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Nekuuma 1. l'mppoaHeprua n ocobeHHOCTU ee
MCNonb30BaHUA

[TossBneHue  ruapodHEpPrMM Ha  Hamledl  miaHere  OOYyCJIOBJIEHO
KpYyroBOpOTOM BOAbl B mnpupoae (puc.l.l), ABmwKymed CuiIoi KOTOPOro
spiigercst CoJHIe.
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MpyHTOBRE BOALI

Puc.1.1. Kpyroopot Boas! B ipupozae

[Ton neficTBHEM COJIHEUHBIX Jy4Yeld BOJA MCHAPSIETCS U3 OKEaHOB, MOpEU
U JIPYTUX BOJIHBIX MOBEPXHOCTEH, (POPMUPYET TyuH, BBINAJAET B BUIC JTOXKIS
WJIM CHEra M OITh NMONAaJaeT B OKEaH.

I'moposnepruss — 3TO 3HEpPrusi, COCPEAOTOUYECHHAsT B IMOTOKAX BOJHBIX
Macc B PYCIIOBBIX BOAOTOKAX M MPWJIMBHBIX ABMXKEHUIX. JIF0O0H BOJISHOM MOTOK
o0nagaeT KWHETUYECKON U MOTEHLIMAIbHON SHEPrUeH.

I'maposnexkrpoctanuuss  (I'DC) — »3T0  3aekTpocTaHuus, KOTOpas
npeoOpa3yloT KUHETHYECKYI0 M TOTEHIMAIbHYI0 MEXaHHYECKYI0 HHEPrHI0
BOJIHOTO ITOTOKA B 3JIEKTPOIHEPTHUIO.

MomHocTs I'DC MOKHO ONIPENETUTD U3 BBIPAKECHUS:

P=9,81-QOHn , xBr (1.1)

rae ¢ - pacxol BOABI, M /e (MOIIIHOCTh TIOTOKA BOJIbI, MPOTEKAIOLIETO Yepe3
HEKOTOpPOE CEUEHHUe - CTBOP); H — HAmop BOJbI, MOJABEAECHHON K THAPOTYpOUHE,
M; 77 — KT/ Tuapo3JIeKTpOCTaHIIUH.

C TouykM 3peHus NpeBpalleHUsT SHEPTrUU, TUIAPOIHEPreTUKa — 3TO
TexHoysorus ¢ odeHb BhicokuM KIIJI, 3auacTyro mpeBwImaroIieM Oojiee 4yeM B
nBa paza KIIJ] 0ObIYHBIX TETUIOAIEKTPOCTAHIIUMN.

KITIJ I'DC cknagsiBaetcss u3 KIIJ| ruapoTypOuHBI M DJIEKTPHUECKOTO
reHeparopa, o0Opazyronmx TUApoarperar. KITJ npeodpa3zoBaHus
TUAPABIMYECKOM DJHEPIHMM B JJIEKTPUUYECKYIO JIOCTAaTOYHO BBICOK U Ha
COBpPEMEHHBIX JJieKTpocTaHiusax pgocturaer 90 %.  Pacxom »sHeprum Ha
cobctBeHHble HYX1bl ['DC coctaBiser okono 0,3 % oT BbIPaOOTKH, YTO
CYIIECTBEHHO HMKE, YEM Ha TEIJIOBBIX JICKTPOCTAHIIUSAX.



Hnsa  sddextuBHoro  mpoumsBoacTBa  dnmekTposneprun  Ha [OC
HEOOXOJMMBI JIBa OCHOBHBIX (paKTOpa: TapaHTUPOBAHHAs O0ECIEYEHHOCTh
BOJIOM KPYTJIbIN TOJT U BO3MOYXHO OOJIBIITNE YKIOHBI PEK.

Jna  yBenmuenus  momHocth  [DC  CTpOSAT  MCKYCCTBEHHBIE
TUAPOTEXHUUYECKUE COOPYKEHUS, C MOMOILBIO KOTOPBIX YBEJIMYMBAIOT HAIMOP
BOoAbl. Ha paBHMHHBIX peKax Hamop CO3/IaeTCs C MOMONIbIO IJIOTHH; B TOPHBIX
MECTHOCTSIX CTPOSIT CIelMalbHbIE OOBOAHBIC KaHAJbI, KOTOPbIE HA3BIBAIOT
JEPUBAIMOHHBIMH.

Kpynnas I'DC npezacraBisier cobol ClI0)KHOE TEXHUYECKOE YCTPOUCTBO,
cocrosiiee U3 OOJIBLIOrO 4YMCia €IUHHUI] TEXHOJIOTMYECKOro 00O0pyIOBaHUS:
IUIOTUHBI,  TUAPABIMYECKUX  TYpOHUH,  DJEKTPUUECKUX  TI'EHEPaToOpoB,
BOJIOCOPOCHBIX, CYZOXOJHBIX, PHIOOIPOIYCKHBIX COOpPY>KEHUH U T.1, puc.l.2.
Coopyxenue kpynHoit ['DC, kak mNpaBwio, CBSI3aHO CO 3HAYUTEIbHBIMU
CpPOKaMH CTPOHUTENbCTBA U TpeOyeT OrpOMHBIX KaIllUTANbHBIX BIOKEHUH.
DKOJIOTHYECKasi YMCTOTa Mpoliecca MPOU3BOJICTBA 3JeKTposHepruu Ha ['OC,
pacoJIOKEHHBIX HAa PABHUHHBIX PEKaX 4YacTO HUBEIUPYETCS 3aTOIJICHHUEM
OTPOMHBIX TEPPUTOPHIL.
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| P.l .2. KHe;[ B CI/II/I CaHO-eHKaﬂ 'aC

Jlnst BeIpaGoTku dnektpodnepruu ['DC ucmonb3yeT BO300HOBISEMBIN
NIEPBUYHBI JHEPrOHOCHUTENIb — DHEPrUI0 IOTOKA BOJBI, YTO MPAKTUYECKH
MCKJIFOYAET B CTPYKTYpPE 3aTpaT HA MPOU3BOACTBO SYHEPTUH 3aTPAThl HA TOIUIUBO.
TexHOJIOrn4ecKknii MpoLECC MPOU3BOJACTBA dJIEKTpHueckor sHeprum Ha ['OC
BBICOKO aBTOMATH3WPOBAaH, YTO IIO3BOJSIET MMETh OKCIULYyaTallMOHHBIN
NEpCOHaN, 3HAYUTEIBHO MEHbIIE, YEM Ha TEIUIOBOM WJIM AaTOMHOM
3JIEKTPOCTAHLIMY aHATOTUYHON MOIITHOCTH.



Kpome Toro, cpok nskcmiyatauuu ['DC HaMHOro mpeBBIIAET CPOK
CITY»OBI DJIEKTPOTCHEPUPYIOMINX CTAHIMHM, pPaOOTAIOMUX Ha HMCKOTMAeMOM
toruBe. CymectBytor ['DC, Haxopsmumecss B 3KCIUTyaTauuu npaktuyecku 100
JET

[TpencraBnennsie Bbiie ocobeHHocTH ['DC ompenensitor CpaBHUTEIBHO
HU3KYIO0 C€0ECTOMMOCThH BBIPAOOTKHU 3JIEKTPOIHEPTUHU, KOTOpas OObIYHO B 6—8
pa3 Huxke, uem Ha TOC nwim ADC.

BaxkHpIM  NpeMMyIIECTBOM  THAPOSHEPIE€TUKU  SBISIETCS  BBICOKAs
MaHEBPEHHOCTh THJIPOArperaTtoB, BbBIBOJ KOTOPBIX Ha IOJHYK) MOIIHOCTb
OCYILIECTBIISIETCA 3a BpeMs, MeHbllee oaHOM MuHyThl. [lostromy IDC B
DPHEProCUCTEME OOBIYHO WCHOJB3YIOT JJIS BBIPAOOTKH SJIEKTPOIHEPIHH,
oOecrieuynBaIIe MOKPHITHE TpaduKka HArpy3Kd, OCOOCHHO B €ro IMHUKOBOU
YacTH, PEryJUPOBaHUS YACTOTHI JIEKTPUYECKOIO TOKA U B KAUECTBE PE3EPBA.

B coBpemenHo# MUpPOBOIL SHEpreTHKE BCe OOIbIlee MPUMEHEHNE HAXOIST
ruapoakkymyupytomue snekrpoctannun  (ITADC), koropbie paboTaioT B
NEPEMEHHOM DPEKHUME HAKOIUIEHHS M OTAAauu >HEepruu. B mepuoasl BpemeHw,
KOI/Ia B CHUCTEME HMMEITCA MpoBajibl Harpy3ku. ['DC paboraroT ¢ He3Hayu-
TEJIbHOM MOIIHOCTBIO, U BOJA 3aIOJIHIET BOJOXPAaHUIIUIIE, OOecrieurBas 3amnac
sHepruu. Ecinu B sHeprocucreMe HAOMIONAETCS M3JIUIICK SJIEKTPOIHEPIHH,
arperatel '’ADC nepeBOIsATCS B HACOCHBIM PEKHM U NEPEKAUMBAET BOAY M3
HUKHETO BOJOXPAHWININA B BEPXHEE, MOTPEOIISAS IPU 3TOM 3JIEKTPOIHEPTHIO U3
sHeprocuctemMsl. C HACTYIJIEHMEM IIMKOB HAarpy3Kd arperarbl CTaHIMH
BKJIIOYAIOTCS B TYpOMHHBIM peXUM, HX MOIIHOCTh YBEJIWYHBAECTCS Ha
HEOOXOMMYIO BEJIMYHMHY, U OHU 00ECTICUNBAIOT MOTPEOUTETISI SJIEKTPOIHEPTHUEH
3a CYET CO3JaHHOr0 paHee 3amaca BOJbI.

Takum o6pazom, ['ADC mokpbiBaeT TUHKKA rpaduka HArpy3Kd U
oOecnieunBaeT MOTpeOICHNE IENIEBON SHEPTUU B MPOBabI rpaduka HarpysKu,
BbIpaBHUBas pexxuMbl padoTel TOC nu ADC.

OcHoBHOM npuunHOM TOrO, yTo ['DC HE CTPOAT MOBCEMECTHO, SIBJISIETCA
BBICOKAsi CTOMMOCTb MX CTPOUTEIbCTBA, @ TaKXke€ HEOOXOIUMOCTb HaJIUYMS
OOJBIIMX BOAHBIX PECYpCOB B OTHOCUTENBHOW OJIM30CTH K HACEIEHHBIM
nyHktaM. K apyrum mnpobGiemam, cBsi3aHHBIM co cTpouTenibectBoM ['OC,
OTHOCATCS: BO3JEUCTBHE JaMO Ha pEYHble DKOCHCTEMbl M COLMAJIbHBIC
po0JIeMbl, B YACTHOCTH, CBSI3aHHBIE C IEPECEICHUEM KUTEIICH.

K Ttomy e B EBporie, OCHOBHOW TMAPOIHEPTETUUECKUN MOTEHIHAN YXKE
peanu3oBan: 1o 98% motpebisemoii sneprun B Hopserun BeipabaThiBaeTcs 3a
CYET T'MAPO3HEPTETUKY, a IPABUTENIBCTBO [ '€pMaHuy 3asiBUIIO, YTO B CTPAHE yXKe
HE cyliecTByeT Oombiie mect i pasmemienuss '9C. PaccmaTtpuBas MupoBoe
pacnupoCTpaHEHUE TUAPOIHEPIETUKM MOYKHO OTMETUTh, UYTO CETOJHS YXKe
3aJIeicTBOBAaHO OKoo 10%  cCylIecTBYOIIMX TUAPOPECYpPCcoB. bonbiimm
NOTEHIMATIOM JUISl Pa3BUTHS THUIPOIHEPTETHKU OOJIAMAI0OT CTpaHbl A3UU U
Adpuxknu [22].

K 2000 rony B bpaszunum Ha pomo I'DC mpuxomunocs no 86% or
CyMMapHOW YCTaHOBJIEHHON MOIIHOCTH 3JIEKTPOr€HEpHUPYIOUX 00bEeKTOB. B
Takux cTpaHax, kak Ywmau, Komym6Ous, [laparsaii, [lepy u Benecyana Ha goto



I'DC mpuxomutcs 10 50% wu Gosbmie OoT 00mIeH yCTAaHOBIIGHHOW MOIIIHOCTH
ANEKTPOTEHEPUPYIOMUX O0OBEKTOB.

Campblii 0ONBIION TUAPOIHEPTETUYECKUNA KOMIUIEKC B MUPE HAXOJUTCS HA
peke Ilapana mexnay Ilaparsaem u bpasunueit. On Ha3wpiBaeTcs Jlam6a Wtaunmy,
a cymMMapHas MOIIIHOCTb ero 18 Typoun cocrasnsier 12600 MBT, puc.1.3.

Puc.1.3. Kpynueiimas 5 mupe TC UTAMITY

Jns 6onpmux ['9C ¢ qambaMu HEOOX0IUMBI OOJIBIITNE BOAOXPAHUIIUIIA U
OosbIIMe TUIOIIAAX ISl pa3nuBa. st 0CBOOOXKIEHUS MeCTa MO/ 3TU TUIONIAAN
HEO0OXOIMMO TIEPECEIUTh MHOTO JIFOJIEH.

3aTomiieHue W M3MEHEHUE IIOTOKAa BOJIbI, KPOME TOIO, BbI3bIBAET
u3MeHeHne GayHel W GQUOpel BHE pycia peku. M3-3a TOCTOSHHBIX WIH
NEPUOANYECKUX 3aTOIUIEHUM 10 YyAApOM OKa3bIBAETCSA JKUBOTHBIA W
pacTutenbHbli MUp paiioHa, rae Haxoautcs ['DC. Eciu XKMBOTHBIE MOTYT
YaCTUYHO TEPEMECTUTHCS B HOBBIC MECTa OOMTaHUS BHE O0JACTH BOJOEMA,
(ecTecTBEHHO, €CJIM COOTBETCTBYIOLIME YCIOBHUSL Cpenbl OyAyT HaWJeHbI), TO
PACTUTENBHOCTD 3aTOIIIEMBIX 00JIaCTEel CUUTAETCS YyTPAUYECHHOM.

JI1s HEKOTOPBIX BHUJIOB PbIO MOTYT BO3HUKHYTH NPEMSTCTBUS IS HX
Pa3MHOXKEHUS U3-3a BO3MOKHOTO M3MEHEHHMsI YPOBHS BOJIbI BO BpeMs MEpUOa
HepecTa. B MCKyCCTBEHHOM BOJloeME€ OOBIYHO OOMTAOT MEHbILE BUIOB PbIO,
YeM B €CTECTBEHHOM o3epe. M3MeHeHHs MOTOKa BOJbl MOTYT paJUKalIbHO
BJIMATH HA MHUTATEJbHBIE BEUIECTBA U YCIOBUS MKPOMETAHUS BHU3 MO TEYEHUIO.
Taxoke n3MeHsieTcss 1 «00pa30BaHKE) MU, KaK U €€ JIOCTYIMHOCTb ISl PHIOBI.
B nam6e 1 Ha MecTax cOpoca BOAbI OT TYPOUH MOKET BBIJICIATHCS NU30BITOUHBIN



ra3, IpeMMYILIECTBEHHO a30T, YTO MOKET OBbITh CMEPTEIbHBIM ISl PhIOBI

Bonoxpanunuia BMecTe ¢ U3MEHEHHEM M BO3MOXKHBIMHM KOJICOAHHUSIMH
YPOBHSL BOJbI, BbI3BAHHBIMM HanuuveMm 1 OC, BIHSIOT Ha ypOBEHb I'PYHTOBBIX
BOJ B OKpYXXalOIIMX PalOHAX, YTO, B CBOIO OYEPENb, MOXKET IOBIHATH HA
KAaueCTBO BOJbl U NEPEMELIEHNE OCAIKOB B PYCJIE PEKH B PE3yJbTaTE CTOKA U
SPO3UMU.

Pycno pexu - skonoruuyeckas CHUCTEMa, € HU3MEHEHMS B IIpelelax
OJIHOT'O KOMIIOHEHTA MOTYT BBI3BaTh LICIIHYIO PEAKLIUIO.

Ocnognwie ocovennocmu I'9C:

® TCPPUTOPUATHLHOEC pa3MEIICHHE ONpEeNeseTcs Teorpa@uiecKuMu |
TOTIOJIOTUYECKUMH YCIIOBUSMH:

® JCIIOJIb30BaHHUE B KauyeCTBE IEPBUYHOTO OHEPTrOHOCHTEIIS
BO300HOBIIIEMOUN TIPUPOIHON APHEPTHH IOTOKOB BOJBI M IKOJIOTHYECKAas
YUCTOTA IIPOM3BOJICTBA DJICKTPOIHEPTUH;

® BBICOKHE KAMMTAIBHBIC BIOKCHUS U HU3KUE IKCIUTYaTAllMOHHBIE PACXO/IbI
B CPaBHEHUU C APYTHUMH THIIAMH JICKTPOCTAHITUH;

e OOJBIIOKW CPOK CIYXKOBI, TIPOCTOTa MW HAJISHKHOCTH OCHOBHOTO
000py0BaHUS,

e OoJibllIasi MaHEBPEHHOCTh, IO3BOJISAIONIAs Hcmoiab3oBaTh [DC s
MOKPBITUS THKOB JJICKTPUYECKUX HArpy30K M B KaueCTBE PE3EPBHOTO
HMCTOYHHUKA MUTAHUS B DHEPTrOCUCTEME;

® BO3MOXXHO HETAaTHMBHOE BJIUSHUE HA JKOJIOTHIO OKPY)KAIOIICH Cpepl,
KOTOpOE€ HEOOXOIMMO YUYUTHIBAThH Ha ATAre MPOSKTUPOBAHUS CTAHIIUH.

['SC pa3nu4aroTcsi MO MOIIHOCTH OT HECKOJIBKUX COT BaTT 110 OoJiee 4em
10.000 MBT. Knaccudummpytorcas I'C nmoctaTodHo mpocTo: OOBIYHO BCe
AIEKTPOCTAHIIUU C MOIIHOCThIO Oosiee 10 MBT cuurarorcs OonblIuMu, a Bce
JPyTUE - MaJIbIMHU.

bonpmme I'9C TpelyroT pa3BuToil MHGPACTPYKTYPHI: HAIHYUS AOPOT,
HEOOXOMMBIX JIJISI CTPOUTEIHCTBA, BEICOKOBOJIBTHOMN PaCIIPECIUTEILHON CETH
O0JBII0M MOIITHOCTH, KPYITHBIX MPOMBIIILJIEHHBIX noTpeouTenei
anekTpodHepruu. JJis ynpasneHus: u o0cinyxuBanus Kpyrnubix ['9C HeoOxonum
KBATU(UIIMPOBAHHBIN TmepcoHan. C TEXHUYECKOW TOYKW 3peHus OoJiblias
MomHocTh ['DC Tpebyer CII0OKHOTO TEXHOJOTUYECKOro 00OpyAOBaHUS.
Hampumep, ruaporypounsl kpynHbix ['DC SBISIOTCS yHUKaIbHBIMH, OHU
MPOEKTUPYIOTCS MHIAMBUIYAIbHO ISl KaxaoW craHiuu. KpynmHomacuitaOHbie
['SC TpelyloT TmATETFHOTO MOAX0a K BOMPOCAM JKOJOTUU. VICKyCCTBEHHBIE
BOJOXPAHUIIUIIA MOTYT MOJHOCThIO U3MEHUTDH JaHAMA(T U 3aTONMUTH OOJBIINE
TEPPUTOPHUH, KOTOPHIE MOTJIA OBITh UCIIOIH30BAHBI B CEILCKOM XO3SIICTBE.

bonpmmme I'DC aBisitoTCS COOCTBEHHOCTHIO OOJBITUX KOMIIAHUW WU
rOCYJIapCTBEHHBIX NPEANPUSITUN, KOTOpbIe OOBIYHO U YIPAaBIAIOT HMHU.
bnarogapsi ymeHbIIEHHIO YACNbHBIX KaMUTAIbHBIX 3aTpaT C YBEIMYCHHEM
pa3MepoB 3JIEKTPOCTAHLIMM, CE0ECTOMMOCTbh MPOU3BEAEHHOW 3JEKTPOIHEPTUU
OTHOCHUTEJILHO HU3KA.



[lepnon MOArOTOBKM U peanu3alry MPOEKTa JOCTATOYHO MPOIOJKUTEIEH
U SIBISETCA JOBOJIBHO JOPOTOCTOSIIIIMM, YTO,  OIpPaBABIBACTCS OONBIIUMU
Macmitabamu  00bekTa. CTOMMOCTH CaMOro OOOpYJOBaHUS  COCTAaBIISET
OTHOCUTEJILHO MAJIyIO YacTh OOLIEN CTOMMOCTHU MPOEKTA.

[To mpunsaroit B Poccun knaccudpukanuu k kinaccy MUKpol DC oTHOCST
THJIPABIMYECKUE DJIEKTPOCTaHUMU MomHocThio a0 100 xBr. U xots
(u3nyeckue NpuHIUIBI IpeoOpa3oBanus sHeprur B MUKpol DC Takue xe, Kak
u B 'OC 00ub11101 MOIIIHOCTH, OHU UMEIOT Psii OTIINYUTENBHBIX OCOOEHHOCTEM.

B ortmmune ot kpynHbix ['DC, paboTarommx B COCTaBe IHEPrOCUCTEM,
Mukpol'DC B OOJIBLIMHCTBE CIy4yaeB HCHOJB3YIOTCSA IS AJIEKTPOCHAOKEHUS
MEJKUX  HM30JIMPOBAHHBIX  MOTpeOuTeNel,  yJaJieHHbIX  OT  ceTel
LHEHTPAIU30BAaHHOIO 3JeKTpocHaOkeHus. OCHOBHYIO [JOJIIO 3aTpar IpHU
coopykeHMH KpymnHbIXx [DC COCTaBISIET CTOMMOCTh THAPOTEXHUYECKUX
coopyxkenuil. [ mukpol' DC coopyxeHue 1mioTuH He Tpedyercs. Kak
[IPaBUJIO, UCIIOJIB3YETCA PYCIOBask WIM JEPUBALMOHHAS CXEMa 3JIEKTPOCTAHLINH
(puc. 1.4), mo KOTOpOil dYacTb BOJbI M3 PEKHM OTBOAUTCS B HAMOPHBIM
TpyOONPOBOJ U MOCJE UCHOIB30BAHUS B THIPOTYPOUHE OMSATH COpACHIBAETCS B
peky. OTO TO3BOJISIET 3HAYUTENBHO COKPATHUTh CPOKHM CTPOUTENBCTBA U
KallUTalbHbIE 3aTpaThl Ha COOPYKEHUE DJIEKTPOCTAaHLUH, olecredynBas
MUHUMaJIbHOE HETAaTUBHOE BO3JICHCTBUE HA OKPYIKAIOLIYIO CpEay.

Puc.1.4. Cxemsl co3nanus Hamopa B MUKpol DC
a — JIepuBallMOHHAs; O - pycioBas

HcrounrkamMu pecypcoB Jisi MaJlod THAPOIHEPTETUKH  SIBISIOTCS
€CTECTBEHHbIE W HMCKYCCTBEHHBIE BOJOTOKH (Majble U CpPEAHHE PEKU, PY4bH,
OpOCUTENIbHBIE U CYJIOXOAHBbIE KaHaJbl), BOAOCOPOCHI M3 BOJAOXPAHUIIMUII,
UCKYCCTBEHHBIX TMIPYJIOB, IIIIO30B, PA3JIMYHbIE THUAPABIUNYECKHE CHUCTEMBI
(mUTHEBBIC BOJIOBOIBI, TEXHOJIOTHYECKHE BOJOTOKH, BogocOpockl TOL u ADC)
[11]

Mukpol DC nuieHbl MHOTHX HEIOCTAaTKOB, XapaKTEPHBIX ISl OOJIbIINX
I'DC: onu He TpeOYIOT OONBIINX KAMUTATBHBIX BIOKEHUW, MPAKTUYCCKH HE
OKa3bIBAalOT HETATUBHOTO BO3JCHCTBUS Ha OKpPYXKAIOIIYIO Cpedy, s HX



00cy)KMBaHUSl HE HYE€H KBAIM(DUIIMPOBAaHHBIN NepcoHal. ['uapoTexHuuecKue
coopyxeHuss Manbix ['DC He NOATOIUISAIOT Jieca M CelbCKOXO3SUCTBEHHBIC
YIOJlbsl, HE MPUBOAAT K CHOCY M IIEPEHOCY HACEJIICHHBIX MYHKTOB. Mukpol OC
NO3BOJISIIOT  COXPAaHUTh JaHAADT U OKPYKAIOIIYI0 Cpedy B Ipollecce
CTPOMTENBCTBA M HA JTalle JKCIUlyaTauuu. Bona, mpoxoasmias depe3 Malyro
THAPOTYPOHHY, COXpaHSET CBOM NIEPBOHAYAILHBIE MPUPOJIHBIE CBOMCTBRA.

Haubonee xonkypeHTocrnocoOHON o6nacTteio mnpumeHeHuss MUKpol DC
SBIIAIOTCS  30HBI  JICLIEHTPAJIM30BAHHOTO  DJIEKTPOCHAOXKEHMs,  KOTOpbIE
pacIojoKEeHbl, KaK IPaBWIO, B OTHAJIEHHBIX TPYIHOJOCTYIHBIX pailOHAX.
[ToTpeOuTensiMu dHEPTUU B ATUX pallOHAX SIBISIOTCA B OOJBIIMHCTBE CIy4acB
pa3iINyYHbIE CENbCKOXO3SHCTBEHHbIE OOBEKTHI, HEOOJBIINE MOCEIKH, KOTTEIKU
U T.J1. YCTaHOBJICHHAs MOIIHOCTb JJIEKTPUYECKUX HATPy30K COCTABIISIET OT
€IMHMI] JI0 HECKOJIbKMX JecATKOB KBT, B cocTraBe Harpy3ok Mpeo0JiajaroT
pa3nuuHbie ObITOBBIE TPHOOPEI. ['paduk HArpy3Ku KpaitHe N3MEHYUB, BO3MOXKHA
3HAYUTENbHAs HECHMMETpPUYHAs 3arpy3ka mo (a3aM HMCTOYHMKA MUTaHUs. B
HACTOsIEe BpeMs AJeKTpUdUKaius MOJA0OHBIX OOBEKTOB OCYIECTBIISETCS B
OCHOBHOM OT AaBTOHOMHBIX JAM3EJIbHBIX 3JIEKTPOCTaHIMH, a ce0ecCTOMMOCTb
ANEKTPOIHEPTUH MOXKET AocTuraTh 15-25 py06. 3a kBt u [8].

3HAYUTETHHO YIIYYIIATh CYILIECTBYIOIILY IO CUTYaIIHIO C
AIIEKTPOCHAOKEHUEM MOTpPeOUTENEH, pPACIIONOKEHHBIX B JCIIEHTPATN30BaHHbIX
30Hax AIIEKTPOCHAOKEHUS, MO3BOJISIET UCII0JIb30BaHUE

MUKpOTUIpo3ieKTpocTaHui (Mukpol DC). DHeprusi NOTOKOB BOJIbI 3aHUMAET
BeCbMa  cyllecTBeHHoe Mecto B Poccun 1o 3amacam u  Maciirabam
UCIIOJIb30BaHusA. BpIcokass »HepreTuyeckas IUIOTHOCTb IIOTOKAa  BOABI H
OTHOCHUTENIbHO CTAOWJIbHBIH BpPEMEHHOW pEXHM B CpPaBHEHUM C JAPYTUMHU
BugamMu BUO, onpenensror camyro HU3KYH0 CTOMMOCTB JHEPTHHM, MOIYy4aeMOU
IpY NOMOILIM TUAPOCTAHLUUN, CPEU YCTAHOBOK, MCIIOJb3YIOUIUX APYTHE BUJbI
BO300HOBIIIEMBIX SHEPIOPECYPCOB.

OTMeueHHBIE BbIIIE OCOOCHHOCTH pa3MELIEHUsT U IKCIUIyaTaluu
ABTOHOMHBIX CHUCTEM  3JIEKTPOCHAOKEHMSI TO3BOJSIOT  CPOPMYIUPOBATH
OCHOBHbIE TpeOOBaHUsI, IpeAbsBiIsieMble K MUKpol DC:

® [IPOCTOTA U HAJIEKHOCTh KOHCTPYKIIHH;

® BBICOKOE KA4eCTBO  BBIXOAHBIX  JJIEKTPUYECKHX  IapaMeTpoB B
CTaTUYECKUX M TMHAMUYECKHX PEXKUMAX;

® COOTBETCTBHME BBIPA0ATHIBAEMOr0 HSJIEKTPUYECKOIO TOKa TPEOOBAHUIM
['OCToB 1o 4acToTe U HANPSHKEHUIO;

® TI0JIHOCTHIO aBTOMATHU3UPOBAHHBIN PEKUM PAOOTHI;

e >KoJorgueckass 0e30MacHOCTb MPHUHSATHIX MPOEKTHBIX, KOHCTPYKTOPCKUX

Y TEXHOJIOTUYECKUX PELICHU;

® KOMIIEHCAlMsd BO3MOXKHON HECUMMETpPHH 1O (ha3am.

OcHoBHOE TexHOJoTHYeCcKOoe 000pyaoBaHre MUKPOI IC MOKHO OBITh 1O
BO3MOXHOCTH CEpUUHBIM, a €€ CHCTeMa YINpaBJIECHUSA J0JKHA 00ecrnedynBaTh
MOJIHOCTBIO ~ AaBTOMATH3UPOBAHHBIA peXUM pabOThl NpU MHUHUMAIHHOM
TEXHUYECKOM OOCITY>KUBAHUH.



JNlekuma 2. Cnoco6bbl nocTpoeHnsa mukpolr C

Mukpol OC oTnmuarotrcst OONBIIUM Pa3HOOOpa3HeM KOHCTPYKTHUBHBIX
ucnogHeHuil. OHU MOTYT CTPOMTHCS, Kak M OoJjiee MOUIHbIE CTAaHIHMH, C
UCIOJb30BAaHUEM  IUIOTHUHBI, MOTYT OBITh JEPUBALMOHHOIO THIA C
MCII0JIb30BaHUEM HAMOpPHOIo TpyoOomnpoBoaa win kaHana. Hakonen, mukpol DC
MOTYT YCTAHABJIMBATbCA B PEYHOW IOTOK O€3 BCAKUX TUIAPOTEXHUYECKUX
COOpYKEHHI — CBOOOJ0TIOTOUHBIE MUKpOI DC

O6b1yHO MUKpOI ™ DC copepkaT B CBOEH KOHCTPYKIMH TaKue 00s13aTeIbHbIe
AJEMEHThl Kak TUApPOTypOMHA, JJIEKTPOMAIMHHBIA T'€HEepaTop, CcHCTeMa
CTaOWJIM3alMU  BBIXOJHOTO HAMNPSDKEHUST M psAJ  DJIEMEHTOB, Hajlu4yhe W
KOHCTPYKIMS KOTOPBIX 3aBUCHUT OT THUIA M OCOOCHHOCTEH CTaHILIMHU:
ONpe/e/IeHHblE  TUIPOTEXHUUYECKHUE COOpPYKEHMs, 3allopHas  apMarypa,
OaJjutacTHbIE HArpy3KH U T.J.

HcTtopuuecku, mnepBble TUAPOIIEKTPOCTAHIMM OTHOCHUIIUCH K KIIACCy
«MHKpPO», U BpeMsl UX TMOSBJIEHUS COBMANAET C yCIeXaMH B IPOMBIIUIEHHOM
OCBOCHMM D3JIEKTPOMAIIMHHBIX TI€HEPAaToOpoB. Takue MpOCTEHIINE, YacTo
MOJIYKyCTapHble YCTaHOBKHM (puc.2.1) uMenu MHPOKOE pacupoCTpaHEHHUE,
0co0eHHO B cenbckoi MectHOCTH. B wactHoctn, B CCCP B 1937 rogy noss
THIPOSHEPTUH B CEIbCKOXO03SUCTBEHHOM 2JIeKTpocHaOx)eHnu nqocturana 11 %.

Puc.2.1. Muxkpol2C B Kutae

OCHOBHBIE TEOPETUYECKHE U OMNBITHO-KOHCTPYKTOPCKHE pPa3paboTKu
MPOBOJAWINCH BO BCECOO3HOM HMHCTUTYTE THMAPOMAIIMHOCTpOeHHs TI.MockBa
noa pykoBoacTtBoM mpodeccopa B.C.KBITKOBCKOro, B JIGHUHIPAJCKOM
WHIyCTPUAIBHOM HWHCTUTYTE€, BO BCECOIO3HOM HWHCTUTYTE€ TUIPOTEXHHKUA H
menuopauud Tr.MockBa M JIpyrux opraHuzanusx. Pesymnbrarom stux paboT
SBUJIACh NIEpBasi OTEUECTBEHHAsl CEpUsi aBTOMATU3UPOBAHHBIX MUKPOI DC u3 22
TUIIOB, CHPOEKTHUPOBAHHAs W NPHUHATas K NPOU3BOJACTBY Ha JIEHMHIpaackom
3aBoje «nekrpocunay [9]. MomHocTs arperatoB cocrasisuia pan ot 0,7 1o
55,2 xBT. Mukpol DC umenu aBTOMaTHYECKUE PETYJIATOPBI YaCTOThI BPALLEHHUS
Ha 0a3e MacisSHBIX HACOCOB, KOTOpbIE BO3JICHCTBOBAJIM Ha YIroJl MOBOPOTa
JonacTe TypOUHbI, U YTOJbHBIE PETYJISITOPHI BO30YKAEHUS SJIEKTPOMAIIMHHBIX



TE€HEpPaTOPOB.

CnepnoBarenbHo, 3Ta cepusd MUKpol DC BrepBble MMeNa MOJIHBIA HA0OP
aBTOMAaTHUYECKUX YCTPOWCTB, HEOOXOAMMBIX MJId CTAaOWIM3alMU MapamMeTpoOB
IIPOU3BOAMMON AIIEKTPOIHEPTUU B JIIOOBIX pexuMax padoThl cranuuu. OaHaxo,
YPOBEHb Pa3BUTHUSl TEXHUKUM TOrO BPEMEHUM HE TMO3BOJUI OOECHEUYUTH
PUEMIIEMBIX TOTPEOUTENHCKUX U TPOU3BOICTBEHHO-TEXHOJIOTMUECKUX KA4eCTB
craniuu. [lo pe3ynbraraMm HCHBITAHUN MNPUILIOCH MPU3HATH HEOOXOAUMOCTD
CBECTM aBTOMATHU3ALMI0 JHEPrOYCTAHOBKM K HEMHOTOYUCIEHHBIM, XOTS H
rpyObIM, HO HAJIEKHO JIEWCTBYIOIIUM JIETAJISIM.

PerpocrniekTuBHBIN aHanu3 KOHCTpYKUU MUKpol ' DC moka3bIBaeT, 4TO UX
YOPOUIEHUE  OCYILIECTBISJIOCh, NPEXKIE BCEro, 3a CYET NPUMEHEHUS
HEPETyJUPYEMBIX TUAPOTYPOUH U, COOTBETCTBEHHO, COBEPILIEHCTBOBAHUS
ANEKTPUYECKON YaCTU CTAHIUM.

Haubonee MEePCIEKTUBHBIMU KOHCTPYKTUBHBIMU peleHusIMU
TUAPORJIEKTPUYECKUX YCTAHOBOK KJIAcCa «MHKPO» SIBISIOTCS OECIUIOTUHHBIE
KOHCTPYKIIMH, CIIOCOOHBIE paboTaTh B CBOOOJHOM TIOTOKE BOJbBI, WIH
UCIIOIB3YIOIIME HATOPHBIN TpyOomnpoBos [3].

B xauecTBe ruapoaBuraTeneil, npeoodpa3yronmx 3HEPruio MOTOKA BObI B
MEXaHUYECKYI0 SHEPIrui0, B TOW WA MHOW CTENEHU HUCIOJIb3YHOTCS BCE THUIIBI
THAPOTYPOUH:  MOBOPOTHO-JIONACTHBIE,  PAaJUaIbHO-OCEBbIC,  KOBILIOBEIE,
KalncyjbHbIE, OCEBBbIC, TYpOMHBI C TOPU3OHTAILHOW U HAKIOHHOW OCSIMH
BpauieHus. JIisi HU3KOHANOPHBIX TUIIPOIICKTPOCTAHIUN, XapaKTEPHBIX MJIs
PaBHUHHOW MECTHOCTH, OCHOBHBIM THIIOM THIPOTYpOUH SIBISIOTCS TYypOUHBI
nponeiepHoro tumna. Hampumep, cepusi NpSAMOTOYHBIX T'HAPOTYpOUH
amepukanckor kopropamuu Allis Chalmers moker paboraTe B Juara3oHe
HaropoB oT 1,5 1o 15 metpoB. X MomHOCTSh, IIpu JuaMeTpax pabovero koyieca
ot 0,3 o 3 m, mensiercs ot 0,01 1o 5 MBT. Bece TypOunbI mponemiepHoro tumna
BBINIOJIHSAIOTCS C HEMOABHKHBIMU JIONACTAMH [4].

JlocTOMHCTBOM TypOMH MPOMNEIJIEPHOrO THUMA SIBISETCS MaKCHUMallbHas
OBICTPOXOJHOCTh  MpU  MajblX  HAmopax, MO3BOJISIIOLIAs  CO3JaBaTh
Oe3penyKTOpHbIe BapuaHTbl KOHCTpykKuuu Mukpol' DC. Tem He wMeHee,
CTPEMJICHHUE HCII0JIb30BaTh BBHICOKOOOOPOTHBIE U 00Jiee JEIIeBbI€ TeHEePaTOPhI
IPUBOJUT K HEOOXOJUMOCTH MPUMEHEHHS] MYJIbTHUIUIMKATOPOB, MOBBIIIAIONIUX
yacToTy Bpaienus TypouH. Tak, kopnoparuss CIIIA Hydro Energy Systems wu
bpanmy3ckas kommnanus Societ Neyrpic mnpeaycMaTpuBarOT B COCTaBe
MUKPOI " DC MyJIbTUILTUKATOP € NEPEIATOYHBIM OTHOLLIEHUEM, paBHBIM 3 [4].

Baxneiimeld xapakTepUCTUKON TUAPOTYpOUHBI SIBJISIETCS 3aBUCHUMOCTD
MOIIIHOCTM OT YacTOThl BpallCHUs IPU MOCTOSHHBIX 3HAYEHUSAX pacxoja H
Hamopa BOJAbl. TUNMWYHBIA BUA ATOW 3aBUCUMOCTH Ji1 pPEaJbHOW TYpOHHBI
IIPONEJUIEPHOIO TUIIA TUaMeTpoM D, paBHbIM 289 MM nipu Hanope H = 9 M, 1A
JBYX 3HAYECHHMM OTKPBITHS HAIIPABIIAIOLIETO aIapara g MoKa3aH Ha puc. 2.2.
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Puc.2.2. DxcnepuMeHTanbHbIE MOIHOCTHBIE U MEXAHUUYECKHUE XapaKTEPUCTUKH
Typ6unsl Tuna K-245, 1 =289 mm, H=9 m

OObIyHO A7 TYpOHHBI paccMarpuBaemoro kiacca M = 0,8+0,9. U3 puc.
2.2 BUAHO, YTO MOIIHOCTb, pa3BUBaeMasi TUAPOTYPOMHON, paBHA HYIIO B JABYX
CIy4asx:

1) npu n = 0, Korga NPOUCXOAUT MPOTEKAHUE BOJIbI, HO HET BpPAILEHUS U,
CJIeI0BaTeNbHO, padoTa HE COBEpUIAETCS - DHEPrusi BOAbl PACTPAYMBAETCS Ha
TUAPABINYECKOE CONTPOTUBIICHHUE;

2) n = ny, KOrja IoJ JEWCTBHMEM HAalopa BOAbI TypOMHAa pa3BUBACT
MakCHUMajbHble OOOpPOTHI, pacTpayuBasi DHHEPrUI0 HA THAPABIMYECKUE U
MEXaHWYECKHE CONPOTHBIICHHA. YTOHHAS YacTOTa BPALIECHHUS 7y TUAPOTYPOUHBI
IPOIEJUIEPHOTO TUIIA JOCTUTAET 2+2,5 HOMUHAJIBHOMN YaCTOTBHI.

C yMeHbUIEHMEM OTKPBITHSl HAIMPAaBISIIOLIETO ammapara (a) MOUIHOCTh
TypOMHBI M MaKCHMaJlbHasi 4YacTOTa BpAIICHUS YMEHBIIAIOTCS, MOCKOJIBbKY
naJaroT pacxXo BOJbI U SHEPIHsl MOTOKA.

CrnepoBaresibHO, 4YacTOTa BpAlIEHHUs TYpPOUHBI OINpPEHENSIETCS JBYMs
(dakropamu: sHepruedl paboyero IMOTOKAa BOJABI M BEJIWYMHON MOUIHOCTH
Harpy3KH, ypaBHOBELIMBAIOIIEH MOITHOCTb, PA3BUBAEMYIO TMPOABUTATEIIEM.

O4eBUHO, YTO MpPH MOCTOSHHBIX MapamMeTpax IOTOKa BOJbl U He-
U3MEHHOW  KOoH(purypauuu  paboyux  JomacTed  4acToTy  BpallleHUs
THAPOTYPOMHBI MOKHO PEryJIMpOBaTh IyTEM H3MEHEHHsI BEIMYMHBI HATPY3KH.
Jnst mukpol'DC perynupoBaHue 4acTOThl YHEPrOyCTAaHOBKHM Hamboliee MPOCTO
OCYIIECTBJISICTCS. MyTeM PEryJIUPOBAHMS BEJIMYMHBI DJIEKTPUUYECKON Harpy3Ku
reepaTopa. KoHcTpykuus TypOUHBI U IPYTUX THAPOTEXHUYECKUX YCTPOUCTB B
3TOM CJIy4Yae CyIIECTBEHHO YIIPOLIAETCS.

B sToM mutane GombIION MHTEpEC MPEACTaBIsAET UCIOIb30BaHUE HACOCOB
B TyYpOMHHOM  pE€XHUME, IIOCKOJIbKY OHM  CEpUHHO  BBIIYCKAKOTCA



MHOTOYUCJICHHBIMU TOPENINPUATUIMH, W HMEIT OTHOCUTEIBHO HEBBICOKYIO
CTOMMOCTB.

Hacochl oTinuaroTcs OT TpaAUIMOHHBIX THAPOTYPOUH TEM, YTO Y HUX HET
YCTPOMCTB PpEryJIUpOBaHUs pPacxoJa BOABI W, CIEIOBATEIBHO, MOLIHOCTH.
Hacocsl npenHasHadeHbl Jjisi padOThl B OJTHOM PEXHUME, YTO OINpPEAENsIeT UX
IPOCTOTY W MEHBIIYKD CTOMMOCTb IO CpPaBHEHHUIO C PEryJIUpPYyEMbIMU
TypOMHAMU, MOUIHOCTh KOTOPBIX MPUBOJUTCS B COOTBETCTBHE C MOIIHOCTBHIO
HArpy3Kd IyTEM peryJupoBaHUs pacxoja BOJbI WJIM IMOBOPOTOM paboyux
JIONIaCTEMN.

Takum 06pa3om, 4TOOBI 0OECIIEUNTHh HACOCY, pabOoTaroEeMy B TYPOUHHOM
peXKUMe, ONTUMAIBHBIA PEXKUM, HEOOXOIUMO CTAOUIU3UPOBATH BEIMYUHY
HAmopa M pacxo/ia BOJIbI, a TaK)K€ MOIIHOCTHU, CHUMAEMOW C TUIPOTYpPOUHBI.
Otu TpebOoBaHuUs JIETKO BBINOIHIIOTCS 1i1si MUKpol DC nepuBaniMoHHOTO THMA C
HAlOpPHBIM TPYOONPOBOJOM TMPU TOCTOSIHCTBE BEJIMYMUHBI AJIEKTPUUYECKOU
MOIIHOCTH, IOTPEOIsIeMOI HArpy3KOil.

['enepaTop SBISETCS BAXKHEUIIMM 3JEMEHTOM 3JIEKTPOOOOPYI0BAHUS
aBTOHOMHOU SHEPrOyCTaHOBKHU. Kpome OCHOBHOTO Ha3HAYECHUS,
3aKJIIOYAIOUIETOCS B T'E€HEPUPOBAHUU DIIEKTPUYECKOW DHEPruu, TIEHEpPaTop
JOJKEH  BBINOJIHATH ~ OMNpeAeNieHHble (YHKIMM 1O CTa0WIM3alud WU
PEryJIMPOBAHUIO ITAPAMETPOB, XapaKTEPUIYIOIIKX €€ KauecTBO. [loaToMy ogHUM
u3 TpeOOBaHMiA, IPEABABISEMBIX K reHepaTopy ABTOHOMHOM
AIEKTPOYCTAHOBKH, SIBJISICTCS YIPABISIEMOCTh. KOHCTPYKTHBHOE BBIIIOJIHEHHE
reHepaTopa JI0KHO 00€CTIeUnTh BO3MOKHOCTD €0 IKCIUTyaTallii Ha OTKPBHITOM
BO3J1yX€ C BBICOKOU CTEIEHBIO HA/IC)KHOCTU B TEYEHUE JUTMTEIBHOTO BPEMEHH.

Haubonbmiee  pacmpocTpaHeHWe B~ aBTOHOMHBIX — HMCTOYHHKAX
ANEKTPONUTAHHUS MMEIOT CUHXPOHHBIE MAIIWHBI. ACHHXPOHHBIE T€HEPATOPHI
OPUMEHSAIOTCS PEXEe U3-32 CIOKHOCTH BO30OYXKACHUS U PEryIHMpOBaHUS
BBIXOJIHBIX DJJICKTPUYECKHX ITapaMeTpoB. TeM He MeHee, OHM HMEKOT psij
MOJIOXKUTENIbHBIX ~ OCOOCHHOCTEH, TO3BOJSIIOIIMX KM B psife  CIy4daeB
KOHKYPHUPOBATh C CHHXPOHHBIMU MAIlIMHAMM.

MeTonbl MOCTPOECHMSI CUCTEM CTAOWJIM3alUMU YaCTOThl T'€HEPUPYEMOTO
HaIpsKEHUST aBTOHOMHBIX JJIEKTPOYCTAHOBOK MOYKHO Ppa3leiuTh Ha [IBE
IPYIIIIbL:

1. Crabunu3aius 4acTOThl BpallleHUs IPUBOAHOTO JIBUTATENS
2. I'enepupoBaHre TIEPEMEHHOTO TOKa CTaOMJIBHOM YacTOTHl  IIPH

WU3MEHSIOIIENCS CKOPOCTH ITPUBOJIA.

OCHOBHBIC BapHAHTHI MTOCTPOCHUS CTAOMIM3UPYIOMINX CUCTEM MOKa3aHBI
Ha puc.2.3
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Puc.2.3 BapuaHThl MOCTPOCHUS CUCTEM CTaOUTU3AIIMN BBIXOIHBIX
napaMeTpoB aBTOHOMHBIX SHEPrOyCTaHOBOK, UCTIONB3YIOIIUX SHEPTHUIO
MPUPOIHBIX BO30OHOBISIEMBIX UCTOUHUKOB

[TpumenutensHo k MuUKpol'DC, peryiaupoBaHHe 4YacTOTHl BpPALLECHHUS
TypOMHBI 3aKJII0YAaeTCsl B U3MEHEHHH YIJla IOBOpOTa pabo4yux JIONacTed WU
pEryJIMpoOBaHUM pacxona Boxabl. IIpy 3TOM NPOUCXOIUT BBIPABHHUBAHHE
MOIIIHOCTH, Pa3BUBAEMON TypOMHOW, W MOIIHOCTH Harpy3ku. Hambonbiiee
pacrpoCTpaHEHNE B MHUKPOTHAPOAIEKTPOCTAHUHUAX IMOIYUYUIIO PETYIUPOBAHUE
pacxoja BOJbl MYTEM M3MEHEHUS BEIMYHUHBI OTKPBITHS HAIPABIISIIOLIETO
anmnapara [4]. Cxema 3HEPrOyCTaHOBKHU C PETYJIMPOBAHUEM YaCTOTHI BPALECHUS
TypOMHBI IyTEM U3MEHEHUS SPHEPTUH pab0oYero NoToKa Wi yria aTaku pabounx
JonacTei moka3zaHa Ha puc.2.3-a.

OCHOBHBIMM ~ HEJOCTaTKaMU  PEryJUpyeMbIX  TypOMH  SIBISIOTCA
YCIOKHEHUE  UX  KOHCTPYKLHH, a  Takke  HEoOXOAMMOCTh B
IIEKTPOMEXAHUYECKOM  CHCTEME  pEryJIMpOBaHUs  YacTOThl  BpPAILLECHHUS
yCTaHOBKU. M3-3a Hamuuus B CUCTEME pPEryJUpOBaHUS WHEPLUUOHHBIX
JJIEMEHTOB YacTOTAa BBIXOJHOTO HAaNpsDKEHHsT ABTOHOMHOI'O HMCTOYHHKA



IIEKTPOINUTAHUSA B MEPEXOJHBIX PEXKUMAX MOKET H3MEHATHCS B IIMPOKUX
npenenax. B auTeparype NpUBOAATCS [aHHbBIE, YTO JCHCTBUE pErysaTopa
CKOPOCTH HaYMHAET CKa3bIBATHCS Ha MOIIHOCTU TypOUHBI TOJIbKO uepe3 0,2-0,3
C, @ BpeMsl peryJIMpoBaHus AJi1 MallbIX TUAPOTYpOUH paBHo 1,5-3 c. [5].

YOpocTuTh  KOHCTPYKIMIO  TypOMH U A00UThCS  OOJBIIEro
OBICTPOAEHUCTBUS PETYJIATOPOB  YacTOThl BO3MOXKHO IYTEM PETYJIHPOBAHMS
BEJIMYMHBl HArpy3Ku SHEPrOyCTAaHOBKM. Takasi BO3MOXKHOCTb OIIPEIEIISIeTCs
3aBUCHUMOCTBIO YacCTOThI BpAalllEeHUs] TypOMHBI OT Pa3BUBAEMOI €€ MOIIHOCTH,
KOTOpass B AaBTOHOMHBIX CHCTEMax JJIEKTPOCHAOXKEHMsI MOTpeOsseTcs
3NIeKTpUUeckor Harpys3koil. CliejoBaTenbHO, BbIOMpask COOTBETCTBYIOLIYIO
Harpy3Ky HMCTOYHHMKA D3JIEKTPONUTAHMS, MOKHO CTaOMJIM3UPOBATH YACTOTY
BpalllEHUsI CUCTEMBI: T€HepaTop — NpUBOAHAs TypOuHA. M3MEHATH BEIUMUUHY
Harpy3Kd aBTOHOMHOI'O HMCTOYHHMKA 3JIEKTPONUTAHUS BO3MOXKHO BKIIFOUEHHEM
Ha BBIXO/JI TEHEpaTOpa peryIupyeMon 6amiacTHON Harpy3KH.

Ecnu noa «0aminacTHOW» MOHUMATh HEKOTOPYIO MOJIE3HYIO HArpys3Kky, TO
JTAHHBIN cnoco0 cta0mIM3auu ojpa3zyMeBacT aBTOMAaTHUYECKOE
nepepacrnpeiieieHue  3JIEKTPUYECKOM  MOLIHOCTH ~ MEXKIYy  HEKOTOPBIMH
NOTPEOUTENSIMU, YacTh U3 KOTOPBIX JIOMYCKAET CHMXKEHHE BEJIMYUHBI
IIUTAIOLEr0 HANPSKEHUsT WIM €ro OTKIroueHue. CxeMa 3HEeproyCTaHOBKH C
aBTOOAJJIACTHBIM PETYJIMPOBAaHUE BBIXOAHBIX apaMEeTPOB MOKa3aHa Ha puc.2.3-
0.

JlocTOMHCTBaMH  JTaHHOTO CHoco0a SBJIAETCA IOJHOE HUCKIIIOYEHHE
JJIEKTPOMEXAHUYECKUX YCTPONCTB U3 CHUCTEMBbl CTaOMJIM3AllMM  YaCTOThI
BpalleHUs TruapoiBuraress. Takas cuUCTEMa pEryJupoBaHUs MOXKET HMETh
BBICOKO€ OBICTPOJIEHCTBUE, YTO TIOJOKUTEIBHO CKaXETCs Ha KauecTBe
BBIXOJHOTO  HAIpsDKEHUsT ~ MCTOYHUKA  DJJIEKTponuTaHusa.  braropaps
CTA0WJIM3alMU YaCTOThI BpAllEHUsI IPUBOJHOTO JBUTATENsI B pACCMATPUBAEMBIX
TUINIAX  AJEKTPOYCTAHOBOK  MOLYT  HPHUMEHSTHCA  OOLIEHPOMBIILICHHBIE
reHepaTopsl 0e3 OOJBLIOro 3amaca MEXaHUYEeCKOM MPOYHOCTH POTOPA.

B cnywasx, korga craOWiau3aldsi YacTOThl BpAUIEHUS CHUCTEMBI
JIBUTATENIb-TEHEPATOP HEBO3MOXKHA WM 3aTPyJHUTEIbHA, MPUMEHSIOTCS
CUCTEMbl TEHEPUPOBAHHUS IEPEMEHHOIO0 TOKa CTAa0WJIBHOM YacTOThl IpHU
IIEPEMEHHON CKOPOCTH NPHUBOJA. Takue CUCTEMBI MOTYT NPHUMEHSATHCS Kak
CaMOCTOATEIIBHO, TaK U B KOMIUIEKCE C YCTPOMCTBAMHU PETYJIUPOBAHUS YACTOTHI
BpallleHUsl MPUBOJHOIO JIBUraTesisi ISl MOBBIIIEHUS TOYHOCTH CTaOWUIM3alUuU
BBIXOJIHBIX IAPaMETPOB 3JIEKTPOCTAHLIMH.

OnHUM U3 cocoOO0B CTAOMIIM3ALMK YaCTOTHI BPALEHUS 3JIEKTPUUECKOTIO
IEHEpaTopa, BXOMALIEI0O B COCTAB JHEPrOYCTAHOBKH C HEPEryJUupyeM
JIBUTATEJIEM, SIBJISIETCS IPUMEHEHUE NPHUBOJAOB MocTostHHOW ckopoctu (IIIIC),
KOTOpbIE 00ECIIEUNBAOT MOCTOSHCTBO YaCTOThI BPAILIEHUS BBIXOAHOTO Baja IpH
U3MEHSIOLIEHCS B OMNPEIEICHHBIX IpeAesiax YacTOThbl BpALEHUsl MPUBOJHOM
TypOunbl. (Cxema Takod yCTAaHOBKM TMoKa3zaHa Ha pwuc.2.3-s. [IIIC
IPUMEHUTEIBHO K aBTOHOMHBIM UCTOYHHKAM 3JIEKTPONMUTAHMS, UCTIOIB3YIOIIUM
SHEPTUI0 MPUPOJHBIX BO30OHOBISIEMBIX YHEPrOPECYPCOB, OOBIYHO SIBISIOTCA U
AKKyMYJISITOPAMH MEXAaHWYECKOM DJHEPruM THAPO- WM BETPOJBUTATEI,



KOTOpas 3amacaercsi B BUJE CKaTOrO BO3AyXa, BOJbI, OJHITON B pe3epByap H
np. bonemoe pacnpocrpanenue IIIC ¢ akkymynaupoBaHHMEM MEXAHUYECKOU
SHEPIuy MOJYYUIIA B BETPOIHEPIETUKE, UCIIONB3YIOLIEH KpaillHE HEMTOCTOSHHYIO
— DHEpPruro BeTpa. B ruaposHeproycraHoBKax MNOJO0OHBIE CHUCTEMBbI MOTYT
MPUMEHSITBCS PU MAJIBIX KHHETUYECKUX PHEPTUSIX MOTOKA, KOrAa JJIsl CO3/JaHuUs
HE0OXOJAMMOIro Hamopa, BOJa IMOAHMUMAETCS B 0ak, pacHoJIOKEHHBbIM Ha
OTpeIe]ICHHOM BBICOTE OTHOCUTENBHO TYpOUHBI.

MalvHHO-BEHTUIIBHBIE ~ MCTOYHUKH  DJIEKTPONUTAHUS  MO3BOJISIIOT
CTaOMJIM3UPOBATh  YAaCTOTYy TE€HEPUPYEMOro  TMEPEeMEHHOr0  TOKa  IIpH
M3MEHSIONIENCA B IIMPOKOM JMAIa30HE YacTOTE BPAIEHUs MPUBOJAA (CUCTEMBI
THUIIa IEPEMEHHAsI CKOPOCTh — MocTosiHHAs yacToTta, [IC — ITY). JocTtouHcTBamMu
TaKUX YCTPOMNCTB SIBJISIFOTCSI BBICOKOE KAYECTBO BBIXOJHOTO HAMPSKEHUS U
HE3aBUCHUMOCTh DJJIEKTPUUECKUX MapamMeTpPOB HMCTOUYHHUKA DJIEKTPONUTAHUS OT
pexuma padbotsl TypOounbsl. Henocratku cuctem IIC — T4 3akimrouarorcst B ux
CIOXHOCTH, a 3HAa4uT OojJee BBICOKOW cTomMocTH. Kpome TorO,
Heperyjupyemas TypOWHaA  OmpenesseT TMOBBIIIEHHbIE TpeOoBaHUS K
MEXaHUYECKON MpOYHOCTH TreHeparopa. Jljis NOpomneuiepHbIX THAPOTYpPOUH
YTOHHOE YHKCJIO0 000pOTOB B 2,5 pa3a NpPEBBIIAET YAaCTOTy BpAILECHUS MPHU
HOMUHAJIBHOM pexume. B To ke BpeMs i1 OOLIEIPOMBIIIICHHBIX
AIEKTPUYECKUX MAalIUH JONYCKAETCS IPEBBILIEHUE HOMHWHAIBHONH YacCTOTHI
BpanieHus: He Oosiee ueM Ha 30 %. IloaToMy BO3HHMKAeT HEOOXOAUMOCTD JINOO
HCIIOJIb30BaTh CIICIHAIIbHBIC JIEKTPUYECKUE MAIIMHBI, CIOCOOHBIE paboTaTh B
IIMPOKOM JIMAla30He W3MEHEHUsS YacTOThl BpalleHHs, JHOO OrpaHUYMBATH
4acToTy BpamieHus TypOuHbl. (CxeMa yCTaHOBKH, COJEpKalled MalluHHO-
BEHTWIbHBIN UCTOUYHHK AekTponuTanus (MBU), noka3zana Ha puc.2.3-T.

Takum o00pa3oMm, CcHocoO0 TOCTPOCHUS W CTAaOWIM3AlMHA  BBIXOJIHBIX
ANEKTPUYECKUX TMapaMeTpOB aBTOHOMHOI'O HCTOYHHUKA AJIEKTPONUTAHMUS,
UCIOJIB3YIOIIET0 SHEPIHI0 MPUPOJHBIX BO30OHOBIISIEMBIX HSHEPrOPECYpPCOB,
3aBUCUT OT IApPAMETPOB HHEPTOHOCUTENSA, OT XAapaKTEPUCTHUK BETPO- WIH
TUAPOABUTATENS U OT CTPYKTYPBI M COCTaBa Harpy3oK.

OmneIT pa3paboTku u 3kcrutyarauun Mukpol DC nokasai, yto Haubosee
NEPCHEKTUBHBIM BapUaHTOM IMOCTPOEHUSI CTAHIMU SBJISIETCS OeCIIOTMHHAS
KOHCTPYKIMSI C aBTOOQJIACTHOM CHUCTEMOM CTaOWIM3allud HapsHKEHUS.
NMeHHO MO 3TOMY NMPUHLHUIY BBINOIHEHO OOJBIIMHCTBO aBTOHOMHBIX CHUCTEM
AIIEKTPOCHAOKEHUS, KOTOPhIE YCIEIIHO JKCILUTyaTUPYIOTCSI BO MHOTHX CTpaHax
mupa: CIIA, Anonus, Kurait, Jlanus, [IBenus u T.1.

OO1ee KOJMYECTBO BBIPAOATHIBAEMOM AJIEKTPOIHEPIHIO C MOMOUIBIO
ABTOHOMHBIX ~ MHUKPOTHAPOAJNIEKTPOCTAHUMM U €€  COCTaBidouas B
HEProdalaHce 3KOHOMHUYECKH Pa3BUTHIX CTPAaH HEYKIOHHO MOBbIMIaeTcs. Bo
MHOTMX CTpaHax pa3pa0oTaHbl CHEIUaJIbHbIE TOCYJApPCTBEHHBIC MPOTPAMMBI
Pa3BUTHUS MAJIOW SHEPIETUKH.

Bce Oonpmmii MHTEpEC K BO30OHOBIISIEMBIM HMCTOYHHMKAM SHEPIUHM B
nocnenHee Bpemss Kpome DenepanbHbBIX OpPraHOB MPOSABISIOT W YACTHBIE
KoMIaHud. HeykJIOHHOE MOBBIIIEHWE LEH Ha OpPraHMYeCKOEe TOIUIMBO Ha
MHUPOBOM DBIHKE C OJIHOM CTOPOHBI, M COBEPIICHCTBOBAHHE TEXHOJIOTHUM



MOJIYYEHHUSI 3JEKTPOIHEPIHMU OT BO30OHOBISIEMBIX HCTOYHHUKOM C JApPYroi,

OPUBOAST K HEM30€KHOMY COKPAIICHUIO pPAa3HUIBI B CEOECTOMMOCTH ee

MpOU3BOJICTBA. MUKPOTUJIPOIHEPTETUKA TIPU OTOM  SIBISETCS OJHUM U3

0€3yCI0BHBIX JIMJIEPOB U3 HETPAIUIIMOHHBIX BUAOB MOJIYUYEHUSI JJICKTPOIHEPTUU

C TOYKHM 3pEHHMS MHUHUMYyMa 3aTpaT Ha €€ MPOU3BOJICTBO M OBICTPHIX CPOKOB

OKYITa€MOCTH IPOEKTOB.

bonpmas yacte oOmupHoi Tepputropun Poccuu, u Tomckoit obnactu B
YaCTHOCTH, C MAaJIOM IUJIOTHOCTBIO HACEJIEHUSl €IIe€ HE MPHUCOEIMHEHA K
LEHTPAJIM30BaHHBIM YHEPreTUYECKUM CUCTeMaM. B COOTBETCTBUM C OLIEHKAMH
crienraucToB 10 10 MilH. HaceneHus, KUBYIIUX B CeBEpHBIX TEPPUTOPUSIX, HA
JansHem BocToke v B HEKOTOPBIX APYTUX, HE IPUCOEAUHEHBI K JIEKTPUUECKUM
cetssM. OHU MOJIyYarOT 3JIEKTPOIHEPTHUIO B OCHOBHOM OT aBTOHOMHBIX JIU3€E]b-
TeHEPaTOpoB HEOOIBIIONW MomHOCTH. HeoOxomuMoe i 3TOrO  TOIUIMBO
3aBO3UTCSI U3 JIaJIEKO PACIHOJIOKEHHBIX LIEHTPOB aBTOTPAHCIIOPTOM, BOJHBIMU
MyTSIMU, & THOTJIA JIa’Ke€ BEPTOJIETAMHU, UYTO JIEJIAET ATO TOIIMBO OUYEHb JOPOTHUM.
Uto Gosiee CylIECTBEHHO, YTO 3THU MOCTABKU HE BCErJa HAJCKHBI, 3aBUCST OT
MOTOJIHBIX YCIIOBUM, HAJIMYWS TPAHCTIOPTHBIX CPEJICTB U MPEAOILIATHI.

OreuecTBEHHBIN YPOBEHBb pa3pabOTOK B 0071aCTH MUKPOTHAPOIHEPTETUKU
JOCTATOYHO BBICOK. lloATBep:kaeHHMEM 3TOMY CIyXaT HE TOJBKO PacTyILHE
00BEMBI TPOU3BOJICTBA THUPOCHIIOBOTO 000pyaoBanus aist MUKpol DC, HO u ero
HKCHOPT BO MHOTUE CTPaHbI MUPA.

[Tpu aTOM ecnu 3apy0OekHbie Tporu3BoAuTENH NpeanaratoT Mukpol IC mo
neHe 1500-2000 $/kBT ycTaHOBIIGHHOW MOIIHOCTH, TO Y OTEUSCTBEHHBIX
MPOM3BOJIUTENICH ATOT TOKazaTeiab Kojebnercs B mpenenax ot 800 mo 1200
$/xBT.

N3 nambonee usBecTHbIX npousBoauteneil Mukpol OC B Poccun mMoxHO
OTMETHUTb:

1. Hpeanpusitue "Kedpen" r. Canxr-Ilerepoypr - mukpol DC momnocTsio: 1,0:
6,0: 7,5 u 30 xBrT.

2. AO3T "MHTO HWHCOT" r. Caukr- IlerepOypr - nepuBallMOHHBIC
(6ecrutotunnbie) Mukpol DC momHocThO: 7,5; 10: 22; 45: 50 u 90 kBt
rugpoarperarsl 1 Maiabsix '9C momHocThio oT 100 kBT 10 5 MBT.

3. Hayuno-npousBojctBennoe oowenunenue "PAHJI" r. Caukt-IlerepOypr -
ruapoarperarsl MUkKpol 9C momiHocThio oT 1,5 10 75 kBT, rumpoarperatsl
Maiapix I'DC wmommbocteio or 120 kBt mo 200 MBTt, aBTOHOMHAS
BOJIOTIOAbEMHAS YCTAHOBKA MPOU3BOAUTEIHHOCTHIO OT 0,7 110 5,0 Ky6.M/4ac.

4. Hay4yHO-npOW3BOACTBEHHBIA KoollepaTuB "OHepreruka M OIKojorus" T.
HoBocubupck - moayns 6ecruioruaHon ['9C MomntHocThio 0,5-1.0 kBT.

5. Poccuiickas acconmanus Majaou U HETpaIuIMOHHOW sHepreTukn "MAI'M" r.
Mocksa rugpoarperatsl Masibix ['2C momHocThio 0T 100 10 600 KBT.



JNekumnsa 3. Tunbl rMAPOTYPOUH

[To mpuHuMmy [eilcTBUA Bce, uUcHoib3dyemble B MHUKpOlI'DC, TuUIIbI
TUAPOTYPOMH MOYXKHO Pa3ZesiuTh Ha JIBE IPYIIbl: aKTUBHbBIE U PEAKTUBHBIE.
AKTUBHBIE (cBOOOAHOCTPYITHBIC) TypOUHBI WCIIOJIB3YIOT
NPEUMYIIECTBEHHO KHHETUYECKYI0 OHEPrui0 CTPyW BOJBI  CBOOOJHO
BBITEKAIOIIEH U3 COIIA.
PeaxtrBHBIE (HamOpHOCTPYITHBIE) TypOUHBI WCIIOJIB3YIOT
IPEUMYILECTBEHHO NOTEHIIMAIbHYIO YaCTh YHEPTUU MOTOKA
[IpocreiiiuM TUIOM TUAPOTYPOMHBI AKTUBHOTO THUIMA SIBISETCS BOJSHOE
KOJIECO, IIPUBOAMMOE B JACHCTBUE DHEpPruer Ioroka BoAbl. [IpumeHsuiocs ¢
JOPEBHEUIINX BPEMEH B cucteMmax opouenus B Erunre, Uannu, Kurae u npyrux
CTpaHax, MO3JHEe — JJIA MPUBOJA BOJSHBIX MEJIbHUI], pabOuuX MAIIUH U
MEXaHU3MOB MEJIKUX MIPOU3BOJCTB
PaznuuaroT Tpu OCHOBHBIX BHJA BOJSHOTO KoJieca i MpeoOpa3zoBaHus
TUAPOIHEPTUU B SHEPTUIO BPAIATEIBHOIO IBHIKCHUS:
e HOpUS WIM TMO/JIMBHOE (HIXKHEOOMHOE) BOJSHOE KOJECO HMEET
kodhpumueHT moae3noro aencTeus 10 35 %o;
e cpeaHeOoitHOE, KOd(PDUITMEHT MOJIE3HOT0 NeUCTBUA 10 75 %);

e HajguBHOE (BepxHeOoitHoe, puc.3.1), ko3hPUIMEeHT MoJIe3HOTO ACHCTBUS
1o 85 %;

Puc.3.1. HanuBHOE BOASIHOE KOJIECO

Ha puc. 3.2 npexncraBieHa cTapuHHass BOJsSHAas MEJIbHMUIIA CO
CpeIHEOONHBIM BOSHBIM KOJIECOM.

N3-3a mmoxmx Macco-ra0apuTHBIX IOKa3aTelel ¢ HEBBICOKOTO
Kod(hpuIEeHTa MONIE3HOTO NCUCTBUS TUAPOTYPOUHBI TUIIA «BOJSTHOE KOJIECO» B
COBPEMEHHBIX CTAaHLUAX HE IPUMEHSIOTCSI.

[IpuHuun paboOThl BOASHOIO KOJECa pEaJn30BaH B COBPEMEHHOU
KoBIIoBOM TypOuHe [lentona, puc.3.3. Ota TypOuHa Oblna 300peTeHa B KOHIIE
19 Beka amepukanueM [lenToHOM, B 4ECTh KOTOPOTO OHA U OblIa Ha3BaHa.



Puc.3.2. BoggHnas MmenbHHUIIA

Typbuna IlenToHa npuHAANEKHUT K TUMY HMIYJIbCHBIX TYpOWH, TIe
UMEIOIINIICST HAmop BOJBI MpeoOpazyeTcss B KHUHETUYECKYIO0 SHEPruio Ha
BHEIIHEM JMaMeTpe KoJjeca MNpu aTMocpepHoM naBiieHHH. IIpakTuueckoe
npuMeHeHue TypOouHa Ilenrona HaxoauT npu BeICOTE Hamopa BoAbl 6osiee 40 M.

Puc.3.3. Typ6una [Tentona

JIpyruM THUTIOM aKTUBHBIX TYpPOUH SIBJISIETCSI HAKJIOHHO-CTpYHHAs TypOUHa
(Tropro) — Turgo, koTopasi ucnoJib3yeTcsi Ha BbicOkKe Hanopsl oT 30 10 400 M.
puc3.4.



Puc.3.4. Haknonno-ctpyiiHas Typouna Tugro

B nawame 20-ro Beka mpodeccopom bymamemrTckoro yHHMBEpCHTETa
Honatom banku Obuta n306pereHa TypOrMHa MOMEPEUYHOTO TEUCHUS

I'maBHoO# ocobeHHOCTHIO TypOuHbI «banku» (puc.3.5) sBisercs ABONHOE
npeoOpazoBaHre YHEPTUH, KOTOPOE MPOUCXOANT BO BPEMS «IIOMAJTAHUS» BOJIbBI
Ha JIOMAacTH Ha BXOJE€ M BBIXOJAE M3 MOJOro potopa. Mcmosnp3oBaHue ABYX
pabounx ¢a3 He obOecrmeymBaeT HHUKAKOIO OCOOEHHOIO MpPEeuMYyIIecTBa 3a
UCKJIFOUEHHUEM TOT0, YTO ATO OY€Hb A((PEKTUBHBINA U MPOCTON CHOCOO OTBOAA
BOJBI U3 poTopa. B coBpeMenHbix MUKpOI IC TypOuHBI ONEPEYHO-CTPYIHHOTO
TEUEHUSI UCIIOJIB3YIOTCS IPpHU Hanopax oT 2 10 100 m.

B T8
L l.nj"_'ui:

Puc.3.5. [lonepeuno-crpyiinas typouna banku



IIpu manbix Hamopax Boabl B MHUKpol DC HCHOJB3YIOT pEaKkTHBHbBIE
TypOMHBI TPOMNEIIEPHOTO THUMA, HAnOOJee HM3BECTHOW W3 KOTOPBIX SIBISETCS
TypOuna Kamnana, puc.3.6.
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Puc.3.6. [Iponennepuas oceBas Typouna Kamnana

B Typ6une Kamuiana Boja nomajgaer Ha HapaBJISIFOIIUE JOMACTH, a 3aTEM
TEYeT BJOJIb OCU BUHTA (TaKOil TUI TypOUWH €Ile Ha3bIBalOT OCEBbIMU). BaskHbIM
JOCTOMHCTBOM TypOuHbl Kamana sBisieTcsi BBICOKash CKOPOCTb BpalleHUs
BUHTA, KOTOpas BJBO€ OOJbIIE CKOPOCTH TOTOKa BOIbl.  [pyroii
MOJIOKUTEJIbHOW OCOOEHHOCTBIO 3TOTO THIA TYpOWUH SBISIETCS BO3MOXHOCTD
pPEryJaupoBaHMsl HX TMPOU3BOJUTEIHHOCTH 3a CYET U3MEHEHHUS OTKPBITHS
HAIPABJISIONIETO amnmnapara M MoBOpoTa Jiomactel BuHTAa. TypOunbl Kammana
MPUMEHSIIOT IpU Hanopax ot 1 M g0 30 m.

[Ipu otHOCUTENBHO OOMNbIIUX Hamopax Bojsl (30 + 250 M) mpUMEHSIOT
JPyTrof THN PEaKTUBHBIX TypOHH, MOJYYMBIINX Ha3BaHUE TypOunbl DpeHcuca.
PabGouee womeco TtypOmHbl DpeHcuca MOTHOCTHIO MOTPYKEHO B BOIYy, a
JABJIEHUE U CKOPOCTh BOJbl YMEHBIIAOTCS B IPOLECCE €€ MPOXOKIEHUS Yepes
TypOuny, puc.3.7.. Boga Ted€T paaualibHO MO KOJIBIIEBOMY KaHaly, KOTOPBIH
OKpykaeT pabodee KoJieCcO TYpOMHBI, MEXAY HEMOABUKHBIMU JIOMACTIMH,
HaIPaBJISIOLUMU TOTOK BOJIBI.

Pabouee kosieco TypOMHBI UMEET UCKPHUBIICHHBIE JIONACTH, HA KOTOPbIE
nomnaaaer BoAa. Hampapisioliue JIONAcTH YCTPOCHBI TakMM oOOpa3oM, UTO
SHEprus MOToKa BOJbI A(DPEKTUBHO TpaHCPOPMUPYETCS BO BpalllaTeIbHOE
nBrkeHue pabouero koiseca. Kak u B TypOune Kamana 3a cyer m3aMeHeHUs
yria aTaku HaIPaBJISIOLIUX jonacreu MOKHO peryaupoBarh
IPOU3BOJUTENLHOCTh TypOuHbI PpeHcuca.



Puc.3.7. PaguanbHas TypOuna ®pencuca
Kaxnprii Tun rupoTypOWH COOTBETCTBYET OMPEACICHHOMY JHAMMa30Hy

Hamopa M pacxoja BOAbBI M HMEET CBOK MPEUMYIIECTBEHHYIO 00J1acTh
pUMEHEHUs, puc.3.8.

BuicoTa nageHna (Hanop), M

D 0,2 08 1 2 3 4 5g78@mM0 20 3 & 100

Pacxog Boabl, M/c

Puc.3.8. ObnacTe npuMeHEeHUs TUAPOTYPOUH



B orimmunm ot I'DC 0oJpIION MOIIMHOCTH, I'Ie I Ka)KIOW CTaHIIUHA
TUAPOTYpOMHA MPOEKTUPYETCS MO UHIUBUYAIBHOMY MPOEKTY, 1iisi MUKpOl DC
TaKOW  MOAXOJ  MpPEACTABISETCS  AKOHOMHYECKHM  HELEeIecooOpa3HbIM.
CrpemiieHMEe K MaKCUMaJIbHOMY YIPOLUEHUIO KOHCTPYKIMH CTAaHUUU H
COKpAILIEHUIO KallMTaJIbHBIX BJIOKEHUW B OCHOBHOE 00OPYJIOBAaHUE MPHUBEIH K
ToMy, 4To B MUKpol DC Bce Oofbliee pacrnpocTpaHEHHE HAXOISAT HAaCOCHI,
paboTaroiue B TYpOUHHOM pEexKUME.

BonabmHCTBO HACOCOB MOTYT paboTaTh B PEBEPCUBHOM PEKHUME TaK ke
adpdexTBHO, Kak u TypOuHbL. braromapss pa3sHooOpa3HOW HOMEHKJIATYpe
HACOCOB, BBIIYCKa€MbIX OTE€YECTBEHHOW IMPOMBIIUIEHHOCTHIO (Hamopsl ot 0 10
HECKOJIBKHX COTEH METpOB, pacxombl 0,02+5 M/c), MPAKTUYECKH IS JTF06Or0
BOJIOTOKAa B MECT€ YCTaHOBKM KOHKpeTHOM MHUKpol' DC MoxHO mnono0paTh
cepuiiHbplil Hacoc. [Ipu 3TOM u3-3a KPYIMHOCEPUMHOTO MPOW3BOJICTBA HACOCOB,
€ro CTOMMOCTb OyJIeT 3HAUUTEJIbHO HUKE, YEM I'HAPOTYpPOHUHA C aHAJIOTUYHBIMU
TEXHUYECKUMU XapakTepucTUKaMu. C TOYKM 3pEHUsT SKOHOMHUYECKHX 3aTpaT
HauOonee dS@PdexkTuBHbl I npuMeHeHus B MuUKpol DC  craHmapTHbIe
LHEHTPOOEKHBIE HACOCHI, OTJIMYAIOIIHUECS MAKCUMAaJIbHOW TMPOCTOTOH H
HAJICKHOCTBIO B DKCILTYaTalllH.

st oGecriedeHrs HOMUHAIBHOM MPOU3BOJUTEIHLHOCTH HAcOCa MPHU €ro
pabotre B TypOMHHOM peXHMe, TPeOYIOTCS HECKOJIbKO OOJIbIINE CKOPOCTh
[OTOKa W Halop, YeM AaHaJOTHYHbIE IOKA3aTEeNIM XapaKTepHbIE ISl PabOThI
000py10BaHUsl B HACOCHOM pexxuMe. [ 1aBHasi Ipu4MHA 3TOTO pa3iuyus CBsI3aHa
C TUJIPABJIMYECKUMHU MOTEPSIMHU.

Tax xak Hacochl MPOEKTUPYIOTCS JJIs1 paObOThl ¢ TIOCTOSIHHON CKOPOCTHIO,
HAMOpOM W TOTOKOM, B OTJIMYME OT TPAJUIUOHHBIX TypOWH, y OOJBIIMHCTBA
HAaCOCOB  OTCYTCTBYIOT TMIPABIMYECKHE YCTPOWCTBA, KOHTPOJUPYIOIIUE
BEJIMYMHY NOTOKAa. B CBA3M C 3TUM IpU 4aCTUYHOM Harpyske 3QQPeKTUBHOCTb
paboTBl Hacoca CyIIECTBEHHO HHXKE, YeM Y THUIAPOTYpPOHH, HMMEIOIINX
3¢ (peKTUBHOE TUAPABIUYECKOE YIPABICHHE — IOBOPOTHBIE HANPABIISIOLINE
JOMATKH, comia wuiau padboune nonactd. COOTBETCTBEHHO, €CIU HACOC
UCIIOJIB3YIOTCA B IIOTOKE, KOTOPBIM HHXE €ro NIPOEKTHOM MaKCUMAaJIbHOMN
BEJIMYHUHBI, TPOUCXOJUT OTHOCUTENLHO ObIcTpoe yMeHbleHue ero KI1JI.

OnTuMu3aluo yclioBUil paboThl HAcoca B TYPOMHHOM PEXUME HECIOKHO
BBIIIOJIHUTh C TIOMONIBIO MPOCTEUIINX THAPOTEXHUYECKUX COOPYKEHUH,
HanpuMep HaropHOro TpyOONpoBOIa U CUCTEMBI CTAOMIIN3ALIMU SJIEKTPUUECKON
MOIIHOCTH THApoarperara, 4ro oOecrneYuBarOT CHUCTEMbl aBTOOAJUIACTHOTO
tuna. ['paMoTHBIN BbIOOp THHIOpa3mepa Hacoca i1t MUKpol DC u crabunusanus
ero pabodero pexuMa MO3BOJISIIOT OCHACTUTh CTAHLMIO HEJAOPOTHM, HaJAECKHBIM
ruapojBUrareseM, Kotopsiii ooecneunBaetr KIIJI npeobpa3zoBanusi sHepruu Ha
ypoBHe 70+75 %.



Jlekumns 4. Bbibop mecTa yCTaHOBKU 311€KTPOCTaHLUN

OcHoBHBIM (pakTOpOM, OmpeAcHsSomuM d(PPEKTUBHOCTD HCIIOIb30BAHUS
BO300HOBJISIEMOTO DHEpropecypca s MPOU3BOJICTBA AIEKTPUUECKOU dHEPTHH,
SBIIICTCSI  JIOKAJTBHBIM  DHEPreTHYECKUN  TOTEHIIMAT  BO30OHOBIISIEMOTO
sHepronocurensa. CrenoBareybHO, I ONTUMU3AIUUA NTAPaMETPOB COJIHEUHBIX,
BETPOBBIX M THIPOIIEKTPOCTAHINN, KPOME HWHTETPATBHBIX XapaKTEPUCTUK
pacripefiefieHus: BO3OOHOBIISIEMBIX HYHEPrOPECYpPCOB MO TEPPUTOPUU PETHUOHA,
HEOOXOJMMBI JIOKAJIbHBIC HCCIIEIOBAHUS, TO3BOJIAIONIME C JOCTATOYHOM
CTEMEHbI0  JOCTOBEPHOCTH BBITIOJIHUTh  3CKWU3HBIA TPOEKT  TPHUBS3KU
3JIEKTPOCTAHIIMM K MECTHOCTH.

MeToauku JIOKAJIbHBIX HWCCIEIOBAHUM IMOTEHIMAaTa BO300HOBISIEMBIX
PHEPropecypcoB pa3jiM4yHbl M B 3HAYUTEIBHOW CTENEHH OMNPENEISIOTCS
CTAOMIIBHOCTBIO MMAPAMETPOB YHEPTrOHOCUTETIS.

[TepBuunbiM sHepronocutenem st MUKpol DC sBisieTCss MOTOK BOJbI,
MOIIIHOCTh KOTOPOTO JOCTAaTOYHO CTAaOWJIbHA BO BPEMEHHU M OMPEIEISIETCS €ro
HarmopoM U pacxojgoMm. OmHaKo aJisi OOJIBITMHCTBA BOJHBIX IOTOKOB HAIOp H
pacxoJi He OCTalTCsI HEM3MEHHBIMU B TEUEHUE JUTUTEILHOTO Mepruoja BPEMEHH,
a B 3HAYUTCIBHOW MeEpe 3aBHUCAT  OT KIWMATUYECKUX, JaHAMA(THBIX,
BPEMEHHBIX W Apyrux yciaoBuil. CremoBaTeNnbHO, ONTUMHU3AIUS IMapaMeTPOB
TUApPOdJIEKTpoarperara JokHa OBITh BBINOJIHEHA Ha ATane ACKU3HOIO
MPOCKTUPOBAHMS AIIEKTPOCTAHIINN 1o HU3BECTHBIM TEXHUYCCKUM
XapakTepUCTHUKaM BOJOTOKA: YKJIOHY pycila pPEKH, MHUHUMAIbHOMY U
MaKCUMaJIbHOMY Pacxo/1y BOJIbI M C YU4E€TOM JAPYTUX (HhaKkTOpPOB.

.Oco00 BaxXHOE 3HAYEHHWE B OJTUX YCJIOBUSAX MNPUOOpPETAET BBHIOOP
pPallMOHAIIBHOIO MECTa pa3MEIEeHUs] MPOEKTUPYEMOM dSIEKTPOCTAHIIMH, OT
KOTOPOTO BO MHOTOM OYIyT 3aBHCETh BEJIMYMHA KalUTaJbHBIX BIIOKCHHUH B
MPOEKT U ce0ECTOMMOCTh BhIPA0ATHIBAEMOM 3JIEKTPOIHEPTUU.

[Ipu BBIOOpE pamumoHaNbHOrO MecTa pasMmemeHus Mukpol D9C wu
TPUBSI3KM» €r0 K MECTHOCTH MPOCKTHUPOBIIUKAM, KaK MPABUIIO, MPUXOIUTCS
pemarh CIOXKHYI0 MHOTO(AKTOPHYIO 3ajady, CBS3aHHYIO C OMpeIeIcHHEM
KOJIMYECTBA HHEPTUM, KOTOPOE BO3MOXKHO IMOJYYUTh TPU HCIOIH30BAHHUH
JAHHOTO BOJIOTOKA H €ro JIOCTaTOYHOCTh ISl YJOBJIETBOPEHUS HYXK]
NOTpeOUTENCH; HAOP WM BBICOTY MAJCHUS, KOTOPHIM paclojiaracT JaHHBIHI
UCTOYHUK BOJBI, KOJMYECTBO BOJBI, JOCTYITHOE [UJII TCHEPUPOBAHHUS
AJIEKTPOAHEPTUH; pa3Mepbl HAMOPHOTO TPyOONpOBOAA; pACCTOSIHUS U
MOIITHOCTH, TepeaaBaeMble [0 JUHUAM DJIEKTpolepenad OT TeHepaTopa K
NOTPEOUTENSIM U T.11.

BonpmmHcTBO, OMHCAHHBIX BBIILIE ¢dakTopoB, OKa3bIBAIOT
HEMOCPE/ICTBEHHOE BJIUSHUE APYr HA Jpyra M ONPEACNISIOT 3KOHOMHYECKYIO
1eJ1€CO00Pa3HOCTh MPOCKTA.

[Tpu BBIOOpE MECTOPACIIONOKEHUS CTAHIIMM HAa MECTHOCTH HEOOXOIUMO
YYHUTHIBATh, YTO KaNUTAIbHBIE 3aTpaThl HA MUKPOI DC CyIIECTBEHHO 3aBUCAT OT
UCIIOJIb3yeMOro Hamopa Bojibl. Bwicokonamopusie Mukpol DC TunudHbie IS
TOPHBIX 00J1acTel; 0OBIYHO HAMHOTO JICIICBIIC HU3KOHATTOPHBIX CTAHIIHM.



Hanopusriii TpyO0npoBo1 MO3BOJISET MOBBICUTH YHEPTHIO pab0Yero moToka
BOJIbI, IPUMEHATH 00siee 3((HEeKTUBHBIE TUIBI THAPOTYPOUH PEAKTUBHOTO THUIIA.
O4eBUAHO, YTO MOLIHOCTb THAPOTYPOHUHBI C HAMOPHBIM TPYOONPOBOJIOM HE
OyJeT 3aBUCETh OT BOJHOIO peXUMa PEKH, €ClId €€ MHUHUMAJIbHBIA CTOK
IPEBBIIIAET KOJUYECTBO BOJbI, MOCTynatouieil B TpyOompoBoxd. /[uamerp
TpyOOnpoBOJa W Tepenag BbICOT MEXKIY €ro BEepXHEH W HIDKHEW TOYKOH
OTIPENENSIOT PACUETHYIO MOIIHOCTh cTaHluu. TpyOoonpoBoa Mukpol DC MoxeT
BBITIOJIHATBCSI U3 CTalbHBIX, OETOHHBIX, PE3UHOBBIX U JPYTUX TPYyO, MIUPOKO
IPUMEHSIEMBIX B OPOCHUTENBbHBIX CHUCTEMaxX. Ero cToMMOCTh CyIIECTBEHHO
3aBUCHUT OT penbeda MECTHOCTH, ONpEAeNss 11e1ecO00pa3sHOCTh MPUMEHEHUS
mukpol' DC, npexxae Bcero B TOpHBIX pailoHax ¢ OOJBIIMMU YKJIOHaMH pycia
peku. [IpaBuiabHOE UCHIOIB30BAaHUE pelibeda MECTHOCTH, a TaKKe MpOocTeiIne
COOPY’KEHHSI TUIIA JIEPUBALMOHHBIX KaHAJOB, BO MHOTUX CIy4asX, [MO3BOJISIOT
YMEHBUIUTH JUIMHY, U COOTBETCTBEHHO, 1 CTOUMOCTh HAIIOPHOTO TPYOONpOBOAA.

bnaromapst HeOIMHAKOBOW YCTOMYMBOCTH NMOACTUIIAKOIIMX TOPHBIX MOPOJT
K pPa3MbIBy, TEKTOHHYECKMM JBWKEHUSIM M MHOTMM JpyruM (axropam
OOJBIIMHCTBO PEK HMMEIOT M3JOMaHHYI0 (OopMy MpPOJIONBHOTO MPOQHIIS.
[ToaToMy nmaxke [Uisi MHOTMX PAaBHUHHBIX PEK MUMEIOTCS JIOKAIbHBIE YYACTKHU C
aHOMAJIbHBIMU YKJIOHAMU TOBEPXHOCTH, ONAronpUsATHBIMH JUIsl pa3MEIleHUs
THIpaBIMYEeCKUX cTaHIUU. YcraHoBka Mukpol DC Ha Takux ydacTKax peKH,
KaK TMpaBWIIO, SIBJISETCS DKOHOMHMYECKH orpaBaaHHoi. Eciau nokanbHbIe
BO3MOHOCTH I10 CO3JAHHUIO0 HAIlOpa HE IPEBBIMIAIOT BEJIMYMHY B OJIMH METD,
yCTaHOBKa THJIPO3HEPreTUYECKOM CUCTEMBI, BEPOSITHO, Oyner
Helenecooopa3Hoi

Crok (pacxom BOjbI) OOJNBIIMHCTBA PEK 3HAYUTEIHHO BapbUPYETCS IO
ce3oHaM roja. [loaromy npu onpeaeneHny JOKAIbHBIX XapaKTEPUCTUK pacxoaa
BOABI, JOCTYIHOTO JUIi  BBIPAOOTKH  3JEKTPOIHEPrMH, HEOOXOIUMO
OpUEHTHUPOBATHCS HAa 3aCyLUIMBBIE CE30HBI, COOTBETCTBYIOUIME MUHUMAIbHBIM
CTOKaM JaHHOT'O BOJIOTOKA.

CyniecTBeHHBIM (DAaKTOPOM, OIpaHUYMBAIOIIMM NpuMeHeHne Mukpol DC
B CEBEpPHBIX IIMPOTAxX, SBISAIOTCS  JIeAOBble  siBiIeHUS.  BwipaboTka
anekTposHepruu Mukpol DC ¢ HanmopHBIM TPYOOIIPOBOJIOM BO3MOKHA B MEPUOJ
OTKPBITOTO pycja, MOATOMY KpalHe Ba)KHOE 3HAYEHUE HMMEET JIOCTOBEpHAs
uH(dOopMaIs 0 Hayajle U OKOHYAHUU JIEIOBBIX SIBJICHUIA.

Bo MHOrux cTpanax Mupa CTpOro peryJMpyrTcs BOIPOCHI, CBSI3aHHBIE C
UCIIOJIb30BaHUEM, YIIPABICHUEM M M3MEHEHUEM CToka pek. JIroboe m3MeHeHue
pycina peku uium Oepera MOXET IMOBIUSATh Ha KadecTBO BOJIbl WM Cpedy
oOuTaHUs )KUBOW IPUPOJIbI, HE3ABUCUMO OT TOT0, HAXOJUTCS peKa Ha YaCTHOM
TeppuTOpUM WK HET [22]. B cBs3u ¢ 3TUM npu BEIOOpE MECTa CTPOUTEIbCTBA
MUKpOI DC HyXHO CTpEMUTHCA KCIONb30BaTh He Oosee 10 % oT umeromerocs
MUHHMAJIBHOTO ITOTOKA.

Jlnst  onpeneneHuss TEXHUYECKUX U HKOHOMHUYECKUX KpUTEPHUEB
spdexkTuBHOCTH  dBnekTpocHaOxkenuss ot  Mukpol D9C w3 kamactpa
TUAPOIHEPTETUYECKUX PECYPCOB JOJKHBI OBITH OMNPENETICHBl CIEAYIOLINE
OCHOBHBIE MTOKA3aTeNu AJi MPEANoIaraeMoro Mecta yCTaHOBKH CTaHIIMU:



1. Cpennuit yxion pexu, AH (M/km);

2. Cpenuuii pacxo BOIbI BOJIOTOKA B MEPHO JTeTHEH Mexenu, O (M/¢);
3. CpenHsst CKOPOCTh T€UECHHUSI B IEPUOJ] JIETHEN MexeHH, V (M/c);

4. Yucno 4acoB B TOJy C OTKPBITHIM pyciioMm, Y;

[Io >TUM AaHHBIM MOXHO NPEABAPUTENBHO PACCUUTATH BO3MOXKHOCTH
CTAaHIIMU TI0 BBHJIABAEMON MOIIMHOCTH W KOJUYECTBY BBIpaOaThIBAEMOM
anexkTpodHeprur. Ha cnenyromeM stame pa3pabOTKU MPOEKTa BbIOMpaeTcs
palMoHAIbBHOE MeCTO YCTaHOBKM MHUKpOI'DC Ha MECTHOCTHM C Yy4eToM
NpEACTaBICHHBIX  BbIle  cooOpaxkeHuid.  [lpomsBoautcss  TIHIATENbHOE
UCCJIEIOBAHUE PYCJIa BOJOTOKA U TEXHUYECKUE MCCIEAOBAHUS OJIarONpUSTHBIX
(GbakTOpOB 1Ji1 BO3BEACHHUS HAJECKHBIX U A(OPEKTUBHBIX THAPOTEXHUUYECKUX
COOPYKEHUHU.

[Ipu onpenenenun  Hamopa  HEOOXOJAMMO  YYUTHIBATh  IOJIHBIN
(cTraTudeckuii) Harop U pabouuii (IuHamMudeckuil) Hamop. [loaHbI Hamop - 3TO
pPacCTOSIHME [0 BEPTUKAIM MEXAY BEpXHEM TOUKOW MOABOJAIIEH TpyObl
(0OTMETKH BOA03a00pHHMKA) M TOYKOM, TJie BOJa OCBOOOXKTACTCS U3 TYpPOMHBI.
Pabouwnii Hamop - 3TO MOJIHBIN HANMOpP MUHYC JAaBJICHUE WM THUAPABIMYECKHE
MOTEPH, CBSI3aHHBIC C TPEHHUEM W SIBJICHHUEM TypOyJIEHTHOCTH B TPyOOIpOBO/IE.
OTU TIOTEPH 3aBUCAT OT THUINA, JUAMETPA, JJIUHBI TPYObI, KOJTUYECTBA U3TUOOB U
KOJIeH. Benmnunny nonHoro Hamopa Heny MOXHO HCHOJIB30BaTh TOJBKO JJIS
NPUOTU3UTEIILHON OIEHKH MOIIHOCTH JJICKTPOCTAHIIMM, IS OINPEACIICHUS
peasbHOM MOIITHOCTH HEOOXOAMMO MCIOJIB30BaTh JTaHHBIE MO0 paboYeMy HAropy
H [23].

H :HHOJIH_th_hZLOH’M (4.1)
rie N, — IOTEpU HA TPEHUE B BOJOBOAE; /iy, — IOMOJHHUTEIBHBIE MM MECTHBIE
NOTEpHU, CBSI3AHHBIE C 3aCOPEHUEM BOJ103a00pa, OMPypKalMeil Ha CY>KEHUAX U
paclIMpeHusX, 3aIBUKKaX, KJIarnaHax v T.1.

BennunHy noreps Hanmopa Ha TPEHUE B BOJOBOJIE MOKHO OMPEAEIUTH MO
BBIPAKEHUIO:

th:J L .M (42)
rae J — ruApaBIMYECKHii TpauenT; L — IJIMHa BOJOBO/A, M.

I[Hﬂ OIIPpCACICHUA THAPABINYCCKOI'O I'paduCHTA MOXHO HCIIOJIB30BATHh
CIIEIYIOUIYIO IPAKTHYECKYIO (hOPMYITY:

J :a'Vm'Dna (43)
rae V- CKOpocTh IOTOKa, M; D - auaMeTp BOAOBOJA, M; @, N, M —
K03 uIMeHTH MaTepuaia, W3 KOTOPOI'0 H3rOTOBJCH BOJOBOJ (YYHUTHIBAIOT
IIIEPOXOBATOCTh MIOBEPXHOCTEH CTEHOK M 3aIUThI BHYTPESHHHUX MTOBEPXHOCTEH)

a n m
CranbHas TpyOa 0,885 1,8 1,17
beronnas tpy0Oa 0,917 2,0 1,25

B BomOBOmAaxX 3akppITOrO0 TUNA IS pacyera NOTEPh Ha TPEHHUE



pPEKOMEHyeTCs HCTIOh30BaTh ypaBHeHue Jlapcu-Beiicbaxa:

2
LV
hop=1"=7—:M (4.4)
4R 2g
rae R - rugpaBivueckuil paguyc (B MeTpax); V - cpeaHsisi CKOPOCTh IOTOKA,
M/c;  f - Oe3pa3MmepHbIil KO3(PIUIIMEHT (TPUBOIUTCS B THAPOJIOTHYCCKUX

Ta0JIMIAX, B 3aBHCHUMOCTH OT CTEIEHHM LIEPOXOBATOCTM BOAOBOJA M 4YHUCIA
Peitnonnca).
JlonoHUTENbHBIE UM MECTHbIE TOTEPU B BOJIOBOJAE OINPEACISIOTCS U3
BBIPAKEHUS:
P2
faon = Ex 5o (4.5)
g

3HadeHus kodPuimeHTa & MPUBOAITCSI B CIpaBOYHHMKAX (MOTepu Ha
crudax, Cy>KEHUsIX U T.1.)

Jlnst  ompeneneHuss TOJHOTO HAamopa BOABI MOXKHO HCIOJb30BaTh
MHO>XECTBO Pa3zHOOOpa3HbIX METOAOB, CAMBIM MPOCTBIM U3 KOTOPBIX SIBIISAETCS
METOJ| «IIaHra/Tpyosl». [l HCHoNb30BaHUSA 3TOTO MeToja TpeOyrTcs
POCTON HA0Op MHCTPYMEHTOB: IIJAHT MAJoro AMameTpa WIH APYrod THOKHii
TpyOOmnpoBO, U pyjeTka. HyXHO pacTaHyTh MMEIOIIMICS NUIAHT WU TPYOy
BHHU3 I10 PyCIIy PEKH OT TOYKH MPEANOIAaraeMoro BoJ03adopa U OIyCTUTh €r0 B
BoAy. [loIHAB HMKHUI KOHEI] NIUIAHra 10 YPOBHS, [TOKA U3 HETO HE NEPECTAHET
BBITEKAaTh BOJIa, HY)KHO H3MEPUTh BEPTUKAIBHOE PACCTOSIHUE MEXKAY KOHIIOM
[IJIAHTa ¥ OBEPXHOCTHIO BOJIbI. [10olydnM BeTMUMHY CTaTUYECKOTO HAropa Jis
y4yacTKa BOJOTOKAa MEXIY BEPXHUM W HWKHUM KOHILOM H3MEpPUTEIBHOTO
npucnocoOienus. Eciiv IuHbl UIaHra HEJOCTATOYHO AJI U3MEPEHUs MOJTHOrO
nepenaaa BbICOT MEXKY MpeanojiaraeMbIMU TOYKaMHU YCTaHOBKU BOJ[03a00pa U
TypOUHBI, TPOUEAYPY MOXXHO TOBTOPUTH, M TMOJYYUTh BEJIUYHHY IOJHOTO
CTaTUYECKOTO Hamopa MpoCThIM CYMMHUPOBAHUEM PE3YJIbTATOB U3MEPEHUH.

Jlist u3MepeHust pacxoja BOJbI TaKKe CYHIECTBYET HECKOJIbKO METOJOB.
Jlist HeOOIBIIMX BOJOTOKOB, MPU PACXOJax J0 5 JI/CeK, OOBIYHO MPUMEHSIOT
METOJ «Belpa». [l Mcronb30oBaHMsS 3TOTO METO/Aa HEOOXOIUMO 3anpyJuTh
BOJSHOM TOTOK TOJPYYHBIMM CpPEICTBAMHU U HAIlpaBUTh €ro B €MKOCTb
U3BECTHOro o0bema. IIpu momomuy cexyHAoMepa HYKHO ONpPENEIUTh BpEMs,
KOTOpO€ NOTpedyeTcs [ 3all0JIHEHUS] €MKOCTH, U pacCYuTaTh pacxoj BOJbI B
€IMHUIY BpeMeHU. /{151 MOBBIIEHUS] TOCTOBEPHOCTH MOJYUYEHHBIX PE3YJIbTATOB
IpoLEenypy U3MEPEHU HEOOXOAMMO MMOBTOPUTH HECKOJIBKO pa3.

Jlns  Oosee  KPYNHBIX BOJOTOKOB MOXHO — HMCHOJIB30BaTh  METOJI
«mpoduIBHOrO ceueHus». Jlyis ompeneneHus pacxoja BOJbI 3TUM METOAOM
Jy4lle BCEro MOAOWIET Y4YaCTOK PEKHM C IPSIMBIM PYCIOM U MaKCHUMAaJbHO
OJIMHAKOBOW riyOuHON W mupuHON. C MOMOIIBIO M3MEPUTENHHOTO IIecTa U
PYJIETKH HY>KHO MOCTPOUTH U PACCUUTATh NPOPUIBLHOE CEUEHHE TTOTOKA B MECTE
U3MEpPEHHs. 3areM IpU T[OMOIIM TSDKEJIOro TMOINIaBKa MW CEKyHJoMepa
ONpENENSAETCS CKOpPOCTh NOTOKA. IIpocToe NEepeMHOKEHHE IIOTYyYEHHBIX B
pe3yibTaTe U3MEPEHUN PE3yNbTATOB: CPEIHENH CKOPOCTH BOJOTOKA W IUIOLIAIU



€ro MONepPeYHOro CEYeHMUsI MO3BOJUT BaM OIPEIAEIUTh PACXO] BOAbI B €IUHUILY
BPEMEHH.

[To mosny4eHHBIM B pe3yJIbTaTe U3MEPEHUI 3HAUYECHUSAM HAmopa M pacxoja
BOJIbI IO ypaBHEHMIO (1.1) MOXHO MpeaBAPUTENIBHO PACCUUTATh OXKUIAEMYIO
MOIIIHOCTh TpoekTupyeMoi MuUkpol DC u BbpIOpaTh MO KaTajgoraM OCHOBHOE
TUAPOTEXHUYECKOE U ANEKTPOTEXHUYECKOE o0opy0BaHueE. Hns
IpeIBapUTEIbHBIX PacYeTOB MOKHO NpuHITH 3HaueHue KIIJ] B ypaBuenuu (1.1)
Ha ypoBHe 50-60 % c yueToM mOTepb SHEPrUM B BOJOBOJAE, TypOHMHE H
reHepatope. Ilpu  BBINOJHEHMM PpPACUYETOB  HYKHO  YUUTBHIBATh, YTO
MaJIOHAMOPHBIE THXOXOJHBIE BOJSHBIC KoJieca ropa3no MeHee 3¢ EKTHUBHBI,
YeM CKOPOCTHBIE BBICOKOHANoOpHble TypOunbl. O6mmit KIIJ[ cucrembl mMoxeT
BapbupoBatrbcsi oT 40 mo 70 %, a B XOpOLIO CHOPOEKTUPOBAHHOW CTaHILIHUH
BenmmunHa KII1/] MmoxxeT nocturats 6omee 75 %.

Hns ompenenenust MoumHOCTA MHUKPOI' DC MOXKHO BOCIOJIB30BATHCS
HOMorpammoii [22], npuBeaeHHoM Ha puc.4.1
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Pacxog sogbi, nuTp/cex

Puc.4.1. Homorpamma juis onpeaeneHuss MOIHOCTH MUKpol DC



JNekumm 5-6. Mukpolr9C aBTo6annacTHoro Tuna

Mukpol DC B OONBIIMHCTBE CIy4yaeB UCIOJB3YIOTCS B KadecTBE
OCHOBHOTO HCTOYHHMKA 3JIEKTPOCHAOXEHUS aBTOHOMHBIX IOTpeOuTeINeH,
KOTOPBIX HEOOXOAMMO 00ECIIeUNTh KaYeCTBEHHON AJIEKTPOIHEPTUEH.

K OCHOBHBIM TmOKa3areassM KadecTBa HCTOYHHKOB JIIEKTPOIUTAHUS B
cootBerctBUM ¢ ['OCT 4.171-85 oTHOcATCA mapamMeTpsl  BBIXOJHOIO
HaIIpSDKEHMS, XAPAKTEPU3yeMble HOMMHAJIBHOM BEJIWYMHOM W YacTOTOM.
[TorTomy, BaxkHeMmmMM  3ieMeHTOM  MHUKpol OC  sABnsieTcs  cucrema
CcTadWIIM3alMy, OCHOBHBIM HAa3HAY€HHEM KOTOPOW SBISETCA NOJJEpKAHHE
HEU3MEHHBIX aMIUIMTYJbl M YaCTOTHl BBIXOJHOTO HAMpPsDKEHUS CTaHIUU IpU
JTHO0BIX UBMEHEHUSIX padoUuero pexxnuma 3JeKTPOyCTAHOBKH.

B coBpeMEHHBIX CHCTEMax AaBTOMATHYECKOIO YIIPABICHUS IIHMPOKOE
pacnpocTpaHeHue HOJIYYHJIN CTaTUYECKHUE IIOJIyIIPOBOJJHUKOBBIE
npeoOpazoBaTeny, KOTOpPbIE HUMEIT psAJ HEOCHOPUMBIX INPEUMYIIECTB B
CPaBHEHMM C MX AaHAJIOraMU: OHHM KOMIIAKTHBI, HAJEXHbI, HE HMEIOT
JOBWKYIIMXCS ~ DJIIEMEHTOB, HE TpeOyrT OOCIyXHBaHHs, BBIITYCKAIOTCS
CTaHIAPTHBIMU CEpUSIMU Ha HIMPOKUH JAMANa30H MOIIHOCTEH, CHOCOOHBI
o0ecneunTh MPaKTUYECKH JII0OON 3aKOH yMHpaBICHHUS WIH PETyJIHpPOBAHUS C
3aJJaHHOM TOYHOCTBhIO. Kpome Toro, mosiynmpOBOJHUKOBBIE IPEOOpa3zOBaTENIH
YAAUHO COYETAIOTCAd C DSJIEKTPUYECKHMMHM MAIIMHAMHU pPa3jJu4HOro0 THIA U
HA3HAYEHUs, MO3BOJISIA CO3/1aBaTh HOBBIM THUIl MPEOOPA30BATENbHBIX YCTPOUCTB
— MaIIMHHO-BEHTWIBHBIX MpeoOpazoBareneil, KOTopble 001a1al0T MPaKTUYECKU
HEOTrpaHUYEHHBIMHU BO3MOKHOCTSIMHU T10 YIPABJICHUIO POLECCAMU BBIPAOOTKH U
npeoOpa3zoBaHus FNEKTPUUECKON SHEPTHH.

MMeHHO Takue CHCTeMBbl HaxOJsAT Bce OoJbllee NPUMEHEHUE B
BBICOKOTEXHOJIOTHYHBIX 3JIEKTPOYCTAaHOBKAaX, KAKUMHU  SIBISIOTCS YCTAHOBKH
MaJIO¥ SHEPTEeTHKHU.

MalvHHO-BEeHTUIbHBIE  CHCTEMbl TI€HEpPUPOBAHUA U  CTAOMIM3ALUU
apameTpoB 3JeKTpodHeprun MUKpol DC nonpasznensrorcss Ha CHUCTEMBI CO
cTabuimn3anueil 4acTOThl BBIXOJHOTO HANpPSDKEHUS NpPU NEPEMEHHOM yacToTe
BpallleHUus TUAPOTYPOMHBI U HAa CHCTEMbI, CTAaOMIU3UPYIOIIME YacTOTy
BpAIlEHUs THIPOArperara.

OueHuBass MalIMHHO-BEHTWIBHBIE HCTOYHUKU  3JEKTPONUTAHUS  CO
CTaOMJIBHOM YacTOTOM BBIXOJHOIO HAMpPsDKEHUS MPHU MEPEMEHHOM YacToTe
BpalleHUs] TUAPOTYpOUHBI, CIEAYEeT OTMETHTh, YTO XOpOIlee KayecTBO
IPOU3BOJAMMON AIIEKTPOIHEPTUHU JOCTUTAETCS B HHUX IEHOW CYyIIECTBEHHOIO
YCIIO)KHEHHUs (@, CJENOBATEJIbHO, YIOPOXKAaHMSA) INpeoOpa3oBaTeNbHOM 4YacTu
ycTaHoBKH Kpome Toro, nogo0HbsIe ruapoarperaTsl J0JKHbI ObITh PACCUUTAHbI
Ha paboTy B JOCTaTOYHO UIMPOKOM JHala3oHEe YacTOT BpallleHus,
ONpEeAEIsiEMOM XapaKTEepPUCTUKaMU THAPOTYpPOMHBI M HAarpy3KH HCTOYHMKA
alieKTponuTanus. B yactHocTH, Hanbosee nepcneKTUBHBIE ISl HU3KOHATIOPHBIX
CTaHIMHA TUAPOTYPOMHBI NPONEIJIEPHOIO THUIA XAPAKTEPU3YIOTCS YTOHHOMN
4acTOTOM BpamieHuss B 2-2,5 pa3za MpPEeBBILAIONIEH HOMUHAIBHYIO. JTO
3aTpyIHSET MIPUMEHECHUE B Mukpol 2C 0O0IIETIPOMBIIIIEHHBIX



AJIEKTPOMAIITUHHBIX TEHEPATOPOB, JUIsI KOTOPBIX JIOMYCKACTCS IPEBBIIICHHE
HOMHWHAJIBHOW YacTOTHI BpalieHus He Oosee yeM Ha 30%.

YHpoCTUTh KOHCTPYKIIMIO, KaK BEHTUJIBHOTO NpeoOpaszoBaTeisi, TaK H
rujpoarperara, Mo3BOJSIET CHoco0 cTabwiu3anuu mnapameTpoB MUkpol DC,
3aKJTIOYAIONIMICA B PETryJUPOBKE BEJIWYMHBI €€ DJICKTPUYECKOM Harpys3Ku.
W3MeHsTh BeNMYMHY Harpy3kd aBTOHOMHOTO MCTOYHUKA JJIEKTPOIUTAHUS
BO3MOXXHO BKJIFOUEHHEM Ha BBIXOJ Te€HepaTopa peryjaupyeMoi OaiiacTHOM
Harpy3ku. Ecnu noj «6ainacTHO» MOHUMATh HEKOTOPYIO MOJIE3HYI0 Harpy3Ky,
TO JAHHBIM crmocod  cradWwiM3aluy — TOJpa3yMeBaeT  aBTOMATHYECKOE
nepepacrpesieieHHe BBIXOJAHOW DJIECKTPUYECKON MOIIHOCTH CTaHIUUA MEXIY
HEKOTOPBIMU TIOTPEOUTENSIMU, YacTh U3 KOTOPBIX JIOMYCKAeT CHIKCHHE
BEJTMYMHBI MMUTAIOIIETO HAIMPSKEHUS Uiu ero otkimoueHne. Cxema Mukpol 3C c
aBTOOAIIIACTHBIM PETYJMPOBAHUEM BBIXOJHBIX MMAPaMETPOB IMOKa3aHa Ha PHC.
5.1.

[Ipuamun  aBTOOAMIACTHOTO  PETYJAUPOBAHUS  TPEAEITHHO  IMPOCT:
napauiesIbHO TOJIE3HOM Harpy3Kke CTaHIMKM 4Yepe3 PeryyisiTop MOAKIIYaeTCs
Takasi e [0 BEJIWYMHE JONMOJHUTENbHAsA, WX OayutacTHas Harpyska. [lpu
W3MCHCHUH BEJIMYMHBI TIOJIC3HON HArpy3KH, BEIMUMHA OaJTACTHON M3MEHSETCS
Opy TMOMOIIM PEryJiAiTopa TakuM o0pa3oM, 4YTOOBl CyMMapHasi Harpyska
AIIEKTPUUECKOT0 reHepaTopa ocTaBajlach HeU3MEHHOM. B kauecTBe OaiacTHOM
Harpy3kd OOBIYHO HCIOJIB3YIOT TEIUIOHArpeBaTellbHbIe AJeMeHThl. W ecnu
ydecTtb, 4To 10 80 % DSIEKTPUYECKON HSHEPruM ABTOHOMHBIM MOTPEOUTEND
TPaTUT HA TOJy4YEHUE TEIUla, BbIACIseMas Ha OalJIaCTHBIX COMPOTUBICHUSIX
DHEPrus Tak)Ke MOXKeT OBITh TOJE3HO HCHOJb30BaHa. g 00orpeBa
MOMEIICHHM, HarpeBa BOAbBI U T.1I.
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Puc.5.1. CtpykrypHas cxema ctabuin3ainuu mapamerpoB Mukpol 9C
aBTO0AJUIACTHOTO THUIA

I'T - rupporypbuna; I' - rerepatop; H - mone3nas Harpy3ka; bH - 6aymiactHas
Harpy3ka; PBH - perynarop 6alaacTHON Harpy3Ku.

JIOCTOMHCTBOM JJaHHOT'O CIIOco0a SIBISETCS BO3MOXKHOCTh CTaOUIM3aluU
YacTOThl BpallleHMs] TUApoarperara Ipu IMOJHOM HCKIOYEHUU U3 CHCTEMBI
CTaOUIN3aluU 3JIEKTPOMEXaHUYECKUX YCTPOMCTB. 3aMe€Ha HX CTaTUYECKUM
PEryJIsATOPOM BECbMA BBITOJIHA U C TOYKH 3PEHUS YIYUYLIEHUS XapaKTEPUCTHK
MUKpOI DC M ¢ TOYKHM 3pEeHHs] YUCTO SKOHOMHUYECKOH. Tak, mo JaHHbBIM [6.7],



CTOMMOCTh pEryJjiiTopa aBTofamiacTa MOXET cocTaBisaTh auiib 20% oOT
MEXaHUYECKOT0 PEryJIATOpa ruApOTypOUHBI.

DONeKTpOHHasi CHUCTEMa PEryJIHpPOBAaHUS MOXKET HMMETh BBICOKOE
OBICTPOJICHCTBHUE, UYTO MOJIOKUTEIIBHO CKa3bIBa€TCA Ha KayeCTBE BBIXOJHOIO
HampsDKEHUS MCTOYHMKA DBJIEKTPONUTaHUS, OCOOEHHO B JIMHAMHYECKUX
pexuMax.

3a cuer cra0mwiM3alMd YacTOThl  BpalleHUs THjapoarperara, B
paccMaTpuBaeM THUIIE HYHEProyCTaHOBOK, MOTYT NPUMEHSITHCS
OOILIENMPOMBIIIUIEHHBIE TEeHepaTopbl 0e3 OOJBIIOro 3amaca MeXaHU4eCKOM
IPOYHOCTH, @ B KadyeCTBE TUAPOJABHUraTeNsl - HAacOoC B TYpOMHHOM pEXUME.
Kpome TOro, aBToOamiacTHbIi COCOO CTaOMIM3AIMM XOPOIIO COYETAeTCs C
pEryJIMpOBAaHUEM BBIXOJIHBIX MapaMETPOB ACHHXPOHHOIO TeHepaTtopa ¢
€MKOCTHBIM CaMOBO30YyKJI€HUEM, YTO MO3BOJIIET NPUMEHITh B ABTOHOMHBIX
Mukpol DC kak CHHXpPOHHBIE, TaK U ACHHXPOHHBIE 3JICKTPUUECKHE MAIIMHbI/

OtmeuenHble  gocToMHcTBa  MHKpol' DC  aBTOOa/myiacTHOro  THma
OMPENENSIOT UX MEePCHEKTUBHOCTh U IIMPOKOE PACIPOCTPAHEHUE B PA3THYHBIX
MoaupUKaLMIX, Harpumep [8].

DHeproycTaHoBKH, paboune peXKUMbl KOTOPBIX PETYIUPYIOTCS C TOMOIBIO
YIPABJICHUS] MOITHOCTBIO UX DJIEKTPUUYECKUX HATPY30K, MOTYT OBITH pa3/iesiCHbI
Ha zBe rpymnmnbl. K nepBoii rpymnmne OTHOCSATCS CUCTEMBI CTa0MIN3alUN YacTOTHI
BpallleHUsl THapoarperara 3a CyYeT CO3JaHusi TOPMO3HOTO MOMEHTa Ha Baiy
JOTIOJTHUTENBHON AJIeKTpUUecKoi MamuHbl. CTaOuian3anus Jpyroro napamerpa
MUKPOI'DC - BEIMUYMHBI BBIXOJHOTO HAIPSKEHUS OCYIIECTBISECTCS U3BECTHBIMU
METOJaMU  PEryJHpPOBaHUSl  HANpsDKEHUsT  reHeparopoB. B kauectse
JIOTIOJIHUTEIIBHOM ~ BJICKTPUYECKOM  MAJIMHBI, CO3HAIONICH  YIPaBIISIONIEE
MEXaHUYECKOE BO3JEHCTBHUE HA THAPOTYPOHUHY, MOTYT IPUMEHSATHCS Pa3IMYHbIE
THUIIbl MAIIIHH.

Hampumep, B [13] WCIIOJB3YETCSl  JTOIIOJIHUTENBHBIN  CUHXPOHHBIN
TeHEPATOp, PACIOJIOKEHHBIM Ha OJHOM Bally ¢ ruapoarperatoM. OCHOBHOM
reHeparop paboTaeT Ha TOJIE3HYI0 Harpy3kKy, a JOINOJHHUTEIbHbIA Ha
ONTaCTHYIO HArpy3Ky, paBHYIO 1O MOIIHOCTU mojie3Ho. (OOmoTKa
BO30Y)K/IEHHsI JOIMOJHUTEIIbHOTO TeHepaTopa TMOJKIOYEHA K pPEryisTopy,
KOTOPBIN MPU U3MEHEHUU BEJIUYMHBI MOJE3HONW HArpy3KH M3MEHSET BEIIUYUHY
Toka Bo30Oyxkaenuss CI° Takum o00pa3oM, dYTOObI CYMMAapHbIA MOMEHT
COTIPOTUBIICHUS JIBYX T'€HEpAaTOPOB OCTaBajCsi Ha ypOBHE, 0OECIEeYMBAIOLIEM
MOCTOSTHCTBO YaCTOTHI BPAILIEHUsI SHEPTOYCTaHOBKH (puc.5.2).
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Puc.5.2 Crpykrypnas cxema Mmukpol DC aBT0OAIIIACTHOTO TUIIA, TIOCTPOCHHAS
Ha 0a3e IByX reHepaTopoB

CT’ - cunxpoHHBIN reneparop; OB - o6MoTka Bo30yxaeHus CI.

JIOCTOMHCTBAMH TaKUX CXEM SIBIISIIOTCA MPOCTOTA, HEOOJBIIAsi MOIIHOCTb
Herne  ymnpaBieHMs, BBICOKOE OBICTPOAEWCTBHE, OTCYTCTBUE  BIUSHUS
PEryJIMPYIOIINX JIEMEHTOB HA LIEIb HArPY3KH.

K HemocraTkaM CleayeT OTHECTH MCIOJIb30BAHUE JIBYX JJIEKTPUUYECKHUX
MallH  COU3MEPHUMOW  MOIIHOCTH,  4YTO  3HAYWUTEIBHO  YXYAILIAET
MaccorabapuTHbIE MTOKa3aTeIN UCTOYHUKA dEKTponuTanus. J{ns ctabunuzanuu
HaNpsDKEHUs. Ha TMOJIE3HOM Harpy3ke HeoOXOJIUM JOIMOJHUTENIbHBIA PEryssaTop
HaIlpsDKEHUST OCHOBHOTO TeHeparopa. HecuMmmeTpuss Harpy3ku HMCTOYHUKA HE
KOMIIEHCUPYETCSI CUCTEMOM CTaOWIM3alMK, YTO BBI3bIBAET JIOMOJHUTEIbHBIC
MOTEPH JIEKTPOIHEPTUHU U YXYILLIEHHUE €€ KaYeCTBA.

OTMeueHHbIE HEAOCTATKA OrPaHUYMBAKOT MNpUMEHEeHHe B MHKpol DC
aBTOOAJIACTHBIX CHUCTEM, TPEIHA3HAYCHHBIX TOJIBKO JUISl PEryJIHUpOBaHUS
TOPMO3HOTO MOMEHTa rujapoarperata. [opazgo s¢dekTuBHee yHpaBIsATh
IIEKTPUYECKOW MOITHOCTBIO reHepaTopa MUKpol DC, peryiaupys ero Harpysky.

Mo>KHO NpeAsIoKUTh HECKOJIBKO CIIOCOOOB PEryJIUPOBAHUS JIEKTPUUECKON
Harpy3ku crtaHuuu. [Ipocrenmmii U3 HUX 3aKJIKOYAETCS B OTKJIKOUYCHUM 4YacTU
Harpy30K IpH yMEHBIICHWM JHEPIuH, NMOABOAMMOM K THIpoABUraTento. bonee
COBEPUICHHBIN THUII PETyJIATOPA MPEyCMAaTPUBAECT HAIMYKE Psiia TO3UPOBAHHBIX
Harpy30kK, KOTOpbI€ MOTYT HOJKIKOYAThCsS WM OTKIIOYATHCS B OINPEIEICHHBIX
COYETaHUAX C NOMOIIBIO THPUCTOPHOTO KoMMmyTaTopa [14. 15].

CrpykrypHas cxema MHUKpOIDC ¢ THUPUCTOPHBIM KOMMYTaTOPOM
JUCKPETHBIX OayulaCTHBIX HArpy3oK mokazaHa Ha puc.5.3. [lpu usMeHeHuu
BEJIMYMHBl TIOJIE3HOM Harpy3ku FH cucrema ympasieHus CV  Belmaer
YOPaBISIOMIMI CUTHAJ Ha OIpPENECIEHHbIE TUPUCTOpHBIE Kiatoun K; - K,
KOTOpbIE KOMMYTHUPYIOT OJJHY WJIM HECKOJBKO CTyINEHEH OallTaCTHOM Harpys3ku
bH; - BbH,. B pe3ynprate NpOUCXOAUT W3MEHEHUE BEIUYMHBI TOPMO3HOTO
MOMEHTa TeHepaTopa, KOMIEHCUPYIOUIee OTKIOHEHHE MOMEHTa TYpOWHBI, U
yacToTa BpalleHus ctabunusupyercs. Kpome toro, perynupyercss TOK SIKOpHOH
OOMOTKHM T€HepaTopa, YTO MOJIOKUTEIbHO CKa3bIBA€TCS HA CTAOMIBHOCTH €ro
HaIpsKECHMUS.
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Puc.5.3 Ctpykrypnas cxema mukpol OC ¢
JIMCKPETHBIM 0aJIacToM

KoMmmyTarus  BeHTUNE  KOMMyTaTtopa OOBIYHO  OCYIIECTBISIETCS
€CTECTBEHHBIM 00pa30M, TOITOMY JUISl Psfa CXEMHBIX PEHICHUN THUPUCTOPHBIX
KJIFOUEH XapakTepHO OTCYTCTBUE MCKaXXEHUM (hOpMBI HANPSKEHUS T'eHepaTopa.
B »tOoM 3axmrouaeTcs Ba)kKHEHIIEE TOCTOMHCTBO aBTOOAJUIACTHBIX CHCTEM
CTabMIU3aIuu ¢ THPUCTOPHBIMU KOMMYTaTOPaMHU.

Henocratkom Takux cXeM SBISETCS HEOOXOJUMOCTh HCHOJIb30BaHUS
OOJBIIOrO0 YHCHA YOPABISIEMBIX BEHTUJIEH, YTO YCIOXKHSAET U YIOpOXKAET
CUCTEMYy  peryiupoBaHus. Jlas  JOCTHXKEHUS  NpUEMIIEMOM  TOYHOCTH
CTAOWIIM3AIMU HAIPSOHKEHUST YKCIO JO3UPOBAHHBIX CTYNMEHEW OallacTHOM
Harpy3ku BeIOMpaeTcsi HEe MeHble yeM n = 15. KpoMme yClIoKHEHUS CXEMBI,
npobiieHre Oamiacta Ha psSJ TOYHO JO3MPOBAHHBIX CTYMEHEW 3aTpyaHseT
MOJIE3HOE MCIOJIb30BAHME paccerMBaeMoOl Ha HeM MoIIHOCTH. [loaTomy
TUPUCTOPHBIE KOMMYTATOPHI OoJiee 1mesiecooOpa3Hbl B YCTAHOBKAX HEOOJBIION
MOIIHOCTH, B IIpejeiax HeCKOIbKUX KBT [16].

VYcerpaHuTh 3T HENOCTATKHU, MPU OMNPENCICHHOM YXYAIICHUU KayecTBa
BbIpabaThIBAEMOMN AJIEKTPOIHEPTHH, MO3BOJISIET UCIOJIB30BAHUE B PETYJISATOpax
aBToOaiacta cxem ¢ (a3oBbIM peryUpoBaHuEM. Takue peryiasTopbl TpeOyIoT
3HAYUTEJIbHO MEHBIIETO KOJMYECTBA TUPUCTOPOB [IJIsi MOCTPOEHUSI CUIIOBBIX
CXeM M B HauOOJbIICH CTENEeHW YJIOBIETBOPSIOT OCHOBHBIM TPEeOOBAHUSIM,
npeabaBiIsieMbiM K MUKpOI DC - mpocToTa U HaJIe)KHOCTH [2. 3].

CrpykrypHas cxema wmukpolDC, cucremMa cTaOWIM3alud KOTOPOM
MOCTPOEHAa HA THUPUCTOPHOM IMpeolOpaszoBarenie ¢ (Pa3oBbIM PETyIMPOBAHUEM
MOIIIHOCTH OajuiacTta, rmokasaHa Ha puc. 5.4. CucteMa ympaBieHUS BEHTHISAMHU
perynsitopa, o0sruHO BepTukanbHOro THNA (CVYB), hopMmupyer onpeneneHHbIN
yIoJl YIpaBjieHUs: TUpUcTopamu peryisitopa (7P) B 3aBUCUMOCTH OT BEITUYUHBI
YIOPaBISIONIETO BO3JCUCTBUSA, XapaKTEPU3YIOUIETO0 OTKIOHEHUE BBIXOJHBIX
ANEKTPUYECKUX  MapaMEeTPOB  YCTAHOBKM  OTHOCHUTEIBHO  HOMHWHAIBHBIX
3HAYEHHUM.
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Puc.5.4 CrpykrypHas cxema Mukpol DC ¢ (a3oBbIM yrpaBieHHEM

CYB - cucrema ynpaBieHUs BEHTUISIMYU, TP - THPUCTOPHBIN PEryIsaTOp

OCHOBHBIM  HEJOCTAaTKOM PETYJISATOPOB aBToOamiacta C  (Ha3oBBIM
pPEryJIMPOBAHUEM MO CPABHEHUIO C TUPUCTOPHBIMM KOMMYTAaTOpPaMH SBJISETCS
UCKaKeHHEe (OpMBI KpUBBIX (DAa3HBIX TOKOB M HAMpsHKEHUN TeHepaTtopa
mukpol IC.

K  mapamerpam  aBTOHOMHOM  3HEPrOYCTaHOBKH, IO  KOTOPBIM
1eaecooOpa3Ho  OCYIIECTBISTh  pEryJMpoBaHHE  padouMxX  pPEKHUMOB
rujpoarperata OTHOCATCS, MPEKJIE BCETr0, TOK HArPY3KU U €ro COCTAaBJISIOIINE,
4acTOTa BBIXOJHOT'O HAMPSHKEHUS U €r0 BEIUYNHA.

Hns cTabuIM3aIm 4acCTOTBI NIEPEMEHHOTO TOKa
MUKPOTHIPODJIEKTPOCTAHIIMM ~ HEOOXOJUMO  TaK  HM3MEHSITh  MOUIHOCTb
pPEe3yIBTUPYIONIEH HArpy3Kd HHEProyCTaHOBKH, UYTOOBI YacTOTa BpaIleHUS
CHUCTEMBI «Te€HepaTop — THAPOTYpOMHA» OCTaBajach HEU3MEHHON TIpH
KOJeOaHMSIX TIOJIE3HOM Harpy3kd U DJHEpruM padoyero IMOTOKa BOJBI.
PerymupoBaTh BenmuuuHy Oa/utacTHON HArpy3Kd B 3TOM Cliydae IeJIecoo0pa3Ho
[0 OTKJIOHEHHIO YAaCTOThI MEPEMEHHOTO TOKAa MCTOYHHKA JJIEKTPOIHUTAHUS OT
HOMUHAJIBHOTO 3HadyeHusa. [Ipu u3MeHeHuu sHeprum padouyero MoToka BOJbI,
MOCTYTAOIIETO Ha TYpOWHY, C TOMOIIBI0 YaCTOTHO-PETYJIMPYEMOTO OajiacTa
HEBO3MOXHO JOOUTHCS CTAOMIM3AIMUA BEJIUYUHBI-BBIXOJHOTO HANPSKEHUS
yCTaHOBKHU. [[1s1 5TOro HE0OXOAUM JOMOJTHUTEIBHBIA KaHal peryJupOBaHUS
HanpspDKEHUST TEHEepaTopa, KOTOPBIA CTPOUTCA B 3aBUCUMOCTH OT THIA
reHepaTopa, yCJIOBUM ero padoThl U TpeOOBaHUN K TOYHOCTH CTAOMIIU3AIUY.

Takum oOpa3zom, cucreMa CTaOMIM3AMKM BBIXOJHOTO HAIPSIKEHUS WU
YacTOThl MHKPOTHUAPOIIEKTPOCTAHLIUUA MPEACTABISIET COOOW ABYXKaHAJIbHYIO
CHUCTEMY aBTOMATHYECKOI'O0 PETyJIUpOBaHUs, OOJAJAIONIyI0 aJalTUBHBIMU
CBOMCTBaMHU. B 3aBUCHMMOCTM OT BEJIWYMHBI BO3MYIIAIOIINX BO3ICUCTBUU -
MOJIE3HOM HArpy3KU M SHEPTUHU Pab0overo moToka BOJAbl CHCTEMa aBTOMATUYECKH
BEIOMpaeT HEOOXOIMMYIO MOIIHOCThH 0aJUTACTHOW HATPYy3KH TaK, YTOOBI 4acTOTa
BpallleHUsI TUJpoarperata ocraBajach HEM3MEHHOW. Perynstop Bo30yXKIeHUS
reHepaTopa 00ecreuyrnBaeT CTAOMIN3AINIO BEIMUUHBI €r0 HAITPSIAKEHUS.

Pabora aBTOMaTHYeCKHUX CHCTEM CTAaOWIM3allMM HANPSHKEHUS CTaHIUU
JOJDKHA, TPEXJe Bcero, oOecmeurBaTh YCTOWYMBOCTH pPaboyero pexuma
SHEProyCTaHOBKH.



CraTtuyeckn yCTOWYUBBIN pexuM paboTel MUKpol DC XxapakTtepuszyercs
CYMMapHbIM KO((MUIIMEHTOM CaMOPETYJIMPOBAHKS gy, KOTOPHIA 3aBUCHT Kak

OT MapaMeTpoB TYPOUHBI, TAK U T€HEPATOPA.

Koaddurment CaMOPETyJIUPOBAHUS reHepaTopa rpadudecku
ONpEeNeNseTCs Kak TAaHIeHC YIJa HaKJIOHA KacaTellbHOM K  KPUBOM
AJIEKTPOMAarHUTHOIO MOMEHTA B paccMaTPUBAEMOM TOUYKE. DIEKTPOMATHUTHBIM
MOMEHT TeHepaTtopa 3aBHUCHUT OT MHOTHX (DaKTOpOB, cpeau KOTOPBIX
OTIPEIEIISIONTUM SBIICTCS CITOCO0 ympaBiieHHs 0aTaCTHONW HATPY3KOM.

Ecnu ynpaBnenue OannacTHOW HArpy3Koil OCYIIECTBISIETCS MO 4YacTOTE
BBIXOJIHOT'O HAMPSKEHUSI, TO MPUOJIMKEHHO MOKHO CUUTATh, UYTO B CTATUYECKUX
peXHMax akTUBHAash MOIIHOCTb, YaCTOTa BPALICHUS U MOMEHT CONPOTHUBIICHUS
Ha BaJly rujgpoarperara HeusMeHHbl. COOTBETCTBEHHO, BeMunHa ¢, = 0.

bonee cnoxnHo OOCHUTh ¢, IIpM TOKOBOM crocobe YIIPaBJICHUA

aBTOOAJJIACTHOW HArpy3Koi, KOrJja MOMEHT COINPOTHUBIIEHUS TE€HEpaTropa H
yacToTa BpalleHUs TUApoarperata MoryT U3MEHSAThCS.

CrnenmoBarenbHO, CTaTUYecKas yCTOMYMBOCTh MHUKpPOI'DC 3aBUCHUT OT
BbIOOpA MapameTpa, Mo KOTOPOMY OCYILECTBIISIETCS PEryJMpOBaHUE OAJITIaCTHOM
Harpy3ku. Ilpm  dvactrotHoM  perynupoBaHuu  MHKpol DC  coxpasser
YCTOMYMBOCTh HE3aBHCHMO OT THIAa M IMapaMEeTpOB TeHepaTopa U TypOUHBI
TodHOCTh TOAJIEPKAHUS BBIXOJHBIX I[MapaMETPOB CTAaHIMM HAa HOMHUHAJIBHOM
YpPOBHE  ONpEAEeNsercd  CTaTUYECKUMHM  TOTPEIIHOCTSIMU  PEryJsITOPOB
BO30Y>KJI€HHs M aBTOOAIACTA.

Ecnu Hanop u pacxoz BoAbl THAPOTYPOUHBI HE MEHSIOTCS, YTO XapAKTEPHO
JUI YCTAaHOBOK C HAIlOPHBIM TPyOOIIPOBOAOM, TO JUIsl CTAOMIM3ALMU paboyero
pexuma MUKpol DC 0cTaTodyHO CTAaOMIM3UPOBATH MOLIHOCTh, MOTPEOIIAEMYIO
pe3ysbTupyroleil Harpy3koid. B 3ToM ciydae MOXKET OKa3aTbCs BIIOJIHE
JOCTaTOYHBIM TPUMEHEHHE TOJIbKO OJHOKAHAJIBbHOW CcTabuIM3upyromei
CUCTEMbl aBTOOAJJIACTHOrO THMa. PerymupoBaHue Oajiacta B 3TOM Cilyyae
1eJIECO00PAa3HO OCYIIECTBIIATH IO MOIIHOCTH PE3yJIbTUPYIOLIEH HAarpy3KH, IO
aKTUBHOW COCTABIISIIOLIEH TOKA T€HEPATOPa, & TAKKE M IO IMOTHOMY TOKY, €CIIH
XapakTep Harpy3ky UCTOYHMKA U3MEHsIETCs B HEOONbIINX Mpeaenax. bnarogaps
NOCTOSIHCTBY M PABEHCTBY MOIIHOCTH, MOTPEOIseMOl HArpy3kod HCTOYHHKA
AIIEKTPOIUTAHUS, U MOIIHOCTH, pa3BUBaeMOi TUAPOTYPOUHOM,
SHEProyCTaHOBKa pabOTaeT B CTATUYECKOM PEKUME, KOTOPBIM JIETKO MOXKET
OBITh ONTUMHU3UPOBAH IO SHEPTETHUECKUM TTOKA3ATEIISIM.

PerynupoBanue no narpyszke MUKpol DC mo3BOJSET IOCTATOYHO IPOCTO
KOMIIEHCUPOBaTh HECUMMETPHUIO HAarpy3ku reseparopa. Hampumep, Ha puc.5.5
IIOKa3aHa CXEMa CUCTEMBI peryJIupoBaHus Oaiiacta 1o Toky Harpy3ku. das3Hbie

TOKM HArpys3ku [ 4, [z, [ HA3BMEPANOTCA peryiisitopamu toxka PT ., PT g, PT ¢
U, €CIM OHM OTJIMYAIOTCS OT HOMUHAIIBHBIX 3HAYEHUH, TO TOKHM OayaacTHON
HArpy3Kku [ z,, [ pp»1 o W3MEHAIOTCS TaKUM 00pa3oM, 4TOOBI TOK KayKH0H (a3bl
reHEpaToOpa OCTABAJICSA HEM3MEHHBIM.

ITOCTOSIHCTBO ~ PE3YJBTUPYIOLIEH HArpy3Kd M 4YacTOThl  BpallCHUS
FEHEpaTopa  ABTOHOMHOI'O  HCTOYHMKA  DJIEKTPONMUTAHUS  OINPEHEISIeT



CTaOMJIBHOCTh €r0 BBIXOJHOIO HAINPSIKEHHUSA, YTO MO3BOJISIET HCKIIOYHUTH W3
COCTaBa CHCTEMBI CTAa0WIM3aUMU KaHaJl PEryJIMpOBAaHUS  HaAIpPSOHKEHUS.
Koncrpykiust mukpol 9C, ocoO0eHHO Ha 0a3e aCHMHXPOHHOI'O Te€HepaTopa, B
3TOM CJIy4ae CyIIECTBEHHO YIPOILAETCS.

beicTponeiicTBUEe CUCTEMBI PEryJupoBaHMs OalIaCTHOM Harpy3ku IO
Harpy304HOMY TOKY OOECMEYMBAaeT BBICOKOE KA4eCTBO CTAOMUIIM3ALMU
HaIpsDKEHUST B TIEPEXOJHBIX PEKHMAaX, BBI3BAHHBIX KOMMYTAIlMUEHd B LEMH
Harpy3ku. OpHako, cratudeckass YCTOMYMBOCTH MHUKpPOI'DC ¢ TOKOBBIM
aBTO0AIACTOM CYIIECTBEHHO 3aBUCHUT OT CUCTEM PEryJIHUPOBaHUS BO30YKICHUS
CUHXPOHHOTO reHepartopa. Jljisi reHepaTopoB ¢ HE3aBUCHUMBIM BO30YKJIEHUEM
MUKpOI DC coxpaHsSeT yCTONYMBBIA peXUM pPabOThl MPAKTUYECKU C JTIOOBIM
TUTIOM  TUAPOTYpPOUH, TIOCKOJIbKY  KOI(DPUIMEHT  camMoperyaupoBaHUs
reHepaTopa B 5TOM cirydae paseH ¢, = 0,1 +0,12.
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Puc.5.5. Crpykrypnas cxema Mmukpol DC ¢ ynpaBieHHEM 110 TOKY Harpy3Ku

Kak mnokazanu wucciaegoBaHus, B KadecTBE OOIIECH pPEKOMEHIALUU MJIs
o0OecrieyeHrss HEOOXOAMMOTro 3amaca YCTOWYMBOCTH CHUCTEMBI, PErYJIATOP
BO30Y>KJIEHHsI TeHepaTopa JOKEH MMETh 30HY HEUYBCTBUTEIBHOCTH MOPAJIKA
4-6 %. B stom ciywyae mukpol DC Oyaer ycToilunBo paboTaTh B JAMAMa30HE
n3MeHeHus cos@ oT 0.8 1o 1 mpakTuyecku ¢ TI0OBIM THIIOM THAPOTYPOUH.

Xopomux pe3yibTaTOB MO3BOJISIIOT 100UTHCSI KOMOMHUPOBAHHBIE CUCTEMBI
cTadmwin3anuy, B  KOTOPBIX  HCIOJB3YIOTCS ~ HECKOJBKO  MapaMeTpoB
perynupoBanusi. Hampumep, npenctaBisieT MHTEpPEC AByXKaHAJIbHAsI CUCTEMA, B
KOTOpOM OOBEIUHEHbl TOKOBBIH K YaCTOTHBIA CIOCOO PEryIMpOBaHUS
MOIIIHOCTH, paccerBaeMoi Ha 0aNIaCTHBIX HArpy3Kax.

CrpykTypHas cxema Takoll yCTaHOBKM IOKa3aHa Ha puc. 5.6. bamnactHas
Harpy3ka B JJaHHOW CXEME pa3JesieHa Ha JBe 4acTh: bH [ - 4acTOTHOrO KaHaia,
bH2 - TOKOBOro KaHana. bamnacTHyro Harpy3ky TOKOBOTO —KaHala
11e71€CO00pa3HO BHIOMPATHh TAKOW MOIIHOCTH, Ha KOTOPYIO MOXET H3MEHUTHCS
MOIIIHOCTh mojie3Hoi Harpy3ku Mukpol' DC. Breicokoe ObicTpoielicTBHE
TOKOBOT'O PETyJHPOBaHUSI 00€CHEUNBAET XOPOUIUE AUHAMUYECKUE TOKa3aTeIn
CTaHIIMU TIPU BHE3AITHBIX W3MCHCHHIX €€ Harpy3ku, a OaijacTHas Harpyska



4acCTOTHOTO perymsitopa HHI ciyxut s Oonee TOYHOW CTaOWMIIM3AIIU
YacCTOThl BBIXOJHOTO HampsbkeHus. MomHocTte HHI BbIOUpaeTcs ¢ y4eTom
BO3MOXKHOTO HW3MEHEHHUSI DHEpruM padodyero IMOTOKAa BOJAbL. ABTOHOMHBIM
HMCTOYHUK AJICKTPONMUTAHUS MOCTPOEH Ha 0aze CUHXpPOHHOTO reHeparopa (T
YTO MO3BOJIAET JIETKO PETYJIUMPOBATH BEIWYMHY €r0 BBIXOJHOIO HANPSKEHUS C
MOMOIIBIO BKIIFOUEHUS B LIETIb BO30OYKICHUS perysitopa Hanpsbkenust PH.
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Puc.5.6. Ctpykrypnas cxema Mukpol DC ¢ KOMOMHUPOBAaHHOW CHCTEMOU yIIpaBICHUS

Jnst obecrieyeHus: XOpOMIMX JTUHAMUYECKHX XapaKTEPUCTHK CTaHLUH,
MOIITHOCTh TOKOBOIr'0 Oalijacta JoJbkHa ObITh He MeHee 80 % oT cymmapHOit
MOIITHOCTH TOKOBOT'O ¥ YaCTOTHOT'O KaHAJIOB peryiaupoBanus [17].

JocTonHCTBaMM MpemIoKEHHOrOo BapuaHTa MUKpol' DC sBIAIOTCA HE
KPUTUYHOCTh K HECTAOMJIbHBIM IapaMeTpaM SHEPrOHOCHUTEIs, HECUMMETPHUH
¢da3 Harpy3ku, TsDKEJbIM MyCKOBBIM pexkumaMm. OIHaKo, cxema CTaOuIu3aluu
apaMeTpPOB BBIXOJHOTO HAIMPSKEHUS YCTAHOBKH YCIIOKHSETCS.

Jns wmrocTpaliie BO3MOYKHOCTEM aBTOOA/UTACTHBIX CHCTEM Ha puc.5.7
IIPEICTABIICHBl OCHMUIOTPAMMBI NEPEXOJIHBIX IpoueccoB B MHUKpol DC c
KOMOMHUPOBaHHOW cucTeMol crabunu3anuu. CuiioBas cxema peryisaropa
OayIacTa TOKOBOIO KaHaJla BBIIIOJIHEHA 110 MOCTOBOM MOJIYYIIPaBIIsIEMOM CXEMe
C JIMHEWHBIM 3aKOHOM YIPaBJIEHUS BEHTWISIMH NPONOPLUHUOHAIBHO TOKY
MOJIE3HON Harpy3ku. YacTOTHBIM pErynsTop TMOCTPOEH Ha OUMOJISAPHBIX
TUPUCTOPHBIX A4YEHKaX. OKCHEPUMEHTHl MPOBOJAMIUCH Ha JabOpaTOPHOM
obpazne mukpol DC momHocThio 12 kBT. MomHocTs 6amiacta TOKOBOTO
KaHana paBHa 9,5 kBT, yactrotHoro 2,5 kBT.
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Puc.5.7 IlepexoqHble IpoLECCHl BHE3AITHOTO U3MEHEHMS HAarpy3ku B MUKpol OC ¢
KOMOMHHPOBAHHOW CUCTEMOW CTAOMITU3aIINN
a) — copoc 60 % Harpysku; 6) — copoc 100 % Harpy3ku

U,, — nanpsixenne Ha Harpyske; &r— TOK BO30YKIeHHS; I, — TOK FeHepaTopa;

I,, — TOK Harpysku; I, — TOK 0aliacTa TOKOBOTO KaHaia; Iz, — TOK OaiiacTa
YaCcTOTHOT'O KaHajia

[To ocuminorpamme, mokasaHHoW Ha puc.S.7, BUJIHO, 4TO Tipu copoce 60 %
Harpy3kd, CyMMapHasi MOIIHOCTb, IOTpedsisieMasl IMOJe3HON Harpy3kod H
0ayu1acToOM TOKOBOTO KaHasla He u3MeHseTcs. YacTOTHBIA KaHai cTaOuiIn3aiu
B OTOM ciyyae He paboTaeT M BpeMs BBIXOJAa CTaHIMM Ha HOBBIN
YCTaHOBUBIIUICS PEXKUM MUHUMAIIbHO U paBHO 0,01 cekyHbL.

[Ipu BhIKIIOYEHHH Bceil Harpy3ku MUKpol DC, B mepBblid MOJyHNEPHOL
HaIpsDKEHUs] TeHepaTopa MPOUCXOAUT BKIKOYEHHE OaitacTa TOKOBOIO KaHaja.
OpHako, €ro MOIIHOCTH OKa3bIBAETCS HEIOCTAaTOYHO JUISl MOJAEp’KaHUS
AKTUBHOM  MOIIHOCTM TEHEpAaTopa HEW3MEeHHOW. Yacrtora  BpalleHUs
HPHEProyCTaHOBKM HAYMHAET YBEIMYMBATHCA U B pabdOTy BCTYyNAaeT YaCTOTHBIM
KaHal. Brixoansie DNEKTPUYECKUE TIMAPAMETPbl CTAHUMU B TEUYCHHE
AIEKTPOMEXAHNYECKOT0 MEPEXOJHOTO MPOLECCa U3MEHSAIOTCA HE3HAYUTENBHO,
TaK Kak MOIIHOCTh OajjlacTa 4YacTOTHOTO KaHana He mpeBbimaer 20% ot
MOIIHOCTH T'€HEepaTropa, a U3MEHEHUE €€ BEJIMYHMHBI IMPOUCXOIUT JOCTATOYHO
11aBHO. BpeMs nmepexoaHoro mnpouecca B 3TOM ciay4dae yBennuuBaercsa 10 0,26
C.

B kadecTBe CHIIOBBIX CXEM PETyJSITOPOB OallacCTHOM HarpysKw,
IOCTPOCHHBIX KaK Ha MPHUHIMIE KOMMYTAaTOPOB, TaK U CXeM C ()a30BbIM
pEryJIMpOBaHUEM, MOTYT OBITh HCIIOJIb30BaHbl MPAKTHYECKHU JIFOOBIE BapUAHTHI
CXEMHBIX pEIIeHUH TUPHUCTOPHBIX mpeoOpa3oBaTeneil. PasHunma B ux



NPUMEHEHUHU 3aKII0YaeTCsl JUIIb B TOM, YTO B MEPBOM CiIy4dae TUPHUCTOPHBIN
npeoOpazoBaTeb UCHONB3YETCS KaK KIIO4Y, a B (Pa30BBIX PETYNATOpax - B
peKHME TUIABHOTO pEryJIHpOBaHUS yrja BKIIOYEHHUS THPUCTOPOB. OTHU
O0COOCHHOCTH TIO3BOJISIIOT YMPOINATh CXEMbl THPUCTOPHBIX KIIOYEH MyTeM
3aMEHBbI YIPABISIEMBIX BEHTHJICH HEYNPaBISIEMBIMU - AHOJAMH, ITOCTPOCHUS
CXeM BKJIIOYEHHMS cTyneHed OamacTHOW HArpy3kd € MUHUMAJIbHBIM
KOJIMYECTBOM KJIFOUEBBIX 3J€MEHTOB M T.I. OCHOBHBIMU TpeOOBaHUSIMU K
TUPUCTOPHBIM KJIIOYaM B JaHHOM CIIyyae SBJISIOTCS HaJEKHOCTh 3alupaHus
P E€CTECTBEHHOM CIOCOOE KOMMYTAallMM BEHTWIEH W OTCYTCTBHE WM
MUHUMYM HCKa)KEHUI KPUBBIX TOKOB U HAMPSHKEHUN TeHepaTopa, BHOCHUMBIX
TUPUCTOPHBIM KITFOUOM.

TupuctopHbie  peryisTopbl  OamiacTHOM  Harpy3ku C  (a3oBbIM
peryJMpoBaHUEM BEHTWISIMH MPUHIUIIHAIBEHO BHOCSAT CYIIECTBEHHO OOJbILINE
UCKa)XEHUS TOKOB M HampsbkeHud reHepaTtopa Mukpol DC. Kpome Toro,
NepeMeHHasl BEJIMYMHA YIJla YIPABICHUS BEHTHIAMU PETYJATOpa H3MEHSET
XapakTep OallacTHOM, a ClIeJ0oBaTeNbHO, M PE3YJIbTUPYIOIIEH HArpy3Ku
reHeparopa, Ko3(GQUIMEHT HCMOIb30BaHUs €ro MoIIHOCTU. [loatomy, kKpome
TpeOOBaHUS K BO3MOXXHO MEHBIINM HCKXEHUSM (POPMBI KPHUBBIX TOKOB U
HampsDKeHUH, [ cXeM (pa30BbIX pPEryJisiTOPOB BaXXHOE 3HAYEHHUE HMEIOT
JTMAna30H U3MEHEHUs YIJIOB YIPaBJICHUS TUPUCTOPAMHU, 3aKOH PEryJIUPOBAHMS
MOIIIHOCTH Ha 0aylacTHOM Harpy3ke, KO3(Q(GUIHUEHT UCIIOJIb30BaHUS MOIIHOCTH
re’eparopa.

OCHOBHBIE ~ CXE€Mbl  CHJIOBOW YacTU TUPHUCTOPHBIX  PETYJISATOPOB
aBTOOaIacTa MoKa3aHbl Ha puc.5.8. D10 Tpex(azHble KOMMYTHUPYIOIIUE WIH
perylupyolue yCcTpoiicTBa Ha OCHOBE CHMMETPUUYHBIX  OHUIOJSPHBIX
TUPUCTOPHBIX f4YeeK. B 3aBUCMMOCTH OT THIIA CHUCTEMBI IJIEKTPOCHAOKEHUS
(Tpex WM YeTHIPEXIPOBOAHAS), MOKHO PEKOMEHI0BATh CXEMY, ITOKa3aHHYIO Ha
puc.5.8 a, unu Ha puc.5.8 6. JlaHHBIE CXEMBI XapaKTEpU3YIOTCS OTCYTCTBHUEM
UCKaXXEHU (OPMBI TOKOB M HANPSHKEHUN B PEKMME MaKCHMyMa MOIIHOCTH,
paccenBaeMOl Ha Oa/JIaCTHBIX Harpy3kax, a TakXe IUIaBHBIM 3aKOHOM
U3MEHEHHUS YIJIOB  YOpaBIEHUS  THUPUCTOPaMH BO BCEM  JIMala3oHe
PEryJaupoBaHus U MPOCTOW BO3MOKHOCTBIO MHIAMBUIYAIBHON PEryJIUPOBKHU IO
dazam. Kpome ITHMX OCHOBHBIX CXE€M, MHOTJa MOXET OKa3aTbCs
1enecooOpa3HbM PUMEHEHUE KakoW - nu0o Jpyroil cXeMbl, HampuMmep Ha
OCHOBE HECUMMETPUYHBIX OMIOJSIPHBIX SYEEK WM TpPeXx(pazHOrO MOCTOBOTO
BBITIPSIMUTES.

Takum oOpa3om, TreHeparop, BXomsaumi B coctaB MUKpol DC ¢
aBTOOA/UIACTHOM CHCTEMOHN CTaOMIM3aIMH, KPOME OOBIYHON HArpy3KH HMeEET
BEHTWJIbHYIO Harpy3Ky couzMepumon MomHocTd. OCOOEHHO SIPKO BEHTUIIbHBIN
XapakTep OaJJJaCTHOM Harpy3Ku TMpOSIBISETCS B peEryisTopax ¢ (pa3oBoi
perynupoBkoil MourHocTu Oamactra. CrenoBarensHo, reHepatop Mukpol DC
paboTaeT Ha CIOXHYI  PE3yJbTUPYIOUIYI0 Harpy3Ky, XapakTep KOTOpOi
3aBUCUT OT IapaMEeTpPOB IMOJIE3HON Harpy3Ku, THIA PEryjisTopa M 3aKOoHa
peryJMpoBaHusl aBTOOANIACTHOM Harpy3ku u Jpyrux (axropoB. B oliiem
Cllyyae TaKue€ YCTAaHOBKHM OTHOCATCS K KJIACCY MAIIMHHO-BEHTUJIBHBIX CHUCTEM,



JUISL KOTOPBIX XapaKTepHO B3aMMHOE BIMSHUE >SJIEKTPUYECKONM MAaIIMHBI U
BEHTWJIBHOT'O yCTPOWCTBA.
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Puc.5.8. OcHOBHBIE CXeMbI CUJIOBOM YacTH TUPUCTOPHBIX PETYIIATOPOB aBTOOAIIACTA

B pesynbrare 0630pa CymecTBYIOMUX KOHCTPYKUUA MUKPOI DC MOKHO
clelaTth BBIBOJ, UYTO HaubOosee TMEepPCeKTUBHBIM BapHaHTOM aBTOHOMHOM
CTaHIUMU SIBJISIETCA YCTAHOBKA, COJAEprKaliasi MallMHHO-BEHTHJIbHBIA MCTOUYHUK
anekTponutanud.  Cpeau  pa3nuuHBIX — MAIIMHHO-BEHTWIBHBIX  CHCTEM
CYLIECTBEHHBIMU MpEUMYyLIECTBAMH  O0JIaJalOT CHUCTEMbl CTaOWIM3alUU
aBTO0ANIIACTHOTO THUIIA.

ABTOOAMIACTHBIE CHCTEMbI CTAOMIU3allMK MPUMEHUMBI JUIS JIF00OTO THUIa
Tre€HEpaTopa U MOT'YT BBINOJHATHCS HA OCHOBE THPUCTOPHBIX KOMMYTAaTOPOB WJIU
CXEM peryisiTopoB ¢ (a3oBeIM ympaBieHueM. OOBIYHO (Pa3oBBIE PETYIATOPHI
OamacTHOM Harpy3kd NOpoOLIE W JIEHIEBIE JUCKPETHBIX KOMMYTAaTOPOB, HO
BHOCAT OoJibllle HUCKaKEeHHd B (opMy (Qa3HbIX TOKOB M HaNpsHKEHHM
reHeparopa.

OcHoBHBIE  ycunusi  pa3paboruukoB MUKpol DC  HampaBieHbl Ha
COBEPILIEHCTBOBAHME  CHUCTEM  CTAaOMJIM3AallMM  BBIXOJHOTO  HANPSKEHUS
HHEPrOyCTaHOBKH, YTO TIIO3BOJIIET HCIOJIb30BaTh MAKCHUMAaJIbHO MIPOCTOE H
JIENIeBOe TUAPOTEXHUYECKoe oOopyaoBaHue. B  pe3ynbrare CcTOMMOCTD
MUKpol DC cHMkKaeTcs npu OJHOBPEMEHHOM IIOBBIIEHUH €€ HaJeKHOCTH. B
pslle KOHCTPYKIMM, HaIpuMep NpeaJIoKEHHON aBTopaMu [ 18], ynaercs ynaduno
coueTaTb OaJJaCTHYIO HAarpy3ky C MEXaHMYECKUMHU PEryJIUpYIOLUIIMU
yCTPOMCTBAMU IyTEM HCIOJb30BaHUs OaJIaCTHOTO TOKa JUIsl YIpPaBICHUS
3aTBOPOM TYPOMHBI.

st mukpol' DC, paboTaromux B CBOOOJHOM TOTOKE BOBI, HEOOXOIUMBI
CUCTEMBbI CTA0WIM3aLMK, KOHTPOJMPYIOIIME KaK MHUHHMYM JiBa Iapamerpa
BBIXOJTHOTO HANPSKEHUSI: €r0 BEJIMYHUHY U YacTOTY.

INekumna 7. Mukpol9C c cha3oBbIM perynmpoBaHMeMm

PesynbraTsl VCCIIEIOBAHUMN B obOnactu ABTOHOMHOU
MUKpPOTHIPO3HEpPreTUKY, npoBogumbix B TIIY, mo3Bonunu paspabortath u
BHEIPUTh B NPOU3BOACTBO HeKOTOpble TUNBI MHUKPOIDC. Mukpol OC



MOIIHOCTBIO 16 kBT Bbllyckaerca 3aBojgoM "Tspxanektpomam” r. BuIIkek c
1988 r. KoHCTpyKTOpCKyIO TpOpabdOTKYy CTaHIIMU, BKIIOYAs THUAPOTYpOWHY,
ocymecTBisn  [IpOEKTHO-KOHCTPYKTOPCKMM M TEXHOJOTMYECKUM HMHCTUTYT
(ITKTH) "BonoaBromatuka u Metposorusa" r. bumkek. Cucrema cradbuinzanuu
HaIpsDKEHUST W 4acTOThl aBTOOAUIACTHOTO TuMa pa3paboraHa B Tomcke u
JIOBEJZICHA JI0 CEPUIMHOTO MPOU3BOJCTBA B PE3yJIbTaTE COBMECTHBIX ycrinn TIIY
u [IKTHU "BonoaBTomMaTuka U METPOJIOTHS .

B ganHOM cTaHIMKM MCHOJb30BaHa HeperyjaupyeMas THUAPOTYypOuHa
MPOMEJUIEPHOIO THUIMA C TOPU30HTAJbHOW OCBIO BpPAICHUS, PAaCCUMTAHHAs Ha
pabounii Harop BoJbI 7,5-15 MeTpoB 1 MakcUMalbHBIN pacxoxd Boabl 0,5 M°/CeK.
Homunanwsnas wactora Bpamenus — 1035 06/MuH.

B kauectBe reneparopa Mukpol DC HCIOJIb30BaH CEPUITHBIN aCUHXPOHHBIM
nBurarenb cepun  4A ¢ KOHJIGHCATOPHBIM  BO30OyxkaeHUeM. DyHKIUU
CTAOWIM3AIIMM  BBIXOAHBIX  JJIEKTPUUYECKUX  TMAPAMETPOB  OCYIICCTBIISICT
aBToOamnmacTHast cuctema. Kpome Toro, wumeroTcs MoaupUKALUUA — C
JOTIOJIHUTENIPHBIM ~ KaHAJIOM PETyJIUpPOBaHUS BO30YXKIEHHUS aCHHXPOHHOTO
reHepaTopa ¢ TMOMOIIBIO YIPaBIIEMOTO THPUCTOPHOIO MpeoOpazoBaTes,
pa3pabOTaHHOTO CrielUaIuCTaMu Camapckoro MOJTUTEXHUYECKOTO
yHuBepcuTeTa.  llorpemHocTs  craOuiM3alid  BEJIMYUMHBI  BBIXOJHOTO
HarnpsbkeHus: He npesblmaetr - 10%, a ero 4dactorel - 2%  OTHOCUTENBHO
HOMUHAIBHBIX 3HaueHuit 230/400 B u 50 T'11.

aj

Puc.7.1. O6muii Bua mukpol DC, momtHOCTBIO 16 KBT, BRITyCcKaeMoii Ha
3aBoje « TspxkanexkTpomann r.bulikek
a) — THApORJIEKTpoarperat; 0) — mKkad yrnpaBlIeHHUS.

OOmuit BU CTaHIIMK, BKIIOYAIOIINI CUIIOBON THIPOIHEPTreTUUECKUi OJI0K
U mKad ynpasieHuUs Moka3zaHbl Ha puc.7.l. BapuaHT yCTaHOBKHM ATOM CTaHIIUU
Ha MECTHOCTM TOKa3aH Ha puc.7.2, rae, KpOME YKa3aHHBIX KOHCTPYKTHBHBIX
0JIOKOB, BUHBI OaJlJIaCTHBIE HAIPY3KHU B BUJE €MKOCTeH ¢ BoAsHbIMU TOHamu
¥ 9aCTh HAIOPHOTO TPyOOIpoOBOIa.



Puc.7.2. Muxpol'OC Ha pexe Hon-Kypuak, Keipreizctan

O¢ddexTUBHOCT M OTHOCUTENIbHAasg MPOCTOTAa CXEMHBIX peIIeHUH
ABTOMATUYECKUX PETYJISATOPOB OajjacTta, pearupyroulMxX Ha BEJIWYUHY TOKa
MOJIC3HOM Harpy3KH, OMpEeNniIN BHIOOP UIMEHHO 3TOTO THUIA aBTOOAJIIACTHON
cuctembl crabmnmzanuu. [lpuHnuNuanpHas cxema peryisaTopa OaacTHOMN
Harpy3ku paccMmarpuBaemoid Mukpol DC mokaszana Ha puc.7.3. PaboTtaer cxema
cienyromuM obpa3zom. Hanpsixkenue renepatopa U. yepe3 nepBUYHbIE 0OMOTKH
TPaHCPEAKTOPOB Tp-p MOCTYMAET K Harpy3ke R,, U K OaJJIaCTHBIM Harpy3kam R.
bannacTHele Harpy3ku BKJIIOYEHBI B 3BE€3/ly Ye€pe3 CHIJIOBOM BEHTHJIbHBIN
npeoOpazoBaTesb, COCTOSIMN U3 TupucTopoB 11,172,173 v nuonoB VI, V2, V3.

JlpyruM BapuaHTOM BKJIIOUEHHUS OaJIaCTHOTO COINPOTUBIICHUS SIBISETCS
BKJIFOUEHHE €T0 Ha BBIIPSIMIICHHOE HaNpsKeHUE npeoOpa3oBaTelis. Y IpaBieHue
yIiaMy BKIIFOYEHUs TUPUCTOPOB 77/ — 73  OCYIIECTBISAETCS C IOMOILBIO
YIPABJISIFOUIETO BBIIPSAMUTENS V4 — V9, muTaeMoro oT TpaHCPEaKTOpoB Ip-p.
BoixogHOoe HampsbkeHue TPaHCPEAaKTOPOB, MPOMOPLUUOHAIBHOE (Pa3HBIM TOKaM
Harpy3ku [,, BBIIPAMIIAETCS U IPUKIAABIBAECTCSA K PE3UCTOPY yNpaBJICHUS R,.
Hamnpsbxkenue ynpaBiieHHs HMEET 3alUparollyl0 MOJSPHOCTh IS JHOJ0B
V10,V11,V12 no3troMmy, OHU MOTYT OTKPBIBaThCs, BKJIIOUYas COOTBETCTBYIOIIHE
tupuctopel 77,72, T3 Koraa JUHEHHOE HANPSDKEHHsS Te€HEpaTropa MPEBBICUT
BEJIMYKMHY YNPABIAIOUIEr0 HaNpsHKEHHs Ha pesuctope R,. CrenoBarenbHo,
KOI'/Ia TOK HAarpy3Kd paBEH HYJIIO, HANPSXKEHUE YIIPABIEHUS TAKXKE PaBHO HYIIIO
u tupuctopsl 717,T72,T3  TOJHOCTBIO OTKPBITHI, OOECHeYrBas MaKCUMYM
MOII[HOCTH, TOTPe6IieMOl OamiacTHBIMU Harpy3kamu R; win R4 Ilpu
HOMHUHAJILBHOM TOKe Harpysku [,, tupucropsl 71,72,T3 3akpbIThl U Oamiact
obectoueH. [l mr0OBIX MPOMEXKYTOUYHBIX 3HAYeHUW TOKa [, B CXeMe
ocymiecTBisieTcss (a3oBOE€  PETyJIMpPOBaHME MOIIHOCTH Oamjacta IyTeM



(dbopMupOBaHUs YTJIOB yHpaBICHUS TUPUCTOPAMH B Pe3ylbTaTe CPaBHEHUS Ha
pesucTope R, JIMHEHMHOrO HaAIpPsKEHUS TeHeparopa ¢ HalpsHKEHUEM
YIIPaBJIEHUs, IPONIOPLIMOHATIBHOM TOKY Harpy3Ku CTaHIUH.

VY 1auyHoe CXEMHO€E PELIEHUE PEryATopa 0amIaCTHOW HArpy3Ku MO3BOJIMIIO
IPEANIOKUTD 3Ty ke cxeMy aiig MUKpol DC, pazpabaTteiBaembix TIIY coBMecTHO
¢ Oonrapckoii pupmoit «IIpomblliuIeHHAs: SHEPTETHKAY.

OCco0EHHOCTBIO ATOTO A0roBopa ABJIAJIOCH TO, YTO OH IMIPCAyCMATpUBAJI
CO3aHHUC TCXHOJOTHUU IIPOHU3BOACTBA JJICKTPOIHCPIrHHU C IIOMOIIIBIO MaAJIbIX
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Puc.7.3. IlpuniunuanbHas 3JaeKTpuyecKas

CXEeMa peryjsaTopa aBTOOAIACTHOU Harpy3kKku
BOJOTOKOB IIPU MAaKCUMAaJIbHOM HCIOJIb30BAHUU HWMEIOIIETOCS TUIPO- M
AIIEKTPOTEXHUYECKOTO O00OpyJOBaHUSI OOUICIPOMBIIIICHHOTO Ha3HaueHus. B
YaCTHOCTH, B Ka4eCTBE TypOUH MCIOJIH30BAIMCh HauOOJIee pacpOCTPaHECHHbIE
U JemieBble LEeHTpoOexkHble Hacochl. VccnenoBanus Oonrapckoit (GUpPMBI
"Bunom" moaTBepAHMIM  BO3MOXHOCTh  3(P(HEKTUBHOTO  HCIOJIB30BAHUS
IIEHTPOOEKHOTO HAcoca B TYPOMHHOM pEXKHUME C HEOOJBITUM CHIDKCHHEM
K03 uImeHTa MoJae3HOro JAeiicTBus. boiee TOro, KOHCTPYKLHUS Hacoca
MO3BOJIAET B TypOMHHOM PEXUME CHHUMAaTh C HErO MOIIHOCTH, MPEBBIIAIOIIYIO
HOMHUHAJIBHYIO, a JOIOJHUTENbHAas 00paboTka pabodero Kojieca Hacoca
MOBBIIIAET €ro K.I.J. B TypOMHHOM pPEXUME MPAKTUYECKH O HOMHUHAIBHOTO
3HaYeHUsA. OTH OCOOCHHOCTH, a TaKXe IIUPOKas HOMEHKJIATypa HacOCOB,
MO3BOJISIIOT CTPOUTH EBIM PSIJT MPOCTHIX U SKOHOMUYHBIX MUKPOI DC.



Cuctembl CTaOUIN3AIMU BBIXOJAHBIX MMAPAMETPOB TAKUX CTAHIUN JTOJKHBI
CTPOUTHCS Ha TPHUHIIMIE aBTOOAUIACTHOTO PETYIHPOBAHUS, YTO OJIHO3HAYHO
OTPENICNIICTCS HUCMOJb30BAHUEM HEPEeryJupyeMoro Hacoca B TypOUHHOM
pexumMe. CpaBHUTEIbHBIC UCIBITAHUS HECKOJBKUX THIOB CTAOMIM3UPYIOIMIUX
cucteM B naboparopusix TIIY u ¢upmer "l[IpomblnuieHHass 3HepreTuka'
MOKa3ajau MPEUMYIIECTBA CXEMBbl, MIPEVIOKEHHON BBINIe, U OHA ObLIa B35Ta B
KaueCTBE OCHOBHOI'O CTAaOMJIM3HUPYIOMIETO »djeMeHTa B cepuu MHUKpol DC
MoiHOoCThI0O A0 100 kBT. OTH cTaHnmMu cepuiiHO BhIMycKatoTcsi B bonrapum.
OOmuit Bua craniuii Ha MomrHOcTH 8 W 16 kBT mokazan Ha puc.7.4. Ha
dboTorpaduu BUAHEI COOCTBEHHO THIPOAJICKTpOArperarthl, mkadsl ypaBiaecHus,
OJIOKM peryJsiTopoB aBToOaiacTa M COOCTBEHHO OalllacT - BO3IYIIHBIC
HarpeBaTeIbHbBIC DJIECMEHTHI.

Ucnonb3zoBanne B MuKpol DC  acuHXpoHHBIX reHepaTopoB (Al)
OTPAaHUYMBAET BO3MOXXHOCTH  PETyJIUMPOBAHUSA  HANPSDKEHUS MO  LEMH
Bo30OyxneHus. IloaTtomy, Hamboiiee TPUEMIIEMBIM BapHAHTOM CHCTEMBI
CTaOMJIM3AIIMH SIBJIIETCS OJHOKaHAIbHAs TOKOBas OaiacTHAsI CUCTEMa.

Puc.7.4. Ocnosuble arperatel MUKpol DC  ¢upmsbl «IIpombliiieHHas SHEPreTHKa

Ha TouHOCTH cTabWIM3alMM TEHEPUPYEMOI'O HAINPSKEHUs B TOM WIIU
MHOW CTENEHU OKa3bIBAIOT BIUSHUE BCE 3JIEMEHTHl YCTAaHOBKHU: FHAPOTYpOMHa,
reseparop, Harpys3ka. K OCHOBHBIM mapamerpaMm, ONPEACIAIOIIUM YPOBEHb
CTaOUJILHOCTU BEJIMYMHBI U YACTOThI HANpSKEHUs, OTHOCATCS: KOA(P(ULIUEHT
CaMOpPETYJIMPOBaHUS TUAPOTYPOMHBI, XapPAKTEPU3YIOMIUNA «KECTKOCTh» €€
MEXaHUYECKOM  XapaKTEepUCTUKH, HOMHUHAJIbHAs MOIIHOCTh OayljIacTHOMN
Harpy3kM M 3aKOH €€ pEryJupOBaHUs, [IWANa30H W3MEHEHHs M XapakTep
IIOJIE3HOM HAarpy3KH CTaHLUU.

OnHokaHanbHAs ABTOOAIIACTHASI CUCTEMA HE MO3BOJISET OJHOBPEMEHHO €
BEIMYMHOW HanpsbkeHus Al craOunu3upoBaTh €ro  4acToTy, IO3TOMY
OPUXOAUTCS HAXOAWUTh NpHEMIIEMbId BapuaHT crabmnmuzanuu. [IpoBeneHHbIE



WCCJICIOBAHMSI TIO3BOJIMIIN OTPECIUTh ONTHUMAIBHYIO BEJIMUMHY OaJIJIaCTHOTO
COITPOTHUBIICHUA Rs B 3aBUCHMOCTH OT XapakTepa IMOJIE3HOM HArpy3Ku CTaHLIMH.
B wactHOCTHM, M) aKTUBHOM Harpy3ku Rs = 1,25 R,,, , 118 aKTUBHO-
WHIYKTUBHOM Harpy3ku c¢ cos® = 09, Ry = 1,32 Z,,, , 119 Harpy3ku C
kod(ppunmerTom momuoctu 0,8, Rs= 1,45 Z,,,..

OTtknoHeHue Rs OT pEKOMEHI0BaHHBIX 3HAYCHUH MPUBEIET K BO3PACTAHUIO
MOTPEIIHOCTA CTAOWIM3AIlMK  HAIpPsDKCHHUS CTAaHIMM TIPH  IPOUYHUX PaBHBIX
YCIOBUSIX. YMEHBIICHHE R N0 3HAYECHUN, MEHBIIUX PACUCTHOTO 3HAYCHUS
HOMUHAJIBHOW Harpy3ku ctraniuu (Rs; < Z,,,), NPUBEAET K pa3BO30YKICHUIO
reHepaTopa, Korja Mojie3Hasi Harpy3ka CTaHIMM JOCTUTHeT npumepHo 50 %
CBOCH HOMUHAJILHOM BEJIUYHHEI.

OrpaHu4eHHbIE BO3MOKHOCTH perynupoBanus MUKpol DC ToJIbKO 1O 1enu
OaJTaCTHOW HArpy3kd MPUBOAST K  B3aUMOCBSI3M  MEXKAY TOYHOCTHIO
CTa0MIM3allii  BEJIWYMHBI M YacTOThl BBIXOJAHOTO HampsbkeHus. Tak,
NpUMEHEHHE 00Jiee  «KECTKOW» THUIAPOTYPOMHBI TOBBIIIAET TOYHOCTH
CTa0MIM3aIlul 4acTOThl HAIpPSDKEHHS, OJHAKO, OTKJIOHEHHE €ro BEIUYUHBI
OTHOCUTEJIbHO HOMMHAJIBHOTO 3HA4YEHWUsS IIpU 3TOM Bo3pacTaer. OdeBHAHOE
00BSICHEHHE ITOMY SIBJICHUIO — IPONOPIMOHAIIBHAS CBSA3b MEXKIY YacTOTOM
BpalllCHUs T'eHepaTopa U BEJIMUMHON T€HEPUPYEMOTO HaNPSIKEHUS.

NnmrocTpaniueil aHHOMY BBIBOJY CIyXaT pacyeTHbIE 3aBUCUMOCTH
MaKCUMAaJIbHOM MOTPEIIHOCTH CTaOmin3anuu HanpsbkeHuss AU, U 4aCTOTHI
FAWyc OT KECTKOCTU TUAPOTYPOUHHI e,,, TpUBEACHHbIE Ha puc.7.5. Harpyska
CTaHIMHU B JaHHOM CJIy4ae aKTUBHas.
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Puc.7.5. 3aBUCMMOCTH MaKCHMaIbHOW NOTPEIIHOCTH

crabmwmsanuud U U ® oT €,

Xapakrep Harpy3ku MHKpol' DC TpeOyeT COOTBETCTBYIOIIETO M3MEHEHUS
€MKOCTH BO30YXKJAIOIIMX KOHJEHCATOPOB ISl KOMIIEHCAIMM WHAYKTHBHOCTH
Harpy3ku. Pacdetr MomniHocTu GaTapen KOHJIEHCAaTOPOB MPUBEIEH B JIUTEPATypE
[19] u, B ywacTHOCTH, IJiI MAIIMH Majoil MOIITHOCTH 5 - 6 kBT, BenmnumHa
BO30YKJTAIOIINX eMKOCTEH TOJbKHA cocTaBiATh 150-160 Mx®d Ha da3y mpu cos@
= 0.8. B pe3ynbTaTe BBITOJIHEHHS] PEKOMEHJALMI MO BEIOOPY KOHIAEHCATOPOB U



BEITUYHMHBI R4, yOaeTCs CTAOWIM3UPOBATH BEIMYMHY W YACTOTY HAMPSKCHUS
CTaHIIMM HE XyXe, YEM IIPU HArpy3Ke aKTUBHOT'O XapakTepa.

Takum 00pa3om, MOXKHO clienaTh BbIBO, YTO MUKPOI DC ¢ oqHOKaHATBHOM
CUCTEMO  cTa0WiaM3alud MOTYT OOECHNEYUTh YPOBEHb CTAOWUIIM3ALMH
HanpspkeHus 1o BenuunHe nopsiaka U = U, = 9-12 %, no yactore @ = @,,,
1,8-5 %. Takue mokaszaTeiau JTOCTUTAIOTCS MPH pabOTe HA MACCUBHYIO HArpy3Ky
C HEM3MEHHBIM KO3 (UIIMEHTOM MOIIHOCTH B quana3one cos® = 0.8-1,0.

dazoperynupyeMas BEHTWIbHAs Harpy3ka reHeparopa Muxkpol 9C
ompenensieT MCKaxeHus (GopMbl (Pa3HBIX TOKOB U HANpsHKEHUH. YPOBEHb
VCKa)XEHUW JJIsI CHHXPOHHBIX M ACMHXPOHHBIX MAlIMH NPUMEPHO OJUHAKOB U
JOCTUTaeT  3HAuYeHUW  Kod(pPuIMEeHTa  MCKaKEHUW  CHUHYCOMJIAIBLHOCTH
Hanpsbkenus K, nopsaka 10-12 % [20. 21].

BenuunHa MCKaXeHUM 3aBUCUT OT CTemneHUu 3arpy3ku Muxkpol IC, drto
WUIIOCTPUPYETCS.  AKCIEPUMEHTAIbHOW  3aBHCUMOCTBIO, TPUBEICHHOW Ha
puc.7.6. DKCIIepUMEHT MPOBOAMICS Ha JIA0OpaTOpHOM ycTaHOBKEe. B kadecTBe
TEHEPATOPA UCIIOJIB30BaH ACUHXPOHHBIN JIBUTaTEb, MOIIHOCTHIO 4 KBT.
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Puc.7.6. 3aBucumocts K, Hanpsbkenust A1 ot
Harpy3Kd CTaHI[UH

B pe3ynbTare NpoOBEAEHHBIX TEOPETHUECKUX U SKCHEPUMEHTAIbHBIX
UCCIIEJOBAaHUM MOKHO PEKOMEHJ0BaTh K MPUMEHEHUIO (ha30peryupyroiue
TUPUCTOPHBIE CHCTEMBl B JHEPrOyCTaHOBKAaX C AaBTOOAJIACTHBIM CIOCOOOM
peryJMpOBaHUsS BBIXOAHOTO HANpsDKEHUs, B 4acTHocTu ansi Mukpol OC ¢
UCTIOJIb30BAaHUEM JIFOOBIX TUIIOB FEHEPATOPOB MEPEMEHHOTO TOKA.

OnHOKaHANbHBIE CHUCTEMBbl  CTAOMJIM3AIMM, COZEp)KAle TOKOBYIO
aBTOOAJIACTHYIO CUCTEMY, IPEANOIAraloT HaJu4yhe B KOHCTPYKIMH MUKpol DC
HAIMOPHOT0 TPyOONpoBoAa, 00ECIEUNBAOIIETO TOCTOSHCTBO YHEPTUU padOUEro
IOTOKa BOJbI TypOMHBI. Takue CTaHIMM NpeJHa3HA4YEeHbl Uil paboOThl Ha
[AaCCUBHYIO HarpysKy, XapakTep (cos¢) KOTOpPOW H3MEHsIeTCS B HEOOJBIINX
npezenax.

B KOHCTpyKIMSIX  pacCMAaTpUBaeMbIX  THUAPOArperaroB  MOXKET
UCIONB30BaThCsl  CTAHAAPTHOE  HACOCHOE  OOOpYyJOBaHHWE U THUIIOBBIE



aCUHXpOHHBIE 3nekTpojasurarend. Ilostomy, Osaromaps npengaraeMbiM
cnoco0aM yNOpaBJIEHHs HMX PEXHUMaMd IO LENH SKOpPsA, TaKHE YCTaHOBKH
SBIIFOTCS HaubOosee JEMIEBBIMU 151 JOCTYTTHBIMHU
MHUKPOTUIPOIIICKTPOCTAHIUSAMH, YTO IOATBEPKAAETCA HMX IMPOMBIIUICHHBIM
BBIITYCKOM U 3KCIUTyaTalyen.

INekumna 8. Mukpol'dC ¢ ANCKpPETHLIM peryriupoBaHueMm

PerynupoBanue MOIIIHOCTH Oatacta  ruapoarperata = MOXKET
OCYLIECTBJIATHCA MO TOKY, HaIpPSIKEHUIO0, YacTOT€ U JPYrUM HapameTpam
[13.15.16.17]. B o6mem ciyuyae, Korjga HM3MEHSETCS HE TOJIBKO TMOJe3Has
Harpy3ka CTaHIMM, HO W OJHEprus paboyero IMOTOKa BOAbL, HEOOXOAUM
YaCTOTHO-PETYJIUPYEMBbId aBTOOAIIACT, ACUCTBYIOIIMM, MpexaAe BCEro, Ha
4acTOTy BpamleHus ruapoarperata. KoppeKIuio BBIXOJHOTO HaNpsKEHUS
1eJIeco00pa3HO  OCYHIECTBJIATh MO  LENd  BO30OYXKIEHUsT  TreHepaTtopa.
HecomuenHble mpeuMmyIiecTBa B 3TOM CIy4ae MMEIOT CHHXPOHHBIE MAIIUHbI
(CI).

CnenmansHble TeHepaTopbl uisi Mukpol DC B Hameidl cTpaHe He
BBIITYCKAIOTCS, MO3TOMY MPUXOJMUTCS HCIOIb30BaTh HMEIOLIMECS MAaIIUHBI,
HalpuMep CHUHXPOHHBIE T€HEPaTOpbl, MPEAHA3HAUYCHHBIC MJIA MEPEABUKHBIX U
CTAaMOHApPHBIX 3JeKTpoycTaHoBOK cepun ECC. Jlnga paccMmaTpuBaemMoro
Jyara3oHa MOIHOCTeN moaxoAsaT Tunbl reHepatopoB ECC5-61-4Y2, ECC5-62-
4y2, ECC5-81-6Y2, ECC5-83-6Y2 Ha MOIIHOCTH, COOTBETCTBEHHO &, 12, 20,
30 xBt. Tenepatopel wuMerT cucTeMy (a30BOro KOMIAyHAUPOBAHUS
BO30Y>KJI€HHsI, 00ECIEYMBAIOIIYI0 aBTOMATHYECKOE MOJAEPKaHUE HANPSIKEHUS
B mipejenax = 5 % OT cpellHe PEeryJupyeMoro 3HaUeHUs MPU JIOOBIX Harpy3kax
B JAuana3zoHe u3MeHeHus kodddumumenta momrHoctu ot 0,8 go 1. Yacrora
BBIXOJTHOTO HAIPSKEHUST B COOTBETCTBUU C MACIOPTHHIMU JAHHBIMU CEPHUH
MOKET M3MeHAThCS oT 49,2 no 50,7 I'm.

OnnuM W3 HamOoJiee TMEPCIEeKTHUBHBIX CXEMHBIX DEIICHUN PEerylsaTopOB
OamnacTHo Harpy3ku MUKpol DC sBisercss mu(ppoBON PETYISITOP YaCTOTHI
(I1PY). Iudposoii ciocod u3MepeHus, MUPOKO MPUMEHSIEMbI B COBPEMEHHOM
CXEMOTEXHHUKE, XapaKTEPU3YETCs] BBICOKOM TOYHOCTBIO U XOPOILIO COYETAETCS CO
CTyNE€HYAThIM aBTO0AIACTOM, KOMMYTHUPYEMBIM TUPUCTOPHBIMU KITIOUAMH.



CrpykrypHas cxema MUKpol DC ¢ 1uppoBbBIM pEryasiToOpoM YacTOTHI
nokazaHa Ha puc.8.1, rae runporypbunHa /7 TPUBOAUT BO BpalleHUE
CUHXpOHHBIN TeHeparop CI, kK OOMOTKE cTaTopa KOTOPOro MOAKIIOYEeHa
noJsie3Hast Harpy3ka Z,,, Z,s Z,. 1 HA00p 0a/lIaCTHBIX CONPOTUBIECHUN R;; — Rpy,
BKJIIOUEHHBIX Yepe3 OWIMOJSPHbIE TUPUCTOPHBIE SYEUKH, YIpaBisieMble
nudpoBeIM perynsaTopoM dactorel [[PY. B oOmem cinydae I[[PY MoxeT
yOpaBisiTh N 0ajulaCTHBIMU CONPOTUBJICHUSMU JIO3UPOBAHHOW BEIMYUHBI.
Uucino crymeHed  OajlacTHOM  HAarpy3kd  ONpENEsieT  MOrPelIHOCTh
pPEryJIMpOBAaHUS  PE3YIbTUPYIOLIEH HKBUBAJICHTHOM HAarpy3Kd CTaHIUU B
ycTaHOBUBIIMXCS pexuMax. [lon skBuBaneHTHON Harpy3kod CI' moHUMaeTcs
CyMMapHas Harpy3ka Ha 3a)KHUMax 3JIeKTpPUYECKON MaIlIWHbI, ONpeesseMas Kak
napajuielIbHOE€ COSIMHEHHE TI0JIC3HOHN 1 OatacTHOM Harpy3ok [20].
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Puc.8.1. Crpykrypnas cxema Mukpol DC ¢ unppoBbIM pEryasiTOpoOM YaCTOTHI

C TOYKM  3peHMS ~ YMEHBUIEHUS  IOTPEIIHOCTH  PETyJIUpPOBaHUS
HKBUBAJICHTHOW HArpy3Kd HEOOXOJUMO YBEIUYMBATH KOJIUYECTBO CTYyMEHEH
O6amnacta N. OpgHako ATO MPUBOJUT K YCIOXKHEHUIO CXEMBI PEryJsTopa,
YXYIUICHHIO €€  Macco-radapuTHBIX W CTOMMOCTHBIX  IOKa3aTesen.
OntumanbHeiM  BapuaHToM [[PYU MOXKHO cuMTaTh peEryyisiTop, B KOTOPOM
MOIIIHOCTH OaJIJTACTHBIX HArpy30K BBIOMparoTcs B oTHomenuu: 1,2.4,... 2N. B
TOM CJIy4ae MOXKHO CYLIECTBEHHO COKPATUTh KOJIMYECTBO JO3UPOBAHHBIX
0aJUIaCTHBIX CONpPOTUBICHUM U O00ECIEeYUTh PaBHOMEPHYIO MOTPEIIHOCTb
peryJIMpOBaHMs SKBUBAJICHTHOW HArpy3Ky BO BceM auanaszone. Hanpumep, ecinu
NPUHATH MOIHOCTh OJTHOM CcTyrneHu Oamnacta AP, paBHOU 5 % MakcuMaiabHOM
MOIIIHOCTH YCTAaHOBKU P, TO MpU OJAMHAKOBBIX 0aJUTACTHBIX COMPOTUBJICHUSIX UX



notpedyercst N =20. [Ipu ncnonb30BaHUU NPUBEICHHON BBIIIE PEKOMEHIAUN
KOJIMYECTBO OAJIACTHBIX PE3HCTOPOB M COOTBETCTBEHHO KIIIOUEW pETryaTopa
MOKHO COKPaTUTh 10 N=4 mpu TOH e NOTPEIIHOCTU PEryIUPOBaHUs OasiacTa.

Benmnunny skxBuBaneHTHOM Harpy3ku CIT mukpol DC B OTHOCUTENBHBIX
eIMHUIIaX HECJI0KHO MOJICYUTATh 10 opMyIie:

~ZJ2Y-)
¥4z, (n-1)

rae Z, - none3Has Harpy3ka CI; n = 0 + (2N - 1) - mecITU4HOE YUCIIO,
COOTBETCTBYIOIIIEE JABOMYHOMY KOy, 3allUCAHHOMY B BBIXOJHBIX KacKaJax
PY. JIBomunbii kox [IPY cOOTBETCTBYET 4YacTtore TEHEPUPYEMOTO
HaIllpsDKEHWST W TIOJY4YaeTcsl B pe3yJIbTaTe MOJACYETa HMITYJIbCOB OINOPHOU
YaCcTOTHI 33 EPUO]T HAMIPSKEHUS! CTAaHIUU.

CrpykrypHasa cxema [[PY noka3ana Ha puc.8.2 U COCTOUT U3 CIEAYIOUIUX
osmokoB. ['enepatop omopHoi 4YactoTel (/'OY) cOmepKUT BHICOKOYACTOTHBIN
KBaplIEBbIi TE€HEpPATOp W CYETYHUKH, (HOPMHUPYIOIIKME IMOCIEeI0BATEIbHOCTH
YOPABJISIIONIMX UMIYJIbCOB. JlaTunMk 4yacTtoThl renepatopa ([YI°) mpeoOpazyet
CUHYCOHJIAJIbHOE HANpPSDKEHUE T'€HEpaTropa B IOCIEN0BATEIBHOCTh KOPOTKUX
UMITYyJIbCOB C IIEPUOJIOM IIOBTOPEHMS, PABHBIM NEPUOJLY TI'€HEPUPYEMOIO
HanpsbkeHus. M3mepurtens dactotel reHepaTopa (M Y]°) Ha OCHOBE CpaBHEHUS
4aCTOTHI '€HEpaTOpa C OMOPHOW MPOU3BOAUT U3MEPEHUE YACTOTHI HAIIPSHKEHUS
mukpol' DC. CuerHo-noruyeckoe ycrpoiictBo (CJ/IYV) obOpabaTbiBaeT 110
ONPEAECICHHOMY aJITOPUTMY JBOWYHBIM KOJI, COOTBETCTBYIOIIHN W3MEPEHHOU
4acToTe, U Yepe3 YCUIUTENb MOUTHOCTH VM ympaBisieT paboToi THPHUCTOPHBIX
KJItOUel 0a1acTHON Harpy3KH.
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Puc.8.2. CrpykrypHas cxema [[PY

AnaroputM paboThl 1 TPUHLHUIIEI TOcTpoeHuss CJ/IY MOTyT OBITh pa3IHyHBI:
Ha OCHOBE PETUCTPA, OIEPATHBHOIO  3allOMMHAIOLIETO  YCTPOMCTBA,
PEBEPCUBHOIO CUETUMKA U JIp. DKCHEPUMEHTAIBHBIE UCCIIEI0BAHUS IT03BOJIMIN
BBIABUTH IpenMymiectBa [[PYU ¢ ucnonb3oBaHMeM pEBEPCUBHOTO CUYETYMKA,
00€eCreynBaIIero MOoCAe0BaTeIbHOE HW3MEHEHUE BEJIMYMUHBI OaJlJIaCTHOM
Harpys3ku Ha AP 3a KaXablii LUK paboThl. [Ipu TakoM perynupoBaHUM yIaeTCs
n30exaTh pe3Kux OpPOCKOB TOKa M 00ECHEeUUTh YCTOWYMBBIA PEKUM PaOOTHI
Mukpol DC npakTUyecku ¢ TI00bIM THIIOM FeHepaTopa U TYpOUHBI.

[Tpunuun npeiictBus LIPY Ha 6a3e peBEepCHBHOIO CUETUYMKA 3aKJIFOYAETCS B
cinenyromeM. [logcumteiBaercs KonmuuecTBO uMmyiabcoB [ OY 3a mnepuon
HanpspkeHus: reneparopa Mukpol DC. Ecau nBonuHsbIil koJ, 3aMKCUPOBAHHBIN
Ha cuetuuke MYI', COOTBETCTBYET 4acTOTe TeHeparopa B npenenax 49 - 51 I'n,



TO KOMOMHAIIMS BKIIOYEHHBIX 0aJUIaCTHBIX CONMPOTUBICHUN HE U3MEHSETCS, T.€.
30Ha 50 £ 1 I'm sBnsercs 30HOM HeuyBcTBHUTENbHOCTH LIPY. Ecim wacrora
TE€HepaTopa BBIILIA 34 MPENENbl 30HBI HEYYBCTBUTEIBHOCTH, TO PEBEPCHUBHBIN
cuetyuk CJIYV mepeBoauTCS B PEKUM BBIYUTAHMS - KOTJA YaCTOTa CHU3MIACH 10
49 I'n 1 B pexuM IpsMOro CYeTa - Korja Jacrora ysenuuwiacs 1o 51 I'o. Ipu
3TOM OajiacTHas Harpy3ka B COOTBETCTBMM C JBOMYHBIM KOJOM CUETYMKa
CTYyNEHYaTO yBeInuuBaeTcs Ha AP 3a KaxIplil nepuoj HanpsokeHus: MUKpol DC
0 TE€X IIOp, MOKAa 4YacTOTa BBIXOJHOTO HANPSDKEHUsS HE BOWIET B 3aJaHHBIC
npenensl. TakuMm 00pa3oM, BpeMsi 3aJepXKKHU, COOTBETCTBYIOILIEE IOTHOMY
U3MEHEHUIo OaiacTHOM Harpy3ku oT 0 1o P, onpenenseTcs Kak:

T,=T,(2N-1)
rac Tm - BpCMﬂ I/ISMepeHI/IH NI CUcTa I/IMHYJ'IBCOB.

Hanpumep, g LIPY, B KOTOpOM CYET UMITYJIbCOB IPOUCXOIUT 38 KAXKIbIN
nepuos HanpsbkeHus aus N = 3; 4; 5, Bpemsa 3anepxkku 7, 0yner pasuo 0,14;
0,3; 0,62 ¢ coorBercTBeHHO. ClemOBATEIbHO, YBEIWYCHHUE YKCia CTYNEHEU
OanacTHOM HArpy3kd H TMepuoJa M3MEPEHHl HMMIYJIbCOB MPUBOAAT K
YBEIIMYEHUIO BpeMeHu 3aaepkku [[PY, a COOTBETCTBEHHO U JJIUTEIBHOCTH
NepexoIHbIX IpoieccoB B MUKpol IC.

B nanHOM ciydae nMHamMu4eckue xapakrepucTuku Mukpol DC Berynaror
B MPOTHUBOpEUHE CO cTaTMuecKUMHU. CTaThyeckasi MOTPEeIIHOCTh CTaOUIN3aluu
YaCTOTBl 3aBUCUT TAaKXKE€ OT JKECTKOCTH MEXAaHMYECKOM XapaKTEPUCTUKHU
THAPOTYPOMHBI W TOYHOCTH CTAOWIM3allUMd HAmNpsOKEHUS TeHepaTtopa B
YCTaHOBUBULIMXCS PEKUMAX, T.€. CACTEMBI peryaupoBaHus HanpspkeHus CI'.

CrenoBarennbHO, NPU MOCTPOEHWHM aBTOMAaTHU3MPOBAHHOM MHUKpol OC c¢
IU(POBBIM PETYJISTOPOM YACTOTHI BO3HHUKAIOT BOMPOCHI BEIOOPAa MUHUMAJIBHOM
CTYNIEHM JUCKpeTu3auuu OamacTHOW Harpy3ku AP, obecrneunBaroueil
3aJJaHHYI0 MOTPEIIHOCTh CTA0MIM3AalMU AJI ONpPEAeJICHHOrO0 THIa reHepaTopa
CO CBOEH CHCTEeMOW pEryJHpoOBaHUA BO30YXIECHHS W  KOHKPETHOM
TUAPOTYPOUHBIL, XapakTepU3yeMon KECTKOCTBIO MEXaHUYECKON
XapaKTEPUCTHUKU €,,.

Pemmte 3Ty  [IOCTAaTOYHO  CIIOKHYIO  3aJadyy MOXKHO  METOJAaMH
MaTeMaTH4YECKOr0 MOIEIMPOBaHus Ha DBM.

B KkadecTBe HCXOJIHBIX YPaBHCHHH HCCJICIOBAHUS  MPHUHUMAIOTCS
CIeIyOIINe:



d v,
dt

U.=r,i.+

M.=Rejly i.)+J i—f

U, 0)=kU,+ kii.

n= flo() - (22)
M = flo(r). 98]
7,0V -1)
3_2N+ZH(n—1)/n=O+(2N—1)
U= R+ J X )i+ x,
dt
rae U..i. VY, - BEKTOp-MAaTpULbl  HANPSDKEHUH, TOKOB W

NIOTOKOCIIETUIEHU! TeHeparopa; /., 7, - Marpuuel Harpys3kv; R, X ., R., X .

- MaTpUUbl AKTUBHBIX M HWHIYKTUBHBIX COIPOTUBJICHUNW HKBUBAJICHTHOU
Harpy3sku M reseparopa; M ., M, - TOPMO3HOM MOMEHT TI€HepaTopa U

BpaIaroNIiii MOMEHT TypOWHBI; J — MOMEHT WHEPIMH BPAIIAIOIIUXCS YacTeH
DIIEKTPOYCTAHOBKH; k. k; - Koddduumentsl ycuinenus; OB — sHeprus

BOJOTOKA.

Marematnueckas Mozaesb MUKpol DC Mo3BOJISIET yCTAHOBUTH B3aUMOCBSI3b
Mexay mnapamerpamu [IPY u  nokazarenssmu Mukpol 9C U MONy4ddTh
pEeKOMEHJalMKu K BBIOOpY MapaMeTpOB PEryysITopa, 00ecrnedrBaroLInX
TpeOyeMble XapaKTepUCTUKH aBTOHOMHOM 3JIEKTPOYCTAaHOBKH.

B kauectBe OCHOBHBIX mapaMeTpoB [[PY MOXHO BBIAEIUTB: YHUCIO
CTyIleHel OamIacTHON Harpy3Kku N, 30Hy HEUYBCTBUTEIBHOCTH peryistopa D, u
BpeMS 3a1€PKKHU T),.

Benmuuuna 30Hbl HewyBcTBUTEnbHOCTH [[PYU  ngomxna BbIOMpaThCs
0o0JbIICH, YeM MAaKCUMaJbHasl OTPEIIHOCTh CTAOMIM3AIMU YAaCTOThl BPAILIEHUS
U 33JJaHHOM e, U BbIOpaHHOM BenuunHe N. B mpoTHUBHOM cilydae BO3MO>KHBI
JUHAMUYECKA HEyCTOWUYMBBIE pEKUMbI MUKpoOl OC, korma mpu HOCTOSHHON
BEJIMUMHE TI0JIE3HOW HArpy3Kd CTAHUUU YacTb OaJlJIaCTHBIX COINPOTHBIICHUI
OyZAeT NepruOANYECKH MOAKIIOUATHCS U OTKIIIOYAThCS.

Bimustnue paccmarpuBaemoro IIPY Ha mepexonsbiii mpouecc MUKpol DC
IPOSBIISETCS B OCHOBHOM 4Y€pe3 BPEMs 3aJePKKHU T, ONpENensroniee Bpems
U3MEHEHUSl BEJIMYMHBI OayulaCTHOM Harpys3Kd, BKJIIOYEHHOH B Ielb SKOPS
reiepatopa. OObBIMHO, HJS paccMaTpUBaEMOro JWama3oHa MOIIHOCTEH
VMHEPLIMOHHAST MOCTOSIHHAS BPALIAIOLIMXCS YacTed SHEProyCTaHOBKa OOJbIlIe
Bpemenu 3aaepxkku [[PYU u B mepexonHbIX peXxnMMax HU3MEHEHHe OalljIacTHOMN
Harpy3Kd MpPOUCXOAUT ObICTpEe, YE€M YacTOThl BpalleHUs TUApoarperara.



[lopToMy Ha JIIUTEIBLHOCTH MEPEXOJHBIX IPOILIECCOB OKA3bIBACT BIUSHHE U
BEJINYMHA, HA KOTOPYIO U3MEHSIETCS MOJIe3HAasl Harpy3Ka CTaHIIUU.

B kauectBe xapaktepuctuk MHUKpOl DC ¢ 1mudpoBbIM aBTOOAIACTHBIM
PEryJISITOPOM YacTOThl Ha PUC.8.3 M300pakeHbl OCHWIJIOTPAMMBbI MEPEXOTHBIX
MIPOIIECCOB, BBI3BAHHBIX BHE3AIMHBIM U3MEHEHUEM IOJIE3HOM HArpy3KH CTAHIIUU.
OcuuiorpaMMbl HOJMY4YEHbl HA SKCIEPUMEHTAIBHOW YCTAHOBKE, MOCTPOECHHOU
Ha Oaze CI' cepun ECC 12 kBTt, co crangapTtHOil cuctemon (a3oBoro
komnayHauposanus. [[PU umeer cinenyromme mnapamerpsl: N =4, D, =2 %,
7,,=0,02 c.
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Puc.8.3 [lepexoaHbie MpoOIECChl BHE3AMMHOIO U3MEHEHUs HAarpy3ku B MUKpol DC ¢ yacToTHOM
CUCTEMOM CTaOMIN3AINA
a) — copoc 50 % narpysku; 0) - Habpoc 100 % Harpysku

Iy — TOK BO3OY)XIEHUS; I, - TOK HATPY3KH; L5 - TOK Oaiacta; I, - TOK FeHepaTopa;
U., — nanpsbkenue Ha Harpyske.

N3 puc.8.3 BugHo, uto npu BrIOUeHUU 100 %-HON aKTMBHOW Harpy3ku
JUINTENBHOCTD NEepeXoAHoro npouecca cocrasiser 0,3 c¢; copoc xe 50 %-HOM
Harpy3kK NpUBOAMUT K YBEJIIMUYECHHIO BPEMEHU MEPEXOJHOro mpouecca a0 1,2 c,
yTO0 O00BsICHSIETCS «mepeperynupoBanuem» [[PYU cpa3dy mnocine u3MeHEHUs
pexuma. OpHako Haubosiee 3aMETHBIE OTKJIIOHEHHMSI TOKOB M HaNpsKEHUs
reHepaTopa OT YCTAHOBUBIIMXCS 3HAYEHUW B 3TOM CJIydae TaKXKe JIEXKaT B
uHTepBase BpemeH A0 0,3 ¢ mocime Hadajna NEPEXOJHOr0 MpoLecca, 4YTo
CcOoOTBETCTBYET BpeMeHu 3aaepxkku [[PYU. Ha ocuummiorpamme xopomo BUIHBIL
Y4aCTKM, B KOTOphIX u4acrtora Bpamenus CI° Haxoaurcss B 30HE
HeuyBCTBUTENbHOCTU [[PY, B 3T MpOMEKYTKM BPEMEHU BEIMYHMHA OAJIIIACTHOM
Harpy3KkH, COOTBETCTBEHHO, €€ TOK M TOK I'€HEPATOpa OCTAIOTCS MOCTOSHHBIMMU.
OTkiIoOHEeHHEe HanpspkeHus JTaHHOW MHUKpol DC B NEpPEXOIHBIX PpeKHMax



coctaBisieT He Ooiyiee 10-15 % oT HOMHUHAIBLHOrO 3HaYeHHS. MakcHMalabHOE
OTKJIOHEHHUE 4acTOThl BpamieHuss CI' B mepexo/IHbIX peKUMax HE MPeBbIIIacT 7
%.

Ucnonw3oBanue [[PY mpemyiaraemoro tuma ajis cTaOMIM3AlUA YACTOTHI
BpalleHus: aBTOHOMHOM MUKpol DC oOecrneunBaeTr JOCTATOYHO XOPOIIHE
JTUHAMHUYECKUE TTOKa3aTeNn AJIEKTPOYCTAHOBKH U YCTOMYMBYIO PaOOTy CTaHIIMH
MPaKTHYECKU C JIIOOBIM THUIOM THAPOTYpOuMH. g obecrieueHus Tpedyemoit
TOYHOCTH  PEryJIMPOBAHHUS YacTOThl BpallleHUs THuapoarperata BBIOOP
napameTpoB [[PYU momkeH mpou3BOAUTHCS B COOTBETCTBUM C MPUBEIACHHBIMU
BBIIIIE PEKOMEHJALUSAMMU.

Bricokoi TOYHOCTH CTaOMJIM3aIluU BBIXOJHBIX  AJIEKTPUYECKUX
napaMmeTpoB MHUKpoI DC TO03BOJSIOT JOCTHYh KOMOMHHPOBAHHBIE CHCTEMBI
peryiaupoBanus 0aUTACTHON HATrpy3KH, HUCTOIL3YIOMNUE MTPUHITUIIEI (Pa30BOTO U
JACKPETHOTO YIIPABIICHUS.

Nekumsa 9. OueHkKa akoHoMu4yeckon achpeKTUBHOCTHU
Mukpol3C

B cymiectByromeii HOpMAaTHUBHO-TIPAaBOBOM W METOAMYECKOW  0aze
OTCYTCTBYIOT WM HEIOCTaTOYHO MpopadoTaHbl TpeOOBaHUA K MaJou
DHEPreTUKE, JEUEHTPAIN30BaHHBIM cUCTEMaM 3JIEKTPOCHAOKEHMUS,
OCHOBAaHHBIM Ha HCIIOJIb30BAHWH ABTOHOMHBIX YHEPrOyCTaHOBOK, B TOM YHCJIE
HETPaJUIIMOHHBIX U BO30OHOBIISIEMBIX HCTOUHUKOB SHEPI M.

Hns s exTuBHOM OpraHu3anuu JELEHTPAIN30BaHHOTO
IIEKTPOCHA0KEHUSI ¢ ucnosb3oBaHueM BHD mnepBoouepenHoil 3amaueit
NPEJCTaBISIETCS ONpEACNCHUE KpPUTEPUEB HSKOHOMUYECKON 3((HEKTUBHOCTH
UCTIOJb30BAaHUSl TaKUX CHUCTEM, pa3pabOTKa METOAMK U aHAIU3 TEXHHUKO-
SKOHOMHUYECKHUX  XapaKTePUCTUK  PA3JIUYHBIX  BAPUAHTOB  MOCTPOECHUS
JNEUEHTPAIM30BAaHHOTO 3JIEKTPOCHAOKEHHUS.

Pazpabortannas B TIIY meronuka oueHkH 3()PEKTUBHOCTH MPUMEHEHUS
HETPAJUIIMOHHBIX ¥ BO30OHOBJISIEMBIX  MCTOYHHUKOB  DSHEPIHUM IS
AIIEKTPOCHAOKEHUS! aBTOHOMHBIX OOBEKTOB, HE MMEIOUIUX LEHTPAIU30BAaHHOTO
AIIEKTPOCHAOKEHUS, MPOU3BOAMUTCS HA OCHOBE CPaBHUTEIBHOTO TEXHUKO-
HKOHOMUYECKOT0 aHajn3a BCEX BO3MOXKHBIX BapUaHTOB 3ieKTpudukanuu. [Ipu
3TOM PpPacCMaTpPUBAIOTCSl BAapUAHTBhl JJIEKTPOCHAOKEHHUST HE TOJIBKO OT
HETPAJIULIMOHHBIX HMCTOYHHUKOB OJHEPIUH, HO M BIIOJHE TPaJAULMOHHBIX:
LEHTPAJIIN30BaHHAsl  3HEPrOCHCTEMAa W  JKHUJKO-TOIUIMBHBIE  T'€HEPATOPBI.
OnexTpocHaOXKEeHUE OT HHEPrOoCHUCTEMBI IMPEAyCMaTPUBAET CTPOUTEIHCTBO
JUHUM DJIEKTPOIIEpPENAaur, a B KadyeCTBE >KUIKO-TOIUIMBHBIX T'€HEPATOPOB
HauOoJiee paCIPOCTPAHEHBI JAU3EIbHBIE ANEKTPOCTaHIUH. (COOTBETCTBEHHO, K
BO3MOYHBIM BapHaHTaM 3JIEKTPOCHA0KEHHSI aBTOHOMHOI'O 00bEKTa OTHECEHBI:

® [[EHTpaJIM30BaHHOE 3JIeKTpocHa0)eHue (cTpoutensctso JIDII);
® JM3EIIbHBIE 3JIEKTPOCTaHIUH;
® MUKPOTHAPO3JIEKTPOCTAHUY;



® BETPOIHEPreTUUYECKUE YCTAHOBKH;
® COJIHEYHBIE DJIEKTPOCTAHIUY;

B kauectBe kpuTepueB oueHKH 3(dexkTuBHOCTH TpuMeHeHuss BUD mis
AIIEKTPOCHAOKEHUSI aBTOHOMHBIX TIOTpEOUTENIed MpeiaraloTcss 3 TPYIIbI
IOKa3aTesen:

® TEXHUYECKUE;
® 3KOHOMHUYECKUE;
® COLUHAIBHO-3KOJIOTHYECKHE.

B rpynmy TeXHMYECKHMX IOKa3aTesiell BXOAUT BCErO0 OJUH KPUTEPUUA —
KPUTEPUN TEXHUYECKOW BBIMOJHUMOCTU TPOEKTa. VICXOAHBIMU MTaHHBIMU IS
OTpeNieleHUs] JaHHOTO KpUTEpHUs SBIAIOTCS CBEJAEHUs 00 OCHOBHBIX
TEXHUYECKUX XapaKTEPUCTHUKAX IIEPBUYHOIO MCTOYHHMKA SHEPTUU. B cBs3m ¢
OTUM, KPUTEPUUA TEXHUYECKOW BBINOJHUMOCTH MPOEKTA HA OCHOBE JU3EJIbHBIX
ANEKTPOCTAHLIUM  BCErAa  TMOJIOKUTENEH; TMPU  DIECKTPOCHAOKEHUU  OT
LHEHTPAIN30BAaHHOM 3HEPrOCUCTEMBI 3aBHCUT OT TpeOyeMOil yCTaHOBJIEHHOM
MOIIHOCTH OO0BEKTa »3iekTpocHaOxkenuss P (kBt) wu paccrosHus 10
LHEHTPAIN30BaHHOM 3N1ekTpuyeckoi cetu L (km); ans Mukpol DC onpexnensercs
UCXOJd U3 MHHUMAIBHOM CKOPOCTH TEYEHHS BOJAOTOKA B MECTE€ YCTAaHOBKH
cranumu J/ .. (M/C) M MHMHUMAaJIbHOM pacxone BoOAbl Omin (/c); aud
BETPOIHEPIETUYECKON  YCTAHOBKH KPUTEPUEM  SBISIETCA  CPEAHETrO0BaAs
CKOPOCTb BETpPA Ha YyPOBHE CTYIHIbI BETPOKOJIECa J/ (M/c); ISl COJTHEYHBIX

ANIEKTPOCTAHLIUM Cpe/IHEMECsuHas JHEBHAs dHEPreTUyYecKass OCBEUIEHHOCTh E
(kBT u/M).

OCHOBHBIM  KpUTEpUEM HKOHOMUYECKON A(DPEKTUBHOCTU  SIBISIOTCS
MIPUBEJICHHBIC TOJIOBBIC 3aTpaThl HA 1 KBT yCTaHOBJIECHHON MOIIHOCTH CUCTEMBI
AIIEKTPOCHAOKEHN S, KOTOPBIE OMPENIESIOTCS U3 BEIPAKCHUS:

3 PuftC

P

P — ycraHoBneHHAss MOIITHOCTH 00BEKTA DIIEKTpOocHAOKeHUs (KBT);

K — oOuue kanuTanoBioxeHus (pyo).

K :Kycm+Knp+Kcmp

rie K.y - CTOMMOCTb KOMIUICKTHOTO 000pyRoBaHus (py0);

2

K, - CTOMMOCTb MPOCKTHBIX paboT IO OmpeNeNICHUI0 MECTa YCTaHOBKH

CTaHIIMM Ha MeCTHOCTHU (py0);
K wmp - CTOMMOCTH CTPOUTEIBHBIX U MOHT)XHBIX PabOT IO yCTaHOBKE

ANEKTPOCTAHIUHU (MTOJACTAaHIINK) (PyO).
1 .
P, = T HOPMATHBHBIA KO3(PPUIMEHT peHTA0ETbHOCTH,

rjae 1 — SKOHOMUYECKHM CPOK CIIY>KObI 000py0BaHus (JIET).

C — ob1ue rogoBbIe SKCILTyTAIlMOHHBIE PAcXoibl (pyoO).
C = C3KC + Cpe/u + Cmon + Cd,mon



rac C DK - TOJOBBIC pacCXoAbl Ha JOKCIUTyaTalluIO  CHCTCMBI

aneKTpocHabxkeHus (pyo);
C pey - TOZIOBBIC PACXO/IbI HA ITAHOBBIA PEMOHT (py0);

C,on - TOMOBBIE PACXOABI HA TOILIUBO (PyO);
C y.mon ~ TOIOBBIE PACXOBI HA JIOCTABKY TOILIMBA (PyO).
CebecronmocTth 1 kBT 4 35ekTposHepruu:

K+C
c, =L
W

W - oOlee KOJIMYECTBO JJIEKTPUUECKOW HHEPTUH, BbIpaOaThIBAEMOE
AJIIEKTPOCTAHIIMEN B TEUEHHUE TOJIA.

B kadecTBe COIMANTBHO-IKOJOTUYECKUX KpUTEpPUEB OA(DPEKTUBHOCTU
NPUMEHEHUSI Pa3IMYHBIX BapUAHTOB  DJEKTPOCHAOKEHUS MPUHUMAIKCH
() (14701105 (<

® [IOTCHIMAJbHAS YIPO3a KU3HU JIIO/ICH;
HaJM4Yue TOTUIMBHOW COCTAaBIIIOLIEH;
OTUYXIEHUE 3EMJIU;
BIIMSIHUE HA NTHUIl U )KUBOTHBIX;
aKyCTUUYECKOE BO3/ICUCTBUE U BUOpaIIUS;
AIEKTPOMArHUTHOE U3IIYYEHUE;

, pyo/kBT u,

Tak Kak, KOJIMYECTBEHHAs OLIEHKA COIMAJIbHO-IKOJIOTUYECKUX KPUTEPHUEB
KpailHE 3aTpyJIHHUTENIbHA, a IIOA4Yac M HEBO3MOXHA, TO IIPU aHaIU3e
MPOU3BOJIUTCS HUX KAueCTBEHHAs OLEHKAa, KOTOopas MOXET CIYXKUTb
JOTIOJTHUTENIHHBIM KPUTEPHUEM TIPU BbIOOpE Hanbosee parmoHaIbHOTO BapraHTa
IIEKTPOCHAOKEHHUSI aBTOHOMHOT'O OOBEKTa.

HNcxoaHbIMU NTaHHBIMU JJIS ONpPEACICHUS KPUTEPUEB SIBISIOTCSA KaaacTp
HETPAIUIIMOHHBIX BO300OHOBISIEMBIX HCTOYHUKOB DHEPTUU PACCMATPUBAEMOTO
peruoHa, TEXHMYECKHE W SKOHOMHMUYECKHE IMOKa3aTeld KOMIUICKTYIOIIUX |
000pyIOBaHUs, BBITYCKAEMOTO BEAYIIUMH POCCUUCKUMU TPEANPUITUIMH,
['ocynapctBenHbie dnemMeHTHbIe cMeTHbie HOpMbI (ITDCH) Ha cTpouTenbHble U
MOHTaKHbIE PAOOTHI.

JlaHHast MeToMKa MOKET OBITh MCIOJIb30BaHA C YYETOM JBYX OCHOBHBIX
IIOJIOKEHHUM.

Bo-1niepBbIX, TEXHUYECKUE U IKOHOMHUYECKHUE MTOKA3ATENH IHEPTETUUECKOTO
o0opynoBaHusi COOTBETCTBYIOT ypoBHIO 2002 roja, ¥ B IMOCJIEACTBHE MOTYT
U3MEHSAThCS (roJ pa3paboTKu MeTouKH) . Hampumep, MUHMMaNIbHAsT CKOPOCTh
BETpa, MPHU KOTOPOIl MPOUCXOAUT 3aIlyCK COBPEMEHHBIX BETPOIHEPrEeTUUECKUX
YCTaHOBOK, cocTaBiisieT 3-4 m/c. OaHaKo, pa3BUTHE TEXHOJOTHM, HECOMHEHHO,
B CKOpOM OyAymieM TO3BOJUT YMEHBIIUTh ATOT mipeaen. CoBpeMeHHBIC
TEHJICHIIUU Pa3BUTHS TEXHOJOTHI BO30OHOBISIEMON YHEPTETUKU U HEU30EKHOE
COKpallleHUE 3alacoB OPraHUYECKOTO TOIUIMBA, MO3BOJSIOT MPOTHO3UPOBATH
OJIHOBPEMEHHBIH POCT IIEH Ha TPaAUIMOHHBIE YHEPIOHOCUTENIU U CHUXKECHUE
YACIBHON CTOMMOCTH 000PYI0BaHUS ISl MaJION YHEPTeTUKHU.



Bo-BTOpBIX, npu ONPEACIICHUN KpUTEPUEB SKOHOMHYECKON
3} (GEKTUBHOCTH UCHOJB3YIOTCS CpEIHHE TEXHHUUYECKHE M JKOHOMUYECKHUE
NOKa3aTejd KOMIUIEKTYIOIUX U 000pYyJOBaHUs, U COOTBETCTBEHHO, OHU MOTYT
ObITh HCIIOJB30BAaHBl TOJIBKO JJII CPAaBHUTEJIBHOIO aHAlW3a PAa3JIHYHbIX
BapUAHTOB 3JIEKTPOCHAOXKEHUs U BbIOOpa HauOoisiee panroHanbHOro. IlomHas
CMeTa 3aTpaT Ha MPOEKT M TOYHbIE HKOHOMHUYECKHE pPACUEThl MOTYT OBIThH
BBITIOJIHEHBI TOJIBKO IOCJIE€ BHIOOpA KOHKPETHOTO BapHaHTa 3JEKTPOCHAOKEHHUS
U 110/100pa COOTBETCTBYIOMIMX KOMILIEKTYIOIIKX.

BaxxHO Tak)ke OTMETUTh, YTO YCIIEUTHOE HCIOJIb30BaHNE BO30OHOBIISIEMBIX
UCTOYHUKOB SHEPTUHM BO MHOTOM 3aBUCUT OT MPaBUIBHOIO BbIOOpa MecTa
YCTAaHOBKM 3JEKTpocTaHIMM. Hanpumep, sHeprust BETPOBOrO IOTOKA  BO
MHOTOM 3aBUCHUT OT pejbe(a MECTHOCTH U HMMEIOLIUXCS HAa3eMHBIX 3/aHUN U
COOPYKEHHI, a BCE€ PEKH HMMEIOT AHOMAJbHBIE YKJIOHBI C €CTECTBEHHBIMH
MECTaMU KOHUEHTPALMM SHEPIHMM BOAHOro MoToka. [losromy BbIOOp MecTa
YCTAHOBKM KA)KJIOM KOHKPETHOM DJJIEKTPOCTAHLMH, HCIIOJIB3YIOIIEN SHEPTUI0
OPUPOAHBIX BO30OHOBIISIEMBIX HCTOYHMKOB, MPOU3BOJMUTCS Ha OCHOBAHHMH
IPOEKTa TMPUBSI3KHM K MECTHOCTH, KOTOPBIA JOMKEH  OBITh BBIIIOJIHEH
COOTBETCTBYIOIIMMH CHEIIUATUCTAMH.

PaccmoTrpum NpUMEHEHUE TMpejaraeMod METOJIMKH IPU  OLIEHKE
3G (HEKTUBHOCTH  HUCIMONBb30BaHUA MHUKpol' DC 11 JeueHTpalu30BaHHOTO
AIIEKTPOCHAOKEHUSI aBTOHOMHOI'O0 0OBbEKTa.

DkoHOMUYeCKHe TTokazaTenau MUKpol DC B 3HAUUTENTbHON MEpPE 3aBUCAT OT
ee KOHCTPYKIIMH, KOTOpas BO MHOTOM OIIpeJessieTcsl peabe)oM MECTHOCTH B
MECTE YCTAHOBKHM CTaHLUU.

JUigs  onpeneneHuss TEXHUYECKUX U DKOHOMHYECKUX KPUTEPHUEB
ah(deKTUBHOCTH  3NeKkTpocHabxkenuss oT  Mmukpol DC w3  kamacTpa
TUAPOIHEPTETUUECKUX PECYPCOB JOJDKHBI  OBITh  BBIIEJEHBI  CIEAYIOIIUE
OCHOBHBIE MTOKA3aTeNd AJI MPEANOIaraeMoro MecTa yCTaHOBKH CTaHIIMH:

o Cpennuit ykioH pexu, AH (M/km);

e Cpeanuil pacxoj BOJBl BOJOTOKA B MEpPUOJ JIETHEU MexeHH,
(m'/c);

e Cpeansisi CKOPOCTb TCUCHHS B MIEPUO/] JIETHEHN MexeHu, V (M/c);

e Yucno 4acoB B rojly ¢ OTKPBITHIM pyciioM, Y,

Ha nepBoM atarie onpeaensercs TEXHAYECKasi BO3MOKHOCTb ITPUMEHEHUS
Mukpol'DC B BBIOpaHHOM MeECTE YCTAaHOBKM CTAaHIIMM, KOTOpas 3aBUCUT OT
HaIopa 1 pacxoza BOJBI.

CpenHsst CKOpPOCTh TEUEHHUs PEKHM MOXKET 3HAUYUTEIBHO H3MEHATHCA B
3aBUCUMOCTH OT BPEMEHM TI0Jla, U MHHHMAalbHA, KaK NOPAaBWJIO, B TEPHOJ
JefocraBa M JeTHEM MexeHu. Ha pgaHHOM ypoBHE pasBUTHS TEXHHUKH,
TEXHUYECKasl peanu3alusi MpoeKTa AIEKTPOCHAOKEHUSI aBTOHOMHOTO OOBEKTa
oT MUkpol' DC BO3MOXHaA MPU MHUHMUMAJIBHOW CKOPOCTH TE€UYEHUs BOJOTOKA B
MEeCTe YCTaHOBKHM cTaHuuu J/ . (m/c) bonee 1 m/c.



Ha BTOpOM 3Tamne aHaiu3a ONpeaesnsieTcs MOIIHOCTh YCTaHOBKU, KOTOpas
MOXET OBITh YCTAHOBJI€HAa Ha JaHHOM BOJOTOKEe. PaboTa BOJHOro mnOTOKa
OCYIIECTBIISICTCS TOJ JCHCTBHEM CHJIBI TSDKECTH, TOYHEE, €€ MPOeKIHUHd Ha
HalpaBlieHUE IBUKCHHS, TIOSTOMY JEHCTBHE BOJBI OIMPEACTSETCS Pa3HOCTHIO
ypOBHEH BOJBI B Hadaje M KOHIIE pacCMaTpMBaeMOro ydacTka peku. [lpum
pasHocTH ypoBHeW H (M) Ha jyMHE ydacTka L (M) U cpeHeM pacxoje Bojbl O
(v’/c), mommuocts Mukpol DC P (BT), KOTOPYHO MOXHO YCTAaHOBHTh HA
paccMaTpuBaeMOM Y9acTKe COCTABHT:

P=np gQH (Br),

rae 77 - Ko3p UIMEHT TMOJIE3HOT0 JEUCTBUS TUIAPOIJIEKTpoarperara; p -
IIOTHOCTB BOIBL, KI/M’; g - YCKOPEHHE CBOGOIHOTO MaaeHus, M/c .

Koadduruent noneznoro AeMcTBUS TUAPOdIEKTpoarperaTa 3aBUCUT OT 7]
TypOUHBI U 3JIEKTPUYECKOIO T'€HepaTopa U B pacyeTax MPUHUMAETCS PaBHBIM
0,6+-0,75.

p=1000 kr/™’,  g=9,81 m/c’

Benuuuna Hamopa, KOTOpBI MOXET oOecrneunTbh BOAOTOK, H (M),
omnpenensieTcss W3 MNPEANOJOXKEHHs, YTO MAaKCHUMajbHas JJIMHA HAIOPHOIO
TpyOonpoBoga He aomkHa mnpeBblmiaTh 200 M, HHA4Ye €ro COOpPYKEHUE
PKOHOMUYECKH He Ienecoodpa3Ho. MakcumanbHas JUIMHA — pabodero
TpyOONpoBOJa  OrpaHUYEHa  MPEBBIIIEHWEM  €ro  CTOMMOCTH  HaJ
MOJIHOKOMITJIEKTHBIM 000pYIOBaHMEM CTaHUMU MpH aAnuHe 6osee 200 M.

Hinax = 0,2 AH (M)

Benuuuna ~ pabouero  Hamopa — Tuapoarperara  IpeaBapUTEIbHO
ONPEIENSAETCS 10 CPEAHEMY YKIIOHY pYyCJla PEKU U3 CIAEAYIOIMIMX ITPEIEIIOB:

H=4wm, npu AH=1,0—-4,0 M/km;

H=10wm, mpu AH =4,0 —10,0 m/xm;

H=20wm, npu AH > 20,0 m/km;

[Ipn 3nauenusx AH < 1,0 M/KM cienyeT HCIOJIb30BaTh KOHCTPYKIIUIO
Mukpol DC 6e3 HanmopHOTro TPyOOIpPOBO/IA.

Pacyer kanuTaabHBIX 3aTpPaT

Kanuraneuele 3arpatel Ha MUKpol DC HampsMmyro CBSI3aHBI C €€
MOIIHOCTBIO. OnHako, cTOMMOCTh 1 KBT yCTaHOBJIEHHOW MOLIHOCTH
AJIEKTPOYCTAHOBKHU C YBEJIWYEHUEM MOJHOW MOIIHOCTU CTAHIIMH, KAaK ITPABUIIO,
yMEHbIIAeTC. B CBA3M C 3TWM, B pacyeTax BBIICISAIOTCA 3 Juara3zoHa
MomrHoctet MUKpol DC ¢ pa3HOU yIeIbHON CTOMMOCTBIO | KBT ycTaHOBIEHHOM
MOIIHOCTH.

P< 10xBrt, K ., o = 25000 py6/kBr.
10 kBt <P < 50 xBt, K, ,» = 20000 py6/kBr.
50 kBr <P < 100 kBt, K, ,, = 15000 py6/kBr.



HMcxoaHpIMU [TaHHBIMM Ul ONPEACIICHUS YIEIbHOW crtomMoctd | KBT
YCTaHOBJIEHHOW MOIIHOCTH MHUKpOI' DC sBAseTCS CTOMMOCTh MPOAYKIUH
BEIIYIIUX POCCUUCKUX (PUPM pa3pabOTUYMKOB U MPOU3BOJUTENICH 000pPYAOBAHUS
JUISL  MaJIOd THAPOIHEPreTHKU: HAyYHO-NIPOU3BOACTBEHHOE OO0BEAMHEHHE
"PAH", AO "TSXKMAII", AO3T "MHTO MHCOT" u ap [10].

[Iponykuus 3apyOexxHbIX (UPM HMEET CTOMMOCThb B 1,5-2,5 pasa Bblie
OTEYECTBEHHBIX aHAJIOTOB.

KoMIIJIEeKTHOCTh ~ MOCTaBKH, MaccorabapuTHbIE  XapaKTEPUCTUKH U
ctouMocTh MUKpOl DC ¢ nponesuiepHbIMUA U TUaroHaabHbIMU TypouHamMu AO3T
"MHTO MHCOT" npuseaens! B Tabmmie 9.1 [11].

Ta6muma 9.1. Texauko-akoHoMuueckue nokaszaresu Mukpol 9C AO3T "MHTO MHCOT"

I'abapuTsl B Homunanbnasi | CTOMMOCTBD,
n/n HaumeHnoBaHue
YNAKOBKe, MM |MOLIHOCTb, KBT pyo.
1. |MukpoI™DC 10IIp (15 IIp)
1.1. [Oneprobiox 2000 x700 x 650
.|YcTpoiicTBO aBTOMAaTHYECKOTO 1000 x400 x650 10 205000
perynupoBanust YAP-10

1.3. |Bono3abopHoe ycTpOiCTBO 1000 x 750 x 600

2. |Mukpol'9C 5011Ip 3970x1000x740
2.1. [9ueprobmoxY AP-50 900x650x1200
2.2.|YctpoiictBo Bo30yxaeHus (YB) 700x600x1800 50 890000
2.3.|YcrpoiicTBO BO103a00pHOE 1000x900x850
2.4.|bnok OannacTHOW Harpy3Ku 1200x500x500

3. [MukpoI'DC 50D (100D) 1800x1000x1000
3.1.|OueprobnokyY AP-50 900x650x1200
3.2. [Verpoiictso Bos6yscHns (YB) 700x600x1800 S0/100- | 8230071570000
3.3.|bnok GannacTHOW Harpys3Ku 1200x500x500

CymectBeHHO 0COO€HHOCTBI0O MHUKpOI DC  SBISAIOTCS 3HAYUTEIBHBIE

paznuyusl B KOHCTPYKTMBHOM IIOCTPOEHUM CTAaHLMA Ha Maible, 10 2 M, U
oonbme Hamopel. HambGonee sddextuBHbl ansgs Mukpol DC ObICTpOXOIHBIE
IpoNeJJIEpHbIE TYpOUHBI, BBITYCKAaEMble OT€UECTBEHHBIMHU MPOU3BOJAUTEISIMU
Ha Hamopel OoT 2 M U Bble. Ha manble Hanopel HauOosiee NEPCHEKTHBHBIM
BApUAHTOM  SBJIAETCS  NPUMEHEHUE  IOTPYKHBIX  CBOOOJHO-IIOTOYHBIX
TUJIPOTYpOUH, UCTOIB3YIOMIMX JUIsl MOJYYEHUS] MOIIHOCTH CKOPOCTb TEUEHUS
BOJIBI B BOJOTOKaX. B Poccum OmbIT M3roTOBIECHUS MOINEPEUYHO-CTPYUHBIX M
CBOOOTHO-TIOTOYHBIX TypOuH uMmeet, Hanpumep, Cankt-IlerepOyprckas ¢pupma
«9Hepro-AnbsHey [12], cnenuanusupyromascs Ha MPOEKTUPOBAHUU TYpOUH,
CHOCOOHBIX TPU HHU3KUX HAmopax MpOMycKaTb OOJBIIKME pacXxodbl U
IPOU3BOJNTH 3HAYMUTENIbHbIE MOINHOCTU. llorpykHele rugpoarperatbl Ha
OCHOBE CBOOOJHO-NIOTOYHBIX TYpOMH HE TpPEOYIOT 3HAUMUTEIBHBIX 3aTpaT Ha
CTPOUTEIbHBIE U MOHTaXXHbIE PabOThI MO YCTAHOBKE CTAHIMM HA MECTE, HO
yZelIbHasi CTOMMOCTh KOMIUIEKTHBIX YCTAHOBOK Ha MX 0a3e 3HAUYUTEIHHO BBILIE.

OpueHTHnpysichb Ha ILIEHBl KOMIAHUU «DHEPro-AJIbSHC» B pacuerax i
Mukpol OC, ycraHaBiMBaeMOW Ha BOJOTOKax Ha HAMopsl 10 2 M, IPHUHATA



CIeayrlas yjaenbHas CTOMMOCTh |1 KBT yCTaHOBIEHHOW MOIIHOCTH
HYHEPTrOyCTAHOBKHU:

[Mpun AH < 1,0 M/k™m, K = 50000 py6/xBr.

OnpenenuB  yCTAaHOBJIEHHYIO  MOIIHOCTh  CTaHIMM, ©  BBIOpaB
COOTBETCTBYIOIIYI0 €l YIEIbHYIO CTOMMOCTh YCTAHOBKH, MOKHO HaWTH
MOJIHYIO CTOMMOCTh KOMIUIEKTHOTO THIPOCHIIOBOTO 000Dy IOBAHUS:

Kycm - Kycm.y() *P

CToUMOCTh TPOCKTHBIX PabOT MO ONpPEICTICHUIO MECTa YCTAHOBKH CTAHIIUU
Ha MECTHOCTH MpPAaKTUYECKH HE CBSi3aHA C €€ MOIIHOCThIO M IMPUHUMAIACH
MOCTOSTHHOM M 3aBHUCSIIEN TOJIBKO OT MUHHMMAJIBHOTO pa3Mmepa OILIaThl TpyAa
(MPOT):

K= 50*MPOT

CTOUMOCTh CTPOUTENBHBIX 1 MOHTXXHBIX Pa0OT MO yCTAaHOBKE CTAHIIMHU Ha
MECTHOCTH K ONpEAEHsACTCS B 3aBUCHUMOCTH OT IOJHOW YCTaHOBJICHHOMN

yem.yo

cmp

MontHOoCcTH MUKpol ' DC P u cpennero ykioHa peku AH . [Ins 3Toro B pacuerax
MPUMEHSIOTCS CIIEAYIOIINE KO3 DUITUCHTHI:

Kp — KO3 (UIIMEHT 3aTpaT Ha YCTAaHOBKY CTaHIMM (OTH.€H), B pacuerax
IIPUHUMAJICS IOCTOSTHHBIM U paBHbIM 0,05.

Ky — KOd(pGUIMEHT, yYUTHIBAIOIIUA W3MEHEHUE 3aTpaT Ha YCTAHOBKY
CTaHIIMM B 3aBUCUMOCTH OT CPEIHEr0 YKIIOHA pycJia peKH (OTH.€II.).

npu AH < 1,0 m/xkm, xy = 0,5;

mpu AH = 1,0 — 4,0 m/km, xy = 1,0;

npu AH = 4,0 — 10,0 M/kMm, kg = 0,8;

mpu AH > 10,0 M/xm, xy = 0,4.

3HaYuTEIBHBIN pPa30poc B 3HaYCHUSIX KOIPDUIIMEHTA, YUHUTHIBAIOIIETO
CTOMMOCTb CTPOMUTENBHBIX PadOT B 3aBUCMMOCTH OT CPEIHEr0 YKJIOHA pycia
PEKU OOBSICHACTCS PE3KUM YMEHBIIICHUEM JIJTMHBI HAlOPHOTO TPyOOoIpoBoaa U
3aTpaT Ha €ro MOHTAaX C yBeJlnueHueM Hamopa. [Ipu manbix Hamopax, 1o 2 M,
NPUMEHSIETCS NPUHIMIHAIBHO JApYyras KOHCTPYKUHMSA CTaHIMHU, 3aTpaTbl Ha
YCTaHOBKY KOTOPOI 3HAYUTEIBHO HUXKE.

[locne ompeneneHuss MONPABOYHBIX  KOAP(GUIMEHTOB, CTOUMOCTh
CTPOUTEIBHBIX U MOHTAXHBIX PaOOT IO YCTAHOBKE CTAHIIUU OINPEICNSICTCS U3
BBIPAKCHUS

Kcmp = KPKHKycm

KonnuectBo kBT'u 3nexkTpo3Hepruu, KOTOpoe€ cHnocoOHa BbIpabOTaTh
CTaHIIMS B TOJI, ONPEACIISICTCS U3 BBIPAKCHUS:

W=4P, xBru

Y — 41CII0 4aCOB C OTKPBITBHIM PYCJIOM PEKH B FOJ.

Pacuer 3kcniiyaTaliluOHHBIX PACX0/10B

B kadyecTBe OCHOBHOrO THIPOCHIOBOrO 000pynoBanus Mukpol DC
UCIIOJIb3YIOTCS TUAPOTYpOMHA, DJIEKTPUYECKUM TeHepaTop W CHUCTeMa
aBTOMATHUYECKOTO YIPABJICHHS, CPOK CIYKObl KOTOPBIX COCTaBIsET, Kak



npaBwio, oT 10 mo 25 ner. CoOOTBETCTBEHHO, B pacyeTax I[PUHUMAETCA
3Hauenue 7 = 15 ner.

TorumBHasg cocTaBisOmas B OKCIUIYaTallMOHHBIX —pacxodax MHpH
MIOJIyYEHHH DJIEKTpOHEprun oT Mukpol DC npuHMMaach paBHOM HYJIIO.

Tak kak coBpeMeHHble KOHCTpYKUMU MUKpol DC obecneunBaroT
IOJTHOCTBIO aBTOMATU3UPOBAHHBIM pEXUM pabOTHI, TO TOAOBBIE pacxoibl Ha
DKCIUTyaTallMI0 CTAHIUU CBOJIATCA K  IEPUOJUYECKONM PEBU3UU M UHCTKE
B0/103a00pHOr0 YCTPONCTBA M CMa3Ke MEXAaHWYECKMX BpAIIAIOIIMXCS 4YacTeil
ycraHoBKU. IIpm 5TOM BelMuyMHA pacxoJOB Ha OKCIUIyaTalUI0 CTaHLIUHU
IIPAKTUYECKU HE 3aBUCUT OT €€ MOLIHOCTU U KOHCTPYKTUBHOI'O BBINIOJHEHHUs. B
CBS3M C O3THUM, B pacyerax BEJIWYMHA PACXOJOB Ha DKCIUIyaTalUI0 CTaHLHUU
a1000i MOIIHOCTH TPUHHUMANach TIOCTOSIHHOM W 3aBHUCSIICH TOJBKO OT
MUHUMAJILHOTO pa3zMepa orminatel Tpyaa (MPOT):

C . =36-MPOT

Bemuuuna 3aTpaT Ha pCMOHT OIIPCACIIACTCA B 3aBUCHUMOCTH OT CTOMMOCTH
KOMIUICKTHOM YCTAaHOBKH U CTOMMOCTH CTPOHUTCIIbHBIX U MOHTAKHBIX pa6OT 1o
YCTAaHOBKC CTaHIINH:

CpeM — Kpen' Py, (Kycm + Kcmp)

b

TIC K e, - KOOQQUIMEHT 3aTpaT Ha PEMOHT (OTH.Cl.), MPUHUMACMBIA B

pacuerax paBHbM 0,2.

B kauecTtBe mpumepa, paccMOTpUM pacdeT KpUTepueB 3(PPEKTUBHOCTH
ucnoisibzoBanuss MUKpol DC 1711 pailoOHOB ¢ MUHUMAJIBHOM CKOPOCTBIO TEUEHHUS
pek 6osee 1 M/c. B kauecTBe SHEPrOHOCUTENS IPUMEM MAITyI0 PEKY C pacXxoaoM
Bozbl O = 0,5 M°/c. YKIOH pycita peku m3mensercs oT AH = 1,0 go AH = 20,0
M/KM.

[IpoBeneHHble MO MpejuIaraeMoil METOJIMKE pacueThl CBEIEHbl B TaOIUILY
9.2.

Tabnuna 9.2. Kputepuu 3¢pGeKTUBHOCTH HCIIOIB30BAHUS THAPOIHEPTETUIECKUX PECYPCOB

TexHudyeckue XxapakTepUCTUKH
MuKpol DC Kpurepuu s dextuBHOCTH
C .
DEIHIH YICION MakcumanpHasg | 3 é [IpuBeaeHHbIE
pycia peKku B M g 2
AKCUMaJIbHaA | CPCAHCCYTOUHAA Q = |F'OOOBBIC 3aTPAThI
MECTE YCTaHOBKH =
e — YCTaHOBJICHHAs BbIpAaOOTKa = Ha 1 kBt CebecronmocThb
MOIIHOCTb, KBT |3JIEKTpOIHEpTHH, ?) S | YCTaHOBIICHHOM 1 kBTy, py6.
kBTu B Z | MOIIHOCTH, pyoO.
AH=1,0-40 14,0 336,0 1850,0 0,88
M/KM 2
_ >
AH=4,0-10,0 36,0 864,0 2 1750,0 0,80
M/KM =
]
AH > 10,0 M/kM 75,0 1800,0 =~ 1300,0 0,60

[Ipennaraemas MeTonuka oneHKU 3¢ dekTuBHOCTH puMeneHuss BUD Obuta
ompoboBaHa Ha mpuMmepe Tomckoi obimactu. MeTonuka MO3BOSET MOJYYHTh




CPaBHHUTEIbHYIO KOJIMYECTBEHHYIO U KaueCTBEHHYIO OLIEHKY 3(()EeKTUBHOCTH
IIPUMEHEHUS Pa3IMYHBIX BO300HOBIISIEMBIX DYHEPropecypcoB B
paccMaTpMBa€MOM pETHOHE, OHAa MpPOCTa B MPUMEHEHUU, U MOXKET OBbITh
UCIIOJIb30BaHa JUIsl OLleHKU 3(dexkTuBHOCTH NpuMmeHeHuss BUD u B nmpyrux
peruoHax Poccun.

Bonpochl Ans camonpoBepKHU

[Tprpona BOZHUKHOBEHUS THIPOIHEPTUU U OCOOEHHOCTHU €€ HCIIOIb30BaHUS

Ot kakux (aKTOPOB 3aBUCUT SHEPTHs BOAHOTO 1noToka U ['DC Ha HEM yCTaHOBJIEHHOU

Oco0ennoctu 'DC, 10CTOMHCTBA U HEOCTATKH 3JIEKTPOCTAHIMI OOJIBIION MOIIHOCTH U

Mukpol ' 9C

OcHOBHBIE CXEMBI CO3/1aHus Haropa B MUKpol DC

OcHoBHbIE TpeOoBaHUsl, peabsBsieMble K MUKpol DC

MOIIHOCTHBIE U MEXaHUUECKHE XapaKTEPUCTUKU THIPOTYpPOUH

Ha3naueHue 1 OCHOBHbBIE BApUAHTHI TOCTPOEHUS CTAOUIM3UPYIOIUX cucTeM MUKpol DC

Tunsl rTuapOTYpOUH, 00J1aCTh UX IPUMEHEHHUS U OCHOBHBIE TEXHUYECKUE XapaKTEPUCTUKH

Kakoe ocHOBHOE OT/IMYNE MEKIY THAPOTYPOMHAMU aKTUBHOTO U PEAKTUBHOTO THUIIOB

10. Kakue npenmMy1iecTBa 1 0COOEHHOCTH MCIIOJIb30BaHMSI HACOCOB B TYpOMHHOM PEXKHUME

11. C yueroM Kakux (pakTopoB BeIOMpaeTcsa MecTopacnoioxenne MUKpol DC Ha MECTHOCTH

12. B ueM pa3nuuue MexXJly CTaTU4ECKUM U JUHAMUYECKUM HallOpoM M KaK OHU
OTIPEeIAIOTCS

13. IlpakTUyeckre METOIBI ONIPEACIICHUS PAcX0/la BOJOTOKA

14. B ueM COCTOUT MPUHIUI aBTOOAIJIACTHOTO PETYJIMPOBAHUS TAPAMETPOB JIEKTPOCTAHIIHH

15. IlpuBenuTe npuMepbl CXEMHBIX PELICHUHN aBTOOAJIACTHBIX CUCTEM CTa0WIIN3ALMU U
JaiiTe UM CPaBHUTENbHYIO XapaKTEPUCTUKY

16. ChopmynupyiTe JOCTOMHCTBA U HEJOCTATKH YAaCTOTHBIX U TOKOBBIX CHUCTEM
cTadbuwIn3anuu

17. Kakumu (hakTopamu OTpeIeisieTCss MOTPEITHOCTh CTAOMITN3AIUN BBIXOTHBIX
anekTpuueckux napamerpos Mukpol OC npu pa3oBoM ynpaBieHUn

18. IIpu noMomM Kakux TEXHUYECKUX PELIEHUH MOKHO YMEHBUINTD BEIMUMHY HEIIMHEHHBIX
uckaxxeHuil HanpspkeHust MUKpol DC ¢ (a30BbIM peryupoBaHUuEM

19. HazoBuTte 1OCTOMHCTBA M 0071aCTh MPUMEHEHHUS YACTOTHBIX CUCTEM CTaOWIIN3aINN

20. TTo xakoMy NPUHIIUITY CTPOSTCS aBTOOAIIACTHBIE CUCTEMBI C TUCKPETHBIM
peryMpoBaHUEM MOIIHOCTH 0aslaCTHOM Harpy3ku

21. Kak BbIOMpaeTcs pallmoHaIbHOE KOJIMYECTBO I03MPOBAHHBIX CTYNEHEN OaniacTHOM
Harpy3Kd U UX HOMHHAJ IPU JUCKPETHOM PEryJIUPOBAHUU

22. IlpuBenuTe CTPYKTYPHYIO CXEMY U OOBSCHUTE alNTOPUTM paboThl IU(GPOBOTO PErynaTopa
YaCTOTBI

23. Ha yem ocHOBaHa METOAMKA OLIEHKH 3((HEKTUBHOCTH MPUMEHEHUS HETPATUIIMOHHBIX U
BO300HOBJISIEMBIX HICTOYHUKOB SHEPTUU JJIS JJIEKTPOCHA0KEHHUSI aBTOHOMHBIX 00BEKTOB

24. HazoBuTe KpuTepuu OlleHKU P PeKTuBHOCTH puMeHeHuss BUD ams anekTpocHaO) eHUs
ABTOHOMHBIX MTOTpeOuTENCH

25. Tlo KakuM MOKa3aTensx OMpelestOTCs KPUTEPUU TEXHUIECKONW U IKOHOMUYECKOM

s dexkruBHOCTH MEKpOl DC

W=

e A
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