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B crathe packpbhIBaOTCS MPEUMYIIECTBA MAlIOW JHEP-
TCTUKH B CPABHCHHH C IPYTUMHU BO30OHOBIISIEMBIMHU
UCTOYHUKAMU 3Heprun. [1oka3aHo, 4TO MIUPOKHE Mep-
CIIEKTUBBI packpbiBaroTcs epea muau (100 — 1000
kBT) 1 Mmukporuaposnekrpocraniusamu (o 100 kBT)
TIPY MCTIOJIb30BaHUH UX B TIPEATOPHBIX U TOPHBIX paii-
oHax. [Ipu 3TOM, KOHCTPYKIIHS THIPOIIEKTPOCTAHLIUN
PYKaBHOTO THIIa UMEET yIy4IIeHHbBIE SKCIUTyaTallluOH-
HO-TEXHHYECKUE XapaKTEPUCTHKH CPEIH PYTUX TH-
OB DJIEKTPOCTAHINI MaJoif SHEpTreTHKU. B cTaTtbe
MPUBEJICHBI OCHOBHbBIC aHATUTUYCCKUAC BHIPAIKCHHS
JUTSL pacdéTa MOIIIHOCTH TeHEPaTOPa THIPOIICKTPO-
CTaHIIUU U IOCTPOCHEI rpayUIeCKHe 3aBUCHMOCTH
MOIITHOCTH T€HEpaTopa OT HAIlopa U PAcX0/1a BOJIBL.
JUis ynydineHus XapaKTepPUCTHK MAJTBIX THAPOIIICK-
TPOCTAHITUH MTPEIOKEHO B UX KOHCTPYKIUH HCIIOIb-
30BaTh HEPETYJIUPYEMYIO THIPOTYpOUHY U OECKOH-
TaKTHBIH aCHHXPOHHBIA T€HEpaTOp, IIPU ITOM, CTaOu-
JIM3AIHI0 HATPSDKEHUS M YaCTOTHI TOKA OCYIIECTBIISTh
HETIOCPEICTBEHHBIM IIPeodpazoBaTeieM 4acToT. B
3aBHCHUMOCTH OT TPeOOBaHUI MOTpeOUTENCH K HAIEK-
HOCTH JJICKTPOCHAOXKCHUS U KAUECTBY IJICKTPOIHEP-
THH TIPEJITOKEHBI HECKOJIBKO BApPUAHTOB CTPYKTYPHO-
CXEMHBIX PCIICHUH aBTOHOMHBIX CUCTEM DJIICKTPO-
CHa0XCHUS, BRITIOJTHEHHBIX C UCIIOJIE30BAaHHUEM MaITbIX
THIIPORIICKTPOCTAHIHHA. [Ipn 3TOM, 3HAYUTENHFHO TO-
BBICUTCS () (PEKTUBHOCTH TAKUX CHCTEM €CIIH OHH 0Y-
IyT UCIIONIB30BATHCS C IPYTHMHU THIIAMH BO30OHOBIIS-
€MBIX HCTOYHHKOB, K IIPUMEPY, C BETPOIICKTPHUe-
CKUMH WM COTHEYHBIMH 3JIEKTPOCTAHIHAMHU

Knrouessie ciioa: TUIPOSJIEKTPOCTAHIIN A,

BO3OBHOBJIAEMbIE MCTOYHMKU SHEPT'UH,
ACHUHXPOHHBIU TEHEPATOP

http://ej.kubagro.ru/2015/08/pdf/68.pdf

UDC 620.075.8
Technical sciences

PROSPECTS OF SMALL HYDROPOWER
PLANTSIN THE PIEDMONT AND MOUNTAIN
STREAMS

Grigorash Oleg Vladimirovich

Doctor of Engineering sciences, professor, head of the
chair, grigorasch61 @mail.ru,

RSCI SPIN-code: 4729-2767

Kvitko Andrey Viktorovich
senior lecturer
9061870011 @mail.ru, RSCI SPIN-code: 4151-8088

Popuchieva Maria Aleksandrovna
student, grigorasch61 @mail.ru
Kuban State Agrarian University, Krasnodar, Russia

The article reveals the advantages of low energy in
comparison with other renewable energy sources. It is
shown that broad prospects are visible for small (100 -
1000 kW) and micro hydropower plants (up to 100
kW) when used in the foothill and mountain areas. At
the same time, the construction of hydropower plants
of sleeve-type has improved the operational and tech-
nical characteristics, among other types of small-scale
power plants. The article presents main analytical ex-
pressions for calculating hydroelectric power generator
and it has built graphic dependences for the power
generator of pressure and water flow. To improve the
performance of small hydroelectric power plants we
have proposed using unregulated water turbine and
non-contact induction generator in their construction,
thus, we could stabilize voltage and frequency directly
by the frequency converter. Depending on the re-
quirements of consumers to power supply reliability
and electricity quality, we have offered several options
for structural and circuit solutions of autonomous sys-
tems of electrosupply, made using small hydroelectric
power plants. Thus, we can greatly enhance the effi-
ciency of such systems if they are used with other
types of renewable sources, such as windfarms or solar
power plants
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Texnnueckuid pecypc (IoreHmuan) maielx pek Poccum oneHuBaercs
382 muapa kBT 4 B roj, a CTENEHb UCIOJIb30BAaHUSI 3TOrO MOTEHIMAIa COCTaB-
aseT npuMepHo 2,2 mupa kBT 4 B roa (00bEM mpousBojsicTBa MasibiMu ['OC
Poccun) [2].

Y CTaHOBUTh 3KOHOMUYECKUN THIPOIHEPTETUYECKUN NOTEHIMAT MAaJIbIX
pEeK BecbMa 3aTPYJHUTEIBHO HU3-32 OTCYTCTBUS TEXHUKO-DKOHOMHYECKHUX ITOKA-
3aTesiey, MPUPOAHBIX U CTPOUTEIBHOXO3SMCTBEHHBIX YCIOBUM COOPYKEHUS Ma-
aeix I'9C (MI'DC). U3BecTHa npuOIM3UTENIbHAS OLIEHKA YKOHOMHUYECKOTO I10-
TeHIMaJa (pecypca), COCTABIISIIONMIAS OKOJIO 55% TEXHUYECKOTO T'MAPONOTEHIIN-
aina [3].

Bozo6nosnenue unrepeca k MI'OC o0ycnoBieH caeayOUMMU IPEUMYy-
LIECTBAMU MaJIOM YJHEPTETUKH.

1) CoBpemMeHHasi THAPO3HEPTETUKA 110 CPABHEHUIO C IPYTMMHU TpPaIULU-
OHHBIMH BUJIaMH JIEKTPOIHEPTETUKH SIBIIETCA HanboJiee SKOHOMUYHBIM U KO-
JIOTHYECKH O€30MacHBIM CIIOCOOOM MOJTyUEHUs dJIEKTpodHepruu. Mamasi ruapo-
JHEpreTHKa UIET B 3TOM HallpaBJIEHUU elle nanbiue. Hebompiime anekrpocTaH-
U TO3BOJIAIOT COXPAHATh NPUPOJHBIM JIaHAMIA(T, OKPYKAIOLIYI0 Cpely He
TOJIBKO Ha 3Talle 3KCIUIyaTallud, HO U B Mpouecce cTpoutenascTBa. [Ipu mocie-
JYIOIIEH dKCIUTyaTaluy OTCYTCTBYET OTPHULIATEIILHOE BIMSHUE HA Ka4eCTBO BO-
JIbl: OHA IOJHOCTBIO COXpaHSET MEepBOHAYAIbHBIE TPUPOJHBIE CBOMCTBa. B pe-
Kax coxpaHsercsi ppl0a, BOJAa MOXKET HCIOJIb30BATbCA AJI BOJOCHAOKEHUS
HACEJICHUS.

2) B ominume oT Apyrux 5KOJOTHYECKH Oe30MacHBIX BO300HOBIISIEMBIX
VICTOYHHUKOB JJIEKTPOIHEPIUHU — TAKUX, KaK COJHIIE, BETEp, — MaJlasg TUIPOIHEP-
reTHKa MPAKTUYECKU HE 3aBUCHUT OT IMOTOAHBIX YCIOBUH M CIIOCOOHa obecrie-
YUTHh YCTOWYUBYIO MOJa4y JELUIEBOM 3IEKTPOIHEPTHUH MOTPEOUTEITIO.

3) BeicTphlii Iporpecc B 00JaCTH CO31aHUSI MUHUATIOPHBIX aBTOHOMHBIX

SJICKTPOHHBIX YCTpOﬁCTB II0 KOHTPOJIKO KW PCTYJIUPOBAHUIO TCXHOJIOTHYCCKHX

http://ej.kubagro.ru/2015/08/pdf/68.pdf
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MPOILIECCOB, B TOM YHCJIE U MO JUCTAHIMOHHOMY YIIPABJIECHUIO MaJbIMU THAPO-
reHepaTopamu, pabOTArONIMMHU B CETH WJIH aBTOHOMHO.

OcHoBHbIMU TpoOsieMamu BHeApeHus MI'DC sBASIOTCS OTHOCHTENBHO
BBICOKasi C€0ECTOMMOCTh 000PYI0BaHUS U CTPOUTEIIbHO-MOHTAXKHBIX padoT.

CroumocTts ruapoarperatoB MoHocThi0 cBbiiie 100 kBT B 3aBucuMocTu
oT Hamopa coctaBisieT 200 — 400 gon. 3a 1 kBT ycTaHOBJIEHHONH MOIIIHOCTH.
Croumocts coopyxenuss MI'DC «moxa kmou» coctasisier oT 100 no 400% x
CTOMMOCTH O0OPYIOBAHMS B 3aBUCUMOCTH OT THIIa COOPYKEHHUSI U KOJUYECTBA
arperaTtoB Ha CTaHIUU.

[lepcrieKTUBHBIM HAMpaBJICHUEM SIBIIAETCS NpuMeHeHue munu ['9C momi-
HocThiOo OT 100 mo 1000 kBt u muxpo I'DC, momHocteio 10 100 kBT (manee
MxkI'3C), Ha pekax B IPEArOpHBIX M FOPHBIX paiioHax, Tae cam JaHamadT co-
3/1aeT HEOOXOMUMBIN HATOP BOJBI, YTO 3HAYUTEIHHO CHIDKAET KaIUTAJIOBIOMKE-
HUSI U CTOUMOCTb COOPYKEHHUS TAKUX AJIEKTPOCTAHLMN B 2-3 pa3a HUXKE B CPAB-
Henun ¢ MI'OC.

Pacuétel nokazanu, yto 3aTpaThl Ha cTpouTeabcTBO MKI'DC okynarcs 3a
3,5 — 5 ner. Ilo nporuo3am uepe3 3 — 4 roga CTOMMOCTb AIEKTPOIHEPIHUH, TO-
JTy4aeMoU OT TPAIUITMOHHBIX UCTOYHUKOB SHEPTUH, YBEIUUUTHLCS 00jiee ueM B 2
pa3a, noatoMy nepcrektuBbl MKl 9C oueBUIHBI.

[lepcrieKTUBHBIM  SBJISIETCS HAIPABICHHE YIPOILICHUS KOHCTPYKIIUU
MkI'DC, mpexie Bcero, 3a CYET UCIOIBb30BAHUS HEPETYJIUPYEMBIX THIPOTYP-
OMH, a CTAOWIIM3AIUIO TEHEPUPYEMOM 3IEKTPOIHEPTHHN OCYIIECTBIIATh, UCIIONb-
3ys cTaThudeckue (MOJIyIIPOBOAHUKOBBIC) PETYJSATOPHI, U MPEXAE BCEro, HEMo-
CpeACTBEHHBIX IpeobdpazoBarenei yactotel (HITY) [1, 11].

N3BectHO, yTo MKI'DC 1o kiaccudukanuu pa3aessroTcss B 3aBUCUMOCTH
OT TIPUHITUIIA UCTIOJIL30BAHUS MPUPOIHBIX PECYPCOB, M, COOTBETCTBEHHO, 00pa-
3yrouleics KOHIEHTPALUN BOJIBI.

Haub6onee npoctsie u TexHonornyabie MkI'DC pykaBHOTO THIla KOTOpbIE

3¢ }EKTUBHBI JJIs1 UCIIOIB30BAaHUS Ha MPEATOPHBIX U TOPHBIX y4acTKaX peK Co

http://ej.kubagro.ru/2015/08/pdf/68.pdf
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3HAUYUTENbHBIMU YKJIOHAMU JTHA PEKU U OOJBIIMMU CKOPOCTAMHM MOTOKa (pUCY-
HOK 1). Hanop Ha Takux I'DC co3aaeTcs 3a cueT NPOKJIaJKU HAIOPHOTO PyKaBa.
PykaBupie ['DC mpocThl B yCTAaHOBKE M HE TPEOYIOT COOPYKEHHS IUIOTUHBI U
s3panus ['9C. X M0OKHO nmepeMenaTh ¢ OTHOTO MECTa Ha JIPyroe, MOHTUPOBATh
32 HECKOJILKO YaCOB U C MAJIBIMHU TPYA03aTpaTaMU.

MkI'DC co cBOOOJHOMOTOYHBIMU TUAPOTYPOUHAMH HCIOIB3YIOT CKO-
POCTHOM HAMOp TEYEHUS BOJBI U HE TPEOYIOT BO3BEICHUS CIEIIUATBHBIX THIPO-
TexHU4Yeckux coopyxeHui. B Takux MkI'DC ucnonb3yrTcs TUIPOTYPOUHBI
pAa3JIMYHOIO TUIIA: OCEBBIE, KapyCeybHbIC, TUPIAIHAHBIE (pucyHOK 2). MKI'OC co
CBOOOTHOTIOTOYHBIMH TYPOWHAMH BBITIOTHSIOTCA KaK C BEPTUKAIBHBIM, TaK U C

TrOpU30HTAJIBHBIM PACIIOJIOKCHHUEM OCH BpalllCHUA BaJia Typ6I/IHBI.

]
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Pucynok 1 — Konctpykius MkI'DC pykaBHoro tumna: 1 — Bogo3abopHOe YCTpOii-
CTBO; 2 — KaMEHHas WM J>KeJIe300€TOHHas IUIOTHHA; 3- TpyOompoBoa; 4 — MHKpPO-
TypOuHa; 5 — reHeparop; 6 — cTabUIN3aTOp HANPSHKCHHUSI; 7 — BBIBOABI JISI TIOKITIOYCHHUS
notpeOuTeneii; 8 — BOJOBBITYCK.

CBOOOMHOTIOTOYHBIE TYPOUHBI UMEIOT CJICITYIONTUE HETOCTATKU: OObIIHE
pa3Mepbl TypOWHBI, W3-3a MajoOr0 HMCIOJB30BaHUS HAIMOpPa, U COOTBETCTBEHHO
TeHEPUPYIOT HEOONBIIYI0 MOIIHOCTh; CYIIECTBYET OMACHOCTh UX pa3pylICHUS

BO BpPCM: IMaBOJKOB U JICAOXOJA.

http://ej.kubagro.ru/2015/08/pdf/68.pdf
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OcHoBHBIMU HampasiieHUsIMU ucnofib3oBanuss MkI'OC sBnsercs obecrie-
YEHHUE DJIEKTPOIHEPTHEH BO3JIE TOPHBIX M MPEATOPHBIX PEK KEMIUHTOB, KOTTE-
JIKEW, KOTOpbIE yJaleHbl oT 3HeprocucteM. [lostomy aBToHOMHBIE MK IC cmo-
COOHBI PEHIUTh MPOoOIeMy AIeKTpocHaOKeHUs. DPGHEKTUBHOCTh CTPOUTEIILCTBA
MxI'DC onpenensieTcs B CpaBHEHHH 3aTpaT Ha UX CO3JIaHHE C 3aTpaTaMy Ha allb-
TEPHATUBHOE AJIEKTPOCHAOXKEHUE C HMCMOJIb30BAaHMEM BO3AYLIHBIX MM KaOellb-

HBIX JIMHUU 3JIEKTPONEPEAAUH, a TAKKE AU3EIbHBIX AeKTpocTaHuui (J19C).

/
2 3

Pucynok 2 — KoHcTpykius cBOOOAHOMOTOYHBIX MUKPO-I'IC: a) ¢ oceBoii ruj-
poTypouHOii; 0) ¢ Tuaporypounoii [lInaiinepa (1 — moTok BoAbl; 2 — mepBas CTYNCHb
HAIpaB/IOIIMX JIONATOK; 3 — mepBas CTYyNEHb JonacTeil; 4 — BTopas CTYIEHb
HANPAaBIAIONIMX JIONATOK; 5 — BTOpasi CTYNEHb JonacTeil; 6 — mpuBoAHas 1enb; 7 —
TPEThsl CTYNEHb HANPaBIIAIONINX JIONATOK; 8 — OTcachIBaromas Tpyoa); B) ¢ TypOUHOM
KapycenbHoro tuna (1 — TypOuHa KapycenbHOT0 TUTIA; 2 — TUIOT JJISI KPETUICHHS DJICK-
TPOMEXAHUYECKOTO Y371a; 3 — MYJIbTHIUTUKATOP; 4 — reHeparop; 5 — 3IIEKTPOKaOeb,
CBSI3BIBAIOIINN T€HEPATOP YCTAHOBKH C MOTPEOUTEIIEM).

http://ej.kubagro.ru/2015/08/pdf/68.pdf



Hayunsrit xypran Kyol'AY, Nel112(08), 2015 roga 6

BaxxHbpIM siBisIeTCS BOIIpPOC pacuyéra MOIIHOCTH BOJHOIO MOTOKA U COOT-
BETCTBEHHO reHeparopa anektposneprun MkI'DC. M3BecTHO, yTO paboTa BoOI-

HOT'O IIOTOKA HEIPEPBIBHA 3a CUHCT HCIIPEPLIBHOCTHU pacxoga Q . 9HCpFI/I}I BOJEI,

WIM TUAPABIAYECKAS DHEPTUS, HEMPEPHIBHO BO300HOBISETCS KPYTrOBOPOTOM
BOJIbI B PUPO/JIE€ (MCITApPEHUE C MOBEPXHOCTU MOPEN U OKEAHOB, KOHAEHCALUS U
BBINIQJICHUE OCAJIKOB, KOTOpbIE COOMPAIOTCS B PEKaxX M CHOBAa BO3BPAIIAOTCS B
MOps U OKeaHbl). KpyroBopoT BOABI B MPUPOJE MNPOUCXOIHUT MOJ ACUCTBUEM
conHeyHou sHepruu. ClenoBaTeNnbHO, MCHOJIB30BAHUE BOJHOW JHEPTUU €CTh
OJIHOBPEMEHHO U UCIOJIb30BAaHUE HEMPEPHIBHO BO30OHOBIISIEMOW SHEPIUU
Connua.

B pycnax pexu Macca BOJbI O] IEUCTBUEM CHUJIbI TSIKECTH MEPEMEIIACT-
C4 C BBICOKMX OTMETOK Ha HU3KHE. TeKyllas BoJla HENPEPHIBHO COBEPIIAET pa-
00Ty, TepsAst SHEPTHIO HA MPEOJIOJICHUE CHJI TPEHUS MEXIY YaCTHUIIAMUA BOJbI H
ME¥XKly BOAHBIM IOTOKOM U PYCIIOM.

CrnenoBaresibHO, BCAKUNA BOJOTOK SIBJSIETCS. HOCUTENIEM AHEpruu. s To-
ro 4ToObl OMNpEeAeIUTh €€ YUCICHHOE 3HAUYEHHE PACCMOTPUM IMPOU3BOJIBHBIM
y4acTOK peku Mexay crBopamu I — I wu Il — Il nnuHON L ¢ pa3HOCTHIO OTMETOK

BOJIbI B Hauase U KoHle yyactka 4 — b = H (pucyHok 3).

Pucynok 3 — CxeMa K onpeiesIeHII0 MOIIIHOCTH BOJHOTO MTOTOKA

http://ej.kubagro.ru/2015/08/pdf/68.pdf
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Beinenum Manbiii pparMeHT y4acTka peku Mexay cedeHuem [ — [ u 2 — 2
JUIMHOM [, B TIpesiesax KOTOPOTO COXPAHSIOTCA MOCTOSIHHBIMU YKJIOH, CPEIIHSIS
CKOpOCTh TeUeHUsI BOAbl V M Iuiomaab >XMBOro cedeHus S. O0bEM BOIbBI Ha

yuacTtke [ Oyaer S/, amacca BOJbI
m = pSl, (1)
I7€ p — IJIOTHOCTH BOJBI.
3a IpOMEXYTOK BpEMEHHU df 3J€MEHT [ CWIOBOM BIIeYEHUS BOIBI p g5/
CMECTUTCS BIOJIb pycia Ha BEIMUHMHY ds = Vdt, a LEeHTp NPHUIIOKEHUS CHIIbI
TSKECTU B BEPTUKAJIbHOM HAIPABJIEHUU CMECTUTCSL HA PACCTOSIHUE
dSsina =Vdtsina. (2)
Pabora, coBepiiaemas cuiaol TSKECTH 3a BpeMs dt, OyJIeT OnpenesThes
no popmyse
dA = pgSlVdtsina. (3)

MolHOCTh BOJHOTO MOTOKA B Ipeesnax /, T.e. padoTa B €IMHUIYY BpEMEHU
dA :
dN =d—=,0gSlthsma' = pgQdh, (4)
!

rae Q =SV — pacxon Boabl B peke; dh =1[sinQ — npoekuust IJIMHBI HA BEPTH-
KaJib (3JIEMEHTapHBIN HAIop).
MoIHOCT, BOAHOTO MOTOKAa HAa Yy4YacTKe L CKIIAJbIBAETCSI U3 CYMMBI

MOIIHOCTEN (hparMeHToB, T.€.

H
Nyy :J-,Odeh:ngH,Bm’ (5)
0

raep = 1000 ko/w’; g = 9,81 m/c’.
Toraa MOIIIHOCTH BOJAHOTO IOTOKA B KBm
N,, =9,810H. (6)
DHeprus BOAbI HA YYaCTKE PEKH, T.€. paboTa B TeUeHUE BpeMeHu T 4acos,

BbIpaKEHHAs B kBm u, OyJeT onpeaensaThes o popmyie

http://ej.kubagro.ru/2015/08/pdf/68.pdf
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Oyy = NyyT. (7)

®opmynsl (6) 1 (7) BeIpaKAIOT MOTEHIUAIBHYIO MOIIHOCTh U DHEPIHIO

BOJHOro moToka. [lonHOCThIO MCnonb30BaTh 3Ty 3Heprur0 Ha MI'DC HeBo3-

MO>KHO, OHa OyJIET MEHBIIIE 3a CUET TOTEPh SHEPTUU B COOPYKECHUSX, TIOIBOIS-
HIMX BOJY K TYpOMHaM, B caMUX TypOMHAX U TeHepaTopax.

CrnenoBatenbHO, MOITHOCTH TypOuHb MI'OC
N, =9,810Hn,, (8)
rae /7t — KIIJI typOussL.
3navyenue KIIJ] TypOuHBI 3aBUCHT OT €€ KOHCTPYKLIUHU, Pa3MEPOB U H3Me-

HACTCA IIPpU UIBMCHCHHUH HArpy3KH.

DnekTpudecKas MOUTHOCTh F'€HEpaTopa 3JIEKTPOIHEPTUU

PFEH :NT,7FEH :9’81QH,7T,7FEH' (9)

Ha pucyHnke 4 npusenensl 3aBucumoctu MomHoctd MkI'OC ot pacxona

(Q) u namopa (H) Boasl. Kak BugHO U3 pucyHka 4 HauOosee 3¢h(PEeKTUBHBIM

HanpaBJieHUEM siBisieTcs: pazpaboTka MkI'DC Ha MpeAropHsIX U TOPHBIX peKax,

MOCKOJIbKY HAIop BOJBI CO3JAETCsl €CTECTBEHHBIM O0pPa30M, UYTO 3HAYUTEIIHHO
YMEHBUIAECT KAIIUTAJIOBIIOKEHUSA B CTPOUTEIILCTBO.

Hins MkI'DC, coapepkamiue HeperyiupyeMmble TypOUHBI, pacxoi BOJbI

ompenenseTcs mo Gopmyie

O=u, 5, QqlH, (10)
1

Hr = ,7A|]+£ ’ (11)
D T

rae U, — Ko3hGUIMEHT pacxo/a MOABOAAIIETO TPyOOmpoBOAa; S, — TJIOMIATh
KaMepbl pabodero kojeca; A— KOIPQPUIMEHT NMUTaHUS; [ 1 D— JUIMHA U JHa-
METpP MOJBOJALIETO TPYyOONpoBoaa; &, — KOIDPUIUMEHT CONPOTUBIEHUS TPYOO-

IPOBO/JIA.

http://ej.kubagro.ru/2015/08/pdf/68.pdf
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P, kBm
400
300
200
100 ’//r
‘ﬁf’/’ 1 2 3 4
o 1 2 3 4 5 6 7 8 9 10 I1I  Qume

Pucynok 4 — 3aBucumoctu mouHoctd MkI'DC (P) ot nanopa (H) u
pacxona (Q) Bonbl mpu 3HaueHusx KIIJ rugpoarperara 17 =0,65-0,75

Kak u3BectHO yactoTa BpameHus Typoun MkI'DC npuMeHseMbIX B rop-

HBIX U TPEAropHbIX pekax Haxoautcs B mpenenax 100-300 o6/mun. ITosTomy

oJlHa U3 0COOEHHOCTEH paboThl reHepaTopHbIX y3710B MKI'DC sBisiercst mpume-

HEHHUE B MX KOHCTPYKLUU MYJIbTUIUIUKATOPOB (PEIYKTOPOB YaCTOTHI BpAILIEHHU)

WJIN KUCIIOJIb30BAHNE MHOTOMOJIOCHBIX T€HEPATOPOB C YUETOM, UTO YACTOTA TOKA
B Poccun f =50 'y u onpenensiercs o hopmyiie

f= pln

60

rac p — 4uciio 1map mnojJroCOB reuHepaTropa; n — 4acToTa BpallCHUA Bajlad Typ6I/IHBI.

(12)

B oreuectBeHHO# U 3apyOexxHOM npaktuke Ha MkI'DC mis mpeobpaso-
BaHMs MEXAHUYECKON DHEPIUU B DJICKTPUUYECKYIO, KAK IPABWIO, UCIOJIB3YIOTCS
CUHXPOHHBIE T'€HEPATOPhI, PEXE T'€HEPATOPbl NOCTOSHHOIO TOKAa W ACUHXPOH-
Hble renepatopsl (Al) [4, 11].

C ynydmeHueM 3JeKTPOTEXHHUYECKUX XapaKTEPUCTUK MOJYyNPOBOIHUKO-
BbIX MPHOOPOB M KOHACHCATOPOB, HEOOXOAMMBIX 15 Bo30yxnaenus Al B
HACTOSIIIee BPEMSI OTPAHMYEHHUS IO UX NIPUMEHEHUIO MPAKTUUYECKU CHATHI. Kpo-

M€ TOTO, AI' uMEIOT BBIIIIE MOKa3aTesIu HaJC)KHOCTH B CPAaBHCHHU C CHUHXPOH-
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HBIMHU T€HEpaTOpaMU U YCTPOMCTBA BKIIOUEHHUS HA MapaJICIbHYI0 padoTy Tak-
K€ UMEIOT YIPOILEHHYIO KOHCTPYKIHIO [S].

B nacrosiiee BpeMs OT€UeCTBEHHOM M 3apyOe’KHON MPOMBIIUIEHHOCTHIO
MkI'DC ocHamarmTcs CUCTeMON ¢ OaJlJIaCTHOM HArpy3KoM, MpeaCTaBIISIFOIIEH
coboii Habop HarpeBaTeNbHBIX AJIEMEHTOB T.€. aKTUBHOM Harpy3koi. bamiactHas
Harpyska 1mo3BoJjisieT 00ecrneynBaTh CTAOMIN3AIMIO TOTPEOIIEMON MOIITHOCTH OT
reHepaTopa, a TakKe MOJIEPKUBATh TPeOyeMyl0 YacTOTy U YPOBEHb HampsiKe-
Hust ['DC. OnHako OanacTHas Harpy3ka 3HAYUTEIBHO YCIOKHSAET KOHCTPYKIIUIO
MxkI'DC u nonmxkaet e€ mokaszarenu Haaéxaoctu u KIIJI coorBercTBeHHO [7].

JInst cHUKEHUs 3aTpaT Ha KalWTAJTOBIOKEHUS U KCIUTyaTalUIO 3JIEKTPU-
yeckor gyactu MkI'DC B cuctemax CTaOWIM3AIMU HAMPSKEHUS U YaCTOTHI Iie-
J€Co00pa3HO MPUMEHSITh HETPAAUIIMOHHBIE TEXHUYECKUE PEIICHUs] THApoarpe-
ratoB. B 4acTHOCTH, SKOJOTMYECKU BBITOAHO SIBISAETCS MPUMEHEHUE MYJIbTHU-
IUTMKATOPOB JIJISl YBEJIMUEHHUS YACTOThl BpalIEHUs] TYpPOUHBI C OJTHOBPEMEHHBIM
MOBBIIEHUEM YKCJIA TIAp IMOJKOCOB I'€HEpAaTopa. DTO MO3BOJSET UCKIIOUNATH U3
KOHCTPYKIIMU OayUIaCTHYIO HArpy3Ky M IMPUMEHSTh HEMOCPEACTBEHHBIE MPE0O-
pazoBarenu uactoThl (HITY), cnocoOHBIX OJHOBPEMEHHO CTAOMIM3UPOBATH
HaIpsHKEHUE WM 4YacTOTy TOKAa HE3aBUCMMO OT M3MEHEHHMS YacTOThl BPAILCHUS
TUAPOTYPOUHBI, BEIMUMHBI U XapakTepa Harpy3ku [6, 11].

B 3aBucumocTtu ot TpeboBaHMI moTpeduTeneil K HaAEKHOCTH IJIEKTPO-
CHa0XXEeHMS, K Ka4eCTBY 3JIEKTPOIHEPTUU M POy ToKa, cxeMbl MK DC moryT
UMETh CTPYKTYpHI, MPUBEICHHBIC HA pUCYHKE 5. Eciu motpedbutenu He TpeOyroT
OecriepeOoItHOTO ANEKTPOCHAOKEHHSI, TO MHBEPTOPHI U 1 akkymynaropHbie Oa-
tapen AB MOryT OBITh MCKJIIOYEHBI U3 CTPYKTYPHBIX CXe€M (CM. PHCYHOK J).
Kpome Toro, st moBbIIIEHUSI HAIEKHOCTH 3JIEKTPOCHAOXKEHUS K OOUIUM IIH-
HaM MOTYT MOAKJIIOYAThCS BETPOIJIEKTPUUECKUE CTAHIMHM (PUCYHOK 5, a, 0) H
COJIHEUHBIE (POTORIEKTPUUECKHE CTAHIINH (PUCYHOK 5, B).

Takum 00pa3omM, NMEPCHEKTUBHBIM SIBJIIETCS HaIlpaBieHUE pa3pabOTKU U
BHEJIPEHHS B IPEATOpHBIE U ropHble paiioHax MkI'DC, 4To mo3BOJIUT HE Hapy-

11asi SKOJIOTHYSCKOM 00CTaHOBKH YMCHBIIUTD ,Z[C(I)I/IHI/IT QJICKTPOSHECPIUH.
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Pucynok 5 - CrtpykTypHBIE cXeMbl MHHU- U MUKpO-1'DC, rae o6o3Haye-
Ho: I'T — ruaporypouna; I' — GeckoHTakTHBIA TeHepaTop, Al wim CITIM;
HITY — HenmocpeacTBeHHBIN npeodpa3zoBarenb yacTtoTel; TBb — Tpancdopma-
TOPHO-BBITIPAMUTENBHBIN 010K; M — nnBepTrop; Ab — akkymynsTopHas Oata-
pest; B — Bempsmurens; 1, 2 U 3 — BEIBOJBI IS MOJAKIIOYCHUS TOTpeOUTENEH
MEPEMEHHOT0 CTaOMIIBHOIN Y4acTOThI, MOCTOSHHOTO TOKa U MEPEMEHHOT0 TOKa

He CTaOMJIBHOM YaCTOTHI COOTBETCTBEHHO.
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