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OBOCHOBAHVE KNHEMATUYECKOW CXEMbI MPYBOJA
NCMONIHUTE/IbHOIO OPFAHA MPOXOAYECKOIO KOMBAHA O/14
ONTUMU3ALIN PEXXIMOB PA3PYLLUEHWA MOPO/J PA3/TNYHOW
KPEMNOCTW

Mwn3sunH B. A., Mu3nH C. B.
(BoHrunpoyrnemady, kad). «FopHble MawwuHbl», JOHHTY, r. JoHeuK, YKpauHa)

Onpegenstowmnm, 4ns NpoxXoayecknx KombaiHOB 06/1acTb UX NPUMEHEHUs, napa-
MeTPOM, MpeXkae BCEro no Kpemnocty paspyLlaeMbiX MOPOA, ABNSAETCA OKPY>KHas CKOPOCTb
pesua. ECv ANd yronbHbIX KOMOGaHOB Vop=3-4,2 M/C, TO [/19 MPOXOAYECKUX KOMb6ai-
HOB, KOTOpble MOryT paboTaTb N0 CMeLlaHHOMY 3aboto ¢ npucedkoid fo 80% nopog ¢
oex=100-120 MIMa, n abpa3mBHOCTbLIO a=15-18 Mr, Takne CKOPOCTU MOryT ObITb HENpUMe-
HUMbI, TaK KaK pe3seL, «ropuT» AN MLET WHTEHCUBHLIA ero u3Hoc. Moatomy Ans npoxoa-
YeCKMX KOMOAHOB [O/MKHA MMeTb MECTO MOHVKEHHAsA CKOPOCTb pe3aHus, nopsaka 1-2 m/c.

Mpoxoayeckne KOM6GainHbl M36MpaTeNbHOro AenNCTBUA NMPUMEHSAIOTCA B HacTosLlee
BpeMS Ha CaMblX Pas/IMYHbIX FOpHbIX paboTax. OHW UCNOMbL3YKOTCA NPU MPOXOAKe TYH-
Henel W LWTOMEeH, foOblYe LEHHbIX MWHEpasioB, obecrieumBas TOYHbIE MPOPUAN FOPHbIX
BbIpabOTOK M BbICOKYKO MPOW3BOANTENBHOCTL MPOXOAKMU.

BO3MOXHOCTM MPUMEHEHMS MPOXOAYECKMX KOMOGaliHOB OrpaHnYnBarOTCS CBOWCT-
BamMy TOPHbIX nopof. [pu yBenuyeHWM CONPOTMBAEHUA Ha pasfasnveaHve ¢ 80 g0

120H / mmM? 1 KoathduumeHta musHoca ¢ 0,5 40 0,7 H/MM MpOMNOpPLMOHaIbHO BO3PAcTalOT
M3HOC Pe3LoB W MPOU3BOAMTENbHbIE pacxodbl B LenomM(puc.l,2).

a=5mr, ocxx=30MIl1a
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Puc.1. M'padmk 3aBUCMMOCTM M3HOCa pe3loB PKC-2 OT ckopocTu pesaHus
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Puc.2. M'padmk 3aBMCUMOCTU M3HOCa pe3uoB PKC-2 OT KOHTaKTHOM MPOYHOCTH

Ha ocHOBaHWM WCCnefoBaHU HEMELKUX Y4YeHbIX MOXHO CcAenaTb BbIBOL, UTO
onTMMM3aUMA MpoLecca pesaHWs B HACTOsLLEe BPeMA MOXET ObiTb AOCTUTHYTa 3a CyeT
KOHCTPYKTUBHBIX W OMbITHO-KOHCTPYKTOPCKMX MEPONPUATUIA, @ HE 3a CYET NPUMEHEHUS
a/IbTEPHATUBHBLIX PeXYLUUX MaTepuanoB. YBennyeHne ryouH pe3aHUs BO3MOXHO 3a
CYET YMEHbLUEHMS TMJIOTHOCTM OCHaLleHWUs pesuamMy  pexywmx opraHos. Hapagy c
YMeHbLLUEHMEM CTeMeHu W3HOoCa, 3TOT Lar MPUBOAUT K COKPALLEHWIO YAenbHOro pacxoja
3Heprum un o6pa3oBaHUA Nbliv. CKOPOCTb pe3aHnss MOXHO YMEHbLUWUTb COKpaLLeHVeM
4acTOTbl BpalleHUsi Pe3LOBO KOPOHKMW, O4HAKO, TaK KakK MOLLHOCTb ABUraTens CHUXaeT-
cA, NPULETCA CUMATATLCA C YMEHbLUEHWEM MNPOW3BOAMUTENBLHOCTU pa3pyLUeHuns. Ha3BaHHbIi
HeAOCTaTOK B HEKOTOPO Mepe MOXET OblTb KOMMEHCUpPOBaH MyTeEM YBE/IMYEHUS KO3(-
(hUuMeHTa MCMoNb30BaHUA KOMOaliHa, KOTOPbIA CKNafblBaeTCA U3 YMEHbLUEHUS BPEMEHM,
NMOTPe6HOro A7 3aMeHbl W3HOLLEHHbIX Pe3LOB, M CHWKEHWA pacxoga pe3uos. MNpu
YMEHbLLUEHMN CKOPOCTU pe3aHus W3HOC pe3L0B CHUXaeTcs, bnarogaps 4emy [uanasoH
NMPUMEHEHUSI KOMOAMHOB MOXET ObITb CMELLEH B CTOPOHY TBEPAbIX M abpasuBHbIX Fop-
HbIX nopog[1].

Ha mMcnonHuTeNbHbIX OpraHax COBPEMEHHbIX MPOXOAYECKMX KOMOANHOB CKOPOCTb
pe3aHusi gocturaet ot 2,5 4o 3,5 m/c. I3meHeHMe CKOPOCTW pe3aHusi B Mpouecce Mpo-
XOAKW B HacTosilee BPemMsi BO3MOXHO TONbKO Ha HEKOTOpbIX KombaiHax. M3 akcnepu-
MEHTOB C OTAe/IbHbIMW pe3Lamy WU3BECTHO, YTO MYTEM CHUXEHWUA CKOPOCTU pe3aHus [0
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1 M/C MOXHO YMEHbLUINTb WM3HOC Pe3LOB, C HE3HAYUTE/IbHbIM YMEHbLUEHVEM MPON3BOLU-
TeNbHOCTW paspyLueHuns [2].

[N rpaHnyYHbIX YCNOBWIA, pernameHTUPOBaHHbIX MpPW WUCCNeA0BaHUAX C TOYKU
3peHnsi TEXHUKW pe3aHus, Ha OCHOBE pe3yNbTaToB 3KCMEPMMEHTOB, MOXHO KOHCTaTUPO-
BaTb, YUTO B TBepAbIX M abpasvBHbIX TOPHbLIX MOPOAAX 3KOHOMWYECKM 6naronpusTHOMN
ABNAETCA CKOPOCTb pe3aHus 1,5 m/c. Mpu Takol CKOPOCTM COMPOTUBIEHME W3HOCY pes3-
LIOB elle He OrpaHUM4YMBaeTCsi KPUTWUYECKON TemrnepaTypoil TBepAoro cnnaea. JasnbHew-
Llee YMeHbLLUEeHMe CKOPOCTW pe3aHWs CrocoOCTBYeT /fiMWb HEe3HauYMTeNbHOMY YMeHbLLe-
HUIO U3HOCA, OHAKO, C ApYrol CTOPOHbI, 3TOT LWar MpUBOAUT K MNPOMOPLMOHaIbLHOMY
CHVXXEHUIO NPOM3BOAMTENbHOCTM  paspylUueHns. Tak Kak mnpyv  MPOXOLKE MacToBbIX
LUTPEKOB MPUXOAMUTLCA pe3aTb CaMble pas/iMyHble TOPHble MOPOAbl, MPUBOL PEXYLUel
4yacTM MPOXOAYECKOro KombaiHa u36MpaTenbHOro AeNCTBUA [LO/MKEH OblTb BbIMOSHEH
TakuM 06pasam, YTo6bl MpY HOPMa/lbHbIX YCMOBUSAX PaboTbl C MOBbILEHHON CKOPOCTbHO
pe3aHnsi MOXHO Obl0 [OCTUYb BbICOKOW MPOW3BOAUTENBHOCTY paspyLUeHus, v, B Cyyae
paboTbl B TBepAblX, abpasvBHbLIX FOPHbIX MOPOAAaxX Ha MOHWKEHHON CKOPOCTU pe3aHus
OrpaHMynNTbL M3HOC pesLos [2].

STOT BbIBOJ, CrpaBed/iMB NPV NPEeAMOoSIOXEHUN, YTO YMeHbLUEHWE CKOPOCTM Bpa-
WEeHNA CBA3aHO C YMEeHbLUEHMEeM MOLLHOCTM 3MeKTpoaBuratens npv OLHOBPEMEHHOM
COXpaHEHUV MaKCUMa/lbHOI0 BPALLAIOLLEr0o MOMEHTa [2].
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Puc.3. KuHemaTtumyeckasa cxema npumsofa WCMOMHUTENIbHOrO opraHa

Ha ocHOBaHWW BbLILLEN3NOXXEHHOTO, MPEA/IOKEeHa KUHemaTU4yeckad cxema npusofa
MCNOMHUTENIBHONO OpraHa MnpoxXo4yeckoro kombaiHa (puc.3), obecreymBaroLlas ornepa-
TUBHOCTb MNEPEKNOYEHMsI CKOPOCTM pe3aHns ¢ 3 Ao 2m/c.OCHOBHas uaes COCTOUT B YcC-
TaHOBKe Ha KombaiiHe O[HOBPEMEHHO [ABYX [BUraTesiel ¢ pas/IMYyHbIMKM MOLLHOCTAMMU W©
yacToTaMy BpALLEHWUSA, U MPU 3TOM KPYTALWMIA MOMEHT Ha KOPOHKE OCTaeTcs Heu3MeH-
HbIM, MO Kpenkum nopofgam pab6otaeT gsuratenb N=75kBT n n=100006/MuH, a no cna-
obiM 1 yrnam- N=110kBT n n=150006/M1H.

Cnucok nutepatypbl: 1. Apvw C., KnaHepT X.B., Xad E. HoBble matepuansl
PEXYLLMX BCTABOK PEe3L0B MPOXOAYECKMX KOMOaHOB um3bupatensHoro pgeiictems // Ino-
Kay(.-1992.-Ne5.-C.85-91. 2. Apwvw C. ViccnepoBaHns No BblIOOPY KOHUYECKUX Pe3LoB U
9KOHOMWYECKOM CKOPOCTM pe3aHust A1 NPOXOAYECKUX KOMOaliHOB M36MpaTe/ibHOro
pevictaus // Tnokayhro.-1992.-No5.-C.91-97.
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MOJEJ/TFOBAHHA MOBEAIHKW BOAHEBOIO A>XEPEJIA
EJIEKTPUYHOI EHEPTIT

Manic ®. (OTTO-hoH-Iepike-YHiBepcuTeT, M. Margebypr, HimeuunHa)
MaHTeeB P.J1. (kadp. CIMY, JoHHTY, M. [loHeubK, YKpaiHa)

OfHiel0 3 HaMBaXKNMBILIMX NOTPEO HACTYMHOrO TUCAYONITTS € NOKPUTTS BCE 3poCcTa-
YOl CMOXMBU EIEKTPUYHOI eHepril 3a LOMOMOroK eKOMIoTiYHO YnucTux mkepen. CydacHi
TEXHONOTIT oflepXXaHHA eNeKTPUUHOT eHepril MatoTb Bennkuii Buxig CO-rasis, a KO Npu-
WHATW [0 yBaru, Lo 3anach KOPUCHUX KONaaunH, BUKOPUCTOBYBaHWUX TPaaULinHUMKN TEXHO-
NOriamu, 06meXXeHi, TO BUHMKAE HEOOXIAHICTb 3BEPHYTUCS [0 a/lbTEPHATUBHUX IKEPen ene-
KTpUYHOI eHeprii. 3pocTaHHs 3micTy CO-rasiB B aTMoc(epi i 38’3aHWiA 3 LM NPOLLECOM na-
PHUKOBWIN eqpeKT BeAe A0 3MiHM KNiMaTy Ha BCili noBepxHi 3emni. 415 TOro wob ubsoro yHu-
KHYTW, Y AaHWI Yac iCHYE Linnia pag 3axogis. [0 HUX MOXKHa BijHECTN PO3BUTOK HOBUX TEX-
HOMOFi NePeTBOPEHHS eHepriT AiK i3 6inbl BUCOKMM KK/, TaK i 3 MEHLUMMW BUKMAAMW LUKi-
A/IMBUX PeyoBUH. OCTaHHIM 4acoM CTas10 aKTyalbHUM BUPOOGHMLTBO eIEKTPUYHOI eHepril 3a
[,0MOMOr OO BOZHEBUX e/IeMeHTIB. BUHaxXiZHUKOM BOLHEBUX e/leMeHTIB BBAXXaETbCA Binniam
"pose. ¥ 1839 poui BiH NPOBIB CBilA KNAaCUYHWI EKCMIEPUMEHT, Y AIKOMY 3a JOMOMOrOH Fa/lb-
BaHIYHOro eneMeHTa, y AKWIA NofaBaBCs BOAEHb | KUCEHb, Bynia OTpUMaHa enekTpuyHa eHep-
rig. 3a ONOMOroK BOLHEBUX e/IeMEHTIB MOXK/IMBE MepPeTBOPeHHSA XiMIYHOT eHeprii B eNeKT-
pyyHy 3 BUcOKUM KK/, XiMiuHa eHeprisi NepeTBOPHETLCA B e/IEKTPUUHY NpsaMo, oTxe, KK/,
BOZAHEBOI0 efleMeHTa He npue’szaHnii fo KK, KapHo.

FAK NasMBO BUKOPUCTOBYHOTHLCS ra3oBi CyMiLlli, iKi Y CBOEMY CK/afi MIiCTATb BOAEHD |

B AaHuin yac fobyBatoTbCa yce We 3 HahTh, NPUPOAHOro rasy um Byrinns. B mainbyTHbOMy
nepef6ayvaeTbCs 0fepXXaHHSA BOAHHO 3a AONOMOroK eHeprii CoHUA. BoaeHb/ra3oBi cymili, AKi
MICTATb BOAEHb i KMCEHL/MOBITPS B MpoLeci poboTu enemMeHTa NofaroTbCA 6e3ynuHHO i, Y
pe3ynbTaTi XiMiYHOI peakLii, Mi>K enekTpogaMn BUHMKAE NOCTilHa Hanpyra npu6anM3Ho oauH
BoNbT. "asu, Wo Bigpobunu, y npoueci poboTn enemeHTa 6e3ynMHHO BMBOASATLCA. BMCOKMIA
KK, i oy>e HU3bKWIA 3MICT LUKIAIMBUX PEYOBUH Y rasax, Lo Bigpobuamn, a Takox ycnixu y
BUPOGHMLTBI HOBUX MaTepianiB Ans BOAHEBMX €eMEHTIB Jat0Tb UMM cUCTEMaM BenvKi nep-
CNEKTVBW Y BUPOOHULITBI IEKTPUYHOT eHepril.
[yck BOAHEBOro reHepaTopa: Mpu Nycky y BOAHEBUIA eleMeHT NOAAt0TbCH KMCEHb | BOAEHD.
Lle npuBoguTb A0 peakuii OKUC/OBaHHS BOAHIO KWUCHEM. Y pe3ynbTaTi L€l peakuii
BUAINAETLCA Tenno, WO BM3Ha4Yae pobouy TemnepaTypy BOALHEBOro enemeHTa. lMpu gyxe
HW3bKI TemnepaTypi HaBKONMLIHLOIO CepeaoBMLLa LUBMAKICTb OKUCHOI peakuii 3meH-
LUIYETLCA. Y UbOMY BUNafKy HeobXifHO [OAATKOBE [Kepeno Tenna Ans nigirpisy BOAHEBOro
eflemeHTa.
Po6oTa BOAHEBOIO efieMeHTa: Y npoueci poboTu 0 BOLHEBOIO e/1eMeHTa NOLAETLCA BOLAEHD i
CTUCHeHe NOBITPA. Mpu LbOMY BMHMKAE HaANMLIKOBA Mofaya KWUCHIO, HeobXigHa Ans
nigsuwernHs KKZA. EHeprig BMXigHOro BOAAHOrO napy MOXe OyTM BUKOpWUCTaHa [A/1e
nigirpisy pegopmepa (AONOMDKHWUIA arperat 414 NiAroToBKM rasis). BuHMKatouya B npoueci
BoZa MOXKe 6yTun 3ibpaHa i1 BUKOpKUCTaHa B noganbluomMy. CTanicTb TemnepaTypy BOLHEBUX
eN1eMeHTIB MIATPUMYETHCA 3a JOMOMOIOK CUCTEMW OXONOMXKeHHS. MpnbnmsHo 20% eHepril
BOAHEBOr0 reHepatopa BUKOPWUCTOBYETLCA [15 OOCNYroByBaHHA [LOMOMDKHWX arperaris:
CUCTEMU KepyBaHHSA, KOMMpecopa Ta iH.
PerynoBaHHA BOAHEBOr0O reHeparopa: 3a [OMOMOroH 3aCTOCYBaHHS MPOMDKHOIO aKyMyns-
TOpa MOX/MBE 36i/bLUEHHS WBUAKOCTI peakL,ii BOAHEBOro reHeparopa Ha LWBKUAKY 3MiHY Ha-
BaHTaKEeHHS, peKynepawis efleKTPUYHOT eHeprii, 8 TAKOX NMOKPUTTA MiKOBUX HaBaHTaXeHb. 3a
[O0NOMOIOK pery/ntoBaHHs KiflbKOCTI rasis, WO Mo4atoTbCs, BOAHEBUI TeHepaTop pO3BUBAE
TaKy MOTYXHICTb, WO NPU PI3HUX HaBaHTaXEHHSAX HeobOXigHa cucTteMi nNpueoAy. IHWMMK
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CNoBaMW, [PKEPEeno BWAAE CTiNbKWU eHepril, CKiNbK1 NOTPIGHO cucTemi npusoay. Takuil pe-
XUM poboTK Bede A0 ONTUMaIbHOTO BUKOPUCTaHHS eHeprii. MOTY)XHICTb CUCTEMU eeKTPO-
npuBoAa He MOBWHHA NepPeBULLYBaTK MOTY)KHICTb BOAHEBOro reHeparopa. Lium 3anobiraetb-
CA BUXif, 13 Nagy BOLHEBUX e€/1eMeHTIB YHACNiA0K nepeBaHTaXeHH:A. CTaH BOAHEBOIO efleMeH-
Ta B NPOLLECi PO6OTY XapaKTepusyeTbCA TPbOMA NapameTpamu:

- CTPYMOM Yepes efleMeHT |, ;

- Hanpyrowo Ha enemeHTi U, ;

- MOTOKOM/KIfIbKICTHO rasiB Yepes efIeMeHT.

[N 3meHLWweHHA rabapuTiB i Macy reHepaTopa BOAHEBI e/leMeHTW MOBWUHHI, A1 Bif-
MoBiAHOr0 NOTOKY rasis, YBeCb Yac npawtoBati B NyHKTI Bigdadi MakCUMaibHOT NOTY)KHOCTI.
[ns BUKOHaHHA L€l yMOBY BU3HAYAETLCA KPMBa HEOOXIAHUX POOOUMX NYHKTIB, fKa € Hefi-
HilHO (hyHKUieto |, =f(NoTiK). BoHa NpoxoauTh Yepe3 MyHKTUW BifAadi MakcUManbHOI no-

TY)XKHOCTI BCIX KpMBMX, L0 BiA6UBaIOTb 3a/IEXHICTb MOTYXXHOCTI Bif NOTOKY rasis, Ana pis-
HMX NOTOKIB. MpW HaBaHTaXKeHHI reHepaTopa YCTaHOB/KETLCA BiAMOBigHWIA CTpyM. Bignosi-
[OHO [0 UbOro CTpymy 3a [OMOMOroH KpUBOi HEOOXIAHMX POBOYMX MYHKTIB BU3HAYAETLCH
BIZANOBIAHMIA MOTIK rasis, L0 BCTAHOB/KOETLCA 3a A4ONOMOrOK KoMnpecopa: 36i/bLueHHs abo
3MeHLLEHHS yucna Woro o6opoTiB. Lleit npouec B1MMarae BM3HAYeHOro yacy peakuii i ToMy
Mag€ 3aTpPUMKY. 3a JONOMOrOK0 CEHCOPIB BU3HAYaETLCA AiicHa BeNMUmMHA NOTOKY. LIS Bennyu-
Ha NOCTINHO NOPIBHIOETLCSA 3 HEOOXiAHNUM 3HAUYEHHAM Ha KPUBIiA HEOOXiAHNX POBOUNX MYHK-
TiB. 3HaU€HHS CTPYMY, AN AKOTO OYB BU3HAYEHWIA NOTIK rasis, € rPaHNYHUM gy, . [ilicHe

3HAYeHHSA CTPYMY He MOBMHHe MepeBMLLYBaTU FPaHUYHOro, TOMY WO iHaKLle ryouTbes 06-
NacTb ONTMMAaNbHOT BifAadi MOTYXXHOCTI. Hagani ue npuBoAWTb 4O CUIbHOMO CnafjaHHs Ha-
npyru. MogibHWin Npouec MoXe CUIbHO MOLUKOAWMTWN BOAHEBI efleMeHTU. BuxigHuin ctpym
CUCTEMW BOLHEBMX €/IEMEHTIB PerynoeTbca 3a JOMOMOrol nepeTBoptoBaya (iMMynbCHUIA
nepeTBOPIOBaY NOCTIMHOT HaNpyru).

[MocTaHOBKa 3afa4i MOAeNtoBaHHA: 3a JOMOMOroK HasBHOI Mogeni (auB. puc.l) HeobxiAHO
NPOMOAENtoBaTh CrifibHy Po60Ty CUCTEMM BOAHEBMX €NIEMEHTIB, MepeTBOptoBaya Ta fBUry-
Ha. Llinb MofentoBaHHA Monsrae B TOMy, 06 Ha OCHOBI OTPUMaHUX AMHaMIYHUX XapaKTepu-
CTVK BMSIBUTW B32EMO3B'A3KM | BMACTMBOCTI BOAHEBOIrO reHepaTopa i BU3HauuTu chepy 3acTo-
CYBaHHS TaKMX CUCTEM, & TaKOX LLUAXM TXHbOTO NOAANbLLOIr0 PO3BUTKY i1 NOAIMLLEHHS.

JaHi ang mogentoBaHHsA: HeobxigHa NOTYXXHICTb BOAHEBOrO reHepaTopa 415 XXUBMIEHHS CUC-
TEMW enekTponpueoaa cknagae: Py, = 135 KBT

Hanpyra Ha 3aTtuckax aBuryHa: Uzk = Uger = 600 B
OCKiNbKM Npy HaBaHTaXKeHHI ABMIyHa Hanpyra Ha Moro 3aTuckax nagae, To AN NigTpUMKN i
Ha 3afjaHoMy piBHiI BUKopucToBYeTbCA ITTTMH.

cucTeMa BOAHEBUX NepeTBo- | npoMiXKHMI KOHTYp [BATYH
e/1eMeHTIB ptoBay NOCTiliHOT Hanpy Ty
Ri Sl IWR BX
— L} . >

IBZT VZK Vuas
Q@ DA | Uxe=C D R

Pgz Pur Pem

Puc. 1. Mopgens BOAHEBOr0 AyKepena 3 ABUIYHOM

Ha puc.1 no3HayeHo:
U,, —/[XKepeno Hanpyru / cuctemMa BOGHEBUX €/IEMEHTIB
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R, — BHYTpILLHili onip / cucteMa BOLHEBUX €IEMEHTIB
S;  — KoY / nepeTBOprOBaY
C  —KoHZeHcaTop / NPOMDKHWI KOHTYP NOCTINHOT Hanpyru

R, —HaBaHTaxyBa/bHWi1 onip / ABUTYH
Pe3ynbTaTn MOAE/OBaHHA:

AK pe3ynbTaT MOAENOBaHHA Ha pUC.2 NPeACcTaB/eHo poboTy LOCNiLKYBaHOT CUCTEMU
Mo 3afaHin giarpami. FAK BUAHO 3 UMX Aiarpam, BOAHEBUIA reHepaTop BignpaLboBye 3aBLaHHS
MO MOTY)XXHOCTI NPaKTUYHO 6e3 3aTPUMKMN.

x 10*

: L : Vez | N, |
T e S R e R e el d b R
o] S S E | Yz |

__________ S S D R | P ez Ve
R EEEEE EEEEE EEEEY PR - | | | |

| | | Vo | T T T T e S
B I B 1 1 I 1 t[s]
10 20 30 40 50 60 20 30 40 50 60

Puc. 2. MepexigHi npouecy y BoAHe- Puc. 3. MepexigHi npouecy y BoAHe-
BOMY reHepaTopi Mo NOTY)XXKHOCTI BOMY reHepaTtopi no Hanpyasi

Cuctema NpuUnuHAe BMAavy MOTY>KHOCTI MPOTArOM MONOBMHU CeKyHAW. Harnpyra Ha
3aTucKax ABUryHa Ugg,r NIATPUMYETHCA NOCTIAHON i fopiBHIOE 600 B (auBs. puc. 3). AK BUA-
HO 3 nepexigHMX NPOLIECIB, MNPV PO6OTI CMCTEMM MO 3afaHiii fiarpami nepeBaHTaXKeHHS reHe-
patopa He BUHWMKAE. Y MOMEHT HEraTMBHOIO CTPUOKA NOTYXXHOCTI Hanpyra Ha ABUrYHi 3poc-
Tae NpnbamsHo fo 660 B (10%). Take nepeperyntoBaHHS A5 NPaKTUKN € NPUAHATHUM. Ha-
npyra Ha cCUCTeMi BOLHEBUX €/1eMEHTIB KO/IMBAETLCA BIAMOBIAHO HAaBaHTaXXEHHIO. [pu uboMy
BOHO He [ocArae CBOET HUMXXHbLOT KPUTUYHOT MeXi. Ha 0CHOBI NpoBefieHOro aHasnizy oTpuma-
HUX AVHaMiYHUX XapaKTepuUCTUK cucTemun Tpeba ckasatu, Lo NoAibHi reHepaTopu enekTpu-
YHOI eHeprii MOXYTb 3aCTOCYHOTbCA Y BUCOKOAMHAMIYHUX CUCTEMAX.

Cnucok nitepatypu: 1. Yoon-Ho Kim, Sang-Sun Kim. An electrical modelling and
fuzzy logic control of a fuel cell generation system // IEEE Transactions on Energy
Conversion, 1999, Vol.14, No. 2. — Pp. 239-244. 2. Huggins R.A. General equivalent circuit
of batteries and fuel cells // lonics, 1999, No. 5. - Pp. 269-274. 3. Rechenauer Ch.
Dreidimensionale mathematische Modellierung des stationdren und instationdren Verhaltens
oxidkeramischer Hochtemperatur-Brennstoffzellen // Dissertation. - Forschungszentrum
Julich, 1993. - S. 235.
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YTIPABJIEHVE BEHTW/IbHbIM PEAKTVBHbIM ABUTATEJIEM B
CNCTEME NPUBOAA BOAAHOIO HACOCA TP NMUTAHUN ABNTATENA
OT COJIHEYHbLIX BATAPEW

Mannc ®. (OTTOo-hoH-Iepuke-YHusepcuTeT, r. Margebypr, M'epmaHuns)
MepetaTtbko P.H. (kat. CIMY, JoHHTY, r. JoHeuUK, YKpanHa)

B cBA3M C pe3kMM pasBUTMEM MPOMbILLIEHHOCTU B MOCMeAHUe [ABa [AeCATUIETUS
CMPOC Ha 3MIEKTPUYECKYHO 3HEPTMI0 3HAYMTE/IbHO BO3POC, a MPOrHO3bl CNELMaIncToB Ha uc-
No/Ib30BaHMe NOME3HbIX NCKOMAaeMbIX CYLLECTBEHHO YXYALUMANCL. OTKa3 OT aTOMHOW 3Hep-
FN 13-3a OMACHOCTUN 3arpsisHEHNS OKPYXKaKOLLEn cpebl NPUBOAUT K TOMY, YTO eMHCTBEH-
HbIM WUCTOYHMKOM 3HEPTUW B HefasnekoM OyAytoLemM OCTaHYTbCS NMLWb, TaK HasblBaeMbIe,
MCTOYHWNKM a/lbTEPHATUBHOMN 3HEPIUM, Takne Kak COJMHLE, BeTep, BOJOPOAHbIE 371eMeHTbI.
XOTS B HacTosLLee Bpems nosyyaemas TaknuMm 06pa3oM aHeprus MUHUMYM B [jBa pasa Aopo-
e, YeM 3Heprus, nony4vaemas TPaAWMUMOHHbLIMK cnocobamu, paboTbl Haf ONTUMMK3ALMEN
Noy4eHWst U UCMO/b30BaHUA aNbTePHATUBHOW 3HepPrumn Bce 60/bLUe 1 60MbLUIe NPUBNEKalOT
BHMMaHWe.

B npefcTasneHHOM paboTe paccmaTpuBaeTcs cucTeMa MpuBOAa BOAAHOIO Hacoca. B
KayecTBe NPMBOAHOIO 3/1leMeHTa UCNOMb3YeTCH BEHTU/bHBIA PeaKTUBHbIN ABUraTeNb ¢ NuTa-
HMeM OT conHeYHbIx 6atapeit (CB) (puc. 1). MogobHaa cucTema NprBoAa MOXET ObITb Npu-
MeHeHa, Hanpumep, ANs OPOLLEHMS B MYCTbIHE, T.K. He TpebyeT NOCTOAHHOrO BHUMaHHWS Bbl-
COKOKBa/IM(MLMPOBAHHOTO 0OC/Y)XXMBAOLLEr0 MepcoHana. BblbpaHHbIN TUN ABuratens o6b-
SCHSAETCA ero NPOCTOTON KOHCTPYKLMW, HAAEXHOCTHIO 3KCMNyaTauumn, BbICOKUM KO3(ULMEH-
TOM nonesHoro gerictens (KMA) B 601bWIOM AnanasoHe CKOPOCTEN U Harpy304YHbIX MOMEH-
TOB [1].

VISV EPEHVIA

A + A ¢
LVIL TEIVIA
YMPABNEHNA LVILIEIVIA
* YMPABJ/IEHUNA

MPEOEPA3OBATE/Ib ¢ ¢

BbICOKOIo 1 11PEObP ASOBAI EJb — .u|
HATMPSKEHNA HAMP AXXEHNA
- &

BEHI JIbHbI ‘I{I HACOC
PEAKT MBHbIN
ABUTATESb

COJIHEYHHAHA
BEATAPEA

Puc. 1. Cxema npusoja.

Pa6ota Cb onTumm3“poBaHa No MakCMMa/lbHO OT[aBaeMO MOLLHOCTH, T.e. cucTeMa
yrpaBsneHns nNpeobpa3oBaTens BbICOKOro HamnpshkeHUs NoALepXXMBaET ero BbIXOAHOe Harps-
XXeHMe Takmm 06pa3omM, 4To Cb MOCTOAHHO paboTaeT B TOUKE MaKCMMa/bHOM MOLLHOCTU
(aHrn. Maximum Power Point - MPP). BonbtamnepHas xapaktepuctuka Cb, a, crnefosa-
TeNbHO, N ee XapaKTepUCTMKa MOLLHOCTW, B 6O0MbLUOK CTENeHW 3aBUCAT OT YC/IOBUI OKpY-
Xarowel cpefpl, a MIMEHHO OT TemrepaTypbl U OCBeLLeHHOCTU. [Npu aTom Touka MPP moxeT
N3MEHATLCA B [OBOJIbHO 60/bLUMX Npefenax, a, CrefoBaresibHo, KOnebneTcsd n BXOAHOe Ha-
Nps>eHue NpeobpasoBaTens HaNpPsXKeHWUs ABUraTens.



NH>XEHEP, Ne 3, 2002 r. 151

Llenb npeacTaB/ieHHOM paboThbl:

N3 ocobeHHOCTeN paboTbl CB BbITEKaeT Lie/b AanbHenWwmx pa3paboTok — co3aaTth CUC-
TeMy YMpas/ieHNs BEHTU/IbHbIM PEaKTVBHbIM [BUraTeneM TakuM 06pa3om, YTobbl HECMOTPS
Ha KosiebaHMsA BXOAHOI0O HanpsKeHUs Asurartesib paboTta ¢ 3afaHbiMy NoKasaTensamuy Kade-
cTBa. Vicxoaa v3 TOro, 4To ABurartefib NMATAeTCs OT UCTOYHMKA 3HEPTUM C OrpaHUYeHHOM
MOLLHOCTbIO, ObII0 peLleHo onTMMKU3MpoBaTh paboty asuratens no K4, T.e. cuctema
ynpasneHus apuratens Lo/hKHa Bbl4aTb 33faHNs Ha BO3AeNCTBYEMble MapameTpbl ABUraTens
TakuMM 06pa3om, YToObI ABuraresi NOCTOAHHO PaboTan B TOUKE MakcuMaibHoro Kriz.

MpuHUMN AeACTBUA ABUraTeNs:

BeHTU/bHbIA peakTUBHBbIV ABUraTe/lb MMEeT SBHOBbIPaXXEHHbIE MOJHOCA KaK Ha CTaTo-
pe, TaK 1 Ha poTope, NPUYEM POTOP HE MMEET HU 0BMOTOK, HM MOCTOAHHLIX MarHUTOB, YTO
06ycnaBnMBaeT ero Majiblii MOMeHT MHepuun (puc. 2). O6MOTKIN NOMKOCOB, NeXawmx apyr
HanpoTWB fpyra, COeUHeHbl NOCNef0BaTe/lbHO U 06pa3yroT a3y (CM. puc. 2). Pasbl BKIO-
4aroTCs B 3aBMCMMOCTM OT MOJIOXKeHMS poTopa (Hanpumep, 419 NONOXEHUS, MPefCcTaB/IeHHO-
ro Ha puc. 2 Bkntovaetca asa B). Mpu Bo36YKAeHNM COOTBETCTBYIOLLEN (hasbl pOoTop CTpe-
MUTBCA JOCTUYL MOMOXEHWS, NPU KOTOPOM MarHUTHOE CONpPOTUB/IEHNE MAarHUTHOMY MOTOKY
BO36Y>KAEHHOW (hasbl ByaeT HavMeHbLIMM (A5 BO30YXKAEHHON (ha3bl A 3TO NOMNOXKEHNE PO-
TOpa, NMOKa3aHHOoe Ha puc.2).

Puc. 2. BeHTWUNbHbI peaKTUBHbIN ABUraTenb

T.K. ABurarefib HaCTpavMBaeTCA Ha pexum paboTbl ¢ MakcumasibHbIM KM, TO BO3-
MOXHO ynpaBs/ieHVe NULLb YeTbIpbMA napamMeTpaMu ABUraTens — CKOPOCTbH, BXOAHbLIM Ha-
MPSOXKEHVEM U Yrnamy BKIHOYEHWUA W BbIK/THOYEHUS HAMNPSHXKEHUA Ha (asax, T.e. MOMEHTOM
BK/IHOYEHWA/BLIK/THOYEHMS HanpsXkeHuns [2].

OcBeLleHve Npobnembl:

Wcxopa u3 Toro, YTO BEHTW/bHbIA PeakTUBHBIA [ABUraTeNlb ABASETCA HEeUMHEAHOM
CUCTEMOI M OTCYTCTBYIOT aHa/IMTUYECKME BbIPaXKEHUS, CBSA3bIBAOLME YrpaB/isemble napa-
MeTpbl (Hanp., yribl BKIKOYEHNA/BLIK/IOYEHNSA) C perynimpyembiMu napametpamu (B JaHHOM
cnyyae KrAa), 1o Hambonee NpocTbIM COCOOOM PErynMpoBaHna 6biN10 G6bl MCMOb30BaHME
perynsaTopa Ha 0CHOBe HepPOHHbIX ceTeil. OfHaKo 0COBEHHOCTLIO PaboThbl HEMPOHHOIO pery-
NATOpPA ABMSETCA TO, YTO MNOMCKOBbLIN a/ITOPUTM HEPOHHOM CETU CNOCOBEH HAXOAWUTL MaKCK-
MyM (MAHUMYM) (OYHKUAWU MWL MPU HAIMYMKU OLHOTO 3KCTPeMyMma, T.e. OTCYTCTBYET BO3-
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MOXHOCTb MOWCKA SIOKa/IbHbIX MaKCMYMOB/MUHUMYMOB. TakuM 06pa3oM, 4To6bl JoKa3aTb
BO3MOXHOCTb MCMO/b30BaHNS HEMPOHHbLIX CeTeld Ans perynupoBaHus KM, B BEHTUbHOM
peakTMBHOM ABUraTesne, Heo6Xo4MMO [0Kas3aTb, YTO 3aBMcMMOCTb KM B (hyHKLMM ynpaB-
NsieMbIX NapameTpPoB UMEET NINLLb OAMH 3KCTPEMYM — MaKCUMYM.

PelleHne npobnembi:

[na peleHns 3Tol 3agaun Gblna paspaboTaHa YNpoLLleHHas MOAENb BEHTUIBLHOIO
PeaKTMBHOIO [BMraTens, Kotopas, TEM He MeHee, y4unTbiBasla OCHOBHbIE 0COOGEHHOCTM pabo-
Tbl Aurarens. MIcxogsa U3 Toro, Yto B BEHTU/IbHOM PeakTWBHOM [BUraTene, B OT/IMYUN OT
aCMHXPOHHOr0, HEeBO3MOXKEH PeXunmM paboTbl 6e3 npeobpas3oBatens, TO Oblna paspaboTaHa
TaKXXe MOZeNb CUCTeMbl YNpas/ieHns npeobpas3osartens A1s Nojayun HanpsXKeHUs Ha ¢asbl B
onpeAeneHHble MOMEHTbI BpeMeHW. cnosib3ya 3T mogenu 6bin NpoBeseH pAj SKCnepumeH-
TOB, B pe3y/ibTaTe KOTOPbIX Nosy4eHbl 3asucumocty KM oT yrios BKIHOYEHUA/BLIKIHOYEHNS
(pnc.3) n HanpskeHus. U3 rpauka 04eBUAHO, 4TO MPY M3MEHEHUW YI/0B BK/HOYe-
HUSA/BLIKNIOYEHNSA B paboyem avanasoHe yHKuma K14 nmeeT nnwb oguH Makcumym. Mpu
M3MEHEHWUM HanpshkeHns B paboyeM ananasoHe gyHKumsa KA umeeT Bug, Nogo6HbIN BUaY,

Puc. 3. 3aBucumoctb KI1[ oOT yrnoB BKIOYeHUS/
BbIKNHOYEHMS

npeacTaBfeHHOMY Ha puc. 3. TakuMm 06pa3oMm, pesy/bTaTbl MPOBEAEHHbIX 3KCMEPUMEHTOB
MOTYT 6bITb MCMO/Mb30BaHbI B KAYECTBE TPEHMPOBOUHbLIX MACCMBOB AN HACTPOWKMN HElpPOH-
Horo perynstopa K/, B BEHTUILHOM peakTUBHOM JBuUraTene.

Cnucok nutepatypsbl: 1. Reinert J. Optimierung der Betriebseigenschaften von An-
triebe mit geschalteter Reluktanzmaschine, Aachener Beitrdge des ISEA, Verlag des Au-
gustinus Buchhandlung im Besitz des Verlags Mainz, 1998. 2. Backhaus K. Spannungsein-
pragendes Direktantriebssystem mit schnellaufender geschalteter Reluktanzmaschine,
Aachener Beitrdge des ISEA, Verlag der Augustinus Buchhandlung, 1995. 3. Miller T.
Switched reluctance motors and their control, Oxford, Magna Physics publishing and Claren-
don Press, 1993.
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AHAJIN3 PACHETHbBLIX CNMOCOBOB OINPEAETIEHNA HATPY)XXEHHOCTW
POTOPHOI'O UCTOJIHNTE/IbHOI O OPIAHA TNPOXOAYECKOI O
KOMBAVHA

MeTpywkuH IM.B., borayeB A.B. (kad.'M, JoHHTY, r.[JoHeuK, YKpaunHa)

B ycnosusx CTapob1HCKOro MeCTOPOXAEHNS KannitHbIX py4 (Pecnybnvka benapychb)
LUMPOKOE pacrnpocTpaHeHne NoayymIv nNpoxog4eckme KOM6anHbl ¢ pOTOPHLIM UCMONMHUTENb-
HbIM opraHoM Tuna NMK8MA [1], obecneumnBatoLme NpoBeAeHNe KanutasbHbIX U NOAroTOBU-
TeNbHbIX BbIPabOTOK, & TaKXKe OYMUCTHLIX Kamep Mpu KamepHOW cucTeMe pa3paboTku. Mpo-
XO4YECKUAi KOMGaH paccMaTpMBaeMOro Tuna NpeacTaBnsieT cOO0M CNOXKHYIO 3M1eKTPOrma-
POMEXaHNYECKYH CUCTEMY, BK/IOHAIOLLYIO PAL MOACUCTEM, U3 KOTOPbIX BbIAENAKOTCA Takue,
KaK UCMONHUTEbHbIN opraH (OCHOBHOM — POTOPHLINA, AONONHUTENbHbIE — 6epMOBbIe (hpesbl U
OTpe3Hble YCTPOWCTBA), NPUBOA UCNONHUTENBHOIO OpraHa, Xo40Bast YacTb U apyrue. Pesyrb-
TaTbl 3KCMN/yaTaUMn M aHaIM3 KOHCTPYKLUMM 3TMX KOMOaWHOB, a TakXe pacCMOTpeHue pe-
3y/IbTaTOB Hay4HO-MCCMeA0BaTeNIbCKMX PaboT, KakK MpefLlecTBOBaBLUMX UX CO34aHUIO, TaK U
BbIMO/IHEHHBIX MO3[Hee, NMOKa3blBatOT, YTO OTCYTCTBUE MPeACTaBUTENbHBIX U [OCTOBEPHbIX
3KCMEePUMEHTa/IbHbIX AaHHbIX M COOTBETCTBYIOLMX TEOPETUYECKUX 000OLLEHNIA NpuBeNU B
psifie Cny4vaeB K HeOCTaTOYHOW 060CHOBAHHOCTU MPUHATBIX PeLLeHNIA N0 BbIGOPY KOHCTPYK-
TUBHbIX NapaMeTPOB OTAE/bHbIX Y3/10B KOMOaHOB paccmMaTpyBaemMoro Tuna.

370 NPOSABNSAETCS, B YACTHOCTM, B HapyLUEHUN YCTOMYMBOCTU W NOBbILLIEHHOW BUOpa-
UMM KOMOaiHOB Mpu paboTe B XapaKTepHbIX PeXXnmax sKcrnayaraumm, YTo BefeT K CHuKe-
HWUIO 6e30MacHOCTM BeAEHUS TOPHbIX PaboT, a Takke K aBapuiiHbIM OTKa3aM KOMOGaiiHOB.
Kpome TOro, Habntogaetcs 3HauMTeNbHOe nepensMesibyeHne f06bIBaeMO KaIMAHOW pyabl.
OCHOBHbIM MCTOYHMKOM OTMEYEHHbIX HEraTUBHbIX ABNEHUI ABNAETCH HeaocTaTouHas 060c-
HOBaHHOCTb B BblOOpPe KOHCTPYKTUBHbLIX MapaMeTpoB POTOPHOr0 UCMONHUTENbHOIO opraHa
KombaiiHa, KOTopbIM 0bpabaTbiBaeTca CBbie 80% nnowannm npoBOAUMON NOATOTOBUTE b-
HOW BbIPabOTKN. OYEBMAHO, YTO peLleHne 3afad, CBs3aHHbIX C 060CHOBaHWEM pauvoHasIb-
HbIX NMapameTpOB MCMO/HUTENbHOIO OpraHa W ero NpuBOAa, a TakXke C BbIMOSHEHVEM psja
TEXHONOMMYECKMX M NPOYHOCTHbIX PacyeToB, AO/MKHO 6a3MpoBaThCA Ha 3HAHWAX O Harpys-
Kax, AeNCTBYHOLMX HA OpraH B pas/IMYHbIX YCIOBUAX 3KCNNyaTaumu.

B HacTosee Bpems 06Lenpu3HaHHbIM ABISETCA ONpefeNieHne Harpy>KeHHOCTU Uc-
MONHUTENbHbIX OPraHOB BbIEMOYHbLIX KOMOAHOB C UCMNO/b30BaHNEM PacyeTHbIX 3aBUCUMOC-
Teid, NO3BO/IAIOLLMX ONpPeAensTb CUMbI, AEACTBYOLME HA OAMHOYHBIA PaGOYNIA MHCTPYMEHT.

B pa6ote [2] ycunus, feiicTBYOLLME HA OAMHOYHLIA pesew, NpU paspylleHnun Ka-
NWIHOW conwn (6e3 BblgeNieHNs 0COOEHHOCTEW ee XMMMYECKOro coCcTaBa) npeanaraeTcs onpe-
[eNATb Mo CnefyroLwmm 3aBUCUMOCTAM:

P, = A, [hy, Ky, Ky K, TK r [ch,KH;
(1.2)

P, =08LP,,kH,

rae A, - CONPOTVB/ISIEMOCTb KasIMAHOV CONM pesaHuto, KH/CM; he, - cpeaHas TonwmHa
cpesa, cM; Ky, Ky, K, Kyr, Ky - COOTBETCTBEHHO KO3((MLIMEHTbI CTEMEHN BI0KMpo-

BAHHOCTY, LIMPVHbI PEXXYLLIEA KPOMKMW, Yr/a pe3aHus, 3aTynneHns n hopMbl nepeaHeli rpaHu.
B pa6oTe [3] peKOMeHAYeTCs YUnTbIBaTb XMMUYECKMIA COCTaB paspyLUaemMoii nopoapl,
a TaKkxe Buj pe3aHus. MNpu 3TOM 3aBUCKUMOCTY MO ONPEAENIEHNI0 Harpy30K, AECTBYIOLWMX Ha
OAVHOYHBIV pe3eLl, MEOT CneayoLuii Bua;
- PV paspyLUEHNM CUMbBUHMTA MO MOC/EA0BATENbHON CXEME pe3aHust
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P, = A,[1,26 0,367 1 — 4,35 [h + 0,041 + 0,91 h +0,037 (h [z, -

—O,32Eﬂ12(t—4)—0,013E$2+0,012E%ap —37§1,KH, 42
P, = A, [~0,695+0,135[3 +0,03300 h +0,0057 (h (&, —0,198 Th? -
-0122132 +0,0062§yp —37@], KH,
- Npn paspyweHnn CUNbBUHUTA NpU LLIAXMaTHOW cxeme pes3aHnA
P, = A (113-0,31-189 (h+0,746 [h 1 — 0,234 th?(t - 3)) kH,
(1.3)
P, = A, (0,251+0,0024 th ), kH,
-Mpn paspyweHnn raimta no I'IOCﬂe,D,OBaTEJ'IbHOVI CXeMe pe3aHnd
P, = A, (0399 + 0172 (h-0,022 Th?(t - 4)), KH,
(1.4)
P, = A, (0,353-0,053 th),KH,
- NPU paspyLLeHnn ranmTa Npy LIaxMaTHON CXeme pesaHus
P, = A, (0,868 0,102 —1195 h + 0,567 [h [t — 0,158 [h? (t — 3)) kH,
(1.5)

P, = A, (0,250,052 (h),KH,

B 3aBucmumocTsx (1.2)...(1.5) 4ONONHUTENBHO NPUHATLI Cneaytowne 0603Ha4YeHNS:
- Apc, Apr — COMPOTMB/IAEMOCTU CUNBLBUHUTA U Ta/inTa pesaHuto, KH/cwm.
M, . A
Hwm
75

50 /
/

]
—

M,qnm
____Bp oM
M Bp |
/ /
25/
'
0,1 0,2 VFIM/MI/IH

Puc.1. CpaBHUTENbHbBIN aHa/IN3 pe3ynibTaToB OnpeaeneHuns
Harpy>eHHOCTM BHYTPEeHHero potopa kombainHa NMK8MA
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MapaMeTpbl CXeMbl Habopa PEXYLLEro MHCTPYMeHTa

Ni | Rim| Tiem | M Y,rpag
1 |1160] 69 | 1 180

A) 2 1100 | 645 | 1 0
3 11031] 69 | 1 180

4 |ooe2 | 685 | 1 0

5 0894 | 6,85 | 1 180

=] 6 0825 | 68 1 0
=l 7 lo7ss | 675 | 1| 180
S| 8 [ose | 68 | 1 0
=1 9 foe22 | 68 | 1 180
sl10]o554 | 675 | 1 0
“lufossr [ 67 | 1| 180
12 0,420 | 6,7 1 0

13 10,353 | 6,65 | 1 180

14 |0,287 | 6,65 | 1 0

15 (0,220 | 6,5 1 180
=|16]0150 | 625 | 1 40
S| 170100 | 550 | 1| 160
S 1180050 | 475 | 1 280

Puc.2. Cxema Habopa pexxyLLero MHCTPYMeHTa POTOPHOFO UCMOMHUTENbHOIO opraHa kombaiiHa MK8MA ¢
ABYX/1y4eBbIM 6ypom (A) 1 cxeMa pa3pyLLEHNS UCNONHUTENbHBLIM OpraHoM 3a604 (Bb)
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O6LLMM HeoCTaTKOM BbIMO/IHEHHbIX PaboT ABMSETCA TOT (PAKT, UTO B HUX OTCYTCTBY-
eT COMocCTaB/IeHNe pPe3y/ibTaTOB PacyeTHOro, C UCNO/Ib30BaHNEM MOJYyHYeHHbIX 3aBUCUMOCTEN
Nno OnpefeneHnto Harpy3ok Ha OAMHOYHOM pexyLlem WHCTPYMeHTe, OrpefenieHns Harpy-
YXEHHOCTWN KOHKPETHOr0 MCMOJIHUTE/IbHOrO OpraHa B Lie/ioM C pesy/ibTataMn 06paboTKu 3KC-
NepyMeHTa/IbHO 3a(PMKCUPOBAHHBIX AaHHbIX MO HArpy>XeHHOCTM 3TOr0 XKe opraHa B COnocTa-
BUMbIX YCMOBMAX 3KCrnyataumn. [pyruMu cnosamu, NpuBeAeHHbIE 3aBUCUMOCTU He Mony-
YMNIN CBOEW NPaKTUYECKO anpobauuu.

BmecTe ¢ Tem M3BeCTHa Hay4yHO-UCCNefoBaTeNnbCKasd paboTa Mo OonpefesieHno Ha-
FPY>KEHHOCTN OCHOBHbIX Y3/10B NPOX0oA4Yeckoro kombariHa MK8MA [4], B pamkax BbIMO/He-
HMS KOTOPOI npefycmaTtpusanach (uKcaums Ha naeHKy ocuuminorpaga MrHoOBeHHbIX 3Haue-
HUIA KPYTALMX MOMEHTOB, AEACTBYIOWMX B PeAyKTOpax POTOPHOro UCMOMHUTENBHOMO opra-
Ha. lMapannenbHo UKCMPOBAIUCL 3HAYEHWUS MTHOBEHHOW MOLLHOCTM Ha KneMmax [Burarte-
Nei, CKOpoCTK nofayn kombaiHa v gpyrvie napameTpsl. ViccnefoBaHus Gblin BbINOHEHBI B
NpeAcTaBUTeNbHbIX YCN0BUAX OLHOW U3 NOArOTOBUTENbHBIX BbIpaboToK 2PY MO “Benapychb-
Kannin”. BbinonHeHHas 06paboTka aKCcnepyMeHTaNbHbIX JaHHbIX, 3aUKCUPOBaHHbLIX NPU Xa-
PaKTEPHbIX pexKMMax paboTbl KoMbaiiHa, M03B0/n/IA OLEHUTb HArpy>KeHHOCTb OCHOBHbIX Y3-
NOB Mpoxofyeckoro kombaiiHa MK8MA 1, B 4aCTHOCTW, ONpeAennTs MOMEHT M, AeiicT-
BYIOLMIA Ha BHYTPEHHWI POTOP MCMONMHUTENBHOrO opraHa KoMbaiHa B paccMaTpuBaeMblX
YCNoBUAX 3KcnayaTauum, cM. puc.l.

SKCNeprMeHTa/IbHO 3a(IMKCUPOBAHHBIE CUMOBbIE N 3HEPTETUYECKME XapaKTepPUCTUKN
POTOPHOr0 MCMOMHUTENLHOIO opraHa KombaliHa NMK8MA B KOHKPETHbIX FOpHOreonornye-
CKMX YCNOBUAX MOCNY>KUN 6301 419 OLEHKMN BO3MOXHOI0 UCNO/b30BaHNSA pa3nyHbIX pac-
YeTHbIX CMOCO60B OMNpeseneHns AeNCTBYIOLMX HA OpraH Harpysok.

[ns 3TOI Lenn Hamm BbInn BbINOIHEHb! PacyeThbl MO ONpPeAeneHN0 MOMeHTa Cin Cor-
POTUBNEHUA HA BHYTPEHHEM POTOPE MCMONHWUTENILHOrO OpraHa MPOXOAYecKOro KombaliHa
NMK8MA, napameTpbl CXxembl Habopa KOTOPOro MpefcTas/ieHbl Ha PUC.2, NPU paspyLUeHnn UM
32608, CTPYKTypa U XapaKTepuCThKa KOTOPOro OTBevasa YC/0BUAM BbIMO/IHEHUS 3amMepoB
Harpysok B npusoge [4].

PesynbTaTtbl pacyeTHOro onpejeneHns MOMEHTa Ha BHYTPeHHEM POTOpe paccmartpu-
BaeMOro MCMoSIHUTENbHOIO OpraHa, BbINO/IHEHHbIE C UCMOoNb3oBaHKe 3asucumocTer (1.1) [2]
- MM 1 (1.3, 1.5) [3] - MA™, , NpuBefeHbI COOTBETCTBEHHO Ha pic.1. B 060MX ciyyasx 3Ha-
YEHNA MOMEHTa CUN COMPOTMBNEHNA Ha POTOPE HaXOAMU/IOCh NO 3aBUCUMOCTH

N
M =3 PR
1=

roe i, N — COOTBETCTBEHHO NOPSAKOBbIA HOMEP U YMCMO Pe3LOB Ha opraHe; P,- ycu-
Nne pesaHuns, AeNCTBYHOLLEE Ha i-Ii pe3el; Rj — paanyc YCTaHOBKM i- ro pesua.

3 conocTtaBneHns npuBefeHHbIX pe3ynbTaToB OMnpeAeneHns Harpy3oK Ha BHYTPEeH-
HeMm poTope CreayeT, UTO HauMeHbLUMe pacxoxaeHus (ao 10%) ¢ akcnepuMeHTa/IbHO 3atMK-
CUPOBaHHbIMK Aal0T pacyeTbl Mo MeToauke [3].

Cnucok nutepatypbl: 1. Skcnnyataums nNpoxoayeckoro kombariHa NMK8MA /K.A.
NoxaHuH, B.®. Npnbos, B.N. TecneHko u ap. — M.: Hegpa, 1978.- 175 c. 2. KombaiiHbl npo-
XO[YECKO-0UUCTHbIE 41 A00ObIYM KaNMHbIX pya. Bbi6op nokasateneil HasHauYeHWs U pacyeT
napameTpoB paspyLueHns ropHolx nopod. Otpacnesad metoamka.- J1. — 1986. — 46 c. 3. KyT-
Koo N.B. OnpefeneHne paumoHabHbIX PEXUMOB paspyLUeHWUs CUbBUHUTO-FaIUTOBbIX
NNacToB LUHEKOBbIMU OYUCTHBLIMU KOMGanHamu: JuC. ...KaH[. TexH. Hayk.- [oHeuk, 1989.-
180 c. 4. MeTpywkuH I".B., AaHunos B.H., KantoxHbiili B.I". SKcnepMmeHTanbHble uccneao-
BaHNSA PEXMMOB PaboTbl OCHOBHbIX CUCTEM MpPoxoa4veckoro kombaiHa NMK8MA // Pa3paboT-
Ka MeCTOPOX/EeHWI NONE3HbIX MCKonaeMblX.- Knues: TexHuka. Bbin.88. 1991.- C. 45-47.
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METO/[, KIHUEBX EMTIEMEHTIB PN PO3PAXYHKY
EJIEKTPOMEXAHIUHNX TTEPETBOPHOBAYIB

PimekacTteH K. (OTTO-(hoH-I"epike-YHiBepcuTeT, M.Margebypr, HimmeyunHa)
MaTtsaw A.O. (kad. CIY, JosATY, m [oHeubK, YKpaiHa)

Llinb gaHoT cTaTi cKnafgaeTbesd B PO3rnagi NpUKIaLis BUKOPUCTAHHA METOAY KiHLEBMX
e/leMEHTIB, a TaKOX Yy po3paxyHKy po3noginy rnonis y TpudasHoMy NiHiMHOMY ABUTYHI, ne-
peBipLi, OLiHLi 1 06roBOPeHHI OTPUMaHKX Pe3ynbTaTiB.

3a oCTaHHI poKM MeToAM Po60TK AOCAIAHUKIB 3MIHUINCA LOKOPIHHO 3aBAAKM PO3BUT-
Ky iIHhOPMaTUKK 11 YnCeNbHUX METOAIB aHanidy. UncenbHi METOAM YMOXNBUW BUPILLEHHS
CKNafHWX 3aad Ana HacknagHux gisnyHnx mogeneid. LLInpoke NowmpeHHs gictann Takox
IHTEPaKTMBHI Nporpamu rpadiivyHoro yseneHHs iHopmMauii, Lo A03BO/AKTL 6i/bLL KOMMAKT-
HO OMMCYBATU reOMeTPUYHI 1 (hi3NYHI BNacTUBOCTI 06’'EKTIB Y NOPIBHAHHI 3 KNaCU4HUMU Me-
TOAaMK.

B faHuii yac umncenbHi MeToAM 1 iHTepaKTMBHA rpadiyHa TexHiKa CKnafalTb eanHe
Line B nporpamax CUCTEM aBTOMaTU3aLii HAYKOBUX LOCMIIKEHb | aBTOMATM30BaHOIO Mpoek-
TyBaHHA. TOMY MUTaHHS PO3BUTKY YMCENIbHUX METOAIB aHanidy i 3acobiB KOMM'HOTEPHOT
rpaiku € gy>xe akTyasbHUMMU.

AK 06uymcnoBabHNIA 3acib 4acTO BMKOPUCTOBYETLCS METOA KiHLEBUX €NEMEHTIB.
MeTog KiHueBux enemeHTiB (MKE), npuHaliMHi 10ro npuHUmnu, BiAoMmi BXe 6inbLu NiBCTO-
NiTTS, afie CbOrofieHHA BU3HaHHS BiH [iCTaB /iLLE 3 PO3BUTKOM Cy4aCHMX 3aco6iB iH(popma-
TUKW. B faHuii yac y CBIiTi Ny6niKyeETbCA 3HAYHa KifbKiCTb HayKOBUX MpaLb, MPUCBSYEHNX
nofanbLIoMy po3BUTKY I 3acTocyBaHHO MKE B npuknagHux 3agadax. Cyte MKE cknaga-
ETbCA B 3aMiHi MaTemMaTUYHOT MOAesi AOCNILKYBAaHOrO npoLecy 4m 06’eKTa CUCTEMOLO anreb-
palyHKX PiBHAHb. BiNbLIICTb MAaTEMATUYHUX MOJENEN MICTUTb CUCTEMY An(epeHLiaIbHUX YK
IHTerpasibHUX PiBHSAHb WOAO TUX PYHKLIM Bif KOOPAMHAT i Yacy, L0 € HaNBaXKIMBILLMMN Xa-
pakTepucTUKamMmn AocnimpkysaHoro npouecy. Mpu 3actocyBaHHi MKE gocnimkyBaHuin 06'eKT

YMOBHO P0O36MBAETLCA Ha HeBe/MKi yac-
TUHWN (KIHUEeBI enemeHTn). KoxeH ene-
MEHT BK/IHOUaE AesiKY KiflbKiCTb BY3/10BUX
TOYOK. MeToo MeTofy € O06YMCNEHHS
LUYKaHNX PYHKLIM Y UMX By3nax. Takum

MarHmuT ynHoM, MKE 3aMiHsie aHani3 cknafgHoi

mMogeni Ginbll NPOCTOH 3ajayetd BUPI-

LLUEHHA anrebpaiyHol CUCTEMMU, L0 MOXKE

X TpaekTopus MICTUTK OOCUTb BEJIMKE 4nC/O0 HeBi,CI,O-
nageHus MUX.

loes npeacTaBieHHs 6e3yMUHHUX

KOHCTPYKLUi y BUTNAAi Habopy ANCKpeT-

KaTylLKa HWX €NeMeHTIB BIAHOCUTLCS 40 PaHHLOIO
nepiofly KOHCTPYHOBaHHSA NiTa/lbHUX ana-
paTiB. Mepwnii hopmanbHUIA BUKNAL Me-
TOLY KiHLEBUX eNleMeHTIB HafaHo B 1956
p. TepHepom, Knagom, MapTiHom i Ton-
nom [1]. Mpwn pocnigpkeHHi 3agadi npo
MNOCKWIA HanpPy>XeHUI CTaH BOHW BUKO-
PUCTOBYBa/IM [AJ11 OMWCY B/aCTMBOCTEN
TPUKYTHOrO KIiHLEBOrO efleMeHTa piB-
HAHHSA KNacU4YHOT Teopil Npy>kHocTi. Cam

Puc. 1. MNpuknag mogeni Ans BUKOPUC-
TaHHA METOAY KiHLEBUX e/IeMeHTIB
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TepMmiH "KiHUeBI enemeHTU" 6yB yBedeHWiA y 1960 p. B HaCTynHi poKu Npo MeTof KiHLEBUX
efleMeHTIB ByNK HanucaHi COTHI CTaTei, y AKUX YAO0CKOHa/i0BaBCA caM MeTOJ, i BigKpuBann-
CS1 HOBI rany3i oro 3aCToCyBaHHS.

Mpwn po3paxyHKy Pi3HUX MOAENEN i3 BUKOPUCTaHHAM [aHOT METOLMKW BPaxoByBaInNCS
Taki (pakTopy fK: BUINAL CepefoByLLa HABKOMO TOTO YW IHLLIOrO 06'eKTa, MarHiTHa NPOHMK-
HICTb peanbHUX MaTepianis, 3 AKUX BUKOHYBA/IMCA MOLENI, 3HAYeHHA N XapaKTepUCTUKK 3a-
[aHVX eNeKTPUYHUX | MarHiTHUX BENINYUH.

MopAag 3 iHWUMW NpuKnagamuv 6ynn po3rnsaHyTi nepexigHi npouecy npu NpsMyBaHHI
MOCTIAHOrO MarHiTy y cepefuHi KoTyLku (puc. 1)

3a ponomorot nporpamm MAXWELL po3paxoByBasiocAd 3HAUYEHHS €NeKTPUYHOro
CTPYyMY, LLLO0 HABOAMUTLCA B KOTYLLULL MpY 3afaHuX napametpax mogeni. Kotywka mae 100 Bu-
TKiB, JOBXWHA TPAEKTOPIT NafiHHA MarHiTy JOPIBHIOE 6 MinimMeTpis. Ona faHOro npukiaga
BMKOPUCTOBYBaBCA MarHiT Baroto 0,045 Kinorpam.

MepexifHuUIA NpoLec CTPYMY B KOTYLULLE Mae BUTNsAS, 306paeHnin Ha puc. 2.
A
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Puc. 2. TMepexigHWin npoLec CTPYMY B KOTYLLLLI

[ns po3paxyHKy 3MiHW MarHiTHUX BEIMYMH Y NIIHINHOMY ABWUTYHI BUKOPUCTOBYBana-
CA HainpocTilwa Mojenb, NpescTaseHa B ABOMIPHOMY MPOCTOPI, SKa NpeAcTaB/ieHa Ha puc.
3.

[MnactnHa
i’l i)

) Kpaitosi Bmoru

: L MnacTnHa
/ ] (Cranb)
A 4 : A
E aTop, K1 CTBOPIOE
H Z—%&% J 3MiHHe MarHiTHe nosne

Puc. 3. HalinpocTilwa mogenb NiHinHOro aBnryHa
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OcHoBHa npobnema po3rnsHyTa B AOCAIMKEHHI — Ue narybHWid BhMB BUXPOBUX
CTPYMiB Ha MarHiTHUIA NOTIK Yy MOBITPAHOMY 3a30pi Mi>XK CTATOPOM i pOTOPOM. BUXpoBi CTpy-
MU, L0 HAaBOAATHLCA BHACNILOK BMIMBY MarHiTHOrO Mosis, HABOAATL CBOE MarHiTHe none, Wwo
po6UTL NPOTUAIKD HOPMa/IbHO AiF0YOMY MarHiTHOMY Mosit0. 3aBAAKM PO3PaxyHKY, MOXKHa TO-
YHO [0BIAATUCA 3HAYEHHSA HAMPYXXEHOCTI MarHiTHOro Nons, LWislbHOCTI BUXPOBUX CprMIB [
TXHbOr0 pPo3nofiny, TO6TO MOXHA [OBIAATUCA 3HAYEHHS LUYKaHUX BEIMYUNH Y OYab-AKii TOY-
Ui Mogeni. MNpu nepernagi 3Ha4eHHs HanpPY>KeHOCTi MarHiTHOrO Mo MOXHA /IErko nobavnTu
MPOrvH LAHOT BEIMYMHMN, WO 3'ABMISETLCA BHACNILOK B/IMBY MapasMTHOrO MarHiTHOro noss,
LLL0 HAaBOAMTLCSA BUXPOBUMM CTpyMamu (puc. 4).
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Puc. 4. Hanpy>XeHiCTb MarHiTHOro Nons y NiHinHOMY ABUTYHI

Ha nigcTasi 3HaYeHb PO3MoAiNy LWifibHOCTI BUXPOBUX CTPYMIB | Harnpy»XeHoCTi MarHi-
THOro nonsa 6ynu 3po6neHi BigeodparMeHTH, WO NOKa3ytoTb 3MiHY LWiNIbHOCTI BUXPOBMX
CTPYMIB i 3ara/ibHOI HanpPY>XeHOCTI 3a nepiog AiT 3a4aHoro MarHiTHOro nosns.
AHani3 ny6nikayin 1997 i 1998 pokis, NpUCBAYEHNX METOAY KiHLEBUX €leMeHTIB, [03BOSE
3p06UTK HACTYMHi BUCHOBKMN:

1. Xouya MKE Bifiomuii yxxe Maike MiBBiKY, KifIbKiCTb Ny6nikauii, 38'83aHNX i3 1Oro
PO3BUTKOM i 3aCTOCYBaHHAM MPaKTUYHO He 3MEHLLYETbLCS.

2. [otenep MKE nigfaetbca NofaibLLOMY YAOCKOHaIOBaHHIO. 3'ABNAKOTLCA HOBI TUMNK
KIHLEBMX €NeMeHTIB, MOANIKYIOTLCA YXKe BiAOMI, YAOCKOHaOKTLCA 3aCTOCOBYBaHi
pO3paxyHKOBI cxemu. Lli cxeMn BUKOPUCTOBYHOTb HOBI MOX/IMBOCTI Cy4acHOi 064umcC-
NHOBa/IbHOT TEXHIKW, HacaMnepes MOX/MBICTb opraHisalii piBHOOIKHUX 06YMC/IEHD.

3. 3'ABNA0TLCA HOBI 3acTocyBaHHS MKE ana gocnimkeHHs 6aratoasHnx 3agad
y MexaHiLi CyLifIbHUX CepefoBMuLL.

4. BigkpuBaroTbcs HOBI ranysi 3actocyBaHHa MKE, wo ganeki Bif TpaauuinHux cgep

3aCTOCYyBaHHSA MeTOZY, 3B'A3aHMX i3 PiLUeHHAM KOHCTPYKTOPCbKMX 3a/au.

Cnwucok nitepatypu: 1. Turner M.J., Clough R.W., Martin H.C., Topp L.P. Stiffness
and deflection analysis of complex structures.// J. Aeron. Sci., 23, Ne 9. - Pp. 805-823, 854. 2.
Thomas H. R., Yang H. T., He Y., Jefferson A. D. Solving coupled thermo-hydro-mechanical
problems in unsaturated soil using a substructuring-frontal techque.// Commun. Numer. Meth.
Engng, 1998, 14, Ne 8. - Pp. 783-792.
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OMPEAENEHUNE TEXHUYECKNX BO3MOYXXHOCTEW
MOAYJIbHOIO PACTOYHOI' O PE3LA

CaBeHkoB B. A., MaTtioxa N.I". (MCTaHku, JoHI'TY, r. loHeuK, YKpanHa)

BbicokonpoussogutenibHas 06paboTka 0TBEPCTUIA ABNSETCA OAHOW U3 BaXKHbIX 3ajau
06paboTKM MeTannoB pe3aHneM. B HacTosiLee BpeMs OHa YCMELIHO PeLlaeTcs 3a CYeT npu-
MEHEeHWS pe3L0B MOAY/IbHOMO TWMNa CO CMEHHbIMW MHCTPYMeHTaNlbHbIMK ronoskamu (UIM). B
3TOM CNyyae OrpaHuMuMBatoLLIMM (PaKTOPOM MpY BbIGOPE PEXXMMOB pe3aHus NOMUMO Tpebye-
MOro KayecTBa 06pabaTbiBaeMOl NMOBEPXHOCTM, NPOYHOCTM MaTepuana 3arotosku n UM, xa-
PaKTEPUCTUK CTaHKa, SBNSETCA M MPOYHOCTb MexaHM3Ma KpenneHus I Ha aep)kaBke pesua.
Onpegenum nogady, orpaHNYeHHY NPOYHOCTLIO 3akpenneHns VI B epXaBKe pacTOYHOro
pesua mMofynbHoro tmna (puc.l), mexaHusm kpennenns VI B fepyxaBke KOTOPOro obecrieym-
BaeT MOBbILLIEHHYIO XXECTKOCTb, a C/efoBaTe/lbHO, TOYHOCTb M NPOU3BOAUTENBHOCTL 06pa-
60TKMN.

/ Mogy/bHbI  pacTOYHON  pesel

COCTOUT W3 [epXaBkuM 1 M WHCTPYMeH-

/ \ _f Ta/lbHOM FOJIOBKM 2 C pexyLueli KpOMKOi

A 3, GasupytoLLeiics Ha AepXaBke Mo Lu-

NAHAPUYECKON MOBEPXHOCTU 4 1 TOpLLO-

<\ BOI MoBepxHOCTW 5.B fepxaBke BbINOSI-

A HEHO 0CeBOe OTBepCcTME 6, B KOTOPOM

S 9 4 1013 A-A 185 17 16 pacnonoxeHa Tara 7, OAUH KOHeL, KOTO-

PO MMeeT KOHWYECKYIO MOBEPXHOCTb, a

JPYroi - COefiMHEH C CW/IOBLIM MpPUBO-

1 %\%@ [OoM. Ha unnnHApuyeckon NoBepXHOCTM

! 4 nof yrnom120° BbIMOMHEHbI TpU nNasa

2 | / 9, B KOTOPbIX PacnosioXxeHbl KanHbA 10,

| A/“ ¥ KNUHbS OfHOW MOBEPXHOCTbIO B3aMMO-
e

et

[ENCTBYIOT C KOHMYECKOI NOBEPXHOCTbIO
o7 8, a Opyron - ¢ UMAMHAPWUYECKON pac-
TOukoli 11 B MOCaf04HONM MOBEPXHOCTYU
12 WHCTpyMeHTanbHON ronosBku 2. Ha
MOBEPXHOCTN KUHbeB 10,a Takxe Ha
Puc. 1. MoaynbHbIi pacTO4MHOM pe3sel, LMNNHAPUYECKO MOBEPXHOCTY [iEpXKaB-
K1 4 pacnosiokeHbl NPOToukM 13 n 14, B
KOTOpPbIX pasmellieHa paspesHan KonbleBas npyxuHa 15 »ectkoctbto Ci. Mexay Topuom 16
KNnMHbeB 10 1 Topyom 17 nasoB 9 Ha LMNMHAPUYECKOW MOBEPXHOCTM 4 pacnonoXeHa hacoH-
Has wWaitba 18 ¢ NpUKIeeHHON Pe3NHOBOI BCTaBKOM 19,keCTKOCTb KoTopor C, 60/bLuUe Xe-
cTKocTM C1 KOMbLEBOMN NpY>XMHbI 15. LLINOHKa 20 cny>XuT Ans yrnoBoro no3nuyoHNPOBaHNS
I Ha peprkaBke.
MpefnoXXeHHbIN MOAY/bHbINA PACTOYHONW pe3eL, MOXET UCMOo/Ib30BaTbCs Npu 06paboT-
Ke MeTa//1I0B pe3aHueM, 06ecrneynsas MoBbILLEHVE TOYHOCTU 06pabOTKM B YC/IOBUSX aBTOMA-
TU3MPOBAHHOI 0 NPOM3BOACTBA.
CTaTnYecKnini MOMEHT TpeHUs onpeaensieM no npegesibHbIM 0CEBbIM YCU/TUSAM B TAre B
COOTBETCTBUW C NPUBELEHHOIN pacyeTHOW cxeMoli (puc.2).
OnpefenMm MOMEHT CUN TPEHUS U3 YCNOBUA CTAaTUYECKOTO PpaBHOBECKS.
Z M iox — 0. (1)
Mocne NoACTaHOBKM peakLmin U CUl TPEHUS NONYUUM
M, -3FR, -3F,R, =3F 3R; =0; @)

12 15 11 14> 7\ 19\20\ 1
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My =3FR; +3F R, +3F3Rs, ®)
rae f-KoathhmumeHT TpeHns;
N .
=] : P -cuna, nepefaBaemas TAroiA, H.
— Cunbl TpeHWs B TOYKax KOHTaKTa
c . 2 \'§'/ /% onpeaenstoTcs no hopmynam:
/)
> P P
I:leNf ’ FTZ =—-f ! FT3 :_Tf’ (4)
Di1D 7 P 3 3
a paguycbl AeNCTBMA 3TUX CUJT - MO hop-
Mynam:
L — Dl
N N\ R]_ - 7 ]
Z\ \\( v 3 3
+ D; -D
R, =222 R =033 2"z (5
Puc. 2. PacyeTHaa cxema Ana onpegeneHuns 4 D; - D;
YCUNNIA  3aKPeneHns WHCTPYMEHTaIbHOM Jlonyckaemoe ycunve Ha TAre:
FONOBKN Ha [AepXKaBKe CTaTUYeCKUM MO- P, =[o,]F,

MEHTOM CWUT TPEHUA
rae [op] — fonyckaemoe Hanps>keHne Npu pacTsHXeHUn matepuana Taru, Mra;
F — nnowaab NonepeyHoro cevyeHus Taru, MM>.
F=mnd?/4. (6)
rae d — AmameTp TArM B OMacHOM CeYeHUN, MM.

N =P, sin a;osw | )
MoacTasum (4), (5), (6) n (7) B (3), 1 NpoBeaem nNpeobpaszoBaHme, NONYYNUM:
. D3 -D3
M, =10°P, f Ds sinarcosar +M+O,33% : (8)
2 4 D; -D;

BbINOMHUM pacyeT cun 3aKpenseHnus NHCTPYMEHTaIbHOM FO/IOBKM Ha [iepXkaBke Ans
CNeLYOWMX UCXOAHbIX LaHHbIX: HapY)XXHbI AMaMeTp WHCTPYMEHTaNbHOW FONOBKU W fep-
XaBky D3 = 50 MM, gnameTpbl pactovek Di = 38 MM, Dy = 34 MM, grnameTp 1arm d = 12 MM,
yron KoHyca a = 20°; matepuan tarun — Ctanb 40X, [op] = 200 MIMa, KO3ahULMEHT TpeHUS
f=0,10. Mocne NoACTaHOBKU UCXOAHBIX AaHHbIX B (8) nonyuum - My = 104 Hm. MNpegsio-
YKEHHas MeTOAMKa pacyeTa CU 3aKpenieHUs MHCTPYMEHTaNbHOW rON0BKU Ha AepXKaBKe Mo-
3BOSIUT, NOC/e MPOBEAEHNS 3KCMEPUMEHTOB, YTOUHUTL KO3IPMULUNEHT TPEHUS U ONpeaennTb
nofayn orpaHMyeHHble NPOYHOCTBLIO 3aKPENeHNs MHCTPYMEHTANIbHOW FO/IOBKW Ha AepKaBKe
B YCNOBMSIX pe3aHus.B npouecce pe3aHMsi HEKOTOPblE COCTaBASAKOLWME CUM pe3aHns byayT
Crnoco6CTBOBATL YBE/IMYEHUIO CTATUYECKOrO MOMEHTa TPeHus. B CBA3M € 3TUM, pacCMOTPUM
YCNOBUWe 3aKpensieHns pe3L0BOi rON0BKM B npouecce 06paboTkM. PacyeTHas cxema npuse-
AeHa Ha (puc.3).

PacueT nogayn npousBoAUM U3 YCNOBUSA OTCYTCTBUA MPOBOPOTA MEXAHUYECKOro Kpe-
MeHWs B MPOLIeCCe pe3aHus.

M,2M, ©)

roe M+ - MOMEHT cun TpeHus, Hw;
Mp - MOMEHT cun pe3aHuns, Hwm;
D D, +D P D3 -DJ
M, =10°P, f [-Lsinacosa + —2—2 + (1+-%)0,33———2 [, 10
T - E? 1 t+50) D2 (10)

N2
T 3 2
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M, =P,Rp. (112)
3HayeHus cocTaBnsAoWmX Py 1 P, Haxogum no gopmynam [1]
P, =10C ,t™™s ™ v™ P, =10C ,t* s’y
Rp -NNeyo npuioxeHus cubl, M.
MoacTaensas (10) n (11) B (9), nonyyaem

O 10C ,t*»s"»y™ 0 p3_ps3
+
PTfB&sinacowH Di*D; g e 0,333 D—i
02 4 H P, H D:i-D;
X Z y Z n Z

210C ,t"*s v "R (12)
" aN Peluas HepaseH-
— cTBO (12) ¢ nomouisto NMIBM
/ o \\gy/% NPy (PUKCUPOBAHHOM 3Haye-
/ 573 HUM V=78 M/MWH, yBennMunBas
= Pr| s nowaroBbIM MeTOJO0M, Orpe-
M| | D1 D, a ;> D3 nenum  makcumanbHo  gomyc-
Y ' X TUMYIO nojady fAns rnyouH
Ap, pe3saHus: 3-10 mm. Ob6pabatbl-
Rp Y ) BaeMbliAi  maTepuan  -CTasb
I i v 45,0,=750 MIa, pesey -
Px TBepAbliA cnnas T15K6, rnas-

Hell  yron B nnaHe @ =45°
,nepefHuiA yron }/:100, yron
Hak/oHa  rNnaBHOro  e3Bus
A=0°, paguyc npn BepluMHe

Puc. 3. PacyeTHaa cxema A4nf OMpefeneHns no- o

[ay OrpaHNUYEHHbIX MPOYHOCTLIO 3aKPENIEHUs UHCTPY-
MEHTaIlbHOM TOMOBKN Ha [AepXXaBKE MOfYNbHOr0 pac-
TOYHOro pesLa

Tabnmua 1 3aBMCMMOCTb IOMYCTUMbIX Nofay OT ryO6MHbI pe3aHus

"nyburHa pe3aHus t, 3 4 5 6 7 8 9 10
MM
OrpaHnumearowlas | 0,98 0,66 0,5 0,38 0,32 0,26 0,22 0,2
nogada s, Mm/06
Kak BMAHO 13 NpuBeLeHHbIX AaHHbIX, BENNYMHbLI NO4AY, OrpaHUyYeHHbIX NPOYHOCTbLIO
3aKperieHns pe3LoBOl ro/I0BKM Ha AepXKaBke, NPeBbILLIAaT
peKoMeHAyeMble B CNPaBOYHMKE TEXHO/I0ra MalMHOCTPOUTENS NOZ pefakumein Kocunosoii v
MelLepskoBa nofayv nNpyv YepHOBOM pacTayMBaHUW, YTO CBUAETENbCTBYET O HaLEXHOCTU
KpeneHns pe3L0oBOii FONI0BKM Ha [epXKaBke.

Cnucok nutepatypbl: 1. CnpaBoYHMK TexHosora-mawmHoctTpoutens B 2x 1. /Tlog,
pea. A.I'. Kocrnnosoii n P.K. MelepskoBa. 4-e n3g., nepepab. n gon. — M.: MalumHocTpoe-
Hue, 1985. 496 c.
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YTMPOYHEHWE TOJICTOCTEHHbBIX UWATMHAOPOB MYTEM ABTO®PETAXA
LLleBueHKo @./1., KpaicBuTHbI A.5. (JOHHTY, r. [loHeuK, YKpanHa)

3 pacuyeTa TONCTOCTEHHOMO LWAVHAPA Ha MOMAPHO CUMMETPUYHOE HarpyXeHue us-
BECTHO, YTO PacyeTHOEe HarmpsKeHWe No TONWMHE TPyObl pacrpenensieTcs BeCbMa HepaBHO-
MEPHO Y NPW YBEIMYEHNW TONWMHBI TPY6bI CTPEMUTCA K YABOEHHOMY AaB/ieHuto. Mo3aTomy B
cepeguHe XIX B. MNagonuHbiM bblna paspaboTaHa TeOPUS NPECCOBON MOCafKM TONCTOCTEH-
HbIX LWINHAPOB, YTO MCMO/b30BASIOCh A/ U3rOTOBEHNS ABYXC/OWHbIX CTBOMIOB MyLUeK. B
HacTosiLLee BPeEMS BMECTO NPECcCOBOI MocafKun NpUMeHsETCA MeTog, aBTopeTaxa [1].

Ecnun HanpsbkeHue y BHYTpPeHHel NOBEPXHOCTU TPYObl NPEBbICUT Npesen TeKy4yecTu
O, TO NOSABNAIOTCA NnacTuyeckue aedopmauum (puc. 1).

Ycnosuve NPOYHOCTM COrIaCHO TPeTbel TEOPUN UMeET BUL

Oyp—0,=0,. (1)

| Ho un3 ycnosus paBHOBECUS 3/1IeMEHTa TO/NCTOCTEH-

HOMO LMIMHAPA MMeeM 3aBUCUMOCTb MeXAy HanpsxeHus-
mu (puc. 1)

do
09—Jr=pdr. 2
Yo,

3 paBeHCTBa 3TUX [ABYX 3aBUCMMOCTel Nosiydaem
AnddepeHUmanibHoe ypasHeHve [2]

do, _
P =On>
dp
0TKY/a Haxo4uUM pafnaibHOe Hanpsi>KeHne
o, =o,Inp+C.
Puc. 1. HanmpseH- 3 ycnoBumst Ha Hapy»XHOW NOBEPXHOCTU Npu p =R
HOe COCTOSIHME B MiacTuye- O, =—(0 Haxoaum noctosHHyto C=-gq-o,InR. N3 yc-
CKOM 1 YyNpyrou 3oHax NOBMS Ha BHYTPEHHEW NOBepXHOCTU NpU p=r o, =-pcC
YUYETOM NOCTOSAHHOM C NonyymMM 3aBUCUMOCTb
R
p_q:(jmln?' (3)

Mpu d = 0 nonyunm ycrosme npeaenbHOro NAacTMUYECKOro ConpPOTUBIEHNA TPY6bI

Pm =0 In?. 4

Mpn OTCYTCTBMM HAPY>KHOTO [iaBNIeHNs BHYTPeHHee AasfieHne p,, (4) cnegyeT cum-
TaTb KpUTUYecKMM. oA AeCTBMEM TaKOro AaBneHus Tpyba paspylumtcs. Mpu gaBneHun
p< p_ ocTaetca HEKOTOPbIN YNPYrNil HapY>KHbIWA CNOI, NONYyYaeM aHaNormno ¢ NPeccoBoi

nocafKoii. Takoe YrnpoYHeHWe HasbiBaeTcsi aBTOMPETKOM. Tenepb TPyBy MOXHO CuMTaTb
[ABYXC/IOMHON C paguMycoM COMPsKeHUs MnacTWYHol u ynpyroi 3oHbl Iy 1 paBneHuem

Po (puc. 2, a).
[ns BHYTPEHHEN NNacTUYHON 30HbI cornacHo (3) nonyymm

;
P— Py :Gmln?o- ©)

[na BHELUHero cnos ycnosue NpoYHOCTU 09 — 0, =0, NpuHUMaET BUA

po_q_amW_o-m%_E¥ : (6)
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Pewwas coBmecTHO (5) 1 (6), nonyyaem pacyeTHYHO
3aBMCUMOCTb

b 1,12 1
-q= n—=-=In—+=L. 7
p-azonth il @
Tak gna  Tpybbl C  napameTpammu

r, _ 35 r, _ 35 _
0=""=14, 2="2=0,777 npn 4 =0 nony-
r 25 R 45 U Y

unm ycnosue npoyHoctu (7) p =0,5340,,. OTclofa

PUC. 2. PacuéTHble Hampske- BUAHO, 4TO Ana ctaim 40XM (am=800 I\/Il'la)

HWA B Mna: @) OT 3arpy»KeHus MOXHO C03[aTb [aBneHue B UunuHape p =427,2
BHYTPEHHUM faBnieHueM; 6) ot MTMa. Ecnm B3aTL umnunHap r/ry /R =20/35/50, T0
CHATWR  BHYTPEHHETO  faBne- nonyunm p =0,8150,, =651,7 MMa. OTcloga Bua-

HWS; B) OCTATOYHbIE o o
HO, YTO NNACTUYHBIA CNON HYXHO YBeNMunTb. Ecin

B3ATb UuunuHap r/ry/R =20/45/50, To nonyuymm p =0,906c,, =724,7 Mla. MNpn pasrpys-

Ke NpesBapuTeNnbHO YNPOYHEHHOTO LMAMHAPA OCTATCS OCTaTOUHbIE HAMPSHKEHUS.
Ons  npuMepa  BbIYMCNEHUS  OCTATOYHbIX  HAMPSXKEHWA  NPUMEM  LMIUHAP

r/r,/R=20/35/50, gnsa KOTOpOro nosy4nmM pacyeTHOe BHYTPEHHee [aBfieHue, Bbi3blBato-

LLiee MAacTMUecKme aeopmaLin BHYTPEHHErO Cos,
p =0,8150,, =8150,, =651,7 Mlla.
Mpn g =0 u3 (6) HaiiieM pacueTHOe aBMeHVe B KOHTAKTe NIacTUUYecKoro 1 ynpyro-

ro cnoes (puc. 2, a)
10 35°
=0, —H-——F=204 MMa.
pO O-m 2%‘ 502 E:

M0 3TOMY HaMPSHXKEHWIO TEMePb MOXHO HaNTW pacyeTHbIE HaNPSHXXEHUS B HAPY>XXHOM
ynpyrom cnoe (puc 2, a):

" (50/35)?
Y BHYTPEHHNX BOIOKOH 3TOr0 CNof o ., = 2204 ————— =800 MITa,
pect 1-(50/35)
2
Y HapYXXHbIX BOIOKOH & py., = 2[204 (35/50) -1 =392 MMMa.

1-{35/50
Mpn pasrpyske HYXXHO MPUIOXUTb BHYTPEHHee AaBnieHne p =651,7 MIMa ¢ obpat-
HbIM 3HAKOM W PeLnTb 3af4a4vy B ynpyrov ctagum (puc. 2, 6):

11 1
BHYTPEHHUX BOJIOKOH o =2[651,7 =1551,7 Mla,
Y BRYTP pact 1-(20/50? j
" (20/50)2
Ha HbIX BOJIOKOH o =2[®51,7———=—248,2 Mla,
Yy Hapyx pacy 1_(20/50)2

772 502
Ha CTbIKe 30H, e o, , = p 5 %1—2E pacyeTHOE HanpsKeHune
1-n 20
O':)gcq =0, -0, =506,6 Mlla.

3ntopa 0CTaTOYHbIX 3HAKOMEPEMEHHbIX HaNPSHXXEHWNIA NOKasaHa Ha puc. 2, B.

C y4yeTOM OCTaTOYHbIX HAMPSHKEHWIA LUAUHAP PacCUMTLIBAETCS Ha LMKINYECKYHO
MPOYHOCTb.

Cnncok nutepatypsbl: 1. ConpoTtusneHvne matepuanos/ MNMog pea. AH YCCP lMuca-
peHko I.C. — 5-e n3f., nepepab. n gon. — K.: Buwa wk. ronosHoe n3a-so, 1986. — 775c¢. 2.
H.W. Be3yxoB., OCHOBbI Teopuu yNpyroctu, niacTMYHOCTM U nonsyyectu. — M.: Boicwias
Wwkona, 1968. — 512c.
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NCCNEAOBAHNE COBMECTUMOCTU XAPAKTEPUCTUK CEPUNHbIX
ABTOMOBW/IbHbLIX ABUT"ATEJIEN 1 CTEHOA KI1-5543

UyxapknH A.B. (kad. AAX, JoHTACA, 1. MakeeBKka, YKpanHa)

[ns NpoBeAeHns UCMbITaHWIA ABUraTeNein BHYTPEHHEr0 CropaHus B KaYecTBe Harpysku
MCNOMb3YKT TOPMO3HbIe YCTPOICTBA Pas/IMYHbIX TUMOB, U3 KOTOPbIX Hambonee pacnpocTpa-
HeHbl 3M1IEKTPUYECKMe MallHbI MOCTOAHHOIO N NepeMeHHOro Toka. B xofe AaHHOro uccne-
[0BaHMA onpejensnacb BO3MOXHOCTb M XapaKTep COBMECTHOM paboTbl CEpUIiHbIX aBTOMOOU-
NbHbIX ABC 1 TOPMO3HOIO YCTPOICTBA B BUE 3NEKTPOMALLUMHBI MEPEMEHHOIO TOKa C  (a-
30BbIM pOTOPOM Ha 6asze 06KaTOYHO-TOPMO3HOro creHga KlA-5543-TOCHUTI co cne-
AYIOLLMMU XapaKTepUCTUKaAMU:

- HOMUWH&/1bHasA MOLLHOCTb - 55 KBT;

- CMHXPOHHas YacToTa BpaLleHus potopa - 1500 1/MuH;

- [ManasoH perynvMpoBaHna 4acTOTbl BPaLLEHMS pOTOPa 3/1IEKTPOMALLNHBI:

1. B AsuratensHoM pexxume - 700-1440 1/mMuH;
2. B TOPMO3HOM pexxume — 1700-3000 1/MuH;

- HOMWHa/bHbIA U3MEPSEMbIN KPYTALLMIA MOMEHT — 363 H*Mm.

CoBMeCTUMOCTb OMnpefensnacb HalOXeHWeM BHELUHMX CKOPOCTHbLIX XapakKTepUCTUK
(BCX) paBurateniel n aneKTpoMalLnHbI, KOTOPble NpeAcTaBnsatoT cob0iM 3aBUCUMOCTL COOT-
BETCTBEHHO 3(h(PEKTUBHONM M MOrOLLAaEMOI MOLLHOCTEN OT YacTOTbl BpaLLeHUs KOMeHYaToro
Bana JBC. BCX aBTOMOOGU/IbHBIX ABUraTeneid npyu 0TCYTCTBUM OMbITHbIX AaHHbLIX CTPOSAT Mo
ypaBHeHuto P.C.MleiigepmaHa [1]. BCX aneKTpomaluvHbl NpeacTaBnseT coboli Npsimyto, Bbl-
XOAALLYIO M3 Hayasia KoopamHart, co 3HadeHvem N=110 kBT npu n=3000 1/MMH 1 orpa-
HUYEHHYIO BepPTUKa/bHbIMW NHMAMKM npyu n=1700 1/MuH 1 n=3000 1/MuH. TOCKOMbKY
aNeKTpUYecKas MallvHa obecrneyvBaeT Harpysky Ha ABuUraTtefb TOMIbKO B 3TOM [uManasoHe
4acToT, a ANa CHATUA xapakTepucTuk ABC Heobxoamm amanazoH n=500-6000 1/MuH, nccne-
[0BaHNSA NPOBOAWIUCE C YYETOM YCTaHOBKM MEXAY 31eKTPOMALUMHOA N UCNbITYEMbIM ABU-
ratefieM aBTOMOGW/LHONM KOPOOKM nepedady. Mpu aTOM paccmaTpuBaInCh ABa BapuaHTa: uc-
No/ib30BaHNe eAMHON KOPOOKN ANs psia CepUiMHbIX aBuraTenein (4ns obecnevyeHns ycnosui
MPOYHOCTM NOUCK NPOBOAWICS CPeAn KOPO6OK nepegad rpy3oBbiX aBTOMOGWNEN) U UCNbITa-
HVWe [Buratefield Co WTaTHbIMU (COOGCTBEHHbLIMM) KOpOOKamMu. B nepBOM cryyvae KOpoOKa
yCTaHaB/IMBAETCA CTaLMOHAPHO Ha CTEHA W COeAMHSAETCA MpY NMOMOLUM KapAaHHbLIX BasloB C
3N1eKTPOMALLMHON cTeHaa U ¢ ucnbiTyembiM [BC, a BO BTOPOM - Ha CTEH[ YCTaHaB/IMBAeTCA
CWMOBOI arperat, BK/IOYAlOLLMIA ABUraTesb, CLUenieHne 1 KopobKy nepefay, KoTopas Kap-
[aHHbIM Ba/lOM COEMHSAETCS C 3NEKTPOMALLUHONW. ccneaoBaHns nokasann cnefyrouime pe-
3yNbTarthl.

CTeHf, N03BONAET CHUMATb BHELLHWME M YaCTUYHbIE CKOPOCTHbIE XapakKTEPUCTUKM BCEX
ABUraTenein NerkoBbiX aBTOMOOMNE HOMUHAILHOW MOLLHOCTLIO A0 100 n.c. B 3TOM cnyvae ¢
PaBHbIM YCMEeXOM MOXHO WCNbITbIBATb ABUraTenin B cO0pe Co CLenseHneM 1 CO6CTBEHHbIMU
Kopo6Kamu nepeaad uUam Mcnosb3oBaTb KOPooky AM3-141 asTomobunsa ¥Ypan-4320 ansa pas-
NNYHLIX aBuratenieid. MepBblii BapuaHT NpegnodTUTeNlbHee, MOCKObKY CHUKAKTCS NOTepu
MOLLIHOCTM B TPaHCMUCCUM, YNPOLLAETCA NPOLLeCC NepekoyeHnsa nepegay (npy obopynosa-
HWW CTeHZa NPVBOLOM CLIEN/IeHNs), 06neryaeTcd MOHTaX ABWUratens Ha cteHge. Mpu aTom
cneflyeT MCMosb3oBaTb MOAMUMMKaLMA KOPOOOK, MMetoLMe NoBbILaoLWme nepegadn (Kak,
Hanpumep, NATUCTYNeHYaTble KOPOOKK nepeaay asTomobunein BA3-21065, TA3-31029, Mx-
2126), ecnv TakoBble CYLLECTBYHOT. Takol nepegavein obnagaet n kopobka AM3-141. Mony-
4nTb NMONHYH BeTBb BCX fBuratens nerkoBoro aBToMo6uns HEBO3MOXHO Mpu ntobom Ba-
prviaHTe KOMMOHOBKMN.
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BO3MOXHOCTb MCMbITAHWIA ABUraTeNei rpy30BbiXx aBTOMOOWIEN OrpaHNYMBaETCS BE/N-
YMHON MaKCMMasIbHOro KpyTALero MoMeHTa M=360 H*m (B 3Ty KaTeroputo nonagatot fsu-
ratenu 3n/1-120, 3uJ1-157, 3u/1-158, 3u/1-164A, KA3-606A, 'A3-52, 3M3-511.10). OfHako
B 60/bLwMHCTBe cBoeM [BC rpy30BbiX aBTOMOGWNEN UMEIOT 60/iee BbICOKME 3HAYEHUS MO-
MeHTOB. [N HUX BO3MOXXHO CHATWME TONbKO YaCTUYHbIX XapaKTEPUCTUK U XapaKTepuUcTuK
YCNOBHbIX MexXaHW4eCcKUX notepb. B 3TOM cnyyae onTUMasibHbIM BapuaHTOM SBMSIETCA MC-
nonb3oBaHMe Kopobku nepefady AM3-141, npu 3TOM ee BeAyLLMIA Ban COeAUHSETCS C Mek-
TpOMAaLUVHOW, a BeAOMbIV - C ABuratenieM. Takas KOMMNOHOBKA 06ecneynBaeT HarpysKky npu
n=500-4150 1/MVH, YTO OXBaTblBaeT BeCb AMana3oH 4acTOT BpaLLEeHMS KO/IeH4aToro Bana
[Burareneii rpy3oBbIX aBTOMOGUNEN.

Taknm 06pa3oM, Ha OCHOBaHWW UCCNeA0BaHNIA cenaHbl CneaytoLme BoIBOAbI:

- 110 CBOMM XapaKTepuCTUKam CTeHZ NoaxoauT Gonee BCEro Ans Apuratenein nerko-

BbIX aBTOMOGW/EN;

- NPW UCMbITAHWUSAX NOCNeLHNX Hanbonee ONTUMabHLIM BapuaHTOM ByaeT UX KOM-

nneKTauus WraTHbIMM KOpobKaMu rnepejad;
- NpeanoyTeHne HeobXOAMMO OTAaBaTb KOPOOKam, MMEHLMUM MOBbILAKLLME Nepe-
Jaun, ecnun 4N1s JaHHOro ABUraTenis UMEerTCA Takne MOAUMMKALMM KOPOOOK;

- AndA 60/bLUMHCTBA ABUraTeneli rpy30BbiX aBTOMOGWEN BO3MOXHO CHUMATb TO/bKO
YaCTUYHbIE XapaKTepUCTUKN. B 3TOM cnyyae paumoHasibHbIM ABASETCA UCMO/b30-
BaHWe Kopobku nepegay AM3-141.

Cnucok nutepatypbl: 1. TAroBo-CKOPOCTHblE KayecTBa aBTOMOGWU/IEA. BOPTHULKWIA
M.W., 3agopoxHbliii B.W. Knes, nsgarensckoe 06begnmHeHne «Buia wkonay», 1978, 176c.

K PACUETY PEAKLINI B OMOPHbIX ¥Y3/1AX NMOBOPOTHOIO
PEOYKTOPA O4HNCTHOIO KOMBAVHA

JlbiceHko H.M., ManeHkoB [.B. (kat. 'M, JoHHTY, r.[loHeuK, YKpanHa)

OnopHble y3/bl MOBOPOTHLIX PeAYKTOPOB WM MOBOPOTHLIX G/10KOB pe3aHus 60/b-
LUMHCTBA COBPEMEHHbIX LLUHEKOBbIX OUUCTHBLIX KOM6aiHOB KOHCTPYKTUBHO BbINO/HEHbI B BU-
[ie OMOp CKOMbXEHUS, NPUYEM He 3allMLLEHHbIX OT BO3LENCTBUS 3arpsasHAIOLWMX (haKTOpPOB
BHELUHEN cpefpbl. Takme ONOPHbIE Y3/1bl, KaK MoKasan OnbIT 3KCnayaTauum 0CO6eHHO BbICOKO-
3HEPrOBOOPYXKEHHbIX OYMCTHLIX KOMOAMHOB, XapaKTepu3yrTCS CPaBHUTENIbHO HEBbLICOKON
[0rOBEYHOCTHIO BC/IEACTBME NOBbILLIEHHOMO U3HOCA MX CONPSAraeMblX NoBepxHocTei [1].

ANbTepHaTMBHbLIM PELEHNEM B laHHOM C/lyqae MOXET ObITb UCMOMb30BaHME B OMop-
HbIX y3/1aX MOBOPOTHOrO peaykKTopa MOALIMMHUKOB KayeHus, KOTopble Npu Y40BMETBOPU-
TeNbHbIX YCNOBUAX PYHKLMOHMPOBaHMS (MpeXae BCero ¢ nosuuMm cMasku) MOryT CyLLEeCT-
BEHHO MOBBICUTb PECYPC KaK CUCTEMbI MOABECKN W PerynmpoBaHns MOMOXKEHUS UCMONHN-
TeNbHbIX OPraHoB, Tak ¥ BCero koMbariHa B Lie/IoM.

Cneundmka ycnosuii paboTbl paccMaTpyMBaeMbIX MOALWMMHUKOB COCTOUT B TOM, YTO
MOBOPOTHbIE PeAyKTopa U3MEHSKOT CBOE MOJIOXKEHNE OTHOCUTENIbHO OCHOBHbIX PelyKTOpOB
TOMIbKO MPW HEeO6XOAMMOCTW PErynvpoBaHUA MONOXKEHWUS UCMOMHUTE/bHBIX OpPraHoB KOM-
GaliHa, NpUYeM MaKCUMaNbHbIV Yron NoBOpOTa MpU 3TOM He mpesbiaeT 40°. Kpome Toro,
perynvmpoBaHune Npomn3BOAMTCS He OYEHb YacTO U 06YCNaBNMBAETCA TOMIbKO TEXHONOMMYECKN
He0OXOAMMbIM M3MEHEHVEM MOMIOXKEHUSA MUCMOMHUTENIbHBIX OPraHoB (C OrMepeXxaroLlero Ha
OTCTatoLWMii U HA06OPOT) MM XKe NEePUOANYECKNM OTCNEXMBaHVEM 3a KO/lebaHWsAMM MOLLHO-
CTW nnacta no AJ/IMHe Nasbl.
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Puc. PacueTHas cxema K onpe/eneHmnio peakLimii B ONopHbIX y3nax NoBOPOTHOrO peayKTopa
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Ncxops 3 0TMeYeHHOM OCOGEHHOCTW, B KayeCTBe OCHOBHOIO KpUTepus MOATBep-
Xjaroulero paboTocnoco6HOCTb YKazaHHbIX MOALIMMHUKOB CleAyeT paccMaTpuBaTh UX CTa-
TUCTUYECKYIO TPY30MOLbEMHOCTb, BeNMYMHA KOTOPOW [O/HKHA 6biThb Bbille MaKCUMasbHO
BO3MOXXHbIX OLeHOK COOTBETCTBYHOLLMX OMOPHbIX PeaKLyii.

Peakuun, opMupytoLLecs B OMOPHbLIX Y3nax MOBOPOTHOrO pefyKTopa B mpouecce
(hYHKLMOHNPOBAHNA OYMCTHOr0 KOMb6aliHa MOryT ObITb ONpefesneHbl Ha OCHOBaHUW pacyeT-
HOW CXeMbl, MPUBELEHHON Ha PUCYHKE.

Mpwy cocTaBfieHNM YKa3aHHOW PacyYeTHON CXeMbl NPUHATLI CNeayHoLLMe OCHOBHbIE A0-
nyLLeHns:

- B/MSHMEM KOnebaHWin UCMONHUTEbHOrO opraHa Ha NpoLecc CTPY)XKoobpas3osa-

HUSA MpeHebperaem;
- COMNPOTMBNSEMOCTb YI/Isi pe3aHnto NS AaHHON NaBbl NOCTOSHHAsA, CTPOeHMe nna-
CTa- NPOCTOe;

- CWbl (POPMUPYIOLLIMECS NPU BbITPY3Ke YINA LUHEKOBLIMUA UCNOMHUTE/IbHbIMU Op-

raHamu, He y4mTbIBAOTCA.

B pacyeTHOI cxeme MCMO/Mb30BaHbl ABe MPAMOYro/ibHble CUCTEMbI KOOpAMHAT (Oc-
HoBHas OXYZ 1 BcriomoraresnibHas 0asc). [py 3TOM OCHOBHas 1 BCMOMOraTe/ibHasi CUCTEMbI
KOOpAMHAT, pacnonarasicb COOTBETCTBEHHO Ha OCW BpaLleHWs NMOBOPOTHOrO pefyKTopa 1 ocu
BpaLLeHNs UCNOIHUTENbHOIO OpraHa, XXecTKO NpuBsA3aHbl K MOIOXKEHMIO Koprnyca KombaliHa
NI OCHOBHOTO pPefyKTopa.

Peakuun, hopmupytoLmecs B 3aboiiHom (oropa A) 1 3aBanbHOM (onopa [1) onopHbIX

y3nax MOBOPOTHOTO PefyKTopa, YCNIOBHO MPeACTaBfeHbl B BUAE BepTUKa/bHbIX RS, RE, v

ropusoHTa/lbHbIX R, R (B OCHOBHOIA crcTeme KoopauHat OXYZ) cOCTaB/stOLLMX, XOTS

MPOAO0/IbHAA OCb MOBOPOTHONO PeAyKTopa B O6LLEM Clyvae MOXKET He coBnafatb € 0cbio X
(Ha cxeme B # 0Y).

Ha cxeme npuBefeHbl cnefyroLive napameTpbl BHELUHER (MO OTHOLLUEHWIO K paccyu-
TbIBAEMbIM OMOPHbLIM PeaKkLMsam) HarpysKu:

Ra, Re, Rc — MpoeKLmMu rnaBHOro BEKTopa CUi pesaHuns, 3afaHHble BO BCIOMOrarte/ib-
HOI cMcTeMe KOOPAUHAT 0aBC COOTBETCTBYHOLWMMM Nnevamu (Las, Lac, Lea, Lac, Lea, Les);

Gucosa, Gppeosa, Gysina, Gppsind — COOTBETCTBEHHO BEPTUKa/IbHbIE U TOPU30HTaSTb-
Hble (B OCHOBHOI cucTeme koopamHat OXYZ) cocTaBnstoLme CUsbl TAXXKECTU LLHEKa U MOBO-
POTHOTO PeAyKTopa, KOTOpbIe B CBOIO O4epe/b 3aBUCAT OT Yr/1a HaknoHa nnacTa a 2;

Rry — peakuusa ruapoAoMKpaTa perynnpoBaHua NonoXKeHus UCNoHUTENbHOMO opraHa.

KoopavHaTtbl MpuioXKeHUs COOTBETCTBYIOLLMX Harpy3oK W peakuuil Ha pacyeTHOM
cxeme 3afaHbl nnevamu |y ...lg. Mpn 3TOM CregyeT OTMETUTB, UTO BeIMUMHA Meya lg, Xapak-
TePU3YIOLLIEro NPUIOXKEHNEe peakLMn rTnapofoMKpaTta perynmposaHms Ry, B 3aBUCUMOCTU OT
OB MOXeT U3MeHATbCA B He3HauuTe/lbHbIX npegenax. OfHaKo C Lenbio YNpPOLLEHUs anro-
PUTMa B UCXOLHbIX JaHHbIX LiefIeco0bpa3HO UCMOo/b30BaTb HEKOTOPYH YCPEAHEHHYIO Benu-
YMHY 3TOrO rseya, KoTopas 06ecneynT NPUEMIEMYIO WHXEHEPHYHO TOYHOCTb NO/yYaeMblX
pe3ynbTaTos.

3 ypaBHeHMiA, ONMUCbIBAIOLLMX PaBHOBECUE NOBOPOTHOIO pPefyKTopa U UCMONHUTENb-
HOro opraHa nof [AeiCTBMEM BbiLIeyKa3aHHbIX Harpys3oK, Moay4YyeH CrefytoLnin anroputm
019 ONpefeneHns peakLmii B ONMOPHbIX Y3/1aX MOBOPOTHOIO peayKTopa:
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rae My= Gppeosa - I + Gycosa ls + Ry (Is —Lac) - Re (I1SinP — Lea) + Reg la;
M;= R (11c0sP + L¢g) + R (Is —Lsc) - Grpsina I7 - Gysina lg;
R, (LeosB + L) + Ry (IsinB — L) + (G 1y + G ls)(cosa [BosB — sina [3inB)
lycosp
CyMmapHble paguanbHble Fr 1 oceBble F, HArpy3ku B pacCMaTpuBaeMblX OMOPHbIX Y3-
nax NoBOPOTHOIrO pPeAyKTOpa HaXoAAaTCs Mo creaytoLwmm hopmynam:
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MOCKONbKY COCTaBNAIOLLME [NTaBHOMO0 BEKTOPA CW/ pe3aHns, onpeaensemble B OCHOB-
HOM (PU3NKO-MEXaHNYECKMMM CBOMCTBaMM pPa3pyLUaeMoro Maccmsa U PeXXMMHbIMU napameT-
pamy Komb6ariHa (CKOPOCTb pe3aHust U CKOPOCTb Mofayn), 3aBUCAT TaKXKe U OT KOHKPETHOro
MOSIOXXEHUS UCNOMHUTENBHOIO opraHa (HempepbiBHOE BpalleHMe LUHeKa B TeYeHne OAHOro
060poTa MOXKeT 6bITb NMPEACTaBIEHO B BUAE M-T0 KOMMYECTBA €r0 ANCKPETHbLIX MOMOXKEHWI),
TO BO3HMKAeT BOMPOC O cpefHuX (3a oAMH 060POT LUHEKA) BeMYMHAX paccMaTprBaeMblX
OMOPHbIX peakuuid, onpeaensieMblX B pesy/bTaTe YCPeAHEHUS AUCKPETHbIX I-TbIX UX 3HaYe-
HUIA, @ UMEHHO:
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Ha ocHoBaHWMW onvcaHHOro anroputma 6bina paspaboraHa nporpamMma «OPORA» Ha
a/IropuTMNYeckoMm s3bike BASIC NprMeHNTENIbHO K NePCOHaIbHOMY KOMMbOTEPY. B AaHHOM
nporpammMe MpoLeaypolrt BBOAA UCXOAHbIX AaHHbIX MpeAycMaTpuBaeTcs Hapsgy C BBOLOM
HEeKOTOpPbIX MNapaMeTpPoB HEMOCPEACTBEHHO C KNaBuaTypbl B AUaN0r0BOM PeXXMMe TakXe BBOJ,
OTAeNbHOro 6/10Ka NCXOAHOW MH(OopMaLun, ohOPMIEHHOIO B BUAE BHELUHEro (haiina Tuna
OATA. BennunHbl, BXogswme B faHHbIA 610K, LO/MKHbI NPeABapuTe/IbHO PaccUMTbIBATLCS
Ha KOMMbIOTEpPe C MCNOMb30BaHNEM paHee pa3paboTaHHON Ha Kadeape «I OpHble MalUUHbI»
JoHHTY nporpammbl «<RACSH».
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Cnucok nutepatypsbl: 1. KoHgpaxuH B.IM. JuHamuyeckue Harpyskm n KonebaHus B
CUCTEME MOABECKU U PErynvpruoBaHUA MOMOXEHUA LUHEKOBbLIX WMCMOMHUTE/IbHLIX OpraHoB
O4MCTHOr0 KOMGaiHa 1 NyTn UX CHYKeHWs. [nc...KaHg,. TeXH. HayK-[oHeuk, 1980.-225c.

UYron B MOXKeT MMeTb MONOXUTENbHOE 1 OTPULATENBHOE 3HAUYEHWe: NONOXNTENbHOE, ECAN NPOAOb-
Hasi OCb MOBOPOTHOrO PeflyKTopa pacrosiaraeTcs Bbille ocu X; a OTPULIATENBHOE, EC/IN — HIKE och X.

2YToNn o MOXET MMeTb MOMOXKMUTENbHOE 1 OTPULIATENbHOE 3HAUEHME: MOMOXKMUTENbHOE — MPU ABUXKEHME
KOM6aiiHa CHW3Y BBEPX; OTPULIATENbHOE — NPU ABMKEHUM KOMBatHa CBEPXY BHI3.



