBIM MPO(UIIEM JIOTIACTH.

HccnenoBanne paboTbl TMAPOTYpOMHBI OCYUIECTBIISJIACH MPHU CIAEAYIOLIUX
pexumax

1) Pexxum n3MeHeHus pacxojia BOJbI IPH IMOCTOSIHHOM HAamope M 4acToTe
BpaIieHus TypOouH;
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2) PexxuM u3MEHEHUE Hamopa BOJIbI MPHU IMOCTOSHCTBE pacxoja BOJBI U
CKOPOCTH BpaIECHHUS BOJBI.

B pesynprare NONYYEHHBIX JAHHBIX, MOXHO CH€JIaThb BBIBOJ, 4YTO
THAPOTYpOMHA CO  CIOXHBIM NpodUIEeM IIHEKOOOpa3HBIX JIOMATOK U €
M3MEHSAIOIIMMCS IIarOM UMEET HAaWIYUYlINe SHEPreTUYECKUE XAPAKTEPUCTUKH.

boina uccrnenoBana paboTa BEHTUJIBHOTO TE€HEpaTopa, T/Ie IMOKa3aHa ero
3¢ (HEeKTUBHOCTH B 1Hana3oHe padoTsl mHekoBor MuUkpol DC. U caenan BeIBOJ, YTO
peXKUM TEPEKIIOYeHUST OOMOTOK TO3BOJIIET PACHIMPUTh JAHANa3oH pabOThI
reneparopa ¢ ynyumeHasiM KIT, wem ¢ KIT/[ 6e3 mepexmoueHus.
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Ilepedyensb cokpaniennii 1 0003HaAYEHNH

BUD — Bo300HOBIISIEMBbIE HCTOYHUKHA SHEPTUU
K3 — xopoTkoe 3ambikaHue

KIT — ko3¢ duimeHT monoe3Horo AeHCTBUS
OJIC — snekTpoaBMXKyIIas cuia

I'DC — ruapossIeKTpOCTaHIUA

CHI" — ConpyxectBo HezaBucumbix ['ocynapcts
MI'DC — Manast TMIAPO3JIEKTPOCTAHIIUS

PK — Pecniy6nuka Kazaxcran

COI - cuctema 3JIeKTpOreHEpUPOBAHUS
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