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BBEJAEHHUE

Axkmyanvnocms memul ucciedosanus. B Hacrosee Bpemsi B Poccum HacUUThI-
Baetcs 6osee 300 Toic. pepmepckux X0o3gicTB, B ToM uncie B KpacHomapckom kpae 60-
nee 30 ThIC. pa3IMYHBIX HAMPABIEHUI MPOU3BOACTBA, U UX KOJUYECTBO €XKETOJHO yBE-
nnuuBaercs. [Ipu 3ToM 10511 TPOM3BO/ICTBA OBLIEBOJUECKON MPOAYKIIUUA HAa Majibie dep-
Mepckue xo3siictBa (M®DX) u mrunbie noacoOubie xo3siictBa (JITIX) cocraBuser 84 %.
s appexTuBHOTO (HYHKIIMOHUPOBAHUS ATUX XO3SIHCTB HEOOXOAMMO HE TOJIBKO SHEPro-
o0ecrieueHne TEXHOJOTMYECKUX MPOLIECCOB, HO U CO3JaHNe KOM(POPTHBIX OBITOBBIX yC-
JIOBHI 00CITY’KHBAIOIIEMY IEPCOHAITY.

Oco0eHHOCThIO aBTOHOMHBIX MOTPEOUTENEH ANEKTPOIHEPTUU (PEPMEPCKUX XO-
3SICTB SIBJSIETCS TO, YTO OHM PACCPENOTOUYEHBI Ha OOJBIION TEPPUTOPUU U UMEIOT He-
00/bIIyI0 MOIIHOCTb. Kpome Toro, OOJBIIMHCTBO MOTPEOUTENEH 3IIEKTPOIHEPTUU
UMEIOT JJIUTENbHBIE MEPEPHIBBI B 3JIEKTPOCHAOKEHUU. YUUTHIBask 3T OCOOCHHOCTH U
BBICOKYIO CTOMMOCTb JIMHUW 3JIEKTPONEepEaun, AKTyaJIbHbIM SIBJIIETCS HANpPaBIICHUE —
MpUMEHEHUE aBTOHOMHBIX cucteM diekTpocHadxkeHus (ACD). ACD, BBITIOJIHEHHBIE HA
JU3ETIbHBIX M OEH303JIEKTPOCTAHLUAX, MOTPEOSIOMUX HCKOMAeMOe TOIUIMBO, 3HAYM-
TENbHO CHHMKAIOT PEHTAOEIbHOCTh CEIbCKOXO3MCTBEHHOTO MPOU3BOJICTBA M3-3a BBICO-
KHUX DKCIUTyaTallMOHHBIX 3aTpar. KpoMe Toro, mpu paboTe OHM OKa3bIBAIOT OTPHUIIATEIIb-
HOE BO3JICHCTBUE HA HKOJIOTHIO. [lepClIeKTUBHBIM HaIlpaBICHUEM SIBJISIETCS] HCIIOJIb30Ba-
HUE BO300HOBIISIEMBIX UCTOUYHUKOB dHepruu (BMD) Ha TeppuUTOpHUSX C BHICOKUM HX TIO-
TEHIUAJIOM.

Baxxnoe mecto B coctaBe ACO cpenn BUD npuHaamexuT MaabiM BETPOIHEPTETH-
yeckuM yctaHoBkam (BOY) (mo 5 kBT), npuMeHeHHe KOTOPBIX MO3BOJUT YMEHBIIUTh
KOJIMYECTBO JOPOrOCTOSIIIMX HAKOMUTENEH — aKKyMYJISITOPHBIX OaTapeil U MOBBICUTH Ha-
JIeKHOCTh AJIEKTPOCHAOKEHUS] aBTOHOMHBIX MOTpPEOUTENEH 3JEKTPOIHEPTUU. 3HAUM-
TEJIbHBIN MOTEHUUAN JIs1 YJIY4IIeHUs] XapakTepucTuk BOY cBs3aH ¢ MCHOIB30BaHHEM
ACUHXPOHHBIX reHepatopoB (Al'), oTiaMuaromuXcsi BHICOKOM HAJIEKHOCTBIO M CTOMKO-

CTBIO K TSDKEJIBIM yCTIOBHSAM paboThl. OHaKo Ha cerogusauid n1enb BOY na Al He Ha-



[UIA IIHPOKOTO MPUMEHEHHUS B CEJIbCKOXO3ICTBEHHOM IIPOU3BOJICTBE, U3-3a CIIOAKHOCTH
CTaOMJIM3alMH BBIXOIHBIX TapaMeTpoB Al

Pabota BhimonHeHa B cootBercTBuM ¢ muianamu HHUOKP Ky6anckoro 'AY nHa
2021-2025 rr. IT'P Ne 121031700099-1, Tema 32 «O60cHOBaHUE U CO3/IaHUE dYHEPrOcOe-
peraromux aganTUPOBAHHBIX CUCTEM M TEXHOJIOTMI CEIbCKOXO3SIIICTBEHHOTO Ha3Haue-
HUSD.

Cmenens pazpabomannocmu memsl. 3HAUUTENHHBIA BKIAJ B pa3pabOTKy aBTO-
HOMHBIX CHCTEM 3JIEKTPOCHAOKEHHS, BBIMOJHEHHBIX Ha 0a3ze BOY BHecnu yueHsble:
AwmepxanoB P.A., Hukutenko I'.B., I'pudkoB C.B., Kamun A.M., JluBenepkun M.B.,
Benskun B.U., Konomnés E.B., I'puropam O.B., borarsipes H.U., JIykytun b.B., Bo-
ponuH C.M.,CanroB X.C., l{pipyk C.A. u MHOTHE JpyTHE.

[TpobGiiemaTuKOM, CTaBIIEH MPEIMETOM TUCCEPTALIMOHHOTO UCCIIEA0BaHUs, 3aHU-
Manuch yuenbie ['epman-I'ankun C.I'., Kunuc C.M., Kazosckuii E.f., Herymun A.B.,
bapakun H.C., Co6omp A.H., Unbuenko S.A., Kpeiimep A.C., CununpiH A.B.,
Ocpkuna A.C., Banypun B.H., Bpouckuii O.B., I'puropam O.B., I)xennybaes A.-3.P.,
Kynuesuu I1.A, Toponue H./I., @apentok A.Il., @unsu P.B. u npyrue aBTopsl. B ux
MyOJIMKALUSIX PAaCCMOTPEHBI BOMPOCHI paboThl Al' B pa3IMUHbBIX peXUMax, a TaKkKe pac-
CMOTpPEHBI BHEITHUE XapakTepucTuku A" 1 BOmpochl caMOBO30YKIEHUS U CTabMIn3a-
AU HAPSHKEHUS.

Hay4HbIMU HcclieToBaHUSIMU B TaHHOM 00JIaCTH B HACTOSIIIEE BPEMs 3aHUMAIOTCS
y4eHble B 00pa3oBaTeNbHbIX YUpexkaeHusx: CTaBpOIMOJIbCKOM TOCY/IapCTBEHHOM ar-
papHoM yuuBepcutere (r. CraBporoiis); KOxHO-YpaabcKOM rocyIapCcTBEHHOM YHHU-
BepcuTeTe (HallMOHAIBHO-UCCIIeA0BaTeIbCKUil yHUBepcuTeT) (r. Yensaounck); KyOaH-
CKOM T'OCYJIapCTBEHHOM TeXHOJIOrHueckoM yHuBepcurtete (r. KpacHomap) u apyrux.

[IpoOnemMa cOCTOUT B TOM, YTO, HECMOTPsI Ha OO0JbIIOE pa3HOOOpa3ue KOMILIEK-
tanuu ACD ¢ ucnonp3zoBanreM BOY 1 HaydHBIX pa3pabOTOK MOIaHHON TeME, OCTaI0T-
Csl HEJIOCTATOYHO MCCIIEOBAHHBIMU METOJIbI CTAOMIIM3AIMN HANIPSDKCHUST aBTOHOMHBIX
ACMHXPOHHBIX T€HEPAaTOPOB B cocTaBe BOY manoil MomHOCTH Npy BO3IEUCTBUN JIECTA-

Om3upyromux GakTopoB, BOSHUKAIOIINX B MPOIIECCE UX IKCILTyaTaIHH.



Pabouaa zunomesa: ecnu NpoBECTU UCCIEAOBAHHE COBMECTHOW pabOThI BETPO-
JIBUTaTelisl 1 aBTOHOMHOTO Al ¢ BBEJICHHEM aKTHBHOTO COMPOTHUBIICHHS B IIENb BO30Y-
XKICHUS, TO MOXKHO MOBBICUTH CTAaOMILHOCTH paboThl BOY mnpu konedaHUgX CKOPOCTH
BETPa U U3MEHEHUU HArPY3KHU.

Ienvro ouccepmayuonnozo ucciedosanusn agaaemca 00OCHOBAaHUE NAPAMETPOB
U PEKUMOB pabOThI CUCTEMbI CTAOWUIIN3AlUY HAMPSXKEHUS aBTOHOMHOTO Al Ji71st yCTOM-
YUBOTO AJIEKTPOCHAOKEHUS OBIIEBOJUYCCKUX XO3SHUCTB.

3adauu uccneoosanui:

1. TlpoBectu aHanu3 BIMSHUS Ha MpollecC BO3OYXKICHHUS U YCTaHOBHUBIIMMCS
pexuM Al TMHENHON XapaKTEPUCTUKHA €T0 MAarHUTHON CUCTEMBI.

2. Ilpennoxuth croco0 y4yeTa HACHIIEHUS] MarHUTHOM cuctembl Al s paszpa-
OOTKHU aJIeKBaTHOM MaTeMaTUYECKONH MOJEIIH.

3. Pa3zpabotaTh MareMaThyecKHe MOJEIU CHUCTEMbl «BETPOJBHUIATENb — ACHH-
XPOHHBI TE€HEpaTop — Harpy3ka» MPUIUCKPETHOM M IUIaBHOMPETYJIUPOBAHUM TOKa
BO30YyxeHus Al

4. Pa3zpaboTaTh aJITOPUTM pEIICHUS YPABHEHUIN MOJEIIN CUCTEMBI «BETPOJIBUTa-
TeJIb — ACHHXPOHHBIN T€HEPaTOp — HArpy3Ka» CO CTA0UIM3aTOPOM HAIMPSKEHUS IS OTl-
pezeseHus apaMeTpoB U PeKUMOB paboTel BOY.

5. Pa3zpabotaTth GyHKIHMOHATBHYIO M MPUHIUIHUAIBHYIO JIEKTPUUYECKYIO CXEMbI
CTAOMIM3aTOpa HAMPSHKEHUS U aITOPUTM pabOThl CUCTEMBbI YIPABJICHUS CTAOMIIN3ATO-
pom.

6. M3roToBUTH yCTaHOBKY, MPOBECTH IKCIIEPUMEHT U COMOCTABUThH PE3yIbTaThl
MaTeMaTUYECKOr0 MOJIeTMpOBaHus cTabuin3anuu HanpspkeHuss AT ¢ skcnepumen-
TaJIbHBIM UCCIIEIOBAHUEM.

7. TIpoBecTH TEXHHUKO-KOHOMHYECKYIO OIIEHKY I1€J1eCO00pa3sHOCTH MPOU3BOJ-
crBa BOVY, BeimoaHeHHBIX Ha Al 1719 OBIIEBOAYECKHUX XO3SICTB.

Oo0vekmom uccnedosanus SBISIIOTCS ABTOHOMHBIE BETPOIHEPreTUUYECKHUE YCTa-
HOBKH U UX CTaOMJIM3aTOPhI HAMPSKCHUS.

Ilpeomem uccnedosanusn — napaMeTpsl U pekuMbl paboTel BOY u pesynbrarsl

MAaTCMaTHICCKOTIO MOJACIUPOBAHMA.



Memooonozus u memoowl ucciedosanus. B xauecTse METOAOIOTHUYECKON OCHO-
BBl MCIIOJIB30BAJICS CUCTEMHBIA aHAJIN3, MO3BOJISIOIIMMI BBIABUTH JTOCTOMHCTBA U HEJOC-
TaTKH UCCIIENYyEMOTO 00BbEKTa BO BCEX peKMMax ero ¢yHKuuoHupoBanus. Mcxoas us
MOCTABJICHHBIX 33Ja4 U C YYETOM OCOOEHHOCTEH MCCIEeNyeMOro OOBEKTa, UCIIOIb30BA-
JUCh TEOPETUYECKUE M DKCIEPUMEHTANbHBIE METOJbl UCCIENOBAaHUM, 0a3MpYyIOMIUXCS
Ha OCHOBAaX TEOPUHM DJIEKTPUUECKUX IIEMEH, MEKTPUYECKUX MAIIUH U CHJIOBOM Mpeo0-
pPa30BaTENbHOM TEXHHUKHU, METOJA CTATUYECKOM OLEHKH TOYHOCTU PE3YJIbTATOB TEOpE-
TUYECKUX U SKCIIEPUMEHTAIbHBIX UCCIIEIOBAHUM.

Hayunas noeusna uccieoosanuii:

1. Kpurepuun ycroitunmBoro pexuma paOoThl aBTOHOMHOro Al ¢ JMHEWHOH Xa-
PAKTEPUCTUKOW MATHUTHOU CUCTEMBI.

2. MaremMaTn4ecKkne MOJIENIA CUCTEMBI «BETPOABUTATEb — ACHHXPOHHBIN IeHepa-
TOp — Harpy3Ka» IpU JUCKPETHOM M IIJIABHOM PETYJIUPOBAHUM TOKA BO30YXKICHUS.

3. ANroput™m pelIeHHs] YpaBHEHUI MOJEIN CUCTEMBI «BETPOJABUTATENb — ACHH-
XPOHHBII TE€HEpaToOp — Harpy3ka» CO CTaOMIM3aTOPOM HAIPSDKEHUS [l ONpeeseHUs
napameTpoB U PeKUMOB paboTsl BOY.

Teopemuueckaa u npakmuuecKkas 3HAYUMOCHb PAOOMbL:

— KPUTEPUHN YCTOMYMBOTO PEKUMa pabOThl aBBTOHOMHOTO Al" py OTCYTCTBUM Ha-
CBILLIEHNS] MarHUTHOW CHUCTEMBI IOKA3bIBAIOT, YTO BBIXOJHOE HampspkeHHe Takoro Al
OTPaHUYMBAETCS MOITHOCTHIO IPUBOAHOTO JBUTATEIIS;

— CIoco0 ydeTa HACHIICHUS MarHUTHOM cucTemMbl Al', KOTOpPBIN MO3BOJISET CTPO-
UTb aJICKBAaTHbIE MATEMATUYECKUE MOJEIIA CUCTEM PETYIMPOBAHUS €TI0 HAIIPSIKECHMUS;

— Pe3ynbTaThl MaTEMATHYECKOIO0 MOJEIUPOBAHUSI CUCTEMBI «BETPOJBUTATEND —
ACUHXPOHHBIN FeHepaTop — Harpy3Ka» cO CTaOMIIM3aTOPOM HANpPsKEHUS, TO3BOJISIOIINE
aHaJM3UPOBATh MEPEXOAHBIE U YCTAHOBUBILIHECS PEKUMBI IIPU JUCKPETHOM U TUIABHOM
peryJivpoBaHUM TOKa Bo30yxaenus Al

— QJITOPUTM PpabOThl aBTOMATHYECKOW CHUCTEMBbl YIPABIECHUS CTaOUIN3aTOPOM
HanpspkeHus: Al', mo3Bossitoluid pa3pabaThiBaTh MPOTPAMMHBIN KOJI JIJIi MHKPOKOH-
TPOJLIEPA,;

— (pyHKIMOHAJIbHAS U MPUHIMIIHATIbHAS CXEMbI CTA0UIU3AaTOpa HAIPSKEHUS MO-
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I'yT OBITb HCIOJBb30BaHbI MPOEKTHBIMU OpPraHU3ALMSIMHU MPU CO3JAHUU ABTOHOMHBIX
CHCTEM 3JIEKTPOCHAOKEHUSI.

— pe3yNbTaThl TEXHUKO-3KOHOMUYECKOTO 0OOCHOBaHMUSI, JEMOHCTPUPYIOIIHE Iie-
J€CO00Pa3HOCTh CEPUITHOTO TTPOU3BOICTBA U MpuMeHeHus BOY ¢ paspaboTaHHBIM cTa-
OMJIM3aTOPOM HANPSIKEHUS JIJIS1 CENTbCKOXO035IMCTBEHHBIX MPEINPUSTUMN.

TexHuueckass HOBU3HA MCCIEIOBAHUN MOATBEPKACHA MATEHTOM Ha U300peTeHue
P® Ne 2724622 «YcTpoHCTBO CTaOMIM3AlUK HAMIPSKEHUS] BETPOIHEPIEeTUUECKOUN yCTa-
HOBKUY.

Cmenenv 0ocmoseprocmu pe3ynomamos uUcciledo6anuii. JJoCTOBEpHOCTh Ha-
YYHBIX TOJIOKEHUU, BBIBOJOB U PEKOMEHAAIUMN Oa3upyeTcsi Ha CTPOTO JOKa3aHHBIX U
KOPPEKTHO UCIOJIb3yEMbIX BBIBOJAX (DYHIAMEHTAIBHBIX U MPUKIAIHBIX HAYK, MTOJI0XKE-
HUMW, B KOTOPBIX HAIUIA MIPUMEHEHUE MPEIJIOAKEHHBIE aBTOPOM KPUTEPUH YCTONYMBOTO
pexuma paboTel aBTOHOMHOTO Al ¢ TMHEIHOM XapaKTepUCTUKON MarHUTHOW CUCTEMBI,
MaTeMaTUYECKHE MOJIENIN CUCTEMBI «BETPOJIBUTATENb — ACHHXPOHHBIM FeHepaTop — Ha-
rpy3Ka» MpU JTUCKPETHOM U IIJIABHOM PEryJIMPOBAHUHM TOKA BO3OYXKICHUS U allTOPUTM
pELIECHUs] YPaBHEHUI MOJIENIA CUCTEMBI «BETPOJIBUTATEb — ACUHXPOHHBIN I'€HepaTop —
Harpy3ka» co CTaOWUJIM3aTOPOM HAIpPsDKEHUs, a TAKXKE COBIAJICHHEM pe3yJIbTaTOB Ma-
TEMaTUYECKOTO U (PU3HUUYECKOTO MOJICTUPOBAHUS.

Peanuzayun pezynomamos ucciedoeanuii. MaremaTuueckuil anmnapar 1Jis pac-
yeTa rmapaMeTpoB U pexuMoB padoTel BOY manoit momHoctu Ha 6a3ze Al' ¢ KOpOTKO-
3aMKHYTBIM poTopoM, ucnoiszyercs B OOO HTK «Conneunslii uentp» r. Kpacnomap
IpU TIPOSKTUPOBAHWN aBTOHOMHBIX BOY (mpuioxenue A); aqropuTM pelieHUs ypaB-
HEHUM MOJENM CHUCTEMbl «BETPOJIBUTATENIb — ACHHXPOHHBIM T€HEpATOp — Harpy3Kan,
ucnonszyercss B OO0 «2Oueprorexnonorun-Cepsuc» 1. KpacHomap mpu pacuére oc-
HOBHBIX MapaMeTpoB 3((HEKTUBHOCTU SHEPTOCUCTEM, BBIMONHEHHBbIX HA BOY (mpuno-
xeHue b); pe3ynbrarel ucciaenoBanuii BHEIPEHBI B y4eOHBIN Mpoiiecc (mpuioxkenue B).

Anpobauus pe3ynomamos ucciedosanuil. Pe3ynpratel nuccepTaiimoHHON pado-
ThI JOKJIaJBIBAIMCH U 00CYXKIaTuCh Ha 6 MEXIyHApOAHbIX, | HamMoHabHOU U 1 poc-
CUUCKOW Hay4YHO-TIpakTU4YeCKuX KoHpepeHmusx: [l MexmyHapoaHas Hay4dHO-

npakTuyeckas KoHpepeHuus «AktyanbHble npobnemsl sHepretuku AITK» (r. Capartos,



9

2011 r.); VII MexnayHapo/iHasi Hay4yHO-TIpaKTUUeckas KoHpepeHIus «AKTyaabHble Ha-
IpaBJIeHUs HAYYHBIX HcciieqoBaHuin» (r. Yebokcapel, 2016 r.); MexnyHapoaHas Hayd-
HO-TIpakTHYecKasi KonepeHus «Poiib ¥ 3HaYeHUE HAyKU U TEXHUKH ISl Pa3BUTHSI CO-
BpeMeHHoro obOmiectBa» (T. Yda, 2017 r.); X HanuoHaIbHAs HAyYHO-TIPAKTHYECCKAs
KOH(epeHIIUs ¢ MEXIYHAPOJHBIM ydacTHEeM «AKTyaJdbHBIE MPOOJEMbI SHEPTCTHKHU
AIIK» (r. Caparos, 2019 r.); IV Bcepoccuiickas HaydHO-TeXHUYeCKass KOHdepeHus
«'EODHEPT'ETUKA» (r. I'po3nbii, 2019 r.); XIII MexayHapoaHas HaydHas KoH]e-
penims «TexHuueckue W TexHoJormueckue cucrembl» (T. Kpacnomap, 2022 r.); IV
MexayHapoiHas Hay4YHO-TIpakTU4eckas koHpepeHius «MupoBas Hayka Ha IyTH K yC-
TOMYHMBOMY Pa3BUTHUIO: €CTECTBEHHO-HAYYHBIE UCCIIEAOBAHUSA, TEXHUUECKUN TIPOTPECCH
(r. PoctoB-Ha-/lony, 2023 r.); V MexayHapoaHas HayqHO-TIPaKTHUECKas KOH(PEePEHIIHS
«uTterpanus Hayk — 2024» (r. Kpacnonap, 2024 r.).

Ilybaukauusa pezyrvmamos uccieoosanuii. OCHOBHOE cojiepKaHHe pabOThI OT-
paxkeHo B 17 Hay4HbBIX MyOIHMKAIUSAX, B TOM YHCIE 9 — B pELEH3UPYEMbIX U3JaHUSX, pe-
koMeH1oBaHHbIX BAK Muno6puayku Poccun. M3nano 3 Mmonorpaduu u nosrydeHo 3 mna-
TeHTa P® Ha uzoOperenue. OOumii 00beM mybnuKanuii cocraBui 35,6 M. JI., U3 HUX
JVYHBIN BKIaa aBTopa — 11,0 m. .

OcHoeéHble HayuHble NOJI0MCEHUSL, 6LIHOCUMDbLE HA 3AUAUMY:

— KPUTEPUU YCTOMYHBOTO pekrUMa paboThl aBTOHOMHOTO Al ¢ TUHEHHOU BOJIBT-
aMIIEpHOM XapaKTEPUCTUKOM.

— MaTeMaTUYECKHE MOJIENIA CHUCTEMBI «BETPOJIBUTATENb — ACUHXPOHHBIA IreHepa-
TOp — Harpy3Ka» MpHu AUCKPETHOM U TIJIABHOM PETYJIMPOBAHUU TOKA BO30YKICHUS;

— JITOPUTM pENICHUS YpaBHEHUW MOJEIU CUCTEMbl «BETPOJBUraTENIb — ACHH-
XPOHHBIN TeHEpaTOp — HArPy3Ka» CO CTAOUIITU3aTOPOM HAIPSIKEHUS;

— pe3yJabTaThl MPOBEPKHU BAJMIHOCTH SKCIEPUMEHTAIBHBIX UCCIICIOBAHUIN U pe-
3yJbTaTOB MAaTEMAaTUYECKOTO MOJICIIMPOBAHUS CUCTEMBI «BETPOJIBUTATENb — ACUHXPOH-

HBI TeHepaTop — Harpy3Kay.
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1 COCTOSHHE BOITPOCA, IIEPCIIEKTUBbBI U JHEPT'OCHABKEHUE
OBIEBOJYECKHX XO3SIMCTB B 1O)KHOM ®EJIEPAJIBHOM OKPYT'E

1.1 OcoGennocTu oTpacu oBueBoaAcTBa B FOkHOM DetepajbHOM OKpYyre

Cenbckoe x03s1cTBO B Poccuu sBisieTcst 0JTHOM M3 KIIFOUEBBIX OTPaCieil IKOHO-
MUKH CTPaHbl, KOTOpasi 00ecrneurnBaeT NpoA0BOJIbCTBEHHYIO 0€30I1aCHOCTh HACEIEHUS U
CIIOCOOCTBYET Pa3BUTHUIO CEIBCKUX TeppuTopuil. B mocieanue roapl Habm01aeTCs MO-
JIOKUTENbHASL TMHAMHUKA Pa3BUTHS CEIBCKOTO XO34MCTBa, OJHAKO B OTPACIU BCE €I
CYILLECTBYIOT CEpbE3HbIE MPOOJIEMBbI, KOTOPbIE HEOOXOJUMO pPEIIaTh MJisi MOBBIIICHUS
(b (HEKTUBHOCTH ¥ KOHKYPEHTOCITOCOOHOCTH.

Pa3BuTHE CENbCKOro X034iCTBa TECHO CBS3AHO C YIYUIIEHHUEM pabOThl OTpaciei,
00ecneunBaIuX ero (PyHKIMOHUPOBAHUE, UYTO SBJISETCS KIIFOUEBBIM 3JIEMEHTOM IIO-
BBIIICHUS 9(PPEKTUBHOCTU arponpoMBbIIuIeHHOTO KoMmIuiekca. Chepa uHPpacTpyKTypbl
y4acTBYeT B OOIIEM Mpolecce MPOU3BOACTBA, CO3/1aBasi ycIoBUSA IS 3P(HEKTUBHOTO
UCIIOJIb30BaHUs MOTEHIIMAA CEIbCKOXO3SHUCTBEHHOIO KOMILUIEKCA U COKpAIIECHUs I10-
Tepb npoaykuuu. OHa 0XBaThIBAET KaK MOAJIEPKKY MTPOU3BOICTBA CEIbCKOXO031MCTBEH-
HOU MPOAYKIMH, TaK U oOecrieueHrne nepepadoTku U 3PGEKTUBHON TPaHCIIOPTHUPOBKU
OPOAYKIMHM K TOoTpeOuTento. BakHOCTh 0OCTyKMBAIOUIMX OTpacieil B MPOU3BOJACTBE
CEJIbCKOXO3SIICTBEHHON MPOAYKIMU YBEJIMYMUBAETCS MPU HAapallMBaHUU MPOU3BOJCTBA,
YTO MOBBIIIAET TPEOOBAHMS K KaueCTBY 00CTy>KUBaHUSI HHOPACTPYKTYPHI.

OpHoM U3 raaBHBIX MPOOJIEM CEIBCKOTO XO03siiicTBa B Poccuu siBisieTcsi BhICOKas
W3HOUIEHHOCTh CEJIbCKUX AIEKTPUUECKUX CETEW, YTO YacTO MPUBOAUT K JIUTENIbHBIM U
HEPETYJIMPYEMBIM TIEPEPHIBAM B AJIEKTPOCHAOKEHUH, KOTOPHIE KPUTHUECKH HAPYIIAIOT
TEXHOJIOTUYECKHE LUKIIBI B PACTEHUEBOACTBE U KUBOTHOBOJICTBE. Y UYUTHIBAsI BHICOKYIO
KAl TAIOEMKOCTh CTPOUTENHCTBA M OOCITYKMBAHUS MPOTSIKEHHBIX JIMHUM AJIEKTPOIIE-
penaym, paccpeoTOYEHHbIE CETBCKOX03IHCTBEHHbIE OTPEOUTENN HEOOIBIION MOIIb-
HOCTH, B PUHLIMIIE, PUCKYIOT OKa3aThCsl 0€3 LEHTPAIM30BAHHOTO 3JIEKTPOCHAOKEHUS.

Kpome 3TOro He0o6X0IMMO OTMETUTH HU3KYIO MTPOU3BOIUTENBHOCT TPYAQ, KOTO-

pasi 3HAYUTEIBHO OTCTAET OT YPOBHS PAa3BUTHIX CTpaH. DTO OOBACHSETCS, MPEXKIE BCe-
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ro, yCTapEBIIMMH TEXHOJOTUSIMU U HEJIOCTATOUYHBIM YPOBHEM MEXaHU3ALMHU MTPOU3BO-
ctBa. KpoMe TOro, MHOTHE CEIbCKOXO3AMCTBEHHBIE MPEANPUATHS CTPAJAIOT OT HEIOC-
TaTka (PMHAHCHPOBAHUSI, YTO HE MO3BOJISIET UM MOJEPHU3UPOBATH ITPOU3BOJICTBO U BHE-
JIPSATh HOBBIE TEXHOJIOTUHU.

HecMoTpst Ha cymiecTByroIMe MpoOJIEeMbI, CETbCKOE XO3SHWCTBO MMEET 3HAYU-
TEJIbHBIN MOTEHIUAN JJIsl pOCTAa U SIBJIAETCA OJHOM M3 MEPCHEKTUBHBIX OTpaciel dKO-
HoMmuKH Poccun. B cTpane numerorcs o0mmpHbIe I0A0POIHBIE 3€MIIH, OIaronpusiTHHINA
KJIMMAT JIJIS BBIpalllMBaHUsI MHOTHX BUJOB CEJILCKOXO3SIMCTBEHHBIX KYJIBTYP U Pa3BUTHS
’KUBOTHOBO/ICTBA.

JKMBOTHOBOACTBO SBIISIETCS KpallHE BA)KHOM OTPACIBIO CEJIBCKOTO XO35AWCTBA B
Poccun, koTopast criennanu3upyeTcss Ha IPOU3BOJICTBE MACA, MOJIOKA, SIUL] U IIEPCTH.

KpymHslii poratslii CKOT SIBISIETCSI OJTHUM M3 OCHOBHBIX BHJIOB CEJIBCKOXO3SAMUCT-
BEHHBIX )XMBOTHBIX B Poccuu. [IoronoBbe KpynmHOro poraroro cKora B CTpase, o JaH-
HeIM Poccrata Ha koner| 2023 r., cocraBisuio 6oiee 17 min rojos [94]. [Ipou3BoacTBo
MOJIOKA SIBJIIETCS OJHUM K3 OCHOBHBIX HAIpaBJ€HUW pa3BUTUs oTpaciau. B Poccum
JIEUCTBYET MHOXKECTBO MOJIOUHBIX (hepM, CIICIHATU3UPYIOIIUXCS Ha MMPOU3BOJCTBE MO-
JIOKa ¥ MOJIOYHBIX MPOAYKTOB. Kpome TOoro, B cTpaHe pa3BUTO MSACHOE CKOTOBOJCTBO,
KOTOpPOE CIEIUAIM3UPYETCAd HA BBIPAIIMBAHUU KPYIHOTO POTAaTOro CKOTa ISl MPOU3-
BOJICTBA FOBSIIHBI.

CBHUHOBOJACTBO ABJSIETCS OJHOM M3 JUHAMHUYHO PAa3BUBAIOIIMXCA OTPACICH KU-
BOTHOBOJIcTBa B Poccuu. IloronoBre cBuHEl B cTpaHe cocTaBisieT Oosee 28 MIIH ro-
708 [94]. laHHast OTpacib CHENUANIU3UPYETCS Ha MIPOM3BOJICTBE CBUHUHBI, KOTOPAs SIB-
JE€TCS OJJHUM W3 CaMbIX MOMYJSPHBIX BUIOB Msica B Poccuu. B cTpane nerctByer
MHOKECTBO CBMHOBOJUECKHUX KOMIUJIEKCOB, KOTOPBIE CIICLUAIU3UPYIOTCS Ha BbIpallU-
BaHUU CBUHEH B IMIPOMBIILICHHBIX MacIlTa0ax.

BaxxHol 4acThO )KMBOTHOBOJCTBA SIBJIIETCS MEHEE pa3BUTasl, HO HE MEHEE BaXK-
Has OTpacib OBIeBOACTBA. OHA MOCTABISET HA PHIHOK Pa3HOOOPA3HBIN KOMILIEKC BaXK-
HBIX TOBapoB. bapaHnHa XOTh U OTHOCHUTCS K >KMPHBIM COPTaM Msica, OJIHAKO, COJIepKa-
HUE Xupa B OapaHWHE 3HAYUTENBHO HIKe (B 2-3 pasa), ueM B cBUHHMHE. KoimuecTBo

xoJiecTeprHa B OapaHUHE TaK)Ke CYIIECTBEHHO MEHbIIE, YeM B ToBsiAuHE (B 2,5 pa3a), u
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B 4 pa3za MeHble, 4eM B cBUHUHE. [Ipu 3TOM KanmopuitHOCTh OapaHuHbI cocTaBiseT 165
kkai Ha 100 T, 9T0 Jemaer ee AMETHUECKUM MTPOTYKTOM € OOJIBIIIUM COAEPKaHUEM OeJI-
ka. KpoMe Toro, B Hel MOJHOCTHIO OTCYTCTBYIOT YIJI€BO/AbL. MsICO MOKET OBITh peKo-
MEHJIOBAHO TIPH JICUCHUU OKUPEHUS, a TAKXKE JIIOISIM, CTPAJAIONIIM CaXapHbIM auade-
toM. Takxe OapannHa 60raTa MUHEPAIBHBIMU BEIIECTBAMHU U BUTAMUHAMH, HE YCTyTas
M0 COJIEPKAHUIO TOBAJIMHE M CBUHMHE, a YPOBEHb jKelie3a B HEll BbIIE MPUMEPHO Ha
30 %. Kpome Toro, oBeube MOJIOKO 00JIaTaeT KOMILJIEKCOM TOJIE3HBIX KayeCTB U IO
CBOMCTBaM MOKET YCIEITHO KOHKYPUPOBATh C KOPOBHUM MOJIOKOM. Takke Kpome Bak-
HBIX MPOJYKTOB MUTAHUS, OTPACIb MMOCTABJISAET U APYTUE LIEHHBIE MPOIYKThI: IEPCTh U
IIKYpBI. B 1e10M mpoayKiust oTpaciy OBIICBOJACTBA UMEET BRICOKHI CITPOC HA OTEUECT-
BEHHOM pBIHKE M 00JIaJ]aeT CEPbhE3HBIM OSKCIOPTHHIM TMOTEHIIMAJIOM, B YaCTHOCTHU
B cTpanbl bimkuero Boctoka, Karap, OAD, Upan [110].

B nacTtosiiee BpeMst 107151 TPOU3BOACTBA OapaHUHBI B CTPAHE COCTABJISET BCETO
nopsizika 2-3 % ot obmero oobema [111]. Ilpu 3TOM TeppUTOpUATBEHBIX U KOPMOBBIX
PECYpPCOB AOCTATOYHO TSl YBEITUUCHUS TIPOU3BOICTBA OapaHUHBI.

Ha nannbpiii MoMeHT B Poccun nacuuthiBaercs 17703,9 Teic. ronos oser. Ilpwu
aToM 41,6 % TOTONIOBBSI BBIpAIIMBACTCS B JIMYHBIX MOACOOHBIX xo03sicTBax (JII1X),
42,4 % B manbix dpepMepckux (KpecThstHCKNX) xo3siicTBax (M®PX), u mumb 16 % npu-
XOJIUTCSL Ha CeIbCKOXO03siiicTBeHHBbIe opranu3anuu P® [41, 94]. K Tomy xe ¢ 2015 r.
HAOJFOMACTCsl CPAaBHUTEIIBHO HE3HAYNTEIBHOE, HO YCTOWYMBOE CHIDKCHHE ITOTOJIOBBSI.
OTO CBSI3aHO C MPUHATHEM TMpukaza MwuHcenbxo3a 00 yTBEPXKICHUU BETEPUHAPHBIX
MpaBUWJI IPOBEJEHUS peruoHanu3annu crpansl. Kpome toro, B 2020 r. Poccenbxo3Han-
30p BBeJ (paKTHUUECKUI 3ampeT Ha BbIBO3 OapanuHbl u3 FOxxHoro u CeBepo-Kapkasckoro
dbenepalbHBIX OKPYTrOB B IPYTHUE PETUOHBI CTPAHBI U HA SKCHOPT. ITO OBLIO CBS3aHO C
HEOOXOJIMMOCTBIO TOYyYeHUs] 0T MeXIyHapoaHOro 3Mu300TH4Yeckoro 6ropo (MOB)
cTaTyca OJaronoJiyqdHOM MO SIIypy 30HBI JIsl HECKOJIBKUX pernoHoB Poccuu m taxke
IPUBEIIO K BBIHYKJICHHOMY COKpaIeHuto moroyiosbs [90].

HOxwub1il Gpenepanbubii okpyr (FODPO) — 310 pernoH ¢ 60raThIMU TPAAUIUSIMU
OBIIEBOJICTBA, KOTOPOE BEKaMU WUTPAJIO BAXKHYIO POJb B MECTHOU 3KoHOMHUKE. OIHAKO,

HECMOTpPSI Ha UCTOPUYECKUM (YHIAMEHT, COBPEMEHHOE COCTOSIHUE OTPACIU BBI3bIBACT
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OTpE/IETICHHbIE TPEBOTH.

[To nanaeM [41], B FODO HacuuteiBaeTcs 4,65 MITH OBeIl, 4TO COCTABIISIET OKOJIO
4yeTBepTH OT 001Iero norojoBbs P®. [Ipu 3TOM Ha CeIbCKOXO3SHUCTBEHHBIE OpraHU3a-
uuu PO npuxonurces nuib 415 ThIC. TONOB, a MOJABISAIONIEE KOJUYECTBO OBEIl BhIpa-
nmBaetcss M®OX u JIIIX. Taxxe B OPO npousBoautcs mopsiaka 28 % miepctu oT ee
0OIIIEero MPOU3BO/ICTBA.

HecMoTps Ha Becomyro 010 TOT0JI0BBs 0Bell B FODO 0T 00111e#i YMCIIEHHOCTH B
CTpaHe, KOJIMYECTBO OBEI] B PETUOHE COKpAIaeTcsl B Mocjiaeanue rojasl. Kpome onucan-
HBIX BBIIIE, BAKHON MPUYUHON SIBJISETCS HU3Kas PEHTA0EIbHOCTb, BBI3BaAaHHAS PSIIOM
(hakTopoB:

— HEXBATKa COBPEMEHHBIX TEXHOJIOTMH: MHOrue xo3sicrBa FODPO ucnomab3yroT
yCTapeBIIIUE METOJIbI COJICPKAHUSI U KOPMIICHHSI, UYTO CHUYKAET MPOU3BOJIUTEIIBHOCTh U
peHTa0eIbHOCTD;

— Hepa3BuTasi MHOPACTPYKTypa MepepadOTKU: B PETMOHE HE XBaTaeT MPEIpH-
ATUI IO TIepepaboTKe MIEPCTH, MsICa U JAPYTUX MPOIYKTOB OBIIEBOJCTBA. JTO BEAET K
MOTepe IEHHOCTH MPOAYKIIUU U CHIXKEHHIO €€ KOHKYPEHTOCIIOCOOHOCTH;

— neduiuT KBaTu@UIIMPOBAHHBIX KaJIpPOB: OTCYTCTBUE OIMBITHBIX CIEIUAIUCTOB,
HEXBaTKa 00pa30BaTEIbHBIX MPOrpaMM, CIICIIHAIM3UPOBAHHBIX KYPCOB.

Tem He MmeHee, Tepputopun FOxxHorOo DeEnepanbHOr0 OKpyra U COCEIHUX pe-
THOHOB 00J1aal0T CYIIECTBEHHBIMH PECYPCHBIMU U KIJIUMATUUYECKUMU YCIOBUSIMHU
JUIS. pa3BUTHS OBIEBOJICTBA. Toibko PocToBckasi 001acTh HAaCUUTHIBAET MOpPSAKA 2
MJIH Ta 3eMeJlb, MPUTOIHBIX JUIsI CCHOKOCOB | mactoOumy [81]. B 2022 r. nanuas oT-
paciib oKazajach HauboJiee YCTOMYMBOM K CJIOXKHOCTSM C MPOU3BOJCTBOM KOpMma U
ero nepepabotkoit. B 2023 r. B KpacHogapckom kpae 3amyCTHIM MPOrpamMMy MOJI-
JIep>KKH OBILIEBOJICTBA. Ha 3TH 1enu miIaHupOBaAJIOCh MPEeAOCTaBUTH Oosee 50 MIH
py6ueit [82].

Ha pucynke 1.1 moka3aHbl mpuMepbl XO3SUCTB 1O BHIPAIMBAHUIO OBEI] B KOIIIa-
pax M Ha €CTECTBEHHBIX MACTOUIIAX ¢ YCTAHOBKOW OBICTPOBO3BOIUMBIX OTPaKIAFOIIIX

KOHCTPYKILIUH.



Pucynok 1.1 — IIpumepsl coaeprkaHus OBell B X035HCTBaX

[To [80] B oBLEBOACTBE MPHUHUMAIOTCS CIICIYIOIIHE OCHOBHBIC CHCTEMBI COJIEp-
JKaHUS:

— KpyIJI0T010Basi CTOWJIOBAS;

— CTOMJIOBO-IIACTOHIITHAS,

— NacTOMIITHO-CTOMI0OBAS;

— rmacTOHIIHAS.

His FOPO xapakTepHbl CTOWIOBO-MACTOUIIHAS CHCTEMA COAEPIKAHUS, KOTOpas
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NPUMEHSIETCS B pailoHaX C XOPOILIO Pa3BUTHIM IMOJIEBBIM KOPMOMIPOU3BOJCTBOM U OT-
CYTCTBHEM 3MMHHX MACTOUII U XapaKTepU3yeTcs MpeodiagaHueM MPOoI0KATEILHOCTH
CTOMJIOBOTO MEPHO/Ia; MIPHU ITOM CUCTEME OBEIl COAEPKAT 3MMON B OBYAPHSIX C BBITYJIb-
HO-KOPMOBBIMU IUIOLIAJIKaAMU, a JIETOM — Ha MacTOMUIIaX, U CTOMIOBO-TACTOUIIHAS CHUC-
TeMa COJIepKaHusl, IPUMEHsieMasl BO BCEX 30HaX, IJie UMEIOTCA 3UMHHE NacTOuUIIA, PO-
U3BOJIUTCA 3ar0OTOBKA HEOOXOJUMOTO KOJIMYECTBA KOPMOB JUIsl KOPMJICHHUSI MATOK B TI€-
pUOJ SITHEHUS U MOAKOPMKH OBEIl B 3MMHUM M PaHHEBECEHHUI MEPHUOJIbI, XapaKTepu3y-
eTcsl MpeodIIalaHueM MPOI0KUTENLHOCTH MacTOUIIHOTO IEPHO/IA.

Hopwmbl TemriepaTypbl 1 OTHOCUTENBHOM BJIQXKHOCTH BHYTPEHHETO BO3[yXa B MOMe-
meHusx it oer mpuHMMarotcst o [80]. Tak, B momerieHny 11t cofepykaHusi OapaHoB,
CYSATHBIX M XOJIOCTBIX MAaTOK, PEMOHTHOT'O MOJIOJHSIKA, OTKOPMOYHOI'O MOTOJIOBbSl U Baly-
XOB TEMIIEpaTypa U OTHOCHUTENbHAS BIAKHOCTh HE HOPMHUPYIOTCS. TO €CTh — OTOIJICHUE HE
npegycmarpuBaetcs. st pyrux moMenieHrii HOpMbI IPeayCMOTPEHbI, OJTHAKO obecreye-
HUE HOPMUPYEMOMN TEMIIEPATYPHl BHYTPEHHETO BO3/1yXa JOJDKHO JIOCTUTATHCSA 3a CUET TEll-
JIOTIOCTYTUICHUH OT >KUBOTHBIX TPU YCJIIOBUU BbIOOPA 3()PEKTUBHBIX OTPAXKAAIOIMIUX KOHCT-
PYKIMIA C COOTBETCTBYIOIIMMH TEIUIOTEXHUYECKUMU TOKa3aTessiMu. [Ipr HEBO3MOKHOCTH
o0ecreueHrsi HOPMUPYEMOU TeMIlepaTypbl BHYTPEHHETO BO3/yXa 3a CUET TEIIOBBIACIICHHIMA
OBIIaMH HEOOXOJIMMO MPUMEHATh OTOILICHHUE, COBMEIIIEHHOE C BEeHTWIsLMEH. OHaKO yuu-
ThIBas MATKHM KuMat B FODO, oToruieHne He MPUMEHSETCs] BO BCEX TOMENICHUAX, KPOME
o0orpeBa STHAT. BeHTUISIMS TIpeTycMaTpUBaeTCsl €CTECTBEHHASI.

OCHOBHBIMU HMCTOYHHUKAMH BOJIOCHAOXKEHHUSI B OBIICBOJCTBE CIIY)KAT IMOI3EMHBIC
BOJIbI, & MPHU MACTOUIITHOM COJIEP’KaHUU OTKPBIThIE BOMOEMBI. [[j1si moaun BOABI K TO-
TPEOUTENISIM U3 BOA03a00PHBIX COOPYKEHUN HMCMOIL3YIOT Hacochl. COrjacHO PEeKOMEH-
JalnsAM 110 TEXHOJOTHYECKOMY IPOECKTHPOBAHMIO OBIIEBOAYCCKHX 00bekToB [80] Ha
B3pPOCJIBIX 0c00€H CyTOUHOE MOoTpedieHrne Boibl cocTaBisieT 4,5-7,0 1/ron, a asis SSTHAT U
monoHsika 2,0-3,5 n/ron. TemnepaTtypa BoJbl, UCIIOIb3YEMOM I MOCHUS )KUBOTHBIX Ha
OBIICBOTYECKUX MPEANPUATHSIX, pekoMeHayeTcs: He Huxke 10 °C. BeiOop HCTOYHUKOB BO-
nocHaOxenust mpousBoauTcs B cootBercTBUM ¢ CII 4542-87 u Canllun 2.1.4.1074-01.
Pacxon Bombl Ha XO3SHUCTBEHHO-OBITOBBIC HYKIbI TMPUHUMAETCS B COOTBETCTBUU

¢ CIT 30.13330.2012. O0BeKT noinkeH ObITh 00ecIieueH BOI0M MUTHEBOIO KaUeCTBA B CO-
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orBetcTBuU ¢ CanlluH 2.1.4.1074-01. [Ipu HEBO3MOXXHOCTU OOECIICUEHUS TPEITPUSTHS
BOJIOM MTUTHEBOI0 Ka4eCTBA JIOMYCKAETCA JUIsl IOCHUS )KUBOTHBIX UCIOJIb30BaTh BOIY IO-
BBIIIICHHOW MuHepanm3auu coriacHo [80]. Ha ectecTBeHHBIX macTOMINAX i MOCHUS
OBEIl JOJDKHBI MPEAyCMAaTPUBATHCS BOAONOWHBIC MYyHKTHI, OOOPYIOBAaHHBIC MOMIKAMHU.
Paguyc Bomomnost sl paBHUHHBIX NAacTOMII COCTABIIAET 2,5-3 KM, a B YCIIOBUSIX IEpece-
YEeHHOM MECTHOCTH W JJIsi TOPHBIX MACTOUI 3HAYCHHE BEJIMUMHBI paiuyca BOJIONOS CHU-
xaetcst Ha 30-40 %. JlanHOE 0OCTOSITENTLCTBO 3aTPYAHICT MCIIOIH30BAHUE MMEIOIIIXCS
IoIaAel, BBUIY OTCYTCTBUSI BO MHOTMX MECTaX €CTECTBEHHBIX MCTOYHUKOB BOAbI. TO
€CTb MOSBIISIETCSI HEOOXOAUMOCTh OYpEHHUs CKBaKUH I BOJBI U PUMEHEHUS Hacoca.

B ciiydae neperona otapsl OBel] HAa HOBOE MACTOHUILE, I/I€ OTCYTCTBYET OTKPBIThIE
BOJ/IOEMBI, KOTOPbIE MOT'YT IPUMEHSTHCS JUIsl IOEHUSI OBEL, 000pPYyI0BaHUE JIOJKHO JIeT-
KO JEMOHTHPOBATbCA U OBICTPO MEPEBO3UTHCSA K JPYromMy BOJ03a00pPHOMY COOpPYKE-
HUIO.

ABTOMaTH3aIMs U MEXaHU3AIUsl OCHOBHBIX MPOU3BOJICTBEHHBIX MPOLIECCOB IpHU
MIPOCKTUPOBAHUH OOBEKTOB OBIIEBOJCTBA coryiacHO [80] JoMKeH COCTaBIATH OT 25 10
100 %.

JIist MexaHu3auuu NPOU3BOJICTBEHHBIX MPOLIECCOB, TAKUX KaK MPUTOTOBJICHUE U
paszaya KOpMOB, TPAHCIIOPTUPOBKA U yAAJIEHUE HABO3a, TOCHUE, CTPUXKKA OBELl, JA0e-
HUE U 00paboTKa MOJIOKA, a TAK)KEe BETEpUHAPHAsA 00pabOTKa MOMEIIEHUHN U KUBOTHBIX,
UCTIONTB3YIOTCSl KOMILICKTBI 000PYI0BaHUS M OT/IebHbIC MammHbl [80].

[Tpu pa3paboTke cxeM MeXaHH3alMH MPOU3BOJICTBEHHBIX MPOLIECCOB HEOOXOHU-
MO COOMIOAATh MHCTPYKIIMHM MO MOHTAXy M 3KCIUIyaTallUud, NMPEAOoCTaBiIsieMble MPOU3-
BOAUTEISIMU O00OPYAOBAHHUS.

B momemeHusx A BeIpaUBaHUs STHIT PEKOMEHIYETCS TpelycMaTpUBaTh ycC-
TAHOBKH JUIsl TIOKAIBHOTO UH(PPaKpACHOTO 000TpeBa U yIbTPAPHUOIETOBOrO 00IyUeHUS
mojoausika [80].

DNEKTPOTEXHUYECKYIO YacTh IPOEKTOB, B TOM YHCIIE CPEACTBA aBTOMATU3ALIUU U
c1a00TOYHBIE YCTPOMCTBA, pa3padaTbIBAIOT B COOTBETCTBUM C TpeOOBaHUAMU
CO 153-34.47.44-2003, CO 153-34.21.122.2003, TIIOT PM 016-2001, HIIC-88, TOCT

P 50571.14-96, npaBui TEXHUYECKOM AKCILTyaTalluu 3JIEKTPOYCTAHOBOK MOTpeOUuTenei
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U IPYTUMHU C YIETOM TpeOOBaHUN OXpaHbl OKPYKAIOIIEH CpeIbl.

OCBeNIEHHOCTh OBIIEBOUECKUX 3/IaHUI U COOPYKEHUH CIeAyeT MPOCKTUPOBATH
¢ yuetoMm TpeboBanuit OCH-ATIK 2.10.24.001-04 u CII 52.13330.2011.

Kareropuro 37meKTponprueMHUKOB U o0OeclieueHrne HaJASKHOCTH JJICKTPOCHAOXKe-
HUS 3IaHUN U COOPY>KEHHUI OBIIEBOJYECKUX OOBEKTOB OMPEACIISIIOT C Y4ETOM TpeboBa-
HUN METOJMKA HOPMHUPOBAHUS SKCIUTYaTaITMOHHON HAJEKHOCTH CEIIbCKUX pacIpeieiiu-
TEJbHBIX JIEKTPUUECKUX CETEU CPETHETO HAIIPSKEHUS.

Jlns obecriedeHus: JIEKTPOOE30MaCHOCTH KUBOTHBIX MPEIyCMAaTPUBAIOT BBIPAB-
HUBAHME BJICKTPUUYECKUX MoTeHIHAIOB B cooTBeTCTBUM ¢ OCT 46180-85 u I'OCT P 50
571.14-96.

JIns yMEHBIIICHUST KOHIIGHTPALlMK aMMHaKa, IbUIM 1 MUKPOOHOTO 3arps3HCHHS, a
TaKkKe JJIs1 HeUTpalu3allid HEMPUSATHBIX 3alaXxOB PEKOMEHAYETCSI IPUMEHSITh YibTpa-
(bHOJIECTOBBIC JIAMIIBI U APYTUE CIECIHAIbHBIC TPUOOPHI B COOTBETCTBUHM C MHCTPYKITHUS-

MM 110 uX 3kciuryaTamnuu [80].

1.2 DaexkTpoobopyaoBaHue 0BLHEBOTYECKUX X03HiiCTB

3aTpyHEHUS PA3BUTHUS OTPACIH CBSI3aHBI B OOJBIION CTENEHU C HU3KOW IHEPTO-
00€eCIeYeHHOCThIO: B CEJIBCKUX PallOHAaX JJIEKTPOIHEPTHs MOCTYIMAeT OT LEHTPATIU30-
BaHHBIX SHEPrOCUCTEM, YTO CO3JACT TPYAHOCTH M3-3a YAAJICHHOCTH MOTpeOUTese u
paauagIbHOM CTPYKTYPhI CETEH, & TAKXKE€ BBICOKMM H3HOCOM JJICKTPUYECKHUX CETEH B
CEJIbCKOM MECTHOCTH WJIM TIOJHBIM OTCYTCTBHEM 3JIEKTpocHaOxeHus. Vcnonb3oBaHue
MPOBOJIOB MAJIOTO CEUEHUs] U TpaHC(HOPMATOPOB HU3KOM MOIIHOCTH BJIEYET 3a COOOM
POCT pacxo/ia SHEPTUU U MaJICHUE HANPSHKEHUS. 3HAUMTENIbHAS YacTh 3aTpaT CBs3aHa C
pacrpeieIuTeIbHBIME CETSIMH CPETHETO U HU3KOTO HanpspkeHus [12].

JIOCTaTOYHO CJIOKHO B TaKUX YCIOBHUAX, JaKe MMes OOJIbIIME TIJIOMIAIN TacT-
OwWIIl, 3aHUMAThCS Pa3BEJCHUEM OBEIl, MOCKOJIBKY YacTO HEBO3MOXKHO O0ECHEYUTh OBIT
JIIOJICH, a cCaMU )KMBOTHBIE, TPEOYIOT OIMPEIICHHOTO YXO0/1a.

DNEeKTPOIHEPreTUKA UTPAET CYIIECTBEHHYIO POJIb B TIOBBINICHUN d(PHEKTUBHOCTH

CEJIBbCKOTO XO35MCTBA. CGFO)IHSI HEBO3MOXHO IMPCACTABUTL IMPOHU3BOACTBO CCJIBCKOXO-
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3SIMCTBEHHOM MPOAYKIIMU O€3 AJIEKTPOIHEPTUHU, KOTOpas UCTIOIb3YETCSI BO BCEX OTpac-
JSIX CeNbCKOTo X03siicTBa. OCOOCHHO BaXKHYIO POJIb IEKTPOIHEPTHS UTPAET B )KUBOT-
HOBOJICTBE, CITIOCOOCTBYSI POCTY MPOU3BOAUTEILHOCTH TPY/a, YPOBHS MEXAHHU3AIUU U
KBaJIM(UKAIMKA PAOOTHUKOB. DJICKTpUPHUKAIUSA TaHHOU chephl yIydllaeT UCTOIb30Ba-
HUE 3JIEKTPOOOOPYAOBaHNUSA, MEHSIET CTPYKTYpPY NMPOU3BOACTBEHHBIX CPEICTB, YIayOs-
€T CHelUaIn3alyio, CHUXKACT PYYHOU TPYIl, @ TAK’KE OKA3bIBAET BIMSHHUE HA COIUANTb-
HBIE aCMEKThI MPOU3BOICTBRA.

YBenuueHue mpou3BOACTBEHHOTO YHEPTreTUYECKOTO MOTEHIIUANA U AJIEKTPOEMKO-
CTH CEJILCKOXO035MCTBEHHON MPOAYKIIMU MPUBOAUT K 3aBUCUMOCTH OOBEMOB MPOU3BO/I-
CTBa OT PHEPTONOTPEOSICHUS U KAaUeCTBA AICKTPOCHAOKEHUS.

st oBuapuu Ha 1000 ToI0B MOJIOHSAKA CYyTOYHOE MOTPEOIECHUE BOJBI COTIACHO
[80] cocraBmser 3,5 m°. [Ipu OTCYTCTBUM €CTECTBEHHBIX BOJIOEMOB, HEOOXOJIUMO HC-
M0JIb30BAHUE TMOA3EMHBIX BOJ C MIPUMEHEHUEM IMOTPYKHBIX HacocoB. [loakauka BOMbI
MOYET OCYIICCTBISITECS 1 pa3 B CYTKH, IIPH 9TOM HEOOXOAMMa EMKOCTh 06beMOM 4 M
JUTsl XpaHeHus BoAbl. OJTHAKO B 3aCYLUIMBBIX palloHaX liejiecoo0pa3Hee MpeyCcMOTPETh
NoJKa4Ky 2 u 0oJyiee pa3 B CyTKH. DTO OOBACHSIETCS MEIJICHHBIM 3all0JIHEHUEM CTBOJIA
CKBAXXMHBI HU3-32 MAJIOTO COJIEpXKaHUS MOA3EMHBIX BOJ B 3acCylUIMBbIe nepuojbl. [Ipu
TOM €MKOCTb JIJISI XPaHECHHS BOJIBI MOXKET OBITh MEHBIITMX Pa3MepPOB (B 3aBUCUMOCTH OT
KOJIMYECTBA JIOKAYEK BOJIBI B CYTKH).

Jlns obecrnieueHusi TpeOyeMOro KoJMYeCTBa BOJbI U B COOTBETCTBUHU C TJIaBOM
CHulI 2.04.01-85 MoryT mpUMEHSIThCS Pa3IMYHbIE TOTPYKHBIE HACOCHI (LIEHTPOOEK-
HbI€, BUHTOBBIC, IITHEKOBHIE). B COBpEMEHHBIX MOTPYKHBIX HACOCAX HEOOJBIION MOIII-
HOCTH B KayeCTBE MPUBOJIHOTO JBHTATEIS TMPUMCHSIOTCS ACHHXPOHHBIC JIBUTATEITH
(A1) ¢ KOpPOTKO3aMKHYTBIM POTOPOM [24] M OecCIIeTOYHbIC JBHUraTEIH MOCTOSHHOIO
toka [83, 109], obianaromiye HU3KUM YPOBHEM IlIyMa M HE YCTYIAOIINE 0 HaIEK-
HOCTH aCHHXPOHHBIM MaruHaM. [lorpykHbie HACOCHI ¢ OECIIETOYHBIMU JIBUTATEISIMU
MOCTOSTHHOTO TOKa MPOM3BOSTCS CHEIUATBHO ISl MX PabOThI OT (OTOIIEKTPUIECKUX
naHeseil HanpsaMmyro, 0e3 MPOMEXYTOUHBIX Mpeodpa3oBaTesield anekTposneprun. OaHa-
KO 3TO HE 3aMpeliaeT UX UCIOJIb30BAHUE B CETSAX MEPEMEHHOr0 TOKAa C MPUMEHEHUEM

MOHKAOUIETO TpaHCPOPMATOpPa U BBHITPSIMUTENS.


http://www.infosait.ru/norma_doc/1/1995/index.htm
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ITo [80] Temneparypa BObI, UCIOJIb3YEMOM JIJIsl OEHUS KUBOTHBIX Ha OBLIEBO/I-
YECKUX MPEeAnpusaTusax, pekomenayercs He Huxke 10 °C. bnarogapst MArkoMy KIMMary B
FO®O, nogorpes Bojbl HEOOXOAUM TOJIBKO B 3UMHUNA MEPHUO/I, JIJIST UETO UCIIOJIb3YeTCs
TOH monHoctsio 500 Br.

JIns CTpWKKM OBEL, KOTOpast MPOU3BOAUTCA B 3aBUCUMOCTH OT BHJAA OJUH pPa3
(BeceHHUH mepuoj) Wi 2 pa3a (BECEHHUH M OCEHHUU MEpHoJ]l) B TOJl, B HACTOSIIEE
BpeMs IPOU3BOAUTCS OOJbIas TMHEWKa CTPUTalbHbIX MamiH. Kpome Toro, B X035HCT-
Bax JI0 CUX MOpP pacmpocTpaHEHbl MAlIMHKH cTaporo obpasia, Hampumep, MCVY-200,
KOTOpasi ocHaIleHa Tpex(a3HbIM aCHHXPOHHBIM aBuraresieM Ha 36 B u 200 I'u. M3Ha-
YalbHO JJIsl €r0 MUTAHUs MPEANOIarajcs BapUuaHT Ha OCHOBE OOBIYHOIO OAHO(A3HOTO
anekrpoasuratens (220 B), koTopslii MPUBOIUT BO BpalleHHe Tpex(a3Hblil TeHepaTop
36 B, 200 I'u. Oror BapuaHT nrymHsl, ¢ HU3KUM KIIJ[ 1 HE BBICOKON HAIEKHOCTHIO.
Jlpyroii BapuaHT — OTHOCHUTEJIbHO HE JIOPOrodl MHOTO(YHKIIMOHAIbHBIA IPOrpaMMU-
pyemsblii yacToTHBIN npeodpazoBarens (VFD unBepTop), koTopbiM ocHamatores MCY -
200, npennaraeMble Ha pbIHKE B HacTosmee BpeMs. JlaHHas CTpUrajbHas MallMHKA OT-
JMYAeTCsl BBICOKMM PECYpcOM pabOThl U MPOU3BOJUTENIBHOCTBIO, OJJHAKO MX BBIIYCK
npekpatwics B 1996 r., a Te oOpa3lpl, KOTOpbIE MOXXHO HAWTH B MPOAAKE, UMEIOT
CTOMMOCTH B HECKOJIBKO JIECATKOB ThIC. pyouer [124, 130].

Taxxke B X03sMCTBaxX 0 CUX IIOP MCIIOJIB3YIOTCS MALUIMHKH JJIA CTPUYKKHU OBELl C
ruokum BasioM DCA-1]] ¢ momHocThIO nBuratens 120 Br, nanpsiokenuem cetu 220 B u
yactoToi Toka 50 I't. JlaHHBIE MAlIMHKH TaKXXe YCTapeau W CHSATHI C MPOU3BOACTBA.
MM Ha 3amMeHy NMPUIUIN [OX0KHE, HO MMPEBOCXOISAUINE 110 XapaKTEPUCTUKAM CTPHUIalb-
Hble arperatel ¢ ruOkumM BasioMm ESA-2D npousBojctea TaiiBaHb ¢ MOUTHOCTBIO JIBUTa-
tens 800 Bt, nanpsxkennem cetu 220-240 B u wacroToit Toka 50 I'u. OgHako ux crou-
MOCTS ernie Boimie, ueM y MCY-200 [125].

PaccMoTpeHHbIe CTpUTalibHbIe arperarbl SIBISIOTCS MPO(ecCHOHAIBHBIMU U HUC-
MOJIB3YIOTCSL B KPYITHBIX X03siicTBax. J{J1s1 HEOOMbIINX X03SIMCTB MOTYT OBITH HCIIOJIB30-
BaHbl OoJiee JIellIeBble BapUAHThl CTPUTAIBHBIX MAIllMH, Takue Kak VS84-S ¢ MourHo-
cthto nuratensa 320 Bt, nanpsbkenuem cetu 220 B u wactoToit Toka 50 'ty (mpon3Boi-

ctBo Kutait) u 6omnee noporas Takumi 520 ¢ momHocThio nBurarens 520 BT, nanpsioke-
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HueMm cetu 220-240 B u yacroroit Toka 50 I'tt (mpou3sBocTBO AnoHus).

Jlist 6onee ynoOHOM CTPYOKKHM OBEIl M 0apaHOB B MaJIbIX OBIIEBOJYECKUX XO3SH-
CTBaX MCHOJIb3YIOTCS akkyMyssiTopHble MalmmHKU EGP PROever ANIMAL 550 kutaii-
CKOr'0 MPOMU3BOJICTBA. MalllMHKAa OCHAIlIEHA MOTOPOM POTOPHOTO THUIIA MOIIHOCTBIO 550
BT n nmeer ecrectBeHHOe oxnaxaeHue. [[pon3BoauTenbHOCTh CTpUKKU Aocturaer 10-
12 ronoB B yac mwim okojio 80-100 GapanoB B neHb. [Ipu 3ToM HEOOXOIUMO CMa3bIBaTh
HOXM Kaxzable 15 muHyT. Bpemst paOoTsl OT akkymyssitopa coctaBiser 120 MUHYT.
Bpewms 3apsanku akkyMyJsiTopa TakkKe cocTaBiigeT 120 MUHYT.

BaxxHoe ycloBHE YCIIEIIHOTO Pa3BeACHUS OBELl — HAJICIKAILEE OCBEUICHUE KU-
BOTHOBOJYECKHUX MoMeleHn. CeroHs CyIecTBYIOT 3HEpProd(p(EeKTUBHBIC PEIICHUS
HA OCHOBE CBETOJHMOJHBIX CBETUIILHUKOB, KOTOPBIE MO3BOJISIOT 00ECTIEUNBATh BHICOKO-
KaueCTBEHHOE OCBEIIICHUE NMPU MUHHUMAaJIbHOM »HepromnorpedneHuu. [lpuMensemoie B
ATUX CBETUJIBHUKAX JIAMITBI UMEIOT MOIIHOCTh OT 5 710 50 BT u criocoOHBI BbIZIaBaTh 10
1500 mromeH, 9To mo3BoJIsIeT 3(HEKTUBHO OCBEIIATh MOMEIICHUS PU SKOHOMHOM pac-
XO0JIOBaHUU AJIEKTPOIHEPTUH.

Ororienue B oBuapHe otcyTcTBYeT [80], HO HEOOXOIUMO YUHUTHIBATh, YTO HOBOPO-
YKICHHBIC STHATA U MOJIOJHSIK B TIEPBbIE IHU KU3HU HE UMEIOT MOJTHOCThIO C(HOPMUPOBAH-
HBIX MEXaHHU3MOB TEPMOPETYJISIINH, MOAACPKUBAIOIIUX TTOCTOSTHCTBO TEMIIEpATyphl TENa;
y HUX XOPOIIO Pa3BUTA PETYJIIMS TEII000pa30BaHus, a TeIIO0Ta4a OOBIYHO HECOBEP-
meHHa. Konebanusi Temmneparypbl BO3yxa, OCOOCHHO B COUETAHUM C BBICOKOW BJIAXKHO-
CTbIO, MOTYT 3HAYUTENIBHO BJIMSTH Ha TEMIIEPATYpPy Tela SATHAT. Pu3nyeckas TepMOpery-
JISIUSL SITHAT BCTYIAET B ACCTBHE TOJBKO uepe3 10-15 gHeit mocne pokaeHus:, a mpu co-
JIEp>KaHUU B CHIPBIX M XOJIOJHBIX MTOMEIICHUSX 3TOT MPOIIECC MOXKET 3aMEJISIThCS.

[Ipy HU3KUX TemmepaTypax U BBICOKOW BIaKHOCTH BO3/yXa B OPraHU3ME SITHAT
MPOUCXOJIAT 3HAYUTEIbHBIE (PU3HOJOTUUYECKUE U UMMYHOJOTUUECKUE U3MEHEHUS, CHU-
YKAETCS aKTMBHOCTh OOMEHHBIX TpolieccoB. McciaenoBaHusi MOKa3bIBAIOT, YTO SITHATA,
POKIAIOIINECS 3UMOM B MOMEIIEHUSAX ¢ TeMIepaTypoil Hike 5-8 °C mpu OTHOCUTENb-
HOI BrnaxHocTH 85-98 %, MOTYT OBITh BSUIBIMU U HEAKTUBHBIMU B T€UEHUE MEPBbIX 2-3
nHel sxu3Hu. CnaOble sSTHSATAa MOTYT MOTHOHYTH OT mepeoxyaxaeHus. [loatomy co3na-

HHUC OIITUMAJIBHOIO TEMIICPATYPHO-BJIAKHOCTHOTO PEKHMMA B IIOMCHICHUAX IS ATHAT
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UMeEEeT MPaKTUYECKOe 3HaueHue Uil NpodUIAKTUKU MPOCTYIHBIX 3a00JIEBaHUM U CO-
XpaHEeHUs NPUILIOJA, 0OCOOCHHO B 3uMHee Bpems. [1oaTomMy corimacHO pekoMeHAausIM
[80] B momemieHnn s BBIpAIIMBAHUS STHAT JJIs CO3JaHUS HEOOXOIMMOrO TeMIepa-
TYpPHOTO PEXUMa M CHIKEHHS OTHOCUTEIBHOM BJIAXKHOCTH BO3JyXa MPEIyCMOTPEHBI
YCTAaHOBKH JJIS JIOKAJIbHOTO MH(paKpacHOTO 000TrpeBa M yIbTPaduoIeTOBOTO 00Iyde-
HUS MOJIOJTHSIKA.

B kauectBe oborpeBareneil s ITHAT UCIIONIb3YIOTCS 00TydaTebHbIE YCTaHOBKU
CCII 09-250-001 ¢ tunom natpona E27 u makcuManbHONU MOIIHOCTHIO lamiiel 250 BrT.
B nux npumenstorcs undppaxpacusie sammnbl MK3 nnu MK3K cooTBeTcTBYyIOMIEH MOTII-
HocTu. CoOTJIacHO peKOMEHJalusIM, ykazaHHbIM B [114], momenenue AJisi IPOBEICHUS
ATHEHUs 000pYyIyIOT 00JIydarensaMu u3 pacuera 25 BT Ha MaTKy ¢ IPUILIOAOM, a MPU
HMCKYCCTBEHHOM BBIpAlllMBaHUMU STHAT — U3 pacuera 250 Bt Ha 10 sSrusT.

[lepBbie Tpu-ueThIpe AHS ATHAT 000orpeBatoT B TeueHue 20 4 B pexkume 3 4 o0or-
peB, 40 mun nay3a. [1ay3sl o6orpesa 11e1eco00pa3Ho COBMEIIATh C KOPMIICHUEM SITHSIT.

B mocaenyromue gau (mo 15-20-mHEBHOTO BO3pacTa) Bpems o0orpeBa cokparia-
10T 10 16 4 B CyTKH, MpUYEM B TEUCHHUE JHS Yepe3 Ka)AbIi Yac JIAMITbl BHIKIIIOUAIOT Ha
noJjygaca.

IIpu Temneparype Bo3nyxa B oByapHe He Hike +10 °C nokanbubsiii UK oborpes
ATHAT TpuMeHsoT 10 10-15-nmHeBHOTO BO3pacTa, mpu OoJiee HU3KoM Temieparype MK
JIaMIIbl CJIEAYET OCTaBIIATh BKIIFOUEHHBIMU U B CIEAYIONIUN MEpUO BhIpalluBaHus (110
45- 60-mHEeBHOTO BO3pacTa).

Pexum Y® o6nyueHus srHAT — aBTomatudeckuii [114]. B xauecTBe ncToyHmKa
yIbTPaduOIECTOBOTO U3TYUCHUS TPUHUMAIOTCS JIIOMUHECIICHTHBIE PTYTHBIC SPUTEMHbBIC

namiel JID-15. Texaudeckre XapakTepPUCTUKH JIAMIIBI TIPEICTaBICHBI B Tabimie 1.1.

Tabmuua 1.1 — TexHuveckue XapakTepucTUKy Jamisl JID-15

MomHoCTb Br 15
MouHOCTh yIbTpagrOoIEeTOBOrO N3IYUEHHS Br 4,9
ITapametpsl ceTn BT 220/50
VYnerpaduoneroBoe u3nydeHne HM 280-315
Tum toxois G13
["abapuTHBIE pa3Mepsl MM 27,5x451,6
CpoK ciryxObI q 8000
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BpCMH YO O6HY‘ICHI/I$I ATHAT B TCUCHHUC CYTOK B 3aBUCMMOCTH OT BBICOTEI ITOABC-

ca o0JTydaTeiel Haj IMoJIoM puBeieHo B Tadymie 1.2 [114].

Tabnuna 1.2 — Cyrounoe Bpemsa Y@ 00iydeHUs ATHAT B 3aBUCUMOCTHU OT BBICOTHI IOJBECA

obJyuarens
Tun YO BrIcoTa moaBseca HaJl IMOJIOM, CM
JIaMITBI 80 90 100 110 120 130
JID-15 24 2940 Mvung | 31930mMun | 41920 Mua | 5430 mun A

OOmyyaloT STHAT B TEUEHUE BCETO MEpHUOAa BbIpauuBaHus. Y@ mammbl BKIOYa-
10T 2-3 pa3za B CyTKH, OOJy4eHHe MPOBOAIT paBHOMEpHbIMU nopumsimu. [Tocie 10 gueit
o0nyueHus nenatoT 10-AHEBHBIN epephIB.

UccnenoBanus nokaszanu, uro npuMenenne MK obmyuarteneit qist oborpesa sr-
HST MO3BOJISIET YBEIMYUTH >kUBYIO Maccy (B 10-aHeBHOM Bo3pacte Ha 17 %) u coxpas-
HOCTh MOJIOJIHsIKA. Y® 00iyyeHue yiydiaer QyHKIUU MUIIEBAPUTEIBHOTO alapara,
MOBBIIIIACT CKOPOCTh POCTA M YITUTAHHOCTH ATHAT [114].

JlaHHBIE PaCUETHOM AIEKTPUUECKOW Harpy3ku Ha BBoje oBuapHH Ha 1000 rosios
MOJIOJHSIKA, COTJIACHO CIPABOYHBIM MaTepuajaMm MO PEKUMHBIM MOKA3aTeNIIM aKTHB-
HBIX ¥ PEAKTHBHBIX HAIPy30K CEIbCKOXO03SHUCTBEHHBIX noTpeduTenei [113], mpuBeneHsl

B Ta0iune 1.3.

Tabmuua 1.3 — DnexTpuyeckas Harpys3ka oB4apHu Ha 1000 rosoB MojoAHsKa

JHeBHOM MakcUMyM BeuepHuii Makcumym Kospuunerrs ce-
30HHOCTH
YcraHoBIEeHHas v > v "
aKTUBHOU Ha- pEaKTHBHOM AKTUBHOH Ha- pEaKTHBHOM
MOUHOCT, P, Tpy3KU Harpy3Ku Ipy3KH Harpy3KH
kBT = = = = K, | Ki | K, | K,
PMH! BGPHI qu QM}ZU [360211 Q;U PMBI BGPBI PB! QMBI BGOB! Qm
kBt | kBt | kBt |KkBap | kBap|kBap | kBT | kBt | kBt | kBap | kBap | kBap
5 2 16 104 | - - - 4 2 2 - - - 10,0805 108

N3 Tabmuer 1.3 ciaemyeT, 9To B OBUapHE OTCYTCTBYIOT MMOTPEOUTENN PEaKTHBHOM
MOIIHOCTH.

Pacuetnas makcumanibHasi Harpyska MPOEKTHPYEMOTO IMOTPEOUTeNs, OTINYAr0-
IIErocsl BEJIMYMHOM YCTAHOBJIGHHOW MOIIHOCTH OT AHAJOTMYHOIO MOTPEOUTENs MO
[113, 115], onpeaensieTcs CIeAYIOUIMM 00pa3oM.

MakcumainbHas Harpy3ka P,, Q, — 3KcTpamnosisiyued Wi HHTEPHoJISIIUeH MmoKa-
3aTeJIE COOTBETCTBYIOLIUX MOUIHOCTEW JJIA JHEBHOIO M BEYEPHETO MAKCHUMYMOB IO

JAHHBIM Tpadbl YCTAHOBIEHHON MOIIHOCTU PY M yCcTaHOBIEHHOW MOIIHOCTH MPOEKTH-


https://files.stroyinf.ru/Data2/1/4293845/4293845774.htm?ysclid=ly5gorjtji512854180#i866893
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pyeMoro o0beKTa.

MaremaTudecKoe 0kKHUJaHne HArpys3ku Py, Q,, o popMynam:

D _p. .2 O —0O.v2

P,=P-x,,xBr; Q,=Q-X;,kBap (1.1)
IIpousBeneHne CpeIHEKBAAPATUUECKOTO OTKJIOHEHUS MAaKCHMAJIbHOM HArpy3Kd

Ha K03(pPUIUEHT HafleXKHOCTU pacueTa Bopy, ooy 10 popMyTam:

pop =po,- X2, kBT; poy = pPog 'Xé , KBap, (1,2)
rae
2 _ po, P po
& +P.P”_ﬂO-P 7~Q _}_Q.QM _77Q
2 M 2 2 2
Xp = P » Xq = 6 : (1,3)

rie P, Q, Bop, fog — cTaTHUECKHE XapaKTEPUCTUKH HATPY30K MOTPEOUTENS 110 TabJIHLe
[113].

[IpousBeneM pacyeT 3JEKTPUUECKUX HATPYy30K JJIsl OBYAPHU C MEHBIIUM YHCIOM
rOJ0B MOJIOAHSKA. J{J1s1 3TOro 3Ha4eHMsI BEIMYMHBI YCTAHOBJIEHHON MOUIHOCTH MHTEP-
MOJIUPYEM TI0 TAHHBIM KOJIMYECTBA FOJIOB MOJIOJHSAKA IPUBEAEHHOTO 00OBEKTa (TadiuIa
1.3) ¥ yMEHBLIEHHOIO MOT0J0BbsI MPOEKTUpYeMoro oObvekTa. Jlanee ompezenseM pac-
YETHYI0O MaKCHMAaJbHYIO Harpy3ky MpPOEKTUPYEMOTO MOTPEOUTENS MO METOAMKE, YKa-

3aHHOM BbIIIe. PacyeTsl cBoaMM B Tabuity 1.4.

Tabnuua 1.4 — PacyeTHas MakcuManbHas Harpy3Kka JJisi OBYapeH C Pa3HbIM KOJIMYECTBOM
rojioB MosogHska (10 1000 romnos)

Komtuecrso 100 200 300 400 500 600 700 800 900 | 1000

TOJIOB, IIT

VcTaHOBICHHAS 05 10 15 20 25 3,0 35 4.0 45 5,0
MOIIHOCTh, KBT

Py, KBT 0,0059 | 0,0223 | 0,0477 | 0,0808 | 0,1208 | 0,1668 | 0,2182 | 0,2745 | 0,335 0,4

S

Q

X

22 Bopy, kBT | 0,1941 | 0,3777 | 0,5523 | 0,7192 | 0,8792 | 1,0332 | 1,1818 | 1,3255 | 1,4648 1,6
= >

%2 Xpa 0,1213 | 0,2361 | 0,3452 | 0,4495 | 0,5495 | 0,6458 | 0,7386 | 0,8284 | 0,9155 1,0
[0

=

N Py KBT 0,2 0,4 0,6 0,8 1,0 1,2 1,4 1,6 1,8 2,0

Py, KBT 0,0584 | 0,1875 | 0,3561 | 0,5506 | 0,7639 | 0,9917 | 1,231 | 1,4797 | 1,7364 2,0

Bopws, kBT | 0,3416 | 0,6125 | 0,8439 | 1,0494 | 1,2361 | 1,4083 | 1,569 | 1,7203 | 1,8636 2,0

Xpg 0,1708 | 0,3062 | 0,422 | 0,5247 | 0,618 | 0,7042 | 0,7845 | 0,8601 | 0,9318 1,0

Beuepnnii max-
CUMYyM

Pys, KBT 04 0,8 1,2 1,6 2,0 2,4 2,8 3,2 3,6 4,0
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3aBHCUMOCTH MAaTeMaTHYECKOTO OXXKHNAaHWs Harpy3Ku F v AJI THEBHOI'O U BCUCP-

HEro MAaKCUMYMOB OT KOJMYECTBA T'OJI0B B OBUApPHE MIPE/ICTABIICHBI HA pucyHke 1.2, a u 0.

C 2,5

0,45

:'ﬁ';m. KBT %?\m. KBT

i /
01 05 1
0,05 ——— <

N. roios N. roios

0 + —— ; ' T T T 1 0 r T T T T T T T 1

100 200 300 400 500 600 700 800 9S00 1000 100 200 300 400 500 600 700 800 900 1000

a) 0)

Pucynok 1.2 — MaTtemaTiueckoe 0>KuaaHue Harpy3KH JUis JHEBHOTO (a) ¥ Be4epHero (0) MaKCHMyMOB
JUIS OBYApPEH C Pa3HbIM KOJMYECTBOM IosioB MoJojHsKa (10 1000 rosos)

04

0,35
0,3

0,25 T

0,2

0,15 7

I/ICXOI[H K3 BBIINICU3JIOKCHHOI'O, MOXHO CACJIATh BBIBOJ, UTO SHCKTquCCKOﬁ Ha-
pr3KOﬁ B XO3SMCTBAaX MO Pa3BCACHHUIO OBCI ABJIAIOTCA B OCHOBHOM HOTp€6I/ITeJII/I aK-

THUBHOTO IICPEMCHHOI'O TOKA, a UX 0611135[ MOIDHOCTB COCTABJIACT 1-3 xBT.

1.3 AHaJIu3 BeTPOIHEPreTHYECKUX YCTAHOBOK MaJIOH MOIIIHOCTH

B ycnoBusix pactymiero crpoca Ha dKOJOTHYECKH YUCTHIC U SKOHOMUYECKH d (-
(heKTUBHBIC MCTOYHUKH SHEPTUH BETPOIHEPTETHKA MajlOl MOIIMHOCTH CTaHOBHUTCS BCE
0oJee BOCTpeOOBAaHHOM B CEKTOPE MajbIX (PEPMEPCKUX U JIMUHBIX MOJCOOHBIX XO35HCTB
[13, 30, 56, 60]. Takue x035HCcTBAa YaCTO CTAJIKUBAIOTCS C OTPAHUYCHHBIM JTOCTYIIOM K
IIEHTPAJTN30BaHHBIM YHEPIrOCETSIM HJIM BBICOKHMMH 3aTpaTaMHu Ha AJICKTPOIHEPTHIO, UTO
JienaeT WUCIIOIh30BaHNE JIOKATBHBIX BO30OHOBIISIEMBIX HCTOYHUKOB DHEPTHH, TAKUX KaK
BETPOYCTAaHOBKH, aKTYaJIbHBIM M MEPCIECKTUBHBIM petieHueM [22, 57, 137]. BDY manoii
MOIITHOCTH CIIOCOOHBI 00ECTIEYUTh CTAOMIIBHOE SHEPrOCHAOXKEHHUE ISl HYXJ CEJIbCKO-
X035MCTBEHHOTO TIPOU3BO/ICTBA, OCBEIIEHHUSI, OTOIUICHUS U IPYTUX OBITOBBIX MOTPEOHO-
CTEH, CITIOCOOCTBYS TOBBIIIEHUIO YHEPTETUIECKON HE3aBUCUMOCTH M YCTOMYMBOCTH XO-
3iicTB [146], 4ro nmenmaer UX MEPCHEeKTHBHBIM PEHICHUEM JUIS JICHEHTPAaTN30BaHHOTO

sHeprocuatxenus [18, 47, 49, 50, 59]. bonee npoABUHYTHIM HHXCHEPHBIM PEIIICHUEM B
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ATOM HAINpPABJIEHUU MOXKET CIY>KUTh MPUMEHEHHE BETPO-COJHEUHBIX JIEKCTPOCTAHIUI
[4, 88, 91, 106, 107]. Takas KOHCTPYKIHS IOBHIIIaeT HaJAe)KHOCTH ACD, HO BMecCTe C
TEM yBEJIMYMBAET MaccoradapuTHbHIC TAPaMETPhI U YCIOXKHICT CUCTEMY yIPaBIICHHUS.

[To maHHBIM, TPEAOCTABICHHBIM BCEpOCCHICKUM Hay4YHO-HCCIIEA0BATEIbCKUM
WHCTUTYTOM THIPOMETEOPOJIOTHIECKO nHpopMarmu — MupoBoid nieHTp aanHbix [20],
ObLJ1a MOTy4YeHa COBOKYITHOCTh YHEPTreTUUYECKUX U adPOJIOTHYECKUX XapaKTEPUCTHUK, Ha
npuMepe Amnarickoro paiioHa KpacHomapckoro kpas (metuoctanuusi unjaekc 37001),
KOTOPBIE TTO3BOJISIIOT ONMPEEIUTh peKUMBI paboTsl BOY.

Pe3ynbTaTel 00paboTky HaOMIOAeHNM HAa MeTeocTanluu (uHAeke 37001) 3a mecs-
tunetHui niepuon (2016-2025 rr.) mokazanu, 9TO CpeIHEKBAAPATUYHOE OTKIOHCHUE
CpeIHero10Bo ckopoctH coctasisier 0,21 M/c, TO ecTh CpeaHETr0/I0BbIe 3HAYEHUS CKO-

pocTeil BeTpa OTJIMYAIOTCA B HEOOIBIINUX Ipeieax.

Tabmuma 1.5 — CpemHeromoBble CKOpOCTH BeTpa B AHamnckoM paiione (Meruoctanius 37001)
Kpacnonapckoro kpas

I'on 2014 | 2015 | 2016 | 2017 | 2018 | 2019 | 2020 | 2021 | 2022 | 2023

cpenHss ckopocth Betpa, M/c | 4,6 | 4,6 | 4,12 | 457 | 436 |4,23 | 398 | 454 | 4,45 | 4,48

Ha pucynke 1.3 moka3aHa cpefHsisi CKOPOCTh BETpa MO MECSIaM 3a MCCIICTyeMbIi
nepuos. U3 Hero ciemyer, 4TO MaKCUMAaJIbHBIE CKOPOCTU BETpa HAOJIIOMAIOTCS B 3UM-

HHUEC MCCABI, a MUHHUMAJBHBIC JICTOM.

V,M/CA
8,
7,
6,
5,
4 -
3
2,
1,
0 \ I o
4 A A = &8 2 .4 2 Mecs
[ R | Q IIbI
%§agasm=g©§8®
Z 2 S = 2 £ & 3 &
= O 5 S:mmxow
S 8 o F =

Pucynok 1.3 — CpennemecssaHble CKOpOCTH BeTpa 3a 10 met
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AHanu3 nokasai, 4ro Haubosiee OMM3KOM (YHKIMEN pacnpesesieHus rpafanui
CKOPOCTEH BETpa SBISAETCA AByXIIapaMeTpuueckoe ypaBHeHue B. BeitOyma:

r-1 7
fv)=Zl L] expl—| L] |,

P\ B P (1.4)
rze v, B — nmapaMmeTpsl pacrpeaeieHusi, OnpeIesieMble PeKUMOM ITOBTOPSEMOCTH CKO-
pocTei BeTpa.

IIpu oueHKE BETPOBOIrO MOTOKA JOJDKEH YUMUTBHIBATHCS CIy4YalHBINA XapakTep Io-
cTynarouieii sHepruu Betpa. [Ipu 3ToM HE0OXO0AUMO OLIEHUBATH OOECIEUEHHOCTH (Be-
POSITHOCTD MOSIBJIEHUS) ONPEAEIIEHHON CKOPOCTH BeTpa. OAHON U3 OCHOBHBIX XapakTe-
PUCTHK CITy4yallHOW BEJIMYUHBI SIBJSIETCSI MHTETpaJibHass 0O0ECIEUEHHOCTh CKOPOCTH BET-
pa. Ilpu ucnonws3oBanuu (yHKIMU pactpenencHus BeliOyina uHTerpanbHas obecrie-

YCHHOCTb HAXOOHUTCS CICAYIOIIHUM O6p2130M:

Ve

p(V)=exp| —| —
P (1.5)

CymiecTByIOT pa3InyHbIe CIIOCOOBI OMPE/IEICHHS MapaMeTpoB ¥, f u3 Habopa xa-
PaKTEPUCTUK AIMITMPUICCKOTO pacrpesencHus. Vcmoap3yss MEeTol HaMMEHBIIINX KBaJ-
paToB, OBLIN MOJYYEHBI TTAPAMETPHI paclpeeeHus Il BpEMEH ToJla U IS rojia B Iie-

noMm. JlaHHbIe 3aHEeCEHBI B TAOMUITY 1.6.

Tab6numa 1.6 — [MapameTpsl GyHKINM pacripeeieHHs] CKOPOCTel BeTpa

[Tapametpsl Becna Jlero Ocenb 3uma I'on
pacrpeeseHus

Y 1,61 2,05 1,615 1,85 1,551

B 4,79 3,1 4,3 5,569 4,549

NHuTterpanpHasi 00ecreueHHOCTh CKOPOCTH BETpa IpejicTaBieHa Ha pucyHke 1.4.

Jlanee OblJIa TOCTPOECHA 3aBUCUMOCTH (PUCYHOK 1.5), mokasbiBaroiiasi Kakum 00-
pa3zoMm (opmupyeTrcs rogoBasi CyMMa YIEIbHOM SHEPTHH BETPOBOTO MOTOKA (TLJIOMIATH
noz xkpusoii Wy,). I3 prucyHKa BUJHO, 4TO BBUAY KyOMYECKON 3aBUCHMOCTH MOIIHOCTH
OT CKOPOCTH BETpa, HAMOOJBIITUI BKJIAJl IAIOT HE CPEIHUE CKOPOCTH BETpa U HE Hanbo-
Jiee 4acTO BCTpeYaeMble, a CKOPOCTHU, MPEBBIMIAIONINE CpenHue 3HadeHus B 1,7-1,85

paza.
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Pucynok 1.4 — MurerpanpHas 00eCieueHHOCTh CKOPOCTH BETPa B YCIOBUAX AHAIICKOIO
(mereoctranuus 37001) paitona KpacHogapckoro kpas

10 11 12 13 14 15 1

—

19 20 21 22 23  v.wmlc

Pucynoxk 1.5 — IToBTopsieMoCTb CKOpOCTEH BeTpa U pacrpe/iesieHue ro1oBoi yaenbHoi sneprun Wy,
Ha BbIcoTe 10 M: vi— Harbosee yacTo HalmoJaemMast CKOpOCTh BETPa, Vo — CpelHee 3HAUCHNUE CKOPOCTH
BETpPa, V3— CKOPOCTb, 00ECTICUNBAIOIIAsi HAMOOBIINI BKJIaJ] B TOJOBYIO BHIPAOOTKY SHEPTUH

st onteHkH 3P GEeKTUBHOCTH PadOTHl BETPOIHEPTETHUECKONW YCTAHOBKH Obliia
MOCTPOEHA 3aBHCHUMOCTh PacCIpeesieHus yIeTbHON MOIIHOCTH BETPOBOTO MOTOKA (pH-
cyHok 1.6). [Imomaaer mox kpuBoi 1 mipeacTaBiiseT coO0l roI0BYIO YACIbHYIO SHEPTHIO

2 .
BETPOBOI'0 MOTOKA (PHEPrUlio, MPUXOASUIytoca HA 1 M~ oMeTaemMoil Iioaau BETPOKO-
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JIECOM), OZHAKO B MOJIE3HYIO PabOTy, C y4ETOM KOA(PPUIIMEHTA UCIIOJIb30BAHUS SHEPTUU
BETPOBOro notoka Cp, MOXKET OBITh MPEOOpPa30BaHa TOJIBKO YacTh HTOM dHEPruu (IUIO-
aab Mo KPUBOH 2).

IIpy cKOPOCTSAX BETPA HUXKE Vyyyp (HA PUCYHKE HE IOKA3aHO) MOLIHOCTU BETPOKO-
Jieca HEI0CTaTOYHO IS IPEOAOICHUs CUIl TpeHus B y3nax BOVY. Ilpu ckopoctsax Berpa oT
Vyap 20 Vp (V,), IpH KoTOpoit BOY pa3BuBaeT HOMUHAIBHYIO MOIIHOCTb, SHEPTHs BETpa
UCTIONIb3YeTCsl HanOoJiee MONHO (MPUMEHUMO JUIsi TEHEPATOPOB C BO30OYXIECHHUEM OT IO-
CTOSIHHBIX MarHuToB). [Ipu mocneayromeM yBeIMYeHUH CKOPOCTU BETPA BIUIOTH J0 MaK-
CHMAJIBHOM pab04ell CKOPOCTU V., MOIIHOCTE BOVY monnepxkuBaeTcs Ha MOCTOSHHOM
YPOBHE BBHUy OIPAaHMYCHHOCTH MOIITHOCTH T€HEpaTopa U BKIIIOYCHHUS B PaOOTy cTaOMiIH-
3UPYIOIIMX YCTPOUCTB. [Ipr 3TOM 107151 OJIE3HO UCHOIBb3YEMOM SHEPTHUH BETPOBOTO TIOTO-
Ka CHIKaerca. IIpu CKOpOCTSAX BBIME Vyap BETPOKOJIECO BBIBOIAMUTCSA H3-TIOJ BETpa U

OHCPIUsA BCTPA HEC UCIIOJIB3YCTCA.

400—
300

200—

100—

0 >
1245 EJ t, gac

1885

Pucynok 1.6 — Pacnipenenenue yaensHO MOITHOCTH BeTpa Ha BbicoTe 10 M: 1 — TeopeTnyeckoe
pacnpezeneHue yaeIbHON MOLTHOCTH BETPOBOTO MOTOKA; 2 — YZAEIbHas MOIIHOCTh Ha Baly
BeTpokoJeca; 3 u 3’ — ¢akTuyeckas yJaenbHas MOIIHOCTh BETPOIHEPIeTUYECKON YCTAaHOBKH

JlaHHBIE 3aBUCUMOCTH TMO3BOJISIIOT ONPEEIUTh PEXUMBI PadOTHI BETPOIHEPreTH-
YECKOW YCTaHOBKH. MaKCUMaIbHOE KOJIMYECTBO BHIPAOOTAHHOW SHEPTUH COOTBETCTBY-
€T CKOPOCTH BeTpa V, =7 M/C (IuIoIaap Noj JUHUEH 3), TIPH 5TOM 0011ee BpeMs padoThI

B3OV cocrasur 1245 gacos. Onnako cHuU3MB pabodyro ckopoctb BOY no v,=6 m/c,
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CyMMapHO€ KOJHMYECTBO BbIPAOOTAaHHOW AHEPTrUU CHU3UTCA HE3HAUWUTEIHHO (TJIOLIAAb
no nuHuel 3’), Ho obiee Bpems paboTel BOY npu HOMUHANBHON MOIIHOCTH BO3pac-
teT 10 1885 yacoB. MomHocts BOY mnpu 3TOM HECKOJIBKO CHUKaeTcd. [lanbHeiiee
CHIKEHHUE pabouell CKOPOCTH BETpa HE MMEET CMbBICIA BBUIY 3HAYNUTEIHLHOTO YMEHB-
IICHUST KOJIMYEeCTBA BhIpabaThiBaeMoW sHEprum. Takum 00pa3om, pabouyr0 CKOPOCTh
BeTpa U1 Manbix BOY nenecoobpasHo BeIOMpaTh Ha ypoBHE 6-7 m/c. MakcumalibHO
JOMyCTUMAas CKOPOCTh MPU 3TOM ONPEIEIIAECTCS MPOYHOCTHBIMU XapaKTEePUCTUKAMU yC-
TaHOBKH.

JlaHHBIN aHaJIM3 M aHalIM3, IPOBEACHHBIN B Apyrux pabdorax [32, 63, 67, 120],
MOKAa3bIBACT, YTO FOKHBIC PETHOHBI Poccuu 001amar0T JOCTATOYHO BBICOKMM BETPO-
HPHEPreTUYECKUM TMOTEHIIMAJIOM, OJHAKO TpH BbiOOpe BOY HeoO6xoaumMo mpuBOAUTH B
COOTBETCTBUE MUMEIOIINECS SHEPTETUUECKUE MOKA3aTeIM C HOMUHAIBHBIMU XapaKTEPH-
CTHKaMU TpejyiaracMbix Ha peiike BOY [19, 26, 54, 58, 84-86].

W3BecTHBIC B HacTosIIee BpeMst BOY MoxxHO pa3aenuts Ha 3 Tumna [79]:

— potop CaBoHuyca;

— porop [apse;

— TOPU30HTaIbHO-0CeBbIE BOY.

IlepBbie 2 Buaa oTHociATCS K BOY ¢ BepTHKanbHOM OCBHIO BpalleHMS,
MOCJIEAHUN — TOPU30HTAIBLHO-0CeBOM. [IpuMepsl BepTHKalbHO-0CeBbIX BOY moka3aHsl
Ha pucyHke 1.7. Ilpumepbl ropu3oHTaNbHO-0CEBbIX BOY mnpencTaBieHbl Ha PUCYHKE

1.8.

a) 0) B) r)

Pucynox 1.7 — Ilpumepsl BepTHKaIbHO-0CceBBIX BOVY:

a — potop CaBonuyca; 6 - porop apwe; B — H-potop [lapse; B — renukouansiit potop Japbe
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a) 0) B)

Pucynoxk 1.8 — IIpumeps! ropuzoHTanbHO-0ceBBIX BOY:
a — TUXOXOJJHast MHorojomnactHas BOY; 6 — ropusonrtansHo-oceBast BOY mapycnoro tumna,
B — TpexJjonactHas BOY

B o0miem ciiydae MexaHn4ecKyro MOIIHOCTh BOY MoxxHO mocuuTaTh 1o popmy-
ae [136]:

= . . 3. .
N=05-p-V*S-C,, 16)

3.
r7ie p— IUIOTHOCTh BO31yXa, KI/M°; V— CKOpOCTb BeTpa, M/C; S— oMmeTaeMas IUIOIab
2
BeTpokoneca, M°; C, — KOOQQHUIMEHT MCIIOIb30BAHUS SHEPTUU BETPOBOTO IIOTOKA.
JUIsl TOPU30HTAIBbHO-OCEBBIX BETPOIHEPIreTUYECKUX YCTAHOBOK OMeTaemas IUIO-

3]s onpezenseTcs no Gopmyie:

S=——, (L.7)

rae D — nuameTp BeTpokoseca, M-,

JIJ1si BEpTUKATBHO-OCEBBIXATA TIJIOMIAAh IKBHBAJICHTHA IUIONIAINA TMPOCKITUHU ITHU-
muHApa (knaccudeckuit porop CaBoHMYca) Ha MJIOCKOCTH MapajuieIbHYI0 OCH Bpallle-
HUs (TUTOIIaAh MUJIEJIEBOTO CCUCHMUS):

S=D-h, (1.8)
rae h — BeicoTa poropa, M.
Koa¢dpunuent ucnonpsopanus momuoctd C, onpenensercs CleayromuM odpa-

30M.
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N
Co= (1.9)
sempa
ba3oBoil xapakTepuCTUKONW BETPOJBUTATENs SBISAETCS OBICTPOXOIHOCTH Z, SB-
Jsrotasicst pyHKIMEN CKOPOCTH KOHIIA JIONACTH BeTpoKoeca AuameTpoM D u ckopocTu
BeTpa V:

_ Db

AY (1.10)
3aBuCHUMOCTh KO2()(UIMEHTA UCIONb30BaHus dHepruu Berpa C, oT OBICTpOXO.-
HOCTH Z ONPEEIISIeTCSl adpPOJIMHAMUYECKON XapaKTepUCTUKOM BETPOJBUTATENSA, MOKa-

3aHHBIMHU Ha pucyHke 1.9 [123].

Ce
0.6k Mpegen Eerua 0,593
HaeancHoe (0,593) BEICTROX0ANbIE
BETROKONECO MANONONACTHELE
0.5 BeTpoKenEca (0,45)
- /—\

THxXOXOAHOE
MHOMONONACTHOE
BeTpokeneco (0,31

0.3

FenuKouaHEN
Parep (0.4)

0.2

01

-

)

CapomHuyca
0 1 2 3 4 5 € 7 &

Pucynok 1.9 — 3aBucumoctu k03¢ puiinerTa uCIonbp30BaHus SHEPTHHA BETPOBOTO TIOTOKA
0T OBICTPOXOJHOCTH Pa3IMYHbIX BETPOIBUTATENIEH
(aspoauHaAMHUYECKHE XapaKTEPUCTUKU BETPOABUTaTENIEH )

N3 pucynka 1.9 u dopmynsr (1.6) BHIHO, YTO KOHCTPYKIIMSI BETPOJBHTATEIsS
CWJIBHO BIIMSET Ha pa3BuBaeMyro MomtHocTh BOY. Cambie Gombinne K0dGhOUITHMEHTHI
MCIIOJIb30BAHUSI BETPOBOT'O MOTOKA UMEIOT BETPOJBUTATENH, PAOOTAIOIINE HA MOIBEM-
HOU cwiie (TeJIMKOMIHBIA POTOp M ABYX- U TPEXJONACTHBIE TOPU30HTAJIBLHO-OCEBBIE
B3Y) no cpaBHenunto ¢ poropom CaBoHMYCAa U THXOXOJIHBIM MHOTOJIONIACTHBIM BETPO-
KOJIECOM M BeTpokojiecoM napycHoro tuna ¢ C,=0,15-0,19 (na pucynke 1.9 He noka-

3aH).
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[Ipu MoaenMpoBaHUM HaUOOJIBIIYIO CIIOKHOCTh BBI3BIBAET aHATUTHUYECKOE OIpe-
neneHne kKod(pQuimeHTa UCIoIb30BaHUs BETPOBOTO MOTOKA,BBUIY HEIMHEWHOCTH ad-
POIMHAMHYECKUX MPOLIECCOB, MPOUCXOSAIINX MTPU B3aUMOACHCTBUU BETPOBOTO MOTOKA
C JIONACTSIMU BETPOJIBUTATEIIS.

3aBucuMocTh BenuuuHbl C, OT OBICTPOXOJHOCTH Z MOYKHO AHAJIIMTUYECKHU arl-

IPOKCUMHUPOBaTh pyHkuuei [5]:
C3
Cp(z) = (S - c2)e™= +C4, (1.11)
rae C1+C4 — xoaduuuents! A nosydeHus xapakrepuctuku Cp01nM3Koi K peaabHOI.

Taxxe I OIIPCACIICHU A Cp MOJKCT HCIIOJIB30BATHCA aHAIIMTHYCCKOC BBIPAKCHHC

[138]:

1
— (0.46 — 5)| e 49 + 0.0068z,  (1.12)

116
A(z,0)

Cp(A(z,6),6,2) = 0.517[

KOTOpPOE TMO3BOJISIET €IIe YYUTHIBATh Yo ¢ HAKJIOHA JIONACTH POTOpPA MO HOPMAJIHU OT
HarpaBJieHHs BeTpa (Tpa.).

3unaucnue A(z,0) ompeaensiercs mo Beipaxenuio [5, 138, 147]:

A(z,0) =

1 0,035
z+0,086  63+1 (1.13)

B ciydae oBIEBOUECKUX XO3SIMCTB MPU CTOMIOBO-MACTOUIITHOM COJIEPKAHUU
oBell radaputsl BOY nomxHbl ObITh MUHUMAJIBHBIMH JUJIS1 YJOOHOTO JIEMOHTaXa M Iie-
PEBO3KHM YCTAaHOBKHM HAa MECTO JIETHETO BhINACA.

['1aBHBIM PEUMYIIECTBOM BEPTUKAIBLHO-0CEBbIX BOY sBisieTcss oTCyTCTBUE HE-
00XOMMOCTH OPUEHTUPOBAHUS IO BETPY U O0Jiee BHICOKHE 3HAUCHHUS MPEAEIbHON CKO-
poctu Betpa [28, 61]. K ToMy ke MHOTHE aBTOPBI OTHOCST K MPEUMYIIECTBAM HHU3KYHO
CTapTOBYIO CKOPOCTh (0K0J0 3-4 M/C), TO ecTh Takue BOY HaumHaioT BeIpaOaThIBaTh
sHepruto oT 4 m/c. OnHako u3 Gopmyinsl (1.6) BUIHO, 4TO MOIIHOCTH Ha Bamy BOVY
UMeeT KyOMYEeCKyI0 3aBUCMMOCTh OT CKOPOCTH BeTpa. To ecTh mpu HmactnopTHOM MOIII-
Hoctu BOY, k npumepy, 1 kBT ¢ HOMUHAIBHOM CKOPOCTHIO BeTpa 12 M/c, maHHas ycTa-
HOBKa 1pu 4 m/c OyzeT BblIaBath auiib 37 BT.

Porop CaBonuyca oTHOCUTCS K TUXOXOJHbIM BOY. OCHOBHBIM €ro mpeumyiie-
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CTBOM SIBJISIETCSI IPOCTOTA KOHCTPYKIMHU, TO €CTh BO3MOXHOCTh CKOHCTPYUPOBAThH BET-
poJBUTATENh CaMOCTOsATENbHO. OHaKo, ncxoas u3 Gopmyisl (1.6) mist co3ganus MoIl-
HocTH Ha Baiy BOV B 1 kBT ¢ yyerom C,=0,2 (pucyHok 1.9) npu 10cTaTo4Ho peaKkoM B

HAIlIeM PerHoHe BeTpe 7 M/C TUIOIIa b MUAETIEBOTO ceueHUs OyAeT COCTABIIATS:

B 1000
0,5-1,2267°.0,2

= 23,817

To ecTh npu BbICOTE BETpOJABUTATENS 4 M, AUAMETP POTOPA AOHKEH OBITH MOYTH
6 M. Takum 00pa3oM, IIPU BHYIIMTEIBHBIX pa3MEPAX OHA PA3BUBAET HE3HAUUTEIbHYIO
MOHIIHOCTb, TaK KaK pa0dOTarOT Ha CUJIE COIPOTUBICHUS U UMeEIOT HU3Kkui C,. MIMeHHO
IIOATOMY OHH HE HAIILJIM IIUPOKOTO MPUMEHEHUS.

Porop Jlapbe oTHOCUTCS K ObICTpOX0aHBIM BOY, paboTaet Ha moseMHOM cUlie U
umeer C, B 1,5-2 pasa Bele, ueM y poropa CaBonnyca. OHaKO Ba)KHBIM HEJJOCTATKOM
ABJISIETCA OTCYTCTBHE aBTOMATHYECKOI'O CTAPTa BETPOKOJIECA IIPU BO3PACTAHUU CKOPO-
CTH BeTpa. s 3TOro y MOIIHBIX YCTAaHOBOK I'€HEPATOP BKIIIOYAETCS B JABUIATEIIbHBIN
pEeXHM, a TIOCJIE CTapTa MEPEKII0YAETCS B reHepaTtopHblil. Y BOY Manoil momHocTH
JUJIsl CTapTa Ha Bally BETpOKoJieca ycTaHaBiauBaeTcs: potop CaBoHuyca (pucyHok 1.7, 0),
HO TIPU BBIBOJIE poTOpa [laphbe B HOMUHAIBHBIN PEXUM paboThl, cTapToBbIN poTop Ca-
BOHHMYCA OyJeT CHUXaTh 001U KOI(PPUIUEHT UCIIOJIB30BAHUS SHEPTHH BETPOBOIO IMO-
TOKa, TaK KaK PEXKHUM €ro paboThl BHIXOAMT 3a 00JIACTh €r0 a3pOJMHAMUYECKON Xapak-
TEPUCTHKH (prCyHOK 1.9).

B unenom BeprukanbHo-oceBble BOY umeror C, HWXe, YeM Yy TOPU3OHTAIbHO-
oceBbIX. OOBSICHAETCS 3TO TEM, UTO JONACTH BepTHKaJIbHO-0ceBbIX BOY Bcerna padorator
IIPU U3MEHSIOIMXCS YIJIaX aTaKu, B OTIMYHUE OT TOPU3OHTAIBHO-0CEBBIX BOVY. ¥V mmyummx
00pa3loB OJIHO-, IBYX- U TPEXJIOMACTHBIX TOPU30HTAIBHO-OCEBBIX BETPOJIBUTATENEH, pa-
OoTaromyx Ha MogbeMHOM cuite, C, IPUMEPHO OMHAKOBBIN U cocTaBisieT okoio 0,45.

CroumocTts coBpeMeHHbIX BOY momHocThIO 1 KBT paznuyHoil KOHCTPYKIIMHU KO-
7e0aeTcsl B 3aBUCUMOCTH OT KOMIUIEKTALMU OT HECKOJIbKUX JECSTKOB 10 HECKOJIBKUX
coTeH ThIC. pyoeit. Tak, Hampumep, «PocBerporeneparopy» npeanaraet mogemn ATOH
BC-1, ROSVETRO LW-1K, ROSVETRO LT-1K croumoctsio 155-215 TbIC. pyOnei

pY HOMHHAJIBHBIX paboumx ckopocTsx Berpa 11 m/c [17]. Jdpyroit kpymHbIi MPOU3BO-
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nutenb BOY «Yasheltechnologies» npencrasiasier BOY mMomHocTs 1 kBT cTOMMOCTBIO
63-225 TeIC. pyOste [16] ¢ HoMuHATBHOW pabodeli CKOPOCThIO BeTpa A0 15 m/c.

W3 npuBeneHHBIX TaHHBIX CTAHOBUTCS SICHO, YTO BBIITYCKAE€MbIE MPOMBIILIEHHO-
cThio BOY He moaxoasT 1o/ MoTy4YeHHBIC BBIIIE YHEPTETHUSCKIE XapaKTEPUCTHUKH, TaK
OHHM TIPOU3BOIATCS HA HOMUHAIBHYIO CKOpocTh BeTpa 10-15 m/c. Cormacao dhopmynam
(1.6) u (1.7), nus mosrydeHuss MOIIHOCTH B 1 KBT mipu ckopocTsax BeTpa 6-7 M/c HE00XO-
JTUMO MIMETh Pa3Mepbl BETPOABUTATEIS, COOTBETCTBYIOIINE 3aBOJCKHM MOJIEISIM MOTII-
HOCTBIO 5-6 KBT B 3aBUCMMOCTH OT pacuye€THOW HOMUHAIILHON CKOPOCTH BETpa.

Croumocte BOY MomHoCThIO 5 KBT paznuyHON KOHCTPYKLIMHA B 3aBUCHUMOCTH OT
KOMIUTEKTAITMM HAaXOJUTCS B TIPEeNiaX OT HECKOJBKHX COT THICSY 70 0ojee MUJLTHOHA
pyouneit. BOY moneneit ROSVETRO LT-5K, ROSVETRO FK-5K, ROSVETRO LW-5K,
ATOH BC-5, ROSVETRO PC-5K, paccunranHble HA HOMUHAJIbHBIE CKOPOCTH BeTpa 10-
12 wm/c, «Pocerporeneparop» mpemiaraet 3a 570-1090 TeIc. pyOmeir [17].
«Yasheltechnologies» cBoro moziens YASHEL DMWT-5KW Ha HOMHHAJIbHYIO CKOPOCTD
Betpa 10 m/c mpemraraer 3a 700 ThIc. pybmeit [16]. Y apyrux mocTaBIIMKOB IIEHBI HA MO-
JIENT C aHAJIOTUYHBIMU XapaKTEPUCTUKAMU HAXOJISATCS MPUMEPHO B TEX JKE Mpejiesax.

OnHako BO3MOYKHO M3TOTOBJICHUE JIOMIACTEH BETPOJBUTATENS B JOMAIITHUX YCJIO-
Busx (pucyHok 1.10), HO HEOOXOAMMO YUHUTHIBATH, YTO KAYECTBO «KYCTapHO» MU3TOTOB-
JICHHBIX JIOTIACTEH Bceraa OyJeT yCTynaTh 3aBOJICKOMY HcoinHeHuto. K Tomy ke camo-
CTOSITEJIBHO M3TOTOBUTH JIOTIACTh B BUE KPbLIa TIOYTH HEBO3MOXKHO, IMTOATOMY K03 du-
uueHT C, s BOY ¢ nonactsamu, U3roTOBIEHHBIMU B BUJE JIONATOK, KaK IIOKAa3aHO Ha
pucynkax 1.10 u 1.11, 6yner cocraBiars okosio 0,3 (pucyHok 1.9). Takum oOpa3zom,
JUIsL JOCTHUKEHUST MOIITHOCTH B 1 kBT Ha Bany BOY nipu nonactsx B BUAE CaMOJIETHOTO
kpbu1a, To ecTb npu C,=0,45 u ckopoctu Berpa 10 M/c cornacHo ¢popmynam 1 u 2 umHa
JIOTIACTH JTOJDKHA OBITh 1,1 M, a mpu Tex ke mapaMerpax | JIONACTSAX B BHJIE JIOTATOK
(C,=0,3) nx nnuHa n1omkHa ObITh yxe 1,3 M.

Taxke ciemyeT OTMETHUTh, YTO CAMOCTOSITEIIbHOE M3TOTOBJICHUE JIOMACTEH BO3-
MOKHO TOJIbKO Uit BOY cBepxmanoil 1 Majioii MOITHOCTH, TaK KaK MPOYHOCTHHIE Xa-
PaKTEPUCTUKH TJIACTUKOBOM JIOTIACTU C YBEIMUYCHUEM JITTUHBI PE3KO CHIDKAIOTCS.

He,Z[OCTaTKOM TOPU30HTAJIBbHO-OCCBBIX YCTAHOBOK 110 CPABHCHUIO C BEPTUKAJIBHO-
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-0CEBBIMU SIBIIsIETCA HEOOXOIUMOCTh YCTaHOBKM BDY 1o HampaBieHuio BeTpa, TO €CTh
yCTaHOBKa paboTaeT B PEXMME MOCTOSHHOTO PhICKaHbsl. OIHAKO B yCTAHOBKAX MaJIOi
MOIIIHOCTH 3TOT HEJOCTATOK PEIIaeTCs MPOCTON YCTAHOBKOM XBOCTOBOI'O CTAOMIIM3ATO-

pa, Kak moka3zaHo Ha pucynke 1.8, a u B.

Pucynok 1.10 — CamozenbHble JIONAcTH U3 MJIaCTUKA JJIsl TOPU30HTAIbHO-0ceBOi BOY

Takxe HEAOCTaTKOM TOpU30HTAILHO-0CEBbIX BDY sBisieTcss Oosiee HU3Kas mpe-
nenbpHas paboyasi CKOpOCTh BeTpa, mocie yero BOY HeoOXxoaumo BBIBOJIUTH U3-TI0]T
BeTpa i u30eranus JUHAMUYECKOTO pa3pylIeHUs YCTaHOBKHU.

Ha OonbiivHCTBE cepuitHO BhITyckaemMbix BOY manoil MOIIHOCTH JaHHAs Mpo-
OJieMa pemraeTcsi TOPMOKEHUEM BETPOKOJIeca MPHU 3aKOpPauuBaHUM KOHTPOJIJIEPOM 00-
MOTOK T€HepaTropa, Mpu ITOM BO3ZHUKAET OOJIBIIION TOPMO3HOM 3JEKTPOMAarHUTHBIA MO-
MeHT. Ho TaHHBIA METOT ABJISIETCS HECOBEPIIICHHBIM, ITOCKOIBKY BETPOKOJIECO OCTAETCS
Mo/ a’pOAMHAMHUYECKON Harpy3koil. CyliecTByeT crnocod aBTOMaTHYECKOTO MOBOPOTA
jonacted (MpyKUHHAsE CUCTEMA) U, COOTBETCTBEHHO, U3MEHEHUS yTIJla aTaku MpHU J0C-
THXKEHUU TIPENEIbHOTO 3HaUeHUs CKopocTH BeTpa. Eme omuum crocobom yBona BOY
U3-TIOJ] BETpa SBJSETCS CUCTEMA CKJIa/IbIBAHUS XBOCTOBOTO CTaOMIIM3aTOpa, TOKa3aHHAas
Ha pucyHke 1.11. JlanHsiii cnoco0 mocturaercs 0aroaps UCHOIb30BAHUIO TTPYKUHHO-
PBIYQXKHOM CUCTEMBI C YCTAHOBKOM JIOMOJIHUTENBHOTO «BETpOyaBnuBaress». [Ipu noc-
THKEHUU OINPEIEIEHHON KPUTUUYECKON CKOPOCTH BETPA, KOTOpask HACTPAUBAETCS KECT-
KOCTbIO TIPY>KUHBI, «BETPOYJIABIMBATENbY YEPE3 PHIYAKHYIO CUCTEMY YBOJUT BETPOKO-
JIecO B CTOPOHY OT Haberarorero moroka [15].

Takum 06pa30M, HN3TrOTOBUTH CAMOCTOATCIBHO BO3MOKHO BETPOABUTATCIIN o0oux
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BUJ0B: U poTop CaBoHUYCa, U TOPU3OHTAIILHO-OCEBOM BETPOABUIaTENb MIPOINEIIEPHOTO
TUMA, OJJHAKO UX adpPOJUHAMHYECKHE XapaKTepUCTUKU Bceraa OyayT ycTymaTh BETpPO-
JBUTATEJISIM 3aBOJCKOTO MCIIOIHEHHUS, TO €CTh IIPU OJAMHAKOBBIX BBIXOJHBIX MOILIIHOCTSX
pa3Mepsl BETpOABUTaTENE COOCTBEHHOTO H3TOTOBJICHUS JOKHBI ObITH OOJBIIE U pac-
CUMTBIBAThCS coriacHo Gopmynam 1.1-1.3 u manaem u3 pucyska 1.9. K tomy ke potop
CaBoHuMyca Npu paBHBIX MOIIHOCTAX IO MAaccOrabapUTHBIM IOKA3aTesIM 3HAYUTEIbHO
yCTyHaeT TOPU30HTAIBHO-OCEBBIM BETPOABUTATENSIM, B MIEPBYIO OUepe/lb BBHY CaMOM

KOHCTPYKILIUH POTOPA U 3HAYNTEIbHO MeHbIero C, (pucyHok 1.9).

Pucynok 1.11 — YerpoiicTBo BbIBO/Ia Malioi ropH30HTalIbHO-0ceBOi BOY n3-non Betpa

Bbonbuioe 3nauenne npu BeiOope BOY mMeer Tunm mpumeHseMOro reHeparopa
[27, 31, 62, 89]. BcoBpemenHbix BDY npenmyliiecTBEHHO IpUMeHSIeTCs 2 BHJIA TeHEpa-
TOPOB DJCKTPUUECKON SHEPTUU: CHHXPOHHBIE TEHEPATOPHI C TIOCTOSTHHBIMUA MarHUTaMH
(CI'TIM) 1 MamvHbI ¢ TBOWHBIM MUTaHUEM (aCHHXPOHHBIE T€HEPATOPHI ¢ (Pa3HBIM pO-
TopoMm). OTHAKO AJI1 aBBTOHOMHBIX YCTAaHOBOK MaJlOM MOITHOCTH HE UMEET CMBICIA pac-
CMOTpEHHE BOIIPOCA MCIOJB30BaHUS B HUX MAILIUH JABOWHOTO MHUTAHUS M3-3a BHICOKOMN
CTOMMOCTH CIJIO)KHOM CHCTEMBI yMpaBIeHHs, TaK KaK MalllMHbI JaHHOTO THIA BO30YXK-
JAIOTCSl TIEPEMEHHBIM TOKOM TI0 CIIO)KHOMY QJITOPUTMY U TPEOYIOT HAJIWYHs B CBOEM

COCTaBe JIOPOTOCTOSIIIETO MPEOOPA30BATENS YACTOTHI.



37

K nocrouncram CI'TIM MOXHO OTHECTH MPOCTOTY KOHCTPYKIIUU U, KaK Cled-
CTBHE, BBICOKYIO HAJEKHOCTh U HU3KHE DKCILTyaTal[MOHHBIE 3aTpaThl. Tak Kak BO3-
OyXJIeHHEe TeHepaTopa MPOUCXOJAUT OT MOCTOSHHBIX MAarHUTOB, TO €ro paboTa ocy-
HIECTBJSETCS BO BCEM JUAIa30HE CKOPOCTEH, B OTJIIMUUE OT APYTHX BUIOB reHEepaTo-
poB [9, 134].

OpnHako, pu BcexX MPEUMYIIEeCTBaX UM MPUCYIIH CEPbe3HbIe HEAOCTATKH: CIIOXK-
HOCTh CTaOMJIM3AIMK BBIXOAHBIX TTAPAMETPOB JICKTPOIHEPTHUHU U BHICOKAsI CTOMMOCTD, B
NEepPBYI0 OYepellb, 00yCIOBICHHAs BBICOKOW IIEHOW MPUMEHSEMBIX MarHuToB. Takxke
CTOMMOCTb CHJIBHO 3aBHCHUT OT YHCJa Iap MOJIOCOB, U3rOTABIMBAEMbIX I'€HEPATOPOB.
[Ipm »TOM mpennaraempie Ha PBIHKE TEHEPATOPHI XOTh W SBJSIOTCS THUXOXOIHBIMHU
(200-500 06/MuH) TeM He MeHee, TPEOYIOT MPUMEHEHHS MOBBIIIAOIINX PEAYKTOPOB, a
Tak)ke 00J1aaf0T 3HAYUTEITLHBIMU MacCOrabapuTHBIMH TTapaMeTPaMH, YTO B UTOTE KOC-
BEHHO 0TOOpa3utcsi Ha ctoumoctu Mautel BOY. K tomy ke, CI'TIM npousBoasTcs Ha
BbIXOJIHOE HampsikeHue 24/48/96 B (y renepaTopoB HEOOJBIION MOIIHOCTH), YTO UC-
KITIF0YaeT BO3MOKHOCTh MX TPUMEHEHUsI 0e3 CTaTUYEeCKHX MpeoOpazoBaTeieii YHEPTHH.
K HemoctaTkamM TreHEpaTopoB OOJBIION MOIIHOCTH C BBIXOJHBIM HAMpPsSHKCHUEM
220/380 B HEoOXOOUMO OTHECTH CIOKHOCTh CTAOWMJIM3ALMM BBIXOJHBIX MapaMeTpoB
anekTpodHeprun. Kpome Toro, reHepatopsl 00JIBIION MOIITHOCTH SBJISIOTCS MalllMHAMU
WHUBUYAIbHOTO HUCIOJIHEHUS, YTO B OOJBIIONW CTENEHU OTPakaeTcsi Ha HUTOTOBOM
CTOUMOCTH.

Ha pucynke 1.12, a npencraBieHsl rpaguuecKkrue 3aBUCUMOCTA PHIHOYHOW CTOU-
moctu CI'TIM ot MomHocTH, a Ha pucyHke 1.12, 6 — 3aBucumoctu maccel CI'TIM ot
MOTIIIHOCTH.

JInst corytacoBaHMs BBIXOJHOTO HANPSIKEHUS T€HEPATOpa ¢ Harpy3Kou cervac uc-
MOJIB3YIOT pa3iIndHbIe METOMBI. JIJIsl peryIMpoBaHus HAPSHKCHUS B CHHXPOHHBIX TeHE-
paTopax MPUMEHSIOT JOMOJHUTEIbHBIE YCTPONUCTBA, TAKMUE KaK KOHJIEHCATOPHI, IpOcce-
JIM C TIOIMAarHUYMBAOIIEH OOMOTKOM U JAPyTHE, KOTOPhIE CTAOUITU3UPYIOT HAIIPSKEHUE.
OTH JOTMOJHUTENBHBIE YCTPOUCTBA CYIIECTBEHHO BIMSAIOT HAa rabapuThl U MaccCy aBTO-

HOMHOI'0O HCTOYHMKA 3JIEKTpodHepruu [66, 129].
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ThIC. pyO. M, xr

1000 + 1500 +
800 1200 +
600 + 900 +
400+ 600 +

200 300

10 20 30 40 P, kBt 10 20 30 40 P, kBt

Pucynok 1.12 — 3aBucumoctu croumoctu (a) 1 maccsl (0) CI'TIM ot MOIIHOCTH:
1 — ¢ HoMuHANBHOM YacToTOM BpamieHus 230 06/MUH; 2 — ¢ HOMUHAJIBLHOM YaCTOTOM BpaIllEHUS
470 06/MuH

OnuH u3 3P (PEeKTUBHBIX CMOCOOOB OOECleueHUs] CTaOUILHOCTH HANpPsHKEHUS B
CUHXPOHHBIX F€HEPATOpax - BKIIOUEHUE JOTOIHUTEIHLHOM OOMOTKHY MOCTOSTHHOTO TOKA.
[TogmarauuuBaromnias 0OMOTKa U3MEHSET CTENEeHb HACBHIIMICHUS MarHUTONpPOBOAA Ma-
IIMHBI, YTO MO3BOJISIET U3MEHATHh BHEIIHIOI MarHUTHYIO TPOBOJAMMOCTH OTHOCUTEIIBHO
MarauTa. OJHAKO YKa3aHHbBIN crOc00 TpeOyeT BHECEHUS M3MEHEHUU B KOHCTPYKIIMIO
AIEKTPUYECKON MAIIIUHBI.

Buny BblllIecKa3aHHOTO 11€J1eCO00pa3HbIM MPEICTABIISAECTCS TPUMEHEHUE B COCTa-
Be BOY Mmanoli MOITHOCTH CEpUIHBIX aCHHXPOHHBIX MallvH B KauyecTBe Al ¢ eMKOCT-
HbIM BO30yxaeHuem [75, 145]. I'maBubiMu goctomHcTBamMu Al sBIsIeTCS MpPOCTOTa
KOHCTPYKIIMH, BBICOKAsI HAJIC)KHOCTh M OTHOCUTEIbHO HHU3Kas ctouMocTh [140]. OnHako
pexum padbotel AI' BOY 00ycnoBieH nepeMeHHON 4acTOTOM BpallleHus POTOpa BBULY
M3MEHEHUSI CKOPOCTH BETpa U M3MEHEHHEM BEJIMYMHBI HArpy3Kd, YTO MPUBOIUT K U3-
MEHEHHUIO BEJIMYMHBI BBIXOJIHOTO HANPSsDKEHHS reHepaTopa M TpeOyeT ero craduiamsa-
uu [51- 53, 55, 139, 149]. Takum odpazom, A" mpucyIy HETOCTATKH:

1) 4yBCTBUTEIILHOCTD K TIEPErpy3KaM, 4TO MOXKET MIPUBECTH K Pa3BO30YKICHHIO;

2) CIIOKHOCTD PETYJIMPOBAHUS BHIXOAHOTO HAITPSKCHHSL.

Ha pucynke 1.13 noka3zaHbl 3aBUCUMOCTHA CTOUMOCTH U MAaCChl aCUHXPOHHBIX T'€-
HEpaTOpPOB OT MOIIHOCTH. {7151 aHanm3a ObUTH BHIOpAHBI ACHHXPOHHBIE MAITUHBI CEPUU

AWP ¢ HOMUHAJIBHOM CKOPOCTBHIO BpaleHus Baja 750 06/mMuH (4 mapbl MOJIIOCOB).
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Pucynok 1.13 — 3aBUCUMOCTH CTOMMOCTH M MacChl ACHHXPOHHBIX MAIlIMH OT MOIIIHOCTH

[Tox crabunuzanuelt HaAMpPsHKEHUsT OOBIYHO TOJApa3yMeBaeTcCs MOJIepKaHue Ha-
MPSKEHUSI HA Harpy3Ke 3a CueT PEeryJupoBaHUs] OCHOBHOTO MarHUTHOTO MOTOKA TaKUM
o0Opa3oM, 4yToObI HaNpsHKEHUE HAa 3aKMMax reHepaTopa OCTaBajOoCh HEM3MEHHBIM WM
U3MEHSIOCH B MIpE/IeiaX JOIMyCTUMBIX 3HaueHui [64, 65].

Crabunuzanus HanpsbkeHus Al pu nmepeMeHHOM Harpy3Ke U CKOpPOCTH Bpallie-
HUS POTOpPA BO3MOXKHA PETYJIMPOBAHUEM OCHOBHOTO MarHMTHOTO MOTOKa [126-128].

Crabunuzanus HanpspkeHus Al M3MEHEHHEM OCHOBHOTO MArHMTHOTO TOTOKa
BO3MOXHa rpu [126-128]:

1) mogMarHMYMBAHWN CIIMHKH CTAaTOpa r'eHeparopa;

2) U3MEHEHUH HAIPSHKCHHS Ha BO30YKIAIOIINX KOHICHCATOPaX;

3) u3MEeHEHUU €MKOCTH BO30Y KIAIOIIMX KOHIEHCATOPOB,;

4) npuMeHeHUN HEPPOPE30HAHCHOTO CTAOMITN3ATOPA HATIPSKCHHUSI;

5) IpUMEHEHNH YIIPABIISEMBIX PEAKTOPOB;

6) npuMEHEHNH KOHICHCATOPOB C TMEPEMEHHOHN (peryimpyeMoi) IudJIeKTpude-
CKOM MPOHULAEMOCTBIO;

7) KOMITAyHIUPOBAHUN BO30YKICHHS.

Bce npencrapieHHble criocoObl peryaupoBanus HanpsbkeHuss AT umeror Hemgoc-
TaTku. [{7s manpHeuIero anaan3a BeIACIUM 2 criocoa.

N3meHenne HanpspKeHUs Ha BO30YXKIAIOMIUX KOHJIEHCATOpaX MPU PEOCTATHOM

peryJMpoBaHUM. ITO MPUBOJIUT K 3HAYUTEIHHBIM MOTEPSM, OJHAKO TIPHU dHEProdhdex-
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TUBHOM HCIIOJIb30BaHUU BBIPAOATHIBAEMOW 3JIEKTPOIHEPTHH, BBIIEISIEMOE HA PEOCTaTe
TEIUIO MO>KHO, HAapUMEP, UCIOJIB30BATh ISl MOJOTPEBA BOJBI HA TEXHOJIOTMYECKHE
HYKJIbI WJI 000TpeBa MOMEILICHHUS.

N3meHeHne eMKOCTH KOHJIEHCATOPOB BO30YXKIIEHUS. DTOT CIOco0 HE J1aeT BO3-
MOXHOCTH TUIABHOT'O PETrYJIUPOBAHUSI BBIXOAHOTO HampsikeHus Al', yCIOXHSET JKc-
IUTyaTalyi0 T€HEPATOPHOW YCTAaHOBKH HAJIMYMEM KOMMYTAIIMOHHOM anmaparypbl CHU-
JKaroIIel HaJIe)KHOCTh BCcell cuctembl. Mcnonap30BaHuEe KOHAECHCATOPHBIX OaTtapeil ¢ mMa-
JBIM IIATOM PETYJIUPOBAHUS €MKOCTU TMO3BOJISIET HEOOJNBIIOTO Avarna3oHa U3MEHEHUs
BBIXOJIHOTO HAIIPSIKEHUS 33 CUET YBEIMUCHUS YUCIa KOMMYTAIIHIA.

Takum 00pa3om, MOXHO C/I€JIaTh BBIBOJI, YTO BBICOKAs IleHa COBpEMEHHbIX BOY
MaJjioi MOITHOCTH MPEJICTABICHHBIX HAa PhIHKE 00YCIaBIMBAETCS OTHOCUTEIHHO CIIOXK-
HBIM MPOIECCOM M3TrOTOBJICHUS JIONACTEH BETPOJABUTATEIEH U, COOTBETCTBEHHO, UX BHI-
COKOM CTOMMOCTBIO C OJIHOW CTOPOHBI, a TAKXE€ JOPOTHMMH T'€HEepaTopaMu, MOCTPOECH-
HBIMU Ha MOCTOSIHHBIX MAarHUTax W3 PEIKO3E€MEJIbHBIX MaTEpPUAJIOB C APYTOl CTOPOHBI.
s obecnieuenust 3pPEKTUBHOTO U IKOHOMHYECKH LI€J1€CO00pa3HOro 3HEprocHadke-
HUS OBIEBOJYECKHX XO34MCTB B YCIOBUSX PACCMOTPEHHOTO PETHOHA U PETMOHOB CO
CXOXUMHU MapaMeTpaMu paCTpeleNieHHs] BETpa Leaecoo0pa3Ho pa3padaThiBaTh U MPO-

u3BoAuThL BOY manoit MmontHocTu (10 5 kBT) Ha 6aze Al

1.4 CymecTByromme HCCJICI0BAHNS 110 ACHHXPOHHBIM I'eHepaTopam

Cpenu pOCCHICKMX YYEHBIX HAaHOOJIbIICE YMUCIIO MyOIUKAIKUi U MMAaTEHTOB IO UC-
CJICIOBAaHMIO aCMHXPOHHBIX reHeparopoB umetor: AmueB M.U. [1-3], Borateipes H.I.
[6, 10, 101, 102, 104], bapakun H.C. [142-144], I'puropam O.B. [29, 33-36], xenay-
0aeB A.-3.P. [37-39], JomOposckuii B.B. [40], 3yokos FO./1.[44, 45], Kuuuc C.H. [69,
70], Komsuios W.II. [72, 73], Jlumenko A. W.[77, 78], Topornues H./. [126-128], Da-
penrok A.I1.[131], ®purman B.C. [132, 133], u apyrue aBTOpHI.

B ux nmyGnukanusx paccMOTPEHBI BOIPOCHI paboThl A’ B pa3sIHUHBIX pEKHMaX:
paboTa reHeparopa Ha CBapOYHYIO IYTY, BBIIPSIMHUTEIBHYIO HArpy3Ky, PacCMOTPEHBI

BHEIIIHUE XapakTepucTuku A" v Bompochkl caMOBO30YKIE€HHMSI, CTAOWUIU3ALNMA HAIPS-
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KEHUs U IpoeKTupoBaHus Al

B KyGanckom ['AY Ha mpoTshkeHHMM MHOTHX JIET JEWCTBOBaja Hay4yHas IIKOJa,
3aHUMABILASCA U3YYECHHEM M BHEIPEHUEM Pa3JIMYHbIX KOHCTPYKIMI aCUHXPOHHBIX T'e-
HEpPATOPOB M YCTAHOBOK HA UX OCHOBE. BO r1aBe Hay4yHOU IIKOJIBI CTOSI 3aCTy>KEHHBIN
uzobperatens PO, npodeccop borareipes H.W. Vim Obun mosydeHsl MaTEHTH HA U30-
OpereHus: «MHOroQpyHKIIMOHAIBHBIA aBTOHOMHBIH aCHHXPOHHBIA TreHepaTop»[103],
«BeHTWIIbHBI aBTOHOMHBIN aCHHXPOHHBIA TeHepartop» [104], «ABTOHOMHBIN achH-
XPOHHBI TEHEPATOP C YETHIPEXITOIIOCHOM cTaTopHO 00MOoTKOI» [101], «YcTpoiicTBO
JUIE aBTOMAaTUYECKOTO PETYJIMPOBAHUS HANPSDKEHHsSI aCMHHXPOHHOTO TeHeparopay [95],
«YCTPOMCTBO ISl PEryJIUpPOBaHUS M CTaOMIM3alMU HANpPsDKEHHS] aBTOHOMHOI'O aCHH-
XpOHHOTO reHeparopa» [99] u MHOTUE IpyTrHe.

Takke BKJaa B U3yYEHUE ACMHXPOHHBIX T€HEpaTopoB BHeC mpodeccop CTpuxk-
koB W.I'. YacTb ero paboT mocBsileHa JaHHOW TeMaTHKE, CPEeAN KOTOPbIX NAaTEHTHI Ha
n300peTeHne: «ACHHXPOHHBIH JIByX4acTOTHBIH reHepatop» [96], «AcHHXpOHHO-
CHHXPOHHBIN JIBYX4YacTOTHBIN reHepatop» [97]; crates «Martemarndeckoe onvcaHHe
ACHHXPOHHOT'O TeHEepaTopa ¢ pa3BETBICHHON CTaTOPHOI 00MOTKO» [122] 1 npyrue.

ITon pyxoBoacTtBoM borateipeBa H.W. ObLn 3amuiieH psjg KaHAUAATCKUX AUCCEP-
TalMi MO0 TEMATUKE AaCHHXPOHHBIX F€HEPATOPOB TAKUMHM y4yeHbIMU, Kak bapakun H.C.,
Wnpuenko S.A., Kpetimep A.C., Ocekuna A.C., Cununsin A.B. u ap. [8, 46, 74, 92,
117].

Taxxe HeoOXoauMo oTMeTuTh auccepTaruio Cobomns A.H. [119], BeimonHeHHYIO
1oJ1 pykoBoACcTBOM Ipodeccopa borgana A.B. u mocBsIIEHHYIO 3aIIUTE aBTOHOMHBIX
ACMHXPOHHBIX T€HEPATOPOB CEJIbCKOXO35MCTBEHHOTO HA3HAYEHUs OT BUTKOBBIX KOPOT-
KUX 3aMbIKaHUH.

N3BeCTHO YCTPOMCTBO MJI1 aBTOMAaTUYECKOTO PEryJIMpOBaHUsS HanpspkeHus Al
npeaHa3HauYeHO ISl TUTAHUS HAarpy3Kd COM3MEPUMON MOIIHOCTH (pucyHOK 1.14) [95].
B ycrpolicTBe peannzoBaHa cucTemMa MapajuieIbHOTO U MOCIEI0BaTeIbHOTO BO30YKIe-
Hus Al'. K HepocraTtkam cliieryeT OTHECTH CIOXHOCTh CXEMBbI YIPaBIEHUS CTa0UIM3a-

TOPOM.
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Pucynok 1.14 — Cxema crabunuzanuu HanpskeHus Al aBTOHOMHOTO HCTOYHHKA:
GA — acunxponnsiii renepatop; C1-C3 — kongencatopsl Bo30yxaenus; C7-C9 — rpyrma mycKoBbIX
KoHjeHcaTtopoB; UZ — cxema ynpasienus; AD — 610k ynpasinenus; VS1-VS3 — cumucropsr;
R1-R3 — TokoorpaHHYUBAIOIINAE PE3UCTOPHI

Hpyroe ycTpOWCTBO MJisi PETyJIMpPOBAHUA U CTAOWIM3AIMU HANPSHKEHHUS aBTO-
HOMHOT'O aCHHXPOHHOTO reHeparopa (pucyHok 1.15) [99] conepsxut aBToHOMHBINA Al 1,
K (pazaM craTtopa KOTOPOro MOJKIIOUYEHBI OaTtapes HEKOMMYTHPYEMbBIX KOHIEHCATOPOB
2, 6nox ynpasienus 4, TpexdasHble JIEKTPOHHBIE ONTOMUMHUCTOPHBIE KItouu 5, 6, 7.
DTH KIIFOYM COEAMHEHBI BHIXOAaMu ¢ OaTapesiMu KOMMYTHUPYEMbIX KOHAEHCATOPOB §, 9,
10, a ontponnsiMu Bxoaamu 11, 12, 13 ¢ 61okxom yripaBieHus 4.
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Pucynok 1.15 — Cxema a7 peryaupoBaHus U CTaOMIM3AIMH HAMIPSHKEHNUS aBTOHOMHOTO
ACUHXPOHHOI'O T'e€HepaTopa
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[IpuHuun paboThl yCTpOMCTBA 3aKJIIOYAETCS] B TOM, YTO MPU U3MEHEHUM Hamps-
YKEHHUS Ha BBIXOJIC TeHepaTopa Tpex(asHble ONMTOCUMUCTOPHBIE KITIOYH 5-7 10 CUTHATY
0Jioka ympaBieHUs: 4 MOAKIIOUAIOT WIM OTKIIOYaK0T O6arapen KoHAeHcaTopoB &, 9, 10.
KoMmmyTanus npoucxoauT Mpu Mepexoie HAMPSKEHUsI Yepe3 HOJIb, MOATOMY OTCYTCT-
BYIOT TAPMOHUYECKHUE COCTABJISIONINE TOKA U HAMPSIKEHUS, a TAKKE KOMMYTalIMOHHbIE
nepeHanpspkeHus: U nmoMexu. HemoctatkoM cxeMbl MOXKHO CUMTATh JTUCKPETHOCTH pe-
TYJIUPOBAHUS HAMPSHKEHUS M BHICOKHME MacCOrabapuTHBIE MapaMeTPhl KOHICHCATOPHBIX
Oarapeit, a TaKkKe 3HAYUTEIHHOE YUCIO KOMMYTAIMOHHBIX annaparoB.

Takke U3BECTHO YCTPOMCTBO JIJIsi CTaOMIM3AlMK YaCTOTHI U HAIPSKEHUST aBTO-
HOMHBIX O€CKOHTaKTHBIX TeHepaTtopoB [98], mokazanHoe Ha pucyHke 1.16. YcTpoiicTBo
conepxkut Al (1), mocnenoBareabHO COEIMHEHHBIE HETOCPEACTBEHHBIN MTPeoOpa3oBa-
TeJb 4acTOThI (2), BeIXoaHOU GuibTp (3), 610K TpaHcPopMaTOpoB TOKA (4), BRIXOIHBIC
BBIBOJIBI (5). BbIxo/ renepaTopa CoeIMHEH TaKkke ¢ KOHAeHcaTopaMu Bo30yxaenus (6),
KOTOPbIE COCIMHEHBI C OJIOKOM CTaOMiIM3aluu HanpspkeHus (7), comepsKaiuM BhITPS-
Mutensb (8), cuiioBor Tpan3uctop (9), cucremy ymnpasnenus (10), BXxoa KOTOpo coenu-
HEH C BBIXOAHBIMH BbIBOjJaMH (5) mpeoOpaszoBarens uepe3 TpaHCPOPMATOPHO-
BBIIPSIMUTENbHBIA 010K (11). biok kocuHycHOU cuHXpoHu3auuu (12) coerHeH ¢ Bbl-
x0/10M TeHepatopa (1) u ¢ 61okamu opMUpoBaHUs yIpaBistomux curHaioB (13, 14 u
15), ¢ KOTOPBIMU COEAMHEH TAKXKE 3aJaI0NIUi TeHepaTop 4acToThl (16); Kakablii 010K
dbopmupoBaHus yrpasiswonux curdanos (13, 14, 15) comepxuT mepBblil U BTOpOMH
komrapatopsl (17 u 18), mepBsiif U BTOpoil moruueckue snemedTsl U (19, 20), nepsbrit
¥ BTOPOM pacmpeenuTeNd uMItyibcoB (21, 22), natuuk Toka (23).

CyTb cTabwin3anuy HampsKEHUsI TaHHOTO YCTPOMCTBA 3aKJOYAETCs B CIIETYIO-
eM: TIPY U3MEHEHUHW HaIpsHKEHUST Ha BBIXOAHBIX BBIBOJAX S5, ¢ BBIXOJa TpaHcdopMma-
TOPHO-BBIIPSIMUTENBbHOTO OJoka 11 B cucremy ynpasinenust 10 moctymaeT curHan Ha-
MPSKEHUS] TTOCTOSIHHOTO TOKA, KOTOPBIM MPOMOPIMOHANIEH BBIXOJAHOMY HAIPSKEHUIO.
Cucrema ynpasienus 10, cpaBHUBAsI 3TOT CUTHAJ C 3TAJIOHHBIM, YMEHBIIIAET WA yBE-
JUYUBACT BPEMsI OTKPBITOTO COCTOSIHUSI TpaH3UCTOpa 9, TEM CaMbIM yMEHBIIIACT WU
YBEIMYMBACT BEJIMYUHY €EMKOCTHOTO TOKA M 00ECIeYnBaeT KOMIICHCAIIMIO PEAKTUBHOMN

MOIIHOCTH, YTO IIPUBOJMUT K CTa6I/IJIH38_LII/II/I HAIIpsAKCHUA Ha BBIXOJC I'CHEPATOPA 1.



Pucynok 1.16 — YerpoiicTBo [uist cTabuinn3anyy 4acTOThl M HAIlPSKEHHsI aBTOHOMHBIX
OECKOHTaKTHBIX T€HEPATOPOB

HenocraTkom cucTeMbl cTaOMIN3alUU HAPSDKEHUS SIBIIAETCA Hau4ue Ounossip-
HOTO TPAH3UCTOPA B 3BEHE IMOCTOSHHOTO TOKAa M CYLIHOCTb PETYJIMPOBAHUS UM TOKa
BO30yX/ieHHs. TO ecThb HESICHO, KaK OTPa3UTCAd IMOCTOSIHHOE KOMMYTHPOBAHHUE TOKa
BO30Y)KJICHHSI B 3B€HE MOCTOSSHHOTO TOKa Ha YCTOWYMBOCTH pabotsl Al'. Teoperuue-
CKHX aCHEKTOB TAKOI'O PEryJIMpPOBAHMS B pabOTE HE MPUBOIUTCS.

Y CeTpolicTBO CTAOUIM3AIMK HATIPSKEHUSI M YaCTOThI BETPOIHEPTEeTUUECKOMN yCTa-
HoBkH [102] npencraBneno Ha pucynke 1.17.

YcerpoicTBo coaepkut BeTpokosieco BK, coennnennoe ¢ Mmynprumimkatopom M
(peaykTopoM), BBIXOJ KOTOPOTO COEIMHEH uYepe3 BeAYIIMH Bajl C AJIEKTPOMAarHUTHOU
MydToit DM, umeromeit 06MoTKy yrnpasieHus OY, U ¢ KOPOTKO3AMKHYTBIM POTOPOM
acuHXpoHHOTro reneparopa Al', k BeiBogam A, B u C KOTOpOro mogkito4aeTcss Harpys-
Ka, cuctema crabminzanuu yactotel CCY u cuctemy cradbunuzauuu HanpsokeHuss CCH.
B cBoto ouepens B CCU u CCH Bxonar 610k KoHAeHcaTOpoB Bo30yxkacHUs BKB, BbI-
npsiMuTelb B, nepBoii 1 BTopoi Tpan3uctopsl VI'1 u VT2, nepBsiil 1 BTOpoil ycuiure-

mm umnyinbcoB YU1 u YU2, dopmupoBatens mmmynbcoB DU, nepBblii U BTOpOH
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TpancopmartopHo-BeIipsiMutenbHbie 070k TBB1 u TBB2, 3anatommii reneparop 31,

reseparop ummyJybcos 1 1.
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Pucynok 1.17 — YcTpoiicTBO cTaOMIM3aUU HATIPSHKEHUS U YaCTOTHI BETPOIHEPTeTHUECKOM
YCTaHOBKH

Crabunu3zanus HanpsDKEHUs! OCYIIECTBIIETCS CIEAYIOIKUM 00pa3oM: IpH U3Me-
HEHUU CKOPOCTH BpalleHUsl BETpOKoJieca, JIMOO MpU M3MEHEHUU HAarpy3Ku Ha BBIBOJAX
A" MeHsieTcss BBIXOJHOE HaIpsDKEHHE. OJTOT CUTHAl 4epe3 TpaHCc(hOpMaTOpHO-
BeIIpsiMuTENbHBIA 050k TBB1 moctymaer Ha (opmupoBarens umnyiascoB OU, kyna
OJTHOBPEMEHHO C 3TUM IPUXOIUT CUTHAII € 3aJ1aro1ero reaeparopa 31°. @opMupoBaTeb
uMIyJaecoB @Y reHepupyer COOTBETCTBYIOIIMM MU3MEHEHUIO HAIPSIKEHHSI CUTHAI, KO-
TOPBIA 4YEpe3 YCWIMTENb UMITYJIbCcOB Y mpukiianpiBaeTcss K BBIBOJAM TPAaH3UCTOPA
VTI1 u TeM cambIM U3MEHSET BPEMsI OTKPBITOIO €r0 OTKPBITOIO COCTOSIHHSI, YMEHbILas
WIM yBEJIMYMBAs BEIMYMHY €MKOCTHOI'O TOKAa M OOecreurBasi KOMIIEHCALIUIO PEAKTUB-
HOW MOIIHOCTH, YTO MPUBOAMT K CTAOUIIM3AIUN HANPSKEHUS! HA BBIXO/IE€ ACHHXPOHHOTO
reHepartopa Al

CunoBast cxema 010Ka CTaOMIM3aLUK HAMIPSKEHUSI HE OTJIMYAETCA OT YKa3aHHOU
B [98], BBUly uero JaHHOMY YCTPOMCTBY NPUCYIIH T€ K€ HEJOCTATKH.

Ananu3 pabot nmokasai, uyto Bce uzooperenus [43, 95-100,102-104] Hocat mpak-
TUYECKYIO 3HAYMMOCTb U HE PACKPBIBAIOT TEOPETUUYECKUE ACTIEKThI pabOThl ACUHXPOH-

HBIX I'CHCPATOPOB.
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B auccepranuu [117] paccMmarpuBaeTcst mpolecc caMoBO30YKIEHUSI aCHHXPOHHO-
ro reHeparopa Ha T-00pa3HOI cxeMe 3aMeleHHs] aCHHXPOHHON MaIINHbI, U PE3yIbTaThl
CBOJIATCA K MPHUHATON OOJBIIMHCTBOM YYEHBIX (hopMe, Korja caMOBO30YX ACHHUE MPOUC-
XOJIUT 32 CYET OCTATOYHON HAMAarHMWYEHHOCTH CTAJIA MAIIMHBI U OTPAHUYUBAETCS TOYKOM
TiepeceueHus BOJTAMIIEPHBIX XapaKTEPUCTHK KOHICHCATOPOB BO30Y aeHus 1 AM.

Onnako B paborax [38, 119] Obuta mpejacraBicHa MaTeMaTHueckas mozenb Al
BEITIOJTHEHHAS C y4eToM [23], B KOTOpO# yCTOWYMBEIN pekuM paboTel Al' co3maBacs
TOJIBKO 32 CUET OCTATOYHOM MHIYKIMK POTOpa M CTATOpa MpU JIMHEWHBIX MapaMmeTpax
ANIeKTpUYecKor MammHbl. [Iporiecc caMoBO30OYX IeHHUS W TOCIEAYIOIIeH yCTOHYUBOM
paboOTHI TIPH IOCTOSIHHOM BHEIITHEM MEXaHWYECKOM MOMEHTE moinydeHHbIH [119] mo ma-
teMatuueckor mozaenu Al B a, B koopauHatax mokasaH Ha pucynke 1.18. [Tapamerpsl
CXEMBbI 3aMEIIICHHS B YPAaBHEHUSIX 3TON MOJENH 3aJ]aHbl B OTHOCUTEJIBLHBIX €MHUIIAX U
SBJISIOTCS IMHEHHBIMU, YTO HE COOTBETCTBYET TEOPHH, paccMaTpuBaemoil B [14, 68, 73,
117]. Tlpu sTom HaOrOmaeTCs CaMOBO30YXKICHHUE IeHepaTopa ¢ BOSHUKHOBCHHEM YC-
TOWMYMBBIX KosieOaHWi HampspkeHus (pucyHok 1.18). Bompochl BeMWYMHBI aMILTATYIBI

YCTaHOBHUBIIUXCS KoJICOaHUI HaIIPAKCHUA B pa60Te HC paCCMAaTpUBaArOTC.
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Pucynox 1.18 — Ilpouecc camoBo3Oykaenust Al B n1Byx(azHOMMaTeMaTHIeCcKOi MOJIEIH:
1 — BeIxostHOE Hanpsbkenue Al'; 2 — gacToTa BBIXOJHOTO HAPSDKEHUS; 3 — MOMEHT Ha Bajly
re’eparopa

[IpuueM npencraBiieHHass MaTeMaTH4YecKast Mojiesib A’ He OTIMYaeTcss OT Mojie-
7, TIOKa3aHHOUW B paboTe [46], To ecTh mapamMeTpbl MOJCIH MO-TIPEKHEMY SBIISIFOTCS
JUHEWHBIMA M HE MOTYT JaTh MPaBUJIBLHOTO MPEJICTABJICHUS O BEIMYMHE aMILIUTYIbI
YCTAHOBMBIIIETOCSI HAIIPSIKEHUS MOCJIe CaMOBO30YKICHUSI U 3TU BOMPOCHI TAKXKE B pa-

0oTe He paccMatpuBatorcs. To jke KacaeTcst 1 MaTeMaTrueckoro onucanus Al B [122],
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Ir7ie BCE MapaMeTphbl B YPaBHEHUSIX SBJISAIOTCS JIMHEWHBIMU U OOBSICHEHHUI BOIIPOCOB Ca-
MOBO30YK/ICHUSI M BETMYUHBI YCTAHOBUBIIUXCSA KOJIEOAHUI HaIpsDKEHUs Mocie BO30y-
KICHUS HE PUBOIUTCSI.

B [8] cnenana mompITKa BHECTH HEIMHEWHOCTh B MaTeMaTHIECKyI0 Mojaesb. Cama
MoOJieb TpecTaBieHa 3-X (ha3HbIX KOOpAWHATaX, a HEJIMHEWHOCTh HAMATrHUYMBAHUS
AIEKTPOTEXHUYECKOMN cTanu 3aaercs QyHKIMEeH YMEHbIIEHUS MarHUTHOW CBSI3U MEK-
ny oomotkamu Al f(B) (rme B — 3HaveHne WHAYKIIUN B BO3IYIITHOM 3a30pe€), TIOKa3aH-
HOIl Ha pucynke 1.19. OgHako B paboTe JUIIb YKAa3bIBAETCS, UTO JIaHHASI 3aBUCUMOCTh
MOCTPOEHA Ha OCHOBE OMBITA XOJIOCTOT0 X0/1a, HO BOIPOC, KAKUM UMEHHO 00pa3oM Obl-

J1a TIOJTyYeHa XapaKTEepUCTHKA, B paboTe He pacCMaTpUBAETCSL.
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Pucynok 1.19 — OyHKIMS yMEHBIICHUS MarHUTHOHN CBSI3M MeX 1y oOMoTkamu Al

Takum 00pa3om, Bce MaTeMaTUYECKHE MOJIENIM B YKa3aHHBIX BbIIIE padoTax JaroT
camoB030ykaeHne Al ¢ BOBHUKHOBEHHUEM YCTOMYUBBIX KOJICOAHUIN HAIPSKEHUS, HO HE
MOAXOJAT JJIsI U3YYEHUSI BONPOCOB PETYJIMPOBAHUS BBIXOAHOTO HampstkeHus Al', mo-
CKOJIbKY B HHUX OTCYTCTBYET HEJIMHEWHOCTh HAMATHUYMBAHUA DJIEKTPOTEXHUYECKOU
CTaJli MalllMHbI, KOTOpasi HeOOXOoAUMa JUIsl ONPEEICHNUs BETUYUHbBI YCTAaHOBHUBILIETOCS
nocyie caMoBO30YyKJIeHUs HarpsbkeHusi. Bonpockl camoBo30yxaeHuss Al' npu nuHen-

HBIX ITapaMCTpax MaTCMaTHUICCKHUX MOI[@J'IGfI TAaKKC OCTAIOTCA HC PCIICHHBIMMU.
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1.5 BeiBoabI 110 I'JIaBE U 321244 HCCJIe10BAHUNA

JUis 31eKTpOCHAa0KEHUs OBLEBOIUECKON (hepMBbl JOIyCTUMO IpuMeHeHue BOY
c Al', Tak KaK 3JIEKTPUYECKON HArpy3KOM B 3THX XO35AMCTBAX SBISIOTCS B OCHOBHOM I10-
TpeOUTEN aKTUBHOTO IEPEMEHHOTO TOKa, a UX 00Iast MOIIIHOCTH cocTansieT 1-3 kBT.

Jlnist pemeHns Bonpoca cTabuan3alMyi BBIXOAHOTO HamnpsbkeHust AlT Obuin u3yue-
HBI U3BecTHBIE paboThl Mo Al'. HecMoTpst Ha GoJblioe KOIMYECTBO TPYAOB MO JTAHHOM
TEMAaTHKE, B HUX HEAOCTATOYHO M3YyYEH BOIPOC y4eTa HACBHIIICHNS MAarHUTHON CHUCTEMBI
AT', He0OXOMMOr0 Il paCCMOTPEHHUS MpoLecca CTA0MIN3alMU BBIXOJHOTO HarpshKe-
HUs. B aTux paboTax yyeT HachIIIEHUs] MArHUTHOM cucTeMbl Al SIBISUICS yCIIOBUEM BO3-
HUKHOBEHUS YCTAaHOBHUBLIETOCS peXHUMa. AHAIN3 MPOLIECCOB U ONPEIACICHUE KPUTEPUEB
CYLIECTBOBAHMS YCTaHOBHBIIETocs pexxuma Al' HEOOXOAMMBI AJIT PACCMOTPEHHS IPO-
1ecca CcTadMiIM3aly BBIXOJHOTO HANPSKEHMS, JJIi KOTOPOTO CYIIECTBEHHOE BIIHSHUE
OKa3bIBa€T MMEHHO HACBILIEHUE MAarHUTHOW cucreMel Al'. B u3BeCTHBIX MareMaThye-
ckux Monersix [46, 119] mapaMeTpsl SBISIOTCS MOJIHOCTBIO JTHMHEHHBIMH, HO TIPU TOM
HaOmogaercst BO30yxaeHue Al' ¢ BOBHUKHOBEHHEM YCTOMUMBBIX KOJIEOaHUH BBIXOJAHOTO
HalpspKeHus. /[aHHbIE MareMaTU4ecKue MOJENM HE MOAXOIAT I U3Yy4YEHHs Ipolecca
CTaOMJIM3alMU BBIXOAHOTO HarpsbkeHust BOY, Tak kak B HUX OTCYTCTBYIOT OTPaHHYEHUS
CBSI3aHHBIE C HACBIILIEHUEM MarHUTHOM cuctemsl Al', 4TO IpUBENET K HEOTPAHUYEHHOMY
BO3PACTAHMIO HAMPSKEHUS MPU YBETUYEHUH YKClia 000POTOB BETPOIBUTATEIIS.

Crnenyer nmokas3aTh, YTO HACBHIIICHUE SIBJISIETCS YaCThIO YCIOBHS YCTaHOBHBILETO-
cst pexxuma padboTel Al mocie ero Bo3OyKACHUs, U JJIsI U3YYECHHsI TIpoliecca cTadun3a-
MU BBIXOJHOTO HampsbkeHus BOY HeoOxoaumo pa3paborath MaTeMaTHYECKUE MOjie-
JIM, YYUTHIBAIOIIME BIUSHUE OTPAaHUYECHHUI CBSI3aHHBIX C HACBHIIIEHUEM MArHUTHOM CHC-
Tembl Al

Pa3pabatbiBaeMoe ycTpoiicTBO crabumin3auuu HanpsbkeHuss AT nomkHO yimyd-
maTh pexuM padboTel BOY ¢ yueToM M3MEHSIIONMXCS CKOPOCTEH BETPOBOTO IMOTOKA,
KOJICOAHHI HArpy3KU W BIUSHUS HETMHEHHOCTH XapaKTePUCTUKU HaMarHnuuBanus Al

[IpoGnemMa cOCTOUT B TOM, YTO, HECMOTPS Ha OOJIBIIIOE pa3HOOOpa3ue KOMILICK-

tan ACD ¢ ucnosib3oBanrneM BOY u HayuHbIX pa3pabOTOK MO JaHHOM TeMe, OCTal0T-
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Csl HEIOCTATOYHO MCCJIEIOBAHHBIMU METO/Ibl CTAOMIIN3ALNNA HANPSHKEHUS] aBTOHOMHBIX
ATl B cocrae BOY Manoit MOITHOCTH MpH BO3EHCTBHH JECTAOMIM3UPYIOMHX (DaKTO-
POB, BO3HUKAIOIIUX B MPOLIECCE UX IKCILTyaTallUH.

Pabouasa 2unome3a: eciau NPOBECTU UCCIEAOBAHUECOBMECTHON pabOTHI BETPO-
JBUTATENS] U aBTOHOMHOTO Al' ¢ BBEIEeHHEM aKTHBHOI'O COIPOTHUBIICHHS B LEIb BO30Y-
XKICHUS, TO MOXKHO MOBBICUTH CTAOMILHOCTH padoThl BOY mnpu konedaHUgX CKOPOCTH
BETPa U U3MEHEHUU HArPy3KH.

Ienwio ouccepmayuonnozo uccnedosanusn aeaaenca 000CHOBAHUE apaMETPOB
U PEKUMOB pabOThl CUCTEMbI CTA0OWIIN3alUK HAMPSKEHU aBTOHOMHOTO Al Juist ycToM-
YUBOT'O AJIEKTPOCHAOKEHUS OBLIEBOJUYECKUX XO3ANUCTB.

3adauu uccnedosanuii.

1. [IpoBecTH aHaJIU3 BIMSHUSA HA MpPOLECC BO30YKJIEHUS U YCTAHOBUBLIMICS pe-
*KuM Al’ TMHEWHOW XapaKTEpPUCTUKUA €r0 MArHUTHOM CUCTEMBI.

2. [IpeoxuTh croco0 ydeTa HachIllleHUs MarHuTHOW cuctembl Al it paspa-
OOTKHU aJIeKBAaTHOM MaTeMaTUYECKONH MOJEIIH.

3. PazpabortaTe mMaTemMaTH4YeCKHE MOJEIU CUCTEMBbI «BETPOJBHUIATENb — ACHH-
XPOHHBII TE€HEepaTop — Harpy3ka» MPUIUCKPETHOM U IUIABHOMPETYJIMPOBAHUU TOKA
BO30YyxeHus Al

4.Pa3paboTaTh aqrOpUTM PEIICHUS YpPaBHEHUN MOJEIU CHUCTEMbI «BETPOJBUTa-
TE€JIb — ACUHXPOHHBIA F'€HEpaTOp — HAarpy3Ka» co CTa0MIM3aTOPOM HaIpPsKEHUS ISl OMl-
pezeNieHus mapaMeTpoB U pexxuMOB padboTel BOY.

5. Pa3paboTaTh (yHKIIMOHAIBHYIO U MPUHIIMIHAIBHYIO SJIEKTPUUYECKYIO CXEMbI
cTabWiIM3aTopa HaMpsHKEHUS! U allrOPUTM pabOThl CUCTEMBI YNpPaBIICHUS CTaOMIIN3aTO-
poMm.

6. 3roToBUTH YCTAaHOBKY, MPOBECTU AKCIIEPUMEHT U COINOCTaBUTH PE3YIbTaThl
MaTEMaTUYeCKOT0 MOJEIUPOBaHUs cTabunu3anuu HampsbkeHuss AlT ¢ skcrmepuMeH-
TaJIbHBIM UCCIIEIOBAHUEM.

7. IIpoBeCTH TEXHHUKO-3KOHOMHUYECKYIO OIIEHKY Ipou3BojacTBa BOY, BblnonHeH-

HBIX Ha Al U1 OBLIEBOTYECKHUX XO3SMCTB.



50

2 AHAJIN3 TPOIECCOB BO3BYXXJIEHUA U HACBILIEHUSA
B ACUHXPOHHOM I'EHEPATOPE

2.1 AHaJIn3 BJMSIHMA HA Mpolecc BO30Yy:KAeHUs U YCTAaHOBUBIIHUIicA pexxum AT

HeJIMHEHMHOCTH XaPAKTEPUCTUKHU €10 MATHUTHOM CHCTEMBbI

CHOXHBIM B TEOPETUYECKOM OTHOIICHHUM SIBJIIETCS OOOCHOBaHWE NMPUYMH BO3-
HUKHOBEHMSI YCTOMYMBBLIX KojeOaHuN HampspkeHus. [lojokuM, 94TO HEOOXOIUMBIM M
JIOCTaTOYHBIM YCJIOBHUEM JIJISI ATOro sBjIsieTcsl Hanumuue octatoyHoit JDJIC poropa. Y
[108, 127] yka3aHo, 4To mporiecc Bo30yxaeHus Al mpoTekaeT Tak ke, Kak 'y reHepa-
TOpa MOCTOSTHHOTO ToKa. ['paduuecku OH MOXET OBITH YCIOBHO MPEACTAaBJICH CTYIICH-
YaTOMN JTMHUEH, IPOXOIAIIEH MEXAY KPUBOM HAMAarHM4MBaHUS U BOJIbTAMIIEPHOWXapaK-
TEPUCTUKON KoHaeHcaTopa (pucyHok 2.1), rae Uy , U; — 3aBUCHMOCTH HaNpsKCHHS Ha
€MKOCTH Y Ha HEJIMHEWHON MHAYKTUBHOCTA HaMarHuuuBaHusa Al'. [{ns nuneiino BAX
Al touka nepeceuenns ¢ BAX KOHAEHCATOPOB OTCYTCTBYET, OAHAKO CYIIECTBYIOIINE
MaTeMaTUYeCKUe MOJICNIH MOKa3bIBalOT BO30YykIeHne Takoro Al' Toiabko 3a cyeT ocra-
TOYHOW HAMAarHUYEHHOCTH C BO3HUKHOBEHUEM YCTOMYMBBIX KOJEOaAHUN BBIXOJHOTO Ha-

MIPSKEHUS.

Ui d

Ur=lox®M1L1

] n ’
0 Ix Ik Ix=Ior

Pucynox 2.1 — Cam0oB030YyX/I€HHE aCHHXPOHHOTO T€HEepaTopa ¢ OCTATOYHBIM MOJIEM
poropa — rpaduueckoe n3o0pakeHre mporecca CaMoBO30YKICHUs
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HapaCTaIOHII/IC KOJICOaHMS HaIpsHKCHUA ¢ U3MCHCHUCEM YaCTOTBI M aMIIINTY/IbI
IMOCTCIICHHO IMPUBOAAT K HACBIMICHHWIO MAarHUTOIIPOBOAd WU HU3MCHCHUIO MHAYKTHBHBIX
ImapaMCTpOB MAIIIMHBI. CornacHo O6Hl€HpI/IH$ITOMy MHCHHIOTOYKA IICPECCUCHUA XapaK-
TCPUCTHUK COOTBCTCTBYCT YCJIOBHIO YCTAHOBUBUICTOCA PCKHUMA, IJISI KOTOPOIro CIIpaBCa-

JMBO paBeHCTBO [69], onpenensiemoe Toukoit mepeceuenus BAX emkoctu 1 BAX AT

1
(L)OL = w_OC’ (21)

rae L — nonHas MHAYKTUBHOCTD (ha3bl FEHEPATOPa; My — YaCTOTa YCTAHOBUBIIUXCS KO-
ebaHuil.

O HEeoOXOAMMOCTH yuyeTa HEJIMHEWHOCTH XapaKTEpPUCTHKU HaMmarHuduBaHus Al
oTMeuanoch B pasnene 1.4. Bo3MOXHOCTP BOSHMKHOBEHHs YCTOMYMBOIO PEXHMMa Ha
OCHOBE AHAJIN3a YaCTOTHBIX XaPAKTEPUCTUK JIUHEHHBIX 3HAYEHNUN UHIYKTUBHOCTEH I10-
Ka3aHa y [48].

[IpoBenem aHayIM3 BO3MOYKHOCTH BO3HHUKHOBEHHUSI YCTOMYMBOIO peXHMa pabOThI
A" mpu ero nmunenHon BAX. 3a OCHOBY mpu pacuerax NpHUHATA DKBUBAJICHTHAS
['-o0pa3nas cxema ogHOU (a3zbl aBTOHOMHOTO Al', poTOp KOTOpOro Bpalaercs ¢ yrio-
BOM CKOPOCTBIO (®, @ K 3@KMMaM CTaTopa MOJAKIIOYEHA CUMMETpUYHAas AaKTUBHO-
WHIYKTUBHAS HAarpy3Ka, IPUBEICHAs HA PUCYHKE 2.2.

JIns acMHXpOHHBIX JABUTATEIeH MOITHOCTHIO 3 KBT u 6oJiee, KOTOpble MOYKHO HC-
noib3oBaTh B kauectBe Al, ¢; = 1,05 + 1,02, noaToMy ¢ 1esibio 00JIeTYeHus aHaIu3a

BBIPKEHUI, XapaKTEPU3YIOIINX CBOKCTBA Al M ynpoIIeHus pacyeToB, NpUMeM ¢, = 1.

e, r, CI, c1, ¢'r

1S
3R

Pucynok 2.2 — Cxema 3ameniennst Al ¢ muHeiHONH Lm

B ynpomennoit ['-00pa3Hoil cxeme 3aMelleHns UHAYKTUBHOCTh HaMarHU4HBa-
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HUs BBIHECEHA HEIMOCPEACTBEHHO K BbhIBOJaM Al'. B Takoil cxeme MHAYKTUBHOCTh pac-
cessHus L, mpeacrtaBiasieT cyMMy MHAYKTHBHOCTEM paccesHus cTaTopa U poTopa. Ak-
TUBHBIMU COMPOTUBIIEHUSIMHU OOMOTKH CTaTOpa U MOTEPh MOKHO MPEHEOPEUb.

Ha pucynke 2.3 npuBeaeHa pacueTHas cxema 3amenienus Al', cocrosimas u3mnu-
HEWHOW UHAYKTUBHOCTH HAMAarHUYUBAHUA LA, MHAYKTUBHOCTH paccesinus L, u akTuB-
HOTO COMPOTHUBJICHUS cKoybkeHus: R. Harpyskoit Al siBiisieTcss eMKOCTh BO30YXKICHUS

C, conpoTtuBneHue Iy U MTHTYKTUBHOCTD L.

La
I'yr Lgr J— C i: Lm@ R’r::-.:_Fx R
T ¥ ‘-*

Pucynok 2.3 — Cxema 3amernieHust oqHou ¢aszsr Al

[Ipy nmapamnenbHOM BKJIIOYEHUHM MHJIYKTUBHOCTH HamarHuuuBaHus Al' Lar u
UHAYKTUBHOCTH Harpy3ku Lyr (pucyHok 2.3) uX MOKHO 3aMEHUTh OJTHOM SKBUBAJICHT-

HOW MHAYKTUBHOCTBIO:

L, = LyrLyr ’ (2.2)

Lyr+Lyr

a aKTUBHBIE COMPOTUBJICHUS TTOTEPH Ry, U HATPY3KH [ TAKIKE MIPUBECTH K OAHOMY Ry

R, = TweRnom (2.3)

THZ + Rnom

YcroitunBeiid pexxuM Bo30yxaeHus: A" HacTynmaeT nmpu HEKOTOPOM 4acToTe TOKa
CTaToOpa ® CO3JAIOLIEr0 BpALIAOIIEECs] MAarHUTHOE II0J€ C YIVIOBOM CKOPOCTBIO
®; = ®/p, TAE p - YUCJO Map MOJIOCOB MAIIUHBIL. /{7151 BOSHUKHOBEHUS pexXUMa C He3aTy-
XalolMMHU KoJeOaHusIMu TpeOyeTcsi, 4TOObI B IIeNU OOLIee COMPOTUBIICHUE CTAJ0 PaB-
HBIM HYJIO, JTUOO 4TOOBI MOIIHOCTbH, MMOABOJMMAs OT UCTOYHHKA, OblJIa paBHA MOIIHO-
CTU pacxoayeMoi B uemnsx Al

Ecin 0603HauuM @ yrioByl0 4acTOTY HAIpPsDKEHUS TEKYIIETOo pexuma, TO IJis

CXEMbI PUCYHOK 2.3 MOIYYUM yCIIOBHUE YCTOMYMBOIO PEXUMA!

= —(jcw +7) (2.4)

: R, .
Jlmw ;+]Law °

1 1

Pa3ienuM BeleCTBEHHYIO M MHUMYIO yacTu (2.4):
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R
s

R +wC)=0. (2.5)
P 2
Ry (g) +w?L% WLlm (g) +w?L%
MO3KHO II0Ka3aTh, YTO MPUYHUHON CaMOBO30YKIEHUS T€HEPATOpa ABISAIOTCS KO-
He6aHI/IH, BO3HHUKAOIMUEC B CUCTCMC C OTPHULATCIIbHBIM COIIPOTHUBJICHUCM HA YaCTOTaAX,
COOTBETCTBYIONIMX OaIAHCy aKTUBHBIX MOLIHOCTEHpHBOgHOTO ABurarens u AT [11].

[IpupaBHSB BEIIECTBEHHBIE U MHUMbBIC YacTH (2.5) K HYIIO, TOJIYYUM CUCTEMY

YPaBHCHUU:
o .. 1 [(R)? 2,2, R
— [1sl aKTHBHO# COCTABJIAOIICH: — (;) + Lswe| + - = 0, (2.6)
— 1711 MHUMOM cocTtaBisronieit, rae wC — i #0
m
(wC——) (5)2 + 2| —wl, =0 2.7)
WLy s g g )

Jlns (2.6) HEOOX0IMMO, YTOOBI CKOJILKECHUE SOBLIIO OTPHUIIATEIBHBIM, YTO 00eCIIe-
R
YMBACT OTPULATENBHOCTH —, T. €. COOTBETCTBYET PEKMMY ACHHXPOHHOTO I'€HEpaTopa

npu yactore ®. [Ipu Takom pexrme paboThl JOJDKHA MOTPEOIATHCS BHEIIHAS MEXaHH-
YecKasi SHEPTUsl.

Haiinem 3aBHCMMOCTB yclioBHsIOaaHCa TOJIBOJIUMOM MEXaHHMYECKONH MOIIHOCTH
¥ MOIITHOCTH pacxoayeMoit B cxeme Al Tobko oT yacToTsl @. M3 (2.6) momyunm:

R R

(—)2 +120? = =R~ (2.8)

S

. R
Ncrounnkom anexkrpruueckoit sHeprun Al' B cxeMme 3aMelIeHus SBIISIETCS > Kop-

. R
HU ypaBHeHUs (2.8), OTHOCUTENBHO MePeMEHHON S MMEIOT U

(5) _ _JRE-4LGw?  Re (5) _ VRE-4Lw?  Re (2.9)
s/1 - 2 2’ \s 2 - 2 2 '
[Tpu coBmecTHOM peniennu (2.6-2.7) npeacraBum (2.7) ¢ yuetom (2.6) kak
R 1
—RHZZ (a)C - m) - a)La = 0, (210)
Torna:
WLy Ry _
m‘l‘ SR =0, (2.11)

OTKyZa IIOJIYYHM.



Ro Lo o (2.12)

. R .
OTJIMYAIONIEECS OT 3HAYCHHH —, TIONYYEeHHBIX paHee. JIBOMCTBEHHOCTh pe3yJibTara Mo-
Jy4aeTcs 3a CYET HEOMPEACICHHOCTH CKOJIbKEHUS S. UTOOBI UCKITIOUUTH BIUSHUE S, BE-

R
TMYMHY  — W3 (2.12) moacraBum B (2.6), ToTIa MOJYyYHM YpaBHEHHE OTHOCHUTEIHHO

2.
Co”:
2 1 1 /1 1 w?
co (Ztd) - oty - L (L4 l) =L (213)
Lm LO' Lm Lm LO' Rl—%e
2 )
KopnsiMu 3TOTO ypaBHEHHSI OTHOCUTEIIBHO Co* aBIAIOTCA:
4CL2R2
5 1 1 1 \/2L20+CZR;}2—ZCL0R32—#
(Cw)i,=—+—— > (2.14)
’ Lnm 2Ls; 2CRZ 2CL4RE,

2
VYpaBuenue (2.13) umeeT MoJIOKUTENbHBIE KOPHU JUISI ®° TOJIBKO B TOM CiIyd4ae,

KOTI'JIa CyMMa KOpHEH moJioskuteabHa. ClieZioBaTeaIbHo, Ui CyMMBI KopHei (2.14):
2 2 2

Lm 2Ly 2CRZ

> 0. (2.15)

3TOMy YCIOBHUIO COOTBETCTBYCT COOTHOLICHUA ITAPaMCTPOB CXCMbI 3aMCIICHUA

AT 1151 BO3HUKHOBEHHUS OajlaHca MOIIHOCTEMN.

1 1 1
SR < T + g (2.16)

IIpeoGpasyem (2.13) Tak, 9TOGBI paccMOTPeTh coOTHOMmEHHs Mexny Co’ u o’.

Jlist aToro K neBoi yacTH (2.13) no6aBuM cymMMy paBHYIO HYJIO JOTIOJHUTEIBHBIX YJie-

HOB:
2 2 2 2
g (24 2) —(E+o) =0 (2.17)
Ly Ly Lm Lo Lm Lo
[Tocne mpeoOpa3oBaHUS MOTYUHM.
2
(Cw?)? - 200? (—+ =)+ (=+—=) + (2.18)
Lm LO’ Lm LO’
2 2 2
4 Lo _ (L+i) _|_i(i_|_i) — _“’_2_
LO' Lm LO’ Lm Lm LO’ RHZ

CBopauuBasi, TpUBO/Is MOAOOHBIC U COKpaIlasi, MOTyYUM:

|co? - (= + i)]z o cw? — (= +2)| = _e (2.19)

m Ly Lm Ly RZ
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Jlst Toro utoOb! (2.19) npuBecTH K BUYy YpaBHEHUS BTOPOU CTETIEHU BBEJEM Iie-

pemeHHyto A!

g 1,1
A= Cw? - (E + Z)’ (2.20)
torjaa (2.19) MoxHo 3anucaTh CIASAYIOIUM 00pa3oM:
2, A w® _
A® + L + Fi 0. (2.21)

UtoObl BhIONHAIOCH (2.21) BenmnunHa A J0JDKHA OBITh OTPUIIATEIBHOM, KaK U
CKOJIBKEHHE S. DTO MOXKHO TOKa3aTh ciaeayromumM obpazoM. Ecnu B (2.12) moacTaBuTh

Co’ u3 (2.20) HOMydHM:

R Ly w? R _ -w?L%
S Y gm-=—20 (2.22)

s Ru(ALg+1)’

0
=
3
—
oS
|
+
|
|
L

Ioacrasum u3 (2.8) L2 w? B (2.22):

() + 5

- S

s R_(AL, + 1)

Y TIPOBEJISI COKpaIllCHUE Ha g:
R,.(AL; +1) == +R,, nm = = AR,,L,. (2.23)

N3 (2.23) cKoIbKEHUES ONPEIEIISIeTCS KaK:

R
§=—
AR,.L;
oTKyJa cienyert, uto st Al' $< 0, To u BennunHa A< 0.
1
Teneps ocyiiecTBUM TMOJICTAaHOBKY 5 B JIEBYIO M NIPABYI0 YaCTH (2.21):
S

2 1

2,4 1 o8
A+t mre = (2.24)
wZ
n HOJIyTlI/IM ypaBHeHHe Opr>KHOCTI/I B OCiAX A n R_Z CO CMCIIICHHBIM I.IGHTpOM:
2 2 2
1 1
(A+2) +2=(). (2.25)
2Ly RZ, 2Ly

1 .
rae -— — CMEIIeHHE IEHTPA OKPYKHOCTH W 1o ocu A, paBHOE paanyCy 3TOH OKpPYKHO-
g

ctu. M3 (2.20) noixydaem 3aBUCUMOCTD (® OT NMEPEMEHHOM A:
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1 1, 1
w = \/E(A +Z+E)’ (2.26)
KOTOpasi Ha pucyHke 2.4 mpencrasieHa napabonamu Vi;—V3 B 3aBUCUMOCTH OT Habopa
napameTpoB cxembl 3amenienns Al'. Kak BuaHo u3 pucyHka 2.4 BO3MOKHBI TpU Bapu-

aHTa pacIoioKeHus napaoosl V.

o
%I-:T = f(LmJ LU:RHT ,C)

A

Pucynok 2.4— Onpeznenenue yCTaHOBUBIIETOCS 3HAUCHUS ® TIPU JTMHEHHOMN
WHIYKTUBHOCTH HaMarHnumBanusa Al

a) V1 He mepecekaet nyry okpyxaocta W;
0) V, kacaercs ayru okpykHoctd W B TOUke Po;
B) V3 epecekaet nyry okpyxHoctd W B Toukax Py U p; .

Touka M nauana napa6osa onpenesercs u3 (2.20). 111 o = 0 umeeMm:
Apyco =M=————. (2.27)

B BapuanTe a) Bo30yxkaeHue Al HEBO3MOXKHO, TaK KaK HE BO3HUKAIOT KPUTEPUHU
CaMOBO30Y>KJIEHUSI C BOSHUKHOBEHHUEM YCTOMYMBBIX KojeOaHuii. Bapuant 0) siBisieTcs
I'PaHUYHBIM YCJIOBUEM BO3HUKHOBEHHs BO30YykneHus Al. B BapuaHTe B) JIBE TOYKH
MepPeCeUYCHMsI MOKA3bIBAIOT BO3MOXKHOCTD JBYX COCTOsIHUI Al ¢ BO3OYXICHHEM.

JIns onpeenieH st YacTOThI M I TOUEK Py U Py pemuM ypaBHeHue (2.28) oTHO-

CHUTEJIBHO TIEPEMEHHOM A, moJTydeHHOTo U3 (2.21) npu noacTaHoBke B Hero o u3 (2.26):

ety b
A2 +Li+ c( ng Lm) = 0. (2.28)

Rnue
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KOpHI/I OTOro YypaBHCHHA SABIIAIOTCA KOOPAWMHATAMKM Ha OCH A TOouek P u

p.nepecedeHust KpuBoiu V3 u okpyxHoctu W:

2 2
Lo+ \/L%,+C2RH24—ZCLJRH22—M+CRH22
m
- 2CLyRu*?
Ay = (2.29)
2 2
12 +C2Rue*—2C Ly Ruo? —2Eka R
Lm 1 1
2CLgRue? 2CRu2? 2Ly

Hanmnune nByx kopHeit y (2.28) cOOTBETCTBYeT ClTydaro B) U MPEATIONaraeT cyIle-
CTBOBaHHUE JIBYX PEKUMOB paboThl Al mmociie caMmoBO30YX)ACHUS C Pa3HBIMU YaCTOTAMH
YCTaHOBUBIIETOCS PEXKUMA.

YcnoBue kacanus kpuBor V, u okpyxHoctr W moydaeM mpu paBeHCTBE HYJITIO

IIOAKOPCHHOI'O BBIPAXKCHUS, TAK KdK €TO 3HAYCHHUC MOXKCT OBITH TOJIBKO > 0.

4CL%Rue?

L2 + C?Rue* — 2CL,Rue® — =0, (2.30)

m

OTKYHa I BCJIMYWMHBI CMKOCTH C II0JIy4aeM ABa BO3MOXKHBIX 3HAYCHU A

2 /L?(’,(L(,+Lm)+2L?,+LmLU

LmRHz2

-2 /L%}(L0+Lm)+2L§,+LmLa

LmRH22

Ciz = (2.31)

Touka xacanus V;, 1 okpyxHoctd W COOTBETCTBYET 3HAUEHHUIO IEPBOTO KOPHSI:

_ Lo |Lm+2(Lg+y/Lo(Lg+Lm))] (2 32)

C,=¢C =
1 Kpum LmRsz

BTopoii kopeHb HE MOAXOAUT, U3-32 BO3MOKHOCTHU MOJIYYEHUSI OTPULATEIIBHOTO
C, 4TO NPOTUBOPEUYUT (HUZUUECKOMY CMBICITY.

W3 ananusa BeipakeHust 1 Cypyr CIIEAYET, 4TO BeMunHa C yBEIMYMBAETCS IIPU
YBEJIMYCHUH aKTUBHOW M MHAYKTHMBHOW Harpy3ku Al mpu ero Bo30yXIeHUU, TPUIEM
BJIMSIHUE aKTUBHOM HArpy3Kku OoJjiee CYIIeCTBEHHO.

PaccmoTpum cyiiecTBOBaHMS 2-X PEKUMOB B CIIy4ae B).

Ha okpyxuoctu W touka Aj onpeaessieT MaKCUMaIbHYIO YaCTOTY, IOCTHXKEHHE
KOTOPOM orpesensieT BO3MOKHOCTh MOJYyUYeHUS] YCTOMUUBOTO caMmoBO30yxkaeHus. [1po-

BEJIEM aHaJIN3 U3MEHEHUS] YCTOMUYMBOCTH IEPEMEHHOM A clipaBa U cjieBa OT TOUKHU Ay.
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Pucynok 2.5 — AHanu3 yCcTOHUMBOCTH peXUMOB padboTsl Al

. 1
PaCCMOTpI/IM HHTCPBAJI BCIMYNHOU 6T HU3MCHCHHUA IIapaMcCTpa A 0KO0JIO TOYKH

g

-1 -2 -1
=5 (pucyHok 2.5). B aToM cityyae numeeM TOUKU A = Y A, = T Jns Hux
g g g

Ay

BCINMYMHA (v CHMHXACTCA OAHMHAKOBO OTHOCHUTCIBHO . HN3MeHeHne CKOJILKEHHUS SB

ATUX UHTEpBaJaX ONpeaeuM U3 (2.22) moJICTaHOBKOW 3HAUYCHUN A.

S0=_E ’Slz—ﬂ, 52=_£. (233)

Ry 2R, R,

2

Q

dw Aw
OHpeI[eJII/IM E E AJI1 pacCMaTpuBaCMBbIX I/IHTepBaJIOBZ

—uHTepBa A, + 4

Aw W—Wm _A_w
A_Sl i a 2RH2 < 0, (234)
— uHTEepBAI Ay + Ay
Aw Wm—w _ A_a)
E = s R R,. > 0. (235)

YuuteiBas, yto Al' ¢ KOHJIEHCATOpPHBIM BO30YKJIEHUEM NPEICTABIISIET ACUH-
XPOHHBIN JIBUTaTelb, padOTAIOLIUI C OTPULIATEILHBIM CKOJIBKEHUEM, TO JJI HEro, Kak
u ia A/l akTUBHAsE MOIIHOCTb, ONPENEAETCS KaK NPOW3BEACHUE BPAILAIOIIETO MO-
MEHTa Ha YIJIOBYI0 CKOPOCTb BpalleHus . Tak Kak IO YCJIOBHIO PaCCMOTPEHUS CaMo-
B030yxkaeHust Al MpUBOIUTCS BO BpallleHHWE MPUBOJIOM C MOCTOSSHHBIM MOMEHTOM Ha

BaJly, TO aKkTUBHasi MOITHOCTh Al', oTmaBaemas B Harpy3Ky, IpOMOPLUUMOHAIBHA (.
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Kputepuem cratnueckoit ycrouuoctu AJl, 1yst kotoporo S > 0 mpu HEU3MEH-
. . dP . .
HOH YaCTOTE MHUTAIOMIEH CETH ABIACTCA —— > 0 [42]. KpuTepreM CTaTHYECKOW YCTOM-
S
YUBOCTH aBTOHOMHOTO AI', myist kotoporo S < 0 mpu HEM3MEHHOM MOMEHTE BpallCHUS
dw o
Oyner = < 0. [TosTomMy 00JIaCTh TIEpEMEHHON A, HaXOJSIIAsICS ClIeBa OT LIEHTpa OK-

pyxHoctu W sBiseTcsi 001aCThl0 CTAaTUYECKOM YCTOMYHMBOCTH PabOTHl aBTOHOMHOTO
AT’ ¢ MOCTOSSHHBIM MOMEHTOM IPUBOJIHOTO JBUTATENSA, @ TOUKA P; (PUCYHOK 2.5) aBs-
€TCSI TOUKOH YCTOMUMBOIO pexkuma padoTel aBToHOMHOro Al'. Touka p, (pucyHok 2.5)
SBIISIETCS. TOUKOI HEYCTOWYMBOTO peXUMa paboThl aBTOHOMHOTO Al

Takum o0Opa3oM, €ciii HayaJbHBIM YCIIOBUEM BO3HUKHOBEHHUS Ipoliecca camo-
BO30YXJIeHHs] aBTOHOMHOTO Al' ¢ MOCTOSSHHBIM MOMEHTOM IPUBOJIA CUUTATh OCTATOY-
HbI MarHUTHBIN noTok Al', To npu nuHeliHoii BAX Al u BeimonHenuu (2.16), Bo3-
MOHO BO3HMKHOBEHHE YCTOMYMBOIO ACHHXPOHHOI'O PEXUMa C IMOIJIOLIEHUEM BHENI-
Hel MexaHu4eckou sHeprun. Ycnosue (2.1) B TaHHOM citydae HEIMPUMEHHMO.

[TonyueHHbIE TEOPETUUECKUE BBIBOBI MOJTBEPKIAIOTCS pe3yIbTaTaMu MaTeMa-
TUYECKOTO MOJICTUPOBAHUS MPOIECCa CaMOBO30YX ACHUSI aBTOHOMHOTO Al BBITIOJIHEH-
HOTO 10 Metoauke [23, 119]. PacueT mpoBOAUTCS B OTHOCUTENBHBIX SIUHUIIAX TS HE-
3aBUCHMOCTH PE3yJIbTATOB OT KOHKpETHbIX napameTpoB Al'. [Ipu ucnonb3oBaHuu st
npuBoaa Al' IepBUYHOTO BUTATENs C TOCTOSHHBIM, HE 3aBUCSIIINM OT YUCiIa 000pOTOB
MEXaHUYECKUM MOMEHTOM My, cricTemMa nuddepeHuanbHbIX YpaBHEHU MaTeMaTH-
yeckoit mogenu Al' B ocsx o, B ¢ TuHEHHON XapakTepucTukout Ly, st cxemul 3amerrie-

HUS C TapaMeTpaMu (pUCYHOK 2.3) UMEET BU/I!

dISa — uSa + kr \Ijra_'_ kr pa)\Prﬂ,
dt  Lm LmT, Lm
dig;  Ug, Kk Kk
= +——WY, ——F W,
dt  Lm  LmT, 7 Lm0
d¥ : 1
dtra =k.Rig, — T_le ~ Pty (2.36)
r
d\¥,,

: 1
=k, Rig, —T—\I’rﬁ + po¥,, ,

r

dt
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dusa _ Ica — RHZ Isa
dt C ’
dusﬂ icﬁ - RHZiSﬂ
a  c
do = kr (\Praisﬂ _lPrﬁisa)_ MMex .
dt  J,+Jye Jar + dter

B cucreme ypaBHenuit (2.36) HHIEKCOM «0» OTMEYECHBI IIEPEMEHHBIE U IMapaMeT-
PBI, OTHOCSIITUECS K OCH 0., HHIEKCOM «[3» — MepEeMEHHBIE U MapaMeTPhl, OTHOCSIIUECS

kK ocu P. UHOEKC «S» M «I» yKa3bIBAIOT MMM CTaTopa | poTopa.

Uar ®) Rur F 180 Om

o ., | REr=S00M gy =20 Om

200 L g
200 ALV R N A A AR AR A
00 . [lfi1 L ALALA LA Al ad T b Th TR |
; '.'..';M i L | |
o Ii! IR | U IRTATL
200 1l (U |
r|||”!||l'IIIH|IUl_IUUU'JU\"H'U'n'\'l!ul.lu

— 300
—400
=500

Pucynok 2.6 — Moaens camoBo30yxaenust Al ¢ muneiHo Ly, mpu pasHbix Ry,

Ha pucynke 2.6 mokasaH mpoIiecc BOSHUKHOBEHHS YCTOHYMBOTO PeKUMa PabOTHI
AT ¢ nuneitHo# Ly, BuaHo, 4To ¢ mosiBieHHEM B Hauaje mpoliecca MOMEHTa Ha Baly
IIPUBOJHOTO MEXaHW3Ma HAUMHAETCS YBEJIMYEHHUE YIIIOBOM CKOPOCTH BpAILICHUS O Yac-

ToThl Ha BhIBOAAaX Al'. IlogpoOHee Ha pucyHke 2.7.

E
g0l Ue
40
20
1]
=20
-40
- &0

0 0.005 0.01 0.015 0.0z 0.025 0.03 0.035 0.04 ¢

Pucynok 2.7 — [Iporniecc HapacTaHUsI 9YaCTOTHI M AMIUTHTY Bl HATIPSHKCHUST Ha
emkocTd Al mpu caMOBO30YXJIeHUH

BennuuHa o pacteT, 0Ha MPOXOIUT TOUKY My, (prucyHok2.5), mepeMenHast A mpo-
XOJUT TOYKY P (PUCYHOK 2.4), 4TO MPUBOIUT K U3MEHEHHIO CKOJIbKeHus S. [Tocie 3To-

T'O BEJIMYMHA (O CHIDKACTCS JI0 TOYKH Py (PHCYHOK 2.4), TIOKa 332 CYET M3MEHEHUS CKOJIb-
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’KEHMsI HE BBIIOJHUTCS ycJI0BHUsS OanaHca MOJBOAMMON U PacXxoqyeMOM MOIIHOCTEM.
C aTOro MOMEHTa BpEMEHH, C YUeTOM HHEepUUHU, Al' HAUMHAET BbIIaBaTh YHEPTUIO B Ha-
I'Py3Ky C BO3HUKHOBEHHMEM YCTOMUYMBOIO PEKMMa BpauieHus poropa Al' ¢ 4acToTon .
Pucynok 2.6 moarBepknaer 3To mojoxkenue. s tpex pexxumoB Al ¢ pa3HbiMu Ha-
Irpy3KaMH BEJIMYMHA CYMMapHOM pacXoayeMON MOIIHOCTH B MAaTEMAaTHYECKOM MOJAEIIH

AT B ycTaHOBHBILIEMCS PeKHUME TOCTOsIHHA (Tadauma 2.1).

Ta6muma 2.1 — BenmuuuHbl pacdeTHBIX MOIIHOCTEH B A" IpH pa3HBIX Harpy3kax

Harpyska |Hanpspkenue(amrnn.),l MomtHocTh | MomHOCTh mo- | MomHocTs | O011as MOIIHOCTh
Al', Om B Harpysku, Br|Tepp B 0OMOTKax,| TOTEph B B Al', Bt
Bt Root, Bt
20 131,191 430,279 17,211 4,413 451,903
80 262,295 429,992 4,3 17,641 451,933
180 385,137 412,028 1,83 38,033 451,891

Takum 00pa3oM, HEIMHEWHOCTh XapaKTEPUCTUKA HamMarHuuuBaHus Al He sB-
JSI€TCS OCHOBHBIM KPUTEPHUEM [IJIl BOBHUKHOBEHUS YCTOMYMBOIO pEXUMa IIPU Camo-
B0o30yxnenun Al'. HenunelHocTh Ly, mpencTaBisieT co00i 3IeMEHT 1IeTH, KOTOPBIN Or-
PaHUYMBAIOT aMIUIMTYy aBTOKOJIEOAHUI WMIIMHANPSIKEHUE CaMOBO30YKJIEHUSI reHepa-

TOpa.

2.2 Pa3paboTka cnnocoda yuyera HaChbIIIleHUs] MATHUTHOM CHCTEMbI

ACHHXPOHHOT0 reHepaTopa

[Ipu yBenuyeHUM umnciaa 0OOPOTOB BETPOKOJIECA YBEIMYMBACTCS HAMPSDKEHHUE Ha
BBIBOJIaX ACHMHXPOHHOTO TeHepaTopa. MojaenupoBaHue pazIMUHbIX HArpy304YHBIX pe-
*KUMOB Al' BO3MOKHO JIMIIb MIPU yY€TE€ HEIIMHEMHOCTH €r0 XapaKTepUCTUKU HaMarHu-
YMBAHMUS, YTO OTPAHUYMBAET BO3pacTaHue Hanpspkenus B Al [7, 118].

B nacrosiiee BpemMsi ypoBE€Hb pa3BUTHSI KOMIIBIOTEPHON TEXHUKH U MIPOTPAMMHO-
ro obecrneueHus, Hanpumep nporpamma Mathcad, mo3BossieT perrate 3a1auu MOJCITH-
POBaHMS MEPEXOTHBIX MPOIECCOB B AJIEKTPUUECKON MaIIMHE MyTeM HEMOCPEICTBEHHO-
ro pemnieHus cucteMm auddepeHnnabHbIX YpaBHEeHUNH. OHAKO TPAAUIIMOHHBIN MOIX0/

K PCIICHUIO ypaBHeHI/If/'I C YYCTOM HACBIIICHUS TAKIKC BbI3bIBACT DA pr,Z[HOCTeﬁ.
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Jliist peleHns: ypaBHEHHH MMOTOKOCIEIIeHHs (a3 00BIYHO NPEACTABIISIOT B BH-
ne [72]:
I

Im™m

w, =Ll +m,l, +m,l, +---+m

................................................ (2.37)

m-1,

Wi = I-mlm +mm1|1+mm2|2 +“‘+mm(m—1)|

rae Ly + Ly, Myy + My (p—1) — COOCTBEHHBIE U B3aUMHBIE MHIYKTHBHOCTH (a3,

NHIyKTUBHOCTH M B3aMMOWHIYKTUBHOCTH B (2.37) B 00IIeM Ciy4ae SIBISIOTCS
NepUOINYECKUMH (YHKUIUSIMH YTIOBOM KOOpPJMHATHI MOJIOKEHUs poTopa. Pemienue
(2.37) sBaseTcss HENMpPOCTOW 3amadeil nake JJIs JUHCHHOW cucTeMbl. B HenmuHeiHON
CUCTEME HWHIYKTUBHOCTH U B3aUMOMHIAYKTUBHOCTH CTAHOBSITCA MHOTO3HAYHBIMU
GyHKIUAMHU TOKOB (Pa3, MOCKOJbKY YPOBEHb HACHIIICHUS JI0OOr0 y4yacTKa MarHUTHOM
LEU B OOIIEM CIIy4yae ONpeIeseTCsi COBOKYITHBIM BIUSHUEM TOKOB BCEX (pa3 JIEKTPH-
YeCKOW MallvHbl. B pe3ynbpTaTe CynIeCTBYIONIME MAaTEMaTUYECKHE MOJEIH MO3BOJISIOT
YUYUTBHIBATh HACHIIIIEHUE MArHUTHOM IIEMU TOJIBKO MPUOIU3UTEIBHO.

OcHOBHBIE TONYIICHUS, TPUHATHIE IIPU COCTABICHUH MAaTEMATHYECKON MOJEIH:

— BJIUSIHHME THCTEPE3UCa U BUXPEBBIX TOKOB HE YUUTHIBACTCS;

— BJIMSIHHME HACBIIIECHUS MAarHUTHOM 1IETIM YYUTHIBACTCS B IpME CTaTOpa U pOTOpa
U B 3yOII0BOI 30HE MAIIUHBI;

— BIMSHUE JI000BOTO U AU dEepeHITnaTIbHOTO PACCeSHUSI YIUTHIBACTCS YBEIUYe-
HUEM UHAYKTUBHOCTH PacCEsHUA;

— MarHuTHYIO CBSI3b MOKHO MPEICTABUTH C MOMOIIBIO OT/IETbHON (DYHKITUU.

Marnutasie notoku 1 MJIC o1HO3HAYHO CBsI3aHbI KPUBOW HAMArHUYMBAHUS.

W3meHeHue TJ1aBHOTO MOTOKOCHUEIJIEHUs! P, ONpeAesseT B3auMOUHIYKIHUS 00-
MOTOK ctatopa u potopa. [lorokocuemnnenue P, cga3ano ¢ IC Bo3aymHOro 3a3opa,
TO €CTh 3aBUCHUT OT HAIPSDKEHUS CTaTopa U, MOITOMY YUYUTHIBATH U3MEHEHUS COIPO-
TUBJICHUS B3aUMOWHIYKIIUU X,, MOXXHO B (DYHKITMM TOTOKOCUEIUICHUS ), UCTIONB3YS

AJI1 OTOTO XapaKTCPUCTUKY XOJIOCTOI'O XO4a ABHUTaTCIIA.



63
NHayKTUBHBIE COIPOTUBIICHUS PACCESHUS X ;g (PYHKITMOHAIBHO CBSI3aHBI C TOKOM
CTaTOPHON OOMOTKH g, OITOMY JJII KOHTPOJISI U3MEHEHUMN X, BBIACIISIEM COCTaBJISIO-
IIHE TTIABHOTO TIOTOKOCIETUICHHS 110 ocsiM (&, B, ¥)
B pesynbrate pemenns cuctemsl (2.37) MOMTydaroTCsl 3HAYSHUNS TIOTOKOCTICTUICHHST
BCeX 00MOTOK A/l M MX TOKHU. VIX BEIMYMHBI MOXKHO IIPENCTaBUTh BEKTOPOM V¥, 5, , pas-
Mep KOTOPOT0 3aBUCHUT OT 4YKcia 0OMOTOK AJI:

l/jaﬁ,i - mM,O'(WO) ) Ma,ﬂ,y ) ia,ﬂ,y , (238)

rae M wpy MaTpula MTHAYKTUBHOCTEN M B3aMMOMHAYKIMN Mexay oOMoTkamu Al

L, -M-0,5 -M-0,5 M -M-0,5 -M-0,5
-M-0,5 L, -M-0,5 -M-0,5 M -M-0,5
M., -M-0,5 -M-0,5 L, -M-0,5 -M-0,5 M (2.39)
M -M-0,5 -M-0,5 L, -M-0,5 -M-0,5
-M-0,5 M -M-0,5 -M-0,5 L, -M-0,5
-M-0,5 -M-0,5 M -M-0,5 -M-0,5 L

rae M — B3auMHasg UHAYKTUBHOCTB, Ly = M + Ly, L, = M + L, — HHIyKTUBHOCTU

0OMOTOK cTaTopa U poTopa.
N3 cocTaBnsiomux riaaBHOTO MOTOKOCHEIUICHUS 10 ocsiM (a, f, y) OIpeensieM

MOZYJIb I'NIaBHOI'O IIOTOKOCHECITICHUA B BO3AYIIIHOM 3a30p€:

W, = \/%|:(l//0a)2 +(vop) +('//°/’)2] |

Toku 0OMOTOK 1O OCSIM @, f5, y HAXOIATCS B PE3yJIbTaTe PEIICHUS CUCTEMBI ajl-

(2.40)

reOpanvyecKux ypaBHEHUM METOIOM 0OpaTHON MaTPUIIBI:

ia,ﬂ,;/ = [M*(B) M, s, k]_l Vg,

-1 )
rzae [mM’U(z//o)~ M, M} — o0OpaTHas MaTpulla UHAYKTUBHOCTEH M B3aUMOMHAYKLIUN MEX-

(2.41)

ny oomotkamu Al.

YuuThIBaTh HACBIIIICHUC MarHuTHOM oM BCXEMC MOJCIU Ipeajaracrcsa C I1o-

MOIIBIO M*(B) — (bYHKHHH yucTtan HEJIMHEHHOCTHU XApPaAKTCPUCTHUKU HaMarHUW4YHNBaHWA

AT, rie B — 3HaueHre MHAYKLIMU B Bo3ayinHoM 3a3ope. M. (B) saBucur ot koHcTpyK-
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TUBHBIX 0coOeHHOcTer Al (pacmosiokeHuss oOMOTOK B pacTOYKEe CTaTopa, Marepuasa

CepACYHUKA U T. I.).
3asucumocts M.(B) crpourcs Ha ocHOBe KpHMBOIl HaMarHUUMBAHUS SIEKTPO-

TEXHUYECKOM CcTamu B QYHKIIMA MAarHUTHOW WHIYKIIMK B BO3MymHOM 3a3ope. C e€ mo-
MOILBK YUUTBHIBACTCS KAK U3MEHEHUE 3HAYEHUs B3AUMOMHAYKUMUA M, TaKk U UHIYKTUB-
HOCTH paccesiHusi 0OMOTOK.

MaruuTHass cucTeMa, COCTOSIIAas U3 CTaTopa U pOTOpa, W PaCIpeleIeHue Mar-

HUTHOTO TOJIs B IToniepedyHoM ceueHnu A/l npejcTtaBieHsl Ha pucyHke 2.8, a u 0.

Dsu, Dr — BHenIHue [uaMeTphl cTaTopa u poTopa, ds u dr — TonmuHa sspmMa cratopa u sipMa poTopa,
dzs u dzr — aauHEL 3y6110B cTaTOpa U poTopa, & — BEIMYMHA BO3LYLIHOIO 3a30pa

}.-1,77 Ta

7 2,11 Ta
)

6)

Pucynok 2.8 — Marautras cuctema A/l (a) u pacrpeenieHue MAarHUTHOTO TIOJISL B TIOTIEPEYHOM
CEYCHHUU JBUTATENS PU HOMUHAIBHOU Harpyske (0)

AHanu3 NacnopTHHIX JAHHBIX Pa3MEPOB ACMHXPOHHOTO 3JEKTpoJBUraresneil (pu-

CYHOK) ITOKa3bIBa€T, YTO COOTHOLIEHUE TUAMETPOB CTATOPA U POTOPA HAXOIUTCA B OC-
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HOBHOM B mipenenax 1,4-1,8, a oTHocuTenpHas AuHA 3yOIOBOM 30HBI B ITyTH MarHUT-
HOTO TIOTOKA JIJIsl MAIIIMH C YHUCJIOM Iap MojitocoB P = 2 cocrasiser. 0,2-0,3.

Jlns mpuOIMKEHHOTO y4deTa HETMHEHMHOCTH XapaKTePUCTUKH HaMarHUYHMBaHUS
OyZeM HCIIOIb30BaTh MAarHUTHYIO CUCTEMY aCMHXPOHHOTO 3JieKTpoasurarens. [Ipu cue-
JAHHBIX JOMYIICHUSIX MAarHWTHAs IEMb PEaTbHOM AIIEKTPUYSCKOW MAIWHBI (PUCYHOK
2.8) MOXKeT ObITh 3aMEHEHa YKBUBAJICHTHBIM MarHUTOIIPOBOIOM (pUCYHOK 2.9, a), B BUjIC
HEOJHOPOTHOTO MAarHMUTONPOBOAA C 3a30poM, rae Iz xapakrepusyer 3yOIOBYIO 30HY,

0 — BOSI[YHIHHﬁ 3430pP, a OCTaJIbHAA 944CTb MAarHUTOIIPOBOJA Im — xene3o c¢raropa u po-

TOpA.
rd My
1__
L 0.8
0.67
&
= qu___
0.27

a) 6)

PI/ICYHOI( 2.9 - prOH_IeHHaH MOZACIIb HCOAHOPOAHOI'O MAarHuToInpoBoaa € 3a30poM (a) " pacuCTHas1
3aBUCUMOCTb USMCHCHUSA B3aUMOWHAYKIUU MCKIY 00OMOTKaMu

JIns HEOMHOPOAHOTO CEPACUYHUKA C 3a30POM IPEICTABUM KPHUBYK) HaMarHU4MBa-
HUs MaTepuaia B Bujie H ot B, cocTosingyto u3 Tpex yacTtei: neppasi — XapaKTEpUCTHUKA
OCHOBHOM 4aCTH MarHUTOIPOBO/IA; BTOPAsi — XapaKTEPUCTUKA 3yOI[0OBOM 30HBI; TPEThS —
XapaKTEepUCTHUKA 3a30pa. Tak Kak ONmpeaeeHue MHAYKIIMM B MarHUTOIIPOBOJIE MaTeMa-
TUYECKOW MOJIEJIA MTPOU3BOINUTCS MPU AMIUIMTYIHBIX 3HAYEHUAX, TO ONPEIEIIUM CTaTH-
YeCKyI0 Xapaktepuctuky. KpuByro HamaramumBanus ayisg ooiactu B > 0 mpeacraBum

aHaNUTHYECKH Mo hopmyine Pponuxa:

H=-2 (2.42)

a—b-B’

rae a u b — koaddurnrenTs anmpokcuManuu, pacCUUThHIBACMbBIC JUIS XapaKTEPUCTHKH
MarHuTHOro marepuana. [IpeacraBum cymmy H-l mo y4yacTkam MarHUTHOW Henu Kak

npousBenenue Heplcp:
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Hepl __Bke -Imz[+—B -lzz[+—B :
P a-b-B-kz 7 a-b-B " n0-kd

S, 11 (2.43)
rae B — uaayknus; H — HanpsbkeHHOCTD 1oJIst; a 1 b — k03 urreHThIanmpoKcuMaIiiy,
0,J1 — BeJIMYMHA 3a30pa B MarHUTONpPoBoie; IM, 1 — qimHa cpeHeld TMHUKM 110 OCHOBHO-
My MarHUTONpPOBOIY; lcp — moiHas cpenHss UIMHA CepICYHMKA; KZ —OTHOCHTEIhHOE
3HAQYEHUE WHIYKIIMU B OCHOBHOM YaCTW MarHUTONPOBOJIA K BEJIMUMHE UHIYKIIUU B 3y0-
110BOM 30He; Kd — oTHOCHTETbHAS BETMYHMHBI TUTOIIA I MarHUTHOTO ITOTOKA B 3a30pe 3a
CUET y4eTa pacuIupeHust 3yO1oB.

[TepeiiemM K OTHOCUTEIBHBIM €IMHUIIAM IS JJIMHBI CUJIOBOW JINHUM MAarHUTHOTO
noroka. [IpuMeM 3a OCHOBY BEJIMYMHY IOJIHYIO JUITMHY ICP, TOra B OTHOCHTEIBHBIX

€IMHULAX JJIs1 BEIIMYMHBI MHAYKIUU Bi:

B.-kz B B,
= (1-z, -8, Lz, +—1—.3,. .
@ a-b-B,-kz ( )+a—b-Bi (2.44)

CraTtnueckass MarHuTHas NPOHUIACMOCTb.

B, _ 1
ST T (I B A (2.45)

+ .
a-b-B,-kz a-Db-B; kd-u0

OTtHOocuTeNnbHOE 3HAUeHHE U3MEeHEeHUsT M«(B) npu u3MeHeHun MHAYKIUU OyaeM
ONPENENATh, KAK OTHOLIEHWE MAarHUTHOW IPOHULIAEMOCTH ITpy UHAYKIMU B = B; k mar-

HUTHOW MPOHUIIAEMOCTH B HAYaJIbHOM COCTOSIHUM MarHUTHOM cucTeMbl B = By:

kz-(1-1z.-4.) N Iz. N d.
. a-b-B,-kz a-b-B; kd-nu0
M. = kz-(1-1z.-4.) N |z O (2.46)

+
a-b-B,-kz a-b-B;, kd-u0
XapaxTepHblil BuI 3aBucuMocTH M+(B) mokasan Ha pucynke 2.9, 0.
N3MeHeHne MHAYKTUBHOCTH PACCESIHUS YUUTHIBAETCSA ¢ MPUMEHEHUEM ITOJIyUEH-

HOTO 3HaueHUst M«3a cyeT usmeHenus Benuuns Lsu L, B matpune M, 4 5.,

M.qpy =M M.+ Ls[1+ks(1—M.)], (2.47)
rae K, = 0,2-0,4 — ko3¢ GUIHMeHT, yIUTHIBAIONINN YBETUICHUE TOTOKOB PACCCHBAHUSI

IIPpHU HACBIIIICHUHU MarHUTHOM CMCTEMBbI MaIlIUHBI.
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2.3 BbIBoaBI IO BTOPOI IJ1aBe

1. Ha ocHOBe aHaIUTUYECKOTO MCCIIEIOBAHUS YCTAHOBIICHBI YCIOBUS U (pu3nyeckas
npyuIrHa caMoBO30YXeHrss Al' B aBTOHOMHOM pekume. [lokazaHo, 4To it BOSHUKHOBE-
HUS YCTOMYHMBOM TeHepaluy HeoOXOAMMBI JiBa (paKTopa: OCTATOYHBIM MAarHUTHBINA MMOTOK U
KOJIeOaHUs1, BO3HUKAIOIIIME B CUCTEME C OTPHUIIATEIILHBIM COITPOTUBIICHUEM HA YacTOTax, CO-
OTBETCTBYIOIIMX OallaHCy aMIUATYJ U (pa3 JUId peakTUBHBIX U aKTHBHBIX MOIIHOCTEH OC-
HOBHOM TapMOHHUYECKON COCTaBJISAIOIICH aBTOKOJICOaHU B HEIMHEHHOMN cucteme. MexaHu-
4yecKas SHEPrus, MOABOAUMAS K POTOPY, KOMIIEHCUPYET aKTHBHBIE NIOTEPU B CONPOTHBIIC-
HUSIX TEHEPATOpa U Harpy3KH, 00ecreunBasi yCTOMYMBOCTh PEKUMA I'eHEPaITUH.

2. OnpesieNneH0 KPUTUYECKOE YCIIOBUE JUI BEJIMYMH €MKOCTU BO30YXIeHUs. YcTa-
HOBJIEHO, YTO CYIIECTBYET MUHMMAJIbHOE 3HAYEHUE EMKOCTH, HIKE KOTOPOTO CaMOBO30Y K-
JICHUE TeHEepaTopa HEBO3MOXHO. Pacuersl Mmokas3aiv, 4To MpU MOCTOSIHHBIX IapameTpax
MarHUTHOW CHUCTEMbI MAIlIMHBI 3Ta KPUTHUYECKAsA EMKOCTh 3aBHUCHUT MCKJIFOYUTEIBHO OT Be-
JIMYUHBI AaKTUBHOTO COIPOTUBIIEHUS Harpy3ku. [Ipym 3TOM HEIMHEWHOCTH MArHUTHOM CHC-
TEMbI BIMSIET HA aMIUTUTY Ty aBTOKOJICOaHUI U HAaNpsHKEHUE TeHepaTopa.

3. Pazpabotan crioco0 ydera HaChITIEHNST MarHUTHOM crcTeMbl Al, KOTOpBI TI03BO-
JISIET IOCTPOUTH AJICKBATHYIO MAaTEMAaTHYECKYIO0 MOJIENb CUCTEMBI «BETPOABUTATEIb — ACUH-
XPOHHBIN TeHepaTop — Harpy3kay». Criocod OCHOBaH Ha pa3leibHOM PACCMOTPEHUU HEIH-
HEUHBIX XAPAaKTEPUCTHK TPEX 30H MArHUTOMPOBOJA: OCHOBHOM YacTH MAarHUTOIPOBOJIA,
3yOIIOBOI 30HBI M BO3AYIIHOTO 3a30pa. JTO MO3BOJIMUJIO MOIYYUTh (DYHKIIMIO W3MEHEHUS
MarHUTHOM CBSI3U MEXKy OOMOTKAMHU.

4. TlpeyiokKeHO YYUTHIBATh U3MEHEHNE UHIYKTUBHOCTH PACCESIHUSI C IPUMEHEHUEM
MOJTYYEHHOTO 3HAYCHUSI MAarHUTHOW CBSI3M MEXKIy 0OMOTKaMH3a CYET M3MEHEHHS BEIMYNH
COOCTBEHHBIX MHIyKTUBHOCTEH CTaTOpa M pOTOpa B MaTpHIIE B3aMMOWHIYKTUBHOCTEH, 4TO
MIO3BOJIIET KOPPEKTHO MOAM(DHUITPOBATH MATPHIIBI TTAPAMETPOB MAIIMHBI TIPU MaTeMaTHue-
CKOM MOJICTMPOBAaHUM B IPOTPAMMHBIX KOMIUIEKCAX. JJaHHBIN MOIX0/] MOBBIIIAET TOYHOCTb
pacyeToB MEPEXOHBIX U YCTAHOBUBIIIMXCS PEKUMOB paboThl Al' O CpaBHEHUIO COCIOCO-

0aMu, UCTIONIB3YIOIIMMU JIMHEHHBIE TTApaMeTPhl MAarHUTHOM crcTeMbl Al
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3 MOJAEJIMPOBAHUE U PABPABOTKA CTABUJIN3ATOPA
HAINPAXKEHUA ACUHXPOHHOI'O TEHEPATOPA

3.1 Pa3pa6oTka MaTeMaTH4eCKOH MO/eJIH CHCTEMbI «BETPOJABUIaTe/b —
ACMHXPOHHBIN I'eHePaTOP — HATPY3Ka» NP AUCKPETHOM peryJIMpOBaHMHU TOKA

BO30Y:KIeHUSA

MopenupoBanue paboTsl Al' BBIIOJIHEHO HA OCHOBAHUHM MOJIENHU 3JIEKTPUUECKOM
ACUHXPOHHOW MaIlIMHbBI, COCTaBJICHHOW B Tpex(a3Hoil cucTteMe KOOpAUHAT (PUCYHOK
3.1). [Ipu cocTaBiieHNH YpaBHEHUH HCIOJIB30BAIUCH CIICAYIONINE OOIICTIPUHSATHIC J10-

IMymCHUA:
2w
- (baSHBIC OOMOTKH CUMMCTPHUYHBI U CABUHYTEHI B IIPOCTPAHCTBC HA YI'OJI ?,

— MarHUTOJABHXKYIIAs CHJIa OOMOTOK M TOJISI pacCesiHUs pacipeiesieHbl CHHYCOU-
JaJIbHO BIOJIb OKPYKHOCTH POTOPA;

— pacnpeieIeHHbIe OOMOTKHM CTaTopa U poTopa 3aMEHEHBI COCPEIOTOUCHHBIMU C
PaBHBIMU MarHUTOIBIKYIIIUMH CHJIAMU;

— HE YYHUTHIBAIOTCA MOTEPH B CTAJIU, JOOABOYHBIC MOTEPU U BIUSHHUE BBICIIAX

MPOCTPAHCTBEHHBIX TAPMOHHUK MAarHUTOJBUKYIIIMX CUJI OOMOTOK CTaTopa v poTopa.

. - o
e fro

I'g CT stoue Is ?‘}’Sm
Do

iCTATOp

Pucynok 3.1 — PacueTHast mpoctpancTBeHHast Mojielib Al ¢ peryimmpyeMoit eMKOCTBIO
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Huddepenunansubie ypaBuenust Al' ¢ yuetom BHemHel emkoctu C U ipeBapu-
TEJILHO TMOJIKIIFOYCHHOMN HAarpy3KH (COMPOTHBIICHUE Iy;, TOK Iy;), BKIFOYAIOIIUE YPABHEHUS
TOKa M HaNpsDKEHHs cTaTopa Is U Us, TOTOKOCIEIUICHUS cTatopa U poropa (Ys U ),
IBWOKEHUS (YIJIOBasi CKOPOCTh poTopa ® ), MOMEHT Berpokosieca M(v, o, b), moment

UHEpLUUU Jy, a TaKKe BpeMs I B HEMOABM)KHOM CHCTEME KOOpauHaT (o, 3, Y) UMEIOT BU

aw,, .
dt =—Fsls, —Ucy s
dv
ﬂ -
> :_rslsﬂ_uCﬂ’
dt
d¥v .
T = _rsls;/ _UC;/ )
dt
Y .—-Y¥Y
0=—"rira—p'w'%,
Y. -Y
0=tipy—prar (3.1)
Y —-v
O:—rriry—p.w'.raTrﬂ’
duCa_is_a_uCa

dt Cc rC’
duc ; _ g Ucp
dt c rC

H

ducy g, B Ue,

dt Cc rC’

. . . . . ) k.. o—k MBH(V,CO,b)
(\PWISO‘ +\Pralsﬁ +\Prﬂ|57 _\Pl’ﬁlsa _\Prylsﬂ _\PraIS}’)_ . J - J '
z )

do_pV3
dt — 2J,

rae P — uucino nap noitocoB Al'; Jy — cymmapHsiid MOMEHT uHepuuu poropa Al u po-
TOpa BETPOJBUTATENS C YUETOM CBS3H Yepe3 peaykrop; M = m(u) — koahuIreHT yue-
Ta HACBHILIEHUS MAarHUTHOM cucTteMbl Al'; My, (V,@,b) — MOMEHT BpallleHUs BETPOBU-
ratess, SIBISIOmMuicS GyHKIIMEH CKOPOCTH BeTpa V, YIIIOBOM CKOPOCTH @ U YTJia TIOBO-

pora sionactu b. Koaddumment K,, yautsiBaeT MOMEHT TpeHUS 3aBUCSIIUN OT CKOPOCTH

BpaieHus poropa Al', koagdumnment Kt cyxoe Tpenue.
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B ypaBHenusx (3.1) unaekcamu «o., B ¥ y» OTMEUEHbI IEPEMEHHBIC U ITapaMeTpPHhl,
OTHOCSIIHECS K oCcsM o, B 1 y. Tak Kak MOAEIUpyeTCsl CHMMETpUYHas Harpy3ka (a3 u

CUMMETPHS EMKOCTEH BO30YKICHHUS, TO UX MTapaMeTphl onpeeneHsl Kak Iy u C.

3.2 Pa3paboTka MaTeMaTHYeCKOil MO/IeId CUCTEMbI «BETPOABUTATE b —
ACMHXPOHHBI IreHepaTOP — HArPY3Kay» NMPH IVIABHOM PeryJiMpoOBaHUHU TOKA

BO30Y:K/ICHUS

CxeMy ¢ Tpexdha3HbIM BRIIPSIMUTENEM (PUCYHOK 3.2, a) AJi MOJICTUPOBAHUS Me-
HSEM Ha PacueTHYIO CXEeMy, HCIOJB3YIONIYI0 PE3UCTOPHI B KaxXAoW (aze (pUCyHOK
3.2, 6). KoppekTHOCTh Takoil KBUBAJICHTHON 3aMEHbI ObliIa MOATBEPKECHA CPaBHEHU-
€M JHEPreTHYCCKUX XapaKTePUCTUK 00emX cxeM. PacdeTsl npuBEACHBI B IMPHUIIOKE-

HuH [,

A
E

Comoe

s
TYY

a) 0)

Pucynok 3.2 — I[Ipumensiemast (a) u S5kBuBajsieHTHas (0) CXeMBbI

[Tpu 5TOM 17151 YCTOMYMBOTO HAYAJILHOTO BO30YKIEHHUS U TIPEIOTBPAIICHUS CPbI-
Ba BO30YXKJCHUS MPU W3MEHEHUU COMPOTUBIICHUS PE3UCTOPOB IMPHU PETYIMPOBAHUU, B

CXeMe UCIOJIb3YeTCs JOMOIHUTEIbHAs eMKOCTh C (pucyHok 3.3).



o

Hsg

Iy

T ..\..,..,.. ﬁ

Pucynok 3.3 — Pacuernas npoctpanctBeHHas moaenb Al ¢ perymupyemeiM Rp

I[JBI pvaeTHOﬁ CXCEMBI IIOJIYYHM BBIPAXKCHHUEC UL TOKA Ic

Ue—U u u 1 1
—3——9——9=g+4£—w( _J:
Rp Rp 1y

=1
y R P Ta

Bt —j 42 [ucp uc( + 1)]

. Ucp
=i+ =
Rp Rpry

U TOrja /Ui pacueTHou cxeMbl Al' o ocsim a, B, v (puc.) auddepeHuuanbHble ypaBHe-

(3.2)

le =1ls—lcp —

HUS HanpspkeHuH Ha éMKoCTsaX C OyayT UMETh BUJ
duca iSC( 1 Rp
===+ —|ucpeg —Uca (1 +—
dt c ' cRrpl7CP2 Ca -

dZEB - iscﬁ CRp [uCPﬁ Ucp (1 + H)]

(3.3)

ducy lsy [
—=—"4+—lu —Uu (1 —) .
dt C ' CRp L CPY cr (L o

Jns onpenenenus HanpsbkeHUs Ucp paccMoTpuM KoHTYp C - C, - R,. Ilo o6xomy
w 3amMme-

KOHTYpa JUIS HalpsDKEHUH UMEEM Uc — Ucp — icpRp = 0, oTKyza ig) -
P
duc duc
CPRP = 0, oTkymaa L .
dt CpRp

ducp
HUB ¢, = C —— NONYYUM Uc — Ugp —
1t 3-X a3 B ocsix a, f3, Y JuIsl cXeMbl Ha pucyHke 3.3 Oy/ieM UMETh

ducpa _ Uca—UCpa
dt CpRp '
ducpp _ UcpUcpp (3.4)
dt CpRp '
ducpy __ Ucy—Ucpy

dt  CpRp
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[Tonnas cucrema auddepeHnaIbHbIX YPaBHEHUS ISl MOACIUPOBAHUS paOOThI

Al ¢ IIPUBOAOM OT BCTPOABUTATCIIA U INIABHBIM PEryJIMPOBAHHUCM C IIOMOIIIBIO PE3U-

CTopa B LIENH Perynupyromux emxocre C, Oyner umMersb B

dw

dt

3

—d\PS“——ri -u

dt - s'sa Ca?

dlIlsﬁ .

at =Lz —Ucg,

av,

dt __rsls;/_uc;/;
Y .Y

O:—rrira—p.w.%’

. Y, -Y¥Y,

O:—rrlrﬂ—pw-%, (3.5)
P

0= rriry p.w.rO‘T’ﬁ’

duce b, [, Y

it ¢ +CRp Ucpa — Uca (1+rﬂ)_’

ducg _isp , 1 [ ( RP)'
it ¢ +CRp |Uepp — Ucp 1+rH I

duCy lS]/ 1 [ Rp i
= —+—|uUcpy — U (1 + —)
dt c ' crpl CPY Cy vk
ducpa _ Uca—UCpa
dt CpRp

ducpg _ Ucp—Ucpp
dt CpRp

ducpy _ Ucy—Ucpy
dt CpRp

(W,is + W gl + W i, =¥ i, =W i =W i, ) -

ry'sa ra's

kuo—k, M, (v, @,b)
‘]2 ‘]Z .

23,

Tak kak nepBble 6 nudepeHInaNbHbBIX YPABHEHUN CUCTEMBI (3.5) CBS3BIBAIOT

TOKH M TTIOTOKOCIEIIJIEHUSI OOMOTOK CTaTopa U poTOpa Mo ocsiM o, f3, Y, TO IS onpee-

JIeHUs1 TOKOB (ha3 ATUX 0OMOTOK MPUMEHSIEM METOJ 00paTHOW MaTPHILI A ITHX 6-TU

YpaBHEHUH M TOT/Ia BEJIMYUHBI TOKOB, Yepe3 MOTOKOCIEIUICHHs (pa3HbIX 0OMOTOK CTa-

TOpa U poTopa:



(3.6)

rae Mg 1_ oOpaTHas MaTpulla HHAYKTUBHOCTEH M B3aMMHBIX HHIYKTHBHOCTeH Al" mat-

pHULEL:
Ly, —-05M —-05M M  —-0.5M -0.5M
—-05M Ly —05M—05M M  —0.5M
v — [70SM —05M L —05M -05M M
S| M -05M —-05M L, —05M -0.5M
—~05M M  —-05M—05M L. —0.5M
—05M —-05M M —-05M —-05M L,

rac Ls, Lr — cOOCTBCHHBIC HHIYKTUBHOCTH PAaCCCAHHUA CTaTOpa U pOTOpAa, M — B3aumHas

HHAYKTUBHOCTD.

3.3 Pa3paboTka ajropurMa penieHusi ypaBHeHHil Moj1esIn
«BETPOABHUTATE]Ib — ACHHXPOHHBIN reHepPaTop — HArpy3Ka» co cCTadUIn3aTopomM

HANPSIZKEHHS VISl pacdyeTa NapaMeTpoB M Pe:KUMOB padoTsl BIY

AJNTOpUTM pacueTa ypaBHEHUN MOJENIH «BETPOJBHUIATE]Ib — ACHHXPOHHBIN T'eHe-
paTop — Harpy3Ka» CO CTAOMIM3aTOPOM HAIPSHKEHUSI TTOKa3aH Ha PUCYHKE 3.4.

Ha nepBoM »Tane 3agar0Tcs nmapamerpbl pacueTHOM cxeMbl. HauanbHble yCIIOBUS
ONPEAEIAIOTCS U3 COCTOSHUSL CUCTEMBI TTOCIIE 3aBEPILIEHHUS [IEPEXOIHOTrO MPOLECcca BO3-
oyxaenust Al'.

Ha BTopoMm stamne no nmapamerpam Al pacCUMThIBaeTCs XapaKTEPUCTUKA HEJU-
HEWHOCTH MarHuTHOU cuctemMa M(yn) MO MpeioKEHHOMY Croco0y, OMUCAaHHOMY B
MyHKTE 2.2, KOTOpas B TajlbHEUIIIEM OYyIeT UCIIOJIB30BATHCS TSl ONIPEACIICHUS] MATPHITBI
B3aMMHBIX UHIYKTUBHOCTEN HA KaXKJIOM IlIare pacuera.

Pacder nunamudeckux mporeccoB B cucteme BJ[-Al-ctabunuzatop HaunHaAETCS
c Omoxa 3.

CKopocTH BETpOB Il MOJICIMPOBaHUS BhIOpaHbI B mpenenax 6,5-11,5 m/c, kak
HauOoJiee BCTpeyaronyecsi B pabouemM auara3oHe paccMaTprUBaeMOro peruoHa, U 3ajia-

I0TCS B Pa3HBIX BapHAIUSAX U C PA3HBIMU BPEMEHHBIMU OTpe3KaMu B OJIoke 4.
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HAYAJIO

/ (D HUcxomHsle JaHHBIE

H HaYa/IbHBIC YCIIOBHA

v

) PacueT XapaKTepHCTHKH
HEHHEHHOCTH MarHUTHOM CHCTEMEI
M(W¥n) mmo mapameTpam Al

B “t=tue

(@ U3meneHue cKOpOCTH BeTpa V(1) H/HIH
COIPOTUBICHHUS HATPy3KH Rur(t)

Her

(© Pacuer ypaBHeHHI MOJETH CTaGHIH3aTOpa
HanpspKeHus ¢ u3MeHenneM C mim Rp

@  Pacuer MaTeMaTHuecKoit Mogemn BJI-AT”
MeTogoM Densiepra

PacyeT aMIUIMTYIHBIX 3HAUCHHI
TIOTOKOCIEIUTICHHH W

'

© TIlepecuet MaTpHIIB! B3AHMHBIX HHIYKTHBHOCTEI! ¢
YYETOM HETHHEHHOCTH XapaKTePHCTHKA MarHUTHOH
cucreMsl AI" M(Wnm)

v

(9 Pacuer TokoB i(t) AT" MeTooM
00paTHOH MaTpPHI[BI

©@

t<tikon

Ja

Het

(3 BrIBOJ pe3yIbTAaTOB PacyeToB
(us i) Us Is 0).! M)

Pucynok 3.4 — Anroputm pemienus ypaBHeHuid mojenu «B/I-Al'-Harpyska» co crabuimzatopom
HaIPsOKEHUS sl pacyeTa mapaMeTpoB U PeKUMOB padoTsel BOY
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[IsaTeIii GJIOK UCIOJIHSAET YCJIOBHE HAXO0XIECHHUS BBIXOJHOTO HAIpPSHKEHUS Te-
HepaTopa (M3 HavaJdbHBIX YCJIOBHUI) B Mpejaesax Auana3zoHa cTaOWIM3alluyd Hamps-
JKCHUSI I 30HBI HEUYBCTBUTENBbHOCTH cTabuinu3atopa =AU, Ilpu cobnroaenun yc-
JTIOBUA |UA1~ - UYCT| > AU, TO ecTbh, KOrJla 3HAYCHUE BBIXOJHOTO HAIPSKEHUS T'CHe-

paTopa HaXOJUTCS 3a MpeAesiaMi 30Hbl HEUYBCTBUTEIBHOCTH CTa0MIM3aTOpa, OCY-
HIECTBIISIETCS Mepexo] K ONOoKy 6, rAe MPOU3BOAUTCS CTAOMIM3alMs HaNpSKEHUs

nyTeM ucnonnenus pyukuuu [11UJ[-perynupoBanus:

u=K, AU +K, [, AUdt + K- =X~ K, - AU + K, $5AU - h + K,

A(AU)
h

. (3.7)

HCIIOJIb30BaHNE KOTOPOM MO3BOJISICT MOJYYUTh JIFOOOM 3aKOH peryJupOBaHHUS HU3MCHE-
aueM kod¢punmentos K, K, n K.

Hucnennslil pacyeT MaremMatndecko moaenu Al' HaknagbiBaeT ONpenelICHHBIE
TpeOOBaHUS K MOACISIM peryasaropoB. CI0KHOCTH C MOJCTHPOBAHUEM JaTUMKA BbI-
XOJHOTO HanpspkeHns Al 3aKITFO4arOTCA B CIIEIYIOLIEM:

— JIJIs pacyeTa HE0OXOJuMa BEJIMYMHA aMIUTUTYAbl WX JEHCTBYIOIIETO 3HAYe-
HHSI,

— YacTOTa HaIpSHKEHUS] IEPEMEHHA, YTO HE MO3BOJISIET OPraHU30BaTh BBIYHUCIIC-
HHSI MTHTETPAIbHOM XapAKTEPUCTUKH - JICUCTBYIOIIETO 3HAUCHUS;

— MeToj Oeryiero okHa Jijisi pacuera JCHCTBYIOIIETO 3HAYEHUS HE TapaHTUPYIOT
MOHOTOHHOCTH (TJIaJIKOCTH) KPUBOW M3MEHEHHUS PACUCTHOTO 3HAUYCHUS HAMNPSKEHHUS,
YTO HE MO3BOJIAET OMPEACIATh AMIUIATYy 0 U3MEHEHUIO 3HAKA MPUPAICHHS Ha IIare
pacuera.

[TosTomMy HampsikeHue, pa3BuBaeMoe Ha BbIBoAax Al', pacCUMTBHIBAETCSANO CO-

CTaBJISIOLIMM HaNpsHDKEHUH Ha €MKOCTH BO30YXACHUS MO OCsM a U ff 1 AByX(a3zHoi

Uar = /ug,a +ulg, (3.8)

U TI0 OCsIM 0, f3, yiiisa Tpexdaznoi moaenu Al

MOJIEIH.

2
Upr = \/5 (uz, + uzp + uz,) . (3.9)
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Hanpsokenne AIT 3aBUCHT OT M3MEHEHHSI €MKOCTH KOHJIEHCATOPOB, MOJAKIIIOYae-
MBIX TlapayuiebHo Harpy3ke Al. st uccneqoBaHus MpOIECCOB PETyIUPOBAHUS U OTI-
peneneHuss MpueMIIeMbIX KOA((GUIIMEHTOB TEpenadnl PeryaTOpPOB PAa3IMYHOTO BHIA
UCIIONIB3YETCSI MOJIEb, B KOTOPOIl EMKOCTh UMEET HEOTPAHUUCHHOE YUCIIO MOIKIII0Uae-
MBIX CTyneHel (puUcyHoK 3.5).

Ummr(t)

Umar(t) Unarp @_—: Usnarp
AT # —|I|— ; Cper
:I"I: ” Faarp(t) - ¥ rl ==C [] Ruarp(t)
: Rpe

Perymarop | i
LUYET —

Cper

a) 0)

Pucynok 3.5 — CTpykTypHas cxema peryiaupoBaHus HanpsbkeHus Al (a) v ynpoleHHas cxema
JUTSL aHaJIi3a BO3MOXKHOCTEH peryisiTopos (0)

Ecnu BeIXOgHOE HaNpsHKEHUE MeHepaTopa HaXOAUTCS B 30HE HEUYBCTBUTEIBHO-
CTH CTabMIM3aTopa, TO Mepexo K 010Ky 7 MPOUCXOAUT B 00x0 OJ0Ka 6.

B 6m1oke 7 monenu, ocHoBaHHbIe Ha BbIpaxkeHUsx (3.1), (3.5), mo3BomsitoT pac-
CUMTHIBaTh M HaOJIOJaTh BCEBO3MOKHBIE MepexoiHble mpoueccel Al', omHako moiy-
YaeMbl€ Ha €€ OCHOBE JTUHAMUYECKHE XapaKTEPUCTUKU OYIyT COOTBETCTBOBAThH «Hj€a-
JM3UPOBAHHON MAIlIMHEY», UMEIOLIEH MOCTOSIHHbIE NapaMeTpsl. PacueTsl B mporpamm-
HOM KoMIuiekce Mathcad mokassiBaroT, 4TO pelieHre MoayuyeHHbIX cucteM Auddepen-
LUAJIBHBIX ypaBHEHU MeToA0oM PyHre-Kyrra 4-ro nopsiaka npuBOJIUT K MPEKPALLIECHUIO
BBIYMCJICHU Ha HEKOTOPOM 3Tale, YTO XapPaKTEPHO MJI PELICHHS <OKECTKHX» 3a/ad
metogamu Pynre-Kytra. [TosTomy mis pemenus cuctem aud@epeHimaibHbIX ypaBHe-
HUN ucnosib3oBaslach Moaudukanus Mmeroga Pynre-Kyrra 5-ro mopsnka — dbopmyna
dennbepra, KoTopas JaeT YCTONYUBBIN MPOIIECC BHIYMCICHUH.

B 6moke 8 mampsikeHue, pazBuBaeMoe Ha BbIBojax Al', paccunThIBaeTcs U3 Co-
CTaBJISIOIIMX HANpPSDKEHUM HAa €MKOCTH BO30YXIEHUS MO ocaM a, f, y mo ¢dopmy-
ae (3.9).

Ha neBsitom 3Tarne ocyuiecTBisieTCs MepecyeT MaTpUIlbl B3AUMHBIX UHYKTUBHO-
CTEl C y4eTOM HENMHEWHOCTH XapaKTepUCTUKU MarHUTHou cuctembl A" M(yp,), pac-

CUYATAHHOH B OJIOKE 2.
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Ha mocnemnem pacuetHom 3tare B 6soke 10 onpenenstorcs 3HadeHust TOKOB Al
MeTOoJIoM 0oOpaTHON MatTpuIlpl o gopmyre (3.6). Jamee MpoUCcXoauT Mepexoa K clie-
nayroleMy pacuetHomy mary t =t + At (6mok 11).

HcnionaeHne anroputMa IpOrU3BOAUTCS TIO IIUKITY O MOMEHTA, KOTJa UCITOJTHHUT-
cst yenoBue 0sioka 12 t < ty,,, mOce 4ero BIBOAATCS PE3yJIbTAaThl BRIYUCICHUA B OJIOKE
13 u pacueT 3aBepiaercs.

[Tpu HEOOXOIMMOCTH aHAJIM3a MPOIECCOB 0€3 CTAOMIN3aIMK BHIXOTHOTO HaIps-

xenus Al 01oku 5 U 6 UCKITIOYAIOTCS U3 AITOPUTMA.

3.4 Pacuer mapaMeTpoB U pe:xkuMoB padoTsl BDY npu nuckpernom

peryJiupoBaHUU TOKA BO30YK/IEeHUSI

AJTOpUTM, MPEICTABICHHBIN Ha pUCYHKE 3.4, ObUT peau30BaH B IMIPOTPaMMHOM
koMmiiekce Mathcad.

PerynupoBanue BeamduHbl eMKOCTH C BO3MOXKHO TOJBKO CTYIEHYATBIM oOpa-
30M, Hampumep, [116, 135, 148], korga BeqUYMHA €MKOCTH H3MEHSCTCS C MOMOIIBIO

CHMHCTOPHOTO yIpaBiieHus! (PUCYHOK 3.6).

3-phase Induction Generator
%O 1.5kw
—[-len 28uF

Wind
turbine

Phase

Single-phase
Transformer

1nF 21F e3biy 41k EnF [y TR SF
N =~ -~ - - - T = -
C1 c2 C3 C4 C5 C6 c7 C8
A
an [
re)
™
=t
(]
™
TRIAC TRIAC TRIAC TRIAC TRIAC TRIAC TRIAC TRIAC
1}# \}t \_,: Lm SE CRE e S
Q1 Q2 Q3 Q4 Q5 Q6 Q7 Q8

oN OFF J_
i i |

time=é0ps time=30ps
—J___I——I___L—— [-4,-3,-2,-1,0,1,2,3,4]

Legic Firing B ZXK/ Vactual
Circuit Micro Controller

Rectifier

Vref
Pucynok 3.6 — JluckpeTHoe peryiupoBaHue eMKocTel Bo30yxxaenus Al



78

Ha pucynkax 3.7-3.10 npeacraBieHsl pe3yabTaTbl MOJAECIUPOBAHUS PAOOTHI BET-

POdPHEPreTHYECKON ycTaHOBKM Ha 0aze A’ ¢ HEM3MEHHBIM U PEryJIUPYEeMbIM TOKOM

BO30YXKICHHSI TIPU PA3TUYHBIX JECTAOMIM3UPYIOMUX (PakTOpax, TAKUX KaKk U3MEHEHHE

CKOPOCTH BeTpa W NMOAKIIOUYeHHOW K Al Harpysku. IlokazaHbl M3MEHEHUs CKOpPOCTEU

BETpa, BEJIMYMHBI HATPY3KH, Yyuciaa 000poToB poropa Al', BeTUUMHBI EMKOCTH BO30YK-

JICHUS ¥ BEJIMYMHBI JEUCTBYIOIIETO 3HAUCHUSI HANpsKeHUs craropa Al

b/ - —nac
3.5x 104 2
3}(103“ Upemo oboporos s
25107} g
210 L —|_|_| 75
1.5><1|:|3“ CKOpoCTE BeTpa &
C
1x10° : : | | : | : | : 4 5
10 15 20 25 30 35 41 45 50 55 Al
a)
r-.-mq:' O
48 — 230
50 Ermocts C — 220
42 o - 210
34 ATPEEA Lg e
26 “l19g
10 14 20 25 30 35 40 45 a0 55 1]
6)
B Tar Harmpmsenme regepaTtopa
400 AT parop
300
200
C
100
10 15 20 25 30 35 40 45 a0 55 Al

Pucynok 3.7 — Pe3ynbraTsl MoenupoBanus paboTsl cuctemsl B/[-Al'-Harpyska co crabuinu3zaTopoM
HaIPSHKEHUATIPU TOCTOSIHHOW Harpy3Ke U MEPEMEHHOM CKOPOCTH BETpa
0e3 peryanupoBaHUs TOKa BO30YKIECHUS !

a) CKOpOCTh BeTpa 1 yrciio 000poToB Al'; 0) BenmuunHa eMKOCTH BO30YXKJIEHUS
U BenuunHa Harpy3ku Al'; B) HanpsbkeHue Ha BbiBogax Al
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Pucynoxk 3.8 — Pe3ynbraTsl MoenrpoBanus paboTsl cuctemsl B/[-Al'-Harpyska co crabuinuzaTopoM
HANpPsDKEHUS IPU IEPEMEHHON Harpy3Ke M MOCTOSHHOM CKOPOCTH BETpa
0e3 peryaupoBaHUs TOKa BO30YXKIECHUS:

a) CKOPOCTh BeTpa U 4uciio 000poToB Al'; 6) BenmnumuHa eMKOCTH BO30YKICHHS
U BelnnuuHa Harpy3ku Al'; B) HampsbkeHue Ha BeiBogax Al

Kax BugHO, M3MEHEHNE CKOPOCTH BeTpa B mpezenax 6,5-11,5 M/c, kak Hanbosee
4acTO BCTPEYAIONIUECS B PETHOHE, BBI3BIBAECT OTKIOHEHHE CKOPOCTH BpAICHUS BETPO-
JIBUTATENIs, U KaK CJIEICTBUE, COEAMHEHHOTO ¢ HUM 4epe3 peaykTop portopa Al (pucy-
HOK 3.7, a) B penenax 3200-3900 o6/MuH, 4TO B CBOIO OUY€pE/b, IPU HEU3MEHHOU M-
KOCTH BO30YyxJeHUs 44 MKD BBI3BIBACT OTKIOHCHHUE JICHCTBYIOMIECTO 3HAYCHHS BBIXO/I-
Horo HanpsikeHuss AI' B mupokom nuamazone 150-450 B (pucynok 3.7, B). 3meHeHue
e Harpy3ku B npenenax 70-140 OM mpu mocTosSIHHOM CKOpocTH BeTpa /7,5 m/c (pucy-
HOK 3.8, 06) BeaeT Takxke K KojebaHusiM ckopocTu BpamieHus Basa Al. OmHako 3TOT
nuanaszoH HaxoauTcs B mpeaenax 3150-3280 o6/mun (pucyHok 3.8, a), 4To 3HAYUTENb-
HO yXe, 4eM B Cllydyae ¢ MEepPEMEHHOW CKOpPOCThIO BeTpa (pucyHok 3.7, a). Ilpu stom

JIMAra30H U3MEHEHUS BBIXOAHOTO HanpspkeHus Al Taxke yxe Npenplayliero ciydas u
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coctaBisier 175-325 B (pucynok 3.8, B). To ecTb nepemMeHHas Harpyska sIBJISICTCSI Me-
HEee 3HAYMMBIM JIeCTAOUITU3HPYIONTUM (aKTOPOM, YeM IIepeMeHHasi CKOPOCTh BETpa.
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Pucynok 3.9 — PesynbraTsl MogenupoBanus padoTel cucteMsl B/[-Al'-Harpyska co crabmin3aTopoM
HaNpsDKEHUs IPU TOCTOSIHHOW Harpy3ke U MepeMeHHON CKOPOCTH BeTpa
CO CTYIICHYATBIM PCTYJIUPOBAHUEM TOKA B036y7KI[€HI/I$[:

a) CKOpOCTh BeTpa M 4uciio 000poToB Al', 0) BeTMUIMHA €eMKOCTH BO30YKIEHUS
U BenuuuHa Harpy3ku Al', B) HampsiokeHre Ha BbiBojgax Al

PerynupoBanue eMKoCcTH BO30YKIAIOIIMX KOHJEHCATOPOB (pucyHOK 3.9, 0) npu
U3MCHSIONINXCS CKOPOCTSIX BETpa B TEX K€ MpenaesiaXx, 4YTO W B MPEAbIAYIIEM Ciydae,
(pucyHok 3.9, a) IpUBOIUT K U3MEHEHHUIO TOKA BO30YXICHUS M CTAOWIN3AIUUA BBIXO/I-
HOTO HampsbkeHus (pucyHok 3.9, B). OHAKO 3a CUET CTYNEHYATOr0 PEeryJIupOBaHUS eM-
KOCTH BO30YXKJCHUS HEBO3MOXHO JOOWUTHCS YETKOTO 3HAYCHHS BBIXOJHOTO HAmpsDKe-
HUS, a JIUIIb HACTPOUTH TaKUM 00pa3oM, 4TOOBI BBIXOJHOE HampsikeHue Al Haxomu-
JOCh B omlpenesieHHOM uHTepBajiie. Ha pucynke 3.9, B moka3aHo, 4TO HaIpsDKEHUE CTa-
OMIIM3UpYyeTCsl B TUAma3oHe nmpuMepHo 225-235 B, npu 3TOM m1ar u3BMEeHEHUs] eMKOCTH

cocrapisiet 0,25 Mx®d, a usmMeHeHne eMKOCTH B Tipenenax 38-51 Mxd.
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Pucynok 3.10 — Pe3ynbrarel MogenupoBanus padboTsl cucrembl BJI-Al-Harpy3ka co ctabuianzatopom
HaNPsDKEHUS IPU IEPEMEHHOM HArpy3Ke M OCTOSHHON CKOPOCTH BETpa
CO CTYNEHYaThIM PEryJIUPOBAHUEM EMKOCTH BO30YKICHUS:

a) CKOPOCTh BeTpa U uuciio 000poToB Al'; 6) BenmnunHa eMKOCTH BO30YKICHHS
U BennurHa Harpy3ku Al'; B) HanpsbkeHue Ha BeiBoaax Al

Juana3oH ckopoctu potopa Al pu peryJinpoBaHUM TOKa BO30YXACHUS COCTaB-
asiet 2900-4500 o6/muH (pucyHok 3.9, a), 4TO 3HAYUTEIHHO OTIMYAETCS OT MPEABITY-
niero ciydvasi (pucyHok 3.7, a). /laHHoe oTiMuuMe OOBICHSETCS TEM, UTO Mpu padoTe
BOYVY c HeusMeHHON eMKOCThIO BO30YyxaeHust AI' BCsi MOIIIHOCTh BETPOBOTO IMOTOKA,
npeoOpazoBaHHas TEHEPATOPOM, TIOCTyMaeT B Harpy3ky. OfgHaKko, MpH peryInpoBaHUH
€MKOCTH BO30YXJCHHUS MPOUCXOAUT OTpaHUYCHHE HAMNPSIKEHUS U HArpy3Ko motpeo-
JsieTCsl He BCS MOIIHOCTh, NPUKIIAJbIBaeMas K BETPOJBUTATENIO0 U MpeolOpa3yemast Te-
HEPAaTOPOM, YTO MPUBOANT K U30BITKY MOIIIHOCTH MPU HEM3MEHHOM MoMeHTe Al', 9To B
CBOIO OYepe]b MPUBOAUT K 3HAUUTEIHLHOMY YBEIMYEHHUIO OOOPOTOB BETPOABHUIATEIS,
IPU 3TOM TMPOUCXOIUT yBEIMUEHUE OBICTPOXOMHOCTH, YTO TPO3UT BBIXOJOM PEXKHUMA

pabotel BOY 3a npenenbl a3poJuHaMUYECKON XapaKTEPUCTUKU, YTO HEAOMyCTUMO. B
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ATOM Cllydae, yTUIU3alUs W30bITOYHON MOIIHOCTH MPOUCXOJUT TOJBKO 32 CUET TPEHUS
B y31ax MexaHu3mMoB BOVY u Oonee Huuem He orpannuuBaetcs. Ha npakTuke miis cos-
JaHUsl TPOTUBOJECUCTBYIOIIETO MOMEHTA HCIIOJIb3YETCs] AJIEKTPOMATrHUTHBIM TOPMO3,
U3MEHeHue nojoxeHuss BOY oTHocuTensHO Haberaromero BeTpoBOro MmoToka WiId J0-
MOJIHUTENIbHAs OayacTHasl Harpys3Kka JUisl CO3AaHUS JTOTOJHUTEIFHOTO MPOTHBOICHCT-
BYIOILIETO MOMEHTA.

[Ipn n3menennn Harpy3ku B mnpezaenax 70-140 Om mpu MOCTOSIHHOM CKOPOCTH
Betpa 7,5 m/c (pucynok 3.10, 0) nmpoucxoasT KojiebaHus CKOPOCTH BpaiieHus Baia Al'.
Orot nuanaszon Haxoautcs B npenenax 3110-3350 o6/mun (pucynok 3.10, a), yto 3Ha-
YUTEILHO YK€, YeM B Clydae C IMEepEeMEHHOW CKOPOCThIO BeTpa (pucyHOK 3.9, a), HO
mpe, 4eM B cirydae 0e3 crabuimn3anuu BeixogHoro HampstkeHus Al (pucynok 3.8, a).
OT0 TakXke 0OBIACHAETCS TEM, YTO B HArpy3Ky MOCTYIAaeT HE BCSA MOIIHOCTh, pa3BHUBac-
mas BJI. Hanpsokenne AlT crabunmsupyercs B TeX ke Mpejenax, 4To U B ciiydae ¢ Ie-
PEMEHHOM CKOPOCThIO BeTpa 225-235 B (pucynok 3.10, B) mpu TOM K€ 11are u3MeHeHuUs
eMKOCTH BO30YyKIarolux KoHaeHcaTopoB. [Ipu 3TOM M3MeHEeHHEe eMKOCTH COCTaBISIET
38-46 Mx®. KonnuecTBo mynbcaruii HanpsbkeHus: Menblie (pucyHnok 3.10, B) B cpaBHe-
HUM C MPEABIAYIINM ciiydaeM (pucyHOK 3.9, B) 3a cUeT MEHBIIEro KOJMYeCTBa Iepe-

KJIFOUEHUH CTYNIEHEW PEryJIMPOBOYHON EMKOCTH.

3.5 Pacuer mapaMeTpoB u pexxumMoB padoTsl BOY npu miaBHom

peryJiupoOBaHHMHU TOKA BO30YXKICHUS

Ha pucynkax 3.11-3.14 mpenctaBieHbl pe3yabTaThl MOICIMPOBAHUS PaOOTHI
BETPOIHEPreTUUECKON YCTAaHOBKH Ha 06a3e Al' ¢ HEM3MEHHBIM U PETYJIUPYEMBIM COMpPO-
TUBJIEHHEM Rp IpU M3MEHSIOMNXCS 3HAYEHUSIX CKOPOCTEH BETpa M MOAKIIOYEHHOW K
AT narpy3ku. IlokasaHbl U3MEHEHUSI CKOPOCTEM BETpa, BEIMYMHBI HArpy3KH, 4yucia
000poTOoB poTopa Al', BETUUMHBI CONPOTHUBIICHUS PETYIUPOBOYHOIO pe3ucrtopa Rp u

BEJIMYMHBI JEHCTBYIOIIETO 3HAUYCHUST HaNpsiKEeHUs ctatopa Al'.
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Pucynok 3.11 — Pe3synbrarel MogenupoBanus padoTsl cuctemsl B/I-Al'-Harpy3ka co ctabunmuzatopom
HanpsHKEHUs IPU TOCTOSHHOW Harpy3ke U MepeMeHHOM CKOpOCTH BeTpa 0e3 peryIMpoBaHus TOKA
BO30YKJICHHS: @) CKOPOCTh BeTpa U 4nuciio 000poToB Al', 6) BeIMUMHA €MKOCTH BO30YXCHUS U BEIU-
yrHa Harpy3ku Al', B) HanpsbkeHue Ha BeiBogax Al

[Ipu mepemeHHOI ckopocTH BeTpa (pucyHok 3.11, a) U HEM3MEHHOU Harpyske
(pucynok 3.11, 6), noakmoueHHoM K Al' py OTCYTCTBHM CTaOMIM3aLMU HANPSKEHMS,
TO €CTh MPU HEU3MEHHOM CONpPOTHUBIEHUH pe3uctopa Rp (pucynok 3.11, 6) ckopocTthb
BparnieHus poropa Al' Haxoautcs B mpenenax 2950-3300 06/mun (pucynok 3.11, a), uto
BBI3bIBACT M3MEHEHHE JIEHCTBYIOIIETO 3HAYEHUS BBIXOJHOTO HampspkeHus: AT B quana-
3oHe 225-370 B (pucynok 3.11, B).

N3menenue Harpysku B npenenax 55-95 Om (pucynok 3.12, 6) mpu nocTOsITHHOM
ckopoctu Betpa 7,5 M/c (pucyHok 3.12, a) BeneT Takxe K KojeOaHUsIM CKOPOCTH Bpa-
nieHus Basia Al'. DTOT nuamna3oH B JaHHOM CIIyyae HaXOAWUTCS B CPaBHUTEIBHO Y3KHX
npenenax 2940-3030 06/muH (pucyHok 3.12, a), 4TO 3HAYUTENBHO YXKE, YEM B CIIydae C

MEPEMEHHOM CKOpPOCThIO BeTpa (pucyHok 3.12, a). [Ipu 3TOM nuamna3zoH U3MEHEHUs BbI-
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X0AHOTO HanpsbkeHusa Al Takxke yke MmpeaplIayliero ciaydas u cocrasiser 220-285 B

(pucyHok 3.12, B).
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Pucynok 3.12— Pe3ynbpTatsl MoenupoBanus paboTsl cucteMsl B/I-Al-Harpy3ka co ctabuinm3aTtopom

HanpsOKEHUANPU EPEMEHHOI Harpy3Kke U MOCTOSIHHOM CKOpOCTH BeTpa 0e3 peryarupoBaHus TOKA BO3-

OYyXIEHUs: a — CKOPOCTh BETpa U Yuciio 000poToB Al', 6 — BeIMUMHA €MKOCTH BO30YXICHUS U BEIU-
yrHa Harpy3ku Al', B — HanpsbkeHue Ha BeiBoax Al

PerynupoBanue Toka Bo30YXIEHUS U, COOTBETCTBEHHO, CTAOMIU3AIUS BHIXOTHO-
ro HanpsbkeHus Al' B paccMaTpUBaeMOM Cilydae OCYHIECTBISIETCSA 3a CUET M3MEHEHUS
HaIpsHKEHUST Ha KOHJEHCATOpax BO30YXKICHHS MyTEM M3MEHEHHUS CONMPOTHBIICHUS pe-
suctopa Rp (pucynok 3.13, 6 u 3.14, 6). [Ipu Takom peryaupoBaHUU ynaeTCs IUIABHO
yIepKUBaTh BBIXOAHOE HampsbkeHne Al' B y3KOM amarna3oHe, KOTOPBIA B cllydae mepe-
MEHHOM CKOpPOCTM BETpa M HEM3MEHHOW Harpys3ke cocrtaBisieT 229-231 B (pucyHok
3.13, B). lnama3on ckopoctu poropa Al' B aToM citydae coctapisieT 2700-3750 06/Mun
(pucyHok 3.13, a), YTO HECKOJILKO BHIINIE CiTy4as 0e3 peryJMpoBaHUsl CONPOTUBIICHUS
Rp (pucynok 3.11, a). JlanHoe Bo3pacTtanne 000pPOTOB Takke OOYCIOBICHO M30BITKOM

BbIpa0aThIBAEMON MOITHOCTH 10 CPABHEHHIO C TTOTPEOJIIEMOI HAarpy3KOi.
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Pucynoxk 3.13 — Pe3ynbrarsl MogenupoBanus padbotsl cucteMmbl BJ[-Al'-Harpy3ka co ctabuin3zaropom

HaIIPSDKEHUS IIPU IIOCTOSSHHOM Harpy3Ke U IEPEMEHHON CKOPOCTH BETPA C PETYIMPOBAHUEM TOKA BO3-

Oy>XIEHMS: a — CKOPOCTh BeTpa U 4nuciao 06opoToB Al', 6 — BeTMunHa €eMKOCTH BO30YXJICHHSI U BEJIU-
yiHa Harpy3ku Al', B — HanpsbkeHue Ha BbiBoax Al

B ciydae craOunuzanuu HanpsoKeHUs U3MeHeHueM Rp npu mocTostHHOM ckopo-
CTH BeTpa 7,5 M/C 1 IepeMeHHOU Harpy3ke, H3MEHSIoNIecs B npeaenax 55-95 Om (pu-
CcyHOK 3.14), nnana3oH BbIXOJHOIO HamnpsbkeHus Al' Haxonutes B npenenax 226-232 B
(pucyHok 3.14, B). bosiee mupokuii quamna3zoH Mo CPaBHEHUIO C MPEABIAYIINM CIIy4aeM
(pucynok 3.13, B) 0OBSICHSIETCS KPAaTKOBPEMEHHBIMHU BCILJIECKAMH BBIXOJIHOTO HaIpsi-
JKEHHUS] B MOMEHTBl KOMMYTAIlMd Harpy3Kd, HO 3TH BCIUIECKH COCTaBIISIOT HEe Oosiee
2-3 B. Jluamazon ckopoctH BpaiieHus: Baga Al' B JaHHOM cily4yae HaXOIUTCS B TIpelie-
nax 2980-3040 o6/muH (pucyHok 3.14, a).

[Ipu perynupoBaHuu TOKa BO3OYXIEHHUS MYyTEM HU3MEHEHHS CONMPOTHUBIICHUS pe-
sucropa Rp (pucynku 3.13 u 3.14) o6opoThl poTopa reHeparopa MOAHUMAIOTCS Ha
MEHBIIIYIO BEJTUYUHY IO CPABHEHUIO C JUCKPETHBIM PEryJIMPOBAHUEM TOKA U3MEHEHHUEM

€MKOCTH KOHJIeHCaTOpOB BO30yxaeHus (pucyHku 3.9 u 3.10). OOycnaBiuBaeTcs 3TO
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TEM, YTO PE3UCTOp Rp sBIsSETCS NONMOJHUTEIBLHON HArpy3Koil JUisl TeHepaTopa 1 co3ja-

€T IONOJIHUTEIIbHBIN 3JIEKTPOMarHUTHBIA MOMEHT Ha Baiy Al'.
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Pucynok 3.14 — Pe3synbrarel MogenupoBanus padboTsl cuctemsl B/l-Al-Harpy3ka co ctabuinmnzatopom
HaNpPsDKEHUS IIPU IEPEMEHHOM HArpy3Ke M MIOCTOSSHHON CKOPOCTH BETPA C PETYJINPOBAHUEM TOKA BO3-
OYyXIEHUs: a — CKOPOCTh BeTpa M Yuciio 000poToB Al', 0 — BeIMUMHA €MKOCTH BO30YXICHUS U BEITU-

yrHa Harpy3ku Al', B — HanpspkeHue Ha BeiBoAax Al

Takum 0o0pa3om, peryaupoBaHue Toka Bo30yxaeHus Al yepe3 M3MEHEHHE CO-

npotusnenus R, Apnsgercs 6onee 5Qp(HEKTUBHBIM PENICHUEM 7 CTAOMIIM3AIMN HaATIPS-

KeHUs B aBTOHOMHBIX BOY Ha 0aze Al' ¢ KOpOTKO3aMKHYTHIM POTOPOM, PabOTaOIINX

B YCIOBHAX IIEPEMCHHBIX CKOPOCTH BETpPa U HAI'PY3KH. OCHOBHBIM HEOOCTAaTKOM SBJIA-

IOTCA IMOTCPU MOIMHOCTHU HA PE3UCTOPC Rp, OJJHAKO, KaK I1I0Ka3ajd0o MOACIIMPOBAHUC, OTHU

MOTEPU BBITIOJHSIOT TOJIE3HYI0 (PYHKIHIO MeMII(UPOBAHUS U SBISIOTCS «IUIATON» 3a

CYIIIECTBEHHOE MOBBIIIIEHUE CTAOMIIBHOCTH U 0e30macHOCTH paboTsl BOY.
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3.6 PazpaboTka GyHKIIMOHAJBLHOM U NPUHUUNHAIBHON YJIEKTPUYECKOH cXeM
cTadMIM3aTOpa HANPSKEHNSI ACHHXPOHHOI0 FreHeparopa

BETPOIHEPreTHYECKOI YCTAHOBKH

DYHKITMOHAIBHAS CXeMa HOBOT'O TEXHUUYECKOTO PEIICHUS JJIsI CTA0MIN3aIui Ha-
NPsDKCHHSI TIPY TUTAaBHOMPETYJIMPOBAHUU €MKOCTHOTO TOKa BO30YXKIEHUS aCUHXPOH-
Horo reHeparopa [105], B KoTopoM perynupyercss oOIIHi TOK Mociie TpeX(a3Horo BbI-
NPSIMUTENS] eMKOCTHBIX TOKOB, MOKa3aHO Ha pucyHke 3.15. Cnoco0, peaan3oBaHHbIN B
JTAaHHOM TEXHHYECKOM PEIICHHH, TTO3BOJIACT TUIABHO U3MEHATH BBIXOJAHOE HAMPSIKECHUE

AT 110 CpaBHEHHMIO CO CTYNEHYATON KOMMYyTAllUEeH KOHAECHCATOPOB BO30YKICHUSI.
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Pucynoxk 3.15 — dyHKIMOHAIBHAS CXeMa YCTPOHCTBA CTaOMIM3aluy HapsHKEHUS
BETPOIHEPreTUUECKON YCTaHOBKHU
YCTpolicTBO cTaOUIM3aMK HANPSDKEHHST BETPOIHEPTETHUECKOM YCTaHOBKHU CO-
JIepKUT BeTpoaBurarenb BJl, coeIMHEHHBIN ¢ MyJIbTUILIUKATOpOM M (peayKTopom),
BBIXOJI KOTOPOT'O COEAMHEH Yepe3 BEAYIIUH Bajl C KOPOTKO3aMKHYTHIM POTOPOM aCHH-

XpoHHOTO reHepatopa Al, K BbIBOJAaM KOTOPOTO TOJKIIOYaeTcs Harpyska R, 010k
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KoHJeHcaTopoB Bo30yxkaeHuss bKB u cucrema cradbunuzanuu Hanpsbkenus CCH. Cuc-
TeMa CTaOWIM3AIlMM HANpPSDKEHUS COJEPKUT OJOK PEeryJIMpOBOYHBIX KOHJIEHCATOPOB
BPK, BemmpsmutenbHblid 0510k B, nmoneBoit Tpansuctop VT, konrposuiep K, 6110k qaTdu-
KOB HanpspbkeHust M Toka JI. Kpome sToro, Bu3yanu3anusi NOKa3aHUA OCYIIECTBIISIETCS
oCcpeCTBOM OJI0Ka BhIBOJA HHpopMmaruu 1.

YCeTpoiicTBO CTaOMIIM3alMK HAMPSKEHUST BETPOIHEPTEeTUUECKON YCTAaHOBKHU pa-
OoTaer cieAyoInuM 00pazom.

MynbpTUnukatop M yBeIMUYHMBAET 4aCTOTY BpalieHus BeTpokoieca BK ¢ w;
10 w, (pucyHok 3.15). Benymmuii Baix U, COOTBETCTBEHHO, KOPOTKO3aMKHYTBIM poO-
TOp aCMHXPOHHOrO reHeparopa Al' Takke BpamaroTcs C 4aCTOTOM @;. ACUHXPOH-
HbIll reHepaTop Al' camoB030yKaaeTcs 3a CYET EMKOCTHOTO TOKa 0JIOKa KOHJEHCa-
TopoB Bo30yxkaeHus bKB. Ilocine HaBeneHus HaNps)KEHUS HA BBIBOJAX T'€HEpaTopa
Ha BXOJIaX BBIMPSIMUTEIBLHOTO Ojioka B BOo3HMKaeT pa3sHOCTh moTteHnuaioB. OHO-
BPEMEHHO C 3THUM, CUTHaI ¢ OJoka aaTyukoB /[ moctymaeT B KoHTpouiep K, B ko-
TOpoM (popMuUpyeTcsi COOTBETCTBYIOIIEE MOJTYYEHHBIM JTaHHBIM ¢ Onoka /I ympas-
JSIONIEe HAMpsKEHUE M MPUKIAABIBACTCA K DJIEKTPoJaM (3aTBOP-UCTOK) MOJIEBOTO
Tpan3zuctopa VT, KaHaT «CTOK-UCTOK» TPAH3UCTOpPA MPUOTKPHIBAETCS U uepe3 OJIOK
peryiupoBoYHbIX KOHJeHcaTtopoB BPK Bo3HUKaeT TOK, TO €CTh cuUCTeMa CTaOWIIU-
3anuu Hanpsikenuss CCH Bkmrouaercs. [Ipu atom Al' Bo30yxkgaeTcsi OTHOBPEMEHHO
oT 0j10Kka KoHAeHcaTopoB Bo30yxaeHus BKB u 610ka peryiupoBoYHbIX KOHJEHCa-
topoB bPK. EmMkocTh 6510ka koHneHcatopoB Bo30yxkaeauss bKB BeiOupaercs Takum
o0pa3om, 4TOOBI 00eCTIeUuTh YCTONYMBOE BO30OYK/I€HUE aCUHXPOHHOT'O FeHepaTopa
AT npu MOJHOCTHIO OTKJIOUYEHHOM OJIOKE PEryjIupoBOUYHbBIX KOHeHcaTopoB bPK, u
MIPU 3TOM OO0ECTICUHUBAIOIIUX HAMPsKEHUE Ha BBIBOJAX T'€HEpaTOpa, COOTBETCTBY IO-
1iee HWXKHEW rpaHulle Juana3oHa cTaOuian3auuu HanpsbkeHus. EMKocTh Olioka pe-
TyJIMPOBOYHBIX KoHAeHcaTOopoB BPK BeIOMpaeTcs Takum oOpa3zoM, 4ToOBI cCymMmMap-
Hasi €eMKOCTh KOHJIEHCATOpPOB OJ0oKa KoHAEHcaTopoB B0o30yxaeHuss BKB u Onoka
perynupoBouHbIX KoHJaeHcaTopoB BPK oGecneunBana HampsbkeHUE Ha BbIBOJAAX Te-
HepaTopa, COOTBETCTBYIOIIEE BEPXHEN TpaHUIIE JUaNa30Ha CTaOWIM3aINU HATPSIK e-

Hus. [lpu necrabunmsupyromux (aktopax: U3MEHEHHUSIX YaCTOThl BpalleHUs BETPO-
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kojieca BK u BenmuuHbl Harpy3ku, cucrema crabunusanuu Hanpsbkenuss CCH aBto-
MaTHYE€CKH OCYUIECTBIISIET CTaOWIM3alui0 HampsbkeHus. Kpome Toro, KoHTpouiep
OCYILIECTBISIET pacyeT MNOMJIIOYEHHOW K TeHEepaTopy MOIIHOCTH W TOTPeOJIeHHOU
sHepruu. Pacuntanubie moka3aHus BRIBOAATCS B HHPOpManoHHOM Ojoke U.

Cucrema crabunmzanuu HanpsbkeHuss CCH paboTaet ciemyronum o06pazom.

JlaHHbIE O HAIPSKEHUU U TOKE C BBIBOAOB Al' CUMTHIBAIOTCA OJIOKOM JIaTYUKOB
HaIpsbKeHUs U Toka [l 1 nomarores B KoHTposuiep K, rae npousBoauTes pacuer ux Ieu-
CTBYIOIIMX 3HAa4YeHUH. Jlamee mpou3BOAUTCS pacyeT BETUYHHBI YIPABIISIONIETO HAIpPs-
YKEHUs1, COOTBETCTBYIOIIEE BHIXOJJHOMY HamNpsKeHHIo reHeparopa Al' v mpukiaabIBaeT-
Csl Ha 3aTBOP U MCTOK IOJIEBOrO TpaH3ucTtopa VT, 3TO HaNpsSKEHUE PEryaupyeT MUpu-
Hy KaHaJla «CTOK-HCTOK» MOJeBoro TpaHzucropa VT H, Kak CIEICTBUE, €r0 aKTUBHOE
conpoTuBieHue. 3MeHeHne COMpOTUBIIEHUSI «CTOK-UCTOK» MOJIEBOro TpaHzucropa VT
IPUBOJUT K U3MEHEHHUIO HANpsHKEHUS Ha HEM U Ha MOAKIIOYEHHOM K HEMY 4epe3 Bbl-
npsIMUTENBHBINA 070K B 6510Ke perynupoBouHbIx KoHAeHcatopoB BPK, uro nmpuBoaut k
U3MEHEHUIO TOKa BO30YXIECHHS U CTAOMIIM3ALMKM BBIXOJHOTO HANPSIKEHUS aCUHXPOH-
HOTro reHeparopa Al'.

Ha pucynke 3.16 npuBeneHa NpUHIMITHATBHAS dJIEKTPHUECKas cxemMa cTabummn3a-
TOpa HAPsLDKEHUS] ACHHXPOHHOI'O TEHEPaTopa COrjaacHO (PyHKIMOHAIBHON cxeme, MpH-
BeJICHHOM Ha pucyHke 3.15.

C BbIXOa aCHHXPOHHOT'O F€HEpAaTOpa CUTHAN MOCTYNAEeT Ha BXOJ CTaOMIIM3aTopa
HaANpsDKEHUs, TJe B KayeCTBE JATYMKOB HANpSHKEHUS BBICTYHNAeT MOIYJb HM3MEpPEHUs
Hanpspkeauss ZMPT101B, ocHoBaHHBIN Ha MaJOMOIIIHOM TpaHchopMaTope, 3a CUET Ye-
ro MOKa3aHWs HE MCKaXXAITCS M MOJHOCTHhIO MOBTOPSIOT (POPMY CHUTHaNa Ha BBIXOJE
naTyvka. JlaTuuk MMeeT raibBaHHMUYECKYIO pa3Bs3Ky OT BBICOKOBOJBTHOTO BXxoja. [Ipum
M3MEPEHUH HAIPSKEHUs JUIsl HACTPOMKUA Ha MOAYJIE MPUCYTCTBYET MOJCTPOCUHBIN pe-
3UCTOP, MIPU MOMOIIM KOTOPOTO MPOU3BOAUTCS KanuOpoBka. OTClIEeKMBaHUE HAIpPsLKe-
HUS IPOM3BOJUTCS IO BCEM TpeM (azam JUIsl TOro, YTOOBI MPU HECUMMETPUU BBIXOJIHO-

ro HaNpsHKEHUS. OTKIIFOUNUTB HAarpy3ky ot Al



IV BuHMXEdIIEH BdOLBEUIMQBL) BWNOXD BBMOOhNALNOIE€ KBHIIBUINITHUA] [ — 9 ¢ MOHAOH]

OZ1 ¥002AaO

8§48

90

w | E
z
”
o w8 | o7 m"
o Y o T o ) e
1Y pootliibes 05474va "
[ ” ” i
2 ey : sagsL
i}y | T il W ol 13 0LaA2QA
o 49 £2Z0E00ON % s il 3 ol
WP~
53 = e )
=i s
E—
"M e 00w IM
10
ﬂsa.a.owi — 3
w0l Sy
; : _ ol |
205 NG OND S5 10 v D54 100 OND % qwu %«“‘ % :\n_v. ] tﬁa m nﬁ v
‘ B B " ~ 5 > 4 - 4 S “ —
Gils ez Vi0i Loz Vi0s gz [ 2
%mw_ mfwf:w: i B
o™ we | |oe [t e - i i
[EX (XX il oA ol an
iV P9 P9 Ty o
Tz Leso
lﬁ.o
\- . P“’»
t ' »
i SO A v
. ' ] o
— i )



91

Cursan ¢ JaTYuKOB HAIPsDKEHUS TIOCTYIAET Ha aHAJIOTOBBIE BXOJIbl BOCBMUOUTHOTO
MHUKpPOKOHTpoJiepa Atmega328p, ¢ MOMOIIBID KOTOPOTO OCYIIECTBISIETCS YNPABIICHHUE
CTa0MIIN3aTOPOM HAPSHKEHUS COTIIACHO alrOpUTMY, MPEICTABICHHOMY Ha pUCyHKe 3.17.

[IuTanue KOHTpoOJUIEpa OCYIIECTBISIETCS TaKXke OT BbIXoja reHeparopa. Ha-
npsDKeHUE TOoHMKaeTcs TpaHchopmatopoM T1, BRIIPAMIISIETCS NTHOJTHBIM MOCTOM
VD1-VD4 u nogaeTcs Ha MaJOMOIIHBIA JUHEHHBIN CTaOMIN3aTOp HANIPSKEHUS T10-
noxutenbHol nonsgpHoctu DA1 (LFS0CDT-TR) ¢ BeixoaHbIM HampsbkeHueM 5 B,
OT KOTOPOIr'0 MUTAETCS] MUKPOKOHTpOJUIEp U Bce nepedupuitnpie moayiu. Konnaen-
catopbl C6 u C10 BbICTYNaOT B POJIM BXOJHOT'O M BBIXOJHOTO (UIBTPOB CTAOMIU-
3atopa DA1. Kongencatop Cl4, BKIIOYEHHBIM MEXAY BBIBOJAMH IMHUTAHUS KOH-
TpOJIIEpa, BHIMIOJIHSIET POJib OJOKUPOBOYHOTO KOHJIEHCATOPA, OTCEKAIOIIETO BBICO-
KOYaCTOTHBIC BCIUIECKU HampspKeHUs. Takke cTaOuiIM3aToOp OCHAIIEH JaT4MKaMH
Toka ACS712, mNO3BONAKOIIMMU OTCIEXKUBATH TOK Harpy3ku. JlaTtyuk To-
ka ACS712 coctout n3 matunka XoJuia ¥ MEJIHOTO IIyHTa. TOK 4yepe3 IIyHT co3jia-
€T MarHuTHOE MO0JIe, KOTOPOE BOCIIpUHUMAETCS 3yieMeHToM Xosna. ACS712 natuuk
nocTpoeH Ha »ddekre Xoila U UMEeT JIMHEWHYI0 3aBUCUMOCTh U3MEPSEMOTO TOKa
U BBIXOJIHOTO CUTHAJIbHOTO HAMPS)KEHUS, TO €CTh YPOBEHb BBIXOJHOTO HAMPSIKEHUS
CEHCOpa MPOMOPIUOHAIBLHO 3aBUCUT OT u3Mepsemoro toka. Konmencartopwsl Cl1-
C13 BpICTYNamOT B POJIM HU3KOYACTOTHOTO (PUIbTpA M YJIYYIIAIOT COOTHOIICHHE
CUTHAJ/IIyM, U, CJIeI0BATEIbHO, pa3pelIeHUe BBIXOHOTO CUTHAJIA JATUUKOB.

l'anbBaHMUYECKas pa3Bsi3Ka MEXIY KOHTPOJUIEPOM M CHJIOBOM YacThIO CXEMBbI
OCYHIECTBJISIETCSl ¢ TTOMOIIbI0 TpaH3uctopHou ontonapsl Ul (PC817). Beixon onromna-
pbl TOCPEACTBOM IM(PpOAHATIOTOBOTO MPeoOpa3oBaTeisi, BBIOIHEHHOIO IO CXEMeE
buIbTpa HU3KUX YaCTOT, COSAMHEH C 3aTBOPOM M MUCTOKOM CHJIOBOTO MOJIEBOTO TPaH3MU-
ctopa VT1, kK KOTOpOMY NPUKJIABIBAETCS yHpaBiAwollee HanpsikeHne ¢ Boixoaa L[AIL
Crok-uctok mojeBoro tpansucropa VI1 coemuHeH ¢ OJOKOM PETyJIMPOBOYHBIX KOH-
nencatopoB C1-C3 mocpeactBoM Tpex(azHOTO BBIMPSIMHUTEILHOTO MOCTA, BBITIOJHCH-
Horo no cxeme JlapnonoBa. ba3zoBasi eMkocTh B Buae konaeHcaropoB C7-C9, coenu-
HEHHBIX T0 CXEME «TPEYTOJbHUK», 00€CIeurnBaeT YCTOMYMBOE BO30YKIEHHUE ACHH-

XPOHHOT'O TEHEPATOPA U B PETYJIMPOBAHUM HAIIPSKEHUS HE YYACTBYIOT.
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HAYAJIO
Omnpoc AIIII
Pacuer
HaTIpSKe HHA
da3
Ja Her
| .LJ::I! >Umm< ‘
Y
OTKIIOYEHHE Bri1rodeHHe
HaIpy3KH Harpys3KkH
‘ OTKITI0YEeHHE
BxirodeHHe ITAII Hearmotys
3BYKOBOH yIIpaBIeHHA Hampawe
CHIHAJTH3aLHH [ | VT,
BreruHcIeHHE
¢ TeMIlepaTyphl
BrBOX VT,
OITMHOKH
Brimoyenue OTKITIOYEHHE
- m«ﬁmmw p— LATI Ileperpen
OXJIDKJIEHHUS YIIpaBJICHHA VT,
VT VT,

Brerucnenye czoxiocty [HTMM
YIIPARIEHHS BEHTHIIATOPOM
oxstkenus VT

'

Brumcnenue ciazkrocd MM
yrparnenus LAl rpansucropa VT,

v

B biuMciienne MoLHOCTH HArpy 3KH
H 11orpebaeHHoH SHeprum

v

BuIBoy Ha JMCIIeH BeliiHbl
BBIXOJHOTO HAIPSDKEHHU S,
Temieparypol rpansucropa VT,
MOLL{HOCTH HAIPY3KMA U
rotpebIeHHoH YHepruu

KOHEIL]

Pucynok 3.17 — Anroput™ pabOThI CHCTEMBI YIIPABIICHUS CTAOMIN3aTOPOM HAMPSIKEHHS
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B cxeme mpenycMOTpEHO CIEXEHHE 3a TEMIIepaTypod CHJIOBOTO TPaH3UCTOpPA
VTI ¢ nomoursto anaorooro aatdyuka remreparypbl NTCL. 3naueHne Temneparypsl,

CUHUTHIBAEMOM YKa3aHHBIM OJATYUKOM, OIIPCACIIACTCA U3 YPABHCHUA CTeﬁHxapTa—XapTa:
% = A + BIn(R) + C[In(R)]3, (3.20)

rae A, B, C — koapPuiimeHTsl, 3aBUCSIINE OT TAPaMETPOB TEPMOPE3UCTOPA.

B 3aBucumoctu ot Temneparypsl kKonTposiep dopmupyet IHMM curnan u pery-
JUPYET CKOPOCTh BEHTHIIATOPA JUJIS OXJIaXJIECHUs paauaTopa Tpansuctopa VT1, 4roOsl
TeMIlepaTypa He MpeBbIlIalla MaKCUMajbHOE pabouee 3HAUYCHHE IJIsi JAHHOTO THUIa
TPaH3UCTOPOB.

[TonkiroueHne Harpy3ku U OTKIIFOUEHHUE €€ B aBApUUHOM PEKHUME OCYIIECTBIISIET-
csi koHtaktopoM K1 mpu mojade ympaBisIONIEro CUTHAJIAa KOHTPOJUIEPOM 4epes
cumuctopVS1(BT137), mocpencteom cumucTopHoit onronapsr MOC3083.

CBeneHns 0 BBIXOJHOM HAIPSKEHUH, TeMreparype Tpansucropa VT1, momHo-
CTU TOJKJIIOYEHHON HArpy3Ku U MOTPEOJICHHOW PHEPTUM, a B CIydae aBapuUitHOro pe-
YKUMa CBEJICHUs 00 OIMOKEe BEIBOASTCS Ha ABYXCTpouHbIi auctieit LCD2004.

Kpome Toro, B cxeme crabuidzaTopa HampsHDKEHHUS MPEIyCMOTPEHa 3BYKOBas
CUTHAJIM3AIlMs, BBIIIOJIHEHHAs! ¢ TIOMOLIBI0 3BYKOBOrO M3niydarens Z1 u cpabaTbiBaro-
11asi Ipu BO3HUKHOBEHUU aBAPUMHOTO PEKUMa pabOThI CTabMIM3aTOpa.

[Tpuntun paboThl cTabMIIM3aTOPa OCHOBBIBAECTCS HA AITOPUTME paOOThI CUCTEMBI
yIpaBJICHMS], TOKa3aHHOM Ha pucyHke 3.17. Ilpu BKIItoueHnH cTabuan3aTropa HampshKe-
HUA (Hayaio KaXJI0To IUKJIa) KOHTPOJUIEP B TIEPBYIO OYEpEh MMPOU3BOAUT OMPOC BCEX
kaHanoB AL, Ha koTopbie HHpOpPMALIMSA TOCTYMAET C AATYMKOB HAMPSHKEHUS, TOKA U
temriepaTyphl. Jlasiee paboTra MpOU3BOIUTCSA C TOJYYCHHBIMU JaHHbIMU. [Iporpamma
JUIs. TIPOTPaMMUPOBAHUS MHUKPOKOHTPOJJIEPA COIVIACHO MPUBEAECHHOMY alITrOPUTMY
MPEACTABJIEHA B PUIOKEHUU [].

B mepByro ouepenp mpousBOAUTCS pacdeT HanpsbkeHus (a3 renepatopa. CurHain
C JATYMKOB HANPSKEHMS], TOCTYMAET HA aHAJIOTOBbIE BXOJIbI MUKPOKOHTPOJIIEPA, TIE C
MOMOILbIO BCTPOEHHOT'O aHAJIOro-mudpoBoro npeodpaszoparesis NepeBOAUTCS B YUCIIO-
BOE 3HAYEHHUE MIEPEMEHHOM, KOTOpasl JaeT NPEACTABICHHUE O AEHCTBUTEILHOM 3HAYEHUU

BBIXOJTHOTO HaIpsKEHUs reHeparopa. Jlanee KOHTposuiep BBINONHSIET YCIOBUE, CPABHU-
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Basl (PaKTUYECKOE HANPSIKEHUE Ha BBIXOJIE T'€HEPATOpa C 3aJI0)KEHHBIM B KOHTPOJUIED
3HauyeHHUEeM Upa, TEM caMbIM HpOBepsisi paboOTOCIOCOOHOCTh CHIIOBOTO TPAaH3UCTOPA
VT1 (NTHLO50N65S3HF). To ectb npu npoOUTHHN KaHalla CTOK-UCTOK, €r0 COMPOTUB-
JeHue OyJeT paBHO HYNIO U TOK PETyIUPYIOLIUX KOHJEHCATOPOB OYJET MaKCHMAallb-
HBIM, MOJHUMAs HarpskeHue BbIe Upma. [Ipy BBINOJHEHUN 3TOr0 yCI0BUS KOHTPOJI-
JIep MOJAET CUTHAII Ha BBIKIIFOYeHHE KOHTakTopa KM, TeM cambIM OTKIIIOYast Harpys3Ky
(mpu mepBOM IMKJIE padOThl KOHTPOJUIEpA HE MPOMCXOAMT BKIIOUECHHS HArpys3KH),
BKJIFOUAET 3BYKOBYIO CUTHAIM3AIMIO U BBIBOJAUT Ha AUCIUIEH cBeaeHus 00 omubke. [Tpu
HEBBIIIOJIHEHUH YCIIOBHSI KOHTPOJUIEP MOJIKIIIOYAET HArpy3Ky.

[locne BKIItOUEHHUS HArpy3KU MPOBOAMUTCS MPOBEPKA HECUMMETPUU HANPSIKEHUN
¢a3. Ilpu puxcannu HecummeTpun nojaercs curian Ha otkitouenue LIAIL ynpasnenus
Tpan3zuctopoM VT1 u, kak cieacTue, OTKI0UEeHHE 0J0Ka CTA0OMIM3UPYIOIINX KOHJIEH-
CaTOpOB C MOCJEAYIOUIEH Mo1aueil 3ByKOBOTO CUTHAJIA U BBIBOJIOM CBEJIEHUS 00 OLINO-
K€ Ha JUCIUICH.

[Ipu (ukcanum CUMMETPUU HArpy3Kd CIEAYIOIIUM 3TarlOM KOHTPOJUIEP BBIYKC-
JseT TeMmieparypy Ha Tpansuctope VT u mposepser ycinosue ero neperpesa. Ilpu
YBEIMYEHUHN TEMIEPAaTypbl BbIIIE MPEIEIbHOTO 3HAYEHHUS, KOHTPOJUJIEP OTKIIIOYAET
LIAII ynpasnenus tpansuctopom VT1, BKiIroyaeT MakCUMalbHBIA pEeKUM paOOThI BEH-
TUISITOpA OXJIQXICHUS U 3alyCKaeT 3BYKOBYIO CUTHAJIM3ALIMIO C BBHIBOJIOM OIIMOKHM Ha
nucrieit. [Ipu oTcyTcTBUM TieperpeBa KOHTPOJUIEp BbIUUCISIET ckBaxHOCTh [IIMM cur-
Haja YIpaBJEHUS BEHTWIATOPOM B 3aBHUCHMOCTH OT TEKYILEW TEMIIEpaTypbl TPAH3U-
crtopa VT1.

Crnenyrommm marom [TU]] perynsitop KOHTpoJuiepa CpaBHUBAET BEJIMYMHY (aK-
TUYECKOTO HAIPSDKEHUS, MOJYYEHHYIO C JATYMKOB HANpPSDKEHMS B Hayaje IUKJa C 3a-
JAaHHBIM (TpeOdyeMbIM) 3HaUE€HHEM HamnpsbkeHus U BbipadatbiBaeT LIIVIM curnan ompe-
JIEJIEHHOW CKBaXXHOCTH M mojaeT Ha onrtonapy Ul. C BbIxoJa onronapsl CUrHaI Mojaa-
eTcsl Ha MU¢PO-aHaJIOTOBBIM TTpeoOpa3oBaTelh U CPOPMUPOBABITIEECS HA KOHACHCATOPE
C4 HanpsbkeHHE TPUKIIAIBIBACTCS K 3aTBOPY U UCTOKY TpaH3ucropa VT1. Oto Hamps-
YKEHUE PETYJIHPYET MIHUPUHY KaHala CTOK-HCTOK TpaH3uctopa VT1, TeM caMbiM MeHss

AKTHUBHOC COIIPOTHUBJICHHUC IICPCXO0aa U, KaK CICACTBUC, BCIIMYNHY HAIIPSKCHUA Ha KOH-
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nencaropax C1-C3, nonkimroueHHbIX K Tpan3uctopy VT1 depe3 Tpexdas3Hblil BBHITIPIMU-
Tenb. [Ipu 3TOM MeHsieTcsl TOK BO30YKICHUS TeHepaTopa , CIe0BaTeIbHO, BRIXOIHOE
HaIpsbKeHUE reneparopa. Eciii pa3HuIla MeXIy BXOAHBIM U 3aIaHHBIM 3HAYE€HHUEM Ha-
NpsDKEHUsT OTCYTCTBYET, TO Ha Beixoae IIM]] perynsitopa Oyaer oTCyTCTBOBaTh M3Me-
Henue [IMM curnana, To €CTh peryJupoBKa He TpeOyeTcsl.

Ha mocnegnem sTtame mpoOW3BOIUTCS pacyeT MOAKIIOYEHHOM K CTaOUIU3aTopy
MOIIHOCTH HArpy3kKd M TOTPEOJICHHON 3JIEKTPOIHEPTUU C MOCIEAYIOIIUM BBIBOJIOM
Bcell MH@oOpManuu (BBIXOJHOE HAMNpsHKEHHE TeHepaTopa, TeMmIleparypa TpaH3UCcTopa

VTI1, MOIITHOCTH Harpy3Ku U MOTpeOICHHAS JIEKTPOIHEPT U ) HA JUCIUICH.

3.7 BeiBOABI 0 TPeTheEll IiIaBe

1. Jliist uccnenoBanus paboThl cTadUIM3aTopa pazpaboTaHbIMaTEMaTHYECKUE
MOJIENIA CUCTEMBI «BETPOJIBUTATEh — ACHHXPOHHBIN T€HEpaTOp — HArpy3KanIpu cTabu-
JU3alUK HAPSHKEHUS IyTeM JUCKPETHOTO U IJIABHOTO PEryJIMPOBAHUATOKA BO30YXK/ie-
Hus. Pa3paboTaHHbIE MOJIETN MO3BOJIAIOTPACCUUTHIBATS U HAOIIOJATh Pa3IMYHBIC T1e-
pexoanbie mpouecchl B Al', mojiydarb MIHOBEHHbBIE, aMIUIMTYAHBbIE M JEHCTBYIOLIUE
3HA4YEHUS TOKOB M HanpspkeHui B Al', ckopocTs Bpaienus B/[, MomeHT Ha Bany Al

2. PazpaboTtan anroput™m pacyeTanapameTpoB M pexuMoB pabotel BOVY, B
KOTOPOM JUISIPEIICHHs] YPaBHEHUN MOJENH «BETPOJBUTATENb — ACUHXPOHHBIN reHepa-
TOp — HArpy3ka» CO CTa0MIN3aTOPOM HAINpPSDKEHUS MpUMEHEeHa MOAUQUKAIUSI METOo1a
Pynre-Kytra 5-ro nopsinka — popmyna densdepra.

3. ITokazano, 4To B Juama3oHax M3MEHEHUs CKOpOCTU BeTtpa 6,5-11,5 m/c
cTabuiIn3aIys BBIXOIHOTO HanpspKeHus Al myTeM MIaBHOTO peryaupoBaHUs TOKa BO3-
Oy’kKIEeHUs M3MEHEHHEM ConpoTuBieHus R, obecrnieunBaeT Oojice y3KUil 1Uana3oH BbI-
XOJIHOTO HAMpshKeHUs B mpeneniax +2 B B CpaBHEHUU C JUCKPETHBIM PETYJIUPOBAHUEM,
r7ie IMana3oH W3MEHEHHS BBIXOJHOTO HampsbkeHus Al 3aBUCHUT OT 1iara M3MEHEHUs
€MKOCTM M cocTaBisieT £5 B mnpu mare peryiupoBaHus €MKOCTH BO30YXICHHS
0,25 MKD,

4, Cralunu3auus BBIXOJHOTO HanpsbkeHus Al pUBOAUT K U3MEHEHHUIO 000-
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potoB B/I. Ilpu 1ucKpeTHOM peryiaupoBaHUM TOKa BO30YKIEHUS U MEPEMEHHON CKOPO-
cTy Betpa 6,5-11,5 m/c amama3on ckopocteir poropa Al pacmmpsiercs ¢ 3200-3900
00/muH (6e3 ctadbmmm3anun) 10 2900-4500 06/MuH (co cTabmimM3anueil), co3aaBas pUCcK
BbIXo7a BOY B HemonmycTumbiid pexum paboThl. CTaOuIn3anys BBIXOJTHOTO HAMPSIKe-
HUsg Al myTeM IUIaBHOTO PEryJUpOBaHUS TOKA BO30YKICHUS M3MEHEHHUEM COIPOTHB-
nenus R, cyxaer nuanasoH ckopocteil BpameHus Bana AT ¢ 2900-4500 o6/mun (npu
JTUCKPETHOM PETYIMPOBAHUH TOKa Bo30yxaeHus) 10 2700-3750 06/MuH (MpH IIIaBHOM
peryaupoBaHUM TOKA BO30YKIECHHUS) 3a CYET TOTO, YTO pe3ucTop R, sABIsgETCS Harpys-
KO M CO3/1aeT JTOMOJHUTEIBHBIN 2JIEKTPOMArHUTHBIM MOMEHT Ha Bainy Al'. Takum 00-
pa3oM, CTaOWIM3alus HAIMPSHKEHUS MyTeM IUIAaBHOTO PEryJupOBaHHS TOKAa BO30YXKIe-
HUS OTPaAaHUYMBAET PA3TOH POTOPa, MPeoOpas3yst YacTh U3OBITOYHONU MOIIHOCTH B TEILIO
Ha Pe3UCTOpe.

5. Pa3pabotana yHKIMOHANIbHAS cXeMa CTa0uiIM3aTopa HanpspKeHus ais BOY
c AT, packpbIThl 0COOEHHOCTU €€ padOThl MpHU cTabUIIM3aIuu Hanpsokenus. [Ipumene-
HHUE TI0JIEBOTO TPAH3UCTOPA B KaUECTBE MEPEMEHHOTO PETYJIUPYEMOT0 PE3UCTOpaA B I1e-
1 TTOCTOSIHHOTO TOKa BBITIPSIMUTEILHOTO MOCTA IMO3BOJISIET TJIABHO PETYJIMPOBATh TOK
BO30yxneHust AI' 1 HCKITFOUHMTH U3 CXEMBI OOJIBIIOE KOJTMYECTBO KOMMYTAITMOHHOM arl-
napaTyphl, WCIIOJB3yeMOW MPH CTYIEHYATOM H3MEHCHHH €MKOCTH, YTO ITO3BOJISET
YMEHBIIUTh MacCy U rabapuTHBIE Pa3Mephl CTAOMUIIN3aTOPA HAIPSKEHUS.

6. PaspaboTana mnpuUHIMMHAAIBHAS SJEKTPUYECKas CcXeMa CTa0uiIn3aTropa Ha-
MPsHKEHUS, BBITTOJIHEHHAs] Ha OCHOBE 8-pa3psiIHOTO0 MUKPOKOHTpoJuiepa Tuma Atmega
328p, KoTopas MO3BOJIsICT PadOTAaTh ¢ BEICOKUM OBICTPOJICUCTBHEM U TOYHOCTHIO. [Ipu-
BEJIEH aITOPUTM PAOOTHI CUCTEMBI YIIPABICHUS CTAa0OMIM3aTOPOM HANpPsDKCHHS, HA O6a3e

KOTOPOTr0 CO3/laHa MporpaMma JJisi IporpaMMUPOBAHKSI MUKPOKOHTPOJUIEPA.
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4 OKCIHIEPUMEHTAJIBHAS ITPOBEPKA PE3YJIBTATOB
MOJEJMPOBAHUS 1 PACUET SKOHOMHUYECKOM Y®®EKTUBHOCTHA
CEPUHMHOI'O MPOU3BOJICTBA BETPOOHEPITETUUYECKHX
YCTAHOBOK MAJIOM MOIITHOCTH

OKCnepUMEHTAIbHAS IPOBEPKA PE3YyJIbTaTOB MOJEIUPOBAHMS COCTOSIIA U3 JBYX-
JTaIOB:

1. [IpoBepka aaeKBaTHOCTH MPEUIOKEHHOTO Crocoba ydyeTa HEJIMHEHHOCTH
MarHUTHBIX CBOMCTB MarHuTonposoaa Al

2. [IpoBepka BaMMIHOCTH MAaTEMAaTHYECKUX MOJIENEH CTaOMIM3aluu Hamps-
KEHUSI MyTEM ITUCKPETHOIO M3MEHEHHUs] €MKOCTH BO30Y)KIaIOLIUMX KOHIEHCATOPOB U

IIJIaBHBIM U3MCHCHMEM HAIIPSKCHUSA HaA Bo36y>1<)1a}omnx KOHACHCATOPAXx.

4.1 TlpoBepka ageKBATHOCTHYYeTA HEJIUHEHHOCTH MATHUTHBIX CBOWCTB

MaAarHuToImnpoBojaia

B kaudectBe mpoBepKH aJ€KBATHOCTH MPEIJI0KEHHOTO MOJX0Ja K Y4eTy HeJH-
HEWHOCTH XapaKTEPUCTUKU aCHHXPOHHOM MalIMHBI ObUT MPOBEIECH OMBIT XOJOCTOTO XO-
J1a, PEe3yJIbTaTOM KOTOPOTO SIBJISIETCS OINPENEIECHHE XAPAKTEPUCTUKHU XOJIOCTOTO XO0JAa
(pucynoxk 4.1). Ilpu MoaenrpoBaHuy paccMaTPUBAETCS AIEKTpUUECKas MalluHa Ha 0a3e
anekTpoaBurarens. JIJisi omeHKH paboTOCTIOCOOHOCTH pa3pabOTaHHOW MOJETH ObLIN
MOJIy4eHbl XapakTepucTuku AJl ¢ KOpPOTKO3aMKHYThIM poTopoMm cepuu AO32-A4T,
CpeaHsisi HOMHHAJIbHAasi MOIIHOCTh KOTOpOro coctaBisuia P,,=1 kBT, HOMHHanbHas

4acTora Bpauienus n,=1472006/MuH, HOMUHATIBHOE (asHoe Hanpsokenue Ug,=220 B;
HOMHMHAJIBHBIA (pasHblii ToK Ig,=4,2 A; KIII 1=0,78,5; xoshpuumeHt MouHoctu

cosp,=0,79; BenuunHa Bo3aymIHoro 3azopa 6=0,4 Mm.
B Tpexdasznoit cucreMe xoopauHaT mpuBeneHHas K Buay Kommm s pacyeTa B

nakete Mathcad cuctema ypaBHeHHS )11 aCHHXPOHHOTO JBUTATENS OYJIET UMETh BH/I:
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~R,-i, + U, -sin(314-t)

R.i,+U. -sin(314-t—%“)
. . 4
-R,-i,+U, -sm(314-t—?)

R, i, = H sy p

F(i,t,y,m(¥)) = J3
_Rr .i4 — y5\/_§y3 Ve P
_Rr .i5 — y3\;§y4 Ve P

Mng

%.%.M.m(\P)'(io'i5+i1'i3+i2i4_ioi4_i1i5_i2i3)_

rIe

lp — TOK CTaTOpa Mo OCH «&; I3 — TOK POTOpa IO OCH

I; — TOK cTaTopa 1o ocu f3; i — TOK poTopa 1o ocu f3;

I, — TOK cTaTopa 1o ocH Y; Is — TOK poTopa Mo OCH Y;
MIOTOKOCIICTICHUS

Yo —CTaTOpa MO OCH &; Y3 —pOTOpa 1O OCH Q;

y; —cTaTopa 1o ocu [3; Y4 —poTopa 1o ocH f3;

Y, —CTaTopa Mo OcH Y; Ys —poTopa 1o OCH Y;

Y — YTJIOBasi CKOPOCTh POTOPA;

m(¥Y) — ko3hGUIHEHT yueTa HACHIIIEHNS MATHUTHON CHCTEMEI.

Pe3ynbTaThl pacueTa XapakTEepUCTUKH XOJIOCTOrO X0Aa.

B
230
240
200
160
120

— JETEpHMENT
## Pacuer

DII 04 08 12 16 2 24 28 32 36 A

Pucynok 4.1 — Xapakrepuctuka xonoctoro xoaa A/l (ombITHas ¥ SKCIIEPUMEHTATIbHAs )



99

HckaxxeHre TOKOB CTaTOpa CTAHOBUTCS 3aMETHBIM IPU YBEIMYECHHUH I1O1ABAEMO-
ro Hanpspkerus 1o 300-320 B. [Ipu nomaue nHanpsbxkenus 320 B mpoucxoauT 3aMeTHOE
HACBIIIEHHE MATHUTHOMN cucTeMbl A/l M TOKH, ITOJIy4YEHHBIE B 3TOM PEXXUME OIBITHBIM U

PACUYCTHBIM 110 IPOTpaAMMC ITYTCM ITOKA3aHbI HUIKC.

: qq\‘y ° qq\_y
=g (= = =F

6)

! ! /\ ! /
’ m‘\f : qq\7
- o (=r= =y =

B) r)

Pucynok 4.2 — Toxk ¢a3e1 AJ] npu nogaye Hanpsixenus 220 B (a — omnbIT, 6 — pacuer)
U pu nojaye HarnpspkeHus 380 B (B — ombIT, I — pacyer)

— b b

Kak BugHO u3 rpaduka Ha pucyHke 4.1 OTKIOHEHHE TEOPETUYECKUX AAHHBIX OT
HKCIIEPUMEHTAJIbHBIX COCTaBWIIO He Oosiee S %. [lpu craTucTUYecKOM CpaBHEHHMH TO-
JY4YEHHBIX TEOPETHYECKUX U OIBITHBIX JAHHBIX PAaCUYETHBIN t-KpUTEpUN NpPU ypOBHE
3HauUMOCTH p = 0,05 ObLT MEHbILIE €r0 KPUTUUECKOTO 3HAUYEHHMSI, UYTO TOBOPUT O TOM,
YTO MEXIY TEOPETUUECKUMHU U ONBITHBIMU JAaHHBIMHU C¢ 95 % BEpPOSTHOCTBHIO HET HUKa-
KHUX CTAaTUCTUYECKUX Pa3INyuuil.

[lony4yeHHble ypaBHEHHUS MCHOJIB30BAINCH JJIsl MOCTPOEHUS MAaTeMaTHYEeCKUX
MoJieJIel, B KOTOPBIX BBIMOJIHAETCS pacueT JUHAMUUYECKUX XapakTepucTuk Al ¢ yuerom
HACBIIIEHUS] MAarHUTHOW II€MH TJIABHOTO MOTOKOCLEIUIEHUS M MO MyTH MOTOKOCLEILIe-

HUS paccesiHus 0OMOTOK cTaTopa.
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4.2 TlpoBepka BaJIWJIHOCTH MaTeMAaTH4YeCKOr0 MO/1eJTUPOBAHMS
CTA0OMIM3ALUM HANIPSIZKEHUS ACHHXPOHHOI0 TeHepaTopa NPy ANCKPETHOM

U IJIABHOM PeryJiMpoOBAHUM TOKA BO30Y:KIeHHUS

DKcrepuMeHTalIbHas POBEPKa MPOBOIUIACH HA UCTIBITATEILHOM CTEH/IE, BHEII-
HUW BUJl KOTOPOTO MOKa3aH Ha pucyHke 4.3. BerpoaBurarenb ObLI NpeCTaBIEH C MO-
moupto JIIT, ckopoCcTh KOTOPOro M3MEHsUIACh BO BPEMEHH I10 TOMY K€ 3aKOHY, YTO U
OpU MaTeMAaTUYECKOM MOJIEIMPOBAHUM CHUCTEMBI «BeTporeHepaTop-Al-perynstop-

Harpy3Kay.

Pucynok 4.3 — BHemHuit BU UCHIBITATEIBHOTO CTEH 1A

B xadecTBe MMUTAIMN BETPOABUTATEIS UCIIOH30BAJICS JBUTATEITH IIOCTOSHHOTO TOKA
I[1-31: n=1500 06/muH; ToK 00MOTKH Bo30Yxaerus 1,=0,35 A; Tok ooMoTku sikopst 1,=8,6 A;
MottHOCTh 1,5 kBT (Bo30y>KaeHne HezaBucumoe). [l umurarn KoineOaHusi CKOPOCTH BET-

pa U, COOTBCTCTBCHHO, N3MCHCHUA O60p0TOB W MOMCHTA IMPUBOAHOTO ABUTATCIEI B ILICIIb
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SIKOpsT BBOAWJIMCH conpoTuBiieHuss R1=4,4 OM u R,;=3,6 OM B pa3HbIX codyeTaHusx. B kade-
CTBE T'€HepaTopa UCHOJIb30BAJICS ACMHXPOHHBIN 3JIEKTPOJIBUTATENDh C KOPOTKO3AMKHYTHIM
poropoM Trmna 4A100S4Y3 momHocThi0 3 KBT; HOMHHAIBHBIM TOKOM 6,7 A; KoadhduimeH-
TOM MOIIIHOCTHY paBHbIM 0,65; HOMUHAIBHOMN YaCTOTOM 00OPOTOB B MUHYTY 14335,

Ha pucynke 4.4 npencraBieHa 3JEKTpUUECKas CXeMa HUCIBITATEIbHOTO CTEHAA

I AUCKPCTHOTO PCTYJIIMPOBAHUA EMKOCTH B036Y)KI[€HI/IH.

RRARPNARIPRAR M
Rearp

N 5] [

L N

—

Pucynok 4.4 — DnexTpudeckas cxema J1abopaTOpHOIo CTeHIa Ul IPOBEPKH BaJIHIHOCTH
MaTeMaTHYeCKON MOJIENN NP TUCKPETHOM PETYINPOBAHUN TOKA BO30YKIEHUS

JInsl CTyneH4aToro peryJupoBaHus BBIXOJIHOTO HAIPSKEHUS TEHEpaTopa IpruMe-
HSJTUCh COCUHEHHBIC TPEYTOJBHHUKOM KOHJEHCATOPHI ¢ eMKocTaMu C;=1 Mk®D, C,=2
MKD, C3=4MKkD, C;=4 MKD, Cs=10 MKD, Cs=20 MK®D, 4TO MO3BOJISAIO MOIYUYUTHh 00-
1yt eMkocTb 40Mk® ¢ marom perynupoBanus 1 mx®. Ha prcyHke moka3aHbl TOJBKO
koHzaeHcatophl Cq, Cy, C3u Cy.

Ha pucynke 4.5 mpencraBieHa 3JEKTpUUYECKas CXeMa MCIHBITATEIbHOTO CTEHIA
JUTSl TUTABHOTO PETYJIMPOBAHUS TOKA BO30YKIEHUS.

[InaBHOE M3MEHEHHUE BBIXOJHOIO HanpskeHUs: Al OCyIIECTBISIIOCH ¢ TOMOIIBIO
PEryaupoBOYHOr0 OJI0OKA, COCTOSILIErO M3 BO30YXKIAIOLIUX KOHAEHCATOPOB €MKOCTHIO

Cp,=40 Mx®, TpexdazHoro BeimpsaMutens Ha auonax N5408 u moneBoro TpaHsmucTopa
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NTHLOS50N65S3HF, mmpuHa kaHajia «CTOK-UCTOK» KOTOPOTO PETYIHpPYeTcs 3a CueT

M3MCHEHMS HANPSHKEHUS Ha IIEPEMEHHOM pe3ucTope R,,.

L N
VDI_VDF/I TM
RN
o < <t R
| 11
RN RN
VT
Cs L G
Rs
VDs Re
t, ELJR‘“T
T2
A
YL

Pucynok 4.5 — Dnektpuueckas cxema 1abopaTOpHOTo CTEHAA JUIsSl IPOBEPKH BATUAHOCTH
MaTeMaTHYECKON MOJIENHN MIPH IJIABHOM PEryJIMPOBAaHUH TOKA BO30YXKACHUS

DKCIEPUMEHT 3aKJIFOYAJICS] BO BBEJAEHUHU B LeNb AKOps npuBoaHoro 1T aktus-
HBIX COMPOTHUBJICHHUM C LIETBI0 M3MEHEHHS YMCJIa 000OPOTOB BaJia U, CIEI0BATEIBHO, U3-
MEHEHHUs BbIXoaHOTO HamnpspkeHus Al'. ConpoTuBIeHNS BBOIWINCH B aBTOMATHICCKOM
peXUMeE ¢ TIOMOIIIBIO AJICKTPOMArHUTHBIX PeJie U HaCTPAauBaEeMbIX pelie BpeMEeHH. AJIro-
PUTM BBEACHHS COMPOTHUBICHHUN [0 HWHTEpBajiaM BpeMeHH cienyromuii: (0-+t1)-
R1—(t1+t2)-R;+R,—(12+13)-0—(t3+t4)-R;. [Ipu maHHOM anropuT™Me MPOBOAMIOCH 2
HE3aBUCUMBIX IKCIIEPUMEHTA M0 CTaOMIIM3aIMK BBIXOHOTO HanpspkeHus Al

1) nucKpeTHBIM H3MeHEeHHeM Toka Bo30yxaeHus (C1-Ce);

2) IUTaBHBIM PETYJIMPOBAHUEM TOKa BO30YXKICHHS MyTeM H3MEHCHHUS aKTHBHOTO
COTPOTHUBJICHUS KaHaJa «CTOK-HCTOK» ToJyieBoro Tpansuctopa VT1.

[Ipu 3TOM B Ka)KJ0M ciTydae SKCIIEPUMEHT IPOBOJIWIICS B 2 3Tama: 0e3 cTaOuiIu-
3aIMH U CO CTAOMIIM3aINeil BRIXOHOTO HAMIPSIKEHUS.

Jlyist pacyeTa Oblla MCTIOIB30BaHA MAaTeMaTHUECKash MOJICTh ABUTATEIS MTOCTOSH-

HOTO TOKa, pazpaboTaHHas i SKcnepuMeHTOB [46]. CpaBHUTENbHbIEC JAHHBIE MOJIETU



103

U dKCIEepUMEHTaNIbHOTO pexuma npumensemoro JIIT, pabGoraromiero Ha MOCTOSTHHYIO

Harpy3Ky Nnpu cTaOWIM3aIii BEIXOJHOTO HanpsbkeHus Al', mokasansl Ha pucyHke 4.6.

ODKCIEPUMEHT Maremaruueckas mozxenb JIIT
WNurtepBan Pexum O6/muH OO6/MHH Ha WHTEpPBAJIAX BPEMEHU
2100 T
0-1t1 R=R; 1920
2000 +
t1-t2 R=R;+R; 1767
1900 1
12 - t3 R=0 2061
1800 +
13-4 R=R; 1920 ppuoie S N (N N (N Y O O O I
o t1 t2 t3 t

Pucynoxk 4.6 — 3menenne uncia o6oporoB JAIIT mpu pa3sHbIx BeaTrnuuHax
COIPOTHUBIICHHUH B LIEMH SKOPS

IIpu npoBeIEHNN CPAaBHUTEIBHBIX 3KCIEPUMEHTOB ¢ Al', UMEIOIUM pa3InYHbIC
BapHaHThl PETYJIUPOBAHUS TOKA BO30YXJACHUS B pacyeTax MCIOJb30Bajach MaTeMarTu-
YyecKas MOJIeNib, B KOTOPOM MEXAaHWYECKHU MOMEHT, pa3BuBaembiil BOY, npencrasise-
MBIM B YPaBHEHUU JBWXKEHHUs poTopa Al B cucTeMe «BETPOJABUIATENb — ACUHXPOHHBIN

réHeparop — CTa6I/IJ'II/ISaT0p HAIIPSKCHUA

da): p\/ém

dt  2J,

ky@—k My (v, @,b)

‘Prals;/)_ Jz \]2 )

(lPr;/isa +qlraisﬂ +1Prﬁi57 _\Pr,b’isa _\Pryisﬁ -

KaK Mp;(V,w,b) 6611 3amenen mexanmueckum MomeHToM JIIT My;+(R1,R;), B kKoTopom

pesuctopsl R; n R, Bkioyanuch o BhIIENPUBEICHHOMY aIrOpUTMY.Y paBHEHHE [IBU-

xKeHus potopa AI' B 9TOM cilydae IpeICTaBIsUIOCh CIEAYIOLIMM 00pa3oM

do px/é

dt  2J,

- ky@—k; M 47 (RLR2)

m(\P 3, 0,

Y i

+\Praisﬂ +\Prﬂis;f _\PrﬁiSa _\{jryisﬁ “ Lra'sy

r}/lsa

I7Ie CyMMapHblii MOMEHT UHEPLMH Jy yuuThiBad MOMeHT nnepiuu JAI1T.

Ha pucynke 4.7 npuBeeHbl SIKCIIEPUMEHTAIbHbIE OCIUIIOIPAMMBbI HANPSKEHUN
IpU JIMUCKPETHOM HU3MEHEHUM EMKOCTH BO30YXKJeHus 0e3 crabmim3anuu (pUCYHOK
4.7, a) u co crabunu3anuent HampspkeHus: (PUCYHOK 4.7, B), a TaKKe COOTBETCTBYIOITUE
UM pe3yJbTaThl MOAeNupoBaHus (pUCyHOK 4.7, 0 u 4.7, r) Ha MaTEeMaTUYECKOW MOJIETU

cuctembl «BJ[-Al'-cTrabunm3atop HanpsHKEHUs - Harpy3Kay.
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1924 06/Mun 1891 06/Mun 1968 06/Mun 1924 06/Mun

a)
1925 06/Mun 1885 06/MuH 2075 06/MuH 1925 06/Mun
22{) B 19§B 245 B 220 B
to t1 t2 t3 t4

1920 06/MuH 1767 o6/Mun 2061 o6/Mun
220 B 215 B

\

1925 06/Muu 1761 o06/MuH 2069 06/Mun 1925 06/mMun
22\:) B 21\7 B 22€ B 22\:) B
to t1 t2 t3 t4
r)

Pucynok 4.7 — Pe3ynbpTaThl SKCIIEpUMEHTAIbLHON MIPOBEPKHU Ipoliecca CTa0MIN3alluy HaPsKEHUs Ha
crenae ¢ AT myrem AMCKPETHOTO PErylIupOBaHUSATOKA BO30YKICHHS:
a — SKCIIepUMEHTAJIbHAs OCLMUIOrpaMMa 0e3 cTaOuIn3aluy HanpsKeHus; 0 — pacueTHas
ocuuiorpaMmma 0e3 cTabMIn3alui HalpsbKEHHS; B — SKCIIEpUMEHTaIbHAs OCLMIIOrpaMMa
co cTabmwiIn3anueil HanpsHKeHUs; T — pacuyeTHasi OCLIMIUIOrpaMMa CO CTa0MIN3alel HanpsKeHns

Ha pucynke 4.8 mpuBeaeHBI SKCIIEPUMEHTAIBHBIC OCITUILIOTPAMMBI HAPSOKCHUH
IIpY TJIABHOM M3MEHEHHUM TOKa BO30YXKIeHus 0e3 ctabunmsanuu (pucyHok 4.8, a) u co

cTabunu3anueil HanpsokeHus: (pUCyHOK 4.8, B), a Tak’Ke COOTBETCTBYIOIINE UM PE3YIlb-
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TaThl MoACIUpoBaHus (pucyHok 4.8,0 n 4.8,r) Ha MaTeMaTHYECKOW MOJEIU CHCTEMBI

«BI-Al'-cTabunu3zatop HaIpsiKEHUS - Harpy3Kay.

219B 192 B 243 B

220B 220B 220 B 220B

AR Ny i (AT .: ‘ A 1Lk ‘."‘ 1B ‘u L1t Il |
1 ‘|||||'|' Iillhl|1~|‘|‘ Ij»'“wlwlili‘“&w w|‘|{ ||w’|,|' || ;!||‘f|}'| “H’llil"llll |‘|"],|“| ‘}|!|1 w

|

t0 tl 12 3 t4

r)

Pucynok 4.8 — Pe3ynbraTsl 3KCIIEpIMEHTAIEHOW IPOBEPKH MpOIlecca CTAOMITN3AIH HAPSHKCHUS Ha
crerne ¢ JIIT myreM miaBHOTO peryIupoOBaHUs TOKA BO30YKICHUS:
a — DKCTIIEpUMEHTAIbHAS OCIUIIIorpaMma 0e3 CTaOmIn3aIuy HanpsHKeHUs ; 0 — pacyeTHast
ocuuuIorpaMMma 6e3 cTa0uIM3aIiK HAMPSKEHUS; B — DKCIIEpUMEHTAIbHAS OCIIIIIOTpaMMa
CO CTa0WIM3anueil HanpsHKeHHS; T — pacdyeTHast OCIMIUIOTPaMMa CO CTaOMITU3aIel HaPsHKSHUS
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JIJisi cpaBHEHUSI JAaHHBIX MCIOJIB30BAICS MapHbId t-kputepuil CThIOJIEHTA, TaK KaK
OH SIBJIICTCSI KOPPEKTHBIM METOJIOM JUISI JAHHBIX ¢ BPEMEHHOM 3aBUCHMOCTRIO [141].

CoryacHO airopuTMy HIPOBENCHUSI SKCIEPUMEHTa BECh OMbBIT pa30MBaeTCs Ha
4 BpeMEHHBIX y4yacTKa (Ha MEepBOM 3Tare BBOAUTCS cONpoTuBIeHUE R, Ha BTopoM 3T1a-
ne R;+R,, Ha TpeThem sTame conmpoTHBIEHHE BBIBOJUTCS, TO €cTh paBHO 0, Ha 4YeTBep-
TOM 9Tare Bo3Bpamaercs R;). Ha kaxaoM yyacTke yepe3 paBHbIE MPOMEKYTKH BpeMe-
HU MHOTOKpaTHO (10 pa3) cHuManock 5 Moka3aHWil HANPSKEHUU. Y CpeHEHHbIE TTOKa-
3aHMs BHECEHBI B TaOnuily 4.1. Kaxnomy nokasaHuio, MoJy4eHHOMY SKCIIEPUMEHTAb-
HO, COOTBETCTBYET PacUeTHOE 3HAUCHHUE HANPsHKEHUST MaTeMaTudeckon Mojienu. B tad-
mune 4.1 mokazaHbl SKCIEPUMEHTAIIBHBIE U pacUeTHbIE TOKa3aHUs 0e3 cTabuiu3aluu u
co cTaOmiM3anueil BbIXOAHOro HanpsbkeHust Al mpyu AUCKpPETHOM M3MEHEHUU €MKOCTH

BO30YKJICHHUS], a TAK)KE UX aOCOTIOTHOE A M1 OTHOCUTENBHOE OTKIOHEHHE 0.

Tabmuna 4.1 — Pesynbrarthl SKCIEpUMEHTANbHBIX HccienoBanuit (OM) u MaTeMaTHueckoro
moaenupoBanus (MM) crabuimu3aniy HaNpsHKSHUS IPU IUCKPETHOM N3MEHEHHH TOKA BO30YKICHHS

be3 crabunm3anum HanpspKEHUs Co crabunusalyieil HanpspKeHus
3HadeHus u3Mepe- 3HauYeHUs U3MEPEHUH,

Hui, B AB | 8% B A B 8, %
No U MM SU MM
1 2 3 4 5 6 7 8 9
1 219,3 220,3 -1,0 -0,46 219,5 220,3 -0,8 -0,36
2 220,5 220,3 +0,2 +0,09 220,0 220,3 -0,3 -0,14
3 220,0 220,3 -0,3 -0,14 220,5 220,3 +0,2 +0,09
4 219,8 220,3 -0,5 -0,23 219,7 220,3 -0,6 -0,27
5 221,2 220,3 +0,9 +0,41 219,5 220,3 -0,8 -0,36
6 1945 194,9 -0,4 -0,21 215,1 217,4 -2,3 -1,07
7 1941 194,9 -0,8 -0,41 216,1 217,4 -1,3 -0,60
8 195,2 194,9 +0,3 +0,15 215,3 217,4 -2,1 -0,98
9 194,1 194,9 -0,8 -0,41 215,9 217,4 -1,5 -0,69
10 194,6 194,9 -0,3 -0,15 216,4 217,4 -1,0 -0,46
11 245,2 245,3 -0,1 -0,04 225,0 223,1 +1,9 +0,84
12 245,5 2453 +0,2 +0,08 2245 223,1 +1,4 +0,62
13 246,4 245,3 +1,1 +0,45 2243 223,1 +1,2 +0,54
14 2448 245,3 -0,5 -0,2 2245 223,1 +1,4 +0,62
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[Tponomkenne TadauIs: 4.1

1 2 3 4 5 6 7 8 9

15 245,2 245,3 -0,1 -0,04 224,1 223,1 +1,0 +0,45
16 220,1 220,3 -0,2 -0,09 220,8 220,3 +0,5 +0,23
17 220,2 220,3 -0,1 -0,05 220,0 220,3 -0,3 -0,14
18 222,0 220,3 +1,7 +0,77 219,5 220,3 -0,8 -0,36
19 219,5 220,3 -0,8 -0,36 220,1 220,3 -0,2 -0,09
20 221,5 220,3 +1,2 +0,54 221,6 220,3 +1,3 +0,59

[lepen npumenennem mnapHoro t-kpurepust CTbroieHTa ObUIO MPOBEACHO TECTUPO-
BaHUE MPEANOCHUIKA O HOPMAJIBHOCTH PACHpEAeSICHUs] pa3HOCTEH MEXIY 3KCIEpUMEH-
TaJbHBIMH Y MOJICTBHBIMU 3HAYCHHSMH C UCIojib30oBaHHeM Tecta [llammpo-Yumka [71,
76]. Bo Bcex cmydasx pacmpeleieHHe Pa3HOCTEH HE MPOTUBOPEUMIO HOPMAITBLHOMY
(p > 0.05) (ITpunoxenue E).

Kak BuaHO n3 Tabnuubl 4.1 OTKIIOHEHHWE PacUETHBIX JAHHBIX OT JAaHHBIX, HOJY-
YEHHBIX SKCIIEPUMEHTAIBHO MPH OTCYTCTBUHM CTAOMIIM3AlMK BBIXOJHOTO HAIMPSHKCHUS
AT cocraBuio ne 6onee 1,7 B B abcomotrHOM BbIpaxkeHuu u 0,766 % B OTHOCHUTEINb-
HOM. [Ipu cTraTUCTHMUECKOM CpaBHEHMM MOJYYEHHBIX TEOPETUUYECKHX M SKCIEpUMEH-
TaJIbHBIX JTAaHHBIX CPEIHEKBAAPATHYECKOE OTKIOHEHHE coctaBuio 0,698 B, mpu 3ToM
cpennee abcomoTHoe oTKIoHEeHHE paBHO 0,585 B wiu 0,267 %. [Ipu ypoBHE 3HaYUMO-
ctu p = 0,05 moBepWTENbHBIH WHTEpBAT IS CpeaHer pasHoctu coctaBmin 0,32,
+0,33 B (¢ BeposaTHocTBIO 95 %), a pacuetHbIi t-kputepuii pasen 0,032 npu ero kpu-
THYECKOM 3HAYEHUU typ,,=2,093.

[Ipu BBeneHnM cTaOUIU3ALMK BBIXOAHOTO HanpsbkeHust Al' B SKCIIEpUMEHT U Ma-
TEMaTHYECKYI0 MOJIETb OTKJIOHEHHE TEOPETHUECKHUX JAHHBIX OT AKCIEPUMEHTAJIbHBIX
coctaBmwio 110 2,3 B B abcomtorHom Beipakenuu u 1,01 % B otHocuTensHOM. [Ipu cTa-
TUCTUYECKOM CPAaBHEHUU MOTYYCHHBIX TEOPETHUYECKUX M IKCIEPUMEHTATBHBIX JaHHBIX
CpeIHEKBapaTUYeCcKoe OTKIOHEeHHe cocTtaBuio 1,13 B, mpu aTom cpeanee abcomoTHOE
otkioHenue pasHo 1,02 B wiu 0,464 %. Ilpu yposue 3nauumoctu p = 0,05 noBepu-
TEJbHBIA WHTEpBaJI Ui cpeaHeil pasHoctu coctaBuil -0,56; +0,51 B. PacuerHsrit

t-xputepuii pasen -0,098 mpu ero kpuTuueckoM 3Hau4eHHH ty,,=2,093.
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B o6oux ciydasix npu ypoBHe 3HauuMoctu o = 0,05 pacueTHbIi t-KpuTepuil OKa-
3QJICSl MEHBIIIE €70 KPUTUYECKOTO 3HAYCHUS, & IOBEPUTEIbHBIA UHTEPBAN I CPEIHEN
Pa3HOCTH BKJIIOYAET HOJIb. DTO O3HAYAET, YTO PA3JIMUUS MEXKAY TEOPETUYECKHUMHU U
OKCIIEPUMEHTAILHBIMH JaHHBIMH CTATUCTUYECKH HE3HAYMMBI C BEPOSITHOCTHIO 95 %.
Mogenp SBISE€TCS BAIMAHOM, 4 HE3HAYUTEIBHOE PACXOXKICHUE NTAHHBIX HA BTOPOM U
TPEThEM y4yacTKax JJiA Clyyas ¢ BBEICHUEM CTaOmiaHn3alnuu oObsCHsEeTCs 0ojee mupo-
KHAM IIIarOoM U3MEHEHHSI EMKOCTH BO30YXICHUS B (PU3MUECKONW MOJIEIIH 110 CPABHEHHIO C
MaTeMaTUYECKOU MOJIETBIO.

B Ta6nuiie 4.2 moka3aHbl SKCIEPUMEHTAJIbHBIEC U PacUeTHbIC TIOKa3aHus 0e3 cTa-
OMIM3alMK ¥ CO CTAOMIM3alMel BBIXOIHOTO HanpsihkeHus: Al pu MJIaBHOM U3MEHEHUU

TOKa B036y}KIIeHI/IH, a TaKk)Ke UX a0COJIFOTHOE A M OTHOCHTEIIBHOE OTKJIOHEHHE 0.

Tabmuuna 4.2 — Pe3symbraThl SKCIEpUMEHTANBHBIX HccaenoBanuid (OM) u  MaTeMaTH4ecKoro
moaenupoBanus (MM) crabunu3anuy HanpsYKeHUs IPU IUIABHOM M3MEHEHHMH TOKa BO30YKICHUS

be3 crabunusanuy HanpsHKEHUST Co crabunusanyeil HanpsoKeHus
3HadeHus u3Mepe- 3HauYeHUs] U3MEPEHUH,

- kB AB | 8% B | AB 5, %
1 2 3 4 5 6 7 8 9

1 220,3 219,2 +1,1 +0,50 220,7 220,1 +0,6 +0,27
2 219,9 219,2 +0,7 +0,32 220,4 220,1 +0,3 +0,14
3 219,0 219,2 -0,2 -0,09 219,9 220,1 -0,2 -0,09
4 218,3 219,2 -0,9 -0,41 219,5 220,1 -0,6 -0,27
) 218,7 219,2 -0,5 -0,23 220,2 220,1 +0,1 +0,05
6 193,1 191,8 +1,3 +0,67 218,7 219,8 -1,1 -0,50
7 192,5 191,8 +0,7 +0,36 219,5 219,8 -0,3 -0,14
8 192,4 191,8 +0,6 +0,31 219,5 219,8 -0,3 -0,14
9 190,4 191,8 -1,4 -0,74 220,0 219,8 +0,2 +0,09
10 190,9 191,8 -0,9 -0,47 220,1 219,8 +0,3 +0,14
11 2440 243,1 +0,9 +0,37 221,2 220,3 +0,9 +0,41
12 2444 243,1 +1,3 +0,53 2210 220,3 +0,7 +0,32
13 2437 243,1 +0,6 +0,25 220,7 220,3 +0,4 +0,18
14 242,1 243,1 -1,0 -0,41 220,1 220,3 -0,2 -0,09
15 243,0 243,1 -0,1 -0,04 219,7 220,3 -0,6 -0,27
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[Tponomkenne TabaUIEI 4.2

1 2 3 4 5 6 7 8 9

16 220,5 219,2 +1,3 +0,59 219,1 220,1 -1,0 -0,46
17 219,1 219,2 -0,1 -0,05 219,4 220,1 -0,7 -0,32
18 218,8 219,2 -0,4 -0,18 220,0 220,1 -0,7 -0,32
19 220,2 219,2 +1,0 +0,45 220,6 220,1 +0,5 +0,23
20 219,6 219,2 +0,4 +0,18 220,5 220,1 +0,4 +0,18

Kax BumHO 13 Tabmuiel 4.2 OTKIOHEHWE PACUYCTHBIX JAHHBIX OT JIaHHBIX, MMOJTY-
YEHHBIX IKCIEPUMEHTAIBHO MPHU OTCYTCTBUU CTAOUIIM3AIMKM BBIXOJHOTO HANPSLKEHUS
AT cocraBuio ne 6onee 1,4 B B aGcomorHOM Bbipaxkenuu u 0,735 % B OTHOCHUTENb-
HOM. [Ipu cratucTHUeCKOM CpaBHEHUM TMOJYUYEHHBIX TEOPETUYECKUX U DKCIIEPUMEH-
TaJbHBIX JIAHHBIX CpPEIHEKBaJpaThuueckoe oTkiIoHeHue coctaBuiio 0,86 B, mpu stom
cpenHee adcontoTHOE oTKiIoHeHue paBHO 0,72 B unu 0,33 %. IIpu ypoBHE 3HAaUMMOCTH
p = 0,05 noBepurenbHbIil mHTEpBaN coctaBmi -0,12; +0,69 B (c BepositHOCTEIO 95 %), a
pacyeTHbIl t-kpuTepuii paBeH 1,487 npu ero KpUTUIECKOM 3HAUYEHHH ty,=2,093.

[Ipu BBeneHHM CcTaOUIM3ALMK BBIXOAHOTO HanpsbkeHust Al' B SKCIIEpUMEHT U Ma-
TEMaTUYECKYI0 MOJIENIb OTKJIOHEHUE TEOPETUYECKUX JAHHBIX OT IKCIIEPUMEHTATBHBIX
cocraBmwio He 6osee 1,1 B B abcomtorHom Beipakeruu u 0,503 % B OTHOCHUTETHLHOM.
[Ipu cTaTHCTHYECKOM CPAaBHEHHH IMOTYYEHHBIX TEOPETUYSCKHUX U IKCIEPUMEHTATBHBIX
JAHHBIX CPEeIHEKBaApaTHUYECKOe OTKIOHeHuEe coctaBmwio 0,568 B, mpu 3TOM cpennee
abcomotHoe oTkiIoHeHue paBHO 0,475 B unm 0,216 %. [lpu ypoBHE 3HaYUMOCTH p =
0,05 noeeputenbHbIM HHTEpBaAN coctaBui -0,3; +0,23 B ¢ BepositHOCTBIO 95 %. Pacuer-
HbIH t-kpuTepuil paseH -0,276 Npy ero KPUTUIECKOM 3HAYEHUH i =2,093.

Kak u B ciayyae ¢ TUCKpETHBIM U3MEHEHUEM €MKOCTH BO30YX/IeHUsI, B 000HX Ba-
puaHTax mpu ypoBHe 3HauuMocTH p = 0,05 pacyeTHbIl t-KpuUTEpHuil ObUT MEHBIIE €ro
KPUTHUYECKOTO 3HAYECHUSI, UYTO TOBOPUT O TOM, YTO MEXKJY TCOPETUUECKUMHU U IKCIICPU-
MEHTaJIbHBIMH JAaHHBIMH Pa3JIHUNs HE3HAYUMBI C BEpOSATHOCTBIO 95 %. Moaenu Bamua-

HBI.
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4.3 PacyeT TEXHUKO-)KOHOMHYECKHUX MOKA3aTe el MOCTAHOBKH

BETPOIHEPIr€eTUICCKHUX YCTAHOBOK MaJioi MOIIIHOCTH HA cepHﬁHoe MMpon3BOACTBO

B nacTosmee Bpems Ha Tepputopun KOkHOTO (peiepaabHOTO OKpyra HaCUUTHIBA-
€TCS OKOJIO 5 MJIH TOJIOB OBEIl, U3 KOTOPBIX Ha CEJIbCKOXO3IMCTBEHHbIC OpraHU3alluU
npuxoautcs nopsaaka 9 %. OcranbHOe norojoBbe BhipamuBaercsi B M®X u JIIIX. B
KpacHonapckom kpae cutyaiusi 0OCTOUT €lIe OCTpee: U3 00IIEero KOJIMYecTBa OBEIl Ha
JIIX u M®X npuxoautcs moutd 95 % mnorosnoses [41]. To ecTh modTH BCs IPOTYKITHS
OBLIEBOTYECKOM OTPACIU MOCTABIIAECTCS HA PHIHOK YACTHBIMU ITPOU3BOIUTEIISIMH.

Jlns obecnieyenus MOX u JIIIX BOY manoit moutnoctu (10 1 kBT) HEoOxoammo
OpraHMW30BaTh CEPUMHOE MPOU3BOJCTBO AJANTHPOBAHHBIX K OBLIEBOJAYECKUM XO3SAUCT-
BaMm BDOYVY. Takoe npon3BOACTBO MOKET OBITh OPraHM30BaHO Ha 0a3e U3BECTHBIX B Kpae
npeanpusatuii OO0 «Comueunsiii neHTp», OO0 «enap», OO0 «IHEproTeXHOIOTUH -
Cepsucy», OO0 «ABpopa» U ap., KOTOPbIE UMEIOT COOTBETCTBYIOIIEE 000pYAOBaHNE U
MIPOU3BOJICTBEHHBIE MOITHOCTU. PacdyeT TeXHUKO-3KOHOMHYECKUX IOKa3aTesied MmpoBe-
JEMUCXO0/]I U3 rogoBoro npou3BojcTsa B 100 mTyk.

Ha nepBom sTarne HeoOX0AMMO TPOU3BECTH PacUeT 3aTpaT Ha CTAJUU UCCIEeI0Ba-
HUS U pa3paboTku. OCHOBHBIM JIOMYIIEHUEM TIPU pacueTe MPUHSITO, YTO MPOU3BOICTBO
paboT CTOPOHHMMH OpPTaHU3AIUSAMHU, KOMAHIUPOBOYHBIE PACXO/IbI, aMOPTU3AIIMOHHbBIE
OTUYHUCJIEHUS HAa 000pyAOBaHUE HE OYAYT YUUTHIBATHCS.

O6mme 3atpatsl Ha npoBeaeHue HUOKP (o6mmit ¢onn 3apriiaTel ¢ HaYHMCIIe-

HUSIMH) OTIPEIEIISICTCS MyTeM CYMMUPOBAHUS OTACIbHBIX cocTaBystomux [93]:
3moxe = 3ump T 30 + 311 + 35+ H + 30 - Kopp, (4.1)

T7i€ 3yyp— 3aTpaThl HA HAYYHO-UCCIIEIOBATEILCKYIO paboTy; 3o — OCHOBHAs 3apaboTHAas
IlaTa; 3;— JONOJIHUTENIbHAs 3apaboTHas IulaTa; 35— 3aTpaTbl Ha JHEPropecypcesl;
H — nakmanHbie pacxoabl; 3cx — CyMMapHbIe 3aTpaThl Ha (YHKIIMOHAIBHBIE SJIEMEHTHI
ycTaHoBKH U Komruiektywomme;, Krp = 1,05 — xoaddunueHt TpaHCTOPTHO-
3arOTOBUTEJIBHBIX PACXOJIOB.

YuuThiBas BBICOKYIO KBaMM(UKANWIO MepcoHana s Beimoanenus HUP, Ta-

KyI0 paboTy MOKHO NMPUMEPHO OLIEHUTH B 1 MiH pyOsiei. DTy cymMMy cIeayeT CUu-
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TaThb OPUEHTUPOBOYHOM, U OHA MOXKET 3HAYUTEIbHO OTIUYATHCS B OOJIBIIYIO CTOPO-
Hy. OTHAaKO B MEHBIIYIO CTOPOHY OHA €CIIM U MOKET OTINYAThCS, TO HE 3HAYUTEIBHO
BBUJy NMPUYHMHBI, YKa3aHHON paHee: OTHOCUTEIbHO HEOOJIbIIOE KOJUYECTBO KBAJIHU-
buIMpoBaHHBIX PaOOTHHKOB Ha PBIHKE TPYyAa, CIOCOOHBIX BBHITIOIHATH MOJO0HYIO
paborTy.

B of0miem ciyuae 3atpaTthl Ha pa3pabotky BOVY ckianpiBatoTcs U3 pacxoioB 1O
CJIEIYIOLIUM CTaThsIM: 3apa0O0THas IJ1aTa pa3padOTUYMKOB; 3aTpaThl HA SHEPIrOHOCUTEINH;
3aTpaThl HA KOMIUIEKTYIOIIHE.

CBezeHusl pacxoJI0B Ha 3apabOTHYIO IuiaTy pa3padoTunkoB BOY mpuseneHsl B
tabnuie 4.3. JlanHble Mo 3apruiate Opaiuch MO CPEAHEMY YPOBHIO MO COOTBETCTBYIO-
niei orpaciu B KpacHogapckoMm kpae 3a 2023 rox Ha mpumepe OOO «Jlemapy», OOO

«9Hueprorexnoaoruu-Cepaucy u OO0 «ABpopay.

Tabmuna 4.3 — 3apaboTHas miaTa pa3padboTankos BOY

IToyacoBas | KommdecTtBo
Ne Oransl Hcnonnure- Tpynoem- | 3arpatbl
n/m pa3paboTku M crapia Henou- KOCTb, Y. pyo.
pyo. Tenein ’

1 [Tonyuyenue T3 u Benymmit
pa3pabotka TY Ha WHXEHEP 600 1 12 7200
CXEMHOE pelIeHne
YCTaHOBKH

2 | Pa3paboTka cxembl WNuxenep 470 1 10 4700
YCTaHOBKH

3 Nsrorosnenune TexHuk 290 2 24 13920
(cbopxka) mabopa-
TOpHOT0 00pa3ua

4 | HcnblTanust HOBOM Nuxenep 470 1 16 7520
YCTaHOBKH TexHUK 290 1 16 4640

5 Odopmrenue Nnxenep 470 1 8 3760
MIPOTOKOJIOB
HCIIBITAHUI

6 | Paspaborka TY Ha Bemymuii 600 1 12 7200
KOHCTPYKIIHIO WH)XEHEp

7 Odopmnenue Texauk 290 1 6 1740
JOKYMEHTaluu Wuxenep 470 1 8 3760

NTOI'O | 56320

JI7is TOBBIIIEHHUsT KayecTBa M YCKOpPEHHsl paboOT yCTaHaBIMBAaeTCs Han0aBKa K

3apruiate B pazmepe 20 % oT OCHOBHOM:

3, =56320-0,2 ~11300 py6.
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OO6muit npontent HauucieHuit Ha [IOP, ®MC, ®CC, ®CC tpaBmatusm ¢ 2022 r
cocraBisieT BennuuHy B 30 %. Takum oOpa3oM, cyMMapHbIi KO3(pUIIUEHT Hauucie-

Huit Ky = 1,30. O6mmit ¢hona 3apabOTHOM IIIaThl ¢ HAYUCICHUSIMMU.
osr =30+ 3, ) Ky (4.2)
Torna oGrmue 3aTpaThl Ha 3apabOTHYIO IIJIATy COCTaBST:

3 = (56320 +11300)1,30 ~ 87900 py6.

3

[TpuHrMaeM HakIagHbIE pacxosl B pazMepe 30 % ot obmiero Gonma 3apaboTHOM
IJIaThl. DTH BKJIIOYAIOT B ¢€0sl CTOMMOCTH MPOBEICHUS MaTCHTHOTO MOUCKA, N3YUCHUE
TEXHUYECKOW M HAyYHOM JUTEpaTyphl, a TAKKE CTOMMOCTh 3asBKH Ha 0(OPMIICHHUE Ta-
TeHTa (TTOJIEC3HON MOICIIH)

H =87900-0,3 ~ 26400 py6.

3aTrpaThl Ha SHEPrOHOCUTENH BKIIFOUAIOT B c€0s 3aTPaThl HA PACXO/1 AJIEKTPOIHEPTUH,
BOJIOCHaOXeHHe, ra3 U KaHamzaiuio. C ydyétom omnbiTa paOOTHINEPEUUCICHHBIX paHee
npeAnpusTail 311 3aTpaThl Ha niepuo nposeneHus HUOKP we npesitator 35 = 1100 py6.
B tabnuie 4.4 npuBeaeHbl CBEICHUSI O CTOUMOCTH OCHOBHBIX (DYHKIIMOHAJIBHBIX

saneMeHToB BOY MomHocThio 1,1 kBT 1 KOMILIEKTYOIIUX.

Tab6numa 4.4 — Kommekrytonme BOY momuocteio 1,1 kBt

No /it HanmenoBanue CroumocTs, pyo

1 Maura 15000

2 Berpoxkoieco 24000

3 XBOCTOBasi TOHI0TIA 12000

4 ACHHXPOHHBIN T€HEPATOP 12200

5 Konnencarops! BO30yK1eHUS 1200

6 CrabunmnszaTop HanpsHKeHus 6850

7 Kommekryromniue 6000
Wror 77250

3a 6a3oByro Mojenb npuniata BOY YASHEL FT-1000 / 24 momHocthio 1 kBT
(mpu HOMHHAJIBHON CKOpPOCTH BeTpa 15 m/c). OgHaKo B CTOMMOCTH KOMILIEKTYIOIIUX
yureHa ctouMocTh BeTpokosieca or BOY YASHEL DMWT-5KW, Tak kak oHo obec-
MEYUT BBIXOJIHYIO MOITHOCTH B 1,1 kBT mpu ckopoctu Betpa 7 m/c. Kpome Toro, HE0O-

XO0ANMO 3aMCHHUTL XBOCTOBYIO T'OHIOJTY 0a3oBoM MOACIH, KOTOpasa HC oOecrneynBaeT
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OypeBYIO 3allIUTy, HAa aHAJIOTMYHBIA 2JIEMEHT ¢ MEXaHUYECKON 3alIUTON CKJIaJbIBAHUEM
xBocToBoro crabunuzaropa. CI'TIM 6a3oBoit Mmozaenu MomHocThio 1 kBT 3ameHeH Ha
ACHHXPOHHBIM IeHepaToOp ¢ €eMKOCTHBIM BO30ykaecHHEeM MOITHOCThIO 1,1 kBT. Takum
o0Opa3oM, cyMMapHbIe 3aTpaThl Ha (GyHKIHOHAIBHBIC dIeMeHTHI CDDY u KoMIUIeK-
tytorue 3CK = 77250 py0.

O6mue 3atparsl Ha nipoBeaenue HUOKP cocraBnsior:

3, moe = 1000000 +87900 +11300 +1100 + 26400 + 77250 -1, 05 ~ 1210000 pye6.

B Tabnune 4.5 npuBeaeHa MoJjiHas KAIbKYJSAIUS ce0ECTOMMOCTH TPOU3BOICTBA
oaHot BOY momnocThio 1,1 kBT Ha HOMUHANBHYIO CKOpPOCTh BeTpa 7 M/c. OCHOB-
Has 3apa0oTHas IiaTa MPOU3BOACTBEHHBIX paOdOUYMX HAYUCHSAETCS C YYETOM BBIIOJI-
HEHHUS TEXHOJOTMYECKUX OIEpaluii, CBS3aHHBIX C BBIMOJIHEHUEM COOPOYHO-
MOHT)KHBIX U PEryJIMPOBOUYHBIX paboT coctaBisier npuMepHo 15000 pyOneid Ha of-
HY YCTaHOBKY.

Apenaa obopyaoBaHus s Ipou3BojicTBa BOY Ha nmepeuncieHHbIX paHee npe-
npusATUsAX coctapiseT npuMepHo 100 Teic. pyOneit B Mmecsn. B nepepacuere Ha onHy
ITYKY NPOAYKLIHH, UCXOAS U3 Tro0Boro Beimycka BOY B 100 mTyk, cTOUMOCTH apeH-
1wl coctaBut 12000 py6seil.

Hanee naysa pacuera ce0ecTOMMOCTH MTpou3BoAcTBa BOY omnpenensiem ykpymHeHO
00BEM 3aTparT B MPOILIEHTAX OT CTOUMOCTH KOMIUIEKTYyromuX BOVY:

— BCIIOMOTraTebHbIe MaTepualbl — 5 %;

— TOTIUIMBO W DHEPTHUS HA TEXHOJOTUUECKUE HY bl — 1 %0;

— TPaHCIOPTHO-3arOTOBUTENbHBIE pacxoabl — 3 %0;

— 0O0IIenpOn3BOJICTBEHHBIE pacxoabl — 5 %.

Otuucienus Ha COUUAIbHBIE HYX bl COCTaBIAIOT 30 % OT CyMMBI pacxoJ0B Ha
OIUIATY TPY/ia MPOW3BOACTBEHHBIX PAOOUUX.

Kommepueckue pacxoabl mpuHUMaroTcs B pazmepe 1| % OT mpou3BOACTBEHHOM
ce0EeCTOMMOCTH NPOAYKIIUH.

Takum 06pa3om, mojiHas ce6eCTOMMOCTh IPOU3BOICTBa 01HOM BOY cocraBiser:

Cr~121000 pyé.

Banoyro npubsuib npuMem B pazmepe 25 % oT ce6ecTouMOoCTH:
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11, = C,,0,25=121000-0, 25 = 30250 py6.
TOI‘I[& I[ICHa YCTAHOBKHU COCTaBUT.

I =C, + 11, =121000+ 30250 ~ 151000 py6.

Tabmuua 4.5 — [TonHas KanpKyIAUs ce0eCTOMMOCTH MTPOU3BOACTBA 0HOM BOY MomHocThio 1,1 kBT

CymmMma, pyo
CraTps KaJIbKyIAUUH Ha oany BOY, Ha TOJIOBOH Ha KBapTal,
pyo. BBHITYCK, PYO. pyo.
CroumMocTh (DYHKIIMOHAIBHBIX 3JeMEHTOB BOY 77250 7725000 1931250
(MauyTa, XBOCTOBAsl TOHJIOJA, BETPOKOJIECO, TCHE-
paTop, KOHIEHCATOPBI BO30OYXKICHUS, CTaOMIH3a-
TOP HAIPSDKCHMUS )
BcromoraTenbHbIe MaTepralIbl 3862,5 386250 96562,5
TonnmBo u SHEPrUs HA TEXHOJIOTHYECKHE HYKIBI 772,5 77250 193125
TpaHCIOPTHO-3arOTOBUTEIBHBIE PACXO/IbI 23175 231750 57937,5
Apenga o0opyioBaHus 12000 1200000 300000
OcHoBHas 3apIuiaTa IPOU3BOJACTBEHHBIX Pad0UNX 15000 1500000 375000
OTuuCIIeHNs Ha COLMAIBHBIC HYXKJIBI 4500 450000 112500
OO01IenTPON3BOICTBEHHBIC PACXO/IbI 3862,5 386250 96562,5
HToro npon3BoJICTBEHHAs! CTOMMOCTb 119565 11956500 2989125
Kommepueckue pacxoibl 1191 119100 29775
[TonHas cebecToMMOCTh 120761 12076100 3019025
Bripyuka ot peanuzanuu 150951 15095100 3773775

INonmoBas mpuosLTs OT peasm3anuu 100 CODY cocTaBur:
1= 3019000 pyo6.

[Ipennpoun3BoICTBEHHBIE 3aTPAThl ONPEACIAIOTCA 1Mo hopMmyIie:

K + K

.3 = 3rmoxe OCB 1
rne Kocp — 3aTpaThl Ha OCBOCHHE MPOU3BOACTBA U 10PA0OTKY OIMBITHBIX 00pa3loB, pe-
JAKIUI0 TEXHUYECKOM NOKyMeHTauuu. Kocp mpuHUMarTcsa B pasmepe 20 % or cywm-

MapHOM CTOMMOCTH T'OJI0BOTO 00beMa BBIITYCKA MPOTYKIIHH.
Koy =0,2(n-C,) =0,2(100-121000) ~ 2420000 py6,

TOrAa.

K, , =1210000+ 2420000 = 3630000 py6.

O6opoTHbIE cpeaicTBa MpUHUMarOTCs B pazmepe 10 % oT ce6ecTouMOCTH cpeHe-
TOJIOBOTO BBIMTYCKa MPOAYKITUU:

K,.=0,1(n-C,)=0,1(100-121000) =1210000 py6.
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Takum 06pa30M, IICPBUYHBIC KAIIMTAJIOBJIOKCHHS COCTABJIAIOT.

K, =K, ,;+K,. =3630000+1210000 = 4840000 py6.

1.3

COOTBETCTBEHHO, IJI pealu3aliy MPOEKTa HeoO0XoIuMa CcyMMa TMOpsiaKa
Ky = 4,85 man pyo.

PaccMoTpuM 3 BO3MOXKHBIX BapuaHTa 3()(PEeKTUBHOCTH MPOEKTA!

1) ¢ npuBIICYCHHEM WHBECTHUIIUH 3a CUET KPESIUTHBIX CPEJICTB MPH CYIIECTBYIO-
e KIro4ueBor ctaBke LlenTpanbHoro banka;

2) ¢ IpUBJICYCHUEM MHBECTHUIIMHN 3a CUET KPESIUTHBIX CPEJCTB IPH ONTHMHCTHY-
HOM CPETHECPOYHOM MPOTHO3€E BEIMUMHBI KiTtoueBoM ctaBku LlenTpansHoro banka;

3) 3a cueT COOCTBEHHBIX CPEJICTB.

1-i1 BapuaHT.

st orieHKH 3¢ (HEKTUBHOCTH MPOEKTAa HEOOXOIMMO y4eCTh UCTOUHUKU WHBECTH-
1uid. COOTBETCTBEHHO, ISl OPTaHU3alMKU MTPOU3BOJICTBA MPEyCMAaTPUBAEM UCIIOJb30-
BaHME COOCTBEHHBIX CPEICTB B paszmepe 1 mutH pyoseit mox 8,9 % romoseix (8,9 % -
ypoBeHb UHQIAIUHK [121]) ¥ KpeIUTHBIX CPEACTB B pa3Mepe OCTABIICHCS CYMMBI, TO
ecTb 3,85 MiH pyOnei noa 29 % rogoBsIX.

Hanee mist onleHKH 3(PPEKTUBHOCTU MTPOCKTA OMPEEICHBl HHACKC PEHTa0eTbHO-
ctu Pl, nuckontupoBanHbIil nepuos okynaemoctu DPP, BHyTpeHHsIs HOpMa JOXOMHO-
ctu IRR, uncTeiil nuckonTUpoBanubiid 10x01 NPV.

HucTelld AMCKOHTUPOBAHHBIN JI0XOJ C YYETOM BCEX MOJIOKUTENBHBIX U OTPULA-
TEJBHBIX JCHEKHBIX TIOTOKOB MPOEKTA OMPESIIAETCS TT0 GopMyIie:

n Hm n Km
VLT AT “3
m=1 m=1

rae [1, — uncras npuObUIb, MOJiydyacMass Ha M-ToM Imare; £ — HOpMa JAMCKOHTA;
Ky — xanuTaabHbIE BIIOKEHUS HA M-TOM IIare.

DKOHOMHUYECKHE MOKAa3aTeIH M JCHEKHBIE MOTOKU MPOEKTa PacCUMTaHBI IO Me-
tomuke B.B. IIpoxoposa ¢ ucnons3oBanuem tadnui; Excel [112]. CpenHer3BerieHHas
CTOMMOCTh KalMTaja o IMEPBOMY BapHAHTy pacueTa YKOHOMHUYECKO# 3(h()eKTHBHOCTH

nokaszaHa Ha pucyHke 4.9 u B Tabnuie 4.6.
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Tabmuua 4.6 — CpeHeB3BelICHHAs CTOMMOCTh KaluTaia pyU ypOBHE KITI0UeBOi cTaBku 16 %0

Hanorogsriit Joms ot B3Bemennas
< BsBemennas
Hcrounuk CTOMMOCTD, IIIUT oOwei CTOMMOCTE C
CPENCTB Cymma % rogoBbiX | 1l-ecth, 0 CYMMBI UH CTOMMOCTD, €TOM IIIH
A - - - -
p ’ y N % roIoBBIX ya
HET BECTULUH Ta
CoOcTBeHHbBIE
CpeIcTBa 1 000 000,00 8,9% 0 20,62% 1,84% 1,84%
bauk A 3850 000,00 27,00% 1 79,38% 21,43% 17,15%
ﬂOﬂM N CTOMMOCTDb VIHBeCTMI.IMﬁ
90%
H [lons oT o6lwer CyMMbl MHBECTULMI
80% c Y
TONMOCTb, Yo rogoBbIX
70% H B3BelweHHas CTOMMOCTb C YYETOM LWKUTa
60%
50%
40%
30%
20%
10%
0%
0O ol
@] Q
[@)] I
Q| A
03]
[0]
I
I
T
(0]

Pucynok 4.9 — Jlonu 1 CTOMMOCTh WHBECTHIINH MPH YpOBHE KitoueBoi craBku 16,0 %

['maBHBIMU (hakTOpaMH, BIMSAIOMUMU HA (PUHAHCOBBIA PE3yNIbTAT JEATEILHOCTH

MPEANIPUSTHS, SIBJISIFOTCS 3aTpaThl HA MIPOU3BOJICTBO M 00BeM Mpojax. CIpOrHO3UpOBaH-

HBII1 00BEM MPOJIAK aHATU3UPOBAJICS C TOUKHM 3pEHUs CIIpoca U 00bemMa MPOU3BOICTBRA.

Ha 100 % ypoBeHb mpojiaxk IpeanpusiTHe BRIXOAUT Ha 4-i1 To pousBojicTBa BOY (1-i

T'OJ] — OpPraHM3allMOHHBIEC U HAJIAAOYHbIE MepornpusTus, 2-i roa — 70 % ypoBeHb MPOJIaK,

3-i ron — 90 % ypoBeHb npojax). MIHTepBan riaHupoOBaHUs PaBEH OJTHOMY Tojy, Iepu-

oa — 16 jeT, 4To MO3BOJSET OLICHUTh MHBECTHUIIMOHHBIA MPOEKT B JIOJTOCPOUYHOM Mep-

cnektuse. [Ipu pacuere ynucToil mprObUIM CTaBKa Hajora Ha npuObLIb coctapisieT 20 %.

Pacuer nenexHOro moroka 1o maraM HapacTarOlUM UTOroM mnpuBeacH B [Ipu-

noxeuuu XK.

Pacuer noxonoB u pacxojgoB mo maraM (mar — 1 roa) npuBeneH B [Ipuioxe-

aun U.
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Ha pucynkax 4.10 u 4.11 npencrasieHsl rpadyKu IEHEKHOTO MOTOKA IO I1aram

Y HapacTaroIIMM UTOTOM JIJIsl IEPBOTO BapuaHTa pacyera.

[leHeXXHbl NOTOK Mo Wwaram

Hoxon — - - = Pacxopg

YNCTbI fOX0L —  wwweeeeeees OnckoHTM poBaHHbIM Y[
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=
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-5 000 000

-10 000 000

Pucynok 4.10 — JleHexHbIii TOTOK IO IIaraM MpH ypoBHE KJIt04eBoii cTaBku 16 %

[leHeXXHblii NOTOK HapacTalowWMM UTOFOM

YNCTbIh 4OX0H ~ wweeeeeeeee OnCcKOHTN poBaHHbIN Y/
40 000 000

35 000 000
30 000 000
25000 000
20 000 000
15 000 000
10 000 000

5000 000

0

-5 000 000

-10 000 000

Pucynok 4.11 — JIeHeHBbIii MOTOK I10 IIaraM ¢ HapacTalolUM UTOTOM TIPHU YPOBHE
KJIFOYEBOM cTaBKU 16 %

[TokazaTenu oKynaeMOCTH MPOEKTa MPUBEEHBI B TabuIe 4.7.
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Tabnuna 4.7 — [loka3zaTenu OKymaeMOCTH MPOEKTa MPU MPHUBJICYECHUH KPEIUTHBIX CPEACTB U YPOBHE

Kr0ueBoi ctaBku 16,0 %

ITokazaTtenn VYcnoBHOE Eanuauna Beanunna
0003HauCHHE | U3MEPEHHS

CrtaBKa TUCKOHTUPOBAHUS B TOJIOBOM HCUUCIICHUH D % 18,98
CraBka pEMHBECTHPOBAHMSI B TI'OJJOBOM HCUUCIEHHUU - % 22
q1st pacuétoB MIRR
CyMMapHbI€ HHBECTHIIHN Inv pyo. 4850000,00
MuHUMaNIbHBIE CyMMapHbI€ WHBECTHUIIMH, PACCUNTAH- InvMin pyo. 6690402,00
HBIE 10 TOTOKY IUIATEXKEN
MaxkcumanbHble CyMMapHble HHBECTHIMH, pacCyH- InvMax pyo. 18766002,00
TaHHBIE 10 MOTOKY IIaTeXeil
UwucTeiit 10X0 Y/l pyo. 34073088,00
UnCThIN TUCKOHTUPOBAHHBIN T0XO]T NPV pyo. 4680571,20
BuyTtpennss Hopma T0XOJHOCTH B T'OJIOBOM HCYHCIIE- IRR % 31,21
HUU
MonuduurpoBaHHas BHyTPEHHSsE HOpMa JOXOJHOCTH MIRR % 25,23
B I'OJIOBOM HCHUHCIICHUH
ROI = (Yuctsrit noxon)/Inv ROI % 702,54
PI = NPV/Inv Uuaekc npuObLTLHOCTH Pl % 96,51
Cpok OKynaeMocTH PBP rona 4,72
JIMCKOHTHPOBaHHBIN CPOK OKYNAaeMOCTH (JIET) DPBP roJ 6,77

Tak kak BenumurHa NPV okazanachk mojg0KMTEIbHOM, Mbl MOXKEM CAEJIAaTh BHIBOJ
O TOM, YTO paccMaTpUBaEMbIil MPOEKT 3(PPEKTUBEH, TO €CTh MPUHECET KaK MUHUMYM
JIOXOAHOCTD, 3aJI0’KEHHYIO B CTaBKe nuckoHTHpoBaHus (18,98 %). To ecTh BHYTpeHHSss
HOpMa JOXOJAHOCTH MHBECTULIMOHHOTO MPOEKTa MPEBBIMIAET TPEOYEeMbIi YPOBEHb J10-
xonHoctd B 18,98 %. Ilpu pacuere IUCKOHTUPOBAHHOTO TEPHOJA OKYMAEMOCTH
(DPBP) opueHTHPYIOTCS Ha «IUCKOHTUPOBAHHBIN CyMMAapHbBIH JIEHEXKHBI MOTOK Ha-
pacTaromuM utorom». Takum oOpa3zom, MoKazaresb TUCKOHTUPOBAHHOTO MEPUOJIA OKY-
MAaeMOCTH COCTaBHII 6,7771eT (6 et u 9 MecsiieB).

2-1i BapuaHT.

Ha ocnoBanuu cpennecpounoro nporsosa LlentpansHoro banka Poccun kiroue-
Bas CTaBKa B OyayieM Oyner cHuxkaTthes U B 2026 T. ee cpeliHee 3HauY€HUE 3a roji co-
craBut 13,0 %-15,0 %, a B 2027-2028 romax Oyxaer B npeaenax 7,5 %-8,5 % [121]. B
CBSI3M C OTUM IIPOIICHTHAS CTaBKa MO KpeAuTaMm TOKe OyAeT CHIKAThCs. B aToM ciryuae
MPOU3BEJEM PACUYEThl T€X K€ SIKOHOMUYECKUX IMOKa3aTele MpoeKTa, HO C y4€TOM CHH-
JKEHHBIX MPOLIEHTHBIX CTABOK MO Kpeautam. oy MpUBIEKAaeMbIX CPEACTB OCTAKOTCA

TaKHMMH K, KaK B IICPBOM BapPHAHTC. Cpez[HeBs.BemeHHa;{ CTOMMOCTDH KalluTaja I10 BTO-
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pOMy BapHaHTy pacueTa SKOHOMUYECKOH 3(h(PEeKTUBHOCTHU MOKa3zaHa HAa pucyHke 4.12 u

B Ta0uie 4.8.

Tabnwuia 4.8 — CpeHeB3BelIeHHas: CTOMMOCTD KaluTajia Ipyu ypoBHE KIF04YeBOM ctaBku 7,5-8,5 %

Hasnorossrit Hons ot B3BemenHas
o BsBemennas
Hctounuk CTOI/IMOCTB, T O6H_[CI/I CTOUMOCTB C
Cymma o CTOUMOCTb,
CpeAcTB % TOI0BBIX 1-ects, CYMMBI HH- | YYETOM II1U-
. % TOIOBBIX
O-ger BECTULIAI Ta
CoOCTBEHHBIE
Cpe/cTBa 1 000 000,00 4,00 % 0 20,62 % 0,82 % 0,82 %
Bbank A 3 850 000,00 15,00 % 1 79,38 % 1191 % 9,53 %
Aonun n cTOMMOCTb MHBECTULUA
90%
H [lons oT o6ler CyMMbl MHBECTULMI
80% o
CtonmMocTb, % roaoBbIX
70% H B3BelleHHast CTOMMOCTb C YYETOM LMTa
60%
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Pucynok 4.12 — Jlonu ¥ CTOMMOCTh MHBECTUIIMI IIPU YPOBHE KJIFOUEBOU cTaBkH 7,5-8,5 %

O0Bem npoJax, MHTCPBAJI U IICPUOA IINIAHUPOBAHUS IPUHHUMAIKOTCS TaKUMHU KC,

KaK B TIEPBOM BapHaHTe.

Pacuer neHexHOro moToka Mo maraM HapacTarollMM UTOroMm mpuseneH B Ilpu-

noxenuu K.

Pacuet n10x010B M pacxo10B Mo mmaram (1ar — 1 rox) coBnagaeT ¢ NepBbIM BapHu-

AHTOM.

Ha pucynkax 4.13 u 4.14 npencraBienbl rpa@uKy JEHEKHOTO TIOTOKA TIO IIaram

Y HapacTarolllUM UTOTOM JIJI1 BTOPOro BapuaHTa pacuera (IIpyu NpPOTrHO3ZUPYEMOM ypOB-

He uHpsmn 4 % W ypoBHE KITFOUEBO# ctaBku 7,5-8,5 %).




120

[leHe>XXHblii NOTOK Mo waram

Hdoxon  — - - -Pacxopg
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Pucynok 4.13 — JleHexHblii TOTOK IO IIaraM MpH YpOoBHE KIKOYeBOU cTaBku 7,5-8,5 %

[ eHe>XHbl NOToK HapacTtalowumMm UTorom

YUCTbIN JOXOA «wwwweeeees [ONCKOHTW poBaHHbI Y/
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Pucynok 4.14 — JleHexHblii TOTOK I10 1IaraM ¢ HapacTalOUM UTOIOM IIPU YPOBHE KIIFOUEBOM CTaBKU
7,5-8,5 %

[TokazaTenu oKynmaeMoOCTH POEKTa MPU BTOPOM BapUaAHTE pacyeTa MPUBEICHBI B

tabimue 4.9.
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Tabmuna 4.9 — [lokazaTenu OKymaeMOCTH MPOEKTa MPU MPHUBJICUYECHUN KPEIUTHBIX CPEACTB U YPOBHE

KJII0YeBOM cTaBku 7,5-8,5%

Ilokazarens YcaosHoe Enunnna Benuuuna

0003HaUeHHE | W3MepeHust
CraBka JUCKOHTUPOBAHHUS B TOJOBOM UCUUCIICHUH D % 10,35
CraBka peMHBECTUPOBAHHS B TOJIOBOM HCYHCICHUH IS pac- - % 12
yétoB MIRR
CyMMapHBIe HHBECTHIINU Inv pyo. 4850000,00
MuHnMaxbHbIE CyMMapHBIE WHBECTHIIMH, PACCUYUTAHHBIE II0 6690402,00
MOTOKY IUIaTEXeH

InvMin pyo.

MaxkcumanbsHble CyMMapHbBIC HHBECTHIINH, PACCYUTAHHEIC 110 InvMax pyo. 18766002,00
MOTOKY IUIaTEXeEH
YHCTBIN TOXO s pyo. 34073080,00
UnCcTHIH TUCKOHTUPOBAHHBIN JOXOJ NPV pyo. 11989490,16
BryTpeHHAS HOpMa JOXOAHOCTH B TOJTOBOM HCUHCICHUN IRR % 31,21
MonudunupoBanHasi BHyTPSHHSSI HOpMa JOXOIHOCTH B TO- MIRR % 19,20
JOBOM HMCUYHUCJICHUNU
ROI = (Yucrsiii noxon)/Inv ROI % 702,54
PI = NPV/Inv Unpnekc peHTabenbHOCTh Pl % 247,21
CpoK OKyNaeMOCTH PBP roj 4,72
JIMCKOHTHPOBAaHHBIN CPOK OKYNaeMOCTH (JIET) DPBP roj 5,56

OueBUIHO, YTO MPU YMEHBIICHHON KitoueBoil ctaBke I[b M, COOTBETCTBEHHO,
CHIPKEHHBIX TMPOIEHTHBIX CTaBKax MO KpeauTam, MPUOBUILHOCTH MPOEKTa OKa3ajlach
Boimie. [Ipu To# e HOpME BHYTPEHHEH JIOXOJHOCTH B ToJI0BOM mucuuciieHuu 31,21 %
cTaBka nuckoHTupoBaHusa coctasisieT 10,31 %. IIpu 3TOM 4nCTBIN TUCKOHTUPOBAHHBIN
JIOXOJT COCTaBMJI TIOUTH 12 MIIH pyOJIel U CPOK OKYIMaeMOCTH MPOEKTa CHU3WJICS JI0 5
JIET U 7 MECSIIEB.

3-if BapHaHT.

B sToM BapmaHTe paccMaTpUBaeTCS BIIOKEHHE B IIPOCKT COOCTBEHHBIX CPECTB
0e3 mpuUBJICYEHUSI CTOPOHHUX UHBECTUIIMHI. Bi1oKeHHE 3TUX CPENICTB B MPOEKT MPEIO-
naraetcs nod 4% B roJOBOM HCYHUCIICHUU JIsI UCKIIOUCHUS UHQISLUOHHBIX MOTEPD.
IIpoun3BeneM pacdeThl T€X K€ SIKOHOMHUUECKHUX ToKa3aTesel npoekta. CpeaHeB3BeIICH-
Hasi CTOMMOCTh KamuTaja Mo TPETheMy BapHaHTy pacueTa dKOHOMUYECKOU 3(PHEeKTHB-

HOCTH MOKa3aHa Ha pucyHke 4.15.



122

[lonin U CTOMMOCTb UHBECTULINI

120%
m [Jons oT obuen CyMMbl MHBECTULIMIA
100% CtoumMocTb, % roaoBbix
H B3BeleHHas CTOMMOCTb C YYETOM LMTa
80%
60%

40%

20%

0%
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Pucynok 4.15 — CtouMoCTh UHBECTHIIHH P BIOKEHUHU COOCTBEHHBIX CpeaCTB Mol 4% ro10BbIX

O0Bem ImpoJaxk, MHTCpPBAJII W IICPUOA INIIAHUPOBAHUA IMPUHHUMAIOTCA aHAJIOIW4-

HBIMU MPEIbIAYIIUM BaprUaHTaM.

Pacder geHexHOro MOTOKa IO IIaraM HapacTalollUM UTOTOM IpuBeleH B [Ipu-
noxxeHuu JI.

Pacuer 10xoa0B U pacxo0B 1o maram (mar — 1 Toj1) COBMagaeT ¢ MpeablIyIuM
BAPUAHTOM.

Ha pucynkax 4.16 u 4.17 npencraBieHbl TpaguKy IEHSKHOTO TIOTOKA TIO ITaram

M HapaCTaroIuM UTOI'OM.

JleHeXXHbli NOTOK Mo waram

Odoxoa — ---Pacxon YNCTbIh AOX0d, — weeeeeeeees [OVCKOHTU poBaHHbIN Y/[]
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Pucynok 4.16 — JIeHe)HBIM TOTOK IO IIaraM IIPY BIOKEHHN COOCTBEHHBIX CPEeACTB IO 4% TroI0BBIX
VH
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[eHeXXHbl NOTOK HapacTaloWWM UTOroM

YucTbiih goxoa
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PI/ICYHOK 417 — I[eHe)KHBIfI IIOTOK ITI0 IaramM € HapaCTarOuM UTOI'OM IIPH BJIIOKCHUHU COOCTBEHHBIX

cpenct moj 4% TOI0BBIX

Ilokazarenu OKYIIAaCMOCTH IIPOCKTa TPCTHCI'O BApHAHTA pacCucTa IMPUBCACHLI B

tabimue 4.10.

Tabmuna 4.10 — IlokazaTenu OKYMaeMOCTH TPOEKTa MpPU BIOXKEHUH COOCTBEHHBIX CPENICTB

o 4% rogoBhIX

12 13 14

15 16 17

ITokazarenn YcinoBHOE Eannuna Beanunna
0003Ha4YeHHE | U3MEPEHUs

CraBKka TUCKOHTUPOBAHUS B TOJIOBOM MCUUCIICHUHT D % 4

CraBka peMHBECTUPOBAHUS B TOJOBOM HCUUCICHUH - % 5

qst pacu€étoB MIRR

CyMMapHbIe HHBECTULIMN Inv pyo. 4850000,00

MuHHMabHBIE CyMMapHbIE WHBECTHIINH, PacCUu- InvMin pyo. 6690402,00

TaHHBIE 110 MOTOKY TUIaTekKel

MaxkcumanbHble CyMMapHble HHBECTHIIMH, PacCUu- InvMax pyo. 18766002,00

TaHHBIE 10 MOTOKY TUIaTeXel

UucThIil 10X0] Y/l pyo. 34073088,00

YuCThIN TMCKOHTUPOBAHHBINA JOXOJ NPV pyo. 22640616,23

BHyTpeHHsI1 HOpMa JIOXOJHOCTH B TOJOBOM HC- IRR % 31,21

YUCJIEHUHT

MonudunupoBaHHass BHYTPEHHSSI HOpMa JOXO/I- MIRR % 15,33

HOCTHU B TOJ0OBOM HCUYHCICHHH

ROI = (Yuctsriii moxoxn)/Inv ROI % 702,54

PI = NPV/Inv Manekc peHTa0eIbHOCTH Pl % 466,82

Cpok OKynaeMoCTH PBP rong 4,72

JIMCKOHTHPOBAHHBIN CPOK OKYITAEMOCTH (JIeT) DPBP To 4,99

IIpu BIOXXEHUU COOCTBEHHBIX CpeACTB 1o 4 % TOAOBBIX JOXOJAHOCTH MPOEKTA

0Ka3aJlaCh HaWBBICLIEH U3 PACCMOTPEHHBIX BapuaHTOB. [Ipu TOM )xe HOpME BHYTpPEHHEN




124

JIOXOJHOCTH B rogoBoM ucuucieHun 31,21 % craBka AUCKOHTHPOBAHUSA COCTaBUJIA
4 %. IIpyn 3TOM YHUCTBHIM AUCKOHTHUPOBAHHBIA J0XO0J cocTaBui 22,64 miH pyOnei, a

CPOK OKYIIACMOCTH IIPOCKTA CHU3UJICA 10 5 Jer.

4.4 BoiBOABI 110 YeTBEPTOH IJIaBe

JIJist IOATBEPIKIICHUS PE3YNIHTATOB TEOPETHUECKUX HCCIICIOBAHUM ObLIH TIPOBE-
JI€HBI SKCIIEPUMEHTHI 110!

— MPOBEpPKE aIeKBATHOCTHU MPEAJIOKEHHOT0 Crocoba ydeTa HeIMHEHHOCTH Mar-
HUTHBIX CBOMCTB MarHuTonpoBojaa Al

— MPOBEPKE BATUIHOCTH MATEMATHUYECKUX MOJIEIeH CTaOUIU3alui HANPsKEHUS
MyTEM JIUCKPETHOTO U TJIABHOTO PETYJIUPOBAHUATOKA BO3OYKICHUS.

1. DkcnepumMeHT, poBeneHHbIM Ha Al MOKazal, YTO MPEJIOKEHHBIM y4eT Ha-
CBIILIEHUS MarHUTHOW CUCTEMBI C €€ pa3/ieJICHUEM Ha TPU 30HBI 1a€T OTKJIOHEHHUE TEO-
PETUYECKUX NTAaHHBIX OT SKCIEPUMEHTANBHBIX HEe Ooee 5 % B pacyeTHBIX M peabHBIX
BOJIbTAMIIEPHBIX XapaKTEPUCTUKAX.

2. Jlns moaTBepkIEHUs pe3yJIbTaTOB MAaTEMAaTHUYECKOTO MOJEIUPOBAHUS ObLI
pa3paboTaH WCIBITATEIBHBINA CTEHI M MPOBEJACHBI dKCIICPUMEHTAIILHBIC MCCIICIOBAHUS.
[Ipy AUCKPETHOM PEryIMPOBAHUM TOKA BO3OYXIACHUS 0€3 CTaOMIM3aIlMU BBIXOJIHOTO
HarnpspkeHus1 A’ cpaBHEHHE TTOTYYCHHBIX TCOPETUUCCKUX M IKCTICPUMEHTAIBHBIX JTaH-
HBIX TI0KA3aJl0, YTO CPeIHEKBaApaTHIecKoe oTKIoHeHrne coctapmwio 0,698 B, mpu stom
cpennee abcomtoTHoe oTKIoHEeHHe paBHO 0,585 B wmm 0,267 %. [Ipu ypoBHE 3HAUUMO-
ctu p = 0,05 moBepuTeNnbHBIA WHTEPBAT I CpeaHer pasHoctu coctaBuia -0,32; +0,33
B. Ilpu BBeseHUU cTabUIU3aK BHIXOTHOTO HanpspkeHust AT B 9KCIIEpUMEHT U Mate-
MaTHYECKYIO MOJIETh CPEAHEKBAIpaTHIECKOE OTKJIOHEeHHe coctaBmwio 1,13 B, mpu stom
cpennee adconoTHoe oTkIoHeHue paBHo 1,02 B unu 0,464 %. [Ipu ypoBHE 3HAUUMO-
ctu p = 0,05 moBepHUTEIBHBIM HHTEPBAI JJIA CpelHer pa3sHocTu coctaBui -0,56; +0,51
B, a oTKJIOHEHHE HaNPsIKEHUS OT 3aJJaHHOTO COCTaBUWIIO He OoJiee 5 B.

CormocTaBieHue pe3yIbTaTOB MAaTEMaTHIECKOTO MOJICTUPOBAHUS U SKCIIEPUMEH-

TaJIbHbBIX I/ICCJ'IGI[OBaHI/II\/JI IIpH IIJIABHOM PCTYJIUPOBAHWHN TOKaA B036Y)KI[6HI/I$I IIpHU OTCYT-
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CTBUU CTaOMJIM3AIMKM T0Ka3aj0, YTO CPEJHEKBAAPATUYECKOE OTKJIOHEHHWE COCTABUIIO
0,86 B, mpu stom cpemnee abcomotrHoe oTkiaoHenune pasHo 0,72 B wm 0,33 %. [lpu
ypoBHe 3HauuMocTH p = 0,05 moBepuTeNbHBIN UHTEPBAI JJI1 CPEIHEH pa3HOCTH COCTa-
Bun -0,12; +0,69 B. Ilpu BBeaeHNN cTaOMIM3aMK BEIXOHOTO HampspkeHust Al B aKc-
MEPUMEHT ¥ MaTeMAaTHYECKYI0 MOJIETh CPEIHEKBAAPATUUECKOS OTKIOHCHUE COCTABUIIO
0,568 B, npu aTom cpeanee adcomoTHoe oTkioneHue paBHo 0,475B wiu 0,216 %. [lpu
ypoBHE 3HauuMocTH p = 0,05 noBepUTENBHBIN UHTEPBAT ISl CPEIHEN PA3HOCTH COCTa-
Bui -0,3; +0,23 B, a oTkJIOHEHHE HaNpsHKEHUS OT 33JIaHHOTO COCcTaBujIo He 6osee 1,3 B.

3. Pacuer a¢dexTuBHOCTH MTOocTaHOBKKM BOY ¢ pa3zpaboTaHHBIM CTaOUIN3aTOPOM
Ha CEepPHUITHOE MPOM3BOJICTBO MpH BhIMycke 100 mMTyK B TOAPOBEACH IS 3-X BapUAHTOB
MPUBJICUCHUS CPEJICTB HA MEPBUYHBIC KAMUTAIOBIOKEHUS: MIPHU CYIIECTBYIOMICH KITIO-
yepou craBke L[b P®, npy onTHMUCTHYHOM CPEAHECPOUYHOM MPOTHO3€ BEIUYUHBI KITFO-
YEeBOM CTaBKU U 3a CYET COOCTBEHHBIX CpeACTB. Bo Bcex Tpex ciydasix MHTEpBaj Iuia-
HUPOBaHUS cOCTaBisu1 1 TOJ, mepuo — 16 JeT, 4TO MO3BOJIUIIO OLICHUTh WHBECTUIIMOH-
HBII IIPOEKT B JOJITOCPOYHOM NEPCHEKTUBE. DKOHOMUYECKUE TTOKA3ATENN U JICHE)KHBIE
MOTOKH MPOEKTa PACCUNTHIBAIKMCH 1o MeTouke B.B. I[Ipoxoposa [112].

B nepBom Bapuante YJIJ] cocraBmn 4680 Thic. pyOmeli mpu cpoke OKyImaeMOCTH 6
aet u 9 mecsues. Bo Bropom Bapuante Y1/ coctaBun 11989 Teic. pybrneit mpu cpoke
OKYITA€MOCTH IPOEKTa S5 JIeT U 7 MecsleB. B TpeTbeM BapraHTe BBUY UCITOJIb30BaHUS
coocTBeHHBIX cpeactB Y/IJ1 okazancs cambiM BBICOKHM U cocTaBui 22640 Teic. pyOreit

IIPU CPOKE OKYIIAaeMOCTH MPOEKTA 5 JIET.
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3AK/IIOYEHUE

B xoze BbINOMHEHUS TUCCEPTAIMOHHON paOOThI MOJIYYEeHBI CIAEAYIOIMINE HAyYHbIE
pPE3yNbTATHI:

1. [Tony4yeHbl KpUTEpUU BO3HUKHOBEHHS PEXKUMA YCTOMYMBOTO CaMOBO30Y K-
nenust Al ipu TMHEWHON XapaKTEepUCTUKE MAarHUTHOM CHCTEMBbI, KOT/Ia BBIXOJHOE Ha-
NPsSHDKEHUE OTPAHUYEHO MOIIHOCTBIO MPUBOJHOIO ABUTATENS, M IMOKa3aHa HEOOXOJH-
MOCTh y4e€Ta HEJIMHEWHOCTH XapaKTePUCTUKH JUIsi KOPPEKTHOTO aHaliHM3a MPOIECCOB
cTabunu3aiy HanpsokeHusAl .

2. [Ipensioxken crnoco® ydera HachIEHUs MarHUTHOU cucteMbl Al' ¢ mpume-
HEHUEM pacueTHOW (YHKIUM W3MEHEHUS MarHUTHOM CBS3M MEXIy OOMOTKaMu st
pa3paboTku MareMatnyeckord moaenu Al', MO3BOJISIONIEH aHATU3UPOBAThH MPOLIECCH] B
CUCTEME «BETPOJBUTATEINIb — ACUHXPOHHBIN '€HEPATOP — HArPY3Ka».

3. Pa3paboranpl MaTeMaTHUYeCKUE MOJEIN CHUCTEMbl «BETPOJBHUIaTEeNb —
ACUHXPOHHBIM I'€HEepaToOp — Harpy3Kay», MO3BOJISIIOLIME aHAIU3UPOBATh MapaMeTphl Ie-
PEXOHBIX U YCTAaHOBUBILIMXCS MPOLECCOB B CUCTEME IIPU TUCKPETHOM U IIJIABHOM pe-
TYJUPOBaHUM TOKa BO30yxaeHuss Al 1 MoKa3bIBalOIINE MPEUMYIIECTBO TIABHOTO pe-
I'YJIUPOBAHMS TOKA.

4, Ha ocnoBe pazpaboranHoro anroputma pemieHus auddepeHITnanbHbIX
ypaBHeHUi MeTogoM Pynre-Kyrra 5-ro nopsnaka B moaudukanuu densdepra Moaenu
CUCTEMBI «BETPOJBHraTElb — ACUHXPOHHBIA I'€HEPATOp — HArpy3Ka» OIpPEIEICHBI Ia-
paMeTpsl U pexkumMbl padoTel BOY. YcranoBneno, uTo crabuim3ais HarpsKeHUs my-
TE€M IIJIJABHOTO PETYJIUPOBAHMS TOKAa BO30YXIEHUs sBIAeTCs Oosee 3PPEeKTUBHOU MO
CPABHEHUIO C JUCKPETHBIM M3MEHEHUEM E€MKOCTH 3a CYET TOTO, YTO IPH JUANa30Hax
M3MEHEHHs] CKOpOCTH BeTpa 6,5-11,5 mM/c oOecnieunBaer Oosee y3kuil Auana3oH BbIXOI-
HOT'O HaIlpsDKEHUs B npeneniax +2 B B cpaBHEHMM C JUCKPETHBIM PETYJIUPOBAHUEM, TE
JMamna3oH cocTaBisier =5 B mpu 1mare peryiaupoBaHust eMKOCTH Bo30yxaeHus 0,25
MK®D, a Takke OrpaHUYMBET CKOPOCTh BpaieHus poropa Al' auanmazonom 2700-3750
00/MHH 3a cueT JeMI(UPOBAHUS YACTH U3OBITOYHOW MOITHOCTU PETYIHPOBOYHBIM Pe-

SUCTOPOM IIO CPABHCHHUIO C AMCKPCTHBIM PETYIMPOBAHUCM TOKaA, IIPU KOTOPOM CKO-
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pocthb coctaBisier 2900-4500 o6/mMuH, co3naBasi puck Beixoga BOY B HegomycTHUMBINM
pEeXUM pabOTHI.

S. Pa3zpaboTtanbl pyHKIIMOHAIBHAS U MPUHIIMITHAIIbHAS SJIEKTPUYECKUE CXEMBI
crabunmzaTopa HampsokeHuss BDY ¢ mUiaBHBIM perylnupoOBaHHEM TOKa BO30YKICHHUS
(matenT Ha m3o0peTeHne PO Ne 2724622) Ha 6a3e mukpokoHTposuiepa ATmega 328p, a
TaK)Ke aliTOPUTM paOOThl CUCTEMBI YIIPABIICHUS.

6. N3rotoBieHa skcnepuMeHTalnbHasg ycraHoBka ¢ Al Ha 0aze AJ] mapku
4A100S4Y3 c npuBogubsiM HAIIT mapku [1-31, Ha KOTOPO¥ MOJTyYEHB! OCHUIIIIOTPAMMBI
BBIXOJTHOTO HarpsbkeHusi A’ mpu M3MEHEHUH CKOPOCTU MPUBOJHOTO JBUTATENS B pe-
*KrMax 0e3 crabwin3alnuu U co ctabuinzanuei BeixoaHoro Hampsbkenus Al'. Comoc-
TaBJIEHWE PE3yJbTATOB MATEMATHUYECKOTO MOJEIUPOBAHUS U IKCIIEPUMEHTATBHBIX HC-
CJICIOBAHUN TTOKA3aJI0, YTO PAa3IuYMsl MEXKIYy HUMH CTATUCTUYCCKH HE3HAUYUMBI. TPHU
JUCKPETHOM DETYJIMPOBAHUU TOKAa BO30YXKICHHUS OTKIOHEHHE HJKCIEPUMEHTATbHBIX
3HAUYEHUM OT PacCUYETHBIX COCTaBUJIO He Oojee 2,3 B B aOCONIOTHOM BBIpRXCHUH U
1,01 % B oTHOCHTENHHOM U MPH ypoBHE 3HAUUMOCTH p = 0,05 moBepHUTENbHBIN UHTEP-
Baj 11 cpenHeit pasHoctu cocrtaBma —0,56; +0,51 B, a oTkinoHeHHWE HANpsHKEHUS OT
3agaHHOTO cocTaBmwiio He Oosiee 5,0 B; mpu mimaBHOM peryampoBaHUU TOKa BO30OYXIe-
HUS OTKJIOHCHHE JKCIEPUMEHTAIBHBIX 3HAYEHUW OT PACUETHBIX COCTABWIJIO HE Oojee
1,1 B B abcomoraHoM BeipaskeHnH U 0,503 % B OTHOCHTETLHOM U TIPH YPOBHE 3HAYUMO-
ctu p = 0,05 1OBepUTETBHBIN MHTEPBAI U cpeaHeit pasHoctu coctaBui —0,3; +0,23 B,
a OTKJIOHEHUE HaNPsDKEHUS OT 3aIaHHOT0 cOcTaBmIio He Oonee 1,3 B.

7. BrinonHena oieHka SKOHOMUYECKON A(DPEKTUBHOCTH CEPUNHOTO IMPOU3-
BozcTBa BOY ¢ mpennoxkeHHbIM cTaOMIM3aTOpOM. Y CTAHOBIIEHO, YTO MPU 00BEME BbI-
nycka 100 mryk B rog YJI/] coctaBut ot 4680 no 22640 Teic. pybieit mpu cpokax OKy-

MaeMOCTH MPOEKTa 5-7 JeT.

PexomeHanum Npou3BoACTBY
Jist pa3paboOTKM U CEpUITHOTO BbIMTycKa 3HeprodpdexktuBHbix BOY manoi mo-
HOCTH Ha 0a3e Al ¢ pa3pabOTaHHBIM CTAOMIN3AaTOPOM HAIPSKEHUS, MPEAHA3HAYECHHBIX

JUTSL DJIEKTPOCHAOXKeHUsI paccpenaoTodueHHbx mnoTpeduteneit AIIK, neobxomumo wc-
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[10JIb30BaTh (DYHKIMOHAIBbHYI0 U NPUHLUUIIHUAIBHYIO 3JIEKTPUYECKYIO CXEMBbI IPeNsIo-
KEHHOTO CTa0miIM3aTopa HampspKEHHs Kak 0a30BOe, MaTEHTHO-3AIIUIIEHHOE PEIICHNUE,
o0ecrnieunBarolliee IIaBHY0 CTAOMIN3ALNIO BBIXOJHOTO HAIIPSKEHUS.

[IpOEKTHBIM M MOHTaXXHbIM OpraHW3alUsAM, 3aHUMarommMcsa cosznannem ACO
JUISL CEJIbCKOTO XO35IMCTBA, 11eJ1eco00pa3Ho BKIoUaTh npeiaraemyo BOY ¢ Al u cra-
OMIIM3aTOPOM HAINpPSDKEHHMsI B KA4eCTBE PEKOMEHIYEMOIO0 HCTOYHUKA SHEPTUU JJis
M®X u JIIIX. DTO NOBBICUT HAAEKHOCTh 3JIEKTPOCHAOKEHNS TEXHOJIOIMYECKUX MPO-
1eccoB (000rpeB MOJIOJIHAKA, BOJONOIBEM), YIYUIIUT YCIOBUSA TPyJAa M, KaK CIEICT-

BHUC, peHTa6CJII)HOCTB KNBOTHOBOJCTBA.

IlepcnexkTHBBI JaIbHelICH Pa3pa00TKH TeMbl

JlanbHeiine uccie0Banus J0HKHBI ObITh HAIPABIEHBI HA COBEPLICHCTBOBAHUE
TEXHUKO-D)KOHOMHMYECKUX M 3KCIUTYyaTallMOHHBIX XapaKTEPUCTHK Kak Bceld BOVY, Tak n
€€ KJIIOUEBbIX (DYHKIIMOHAIBHBIX 3JIEMEHTOB.

CoBeplIeHCTBOBaHNE CUCTEMBI CTAOUITU3ALIMH U YIIPABJICHHUS:

Heo0OxoauMo NpoAOIKUTE KUCCIEIOBAaHUS IO MHTETPAallid B KOHTPOJUIEp ajro-
PUTMOB yIpaBJieHUs! 0auIacTHOM akTUBHOM Harpy3koi (TOHamwu) ang yrunuzanuu ms-
OBITOYHOM HPHEPTrUU HAa TEXHOJIOTMUECKHE HYXIbI (MOAOTPEB BOABI, OTOIIEHUE) U CO3-
JaHUs! TOMOJHUTENBHOTO 1eMI(UPYIOLIEro MOMeHTa Ha Baity Al

LlenecooOpa3Ha pa3paboTKa aAanTHUBHBIX AJITOPUTMOB YINPABICHUS, CaMOHa-
CTpPauBaIOIIUXCS MO/ MapaMeTPbl KOHKPETHOTO 3K3eMIusipa BOY ¢ AT

[lepcieKTUBHBIM HaIlpaBICHUEM SIBIISIETCS CO37jaHME Ha Oa3e pa3paboTaHHOI
BOYVY rubpuaHbIX 3HEProKOMIUIEKCOB «BETPO-IU3EIIb» WIIU «BETPO-COJIHIIE» C €AMHOU
CUCTEMOH YIpaBJIeHUs, 00ECIEeUnBAIOIIEH MPUOPUTETHOE HCIOIb30BAaHHE BO30OHOB-
JIIEMOM DHEPIUH.

KOHCTpyKTHBHBIE U CXEMHbIE PEUICHHs CTa0MIN3aTOpa MPUMEHUMBI JJI1 CUCTEM
CTaOWIM3aMN HAMPSDKEHHUsS] B JAPYTUX THUIAX aBTOHOMHBIX T'€HEPATOPHBIX YCTaHOBOK

(na Oaze nBuraresneil BHyTpeHHero cropanus, MUKpo-1"3C).
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Ipunoxenune A

; - AJIbTEPHATHBHAS SHEPUETHKA
= OrHEYHBIA - CBETOJIMOJIHBIE CHCTEMBI OCBEN [FHHS]
UEHTRP - SHEPI OCEPBUCHBIE KOHTPAK T bl

el 2 2025T.

AKT e
00 ucnons3zoBanuu pesyinsraros HUP ®I'5OY BO
«Kybanckuii rocy1apcTBEHHBIN arpapHblil YHUBEPCUTET
umenn N.T. Tpy6umuna» B OO0 HTK «Conzeunstii nentp» r. Kpacaonap

Mer mmwke noamucasmmecs or OO0 HTK «ConHeunslit HeHTp» HHXKeHep
Mapaxosckuii E. A., ot Ky6aHCKOro rocyjapcTBEHHOIO arpapHOrO YHHBEPCHTe-
Ta — 3aBeyIOIHH Kadeapoii HIeKTPOTEXHUKH, TEIIOTEXHUKH 1 BO30OHOBIISIEMBIX
HCTOYHUKOB SHEPruH, J.T.H., npodeccop ['puropam O.B., mpodeccop kadempst
SNIEKTPOTEXHHUKH, TEIUIOTEXHHKH M BO30OHOBIISEMBIX MCTOYHUKOB DHEPIHH, I-P
TE€XH. HayK, JoueHT borpan A. B., comckarens Kutko A.B. cocTaBuim HacTos-
IIHHA aKT O TOM, 4TO Kadeapoit «DIeKTpOTeXHUKH, TEIIOTEXHHUKH M BO30OHOBIIA-
eMbIX HCTOYHHKOB sHeprum» PI'BOY BO «KybaHnckuii rocyapcTBeHHBIN arpap-
HbIi yHuBepcuTeT uMeHH M.T. TpyOGununa» nepeman 8 OO0 HTK «ConHeuHslit
LIEHTp», paspaboTaHHbli couckareneM Ksutko A.B. moj pyKoBOACTBOM JI.T.H.,
nouenta borpana A.B. mareMaTHuecKkuil anmapar Juis pacyera napaMeTpoB H pe-
)KHMOB DPabOTBl BETPOIHEPreTUYECKHX YCTAHOBOK MaJlOM MOINHOCTH Ha 0ase
ACHHXPOHHBIX F€HEPaTOPOB C KOPOTKO3AMKHYTHIM POTOPOM.

Maremarudeckuit anmapar wucmonssyercs B OO0 HTK «Conneunsiii
LEHTP» M MO3BOJIAET COKPATUTH CPOKHU IIPOEKTHPOBAHHS SHEProdPeKTHBHEIX aB-
TOHOMHBIX CHCTEM 3JIEKTPOCHA0XEHUS Ha BO30OHOBISIEMEIX HCTOYHHKAX SHEP-
THH.

Ot OO0 HTK «ConHe4HsIii [IeHTp»
HUH)XXEHEp : E. A. MapaxoBckuit

Ot ®I'bOY BO «Kybanckuii rocyaapcTBeHHBIH
arpapHbIi YHUBEPCUTET HMEHH
N.T. TpyOununa»

3aBeyromuid Kadeapoii O. B. I'puropar

npodeccop kKadenps % A. B. borman

Couckarens /%7 A. B. Ksutko

350062 r. Kpacuoxap, yin. AtapGekosa 1/1 +7 861 2201202 +7 8612200212  +7 918 3220244(@):office@solarcenter.ru
000 «HTK «Conueunsrif uenrpy  HMHH: 2311247237  KIIT: 231101001
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IMpunoxenue b

OO611ecTBO ¢ OrpaHEYEHHOM OTBETCTBEHHOCTHIO VTBEPX]IAIO
«3HGpl‘OTeXHOJIOI‘I/II/I-CepBI/IC» ['enepaibHBIA TUPEKTOD
350042, r. Kpacuopap, 000 «5 e renornu-CepBucy
yin. CazmoBas, 223 \\)@0‘ TR
TEIL 8(86€:1S)2@51-7t7r;167.i 254-16-19 7 ByTy30B
nextmail.ru i _ﬂ i s

AKT

00 HCII0IF30BaHUH PE3yIBTAaTOB HaydHbIX HccienoBanuii ®TBOY BO «KybaHckuit
roCyJJapCTBEHHBIM arpapHbli yHEBepcuTeT uMeHH V. T. TpyOumnaa»
000 «32ueprorexnonoruu-Cepsucy r. KpacHomap

Mpi, mHke noxanucasmmecs or OO0 «Dueprorexnonorun-CepBUCY» TIIaBHBIHA
umxerep byty3oB B.B., ot Ky6I'AY 3aBenyrommii kadeapoii 3IeKTPOTEXHUKH, TETl-
JIOTEXHUKHA U BO300OHOBIIIEMBIX HCTOYHHKOB DHEPTHH, [I-p TEXH. HayK, mpodeccop
I'puropam O. B., mpodeccop xadeapsl 31MeKTPOTEXHUKH, TEIUIOTEXHAKA U BO30OHOB-
JISIEMBIX MCTOYHWKOB 3HEPTUH, I-p TEXH. HayK, AoueHT borman A. B., couckarens
Ksutko A. B., cocTaBWIM HAcTOSIIANA aKT O TOM, 4TO Kadeapoil 3JIeKTPOTEeXHUKH,
TEIUIOTEXHUKU U BO30OHOBIIIEMBIX HCTOYHUKOB sHepruu nepenad B OO0 «Duepro-
TexHonoruu-CepBucy paszpabotaHHEIM comckareneM Ksutko A. B. mox pykoBon-
CTBOM [I-pa TeXH. HayK, JjolieHTa borymana A. B. MatemaTHueckuii anmapart, BKJIIO4Ya-
IOIIMH aJITOPUTM peIleHUs] ypaBHEHHUM, ONUCHIBAIOIIUX MOJIENb CHCTEMEI «BETPO/IBH-
raTellb — aCHHXPOHHBIM IeHepaTop — Harpy3ka» CO CTa0MIM3aTOpOM HaIpsKEHHS,
TIO3BOJISIONMN TPOBOJUTE Pacu€T KIIFOYEBHIX ITapaMEeTPOB CHCTEMEI W aHAIHU3 pabo-
THl BETPOIHEPIreTHYECKAX YCTAaHOBOK B OCHOBHBEIX peXXuMax (QyHKIIMOHHPOBAHUS, a
TaK)Xe TMPOBOIMTEH OIEHKY 3()()EKTHBHOCTH aBTOHOMHOM CHCTEMEI 3JIeKTpOCHabxke-
HUSL.

Marematiueckuii ammapat wucrnonbdyercs B OO0 «DOHeprorexHoioruu-
CepBucC» TIPH MPOEKTHPOBAHUH SHEPTo3()(HEKTUBHBIX CUCTEM 3JIEKTPOCHAOKEHHUS Ha
BO300HOBIISIEMBIX UCTOYHHUKAX SHEPTHUH.

['maBHEII HHXEHED

Ot ®I'BOY BO «Kybanckuii rocyapcTBeHHBIN
arpapHbIil YHUBEPCUTET
umenu U. T. TpyOununay: /

3aBeqyromuii kadenpoi O. B. I'puropam

[Tpodeccop xadenps ,ﬁr? A. B. borpan
Cowckares % A. B. Ksutko
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IMpuioxenue B
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%@aw"“-"'fm,@@4 eKTOp II0 Hay4qHOU paboTe
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011. HayK, {podeccop

~1. Komraes
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AKT

O BHEJIPEHUH B yueOHBIH Ipoliece pe3yIbTaToB HCCIEI0BAHMM 110 KAHIUIATCKOM
JMCCepTalMOHHOM paboTte couckarenss Ksutko Annpest Buktoposuya
®I'bOY BO «KybaHckuii rocy1apcTBEeHHBIH arpapHbIil YHHBEPCUTET

umenu M. T. TpyOunnna» Ha aKympTeTe SHEPreTHKH

MBI, HIKe IOANMHICABIINECS KOMHCCHS B COCTABE:
npeacenaTens — AeKkaHa (pakylibTeTa SHEPreTHKH K.T.H., JonenTa Illesuenko A.A.;
YJICHOB KOMHUCCHHU: 3aBeAyrommero Kadeapoi «NeKTPOTEXHUKH, TEINIOTEXHUKH H
BO300HOBIIIEMBIX MCTOYHHMKOB DHEPrHW», I.T.H., podeccopa 'puropama O. B.;
npodeccopa xadenpsl «DIeKTpocHaOXKeHus», I.T.H., mpodeccopa FOmnaesa U. B.
HACTOSIIUM aKTOM IIOJTBEPXKAAEM, YTO Pe3yJIbTaThl UCCIEIOBAaHUM 110 KaHIUIAT-
ckoit aucceprauuu «IlapameTpsl u pexuMbl pabOTHl BETPOIHEPIeTHYECKOM yCTa-
HOBKH C aCHHXPOHHBIM I'€HEPaTOpPOM ULl NEKTPOCHAOKEHUS OBIeepMBD», ITPeI-
CTaBJICHHOHN Ha COMCKaHHE yYEHOM CTeleHU KaHAMWIaTa TeXHUYECKHX HayK, BHE-
peHBI B yueOHOM mpouecce Ha (aKyIbTeTe SHEPIeTUKH.

Komuccunst ycraHOBMIIA, 9TO MaTepHalIbl JUCCEPTAMOHHOW paboOThI COMCKa-
terst KButko A. B. npuMeHSIOTCS NpU M3YYeHHH AMCIHUILUIAHBEI «DIIEKTPOOOOpY-
IIOBaHUE BO300HOBIISIEMON SHEpreTHKM» Ha Kadenpe «DJIEKTPOTEXHUKH, TEILIO-
TEXHUKH ¥ BO30OHOBISIEMBIX MCTOYHUKOB SHEPIMU» IPH PACCMOTPEHHH pa3lelia
«BetpoBas 3HEpreTuKay.

Komuccus cuuraer, 9T0 MaTepraibl KaHOUAATCKONW AUCCEPTAIlHU COMUCKATe-
11 Kutko A.B., paccMaTprBaeMble IPY M3Y9eHUH JUCIUILTHHEL «IeKTpoobopy-
JI0BaHHE BO300HOBIIIEMOU SHEPIeTUKH» COOTBETCTBYIOT TpeOOBaHUSIM 0Opa3oBa-
TEJIbHOI0 CTaHJapTa NO HampaBieHUI0 NoAarotoBkd 35.03.06 ArpoumHxeHepwHs,
HaIpaBIeHHOCTh «DIEKTPOOOOPYI0BAHUE U IIIEKTPOTEXHOIOTHI.

[Ipencenarens KOMHCCHH M“J‘A A. llleBueHKO

YneHBI KOMHUCCHH W O. B. I'puropam

H. B. IOnaes
4
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IMpunoxenue I
JInst onpeneneHrst BOSMOXKHOCTH UCHOJIb30BAaHUSI SKBUBAJICHTHOM CXEMBI ISl Ma-
TEMaTUYECKOT0 MOJCIUPOBAHUS ObLIT IPOU3BEIEH pACUET YHEPreTUYECKUX TTOKa3aTeen
MCXOJHOM M SKBUBAJICHTHOM CXEM, IPEACTaBICHHbBIX Ha pUCYHKE 1.
Cl1oKHOCTB pacueTa 3aKJII04aeTCsl B HECUHYCOUJATbHOCTH HANPS)KEHUM U TOKOB

H3-3a HAJIMYUA B CXCMC BLITIPAMUTCIIBHOT'O MOCTA.
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Pucynok 1 — Cxema peryaupoBaHusi HaIpsKEHUS. Ha KOHJEHCATOpaxX OJHUM PE3UCTOPOM
B Tpex(a3HOli cxeme IpHU CUMMETPUYHON Harpyske

g onpenenenus GopMbl TOKOB Ha KOHJIEHCATOpPaxX U PETyJIMPOBOYHOM COMPO-
TUBJICHUU ObLlIa TIOCTPOCHA KOMITbIOTepHast Mojiesb B cpene LTspicelV. ITpumep cxembr

H PAaCYCTHBIC OCHUJIJIOTPAMMBbI TOKOB IIOKAa3aHbI HA PUCYHKC 2.

iEn

srn Sfoye

£
Pucynok 2 — IIpumep cxeMbl U pacueTHbIE OCIIIIIOIPaMMbI TOKOB Ha KOHJIEHCATOpe
U PEryJIipOBOYHOM PE3UCTOPE
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dopma Toka yepe3 KOHIACHCATOp, MPEICTaBlICHHAs Ha PUCYHKAX 2 U 3,a, COCTOUT
U3 WMITYJIbCOB, IIOKAa3aHHBIX Ha pucyHke 3,0, Tae yroa o;=n/2-n/6=n/3, a

¢@2=1/2+m/6=2m/3.
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Pucynok 3 — @opMbl TOKa Ha 3JIEMEHTaX CXEMbI PETyIMPOBAHUS HAPSHKCHUS Ha KOHACHCATOPax

JIns ycTpaHEHUsl HEJTMHEWHOW 3aBUCUMOCTH MEXKIY PACUETHOW M SKBUBAJICHTHOU
CXEMaMU MPOBEAEM PACUYET, UCHOJb3Ys] METOJ SKBUBAJCHTHBIX CUHYCOHMJ TakK, YTOOBI
COXPaHAJIOCh ACUCTBYIOLICE 3HaYeHHE. [IpuHMaem, 4To TOK Yyepe3 KOHACHCATOP OCTa-
€TCSl TAKUM JK€, KaK U B UCXOJIHOM CXEME, a JIEHCTBUTEILHOE aKTUBHOE PEryJIMpOBOY-
HOE CONMPOTHUBJICHUE 3aMEHUM Ha 3 3KBUBAJIEHTHBIX (pucyHOK 1,0). Cunraem, 4yTo morte-
PU MOILHOCTH B YKBHBAJICHTHBIX CONPOTHUBJICHUSIX PABHBI MOTEPSM MOIIHOCTU B pery-
JUPOBOYHOM CONPOTHBIIEHUU BBIIPSAMUTEIBHOIO MOcTa R.

JleiicTBytO1IEE 3HaUYEHUE UMITYJIbCA TOKA 3a Mepuo OyAeT paBHO

2 T
I = 211 sin(wt))’ dt] = (=EER [aGran) 0,391. (1
Cpean — %[ffpl ( mSln(w )) ] - N - 241 — Y, m: ( )

Tak kak TOK 4epe3 KOHAEHCATOP COCTOHUT U3 YETHIPEX PACCMATPUBAEMBIX HM-

IMyJIbCOB, TO HCfICTB}HOH.IﬁC 3HA4YCHUEC TOKa

1 . 2m+3/3
lepenn = | [ [72l- sin(@0))2dt] = 1, |22 — 0781, (2)
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JIJist BBIPSMIIEHHOTO TOKAa 4epe3 peryJMpOBOYHBIN pE3UCTOp, NMOKA3aHHOIO Ha

pucyHKe 3, B, IelCTBYIOIIIeE 3HAaUEHUE PABHO

1 . 2m+3/3
Irpean = \/g [6 f(zz(lmsm(wt))zdt] =1, /% =0,956L,. (3)

AKTHBHasi MOIITHOCTh B UCXOJHOM cxeme (pucyHok 1,a) Oyner onpenensrTbcs Bbl-

paxeHuem

p=1,? 28 p, (4)

a B cxeMe 3amelieHust (pucyHok 1,0)
P = 1,2 &g 5)

MomHoCTH, BBIAEISEMbIE B UICXOAHOU U 3KBUBAJICHTHOM CXEMaX PaBHbBI, TO €CTh

R

noixyyaeM R, = >
JI71s1 SKBUBAJICHTHOM CXEMBI 3aMElIEHUs] BeJIMYMHA TOKa B KOMIUIEKCHON opme

npu DJ1C pasnoit E Oyner onpenensatees mo popmye
E

Ie =—+— (6)

Ra_j Xc '
33M€HHB R3 Ha BCIIMYHNHY R/2 OIIPpCACINM ITOJIHYIO MOITHOCTb OIIHOﬁ (1)331)1 JKBU-

BAJIEHTHOU CXEMEI 3aMENIEHUS

_ R . _ E%2(R+2jX()(2m+34/3)
S=1c (E _]XC) B 2n(R2C+4XC2) ’ (7)
OTKYJa MOJIy4YUM aKTUBHYIO MOILHOCTb
_ E?R(2m+3V3)
b= 2n(R2+4Xc%)’ (8)
U PEAKTUBHYIO MOILIHOCTb
_ E*Xc(2m+3v3)
Q= n(R2+4Xc?) 9)

BBegeM OTHOCUTENBbHYIO BEJIMYMHY CONPOTHBICHUN OTHOCUTENbHO Xc. Toraa
Xcomy=1, a oTHOCHUTENBbHAS BenmmuuHa R,,,,=R/X.. OnpenearmM MakCUMyM BBICIIIEMO
MOIIHOCTH, JI YETO HaWJIEM ITPOU3BOJHYIO OT aKTMBHOM MOILHOCTH JUIsi OTHOCHUTEIb-

HbIX 3HaYEHUW CONPOTUBIICHUN U £=]

d (ROTH(2n+3\/§)>_ 2m+3V3  R&m(2m+3V3)

ARoru Zn(RgTH+4) B Zn(RgTH+4) TL'(RgTH+4)2 .

(10)
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IIpupaBHAB MOJyYEHHOE BBIPAXKXECHUE HYJIIO, U PEIIMB 3TO YPAaBHEHHE, MOJTYyUYUM
JIBA PEILEHUS, U3 KOTOPBIX (PU3NYECKUN CMBICT UMEET TOJIBKO IMOJIOKUTEIHHOE 3Haue-
uue R,,=2.

Ha pucynke 4 nmoka3anbl rpaQKy 3aBUCUMOCTH aKTUBHOM M pPEaKTHBHON MOIII-

HOCTel npu u3mMeHenuu R, B npeaenax ot 0 go 8.

1

. Pe(R)
0.8, -++ Qe(R)
Pe(n1,1,1) 0.6 o

.Q.e.(rll, 1,1) 04

0.2

nl,nl

Pucynoxk 4 — 3aBUCHUMOCTH aKTUBHOM M pEaKTUBHOM MOIIHOCTEHN OT Ryry

Takum 00pa3oM, MOXKHO ClI€JIaTh BBIBOJbI, YTO MAKCUMYM PacceMBaeMON MOII-
HOCTH HacTymnaet npu R=2X..

Crnengyer OTMETUTh, YTO B MCXOAHOW cXxeme HaOJoJlaeTcs Mepexo]] TOKa uepes
KOHJIEHCATOp OT (JOpPMBI, MOKa3aHHOW Ha PUCYHKE 2, K cuHycoujie. OJHAKO 3TOT mepe-
XO0Jl HAaUMHAET OBITh 3aMETHBIM NpuMepHO npu R=(0...0,5)X; u He BAMSIET HA pacyer
MaKCUMYyMa BBIJIEISIEMOI MOIITHOCTH.

Taxke ObLT MPOBEIEH SKCIEPUMEHT 10 ONPEIEICHUIO SHEPTETUUECKUX XapaKTe-
PHUCTHUK JJI1 CXEMbI, TIOKa3aHHOW Ha PUCYHKE 1,a, C U3MEPEHHEM MOIIHOCTU Ha PETyJIH-
POBOYHOM pe3UCTOpE. BpUTM MOCTPOEHBI 3aBUCUMOCTH AKTUBHON MOIIHOCTH OT COIIPO-

TUBJICHU, ITPCACTABJICHHBIC HA PUCYHKC 5, '€ IIOKAa3aHbl SKCIICPUMCHTAJIbHAA 1, ImoJy-
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YeHHas 10 KOMMBIOTEPHON MO/IeN 2 U pacueTHas 3 KpUBbIE MpHU (Pa3HOM HaIPSKEHUU

136,5 B, wactote nutatomiero HanpsokeHus S0 'y u emkoct koHaeHcaTopoB 10,8 MKkD.

P.Br|

100- | //2

80 - J/ - “"*"'.__/3
60 - /
40

20 1

0 T T T T —

300 600 900 1200 1500 1800 2100 R, Om

Pucynok 5 — 3aBHCHUMOCTH paccenBaeMoOi MOIIIHOCTH OT COPOTUBIICHUS PETYINPOBOYHOTO
pesucropa npu (hasHoM HanpspkeHuu 136,5 B u emkxoctu koHaeHcatopoB 10,8 MxD:
1 — skcniepuMeHTaNbHAS; 2 — TOTy4YeHHAas! 10 KOMIBIOTEPHON MOJIeNH; 3 — pacueTHas

[Tomy4yeHHbIE KPUBBIE MOKA3bIBAIOT, YTO PACXOXKJICHUE MEXKAY PACUCTHBIMHU Pe-
3yJbTaTaMHu M pe3ysibTaTaMU, MOTYYEHHBIMH Ha DKCIIEPUMEHTAIHLHOM CTEHJIE U B KOM-
NBIOTEPHON Mojenu, cocTaBiser MeHee 4%. Takxke NaHHBIA SKCIIEPUMEHT TMOATBEP-
JKIAeT, YTO MaKCUMAJIbHOE BBIJICICHHE MOIITHOCTH Ha CHJIOBOM PE3UCTOPE CTaOMIM3a-

TOpa HampsDKEHUS HacTynaeT nmpu R=2X..
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IMpuioxenue /1

#include <Arduino.h>

#include <GyverNTC.h>
#include <LiquidCrystal_12C.h>
#include <TrueRMS.h>

#include "GyverPID.h"

#define ERROR_NONE 0x00  // 0b00000000
#define ERROR_OVERVOLT 0x01 // 0b00000001
#define ERROR_MINVOLT 0x08 // 0b00001000
#define ERROR_PHASE_BAL 0x02 // 0b00000010
#define ERROR_OVERTEMP 0x04 // 0b00000100

#define A_voltage A0 // Hanpsokenue daszsr A
#define A_current A3 // Tok dassr A

#define B_voltage Al // Hanpsbxenue ¢a3er B
#define B_current A4 // Tox ¢a3er B

#define C_voltage A2 // Hanpsixenue ¢a3er C
#define C_current A5 // Tok ¢azer C

#define U_min 180 // MuauMalibHOE HANPSKCHHUE BKIIFOUYCHUE PETyJIsATOpa
#define U_set 220 // HoMHHAIBHOE HATIPSDKEHUE

#define U_max 240 // makcumanbHOE HANPSIKCHHE

#define deltaV 10 // nenbra nepekoca ¢as

#define tempMAX90 // MakcuManbHas TeMIIEpaTypa TpaH3UCTOpa

#define K15 // Konrakrop
#define DAC 10 // Beixon LIIUM

#define FAN 3 // Beixoa miM BEeHTHIIATOP
#define ZUMER 9 // Beixon nuHamuka

uint8_t Warm_F(uint16_t voltage[3], uintl6_t temp);

uint8_t regul(uint16_t voltage[3], uintl6_t set voltage);

void Icd_display(uint16_t voltage[3], uintl6_t current[3], uint16_t power[3], float ener-
gy[3], uint8_terr);

GyverNTC therm(A6, 10000, 3435);
GyverPID regulator(0.1, 0.05, 0.01, 10);

Power acPowerA;
Power acPowerB:;
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Power acPowerC;
LiquidCrystal_I12C lcd(0x27, 16, 2);

void setup() {
I/l Unutmanu3arius u@poBbIX BXOI0B
pinMode(K1, OUTPUT);
pinMode(DAC, OUTPUT);,
pinMode(FAN, OUTPUT);
pinMode(ZUMER, OUTPUT);

/[l Manumanm3anms PID perymsaropa

regulator.setDirection(NORMAL);
regulator.setLimits(0, 255);

[/ aunuaau3anms mporpaMmbl ydeTa 3JIeKTPOIHEPTUU
acPowerA.begin(400, 20, 20, ADC_10BIT, BLR_ON, CNT_SCAN);
acPowerA start();

acPowerB.begin(400, 20, 20, ADC_10BIT, BLR_ON, CNT_SCAN);
acPowerB.start();

acPowerC.begin(400, 20, 20, ADC_10BIT, BLR_ON, CNT_SCAN);
acPowerC.start();

lcd.init();
Icd.clear();

}

void loop() {
static bool errF = 0;
static uint16_t voltageRAWI[3];
static uintl6_t currentRAW[3];

static uintl6_t voltage[3];
static uint16_t current[3];
static float energe[3];

static uint16_t power|[3];
static uint32_t tmr = millis();
static int8_t temp;

static int8_t err;

// Tlony4yeHue JaHHBIX C aHAJIOTOBOTO BXO/a

voltageRAWI0] = analogRead(A_voltage);
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voltageRAWI[1] = analogRead(B_voltage);
voltageRAWI[2] = analogRead(C_voltage);

currentRAW/[0] = analogRead(A_current);
currentRAW([1] = analogRead(B_current);
currentRAW/[2] = analogRead(C_current);

temp = therm.getTempAverage();

acPowerA.update(voltageRAWIO0], currentRAW[O0]);
acPowerB.update(voltageRAWI1], currentRAWI1));
acPowerC.update(voltageRAWI[2], currentRAWI[2));

// TlonmydeHHUEe TaHHBIX

voltage[O0] = acPowerA.rmsVall;  //[V]
current[0] = acPowerA.rmsVal2;  // [A]
power[0] = acPowerA.realPwr; Il [P]
energe[0] = acPowerA.energy / 3600; // [Wh]

voltage[1] = acPowerB.rmsVall; //[V]
current[1] = acPowerB.rmsVal2; Il [A]
power[1] = acPowerB.realPwr; Il [P]
energe[1] = acPowerB.energy / 3600; // [Wh]

voltage[2] = acPowerC.rmsVall; //[V]
current[2] = acPowerC.rmsVal2; /[ [A]
power[2] = acPowerC.realPwr; I/ [P]
energe[2] = acPowerC.energy / 3600; // [Wh]

err = Warm_F(voltage, temp);
if (err == ERROR_NONE && !errF) {
digitalWrite(K1, 1);

uint8_t PWM = map(temp, 40, 90, 0, 255);
PWM = constrain(PWM, 0, 255);

analogWrite(FAN, PWM);
analogWrite(DAC, regul(voltage, U_set));
¥
switch (err) {
case ERROR_OVERVOLT:
digitalWrite(K1, 0);
analogWrite(DAC, 0);
digitalWrite(ZUMER, 1);
errk = 1;
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break;

case ERROR_PHASE_BAL:
digitalWrite(K1, 0);
analogWrite(DAC, 0);
digitalWrite(ZUMER, 1);
errk =1,
break;

case ERROR_OVERTEMP:
digitalWrite(K1, 0);
analogWrite(DAC, 0);
digitalWrite(FAN, 1);
digitalWrite(ZUMER, 1);
errk = 1;
break;

b

if (millis() - tmr > 1000) {
Icd_display(voltage, current, power, energe, err);
tmr = millis();
by
by

/| dyHKIMS 00paOOTKH OIIHOOK
uint8_t Warm_F(uint16 _t voltage[3], uintl6_t temp) {
uintl6_t maxV =0, minV = 0;

if (voltage[0] > U_max || voltage[1] > U_max || voltage[2] > U_max) {
return ERROR_OVERVOLT;
¥

for (inti=0;i1<3;i++) {
if (voltage[i] > maxV) maxV = voltage[i];
if (voltage[i] < minV) minV = voltage[i];
¥
if (maxV - minV > deltaV) {
return ERROR_PHASE_BAL,
by

if (temp > tempMAX) {
return ERROR_OVERTEMP;
¥

return ERROR_NONE;
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Il ®yukius PID perynsropa
uint8_t regul(uint16_t voltage[3], uint16_t set voltage) {

uintlé_t mid_voltage;

mid_voltage = (voltage[0] + voltage[1] + voltage[2]) / 3; // Pacuer cpeanero Hampsi-
KECHUA

regulator.input = mid_voltage;

regulator.input = set_voltage;

return regulator.getResultTimer();

}

void lcd_display(uintl6 _t voltage[3], uintl6_t current[3], uintl6 t power[3], float ener-
gy[3], uint8 terr) {

static uint8_t display_page = 0; // Tekyiuas cTpaHuiia 0OTOOpaXKECHUs

static uint32_t last_change = 0;

uint32_t current_time = millis();

if (current_time - last_change > 3000) {
display_page = (display_page + 1) % 3;
last_change = current_time;
Icd.clear();

}

switch (display_page) {
case0: // Ctpanuma 1: HanpspkeHus 1 TOKH

Icd.setCursor(0, 0);
lcd.print("UA:™);
Icd.print(voltage[0]);
lcd.print("V UB:");
Icd.print(voltage[1]);
lcd.print("V");

Icd.setCursor(0, 1);
lcd.print("UC:");
Icd.print(voltage[2]);
lcd.print(*'V");

Icd.setCursor(0, 2);
lcd.print("IA:");
Icd.print(current[0]);
Icd.print("A IB:");
Icd.print(current[1]);
Icd.print("A");

Icd.setCursor(0, 3);
lcd.print("1C:");
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Icd.print(current[2]);
lcd.print("A");
break;

case 1: // Crpanwuia 2: MourHoctu
Icd.setCursor(0, 0);
lcd.print("PA:");
Icd.print(power[0]);
lcd.print("W PB:");
Icd.print(power[1]);
lcd.print("W");

Icd.setCursor(0, 1);
lcd.print("PC:"™);
Icd.print(power[2]);
lcd.print(*W™);

Icd.setCursor(0, 2);

lcd.print(*'P total:");

uint32_t total _power = power[0] + power[1] + power[2];
Icd.print(total _power);

lcd.print("W");

Icd.setCursor(0, 3);
Icd.print("Status:");

if (err == 0) lcd.print("OK");
else lcd.print("ERR™);
break;

case2: // Crpanuna 3: Dueprus
Icd.setCursor(0, 0);
Icd.print("Energy Total:");

uint32_t total_energy = energy[0] + energy[1] + energy[2];
Icd.setCursor(0, 1);

/[ ®opmaTupoBaHHBIN BBIBOJI

if (total_energy < 1000) {
Icd.print(total_energy);

Icd.print(" Wh");

} else if (total_energy < 1000000) {
Icd.print(total_energy / 1000.0, 2);
Icd.print(" kWh");

}else{

Icd.print(total_energy / 1000000.0, 3);
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Icd.print(* MWh");
b

Il Tlodazuas sHeprus
Icd.setCursor(0, 2);
lcd.print("EA:");
Icd.print(energy[0]);
lcd.print(" EB:");
Icd.print(energy[1]);

Icd.setCursor(0, 3);
lcd.print("EC:");
Icd.print(energy[2]);
break;



Ipusoxenue E

Craructuka [llanu-

YcnoBue 3KCriepuMeHTa -value Cratuctuyeckuii BeiBoA (ipu o = 0.05
p po-Yuika (W) P A (mp )

JluckpeTHoe peryiaupoBaHue 0e3 0.992 0.337 Pacnipenenenue He oTiiMYaeTCs OT HOPMAJIBHOTO
CTaOuIn3aIu ' ' (Ho He oTBepraetcs)

JluckpeTHoe peryjinpoBaHue Co CTa- 0.995 0.732 Pacnipenenenne He oTJiMYaeTCs OT HOPMAJIBHOTO
ownmzanuen ' ' (Ho He otBepraercs)

[InaBHOE perynupoBanue 6€3 cra- 0.995 0.864 Pacnpenenenuie He OTIMYAETCSI OT HOPMAJIBLHOTO
owmM3anuu ' ' (Ho e otBepraercs)

[InaBHOE perynupoBaHue co cTabu- 0.996 0.890 Pacnpenenenue He OTIMYAETCSI OT HOPMAJIBLHOTO

JIA3almen

(Ho He oTBepraercs)
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Hpuioxenue K

JleHeskHBbIN MOTOK 10 IAram

Bpewms JIeHeXHbII NOTOK Ha 11are Hapacrarouium nrorom
IIar Ton Pacxon Joxon Hotpebrocts & YucTeIi J0X0T I[ncxoan HMpOBaH- TotpeGHocTs B niBe- YucTelid J0X0T JuckontrpoBanHblit YJ1
MHBECTULIMSIX Hb1i Y/ CTHUIIUAX

1 1 5181 372,00 0,00 5181 372,00 -5 181 372,00 -5 181 372,00 5181 372,00 -5 181 372,00 -5 181 372,00
2 2 12 075 600,00 10 566 570,00 12 075 600,00 -1 509 030,00 -1 268 290,21 17 256 972,00 -6 690 402,00 -6 449 662,21
3 3 12 075 600,00 13 585 590,00 1509 030,00 1509 990,00 1 066 634,45 18 766 002,00 -5180 412,00 -5 383 027,76
4 4 12 075 600,00 15 095 100,00 -1 509 990,00 3019 500,00 1792 657,55 17 256 012,00 -2 160 912,00 -3 590 370,21
5 5 12 075 600,00 15 095 100,00 -3 019 500,00 3019 500,00 1506 669,87 14 236 512,00 858 588,00 -2 083 700,34
6 6 12 075 600,00 15 095 100,00 -3 019 500,00 3019 500,00 1266 306,60 11217 012,00 3878 088,00 -817 393,74
7 7 12 075 600,00 15 095 100,00 -3 019 500,00 3019 500,00 1064 289,16 8197 512,00 6 897 588,00 246 895,41
8 8 12 075 600,00 15 095 100,00 -3 019 500,00 3019 500,00 894 500,12 5178 012,00 9917 088,00 1141 395,53
9 9 12 075 600,00 15 095 100,00 -3 019 500,00 3019 500,00 751 798,01 2158 512,00 12 936 588,00 1893 193,54
10 10 12 075 600,00 15 095 100,00 -3 019 500,00 3019 500,00 631 861,56 -860 988,00 15 956 088,00 2525 055,11
11 11 12 075 600,00 15 095 100,00 -3 019 500,00 3019 500,00 531 058,92 -3 880 488,00 18 975 588,00 3056 114,03
12 12 12 075 600,00 15 095 100,00 -3 019 500,00 3019 500,00 446 337,60 -6 899 988,00 21995 088,00 3502 451,62
13 13 12 075 600,00 15 095 100,00 -3 019 500,00 3019 500,00 375132,11 -9 919 488,00 25014 588,00 3877583,73
14 14 12 075 600,00 15 095 100,00 -3 019 500,00 3019 500,00 315 286,23 -12 938 988,00 28 034 088,00 4192 869,97
15 15 12 075 600,00 15 095 100,00 -3 019 500,00 3019 500,00 264 987,74 -15 958 488,00 31 053 588,00 4 457 857,70
16 16 12 075 600,00 15 095 100,00 -3 019 500,00 3019 500,00 222 713,50 -18 977 988,00 34 073 088,00 4680 571,20
186 315 372,00 220 388 460,00 34 073 088,00 4680571,20
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Ipuioxenue U

Pacxoabl M J0XO0ABI IO IIAaram

Pacxonpl Jloxosl

Tpenpous- TpancnopTHo- OTruucnenus

BOJICTBEHHbIC 3apaboTHas Bcnomorarens- Kommiekryro- TomnuBo u Apenna odopy- OO011enponu3BOICTBEHHBIE Kommepueckue

KaIUTaJIOBIIO- iata HBIE MaTepuabl mue SHEprus 3ATOTOBHTEILHBIC Ha cotmals- JIOBaHUs pacxomsl pacxomsl Bripyuia

S pacxonsl HBIE HYX[IbI

4 830 522,00 0,00 0,00 0,00 0,00 231 750,00 0,00 0,00 0,00 119 100,00 0,00
1500 000,00 386 250,00 7725 000,00 77 250,00 231 750,00 450 000,00 1200 000,00 386 250,00 119 100,00 10566 570,00
1500 000,00 386 250,00 7725 000,00 77 250,00 231 750,00 450 000,00 1200 000,00 386 250,00 119 100,00 13585 590,00
1500 000,00 386 250,00 7725 000,00 77 250,00 231 750,00 450 000,00 1200 000,00 386 250,00 119 100,00 15095 100,00
1500 000,00 386 250,00 7725 000,00 77 250,00 231 750,00 450 000,00 1200 000,00 386 250,00 119 100,00 15 095 100,00
1500 000,00 386 250,00 7 725 000,00 77 250,00 231 750,00 450 000,00 1200 000,00 386 250,00 119 100,00 15 095 100,00
1500 000,00 386 250,00 7725 000,00 77 250,00 231 750,00 450 000,00 1200 000,00 386 250,00 119 100,00 15 095 100,00
1500 000,00 386 250,00 7725 000,00 77 250,00 231 750,00 450 000,00 1200 000,00 386 250,00 119 100,00 15 095 100,00
1500 000,00 386 250,00 7 725 000,00 77 250,00 231 750,00 450 000,00 1200 000,00 386 250,00 119 100,00 15 095 100,00
1500 000,00 386 250,00 7725 000,00 77 250,00 231 750,00 450 000,00 1200 000,00 386 250,00 119 100,00 15 095 100,00
1500 000,00 386 250,00 7725 000,00 77 250,00 231 750,00 450 000,00 1200 000,00 386 250,00 119 100,00 15 095 100,00
1500 000,00 386 250,00 7 725 000,00 77 250,00 231 750,00 450 000,00 1200 000,00 386 250,00 119 100,00 15 095 100,00
1500 000,00 386 250,00 7725 000,00 77 250,00 231 750,00 450 000,00 1200 000,00 386 250,00 119 100,00 15 095 100,00
1500 000,00 386 250,00 7725 000,00 77 250,00 231 750,00 450 000,00 1200 000,00 386 250,00 119 100,00 15 095 100,00
1500 000,00 386 250,00 7 725 000,00 77 250,00 231 750,00 450 000,00 1200 000,00 386 250,00 119 100,00 15 095 100,00
1500 000,00 386 250,00 7725 000,00 77 250,00 231 750,00 450 000,00 1200 000,00 386 250,00 119 100,00 15 095 100,00

4 830 522,00 22500 000,00 5793 750,00 115875 000,00 | 1158 750,00 3708 000,00 6 750 000,00 18 000 000,00 5793 750,00 1905 600,00 220 388 460,00
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Ipunoxenne K

/enexcuvtit nomok no wazam

Bpewmsa JleHeXHBIN TTOTOK Ha IIare Hapacraromum nrorom
Ilar Ton Pacxon Jloxon TorpeGHocrs YHCTBIN TOXOT I[HCKOHE HMpOBaH- Torpeonocts B unBe- YHCTBIN JOXOL JluckontupoBanHblid YJ|
MHBECTULIMSIX 1313078801 CTHUIIUAX

1 1 5181 372,00 0,00 5181 372,00 -5 181 372,00 -5181 372,00 5181 372,00 -5181 372,00 -5181 372,00
2 2 12 075 600,00 10 566 570,00 12 075 600,00 -1 509 030,00 -1 367 487,95 17 256 972,00 -6 690 402,00 -6 548 859,95
3 3 12 075 600,00 13585 590,00 1509 030,00 1509 990,00 1240 010,43 18 766 002,00 -5180 412,00 -5 308 849,52
4 4 12 075 600,00 15 095 100,00 -1 509 990,00 3019 500,00 2 247 045,86 17 256 012,00 -2 160 912,00 -3 061 803,66
5 5 12 075 600,00 15 095 100,00 -3 019 500,00 3019 500,00 2 036 280,35 14 236 512,00 858 588,00 -1 025 523,31
6 6 12 075 600,00 15 095 100,00 -3 019 500,00 3019 500,00 1845 283,95 11217 012,00 3878 088,00 819 760,63
7 7 12 075 600,00 15 095 100,00 -3 019 500,00 3019 500,00 1672 202,38 8197 512,00 6 897 588,00 2491 963,01
8 8 12 075 600,00 15 095 100,00 -3 019 500,00 3019 500,00 1515 355,30 5178 012,00 9917 088,00 4007 318,30
9 9 12 075 600,00 15 095 100,00 -3 019 500,00 3019 500,00 1373 219,95 2158 512,00 12 936 588,00 5 380 538,26
10 10 12 075 600,00 15 095 100,00 -3 019 500,00 3019 500,00 1244 416,44 -860 988,00 15 956 088,00 6 624 954,69
11 11 12 075 600,00 15 095 100,00 -3 019 500,00 3019 500,00 1127 694,27 -3 880 488,00 18 975 588,00 7 752 648,96
12 12 12 075 600,00 15 095 100,00 -3 019 500,00 3019 500,00 1021 920,25 -6 899 988,00 21995 088,00 8 774 569,21
13 13 12 075 600,00 15 095 100,00 -3 019 500,00 3019 500,00 926 067,49 -9 919 488,00 25014 588,00 9 700 636,71
14 14 12 075 600,00 15 095 100,00 -3 019 500,00 3019 500,00 839 205,41 -12 938 988,00 28 034 088,00 10539 842,11
15 15 12 075 600,00 15 095 100,00 -3 019 500,00 3019 500,00 760 490,70 -15 958 488,00 31 053 588,00 11 300 332,81
16 16 12 075 600,00 15 095 100,00 -3 019 500,00 3019 500,00 689 159,17 -18 977 988,00 34 073 088,00 11 989 491,99
186 315 372,00 220 388 460,00 34073 088,00 11 989 491,99
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Ipusioxenue JI

/enexcuvtit nomok no wazam

Bpewmsa JleHeXHBIN TTOTOK Ha IIare Hapacraromum nrorom
Ilar Ton Pacxon Jloxon TorpeGHocrs YHCTBIN TOXOT I[HCKOHE HMpOBaH- Torpeonocts B unBe- YHCTBIN JOXO JluckontupoBanHblid YJ|
MHBECTULIMSIX 1313078801 CTHUIIUAX

1 1 5181 372,00 0,00 5181 372,00 -5 181 372,00 -5181 372,00 5181 372,00 -5181 372,00 -5181 372,00
2 2 12 075 600,00 10 566 570,00 12 075 600,00 -1 509 030,00 -1 450 990,38 17 256 972,00 -6 690 402,00 -6 632 362,38
3 3 12 075 600,00 13585 590,00 1509 030,00 1509 990,00 1396 070,64 18 766 002,00 -5180 412,00 -5 236 291,75
4 4 12 075 600,00 15 095 100,00 -1 509 990,00 3019 500,00 2684 324,51 17 256 012,00 -2 160 912,00 -2 551 967,24
5 5 12 075 600,00 15 095 100,00 -3 019 500,00 3019 500,00 2581 081,25 14 236 512,00 858 588,00 29114,01
6 6 12 075 600,00 15 095 100,00 -3 019 500,00 3019 500,00 2 481 808,90 11217 012,00 3878 088,00 251092291
7 7 12 075 600,00 15 095 100,00 -3 019 500,00 3019 500,00 2 386 354,71 8197 512,00 6 897 588,00 4897 277,62
8 8 12 075 600,00 15 095 100,00 -3 019 500,00 3019 500,00 2294 571,84 5178 012,00 9917 088,00 7191 849,46
9 9 12 075 600,00 15 095 100,00 -3 019 500,00 3019 500,00 2 206 319,07 2158 512,00 12 936 588,00 9 398 168,53
10 10 12 075 600,00 15 095 100,00 -3 019 500,00 3019 500,00 2121 460,65 -860 988,00 15 956 088,00 11519 629,18
11 11 12 075 600,00 15 095 100,00 -3 019 500,00 3019 500,00 2 039 866,01 -3 880 488,00 18 975 588,00 13 559 495,19
12 12 12 075 600,00 15 095 100,00 -3 019 500,00 3019 500,00 1961 409,62 -6 899 988,00 21995 088,00 15 520 904,81
13 13 12 075 600,00 15 095 100,00 -3 019 500,00 3019 500,00 1885 970,79 -9 919 488,00 25014 588,00 17 406 875,60
14 14 12 075 600,00 15 095 100,00 -3 019 500,00 3019 500,00 1813 433,45 -12 938 988,00 28 034 088,00 19 220 309,05
15 15 12 075 600,00 15 095 100,00 -3 019 500,00 3019 500,00 1743 686,01 -15 958 488,00 31 053 588,00 20 963 995,07
16 16 12 075 600,00 15 095 100,00 -3 019 500,00 3019 500,00 1676 621,17 -18 977 988,00 34 073 088,00 22 640 616,23
186 315 372,00 220 388 460,00 34073 088,00 22 640 616,23




