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Brenenne

Kypc ABTOMaTH3HpOBaHHBIH 3MEKTPONIPHBOM THNOBLIX TIPO-
MBIIIUIEHHBIX MEXaHH3MOB, MPeRyCMOTPeH Y4eOHBIM [IJIAHOM CIICIH-
anpnoctv 7,092203- « InekTpoMeXaHH4eCKHE CHCTEMBL ABTOMATH3ALIHH
H 3JIeKTPONPHBOIY.

TunoBbie NPOMBILICHHBE MEXAHH3MEL ABJIAIOTCS OCHOBHEIM
CPENCTBOM MEXAHH3alMH H aBTOMATH3ALMN Pa3IHYHBIX [IPOH3BOICT-
BeHHBIX Tpotieccos. CreHORaTENBHO YPOBEb IPOMBILIIEHHOTO TTPOH3-
BOICTB&, H €r0 SHEProeMKOCTb 33BHCAT OT THIIOBBIX MPOMBIILTCHHBIX
MEXAHH3MOB H OT HX TeXHMUYECKOTO COBEPHICHCTBA.

DYHKIMA H 331a49H, BHITOIHACMEIC THTIOBBIMH IIPOMBILLICH-
HEIMH MexaHn3maMmi, o0yciaBnuBaoT Oonpmoe pasHooOpasnHe HX
3NEeKTPONPHBOAOB, KAK B OTHOIIEHHH JHaNa30Ha MOIHOCTEH (0T Ho1eH
KHMJIOBATT AC HECKOMBKHUX THICAY KWJIOBATT), TAK ¥ B OTHOIIEHHH HX
CAOKHOCTH (OT HEPErYIHPYEMOrc 3MEKTPOABUIATeNs 10 CIOKHEIX
3aMKHYTHIX CHCTEM 31eKTPOIIPHBOAA).

M3yueHue 3THX BOIPOCOB B COUETARHH C PACCMOTPEHHEM TH-
MOBEIX CXEM 3MIEKTPOIIPHROAOB MEXaHH3MOB [I03BOJIAET MOMYIHTE LK~
POKOE H JIOCTATOYHOE KOHKPETHOE IIPE/ACTABNEHHE 00 MEKTPOIIPHBOLS
THTIOBEIX MPOMBILLIEHHBIX MCXaHH3MOB.

Kak B cofiep)KaHHWH, TaK H B METOAHKE H3TTOKEHHS MATEPHAJIOB
AaHHOTO y4eBHOro MocOOHA HalllIa OTPAXKCHHE TIPAKTHKA YTEHHSA STOI0
Kypca CTYJIEHTaM CIIeHHaNbHOCTH «JNEKTPOMEXAHHYCCKUE CHCTEMEL
ABTOMATH3ALMH H HICKTPONPHBOA», MPOYHTAHHBIX aBTOPOM B 1989-
1997 romax B KpemeruyrckoM I'ocyaapCcTBEHHOM NOIUTEXHHYESCKOM
HHCTHTYTE.

ABTOp BrIpakaeT ry0oKyto 61aroaapHoCTh PEIieH3eHTaM |
ocobenno akameMuky B.E.MacnoBy H IOKTOpPY TEXHHYECKHX HayK,
npodeccopy JI.B.AKHMOBY 32 MHOTOYHCIIEHHBIE [TOJIC3HBIC COBETHI H
3amedanus, a taxxke A.B. Ilasnosy, M.B. CMHDHHTCKOH,
HU. 1. CTeYHECKOMY 32 IOMOLID B NIOATOTOBKE PYKOIIMCH K H3JaHWH),



I'maBa 1

THUIIOBBLIE ITPOMBIIHJIEHHBIE
MEXAHHW3MbI

1.1. Obmee onpeneneHHe THIIOBBIX
OPOMBILLIEHHBIX MEXAHH3MOB

Paccmatpupan MHoroobpazue _ COBPEMEHHBIX
NPOH3BOACTBEHHBIX IIPOLIECCOB, B KaAOM KOHKPETHOM Cllyyae
TIPOH3EBO/ICTBA MOXKHO BBIIETMTE PAA OTIEPATM, MPOECC BBINIOJIHEHHS
KOTOPBIX pabovHM MEXAHH3MOM ABJISETCSE OGLUMM (OAHOTHIHBIM) JITS
pasIMyHEIX oTpaciei NpoMelliIeHHOCTH. HanpuMep: noawem rpyza
KpPaHOM, NepeKauHBaHUEe HACOCOM JKMIKOHM cpelsl, MOrpy30dHO-
pasrpy3ouHsie paboThl IKCKaBaTOpa MM KpaHa, obpaboTka geTaiu
METALIOPEKYLIIMM CTAaHKOM, NpoLecc paboThl KOTOPHIX HE 3aBUCHT OT
APHHATTEXXHOCTH K OTPACTSM [IPOMBILLIEHHOCTH.

Mexanu3Mel, y KOTOPHIX [MPOLECC BBIMOAHEHHA
TeXHONOrWYEeCKOI0 ImpoLecca B pazlIMYHBIX  OTpaciax
MPOMBILLTEHHOCTH ABIAETCA OAHHAKOBEIM (OHOTHITHBIM ), MIM IIOYTH
OIMHAKOBEIM Ha3bIBAKOTCA THITOBBIMH MPOMBILLICHHEIMH MEXAHH3MAMH
(TTIM). K nx 9icy MOXHO OTHECTH NOABEMHBIE KPaHbl, 3CKANATOPhI,
NaccaXUPCKHe W [PY30BBIE MOXBEMHHKH PA3THYHBIX KOHCTPYKLUHH,
NPOMBILITEHHBIE MAHHNYIATOPBl H pOOOTHI, KOHBEHEDPBI, HACOCHI,
BEHTHJIATOPL!, IKCKAaBaTOPBI.

B 37oii cBa3u cnenyeT ormeruts, yto TIIM B 3HAUMTENBHOMN
CTEeNEeHH OMNPeaesAOT TEXHHYECKHH YPOBeHb NMPOW3BOICTBEHHOTD
npouecca, ero peHTabenbHOCTh, 3KOHOMHYHOCTS.

1.2. Knacendpnkauns TIIM

K uncny nokazareneit kiaccHduKauMORHEIX npu3Hakos TITM
(ycTaHoBoK) OTHOCATCA: HA3HAYEHHE, KOHCTPYKTMBHOE MCIIONHEHHE,

00J1aCTb IPHMEHEHHA H XapaKTep TEXHOIOTHYECKOTO Npallecca.
Ilo Hasnayenuio:

1. ITonb&MHO-TPaHCIIOPTHBIE MEXAHHU3MEI.

2. 3eMicpoiiHBIE MaLIUHBIL.

3. MawyHbl A8 TPAHCIOPTHPOBKM MKHAKHX U Ta3000pa3Hbix cpe.

4. Merannopexyiue ctanku (MPC).

Kaxnas w3 37TUX rpyln COMEp:KUT MalMHbl, pa3aAHUHbIC 110
KOHCTPYKTHBHOMY HCOONHEHHIO. K 1qMcny nogbeMHO-TPaHCTIOPTHEIX
MAalIHH OTHOCHTCA! MOCTOBBIE, KO3JIOBBIC H IIOBOPOTHBIE KPAaHH,
neperpy3ouHesle MOCTH, kKabelb-KpaHbl, MNPOMBILIIIEHHbIE
MAHUIYIATOPE! H pobOThL, CTAHHORAPHBIE BEPTHKAJIBHBIE H HAKIOHHBIE
TOAREMHBIE YCTAHOBKH JIMCKPETHOTO NEHCTBHA, KAHATHRIE JIOPOrH,
TOPH30HTAIBHEIE H HAK/IOHHbIE KOHBEHEepbl, BePTHKATBHBIE KOBILIOBBIE
TpaHCHOpPTEPH! H T.N. 3eMAepoHHbIC MALLHUHBI - 3TO OJHOKOBLIOBBIE H
POTOPHbIE SKCKABATOPBI, 3eMCHAPSABL. TpeThs rpynna siiroqaeT B cebs:
UEHTPOOEIKHBIE H [TOPIIHEBbIE HACOCHI M KOMIIPECCOPbI, IEHTPOOEKHbIE
BEHTHIIATOPEIL.

Tlo o6nacTi npUMEHEHHS:

MaugocTpouTenbHbIE.
MeTannypruveckue.
Topueie.
CrpouTensHsie.
Cynosrie.
Hedrerazoesie.

HanpuMep: crenMansHBIE METANNYpPryuecKHe KpaHbl H
3arpy304Hble MallHHB; CYAOBBIE NIOXBEMHO-TPAHCIIOPTHBIE MALIMHEI,
LWIAXTHBIE IOIBEMHBIE YCTAHOBKH, II0TOHHO-TPAHCIIOPTHBIE CHCTEMEI
Pa3NHYHOIO OTPACNIEBOTO TIPHMEHEHUA,

[1o KOHCTPYKTHBHOMY MCIIONHEHHIO:

O6p1yH0 0bnacTh NpHUMeHEHHA OKa3biBaeT BAMIHHE Ha
KOHCTPYKTHBHOE HenonueHue, [1laxTHas moaseMHad YCTaHOBKA UMEET
cnenpdHUecKue KOHCTPYKTHEHBIE OTAHYHA OT NUdTa, a faleHHsli
KpaH $BifeTcs clleldansHoi cTpouTeNbHOH MallHHOH. 3avacTyro
ONHOTHIIHEIE MAlLIWHE], PUMEHACMbIE B PA3NIMUYHBIX OTpacifx,
CYLUECTBEHHBLIX KOHCTPYKTHBHBIX OTIHUYME He HmMeroT. Crennduka
OTPACNEBOr0 MPUMCHEHUS B ATHX CTy4YadX MOKET NMPHMEHATHCH B
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pexyuMax paboThl U YCIOBHUAX IKCIUTyaTalUMH HX 3MIEKTPONPUEOAOB
(3ID).
ITo xapakrepy TexHO#OTHueckoro mnpouecca TIIM
NOLpA3AE/IOT Ha ABE [HOATPYIIIBL
1. MexanuaMbl LHKIHYECKOTO (IpepLIBHOrO) AeiicTBHsA, pabounii
TIPOUECC KOTQPREX COCTOMT W3 MOBTOPSIOMIMXCA OAHOTHITHAIX
LHKIIOB.

2. MexaHu3MEBI HENPepBIBHOTO AEHCTBHS, TEXHOJIOTHUECKHH MIpolLiece
KOTODBIX MMEET HEMPEPLIBHbIA XapaKTep.

K neproii rpymnne MoxHO OTHECTH: KpaHBl, LIAXTHBIE
HONbEMHEIE YCTaHOBKHM, NTHbTEL, MPC.

Ko Bropo# rpynrne - 3CKanaTopbl, 3eMNeCOCHl, KOHBEHEPBI,
HACOCHEIE H BEHTHIATOPHEIE YCTAHOBKH.

Xapakrep TEXHONOIHYECKOI0 IIPOLECCa OKA3BIBACT OCHOBHBIE
BIUAHUA Ha pexxuMbl paboTel OI1 1 onpenenset raaBHele TpeboBaHuUS,
NIpeAbABIAEMEle K HEMY B OTHOLUIEHHH MOUIHOCTH H Teperpy304Hoi
CIoCOOHOCTH, NMHAMHYECKHX Ka4yecTB, HeoOXOOMMOCTH H TOYHOCTH
PEryNHpPOBAHUA KOOPAHHAT AEKT POMEXAHHUECKON CHCTEMBL, YPOBEHD
ABTOMATH3ALUA.

Knaccuduxal o mo xapakTepy TEXHONOTHYECKOTO NPoLiecca
MOYKHO TIpeCcTaBHTh cXeMoi (puc.i.1).

TIH

Uuronreckoro qeficTEXA HempepuBHoro qsicTemra

| [

Haxauusrs Mexamusmu
i - HernTpobemme Nopunie BHe
TIepen By Hi A noneéMa Konseariepn
& X B HKEME M XA HM SM
TIOBOPOTA TAMH

h 4 b b h

ﬂpnmn.:m!:mme VCTAHOBKM M TEXHONRONWHECKME KOMIINERKCH

Puc.1.1. Knaccudrraung TIM no xapaxrepy TEXHOMOTHYECKOTO Npollecca
B coorsercreuu ¢ kiaccupukaued kype ASI TIIM cocrour
13 Tpéx 4acTell, B KaKJ0H M3 KOTOPBIX CIEAYET BBLASIHTE 00uiMe
BOIPOCH WISKTPOIPHBOAA H ABTOMAaTH3ALHH TUIIOBBIX MEXaHH3IMOB

JAHHOM I'PyTIIBL:
1. MexaHH3MOB LIMKJIHYECKOrO TeHCTBUA.
2. MexaHH3MOB HEMNpEpPLIBHOIC TPaHCIIOPTA.
3. MexaHH3MOB-HAacOCOR, BEHTHIATOPOR M KOMTPECCOPOR,
PaccMOTpeHHBIC KOHCTPYKTUBHBIE 0COOEHHOCTH MEXAHHIMOR
HEMpepBIBHOTO AEHCTBHS MOKA3bIBAET, YTO HECMOTPA HA OOIIHOCTH
peskuMa paboThl U HA3HAYCHMR 110 NPUHLIAITY JeHCTBUA MX ClielyeT
pasnenHuTE Ha ABE IPYIIEL, BRIIOYHB B IEPRYIO KOHEEHEPH! H OTHeCA
kO BTOpOH- HAacoChl, BEHTHWIATOPH M KoMOpeccopsl. Hacocsl u
BEHTHIATOPBI HMEKOT OfHY OOIIYIO (OYHKIMIO- TPAHCTIOPTHPOBATE
YKHIIKOCTH H ra3bl IPH HeMpepeIBEHOM XapakTepe padoTel. KoMnpeccopel
BBITIOJIHAKOT W APYTYI0 (YHKIUHIO, OCYLISCTRIIA aKKyMY/IHPOBaHHE
3HEPTHH B GopMe 3HEpPruM cxaroro posayxa. C HacocaMu H
BCHTHUJIATOpaMH KoMNpeccopel o0beauHseT o0MHOCTE NPHHLMIA
JEHCTBHA ¥ KOHCTPYKLMA TAHHBIX MeXaHM3MOR. Hexong u3 HazHauenus
H Xapakrepa paboTsl, HACOCH! ¥ BEHTHAATOPBI MOXKEO GbLUTO 651 OTHECTH
K MEXAHH3MaM HEHpephIBHOTO TpaHCopTa. OIHAKO MO KOHCTPYKHHH

- HIIpDHHIKITY pa6CfTBl OHH CYLECTBEHHO OT/THHAaKOTCA OT TPAHCIIOPTHHIX

MEXAHU3MOB H BBIIEICHBI COBMECTHO C KOMIPECCOPAMHU B OTAETIbHYIO
TPYIIIy MEXAHH3MOB HETIPEPBIBHOTO JIEHCTBHA.

B coBpemeHHOM TeXHHYECKOH IUTEpATYpe MEXaHMYECKOe
MEKTpUYeckoe 000pYIOBaHHE KaXIOH H3 BRHIIE MEPEUHCICHHBIX
pasHoBHaHocTed TTIM mosy4uao 1ocTaro4Ho noapobHoe OCBeIeHHE.
B ocHose orfopa pacemorpenseix TIIM B Gonsiued acTy NexKUT
kI1accH(HKaUMA MO Ha3HaYEeHHIO W ucnonHeHHo. Hanpumep, no
anekrpooBopyaoBanuio kparos [1,2,3], audror [4], sxckasatopoB
[5,6,7,8], konseepos [9,10], Hacocos, BEHTHIATOPOB H KOMIIPECCOPOR
[11,12]. Kypc 3aBepuwaroiuuii NoAroTOBKY CIEUHATHCTOB IO
3NEKTPONPHBOAY THIOBOTO MPOQHIA JAOMKEH NOKa3aTh, YTO MPH
H3BECTHBIX TEXHOJIOTHYECKHX TPeGOBAHHAX OH JOCTATOMEH MIJIA
peLIEHHA BOIIPOCa SMEKTPOTPHBOIA H ABTOMATH3ALMH MPOMBILIUTEHHEIX
YCTAHOBOK B /IIOOBIX OTPAC/AX HAPOAHOIO XO3SICTBA, H O3HAKOMHTb C
oBIIUM NopAaKoM OnipeaencHus TpeGOBaHMHA K MEKTPONPHBOAY Ha
OCHOBE @HAJIH3a TEXHOIOTHYECKOTO TPOLIECCa.



T'napa 2

JIEKTPOIIPUBOJA HACOCHLIX,
BEHTHJIATOPHBIX U KOMIIPECCOPHBIX
YCTAHOBOK

2.1. O Hacocax, BEHTHJIATOPAX H KOMIpeccopax

Hacocsl, entanatoper 1 koMnpeccopst (H,B,K) otHOCATCA K
uyHCTy Harbonee paclpocTpaHCHHBIX H SHEPrOSMKHX MEXaHH3MOB Ha
NPOMBILLUIEHHBIX IPEATIPUATHAX H OBITOBOH TEXHHKE, TOTpebsiouye
oxkono 25% BruipabarpiBaeMOH B cTpaHe JJIEKTPO3HEpruu.
YeTtaHoBiICHHAad MOIIHOCTL IPHBOMHEIX dnekTponsurartencek H, B, K
KonefneTcs OT oMei eyHUIL 10 AeCATKOB TRICAY KUNOoBaTT. Hanpumep,
Jns TypGoxoMnpeccopos - 1o 18000 kBT, Hacocos - go 73000 kBr,
BeHTHNSTOPOE - A0 5000 kBT. Tax na Cnasauckoii 'POC ycraHoBneHbE
ABa Hacoca nogaueit no 3000 m3/u npu Hanope 35 Mlla.

Hacocr! npenHazHaueHsl 171 TPaHCMOPTHPOBAHMA JKHIKHX
Cpedl, a BeHTHIATOPSI - ra3000pa3HbIX.

KoMmnpeccopsl - mpejHasHauyeHb A [ONYYCHUS H
TPaHCMIOPTHPOBAHMA CIKATOTO BO3IYXA MM APYTOro Kakoro - nubo rasa.

ITo mpunnuny nopayu pabodeH cpelbl H KOHCTPYKIIHH
paccMaTpHUBAEMBIE MEXaHU3MEl OBIBAIOT :

* HACOCHI - LeHTpoOeKHbIe, OCeBBIe, MOPIUHERLIE, POTAIHOHHEIE,
BHHTOBbIE M II€CTePEHYATEIE;
BEHTHIATOPHI - LeHTPODEKHLIE U OCEBBIE;

¢ KOMMPECCOpH! - LeHTpoOexkHBIe, oceBbie {TypOOKOMNIpEccops),
NOpIIHEBbIe, POTALHOHHEIE H BHHTOBEIE.

Hanbonsmee pacnpocTpaHeHHe MONYYHIH MEXaHU3IMEL
LEHTPoOeKHOro (puc.2.1) K MopiHeBoro {pyc.2.2) THIOB.

IlenTpobexHBIE MEXaHH3MBI XapaKTepH3YIOTCA MPOCTOTOM
KOHCTPYKLIHH, HAIE)KHOCTHIO B SKCILTYaTalyH, paBHOMEPHOH noaadei

paboueli cpe/ibl, BO3MOKHOCTBIO GOIBIUNX TI0AAY.
f

Puc. 2.1. Cxema Mexamusma ueHtpo-  Puc. 2.2. CXeMa MeXaHH3Ma OPLIHTEO-

Gexnoro Thoa: 1- kopnoye; 2- pabouee ro THMAa: |- KpUBOLWKNHEL BaR; 2-
koneco; 3,4- HarHeTareNsHLI ¥ BCAChIBAOUIEH KnanaH; 3- HarHeTa-
BCACBIBAIOIUHH TPyOonpoBoas! TeABHBIH Kianad; 4- nopueHn

HOCTOMHCTBO TOPIIHERBIX MEXAHH3MOB- BO3MOMHOCTB OBECeNeH s
BHICOKHX HaBneHnH (10 100 Mila B cnyuae xomnpeccopos). OcHOBHOIH
HEOCTATOK - KOHCTPYKTHBHAA CIOMKHOCT. MEXaHH3MbI [IOPIIHEBOTO
THIIA Pa3IHYAKTCA 110 cnocoly AeHCTBHA (OQHHAPHOrO W AROHHOTO
AEHCTBHA), 10 YMCITY CTYMeHeH CKkaThs (OOHO-, MHOTOCTYNEHUAThIE),
KONHYECTBY UKWIHHAPOB (OHO- H MHOTO IIHITHHAPOBEIE),

Pabora H, B, K xapakrepusyercs cneayromiMy 0CHOBHBIMH
napaMeTpamMu: nofaveH, fapaeHneM (HamopoM), MomHocThI, KITJI,
4acTOTOH Bpalenna. OBBIYHO MoAa4y HACOCOB BLIPAXKANOT B M3/u;
KOMIIPECCOPOB - M3/MHH, a BEHTHIIATOPOB - B M3/c.

ITonaya- 3T0 KONTYECTBO KUAKOCTH WIH Ta3a, MEPEMeaeMbixX
MAIHHOH B ¢AHHMILY BpeMeHH. [Ipu u3MepeHHH Nojauy B eNHHHIAX
obbema ee Ha3BBAIOT 0GbeMHON 1 0Go3RauatoT Q. Ucnons3yioT Takoke
NOHATHE MacCOBOM Moflauu MY - KOMHYECTBO MACCHI SKHIKOCTH UK
rasa, roJaBaeMbIX MallMHOI B €IHHULY BPEMEHH:

M, =pQ,
rre P- IVIOTHOCTE Cpefibt, KI/M?;

Q- obbemHan nopaa, M*/c.
[Monaya onpenensercs (u3MepseTcs) Ha BXOe MAIUMHBI, €CIH
TPAHCIOPTHPYETCH HE CHKUMAaEeMas cpeia, TOrHa MoAaYa Ha BXOAE H
BBIXO/IC onMHakoBa, Takum obpazoM u3MepuTenbHbIE NPUGOPHI

PacxoloB KHIKHX CPEX B HACOCAX NMPEANOYTHTENLHEE CTABHTH HAa
BLIXOJIE, T.€. HA HarHEeTaTeNbsHOM TpySonpoBoae.
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BeHTHNATOPB! GONBLIOH [I024H Hallle BLITIOIHAIOTCA 0CEBRIMH
(puc.2. ), onH Boree HaAeKHBI Mpy 3aTbUICHHOM BO3AYXE (raze) o
HMEIOT \pasrutensio secokui KL

[entpobexnupie H, B, K oTHOCATCS K MEXAaHH3IMaM C
BeHTm‘ITopHOﬁ xapakTepucTHkoii (puc. 2.4)

- of

[

I 71
@ 79
LA
>
Pue. 2.3 M
. CxeMa 0CeBOTO BEHTHIATOPA Puc. 2.4, XapakTepHCTHKH MEXaHHIMa

11eHTpo0e HOTO THIIA
MexaHH3Mbl LEHTPOOEXKHOr0o THNA BBLIMOMHAIOTCH
GBICTp%xom{mMH, a MOPIIHEBOTO - THXOXOTHBIMH.
HeHTp%ﬁemHme HACOCHI IIepe/] IYCKOM TIPEABAPHTENBHO 3aAHBAIOTCA
HHAEO er0. ITpuMeHsIOTCA TPH cniocoba mycka :
L 3aKpbITOH HAOPHOH 33JIBUKKE.
2 Hp}i OTKPBITOI 3a/IBHXKKE.
3¢ QQiHOBpCMBHHbIM BKJIIOUEHHEM Ha OTKPBIBAHHE 33]BHKKH.
[epsbiii criocof mycka IPOU3BOAMTCA C HeGONBIIOH HATPy3KOH
(MOMehT Ha Bajly ABWIATENS COCTABILACT 5+20% HOMUHQJIBHOTO B
Hataly nycka u (35+50%) B KOHUE nycka), uTo SABJIACTCA €ro
HOCTO o TBOM.
Bropoi crioco® mycKa peKOMEHTyeTCs Kak OCHOBHOI, MaJiog
BpeMA mycka, 2tor ¢rocob ocobenHo nesecoobpasel, eclii HacoC
HaXOMy rest Hinke ypOBHSA KMIAKOCTH B 3a00PHOM pe3epByape.
Tperuii cnocof - koMOHHAIHS NEPBLIX ABYX. Mepen
OCTAR b xoif enTPOOEKHOTO HACOCE, CIEayeT NPEABAPHTEIBHO
MEATIS go 3aKpHITh 3aIOPHYIO 33/IBIKKY BO H30OKaHHE paboThi Hacoca
B KATT . B MHpOTYPORHDI 11071 BOIEHCTBHEM KALKOCTH, Haxopanecs
B e e Tpy6onposona.

[lo .
PIX | apble HACOCHI BKITFOUAIOT MPH OTKPHITOH 3aIBINKKE HA HAOPHOM
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TpybonpoBone, TO €CTh NOX HArpy3Koi. BEHTHAATOPLL U KOMIPECCOPBI
BKTIOUAIOT B paboTy 6€3 Harpy3Ku TO €CTh MPH 3aKPITIX 3aJIBUAKKAX

CO CTOPOHBI BCACHIBAIOLIErO TPYGONPOBOA], YTO cocTaBnseT (20+25%)
Mn.

2.2. PacueT HeoDX0gHMOMH MOIIHOCTH
asurateneir H, B, K

TTpuposia BO3HHKHOBEHHS CHIT Ha Bally mexannamos H, B, K
CPABHHTENBHO CJI0KHAA, TI0ATOMY TpeDyemas MOTIHOCTb ONPEISNALTC
o npubmnkeHHsIM Gopmymam [13].

MoIHoCTB Ha Bany asHrarens Hacoca (KBT)

szH&h_.m%:__QHLgh 2.1)

n.1, 10,7, " '
e O- nonava nacoca M3/c;
g=9,81 M/c2- ycxopenue cBoGOTHOTO NANCHHUS,
H- cymMapHBIH Halop, M;
{0~ IIOTHOCTB IIePEKaYnBaeMOH KHAKOCTH, Kr/m3;
1,- KI1[ racoca (1% eHTPOOEKHBIX HACOCOB € JaBleHHEM 10 40
kIla n_=0,3+0,6; ¢ napnenuem ceuime 40 klla M, =0,6+0,8; ns
MOPUIHEBBIX HACOCOB 1) =0(,7+0,9);
n,- KILI nepenauu;
k3- koadduumenT 3anaca, Y4UTHIBAIOMIHNIT HEMOANAOIHEC PacueTy
daxropsl (115 ABHraTenci MomHocTeio 10 50 kBT £3=1,2;
k3=1,15 npu mouHocTr 50+250 kBT; B ceile 250 KBT
k3=1,05+1.

Cymmapubiii  nanop (anddepeHUHanbHBld UK
MAaHOMETPHYECKHIT) CKIIAIBIBACTCS U3 TPEX COCTARMAIOIIMNX:

H=H,+H, +AH,
rfie H - BBICOTA BCACHIBAHMS, M;

H - BEICOTA HATHETAHHA, M;
AH- gricoTa, COOTBETCTBYIOIAR OTEPAM HANOPa B MATHCTPANH
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y 2
(munammaeckuit Hanop), AH =k, 0%, M;

k... - K03 dULHEHT CONPOTUBICHUA MATHCTPAIH;

H_ + H,_ - reofe3uyeckiii Hamop.
I'padk Mogayd W HANOPOB BOJAAHBIX HACOCOB Pa3lHYHBEIX THIIOB
npeAcTarIeH Ha pHc. 2.5.

Usmenenne oObeMa B MallMHax mopurHeBoro tina (IIM)
OCYIECTBIACTCA 32 CYET BO3BPATHO-NOCTYIIATEAbBHOTO JIBHKECHHSA
nopuids. B maummuax nenrpobexHoro tuna (1{M) MoToK XHAKOCTH
H3MeHseT CBOE HampaeleHHe rmoja yrimom 90°, a B ocenix (OM)-
IepeMeIIacTes BAONE OcH pabouero Koneca.

MolHOCTS Ha Baly ABHTaTesns BeHTunsropa (KBt):

p=RCH oo, @2)
7.
re (- Mofaua BEHTHIIATOPA, MI/C;
H- wanop, Ia;
N,- KT Bentuisitopa (4114 UEHTPOOESKHBIX BEHTHIATOPOB
N =0,4+0,7; ang oceBsIx 1, =0,5+0,85);
n,- KI1J nepenaywm,
k,;=1,05+1,3 - xoapduumenT 3amaca (GonbLIMe SHAYCHHA
OTHOCATCA K MEHBILEH MOIIHOCTH).
Momuocrs (KBT) Ha Banmy jABUrarens BEHTHIATOPA IIPH
H3MEPEHHH HATIopa B MM BOISHOTO cTonba

_ _kQH (2.3)
102n,n,
MorHocTs Ha Bany ABHraTens xommpeccopa (KBT)
pog QATA) o
21,1, :
rae Q- nonava xommpeccopa, M4c;
A, - ynensHas paGoTa n3oTepmuieckoro cxarus ([x/m*) o
naenerus P,

A - ynensHas pabora anuabarideckoro cxarus (/M%) 20
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naBiieHus [
P~ xoHeuHoe u30BITOUHOE NaBNeHHe CxKaTh4, [a;
7, - KIIJ komnpeccopa (=0,6+0,8);
n,,- KIIJ nepenavu;
k3=1,05+l,3— ko3¢ duimenT 3anaca (OONbLUIME OTHOCATES K
MeHbLIEH MOIIHOCTH U Haobopor).

3HaueHus 4, W A4, npu pasnMYHBIX AaBIEeHMA P, NMpUBENEHHI B
Tabn. 2.1.

Tabnuua 2.1
3HaueHHa H3oTepMUYeckol 1 annabaruyeckoit pabot cxarua 1 m°

arMoCepHOTO BO3AYXA [IPH PA3INYHEIX JABICHHAX P2

Mapametp 3Ha4eHHA MapaMeTpa
P2, MITa 0.1 0z 03 04 235 0.6 o7 8 0¢ 10

O3, An | 39730 ) 67690 | 107900 | 136300 | 157900 | 175600 | 191300 204000 (21600G{225500
a3 Aa | 42200 | 75500 | 126500 | 167800 | 201100 | 230500 | 256000 | 280600 | 301206320800

[Ipu n3BecTHOH HeHCTBUTENLHOMH HHAHKATOPHOH AxarpaMMe
CKaTHA BO3AYXa HMJIM ra3a MOIHOCTH Ha Bally KOMIipeccopa
onpeaenatcs (kKBT) puIpaxkeHHeM:

Pzﬁgﬁ.lo-% 2.4

ﬂn nx .
rae 4- ynenbHas pabota ckaTHs Bo3ayxa uiH raza (Jix/m3),
onpenenseMas 1o HHAUKATOPHOH anarpamme (puc. 2.6).

LI

P ™,
100 P
, UM
. R
0 -

=3

- oM

.
-

i
1
1
1
: Vi ¥V
Puc. 2.6. Hapuraropxas
JHArpaMma cKaTHa rasa

l 10 100 1000 1000 Dhasu V.
Puc. 2.5. I'paduk nonaum u Hanopos
BOASHBIX HACOCOB Pa3NHYHbIX THIIOR



HekoTopoe KOAWYECTBO rasa C:KHUMaeTcs B COOTBETCTBHH C
AMarpamMMoi ot HauansHoro odbema V| 1 £ nasnenus /10 KOHEUHOro
ofbveMa V), W naenenns £.

Ha ckatHe rasza sarpauuBaerca pabora, koTopas Gyner
paznuMuHa B 3aBHCMMOCTH OT Xapakrepa npouecca cxarus. DToT
MPOLIECC MOMKET OCYWECTBAATECS 10 afuabarHueckoMy sakony Oes
oTaa4YM Temna (Kpueas 1, puc. 2.6), N0 H3OMETPHUIECKOMY 3aKOHY NPH
TIOCTOAHHOM TeMuepatype (kpusasdt 2, puc.2.6), 6o no noauTpone 3.
puc.2.6.

OpHeHTHPOBOYHbIE 3HaYeHHI OCHOBHBIX Napamerpob K 1 B npuseaensl
B Tabmuue 2.2, B Tabnwmue 2.3 npueenenst 3nauenus KI1J{ s H, B, K.

Tabnmuua 2.2
()pHEHTHPOBOHHBIE 3HAYSHH OCHOBHBIX TlapameTpos K u B
Paboyas MaluMH2 Trn Topaua m3/MHH CrereHb NOBLIISHHS aBNeHH
TiopuIHeBsie <3500 2,5-1000
Kowvmpeccoph PoropHble <500 3.12
IenTpobenainie 100 - 4000 3.20
Ocegtle 100 - 15600 2-20
BeHTWIATOpLL Hentpobentible £6000 1-1,15
Qcepble 50 - 10000 1-1.04
Tabmuna 2.3
Kosdduuments: nonesnoro neficreus H, B, K
HameHoBaH e MEXAHHIME KoadduunenT noneatore qeAcTens
Lentpobesarte H, B, K Som mol MomroctH 0,75-0,42
Ientpobeskete H Manoft k cpenseil MOIHOCTH 0,6-0,75
Ocepbie HU B 0,7-04
Ocennle K 0.8-0.9
TIopttHepble H 0,65-0.85
TTopinHepble K 0,5-0.8
Potophbie H 06,6-0.9
PotopHule X 0.5-07

C HeKoTOpbIM MIPHONMIKEHHEM JULA LEHTPODEKHBIX HACOCOB
MOKHO IIPHHATH, YTO 32BHCHMOCTH MEXK/Y MOIIHOCTBIO HIIH MOMEHTOM
Ha Bajly QBMUraTeNs M CKOPOCTBIO OTIPENENAOTCS COOTBETCTBEHHO
COOTHOIUEHHAMH

P=co’;
M=co’. (2.3)
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TIpakTHuECKY IOKA3ATE b CTETIEHH CKOPOCTH B CHCTeMe (2.5) MeHseTcs
B npejlenax 2,5+6. OTH OTKAQHEHHS A/ HacOCOB ONpEASNATCA
HaJiiYHeM Hanopa MarvcTpany. [Ipu 3ToM Hacochl, paboTaiolune Ha
MATHCTPA/H € BBICOKMM HaropoM BEChMa 4yBCTBUTE/IbHBI K CHHAKEHHIO
CKOPOCTH ABMIaTEIA.

(OcHOBHOH XapakTepHCTHKOH HAacOCOB (BEHTHIATOPOB,
KOMIIPECcopos) SBNAETCS 3aBHCHMOCThL Pa3BUBAEMOIC Hamopa H ot
IPOM3BONKTENLHOCTH STHX MeXaHH3MOB () npH @ = const. Ana

nocTpoeHMs XapakrepHcTHkH H = f({J)) Ha ApyTyl CKOPOCTbL

BpamieHua @, > 10 none3yrorcs $opMynaMy NPONOPLHHOHANEHOCTH
P j o4 pMy. ponop

[14]
Q/0, = /o,
HI/HZ =(6'31/a’2)2; (2.6)
HI/HZ =(QI/Q2)2'

B kauectTse npuMepa Ha pUC.2.7 rpHBEIeHL] XapaAKTEPUCTHKH
(1,2,3,4) uentpobexnoro Hacoca. B Tex e KOOPAHHATHBIX OCHX
HAHECeHbl XAPaKTepPHCTHKH MarucTpand 6, Ha KOTOphIX paboTaer
Hacoc. XapakTepHCTUKOH MarncTpalid HasblBAeTCA 3aBHCHMOCTE
ri MeKIy TIPOU3BOAHTENBLHOCTBIO Q 1

14 . - CyMMapHOH BeJIHYMHOH HaIopa,
1.2/ T~ HeobxonMMOTro AAS NoABEMA
ekt ) \,’ KMOKOCTH HA BBICOTY, [IPEOA0NEHHUS
L0 T H30BITOYHOTO [ABJIEHNS Ha BHIXONE
08 g---—-#-.f\ i W3 HarHeTaresHOro Tpybonposoaa
1',, H PHAPABIMYECKHX CONPOTHRIIEHHH.
i e ¢ h/,' A Touky nepeceueHH XapaKTEPUCTHK
" iR .

) iy G 1,2,3 ¢ XapakTepHCTHXOH 6
L o : ONpeAeNIAT BEJIHUHHBEI Haropa

02 = Y 1

P r T | 9 npou3BoAMTENEHOCTH TpH paboTe
BT oe oF 5 iz ® HACOCA Ha 327aHHYI0 MarucTpaib
Puc. 2.7. 3aBUCHMOCTS NIPOH3IBOANTENL- [IPH  PA3JUYHBIX  CKOPOCTAX
HOCTH (J HACOCA OT COJAABAEMOTO MMH  BpPAIIEHUA.

Hanopa H




PaccMoTpuM Bnusnue cxopocTH BpalieHns (puc.2.7) Ha
XapaKkTepUCTHKY Hacoca 1. XapaktepucThka Hacoca 1 (puce.2.7)

H = f(Q) 3anaHa npu HOMHUHaNBHON CKOPOCTH @, MeXaHuiMa
(ofbIuHO MPOBOAMTCH B KATANOraX HACOCOB MPH HEM3MEHHOM
HOMHHAJIbHOH CrOpOCTH). TpeGyeTca NOCTPONTS 3Ty XapaKTePUCTHKY
Ha ckopocTH BpaumenHi: 08w,; 0,6w,; 040,. U3 dopmyn
NPONMOPLHOHANLHOCTH AJIA XapaKTepHCTHKH 2 (puc.2.7) cnegyer
_ . _ 2 2

QI/QZ _'a)l/a)l’ H!/HZ _wl/a)Z'

Bri6pae Ha xapaktepucthke 1 (puc.2.7) CkOpOCTH BpalleHHS
), IPOH3BONBHYIO TOYKY @ HAXOMHM HA OCSX KOOPAMHAT YHCICHHBIE

3HaueRHA ) =0 M H =} .TIoCTpOMM XapakTepHCTHKY 2 Hacoca
Q= M, =, P P

i @, =0,8w,. ng Touxu 6:
w o]
1 . ! - -
0,=—-0,=080,; H,= - H,=064H, =064H,
a)H a)H
¥ 110 3TMM KOOPJMHATaM HAHOCHM Ha TpadHKe TOUKy 6.
s rouky g
0;=080,=00640,; H; =0,64H' =0,64(L,15H ) =0736H
H I10 3THM KOOpAKHATaM HAHOCHM Ha rpaMKe TOUKY ' . AHAJIOTHYHO
IO KOOPHHATAM NPOU3BOJIBHO BEIOPAHHON TOUKH ;" XapaKTePHCTHKH
1 onpenenaeM kOOPAHHATE! TOUKH §” XapakTepucruxu 2. CoeauHss
TIaBHOH JIMHHEH TOUKH §”,6' H 6 NONyYaeM XapaKTEPHCTHKY 2

H = f(Q) ans ckopocu epaimenns @, =0,8a,.

To4HO Tak e CTPOMM XapakTePHCTHKHU 3 W 4 IIpH CKOPOCTAX
BpaleHHI @, =0=6a’~ H@, = 0,4(9H COOTBETCTBEHHO. Ecau
COCNUHUTL TOYKH q,b,8,2,..., a',0',6',..., a",6",8",..
napaonuyeckue KpUBbIE, YIOBIETEOPSIOLIHE YpaBHEHHIO H = mQ?’,

Ha3bIBAEMBbIC IMHHAMH MPOTIOPLUOHANBHOCTH( M- K03hdHLHEHT
NpONIOPUHOHANBHOCTH YPaBHEHHA KBaqpaTHuHON napaGosnsi). ITpu
nepecuére koopauHat K1l Mexanu3MoB monarajics NOCTOAHHLIM,
HE32BUCAWMM OT CKODOCTH BpalleHuA. Ilo3TOMY /HHHH
NPONOPUHOHANEHOCTH ABAAKOTCA nunmsmu mocToguubix KT racoca.

NIONYYHM

3

]
.

TAF 79
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[lepecu€r xapaktepuctuxu P = f(Q) (puc.2.8)

MPOU3BOAMTCA aHANOTHUHBIM crocoboM no  dopMyaam
MpPONIOPLMOHANEHOCTH [17]

3
w w

O, =0, ‘;j"; A=A ;?
Hacocwl, prinyckaembie 3aBojamu  cHabxarmoTcs
XapakTepucTukamu [{ = f(()) cCHATBHIMH Ha CTeHJe 3aBoja-
H3TOTOBHTE/IS HCNBITAHHEM Ha YHCTOM NMPECHOH BOAE IPH TEMIIEPATYPE
He piwe 323°K u nnotHoctsio p=988 kr/mM’. B npoMbILLIEHHOCTH
HCIIONB3YIOT HACOCH! Ul T10AaYH JKHJIKOCTH ¢ APYIOH BA3KOCTHED,
HampuUMep HedTH, pasIH4HLIX PACTBOPOB, MUHEPAABHBIX H
PacTHTENBHEIX Macen. B Takux ciyyasx 3aBOACKHE XapaKkTepHCTHKM
OKa3blBAIOTCA HENPHTOMHBLIMH H MOANSXKAT MePecuéTy Ha ApPYryio
KHAKOCTE. BS3KOCTbL BIHAET Ha THIPABIMYECKOE CONPOTHMBIEHUE H
H, ofycnapnuBaeT 3aTpaThl SHEPryu

AL ) Ha ero npeoaonexse. Ilpu

= H, YBENHYECHHH BA3KOCTH >KHJIKOCTH
RN < OYnyT YMEHBLIATLCS PA3BHBAEMBIE
~ HacocoM nopnata, Hanop ¥ KITJI,

PF'- —_ ’

R — MourocTs Hacoca pH stoM Gynet
. —
/P" yBenuyuearses. [onyyaemas npu
—
- —_— - 3TOM KapTHHAa KAauyeCTBEHHO
= o ,Illi,
yn 5, NpeacTaeneHa Ha rpaduke
o
Puc. 2.8. Brusnue pazioctiva @ (pHC.2.8), e ITTPAXOBLIE JIKHHH
XapaKTEPHCTHKH LCHTPOOEKHOTO OTHOCHATCA K IKCIAVATAUMH ¢
Hacoca NOBLINEHHOH BA3KOCTLIO.

2.3, PerynpoBanne noja“H MeXauH3MoB
HeHTPOGEXKHOIO THHA

OcHOBHOH 3aj1a4eii perynupoBaHus MeXaHH3Ma ABIAeTcA
Fl0724a B CETh pacxemn{ G m’/CY 2a[aHHOrC ONPEAEAEHHBIM IPadHKOM.

L“‘:‘.’ ~.-’—-f o J.ﬁ"..;',.

)
1



OntnM 13 HanGoneg paLMOHaBHBIX COCODOB PETyIHpOBaHKA
NOAAYH MEXAHH3IMOB C BEHTHJISTOPHBIM MOMEHTOM Ha BANY SBIACTCH
PEryIHPOBAHHE M3MEHEHHUEM CKOPOCTH, KOTOpOE IIpOLlEe BCEro
OCYLIECTRAAETCS ¢ MOMOLLBIO WIEKTpUUECKOTo Tipusoaa. M3 puc.2.7
BHJHO, UTO NpH CHIKEHHH CKOPOCTH Hacoca [10Raua ero npu pobore
Ha MarucTpans (XapakTepHcTHka 6) CHHKAETCA.

Ecnu st ueHTpoOexHbIX MexaHH3MOB ucnonssytores Dl ¢
ACHHXPOHHbIME IBHraTeamn. [locnennue ynobHO JeNnTh Ha OBE
TPYIIbI: B IEPBOH HEPrHA CKONIBKEHUS PACCEHBACTCH B BU/IE TETLIA B
JIBMraTeNe W AOMOJHUTENILHBIX PEeryJHPOBOUHBIX PE3HCTOPAX, a4 BO
BTOPOH- SHEPIHs CKONBKEHUS INIABHOTO MPUBOAHOIO ABHIaTeNs
Hanpas/ijeTcs B CETh MIIM HA [TIABHBIH BEAYLIWI BAN NOCPENCTBOM
npeobpasyowux Mawns, K nepsoit rpynne MoryT ObITe OTHECEHDI
METObI NTAPAMETPHYECKOrQ PETYTHPOBAHHA CKOPOCTH ACHHXPOHHOTO
ABMrareis, Ko BTOPOH- KACKaJHblE CXEMbl BKIIOUeHHA. (JueHka
skonoMuuHoctd DIl onpenensgercd noTepAMH MOLIHOCTH,
00yCITOBNEHHBIMH PEry.THPOBAHHEM MPOH3BOIHTENLHOCTH MEXAHH3MA

AP=P,-P.
OnpesiesinM Kak oS craraeMoe Npaso 4acTH DTOrO papeHCTRA.
B momHocTH, noTpebiseMoil ABUrATENeM U3 CETH

PI? :sz(l_S):”aLOPza
[0

BHIPA3MM MOLIHOCTH HA BANY JIBHratesns P,, HeOOXOAHMYIO AN paboThi

MEXaHH3Ma C BEHTHIATOPHOH XapakTepHCTHKOH, B COOTBETCTBHH C
thopMynaMH MPONOPLIUOHAILHOCTH COOTHOLIEHHEM

P, =(w/w) P, 2.7
B pezyanaTe I'IOJ]y‘-IPIMZ

3 2
w | o, w| @
Ry=|—| =B, =—|—| A
w,)] © w,\

M H #

2.8)

loncrapnsis sHaveHus P, u P, B HCXOAHOE ypAaBHEHHE

2 3
(3] W w
AP==L—| P - —| B, (2.9)

M

W, N w

H " it

OMpPEAETHM MAKCHMAIBLHLIE [IOTEPH B POTOPHOH Lienu ABHUraTesns npy
peryntupoRaHMH CKOPOCTH:

d ® 3w”
—AP =20 SP’M_ 3 PZH_O'
de @, - p ’
@, P

(...CUO - 3‘:0) . 32H = O? @ em = - a)O,

OTKy/a
4 3 8 3 4 3
[0} 9} 23}
R A AP
max 9[0)“ 2u 27 o, 2 27 o, 2m. (293)

PA Ha puc.2.9 B

cootseteteuu ¢ (2.7), (2.8)u (2.9)
MOCTPOEHB! 3aBHCUMOCTH £, P2
H AP OT . Takum obpazom, Ang

nepeo# rpynnel 31 MakcHuMyM
MOTEPh COCTABUT TPHMEPHO
(0,15+0,17)P, Ha Bany u umeer
MECTO [IPH CKOPOCTH, paBHOH 67%
CHUHXPOHHOH.

HauGonee npocTeiM B
peanusailHi pery/iupoBaHHA
nogauHd  ABagerca  cnocod

N
Oy Wy “O  poCcCEenUpoBaHUA, nyTEM
Puc.2.9. 3amucumoctn B, F,AP=f(w) ppeeHUs B HArHETAIYIO
HpH peryniposatut CKOPOCTH MAaructTpalib pa3mHYHBIX 3aC/IOHOK.

ACHHXPOHHOTO IBHTATEN €

QnieHHM 3KOHOMHUYHOCTE PEry/Iu-
BCHTHJIATOPHBIM MOMEHTOM Ha BATy.

POBaHHMA MOAAYH ¢ MOMOILLID
JAPOCCENBHBIX 3alBHKEK. JTOT MeXaHWUecKHH cnocod ocHoBan Ha
H3IMEHEHHH Pe3YJAbTHUPYIOLIErOo COMPOTHRBIEHHA MAarHCTpalH.
CooTrBeTcTBYIONHE TpadhHKH XAapaKTEPHCTHK HACOCAa W MAarucTpalu



YCTaHOBIEHBI Ha puc.2.10.
ITpu H3MEHEHHHK CKOPOCTH
pabotas TOUKa MEXaHU3MA
nepemetiaercsd no (J-f-
XapaKkTepUCTHKE B
CTOPOHY CHUIKEHHA
nojadd  J0  TOUYKH

nepecesenns [, ¢ HOBOH

XapakTepHCTHKOH Ma-
ructpand. IIpy 3ToM yacTs

nanopa AH , Tepaetcs Ha

Q  Pe3YILTHPYIOIIEM YCTPOH-
cree. Jlna ouenku KILJ

Puc. 2.10. O-H-xapaxrepHCTHKH TIPY PETYJiH-
POBAHHH NPOMIBOIUTENLHOCTH AMBHKKOH MEXaHIYeCKoro crnocoba

PETYNHpOBaHUA 77,  TIpH-
meM, uro KIIJ] Mexanusma ¥ OBHTaTens OCTaéTcd HeH3MCHHBIM [PH
M3MEHEHHH [101aYH, TOTa

H ,wa:Q r _ H AH

om 1ae

+aH)0, H, H, &9

r P

n,lJ,C = (H

Rlieng

rme H - HaMop B MaruCTpalli nocie perylupyromiero opraka,

Rl
H,= H |- nanop, co3gasaeMBIii MEXaHU3MOM MEPE]
PErYJIHPYIONIMM OPraHoM;

AH ,,AH |, - noTepH Hanopa B MarncTpasy;

Rl

), = 0, - moniaya MexaHH3Ma COBMECTHO C PeryMpYOILHMM
OpraHoM.

M3 (2.10) 1 puc.2.10 cnenyer, yto KI1/I npu nenone3oBanun
IaHHOTO crocoba peryIMpoBaHHs TeM HIDKE, YeM MEHBLIE CTATHHECK M

Hanop H .

Npu H o = 0 uMeeM

21

2
A‘H:m.‘ _ Hn Ql Ql”

Mee =—7r =0\ > <t (2.11)
Hp H"? QH QH

roe HH,QH— HOMHHANBHEIC 3HAYEHHA HATIopa KM nNojavyy MEXaHH3Ma.

Ws (2.11) npu H_ =0 cinepyert, uTo KIHI cHuxkaetcs
KBaJPaTHYHO OT AHATIA30HA PErYIHPOBAHKS MOJAUH.
OnpegenuM  MOTEpPH  MONIHOCTH  TIpM  PeTYIHPOBAHHH

MPOM3BOANTENBHOCTH 3aABixkkoH u H —=0. Ha puc.2.10

XapaKTePHCTHKA | COOTBETCTBYET CIIYHal0 OTCYTCTBHA Ha MArKCTPAIH
JOMOITHHTEILHOTO CONPOTHBIIEHHUS, @ XaPAKTEPUCTHKA 2- YBEJIHUEHHIO

COTIPOTHB/ICHHS MarHCTPAIX U CHIDKEHHIO nogasy 1o O, . 11pu aTom B
MAarMCTPaii Ha 3aBHKKE cOo31aéTCa Nepenajl Hanopa

AH =H ,— AH'

e

KA HOTCPA MOIHOCTH

APBG() = CQ]AH = CQI(HP _AH, )

el
YuHTBIBAA, YTO XAPAKTEPHUCTHKH | H 2 ABIAIOTCA N1apabonaMi MOXKHO
3aMUCars

AH ., =H0,/0,)

TOra
AP}H(;‘ = CQIHM [Hp/Hu - (Ql /Q.u)z ]
Ecnu nputate ais ynpowenns =~ H, u Beectd ofosnauenue
Q,/0, = g, To ¢ yu€ToM (2.5) momyqmum:
AP](J(J = (1 - qz )quH
M3 nocneaHero BLIpAKEHUS ClIEAYeET, HTO 3aBACHMOCTE APm(q) HMEEeT
MaKCHUMYM
d
— AP _ =(1-3¢)=0
dg !

et}

OTCH2a



1

q';mn = 7_: = 0‘576-
J
TOTOa
2
AP}!.!(!max :_Rg :013853, (212)
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CornocTapieHme NOMyHeHHOT0 pesyibTaTa ¢ (2.9a) nokasbisaer,
YTO pery/HpOBaHME NOAAYH 3aABWKKAMH TIpUBOAMT K Bosee dem
ABYKPATHOMY YBEIHYEHMI) MaKCHMyMa NOTEPb MOLIHOCTH MO
CPaBHEHMIO CO CIy4aeM, KOTAa peryJHpOBaHHE BbIMOIHACTCA
M3MEHEHHEM CKOPOCTH fIpH HaJIM4HU NOTEPb CKOJIbXKEHHA.
PerynupoBaHue 3aBHKAMH HEIKOHOMHMYHO, TIOITOMY IPHMCHAETCS
Ha YCTAHOBKAX MOUIHOCTBIO B HECKOMBKO KHIIOBATT NPU HeOONbIIOM
JMANa30He M IABHOCTH PeryJIMpOBaHUA.

DileKTpUUeCKHi cnocol peryavupoBaHus NMOAaqy ABAETCA
Haubonee yHMBEPCANbHBIM, CO3AAET WHMPOKKHE BO3MOKHOCTH
ABTOMATH3AIIHH [IpOLecca pery/MPOBaHus MOAa4H MEXaHH3MOB
UeHTpOBEKHOrO THTA, HCKITIOUAET MEXAHHYECKHE peryTupyOLine
yeTpoHCTBa.

2.4. Cucremsl DII 5ac0ocOB, BEeHTHIATOPOS, KOMIpECCOPOB

B 311 H, B, K npumeHsiioTes ABUraTesld MOIHOCTBIO OT A01¢H
kBT (HeGoNbIIME MACIOHACOCH! M BEHTHIISTOPBI) 10 HeCkoIbKUX MBT
(HarHetaTeAbHBIE  TypOOKOMIDECCOPBI  MAarMcTpalbHBIX
TpyOONPOBOIOB, MAXTHBIE BEHTUNRTOPHLIE YCTAHOBKH IM1aBHOIO
NPOBETPUBAHUS, ABIMOCOCH], HACOCHI HA CTAHLMAX MardcTpasibHbIX
HedTenpoBOAOE).

Buibop cuctemel [T onpenensercs 8 epByiO OUepelb ONHHM
ofbcToaTenbCTBOM: TpeGyeTes 1 peryiupoBaHne MoAaul YCTaHOBKH.
Perynuposaniie MoeT ObITb He3HadHTENbHbIM U ITyOokuM. Tlopawy
MOKHO PEryHpOBaTh HECKONLKIUMH cnocobamu:
® H3IMEHEHHEM YACTOTHl BPAICHHS IPHBOAHOTO JABHrarens

[
L

(aneKkTpHyecKuit cniocod);

® M3MEHEHMe PE3YIBTHPYIOILErO COINPOTHBICHHA MarucTpanu ¢
MOMOLUIBIO 3AABWKEK (MeXaHHuecKuii crnocod);

® [OCPEACTBOM CTELMAIbHBIX YCTPOHCTB, PacroNOKeHHbIX B CAMOM
MexaHW3Me (HaNpaBITIOLIHE NOMATKU);

* M3IMEHCHUEM 4YuC/ld MEXaHH3IMOB, paloTarouiMx Ha OdHY
MarucTpaib;

*  KOMOMHMPOBAHHEIM CIIOCOBOM.

B 60AbIIMHCTBE CIy4aeB NPH TEXHKKO-IKOHOMHUYECKOM
COMNOCTABNECHHH CTIOCOBOB peryliHpoBaHus, NIPEANOUTEHHE OTAaeTCs
NIEKTPUUECKOMY crocoby.

Knaccuduranus H, B, K ycTanorOK npoM3BoaHTCS MO
YCTAHOBIEHHOH MOIHOCTH NIPHBOAHOTO JIBUIaTe/IA:

1. Manoii MowrocTH, 5 +50 kBT

2. Cpeaneii MowtnocTH, 50 +500 kBT;

3. Boapuioit MmowHoecTH, 500 + 10000 kBT 1 BBILIE,

Cucremn D11 H, B, K ycranosok

1. Acunxponteiit D11 ¢ kKopoTKO3aMKHYThiM AJl- CKOPOCTb HE
perymupyetcs, PH<1000 kBr; eciM cHHXPOHHBIH ABHraTellb, TO
Pu<20+30 MBT.

2. Acunxpounsiit D11 cuctemst TPH - Al ¢ KP, Pu<100 kBr,

D=(1,2+ 1,5).
. Acunuxpornsiit 371 ¢ A/} ¢ ®F ¥ peocTaTHBIM YIpABIEHHEM,
Pu<5000 xBT, D= (1.5 + 2} L.

4. AcuuxponHeif 2TT ¢ ABYXCKOPOCTHBIM (MHOTOCKOPOCTHBIM) AJT,
Pu<1400 kB, D=(1,5 = 3) : .

5. Acuuxponnblit D11 ¢ Al ¢ KP unu CJ[ ¢ myQTo#i crONBKESHHS
(3neKTpuueckue, ruapasindeckie), PH<200 xBr, D= (1,5 + 2) 11

6. JIsyxaBUraTesbHbI cuHXpoHHo-acuuxpounbii DIl Henonwsyerea
IPH TAKEBIX ITYCKOBLIX pesknmax Pu<(20+30) MBr, D=2: 1.

7. ACHHXPOBHBIH  BeHTHABHHIH  Kackan  (HeoOXoZHMBI
AOMONHHTENBHBIE TYCKOBBIE YCTpoicTBa), PH<5000 kB,
D=(1,2+2): L.

8. Acunxponustii D11 ¢ AJl nBo#iHoro nuTaHus, Pu<5000 xBt, D =
2:1. Heo6xX0a1Mbl ZONOJHHTENIbHBIE MYCKOBbIE YCTPOHCTRA.

9. Acuuxponnsiii D11 cuctemsl TITH - AZL wn TITH - CJ1, Pu<5000

(VS ]
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kBtr, D=10:1.

10.211 mocToaHHOro TOKa cucTembl TTT-JI, D= 10: I.

11.31I1 noctoannoro Toka cucrembl TI1 - [T ¢ GecxonTaktaem JIIT,
Pr<20-30 MBT1, D=10: 1. [lepcniexTuBHas cuctema II1.

12.311 ¢ nuneitnev AL, IlepenexturHas cicTeMa DI ins nopuiHeBbIX
MAIITHH.

B mexanuzmax He TpeOylOlIMX PeryiMpoBaHHA MOAdYH, B
Ka4eCTBe NPUBOHBIX ABUraTeNici nenomssytores ALl ¢ KP (manoit
CPeAHEH MOLIHOCTH) M CHHXPOHHBIE- B MEXaHH3IMaX CPeiHeH M
Sonbimoi MomHOCTH. Ecin npamoit myck Al ¢ KP  uesosmokeH,
npumenstorea All ¢ OP.

Ipy MowpocTyn yeranosok Gonee 200+300 kBt npeamouteHue
OTAAETCHA CHHXPOHHBIM JIBUTATE/AM B CHITY €10 PAa IPeHMYLLECTB:
1. Bo3smoskHOCTb BeIOOpA ONTHMATBHOTO PEXHMA MO PEAKTHBHOMH

3HEPIrHH, YTO MO3BOJAET YINYUIUHTh KOd(h(HUUEHT MOIHOCTH
IPOMBILITIEHHOTO MPENPHATHS;
2. MeHblIag 4yBCTBHTENBHOCTL K KOJ1e0aHHAM HAIIPSHKEHHS CETH,
3. JeCTKoCTb XapaKTEPUCTHKH @ = CONSt He3aBUCALLIAA OT HAMPY3KH.
15 noplIHEBbIX MEXAHU3MOB, paboTalOWMX ¢ NEPeMEHHOM
HArpy3ko#d Ha Bajy, IPHMEHAIOTCH CHHXPOHHBIE JBHTATEJIH:
THXOXOIHbIE ¢ DOTBLINOH NePerpyY304HOH CIIOCOTHOCTRIO, TIOBLILIEHHBIM
MOMEHTOM HMHEPLMH H OONBIIMMM 3HAYCHHAMMH BXOAHOLO
(NpeAcHHXpPOHHOTO) MOMEHTA.
B HacTosliee BpeMs B CHHXPOHHBIX IBHIATENISIX IPHMEHSIIOTCA
THPHCTOpPHEBIE BO3OYAHTENbHEIC YCTPOHCTRBA, MOCTABMICMbIC B
KOMIUIEKTHOM BHIE.
TupucTopHbIe BO30YAUTENM MOTYT BBITIOIHSTh:
¢ IYCK ABUTATEAA C BKJIOUEHHEM M OTKAIOYEHHEM IIYCKOBOIO
pe3ucTopa B LieNH 0OMOTKH BO3DYIKICHKS;

® [ofayy HanpsxeHHd BC30yKJeHHA NpH NMycKe ABHraresis B
3aBHCHMOCTH OT BpEMeHH HJIH OT TOKa& CTaTopa;
PYUHOE H aBTOMAaTHYECKOE PETYIHPOBaHHE TOKa BO30YKAEHHS,

¢ (dopcupoBaHHe BO3OYKICHHUS IIPU CHIKEHHH HATNPSHKEHUS CETH
pe3kHx Habpocax HArPY3KM Ha By,

¢ (hopcHpOBaHHeE ralleHus NoNia BO3DYKIeHUA NPH HOPMATTBHBIX W
aBapUHHbIX OTKIIIOUEHHSX AEKTPOABUIaTeIs;
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* 3AMUTY POTOPA OT TOKOB KOPOTKOTO 3aMBIKAHHA W ANHTENbHOM
Heperpy3KH 110 TOKY;

® 3AIUTY NYCKOBOrO Pe3UCTOpa OT MEeperpeBa H THPHCTOPOB
npeobpa3oBaTenst OT TOKOB KOPOTKOTO 3aMBIKaHHS.

Ha puc. 2.11 8 xauecrse npumMepa noxazaHa gyHKUHOHAMbLHAS
cxeMa TupucTopHoro Bo3dymutens cepud TBY (3aMensarcs cepueit
KBY), exmouarowas B cebs dneMeHThl NHTAHUA, YIIPaBleHHA,
PeryIHPOBaHMA U UX CBAZH.
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Puc. 2.11. [lpyHimnnansHas cxeMa HACOCHOH YCTAHOBKH

[Mutanue TupucTOopHOTO npeobpasoparens CYB [13]
OCYIIECTBIIAETCS OT CETH ICPEMEHHOrO ToKa HanpskeryeM 380 B uepes
aBTOMAaTHUYECKHH BriouaTent AB1 n tpancdopmarop TCB. Ot sroii
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JKE CeTH Hepe3 KOHTAKT KoHTakTopa K, aBToMaTHueCKHiA BRIKAIOHATElb
AB2 nurTaetcd acHHXpOoHHBIA aABuratenn AJl BeHTHAATOpA,
OX/IAIOLIETO THPHCTOPDI M 610K nutanMsa bIT cxembl yripaBneHus,
peryIMPOBAHHA M 3AITEL

flepen nyckom cuuxponuoro aeuratens CJ1 Bpyuuyio
BIITIOYaI0T aBTomaThl AB 1, AB2 1 3aTeM MacasHbii Bbiksodatens MB.
OT GNOK-KOHTAKTOB TIOC/EIHErO MPHBOAUTCA B AeHCTBHE IYCKOBAA
cxema CIT 1 pratodaeTcs koHTakTop K (Karyiika 3Toro KoHTakTopa Ha
¢xeMe He Iokasada). B gaapHeliurem Bce onepalMH B CHCTCME
BO30YK/1eHHA BBINOAHAOTCA aBTOMATHYECKH. )

B npolecce pasroHa CHHXPOHHONO JABHTaTels THPHCTOPHbIH
npeo6pasosaresns CYB sanepr (puc.2.11). Ha ynpaenawuiee
anekTpoisl Tupucropos T1, T2, T3 uepes anoabl Hi, 42, JI3 ¢
crabunutpossl CT1, CT2, CT3 nocrynatoT CHUrHab!, BHI3BIBAIOLING
OTKpbiBaHKe THpHCTOpoB. Ilpu 3Tom obmoTKa poTopa CJ1
NOAKIOUAETCA K TYyCKOBOMY PE3UCTOPY
Ry, Tupucrop T3 npeana3snaveH i CHIKCHAA HATIPAKEHIA Ha pOTOpe
B HAYA/ILHbII MOMEHT ITyCKa 3a CUET LIYHTHpOBaHMA Gonbuied YacTy
pezncTopa R;y. B myckoBoM peuie 4epe3 610K 3aliuTel TyCKOBOIO
pesuctopa B3I1 zanupaercs (hazonMnynsCHOE YCTPOHCTBO dUY. )

[Ipy criajaHuy Toka B 0OMOTKE CTAaTOPa Ha NPEACHHXPOHHOM
yacToTe BpatieHus myckoas cxema CII paspelnaet nogauy HMIyIbCOB
Ha THpMCTOphLl npeobpaszosarens CYB. B ciydae HOpMaILHOTO
(GYHKUHOHHUPOBAHUS CXEMBI OTKJIIOUEHUA TYCKOBOTO PE3HCTOPA
tupuctopsl T1 u T2 nocne Bxoxkaenns geuratesis CJ B CHHXPOHU3M
3aKpHIBAIOTCH, LENb 0OMOTKH TpaHC(OpMATOpa NOCTOSHHOTO TOKA
TIIT2 obectounpaerca 1 B3I npekparaet paGoTy.

Ecnu nyCcK 3aTArHRaeTCs WK NIOCAE BXOMK/ICHUS B CHHXPOHH3M
IyCKOBOJ peancTop He OTKNtouaeTed, To B311 ¢ Bhaeprkkoil BpeMEHH
BbLIZAET UMITYITAC HA OTKTHOYEHHE MACAHOTO BhlTrouaTens BM.

B nopmansHoM pexume paborsl CJ[ peryinposanue
HanpsKeHNs BO3OYXAEHMS MOXKET OCYHIECTBIATHLA pr:myro
pPeryaaTopoM KM aBTOMATHUYECKH ¢ NOMOIMIBIO YCTPOUCTBA
ABTOMATHYECKOTO PeryaupoBanua Bos0yxiehns APB. Jarunkamu APB
cryxar TpaHcdopmarop Hanpskends TH u Tpanchopmarop TOKa TTI1.
Dopcuporanpe Bo30yxacHUs CJl ocyllecTBIAETC MyTEM BO3IEHCTBYS

YIPag, AIOWETr0 YCTpoleTsa Y'Y Ha (Jaso-HMy IbCHOE YCTpoke 1so DY
RAK {IPH PYUHOM, TaK H 1HPY ABTOMATHYECKOM pEI'}*ﬂHp()BaHHH. B_"[OK
orpanuvichus dopceuporasus BOD cayxuT g orpaHM4erus B
3a/laHHBIX Mpefenax JTHTeNbHOCTH GopcHpoBanus. JaTunKkoM Toka
pOTODA CAVIKHT TpancgopMmaTop nocTosHuoro Toka T11T].
lawenve nona so3dymueHus CJI npoU3BOAKTCH NepeBoIoM
npeobpazoearens CYB B HHBEPTOPHBIH pEkUM NP HOPMAIBHBIX W
ABAPMIAHBIX OTKNIOYEHUSX ABUraTeNs. biok-kouTakTel BM BKmOuaioT
cxeMmy ramenus CI, koTopas uepe3 YV caBUraer HMNYNbChl
¥IIPABIEHHA THPHCTOPOM.
HJia 3aWMTEl TUPUCTOPOB Npeobpasoparess OT TOKOB
KOPOTKOIO 3aMbIKAHHS (BHYTPEHHMX W BHELOHHUX) ciysuT Gnok B3K,
KOTOPBIH OTK/IIOYAET UMIIYJIBCHBIE YCTPOMCTRA, KAK TONBKO TOK
BTOPHYHOH 00MOTKHM Tpanchopmatopa TCB npesbicHT yeTaeky.
OnHOBpeMEHHO MOjaeTC CUrHaN Ha oTkodenne BM u BIT. 3ammra
npeodpa3eBaTens oT MepeHanpsKeHHIt OCyIeCTRIeTCS GUALTPOM D,
Pe3epBHBIM 371€MEHTOM 3alluTLl aBnsgercs aBromar ABI.
HcnonmuuTenpHbIM OpraHoM Bcex 3aliuT, AeHCTBYIOMHUX Ha
OTKJIFOUCHHE MAC/IAHOTO BBIKAIOUATENS CIIYIKUT BRIXOAHOE PENE 3allIHThI
(Ha cxeMe He TIOKA3aHo).
CYMMHMpOBAHHE BCEX CHIHAIOR, MOCTYHNAIOMMX OT OIOKOB
3aWMT, ynpaBineHus U 0T APB, npoucxoanT B yrpaenawuemM
ycTpolictae YV, B koTopoM oT On1oka yetasok BY BBeaens Hanpsxenns,
OTPCHENAIOIMME MAaKCUMMAaJbHbBIE M MUHHMAalbHBIE YITBL
PETYNHMPOBAHUS, & TAKKE YTOJ PErYHPOBAHHS MPH HHBCPTHPOBAHHM.
B mexannzMax, TpeSyIomMX peryTnpoBanns NONa4H, HCITONL3YIOTCS
cnenylomme cucteMsl 1
YeTaHOBKM MaNoi ¥ cpeHeH MOLIHOCTH
1. 3I1 ¢ Al ¢ K3-poropom u apoccensamu HacbimerMs win 1
nepementoro Toka cucremel  TPH-AJT ¢ K3-poropom.

2. DI nepemennoro toka ¢ A/l ¢ K3-potopoM ¢ nenosnbzoBaHueM
SNEKTPOMAI HUTHOH MY{HTRI CKOThIKEHHA.

3. DIl nepemenHOTO TOKa C Tpexdazueiv AJl ¢ DP.

4. DIl cuerempr TTIU-AJT.

Has cpenneit 1 60MpLI0H MOILIHOCTH YCTAHOBOK

1. Cucremel TTI-I, pexe [-]I.
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2.5. Tpebopanun k yiekrpoupusony H, B, K

D11 H, B, K, xapaxtepunsyercs:

1. TIpono/sKUTENBHBIM PexHMoM paboTbl CO CTIOKOHHOH HaTPY3KOM.

2. 1llupokuM AHANA3ZOHOM HCIOIb3YEMBIX MOLIHOCTEH - OT COTEH Br
JI0 HECKOJIBKHX JiecaTkoB MBT.

3. Llenecoo®pa3sHocThIO peryJlupoBaHHs CKOPOCTH TIO
TEXHOMOTHYECKHM H SHEPTETHYECKUM COODPaXKEHHAM.

4. Kax npaBuio, HeGOMBIIHM JMATa30HOM pelYITHPOBAKHA CKOPOCTH,
D=(2+3):1

5. OTcyTCTBHEM HeOOXOAHMOCTH PEBEPCAPOBAHHA B CUITY
0coBeHHOCTEH KOHCTPYKLIMH 1 YCITOBHH TEXNpoLecca (MCKIIIOMEHHE
COCTARIKIOT OCEBLIE MALIMHBI, A KOTOPOrO PeREPCHPOBAHHE
CKOPOCTH TTO3BOMSET HIMEHATE HATPABIEHHE MOJAMH).

6. OTCyTCTBYEM reHEpPaTOPHOTO PeKHMA,

Jlns BO3HUKHOBEHWA reneparopusx pexumos H, B, K
HeoGXOaUMO CO3aHHE YCIIOBHIH, TIPY KOTOPLIX HATIPaBIEHHE 1101241
H3MeHseTc (KUAKOCTH HITH a3 JOJKHEK MEPETEKATE € BBIXOA HA BXO/
MalMHbD). Takue pexKAMBI 110 TEXHONOTHYSCKUM YCJIOBHAM ABIIAIOTCA
aBapHMHbIMK, BO M30eXaHME WX NOABIEHUS Ha CTOPOHE BLIXOAA
MexaHM3Ma YycCTaHasiuBalT o0paTHBIH KJanan, KOTOpPBIH
ABTOMATEUECKH 3aKPLIBAETCS TP BOSHHKHOBERHH OOPATHBIX HOTOKOB
ra3o00pasHbIX HIH JKHAKHX CPell Hepes MEeXaHH3M.

XapakTepHbIMH 0COOEHHOCTAMH JIOMACTHBIX MAHIHH ABIAETCA
CHHMXKEHHE MOMEHTA MPH YMEHLIUCHHH CKOpOCTH, BOIMONHOCTE
0BJIETHeHHOTO MyCKa MPH 3aKPHITOH 3a1BHAKKE, OONBIIOH MOMCHT
WHEPLMH [[EHTPOOEKHBIX BEHTUNATOPOR. CrieunpUKOA 00BEMHBIX
(LOPIIHEBBIX, POTOPHBIX ) MEXAHUZMOB ABJISEOTCH ITYTBCALIMH MOMCHTA
Ha Bally ¢ TIOCTOSHHBIM, HE 3aBHUCAUIAM OT CKOPOCTH CPEIHHM €ro
JHAYEHMEM W HEBO3MOKHOCTBEY DYCKA MTPH 3aKPBITOH 3a7BHKKE.
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VYiasaHuble Beille 0COOEHHOCTH, B MEPBYIO OHEPE/Ib IUPOKHE
nuanazod Mownocteit H, B, K n uenecoobpaznocts perynvposanus
CKOPOCTH, OMpeae/sitoT MHorootpasue cuctem D11, npumenaemuie nas
THX MEXaHH3MOB.

MownocTts asurateneit mna H, B, K paccuHTbiBacTCA M0
COOTHOLUEHHIO

kP
UH

rae P- momrHoceTs Ha sany H, B, K nipu MakcumansHoM CKOpoCTH
MAIUHHBI,
M, KITITY;
k- koxunment 3anaca, yUHTHIBAIOIIHI HETOUHOCTL pacyeTa
(npu p>500 kB k ~1; wa p<500 kB 3Hauenus k, Gepyres
W3 CTIPABOYHOMN JTHTEPATYPhi);
kp— x0o(GOUIMEHT, YTOUHAIOWMHA MOUTHOCTh ABHFaTelcH B
perymipyemsix cuctemax 11 (tabmuua 2.4).

¢

1

2.6. K sonpocy ynpasJjeHHA 31€KTPONPHBOZAMH HACOCHBIX
BEHTH/JIATOPHBIX # KOMEPECCOPHBIX YCTAHOBOK

Pan npumensembix H, B, K He TpebyeT perynupoBanus
ckopoctd. K HUM OTHOCATCS BEHTHAATOPHEBIE YCTAHOBKH LIEXOBBIX
nOMELIEHUH, MOKapHBIE HACOCH!, HACOCHl HEKOTOPBIX BOAONPOBOAHBIX
Maructpaned, mnogapndwuee OONBWHHCTBO  33aBOACKHX
KOMMpeccopublX ycTaHoBok u ap. IlosToMy ana npusoia MX
MCIIONB3YIOT ACHHXPOHHBIE WX CHHXPOHHBIE (00BIMHO IPH MOIIIHOCTAX
seiie 300 kBT) aBurareny NepeMeHHOro TOKa, yipaBieHHE KOTOPbIMH
OCYLIECTBJIAETCS MArHUTHBIMH WM OECKOHTAKTHBIMH MYCKATE/IIMH
(Np¥ ManbIX MOLIHOCTSX), CTAHAAPTHBIMH NHOO CneUManbHBIMH
ITYCKOBBIMH CTAaHUHAMMK.

JInst acCMHXPOHHBIX H CHHXPOHHBIX JBHraTe/IcH TakHe CTas U
MpelyCMaTPHBAIOT CIIEAYIOLIME CTIOCOOR! ITyCKa: [IPAMOH, PeaKTOPHBIA
u asToTpancdopmaropHslii. B kauecTse mprMepa npaMoro mycka



CHHXPOHHOTO ABHraTeNs Ha puc.2.12 wzobpaskeHa 0Ha W3 BOIMOIKHBIX
NPHHUMMHKAABHBIX CX€M yIlpasneHHs um. CxeMa BKJOUaeT
pasbesnHUTENS P; MacaHeIA BRIKIIOUATEND B, CUHXPOHHLIN ABMraTeb
M ¢ obmoTkoi BO30y)IeAUA, THPUCTOPHBIH Bo3OyanTens T,
BBINTOJIHEHHBIA MO Tpex(ra3Hofl HyNeBoH cXxeMme ¢ ComacylonHM
TpaHchopMaropom Tp W OnoKaMH yripaBleHHS, PErynHpoBaHUs U
saunTel BYPu3; tupuctopubie xkinwoun T1 v T2 ¢ MX MyCKOBBIMM
uersvu {1, Crl u [I2, C12; myckogoit pesrictop R (ero conporusietue
B HECKOJLKO Pa3 BblUIE CONMPOTHBIEHHA 0OMOTKH BO30yKaeHHMS,
Harpumep B 4eThipe u Oonee pa3). Cxema ofecneynBaeT aBTOMATH-
YECKYIO Noaqy BO3OYKACHHS [1DH [TYCKe ABHTaTens B QYHKUMA TOKa
CTaTopa ¥ CKONbKEHHUs, ABTOMATHYECKYIO (OPCHPOBKY BO3DyKIEHHSA
[IPH CHHIKEHHH HANPAXKEHHA CETH (JI0 3a44HHOTO 3HAYEHUS),
aBTOMATHYECKOe rauleHHe Ao BO30Y:KAEHHA JBHraTe/s [pH €ro
OTKJFOUEHHH, 3ALUUTY OT KOPOTKHX 3aMbIKAHUH CUCTEMBI BO30YKACHMA,
OT 3aTSKHOLO TIYCKA M OT NEpPEHANpPAXEHUH HAa THPHCTOpax
BO20YyHCIEnHA.
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Puc. 2.12. Tlpunuunuasuas cxema yrpapieHus
CHHXPOHHBIM [IBHIATENEM C THDHCTOPHEBIM BO3GYIHTEIEM

Honaras, uro Tpancdopmarop Tp noakoued k cetd (paboTaer
B PEXMME XOJIOCTOTO X0a), 4 pavbeAHHHTEL P 3aMKHYT, 114 Mycka
ABHTATENA MOCTATOYHO BKJIOUHMTE BEIKMiO4aTensr B. Torma moxn
OeHCTBUEM MYCKOBOrC Toka BYPu3 GnokupyioT THpPHUCTOpPHBIH
Bo3byauTens T, a Ha o6MoTKy crTaTopa nojaeTcs HanpsAKeHHE CeTH,

KOTOpOEe MHAYUHPYET B 0OMOTKe BO3OYKJACHUS HanpsxkeHHe, No-
cTaToMHOe 118 Toro, urobel cpabotanu crabnautpons CTl 1 uepes
Aauonst /{1 orkpeuty Tupuctops! T1, noakatouus 06MoTKy BO30y*1eHNA
K nyckopomy pesuctopy R . Taxum oGpasoM, pasrod ABUratens
OCYILECTBISETCS TIPH 3aMKHYTOH 00MOTKe BO30YIKACHUS Ha [YCKOBOI
pesuctop R . [lna PopcHpOBAHHOTO pa3roHa IBUFATEIIA [IpU Bonbllem
TOke B 0OMOTKe BO3OYXKAECHMS CyXKMT BTOPO# Kntou T2, Korophlh
pabortaeT nofobHO MEPBOMY, TOJNILKO OH LIYHTHPYeT 4acTh
CONPOTHBIIEHUA pe3ucTopa R (Takoe BKIOUeHHe 0OMOTKH
BO30YK/€HUs ABUraTeNs CHHKaeT MEpPEHANpsKeHHe Ha Hel u
THpPUCTOpaxX Bo30yIUTENs).

Ynpagnenue noaauei BO30YRAeHHA CHHXPOHHOMY JIBUIATE/TIO
OCYLIECTBAAELTCA B (DyHKLMH TOKA CTaTOpa M CKONbKEHHS, T.e. NpH
JOCTIKEHHH JBWraTeeM MOACHHXPOHHONH 4acTOTHl BPAICHHS: TOK
cTaropa cHuxaeres, OIoKHpoBKa Bo3OyaHTEN cHUMaeTCs, K1ouH T1
1 T2 3axpsisarorca. Cucrema asromMatuku BYPu3 nopaer komansy Ha
MOAKNIOYEHNE BO30YMTE/IA U 1TOAaYY MOBBIIEHHOIO TOKA BO30YX-
neHus B 0OMOTKY JABMraTens (BCe TH ONEPAllMK COITAcOBAHbI BO
spemenu). [locne Toro xak [Burarenb BOLIEN B CHHXPOHW3M, TOK
BO3OYKICHUA CHUKAGTCA JO HOMHUHAMBLHOIO 3Haudenus. Ilpw
OTKTIOYEHHH MAac/gHOrO BBIKIIOHATEIA CHCTEMA ABTOMATHKH BYPuU3
MePEeBOANT THPHUCTOPBI BO3DYAHTE/IS B HHBEPTOPHBIH pexum,
obecneunBas TEM CaMbIM FalieHHe TONA ABUIATeNs, a 3aTeM
BO3BPAINEHHE CXEMBI B UCXOIHOE COCTOTHHE.

[Ipu BBIOOpPE cHcTEMBI BO30YKACHHA CHHXPOHHOIO ABHTATENS
paccMaTpUBAEMBIX MEXaHW3MOB HY:KHO HMEThb B BHAY, UTO YKe
pa3paboTaHBl M BBIIYCKAIOTCH KOMIUIEKTHBIE TUPHCTOPHBIE
B030yanTENbHBIE YeTpoiicTBa cepuil KTY, TBY, TBY2 u BY ana
CHHXPOHHbBIX ABHTaTeNel MOHOCTEIO OT 100 go 12500 Bt [18].
DTHMH YCTPOHCTBAMH U CIIE/IYET [10JIb30BAThCA IPH NPOEKTUPOBAHHH
3MEKTPONPHBOAOB KOCMITPECCOPOB, HACOCOB M BEHTHISTOPOR YKA3aHHbIX
MOLLHOCTEH.

B paae caydaer Tpebyercs cyilecTBeHHOoe nubo He-
3HAYMTENLHOE perynupoBaHHe NMOoAauH XKHAKOCTH WM rasa. Taxkoe
perynupoBaHHe MOMKHO OCYILIECTBHTE H3IMEHEeHHEM KOJM4eCTRa
napanienbHO paboTAIOWIHX MEXaHH3MOB, M3MCHEHHEM COITPOTUBICHH



MarucTpaiu (npoccenuposaﬁne), BKJIHOYELHHEM NPOMENKYTOYHBIX
eMkocTel, KOMOGHHaUWeH NepeUNCIIEHHBIX cnocoboB WM H3MEHEHH-
€M 4acTOTbl BpallleH’s MexaHu3mos, Beibop cnocoba perymuposanns
06yCHOBHHBa€TCﬂ TEXHHKO-3KOHOMHYECKHMHU pacyeTaMH, HO
HauOONBIIHH HHTEpPEC NPE/ICTABNSET PETYNUPOBAHHE MOAa4H
MEXaHM3MOB TYTEM M3MEHEHHs 4acToThl Bpamerusa. Jis oToro
NPHUMEHSIOT PETYJIHPYEMbIE 3MEKTPONPHBONBI NCPEMEHHOFO HIHK
noctosHHoro Toxa, [Tockonbky AnanasoR H3IMEHEHHA CKOPOCTH
MEXaHHM3MOB 00BIYHO He NPEBLITIAET 2: 1, IPEANOUTEHHE Yallle OTAAETCH
MPUBOZAM [IEPEMEHHOTO TOKa ¢ ACHHXPOHHBIMH [BMraTeIiMH, a
4aCTOTa BpPalleHHA HM3MEHAETCA 34 CUET PETYNHPOBAHHUA HX
CKONMBXKEHUA. TaKoe peryIHpOBaHME MOXHO OCYMIECTBHTH: a)
H3MEHEHHEM YaCcTOThl BpaleHHs(BHH3 OT CHHXPOHHOMR), KOTOpOE
COMPOBOKAANOCH OBl IOTEPIMH IHEPIMH CKONBXKEHMA B POTOPHOI
uenH; 6) TakuM 06pa3omM, 4TOOBI IHEPrHUA CKOMbXKEHHA (32
MCKIIIOUEHHEM NOTEph B POTOPHOM 1ler) BO3Bpallajach Obl B
NUTAIONIYIO ceTh NGO nepesaastachk Obl HA Bad aCMHXPOHHOIO JIBH-
rarecii.

M3 npuMeHseMbIX CXeM K MepBoMy crnocoly perynipoBaHHs
MOYKHO OTHECTH CXEMBI ¢ MY(TAMH CKOTBXKEHHS (THAPOMY(HTaMH WM
ACHHXPOHHBIMH My()TaMH), PEOCTATHLIM perynMpoBaHHeM H T. 1.
MO3KHO NOKa3aTh, UTO B ITHX CTy4asX HanOOoNbILIHE IOTEPH B POTOPHOH
ueny aCHHXPOHHOTO ABHrarens, paboTarolero Ha MEXaHH3M C
BEHTHISTOPHOM XapaKTePHCTHKOH, COOTBETCTBYET YACTOTE BpaLleHHs
Ha 33% mipke CUHXPOHHOM W cocTaBnaioT [5+17% HOMHHaILHOH
MOILIIHOCTH Ha BaTy MexaHu3Ma. [[o3TOMy Takoe peryiMpoBaHue MOKHO
PEKOMEH0BATH JIHLIB /111 YCTaHOBOK HEDONBIIOH MOLIHOCTH.

B ycranoskax cpenHedl H D0NbWIOR MOIMIHOCTH CINERyeT
KCIOJIL30BATh PErYIMPOBAHME YACTOTH BpallleHHS MPUBOIHBIX

BJICKTpOIlBHFaTEIICﬁ ITyTEM MOJIC3HOTO pacxona 3HEPrui CKOJIBKCHHA. -

ITOT cnocod B HACTOAUICE BPEMS PEalH3yeTcsa ¢ MOMOLUBIO CXeM
ACHHXPOHHO-BEHTHIBHBIX Kackanos (ABK), korjia namMeHeHHe 4aCTOTH
BpallieHMs [BHTaTeNeil IPOU3BOMHTCSA W3MeHeHHeM BeTpeaHo D/IC,
BBOAMMON B POTOPHYIO LeNb ACHHXPOHHOTO 3MEKTPOABHraTes s OT
MOCTOPOHHEr0 UCTOMHMKA MM MHBEPTOPA, BXOAALIETO B KOMIUICKT
ABK. Ha puc.2.11 nokasaHsi iBe NpHHUHMITHA/ILHBIC cXeMbl ABK: cxema

ek
[}

Ha puc.2.11a obecneunBaeT NOCTOAHHYIO MOLLHOCTE, & Ha puc.2.]136-
MOCTOAHHBIH MOMEHT.

B cocTas nepBoi cxeMbl BXOAAT aCHHXPOHHbI ABMraTels M,
HEYTIpaB/IsieMbIA BBINPAMUTENL B M MalIHHA [OCTOAHHOTO Toxa MIT,
pacrnonoxkeHHas Ha 0HOM Baly ¢ M. bonee coBepieHHOM ABNseTCA
BTOpas CXema, IO Bpallarollascd MalliHA 3aMeHeHA CTATHYECKUM
npeobpa3soraresiem M, BBIMOIHEHHBIM Ha THPHCTOPAX,

Hna noHuMaHMA QH3MYECKMX RPOLECCOB PEryIHpOBAHHSA
YacTOTHI BPAIUCHHA /IeKTPOJBUTaTE S PACCMOTPHM 3KBHBANIGHTHYIO
CXeMY 3aMelleHHd POTOPHOH LIeny acHHXPOHHOTO ABHTATENd,
MOoKa3aHHY Ha puc.2.1la, u BekTOpHYW AmarpamMmy ABK,
u300paxeHHyr0 Ha puc.2.126. 3neck napaMeTpel CTaTOpa HMEK'T
HHjeKc 1, poTopa - uHaexc 2, E ;- S0C, BBOOMMAZ B poTOp OT

HCTOYHHKA TIOCTOAHHOIO TOKA, KOoTopbiM ABasoTcs MIT (puc.2.11a)
HJIY [10J1yNpOBOAHHKOBEIM npeobpasosarens M (puc.2.136). U3
BEKTOPHOHN JHAIpaMMb! BHAHO, YTO TOK POTOPA, YYACTBYIOLIMHA B
CO3JaHHH BPANIAKILEIO MOMEHTa aCHHXPOHHOIrO JBHraTe/]s

(M =c®@I,cosp,), onpenenseTcs BEKTOPHON PasHOCTbIO HIIH
cymmoii BJIC poropa E2 u nobasounoii IC £ ;- B obmeM ciyuae

3TH BEKTOPHI CHBHHYTHI MEXY coOOH Ha yron @, (Hanuuue 3Toro yria
ONpeaenseTcs KOMMYTALHOHHBIMH TIPOLIECCAMH BBITPSMUTETIS, & €10

3HAYEHHE 3aBHCHT OT HArPY3KH JBHIATE/A, T.€. TOKa poTOpa 12’ . IpH

IZ’ =0 yroa @, ~0, a npu 1"2' = 'z'mu, KOT1a HauOONbLIHI yron
KOMMYTALiu /15 TpEX(DA3HBIX MOCTOBBIX CXeM ¥ < 77/ 3, @, =y /2).
M3 BeKTOpPHOM JHATrPAMMEI ClIeyeT TaKKe, UTo TIpH L ;>0 pesyas-
tupytowas JJIC B uenu potopa £ pe; OyneT Menblie D/C potopa,
HABOJHMOMH CO CTOPOHBI CTaTOPa, a CICAOBATENBHO, H TOK fz Gynet
MEHBLIE (TaK Kak L=E pes )- 1aKHM 00pa3’oM, IpH H3MEHEHHH TOKa

B30y enus MIT wiu yrna oTKpeIBaHMA THPHCTOPOB MHBepTOpa U
uaMenseTes IIC, koTopas HanpableHa BCTPEYHO ¢ BBITIPAMIICHHBIM



RarpskeHuem potopa, T.e. Betpedno JC poropa £, . Besieacteue

3TOTO H3MEHAETCAd M TOK POTOpa jz, TakKk 4TO PaBHOBECHC

37EKTPOMArHHTHOTO MOMEHTA JIBUraTe/ld X MOMEHTA HArpy3KH
HACTYNAET TIPM APYIoi HacToTe BpalyCHHA ABUIATCA.

B cxemax ABK pHeprusi CKOJIBKEHHS POTOpa aCHHXPOHHOTO
ABurarens (3a BRIYETOM TIOTepsb) norpebasercs MII wnd nepeaaeTca b
CeTh, 4 MEXAaHHUECKHE ¥APAKTEPHUCTUKH, TIPEACTABIEHHBIE HA
pHc.2.14B, npuobpeTaloT XapakTep KpHBOi 3 BMECTO eCTeCTBCHHOH
KpUBO# | WK (TIpH PEOCTATHOM PErY/IMPOBAHIH) KPHBOH 2. Jlnd xapak-
TEPUCTHKHU 3 PEXKUM XOIOCTOTO X0a OyaeT OMPeAe/IATECS paBEHCTBOM

C EzzEd,T.e.
kE, S=E, .

3aMeHUB B 3TOM YPaBHEHHH CKOAbXeHHE s=1-n/n,

2HOM

MONYYHMM CIEAYIOWY 3aBHCUMOCTE HacTOTHl BpPAaLICHHSA
3nexTponBurarens ot Berpeynod DC:

n= kE2n0M -k n
—ee—n, (2.13)

roe n.- CHHXpOHHAA HacToTa BpailleHHA ACHHXPOHHOIO ABHUTaTE]IA;

2HoM

k - K03(hGHLIHEHT CXeMbl BKJIHOUEHHA POTOPHOTO BHINPAMHUTENA.
VpasHenwe (2.13) MaTeMaTHYeCKd TIOATBEPKIACT TOT daxT,

1T, perynupys nobasouryro 3IC E |, MOXHO PeryiMpoBarh HacToTy
BpAIIEHHs aCHHXPOHHOTO iBHraTess M.

M
L —Tp
MII M
- S by
By o b
N N N N N
7| VI Bn I u v
==l __~RAE
a) 6)

Puc. 2.13. TpunuungansHas cxema ABK

35

Ecnu B cxeme, nonobHoi pue.2.15a, najicHueM HanpsKeHHA
B MALLKMHE [OCTOAHHOTO TOKA K B BEHIPAMHTEBHOM GoKe npeHeGpeds,
TO MOKHO MOMYYHUTE CNEAYIOLIYIO 3aBHCHMOCTE MEXIY CKOJIbAKEHHEM
ACHHXPOHHOI0 JBUTATENd § U TOKOM BO30YKIEHHA BCIIOMOTaTeNnbHOH
MallMHL TTocTodHHoro ToKa MIT (mocnenysas npeanonaraeTes HEHAChI-

weHHolt): sU, =U =E, . =k i(l-s), oTkyna
5= ksi.s’
TR (2.14)

rae U, u U - COOTBETCTBEHHO BbINPSAMIICHHBIE HAMPIKEHUS [IPH
HETMOABMKHOM poTOpe { ¢ = ()) ¥ [IPH TEKYLUEM
3HAYEHHH CKOJIBXKEHHUS ( oy > 0);
k - ko3thpuIIMEHT MPONOPLIHOHATBHOCTH MEX Y TOKOM

Bo30y:xnenus | W SC BenoMorarenbHOK MalWHHel £, .

H3 ypaBuenus (2.14) BuaHO, 4TO CKONBXKEHHE MpoONop-
LUHOHANBHO TOKY BO30YXKIEeHHA BCTOMOraTenbHOH MAalIHHHI
NOCTOSAHHOFO TOKA, T.€., M3MEHASN TOK BO30YXJAE€HHI, MOXKHO
perymHpoBaTh HaCTOTY BPAaLNEHHS aCUHXPOHHOrO JBHraTes.

UAEA
X2
E,
I & :
. % ]
I Eq ) K
a) 6)

Puc. 2.14. K paccMOTPEHHIO PHIHYECKHX OCHOB PETYTHPOBAHHA YACTOTE
BpAIEHHA IEKTPOABHIATENS ¢ HCnonk3oBaHHeM ABK

B cxemax ¢ DOCTOAHHBEIM MOMeHTOM ZoBapoyHad BCTpeYHas
ONC E, rexepupyetcs B sue npoTieo-3/IC HHBepIOpa, KOTOpas Ha



CTOPOHE BRINPAMJICHHOIO TOKa ONOpPEACTACTCA CISeAYIOIIHM
BBIpAXEHHEM

Eu" = k2E2Tp cos ﬁa (2] S)
Tae £,- Ko9DDHUIMEHT CXEMBI BKJIFOYCHHA THPHCTOPOR HHBEPTOPa (A7

Tpex(hazHOH MOCTOBOH CXeMbl kz =234);

E 27~ (PA3HOE HaNpsKEHHE BTOPHUYHOH 0OMOTKM TpaHcopMaTopa
HHBEpPTOPA (MJIK CETH, €CITH TPaHCHOPMATOP OTCYTCTBYET),
- yroa oTKpbIBaHHs THPHCTOPOR MHBEPTOPA.
Ecau Beipaxcenue (2.15) nogcraeuth B ypaBHeHHe (2.13), TO

NIOJYUEHHBIH Pe3yNbTaT NOATBEPAUT PaHee CRENAHHOE YTBepKACHUE
0 TOM, 4TO MPH H3IMCHCHHH YTIla OTKPBIBAHHA THPUCTOPOB HHBEPTOPA
7 OyneT N3MeHAThCS YacTOTa BPALIEHWS, ACHHXPOHHOTO JBHIaTeNs
M. B cxeMax, nonoOHeIX puc.2.136, peryiiMpOBaHHe YacTOThI BPALIEHHS
JABHFaTeNs NPHHLIMIKATIBHO MOXKHO OCYIIECTBIATE ITyTEM H3MEHEHHA
YI712 OTKPBIBAHAR THPHCTOPOB BLIIPAMHTENBHOM (B ) H HHBEPTOPHOH
(M) rpynn, nockoasKy BLIMPAMHMTENIBHBIA H HHBEPTOPHBIH MOCTHI
BBITOTHAOTCS HA YIPABNAEMBIX BEHTHIIAX, YTO MO3RONIET TPOH3BOAHT
JABYX30HHO€ DETYIHPOBAHUE YaCTOTHl BpAUIEHHS - BHILIE M HHXKe
cHHXpoHHOH. [1pd HacToTe BparHeHHA BEILIE CHHXPOHHON MHBEPTOPHAS
TPYIINa MepeBOAHTCH B BEINPIMHTENBHBIA PEXKHM, a BHITPAMHUTELHAS
- B HHBepTOpHBIH., OIOHAKO B LENIX YMEHbUIEHHUS MOTEPb
pery;IMpoBaHHe YacTOTHl BPALIEHHA HeTecoodpasHee OCyLECTBIAT
TONBKO TTYTEM H3MEHEHUs YIJIa OTKPBIBAaHHA THPHCTOPOB HHBEPTOPA,
KOrzaa yribl OTKPBIBAHHA THPUCTOPOB BHINPAMMTENA PaBHBl HYMIO
(@ =0). [locnennee o0BCTOATEALCTBO MO3IBOASET BHITIONHHTEL POTOP-
HBIH BRIMPAMHTENb Ha NMOAAX, YTO M AenaeTcs B OONBIIMHCTBE
COBPEMEHHBIX KacKaJHBIX cXeM. [1oao6Hble BEHTHIbHbBIE KACKAABI
MOTYT OBITh BEITIONHEHBI M € peobpazoraTeniMu He3 IpOMEKyTOYHOrO
3BEHA MOCTOAHHOrO TOKa. Toraa posib BBIMPAMMTENS W HHBEPTOpA
JOJIKEH MrpaTh Npeobpa3oBaTeNk ¢ HENOCPEACTBEHHOMH CBA3BIO.

i cxem ABK ¢ nocTOsIHHOM MOIITHOCTRIO, C/TH TIPEACTABHTL
COOTHOLLEHHA MOLIHOCTEH Yepe3 MOMEHTHI H COOTBETCTBYIOILHE MM
YIAOBBIE CKOPOCTH, MOXHO TIOIYUHTE CACAYICLIEE YPABHEHHE!
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G)II‘IBX “wmm 1
MMn:MM——=MM[1_B), (2.16)

e D= @, / V., ~ AHANA30H PErYJHPOBAHMUA YITIOBOH CKOPOCTH
KackaJIHOH YCTAHOBKH.

M3 31010 ypaBHEHHA BUAHO, YTO IIPH YBETHYEHHH HANAZ0HA
Pery/JIHpoBaHHA JOJKEH YBEIHUHBATBLCSA HEOOXOAMMbIA HOMHHANBHBIH
MOMEHT BCMOMoraTeNnbHoH Mamysl MJI, T.e. rabaputHas MOWUIHOCTE
DaHHOW MAUIWHBI C YBEJHMYEHHEM AHWATA30HA PETyIMpOBaHU
NpUOIHKACTCA K MOLIHOCTH aCHHXPOHHOTO JABHraTels M, uTo,
BesycnoBHo, HelenecoobpasHo. [To3ToMy NMono6HBIE BEHTHIBHbIE
KacKajpl Leecoobpa3sHo MPUMEHITH TOABLKO MPU OrPAaHHYEHHBIX
AHAaNa30Hax perynHpoBaHuid, He mpesbliliatomux D £ 2:1. C
NOHHUKEHHEM CKOPOCTH MEXAHHYECKHE XapaKTePHCTHKH TaKuX
KacKaJ 0B H3MEHAIOTCA H CTAHOBATCA D0J1e€ IKECTKHMH.

[lyck aCHHXPOHHOTO BUrATENA B PACCMOTPEHHBIX KACKAIHBIX
cxemax (2.11) ocymecTBAAETCS C OMOIIBIO MYCKOBLIX PEOCTATOR (Ha
CXeMaxX He MOKa3aHbl), KOTOphIE MOCTE €10 PasroHa OTKIKHATCI K
ABHraTe/ib NMOAKIIOUAETCA K BLIIPAMMTENO B MECPBOM ciydae
MOAKTHOYEHHEM AKOPA MalMHE! MIT, a Bo BTOpoM - BKIIOYEHHEM MHBED-
topa H B ceTs. B cxemax, nogo6usix puc.2.116, acuHxpoHHEIH
ABHraTe/lb MOXKHO IIYCTHTB B XOI W 03 IMYCKOBOTO peOcTaTa IyTem
TIOCTENEHHOTO H3MEHEHHSA YIila OTKPBIBAHWA THPHCTOPOB HHBEPTOPA.

Ha ochoge cxembl ABK ¢ nocTossHHEIM MOMeHTOM paspabo-
TaHa H BHIMYCKAETCA /lHHAA CepHs npeobpa3oBareneii THITA

[IABK ¥ cTaHumii ynpasnerus k uam cepuu LY ana
NJABHOTO PeryJTHpOBaHHs 9acTOTHI BpallieHHA ABHrareneit. Cepus
NpelyCMaTpyBaeT IBa BAPHAHTA CXEM - C YACTHUYHBIM M C [IOJIHBIM
AHaNa3oOHOM pEerynHpoOBaHHA 4YacToThl BpalleHUs. OHa He
npeAycMaTpUBAaeT TOPMOXKEHHS M MOXET ObITh MCMONb30BaHA
NPHMEHHTENILHO K 3MEKTPOABHIaTENAM C (PA3HBIM POTOPOM EIHHBIX
cepuii. B xauecTse npuMepa paccMoTpum Gosnee moapoGHO
NPUHUUNHATBHEIE CXEMBI, NPeACTaBNeHHbIe Ha pHc.2.15.

Cepus oxparbiBaeT quana3oH MouHocTei ot 250 1o 5000 kBT.
ITpeoBpasopaTenii paccuMTaHbl HA HOMHHAIILHBIE TOKM a3kl poTopa

max



630, 1250 1 2500 A 1 mHHEHHbIE HATIPSKEHHA HHBepTopa 230,
400 u 400x2B. I1pu pabore B 3aMKHYTOH CHCTEMe 3NIeKTPOIIPHBOIA
3TH NpeoOpa3oBaTeNH MO3BOAAIOT NOMYUHTS (B 3aBUCHMOCTH OT
MOIIIHOCTH) IHAIIA30H PEryJHPOBAHUS YacTOTHI Bpalenua ot 10:1 1o
1,5:1 1IpH ECTKOCTH MEXaHWU4ECKHX XapaKTepHCTHK He Bble 10%.
Hcnonbaya npeobpa3opateny A% JIEKTPONPHBOLOB MOLWHOCTBIO 0
1000 kBT, MOXHO MOAY4HTh TKOOOH BhILIEYKA3aHHBIA AHANA30H
PEryIHpOBaHMH, a MOUTHOCTEI0 OT 1000 s10 3200 kBT - TontbKO OT 1,5:1
1o 2:1 u momrocTso 5000 kBT - 1o 1,5:1. CraHuMH ynpaeneHus B
TAKWX MEKTPOIIPUBOAAX TIpelHazHadeHpl A/ MyCcKa W OCTaHOBKH
ACHHXPOHHbIX JBMraTedcii NPHBOAOB UTHTENLHOTO PeXXHMa paboTsl,
ABTOMATHUECKOTO NoAKodeHud ux K cucteMe ABK, a Taxcke nna
3aILMTHl ABHrarefieH OT Teperpy3ok M TOKOB KOPOTKOIC 3aMplkaHK4,
Mpu4eM CTAHIMM BHITYCKaoTcd Ha Hu3koe (a0 500 B) umn Bricokoe
(ro 1300 B) HanpsxeHHe poTopa.
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Puc. 2.15. [IpuHUMNManLHEE cxembl rpeoGpasoarencit tana [TABK:
TT- Taxoreneparop; 3C- 3anarauk yrnosoi ckopocti; Y- cranimg ynpaBnesns; -
CY- cuctema ynpasicnun, AB1,AB2- aETOMATHHECKME BRIKMIOUATENH; M-
apuratens; Bn- sunpsmutens; M- nueeprop:; IT- garumx Toka; [ip- apoccens;
K3,KI1,KY,KB- korrakrops! cranuud ynpasneHus; R 1R 2- nyckoBBI pe3sCTOpE!

B anextponpusonax ¢ ABK # yacTHYHBIM JHania3oHOM
peryJHpoBaHHI YacToTsl Bpawenud (puc.2.15a) myck ABurarens 1o
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HixkHel 9acTOTel BpallleHHs 00eCreyHBaeTCs ¢ MOMOLLBIO JBYX
cTynmeHel MyCKOBBIX PE3UCTOPOB, BKJINOUEHHBIX B POTOPHYIO LIETb
(miepBas - seeeHel pesncTopsl R |, R 2 W koHTaxtsl KY 3aMKHYTEL,
BTOpas - BBeeH peanctop R 2 v kontakret KIT3amkryTbl). [IpH pasroue
37eKTPOABHIaTells 40 YACTOThI BPALICHH:, [IPH KOTOPOH HANpPKEHHE
Ha €ro KOIbLAX CTAHOBMTCSA PAaBHBIM HOMHMHAIBHOMY HAIPSKEHHIO
npeobpazosarens, pOTOp ABMrarens IOAKIIOHAETCA K
TpeoGpasoBaTENio M OTKIKO4AETCA OT MyCKOBBIX PE3UCTOPOB (KOHTAKTEI
K3 u KB zamkayTsl). [IpeoGpasosaress Mpu HeoOXOAHMOCTH MOKET
obecneynTs AanbHEHIIHH pa3rod ¥ peryaHpoBaHHe YacTOThl BpalllCHHA
JBHTATENA.

B 3nexTpONpHBOAAX ¢ IIOIHBIM ‘AHaNa30HOM PerylTHPOBaHAS
yacTOThl BpaleHus (puc.2.156) nyck B3IEKTpOABMraTens
OCYLIECTRBNAETCS HENOCPEACTBEHHO NpeobpasoBaTeNbHbIM
yeTpoitcrsoM. OQHAKO 1A CHATHA TiePEHATIPSKEHHH, KOTOPBIC MOTYT
BO3ZHHKHYTH B NpeoOpa3oBaTene B MOMCHT TMOAKIIOUCHHA CTAaTOpa
JBMTaTens K CETH, B €ro POTOPHYIO UEMb NOCTeNOBATENBHO C
npeobpazosaTeneM BKIIOYaETCA pe3ucTop R, koTopeli nocne
MOJKIIOYEHHS CTATOpA IIYHTHpyeTcs korTakTamMy KB.

Ecnu B nHeeprope ABK uMmeeTcs asa nocaefoBsaTe/IibHO
BKJTFOUEHHBIX MOCTA, TO Ul MOBBILLEHHs Ko3(duUMeHTa MOIHOCTH
[pHBOJA MCIONB3YeTCs HECHMMETpUIROE yripaBieHue uMu. Kpome
TOTO, HEOOXOMMO UMETE B BHITY, 4TO MAKCHMaJIbHas 4acToTa BPalleHUA
JNBUrATeNis H3-32 HaJIU4YMs DOTIOMHMTENLHOTO COMPOTHBIEHHA B €0
pOTOPHO#M Ueny OyaeT MeHbILE TOH, KOTOPYK OH HMeEN 6n1, eciid OBl
06MoTKa poTopa Obina 3aMKHYTa HaKOPOTKO.

B kauecTee npumepa ucnonp3osaHHa ABK MoxkHO Hassarh
waxty “Mymrkerosckas-Beprukanenas” B Jonbacee, Ha KOTOPOH €
1966 r. s3kcrinyarupyetes snektponpuson ¢ ABK pentunaropa BIUE-
32 ¢ aeurareneM MowHocThio 1000 xBT.

B HEKOTOPBIX CiTyyasx s ITyGOKOTO peryjIMpOBaHNIs YACTOTH!
BpaLeHMs JBUraTelIeH paccMaTpHBAEMBIX MEXaHH3MOB NPUMEHAIOTCA
ABHIATE/IH NOCTOSHHOO TOKA, YrPaB/IseMble 1o CHCTEME “reHeparop-
apurarens”. Boifop BapHaHTa cXeM YNPABIEHHs IPY APOYHX PABHBIX
VC/IOBHSX JOMKEH BHIMOJIHATLCA [0 Pe3yNBTaTaM HX TEXHHKO-IKO-
HOMHYECKOIO CPaBHEHHS.
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DREKTPONPHBOAB! KOMIIPECCOPOB, HACOCOB M BEHTHIIATOPOR
JIETKO aBTOMATHIHPYIOTES W IpH 00eCedeHNH BLINOIHEHUS OCHOBHBIX
TEXHONOTHYECKHX IIPOLECCOB (I101a4a BOAbL, PACTBOPOB, BO3/AYXA U T.
J.) Win paboTy BCMOMOrATENBHBIX MEXAHHIMOB MCIIOIHHTENLHBIX
MEIUHH (3aABKKEK, feTanei MaluvH, GUIBTPOB H T. A.). YIpaBneHue
ITHMH MEXAHH3MAMH MOYKET ObITh THCTAHLMOHHOE (€ AHCNETUEPCKOFO
IIYHKTa) WIIH 110 3aNporpaMMHPOBAHHOM. |} aBTOMATHYECKOMY LMK .
Pesxyim paboThl MOKET 3aAaBaThCA PATHUHBIME MEePEKTIOYATEIAMH UK
4acOBbIMH MeXaHH3MaMu. ABTOMaTHHecKas paboThl HACOCHBIX
CTAHUHI OCYIIECTB/IAETCA MOCPEACTBOM NONIABKOBLIX MM CTPYHHBIX
pene, pacxonoMepos [19, 20], a koMIpeccopHBIX - ¢ MOMOLLIBIO pelle
Jagienus. [Ipn HConb30BaHHK CHHXPOHHBIX IBUIATCAEH aBTOMATH3H-
pyeTcs ¥ cucTeMa Bo30y:KIeHus UX.

2.7. Pacuer HeoOXOIHMBIX IAPAMET POB H BBIGOD OCHOBHLIX
anemenToB ABK

H806XO,HHM]:IG HOMHHANBHLEIC IapaMeéTpBl UCTOYHHKA
BCTpC‘IHOﬁ 3. 4. €. NOJKHEI ONPEACNATECA, HCXONA M3 CIICAYIOLIETO!

1) HOMHHaNbHAS MOIIHOCTE P, A0KHA OBITE JOCTATOYHOH 1A

nepcoavyd SHEPruH CKOJIBKCHHI, KOTOpad MaKcuMaibHa IIpH
HauOONBIIEM CROTBKEHHY, T.€. P, =P,

max
rae P,,- nepeaBaeMas co CTATOpa HA POTOP ATCKTPOMAT HUTHAR
MOIIHOCTS ACHHXPOHHOTO ABUratens npH pabore B
HOMHHAJIBHOM PEXHUME;

2) HOMMHaNbHOE HanpseHHe ompenenderca no JIC poropa npu

MaKCHMaIbHOM CKonbakeHun, T.e. U = kU, s
3) HOMHWHANBHEIH TOK IOMKEH COOTBETCTBOBATL HOMHHATIBHOMY TOKY
POTOpa aCHHXPOHHOTO ABMIATENA.
Tax, HanipuMep, HANPAXKESHHE BCTIOMOTATENBbHON MalHHHE MIT
(B cxeme Ha puc.2.11a) JOMKHO BBIOHPATECS TAKKM 06pazoM, TGk

TIPH HOMHHANLHOH YacToTe BpalleHHa e€ mpoTHre-3/C Gbuta paBha
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BBLITPAMICHHOMY HaNpPAXCHHIO BBINPAMHUTENA 11PH
MHHHMAJBHOH dYacToTe Bpall€HHUA OBHTaTens M, T.C.

EM'H = Ceqr)n = 1’3 5U2m1.usmnx ’

COOTBETCTBOBATH BHIIPAMICHHOMY TOKY POTOPa ACHHXPOHHOIO
ABHUraTCnAa, T.¢.

a HOMMHAIBHBIH TOK [JOJXKEH

!
I‘UH :I=I = Llnow
=L (2.16)

3z

Kommiextubie ABK Brifuparorcs no Toky ¥ HanmpsykeHHIO
potopa:

1
hyvar? B8 Uy = Vs = Ui 13
N oM ZHOM RN e mlsmax O D » (2 - 1 7)

me] WU, . -COOTBETCTBEHHO HOMHHAIILHOE HAIPAKEHHE H TOK
1peoSpa3oBaTteis;

Ilm).u U U2mw
D- nuanazon perynvpoBaHus.

Beiuie yxe yxaspiBanock, ure BkmoueHue ABK
OCYHICCTBAACTCA CTAHUHAMM ympasieHud. Buibop cTaHuui
ynpasnenua LY npo#x3BORMTCA MO HOMHHANBHOMY TOKY POTOpa
JBHUTATENS M HANPAKEHMIO HA KONBLUAX, COOTBETCTBYIOLIEMY
MHHHMAaJTbHOH YacTOTe BPALeHHA (€CITH peryiMpoBaHHe YacTHYHOE),
160 HOMHHANBHOMY (€CITH pery1HpoBaHHE NOJIHOE).

DrieKTpoMarHuTHsIH MOMEHT, pa3BHBaeMblii ABK noctognRoit
MOIHOCTH (pHc.2.11a), MCKHO NOMYHMHTH, UCXOAS H3 MOLIHOCTH
MaHIMH H YII0BOH CKOpPOCTH ABHrarens. Kak H3BecTHO, MOLIHOCTb
Kackaja OTpefenseTcs CyMMOH MOMHocTed acuuxpoHHoro (M) u
BcnioMorarensHore (MIT) apurarenei, T.e.

Poe =M, 0+M,, o (2.18)

Ecny 3Ty MOWIHOCTE pa3fenuTh Ha YTJOBYK CKOPOCTh
JBMrarenei, To MoJMy4YHM ypaBHEHHE MOMEHTa, M3 KoToporo Oyaer
CJIEA0BATE, UTO ¢ yBeNTHUeHHeM BeTpeuHoii 3J]C He TONBKO yMEeHbLUMTCA
CKOPOCTh, HO H YBEJTHUUTCA CyMMapHBIH MOMEHT KacKaaa Nnpy ToH xke
JKECTKOCTH €r0 MEXAHHYECKOH XAPaKTePHCTHKA.

= TO XK€ poTOopa JCKTPOABHIATENA,
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Jlns ABK noctosnHoro momeHTa (puc.2.116) MOMEHT,
pa3BHBAEMBIA ACHHXPOHHBIM ABHMraTesieM M, MOXKHO ONPENEHTE 110

dopmyue [18]

k Np
M=9—81107 IUZW‘TI X, |, (2.19)

17ie k- Kodo(QHHUHEHT CXEMBI;
@ - KPYTOBas 4aCcTOTa MEKTPOMATHUTHOTO M0J1A CTATOPa;

X - MHHIYKTHBHO® CONPOTHBICHHE ¢azsl poTOpa, NPHBEAEHHOE K
0oBMOTKH cTaTopa.
TIpH 2TOM CileayeT HMETb B BHILY, 4TO MRKCUMANBHBIH MOMEHT
ACHHXPOHHOTO ABMrarTens M, BKIIOUEHHOTO B CXEMY ABK, Oyaer

3

M,=—M,, =0955M . , 1o Ha 4,5% HHXEe MOMEHTa RpH
T

0DBIYHON ¢XeMe BKIIOUEHHA JBUTaTE s,
Mocne Toro kak ABK BrOpaH, cTAHOBHTCA HU3BECTHBIM
IMHEHHOE HANPMKEHHE HHBEPTOPA, & Ce/I0BaTEIbHO, H Heobxoaumoe

nuHediHoe Hanpsxenue ero TpaHchopmaropa U ., , 3Has KoTopoe, a

TAKKE MOMEHT Harpy3KH M TlapaMeTPbl JIBHIATENLS], MOXXHO OIIPEIENHTE
TOK B Harpy3ke 3Toro Tpaicdopmaropa:

— k I — k .\/EUZH o _ UZZH AL ‘\/—j’_a)c Mcm
e 2x, 2X, kX,

'

Tonb3ysAch STHMH JaHHBIMH, MOXHO PacCHUHTATh HEOO-
XOJUMYIO MOLUHOCTD

S 23U 501 (2.20)

a 3aTeM K BbiGpaTs TpaHcOPMATOP HHBEPTOPA.
2.8. InexTposnepreruieckue nokazarean ABK

Kak orMeyanoch BhIIIE, 33 CYET PEKYMEepHpyeMOH 3HEPruH
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ckonpxenus B ceTh KIIJ] anexrponpHeoga ¢ ABK nospinaercs.
BripaskeHHe U1 ONpeeNeHHus K.N.4. B 9TOM CIyHae UMEET BHIL

M w

LI

= R (221)

e

e M o CTATHUYECKHH MOMeHT Harpy3xku H-um,
®- TEKYIliee 3HAUEHHE YIVIOBOH CKOPOCTH BHIaTens, pan/c;

P, - MOILHOCTb, norpebiseMas JBHrareieM u3 ceTH, B,

P~ MOWHOCTb, PeKyniepupyeMas B CyTb, Br.
ITH MOLIHOCTH MOXKHO PACCYHMTATh N0 dopMyaM:
R)s = Mcma)c + A'PM + A‘Pcm *

1
PPL'K = MC.'Na)C(lw E) - k - U -

3nech APM = 3[12;; Hu APL_m = O,SAPM- HOTEPH B MEM U CTATH, BT,
0 - CHHXPOHHas YIJ10Bas CKOPOCT J/ICKTPOABHTaTe A, parn/c;
D- n1ana3sod perynupoBaHHa HaCTOThl BPAleHHS IBHIATCNS;

k W v~ COOTBETCTBEHHO MOCTORHHBIE WU MEPEeMEHHBIE NOTEPH B
nsuratene u Tpancdopmarope, BT.

Pekynepanus YHEPrHH CKOJNBKEHHA NPOHCXOAHMT 10
onpeaeneHHON CKOPOCTH, T.€. A0 CKOPOCTH KOT/Ia SHEPrHsA CKONbKEHHA
P,,s yMEHbBIIAETCA 110 CYMMAPHDIX MOTEPD B pOTOpPHOH LIETH ABUTATENS.
CKonpxeHHe, COOTBETCTBYIOIIEE 3TOH CKOPOCTH, OMpeAenierci
BoipakeHHeM [21]

3po]+7rZAU
5=
ki E,y,,, —3X (1+q)l’

(2.22)

2nou
XTF 2m My ZWTP

e P = X, 3x, 3X, 3X, -ans TpexdaszHoit MOCTOBOH

CXEMBI,
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7

X, 2m m r;
e Ans TpexbazHoH HyneBol cxeMbl
- U1 TPEX: ;

X, 3x, 3X, 3X,

Fy, B X - COOTBETCTBEHHO AKTHEHOE H HHIYKTHBHOE

COMNpOTUENEHHMA ha3zbl TpaHchopMaTopa, IpHBSISHHBIE
K €ro BTOPHUHOH 0OMOTKE;

r2 - aKTHBHOE€ COMNPOTHBIIEHHE (i)aBI:I POTOpPa ABHUTrATCIIA,
rﬂp- AKTHBHOE COTIPOTHBIIEHHE CTTIAXKHBAIOHIETO APOCCENA,

k- K03(HIHEHT, 3aBUCALIMIT OT CXEMbI COSAHHEHHS BEHTIIEH;

2
33X,
1! - BKTHBHO€ COTPOTHBIIEHHE CTATOPHOH OOMOTKH, IPUBEACHHOE
K poTOpY.

(- e g ABK ¢ nonynpoBOAHHKOBBIMH
| npeofpa3oBaTeaIMH H ECTECTBEHHOR
E KOMMYyTaLHed THPHCTOPOB MHBEpPTOpa
! g yXynmar kodddunuent MowHoctH 311
" CHmxeHrne Ko3(h(HUHEHTA MOUIHOCTH
: NPOMCXOAHT MO ABYM MpPHYHHAM: H3-3a
yBeNH4YcHUS MOTpeOneHHa (UHpKYNILNN)
pPEeaKTHEHOH MOLIHOCTH M H3-3a HaNH4YHA
QW Q > BBICHIMX TAPMOHHMYECKHX COCTABJIAIONIMX B
KPHBBIX TOKa JBHIATENA W TpaHcgopmaropa
(MouHocTH Mckaxenus). Ha puc.2.16
pr\f -V NOKa3aHa BEKTOPHAA AWArpaMMa MOLHOCTEH
Puc. 2.16. Bexropuas ~ ABK, H3 KOTOPOH BHIHO, YTO PCAaKTHBHEIE
quarpamma mouHocreil ABK MOHIHOCTH JBHIATENd H TpaHC(bOpMZlTOpa
CKJIaJbIBAIOTCA, @ aKTHBHBIE BBIMHTAIOTCH, T.€.

Koagduumenr momuoctd ABK

Pde - PTp
JB P+, +0, 7 )

COSQ 1y = F
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rae QdG,QTP- COOTBETCTBEHHO PEaKTHBHBIE MOLIHOCTH ABMIATENs H
TpaHchopMaropa, Ksap,

P,.s P, - axtnaHsie MomHocTH, KBT;

2L
1- 2"‘ ~ KO3 HLHEHT HCKAKEHUS;
!

I, u [ - COOTBETCTBEHHO TOKH NepBO#l U BLICLIEH rapMoHHK. J11s
NEepBOTo NPUOIMKEHHA H FPYGBIX PACYETOB FrapMOHHK y
NOPAAKA MOKHO CYHTATh, HTO [v = [] /v

CocTapngroIIHE MOIHOCTEH, BXOMALLUX B BhIpaskeHHe (2.23),
ONpeoensarTCod TaK:

Qr)a = ‘pcmtgqua;
PTp = fi)ﬁ - Mcma)/ 77’

(2.24)

QTp=‘\,'S%u“P?:2p‘

TIpu 3TOM ClieMyeT UMETh B BHAY, 4TO KOMPPULIMEHT MOLHOCTH

'ACHHXPOHHOTC aBHrarens B cxeMe ABK HeCKONBKO HIMEHAETCE U

OMNPeAEIAETCs BEIPAKEHUEM

_ Y
Cos q)r)e =Ccos gDHmr €os T~
2
e cos @, , - HOMHHQIbHBIA KO3((HLHEHT MOIIHOCTH ABUraTeNs;

¥ - YTOIl KOMMYTALMH BEHTHIIEH, KOTODBIHA IIPH ¢ = () MOXHO HAHTH
U2 ypaBHCHHA

2U

2nont

Host mogeiienya koadduumenTa MmomHocTH 311 ¢ ABK MoryT
OBITE MCTIONB3OBAHBI: HECUMMETPHYHOE YIPABlISHHE AHOAHON M
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KAaTOMHOM FPYII BEHTHIICH, BKIIOYEHHBIX Mo Tpex(dasHoH MOCTOBOH
CXeMe: TaK HashIBaeMBbiil CABOCHHEIH HHBEPTOP M KOMNEHCAUHOHHEIH
npeoGpasoraTens ¢ 3aKOHOM HECHMMETpPHYHOTO ynpasienus (ABKH),
KOTJa O/IHA W3 Tpynn BeHTHOeH MocTa paboracT npu €CTeCTBEBHOH

KOMMyTaUM¥ TOKa M 3, = 8 = const,a apyras- npu HCKyCCTBEHHOM

mn
xommyTtauuu ¥ f, =8 .. .(7r— ). Hocneaun# BsapuaHT
ynpasieHia ofecrneyHBaeT eMKOCTHOH XapakTep peakTHBHOH
COCTaBNAIOLIEH TOKA HHBEPTOpA H, CIEAOBATENbHO, KOIDPHUMEHT
MoLIHOCTH ero Oyaet Gomeiue. [Ipy BEHTHIATOPHOM MOMEHTE HATrPY3KH
Hapany ¢ O/IC uneepTopa nenecoobpasHo peryMpoBaTh HaMpsXKEHYe,
NOABOAMMOE K CTATOPY ACHHXPOHHOTO ABUraTens, ¢ [OMOLIBID
apToTpaHcGopMaTopa, NEPEKIIONAEMOTO TI0JL HArPY3KOH, YTO IPHUBOAHT
K nossimenuio koaddunnenta Momuoctu i1 npu pabore Ha
TOHHXEHHBIX CKOPOCTAX MEXaHH3MOB.

2.9. lipumep BLIDOPA OCHOBHBIX 31€MEHTOB
atexTponpuBoga c ABK

Jna npuBoaa KOMIpeccopa ¢O CTaTHHECKOH HArpyskoH
P, =900 Bt wn M =11800 H'M nenonssyercs ACHHXPOHHSIH
JBHraTens ¢ Ga3HEIM pOTOPOM, IMEIOLLIHH ClleTYIOLHE HOMHHASIbHBIE

JaHHbIE: Pm“ =1000 xBr; U! = 6000 B; Ii =118A;n =T735mun

'(w,,=77 ¢ o,=785 ¢'); s, =002; cosg,, 087;
n=943%; M =1300 H'm; U,  =1050 B; I, =565 A,
r,=0,587 Om ('=0,0181 Om); , =0,02114 Om (1 =0,695 Om);
k, =5,71; X , = 0257 Tlpu skcruryatawyu kommpeccopa HeobxommMo
perynHpoBaTh YacTOTY BpalllCHHA INEKTPOABHCATe]IS B NMpHAeIax
D=1,5:1; moaToMy cHcTeMa YyMNpan/l¢HWS HM IPHHATA <
ucnonb3osadieM ABK. Heofxonumo BeipaTh OCHOBHME 3TEMEHTHI

ABK u onpenenuts ssiepreTudeckue nokasarenu OI1 npu pabore
KOMITpeccopa Ha MHHUMANBHOH 4acTOTe BPALLCHUA.
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Pewenne. ABK Bribupaem no ToOKy H HanpsKeHHIO poTopa
JBMATESA:

noN 2 IZHO.\I = 565 A:
1 1
UnuthUEHrJu 1__ =1050 1—— :350 B
' ' D 1,5 ,
e/  wmU_ . -COOTBETCTBEHHO HEOOXOAMMEIE TOK a3kl

BBIIPAMHTENA H ero IMHeHHOe HanpshkeHHe.
H3 umeromneiics HOMeHKIATypHl npeobpazopatenci cepuu
IMTABK ereibupaeM npeoGpasopatens tTuna [{ABK-400-630 co
ClelyIoHMH HOMHHANBHBIME AAHHLIMH (CXEMBbI BBITIPAMHTEINS H

=630 A;7 =1000

HHBEPTOpA- IWecTH(ha3HbIE MOCTOBBIE): [ . tnax

MLRONM

A; U 400 B; auneiinoe HanpsxeHHe uHBepropa {J =380 B;

napametpbl apoccena { ;, =1000 A; r;,, = 0,002 Om; L5, =2,5 Ml

CraHuuIO yripaBieHHA A4 ITyCcKa JBHraTess BeIOHpaeM Mo apaMeTpam
€ro poTopa Ha YaCTHYHBIK [Hana3oH perymuposanus- [IIY-6802-

89A2(1 . =1250 AU, =1300 B).

C.HOM L HOV

Jns mepefauy 3HEPIUH CKOJBKEHHS B MHTAKUIYIO CETh
BbiOHpaeM coriacyoluit TpaHcdopMaTOp HHBEPTOpA, NPHHHMAS

U,=U,;, u npenebperas u3MeHeHHEeM CKOPOCTH H3-3a

JOTOJHUTEILHBIX CONPOTHRNEHUE B poTOpHOH Uenu asurarens. Jns
9TOro BHayajle pPacCYUTHIBaeM HeOOXO0AMMBIH TOK BO BTOPHYHOMH
obMoTKe TpaHchopMaTopa

2
IZTp = kr] = k, ﬂ U2Hu.u _ U2Hm| _ ﬁwacm

2 X, V22X kX,

- 2 - .
_og1s V21050 | 1050°  2.785:11800 |

2 2.0,257 1,35.0,257

0,815-770 A= 626 A,
a 3areM- HeoOXOAHMYIO MOLIIHOCTh TpaHchopMaTopa
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S 23U ;1 = 3-380-626-107° kB-A ~ 400 kB-A.

Ha ocHoBanuy nomyuenHnix pelynbsraTos BEIOHpaeM
TPaHCHOPMATOP CO CIEAYIOWIMMH HOMHUHANLHBIMH AAHHBIMH:

S, =400 kB-A; UITP =6000 B; Um, =380 B; 7=98,55%;
AP, Tp =1,08 kBr; APK.T[: =76 xBr; I, =3%;U, =5%;7, =0,002
Om; X, =0,012 Om,

Onpenensem KIIJ{ 311 npu MHHMMANBHON YITIOROH HacToTe
JBHUTATEN:

Mo, 11800-513-107
TP, 962-220

M, 11800-78,5
B)a = ‘-"”a)f + AP\r + AR.‘m = O
1000 ’

375 3-1180,587 245 B
= = = T;
M 1000 1000 ’
AP, =05AP,, =0,5-24,5 kBt ~12,3 kBr;

cm

=0,81.

+24,5+123=962; kBt

P = 1= L) k-
1000 \' D
= 00 T8 115y 57.6-52,6 = 220 kB
1000
12 77 -1 -1
@, =—22 =" o =51’3C 5
M5 T 15
k=108 B, Tor _ M"”‘MSW(I—F_IJ * 8=
. Uda 1000 rZ' h

=<1,05/1000 1-0,943 13000 78,5-0,02 x
0,943 1000
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x[l - 0’387] + 1,03 =576 «Br:
0,695

DRI AU 700,085+ 7703
1000 1000
R =25 42547, +2r =2.00214+0,002+2-0002 = 0,085 On-

3KBHBAMCHTHOE COMNMPOTHBIICHHE pOTOpHDﬁ HEINHX ABUTrareaq:

=52.6 kBt.

ZAU=4-0,75 B=3 B- nageuue HanpsXeHUA B BEHTHIAX

BBINPAMHTENS U UHBEPTOPA.
Ipunumas kospdbuuueHT Hckakenus F=1I . PACCUUTHIBAEM
koadibuLmenT MomHocTH 1

P

e _‘PT[’J =
VP =B +(0,,+0, )

2-2
=1 20 12 =0,595.

J(962=212) +(675 +340)’

COS@P 1y = F

3necy O, = £ 120, =9621¢35° kpap = 962-0.7 KBap;

COS @, =COSQ

[ et

Jax
cos L = cos @]l !
2 ' 2U

2renn

=Qm%_izg§zzmzqmw

og = 350)5
2-1050

. . 2513
PTp zpdG_Mgn_n_(%z_%J =212 kBt
| 0,81

bl

Oy, =JS2 P2 = 4007 ~212° xmap = 340 xsap.

Haxoaum ckonbXeHue, npu KkoTOpOM mpekpauiaercd
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pexynepauﬂﬂ BHEPFHH CKOJIEKEHHA B CeTh:
3pX I+ zz AU
S ™ =
P kU s = 3X L+ )

2aun

B 3.032-0,257-770+3,14-3 00207
314-135-1050-3-0257(1+0155)-770

roe

3-0,012+3,14(2-0,0214 +0,002 +2-0,002) )
p= =0,32;
3-0,257
_2r'm 2:0,0181-314
3X, 30257

q 0,155.

OnpenensaeM yacTOTY  BpallleHMa  JBurareis,
COOTBETCTBYIOLIYIO CKOJIBKEHHUIO S, 0
n o S 735 %02

p(’}\' HOM 0
pex *

muna ™ =710 Mun "

2.10. Cxembi JII nacocHbIX YCTAHOBOK

Ha puc. 2. 174 nokazana NpHHLMOHATBHASA CXeMa npocTerlen
HACOCHOM  YCTAHOBKH  JpPEHa)HOro  Hacoca. Cxenmoli
npeayCcMATPHBAETCH
[Ba BH/a YNIPABAEHUs - PYUHOE (MECTHOE) H aBTOMATHUECKOE. Bribop
peskuMa YIpaBlIeHs BBINONHAETCA YHHBEPCATTbHBIM IEPEKITI0HATE/1CM
ITV. ITY ycTaHOBJIEH B JIEBOEC MOJIOKEHHUE. ’
Vnpasnedne AJl ¢ K3 poropom B 3TOM Ciiy4ae MpPOM3BOIUTCA €
noMonisio kuonok KuIl u KnC - pyuroe ynpasnenue. [lpu nepesone
ITY B npaBoe MONOXKEHHE (PEXMM aBTOMATHHECKOrO ynpaBjieHHs) -
YTIpaBleHHe ABHIaTEIeM HACOCA OCYIUECTRISETCSA OT JaTHHKa yPOBHA
(nomnaekosoro pene) PY (puc.2.10.6).

A
—_

Ecnn ypoeeHn 807bI B 3a60pHO# eMKOCTH (BonochopHiike)
AOCTUIaeT 3aJaHHOTO 3HAYCHHS, KOHTAKT PV 3aMBIKaeTca. 3aMblkad
ensb kouraktopa K, nocneanuii cpabaTeiBaet M BKIIOHALT [1BUravens

Puc. 2.17. a) npHHUKNHATEHAS CXEMA IPEHAKHOIO
Hacoca, ) MHIaBIMYeCKAd CXeMa HACOCHOH YCTaHOBRKH

Hacoca, [Ipd CHWKXEHHH YPOBHA BOABI 10 YCTAHOBIEHHOrO YPOBHS
(MEHBLIETO, YeM MIPK BKIIOYEHHH HACOCA) KOHTAKT PY PasMBIKAeTCA,
xonTtakrop K cpaGarbiBaeT 1 ABUraTeIb HACOCA OTKIIOMAETCA. 3auluTa
JABMraTenel OT KOPOTKOIO 3aMBIKaHMs H [IEPETPY30K 00eCneuHBACTCS
apToMatoM AB, MHHUMATEHAS 33IIMATA - CAMHM KOHTaKTOPOM.
Paccmotpum 3I1 Gonee cIOKHOW HACOCHOH YCTaHOBKH,
rHApAaBIHYECKas CXeMa KOTOPOH MpeAcTaB/ieHa Ha puc.2.10.6. 3
BomosabopHoro GacceiiHa 1 racocsl H1 u H2 nepekaunparoT BOAY B
HAMOPHYIO MarxeTpans 8. Jns NpuBola HacOCOB HCIOMB3YIOTCA Allc
K3-potopom M1 u M2. Hacoce! ¥ BcachiBatolue TpyGOTPOBOIb! 2 H
10 3anonHsarOTCS Bonoil U3 3aaMBHBIX Gakos 5 H 7. Ha BcachIBalOILHX
TpyGonpoRoaax YCTaHOB/CHb! 0GpaTHEIE K1amnansl 3 1 9. Tpebyemelit
YpoBeHs BOfIbI B fakaX 00ecriedHBaeTCs IOMUIABKOBBIMU KIIANaHaMH 4,
6 1 KOHTpOMpYeTcs ruapasnuueckumu pene PI'L, PT°2. Pene napnenus
P/il w P/I2, ycTaHOBJACHHBIE B HAarHETAWIEH THHHH Hacoca,
OTKAFoYatoT ApdraTe i M1 u M2 npu fasnenys, MeHb1IEM 3a14HHOTO.
TonnapkoBeie pene ypoeHs PY1 u PY2 nmpennasnavensl and
aBpTOMAaTH3aMH paboThl YCTaHOBKH. [lepBoe M3 HUX Aa€T HMITYNBC HA
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BKJIIOUEHHE OJHOro U3 JBUrateneil npu pabo4yeM ypOBHE BOAKL B
facceiiHe, BTopoe ofeclieunBaeT OAHOBPEMEHHYO paboTy HaCOCOB NPH
aBapUAHOM YPOBHE.

DnexTpuueckoil cxemolt (puc.2.18) npeaycmarpuBaeTcs
ABTOMATHYECKHI H HE aBTOMATHUYECKMA PEKHMbI PAbOTHI.

He aBroMarHyeckMH pexMM INpeaycMaTpHBacT Kak
JAUCTAHIOHOHHOE ¢ AHCIIETHEPCKOTO MYHKTA, TAK U MECTHOE KHOMNOYHOE

YIPABICHHE.
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Puc. 2.18. [IpyHUIMNHANBHAS CXeMA HACOCHOM YCTAHOBKY

Peskum paGoTHI HACOCOB ONPEAEAETCA MNOJOKEHHEM YHHBEPCAJIbHBLX
niepexmouarenei [TY2 1 I1Y3, a yHHBepCaNbHBIMH NCPCKITHOMATENAMH
Y4, 11V5 ppibupaeTcs ANCTAHIIMOHHOS HITH MECTHOE YIIPABICHHE , a

n
[¥5)

TAKIKE BOZMOKHOCTD OJHOBPEMEHHOIO aBTOMATHUECKOTO ¥ MECTHOTO
kHomo4Horo ynpaenenus. [epexniouarenem Yill ycranaBmusaeTcs
OuepeqHOCTE BKIIOUMeHUs apuratencii Mi wim M2 npu usmenenuu
YPOBHS BOJib], TO €CTb KAKOH M3 HACOCOB BKIIOHAETCA MIpH pabouem
YPOBHE, & KAKOH NpH ABAPUAHOM.

PaccMOTPUM aBTOMATHYECKHI PeRUM paboTsl BOLOOTIHBHOH
nacocHoll ycranosku (puc.2.106). Tlepexnouareau [1Y2 u 1Y3
YCTaHOBNeHs! B nojoxenve “A”, a IT¥4 u I1V5 B nonoxeHwe I
Ina paGotei Bpbupaem Hacoc H1, nosromy [1Y] crarnM B nonoxenue
“H1”. Tlpn mogbeme Boaw! B BogocGopHuKe 10 pabouero ypoBHA,
3aMBIKAETCH KOHTAKT Momjiagkosoro pene PYl, srniouaercs
npoMexyTouHoe perne yposus PIIV1, 3arem BiuliouaeTcs PI1 no uens:
konTaxthl PITY1, | - 2, nepexmouareneii ITY 1, [TY2, TTY 4, 3akpbiTbiid
3aMBIKAOMMA KOHTAKT PI'1, - pasMpIKalwmuid KOHTaKT pene
otrmosenus PO1. Pene PITI sxmouaet konraxtop Kl u nsurarens
M1 noaxmouaeTtca K CETH,

Bmecte ¢ karywkoit pene PIIl monyuaeT nuTaHue peje
BpeMeny PB1, koTopoe ¢ BLLICPKKOH BPEMCHH, 3aMbIKAET KOHTAKT B
penu oTiTIoatokel katywxd PO1. TIpy HOpMansHOM ITyCKe HAaCOCHOH
YCTAHOBKHM K MOMEHTY 3aMblKalus KoHTakTa PB1 B HarHeTare/LHOM
nuHuu Hacoca H1 cosmaercs 3aaHHOe ABICHHME M Pa3MbIKAFOIIMHA
kontaxt PJ1 oTkpsisaerca B uenu pesic PO1, To ecTh KaTyllika pene
ocTaneTcd obecToueHHOM. 3ambikarouimit kontakT PIU nojaer muranue
na namiy JI31, CHrHanW3MpYIOIER O 3aBEPIICHUHM Mycka W pabote
Hacoca H1.

Tpn HeHOpMalbHOl PaboTe MyCcKa BOACOTIHBHON YCTAHOBKH
(racoca H1) pasMbixaoLuuii koHTakT pene PII1 B eny kaTyLIKH peie
PO1 ocTaeTcs 3aMKHYThIM, - TO TIOC/IE 3aMbIKaH1A KOHTaKTa pere PB1
cpabaruisaer PO1, orkmouaer PIL1, a, 3arem ¥ ABHratensd MI.
3ambikatolmil koutakt pene POl srmouaet cupeny Cp. Ecii npu
paBoratouiem Hacoce H1 ypoBeHE BOABI B BOAOCOOpHHKE (bacceiine)
MOBLICHTCA 0 MakcHMaIbHoTo ypoBHS (puc.2.106) nonmaskosoe pene
PY2 rmrouaet pere PITY2, koropoe 3ambikaet pene PII2 no uer:
saMbIkarolmii koutakT PITY? - kontakTel 7 - 8 nepewmnodarens 11V 1,
koHTaKkTh | - 2 nepexttodarened ITY 3, [IY5 - 3aKpLITEIC PA3MBIKAIOLIHE
KkoHTakThl peie PI2 u PO2. Pene PTI2 BmouaeT koutakrop K2 u
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npodcXoAuT nyck apuratens M2. [Ipununn geiicteus
oTkmouatoutero pese PO2 ananoruyen POl npu nycke M1, Jlamna
J132 curnanuzmpyer ¢ 3apepuUIeHHM ITycka U pabote Hacoca H2.
Tlpd CHHKEHWH YDOBHA BOABI B DacceHHE HHXKE MAKCHMATBHOTO
obecrounsaerca pene PIIY2 w oTkniouaercs apurarens M2, npu
CHMIKCHHH YpOBHA BoAb! HUxe pabodero peae PITY 1 otkmouaer PITH,
nociaenHee asurarens M1. Ecnu nepewmouarenem I1Y1 BriGpan B
KauecTBe padovero Hacoc H2, 170 cxema QyHKUHOHHPYET TAKKE, HO
HIMEHSAETCA TOABKO NMOCNeN0BATEABHOCTh BKIIIOMEHHSA M OTKITIOHEHHA
jgeurareneil. Ilpy AUCTAaHUMOHHOM YNPABIEHHH € JUCIETYEPCKOIO
nmyHkTa myck M1 1 M2 ocyimecrangerca mepekmouarenamu [TY2 u
I1¥Y3 ycraHoBkO# UX B nosoxenne 1.

2.11, Cxema D11 3a1BHKKH HACOCHOH YCTAHOBKH

Ha puc. 2.19 nokaszaHa 0/1Ha U3 THITOBBIX NPHHUHITHATIBHEIX
cxeM DIl 3agBMKKH, YCTaHaRIHBaeMOil B HaropHOM TpyOOIIpoBORE
Hacoca, OTKpBIBaHHe koTopoii BhinomHserca AJl ¢ K3-poropom M3
depe3 peayKTop. YIpasleHde BOIMMKHO NUCTAHIHOHHOE MIIH
aBToMaTHueckoe. Pexnm ynpasneHHs BRIOHpaeTCsd YHHBEPCATRHBIM
nepernroyarenem ITV.

AptoMaTHueckoe yrnpasierue - [IY nepereneH B npasoe
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Puc. 2.19. a) cunosas cxema D1 3ansuxkn; 6) npuHIMNKATEHASR
cxema O 3agBuxku

OJIOKEHHE,
Pafora cxeMbl

IIpn aBTOMATH4ECKOM YMpaBeHHH (niepexoyatens ITY ycTanoBnex
B TIpaBoe MONOXeHHE) cxeMa paboTaer cieqytommm obpasom. Korna
JKHJKOCTE B KOHTPONMpYeMoi eMKkocTH (Dake, HacceriHe), U3 KOTOporo
TIPOM3BOIUTCH OTKA4KA, JOCTHIaeT 3aaHHOr0 YPOBHA, pene ypoBHs
PY 3aMblKaeT OJHH H3 CBOMX KOHTAKTOB B LEMU YIIPABICHHA
JBUrareneM Hacoca (cM., Hanpumep, puc. 2.11.), a apyroii - B neny
npomeskyTouroro pene PIT1 gruratens sagprwxky. [locne 3asepiieHus
Ifycka Hacoca B HATHETAIOIEH JTHHMH CO3JaeTcd HeoOxoaumMoe
JaBleHHe W pene pasjenns PJl sambikaeT CBOM KOHTakKT B LEAH
katywxu pene PI11. [locneanee cpabaTeiBaeT, 3aMblKas CBOH KOHTAKT
B LIEH KAaTYUIKH KOHTAKTOpa OTKpbisaHuA 3ansrkk KO u pasMblkad
KOHTAKT B LI€TIH KATYIIKH KOHTAKTOpA 3aKpbIBaHHA 3a1BHxKH K3.

Kontakrop KO rnaBHEIMM KOHTAKTAMH BKJLIOYAET JBHIaTENDb
I3, KOTOPLIil HAYHHACT OTKPLIBAT 3a/IBHKKY. Pasmbikaromuiics 6nok-
KOHTAKT koHTakTopa KO B Lienw karyiuku koHTakTopa K3 pasMbikaerca
(3nekTpuueckan GIOKMPOBKA), @ 3AMBIKAFOLIMH B UMM CHTHAIBHOR
namnsl JIO 3aMBIKaeTcs, LIYHTHPYS YacTb pe3ucTopa. Pa3soMKHYThIH
NpH OTKPBITOH 33JBHKKE KOHTAKT KOHEYHOTO BBIKJIKOHATE/A BK1
3aMblkaeTcd. [Ipd mojaue HanpsXEGHHS Ha CXeMy H B Mpouecce
OTKPLIBAHMA 32IBHXKHM CHrBalIbHaA Mamna JI3 ropur Tyckio. Korna
3aBMXKKA TTOMHOCTRIO OTKPBIBAETCH, KOHIIEBOW BBIK/IIOHATEND BK2
pa3sMBIKaeT CBOM KOHTaKT, oTikmouas konTaxrop KO. Jlgurarens 3
OCTAHABIMBAETCSA, TYCKIIO ropesllas jamma JI3 raCHeT K TyCKIO ropeTh
HauuHaer Jamna J10. :

[Ipouecc OTKpPHIBAHHA 3aABHXKH, KpoMeé KOHLEBOTO
peikTrouarens BK2 u curnaneueix gaMn J13 u JIO, xoHTpoaHpyerca
Taloke KOHLEBLIM Bhiuntodarenem BKA. [Tocieanui, pasmbikas CBo#
KOHTAKT B aBapMAHOM COCTOAHHMH 3a/IBHXKKH, OTKIIOYAET BCKO LeMb
YIIpaBIEHHs IBHraTENeM, O 4eM CHTHaTH3UpYeT noracanue famn JI3
 JIK. 3aMbikaHHe Pa3MbIKAIOUIEro KOHTAKTa BhIKmouarens BK2
OCYIIECTBIAAETCA IIyTEM BO3ACHCTBHA Ha PYYHOH NPHBOJ 321BHXKH
IIPH €€ 3aKpbiBaHHH.



3aKpbIBaHUE 33BUKKH [IPOUCXOAHT MPU OCTAHOBKH HACOCA.
CHrnannbl Ha 3aKpbiBaHHE MOCTYNAKOT OT pesie ypoBHA PY u pene
AaeneHus PJl, KoHTaKTBI KOTOpBIX B LieNH karywmek pesae PII1
pasMerkaioTea. Pene PTI1 obecTounBaeTcsa M 3aMbIKAET CBOM KOHTAKT
B LEMH KaTYIIKH koHTakTopa K3, koTopell cpabarbiBaeT M BKIEOHAET
ABuTatens /i3 Ha TPOTHBONONOKEHHOE HapNpaBlieHWe BpauieHus. [Ipy
3TOM 33JIBHKKH 3AKPBIBAETCH, KOHTAKTOP KOHLUEBOIO BBIKIHOUATENS
BK2 3ameikaercd, namna JI3 HauuvHaer ropets stpko, a aamna JIO -
Tyckio. [locne 3akpeiBaHHA 3aIBHKKH KOHLEBOM BoikIodaTens BK1
pa3sMblkaeT cBOH KOHTAKT W asurarens JI3 orkmogaerca. Jlamna JIO
racHer, a nammna JI3 ropur Tyckmo.

JucTaHUMOHHOE ynpaBleHUe ABUraTeNleM 3aABMKKH
(nepewmouarens [1Y yeTaHOBNEH B NEBOE NONIOMKEHKME ) 00ecIeurnBaeTCA
kHonkamu KHIIO, KHII3 u KHC. [IpenycMmoTpeHo U pydHOe
OTKpPBIBAHKWE M 3aKphHiBaHHE 3aJBH¥KKH, HO BO3MOXHOCTH
JUCTaHLMOHHOTO M aBTOMAaTHUYECKOT0 YNPABICHUS TIpH padoTe B TaKOM
pexxuMe Hcrnwouaercs. Jlas 3Toro B cxeme MpeaycMoTpeHa
OJIOKHPOBKA, OCYILISCTRISEMAs NYTeM pPa3MBIKAHMA KOHTAKTa
KOHLeRoro BoikiioMaTes s BKP.

2.12, Cxema DIl BeHTHIATOPHOH YCTAHOBKH

Ha puc.2.20 npencraBneHa ApUHIMNHUAIBHAA CXEMa
BEHTEIATOPHON YCTAHOBKH HEZABKCUMON BeHTHNALKH M Gonkineii
moiHOCTH. Koiou K1 npennasnadeH U1s pazpeLleHHs WIW 3aRpelleHHs
pabothl (BkmoueHusn) enTunaTopa. C noMouplo knoda K2 (umeer
PYKOATKY C CAMOBO3BPATOM } IPOH3BOAMTCA BKMIOYEHHE (YIIPABIEHUE)
Ol BeHTHASTOPHOM YCTAHOBKH.

Tiyere K1 8 nonosxenvn “P” (paspemeHo) W BKIIOUEHBI
asroMatel AB1 u AB2. 3aropaercs nammouka JI3 - HanpgAKeHUe ronaHo
B LeMNb yrpasieHud. [lyck ABMraTtens ocywlecTBASETCA CO LIMTKA
neperopoM knioua K2 u3 Hyneroro nonmkeHdd “0O” 8 nyckopoe “IT7.
Karymixa konrakropa K nosyvaer nuranude, ABHrarens moaxkmovaeTcs
K CETH, 0 ueM curuanusupyer nammna JIK, a JI3 racHer. PykoaTKy kirota

|
ﬁbm\
~380 K1 K2 K2
3 P C L Qo I
I [ _‘U—H H 2 S

f ! f \ 4 ¥ F
AR LN, I ! I (I i \
) K
—= IL
. &

K'\ N\

[ I

RS Kz

K2
o I e I
l—ﬂ W= 4%—’! = .

Bnox grEm b T T4y
BEl-l y
yeuou _
ok it} NpegyIpenMTeALHNE CHIRAN

Puc.2.20. TpunnunuaisHas cxema D BeHTHIATOPHOH YCTaHOBKM
K2 OTIIyCKaIOT ¥ KITFOY BO3BPALUAETCA B HCXOAHOE MOJIOKEHHE.
PyuHoe BKNIOYEHHE BEHTUAATOpPA MPH PEMOHTAX HIH OCMOTpax
IPOM3BOMTCSA B MecTe ero ycraHoBkM kHomkod KHC. 3aumra or
KOPOTKOTO 3aMBIKAHMA M MEPErpy3ok BbIONHAeTCH ABI1, Hynepas
samuTa - koHTakropoM K. [lpu cpabaTelBanMH 3allUTHI NIOJAETCA
npeaynpeantenb bl curean (koHTakThl 3 ¥ 4 knoua K2 npu atom
3aKPBITHI).

Ecnn  HeoOxogumo  OTKNIQUEHHE  BEHTHAATOpA
(npeauamepentoe) kmou K2 nepesoaurea B nonoxenue “C” (cTom) ¢
NOCAEAYKIMM OTNYCKaHHEM €ro pyKkoATKU. B aTom cayuvae
[peaynpeAnTENbHBLA CHIHAJI HE DONAeTcs, Tak KaK KOHTakThl 3 H 4
pa3soMKHYTEL. B cxeme mpemycMoTpeHa GIOKHPOBKA MCKIIOUAOas
nmyck DM, 10 BKIIOUEHHA BEHTEIATOPHOH YCTaHOBKH, BhIMOITHIEMOMH
6nok-koHTaKTOM KoHTakTopa K.

Ha puc.2.2] nokasada NpHHIMNMAILHAA CXeMa YIpaB/ieHHs
BBICOKOBOABLTHbLIM CHHXPOHHBIM ABHraTeseM, a Ha puc.2.22-
YHOpOLUeHHaA NMPHHLMIIMANbHAA CX€Ma ABTOMATH3ALMH LIaXTHOH
BEHTUJNATOPHOW YCTAHOBKH TJIaBHOTO [IPOBETPUBAHHA C
HCMONB30BAHHEM KOMIUiekTa annapatypel YKAB-2. Jlannas
anmaparypa MoeT ObIThb IPHMEHEHA B BEHTHIAATOPAX Pa3IMuHBIX
THITOB (OCEBBIX LEHTPODEKHBIX) ¢ BCHHXPOHHBIMH H CHHXPOHHBEIMH
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Puc.2.21. Mpunuynnanbias cXema YpaBleHHs BbICOKOBOBTHEIM CHHXPOHHBIM
JBHTaTeNieM UIaXTHON BEHTUNSTOPHOH YCTAHOBKH

JBUTATENAMH HaripsbkeHneM 1o M ceeiwe 1000 B an1a obecnevyenns
BBIITOTTHEHUA BCEX TEXHOJOIMYECKHX H JKCTUIYaTalHOHHbBIX
TpeGOBAHMH, IPEABABAACMBIX K COBPEMEHHBIM IIAXTHBIM YCTAHOBKAM.

Komnnext annaparypsl YKAB-2 no3ssonser, B 4aCTHOCTH,
OCyUIECTBMTh: BbIOOP OAHOro W3 TpeX BHIOOB YNpaBJIEHHA
{(aBTOMATU3MPOBAHHOE H3 MALLMHHOFO 3aJ1a MM ¢ ITy/IbTa JUCTeTHepa
H pydHoe); BHIOOpP HOPMANbHOTO WM PEBEPCHBHOIO PEXKHMA
TPOBETPHBAHHS; ABTOMATHYECKOE BITIOYEHHE PE3EPBHONO BEHTHIIATOpA
TpH aBapUHHOM OTKIOYeHHH padoTaBlIero; aBTOMaTHYECKOE
NOBTOPHOE BKJIIOYEHHE IPH OTKJHIOUCHHH NMUTAKIIETO HANPAXEHHS;
ABTOMATHUYCCKHH KOHTPO/Db 3a paboTOH 1 OTKITIOYEHYE BEHTUIATOPHOH
YCTAHOBKH NMPH BO3HWKHOBEHWH aBAPWHHBIX CHTYaLUHMH ¢ Toauei
CBETOBBIX M 3BYKOBBIX CHTHAJIOB.

PaccMoTpum kpatko paboty cxeM, H300pareHHbIX Ha pHe.2.2 1
n22.

B cxeme puc.2.21 npunaATHL ciiegyrowiye obo3HaveHHs: AB-
BBIKJTIOUATENb aBTOMaTHueckuii; JIH- namMna koHTpona HalpsKeHH,
PIITT- pene mycka npomexyTtouHoe; PITH- pene nycka arperara g
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Puc. 2.22. Ynpowennas NPHHIAMHAIEHAL CXEMA aBTOMATU3ALIMH aXTHOH

BEHTH/IATOPHON YCTaHOBKY ¢ anmaparypoll YKAB-2
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HopMalibHOM pexuMe paboTs, PIIP- pene mycka arperara g
pesepcuBHOM pesxnMe pabotel, PHA- pene koHTpoOna nonokeHus
Hanpasnsowmere annapara; JIITH- namna roToBHOCTH Mycka B
HopMansHOM pexxume pabotsi; PMH- pene nycka BeHTHNATOpa B
HOpManbHOM pexkume paboTsl; PMP- pene mycka BeHTHAATOpA B
perepcuBHOM peskuMe pabotsl; JITTP- naMna rotOBHOCTH MycKa B
peBepcuBHOM pexume paborsl; PI1- pene mycka; PKP- pene kourpons
pasrota; PKI1- pene xoHTpons nycka; P3M- pene koRTpoia AaBACHHA
1 nputoka macna; PKM- pene konrposs pabotel MacaocHeTeMbl; PPM-
pefie BKIIOYeHHs pe3epBHoro macnoHacoca; IIMI- nyckarens
BIJIIOUCHHA RBMTaTeNneii Macnonacocos; PB- pene spemenn; PUB- pene
YACTOTHI BpaLieHHA BEHTUAATOPA; JIM- 1aTuuK MarHUTOHHIYKTHRHBIH;
PKY- pene koHTpO:IA 4acToThl BpalleHus, PO- pene otxorouenus; J1O |-
JlaMIxa CHrHalbHaa “redTunarop ermroueH”; PPJI- pene pasMHoXeHHUs
KOHTAKTOB cTaropHoit ueny; [13- myckareas BKIIOYCHHA TOPMO3a.

Tlepen myckoM YCTAaHOBKM HeOOXOAMMO BBIMOJHHTD
CIEMYIOLIME ONEPALIHK: BKITIOYHTD Pa3beAHHHTEIH H ABTOMAT ITHTaHKA
CUNOBBIX 1IENei U lieneH YIIpaBneHHs; YCTAHOBHTL fIePEKIIOUaTENeM
KPP sup ynpasnenus, a nepexmodarened YIIM - pexum pabors
BeHTHAATOPAa (HOpPMAlBHBIH HMIH peBepCHBHBIN); BHIOpaTh
nepekirouareneM YITH pabouuii MacnoHacoc; BKJIHOUHTD PeMOHTHBIH
soikuitouarens Y10 u nepewmouarens YIIA.

[TycTh BBIGpaHbl aBTOMATH3HPOBAKHOE YNpPaBICHHE M3
MallMHHOTO 3ana (nepekmtodatent KPP yCTaHoBIEH B MOJOMKEHHE
“M?”), pexkuM padoThl BEHTHIATOPA - HOPMAIbHBIH ([IEperIOYaTeNs
YTIM - B nonoxenun “H’), a pabounm ABAgETCA TIEPBBIA MaCcIOHACOC
(nepexmovarens YIIH - 8 nonosxkenun “HAIT™).

Ilyck ycTaHOBKH ocyiecTBnsercs xkHonkod KnlIM, npu
Ha)kaTHH KoTopoH Britodaerca pene PIIH. IMocnennee ceoumu
kodTakTaMu Bimodaet pene PITIT u noarotaenusaet uems pexe PMI.
Pene PITI1 sruniouaer pesie mycka PIT, MOTopHOE pesie KOHTpPOJIA pasroHa
PKP, myckarent pabouero macnoHacoca [IMI1, pene Bpemenu PB u
nogaeT NMHTaHHE Ha pene YacToThHl BpalleHus seHtuiaropa PHUB.

Pene PII cBoMMY KOHTakKTaMH 3aMBIKaeT {eNk KaTyIIKH
myckatend ropmoza I3, imyHtupyer kontaktel PKO u PPJI B penn
pene PITH, noaroraBnueaet uens pene otknodedus PO. Pene PKP

sambikaeT ¢BoM KoHTaKThl PKP1 B uenu pene xonrpons mycka PKJl ¢
BeLAepKKOo# BpemeHH 10 mun v PKP2 B uenu pene BkiodeHus
peaepBHOTO MacioHacoca PPM ¢ BeLaepxkoii BpeMedn 3 MuH. Ecan
macjiocucTeMa paboTaeT HOpManbHO (3aMKHYThl KOHTAaKTBHI
3MeKTPOKOHTAKTHBIX MaHoMeTpoR JKMI,....3KM3 1 pazomkHyThl
KOHTaKTHI cTpyiiHbIX pene PC1, PC2), To BKiItOUaeTCA pese KOHTPOA
JasjieHud ¥ nputoka Macna POM. Tlocneanee cBoMMM KOHTaKTaM
BKJIKOHAET pelie KOHTpoAa Macnocketemel PKM H paspoiBaeT Liens pene
BKITIOUYEHHSA pe3eprHOro MacnoHacoca PPM. Pene PKM, cpabarbiBas,
TIO/IFOTABIHBAET LENb BIUIIOMCHHA pesie mycxa seHTuasTopa PMH. Pene
BpeMeHH PB 3ambixaer cBoH KoHTakthl B nenax pene PITH, PB u
pa3MbIKaeT B LENH MycKaTess BKIOYeHH TopMo3a I10.
3akpplBaHHE HATMpaBAAIOWIErO anflapaTa KOHTPOIHPYETCH
KOHLIeBbIM BBIKITIOUaTeeM BKM I, koTOpEtii [pH 3aKpBITOM arnmnapare
BKJTIOYAET pelie KOHTPOJIA O70KEHUs HanpassioLero anmnapara PHA,
NOArOTARIMBAIOLICE LISITE BKIOUCHHS pene Mycka BenTunaTopa PMH.
Pene PHA BxnrowaeT npuBon 14, MPaBHIBHOCTE YCTAHOBKH KOTOPBIX
KOHTpONMUpYeTcs KoHLeBbIMH BhIKmouaTenamMu KB1,.. . KB6.

ocne noATOTOBKK BCOIOMOTATEABHBIMH TPHBOAAMH
BEHTHJIATOPA K MycKy BKIOYaeTcs pene mycka PMH, xotopoe Bruntodaet
koutaktop nycka KII (xwa puc.2.22 He nokasaH), HojamoImui
HalpsHKeHHE Ha AEKTPOMArHUT BKIFOYEHHS MACTISHOTO BHIKITIOYATEN
BMI1 (puc.2.21). Crarop asurarens CJf noaknmovaerca K CCTH.
Macnsubii Beiioyatens BM1 pazmbikaer cBoit 6710Kk-KOHTAKT B 11€NH
3NEeKTPOMaruuTa TopmMo3a [1D W 3aMBIKaeT KOHTAaKT B LENH pene
pazMHOXKeHHS koHTakToR PPII. [locneanee BoIKIIOHMAETCA H
ROATOTaBIKBaeT pene aapuiHoro oTodenns POA (Ha puc.2.22 ne
M0Ka3aHO), 3aMbIKasA CBOH KOHTAKT B Leny CHrHaIbHOH namnst JIO1 u
pasmMpikas KoHTakT B uend pene PITH (PITP).

Bo36yxnenue CJ1 BOZMOXKHO KaK OT INMEKTPOMALIHHHOIO
BO30YyMTeNsA, TAK W, YTO MPERMIOYTHUTEIbHEE, OT THPHCTOPHOTO
BO30YAHTENBHOIO YCTPOHCTBA.

I[Tpu BO30Y:XIEHHK OT ANEKTPOMALLMHHOTO BO30YyAHTEI pene
PPJI noaroraen{eaet Lernp BRIIOYEHHS KOHTAKTOpa popcuposaHua KO
n koHTakropa Bo30y:xaeHHa KB (kaTylIkd 3THX KOHTaKTOPOB Ha
puc.2.15 He noka3zansl). Ilpn aoctxkenun asuraresem CJI



HOJCHHXPOHHON 4acTOTH BpalleHHs BKIiO4aeTca KouTaktop KB,
KOTOPBIH CBOMMHK KOHTAKTaMH LUYHTHPYET pa3psaaHoe COTPOTHRICHHE
CI' ¥ poakiwovaeT oOMOTKY poTopa ABMrarTens kX BoibyauTemo.
JlBuraTtens BXOJWT B CHHXPOHHM3M. BXxoxkaeHHe B CHHXPOHH3M
NPOH3BOAMTCA npH GopcupoBanuu Bo3OyxaeHus (pesuctop PBJI
LIYHTHpYeTcd KoRTakToM KO).

[locne nocTHXXEHHA BEHTHIIATOPOM ONpeJeneHHOH 4acTOTHI
BpallieHHs perle ckopoctu PCB, cpabareiBas, BKitouaeT pesie KORTpONS
4acToThi BpaweHus PKO, kotopoe otitouaer pene mycka PTIH. Ha
3TOM IIyCK BEHTHIIATOPHOH YCTAaHOBKH 3aKAHYHBAETCA.

(OcTanoBxa arperata MoxeT IPOH3BOINTCA H3 MAIUMHHOTO 3a/1a
UM ¢ nmyasta gucneryepa. [lpuw naxkarun xvonkn KuCM (KrCII)
BKTIOUAeTCA pene oTkiaiodenus PO, xotopoe camobaokupyercs,
Pa3sMEIKAET CBOM KOHTAKTHI B 1Iemax pene PB, PITH (PIIP) u suinoyaer
COJIEHOH/l OTKIIOYEHHA MaciaHoro Beikimouarens. Cratop CJ]
OTKAKYAETCA OT CETH M BEHTU/LITOp ocTaHaBnuBaerca. Hanparnsiouipii
annapar 3aKpblRaeTCs, KOHTAKT KOHIEBOTO BhIKOuaTend BKM1 B uern
katymxu pene PHA 3amuikaercs. Ilonyyaer nuranue xaryuka [12
nyckaTensa BKIAYEHHR TopMmo3a. HakmageiBaloTcs TOpMO3a M
VAEPKHBAKXOTCA 0 Tex Iop, Noka peie ckopocTH PCB ne pazopser
CBOH KOHTAaKT B Ueny kaTyiuky [13. CxeMa NnpuBOANTCA B HCXOTHOE
COCTOSHHE.

ABapuHHas OCTAHOBKA BEGHTHASTOPHOH YCTAaHOBKH
ocyuwecTBIseTCd ¢ noMotlko pene POA, koTopoe BrmtovaeT pene PO,
TIpH 3TOM MOJAETCA 3BYKOBAS H CBETOBAA CHTHAMM3ALIMA.

Ans perepca BeHTWIATOpa ero HeoOXxoAuWMo cHadamna
OCTAHOBMTD, a 3aTEM, U3IMEHHB PEKUM paboThl, OCYLIECTRHTL NYCK.

Annaparypod YKAB-2 npeaycMoTpeHbl pa3fiuuHBIE
BNOKHPOBKHM (HEBO3MOKHOCTS CAMOTPOH3BOJIbHOTO BKtoueHusA 11 He3
KOMaHIBl Ha IIyCK, HEBO3MOKHOCTh OCYLIECTBIIEHHS ABYX PeXKHMMOB
paGoTel M Ap.), 3alIHTA OT ABAPHUHBEIX PEKUMOB, PAa3HBIE BUABI
KOHTPONSA H CHTHAJIH3ALHH.

2.13.Cxema 311 KoMnpeccOpHO#H YCTAHOBKH

Ha puc. 2.23 noka3aHa TexXHOJOTHYecKas cxema
KOMIIDECCOPHOH YCTAHOBKHM ¢ ABYMs KOMIIpeccopamu 2 M 7,
1pHROAMMBIMH B BHKeHHe AJ] ¢ KP 6 u 11. Ilo TpyGonporony 9
CKaTBIH BO3JYX OT KOMIIPECCOpPOB HOCTYNaeT B pecHBepbl 12
(npoMexyTOUHBIC PE3ePBYapLI-BO3TYXOCO0PHHUKH), TIPEAHAZHAUEHHbIE
JUIs CraXXKHBaHUS kKoneGaHuH daBneHus, yIaBIUBaHHA BJIard H Macia,
a TAaKKe XpaHEeHHA HEKOTOpOro 3afaca cxaroro posayxa. K
noTpebuTeNIM CXKaTEIH BO3MYX MOCTymaeT mo.-Tpybonposoay 14.
Tpybonpoeoast 1, 4, 5 1 10 coy>kaT i UMPKYIALHKE OXJIAKAAIOLIEH
Boabl. O0paruble Kiananbl 3 v 8 MCKkMOUaKT padoTy oAHoro
KOMTIpeccopa Ha APYTOH NpH pa3HbIX A2BJEHHAX BO3AyXa Ha BRIXOAE
KOMTIpECCOPOB., DNEKTPOKOHTAKTHBIE MaHOMeTpbl [3 ABndioTcs
JATYHKAMH aBTOMATHYECKOTO YNPAaBIEHUS.
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Puc. 2.23. TexHonornyeckas cxeMa KOMIPECCOPHOH YCTaHOBKH

MoaBukHbIe KOHTAKTH WX YCTaHaBAHWBAKOTCA Ha
OMpeAeeHHbIE BePXHHUE U HIDKHHE Npeaenibl aBleHUs B PECUBEpax
12. TIpu 3TOM BepxHHe npeaensl Lid 000HX MAHOMETPOR MOTYT ObITh
OIMHAKOBBIMH, & HHXKHHE YCTAHABIMBAIOTCA paznudHbiMM. Korza
JaBN¢HUE OCTHIAET BEPXHEro npeesia, KOMIpeccopbl OTKIHOUAOTCA.
B cnyuae cHIKeHHUA AaBjeHUs BHAyale BKIKOUYAETCA TONBKO OAHH
KOMITpeccop, a 3aTeM IIpH JalbHEHIIEM NaleHHH aBlIeHHs U IpYTo#.

[TpHBLMIHATLHAL CXEMa KOMITPECCOPHOH YCTAHOBKH, KOTOPOH
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COOTBETCTBYET PACCMOTPEHHAS TEXHONOMHYECKas cxema, H3oopaxkeHa
va puc. 2.24. Jsuratenu AJ[1, AJl2 noaxnrodgaeTcs K C€TH
koHTakTopaMu K1, K2 uyepes asroMmarel AB1 u AB2, umerowmue
TEIMIOBYIO ¥ MAKCUMANIbHYH) 33LIHTHI.
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Puc. 2.24, [IpyHIMNHANEHAY CXEMa KOMIIPECCOPHOH YCTaHOBKY

CxeMoii peycMaTpyBalOTCs [1Ba BHAA YIIPABAEHHA - PY4HOE
H apToMarnueckoe. Bribop TOro MaM MHOIO M3 HHUX MPOM3BOIMTCH
YHHBEpcansHbIMU nepersnodarenamu [TY 1, [TV 2.

Mpy pyuHom ynpasaenuu (I1Y1, T1Y2 ycTaHoBneHns! B
nonoxeHue “P”) BkmoueHue W oTkmodeHue kortaktopos Kl, K2
OCYLLECTBIIAETCA HENOCPEACTBEHHO neperuntovarenamu [V 1, TTV2.

[Tpu apToMaTHUecKoM yripabaeHun (ITY 1, TTY2 yeTaHOBNEHEBI
B nonoxkeHne “A”) koutakropbl K1, K2 BKIIHOUYAIOTCA C NOMOLIbIO
npomexyrounbsix peae PII1, PII2. OdepentocThio BKIOYEHMA
KOMTIPECCOPOB NPH AABJIEHHH B PECHBEPAX, MEHBIUEM 33aAaHHOTO
BEpXHETO Mpeienia, YCTaHABIHMBAETCA MOCPEACTBOM NEPEeKIIOYaTeNs

63

pexkumos [1P. Tlpeanonoxum, 4To cHa4ana npu CHWKEHUH JIaBIeHHA
HOJIKEH BKMOUUTCH nepBelfi koMnpeccop (TP veranosaen B
nonokeHue “AJI17). YenoeumMces Takoke, YO HHKHUI IIpeies 1aBnenHs
nepBoro MaHomeTpa (M. puc. 2.23.) Gonbiue Broporo.

Koraa nasnesue B pecuBepax pasHO BepXHeMy npejeny, ofa

KOMIPECCOpa OTKIO4EHBL. B nocnenytoles Beteactere norpebnenns
BO3IyXa laBntenue OyneT nagars. [IpH cHIbKeHHE JaBIEHHS 10 HIKHETO
apeaeaa, HIMepPAEMOro MepBLIM MAaHOMETPOM, KOHTAKT MHI
sampikaetcs. [losmydaer nuraHue katymka pene PIIL, xoropoe
¢pabaTeIBaeT M CBOMM KOHTAKTOM sKJito4aeT koHTakTop K1. Jlaurarens
ATl mogxkmouaetcs x cetd. [1pu NOBBINIEHHM NaBICHHUS B pecHBepax
AC BepXHEro mpenena 3amelkaercd koHTakT MBI (ecnu Bepxnue
npelenel 1aBaeHus 000HX MaHOMETPOB OOHHAKOBLI, TO 3aMKHETCA
Taxxe koHtakr MB2). Pene PII4 cpabartmeaer, pene PIII
obectounsaerca u aBMratess AJll mepsoro kommnpeccopa
OTKTIOYAETCS.
Ecnu xe npu paboTaroieM mepeoM KOMIpPECCOpe BCIEACTBHE €ro
HEAOCTATOYHOM MOJAYH WNH HEHCIIPABHOCTH JARNEHHE B pecHBepe
OyneT CHWKATLCA M NOCTHIHET HIDKHETrO Tpefesia, H3MEPAEMOro
BTOPBIM KOMITPECCOPOM, TO KoHTakT MHZ2 zambikaeTcs u cpabarbipaeT
pene PII3. [locneanee srmouaet pene PII2, koTopoe 3aMbIKaeT Lerb
KaTyIKH KOHTaKkTopa koHTaktopa K2 neuratens AJI2 groporo
koMmpeccopa. Crnegosarenbho, OynyT paboTtars oba kommpeccopa. [1o
Mepe MMOBLILICHHA AAaBNEHHA BHavale pasMblkaeTcd KoHTakt MH2 B
uenu PII3, sarem MH1 B uenu PIi1 {pene PITl, PI12 mpu s10M HE
obecTouHBalOTEA), 2 MPH MOBLIIEHHH JABIEHUA A0 BEPXHErO Mpeiena
3aMblKaroTCA KOHTakTel MB1 1 MB2 (ecnu Bepxiine ripesiensl 4aBaeHHs
00oHMX MaHOMETPOB OAMHAKOBBI), UTO uepes pene PII4, PII1 u PTI2
MPHUBOIMT K OTKIIO4eHHIO ABHraTeed AJI1 u AJ[2.

Crnenyetr 3aMeTHTB, uTo npH cpabaTeiBaHMU pene PII3
NnonyvyaroT NMHTaHue curHanbHag namna JOK u pene Bpemenn PB.
Brigepskka BpeMeHH rociaenHero BeibpaHa TakuM obpa3oM, YTo npu
HOpMasbHOH padoTe KOMTIPECCOPHOH YCTAHOBKH 1O 3aMBIKaHHA
kouTakra PB B nenu cupensr Cp pene PII3 obecTounBacrea |
Pa3MEBIKAeT CBOH KOHTAKT B Ueny PB.

B cxeme npemycMoTpeH kouTponk pabors arperara. Ecnu npu
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paboTalOWMX KOMIIPECCopax NdBIEHHE B pecHBEpax NpoaoKaeT
NagaTh H CTAHOBUTCH MEHBLLE HIDKHETO NPENENa, U3MEPIeMOro BTOPbIM
MAHOMETPOM, TO koHTakT MH2 Gyaer 3amkuyT 1 peae PI13 octanercs
BBIKTIOMEHHBIM. [IpH 9TOM TOpHT curHanbHas aamna JIK, nonyvaer
nuTanue pene peMeru PB. koTopoe ¢ BhIAEPKKOH BPEMEHH 3aMbIK2ET
CBO# KOHTAKT B Lenu cnpetsl Cp. Curnanshas namna Jib v pene PKH
NpeaHa3HAYEHBI JUTSL KOHTPOIIA HANPsAXKEHUA B UENAX YIPaBNeHuUA.

2.14. OcobennocTu 21eKTpocHAKeH A HACOCHBIX,
BEHTHJIATOPHBIX H KOMIIPECCOPHBLIX YCTAHOBOK

DNEKTPOABNIATETH HACOCOR, BEHTU/IATOPOB ¥ KOMITPECCOPOB
paboTaloT, KaK NPaBUio, B MPOAOJLKMTEIBHOM PEXUME ¢ PEIKMMH
fyckamH. XapaxTep Harpy3xv 0OBbIYHO POBHBIR, 0CODEHHO 114 yCTa-
HOBOK Honbiioit MowHocTH. TONUKM HArpy3KH MMEIOT MECTO JHUIb
1IpH ycke. B 3aBHCUMOCTH OT MOLUHOCTH JIBUTATENIH NHTAKOTCA Ha-
npsaxerueM ot 0,22 no 10 kB.

[lo GecnepeGoiHOCTH 3NeKTPOCHAOKEHHS HACOCHDIE,
BEHTHIIATOPHBIE B KOMIPECCOPHBIE YCTAHOBKH Yalle BCero OTHOCATCA
K noTpebHTensM NepBoi {HANPHMED, MMTATEAbHbIC, LUPKYTALHOHHbIE
Y KOH/IEHCATHbIE HACOCHI TETUIOBLIX EKTPOCTAHUMA, BEHTHIIATOPbLI
TMABHOIO MPOBETPHBAHMA LIAXT; KOMIMPECCOPbl MATHCTPANbHBIX
razornpoBO/0E) WK BTOPOH (YYacTKOBBIH IIAXTHBIH BOJOOTIHB C
npUTOKaMK Boje! Gosiee S0 M*/4; KoMnpeccopHas CTaHLMA A4 1AXT,
FIe MHEBMODHEPrHS HE ABAAETCH OCHOBHBIM BMAOM 3HEPLUH)
Kareropuu. Ymcnao He3aBHCMMBbIX HCTOYHHKOB TIHTaHMA
3IEKTPOIHEPTHEH ONMpPeNeseTCa KaTeropHeH 31EKTPOIPHEMHHKOB.

Ilpy HCcno/b30BAHHK 3NEKTPONPHBOLOE ¢ BEHTHIbHBIMH
npeolpa3oBaTeasMH HEOOX0OAMMO YHHTBIB&TH OTPHLATELHOE BIIMAHHE
NOCAEHHX Ha TMTAOULYIO CETh, KOTOPOE 3aKITIOYAETCA B HEIMHEHHOM
HCKAKEHHH MHTAIOLIETO HATTPSKEHNS, CHHKEHHH koM PHIMEHTA MOLU-
HOCTH, MFHOBEHHO# nepeaie B 3HEProcHcTeMy JIHo00ro H3MEHEHHS
HATpY3KY W Jp. B uensx yayullleHHs HEpPreTHHCCKHUX MoKasaTenei
BEHTHBLHBIX JIEKTPONPHBOAOB MOCTOAHHOTO H NEPEMEHHOro TOKA
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11e1€CO0DPA3HO NPUMEHATE YCAOKHEHHBIE CXEMbI VIOPABIENHA HPCOD-
pasoBaTeNAMu, MO3BOJIAIOUINE 3aAMETHO MOBLICHTL KOMPdULHEHT
MOILHOCTH. 3a/1a48 CHHIKEHHS HeTMHERHOIO HCKAKEHUA HANIPSIKEHHS
MOKET ObITh PCUleHa YCTAHOBKOH (UILTPOR BLICILIHX TAPMOHUK.

B snextponpuBose nacocHwuix, BEHTHIATOPHBIX |
KOMIPCCCOPHBIX YCTAHOBOK ¢pefiHedl H DOonblIoil MOWHOCTH, He
TPeQYIOIMX- PeryinpoBaHUa MOAAYH, OBLIYHO MCII0/IbIVIOTCH
CHHXPOHHBbIE ABHUTaTend. OAHUM M3 JOCTOMHCTE MX HBJ;HE'I“CH
BO3MOMHOCTb OBITh HCTOUHUKOM PEaKTHBHON SHEPTHU, 4TO NO3BOISCT
MOBBICHTE KOd(dHUMEHT MOwHOCTH NpeanpusTHa. Kak CPEACTRO
YIYUIICHHS SHEPTOCHAOKEeHNS CUHXPOHHbIE ABHraTelu Hamboee
3 GEKTHBHEI IPH TUTAHHH HX OGMOTOK BO30YKIEHHA OT THPHCTOPHBIX
npeobpazoBaTenel, KOra BOIMOKHO NOLACPIKAHNE FAKE MIHOBEHHOTO
3HAYEHHs KOIQPHUNEHTA MOLLHOCTH YCTAHOBOK.
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I'naga 3

IEKTPOIIPUBOI MEXAHH3MOB
HETIPEPBIBHOT'O TPAHCITOPTA

3.1. O6mue cBelcHAs 0 MEXaAHH3IMAX
HenpepLIBHOCO TPAHCIOPTA

MexaHH3MaMH HENpPEPBIBHOFO TPaHCTIOPTA (MHT)
HAIBIBAIOTCA Pa3M4HbIE YCTPOHCTBA, npeaHasHaveHHBIe 114
MeXaHW3alHH BCIOMOTAaTENbHBIX onepaumil TpaHCTIOPTUPOBKH CHIPBA,
TOILIMEBA, PYAbl, AeTanedl MallnH, TOBapoB LIHPOKOTO NOTpeGeHUs,
KOPMOB, @ TAKKe JTIONCH. K TakuM MEXaHH3MaM B [EPBYIO OYEpelb
clIeTyeT OTHECTH Pa3IMYHBIE KOHBEHEpH! (JIEHTOUHBIE, TTACTHHUATHIC,
ckpeGKOBBIE, KOBILOBBIE, LCTIHBIE, BUHTOBBIE), BO3AYLIHBIE KAHATHBIC
LOPOrH, 3CKalaTophl, ycrpoiicTea MHEBMAarHyeckoro M
THPABIHIECKOTO TPAHCIIOPTA, TeXHONOrMYECKHE THHAK 110 00paboTie
V3ENMI M3 NIOTHMEPOB, FKCTPY3HBHbIE THHUA H JHHHH HENPEPBIBHOH
BYNKAHM3aUMH AN HAHECEHMA NOKpPLTHI Ha Xuily kabeas Wi
TPOBOAA, KOPABEIC JINHUH, TIPOTEKTOPHBIE M ABTOKAMEPHBLC Arperatkl,
NMHMK LTS TPOM3BOACTBA IUIEHOK M HAHECCHHMA Ha HHX NOKPBITHH,
arperarbi /1S IPOM3BOACTBA IMCTA U TpyG ¥3 nAacTMacc.

Ha TexHONOTHUEeCKHX JIHHUAX COOPHBIX UEXOB apTOMOOH/IB-
HbIX H MANIMHOCTPOHTETBHBIX 3aBOJ0B MPHMEHAIOTCA crnelralbHbIe
noaBecHble KoHpeHepsl, 000py1OBaHbl rpy303axBaTblBAOIAMA
nprcnocofeHUAMH.

TOCHOBHOM KOHCTPYKTHBHOW 9acThio MHT sapnsercs
3aMKHYTBIH, HENPEPHIBHO IBHXKYLIHMHACSH B IPOLECCS paboThl TATOBbIH
opra, BLITIONHEHHBIH H3 NCHTH CTIeHANbHOro W3rOTOBJICHHA
(TEKCTHIIBHOH, TIPOPE3UHOBOH), Leneii win kanatos. [1puMenHeHne TOMH
HTH KHOH KOHCTPYKUMH TATOBOTO Oprala obycnaB/MBaeTCa XapaKkrepoM
flepeMelaemMoro rpysa, CKOpoCTeio ero JMBHKEHHS H YCTOBHAMH
okpyxkatomled cpefibt. ChITyHE TPY3bl rlepeMeILAIoTCs JICHTOUHBIMH
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KOHBE}epaMu, WTYYHBIE - MIACTHHUYATBIMH, POJHKOBBIMH,
10JIBECHBIMH.

Cpean koHBEHEPOB Ha NPOMBILIIEHHBIX MPEANPHATHAX Harle
APYTHX MOHO BCTPETHTb JIEHTOUHBIE H NOABECHLIE LENHbIE
KOHBeepbl: NEpBLIe - Ha METANNYPruYeCKHX 3aB0iaX, rOPHBIX
pa3paoTKax, TOMMBONOAA4AX HCKTPOCTAHLKHA, B CTPOMTE/ILHOH H
fTHIIEBOH MMPOMBIILIEHHOCTH, BTOpbIE - HA MalIMHOCTPOUTENBHBIX
3aBOJAX, XHMHHECKHX KPaCHITbHbIX ¥ APYTHX Lexax.

TOCHOBHBIMH Y3NIaMH NE€HTOYHOro koHBeiiepa (puc.3.1)
ABNAETCA: TEKCTHIBHAS [POPE3MHHHOBAA NeHTa |, ABMXKYLIAACH 11O
BEPXHHMM ¥ HIDKHMM 2 OTIOPHBIM pOJIHKaM (Hecyas KOHCTPYKLHS),
npusoaHan 4 (pemyui Gapaban) W HaTsbKHas 6 (HATAKHOH Hapaban)
CTaHLMK, OTBOAALLIME PONTMKH 5 , NPEAHAZHAYEHHBIE 18 YBETHUEHHA
yrina ofxsaTa NPHBOJAHOTO W HaTAXKHOIO Gapabanos. HaraxHas
cTaHuUug, ofecrneudparoulas NpeiABaPUTENBHOE HATIHKEHHE JICHTHI,
cOCTOMT 3 6apabana 6, MOAIIMIIHHKH KOTOPOro MOTYT NEPEMElLaThC
BAOAL FOPH30KTAIbLHBIX HAMpABNAIOWNX, W rpy3a 7. 3arpysxa
KOHBeepa IPOU3BO/INTCS YEPE3 3arpy30UHYIO BOPOHKY 8, pasrpyska -
B Gynkep 3. §

Puc.3.1. KuneMarkyeckan cxema TEHTOUHOTD KOHBeHepa

OCHOBHBIE NaPaMeTPhl PacnpOCTPAHEHHBIX NCHTOUHBIX
KOHBEHepOB OOLLUErO NPHMEHCHUA NPEACTABICHb B tabnuue 3.1, a
OCHOBHBIE NApaMeTPbl HOABECHBIX KOHBEHEPOB NPEACTAB/ICHS! B
Tabnuue 3.2.

[lo THHY J€HTBl JEHTOYHBIE KOHBEHEPHl AEAATCA HA:
pe3MHOTKAHEBBIE H TPOCOBBIE.

B OCHOBHOM NPOHM3BOJCTBEHHLIH mpolece 00yc1aBIHBACTCS
rpynnol koHsetiepos, oObeTMHEHHBIX O0BIUM TEXHONOTHUECKHM
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UMKIOM B €AHHYIO MOTOYHO-TpademopThyto chetemy (IMTC). B TITC
KOHBCFlpr] MOFyT 06pa3OBblBaTb HECKQOJILKO ﬂapaﬂﬂeanb]X HJIH
NOC/EAOBATEIBHBIX USTIIOUEK [1PH NOJIHOH COFI2COBAHHOCTH ABUKEHUA
THEOBBIX OPTraHoB.

MexaHu3sMbl M CHCTEMBl HEMPEPLIBHOTO TPAHCNOPTA
000pYIYIOTCS JAaTYHKAMM PA3TTHYHBLIX THUNOBR MPeIHA3ZHAYEHHLIX ANA
KOHTPOIIA COCTOAHUSA TEXHONOTHYECKOTO NPOLECCa # €70 MapaMeTpos.

Tabnuna 3.1
OCHOBHBIC ]IﬁpﬂMeTph] pacﬂpUCTpaHEHHbiX
JIEHTOYHBEX KOHB@ﬁEpOB 06]J.lt3['0 NPHMCHCHAA
IlapaMeTp 3HaMeHIe
ITupitHa NeHTHE, MM 400-3000
CKopoCTh TBHKEHIIA JEHTHI, M/ ¢ 04-6.3
JduanmeTp GapadaHa, MM 160-2000
AUHaMeTP ONOPHBIY POMIKOB. MM 63-245
MowHoCTs ABHTaTENNA, KBT 0.37-2100
npu PH=100 kBT no 100
TIpoTAREHHOCTh, M npn Pu>500 kBT 200-300
IHHOTAa JOCTIIraeT a0 1000-1500
Tabauua 3.2
OCHOBHLIE MAPAMETPbL IABECHBIX KOHREHCPOR
ITapamerTp 3HaueHUEe
CKOpoCTh TPAHCNOPTEPOR, M/C 0,01-0,7
JnHHa TPaHCOOPTHPOBAHUA, M 5-506
MomHOCTE OBHrarens, kBT 1-18
Maccarpysa, kr 1-8000
Jnuuearpysza(nanbonsmwan), M 1 2

3.2. Be16op 3J1eKTpoABHTATEIA

Bribop MowHocTH npuBogHoro aeuratens MHT
NPOH3BOAHTCH MYTEM pacueTa W MOCTPOEHUA AHArPaMMbl TAMOBBIX
YCHIHH N0 Beel Tpacce TAroBoro opraxa (puc.3.2.) u3BecTHO Donbuioe
KOJIMYECTBO (FOpMYJ AN% ONPeAEACHHA TATOBOIO YCHUITHA H HATAKEHUS
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TATOBOTO opraHa
KOHBeHepa, KOTOPble MOTYT
ObITEL HaliIeHBI B CMELHATh-
HOH AUTEPATYPE NO MEXAHH-
4E€CKOH 4aCTH KOHBeHepa.
Jna koHseifepos u
KaHaTHBIX  Aopor ¢
HEeMNpepbLIBHBIM TATOBBIM
OpraHoM pacqeT He-
obxonumoi MOILHOCTH (B KBT) Apuraresnch onpeaensitor HCxoas u3
JIHATPaMM TATOBLIX YCHITHH 10 hopMmy:
R VLTS G.1)
7

te F = F ;- yCWIHe Ha HaberaroieM yuacTke Tarosoro oprauna, H:

V- CKOPOCTh JBHKEHHS TATOBOI'O OPraHa, m/c;

F - npensapurenssoe nataxenue, H;

n - KI1][ npuBoaHOTO Mexaun3ma;

Fu F, 6epyTcs HauOONBUIMMH U3 JHATPAMMEE TAFOBBIX YCHITHI.

Ecau kounseliep umeer GONIbLUIYIO NPOTAKEHHOCTH TO

BO3ZHHMKAIOLUME YCHIIMA B TATOBOM OpraHe Ha HaberarollleM y4acTKe
MOIYT AOCTHIaTh BE/THYHHBL, OITACHOH U1 MEXaHUYECKOR IPOYHOCTH
KaK TACOBOI G YCTPOHCTRA, Tak H 0nopHoil apMarypel. [Toatomy s1os
TpacChl Ha ONpeAe/ICHHbIX YYacTKax KOHBelepa ycTaHaBNIHMBAlOT
JOMNOJIHHTE/bHBIE TATOBLIE CTAHLMH, PACCYHTAHHBIE H2 YCHIIHE TO/ILKO
JIAHHOTO yuacTka KoHBelepa. CTaTdueckHil MOMEHT Ha BBIOpPaHHOM
YHaCTKe OnpedenseTcs U3 ypaBHEHHUS

Fv
M = —"

¢

Puc.3.2. JlnarpamMma TAroBEIX
YCHIMHA B IEHTOUHOM KOHBejepe

o

(3.2)
ok}

rac R - Haubonbluee YCHIHE TATCBOro opraHa Ha pacCMarpHBacMoOM

yHacTKe;
n- KI1JI npMBoAHOro MexaHH3Ma.
B 3ToM cnyuae TATOBBIH OpraH He mepenaer YCHAuH Lid
npUBOJA BCEro KOHBeHepa. MecTo YCTAaHOBKH JOTOJHWTENABHBIX
MPHBO/JIHBIX CTAHUHHA (TO €CTh NPH MHOTOABKIATENILHOM MPHBOAE)
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ppiGupaercs mo  HJ Takum
obpasoM, YTOOLI TArOBOE YCHIUE
ABUrateneid HeCKONbKHX cTaHUHA
TIPHMEPHO PABHANOCH YCHIIHIO
onsoasuratensroro 1 (puc.3.3).
YeTaHOBKA MHOTCGABHIATCIBHBIX
DI  no3poinseT  MOBBICHTH
IKCTUIYRTaLHOHHBIC MOKA3aTEH
xoHseitepa. Eciin konBeliep MeeT
HAKIIOH C BbICOTOM noabema 7 (M)
W NPOU3BOANTEIIBHOCTBIO O (1/4), TO BLIGOP MOLIHOCTH ABUrATENA
OTIpE/CTAETCS BBIPAKEHUEM:

. FV -10° . Qhg 107 _Fv, 107 . Qhg 107
o n 36007 n 3677
rfe V- TuHeHHAs CKOPOCTH NepeMelleHis rpysa, M/c;
1 - KITJ] MeXaHuyecKoH epesiasH.

B (3.3) rOpoe caraeMoe And ropH3OHTAIbHBIX KOHBEHEPOB
ofpaiaerca B Hynb. Ecan B KoHBeHepax [pH NMPOTHKEHHOCTH
1000+1500 M, Koria YCTAHOBKA AOTIONHATEIBHBIX IPOMEXKYTOHHBIX
MPUBOAHBIX CTaHIMiA HEBO3MOXKHA, JIOMONHHTENBHBIC IPHBOAHDBIC
CTAHLMH YCTAHABMMBAIOT 110 KOHLAM koneeliepa. [Ipy 3TOM OflHA U3
CTAHLMH NPUBOAKTCA ABYMS JBHTATE/IAMH.

B jeiicTByiolMX KoHBeHepax H3-3a H3MCHCHHA
eXHOJOFHYECKOr0 TIPOLIECCa WM TIO APYTHM NpUMHHAM BOIHUKAET
HEeO6XOMHUMOCTh H3MEHEHHS TPOU3BOAMTENBHOCTH xoHpedepa. B 3ToM
c/lyuae MOLIHOCTb IBUIaTe s (kBT) onpeaenseTcs NpUOIHIKCHHO 10
MPOU3BOAHTENLHOCTH C YHETOM npouns ¥ ANUHHBL TPACCHL:

T 1T 1T T L LT T T T 1]

Al(_lr) AZG-) FeTan

Pyc. 3.3. MHoroasurarensHbii KOBeHep

, (3.3)

_ kO
P= 367T](CL +h) (3.4)

rae ¢ - MPON3BOIKTENBHOCTE KOHBeliepa, T/u;
[ - inHa KoHBeliepa Mexkay HapabaHamu, M;
h - BBICOTA NOABEMA TPY3d, M;
k- xoa(pduimenT 3anaca, k3:(1,1+0,25);
17 - KI1]] riepenaTo4HOro MEXaHN3Ma, n,=0,75+0,8;

¢ - pacdeTHBIH KO3 PHUMCHT, 3aBHCAIIHHA OT MPOH3BOAHTENIBHOCTH
xoHpeliepa U ero IJTHHE, TabuHila 3._2.

Crabunu3aums pactpeiesicHus Harpy3k 8 JBYXIBHUTATCIBHOM
(MHOI‘OJIBHI‘aTeJ'_IBHOM) Y1 nocTHraeTcs CMArMEHUEM XapakTepUCTHK
nBUraTeneit nyTeM BBEICHHA
HeBRIKITIOUAEMBIX PE3HCTOPOB B
neny poropa AJl. [ling nnasHoro

nycka M yeTpaneryy yAapo® 10 | 200 | 092|050 037
M Tcq MHOTOCTYMEHUATIH ’ : , ,
APUMERACTER M R4 b 50 1 066 035]022) 0,18

NycKOBOH peocTaT Ao 10+20 5001035 1 021 [ 0,141 0,12
cryneneii. Cneayer OTMETHTS, 4TO
AJl ¢ KP npuMeHSAIOTCA TP MOWHOCTH 311 xouseitepa 10 50 kBT.

PacueT HeOOXOMHMOH MOLIHOCTH ABHIaTEIA A8 KaHaTHOH
AOPOTH [POHIBOAHTCA 10 HauGoNbLIEMy YCHIIHIO Ha KAHATE C yH4ETOM
CKOPOCTH [ABHIATENA. HeofxoauMas MOUHOCTb ABHraTens A 6111
AECTHHYHOTO MONOTHA H nopy4Heil 3cKanaTopa onpe/enaeTcs 13
BHIPAKEHHA:

_(F,+EW, 107

TabGanoa 3.3

Suauenne wIGPuUUCHTA C

Q| 10 50 | 200 | 400

P, 3.4)
N (
C yUCTOM BO3MOXKHOCTEH MEperpy3kH
~3
P’ = 135(F, + RV, 107 (3.5)
]

rae - KI1J nepenady oT MIABHOTO pana K BTy JBHIarcis, KOTOpbIi
3aBUCHT OT BHICOTBI 3CKaNaTopa. mpH h=10 M n=0,6; h=65 M
n=0,8.
HeofxonuMas MOIIHOCTE Ha BAJy TATOBBIX 3Be3J0UeK MpH
paboTe 3cKanaTopa Ha NOJBEM MOXKHG OTPEACTHTE 10 IMITHPHUIECKHM

dopmynam:
a) JUIA JBHKCHHA JIECTHHHHOTO TI0JI0THA co cxopoctbio V. (M/c)
-3
P’ = g(2qHV c+ hV.) 107 (3.6)
n

rIe g- Harpy3ka OT NacCaXHpOB, Kr/M (~ 215 kr/m);
h- BEICOTA MOIBEMA CKANATOPA, M;
¢=0,1+0,15- ONMBITHBIH k03pHHIHEHT CONPOTUBIICHHUA NERTOUHOTO
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HOJIOTHA [0 TPACCE, 32aBHCHT OT IPOM3BOIHTENBHOCTH
U [UIMHBI 3CKANATOPA;
g = 9,81 m/c?- yckopenue cBo0OIHOIO NaICHHUS,
6) Ana ABMKEHHS NOPYYHEH C TOH ke CKOPOCTHIO

4 ’ -3
Pc:: — [4(q + qu)cl + 2q ]gh Vu ' 10 , (3:7)
n
1€ ¢’ ¥ g,- Harpy3Ka OT MAaCCaXHpoB (g'=4,3+5 Kr/m’ Ha NOPY4CHD)

¥ (g,=2,5 kr/M? [J18 KaX/0T0 NOPY4HA);
€,- OTBITHEIA KOI(PPULHEHT COTPOTHBIIEHHS JIBHKEHHA nopy4He#t
710 Tpacce, 3aRHCALILHIT OT BbICOTHI 3ckanaropa (¢, =1 npu /=10
M 1 ¢,=0,3 npu h=65 M).
ITosHas MOIIHOCTE C YYETOM BETHMHHBI C !
pr= 122ghV, 10° : (3.8)
n

Tak ans sckanaropa 73-5 BbICOTOH =3 M yCTaHOBIEHHAs
momuocts AJl ¢ KP coctasnser 14 kBT, a s sckanaropa JIT-2 h=65
M momrocts AJ] ¢ KP cocrasnser 200 kBT,

Ha OCHOBAHHM Pe3ylsTaTOB pacyera BHOHPAIOT rIaBHBIM
MEKTPOABHIATENL 3CKAJATOpa, 3aTEM [IPOBEPAIOT €ro no yCIOBHAM
MaKCHMAanbHOH Harpy3kdH. KpoMe rmaBHOr0 EKTPOABHUIATENA
BHIOMpaETCA BCOOMOraTesbHbIH, HeOONBIWOH MOIIHOCTH,
0becneuHBAIOLIMI BHXKEHE JecTHUYHOoTo nonotaa ¥=0,03 m/c npu
BHIMOJIHEHHH PEMOHTHBIX paboT, B IEpHOT OCMOTPA, YUCTKH H
CMa3blBaHMg JeTancii.

B muoroka®uHHBIX nudTax KonudecTBO KaOHH paBHO
YIABOEHHOMY 4HCIy dTaxed mmoc 2. Heobxoaumas MOWIHOCTS
37€KTPOIBHraTeRel OMpeneaeTca H3 BEIPAKEHHS!

-1
 _mghV, 10 (3.9)
n
rie m- Macca NaccaXHpoB B KabHHe, Kr;
#1- 1HCI0 HEYPABHOBELICHHBIX IPY)KEHHBIX KaOHH HA
NnoaHMMAtOUIEHCA BETBH;
V- CKOPOCThH OBHXKEHHA KaOUHBL M/C;
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n- KI1J] mexanuuecxoii nepegaun.

3.3. CraTHyecKHe M JNHAMKRYECKHE HATPYIKH NPHBOI0B
MEXAHH3IMOB HENPEePLIBHOTO TPAHCIIOPTa

[Tpu merkeHHd KOHBeliepa NPHBOMHON ABHraTeNh A0TKEH
NpeoaoeBaTh CTATHYECKYIO HArpy3Ky, 0OYC/IOBAEHHYIO CHIaMH Tpe-
HHS BO BCEX JIBMXKYLUMXCH 3JIEMEHTAaX, 2 TAKKe COCTABMAIOITIYH) CHIIBI
TSOKECTH TPAaHCIOPTHPYEMOTO Ipy3a Ha HAKJIOHHBIX Y4acTKaXx
KoHBeHepa, CUIBI TPEHHS BOZHHKAIOT B MOJIIMIHMKAX BPAIIAIOIIHX
3MEMEHTOB, B MECTAX KOHTAKTa POJTHKOB H KATKOB ¢ OMOPOH, B TATOBOM
3E€MEHTC NpH ero H3rubax M BCIEACTBUE 3IHAYHTENBHOMH
IPOTAKEHHOCTH KOHBEHEpa 1 OONBIIOTO KOJIHUYECTBA ABHXKYILIUXCA
37IEMEHTOB COCTARIAIOT 3HAYHTE/IBHYIO YaCTh CYMMApHOH CTaTHYeCKOH
Harpy3kH, a And FopH30HTAJBHBIX KOHBEHEDOB ONpefensioT BCIO
CTaTHYECKYIO HAarpy3Ky NPHUBOIA.

CHAbl CONPOTHBIEHHUS ABHXKEHHMIO KOHBEHEpa MOKHO
pasfenuTh Ha JBE KaTeropvH: CHIIBI, HE 3aBHCAINNE OT HATAKCHHSA
TATOBOIC DIIEMEHTA, M CHUIBI, 3aBHcHLIHE OT HaraxcHUA. [lepshte
BO3HMKAIOT HA NPAMOAUHEWHBIX TOPH30OHTAMBHBIX M HAKIOHHBIX
y4yacTKaxX M paclpefeNicHbl MO y4YacTKy paBHoMepHo (prc.3.3a0).
BTopric BO3HHKAIOT Ha yuyacTkax H3ru0a THAroBOro JJeMeHTa M
COCPEUOTOYEHB! B PAMKAX AyrH 3Toro yuactka (puc.3.4a,6,8). Cuna
COTIPOTHBIIEHHS JBHKEHHIO Ha IPAMQIHHEHHOM Y4acTKe ONpeaeniercs
BEIPRXKEHHEM:

AF =C glcos B+glsin B=¢l(C cosPB+sinfl), (3.10)

I1e g- BecOBas Harpy3ka Ha 1 M nyTH,
[- AnHHA y4acTka,

C,=k(ud/D+2f/D)- pe3ynsTUpyounii ko3ddunmeHT
CONPOTHRIACHUA IABUKEHHUIO Ha

HPHMOHHHCI‘:IHOM YUACTKE,
k=1,1+13,
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- koI(ULIHEHT TPEHHS B NOMUNMIHHKAX;
- xoahbuuMeHT TPEHHA KAYCHHS POTUKOB 1 KaTKOB.

Puc. 3.3. TlpamonHHeHHbIE YHACTKH TEHTOUHOTO (a),
nenuoro ¥ xanarHoro (6) konseiepos.

Ilepoe cnaraemoc (3.10) oByC/lORIEHO YTEPAMH TpeHus, a
BTOpOE - COCTABNAIOMEH BECa EPEMEILACMOro0 rpy3a 110 HAKJIOHHOMY
yuacTKy koubeftepa. Ilpu 3TOM B pacueTax CACAyeT MIPYHKEMATD
sin B>0 TpB ABWXEHHH Ha NOABLEM H sin 8 <0 npu ABHXEHHH Ha
cnyck. 3Hauenus koadduuuesTos K H f npuBoasTcA B COPaBOYHOH
ANTEpAType U 3aBHCAT OT THIIA MO/IIAIHHKOB, POTHKOE, KATKOB H OTIOp
[9,14]. B mpHOIHKEHHBIX pacueTax MOXKHO Nnoab30BaThCA

npHOGIIKEHHBIMH, 3HA4EHHAMH C
C,,=0,006+0,007- JUIS KAHATHOW JOpOTH;
C,=0,02+0,05- 1 NEHTOYHBIX H IIEITHBLIX KOHBEHEPOB.

Cuia COTPOTHBIEHHA ABHXCHHIO AF, Ha yHaCTKe usruba
(puc.3.4a,6,B) COCTOHT H3 IBYX CaragMbix: CHIbI o1 naruba TAroBoOro
3jleMEHTa, MPOMOPLUHOBATHHOH HATHKEHHIO B Haberatouled TouKe
yuyacTka F ., ¥ CH/IBl TPEHHA B nomIMUnHHKaX OJOKOB WM POITHMKOB,
TIpOTIOPLHOHATBHOH paBHOAEHCTBYIOIIEH CHITE N Ha 3TOM y4acTkKe

AF, =, + NS (3.11)

rie &- k03 QHIHEHT CONPOTHBICHAA OT H3ruba TIrOBOIO IEMEHTA.

Puc.3.4. YuacTkn n3ruba THrOBOrO 37EMEHTA HA tinoke (a),
mune (6) u Garapee PoJMKOE (B).

B KOHBEHEPHBIX YCTaHOBKaX 00BIYHO BHINONHAIOTCA YCIIOBHS:
F,>>G (puc.3.4a); AF, <<F,. [losToMy mpy ONpeleneHuH
paBHOJIEHCTBYOWER N MOXHO npenefpeus Becom O0Ka G ¥ IPUHATE,
w0 HaTskenus 8 Haberaromeii F  u cOeratomied F , Toukax yyacTxa
pashsl. Taxkum obpazoM (3.11) NpHBOAKMTCH K BHIY:

AF, = C,Fg. (3.12)

d . o
meC, =6+ 2,ub-sm 9 peayibTHpytotmii KoaQHIHEHT

COTIPOTHBIEHHS HA YUacTKe H3ruba.

B auTeparype 110 KOHCTPYHPOBaHHIO xouBeiepos (9] npuso-
naTcs TeopeTuyeckne GopMyIBl AA pacieTa xoa¢huIHenTa €. Oz-
HaKo 3TH OPMY/IHI OKAIBIBAIOTCA CTOKHBIMH H HETOTHBIMH, nO3TOMY
Ha PAKTAKe 0DBIYHO MONB3YIOTCA IKCTIEPUMEHTANBHBIMH 3HAUEHHAMH
pesyIBTHPYIOIIEero Ko uikeHTa conpotusnenus C , iPUOTIKEHHBIC
3HAYCHHA KOTOPOTO AT Pa3IHYHBIX KOHCTPYKTHBHBIX HCIOHEHHH
TATOBOTO 37IEMEHTA H yCIoBHit paboThl KOHBEMepa MpHBEAEHb B
tabnuue 3.4.

CHna CONpPOTHBICHHS BBI3HIBACT YBEIUHCHUE HaTAXKEHHUA
TATOBOTO JIEMEHTA HA KAKAOM YUACTKe.

JLnst IpAMOTMHEHHOTO Y4acTKa

Fo=Fgs+AF; (3.13)
1A yuacTKa u3ruba
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F,=F,+AF,=kF,, (3.19)

o

rae k =1+C - ko3 HHUHEHT YBeNHTEHHs HATSDKEHHA HA JaHHOM

YYaCTKE.
Tabnuua 3.4
Juauenus pesynsTRPYOIEro Ko3hOHIHEHTA CONPOTHBNEHHA

JABHKEHHIO C Ha yqacTxax uirnba Tpaceel Kouaeﬁepa
u

Bua yuactka Ne Yron C,, 107

H3rHba TPAcch puc, | °0xeata a’
3pe3ouKa ¢ uenbo M wkud ¢ kanatoM | 3.4a| 90+180 [2,0+3,0
bapabau ¢ nentoit 34a| 90+180 |[4,0+6,0
Ilens ¢ KATKEMH Ha LIHHE 346 20+45 11,2430
Jlenra Ha ponmxoboi Hatapee 346 20445 |1,2+3,0
Ilenn Ha pomHkosoi Datapee 34| 30460 |2,5437

B obwem cny4dae
KOHBEHEpP MOKET COCTOATE
M3 MHOTHX YYacTKOB
(puc.3.5). Ilockoneky
IpAMONHHENHBIE YYaCTKH
OTACNAIOTCA APYT OT Apyra

78] yuacTKaM#u H3ruba, To BO
Puc.3.5. O6uias cxema KoHBeHePHOH THHHA BCell 3aMKHYTOH KOHWBE-

} — ' [Tpuponxof
BNEMERT

€pHOH JIHHHH UMEEeTCA OJMHAKOBOE WHCIO N NMPSAMOTHHEHHBIX M
KPWBONHHEWHBIX Y4aCTKOB.

Toraa pe3ynbTHPYHOUIAs CHJIA CONPOTHBICHHSA ABHRKECHUIO
OTIPENEIIHTCA KaK CyMMa CHII BCEX Y4aCTKOB.

F,= iAFn_i +iAF;,.‘ =
i=1 i=1

n n
= 2,a4(C,cos B, +sin )+ D.C,.F,. (3.13)
i=l i=|

Tax kax cuny F_ J10JbkeH IPEONoNeTh, MPUBOJHOH MEMEHT,
TO OYERHHO, YTO IPH YCTAHOBHBIIEMCA ABIKEHHH PA3HOCTh HATSKeE-

HHYH Ha HEM YPaBHOBELLUHBACTCA CHIIOH COTIPOTHBIICHUA:
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F=F,-F, (3.16)

Bropoe cnaraemoe B (3.15) 3aBUCHT OT HATSHKEHHA, IOITOMY
Ans pacieta £, HeoOXOLHMO MOCIIEI0BATEILHO ONPENeTAT HATKE-
HUA Ha BCeX ywactkax. [Ipu aToM gomkHO ObITE M3BECTHO 3apaHec
HAaTSKEHHE B KaKOH-THOO TOYKE TATOBOTO OpraHa, KoTopas H
NPHHHMAETCA 32 UCXOAHYIO B pacuete. [IpeanonoxuM, yTo HaM
H3BECTHO MCCTOPACTIONOKEHHE IPHBOLHOIO WEMEHTA H HATKEHHE
Ha ero cOeraromed Touke. Cleiys oT 3TOH TOUKHM 110 HAMPABICHHIO
ABHKEHNA TATOBOTO 3MIEMEHTA, MIPOHYMEPYEM BCE MPAMOIMHEHHbIE
y4acTkH I1 v yyacTku usruba U, kak 310 nokasano wHa puc.3.5. B
cooTBeTcTBHH ¢ (3.15)} M puc.3.5, onpenenus nocrenoBaTeNbLHO
HATSKEHHA HA BXOJe y4acTkoB H3rHOa, BoipasuM F - Ha npHBOIHOM
MEMEHTE YEPe3 HCXOTHO MPHHATOE 3HaveHwe F

F;m =F, +AFn|;
Fnﬁz =P:n5| 4| + AP:?J =F:-ﬁk + AFnZ + AAp’nlkul:

Fuﬁ} =F:151knz + AFH] = (ﬁku!kuz + A‘E)J +E='2ku2 +Fﬂ‘lk

i

kuz N

il

Fuﬁ,n = F.‘-u’i = Eﬁkulkuz- . ku'nq + AF +

‘ AF lku,n—l +"'+AFnlkulkuz-‘-ku‘n—

an-

{

INonyuennoe Brpaxenne 11 F B csepHyTOH (opMe HMeeT Bua
— 2
Fyﬁ _knF(ﬁ +Fn (3'17)
TMPHYEM PE3YTSTHPYIONIHH KOIPPHUMEHT YRENTHYEHHA HATAKEHUS k|
OT BCEX YYaCTKOB M3rHGa (Oe3 NPHBOAHOTO YIEMEHTA) M PE3ybTHDY -

Ioluee yCHIHE COMPOTHBIEHHS F’| Ha MPAMONKMHEHHBIX YYacTkax
TPAcChl BHIPAKACTCS QOPMYNAMH:

n-1

ko=TTk.; (3.18)

i=|
Fl=AF, 4 AF, Ky + AF kb 4 AAF Ky K (3.19)
Ob6weanuas (3.16) u (3.18), nonyuaem:
Fo=F,~F ,=(k,-D)F,+F/ . (3.20)
Bripakenne (3.20) mo3BongeT npH U3BECTHOM 3HAYCHUH F_
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ONPENE/MTE PE3YILTHPYIOLIYIO CHITY COIIPOTHBICHHA ABHXCHUIO 6e3
pacueToB HaTsXKEHHH Ha BCEX NMPOMEXYTOUHBIX yYacTKax. Onnako
3HaueHMe F 3apaHee HEM3BECTHO H AOIKHO OBITh OMpEeNEIeH0 M3
MOMONHMTENbHBIX yenosuil. U3 (3.17) u (3.20) caenyert, 41O 4eM
MeHblue F ., TeM MEHBIIMMM OYRYT KaK MaKCHMAIBHOE HATHXCHWE
ueny F , Tak U F . OnHako mo ycloBHAM paboTel KOHBEHEpa
PErIaMEHTHPOBAHBI MaKCHMANbHO JOMYCTHMBIH MPOBHC TArOBOTO
oprana mo6oro TUIA (Uetlb, KAHAT, JIEHTAa) ¥ MAKCHMaJIbHO BO3MOXHOE
otnotnenue £ /F_11s TATOBOTO OPrana, (hPUKUMOBHO COETHHEHHOrO
C NPUBOAHLIM DIEMEHTOM (IEHTA, kaHatr). Jns BHIMONHEHHA
OTMEUYEHHBIX YCIOBMIl B TATOBOM OpraHe ¢ MOMOUIBIO HATHNHOTC
ycTpoitcTBa AOMKHO ObiTe  obecmedeHo  OTPENeNCHHO®
TpeABApHTENsHOE HATDKeHuE F

Janaua onpenencHus F, A1A UETHbIX KOHBEHEPOB peluaeTes
tak. IIpu H3BECTHOM PACMOJIONKCHHH NPHBOAHOH CTAaHUHH
NMPEANONOKHTEIBHO ONPENETIEM TOUKY KoHpeifiepHOH NHHHE C
MHHHMATLHBIM HATSOKCHHEM. DTOH TOYKOH MOXKET OKa3aThCA TOYKa
cOeraHvs Ha NPHBOJHOM 3JEMEHTE MM caMas HHU3Las TOKa 10 XOLy
KOHBeifepa OTHOCUTENBEHO MPHBOAHOTO JIEMEHTA NPH YCIOBUH, HTO .
Touke ¢ MHHEMAILHBIM HATKeHHEM NPHIHCBIBAETCA 3aaHHOE
KOHCTPYKTOPaMH, MO YCIOBHAM IOTYCTMMOTO POBECA, 3HACHHE
npeBapuTensHoro HaTDkenua F. Tlo n3secTHOMY F, ¢ noMos0o
(3.13) u (3.14) onpenenserca 3HaIEHAA F . Ecau F 2F, 1o Touxa
MHMHHMaTBHOIO HATSKEHHS BHIOpaHa npaswipHo; mpH F <F
MUHHMMaIbHOE HaTIXeHHe, paBHoe £, cinenyeT MPHMHCATH TOUKE
cOeranus Ha TpuBoaAHOM ¥eMeHTe. [lo HalAeHHOMY 3Ha4YEHHUIO F no
(8.17) 1 (3.20) paccuuTHIBAIOTCA 3HadeHH F 1 F.

Jlns TEeHTOYHBIX W KAHATHBIX KOHBEHEPOB HA F uF,
HAKTAIBIBAETCA YCIOBHE J¥epa, UCKIIOYAOIES npofyKCOBBIBAHUE
TATOBOTO E€MEHTA OTHOCHTENBHO IIPHBOAHOIO:

F,lFs<é€" (3.21)
rae (- yron 00xBara NIpHBOJHOLO JIEMEHTA,

- k03 GHULHEHT TPEHU MEKAY TATOBHIMH H NPHBOAHBIMU
3neMeHTaMy (cMoTpu Tabauuy 3.3).
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Coornomenue (3.21) cosmectHo ¢ (3.22) aaer ycnosHe Ans
BbIGopa 3Hauenud F

F,>F/[(e ~k,). (3.22)

Beibupaemoe no (3.22) suayeHHe F, JOMKHO UMETH
OTIpe/IENIEHHOE MPEeBhILIEHHE HA IPasoii YacThio HepaBeHcTRa (3.22),
YYHTBIBAIOLIEE BO3MOXKHBIC H3MEHEHHA Ko3(uuHeHTa TpeHus | B
YCIIOBHSAX 3KCIUTYATALlHH, a TAKKE JHHAMHUECKHE HATPY3KH [IPH ITYCKe
KOHBeHepa.

Cornacxo (3.22) BmiOHpa- Tabmuua 3.5

M Ffﬁ’ MUHUMAIBHOE HATAKCHHC Kos¢pduunent TpeHHﬂuME)Kﬂy

Fl') Oﬂpe,ﬂenﬂeM H3 yCJ{OBHﬂ a0~ TATOBLIM H [IPHBOAHLIM JJIEMEHTAMH
DYCTHMOTO MpoBHcaHus Tarosoro | Twm KoHBeflepa | 3uauenue |
opraHa. TakuM oOpasom, 3afaga o Jentounsii 0,10+0,30
onpelleIEHHID crarHyeckoil | Kanarnas mopora | 0,12+0,25
Harpy3KH NPHBOXHOH CTAHUHH OKA3LIBAETCH KOMIIIEKCHOM, B apolecce
pacHeTa CHJIB CONPOTHBICHHA JBHXCHHK ONHOBPEMEHHO
onpeenaeTcd MHHUMATLHO HEOOXOAHMOE HATAKEHHE TATOBOTO
MEMEHTA H TOYKA €r0 MECTOPACMOIOKEHHA HA KOHBCHEPHOH JTHHHH.
3Ta TOYKA OKa3bHIBAETCA ONTHMANBHBEIM MECTOM PAacloONOKCHUA
HATAXKHOTO YCTPOWCTBA, TaK KaK IIPH 3TOM OT HETo moTpebyercs
MUHHMAJIBHOE YCHITHE.

JIHHAMHYECKHE HArpy3KH MPHBOJA KOHBeHepa BO3ZHHKAIOT B

TIPOLIECCE MYCKA H OMPEIEIIAIOTCH IBUKYIIUMHCS MaCCaMH COOCTBEHHO
KOHBelepa ¥ ero NPUBOAHOH CTAHIHH

qu.n = Zmian +(Jda‘i_(2) +Jn)

al!
7
R,
rae F, - AMHaMH4eCKad CHila Ha 000/l MPHBOJHOIO HIEMEHTa ¢
pamncom R ;
m - IBWXYLIAL MACCA OQHOMO MPAMOYTONBHOTO y4aCTKa COBMECTHO
¢ Maccoil NpeAmecTBYOIErO Y4acTKa H3rHba;
J e J - MOMEHTBI HHEPUHH JBHTATE/A M MPHBOJHOTO JIEMCHTA,
i - IEPEIaATOMHOE OTHOLIEHHE PENYKTOpa NIPHBOJHOH CTAHLIHH;
a,- YCKOPEHHE KOHBeAepa TpH MyCKe.
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Jist TAKETBIX KOHBEHEPOB AMHAMMUECKOE YCHIIHE 33 CUET
GoNbLIOH NOCTYNATENLHO ABHAYILEHCA MACCH MOKET OKa3aThCA 3HAYH-
TENBHEIM M CYILECTBEHHO NPEBOCXOIHTE CHAY CTATHYCCKOTO COMpO-
TuBleHns. Ilpu 3TOM cliaraeMoe, BRI3BAHHOC MOCTYNATENbLHO
JIBMKYIIMMUCA MaccamHi, MoxeT coctasaate 90% H Gonee pesyib-
THPYIOLLETNo THHAMHYECKOTO YeHTHA. I1yCKu konBeHepa ¢ UTHTENbHBIM
PEKIMOM paboThI OCYIIECTRIAIOTCS PEKO H, KAK IPABHIIO, BXONOCTY1O.
TeMm He McHEe BHICOKHH YPOBCHb AHMHAMHYECKHX HArpy3ok H
BO3MOKHOCTL MYCKA MOA HArpy3KoH I10cNe aBapuiHON OCTAHOBKU
BRIHYXKJAIOT YUHTBIBaTh B pacuerax cuny F, . Tak xak npu mycke
PE3yNBTHPYIOLIEE YCHIIHE TIPHBOAA F=Fm+qu” BO3pacTaeT, To
YBEJTHYHBAETCS MAKCHMATIbHOE HATSKEHHUE B TATOBOM 3IEMCHTE 33 CUET
JOMOJHHTEILHOTO NPHPAIEHHA HATKEHHA Ha KakK/I0M Y4aCTKe:

Fg =Fg tAF  +ma,. (3.23)

[4
C yuerom (3.23) pe3ynsrupyloliee HATSHKEHME Ha HabGeralommem
Kpae MPUBO/HOID 3EMEHTR 110 CPABHEHMIO C YCTAHOBHBLIHMCS pe-
KHMOoM (3.17) noBsICcHTCS:

F,=kF,+F/+ma, (3.24)

Hi
npHYeM pacyeTHas CyMMApHas Macca ONPENENIeTC BoIpakKeHHEM,
’
me=m, +m,_k, .  +._ +tmkk,. .k (3.25)
CnenosarensHo, yenosue (3.22) Buibopa 3HadeHus F uid nicH-
TOYHBIX M KAHATHBIX KOHBEHEPOB AOIKHO ObITh CKOPPEKTHPOBAHO C
yyetoM (3.24):

w,n—-1"

o Fiama, (3.26)
oG = eu‘a _ ku .

TakuMm o6pa3oM, TMHAMHUYECKHE HAIPY3KH OPU TyCKe
KOHBeﬁEPa MOTYT CYIECTBCHHO MOBBICHTL KAK MAKCHMAJIBHOC
HAaTHAXKCHHE B TATOBOM DJeMEHTE, TaK H HCOSXOﬂHMoe JHAYECHHC
TIpeBapHTENBHOTO HaTskeHusd F,, UToGBl HCKIIOYATE BEICOKHH
YPOBEHb F, B YCTAHOBHBILEMCSA PEXMME LTS KPYIHBIX KOHBEHEPHBIX
YCTaHOBOK. anMeH’[I'OT BCIIOMOTATCJIBbHOC¢ HATAMKHOE YCTPOHCTBO,
KOTOpOe CO3aeT JONOJIHHTENIRHOE HATHKEHHE TOJBKO Ha I‘lepHO,T.L HYCKa
KOHBEHepa.

3.4. Onpegesenne MOUTHOCTH H MeCTOPACTIONOKEHHSI
NPUBOTHEIX CTAHIHIA KoHBeiliepon

MouHocTe NPpHBOAHOH cTaHUUK ompeaenserca (3.1) B
COOTBETCTBHH C PacueTHOM CTaTHYECKO# Harpyskoit F_ W 3anaHHOH
CKOPOCTBEO JBHXKEHHA KOHBeiepa v:

F;‘mv _k (Fnﬁ —F‘[ﬁ)v

P =k, ; (3.27)
n n P
rae N=",- KI1J| npuBoaHOro MexaHH3Ma (PEAYKTOPa) MPHBOJHOM
CTaHIHH;

k3=1,1+1,3- x3¢duimenT 3anaca, yYHTBIBAKONIMA HETOYHOCTH
pacyeTa CHIbI COMPOTHRICHHUS.
MoMeHT cONpOTHBIEHHS Ha Bany JABHTaTeNCH MPHBOAHOM
CTAHUWH NIPH H3BECTHOM NEPEATOHOM OTHOUICHUH PENYKTOPa |,
onpeaenutes no popmyne

M, =k, Ll (3.28)

2,0,
rae D- auameTp NPHBOAHOTO 3JIEMEHTA.
HomuHarsHag MOIIHOCTE ABHTaTeNeH BRIOHPAETCH H3 YCIOBHS

P 2P, (3.29)

Cunbl TpeHUA NOKOS CYIIECTBSHHO GOMBINE, YEM CHITHI TPEHHA
TIPH IBHKEHHH KOHBEHepa, MO3TOMY [11 KOHBEHEPHBIX YCTAHOBOK
XapaKkTepHb! NMOBBILIEHHBIE MOMEHTHI TPOTaHUA, KOTOPHIE JA Ha-
PYXHBIX YCTaHOBOK JIOMONTHHTENBHO BO3PACTAOT B 3UHMHEE BpEMA, ITO
obcToATENBCTBO HEODXOAHMO YYHTHIBATh BRIGOPOM TMPHBOIHOTO
JBHraTeNd C TIOBBILICHHLIM IIYCKOBBIM MOMEHTOM, 00€CTIeYHBAIOILINM
HAJeXHBIA MyCcK KOHBelepa MpH BO3MOXHOM CHIDKSHHH HAMpPSKEHUA
MHTAOLIEH CETH.

Ilpu onpenenennu Bemuwunn F, F  F _u F B §3.3 Mecto
PacroIoKEHHS MPKBOAHOA CTAHLUHH NPHHHMATIOCE 3aaHHEIM, OaHaKo
YKa3aHHbI¢ BEIHUHHB] B 001I(EM ClTy4ae 3aBHCAT OT MeCTa NPUBOJHOH
CTAHLIHH, H TIPHBOJ LieNecoobpa3Ho paciionarars B TAKOH TOYKE TPacChl
KOHBEHEpA, KoTopas obecneunBana 66 MUHUMYM KaKk MAKCHMaIBHOTO
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HaTsHKEeHHA TAroBOIQ OpraHa Fm", TAK H €ro CpeaHEre 3Ha4eHHi no

3aMKHYTOMY KOHTYpY F_, = -1—§ Fdl . D10 ycnoBHe COOTBETCTBYET
op

TaKke MHHHMAJTBHO BO3MOXHOMY CEYEHHIO TAFOBOrO JJIEMEHTA M
HauMeHbLIeH cTaTHYecKoit Harpyske mpuBoxa. [losroMy rakoe
MCCTOPACIONOKEHHE NPHBOAHOH CTAHUHH MOXHO CHHTaTh
orrHManbHbiM. J1Ts oBLIero cIyuas KOHBeHepHOH TPacChl, CO CII0KHOH
xoHdUrypaimei oOnpeAeTHTh 3apaHee 0JHO3HAYHO ONTHMANBEHOC
MecTOpacholokeHue NPUBOAa He yaaercs. B aTom cayuae
paccMaTpHBAeTCA HECKONbKO BAPHAHTOB PACMONOKEHHHA MpHBOAHON
CTAHLUMH M TPHHHMAETCH TOT M3 HUX, [JI1 KOTOPOrO OKa3bIBAOTCA
HaumeHbIIHMH F_ W F .

[lpu BeIGOpE BapHAHTOB HCXONAT M3 CIACAYIOIIHX
cooGpaxeHuii. [IpMBOA TODKEH YCTAHARIMBATECA B KOHLE pabouero
y4acTka. DTO MO3BONAET PasTPy3UTh MOCNEAYIONIYIO XONOCTYIO BETBR
KOHBEeiepa 0T 60ABIUINX HATAXKEHUH padoyero y4acrxa. Ecnu B
KOHBeiiepe HeCKoIbko paboumX y4acTKOB, TO K paccMOTPEHHIO
oTOMparT HanGonee TAKENBIA, Ha KOTOPOM MPOHCXOQNT MAKCHMATLHOE
HapacTaHHE HATAKCHHA, a TAKKE yJacToK, NpeAWECTBYIONMI caMoi
ANMHHOM xon0cToi BeTBH. Toraa, pacronaras NpUBOJ B KOHLIE CaMOIo
TSHKENOTO YUACTKA, MOXKHO CYLICCTBEHHO YMEHBIIATE MAKCHMATBHbIE
HaTOXEHAA Ha TMocIeyloumx pabodnx yuacTkax. PasMellenne npH-
BOZIA MEpe] CaMoil UTHHHOH X0nOCTOH BETBEIO NO3BONAET CHH3HTD
cpelHee Mo Tpacce HambKeHHe. ns KOHBEHepos, paborarolix Ha
CIyCK TPY30B TIPH TOPMO3HOM pexuMe paboTst IIpHBOAQ, nocaenHui
ycTaHaBnHBaeTcH B Hayane pabo4ero y4acTka 1o XO4y TAMOBOro
EMEHTa.

B KOHKDETHBIX YCIOBHAX JUTS MHOTHX KOHBEHCPOB 331242 110
ONpENENCHHIO MECTONONOKEHHS NPUBOAHOH CTAHUMH pelacTcs
IPOCTO M OAHO3HAYHO 3apaHee Oe3 MpeBapHTENBHLIX PacieToB. Tak,
1% JIEHTOUHBIX M KAHATHBIX KOHBEHEPOB, BEIMOHAEMBIX 0OBIYHO B
OHOCEKIIMOHHOM BAPHAHTE H UMCIOLMX OfHY pabouyio (IpAMyIo) o
0IHY XONOCTyK (o6parHy0) BETBH, IPHBOJ PacnonaraeTcs B KOHUE
paGoueii BeTBH. [IpH 3TOM BBINOMHAETCA COPMYIMPOBAHHOE BBILLIE
YCIOBHE B OTHOMICHHH HATSHKEHUH TATOBOIO OPraHa.
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IMpumep 3.1. Tpebyerca paccHHTATH MOIHOCTE NPHUBOAHON CTAHIIHH
JICHTOMHOTO KOHBeHepa, pacueTHAA CXeMa KOTOPOTO NpeAcTaBneHa HAa puc.3.6.
TexuH4ecKHe IaHABIE: NPOHIBOMHTEIBHOCTD 7 = 772.10' KI/9; ckopocTh v = 0,8 Mfc,

Macca OfHOTO METpa NeHTHl m_ =1() Kr/M; yrimel o6XBata npxsoaunoro Gapabaua
o =210" u HaTkHOro GapabaHa (¢ =180, DNHHBL K YINbl HAKNTOHA K TOPUIOHTY
yusactka [ =08 m; [ =80 M; [ =78 m; [ =3 M B =8 =157 B, =-30"
B., =0; nonycrumoe ycxopeune a, =04 m/c. [ipunumaem: C =0,025, cormacko
126:1.3.2 1t 1abn.3.3 npuHIMaeM 3HadeHHA Xo3DQHIMEHTOR TPEHHA H CONPOTHBIEHHS
neumeHHl: p=0l1; k, =1+C =103; k =1+C_=105: k_=1+C_ =102;
k, =105. “

Macca 1 M TpaHCTIOPTHPYEMOIO TPY3a B COOTBETCTBHM € 3aJaHHOi
[IPOH3BOAHTENLHOCTEEO!

m10 7210
= —25 KI'I'M.
3600 3600°0,8

Haxozum maccrl Y4aCTHOR Ko:-meiflepa:

m =

m,=m1 =10-0,8=8 kr; m, =10-80 = 800 KT;
m, =(m +m ) =(10+25)-78 =2730Kr;
m, =353 =105k
PacueTHaa cymmapHas Macca cornacko (3.25):
mo=m_+mk +mhk .k +mk k k =
=105+2730-1,02+800-1,02-1,05+ 8 -1,02 -1,05-1,03 = 3754kT;

B cooteetcTBHK ¢ (3.50) paccuHTBIBAOTCA CHIIBI COTMTPOTHBICHHR JBHXKE-
HHIO Ha OPAMONRHEHHBIX yYacTKAX:

ARy = goh(C,ycos By —sin B2) = 9,81-8(0025-0,87+0,5) =41 H;

AFy4 = goha(C 08 Ba; ~ sin Bag) = 981-800(0,025-097 - 026) = -1,85-10° H;
AFs = (g +:)ss(Cycos Psg — sinBsg) = 9,81-2730(0,025 097 +0.26) = 7,61-10° H;
AFy =9,81-105-0,025 = 26 H.

PacdeTHOe pe3ynETHPYIOLIEE YCHANE Ha NPAMONHHEHHEIX YH¥ACTKAX TPECCHI
coraacHo (3.19):

- Fy = AFgg + AFggh g + AFygk sk, + AF ok gk ok g =
=26+7610-L,02-1850-1,02-1,05+41-1,02-1,05-1,03 = 586 '103 H.

e ’
Haiirennrie snauenns my 1 F,, No3soaAlor paccdHTaTh No (3.26) MHHM-
MaJIbHO OONYCTHMOC HATAMXKEHHE B TOUYKE cOeraHus neqTst C MPHBOAHONO ﬁapaGaHa
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‘ 5 16+3754-04
o = Fotmap, _ Ql-iiﬁ 4.0 —274 K.
i T g koka 36102105103

Tax xak NMPH ONPENENCHHR my HE YUMTHIBANHCH Macesl Gapabauor M

ODOPHBIX POJHKOB, TO F . CNEAYET NPHHATE C HEKOTOPHIM 33MaCOM OTHOCHTENBHO
IHAYEHHUA F

céimin’

Fop=12F 5 min =328-10° H.

JI71 onpeieneHus NpenBapHTEIEHOTO HATANKEHHA TTEHTL], 0DeCTIETHBAKOLIETO
npuustoe 3navenue £ . OTPENENHM MHHIMANBHOE HATSKEHHE, KOTOPOS HMEET MECTO
B Touke 4 (puc.3.6).

Fy=Fy=(F  + AFjp)k, + AFy, = (32800+41)-1,02-1850=3165 10° H.

JIn4 cosdaHHA T2KOTO HATHXCHHA NOTpefyelcs HaTAKHOH TPY3 BECOM
G,y =2F =623 107 . MaKcHMANTBHOE HATHXEHHE HMEET MeCTO B Haderatomei Touxe
npueonsoro GapabGaua u onpegenserca no (3.24)

Fog = ko Fug + Fyy + myag,, =11-32800 + 5681 + 3754 -0,4 = 45340 H.

Cornacuo (3.27) paccuuTHIBaeTCA MOIMHOCTH MPHBOJHOH CTaHIMH
KOHBeiiepa:

Fs—F 45340-31650
P.=ky HE mv=1,2- 0-3
Np 09
[ocne Beifopa ABMraTeNs M peAyKTOpa yTouHswoTcx sHauenne KIIJ
peykTopa 1], 8 TaKke MHHUMAJIbHbIH YPOBEHb F, ¢ y4eTOM MOMEHT2 MHEPLHH
NBHTATENS.

08-107 =14,6 xBr.

Fus JAns xoHseiep-

HBIX JIMHHH 3HAYHTENb-

6 UBEE HOM NPOTAKEHHOCTH H C

) 3143 fow GONBIIMM  YHCIOM
Ku2) PAT TAXKenux  pabouux
K y4acTKOB MOXET

F=Fuge/'? OKa3aThCH, YTO Jaxe

Gy ONTHMAJIBHOC pac-
Prc.3.6. Dmiopa HaTAKEHHA IEHTOMHOTO KonBeHepa TI0JIOKEHHE NPHBOAHOM
CTAHIIMHM HA Tpacce HE
00eCIICYHBAET CHIKEHUA MAKCHMAJIEHOTO HAaTAXEHHA A0 AOIYCTHMOIO
yposHd. B TakoM cyvae 3a1a4a peiacTcs 3aMeHOH OMHOCEKLIHOHHOIO
HCITIONHCHHA KOHBeﬁepa MHOIOCSKUMOHHBEIM HIIH yCTaHOBKOﬁ Ha
TATOBOM 3IEMEHTC HECKONBKHX [IPHBOHBIX CTaHLMH, PaCCMOTpHM ITO
Ha YCIIOBHOM IPHMEPE LETIHOTO NMOEBECHOIO KOHBEﬁEpa.

87

HycTe npu ycnosun, uto STI, 61 u 711 - paGoume yuacTkw,
pacueT oNpexenun ONTHMANBHOC NOJNIOKEHHE A8 HATAXKHOIN K
OIPUBOIHOH 3B€3104YEK B TOYKAX COOTBeTCTBEHHO 2 1 1. Toraa B
COOTBETCTBHH ¢ M3JI0KEHHOH BBIIE METONUKOH ONpeelsiorcs
sHayeHun F P F_ =F ¥ CTPOHTCA 3MI0pa HATSKEHHE BAOTB TPACCHI
KoHBeiiepa, pa3sepHyTas 1o anuee 1 (puc.3.7). Tak xax F oF, 1o
AN CHHKCHMA 3HayeHus F BMECTO 01HOJ NPUBOIHON CTaHUHMH
NPUMEHHM HECKOJIBLKD, YHCIIO KOTOPBIX M1, OYEBHIHO, ONIPEREIMTCH H3

YCTOBHSA:
A
I -
;'3 T € ———m
""""""""" LI TS ] we
I i" -
1R2 e
ot I W, e s
. | L o ox n:'.SI I x1

1 L L 1 L%
Omhom 2 smbunbsnispé  m Pum ?
Puc. 3.7. Dmiopa HaTikeHHs 1eNHOTO KonBeitepa

nzF, [(F,, ~F,). (3.30)

IIpeanonaraem, 4TO NPHBOABI CTPOTO HASHTHYHBIC M KAMIBIH
M3 HHX pasBuBaeT ycwmue F /n. IlycTh Ans paccMaTpuBaemoro
npuMepa okaszajnoce N=3. Torna yculHe H MOILHOCTh KaxAoi
NPHBOAHOH CTaHUMK cocTaBnseT 1/3 pesynerupyiommx F o P, s
BCETO koHBeHepa. Tak kak AHarpamMma HatshkeHHH (pue. 6-5) noctpoena
Ans PHUKCHPOBAHHOIO HONMKEHHS EIMHOH MPMBOAHON CTAHLHH, TO
NONOKEHHE OJHOIO K3 TPEX NMPHBOIOB OKA3LIBAETCA M3BECTHLIM. JBa
APYTHX NPHBOAA A0UKHBI OBITL pa3HeceHsl NO Tpacce KOHBEHEpa Tak,
YT00BI MAKCHMATBHOE HATHKEHHE TAMOBOTO 3/IEMEHTA Ol PARMYHBAIOCH
3HaYEHHEM:

F.. =F;,+F. [n<F, . (3.31)

O1a 33aa4a pemaercs nMpocTo rpadudeckumM nytem. OTpe3ok
F_(puc.3.7) nenutcs Ha 1 paBHBIX vacTell H Yepe3 TOUKH JeleHHA
O0Tpe3Ka MPOBOAATCA NpsAMBIE, Mapajjelbuble oCH abcuwce, a0
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repeceyeHns ¢ IarpaMMoi HaTshkeHUs. ToukaM MepeCceeH s Ha OCH
aBCIHCe COOTBETCTBYIOT MECTA PACTIONOKEHHH IIPHBOJHBIX CTAHLIMH.
B nateM cyuae MecTa BTOPOi H TpeTbel NPHBOIHBIX CTAHLKA HMEIOT
KOOPIHHATHI COOTBETCTBEHHO X, H X,.

TTony4eHHBIe yKa3aHHBIM CIOCOOOM KOOPAHHATS! PACIIONONeE-
HHS OPMBOJAHBIX CTAHUMH ABNAIOTCA MPHOIHKEHHBIMH, TaK KaK B
cITyyae PUMEHCHHS HECKOMBKUX MPHBOAOB YMEHBIIAKOTCA HATHKEHUA
M MOTEPH Ha y4acTKax u3ruba, a Cle/0BAaTENbHO, CHHXAETCA
PE3YIBTHpYIOLIEE YCHIIHE CONPOTHBICHHA IBtoKeHHE0. [loaToMy npH
HeoOXOIHWMOCTH YTOYHHTL MECTa PACTIONOXKEHHA IPUBOAOB CIIENYET
BHIIONHHTE MEPEepacyeT AMATPaMMbl HATAXKEHHH € yUeTOM
H3IMEHHMBILUMXCA COMPOTHEICHUH Ha yyacTkax u3ruba. Peiwenne pac-
CMOTpPEHHO# 3aJa4y Ha TPaKTHKE YacTO KOPPEKTHPYETCA KOHCTPYK-
THBHLIMA cooOpaxeHHAMH. [10 NPOM3BOACTBEHHBIM YCIOBHAM pa3s-
MelleHHs KOHBeliepHOH NHHHUH HE BCETAa YAAeTCsd PacloMOXKHTh
NMPUBOMLL B MECTaX, ONpeleeHHbIX pacyetoM. Kpome Toro, pacno-
JNIOKeHHE TIPHBOAOB B CepeflHe YYacTKoB TpebyeT yCTaHOBKH 10-
[ONHUTENBHBIX 3Be3104eK. 1103TOMY 00BIYHO MECTA pacnoNoKeHHs
IPUBOJHEIX CTAHUMiL 3apaHee ONPEAe/IATCs M3 MPOU3BOACTBEHHO-
KOHCTPYKTHBHBIX cOOOpaXxCHHH M, KaK MPaBUNIO, YBA3BIBAKTCA €
TpPeAyCMOTPEHHBIMH Ha Tpacce MOBOPOTHBIMHU 3Be3fioukamu. Pacuer
AMarpaMMEl HaTSOKEHHA TIPH 9TOM HOCHT MOBEPOYHBIH XapakTep C
LEenblo OmpefieeHHs MaKCHMANbHOIO HaTSKeHMs U Brbopa
HeoOX0QHMOro THIIA TATOBOrO JJIEMCHTA.

3.5. OcoheHHOCTH CTAaTHKH H JIHHAMHKH
WIEKTPONIPHBOAa KOHBeiiepoB

MexaHudeckas 4aCTh KOHBEHEPOB peacTaBIAeT cobof focTa-
TOYHO CIOKHYIO CHCTEMY C pacnpefieNeHHBIMHU f10 JUIHHE KOHBeHepa
napaMeTpaMH: Maccoil IiepeMellaeMOoro rpy3a, MacCoi H YMpyTrocThiO
TATOBOTO OPraHa, YCHIIMEM CTATHYECKOro compoTHaleHus. Hannuue
YyOpYTHX MEXaHMYECKHX CBA3cH, sABnAeTcd (akTopom,
CrocoOCTBYIOMUM BO3HHKHOBEHHIO KonebaHui, KOTOpLIC NPH
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HEONArOMpHUATHRIX YCJAOBHIX CYUWECTBEHHO YBETHYHBAIOT
JHHAMHYECKHE HArpy3ku pabouero obopyaoBaHusa. JBuxkenue
CHCTEMbl € DPACNpEAENIEeHHBIMH HapaMeTpaMM OMHCHIBACTCH
anddepenuansHbIMH YPABHEHHAMM B YACTHLIX NPOH3BOJHBIX,
peueHHe KOTOpBIX B OOLUEM BHAE MPEACTABIASET 3HAYHTENBHEIC
MaTeMaTHYeCKHe TpyAHOCTH. OJHaKO NJf Ka4eCTBEHHOTO
paccMOTpeHus (QH3HYECKHX MPOUESCCOB, BOZHHKAIOWIMX B MyCKOBKIX
PEXHUMAX KOHBEHEPOB, peankHas MEXAHHYECKAA CHCTEMA MOYKET OBITh
NPEACTaBIEHA YNPOUIEHHOH AMHAMHYECKOH MOJenbio, B KOTOPOii
pacupefieNeHHBIe MAcChl, YNPYTOCTH H CHJbBI 3aMEHEHB!
IKBHBANEHTHBIMH COCPEAOTOUEHEBIMH.
OcCHOBO} A1l COCTARNEHHS MOIEIH MOXET CITYXHTh 3M0pa
HaTAXKEeHHH TATOBOTO OPraHa KOHBEHepa B pexHMe nycka (puc.3.8).
Ecnu B kauecTBe ycnoBus
Fo AP 3KBUBANEHTHOCTH  IIPHHSATH
TTTTT T ]] PABEHCTRBO HATSXKCHHI TATOBOTO
oprasa Ha TPHUBOZHOM JEMEHTE
peanbHOM CHCTEMBl HATSKEHHUAM
B COOTBETCTBYIOmHX TOHKaX
TIPUBOAHOIO FICMEHTA Ha MOJIEITH,

IFn v

TITTITLLIIEN

N NaFs
(t6) TO JHHAMMYECKAS MOJECHE

Puc.3.8. DOmtopa HarskeHun

S NOABHXKHON YacTH KoHuBelepa
KOHBCHCP&I B PEKHMC MYCKa )

ByAeT HMETh BU] [IPEACTABAECHHON
Ha puc.3.9a, a ee pacueTHAd cXeMa, IPHBEICHHAS K TIOCTYNATEABHOMY
JBIDKCHHUIO, -Ha puc.3.96. Ha puc.3.9a,6: m_, m, - pesymETHPYIOLIHE
MACCBI COOTBETCTBEHHO pabodel M XONOCTOH BeTBell Kouseiepa ¢
YYETOM NPUBECACHHOH K MOCTYMATENHHOMY ABHXXEHHIO MacChl

HaTsxkHOrO Gapalaua; m,,=(Jn+Jdﬂiﬁ)/R:- Macca NpHBOAA,

HpHBeﬂ.eHHBS{ K ﬂOCTynaTEJIBHOMy VI[BH)KGHPIH); Cm s IKBHBAICHTHAA
JKECTKOCTD BETREH TATOBOIO OPraHa; X, X ,, X, KOOPIIMHATHL COCPEAOTO-

YEHHBIX MacC COOTBETCTBEHHO M, M u my f,=¢, (X, ~x,) n

F,=c, (%, —x,)- ynpyrue ycunus pabodcii u xonocroil seTseit

TATOBOTO Oprana; £, F_ - pe3yNETHPYIOIIME yCHIIMA CTATHIECKOIO

cm.p’

COMPOTHRIIEHHS Padouci H X0J10CTOH BETBEH TATOBOTO OPraHa, NpHYEM



Q0

F__+F

. p om0

:F 'Fn=Mnip/Rﬂ'

oy

Puc.3.9. Tipeobpasosannas HMi0pa HaTAxenHit kouseliepa (a)
H €10 PACMETHAN JHHAMHHECKAR MOREIE (6).

JlepeHnEe NpUBOA COTNACKO TMONYYeHHOH AMHAMWYECKOH MOAENTH
OMACHIBASTCA cHcTeMol AAddepeHIMATLHRIX YPaBHEHHI
Fn - Cm,sx(xn - xO) - cm,ak(xn - xp) =myX,.
Em (¥~ ¥0) = Eomo + Fo = mo¥o; 3.32)
cm,ax(xn "-xp) - E:m,p -R= mMpXp,

Paspemas cucteMy (3.32) OTHOCHTEIRHO KOOPAHHATH NEPEMELICHUA
TPHBOLA X,, IOTy1aeM M HepeHUMATEHOE YPABHEHHE BHIA

LI 1 2 2 __ F-F (3.33)
LI 1| ——p +l|lpxy=—————
[Qilp ¥ }(Qizp ]p T mg+m,+my

PesoHaHCHRE TacTOTH MeXaHHueckolt yacTH B (3.33) BLIpAXKAIOTCH Hepes
cOBCIBEHHEbIE YACTOTH CBOBOIHBIX KyeGaHu OTOSIRHEIX Mace GopMylIol

4
Qi = Hmﬁ + +Q§t‘/(nﬁ -y’ +4Q,,} (3.34)
rae anqcm,sx/mn; Qp =Jcm,3x/mp; Q =Qcm,3w/m0 .

Ypasuenue (3.33) B CHTY NPHHATOTO YC/IOBHA JXBUBAICHTHOCTA NOIBO/IAET

NONYINTh HE TOMLKD KaYeCTBEHHYIO KAPTHHY ABIDKCHHA NPHBO/A, HO H JOCTATONHO
TOYHBIE KOTTHYECTBEHHRE PE3YIBTATH.

- Takum 0o6pa3oM, B IIPOLECCE IYCKA TPH F | =CONSt HA CPEHEE 3HAMCHNE
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YCKODCHHA, ONPEACAeMOe IIPABOH Yactbio ypaBHeHHA (3.33), nakiagpBaoTes

KoneBanna ¢ yacTotamMu {2, 2,7 J1a TAKENABIX H ANHHHBIX KOHBEHEPOB H3-32
GONLITHX NOCTYATENEHO ABHAKYTUHXCA MACC YACTOTE () pH L)y CYLIECTBEHHO MEHBIHE

Q1 1 2y BCTEACTBHE 3TOMO PE3OHAHCHBIC HACTOTE M IHAMHTCILIO OTNHYAIOTCS

apyr or apyra. [IpeneGperas sHayernnem Q(z, - Q?, B (3.34), nonyuaem:

Q, z1}mﬁ+(n§,+gg)/z; (3.35)
Q= J(pr-f-ﬂg)/z. (3.36)

Ecnn nepuon HE3KOYACTOTHRIX KOTeGaHHi (sz =21/Q pz) TIPEBOCXOHT

BpeMA pasroHa MPHBOAA AC pafouei CXOPOCTH, TO Ha Mpouecce Mycka GYAYT
CKA3biBATECA B OCHOBHOM TOMBKO BHICOKOWACTOTHBIE KONeGaHML. B 3ToM ciyuae
HH3KOYACTOTHBIMH KOMEO2HHAMH MOXKHO NpeHelpeds W YOPOCTHTL /IS AHAIM3A
NEPEXONHOTO Npotiecca mycka audieperimansHoe ypastenne (3.33):

[_lz_pm p iy trzfm 63
Q) My + mp, + my

Pewerye ypasrerms. (3.37) npencrasneHo rpadioM HIMEHEHHA YCKOPEHHS
IpHBOZA Ha puc.3.10. MakciManbHELe SHACHIN YCKOPEHIMS CYINECTBEHHO PCBLIAICT
€ro cpexHee. JITO NpeBHIMIeHUE TeM GoMblle, YeM MEHBIIE MACCa NPHBOAA
OTHOCHTENBHO OCTYTIATENRHO ABFKYLITHXCA MAcC KOHBEHEDa. AMILTHTYIHbIE SHAYCHHS
YCRODEHHA CO3RAKT ONMACHOCTh NMPOCKANLILIBAHKS JIEHTBL HIIH KAHATA OTHOCHTENEHG
NPHBOHOTO MEMEHTA,

Kone6arenehent xapaxrep npouecca nycka 06ycloBIHBAET
AMHAMH4YECKHE [IePerpy3KH TATOBOIO MeMeHTa. Bo3HUKIIME npH Mmycke
KOie0aHHA B NEHCTBUTENEHOCTH AEMIMDMPYIOTCH 3a CUET BA3KOTO
TPEHHA BO BCEil MOABHXHOH 4acTH MPHBOJA M IMABHLEIM 06pa3oM
BHYTPH TATOBOIO 3/IEMEHTA (IUTPUXOBad IMHUA Ha pHC.3.10).

B koHLe mponecca mycka, KOr/ia JBHIaTeNb BBIXOAMT HA KECTKYHO
MEXAHMYECKYIO XapaKTePHCTHKY, konebanrus 3thdekTHBHO ReMmdH-
PYIOTCH 34 CYET CaMoro NpHBO/A.

Haubonee Taxensiii pesxiM koneGanuil BOSHHKAET IPH ITycKe
JICHTOYHBIX KOHBEHEPOB TMHOH B TBICKYH METPOB [ 5], HCMoMb3yeMbIx
Ha OTKPBITHIX paipaboTkax MONE3HEIX HCKOTIaeMBIX. [TpH Mycke TaKHX
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KOHBEHEPOR MPUXOAHTCA YUHMTBIBATE CKOPOCTH PACHpPOCTPAHEHHS
yrpyTux koneGanuii BIONS TATOBOTO aneMenTa. Ecnm Bpems nycka
JBMTaTeNsd MEHbILIE BPEMEHH DACTPOCTPAHEHHS YTIPYTo# BOMHEI OT
MPHMBOAHOIO 3JIEMEHTA A0 HATSKHOTO, TO ABHIaTENb yCHEBACT
HMPHOBPECTH NONHYHO0 pabodyI0 CKOPOCTD, & XBOCTOBOH KOHELl THIOBOTO
3EMEHTA OCTAETCH ellle HEMOABHXKHBIM. 3TO O3HAYACT, YTO KOTJa
yIpyras BOMHA ZOHJET KO KOHLA KOHBefiepa, TO K €T0 XBOCTOBbIM
MaccaM TMPHKJIaJeIBACTCS MMIYILC MOTHOM padoyeH CKOpPOCTH.
[IpoMCXOAUT YNpyTHil yaap, NonoGHEIH PHIBKY NpH BhIGOpE cnabuHbl
KaHaTa NPKBOJOM [OABEMA KpaHa. YIpyras BOJHA, OTPAKaACh,
BO3BPAILEACTCA K TPUBOJHOMY IEMEHTY. BO3HHKAIOLIHE IIPH 3TOM
BOJIHOBRIE TIPOLECCHl AHANOTHYHbl TAKOBBIM B JUIMHHBEIX JTHHHSX
anexTponepenad. Jna Toro 4robsl ocnaluths ynpyruai yzap u
YMEHBIIMTH PACIPOCTPAHAEMBIH HMITYNBC CKOPOCTH, B TAKHX
KOHBEHEPHBIX JTHHUAX MCTONB3YHOT IIYCK HA MPEABAPHTEIBHYIO
MOHMXXCHHYIO CKOPOCTh H YK€ € 3TOH CKOPOCTH BBINOJHAIOT MYCK Ha
NOJHYIO pabodyI0 CKOPOCTE,

JpyrHM BHAOM anacmgﬂoﬁ CBA3H B MEXAHHUYECKON JaCcTH
npuBOja ABAgeTCAd rHOKad MOABECKA TPAHCIOPTHPYEMOrO Tpy3a
(puc.3.11) mpH ryCKe KOTOPOro BO3HUKAET MPOGneMa YCTPaHEHH HITH
YMEHBIIEHHS IO AOMYCTHMON HOPMBI PaCKauHBABANMSA IPy3a.

Puc.3.11. KuHeMarveckas cxeMa
NoABHHON YACTH IMOJBECHOIO
KoHBCHEpa

Puc.3.10. [NepexoaHslid npouece mycka
KOHBEHEPA € MOCTOAHHEIM MOMEHTOM JBHIaTeNR.

OnuHoli M3 BakHBIX TpoO:zeM AT MHOTOABHTATEIbHOIO
3MEKTPONPHBOAA KOHBEHEPOB AB/sCTCA ofecneycie paBHOMEPHOIO

pacnpefe/ieHHs Harpy3oK MEXJY ABHIATCIAMU [22]. Mipu na-
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paIe/bHOM BKIIIOYEHHMH JIBHTATE e, HMEIOLUMX PaBHbIE CKOPOCTH
HICATBHOTO XOJOCTOrO X0/ M CBAZAHHBIX OOUIMM MEXAHHYECKHM
BANIOM, HArpy3xa MEXIy HHMH PacnpelenseTcs NpolopLHOHATEHO
MOJYJII0 KECTKOCTH HX MEXaHHYCCKUX XapakTepucTuk [22].
[IpMMEHHTEIBHO K ABYXABHFATENLHOMY NPHBOLY MOMEHTBI IIEPBOrO
M, v BrOporo M, meuratenci onpeaensoTCs W3 COOTHOLIEHH:
__b , __B
IS 7 S
rae B, u B,- MOLyIIH KeCTKOCTH MEXBHHUECKHX XAPAKTEPHCTHK
[IEPBOIO U BTOPOIO JBUrareicii;
M - pesysbTHPYIOIHHE MOMEHT CONIPOTHRIEHHS TIPHBOLHOM
CTaHLHH.
Eciti xax b1 13 AByX aBurateneif BRIGpAR Ha HOMHHAIBHBIIN

MOMeHT M, =§~M(.m, TO IBHratenb ¢ OOJTBIIMM 3HAucHHEM [3

OKaxercs neperpyxeHusIM. [Ipu juintensuom pesxume paborn! gaxe
HEOONbIIAS IEPErPY3Ka MOXET BBIBECTH H3 CTPOS ABUTATENb, O3TOMY
BaXHO oGecreunth yenoeue [3,=f,. /ins Brinonnenus sroro yenosmns
NPHMEHSAIOT CTPOTO HAEHTHYHBIE MO HCIIOJHEHHK, MOMIHOCTH M
CKOPOCTH ABHTATENH. ECITH TEM HE MEHEE ECTKOCTH HX XaPaKTCPHCTHK
PasIUYAKOTCSA, TO, HAMPHMED, 18 ACHHXPOHHBIX JABHIATECH ¢ dasHbIM
POTOPOM 00/1E€ HKECTKAA XAPAKTEPHCTHKA CMATYAETCA 33 CYET BBE/ICHUS
B POTOPHYIO LENE TOMOIHHTENEHOFO COIPOTUBIEHHS.

B npHBOAHKIX CTAHLMAX, T1€ ABHTATENH MEXAHHYECKH COETH-
HAIOTCA Yepe3 yNpPYTHi TArOBBIH 31eMEHT, npobiema BEIpABHHBAHHSA
HArpy30K 10 ABHTATENAM HMEET CBOM 0COGEHHOCTH. PaccMOTpPHM nx
Ha npuMepe AByxOapaGaHHOH MPWBOAHOH CTAHUHM NEHTOYHOTO
KoHBe#epa (puc. 3.12a). Hatkenue F, meHTH B touke HaGeraHus 2
BTOporo bapabana MeHblue, UeM HaTskenne F, B Touke HaleraHmus 1
nepporo bapabana. Ilosromy ceuenne neHTr Q) 1 €€ TIIOTHOCTB Y, B
To4uke 1 MeHblle, yeM CeyeHHe (), ¥ IIOTHOCTB ¥, TEHTBI B TOUKE 2.
Tak kax Macca JeHTBI, NIPOXOAALLAA B €AHWHHLY BPEMEHH, OJIHHAKORA
1A moGoiH ToYkY KOHBeHepa, TO MOKHO 3aIIHCaTh!

VoY, =vQy,, (3.38)
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TAE V,, V,- THHEHHbIE CKOPOCTH JIEHTHI HA BXOZHBIX TOYKAX MEPBOTO U
sroporo fapabaHos.

Pl K
Dg —Yq
. n .
011 A Hapatan | I
l I l Fry | I
FZ I | I
3 I i :
Tpysomiok b ! i
Gapabax 2 0l ﬁ ! Kq >M
1 I\‘lﬂn 2
a) 6)

Puc.3.12. Kunemarnueckas cxeMa ¢ 3mopoii Harsxenni apyx6apabannoi
IPUBOIHOM CTAHIHA () H MEXAHHYECKHE XAPAaKTEPHCTHKH NpuBoaa (6).
HM3MeHeHnsa MIOTHOCTH JIEHThI OGYCJ'IOBJ'IGHBI H3IMCHCHHAMH €C

obbeMa NpH AehopMaLMH PacTHKEHUS, TOITOMY

Yo (L+AL/DO, (3.39)
Yy (1+AL/DO

cae AlfI; AL/I- oTHOCHTENbHbIE YATHHEHUS JIEHTH B ToUKax 1 K 2,
00yCIORNEHHBIE HATDKCHUAMH F 1 F,
COOTBETCTBEHHO.
[Tonctasnas (3.39) 8 (3.38) u nepexoas K YIIOBOH CKOPOCTH
JIBHTaTENIeH, TIOyYacM:

@, _1+AL/l _1+F/[ES (3.40)

“w; 1+AlJl 1+E/ES’
rae E- Moay/hb YNPYTOCTH NPH PacTAKEHHH TATOBOIO 3EMEHTa;
S-ceuyenne NEHTH B Hele GOPMHPOBAHHOM COCTOSHHH.

Tak kak F>F, To >0, U NpH HIEHTHYHOCTH MEXaHWYE-
CKHX XAPaKTEPHCTHK JBHTaTeNnb, HMCIOLIHA MEHBIIYIO YITIOBYIO
CKOPOCTb, HCTIBITHIBAET GOMBLIYIO HATPY3KY, 9eM ApYro# (xapaxre-
puctexa | Ha puc.3.126). B obmem cyyae MOTYIH XECTKOCTH B, u B,
MEXaHHYECKHMX XaPAKTEPHCTHK JBHrareneit MOryT ObITE pa3THiHBIMH.
I[Tpn 3TOM MOMEHTEI TIEPBOTO M BTOPOTO ABUTATENEH COOTBETCTBEHHO
M, u M, cocraBar:

95
M =0, -v)),
(3.41)
M, =f,(w, - m,).
Tak Kax pe3ynsTHpyIOIIHH MOMEHT CONPOTHBIEHHA
M,.=M+M,
TO COBMECTHO ¢ {3.41) M y4eTOM TOTOQ, UTO CKOPOCTH ABHraTesei
cBa3albl cooTHOIeHHEM (3.40), nonydaem:

M, _ 28, __ﬁzwo _sy -
M2 51+5ﬁ2_1 o (1-0)1, (3.42)

[

MZ — 262 1
M, /2 Bi+8B, M

m

B gyt (3.43)

Mpupaguupas (3.42) u (3.43), Haxoaum YCJIOBHE
paBHOMEPHOTC paclpeaeneHHs HArpy3KH MKy ABUTATENAMH

B, = B . (3.44)
? 5+2B1(1—6)w0/Mcm

[py BHIMOMHEHHH 3TOr0 YCAOBHA KaXKIbIH M3 JBHrareneH

OyneT pa3BHBaTh MOMEHT, PasHbl M, /2, a CKOPOCTH IBHrarenei

GyayT HMETh 3HAYCHHA COOTBETCTBEHHO @ K ) (XAPAKTEPHCTHKH |
¥ 2 Ha puc.3.126).

HMpumep 3.2. Tpebyerca onpeaennTb PacIpeAcIeHHE HAPPYIKH MEXITy
ACHHXPOHHLIMH ABHTATELAMH C (PA3IHBIM POTOPOM, PabOTAOIHMH Ha €CTECTBCHHBIX
XapaKTepUCTHEAX, fByxGapabanHoit mpHBoAHOH cTannmu (puc.3.12a) B paccauTaTh
TpebyeMyo MeCTKOCTh XapaKTePHCTHKH BTOPOro ABHrarTeid, 0fecneuuBannyn
paREHOMEPHOE pacnpeaeNieHHe Harpy3KH. .

TexHHYeCKHE JAHHBIC: HOMHHAILHBIE MOUHOCTE H CKOJIBXEHHE KAXKIOTO

asuratena P, =1000 kBT, 5

won = L0705 COOTHOLICHHE HATsXKEeHUIT B Haberaomux

TOuKAX F, [F, = % = 2; OTHOCHTEIBHOE YATHHERUe TeHTH B Touke | Al /1 =0,015;

tme M .-

PeIyNETHPYEOLHIT MOMCHT CTATHUECKOTO CONPOTHBICHHS M =M .

HOMHHANbLHEIH MOMEHT ABHraTeNeH.
B cooreetcteHH ¢ (3.40)

_140,012/2
1+0015

5 =099
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Mpu paBore aeuratenci Ha eCTCCTBCHHBIE XAPAKTEPHCTHRAX

B, =55= Bo=M ., /S,,m,wg, mo3Tomy {3.42) t (3.43) npeobpazylorTcs K BUAY

My - 2 1 1—5_
Myow 1T é Spomlt 8
M, 26 1 1-6 (3.45)

= + )
M on 1+6 Sna.1r1+‘§

ToacTasnad B (3.45) MCXOAHBIE JAHHBIE, DOTYUAEM:
M, 2 1 1-099

= - =0,67:

M HoM 1+0,99 00151+099

M, _2:099 1 1-099
M HOM 1+0,99 0,015 1+0,99

Taxum ofpazoM, nearatens Hapadana 1 okaselBacTCA HEZOrPYACHHLIM Ha
33%, a neurarenn bapabana 2 Ha 33% neperpyxe.

=133,

QupeseauM TpedyeMOe CKOTBKEHHE s, ., BTOPOTD JIBHTATEA, obecrme-
yHBAIOIIEE OAMHAKOBOCTL Harpysok JApuratened. [lonaras mpd 3TOM

By =M, S B Ba=M 0, /5 1om2 s 13 (3.45) nonyuaem:
52 = S0 + (1= 8)=0,015-0,99+(1-0,99) =0,025.

TTo HailAEHHOMY 3HAYEHNH CKOMIBKEHIL ITPH HOMHHANBHOH HArPY3KE MOKHO
omnpeneTHTh TPeGyeMyH KECTKOCTE MEXAHHHECKOH XapaKICPHCTHEN.

3.6. DJIeKTPONIPUBO] MEXAHH3MOB
HEeHpPepLIBHOTO TPAHCTIOPTA

Koupeiiepbl B 3aBUCHMOCTH OT HX Ha3Ha4CHHAA 1 00IacTH MpH-
MeHEeHHS MOI'YT KCIUTYaTHpOBAThCA B CAMBIX PaiHOOOpa3HBIX yC-
JOBUAX M B TOM 4ucle KpaiHe HeGMaronpHATHHIX: HA OTKPHITOM
BO31YXE, HA BBICOTE Had YpOBHEM MOPH, npessimaomied 1000 M
(IeHTOUHBIE KOHBEHEPH! TOPHOAOBHBAIOIIMX NPEATIPUATHH, BHICO-
KOTOPHbIE KAHATHBIE NOPOrH), @ TAKKCS B TIOMEHIEHHSAX, CONEPAKALIHX
naphbl AKTHBHBIX BELIECTB W XapPaKTEPH3YHOUWIHXCA MOBBIIUICHHOH
BIAKHOCTBIO, 3arpPA3BHEHHOCTBIO, BBICOKOH TeMIepaTypoH
OKpYKarolel cpebl (KpaCHIBHBIE W CYIIHIBHBIE JHHUH, TEPMHHE-
ckye Hexy). ITo onpedenseT HeOOXOAMMOCTh HCIONTB30BAHUA Uil
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NaHHOHM TPYNIBI MEXaHH3MOB 31eKTpoobOpyI0BanHs, TIO THIY U
HCTIOMHEHHIO OTBEYAOIIETO MEPETHCTEHHBIM YCITOBHAM. 11 BBLIBATACT
xecTKHe TpeboBanus B OTHOMIEHHH 0E30NACHOCTH H NPOCTOTRL CTO
oBCAyKHBAHUA, HANEKHOCTH PaboTeL, D70 B MepBYIO OUEPEIb
OTHOCHTCA K NPHBOLHBIM IBHTATEIAM, KOTOPBIE, KAK MPABHIIO. AOMKHEL
MMETB 3aKPBITOE MCTIONHEHHE ¥ 00Ia1aTh TIOBBILICHHBIM Iy CKOBBIM

" MOMEHTOM.

HenpepslBHBIH, OAHOHANPABIEHHBIT XapakTep paboTel
paccMaTpHBaEMbIX MCXaHH3MOB ONPEIEIAeT JTHTETbHBIH PeiKHM
paboTst ux 3T, KOTOpBIE BHITIONHAIOTCA HEPEBEPCHBHBIMA, 3a
MCKTIOYEHHEM PEIRHX cryHdaes, Ihe Tpedyercs H3MEHEHHE Hampa-
plleHHS TBHIKEHHMS, HANPUMED And cKanatopos. KouseHepst ¢1poro

‘TPAHCTIOPTHOTO HA3HAYEHHs HMEIOT OAHY HEHIMEHHYIO CKOPOCTR

JBHXKEHHS H He TpelyloT peryupyemoro BI1. Ansa HEKOTOPbBIX
KOHBeHepoB, 06CHYKHBAIOIIHX TEXHOIOTHYECKUE TPOUCCCEL,
HarpUMep A7 cOOPOMHBIX KOHBEHEPOB, KPACH/IBHBIX M CYMHALHLIX
JMHAR H T. I, TAe [IpH cMese coOMpagMoTo HItH obpadaTeiBacMOrO
w3nenua TpebyeTcs WIMEHEHUE CKOPOCTHOTO PEXUMA, MPUMCHACTCA
perynspyemsii 1L

© B coppeMeHHOM MOTOYHOM NIPOH3IBOLACTBE pafoTa HECKOIBKHX
KOHBEEpOB MOXeT 00beAMHATHCA of1UM MPOH3BOACTBEHHBIM

‘npoueccoM. B 3TOM ciydae JBHKEHHA OTAC/IbHBIX KOHBeHepoB 107

JHBI BEITH CTPOTO COIMacoBaHbl Mex Ay cofofi Mo CKOPOCTH. Taxas
337292 BO3HMKACT, HAPUMEP, KOIA PA3IHYHBIE H3/IEINA NOCHE HE-
06X0AMMBIX TEXHONIOrHYECKHX OTEPALIHA Ha OTAENBHbIX KOHBeilepHBIX

TMHMAX TODKHB BCTPEUATHCA HA COOPOYHOM KOHBEHEPE B TOUHOM

o3KIHOHHOM cooTBercTBrU ApyT ¢ Apyrom. K DTl Takux KOHBCiepoB
NpeABABIAKTCA TpeGOBaHMS COMTaCOBAHHOTO BPALLCHHA.
Baxubtim o6mum TpeSoBaHMEM, NPEABABIAEMBIM K 20

MEXZHH3IMOB HETIPEPHIBHOTO TPAHCIIOPTA, ABAACTCH ofecreyeyue.

MIABHOCTH MYCKA M TOPMOXEHHs C HAACKHBIM OTPAHHIECHHEM
ycxopeﬂﬂk M PHIBKA, & TAKXE MAKCAMAIBHOTO MOMEHTA NBHUTATCIA H
ero MpoM3BOAHOH. 1A KAHATHSIX M IEHTOUHBIX KOHBeiepos 60IbIIOH

MPOTIHKEHHOCTH 3TO tpebosanne 0BYCIOBIEHO HAMHYHEM GonpDIHX

NOCTYNarTeIsHO ABHAKYIIHXCA Macc, TpHBEACHHBI MOMEHT HHEPLIHH
KoTOpEIx MOXeT B 10420 pa3s npeBHIATh MOMEHT HHEPLHH nsHrarenci,
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H 3JHAYHUTENLHOK MOAaTAUBOCTDLIO TAHYIIHX KAHATOB H T‘p&HCHOpTCpHOﬁ
AeHTH. bonbmiMe MaxoBele MAacChl YCTAHOBKH .YBEJIHYHBAIOT
BO3MOKHOCTL 11pOOYKCOBBIBAHHA NPUBOJHLIX DapabaHoB M NIKHBOB
OTHOCHTEJILHO JIEHT H KaHaTOB IIPH NMycke. Pe3koe MpHIOKEHHE
MOMEHTA I[1PH HAJIHYHH YIPYTHX MEXaHHYCCKHX CBA3CH BLI3BIBACT
MexaHu4eCKHe KonebaHus OpH Nycke, B pe3ynbTaTe HYero B JIEHTE HIH
KaHaTe BO3HHKAKOT AOMNONHUTENbHbIE HHMHAMHYECKHE YCHIIMA.
TpeboBanHe NNaBHOCTH NMYCKA W 3aMEVIEHHS OCTACTCA B CHIlE M Ul
YCTAaHOBOK ¢ KOPOTKMM TATOBBIM 3Ne€MEHTOM. B ofHMX cinydasx
OIPaHHYEHHE YCKOPEHHS M PHIBKA JI0 TPEOYEMBIX HOPM IMKTYETCH
YCTOBHAMHK TPAHCMOPTHPOBAHMA THOAEH (3CKANAaTOPhl, KAHATHEIE
NOPOTH), B IPYrHX CIydasX - YCIOBMEM HaAeXHOIO CLeENIeHHs
TPaHCMOPTHPYEMBIX H3JIeNHii ¢ IeHTOH (JEHTOUHBIE KOHBEHEPH!) HIIH
YMEHBUICHHEM PACKAYHBAHHUSA JIONEX H KaOHH (TIOZIBECHBIE KOHBEHEPHI).

[epeuncnennsle TpeboBaHUA o_npenenmb’r BBIOOD CHCTEMBI
3I1 ana nanHoO# rpynnel Mexann3mos. Hanbonee pacnpocTpaneHHbIM
tunom 3I] MexaHM3MOB HERPEPHIBHOTO TPAHCNOPTA ABNAECTCH
HEPETYTHPYEMBIR NPHBOJA MEPEMEHHOIO TOKA HA OCHOBE ACHHXPOHHBIX
HIH CHHXPOHHBIX ABMrartenedl. s yCTaHOBOK, I1€ HE BO3HUKAET
HeoBX0AHMOCTD PErYTHPOBAHHA CKOPOCTH JABMKEHHA U MOMEHTA IIpH
IIyCKe HAXOoNAT IIPHUMEHCHHEC ACHHXPOHHBIE JIBHTATENH C
KOPOTKO3aMKHYTHIM POTOpPOM ¢ ABo#HO# Oeinnubeit kieTkoit Hau
rmyGOKHMM a3oM, 06/1afa0IKe MOBBILIEHHBIM ITy CKOBbIM MOMEHTOM
IpH OTHOCHTENLHO HEU3MEHHOM €r0 3HAYEHHH B IIpolecce MycKaM
obecneyuBalollHe MEHBUIHA HArpeB JIBHIaTeNIf B YCIOBHAX
NPOJOIKHTENBHOTO NYCKa. ‘ _

MomH0oCTs NPHBOIA ¢ ACHHXPOHHBIM KOPOTKO3aMKHYTHIM PO-
TOPOM OrpaHHYHBAETCA OOLIYHO HECKOJBKMMH COTHAMM KHJIOBATT.
Hcnonp3zoBaHHe ABHraTenei Gonpiuell MOIHOCTH MPHBOAKT K 3a-
METHOMY CHHXEHHI0 K03(pdHIHEHTa MOWIHOCTH NUTAIOIIEH ceTH, a
TAKXE K CYIIECTBEHHOMY 11a/ICHHIO HAMPSDKEHHA B CETH NPH MYyCKe
xoHseHepa. [IpMMerieHHe CHHXPOHHOIO ABHIraTeA A7A 60/1ec MOLIHEIX
YCTaHOBOK IMO3BONSET CYIIECTBEHHO NOBBICHTH JHEPTeTHYECKHE
nokasareny nprBoaa. OMHAKO yCTaHOBKH TaKOH MOIIHOCTH (HampHMep,
KpynHbie JIGHTOYHBIE M KaHATHEIE koHBeHephl) ofanaioT GonbuioH
MeXaHHYECKOH MHEPLIHOHHOCTBIO H XapaKTePH3YIOTCH kaenbm

npononmmenﬁﬂbm nyckoM, gocturaromnM 30100 ¢. Tako# nyck
MOXKET BHI3BATh HEAOMYCTUMOE TIPEBbILEHHE TEMICPATYpH
CHHXPOHHOTO JBMIraTeNd, a TAKKC HEAONMYCTHMOE CIIKEHHE
HAOPMDKEHMS CEeTH HA OTHOCKTENBHO OOIBIIOM HHTEPBATIC BPEMEHH
pasrona, [lo3ToMy CHHXPOHHBIC ABMIATENH, HECMOTPA HA PAI HX
OYEBHIHLIX TIPEHMYIIECTB, IIHPOKOTO PACMPOCTPAHEHUS B KAUeCTBE
MPHBOJA KOHBEHEPHBIX YCTAHOBOK HE MONYYHIIH.

[MpofneMa Mycka MOHIHLIX KQHBSHEPOB YCIENIHO pelaercs
MPUMEHEHHEM ACHHXPOHHOTO JBHTaTeNs € (asHbIM POTOPOM, IPH
KOTOPOM JOCTHIAETCS OTPAHHUEHHE MMYCKOBBIX TOKOB M 00CCTEUH-
paeTcsa GopMupoBaHie TpeOyeMoH My CKOBOI XapaKTepHCTHKH NPUBOIA
(puc.3.13). IlpenBapurenbHble CTYNEHH [n M 21 OTPaHHYMBAIOT
YCKOPEHHE IBUraTeNs B peKHME BpIO0Pa 3a30pOB H B Hauate rpouecca
mycka koHBejfiepa.

[lepexnovende cTyne-
Heif TYCKOBBIX COIPOTHRIE-HHHA B
IpolLiecce pasroHa ABUraTend
BBLI3BIBAIOT CKAa4KOOOpasHEIE
H3MCHEHH €r0 MOMEHTa B TEM
DOTBILIMX MPEIeIax, Y4eM MEHbIIE
YyucHo cryneHefl. 3To MOKET
ABUTHCS [IPHYHHON BOSHUKHOBE-
0 HHSA YOPYIHX MEXaHMYCCKHX

: KoJeDaHWiH H  HapyWHTL
Puc.3.13. ®opMupoBanme npoliecca Mycka IIABHOCTD TICPEXOAHBIX TPOLEC-
KOHEeiiepa ¢ MOMOLIbH JONOMHHTENEHEIX P p

COMpOTHBNEHHEl B POTOPHOIL ek coB. llo3ToMy NpH peocTaTHOM
BCHHXPOHHOIO ABUTATENH crioco0e ynpareHHs ABUrarTeeM
INaBHOCTE MYCKA o0ecIeynBaeTCs TONbKO 3a CUET YBCIIHYCHHA HHCTIA

MYCKOBBIX CTyNEHEH, CHHKAWIEro BeTHYNHy AM =M - M,
(puc.3.13). DTo BHIHYXAAeT HCI0QK30BAaTh TPOMO3AKHE PEACHHO-
KOHTAKTOPHBIE MaHenH ¢ GonblMM KONHYECTBOM THKEIOH
KOMMYTHPYIOWEH anmapary pel.

VKa3aHHOTO HEAROCTATKA JIMIICHA CXEMa YIPABIEHUS aCHHX-
POHHBIM 3JEKTPOABHIATEIEM ¢ THPHCTOPHBIM KOMMYTATOPOM B
poropHoii nenu (puc.3.14a) koropas B NepexcAHBIX npouUeccax
ofecneunBaeT IPaKTHUYECKH HIeAIbHOE IOLICPKAHNE TOK POTOPA H
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MOMEHTA JABUIATENA HA MOCTOAHHOM YPOBHE, ONPEAEIAeMOM 3a-
AAtOLINM HanpsokeHueM 4, . PaBota cxeMbl OCTPOEHA Ha LIMPOTHO-
UMIYJAbCHOM cnocofe peryiupoBaHHs HOINOTHHTENBHOrO CO-
npoTHBIeHHA R, poropHoit uenu. Tupuctop T1 Beinonuser dyHKIHIO
KJIH0Ya, MoTIepeMEeHHOE BKITIOYEHHE H OTKJIIOUCHHE KOTOPOTro H3MEHRET
IKBHBANIEHTHOE JOTOTHUTENLHOE CONPOTHBIECHHE POTOPHON LENH B
npeaenax oT HylA, KOTAa KIIoY 3a8MKHYT, A0 3HaueHHs R, npu
Pa3OMKHYTOM KTiOUE. ITHM NpeesbHbIM 3Ha4EHHEM 3KBHBAIEHTHOTO
COTPOTHBIEHHS COOTBETCTBYIOT MEXRHHYECKHE XapaKTePUCTHKHU 1 U
2 na pnc.3.140.
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Puc.3.14, Cxema (a) # MEXaHMYECKHE XaPAKTEPHCTHKH () ACHHXPOHHOMO
3I1 ¢ THPHCTOPHLIM KOMMYTATODOM

VopasieHre THPHCTOPHBIM KITIOHMOM OCYILECTBIACTCA pe-
neiHsIM perynaTopoM Toka PT B GYHKIHH BEINPAMICHHOIO TOKA
poropa /. Ilpn Au, =u,,—u,, >0 perynaTop TOKa IOAAET ympa-
Bastoninii uMnyasc na tupuctop T1. Tupuctop T1, oTKpbIBAsACH,
LWIYHTHPYET CONPOTHBIEHHe R , 4TO BBI3BIBAET BO3pAcTaHHe Toka /.
[Ipr 3ToM yepe3 oTKpeIBIIAHCA THpHCTOp T1 MpoMcxoaat 3apan
koupgeHcaropa C ot ucrounuxa nuravus HUI1. Koraa passocts
CTAHOBHTCA MeHbllle Hy/A, PETYIATOP TOKa Noaet YNpap/Aomuit
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UMITYTIBC Ha THPUCTOP T2, KOTOPBIH, OTKPBIBAACE, CO3AET Pa3pAAHLIH
koHTYp Ans kongeHcatopa C. Iloa AcHicTBHEM paspsaaHOTO TOKa
kongeHcaropa C tupuctop T1 3amupaercd, a xonaeHcarop C
MPOJOIIKAET NEpe3apsKATHCHA OT HanpsxeHHs poTopHol uemy. [lo
OKOHYaHHMH mpoliecca nepesapsiaa tupuctop T2 3amupaercs.
BresienHoe conpornBienne R canxaer Tok [, M pH A, >0 BHOBD
oTkphisaeTcs Tupuctop T1. Tipu aTom obpasyerca komebarenbHbIH
koHTYp C-L 1, ciocobeTryronmit Gp1cTPOMY Nepe3apsny KOHISHCATOPa.
Brnaromaps guony [12, BRIIOYEHHOMY B 3TOT KoneOaresbHELi KOHTYP,
npouece mepes3apsaaa 3aKaHYMBAETCA, KAK TOJBKO TOK KOHACHCATOpa
CHH3HTCSA 10 HYJA, M KOHASHCATOP OCTAHETCA 3aPAKEHHBIM CO 3HAKOM
“+” ya unkHedl oGknaaxe. Ecnu Tereps NpH CHIDKeHHMH TOKa [,
Pa3HOCTh Au, CHOBa CTaHET GOnblIE HyAs, BHOBh OyleT OTKpPBIT
THpHCTOp T2 H IPOLECC NOBTOPUTCH. ‘

BxnoyeHHbIH B UENB BRIIPAMICHHOTO TOKa pOTOpa PEAKTOp
L, cHMKAeT My/JbCAUMH BHIPAMIECHHOTO TOKd K MOMEHTA H
obecneynBaeT Ha HAYANBHOM Y4YACTKE NyCKa UIABHOC CIO HApacTaHHe
(puc.3.146).

B DIl xoHBeiliepHbIX YCTaHOBOK, NpPeABABIAIOLINX
NOBEIIEHHEIE TpeGOBaHHA K NIABHOCTH IYCKa, HAXOAHT NPHMCHEHHE
CHCTEMA, B KOTOPOH ABIXKEHHE OT HEPETYAMPYEMOTO CHHXPOHHOTO HITH
aCHHXPOHHOTO ¢ KOPOTKO3aMKHYTHIM POTOPOM JBHIATENA NEPENACTCA
Ha MEXaHH3M 4epe3 PETYTHPYEMYIO MHAPARIHYECKYIO, IIOPOLIKOBYIO
HIH anekTpoMarHuTHyio MydTy. Cxema 31l ¢ anekTpoMarHATHOH
My(TOH CKONBKEHHA H €r0 MEXAHMYECKHE XapaKTEPUTHKH
npencTaenensl Ha puc.3.15a,6. IepenasaeMbii MyGTOH MOMEHT
ONpeNenATcs ¢é MATHHTHBIM NOTOKOM HJIH TOKOM BO30YKICHH I,
COOTBETCTBYIOLEE PEryTHPOBAHKE KOTOPOTo B QYHKIHH CKOPOTH
o6ecneynBaeT Tpebyemoe 3HaueHHe MomedTa mpH nycke. K
JOCTOHHCTBAM JaHHOH CHCTEMBI CIEAYET TaK)Ke OTHECTH: MMPOCTOTY H
HagexHOcTs DI, o6nerueHHslit MycK ABHIaTens, OCYyILECTRIAEMbIH
npy HEBO3OYXKACHHOR MydTe; BOIMOKHOCTL [UTABHOTO M3MEHEHHA
KEeCTKOCTH MEeXaHHYeCKOH XapaKTepUCTHKH, Onarogaps ueMmy
CPaBHHTENLHO IPOCTO 0GECTIEUHBAETCA PABHOMEPHOE PACIIPEACICHHUE
HATPY3KH MEXIy ABHTaTelsMH B MHoroasurarensHsrx JIL
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mesxy apuratesneM AJLu T4,

HCIIOCTaTKaMH CHCTEMBI ABNFIOTCA NOBBILICHHBIC IOTCPH CROJIEKECHAA
[ThTamuad ceTs ~

B MYy(Te H yBeTHUeHHbIE rabapHThl IPHBOAA, TAK KAK YCTAHORIEHHAS

MOIIHOCTH MY(THI paBH2 MOLHOCTH IIPHBOAHOIO JBHTATENS,
.,

M
S
>

a .
Puc.3.15. C)xcma (a) 1 MexaHHYeCKHe xapanepnc?‘z{ixﬂ (6)
acuuxponHoro 31 ¢ dJAeKIpOMarHHTHOR My$HTOH CKONBAREHHA

Ina koHBeHepoOB, TAe MO YCIOBHAM TEXHONOTHYECKOTO
npouecca TpeGyeTcs JTHTENBHEIH peskHM paboThl IPHBO/IA HA HH3KHX
CKOPOCTAX, MEPCIIEKTHBHA CHCTEMAa THPHCTOPHbHA peobpa3oBaTens
YaCTOThI - ACHHXPOHHbIHA ABHIATENb, B KOTOPOH MOXKET OCYILECTRIATHCH
peryiupoBaHHe KaK CKOPOCTH, TaK H YCKOPEHHA.

[po6neMa COFTacoBaHHOTO ABHKEHHSA KOHBEHEPOB, BXOIAILHX
B eIHMHBIA MPOU3BOACTBEHHBIH KOMIUIEKC, YCTICIIHO PEHIAETCA € No-
Molbie 211, BRITTOAHEHHOTO MO CUCTEME NISKTPHYESCKOFO Bajna,
[MpakTu4eckoe NPUMECHEHHE NOTYYHI BaAPHAHT CHHXPOHHOTO BPAILICHHA
nBMrareneik ¢ obMMM aCHHXPOHHBIM Npeobpa3oBaTeneM 4acTOTHI,
noxkasaHHeii Ha puc.3.16 TNPHMEHHTCIBHO K  JBYM
CHHXPOHH3UPOBAHHLIM KOHBEHEPHBIM THHHAM. CxeMa oGecneunsact
cHHxpoHHOe BpawteHue asurarerned J1 u JI2 He Toneko B
VCTAHOBMBIIEMCS PEXHME, HO H B mipouccce nycka [14]. Yrnoeoe
PaccornacoBaHHe ABHrarelicii onpeensercs pas’HOCTEH) MOMEHTOB
CONMpOTHBJIEHMA HAa HX BajaX. [id NONyYEHHS MEHBLIHX YrIOB
paccoriacoBaHHA JBHTATENH BKIIOMEHB! Ha BPALLEHHA TPOTHB MNOMA.
CornacopaHHOE peryIHPOBaHHE CKOPOCTH KOHBEHEpOB
OCYUIECTRIAETCA H3MEHCHHEM CKOpOCTH npeobpa3zoarens yactorsl ITH
1160 MyTeM MepekNoueHHs CTyneHeH 100aBOYHOro COMPOTHRIEHHS
B pOTOpHOI uenH asurareas All, spaualolero npeobpasoparens
4acTOTHI, THO0 H3MEHEHHEM [IEPEIATOYHOTO OTHOWEHHA peaykTopa P

Kousefiep 1

Kousefep 2

Puc.3.16. Cxema 311 ¢ acHHXpOHHBIM f1peolpazoBaTenem HacToTHl 15
COTNIACOBAHHOIO [BHKEHHA KOHBEHEPOB

CHHXPOHHOE BpalleHue JABUrareNneil eue He obecneunpact
CTPOTOTO B3aHMHOTO COTJIACOBAHHS TIOJICKEHHA TPAHCIIOPTHPYEMBIX
Pa3HBLIMH KOHBeHEPaMH M3IEAHH, TaK Kak 8 MPOUECCE IKCTITYaTalHH
MPOHCXOAUT BBITSKKA TATOBOI'O MEMEHTA, HEOJHHAKOBAA A
PATHYHBIX KOHBeiepoB. DTO IPUBOIAT K PACCOIIacOBaHHIO B3AHMHOTO
[IONOKCHUS H3AEIMIA, JUTA YCTPAHEHMs KOTOPOTO TIPHBOJ KOHBejiepa
cHaGeH BCroMorate/ibHBIM apHrarenem JIB (puc.3.16), coeHeHHBIM
¢ ocHOBHBIM paGouum asurareiem /2 gepes mddepeHIIManbHBIR
peaykrop JP. [lpu oTCTaBaHMH UK ONICPEHEHKH BTOPO# KOHBCHEPHOH
JIMHKM aBurarens JB ocBofokIaeTe 0T MexaHHdeckoro Topmosa TB
¥ BKIIIOYACTCA HA HEKOTOPOE BPEM:, B PE3yJILIaTe 4ero NpoOHCXOAMT
yBeIMYEHHE MM YMCHBbIIEHHE CKODOCTH KOHBeHepa H
BOCCTAHABNHBACTCA B3AHMHOE COINIACOBAHHOE TONOKCHHS
TPaHCIOPTHPYEMBIX ABYMA KOHBEHepamu H3NeTui. MouHoCTh
BCIOMOTaTeAbHOIO JBHMIaTelss ¥3-33 Majloi ero CKOPOCTH
He3HaUMTEIbHA K cocTaBnaeT 5+10% MowHocTH pabouero ABUrarels.
BcrioMoraTenbHblit HPHBO/L MOKET HCTIONIB30BATHCS H CAMOCTOATENBHO
B PEXMME MAJOH CKOpOCTH KouBeiiepa. [Ipn aTom pabouuit 1BUTaTEND
OTKJIO4AETCA OT CETH H 3atopMaxuBaeTcsa Topmozom TP.

Paccmorpennas cxema T AocTaTOYHO MpOCTa M HAALKHA.
OnHako TOBBINIEHHAs 00DIas YCTaHOBRMEHHAs MOMIHOCThL MpHBOIA,
[IpeBHILIAIOIAS PHMEPHO B 4 pa3a YCTAHOBICHHYIO MOLIHOCTE
pabo4nx ABHTAaTE]CH K NMOBBLINICHHbIE NOTEPH 3JICKTPOIHEPTHH,
OTPaHHYHBAIOT OOMACTD €€ PAIHOHABHOTO IPUMEHECHHUS YCTAHOBKAMH
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He0O0NbIOoH MOIIHOCTH,

[Tpu BEICOKHX TPeGOBaHMAX K TOUHOCTH COrMACOBAHHOIO JBH-
KEHHA KOHBCHEPOB 3aJaya YCTEIUHO PellaeTcs WCHONB30BAHHEM
CHCTEMEI YIIPAB/IACMEII THPUCTOPHBIH npeoGpasoBartenp - JBUraTen:
[IOCTOSHHOrO TOK2, B KOTOPOH CTPOroe COracoBalHe IBHKEHHA
nocturaercs paboroi I11 B cnenamem pexume. OTHAKO Takas CHCTEMA
OIl okaserBaeTCa ropas1o CIOKHEH, 4€M PACCMOTPEHHAR BHILIE.

3.7. DnexTpHYeCcKHe CXEeMbI YNPABIEHHA
aexkrponpusonamue MHT

Jlas ynpaBlienus MCXaHH3MAMH HETIPEPLIBHOTO TPAHCIIOPTa,
HE TPeOYIOIWHMH pe3yIbTHPOBAHHA CKOPOCTH, HCMOMb3YIOTCS
MArHUTHBIC HJIM THPHUCTOPHBIE NYCKATENH, 8 ANA YHPABIEHUSA
MEXaHH3MaMy, TpeOYIOLIMMH Pe3yIBTHPOBAHHS CKOPOCTH, - Pa3THYHbIE
MarHHTHBIC CTAaHUWK 114 YipasneHns AJl ¢ P, cuctems TI1-], ABK,
TIY-AL.

AJl ¢ KP oouHO4HBIX KOHBEHEPOB MOmMHOCTBIO a0 100 kBT
YNPaBIAKTCA IOCPEACTBOM MATHHTHBIX MYCKATENEH HITH e aBTOMATOB
C MAKCHMANBHOH U TETLI0BOH 3aIIUTO OT neperpy3ok. s ynparnexus
All ¢ ®P MommBIX KOHBEHEPOB UCIONB3YIOT MATHHTHBIE CTAHLIWH C
SMEKTPHYECKOHN anmaparypHod 3alMTOi # aABTOMaTHYECKOTO Mycka
JBUTATENeii,

Bonee cnoxHBIMU ARAAIOTCA CXEMBI YIPARICHUR KOHBEHEpaMH
MOTOYHO-TPaHCMOPTHOH cucTeMsl (IITC), xoToprie MONKHBI
COCTABNATBECA C YYETOM: :

1) mycka M OCTaHOBKH Kax0ro (KM TPYINIb) M3 MEXAHU3MOB KAK
AHCTAHIMOHHO ¢ OHCHETYEPCKOrO MYHKTA, TAaK H MECTHOE
YMpaBNeHHe (171 BCIOMOTaTeNbHbIX H PEMOHTHBIX pabor);

2) myck ¥ octanoeka [ITC nponsBoasTes ¢ 3a7aHHOl BpEMEHHOI
NOCIEI0BaTENBHOCTRIO,

3) octranoska ITC nmpousBoaMTCS B HANPABRIEHHH IPy30MOTOKA, a
IyCK- B 00paTnoM HanparneHHH (puc.3.17).

Cxemoit ynparneHHs npy mycke rpynnoi kouseiiepos (I1TC)

s

HpEHYCManHBHETCH CHUITHAIU3aUHuA. 3BYKOBHH CHTHAIHU3AUHA
npeaynpexaaeT obcIyKHBaOIHI IEPCoHAT O IPEACTOALICM NYCKE.
Konsg_fiepm

I MHIMER00H
& i

{ YIp OMeEsRy TOMHNR
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Puc. 3.17. Cxema rxonaeitepHoi THHKM,
cocTtosed U3 TpéxX xoliBelepos

B 3aBHCHMOCTH OT TEXHONOTHH IPOKM3BOACTBEHHOTO IPOLECTa
H MECTA PaclOIONKEHI KOHBCHCPHBIX JTHHHH HCHOB3YIOTCH CaMble
pasHooOpa3HEIe cxeMHl ynpasiaeHnsa DI xoHBeliepoB. PaccMoTpum
0aHy M3 cxeM yrpasrneHus 311 AByMS KOHBEHEPHBIMH RHHHIMHK
{puc.3.18), KoTOpas npexycMaTpMBaeT JBA PEXHUMA YIPaBJICHUL:
MeCTHOC - M 1 LCHTpIM30BaHHOE, AucneTdepekoe - [ ; BRIOOp pesrima
TIPOH3BOAUTCA C TIGMOIIBEY YHHBEPCANBHBIX TTepekmodaTenci YT

MecTHOE YNPABACHHE OCYIWECTBISCTCA ONEPATOPOM
HENOCPEICTBEHHO Y MECTA YCTAHOBKH NPHBONA KOHBeicpa. annbii
peXKUM TNPerycMOTpeH JANd TPOBENEHHS PEMOHTHEIX U
BCIIOMOTaTe/IbHbIX padoT.

JucneTyepckoe MEHTPATM30BaHHOE YIIPaBIeHHE 0CBOOMKIaeT
OIIEPAToPa OT NYCKA KAKAOTO KOHBEHEPA B TEXHONOTHYCCKOH LEIIH
MEXAHHU3MOB, ONEPaTOp J4eT TONBKC HAYANbHEIH KOMAHIHBINA HMITYIILC
Ha TIYCK M OCTaHOBKY MeXaHHiMoB. Jlocje omoBeHmIeHHA
00CIYKUBAOILETO NEPCOHANA O NPEACTOAINEeM NIYCKE OMNEPaTop
IOBOPAYHBAET PYKOATKH YHHBEPCANBHBIX nepekmovaretei 1 Y11 u 2 VI
B nonoxkenue J, 3aMueikag koHTakThl K2 u K3. TlepBrIM MyCKOBBIM
MexanuaMom gensetcs 1/, To ecTh neHTOUHELH KoHBelep 1 Ha KoTOpbIH
MIOCTYNAET IPy3 €O BTopore konseiiepa. C LeNbIo HCKITIOUEHHS HOOK
npu nycke B uenb xoutaxropa 2KJI Broporo xoneeiiepa BK/OYEH
OnOKUpOBOYHEIH KOHTaKT KoHTakTopa 1KJI, Hckawyarommi nyck
meuratens 2J0 npu orrmwuennomM gsurarene 1. s mycka 1]]
oneparop HaxkHMaeT KHONKY “Tlyck”. Jlansiie mpouece MycKoM ABYX



Ll

1 pree—
by i— i
~ H
| — |
—
— 1 1
N \LERN N ON\ZKR
1PT 2FT
1v1
rong o
K1y | B 1K1
ﬁ.’r | ?_/' 1KN | arKnC 1T
|
K3 ,rJ‘m
?
. . 1K1 ,
O v |,l
zvH
1 0 T Prun
t—Eid | 2K0 .
L k2 | 2K KuC 2T _d
gal | 1K1
; |
Ka| |
| ? 1 7

Puc. 3.18. CxeMa rpynmoBoro HeHTpaiM30BAHHOID [IyCKa
IEKTPOABHTATENCH KoHBeHepa

MEXAHM3IMOB HJIET B CIEAYIOUIeH [10C/1E10BATEBHOCTH | BKIOYACTCH
xoutakrop 1KJI nsurarens 1/1; xwonraktop 1KJI BKAlOYaeT cBouM
BroxupoBoTHBIM KOHTaKTOM KoHtakrop 2KJI neurarens 2/1 u T.4.

brnok-xoutaxr 1KJI, exknrouenneiii 8 nens 2KJI #e Toasko
HCKJIIOUAET OLIMOKY NIPH MyCKe, HO H TPeIOTBPAIacT 3aBajl KOHBCHEpa
1 B cirydae apapHH, Tak Kak mpH oTkitodednd 2KJT pasMelkaercs nems
koHTakTopa 2KJI.

Orneparop MOXET OCTAHOBHTB JIE0G0# ABUTATEE, [IOBOPAYHBAS
cootBercTByomHA YII B nonokesnue 0, nocie Yero aBroMaTHYECKH
OCTAHABIUBAIOTCH JpYrHe cOMOKHPOBAaHHBIE C HUM JBHTATENH. JINst
BEITIOJIHCHHS PEXHMAa MECTHOTO ynpaBineHHs YII nmepeBogHTCH B
noaoxeHue M, 3aMeikag kontakrs K1, K2, K4, K4 myutupyer ornox-
koHTakT |KJI B unenn xoHtakropa 2KJI. Tlyck M OCTaHOBKa B 3TOM
pesxHMe npou3soauTea kHomkaMH “II” m “Cron”, ycTaHOBAEHHBIMH
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HenocpencTeenno y 1. Tennosas 3auiura ocyuecTRIseTes ¢
noMoueto Temiosoro pene 1T u 2T, kotopsie B cyuae meperpyiki
OTKIIOYAIOT ABHrarend. Hedocratok cxeM rpynnosoro nycka [ITC -
MYCK NPOUCXOIHT fIOUTH OJHOBPEMEHHO.

ITOTO HEMOCTATKA IMIEHI CXEMBI TTYCKa C MPUNYIHTENBIbIM
WHTEPBAIIOM 10 BPEMEHH MCKIY BKIIOUEHHCM COTOKHPOBAHHBIX
ABUTATENEH, C MOMOIUBIO PEJIC CKOPOCTH M Pele BPeMelin.

PacemoTpum cxeMy ynpasnenus Tpems KOHBECpHBIME
JTHHHAMH C NPUMEHEHHEM Pelle CKOPOCTH, AeHCTBYIOUIME OT pabouero
OpraHa KOHBeHepa (JIEHTBI) U BKTIOYAHOIHMY KaX IbIit JIOCHEAYIOMM
KOHBEHED TONBKO MOCHE TOTO, KAK JeHTa TIPEIBLIYIIETO KOHBefiepa
AOCTUTHET HOMHHANBHOW ¢KopocTH (puc.3.19). Cxema Takke

IpelyCMaTpUBAeT JITUTCNBHOCTh MyCKa KakAOIO KOHBEHepa 1o
BPEMEHH,

K‘ﬁ-":_] zoid pez)

KHC2 KuC3
PC1
Kull PE1
B, oﬁpcz | I PC2  ipms | Es
PC3 arcs (X BNFCE A
TP2 TP3
N\t
K11 [PE1 knz __|pE2 gz _[p53

i 1 e S e

Puc. 3.19. TIpuHUEIHATSHAS CXEMA YOIDABNCHEA TpeMs KOHBCHEPHBIME THHHAMH

Kparkospemenneim Haxaruem knomku “Ilyck” BrmovaeTcs
karymka koHTakropa KJI1 u pere Bpemenn PB1. Kuonka “Tyck”
IyHTHPYCTCS 3aMBIKAIIHM koHTakToM KJI1 H pasmeikatomum
konTakToM PBI. [Ipu nocTxkeHun neurs meproro KOHBEHepa
HOMHHATLHOH CKOPOCTH, BKIIOYaeTCs pene ckopoct PC1 1 3amkner
CBOH KOHTaKThI B 1enH koHTakTopos KJI1 u KJI2. Ilepsriii kongeitep
IIEPEBOANTCA HA CAMOKOHTDONB ( OCNE pa3sMbiKaHHs KOHTAKTa PB1),
@ BTOPOH - Ha PeXHMM MYCKA H MPH JIOCTHKEHHHM TEHTHI BTOPBIM
KOHBEHEPOM HOMMHANBHOMH CKopocTH, cpabotaer PC2 H 3aMKHET CBOH
KOHTAKTBL. B pesynsTare Bropoil konseiiep nepeiiger va CaMOKOHTPOIE,
3 TPETHH B pexHM nycka 1 T.4. TakuM 06pasom, noce MYCKa IepBOro
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KoHBefepa AaibHeHIIHH MYCK BCEX OCTAIbHBIX xongeiiepoB Oyaet
BLITOMHATHCS ABTOMATHUECKH B 3aBHCHMOCTH OT CKOPOCTH pabodHX
OpraHoB KOHBEHEPOB.

Ecnu 0o kKakuM-THO0 IPHUHHAM CKOPOCTE JIEHTHI OIHOTO H3
KOHBeitepoB He AOCTHIHET HOMMHAJIBHOFO 3HATEHUA M KOHTAKTLL €70
pene ckopocTu PC e 3aMKHYTCH, TO PAIMBIKAOWHH KOHTAKT
COOTBETCTBYIOUIErD pefie BpecMeHn PB pasoMKHETCH H 1LYCK
KOHBeilepHoOit HHMM OyaeT IPUOCTAHORICH. ECIH B poLecce paboTel
KOHBeliepa ero JgHTa CHU3HT CKOPOCTb HMIIH COBCEM OCTAHOBHTEH,
IpOK30iAeT ABTOMATHYECKAsS OCTaHOBKA BBILICAICTO H3 CTPOA
koHBeifepa ¥ BCeX CBA3AHHBIX C HMM KOHBCHEDOB, NEPCIAOIINX IDY3
Ha TMOBpeXAeHHBIH KoHBeHep, BCASACTBHC pasMbIKanii
COOTRETCTBYIONIMX KOHTAKTOR peie ckopocrd PC. Tloaromy yctaska
pene spemenn PB1..., PB3 nenaetcs pasIHvHON B CBA3M ¢
HeoBXOIHMOCTRIO YUETa COOTBETCTBYIONIEH MTUTENLHOCTH MYCKa
TOCEIYIOUTNX KOHBEHEPOB.

3.8. Cuctemnl anexTponpusoaa MHT

Q6was xapaktepuctuxa MHT

1. MHT pa6oTaioT npeMyLIeCTBEHHO HA OTKPHITOM BO3LYXE, B
MecTax GOJBIION 3anbLIICHHOCTH, ¢ BIAXKHOI MIIM arpecCHBHOH
Cpeoil B YCIOBUAX PE3KOTO KoneOaHHs TeMIEPaTypbl.

2. Tlo TexnonorugeckuM yeaosuwimM MHT e TpeOy10T perynnpoBatus
ckopocTH, a ecnM  Tpebyered, TO ner1ybokoe
D=2:1; wiu D=3:1.

3. PeskuMbl paboThl IPUBOIHEIX ABUTATENEH ¢ PEAKHMY MyCkamiu M
OCTAHOBKAMH.

4. XapakrepHoii ocofennocTsio MHT ABNAIOTCH MOBBIUICHHDBIC
MOMEHTH! COIPOTHBRIEHUA IPH TPOranbe.

5. Hannuue QYHKUMOHATLHOH CBA3M MEXKAY IABHTATENCM H
IPy30HECY MM TIPHCTIOCOOTEHHEM.

TpeGosanns k 311 MHT

Ipuposasie apurarend MHT pomkHst

LU

Hcnonb30BaThes 3aKpHITOTO HCTIOTHEHHA.

OGnagars NOBBILICHHEIM MOMEHTOM MIPH MyCKe.

HMeTh BBICOKYIO HAIEKHOCTh U IPOCTOTY 00CTYsKHBAHHS.

HmMeTh MOCTOSHHBIH MOMEHT B NEPHOA MycKa Mu=const npu

OTpaHWUCHHOH BETHYHHE YCKOPCHUI,

Cucrema D11 MHT

Bellre npugeicHHBIM TpeOOBAHNAM OTREEUALOT !

. B ycranoskax MHT mowrocTeio o P <100 kBT - All ¢ KP.

2. Bycranoskax P, < 200+500 kBt - Al ¢ KP ¢ anexTpoMaranTHhIMH
peryaiupyembiMu MydTamu ckonbxeHus u AJl ¢ PP ¢
MHOTOCTYTIEHYATBIM ITYCKOM {10 20).

3. B ycranosxax nent P> 500 kBt - TII-J[, TITH-AL; ABK,
MHOIDIBHTATETHHBIA MEKTPOIPUBOL.

YUHTEIBaA, YTO KOHBEHEPH TMONYHHIH NTPHMEHEHHE BO BCEX
OTpaciiX HAPOAHOTO XO03s4iicTBA Kak B OCHOBHOM TaK H
BCTIOMOraTETEHOM TEXHONOTHUECKHX NPOLECCaX, pacCMOTPHM
OTJeNbHO, D11 NeHTOYHBIX KOHBEHEPOB.

KoHpefiepHas JTeHTa ABIAETCA OCHOBHBIM 3IECMEHTOM
neHTouHoTO KoHBeHepa. Ee crommocts cocrarngeT 30+50% obmei
CTOMMOCTH KoHBeitepa. TakuM 06pa3oM npaBUIEHBIH BEIOOD NEHTHI 1
tuna DIl cymwecTBeHHO BIHAET HAa TEXHHKO-IKOHOMHYECKHE
[OKA3aTei KOHBeHEePHOTO TpaHcenopTa. TexHHueckue XapakTepUCTHKH
KOHBeHepoB 0TIHYaoTCa GONBIIKM pa3HooOpasHeM.

TpeOoranus k D1 neHTOYHBIX KOHBEHEPOR

1. OBecneyenye nIapHOTO MYCKA ANEKTPOABUTATENEH.

2. Obecnevenye GOMbIIHX MOMEHTOB IIPH MYCKE KOHBEHEPOB.

3. OfecneueHHe YCTAHOBHMBILETOCS PEXUMA C 3aJaHHOH CKOPOCTBIO
IOBIOKeHHA paboyero opraHa.

4. (Obecmedenne aBTOMATHYECKOID PEeryTMpoBAHHA CKOPOCTH 8

3aBHCHMOCTH OT MOCTYNAIOLIETO I'PY3a ¢ MNABHEIM MEPEXOAOM OT

OHOr'0 YPOBHS CKOPOCTH K APYIOMY, & Takke pyd4HOe

PETYIMPOBAHHE CKOPOCTH IBHAKECHHA JIEHTDL.

5. Hcnonp3oBaHue ABYX PEKMMOR: AMCTAHIIHOHHOTO H MECTHOTO
yTIpPaRIEHHS.

£ b

6. HeofxoauMoCTh paBHOMEPHOTO PAclIPEACICHUA HATPYIKH MEXY
JIBUTATeNAMH B MHOTOIBUrarensHoM 311
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Cucrembl 11 neHTOYHBIX KOHBEEpOR

1. Ilpu momHecTH Asurareas no 100 xBr- wepervnupyemserii D11

NepeMeHHoro Toka ¢ Henoab3opadueMm AJL ¢ KP.

[tpy mMownocTn aurarens ao 200 kBt ¢ TpefopanyemM nnaBHOro

nycka- 211 nepeMcHHOT0 TOKA ¢ KOPOTRO3aMKHYTHIM ALl H MyhTaMu

CKONBKEHHS.

3. Ilpn mownoctH auratens go 2000+3000 kBt u TpeGOBdHHeM
IIABHOIO mycka - DI nepemennoro Toka ¢ AJl ¢ ©P w ynpaenennem
C TOMOIIBIO METARIHIECKHX HIH SKHAKOCTHBIX PEOCTATOB IMIHOC
JOTIOMHAUTEALHBIH 11 171 TOHHKEHHOH CKOPOCTH TEHTHI.

4. YacToTHO-ynpaBnaseMblii acHuxpounntii; ABK, TII-J -
37IEKTPOTIPHBOALL, 00ECNICUHBAIOT MUIABHBIH MYCK, PETYIHPOBAHUE
CKOPOCTH.

3]

IMepcnexturHEe D11
1. ABK.
2. TH-A.
3. OII nepeMexHoOro TOKA ¢ THHEHHBIM AJ],
Ha puc.3.20 nokaszansl XapakTepHCTHKH A KaXIOTO M3
BBILLENPHUBEASHHBIX 311,

'
'
]
'
i

LN 5 LY

M X M M M
Puc.3.20. Xapakrepuctrku 311 neHTOUHEBIX KOHBEHEPOB

B nocneinee BpeMs yCTAHOBIEHO, YTO JI8 KOHBEHEPOBR BO
MHOIHX CIIy4asdX HeoOXOZHMO UCTIONB30BaTh perynupyemsie 1, B
KA4eCTBe KOTOpBIX sBasercs cuctema TTI - JI, D11 ¢ nuneiineiM AL
[Tocnenuyii no3BONAST THKBHIMPOBATE CIOXKHBIE METANIOEMKHE
PEAYKTOpPHBIE MEXaHWYECKHUE Mepeadu ¥ co3JaTh OeCKOHTAKTHHIE
BezpenykropHele 311

B obmem ciaydae B 3aBUCHMMOCTH OT XapakTepa
TEXHOJIOFHYECKOTO MPOLEcca CHCTEMa aBTOMAaTH3aUMH KOMIUIEKCa
KOHBCHEPHBIX THHHIA IPOMEBIIIIEHHOTO MPEANPHATHS HOIKHA
OCYHECTBIATE! BRIHUYCHHE H OTKNIOYCHHAC PA3IHIHBIX KOHBel‘;If.‘,pOB B
OMpPEACACHHOH IOCTe0BaTeFHOCTH B CTPOTOM COOTBETCTBHH C
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npPOH3BOACTBEHHBIM NIpoleccoM; obecnedenne TpedyeMol CKOpoCcTH

TPaHCIIOPTHPOBKH I'PY30B H IPH HEOOXOAHMOCTH COTTacoBaHHE

3HAYEHHH CKOPOCTH Ppa3HYHBIX KOHBelepos, a Takke

TEXHOJIOIHYECKHE U aBapuilHble OIOKUPOBKH 0GOpyaOBaHHs,

Hapywenus B pabote 060pya0BaHHS MOTYT TIPHBECTH K HAPYLICHHEO

BCET0 TEXHOJIOTHHECKOTO Iiporecca (KOHBeHephl ) HiIH K OMAacHOCTH A7st

KHM3HH NIOAeH (KaHaTHBIE DOPOTH, 3cKanartophl). [loaroMy B cxemax

aBTOMATH3al{H JAaHHBIX YCTAHOBOK IIpHMeHAeTcA GONbIIOe YHCIIO

3aIMTHEIX Gnokuposok. HauGonee THOBEE 13 HuX, 06y CI/IOBICHHbIE
0coOeHHOCTIMH paboTsl AAHHBIX MEXAaHH3MOB, BBITIONHSIOT
crenytoye QyHKIHu:

1) KOHTpO/Ib HCIIPABHOI'O COCTOSHHUA TATOBOTO 3NeMeHTA (NEHTHI,
KaHaTa, LeMNH) W OTKJIOYEHHE YCTAHOBKH IIPH Hepe3MepHoi
BBITS)KKE TATOBOIC 3JIEMEHTA, cnadoM HAaTSKCHHH, CXOfe C
HAIPaBNsAOILUX POJIHKOB, OTBOAHBIX 6apabaHOB M ITKHBOB,

2) OTIIIIOYCHHE YCTAHOBKH NPH Yepe3MEPHOM NOBBILUIEHHH CKOPOCTH;

3) oTkmIOYeHHE YCTaHOBKH IPH 3aTAHYBLIEMCS NYCKe;

4) npeaynpexaeHue 3aBanoB OyHKEpOB 3arpy304HBIX H
Heperpy304HBIX YCTPOHCTB;

5) obecneuenune TpedyeMoii NOCASOBATENLHOCTH MYCKA M OCTAHOBKH
MEXaHH3MOB TEXHONOTHUYECKOTO KOMILIEKCa,

Iepseie aBe 3alUUTHL OCYIIECTBAAKTCA C NOMOIIBID KOHEd-

HBIX BLIKJIIOUATENeH | pene ckopocts. ClefyeT HMETh B BHILY, 4TO H3-

32 BOZMO)KHOTO MPOCKATB3BIBAHUA KAHATA HITH JICHTH Ha TIPHBOLHOM

IkKHBe WK OapabaHe CKOPOCTH JABMUIATeNs €IIE HE XapaKTepH3yeT

CKOPOCTBb TAI'OBOTO 3IEMEHTE, MO3TOMY JAaTHYHKH CKOPOCTH AOIKHEL

OHKCHPOBATH IBHKCHHE HMEHHO TATOBOIO MeMeHTa. [JJist 3Tor0 OHH

YCTaHaBIHBAKOTCA 100 Ha OIOPHOM POTIHKE IjiA KOHBeHepoB (00BIYHO

Ha ero oOparHoH HepabGoueH BeTBH) MHOO HA OTBOJHOM IIKHBE JUIA

KaHaTHBIX JOPOL. B KauecTBe JaT4HKa CKOPOCTH LIMPOKO UCTTONB3YIOTCA

DEeCKOHTAKTHBIC HHAYKUHOHHBIE JATYHKH, B KOTOPBIX BPalAKLIHHCS

poTOp - MOCTOAHHBIH MarHHT CO3/3€T B HEMOABUKHOM CTaTOPHOH

obmotke 3/1C, nponopuroHansHyto ckopocTH. [Ipu 0bpbiBe TAHYIIETO

IeMEHTa pele CKOPOCTH JaeT CHIHAl HAa OTKIKYEHHE

JJIEKTPONPHBOAA. B MexaHU3MaX, TPaHCHOPTHPYIOUIHX N0AeH

(HanpuMep, KAHATHBIC JOPOr'H), NONOMHUTEILHO BKIOUYAKTCA
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JOBHTEIN. HE MO3BOAKIOUIHE KaOUHHE Pa30rHatbes N0 YKAOH. 3a1lnTa
QT UpPe3MEPHOIO VBENHUYEHHS CKOPOCTH paboTdeT aHaNoruiHo H
BBIIONHAETCS € NOMOLLBIO PEJIE UEHTPOSEHHOIO THIA.

yck ko1BeHepOB M3-3a DOMbILHX HHEPUMOHHbIX MACC W CTATH-
YECKWX HArPY3CK OTJIHYAETCH 3HAYUTENLHON NPOAOIKHTEIEHOCTHIO
¥ CONPOBOKIACTCA CYILIECTBeHHLIM Harpesom asuraresiei. [ leperpyska
KOHBeHepa, [IOHKKEHHOE HAllpPsKeHHWe MHTAHUS, HEKOTOPLIC BUIBI
HEHMCIIPABHOCTH B MEXAHHYECKOM M MEKTPHUECKOM O0OpPYI0BAHNH
MOTYT TIPHBOJUTE K JONOJHHUTENLHOMY 3ATATHBAHMIO TPOLECCa NYCKa
H BCIEZCTBUE ITOrO K HEAOMYCTHMOMY TIPEBBILIEHHIO TEMITEPaTypbl
apurarens. KpoMe Toro, neperpyska AeHTOYHEIX HIH KaHATHBIX
KOHEEHEPOB MOKET MPUBECTH K IPOGYKCOBLIBAHHMIO TATOBOIO 3IEMEHT2
Ha NpUBOAHOM opraHe. [1pH 3ToM 3akoHYHBUIKICH TIpollece mycka

— ABUTATENsi He BBIBOANT KOHBekep Ha

Sngmogox o pa0OUYI0 CKOpPOCTB, @ 3aTAHYRIIEecH
T com OykcoBaHWe NPUBOAUT K MOpUE TATOBOIO
il 3leMeHTa, M03TOMY BO BCEX ¢iyuyasx
Tl YII

3aTAHYBINETOCA NYCKA KOHBekHepa cBepx
PErTaMEHTHPOBAHHOTO BPEMEHU MPHBOA
HEOGX0THMO OTKJIIOYHTD. 10
Puc.321. Cxemaysma  QcymIecTB/NETCH ABTOMATHYECKH C
KOHTPOTIA TTyCKA KOUBCHEPA 160 10:17510 y3Ta KOHTPONA Mycka (puc.3.21)
Kontaxrop nmycka KII BxnrouaeT cunoByio 1enk ABUrarens, a

Taxxe pene Koutposs nycka PKIL, Beisepika BpeMeHH cpadaTbIBaHUsA
KOTOPOTO HE3HAYMTENLHO [PEBLINTAET BPEMs HOPMAJIBHOTO nycka. B
KOHIIe TipoLiecca ITycka ek PKIT pa3phiBaeTca KOHTAKTOM KOHTAKTOpa
ocneHelt CTYIEHH YCKODEeHHUs Vi npd YCIOBHH: TOK NBHIarens
CHH3MICS 10 pacyeTHOrO 3HAYeHHA U pene neperpysku PII
OTKJIHOUHIIOCE; TArOBbIH 3MeMeHT npuobpen pabodyd CKOPOCTh U
Pa3sMBIKAIOWHIA KOHTAKT pene ckopoctn PC pasomknyned. Ilpu
otknwyeHun uenw nmutadud pene PKII oHo npexpaiaer oTcuer
BpeMenu M ero Kontakt 8 memu KIT ocraeTca s3amrnyteiM. Ilpu
3aTAHYBLIEMCH TycKe lenb nutaHus PKIT ocraeres BRIroteHHOM Yepes
koHTaxT PI1 npu neperpyske nBurarens WK yepes koHTakT PC ripn
ByKcOBAHHMM NPUBOAHOTO 3neMeHTa. [1o HeTeueHHH BLIACKKH BpeMEeHH
PKIT oHo cpadaThiBaeT, OTKIIIOMAST KOHTAKTOD W IIyCK NPeKpalaeTcs.

M3

Htobe1 n3berars 3aBaOB NEPErPy30UHBIX VCTPOIC T B MHOI0-
CEKLHOHHOM JEHTOUHOM KOHBelepe, Tpefyercs onpesesieHHas no-
CNCAOBATENLHOCTE BKIHOUEHUS W OTKIKOYEHHSA eTo ABHIaTe e, ﬂpM
MyCKE CEKLHH KOHBelepa BKIOYAIOTCA MOOHYEPENHO, HAYKHAN C
XBOCTOBOIO YUACTKA PA3rpy3Kd, B MOPAIKE, NPOTHEONOIOKHOM
HarparneHmnio rpysonoroka [141. Tpu octanoBKe ceximu kouseitepa
OTK/IOYAKOTCA B NOPHLKES CNEI0BAHHMSA YYACTKOB MO HANpPABIEHHKIO
TPY30I0TOKA, HAYHHAS OT TONOBEOTO YHacTKa 3arpy3ku. [loouepearoe
BKLIOUEHHE JiBUTaTesell MO3BONAET OAHOBPEMEHHO YMEHBIIUTE
NYCKOBBIE TOKH B MHTAaieH ceTH. [Toouepennbiit nyck koHBeliepHbix
THHHE UeAecoo0pasHo BBINONHATL B (HKLMH CKOPOCTH TAMOBOTO
37€MeHTa. JTO TapanTHpyeT BKJIKOYEHHE KakKao# mochaenyouieit
CEKIMH NOCTe BLIXOAA MPENIUECTBYOWEN Ha ypoReHs padouedi
CKOpoCcTH. OCTaHOBKA KOHBEEPOB TIPH YCJIOBHH NONHON pa3rpy3ku
BCeX CEeKUWH M HCKIKYEHHA 3aBajoB Meperpys0uHbIX ByHKepos
BRIMONHACECS OO NPUHLUHUAY BpeMeHH. [lpu 3Tom cyayana
NPEKPALLAETCA 3arPy3Ka IOMOBHOM CEKIIHH, 4 BHLIEPKKH BPEMEHH Ha
NooYepeaHoe OTKIIUEHHE CEKUHE COOTBETCTBYIOT MIHTEILHOCTH,
HeoOXoMuMOH AN NonHOH pasrpy3kd Kaxaoi cexumu. Ecid B
rpouecce paboThl OTKIIFOYHTCS OIHA H3 JIMHHIM, 10 Z0/KHBI [TOOYEPEHO
OTKIIOYUTRCA BCE MPeqUIECTBYIONINE T10 HAIPABIEHHIO TPY30M0TCKE
JHHHH.

[puHuMIHansHAad CxeMa yIpaBieHus, ofeceunpaomas yka-
32HHBIE OIEpAUHH ANA TpeX KOHBeHepHBIX THHUH, M300pakeHa Ha
puc.3.22. Tlyex konpeliepa OCYIMECTRISETCS ¢ HEHTPATLHOTO MyTETa
YHHBEPCANBHEIM Nepekmouaresem Y11 npy yemoBUH, UTo 3allHTHAA
ek pesie TOTOBHOCTH tiycka PITI samknyTa. Ilpu aTom, kak cnenyer
W3 CXEMBI, BHaYajle BKTHOYAETCHA MYCKOBOH KOHTAKTOD ABMIaTels
xBoctoeoro yvacTtka KI13. JIuratent BTOporo yuyacTka BKIIFOYUTCA
1oc/e TOTo, Kak CKOPOCTR TPETHErO YHACTKa NOCTHTHET pafouero
3HAUCHUSA ¥ cpaboTaeT pene ckopocTH PC3. [lpurarent 3arpy3ousoro
Y4acTKa BKIEOUUTCH [TOCIE OKOHYAHUA TYCKa BTOPOrG Y4acTKa, KOra
cpabotaer pene ckopoctd PC2 u nonyyur nurasue KIT1. B nocnenHow
ouepens BKIOYAETCA pene 3arpy3ouHoro Gyuxepa P3B, nonaromee
KOMaHJy Ha 3arpy3ky koHBeiepa.

Orkmodenne nsurareneit ¢ nomousio Y11 0poHcxoaut s
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Pre.3.22. CxeMa yOpasneHns noodepentbiM
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Puc.3.23. DaexTpoanuIi 1aTHHK YPOBHA
3arpy2xd OyHkepa

0OpaTHOM TIOPSIAKE, HO YIKE
B (QYHKUHH BpPEMEHMU,
Caavana otknwouaetca P35,
Jamuiee KOMaHAy Ha
3aKpLIBAHHE 3arpy3049HOr0
Oyukepa. Jlamee wepes
BLIACKKH BpEMEHH pelle
PBO, PB1 wu PB2
O0YEPEHO OTKIOYAIOTCS
KIl1, K2, KNO3 w
COOTBETCTBYIOIWIHE  HM
OBUraTelu.

B cxeMe nupen-
yCMOTpEHA 3algUTa OoT
33BAJIOB MEPETPY30UHBIX
OyHKepoB, OTKIIOHAIOIAsN C
NOMOIIBIO KOHTakTOB Ph1 1
Pb2 yuacTku koHBeiiepos,
KOTOpBIE IpPEIIleCcTRBYIOT
NIePENONIHEHHOMY OYHKEpY, 2
TaKKe 3arpy30uHEIH OyHKep.
Ans  gaHHoH  3al(MThBI
HaXOOUT  NpPHMEHEeHHe
INEKTPOAHBIH NaTYHK
YpPOBHS MaTepHana B
Oyukepe (puc.3.23). Ilpu
3aMBIKAHHH JEKTPOAA Ha
3EMJIFO TPAHCTIOPTHPYEMBIM
MatepuanoM cpabarniBaeT
pene Pb, moakmioueHHOE K
BBIXOJY YCHIHTENBHOTO
verpoiicTea gartuuka 3Y.
Bricokag 4yBCTBUTEIBHOCTE
gaTguka (10 30 mOwm)
HO3BONAET ero uc-
[OJNB30BATh NPAKTHUECKH

AN M0H0TO TPAHCIIOPTHPYEMOTO MaTepHana
3.9. OcobenHocTH 2neKTpocHabkenuss MHT

Texuonornyeckuit mporece onpesenser MecTo HOIOKEHMs
aeuratencii MHT, rpaduk usMeHenus norpebnsemoi BIHEPTHH,
KOH(UIYPALHIO SMEKTPHUYECKHX CeTei M IPOTYCKHYO COCOSHOCTE.

Texnonoruyeckas CHCTEMa MOATOTOBUTETLHOTO IPO3BOLCTEA
KPYIHOTO METa/IJIyPrHyecKore KoMOWHaTa, BKIKYAKWas B cebds
ArTOMEPAUMOHHYI0 M oforaTurensHyw (alpuKy, wuMceT
PasBETBICHIYIO CeTh KoHBeHepos [ITC, pocturawomyio ceeiure 1000
HANPABNIEHHH [PY30IOTOKA ¢ 06MICH MPOTAREHHOCTEIO TPAHCIIOPTHEIX
muuni 80+100 km. Kompelteps Takoro xoMmmuekca paGoraiwT
HPaKTHUYECKH ¢ IIOCTOSHHOH CKOPOCTLIO.

Hns snextpocHabkenus [ITC ¢ cocpenoToueHHBIM
PACTIONOAEHHEM IBHTATCIIER, IO OTHOILEHHIO K KOTOPLIM I10ACTaHIIUA
MOXET 3aHHMATh IEHTPATLHOE MECTO, HCTIOIB3YIOT PATHATLHYIO CXEMY
nuTanud (puc.3.24). Tlpu Takoi cXxeMe MOLHEIE jBUraTeH KOHBEICPOB
6OIBLIOH TPOMIBOMTENBHOCTH IOTYYAIOT TTHTAHUE HELIOCPEACTBEHHO
ot TII (TpancdopmaropHas MOACTAHIMS), & IBHraTelH HeOOIBITON
MOLIHOCTH, §1H3K0 PaCIIONIOKEHHBIE APYT K APYTY OOBCIUHAIOTCA B

Ipynns! ¢ noaxsoyenneM K TII yepes pacnpejenuTentHble TyHKTHI
PIL.
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Puc.3.24, Paguansuas cxemMa OUTAHHA
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[lpu OAHOW HAMPABNEHHOCTH MIH HEeOONBLIGTD KOIHYECTBE
HaTIpaB/IeHHA Ipy30M0TOKa U OOMBIIOH NPOTIKEHHOCTH KOHBEHEPOB
MTC npumeHaoT MarkCTpaibHy0 MM MAarucTpalbHO-pPaIHalIbHYIO
cxeMbl uTaHus (puc.3.25).
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Puc.3.25. CxeMbl uTanma: (a)- MarucrpansHat; (6)- MaruCTPAILHO-PaaMaIbHas

B mMarucTpanhHOH cXeMe Harpyska MOIKTI0YaeTCA
HenocpeacTaeHHo k Maructpann 6e3 PI1. Cranuuu ynpasnenns (CY)
JABMTATENAMH PacTIONaraloTea B HENOCPEACTBEHHOH ONMM30CTH OT HUX.
Takue cXeMbl IUTAHKA IIPH MyCKe IBUraTelel B QYHKIUKH CKOPOCTH
WIH BpeMeHH MOIHOCTEIO OT 1 10 2,5 KBT - 5kOHOMHTHEe paaHalbHbIX
[0 PacXoly IBETHOTO MeTasia, B KOTOPOH KaXJoe OTBETBICHHE
PACCYMTAHO Ha TTYCKOBOH TOK ARMTATENS.

Ha paboty AJl koHBElepHBIX THHHA OKA3bIBAET BIMAHHE
COMPOTHBNEHUHA MHTAKOWIEH CETH, TAK Kak

u,=U,-1,Z,,
a MOMEHT pa3BHBaeMBbIll IBHraTeneM papeH:

M= MunUsUnl

117

INMoaroMy HeoBxoauMo coOMONATE PABEHCTBO

U-1,7Z,=const.

Takoe perylupoBaHUE BO3MOKHO TNpH NPUMEHEHUU
TpaHCOPMATOPOB C aBTOMATHYECKHM M3MEHEHHEM HANPXEHUA B

npenenax 15+20%.



118

I'naBa 4

ANEKTPOIIPHBOJ 9KCKABATOPOB

4.1. OcHOBHBIE THIbI 0IHOKOBIIOBBIX JKCKABATOPOB

OnHOKOBUIOBHIM 3KCKABATOPOM Ha3LIBaeTCd CAMOXOHHAY
BBIEMOYHO-TIOTPY304Has MalllHHa, HCNOJb3yeMas B CTPOMTENBCTBE, IPH
[IPOU3BOACTBE 3¢MISHBIX paboT, HA THAPOTEXHUYECKHX COOPYKEHHAX
U n0o0BIue TONE3HEIX HCKONMAEMEIX NpPH OTKPLITOH pazpaboTke B
YTONMbHBIX M PYAHBIX Kaphepax. B CTPOMTETBCTBE OHOKOBIUOBHIE
3KCKABATOPHl LIHPOKO NPUMEHAIOTCA NPH COOPYXEHHUH I'OpPOJAOB,
thabpuk ¥ 3aBonoB. Konanue rpyHTOB (TOPHBIX TOPOJL) OCYILECTBIISIETCS
JIBIKeHHEeM pabotiero opraHa (kosia). [lepeMenieHue akckaBaropa
BO71B (poHTa paboTEl MPOH3BOAMTCA NOCPEACTBOM I'yCEHHYHOTO X012
WM CIICLHATBHOTO LIATAKLET0 MEXAHHA3MA,

OnHOKOBIIOBHIE IKCKABATOPH KIAcCHPHOUPYIOTCS 110
NPOH3BROJUTENBHOCTH, BHIY XOJOBOTO OOOpPYNOBAHHA M XapakTepy
paboyero oprasa.

1. ITo npoK3BOANTENBEHOCTH:

1. Manofi npon3BOIHTENBHOCTH ¢ eMKOCTRIO KoBIHa 0,5+2 M3.

2. Cpensell npoU3BOAHMTENLHOCTH C EMKOCTEIO KoBLIA 2+ 10 M.

3. Bonbluo# MpOH3BOAMTEIBHOCTH C eMKOCThIO KOBIIA Hosee 10m°.

11. Ilo Buay xomosoro o0OpyI0BaHHS W HA3HAYEHUIO!

1. T'yceHHYHBIC KapbePHBIC 3KCKABATOPBI ¢ CMKOCTEBEO KOBLIA Ba30BBIX
wofeneit 2+20 v° (Hanpumep DKI-12).

2. I'yceHuuHble BCKPBIIIHBIE 3KCKABATOPLI ¢ eMKOCTBIO KoBIIa 15+20
w° (nanpumep, DBI-35/65).

3. Wararomue aparnaiHel ¢ €MKOCTEH) KORIIA $a30BHIX MOAeneH
4+125 v {(nampumep, D11-25/100).

B coOTBETCTBHE C KOHCTpYKLiHEH XOJ0BOH 4HacTH B
0003HAYECHHHN THIlIA 3KCKAaBaTopoB cpeaHelr u  Gonpwoi
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NPOH3BOOMTESIBHOCTH BKAOHATCA OYKBH: - ryceHuunsrif, 11I-
mararomi, B- Bekpeimnboii u K- kapeepHbIid,
IIi. I1o xapaxrepy pabodero oprasa:
1. BkckaBaTop-JIONara, y KOTOPOTC KOBIU MMEET e CTKOE COUTIEHEHHE
co cTpenoit (puc.4.1).
2. DKCKaBaTOp-Ipariaii, y KOTOPOro KOBII MOJABEIICH K CTpene Ha
Ha KaHarax (puc.4.2).
Taxenble TPYHTHI
pa3pabaThiBAOTCA 3KCKABa-
TOPAMH-JIONATAMH, MATKHE
TPYHTBI-  JparnafiHaMmu.
DKCKaBaTOPH-Apariaiins
OTNIHYaKTCA 1Mo odo3Hade-
HUIO OT IKCKABATOPOB-JIGNAT
TeM, 49TO0 B UHPPOBOH
BEeMWYHHE YyKa3blBaeTcs,
KpoMe 00beMa KOBILa, enle ATHHA CTpenbl. Tak MamuHa JIII-15/90
ABJHICTCH MIAraLIHM 3KCKABATOPOM-APATIaifHOM C KOBIIOM EMKOCTBEO
15 M* wu gnunoit cTpenst 90 M.

Bpautenue
(:_:T:—b NATTDADMS !

Prc. 4.1. OBmuii Buj FKCKaBaTOPA-NONATE]

Sou

3

Pye: 4.2, O6unit R 3kckaBaTopa-aparnaiina

DKCKABATOPHI-NOMATH MPEIHA3HAYAKTCA U1 paboThl COBMECTHO C
TPAHCMOPTHBIMH CPEACTBaMH (TIPOM3BOJAT BHIEMKY TPYHTa& HITH
MOJC3HOTO HCKOMAEMOTO M TMOTPY3KY €ro Ha TPAHCIIOPTEpHI,
ABTOMAIIHHLl HITH KENE3HOIOPOXKHEIE COCTABBI). FKCKABATOPHI-
aparnadHbl o6wpldHO paboTarT Ha MATKHX rpyHrax oOes
BCITOMOTATEJIBHLIX TPAHCHOPTHBIX CPEICTB, TIEPCBANMBAN ITIOPOIY B
oransl. IloatoMy OHH HMEIOT YATHHEHHBIE ¢rpensl. KapbepHbie
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IKCKaBATOPhl MpeaHa3HaueHbl JUIl paboThl B CKaJbHBIX TPYHTAX W
MMEIOT 10 CPAaBHEHHIO ¢ BCKPBILIHBIMH 00J1€€ KOPOTKY10 H YCHJICHHYI0
crpeny. Jlns obuieit OpHEHTALUMH MO OCHOBHBIM TEXHHYECKHM
MoKa3arelsM oTedeCTBEHHBIX 3KCKaBaTopoB B Tabauue 4.1
npeAcTaBieHbl  JKCKaBaTOpwl  cpeaHed W Oonbuwow
MPOW3BOANTENBHOCTH.

Bpems pabouero LMKIA, JHEPrETHYECKHE MOKA3ATEIN H
IPOM3BOJMTENBHOCTb IKCKAaBATOPOB MPUBEAEHBI 1T paboThl B 3a00¢
C TPYHTOM IEPBOM KaTETOPHH M TpH yriax noopora 90+135°.

Tabnuua 4.1

XapakTepUCTHKA IKCKABATOPOB CpeAHEH U OONBIIOH NPOU3BCANTEIBHOCTH

T Moumocrs geurarems, xBr Pacuermnit Bpemx Teopermseckan Mecca
IKCKABATOPSE Mozasém Hanop Tosopor | nastit yron Woun, ¢ | MPOKSBOAMT eMMOC SKcKazaTOpa, T
(1ar8) TPy oA nozopore 15, Mly

OKI'-4,6 1x250 1x54 2x50 250 90 23 620 180
OKT-8 2x190 | 1x100 | 2x100 525 S0 26 1100 340
SII-5/45 1x280 | 1x190 1x90 520 135 45 240-280 180
BUI-10/70 2x350 | 2x350 | 2x250 1150 135 54 530 530
OIII-15/90 2x540 | 2x540 | 2x350 1600 135 65-70 720 1500
DII-15/90A | 2x650 | 2x650 [ 4x210 1900 120 63 750 1500
OII-25/100 | 4x540 | 4x540 | 4x350 | 2x1600 135 67 1100 2500
3BT-4 2x190 | 1x100 | 2x100 525 90 35 400 360
OBI-6 2x190 | 1x100 | 2x100 520 90 45 720 665
GBI-15 1x1100 | 1x120 } 2x250 1450 90 65 750-800 1150
OBL-35/65 | 2x1150 | 2x1250 | 4750 6000 90 35 2500 3000

4.2. dnekTpooGopy1oBanHe H JICKTPOCHA0KeHHe
IKCKABATOPOB

[Ipenctasnenue 0
KOMITOHOBKe U paboTe OTAeNIbHBIX
MEXaHH3MOB 3KCKaBaTopa-aonarel
MOXHO  COCTaBHMTb, €CJH
obpatuTbcs K obumeMy BHAY
skckaBatopa OKI-8 (puc.4.3),
COCTOSILIETO U3 XOJ0BOH TEIEKKH
1 ¢ ryceHHUIaMH, NOBOPOTHOM
1arhopMBI 2, CTPENbI 3, PyKOATH
4, xoBIIA 7, HAOPHOTO MEXaHH3Ma
6, NOABbEMHBIX

3KCKaBaTopa
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kanatoB 5. [Ipu xomaHuu pyKosTh 4 MOXKET NMepeMellaThCs B
HaMNpaBIAIOUIMX 8, MEHAS TOJNIMHY CHUMaeMOH CTpyXKH. JIBUraTens
9 mpenHa3Ha4eH AJIS OTKPBIBAHMS AHHILA KOBUIA.

OCHOBHOE 3/IeKTpHuecKoe 000pydOBaHHE paclonaracTcs Ha
noBopoTHO#H mnatdopme (puc.4.4). B nepennei yacTy Haxoaurtcs
KabuHa yrpasneHus 1 ¢ py4HbIM U HOXHBIM KOHTPOJIEpPaMH, B FOJIOBHOM
YaCTH - IBUrATeNN IOBOPOTA 2, B CpPEHEH HacTH - IIOXbEMHEIE JIe0eIKH
C aBUrareiasiMu 3, B 3alHEH 4acTH - YETBIPEXMAlIMHHBIA arperar,
COCTOSILUMI U3 ceTeBOro IBUratens 4 ¥ reHeparopoB Mnoabema 5,
nosopora 6, Hanopa 7. P910M B CTOPOHY nepelHell 4acTH -
BO30yIUTENbHBIA arperar 8, KOMINIEKTHOEC pacHpeaesnTeNlbHoe
YCTPOHCTBO BLICOKOTO HalpshKEHHs 9, MOHMKAOMWIMH TpaHCHopMaTop
cob6ereennnix Hyx 1 (TCH) 10 u xomnpeccop 11.

=

Puc. 4.4. PacnonoxeHue 3mekTpoobopynoBaHHs
Ha noBopoTHoH nnardopme sxckaBaropa IKI'-8

Hlararomuii 3kckaBatop-Apariai (puc. 4.5) MOHTHpyeTCS Ha
0a3e, OTHOCHTEILHO KOTOpO# moBopaunBaertcs rargdopma 5. IMo obe
CTOPOHBI INATGOPMBI PACTIONOXKEHBI JIBDKH 4, C NOMOMLIBIO KOTOPBIX
OCylLIeCTBAseTCA laranue »3kckaBatopa. CTpena 4 COCTOMT M3
CIOXKHBIX cHCTeM pacTskek. Kosmr 1 mepememaeTcs TAroBbIM 2 U
NOABEMHBIM 3 KaHaTaMH.

IMuraromas ceTh IKCKaBaTOpa AENUTCA Ha [Ba NIABHBIX y4acTKa
(puc.4.6): BO3MyILIHYIO TWHHIO BBICOKOTO HanpsokeHus (utnnHo# 3+10

kM, uHoraa 20+ 30 kM) 1 kabGesbHY10, BRICOKOBOJIBTHYIO, ATMHOM 150+
400 M.
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Bonuenue SnCRARATOD
AASMPogHS!
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Puc.4.6. Tunoras cxeMa 3nekTpo-
Puc. 4.5, O0wMi Bua CHaOMEHUA OJHOKOBIIOBOTO
IKCKaBaTOpa-Aparnaita IKCKaBaTOpa

OTBeTBIEHHE YYaCcTKa BO3AYIIHOH NMHUH HANPsHKEHHEM 6 KB
HJET OT KapbepHOro pacmpenenurteasHoro nyukra (KPIT) k nepe-
IJBHKHOMY pacnpenenutebnoMy nyHkty (ITPII), Ha xoropom
yCTaHaBIHBACTCA pacnpenenutenpras aueiika IKHO (ITKPH), o6opy-
J0BaHHAs pasbeJUHHTENeM P M MacisubIM BHIKTIOMaTeneM BM.
Iurauume sxckasaropa oT IIPIT ocymecTeaseTcs no kabebHOR THHHUH
(xabenp Tna KIIBI),

Pacnpenenenue snexTposHeprun (puc. 4.7) Ha 3xkckasatope
nokazano ua npumepe OKI-4,6. Ot BBONHOIH KOpoDKH, uepes
KonsUeBOH TOkonpHeMHHK KT noaBoOHTCS K /IHHelHOMY
paspveauHuTeNO PJI, ycTaHOBIEHHOMY B pacnpeleldTeibHOM
YCTPOHCTBE [IOBOPOTHOH IIATGHOPMBI, 3aTeM MOAAETCA K CETEBOMY
aeurareno CJ| depe3 macnsgHwlif BHIKJIIOYaTedb MB u K
Tpanchopmaropy cobcrBennnix Hyxa TCH. Ot TCH nuramwTcs:
TpaHc{opMaTop OCBETHTENbHOH Harpysku TOH; neurarenu
BCITOMOIaTebHbIX MEXaHU3MOB (BEHTHJIATOPOB, HACOCOB,
KOMMpeccopos H T. A.) M1, M2..M10; uepe3 Tpancdopmarop TMY
MArHUTHBIA YCHIMTENs MY, NHTAI0TCA UeNH YNpaBNeHHS [MTaBHbIX
TIPHBOIOB MEXAHH3MOB 3KCKaBaTopa.

Cerenoit asuratens C/] NpHBOINT BO BPALLCHHE T€HEPATOPLI
noctosHHoro Toka (I'Tl, I'H, I'B) koTopsli MHTalOT NpUBOAHEIE
ABHTATENH pabovHX MEeXaHM3MOB 3KCKaBAaTOpa: ABMIraTeNb MOAbeMa
AIl, moeopota ([IB1, AB2), uanopa (JH) u xona (JIX). Koanuectso
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NIPHBOAHEIX JIBHTATENEH OLHOIO M TOTO JK€ MEXAHH3MA HIIH arperara
MOsKeT ObITh pasiHYHBIM (OAMH, ABa, yeTsipe). [Tyck CJI BuimonnseTcs
PYYHBIM BKIIHOUEHHEM MaclsaHOro BRIKTIodaTesst MB. Hynesas kaTywuka
OMO, nurarowascs ot aBroMata AB2, B Lens KOTOPOro BBEAEHHI
KOHTAKTBl COOTBETCTBYIIIHX 3alIUTHBIX AINaparos, paipelaeT
BxaoueHne MB. Orxawuenne MB B HopManhHOM pexume
BeionageTca kHonkoH cton (KuC), paspeiBarolield Lens MHTAHAS
Hynesoil Katywkd. Benomoratensheie noTpeOUTENH BRIIOYAIOTCHA
4BTOMATAMH, HMEWIMHMH MAaKCHMaJBHYIO TOKOBYHK 3aIIHTY.
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Puc. 4.7, [IpuHunnnansHag cxema pacnpeaeicHus
IMEKTPOIHEPIHH Ha JKcakaBaTope THIa DKI-4,6

Anmapatypa pacnpeANyHKTa BHIIIOIHACT:

1. Ilyck u oTKmoueHHe ¢ ToMOIIE0 MB ceteBoro agurarens.

2. MakcHManbHO-HY/IEBYHO 3alHTY CETEROFO ABHTATENS.

3. 3amury TCH 6000/400 B oT KOPOTKHX 3aMBIKaHUH
BLICOKOBOJBTHLIMH IPEAOXPAHHTENSIMH ¢ KBapLUEBHIM
HANOMHHUTCIIEM.

3HauyHTEeJBRHAS nons KaMUTalbHBIX 3aTpart Ha
3NeKTpo0oOOPYAOBAHNE IKCKABATOPA NPHXOAUTCA Ha CTOHMOCTD JIHHHH
nuTaHus. CHHM3HTB 3aTPaThl MOKHO TTYTeM YMEHBIISHMA IUTONIATH

CEeYEeHHUs MPOBOJOB BO3XYLIHOH M KabeNnbHOH THHUI KOMNEHCHpPYA

PEAKTHBHYIO MOILHOCTE YCTAHOBKH.
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Ecnu ucnonesyetca Al B kauectse CH, o koadpduunent
MOIIHOCTH He NpeBblaeT 3HaueHne 0,6+0,65. [Ipumenenue
CHHXPOHHBIX ApHratenei wis CI nossonser nopectu KodhduuueHT
mMoiqnoerd 1o 0,8+0,9 naer 3HayeHMe, UTO CYIICCTBEHHO CHHIXKAET
Maccy ¥ CTOMMOCTE IKCKaRaTopa.

4.3. Harpy3ouHsble JHATPaMMBbI IKCKABATOPOB

Pabounii umkm skckaBatopa cpeaHedl u Gonsinoi
IIPOH3BOAHTENBHOCTH COOTBETCTBEHHO COCTaBNAeT 28+ 50 ¢ M COCTOUT
U3 CJIEAYIOLMX OCHOBHBIX ONEPalii: HATIOpa (T4ru), I0IbeMa KOBLIA
H €ro OJHOBPEMEHHOI0 IIOBOPOTA HA BHITPY3KY, BHITPY3KA KOBILA,
IIOBOPOT K MECTY KONAHHA H OJIHOBPEMEHHOTO ONyCKaHHs KOBIIA B
3aboi. Ilonublit uUMKN ocymecTBaseTcs Tpems pabodumu
MEXaHH3MaMHU: Yy 3KCKaBaTOpa - HalOPHLIM, NOABEMHBIM H
NOBOPOTHBIM; Y ApAInaMHa - TATH, NOABEMHBIM H TOBOPOTHEIM, B
npouecce pabodero NMKNa Harpy3Ka IKCKaBATOPa MOKET 3HAYUTENBHO
NpeBBILATE HOMHHAIBHYIO.

Ha puc.4.8 mpeacTaBieHbl pacdeTHbIe HATPY30UYHEIE
AHArpaMMbl 3IEKTPONpPHBOJA pabouHux MEXaHH3MOB 3KCKaBaTOpa ¢
MexaHH4eckoH ionatoi. Ha pucyHke npogomKHTeABHOCT OTAEIBHBIX
MpoLECCOB UHKNTA 0003HAYEHA YEpEs3 BpeMd 1 f,f- KOTMaHHe; £, -
NOABEM FPYXEHOTO KOBLIA H YAEPXKHBaHHE ero NpH TIOBOPOTE Ha
Pa3sIPy3Ky; {,,¢5 - Pasrpyska; ;- yAepKaHUe [IOPOXKHEro KOBIIA BO BpeMs
€T0 TIOBOPOTA € IOCACAYIOMHM TOPMOKEHHEM; f, - PA3TOH, [BHKESHHE
¢ YCTRHOBHBIUHHCH CKOPOCTBIO H TOPMOXKEHHE TPY/KEHOIO KOBLIA; 1 -
TO €, HO MOPOKHETO KOBLUA; f,- BO3BPAT PYKOSTH C IPYXKEHbIM KOBLIOM;
!¢~ BBUIBHKEHHE PYKOATH C I'DY)KEHBIM KOBIIOM ITPH TMOBOPOTE HA

pasrpysKy; ¢;,- BBLIBHXKCHHEC DYKOATH MPH NMoJaue MOPOXKHETO KOBIIa
B 3a60#, Harpysounas nuarpamma CJI (puc. 4.8r) asnsteTca cyMMapHoit
M0 OTHOLICHMIO K JBHIaTENAM MEXaHH3MOB M HOCHT NEPEMCHHEIR
xapaxrep. Hanbonelias MOIHOCTE pacXoiyercs BO BPEMs KONAHHA.
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Puc.4.8. PacuéTHble HAIPY30HHBIE AHATPAMMET AEKTPOTIPHBOIOB
noaeéMHOre (a), NoBOPOTHOTO {6), HAMOPHOTO (B) MEXAHH3MOE H CETEBOTO
ABHTaTens ('} 0AHOKOBIIOBOIY IKCKABATOPA

Pexnm paboTe! D11 0CHORHBIX MEXaHH3MOB OXHOKOBILIOBOTO
IKCKABATOPA XAPAKTEPHU3YETCHd MX YaCTBIM IYCKOM H PEBEPCOM,
OBICTPBIMM Pa3TOHAMH M OCTAHOBKAMH, PE3KMMH TOTYKAMHM H THKAMH
HArpy3ku. HWCmo BKIWYECHHH B 4ac ABMraTens HOCTHraeT: y
noabeMHoH nebeaxu - 200+300; y apurateneii Hanopa W MOBOPOTA -
600+700. ITuku Harpy3ku ABHrareneil 4acTo B 2+3 pasd IPEBLILLIAIOT
CpeTHHE HArPY3KH H OBTOPAIOTCA HECKOIBKO Pa3 B TeueHHH pabouero
uHkna. XapakTepHod ocofeHHocThI0 paGoTh DI OCHOBHEIX
MEXAHH3MOB 3KCKABATOPA ABIACTCH BO3IMOXHOCTE CTOMOPCHHMA
pabouero opraHa npH BCTPeXe ero ¢ HENPEOAOIMMBIMH [TPENATCTBHAMH
B mpoliecce paborbl; 103ToMY TpebyeTCs aRTOMATHYECKOE OrPaHHYEHHE
MoMeHTa, passyBaemoro 2II. 3To TpeboBaHHE BEINOJNHASTCH C
IOMOLIBIO CIEUHANEHON GOpPMbBI MEXaHHYECKOH XapakTepucTHRY 11,
Ha3piBaeMOH 3xcKaBaTopHOH (puc.4.9). QopMa xapakTepHCTHKH
obecreuusaet npy paGoYHX HATPY3KaX BEICOKYIO NPOH3BOAMTENBLHOCTD
¢ MIOCIICAYIOMIMM OrPAHHYEHHEM MOMEHTA JOMYCTUMBIMH 3HAYEHHAMH.
CrnemyeT OTMETHTH, 4TO XapakTePUCTHKa 1, YAOBIETBOPSIOLIAN



126

NOCTaBIEHHBIM TpeOOBAHUIM,
MMECT CYLIECTBCHHBIC HENOCTAT-
kY. MamuHHACT HEe YyBCTRYET
3arpy3kd  MeXaHH3Ma, T.K.
CKOPOCTL OCTAeTCH BCE BpEMSA
[OYTH IOCTOAHHOM IIpH BO3pacTa-
HHM Harpysk# BIJIOTh [J0
cTomopHoro 3HayeHus. Yactoe
TIOBTOPEHHE PEKHMa CTOIOPEHHUSA
P CHHXKAeT NPOM3BOJHTENBHOCTE

0
M, skcxaBaropa. Ilosromy neneco-

Puc.4.9, OxckaparopHas

i ci Xapakre-
xapaxTepHcTHia 311 obpasneli ABaseT p

pucTeka 2. KauecTBO 3KCKa-
BATOPHOH XapaKTEPHCTHKH onpenensercs ko3dduiuHeHTOM
3anoNHEHUA, KOTOPhIH TipeacTaBnseT co0oH OTHOUIEHHE MIIOMIANH
(urypsi, o6pazoBanHoi KpUBOH W=f(M) 1 0CAMH KOOpIMHAT, K

nowazu npamoyronsuuka 0@ gaM . :

. mS
- a)OMmax ’
rae S- mromans, orpaHHYeHHas 0CsIMH KOOPAHHRAT H MEXaHHIECKOH

XapaKTepUCTHROHE W=f{M);

m=marm,,
k=0,7+0,8.

IMpuMepHblit BUA XapakTeprcTHK DT, 0TBevaronx
3aJaHHbIM TEXHHYECKMM TpeOOBaHMAM MEXaHH3MOB 3KCKaBaTOPOB
npuBeneH B Tabnuue 4.2,

ks 4.1)

4.4. TpebosaHHs K YMIEKTPONPHBORY IKCKABATOPA

PaGoTta 3xcKaBaTopa NPOHCXOAUT B BECHMa THKEIbIX YCIOBHIX
C pe3KONEPEMEHHONH Harpy3KOH, TPACKOH Bcero obopynoBaHEA, IIPH
3HAYHTENBEHBIX U3MEHEHHAX TeMIepaTyphl H BIAKHOCTH, GonbiloH
3amlBITeHHOCTH. [102TOMY K €ro MeXaHM9eCKOMY H MeKTPHYECKOMY
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Tabnuua 4.2

Xapamepucmw VTEKTPONPUBOIA MEXAHH3MOB JKCKABATOPA
THI 3XCKABATOPA H XAPAKTOPHCTHKA MEKTPOIPHBOIA

000pyNOBAHHIO NpPENBABIAIOTCS XKecTkMe TpeboBaHuA no

BHOPOCTONKOCTH, NOMNYCTUMOMY YHCy BKAMOYEHHIT, TapaHTHHHOMY

cpoky Oe3oTkasuoll pabortel, TpeGoBaHHA K CTATHUECKHM H

JAHHAMHYECKHM XapakrepHcTHKaM OT] MeXaHU3MOB 3KCKaBATOPOB

Pa3IHYHbL :

® MCXAHM3M MOBOPOTA, 00NANAIOIMA 3HAYHTETBHBIM IPUBEIECHHBIM
MOMEHTOM HHEPLIMH, B HECKOJILKO Pa3 [IPEBLIILAET MOMEHT HHEPLIMH
asuratend, paboraer, Honpmed dacTeio, B pexnme IM1] nycka
peBepca

®* M TOPMOKEHHA. BerneacTBue GoNBIIOFO YHCNA 3BEHBEB B
KHHEMaTHYECKOH LeMH Y MEXaHU3IMa HMEIOTCH 3HAUHTENbHbIE
moQTe B Nepefavax, 3a3opbl B KpemJeHHsX pabouero
obopyaoBanHs;

® MCXAaHH3M nojabeMa paboTaecT B YCNOBHAX PE3KOMEPEMEHHOI
HATPY3KH, HEPEIKO 3HAYHTENBHO NIPEBLIAIIIEH HOMUHATEHYIO;

¥
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e B eule Hoaee THKENBIX YCIOBHIX HAXOAMTCH MEXaHH3M HaIlopa
3KCKABATODA-NOTIATHI.

Taxum 00pa3oM, AN OCHOBHHIX MEXaHM3MOB JKCKaBaTropoB
XapaKTepHO BIMSHHE YIPYTHX MEXaHHUECKHX CBS3CH, 3a30pOB B
nepenayax U paboueM oOOPyNOBaHHH, a TAKKE KHHEMATHYCCKHX
norpewmdocteil nepenad 311 mosopora. Ilpu 3TOM BaKHEHIIUM
SABNACTCH TpeOoBaHUE obecneyeHHU MaKCHMAaTIbHOM
MPOM3BOAMTENBHOCTH MAIIHMHBI MPH MHHMMANbHBIX Harpyskax ce
EKTPHUUYECKOr0 ¥ MEXaHHIeCKoro obopyaoBannsd. s BEINOTHEHHS
aroro obmero tpebopanua I OCHOBHBIX MEXaHH3MOB 3KCKABATOPA
JOIDKEH YAOBIETBOPATE CNeAYIOMIHM TpeOOBaHHAM:

1. O6aanaTk AOCTATOYHBIM OBICTPOACHCTBHEM MPH MIMEHEHHAX
ckopocTtH ¥ ofecnednBaTh PeryTHPOBaHHE CKOPOCTH B IHANA30HE,
HeobxoaMMOM OMepaTtopy IO YCHEWHOIO YMNpPaBIeHUA
I1POCTPAHCTBEHHBIMH [IepeMELLEHHSA pabouero oprana ¢ Tpedyemoi
TOYHOCTBIO.

2. OfecneynBaTh HAAS)KHOE OrPaHHUEHHE MOMEHTA H TOKA JBUTATE/S
IomycTHMBbIMM 3HAYeHHAMH Kak B [1l] nycka u TopMOXKEHHSA, TaK H
[pPH MEXAHHYECKHX IIEPErpy3IKax.,

3. ObecneyuBarh OTpPaHHYEHHE IHHAMHUYCCKUX Harpysok
MEXaHHYECKOTO 060pynoBaHHA, 00yCNOBIEHHBIX HATHYHEM
YIPYTHX CBSI3€i, 3330pOB B IEPENA4ax M COWIEHEHHAX pabouero
0GOopyTOBaHHA M NEPHOAHYECKHX BO3MYIICHHH, BBHI3BIBACMBIX
KHHEMATHYECKUMH MOTPEUIHOCTAMHY Nepead.

4. IMeTr MakcuMajbHoe npabAMKEHHE MEXaHHYECKOH
XapakTEPHCTHKH ABUrareiieil K 3KcKaBaTopHoit dopwme.

5. ViMeTb Mansl€ HOTEPH SHEPTHH Ha Beex cxopocTsax 311

4.5. Cucrembt 11 3KcKaBaTopos

Jlng OHOKOBILOBBIX 3KCKABATOPOB H3BECTHBI CIEAYIOUIHE
cucremsl OIT:
1. AcuHxpoHHeIH OI1
2. YacTOTHO-YNpaBisieMblit acHHXpoHHsId OI1.
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3. CucTeMa reHepaTop-ABHI4TENb ¢ CHITOBBIM MATHHTHBIM YCHITHTETEM
(T-JJ ¢ MY), _
4, CHcTeMa rellcpaTop-aBHTaTenhb ¢ CHITOBBIM H MPOMCHKYTUIILIM
MArHWTHRIM yerTaTenen (K- ¢ MY u [1IMY).
5. Cucrema reHepaTop-ABHIraTeab ¢ THPHCTOPHBIM BO3OYIHTEICM
(I'-I ¢ TB).
6. Cucrtema THpHCTOPLBIH npeobpasoBareas-1suratens (TI1-/1).
ITI MexaHH3MOB IKCKAaBATOPa MOMKHO pa3OHTH HA JBC TPY LI
1. BI1 ¢ ManbiM MOMEHTOM HHepuH - D] MEXaHH3IMOB NO1BEMA I
Haropa (TIru).
2. DIl ¢ HonblIIHM MOMEHTOM HHeplkH - DT MeXaHH3IMa TOBOPOTA.
Bpems pasrona snexrpoiaBurateneii mepsBoil rpyniibl
ONpenesseTcs, B OCHOBIOM, JTCKTPOMATHHTHOMH MTOCTOAHHON BpeMelin
reHeparopa

LB]"

= b, (4.2)
Rur
d BTOpOf/’I - BHeKTpCFMeXﬁHH“IeCKOPI HOCTOHHHOi‘/JI BPEMQHH [IpHBOId:
JR,,
_ i
ru - T (43)
Cy

Ilo 5Toi NpPUYHHE CXeMBbl YOPABICHHUS 3TeXTPOIBHTATEICH
3THUX MEXAHH3MOB JOIKHEI OTPa/kaTh HAa3BaHHbIE 0COOEHHOCTH TPV,

OIT MexXaHu3MOB [epBOl IPYINbl JOKHE HMETE XOPOHIYH)
YIIPABNAEMOCTb, /1711 YeTO HCOOXOTHMO COKPALLATH BPEMs HAPACTAHHA
S/C reneparopa ¥ YacTOTs! CKOPOCTH BpallleHus aBurarens, C yrod
uenete 8 CV ponxda BBoautees OOC 1o HanpshKerHo reHepatopa
MM 4acTOTE BpallleHHs ABUTATENs, KOTOPbI¢ NO3BOJIHAH Obl
dopcuporate nepexoansie npoteccst ({111} B nenn so3bywacins
reHepaTopa.

[IpH pasroHe MeXaHU3MOB BTOPOH I'PYNIEL ¢ GONBIIHMH
MOMEHTAMH HHCPLHH TOK SKOPS MIEKTPOIBUIETE 1S MOKET IPERLICHTD
npeiensHo NONYCTHMBIE 3HadyeHHs. Y1008 H3Gexarts 3TOTO,
HeoOxoauMo 3aMeanuTe nHapactanie C reseparopa, T.e. CHIDKATD
TEMI pasroHa Mexanussma, Bor ang Taknx MexaHn3MoB HCOGXOIHMO
BOAUTE OOC 110 TOKY ¢ OTCCHKOH HiH 00CCnedHBaTh 3alalitible
YCKOPEHHA MPH PasToOHC M TOPMOKEHUH [1yTeM aBTOMATHUYECKOTO
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MO epKHBaHNS ONIpeaeeHHOro Temna uimenenns S/1C reneparopa.
Jlna obecrederns yetoiuusoro xapakrepa I11 8 3aMKHYTBIX CHCTEMAX
ABTOMATHUECKOTO PEryHpPOBAHHA CHCTEMBl JKCKaBaTOpHEX OI1
JOMTKHBE coepaaTs ribxue OOC. DTH cBA3M MOTyT ObiTh THHEHHBIMH
WIIH HETMHEHHBIMU 110 Pa3HYHLIM rapameTpaM cucteMsel. [Ipy sToMm
HenmuHeiiHas rubkas OC apToMaTHYECKH BBOJAUTCH TONBKO HAa
onpegeneHHsix dranax Il Hanpumep, I yMEHBIUEHHA yXapoB B
peIyKTOpax MEXaHH3MOB IIOBOPOTA IKCKABATOPA IPH BRIOOPE 3230p0B
aomKHa BROAUTECA ITOC MO HANpPAKEHHIO TEHEPATOpa, KOTOpas
saMeiaia OBl TEMIT pasroHa JBUTATENA B IEPUON BBIOOpa 3a3opa.
[locie BEIGOpPA 3a30pa 3Ta CBA3L ABTOMATHHYECKH IOJDKHA OTKIIIOHAThCA,
yToOK He CHIDKATh Temn [11 pasroHa MitH TOPMOXEHHS MOBOPOTHOH
nnatdopMel dkckaBatopa. Ilpn ncnoaszoanud TII, y koTOpeIX
He3HAYMTEABHAA DJIEKTPOMATHWTHANS MHEPIHA, HeoOX0auMO
HCKYCCTREHHO 3aMeHTh unTeHcuBnocTs I111, Hampumep, myTeM
oxsara TII TIOC 1o HanpaxeHHIO. )
B 3aBHCHMOCTH OT BHJAA HCIONB3YEMOIO YCHIHTENA
NPHMEHAIOTCA BA BUA THIIOBBIX CTPyKTYp I
1. Cuctema ynpasnenns DIl ¢ CyMMHPYIOLIMM (IIPOMEKYTOUHEIM)
yeumureseM (puc.4.10).
2. CTpyxTypa MOAYMHEHHOTO PeryIHpoBanus Koopausar (puc.4.1 1).
Jlo HenapHero BpeMenH, koraa MY Obul OCHOBHBIM BHIOM
YCHUIEHHs, CTPYKTYpa € CYMMHPYIOLHM YCHIHTCACM B
paccmarpuBaeMbix DIl ONHOKOBIIOBBIX IKCKABATOPOB HAXOAHI4
MpeMMYyLIECTBEHHOE NPHMEHEHHe. D10 00BACHALTCH CICAYIOUIHMH
ocobeHHoCTAMUH MY
® MarHMTHOC CyMMHPOBAHHC BXOIHBIX CHTHAJIOB [IO3BO/AET BBOIUTD
CUTHANBl YNIPaBAeHUA 6¢3 MOTEHUHANBHBIX (TalbBaHUYECKHX)
cBa3eil 0OMOTOK YIIPABNEHUA,
¢ YCHIHTENb OTIMYAETCH BHICOKOH HANEKHOCTHIO W MPOCTOTOM
IKCIUTyaTaLlkH,;
® BLICOKMI Koah(dHUMEHT YCHIEHHS 10 MOIIHOCTH.
Henocrarkd:
e {oyblias DJJEKTPOMATHHTHA® HHEPHUS OTPaHUYHBAET
OeicTpoaeficTere MY
s GnicTponeiicTBue MY orpanuuuBaeTcs TeM B GosbUIeH cTeneny,

[31

HEM BEINIC BHIXOJHAs MOILIHOCTL H 4eM Oonbie KodddHiuueHT
YCHIIEHHA TIO MOIIHOCTH,
TIOCTOAHHAA BPeMEHH H rabapHTel pesepcHBHOIO MY ¢ Bbixomom
Ha TMOCTOAHHOM TOKE YBEAMYHBAKTCA [0 CPABHEHHID C
HEPCBCPCHBHEIM B HECKOJBLKO pa3 M3-3a HeBbicokoro KIIJI
{30+35%) 1 HeoOXoMMOCTH ABOIHOrO KoMINekTa MY,

Ha puc.4.10 npeacrasnena crpykrypa O cuctemsr I - oMV

C

g

Puc. 4,10, Ctpyxrypa 311 cuctemal ¢ CYMMHPYIOLHM YCHAATCAEM

Oco6eHHOCTBIO cXeM ¢ CyMMHpPYIOIIMM YCHINTEIEM SRILSTCA
ucrnonssoBanue OOC nmo ToKy ¢ orcevkoil. B Takux cucremax Ges
OpHMCHCHUA JIONIONHHTENBHBIX KOPPEKTHPYIOUIHX CBA3el
chopMUpoBaTh TpelyeMble CTATHCTHYECKHE M AMHAMHYCCKUE
XaPAaKTEPUCTHKH MIPAKTHYCCKH HEBO3MOKHO. B 3T0H cBA3M B cxeme
puc.4.10 Beeaens rubkue OC no D/C renepatopa u CBs3M 10 TOKY
AKOPA 1A YTYYIIEHHA AHHAMAYSCKHX KAYeCTB CHCTEMBI,

-

- TILA — A = XA
2MY(PC) IMY(PT) - — A wc_ Lel
k Uy'r k U ]
V2 R ko Jer VR, fa Ry, @
1+pTy2 1+ pT, epT,

IIA'QC +pT) |

Puc. 4.11. MHOTOKOHTYPHAS CHCTeMA [TOIMHHEHHOTD PETYTHPOBAHHA

1

OCHOBHBIM HEOCTATKOM CTPYKTYPBI C CYMMHPYIOLHM
YCHITHTEIEM ABIACTCS B3aMMHOE BaHAHke OC, saTpyaHaiomwee
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[OTYYEHHE ONITHMATIBIBIX AMHAMHYECKIX KaueCTB TIPH pery1MpoBaHiH
KaxI0H [ICPEMCHHOL.

Vikasamuele HCAOCTATKH CTPYKTYDPH ¢ CYMMHDPYOIIHM
YCHIIMTENEM TIPHBEIM K CO3AaHHMIO CTPYKTYPbl MOAYHHEHHOIO
peryjiHpoBatis TOKa H CKOPOCTH (nanpskenus) puc.4.11.

Bo BHOBb npoekTupyembix 1 MpeaycMaTpUBAOTCA
NONYIPOBOTHUKOBLIC YIIPABAAEMBIE [IPEOOPA30BATCAN U yCHIINTEIH
tina YBCP. ,

3jech ClIeayeT OTMETUTh, YTO Bblllle NPUBCIACHHAA CXEMa B
uMCTOM BHIC He MOXKeT OBITh HCnoNnp30BaHa B DIl OCHOBHBEIX
MexXaHu3MOB 3kckamaTopos. Tak ans 311 MexaHH3Ma NOBOpOTA
IKCKABATOPA XaPaKTepHO CYWICCTBEHHOC BIHAHWE YTNPYIHX
MCXaHHUYECKMX CBA3CH, 3a30POB B nepeaavax u pabouem 060pyaoBaHHH,
A4 TaKke KMHEMATHUeCKHX morpewHocTel nepeaad. 311 oCHOBHBIX

MEeXaHH3MOB 3KCKaparopa ¢ ¢MKOCTBIO KOBUIA oo 8 ;3 HMCIOT

MOLLIOCTH, H3MEPAEMBIE COTHAMH, a CBBILLE 8 M° - THICSYAMH KMJIOBATT,

YTO ONpeNessieT VAEsHbli PACXON FHEPTHA Ha KYOOMETP BBIHYTOTO

rpyuTa. I1pu 5TOM BRKHEHILAM YCIOBHEM ABJLCTCA TpeboBanKe

ofecneueHns MAKCUMANBHON TIPOH3BOAHTEIBHOCTH MAMIMHbBI MPH

MUHHMANBHBIX HATPY3KaXx €€ IEKTPHUIeCKOro ¥ MEXaHH4eCKoro

0o0opyIOBanu,

Uro6sl cuctema 11 yaoBneTBopsiaa 3THM TpeOOBAaHHAM OHA
domxkHa obecleuMBaTh:

1. HagexHoe orpaHHYEHUE MOMEHTA H TOKA CTOTIOPHBIMH 3HAMCHHAMH
BO BCEX JOMYCTHMBIX pexuMax padoTsl,

2. BKOHOMHYHOE PETYJINPOBAHKE CKOPOCTH B AHAMA3OHE D=(4+6):1
1 PEXYNEPAIIO IHEPrUH, 0CBOOOKIAIOIIYIOCH MPH TOPMOKEHIH
MEXAHM3MA [0BOPOTA UIIH ONyCKaHKH KOBIIA.

3. JloCTaTOUHYH CKOPOCTB CIIYCKa KOBUA IIPH YAEP/KAHVH €TI0 IIyTeM
HNCKTPUIECKOTO TOPMOKEHHS.

4 MunumaIbHble IHHAMUHECKHE HATPY3KY MEXaHHUCCKOTO
060PYA0BAHYS AOCTATOYHO TPOCTHIMI H HATEKHBIMHU CPEACTBAMK.

5. Peann3alliio neMnQUPYOLEro AeRCTBIS CHCTEMBI YNPABICHHA I
HAa MCXAHMUECKHE KONEOaHHs B 2IEKTPOMEXaHHHCCKOH CHCTEME.

6. TIpocTOTy ¥ MAaKCHMasbHYHK HAJCKHOCTD EKTPHUECKOH CXEME

[FS]
Lad

3C

o Tl T =
K b 1 —p ——
/T U

7

"3

7

i .
Puc. 4.12, Yindnmnposarnag crpykTypa IKCK@BATOpHEIX D[]

yrupasneiuns 911 ocHOBIBIX MEXAHUIMOE.
C yl{efro,\i BBILIE MPHBCACHHBIX QAKTOPOB AN IKCKABATOPHEIX ]
paspaborana yHuHUKPOBAHNAs CTPYKTYpa (pHc.4.12).

3T0 ABYXKOHTYPHEA CHCTCMA JIOJ4HHCHIOTO PETY:IMPOBAHHA
TOKA AKOPA JBUTATCIA W HAMpsxKenua npeodpazosare’s. B xauecTse
peryaaropa Toka PT wenonesyercs H-perynatop ¢ mocrosunoi
PErynupoBanua T, B KaueCTBE peryasaTopa nanpaxedus PH
HCIIOAB3YETCA NPOTIOPUHOHANBITEIH perynsaTop. Bmecto OOC nmo
CKOPOCTH ucnonesyeres OOC 0o nanpaikeHHo npeodpazoBaTeis.
Curnan, sanawomit ypoBeHs Hanmpskenus (CKOpocTH ABMrarcig)
curian OOC 1o HanpsKeHHI0 CYMMHPYIOTCS Ha BXOe
nponopunonansHoro PH. [lna nonyuenus tpebyemoit xeTckocTy
pabouero yuacTka MexaHHYECKOH XapaKTepHCTHKH NpUBOAA NPH

PETYIHPOBANIMH HaTIpAzAcHUA Ha Bxoa PH nogaercs curtizn [10C mo
TOKY.

4.6. 311 cucremnl -1 ¢ cnaerbiM MY

1O cxeMoll peanmnzyeTca CTPYKTYpa ynpaslenns 31
JKCKABATOPOB ¢ NPOMEHKYTOUHBIM (CYyMMHUPYOIIMM) YCHIHTCACM. B
cxeme (puc.4.13) reHeparop COAEPKAUT J1BE 0OMOTKY BO3OYKICHMS -
Hesasueumyw (OBI'H) w nmapangsensnyo (OBTU). OBI'LI
NPHCOCINHEHA K 3aKHMaM AKOPHOH LemnH reHepa'ropa,. MariMTo-
apmkytowas cuna (MJC) kotopoii Ha-mpasnena cornacto ¢ MAC

OBTH u cocrasmsier 0,25, . OBI'H nutactes oT aByxraxtioro MY,



OTo no3BosadeT
BHITONHHTL B CHCTEME
[TOC mo Hanpsxe-
HHIO TeHepaTopa ¢

F,=F.+F 3a

o OEBTH omrur’

OB/,

CYET UEFO YMEHBLIAETCH
KB MJC u tox BOGYKACHHA
OBTH, a, cienoBaTelb-
M HO, H MOIIIHOCTE CHJI0BO-
L % ro MY
B cHcTeMe
Puc. 4.13. [IpMHLMIHANLHAS coznaetca OO0OC HE)
cxema cuctemer 21T/l c MY HANpsKEHHI 06MOTKOM
OH MY, kotopas obecneunsaeT Gopcenposanue LI 8 311 nosmmaelr
KECTKOCTS BHEUIHEH XapaKICPHCTHKH TEHEPATOpa H MCXaHHHECKOH
xapaktepuctukn DIl Jas obecmeucHns 3KCKaBaT0pHUOH
xapakTepHcTHRy O11 B cucreMe HMeeTCs (OOC no TOKY ¢ OTCEYKOH.
Yrpasnenne D11 cucrems I'-J1 0CYIECTBIACTCA C TIOMOLIBIO
MY, B KOTOPOM HCIONB3YIOTCA TpH OOMOTKH MATHHTHOTO
(mpomeskyTounoro) ycunurens OH, O3 u OT u, cnenosarensHo,
OCYIECTBIASTCS ANEKTPOMAr HUTHAS CBA3b MEXKIY 381aHHELIM CHTHANOM
03 u curnanamu obparusix cesseit OH u OT.
Pesynsrupyomas MJAC 8 MY
F;-=F;_‘F;_FT' (4"4)
VTipaB/IcHHE TPHBOOM COCPENOTOYEHO B 3a/1a1011EH oGMOTKi:
03 (MYVY), obycnas-11BatolluH
“a a a a M/C:

OBI'H

F=lLo,
rae F - BRINOIHAMOWAIL B CHCTEME
' aeiicteue OOC no nanps-
MEHHIO, OCYILECTBIAEMOE
obmotkoi ynpasnenus OH
- MY).
0 I:)Tl'.' [OTC ]('Z'T I;'TC ICT IC"‘T I!IF ( ) FH =IH a)H

Puc. 4.14. BHemHAS XapaKTepUCTHKE
reueparopa cuctemel ST T-I ¢ MY

H
|
1

Yem wenbme F,, TeM Oonblic
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pesyrsTupytomas MIIC £, - £, TeM BHIIe HANpKeHHE Ha BRIXOge
MY u tem Gonbre Hanpsxenne B OBIH, uto BhizbiBaeT YBeTHYEHHE

Temna usmenenns MJIC o6morkn OBTH u cooTseT¢TBeHHO
coxpatnenye Bpemenu I111 B 3[1.

Anist Tony4enns xckaBaTopHO# Xapaktepuctuku 1 cHcTeMbl -1
(puc.4.14) 8 MY umeetcs OOC no TOKY AKOPHOH IElH ¢ OTCEedKO.
¥Y3en otoii OOC cocTouT U3 06MoOTKH ynparienus OT (MY),
notenrinomeTpa IIM, HeTourMKA Hanpskenus cpasnenus Ucp u
PE3HCTOpa R, B AKOPHOH CHMIOBOI 1enu cucTemst 11, Henuneiineri
xapakrep OC o Toxy obecneunsaercs 3a cyer TTOITY TTPOBOAHHKOBOTO
muoaa KB. Jeficrene OC no Toky cnenpyrowee (puc.4.14). Tox no
obmotke OT npotexaer npu ycnosuu:

U,=1,R >U,. (4.5)

B s1oM ci1yaae Tok B o6motke OT cosmaer MIC F. =1 .,
HampaBieHHyI0 BeTpeuno MJ(C

F,=F,-F,-F, (4.6)
M pasMarii4uBaeT MY, HanpskeHHe Ha BLIXOAE KOTOPOTo pesko manaer

yMmenemags MJC F | u Tem caMBIM yMeHEInaeT HANPAKEHHE
TeHepaTopa I0YTH J0 HYIA.

Ha puc.4.14 npeacrarnena suemmuas XapakTepHCTHKA
reHepatopa snekTponpusoaa cieremsr I'-J] ¢ MY,

7

Cryen wobeuwa

-7
Puc.4.15. MexaHHUECKHE XapAKTEPHCTHKHA CHCTEMEI anexrponpusona -/ ¢ MY
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Ha puc.4.15- MCXAHHUECKHE XapPaKTEePHCTHKH
nexTponpusoaa cuctemsl I-J1 ¢ MY.
Cueresma 21 T-J1 ¢ MY, TOMHMO MEpedHCNeHHBIX KCCTKHX
OC, umeer taxse THorre OOC, KoTOpEIE GOPMUPYIOT AMHAMHICCKUE
XapakTCpUCTHKH U 00ccrednsaloTt YCTOHUHBOCTD CHUCTEMBI
perylIMpOBaHHKs B EPEXOAHBIX PEHUMAX.
[Tyck B X0 MPHMBOAHOIO ABHFATCAA TIPH MOCTOAHHOM
CTATHYECKOM MOMEHTE Harpy3KH BBINOIHAETCA MYTEM YBEANHICHNA TOKA
B 3a;atomeil 00MoTke MY, BCISACTBHE YEro HaNpAKCHHE HA 3AKHMAX
TCHEPATOPA W ABHIATEA TAKIKE NOBBILACTCA OT HYTA 10 HOMHHANBHOTO
ynaueHms. [IpH 2TOM 10 TexX TOp, MOKA IBUraTelTb HE Haval Bpallarbed,
TOK B II€MH €ro SKOPA BO3PACTAET OT HY/Ms A0 TAKOTO 3HAYCHHA, TIpH
KOTOPOM MOMEIT BPAILEIHS JIBUIATEIIA OKA3bIBACTCSA JOCTATOHbIM [/1A
TIpenaoTIeHs MOMEHTA COTIPOTHBICHHS pabouero Mexanusma. [onHas
JNMArpaMMa Mycka B XOA ABUTATENS mobpaxena Ha puc.4.15 B BUAE
nomanoi muiun 0-1-2-3-4-5-6-7-8. B nponecce yepnaHug ABUTATE b
paboTacT Ha €CTECTBEHHOM XapaKTCPUCTHKE (ycrmoBHO B TOUKE 8).
Jnist Toro wo0bl PEryIHpOBATh 4aCTOTY BPALIeHHA ABUATC/IA,
JIOCTATOUHO ITEPEROINTH €T0 C OIHOH MeXatuueCKOH XapaKTepHCTHKH
Ha PYCY0, KK 3TO [10Ka33HO Ha puc.4.15 (NOMAHBIC JTHHHH 8-9-6-10-
4y r.a. ). Hpu stom B wactu 11 nBuraTens fyzeT padoTarh B PEKHME
PCKYTIEPAaTHBIOTO TOPMOKEHHS.
Ecnm o BpeMsa paloThl YKCKABATOPA HEOOXOIHMO YASPKATD
KOBIU B ITOJHATOM (paBHOBECHOM) MOJIOKEHIH, CICAYET NEPeBCCTH
JBUFATENb HA MEXaHWUYCCKYIO XapaKTePHCTHKY, COOTBETCTBYIOLLYIO
HYAEBOMY I1OJIOKEHHIO KOMaHIOKOHTPO/ITIEpa KK (nonycTM, H3 TOUKH
2 B touy 12). [lpn 31om fBHrarcis Oyaer paGotarn B pexume T H
CHU3UT CKOPOCTB MObEMa KOBLIA 110 HYIls (TOUKa 0) puc.4.15. Hanee
JBHratens HauHeT paboTars Ha yuactke 0-13 (cryck KOBI14), IIe TOYKa
13 Byaer COOTBETCTBOBATH PABHOBECHOMY IONIONKEHHIO, B KOTOPOM
MOMEHT JBMrarens OyaeT paBeH MOMEHTY, CO31aBacMOMY maccoit
KoBIIa. [IpH 3TOM B JaHHOM TOYKE YACTOTA BPAILeHKA IBHFale Oyzer
pecopMa HeGoBIoi (on3ydas yacTora), Onaronaps 4emy BO3MOKHO
OTHOCHTEJILHO AMHTENBHOE YACPKAHHE KOBLLIA B [TOIHATOM TIONOKCHIH.

CnesyeT OTMETHTb, 4TO M3-3a CMEHBI NIOAPHOCTH Ha 3AKNMAX
sBurarens oOMoTKa Hanpshkenus MY HayWHaeT NOIMArHHuMBaTh
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FeHEPATOP, KaK PAHEE TO fenana 3a/aK01mas oOMOTKa, B HATIPABIECHHH

COOTBETCTBYIOLICM ITOIBEMY KOBILA, 3 TOKOBas 06MOTKa, Gnaronap;;
HAJIHYHIO OTCEYKH, HE paboTaeT, T.e. He OKA3LIBAET MPOTHBOACHCTBHS
oﬁiaorke HanpsxeHus. B pesymsrate OC reneparopa onpenensemas
AEHCTBHEM OOMOTKH HANIPSXEHMS, HAYHET AEHCTBOBATE COMMACHO C
3IC nsurarens, BO3HHKaIOLIEH [pH €r0 BpPAal€HHH NOA ACHCTBHEM
Maccel koBIa. B urore ofe mamuubl 6yayr paboraTs kak
NOCAEA0BATENBHO BKIIOYEHHBIE HA CONPOTHRICHHE LEMH AKOpPEii.
CosnasaeMelit TOpMO3HOM MOMEHT MpH 3TOM GyAET JOCTATOYEH JUIN
YACPXaHHA KOBIIA NMPH HEKOTOPOH (oYeHb HeGONbWIOH) Yyacrore
BpallleHHs [IBHTaTeNs B HANPABICHHYH TOPMO3HOIO CITYCKa.

Ecnu Tpebyerca co3mate Gonbiuoil TOpMO3HON MOMEHT C
HCTIONBE30BAHHEM PEXHMA NMPOTHBOBKIIOYEHHSA, TO ABUrATEND
paboratownii, Hanpumep, B Touke 8, GHICTPO MEPEBOIAT Ha OfHYy HZ;
MCXAHHYECKHX XapaKTepHCTHK IPOTHBOBKIIIONEHHA (ToManag 8-14-15-
16-17). B 3ToM chayd4ae TOpPMO3HO# MOMEHT OCTaeTcs Ha BpeM4
GonBIHM 1 ABHraTENb GHICTPO CHAUXKAET YacTOTY BP&IIEHUA 10 HYA
(Touxa 17).

AHANIOTHYHO H3JIOKEHHOMY TNPOHCXOIAT Ppa3roH U
TOPMOKEHHE OBHraTeNs MPH CIYCke KoBUIa. Pasrony cootsercTayer
noMaHas nuHuA 0-18-19-20-21-22-23-24. Jlanee geuratens
4BTOMAaTHYECKH NEPEXOAHT M3 ABHIaTeIBHOrO pexuMa paboTh B
TeHEepaToOpHLIH (To4ka 25). Ina CHHKEHHA YacTOTH BpaHICHHS
ABHIaTeNf OCYWECTBALIOT NEPEXON HA APYrHEe MEXaHHYECKHE
XapaKTepHCTHKY (25-26-27 W T.A.) H, B cnyuae HEOGXORHMOCTH
NPUMEHAIOT TOPMOXKEHHE TIPOTHBOBKNIOYEHHEM (31-32-33-34-35)?

Crenyer ykasats, 4TO /1% yBeJHUEHHS CKOPOCTH OMYCKAHHS KOBLIA

YacCTO UCMONB3YIOT OCnabneHue nons BO30YKIACHUA ABHTaTeNA.
OtmernM 34ech, uTo pa3Gop nycKOBBIX K TOPMO3HBIX NPOLIECCOB B I
Ok ipoBeeH Ge3 yueTa BIHARHA HHAYKTHBHOCTH LETTH BO36YKIeHUS
reHeparopa,

HoctonHcTBaMu cucremul 311 -7 ¢ MY aBnsioTcst: BEICOKHIH
KOIDOHULHEHT 3aTMONHEHHA MEXAHHUECKOH XapaKTePHCTHKH, KOTOPBIH
nocturaer 90+95%; manelil ToK B UenH ynpaBlenHs 3ajaroleii
o6motkn MY; Gonsmwoe 6uicTponeiicTsue, YMEHBLIAIOLIEE
AnutensHocTh II1 (pasrona, pepepca H TOPMOKEHH); BOIMOKHOCTS
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KCTONB30BalHg BGEeCKOHTAKTHOTO KOMAaHIOKORTpO/IEpa 8 IIEnu
sanarouleit oOMOTKH U nonydenns 6onpuiol MIaBHOCTH YTIPABICHHA
IPHUBOOM; BBICOKaA HAJICKHOCTH paboret. Cucrema I'-[{ ¢ MY mupoko
NPYMEHAETCA HAa COBPEMCHHBIX JKCKABATOPAX cpeaHeH MOIIHOCTH
thnos KT -8, 3KT-10, DLI-10/70 u xp.

CucremMa “remepartop-iBurarenb ¢ CHJIOBBRIM H
TIPOMEXYTOYHBIM MY ABISETCH PaSHOBHITHOCTBIO CHCTEMET I'-IcMY
M B CPABHCHHH C NOCNEAHCH HMECT fonbwmi 06w kodPHHUHEHT
YCHJIEHNA ¥ MEHBIUYIO 3NCKTPOMArHHTHYIO HHEPIMOHHOCTD.
IIpuMeHseTCA OHa Ha MOILHBIX IKCKABaTOpaX B31L-15/90 n ap.

4.7. Cxems1 DT 2xcKkapaTopa co CTPYKTYpPOH
Noa4YMHEHHOre PeryiupoBaHusd

CTpyKTypa ¢ CyMMHPYIOIIMM YCHJIMTENEM 10 -HEAABHETO
ppemenH B 11 OCHOBHBIX MEXaHH3MOB HAXOWNA NPERMYLIECTBEHHOS
- npumenene. TpeGoBAaHUA BHEAPEHH SKOHOMHYHBIX TEXHONOTHE
IOCTABHMM BOTIPOC O BHEAPSHHH ONTHMANIBHEIX CHCTCM yNpARICHU.
OCHOBHBIM HETOCTATKOM CTPYKTYPBI ¢ CYMMHPYIOUIHM YCHIMTCACM
gpnsercsd BsauMHoe Bauanue OC, 3aTpyAHAOIIEE NOMYyICHHE
ONTHMAJBHEIX THHAMHYECKHX Ka4eCTR NpH PErynHpOBaHHH KaKOoH
nepemennoil. [10MCK ONTHMANBHBIX CACTEM yNPABICHHA npHBeN K
CO3JAaHHI0, HA TEPBLIX mopax, cxem ¢ MY, UMEOUMX CHCTEMY
NOAYHHEHHOTO PEryJHPOBAHHA TOKA ¥ CKOPOCTH (nanpsbxerus). Hpu
YTOM Ha MOLIHBIX 3KCKARaTOpax cHeTeMsl ['-J1 B KauecTse Bo30yauTENnei
EHEPATOPOB CTaJA IPHMERATb THPHCTOPHEIE npeobpasosarenn (TT1),
a B uudopmarusroM karane CY OI1 YBCPE.
"IKCILTYATALHA By XKOHTYPHBIX CHCTEM MOAYHHEHHOTO peryiupoBanus
¢ OC mo TOKY M CKOPOCTH BBIABMJIA CyIIECTBEHHEIE HCNOCTATKH B
OTHOLIEHHH MXECTKOCTH pabovero y4vacTka CTaTHYECKOH
XapAaKTEPUCTHKH, TOYHOCTH PEry1UPOBAHUA TOKA ¥ OrpaHHYEHHS
yCKOpeHH# pabodero MexaHusma B MI1. TIpu 3TOM CheayeT Y4eCTs,
yto QC no cKopocTH TpebyeT MPHMEHEHHA TaxorcHeparopa H
pACCUMTAaHA HA PEANH3ALMIO PEFYIATOPOB € TOMOUIBIO 2]IEMEHTOB
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YBCP, 8 To BpeMs Kak Ha 3KCKaBaTOpax, ¢ y4eToM YCIOBHH
3KCTIyaTaluH, TpebyroTca GoNge MPOCTHIE W HANEKHBIC CXEMHBIC
PCIICHHA, HO COXPAHAIOIIME NIPCHMYLIECTBA CHCTEM TOZYHHEHHOIO
perynuposanui. C ydyetoM 3Toro M Owmna paspaGorana
YHHQHUHPOBAHHAA CTPYKTYpa And IKCKaBaTOpHHIX Il -
ABYXKOHTYDHas CHCTEMAa MONYHHEHHOTO PETYTHPOBAHHS TOKa AKOPA
ABHTaTeNs M HanpsbkeHus npeobpasosarens {puc.4.12.).

MakcumanbHoe BHIXOQHOE HAlpPSKEHHE 3BEHA OrPaHUUECHHS
30 BBIYMCAAETCA 10 BBIPAKESHHIO:

de cT

UJomax_T =
0. " k 8‘,0", (4.7)

rae £, - AONYCTHMOE YCKODEHHE ABHIaTeNs

Bsenenne 30 B a3kckasatopHoM DI ofecnmednsaeT
OrpaHHYCHHE MAKCHMANIBHEIX yckopenHit. Tak npH ysenuucuun
Harpy3KH ypOBCHE TOKA PaCTeT, B pE3YNETATe pasHoCTh U, — U/ cTaHer
MEHBLIE IOPOrOBOro HanpskeHHs 30 - CHCTEMA HAYHeT pc!"y;;lp()BaTb
TOK, OTPAaHHYHBAA €I0 CTAHAAPTHLIM 3HAYECHHEM.

Bumecto OOC no ckopocru B cxeme nenomssyercs OOC mo
HanpskeHuwo npeobpazosatensa. Jna momydeuns tpebyemoii
KECTKOCTH paboyero yuacTka MexaHkH4eCKkol xapaktepuctuku 1 npu
PCTYNHPOBAHHHE HanpsXEeHHA Ha BXOJ PeTyIATOpa Hanpsikenus PH
nopaercs cHrHan II0C no rexy U cxoaduunentom &, = Vk, (k.-
koadduunent ycunenns PH). Ipu pabote PH B npenenax nnuéi’mﬁ)ﬁ
Y4CTH CBOCH XAPAKTEPHCTHKH, €70 BRIXONHOE HAIPAXKEHNE , CONEPHKHT
COCTaBIAIOIIYIO, B KAXKAbIH MOMEHT YHCIEHO paBHyo curaany O0C
10 TOKY, BO3AeHCTBYIOIeMy Ha BX0J 3BeHa 30. IIpH Takoi HacTpoiixe
CHCTEMY MOHO PacCMaTPHBATh KaK Pa3OMKHYTY!O 110 TOKY SKOpS, TeM
CaMBIM YCTP@HAETCH CBA3L MENKAY KECTKOCTBIO c*ra'mqec;koﬁ
XapakTepucTHKH W KadecTBoM [II1, cBolicTBensas cucreMe ¢
NOCICAOBATENBHOH KOppekuMeH. 31ech KECTKOCTh XapaKTEPHCTHK
3aBHCHT OT 110860pa .

Ipu pabote B 30He TOKOOrpaHUYeHHs PH, HACHILEH K BbLIACT
Ha BRIXO/I¢ TOCTOAHHOE HAMPAKCHKE, B Pe3yNbTaTe CHCTEMa paboTaeT
Kak ONHOKOHTYPHAs CHCTEMa PEryNHpOBaHus Toxa. B nanuoii cxeme B
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curnan QOC BROAATCH COOTBETCTRYIOLIAA CBA3b, IPONOPUHOHATIEHAA
TIPOW3IBOLHON PETYNHPYEMOH BETHIHHBL:

YTO HPKBWBAJIEHTHO TPHMEHEHHIO CMEINAHHOW NOCIEI0BaTeAbHO-
napanieabHOA KOPPEKIHH.

O1HAKO CTPYKTYpa MO3BOAACT AnA BRibOpa napameTpoB H
ONTHMH3ALHH IPAMEHATH OCHOBHOH MOAXOZ, CBOHCTBEHHBIHI METOLY
nocnen0oBaTenpHON koppekuuu. Hcnoap3opanue CMeLIaHHOH
[0C/IEA0BATEIbHO-TIAPATIENBHOH KOPPEKUMH B JAHHOH CTPYKTYpe €)1
MOKET OBITh peali30BaH0 KakK ¢ IOMOIIBIO JTCMEHTOB YBCP, Tak u ¢
MOMOLIBIO NPOCTHIX M HaZexHbX MY. B nociiensem cimy'ae 0CHOBHBIC
0coGEHHOCTH PACCMOTPEHHOH CTPYKTYPBl COXPaHSAIOTCA 33 CHET
HCNONB30BaAHKA (OPMHDPYIOIIEH MONOXKHTENbHOH CBA3H MO
HanpsKEeHHIO. '

BLBOAB: PACCMOTPEHHYK YHHQHIUMPOBaHHYIO CTPYKTYpPY
ykckaBaTopHbIX DII OCHOBHBIX MEXaHH3IMOB ANA NMOJYHEHHA
TpefyeMbIX JTHHAMHYECKHX Ka4eCTB 31 gocTaToyHO BHEINOIHHTH
HAcTpoOHKY KOHTYpa

lli 1::;” s C) peryTHpoBaHHs TOKa B
pexume K3 (mpu
CHATOM BO30YKIIEHHH
LBHraTend CM.

1+k;T O)puc.4.16.2), a KOHTY-
L r pa perylHpoBaHHA

koull+ PTy) HANpKEHHA B PEXU-

me XX (npH pa3soMK-

Puc. 4.16. OnTHMH3aLMS AHHAMEKH HYTOH AKOPHOR LemH
skcxasatopa 311 no pexnmam K3 u XX

cM. puc.4.16.6). Ilpu

ONTUMANBHOMH HACTPOHKE KOHTYPOB B 3THX HCKYCCTBEHHBIX PEXHMAX
oBecreunBaeTca HIu3Kas K ONTHManbHOM JuHaMuka JI1 B paboueM
cocTosHuH. OCHOBAHHEM A TOTO ABIAETCA HCTIQNB3OBAHHE 00C
no Hanpskenuo W npumenenne [10C no Toky SkOpd, B pe3ysuTaTe
npu pabote KOHTYpa Hanpsokenns enu OC no TOky MOKHO CIMTaTh
pasoMkHYTbIMH. TIpH paGoTe B 30HE TOKOOTPAHHYCHHS PETYIATOP
HANPAKEHHS HACHLIUWEH M BBIAACT NOCTOAHHOE HANPAXEHHUC, T.C.
npexpamaet AeiicTBe OOC 1Mo HANPHKEHUIO H [TOC no TOKy TakuMm
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ob
ep?]:;om CHCTeMa paboTaeT Kak OJHOKOHTYpPHAas cHCTeMa
perynnpoBaHHs Toka, ONTHMH3AUHA AuHamMHKH DI1 3KCKaBaTopa Io

pexnmanm K3 u XX npenicrarncna coorse
cxemamy (puc.4.16 a u 6), TCTBYIOIIHMH CYPYKTYPHEIMH

Iepenarounas ¢nyqua 00LexTa pery;IupoBaHis Toka:

- - knkor/qu ~ knko'r/qu 4
(1+pT Y1+ pT,)  1+pl, “8)

rae 7, =T +T,.

B coorsercTBRH ¢ MeTomOM mocsenoBaTENBHOM KODPEKLHH

1k

W T = _-—"—-—OT )
Pt T pT(pT, +1) 49)
l"l@ T::r' NOCTOSHHAN HHTCI‘pHpOBaHHﬂ KOHTypa TOKA.
Torza nepenaroynas GyHKUHS peryiastopa Toka;
W = Fuiz R, 1

P For  PhikoTy  pT, (@10

rme T:‘ =M9T_T:JT__

Ay

Hepenaroynas dysxuus samkayroro KOHTYpa ToKa GyzeT HMeTs BHA:

= l/kOT
M LI +(Ta+T)p+l @b
Ypasuenue (4.11) uMeer xopHu:
1{ a, [a?
= =T+ r _
pl,Z T:;,-,- 2 - 4 am ’ (412)

rae a’=%(nr+n)=aT+T

7, 7,

o M3 (4.11) cneayer, uto BBezeHue B KOHTYP perynupoBaHus
FHalI2, TOKNECTBEHHO paBHOE NMPOW3BONHON TOKa, PacIIMpseT
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BO3IMOKHOCTH HACTPOWKH, Hapyuwas XECTKYI CBA3bL MEXIY
COOTHOILICHHEM IOCTOAHHBIX BPEMEHH M XapakTepoM MPOLECCOB.

W3 (4.12) cneayer, 410 MpH T0GOM COOTHOLIEHUH nocmﬁfg{bn;
BpEMEHH MOMKHO TMOTYYHTE tpebyemoe xauectso [1I1, monobpa

T,
7 == ee
spauenue rHGKoil cocTapnsAwwell a, =—-, odecnednsaiom
m

COOTBETCTBYIOUIMIT JHCKPHMUHAHT XapaKTePHCTHYECKOrO ypaBHEHHA
(4.11). Hanpumep, [ KPUTHHIECKOTO AemiipHpoBaHUs (TPAHHYHBIA
cyuail anepHOJMHECKOro NpoLecca) fyaer ciaepyrolee yCIOBHE:

a’ =2J_:

T.OuT

TOTNA
T.=T,2Va.-a,). (4.13)
Ipu a. =4 B COOTBETCTBHH C (4.13) , 210 COOTBETCTBYET

nocienoBaTenbHoil KoppekusH. Ilpu a, < 2T, #0, roraa ang
nosnydeHus TpebyeMoro kadecTea TII1 seoOXoaMMo BB06)1HTI: F(;)eCMr;(;
perynupyemMoit Beanauue. H3 cxeMsl (puc.4.16,6) xfen
nepenaroyHas ¢yHKIHS PA3OMKHYTOTO KOHTYpa HMCCT BHAL.

ko (4.14)

Wowss = BT (P T 4D
e T, =T,

Iepenarounas Qpynxuus PH:

W,. T
=gt = = K (4.15)
AT P VI
knki‘o -

3necs W, = -~?— "

TMepenaroysas QyHKIMSA 3AMKHYTOIO KOHTYPA PETy/IHPOBAHHA
HanpsKEHUA

- Vkor . (4.16)
W T + T+ TOp 1
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Honyuennaa W ananornuna(4.11), MO3TOMY obecneunBact
T¢ %€ BOIMOXKHOCTH HaCTPOAKHM MyTeM noaGopa sHaveHunii u 7T ' Kakme
OBUIH YCTaHOBNEHBI A" KOHTYpA ToKa. B (4.16) kauecTrO
PEryHpOBaHHA NPOBEPACTCH NPH | BBoauTca I"OC, ecny kakoit-nuGo
MOKA3aT¢lib HEYAOBICTBOPHTENEH.

B nocnennue rogel Ha GonbIIMHCTBE BLIMYCKAaeEMBIX B cTpaHe
IKCKABATOPOB HAXOMAT NPHMEHEHHE MHOTOKOHTYDHBIE CHCTEMBI
TIOAYHHEHHOFO PETYAHpOBAHHA koopanuaT 3M1. 1o, B ocHOBHOM,
cuctemst [-/] ¢ TB, cuctemer I'-J] ¢ KPHTHYEEKHM CaMOBO30YKAECHHEM
reHeparopa, cuctema TI1-]1, ocoberHo npH wenonb3oBauuK aneMeHTOR
YBCP,

B nacTosmee BPEMS Ha CEPHHHBIX JKCKaBaTopax cHerema TI1-
Al He nmpumenseTcA, T.K. Noka THPHCTOPHLIH I COBMECTHO ¢
(GHMIBTPOKOMNEHCHPYIOMMMH YCTPOHCTBAMH, HEOGXOIHMBIMHU ans
yAyqileHHA KOIDOHIHEHTa MOIIHOCTH M CHHKEHHS HCKAKEHMIl
HaNpaXKeHHA OHTAKIUCH ceTH, HMeer OoJiee BLICOKHE
MaccorabapHTHEIE MOK43aTeNnH, CTOMMOCTD K IKCIIYATaALHOHHY IO
HaAEKHOCTD, YeM cuetema -1, - ‘

Cuctema TII-J 6bina onpoGoBana Ha 3KCKaBaTopax
OKI-3,2, OKT-4,6, DKT'-8, OKI'-12,5 u DKT-20,

4.8. Onpeneenne Harpy30K NOALEMHOT0 W HaNoOpHOro
MeXaHH3IMOB NpaMoi MexaHRyeckodi JonarTel

B n.4.3 6wino OTMEYEHO, YTO K TMABHBEIM MeXaHH3MaM
ONHOKOBIIOBBIX JKCK2BATOPOB OTHOCHAT NOAbEMHBIH, HAMOPHHI
(TAroBbIif}, TOBOPOTHBI M XONOBOH MEXAHHIMEL, HMEIOIIHE pasTHYHEIE
XapaxTepbl Harpy3oK npH pabote skckaparopa. PaGora nogkeMHorO,
HaMoOPHOIV H IIOBOPOTHOTO MEX2HH3MOB HOCHT LHKTHYECKH I XapakTep,
IpHYEM JUIA IOABLEMHOTO X HAMOPHOIO MEXaHH3MOB XapaKTEPHb! PE3KO
NEPEMEHHOE M3MCHEHHE CTATHYECKOTO MOMEHTA CONMPOTHBIESHHA M
kon¢6aHHs CKOPOCTH mepeMellenis paGouero oprana, Pabora
MOBOPOTHBIX MEXaHU3MOB CBA3aHA C npeononeHueM GonbIIUX
MOMEHTOB MHEPUHH BpALLAIOUIMXCA YacTedl JKcKkaaTopoB. Ecin us
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npK1a paboThl 3KCKABATOPA HCKIIOYHTh HEMPOJOIDKHTENEHBIE
o BPEMEHH ONEPaliHH MaHEBPHUPOBAHMA C KOBILIOM HaZ MECTOM
pa3srpy3KH, TO B pacyerax o OnpeJeseHHI0 MOLIHOCTH JABHraTesIcH
TIPUBOOB TOZbEMHOTO, HATIOPHOIO H [IOBOPOTHONO MEX@HH3MOB BPEMA
UHKUTa paboThl MOXKHO Pa3CiHTh HA TPH [IEPHOMA; KONAHHKE, [IOBOPOT
n1aTdOpPMbl ¢ TPYKEHBIM KOBILIOM K MECTY pa3rpy3K# H TOBOPOT
n1aT$hOpPMBI € IOPOKHAM KOBLIOM B 3a60ii. [TpH TaKoM BapnaHTe LHKIa
THAYMTENBHO YITPOILACTCA TNIOCTPOEHHE HATPY3O4HBIX H CKOPOCTHBIX
JMArpaMM, 10 KOTOPEM MOXET OBITh ONpeieNeRa MotHOCTD P (xBT)
JABHTATENA B KAX/ABIH U3 NeproA0B No hopmyne

p=F¥ 107, 4.17)

wex
rae F- ycunne, npeolonesaeMoe paboYHM MEXaHH3MOM TpH
BBINOJTHEHHH JaHHOH OMEPALHH B LIHKIIE, H;
V.- CKOPOCTB (M/C), € KOTOPOt IPEOAONEBACTCA yCHIHE F;
N~ KI1J mMexanu3mMa.
3uas MPOAOIKHTENLHOCTD H cooTBeTCTBymmy[o MOILHOCTB
K2XKJIOTO TIepHOid, MOYKHO PACCHMTaTh CPeHEe 3HA4EHHE MOLIHOCTH
NpKHBOAA 32 ONHEIHA WHKI paboTsl:

Ppep =i

PV

i

p =T 40 (4.18)

Tak Kak cCpe/iHee 3HaueHHe MOLYHOCTH no popmyne (4.18)
OTIPEENSAIOT ¢ YHETOM BPEMEHH BHITOMHCHHA OTAEABHBIX onepanuuii B
LMKIIe paboThl IKCKABATOPA H OTHOCAT KO BPEMEHH MONHOTO LMKNA,
TAKYI0 MOIHOCTE MOXHO Ha3BaTh CPeHeR3BEmeHHOH (P ).

TIpK OTpeAeIEHHH CPEAHEB3BEUIEHHOH MOIIHOCTH nnnrareneﬁ
TIOBOPOTHEIX MEX2HK3MOB OIHOKOBIIOBBIX 3KCKABATOPOB B BRIDLKEHHE

(4.18) BMecTo npousseacHust P, noncrannmo'r BETMYHHY YCITOBHOM -

paGoThl CHJ HHEPUHMA BPAlIAKMHXCA yacreil 3kcxasaTopa.
Harpy3ouHsie B CKOPOCTHbIE AHArpaMMbl [JIABHBIX MEXAHHIMOB
HANAIHO NOKA3BIBAIOT H3MEHEHHS YCHHHA F=f{t), MOMECHTa HHEPLIHH
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J=f{t), qactory BpameHus n=/{t) © CKOpPOCTb TCpeMEIIEHUa 1=f{1)
paboyero opraia B TeueHHe LHKIA paboThl MEXaHH3Ma. '
3HaueHHA MAcC M THHEHHBIX PA3MEPOB KOHCTPYKTHBHEIX
3JCMCHTOB OJHOKOBILOBHEIX 3KCKABATOPOB, HeoOX0LlMbBle ANs
onpeaeneHHsa YCHIHH, BOSHUKAIOLIHX MpH paboTe 9KCKaBaTopa, MoryT
ObITh BLIYHCIIEHBI IO SMIHpIyecKkuM Gopmynam [24]. Tax. Macca (i)
BCETO IKCKABATOPA
m =k 0, (4.19)
e k- Koaucb(bHuHeHT YAENBHOH MACChI 3KCKABATOPA, YHCICHHO PaB-
HbIH OTHOIIENHIO MacChl 2KCKABAaTOPA K BMECTHMOCTH KOBLLIA;
(J- BMECTHMOCTE KOBIIA, M® (BO BCEX PacdeTax MPHUHHMAIOT KaK
3342HHYIO BEJIHYHHY).
Ilo BenuyKHE MacChT SKCKABATOPA H IPHBEACHHSIM B Tabn.4.3

KO3QHUHEHTAaM k, HaXOAAT THHEHHBIC pasMepb! (M) OTAENLHBIX
KOHCTPYKTHBHBIX NIEMCHTOB:

L=k 3fm,_. (4.20)

Macchl IOBOPOTHOH MTaTGOPMBI ¢ MEXaHH3MaMH, CTPEIIEL €
BuoKkaMH H HATIOPHOTO MEXaHH3MA ONPEENAIOT 10 3MIHMPHYECKOH
dopmyne

m=k m : : 42D
TIE £ - K02QGHUHEHTB Macchl (Tabi. 4 4)

m - Macca 3KCKaBaTopa, T.

JInveiHpie pasMepel B MeTpax (WHMPUAY, TTHHY H BLICOTY)
KOBLIEH MEXaHHYECKHX JIoNaT H APariaiiHoOB ONPeNelnsoT Mo
COOTBETCTBYIOLIUM (DOpMYITaM:

MCXdHHYECKHE NIONATsl  JIpariaiHel

b, =130, b,=LRf0,; (422
£.=0.77b, ; L=l 25“,; (4.23)
h —075b h =0,65b_; (4.24)

Maccy (T) Komua H MIOpPOAEL B Kosme MexaHquCKHx JIOTIaT U
JparnaifHoB BEIYHCISIOT, HCTIONR3YS GOPMYIIbI

mk‘.'!:]J]jCK.TQH; _ (425)
m.’\ d=1’ ch d!(cx.(SZ xdiQd) QZB * ' (426)
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m — Q,‘:.O'y nop , (427)
nop k
r
raem_,m_, , Q.- Maccol (T) H BMECTHMOCTH (m') xoBILIEH
MEXaHUYECKHX JIONaT H AparnaiiHos;
o Coopr Cogns Co oy~ KOOPQHIHEHTEI U1 OPESAENCHHS MACC KOBIIIEH

IKCKABaTOPOB {Tabn.4.5);
¥,op~ TWIOTHOCTD ropHoit mopoas! B uenuxe, /v (tadin4.8);
kp- K03 QHIHEHT pasprIXTeHus nopoas! (Tabn.4.8).

Macca {T) pyKOATH MEXaHUYIECKOH NOMATHI

m,=cm, (4.28)
rag C,- Koacp(pnuﬂeﬂr UTsE ONPEIICACHUSA PA3MepOB PYKOATER

3KCKaBaTOpOB (T1adn.4.6);
m_ - Macca KOBIIIA I0NAThl, ONpeneiseMas 1o gopmyrne (4.25).

s omnpejesieHns Harpy3okK MOABEMHOrO H HAINOPHOTO
MEXAHH3MOB CTPOAT B MaclITabe CXeMbl PacHEeTHBIX HOJIOKEHUH
pabouero oGopynoBanus yKckaBaTopa (puc. 4.17) no IaHHBIM pacyeTa
TUHEHHBIX Pa3MEpOB KOHCTPYKTHBHBIX DJIEMECHTOB BKCKaBaropa. Ha
cXxeMax NoKazaHbl BEKTOpH cuim, geilicTByromux Ha pabodee
oGopynoBaHue TIPSIMOH MEXaHHYECKOH JIONATH B MIPOIECce KONaHus,
[I0BOPOTA MAT(GOPMBI ¢ TPYKEHBIM KOBILIOM Ha PA3TPY3Ky H NOBOPOTa
7aTGopMBI ¢ TOPOXKHUM KOBLIOM B 3a00H.

Yewme F | (H), koTopoe BO3HHKAeT B [OQBEMHOM KaHaTe
(kanaTax) MeXaHHUYECKOH 10maTei U 00YCNOBIWBAET HATPY3KY
JMBUTATEIA MOMLEMHOTC MeXaHH3Ma IIPH KOMAHWH, BRIYHCIAIOT H3
YpaBHEHHS MOMEHTOB, CO3MaBaeMBbIX CONIPOTHBIACHHEM MOPO/EI
KOIaHMio F, , BECOM KoBWIA ¢ nopogoil G, W BecoM pykosth G
OTHOCHTEJIBHO OCH HanopHoro Baiza [23]. B obuem Buae mpu
Pa3IHYHBIX [OJIMKSHHAX KOBIIA B MPOLECCE KOMAHHA 3TO YCHITHE
onpenensoT no hopMyne

_FL+G, Leosa+G [ cosa

F — Ktn K
s , (4.29)

rae [,1,,1,.1,- JUTHHBI TUI€Y IPHIIOKEHHS CHII OTHOCHTEIBHO OCH Ha-

MOPHOTO Bana, KOTOPLIH paclonoKeH Ha cepeinHe
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CTpeIBI, M;
(- YTOII MEKAY PYKOATBIO H MPEANIORAraeMoH TopH30HTANBHA
JMHHEH, rpaayc,
{3 yron MexILy TOOBEMHBIM K2HATOM U PYKOATBIO, FPATYC.
Papencrro (4.29) npubimxkeHHO (COMPOTHBIICHNE KONAHHEO
nonatet F, B neficTBuTeIBHOCTH NPHIOKEHO HE CTPOTO
NEPIICHOHKYIAPHO K OCH PYKOATH, a 110/ HEKOTOPBIM YITIOM), HO
00eCTIeYHBAET JOCTATOYHYIO TOUHOCTE.
ConpoTuBnenHe nopoas! konanumwo (H):

F =k b h =Gk

iz KoK e
Lk
ra
rae k_- yAenbHOE COMPOTHBICHHE NOPOIBI KONAHHIO, 3ABUCALLES OT
xXapaxTepa noponsl, [la.
b - lWUHpHHA KOBIIA, M.
K.1

10°, (4.30)

h - TONIIHEA CHUMAEMON CTPYKKH OPOIBL, ONPENENAEMAS YCI0-
BHEM 3aMOMHEHHS TTONHOIO 00beMa KOBLIA HA TIVTH, PABHOM
BbICOTE 32007 L , 4TO COOTBETCTBYET FOPH3OHTANEHOMY 110-
TOKEHHED PYKOATH, M.

L - Beicota 32004, MPHHUMACTCH PABHOH BBICOTE PaCTIONOKEHHS
HAIIOPHOTO Bana L, OTHOCHTENIBHO YPOBHSA CTOSHHA 3KCKa-
BaTOpA, M.

Bec koBma ¢ nopognoit u pyrosta (H) cooteeTcTBEHHO

10%; (4.31)

Grano(m +m, ) 107 =981 m, + - };’”"

s

Gp=gmp103=9,8mp] 0?, (4.32)

IAg g- yCKopeHHe cBODOAHOTO MaeHns, M/c2,

Yeusne, BOZHHKAIOLIEE B HATOPHOM MEXAHH3ME NIPH KOIIAHHH,
obycrnoBnuBaeTcA AeHCTBYIOLWIMMHE BAOAb OCH PYKOATH CHIAMH:
OTXKHMAIOWIUM YCHIHEM MOPOIB F,, COCTABNAIOLIEH YCHIHA B
NOABEMHOM KaHate "_JcosB H COCTABNSIOLUEH BECA PYKOSTH H KOBIIA
¢ noponod G sinOu G, sin0l. B obiuem ciyyae IpH pasiuuBbIx
TIOJIOKEHHAX PYKOATH H KOBIIIA BO BPEMs KOTIAHHS YCHITHE B HAITOPHOM
Mexarusme nonatel F, (H) onpeaensaior o dopmyre
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Puc. 4.17. CxeMa pacriofoxeHUs KOBIIA M PYKOATH MEXAHHUYECKOH IONarhl Aj1s
OTpeNeNIeHAs YCHINH | TOCTPOCHUS HAarPy30YHBIX M CKOPOCTHBIX IHarpamMm
[JIABHBIX MEXAHHM3MOB B MEPHUOJ: &) KONaHus; 6) 1oBOpOTa IPYXEHOro KOoBIa Ha
pasrpysky; B) OBOpOTa KoBIia B 3360

F =F,+F McosBiGmsinOL:tGpsinOC. (4.33)

H.Aa
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Ycunusa B MOABEMHOM W HAlOPHOM MEXaHM3MaxX JIOMaThl,
COOTBETCTBYIOIIME BEPTHKAIBHOMY MOJIOXKEHHIO TIOXBEMHOIO KaHaTa
(B=90°) v ropU30HTANLHOMY TONOKEHHIO PYKOATH (OL=0°),
NPHHHMAIOT 3@ PacyeTHBIE TIPH ONPEACIEHUN MOILHOCTH JBUraTes
3a BpeMs KOTIaHHs, OTpeAesieMbie U3 BelpaskeHHit (4.29) u (4.33) npu
ycnosuu 3=90° u a=0°:

Fl+G._ L+ G;lp .

Fn . K+n K (4.34)
. )
H.ﬂ:FZ/'l’ (435)
i (4 ll, lK, lp U ln- JUTHHBI [71eY (M), OnpeaersieMble o cxeMe (CMm.
puc.4.17);

F, - omKMMaloniee yCUIHe Hanopa, MPUHSITO OUEHUBATH €ro
OTHOLIEHUEM K COIPOTHBIIEHHIO IIOPOABI KoNaHH (kK ):

nan’ "
F,

kmm = ' 100 % (436)
K,

Cpennee 3nadyenue k  TNpU BPE3aHMU KOBIIA B MOPOAY
cocrasiseT 50+80%, mocruras B ckanbHbix nopoaax 100+105 %. C
y4Ye€TOM KaTeropuu paspabarsisaemoii nopoast popmyiny (4.35) MoxkHO
3anMcarb Tak:

F, =k F =(05+105)F, (4.37)

Yeunue F° (H), Bo3HuKaiowee B OAbEMHOM MEXaHU3ME
JIONaTH MpH NMOBOpOTe TIaTQOPMBI Ha PasTpy3Ky, ONPEENsoT U3
YpaBHEHHUS MOMEHTOB, CO3/1aBaEMbIX BECOM KOBILIA C TOPOAOH U BECOM

PYKOATH OTHOCHUTCIIBHO OCH HAIMOPHOTO BaJia:

4 4
, G, lcosa+Gl cosa _

" I'sin
[1pu Bo3BpalLeHHH MIaTGOPMBI C TOPOKHHM KOBLIOM B 3200
yCUIIME B MOABEMHOM Mexanusme nonatsl £ (H) onpenensior u3
YpaBHEHHS MOMEHTOB, CO3]aBAEMbIX BECOM KOBILA O€3 II0pObl H BECOM
PYKOSTH:

(4.38)

’ ’
, Glcosa+Gl cosa
I!sin B

(4.39)



Tnunbt ned 2,071 (M) npu BepxHeM NONOKEHUH KOBILA H
MOIHOCTEIO BEIIBHHYTOH PYKOATH OMNpeensroT no puc.4.17.4,8.

JBurarens HAMOPHOTO MEXAHNU3Ma MU TOBOPOTE TINATHOPMBL
C IPYEHEBIM KOBIIOM Ha pasrpy3Ky Oyadet paboTtars O0bpLUIyIO HACTh
BPCMCHH B TOPMO3HOM pEXUME, MPEOAOIeRas COMPOTHRISHHA,
CO31aBaCMBIC COCTABIAIOIIMU Beca KoBua ¢ nopogoit G 1sinct (H),
Beca pykoatd G _Msinc (H) 1 ycHIHA B NOABEMHOM MEXaHH3ME
F! cos f3 (H). Ycunue B HAMOPHOM MEXaHHU3Me JIGTATH TIPH 3TOM

F/ =F/ cosp+G_ sina+G sina. (4.40)

Haubonsiiee ycunie B HAMOPHOM MeXaHH3Me, BOHHKAOIIEE
IPH BEPXHEM I[IOJIOMEHUH KoBla (puc.4.17,6), IpHHUMAIOT 33
pacyeTHoe.

ITpu moBopoTe mIaThOpMEL ¢ MOPOKHHM KOBLIOM B 3a00i
MAKCHMANEBHOE YCHIHME B HAIOPHOM MEXAaHHM3IME BO3HHKAeT IPH
NoabeMe KOBLIA H PYKOATH M3 BEPTHKANbHOTO MONOKEHHA (3TO
MOKA3aHO NYHKTUPOM Ha cxeme puc.4.17.8). D10 yeunue (H)
OTpe/ieIieTCA BECOM KOBILA H PYKOSATH, T.€.

F" =G, +G,. (4.41)

4.9, Oﬂpe,HeJ'IEHHe MOLIHOCTH JBUTaTeJed MOTbeMHOI0 H
HAOPHOI'o MEXaHU3IMOB MeXAHHY4ECKOLE JIONAaThI

MoHoCTs ABATATENs MOABEMHOTO MEXZHHM3MA Jlonatel £
(xBT) npu KonasvWM nNopoasl

natna -3
Pm:n— 107, (4. 42)

rie - yCHIIHE B TOTbEMHOM MEXaHH3ME JIONaThl HpH konauuu, H;
V_ - CKOPOCTD DEPEMEIICHUA NOILEMHOIO KaHaTa, M/C;
N, - KT/l noxbeMHOT0 MEXaHu3Ma, paBHBIH 0,8+0,85.
CKopocTh MepeMelleH s NOTBEMHOTO KaHaTa IIPH KONAHHH,
MOBOPOTC NMAATGOPMBI HA pasrpy3ky U NOBOPOTE ILTATHOPMEL
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HOPOXHHUM KOBIIOM B 3a00H NPHHHUMAIOT 110 ONBITHBIM JaHHBIM
IKCIIYATALMH TPSMbIX MEXaHMYECKHX Jonar. B kadecTBe npumepa
Ha puc.4.18,¢ mokazaHa ocuHANOTPaMMa paboTel NOABEMHOTO
Mexanu3Ma skckapatopa DK -8H, oTpakaionlas H3MEHEHHS JaCTOTEI
BpALIECHHs JBHIATEA B TC4eHHH pabouero nukaa. [Ipu Konaunu
ABHIATEN L TIOABEMHOIO MeXaHHu3Ma paboTaer Ha paboyeH 4acTu
MeXaHHYECKOH XapakTePHUCTHKH, TO3TOMY IIPH ONpEAeNeHHH
MOWIHOCM P = 32 pacdeTHyI0 NPUHHMAKT CKOPOCTH V,
COOTBETCTBYIOIYK) HOMHHAJIBHOH YacTOTE BpAIEHHs JBHIaTens.
3uaveHus Vv, NpUBEACHBI B T2011.4.9.

MowHocTe aABHrarens (kBT) MogbeMHOIO MEXaHH3MA JIOIIATHI
TIpH [TOBOPOTE NIaT(GOPMBI HA PA3FPY3KY

,

P =01 +03) et 107 (4.43)

na
rae F’ - ycuiiue B MOIb€MHOM MEXAHU3ME IIPH TIOBOPOTE nnarqopMEl

Ha pasrpy3ky, H, onpeaenswor no popmyne (4.38)

CpeaHssi CKOPOCTh MepeMELIeHHS NOIbEMHOTC KaHaTa IIpH
110BOpoOTE MAATHOPMEE HA PA3rPy3Ky COOTBETCTBYET “MON3YYHM'
YacTOTaM BpALIeHHA ABHTATENS M B PAacyeTax NPUHMMACTCS PABHOH
(0,1+0,3)v_ .

MOUHOCTE ABHIATEss [OLBEMHOT0 MEXAHH3MA NPH IOBOPOTE
M1aTgopMbl C IOPOKHHM KOBIIOM B 3a00H

&
1 ,06/MuH
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(6) mexanusmoB 3kckasaropa JKIM-8H




152

” FlvVe, o
P‘H = (1,1 + 1,3) R LU , (444)
n
re F, -yMCHIIME B MTOTBEMHOM MCXAHU3ME IIPH TOBOPOTE wIaTHOpMEL
¢ NOPOKHHM KOBLIOM B 3a00M, H, onpenensior no

dopmyne (4.39).

[Tpu moBopoTe IIATGOPMBI K CIYCKE TIOPOKHErO KOBIIA B
3a00f cxeMa ynpaBIeHHA NPUBOJOM NOJBEMHOTO MEXaHH3MA
obecnieynBaeT ocnabienue nonst Bo30yxaeHns apurareiis, [pu stoM
YacTOTA BpAICHMA JABMraress yBennuusaetca Ha 10-30%, urto
COOTBETCTBYET PACUETHOH CKOPOCTH MepeMELIEHHI NOIEEMHOTO KaHaTa
(1,1+1,3)v_.

MOImHOCTL ABMIAaTENs HANOPHOrO MexaHu3Ma (kBT) npu
KOIIAHHH

— Fn, ';vn A

P = n— 107 , (4.45)

rae F, - yCuIue B HAlIOPHOM MEXaHH3ME NPH Kollanuk, H, onpenensior
no dopmyne (4.37);
V- CKOPOCTb NEPEMEILEHHS PYKOATH, M/C;
1,,.- KIIJ] HamopHOro MeXaHH3Ma, pasHbii 0,75+0,85.

Ha puc. 4.18,6 nprBeaeHa ocuyIiorpaMma paboTsl HANMOPHOTO
MexanuaMa 3kckararopa DKI'-8}, nokaspipaiolas H3MeHeHHe YaCTOThL
BpalleHHs NBHIaTeNnd B TedeHHe pabouero umkna. Ilpu konmaHW#
YacTOT4 BpPALl¢HWA JABHMTATENsS HANOPHOIO MExaHH3ma Onu3ka K
HoMuHaNbHOM. TloaToMy npu onpelciicHHH P 332 pacyeTHYIO
IPHHUMAIOT CKOPOCTE ¥, COOTBETCTRYIONLY KO HOMHHAIBHOH 4aCTOTE
BpAILieHHs ABUIaTeNs. 3HaUeHHd vV  TpHBEACHBI B Ta0m.4.9.

MomHocTs ABHrareis HalopHOTO MexaHusMa (kBT) mpu
HOBOPOTE MNAaTOPMBI HA PAsTPY3KY

F'v
P/, =(03+05)~2.10" (4.46)
wa
rae F’ - yCHIINE B HAIOPHOM MEXAHH3ME NPH TI0BOPOTE [UIATQOPMBI
Ha pasrpysky, H, onpeaensior no ¢opmyne (4.40).
CKOpOCTB MepeMeILeHHs PYKOATH B 3TOT NEPHOA LiHKIa paboThI
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IKCKABATOPA [POMCXOMUT TIPH NOHMMKEHHBIX 9aCTOTAX BPATLICHHS
IBATATENS U B CPETHEM COCTABJIAET (0,3—:0,5)1)” -

ITpu noBopoTe MnathopmMel ¢ HOPOKHHM KOBILIOM B 3a00ii
paboTa HAMOPHOTO MEXAHK3MA IPOUCXOITHT TTPH HOMHHATRHOIT YACTOTe

BpaLlCHHA ABHTaTes 1. MOIHOCTE NBHIaTeNs HATIOPHOIO MCXaHH3Ma
(xBT) B 3TOT Nepuon

. F” _
P/ =(03+0,5) " 107

HT

(4.47)

€ F.” - ycunue B HanopHOM MeXaHH3Me NIPH II0BOPOTE TNATdOPMEL C
MOPOKHUM KOBLIOM B 3200, H, onpeaensior no dopmyne (4.41).

J1s 10CTPOEHNA HATPY304HbIX H CKOPOCTHBIX JIMAaIPaMM (CM.
puc.4.17) v olipeieneHus cpeHeB3BELIEHHOH MOILHOCTH ABHTATENEH
NOABEMHOIO # HAMOPHOTO MEXaHU3MOB HEOOXOMMMO 3HATH BpEMA
BBITIOTHEHUA OTAC/IBHBIX OMEPANMH 3& HOJHBIA UMK PadoTol
3KCKaBaropa. H3BECTHO, YTO BpeMsl OBOPOTa ILIAaTHOPMBL Ha Pa3rPy3Ky
1 BO3BpallieHHe B 3200 COCTARIALT TIA IPAMEIX MEXAHHYECKHX JIONAT
60-+70% ot BpeMeHH NoOMHOTO LHKNA paboThl, JlJIg IpeaBapHTETEHEIX
PACHETOB BPEMS LMKJIA MOXKHO Pa3bHTh Ha TPH PABHBIX LePHOAA:

KOIaHuA (¢, ¢,

MOBOPOTA IIAT(HOPMBI HA Pa3rpy3Ky (tp), c,

NoBOpOTa MAATGOPMBL ¢ IIOPOKHUM KOBLIOM B 3ab0ii (7 ), ¢,
49TO MOMKHO BHIDA3HTE B BHAE (DOPMYIs :

L=t =t =13t (4.48)
Tae £, - BpeMs paboThl LHKAA, C.

Cpennes3BelIeHHbIE MOIHOCTH JBUIaTeNed OIBEMHOIO H
HaOpHOTO MEXAHN3MOB nonatsl (kBT)

P — Pn.ntx..vz + R:J.'tpc.,r + P”ta..rr

n.a(ce) » ; (4.49)
P — PH..”.'IK.R + Pnl..wtp.,'r + B:;ZBJT

H.(c.8) t . (450)

¥
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4.10. OupeaeneHne MOMEHTA HHEPIUHH BPALIAIOINHXCH
yacTeH 01HOKOBUIOBBIX IKCKABATOPOB

[IpenBapHTeIIbHEIH pacyeT MOMEHTA HHCPIIHH BPaILAIOLIHXCA
yacTel OIHOKOBILIOBEIX 3KCKABATOPOB PEKOMEHIYETCH OMPEAC/IACTCS

no ¢popmyre [23]
J=981e,m’”, (4.51)
TIe ¢ - ONBITHBIH kot duumnenT, pasueti 0,125; 0,067; 0,11 1 0,165,

COOTBETCTBEHHO Ui CTPOUTENBHBIX, KAPBEPHBIX, BCKPBIIIHBIX
MEXaHHYECKHUX JIONAT W JParfnaiiioR;
m,, .- MAcca IKCKaBaTopa, T.

OnHAX0 BENHYHMHBI MOMEHTOB HHEPLHH, BBIYHCIAEMBIE 110
dopmyne (4.51), nony4aroTca 3aHMKCHHBIMH. CllgIOBATENLHO,
JAHHKCHHBIME GYTYT U 3HAUCHHS MOL(HOCTH JBUIATENICH TOBOPOTHBIX
Mexanm3mMon. COTIACHO IIpeliaraeMoi METONHUKE, Uil OTIPENC/eH
CYMMapHOTO MOMEHTA MHEPLHH BPaIAXOHXCs yacTel JKCKaBaTopa
venonp3yercd GopMyna '

N T =d it ingp Hem S+ (4.52)

raeJ ,J J . J, J MOMEHTE! HHEPLHY OTHOCHTEABHO OCH BpaLlie-
Hug 11aTdOPMBI COOTBETCTBEHHO OBOPOTHO#H
171aThOPMBI, KOBLIA C IIOPOAOH Mtk Oe3 mopo-
JIBI, CTpeJibl, HAMOPHOTO MEXaH3Ma, Py KOATH.
MOMEHT HHEPIIHH NOBOPOTHOH r1aTdopMbl S, OTHOCHTENBHO
OCH e¢ BpalllcHus OMPEENAIOT, PACCMATPHBAL HOBOPOTHYHO uiaTopmy
¢ MEXaHH3MAMH KaK MapaJiyieenune/] ¢ OJHOPOIHOH Maccol u ¢
pebpamu, PaBHBIMH [THHE L, IIMPHHE W BEICOTC L . &ysosa
nnaTGopMbl. MoMeHT HHepLIPlH (kr-m?) Takoi nnaT(boprl
OTHOCUTENILHO BEPTHKAIBHON OCH €€ BpalleHHs

J =J +m [n,,: (4'53)
rae J - MOMEHT HHEPLHHK IIaTGOPMBbI OTHOCHTENLHO OCH, IAPAICE-
HOIl BEPTHKATRHON IPAHH Ky30Ba, MPOXOAsLICH qepe3 LIEHTP
Macchl ITaThOPMBbI KAK NAPAILNENEIHIEaa, KT M
m_ - Macca IIaThOopMEL, T;

K+noy
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[ - paccTosnue MeXay OCBIO BPAIIeHHA MAaTHOPMBL M OCHIO,
MpOXOAALIEH Yepe3 LEHTP Macchl MIATGOPMBLI KaK Iapasene-

MATICIa, M.
_ o (05L,, +(05L,,)
Jo =m,, 3( - ) s (454)
[ T = (er..! /2)_ Lm_" (455)

rae L - paguyc HATb CTPENBL, M.

Ipw cnpeneneHHy MOMEHTA HHEpLHHM.,,  KOBIHA CTOPOOH
NPEANONAralT, YTO LEHTP MAcChl KOBIIA ¢ NOPOJOH COBIANAET C
HEeHTPOM THAXECTH KOBIIA, HAXOAAMIETOCA Ha PACCTOSHUMU

MAKCHMZIBHOTO pagMyca pasrpyskd L . OT 0CH BpalleHus
MIaThOPMBIL, M:

_ 2
kanop - mK+noprac H (456)
e mmap - Macca Koslla ¢ l'IOpOﬂ,Oﬁ, T, OOpCOCIACTCA 110 Ct)OpMyHaM

(4.25), (4.26), (4.27).

MOMEHTBI HHEPIIHH CTPEbl (KT*M*) H HAIIOPHOrO0 MEXaHH3Ma
BBIYHUCIAKT COOTBETCTBEHHO N0 hopMyIaM

Jom=m i (4.57

J = m”lf, (4.58)
THE m_, M - MACCa COOTBETCTBEHHO CTPeNbl ¢ OTOKaMH M HalloPHOTO
MEXaHU3Ma, KOTOpHEIE HAaxOUdT, Henoibiys dopMyny
(4.2, 1; '
{ =l - pacCTOSHHA OT OCH BPALIEHHA [LIATOPMBI 10 LIEHTPOB Macce

CTpesbl H HATIOPHOTO MeXaHHu3Ma (cM. puc. 4.17,a), M.
MoMeHT uHepUHH (Kr'M?) PYKOATH BEIYUCASKT ANA

TOPH30HTANLHOIO [IOVIAKCHHSA PYKOATH, BBIIBHHYTOH Ha BCIO JUIHHY,
no Qopmyne

_ 2
J,=m, (), (4.59)
TIIe m - Macca PYKOATH (1), onpenensemas no BeIpaxeHHo (4.28);

- paccTosHHE OT OCH BPaILCHHA [1aT(GOPMBL A0 LICHTIPA MACCh
pYROATH (cM. prc. 4.17,6), M.
BBHILy MaJOH BEJIHYHHBI MOMEHTOB HHEPIIHHN KoBINA C
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HOpO,’IOﬁ, HanopHoro MexaHMiMa H PYKOATH OTHOCHTCJIBHO HX
coOCTBEHHEBIX 0CeH Bpallenus, MPOXoaaINX Yepes HEHTP HX MAcChl, B
pacdetax 3TH MOMEHTR] HE YHHTBIBAIOTCA. B pea/ibHBIX KOHCTPYKIIMAX
niomaik Cce4YeHHd CTpeabl l¢peMenHad, Kak IIpaBHIO
YBCIHUHBAKONIAACH K OCHOB4AHHK CTPECJBI. 370 34aTpYAHACT
onpencAcHue MOMCHTOB HHEPUHH CTPEIbI OTHOCHTEJIEHO LIEHTPA €€
TSKECTH H OCH BpalleHus Tatdopmpl, OnHAKO, KaK OKA3BIBAKOT
pacyeTh, MOMEHT HHEPLMH CTPEJIBI C JOCTATOMHOH /IS HHKECHEPHBIX
pacyeToB TOUHOCTEIO MOHO BBIYMCANTh, 3aMCHHB PCAJIBHYH) CTPEIY
COCPENOTOYEHHOH MACCOH, PacnoNOKeHHOH OCPE/IMHE CTPEJIBL.

B Ka4uecTBE NPHUMEPA OTIPEeIM N0 MPUBEASHHOH METOAMKE
MOMEHT MHEPLMH BpalaroLnxed dacteit skckasaropa JLI-10/70A u
CpaBHHUM TMONYYCHHYH BC/IHYHHY C BBHH‘{HHOE[, BBEIUMCICHHOH mo
dopmyne (4.51)

Mpumep 4.1,

OlpesenuTh MOMEHT HHEPIHH BPAIIAKIIMXCA YACTEH IKCKARATOPA Jll-
10/70A, monwaysack Gopmymamu (4.51) u (4.52).

Pewenue.

YacTh OAHHBIX, HEOOXOAMMbIX AA PACUETA, NPHHHMACM H3 TEXHHYECKOTO
NacmopTa jKckaBaTopa: WHpsHa mnatgopmel L', =10 M, mauna nnathoepMel

LM=L“+LM=18,43+4,99:23,42 M; HaHGONbIIHA PajHyc pasrpyske me=66,5 M;
JUMHA CTPENB Lm=70 M; Macca skckasatopa I =680 T, yros HakIOHa CTPENsE K
TOPH3OHTANBHON [LIOCKOCTH Ctm=30°; MOMEHT HHEpUMH BPAIMAKLIHXCA JacTel
9KCKABaTOpa J=22 8107 kr-m? .

HenocTaoume TasHbie HAXOAHM N0 MPHBEICHHBIM BRILE QOpMynaM. Mo (4.21)
onpeneavM

Maccy miardopser I =0,7-680=476 T

H Maccy cTpensl ¢ Gnokamu M =0,005-680=44 1.

Magca koBa gparnaitHa o dopmyne (4.26)

m_=1,10,52(3,25+0,08'10**=11 T.

Macca NOpoJs B KOBIUE CONTACHO BhIpaenuio (4.27)
103 _

nop 4 e

1,35
MoMeHTH HHEPIMH BPAILAOLIHXCH YacTeH JKCKaBaTOpa:
nnargopMer mo (4.53)

m 22 ¢
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2 s N2
']rm =m,, (O’SLH,J) +(0:5Ln..1) +m [2 —

3 nINE

. 2 . 2
=476(0’5 234) +(0,5-10)

10° +476-6,722-10° = 4,74-107 KT"M?,

Te 6,72- pagHyc HHEPUHH nardopMel, BHYHCHseMbIi 1o dopmyne (4.55);
KOBLIa ¢ nopoaecit mo (4.56) Jﬁmf(l1+22)66,52=t4,6‘ 107 kr-m?,
crpensl no (4.57) J“m=44‘352'10’=5,4'10’ KIM?2.
CyMMapHLIH MOMEHT KHEpUHM Bpalaromuxcs vacted DHI-10/70A
cornacHo {4.52)
N J=(4,74+14,6+54)107 k.
ITo dopmyne (4.31) MomeHT uHepuuu 8 CH

J=981C(m, )" =9,81.0,165(680)"* -10° = 8,47 10" (pp,

s CPABHCHHA NOJYIYCHHBIX pezyanaTOB CACAYET, HTO MOMEHT HHEPIIHH,
BRIYHCASHHBIH IO npennaraeMoﬁ METOIHKE, HA 8 % oTMHYaeTCH OT MOMEHTS HHEPUHHA,
MPHBOIHMOTO B TEXHHYECKOH AOKYMEHTATTHH, 8 MOMEHT HHCPLHH, onpenenxcmmﬁ 1o

dopmyne (4.51), B 2,7 paza MeHbIIE MOMEHTA HHEPLIHH, YKA3aHHOTO B JOKYMCHTALUHH
IKCKABATOPA.

4.11. OnpeneneHre MOLIHOCTH ABUraTe 1A NOBOPOTHOIO
MEXAHH3MA OJ(HOKOBIIOBBIX JIKCKABATOPOB

Cratvdeckas Harpy3ka IIPUBOAA TOBOPOTHBIX MEXdHH3IMOB
ONpeAEsISeTCs TPeHHEM OIOPHBIX POITHKOB H cocTaBaser oxono 20%
HOMHHAJILHOTO MOMEHTA JIBUTATEN .

OCHOBHas HArpy3Ka NPHBOJA MOBOPOTHBEIX MEXaHH3IMOB
00yC/IaBIMBAETCH MHEPUHMOHHBIMY MAcCaMy BPALUAKOWMXCA 4acTeH
skckaBaropa. HanGonbiuue Harpy3ku aNeKTPOMEXaHMIECKas CHCTEMA
NPHBOAOB MIOBOPOTA UCIIBITHIBAET B NEPEXOAHBIX IPOLIECCAX - PA3TOHA
H TOPMOXKCHHA MIATHOPMBI € I'PYKCHLIM H MTOPOKHUM KOBLIOM
sKckaparopa, [Ipe noeoporax nnatdopme! B npefenax 90° ppems
pasroHa H TOPMOXEHHA MOXeET cocTaBnath 90+95%, u aumm 5%
BpEeMEHH JBHMTaTeN M paboTaloT ¢ yCTaHOBHBLUeHC ckopocThio. Ilpu
yriax, MeHbmHX 90°, YCTAHOBMBINEECH ABHMKEHHE MOXET BOOOLIE
OTCYTCTBOBaTh. [IpH W3BECTHOM MOMCHTC HHEPIHH BpALIAOLIHXCH
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qacTeit IKCKABATOPA MOUIHOCTH TTOBOPOTHRIX ABMIATeNcH MOXKHO
ONpeICTIUTD W3 YPaBHEHHS KHHETHYECKOH 311ePTHH CHCTEMBI IBUrATeN b
- wiathopMa A5 MepHOAOB PasroHa H TOPMOKCHHS M1aTQOPMEI C
TPYXeHbIM H MOPOXKHUM KOBIIOM:
Aag:A,,-*A,,,,;+Ap”+Am.n+AmiA

p? | {4.60)
rae A_ - PHEPTHS, PACXOyEMas Ha COBEPLUICHHE MEXaHITUeCKOH padoTh!
H [IOTEPH B ABHIATENE TIPH Pa3TOHE H TOPMOKEHHH ILTaT(OPME!
¢ TPYKEHBIM H MOPOAKHUM KOBIIOM, [[K;
A WA -oueprud, noTpednseMas ABHIATENEM 33 BPEMA IIYCKa ¢
IPY’KEHBIM W TTOPOXKHHM KOBILOM, JIX;
A, WA -5HEPIHi, OTAABACMAsA JBUTraTEEM NIPH TOPMOKEHHH C
IPYKEHBIM H TTOPOXKHUM KOBIUOM, JEx;
A - KHHETHYECKAd IHEPTHS AKOPSL ABUIATEIIA, Jlx;
+A, - FHEPTHA, PACXONyeMas Ha TPCHHE, Jx,
DHeprus, NoAREACHHAA K ABUIATE/II0 OT CETH BO BPEMS IIYCKa,

_ 2 2
A=At A, =k, J 0 12+, J 002, (461)

p.;mex

rae
A = Ay =k J 05125 (4.62)

p.Mex .33
k_- xoapuunent, yuurbiBaiomiii MOMEHT HHEPLIMH AKOPSL.
MoMenT UHEepIMH SKOpeH ABUraTesell CoCTaBIACT: LI MEXaHHYECKHX
nonar 15+20% u ana aparnaiinos 8+15% or cyMMapHOro MOMEHT2
BPAILAFOIIMXCS 4aCTeH, MPHUBEICHHBIX K BATY JBUIATECI,
J - MOMEHT WHEPIIHH BPALUAKIIHUXCA YACTCH SKCKABATOPA ©
h IPYKEHBIM KOBLIOM, KI"M?;
(0 - pacueTHas, yCTAHOBHBUIAACA YTI0BAA CKOPOCTE 1arGopMEl,
pax/c;
Ap._m— KHHETHUCCKAS IHEPTHA BPALLAlOIHXCA YaCcTeH IKCKaBaTopa
up#t AOCTHRKEHHUH CKOPOCTH BpaieHus 0 , Jbk;
A4, - notepH NIEKTPHUCCKOH SHEPIHH B ABHTaTENE, XK.

B npocreix cuctemax I'-JI, B KOTOpPBIX HANpPMKEHHE,
MOABOAMMOE K JBHTATENIO OT TeHeparopd, NOBBIIAETCA MIABHO,
MEKTPHUECKHE TOTEPH 3HAUHTENILHO MEHbLLE TOTEPD NIPH BKAKYEHHH
IBHIATENs HA CETh M PaBHbI
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W T
A =k J L=
0=kl T (4.63)

rae T - MexaHHYecKas IOCTOAHHAS, C;

T - 3NeKTPOMAarHUTHAs NOCTOSHHAS el BO30YKIeHH
Te€HepaTopa, ¢, BO MHOIO pa3 NPEBLILANA MEXAHHUECKY IO
HOCTOSHHYIO .

He3nauntensHele IOTEPH B JABHIaTeNe MPH MYCKE ¢ MIABHLIM
U3MEHEHHEM ITOJBOAMMOTO K JBHIATEIE} HANIPHKEHHS 00y CIaBIHBAIOT
3aHMXKEHHEIE PE3YNbTaTHl B pacuyeTax ONpeAeleHHs MOILIHOCTH.
IMosromy ans onpeiaciieHHs MOILIHOCTH JABHraTenel MOBOPOTHEIX
MeXaHH3MOB B OpocToil cucteme -] cnenayer paccMmarpusars
TOPMO3HOM PEXKHM NPOTHUBOBKIIOYEHHEM.

[TpH NA12BHOM NOBHIIIEHHH HANPSKEHHS, TOABOIHMOIO K
JBHraTeNiio, 3aTArHBaeTCs MyCcK ABHTATeNdA, YTO NPHBOIUT K GONbLLHM
noTepsAiM MOPOU3BOAMTENBHOCTH 3KckaBaTopa. [losTomMy Ha
COBPEMEHHBIX JKCKaBaTopax co cxemaMu npueoja I'-J1 nns yckopenus
npouecca Mycka JBUratenel NpHMeHAIOT POPCHPOBKY mpolecca
BO30yXJAcHHA TeHepaTopa, KOoTopas BBI3BIBAET YBeJIHYEHHE
HapAKEHHUA, MOABOAMMOrO K Apurarento. IIpH 3ToM HOTepy 3Heprau
B JIBUTATENE BO3PACTAIOT A0 MOTEPH TIPH IIPAMOM BKITIOUECHHH JIRHTATEISA
Ha ceTb. BeaudHHY MoTeph JHEPTHH BRIYUCIAIOT 10 dhopMyie (4.62).

[To aHaNOrHHU ¢ H3JOMKEHHBIM 3HEPTHA, HOHBOLHMAS K
JBHTATEIIO NP IYCKE C TIOPOKHHM KOBLLIOM,

Ay = ko J 03 1 24k, J 05 1 2=k, J, 0}, (4.64)

CyMMapHas RHEpr#s, MoJABOAMMAs K JBHTaTEN BO BpeMs
NIYCKA C TPYXKEHBIM H MOPOXHUM KOBLLOM,

Aty = Apn + A, =k, (S, + 0,05 (4.65)

B npouecce noBoporta naarGOpMel ¢ IPUBOIOM 110 CHCTEME
I'-J] ¢ ¢opcupoBKoii npy ycKe B pexKUMax TOPMOKEHHA NPHMEHAETCA
reHepaTopHoe TopMokeHHe, [IpH 3TOM KHHeTHUecKas DHEpPrHs

BpallatOmIHXCA qacTer 3KCKaBaTopa B BHIAC BHEI(TpH'-IeCK{)ﬁ oTaacTCs
B CE€Th HJIH FaCHTCH B CONPOTHBICHHAX H pacXooyCTCqd Ha TPCHUC!

A, =k, J 052, (4.66)
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L=k d w2, (4.67)

3Hep1"}'lﬂ, pacxoayeMas Ha TpeHHE, NPOTHBO3HAYHA: IIPH
pasrOHE CHJILI TPEHHs ACHCTBYIOT MPOTHB IBHXKYLUICTO MOMEHTA
JIBHTATeIA, NPH TOPMOKEHHH - B HAIIPABJICHHH MOMEHTA TOPMOKEHHSL.
[ostoMy B BeIpakeHuH (4.60) HMH MOXKHO npeHeOpeds.

[logcrasus B dopmyny (4.60) ypapHenus (4.65)-(4.67) u
11OJCITHB Pe3y/IbTaT Ha BpeM:A paboTsl I0BOPOTHOTO MEXaHH3Ma 33 LIHKII
3KCKABAaTOpa, MONYYHM CPCAHCB3BENIEHHYO MOIUHOCTH MpHBOAA
[HOBOPOTHOTO MEXaHH3Ma:

ko (S, + )1+ 0500w,

nnoe(rap + tna )

rae P, - cpeaHeB3BelleHHas! MOIIHOCTD PHBOIA IOBOPOTHOTO
Mexadu3Ma, KBT;
n,,,- KII/I nepenauu noBOPOTHOrO MEXaHH3MA;
1, ¥ 1, BPEMS MOBOPOTA MIaTGOpMBI € TPYKEHBIM KOBIIOM Ha
pasrpysKy H ¢ IOPOXHHM KOBIIOM B 33001, ¢.
C ueNpI0 YOPOIIGHUS pacHeToB MOKHO MPHHATH 1)
et nk =12,
Toma N0CNe HEKOTOPBIX IIpeo0pasOBaHKi MOy YHM

(J +.J )w

P = —£.107 (4.69)
te.p

TTo gopmyrnie (4.69) ¢ LOCTATOUHO#M AN HHXKSHEPHBIX pacyeToB
TOYHOCTEIO MOXKHO ONPEACNATE MOIIHOCTE IIOBOPOTHRIX MEXaHH3IMOB
OQHOKOBIIIOBBIX YKCKABATOPOB- ApariadHoB M MEXaHHYECKHUX JIOTAT.
[omyyeHHas MOLTHOCTD ABIAETCA HCXOTHOH MpH erifope Apurarenei
MOBOPOTHRIX MEXAHH3MOB OJJHOKOBLUIOBBIX 3KCKaBaTOPOB.

107, (4.68)

Gk

0,8,

RO8

4,12. OnpenejienHe HAFPY3IOK TATOBOr0 H NMOALEMHOI0
MeXaHH3MOB JpaIiaina

Jing onpejfelicHUs HAarpy30K TATOBOTO H MOABEMHOTO
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MEXAHH3IMOB [ [JaHHBM pacdeTa JIHHEHHLIX pasMepos
KOHCTPYKTHBHBIX 2Ji¢MEHTOR 3KCKABaTOPa CTPOAT B MACIITA0E CXEMBI
pacueTHLIX TONOKeHHIt paboyero obopynoBaHHs AparnaiHa (pHc.
4.19,a4,6,8).

Cunpl, JeifCTBYIOLIME HA TATOBBIH MEXaHH3M JparilaiHa B
MpoUecce Komanns, MOAKHO ONMPENEIIHTD 0 CXEME, NOKA3aHHOM Ha pHC.
4.19, ComnpoTHBIeHHE [IOPOALT KOTIaHHKIo JuIs Aparnaina (H)

F _ Q{)(1+kﬂo.1)kk'0105
= e (4.70)

vt K

e Q- BMECTHMOCTD KOBINA JIparnmaia , M’;

ko= g@,

11X} -

- OTHOIIEHHE 00BeMa IPH3MbI BOJIOYEHHA K
d

BMECTHMOCTH KOBLUA ApariaiiHa. JInd nerxux,
CPEHMX M TSKENBIX OPOI K NMPHHUMAIOT PaBHBIM
coorsercTBenHo 0,4; 0,3 1 0,2;
kk—, ;- COTIPOTHBICHHE NOPOILI KOMAHHIG (Tadn.4.7), lla;
Kym = buan - OTHOLUJEHAE MYTH HANOJHEHUA KOBITA K ANHHE KOBILIA
Ky
(tabn.4.8);
k - koo uIIHEHT pasprIxiICHU (tatn.4.8).
IIpn ussectrom £, yeunue (H) B T4roBoM KaHate
F =F G, sno, +p G cosa (4.71)

e Gx‘-nop- BEC KOBIIA C [TOPOIOH;
O - NpefeNbHBIH yroi 0TKoCa, TPagyc,
0, KO3pDHIHEHT TPEHHS KOBILIA O NOPORY.
Ilpu mosopoTe nnardopMe! Aparnaina ¢ rpyKeHbIM KOBLIOM
HA pa3Tpy3Ky Ha TATOBBII KaHAT IEHCTBYIOT ABE CHIIBL YAEPXHBAIOILASA
KOBII B FOPH30HTAABHOM TMOJIOKEHHH W HEHTPOCTPEMHTENbHAA,
YAEPKHUBAIOIIAs KOBUI HA €ro TPAEKTOPHH ABHMCHHA BOKPYF OCH
BpameHus mIaTGopMbl H HANpaBleHHAs K UEHTPY BHOIL TATOBOTO
Kanara (puc.4.19,6).
VaepxkaHue TPYKCHHOTO KOBIIA B TOPH3OHTAIBLHOM
MONOXEHHWU NPH MOBOPOTE HA PasTPyiky oOCCHCUMBACTCH
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criefMalbHBIM KaHATOM, 3allaCOBaHHBIM OAHHM KOHIOM B nepezmeﬁ
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Pruc. 4.19. CxeMbl pacnonOKeH)s KOBILA AparnaiHa A OnpeneaeHUs YCHIUH H
TIOCTPOEHHA HAIPY3OUHBIX (-) H CKOPOCTHBIX (---) AHArpaM IIaBHBIX MEXAHH3MOB!
a) mepuox KonaHHs; 6) nepHoA NOBOPOTA IPYKEHOTO KOBIIA HA pasrpysKy,

B) NepHOJ MOBOPOTA NOPOXKHEro KoBLIa B 3a6oi
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4acTH KoBiuia. BTopo# konen xanara uepes GJIOK, 3aKpereHHbI Ha
TIOABEMHOM KaHaTe, KPeNUTCS K TAroBoMy KaHary. Takum o6pasom,
YCUIIHEC JJI YAEPKaHHUS KOBIUA B TOPH3OHTAJIbHOM MOJOXKCHUH
NEPENACTCS TATOBOMY KaHaTy. BennuumHa 3TOro ycunus B mepeom
TPUOTHIKEHHH MOXKET ObITh IPUHATA PABHOI MONOBHHE BECa KOBILA ¢
nopozoit. Yeunue B TAroBom kanate (H) npu nosopote nnardopmsl
JpariaiHa ¢ rpyeHbIM KOBIIOM

’ GK+nD
F,= T'i +F;

w:olpmlOB’ (473)
e Fu_ LHEHTPOCTPCMHUTECIIbHASA CHIIA, H,

(4.72)

F;4 = mK+nop

m_, - MAacca KOBILA C IIOPOJIOH, T,

ktnop

, ,- YIJI0Bas CKOPOCTSH I1aTQOpMBI iparnaiina, paju/c (tadn.4.9);
le- MaKCUMallbHBIH PajnyC pasrpysKH, M.

IIpyn noBopoTe niuathopMel ¢ OPOKHHUM KOBLIOM B 3a00¥H
OCHOBHBIM YCHJIMEM B TAIOBOM KaHATE ABIACTCS LEHTPOCTPEMHUTENbHAS
CHIIA, yACPKMBAKOLIAs KOBII HAa TPAEKTOPHM IBMXKEHHS BOKDPYT OCH
BpaleHus NOBOPOTHOH naaTGopmsi. Benuuunoii
LUEHTPOCTPEMHUTEILHON CHJIbI BBHAY MAJIOTO €€ 3HAYEHHS MOXKHO
npeHeOpeyb.

Bo Bpems xomaHus aBHrarens MOALEMHOrO MeXaHU3Ma
Aparnaitha He paboraet. [1py oTpbIBe KOBIIA B KOHIIE KOMAHHUS OT 32604,
KoTOpoe nponosnkaercs 2+3 ¢, ycunue (H) B noxbeMHoOM KaHate

F =(1,5+1,7) Gmop. (4.74)

Ilpu nanbHeimeM nogpemMe KoBIIA € IOPOJOH U IOBOPOTE €10
K MECTY pasrpy3KH yCHJIME B OJABEMHOM KaHATE OIPEACIAETCH BECOM
KOBIIA C ITOPOJOK:

4 —_—
F;x.d - Gk+nop- (475)
Yeunue B moobeMHOM KaHaTe IIpH NMOBOPOTE HJIaT(l)OpMBI C
TIOPOXXHUM KOBIIOM B 3200 3aBMCHT OT BECa KOBINA:
” o _
no = G- (4.76)
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4.13. Onpejeenne MOBIKOCTH ABUTaTeIeH TATOBOTO H
[01BEMHOTO0 MeXaHH3MOB Jparjiaiia

MOIHOCTE ABUraTeNs TATOBOIO MEXAHH3IMA (kBT) npu
KOLIaHUH

p =Fiae 1o, (4.77)

b TIm
rae F. - yCHIMe B TAFOBOM KaHaTe Ipi KOTAHWH, BBIYHCIIAEMOE 110
popmyne (4.71), H;
V_,- CKOPOCTB N€PEMEILICHUS TATOBOTO KaHaTa, M/c;
M. ,- KT 1siroBoro Mexanusma.
CKopoCTh TepeMenlenus TATOBOTO KaHaTa MpH KOMaHHA
COOTBETCTBYET HOMHHANBHOH Y4CTOTE BPALUCHHA ABHTATEIA (Tabn.4.9).
TIpu MOBOPOTE MITATHOPMBI € IPYKEHBIM KOBLIOM Ha PATPY3IKY
TpeGyeTcs “Tpasnenue” xanara. [1pu 310M paboTa TATCBOTO MEXAHH3MA
IpOTEKAET MpPH TOBBILECHHBIX CKOPOCTAX, NPEBBIMIAIIIHX
HoMHHANBHYIO Ha 10+20%. MomHOCTE ABUraTeist (xBT) TATOBOIO
MEXaHH3Ma B 3TOT MepHON

F' v
- : e XA I Wy
P, =(]1+12) 107 (4.78)
n"r.d
rje F!,- yCWIHE B TATOBOM MEXAHH3ME NIPH IIOBOPOTE niatgopMsl Ha
pasrpy3ky (H), BbuHCIs€MOC 110 dopmyne (4.72).

MowwnocTte (kB1) ABHrarens mogbeMHOINO MEXaHH3Ma B

MOMEHT OTpHIB2 KOBIIA OT 32001
Fm)vnd

P, =—222107 4.79
? nnd ’ ( ' )

tiie F - yCHIIHE B IIO(bEMHOM KAHATE B MOMEHT OTPbIBa KOBILA OT 32605
(H), Beraucngemoe no gopmyne (4.74);
V- CKOPOCTB I1epeMELICHMA TIOABLEMHOrO KaHaTa, M/c;
1,,- K[ noabeMHOTO MEXaHH3MA.
CKOpOCTh TEpeMEIIEHHs ObEMHOTO KaHaT4 NIPH OTPBIBE
koBLIIa OT 3360 H NOAbEME €ro Ha pasrpy3Ky COOTBETCTBYCT
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HOMMWHAJBHOH HacToTe BpalileHus asyurarens (tabn.4.9).
Momuocts (KBt) aBurarens nogbeMHOr0 MeXaHH3Ma MpH
NOBOPOTE NAATGOPMbI Ha Pa3rpy3Ky

’
V
s _ Cndnd -3
nd — -10 y

nnd

riae F’- ycunue B IOAbEMHOM MEXAHM3ME TIPH IOBOPOTE nnathopMsl

C MOPOKHKM KOBILOM B 3aboe, H, sprancasemoe o Qopmyine

(4.76). '

BpeMma, HeoOXouMOoe AUIsl IE0BOPOTa MIAT(OpMBbL ApArnaHa
C FPy’XEHBIM KOBUIOM Ha Pasrpy3Ky W ¢ MOPOXHHEM KOBILOM B 3a00ii,
HECKOJIbKO GOMbIIe, YeM y MeXaHudeckux nonar. OHo cocTasiseT
70+80 % OT BpeMEHM TONHOrO LWxIa. [103TOMy HPH MOCTPOEHHH
HArpy30MHBIX W CKOPOCTHBIX MAHAIPAMM H ONPENCICHUU
Cpe/HER3BELIEHHO MOIIHOCTH TATOBOTO H NOJBEMHOTO MEXAHH3MOB
BpeMA LHKiIa paboTEr Aparainal,  Clenyer pa36uBaTh Ha CIEYIOLIHE
nepuoasl: Bpems xonanug £ =0,3t_, BpeMs MoBopoTa i1arQopMel Ha
pasrpy3Ky M Bo3BpailieHHe B 3a00it L=l ,~0.35¢ ,. Bpemsa oTpriBa
KOBIIa OT 32604 B pacueTax NPHHHMAIOT paBHBIM 23 ¢. HarpyzouHele
M CKOPOCTHBIC IHArpaMMbl TACOBOTO H NMOABEMHOIO MEXAHH3MOB
nokasassl Ha puc.4.19.

CpenweB3BelICHHEe MOIHOCTY JBurarenedl (kBT) Tarosoro
H NOABLEMHOI0 MEXAHH3MOB

(4.80)

_035,+035F,
T.0(ce) 0,3+ 0,35 , (481)
P — ]Dn.dtomp + R:’,dtn.d + }Jn,.‘:)tn.z

n.olce)

482
fomp + Lup T Las (4.82)
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Tabnuna 4.3

Ko3puuMEHTH! 11 onpeaeneHus IHHeHHBIX pa3MepoB
3KCKaBaTOPa 10 33aHHOH BMECTMMOCTH KOBIIA

TokaszaTens CrpoutensHbie KapbepHsle BekpbllHbie Ulararouue
YHHBEPCA/BHBIE | MEXAHHUECKHE | MEXaHHYECKHE | IapariaifHul
IKCKABATODBL JIONAThl JIONATHI
BMeCTHMOCTD KOBIa, M 0,1-2 2-20 4-50 4-25
VYaeabras macca 37-41* 38-55 55-110 50-110
5KkcKkaBaTopa Ko, T/0°
JlnHedhinble K03 GHUHEHTDI kg
Hlnpuuxa - 0,85-0,95 0,95-1,40 1,15-1,30
rnaThopMbl
BricoTa ky3oBa 0,93-0,98 0,85-0,90 1,25-1,5 0,9-0.87
Paguyc 3agHel CTeHKH 1,05-1,1 0,95-1 1,25-1,4 1,2-1,8
KYy308a
JMHa cTpensl:
JIONATHI 2,1-20 1,8-1,85 3.2-45 -
Aparaiya 4,5-4,6 - - 7,0-8.0
BelcoTa NATHI CTpebl 0,48 0,45 0,7-0,8 0,15-0,5
Paauyc NAThH CTpenbi 0,4-0,37 0,4-0,37 0,50-0,56 0,6-0,42
JUMHa pYKOSTH 1,6-1.5 1,15-1,25 2,1-29 -
MaxkcumanbHas BbICOTa:
KOTIAHUS 2,15-2,05 1,7-1.8 2,65-2.90 4.6
pasrpy3ku 1,6-1,5 1,23-13 2,8-32 25
BoicoTa HanmopoHoro Bana 1,25-1,15 1,1 1,7-1,95 -
(BbicOTa paboyero 3a6os)
MaxkcuMaJIbHbIH pazuyc: :
KOTIaHHA 2,65-2,5 2,7-2,6 3,5-4,5 7,55
DAITPY3KH 2,35-2,25 2,524 3343 7.48

*- [epBoie LHGPHI COOTBETCTBYIOT 3KCKABATOPAM C KOBLIAMH MEHBIIEH BMECTHMOCTH.

Tabnuua 4.4

Ko3hduuunenTs! 111 onpeneacHus Mace OTAEIBHEIX Y3JI0B 3KCKABaTOPOB

KoadpdrumeHT maccesl, Ky
V3en skckaBaropa Crpoure sHbie KapbepHrle BekphiLHBIe haratoume
YHEBEPCALHBIC MECXAHHYECKHE | MECXAaHHMECKHE npamaﬁﬂm
JKCKABATODH] JIOTATHI JIOIETBI
Crpena ¢ 610kamMu 0.04-0.03 0.070-0.06 0.075-0.065 0.07-0.06
HanopHslii MeXaHU3M 0.06-0.10 0.0255-0.028 0.023-0.0145 -
TlosopotHas rwatdopma 0.50-0.45 0.51-0.48 045043 0.70-0.80
C MEXAHW3MAMHU
Tabnuua 4.5
KoadpuuurenTs: 111 onpeneneHus Mace KOBLIEH IKCKaBaTOPOB
Y cnosusg paboTs Cun (Y Ci 02 Cx 03
Jlerxue 0.7-1.2 1.0 1.25 0.13
CpenHue 0.9-1.7 0.7 2.4 0.12
Tsaxens e 1.1-2.1 0.52 3.25 0.08
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Tabnuua 4.6

KoadduunenTs! anst onpeneneHus pasMepoB PyKOATEH IKCKaBATOPOB

C, PYKOATH

BHYTpCHHCH oaHobanouHoil

BHEW HEeH aByx6anoyHoi

paIrpyXeHHol
oT uirnba u

JKCKABATOP M

pasrpyXeHuo
OT KpyH4erHS

HepaIrpy MeRHOR

HEpAIrpY KeHHOH
OT KPyUeHHS

PaITpykKEHHOR
OT KpyHEHHR

KpYHYEHHA
CTponTeabHbIC - - 1.35-14 1.45-1.5
KapbcpHue 0.3-0.34 0.4-0.45 0.45-0.5 0.8-1.0 -
Bekpbluttibte 0.4-0.45 0.7-0.75 - 0.9-1.1 1.1-1.2

Tabnuna 4.7

XapakTepucTHKa FPYHTOB, pa3pabaThIBaeMbIX IKCKaBaTOPaMH

Kare- YaensHoe CONMPOTHBIEHHE NOPOAb KONAHHIO,
ITopona ropus Ma-10° *

nopoasl | Jlonarva, k., | Jparnaiu, k., Ckpenep, k..
flecok poIxibli I 0,16-0,25 0,27-0,44 0,24-0.39
Ilecok BAAXHBIH, CYTTUHOK JTETKHH 1 0,29-0,69 0,59-1,77 1,48-1,03
IpaBuii MeAKHit U CPEAHUH, TIHHA 11 0,59-1,28 0,98-1,86 0,93-1,76
AETKaA, BAAXKHAS MIAH DPa3pbiXieH-
Has
CnnMHa CpeaHsA WAM  TAXKenNas 11 1,08-1,86 1,57-2,55 1,66-2,75
Pa3pLi XICHHAN, CYTAWHOK NAOTHBIA
[ uHa TAXEAas NIOTHAN 1V 1,96-2,26 2,55-3,92 3,14-4 80
Konrnomepar cnabocuemenTupo- v 2,26-3,04 3,04-4,02 -
BAHHBLHA
KoHrnoMepart TRKenbld ¢ MEaku- v 2,75-3,14 3,63-4,12 -
MM KaMHAMH IUIOX0O B3OPBAHHBIN,
Meprens, NErKHE cnaHubl, cCyxas
TAXENas MIHHA
Kournomepar rsxenmii ¢ kpya- V-VI 2,16-2 45 2,75-3,04 -
HBIMH KaMHAMH B XEne3Has pyaa,
XOPOWO BIOPBAHHBIC
To xe, NJI0X0 B30PBAHHbIE V-V 4.12-4.61 5,20-5,80 -

* MeHbluMe 3HaYeHUs K0dQQHUKEHTOB COOTBETCTBYIOT MEHEE CBA3HBIM TOPOAAM H KOBILIAM
Gonblueil BMECTUMOCTH. JIn9 HEOJHOPORHBIX MOPOJA MEWIbIIEE 3HAYCHHE NMONYYEHHO NpH

MeHbILEM KONHYHCTBE BKIIOUCHUH

Tabauna 4.8
PcuerHrle k03¢ HHUIHUEHTB
Kareropus nopojisl
INTokazarem 1 11 111 1A%
Ko3dGHUMEHT TYTH, Ky 2,530 3,5 40 5.5
Koaxdduument paspoixienus nopoisl, k, | 1,1-1,15 1,25 13 1,3-1,37
[LIOTHOCTH NOPOABI B LIEIHKE Y, T/ M’ 1,5-1,8 1,8-2,25 | 2,5-3,0 3,0-3,5
Tabmuua 4.9
3HayeHNA CKOPOCTEH NBHXKEHHS [TIABHEIX MCXAHH3MOB OJHOKOBLIOBBIX
3KCKaBaTropoB
JKCKaBaTop CKOpOCTh, M/C YacToThl BpauleHHs
Hanopa noaAbeEMa TATH nepeaBuxkenns | nuarhopmei, 06/MuH
Crpoutensusie | 04-0,75 0,4-0,65 - 0,350,25 34
KapbepHblie 0,4-0,75 0,65-1.0 - 0,165-0,125 2,5-3,5
BekphllliHbie 0,4-0,75 1,0-1,6 - 0,165-0,125 2,5-3,5
Uararoume - 2,0-3,5 14-2,6 0,07-0,085 1,0-1.5
AparjanHbl
PoTopHsie - 0,05-0,133 - 0,04-0,097 -
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Mpumep 4.2.

TTocTpOMTL HArpy30UHbIE M CKOPOCTHBIC AHArpaMMbl, OMPEAEIHTH
MOILHOCTH ABHTaTejeil MEXaHH3MOB MMOABEMA, HAIOpa M NOBOPOTA IKCKABATOPA C
0BOpYIOBAHHEM MPAMOi MEXaHHYCCKOH JIONAThI, HMEIOILEH ABYX0AI04HYH0 PYKOATh

H peeuHbIi Hanop. BMECTHMOCTS KoBLIA Qﬂ=8 M, CKOPOCTD IICPESABHKEHHS MEXAHH3MA
noaLEMa vM=O,9 M/C; CKOpOCTb MepelBHXECHMA MEXaHKH3Ma Haropa vM=0,45 M/c;
pacueTHas 4acTOTa BPAUICHHUA NOBOPOTHOH NAATHOPMSI n,=2,5 06/vmuH;
NPOJOIKHTEBHOCTb LKA l‘M=27 C; yroa HakiaoHa cTpensl (X =45°. JxckaBarop
npefHazHayeH 1ns paspabotku nopon IV kareropuu.

Pewienue

OnpeeidcM OCHOBHblE Pa3sMephl, MACCY M BEC JKCKasaTopa M pabouero
06opynoBaHHs.

Macca sxckasatopa cornacHo (4.19) m, =448=352 1.
Pasmepsl Kkosiua no (4.22)-(4.24):
be,=12=38=24m

[ =0,77-2,4=1,85 m;

h_=0,75-2,4=1,80 m.

Macca 1 Bec KOBLIA B COOTBETCTBHH ¢ (4.25)

m _=1,151,52'8=14 1;

C=149,81°10>=13,7-10* H.

Pa3smepsl cTpenbl ¥ pyKosTH o dopmyse (4.20)

L, =1825¥352 =130 m;
L,= 1,23352 =8,5 m.

Macca u Bec aByx6anouHoit pykostu no ¢popmyne (4.28)
mp=0,9‘14=12,6 M;
G =12,6'9,81"10°=12,36'10* H.

B cootsetcTBHH C (4.20) onpenenacm:
BBICOTY HalopHOro Bana L, = kLH}/maKC = 1,13\) 352 =78 m;
BBLICOTY MIATHI CTpesbi No hopmyne (4.20) L, = 0453352 =32 ™;

MaKCHMaIbHYIO, BLICOTY Komauus L, =k Im,, . = 1,753 352 =12,5m.
Kon L.xon IKC

Ko3dduLueHTs! B NPUBEACHHBIX GOpMYynax NMPHHSATH COOTBETCTBEHHO 1O
Tabn. 1, 3, 4.

[lo mony4€eHHBIM JAaHHBIM B MaciuTabe BBHINOMHAKT PACYETHBIE CXEMBI pa-
Gounx MmoNOXKeHHH 3kckaBaTopa (puc.4.20), onpeaensdioT yCUIUS ¥ MOILHOCTh
ABHrarelis MEXaHH3Ma IOAbEMA B OTACIBHBIC IEPHOIBI pabOTEI IKCKABATOPA B TCYEHHE
O/{HOTO LIMKJIA.
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ConpoTHBieHHe NOpoAk! konaHuw no dopmyne (4.30)

ka0, 10° 25-8:10°

A, = =19-10*
7 = H
L3kp 7,8-1,35 ’
rae km H kp- k03 dHLHEHTR], 3Ha4YEHHs KOTOPLIX NpHUBeneHb! B 1a0n.4.7 u Tabn.4.8;
2
a9 Lpar = § 7 ]
r0-10% e
"“"Z 19:10'0 s
75m from 13,0m .
. 9,210
42100 3 )
nle JL216
S8n el L5 3 12,36 161\ 9.7m
69m 2,7 bl 6,710 2> 3
ol Sam ) 1610 3
P
§ 5 3,240
V7T 77A77 777777777777 777777777 7777777 77777777777,
<
£ ;10 H‘ Mexanusr nodséra
U, neic 70
| 0,9 50 — — . LA
\ |
26,3
0,09
0 0,09
9,0 9,0 9,0 tc
4
Fy 510 H
) ,rec B
Mexaruusm nanopa
0,45
L o 44,1 | %5
-
14,2 26 !
0,135
o
te
Jnxz - Jw" Mexarnisre spoaryenus
Q) spadse
T
15 - 105
10,0 -10%
| %20 )} _ %8
o
tc

Puc. 4.20. PacuyerHble cXeMbl pacroNoXeHHs KOBILa U pykosTH. Harpy3sounsie (-) u
CKOPOCTHBIE (---) AMAarpaMMbl [IaBHbIX MEXaHH3MOB MEXaHHYECKOH JIoMaThl (K
npuMepy 2) B MepHOA: a) konaHus; 6) MoBopoTa rpy»eHOro KOBLIA Ha Pa3rpysKy;
B) IOBOPOTa MOPOKHEr0 KOBILA B 3a00H
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LJ=LH$7,8 M,

GA'+I1 op™ Gk‘ + Gn op™ Osggl'{mx.ﬂ +%ﬂ} 104 =
r

=0,981-[14+ -18;35}-104 =312-10* H,

rae '\{M- IIOTHOCTE Nopoael, /M (Tadn.4.8);
(},- cuna TamecTn (H) pykOsTH, CO3IaIoNas MOMEHT CONPOTHRNIEHHS TPH
KOTIAHHHM, paBHas
G = 1238:46
r 8,5
Younae npH KONaHuk o gopmysne (4.34)

10% =6,7-10* H.

Vil Granle Gyl p)- 100 19.704312-58+6,7-2

, 4,6

JuselHbie pasMepsl ! o { - lp H l” onpeneneHs! o cxeme Ha puc. 4.20,a.
MowrocTs 1pH Komanuu no bopmynie (4.42)

4 -3
p 1010009107 o
; 0,85

VCUNHB [IPH [10BOPOTE TPYACHOTO KOBLIA HA pasrpyaiy no (4.38)

4
F = (31,2-9,7-0,94+12,36-4,25-084)-10 =50.104 H,
i 8,5:0,78

rne Ig,dp. 1y, cosa 1 sin - onpeaenenl mo cxeme puc.4.20,0

MomHOCTE [IPH NOBOPOTE Ha pasrpyaky (4.43)

4
P = 1126309709 103 _ 304 e,
: 0,85

Yernme IPH IOBOPOTE NOPOXKHENT KoBIIA B 3360t cornacko (4.39)
(13,7-9,7-0,94+12,36-4,25-0,94)-10°

Fl = =263-10" H,
n 8,5-0,78

rae by, 15, 0,cos00 1 sin B- onpenenensi no cxeme Ha puc.4.20,6 (A4 MOPOKHETO
KOBLIA),
MoOUIHOCTE ¢ MOPOXKHHUM KOBILOM 110 (4.44)
263-10* 09

Py =115 07307 =304 KB
’ 0.85

=70.10* H.
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CpenHeB3BEIISHHAS MOUIHOCTD ABHIaTels MeXaHW3IMa MOJbeMa B
cooTBeTCTBHH C (4.49) M cormacHo prc.4.17 ¥ pHc.4.20

_740-9+53-9+304.9

Pm.ca = 27 =366 kBt
an EBYX DBHIaTeIAX MOILHOCTS K2XN0TC H3 HHX
_ Puce _ 366 _ '
dan —T = —2— =183 kBT.

OnpefenuM YCHIHE H MOIIHOCTE YIEKTPOABUIATENA MEXaHHIMA HATIOpA B
OTIENbHBIE 1EPHOMB PASOTH JKCKABATOPA B TEUEHHE ONHOIO LIHKNA.

YeHIIHe B HAIOPHOM MEXAKH3IME TIPH KOMaHHH 110 (4.37)

F =F,=0,75:19"10*, H, npu k_ =0,75.

MoIHOCTE HANOPHOTO MEXaHH3Ma IIPH KOfIaHHH 0o (4.36)
_142.10-045
Pw: = 03

YcunHe B HATIOPHOM MEXaHW3IME IIPH [OBCPOTE TPYMEHOIO KOBLIA Ha
pasrpysky no (4.40) H.
MoILHCCTE HAIOPHOIO MEXaHHIMA NIPH IOBOPOTE Ha pasrpysky no (4.46)
44110 -0,45
0.8
VeunHe B HAIIOPHOM MEXaHM3Me TIpH TOBQPOTE NOPOWKHEro KOBINA Ha 3a-
rpy3ky mo gopmyne (4.41) H.

MomHeCTE HANOPHOTO MEXAaHK3Ma IPH IeBOPoTe B 3200 o dopmyne (4.47)
26:10.0,45
0,8

CpenHeB3BeLIEHHAA MOIHOCTE ABHIETENA MEXaHH3Ma Hanopa no (4.48)
_81-9+75:9+143.9
Prves ™ 27
JI18 BLIYMCASHUA MOMEHTOR HHEPIMH BpallaloIuXed 4acTel IKCKaBaTopa
ONpEIeTHM:
cornacuo (4.20)

WHPHHY InaTdopMEl L’ = 0,93352 = 6,36 M;

1072 =81 xBr.

B =03 107 =75 kBr.

P = 107 =143 kBr.

=100 xBr.

DAIHYC 3anHe CTERKH L, = 0,973352 =69 M;
pajHyc AT CTPensl [, . = 0,383352 =2,7 &;
JUTHHY TLIETPOPMEL LM=6,9+2,7=9,6 M;

MAKCHEMANbHbIA PATMYC PAsrpy3kH L, = 243352 =17 w;
cornacho (4.21)
maccy rutargopmer M, =0,5:352=176 T,
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Maccy crpestel ¢ fnokamu B =0,06"352=21 T;

MACCy HAMOPHOTO MEXaHH3Ma m"=0,028-352=l0 T
cornacHo (4.25) u (4.27)

8-3
MacCy KOBLIA € nopoaod my.,, =14+ — =318 T

[}

MOMCHT MHEpPIHH TOBOPOTHOH [TATQOPMBI OTHOCHTENLHO OCH €2 Bpalie-
HHg o (4.53) u (4.54)

2 2
o= 176'[4’8—4’33’@—+ 2,12]103 =2,7-10° krat,

e lm- PacCTOARHE MEXAY OCEIO BPALICHUA NTATGOPMEl U OCBIO, IPOXOALIEiE
Yepes LeHTP Maccht NaTdhopMul Kak napannenenunena (puc.4.17 u puc.4.20)
paBHOE M.
MOMEHT HHEPLHH HANOPHOTO McXakH3Ma mo (4.58)
Jn=10'7,52' 10°=0,5310° kr'm?, T fﬁz f(m=4,6+2,7=7,3 M.
MOMEHTEI MHEPLHHA KOBUIA ¢ TOPOAoH 1 Ge3 nopoasl OTHOCHTENLHO OCH
ppawicHua miatdhopmes no (4.56)
J . 3L 10°=9,14"10° krm?;
J=14°1710°=4,14-10° xrm?,
MOMEHT HHEPLUHH cTpesbl ¢ BIOKAMH OTHOCHTENBHO OCH BPAILCHHA TIiaT-
dopmel no (4.57)
J =2107,310= 1,11 10° krem?.
MOMEHT HHEPLHH PYKOATH OTHOCUTENLHO OCH BpallleHnd nnardhopMel o
(4.59)

J, = 12,6-(7,34-8;50,94)103 =1,6-10° ks’

CyMMapHLIe MOMEHTE HHEPLHH BPALKAIOIIMXCH 4acTel JKCKaBaTopa NpH
NOBOPOTE C IPYKEHBIM H IOPOKHHM KoBioM no (4.52)

2T =(2,7+9,14+1,11+1,60+0,53) [0%=15°10° xr°m’;

2)'"=(2,7+4,14+1,1 1+1,60+0,53) 10°=10"10° kr'm?;

Yrnopas ckopocTs maargopmer (0 =0,1052,5=0,263 pag/c (3Hauchue A
BIOHpatoT no Tabn.4.9).

CpeaHer3BeeHHas MOMHOCTL ABHPATENCH [IOBOPOTHOTO MEXAHH3MA NPH
BPAILEHHH MIaTGOPMSEL C TPYKEHHIM H NOPOMKIHHM KOBWOM 1o (4.69)

6-
Fones = (15+10) ;0 0,263 '10_3 =193 kBt

an NBYX ABHMIaTeJAX B MOBOPOTHOM MEXaHH3ME CpEAHCB3BCUICHHAas MOLHOCTD
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KamIoro asuratend kBT
Mo nony4eHHOH CPEIHCBIBECHHOH MOLIHOCTH MOXKHO BHIOPATE IMEKTPHUECKH
ABHTATENb ¥ IPOBEPHTE €T0 [10 HATpesy.

Tipnmep 4.3.

OnpensnuTs MOUHOCTh ABMIATENEH M MOCTPOMTH HArpy3oHHBIC K CKO-
POCTHEIC AMATPAMMEL TATOBOTO, IOABEMHOTD H TOBOPOTHOTO MEXAHHIMOB Aparnaiiua,
HMEKLIEEQ: BMECTHMOCTE KOBLIA Qf 145, CKOPOCTE MEXAHH3MA NIOABEMA ¥, =3 M/C,
CKOPOCTh MEXAHHIMA TArK v, =2,0 M/C, 4acTOTY BpauleHHA nnatdopmet F =1,2 06/

MHH, IPOAQIIKHTENLHOCTS LKA { =55 ¢. PaspabaThiBacMele KCKARaTOPOM [OPOLEI

otnocates k 1V xarcropun (Tssensie ycrnosud pabotet sxckaparopa). [lpereneHeti
(s}

yron orkoca (f, =35".

Peiuenue, OnpeaenuM OCHOBHBIE PAa3MEPBL, MacCy W BeC IKCKaBaTopa H
pabodero ofopyaoBaHus.

Macca 3KCKaBaToOpa mm:km,'QflOO' 14=1400 1.
PasMepsl koBuia no (4.22)-(4.24)

b, =115414 =278 m;

[ =1,2:2,78=333 m;

h, 0,65:2,78=1.8 m.

Macca 1 sec kosiua oo (4.26)

13
my g =Ll g(Ce o + 3B g)ED

G_=m ;g 10=14,2"10" H,
Macca ¥ BEC 3aTPyKEHHOTO KOBIIA cOracHo (4.260) n (4.27)

14,3
m,, =145+ =455 .
1,35 !

=11-0,52(3.25 + 0,08-14)14>" =14 5T,

143
G,., =142:10' + =29,81.10° =44,6-10" 1.
135

MakcumabRblil paguyc pasrpy3kn L ,,, = 7481400 = 84,6 = 85 m.

B npuBencHHLIX QopMynax km, c ., C

Tabn.4.3
Jinuea crpenst L, =k; 3m_,. = 731400 = 77 M.

OnpeaeTHM YCHIHSA B TATOBOM KaHATE H MOIHOCTE ABHIATCA MCXaHH3MA
THTR 32 OTAC/ILHBIE NEPHORE! paboThl IKCKABATOPA B TEYCHHE OQHOTC LHKNA.
ConpoTUBIeHye KOTIARUIO 114 Aparnaiina no (4.70)

et Cowez? Cous TIPHHATEL 1O tabn.4.1 n

5
14(1 +0,2)3 10
F 02310 _ ) 6.10° 1.

55-3,33-1,35



174

Koadbdumuento k k| kp npuBeNeHE! B Tabm4.5 u 4.6.

X U
Yeunne B TAToBOM KaHaTe NpPH KomaHu# no (4.71)
F_ ,=(22,6+44,6-0,57+0,4'44,6°0,82)=63,6"10° H.
MOIWHOCTE OBHTaTeNs MEXaHH3MA TIPH KOTIAHHH onpeenum 1o (4.77):

63,6-10°-20 s
=" 77007 =1590 kBT,
08

Yeunue B TArOBOM KaHAaTe NPU NOBOPOTE IATPOPMEI € IPYKEHEIM KOBIIOM
K MECTY pasrpyskH onpedenuum no{4.72) u (4.73):

m.o

= [4‘;’6 +45,5(0,126)" -85,0}-104 =28,3-10* H,

rme 0_=0,105n_,=0,105-1,2=0,126 pan/c.
MoOIWBOCTE IBAraTens MEXaHWIMA TATH NPH [IOBOPOTE NuardopMs! ¢ Ipy-
EHbIM KOBIIOM 110 (4.78)

4
283.10°.2
31072 1673~ 780 wBr,

. F ;:e oVm.e o3
P a=L1-=50500 7 =11
Mo 038
Cpe/Hes3BeIeHHas MOILHOCTE JBUIATENS TATOBOTO MeXaHH3ma no (4.81)

03P, ,+035P, ,  0,3:1590+ 0,35 780

den = =1160 xBT.
0,3+0,35 0,3+0,35
IIpu ABYX MexaHW3IMaX MOLIHOCTh KAXKAOTO ABATATENS
, 1160
P oce =— =380 kBT,

OHPEHEHHM YCHJIAA B IIOZBEMHOM KAHATE H MOLUHOCTE JBHTATENA MEXa-
HH3MA [I0OBEMA 34 OTACTBHLIC MTEPHOIEL paﬁon.l 3KCKaBaTopa B TCYCHHE OOHOTO LHKIIA,

Yeunne B IONBEMHOM KaHATE B MOMEHT OTpBIBA KOBIIA OT 3ab0a o (4.74)
F =17G_ =1,7-44,6'10*~71,5'10° H.

na Kt
MoOWHOCTE ABHIATENA MEXAHI3MA [IOABEMA B MOMECHT OTpEIRA 110 (4.79)

Fauo o 71,5-10*-3.107

Py=—" =2670 kBr.
nm) 058
YcHnue B KaHate MpH NOIBEME PYKEHON0 KoBILa 10 (4.75)
L : 4
Fa= GKMOP =44,6-10 H.

MoIHOCTE NPH TOABeMe IPpyXeHOro KoBiia o {(4.80)
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4

., 446:10 -3

Fo=——
0,8

Yeunue B kaHaTe (KaHaTax) NpH CIyCKe TOpOMKEEro KOBIUA B 3a60ii 1o (4.76)

107 21670 xBr.

” 4

Fy=G. =142.100 H.

MOIHOCTE ABHTATENS IPH CHYCKE TOPOAKHETQ KOBLIA 110 (4.81)
. 14210%3

Pl =11——""".107 = 590 xBr.
0,8

CpenHer3BeIlEHHAS MOIIHOCTh ABHTATEIS MEXAHH3MA HOIBEMA 10 (4.82)
2670-3+1670-16 + 590-19 '

Pooce = =1200 xBt.
38
[Ipu aBYX nBHUraTenax MOLWHOCTL KAKIOTO H3 HHX
P 1200
P oyee = T =600 kBT.

/L7s BRIMHCICHHA MOMEHTOB HHEPUHH BPAIMAKILHAXCS YacTell JKkcKaBaTopa
ONPEAEIAOT CAEAYIONHE APAMETPLL
UIHPHHY [:1aTGOPMbI, PaIHyC 3aiHei CTEHKH M PAJHYC NATHI CIPENEL 110

(4.20) COOTBETCTBEHHO: L:m =1,231400 = 11m; L, = 1,3¥1400 =14,5 M;

L,.=0,5%1400 =55 m,

a Take Ankay mathopmsl L xLx+Lm‘=I4,5+S,5=20 M,

Maccy nnargopmbl H cTpensl ¢ 6aoxamu no (4.21} COOTBETCTRENHO'
m_=0,75:1400=1050 1; m_ =0,07-1400=98 .

MoMeHT HEepUMH NOBOPOTHOMN NaTGOPMbL OTHOCHTENLHO €€ OCH Bpallle-
uua mo (4.53)

2 2
Jun= 1050{1”—-;5—’5”,52] 10267107, krons?

MOMEKTE HHEPUWH KOBINA ¢ NOPOAOH 1 Ge3 MOPOREI OTHOCHTENBHO OCH
BpPALIEHHA NNAT(HOPMEI COMACHO (4.56)

oy =455 (B4,6)°10°=32,6°107 xr"m%;

Jr=14,5(84,6) 10°=10,4'107 kM2,

MOMEHT HEEPLHK CTPensi ¢ G10KAMH OTHOCHTENBHO OCH BpALUCHHN
nnargopmel 1o (4.57) Jm=98'(40,5)2' 10°=16,1*10" k'™, rae BTOpOIt umen
l,=05L cosa L =0,5"77"0,86+55=40,5 m.

CymMapHble MOMEHTE HHEPLHH BPALIAILIMXCA YACTEH IKCKABATOPA TIPH
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N, -10% H

My oM c Mexarnuzm mazu
63,6
I t N
- 17,0 19,0 N —19,04g_:’1
0 “te
Mexanuam nedvema
AN, 10° H 71,5 33
Vm_),M';’JC L — %_‘40_5 ——_ gy === -|
14,2
—>
0 ,J..{ . g ._>|' 1,c
v | Mexanusm epawenn
2
SRR 55,4-107 33,2-10"
®apr PAASE 0,126
L e e - - e
L
° 19.0 o 19,0 L e
<« P20 e R

i H I
Puc.4.21. Harpysoussle (-) # CKOPOCTHbIE (~--) IHATPAMMBI [TABHBIX MCXAHHIMOB

Aparnaina (x npusMepy 4.3) B IEPHO: a) KOMARH, §) NOBOPOTA HATPYHKEHOTO
KOBILA Ha PAITPY3KY; B) IOBOPOTA NOPOKHAETO KOBLIA B 3aboit
IOBOPOTE € FPYKEHBIM H IOPOXKHHUM KOBIIOM TI0 (4.52) cOOTBETCTREHHO!
T ~(6,7+32,6+16,1)107=55,4"107 ke a’;
3T =(6,7+10,4+16,1)'10"=33,2'107 ks,
Ymosas ckopocTk nnatdopmel o =0,105'1,2=0,126 pan/c.
Cpennes3BelICHHYK MOILHOCTL JBHIaTENel NOBOPOTHOrO MEXAHHIMA MY
BpAIIEHHH MIAT(OPMBL C TPYKCHEIM i NOPOXKEHM KOBILOM BLIMHCAAKIT MO (4.69)

_(55.4+332)10" (0,126)° o

= =734 kB1.
ad.cg
0,35-55
Hpﬂ ABYX ABHTATETIAX B HOSDPOTHOM MEXaHUIME CpeﬂHeB:iBeLUCHHHH
., 134

MOLHOCTL KaXIoro msuratens P, .. — - =367 xBr. [lo nonyyenHo
2
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CPENHECB3BEIICHEON MOUWHOCTH cielyeT BRIOPATh NBHIATENb M IPOBEPHTL €T 0o
narpesy. Harpy3o4Hsie # ckopOCTHBIE THATPAMMBl TNABHBIX MEXAHH3MOB Aparnaiua
noKazadbl HA puc.4.21,

4.14. BaiusgHAe 4acTOThH] BPalleHHS IBHTATEIH HA
KHHEMATHYECKYI0 cXeMy NpHBoIa

Opuo#t U3 croxkHBIX 3aga4 npu Beibope asurareneit ana
NPHBOIA TTTABHBIX MEXaHH3MOB OJIHOKOBILOBEIX 3KCKAaBaTOPOB, KOrAa
onpeAeseHa CpeTHER3IBEIICHHAS HIIH IKBHBAJCHTHAR MOIUHOCTH,
ABISETCA ONpPENeJCHHE YacTOTH BPAlEHHA SKOPA WM pOTOpa
asurarend. YacToTa BpauleHUs ABHIaTelieH, HeoOXoAHuMas i7s
o0ecrneyeHns HOMMHAIBHBIX CKOPOCTEH paboyHX OpraHoB 3KCKaBaTopa,
AOMKHA OBIT, KaK npaBuno, HU3KoH. 11pH 9ToM BO3MOXKHBI Ba MYTH
peIeHHs 3aJa9H:

1) ipuMeHeHHe OBHTaTenedl ¢ HU3KOH 4acTOTOH BpPAIECHHUA H
HEMOCPEACTBEHHBIM, 03 TIepeaTouHbIX 3BEHBEB COCAHMHEHHEM Bana
asurarens ¢ pabounM opraHom (Grnaronapsi 4eMy, B HacTHOCTH,
NOBBIIIAETCA 001UasA HAeXHOCTh IKCKaBaTOpa);

2) npumeHeHue ABHrareseil ¢ DOJIBIIOH YaCTOTOH BPAICHUS AKOPS H
HCTIONB30BAHKEM JUIA COTIACOBEHHA CKOPOCTH NEPEMEIIEHM HAH
4aCTOTH BpameHHs pabouyux OPraHOB ¢ YaCTOTOH BPAIUEHHS
JABMTraTelIed peayKTOpPOB M KAHATHBIX MOJHCIACTOB, HMCIOIHX
pasiu4Hble 3HAYCHHS MepeaaTodHeX yucen. Ha 0QHOKOBIIOBBIX
JKCKABATOPAX YCTAHaBIHBAIOT KaK pPEAYKTOPHBIE, TAK H
fe3peaAyKTOpHBIE JJIEKTPONIPHBOMBI TTTABHBIX MEXaHH3MOB.
BeapexyKTOpHBIii 3MEKTPONPHRO/ C HCTIONB30BAHUEM THXOXOAHBIX
JBMraTenei IpuMeHAIOT Ha MOLIHBIX 3KcKaBaTopax JBIM 15/40, 3BT
10/50, DBT.35.65.M; DI 80/100.

OnHako Dojiee IMHPOKOE PACTIPOCTPAHEHHE HONYUHI
3MEKTPONPHBOA C PEAYKTOPHOI mepeaaded ¥ ABHUIATEISIMH,
MMEIIHMH GONBIIYI HacTOTY BpalUcHHA (HAIpHMEp, BCE
3KcKaBaTophl panos o IKI-3.2 no 3KI'-12,5 u ot 311-4/40 a0 311~
15/90). Tpx 3TOM 4aCTOTA BPALLEHNS IBUraTeNa MOKET ObITh BoiOpaHa
NMIIL OJHOBPEMEHHO C OTNpEeleHHeM IEPEIATOYHOr) YHCIa Mexa-
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HH3Ma M TOJBKO MOCIE NPEJBAPHTENBHON KOMIIOHOBKH IIPUBOJA B
LETIOM.

B 3agauy naHHoii paGoTbl He BXOAMT yCTAaHOBICHHE
ONTHMAJIbHEIX TIePENaTOYHbIX YHCEN KHHEMATHYECKHX CXeM ITTaBHbIX
MEXAHH3MOR, II02TOMY BLIGOp ABHraTelel M ONpeAcnCHHe HaCTOTh
BPAILEHUA MX AKOPEH M POTOPOB BBLIOIHEHBI MO0 KHHEMATHUCCKHM
¢cXeMaM IJIaBHLIX MEXaHM3MOB IKCKaBaTOpPOB, H3TOTOBIAEMbIX
npombluaeHHoCTRIO cTpal CHIY

Ilpu BriGope 3MeKTpoABUTaTeNiel MIABHBIX MEXaHH3IMOB
OJHOKOBIIOBBIX PKCKABATOPOB HeOOXOAHMO MpelyCcMATpUBaTh Kak
obecreueHue BHICOKMX Texuumueckux tpebosauuii (rnybokoe
pEryIHpPOBAHHE CKOPOCTH, OHICTPOTA NPOTEKAHUA MEPCXOAHBIX
MPOLECCOB, NPOCTOTA YNPAaBIEHH, HEOOXOMHMAA MEXaHHYeCKas
XapaKTepUCTHKa), TAK M HH3KOH NepBOHAYANBHOH CTOBMOCTH H
HEOBXOMHMBIX IHEPrETHHECKUX TOKA3aTeNeH 3NMCKTPONPHBOAL
(MUHHMAJTBHBIE TIOTEPH YHEPTHH NIPH ITYCKaX H TOPMOKECHHSX, BHICOKHH
KI1/1). Bonpwyo A0MI0 KAalMTANbHBEIX 3aTPaT NPH H3rOTOBICHHH
KAPBEPHBIX JKCKABATOPOB COCTABIAET CTOUMOCTh ABHraTe/icH
MOCTOSHHOIO TOKA.

Tax KaK CTOHMOCTb 3EKTPOABHIATENS 3aBUCHT OT 3aTPaThl
AKTUBHBIX MATEPHATIOB, KOTOpasd, B CBOK O4EpElb, ONPEACIACTCS
BETHYMHOI HOMHHAJILHOIO MOMEHTA H 4aCTOTOH BpALUEHHS IBUraTeNA
[25], To B 00114EeM CryHae MOLHOCTE JIBUTaTe/1 MOXKET OBITh BEIpAXKEHA
3aBUCHMOCTBIO

—_ 2
P,=cD;l n_, (4.83)
rae ¢- MalHHAs NOCTOAHHAS,

D wul - 1mameTp u aKTHBHAS JUIHHA CTAIH SKOPS,

11, - 43CTOTa BPANEHHs AKOPA.

OueBHAHO, UTO YeM O0JbIE HacTOTa BPAILEHHA AKOPH
JIBHTaTeNs, HMEOUIEro NOCTOSHHYIO MOIHOCTh, TEM MCHBIIE Macca
ero aKTHBHEIX MATCPHAaNOB, NPONOPLHOHATLHEIX BEHUHHE D/
MEHBLIE MOMEHT WHEPUHM KOs, TaKkKe NPONOpUHOHANBHBIH
BEHMHHE D/, , ¥ PA3MEPbI, A CIEI0BATENIBHO, H CTOHMOCTD ABUTATE A,

OnHAKO ¢ POCTOM YAaCTOTHl BpalleHHs Akopsa (poTopa}
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BO3PACTAIOT NPOMOPIMOHANEHO (0’ NOTEPH B LENH AKOPS JBHraTens
Ipd NYyCKaX W TOPMOKEHHAX, 00paTHO NPOINOPUHOHANBHO
CHMKAETCS MOMEHT JBHIATEA U PONOPIHOHANBHO () YBEIIHYHEAETCH
BpeMs MycKa M TOPMOMKEHHS JBHIATE/IA.

ITepeyHcaeHHBIE 3aBHCHMOCTH TPYAHO NONYYHTbL MO
KATATO0KHBIM MaTepHamaM JI7Is JBHTATeNs OHON H TOH ke MOUIHOCTH
B UIHPOKOM AHANa30He 4acTOTHl BpauleHHus. [loatoMy HekoTopeie u3
3THX 34BHCHMOCTeH NpHOMUKEeHHO MOryT OBITH ONPENENICHB! N0
IMIHpUYEcKHM dopmynam [23].

MOMEHT HHEeplUHHR HKOps ABHTaTeNell MOCTOSHHOIO TOKa
mommHocTse or 10 1o 10000 kBt

J, =0,00015M5,, (4.84)
rae M oo™ HOMHHAILHEIH MOMEHT ABHrarens, H:M, BRIMHCISeMBIH N0
dopmyie
M, =9550P jn, . (4.85)

Ha puc.4.22 mokasaHbl KPMBBIE 3aBHCHMOCTEH MapaMeTpoB
JBMIaTEA MOCTOANHOTO ToKa MowHOeThY 350 xB1 o1 yacToTh
BPAILCHHS STKOPA.

Maccy nBurarens NocTOAHHOTO TOKa, MCIIONB3YEMOTO B
31EKTPONPHBOIC 3KCKABATOPOB, B 3aBHCHMOCTH OT YaCTOThHI BpAUICHHS
MOXHO NPHOIHKEHHO OTPEeTHTE o Gopmyne [23]

m, =k, (P,./n )" (4.86)

Hou HOM

T71e k, - NOCTOSHHBIH KO(QUIIMEHT MACCHI; JUIA IBHIATENeH NOCTOsH-

HOTro TOKa MOMHOCTRIO 50+150 1 175+1000 kBt npuruMmaercs

paBHHIM cooTBeTcTBeHHO 7000+8000 1 8250+9500.

IMoTepH 3HEPTHH B LENH AKOPA ABHIATENSA MPU MYCKe B
3ABHCHMOCTH OT YIVIOBOH CKOPOCTH BpallieHHsA SKOPS ONpPEAEIATCS
no dopmyie

AD=J,w%,. /2. (4.87)

BpeMs pa3roHa ABMraresis 40 HOMHHATBHOH YIIIOBOH CKOPOCTH
BpaneHus | 14]

s, Mo (4.88)
rae.J - MOMEHT HHEPLIMH TKOPSA ABHTATENS, OLIPEACIAEMBIH 110 hopMyiIe

(4.84);
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2

2
S KT-M J‘f;—,xr-uj/(cz-lw)

200 20r

5ok 15t

m,,.-l()_j.xr f,t_

10F 100} 10v-1.0

LR = 0,9
: 0,8
7F 8,7
6L 0,6
S& 50F Stes
4| 0,4
£33 0,3
2} 0,21
Ir 0,1

106 200 300 400 500 660 700 860 900 n, obivun
Puc. 4.22. KpuBEle 3aBHCHMOCTEH NapaMeTpoB ABHIaTeNs OCTOSHHOIO TOXa
MOTITHOCTEIO 350 kBT 0T 4acTOTH BPaLICHUA AKOPA!

1=, = f(n; 2= myy = f(n); 3=J, 0" [2= f(n); 41,5, = f(n)

M, - AMHaMHYECKHUH MOMEHT IBHMTaTEINs.

KpuBas 4 pasroHa pBurarens MomHocteo P =350 kBT
TakuM 006pa3oM, NpH IPHMEHEHHH JBUraTe/Nel ¢ Manod 4acTOToM
BpAILCHHA HCKTIOUAeTCs HeOOXOANMOCTE MCIIONb30BaHHS Cpeaatiu B
BHJE PeIyKTOPOB M IOJHCIIACTOB, HO TPeOyHTCA CneuualbHbIe
THXOXOJHBIE JIOPOTOCTOAIIHE OBHUraTelu ¢ OOJNbIIHMH MAaccoH H
rabapuTaMi, MO3TOMY NPHMEHEHHE TAKMX JABMIATENEH PAUHOHATBHO
TOIBKO Ha HKCKABATOPAX OTAEILHBIX THIOB ¢ H0JBLUION BMECTHMOCTBIO
KOBIIIA.
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B anexTponpHBOAE 3KCKABATOPOB € MaJIoH M cpeaHeit
BMECTHMOCTBIO KOBINA, KaK MPABHJIO, HCMONBIYIOT JBUTATENH ¢
O0JIBIIOH HACTOTOH BpPALICHHS AKOPS B KOMIUIEKCE C PELYKTOPaMH M
IIONHCNACTaMH.

B nensax ynmopsanoueHHs HANOKESHHA BONMPoca BEIOOPA YaCTOTE
BPAaIlleHHUS SKOPA ABHTATENEH [IPHBOAOB IJIABHBIX MEXaHHU3IMOB
OHOKOBILIOBEIX 3KCKABATOPORB LENec000pa3Ho paccMOTpeTh Hanboee
PacnpoCcTpAHEHABIE KHHEMATHYECKHE CXEMBL 3ICKTPOIIPHBOIOR
TTABHEIX MEXAHH3IMOB 3THX 3KCKaBaTOPOB.

4.15. KueMaTHYeCKHe ¢XeMBI MOALEeMHBIX MEXaHHIMOB

[lppBoA TOAREMHEIX MEXaHH3IMOB OJHOKOBILOBLIX
IKCKaBaTOpPOB, KaK MPaBHIIO, COCTOHT M3 ABYXCTYNEHYATOTO
LUIMHAPHYECKOro peaykropa ¢ OapafaHoM Ha BEIXOJHOM Bany M
OTKPHITOH Mepesayu - MOMHCNACTa ¢ MOABEMHBIMHM KaHaTaMH.

Ha prc.4.23 noxazansr Hanbonee MUPOKO IMPHMEHIEMBIE
KHHEMATHUECKHE CXEMBI TPUBOJOB MOABEMHEBIX MEXAHH3IMOB.

TlonHoe nepeaarToiHoe 4YHCI0 MCEXOY BaJlOM OBHIATCIA H
HOABECKOH KOBLLA

]

nod Ipedlnm;

i!’ed = nno,u’{ R |’ (489)

rae i~ MepefaTouHOe YHCI0 UHIHHAPHYCCKOrO PEAyKIOpa
(Tabn.4.10);

I - YMCC BETBEH KaHATa MONHMCIACTA (IS IKCKABATOPOB € KOB-
LIOM BMECTHMOCTBIO 3,2+4,6 1 8+15M? cOCTaBIsAET COOTBET-
CTBEHHO | H 2);

", _ - HOMHHA&TBHAA Y4CTOTA BPALICHHA IKCKARBATOPHEIX JBHIaTe-

neid npuBeneHa B Tabn.4.13
JAnsg onpeneneHus MepeiaTOYHOTO UHCIa PEAYKTOpa
He0oOX0IHMO 3HATH YacTOTy BpaineHua 6apabaHa moapeMHO# nebeaku:

n=60v 1 A7D), (4.90)

KuH RN

d
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TA¢ vV - CKOPOCTH MIepeMeIlieHHA MObEMHOTO KaHara (Tabn.4.9);
[ - UMCNO BETBEH KaHara, cM. JITeHay K dopmyne(4.89);
Dﬁ— JuaMmeTp nogneMHoro OapabaHa, M.

Hduamerp noavemuoro GapabaHa NpPHHATO ONpeAeNATh 110

Puc. 4.23, KHHECMATHYECKHE CXEMBI HQBEMHBIX MEXAHH3MOB ¢ KaHATHEIM
MONUCIACTOM PH HHcie BeTBei kaHata: a) 1; 6) 2; B) 4

IMIHUPHIECKHM (opMyTaM [26] 11 MEXaHUYECKHX JIONAT:
KapbEPHBIX

D, =(25+32)d_-10% (4.91)
BCKPBIIIHBIX
D, =(35+38)d_ 107 (4.92)

JJIA Arawiiix 3KCKaBATOPOB {MOALEMHEIH H TATOBBIH
MEXAHH3MEI)

D, =(25+38)d_10°, (4.93)
rie d_, - ’MaMeTp KaHaTa, MM.

JlnameTp KaHaTa BHIOHPAIOT C 4€ThIPEX-IATHKPATHEIM 3aI1aC0OM
TIPOYHOCTH MO YCHIHAM:

JU1sL MECXaHHYECKHX JIOTAT

__ (4+5N,,
FMHJ B (037 - Oag)a()tf ' iﬂﬂﬂ ’ (494)
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rie F| - ycuiHe B NOTBLEMHOM KaHATe, €70 ONPEAEnsioT no dopumyne
(4.34),
@, - YHCIO ABHIATENEH MONhEMHOTO MEXaHH3Ma (1111 IKCKABaTo
POB C KOBILIOM BMECTHMOCTBIO 10 8 M* @, =1; 8 M’ u Bonee
a,=2);
{ - 4MCIIO BETBe MOABLEMHOIO KAHATA (15l IKCKABATOPOB ¢

"

KOBILIOM BMECTHMOCTBIO J0 5 M° im,

2T

=1, co cpenneit
BMECTHMOCTHIO | =2);
JUIA IIOJBEMABIX MEXaHH3IMOB APATrNaiHOB

__ @EON,
Frans = 075 08) g (4.95)
IJIA TATOBBIX MCXAaHH3MOB ﬂparﬂaﬁHOB

- BNy,
Fan = (07408 )i 499

B tab6n.4.11 npHBeAeHBI THIBI KAHATOB, KOTOPLIC KCIIO/Ab3YIOT
B MTOABEMHBIX, TATOBBIX M HAIOPHBIX MEXAHHW3MaX ONHOKOBIIOBBLIX H
POTOPHBIX 3KCKAaBaTOPOB, OYPOBLIX CTAHKOB,

B HanopHBIX MEXaHH3MaX OAHOKOBIIOBBIX DKCKABATOPOB
Hanbosee IWHPOKOE MPHMEHEHUE HaXOJAT PEeqHble W KAHATHEIE
nepenayd (pPeaKO KONEeHYaTO-phlY4aXKHbBIE, KOTOPHIE 3[€Ch HE
paccMaTpPHBaEM).

B KMHEMATHUECKHX CXeMaX NPHBOJA HANOPHLIX MEXaHN3MOB
(puc.4.24) McHONB3YIOT ABYXCTYIEHYATHIE NHIHHAPHYECKHE
PEAYKTOPEI ¥ OTKPBITHIE epeaaql (peeunyto nubo KanarHyio). Ilpu
KaHaTHOI nepenade auaMeTp Gapabana HanoOpPHO 1eOCAKH BHIYHCARIOT
ro (opmyrne (4.91). TIpu 3ToM pacHeTHOE YCHIIHE I BLIOOpa KaHATa
HaxoAT, HCIIONB3Y S BeIpaKeHHe (4.94)

YroGp! onpeseNnuTh NepefaTouHoe YHCIO0 PelyKTopa
HALOPHOTO MEXaHH3Ma, HeOOXOMMMO 3HATh 4acTOTY BPaLICHHA
BBIXOJTHOTO 3a/71a WK KPEeManbepHOH MIECTEPHH:

nxp=60vp/7rDKp, : (4.97)

[IE V,- CKOPOCTb NEPEMELUCHHS peitkn unu pykosatu (1aa.4.9);
D, - nnaMeTp JenHTeNbHOH OKPYKHOCTH KPEMabepHOH
IIECTEPHH. :
Jlns peedHol nepegady JeNUTEABHBIR AHaMETP C I0CTATOYHOH
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Puc. 4.24. KuneMaTHiecKHe CXeMbl HATIOPHBIX MEXAHHIMOER;
a) pecunoro; §) KaHaTHOTO

taot
=]
ool

x

TOYHOCTBIO JJIS TPAKTHYECKHX PAcyeToB MOXET OLITH BBIYHMCICH 110
dopmyne [23]

r

D, 229+ 1073, (4.98)

P

rae EL‘- pacuCTHOC YCHIIHE B HAIlOPHOM MEXAHH3IME, OIpCICIsaeMoe
no dopmyie (4.40).

@opmyna (4.98) monyuena B pesyarrare npeodpazoraHus
CNefyHOINEro BEIPaXKeHUs 71 ONpeesieHns AeNUTeNbHOTO THaMeTpa:

D,z JI,OlN,:_J,k,,_KP %-10’3 ,
Walo.l
tne k. o Ko3bGHUMEHT HarpyskH (s 3y0uareix nepegad paBHEIH

1,2+1,3);
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£~ Monyns yrpyrocetd (g crany XHJI £=2-10° Himm?);
W, - K03QDHOHEHT MIHPHHE] 3y0a (NPH KOHCONBLHOM PacIionoxKe-
HHH KPEMATBEPHOH LECTEPHH AJA CTATH TREPAOCTHIO 110
bpuuenmo HB>350 ¢ népemeHHol Harpy3koH nepenauu

W =0:4);
[0, ]- momyckaeMoe KOHTAKTHOE HATPsLKEHKE;
[0, ]=c HRCe ,, =1,75-550-1=960 H/mm.
3nech c, - k03 GuuKenT, ySHTRIBAIOIIUH BIHAHME TepMOOOpaboTKH
(zna cranu XHI ¢ =1,7+1,8),
HRC- teepaocts pabounx nosepxHocrei 3yGbeB WIeCTEPRH TIO
Poxeenny (ans cramu XHJI HRC=550 H/mm?);

€ v - KOIQPUIIHEHT JONTOBEUHOCTH, B COOTBETCTBHH C

pauebIMH [23]e,, =1

[MepenarouHoe YHCIO pedyKTOpa
L, o=nm/nh_p, (4.99)
TAC R - HACTOTA BPALICHHA ABATATCIA (rabxn. 4.13).

4,16. KnHeMaTH4YeCKHe cXeMBI THIOBBIX H
AOBOPOTHBLIX MeXaHN3MOB

Ha puc.4.25 noka3zaHa KMHEMaTH4YECKasd CXEMa TATOBBIX
MEXaHU3MOB LIaralolMX JKcKaBaTopoB. JInameTp Tsaroeoro OapabaHa
ompenenaoT no Gopmyne (4.93) u nposepsaor no dhopmyne (4.96).

Ha puc.4.26 nokazanbl KHHEMaTHYSCKHE CXeMHbl TOBOPOTHEIX
MeXaHH3MOB. [lonHOE MepeiaTOuHOE OTHONIEHHE MEXaHH3Ma

i=n_/m, (4.100)
rae #, - AOMHHAIbHAS YACTOTA BPALUCHUS ABUIATCIIS (Tabin.4.13);

1 - 4acTOTa BpalleHHs nnardopmel (Tab1.4.9).

[Tpu cocTaBIeHWHM KHHEMAaTHYECKHX CXeM Heobxoaumo
YYHUTBIBATH YHCIO ABUTATENEH B IPHBOJAE MeXaHuiMa. OnbiToM
KOHCTPYHPOBAHHA YCTAHOBJICHO, YTO BCE IOBOPOTHBIE MEXAHH3MEL
IKCKABATOPOB € KOBIIOM BMECTHMOCTBIO A0 12 M* HMEIOT OfMH - 1Ba
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ABHIaTe/IdA, a ¢ KOBLLUOM OoNpII¢H BMECTHMOCTBIO - HETHIpE H Gonee.

4.17. Bridop asurarenei D11 raBubiX MeXaHU3IMOB
OIHOKOBUIOBBIX 3KCKABATOPOB

Uem Gombine MOLTHOCTE 3KCKAaBATOPOB, TEM DOIIBIINE MOIIHOCTD
NPHBOJHEIX ABHTaTeNell T1aBHbIX MeXaHu3MoB. [103TOMY Ha MOIHBIX
SKCKABATOPAX I8 [IABHBIX MEXaHH3MOB YACTO MPUMEHAIOT HBYX- u
MHOIOABHMFATEIbHBIA NPHBOJ C COOTBETCTBYKIIHM HHCIOM
asurareneti, paboraromux Ha oduui ra. Kpome 6osice paBHOMEpHOTO
pacnpeneneHis MEXaHHYeCKHX HAarpy30K, HCIIONMB30BAHNE HECKONIbKUX

aﬂ“ ﬂ’!i Puc. 4,25, KuHeMaTHYECKHE CXEMBI
[l‘ ] X I TATOBBIX {10ABEMHEBIX) MEXOHHIMOB
P|E I LIATAFOLIHX Apariaiinos
I
¥—9 E 2 & ,
lm}r-,
7 ad i
Puc. 4.26. KHHeMaTHYeCKHE CXEMBL
't"ég, ' MOBOPOTHBIX MEXAHH3MOB C PEAYK-
p|€ i obon: :
POM: &) [{BY XCTYTIEHUaThIM;
' X [ X ©) TpeXCTYNEeHYATHIM U OTKPLITOH
a’l¢ ?lcﬁ nepegaqyei
>3
6 Py
a
1
w—
q
B - ] (J[+
Jc L C
X X
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Apurareneil, paborariux Ha 00U Bad, NO3BOILET CHHMXATE OOIIHIT
MOMEHT MHEPUHH SAKOpeil ABUrarestell H, ciegoBaTeNbHO, NOTEPH
3HEPIHH [IPH IEPEXOAHBIX NPOLECCAX B AMeKTponBHrarendax. OnHako
TIPH 9TOM N0 CPABHEHHIO € OJTHOIBUIaTeIbHLIM IPHBOAOM YBeIHYHBA-
I0TCA Macchl JBHraTelneH, NO3TOMY M OUEHKH NOKa3zaTeleH
IBUTaTesneH U3 OfHOH CepHH MOXKHO HCITONb30BaTh [ 23] cooTHoweKe:

K2K/TbIH TIOKa3aTeNlb IPOIOPIMOHATeH pb. 3nauenus ko3bduuHeHTOR

k- npusencunt B tabin.4.12.

IIpumep 4.4.

OnpeneniTs, KAK H3IMEHATCA MOMEHT MHEPUHH AKOPA M Macca JBKIATENA
TNpH 3aMeHe OTHOTO JBMIATENN MOWIHOCTBIO P MeXadHsMa NogheMa JKCKaBaTopa
ABYMsl ABHTATEIIAMH TOR JKe CEpHH MomiocTio 0,5P .

FPeuienue.

OTHOCHTENLHEL MOMEHT HHEpUHH AKopelt ABYX JBHTATENCH ¢ HCOONRIO-

BAHMEM NOKA3ATENS cTENeHH =5/4 paser 2°'(0,5)**=0,84, T.c. MCHBIIE MOMEHTA
HHEPUHH AKOPSA ¢ OAHKM ABUratenesm #a 16%.
OTHocHTenbHAg Macca ABYX Apurarened (cornacuo tabn.4.12 nokasareis

crenenn k/=3/4) pasaa 2°(0,5)*'=1,192, T.e. Macca AByX JABHTATENECH MOWEOCTLIO 0,5°P
yBennuuTes Ha 19,2 %.

HmMed kuHeMaTH4YecKyio CXeMy TOro HJIH HHOTO MEeXdaHH3Ma,
MOXHO NPHCTYIATE K HETIOCPEACTBEHHOMY BLIOOpY ABHrareneil ana
KaXJCero U3 MEeXaHH3MOB. [l 3TOT0 FOKHE OLITE COCTABJICHBI
BapHaHTh! [ 23] BeiGopa ABHraTens KaxIoro MeXxaHnusma 1o tabi4.14.

IMpw cocTasnennH Tabnuusl HEOOXOIHMO OPUCHTHPOBATHCS Ha
3KCKAaBATOPHEIE MABHIATENIM, BBIMYCKAEMEIE OTCYCCTBCHHOM
[POMBILUIEHHOCTRI0. TeXHHYeCKHe XapaKTepHUCTHKH ABHraTenei,
H3TOTOBJIAEMEIX JUTA JKCKaBaTOPHOIO IPHBOAA, IPHBEACHS! B Ta0m.4.13.

Ecau pasHvua B 4acTOTe BpamleHHsA ABUTaTeneil, a
CHEI0BATENBHO, U B IEPEJATOYHBIX YHCIAX MEXZHHM3MOB OyaeT
3HAYHTENLHOH, TO K CTOMMOCTH ABUraTenei HeoOXOIHMO IpHOABHTE
CTOMMOCTE MEXaHW3Ma TepeaaiH (peayKTopa W NOMHCTIAcTa), MocHe
4€r0 BAPHAHTE! CPaBHHTH MO IIONHOH CTOMMOCTH. [To TIOMyYeHHBIM
JaHHBIM CICAYET IIOCTPOHTEL HATPY304HBIE H CKOPOCTHBIE JHArPAMMBI
JUI KaxIore M3 BapHaHTOB, NPEABAPUTENBHO ONPENCIHB
HOMHMHAJIBHBIH MOMEHT IBUTATENs K 3aaBIIHChH PEKOMEHIYEMBIM
3HAYEHHMEM MOMEHTa OTCEYKH U CTOTIOPHOTO MOMEHTA JINA KakI0TO U3
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asurareneit. HomunanbHbIH MOMEHT aBuratens (H-m)
M =9550P /n . (4.101)

HOAM HOM Hom
Tabnuua 4.10

3HaueHNs NepeAaTOUHbIX YHCEJ LIUIHHAPHYECKUX pelyKTOpOB
Ilpumeuanus. 1. 1-i pan cnenyeT NpearnoYuTaTh BTOPOMY.

Pey&Topsl LWHH- ObLMe 1epeaaToyHble YHEna
apuueckne FOCT
2185-66

I-it 6,3 8,0 10 12,5 16 20 25 31,5 | 40 | 50| 63
JByxcTynenuateie | psj
2-i 71 9,0 1.2 14 18 | 224 28 355 1 45 56
paL
-6 | 315 | 40 50 63 80 100 125 160 | 200 | 250 | 315
TpexcTynenuarsic | paj
2-n | 355 | 45 56 71 90 112 140 180 | 224 | 280
DAL

2. JlonyckaloTcs OTKIOHEHHA MEPEIATOUHBIX YHileC OT yKalaHbIX Ha 4%
Tabnnua 4.11

Xapamepucruxu KaHaTOB, HCNIOIL3YEMBIX Ha 3KCKABaTOopax

Mexartinm Obosnauenne, FTOCT JlnameTp xanata, MM | Paipeishoe yeuaue, H-10*
28-7-B-O-H-180, 7669-80 28 4425
39-I'-B-O-H-180, 7669-80 39 95,75
MogbeM HbIf 45.5-I-B-O-H-180, 7669-80 45,5 132,5
52-"-B-O-H-180, 7669-80 52 174,5
57-T-B-O-H-170, 7669-80 57 196,5
YMPTY/HUMMETH3 64 300,0
Hanopuwniii 28-7-B-0-H-180, 7669-80 28 4425
{nanop 39-T'-B-0-H-180, 7669-80 39 95,75
M BO3BpaT 45,5-I'-B-O-H-180, 7669-80 45,5 1325
KOBILA} 52-I'-B-O-H- 180, 7669-80 52 1745
45,5-1-H-0-170, 7669-80 455 1325
Taroseii 52-I"-1-H-O-170, 7669-80 52 174,5
57-I-B-J1-0-H-170, 7669-80 57 196,5
YMPTY/HUUMETH3 70 380.0
6,4T-1-H-O-180, 3077-80 64 2,285
9,2-T-1-H-0-170, 3077-80 9.2 493
11,5-I"-H-170, 3077-80 11,5 7175
Byposbix 12,5-I'-1-H-170, 7669-80 12,5 102
CTAHKOB 13,5-T-1-1-0O-H-160, 3071-74 13,5 11,85
14,5--1-H-170, 7669-80 14,5 13,5
17-H-170-1, 3079-80 17 154
19,5-I"-1-H-0-170, 3077-80 19,5 2015

Tabnuua 4.12

3a3ywocn okasarenei 3IeKTPHYECKHUX MAIIWH OT UX MOIIHOCTH
[lokazatenu [okasareab cTencHy &

Jlunedubie pasMepbt L 1/4
Macca m 3/4
llena C 3/4
TMotepn Q 3/4
MOMEHT HHepUHH J 5/4
[po0IPKUTENBLHOCTE MYCKa B X0 T 1/4
JonycTumas yactora nycka my=0/(4J) 12
HoMHHanbHoe CKOJIbXeHHE 5 1/4
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Tabnuua 4.13

TexHHueCcKHE NaHHbIC JICKTPHUYECCKHX MAIUHH

Tvn MaLLMHED Homie@isHble QaHHbie Mpoaon- | Moment | Macca, Npwson
KT
noctostmoro | Mou | Yacrora | Hanpsiwe | Tok, | KIVA | wommem- | vHepinud, MEXaH3Ma
ToKa - | spawewm - A% | we | e
HocT | o, 00/ M| 1o, B BKJIOYE-
b, o [1B,
kBr Y%
1 2 3 4 5 6 7 8 9 10
A. Jlpurarenu nocTOsHHONO TOKa
[12B-143-7« 420 900 440 1080 | 933 100 45 5250 Iosopor
MIIB3450-29 | 450 29 370 1450 [ 845 | 100 4075 Ho Tosopor, potop
MIT3-450-900- | 450 900 440 1090 | 938 100 30 4200 Moavem
1
MI13-450- 500 1000 440 1210 | 938 100 30 4200 Tary, umrans
900Y3
MIT3-785-750 | 540 730 460 1250 | 94 100 80 4500 Tara
113-150-11k 680 750 330 1950 | 93,0 100 120 1200 TombeM, Taru
MIIB3-780-650 | 780 700 400 2100 | 929 100 150 10000 Tosopor
MIT3-1000- | 1000 630 600 1760 | 944 100 286 12700 MNoawvem, Tara,
630XB porop
MIIB-1000-32 { 1000 32 460 2520 | 858 100 7500 H.a Tosopor
MI13-2500-260 | 2550 260 930 2920 | 94.1 100 3250 H.n. Mosbenm, Tara
MI13-4000-33 | 3100 26 750 4600 | 91,5 100 75100 | 204000 [logbem
b. I'chepaTophl NOCTORIZON0 TOKA
TI3-450-1000 | 450 1000 S60 750 | 93 100 70 4600 ToabeMm
MOM-151-8k | 500 1000 560 895 | 93.5 100 875 5875 Towe
2013151-5K2 | 560 1000 750 694 | 935 100 875 5875 TMosopor
MITD12-34/6 743 1000 900 825 | 945 100 1135 7820 Moasem, Tara,
NOBOPOT, LKATALNE
112170-5k 900 1000 900 1000 | 92.5 100 1875 8800 Nosopor
I'11385-36-6x | 1000 1000 900 1110 | 45 100 1875 11000 IMoawem, Tara
2172-12x 1400 1000 660 2120 | 935 100 H.a 9550 Tosopor
11747 1450 1000 750 1950 | 2.5 100 H.n. 11000 Toxe
T132000-1000 | 2000 1000 930 2150 | 95.2 100 320 13080 -
I'T3-2500- | 2500 750 1200 | 2080 | 94.7 100 H.a H.a
750X.)13
[TI3-2700-600 | 2700 600 930 2920 | M4.2 100 H.a. H.n. =

TTpumevanus. 1. B tabnuue npyuseseHsl JaHHBIE 3TEKPHIEKHX MALIXH TIOCTOAHHOTO TOKA, KOTOPLIE

MCIIOMIB3YIOTCA Ha IKCIYaTHPYEMBIX H BHOBb H3TOTOBISEMbIX IKCKABATOPaX H OypOBLIX CTaHKAX.

2. HEeM3BECTHBIC MOMEHTBI HHEPIHH MAIIHH ITOCTOSAHHOIO TOKa MOXHO NPHOAHKEHHO BBIYHCIHTh
P

no Q)Opmyne ‘]t)«,n_m = 0,00015 M|,5 KT 'MZ‘ rae M = 9550 KOV 1E

Myom

3. B npogomxkennn TaGnuust 4.13. npHBENEHB ACHHXPOHHbIE H CHHXPOHHbIE ABHIaTENH
HECEepHITHOTO MPOM3BOACTRA, HCTIONb3YEMBbIe B IPHBOJE 3KCKaBaTOPOB. 4. HensBecTHbIe MOMEHTBI
HHEPLMHK JBHraTeedl NEPEMEHHOro TOKa NpUOIHKEHHO MOXXHO OMPENENHTE 1o hopMynaMm: a)

P
ACHHXPOHHbIE [BHraTeM J,, .. = 8750 £t KI"MZ; 6) CHHXpOHHbIE [BHMraTeNu
ds.ac 3

Myom

PI,Z()
_ HOM
J gucun = 20500 5 KMM

Myom
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[Iponomxenue tabmuusl 4.13.
PacueTHbie KOYQOHLIHEHTH

HM1atbE JHbE H
TinyekpHeck i . % - Mecroyera-
MBI . . K ;':) E = HOBG MALLHEB]
m E C.‘Q" s é o > -
:' \E cé - S £ : E S M
E|E LS | < EiESgE = E
2| g % -t S g |23 8t 2
o Ef 4 = 174 % |3 £ g G s S
Z | & | & o = 3 s |28 2| 8
gl |5 |F |2 © Sl | &
S1E |8 g 18| 8] =
=5 |7 =B B 2
B Agfrpuine JB1aeu
ADE14 40 40 | 30 | 727 | 915 91 - - - 1051 3BS | [NpedSpmasare
SebHarperar
4A0048 45 1475 | 30 20 Qa9 - - - 045 310 Toxe
APL4 55 40 | X X | RS 0% - - - 1065 | ¥ L
A1) | 20 | 140 | €0 | R7 | 915 Qa8 - - - 6 12 -
JAMIBYI00 | 20 | %0 | Q0| 2 | 915 Qo1 571 11| 22] 35 | 30 | [Meascco
CHIMEREHIME
UHAHA
A0 13556 AD | B | €0 | 45 | RS 091 571 12124 45 | 3 Toxe
AG13H6 0 { 90 | 10| 370 | 25 091 451 101 191 @ | 340 -
A3 13466 0 | B | Q| 5| BS Q91 461 1020 D | R0 -
A3 135BW 80 | R | €0 | 96 | BS 091 3110 2] & | 40 -
[ Qapribe mrarem
MCR21-66 25 | 10| 0 | 554 | B | o) | 58| 14 20 R | 40 | INpeofpeasare
JHbHarpaar
M3 4296 S0 | 00| 60| @GS ] B I OB@ep)| 50] 47| 20 X | 20 Toxe
GIRI536Y2 | 60 | 100 | €00 | 72 | 98] QO¢rep) | 67 | 15| 20| 46 | SI0 -
MTRI-106 0 | 100 | & | 1105 | B8 G8arp) | 55| 151 20| 40 | SX0 -4
GR-16466Y2 120 | 1000 6000 | 139 | 956 | QSamp) | 62 | Q8 | 21 | 1615 { MO -t
Q315646 1900 | 0] 600 | 26 ) 956 Q9@mp) | S5 10 21 | 30 | 11X0 M~
GIR-174662 | 200 | 1000 | 600§ 212 | 963 | Q%(aep) | 65 | Q7 | 21 | 30 | 113D -
GIRIHORXR | 20 | 79 [ 1000 | 235 | %7| QO@rp) | 66| LI | 22 | 1140 | 1700 L
CIR7H82 | 50| 70 ( €0 | X6 | 98| 09amp) | 3| 104 19| 1212 | 1740 -
CIC17-%6-10 MO | 40 |00 | 240 | %34 09arp) | S5 Q9| 20 | 3X0 | 250 -
Tabnuua 4.14
Yacrora PacicTHan MONIHOCTS Mapxa MoihocTs | Howmwaibwan | Macca | CTowwocts | Obuec nepeatos-
spaincHma KT aswratcan | ammvatens | wactora spa- xr amwratens, Woe wHea0
paboucro WEHHA iBuTa- p
oprana TeaR obimn
On‘:;:c’;:nm Orpeacantor o Gopmy- | Bwbrpaw | 1. 2.3 1 2. 3. 2 ITpuikmarT Onpencantor no
10 popmy- | nam (4.49), (4.50), (4.69), 10 3. 5o npcicKy- dopmy:iam (4.89),
510(4,90). (4.81). (4.82) ¢ yaerom xaTamo- pauTam (4.99), (4.100)
(4.97) KO:INMECTBA JIBHIATEICH ram

Ha puc4.27 noka3aHbl pekoMeHAyeMble GOPMbI MEXaHHYECKHX
XapaKTEPUCTHK A5 KaXI0T0 U3 MEXaHU3MOB 3KCKaBaTopa v GOpMyJIkI
A7sl BBIYMCIICHAST MOMEHTOB OTCeYkH M wu ctonopHoro M . Jlns
NOCTPOEHHS HArPY304HBIX THATPAMM B [IEPEXOAHBIX PEXHMMaX (IYCK,
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TOPMOXCHHE) HeoOXOAMMO ONpeNeUuTh MOMEHTBl MHEPLHH,
TpYBECHHBIE K Bally ABUIaTeNs, MOCTYNATENbHO ¥ BPAILATEIIBHO
repeMeIaroNHXCsl MacC MEXaHU3MOB Mo dopmyie [24]

J M, V2
DT =T, e gl e e (4.102)
mex Myrex
Dopuyres AnA euruCIEHUR Dopuyas 018 suivucre-
Mexnonama MOMERMOS: CIONOPHOZD, JHpaznain frus p
omeesxy 20, OmcevKy

M, =(20+259M,,, =(20+25)M,,,

Mm
M =(0,7+08)M Mo =(0.75+0.85)M

M, =(20425)M,,, My = (20+25)M,,,

Mo =(0,6+0.75) M, M =(0.6+0,75)M,,

= ec

M= (16+200M,,,
M =(08509)M,,,

Mo =(16+20)M,,
My =(08+09)M,,,

Puc. 4.27. PekoMenayeMble GOPMbI MEXaHHIECKHX XapaKTEPHCTHK JABHraTescH
[JIaBHBIX MEXaHH3MOB (a- noabeMa; 6-Hanopa; B-MoBOpOTa)
OJIHOKOBILIOBBIX 9KCKaBaTOPOB
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rne./, J, - MOMEHTRI MHEpIIMH AKOPS ABMTATEs! H BPAIATE/IBHO Nepe
MElaFIIIHXCS Macc;
i OOLIEE MEPENATOTHOE YHCIIO MEXAHH3MA,;
m-w;— NOCTYIATEIBHO IePEMEIIAIOIIHECH MACCHI,
V- CKOpPOCTE IIOCTYNATEIBHO NEPEMEIIAIOMIHKCS MACC;
fzm - 4acTOTa BPAlCHHS BEIOPAHHOTO BUTATENS,

b Ang ynpoieHus pacueToB MOMEHT MHEPLHH Bpallalomuxcs
ILIECTEPEH, LHTHHAPHYECKUX PEIYKTOPOB U GapabaHa NPUHKMAKT
pasHeIM 15+20% 0T MOMEHTa HHEPUHH AKOpS ABHAraTess [23]:

me.az(o’}5+0320)‘]g' (4.103)
BpeMst nepexoHEX NPOoLEccoB

tpajg = 2 JwH n,w/ M{)un;
tmop = EJwH O.M/ Mﬂi()p’ ’

rie 2J- cyMMapHblH MOMEHT HHEPLUH MeXaHH3Ma, IPHBeACHHBIH K
BanY OBHIATCIA;
w . HOMHWHATIbEHAA YTNoBas CKOPOCTL ABHUIATENA;
MH;”— AMHAMUYECKHI MOMEHT IBHIaTens,;
Mmp- TOPMO3HOH MOMEHT JABHTaTENs. )
[Ipn myckax M TOpMOXEHHAX ABHratenedt Oe3 Harpysku
3JHa4YCHYA AHHaMHYCCKOrO H TOPMO3HOI¢O MOMCHTOB B pacdeTax

(4.104)

IIPUHATLI pABHBIMH

o8 mop dukn 2
Onpeﬂeneﬂﬂe JHHAMHYECKOro H TOpMO3HOro MOMEHTOB IAJ1A
pa3nHYHBIX PCAHHMOB paGOTBI IIPHBOJOBR TNMaBHEIX MCXaHU3IMOB
HO,L[pOﬁHO pPacCMOTPEHO HHXKE B IIPUMEpPAX.
Tlo Harpy304HbIM H CKOPOCTHLBIM IHarpaMmam ONpCACITAT
JIKBHBAJICHTHLIH MOMEHT JABMTATENA NS KaXIOrQ H3 BapHAHTOB H
NpoOJOITAUTE/IBHOCTE HHKIIA!

M, = |7 : (4.105)
b,

f :r0+t}+t2+...+n,

y.pace
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TAE [ - BpeMs Nay3el.

B NpHBOAC TIIABHBIX MEXaHM3MOB HCITOML3YIOT IBUIATCIH ¢
NPHHYAUTENbHON BeHTHIsUMeH. [1oyTOMY B 3HameHaTenn dopy i
(4.105) He BBOZAT MONpaBOYHEIE KOIQPHIUEHTBI I1d pekHM padoTLI
IBHIaTeis.

[lonyyennoe 3nageHne sKkBHBANIEHTHOTO MOMeHTa CPaBHHBAIOT
¢ HOMMHANBHEIM  MOMCHTOM JIBMUTaTens 0o  KamIoMy
paccMarpreacMoMy BapuanTy. [Ipu 5TOM OOMKHO GLITh BEIMOIHEHO
YCIIOBHE

M =M . (4.107)

PacueTnoe Bpems umkia , pecy CPABHHBACTCH € BpeMeHeM
UMKJIa, IPHHATEIM NPSABAPHTENILHO:

Ly S !, (4.108)

Onpenensior ko3 OUUHENT TPOROTKHTENLHOCTH BIIIOYEHHs
ABHIATENIA JUIA KaXXA0TO BAPHAHTA:

L
11B% = —=—100 (4.109)
t pat +1,

Pacuetuniit ko3(duunent nponomkHTeNEHOCTH TaKKE
CPaBHHMBACTCH C KOYPHLHEHTOM NPOTOIKHTENBHOCTH, YKAZAHHEIM B
TIACHOPTE IBUTATENA PACCMATPHEACMOTO BapuanTa. ITpu 3ToM 10mxH0
BBINIOJIHATECS YCIIOBUE

<
1B <ns,_ . (4.110)
<
EcauM >M u I'IBPW_HBM, TO OTIPEILTAIOT 3P EKTHBHYIO
MOIIHOCTE ABHTATCIA £ H EPECHHTHIBAIOT HOMHHAIBHYIO MOLLIHOCTS
ABUTATens no $hopMynam

(4.111)

(4.112)

nposepsm CﬂpaBe,E[J'lHBOCTb HEPABCHCTBA
B, 2P, (4.113)

Ho pesynsraram pacuetoB BEIGHDPAIOT ABHraTeN®s, 118 KOTOpOTO
ROMKHO ObITh cOOmoneHo yenosue (4.107) uan (4.1 13), a taxske (4.108)
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11 (4.110). TTpH BBITIONHEHHH MIEPEUHCIICHHBIX YCIOBHI [0 HECKOIBKHM
BAPHAHTAM NPEANOYTE¢HHE JOKHO ObITh OTJAHO BAPHAHTY C
MEHLIUHMH CTOMMOCTHEIMH 3aTPaTaMH.

4,18, OnpeneenHe MOITHOCTH H BbIOOD JTEKTPHYECKHX
MaLIHH Mpeofpa3oBaTelLHOIO arperara

HarpysouHas pAdarpamMma OpHBOAHOrO JABHTaTeNs
npeoSpazoBaTenbHOro arperata skckasaropa 3KI'-8U (pnc.4.28)
MOCTPOEHA [yTeM CyMMHPOBAHUs OPIRHAT RO BPEMCHH 34 [TMKI padOThL
aBHrareiel MmoALEMHOr0, TOBOPOTHOIO H HAMOPHOTD MEXaHU3MOB
skckaparopa IKI-8M. Ilo Harpy3ouHOM auarpaMme OMpeNcnieM
9KBHUBAJICHTHBIH MOMeHT npHBogHOro asurarend. Ha skckaearopax
cpeaHedi 1 GOIbIUOH MOIUHOCTH B Ka4YECTBE IPHBOSHBIX ABUTATEICH
11peoGpazoBaTeNIbHBIX aTPEraToB HCNONbL3YIOT CHHXPOHHBIC IBUTATENH
nanpsokenneM 6+10 kB ¢ yacrortoit pamenua 1000 o6/muH. 3Had
SKBUBAJIEHTHBIH MOMEHT W 4aCTOTY BpallleHus, ONMpEaeaieM
3KBHBAJCHTHYIO MOIMIHOCTh ABUTaTeNs N0 hopmyJie

Mfﬁ\'ﬂ.ﬁnﬂ‘.l’f

Pane= "gssg (4.114)

B dopmyne (4.114) He yuTeH Ko3GPHUHEHT NONE3HOTO
AciicTBHA peo0pa3oBaTEeNEHONO arperara 1], BelH4YHHa KOTOpPOro B
3ABHCHMOCTH OT KOJMHYECTRA IMEKTPHYECKHX MAallWH B arperare
konebnerca B npenenax 0,85+0,88. CnenosatenpHo, pacueTHasd
MOIIHOCTb, TI0 KOTOPOH HeoOX0aMMO BLIOMPATh ABHIATENb

P.')Kﬂﬂ
Bfmc.n.a = ﬁﬂ- (4115)
Hpumep 4.5,

OupenennTs MOWHOCTL | BLIGpaTh IPHBOAHOK ABHraTels Npeobpasosa-
TenbHero arperara skckasaropa KI-8H.

Pewenue,

[lo gaMBLIM HArpy304HOR AuarpamMmel (puc.4.28) onmpeneluM JKBHEBA-
HEeRTHBI MOMEHT OPHBOIHOTO JBMrarens NpeotpaiosaTenhHOIO arperara:

0.4

0.5

04

0,417

a7z

0.529

0,304

0,877

0,465

0, 240

0,185
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Puc 4.28. Harpysounas guarpamn

1234567891011121314151617

I -0,122

-0.214

L

0,752
a [IPHBOJIHOTO JBHIATETS

npeobpazoearenbHOro arperara skckapatopa 3KT-8H

M, =10% [08327:05+0604:05+0417 8
mx.na = T U005 U0 4178

27

=4

2
+\/0,71 77-0,5+0,529%-3+0,3047 .3+ 0,7527 0,5

27

18 192021222324252627 & c
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. \ﬁleﬁgéﬂyz-_&gog_zfzﬂsvff 05
27

a

0465%-2+0,240° -4+ 0,185 1,5+ 0,500 0.5
27

=0,420-10" 1w,
DKBHBATCHTHAS MOLIHOCTL ABMTATENA NpeodpasosaTeIbHOTO aTPerara fipH
gacrote ppawenns B, =1000 ob/MuH
p = Monstna _ 0,420:10°-1000
e 9550 9550

PacdeTHad MOLHOCTS ABHIATENA NpeabpasoBaTesHOTO arperara P ere
KI1J1, pasxom 0,85,

= 440 xBt.

P 44
Py = Dm0 = F0 2516 4
M. 085

B xauecTBe [PHBOHOrO ABATATCNs ATS Mpcobpa3osaTeNbHONy arperara
axckaparopa JKI'-8H mpuHHMaeM CHHXPOHHBIH NBUTATENR CNC3-14-29-6 ¢

OCHOBHBIMH napamerpai»m: P =520 kBra,  =1000 OB/MHH; Um“=6000 B;T]m=93%;
cos(p =08 (onpencnxmmm”{).

4.19, VexepaTops! npeofpa3oBaTeibHOTo arperara

B cucteme I'-J] pexum paboThl KakKAOTO K3 TEHEPATOPOB
npeoSpa3zoBaTeNbHOIO arperata MOBTOPACT PEXUM paGoTs! COOT-
peTcTBYOMEro ABHraTens. OAHAKO CTOHKU 3PEHHUI yCIOBHH
OXJIaJK IEHHS TEHEPATOPbI PA0OTAOT B Iy YIIHX YCIOBHAX, TAK KK TKOPA
TeHepaTopoB HE3ABHCHMO OT HArpy3kH BpallaloIcs ¢ NOCTOSAHHON
yactoroli. [locTOsHHAs YacTOTa BPALIEHMA M BO3IMOKHOCTD
PETYIMPOBAHHA BEAHTHHBI TOK2 B 0BGMOTKAX BO30YK/IEHHA TEHEPATOPOB
no3sossior B cucteme I'-J1 obecneunpars HeOGXOAMMYIO MOIHOCTE )’
MOMENT IBHraTeneil BO BCEX MX PEKMMax padoTel, Aaxe LpH
CTOMOPEHHSX.

TT03TOMY HOMMHAJIBHAS MOUIHOCTS TEHEPATOPA MOKET ObITH
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a, P

— 08" nou.ds
Pno.u Fa n R

riae a,r- KOAHYECTBO IlBHI'aTeIIEﬁ, [MOAy4arInnx [MUTAHHE OT JalHOTO
reHeparopa,
- HOMHUHAJILHAA MOIIHOCTh ABUTATENA;

(4.116)

nost.og
1 - KI1Ji reneparopa.
Hpumep 4.6.
OnpeaenuThE MOLHOCTL H BBIGPATH TCHEPATOPH npeodpa3osaTenbHOro
arperata sxckapatopa SKI-8H.

Pewenue.
MONIHOCTE MEHEPATOPA TIOILEMHOTO MEXAHH3MA 1O BRIPAKCHHIO (4.116)
P = E@@PLD-‘@ =2_19£ =413 kBT
2.n n, 0,92

TIpyHuMacM TeHepaTop TTI3-450-1000 co cacAylLHME JaHHbIMK,
p_ =450 kBr; U, =560 B; 1,,,=1000 06/mt (no 1a67.4.13).

MoulHOCTs FeHEpaTopa NOBOPOTHOIO MEXAHHIMA N0 dopMyae cornacHo
(4.116)

2-100
=" =218 xBr

0,92
[IpuHHMaEM reHepaTop MTIT2-14-12/4 co cneAysolHMH SaHHBIMH!
P =225kBr; U_ =660 B; 1, =1000 of/wust (no 1a6n.4.13).

WO

Z2.8

MoLIHOCTE FEHEPATOPA HANOPHOTO MEXAHH3MA OnpEIeinM no {4.116)

1-100
= — =109 xBt.
0,92

[IpHANMAEM TEHEPATOP TI3M-2000M co creayouMH AAHHBIMIL
P =115%B1; Um=330 B, i M:IOOOOGMMH (no 1260.4.13).

HoM

&.H

4.20. OnpenejieHne TATOBBIX YCH/IH#A H MOIIHOCTH
ABHraTeei APHBOIA MeXaHH3Ma TYCEHHTHOTO X012
0IHOKOBINOBLIX JKCKABATOPOB

Ha skckaBatopax ¢ pabounm 00OpYyAOBaHHEM MCXAHHHCCKIX
omar HauboNce [IHPOKOE PaclipOoCTPaHEHHE TONYHHIIO [YCCHHHOC
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X010BOC 0OOPYAOBAHHNE OIIAroa2ps paBHOMEPHOH TICpeAaUe RaBIeHHS
Ha f0YBY U MaNOH BEIMYHHE YICABHOTO JABICHHA, XOpOUEMYy
CUCTUICHHIO ¢ IIOMBOH, NO3BOJIAIOIEMY Pa3BHBATL OOMBIIME TArOBbLIC
YCHJIMA, XOpOWeH MaHECBPCHHOCTH M YCTONYUBOCTH KCKABATOPA,
BBICOKOH MPOXOAHMOCTH H TIPEOIOACHHIO CPABHUTENBHO GOMBLINX MO
yray (10 12°) noasemor. IlepeiBikeHHE 3KCKABATOPOB C TYCCHHYHBIM
XOIIOM Ha JIpyroe McCTo padoThi nad B Ge3onacHoe Mecto paboThl MpH
B3PLIBHEIX PabOTAX OrpaHN4MBALCTES, KaK [IPABIIIO, HCOO/IBIMMH pac-
CTOAHUAMH. OJHAKO TIPH NEPEMEIUEHHH JaKE HA CPABHHTE/IBHO
HeDOMbIIME PACCTOSAHHA HA TYTH SKCKABATOPA MOTYT ObITh HOLBEMBI
WJTH pa3BOPOTRL C MPOCEAHHEM XOA0BOH YaCTH MEXaHH3Ma B TOPHOH
ntopoze. llostomy Npu onpesieneHHH MOIIHOCTH H BHIOOPE ABHTATE EH
TYCEHMYHBIX XOJOBbIX MEXAaHM3MOB CIEYET pacCMaTpuBaTh jBa
PeKHMa HX paboThl: ITMTENbHEI (P NepeiBIkKeHHH 3KCKABATOPA
MO TOPHU3OHTANBLHOH MOBEPXHOCTH) M KPAaTKOBPEMEHHH (c
MaKCHMalbHOH Harpy3ko#l NpPH fNepeBHKEHUH HA NOIBEM HITH
Pa3BopOT ¢ NPOCEIAHHEM XO/IOBOH 4aCTH MEXAHH3MA B FOPHOIi I0po/e).
MakcumaibHOEe TATOBOE yCHIIHE NPH YCTAHOBHBIIEMCS
NPAMONHHEHHOM ABUKEHHH MAILUHHBI OIIPEEIISIOT 10 YPaBHeHKIO [24]
F =F +F+F+F +F 4.117)
e £, F,F,F, F,_ -conpoTHBIeHHe COOTBETCTBEHHO BHYTPEHHEE
BO BCEX T'YCEHMIAX {IPHBOAHBIX H XOMOCTEIX ),
KaTaHHK), HHEPHHH IPH TPOraHHH C MECTa,
[IOZBEMY; BETPY.
ITepeyncnenHble CONPOTHBNEHHS (KPOME CONpPOTHBICHUS
BETPY) NPUHATO ONPENENITE Yepe3 MOHBIT Bec akcKkasatopa [23]

£, =(0,048-0,091)G,,;

F.=(0,082-0,0175)G,;

F,=(0,012-0,020)G,; (4.118)

£, =G, sina, .,

Menbiune 3uaqenus B (4.118) oTHOCATCA K JKCKaBaTopam

cpefHed v OOMBIIOH MOUIHOCTH.
ConpoTHsjicHHE BETPY ONPEReAAIOT
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q - . (4.119)
gem w4 gein ROB KT . i
e k. =0,3+0,6- aspoarHaMHueckuil Ko3QHIMERT oOTeKaHMA
Bem
KOHCTPYKLIHH;
q,,,- HOPMaTHBHBIA CKOPOCTHOH HANOP, IPHHUMALOT 245 I1a, ana
paiioHOB € 0COB0 CHJILHBIM BETPOM- 10 CMEIHANBHBIM

HOpPMATHBaM.
Tarosoe yCujMe U MOLWHOCTh ABHIATEINCH AJ1% YKCKAaBAaTOPOB

Manoii H cpeaneii MownocTH (H):
TIpY JBHKCHHH IO TOPH30HTANBHOM MOBEPXHOCTH

sz =(F;M + F;ﬁ + FU)GBK;

p = Lo 19 (4.120)

[ipH JBMKeHUH Ha moaseM (H)

Fy = (Fo + F + F )G,

P __Fm"V"-X..10‘3_ (4.121)

mn
L
Taroroe YCHIHE H MOITHOCTD ,[[BH]"aTCHCI‘:I OJ18 3KCKaBaropos

Bonb1I0I MOLIHOCTH:
TIPH JABMKEHHH 10 TOPH3OHTANbHON [IOBEPXHOCTH

sz = (FEH + FK + FL( + FRCTH )G3K;
P = FmeVe.x _10—3. (4122)

me
2.X

npH OBUXKEHHH HA NTOABCM
F,=(F,+F+F +F, +F )0,
p = Lmbas g7, (4.123)

mn
nx

rae N, =0,6- K1/l Mmexanx3Ma ryCeHHYHOrO X043,
[y
v _=v —(0,1+0.15)v, - CKOPOCTE NEPEIBHKEHHA IKCKABATOPA HA
RX X
MOIBEM.



4.21. Bpidop Apuratened 11 MmeXxaHu3Ma ryceHUMROro Xo1a
0/10KOBIIOBBIX IKCKABATOPOB

B 3aBUCHMOCTH OT BMECTHMOCTH koBwmia (8, 12, 32 M?)
MCAOTB3YIOT COOTBETCTBEHIIO ABYX-, YETBIPEX- H BOCBMH TYCEHHUYHBIC
BUBl X003, MeXaHH3Mbl MIEPCABHAKCHHL TYCEHHYHBIX 3KCKABAaTOPOB
HMEIOT BOJIbILHE NEPEIATOYHbIC YHCNA U JUIKHY KHHEMATHYECKOM LICTIH.
Ha puc.4.29 noka3anbl KHHEMATHYECKHE CXCMBI C YKA3aHHEM
MEPENATOYHOrO YUCa #, KOMMYECTBY TYCCHHL H, H HCMOMb3yEMBIX

i -@6?_95
LA 4
2 =1

uE{x
j i=515
ﬂ;‘A’

Puc. 4.29. KuHeMaTHYeCKHE CXeMbI XOIOBBIX MEXAHH3MOB OJHOKOBIIOBBIX
IKCKABATOPOR (KAPLCPHLIX H BCKPBILUHAIX) ¢ KOBLUAMH Pa3THYHON BMECTUMOCTH!

a)0,=326) 0, =461 Q,=40,=6.0, =8 r) 0, =125
a0 =150, =35
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asurarenei a, . O6uiei TeHCILIHedN B 3KCKABATOPOCTPOSHHH ARIHCTCA
HCMONB30BAHME HHAMBUAYANbHOTO I Mis Kak0i ryceHnuw
{pnc.4.29, a, 8).

[locne BEIOOpa MM COCTABNEHMA KHHEMATHYECKOH CXEMBI
MCXaHU3Ma H OTIPENICACHHA €r0 NePeJaTOuOr0 YUCIIA PACCHUTRIBAIOT
4acTOTY BPaLIeHHUs BEIYLIETO KOIECa I'yCCHHLB M HACTOTY BPALIEHH
JABUTATENS;

_ 60v,,
Hax = D, (4.124)
nds:ins‘x’ (4125)

TIE V, - CPeAHSsS CKOPOCTh NMEPEeABMKCHIA IKCKABATOPA O TOPH30H-

TANbHOH MOBEPXHOCTH (Tadmn.4.9);

D - nraMeTp BedyIero Koneca ryceHuusl.

OcnosHble nUHEHHBIE pa3Mepbl KOHCTPYKTHBHLIX YIEMEHTOR
MEXaHH3MOB TYCCHHYHOTO X07a, B TOM YHCIC JMAMETD BEYIICIO
KoJiecd I'YCeHHUBL, HAXOAAT 110 >MnupHyeckoi dopmyne (4.20) u
JaHHbIM Tadn.4.3,

1o MOUHOCTH ABUTATENS, BEIYHCIEHHOM no Gopmyie (4.120)
HIH (4.122) ¢ yHeToM YacTOTH BpalleHHs, ONPeIenennoii o gopmyie
(4.125) u o 1a6n.4.13 BRIGUPAIOT ABHraTelb ¢ OIHNKAHLIKMH
XapaKTePHCTHKAMH, 00eCTieuHBAOIIMMY INIHTEIIBHEIH PesKHM paboTbl
MEXaHH3Ma TYCEHHYHOro xoaa. Hamee HeodXxoauMo onpesenuTs
KOS(PHUIMENT MEXAHWYECKOH IEPErpy3KH ABHTATENS NPH ABHKEHHN
3KCKABATOPA HA MOABEM!

R’L’?
b = 5", (4.126)

HOM
rae P - MOIHOCTS JABUraTelisl, BeIMHCAseMas o gopmyie (4.122) nan
(4.123);
P - HOMMHAIbHAA MOLIHOCTE BEIOPAHHOTO ABHIATENS.

HomycTHMoe 3HadeHHe KO3 DUIHEHTA MEXaHHYECKO
Neperpy3KH ABUTATENA, PACCYMTAHHOrO Ha JNHTEIbHBIH pPemKHM
paboThl, IpH H3BECTHOM BPEMECHM IBHKEHHA HA MOABEM MOMKHO
onpeaenuTs no hopmyne [23]
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+1 4
Y b not (4.126)
re a - Ko3QGQUUKHEHT IOTEPh, PABHBIH OTHOLIEHHIO NOCTOSHHBIX

HOTEPh K MEPEMEHHBIM NOTEPAM,;

f - BpeMs paboThbl ABHIATER NPH TIEperpy3ke;
T - NOCTOSHHAS BPEMCHM HArPEBa ABHTaTEA.

[Tpy KpaTKOBPEMEHHLIX MIEPETPY3KAX JBUTATENR IOCTOAHHBIE
MOTEPH 3HAYUTEIBHO MEHbIIE MEPEMEHHBIX, IIOITOMY MPU
OPEACICHUY TTOCTOSHHBIMH ITOTEPAMK MOKHO TIpeHeOpeyb. B atoM
cnydae dopmyna (4.126) npumer Buj,

kl — Drigm

Alex

(4.127)

TTocToAHHYIO BpeMEHH HArpeBa ABHrareneil 7, uckawdas
JIBUTATEIH CAMBIX MAJBIX MOITHOCTEH, B HHMKEHEPHBIX PACYETaX MOJKHO
NPHHUMATh IS JBHraTeaeil ¢ CaMOBEHTHIALMEH, ¢ HCKYCCTBEHHOH
BEHTUNIALMCH M 3aKPBITOTO THNA COOTBETCTBEHHO 1 4, 40 MUH 1 3 u.

Eca Bpems {, HEH3BECTHO, TO IIPH H3BECTHOH MEXAHHYCCKOH
Heperpy3Ke ABHIaTeNd ONpedensiioT ero AONYCTHMOS 3HAYeHue 110

chopmyne

tn,do.u = Tir ln 72'61701" N (4128)

Ipnmep 4.7.

OnpeneauTs MOUHOCTL H BEIOPATE JBHIATENL MEXAHHIMA TYCEHHIHONO X0/14
KaphepHOTo JKCKABATOPA NP NepeBHKEHHAX Ero M0 TOPHICHTANLHOH OBEPXHOCTH
H HA MOSBEM.

BMecTMMOCTE KOBLIA 3KeKaBaTopa £ =8 M’

Pewenue.

Macca H BeC 3KCKABATOPA, COMMACHO BhIpakeHio (4.19}

m =k E=448=352T;

G =gm, 10°=9,81-352-10°=345"10° H.

TAToBOE YCHIHE H MOLLEOCTL IBHT TSN MEXAHMIMA [YCCHMYHOTO X04a NPH
ABHCHHH KCKABATOPA 110 FOPH3OHTANBLHON NoBepXEECTH mo dopMyne (4.120)

F=(0,048+0,082:+0,012)'345°10*=49-10* H;

m.e

3]
el

4 -
49-10* 0125 .
P =T 1077 =102 kBt
0.6

Cropocts V| =0,125 mfc npunumacs ne 1a0m.4.9, MakcuManehie Tarosoe
YCRIHE { MOLIHOCTD ABHIATENA IPH ABHMKEHNAN JKCKABATOPE HA TOILCM ONPEIC e
B ceOTBeTCTBHH ¢ (4,121)

£ =(0,048+0,082+0,01 20,2081 345 14'=120"10° H,

i

o 120000001

mn 10
0.6

=220 kBt

Cropocte ¥V, =0,11 m/c npunara va 12% meHewe V. =0,125. [lo puc.4.29, 5

X

NPHHHMaEM KHHEMABTHYECKYH CXEMY MOXaHM3MA MYCEHHYHOIO X074 Af1% KAPREPHOTD
3KCKaBATOPA C KOBILOM BMECTHMOCTRIO 8 s, [T0 AaHEOMA CXEMC IKCKABATOD HMEET ABC
TYCEHHLB ¢ MHAHBHIYAIBHBIM [PHBOIOM Ha KAAKAYI0 IYCCHHELY. [lepeaaTodtioe yieno
MexanusMa I=176. Ipy AByX ABUTATCIAX B MEXAHHIME MOLIHOCTDL KAKIOFO H3 HHX
Oyzer

i‘l 102

F:Jﬁ.s: = -=51.

2 2
acToTa BpalieuHs BENYILETO KONECA TYCCHHIBI M 4ACTOTA BPALLEHHS
NBHrATES COrNAcHO BeIpakenuam {4,.124) u (4.125)

60-0,125
= —- =1,9 ob/mun;
3,14-1.25

D, =k, 3m, =0)8Y352=125 \;

i, =in, =716"1,9=1350 ob/mux,
Bruibupaem Omuxaiimgit 110 XapakTepHCTHKAM JBUCETENhL B 3aKPRITOM HC-

nonnenuu tuma J(M13-52V (Tl ¢ ocnosrenm napaserpamu: P =54 kBrull  =1200
0B/MHH.

nﬁ’.k‘

Koagduurent MexaHHcCKoH Meperpyskn KaxIoro U3 Asyx BHIGPaHHLIX
ABHraTenci npH ux paboTe B Hanbonee THHKCIOM peskume no Gopmyne (4.126)

k., = Fon _ 220 2,04
f:'ﬂ.l‘ 2!54 .
[Ip: 3TOM NOMYCTHMOE BPems MEpPETPy3KH, BBIMHCALEMOC 10 GOPMYyIC
(4.128)
2
Eyoon = 18010 2’0-24-:---— =50 wmun,
2,047 -

k4

Cneacrare sHo, BLIOPaHHEIH NBHraTedb Oyaer obecneunsars Tpebyenyio
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MAKCHMEILHYIC MOUIHOC Th TPH BPEMEHA ABHIKCHIN! FKCKABATOPE HA I0IbEM HE Gonee
30 MHH.

Tabauua 4.15

PacueTupie ko) GHIHEHTE

BHusl tpyHTa KosdpduuneHt | KoadpuuucHt conpoTHBICHHEA
cuenieHns ¥ k. BOIOMETIHIO Dasnl f;

TTecuinzie Kpyrbie 0.87-0,73 0,87-0.73

Cpeneit 0,87-0,72 0,78-0,65
KPVITHOCTH

Menkne 0.81-0,64 0,73-0,58

IlLinesarsie 0.75-0,59 0,67-0,53

I nHiHeTEIE TleinesaTsic 0,39-0,52 0,53-0,47
W CYLECH

CyrIMHEH 0,51-0,36 0,62-0,44

[AuHE 0,45-0,39 0,35-0,28

4.22. KuneMaTudeckHe cXeMbl H TATOBOIL
PAaCHeT Araloiero xo1a

Ha szemusneix pa0orax MIHPOKO MCMONB3YIOT MAMIHHBI,
0GOpYAORaIHbIE ITATAIOMIHM X0oM. 110 cpaBHEHHIO ¢ APYTUMH THIIAMH
MEXAHH3MOB TIEpEABIDKEHHNS 11aralomiiil X0 IpOCT B 3KCILIyaTaluH,
JOMYCKAET MepeNBKCHUE MALIHH TI0 PYHTAM C HH3KOM HecylleH
CrocofHOCThIO, 0BNIa1acT BHICOKOH MaHEBPEHHOCTHIO. OIHAKO
MEXAHM3MBI 1IATAHHA MMEIOT U pAld CYLIECTBEHHBIX HEA0CTATKOR,
Manyio ckopocTh nepensmxenus (0,06+0,47 KM/9)}, HH3KYIO
(POYHOCTHYK HAJCKHOCTh AeTaneil WArawilero MexanHiMa,
GyKCOBAHHE MalUKH TIPH NepeaBMKEHNN. IIpH OTPeACTeHHI MOLHOCTH
u BLIGOpE JABUTaTCTeH LArajoliero Xoa OiHIM H3 (aKTOPOB OLEHKH
ABASCTCS YCIOBHE ABHKCHUS MAIIMHDE 0e3 OyKCOBAHUA [23]

OcHOBHBIE YACTH MEXAHU3MA LIAraHis- IPHBOLHAS H
HCTIONHUTENbHAS. [IpUBOIHASA YaCTh COCTOHT M3 HPUBOAHBIX
aBuratenefl, PCAYKTOPOB, CHCTEMBI BAaloB H TOPMO30EB;
UCTIONHHTENBHAS YaCTh- B 00MIEM Ciydae H3 3KCLEHTPHKOB, PBIYAros,
HOKKH U JIbIK.

Maturnna, oGopyI0oBaHHas [WATAKIHM XOA0M, MEPEMEIIacTea

N
1)
o

A © E@é e
=" =y ’

Puc. 4.30, Cxembl MEXaHH3MOB 1IaTaHHA ¢ ABYMS MPHCOSAHHEHHAME [IOBOIKA K
BEAOMOMY 3BCHY: 2) KPMBOIUHMIHO-NaPHHPHOTO ¢ TpeyTanbhoil pamoii; 6)
KPHBOLIHNHO-IAPHAPHOTO KPEeiiuKON()epHOTO; B) KPHBOWHNHO-DBIUAKHOIO
YETRIPEX3BEHHOID; I') IKCLUSHTPHKOROTO ¢ 3a/Hei cepbroii; 1) 3KCUEHTPHKOBOTO ¢
BEPXHEH CEpLrOil; €) IBYXKPRBOILHIIHOTO

===

2

7
Puc. 4.31. CxeMBl MEXaHH3IMOB LIArAEHA C
OLHHM NpUCOeaHHEHHEM MOBOAKA K Puc.4.32, Cxema
BEJOMOMY 3BEHY: 8) KpPHBOWKITHO- THAPABITHUECKOMD
IKCHEHTPUKOBAK; O) KPUBOLIHIIHO-KOTECHAX MEXAHHIMA NIATAHHS
a & I ¥ \
il r
| |
-
1 K noudody maeolod -7
g3 882N I ]
= ni -] ID;
3 F x
(e 3 1%
Ly = 1596 be =41

Puc. 4.33, Kusemarudyeckne CXCMEl WIATRIOLIMX MEXGHH3MOB! i) 00LEANHEHHbI
NpUBO; TATCROH Nelenkn 1 MexaHu3Ma warakus {dxckasarop I{-6/45M): 6)
MHIMBUAYANBHBIT MPABCA MEXARA3MA WaraHia (3xcxasatop 1-10/70A)
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TICPHOAMYECKH KA 1bii P43 HA BCIIHHHHY Ara. 3a OHH [ar WIH [IHKJ

WarapHsa MCXaHN3M LIAIaIoUEero X04a OCYUICCTBAAET: NOCAAKY JILLK

114 TPYNT: OTPHIB 0a3Bl OT IPYHTA M NEPEMELLECHUC BCCH MANIHHbBI TIO

HanpaBuenHio ABHKEHNA; JallbHCHIee MepeMeLieHie BCCH MallliH bl

BIEped M nocaAKy 0a3bl Ha TPYHT; OTPHIB JTEIK OT IPYHTA, NOABEM H

TIEPEHOC UX BIIEPC B HAlIPABICHWH IBHKCHHUS Ha BEJIMUMHY LIAra.

[10 KOHCTPYKTHBHBIM CXEMaM IATAIINHH X04 MOKHO
KnaccuHIMpORaTL HA TpH rpynnsl [23]:

1) ¢ HCNIONHUTENBHBIM OPraHOM, HMEIOIUHM [Ba MPHCOEAHHEHHA
NOBOAKAMH K BEIOMOMY 3BEHY - KPUBOWIMIOM H PBIYATOM,
KPHBOIIHNOM H CEPLIOH, IBYMS KpHBowHnamu (puc.4.30);

2} ¢ MCNOIHUTENBLHBIM OPTAHOM, HMEIOLIHUM OJHO NPHCOEIHHEHHE -
NOBOJIOK - K BEIOMOMY 3BeHy (puc.4.31);

3) rUApaBIHYECKHE LHararlve MexaHu3Msl (puc.4.32),

OTnuuuTenbHas 0coOEHHOCTE MepevyUCIeHHBIX TPy
MEXaHH3MOB - U3MEHEHHE HAarpy30K Ha ONOPHYI HacTh BO Bpems
IIaraHus.

Y MalliH MepBOH IPyNIbl B HAYaJe 1Iara Ha OIOPHBIE JILIKH
nepejaercs HebonbWAS HATPY3KA OT BECa MAHIHHEL, MaKCHMAIbHOTO
3HAYEHHA T4 HAIPY3Ka JOCTHraeT B KoHUe wara. [Ips apmkeHuH Ha
TI0/bEM Harpy3ka Ha ONOPHBIE JIBDKM PE3KO CHHXKACTCH, UTO MOXKET
BEI3BIBATEL MPOCKANb3bIBAHHE JIBDK B Havale [Iara U IoTepro
IIPOXOAUMOCTH HPH ABHAKECHHH Ha MOIBEM.

AMsi MalMH ¢ XOOOBBIMH MEXAaHNU3MaMH BTOpO# IpyINbl
MaKCHMalkHad Harpy3ka Ha ONOPHBIE JIBDKH MPUXOJUTCA B Hayaue H
KOHLI 11ara, 8 MHHUMAanbHas - B CepeIHHe 1Lara.

I'mapasnnueckoe Wwararoiee o0opynoBaHHe (TPEThd TPYTNa)
obecriedBaeT paBHOMEPHYIO HATPY3KY Ha JIBDKH B TeUeHKe BCETO LIara.

JInd mararoiero Xona THIOHYHE! TPH KMHEMATHYECKHE CXEMBI
[IPUBOJHOH YacTu:

1) obveanneHHslil NpuBOA TATOBOM NeOCAKY H MEXaHHIMA [IAraHHus

(xckaparopos 2111-4/10, DII-6/451) ¢ MeXaHHUECKOH Nepenadeil

MOMEHTa OT IIPHBOAHOTO JBHMraTeNsd K MCHONHHUTENBHOH 4acTH
(puc4.33,a),

2} MHIHBHAYAIBHBIN NPHBOJA MEXaHU3IMA LAraHus ¢ MeXaHHIecKoH
nepeauei MOMEHTA OT MPUBOJHOTO ABUIATEIS K HCIIOIHATEAbHOH
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gacTH (puc.4.33, 6);
3) MHEMBHAYANbHLIHA NPHBOJ € THAPABIMUECKOM Nepenadei.
- Tsarosas MexaHka 1Araoilero Xoaa MallHH ONpeIenseTcs

CHENYHLWHUMH [1aPAMETPAMH!

K03 (HULHEHTOM CLEITEHHS & OTOPHOH MTOBEPXHOCTH JBIKH
C IPYHTOM;

k03hOUUHEHTOM CONPOTHBICHHA [, BOTOYSHHIO $a3bl NO
IpyHTY;

k03(QGUIIMENTOM & , YUHTHIBAIOLMM Ty YaCTh BECA MALIHHEL,
KOTOPAs NEPENACTCS HA ONOPHBIE JIBIKH.

[Tone3ysck 3THMHM KO3 HIMEHTAMHE, MOKHO ONPEIEIHTD
YCIIOBHSA, ITPH KOTOPEIX ofecnednBaeTcd padoTa LWAaraliero xona 6es
MpoOYKCOBKH NPU TIEPEIBHAECHHH MALLIHHBE [0 TIOBEPXHOCTH!

FOpHBOHTﬁJ’leOﬁ

k. > /s _kkfﬁ ; (4.129)
HaKJ’IOHHCfI‘:i

g pUeton@ b (4.130)

The k - cpeauuit Ko3hQUITUENT CUETIEHHS NLIKE C TPYHTOM

{(npuHIMaloT 1o Tabn.4.15);

[~ K0d(hOHIHEHT CONPOTUBIIECHKA BOIOYEHHIO 6a3bl IKCKABATOPA

NO rpyHTY (NpHHXUMAT no Tadm.4.15);

k - Koo HUHENT, YUHTHIBAIONINE Ty HaCTh BECA MALIMHBI, KOTO-
pas nepeazeTcs Ha JIbDKH.

Benuuuna Kk 3aBHCHT OT KOHCTPYKTHBHOH cXeMnl
HCTIOJIHHTEIRHOIO MEXaHH3Ma LIAraiIlero Xo4a # pasiauyHa J11s
KaKIIOH TPYNIE MEpeTHCISHHBIX BRIIIE MEXAaHU3MOB.

MaxkcumanpHyt. BenuunHy ko3dduuuenta k BrbHpaloT
TAaKOH, 4yroln He OLIAO CNPOKWALBAHUA MAlUIMHB B KOHILE
nepeMenieHHs Ha3kl TIPH JIBHKEHHH 10 HAKITOHHOMY TPYHTY: NOI YIIIOM
N0 12° U151 3KCKABATOPOB € KOBHIAMHM BMECTHMOCTBIO 4+5 M* W LTHHOi
crpenst 45M; 1o 10° cooreercTBerHo 6+10 M* u 6070 M; 10 7°- ans
O0JIee MOUTHEIX MALITHH.
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B o0iem cnyyvae &, MOCT ObITh OTpeaeneH 110 (popmyne

G080, — R,
Pl N (4.131)

IRC

bl

rae ¢ - YFOs HaKoHa IOBEPXHOCTH, B PACHETAX IPHHUMAIOT MAKCH-

ManpHOe 3uadeHue (12°);

le— PABIOACHCTBYIOWA HOPMA/IBHBIX PEAKIUI IPYHTa Ha
OTIOPHY IO TMOBEPXHOCTL Ba3bi IPH LIAraHkiH,
G, - Bec sxckapatopa, H.

JUIs MEXaHH3MOB LUAraHHA ¢ MEXaHMYCCKHMH mepeadaMH
(nepBas W BTOpas Py MEXAHU3MOB) Ko HiHeHT k_ompenensor
70 KPUBBIM, [IOKA3aHHBIM Ha puc.4.34 1 4.35.

ke k
a=-02pd 4 =32
a 4 N Y o
fL-—H%M L. Q78 pad
7 &= pad p Fl :"\-‘.‘.__'::_:‘._..-,// Opad
N o — ]
—— / %/%:fb 45 p Noow 2 /.‘ 42pad
KRR~ R e
D W ask—3 ‘
YRR i i
12 | re /%ﬂ
oy a7 U4 2! 6yl
Br—77 = % Pric.4.35. Kpusble 3aBHCHMOCTE#
\;;% 12z et ko3 HLKEHTa &, MEXAHUIMOB BIOPO#
44 P ,,’/'f‘?:"'flllpui FPYIIEL OT YINA NOBOPOTa § KpHBOWHNA
k__\._:g_:'f’ [ TIpH JBEHKEHUK 110 [IeCHaHbIM (1) H
as [THHHCTHM (2} TPYHTAM A8 MAIIHH ¢
47 1# 4 24 6.0 maccoit; - 170-270 7; --- 390-590 1

Puc. 4.34. Kpuseic 7asucHMocTel koa(duinenTa &, MeXarH3IMOB NepBeH rpyniikl

OT yria nopopoTa £ KpHBOLIMIE TIPH ABHIKCHIH IKCKABATOPA 10 NECHAHBM (Dwu
PIHHACTEIM (2) PPYHTAM A8 MAIUKH ¢ Maccoii: -170-270 T, --- 3%0-590 1

JIns maralimx MEXaHH3MOB ¢ THAPaBIHHIECKUM IPHBOIOM
(TpeThs rpynua) K ompemeasioT no gopmyne (4.131). Tpyauno
onpedenseMoil BeIUYHHOH B AaHHON dbopMyne gBRACTCH
PABHOACHCTBYOIAA HOPMATBHBIX PEAKITHHA HA ONIOPHYHO TOBEPXHOCTH
0a3pl NpH 1IAraiuH R;p- Oanako ¢ JONyCTHMOMN JUId HHKEHEPHBIX
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pacHeTOB TOYHOCTRIO €€ MOKHO ONPLILnATh I‘pﬂ(l)li'-IGC]\'H_ MPHBHMAL,

4TO OMMpanue 6a3pl HA FPYHT IPOMCXOIHT B KpalilieH Touke KPOMKH
Gazer [23].

-

B BBIOpAIIHOM MacmTabe (IUTH I[IOJIY4YE€HHA Donee TOYHBIX
PE3YILTATOB OH JOJIKCH OBITh BO3MOKHO OoJlec KpVﬂHb]T\I) BBIMOJIHAHOT
KOHTYPHYIO CXCMY 3KCKAaBATOPAa, HAYHHAMA C YCIOBHOTO PACIGNOMKCHEA

Gaspr gparnaiina Ha rpynte (puc.4.36). llpu stom anmamerp Gasbl
JpariafHa OnpelesiaioT 1o hopmyie

...
Df =2 IR
(70}
T (4.132)
Rd
R, Ly
y
g 2
J|E5
3 E's‘
22§ OCk SCHOMOIAMETEHOID oCs CRIPERLE
£ 15 wanauopa s
EaE R .
— 39 ~ AN
g X y GIKL‘
| = '
¢ 8
Fl
.53
g'c '
OCh LIAEHOI0 B ECHOMDIIREARROID| ¥
~45 G
HIAUROPOS P om
(78 1 M | °JTP
o Dy » ;
= X
GM

Hanpagienue R
Hanpagrende R, @

/0

Puc.4.36. Cxema x onpenenenio peakuni rpyata R, , u younuil B roassom

(noABEMHOM) W BCIIOMOTATENBEHOM LHIHHIDAX
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G50p10°, Tl rae g, - cpesiee yaenbHOE
tor nasncHHe na rpyHT (Ila), B
2l 3aBHCHMOCTH OT BECa

JKCKABATOpa CHNPEALIAIOT N0

8k kpuBoil (puc.4.37).
af Yepes ueHTp 0Oasml
Lo , IPOBOMAT BEPTHKAJIBHO OCh
2000 4000 G0 H  ppamenus dKkckaBaTopa (CM.
Puc. 4.37. I'paduk 3aBHCHMOCTH puc.4.36). HcoOxomnuMeie
CpeAHHX 3HAYEHHH JABIICHHA HA TPYHT FaGapHTb} 3KCKaBaTOpa

npy paﬁOTC IArawlIHy 3KCKaBATOPOB

Pa3THYHBIX THIIOB OT HX BECA Ol'Ipe,[ICJ]mOT no Cb()pMyne (420)'

Jlns obecrnevyeHus
YCTOMUKBOro MOJOKEHHA SKCKABATOPA TIPH IAraHuM HEOOXOIHMO,
uyToObl KOOPAMHATA X LEHTPA TAKECTH BCEH MAlIMHBI TIPOXOAMIA B
CTOPOHY, CTPENIBl OT OCH BpalleHHs dkckapaTopa. KoopanHaty x
ONPENeAAI0T W3 YPABHEHHA MOMEHTOB CHJ, YKA32HHBIX Ha CXEME,
OTHOCHUTEABHO IIOCKOCTH, Mpoxoasuied Yepes och BpalleHHA
[I0BOPOTHOH NNaThOPMBL U TIEPNEIIHKYIIPHON K NPOAONLHON OCH
IKCKABaTOPA:

— - . N
= Gm(Lu- ; OsSL”'l)' G81(0’5Lm e e ) , (4.133)

rae G- sec mnardopmsl, H;
L, - pamyc sapneil CTedKi KaGHHBI, M;
L, - nmina naarQopmsl, M;
G - Bec ¢tpenst, H;
em
L - ATHHA CTPENTBL, M;
€r_ - yronl HakJOHa CTPEJIBL K TOPH3OHTY, TPajIyc;
L, . - pamuyc TISTbI CTPEIIbl, M;
G- Bec aKckasatopa, H.

Bec kOBLLEA B JaHHOM CJTy4de HE YUHTHIBASTCS, TAK KaK BOBPEMS
[IaraHys KOBWI JOIKeH ObITh OMyIUeH Ha rpyHT. LITOKH rmaBHOrO U
BCTIOMOTATETEHOTO LIH/IMHPOB WAPHHPHO YKPEIUA-10T Ha Abrke. [1pn
ONYIIEHHBIX Ha FPYNT JIbKAX BbICOTA OCH LIAPHUPOB 0T MOBEPXHOCTH
rpynta i NpUMEPHO paBHa BHICOTE Gasbl h.

B Havane mara 0ch TIABHOTO HHAMHJPA COBNAACT ¢ OCBIO
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BpAatileHHA NIATHPOPMBI, & OCh BCIOMOLATENBLOT0 LATHHIPA TIPOXG, (11T

MO, YTIOM 0K010 45° K TOPH3OHTY.
Hanpasnenne peakuuu rpynra Rp_{? MOMCHO OIHPEIENUTE 1O
KOIQPUUHEHTY TPEHHS KPOMKH 043kl O IPYHT, BRIPDKCHIOMY uepes
YIromn  TpaH o4 Ilpn

5 g
I 107 T2 NMPOEKTHPOBAHHH AT &K HX

MEXAHH3IMOB  Ko3dduumcit
2L ’ . )
TpeHHs jmp TPHHAMAIOT PaBHbINM
_ _ o
1L 0.5. Tormoa Otmp arctgaw 27°% ¢
HOPMAIBIO K TOBEPXHOCTH I'PYHTE
141 [23]. OneIT mMOKA3LIBACT, 4TO
0 NpuHKMageMad BEIMYHHA szp=27°
i JOCTATO4HA fnu3Ka K
6 ] ) " : : ; JeHcerBuTeabHOH, Tlpoaomkas
2000 4000 G, 104 H nHHUHIO JeHCTBHA PEAKLHE TPYHTA
Puc.4.38. Tpaduix sasucamocT: L0 MIEPECEdCHHA C HAlPaBICHHEM
MAKCHMATBHEBIX 3HAUCHKH -
. JUHAH AcHCTBHSA paB-
JaBneHuA HA M'PYHT OIIOPHOH - -
JIBIKH LIAFAKUIMX 3ECKABATOPOB HOACHCTBYHOICH CHIIBI THXKECTH
Pa3/IM4YBEBIX THIIOB OT KX BCCa 3KCKaBaTOpa, HAXOOAT HUX TOL“\‘}’

nepecevetus O,

[TpoBOas IMHKMIO YEPE3 Oy HSHHY0 TOUKY O U OCh LIAPHHPOB
O _,onpenensior HanpapieHue Cuibl peaknuu OauiMaxos (mbox) R
3Has HanpaBIeHHs CHI TAKECTH 3KckaBaropa (7., peakudu rpyHTa
Rﬂp M peaklHH JbLK R, MOKHO B MaclTabe MOCTPOHTL CHI0BOH
MHOTOYFOIIBHUK, CTOPOHaMH KOTOporo OyayT sextopsl cun G, . R 8
NOALEMHOM UMIHHAPE R, BO BCIOMOTaTeILHOM LMnKkpipe R, a
JHATOHAILIO - BEKTOP CHIBL K

3uas BeTMYHHY Rmp, no dopMyse (4.131) MOKHO ONpeRETUTH

ko3ppHIHEHT K JUIA IHAPABIHYECKOTO IWAraouero xoaa. Ilnowais
OTIOPHOH MOBEPXHOCTH JIBDK

j— GJA’C k.?

o ZQmax ’

S (4.134)
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e ¢ - MAKCHMAILHOE 33 LIMKN LIAraHust YAENbHOE AABICHHC Ha
OTIOPHYIO TIOBCPXHOCTE JIBDK (ONPENensioT o KpHBO#H Ha pue.4.38).
JLAHITY ¥ UTMPHHY b1 HAXOIAT M3 YCIIOBHS!, 4TO JUTHHA B 6+6,5
pasa Gonbliie NHPHHBI (JUIS SKCKABATOPOB ¢ KOBIIOM BMECTHMOCTBLIO
80+100 M® 5Ty BETMYHHY [PHHHMAIOT papHOH 5). Tanrenunansnoe
YCHITHE Ha JIbIKE
F_=[f(1-ky+sinc]G . (4.135)
YcHIHe OT BEPTHKATB-HOTO [1EPEMEIUEHHS 3KCKABATOPa
F=kG, . (4.130)
[Tonuoe TArOBOE YCHIMB WIATAIOILETO X042

F_=[f(1-k y+sinotk )G

m.o

(4.137)

ke’

4.23. OnpexeseHEe MOIHOCTH H BBIOOP ABHIaTe/IeH
NpPUBOAA LIATAIOLIETO X0AA

Tak xaK Harpy3Ka Ha XOQOBBIE LTATAKOILHE MEXAHH3MBI TEPBOH
M BTOPOH IPYNMN HOCHT UMKIMYECKHH XapakTep TMpH MOCTOAHHOH
CKOPOCTH, TO MOLLUHOCTb JBHTaTeNeH Mid HUX MOXKHO ONIPCACTHTD 110
IKBHBANEHTHON MOIIHOCTH 32 OJMH IHKJ Waranusa. Harpysounad u
CKOPOCTHAA JIMATPaMMbl U1l MEXaHH3MOB IIEPBOH M BTOPOH Fpymmn
noKazaHnsl Ha puc.4.39.

Yeumuss [, u Bpema {, COOTBETCTBYIOT NMOCAIKE JBDK Ha
CpyHT, /', M {, - OTpBIBY 6a3bl OT TPYHTa H HA4ay NEPEMELLCHHA
MALTHHBL, F', ¥ {, - IEPEIBIKEHHIO BICPET Rceli MalHHEbL K [T0CAIKE
onopHO# Ga3el Ha rpyHT, /1, n{, - OTPHIBY JIBIK OT IPYHTA K [IEPEHOCY
HIX BIEpE MO HAIPABIEHHIO ABHAKCHHST MAIIWHBI HA BEIMIHHY LIAra.

Vewmne MpH N0CajKe JbbK Ha TPYHT £, H OTPBIBE JIBLK OT
rpyHTa M YCHIIHE Ha HX mepeHocky F, cocrasnsor He Gomee 3+5 %
ot yeunuii F, 1, TI0ITOMY B pacuetax IpH ONpEeeseHuK MOIIHOCTH
JBMIATENS HMH MOKHO 1IpeHebpeys.

PacueTaMH ¥ NPAKTHKOM YKCTINyaTallMY MALIHH YCTAHOBJIEHO,
YTO OT/ETbHBIC OTPE3KH BPEMEHM 33 LMK IIAraHus Mammub! Oe3

ByKCOBAHNA IPHMEPHO PABHB! MWy COOOH.
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v M
L
F2m
FSw
v, =const
Fhu F4m
1 2 4
N T
>
Tq t
- —

Puc. 4.39. Harpyzousas (-} # CROPOCTHAA {---)
AIMATPaMMB! LIATAFOIIHX MEXAHH3MOE

[lonHoe BpeMs WMKIA MWAraHHd OpH [NepeABHKCHUK
IKCKABaToOpa

- Al
Tow= &0%525 = le’ (4.138)

Vuf Hi

rae / - annna mara, M (OMpeesioT mo kpuBoit prc.4.40);

W »2
d= = ko2 GUIHEHT Oy KCOBAHMA, IPHHUMACMBIN MO
21

OIBITHBIM BaHHEM paBHeM 0,1+0,2;
V- CKOPOCTD TIEPEBIKEHHISA YKCKABATOPA, M/T (OMPENCIIAIOT 110
kpuBoit puc.4.40.
Venaus npu nogseme £, M TEPEMELICHAN IKCKABATOPE
BEITHCIIAIOT 110 Gopmyse (4.137) B KOTOPOH 3HAYCHHA kIR pasHuHbLX
YITIOB TIOBOPOTA KPHBONIHIIA!

_koq ks

k!l - 2 s

(4.139)
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voMu M

420

360 3,0
3004 2,5
240 2,0
180 1,5
120+ 1,0
60 |-

1 1 1 | 1 I 1 1

1000 2000 3000 4000 5000 6000 7000 G.10% H

Puc. 4.40. Tpathrku 3apncumocteif Amukst wara /,, (1} i CKOPOCTH NepenBUratis

JKCKABaTopa v, (2, 2"} 0TeUeCTRCHHOTO {-) 1 3apy0ekHero (---) IPOUIBOACTRS

kot hos
- 22,
ek, . k, . k, - k03 GUIHEHTbL, COOTBETCTBYIONHE YTITY 10BOPOTA
KPHBOLLIKIIA NocAenoBaTteabHo Ha 0,7; 1,75 u 2,8
pan (pre.4.34 u 4.35).
A7 npHBOJia MIATAIOWKX MEXAHH3MOB C MEXaHHUeCKOM nepenadeit
HCIIOJIHHTENbHBIX MEXAHH3MOB NPUMEHSIOT ACHHXPOHHLIE JBHraTenH
WM JBHTATENH NOCTOSHHOIO TOKA C KECTKOW MeXaHH4YCCKOM
XapaKTePHCTUROH. [103TOMY MOXKHO JOMYCTHTE, YTO YACTOTA BPAIIEHHS
JBUTATENTs!, @ CIICAOBATENIBHO, H CKOPOCTE NEPEABHKCHHS IKCKaBaTopa
OyZyT NOCTOAHHEL
Torna m1s Kax10TO OTpPC3Ka BPEMEHM [10 HArpy3odHOH W
CKOpOCTHOH auarpammam (puc.4.39) MOIMIHOCTE ABUIATENS

Fm

Pu“ = iR
n, (4.141)

rae £ - yCHINs AN KaKA0TO OTPE3Ka BpeMeHH (ONPeieNsoT 1o
Gopmyne (4.137);
Vv - CKOPOCTB TIEPEIBUKCHIA YKCKaBaTopa, M/C, (OMpeesIsioT o
KpHBOH pHc.4.40);
N,- KIL/I nepenaun wararomero xoAa, paBHbli [UI1 MEXaHH3MOB
IEpBOH M BTOPOIT rpyma 0,0.
DKBUBANCHTHASA MOIIHOCTb JBHIATENA

k= (4.140)

(4.142)

ITo 3kBUBANEHTHON MOIIHOCTH C YHETOM KHHEMATHYECKON
CXeMBbI TIPHBOJA BHIOMPAOT OMMKAHIUNI 110 MONIHOCTH M 4acToTe
BpPAIIeHU TBUTATEh.

MouHocTs IpHBOAHOIO ABUFATENS AMA THIPABIHYECKOTO
MIATAIICTO X0d YCTAaHABIHBAOT MCXOAA W3 TIPEINOIOMEHHA, 9TO
YCHIIHe, TICPeaaBacMoe Ha JIBLKH THAPABINYECKON CUCTEMOI, 0CTaeTCA
[IOCTOSHHEIM MTPH OTPHIBC H MTEPEMEIIEHHH CaMOi MAITHHEI.

Pabora, copepliaemMas Mo MepeMCICHHIO IKCKABATOPA C
THIPABIHYECKUM LIATAIOUHM XOI0M,

A _ALLEI'].+4UJF27{1U|:;D“+A )+sm0t ]+h K } 4 (4,]43]

rze Al L+ yrsine JG, - paboTa coBepiaeMas IpH MpeojIo-
JCHWH CHTT TPEHUA U TICPEMEIIICHHS
IKCKARATOPA MO HAKITOHHOH 1o
BEPXHOCTH C YIIOM X, ;
A, ~h kG, -pabora, copepiiacmas npu NOIbeMe SKCKaBaTopa
Ha BBICOTY f__.
B npuseleHHEIX TOCIEAHHX hOpMYax:

[ - annHa wara (ONpeensoT no Kp1Boi Ha puc.4.40);

h_- BLICOTA IOIBEMA LEHTPA TSHKCCTH IKCKABATOPA NP 1IAraHHH,
pasras 0,3+0,4 M 1711 3IKCKaBaTOPOB C KOBLAMH BMECTHMOCTBIO
4+5 M3, 0,5+0,6 M - coorercTBelIHO 6 M* U Gonee.

HcecnegoBanusiMy  YCTAHOBJICHO, YTO Y 3KCKABAaTOPOB ¢
THAPABINYECKHM MEXaHH3MOM [IATaHHA ONEpPaluH MO OTPBIBY bl
OT IPYHTA, HX TIEPEHOCY H MOCANKE HA TPYHT 3aHHMAIOT BPEMS, PABHOE
0,57, CrnenomaTtensHo, padoTa, copepliaeMas IPHBOIOM IO
ICPEOBHKEHHIO CAMOI0 3KCKABATOPa, TOXKE MPOROIIKACTCH BPEMA,
pasHoe 0.5 T«' Hcxogs W3 3TOT0 MOIIHOCTL JABUCATeIA A78
CHAPABIHYECKOH YCTAHOBKY MOXKET OLITL BEIpaXeHa Gopmynod
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220 220
200}
008} b ——— S I
0,06}
100}
0,04}
0,021
5 5 5 >|( 5
5 10 15 201 ¢ ¢
T,=20
Puc. 4.41. HarpysouHas (-) M CROPOCTHaA (---) AMArpamMmbl
MeXaHH3IMa UIATaHNA BTOPeH rPYIIIL
oA, Lfs0-kyesinal v bk, 1G,, 107
unr — O\STunm.r - O’STunm‘r T . (4144)
MNpumep 4.8

OnpeaenyTs MOWHOCTE M BHIOPATH JIBMTATENb N4 WIATAKMIIENO XO0Hd ¢
MEXAHHYECCKMM HCIONHHTETLHBIM MEXaHH3MOM BTOPOH IPYHITb! (¢ 0AHHM IOBOSKOM K
BETOMOMY 3BeHY). JKCKABATOP-APAMNAHH yMeeT KOBII BMCCTHMOCTHIO 4M°, DKCKABATOD
JOmKEH NepeIBHIATLEA [0 IECHAHOMY IPYHTY ¢ N04beMoM 10 12°.

Pewenue.

Macca v Be¢ IKCKaBATOPa, cornacHo gopmyne (4.19)

m, =k, E=30'4=200 T (k=50 npuraT no tabn.4.3)
G, =gm, =9,81'200:10°196" 10" H.

ITo BEIpamecHUIO (4.137) onpeneaicM YCUIHE Opd IOBOPOTC NPHBOAHOIO Bajda
cooTBeTCTBEHHO #a 0,7; 1,77 u 2,8 pax:
F A=k psinark )G, =

=[0,87(1—0,513)+0,21+0,513]196°10*=220-10* H,

rnefﬁ=0,87 (no Tafn.4.15 Ang KPYNHLIX DeCYAHBIX TPYHTOB},

koo +k
= or o 05254030154

ki tk
nk,y= 1,777272,8 = 0’525;0_’501 =(,513
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kw f(m I’} kH oTpeaenenst O KPHBOH Ha puc.4.35.

F, =[0,87(1—0,513)+0.21+0,513]196°10=220" 10" H.
BpEMH UMKI4 WaraHua
7 = 360001, =) _ 3600(L6-0.2)
“ Vy a 300

rae fm=l L6 M1 v =300 MAT OIPEASTICHE 1O &kpusoi Ha puc.4.40.

=20c¢,

MoOIHOCTE ABHrATENd 33 BTOPOH M TPEeTHIH [1EPHOIB LIHKIA WATAHHA

(puc.4.41)
Nyl 0 NawVur* 107
Buan=- = =
[ M
20-10°% - _
_220-107-0083 15 _hgr wp,
0,6
330 .
rie v, = = 0,083 M/C.
3600

MNockonkxy, KaKk GBLI0 OTMCUEHO BHIUIC, MOLUHOCTBIO, 3aTPa4ifBacMoit Ha
QTPLIB IBDK OT IPYHTH, MX [1EPSHOC W ONYCKAHHE Ha TPYHT, MOKHO NpeHebpeus.
IKBHBANCHTHAS MOLHOCTE IBHTATE NS

2922 .5+292° .5
P=|—= =210 kBt
20

JKCKABATOP-APALIAHH C KOBIHOM BMECTHMOCTRIO 4 M HMCET O0LEIHHCHHY O
KAACMATHYECKYE) CXEMY TPHBOIA MEXAHM3Ma [IaraHMA M TAroBOH ncleakn (B
HACTOALICE BPeMs IKCKABATOPBI TAKOTO THNIA HE BBHIMYCKAKOTCA), NO3TOMY BEIGOD
ABHraTens TOMKEH OpOU3BOAHTbCA Mo 60nbUION pacHeTHOH MOLIHOCTE MCXaHH3MA
TATHM HIM MexaHu3Ma maradud. Ha sxcnnoyatupyemeix sxckapatopax J1-4/40 ¢
TIPHBOIOM HA [TOCTOARHOM TOKE YCTaHOBAEH ABHraTe:1s MITI-11-14/4 co cremyoummu
=490 B, n =850 of/muu. Ha
JKCKABATOPAX G MPHBOJIOM HA IEDCMEHHOM TOKE YCTAHOBNEH ACHHXPOHHLL XBUTATE 16
(P =260xBr, 1, =750 06/MHH).

TIpamvep 4.9

OmpeennTh MOLHOCTE U BRIOPATE ABHIATE b AN WIATAKILCTO XO/a ¢ M2-
XAHHYESCKHM HCTIONHHTETBHBIM MEXAHH3MOM NepBoii TPyl (¢ AByMSs [OBOIKAME K
BENOMOMY 3BEHY). IKCKABATOP-APAIANH ¢ KOBIIOM BMECTHMOCTEC £ =1 0 s pqomwen
[ePEIRUTATLCA N0 NECHAHOMY TPYHTY Ha noabem a0 10%,

Pewenue,

Macca W BeC IKCKABaTOpA:

mm=kmEx:70' 10=700 1 (sz?’O, npuuATo no rabn.4.3);

OCHOBHBIMH napaMctpamm: £ =280 kBT, V

Ho
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800} 42 750
600}
0,08 KOO
0,06 0,05
0,04 200} |
0,02 8,5 8,5 8,5 8,5
1 1 L i 1 1 1 | I |
4 8 12 16 20 24 28 32|36 5°©
34

Puc.4.42. Harpysounas (-) H CKOpOCTHAs {---) Adarpammsi
MEXaHH3Ma [araHHA 0epsoil IpyIel

Gm =gm  =9,81700"10°=685"10* H.
[To (4.137) onpeaenaeM yCcHIHE NPH NOBOPOTE NPHBOJHOTO BAIA COOTBETCTBEHHO HA
0,7, 1,75 u 2,8 pan:

N, =0k psinark, ]G, =

[0,87(1—0,345)+0,17+0,345]685°10*=742 10* H,

rz:ef;=0,87 (o Tabn.4.15 gas KPYOIHBIX NECYARLIX TPYHTOB);

kg thags 0334036

k= =0,345;
2 2
koyas+h,a 0,36+ 0,44
ko= - 1,75 [ a8 2R TR 0,400,
2 2

Ny =[0.87-(1-04)+0,17+0,4]- 68510 =150-10".

3HaueHHA k_m_?’ kms H k_,o_% OTIPEAENEHS] IO KPHBLIM Ha pHC.4.24,

Bpems uukia mwaranms
o 36001, - 95) _ 3600(1,85-0,2
v 175

i

=34 ¢

*

rac lm:] .85 M- anuka wara K v =175 M/4- CKOPOCTb NEPEABIAKSHHA IKCKABATOPA,
ONPCACHEHb] 0 KPHBLIM Ha pHe.4.40.
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Harpy3ouHnas B CKOpOCTHAA AMArpaMMLl MEXAHH3IMa [IAaTaHHA BTOpOI
TPYMNE TOKA3AHH Ha puc.4.42.
MOLIHOCTE ABHMTATENS 33 BTOPOIl NEPHOM UHKDNA IHaTaHHA

4
N,y v 742 -0, _
B, = 21“1_!“:_2_1{} ,0,,95.]0 3 =620 kBT,
T 0,6
175 ‘
rae v, = 7606 = 0,05 mic.
3

MomHocTs Jsirarend ia Tpt‘T}iﬁ NEPHO,T UHKITA IWaraiia

4
NiuVe 750:107-0,05
P = DMl T T 07 =625 kB
N 0.6

JKBHUB&ICHTHAA MOUIHOCTh ABHIATCIA

=445 kBT

_Jszoz-ssﬂszs2 .85
INC 34

[TepcaaTouHOE YHCIIO MEXAHM3MA HITATaHM A [10 KHHCMATHHECKON CXEME {CM.
puc.4.34, 6) 1, ~388,1.

[pu npogomKuTenBHOCTH Unkna waraHus T =34 ¢ yactora Bpauienus
KPHBOILIHMOA COCTARNACT MPUMEPHO 2 0O/MHH.

YactoTa BpallCHHA JBHIATC/A nm=z'nxp= 388,1'2 =776 o0/MuH.

MpuuuMaeM OmuKafIIHi M0 TEXHHYECKOH XapaKTepHCTHRE ABHIATCNE
EOCTOAHHOrO TOokKa (Tabn.4.13) MIID-450-900-1 co cacaywmunmu 0CHOBHBIMK
napametpami: P =450 kBr; v, =440 B; 1, =900 o6/ M.

[pumep 4.10

OnpelenuTs MOIEHOCTD H BBIOPATh ABHTATENE [UTA MHAPABIRYCCKOTO 11d-
FAIOLLETD X413 IKCKABATOPA-APAriaiiia C KOBLIOM BMECTHMOCTREY 15w,

Peuwienue.

Macca H BeC 3KCKaBaTopa:

ma«:Egkck;.(L-= 110:15=1650T (km‘il 10, npursaTo no tabn.4.13);
G, =gm =981"1650=1620"10 H.
Panuychl 331Hei CTEHKH H [ISTh! IOBOPOTHOH 11aTGOPMbL

L. =k Ym, =1L6Y1650 =188 m;
L =k Ym,. =0.6V1650=71m.

JnuHa cTpensl Lcm = 7’53,1165(} =89 M (cTpena yCTAHOBJIEHA 1103 YITIOM
30° K TOPH3OHTY).

BricoTa nsTel CIpENB A, = 03531650 =415 M.
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P, =220-10°H
4
B 1460-10'H
R.’I
ock cmpenst
IRCKasamapa
OCh SCROAMOIIIRENMHOZO
MUARN —a2n.1n° .
1|y "“P“\ Ry=33016° -
— H — A
r
i 3 i e ,
§-§ G105 10°H
L] «
I o " G, F1620 16°H
M - K =
LSS . L~ Nl s s0
G_=izio-10"H
{15 _ 3 4 N
12.5m G 1620 10H 3 /
7 da
- @
Iz,z.m P 27
7 E TR IEs s rry s 7 L
Dﬁ;'ﬂ,mu

a

Puc.4.43. PacueTHas cXeMa K ONPEEACHHIC PEAKUHA IPYHT4 H
yCUIMil B IM3BHOM (NOABEMHOM) M BCIOMOTATENIEHOM UMIHHAPAX

Bo Beex Gopmynax xo3duiuent &, NpHEAT no Tan4.3.
Macca M Bec CTpedbl:

m_=0,065—1650=108 T;

G =9,81—108-10°=106"10* H.

Macca 1 Bec 0BOPOTHOH mnardopmsl ¢ obopyrosansem:
m =0,75-1650=1235 7;
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G =9,81—1235'10°=1210"10° H.
HuameTtp 6a3er

. 1650
Dy =2 |~ =g e 2146
74, 31498 M

A ¢, OOpenenera no KpHeod puc.4.37.

Bricota fassi i = 0,131650 = 1,18 m.

Hns onpenenenus koddduuuenra k_! Ha puc.4.43 mocTpoeHa pacueTHad
cxeMa sKckaBatopa. Koopansara x neHTpa TUKECTH 2KCKaBaTopa

i

 G(L, =05L,)~ G, (0,5L,, -cosar+ L, )10°

G, 16

KL

_1210018,8 - 12,95)-106(0,5 .89.0,87+7,1)-10"
1620-10

M3 NOCTPOSHH OO CUIOBOIC MHOTOYIO/IBHHKA KOYQOUIHEHT k , TIpU AB3-

=135 .

HEHNH IKCKABATOPA [0 TOPUIOHTANBHOH H BAKIOHHOH IPYHTOBOH HOBEPRHOCTAM:

Goe =Ry 1620-330 4
homn) = = 710" =080,
G,, 1620-10

IKEC

. _ Gope O~ R, 1620-0,99-330
Aa=7") G 1620-10°

INC
MOoWEOCTE NPHBOIHEIX ABHrATENEH THAPABIHYECKOTO LWATAICIIETD XONA TPH
ABMYEHMH JKCKABATOPA 110 FOPH3OHTANBHON MOBEPXHOCTHLIH HA NOIBEM COTMACHO
bopmyne (4.144)

=0,785

{lw [f&(i =k a=0 )] + Ry, ﬁ;’tC(:D}ij 4 10_3

Bsa=0y = i
w.e(a=0) O,STunm.é

,,,,, =450 kBt
0,5-116-0,6

{!m [fﬁ(l_—_‘km:y J+sina |+ f’ax kg }G-;x (_.10_-_% i

Bysa=n = )
w.{o=7) 0,5anm.e

{2.10-[0,87-{1-0,785)+0,] 2]+0,6-0,785}-1620-104 1073
- . . =547 kBT
0,5-110-0,6




222

B dopmynax ]m {anuHa [ara) onpeaeneta 1o kpusoii na puc.d.40,
f OpHHAT 1o Tab1.4.15;

h o =0,6 M (BoICOTA NOABLEME IICHTPA TAKECTH SKCKABATOPR NPY WAra-

HHHM) IPHHATA TIO PEKOMEHIAUHAM;
T =110 ¢ (npo0.KUTENEHOCTL UMKNA waraHpA) ormpenencta no Gop-

my:e (4.138).

KoHCTPYKTHBLO TRAPARIHYECKHE YCTAHOBKA MOHTHDYIOT 1A Kaw 104 JbIkN

oTaeasHo. FIpH ABYX NbIKaX MOLIHOCTE JABHIATEN KAKIOH YCTAaHOBKH
P =}
P, == o 27 0735 kmn
2 2

Tak KaK B pacueTe NPHUUATO COBMCILCHUE TPYAHBIX YCNOBHH (MEpenBiKeHHE
IKCKABATOPA HA MAKCHMATLHBI TOTHEM IO IPYHTY ¢ MAKCHMAbHBIM KO3DHHUIHEHTOM
TpeHHA), 9TO [IPAXTHUECKH BCTPCIACTCA TOCTATOUHO PEMKD, TO K PeaiibHOM YCTaHOBKE
MOCYT OBITL PEKOMCHAQBAHB NBHTATCAd HECKOABKO MEHBUIEH MOUIHOCTH,
H3TOTOBINEMBIE CEPHIHO.

B nasHoM ciyyae uefecoofpa3Ha yCTAHOBKA OBYX ABMraTeled
JTAMIL-330/1000 co creayouMH OCHOBHBIMY Nokazateasmu: P =260 kBT,

v =660 B; 11,=1000 06/MHH,

TxaBa 5

AJEKTPOIIPUBO] KPAHOB

5.1. O0uHe cBelenud 0 KPAHOBLIX MEXaHH3MAaX

Pexumpl paboTsl D11 KpaHOBBIX MEXAHM3MOB THIIHYHBEIE H
Haubonee obuye A4 HTOH IPYTIILL.

TMorbeMHLIM KPaHOM Ha3bIBACTCA MALIMHA, NPCIHAZHAYCHHASA
JUIS 3aXBATBIBAHMA, [MOIBEM2 H MEPEMELLEHUT B TOPU3IOHTANBHOM
HATIPaBNEHUY PA3THUYHBIX TPY30B HA CPABHUTENbHO HeBOMbIIHE
paccTosHus. XapakTepu3yeTcs MOBOPOTHO-KPATKOBPEMEHIBIM
pexkuMOoM paloThl. DTH MEeXaHH3MBI EPBEIMY MOHTHPYIOTCS Ha
CTPOMTE/ILHBIX MIOWAJKAX W KOPIYCaX 33aBOJ0B, OHH BBIUIOIHAIOT
BHayane OQyHKIHH MOHTaXHBIX KPaHOB, & TO OKOHYAHHH
CTPOMTENBCTBA- KAaK TCXHOMOTHYECKUE, DIEKTPHUCCKIE KPaHBI
PA3TMYHBIX KOHCTPYKIMH BCTPEUAIOTCS BO BCEX OTPAC/AX HAPOIHOTO
X035ACTBA.

B uexax MeTAUTYPrUiecKix H MAalUHHOCTPOUTEITEHBIX 33BOMI0B
- MOCTOBBIE KPAHBI, Ha PYIHBIX ABOPAX 32BO/0B H YI'OIbHEIX CKIALax
AMEKTPHUCCKHX CTAHUHI- NOPTANBHBIE, KO3/10BbIC NMEPErpy30uHbiC
KpaHbl, Ha TEPPUTOPUM KPYTHBIX CKIaZOB- KabenbHbIC KPaHEi, HA
CTPOMTENbCTBE- MOPTANBHBIE M OalletHbie. KpoMe CTaluHOHAPHBIX
KPaHOE 3HA4YHTENLHOE PACTIPOCTPAHEHHE HMEIOT NEPEIBHKHBIC KPAHb:
aBTOMOOMIILITEIE, TYCEHHYHBIS, KENE3HO0OPUAKHBIE, NABYHHE.

B 3aBHCHMOCTH OT BH,1a TPAHCIIOPTHPYEMOTO TPy3a Ha KPaHax
HCIIONB3YIOTCS PazMuHBIE [PY303aXBATHBIE YCTPOHCTBA! KPIOKH,
rpeiitdiepsl, MArHUTEL. MOCTOBBIE KpaHBl B 3aBHCHMOCTH OT THMA
3aXBATHIBAIOIIETO YCTPOHCTBA PAasMHalOT: KPIOKOBBIE, IpeiiepHble,
KJIEIEBhIE, MArHHTHO-TpeHdepHbIE.

KOHCTPYKTHBHBI BHA KPaHa ONPEJENsercs CneuHpUKoH 1
TEXHOJIOTHER NPEANPHATHH, 0AHAKO DONBIIHHCTBO Y3710B KPAHOBOTO
0B0pyMOBaHHA, 0COOEHHO CBA3AHHBIX ¢ MEXAHH3MaMHM NOIBEMA H
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NEepEeABHMKCHHUS BBINOTHIETCS OMHOTHUIIHBIM A1 MHOTHX
KOHCTPYKTHBHBIX BAPHAHTOB KPaHOB.

KpanoBoe 21exTpo0o0opy10BaHre CTaHAAPTH3HPOBAHO eule B
BounbIlei CTETICHH, YeM MEXaHHYECKOE, B CJICICTBHH ITOTO 3a/a4a €ro
M3ydeHHs ynpoulaeTcs. BecbMa pasaHunble MO KOHCTPYKTHBHOMY
HCTONHEHHIO KpaHbl KOMIUIEKTYIOTCS THUIIOBBIMHM NaHENAMH
yIpaBieHus, KOHTPOJJIEepaMHu, CONPOTHBIEHHAMH U JPYyrUM
3NCKTPOOOOPYAOBAHHEM.

CornacHo AeHCTBYIOWUM npaBunam locroprexHaiasopa
pas3iu4yaioT pexuMb paboTbl KPaHOBBIX MEXAHH3MOB H
anekrpoobopynosanus | 15]: JI- nerkuit, C- cpeanuii, T- Txenbi# n
BT- BecbMa Tsxkenbldl pexumbl paborel. [lokazatensamu,
ONpene/IsIIOIIMMH B COBOKYITHOCTH PEXHM PabOThl KpaHa ABIAKOTCS
K07 PHUIUEHTHI: kg,,' MCNONb30BaHUe MEXaHH3Ma [0 Ipys30-
MOIBEMHOCTH; K,k - MCTIONB30BAHUE MEXAHH3MA CY TOYHOTO U FOAOBOTO
cooTseTcTBeHHO; [IB%- oTHOCHTE/NbHAS NPOAOCIKHTENBHOCTD
BKJTIOYCHHS ABUTAaTEIId MEXaHU3Ma

k‘,p:Q(/Q“; k=A/365; k =B/24; [1B%=t 100/(1 +1,);
rae () -cpefiHee 3HaYCHUE MacChl TPy3a, NOAHHMACMOTr0 38 CMCHY;
Q - HOMMHATbHAs IPY30MOAbEMHOCT;
A- 1ucno nHeil paboThl MEXaHU3Ma B IOAY;
B- yncno yacoB paboThl MEXaHU3MA B CYTKH;
! ,1,- BpeMsi COOTBETCTBEHHO paboThl 1 May3bl IBUTATENS 33 OMH
LHKII. :

Jlas snexrpoodopynosanus [1B% BeUuCHAETCS 1718 BpEMEHH
nukna He 6onee 10 MHH, & 1711 MEXAHHU3MOB- B TE4EHHH OHOTO Yaca.
B cootBerctBum ¢ TOCT 25546-82 u TOCT 25835-83 ycraHoBIEHBI
KinaccH()UKALMOHHBIE PEKHMHbIE IPYNINBl KPAHOB Pa3/IMUYHOTO
Ha3HAYEHHS U PEKUMHbIE TPYIINBI UX MEXaHH3MOB (Tabi. 5.1).

HomuHabHas rpy30M0IbeMHOCTh KPAaHOB PENIaMEHTHPOBaHA
I'OCT 1575-81 u npeacrasnset psan (B ToHHax) [16]:
0,2;0,25;0,32;04:0,5;0,63;0,8; 1; 1,25, 1,6; 2; 2,5; 3,2; 4; 5; 6,3; 8;
10; 12,5; 16; 20; 25; 32; 40; 50; 63; 80; 100; 125; 160; 200; 250; 320;
400; 500; 630; 800; 1000; 1250; 1600.

KpaHbl MOKHO KnaccupHUMPOBATh 10 00J1aCTH TIPUMEHEHHS,
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Tabnuua 5.1
KnaccudHKalHs pexnMOB paboThl MEXAHU3MA 1 JIEKTPOOOOPYI0BaH s
PaccwiTIOIe NapAMeTDR MexalommoE | [IASCHIIOAIGU penatia Knacm:lxmc:mm
¥paHa, ITp HHITMARIMGIe [IDF PacyeTax H pabotu anerTpook epyRoBazcR no Ezponefuearoe
wopmam FEM
FOHCTD V2P ORAHEPE D Npagrmant P
Focroprexxamopa 9E3l m 2632
o
- g % g §
g o @ ]
: P et : 3 §
: AR AN E g f
g g 1 - g & B
) 1% E - B oo o E M
9 S o 23 E E 8 el § 5 2
9 o 2. BlEs 38 : o E| H
:'quo et § E’ g 2 E % M E E )E "
[+ o o
m ] o] l: ] o E E. E g
8 l & g8 e 5 & 3 §
I -3 E @ g } S L% 3 E E o
bl e ¥ E g E B AQ I b
bl E : 83§ el &8 |, g
Be s [ER 9 ERE| BN\ TR B |Ee 3
PR B |Eal & =8 g sBEl8w g (g &) 7
M |15 | 80 [250] 50 1Dm | 60
I 0251115 &0
M 15 &0 250 50 1Cm 90
3M | 25 | 50 |s00 | &0 25 1Bm | 120
4M | 40 (120 [1000] &8O 40 2m | 130
5M 40 | 250 |2s500 100 T 0,75-1 {40 | 240 |3m/4m| 240/300
6M | 60 |3eq [4000| 120 BT 1,0 |60 Zgg' sm | T

THIy Fpy303aXBaTHOTO OPraHa, POy PUBOJA OCHOBHBIX MEXaHHW3MOB,
XapaKTepy U PEXUMY SKCILTyaTallHH, 10 Ha3HAYCHHIO, KOHCTPYKIIUH 1
JPYTryM NpH3HAKaM.

TTo 061acTH IpUMEHEHHS KPaHbl TI0Pa3IeNstOTCs Ha LIEXOBBIE,
TPAHCIIOPTHbIE (ABTOMOGUIIbHBIE, KENE3HOAOPOKHBIC), CTPOUTEIILHBIE,
MOPCKHE.

[To KOHCTPYKUMH KpaHbl Pa3siH4aioT: MOCTOBBIC, KO3NOBLIC,
NopTajbHbIE, OalieHHbIE, KpaHbI-IUTa0CePBI.

[To Ha3HAYEHHIO IPy30NOLBEMHbBIC KPaHbl OOBEANHSAIOTCA B
CleyIOUKe TPYIINbL:

1. YuuBepcanbHble MALIMHBI M1 MOAbEMA M MEPEMEHICHUA Ipy3a
CITOMOLLBIO KPIOKA Ha THOKOM rofBece (rpy30Bom kaHare). K HuM
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OTHOCATCS Pa3sNHYHbIe KPaHhi, KpaH-0amku, nedeIku, TatH.

. PazauuHble rpy30n04bEMHBIC KPAHEL JI1sl NIEPErpy3KH Chilyqux

rpys30B ¢ MOMOIIBK rpedepa.

3. T'py30n00nbeMHBIE MALIMHBI A7TA MepeMelleH s TPy 34a PH MOMOLIK
3aXBaTa, NEPEMELIAICIIENOCA T10 JKECTKHM HAMTPABATOLMM (KpaHbI-
mTabeneprl, TEXHOMOFMYECKHE KPAHBl METAINYPrHH, IIThIPEBBIE
KpaHbl IBETHOW METANTYPrun).

4, Cnenyanu3upoBaHHbIE KPAHbl 111 BO3BeAEHHA 3JaHHH M
COOpyKeHHH (cTpouTenbHbIE OalleHHBIE KPaHkl, Cya0chOpoUYHbIe
M CAMOTIOTbEMHBIE CTPOHTEIBHEIE KPaHbI).

JwbGol coBpeMeHHBIH I'Py30N0IbeMHbIH KPaH MMeeT
MEXAHH3M MOTBEMAa-OIYCKAHUSA TPy3ad, MEXaHH3M MEePEABHKEHHA KpaHa
M MEXaHHM3M MepeIBHIKCHHS Ipy30BOH Tenexku. B cporwo odepenn
MEXaHH3MBI [101bEMa TPY30TOALEMHOCTEIO BrIlIe 10 T cHabXeHsI
MEXaHM3MaMH (OOHHM MM ABYMs) BCIIOMOTATENBHOIO IIOJbEMa
IPy30noabeMHOCTRIO 1/3+1/5 ocHoBHOW Ipy30NOABEMHOCTH,.
I'py30M0ABEMHOCTE TAKUX KPaHOB 0003Ha4a0T ApoObIO, B YUC/IHTENE
KOTOPOil yKa3bIBaeTCA IPY30I0AbEMHOCTb [MABHOTO, 4 B 3HAMEHATENE
IPY30M0JBEMHOCTh BCIIOMOraTeIbHOIO0 MEXAHH3MOB, HANPHUMED:
15/3; 20/5; 150/20/5.

MocToBOHM NOABEMHBIH KpaH PasnHuHBIX Ha3sHAYeHUH
HarOoIIee pacnpocTpaHeHHbIH BU KpaHoB (pHC. 5.1) COCTOMT U3 MOCTa,
NepeKpLIBAMIEr0 BECh NPOJICT UEXA, TPY3OBOH TENEKKH A C

HOABEMHBIM KPIOKOM, KOTOpas HepeMeliaeTcs Mo KONee MOCTOBOrO
nponeta b.

|38

praBHEHHG JABHKCHHCM TENCWKKH, MOCTa H MEXaHHU3Ma oAbCMa
ocywecTsigercs w3 kabunsl B. MocT mepeaBuraercs 10 peabcaM,
YCTAHOBIICHHBIX Ha MOAKPAHOBBIX OaJIKax HEeXOBOrO 30aHMA.

5.2. Knaccndukanna KpaHos no
TPY303aXBATHOMY YCTPO#CTBY

ITo Tuny rpy303axBaTHOTO YCTPOHCTBA NMOZBEMHBIC KpaHbL
JeNATCA Ha
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Pue. 5.1. O0muil BH MOCTOBOTO KPaHa
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KPIOKOBBIC, MarHUTHBIC, rpeiidepusle, MTUTCHHBIC U CIEUHAILHBIE
(HampuMep, MYJILA0O-MarHUTHELE),

KpIoKoBble KpaHbl CHAOMEHb! OQHUM HIK ABYMS KPIOKAMU H
npeIHa3HauCHbl JIUIS eperpy3ky WTYHHBIX Ipy30B. Ilpu neperpyske
CBIMYUNX W KHIKHX MaTepHANOB KPIOKOBBIMH KPaHAMH IIPHUMEHAIOT
CTIELMATIBHBIC COCYIIB! M KOBLUH,

[peiidhepnriii kpaH (pHc.5.2) 0TIHYAETCA OT KPIOKOBOIO KpaHa
TEM, UTO BMECTO KPIOKA MCIONL3YEeTCS CHelHalbHEIH . KOBII,
Ha3BBaeMelil rpefiepom. I'pelidepHbiM KpaHOM TPaHCHOPTHPYIOTCH
ChIMyYMe ¥ KYCKOBBIe Marepuanel, OTKPHIBACTCA H 3aKPBIBAETCA
rpeiidhep ¢ moMonbio AByX OapabaHOB, PACIIONOMKEHHBIX HA TEICKKE
KpaHa.

MaruutHo-rpeiidepHsli kpaH 00OPYAYIOT OJHOBPEMEHHO
IMEKTPOMATHUTOM M rpeiidepom. Ilpu rpy30noaBeMHOCTH
3MEeKTPOMArHuTa ¥ rpelidepa Mo 5 T KpaH CHaOXKAKT OTHOH TENeXK KO,
P [Py30n0abeMHOCTH 10 10 T - AByMa Tenexkamu (puc.5.3).

MarHuTHBIE KpaHEB! (pHC.5.4) 1O YCTPOHCTBY IIOYTH HE
OTAMYAKOTCH OT KPIOKOBBIX. Ha KPIOK Takoro kpaHa NojBELIMBAcTCA
SNEKTPOMATHHT, CIYALIHH [T TPAaHCTIOPTHPOBKY H3IETHH H3 CTAIH
U 4yryHa, WIH CTAIBHOFO M MYTYHHOIO JIOMa H CTPYxKH. Ilpu
HCITONB30BAHKH MATHUTHBIX KPAHOB HET HEOOXOJAMMOCTH 3aKPEIATh
rpy3 Ha KPIOKE, TAK KaK MEKTPOMArHUT NPUTATHEAET K cebe cTans
uyryn. [TpH pasrpy3ke clieayer OTKIIOUHTE TOK, NHTAKOLIHI 0OMOTKY
MEKTPOMATHHTA.

Myneao-MarHUTHEIH KpaH OpeiacTaBleH Ha puc.5.5.
OcobeHHOCTRIO TAKOTO KpaHa SBISAETCA TENEHKa, HA KOTOpOoH
PACTIONOXEH MEXaHH3M, YIIPaBBIOLLIMI paboToH MYy/bJOBOTO 3aXBaTa
1, OCYLIECTBISIOIIETO TPAHCIOPTHPOBKY MYIbJ 2, ¥ NMOABEMHBIA
snexkTpoMaruuTt 3. Mynpgoll Ha3zmBaerca LMK, B KOTOPOM
TPAHCIIOPTHPYETCSH Pa3MENBUECHHBIH MeTa/Ul K CTaXCILIABHIbHEIM
neyaM. DJEKTPOMATHHT CHYXKHT Ui 3arpy3kH Mynbd. MynsaoBeii
saxmar | nmpeacTasiseT coGoM Be paMbl 4, KOTOPBIC MOTYT COIHKATHCA
¥ YIAIATCS 0fHA OT ApyToH. MyIbbl yCTAHABIHBAKOT Ha ClIELHANbHBIE
NOACTABKH, MIMPUHA KOTOPLIX MeHbllie JIHHBI MyJiei. TIpH Takom
COOTHOIIIEHHMH Pa3MepOB KOHLBI MYJIBJL CBEILIMBAIOT C NojcTaBok. [epen
3aXBaTOM MYJ/IbJL PaMbl 4 Pa3BOJATCA M ONYCKAIOTCA ¢ IBYX CTOPOH
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mynsd. [Toene 3Toro paMbl cOMMXKAKOTCS M OKa3BIBAIOTCA 10X
BLICTYTAIOIHMH KOHUAMH MYJB[,
Tpu moaneMe 3axBaTa MyAbAbl IOIHHMAKOTCS BMECTE ¢ PAMAMH U B
TAKOM BHIE JOCTABIAIOTCH K MECTY MX PACHONICKEHHA y MEUcH, rae
TaK)KEe YCTAHABIWBAKTCS Ha CYXEHHBIE MOACTABKH. JTO JaeT
BO3MOKHOCTE OfYCTHTb 32XBaT HECKO/ILKO HHKE NOJICTABKH H pa3BeCTH
B CTOPOHSI €10 PaMbl, 0CBOOOINB TaKUM 00pa3soM MYJIBEL

MoCTOBBIEC KPAHBL, NPUMEHACMEIE [TPH BBINIABKE H MPOKATKE
CTAlM, HA3BIBAKOTCA MeTaaTypruieckumu. K 2Toil rpynne kpatios
OTHOCATCH MYJIbAO-3aBaJIOUHbIE, IHTCHHBIC, KPAHEL TS pa3ic/biBaHus
CIIMTKOB, KOJOALIERBIE H AP.

Ko3nosbie KpaHbl TAKXKE OTHOCATCH K MOCTOBBIM, XOTH
PasIHYAOTCA COCOBOM KPEILIeH S XOTOBBIX Kosiee (pHC. 5.6).
Ha MOCTOBBIX KpaHAX KOJIeca KpenaTed HEMOCPE/ICTBEHHO K MOCTY, a
Ha KO3JIOBBIX KPaHaX K CHEUMalbHbIM OMOpPaM, PACIIOIOKCHHEIM [0
KoHUaM MocTa. IIpu TakeM yCTpOHCTBE MOAKPAHOBBIE TYTH MOXKHO
PACTIONOKHTE HETIOCPEACTBCHHO Ha MOBEPXHOCTH 3eMIH. KosnoBele
KpaHsl [peJHa3HadeHel 1A paboThl BHE 3JaHHHA, TTOITOMY MOMKET
BOZHMKHYTH OTACHOCTb YTOHA €T0 MOJA HAIOpOM CHJIBHOTO BETPA. C
UeNbK NPEeIOTBPANIeHHA 3TOr0 Ha OMOpax KO3JIOBLIX KPAHOB
VCTAHABIMBAIOT CHEIHANbHLIC 3aXBaThl JUIA 3AKPCIVICHHA KpaHa 3a
penbcbl. Ha KO3/MOBOM KpaHe Omophbl 2 PasMelICHbl Ha HEKOTOPOM
PACCTOSTHMH OT KOHLIOB MOcTa 3. HacTu 1, pacTionoKeHHEIC 33 OTIOpPaMH,
HA3BIBAIOTCH KOHCONMAMH ¥ NPEAHA3HAYEHH U4 OOCHYKHBAHUA
TEPPUTOPHH, HAXOAALICHCA BHE IOAKPaHOBBIX NyTed. Ecimi B KOHCOTAX
HeT HeOBXOANMOCTH, KO3R0BO# KpaH BEINOIHAETCH 6€3 HUX MH TONBKO
¢ OMHOH KOHCOIBID.

5.3. TpeDoBaHHA K }1EKTPOIPHBOIY
KPaHOBbLIX MEXaHH3IMOB

Ocnopnble TpeGOBAaHMA K KPaHOBBIM ICKTPOJPHBOIAAM
3aKTHYAKTCA B CIEIYIOLIEM:
1. ITpu sxnrouennom DIl MexaHUIMa MOABEMA {Ha HYICBOM
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MONOKEHHH) B CiIydde BBIXOLA W3 CTPOA MEXAHHYECKOro TOpMO3a
HeoOXxonHMO OfecredeH e MeICHHOTO OMyCKaHHuA I'Py3a 3a CYET
AMHaMHueckoro TopMmoxkenus B D1 nepemenunoro Ttoxa (B JI1
HOCTOSHHOTO TOKa 3TO TpeOOBaHHE BBIMOIHAETCH).

2. B Hauane noxbema rpysa NpH CHIKCHHH HANPAKEHHS Ha 32KHMaX
geuratens g0 90% HOMHHATBHOTO JOMXKHA OBITH HCKIKOUEHA
BO3MOKHOCTE CMYCK2 HOMHHANBHOIO IPy3a.

3. Tipu nepeMelieHHH PYKOATKH KOMaHI0KOHTPOILIEPE B HATIPABICHHH
CHUXEHHA CKopocTH Il noce(HAS He J0JDKHA TOBBILIATHCA JaKe
KPaTKOBPEMEHHO.

4. Tpys HOMKEH JBHIaThcA TONLKO B HANMPABICHHWH, YCTAHOBIEHHOM
KOMaHJOKOHTpo/IepoM. B criydae HEHCIIPABHOCTH B CHCTEME
ynpasnenus 311 fomyckaeTcsa 0CTaHOBKa Ipysa.

5. PerynuposaHue CKOPOCTH H MOMEHTa ABHIaTelIed B COOTBETCTBHH
¢ onpegeneHHbiM Ha0OPOM MEXaHHIECKHX XapaKTCPUCTHK.

6. OrpaHuueHHe IMHAMHYECKHX HarPy30K B 3IEMEHTAX MEXaHHYECKO#H

vacti D11 (YCKOpeHHH H MOMCHTOB).
7. TloBbllueHHAd HAJSKHOCTh H 0e30TIaCHOCTE paboThl KPAHOBBIX
mexanusMoB. g 3amuTel 311 KpaHOBBIX MEXaHH3IMOB
MCTIONB3YETCA CTIEIHANBHBIE KOMILICKTHBIE YCTPOACTBA- 33l THBIC
NaHeJH, OCYIIEeCTRIAIINE MAKCHMAIBHYIO, HY/IEBY IO H KOHEUHYIO
33LIATHE, 8 TAKXKE HYJIEBYIO OJTOKHPOBKY.

8. Mcnomb3oBaHHeE O BOIMOKHOCTH MaKCHMAIBHO MPOCTHIX cxem D11
C JHANA30HOM PErynupoBaHus ckopoctd D=(8+10):1.

9. MMoBLIUIcHHAA TOYHOCTh OCTAHOBKH JUIA PA/la KPAHOBEIX YCTAHOBOK
(kpaubi-wiTaGeneps!, KOHTEHHEPHBIE KpaHbl), 178 ObgCIeYeHH
KOTOpOIl B psiJie CTy4aeB HEOOXOAUMO NIPHMEHEHHE MO3HUHOHHBIX
SIL

10.®dopMupoBaHHEe CNEHHANBHBIX AMHAMHYECKHX PEXHMOB B
HEKOTOPHIX KpaHaX (aBTOMATHYECKOE YCTIOKOEHHE KOJICOaHHH
IPY30B Ha Neperpyxareiix 1 OallleHHBIX KpaHax, CHHXPOHU3ALNA
OTIOP KPYIHBIX KO3JIOBBIX KPaHOB).

11.2KecTrocTh MEXaHH4ECKHX XapaKTePHCTHK MEXaHH3MOB I10beMa
H IUIABHOCTb PErynipoBadus ckopocT. JKecTKoCTh MEXaHHUeCKHX
xapakTepucTug Ol ABIfeTCA BaWHBIM MOKazaTeneM AJs
MEXAHH3MOB NOALEMA ¢ MEPEMEHHBIM CTATHUECKHM MOMEHTOM,
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ocobenno npu paboTe Ha HHU3KHX CKOpOCTAX. [lnaBHOCTH
PEeryIHPOBaHHA CKOPOCTH TO3BONIHT CHH3HUTE Y/aPHbBIE HArPY3KH Ha
MeXaHU3M TTOTBEMA P TOPMOMECHHH B KOHIE CIYCKA HIIH I0ILEMA.

5.4. CHcTeMBI YIIpABJIEHAS KPAHOBBIMH
3IEKTPOIPHBOIAMH

DAEKTPONIPHBOI- ITO YIIPaBiseMas dICKTPOMEXaHHYCCKaA
cHerema, BKiawouawomas B ce0f ABa KaHana- CHIJOBOH M
nHdopmanvonnstii. [To nepBoMy TpaHcnopTapyeTcs mpeobpasyemast
3HEPTH4, 110 BTOPOMY OCYLUECTBIACTCA YIPABIEHHE OTOKOM SHEPIHH,
c6op u oGpaborka cBefeHUH O COCTOAHHH ¥ QYHKUHOHHPOBAHUH
CHCTEMBI, IHAarHOCTHKA €€ HCIIPABHOCTH.

Ion ynpasicHHEM 37€Ch CIeAyeT MOHHMaTh OPraHH3alHIo
npouecca npeoGpazoBaHns 3HEPrHH, 06ECTICUHBAIOLLYO B CTATHYECKHX
H AMHAMHYECKHX YCIOBHAX TpebyeMble peskHMBI paboTel MEXAHH3MOB
xpana. Ecau ocHoBHBIC (YHKLIMH YIPABIEHHS BLIMOIHAKTCA Oe3
HETIOCPECTBEHHOTO YYacTHA ONeparopa {4e/10BeKa), To YIpasiIcHHe
Ha3bIBACTCA ABTOMATHYECKHM, a D11 - aBTOMaTH3HPOBAHHBIM.

Pone oneparopa- nogava MepBOro KOMaHIHOFO CHTHATA Ha
ABTOMATHYECKOC BLITOTHEHHME TOTO KM HHOTO pexuma paboter D11 1
HAOMIOAEHUA 33 3TUM PEKHMOM.

CHcTeMEl YIIPaBIeHHs KPAHOBBIMH MEXAHH3MaMH OTHOCATCH
K KATEFOPHH YCTPOHCTB, HAXOAAIHXCA [0/ HEIPEPHIBHBEIM KOHTPOJIEM
oneparopa. B 3THX cucTeMax BeIOOp MOMEHTA Havana ON€paulH,
CKOpPOCTHBIX TapaMETPOB M MOMEHTA OKOHHYAHHS ONEPaUMH
ocymecTBiaeTcs omeparopoM. CHCTEMBI yNPAaBICHHS A0JKHBL
06eCneyHBaTh HEOOXOMHMYIO MOCEIOBATEALHOCTE MEPEKTKYECHHH 111
peanu3aund BEIOPAHHBIX CKOPOCTHBIX napaMeTpoB H
COOTBETCTBYIOLIYH 3A1LHTY.

ITo cnocody yrpaBneHHs pa3anyaloT CAeIyOIHEe CHCTEMBI:
1. YnparnsieMble HEOCPEACTBEHHO C MOMOLLBIO CHITOBBIX KyJIZYKOBBIX

KOHTPOJIEPOB, BECH TIPOLIECC YNPABIEHHA IPH ITOM BBITIOHACTCA
MALLHHHCTOM (OTIEPATOPOM ).
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2. YmpaBnseMble € MOMOIIBIO KHOMOYHOIO MOCTA, BOIMOXKHOCTH
YIIPaBICHHNS 30eCh OMPaHUYCHL! KOHCTPYKTHBHBIMHU OCODCHHOCTSMH
nocTa.

3. Ynparnsembie CIOKHBIM KOMITIEKTHBIM YCTPOHCTBOM (MarHWTHBIM
KOHTPOJLIEPOM € HCTIOIB30BAHUEM NPeo0pa30BaTelis 3HEPTHH HIH
Oe3 Hero), oneparop BEIOMPAET TONBKO HEOOXOXHMEIE CKOPOCTH, a
NPOLLECCh] PA3TOHA, TOPMOKEHHSA H [IPOMEXKY TOUHBIE TEPEKIIOUeHNS
OCYILECTBIIAKTCA ABTOMATHUYSCKH.

ITo ycnoBuAM perynupoBaHHs CHCTEMBbI KpaHoBRIX 311
npeacrasieHsl B Tabnuue 5.2. Haubonee MaccoBO€ pacipocTpaHeHHe
JUISL KpaHOBBIX MEXaHH3MOB TIOAYYHI AaCHHXPOHHEIH D11 ¢ cHa0BBIMK
KyJNA4KOBBIMH KOHTPOLIEPAMH, [IE HCIONB3YETCA PErYAHPOBAHHE TTO
HECHUMMETPHUYHOH HJIH CHMMETPHUHON cXeMe B ueny poropa
aBHrarens. THNOBbIE MEXaHHYECKHE XapaKTEPHCTHKH Takoro OI1
JHAUMUTENBHO OTIHYA0Ted OT Tpebyembix . 311 ¢ KynauKoBBIMH
KOHTPOJLIEPAMH HMEHT CIACAYIOIIHE HEHOCTATKH: HEBBICOKHE
PETYIHPOBOYHEIE CBOHCTRA H3-3a OTCYTCTBHS MOCATOMHBIX CKOPOCTEH;
HHU3KHE 3HEpreTHYeCKHe IoKa3aTenu. boee BHICOKHE MOKA3aTENH
UMEIT acHHXpOHHbIe 31 ¢ KynauKoBBEIM KOHTPOIIEPOM NpH
HCIIOJIB3OBAHHU CXEMbl JHHAMHYECKOTO TOPMOKEHHS ¢
caMoBO30yxaeHueM, Taxue DI1 MCMONBIVIOTCH IS MEXaHUIMOB
noAseMa ¥ o0ecnedruBaroT NPH COYCKe IHAMAa30H PEeryIHpoBaHHA 10
D=8:1.

311 NoCTOAHHOTO TOKA C KYNa4KOBBIMH KOHTPOMIIEpaMu
HCIONB3YIOTCA B clydae, KOraa 3MeKTpocHaOxeHHe KpaHa
OCYLIECTBIILETCSA 110 TOCTOSHHOMY TOKY.

ITI ¢ MarHHTHBIMH KOHTPOIUIEPAMH HCTIONb3YIOTCS JIIS CHCTEM
NOCTOSHHOTO M MepeMeHHoro Toka. Ha nmoctosnnoM toke takue 31
BHIIIOJIHEHB! AHATOTHYHO CHCTEMAM C KYJIa4KOBBIMH KOHTDOILIEPAMH
1 0a3upyloTCs Ha HCTIONB30BAHHH PA3lIHYHEIX CXEM PETyNHPOBaBHA
CKOPOCTH ABHMTrarefiell MOCTOAHHOTO TOKA MOCHEAOBATENBHOIO
BO30YAIEHHA: PEOCTATHOR PErYIHPOBAHHE, CXEMA ¢ LIYHTHPOBAHUEM
0OMOTKH AKOpA, cxeMa Oe3onacHoro crycka, Ha nepeMennom Toke
HCIIONIB3YOTCA CHCTEMBI YIPABIEHHS ¢ OIHO- H JBYXCKOPOCTHBIMH
KOPOTKO3aMKHYTBIMH JABHIATEIISIMH H ACHHXPOHHBIMH JIBHTATENIAMHK C
ta3HbIM POTOPOM.
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TaGmunua 5.2
CHCTeMbi KPaHOBLIX 3N1EKTPONPHBOAOB
Ne Jranason ]
wn INeKTPONPHBOL MOWHOCTEH | POrymIPOBAHE CKOPOCTH
kBT HIDKE BbILIE
HOMMHAILHO | HOMMHATIEHOH
it
1 ACHHXPOHHBIH ¢ KYNZUKOBLIM 2-30 31 -
KOHTPOJLEEPOM,, PCIYTHPORAHKE
CKOPOCTH PeOCTATHOR
2 To #e HPH HCTIOIbIOBAHHH CXEMBbI 3-30 7l -
IMHAMHHECKOTO TOPM OCHRA ©
¢caMoB030YRACKNEM
3 TIOCTOAHHOTO TOKA € KYN24KOBBIM 3-15 4 P
KOHTPOIUIE poM, PECYTHPOBAHHA
CKOPOCTH PeocTaTHoe ¢
HCTIONBLIOBAHHEM
JOTEFRLIHOM ETPHH ECKHX CREM
4 ACHHXPOHHBIH € MarHHTHEIM 2-180 41 -
KOHT POIDIEPOM,, PErY/IHPOBAHIA
CKOPOCTH PEOCTAaTHOE
5 To e IpH HENOTb30BAHHI CXEMBL 20-180 81 -
NMHAMHECKOro TOPMOKEHHA ©
» CcaMOBOIO YRIEHHEM
& [TocTOAHIOTO TOKA C MATHHTHbIM 3-180 ol 21
KOHTPOIUIEPOM, PETYJIHPOBA KA
CKOPOCTH PEOCTATHOE ©
HCMONTE30BAHHEM
TIOTEHLHOM ETPHECKHX CXEM
7 ACUIXPOHHBIH C MM ITYJIBCHO- 2-30 10:4 -
. KIHOUERBIM YTIPABJICHHEM
r—R ACHHXPOHHBIH C THPHC TOPHBIM 2-180 10:1 -
! MpecOpa3oBATCNEM HATPAKSHIA B
. cTaTope H P3HCTOPOM B POTOpe
9 C MHOrOCKOPOCTHRIM AJT 0 2-60 40:1 -
npeodpazoBaTelieM HacToTs ¢
HE1KOC PEICT BEHHOR CBA3RIO
10 MocTostmoro Toka no cucreMe [ 20-180 10:1 C 251
11 | TMocrosunoro Toka o cucreme TIE-IL 50-300 i0r1 251

fIp MCIONB30BAaHHY MaTHMTHBEIX KOHTPOILIEPOB ans
ynpagsiaenusn Al ¢ @P npHMEHSAIOTCH CIEAYIOIUINE cuctemel I
1. Cuctema DIl ¢ peocTaTHbIM PETyIHPOBAHMEM B LEIH pOTOpa €
HCMOB30BAHUEM PEKHMA TOPMOKCHUSA NPOTHBOBKIIOHCHHEM.
CHCTeMa IpocTa, HO He 00ccnednBacT YCTOHYMBBIX MOHIKEHHEIX
CKOpOCTEH NepeMeLLeHIS TPY3a.
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2. Cucrema DTI ¢ peOCTaTHBIM PEryIHPOBAHHEM MTPH HCTONB3IOBAHHH
CXEMBl QMHAMUYECKOTO TOPMOKEHHS € CaMOBO30YKIACHUEM.
Henonssyercs B D11 mexann3Ma 110jpeMa KpaHa.

1. CrereMa D11 ¢ HMIUTBCHO-K/IHOYEBBIM CHOCOOOM PETYTHPOBAHHSA
CKOPOCTH, IPEIHA3HAYEHHAS U1 MEXAHH3MOB NEPEABHKCHYA. Cythb
PEryNMpOBaHUA 3aKIIOYACTCS B CPAaBHEHHH BHIMPAMICHHOIO
HANpKEHUA POTOPA JABHUTATE]A € HANPAKEHHEM NOPOTOBOTO
seMeHTa H aBTOMATHYECKOM BKINWYEHUM TUPHCTOPHOID
M071yyIPABIAEMOro MOCTA €CNHM MEPBOC HANPIKEHUL Gonbile
BTOPOTO M OTKTIOMEHHH €70 B MPOTHBHOM CITyHae.

B kpaHosoM DIl mnepeMeHHOTO TOKd fonsuiee

paclpOCTPAHEHHE HAXOAAT NONYIPOBOJHUKOBBIE npeofpazosate/I .

5.5, THpHCTOPHbIE CHCTEMBI B KPAHOBOM JIEKTPONpHBOIE

MaccoRBIil XapakTep npHMeHeHHs Kpaxosbix 1 oBycnaBauBaeT
HeoGXOAMMOCTh BHINOMHCGHHMA HE TONbKO TpeboBaHui
TEXHOTOrHYECKOTO NPOLECEd, HO H MOBBILIEHHA SHEPTETHIECKHX
nokasaTesicil, Auana3oHa peryaHpoBaHHs, MOBBIIICHHA HANSKHOCTH,
Noay4eHue CrenyanbHbIX XapakTepucTik JI1 B CTaTHIECKOM H
JMHAMHYECKOM pexuMax, obecreuenne GectokoBoil n Ge3nyrosoi
KOMMYTALHH J1eKTpHYecKuX uenei. Bee 3tn (baKTOpPH! ONpPEACIHITH
TIPHOPHTETHOE HANMPABIEHHE NPUMEHCHHS THPHCTOPHBIX CHCTEM B
kparoBoM D11 - 370 THPHCTOPHbIE IPEOOPA3OBATENH (TIT) mOCTOSHHOFO
H TIEPEMEHHOTO RaNpsXeHUi, TIT wacToThl, HMIOY1LCHO-KAIOUCBOE
yrnpaBjieHHe ABUraTens ¢ THPHCTOPHBIMM KOMMYTATOPaMH,
coGpaHHBIMH B 3BE31Y HWJIH TIO TpeyroabHoi cxeme. llpu 3TOM
yAy9qIIeHNue TEXHUKO-IKOHOMHUECKHX nokasareneif KpaHOBBIX
IPHBOJOB MACCOBOTO NPHMEHCHHA HEOOXOMMO BLITIOTHATE Ge3
CYLIECTBERHOTO yBE/THMEHHSA CTOMMOCTH H YCIIOKHEHHA IKCILTyaTallHA.
PasjiiuHble CHCTEMB! THPHCTOPHOTO YIIPABICHUA MOXHO
pa3ie HTh Ha Ceayolye TPy s '
1. Mo criocoOy ympasnesa: :
1) ynpasiasemMble KHOMOYHBIMH MOCTAMA, rZle BO3MONKHOCTH
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YTPABJICHHA OTPAaHHYEHHB] KOHCTPYKTHBHEIMH OCOBEHHOCTIMU
HOCTA M 33[JaHHOMR NPOrpaMMoii pasrona (TopMOXKeHHs);
2) YIIPaBIAEMBIC CIIONKHBIM KOMILTCKTHBIM yeTpoiicteoM (MK u TTI).
B stom criyuae oneparop pmGupaer tompko HeoOX0HMEBIE
CKOPOCTH, 2 NPOUCCCHl PA3TOHA, TOPMOXKEHHS H HEOOXOauMBbIe
NPOMEKYTOUHBIE TEPECKIKOYEHHS BBITIONHIIOTCH ABRTOMATHYECKH.
2. Tlo ycOBUSM peryIMpoBaHHs:
1} ¢ perynupoBaineM ckopocTH Hike HOMHHAJILHOH;
2) ¢ MBYX30HHBIM PETY/IHPOBAHHEM CKOPOCTH;
3) ¢ perynMpoBaHUEM YCKOPEHHS H 3aMeIIeHUSL
TupucTOpHEIE cHCTeMBI yTpaBieHHS KpaHoBbIM O]

KIacCUQHUHPYIOTCA CIEAYIOImMM 0BpasoM:

L. TH-AII - 3nekTpOuPHBOA OCTOSHHOTO TOKA ¢ NMTAHHEM 1
YIIpaBiaeHHeM ¢ noMomeko TIT,

2. MK-A/IJT - 3nekTponpHBoa NepeMEeHHOro TOKa ¢ ABYXCKOPOCTHEIM

INMEKTPOABHTATCIIEM, YIIPABIAEMBIM MAarHHTHBIM KOHTPOJLIEPOM,
B TOM YHCIIE ¢ THPHCTOPHBIM PETYNISTOPOM HAPSIKEHH.

3. KH-AJ1® - anexTponpuBoz nepeMeHHOTo ToKa: ICKTPOABHTATEND
¢ (asHBIM POTOPOM, YNIPABIAEMBIN CHIOBBIM KOHTPONIEPOM ¢
THPHCTOPHEIM HMIYJIbCHO-KIIOYEBBIM perynstopom (UKP)
CKOpOCTH.,

4. MKIA-AJI® - 51eKTpONpUBON TIEPEMEHHOTO TOKA: Al ¢ @P,
ynpaensemsiit MK ¢ TopMoskenneM criocobom camososyxaenus,
B TOM 4HCae ¢ THpHCTOpHBIM UKP cropocTu.

5. MKB-AI® - 31eKTPONpHEOA MepeMeHHOTO TOKa: Al ¢ DOP,
ynpaengemelii- MK ¢ 6esayroeoii kommyrtanueit u HKP CKOpPOCTH.

6. TPH-A/I® - snekTponpHBom mnepemMeHHOro TOKa: Al c OP,

YNPaBIAEMBIH THDHCTOPHLIM PETYIATOPOM HATPSIKEHH,

7. MKH-AJI® - snekrponpuson nepeMeHnoro Toka: All ¢ @P,
yupaengembiii MK ¢ tHpuctoprrim UKP ckopocts. A

8. IMYH-AJ - saexTponpuBox IEPEMEHHOTD TOKA:
JICKTPO/JBUraTeNls  aCHHXPOHHBIH ABYXCKOPOCTHOH,
KOPOTKO3aMKHYTBIH, ynpaengemsrit TI1 4acTOTEHI.

Hcnone3oBanue ToH KM HHOJT CHCTEMBI ynpasnenns (CY) aas

KPAaHOBBIX MEXaHH3MOB OCYWIECTBIAETCA HA OCHOBE aHalu3a

CPaBHHMTEIIBHBIX TEXHHYCCKHX AaHHBIX: IMANa30HA PETYNHPOBAHHA,
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croco0a yrpasneHus, YPOBHA H3HOCOCTOHKOCTH (pecypea), JHana3oHa
BO3MOMHBIX MOIWHOCTeH 311, moka3zaTeneii 3HCPreTHKH H AUHAMMKH,
3KONIOTHYECKHMH NOKA3aTEIAMU OHEHKH CHCTEME] YIIpaBIeHH s,

JkoHoMuueckan oueHka CY nomkua GasupoBarbca Ha
NPHHUMIIE MHHHMATEHBIX PAcX0A0B, CBI3AHBIX ¢ MEPBOHAYANBHEIMH
3aTPaTaMK, JKCIIYATALHOHHBIMH 3aTPATAMH Ha PEMOHT, 4 TAKKe
3aTpaTaMH 3HEPTHH, NoTpebIAeMO U3 CETH Ha PA3roH H TOPMOKEHHE
KPaHOBBIX MEXaHH3IMOB 3a NEepHOI IKCIUTYATAUMH A0 KalHTANLHOTO
PEeMOHTA. 3Jech CNelyeT OTMEeTHTh, 4To 2I] ¢ KOHTaKTHO-
KOHTPOJUIEpHOH annaparypoli yNpaBacHHSA HA CEroMHAINNHI OEHD
3aHHMAIOT NIPEBYANTUPYIOLLEE MECTO B MPOMBILIICHHOM RPOH3BOACTBE.
Oanako noselleHne TpeOOBAaHUHA K KPAHOBOMY MPHBOAY MACCOBOIO
NPHMEHEHUS CTABHT 3aJauy 3HAYUTENLHOTO YITYYUICHHA MX TEXHHKO-
IKOHOMHYECKHX TIOKa3aTenell 0€3 CYUIECTBEHHOTO YBETHYEHHS
CTOMMOCTH M YCJIOBUIl DKCILTyaTaluuH. 1IpocTeiM MpHMEpPOM Takoro
pemeHna ABafwTcE 21l ¢ QMHAMMYECKHM TOpPMOMKEHHEM
CaMOBO30yXKIEHHEM, B KOTOPBEIX NPHMEHEHBI HEYNpaBIseMblil
BEHTHIIBHBIA MOCT H HMIYJIBCHO-KTIOUEBOH THPHUCTOPHbIE KOMMYTATOP.
B 510# CBA3M HaXOJAT NpuMeHerHe cHeTembl KM-ATI® n MKH-A D
€ HMIYABCHO-KIIO4EBEIM KOMMYTaTOpPOM B 1ienn potopa Al ¢ OF,
obecneqnsas D=10:1, GecTOKOBYI0 KOMMYTALHIO KOHTPONAEPOB C
ROBEACHHEM HX KOMMYTALUHOHHOR H3HOCOCTOMKOCTH 10 YpOBHS
MexaHuueckoit. D11 ¢ HKP paspabortaubt kak gas DI mexanuszma
NoabeMa, TAK M ANS MEXAHHIMOB [IEPEMELUEHHR ¢ MOIHOCTAMHU
nsurarened go 200 kBr.

B nacrosiuee epems 311 cuctemer TT1-/] ycTanasnusaeTes Ha
MOIIHBIX MOCTOBBLIX H JIHTCHHBLIX KpaHax, Meperpyxareiax
DeToHOYKnaaYHKaX, HA BEICOKONIPOH3BOAUTEABHAIX DallleHHBIX KpaHax
BLICOTHOTO CTDPOMTENbCTBA H APYTHX YHHUKaJbHBIX KPAHOBBIX
koMmiexcax MomHocTeo 50+100 kBT, Aas DI HanpsskeHHbIX
PEeKHMOB TpH MolHOCTAX Ooneminx 100 kBT crenyer mpuMeHsTs
cxeMul ¢ pesepcusHbIM TII, a ¢ Henbl0 MONYyYEHHS BLICOKHX
PEeryJIHMpOBOYHBIX NQKa3aTelIcH B CTaTHKe W AHHaMHKe B ]I
HCNO/bL3YIOTCH ABYXKOHTYpHEIE CAP CKOpOCTH.

311 ¢ TPH npuMeHsOTCS KaK IR MEXAHH3MOB OAbEMA, TAK
H MeXaHH3MOB IEPEMEILEHHA, NMO3BONAKCIIHE (OPMHPOBATH
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MEXaHHYEeCKHE XapaKTePHCTHKH Bo BcexX 4-x kBaapaHTax. s
perynnpopanHusa TpebyeTcs YCTaHOBKA TaXxoTE€HEPATopa; HMeEKT
YXYALIGHHbIE, IO CPaBHEHHI C OOBIUHBIM pPEOCTATHRIM
PErYIHPOBAHHEM, TIOKA3ATEIIH.

Kpanoesie 211 ¢ ITHH npumeHsAoTCA AN% MEXaHH3MOB €

BHICOKHMH TpeOOBaHHAMH K PETryTHpOBaHHIO HIW NPOH3BO-
JUTETBHOCTH, B KOTOPBIX N0 YCIOBHAM 3KCITyaTallMH HenecoobpasHo
npuMenenune AJl ¢ UKP.
B HacTosuiee BpeMs pa3pabaTkIBRIOTCH aCHHXPOHHBIE KpaHoBble 1 c
KBa3MYACTOTHBIM YIIPABICHHCM, C MMITYJIBCHBIM DPErYJIHDOBAHHEM B
ueny poropa ABHrareias MPH HCNOAB30BAHHH THPHCTOPHBIX H
TPaH3UCTOPHBIX KOMMYTATOPOB, C HACTOTHBIM YIIPABIEHUEM IIPH
HCTIONB30BAHKWH aBTOHOMHBIX HHBEPTOPOB.

5.6. DnexTpooGopyloBaHHe H 3AUIMTHASI
annmaparypa KpaHOBbLIX ABUraTeel

B coorserctBuu ¢ TpeboBanusMH TOCTOPTEXHAA30pA KaX/IBIHA
KpaH JolkeH OBTH o00OOpynoBaH 3aIiHTHOH MOaHENBIO,
obecreynBaromieil nogayy nutasusa Ha DI MexaHU3MOB H ero
OTKIIOUEHHE, @ TAKKE 3aIUUTY ICKTPOJBHIATENCH H JIECKTPO-
o0opyoBaHHUA 3THX MEXaHH3MOB. 3alllNTHas MTaHelb KpaHa smnsseTcig
KOMMJICKTHBIM YCTpOHCTBOM, 000pynOBaHHBIM OIOKHPOBRKOH,
3aI(MTHOH annapaTypoil. 3amuTHas annaparypa obecreuuBaeT
HyneByl OJOKHPOBKY, HCKAKYAKWYW BO3MOXKHOCTE MYCKa
IBHTaTeie KpaHa, eCllM XOTh OJIMH H3 KOHTPOJ/UIEPOB HE HAXOAMUTCA B
HYASBOM MONOKEHHH; MAKCHMANBHYIO 3aLIMTY OT NMEPETPY3OK H
KOPOTKHX 3aMBIKaHHIi, KOTAa TOK KaKOH-HHOYAb H3 LCHICH ABHraTeIci
npesbiaeT (2,25+3)/ ; MHHUMAIBHYIO 33LIHTY, HCKITIOUAQIIYIO TTYCK
JABHrarene W TMpOH3BOAANIYIO WX OTKINYEHHE MPH CHIKEHHM
Hanpskerns ceTd 1o 0,85U . B anektpudeckyio cxemy 3amnm01;1
IAHETH BXOIAT TaKkKe O710KAPOBOYHbIE KOHTAKTH] MONOKEHHA IBEpEH
H MHKOB, KOHIIEBLIC BEIKIHOYATCIIH OrPaHHYCHHUA X0Aa. Ha Mexanu3Max
noAbeMa M NepeMeILEHHs YCTaHABMHBAIOTCA OTPAHHYHMTENH XO[4.
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Koneunbie BeIkMOYaTeny orpannunpanT xon 3aXBATBIRAIOILETO
YCTPOHCTBA BBEPX, IEPEMELIEHHE MEXAHH3MOB TETCHKKH H KpaHa B 00e
CTODOHBIL.

bONbIMHCTBO KPAHOB KOMIIAEKTYETCS SAIUHTHBIMY TTAHE 1M
¢ OmokMpoekoit Tpex THmos; [11135-160 - 115 KpaHos ¢ ! nocroanroro
Toxa; [1I3KB-160 w TT3KB-400 - nns kpanos ¢ 1T NCPEMEHHOTO TOKA.
Hudpamu 0603HaYAIOTCS 3HAYEHHS CyMMAPHOTO HOMUHATEHOIO TOKA
ABUTETENCH B aMIIePax, Ha KOTOPbIA PaCCUNTAHA MAHeD.

Konctpykrusro 3ammtHas nauens npeicrasnseT codoii

HaBecHO# mwkad ¢ mepenHeil aBepsio ¢ HAPYKHOH PYKOATKO
TPEXNOTIOCHOTO PybuibHKKa. ['abaputHele pasmepsl nanemn [13KE-
160 cocTapnsror 965x547x332 V.
Ha pnc.5.7 npencrasnena cxema samuTHOH nagein KpaHa,
padoTaroIero Ha NMEPeMEHHOM ToKe YNPaBIgEMOre KyJaqKOBbIM
KOHTPOILIEPOM. DNEKTPOIBHTATC/IH MEXaHU3MA 10JbeMa, TEeNeRKN,
MOCTa TIOTyHatoT IHTaHHE 0T 3-X pa3noil ceTH uepes pasbeIHHUTEND
P u xouraktop JI. [Ipn Bruiouenue KOHTakTopa JI HampsxeHne
TONaeTCA K KOHTpOrUIepaM 1, HO BRIIOTCHHE HX MOKHO TPOH3BOMITTH
TOJIBKO COOTBETCTBYIOUIMM KOHTPOILIEPOM.

B komnnexT snexrpoodopynosanus saruTHOR naneny BXOIAT
annaparsl: pybunbHuk P, auneinenii KoHTaKTOp JI, mpu Tpu-,
ABYXKATyLICHHBIX PENie MAKCHMANBHOTO ToKa # PM, myckoBas knonka
KB, npenoxpanntenu [pl, [p2. PykosaTka pybunennka # knomka KB
CMOHTHPOBAHBI ¢ HAPYXKHOW CTOpOHH mKkaha. B exeMy saumTHoit
[TAHENU BOULTH: HYNIEBIC KOHTAKTbI CHITOBBIX KoHTpomnepos KII, KT,
KM; rontaxtei KBIIB, KBTB, KBTH, KBMB, KBMH koueusibix
BLIKIIFOYATENIEH MEXGHHAMOB [I0NBEMA, TEIESKKH U MOCTA; aBAPHHHBIH
BBIKIIIOYATENb AB, KOHTaKT OriokHposky moka KT, Asepu kabuusr KJJ
Ecu apapuiiHeii BIKTIOUATE N JaMKHYT JIIOK, BETYIIHIT H3 KaOUHBI
H& MOCT, 3aKpbIT, 2 KOHTPOJUICPbI HAXOAATCA B HY1EBOM IIOJIOKEHHH,
TO, HAKHMas KHONIKY KB, MOXHO BKITIOUMTE nHHEH L KoHTaKTop JI,
Torma yepes rmaBHble KOHTAKTE! J1 1 KaTyMIK{ peie MaKCHMaTbHOTO
TOKa 2Be (asbl NONBOAATCS K KOHTPO/UIEPaM, a TpeTha (aza gepes
Karywky pere PMO nomsomutes ko Bcem TpeM apurarensm MHUHYH
KOHTponneper. Ilocte prtouetns korTakTopa JI MOKHO C HOMOIIBIO
KOHTPOIUIEPOB OCYWIECTB/IATE YIIPABAEHHMS ABHTATEIIMH. Bogkue
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Puc.5.7. llpUHUUGHANBHAK CXEMB 3aILMTHO TaHEIH

HapylUIeHHs LUPUBOAAT K OTKIIOYEHHIO KOHTAKTOpa JI, TloBTOpHOE
BKAOIEHHE JI BO3MOKHO IHLIE {IPH YCTAHOBKE KOHTPONICPOB B
HYI€BOE ITONOKEHHUE, )

KpanoBuif MeXaHH3M HMeeT TOPMO3HOC YCTPOUCTBO,
oBeCcmeunBalollEe ero OCTAHOBKY B 3a/IaHHOM MOIOXKCHHH HIH
OTpPAHUYKBAIOTIEE NyTh TOPMOKCHHS TIPH BBIOCTE MEXaHH3IMA NOCHE
OTKJIIOYEHNA HIEKTPOABUraTeIIs.

CyIecTBYeT MHOKECTRO KOHCTPYKIIH TOPMO3HBIX YCTPOHCTB.
Mo HCHONHEHNID KORTAKTHHX (JPHKUMOHHBIX JIEMEHTOB PA3THUIAT!
THCKOBbIE, KOHHYGCKHE, KONOAOUHbIE H JEHTOUHbIE TOpMO3a. B
HacTodllee BpeMs Hanfonee 9acTo HCMONB3YIOTCA KONOLOYHBIC
TOPMO3a € JITEKTPOMArHUTHBIMA HIIH 3MEKTPOTHAPABIHICCKHMH
TOJIKATEISAMH ¥ TONBKO MOIIHBIE JIEHTOUHBIE TOPMO33d HMEHOT
THAPABIHYECKHE NIIM MOTOPHBIE TIPHBOLEL.
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5.7. Ynpas.i1eHue KpaHOBBIMH ABHTATEISIMH € TIOMOLLIL 10
CH.I0BLIX KYJAYKOBBIX KOHTPOJLIEPOB

B kxpaHosoM DIl HaXxoAsT NpUMCHCHHE KYJZUKOBHIE

kouroponnepni THa KKT-61A, 62A, 63A, 68A, 65A, 69A, s Al u
xoutpomnepsl Tuna KB1-01, 1-02 jana JTIT.
MoHocTs ypasnseMslx ABHraTeneil KynadkoBBIMH KOHTPOIIEPaMH
tuna KKT-61, 62 B pesxume JI momuoctoie o 30 kBT, a KKT-68 10
43 kBT. MexaHHYecKkue XapaKTepUCTHRH HX TTOOBEME H TIEPEMELLEHUA
HACHTHYHEI, PETYTHPOBAHHE CKOPOCTH B HeGOABIIOM AHAMA3CHE
D=2,5:1. HoMHHaIbHOH MOIMHOCTBIO KOHTPOMIEPA ABIAETCA
MOLHOCTE YIIPaBIAEMOTO MM ABHUIATECHH TIPH HOMHHaLLHBIX
HANIPSDKCHWH M TOKE, OTHECEHHOM K pexnmy [1B=40% npu obueii
IPOIO/KHTENBHOCTH KOKA0r0 Hukia He 6onee 10 mMun. [ounkenue
CKOPOCTH MOXET OBITh JOCTUTHYTO ITyTeM HepekITIoYeH s KOHTPOILIEpa
€ OHON TO3HILMK HA APYIVIO H NEepeoJHYecKHM HAKIATRIBAHUEM
MEXAHHMYECKOr0 TOpPMO3a NMPH YCTAHOBKE KOHTONJAEpA B HYNEBOE
nonokenue. CIIycK TPY30B B PEKHME PEKYIIEPaTHBHOTO TOPMOKEHHA
BO3MOXKEH Ha CBEPXCHHXPOHBIX YACTOTAX BpPAIIICHMS,

CXeMHl ¢ HCIIONb30BAHHEM xoutomnepos KKT-65A u KKT-
69A 00manaroT YIyINeHHEIMH PETYJRPOBOYHBIMH H SHEPTETHYECKMMHK
XapaKTEPHCTHKAMH, BBITIOTHAEMBIE MO TPHHIHITY JMHAMHYCGCKOTO
TopMoxkenna camoBo3OyxaendeM (1 TC), obecneunBaroT yeTOHYHBLIH
nuanason peryiupopanns D=8:1. Cucrema ynpaeieHus COAEPHKUT
MIOMHMO KYJIa9KOBOTO KOHTPOJUIEpa €LIe U PeleciiHO-KOHTAKTHYH
nanene ynpasnedus ATC tuna TPA-160 ¥ 3amuTHY0 naHens Tana
II3KB.

HAns ynpasnenus AJl ¢ KP npumensiercs Kynaqkoselil
koHTpoanep KKT-63A.

Hus 311 nocTogHHOro TOKa, B KOTOPBIX MPHMEHSIOTCA
KyJ1a4ukoBble KOHTpoepsl THna KB 1-02 npenyemorpeno A1TC

Ha puc. 5.8. y3obpaxeHa npUHLIHMTHATBHAS CXeMa KPaHOBOTO
NEKTPONPHBORA € CHJIOBBIM KYJAY4KOBHBIM KOHTPOJJIEPOM THIIA
KKT61A, YacTe cXeMbl, OTHOCALIAACS K KOHTpOJnepy, o0BeaeHa
WTPHX-MYHKTHPHOH nuHUeH. KoHTponnep wMeeT mo mATH
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Puc. 5.8, [TpuHugniaisHas cxema kpaiobore 201 ¢ cunosbiM KyJI0MKOBBIM
koHTponaepoM Thna KKT61A

GUKCHPOBAHHBIX PabouuX NONOKEHWH [AA KAKIOTO HANpaBIeHHA
JIBHKEHHSA H 0aHO (UKCHPOBAHHOE HYNEBOE NONOKEHHE, 0DeceYHBas
CTYNEHYATHIE TYCK H PErylHpPOBAHUE YACTOTHI BPALLEHHS, peBepe U
TOPMOXKEHHE NCKTPOABHraTeNs, PeryInposaHie 4acToThl BpalieHns
OCYIIECTRIHCTCS MYTEM H3MEHEHHA CONPOTHRICHHS B LIENH POTOpA.
JuarpaMMa 3aMbIKaHHS M Pa3MbIKaHHA KOHTAKTOB KOHTpONepa
CHMMeTpHYHA 714 000HX HanpaBNeHUH BPALICHH ABUTATEIS.
BrnIoycHHE 3iCKTPOABMIATEN ] H HAMEHEHHE HANPaRIeHH €T0
BpalucHus mpoussoaaTes kontakramu K2, K4, K6 u K8, xotopsie kom-
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MYTHPYIOT H H3MEHAIOT IIOCICA0BATCABHOCTE YEPEI0BAHUA NBYX (a3
obmoTok craropa. KomMyTupoBaHde cTyneHeH pe3HCTOpOR poTopa
ocymecTriAeTca konTtakTaMu K7, K9,..., K12, TIpu 3toM eTynedu pesu-
CTOPOB BXJNCUAIOTCSA TI0 HECHMMETPHYHOH cXeMe.

1 OCTaHOBKM JBHraTens [OC/Ie ero OTKIIOYEHHS OT CeTH
IpeIycMOTPCH TOPMO3 ¢ IPHBOAOM OT WIekTpoMaruuta TM, xotopsii
IIOJAKIH0YEH K BEIBOAaM cTatopa. KoHtakTel uenu yipasnenns K1, K3,
K5 ncnoneaylotes ans obecTiedeHHs HYIERBOH, MAaKCUMATBHOMH (pene
PM} # xonuesoit (Buikxmiogatenn BKH u BKB) samwr,
BO3JACHCTBYIOINMX Ha THHeWHBH kodTaxTop KJL sammtHo#f nadenn
I13KE. B uenw katyuiku xouTakTopa KJI BKRIOYAHOTCS KOHTAKTBL
KHONKY BhlkMouenna KuB, apapuiinoro Beixniogarens AB H KOHTaKTbI
dnoxupoeky nwoka KbJI.

KyirauxoBeiil kontpostep tuna KKT61A, kak u gpyrue
KynauroBble KOHTpomIepH (THOoB KKT62A u KKT68A), ornuuaer

. HEBBICOKOEC K4HUECTBO DPETYIHPOBAHHA CKOPOCTH ABHTATCNH.

AeAcTBUTENBHO, TIOHHAEHHAA CKOPOCTE JIBUTATENS MOKST ObITh
peann3zoBaHa Tonbko npu pabore B 1 u Ill KpagpaHTax mo
xapakTepucTHKaM 1 1 2 (puc. 5.9) npu 1ocTaToyHO GONBIIMX MOMEHTAX
Harpy3sxu. [onmxennbie ckOpOCTH IPH MEHBLINX HAIPY3KAX, 8 TAK#KE
npu paboTe B TeHepaTopHoM pexume (11 1 [V kBagpanTbl) MOTyT OBITE
MOMy4YeHbl JTUIb MYTeM NePeKIIeHH i KOHTPOIIEpa ¢ OMHOH MO3UUHUK
Ha APYI'YH (U3MEHEHHEM CONPOTHRICHUH) H MEPUOIHUECKHM
HAKTAIBBEAHHEM MEXAHHUECKOI0 TOPMO3a [IPH YCTAHOBKE KOHTPOLIEPA
B HYJIEBOE MOJIOKEHHE.

Wt I._w [IpEMeHeHHe RHHAMMU-

SOW\\ ueckoro Topmoxkenns B DII ¢
AN

‘ 5 peryiHpOBaHHEM COTIPOTHRICHHA
TN \ | B ILCOM poTopa ABUTATENA

TO3BONACT 3HAYWTCILHO YIIy4Y-
IIHTh PETYJIHPOBOYHBIE H JHED-
FeTHYCCKHEC [OKA3aTEIIH IPHBOA.
0 2 G v, 11pnatom nanbonee uenecoobpas-
Puc. 5.9. Mexanuueckue XapakTepUcTHRH HBEIM OKA3bIBAETCA HCIIOMB30BAHHE

KPAaHOBOTIO 3nexrp0npn30;{a C CHIOBLIMH pC}KPIMa JTUHaMUYECKOTO Top_
koHTpomtepamu Tnes KKTOTA,

KKT62A u KKT68A

A,
A
N\
\ N
\

MOKCHHA C CaMOBOBGY)KB,GHPEM.



246

Ha puc. 5.10 noka3aHa IPHHUHMIHANLHAS CXCMA KPAHOBOTO
3NEKTPONPHBOIA ¢ CHIOBBIM KyJaYKOBHIM KOHTPOJUIEPOM THIA
KKT65A H AMBAMHYSCKHAM TOPMOKEHHEM. DTa cxeMa o0cCIeuHBaeT
CTYTIEHYATLIC IYCK M PETYIHPOBAHHE CKOPOCTH PEBEPC M TOPMOKEHHE
IEKTpoABHTaTeNs. KoHTpoiaep HMCeET Mo NATh (HMKCHPOBAHHBIX
MmonoKeHni Aansd KaKAOTO HallpaBicHUS ABMKEHHS H OLHO
(PHKCHPOBAHHOE HYIEBOE MNOJIOKEHHE,

T.TI] TII2 TJI]
P

Kl Op KB /K1 oBkB PKI PM1 PM2 [ kA
E‘:”_%PM ‘:ﬂ_/PKT K3 _
KY
i N

K3

PKJ K/ K10
N X11
K12 [
Puc. 5.16. [IprHUMRAATBHAS CXEMA KPAHOBOTO 3IEKTPOTIPHBOMA € KY134KOBbIM
koHTponaepoM THRa KKT65A H nHarpaMma 3aMelKaHUA €ro KOHTAKTOPOB

MexaHHueCcKHe XapaKTepHCTHKH JIEKTPONIPHBOAA IS
paxIHIIBIX onokeHui kouTposnepa KKT65A nokasanst Ha puc. 5.11
(Ha 3TOM e PHCYHKE [I0Ka3aHbl COOTBETCTBYIOIIKE XapaKTePHCTHKH
IpH MCIonb30BaHHH KoHTponaepa THna KKT69A obosnaucuHbie
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[y, % -~ =% =] HHJIEKCAMH CO IHTPHXOM).
N Al s} Perynuposanue 4acToTH
N I1 BpPALlEHNA 110 CTYICHNM B
\ N\ 5N P ’
50T NS Near) \ CTOPOHY MOLBEMA OCYLIE-
1N NN N CTBIAETCA (TAK Ke, KAK M
N NN | N \ TP YCTAHOBKE KOHTPOANE-
NN N Ll pa Tuma KKT61A) nyrem
0 ey 100 1C 200 | My, %o OpOCTOTC  H3MEHEHHSA
T — COIIPOTHBNEHHS PE3UCTO-
\ 2C S'E;""'r--...,__: POB B LEHH POTOpa, @ B
N -50] ™ 2¢| | cTopony cnycka — nyrem
Al
S N \~. M3MCHECHHUA COTPOTHBIICHHS
"""'---....1 . 3E’r~\ B HEMH pOTOpa JBMrarens,
T padoTaIIEro B pexuMe
100 3T TR
~] . IMHAMHYECKOTO TOPMOXKE-

Puc. 5.11. Mexanuycckue Xapakrepuctuky  HHA C CAMOBO3OYKIEHHEM.

INEKTPOINPHBOOB C CHIOBLIMH KyAa4KOBBIMH HpHHHHI‘I IHHAMHYECKOrO

kouTponiepami THnos KKT65A u KKT69A TOPMOXKEHHA C CAMOBO-
30yKIEHHEM OCHOBAH Ha [IOAK/IFOUCHHE CTATOPA 3NEKTPOIBHIATEIA K
BHIMPSAMACHHOMY HanpsaxeHH poTopa. OT oOBYHOH CXeMbl
AHHAMHYCCKOTO TOPMOXKEHHR CHCTEMa ¢ CaMOBO3OyKIeHHEM
OTIIMYAETCA ABTOMATHUECKOH 3dBHCHMOCTBIO TOKA BO3OYMUIEHHWS OT
Harpy3Kd ABHraTend, a TAK¥E OTCYTCTBHEM TOHHXKAOIETo
TpaHcopmaropa.

KpaHoBEBIil 371¢KTPOIPHBON, BBITIOSHEHHBIH ¢ MPHMEHEHHEM
xoutponaepa tuna KKT65A wnun KKT69A, otnnuaercs cpaBHETENLHO
BBICOKHMM JHCPIETHYECKHMH NOKA3aTeNAMH, NOCKOJIBKY B PEXHME
AHHAMUYECKOTO TOPMOKCHHA C CAMOBO3OYXKIAEHUEM H3 CETH
norpebnseTcs HeIHAYUTENBHAA JHeprHd. [1p¥ HCIOIB30BAHUHU
koHTpoyiepa tHna KKT65A nns moBBIICHHA HATEXHOCTH
MEKTPONPHBOIA HAYA/ILHOE. NOAMAarHUYHBAHHE TIPOM3BONUTCSA Ha
HYJICBOM IMONOKEHHH KOHTPOIIEpa IIPH BKIIOYEHHOM JIHHEHHOM
kouTakTope KJI 3amutHOl nanenu T3KE. BoimpsiMiaeHHblii TOK
HOTHTKH MPOTEKAET 10 KOHTYPY (cM. puc. 5.10): daza JI1— KOHTaKTHI
koHTakTopa KJ— wens katyiuku pene PKT— cdaza JI3. Pene PKT
OpeaHa3HAYeHOo 1A KOHTPOJIA TOKA B KOHTYpe moanuTku. Ilpu
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yeTanoske koutpomnepa tuna KKT69A nens ¢ peac PKT, seenenHan
B CHTIOBYIO HaCTh UBHIATCIH, OTKIIIOUACTCA HA HYNEBOM NONOXKEITHH
rouTakropoM KJ B Nendx CHIDKEHHS MOTEpPh B KOHTYPE HOIIKTKH.
OTKN04CIHC MIPOHCKOANT ¢ BhIACPARKOH BpeMeHH, ONIPeIeNAeMoil pele
PY. Takas 3ajepkka Tpedyercs ans o0eciedeHUs JMHAMHUYCCKOTO
TOPMOKCHHUA TIPH 0C TAHOBKE IMCKTPONPHBOIA.

Cxema Hen AHHaMHYCCKOIO TOPMOMKEHUR BRINOIIEHA C
HOCICAOBATENLHBIM COCTMHCHUEM BHINPAMHTENBHOTO MOCTa H
NYCKOPETYIHPYOLMUX PC3UCTOPOB, KOTOPBIE BKNIOYWEHBI HA CTOPOHE
nepeMcHHOro toka. Oco0eNHOCTBIO 3TOH CXeMbl ABJIAETCH
IOTSHUMOMETPHYECKOE BKJIKOUEHHE BBIIPAMHTEILHOIO MOCTA, NMpPH
KOTOPOM €ro BXOJHOE€ CONPOTHBIEHHE Ha MOPAAOK HHXE
COTIPOTHBIICHHA HeperyaupyeMslx ctyneneil P10-P7, P8 n P9
pe3ucTOpoB, Onarogaps 4emMy KOHTYp HEPEMCHHOTO TOKa BCEraa
3AMKHYT, 4TO 3MAYHTEIBHO IIOBLILAET HAJEKHOCTE CXEMbL.

Tpumenenne uenu JTC nmo3sosseT MOIYYHTS AOCTATOMHO
HECTKHE MEXaHHYSCKUE XapakTePHCTHKH 311EKTPONPHBO/IA Ha CIIYCKE,
o0ecneuuBalomie YCTOHYHBBIE TTOCATOYHEIC CKOPOCTH, UTO OUEHB
BAKHO JJIS MEXaHH3MAa IOJbEMA KPAHA.

PeskHM THHAMHYECKOTO TOPMOKEHHS PEalH3yeTca BO BCEX
MONOKEHUAX CIYCK4, KPOME HOCIEAHETD, Ba ROTOPOM JBUTATElb
MHTAETCS OT CETH C HEBBIKIIOYAEMEIMH CTYTIEHAMH PE3MCTOPOB B LICIIH
ero poTopa, HeoOXOIMMOCTE B KOTOPBIX ONPEIENseTCa YCIOBHAMU
olecnedenns HOPMANbHBIX MYCKOB NPH 33;1aHHOM YHCJE CTYIEHEH
pe3CcTOpOB.

B tabmuue puc. 5.10 mpencrapnena TabaMna 3aMblKaHHs
KOHTAKTOB CHAOBOIO KYJIaUKOBOTO KOHTPOIUIEDA IIPH [IOIBEME K CITYCKE
rpy3a.QOco0eHHOCTBIO MMOCTPOCHUS CXEM 3NEKTPONPHBOLA HA
HONOKEHHAX T0AbEMA ABJIJETCS HANHYME MNPOMEKYTOUHOTO
He(QUKCHPOBAHHOIO MoTokeHHs “II” Mexay HyIeBbIM U TEPBBIM
OIIOKEHWSMHE, TIPETYCMOTPEHHOE JUI HCKII0UEeHHA COCTOSHHS, KOTA3
MOTYT BbITh OAHOBpeMEHHO OTK/TIoueHE kKoHTakTel K/ u KCII, uro
OMACHOD, MOCKMWILKY MPH OCTAHOBKE JBHIATENA BO3MOMKHO TAJCHNE
rpysa. Ytobel 3Toro He npousouwno, koHTakT K7 npu nepesoxe
KOHTPOILIEPA H3 HYIEBOTO B IIEPBOC IOJIOKEINE JODKEH 3aMbIKATHCS
panblie, yeMm pasoMkHeTca koHTakT K5, Konrtaxroper KJE n KCII
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MEKTPHYECKH ¥ MEXaHHYECKH CONOKHPOBAHE! MeXkay co00H B 11X
NPeIOTBPAILIEHAST BO3MOXHOCTH KOPOTKOIO 3aMBIKAHHA B CIYHuT 1N
OJTHOBPEMEHHOTO BKJIIOUEHHA.

OnpeaenecHHBIM NPEUMYIIECTBOM KOHTponaepa THi.. KKT65A
0 cpaBHEHHIO ¢ KoHTpomnepoM Tuna KKT61A sapmscTes 1o, 4To o
JONYCKaeT aRTOMaTHYECKHUIT pasToH IBHUTaTels IIpPH ero V¢ HOBKE H3
HyJIEBOTO MONIOKEHHS cpa3y B KpaliHee NoJoKeHHE. ITO IPOHCXONit i
NMOTOMY, uTo KOHTakTop KY BKNKOHAETCHA C BRIAEPKKON BpeMelll.
olecrieunBas ABYXCTYIICHYATBIH PA3rOH JBUTATENS.

Kynauxorsiit koHTponnep tnna KKTG5A mpumMenaetca Bvect.
¢ 3awmTHO#H maHenrio [13KB, obecnequsaronieii HYIeBYIO (KOHTAKTOP
KJI), makcumamshyio (pene PM) u koneunyro (Brkmouarens BKB)
3AIUTHL. JINA OCYILECTBNEHNS PeKUMa JHHAMHYECKOTO TOPMOMKCHHUA
¢ caMOBO30YKISHHEM IIpelycMOTpeHa oTaensHad navens TP 160, Ha
KOTOPOIT pasMeIleHsl cleqytonye anmnaparsl: koHTakTopsl K, KCII,
KY u pene PY, PKT. Tam xe pasMelaeTcs pene KOHTPOIS AHOI0B
PKJ, xotopoe cpabatmiBaeT B ciydae npobos 1000ro u3 IMOI0B
BEIIIPAMUTENBHOTO O710Ka B LIENH poTopa.

Ha puc. 5.12 mokasaHa HPUHIHITHAILHAA CXEM3 KPAHOBOIO
311 Ha TOCTOAHHOM TOKE C CHIIOBBIM KY/I2YKOBEIM KOHTPOILIEPOM Tiifla
KB1-02, ucnonp3yemas B MEXaHH3MaxX T0AbEMA HCKIIFOYHMTENLHO IS
YOpAaBICHHS KPaHOBBIMH IBHTaTeIAMH IOCTOAHHOrO TOKa
MOCITefoBaTenbHOTO Bo30yxaeHa. Cxema oDecTieunBaeT CTyNeHYaTele
MyCK H PEryIHpOBaHHE CKOPOCTH, PEBEPC H TOpMOKeHHe. KonTponep
HMEET MO NATh (QUKCHPOBAHHBIX MOMAOKEHHH IR KAKIOTO
HAIPaBNeHUA OBHKEHUA (CIYCK H MOABEM) H ONHO (GHKCHPOBAHHOC
HYJIEBOE MONOXKEHHE.

Pa3BepHYTBIC CXEMBl TOKOTPOXOXKIAEHHA IOJIOKEHHH
korrpomnepa KB1-02 npuseaens! B Tabauue 5.3, a COOTBETCTRYOIIHE
MeXaHWYeCKHEe XapaKTepHCTHKH KparoBoro 11 mzobpaxensl Ha
puc.5.13.

JBHTaTeNH MOCIEI0BATENBHOIO BO3DYKIeHH 00/1a0ai0T
GonpIIMMH MEperpy30YHBIME CBOHCTRAMH, HMEIOT OIarolpHATHYIO

. CCTECTBCHHYIO MEXAHHUESCKY XapaKTePHCTHKY Ha ITONABCME JICTKHX

I'PY30B M HEHAIPYKECHHOTO KPIOKa, KOTIA NPOHCXOJNT ABTOMATHYIECKOE
noBHIeHHe ckopocTd 311 Kpome Toro, cxema ynpaBleHHS TaKUMI
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Puc. 5.12. [IpHHUMIHATBHAR CXCMA KPAHOBOTO JICKTPOIIPHBOIE
¢ CHITOBBIM KYJIAQYKOBLIM KOHTponepoM tuna KB1-02

ABUTATeNIMU [03BOASET MOTYYUTh HAJEKHOC JIEKTPHYECKOE
TOPMOMKEHHE 1 TPebyeT MUHHMAILHOTO YHCIIA TPOJITIEEB AN N0ABONA
toxa. OAHAKO ABHTATENH [OCJEL0BATEIbIIOT0 BO30YKIACHHA
HEMPHTOAHBI JUTs yenoBuit paboThl IPHBOJA B CTOPOHY CYCKa rpysa
(OTCYTCTBYET ABTOMATHYECKHH MEPeXoi M3 [ABUTATEIBHOIO B
renepaTopHelii pesknM). Yrodbi obecreduts paboTy B 1aHHOM PEXHME,
IIPUXOAMTCS CO3AABATE MCKYCCTBECHHBIE MEXaHMYCCKHE Xapakre-
PHCTHKH MyTeM IIOAKIIOUEHUA SKOPA K 00MOTKaM NMOCIEN0BATE/ILHOTO
BO36YKACHHA [0 H3BECTHOH OTEHIIHOMETPHIECKOH CXeMe. JT1acxema
M03BONAET PEaNu30BaATh TAKXKE YCTOHYHBBIC MAJble MOCALOYHBIC
ckopocTH (xapakrepuctika 1C na puc. 5.13) M IPHMEHAETCA HA BCEX
nonoxeHHsx crnycka. Ilo Mepe nepesoja KOHTPOILIEPA ¢ HY/ICBOTO HA
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Tabnuna 5.3

Pa3aépHyTHIE CXEMBI TOKOLPOXOXECHHA NONOKEHRIT KoHTponnepa KB1-02
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Puc. 5.13. MexannueckHe xapakTe-
PHCTHKH KYJIAHKOBOT0 JTCKTPOMPHBOAA
C CHITOBBIM KyJa4KkOBBIM KOHTPOMIEpOM

tuna KB1-02

HOCIEAYIOIIAE MONTOMKEHHS CIYCKA
NOCTENEHHO YBEIMYHBAIOTCS
CONPOTHBIECHHA B IICTTH OOMOTKH
B030yKIenus {ocabnsercs mone
BO30Y)KNCHUA ABUrarcid) H
YMEHBIIAOTCS COTIPOTHRICHHS B
LENH FKOPS {MMOBBILIAETCS HAMps-
AKCHHC HA Cr0 3aKHMAX), 4CM
JTOCTHTAETCS YBETHUEHHE YaCTOTHI
BpalleHus  gBMrarens. Ha
MIOJIOKCHUAX TIOAbEMA PErYIH-
POBaHHE CKOPOCTH NNPOHUIBOTUTCA
ApPOCTEIM H3IMEHEHHEM COTIpO-
THBJECHHH B [eNu AKOPH
OBUTaTeNs.
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B Hy/1eBOM NONOKEHHH KOHTpojLTepa Tuna KB1 -02 ppurarens
OTKJIIOUAETCS OT CeTH M 3ATOPMAKHBAETCA MEXAHUUECKHM TOPMO30M
C 3MeKTPOMarHuTaMy nocienoparenbHoro (TM2) niik mapansensHOro
(TM1) Bo3Gyxaerns (cM. puc.5.12). Karymika seKTpOMarauia ™2
BKIIOUAETCA MOCHEIOBATENBHO ¢ 0OMOTKOH B30y xk1enus OB nBura-
vens. IIpu 3TOM B KOHTpOIIEpe HEOOXOAHMO CHATH NIEPEMBIIKY C2-
P6. 1lens katywex Topmo3a TM1 3aMbikaeTcd KOHTaKTaMH KOHTAKTOpa
KII3, ynpaBiaeHHe KOTOPBIM OCYLIECTBIAETCA ¢ TOMOIIBIO KOHTAKTOB
K3 kouTponiepa. .

B xourtponnepe tuna KB1-02 napaay ¢ MCXaHHYECKHM
npenycmorpero Takke JTC. TIpu 310M AKOPb ABUIATENS BKIOIACTCA
BMecTe ¢ oomoTkoil OB na conpoTtusnenne peauctopa R7-R8, uro
1OBBIIAET HaICKHOCTh paboThl MPHBOAA, NOCKOIBKY AAKE NMPH
HEHCTIPABHOCTH MEXAHHUYECKOTO TOpMO3a OyaeT MPOHCXOANTE He
najgeHHe rpy3a, a CIyCcK ero ¢ Majoi CKOPOCTEIO, COOTBETCTBYHOILIEH
MeXaHHUecKoli XapaKTEpHCTHKE JICKTPONPHBOAA B HYJICBOM
MONOKEHHH KouTposnepa (puc.5.13).

Konrponnep tuna KB1-02 npuMeHseTCS BMECTE C 3allUTHOH
nanensio TITI35150, Ha koTopo# pasMemarores kouraktopst KI11 (me-
xanm3Ma nepensmkerns Tenexku), KT2 (MexannsMa nepeisHKeHNs
MOCTa) H OO A8 BCeX MEXAHH3MOB JIMHEHHBIH KOHTAKTOP KJO,
yeM obecreunsatoTea Hynesas (KontaktopoM KJIO), MakcHManbHas
(pene PM) 1 xoHesHas (BBIKIIIOYATENAMH BKE u BKH) 3awure!.

5.8. Ynpas/iegne KpaOBbLIMH IBUTATEIAMH
¢ NOMOINbI0 MATHHUTHBIX KOHTPOJIJIEPOR

YrpasieHue MEKTPONPHBOAAMHA MEXaHHIMOB KPaHOB cpenHei
1 GOJBIHOH NPOU3IBOIUTENBEHOCTH, ocofeHno NMpH HaNPHKEHHOM
pexuMe paboThl ¢ BRICOKOI YUACTOTOM BKIIOUEHHH, OCYIIECTBIACTCA,
KaK [PaBuiio, ¢ [OMOUIBIO MATHHTHBIX KOHTPOIICPOB. Ilpu 3ToM B
kabHHe MAMHACTA YCTAHABIHBACTCH TOJIBKO KOMaHIOKOHTPOIICD,
HMEIONTHI HeOOBIINE pa3Mepsl, 4 OCTAJIbHAS annaparypa BbIHOCHTCA
Ha MOCT Kpana. IIpHMeHeHHEe MarHUTHBIX KOHTPOJUIEPOE TOBLILIACT
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[IPOH3BOJIMTENLHOCTE KPaHOBOH YCTAHOBKH, TAK KaK ITO3BOIAET Honee
[IOJHO HCIOAB30BATh ABUTATEAM OPH MYCKE H TOPMOKECHHH H
IJIHTENBHO JKCINYyaTHpPOBaTh UX Oe3 peMoHTOB. Clelnyer Bce ke
OTMETHTB, UTO MEKTPoobOpyAOBaHHE KPAHOBEIX MEXaHH3MORB ¢
MAarHHTHBIMH KOHTPOJ/UIEPAMH TOpa3io CI0KHEE H JOPOKE, YeM
MEXaHU3MOB C CHJIOBEIMH KY/NauKOBLIMH KOHTpotepamH. [Toatomy Ha
MHOTUX KpPaHaX COBMECTHO MCMONB3YKOTCS MaTHHTHEIE U CHIOBLIC
KOHTPONJIEPE]; IIepBhle YCTAHABIHUBAIOTCH HA MEXaHH3MaxX MoIbeMa, a
BTOpEIE- Ha MEXaHH3MaX TepeABHKEHHA.

dng ynpaBleHHS KPaHOBBIMH JJIEKTPOHPHBOAAMH
TIepeMeHHOTO TOKA IPUMEHSIOT MATHHTHEIE KOHTpomnepsl cepuil TCA,
TCA3, KC u AKC, pazmuuaronmecs Mexay coboi CHCTeMOH NUTa M.
Uenu ynpasaenus xoutposnnepos cepuil TCA u TCA3 nurarores
nepeMeHHBIM TOKOM, a cepuit KC u JIKC- mocTodHHEIM,

B tabnuue 5.4 npuBedeHbl OCHOBHBIE THIIBl MATHHTHBIX
KOHTpOJLICPOB BhIHYCKElEMbIX 1ABOLZAMH.

Tabnmua 5.4
OCHOBHBIE THITB MarHHTHBIX KOHTPOJJIEPOB
ACHHXPO HHBIT INEKTPONP KBOL
Haznauenue nakenn BNeKTpCnpHBC ¢ AINApPATAMH Y IPaBIEHHS
NOCTOAHHOTO nepem eHHOTO ToKa [ICCTORHHEOIO
TOKa TOKa
YnpaBneHHE MEKTPONPUBOIOM I TA,TA3 K
MEXZHHIM OB BEPEABNKEHHA
H NOROPOTA

To e anA OBY KIBHMATEABHO MO Al ATA JK
3NEKTPOTp EBO AR

YrpaBneHHe INeKTPCIPHBOIAMH Tic TCA, TCA3 KC

MEXAHHIMOB NOIBEMA

To ke Al ABY XIBHTATEILHO D pitie ATCA JAKC

BHBK'I}](]]'IPHBUJJH

Ha puc.5.14 wu puc.5.15 wu3obpaxeHsl THNOBEIE
NpHHLHNHANLHBIE cXeMbl KpaHoBblx OIl ¢ MarHHTHBIMH KOHTpOJI-
nepamu cepuit TCA u KC.

THOBBIE MEXaHHYECKHE XaPaKTEPUCTHKH 3THX MPHBOJOB IIPH
Pa3THYHBIX [IOJIOKEHUAX KOHTPO/LIEPOB I0KAa3aHb! Ha puc.5.16, rae 3a
100% UpHHATE MOMEHT HOMHHANBRHOH CTaTHYeCKOH HATPy3KH H
CHHXPOHHAA YII0Bag CKOpoCTh ABMrarens, Obe cxemMbpl 00eceyuBaeT
ABTOMAaTHYECKH MyCK, peBEPCHPOBAHUE H TOPMOXKEHHE JIBHIaTEIEH,
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Puc, 5.14. MpuHiuHnua sHas CXCMa KPaHOBOI® 3NeKTPONPUBOIA
¢ MaTHHTHBIM KOHTpONNepoM cepun TCA

a TAKKE KOMIIEBYIO 3alLMTY. ATMAparsl HYICBOH M MaKCHUMaJbHOH
3AILIAT BEIHECEHBI HA 3AIHTHYIO MAHEND. YTIPABIEHHE OCYUIECTRIACTCA
¢ TTOMOWBIO KOMaHIOKOHTpOJIepa, HMEWLIEro M0 YeThIpe
(MKCHPOBAHHBIX palouHX NONOKEHHS TIPH N0LBEME H CITYCKE [PYy3a.
Ha no/fokeHHsX mMogbeMa TycK M peryanposanue ckopocty 3lI
OCYNIECTBAACTCH M3IMEHEHHEM COMPOTHBJIEHHA PE3HCTOPOB,
BKIIOUEHHLIX B IIENE POTOPA ABUIATENS.

[MepBoe NONOKEHHE, HA KOTOPOM PEaTH3yETCs MUHHMAITHHBIH
MyCKOBO# MOMEHT, CTYKHT JUIA BelOHpaHuA caGHHBI TPOCA H OABEMA
JerKHX IPY30B Ha NOHMKEHHOI ckopocTH (xapaktepreruka 1T1).
Tloanem ¢ MaA0H CKOPOCTEIO TAKEAbIX TPY30B NPOH3BOLUTCA Ha BTOPOM
nonoxenus (xapakTepuctika 21T). Ha TpeTbeM noa0#eHHH 0Cy1IecTs-
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Puc. 5.15. IlpHauwnyuansnas cxeMa KpaHOBOTO UIEKTPORPHBOIA
C MAarHHTHLIM KOHTpOANepoM cepul KC

P12

TAETCS NEPBas CTYNEHh Pa3roHa NIEKTPOABHIaTels (XapaKTePUCTHKA
3II), npHyYeM MyCKOBOH TOK B 3TOM CITyYac MEHBIIC TOKA YCTAaBKH
MaKCHMAALHEIX pelie. [Be nocnenHue CTyNeHH MycKa TIPOMCXOIAT
ABTOMATHYECKHA NOA KOHTpPCJIEM pene BpeMenu PY1, PVY2
(xoutponnepsl cepunt KC ) u PY1, PB (koutponnepn cepun TCA) Ha
XapaxrepucTtakax 411 u 4°I1.



[Ipy cnycke rpysa
perynupoBadue cxkopocta 311
ofecrneyuBaeTcs B pexuMax
IPOTHBOBKIIIOYEHHA Ha TIEPBOM
M  BTOPOM  IIOMOXKEHHAX

" (xapaxrepucruku 1C 1 2C) u
0IHO(HAa3HOTO TOPMOKEHHs Ha
TPEThEM TIONOKEHHH (XapaKTe-
puctuka 3C) xourponiepa. Ha
YETBEPTOM ITONOKEHHH, KOTHA

| CONPOTHBIIEHHE PE3UCTOPOB
Prc. 5.16. Mexanuueckue xapaxrepuc- BBIBEACHO NOTHOCTHID, MPOH3-
THEK KPAHOBLIX ISKTRONPHBONOB ¢ Mar- BOAHTCH CHYCK prEa C
HETHBIME KOHTpOnepamit cepii TCA M KC yapGonpmeit ckopocThio (Xa-

pakTepuctrka 4C). IlepBoe H BTOpOE HONCKEHHS HCIONL3YIOTCA B

OCHOBHOM AN HeGONBLIMX CKOpPOCTEH cmycka rpy3oB, OMH3KHX K

HOMUHATEHOMY TPYy3Yy.

CTyneHH pe3dcTOpOB B LENH POTOPA BBEIBOASTCA C HOMOLIBIO
KoHTakTopoB yckopeua KV1,.., KY4 u koHTaktopa
nporuBoBknroueHus KII. Cxema oxnoda3zHOro TOPMOXKEHHS
dopmupyeTca npy Brnodernd kontakropos KO, KH (xontponneps
cepud TCA) n KB2, KH2 (xoutponneps cepust KC) B ienu cratopa
KoHTakTopa yckopeHus KY1 B mend ‘portopa. I HCKIKWYECHHS
ofiHOBpeMeHHocTH BKNroueHHs koHTaktopel KO u KII, KB2 u KH2,
KH 1 KB coorBeTcTBEHHO NMOnapHo MexaHHUecKH cONOKHpOBAHEL. B
koHTpoNIepax cepuit TCA 3TH KOHTAKTOpPEI COTOKMPOBAHEI €IIE M
anexTpudeckH. [Ip# crycKe 3aBeIOMO TRKETBIX IPY30B C TEM, YTOOH!
He TOAYy4HI0Ch HeAonycTumMo Ooapmioll CKOPOCTH Ha TPETHEM
MCNOKEHUH KOHTpOIepa, MOKHO cpa3y OOeCIeUHTh BKIOUEHUE
[EPBOTO HIH BTOPOTO MONOKEHHA, HAKAB HOXKHYHO IEfank CIyCKa
TsKeNnslX rpy3os HIL

B ofeux cxemax (puc.5.14 u 5.15) npeaycmorpeno (c
noMolkeio koHTakTopa KT) BKAKOYEHHE INEKTPOMArHHTHOTO TOPMO34
TM nnsa obecnedeHns MEXaHHYECKOTO TOPMOKEHHA IBHTATENS 10 €10
noaHol ocTaHoBKH. IlpH 3TOM B cXeme, TTOKa3aHHO# Ha puc.53.135,
JOTYCKaeTcs MPUMEHEHHE TOPMO3HBIX MarHMTOB IIEPEMEHHOTO H
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NOCTOYHHOTO TOKa. B mocnenHem ciaydae NpEIyCcMOTpPEHO
(popcHpoBaHne BKIIOYEHUS TOPMO34, OCYLIECTRIACMOC KOHTAKTOPOM
KT1 u pene PT, koTopoe HACTpaHBaeTCA Ha cpabaThIBaHHE NTpU TOKE,
pPABHOM HOMHWHANBHOMY TOKY ““XOMOTHOH™ KaTYIIKH 3MCKTPOMATHUTA
Topmosa npu [1B= 25%,

Ipu nepeBose pyKOATKH KOMaHIOKOHTPOIIEPA C TONOKEHWH
CIlyCKa B HYJIEBOE NOJNOXEHHE H HakaToH nenanu HII #a nepsoM u
BTOPOM NOJOKEHHAX HIIH ¢ YETBEPTOIO (TPETHEIC) NOIOKEHHS CIYCKA
B HYJIEBOE, NepBoe 1100 BTOpoe nonoxenua (negans HIT He Haxara)
Hapsa1y ¢ MEXaHHYECKUM 00eCIeuBACTCA K DNEKTPUYECKOE TOPMOKe-
HUE B TEUCHHE BPEMEHH, OTIpEaeIAeMOM BRIAEpKKOH pene Ph. Ha ato
BpeMs GOpMHpYETCs cXeMa, COOTBETCTBYOLA BTOPOMY NOMOMEHHED
cnycka, Bo n3bexanye upeaMepHbIX CKOPOCTEH CNycKa B aBapHHHEBIX
peskMMax BolIepXkKa pene Pb pomxkHa 6w1Te: He Oonee 0,5 ¢, Jina
NOJIY4YeHHS TOpMOKEHUA (npy HeHakarell neganu HII) wa sropom
TIOJIOKEHHMH CITYCKa B cxeMe, n3obpaskeHHo Ha puc.5.15, npenycmor-
pEHO BKIIOUEHHE B UENb KaTywkd koHTaktopa KII pa3MeIkarommix
koHTakToB negany HI1. CoBMenenHe MeXaHHYECKOTO H AEeKTPHISCKO-
TO TOPMOKEHHUH TIOBBIINIAET HAAEKHOCTE padoThI MEKTPONPHBOAA H
HCKII0YAeT Mpocaaky rpysa.

IIprn wucnonszopanun koHtpoiiepos cepuu KC Ha
HOMHHaALHBIH TOK 400 A 1715 CHUKEHH S TOKOBOM HArPYy3KH KOHTAKTOR
KOHTAKTOPOB, BKJWYEHHBIX B lLENb pOTOpa [BHIATElA,
npeAyCcMaTpHBaeTCs NapajuleTbHOE BKITHOYEHHE PE3HCTOPOB (CM. JIEBYIO
HIDKHIOK 4acTk pHe.5.15). Takoe xe BKIIOYEHHE PE3HCTOPOB IOMKHO
OBITL M IIpH YCTAHOBKE KOHTPOJIJIEPOB Ha Tok 250 A B cTydae, eciu
TOKOBAS HArpy3ka KOHTAKTOPOB POTOPHOH LENH NMpPEeBBILIAET
JOTYCTHMYIO, TIOCKOJIBKY IIOC/ENHHE PACCUHTAHLl HA HOMHHAJIBHBIH
tok 160 A. V3en HyJIeBOH 3aMMTEI NPH 3TOM BHIMOJHAESTCA HA
nepeMeHHOM Toke (pene PH nonydaer nutaHue or cHnoroil nenu).
YtoOnl obecmedyuTs TAKYIO 3AMATY B CAYYAC MCUE3HOBEHHA
HaNPAKEBHA TTOCTOAHHOTO TOKA B TEMH YIpaBIcHUS, KaTylIka pelie
PH niutaetcs 4epe3 3aMbIKalOLHe KORTAKThI perie yekoperns PY 1, PY2,
Konrakrs! annaparos ¢ sisogamu 101 1 103 ucnons3yiores B Hemsx
CHUTHaH3aHH.

Ans  ynpaBleHHS KpaHOBBIMH 3IEKTPONPHBOAAMH
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MOCTOSHHOTO TOKA C ABHIATENIAMH IIOCIEA0BATEIIBHOIO BO30YKICHHA
[IPUMEHAIOT MarHuTHEIE KoHTposeps! cepuit 11, JI1, IIC u AIIC,
KOTOpbIE YCTAHABIHBAIOT HA NOALEMHBLIX KPaHaX C TAXKEIBIM PEXXHMOM
paboTHl U vncae BEMoveHud Ao 900 B wac. Hanbonee yacTo Takue
KPaHBI HCTIONB3Y OTCS HA METAITYPIHUECKHX H MAIIMHOCTPOHTENbHBIX
npeanpUATHAX. MArHHTHBIE KOHTPOMIEPE! MOCTOSHHOIO TOKA
0BecneuHBAIOT ABTOMATHYECKHH MYCK, peBepCHPOBAaHHE H TOPMOKCHHE
aepuratesnedi, B cxemax 3InexTPONPUBOAOB © MAaTHHTHBEIMH
KOHTPOJICpAMH TIPENYCMOTPEHB! KOHUEBAs 3al(MUTa (IYTCBBIE
seixmodarend cepuit BKH u BKB) orpannuusatomas nepeMelieHHe
KpPaHOBHIX MEXaHH3MOB 3a mpenensl pabodeil 30HBI, & TAKXKe
MaKCHManbHast TOKOBas 3aiMTa (pene cepuy PM}, TIpy ucyesHoBeHUH
HAMPAKEHHUS HA YCTAHOBKE MM CHUKEHHH ero 10 45% HOMHHAIBHOTO,
KaK ¥ B CITyuae cpabaTbiBaHHs MAKCHMATIBHOH TOKOBOH THO0 KOHLIEBOH
JAIIMTHI, HYJIeBad 3aiuTa (pene Hanpskenys cepud PH) mossonser
IIPOU3BECTH NOBTOPHEIM MyCcK ABMraTens TONBKO ¢ HYIEBOIO
TIOIOPKEHHA PYKOSTKH KOMAHIOKOHTPOMIEPA

PerymHpoBarKe 4acTOTHl Bpali€HHd H MOMEHTa IBHIATEINS
OCYILECTBIACTCH H3MCHEHHEM CXEMBl BKIIOYEHHA H CONMPOTHBICHHSA

PE3UCTOPOB B LEHMAX AKOPA H OOMOTKH BO30YXKICHHS IBUIATEINA-

KobTpons yckopeHHS TIPH €70 NYCKe, PEBEPCE H TOPMOKEHHH MOXET
GRBITE BBIMIOJIHEH KaK 110 BpEMEHH, TAK H 110 CKOPOCTH. OKOHYATENbHOE
TOPMOXEHHE KPaHOBOTO MEXaHH3Ma MPOH3BOAHTCA MEXaHHUYECKHM
TOPMO30M C HIEKTPOMATHUTHBIM IIPHBOLOM.

Ha puc.5.17 nzo0paskeHa npHHLATHAIBHAA CXeMa KPaHOBOIO
37IEKTPOIIPHBO/IA C MArHUTHRIM KOHTporepoM thna 11IC160, rMeronimnm
4eThipe (PMKCHPOBAHHEIX TIONOKEHHS HA IIOABLEM M ILITL HA CITYCK.
Mexanuueckne XapakTepHUCTHKH 3IEKTPONPHBONOB ¢ MATHUTHBIMH
koutponnepamu cepuit IIC u JIIC nokasanel Ha puc.5.18, a
pa3sBepPHYTHIE CXEMbl TOKOTIPOXOKJAEHHA ANA BCEX IIOIOKEHHH
KOHTPOJLIEPOB MPUBEIEHBI B Ta0nuLe 5.5,

Ilepeoe nonoxeHUE NOIBEMA, HA KOTOPOM MPELYCMATPHBAETCA
WYHTHPOBAHHEM SIKOPS JIBHTaTeNs, CAYKHUT AN BbIOHpanus ¢/1abutbl
TpOCca M MOABEMa JerKHX I'Py30B ¢ Manolf ckopocTeio. Ha
TOCASIYIOLUINX MONMKEHHAX IIOABEMA IPOUCXO/AT PASTOH ABHIATENS
H PEryJMpOBaHUe ero 4acTOTh BPAILEHHS NPH Pa3sIH4YHEIX HAIPY3KaX.
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Puc. 5.17. TlpuHusnHanbHag cxeMa KPaHOROTO IEKTPOTIPHBGIA
¢ MATHUTHBIM KOHTpoOITepomM Tuna [TC160 -

YIIpaBNeHHe PasroHOM OCYIIECTRIAETCS ¢ TOMOLLBIO pene PY1, .., PY3.

B HyneBoM 110/103KeHHH IBUraTe T MEXaHHYeCKY 3aTOPMOIKEH.
OnHoBpEeMEHHO B MABHOM LieTH CHOPMHPOBAHA CXEMA €10 IHHAMHYCC-
KOro TOPMOXKCHHA 4Yepe3 pasMblkaromue kontakrsl KT2, uto onpe-
AenieT Ge30TKA3NOE TOPMOXKEHHE JBHTATENSN M ABMKEHHUC rpysa ¢
MAITOH CKOPOCTBIO, JIAE CCITH BBIMIEN K3 CTPOS MEXaHHYECKHI TOPMO3,

Ha nonoxenunsx crmycka o6MoTKa BO3OY#ICHHA ABHraTens
BKIIO4aeTCs Mapa/lIeNIbHO AKOPKO Yepes 0OABOYHBIH Pe3ucTop ipHYeM
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Tabnuua 5.5

PasBEpHYTbIE CXCMblL TOKOTIPOXOKASHHS 1% BCEX
nonoxeHdi KOHTPONIEpoB

TlosHumn
KOHTPOM- CXeMEl NTPOXOHEEHHA TOKA
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COTIPOTHBIIEHHE B €€ TIETH NOCTETIEHHO YBEMUMBAETCH, & B LIETH AKOPA
yMeHbInaeTcs. braromaps 3TOMy HAlpIKEHHE HA 32XHMax AKOpA
pacTeT, a M. fI. ¢. OOMOTKH BO30YXKJACHUSA MALACT, 4TO NPHUBOJHT K M0~
BHLILICHHIO CKOPOCTH CMyCcKa rpysa. Ilpy pe3koM nepeBosie pyKOATKH
KOMAHIOKOHTPOJLIEPA Ha [1TOE TIONOKEHHE CITYCKa MPOHCXOIHT TTOCIE-
JOBATE/ILHBIH MTepexo/l ¢ XapakrepucTHKH 4C Ha XapaKICPHCTHKY 5°C
(Ha IPOMEXKYTOUHON NO3HLKH KOHTPOJUICPA), 34TEM Ha XapaKTCPHCTH-
ky 5C, 4TO BRI3BIBAETCS 3AMA3ABIBAHMEM OTKIIIOYCHHA KOHTAKTOPA Kv1
Ha BEIAEpKKY BpemerH PV 1, nocne yero kontakrop KY1 pasMbikaercs
1 pene PY2 srmouaet kontaxrop KJI2. Ha natoM MONOKEHHH CyCcKa
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. B Lenu 0OMOTKH Bo30ymIe-

HHA OCTAeTCHA BKJIIOYCHHBIM
pesuctop P8-PY, nannuue
KOTOPOTO TMO3BOJAET MOIy-

T

; |
1100\\\ 4ﬂ%
AN

S
- I -
N [ UMTb JOTONHHTEILHOC iHTa
S I N Hyue (MoANKUTKY) 3TOiH 0OMOT-
N 100 | |, 200 M9 .
e KM, KOIja  JABHraTelb
| e, |ty
N "‘3‘;-\\____-.____‘23___ paboTaeT B IeHEPATOPHOM pe-
V10PN S 0TS M MPH HATHUBKA TPY3a.
I~ [Tt~ Ins orpaHnyeHnHs TOPMO3-
NS seT~ HBIX TOKOB B CXEME Tpel-
20d TR
50 YCMOTPEHO  TOPMOXKEHHE C

/

noMouleio pene epeMenu PT,

Prc. 5.18. Mexanuueckue xapakTepuctikyy  BBIIEPAKA KOTOPOTO BBIOKpa-
KpaHOBBIX EKTPONPHBOIIOE ¢ MATHHTHEIME  €TCA B IPEJIENax 0,8=1 c.
xontponaepamu cepuit IC u 1CTI :

5.9. KpanoBble 21eKTPONPHBOALI €
THPUCTOPHBLIME Npeobpa3oBaTEAMH

TuprcTopHbIE TPe0Opa3oBaTelt B 37EKTPONPHBOLE KPAHOBRIX
MEXAHH3MOB BCE HATIE HCNOb3YHOTCA B OTEHeCTBEHHOH 1 3apyDeiHOH
npaktike. ITockonbKy GonbIIas 4acTb (IIPHMEPHO 80%) sxcnayarH-
pyeMbIX KPAHOBBIX MEXAHH3MOB COCTABIIAIOT JEKTPOTIPHBOILI € aCHH-
XPOHHBIMH JBHIATEIAMH 1 PETY/IHPOBAHHEM COMPOTHBICHHA B LIEHH
HX pOTOpa, HaMOONBLIKI MHTEPEC MPENCTABAAET BOSMOKHOCTL HPH-
MeHEHHs THPUCTOPOB B YCTPOHCTBAX A/ PEryanpoBaHHA CKOPOCTH
UMeHHO 3TuX asuratenci. K TakuM ycTpOHCTBAM OTHOCATCA
THPMCTOpHBIE NPEOGPA3OBATENRH YACTOTHI H PEIYIATOPEl HAPAKCHUA,
BKJIIOYAEMBIE B LENb CTATOPA, @ TAKKEC HMIYIBCHBIC PETYIATOPE
COMpOTHBTEHHUIT M TOKOB B LENAX ABHrareid. B KpaHOBbIX 3MEKTPO-
[IPHBO/IaX [IABHEIM 00Pa3oM NPHMEHAKOTCA THPHCTOPHBIE peryILATOPEL
Hanpmkedus (TPH) M LIMPOTHO-HMIYIBCHLIC PEryIATOPSL (LLHP),
4TO 00YCAOBIEHO HX OTHOCHTEIBHON MPOCTOTOH W HAASIKHOCTRIO.



o r Brrtouenude tupucre-
| | POB B LLENB CTATOPA ACHHXPOH-
' HOrO ABHraTess HO3BONSeT
OCYIUECTBIATE ¢ro BeckoH-
TAKTHYH KOMMYTALIHIO H, I14B-
- - HOE, PerylHpoBaTh NOJBOTH-
_I l—— MO¢ K CTaTOpy HampsxeHue, Ha
b \’ % \’ puc. 5.19 nokazamna npocred-
HIAS CXeMA BKITHMEHHUA TI0 JBa
BCTpeYHO-NapanneilbHblX
THPNCTOpa B KaxkAYw dazy
cratopa, Hanpsaxednue nura-
HUS! JABHTATENS PEryTUpyeTes
@ CHMMETPHYHLIM H3MECHEHHEM
YT1a OTKPBIBAHUS (f THPHC-
TOpOB. CHTHANBI ¢ CHCTEMBI
MMIYAbCHO-(A30BOTO Yipas-
nenua (CHOV) nomxusl
Puc. 5.19, Cxema BKNIOYEHHA THPHCTOPOB CICAOBATE € HACTOTON THTAI0-
B lIEMs CTaTopa ACUHXPOHHOTO ABHTATENA mero Hanpﬁ}]{e]—["ﬂ H 6BITB
CHHXPOHHU3HPOBAHEL ¢ Haps-

’KCHUEM HA 2HOJIC COOTBETCTBYIONIEro THPHCTOPA.

H3sectHo, uto npu <@ (@- daszopsiit yTOJ HarpysxH,
OIPEIENAEMBLIl B JAHHOM CITy4ae apameT-paMH JABHIATeNs, COIPOTHE-
JICHHCM LICHH POTOPR H CKONLKEHHEM) Yepes (ha3kl IPOTEKAET Helpe-
PBIBHBIH CHHYCO-WIANBHBIN TOK, & K JBHIAaTeNo TPUKIAABBACTCH
nonHoe Hanpsxenue cetu. [pu ysemuuennu o Gopma KpuBoit
HaNpAXKEHHUs, NPUIOKEHHOIO K CTaTopy, HCKaXaeTes, cpeaHee
3HAYCHUE HANPSDKEHHA CHUXKAETCA, YTO MO3BONSET MOIYYHTh
CEMEHCTBO PETYAHPOBOYHBIX MEXAHHYECKHX XapaKTePUCTHK JIBHIA-
TENs.

CHDY
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w

CH®Y dopmupyeT UMITYIBCH ¢ KPYTBIM POHTOM H WHPHHOHA
okono 60°, nepeMernias X B HHTEpBane oT (@ 1o 150° 10 OTHOLIEHHIO
K CHIYCOH/IC [THTAKOLIETO HALIPSIKEHHH COOTBETCTRYIOLIEH (ha3bl.

ACHHXPOHHbIIT 3NEKTPONPHBOIL CHCTEMEI ¢ TPH-AJ] mower
YZOBIETBOPATL MHOT UM TPeDOBAHUAM, NPe/ThABILEMBEIM K MEXaHH3MaM
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NOOBEMA M TIEPEMELEeHHUS KPAHOB, 00eCIeYNBACTCA HYKHLI THana3on
PETYIHPOBAHHA CKOPOCTH IIPH ITOXBEME H TOPMO3HOM CUYCKE TPY30B.

ABTOMAaTHYCCKHI MePexXol M3 ABHTATEILHOIO PEXHMA B
TOPMO3HOH H HA00OPOT OCYLIECTBIAETCH € TOMOLLEIY HECIOMKHOTO
y371a, BBOAMMOTO B IIETIH YIIPaBIEeHUA.
OnuuM M3 Hanbonlee NepeTeKTHBHBIX cI0COBOB PEryHpoBanys ya-
CTOTHI BpPRUICHHA aCHHXPOHHBIX ABHTATENEH ABIACTCA M3MEHEHUE
YacTOTRl M aMIIHTY/bI MOABOMMOIO K CTATOPY HANPAKEHHA. ITOT
CHOCOD A@KEe B Clydae MPOCTeHIIHX aCHHXPOHHBIX ABMrareneii c
KOPOTKO3aMKHYTBIM POTOPOM TO3BOJIAET NONTYIUTEL KECTKHE MEXAHH-
HECKHE XapAKTePUCTHKH anekrponpueoaa 6e3 OC. [otepn crobxeHns
NpK HTOM HE3HAYHTECNIbHBI, TaK KaK JBUTaTeIb paboTaeT Ha TMHEHHBIX
yHaCTKax XapakTepHCTHK, T. €. IPH ManbIX CKOIbKeHHAX, [Ipu Hanuaun
COOTBETCTBYIOIIHX HCTOTHHKOB PETYIHPYEMOH 4aCTOTH yHaeTcs
obecreanTh TpeOyeMy10 INIABHOCTE PEIy;IHPOBAHHS B ABUIATENLHOM
H TOPMO3HOM peKHMaX.

Tupucropuble npeobpazoBaTenu 4acToTel GHIBAIOT ABYX
BHROB: C IPOMEKYTOYHEIM 3BEHOM IIOCTOSHHOTO TOKA W ABTOHOMHBIM
uHBepTOopom (TITYH) 1 ¢ nenocpencTaeHHoOMN CBA3BIO MHTAIOWEH CETH
1 Harpyskn (TITYH). Ha puc.5.20 nokasano mopxsodenne oGMOTOK
craropa acHHxponnoro apuratens k TIIYH, cofpanuomy no tpex-
thasnoi Hyneeoit cxeme, HanboNee IPHEMIEMO A KPAHOBLIX JI1€K-
TponpHBoaos. Ilpumenenne TIIYH onpasnano s KpaHOBBIX Me-
X4HH3MOB CPEJHEr0 M TSHKEIOTO PEKHMOB IKCIUTYATALUMH, 0COBEHHO
€CIT OTHOCHTENbHOE BpeMsa paboTeI HA MOHIKCHHBIX CKOPOCTAX JO-

o
O

Puc. 5.20. TIpHHUHIHARLHAL CXEMA CHAOBOT
HACTH ACHHXPOHHOTO 3MexTponpuioaa ¢ TITUH
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cTaTouHo Gonbioe ¥ uenombiosanue TPH npuBeso ObI K 3aBbILLIEHIIO
MOITHOCTH IBUIraTes.

o~ Jlns kpaHOBHIX MeXa-
1 HH3MOB CO3Jal0Tcs TakKkKe
cucTemnl acuaxporHoro 311, B
KOTOPBIX YIPABJACHHE JIBHTATE-
~ AeM OCYIUECTBAAETCH NYTEM
MUPOTHO-UMNYIBCHOIO
peryJIHpoBaHHs CONPOTHRIC-
Husg B uenu poropa. llpus-
[UITHANbHAL CXEMd TAKoro
peryispoBaHua H3o0paxeHa
napuc.5.21. B poropayio ueib
IOBRUraTess BKJIIOMEHA CXEMa,
Mo3BOAAONIad  H3MEHATH
IKBHBANEHTHOE COMPOTHBILE-
HHE B IIgTH BBIIPIMICHHOID
TOKa pOTOpa B Mpelenax or
HyJs 10 OeCKOHETHOCTH H
OCYILECTBIATh TAKHM 00pasoM
pery/IHpoBaHHE TOKa B pOTOpE
OT MAKCHMAJIBHOIC 3HAYCHHI
10 HYJH.

B mepBoM KBajpaHTE MEXAHHYECKHX XapaKTEpHCTHK B
06acTH, OTPaHHYEHHOH OCbLW CKOpOCTEH H peocTaTHOH
XapaKTePHCTHKOI, IBUraTellb paboTaeT B HMIYILCHOM PERKHME. [Tpu
3TOM Ha THpHCTOP T3 YIIPapAsIoLiHe UMITYIbChI HE IOCTYNAIT, H OH
OCTaeTcs BCE BpeMs 3aKpblTeIM. CXxeMa, OCYyHIeCTBIAIOWAA
MMIYALCHEIH pesxuM paboTbl ABATATENA, COCTOHT H3 pabouero
TipucTop a T'1, BeromorarespHOro THpHETOpa T2, KOMMYTHPYIOIIETo
xoHencaropa C u pesuctopos Rl, R2. TlpH 0TKPHITOM THPHCTOPE T1
ToK mpoTekaeT 4epes pesucrop Rl, Konnencarop C zapskaeTcs 10
HaNpsSKEHHs%, PABHOIO MAaJCHHIO HaNpsXKCHUA HA RI. Korna
YIPaBIAKOIHI HMIYTbC MOAAETCA HA TUPHCTOP T2, HanpAXKeHHe
KoHAelicaTopa, Gyiyu MPHIOKEHHBIM B 00PATHOM HANPABIEHHH K
tipuctopy T1, 3akpeisaet ero. O1HOBPEMEHHO NPOUCXOIUT NIEPE3APAN
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Puc. 5.21. [lpuyOMnnanbHasg cxeMa
HMIIYIbCHOTO YIIPaBiASHH
ACHHXPOHHBIM JIBUTaTENEM
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KOHLRGHC&TOpE;. Hannyne HHAYKTHBHOCTH ABHIATEINS IPHBOUT K TOMY,
UTO IPOUECC MePe3apsia KOHACHCATOPAa HOCHT KONeOaTenbHeIH
XapakTep,  BCJIECACTBHE dYero Tupucrop T2 3akpeiBaeTcs
CAMOCTOATENBHO (0€3 NoTa4YH YNIPasIAOIINX CUTHAJIOB), & Lierb POTOpa
OKAa3bIBAETCA PA3OMKHYTOH. 3aTeM 110J4€TCs YIPABIAIOUIHH HMIIYIILC
Ha THpucTop T1 1 nponecch NOBTOPSIOTCA.

Taxum 00pazoM, IpH NEPHOANUECKOR MOaYe YIPAaBIAIOLIHX
CHPHAIIOB HAa TUPHCTOPBI KAKYH0-TO YACTh MEPHOMIA B POTOPE NPOTEKAET
TOK, OTPEAENSEMbIH CONPOTHRIEHHEM pe3ucTopa RI. B apyryio nacts
NEPHOIA UEEL POTOPA OKA3BIBAETCA PA3OMKHYTOH H MOMEHT,
pasBUBaeMBblil ABUIATENEM, paBeH HYMIO, a ero pabodas ToYka HaXo-
JMTCA Ha OCH ckopocreil. Msmenss otHocutensnyio I1B tupucTopa
T1 B TeueHHe NepHOIA, MOKHO NONYYATH CPEAHHIl MOMEHT ABUIaTEIIs
OT HyJIsl 10 MaKCHMAIIbHOTO 3HA4YEHHA, COOTBETCTIBYIONLIErO paboTe Ha
PEOCTAaTHOH XapaKTEPHCTHKE IIPH BBEIGHHH B LIETh POTOPA PE3UCTOpa
R1. Ilyrem Hcronb3opaHus pa3znuybix OC MOXKHO IONYYHTE
XAPAKTEPHCTHKH JKENAEMOro BHIa B olnacTH, OrpaHH4MeHHOHR OCHIO
CKOpPOCTEH U PEOCTATHOM XapaKTepUCTHKOH. [ nepexosia B ofnacTs,
OTrpaHHYEHHYIO PEOCTATHOH H eCTECTBCHHOH XapaKTepHCTHKAMH,
HYXHO, uTo0bl THpHCTOp T2 OCTaBajics BCe BPEMS 3AKPLITBIM, a
THprcTop T1- OTKpPEITEIM. 3akopauHBas pe3ucTop R1 ¢ momoueio
THpUCTOpa T3, MOXHO MTaBHO U3MCHATEL COIPOTHBIEHHE B LENH PO-
TOpa OT 3HaYeHHs R1 10 Hynms, 0DecneunBas TeM CaMbIM BLIXOM JBH-
ratesisy Ha €CTECTBCHHYIO XapaKTepHCTHKY. MMIyascHRIR peikiM pa-
GoTbl ABMTaTENs ¢ KOMMYTaUHEH B UEIH POTOPA MOXKET OBITh OCY-
LIECTBIEH H B PeXHMe AHHAMHYECKOTO TOPMOKCHHA.

THPHCTOPHBIE MEKTPONPHBOAB! IOCTOSHHOTO TOKA TI0 CBOUM
XapaKTEPUCTHKAM B HAHOONBINGH CTENCHH YAOBICTBOPAKT TpeboBa-
HHAM, NPeNBABICHHBIM K KPaHOBBIM MeXaHu3zMaM, OaHako npHMe-
HeHHe HX ONPaBAAHO TOABKO JUIS MOLIHBIX KPAHOBBIX MeXaHH3MOB {50
kBT u BhimIe), a Tawke B TeX ciydasx, Koraa TpeGyloTes 0onbiuoi
JAHANA30H perynHpoBaHusa ckopocTH (Ooee 10:1) u cneuuanbHble
Mexanuieckne xapakTepHcTHkH. Haubonee nenecoobpasHo He-
TI0JIE30BaHHE 3MICKTPOIPHBOLOB ¢ THPHCTOPHBIMH IIpeo0pa3oBaTens-
MH (cucTema TII-J1) B MeXaHH3Max KPYNIHBIX NIABYYHX, NOPTATBHBIX
H MOHT2XHBEIX KPaHOB, & TaKXe¢ KPaHOB METalllypruucckoro
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[IPOM3BOACTRA {JIMUTEHHBIX, PA3THBOUHBIX H IP. ).

Ha prc.5.22 noxazaus! HanOomee pacipoCTpaHeHHbIE IPHHITH-
NHANBHBIE CXEMBl PEBEPCHBIIOTQ KPaHOBOTO MISKTPOTPHBOAA C
Tpex(pasHbIMH THPHCTOPHEIMH NPeodpa3oBaTe/IAMH.
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Puc. 5.22. [IpMHIHNHANBHHE CXEMBI PEBEPCHBHOTO KPAHOBOIO YIEKTPOIPUBOAA €
Tpéx(pazHEIMH TRPHCTOPHEIMY TpeodpasoBarefisaiMi: a) Hynesas; 6) MoCcTOBAA

Paccmorpum paboty npeobpasosarens (puc.5.22,a) B paznuy-
HBIX pexkuMax. JpurarensHeld pexxum B | (11I) xBagpauTe ocymie-
crBiAercs, korna TipHcTopel T1, ..., T3 (T4, ..., T6) pabotaior B pexuMe
BEIIPAMIIEHHA, a THpUcTopE! 14, ..., T6 (T1, ..., T3) npu 31om Jubo
3aKpbIThL, MO0 noaroTosneHe!l 418 paboTsl HHBepTOopoM. Bo 11 (IV)
KBajgpaHTe rpynna tHpuctopos T4, ..., Té (Tl,..., T3) asnaetca
HHBCPTOPHOH, a OcTaJbHas UX rpynma nubo 3akpuita, aubo
NOArOTOBJIEHA 1S PalOThl B PEXKUME BEIIPAMICHHS,

IIpuMeHAOTCA HECKOJNBLKO c¢noco00B ympaBieHHs
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PEBCPCUBHBIMH KOMIIJIEKTAMH THPHCTOPOB. TIpu coBMecTHOM
YIIPABNEHHH YNPaBIAIOUIME CHIHANBI TOJAI0TCS HA 00 KOMIIEKTA TaK,
uT0ObI Cpeaee sHadeHHe JIC MHBEPTOPHOR MPYIITIET He BHLI0 MEHBLIE
OAC BeinpaMuTenbHON. 104 neHcTBHEM PAa3HOCTH MIHOBEHHBIX
3HAYCHUA [POTEKAIOT ypaBHMTE/IbHbIE TOKH. IS HX OrpaHHueHHs
CIY>KAT ypaBHUTENbIbIC peakTopel YP1 1 YP2 (eM. puc.5.22,4) unu
VP1, ..., YP4 (puc.5.22.,6).

7Y Mexaunyeckue xapaxrepuc-
"L THKkH cHcTemsl TII-J (puc.5.23)
————

N0A0OHE! AHAMOIHYHBIM XapakTepPHC-
2 THKaM cucTeMsl I'-/1; oHu nHHERHL K
- >M obecneyMBalOT MIABHBIA Mepexo/ H3
/ BLIIPAMHTEJIBHOTO  peXHMa B

——] HHBEPTOPHBI.
LY Crneayer OTMETHTB, UTO
Puc. 5.23. Mexamueckie 1enecoodpasHOCTh IPUMEHEHHS HA
xapakTepueruky cuctemu TIL-J]  KpaHax cuctemsl TII-JI B oraensHbx
TIpH IMHEHHOM (1) 1 HenMBeHHOM  CNYUAAX TIPENCTABIACTCH CHOOPHOM.
(2) cornacoranmax Jeno B TOM, YTO HaJeXKHOCTL (BpeMs
GesoTkaszHOl paboTbl) THPHCTOPHBIX D] MOCTOSHHOIO TOKA MOKA Ha

50+70% Hixe HamesxkHOCTH crucTemsl -]1.

5.10. DaexTponpusonsl ¢ HKK B menu poropa
ACHHXPOHHLIX Ga3HBIX MICKTPOABHTATEIEH

HpHHHHH HMITYJILCHO-KJIHYEROro ynparjIeHH A

PaccMoTpeHHBIE paHee MIEKTPONPHBOAB ¢ KOHTAKTHO-
KOHTPONJIEPHOH annapatypoi yrpapienus Gnarogaps CBOeH pocTore
M HEBBICOKOH CTOMMOCTH 3aHHMAKT NMPEByaJHPYIOLEE MECTO B
MPOMBIIUIEHHOM NIPOH3BOACTEE. OMHAKO MOBBMICHHE TpefoBanui K
KPaHOBEIM IPHBOAAM MAaCCOBOTO IPHMEHEHHS CTABHT 3a/lauu
3HAYUTEIBHOIO YIYUIICHHA HX TEXHHKO-3KOBOMHUYCGCKHX nokasarenei
Bes CYIIECTBEHHOTIO YBCIHYEHUA CTOUMOCTH H YCIOXKHEHHA
skcmnyatalui, OCHOBHBIM HAIPABIICHHEM PEILIEHHA YKa3aHHBIX 3a/1a4
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ABASETCA IIPUMEHEHHE CPEACTB MONYIPOBOAHHKOBOH TEXHHKH B
TPagMUHOHHBIX CHCTEMAX B IENAX MOBBILEHRHA KOMMYTaUHOHHOH
YCTOHUHBOCTH KOHTAKTODHO-KOHTPOJUIEPHOH anmaparypsl H
peanuzauny 0oNee paUHOHANBHBIX DEKHMOB PETYIUPOBAHHA H
TopMokeHHs. IIpocThiM TIPUMEPOM TAKOTO PEIICHUS SIBNAIOTCA
npHBedeHHBIe B § 5.4 JNEKTPONPHBOAH € JTHHAMHYECKHM TOp-
MOKEHHEM CaMOBO30YK/IEHHEM, B KOTOPHIX IPHMEHEH HeYNpaBIAeMbIH
JIHOAHBIH MOCT.

DNEeKTPOIPUBOAL! C UMITYILCHO-KITKMEBBIMH KOMMYTaTOpaMu
(MKK) B nenu poropa tha3HeIX ABUraTesiei obecnedHBarT q1anason
PErYIHMpPOBaHKA CKOpOCTH He Himke 10:1, 6ecTOKOBYI0 KOMMYTAIHIO
KOHTAKTOPOB ¢ JOBCACHHEM HX KOMMYTAUHOHHOH M3HOCOCTOHKOCTH
J0 YpOBHS MexaHnueckoi. Takue 3IeKTPONPHBOABI YKe BHCAPSHE! HA
pAJe KP2HOB MaccOBOTO MPOM3BOACTBA, U MX 0OIACTh MPUMEHEHHH
HenmpepelBHO pacmupsaerca. [IpHHOMII UMIYTbCHO-KIIOYEBOTO
YOPABACHHS 3aKIIOYACTCH B KOMMYTAlMU CHIIOBOH LelM poTopa
ACHHXPOHHOIO IBHIaTels THPHCTOPHBIM KOMMYTATOPOM, COOPAHHDBIM
no MOCTOBOM HIH TpeyronbHoH cxeMe. lipy 3TOM BKIKOUEHNE
THPHCTOPOB KOMMYTaTopa OCYWECTRAAETCS N0 CHIHANY,
nponopioHansHomy IC poropa, P NPEBBIIEHHE CKOTBLXEHHEM
NBHrarend 3aJaHHOro ypoBHHA, a OTKIIOYCHHE - B MOMEHT HX
ECTECTBEHHOH KOMMYTAIMH HA HacToTe CKOMbXKeHHs potopa. Ilpu
MMIYJALCHO-KITIOYEBOM YIPaBJIeHHH (akTHUECKH aBTOMATHYECKH
peanu3yercs PeKUM BKIOUMEHHA OTKIIOHCHHA DMEKTPONPHBOAA €
MATKHMH MEXAaHMYECKHMH XaPaKTePUCTHKAMH, OCYLIECTBIAEMBIN
OIEPATOPOM 1A TIOIydeHHs TpeOyeMOH YCTaHOBOYHOH CKOPOCTH.
OHAKO NOIY4aeMbIH IIPH 3TOM AHANa30H PEryTHPOBAHHS CKOPOCTH B
HECKOJILKO Pa3 [IPEBEIIAET AOCTHIAEMBIH B TPA/HIIMOHHBIX CHCTEMaX,
@®OopMHPOBAHHE NMYCKOTOPMO3HLIX XapakTepHCTHK TPH 3TOM He
OCYILECTBIIASTCH, H YIPARICHHE 2NMEKTPONPHBOAOM BO BCEX OCTaNIBHBIX
PEXHMAX HE OTIIMYACTCA OT OOBIYHBIX CHCTCM,

Bnexrponpusoasl ¢ MKK pa3paboTaHsl Kak 1S MEXaHH3MOB
noaLeMa, TAK # AN MEXAHH3IMOB NEPEABHKEHHR B OLHO- U
JBYXIBHIATCTEHOM HCTIOMHEHHH. 11 MEXaHH3MOB MOObEMA HA HMX
ocHOoBe BhINyckawTcd nanenw Tuna KCIB npns kpaHOB
MeTaNTyPriyecKOro NpOH3BOICTEA C MOLIKOCTAMH JIBHraTenei ot 40
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a0 200 kBt ¢ 6ecTokoBoM KOMMyTauueH H Golee NpoCTsIe MMaHENH
ofmienpoMpiieHHoro Hasnaderns THia TCAM. Jns MexaHH3MOB
[Iepe/IBMKEHM TakKHe INEKTPOTIPHBOAB BRIMYCKAKOTCA KaK ¢
KyNauKOBBIMH KOHTPOJIIEPAMH, TAK ¥ ¢ ITAHSIIAMH YIIPAB/ICHUS TONBKO
AnA neneit peryTMpOBaHUsA Ha Te e MOLIHOCTH, YTO ¥ TPAAHLHOHHBIE
snekTponpusoasl cucTemsl KK-J1 v KK-AJ

Cxemsl IeKTPONPHEBOAA nogbeMa

Ha puc.5.24, mpHBeJCHA CXE€MA IEKTPOTNPHBO/IA © AHCIBIO
KC/B, B koTOpOi NpHMEHEHHE THPHCTOPHOTO KOMMYTATOpa B LENH
poTOpa M KOHTAaKTOPOB ¢ 0e31yroBoi KOMMYTAalMel B LETIH CTaTOpa
IpH COBMEIIEHHY TPAJAKIMOHHEIX METONOB PETYIHPOBAHKA C
MMOYALCHO-KIKYEBBIM yIIPABIEHHEM TO3BONHIO CO3/ATh
BBICOKOA)PEKTHBHYIO cHCTeMY. MEXaHHYECKHC XapaKTePHCTHKH
aneKkTponpuBoaa mpusedess Ha puc.5.25. UKK B sroii cxeme
MCTIONB3YeTCA LIS TMONydeHns XapakTepucTikn 111 1 obecneuenus
GecTOKOBOM KOMMYTAlluK KoHTakTopos yckopenus KMIY-KM4Y u
nvHaMuueckoro TopMoxkents KM B nenn potopa. XapakTepHCTHKH
211-41T u 4C- oBsIuHbIC PEOCTATHLIC XAPAKTEPUCTHKH ABHTATECIA, 2 Ha
xapakTepucrukax 1C-3C gsuratens paforaer B pexuMe
AMHAMHYECKOTO TOPMOXKEHMs camMoBo30yxaenneM. besayronas
KOMMYTALUA 1eTielf CTaTopa AOCTHIAeTCA MPHUMEHEHHEM IHHEHHOTO
korTaxTopa KMM ¢ THpHCTOpHEIMH Onokami. ITpH 3TOM KOHT&KTOPEI
uanparnenus KM1B n KM2B oTtknouantea ¢ 3aepKKOH 1o
OTHOIEHHIO K KoHTakTopy KMM, a nipr oTKTiouenuy konTaktoe KMM
TOK NEpeX0AuT Ha IIYHTHPYIOMIHE MX THPHCTOPSHI) KOTOpHIE
3aKpHIBAIOTCA MPH TEPEXOLE TOKA Yepe3 Hylb. YIpPaBIeHHC
THpHCTOpaMH ocyluecTpiieTcs pene KH1. Ynpasinenne THpHCTOpaMH
mocta MKK UZ1 B pexiMe 0eCTOKOBOH KOMMYTAalLlMH KOHTAKTOPOB
POTOPHOH LENH MPOMN3BOIHTCA 11O UEMH, COCTOAMEH U3 PAasMBIKAKIILIMX
KOHTAKTOB KOHTaKTOPOB POTOPHOH LIEMH H KOHTPOIHPYIOLIHX HX pene
KT1, KT2 u KTS5. IIpu 3TOM OTKJIOHYEHHE 3TUX KOHTAaKTOpOB
TIPOHCXOAMT [IOC/IE OTKNKYCHHSI THPUCTOPOB MOCTA.

[uranue uend yrnpabneHua HKK nponsBonuics oT TpaHc-
hopmatopa T2 u sempamutens UZ4. Pene KT6 ocylecTRaseT
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KOHTPOJIb 3TOH uenH, Jng obneryesus KoMMyTalun KkoHTakTOpa KM 1
moct UKK wyntupyercs cnnosem muogom. Jis obecnedenns
xapaxrepuctuxd 11 ynpasnenne UKK ocymectangercs or J[C
pOTOpa ABHTATENA 110 UeNH: BLINPAMETENs H UZ3, pesuctops R2 u
R3, crabnautpon VD, BRIMONHSAOWMI pols KIOYEBOTO IeMEHTA,
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pesucropst R7-R9, ynpasnso-
IUHE 3NEKTPOIBI THPHCTOPOB.
Hannune uenw o6partnoi
cBasn no DIC mozsonser
TAKKE HCKIMOYHTE ABAPHIHEA
PEXHUM pa3pbiBa POTOPHOI
LeNH, BEPOATHOCTL CO3NAHHS
KOTOPOTro BO3MOXKHA H3-3a
. BoNBINOTO YHCIa KOHTAKTOB B
! f || uenmynparnenus THpHCTOpa-
' 1 Rk | M. Ilpn stomM B cayuae
‘ ) L - HecpabaTLIBAHHA KAKOTO-JIHGO
Puc. 5.25. Mexanuyeckue XapakTepHcTHKN KOHTAKTa YBETMYCHHE CKOPOC-
INCKTPOTIPUBCIA M0 Cxeme pHe.5.24, TH JIBHTATCIS BHIILE J0MYCTH-
MOH [PHBOIHT K BKIIOYEHHIO CTaOHNTPOHA H OTKPLITHIO MocTa UKK.
[oanurka nBUraTens B peXuMe JMHAMHYECKOTO TOPMOKCHHS
BBUTONHEeHAa OT TpaHchopmaropa Tl u mocta UZ2. Orta nens
KoHTponupyetcs peie KH3. IToMuMo 0OBIYHBIX BHIOB 3aIHTHI B CXeMe
HMCCTCHA 3aIHTA OT IPEBBIIEHHs CKOPOCTH, BHITIONHEHHAA € TIOMOIL{BE
uenTpobexknoro pene KV. B ocraipnom pabora namenn KCIB
aHanornuHa paGote manenu TC/L, paccMoTpennoii B § 5.4.
Ha puc. 5.26. npusesieHa cxema neKTPOIPHBOAA C TTAHCIBIO

| . 3¢

- TCIH. Ilo npuHIMNAM NOCTPOEHUH paccMaTpHBAEMas CXeMa

OTIHYACTCA OT 3eKTponpusoaa ¢ navenpto TCI Hanu4uem yina
HMIYTBCHO-KIIOYEBOTO PEry;IHPOBAHHS, MO3BONAKIEr0 NOIYYHTE
Manyr cTabulIbHYI0 CKOPOCThH B HANMpaBleHHM MOIbeMa (Xa-
PAKTCPHCTHKH aHAJOTHYHBI MPHBECAEHHBIM HA puc. 5.24, 3a
HCKIIIOUCHHEM OTCYTCTBHA XapaKkTepHcTHku 411). Vaen UKP prniouaet
B ceds THpHCTOPBI VS 1-VS3, hopMHpoBaTeh HMIIYIECOB A OIITPOHE
VS84, pacupenenurens HMIynincoB Ha pesucTopax R2-R4,
H3MEPHTEIpHBIH MoCT UZ2, noaxmoveHnbii K uenH poTopa uepes
konneHcatophl C1 ¢ BrIX0A0M Ha pesuctopst R7 1 RS, cTabumutpoms!
VD11 VD2. B cxeme npuMeHEHBI [IOTYTIPOBOAHHKOBEIE peiie BpEMEHH
KT2-KT4, ycnosHo nokazaHHble B Lenu YTIPABAECHUSA OIOKAMH, CXeMa
KOTOPHIX [IPUBEEHA OTHEABHO.

Brisiepikka BpeMEHH Ha BKIIOYEHHE KOHTAKTOPA CKOPOCTH
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Puc. 5.26. Cxema 3MeKTpONpHBOAa MEXanH3Ma nonbEéma ¢ nakensio TCIH

olpejenaeTcs BpeMeHeM 3apsifa KoujaeHcaropa C2 10 3HaueHHs
HANpSKEHHA, OTKPHIBAKOIIEr0 OoAHONMepexoaHod Tpansuctop VT
Cpabatbisanne VT NPHBOJHT K OTKPBIBAHHIO THPHCTOPA VS35,
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TIOAAIOLIEN0 TIMTAHHE HA KATYIIKY KOHTakTopa. Pesucroper R17-R19
BXOJIAT B LIEMB 3apAja KOHAEHCATOPOB COOTBETCTBYIOIIHX PENle yepes
auonet MocTa UZ3. Penre KH3 ocymecTBIseT KOHTPOIb paBboThl CXEMBI
B pexuMe UKP, pikmouas kontakrop KM2 npu npesbienuy
CKOPOCTBIO OHpPEeNeSHHOI0 3HAYEHH.

CxeMbl JIEKTPONPHBOAOB MEXAHHU3MOB IEpedBHKEHH S,

Hns MEXaHU3MOB NEpPeABHKEHHA INEKTPONPHBOILL ¢
HCIIOMB30BaHHEM HUMMYIbCHO-KIIOYEBOrO YIIPARIEHHA CTPOATCA MO
Pa3IHYHLIM CXEMaM B 3aBUCHMOCTH OT NMpPebsBIAeMEIX TpeOOBAHHKIA.
Ha puc. 5.27 .nprpenena cxema JByX ABHTATENBHOTO 3EKTPONPHBOIR
C YNpaBJIEHHEM OT CHIIOBOTO KyIa4koBOTO KOHTpomrepa KKT62,
OpUMeHAeMas AnA KpaHOB obilerdeHHOro THNa. B 3Toif cxeme
HUMITYIBCHO-K/IOYEBOE YNPABIEHHE HCIIONB3OBAHO ANS MONYYEHHS
AOBOJOYHBIX CKOPOCTEH MEXAHM3MOB NIPH AWAIIa30HE PETYIHPOBAHHA
10:1. MexaHHYeCKHE XAPAKTEPUCTHKH 3NIEKTPONPUBOAA TOKA3aHBI Ha
pHc. 5.28. 3a HCKITIOIEHHEM PeXHUMa MasIBIX CKOPOCTel, paboTa cXeMbl
AHAIOTHYHA YIPABICHHIO OT KyJIa4KOBOr0 KOHTPOILIEPA.

KOHTaKTBl KynaukoBOTO KOHTpOJIepa SM BLIBOIAT ciyneHn
PE3UCTOPOR B LENHU POTOPA, a PEBEPC IBHraTeNd OCYIIECTRISETCH
KoHTakTopamu pesepcopa K.MIB 1 KM2B. HMmuynscHo-KI0ueBEIe
KOMMYTATOpbI 000MX ABHraTeNIeH BBIIOMHEHBI 110 TPEYTO/IBHEIM CXEMaM
Ha TUpHCTOpax VS1-VS6. B cocras y3na ynpasiieHHs KOMMYTaTOpOM
BXOIAT H3MepHTeNbHbIe MOCTH JC apurareneii UZ1, UZ2, sneMesT
C peryaupyeMBIM IOpOroM cpabaTeIBaHHA, BHITOMHEHHbINA HA CTaOUTH-
Tpore VD, dopMHpoBarens UMIYIbCOB, BHIMONHCHHBIA Ha ONTPOHE
YS§8, pacnpesenutenu UMIOynscos Ha adogax VI-V3 u V7-V9 u
pesncropax R1 u R2, Bemmpamnstomue guoasl V4-V6 u V10-V1i2,
AENHTENb HAIPSHKCHUA Ha pesucTope R3 M noreHunomerpe R4, Uz-3a
BCTPEYHOrO BKTIOYEHHA BLIIPAMHTENSH Ha AHoAax V4-Vou V10-v12

CHIHAJl YNPABJNEHHS MOCTYNAacT HA THPUCTOPHI KOMMYTATOPA TOTO
ABHTaTENA, CKOBXKEHHE KOTOPOTO BbILiie, 3 BCTPEUHOE BKIIOYCHHE
mocToB UZ1 n UZ2 ofeciieunBaeT 1 ynpaBleBHe KOMMYTATOPOM MO
CKOJIBXKEHHIO TOrO e ABurarens. Brnaronapsa stomy B onpegenenHoii
CTENEHH NOCTHI4EeTCSA BLIPABHHBAHME 2aCTOT BPAIUEHHS W Harpy30K
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IOBHTATEIS.

Jlna monydenus XapakTePHCTHKY 2 4acThb COTPOTHBICHHS
noTeHnHoMeTpa R4 zakopaunpaerces KOHTAKTOM KOHTpomiepa SM11,
H TeM CAMBIM H3MEHAETCHA YCTAaBKa CKOMbXKEHHUA IBHTATeNls.
Koutponiep ofecrieuiBaeT MATHNO3MUMONHOE ynpasnenue. [lpn
nepeBoae PYyKOATKH KOHTpOJUIepa ¢ MHOOOH MO3HUHK B MO3HUMIO 7
MEX4HH3M TOPMO3HTCA Ha

: __“_““\ csoboaHoM Beidere, Ha Hyneepom
- [I0JIOKCHUH HAKJIAIBIBACTCA
,,‘ . MeXaHHYeCKHIT TOPMO3, KaTyIlIKa
' ~ IAEKTPOMArHHTA KOTOPOro MOf-
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Puc. 528, Mexauudeckue xapaktepuc- OOMOTOK CTATOPA NBHIATSHEH.

THKH 3/IEKTPOIPHBOA NC ¢xeme puc. 5.27. Ipu HeOGXOMHMOCTH BO3MOXKHO

OCYIECTBHThL TOPMOKEHHE B PEKUME IPOTHEOBKIIOYEHHA IIEPEBOAOM

t";" PYKOSATKH KOMaHIOKOHTPOJJIepa Ha IIOIIKEHHE | TTPOTHROTIONONHOTO

EZF'P"H Hanpapiaeuus. Ilpu OBICTPOM IepeBoje PYKOATKH KOHTPOJIEPa B
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Puc. 5.27. Cxema ABYX/(BUIETCIIBHOTO

JNEKTROOPRBOIA MeXaHK3Ma [EPCABIKEHHA €

HMITYILCHO-KIFMEBhIM PCTYIHPOBAHHEM H
VIIPABICHHEM OT KYTAIKOBOTO KOHTPOLIEPA

!

M2

F/ﬁ
vse

KpaiiHee [oNoKeHHe CXEMOH NpeayCMOTPeH aBTOMarnYeCKHH MyCK 1o
peocratHoit XapakTepucTHke 27, Bnaroaaps 3a/lepXkKe BKIOYEHHS
xouTakTopoB KMI1V u  KM2V, BrmonHaemMoil ¢ MOMOILbIO PElic.

g[ epeMenu K.T. [IpH 3TOM 31€MEHT ¢ PErYIHPYCMBIM HOPOTOM
? ; cpabaTeIBaHHS mMyHTHpYeTcs koHTakToM pene KH wm curHanmer
yNPaBIeHHA Ha TAPHCTOPBI KOMMYTATOPE MOAAKTCA TOCTOAHHO, IIOKA
KOMMYTATOp He OyIeT 3alIYHTHPOBaH KOHTAKTOPaMH. 3alUMTa NPUEONA,
KOHEYHAs U MaKCHMAIThHAas, BhIHECEeHa Ha THHEHHBIH koHTakTop KMM.
KOHTAKTOPHI U pele PAacllONOKEHEl B OOIIEH NAHENH YIPABICHUHS

-..H , KP@HOM.
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COOTBETCTBYIOINHE el MEXaHHYECKHE XapaKTePHCTHKH - Ha puc. 5.30.
B oTauune ot cxema puc.5.27 31ech aBTOMAaTH3IHPOBAHE] PEXKHMBI TYCKa

H TOpMOXeHusa H oDecriedeHa J0BOACUHAA CKOPOCTH B TOPMO3ZHOM
PEXRHME.
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, . ceba  KOMMYyTaTopsl Ha

— TupucTopax  VSI-VS6,

U3MepHTEIbHBIE MocTel UZ ] -

UZ2 ¢ ¢unerpom R5-C1,
JACIHTENDL HANPSKEHHI Ha

] pesucrope R3 u noren-

_ i ‘ | | nHomerpe R4, smement o
08 <04 g 04 08 12 16 MM

"™  DETYIHPYEMBIM MOPOTOM
Pue. 5.30. Mexanwdeckde xapakTepHcTHrR cpabarbiBanus Ha cTaBHIH-

JJIEKTPONPHBO/A 10 CXEME PHC. 5.29, tpore VD, dopmuposatens
HMIIyIBCOB HA ONTPOHE VS8, pacnipeeIHTeNs UMITYIIECOB Ha JMOTAX
V1-V3, V7-V) u pesucropax Rl u R2. B uens ¢TaTopa Kpome
JIHHEHHOTO KOHTakTOpa KMM BriHOueHw] KoHTakTopel KMIB 1 KM2B,
YTpaBneHHe CKOPOCTEIO OCYINECTRISETCS KOHTAKTOPaMH YCKOpPEHHs
IKMVI1-1KMV4 u 2KMV1-2KMV4, Ha no3unun 1 koMaHgo-
KOHTpOILIEpa MPUBOL HE BKITIOYARTCS, a Ha NIO3HIHAX 2 1 3 paGoraet B
HMIYTHCHO-KMIOYEBOM PEKUME, NIPUYEM IS HOLyYeHHs Xapakre-
PHCTHKH 3 BriiodaeTcs koHTakrop 1KMV1, BeiBogamuii gacTs
COTIPOTHBICHHA POTOPa W MEPECTPaHBAIOIHH YCTABKY CKOMbKEHHS
H3MEHCHHUEM COTIPOTHBIEHHA MoTeHuHoMeTpa R4. Ha ocTambHbIx
TTO3HUMAX KOMAHROKOHTPOJIIEPE OCYLIECTBISETCS NYCK IBHIATENS MO
PEOCTATHBIM XapaKTEPHCTHKAM 4-5 [IPH 3aKOPOIEHHOM KOHTAKTOpaMH
IKMV2 1 2KMV2 kommyTarope. ITpu o6parrom NEPEBOJE PYKOATKH
KOMAHJIOKOHTPOTIIEPA B MONOKEHHE | BKAIOWACTCA PeBEPCHBHEIA
KOHTAKTOp HPOTHBOIIONOKHOIC HAMpaBIAEHWS, H JABUIaTelh
MEPCBOAHTCA B PEXHM IIPOTHBOBKIIOYEHHS HA XapaKTEPHCTHKY
HMIYNLCHO-KIIOYEBOro perynuposatis 1T. Ha 31od xapaxrepuctuxe
IPHBOX PaboTaeT € yCTAHOBUBLIEHCA CKOPOCTBIO IPH HATHYHY
TOPMO3HOTO MOMEHTA HIIH OCTAHAB/IMBAETCA HPH €70 OTCYTCTBuM, Ha
HYJIEBOH TMO3MIUMH KOHTPOJIEPA OTKIHYAETCH koHTaktop KM u
HAKTARIBACTCS TOPMO3. ABTOMATH3ALMA ITYCKOTOPMO3HBIX PEKHMOB
\f BBRITIOJIHACTCA ¢ noMowblo pene speMmenn KT1 w KT2. 3amuta
{ l,,/] JNEKTPONPHEONA THIIOBAA H OCYIIECTRISETCA MAKCHMATLHEIM pere KA
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Prc. 5.29. Cxema 3/1eKTPONPHEA0NAa MCXAHHIMA TIEPCABIKEHNA €
IAHENBI0 YNPABICHNHA i HMIEYECHO-KITKOMEBBIM PErYIHPOBAHHEM
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CHCTEM THKEN0r0 PeXuMa paboTel METANTYPrHUECKOr0 IPOU3BOACTBA
npuBedeHa Ha puc. 5.31, a COOTBETCTBYIOMME €l MEXaHHYECKHE
XapAKTEPUCTHKH - Ha puc. 5.32. B cXeMe KOHTAKTOpBI MCIIOIB3YIOTCH
TOMBKO B LlenAxX cTarop- nuHeiiHslit KMM u pesepcopa - KMI1B u
KM?2B, a taxxke TopMo3Hoit KM1 B neny 2ICKTpOMarduTa TopMosa
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Puc. 5.31. Cxema 3IeKTPONPHBO/A HEPEABHKEHHS 113 KPAHOB TAKEIOTO PERUMA
paboThl ¢ UMY LCHO-KIIOYEBLIM DETYAMPOBAHHEM
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Puc. 5.32. Mexammeckue XapakTepHCTHKH MEKTPONPHB0IA NO CXEMe puc. 5.31.

YA. KommyTaTop BBITOIHEH B BHIE TONYYNPABIAEMOIO MOCTA Ha
THprcTopax VSI1 - V83 w guonax VI - V3. Uamenenne cryneneit
pesucTopoB poropa R7 ocymecTsasercs tupuctopamu VS5 - VS7.
My NbCcHO-KITFOueBOM KOMMYTAaTop 06eCeUHBACT MPH 3TOM He TOALKO
PEryTHPOBAHUE HACTOThI BPAUIEHHS [ABHIATENs, HO M KOMMYTALHMIO
THPHCTOPOB B LieITH MOCTOSHHOTO TOKA B MOMEHT 3aKPHIRAHMA MOCTA,
Vnpaenenne UKK ocymecTrisercs mo tem xe MIPUHLHAITAM,
HTO M B PAaCCMOTPCHHBIX BBINIE CXEMAX, OMHAKO CXEMHBIE PELIEHHH
OTIHYAKOTCS. OCHOBHOE OTIMHYHE COCTOMT B MPUMEHEHHH B KAYECTRE
SMEMEHTA C PETYTHPYEMBIM IOPOTOM CpabaThiBaHus ONHONEPEXOTHOTO
Tpanzucropa V. TpaHsucTOp MOAKTIOMAETCS TakMM 00paszoM, UTO
[HOTEHHMATT MCHKIY 3MHTTEPOM M Nepeoil ero Gazolt onpenensercs
BRITIDAMIIEHHBIMH iMoZaMu VI-V6 nanpsxxenueM Ha pesdctope RS,
NPONOPLHOHANBHBEIM CKOJIBLKEHHID POTOPA, a MOTEHLMAI MEXTY
TICPBOH K BTOPOH Oa30# - BeMpaMaeHHbIM MocToM UZ 1 Hanpsiskennu”
ceTh. Takoe BKIIOUECHUE ITEMEHTA ¢ PErYNHPYSMEIM MOPOroM
CpadaThIBaHMA TTO3BONACT OGECTIEHTE CTAOMILHOCTD MEXAHUUECKHX
XAapAKTePUCTHK TpH KojiebanuMAX Hanpskenus cetu. [lpu
cpaGarbiBanuu Tpansucropa VT Brmodaetcs GopMmuposarets
HMITYNILCOB, B KA9ECTBE KOTOPOTO HCTONB30BaH THPHCTOp VS4, 1 yepes
pacrpenie/IMTes UMITYITBCOB Ha auoaax V7-V9 n pesucropax R1-R3
CUlHall yNpasleHUA MOCTYNAET HA YNPaBIAOLIHE IEKTPOIbI
THPUCTOPOB KOMMYTaTopa. YpOBeHb MOANEPKHBAEMOro Ha
XapakTepucTHkax -3 CKONBXEHHS 3aJaeTcid KOHTAKTAMH
KOMaHIoKOHTpOnepa SM7-SM9. Tlyck ABUraTess Ha XapakTepUCTHKY
4 TIPOMCXOIMT MO KOHTponeM pejie Bpemenn KT1 u KT2 qepes
NIpOMEXKYTOUHYIO XapakTepHcTHKY 4" Tlpu sTOM curdanel Ha
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BKJTIOYEHHE THPUCTOPOB MoaatoTes oT Beinpsmutens UZL v uepes
kontaktw pene KT1, KT2 u KHI. Ha nocneanem noaoxeHHH
KoMakZoKoHTponepa uenu ynpasnenads KK myHTHpyrores pene
KH] u xoHTakToM koMaHpokouTpoaiepa SMS. TlIpu stom MKK
paBoTaeT kak HeyNpapseMbli BoUIpAMuTeLs. Tiph 00paTHOM NIepeBOLE
PYKOATKH KOMAHIOKOHTPOJLTEPA CHIIKACTCS HAMPSKCHHE YITPABICHHA
tpansucropa V7, HKK 3akpbigaetcs, 4TO H I03BONAET IPOU3BOANTD
KOMMYTalUmio tHpucTopos VS5 - V87, Tlpu ycTaHOBKe PyKOSATKH
KOMAHAOKOHTPOIIIEPA B HYNEBOE [IO/I0KEHHE DIIEKTPONPHBOL PaboTaeT
B pesxuMe cBoGONHOTO BEIGera, NOCKONBKY KOHTAKTOp TOpMO3a KM]1
HAXOIHTCA HA CAMOTIONXBATE. TOPMOMKEHHE 3MeKTPOIIPUBOAA NPOH3-
BOJIATCA B PEXKHME TPOTHBOBKIIIOYEHHA Ha Xapakrepucruke T noa
xoHTposeM pene KH2, kotopoe wepes penie KHI1 orkirodaet nent
ynpapieHns THpHcTopoB VS5 - VST7. Pene KH?2 srarouaercs
rupucTopoM VS8 NpU CKOMBIKEHHH, DONBIIEM EAHHKLISI. Ilpu
CHUKEHWH CKOPOCTH IBMrATeNs 10 Hy/is THPHCTOp VS8 3aKphiBaeTcs
u pene KH2 u KHI no3somsior BLINORHATS MyCK B obpaTHOM Ha-
paBAeHHH.

Jamura MEKTPONPHBOAA THIOBAs: MAaKCHMalbHas (pene KA) n
koneunas (Bencmouarend SQ1 u SQ2), BosneHCTRYrOIME HA Tenb
KaTYWIKK JAMHCHHOIO KOHTaKTOpa. 3amura neneii yupasieHHs
ocywectangetcs npefoxpanmteasmu FUL 1 FU2, a ux OTKIIOMEHHE -
pyGutsHuKOM QS1.

5. 11. CTaTHdecKHe HATPY3KH 2TeKTPOABHTaTe el KPAHOB

CTaTHUeCcKHe Harpy3KH 37eKTpOIBHraTescH KpaHOBBIX
MEXAHE3MOB CO3IAX0TCSA CWIAMH TpeHus ¥ TKeCTH. MOMEHTLI 3THX
CHJ1 HA3BIBAIOT CTATHYECKWMH MOMEHTAMM HJIH MOMEHTAMH CHIL
CTATHYECKOTO COMPOTHBIEHHA. Pa3uyaior ABa BUAA 2THX MOMEHTOB:
peaxkTHBHBIE ¥ AKTHBHBIE (norenuma/bHbie). K 11¢pREIM OTHOCATCA
MOMEHT CHJI TPEHHS, KO BTOPBIM - MOMEHT CHJI THKECTH.

PeaxTHBHBI MOMEHT BCeT/ia HanpamRieH MPOTHBOIIONOKHO
ABWKYLIEMY MOMEHTY, aKTUBHBIH MOMEHT He H3MEHSIOLHHCA 10
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HaNpaBJICHUIO NPH HIMEHEHHH HAIPABIEHHS ABHAKEHMS pabouero
MEXAHH3MA KPaHa MOKET COBIIAJATD HIH ObITh IPOTHBONOIKHBIM C
HanpasJeHHeM JBHKYILETO MOMEHTE,

) Ilpu onpeaenenin MOLHOCTH 3MEKTPOIBUIATENEH BOHHKACT
HBODXO;EHMOCTL B [PHBEICHHH MOMEHTOB K KAKOMY - THOO ¢aHHOMY
BA1y, OOBIMHO K Bany ABMraress. PaccMOTpHM THIMYHBIE cyuau

pacyeTa NPHBCACHHLIX CTATUYECKHX HATPY 30K KDAHOBLIX MEXAHH3MOB
(moxbeMa u nepeMeLeHus).

Hoavem rpysa

Crarnyeckue MomuocTh (KBT) 1 MomeHT (Hwm), npuseneHHEIe
K By 3NeKTPONBUIATE IS

PC _ (F+F0)v ‘10_3;
Mnep
(F+Fy)D 6.0
M, = X 0% i
Zln?zep J

rae f'=mg- cuna THKeCTH NoMe3Horo rpy3a, H;
F,=m g- cuna TKeCTH rpy303axBaTHOTO yeTpoiicTsa, H;
v=FR_ - ckopocTk mogbeMa rpysa, m/c.
Ny KITJI nonseMHOr0 MeXaHn3Ma, YYHTHIBAIONIHIT 10TEpH Ha
_ TpeHue B pefyKTOpaX, Hapabane, MO ITMITHHKAX, IOJTHCHACTE;
I- HOJAHOE NEPEJATOTHOE YHCIIO C YYETOM KPATHOCTH
HOMUCIACTA,
D,- nnametp Gapabana, M.

Coyck rpysa

-
(TaTHY¢CKAs MOLIHOCTD, TPeOYyeMas OT 2NeKTPOJBHTATENS B
peRuUMe CIIycKa

P=p P (5.2)

4 mp o ap
roe Pmp— MOIIHOCTE, 00YCNIOBIEHHAS JSHCTBHEM CHIIBI TPCHUS B
KpaHOBOM MEXaHU3ME;



P'W- MOLLHOC L. 00VEAORIEHHAR ACHCTBHEM CHILbY TAHKECTH
CIYCKAIOULErOCs IPy3a.

B cooTBeTcTBHM ¢ (5.2) paznHuaoT CHAOBOH M TOPMO3HOH
cIyck rpy3a. CHI0BOH CItyCK IPUMEHAIOT IS ETKHX [Py3os P <P
OIyCKaHHe rPy3a OCYILECTRIAETCS NeKTPO/IBHIaTENEM, BKITIOUEHHBIM
Ha “crycK”.

TopMo3HO# cnyck HMMeeT MecTo npu P >P .

2p mp
ANEKTPOABUIATENb HCTIONbIYETCS JUIA CO3AAHMS TOPMO3ZHOTO MOMCHTA
CILYCKa.

Cratuueckue MolHOCTb {KBT) 1 MoMenT (HM) npu cunoBoM

CITyCKe I'py3a

Pon=Bpp—(F+ Fy)v-1073;
. 3
M, p = My, —(F+ F)Ds /(20) (.3)

C

3A€Ch

PTp=F0vv-1073 1= , KBT;
Mo

= M(l - 4)

M no), H'M.

P
Hy

TIpu TOPMO3HOM CITyCKe rpy3a

Plow=(F + Fo)v-m-107%;

Micn = (£ Fp)Dﬁ s (3:3)
2i
[JI¢ V, U T,- COOTBETCTBEHHO CKOPOCTE H KIT[ ripy TOPMO3HOM CIIYCKE
Tpy3a.
1,=2-1/M- npH MaJbIX rpy3ax KIT[ o6kiuHO onpenenseTcs TaKHM
BBIPRIKCHHEM.

3HaK cTaTHYecKoro MoMeRTa B (5.3) XapakTepu3yeT BHA
cnycka:

mpu M, <0- crryck TOpMO3HOH, M__>0- cryCk CHIIOBOH.

Bce nonmyteHHble COOTHOIEHUS MOTYT OBbITh HCIIONB30BAHS]
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ANA pacyera CTATHHECKUX Harpysok
OAHOKOHLIEBBIX HAKJIOHHbIX MOLXBEM-
Heix NeBemok (puc.5.33). 3necs
BMECTO BECA MOJHUMAEMbIX IPY30B
(m,,+m)g=( F“p+ F,) moncTaBiiTh
CAEKYET COOTBETCTBYIOUIEE 3HAUEHHE
HaTAKEHHS MNOABEMHOIO KaHata
nebegku F.

VYeunue B KaHATE ypaBHOBE-
LIHBAET COOTRETCTBYIOMYIO CHIIEI TA-
*ecTu F , ¥ CHILY COTIPOTHBJICHHA
Puc. 5.33. JBIDKEHUIO, 00YCNOBIEHHYIO TPCHHEM

F

mp’

F=F_*F mp:(mzp+mg)gsin Bikmp(m+m JgeosB  (5.6)
3nech IIOC COOTBETCTBYET TIOAbEMY, MUHYC - CILYCKY Ipy3a;
k,,=F,,/F - OTHOUCHHE CHIRI TPEHHS K CHJIC HOPMaTBHOIO
JIABJICHHA, kmp=0,08+0+ 15.
TOpH30HTAILHOE TOCTYNATENLHOE BHIKSHHE.
CTaTHYecKHE MOIHOCTh U MOMEHT MpH [IepeMEUIeHHH
Tes1eKKH (JT0TKA) ¢ TPY30M, NPUBCACHHBIE K BaJly JICKTPOABHraTe /i

_ k(m+ mg)yg(u-r+c)y _10_3, % Br

F

¢ RKT?

Mczk(m+mo.)g(y-r+c), Hom, (5.7
iy

rae mg=F- cuna TaxecTH nepemeimacMoro rpysa, H;
m g=F - cuna TAXeCTH CaMOTO MeXaHH3MA NEPENBIKCHHA, H;
V- CKOPOCTH NIEPEIBIDKEHHS, M/C;
R - pamuyc XonoBoro koneca ¢ L IHHPHHECKHM obonom, M;
F- pajlMyc IeHKH OCH XOZOBOrO Koneca, M;
k- K03 hULAECHT, yHUTBIBAIOIIHE YBEIMUCHHE CONPOTUBIIEHHA

IBHKEHHIO U3-3a TPeHUs pedopa XOI0BbIX KOJIEC O PEIBChI
(Tabn.5.7);
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k- K03 bPUIMEHT TPEHHS CKOThXEHHS B NOALHITHHKAX OLIOp Bajld
XOOBOrQ Koneca, mprHKMaemsblii parHeiM: 0,015+0,02 pnx

noawHnHAKeB kauenud 1 0,08+0,15 o1 nOAUMITHUKOB

CKOJIBAKCHUS

7)- KI1J] MexaHu3Ma MepeIBrxKeHus, onpenenseMulit mo 1adn.s.6;

I~ IOJIHOE MePeNaTOYHOE YHC0 [IPOMEIKYTOYHOH Nepeaayn
MEXaHU3Ma MePeIBHKEHH;
c- k03 DUIMEHT TPeHMs kadeHHs XOM0BBIX KONEC 10 pelibcaM

BEIOHpaeMbIil 13 TabnuLe! 5.5.

Ha puc.5.34, 1—6 Harpy3ka cOCTaBIsieT COOTBETCTBEHHO 65,
70, 75, 80, 85, 90% 0T HOMHHAILHOH.

Tabmuna 5.5
JIHRMETP XOA0BOND KIVECH, MM 200-320 400-500 630-700 | 800 | S00-1000
Pemc mockii, ¢ (03 05 06 065 07
PeITeC BRIVKILI, C i 06 08 10 12
Tabmuna 5.6
KITJ ang paznH4HbIX 3BEHLEB
o Tun Mexannimos KITJ npu onopax ]
Kd4YEHHA CKObIKEHUS
1 - 2 3
OTkpbITEC Ty0uaree Nepetays:
¢ UWIHKIPHYECKEMH KORECAMH 0,95+0,96 3,93+095
¢ KOHIYCCKMM K XOonECaM il 0.93+0.65 0.92+0,94
Fakpeitsie 3VEHATHIC FEPEAAYH ¢ WINHHIPHY CCRUM Y KONECAMH!
UpH rYCTOH cMaske 0,96+0,98 0.93+0.95
npH KUAKOA cMaiKe (Maca, Banwa) 0,07+0,98 0,95+0,97
YepaauHble nepeaayH:
[pH OAHOBAXOAHOM MEPBAKS 0.5+0,75
TiPH ABYX3AX01HOM SCpBRKE 0.75+0.8
Enoxi GapaGannpie Jna CTanbHbIX KaNaTos 0,96+098 [ 0,94+0.96
| 3youatwe Mydrb: 0,99
Mexauusmbl noanésa rpyla:
¢ UHAHHAPHYSCKHM M KOJIECAM K 0,8+0,85 I 0,7+0,2
¢ 4CpBAYHOI nepenadei 0,99
MEXanHIM bl LIepe JBMKCHHA TEICHKEK H KPAHOB!
¢ UMANHAPHYCLKHM I KONECaMH 0.8+0.9 ] 0,75+0.85
2 vepBaAYHON nepeaauci 0,65+0,75
MexaHHaM Bl MOpoTa:
¢ 3y0UdaTRIMH KONECAMH (,75+0.85 i 0,7+0.8
{ £ ucpBatoi nepeaaded 0.5+0,7

IR

Tadumua 5.7
3nayeHne ko iuimenta &

M exzanrm [pieon MexaHmsMa Oéon xomoesm x Tprmes s
KOTEC
Kpanosp@ eHrpameHse ot Komrie o 1,2
MOCT
Paznemesbmi wm Lnmmapie ciof © 15
LIEHTY AL H [ pefopgamm
L pers e oy 1,1 C GoxoBemm
(6ez pebopnuple HaIy AL MY
XOFOELIE IIEC) POTMKE VI
Kparopas Henrpamssnt Hmmsnpmaecend ¢ 5 ¢ MECTHHM
TEIE KK pebopramm TOKDIORECHOM
20 C HabeTREEIM
TOKDOOLB UM
———
_ o
/»—-—"’_r_’_'_’_—
sSO - ] T
/ _’/5 /""'_r_é__’_-:_r—-—"_'—?——‘
40 / 7 //,
P o
20 /
o 0.2 o.4 0.6 .8

Puc. 5.34. 3asucumocrn KITH 0T Harpyiky KpaHOBbIX MEXaHHIMOB

5.12. lunaMuyecKne HATPY3KH 3JIeKTPHIECKHX
IBMraTe/ieil KpaHos

[pu ITT1, cBsA3aHHLIX ¢ MycKoM, TOPMOKEHHEM M3MEHEHHEM
CKOPOCTH BpamaioUIHA MOMEHT XapakTepH3yeTCs OCHOBHBIM YP-M
JIBHXKEHNS

TMIM =M,
W3 TOII M| pasen

(5.8)
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/ GD dw ~
M, =g 8 -2 (5.9)
dt 40 dr
Ipu nocTynare/bHOM RBHKEHHH
d
LFFE =m— (5.10)
dt

rue £~ arokyuias cuna,
F’ - cuna cTaTyecKoro ConpoTHBIEHNA;
V- CKOPOCTB MOCTYNATENBHOTO ABIKEHMS TENA MACCOH -
Wa-3a Hav4us B cHcTeMe /] - KpaHoBSIH MeXaHH3M, pafa
BAJIOB, BPAILAIOILEXCA C Pa3sHBIMH CKODOCTAMH, AHHAMHHECKHE
MOMEHTBI PMBOMAT K OIHOMY Ba1y - 06buno K Baiy 1.
2 V2
Jop =Tyt S 4 T et [y + m g, (5.11)

rae J,- MOMEHT MHEPLMH POTOPA ABHIATE/S H BCEX APYTHX uacTei,
BPAIIAOIIMXCA €O CKOPOCTHIO poTopa, HM?;
JJ ... Jm- MOMEHT FHEpLIH 4acTeH CUCTEMbI, BPALUAIONIAXCA f;o
CKOPOCTSMHM, OTTHYAROIMMACS OT CKOPOCTH potopa I, Krm'.
[Ipu npuOMKEHHBIX PacueTaX MOMEHTbl MHEPIMH HacTeH
CHCTEMBI, BPALIAKIKXCA CO CKOPOCTAMH, OTIHYAIOLIKAMUCS OT
CKOPOCTH POTOpa MOTYT HE ONPEIENATHCS, HX BIHAHME YyHHTHIBACTCA
peefeHreM kodhduumenTa k=1,15.

2
an=‘UP+m(%) JKEME (5.12)

[Tpy ¥3BECTHBIX 3HAYCHHAX MOCTOBBIX MOMEHTaX (5.11)

MPHMET BUA

Gv?

2 0
[}

B AHHAMHHECKHX PEXKHUMaX TIOMUMO CTATUECKOH MOLIHOCTH
PACcXOyeTCs U AMHAMHYECKAS MOLLHOCTE, PACXORYETCH HA MBMEHEHHE
3anaca KUHETHYECKON SHEepPruH B €ro JABHKYLIMXCA 4YacTAX H Tpyse.
ITo3ToMY roTepy B MEXAHH3ME BO3PACTAkOT. Y 4eT ITHX TOTEph Tpebyer
BLUIOTTHEHHA OTHOCHTEIBHO CIOKHBIX PACHCTOB. [loaramy B

H-m2. (5.13)

(GD"),, = kG ,D; +4
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TIPAKTHYECKHX PACUETax ITH NMOTEPH YYHTHIBAIOT BBedeHneM KIIJI,
COOTBETCTBYIOLIEH 3aIpy3Ke MEXAHH3MA CTATHYECKOH M IHHAMHYECKOH
MoutHocTAMU. Tak npH pasroHe M TOPMMKEHHH COOTECTCTBEHHO
HMeeM:

2
(GD?),, = kG, D% + -A'—G-(-‘iJ :

n\w
2 (5.14)
(GD?),, = kG ,D? +4Gn{1] .
w

5.13 JaexrpocHabikenue KpaHOB

1. 311 KpaHoB B cOOTBREeTCTBHE ¢ [IYD OTHOCATCH K KaTeropuu
noTpedHTENe He HIDKE BTOPOH, U1 KOTOPOH JI0ITyCKaeTCH epephiB
B /IEKTPOCHA0KEHHH TONBKO Ha BPeMs NepeKTIOUeHHs MUTaHHs ¢
OCHOBHOH CeTH Ha pelepeBHYW. Pan KpaHOB: nutTeiiHble, JUIS
[EPErPY3KH B3PLIBOONACHBIX, SOOBHTHIX, PAAHOAKTHBHBIX I'DY30B
H HEKOTOPHIE JIPYTHE, OTHOCATCA K NPHEMHHKAM TIEPBOH KATETOPHH
M JONKHBl 00eCneYHBaTECH IMTAHUEM OT ABYX HE3aBUCHMBIX
HCTOYHHKOB, K NEPEPBIB MEKTPOCHADKEHHA MOKET ObITh TONBKO
Ha BPEMA ABTOMATHYECKOTO MIEPEKITIONEHHA Ha Pe3ePBHOE MHTAHMKE.

2. Kpanossle DIl mony4aioT nutaHue oT Tpex(asHbIX ceTeid

HepPEMEHHOIO TOKa 3aB0Aa W00 OT CIICLUHaJbHBIX €JHHBIX
00Ie3aBOACKHX CETEH MOCTOAHHOTO ToKa. OCHOBHBIM ABILETCA
Hanpsokenne 380 B u B nepcnekTuBe mnig KpynHbIX KpaHoB 660 B
nepeMenHoro toka yacroroi 60 I'u u 220 B nocTosHHOrO TOKA.

3. DnekTpocHalXeHME TIOBEMHBIX MEXaHH3MOB OCYLICCTRISETCH ©

MIOMOIIBIO TPONNIEEB HIM NOCpeAcTBOM rHOKoro xabens. [uOxmi
kabenb UCMOAbL3YETCA TOALKO B 0COOBIX ciydasx, KOria
HeIOMyCTHMA YCTaHOBKA Tponjiees (HaIpHMep B3PBIBOOMNACHBIE
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NOMEIIEHH U IP.), KOTIa TPOIIEH He MOTYT ObITh pa3sMeIleHbl KOTaa
NoXLEMHBIE MEXaHu3Mbl MCHONbL3YIOTCs Kpaline peako. B
OCTAJIBHBIX CIIYUasgX HCHONB3YVIOTCA TPOJNIACH, KOTOPHIE
BRIMONHAIOTCA OGLIUHO H3 CTAIBHBIX Ipoduneii (yronka, AByTaBpa,
wBeAnepa, KBAaApaTa) H NOMEMANTCA Ha CHELKORCTPYKIHAX C
NIOMOILBIO H30JIATOPOB W AEPKATEIICH,

4. PaccTOSHHE OT IIABHLIX TPOJJIEEB 10 YPOBHS 36MIH 3,5 M. H IIpH
Ud}:660B, a B Mpoe3kKeH 4actu He MeHee 6 M. YMEHbIIeHHE
YKA3aHHBIX PACCTOSHMH JOMYCKAeTCA NPH YCTOBHE OrPakKIeHus
Tponsees. [MaBHbIE TPOIICH KECTKOTO THMNA AOIKHBI OBITH
OKpAaIlleHHl B KPAaCHBIH 1IBET 33 MCKIIOYCHHEM KOHTAKTHBIX
nopepxHocteil. B MecTax moasoaa NMTAHHA YYaCTKH TPOILICCH
mauaod 100 MM. oxpamiMBaKTCH B COSAYIIHE LBETA TIPH
nepeMeHoM Toxe: dasa A - B KeThIH; Qaza B - B senensid; gasza C
- B KPaCHBI; NpH MOCTOSHHOM TOKE: IOOXHTENbHAA LIHHA - B
KpacHEIil; OTpULATEIbHAs IHHA - B CHHHI; HeHTpansHas - B Ocnbiid
useT. I'maBHBIE TPONIEN AOKHEE OBITH CHAOKEHBI CBETOBOH
cHrHangM3alnMedl 0 HaIH4YUM HanpsxkeHHA. [And cpeMma Toka ¢
TPOILIEEB CTYKAT TOKOCHEMHHKH, YCTAHABIMBACMEIC HA MOCTY.

5. PacueT 1 BLIGOP KOHTAKTHBIX IPOBOJOB, THTAOIIUX 3/ /18 KPaHOBBIX
YCTaHOBOK CBOMTCS K BEIGOPY IUIOIA/IH CEYEHHS YTOIKOBOH CTalH
tpomnees. OCyIIECTBIAETCA 110 IOTYCTHMOMY TOKY HAarpy3kH ¢
NoceAyIONeH POBEPKOH Ha JAOMYCTHMYIO [TOTEPI0 HANPAKCHHA.
JUIMTEIBHO JONYCTHMEIH TOK HATPY3KH [UIS Pa3TH4HBIX NPOQHIEH
YTOJIKOBO# CTasu NpHBENEH B Tabmimie 5.8.

Tabnuua 5.8
JInuTeNnpHG JOMYCTHMBIH TOK HArDY3KH /1A
paznTuYHBIX NpodHicH YIOTKOBOH CTAIH
Ne npodung | Pasmep npodinng, MM JavTennHo ONYCTH- 5, A/mm?
MBI TOXK Joon, A
2,5 25x25x3 163 0,0869
3 30x30x4 193 0,0536
4 40x40x3 278 0,0347
5 50x50x5 345 0,0276
6 60x60x6 416 0,019
7.5 75x75x8 545 0,012

Mposoa noAGHPAETCA ONMHAKOBLIM M0 BCEH JIHHC MEPEMEICHHS

MexaHU3Ma.

CymecTByeT HECKONpKC UPHOIMKEHHBIX METOJOB
OTIPEAENEHHA PACYETHOTO TOKA, OCHOBAHHEIX Ha OIBITE IKCTLIYaTaluK
KpaHOB. OJIMH K3 TAaKHX METOZOB CBOOUTCS K OLPEACICHHIO PacYeTHOIO
TOKa depes norpebniaeMyr H3 ceTd MowHoCTE P(kBT):

P=cP +bP (5.15)
rre P, - yCTAHOBICHHAS MOIYHOCTh Tpex HAHOONBLIMX B IPYIIC
npurareneit npu 11B=25%, kB1; P - cymMapHas MOLIHOCTh BCEX
asuratencH rpymmnet opu [IB=25%xkBT; c=0,3 u b=0,06+0,18 onbiTHEIE
KO HITHEHTEL

PacyeTHEI TOK 110 3TOH MOILIHOCTH paBeH
ana 311 nepeMeHHOTO TOKa:

;P10
ﬁUW cosQ,,’ (5.16)
s DI moCToAHHOTO TOKA
P10’
I=— (5.17)

wom
sneck U - HOMMHATIBHOC HAIPSDKCHUA CCTH, B
cos( ) - cpenuuii k03 HULHEHT MOHOCTH IBUTaTEHeH.

ITo monyyeHHOMY 3HaY€HHIO PAcHETHOTO TOKa BeIOHpaeM
HOAXOASIIAE PA3MEPBl YTONIKOBO CTAJIH COIVIACHO HEPABEHCTBA:

I S Idon
Ecnu sonycriMas Harpy3ka — TposuieeB 3afana npu [IB=100%, 1o
npu [1B=40% a1s nepeMeHHOro T0Ka OHa MOKET OBIThH YBEIHYEHA B
1,5 paza, a 114 nocTosHHOTO - 1,5+2 pasa.

Brifpaunsie TposuleH U NUTAOLIHE CETH NMPOBEPAITCA MO
JOTYCTHMBIM TIOTEPSAM HanpskeHUA. [1oTepy HanpsHKeHUS B CETH OT
NOACTAHLUH A0 ABHraTeNeH [IpH IPUMEHEHHH MyCKOBBIX (JIETKOBBIX)
TOKOB HC [IOJDKHBI TIpeBbLLaTh 8+12 % (MakcUMaNbHO JOMYCTHMEbIE
mo I1¥Y3 cocrapngor AU, =15%). Ot nmorepu MoryT ObITh
pacrpeneneHbl, Tak:

TJIABHBIE TPOIUIEH - 3+4,4;

" MarucTpaib 1O [MABHBIX TPOIIEER - 4+5;
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ceThb B Mpedenax KpaHa - 1+3.

[Motepn nanpsoxkennd AL/ (B) B nMTaI0ILEH CETH KpaHa MOXHO
ONpEAeUTE TI0 YIPOILEHHOM hopmyne

AU=ul]
3aech u- yaenbHas NOTeps HaNpKEHHS B YTONKOBOH CTAIH

(14=0,07+0,2) Gepercst u3 Tabmunnl 5.9;

{- pacCTOSHHE OT TOUKH NIPHCOEAMHEHHS NHTAIOUICH THHHH 10

KOHLA TPOJIJICEH,

I - THKOBRIH (TTYCKOBOI) TOK HATPY3KH.

MukoBeii (nyckoBo#) Tok / HATPY3KH ONPENCIACTCH B
3ABUCHMOCTH OT YHCIA KPaHOB, MHTAMOUINXCA OT JAHHOH CETH.
Hanpumep, npu ONHOM KpaHe ITHKOBBIH TOK (A):

IIPH JBYX KpaHax:

In=km.'[ 1HGM+IZHOM,
roe [, , - HOMMHATBHBIA TOK HauboMbILIETO ABAraTENs KpaHa;

I, - HOMMHANBHBIN TOK BIOPOTO 110 pasMepaM JBHraTens;
k- KpaTHOCTB IYCKOBOTO TOKA,

1, - HOMHHANBHBIH TOK HaKOONBLIETO ABUIATE/ BTOPOTC KPAHA.

Tabnyua 5.9
XapakTepHCTHKA IUTAKIEH CETH KpaHa

YaensHan MrkoBbiil TOk (A) npe paiMepax | Yaenskas | [Inkoweiii Tox (A) npu pasmepax
noreps  Ha-|yroaka TOTEpPE Ha- | Yrojaxa
MPAKEH BT OPAXEH N

50x50x5 [ 60x60x6 [ 75x75x8 50x50x8 | 60x60x6 75%75x8
0,07 97 111 140 0,14 214 259 334
0,08 110 130 168 015 232 280 362
0,09 125 150 194 0,16 250 300 390
0,10 140 171 222 0,17 277 334 427
0,11 158 193 250 0,18 304 368 472
0,12 177 215 278 0,19 333 402 520
0,13 195 237 306 0,20 358 436 502

[pu aHANHTHYECKOM pacueTe MOTEPb HAMPAKEHHA Ha
yyacTkax (%) MOKHO TIOTB30BATHCH CHIECUHANBHBIMH BRIPAKEHHAMM:
a) ans npoBonos, kabeneil # Tponnees npH paboTe Ha MOCTOTHHOM
TOKE:

_21,-L100
‘}/‘S‘UHO.M ’ /0 ;

6) i Kaberel U IpOBOJOE NMpH padoTe HA MEPEMEHHOM TOKE:

AU

291

V37 Icos@-100

kl
th’()ﬂlf

B) [Tl CTbHBIX TPOILIEEE MpH paboTe Ha NEPEMEHHOM TOKE:

AU =

AU = V31 Reosg + Xsing)-100

=17k
T
UNGM’ , ’
TOTAA KO3 (PUUHEHT YAENbHEBIX NOTEPE HalpAXKeHUs paBeH:
AU
k =—— =Y
11

3aece L, S, Y - COOTBETCTRBEHHO IIHHA TpoJUtees, Kabelei UK NpoBo/IoB
(M), nnomans cesenns (Mm?) u YAC/IEHAA IPOBOANMOCTD
HX MaTepHAIIOR;
{ - MHKOBBIH TOK HAIPY3KH,A;

R, X- akTuBHOE M peakTuBHOE CONPOTHBIEHHE | M I/IHHEL
Tponnees, OM/M;

cos(f}- cpenunit Kod(hGUUHMEHT MOLHOCTH ABHTaTENel IOpPU MYCKe
HaHb0Nee MOLIHOTO H3 HHX.

IInukoBBIH TOK HArpy3KH:
a) IPH OIHOM KpaHe:

1=k +I

n m thom T Zuaw’

6) npu xByX Kpanax:

I=ki +I +]

M Ihom 2eou !, 2naw’
rae ]hmu- HOMHHAaJIbHEIH TOK HaPlﬁOJ]ee MOIITHOIO IBUTATEIST KpaHa, A,

IZmu- HOMHWHANBEHBIH TOK BTOpPOTO 110 MOILTHOCTH IBHTATEIA TOTO

He KpaHa, A;
I I2ue- HOMPHAIIBHBIH TOK HaHOOJIee MOIIHOTO IBHTATENS BTOPOTO
KpaHa, A;

k_ - KpaTHOCTB MyCKOBOTO TOKA.
CeTy, NHTAIOLINE KPaHbL, 3aIUUIIEHE] OT K3, Ho He zaurmeHsl
OT neperpysok. [osroMy mpu BeIGOpE aBTOMATOB ITABKHX BCTABOK
NpeaoxpaHuTeNnen XKelaTenbHO, YT0OB MX HOMUHAILHBIE TOKH GELTH
HOMHRaNbHEIMH. HOMHHANTBHRIH TOK NNaBkoi CTalu He JOIKeH
TIPEBBIMIATE 3-KPATHOIO 3HAYEHHS [IHTEILHO JOTMYCTHMOTO TOKA
Harpy3Kd Ha OpOBOAA; TOK cpabaThIBAHMS ABTOMATa, HMEIIIEro
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MIHOBEHHBIH pacueinTeNb, HE JOMKEH HPEBBIIATh JUIHTEARHO
JAOMYCTHMBIA TOK Harpy3ku Ha NpoBOAa HE fonee wem B 4,5 pasa, a
ARTOMATOB APYTMX KOHCTpYKLuMH B 1,5 pasa.

5.14 Texnuka 6e30MACHOCTH PH IKCITYATALIHH KPAHOB

Tpu  ofcaykuBaHHM W  PCMOHTE  KPAHOBOIO
31eKTPOOGOPYAOBAHNA CIEAYET CTPOTO PYKOBOACTBOBATBCA
TpaBunaMi TEXHMUECKOH SKCTIYaTAlMH, HpaBHUJ'IaMH TEXHHKH
6esomacHocTH, [IpaBmwiaMu yeTpoiicTB U G¢30TaCHOH IKCTUTYATAIHH
IPY30TOALEMHBIX MAIIIHH [0CTOPTEXHAA30Pa H HHCTPYKUMAMU.

Tlopaxkenye 3MEKTPHUECKHM TOKOM 3ABHCHT HE TONBKO OT
MEKTPHYECKOI CHCTEMB], THTAOWIEH KpaH, HO U oz cocm;{}ms}
yejloBeKa B 3TO CBA3M CYLIECTBYET TIOHATHE MOPOrOBhiH OLLY THMBIH
TOK, paBHblIH 1 MA. )

Ipu crute Toka 3+5 MA OLIYIHAETCA pasapaxaloniee ICHCTEHE
KHCTEIO PYKH.

Ipu cune Toka 610 MA, MBIILB PYKH HENPOH3BOILHO
COKPALLIAIOTCA H BO3HHKAET 4yBCTBO CHIIRHOH Gony.

Mpu sanbHefmeM yBenHYEHUH CHUIBI TOKA B MBIIILAX
BO3HHMKAIOT CyOPOTH K YEIOBEK TEPSET CIIOCOOHOCTh KOHTPOIIPOBATE
neifcTBHE pYyKHM, B YACTHOCTH OH HE MOXKET ocBoOOHTECH
CaMOCTOSTETHHO OT 38KaTOr0 B pyKe 1IpoBofHKKa. COOTBETCTBYIOLIAN
MUHHMAJIBHAS CHJIA TOKA Ha3bIBACTCS MOPOTOBHIM HEOTMYCKAIOIHM
TOKOM.

[1py MpOTEeXaHHH TOKa 4epe3 Telo (1o KOPILYCY ) 4EJIOBEKa TOK
BO3IEHCTBYET Ha OPraHbl ABIXaHHA, kpoBooOpameHue, HEPBHYIO
CHCTEMY, CEPALC, BHI3BIBACT OXKOTH.

Tak, npw cune Toka 25+50 MA u f=50 'l BO3HHKAET CHIIEHO®
COKpALIEHHE ABIXATENBHBIX MBILL PYAHOH KIETKH. TMocnencTBysA -
MOKET HACTYTHTb CMEPb OT YAyIubsl. BeposTHOCTE 3TONO 3aBHCHT OT
JUTHTEIBHOCTH NPOTEKAHUA TOKA.

Ipu cune Toka Gonbuied 50 MA y /=50 Tu Bo3nHKaer
OLACHOCTh H VIS cCpiua. JTH TOKM MOTYT BBI3HIBATE (GUOPHIALHIO
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KEIYLOYKOB CepIua (T.¢. BO3HHKHOBEHHE Xa0THUECKOr0 COKPAaLIEHHUS ),
CHEeJCTBHE - HAPYINAETCA HACOCHas (YHKIHSA Cepaua, PeKpaliaeTes
KpoBooOpamenue. BeposTHocTs adpuisuuy cepana 3aBHCHT OT
JTHTENBHOCTH ASHCTBUA TOKA,
Ad 3a0MTE onel 0T NopakeHUs MEKTPHYECKAM TOKOM B
COOTBETCTBHH ¢ I1Y3 (npaBmna yeTpoiicTB 2IeKTPOYCTaROBOK) AOMDKHA
OBITE IPHMEHEHA OJIHA M3 CIICAYIOIIMX 3AIUHTHEIX MEp: 3a3eMIICHHE,
3aHyJEHHE, 3ALIMTHOE OTKIIIOUEHHE, [IPUMEHECHHE MAJIOTO HATIPSDKEHHS
U DasAeNgonX TPaHCHOPMATOPOR, BEIPABHUBAHHME IOTCHIIMANOB,
JIBOMHAN H30NALHA.
¢ 3a3eMIeHHE - 3TO IPEAHAMEPEHHOE IEKTPUYECKOE COSTUHEHNE ¢
3EMJIEH HITH €€ 3KBHBAICHTOM METAJUTHYECKHX HETOKOBEAYLIHX
4aCTeH, KOTOPBIE MOTYT OKAa3aThCs IO HanpsKeHHeM, 3a3eMIICHHE
CTYXHT AJIS NPEBPALIECHHA 3aMBIKAHHS Ha KOPITYC B 3aMBIKAHHE Ha
3EMITIO € LENBIO CHINKEHHS HALIPsKEHHST Ha KOPIYC OTHOCHTEIBHO
3eMIIH 0 0€301aCHOTO 3HAYEHHA.

® 3JaHylIeHHEM Ha3blBaeTCH COCIHHEHUE qacrei
3NEKTPOTOKOYCTAHOBOK C LENELIO HYJICBOTG MOTEHIIHATA HIM C
KOPITYCOM H30/MPOBAHHOTO OT 3eMIH 00bekra. [lpy 3aMbikanuy
Ha KOPIYC 3aHy/IeHHE CO3aeT Lenb ogHodasHoro K3, B pesyasrare
uero cpabaTeIBaeT MAKCHMAlIbHAs TOKOBAS 3aIMTA M YCTAHOBKA
OTKJIIOYACTCS OT CeTH. 3aHYNEHHE CHHXAeT HalpAKeHHE
NMPHKOCHOBEHHS, OTPAHHYHBAET ONACHOCTh TMOPAXKCHHS 9eTOBEKa
MPH 3aMBIKAHHH Ha KOPIYC.

¢ 3amMTHOE OTKIKHYEHHE HA3BIBAeTCHA OmICTpodelcTBYIONIEH

3a1HTON, obecneyHBalmel aBTOMAaTHYECKOE OTKIOUEHHE
BNICKTPOYCTAHOBKH (JIBUTATE)b, JIEKTPOMATHHT H 1p.) [pH
BO3HHKHOBCHHM ONACHOCTH HOPAXEHHI TOKOM. 3aIHMTHOE
OTKIKOMEHHE 0OecneduBaeT 6e30NacCHOCTE TEM, YTO OrPaHHYHBAET
BpeMs TPOTEKaHHS TOKA Yepe3 TeJI¢ YeTOBEKA.

* Mansim HalIpsKEHHEM HA3bIBAKOT HOMHHANIBHOES HanpsAKeHUue HE

Oonee 42 B, npuMeHseMoe B 3eKTPOYCTAHOBKAX 1 0becneyeHus
2NEKTPode30NacHOCTH. Maiible HAIPAKEHHS TPUMCHSIOTCS:
— Ui IIHTaHHA TEPEHOCHBIX JIaMIT B MOOBIX TOMEIIEHHAX;
— B NIOMENIEHHAX C NOBEILIEHHOH aKTUBHOCTHIO,
— B 0¢000 oONacHBIX [eNfX yOpPaBIeHHS KPaHOB-
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MEKTPOTANEH U APYTHX TPY30TOIBEMHBIX MALIHH.

s Pazgengwmue TpanchopmaTtopsl - 3T0 TpaHchopMATOpE
[peIHA3HAYCHHBIE JUIA OTAENEHHSA TPHEMHHKA YIEKTPOIHEPTHHE OT
JMEKTPHYCCKOM CeTH W CeTH 3a3eMIeHHs (3aHyneHu#a). [Ipu
onHotha3HOM NPUKOCHOBEHHH Pa3zieIIAomMi TpaHCGOPMAaTop HE
ofecneynpaer 6e30MaCHOCTE.

s BripaBHHBaHNHE MOTEHUUANA - METOA CHHXKECHHSA HalIPSKCHHA
OPHKOCHOBEHHWS I1ara Mexay TOUKaMH 3MEKTPHYECKOH LemH, K
KOTOPBIM BO3MOXHO OJHOBPEMECHHOE IPHKOCHOBCHHE WM Ha
KOTOPBIX MOXET OJJHOBPEMEHHO CTOATEL HeJI0BeK. BrIpaBHHBaHHE
MOTeHIIHATa OCYIUESCTBAAETCH IMEKTPHUYECKHM COCAMHEHNUEM
MeTAJUTHYECKUX KOHCTPYKUHI KpaHa.

e JlpoiiHas H30MALUNA DNEKTPONPHEMHHKA - 3TO COBOKYIIHOCTD
3AMUTHO B pabouelt (JONOMTHUTENBHOH) H30JSILMH, IIPH KOTOPOH
AOCTYMHBIE TPHKOCHOBEHHIO YACTH EKTPONPHEMHHKA HE
NpHOHPETAIOT ONIACHOTO MOTEHIHANA NP NIOBPEXKASHHH padoueH
HJIH 3AIUHTHON H3MIALHH,

Jnsa GesomacHoro o0cnyKHBaHUS AMEKTPAUECKHX MAalIKH Ha

KPaHaX per/aMeHTHPOBAHBI TIPOXOBI:

1. TIpoxons! ays obcnyxuBaHus OM He MEHEE OAHOTO METPA B CBETY
€ OTAEeNBHBIMH MECTHBIMH CYXEHHAMH He MeHee 0,6 MeTpa.

2. Paccrosuue oT xopnyca DM mo npyroro obopynoBaHus NOJKHO
ObiTh He MeHee 0,3 meTpa.

Jo 1995 roga none3oeanucek knaccH(ukamet [IpasunamMu no

KpaHam (3Ta KIiaccHuKauns pexnuma paboThl 3neKTpoodopyaoBaHuA

no npasmwiaM {ocroprexHaja3opa), KOTOpad OTHOCHIA MCXAHH3M

nogLeMa rpysa KpaHa K ogHoMy u3 pexkumos paborel: JI, C, T, BT.

Peskum paGoThl KpaHa B LEI0M €TI0 METAUIOKOHCTPYKIMH IPHHHMANH

TaKHM e, KaK U PeKUM padoThl MEXaHH3Ma NObeMa Ipysa.

B1980 rony 6rina BeegeHa HOBas KIacCH(HMKALKA KPaHOB H

HX MeXaHH3MOB M0 pexuMam paboTel, paspaboTaHHas TexHHYEeCKHM

Komuretom 96 UCO (MexayHapoZHad OpraHA3alug 10

CranapTuzauny) 1 yTBepkaeHHas crangaprom UCO 4301-1980. Ha

OCHOBAaHHH JaHHOIro cranzgapra paszpaboranel ¥ yreepacHsl [OCT

25546-82 “Kpansl rpysonoaseMuste. Peskumet paborter”, TOCT 25835-

83 “Kpauni rpysonogbeMHuele. Knaccuduxauus MexaHusMoB 1o
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pexuMaM paboTh”. B Tabmune 5.10 npuseneHa yCIoBHas COOTBETCTBHE
MEXKIY PErNaMEHTHPYEMBIMH PEsKHMaMH paboThl.
Tabnuua 5.10

CoOTBETCTBHE MEHKIY PEIAMEHTHPYEMEIMH peskUMamu paboTsl

fpasnna no xpaHam PeBMb paborh
{lo «[IpaBuna no xpaHam» no J C T BT
npasxIaM [ocroprexHaniopa
TOCT 25835-83 I'pynnel pexuMoB paboThl MexakHi-
MO3
IM-3IM | 4M [5m [ 6M
TOCT 25546-82 I'pynme pexumoe pa0oTH KkpaHOR
IK-3K [ 4K, 5K [6K, 7K | 8K




296

T'1aBa 6

JIEKTPONIPUBO/[ IOATBEMHHKOB

MHOrONMO3MUMOHHBIE MEXAHH3IMBI MOTYT 3aHHMATh MHOXKECTBO
BO3MOKHBIX (PUKCHPOBAHHBIX TONOKEHHH B 00IeM clydae B TpeX
IPOCTPAHCTBEHHBIX KOOp/HHATAX. BO3MOXHBIE NCPEMEIICHHS B
paMKax (MKCUPOBAHHBIX IONOKCHHH TaKKe MHOTOOODA3HbI, YTO
obycroBiauBaeT pasHoobpa3ne BOIMOKHBIX LHKIOB paboTH,
ABTOMATH3ALMs KOTOPHIX TIpeAcTaBiieT coboii cnoxkiryio mpobiemy. B
OTJHYHE OT OAHONO3ZHIIHOHHEIX MEXaHH3MOB, /I KOTOPbIX OCTAaHOBKA
W TNOCIeNYIOWEE IBKSHHE 32pPaHee H OTHO3HAYHO OMPEAETIEHB, LI
MHOTONO3HIHOHHEIX MEXaHH3MOB MOCIEe KaXKJOH OCTaHOBKH
TIPHXONMTCA PEILATH JOrHYECKYHO 3a/1a4y O BEIOOPE MOCTEIYIOETO
NepeMeLLeHHS.

K XapakTepHOH H MHOTOYMCIICHHOH IPYNIE MHOTOMO3K-
LHOHHBIX MEXaHU3MOB 00IICIPOMBIILTEHHOTO TPHMEHEHHA OTHOCATCA
MOBEMHBIC YCTAHOBKH ¢ MPOMEKYTOYHBIMH OCTAHOBKAMH BIOJIb
Tpacchl nepeMemeHns. DT0 - NacCaXHPCKHE U TPY30BbIE nudTHL,
HOIREMHHKH IIAXT ¢ MPOMEKYTOYHBIM OPH3OHTAMH, & TAKKE
MASITHUKOBLIE KAHATHBIC JJOPOTH C IPOMEXYTOHBIMH CTaHIMAMH. Bee
DUKCHPOBAHHBIC LONOXKEHHA MOTBEMHBIX KaOMH 3THX yCTAHOBOK
PAcTIONOKEHDb] HA OTHOM IMHKH, UTO BHOCHT ONPENENCHHOE obnerveHne
TPV pealHIaAlMM UX aBIOMaTHueckod paboTel. B QyHKITHOHANBHYIO
3334y CXEM yNMpPaBJICHHS MHOTOMO3HIIMOHHBIMH MOAbEMHHKAMK
BXOAUT QOPMHPOBAHHE TpOrpaMME] Ha IEPEMELICHHS B PAMKaX MK,
a Takxke BHPabOTKa KOMaHIHBIX CHIHAIOB, BO3ACHCTBYIOIHX Ha
3IEKTPONPHBOJ C LENBIO Peann3ali cGOpMHPOBAHHOH IPOTPaMMEL.

ITpHHUKMIb! TOCTPOEHHSA CXEM B LIEJIOM CXOHBL VIA PAa3HBIX
MHOTOTIO3HLMOHHBIX NOIBEMHAKOB. HekoTophle pasnu4usi onpeme-
NSIOTCS KOHCTPYKTHBHBIMH M TEXHOJIOTHYECKHMH OCOOCHHOCTAMH
YCTAHOBOK, CTETICHBIO YIaCTHA 4¢/I0BEK B yNpasIeHHH uMu. Tax. s
MOIBEMHHKOB IIAXT ¢ IPOMEXYTOYHBIMH TOPH30HTAMH H KaHATHBIX
JIOPOT ¢ IPOMEXYTOYHBIMH CTAHLMAMHU YACTh JIOTHICCKHX (hyHKLHI
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YIparneHus paboTof 3THX YCTAHOBOK BO3NATACTCH HA OnepaTopa, 4To
yupomaeT ¢TpykTypy cxeM. Haubonee mosnnas aB'r-o.NiaTnaz;unﬂ
XapaKTepha A COBPEMEHHBIX NACCAKUPCKUX NHPTOB.

Peskoe ypemnuenue nokasarens 6esorkasHoctu TMHOTOB H HX
SKOHOMHYHOCTH MOXeT OBITb JOCTHIHYTO 33 CYeT NMPHMeHEHHS
OECKOHTAaKTHBIX CXeM YTpABIeHHS U THPHCTPOHOTO PETYIHPYEMOTo
OII nepemennoro Toka. 06 sToM CBHIETECABCTBYOT PeKIaMHbBIS
COOBIICHHS PSAA 3apyGeKHBIX THDTOCTPOHTENLHBIX dHpM.

®npma Tuccen Ayduiore (Thyssen Aufzige Gmb, ®©PI)
pazpaforana cHCTEMY peryliupyemoro Tpexdaznoro DIl ¢
OnHOCKOpOCTHEIM AJ{ ¢ KP ¢ dasoseiM ynparitenuem. Cucrema D11
HpEAyCMaTpUBAET PETYTHPOBAHUE CKOPOCTH AJ] 3a cuer (hasoBoro
PETYTHPOBAHMS MHTAIOIETO HANPAKEHUS NPH HUCMIONB30BAHAY B
HHTCPBANE 3aMEAICHHOTO PEAKHMA IIPOTHBOBKIIOYEHHS,

®upma Jloep (Loher, ®PT) paspaborana u cepuiino
U3TOTORMACT THPHCTOpHAIH JI1 nepeMerHOro ToKA /1s MMBTOB Ha Gaze
AByXckopocTHOTO AJl ¢ KP ¢ 1BymMS pasnensHEIMH 06MOTKAMM HA 4 1
16 momocoB. [lnd peryaupoBaHus CKOPOCTH HCMOMB3yeTes Tpexda3Hblii
THPHCTOPHBIA PETYIISATOP HANPDKEHHS U ORHO(D AN THPHCTOPHEII
BRITIPAMHTEINE IEPEMEHHOTO TOKA C HEMOMHEIM YNPABICHHEM, HPHYEM
[IEPBEIH BITIOEH Ha 0BGMOTKY Ma10if CKOpOCTH, & BTOpOii- Ha O0OMOTKY
MaJIOH CKOPOCTH. 3aMeNIEHHE OCYILECTRIISETCH TIABHBIM obpasom 3a
CHET PEXMMA NHHAMHYECKOTO TOPMOXKCHUS B COYETAHHH C

ABHTATCABHBIM peXHMOM. Cxema yupasiecHus DIl ssnsercs
TAXOMETPHYECKOH H COCTOUT H3 CXEMBI HMMY/IbCHO-(DA30BOTO
ynpaBneUHHﬂ THPHCTOPAMH, NAT4HKA 330AHHOH CKOPOCTH, y3a
00paTHO# CBA3H 110 CKOPOCTH H APYTUX YCTPOHCTB, NOCTPOESHHBIX Ha
OCHOBE HHTETPaNbHBIX OTIEPALIMOHHEIX YCHIHTEel Ha THPHCTOPAX K
APYFHX MOIYIPOBOLHHKOBBIX DJIEMEHTAX.

AHANOTHYHBIE CHCTEME! THPHCTOPHOTO acuHxpoHHoro D1
MuToB ipuMensIoT Gpupmbl: Kone (KONE, Gunnauus), Oruc (Otis,

CIIA), Xuraun (Hitachi, SAnouus), Page K
COPIO) 1 np. ), Page Konuap (Rade Contar,
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6.1. Knaccudpukauus a1ndgToB u TpeGoBaHNA K HAM

JHudr npescTaBnger coboi CTAUHOHAPHEBIA MOLBEMHHK
IPepPEIBHOTO ACHCTBUR ¢ BEPTHUKAIBHBIM JBMKCHHCM KaOHHBI WK
n1aThopMbl TIO KECTKAM HANMPAaBIAOUIAM, yCTaHABIHBACTCSA B
orpaxaeHHOMH Co BCEX CTOPOH IIAXTE, 060py10BaHHO# Ha IOCATOMHBIX
(1OTpPY304HLIX) [I0MIB/KAX 3aKPHIBAIOMMMHUCH ABEPAMH.

CospeMeHHEIe THPTH UMEIOT /IBA OCHOBHBIX MCXaHH3Ma:
MeXaHy3Ma MOABEMa H CMyCcKa KaOMHBI H MEXAHM3MA OTKPBIBAHHA H
3aKpBIBAHUS JIBEpEil KaOHHBL Haubosnee MOIIHBIM i OTBETCTBEHHBIM
ABISETCS MEXAHHM3M NoAbeMa KaOUHBLI. bOIBIIHHCTBO COBPEMEHHBIX
madpror umetor Asa 311 D1l noxsema u 311 apepeit kabuubl, 311 aBeper
BKTIOYACT PEAYKTOPHBIA AJl ¢ pene#iHO-KOHTAKTOPHBIM H/IH
ecKONTaKTHBIM yrpaienueM. Knacenpuxauus DIl noxpema mdToB
M MX KpaTKas XapaKTepPHCTHKA IIPHBEAEHD] B Tabn:6.1.

Tabauna 6.1

Knaccuduranus 3MEKpOIPHBOACE NOABEMA nudToB

eKTpo- Tt Perymposatde INeKTPONBHIATENL Kparwan xapakTepucTira 311

IpHEOA, . —
AcuHRPOTH Tixoncaibiii (00| Heperymmyemblit | Aciexpotmfi  onxo- Yrpapnesse peieitio-KaHTaxToOpHOE, OMpa
it ¢ oane-| 05 mic) peayx- CRODUCTHOT C KOPOTKO- | 4eHHE YCKOPEHMN 12 CHET MAXORRIX MACK,
CKOPUCTHEIM | TOpiai, rpysonoit JAMXHYTHIM POTOPCM JAMEANEHHE - MEXAHHMECKOE TOPMOMKEHHE
ABMTATEIEM HIH NACCLKHP-
CXHA _
Achuxporsmii | THxoxoaAuwdA  wt | Peryanpona e AcHsXpOHHEIH  0EYx- | YTpaBnente penefiio-KOHTAKTOpHOS, OMpaihe-
¢ aByxckopo- | GnicTpoxanHbd CKODOCTH  CTYTEEH- | CKODGGTHOR C WOPOTKO- | MeHME YCKODTHHR 33 CMST MAXOBLIX Mace,
CTHWM OBHMA- | (10 | WC), pelyk- | 4aToe ¢ OTHOWE- | IAMKHYTRIM poTOpeM YAMEINEHME - ANEKTPHIECKHM TOPMOXEHACH,

TENeM TopHi, TPYIOBOH | HHAMH  CKOPOCTCH JOTATHBAHHEM Hi MAJIOH CKODOCTH ¥ MEXaHH-
i raccaap- | 3l udd HECKHM TOPMOKCHEM
© KHI _ —
TupcTopHnif | THXOXOIHEIR, Tliazhoe perym | AcHrxpouHbiit  ORHO- | Yopapacrne GECKOHTAKTHOE, NOMYTID

aculxponil | GeICTpOXOmMMA K[ poBaHme  yoKOpe- CKOPOCTHOH G KOPATKO- | KOBOE ¢ 3AMKHYTLIMH xwypamsperymma—
¢ onuocko- | ckopocTnofl (10 2| Mia,  peTYIMPOBA- | JAMKHYTBIM POTODOM HA 1 CKOPOCTH M TVIOREHHKD KabsHid, 3aMe:

DOCT-HEIM M),  peaykTop- | hee CKOPOCTH nedME TPH  PEryNHPYEMOM  [AKHAMITIECKOM
GBHrATENCM | HulilL  TACCAXIR- | CTYMEIMATOS < TOPMONGHIG! HITH TOPMOKEHHH TIPOTHEOBIUTO-

ki WM Tpy3080i | orHoutetavk 3:1 B HeHEM

41

Trpue TOp-Hiai | THXOXOLHWA, Maastoe  perynu- Acmpmm-uﬁ ABYyX- | Yrpapnense  DECKOHTAKTHOE, mnynpumnm:
acHposHLIl | GLCTPOXCAMBA M | POBAHME  YCKODE- | CKOPOCTHOH C KOPOTKD-) KOBOT © JAMEHYTHIME KOHTYPAMH ngynupoaam_
¢ ABYCKOPOCT- | CKOPOCTHOM, 0,  DETYTHPOBA- | JAMKHYTHIM POTCPOM HHS 00 CROPIKTH H DONOKEHIFC Kal mu‘cmm
WBIM ABHTETC- | PEAYKTOPHSIL e CKOPOCTH MeLneHe TR perynvpyemnmwn‘mamme
nesm RACCAKHPC KHT cTYTIEHYATOE [ TOPMOWKCHHH Ha OOMOTKE MAADH LKOPOCTH

T Mpy3osoH oTnowemMA 31 W

4:1

B 3aBHCHMOCTH OT CKOPOCTH IBIKEHHA KAOWHBI PazIHIaioT
CHIETYIOMME KATETOPHH THTOR:
1. Tuxoxonmaele, o 0,5 m/c.
2. Brictpoxoausie, 1o 1,0 m/c.
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3. Cxopocrabie, 10 2.5 M/c.
4. BbICOKOCKOPOCTHEIE, CBbILIE 2,5 M/C.

B THX0X0AHBIX 1 OBICTPOXOMHBIX M TAX IPHMEHSIOT 0BBITHO
OI1 mepeMeHHOro TOKa, B CKOPOCTHBIX H BEICOKOCKOPOCTHEIX IH(ITAX
- 311 mocTOAHHOTO TOKA.

Jns ofecnieuenns HOPMAILHOTG CAMOYYBCTBHA MACCARUPOB
YCKOPEHHE M 3aMe/UleHHe KabuH MUdTOB He NOIIKHBI OpPEeBBIIATE
2 M/c?, a CKOpOCTE - 5 M/C.

Ilo HasHaweHHIO MHOTEI MOAPA3AEAIOTCS HA MACAKHPCKIC,
rpy3onacaxupckie, DONMBHHUHBIC, TPY30BBIC ¢ IPOBOAHHKOM U 03
NPOBOJHHKA, MAITBIE IPY30BBIe (MAaTa3HHHLIE).

JKunble H aIMHHHCTPATHBHBIE 3JaHHS B 3aBHCHMOCTH OT
STAKHOCTH, 3aCEINCHHOCTH M APYyrux ¢axropos obopyayroTtcs
N2CCAKHPCKHMH IPY30BBIMH JH(TAMH ITHPOKOH HOMEHKIATYDBI MO
IPY30TOABEMHOCTH M CKOPOCTH. I'Dy30BBIE NTHQTH MIPUMEHAIOTCS
TaK¥e Ha NPOMBIIUTEHHBIX NPEANPHATHAX, B CKIAICKHX [IOMEILeHHTX
H podHX oObekrTax.

B MHOrO3Ta}HBIX NPOMBINEHHBIX 302HHAX THHTEH
ABAAKOTCS OAHHM M3 BAXKHBIX 3BEHLEB TEXHOIOTHUESCKOIO Tiporecca. B
OTA€IBHBIX CAY4Y4AX B 3AaHMAX, HaNpUMep B OOJBHHLAX,
YCTaHAB/IHBAKOTCH TPY30LACCAKHPCKHE MHQTEL, KOTOPEIE CHYKAT HC
TONBKC [J1f NMEePeBO3KH IACH, HO H IIf TPAHCIOPTHPOBAHMA
KpYNHOTa0apHTHHIX NpeaAMeToB (TaKHX, Kak naboparopHoe
obopyaosanue, Mebenb u T.A.), a Takke OONLHBIX HA HOCHIJIKAX.
OCHOBHOE OTNIHYHE TAKHX JTHPTOB - YBETHUEHHLIC Pa3Mephl KAGHHLI
nH(Ta ¥ ITHPUHBE JBEPHOTO MPOEMa.

B coBpeMenneix OubrmoTexax, KHHIOXpaHHIHKIAX,
MarasuHax, CTOJOBBIX W OAPYTHX TPEANPHATHAX HapALy ¢
NAaCCAKUPCKHUMH H IPY30BBIMH HMIHPOKO HCTIONB3YIOTCH TAKKE MATHIE
IPY30BREIE ¥ Mara3sHHHbIe THOTEL

Ha anesaropax, B XONOAMIBHUKAX, HA THAPOTEXHHYECKHX
00beKTaX, CyqaX K APYIHX COOPYKEHHAX YCTAHABAMBAKTCH
CNENHANBHBIC IMBTH COOTBETCTBEHHO YCIOBHAM HX IKCILTYATALIMH, B
IWaxTax, na NPpeAnpHATHAX XHMHYECKOH B MeTannmypruyyeckoi

OpOMBILIEHHOCTH-TH(TEI, 3MEKTPOOOOPYNOBaHHE KOTOPBIX UMEET
B3PLIBO3ALIHILEHHOE HCTIOMHEHHE,
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[py3010IbEMHOCTD [ACCAKUPCKUX THPTOB COCTABIACT
3001500 kr, rpy30BbIX - 30x0AuT A0 S000 Kr, MaNbIX IPY30BBIX - 0
500 kr.

K DII nudToB MaccoBOro NPHMEHCHHS MPEABABIAIOTCA
cnenywuiue TpyOooBaHmsL.
|. @ynKuAOHaNbHBIE - Ge30MacHOCTH 0BCIYHWBAHNA NACCAKHPOE;

obecreucH e 3a1aHHON MPOH3BOAUTEIBHOCTH H 38 JaHHOH TOHHOCTH
OCTAHOBKH Ha YPOBHE 3TaXHOH MIOUIAAKH {10+20 MM ons
CKOPOCTHBIX M GONBHHYHBIX TH(PTOB H 35+50 MM IS OCTANBHBIX
HGTOB); MIEKTPUUCCKOH H3HOCOCTORKOCTH (HE MeHee 10° uuxnos
“prITIOYCHHE-0TKII0UeHHe) H pecypea paboTsl 120 Thic.1).

2. KomdoptHocTH - ofecncdenne (0MyCTUMOTO yPOBHA TyMa U
BHOpAIIMH; AOMYCTUMOE MAKCHMANbHOE yCKOPCHHE xaOMHBI ITPH
IycKe MMM OCTAHOBKE NH(Ta B HOPMAIBHBIX YCIOBHIX -1,5 m/c%;
AOTYCTHMBI MaKCHMaJbHBI PHIBOK CKODOCTH - 10 M/c;
MAKCHMAILHOE YCKOPEHHE NPH aBapuAHONR OCTAHOBKE - 3 M/

6.2. KoHCTPYKUHS OCHOBHBIX Y3/10B TH(TOB

BbiGop THAA M MapaMeTPOB JIHTA IPOHIBOMIT € yHCTOM
HA3HAYEHUS 3JaHUS H 3aKOHOB M3MCHCHHSA [1aCCaXKHPO-IPY30MOTOKA.
OCHOBHWMHE KPHTEPHAMH TeXHHKO-IKOHOMHYECKOH OUEHKH
MPOEKTHPYEMOTO BEPTHKATBHOTO TPAHCMOPTA ABIAOTCA IKOHO-
Mu4YecKHe, GYHKLHOHANBHbLIE (NpOW3BOJACTBEHHBIE), @ TAKKE
riokazaresy xoMbopTabebHOCTH, K KOTOPBIM OTHOCATCA KO3 HIHEHT
3artoTHEHHS KaGHHBL, 3aTpaTa BPEMEHH Ha TPAHCIIOPTHPOBAHUE M IUTHHA
ouepe/IH Ha 00cyKusanHe.

B coBpeMeHHBIX MACCAXHPCKUX W TPY30BBIX nuTax,
TIPHHLHTTHAIIBIIO MATIO OTAHHYAIOLIMXCS MEKTY cofoii, ©MeeTcs O4eHDb
MHOTO MeXaHH3MOB OJIMHAKOBOTO HasnaueHus. Ha puc. 6.1,a nokasan
OBIIMIi BH TACCAKHPCKOro TdTa.

I1puBosHoil aBUTaTEND | audTa paclonoXeH Haj I2XTOH B
ManuaHOM noMemenud, [llaxra IpoXOAHT 4epe3 BCE 34aHHE 110
BEPTHKAJIKA H MMEET OTPaXKICHIE CO BCEX CTOPOH 110 BBICOTE. B maxte

301

YCT4HOBIEHE! HALPABIAIONIHE 118 KaOHHBI
5 unpoTHBoseca 7. Kabuna nepememaeres
B IIAXTE BJONb CBOHX HANPA3/IAIOWHKX 6, KO-
TOPBIE OXBATHIBRIOTCA POrTHKamMu. KaGHHa 1
TMPOTHBOBEC NOABEIIEHSI HA CTANBHBIX
HPOBONOYHEIX KAHATaX 3 ¢ NOMOLIBIO
CNIENHAJILHBIX TIoaBecok. Kanath npoxonar
4epe3 WKHE, KOTODEIH BpaHIaeTCH OT NeK-
TPOABHIATENA TIOCPEACTBOM PEMYKTOPA.
ITon nebeaxoi mudTa HAXOMHTCA OTBOTHOM
LKKB 2. OCTaHOBKA IPHBO/IA POU3BOIHTCS
3IEKTPOMATHUTHEIM KOJIOZOYHEIM
Topmo30oM. KabuHa nudrta v aTaxHbe
MPOCMBI B IIAXTE CHAOKEHBI Pa3/IBHKHBIMU
WIH PacTalHeIMH ABepsaMH. B sepxueidi u
HUKHCH YacTgX IMAaxThl pa3MeEmeHsl
KOHIIEBBIE BRIK/IIOUATENIH, OTPAaHHYHBAIO-
1€ NpeAebHOE NepeMEeLeHHe KaOHHEl. B
NMpPHAMEKE [IAXThl YCTAHOBIEHB! HATAXKHOE
YCTPOHCTBO OrpaHHYMTENRs CKOPOCTH,
HanpasIgOIKe IIKHBEI 9 H

Puc. 6.1. O6mwit auz naccaxupckoro nudra (a)
H KHHEMAaTHYeCKHe CXeMEL THPTOB (6, B)
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ruapaBnMdeckue (Hau npyxuHHBIE) Oydepa 8, KOTOpHE B Ciy4ae
HEUCTIPABHOCTH CHCTEMBI yNPABIEHHS JTOMKHBI OCTAHOBHTb KaOHHY
114 PACCTOAHMH He MeHee 750 MM OT 1IHa NpPHAMEKA 10 HU3a KaOUHEI.

Bo u3bexanue nagenus kabHHbI TpH oOpBIBE KAHATOB £€ Kap-
Ka¢ 060pyayeTCs JOBUTEISAMH, NPEIHA3HAYECHHBIMH A OCTAHOBKH
aBapHitHO ABMKYLUeH S Kabuubl BHM3. [lanaromyto KabHHY JTOBHTENH
3aACPKHBAIOT, 3AKNHHUBAS ¢¢ B HampaBasowux. Jlosutenu u
OTPaHHYMTEIb CKOPOCTH 4, cRa3aHHBI ¢ kabunok Tpocom 10, npen-
CTABJIAIOT OO0 B3aMMOCBA3aHHBIC YCTPOHCTBA, NPENOTBPALIAILHE
HE TONBKO NajeHHe KaOWHBEI MPH OOpHIBE HECYLIHMX KAaHaTOB, HO H
OCTAHABJIHBAIOIIHE €€ [IPH OBBILICHHH YCTAHOBIEHHOH CKOPOCTH HIIH
ocnabIeHHH HATsXKEeHHA KaHaToB.

VipaBiieHHe ABHKEHHEM KaOHHBI IIPOU3BOANTCA C IOMOLIBIO
KHOIIOYHOIO annapara, yCTaHOBIACHHOTO BRYTpH kabuHEL. KHomouHbH
auHapar coeauHeH nocpeacTBoM rudkoro kabend 11 ¢ naHenpo ym-
paBIeHHA THPTOM, HAXOAAMIeHCH B MAIUHHHOM NOMELLIEHHH.

Ilpy MpoxoKAEHHN KaOHWHBl MHMO KaKoro-iHOo sTaxa
OTBOJIKA, YCTAHOBNEHHAS HA KaOHHe JH{Ta, BO3AEHCTBYET HA STAKHBIA
MepexioyaTens. B caydae noaxona kaOMubl K 3aJaHHOMY 3Taxy
ITAXHBLE NEPEKITIOUATEb NEePEBOAMT NPUBOA NHPTa Ha MaNylo
ckopocTh. [Tocie cpabarbiBaHHA NaTHYHKA TOYHOH OCTAHOBKH,
Pa3MELIEHHOr0 B IAXTe, KaTyIUKa TOpMO3a M 3JICKTPOJBHIaTeNb
IpHBOJIAa OOECTOUHBAIOTCS, MEXaHUYECKHH TOPMO3 cpadaThisacT H
kabuna OCTaHaBIMBAacTCA. 3aTeM NHTaHME Mnojgaercs ma
WIEKTpOABHraTeb 12 npusosa aBepeit kKabuHbl ¥ IBEPH aBTOMATHYECKH
OTKPHIBAKOTCA. )

IMocne BEIXOA2 MAacCAKHPOB U3 KaOUHBI ¥ CPadaThIBAHHA peNe
BpEMEHH JBCPH KaDMHBI 3aKpBIBAIOTCA, & CHTHANBHBIE TAMMNOYKH Bbl-
3BIBHBIX AIMAPATOR, YCTAHOBJICHHBIX Ha 3Takax, FaCHYT, CBHACTEINb-
CTBYA O TOM, 4TO JHPT cBODOIEH.

JlBepu kaOHHBI M 3aMKH ABepeH WaxThl 000Py/I0BaHbI JEKTPO-
BIOKHPOBKOM, HCKITHOMAOILCH TycK mH(Ta, ecli ABeph KaOHHbLI HITH
X0T# Obl OHa H3 ABepeil MIAaxThl 3aKPhITA HEIONHOCTHIO,

Tlo KMHEMATHYECKOMY HCIONHEHHIO TaccaXHUpckHe JIHGTH
noApasACIAnTCs na NUGTLL ¢ BepxHUM (pHe.6.1, 6) 1 HuxHuM (puc.6.1,
B) PacnoNOXeHHAMH TPHBOJAHOTO MexaHHM3Ma. IIpH HHXHeEM
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pacToNoKeHHH NpuBoaa 1' obecneynBaeTCs NyYiIas 3BYKON3ONALN,
ynpowaeTcs o0CIyKHBaHUE H PEMOHT 000pynoBaHus aubTa, n1pu
BepxHeM - noBeIaeTcd KIIJ ycTaHOBKH, yMEHBILAETCA HRHOC KaHATOB,
CHHJKAITCS HArpy3KH H2 CTPOUTENBHLIC KOHCTPYKUHM 3I4HHA H
HOHHKAITCA KANHTAIbHEIE 3aTpaTel. B HacToAmee Bpems

NPEHMYIECTBEHHO NTPUMEHAKTCA J'IHCI)TBI C BCPXHHM pPacriooxeHHeEM
SMEKTPONPHBOLA.

6.3. DIeKTPONPHBOJ H AaNNApaTypa yIpasienns Judros

OCHOBHBIM DJJIEKTPONPHBOZOM JHGTOB MaccOBOTO
NPUMEHEHHA B HacTOSMEE BpeMs ABIACTCS 3JEKTPONPHBOX
HNEPEMEHHOTO TOKA ¢ OOHO- JTHOO IBYXCKOPOCTHEIM ACHHXPOHHBIM
OBHraTeneM, UMEHILUMM KOPOTKO3aMKHYTHIH 00 dasHbii poTop.
DNEKTPONPHBOA € OJHO-CKOPOCTHEIM JBHraTesieM Haubomnee mpocT U
OPHMEHAETCA B THXOXOOHBIX JHGTAX OrpaHH4YeHHON HOMEHKIIATYPBI:
MajblX I'PY30BBIX, Mara3HHHBIX, TPOTYAapHBIX H HEKOTOPBIX
CMeHHaNkHbIX, KOTOPBIE HE TPeOYIOT BBICOKOH TOYHOCTH OCTAHOBKH.
IpHBOAHOH 2NEKTPOABHUTATENb C MOBRIIEHHHM CKONbXEHHEM IpPH
OTHOCHTENBHO OONBUIMX NYCKOBBIX MOMEHTAX NOJKEH HMETh HH3KOE
3HaYeHHe NycKoBoro Toka. Ilyck anekrpoaBHrarens - mpaMoi,
TOPMOXEHHE - MEXaHHUECKOE HA TIONHOH paboyell YacToTe BpallleHus
T10CIe CHATHSA HAMPSKEHHA.

B naunbonee pacnpocTpaHEHHOM 3IEKTPOTIPHBOAE € IBY XCKO-
POCTHBEIM aCHHXPOHHBIM JBHTATENEM, HMEIOLIUM KOPOTKO3aMKILY Thil
pOTOp H IBe He3aBUCHMble OOMOTKH Ha CTATOpe, pealu3yTCs Xa-
PAKTEPHCTHKH, OTBEYAoLHE TPeOOBAHUAM, NPEABABIAEMbIM K JTHG-
TOBBIM yCTAHOBKAM: [IOBBIIICHHBIC ITYCKOBBIC MOMCHTBI, OTPAHHYEHHBIE
3HAYEHHA MYCKOBBIX TOKOB, [TOBBILICHHOE CKOMLKEHHE H Op. JByX-
CKOPOCTHBIMH JBHTATeNAMH O0OPYAYIOTCS BCE HOBBIE MOJENH IIac-
CAKHPCKUX OBICTPOXOAHBIX NH(TOB, 4 TAKXKE THNOBRIE IPy30Nacca-
XHPCKHE M IPy30Bble THQTHL. TakoH 3JeKTPONPHBOL IO3BOILET CHHU-
3HTE B HECKOJIBKO pa3 pabouyio CKOpOCTE KabHHBI Niepes 0CTaHOBKOH,
YTO YMEHBIIAeT H3HOC TOPMO3HOTO YCTPOHCTBA M YBEIHIHBAET CaMy
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TOYHOCTE OCTAHOBEHN. [1yCK ABYXCKOPOCTHBIX 3EKTpO/BUrarencii -
MPAMOM HA BBICOKYIO CKOPOCTh. TOPMOXKEHHE MPOM3BOIUTCH [IYTEM
HEPEKTIOUEHHS HAMPSKEHN Ha 0OMOTKY Manoi ckopocTH. Ipu 3ToM
IOBUFaTeNs MEPEXO/IHT Ma PEeKUM IeHepaTOPHOTO TOPMOXKEHUS H
4aCcTOTa €10 BPallleHKA CHHXKaeTes B 3+4 pa3a. OCTaHOBKA JBMIATENS
OCYLIECTBIIACTCS OTKIOYEHHEM OT CETH OOMOTKH MaJIOH CKOPOCTH H
HAJIOKEHHEM MEXaHHUICCKOTO TOPMO3a,

BeicTpoxoanble AudTe 000pyAYIOT 6e3peAYKTOPHBIM
IMEKTPONPHUBOAOM MOCTOSHHOTO TOKA C NHTAHHEM IMPHBOIHOTO
apuratens no cucreme [-/] nudo oT yopaBaseMoro THPHCTOPHOTO
npeofpa3zoBareis. DIeKTPOTPHBOA HOBBIX MOAENCH THQTOB COMEPIKHUT
THXOXOZHEIE IEKTPOABUIATEIM ¢ YaCcTOTOM Bpamienus 68 u 136 ob/
MHH M NHTAaHHEM OT THPHCTOPHBIX npeolpaszoBarenei, 4TO
obecneunBaeT HeOOXOAHMbBIH AMANIA30H PErYJHPOBAHHI CKOPOCTH
KaOHHH H TIOANEPKAHHE NAPaMETPOB MEPeXONHbIX NMPOLECCOB B
3a7aHHBIX Npelnenax.

Ha puc. 6.2 u3o6paxeHs INEKTPONPHBOIE THPTOB C
PeayKTOpPHOit U Ge3pesyKTopHOH nebeakamu.

W0
Puc. 6.2, Dnexrponpusomel mudTos ¢ pexykropuoli (a) u Geapeaykrproi (0)
nefenkaMi: 1- KaHATOBEAYINHIT LIKKE; 2- TOPMQ3HOH WKKE; 3- TOpMO3HO#H
IEKTPOMATHHT, 4- TOPMO3ULLE KOMOIKH; 5- PEAYKTOP C IBHTaTeneM; 6-
NPHBOAHOMN JABHIaTeNb; 7- TOPMO3HOE YCTPOHCTa0; 8- 3AIMTHLIH KOKYX

305

MOMHMO aNapaTyphl 00HIETO IPUMEHEHHS (KOHTAKTOPOB, aBTOMATIiUe-
CKHMX BRIKMKYATENEH, KHOIOK YIIPABJIEHHU, KOHIEBBIX BEIKITIOUATE 1CH
M Ap.), BRIYCKAETCA TAKXKE CTIELHATbHAs MeKTpoanmnaparypa.

OTaxHBIE MEPEKITFOYATEIH, YCTAHABINBAEMBIE HA Kask TOM 3Ta-
K€, NpeAHa3HaYe bl 171 BRINONHEHHSI KOMMYTAIHOHHKIX Orepaunii B
MEKTPHUECKHX LENIX KOHTAKTOPOB, MUTAIOMAX IPUBOLIIOH 3IEK-
TPOLBHUIATENb, A TAKXKE B UETAX YNPABIEHHA ABHTATCIIIMH OTKPbIBAHHA
ApepeH kabuHE! H maxThl. Ha puc.6.3 nokasana KOHCTPYKUHS 3TaXHOTO
nepexnrodarens THoa 113-1. B kopnyce 7 BUHTaMHB 9 yKpeIUieHsl ABa
OMOKHPOBOYHHEIX ycTpoHcTrsa 8 u 10, HMENIUX MO ogHOMY
3aMBIKAIOIIEMY H OXHOMY PA3MBIKAKLIEMY KOHTakTaMm. Poigar 4
Nnepexaryarend, cHa0XeHHBIII PE3HHOBEIM POJNMKOM 2, MOXKET
HaxXOJMThCH B TPEX MMOMOKEHMAX - ABYX KpaHHHMX M cpexHem. Ha
PHCYHKE TOKa3aHbl TAKKE OCh POIHMKA |, INMAHHT 3, OCh peyara 14 u
rafka 15.

TMeperos peryara nepekIr04aTens H3 OIHOIO ONOXKEHHA B APY-
roe IPOH3BOAHTCA T pe3yNbTaTe
BO3JIECTBYS HA PONHK CNEUHATbLHOH
HaMpasIA0IIEN OTBOAKY, YCTAHOBICHHOH
nHa kabune. llpu mepemeieHuy prryara
MIEPEKIIOUATENA BpallacTed Kynadok 13,
KECTKO YKpENNEHHHH na ocw 14, u
IHOCPEACTBOM HaXHMHOTO pBIMArd 5
BO3LEHCTBYIOT HA INTOKH B GJIOK-KOHTAKTOB
8 u 10. KaxxnoMy W3 Tpex nosoxenuit
phI¥ara COOTBETCTBYET BIIOIHE ONPEASICH-
HOE COCTOAHHE HYeThbIpeX KOHTAKTOR
nepexmouarend. Ha pue.6.3 uzobpaxen
Takxe BHHT 11, kpenamu# pamky 12,

[Tpu aBmxeHUH KaOHHBI MO WIAXTE PHIYAlH 3TAXHBIX
TNepekoYaTeNei NEPEKIOIAlOTes aBToMaTHYecky. s 3Toro Ha
Kapkace kaOHHBI yKpeIuaeTca KoMOMHHpOBaHHas oTBoAKa S (puc.6.4),
na3 KOTOPO# HMEET BEPTHKANBHYIO 4aCTh M Y4acTKH ¢ pebpaMu A u b,
PacTonokKeHHBIe O YITIOM K BEPTHKANLHOH YacTH. ITH YYACTKH
pasMeleHs! Ha KOHIIAX OTBOJAKH, TIPHYEM B €€ BEPXHCH 4acTy a3
HAaKJIOHEH B OIIHY CTOPOHY (Ha pHc.6.4 mIEBO), 4 B HIDKHEH 4acTH - B

Puc. 6.3. Fraxubiit
nepexno4arens Tana [13-1
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Apyryio (Bmparo). Priuar 3 3TaXHOIO MEPEKIIOYATENs 2 MOBEPHYT
OTHOCHTEJILHO BEPTHKAIH BIEBO (IEepeK/IIoYaTelb 3aKPEIuIeH Ha
mwaxTHoH Hanpasagoueit 1), TIpy aBmkeHHH kaOHHBI, HAIPUMED,
BBEPX KOMOUHHPOBaHHAA OTBOAKA HaderaeT Ha PONIHK 4 BTAKHOTO
nepexIodaTens H peOpoM A MepeBOIUT PIYar BHAYAJIE B BEPTHKATLHOE
MOTIOXEHHKE, a 3aTeM, ¢CIld He TpedyeTes ocTaHoBKa, pebpom b Bipaso.
DTaxHbe MEPeKIIOYaTeNH YCTaHABINBAOTCA Ha THHTAX Co
ckopoCcThIO KabuHbl He Oosee 0,71 M/c. IIpH GONBLIIKX CKOPOCTAX
OPUMEHEHHE MEXAHHUYECKHX BBIKJIOYATENEeH CTAHOBUTCH
HenenecoobpasHeIM, TaK KaK OHM CO3JAl0T 3HAYHTENBHBIH IIyM,
PaaMONOMEXH ¥ MAJIOHA/IeKHEI, [103TOMY B HACTOALIEE BPEMA B CHCTE-
MaxX aBTOMATH3alMH TU(TOB BCe Halle NPHMEHSIOTCH YCTPOHCTBA,
paboTAIOWHE Ha MPUHLHUIIC H3MEHEHHS JEKTPHIECKHX MApaMeTPoB
ueny, Ha puc.6.5 mokazaH o6wHil BMI HHAYKTHBHOIO JAaTYHKA THIIA
HKB-22, xotophlil UcToab3yeTcsd Kak AN 0DEeCIeueHHA CeleKIHH
YIIPABIEHHSA, TAK H /U1 TOYHOH OCTAHOBKH KaOHHBI. Jarduxk cocToMT
H3 Pa3OMKHYTOTO [1-06pa3noro MarHUTOIIpOBO/A 4 ¢ KaTYIIKOH,
3aKIIOYEHHBIX B KOXKYX 3, U PeTryIHPOBOYHOrO BUHTA 2. Takue faryuku
YCTaHABIHBAIOTCS Ha HAIIPABJIAIOLIMX KaOWHBI HA BCEX ATAXKEX, & LIYHT
1 kpenuTes K GOKOBOI cTeHke KaOHHbL. JIaTYHKH TOYHOH OCTAHOBKH
pasMeNaloTes Ha Kapkace KaOHHBI CBEPXY, a IYHTbI KPETAATCA ¢ TMO-
MOHIBI0 KPOHIITEHHOB K HAPaB/IsIIOIIUM KaOHHEL.
KHONKY yTipaBleHHS HPUMEHANTCA HOPMaJibHOTO HCIION-
HeHus, a Takke ManorabapuTHEE, B HEKOTOPBIX CHCTEMAX yIIPABICHHA
NTH(PTAMH HCLIOIB3YIOTCS KHOMKH € “3a/UNaHuemM’ HIH ¢ 3aropaHHeM
CBETOBOI'O CHTHANA, CBHAETENbCTBYIOLIETO O IPHHATHH BBI30BA.
JlBepHbIE KOHTAKTHL BXOIST B CHCTEMY OIOKMPOBKH, KOTOpast
no3ponseT kabuHe nudira ABHTATHCA JHILL NPH 3aKPRITBIX ABEPAX
kabHHBl M maxTel. JJIA 3TOH UeNH TPUMEHAIOTCA MalorabapuTHsie
KOHIIEBBIE BLIKJTIOUATENH, cpaaTblBaoiKe [IPH 3aKPhIBAHUN LBEPH.
KoHTaxTel moja OpeacTaBasiioT coboil ManorabapuTHBIE
KOHIIEBBIE BLIKIIOUATEH, CPabaThIBAIOLIHE OT OITy CKaHHA TOJABHKHOTO
nona KaOMHBI TIPH BXOJE MAccaxupa. ITH KOHTaKThi 0DecreyuBaloT
3a)KHUTaHue cBeTa B KaOHHE, YCTPAHAT €€ BbI30B C MAaCCAXKHPOM Ha
IpPYroH ITax, pa3peraioT aBrOMATHIECKHI BO3BpaT KaOMHBI Ha IICPBBIii
3TaX MOCJIE BHIX0JA TACCAKHUPOB M 3AKPBITUA JREpeH 1MaxThl U T.A.
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KonTakre soButens,
CBY38HHEIE ¢ MEXaHH3MOM er0
3axBara, cpabarelBaiOT NpH
NPEBRIMEHHH A0{1YCTHMOI
CKOPOCTH KabuHpI "
OTKJIFOUAIOT MHTaHHeE TIPHBOI-
HOIO JNEKTPOABHIATENS.

ONeKTPOMATHHUTHAS
j OTBOJKA TpeAHA3HAYCHA A1H

obecreyeHnss 3akpHITOrO
1 ‘ COCTOAHUS ABEPEH LIAXTHI S0
| moaxona KaOHHBI K 3a1aH-
HOMY 3TaxKy. DNCKTPO-MarHUT
) | OTBOAKH 2 (pHC. 6.6) yCTaHAR-
z’;‘i):HbIH nepekmoua- o | | f:’;r - #—-— JMBaeTCH Ha kaOuue 4 ¥ Bo
‘ BKJIIOYEHHOM  COCTOSHHH
obecneunsaer Tarosoe ycu-
JME, JIOCTATOUHOE NNs TOTO,
4To0Bl IOCPEnCcTBOM TATH 12
noauATh Tpy3 10 1 oTBecTH
MBDKY 5 OT POJHKA phlyara
ABTOMATHYECKOTO 3aMKa ¢
UGB HE JONYCTHTL BO3Z-
MOXHOCTh OTKPBITE ABEpH
WIAXTEI II0CTE YX0H4 KaOWHEL ¢
sraxa. Ilpu ocraHomke
KaOHHBI Ha 33JJAHHOM 3TaXKE
HalpAKEHUE ¢ 31eKTpoMarHuTa CHHMAETCs, AKOPh ONYCKAeTCH,
ITACTHHBL 8 M 9 MepeMelaTes U hika OTBOAKH, BO3-JICHCTBYH Ha
PbIHar aBTOMATHYECKOTO 3aMKa, 06€CIIETHBACT €T0 OT-KPBIBAHUE.

Ha pric. 6.6 mokazaus! Takxe BepxHss KphILIKa |, KpOHINTEHH
3 9NEKTPOMATHHTA, KPOHIITEHRH 6 OTBOAKH, COETHHHTENBHELC HaNBIE
7, 13, xontpraiixa 11 u kpyrias raiika 14.

=~
-7

L] 3 ,
Puc.6.4. Kombunupo- w.r‘»\ \
BaHai OTBOKA H || % : 3

Puc.6.5. MunykTaeybi
narank Tina MKB-22

Pnc.6.6. SnckTpoMardHTHAA 0TBOAKA
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6.4. OCHOBHDBIE Y3JIb1 CXeM YNpaBjeHKs Tu(TOM

CxeMa yrpaBIeHHs THPTOM BKITFOIET B CBOH COCTAB CNEAYIO-
IIHe OCHOBHBIE Y3/BII KOHTPO/IS TONOMCHHA KaOHHBl B IIAXTE, aB-
TOMATHUECKOTO BBIGOPa HATIPABNEHMS [ABHAXEHUA;, TOPMOKEHHS; TOTHOH
OCTAHOBKHW; aBTOMATHYECKOTO OTKPBIBAKHS U 3aKPLIBAHHR ABCPEH,
3ALUWTEIL.
Komauauble CHTHAlIbL, 33/Ia10IHE TPOTPaMMY JBHKEHHA Ka-
GuHEL, Pa3AC/IAIOTCA HA JBA THHA: “TIPHKA3BL", MIOCTYNAIONIHE U3
KaGUHBL; U “BBI30BEI", TOCTYIAIOIIHE C HTaXHBIX TOMAOK. KoManae!
NOJAIOTCH € IOMOIBIO KHOMOK, PACIIONOKEHHBIX COOTBETCTBEHHO B
KaOHHE ¥ Ha TAKHBIX TUTolagKaX. B 3aBHCHMOCTH OT PEAklUHH HA
KOMaHIIHl | crocoba ux oTpaboTKH pasnHyarTcsa CXEMBI Pa3aebHOTO
¥ cobupaTensHOro ynpapneHus. I1pu pasicibHOM IIPHHIIATIE
YIpaBAeHHs CXEMa BOCTIPHHHMACT H orpabareiBaeT TOJNBKO OIHY
KOMaHJTy H BO BPEM ¢ BRITOTHeH:s. HE pearupycT Ha ApYTHe NpHKasbl
W BbI30BBI. Takas cxema HauOolee mpoCTa B pealH3alMH, HO
OTpaHHYMBAET BOIMOKHYIO MPOH3BOIHTENLHOCTE audTa U TO3TOMY
TIPUMEHSAETCS JIMWL A THQTOB KHIBIX I0MOB BBICOTOH 10 AEBATH
sTaxell ¢ OTHOCHTETRHO HEOOMBIIUM [TOTOKOM NACCAKHPOB.
TIpu coGuparesbHOM IPHHLKIIE YIPAaBICHHS CXEMa BOCTIPHHH-
MaeT ONHOBPEMEHHO HECKONBKO KOM2HI M BBITOJHACT HX B OIpe-
JeNeHHOoH ouepejHOCTH, 00BIMHO B MOPALKE CHEAOBAHHA sTaxeH.
CobupaTebHOE yIPABIECHHE MOXKET OBITh YACTHYHBIM, C ONpEae-
. 7eHHBIMH OTPaHHYEHHAMH, U TIOJHBIM, 0’ e3 KakuX-T#60 OrpaHHYSHHIL.
Hanpumep, cxeMa coOMpPATENbHOTO YIPaBICHHA Ha CIYCK MOXKET
BOCTIPMHHMATh TOJIBKO TIONYTHBIC BEI30BBI HA CITYCK W HE pearnpyeT
14 BBI30BBI [IPK TToTbeMe. J{pyroi BapHaHT TAKOH CXEMBI BOCTIPHHIMACT
fe3 orpaHHMdeHHH BBI30BBI Ha CIIYCK IpH 110060M HaNpaBICHUH
JBHKEHMS ¢ TMocTeaylomuM ux HenonHenueM. Cobuparensuoe
ynpapnenne obecneynpaeT GOTBIIYI0 IPOH3BOIHTCIBHOCTS nudra,
[I03TOMY OHO IIHPOKO NPHMEHAETCA B BBICOTHBIX MKHIBIX J0MaX,
ATMHHHMCTPATHBHEIX H Y4eOHBIX 3/aHHAX, TOCTHHALAX, FA¢ HMCKOT
MeCTO 6oMbIIME HOTOKH Tlaccaxupos, Haubonee nonHo coduparensHoe
yIpaBAcHHE DPEANM3yeTCA B TPYINOBRIX CXEMAX yNPABACHHA
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HECKOJNBKHUMH 1H(TaMu. [l TAKHX THOTOBEIX YCTAHOBOK MOXET
COCTABNATECA THOKast IPOrpaMma paGoTbl, IPH KOTOPO B 3aBHCHMOCTH
OT H3MCHEHHS IACCAKHPOMOTOKa BO BPEMEHH CBOGOIHEIE KabuHLI
MAQTOB HAXOAATCS HA ATAKAX MAKCHMABHOIO CTIpOCA, HANPHMED B
YTPEHHHC Yach! HA IIEPBOM, B KOHUE pafodero ans Ha BépXHeM. P
OCHOBHEIM y3i10M, 06eCIeIHBAIOMIHM ABTOMaTHYECKY 0
pa601')£ MHdTa, ABNACTCA y3€I1 KOHTPOIS MONOKEHHS KAGHHDI B MIaxTe
YCTpoucruBo, BRINONHALIEE 3TY QYHKLUHI, HA3BIBACTCA CGJ'IeKTOpOMl
K npocreitmemy tiny cenexropa orHocstcs pa3MelaeMele B maXTe:
Ha YPOBHE KakKIIOr0 3Ta}a TPEXNOIHLIHOHHbIE NEPEKHIHBIE ITAKHDIE
nepexnowarend 311, nepexknioyaeMbie ¢ HOMOLIBIO CHENHATHHOM
CkoOBl (OTBOAKH), YKpeNNeHHOH Ha kabHHe. Monoxenwne
nepexmoyaromero prryara JI1 naet HAbOpMaIHIO 0 MecTe NONOKEHHS
Kabuubt (puc.6.7). [TpH NpPOXOKAECHHH KabuHbI 4epes 3tax croba
NEPEKHABIBACT phidar JII i nepekiIouaeT ero KOHTAKTH, KOTOphle
OCYIIECTBIAIOT COOTBETCTRYIONIEE YIIPARIAIOIIEE ASHCTBHE B CXEME
HJ'IH“HEI JIMHEHHOTO Y4acTKa ckobbl | paccuMTEIBacTCA M3 ycnosm.
ABOHHOIO TTyTH TOpMOXEHHS TH(Ta, ockonsky D11 nepexmouaetes

OHO o "
/RHOH 1 TOH € CKoDOO# Npu mojixozie kabuHbl K 3Taxy Kak CHH3Y, TaK
H CBEpPXY. ,

f
]

Kabuna
Buiwie
Imamg l
T Jn ! ‘
l\) | |
vab Keduwna
fﬂﬂﬁa / ﬂi;?a | Hg smamme
JNEIRE
van (|1

Puc. 6.7. KouTpone nonemxkenns xabunbl B maxTe ¢
TIOMOILIBEO 3TAKHOTO NePeKIIoaTeNs
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Hc.6.8 nokas-
KnBx IPx Ha p

Hgf aH y3el aBTOMAaTHYEeCKOTO
' Kl | {Bmﬁopa HanpaslieHHA ¢
i TAXHBIX TEpe-

. f”??f_ﬂ]" } IOMOTIIBEO 3 p
kaouarened. Kpome sraxk-
e IPx STk = KB | ypix meperspouarenes B ysel
Ki | “—K\HFD—- BXOAAT 3TaxHble pene OP,
! - KOHTaKTODH HANIPaB-JICHU

1 1
I 3B+ oy npmKeHua sBepx KB umu
' — pHu3 KH, BKJIKOUAIO-UIHE
| 2 JBHIaTeNb Ha co-
e OTBETCTBYOIEE HAMpPaB-
2Pl 3Ili-l
1 xg | nenue Bpaumienus, a Takxe
—

Vo gy KB OA0KHPYIOILHE KOHTAKTHI
wp| ——" nona kaburm IIK1, 11K2.

KafuHa HaxOQuTCA Ha i-M
sTaxe, KoHTakTopsl KB 1

Pre. 6.8, CxeMa y37a aBTOMATHYECKOTO HANpas- KH ortkgwoyensl. IlpH Ha-
JIeHMS ABMOKEHHA Ha 3TAKHLIX NEPCKIONATENAX pary i Ha KHOTKY BLI30BA

KuBx wumu npukaza Kullk xaxoro-nmbo, Hampumep k-ro sTaxa,
Mony4aeT THTaHuUe pene JPK 3Toro sTaxa. Koutakr 2Pk nogaet
nuTanre Ha wmny B xontakropa KB, ecny 3Tax Ha3HAICHHS H
BLI30BA BBIIE i-TO 3TA%a, und Ha wuHy LIH xoHTakropa KH, ecnn
BLIOpaH HHXHHUI OTHOCHUTCIBHO i-ro srax. Kronku KuBk nmi Kullk
GIOKMPYIOTCS KOHTAKTOM DPK if ONHMM H3 3aMKHYBIIHXCA KOHTaKIOB
KB win KH. Ecin B kKabrHe HaXOMUTCA [TACCAXHP, TO KOHTAKT I1071a
1K1 paspbIBacT Nk BHI3RIBHAIX KHOTIOK, 3 KOHTAKT [TK2 mogkniouaet
lenp MHTAHWA KHOTMOK MpHKa3oB. JOCTOMHCTBO JDTAXKHOIO
MepeKTiouaTens - IPOCTOTa CXeM YNPABNCHMA, TOCTPOSHHEIX ¢ €ro
penonbizosanueM. Oanako paboTa DTAXKHOTO MEPCKIOYATCIA
conposoxaactcs wymom. Cpok cny>k0bl €ro OrpaHHYueH M Pe3ko
YMEHBIIAETCS C POCTOM CKOPOCTH IBHKEHUA nn(Ta, 103TOMY 3TaXKHBIC
nepeKIoyaTeny TPUMEHAKTCS B OCHOBHOM B THXOXOAHBIX H
HEKOTOPBIX BLICTPOXOIHEIX NudTax ¢ paGounmu cxopocTamu 10 0,71

M/c. _
PacLuMPHTh BO3MOKHOCTH MYTEBOr0 NPHHLHIA KOHTPOMA
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IIOJIOKEHHA KaOHHBI MOXKHO C IOMOLUBIO KOLIHPOBATLHEIX AllIIAPATOB -
MEXaHUYECKHX CEJICKTOPOB, IMPOKO NPHMEHAEMBIX B 3apy0exHOH
npakTuke. KoMmakTHbill, pasMellleHHLIH B MaIUHHHOM 3a7¢
KOIHPAaNmapaT MeXaHH4YeCKH COCAUHEeH ¢ KaGUHOH Nenbio WIu
TPOCHMKOM H B Maclutabe nnpuMepHo 1:50 nOETOpAST ABMMKEHME KaOUHEL
B KPYTOBOH Pa3BEpPTKE, BBINOMHAS C NOMOIIBI) KYNAYKOBEIX KOHTAKIOR
TE K€ OMEPAIMH NMEPEKIIOUEHHA, YTO H STAKHBIC NEPEKIIOUATENH.
Konupannapatsl paboTarT MIABHO K OSCIIYMHO H IPHMEHAIOTCS HA
THPTAX CO CKOPOCTHIO ABMKEHHS KaOHHB 10 1 M/¢, OHAKO KOCBEHHBIH
KOHTPOJIb TOJOXKEHHA KaOHHL Yepe3 MeXaHHUYEeCKHe Mepenadn
ABNAETCS HEAOCTATKOM PACCMOTPEHHOTO THIIA CENeKTopa, B
KOHCTPYKIHH KOTOPOro HeoOX0nUMO NpeAyCMaTpHBAaTL MEpDI,
HEJOMYCKAOWKE HapYWIEHHE ero CHAXPOHU3ALMY, HAIPHMED, H3-3a
ApOCKanb3bIBAHKA COCAHHHTENBHOr0 Tpocuka. Kpome Ttoro,
YMEHbBIIEHHBIH MacmTad BOCNPOH3BOAHMOrC KONHpANHaparoM
JOBHXCHHA KaOMHB! YCNOXKHAET BBRITONHCHUE TOYHOH OCTAHOBKH.
Ilostomy npH ckopocTH ABIKeHHS KabHHb! 6onee 1 M/c MexaHHyeckHe
cenekTopsl paboTaroT HeHaAEKHO.

151 CKOPOCTHBIX M paboTaONHX B HHTCHCHBHOM pexXuMe Obl-
CTPOXOJHBIX NU(TOB NPHMEHIIOT JIEKTPHUECKHE CENEKTOPE! ¢ Hec-
KOHTAKTHBIMHY JaTYHKaMH MONoxkeHus kaOuuel. Hanbonsmee
OPUMEHEHHE B CXEMaX OTEYECTBEHHBIX NHQATOB MONYYHIH MHIYK-
THBHBIE JATYHKH, [IPEACTABIAIOMME COOOH KaTyLIKy MepeMeHHOI0
TOK4, HAMOTAHHYI0 Ha IHXTOBAHHOM Il-00pa3zHoM cTanbHOM
cepaeunnke (puc.6.9, @). Jarauky pactonaraloTcs B [HaXTe Ha YpOBHe
9TaXHBEIX ILIOM&J0K TakK, 4TO NpH ABWKEHUHM nudra HX
MarHHTOIPOBOIK TOOUEPEIHO
3aMmblkaloTcs  (0e3  xacaHuf)
CTatbHOI CKOOOH, YKpenneHHoit Ha
kadune. Harpyskoil pmatuuxa
CNYyXHUT o0OMOTEa pelle HIH
COTJIACYIOLIEE CONPOTHBIEHUE
JOTHYECKOTO 3M¢MeHTa. [lpH
Pa30MKHYTOM MarHHTOIPOBOJE
HHIYKTHBHOE COIPOTHRIEHHE
KaTYIIKH JaT4YHKa Majo H

ALLLLLLLARAARANASY

Puc. 6.9. HanyxrusHabiil narank (a)
H CXEMA €T0 BEMOYeHHH (0).
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HAIIPKCHHE IHTaHHS TIOYTH N0JHOCTEIO PHKITA/BIBAETCSA K HATPY3KE
U =U (puc.6.9,6). IIp1 3aMKHYTOM MaTHMTONPOBO/E MHIYKTHBHOE

Hhix

COTIPOTHBIEHHE KaTywlkh Benuko u U =0.

CenexTopsl ¢ MCIONBIOBAHHEM HHIYKTHBHBIX I3aTYHKOB
CTPOATCA B JIBYX MCIOJHEHHAX: ¢ TIPUMEHEHHEM KOHTAKTHBIX pele
{peneiinbie CENEeKTOPhl) U Ha DECKOHTAKTHBLIX JIONHYECKHX 3IEMEHTaxX
(DECKOHTAKTHBIE CENEKTOpHl). B oCcHOBY mocTpoeHHs 060HX THIOB
CeNeKTOpa KIaJeTcs OlHA H Ta e UCXOHAS JHarpamMmMa ero paboTsl,
npencrapiacHHas Ha puc.6.10. Ungyktaereie natunke cenexiuu JC1T.
JC2, IC3 ... ( ¢ HOMEpPOM, COOTBETCTBYIOLIHM NMOPAJIKOBOMY HOMCPY
aTaxka) BeIpabaThIBalOT CHrHambl cootBercreento UC1', HC2 UC3’
..., KOTOPBI¢ B TEPMHHOJIIOTHH LHPPOBOH TEXHHKH XapaKTepH3ylOTCH
aByMsa 3HadeHusmu: 0 - npu nonoxeHuH kaOHHBL B 30HE JaHHOTO
JATYHKA # 1-BO BCEX IPYTHX MONOKEeHHAX KabUHEL Eciu oCylLIeCTBHTE
MHBEPCHKD MOMYYESHHBIX CHTHATOB, TO TIONIOKEHHIO KaOHHBL B 30HE
JAEHCTBHA NaTyvka OyaeT COOTBETCTBOBATE CHrHAN 1, a mpu moboM
apyrom nonoxeHud - curnai 0. Taxum obpa3oM, MPH NEpeMEIEHAH
kabuusl OymyT noouepesac MOABIATECA HMIYNBCH cenekuud HUCI,
HC2, UC3 ... (1a puc.6.10 BpigefeHbl ITPHXOBKOH).

Paciinpenne HMIyTBCOB CENEKIIMH Ha PACCTOSHHE MEXTY CO-
ceanuMH ataxkamu (curdans C 1, C2, C3 ... Ha puc.6.10) nozsonsdeT
HEMPEPLIBHO CACAHTH 33 NMEPEMelcHHEM KaOMHBI ¢ TOYHOCTBEY 110
MEXKITAKHOTO paccrosHus. Ecnu Bo30yKIEHHOE COCTOAHHE CHTHAUIA
CeJeKIHH COXPAaHHTh M HA IBHAKEHHE B 0DpaTHOM HanpaBie€HHH, TO
OABJIACTCS TONOTHHTENRHAS HHPOPMALHA O HAIPABICHUH JBHXCHHA.
JlefiCTBHTENBHO, TTYCTh H3BECTHO, 4T0 KaOHHA IBHIKETCA MEXAY
BTOPbIM M TPeTBHM JTaxkaMu. Toraa xabHHa IBHKETCA BBEPX, €CIH
curaan C2 uMeerT 3HaYeHHe |, ¥ BHU3, €CIIH eIIHHHYHOE 3HAYEHAE HMELCT
curnan C 3. Takum o6pa3oM, ¢ noMoLbI0 cHrHaoB cenexuud Cl, C2
H T.J. B&CbMa IMOJHO BBIMONHAETCA (QYHKUHS KOHTPOIA MONOXKEHHH
KaOHHBI.

Perneiitplii BApHAHT peanH3aliy PacCMOTPEHHOR AHArPaMMEI
paboTHl cenekropa mpuBeneH Ha puc.6.11. IlocnenoBarensHo ¢ Ka-
TytmkaMi uHAYKTHBHBIX gatunkos JIC1-JICh, rae i - YHCIO 3TaxkeH,
BKJIIOUEHE! pene uMnyinbcoB cejekuun PHC1-PHUCh. MMnynscrl
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Puc. 6.10. Ucxognas aHarpaMMa paboThl JATYHKOB CEACKI[HM

cenexuun HC1-HCn co3narTca npH 3aMBIKAHHH Pa3sMbIKKOMIIHX
KOHTAKTOB cOOTBETCTBYOIHX PUC. DTH MMNynbCcsl BKIOYAOT
Karyikd pene cenekund PC1-PCn. Brmounsmmcs, pene PC csoum
3aMBIKAIOLIEM KOHTAKTOM OJTOKHpyeT pasMbikatoiiii koutakt PHC n
COXpaHseT BKIIOHEHHOE COCTOSHHE BIUIOTE A0 CACAYHOIIETO MO XOAY
IBHKEHHS 9Taxa, Hanmpumep, ecn kabHHa HaXOOHTCH HAa MEPBOM
sraxe, To BoueHo pene PCL. I1pH noaxone ko BTOpOMY 3Taxy TepAeT
nutagne PHUC2 u orxmouaer PC1. Pasmbikatowuii kontaxt PUC2
BKJIIOYAET ClIeaymollee pene cenekuun PC2, KOTOPOE OTKIIOUMTCA
koHTakTroM PHC npu noaxone kaOMHEL K TPEThEMY 3Taxy H T.A.
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Puc. 6.11. CxeMbI BKIIOMEHHS pelle HMOYIBCOB CeNeKlny (a),
pene cenekuru (6) 0 CHrHANBHEIX MaMi {B)



314

Ilpn apuxeHHH KaGuHpl BHH3 PC OTKIIOUAKOTCH KOHTAKTAMHE
PUC, pacnomoxkennpiMu cripara ot karymrek PC (puc.6.11, 6). B
COOTBETCTBHH ¢ pabOTOH pene ceneklinu OyayT 3aropaThCs CHIHANLHbBIE
namnbl JI1-JIn, yxassiBalomuye Ha CBETOBOM Tabo MOJNOKEHHE KaOHHBI
(puc.6.11, &). ,

Ha puc.6.12,a nokazaHa cxeMa y371a aBTOMaTHY€eCKOro BEIGopa
HANpaeIeHHa JBHMXEHHS 1A BADHAHTA YAaCTHYHOTO COOMpaTenpHOro
YIPaBieHus 110 NONYTHBIM BHI30OBAM NP IBHKCHHH BHH3, B cxeme
HCIONb3YTCA KHONEU Tpukaszos Kall v Boizoros KuB ¢ 3annnanuem
(¢ yAep:KHBAOUIMM 3JIEKTPOMArHUTOM), COXPAHAIOIIHE HAKATOE
COCTOSHHE 10 KOHLA BBIIONHEHHsA KoMaHAH. brarozaps stomy
3aIIOMUHAHHE NOJAHHOH KOMaHIbl OCYIIECTBIAETCA CaMOM KHOTKOH,
H 0TManaeT HagobHOCTh B OTAENBHOM 3allOMMHALEM mpubope, a
YTOHIIEHHOE TIOTIOKEHHE TOAKATENA KHOIKH H3BEINACT NMACCAKHPOB O
perucTparHy MpHUKa3a UNH BEI30BA. -Bo3BpAT KHOIKH B HCXOIHOE
NIOJOXEHHE NPOU3BOAUTCHA WYHTHPOBAHHEM NGO OTKIYEHHEM
KaTYIIKKM YACPKUBAIOLIEr0 3NeKTPOMArHuTa.

[lycTs kabuHa HaxoauTCA Ha i-M 3Taxke. [Ipy 3TOM BCe 3aMBbl-
KawiHe KoHTakTel PUC 3amMkrYTH 3a mckmouenueM PHUCE. Ecnu
KOMaHJa HA3HAYaeT JBHXKEHUE K BHIIIEPACIONIOKCHHOMY 3TAXYy,
Hanmpumep k (i+1)-my, 10 ¢ mmocoemx muH IIKIT wim [ITKB yepes
3aMKHyThIE KHOTKH KHITi+1 min KuBi+1 nogaetcs mutanue Ha pene
YOpaBpIcHHS JBUKCHHEM BBepx PYB. OTo pene Bkniowactes u
obecrieunBaeT BrIOpaHHOC HanparieHHe ABMeHHA. llenpb KaTyuiku
pede ynpasieHus ABMXeHHeM BHu3 PX oTkiiouaeTcs crauana
xonTaktamMi PUCi, a 3aTeM npu ABHAKCHHU BBEPX Pa3OMKHYBLIHMCS
xoHTakToM PYB. Ecnu, nanporus, Obia Haxata kaonka Kulli—1 wiu
KuBi—1, cooTBeTCTBYI0AR HIDKEPACTIONOKEHHOMY YTaXKY, TO CMOMKET
BKMIOUHTHCA Tonbko pene PYH. Tlpu nonxone k sraxky HasHadeHHs
uens PYB paspeiaercs kontakramMu PUCi+1, a PYH - kouTakramu
PUCIi—1.

C y3noM Beibopa HanpaBlIeHs CBS3aH y3en 3aMeaNeHns, B KO-
TOPBIl BXOAMT Uenb ONOKHPOBOK M pene 3aMemneHus P3. Ilpu moa-
Xone kaGHHBI K 3TaXy HAa3HAYCHHS 3AMBIKAETCA COOTBETCTBYIOUIHI
pasmbikaromui koHTakT PHC 1 yepes 3aMxHyTy10 KHOnKy KuIl wnu
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KHB o nens 610KHpOBOK BKAIOUAETCs pese 3amelicHus P3. Pexe P3
OTRIIIQUAET KOHTAKTOp H0nboii ckopocTH Kb K nepeBoaut npusoa B
PeKHMM JOTACHBAHHMS 10 YPOBHA TOYHOH ocTaHOBku. Ecnu npu
JBMKEHHH BHU3 ObLIAO 3aPErUCTPUPOBAHO HECKOIBKO MOMYTHBIX
BBI30BOB, To PYH, nony4as nuraHue yepes cOOTBETCTBYROLINE KHOIIKH
KuB, OTKIHOUHTCA TOIBKO NOCIE BLINOJHEHHS NOCNETHErD, CAMOT0
HHXKHEro Ber3oBa. KouTakT PYH B musne BoI3BaHHBIX KHOMOK H AHOLB]
Hi—1-i+] BIOKUPYIOT CXeMY OT NPHHATHA BBI30BOB NPH JBHAKEHHH
3aHATON KabuHR BREPX,

Hpu noxbeme nopoxHeld KaOKUHEBI MO BHI30BY NMUTAHHE IIHHBI
KB obecnequsasrcs 3aMKHYTEIM KOHTAKTOM peNie KOHTAKTA M0
PIIK. Oznnaxo 1ipu 3ToM ONOKMPOBKAMH Pa30MKHYTA LCHb [TMTAHHA
pere P3. Ilo3ToMy npH HainM4MH HECKOJIBKMX BBI3OBOB KaOHHa
OBHKETCA BBEpX 0€3 OCTAHOBKH 0 3Ta)a HAUBBHICLICTO BHI30BA, TIE
NPH pa3sMBIKaHWH COOTBETCTBYIOLIETO KoHTakTa PHIC Tepser nuranue
PYB n otrmoyaer kontaxkrop Kb.

IIpu nonnom coOHpaTensHOM YNPABIEHUH MO BBI3OBAM TIPH
JBHK@HHH KaK BBepX, TAK W BHU3Z HA ATWXKHBIX NJIONIAAKAX YCTaHa-
BIHBAIOTCA 110 ABE BBI3BIBHBIE KHOMKH AJIs COOTBETCTBYHOIHX Ha-
npaenenni Asikenus KuBBi u KuBHi (puc.6.12,6). Knonku Berzosa
Beepx KuBB nosnyyasor nmutanne ot wvasl LHKBB, a xHOIKH BBI30BA
suu3 KuBH - or IIIKBH. B3anmocsass uenei KHOMOK HCKITIOYaeTCs
pasgenurensHeIMH Juonamu [ 1-/14. Beibop HanpaBmeHUs IBHKCHUA
OCYIIECTBAACTCA ABTOMATHUCCKH AHAJIOTHYHO OMMHCAHHOMY IUIS CXEMEL
puc.6.12,a. JIOMOTHHTENEHO BKITIOUCHHBIC B CXEMY Pa3MbIKAIOIIHE
KOHTaKTh! 0I0KHpOBOUHKIX pene HanpasneHnuit PEB 1 PBH 6aokupyior
¢xeMy 1ocie Bpibopa HaIpaBieHWs OT HEMOMYTHBIX BRI3OBOBR. Ecnu
cpabotano perne PYB, 1o konraxr PEB pa3meikaercs u uckmouaer
Bo3zeicTBHE Ha cxeMy KHomnok KuBH.

V3en 3aMeIIeHKA, PEATHIYEMEBIH B PENeiiHOM BapHAaHTE CEleK-
TOPA, MOMKET BEIIOAHATECA pasnnyuHe. Tak, B cxeMe puc.6.12.a komanaa
Ha 3aMelJIeHue NOoCTynaer or parduka cenexuuu HC staxa
HasHadyeHud. llupuHa 30uE necteua JIC, orpavuueHuas Bep-
THEAJILHBIMH IITPHXOBBIMH JIMHHSAMH Ha pHc.6.10, onpenensercs B
3TOM Clly4ae ABOHHBIM LyTeM TOpMoxeHHsA. UeM Bole pabouas
CKopocTek JHPTA, TeM Gomblne MyTh TOPMOKEHHA W JUTHHHee ckoba,
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Puc. 6.12. Cxema y3na BHOOpA HAIPABNEHUS ABHKEHHS IIPH COBUPATENEHOM
YIIPABNEHHH 110 BBI3OBAM BHH3 (a), BEepX H BHU3 (6)

Knilid

WYHTHPYIOWasd AaT4HK. Tak, npd ckopocTH B 1,5 M/c H cpemHeM

1,5°
=15
2-15
M. YBEIHYCHHE pazMepa CKoObl OrpaHHYHMBaET MPUMEHEHHE y3na
3aMEIUICHHS. [IOCTPOCHHOIO YKA3aHHBIM CrIocoOO0M, THIIb 171 THGTOR
CO CKOPOCTBIO IBHKEHUA MeHbuie 1,5 m/c.
Jns mudTor ¢ bonemei pabouei CKOPOCTBIO CHIHA HA OCTa-
HOBKY Ha 1-M 3Ta)ke MOXHO N0aBaTh ¢ garvrka JIC npemecTryIoMmerc
0 X0y JABIKEHHA 3TaXa, T.¢. ¢ JCi—1 npu apwxernu Beepx u ¢ [{Ci+1
IPH ABHKCHHH BHH3. Peanuzanus Takoro npyHUHNA IOCTPOEHHUA y31a
3aMe/UIEHHA BO3MOXHA, €CITH MEKITaXKHOE PACCTOAHHUE C JJOCTATOUHBIM
3aMacoM MpPeBBIIAeT NMYTh TOPMOXKEeHHS nudTa. Jins cornacoBaHHs
MOMEHTA Hayana TopMmoxeHus ¢ paboroit JC BBogutcs
COOTBETCTBYIOLLAA 331€PIKKA 10 BPEMEHH CUTHANA CeNeKNuH, Tak Kak
MEKITaXKHaL BHICOTA B COBPEMEHHBIX WHIBIX H 2 IMUHHCTPATHBHBIX

3aMedyieHHH 1,5 M/c? Tpefyemas JyuHa CKOBBI COCTABHT 2°

3naHusX cocraenger 2,5+3,5 M, T0 B cpegHeM pabodas CKOpOCTb
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NA(TOB ¢ TAKHM Y37I0M 3aME/UIEHHS HE MOXKET [IPCBBIIIATH
3HAYCHKC V, = 2.15-3 =3 m/c.

Ha puc.6.13 npuBecHa CXeMa y371a 3aMeLTCHHA IO IPHKa3aM,
BEINOMHEHHOTO 110 yKA3aHHOMY MPHHIIHITY C HCIONB30BAHHEM pele
cenexinu PC1-PCh. Pa3MbIKalOUIHE KOHTAKTH! KHOMOK Mpuxa3a Kulll-
Kulln nmomaior nUTamOlIee HANPsHKEHUE HA MIMHBL 3aMEIEHHUS BHH3
HI3H u Beepx II3B uepes 3aMBIKAMOIHE KOHTAKTbl PENIE CENEKLIHH
PC1-PCh. [lpu ABHXKEHHH KaOWHBI, HAMpUMEpP, BEEPX MOQYEPEAHO
pabotatot pene PC1, PC2, PC3 u 1.1, Ha yyacTke ABHKCHHS OT EPBOTO
70 BTOPOro 3Taka pene 3ameneHus no npukasam P3I1 momyuaet
nutanue yepes konrakTel Kull2, PC1, PYB, Ha yyacTke J(BHKCHHA OT
BTOPOro 3Taxa jgo Tperbero - uepes Kull3, PC2, PYB u T.a.
Boa6ysxnennoe cocrosune P311 obecnicyHBaeT BKINIOYEHHOE COCTOARNE
o, rkouTaktopa Kb H TeM cambiM
pexuM GONBMON CKOPOCTH.

:Hﬁ" PCp-1 K5
4
T s B | I ‘ Ecnu ogHa M3 KHOMOK, HalpH-
L3

- pes mep KHII3, naxara, 10, Kak
"—jfr BHJIHO H3 cxeMbl, Lens P3I1
bl _oPa3pBIBAaETCA NPH IMOIXOJE

2 - Py L KaOHHBl K YETBEPTOMY 3TaXy
"'Jfr-ﬁ_/ NpH JIBHXEHHH BHH3 U KO
=l i BTOPOMY 3TaXy - IIPH IBHXe-

Kaitl P2 HuH BBepX. Cledyer 3aMeTHTh,
A'II‘———;——-—-- YTO PaccCMOTPeHHBI cnocob
Puc. 6.13. Cxema y3/1a 3aMedneHna no  IOCTPOEHHA y3J1a 3aMCIJICHHA
[PHKa3aM HA peNe COACKIIHH BHOCHT NOTIOMHUTENBHEIE

TPYAHOCTH B PSATH3ALMIO PEKHMA TIO3TAXKHOI0 Pashe3/ia, 1nid KOTOpOro
TpefyeTcs ONpeNeNeHHOE MIEPECTPOCHUE CXEMBL.

CymecTBeHHBIM HEJOCTATKOM PENEeAHBIX CEIEKTOPOB ABJIACTCA
GoNplIoe KOXHYECTBO KOHTAKTOB, YTO MPHBOAHT B IPOLECCe 3KC-
TUTyaTalMH K OTKa3aM B paboTe cxembl. OTBICKAHHE HEHCTIPABHOCTH B
COXHOH peneiiHoil cxeMe mpeAcTaBiseT coO0H TPyAHYIO 3amady H
TpebyeT kBanHGUUHPOBAHHOTO nepcoHana. CTPeMIICHHE YCTPaHHTE
HEZOCTATOK PpENnEHHBIX CEIEKTOPOB TPHBENO K CO3MAHHK
5EeCKOHTAKTHBIX CXEM YIPABICHHSA € HCMOJB30BAHHEM JOIHYCCKHX
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3IIEMEHTOB COBPEMEHHBIX CepHI. DYHKUHOHATLHBIE Y3/IBI CXEMEI
YIPABICHHUA Ha JOIHYCCKMX 3IEMEHTaX MOryT ObITh MOCTPOEHBI
(opManbHBIM TPAHCTIOHHPOBAHHEM PENCHHBIX, KOHTAKTHEIX BAPHAHTOB
y3710B Ha OcCKOHTaKTHBIE, B psie cIydaeB Tak M MOCTYNANOT, KOIIA
pelmaercs 3ajada MOJCPHH3AUMH CXEMEI, T.€. NEPEBOI €€ Ha
OeckoHTaKTHBIH BapHaHT. OJHaKO BO BHOBL paspabaThIBaeMbIX
CHCTEMAX YIPABICHHS MOKHO y4ecTek crieundrueckre 0cobeHHOCTH
NROTHYECKUX 3IEMEHTOB, HCNOTL30BAB LPHHLUMIBL H NPHEMbI
LH(PPOBOTO YIIPABICHUA.

PaccMOTpHM B KauecTBe NPUMEpa HOCTPOEHHE OCHOBHBLX
Y3JI0B CXMBI YTIPABJIEHUA CKOPOCTHRIM NTHGTOM (vp:2 M/c). B cxeme
NpHMEHdEeTCd Cnocod MHOTOTAKTOBOIO ONpOCa, MO3BOIANIHI
COKpAaTHTh YHCIIO ANMapaTOBR M HAWNYYIIHM 00pa3soM HCIONb30BATh
HupoBYI CHCTEMY yopaBileHWsa. Mecronmonokenne KaOGHHBI
ONpeaensieTcss C MOMOMIBI MIECTHPA3PAJHOTO ABOMYHOTO JATUHKA,
TO3BOIAIONIETO IPHMEHATh CXEMY B 3TAHUAX C KOMHYCCTBOM 3TaXeit

Ao 40. UlecTe HHOYKTHBHBIX JATUMKOB PACIIONOKCHBL HA KpbIlIe

KaOHHBl M IIYHTHPYIOTCH YCTAHOBIEHHBIMH B MAXTE LICCTHIO
CTAIBHBIMH CKOOAMHM TakK, uTO OT 3TaXa K 3TAKY COOTBETCTBEHHO
MEHSIOTCA LHHQPBl B Pa3pafax, OJHO3HAYHO ONPEISIAA MMOIOKEHHE
kabunel. CenpMoOil AATYHK, YCTAHOBNEHHBIH Ha KaOHHe, SBISCTCH
JATYHKOM TOYHOI OCTAHOBKH.

Y3el TaKTOBOTO OIPOCa COCTOMT W3 TAKTOBOTO reHeparopa
(MyneTHBHOpaTOpa), THHHI 3aKepKKH, O10KOB ompoca, KawIbli H3
KOTOPBIX PAaCcCYHTaH Ha MOCIEA0BATENbHBIH OTPOC YETHIPEX ITAKCH.
Yacrora Taktos ompoca - 20 I'l, nocnenoBaTensHOCTE ONpoca co-
CTOAHHSA CXEMbI - OT HAHBBICIIIErO 3TaXa K epBoMy. Pe3ynbrars! onpoca
NOCTYNAlOT B y3en BEIOOpa HanmpaBAeHHS ABWXKEHHSA, ecNu Kabuua
HEIOABIDKHA, WK B Y3€I 3aMeIJIeHHs, eCM KabHHa TBIKeTCS,

Ha puc.6.14 mpuseaeHa cxema y3uia BeIOOpa HallpaBieHHs JBH-
JKEHMA Ha JOrMYecKHX eMenTax, Ha BxojiHEIC 2meMenTh 1, 2, 3 THRG
HJIHM-HE nonaroTrcs HONy4YeHHBIE TAKTOBEIM OMPOCOM HMITYJThCHI
cenexuu THUC, nmnynece! npuxazos THIT v Be3os0B Beepx TUBB 1
sun3 THBH, a taxske umnynecel onpoca MO. B¢y MMEIOTCS IPHKA3bI
H BBI3OBBI, COOTBETCTBYIOUIHE 3TaKaM, PACTONOKCHHBIM BEIIIE
MECTOIIONOXKEHUA KaOWHbI, TO BHadane [OABATCSA €AMHHYHBIE

319

HMIIYNbCH Ha BXOJE wieMenTa 2, a curian THC Ha Bxoge sneMenta |
OCTaHeTCs HyneBbIM. B TakT onpoca Ha Bxone anementa 3 Gyzner 1. M3
CXeMBl BHAHO, YTO Ha BXOfie Tphrrepa 7 nosButed 0, a tpurrepa- 9-1.
Cpaboraer pene PYB, onpeaensomee aemxenue Beepx. CocTosHHe
TPHITEPOB COXPAHAETCA A0 CASAYIOMEH ocTanoBKy KabHHEI, Koraa Ha
BTOPBIC BXOABI TPUITEPOB MOIAIOTCA CHTHAJIE cOPOCa, BO3BPALIAIOIIHE
MX B HCXOAHOE NonoxeHHe. ECIH KOMaHIBI IIPHKA30B U BLI3OBOR
COOTBRTCTBYIOT 3TaXaM, PAclIONOKEHHBIM HIKE MECTONONOXKEHHA
KabWHBL, TO NIPH ONPOCE BHAYale NOSBUTCS cHrHan cenekuun THC, a
curdansl TUIL, TUBB, THBH ocranyTes nyaesmimu. Herpyauo
NPOCAEAUTE MO CXEMe, YTO COCTOSHME ee H3MeHHUTCd (UMdpsl B
cxo0kax), M cpaboTaer pese HanpasieHHs ABHKeHUA BHU3 PVH,

B 3akmo4enne 0TMETHM, 4TO OKOHHATELHBIE OTIEPAIIUH BO3-
JeHCTBHA Ha CXEMY 3/IEKTPOIPHBOAA Ja)ke NMPH OECKOHTAKTHOM ce-
MIEKTOPE BO3NAraloTCA Ha PeleiiHO-KOHTAKTOPHYIO anmaparypy

>
©)
=

Cépoc

Puc, 6.14. Cxema y3na BrIG0pa HaNPABNERHA NBHAEHHS
Ha JIOPHYECKHX JIIEMEHTaX ¢ MHOTOTAKTOBEIM OTIPOCOM

KoHTakTHOE pene MO3BOISET OOHHM CBOHM PaGOYHM TAKTOM BEI-
NOJIRATE OOHOBPEMEHHO OOMILIIOE YHCIIO NEPEKITIOUCHHH B PA3THIHBIX
IMEKTPUHECKUX LEMAX. ITO JOCTOMHCTBO pele A2ET BOIMOKHOCTE
YNPOCTHTH CXCMBI, BHIMONHAKMIAE 33IUHTHRIE H OIOKHPOBOYHBIE
GYyHKIMH, @ Takxe OOECHEYHTh COINIACOBAHHE JTOTHYECKHX
DECKOHTAKTHBIX Y3JIOB ¢ CHCTEMOM EKTPONIPHBOIA.
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K maccaxHpCKHM JIH(TAM NPENBABIAIOTCS BECbMa CTPOTHE
TpeGOoBaHNs B OTHOUICHHH HAAEXHOCTH paboThi i 6230N1ACHOCTH NOMb-
j0BaH#A JIMPTOM. [IpHYHHOH HECYACTHRIX CIYyYaeB MOMKET ABHTHCH
06pHIB KaHATOB KaGMHBI HIIM NMPOTHBOBECA, IPEBLINICHHE CKOPOCTH
IBWXEHHS KaGHHEBI BHIIIE LONYCTHMOH, NBHKEHHE KAaOWHBI IPH OT-
KPBITHIX IBepAX, eperpy3ka Kabunel, ociabnenue HaTHKCHHA Kada-
TOB OrpaHHMYHTENS CKOPOCTH H T.1. [ToaToMy Bee nudrhl cHaOxarTes
PasNUYHBIME MCXaHHYECKUMH H DICKTPHYCCKUMA YCTpOHCTBAMH,
rapaHTUpyoIuME 6e30MacHOCTL 00CTyKMBaHHA TTACCAXHPOB.
Hauboree XapakTepHbl YCTPOHCTBA DE30TIACHOCTH PACCMATPHBAOTCH
B cregylouieM naparpade Ha NpEMeEpe THIIOBOH CXeMBl YTIPABIEHHA
BBICTPOXOIHEIM THPTOM.

6.5. OnTHMANLHAA CTPYKTYPA THPHCTOPHOTO
ACHHXPOHHOIO MIEKTPONPHEOIA JRPTA

TpeGoBaHus, UIICKEHHEIE B 116, 1, ¥ KPHTEPHH QYHKIHOHATE-
HOIf IPHTOIHOCTH ¥ MHHHMYM2 3IEMEHTOB WX YCTPOHCTB ABIANOTCH
OCHOBOH, NPU OITHMH3ALWH CTPYKTYPBI THPUCTOPHOTO aCUHXPOHHO-
Io IEKTPOLIPHBOIA THQTA.

OnNTHMH3MPOBaHHEAA CTPYKTYpHas CXeMa THPHCTOPHOTO
ACHHXPOHHOTO eKTPONnpHBoza (pHe.6.15) MoxeT OBITh UCTIONB30BAHA
npu pazpaboTKe 3TEKTPONPHBOAA NACCAKHPCKUX nTudTOB CO
CKOPOCTRIO ABHXKeHHs Kabuuel 10 1,4 m/c. IIpunuun thazosoro
yTpaBieHus SBIACTCA OCHOHHBIM. JIOMONHATENBHO K STOMY ANk
pexXuMa PeBH3HH NpPHUMEHEH TPHHLMI YaCTOTHOIO yNpaBleHUA
aCHHXPOHHBIM [BHraTeNeM, Ipu4eM [ULL NOMYYCHUA MOHKEHHOH
CKOPOCTH HCIOJNB30BaHa QHKCHPOBAHHAA 4acTOTa 16,67 T'n.
DeKTPHUECKOE TOPMOXKEHHE TIPH 3aMEICHHH NH(Ta CHCTEMA
yIIpaBIeHHs SAEKTPONPUBONOM 00eCHeunBaeT nyTeM MepeBoia
ACHHXPOHHOTO JIBUTATENS B PEXAM JHHAMHYECKOTO TOPMOKEHUA HITH
B PEKMM NPOTHBOBKIIKOUEHHS.

OnTHMAIBHYIO JHATPAMMY JBHKEHKS ATEKTPONPHBOA peann-
3YIOT ¢ NOMOILBK 3aMKHYTOTO KOHTYPA PErymHpOBaHHS CKOPOCTH,
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BKIIIOHAIOILETO 3a/1aTYHK HHTeHCHBHOCTH 3H, KoTopbiii BEIpabaTeiBaeT
CHTHAll 3aJaHHOH ONTHMAIBHOH CKOPOCTH B BH/E HANPSKEHHA U ;
YCTpOHCTBO 00paTHOH CBA3M MO CKOPOCTH (TaXOT¢HEpaTop BKJ,
BRINPAMHTENS ¥ GuABTp D), KOTOpoe BHIpabATHIBAET CHTHAN Acii-

CTBHTEILHOH CKOPOCTH ¥, ; CyMMHUpYIOIee yerpoiictao CY, B KoTopoM
[IPOHCXOOHT CPaBHEHHE CHTHAJIOB 3aJaHHOW U QeHCTRHTENBHOMH
CKOPOCTH, H perynatop ckopocTd PC, kotopsiii dopmupyer
YIOPaBAAIOLINI cUrHaan U, [locneanuil mocrynaer B cucTeMy
HMITyTbCHO-(hasosoro ynparienus CUDY THpHcTOpaMy THPHCTOPHOTO
npeobpasosaTens mepeMeHHOro Hanpsxenus TII, KOTOpBIH B
COOTBETCTBHH C HATIDAKCHUEM U H3MEHALT HANPSKEHHE Ha 06MOTKe
CTaTOPa ACHHXPOHHOTO ABHTaTeNs M,

Joruueckoe
XX K XX ~33€‘t!ici" 3a04K01Ee YCTPOHCTRO

Pxixf \u,ll f- LT T3V, xotopoe paGoraer
Mo JAMCKPETHOMY TpPHH-

A3y

ERVEE < l? LMY, 321a€T aNTrOpHTM
v Vyyy = — YOparIcHHA CHCTEME
INeKTpONOpPHBOIA.
YeTpoicTro J3Y

thopMHpYeT JTOTHYECKHE
YIPABIAKILHE CHTHAJIBI
Vi~V npeobpasys
BXOJAHBIE JIOTHYECKHE
CHTHAJBI, OJHA YacTh
KOTOPBEX (CHIHAMbI X X )
HNOCTYNAET H3 CHCTEMBI
ylIpaBleHHd THQTOM (Ha
CXeME HE IOKazaHa), a
Apyrasi 4acTh (CHIHAIIbi
X,-x,) hopMupyercs npu
paboTe IeKTPOnpHBO/IA.

Puc. 6.15. OuTHMH3HpOBanHas CTPYKTYPHAs CXema
THPHCTOPHOIO acKHxpoHHoro T nugra



322

THpHCTOPHBIA ACHHXDPOHHBIH 3MEKTPOIPUBOA ITHPTA
COMEPKUT crcAylonine (QYHKUHOHANLAME ycTpolicra: Y-
MEeXaHHYECKKH TOPMO3 C NMPYXKHUHHBIM 3aTOPMaXKHBAHHEM H
3EKTPOMATHHTHBEIM pacTopMakuBaHueM; BT3- 610k TopMO3HOTO
IMEKTPOMArHKT MeXaHuueckoro ropmosa; YIIC- ycrpoiicTBo
HOHMKEHHOH CKOPOE CTH U1 PEBH3MH LIAXTEI, PEATH3YIOLIEee NIPHHIHI
4aCTOTHOIO YNpPaBJeHHs acHHXPOHHBIM aBuratenem; TIIC-
TpanchopMarop noHmKeHHoH ckopocty; A T- 1aTuuK TOKa ABHIaTCIIA
npH paboTe Ha MOHHKEHHOH ckopocTH; YBB- ycTpoiicTso Oe3yaapHoro
BKJIIOUEHUA ACHHXpOHHOro aeurarend; JHP- naTduk H3MeHEHHA
pexuma paboTel anexkTponpuoaa;, bCC- 010Kk CHHXPOHH3HPYIOIIHX
curnanog; bT3- Onok rennosoit 3awmutel asurarend, Kl- koHTakrsi
xoHTakTopa GesonacHocTH Kb, nyOnupylomero oTKIKYCHHE dIEK-
TPONPHBO/A B aBapHiHbIX pexnmax; K2- KoHTaKThl EPEKIrOUaTENs
pexumMoB; SF- apToMariyeckHil BHIKIIOUATENb.

Ilpn onucannu paboThl THPUCTOPHOTO ACHHXPOHHOrO
MeKTponpHBOAa 1udTa HCIIONB3OBAHE! Ceyomue 0003Ha4YeHHS
HANPSDKCHIH H CUTHANOB: U - THHEWHOE HAIPSKCHHE MEATY thazamu
A ¥ B nuTtalowmeii tpexdasnoii cety; u - Hanpskenue ¢aspl C nura-
foreii Tpexdasuoil cern; u,R- Hanpsxenue TaxoreHepatopa BR;
cpesHee 3HAYEHHE HAMPSDKCHHA TPONOPUHOHAILHO YACTOTE Bpalle-
HUA aCHHXPOHHOTO ABHTATeNs (0, u,- CHrHan (HanpsXkeHHE)
HCHCTBUTENBHON CKOPOCTH, NMPONOPLHOHANBHEIH YIIOBOH CKOPOCTH
; u- CUrHal (HampsKeHHe) 3a1aHHOH CKOPOCTH; X,- JOTHYECKHH
cursan “noanem’; X, JIOTHIECKHH CHIHAN “CIycK”; X - NOrHYeCKHA
CHTHAT “3aMe[JIeHHe”; X ~IOTHIECKUH CHIHan “peBH3MA WAXTHL ; X -
nMorHyuecKHil curHanm “kabuHa Ha 3Taxe”; x,- JOTHYECKHH CHIHA
“QTCYTCTBHC KOPOTKOTO 3aMbIKAHHA M MEPerpesa THPHCTOPOB™; X,-
JOTHYECKUH CHTHAT “TICPErper MEKTPONBHIATENS s X - JOTHICCKHH
CHIHAJ “ZeficTBHTE/IbHAs CKOPOCTE Goliblle 33MaHHOM ", X - IOTHUSCKUH
CHTHAT “ABHXEHHE 3AEKTPONPHBOJA 3aJaH0”; X, - JOTHYECKHH
aBapHilHBIA CHTHa “CTON”; V- YNPamIAIONIMH JOMHIECKHH CUIrHAN
“BKIIOMEHHE 3a/aTYHKA MHTCHCHBHOCTH”; y,- YIPaBIMiOLKiH
NOrHYeCKHit CUrHAT “IIoAbeM”; V- YNPABAAIOLIUHA JOIHISCKHH CHIHAT
“ermycx”; y,- yNpPaBIAIOLHI TOrHYeCKHH CHIHAN “pa3pelicHue”; y -
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YNpaBIAOMIHN JOTUUECKHH CHTHaN “3aTOPMAXKHBAHHE , V-
YIPaBISIOMHHA JTIOTHYCCKHH CHIHAM “BKIIOYCHHE Y3112 TOHUKCHHON
CKOPOCTH”; V- YNPaBNAKLIKIA TOTUYECKHH CHI'HAN “BKIIOYECHHE
TUpHCTOpoB $az A v B”, y - ynpapngiomui JOrH4eCKHi CHIHAN
“BKIMIOYCHUE THPUCTOPOB (aser C.

HanmeHoBaHHS NOrHHECKHX CHTHAJIOB COOTBETCTBYIOT COCTOS-
HMIO JIOTHYECKON eannuubl “17, Ha puc.6.16 npuseneHs quarpaMmel
CHIHAJIOB, COOTBETCTBYIOLIMX PaboTe AIeKTPOIPHBOAA B HOPMAJIBHOM
pexXxuMe B HallpaBIcHUH “mogbeM”, 3aBHCHMOCTH CHTHajaa JeH-
CTBHTENBHOH CKOPOCTH (), MOMEHTA MEXAHHYECKOTO TOpMO3a MT H
MOMEHTa aCHHXPOHHOTO ABHrarens M.

CxeMa 3eKTpOTIPHEOAA B COOTBETCTBHH C puc.6.15 H puc.6.16
paboraer cunepnywmum obpaszom. B ucxoaHoM cocTosHuuW
ABTOMATHYCCKHi BRIKTIONaTeNs SE BKIIOUEH, 60K THTaHHA (Ha cxeMe
HE [I0Ka3aH) II0J4acT COOTBETCTBYIOIIEE HAMpPAXKEHHE B-
byuknHonansusie yerpoiicrsa (JI3Y, CH®Y, PC u 1.4.). brnok
CHHXPOHI3HpYoIHX cHrHaoB BCC BoIpabarbiBaeT COOTBETCTBYOIHE
CHHXPOHH3UPYIOIIHE HanpsokeHns U noaaeT ux 8 CUOY, Y1IC u VBB,
KoHTaKTOp GesonacHocTH Kb BKMIOUEH H ero rnaBHbIC KOHTakTsl K1 1
OJIOKMPOBOYHEIH KOHTAKYT 3aMKHYTHI, TpaHc(OpMaTop MOHMKEHHOH
ckopoctd TIIC u matumk Toka JIT oTKnKOYeHH (KOHTAKTHI
nepexmoyatens K2 pazoMKHYTHI), TOPMO3HOM 3NEKTpPOMarHuT Y
OTKJIOYEH M MexaHH4YecKuit TopmMo3z MT 3aTopMoikeH, KOPOTKOE 3a-
MBIKAHHE B THPUCTOPHOM IpeoDdpa3oBaTene OTCYTCTBYET, JABHrarelib
M nMeer HOpManbHYIO TeMneparypy. ONHCAHHOMY  COCTOSIHHIO
COOTBETCTBYIOT HYIIEBBIC 3HAYEHHA TOTHYECKHMX CHTHAIOB X, =X, X,
Xp» ¥~V p ¥V M COMHAYHBIEC 3HAYEHHS JIOTHYECKHX CHTHATOB X —
X, X H Y

PaGora B HOpManbHOM pEeXHMME B HAIPABICHHH “MOABEM”
HayHHaeTcs B MOMeHT BpeMeHH =0 (puc.6.16), korna cucrema
YNpaBJIEHHA JHPTOM NEPEBOJIMT CHTHAI X, B COCTOSIHHE JIOTHYCCKOH
emuuuik “17. [locae storo yerpoiicteo JI3Y nepeBomut ynpas/onumi
CHTHAT y, B COCTOARME ‘07, BKIIOYACTCS  TOPMO3HOH 37TEKTPOMArHHT,
M HaYHHAETCs pacTopMaxuBaHHe. OJHOBPEMEHHO C CHUTHATOM ), B
coctoanue “1” mepexoasT CHTHaNbl y, H y,, OJTHAKO OTIHPAHHA
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THPHCTOPOB HE IIPOMCXCAMT, TAK KaK OTCYTCTBYIOT 3a7al0HH CUrHal
¥ CHTHATIBI Pa3spelleRus OTIHPaHHA THPRCTOpoB Y, H V.. Yepes Bpema
t,, ABIAIOWIECCA BPEMEHEM YHCTOIO 3aNas3AbIBAHUA TOPMO3a,
Mexanudeckii Topmos MT pacropMaxuBaceT 1EKTpONPUBOL, U
ycTpoiicTo JI3Y nepeBoguT B cocTosiHue 17 CHIHAN ), BKIIKOYAETCS
3aJaTYHK HHTeHCHBHOCTH 3H, nogBnsoTCs 330410 U, u JIOTHYECKHHA
X, CHTHANHY. 3aal0IIHH CUIHAT ¥ BBI3BIBAET CHTHAT PACCOTNIACOBAHUA
Au, BCcreACTBHE YEro B MOMEHT BPEMEHH, KOTAA HANpSKEHHE U,
JIOCTHTaeT MaKCHMyMa, YCTpoHcTBo Oe3ygapHoro BkirodeHHA YBB
TMEPEBOAMT B COCTOAHME 17 yNPABNAIOIMA CHIHAM ¥, H IOCACAHHA
BMECTE C CHTHANOM )y, uepes CHUDY ornmpaer TupucTops: das A u B
HampaBnenusa “nogsem”. Yepes 5:10—° ¢, Koraa HanpsxeHHE u_
JOCTHraeT MaKCHMyMa, ycTpoiicTeo YBB oTnupaeTr TupHcTOpH (assl

C. Ha BAJIy BKJIHUYEHHOIO ACHHXPOHHOIC JBHIATENS LHOABIACTCA
BpALIAIOMIHI MOMEHT M.
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Puc. 6.16. [JHarpaMMEbl aHATOTOBBIX H IOTHYECKHX CHTHAJIOB, MOMEHTa
ACHHXPOHHOTO IBHUIaTeNd B ABUIATE/IBHOM H TOPMO3HOM PEXHUME
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B nanpheiiuem isurarens paboraeT cHAYANA B PEKHME [IyCKa,
KOTZHA CKOPOCTE BO3PACTAeT 0 YCTAHOBHBLIETOCS 3HAYEHHA, 3aTEM B
PeXUME YCTAHOBHBLIErOCS ABHMKCHHMA. KOHTYp perynupomanms
CKOPOCTH € HEKOTOPO# TIOTPELIHOCTBIO OTPabaTHIBAET CHTHAT 33 13HOH
CKOPOCTH u,, DACKTPOIPHBO/ PaboTacT B YCTAHOBUBILEMCS PEXHUME,
noka Kabuna nuQTa He HOCTHFHET 3TAKHOIO MepeKIToYaTels
331aHHOTO 3Ta)a. B 3TOT MOMEHT cucTeMa ynpasienus audToM
NEePEBOANT CHIHAN X, B COCTOAHHE “17, mocie yero 3agardymk
HHTCHCHBHOCTH 3H HauMHaeT BHIPAOATLIBATL CHTHAT u, HHTepBana
3aMENTICHHUA.

Onextponsuratens M paGoTacr B ABHTATE/EHOM pekeMe,
NOKa B NIPOHECCE PEeTryIMPOBAHHA CHTHAJI PACCOTIACOBAHNS
nonoxutenes. B MoMenT Bpemenn, koraa Aw=0, THpHcTOpH
3aKPBIBAKOTCS, H JABHTATC]AE OTKIKOYAETCA, BCIEACTBHHU Yero
3aMEANIeHHE NIPOJOIDKAETCA B pexuMe cBoOOAHOro BeiGera. Ecnu B
TAKOM PEXUME CHTHA PACCOTNACOBAHKS CTAHOBUTCS OTPHLATENbHBIM,
T.€. CHTHAJI IEHCTBUTENRHOM CKOPOCTH 1() 110 a6COMIOTHOH BeTHUKIE
CTaHeT GOJbLLIE 3/IAF0LIETO CHIHANA U, TO JATYHK M3MEHEHHS PEKUMa
AWP nepeBoanT noruueckuit curnan x, B coctognme “1” u
ACHHXPOHHBII OBHTATENL ¢ BRIAEPXKKOH Bpemenu He Menee 0,01 ¢
NEPEBOJHTCA B PEXHM MNPOTHBOBKIIOUEHHS, YTO COOTBETCTRYCT
BKIHOYEHAIO THPUCTOPOR HaNMPABJICHHA “cnycK”, BKIIYEHHE
THPHCTOPOB MPOU3BOANTCA ¢ MOMOIILIY YCTpoiicTsa 6esyrapHoro
BKIIOUEHH Y BB u noruueckoro 3ajnarowero yerpoiicrsa JI3Y. Ecnu
BCJIEJICTEMH BO3MYLICHHHA CO CTOPOHEI IM(TA HITH CETH, TAKKE €CNTH u,
Mpy UpuUONIHKEHHH K 3aJaHHOMY 3TaXy HAYHHAET HIMCHATHCA
MEIJICHHEE, TO CHTHAM PACCOIIACOBAHUA MOXET ONSTh TPHHATE
HYTEBOE 3HAYEHHME W 3aTeM CTaTh MOTOKATETLHEIM. B stoMm cnyyae
nocne mepexoaa CUrHana x, B coctosnue “0” yerpoiictsa JI3Y u VBB
B OTHCAHHOM BBHILIC NIOPAAKE BKMIOHAIOT THPHCTOPHI HAaNpaBlIeHHS
“noabem”. [paratenb BEPHETCA B ABUTATC/ILHBIN PEXHM, B KOTOPOM
3aBEPIIMTCA OMEPALHA TIOIBEMA IIPH AOCTHXREeHHH KaOHHOI 33/1aHHOTO
ITaXa, KOT/la JaTYHK TOYHOH OCTAHOBKHM TMONACT COOTBETCTBYIONIH
CHTHAJI B CHCTEMY yNpasieHHus TuGTOM. CHIHATB X, H X, MEPEHIYT B
cocrosiue “07, BCe YNpPaB/IAIOLINE TOTHYSCKUE CHIHAIBI BEPHYTCS B
HCXOJTHOE COCTOAHHE, THPUCTODHI OTKITIOMANOTCS, H TopMo3 Y ¢
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3a/IepKKOH I, 3adrxcupyet nebeaky madTa.

HopMaanbm pexum paboret DI1 B HanpasaeHHH “CIIYCK"
NPOMCXOANT AHAIIOTHYHO, OXHAKO OH HAYMHAETCS TIPH [101aje CHrHANd
x =1

Jinst pa6oter D11 B pexkuMe PEBHIMH IAXTh] TIPH TOHMKCHHOM
CKOPOCTH HET HEOOXOAHMOCTH HCIONL30BATh ONTHMAILHYK
JHArpaMMy TBHAKEHHA B OTIHUHH OT HOPMANLHOTO peXkuma. B pexkume
PEBU3MY JBHIATEND NOJIY4acT HANMPIKCHUE NOHWKCHHOH 4acTOTHI
(16,67 Tu). OaxH U3 BapHAaHTOB YTNPABICHUA ABHTATENEM B 3TOM
PEKHME CTPOMTCA B TIPEAIONOKEHHH, YTO PEBH3HA OCYIICCTBIACTCA
npu cuycke kabunpl. Toraa nocne npenaapmenbﬂou MOArOTOBKH
cxeMsl niepextouacres K2. Korna ero r/laBHBIC KOHTAKTHL 3AMKHYTHI,
CHCTeMa yNpaBieHus TH(TOM IepeBOIHT NOTHYeCKHi CHIHAT X, B
cocToanre “1”, U Ha BBIXOAE JOTHYECKOr0 YCTpOHCTBA JI3Y
MOABIAIOTCA €AMHUYHBIE JIOFMIECKHE CUIHANBL V. U V., 110CNIE HETO ¢
[IOMOLIBIO YCTpOHCTBA MOHWKEHHOI cropocTH YIIC THPHCTOPHBIH
npeo6paszosarens TII obpasyeT AByx(a3Hyio CHCTEMY HanpsKeHHH
[IOHHYKEHHOM 9ACTOTHl, M JBHIATENb 3aMYCKACTCA, 3 MEXAHHYCCKHH
TOPMO3 PacTOPMakHBaeT 3MeKTpONpHBox. [lo OKOHYaHWH PEBHIUH
cucTeMa YIPaBIeHHS JTHPTOM NEPEeBOANT NOTHYECKHH CHIHANL X, B
cocrosuue “07, OBHraTelb OTKIKYAETCA OT CETH, H TOPMO3
3aTopMaxkiBaeT 1ebeaKy TudTA i ITEKTPOIPHBON.

Npu HeoOXOAMMOCTH HCIMOIB30BAHUA ONTHMaNbHOH
AMATPAMMBI ABHIKEHHA TAKKE H B PCKIME PEBH3HUU BOIMOKCH bonee
CIIOKHBIH BAPHAHT YIPABICHHS, IPEIyCMATPHBAIOLIME MyCK ABHT TN
npd tpexhaznoM THTAHHH W peryi1HpoBaHHy CKOPOCTH,
HeperynupyemMoe ABHXKCHHE € MOHHKCHHOH CKOPOCTBIO NpH
onHohazHOM HIH JBYX(asHOM MUTAHHH HANPSKCHHEM IOHWKCHHOH
4aCTOTHI H PEryIUPYEMOE AMEKTPHUECKOE TOPMOKEHHE.

PaccMmarpuBaeMas cxema (cM. pHcC.6.15) THPHCTOPHOTO
3MEKTPONpPHBOa ODECMEUHBAET 3ALINTY OT KOPOTKOrO 3aMbIKAHHUA UITH
TENTO0BO NEPErpy3Ku THPHCTOPOB B THPHCTOPHOM NpeoGpasoparene
(¢ TIOMOMNIBIO CHTHANA X,), IPCBHIIIEHHA AOMYCTHMOH TEMIEPATYpPbI
aBHTaTens (¢ MOMOILIBEO CHTHANA X,), PA3NHYHBIX OTKa30B B CHCTCME
yIparaeHns (¢ MOMOLIBI0 KOHTaxTopa 6e30macHOCTH KB). 3amura,
OCHOBaHHAA Ha 3alHPaHHH CHJIOBBIX THPHCTOPOB, ABJACTCA
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OblcTpoaelCTBYIOLEH, TAK KaK OT MOMEHTA MepeXo/a CHIHAA 3aLHTE

u3 cocTosHMs “17 B cocToaHMe “0” 10 TIOHOTO 3aKPHITHI THPHCTOPUB
TpebyeTca He Oonee 7 m/c.

'6.6. TunoBBIC CXeMbI yIpaRJIeHHS THXOXOAHBIMH JHQTAMU

Haunbonee npocToii cXxeMOH yNpas/icHHS THXOXOZHBIM THPTOM
ABAETCH NPHHUMIIMATBHAA CXEMa IPY30BOTO NHQPTa ¢ HapyKHBIM
KHOTIOYHBIM YNIPARICHHEM, TTOKa3aHHas Ha puc.6.17. JIndr uMeer Beero
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ABEe OCTAHOBKM H YNPAaBIAETCH C HHXKHEI0 H BEPXHETO 3Taxkeil.
ACHHXDOHHBIH ABMraTeslb M ¢ KOPOTKO3aMKHYTBIM POTOPOM H
TOPMO3HOM 3NeKTpoMaruuT IMT MOAKMIONAIOTCS K CETH HYEpe3 Bhi-
kmo4darent BY, asromar Bl u pesepcuBABIe koHTakTopn KB, KH.
3awmra IEKTPOABHIATENA OCYNIECTB/IACTCS TOKOBRIMH pene PT1 u
PTZ2 ¢ pasmeikalolidMH KOHTAKTaMH 6e3 caMOBO3Bpara pelie B Lenu
yupasjieHus. ECnH 3aMKHYTE OMOKHPOBOYHBIE KOHTAKTH {JBEpei
waxTs BBALL, BH/II, noeutens BJ1), To npu vakaruu kHonku KuB
(Bepx) umu KuH (BHu3) smountes koutakrtop KB wnn KH. Korna
kabuHa NPHAET Ha OTaX, ITAKHBIH nepekmoyarens [19B (wmm [1DH)
Pa3OMKHET 1ENE KATYLIKH KOHTaKTOpa. B cxeMe uMmerorcsa Takixke
koHUeBbie Beikaouatenu BKB (Bepxuwmii), BKH (Huxuuii) u
octanosounbie kHoNkH KHCH, KHCB, ycranosiicHHbIe HAa HMKHEM H
BEpXHEM HTaxax,

CHrnanuiauus o HalUUWK HANDPSKEHHUS NPOH3IBOJUTCA
nammamy JIC] v JIC2, BrimodeHHBIMY Yepes 100aBOYHbIC PE3HCTOPBL.
Llenu OCTaIbHOH CHTHAMH3ALMH MHTAIOTCH OT MOHHXAKLIETO
tparchopMaropa Tpll co BropuyHbIM HanpmxeHueM 24 B. KontakTsl
aseped maxtel BB n BH/IILL, a Takske O110K-KOHTAKIBI KOHTAKTOPOB
KB n KH ynpaensior cHrHanekHBIMHM Namnamu “3auato”. Knonkamu
ser3oBa KH1 u KH2 srmouarorcs 3Bonkd 38B u 38H,

Ha puc.6.18 m306paskeHa IpHHIMIIHANBHAS CXeMa TacCaskup-
ckoro nudTa ¢ cobupatenbHoit cucTeMoil yupasnenus. JIudt npu-
BOJHTCA B ABHXCHHE ACHHXPOHHBIM 3NEKTpoABMrarenem M c
KOHTaKTHBIMH KOJIBIIaMH. Pasron ABHraTens OCyLIECTRIAETCA B TPH
CTYMEHH C YIIPABAEHHEM 10 BPEMEHH MTOCPEICTBOM MEXaHHUECKHX pe-
1e PB, PH, PY1 u PY2, npuctpoennsix k korTaktopam KB, KH, KY1
n KV2. Tlapanneasuo craropHoit oOMOTKe ABHTaTeqs BXKNIOYCH
TOPMO3HOH 3JI€KTPOMArHiT OMT, KOTOPBIH NIPH BKIIOYEHHH PacTopMa-
JKUBAET MeXaHusM snekrpoasurarens. Ilyck nudra Moxer mpous-
BOANTLCA BLISBIBHBIMH KHOmKaMu K111, ... KIT5 u3 kabuue ninu KB1
..., KB5 (c moforo ataxa 37aHus). DraxHeie nepexouarenu [1J1,
..., II35 yCcTaHOBIIEHE! HA COOTBETCTRYIOIINX ITAKAX. DTAXKHEIE eI
PO1, ..., PO5 HaxonsaTed Ha naHenu ynpasnenus audtoM, Konndectso
ITAXKHBIX TEPEKTUATECH U pelle COOTBETCTBYET MHCAY ITAXKEH,
00cayKMBAEMBIX TUTOM (AN MAHHOH CXEMEBI OHO PABHO MATH).

3
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OnekTpoobopynoBatue, PACIONOKEHHOE B KaOHHE, CBA3AHO
¢ maHelbo ynpasneHus I'Mbxum kabemem K. KonTakTh koHUEBoro
BelKIIIOYATes BKA, orpanuunBaromero B aBapHiHbIX CIydasx Xox
KaGHHb! BBEPX H BHH3, BIJIOYEHBI HEHOCPEACTBEHHO B CTATOPHYIO LieMb
ABHTATCIA. B cxeMe ynpamieHHsS MpHMeHeH KOHIEBOH BEIKTIOUATEND
pyOsuIero THHa npsMoro Aeiicrpua. JInf UCKTIOUCHHS BOAMOKHOCTH
BKJIKOYEHHS THHTA C OTKPBITHIMH ABEPAMH LaXTH U KAOWHEI B IIEMb
YIpaBleHHA BBCACHEI ABePHLIE KOHTaKTeI BIILI1, ..., BIIIS waxTsl u
BJIK kabunel. B 3Ty Xe uens BKNIOUEHBI: KOHTAKT KOHIIEBOTO
seiknrodarens BKK, kontponupylomero Harsxkenne xanaroB (oH
Pa3MBIKAETCA IIPH UX ocIablneHnu WM oOpeiBe); KOHTAKT JTOBHTENN
BJI, pasmbikaroumuiics npu cpabaTelBaHHM MEXaHH3IMA JIOBUTENA;
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xouTakTsl mona BI11 u BII2, koropsle pa3sMeIKAKOTCH TIPH HATHYHH
naccaxkupa B kabHHe H 3aMbIKAIOTCA IIPU €€ 0CBOOMKAeHIH, KOHTaKTEI
BIT! faioT BO3MOKHOCTS BBI3BATH KabuHy, €¢’NH [acCaKUpOs B HEl
uet. Koutakts!l BII2 miyaTHpytor kontakt BIK, xorma maccaxnp
BRITIIEN M3 KaOUHLL, 4 €€ ABEPh OCTANACh OTKPBITOM.

PaccMoTpuM pafoTy cxeMsl Tu(Ta, KOTLA NACCAKHPY
HeoOX0IMMO TIOIHATHCS ¢ TIEPBOTO 3Taka Ha ueTBepThId. [laccaxup
BXOAMT B KaBUHy, TPH 3TOM KoHTaKTEI nojla BI11 pazMbIKaioTCs H IETIB
BEIZbIBHBIX KHOnok KBI1, ..., KBS, pacnonokeHHbIX Ha JTaxax,
paspbipaetcs. [laccaxup 3aKpbiBaeT ABEPH LIAXTHI (3aMbIKAETCA
kourakt B/, a Takxke nBepH KaOMHEL (3aMbIKAETCA KOHTaKT BJK).
DraxHelil nepekmodatens [131 naxonutes B CPEAREM TOMOKCHHAH.
Ilpu nasxkarui knorku KI14 srnrodaeTcs 1104 HANPSHKEHUE pene P24
110 rens: nupus J13 - Bekmodatens B2 - npenoxpanutens [1p2 - KHONKa
“Cron” (KHC)- kouraxtst B, ..., BALS scex aBeped waxTh -
FuGKHit Kafenb - KOHTAKT BBIKJIIQUATENSA KOHTPOIA HAaTAKCHU KaHATOB
BKK - xouTaxr nosutens BJI - nsepHoit konTakT kabunsl BJIK - BTopas
xuonka “Cron”, Haxoasmascs B kabune (KuC) - rubkuit kKabens -
obmorKa pene P34 - rudknit kabens - knouka KI14 - rubxuii kabens -
PA3MBIKAIOTIHMIA KOHTAKT KOHTAKTOpa yekoperus KY3 - muaus J12 (uepes
Ip2 1 B2). Pene P24 3aMbIkaeT CBOH KOHTAKTHI U 4EPE3 [134 srniovaer
koutakrop KB (“BBepx”), KOTOpHIH MOAACT HAMPAKEHHE HA CTaToOp
JBUTATENSA H TOPMO3HOM 3MEKTPOMATHUT. JIIEKTPOABUIATCTb HAHIHACT
BPAIlAThES, ¢ BBI-JEPKKAMI BPEMEHH OCIEN0BATE/IBHO cpabarpiBAOT
koHTaKTOpE yckopenud KV 1, ..., KY3, BbIBOAA CTYNIEHH ITyCKOBOTO
peocrara.

[p¥ BKJIIOYEHHH KOHTaKTOpa yckoperns KY3 ero pasmeixaro-
[ 6AOK-KOHTAKT pa3psIBaeT LenH BCeX KHOIOK KaK Ha dTakaXx, Tak
U B KabuHe, B pe3yiapTaTe 4ero Haxarue moGoi 13 KHOTIOK BO BpEMS
NBIKEHHA KaGWHBI He OKA3hIBAET BAMSHHA Ha paboty nudra 10
OCTAHOBKH KaOHHEIL.

Kabuna, 1poxoas BTOpOit 1 TpeTui 3TaXH, N0BOPAYHBALT OT-
poAHbIe peraary nepeximouareneii [132 u [153 (a B Hauane ABUKEHHS
[131), 410 MPUBOAMT K 3aMBIKAHHIO HX JIEBBIX KOHTAKTOB 4 [O/ITOTOBKE
CXEMBI K ONMyCKaHHIO KaOWHBI BHU3. [JOCTHIHYB HETBEPTOrO 3TaXa,
kaGyHAa CBOEH OTBOJKOH yCTaHaBAMBAcT phriar nepekmouarens 1194
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B CpelHEe MNOJOKCHHE, BCIEACTBHe 4vero koHTaktop KB,
3JEKTPOJABHIATENb, 3TaXHOe pene PD4 H KaTyllka TOpMe3HOro
snexkTpoMarsuTa obecTouuBarTCs, [Tocihe 0CTaBOBKH KAaOMHBI W BEI-
X0/1a maccaxupa kouTakrel nosa BI11 n BII2 3ambikarorcs, a ABepHbIC
KOHTaKThl KaOMHBI CJIK 0CTaloTCa OTKPHITRIME,

Ecnu HeoOXonMMO OIyCTHTE IyCTYIO KaOHHY ¢ YEeTBEpPTOTO
3TAKa Ha NePBLIH, TO HAKHMAETCHA BhI3bIBHAA KHoMKa KB 1 HapyxHOoro
YIIPaBJIEHHA, PACTIONOXEHHAsA Ha MEPBOM dTaxe. [Tpu 3TOM BiUTIOYaeTCH
3TaXHOE pese PO1, KoTopoe CBOMM KOHTAKTOM BKIIIOYAET KOHTAKTOP
KH. Ilpoucxogur omyckanue kabWHBI JU(Ta H 0 MyTH OTBOAKOM
3TaXHBIC NECPEKIIOYATENH NEPEBOAATCA Ha 3aMEIKAHHUE NIPABBIX
KOHTAKTOB, & MO NOCTHIKCHHH NEPBOro 3TaXa OTBOJAKA TEPEBOJNUT
KOHTaKTh nepekitodarens 1121 B cpennee nonoxkenue, KaTyiuka
koHtakTopa K.H ofecToumBaercs, aBurarens u ymepuBaroIsi
IMEKTPOMATHHT TOPMO3a OTK/IOHAIOTCA, KabHHA OCTaHABIHBAETCS,

Onuoil M Toil e STAKHOH BH3BIBHOH KHOINKOH MOMKHO BBI3BATH
Ka0HHY C 3Taxa, PacTIONOXEHHOr0 KaK BBIILE, TAK M HHXKE 33JaHHOTO.

HroxHuil W BepxHHH dTaskHbIe NMepexmouareny 131 u I1D5
ABIAIOTCA OJHOBPEMEHHO H KOHLEBHIMH BLIKJIIOYATEISIMH, HO R
OoneLcH HagxekHOCTH paboThl YCTAHABIMBASTCS EHIE KOHUCBON
eoixnrovarens BKJL Llend curnaauzaimy o ToM, 4To KabuHa 3aHATa

unH cBoboHa, 2 TAKXKE LCHH aBApHHHOH CUTHANH3ALHK Ha pHC.6.18
HE [IOKa3aHBbL.

6.7. Tunoseie cxembl ynpaBJeHHs
OLICTPOXOTHBIMH U TAMA

Ha puc.6.19,4 uzobpakena npUHUHOHANIbHAS cXeMa
YIPaBIeHHS MACCAKHPCKHM THHTOM C ABYXCKOPOCTHBIM ACHHXPOHHBIM
asurateneM AJl, HMEIOIHM KOPOTKO3aMKHY ThIH potop. Kak BHIHO U3
CXEMBI, B 3IEKTPONPHBOJE HE MPEAYCMOTPEHO OIPAaHHYEHHE YCKOPEHHS
NpH [IyCKe: JABUTATeNb BKIIOYAETCA HENOCPECTBEHHO Ha IOIHOE Ha-
IpsKEHHE CETH.

JIudroBeli ABHIaTelb, HMes MOBHIIIEHHOE HOMMHAIEHOE



332

;
T

g

-5 R'OI | !

5 f1CBn
S BE M |
Bon /._.WD.E_

a
-] HCHn-} nocan-t
P3n . &

..............

"z
2

400 M Hum

KH
Kiin KBn
Kiln-1t b KBn-1
K2 3P KB2
Kil} T ixn!

BIT2 :‘

Prc. 6.19. [Ipauunnnanenas cxema ynparnenns 311 OslcTpoxoaHoro
nndTa (a) H MEXAHMYECKHE XapAKTCPHCTHKH nudrosoro asurarens (6)

333

CKOJIBXKEHHE, B IIEDHOJ IIyCKA PAZBHBACT NPUMEPHO MOCTOAHHEIH
MoMeHT (puc.6.19,6), Gnaronaps gemy kaOHHa pasroHseTcs
ApPaKTHYECKH TIPH MOCTOAHHOM YCKOpeHHM. TodHas 0CTaHOBKa
JBHrATENA AOCTHIASTCA MYTEM HEPEX0[a Ha XapaKTEePHCTHKY C
NOHHKEHHOH YITIOBOI CKOPOCTHIO (Touka 2). OrpaHHYEHHEe MOMEHTA
B TEHEPATOPHOM peKUMe NMPH MEPEX0Le ¢ BBICOKOH CKOPOCTH Ha
HH3UIYIO IPOM3BOAWTCA BBEJSHHEM B OLHY M3 (a3 CTaTOpPHOMH 1emnm
JOMONHHTENLHOIO CONPOTUBASHUA NOCPEACTBOM pPa3sMbIKaHUA
KOHT4KTOB KOHTakTopa yckopeHus KVY. OrpaHuumBawmice
CONPOTHUBIICHHE BBIKIIYACTC IIPH JOCTHXEHUU xaOuHOH Huzmed
CKOpPOCTH.

YupasneHnue THHTOM MOXKET OCYIECTBIATLCA KK U3 KAOHHEI,
TAK H C 3TAXKHEIX TUOIIAA0K ¢ TOMOLULIO BEI3bIBHBIX KHOMOK Kil 1 KB
COOTBETCTBEHHO. [IOMHAMO 3TaXKHBIX TepekmoaTeneii 1132 u 9TaKHBIX
pene PO, B cxeMe MMEKTCH NEPEKIFOYATEIH YacTOTHl BpalieHHS
ngsurarens [ICB u IICH, koTopsie ycTaHaBTHRAKOTCA HA PACCTOSHHUH
600+900 MM, paBHOM IIYTH 3aMEIJICHHS, BLILUE M HIDKE YPOBHA TIONA
aTaka. g oTKpPEIBAHKS 38MKOB IUAXTHBIX JBEPEH CNYKHT MATHUTHAA
OTBOZKA, cocTosAmas U3 xarywku MO n koHtaktopa KO. Katymkn
TOPMO3HOTO NIEKTPOMATHUTA BRIIIOYAIOTCH IOCPENCTBOM KOHTAKTOPA
T.

PaccMoTtpuM cnyyail, xorga kabuHa HAXOAMTCA Ha MEPROM
3Take ¥ B Hee BXOONT NACCAKHP, KETAIOUHH TTOAHATRCA Ha (n—1)-i
s1ak. Ilpn naxatun kHonku Klln—, obpasyerca caeayromas
3NEKTpHYSCKas Lenk; tuHus JI1- passegunurens P-npexoxpanntens
[IP- kneMMHuK 21- KOHTAKTH KOHIEBOTO BRIKAKMATENRA aBapHHHONO
ocranoBa BKA- konTaktel kHonkH “Cron” (KHC)- koHTaKTHI ABepeit
mraxtel BAI1, ..., B/AllIn-pa3Meikaronpe KOHTaKTh JoBHTeNL BJI 1
YCTPOHCTBA KOHTPONIA HaTXKeHHa kaHaToB BKK- koHTakTe! ARBEpEi Ka-
ounnl BJJK-kuonka “Cron 17 (KaCl1)- pasmeikatomne 010K-KOHTaK-
THI KOHTaKTOpPOB yCkopeHHA KY o pepepcuBHBLIX koHTakTOpoB KB, KH-
koHTaxTel KHONKH KII, | ¥ karymek staxkHoro pene PO, _, - koHTaxT
3TaXHOro mepeknwodarens 1D _ - pasmeikaromui kodTtakt KH-
Karywka xontaktopa KB- kxontakTel BKA- knemmuux 22-
npenoxpanutens Ip- pasweaunntens P- nuuusg JI3.
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Pene PD,_, u kourakrop KB cpabareiBaroT, np# 5ToM LENk
kHonikH KII, | myHTHpyeTcs kKoHTakTamu pene P32, . Ilocne
BKJIIOYCHHA KoHTaKTOpa KB NycKoBEIC KHOTIKH BBI30BA PA3MBIKAIOIIHM
koHTakTOM KB OyayT oTKl04YeHEBl, 4TO HE AACT BO3MOXKHOCTH
yiupapieuus kaOunoll Bo Bpems ee nBHxkeHHA. Hcexmodenne
COCTABRAKT ASHCTBHA, OCYILECTBIICMBIC KHONIKaMu “Cron™.

CpabGarsiBanue koHTakTopa KB npuBoAMT Takke K Mojade Ha-
IPSKEHHS HA KaTYLIKy KOHTAKTOpa TopMmo3a T, Grarofapa vemy mo-
AyvaeT MHTAHHE TOPMO3HOI 3NMeKTpoMarHuT OMT M ABHrarens pac-
TOPMAKHBRETCA.

TMocae cpadaThiBaHUSA ATAXKHOTO pefe HaNpAXeHHe IofaeTcs
Ha KaTYIUKY KOHTaKTopa ObICTpOro ABMAKEHHA b 110 cnenylomeii nemnu:
KJIeMMHHK 22- koHTakTs! BKA- KaTywika b-pasMbIKaomHi KOHTAKT
KOHTAKTOpa MEAJICHHOTO JIBIKEHHS M-BHIKIIOUATENb OONBLIOH
ckopocTH Bb, ucnonb3yeMelil pH peBH3HK H HANANKE 3AEKTPO-
[IPHBO/IA,- KOHTAKTHI fcpekitouaTens cxopoctu 1ICB, | n IICH, -
3aMEIKAIOLIME KOHTAKTH! 3TaxHOTO pene PJ,_ - xonTakTel BKA-
knemMMHUK 21. [Ipu Braw4eHuH koHTakTopa b k ceTH noakaodaeTca
0OMOTKa CTaTopa IRUraTelsd ¢ MEHBIIHMM 4YHCIOM nonocos {Obic-
TPOXOAHAA) M JIBUTATENb PA3rORAETCS 1O MAKCHMMAJIBHOH YaCTOTHI
BpawleHus. Benmen 3a BKIWOYEHHEM 3TOTO KOHTAKTOPA BKIIOYAKITCA
KOHTAaKTop 0TBoAKH KO W Karyirka anexTpoMarauTa oroaks MO.

[Ipu noaxoae kabwue! k (n—/)-My sTaxy konrtaxkr [ICH,_, u3
NONOWEHHsA g [TEPEBOANTCA B MONOKEHHE O, B PE3yNBTATe 4ero KOH-
TakTop b OTKM0YaeTCa H CROMMH Pa3MBIKAIOLIMMH KOBTAKTAMH BKITIO-
yaeT koHTaxkTOp M. K cety moakmrowaeTcs Bropas 00OMOTKa ¢TaTopa ¢
GONBIIMM YHCIIOM MOIOCOB (THX0X04Had). J/IBHratens HayWHAeT
TOPMO3HTLCA H paboTars B FeHEPaTOPHOM PEXHME C BBEIIEHHBIM B OIIHY
u3 a3 cTaropa NOMOJHHUTEABHBIM CONIPOTHBIEHHEM.

ITocne BknNrOYeHHs] KOHTAKTOpAa M C BRIZIEPAKKOH BpeMEeHH
3aMBIKACTCH KOHTAKT MPHCTPOEHHOIO K HEMY MAasTHHKOBOIO pefe
BpeMenn PM; mpu 3TOM BKIKHMAercs KOHTakTop yckopenus KV, a
A06aBOYHOE CONPOTHBIICHKE U3 TIETTH CTaTopa BRBOAHTCA. Kak ToNnpKO
non KabUHEI JOCTHTHET YPOBHSA NOJIA 3TAKHOIO IEPEKPEITHA, STAXKHEIH
nepekatouarens 119 | 3aAMET HEHTPAILHOE TIONOKEHHE, B CBA3M C
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ueM koHTakTope! KB, T, KO u M Brikimrouarcs. JIBHraTent oTKIIOUYHTCS
H 3NIEKTPOMEXaHHUIECKHI TOPMO3, OYyUuH 0GECTOUEHHBIM, 3aKMET KO-
noakH. IIpoH30HAET MeXaHHIECKOE TOPMOXKEHHE JJIEKTPONPHBOA.

[Tocae ocTaHOBKH KaOHHBI CEPAEYHMK DIE€KTPOMAIHUTHOL
OTBO/IKH B PE3Y/IbTaTEe BLIK/IIOYEHUA KOHTaKkTopa KO H anexkrpomaranta
0TBOAKH MO CBOMM BBICTYNOM YNHpaeTcs B 3aMOK LIAXTHOH ABepH
COOTBETCTBYIOIIErO 3TAXKA, [103BONIAA MACCAHKHPY OTKPHITE €e.

Hpenycmorpennsie B cxeme KHONKH BhoBa KB1, ..., KBn,
YCTAHOBICHHBIC HA 3TaXax, MOI'YT MOJABATE CHIHAMN HA BBI3OB Kabu-
HBLJIMIIB B CITY1ae 3aMbIKaHHs KOHTaKToB oaa BIT1 u BI12, te. koraa
kaOrnHa cpofoHa. AHANOrH4HO paboTaeT cXeMa npH CIycKe KabHHEI,

B paccmorpenHoit cxeme nipoliece 3aKprIBAHNA H OTKPBIBAHHA
ABEPEH HE aBTOMATH3MPOBAH M OCYIIECTBIAETCH BPY4HYIO, IPHUCM
IIpUeM MACCAXKHUPOB 10 MYTH CIenoBadus KaOMHEI HEROIMOXeH. K
HaCTOAILCMY BPEMEHH Pa3pabOTaHBl M YXKe HCHONLIVIOTCS CXEMB
YOPABICHHA, KOTOPHIE, HE HMES ITHX HEOOCTATKOR, MOZBOJILIOT
TMOBBICHTE KOM(OPTAOENbHOCT H NPOH3BOAUTENLHOCTS IHTOB.

BBHiy OrpaHHYCHHEIX BO3MOXKHOCTEH aCHMHXpPOHHEIX
ABHTaTeneH 3JICKTPONPHBO OLICTPOXOIHEIX TM(TOB, OCYIIECTBIAETCH
B OCHOBHOM PCryJTHPYEMBIMH JABHIATENSMH [IOCTOSHHOTO TOKZ C
ABTOHOMHBIMH MPeOOPa30BATENSIMH: MAIHHHEIMH H THDHCTOPHBIMH.
Cuctemer T'-J] 1 TIT-JI naioT BO3MOKHOCTL 0GECEUHTE BBITOTHEHHE
BECbMA KCCTKHX TPeOOBAHMIl, IPEABABNIAEMBIX K HIEKTPONPHBOTY
NU()TOB B OTHOIEHHH TOYHOCTH OCTAHOBKH M YCKOPEHHH BO BpeMs
NEPEXOnHbIX npoueccos. Ha prc.6.20 apeacrapneHa THmoBas
SMEKTPHYCCKAR CXEMa 3ACKTPONPHBOAA NACCAKHPCKOTO nudTa ¢
ABTOMATHYECKHM NPHBOAOM IBCPEH H HETMOABMXKHBIM NoxoM. Jlugt
NpeAHA3HAYEH 14 00CIIYKHBAHUS KUIBIX 30aHHH BHICOTON 10 ICBATH
3TaxeH (Ha pUCYHKe CXeMa JaHA B COKPALUCHUHM [0 HYETHIPEX ITaKei).
Homu-Hanenas rpysonogsemuocts nudra 320 ki, paGouas CKOPOCTH
OBixeHHa kabwawl 0,71 M/c.

Hanpsxenne nuTanHs nomaeTcs na cXeMy 4epes BBOJHOE
yctpoicTso BY, cHabxkennoe pyOMABHHKOM H KOHAEHCATOPHBIM
dunbTpom oT pagmonomex. g 31U TR 3IEKTPOIBHIATENEl OT TOKOB
KODOTKOTG 3aMBIKaHHA U IEPETPY3KH NIPeayCMOTPEHBI ABTOMATHYECCKHE
BBIKIIO9aTend BA1 u BA2. Henu ynpasienus nMTa0TCs IOCTOAHHBIM
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tpancopmaropa Tp3. 3awmra UeneH yIpaBICHHS H CHITIATHRAHHA
OCYINECTBAACTCS Npenoxpanntenamu Lpl-Tlp4.

CxeMa noCTpoeHa 110 IPHUHUMITY Pa3iciblioro YIPaBIeHUS ¢
CENEeKTOPOM, BBITOJTHEHHBIM HA NEPEKHAHBIX ITAKHBIX TTepEKTIoyaTe-
nsax 31, kamIBIH U3 KOTOPBEIX HMCET 4eThIPE TapPhi KOHTAKTOR,

[eppas undpa B 0603HaucHAH 311 OTHOCUTCA K HOMEPY ITAKA,
Ha KOTOPOM YCTaHORIEH NAHHBIHA 3TAKHBIH MepeKNIovaTe b, a NOcnea-
HAS - O3HAYAET HOMEP €0 KOHTAKTA.

KontakTtel 211 B COOTBETCTBHH € AHATpaAMMOH, MOMEUIEHHOH
Ha pHc.6.2], MOTYT HAXOIHTECH B Pa3OMKHYTOM HIIH 3aMKHYTOM CO-
CTOAHHH B 3aBHCHMOCTH OT NOJOKEHHA KaOHMHDBI OTHOCHTCABHO
JAHHOI'C 3TaXa H, TAKHM 00pa30M, JOCTARIAIT HHPOPMALHID, HeolXo-
JMMYIO 1714 BEIGOpa HAMPaBAeHNS ABHAKEN NS KaOUHbI K IICPEKIIIOYCHIS
NIPHBOAA Ha CKOPOCTH AOTATHEAHHA MEpel 3aAaHHOH OCTaHOBOTHOMH
NIoIUaAKOH.

Jas TOUHOH
OCTaHOBKH AR(TA HA YPORHE
noja JIAHHOTO 3Taxa Tpc-
AYCMOTpeH JIardMK TOYHOM
Bonuie | ocranosku ATO. Ilocnenuuii
npexncrapnser cobod pacno-
TOKEHHBIH HA KA0HHE Tepme-
TH3UPOBAHHBIH KOHTAKT
{repkoH), ynpapaseMbId
MATHHTHBIM HOTOKOM
NOCTOAHHOTO MarHura. B
30HE TOYHOH OCTAHOBKH
CTanbHAfA MONOCd, YCTAHOB-
olI-4 JeHHas B MAXTE, IYHTHPYET
MaruurHyi cucremy ATO.
[Ipu »TOM mpekpamaeTcs
JelcTBHE MATHHTHOTO
NOTOKA HA TEPKOH H OH
pasMbIKaeTcs, pa3pelBas Lelb MHTAHUA KaTyIIKH peje TOYHOIH
octa”HoBku PTO.

be30nacHOCTE NAacCAKUPOB NP NOMb30BAHHH I TOM obccre

Honooxcerue kabunet
omrocumensrio S

Ha
smace

Huoice

@
X | Kowmaxmer 311

1

32

213

>< - KOHMAaKkm 3amxHym

Puc. 6.2}, JnarpamMma 3aMbIKAHHA KOHTAKTOB
3TaXKHOTO MEPEKIIOYaTeNT
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YYBIETCS MEPEYHUCIEHHBIMH HHXKE YCTPOHCTBAMH U OIOKNPOBKAMA.

Kabuna nudra nogBelicHa K BETBAM HECYLIUX KAHATOB C [0-
MOMUIBIO PHIYAKHOFO 0aaHCHPHOIO YCTPOHCTBA, 00ecIeuHBarolero
ABTO-MATHYECKOS, BHIPABHMBAHHE MX HATMXKeHHA. B cinydac oOpeisa
HITH 9pe3MepHoro ocnabieHust XoTs Obl OMHOTO H3 HECYLIMX KAHATOB
paBHOBeCHe B fanaHcHpe HapylraeTcd H cBoOOIHOE TIey0 DanaHcHpa,
nepe-Mellancs, Bo3aeiHcTryeT Ha Beronogaress CIIK, pasmblkas ero
KOHTAKTEHI.

OTBETCTBEHHBIMH y371aMH MEXaHHYeCcKoro obopyaoBaHMA
IHGTOBR ABTAKTCA JIOBHTEIN ¥ EHTPOOEKHEIH OTPAHUHTENE CKOpO-
CTH, NPEACTaBngIoNHe coBOH B3AHMOCBA3AHHBIC YCTPOHCTRA, MPEA-
OTBpAIAIOIIHeE nafeHne KabHHb B INaXTY B ciyyae 00phiBa HECYLIMX
KAHATOB, @ TAKKE OCTAHABIMBAIONIHE KAOWHY MPH HELOIYCTHMOM
NOBLILIEHHH €¢ CKOPOCTH. OTpaHMYHTENb CKOPOCTH YCTAHABIHBAETCA
B MAlIHHHOM ITOMEIIEHHH H CBI3aH C MEXAHH3MOM TIPHBOAA TOBUTENEH,
PacroNnoKeHHBIX HAa BepxHed Oanke kapkaca xabuHBIL, GECKOHCYHBIM
CTANBHEIM KaHATOM, NMEPESKHHYTHIM HYepe3 [MKHB OrpaHHYHTENH
CKOpOCTH, [10CTOSHHOE HATAKEHHE 3TOTO KAHATA CO3IACTCH HATKHBIM
YCTPOHCTBOM B IIPHAMKE MIAXTHl H KOHTPOIMPYETCH BBIKIIOYATEIIEM
BHY. Ecau ¢kOpoCTh ABHKeHHA KaOHHBI IIPEBBICHT HOMHHAJIBHOE
3nayenHe Ha 15+40%, KaHaT OrpAaHHYMTENS CKOPOCTH MO ACHCTBHEM
HEeHTPOOEKHOTO MEXAHN3MA PE3KO OCTAHABIMBACTCH, B TO BPEMs Kak
kaOHMHa €lle NPOIO/KACT JBHXKEHHE. ITO NPUBONHUT K YBEIHYCHHIO
HATSOKEHUS Kanata OTPaHHYMTeNs CKOPOCTH H cpabaTHIBAHMIO
MeXaHH3Ma JTOBHTenel, KoTOpele H YASPXKUBAKT Kabuuy Ha
HANpaBIAONHX. 1IpH 5TOM PasMBIKAITCS KOHTAKTHI BBIKIIOYATENSA
nosutened Bl

Ha kasnoit w3 BeTBeH KaHATA OIPAHHYMTENS CKOPOCTH B OTIpe-
ACNICHHBIX MECTaX YKPEIUICHBI 33)KHMBI, KOTOPBIE B3aHMOACHCTRYHOT C
KOHEUHBIM BhIKJIOuaTeaeM BK npu nepexone xkabuHOH KpaHHHX
BEPXHETO U HINKHETO PabovHX NONMKEHHH.

JlBepH maxTh! BCeX THOHTOB 000pYyNYyIOTCH ABTOMATHIECKHMH
3aMKaMH, 3alUPAOIHMK ABepH NPEex/ae, UeM KabuHa OTOHICT OT
YPOBHS TTOCAI0MHOMN IVIOIMAKH, H TADAHTHPYIOIMMMHI HEBO3MOKHOCTE
HX OTKPBIBAHHA NIPU OTCYTCTBUM KaOHHEI Ha dTake. [BCpPHBIE 3aMKH
cHaOxennl Bpikouarenamu (113-1-4103-1 u 103-2—-4/13-2),

KOHTA4KTEl KOTOPBIX PA3MBIKAIOTCH TPH OTNHPAHUK 3AMKOB,
HaneHoCTE 3aKphIBAHUS IBepeit [WaXThl 1 KAGHHB KOHTPONMHPYETCHA
KOHTaKTaMH BeIKTIOUareseH cootsercreenno 1 - 41101 u JIK,
KOTOPBIC 3aMBIKAIOTCA TOABKO B TOM Cly4ae, eciId ofe CTBOPKH ABepeii
TUIOTHO MPHXATRI 0QHA K JIPYTOH B MECTe MX MPHTBODA.

IlepeuncnenHble 3MeKTPHYECKHE KOHTAKTE BKTIOYEHE] B
0Bwyl0 WHHY NHTAHUA Uenell ynpaBleHus u 00pa3ywT Tak

Ha3bIBaeMbli 6ok OGesomacHocTH. PasMBIkanHe MHOBOro M3 HHX
NPCAOTBPAMACT TYCK HIIH BBI3BIBACT OCTAHOBKY KAOHHBI, €CIIH 10 3TOr0
OHA HAXOJINIIACh B IBHKCHUH. B 3Ty ke IHHY BKIIOUEHB! B KHOIKH:
asapuitnas Ku- “Cron”, pacnonoxennas s kabune, n M-Ku- “Cron” g
MALIHHHOM NOMEWIEHHH - W BLIKIIOYATEND HEMeH ynpaBneHus B2,
YCTAHOBIIEHHBIH B IPUAMKE [IAXTEL,

Ipu KOHCTPYKLUHH KaGHHEI ¢ HEMOABMKHBIM NOTIOM Ge30mac-

HOCTE NacCaXXHPOB NIPH BXO/E B KaOHHY 1 BRIXOAE H3 HEe BO3IATACTCS
H2 DICKTPONPHUBOA ABepeil, OCYWECTRAAEMBIH € TOMOIIBIO
ACHHXPOHHOTO ABHIaTess J12. MeXaHH3M OTKPBIBAHHS U 3aKpbiBAHNS
ABepeH KaOWHBI IIOCPEJCTBOM NPHKPETUICHHBIX K HMM 3aXBAaTOB
ORAHOBPCMCHHO MEPEMCINAET H CTBOPKM ABEPEH INAXTH HA ATaXKE
CTOAHKH. YTpapneHue ABHratenem J[2 IPOH3BOIUTCH CHMIOBBIMU
KOHTaKTamu pene oTKpbiTH PO v saxperTas P3]] npepeit. Koneuntie
nonoxeHus “Jsepu oTkpeIThl” 1 “JIBepH 3aKPHITH” KOHTPOIHPYIOTCH
Bhicoyatensmu BKO uw BK3. Bo usbexaHue 3amemuenus
MaCCAKUPOB CTBOPKAMH Pa3/IBIKHLIX ABEPEH YCHITHE MX TIePEMELLEHUS
orpannyusaercsd sHadenneM 120 H, a xuHeruueckas sueprus
3aKPBIBAIOILCHCA CTBOPKH He JIODKHA IpeBbiwats 8 JIx. B nononxHenue
K 3TOMY B CX€Me€ C NIOMOINbI0 MHKponepeknwuarens BEP
npeaycMoTpeHa 610KHpOBKa, ofecrneTnBalomas GBICTPLLIH pesepc
ANEKTPOTIPHBOAA HPH TOABICHHH NPEIATCTBHSA 3aKPLIBAHMIO ABCpeii.

Ynpasienue asurareseMm nebeaxu 1 nmpoussomuTcs
koHTakropamu Kb u KM, nogkmoyaomwmmu k cety 06MoTKH cTaropa

COOTBETCTBEHHO OOMBINOH WIIH Manoit CKOPOCTH, ¥ KouTakTopamu Kb

1 KH, onpengensiomnmu Hanpasnenue Asuxenns kKaGHHBI Co-

OTBETCTBEHHO BBEPX HNH BHH3. Ilpueox cHabkeH MeXaHHYECKHM

TOPMO30M C JNCKTPOMArHUTOM NOCTOAHIOrO Toka IMT. Katymika 3mT

€ NMOMOILIBK KOHTaKTa pese ABmkeHus PJ] momknmouacTes x ceTH
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MepeMeHHOTO TOKa uepes pesuctop K1 H BINpAMHTENRHOE YCTPOHCTBO,
cocToaee U3 Kpemuuesbix auonos 1 u [12, peancropos K2uK3u
xongetcaropa Cl.
CxeMoii ynpasneHus MEKTPONPHBOIOM NPETyCMAaTPHBACTCA
Tpu pexkuMa paboTel ndTa: HOPMATTBHELH, PEBH3MK 1 YIIPABICHIHA W3
MALIHHHOTO NOMELeHHs. B HOpMalbHOM PEXUME B KONOIKY
wrreniceasnoro passema HIP, pacnonoxCHAYIO Ha KPbILC KaOMHBI,
BKITIOUEHA BCTaBKa HopManpHoil paborsl LIP2. llepexawarens pe-
#xumoB pabotel BP2 Ha CTaHIINH YIPABACHHA AudTOM B MAITHHHOM
[OMENIeHHH HAXOAUTCH B MOTOMEHHH, IPH KOTOPOM 3aMKHYTBI €T0
kontaxTsl BP2-1 w BP2-3, a xontakrsl BP2-2 1 BP2-4 pa3oMKHYThL.
Yipasiesue TH(TOM OCYIECTBIACTCS U3 KaOUHBI KHOITKAMH MPUKa3a
1Kn—TI4KnTl uwnu kuonkamu Bbisoa 1KuB-4KHB ¢ sTammbix
[LIOLAA0K. PACCMOTPHM TIOC/EA0BATENEHOCT PADOTLI CXEMBI.
[Ipennonoxim, 410 cpoboanas kabHHA HAXOTUTCS Ha TIEPBOM
stake ¢ 3akpbithiMu asepsmu. Pene PTO oTkiroueno KOHTaKTOM
Aaruuka JTO. Ecmu uene 6noka 6e30MacHOCTH cobpana, 10 pene
xourpons xsepeii PKII naxonurces B BC30YMJIEHHOM COCTOAHIM H €10
PA3MBIKAIOIINE KOHTAKTBI B LETH [HTaHMA CHTHANBHEIX TaMIl 13-
4T3 1 B LeTH AaMAs ocBeilerns kabunsi JI1 pasoMknyThbl. Tlaccaxup
HakuMaeT KHOIKY BbizoBa 1 KuB. Tlo nenw 249, [P2 (201A-97),
pazmprarouii koHTaxt PJ1(97-119), konrakt BP2-1, pa3MbIKalOIIHi
kouTakT PB2 (117-21), 1KuB, 1311-3, pasMbIKAIOTIHE KOHTAKTEI PBS,
PII, PTO B uenu 5149 1 BKO 1 P3/1 8 uenn 49—59 mopaercs MUTAHHE
na POJ1, kotopoe 3aTeM NOANEPKHMBACTCA 10 IIONHOTO PACKPHITHA
aBepel caMOOITOKMPOBKOH MO IENH LUIP2 (241-201), pa3sMBIKAIOHIKE
xouraktel P, PTO, BP2-3, 3aMplkaromuil KOHTAKT PO (39-49),
pasMblkatonie koHTakTel BKO 1 P3/1. Pene POJ1 cBOMME CHIIOBLIMH
KoHTakTaMu BrAouaeTt J12 B HAMpPABNEHWH OTKPLITHA aBeped, a
JaMbikaromM konTakToM (101-99) exmovaer pese PBS. [locnennee
B CBOIO OUepelb 10 HEnH 101—199 srmouaet pene PB2 ¥, pasmbIKas
ceOli koHTaKT  (51—51A), npenorspainaer ofpazoBanue napasHTHOM
Lenu, 110 KoTopoil MoTno Opl BKIIOYHTBSA ITAXHOE PCle 1P3 (upn
BEAIOUeHHOM |PD fmepM Ha4dHYT 3aKpBIBATBCA Cpa3y K MOCTHE
OKOHUAHHS TIPOLECca OTKPbIBAHMA). PasMeikatomuii koutakt PB2
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(117-21) cHuMaeT MYTAHHE ¢ LIYHBI KHOTOK BbI30Ba LIKB, 3anpemad
IIOBTOPHBIN BBI30B KaOMHBI, a 3aMbIKAKOWKHe KOHTAaKThl (801—811) u
(101-7) BKIIOYAIOT COOTBETCTREHHO JIAMITHI 1J13—4J13 cretoBoit
CHTHANH3AUN Ha BRI3bIBHBIX IOCTAX K 1aMny J11 ocselieHns kabHuel.
C HauajoM OTKPEIBAHMSA JiBepeil Pa3MBIKAIOTCH KonTakTs JIK, 1111,
113-1 1 1113-2. Pene PK/] repaeT nHTanye ¥ 3aMbIKaeT pa3MbH<afou1Hﬁ
KOHTaKT (39-11), nonasas HanpskeHHe Ha [WMHY KHOTIOK NPHKa3a
KT
Hpw momoM packpertiy asepeit uens nutanns POJ paspel-
BA€TCA KOHEUHbIM BhixatouaTenem BKO, tepaer mutanne PBS. Quuaxo
KOHTAKT nocieHero OyaeT yaepkHBaTh BKIIOYEHHEIM pene PB2 eme
5+7 ¢ 4 IPUMEPHO CTONBHKO XKe YIePKHBAIOTCA KOHTakTh PB2 moce
OTKMIIOYCHHA €TI0 KaTywKy. braronaps aromy asepu 6yayT 0CTABATHCA
OTKPEITBIME 1014 ¢. Eciin B TedeHHe 3TOr0 BpeMeHH KHOMKA IIpHKa3a
Haxara He Oyner, 1o pasmbixawouinii koutakt PB2 (101-69) uepes
pasMbIkatonuil koHrakt PO/, 3amkHyTele konTakTel BBP u BK3
NOAACT nuTaHue Ha pene P3JI, koropoe, noaxmiouns asurarens /2,
OCYIIECTBHT ONCPALKID 3AKPEITHA ABEPEi H CBOMMH 3aMbIKAIOTIIHMH
koHTakTamu (71-89) u (101-99) sxmount pene PII1 u PBS, a
clicaoBarensHo, u pene PB2, Pene P3/T otkmountes npu pasmeixkanmu
KOHEuHOro BEIKNKOYaTens BK3. [Tpu 3toM nosropHoro cpabareianms
pene PO/l He npou3oHAeT, TaK KaK B PacCMaTpHBAEMOM Cilydae
3aMBIKAIOLMHI KOHTAKT (39-49A) PB5 pasmuikactcs padsine, gem
BElelKVaCTCH pasMbIkarownit KouTakT PII1 (49A—49). [Tocne sakpuitus
ApcpeH ¢ momMomeo peste PBS i PB2 cosnaetcs BHepKKa BpeMenin
10+14 ¢, B Teuenute kotopoii kouTakT PB2 (117-21) B WiuHe KHOMOK
BLI30BA OCTACTCS PA3OMKHYTBIM, UTO HCKIIOYAET B ITOT EPHOA BbI30B
xabunsl. C ormaganuedM pene PB2 cxema Bo3Bpaluaercs B MCXOHOE
COCTOSHHE,
Ecnu maccaxkup owen B kaGHHY Ha HEPBOM 3TaXKE M HAKAI
KHOTIKY 3Ta)ka HasHa4eHHs, HanpuMep tpethero 3Kull, to mo uenn
P2 (241-201), pasmeikaromme koutaxtsl PJ1, PTO, BP2-3, PKJ1 (39—
11), 3KuIT Bkmouaercs 3P3, KOTOPOE 3aMBIKAeT CBOH 3aMBIKAIOIIHE
KOHTaKkTHI: (41-33), noaroTasnuBas LeNnb NMIAHNS KaTylex
KOHTAKTOpOB HanpapicHus (B nanwuoMm cayuae KB), (31-35),
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nojcoenduaa karyuxy 3P3 k wune camobnorkvporrd LHC, u (101—
69), mojaeas nuTanue Ha katymky P3H. Pene P3[ cranoeurca Ha
camoOnoxkdporky ([01—-09}), cBOMMHUH CHIOBBIMH KOHTAKTAMH
nogK/uouactT aeurarens J12 B HanpaBieHUM 3aKpuIBAHHA ABepeH,
3aMBIKAOIIHM KOHTAKTOM (101-99) noanepxueaeT niTaHue peye PBS,
a 3aMBIKAIOLIHM KoHTakToMm (71—89) BkmwuaeT pene nycka PIIL.
Nocneanee no nenu (39—27) obecneuywnaeT NMUTAHHE WIHHEI
camobnokupoBky [1IC 10 Hauana JBMKeHUA H BKMIodeHus pene P/ u
pa3sMbikaeT pasMblkaomud konTakt (49-49A), npenorepamas
[IOBTOPHOE OTKPBIBAHHE ABepei.

ITpu monHoM 3akpuITHE Asepei P3/] oTiouaerces KOHEUHBIM
BeITIodareneM BK3, 3aMbIKarOTCH BCe KOHTAKTHI O10Ka 6e30MacHOCTH
u Bxmovaetcs pene PKJL. Ero sambikaouuid kontakt (117-11)
obecnieuunaer muranue HKIL npy 3aKkphITBIX CTBOPKAX ABEPEH |
HEMOJBHAHON KabuHe (Ha CIydaid, eCId NaccaxHp, Boiad B kabuny
udiTa, HE YCTIEN HaKaTh KHOTKY 1IPHKA3a IPH OTKPBLITRIX ABEpPAX), a
3AMBIKAIOITHIH KOHTaKT (31-31A) uepe3 pa3sMBIKAIOIITHE KOHTAKTE
PO/l u KM mnomaer nutaHue Ha KaTywIKy koHTakTopa Kb. B ceomo
ouepenp 3ambikatouuii konrakT K b (31A—41) no uenu: 3aMpIKaioLnK
KOHTAaKT 3PD (41-33), 33I1-2, 43I1-2, pasMeikaromuii koutakr KH
BKJIIOYACT KATYHIKy KoHTakTopa KB. CHIIOBbIC KOHTAKTHL KOTOPOTO
0K TFOYAIOT MABHBI ABUraTens 1 B CTOPOHY ABUKEHHA HA TIOABCM,
a BeroMorarensHeie KouTakTol (201A—179)u (167-147) Bunouyaror
COOTBETCTBeHHO pene asikenus PI] u uenk camobnokuposku: LIP2
(201A-97), 3ameikatownit xoutakt Kb (97-167), saMbikaromuii
koHTakr KB, pasmwpikaromuii kontakt KH (147-149). Pene PJJ
noaxmouaet IMT (npu 3TOM kabHHa NPHXOJAHT B IBHKEHHE) M
APOM3BOAKT CICIYIONIME MEpe-KIIUEHHs B CXEMe! 3aMBIKAIOLIMM
konTaxToM (101-99) BoccTanaenuBaer nuranye PBS, pasMelkarommm
koHTakToM (101—71) paspuiBaet npsaMyo lens nxTanus pene PIIL, a
3aMBIKAICIIHM KOHTAKTOM (69—59) obeclieunBaeT ero NMTaHue 4epes
koutaxtsl (101—69) sTaxuoro pene (B faHHoM cinydae 3P3) 1o
MOMEHTA MepexoAa Ha MOHHKEHHYI CKOPOCTh, PA3MBIKAIOLIUM
koHTakToM {97—119) npekpaiwaer nuranue KIT u LIKB, pasMbikaeTt
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pazMEIkatoIui KoHTakKT (51A—51B), Z0NOAHATENRHO HCKIIIOUAs BO3-
MOKHOCTD BKitOueHus POJ] HaxaTHeM KHOIOK BBI30BA [IPH IIPOXO-
KJACHHH KaOHHOH 30H TOYHBIX OCTAHOBOK. Hp'u 2TOM MTHTAHHE KaTYIIIeK
koHTakTopoB Kb # KB 1 nmmnel camotnoknposku LUC sTa)HBIX pene
OCYUISCTBIIACTCA Yepe3 KOHTaKThl Guioka 0e30MacHOCTH 110 Lenu:
LIP2(201A-97), 3ambixaromue xoHTakTsl KB(97-167) n KB(167—
147), 4311-2, 32T1-2, 3aMbikarowse xoHTakTL 3P (33—41), KB.

Ilpu moaxozne K oTaxy CleJOBABHS {B ZaHHOM CIy4ae CHU3Y)
pa3MeIkatoTCs koHTakTel 3311-2 1 paspreIBaloT Henms MUTaHKs pene 3P0
H kouTakropa Kb. Tepsiet nurauue PI11, xoTa B TeueHue HexoTOpOro
Bpemend (0,2+0,7 ¢}, noctatouHoro mis cpabarsipanus KM, oHo Oymer
HAXOMHTECA B BO30Y X /IEHHOM COCTOSHHH 3a CYET pa3psaa eMxoct C4.
PasMmeikaomuit kontakt KB BKAWYACT KOHTAKTOP CKOPOCTH
norsrusanus KM. Kontakrop KB ocTaeTcs BKIOYEHHBIM, Tak Kak
OYIeT oMy 4aTh THTAHHKE Yepes 3aMKHYThle KoHTakTe PTO (187-167),
PII1 u Bnocnencreun KM (97—-187).

[Ipx nae3ne Ha MATHUTHBIH LIYHT JaTYMKA TOYHOH OCTAHOBKH
JATO pene PTO oTnmasaeT ¥ pa3spblBaeT CBOMMH 3aMBIKAIONIHMH
KOHTaKTamu (187—167) nenb nuraHus KOHTaKTOpa Hanpasnenus KB,
a BMECTE ¢ HUM OTKIIovaloresa koHTakrop KM u pene Pl KaGuua
ocraHaBmuBacTes. HaknaapisaeTes Mexanuuecknii topmos. Ilpy  atoM
pasMbikatolnde  koutaktel P/ (201-37) u PTO (37-37A) uepes
koHTakT BP2-3, samxuyTeiif xoHTakT PB5 (39-49A), yxe
3aMKHYBIIHHCSA pa3sMblKalolWMi koHTakT PII1(49A-49)
pasmeikarone kKoHTakTtel BKO n P3JT mogxinoualor karyinky pene
PO/1. Mansne#iiee noBeneHHE CXEMBI QaHATIOTHUHO PACCMOTPEHHOMY
BBILIE: JIBEPH aBTOMATHYECKH OTKPBIBAIOTCSA, C IIOMONIBIO pene PBS u
PB2 cospaetcs Belaepxka Bpemenu 1 0+14 ¢, HeobxomuMast 1,14 BEIXOZa
NacCaXHPOB U3 KaOMHBI, 33TEM JBEPH ABTOMATHYECKH 3AKPHIBAOTCH,
a ewe uepes 10+14 ¢ racwyT curnanbabie nammsl 1J13—4JI3 Ha
BBI3BIBHBIX 110CTaX. CXeMa MOAroTORNIEHA K MPHHATHIO O4EPEeIHOTO
BBI30BA.

[1Ipy BEI30BE KAOMHEI ¢ NOCANO4HOH [LIOINAAKH OHOTO H3 TIPO-
MEXYTOUHBLIX dTaxeH (HanpuMep, ¢ TPETHErD) HAXKHMAETCH CO-
OTBETCTBYHOLLAA KHOIKA Bb30Ba 3KuB, Ecu kabrxa He cTOMT Ha sTaxke
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BbI30Bd, TO OJJHH H3 KOHTAKTOB 3Ta:KHOTO Icpeknouatend 3011-3 unn
301M1-4 pa3oMKHYT, [IO3TOMY MMUOYIBC HA OTKpBIBaHME ABepell He
npoxonuT. Brkawuaercs 3Ttaxkioe pene 3PD H B 3aBUCHMOCTH OT
COCTOANKS KOUTAKTOB 3TAXHOTO Nepekiaovarens 3501-1 u 3D01-2 (re.
B 32BUCHMOCTH OT MOJIOKEHHS KaOHHBI OTHOCHTENLHO HTAXKA BLI3OBA)
srnrouaeT keHTakTopel Kb u KB wnn Kb u KH, B pesynstare uero
Kab¥Ha HAYMHACT JIBUIATLCA K 9TAXY BbI30BA. [IPH MOMXOME K 3TaXKyY
BEI30BA HAJOTHYHO BRIIEONHCAHHOMY Pa3MbiIKaHHEM KOHTAKTOB
nepexnrovatens 3011-1 wnn 33[1-2 orkmouaercs koutaktop Kb u
priodaerca KM, a satem B 30He TOUHOH OCTAHOBKH OTKJKYACTCA pelie
PTO. Kabuna ocranasnrBaercs, ABepH OTKpuiBatotcs. [locne Bxona
[ACCAKUPOB U HAKATHA KHOTIKHM 3TaXa HAZHAYCHHUA BKIIOUATCS:
COOTBETCTBYIOLIEE ITAXKHOE pene u pene P3]], a mocne 3akpbiTus gBepeit
- pene PICH, xorTakTopet KB 1 KB wnu KH, pene P11 u kabuna gsmxeres
K 3TAXKY HAZHAYEHUS.

B pexuMe peBH3IHH, HCMNONB3YEMOM IS 0OCMOTpA,
PErylHPOBKH M o0CIykHBaHHA o0OpPYIOBAHHS W ANNapaTos,
PaCnONOKCHHBIX B IIAXTE M Ha Kpbllle Kadunwl nudra, B KOIOAKY
mrencenkHoro passema [IP1 sruntouaercs serapka LIP3, npu kotopoti
YApaBJieHHe U3 KaOMHB H 3TAaXHBIX IJIOMAT0K OTKIIYEHO, a
yIIpaBIeHHe JIHPTOM MPOHIBOAUTCA ¢ KPLIIH Kabunbl KHonkamu Ku-
“Beepx” u Kn- “Buuns”. Ilpn naxarun omHO#t U3 HUX H 3aMKHYTLIX
KOHTakTax OQnoka Oe3onacHocTH KabHHa NepeMellaeTcs TOIBKO Ha
ManoH CKOPOCTH BBEPX MJIM BHU3 W OCTAHABIHBACTCA B IIOOOM MecTe
LIaXThl IOCTIe APEKPALIEHH HAXKaTHA Ha KHOTKY.

I1pu ynpasieHHH W3 MAILIHHHOTO NOMEILEHHS TIEPEKITIOIATEITh
BP2, ycraHoBeHHBIH Ha ABeple wkada maHelH yIpasleHus, mepe-
KII04aI0T B MOJIOKEHHe “YNPaBlIeHHe M3 MAaIIMHHOIO NOMEUICHUA .
Tpy 3ToM OTKNIO4YaroTCA MHH kHonok npukasza IUKIT i ser3osa IIKB,
uene nuragus POJL (BP2-1 n BP2-3 pazoMknyThl), BEmouaoTes PBS
n PB2 (BP2-4 zamxuyT) 1 noaknwgawoTtces kKHOmkH M-Ku- “Brepx” u
M-KH- “BHuH3”, pacroNOxcHHLIC Ha [1AHEH YIIParjieHHs (3aMKHYT
BP2-2). PasmpikaHWeM pasMbIxaroniero konrtakta PB3 (51-51A)
nckmeuaeTes cpabareiBanve POJL mpy HakaTu¥ KHONKH BbI30BA. B
3TOM pexHMe IBHXKeHHE kaOHHb] TPOMCXOIUT Ha OONBILOH CKOPOCTH
NpH HAKATHH Ha TY MAH Apyrye kHonky M-KH. Ha kpaiHux sramax
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KabWHA OCTAHABMUBACTCH ABTOMATHYECKH, KAK H B HOPMAaIbILOM
pexuMe paboThl, a kHonkoi M-Ku- “Cron™ Moxker ObITh OCTAHORIEHA
B JIFOOOM MECTE IIAXTHL.

11oMEMO pacCMOTPEHHBLIX B COCTAB CXEMEBI BXOIAT TAKWKE HE
MOKA3AHHBIE HA PUCYHKE Y3Ibl TeedoHHOH CBAU KabMHbI M [UTOMAIKH
DEPBOTO 3TaXa ¢ IHCHESTYEPCKHMM IIYHKTOM M UENM 3BYKOBO
CUTHAJIM3ALHM IS BbI30B4 ACKYPHOro TUCIETHEpa.

6.8. DJIeKTPONPHBOI CKOPOCTHOTO TH(PTA

Paccmorpum pa3paboTaHHYIO MHCTUTYTOM
BHHHW 3n¢KkTponpuBoa TUMOBYHO CXeMY 31EKTPOLPHBOAA CKOPOCTHOTO
madTa rpysonoabeMuoctsio 1000 KT M CKOPOCTHIO ABMIKEHHA 2 M/C,
OPEAHA3ZHAYEHHOTO I 37aHn# BeicoTol 20-40 staxed. [dns andta
npeAycMOTpeHa c¢XeMa cobupaTeIbHOTO ynpaBleHHA Ha OoTeue-
CTBEHHBLIX HOTHYECKHUX 3AeMeHTaxX THTa “JIoruka”, OTOEIbLHBIE Y3ITRI
KOTOPOI OBIIH PaccMOTPEHE! B I.6.4, DNEKTPONPUBOSL BEINOTHEH
Oe3penykropubIM 110 cucTeMe TI1-/1 ¢ HCTONE30BAHNEM CIIELHANBEHOTO
THXOXOJHOTO OBHUIATCNA NOCTOAHHOTO TOKA ¢ HE3aBHCHMBIM
Bo3OyxkenueM Thia MILI40-136 (U, =440/220 B; P =40/20 kBr;
[,.=125 Ay n,=120/60 o6/mMuu). Cucrema ynpasneHus
AICKTPOIPHBOAOM Peanu30BaHa Ha aneMentax YBCP,

Cxema cHIOBBIX LeleH 3MeKTPONPHEOIA NPEACTABIEHA HA
puc.6.22. Jisurarens /| nodyvaer nHTaHHe oT pesepcHBHOTO TII,
COOPaHHOTO II0 MOCTOBOH BCTPEIHO-NAPATINEILHON cxeMe. Boinpamu
TENBHAS [PYIINA II% KaxuIoro Hanpasienus Toka BI'1 w B2 sxirogaer
B CBOH COCTAB MO OBA [Iapa/UIe/IbHO COEAMHEeHHBIX MocTa M1, M2 u
M3, M4 ¢ HHIYKTHBHBIMH ITHTENAMH TOKa cooTBeTcTBeRHO H/T1
u U T2. Ynpaenense npeobpa3oBareneM - COBMECTHOE ¢ KOHTPONEM
H PeryIMpOBaHHEM CPEIHEr0 3HAYEHHA YPAaBHMUTEbHOro Toka. [Ipu
3TOM ABTOMATHUYECKH 00ECIEUHBAIOTCH MICAJBHOE COMIACOBAHME
PEryIHpOBOYHBIX M BHELIHHX XapaKTePHCTHK BEHTHIEHBIX IPYIA H
OTCYTCTEHE pEKHMA NMPEPBIBHCTBIX TOKOB M Onarojaps atomy
JOCTHIAETCS HENPEPEIBHOCTD YIIPABICHHA BBIIPAMISHHBIM TOKOM. 1
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Puc. 6.22. Cunosas cxema 11 ckepocTHoro mHdra

OTPaHWYeHHs TyNBCHPYIOILEH COCTARIAIOLIEH YPAaBHHTENLHOTO TOKA
npeaycMOTPEHbl YPAaBHUTENEHBIE peakTopsl YP1—YP4. B sikopHO#
uenH ABHratens npeaycMotpersl peine PT u PM, ocymecTenstomppe
3Ty OT ABAPUHHBIX TOKOB NMEPETPY3KH M KOPOTKHX 3aMBIKAHHUH, H
pene KOHTpOJis MHHHManbHoro Toka axops PKT. broks MarduTHBIX
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yeumureneit BMY1 u BMY2, Ha BBIX0jbI KOTOPBIX TIOZKIIOHMEHB
006MOTKH pene Hanpgns Toka PHT1 n PHT2, ucnionesyiores B KadccTse
AATYMUKOB KOHTPOAA TOKA BEHTHMABHBIX rpynn. KoHTaxTwl
MEPCUUCICHHBIX Peie BKAYEHBI B 11ENb 3AHTHRIX ONOKHPOBOK
3ICKTPOOOOPY/ICBAHMS.

Y3e/1 3aIHTHBIX OIOKHPOBOK PelleiiHO-KOHTAKTOPHOH CXCMBI
ynpas/ieHus THGTOM npelcTaBleH Ha puc.6.23. TaM ke nokasaua uernb
NHTaHAA 0OMOTKH Bo30yxaeHHs OBJ] nBurarens ¢ peine o6psIsa Hos
POIT u anexkrpomarauTa Topmosa IMT, ynpapiqeMoro KOHTAKTaMH
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Pre. 623, Cxema 3a1uMTHEIX G710KHPOBOK H OTKIIOUCHHA TIPHBO/A
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xontaktopa KT. Pere PKA1- PKJI3 xOHTPONHPYIOT 3aMKHYTOC
COCTOSHHE KOHTaKTOB PacCMOTPEHHEIX B M.6.7 GIOKHPOBOYHBIX
YCTPOMCTB: KAHATOB, I0BMTEAEH, MPUAMKA, MAIUMHHOIO MOMELIEHH,
a TAKKe JABEPEH MaxTsl # KaGHHEI H MX 3aMKOB, bIIOKHPOBOYHOE pene
PB2 BKIKOYAETCA B Hadasle KOKI0To peica ¢ MOMOLIRK KOHTAKTa peie
nycka PI11, ecTH 3aMKHYTBL KOHTaxThl UENH 3aLUMTHBIX GIOKHPOBOK
3MeKTpeobOpyAOBAHHA. DT LiENb PA3MBIKACTCS NIPH OTKIIKOUEHHH PEsie
PHT1 wau PHT2 ecnu TOK B KaKoH-1160 BEHTHIBHOHN TPYIIE OKaXKeTC
HIKE 383HHOTO YPaBHHTENLHOTO TOKA, IPH OTKIIKOYEHHH pene POII,
4 TaKKe B aBApHIHBIX CHTyalusx npu cpabarsisandn pene PT i
PM ¢ maxartud kxonkd “Cron™. HpHd >ToM 3aMBIKAIOIIHE KOHTAKTE
PB2 pa3peiBaioT 1enb nutannst o6motku xoutakropa KIAT n pene
PKJI3, Tepsiot mutanue pete PKA2 u PK1, a ciefoBaTensHo, H KOH-
rakrop KT Pasmeikatommit cunosoif xontakt KT nomkmouact K
AKOPIO JIBUTATEIIS COTIPOTUBIICHHE AHHAMHYECKOTO TOPMOKEHHA CAT
(puc.6.20), a B pesy/1sTare oTraaaHus konTaktopa KT naknajsizaerca
MexaHudeckui Topmo3. OIHOBPEMEHHO CHHMAXOTCA HMIYIBCH
yrpasieHust BeHTUIsIMH 11 :

Jlns ycTpaHeHHs TpOCaikH KaOWHB MPH TIYCKE
aexTponpuioaa kouraxkrop KT, ynpaBisiowui d1eKTPOMariuIoM
TopMo3a DMT, BiitodaeTca (Ipy 3aMKHYTBIX KOHTaKTax ONOKHPOBOK)
ToNnLKO mocne cpadarpiBanna pene PKT, korna Tox Sxops JBHTaTeNs
nocturaet 3uadeHus He MeHee 0,17 . OTKIHOYEHHE KOHTAKTOpa KT
HAJIOKEHHE MEXAHHTECKOI0 TOPMO3a [ocIie PHOBITHS KaOHHbBE Ha 3TaXK
HA3HAYEHHs H OTKIOUEHHS penie To4HOI ocTaHoBKr PTO1 nponcxonut
C 3aJCPKKOH, OIpeIeIIEMOH BELIEPKKOH BpeMeHH pele PBT, B
TeueHHe KOTOPOH 3aKaHYHBAETCA [POLIECC aBTOMATHYECKOrO
BHIPARHUBAHMA YPOBHEH 10712 KaGUHbL M 3TaKHOH NJOTIAAKH.

Pene ynpasnenus PY BrnyovaeTcs NpH IMyCke 3aMbIKAOMIMM
koHTakToM pene PIT1 u ofecnednBaeT pexuM pabodel CKOPOCTH
snexTponpueona. 1Ipu noaxone kaOHHBE! K 3TaXy Ha3HAYCHHA OTNa-
NAKT pene uMmnynsca 3amemnesus PHU3, a satem PY, u npusox
[IEPEXOANT HA CKOPOCTS JOTATHBAHHA 40 YPOBHS TOUHOH OCTAHOBKH.

MomumMo 0603Ha4eHHBIX Ha puc.6.2]1 monsas peneHo-
KOHTAKTOPHAs CXEMa COOEPKHT: peie HalpasIcHHA PYB u PYH (cm.
pHc.6.24); pene HopMansHo# pabotsr PHP, ipH BKIIIOYCHHH KOTOPOTO
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3agaerca paboyas CKOpOCTE MEKTPONpHBOAa; pesie Pl, nofkmouatomee
npy otnazadriu PTO1 KOHTYp peryTHpoBaHus MON0KECHHA KabuHbl B
30HE TOYHOM OCTAHOBKH; pelle, KOHTPOIHPYIOIKE HCIPABHOCTD
MpeLoOXPaHUTENCH B LETAX THPHCTOPOB NpeodpasoBatend H Apyrue
ANIAparhl ¥ pesie, ¢ AOMOIILIO KOTOPHIX 0DECIIEUHBACTCS YIIPABACHHE
JBHXKeHHeM KaGuHbl TM(Ta H ABTOMAaTHYCCKHMU JIBEPEMH.

\ PKJI il 503
j P52
I3ce
—1 Ml I
1Y)
502
T L3
Use PC
-

Puc. 6.24. Cxema cucTeMsl yripasnedns 311 ckopacTHore madra

Cucrema ynpaBieHHs JIeKTponpuBoaoM (pHc.6.24) umMeet
JABYXKOHTYPHYIO CTPYKTYPY [OZUHHEHHOTO perynnposamiﬁ TOKa H
CKOPOCTH. B 30He TouHOH OCTAHOBKH KOHTakTam#u pene PI noa-
KIXO4YAeTCA TPeTHH BHEIIHHHA KOHTYD PEryJIHPOBAHMS MONOKCHHA.
ofecrneynBalomHil aBTOMATHYECKOE BEIPABHHBAHHE YPOBHEH [OJa
KaOMHBI H 3TAXXKHOW IUTOIMAAKH.

KOoHTYyp perylmHpoBaHHA TOKAa COACPIKHT /B2 aBTOHOMHBIX
KAHA/Ia PETY/IHPOBAaHHs M y3MeHeHus Toka ¢ UIT-perynsaropom PTB u
PTH, xaxaeiil H3 KOTOPLIX YMPABIAET OAHOH BEHTHIHRHOH TPYIINOHA.
Ha Bxozbl peryiaaTopos TOKa MOAAIOTCHA CHIHAJBI OTPHLATENLHOH
00paTHOM CBA3H IO TOKY ¥, MU € JATIHKOB TOKA AT1 v T2 nno
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TPH 33/1aHHBIX: YPABHHTENBHOTO TOKA 4 ¥ U CTOTEHIHOMETPOBR
R1 u R2, nonyvawiunx nuranue ot Oaoka orpandueuns BO2
PErynATOPa CKOPOCTH; HAYANLHOrO TOKA JBHTATENS u W u
notenunosMerpos R3 1 R4 na nepuona, npeaecTBYOMMHE CHATHIO
MEXHMYECKOro TOPMO3a [pH MYCKe, ¥ TOKa ABHIATE/A U, ¢ BBIXOAA
perynatopa ckopoctH PC, npudem Hanpsxenue v Gnaromaps
pazgenuTtenbHeiM quoaam J1 u J12 noetyraer k peryasTopy ToKa IHilb
TOH BEHTHALHOH rPyIInel, KOTopas paboTtaeT NpH 3a1aHOM HallpaBiIeHUY
TOKa ABMrartesis. [1oMTpHOCTE CUTHANIOR 3a[JaHus YPABHHTENRHOTO H
HAYATRHOTO TOKOB COOTBETCTRYET BRINPAMHTENLHOMY PeXHMY paboThL
BEHTHNBHEBIX Tpymi. OTrpaHHMYeHHe BEIXOIHOTO HANpsKEHHA perynd-
TOPOB TOKA ocymecTBaseTcs 6nokamu O3 u b04.

KoHTyp peryrMpoBaHHsS CKOpPOCTH HAacTpoeH Ha
CHMMETPHYHEIH ONTHMYM [IPH KOTOPOM perynaTop ckopocTu PC obna-
naet nepenarouHod qyukuunei' Ml1-3pena, a ycTanopuBmagcsa quHa-
MHuecKas ommMOKa npu JHHEHHOM W3MEHEHHMH 3alaHHS CKOPOCTH H
omudKa [10 HaI'PY3Ke PABHBI HYJIO.

OnTuManbHad TaXorpaMMa MpoLeccos MyCcKa U TOPMOXKEHHS
C OrPaHMYCHUEM YCKOPEHHA U PETRK2 QOopMHpYeTCS KOMOHHHPOBAHHBIM
33ATYHKOM HHTEHCHBHOCTH, KOTOPBIH COCTOHT H3 IOCIEA0BATEIILHO
COeIHHEHHRBIX 331aTYHKOB phiBKa 3P, yckopenuns 3Y u crkopoct 3C.
3a7aTynK PEIBKA NMPEACTARTILCT coOO0H onmepalHOHHBIH YCHIMTENE C
peneiinoil xapaxrepuctukoii (puc.6.25). OrpaHuueHHe BEIXOIHOTO
HaNpPsUKSHUS Wp 3a7aTdHKa peIBKa obecrneunBaercs Onokom b01l. B
KATeCTRE 33,JaTUMKA YCKOPEHH HCIIOIL30BAH 3a0aT4HK HHTEHCHRHOCTH
tana 3H-1. Temn H3MCHCHUS €TO BHIXOAHOTO HAMPAXKECHHA U,
onpenenaeTes NHINIb HAaCTPOHKOW 3aJaTYHKa H HE 3ABHCHT OT
HanpsKeHus u . Hampapinenue H3MEHCHMS u,  OTpenenseTcH
MOMAPHOCTBIO U, . 3aaT4HK CKOPOCTH CODPAH N0 CXEME HHTEIPaTopa,
[IOYTOMY TEMTT K HAITPABIIEHME H3MEHEHHA €I BBIXONHOTO HADKCHHA
i, 3ABUCST OT 3HAYCHUSA H NONAPHOCTH U_ .

JuarpammMel M3MeHeHHS BO BPEMEHH BBIXOAHEIX HAIIPAIKCHUH
33/IaTYMKOB TPUBeeHbI Ha pHE.6.26, [Ipn nonage na BXoI yeTpoHCTBa
HanpsKennd ¥, Ha Bexone 3P nosBIgeTcs HEH3MEHHOE BO BPEMEHH
HATIPAKEHHE U | (pHC.6.25 1 6.26,a). Tak kak u?'p>0, TO Ha BbIxoge 3Y
HANpAKeHNE HAPACTAET B MOJOMHTEILHOM HAIPABIEHHH BIIOTH JI0
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Pre. 6.25. XapakTepHcTHKa yIIpaBne-
HHA 32/IATYUHKOM PhIBKA

Pue. 6.26. TnarpamMmer paGoThl
3a/1aTYHKa ABMAKEHUe nuiTa

HECHILIGHHS (MOMEHT BpeMenY [, Ha puc.6.26,6). Jlanee 1o MoMenTa
BpeMeHH f,u =const. Bexoanoe nanpsxenne 3C naMeHseTcs
COOTBETCTBEHHO 110 11apabOIHYECKOMY 3aKOHY 10 MOMEHTa BpEMeHU
{, 1 TMHEHHO B HHT¢pBane 7=, {puc.6.26,¢). Ha Bxox 3P uepes
pesucroper R6 u R7 (cm. puc. 6.26) nogaercs curnan cyMmapHoi
00paTHOH CBS3H U, TIO HANPSKEHUAM 17, W 4, . B MOMEHT Bpemenn ¢,
u, U AU, obpaimaercs B Hy/Ib (pHc.6.25 u 6.26,a—6). lansuetimmii
pocT u_ (MOMETe BpEMEHH ) IPHBOANT K H3MEHEHHIO MONSAPHOCTH u,,
(pHc.6.25). 3a1aTYMK YCKOPEHHUSA [IPH STOM BEIXOAHT H3 HACBIILEHMS H
€T0 HANPSKCHIE CHIXKAETCA. YMEHBIIAeTCS Takke . B MoMeHT Bpe-
MeHW I, cHOBA u, =u_.u =0, u =0, a HAPSKEHNE 1, NOCTHrACT
MaKCUMANBHOTO 3HaueHUA. CPOopMUPOBaHHBIH TaKUM 00pa3OM CHIHAT
noctynaet Ha Bxog PC.

B uenH 3azamomiero HanpskeHHs, NOCTYNAKILEro OT
ucTouHuka nuranus MII (cm. prc.6.26), BKIIOUMEHB! KOHTAKTbl peEie
pPACCMOTPEHHBIX BhINIE 3alUTHEIX Onokuposok: PK/L1. KAT, PB2, KT.
Pene PYB u PYH cBoMMH KOHTaKTaMH OMNPEACIAIOT IOJISPHOCTE
33/1a10MEro HalPAKEHHA, a CJIeOBATEIFHO, H HalpaBleHHe NBHKE-
HHA., BKIWOUEHHOE COCTOARHE pene HopManwkHoH pabotet PHP co-
OTBETCTBYET BLIOODY pPexHMA ABHKEHU TH(TA ¢ pabodell CkopocThio.
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[Ipu mycke sKatodarores pene P1, koropoe noaxmodaer Bxoa 3P K
MCTOMHHKY 3adI0UIero HanpsokeHus, H pene PY, xotopoe cBOMM
JAMBIKAIONIHM KOHTAKTOM LIYHTHpyeT Ao0GaBouHbi pesucrop RS u
obecmeunBacT TakuMm 0OpazoM 3agaHue paboucH ckopocTH. [ipu
0AX0A€¢ KaOHHb K 9TAXY Ha3zHauyeHust PY oTnagaer ¥ BBOJUT B LCb
38aI0LLErO HanpsxeHud peauctop R5. ¥YMeHnbliaeTes CHIHAT 3a/1aHHs
CKOPOCTH, IIPHBO/L HEPEXOHMT Ha MOHHKEHHYIO CKOPOCTh, C KOTOpOH
KabHHa BXOJAMT B 30HY TOYHOH OCTaHOBKH, 31ech koHTakT P701
oTKmo4aeT pesie P1, 0 Ha BXOI 33JaT4YHKA NOLKIIOYACTCS PETYIATOD
nonoxenus PI1, ynpasisiemblii 0okoM ToMHOH octanoBkH BTO.

Haubonee caoxHsie TpeboBaHuA K MIEKTPOIPUBOAY NPELbA-
BIAAKOTCA MPH AaBTOMATH3alMy paboyero IHKIA BHICOKOCKOPOCTHBIX
i ToB, OOCIYKUBAIOMIMX CHEUHATILHbIE BHICOTHBIC COOPYKEHUA.
XapakTepHbIM TIPHMEPOM 3TOTO MOXKET CHOYKHUThH 3NIEKTPONPHBOA
ckopocTHRIX nudToB GawHM MOCKOBCKOTO TelneULEHTPa,
pazpaboranabii  Gupmoit ABI [4]. CrpyktypHas cxeMa
3MEKTPOTIPHBOAA HPEACTABICHA Ha pHC.6.27.

BespenykropHas OIbeMHasA TeOeIKa IPHBOIATCS B ABHACHHE
asurareneM /1, moayqaloUuIMM NHTaHHE OT WHAMBHIYAJTBHOTO reHe-
patopa I". Jlns ynpan/ieHHs 1071eM TeHeparopa IPHMEHEH PeBEPCHBHEBIA
THPHCTOPHBIH Bo30yauTens TB. Cxema ynpaBieHus sBisiercs
IBYXKOHTYPHOW; BHYTPEHHHH KOHTYD COIEP:KHMT perynsitop Toka P7,
Ha BXOJ€ KOTOpPOro B KKABIH MOMEHT BPEMEHH CPaBHHBAETCA
3aJaHHBIH TOK ¢ ACHCTBUTEILHEIM, IPHYEM MAKCHMAIBHOC 3HAYCHHUE
TOKA OTpaHHuKBaeTCs POPMOH XAPaKTEPUCTHKH PEry:1s1TOpa CKOPOCTH.
Ha Bxone perynsropa ckopoctd PC cpaBHHBAETCA 3a/1aHHAs CKOPOCTD
C MeHCTBHTECILHON M TIPH aBTOMATHYECKOM YIIPAaBICHHH BBOAHTCA
JOTIONHUTE/LHBIA CHTHAN KOPPEKLHH IO MpoiaeHHOMY IyTH. IIpu
PYYHOM VIIPaBJIEHHH W PEBH3WH 3a/laHHOE 3HAYCHHE CKOPOCTH
opMupyeTcs 3a1aT4HKOM MHTEHCHBHOCTH 3H.

B aBrOMaTHYECKOM PEXUME YIIPARICHHUE UIEKTPOIPHBO/IA IIPO-
U3BOJUTCA ¢ moMolklo nHdporoi DBM, ¢ BBIX0AA KOTOPOH BBIIAIOTCA
KOJMPOBAHHBIC 3HAYCHAS 34/IaHHOI CKOPOCTH VM TyTEBOH OIIHOKH
AS :Spm—S , KOTOPEIE HOCTIE TIPEOOPA3OBAHHA B aHAIOTOBBIE BETHYHHBI
MOAATCS Ha BXOM, PEryasTopa CKOPOCTH.

Ha puc.6.28 moka3aHo GopMHpOBaHUE 33/I]AHHOH KPHBOH CKO-
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Pre. 6.27. Cxema cropocTHOTD nudra HamHn MOCKOBCKOrQ TeneueHpa,
C3V¥- curHanel OT BHCIIHHUX 3aIIHTHEIX YCTpoicTB; 13- uenH 3ammtel; [1Y-
TIPHEMHO-331a10Iee yeTpoiicTBo; CY- cxema ynpasneHus

pocrd v

pacy

=f{t) BoluMcHuTENbHOM MammHBOH, TIpH Hanaike ycra-
HABNHMBAIOTCH KOTHPOBAaHHBE MAKCHMAJIBHO JQNYCTHMBIE 3HAYCHHS
p:m (da/dty_,,am W vm_. Flo3ToMy TIpH TIOMYyHEHHH KOMAaHIBI
“Tlyex™ na 6a3e 2THX BENUYHMH MAILIMHA BEIYHCIACT 33 AaHHEIC 3HAYCHHS
CKOPOCTH, OCYNIECTBIAA ONEPALIMH HHTETPHPOBAHNA B COOTBCTCTBHH
¢ rpadkamMy Ha puc.6.28.

TakuM 06pazoM, MalllMHa B Kax /b MOMEHT BPEMEHH 3aJaeT
HYXHOE 3HageHHe CKOpOCTH. MHTerpHpoBaHHEM MONy4aroTcd pac-
YeTHbIe 3HAYEHUs [IPOIJIEHHOTO NYTH Spm KOTOPBIC CPAaBHUBAIOTCA C
HCTHHHBIMH 3HAYEHHAMH NIPORIEHHOTO MYTH S, I01yYCHHLIMH B BHAC
KoJa ¢ noMoneio cuetunka CH u narunka uMnynecos JIH cea3aHHoro
¢ ocki0 ueHTpobexHoro orpannunTens ckopoctd LHOC.

Judpr umeet Gonpluyio padouylo CKOPOCTL ABHAKEHUS 7 M/
c. [Ipu orpaHMYeHHOM YCKOPCHHH H PBIBKE ITYTh, IPOXOIUMbIH Kabu-
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Puc. 6.28. dopmuposanue TaxorpaMmer nudra Saumn MTL]

HOIT Tocne nony4eHHs KOMaH/ThI Ha 3aMeJITeHHe, H3MepACTCA
mecstkaMi MeTpoB. [lpu cofupaTensHOM YIpaBIeHHH CXEMOH MOXKET
ObITE 3aHMKCHPOBAH [IPHMKA3 MM BHI3OB HA 3TAXK, HAXOAAUIMECT B
JaHHBIH MOMEHT OITHKe, HeM MyTh 3ame/IeHns. B 3ToM ciyuae mpukas
HIIH BBI30B He J0JkeH OBITE BhINONHeH. B nanuoii cxeme
BLIYHCAWTENLHAS MallMHA B KaxIblii MOMCHT BPEMEHH, CYMTAS Te-
KyIIle€ 38/[aHHOE 3HAYEHUE CKOPOCTH HAYaIbHEIM V), OTIpeae/seT Iy Th
3aMeJiCHHA Sg =f(v0,a0), KOTOPBIH JOMKHA IIPpOHTH KabWHa 10

Nelel)
’
OCTAHOBKH [IDH 3a[laHHOM DBIBKE O, H Ha4albHOM YCKOPEHHH d.
70T NyTh HA pHrc.6.28 H3obpaXkeH MIOWAABI0 C PEIKOI LHTPHUXOBKOH.
B cymMe ¢ mpoiiicHITBIM K 2TOMY MOMEHTY BpEMEHH ITyTeM S (dacTasn
LITPMXOBKA) OH COCTAaBNAET MYTh AOMYCTHMOH OCTZHOBKH S, .
OTCUHTHIBAEMBIH OT HCXOMHOH TOWKH. DTOT MYTh B CPABHHBAIOIIEM
yerpolicTee JC CONOCTABIAETCA ¢ OTCYHTHIBAEMBIM OT TOH XKe TOUKH
paccrosnueM A1 go Gmkaifiiero mMyHKTa, Ha KOTOPOM 3aKa3ana
OCTAHOBKA MO NpUKa3y W BhI3oBY. Ecan S, <Hi To mpojomxaercs

ABHKEHUE 10 TEX TI0P, NMOKa HE BLINONHUTCA ycioBue S, =HIi, 4To U
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NOCAYAUT OCHOBAHHEM JUIs EPEKIIOYSHUSA IIPHBO/A Ka 3aMCANICHHE C
NOCAEAYIOUCH OCTaHOBKOH Ha 3anaHHOM 3Taxe. Ecnn S, >Hi, To
NOCTYNAIOWMH MPHKa3 WIH BRI30B HE 0TpabaTnIBacTes.

Ceasp ¢ KabuHol sABnAeTcs GeckoHTakTHOH. CHrHame!
npukazos KII unmu gatuukor koHTpona Geszonacuocru JKB,
YCTAHOBICHHBIX B KaOlHe, NepearoTcA Yepes aHTeHHY A W IPHEMHO-
nepearollee YCTpOHCTBO B CXEMY YIIPaBISHHS,

Ilpn naxokneHHH KAOMHLI Ha 9TAXKE CXEMOM C IOMOIILI JaT-
unkes JJKII ocyliecTrIAeTCA ABTOMATHYECKOE BEIpaBHUBaHHE, TopMO3
HAKJIaAbIBACTCA JIHIUE NPH JJIHTENBHEIX OCTAHOBKAX,

IIpu ycTaHOBIEHHBIX IIDH HANAJKe 3HAYEHHAX p’ W am
BpeMs IIYCKa A0 CKOpPOCTH 7 m/c coctasnser okono 15 c. Ilpu atom
KOMIIeHCauHs OOBHIOH TOCTOAHHOH RPEMEHH TeHEpaTopa He IpeIcTa-
BAACT TpygHoOcTeld. CxeMa X0polo HIMIOCTPUPYET AOCTATOTHO
YHHMBEPCATBHBIH N0IX0A K GOPMHPOBAHHIO ONTHMANEHEIX IIPOIISCCOB
METOLOM NpPOIrpPaMMHOrO YNPABIECHHSA € HOCIEAOBATENBHON
KOPpEKLHEN: 3a CUeT MOCeI0BaTeNLHOH KOPPEKINH AHHAMUYECKUE
COCTABNAIOIIHE B ONTUMANLHOH 3aBHCHMOCTH uJ.C=f(t) CBOIATCH K
NpeHeOpeXRHMOMY MHHHMYMY, a asiee popMupyeTcs Tpebyembiii 3akoH
JABHKEHHS Ha BXOAE CHCTEMBI, KOTOPOMY OHA CIEIYET C BBICOKOH
TOYHOCTBE).

Bo Becex pabounx pexxumax aTa cMcTeMa paboTaeT Kak CUCTeMa
NoAJEePsKaHMsI OCTOAHCTBA CKOPOCTH. TOKOOTpaHHUYEHHE IPERyC-
MOTPEHO HA clydail aBapHHHBIX MEPETPY30K MIH HapylIcHHH B pa-
0ote cucTeMsl! yrnpasneaus. IMEHHO B 3THX yCIAOBUAX IPEHMYIIECTRA
NporpaMMHOTO YIPaBREHHA B COYETAHHUM € TOCAENOBATEIBHOH
KOPpeKLHe NpoaenaTea Haubonee MOMHO.

6.9. DnekTponpuBol 3apydeskHbIX
JHPTOCTPOUTENbHLIX PHPM

Beaymue 3apybexnbie nHdTOCTPOMTENbHbBIE GHUPMBI B
TeYeHHe pajaa JeT H3rOTORIAWT NudTh, 060pyIOBaHHbIS
ABTOMATH3HPOBAHHBM THPDUCTOPHBLIM 3TEKTPONPHBOIOM ¢
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Tabnuna 6.2
TMapameTp ! Jrauerye
O6man xapakTepHCTHEA SIHTA
[ py3000TLEMACKTE, KT 1000
CKOpOSTh ORKEHHA KaOWHLI, M/C 1,6
MoumocTs aBdraterd, KBt 15.5
JIOImyCTHMOE THCIIO BKIOYEHHI B 440 240
JnameTp KaHaTOBEYINETO WK UBA, MM 650
Macca mpHBeaa ¢ pamMol 845
PenykTop
Tun VEK25-M1-8
YUncoa 3y0beB 2/63
Homsam et soMeHT, H-M 105
Macca, kT 670
"INIEKTPOABHTATENb ACHHXPOHHELH 1BYXCKOpOCTHOH*
Tun : MI18ZBDN 2/8 W3B06
MoupioeTs, KBT 16,5/4,1
Hanpswenue, B 380
CoeanneHue obMOTOK Tpe YTONMLHHK-3B¢3/14
Ci1a Toka, A 38/28
YacToTa BpALLEHK, 00/ MHH 1420/300
KoahuuHe HT MOLIHOCTH 0,76/042
Pacxon oxXaknaiuero Bosa yxa, Mic 0,22
YacTtora, ' 50
MOMEHT HHEpPLHH MAXOBYKA K pOTOpa, KTM 0,33+0,88
TaxoreHepaTop TOCTOSHHOTO TOKA
Cpok cnywObl, 1eT ceslmne 10
e TKH 13rOTOBIEHHEI M3 cepelpa

CoennHeHHE ¢ BANOM JBHIATE peMeHHAS nepeiada

TopMo3 NPYRHHHLIH KOJOXOUHBIH ¢ 3EKTPOMATHHTOM

ONeKTPOMATHHT THITA GS135E11
MpoomKHTEMLHOC TS BRIDOY eHLe, %o 40
Hanpsaxerne, B 200
Cina noCTOSHHOMO TOKA, A 0,65
Yeume, H 1080-1850
Xog, MM 39

* 1BUrartellb 00OPYI0BaH TEPMHCTOPOM 714 KOHTPONA TEMOEPATYpbl KOpITyCa 1
0OMOTOX.
ACHHXPOHHEIM 3MeKTPOIBUTATEIEM ¢ KOPOTKO3aMKHYTHIM POTOPOM. B

PETYAHPYEMOM 37EKTPONPHBOAS MEPEMEHHOTO TOKa 3apyOexHbIe
GHPMBl UCTIONB3YIOT OAHO- MM IBYXCKOPOCTHBLIC ACHHXPOHHBIC
JBHTATENH, UMEIOLHE HE3aBHCHM Y0 BEHTHIIAIHIO, TAXOMETPHUECKYH0
AHA/IOTOBYHO CHCTEMY PEeryIHPOBaHHS, (Pa30BbIA NPUHUMIT YIIPABICHHA
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THPHCTOPHBIM Npeodpa3oBaTe/ieM, aHANOrOBbIe H IHCKPETHBIE
HHTErpANEHBIE MHKPOCXCMDI, TOPMOKCHHE NPOTHEOBKMIGUEHHEM,
AMHAMHYECKOE WMJIH C MOMOLIBIO BUXPEBOTO TeHeparopa. Jlebeaxn
THPTOB ¢ PETYIHPYEMBIM JAEKTPOTIPHBOAOM MEPEMCHHOTO TOKA
000pya0BaAHE] YEPBRATHBIM PEAYKTOPOM, CKOPOCTh ABHIKEHHA KAGHHBI
audTa He npepplmaet 1,6+2 m/c. Hike npuBeseHn TeXHHUECKHE
na"Hble Tvdra THRA VK25-46 dupMmer KONE (Quunanaus) c
THPHCTOPHBEIM ACHHXPOHHBIM 3MEKTPOIIPHBOIOM.

DAEKTPOABHIATEIIDb YIIPABISETCA THPHCTOPHBIM PETY/IATOPOM
NEPEMCHHOIO TOKA NapaMeTPHIECKOrd THHA B MNPOLECce MyCcKa u
PaBHOMEPHOTO X074 Npu paboTe nUdTa B HOPMANBIOM pekHMe. B
WHTEPBAIIC 3aMEUICHHSA HCTIOAB3YETCA AMHAMHYCCKOE TOPMOKEHHC 34
CYCT NUTAHHSA OOMOTKH MaJjloi CKOPOCTH MOCTOAHHBLIM TOKOM OT
BLINPAMHATEIA. B pekume peBH3UH ABHTATENs pafoTaeT Ha oOMOTKE
MasoH CKXOpOCTH. B cOCTaB THPUCTOPHOTO PETYISTOPA BXOANT IECTh
THPHCTOPOR.

3ajaHHad CKOPOCTH QOPMHUPYETCS € MOMOILIO 3a1aTUHKA
#HTEHCHBHOCTH, NOCTPOEHHOTO Ha OTIePAlliOHHBIX YCHAHTEIAX.

Crpyxrypraa cxema anekrpoupusoga nudra dupmel Page
Konuap (COPIO) ocroBana Ha TAXOMETPHYCCKOM [IPHHLIHIIE PETYAHPO-
BaiA ACHHXPOHHOTO JBY XCKOPOCTHOro AHuTaTens M nytem usmene-
HHs BETUYHHBL [ICPEMEHHOTO HAMpsReHus B HHTCPBANAX Ayckai y¢-
TAHOBHBLICTOCH ABHKCHUA H BLIIPAMIIEHHOTO HAMPKSCHUSA B HHTEp-
Baile samciliaenuda (prc.6.29), Pesepe asuratend B 310H cxeme
KOHTAKTOPHbIH, TpaHchopmaTop | CRy®KHT 1is IHTAHHS BhilpAMHTE-
na 2 cTabuAN3HpOBANIOr0 HCTOYHHKA MHTAHUS 3, NOJAOWETD K
YCTPOMCTBaM yHpaBieHns cTabHTH3MpOBaHHoe Hanpaxerue +15 B, a
TAK®KE I CHIXPONM3AUMH CHCTEMbl WMOYNbCHO-(HA30BOTO yTI-
paBiieHist 7. YIpapistOUIHE CUTRATI OAAKTCS B Y3¢A ynpaBieHusa 4,
KOTOPbI CIYKHAT A8 IPHeMa HHQOPMALMH O HAIPABICHUW ABMAKEHHS
H HCOOXOIMMOH CKOPOCTH ABUNKEHNA M AAS (GOPMHPOBAHHSA
YOPaBISIOWIMX  BO3OCHCTBMH, BBOIUMBIX B  3aJaTYUK
UHTEHCUBHOCTH 3.

3a)aTuMK HHTEHCHBHOCTH BRIPABaThIBACT 3a1aHHY IO 9acTOTY
(), B COOTBETCTBHH C KHHCMATHKOH MHGTA H TpeboBaHHAMH KoMbopT-
HOCTH H TIPOM3IBOIMTEIBHOCTH NMUQTA H BBOAUT €€ B YCTPOICTBO
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Puc, 6.29. CrpykTypHas cxema TpretopHoro i1 nepeMennoro Toka ¢ aCHH-
XPOHIBIM JIBY XCKOPOCTHBIM WICKPOABHTaTeaeM Gupmbt Pane Konuap (CDPIO)

CpaBHEHHMs. 3ajaHHAs YacTOTa (), CPaBHMBACTCA ¢ NEHCTBHTEIBHOH
qACTOTOH BpawleHus (), JaTYHKOM KOTOPOH CIYXHT TaXOre¢HepaTop
nocroanuoro toka BR. M3 yerpolicTBa cpaBHeHHA CHIHAI Paccor-
JTACOBAHMA HOHAAAST B PCTYIATOP CKOPOCTH 6 ITPOTMOPIIHOHATBHO-
HHTETpaisHO-THhGepeHIIHAIbHOIO THITA, 0DeCTIeYHBAIOIMA MUHH-
MANTBHYIO OWHOKY M BBICOKOE KaueCTBO PErYIHPOBAHHA CKOPOCTH.
Brixoiras sennuniia peryisropa Aw ssogurca 3 CHUDY, koropas
BLIPabaThIBAET OCACAOBATEBHOCTD YIPABAMIOMHX HMOYIhCOB C
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COOTBETCTBYIOIINM (ha30BBIM CABHTOM. DTH HMIYNLCH OCTYNAIOT K
YIPaBIAKIIHM JMEKTPOIAM CHIOBLIX TUPHCTOPOB THPHCTOPHOTO
npeobpazoBaTens 8, KOTOpkIit N0AaeT Ha OOMOTKY CTATOPa HANPSHKEHHE,
BETHYHH4 KOTOPOro COOTBETCTBYET BBIXQAHOMY CHrHanty A@
perynatopa. Cxema obecnednBaeT TOYHOCTD PETYTHPORAHWA CKOPOCTH
10 2 % ¥ TOYHOCTL OCTAHOBKH KabHHBI +5 MM, OCIUITOrpaMMEe!
33JaHHOM YacTOThI (1, ACHCTRUTE/ILHOM YaCTOTE! BPAIISHUS (0, CHIThI
TOKa B 0OMOTKe GOMNBIIOH CKOPOCTH { (ICpeMeHHbIA TOK) H CHIIBI TOKA

B 0OMOTKE MaNOH CKOPOCTH i, (BBHIPAMIEHHKIH TOK) MPEACTARICHDI
Ha puc.6.30.
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Pauc. 6.30. Ocunnnorpammer padoTsl THPHCTOPHOIO
ACHHXPOHHOTD MeKkTpoipuBoaa GupMel Page Koguap

B CKOPOCTHEIX M BEICOKOCKOPOCTHHIX THATAX CO CKOPOCTRIO
IBH:kKeHHS kabunel Gonee 2 M/c B HameH cTpaHe H 3a pyfexom
NPHMEHAKT PETyIHPYEMBIH 3IEKTPONPHBOA C JBUrATEIEM
MOCTOAHHOIO TOKA HE3aBHCUMOTO Bo30yxaeHus, flebeaxu mudTon
MOTYT OBITE PEIYKTOPHBIMH HITH, yaule, Oe3peXyKTOpHBIMH, IBHTATEIH
COOTBETCTBEHHO OBICTPOXOAHBIMH MM THXOXOaHbIMH (60+140 06/
MHH). B nocnenneM ciydae edeKa u IBHIATEIb OTIIHYAIOTCS BRICOKOH
HAJCHKHOCTBIO H OOTBITHM CPOKOM CIYXOBL.

Cpeau cvcTeM DIIEKTPONIPHBOLA NOCTOAHHOTO TOKa B TH(TaX
HalIIH OPUMEHEHHE JBe CHCTEMH: reHeparop-asurarens (I-71) u
THPUCTOPHBIA npeobpasosarens-asurarens (TII-1). Cucremy I'-J]
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HATHHAOT 3aMensth cucTemofi TTI-JI, XoTa Muorue 3apybexHsle
UG TOCTPOUTE IbHBIE PUPMBI [IPOOIIAKAIOT BRIMYCKATh AHPTEL C
anextporpusosom cuctemst T-J1. Tak, gnpma KONE (Putisanmms)
BBIMYCKACT JH(TH AN aAMHHACTPATHBIBIX 3AaHHH CO CKOPOCTAMH
IBIDKeHUS Kabue 2,5+7 M/c ¢ Ge3pefyKTOpHBIM JICKTPOIPHBOAOM
cucteMsl [-J1 M co ckopocThio aBHikenus 1,8 M/C ¢ pelyKTOPHbIM
snexrponpusonoM cuctemsl I'-JI. @upma Minnanep (Liseiinapis)
M3TOTOBIAET IUQTH ¢ 6e3PETYKTOPHBIM 3REKTPOIPHBOIOM CHCTCMEL
['-]] ¢ 3MeKTPOHHBIM YIpaBIeHHeM,. DNEKTPOHHOC YNpaBlIcHHe
obecnednBaeT OMTHMAIBHOE JABMKEHHE KaOMHb! HE3aBUCHMO OT
3aJaHHONO 3TAKA ¥ 3aTPy3KH, TOYHOCTh OCTAHOBKH Kabulibl £5 MMm.
HoMHHAbHBIE CKOPOCTH ABHSKEHHS KaOHHEL TH(TOB C TAKOH CHCTEMOH
IMEKTPONPHBOIIA COCTABISIOT 2,5; 3,15; 4,0:5,0;6,3 m/c u Bostee. Cxema
INEKTPOTPHBO/IA IIPEICTaBIEHa Ha pHC.6.3 1. JBHrareb-reHepaTOpPHbIA
npeoBpazosaTent COCTONT H3 ACHITXPOHHOTO apuraten M, reneparopa
OCTOSHHOTO TOKA [, YIIPABIIAEMOTO 110 LIeNH BO30Y#/ICHHSA ¢ TOMOLIBIO
tupucTopHoro Bo3Oyaurteas TB. [lpusoano#l asurarens A
NOCTOAHHBEIM HE3aBHCHMBIM BO30YKAEHHEM OT HEYIpaB/lieMOro
BEITIPAMHATENS 8 COEAHHEH CBOMM BAJIOM €O IKHBOM MEXAHHYUCCKOIO
Topmo3a T, yIpaBIseMOTO TOPMO3HLIM MEKTPOMATHHTOM Y, u Ka-
natoseayumM mkueosM K1 Kontyp perynyposanus CKOpOCTH CO-
ctout M3 reneparopa I, nBuratens /|, Taxorexepartopa BR, y3na
¢cpaBHeHHA 2 3aTaHIOl CKOPOCTH, BbipabarbiBaeMoil MPOTPAMMHDIM
BBLIYHCINTEILHEIM YCTPOHCTBOM 3, perymupyiomiere yeuwrens 1,
THpHcTOpHOTo BO30yHTens TB 1 0OMOTKH BO3OYKAEHUA FeHepaTopa
OBT. BecnoMorarte/bHbii KOHTYp COCTOMT U3 H3MEpPHTEI HArpY3KH 9,
PACTIONOKEHHOTO Ha TopMo3e T, perynupyouero yeumHTens 1l u
ro3Gyantens reneparopa TB. D1or xontyp ofecneunsaet 3ajaline
HeoBXOMHMOr0 MOMEHTA JBHTATENO MEPed KambiM peHcoM,
BCJICACTRHE HEI0 HAYallo Nycka mocle PacTOPMAKUBAHHA IPOTCKACT
COBEPIICHHO NAaBHO. B (OPMHPOBAHYH CHIHAJA 321aHHOH CKOPOCTH
y44aCTBYIOT TaxoreHeparop B, nHTerpatop 6, BBIY4HCISIOWHE
MPORICHHBIA IYTh, Y361 CPABHEHHS NTPOAIEHHOIO 1TYTH 4 ¢ 3ananHoH
Be/IHYHHOM Ty TH, GOpMUPYEMOH YCTPOHCTEOM 5 ¢ MOMOILBIO JaTUHKOB
npodnennoro nyts 7. COBOKYIHOCTE BCEX ITHX 3NMEMEHTOR
ofecrieunBsaeT ABMXKEHHE KaOWHBI IO ONTHMANBHOM JHarpaMme of
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Puc. 6.31. ®yHkunoHanbHas cxeMa M cuctemel I'-J]
¢upmet Unnnnep (Ulseuapus)

MOMEHTA TPOTAHHS J0 NOJIHOH OCTAHOBKH,

B 31eKTPOTPHRBOAE THPUCTOPHBIA Ipeo0pa30oBaTENb-
nurareib (TI1-/]) B3aMeH ABHraTeNb-reHepaTopHOro npeobpasosares
MPUMEHAIOT PEBEPCHBHEIR THPHCTOPHBIH npeofpa3oBareib, 00BIMHO
COCTOAIIMI M3 IBYX BCTPEUHO-NAPAIUIEIBHO BIJIIOYCHHBIX TpeXdasHbIX
THUPHCTOPHBIX BBIIPAMHTEICH ¢ COOTBETCTBYIOUIMMH YCTPOHCTBAMH
yOpaBJIeHHs.

THPHCTOPHEIH 3MEKTPONPHBOL NMOCTOAHHOIO TOKA CHCTEMBI
TII-J1 Anst BEICOKOCKOPOCTHBIX HHMTOB rpy3ononseMuocTbio 1000 4
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1600 kT co ckopocThio 2; 2,8 1 4 M/C YCTaHABIHBAKOT B IMHHHCTPATHB-
HEIX W OKHIBIX 3aaHusx o 40 stawxed. Cxema 2IeKTpOTpHBOZA
paspaborana u cnpodkruposana HMW3nekrponpuson (Poccus),
nudTe m3roTosnser KapatapoBekuii Mexanu1eckui 3asoa. OcHoBHOE
060pyI0BAHKWE ICKTPONPHBOIA H €0 KPaTKHE XapaKTCPHCTHKH
npuBeieHs B Ta01.6.3.

Tabmuna 6.3
[lapameTp l JHavenne
BaoaHoe ycTpokcTao
Tun BY-4
(CHCTCMa coe g HHEHHA Tpexfiastas, C HEHTPANLHBIM MPOBOAOM
Harpaxeue, B 380
Cwia Toka, A 160
INCKTPOIBHUIATEAL NOCTOABHOIC TOKA ¢ KAHATOBCAYLIHM
LIKHBOM, TOPMC3IOM H TOPMO3HbBIM 3NEKTPOMArHHTOM
Tun MIJI140-136
MoulkocTh, KBT 40
Hanpsixceune. B 440
Cuna ToKa, A 125
YacToTa BPALLCHHA, 00/MHH 136
Macca, KO 4000
TpadcbopmaTap
Tsin TCI-25/0,7-74 (TCO-100/0,7-74
MousocTs, kKB-A 25 (100
Hanpawenne, B 3807205 {380F410)
Hampsxenne K3 u,, %0 5.5 (5.5)
Peakrop OrpaHHyHBaAKIIHA
Tun CPOC-63/0,5 (CPOC-100/0.5)
Cua T0K3, A 200 {160
HuayskTHBHOCTE, MIH 4 {9
KoMnnekTHOS THPHCTOPHOE YCTPOHCTRO 3NCKTPONPHEOIA aundra
Tun KTY 3]
Hanpaxeine, B 230 {uv 460)
Cina Toka, A 100 (wny 200)
CxemMa BEITIPEMIAESHHA Tpex(hazHan MocTOBas
CHDY BepTikanLHoro THOA
Y ron perysiMpoBais ¢, Tpai 0180

B cTpyKTypHOIi CXeMe 3MeKTPONpUBOAA (PUC.6.32) IPUHATEL
cneayrowpe 0603HaIeHNs: M- 2IEKTPOABUIaTE b OCTOAHHOTO TOKA;
CM! 1 CM2-CHiIOBbIe MOIY/IM THPHCTOPOB HAMpPaBIeHHs “BBEPX. H
“gun3”"; T1 1 T2- cunosble TpaHCHOPMATOPBI MOAYICH THPHCTOPOB;
PO- peaktopr! orpanuunpaiomue; BK- raxoreneparop; AT1u AT2-
JaTYMKH TOKa HampabneHns “Beepx” K “BHM3”; CHOY1 1 CHOY2-
CHCTEMBI HMOYIBCHO-(A30BOT0 YIPaBIEHUS CHIOBBIX MOIYNeH CM1
1 CM2, PT1 1 PT2- perynarops! ToKa HarpaB/icHHs “BBepX” ¥ “BHH3";
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3H- 3a0aT4HK MHTEHCHBHOCTH, oBecneuHBAIOLIMIT 33 1aHHe CKOPOCTH
H OTPaHHYEHHEC YCKOpeHHA M peiBKa, PC- peryasitop ckopocrtn; PT-
PerynaTopR TOKA.

OcHOBOI THPUCTOPHOTO 3MEKTPONpHBOAa cHeTeMbl  TIT-]]
ABIAECTCA THXOXOAHBLIH 3MEKTPOABHIATENE MOCTOAHHOTO TOKA C
KaHATOBEAYLLHM [UKMBOM Ha BAJIy M TOPMO30M C 2IEKTPOMArHUTOM. B
KOMIVICKT TAKKE BXOAAT BEHTHUIATOP NPHHYIHTENLHOH BEHTHUNSIHM

3adanue 3Jadanue ~380 B
Hanpagre- Havais- 3aoanue 7?9

Hs HOZO  YPaBHUMENBbHOZO ‘
O8UMCEHUT  moKa mora

T
3H
T] 72

]
PC CHOV]
]
CMI
. ATI Po Y
ul:E+ [

=

+

+

- P72 CHOY?

Prc. 6.32. CTpykTypHas cxema TipucToproro 1 HOCTESHROMO Toka
BEICOKOCKOPOCTHOTO THTa (paspabotana so BHHW Anexrponpieon)
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JMCKTPOINBHTaTes ¥ TaxoreHeparop. MomuocTs asurateins 40 kBt
HCTIONB3YETCH NOJTHOCTBIO MIPH CKOPOCTH KabHHbI 4 M/C; [IPH CKOPOCTH
2 M/¢ 3TOT ke OBWraTedb uMeeT MomHocTe 20 kBT, Tepmo-
COTIPOTHBIIEHHS, BCTPOCHHBIE B JIEKTPONBUIATENS, 3AMIHLIANT EFO OT
neperpesa. [Ipu meperpese ABurarers KabWHa OCTAHABIMBAETCH HA
fnmkalinieM 3Ta)e [ BHIXOAA IIACCAKUPOB, H ABHIATSNb OT-
KITHYAETCH,

YupaBasioT 3ME€KTPOABUTATENEM TNYTEM H3MEHEHHSH
HaNpAKeHUs akopsa B npefenax +U >0>—U ¢ momowbo aByX
Tpexdha3npIx MOCTOBEIX Bppamurenei (CM1 n CM2), T.e. ABUraTens
MOKET M3MEHATh KaK CKOpOCTh, Tak M HampaeneHue Bpawenns. f1pu
HYJIEBOH CUJIC TOKA B AIKOPE JABUIATENS YePe3 BBIIPAMHTENH OPOXOHT
YPABHUTETLHEIA TOK, 00cCHeUHBAOMIME [I1aBHOCTD B paboTe 3MeK-
TPONPHBOAA H KOHTPONL FOTOBHOCTH Mpeobpasosareis K pabore.
THPHCTOPHBIH TPeoGpasoBaTe/b HMeeT CXeMy NUTAHHs 0OMOTKH
BO3GYNK/AEHUS JBMraTens, COAEPKAUIYIO TpU TpaHchopmaropa H
AMOHBII BLHIMPAMUTENS. Bo30y)/iEHHE KOHTPOIMPYET pETIe.

CHCTEMA HMOYIBLCHO-(A30BOI0 YIPABICHHUS THPUCTOpaMH
obecrieunBaeT GOPMHUPOBAHHE HMMYILCHLIX CHUTHA/IOB BKIIOUCHHA
THPHCTOPOB ¥ HOIAYY HX Ha YNPABISIONIHE SNEeKTPoIbl TADHCTOPOB B
COOTBETCTBYIONIME MOMEHTB! BPEMEHH. YTOJ PETYTHPOBAHHA M3~
MeHseTca B npeaenax 0+180°, 3aBHCHMOCTD €ro OT HaMpAKCHHA
yIIpaBleH s IPaKTHYECKU NHHeHHA.

CycTeMa PeryTMpoBaHus 3NEKTPONPHBO/A [0 CHIHATIAM 33713~
HUSL M CHIHANaM 06paTHOI CBA3H TIO CKOPOCTH, TOKY M IONOKEHHIO,
nonmyucHHBIM OT Taxorenepatopa BR, paraukos Toka AT1 # T2 u
MATHHTHBIX NATYHKOB TIONMKCHHS, YIPABIAET CKOPOCTBIO H TOKOM
JTEKTPONBHUIATENA ¢ OrpaHHdeHHEM YCKODEHHS M pbiBKa U obecre-
YHBACT TOUHYIO OCTaHOBKY Mu¢Ta. [Ipy 3TOM THPHCTOPHBIE MOAYIH,
paboTaloliHe B BRITPAMHTENSHOM H HHBEPTOPHOM PEXHMAX, yii-
PaBIAIOTCA MO AByXKaHAJLHOH CHCTEME DETYIHPOBaHHMA, T.C. C aB-
TOMATHYECKHM TIOAABJIEHHEM YPAaBHHTEIIRHOTO TOKA.

CucTeMa peryldpoBaHHA EKTPONPHBOAA TOCTPOEHA 110
NPUHIHIY [O0CIEA0BAaTENbHON KOPPEKUHHM ¢ MOXYHHEHHBIM
pETYTHPOBAHHEM [IAPAMETPOB. B faHHOM ciyyae BLIXOJAHOH CHIHAj
perynsTopa CKOPOCTH ABJIACTCS CHTHAIOM 33JaHHA PErYNSTOpa TOKA.
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Ha 3a0aHHOM 3TaxXe BCTYMAaeT B JCHCTBHE PEry/IATOD MONOKEHHA,
YUPaB/seMblii CHTHAIIOM JIATUMKA TOYROH OCTaHOBKH. Perynatop nono-
HEHHA MeEpefl OCTAHOBKOH KaOHHBI BHIPABHHBACT €€ Ha JTaxe,
o0ecrigunBaeT TOYHOCTh OCTAHOBKH B Tipeaenax +15 mM. OH Taxxke
yAepkHBaeT xkabuHy Ha 3Taxe NIPH HEHCOPABHOCTH TOPMO34,
3a/1aTuHK MHTCHCHBHOCTH (QOPMHPYET THAIDAMMY CKOPOCTH
C OFpaHHYCHHEM CKOPOCTH Ha yposHe 1,4; 2 1 4 M/c, yckopenns - 1,5
M/c* 1 priBKa - 1,5 M/C’, 410 mo3BosfeT obecneduTh HeoOXoaUMbIe
KOM(OPTHLIC YCIOBUSA H BBICOKYIO TPOH3BOAKTENBHOCTD TH(TA,
Perynsrop cxopoctu PC aBnsgercs nponopiHoHanbHo-HHTEr -
paneHbIM. B nem cHrHan 3amaHHOH CKOPOCTH 3a/aTYMKA MHTEHCHB-
HocTH 3M cpaBHHBaeTcs ¢ CHrHanoM (akTHYECKOi CKOPOCTH, Mo-
CTYNAKLMM OT TaxoreHneparopa BR. Brixoanoi curman PC, orpa-
HHYHBAEMEIH 11O aMITHTYE, ABJIAETCS 3aJAI0LIHM T PEry/IaTopa ToKa
PT, ¢ KOTOpEIM cpaBHHBaeTCA CHrHaia oGpaTHOH CBA3M MO TOKY,
noxyyaeMbr ¢ noMoweto gatunkos Toka JT1 u T2, Peryastop Toka
TaKkKe ABJIACTCH HNPOIOPUHOHANBHO-HHTETPANILHEIM, TO3TOMY TOK
JBHratels NpoNOPUHOHANEH 3aJal0lieMy TOKY, 8 OTPaHHUYEHHIO
3ajaHig TOKAa COOTBETCTBYeT TOKQOTPAHHYCHHE JBHTATENA.
Hcnone3oBanne 1BYX NPONOPLHOHATBRO-HHTErPATBHBIX PETYISTOPOR
JeNaeT CHCTEMY PETYIHPOBAHHA ABYKPATHOHHTEIPUPYIOIIEH, B CBA3H
€ UeM CHCTEMA PETyIHPOBAaHHA CKOPOCTH ABIACTCH ACTATHYECKOH 10
Harpyske. CHCTeMa peryaupoBaHus Tupuctophoro 311 nocrosaHoro
TOKA BBICOKOCKOPOCTHHEIX JIHPTOB YKOMIJIEKTOBAHA OlIOKaMH
YHHOHUHPOBAHHOH CHCTEMBI OIIOMHHIX peryistopos (YBCP).

6.10, OGure cBeXeHHA 0 IHAXTHLIX
NoAbEMHBIX YCTAHOBKAX

HlaxTHOH MOABEMHON YCTAHOBKOH HAa3bIBAETCSH BEPTHKAILHEBIH
TOXBEMHHK IIEPHOAHYECKOrO AEHCTBHS, B KOTOPOM IIEPEMELtICHHE IPY-
30B HiTH JTKo/ieH C 0ZHOTrO FOPH30HTA IIAXTHI HA APYTOH IPOU3BOAMTCA
B MOXBEMHEIX cocydax (KIeTax, CKHIAX), ABHKYHIHXCS NO Halpas-
THIOLNM, YCTAHORIEHHBIM B CTBONE IaxTel. PazmHyaloT CKHOOBbIE
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NOIBEMHBIE YCTAHOBKH, B KOTOPBHIX MPOH3BOAHTCH NHINE TTOABEM
TPy30B, ¥ KNETERLIE NOABEMHBIE YCTAHOBKH, KOTOPbLIC BBIIOTHAKT
IOALEM M CHYCK IIOAEH, IPY30B, MAaIlMH H MEXaHH3MOB, a TaKkKe
pa3fHYHbIE BCTIOMOTATEILHME ONcpauHH. B KIeTsX, Kak MpaBuilo,
MOTYT pa3MelliaThCs BArOHETKH, HPCAMA3HAYEHHHIC M/ TPAHCIIOPTH-
PORAIHA IPY30B 10 IIAXTHEIM BRIpaboTKam.

[TonneMHas MalTHHa SBIACTCS OAHOA 13 Hanbolee BAKHBIX H
OTBETCTBCHHRIX YCTaHOBOK Ha iaxte. OT Hee TpeOyOTCS BBICOKAS IPO-
H3BOAUTENBHOCTD, HANIEKHOCTE B padoTe, JONTOBEYHOCTD H IPOCTOTA
B obcmyxuBaHHH. KpoMe Toro, oHa nomxHa OHTE 3KOHOMHYHOH Kak

S MO KalHTAIbHBIM 3aTpaTaM, TaK H B
e !
o5 IEPHON IKCTITYATALHH.
O -
Knnematuyeckas  cxema
s  LIAXTHOH NIOABEMHOH YCTAHOBKH I10Ka-
Bepxusa -
Fﬂf;féidﬁ_’?__ﬂ/ 3aHa Ha puc.6.33. Takue ycTaHOBKH
OOBIYHO BBIIONHAKTCA C JABYMA
L NOABEMHBIMH COCYAaMH, OQUH H3
Huxcuns -
.:ap@%?:___.___ﬁ\_{ KOTOPBIX TIORHUMAET Ipy3, a Apyrofi
OllyCKaeTca nopoxHWUM. [logbeMHBIH
Oapabanr | npuBOAHTCA BO BpalleHHe

./ IMEKTPOJIBHUTATENIEM, PA3MEILIECHHEIM B
Puc, 6.33“. KHHeMaTHiIeCKaﬁ CXEMA o IHHHOM sane MOXBEMHOH

HERTHON MOABEMHON yeTaaonin YCTAHOBKH. [OTOBHBIE KaHATH 2
HPpOXOOAT 4€pe3 HallpaBIAKUIHE HIKHBbL 3, PacClIolOKEHHEIC Ha KOIIpe
IIAXTBI, H 3aKPEIUIAIOTCSA HAa NOABEMHBIX cocyuax 4 u 6, KOTOpbIE
ABUAKYTCA BAONE HANPABIIAKIIHX B CTBOJIC IHAXTEI, ILJ'!SI BbBIpaBHHBAHHA
Harpy3kd 3JICKTPOIIPHBOIA [10JbCMHAA YCTAHOBKA BBIMOIHACTCA C
XBOCTOBEIM YPaBHOBEILIMBAIOI{HM KAHATOM 5, KOTOpBIH [0 cBoei
KOHCTPYKLIUH MOXKCT OBITh MIIOCKHM JTHOO KPYTITBIM; B MOCHCIHEM
cydae BHH3Y PacToNaracTcsd HalpaBIsioIHi MKHB,

B ¢cKHIIOBBIX MOABEMHBIX YCTAHOBKAX HA BEPXHEH MPHEMHOM
TIOMAAKE YCTPaHBAKOTCH CICHHAJIBHBIE PA3rpy304HBIC KpPHBEIE, B
KOTOPLIC BXOJAT IPHEMHAA HaNmpaBIAKIINHEC POJIHKH, PACIIOIOKEHHDBIC
Ha WOABEMHOM cocyne. biarogaps TakoMy ycTpo#cTBy
OCYIIECTBIACTCA HOBOPOT CKHIIA OTHOCHTEIBHO HBCHleﬁ paMbl, €roe
OIPOKHABIBAHUE W pa3rpyika. Cregyer OTMETHTb, 4To paboume
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ONEPALHH TOABEMHOH YCTAHOBKH OBTOPAIOTCA ¢ COOTRETCTBYIOLIHM
M3MEHCHHEM HaNpPaB/ICHHs TBHKEHHMA TOABEMHEIX COCYAOB, KOTOPOE
obecneyHBaeTCs NEKTPOIPUBOIOM,

CyLieCTBYIOT H IpYrie KHHEMATHYECKHE CXEMBI TIOTbEMHbIX
aXTHBIX YCTAHOBOK, & HMEHHO: CO INKMBAMH TpeHHA (BMecTo Oa-
pabanoB), ¢ bapabaHaMH NEPEMEHHOTO pasuyca HABHBKH, MHOTO-
KaHaTHBIC H Ip. B MHOrOKaHaTHLIX MOALEMHBIX MaIllMHAX, HOJTY4HE-
IIHX LIMPOKOE paclpoCTpaHeHue, HMeeTcs OalleHHsll Konep, B ca-
MOM BEPXHEM JTAKE KOTOPOTO PaclonaraeTes MallMHHOE OTIedeHe
C SNEKTPONPHBOIOM H HECKOTBKUMH IIKHBAMH TPEHHA {110 KONMYECTBY
KAHaToOR).

lllaxTHBIE MOABEMHEIE YCTAHOBKH SBASIOTCH YCTAHOBKAMHE
JPOFPaMMHOrO yrnpaplieHUH. B 0CHOBRY NOCTPOEHHS LHKNA MOTbeMA
T0JI0KEHA pacyeTHas TAXOIpaMma, 3aaBaeMas aBTOMATHYECKHM pe-
TY/IATOPOM HITH MAIMHKCTOM {C ONpPEAENeHHON CTENEHRI0 TOUHOCTH).
Buu # xonuuecTBo nepHoaoB pacyeTHON TaXOTPaMMEL OTIPEAETAIOTCS
32/1aHHLIMH TEXHOMOIMIECKHMH CBOMCTBAMHM TobeMa, [uarpamMma
CKOPOCTH, IO CYMICCTBY, ABISIETCA KPHIEPHEM TPOH3BOIHTENLHOCTH
¥ 3KOHOMHYHOCTH TMOABEMA,

Ha puc.6.34 n3o6paxena crannaprHas IHECTHIIEPHOIHAS PAC-
1€THAS TaxOrpamMma, LWHPOKO MIPUMEHAEMAs B YCITOBHAX ABTOMATH-
3HpOBAHHOIO IPY30BOTO NOABEMA. B Tewenue neproro nepuosa t,
TPOHCXOLHUT BLIXO/ OTIY CKAKOLIErOCA CKUIA H3 PA3TPY304HBIX KPHBBIX.
Cxopocthb B Touke | He AomKkHA npessnuats 1,5 m/c. Ha Y4acTKax f,
TIPH Pa3roHe H 7, IPU TOPMOXKEHHH YCKOPEHHE J0TKHO BbITh He 6oxee
1 M/c?. Ha yuactke [, CKHIOB JBWXKYTCH C MOCTOTHHOMH
(ycTanoBuBIejica) ckopocTsio. Ilocne [ponecca TOPMOKEHH, KO-
TOPBIH 32KAHYMBAETCS B TOUKE 4, rIe CKOPOCTh BXOAA B pa3Tpy30uHbIC
KpHBBIC COCTaBNACT He Bonee 1,5 M/c, naunsaeTcst HeBombIoit yuacTok
I MBMKCHUA C MOCTOSHAOH MOHHKEHHOM CKOPOCTHIO (IOTATHBAHHME
ckmia). Ha ywacTke 7, 0CyIIecTBIseTCH MPOLECT OCTAHOBKH CKHIIOB.

B nepuon paBHOMEPHOro IBHKEeHHS ¢, (IIepHOML TOTAT MBRHUS)
CHCTEMA TOJIKHA HMCTh NOHMKCHHY 10 MOT3Y4YIO CKOPOCTh ABUKEHHS
0,5£0,1 m/c, uToOBI BXOA M ABMXEHHE MOABEMHOIO CKHUIA B paz-
TPY304HBIX KPHBBIX OBITH ILUTABHLIMH, & OCTAHOBKA - TOYHON. B me-
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PHOZ CTOMOPEHHS [, IOMHHMAEMBII CKHII OJDKEH OBITh OCTAHOBIEH
(MO pasrpy3xy) B 3aAaHHOH TOUKE TYTH C TOYHOCTBIO +20 cM.

Taxum o6pazoM, 3a1aBasich JOTTYCTHMBIME CKOPOCTAMH H YCKO-
PEeHUsAMU Ha ONpPeIe/CHHBIX YUACTKAX JIBUMKCHHS TTOTHHMAEMOr0O CKH-
1a, MOXKHO TOCTPOHTE AHAPaMMY CKOPOCTH ANs JIIOOOH IUaxTHOMH
MOABEMHOMN YCTAHOBKYM, & 3aTeéM NEepPEeHTH K MOCTPOSHHIO HAarpy3o4-
HOI IMAarpaMMbl (IHarpaMMbl ABHKYINHX CHII HIM JHATPAMMBI MO-
MEHTOB) ¥ BEIGOPY CHCTEMBI ATIEKTPOIIPHBO/IA, ETO CXEMBI 1 AIIIIAPATOR
YMpaBIeHHs.

Ha pric.6.35 nokasana Harpy3ouHas guarpamma f =f (£} non®-
eMHOI MALIMHBI /1% LIECTHIIEPHOHON AMarpaMMel CKopocTi v=/ (7).
B mepuopsl 3aMEUIEHHsA !, M { MMEET MECTO TOPMO3HOH PekHM
(oTpuIaTENbHBIE ABWKYLIHE cunbl F, u F ).

FA
/ 2
| 'y
! :
—_—————
74 ‘ ) / \ e
‘ x5 / F3 \
o ; ) >t /
| | t ‘ Iy ‘ A N
\yl & 3 | 4 5 i S
T I T T 1 0 T ’1
Puc. 6.34. Wecrunepuoauas pacyeTHan : 7,
TAXOrPAMMa CKOPOCTH 4BTOMATHIHPOBAHHORO | | , , s fﬁ
IPY30BOTO MOXBEMA 2 3 1 Y sl Te

Puc. 6.35. Harpysounas auarpamsa F= fIfi)
LAXTHOH NOIBbEMHON MALIHHEL

[Mo3BoMAA CYIUTH O PeXHMAX paboThl NOABEMHOH YCTAHOBKH
B DA3NHUHBIC [IEPHOIE], HArPY304HAA JHArPaMMa SBISETCS OCHOBOH
14 OTIpEACICHUA MOLLIHOCTH 3MEKTPONPUBO/A.

6.11. CucTeMbl J1eKTPONPHBOIA
WIAXTHBIX NOBEMHBIX MAUIHH

DnexkTpuyeckoe 000pPyA0OBAHHE MOABEMHBIX YCTAHOBOK
NOJKHO OTMHYATBCA BBICOKOH HATEXKHOCTBIO, 0€30MacHOCTEI0 H
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SKOHOMHYHOCTEIO B paboTe. DAeKTPONPUBOA TMOIABEMHOH MAIIHHEI
JOIKEH HMETH BRICOKHE Meperpy304YHble CBOHCTBA U BO3MOKHOCTD
peryJIupoBaHUA CKOPOCTH B NIMPOKHMX Npejaenax. Bcem atuM
TpeOOBAHHAM B OCHOBHOM YIOBIETBOPAIOT 0B3 BHIA NPUBOAA:
ACHHXPOHHBIA C IBHIATENEM, HMEIONHM (a3Hblii potop, cuctema [™-]]
C pa3nHYHBIMH CXeMaMH Bo30yxeHHs reneparopa | cuctema TII-]1.

B yronpHOH NpOMBIIUTEHHOCTH NOAbEMHBIC YCTAHOBKH
060pyn0BaHsl TIaBHBIM 06pa3oM aCHHXPOHHBIM 31EKTPOIPHBOIOM H
JHILE HECKOJBKO 5€ CATKOB MTOABIMHBIX MALIMH UMEIOT 3/IEKTPOTIPHBOS
[IOCTOAHHOTO TOKA 110 cHereMe [-]1, enuauinl no cucteme TII-11.

ACHHXPOHHBIA 3IEKTPONPHBOA B OJHOJABHTATEARHOM
UCTIONTHEHHH IPHMEHAETCA, KaK TIPaBUIIo, NpH MowHocTH 1o 1000 xBr,
a B AByxaBurarensHoM a0 2500 kBT IIpuBoioM 10CTOSHHOTO TOKa
no cucreme I'-J] obbruHO 000pyLyIOTCS IOAREMHBIE YCTAHOBKH MOII-
HocTsio Gonee 1000 kBr. Cuctema I'-/] mony4una ocobeHHO WKpOKoe
pacnpocTpaHeHHe Ha PYAHBIX MIAXTax, IJ€ YCTaHABIMBAKTCH
MOIbEMHBIE MAIUKHBI 0TBII0H MTPOU3BOAUTENBHOCTH H TpelbyeTes HX
BbICOKAS MAHEBPEHHOCTD H3-3a HAJIMY K HECKOIBKHX TOPH30HTOB JI0-
Obrun. [Ipu paboTe Ha MOCTOAHHOM TOKE CPABHCHME OAHO- M IBYX-
JBHTAaTENBHOTO NPHBOAOB 110 PACX0Ay NIEKTPOZHEPTHH MOKA3HIBAET,
410 004 OHM HMEIOT [IPAKTHYECKH OJTHHAKOBBIE [IOKA3ATENH, HO CTOH-
MOCTB ABYXABHTATEIBHOTO YIEKTPONpUBoaa npuMepHo Ha 40% sbile
CTOHMOCTH OJJHOXBHUIATEIBHOTO.

Jins npuBoga IAXTHBIX TTOTBEMHBIX MAIUHMH BbIMTYCKArOTCH
OBICTPO- ¥ THXOXOAHHIC JBUTATENH IIOCTOAHHOTO TOKA Pa3M4HON MOLL-
HOCTH. MakcuManbHas MOWHOCTE nepBbix gocturaer 2000 kBT, Bro-
peix - 4000 kBT,

Bespenykropuetii npueo no cucreme I'-/1 ¢ THXOXOAHBIM JBH-
rateneM NOCTOAHHOro Toka (25+40 o0/MHUH) Hayan NMPUMEHATHCA B
HIAXTHBIX MOXbeMHBIX yeTaHOBKaX ¢ 1950 . B HacTosLee BpeMs TaKHM
IMEKTpONpHBOAOM 000pYIOBaH pAA KPyMHEHIIHX OZHOKEHATHBIX
GapaGaHHBIX NOJBEMHEIX YCTAHOBOK H B MCHBIIIEM KOIHYECTBE -
MHOTOKAHATHEIX. Pe3ynbraThl TEXHHKO-3KOHOMHYECKOTO CPABHEHHA
PENYKTOPHOTO M 0€3peAYKTOPHOrO NPHBOAOB IOKA3LIBAKOT, 4TO
fespenykropHblif npusoa Gonee sxoHoMuuen (Goabwe KI1I, mensine
NYCKOBOW MOMEHT H BPEMS DasroHa, BHIE MPOH3BOAUTENBHOCTD



370

noasema).

CoBeplUeHCTROBAHME KAUECTBA M TIOBHILIEHHE MOIIHOCTH
THPKCTOPOS TO3BOJIMIM HCIOAb30BaTh HX B HEMAX BO30YKICHHH
MOIITHBIX MAallyH TMOCTOAHHOIO TOKd, B ICKTPONPHUBOIE WIAXTHBIX
HOZBEMHBIX MalIMH cuctemy TII-A. }

MoWHOCTs IPHBOIHROIO ABHIATENs MAXTHOH MOABEMHOH
MaIlPHE, Kak ¥ 10doro APYroro UIeKTPUYECKOro JIBHTATENA,
OMpenesacTCs MO 3KBUBATCHTHOMY MOMEHTY MM ycunuio. lis
HAXOKJACHHA IKBHBAJICHTHOTO MOMEHTa HeOOX0AMMO MOCTPOUTD
HArpy304HYI0 AHarPaMMy MOMEHTOB HIH JBH/KYIIHX CHIL 114 OIHOTO
MONHOIC LMKI4 moabeMma (cM. pHc.6.35). HocTpocHue TakoH
IHarpaMMbl TpeyeT cnelHansHeIX pacderoB. OnHakoe Ans ueieH
BLIGOpA CHCTEMBI JIEKTPONPHBOLA MOXHO BOCMOIB30BATHCA
onpeaencHueM P (kBT) npuBogHOro ABHrarens 110 YNPOIIEHHOH
dopmyne

Pt

nT
rae (J- Macca MOIE3HOTO MOAHKMAEMOTO IPY3a, KT;
H- sBICOTA IOABEMA, M,

k- ko3(bdHIMERT BpeAHBIX CONpoTHBNeH I (06byHO A=1,15);
(- XapaxTepHCTHKA THHAMKYECKOro peskuma (o0bunop=1,2+14,
yOBIRas ¢ pocToM ff)
N, - KT/l nepeaaTovHoro MeXanusma;
T- romHeIil NepUO OQHOTO TTOABEMa (BKIIIOYAs T1ay3y), C.
Wnoraa & 31y bopMyiy BROAST koadduument samaca kK =1,1+1,2.

VAeabHEI PacXo 3MEKTPOIHEPTHHA @ Ha MOBEM [IONE3HOIO
rpy3a cOCTaBIAET /U BEPTHKATBHBIX MOXBCMHBIX YCTAHOBOK 7,5+6,5
kBt-u/(T'km) (npu H=200+300 M) umu 5,5+5 xBrw/T kM) (npH
H=500+700 m). Pacxoa snexrposueprur g, (kB1w/T) Ha noxseM OHOH
TOHHBI TTONE3HOTO HCKOTIAEMOTO B LIAXTE

(6.1)

a,=aH. (6.2)
CyTOuHBIH pacxod 3AeKTpoIHepTHH (KBT 4)
Aw:anc.w=anmuH’ (63)

rae Qmu- CYTO4HAA IIPOH3IBOAHTEIBHOCTD maxTel, T.
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ABTOMaTH3aLMs IAXTHEIX NOABEMHBIX YCTaHOBOK SBAKETCS
BEChMa OTBETCTBCHHOI 3ana4el. OHa JIMKTYeTCs CTPEMIICHUEM K YBEJIH-
YEHHIO MIPOH3BOIHTEILHOCTH NOTBEMHON MAILTHHE], 8 TAKKE HeohXo-
AHMOCTBIO OCBOOOMXICHHA MAIUMHHCTOB OT OYEHB HANPIKESHHOTO
TpyAa. IIpy aBTOMATH3AUMH 33JaHHYI AMArpaMMy CKOPOCTH TTOJ-
HOCTBIO BBRIMOAHACT CHCTEMa JMEKTPOIPHBOAA, cHabkaemas
COOTBETCTBYIOIIHMHE TEXHHYECKHUMH CPEICTBAMH ABRTOMATHUECKOro
YTIPABJICHHA H PETYTHPOBAHHA.

HIupokoe IPUMEHEHHE ACHHXPOHHOTO 3MEKTPOMPHBOLA B
DOTBEMHLIX YCTAHOBKAX 00BACHAETCA IPOCTOTON M HAREKHOCTLIO €10
JKCILTYaTalnH, HeBOIBIIOH CTONMOCTRIO H BO3MOKHOCTEIO HENOCPE]-
CTBEHHOI'0 HCIIONB30BAHHS NIEPEMEHROI0 TOKa CeTH 6e3 kakoro-nuGo
npeobpazoBanus,

B waxTHBIX TOABEMHBIX YCTAHOBKAX ¢ ACHHXPOHHBIMH
ABHIATEMAMH [1yCK MOCIENHHX TPOU3BOIHTCS OOBIYHO MOCPEACTROM
peocTara B poTopHOH UenH. TopMOXeHHE IPUMEHSETCS Yalle BCero
AUHAMHYeCKoe. B nepuos JoTATHBARMA ABATATENE BITIOYASTCA B CETh
C IIONHOCTBIO BBEJICHHBIM IIYCKOBBIM PE0CTaTOM. [10 OKOHYaHuM A0TS-
I'MBAHHMS HA TOPMO3HOH IIKHB HAKNAJBIBAKOTCH KOMOAKH pabodero
TOPMO3d, NPeNHAZHAYCHHOro A8 CTONOPEHHS MALIHHBI B MEPUOIT
pabounx nays.

Crenyer OTMETHTB, 4TO AT TIOANEPKAHHA MATOH CKOPOCTH
EKTPOIPUBOIA B TEPHON NOTATHBAHMA MPEITIOKEHO HECKOTLKO
CHOCO00B, H3 KOTOPBIX HAHOOMEINEE PACIIPOCTPAHEHHE TIOIYYMI CIIO-
€00 peryaupoBaHHs YITIOBOH CKOPOCTH aCMHXPOHHOTO JIBHLATEls
MYTeM H3MEHEeHHA (MOHMXKCHHS) YaCTOTH TOK4, IHTAIONIEr0
CTaTOPHYIO OOMOTKY JBUTATENS,

BBICOKHE DKCILTYaTALMOHHBIE KAYECTBa JIIEKTPONPHBOA 110
cucreMe |'-/l, Takue Kak MIaBHOE M 3KOHOMHYHOC PETYIHPOBAHHC
CKOPOCTH IIPUBOJHOIC ABHMIATENM B LIHPOKHX TIPEICHax, MPOCTOTA
YTIPaBACHUS ¥ BO3MOXKHOCTE IONHOH aBTOMAaTH3al[HH IpoLEecca
II0ABEMA MEHEE CONKHBIMH CPEACTBAMH, YEM IIPH ACHHXPOHHOM IIPH-
BOJC, SB/AIOTCH PEIIANIIHMH (PaKTOpaMH TPH BEIGOpPE MOIHOIO
NpUBOJA TOABCMHOH MAIIKHLL 1JI IyOOKHX WaxT ¢ GONBILOI mpo-
H:;.BO,I[HTCHBHOCTL}O.

B 1axTHRIX TOABEMHBIX YCT@HOBKAX TPUMEHACTCH HECKOIBKO
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papuanToB Bo30yxaenus cuctemsl [-]1: ¢ 0oOBIIHEIM BO30YAMTEIEM,
3MEKTPOMAIIMHHEIM YCHAKTCAEM, CHIOBEIM MY U, HakoHew, ¢
THpHCTOpPHBIM Bo3OynuTeNeM. O3HaKOMHMCA 3/18Ch KPATKO C MPUHLIA-
IMAILHOM cXeMOH ABTOMATH3HPOBAHHOTO MEKTPOTIPUBOIA N0 CHCTEME
I-Ji ¢ custoBeiME MY,

B 3MeKXTpONpPHBOAE WAXTHBIX NOABEMHBIX YCTAHOBOK
THPUCTOPHBIH BRIMPAMHTENE MOKET MPHMEHATHCS 1160 B KauecTse
Bo3GynuTea reneparopa cucteMbr I- 11, ubo B KauecTRe Npeodpazora-
Tens A9 MHTAHNS TIPHBOAHOTO 37EKTPOJABHUIATEN B CHCTEME TII-A.

K aneKTponpHBoy JH(TOB H WAXTHBIX NOABEMHBIX MalliHH
TPEIBABIAIOTCS LOBHILIEHHEIE TPeDOBAHHS, KACAIONIHECT CTPOrOTO
RBITTOHEHMS 3aKOHOB YIIPARISHHUS, B YACTHOCTH JHATPAMMBI CKOPOC-
TH, [IOBBILIIEHHS TOYHOCTH €10 paGoThl, YIPOLICHHA HATA/KH H SKCILTYa-
Taupy. B rioceqnee BpemMsa BHIMOTHEHHE 3THX TpeOOBAHUH YCTICIIHO
OCYIIECTRAAETCA MyTeM yHHQHUKALHK SMEMEHTOR YIPABIEHRA C 110~
MOTILBIO YHHGUITMPOBAHHOM 67104HO0H CHCTEMBI PETYIISTOPOB (YBCP),
Ha3pIBAEMO MHOTOKOHTYPHOH CHCTEMOH TMOIYHEEHHOIO PETYNHpOsa-
ans. YBCP ncnonb3yercs Als YIPaBICHAS 3EKTPOTPUBOAAMH T10-
CTOSHHOTO TOKA B TeX CIydasx, Koraa TpeGyeTcs INpOKHi Auara3oH
pPeryIHPOBAHHS CKOPOCTH, 0becnedeHne PexHMOB pasrota 1 Top-
MOKEHHS OTpENCHeHHOH MHTEHCHBHOCTBIO, 0DCCTIEHeHNE PEKIMA
MOAZEPKAHMS 33JaHHOM CKOPOCTH ¢ BHICOKOH TOYHOCTBIO, OTPaHHHC-
HUe TOKOB 3JEKTPOABUIATEN H T.1.

VBCP uMeeT Heckoibko MoadHKaumui: aHAIOTOBYIO,
BBLITOTHACMYIO Ha OOBITHBIX DJICMEHTAX JIEKTPOHHKH (YBCP-A) nna
HHTErpalbHBIX MHKpOCXeMax (YBCP-AH), H AMCKpeTHYIO Ha
noruyeckux yeMentax (YBCP-/1) 1 Ha HHTCTPAIBHBIX MHKPOCXEMAX
(YBCP-IH).

6.12. DnexTpocHabxenne IAXTHRIX
NOXLEMHBIX YCTAHOBOK

3H6KTpOCH36}KBHHe IAXTHBIX OOABEMHBIX YCTAHOBOK
OcyI.LIBCTBJIHeTCﬂ B COOTBETCTBHH C MNpaBUIdMH TeXHHUUECKOMH
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sxernyatauuu (ITTD) yroabHeix u craHuessix waxT. TToCKONBKY
Kne’rejame MOMBEMBI, KaK MPABHIIO, TIPOU3BOAAT TPAHCIIOPTHPOBKY
moaek, no decnepeboitHocTr (HAZCKHOCTH) ANEKTPOCHABKEHHA OHM
OTHOCATCA K NOTPeOHTENRM NepBOH KATErOPHH M IOIKHEI [THTATHCH
OT ABYX HE3dBHCHMBIX HCTOUHHMKOB, IIABHEIE CKHIOBBIC TTOTE EMHEIC
YCTQHOBKH (YrONbHLIE ¥ PYIHEIC) - K NOTPeGHTENAM BTOPOI KATEropHH,
4 BCIOMOTATENBIIBIE CKHIIOBEIC (NOPOIHBIE) W KJETEBHIE Ha
BCHTHJIAIMONHBIX CTBOMAX - K IOTPEDUTENAM TPETheH KaTEropHH.

Peseprhoe aneKTpocHaOKEHHE TODKHO MpeayCMaTpHBATLCH
TONBKO [Uist 0OBEKTOB NEPBOH U BTOPOI KATETOPHIT H OCYLICCTRAATCS
nyrem obecrieyerina 100%-woro nuHeHOr0 pe3epBa ¥ YCTAaHOBKH Ha
IIOACTaHLHH HE MCHEE ABYX IOHHKAIOIIHKX Tpakcopmaropos. Jlas
0OBEKTOB TPEThEH KaTETOPHH PE3ePBHOE IEKTPOCHAOKEHHE He
NPEIyCMaTpHUBACTCH,

lilaxTHBIE 3MeKTPOYCTaHOBKH, HX IKCTIYATALINA, 4 TAKIKE 3KC-
OTYaTauHs 3AEKTpooOOpYyIOBaHMs, CPEACTB 3allUTLl M Kabemei

JOJIKHBI COOTBETCTBOBATL [OCynapcTBeHHBIM CTaHNApTaM H Tpedo-
BanusMm ITYD, TIT2, TITE.

6xB T 3.3kB T 3535kB Cexiwz Cexyus Ha puc 6.36

h T H306pa}KeHb] THIHOBHIC CXCMEI
8 kB

— i
) becnepeboiinoro snexTpo-
CcHA0XKEHUA WAXTHBIX TMOIbL-

€MaX YCTaHOBOK Pa3HBIX

kateropuii. B cxewme,

[oKa3aHHoOH Ha puc.6.36.8

8l _o L nuranue snextpompusona

CKHITOBOM NoABEMHOH

@ YCTAHOBKH TIPOW3BONUTCH TIO
aByM kabensm H3 pacuerta

Puic. 6.36. THNOBHI2 CXCMBI MeKTpOCHaGHe- L O1 O 4100 B cayuze
HHA MAXTHEIX NOABEMHBIX YCTAHOBOK TpeTh- IOBPEXAEHHA OOHOTIO H3

ef (a), Bropoii (6) u nepeoii (B) kateropui  kabened NHTAHHE OCYUIECTB-
IAJI0Ch IO APYTOMY.

< - .
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