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[MfpepucnoBue

K HacToswemMy MOMEHTY B NeYaTy ¥ B NPOAAXKE YXXe AaBHO NOABUNOCh HECKOMNBbKO KHAM pasHbiX aBTOPOB
no GuITOBbIM CTUPanbHbIM MaluMHam. 310 aBTopb! M3 . Mockeb! u r. CaukT-TeTepbypra. OaHako asTop 3TON
KHUTW PELNN U3NOXUTL CBOM B3rNAAbl HA TEMY M NPEANPUHSN NONbITKY Kak MOXHO Bonee aeTanbHO NO3HAKO-
MUTb YuTaTenemn c ycTponCTBOM 1 PaboToNn BCEX COCTABHbIX 3MIEMEHTOB DLITOBLIX aBTOMATUYECKUX CTUPANL-
HbIx MawuH BapabaHHoro TMnNa, Tak Kak UMEHHO 3TW MalwuHbl UMEKT Haubonbliee pacnpocTpaHeHue (no
KpanHen mepe, B KPynHbiX ropoaax U HACENEHHbIX NYHKTaX.

B knure npueoautca noapobHoe onucaHue KaX[oro yana CTUpanbHOW MaluvHbl, NpUHUMNLI OERCTBUA
3TWX y3510B. Takke HECKOSIbKO CTpaHuL, NOCBALLEHbI TEME NOAKITIOYEHUA CTUPANbHbIX MaLUMH, BO3MOXHOCTM
BOCCTAHOBNEHWA TAKMX BAXHBIX ¥ AOPOTUX Y3NOB, KaK MPOrpaMmarop Unv SNeKTPOHHLIE MOAyNU ynpasne-
Husi. NMoapobHo NpeacTaBneHbl METOAMKA 3aMeHb! MOAWMNHUKOB, AaHb! YEPTEeXu Npucnocobnexuin, Heobxo-
AVMbIX ANA 3TOK onepaymu.

Take npeacrtasneHa «CcTpaHuyka nonb3oBaTensa», KOtopaa (aBTOp HAAEeTCa) NOMOXET COPUEHTUPOBa-
TbCHA B «MOPE» TOProBbIX MAPOK CTMPANbHbBIX MaLLKH,

1 B 3aKkntoveHme kHurm nomereHa nonbopka 3NEeKTPUYECKMX CXeM OYEHb MHOMMX MOAENen matunH, B TOM
yucne v BoiBwmnx B Poccun B npoaaxe, M NPUBO3HLIX, Y NPOAAIOWMXCA B HACTOALLEE BPEMS.



1. O0wme cBegeHNsA O KOHCTPYKUNU ObITOBbIX
aBTOMaTU4YeCKUX CTUparibHbIX MalUnH

BoiToBbIE aBTOMaTMYecKue CrvpanbHble Mallu-
Hbl 6apabanHoro Tuna (B gansHerwem — CMA), no
CBOEWM KOHCTPYKUMM YEeTKO AEensTca Ha ABa Tuna:
ato CMA ¢ (ppoHTanbHOW 3arpy3ko — 3arpy3ou-
HbIA TIOK Y HUX HaxoauTCs Ha NULEBOW naHenm, y
CMA B BepTUKanbHOW 3arpyskor — 3arpy304Hblid
NOK HaxoauTcs noj BepxHeh Kpbilikon. B cBOW
oyepeab CMA € hpOHTanbHOM 3arpy3Koi CyLlecT-
BYIOT B IByX BapuaHTtax: umetouve rmbkyto pesmHo-
BYIO MaHXeTy 3arpy3ou4HOro nioka v He umeroume
Takon mamxeTsl. B Takux we AByx BapuaHrtax npo-
napogarcs u CMA ¢ BepTUKanbHOW 3arpy3Kkoi.

Puc. 1.1. CMA He umetroiyas Marxembl! 3a2py304HO20 JTH0Ka

Ha puc. 1.1 B kauectBe npumepa nokasasa CMA
Be3 ManxeTbl — Bak Tako KOHCTPYKUMKM He coean-
HEH MaHXeTOMN C BHELUHUM KOPMyCcOM, 4YTO Aano Bo3-
MOXHOCTb NONY4YUTbL MEHbLUWIA ypOBeHb Lyma npu
pabore CMA.

HekoTtopbie mopnenu CMA oboux Tvnos ocHaue-
Hbl AOMONHUTENbHLIMU YCTPOWCTBaMY, NpeAHa3Ha-
YeHHbIMK Ansa cyliku Benba nocne cruipku. Hekoto-
pble KOHCTPYKUMu Takux CMA 6yayT onucaHb: B pas-
nene 10.

[ns ocyujectBnenua npouecca CTUPKM 1 nono-
ckaHun Bapabax ¢ 6enbem Bpall@eTCcs peBepcuB-
HO: 4YTOGLI Benbe npu CTUpke He cKpydvBanoch, ba-
pabaH cHayana BpallaeTcs B OAHY CTOPOHY, 3aTeM
C Takum >xe uucrnom obopotoB B Apyryw. Cxema
rnpoyecca CTMpPKY NokasaHa Ha pwvc. 1.2.

Ctupaemoe Genbe npw 3TOM nepesopaudnBaeT-
CS, NOAHUMAETCS B BEPXHIOK YacTb nonactamu 6a-
pabaxa v nagaet B MOOLWMI pacTBop. B HeKoTopblix
mofenax CMA Ans AanbHeRWero ynyyieHms Kade-
CTB2 CTUPKU NPUMEHSIOT QONONHUTENbHOE opoLle-
HMe Benbs ¢ NOMOLWBLIO OTAENLHOro Hacoca. [1pu
3TOM BOAA WU MOIOLMIA pacTBOp NPUHYOUTENBHO
pasbpuarveaiorca Ha Benbe n3 dopcyHok baka (cu-
CTeMbl — «AyLU» U «aksa-cnpei»). Jinbo npumens-
€TCH CUCTEMAa peumpKkynsaumny mMoioLulero pacreopa,
Hanpumep, Kak Ha puc. 1.3.

Mo cytm — obBa cnocoba npakTuHecku pasBHO-
LieHHbl. B nanHoOM cxemMe OguH U TOT Xe CNMBHOW Ha-
coc-nomna paboTaer u Ha CNMB. M Ha PeLUMpPKyNa-

Nucnencep Bak
Bapaban

narpyGok

Puc. 1.2. Cxema npoyecca CMupKu



Puc. 1.3. Cxema npoyecca cmupku ¢ peyupkynayued
MOlOUWe20 pacmeopa ¢ OGHUM H3COCOM

uno. Mexay Hacocom W CrivBHbIM WNAHroOM ycra-
HOBINEH 3MNEKTPOMAarHuMTHbIM Knanad, KOTOpbld OT-
KPbIBABTCA TONMbKO Npw cnvBe BoAbl. B Apyrux
NOXOXMX KOHCTPYKUMAX Takoro KnanaHa HeT, a ans
PeLUPKyNaLUM NpUMEHAETCA OTAENbHAA Nnomna.
Ana toro uTobbl WMTaTENDL MNONYYUN HavarnbHble
CBEAEHWUS O TOM, 4YTO HaxoauTca BHYTpPU Koprnyca
CMA, paccMOTpyM HECKOMbKO TUMOB pacnpocTpa-
HEHHOM KOMNOHOBKW OCHOBHBLIX y3noB CMA. Hau-
Hem C KoHcTpykuyuin CMA c dppoHTanbHoin 3arpys-
kon. Wrak, Ha puc. 1.4 npeacraenedsl B BUae
«B3PbLIBHOTO» YepTexXa Haubonee KpynHbie cocras-
Hole yactu CMA. bapabaH B gaHHOW mopenu 3a-
Kpennex Ha cynnopTe co ctanbHoW nonyockto. Cam
CyNNopT (ero MHOrAa Ha3bIBAKT «MAyKOM») OTNUT U3
cunymuHa. Ha nonyock npu cbopke ycraHasnvsa-
IOTCA YNNOTHAIOWAaA MaHXeTa-canbHWK U noaLumn-
HWUKW — OHWU B CBOIO OMEPEAb BCTABMNATCA B LISHT-
panbHY BTYNKY KPOHLWTEWHA, KOTOPbLIN NPUBUHYM-
BaeTCs K 3agHen kpbiwke baka. 3Ta Kpbilka Kpe-
nuTcA K Baky CTArMBalWmnM XOMYTOM, UMEHLLUM
V-0bpasHbin npodwmne. MNoaeecka Haka BLINONHEHA
Ha ABYX NpyXuMHax W WUMEer CHU3y ABa
PpUKLUMOHHBIX aemndepa. MNosxke Mbi noapobHo
paccmoTpuUMm mx ycrponcteo. Ceepxy Ha 6ake npu-
BUHYEH rpy3-npoTtnsosec U3 betoHa. [lononHurens-

M Mpywians
'h L

Wikus Noawknsuk
KpoHwrenH

(lpoTuaceec

Mpotveoeec
i AMonpTU3aTophl
Morop u pemndepsl

FPuc. 1.4. Bapuahm komnoxnoeku CMA c ¢hppoHmansHoll
3azpysKkol

HbiA MPOTMBOBEC TaKKe NPUBUHYMBAETCHA CHU3Y K
nepeaHen 4actu 6aka. Begyuwmin MoTop 3akpennex
nop 6akom. HarpeearenbHbiil anemeHT — T3H — 8
[@HHOM Cny4ae pacnonoXxeH B HwkHeW yacTu Haka.
[na Hero npogenaHo cneywanbHOe YCTaHOBOYHOE
OTBEpPCTUE B 3agHen Kpbiwke 6aka. B aTOW Kpbiluke
TaKKe OTLWTaMIOBaHbl TaK HasbiBaemble pebpa xe-
CTKOCTU B BMAE yrnybnewni no paguycy.
Crieayiowan cxema Ha puc. 1.5 npakrudecku He
oTnuyaercs oT npeabiayuien, pasHuya vl B TOM,
4YTO KpbllWwKa Baka Kpenurcs cnepean U K Hein npu-
BUHYEH AONONHUTENbHBLINA KONbUEBOW NPOTUBOBEC.

.

Buny
KpEenneHuR

NoownnHre

KpoHwWwTerH fppael
MoawwnnHuk

MarxeTta nioka
C ¥pENNEHUEM

= fAemndhep

Puc. 1.5. Ewe oduH eapuaHm xkomnonosku CMA
¢ (hpoHmManbLHOi 3azpy3xoil

Mpexae yem NPOJOMKUTL PaCcCMOTPEHNE Bapu-
aHTOB KOMINOHOBKM OCHOBHbIX Y3roB, pasbepemcs B
ycTpoicTBe aremenToB noaeecku bakoe CMA. Paz-
AENUM 3TU 3NEMEHTBL Ha TPU OCHOBHBIE TPYMNbI.
MNMepeas — 370 cobeTBEHHO NPYXUHLI, OHU MOryT
UMETb Pa3Hbie ANaMeTphl, Pa3HOe YMCNO BUTKOB U
pasHoe ceyeHue NPOBOMNOKK, U3 KOTOPOW OHWU HABW-
Tbl. BTOopas rpynna — npyXuHHbie amopTu3aropbl u
TpeTbs — paemndgepsl. PaccmMoTpum  NoApo6HO
YCTPOMCTBO NPYXXUHHOTO aMopTU3aTopa.

Ha puc. 1.6 oH npeacrasned B paspese. OcHo.-
HbIE 4acTU 3TOro amopTusaTopa: cranbHOW uu-
NVHApP ¢ Hanpasnsatwowen BTyNKon 13 nnacruka, cra-
NbHOW NOMVPOBAHHLIM LUTOK, UMEIOLLWA B BEPXHEN
4YacTu NOcagovHOE MECTO AlNA NNacTyUKOBbIX BKNa-
Abllen U PE3NHOBLIX NPOKNAA0K, HWKHUM KOHUOM
LWITOK yNupaeTca B noplwexs (puc. 1.7).

Kak pabortaer Bca cuctema? pu BO3HMKHOBE-
HUKM peskux konebauun Baka WTOK amoptusaropa
OKa3blBaeT AaBMeHUe Ha MNopweHb BHYTPU YUNUHO-
pa. MNoplueHb UMEET cneyuanbHy NPoKNaaky, Npo-



6 1. O6ujue ceedeHusi © KOHCMPYKYUU GbIMOBLIX ag8MOMamMuUYeCKuX CmupanbHbIX MalluH

T—

7

Faiika

Croba
PeaunoBan '
npoknagka R

Bak T,
Bxnagbium
Hanpaenawowan Hauwka
Llitok
NopweHs
BoaeparHan
NPy*MHA
Liwnmnp

Waiba

PeaanHoBaRr
npoKnagaka

LilafBa Peavnosasn
NpoKNagka

Puc. 1.6. Yempolicmeo npyuHHO-NOPUIHEBO20
aMopmu3amopa

Npoxnagka

OteepcTuA

Puc. 1.7. CmpoeHue nopuiHa aMopmu3amopa

NUTaHHYIO HEBLICkIXAIOU|E CMa3Koid, KoTopasa Tak-
xe obecnedyvBaeT MNOBLILIEHHOE TPEHWE MOPLLHA.
YTtoBbl BO3AYX BHYTPU UUNMHApa He OKasbiBan cy-
L|ECTBEHHOIO CONPOTUBNEHMS, B NOPLWHE npodena-
Hbl CKBO3Hble OTBEPCTMSA, Yepe3 KOTopble BO3AyX,
Npy oKasaHuv faBneHus Ha NOpLUEeHb, NNaBHO ne-
pPexoanT B BEPXHKK YacTb uunusapa. 1o okoHya-
HWK BO3AEMCTBMA BO3BPALLEHUS NPYXUHA NPUBOAUT
NOPLLUEHL 1 LUTOK B UCXOAHOE nosoxenue. To xe ca-
MO€ NPOMUCXOANT U CO BTOPLIM aMOpPTU3aToOpOM, KO-
TOpLIA PacnonoXeH Ha ApYroi CTOpOHe OCHOBAaHWS
Haka. K 6aky LITOKW aMopTH3aTOPOB KPensiTcs € No-
MOLLBIO Uenoro Habopa cneyuansHbiX BKNagblLen
Y NPOKNAACK U3 pe3viHbI.

Ha puc. 1.8 npeacraened ewe oAvH Bapuaut
kpenneuws. Kak eBuaum, BrIaabiln 13 nnacrvka
uMeloT cepuueckylo gopmy. 310 Heobxoaumo,
4TOBbl LWITOK MOr M3MEHSTL CBOE NOJSIOXEHWE npu
packauvBanuax Haka, KoTopbie HeM3BEeXHO BO3HU-
KaloT npu Bpawenun bapabaHa ¢ 6envem. Livnuka-
pbl aMOPTU3aTOPOB KPENATCR K AHWLLY Kopnyca

TaKKe Yepes TONCTble pPe3vHOBLIE NMPOKIaAKMA U
BTYNKW. BHEWHUA BUO NPYXUHHBIX aMOpTU3ATOpPOB
nokasaH Ha puc. 1.9. Mpumep komnoHoBkn CMA c
ABYMS NPY>XUHHBIMK amopTusatopamu NpuBeaeH Ha
puc. 1.10. boKkoBbIE NPYXWHBLI NOABECKN B NAaHHOM
CNny4ae He HyXHbl — UX 3aMEHAT NPYXUHbI B LK-
nuHAapax, a ase Hebonblume NpyXuHbl, Kpenswmecs
K BEpXHEMy NpOTUBOBECY, TOnNbKO obecneuyusalor
AONONHUTENBHYK LeHTpoBKy Haka B BepTUKanbHOW
nnockocT. Hapo oTMeTUTh: NOZOBHAA KOMMOHOBKA
npumensinace 8 CMA mapok «Holpoint», «General
Electric», «Hoover». OcHoBHOE €€ oTnnumne or aApy-
TMX B TOM, 4TO MOTOp HaxXOAWUTCA HE CHWU3Y, a Kpe-
NATCA K BepxHen uacTtu Daxa. W kpbIlwka, v 6ak nsro-
TOBNEHbI 13 nNnacruka. B yeHrpe 6aka orwramnosa-
HO NocafiovHOE MEeCTO ANA NOALUMMHUKOB ¥ yNnoT-
HAIOWER MaHXeTbi-CanbHuka. HarpeBaTenbHbIN
3MIeMEeHT ycraHasnveaeTca B NOCAAo4HOE OTBep-
CTVE B HWKHENW 4acTy KpbIlikK 6aka. Tawxke B 3TOW
KpbiLWKE CAenaHbl OOMOSIHUTENbHbLIE TEeXHOMOoTAYe-
CKVE OTBEPCTMA [ANs  YCTaHOBKW TEepMOCTaTOB.
B cnepyoweM BapuaHTe KOMINOHOBKM Ha puc. 1.11
Bak CMA Takke oTwiTaMnoBaH M3 MIacTvka u Co-
CTOUT M3 ABYX NONOBUHOK. nepeaHun nonybak wu
3aaHwii nonybak. B kayecTee sanemeHToB, NOrnoLa-
IOWMX 3Hepruo konebanuii 6aka npu patore CMA,
npuMeHeHb! e BOKOBLIE NPYXUHLI 1 ABa Aemnde-
pa. MogobHas cxema cumTaeTca «KMaccu4eckon» v
npeacraesnexa Ha pwc. 1.12.

PaccmoTpyMm yCTPOWCTBO TpeTben rpynnbl —
pemndepoB. WMix HasHayeHue -—— Taxkoe Xe, Kak y
amMopTU3aTOpOB, — Mo2nowams 3HepaLo Koneba-
Hull 6aka CMA. demndepbl He coaepxaT BO3Bpar-

Cronopran
raka

Brnagsiwn

Peaunoean CroBa

Puc. 1.8. Bapuanm kpensieHUA WIMOK3a aMopmu3amopa
Kk Gaxy CMA .

Puc. 1.9. BHewuHUl sud nNPYXLUHHO-NOPUHEBLIX
aMopmu3amopos



MpyxwuHa
LEHTPOBKA

Manketa Kpuiuka

Tepmoctar T3HM

3nemeHTul Kpennesun
cynnopta k bapabary

HvbxHuni
npoTUROBEC

JAOnCNHATENBHEA
npoTMBOBEC

MpyxuHa
~ UBHTPOBKN

MoTtop  Pemens

3agHnn

Kpenex
NOAWMNHUK

KomnpeccopHas
Kamepa

NpyxuHHbIA
aMMOpTU3aTOp

Puc. 1.10. Komnonoeka CMA ¢ 9syMa npyXuHHO-NOPWHEBLIMU aMOPMU3IAMopaMu

Oteepctve
ana T3Ha

Manxera nioka
C Kpennexwem

MpoTueoaec

Pemers

Puc. 1.11, KoHempykyua nnacmukoeo20 6aka uz deyx yacmel

HbIX APYXWH, NO3TOMY WX NPUMEHAIOT B Pa3NUYHbIX
coyeTaHuax c npyxuHamu noasecku. Ha puc. 1.13
noKasaHo BHyTpeHHee ycTpoicTBO gemndepa. O
COCTOUT M3 CTanbHOro LUMNUHAPA 1 NOPLUHA C PpPUK-
LMOHHOM NpoKnaakon. I yunuHap v nopuieHb me-
HOT Ha KOHUAaxX cneyunanbHble BTYSIKA C PE3MHOBLIMMW
npoknapkamu. MocpeacTBomM 3Tux BTYNOK OCyLecT-
BNseTca Kpennewne aemndepa K Baky n K aHuigy
kopnyca CMA. ®pukuuoHHas npoknagka caenada
13 NOPUCTOro NONMMEPa U Takke NpPonNUTaHa HeBbI-

chixarwuerd cmaskoi. Hrobel BO3AyX B UUnuMHApax
He ockasblBan BNusHuA Ha paboty Aemndepa, B Kop-
nyce NOpLIHSA caenaHbl CKBO3Hbie oTBepcTus. Cne-
Ayowmi (puc. 1.14) Tun pemndiepa NOXoX Ha npe-
AbIAYLWA, OTNMYNE TONbKO B TOM, YTO OH UMeeT
nBe PpMKUMOHHBIE NPOKNaaKy, TakKe NPonUTaHHbie
HEeBbiCbIXawWweh cmaskoil. KonudecTtBo puKUMOH-
HbIX NPOKNAaAOoK MOXeT BbiTb 1 Bonbluvm — BCE 3a-
BMCUT OT KOHCTPYKLMK AemMndepa. HekoTopole Tvnbi
nemndepor nokasaHbl Ha puc. 1.15. Kak npasuno,
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Motop

Puc. 1.12. «Knaccuweckaf» cxema nodsecku baka

Pe3uHopas

BTyRKa OTtBepcTus NMpoknagka

7

Uununap

[

- Wrok Pesunopan

BTYNKa

Puc. 1.13. Yempoidcmeo deMngbepa ¢ ¢hpukyuorroli
npoxnadwkol

Puc. 1.15. a) Buewruli eud thpuxkyuoHHbix deMnghepoa,
6) Mecma pacnosioxeHus npoknadok

Ha Kopnycax aMopTv3aTopoB M AeMITepoB yKasa-
Ha BelnuynHa ycunusa conpotueneHus. OHa coctas-
nsiet or 100 oo 150 H (1 Hetotow = 1 krc). KoHCTpyk-
uun pemndepoB mMoryT BObiTk Kak pasbopHble (B
3TOM Chy4vae nerko 3aMeHuTb Bblllelne 13 cTpod

NpoKnaaku), Tak n HepasbopHblie — ¢ 3aBanbloBaH-
HbIMW Kpasimu.

Otnnumus B KOMMNOHOBKe y3noe CMA ¢ eepTuka-
NbHOI 3arpy3kor oBycnosneHbl HEoHBXOAWMOCTLIO
HanuM4Ma 3arpy304HOTO MioKa Kak B camom bapaba-
He, Tak v B Bake, kK TOMy xe bapabaH formkeH nMetb
[Ba y3na epawexus. [Ana npumepa paccMoTpum
elle ABa BapuaHTa komnoHoekv CMA ¢ BepTukans-
HO# 3arpy3koii. B nepBom, Ha puc. 1.16, cxema nog-
BECKM HUYEM He OTNUYAETCHA OT «KNACCUH4ECKOW».
Bak nopBelleH Ha ABYX NPYXUWHax, a B Kadecrse
aMOpPTUINPYIOLUX SMNEMEHTOB TMNPUMEHEHbl AeMn-
depb! CO cneyvanbHbiMW BKNAAbILWAMK, KOTOPbIe
nokasaxbl Ha puc. 1.17. 3Ty BKIAAbIWM CNPEccoBa-
Hbl U3 Marepuana, obnaganLero BLICOKUM KO3h-
(PUUMEHTOM TPEHUSI, — OHW 3a8XaTb! B KPOHWTEN-
Hax, KOTOpbIe Yepes Pe3rHOBbIE NPOKNAAKN KpenaT-
ca nmbo K aHunwy kopnyca CMA, nubo HenocpencT-
BEHHO K Baky. Ha puc. 1.18 nokasaHbl Ba BapuaHTa
Takux Aemngepos.

MpencrasuM ele OAUH MHTEPECHbIN BapuaHT
komnoHoskn CMA ¢ BepTuKanbHO 3arpy3kod Ha
puc. 1.19. bak 9TON KOHCTPYKLMX OTLUTAMMNOBAH U3
NNacTuKa U COCTOMT M3 ABYX NOSOBWH. B BEPXHEH
caenanu 3arpy3ouHbli NIOK, @ B HWXKHEN KPEenaTcs
y3nbl BpaweHns bapabana, HarpesarentHbiii ane-
MeHT (T3H). Tawke Ha HWXHEeN NoNOBMHKE OTWTaM-
rnoBaHbl KPOHLITEVMH ANSA HEeThIPEX NMPYXWUH Noasec-
Kk, AByx pnemndepos v motopa. OTnuyutenbHas
0COBEHHOCTb TaKOW KOMMOHOBKU B TOM, UTO CMUB-
HOI HacOC-NOMMNAa KPenuTCHA MPAMO K HDKHEeMY 1o-
nybaxy 6e3 kakux-nubo pes3nHoBbiX NATpybKoB, Kak
B OCTalbHLIX KOHCTPYKLMAX.

Ewe pa3s o6paTvm BHUMaHWE: BCe KOMOMHALMN 1
COYETaHWA NPYKUH NOLBECKM NPOTMBOBECOB, amOop-
Tn3atopoB 1 aemndepoB AOMKHBI obecneyvearb
orcyrcTene Bubpauum npu pabore CMA. OgHako
CYLWeCTBYIOT KOHCTpYKUmn CMA, B KOTOPLIX HET HU
NPOTUBOBECOB, HU aMOpPTM3aTOPOB Kak Takosbix. O6
3TOM MCKMIOYEHWU Mbl M PACCKaKEM HA npumMepe
opurMHanNbLHOro ycTporcTea asTobanaHcuposku ba-
pabaxa B CMA «Evronova EV351». 3ra mogens He
MMeeT HW npyxuH, Hu aemndepos. Ha puc. 1.20
NpeacTaBfeHo YCTPOMCTBO y3na aBTobanaHCUpoB-
Kv. ATOT y3en CMONMTAPOBAH B HUXKHER vacTy Baka.
«Hoy-xay» 3TOW cucTembl cocTaenser obbldHas Ha
BW PE3VHOBAs npucocka. TOMbKO B UEHTP 3ToW
MPUCOCKN BCTaBrEH HEBONbLIOW LMIMHAP, CNPEecco-
BaHHLIA W3 nopucTore marepuana. lNpu BO3HUKHO-
BEHUM NonepeuHblx konebaxnin baka MasTHUK C rpy-
3MKOM HauuHaeT packaymBaTbCH, W, KOraa amnnuTty-
Ja konebaHur AOCTUMHET KPUTUYECKOTO MaKkCumy-
Ma, NNowaaKka Ha BEPXHEM KOHUE MaATHUKA
HaXMEeT Ha NPUCOCKY WU OAHOBpPEeMeHHO cpaboTaer
MUKPOBBIKAIOYATENb, KOTOPLIV MNepeseaer pexum
paboTbl Beaywero Moropa (nepexnoymT ero 0omor-
K1) B pexxum packnankv benea. ObopoTel BpaLLeHns



Mpotusosec

CrarMBaowmii XoMyT

HarpesatencHbin
BNEMEHT

NpotveoBec

Wrue

Maotop

Puc. 1.16. OcHoeHbie demanu CMA ¢ eepmukansHol 3a2py3Koli

Puc. 1.17. lpeccoeanHbie demnghepbi-eknadsbnuu

npu 3TOM HEMHOIO BonbLwe, Yyem Npy CTUPKe, HO Ha-
MHOMO MEHbLLE NPU OTXUME, YTO MO3BONUT Denbio
bonee-meHee paBHOMEPHO Pa3NOXUTLCA MO BHYT-
peHHen nosepxHocTy Hapabana. 3atem Bo3ayx nog
npucocky 6yaer MeaneHHo BCacbiBaThLCA Yepes no-
PUCTBIM LMNMHAP 1M 3aHOBO NPOV30MAeT packnanka
Benbs B 6apabaxe. MNMopor cpabartbiBaHvsa cucTems!

perynvpyeTcs nepemMeLleHneM rpysmka rno ocu ma-
SITHUKA 1 perynmpyemsimM BUHTOM MUKPOBLIKIKOYaTe-
na. [ononHutenbHyio yctolduusocTb aton CMA
NpUAAKT TaKKe KOoMneca-skCUEeHTPUKK, 3akperyieH-
Hble Ha AHULLE Kopnyca.

[MepeuncnaTs BapuaHTbl KOMMNOHOBKWU OCHOBHBIX
y3anos CMA MOXHO eLle O4eHb JONro, HO C CambiMu
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Puc. 1.19. Komnoxnoska CMA sepmukankHoli 3az2py3ku

Ocroaanue Gaka /MM Lia

P P, IbKas
\ Haxumuan \\ s

Mpucocka
/ nnowaaxa BMHT parynuposku
nopora cpaGarbiBaHun
ManTrm PerynuposoyHbil  MUMKDOBLIKNIOMATENR
FPY3uK
~ ||

Puc. 1.20. Cucmema asmobanaHcupoexy
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Puc. 1.21. Pacnpocmparentsie eapuadmbi nodeecku 6akoe e CMA

pacnpoOCTPaHEHHbIMU Mbl NO3HAKOMWUINUCL, a BCE
ocTanbHbLIE MOTYT NPEeAcTaBnNATL cobol Nullb Bapu-
aunu nepeyncsieHHblx, Hanpumep, Kak Ha puc. 1.21,
TaK Kak Kaxgas vpma-uarotoButent HenpepbiBHO
MopepHuavpyeT KoHcTpykyuun CMA u cooTBeTcT-
BEHHO CBOWMM pa3paboTkam NpuUMeHsieT pazfnnyHble
COMETaHWA 3NeMeHTOB NOABECKM, maTtepwanbl Anst

W3rOTOBNEHWUSI NPOTUBOBECOB — OETOH UMW YyTyH,
mMaTepuansl AnA 3roToBneHus 6akos — Hepxasen-
Ka, 3ManupoBaHHbIi MeTann wnu nnacTuk (kap6o-
paH) 1 OpYrvx y3nos.



2. YcTpoucTBa ANnA pa3mMmelleHUa cpeacTs
CTUPKM

Bce CMA cHabxeHbl cneyuanbHbIMA YCTPONCT-
BaMU — BbIOBWKHBIMU KacceTaMu-noTkaMu unu
KOHTEMHEepaMu-gucnercepamMu ANs 3arpy3kM B HUX
MOIOWMX CPEACTB Neper; HayanoM CTUPKWU: cTupans-
HOro nopoLka, orbenueatens w KOHAULUWUOHE-
pa-ononackusatens. B CMA ¢ ¢poHTansHon 3a-
rpy3KOr NPUMEHRIOTCA BLIABWKHLIE NOTKKU C OTAENE-
HUAMKU ANS NpeaBapuTenbHOM M OCHOBHOW CTUPOK Y
umelotlie otTaeneHus ¢ cucboHamu ana otbenusa-
TeNs W KoHavuuoHepa-ononackupatenfs. WHorpa
3TV NOTKU U ANCNEHCEPBI OWMBOYHO Ha3bIRaKT A0-
3atopamu, yTeepxaas, YTo npu ctupke bynert 3abu-
paTbCs HYXHOE KONUYECTBO CTUPaNbHOTO NOPOLLKA.
3TOo pacnpocTpanHeHHoe 3abnyxaeHue, Tak Kak cam
no cebe HU NOTOK, HN ero OTCEKKU [03npoBaThb NOPo-
LLOK HEe MOryT. CTUpanbHbIi NOPOLLOK ByAeT cMblBa-
TLCA NOCTYNatoLLei B NOTOK BOAOH B TEHEHUe BCEro
BpeMeHu HanonHeHus BGaka. Ecnu otcek 3acbinath
AOBEPXY NOPOLUKOM, TO 3TO HENPEMEHHO npuBeaeT
K aBapuu, TaK Kak Bofia 1 NeHa «nonesyT» 13 Maiuu-
Hbl U MOTYT 3anuTb 60K ynpaBneHus, U nonb3oBa-
TEMb B 3TOM CNy4Yae MOXET NULLIMTLCR TOMNbKO 4TO
kynneHHon CMA, unu emy npugetcs onnauvBatb
HOBbIV BNOK ynpasneHus U CTOUMOCTL YCRyr M0 ero
3ameHe. [ipyroe feno — [oNONHUTENbHbIE OTCEKU C
cuchoHamMu — 3TN OTCEKU AENCTBUTENBLHO ABNAOTCH
posatopamu. Ha puc. 2.1 nokasaHobl BbiABWXHLIE
notky. OHW MMEIOT [iBa OTCeKa: ANA npeaRapuTens-
HO U OCHOBHOW CTUPOK, OTAENEHUs ¢ CuhoHamu.

Puc. 2.1. BoideuxHbie nNomxu-koHmelHepbl

Ha pucyHke BWOHO, YTO 3TU OTAENEHUA 3aKPblThbl
peLueTkamu.

YnpaBnexHve NoTkamu OCyLLEeCTBNAETCA no-pas-
HOMY. 3TO MOXET BbITh NOTOK, Kak Ha pyUc. 2.2, B KO-
TOpLIN BOA2 NOAAETCS1 U3 pasHbIX WTYLEpPoB, coe-
OWHEHHBIX WNaHramm C 3feKTPoKnanaHamy, KoTo-
pble NoJarT BOAY B Pa3HbiX pexumax paboter CMA,
Takke ynpasneHne MOXeT OCyLEeCTBNATLCA C No-
MOLLbIO CneyuansHOro NOBOPOTHOMO KpaHua, BMOH-
TUPOBAHHOIO BO BHELUHWK kopnyc noTka. NoaobHble

Orcexn ons
nopoika

B 6ax

Puc. 2.2. Tun ebrf8uKHO20 NIOMKa

PerynuposcyHbi Mporpammaroep

MNosOpoTHLIA

[ucneHcep

Puc. 2.3. Cucmeme! ynpagnesus NOSOPOMHBIM KPAHOM
nomka-konmeliHepa e CMA ¢ ¢ppormanstoli 3azpy3xoti
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cuctembl npumeHsatloTcs 8 CMA, vMelowmnx TONbLKO
OfvH KNnanaH ans nopayu sogwbl. Ha puc. 2.3 noka-
3aHa BCA CUCTEMa ynpasneHus BbIABMXHBIM NOTKOM
CMA c dpoHTanbHOW 3arpy3koi. Ha ocb nporpam-
Martopa HafeTta cneyvanbHan KynadkoBas Hacagka
C BbICTYNamMu. NOBOPOTHLIN KpaH, HanuBawLwmn BO-
4y B pasHble OTCEeKU NOTKa, ynpasnseTcs nnactMmac-
COBbLIM NOBOJKOM, COEAUHEHHBIM C KyNa4YKOROI Ha-
cankon. B 3apvCUMOCTU OT NOMOXEHUA HACAaKK By-
AeT NOBEPHYT ¥ KpaH. [1NA TONHOW perynupoBKu yr-
na noBopoTa KpaHa  ecTb  chneyuanbHblid
pEryNUPOBOYHbLIA BUHT. AHaGnorm4yHas KOHCTPYKUMS
TaKKe npeacrasneHa Ha puc. 2.4. Tenepb paccMoT-
pUM yCTROWCTBO AMCNEHCEPa, KOTOPLIM yCTaHasnuy-
BancsA B CMA ¢ BepTukansHou sarpyakoi. OH npeg-
cTaBneH Ha puc. 2.5 B paspese. Ctpenkamu o603Ha-
YeHbl NOTOKK BOLbI, NOCTyNatoLiMe B COOTBETCTBY!O-
WMe OTCeKM Npu pasHbiX pexumax paborsl CMA.
YnpasnaeTca Takown AUCMEHCep Takke KyrayKoBOn
HacapKou Ha ocu nporpammaTtopa. B atom ancnew-
cepe TOXe ecTb NOBOPOTHLIN KpaH. B HyXHOe nono-
XEHWe OH NPUBOLMTCH NOBOAKOM, NOKa3zaHHbIM Ha
puc. 2.6. B cpegHen YacTy NnOBOLKA €CTb Perynupo-
BOYHOE COeAVHEHWEe, a Ha NEeBOM KOHUe caena
cneyuanbHbuli WThIPb, KOTOPLIM BXOAUT B NPOpe3sb
Ha NOBOPOTHOM kpaHe. OTceku ANs KOHAWUUOHEpa
v otbenuBartena caenansl B BUAE cucoHoB. Konna-
Yok BTOpOro cucpoHa He nokasax. [Mpu 3anonHeHUu
oTCeKa BOACW MNPOUCXOAWT MpEBbILUEHUE YPOBHSA
cnuBHOW TPpyBku cudboHa M HAYMHaETCA CaMoCcTosN-

TeNnbHOE WCTEYEeHWEe pacTsopa M3 Takoro OTceka.
Konpuuyuonep (pacteop) u otbenueaTtens (KUAKWIA)
3anMBaKOTCA B OTCEKU Nepef CTvpkoin Hebonblumu
Aozamu Tak, 4Tobbl ypoBEHL pacTBopa He NpeBbl-
Lwan ypoBeHb CNUBHOW TPyBku cudpora. CudpoHsbl B
BbIABUrAIOLUXCA NOTKaX UMEKT TOYHO TaKon Xe
NPUHLMN JeACTBUS.

B HEKOTOPLIX Cryyasx, nocne NPoAOCMKUTENLHON
akcnnyatauyun CMA, nOBOPOTHBIM KpaH cknensaet-
CA YacTvuamMy CTMpanbHOro nopoulka. 310 NpuUBo-
OVT K OTCYTCTBUIO NOfauy BOALlI B HEKOTOPLIE OTCE-
KU, T. €. NOBOPOTHbLINA KpaH 3aknuHusaeTca. HTobhl

Puc. 2.4. Cucmembl ynpasneHust NOBOROIMHbIM KPAHOM
nomea-konmetinepa e CMA ¢ ¢hpponmanbHoii 3azpy3kol

Otcex Orcex Konnadox
MNoBopoTHBLIR ANA NPpeABaprTentHOR AN OCHOBHOM cubona

CTUPHK CTHDKM (nnn orberuearenn)

v
1110 I {
P7/
75121\ 2
7,
H M
e H
H
g2 s
Otcex gna
KoHguLMOHEpa
B Gak
NGBOPOTHRIA
KpaH
MNMpopeak
ONA nosogka
PETYNUPOBO4HON \
NNaHKK r——
—p—
= ) N
N v v 1K
— (x| O
/I
-~ I 7

OTCern OnA 3atywThl OT NepenuBa Boob!

Puc. 2.5. Yempolicmeo ducnerncepa CMA ¢ eepmukanbHoli 3a2py3ioli
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Puc. 2.6. Mexarnu3m ynpaeneHus noeopomHbiM KpaHOM
e CMA ¢ sepmukansHoli 3a2pyakoli

HE MEHATb LEeNnMKOM [OPOrocTosilnini AvcneHcep,
HY>XHO NPOMBITH FTOPAYEN BOLOW Ty YaCTb, B KOTOPOWA
CMOHTUPOBaH NOBOPOTHLIW KpaH, C NOMOLLBI0 pe3u-
HOBOW rpyLun. JInbo ANa NPOMLIBKM CHATL BECb AVC-
nexcep U NorpysuTte ero B ropauyo (oo 50°) soay.
MNocne NpoMbLIBKWM NOBOPOTHBIA KPaH A0MKEeH Nerko
noBopa4vMBaThbCA B OTBEEHHLIX [ANA HEro npege-
nax. Ecnu HeobxoauMmo, nenatot Donee TOYHY pe-
rynvpoBKy NOBOAKA.

B CMA c BepTuKansHOM 3arpy3kon Takke npume-
HAKTCA [OUCMNEHCEPLl, CMOHTUPOBaHHHIE NPAMO B
BepxHen Kpsilwke CMA. [INS NPpOMbIBKM UX MOXHO
BbiHUMATbL. BHyTpu y HUX Takke Haxogsatcs cudpo-
Hbl, KOTOpLIE aBTOMaTU4ecku obecneunsaloT BbITE-

KaHue B 6ak pacTsopoB KoHauUUoHepa 1 oTbenuea-
Tens. Ha puc. 2.7 noka3aHo HanpasBfieHUe NOoTOKOB
Bofbl. Boga nopaetca M3 cneumanbHOrO conna,
cMmoHTUposaHHoro 8 Kopnyce CMA. lNpu 3axkpoiBa-
HUM Kpbilwkn CMA oTBepcTve conna TOMHO COBNa-
naeT ¢ aucneHcepoM. Boaa noaaetcs w3 anekTpo-
KnanaHoB NOJ HANOPOM NaBNEHUS B Marucrpanu.

CrvpansHbii
Otcenn
ans
[ONONHUTENLHOA <
W OCHOBHOR I~ |_— Cucborbl
CTHPOK
dparMexT oTCexka
o € CUHOHOM B
paspese
R ‘I’ ‘\\
Orcexn 4 E'II ':
C cUChOHBMU Boaa " ]
ans " 7
pononimtenskbx 56 \\Bfg!g,
cpepcTe =
CTUPEM
Boga w3 knanawos

Puc. 2.7. Cxema pabombi dLcneHcepa 6 CMPOEHHO20
e 8epxXHOH Kpbiluky CMA c eepmuKanbHoli 3a2py3koll



3. NMomexonoagaBnAawLWMe YCTPONCTBA

Iobas CMA npu paboTte nNpov3BOauT 3NEKTpu-
YEeCKMe NOMEXW, BO3HUKZKLLME NPV NEPEKNYEeHnN
pas3nuyHbIX KOHTaKTOB, Npu pabote KONneKkTopHbIX
MOTOPOB, NPV BKMNIOYEHUU U BLIKMOYEHWUW KNanaHos
nopayn Bogbl. [ANs TOro 4ToBBl CHU3UTL YPOBEHbL
3NEKTPUHEeCKUX NOMEX, NPOHUKAIOLLMX B NUTAIOLLYIO
CETb, H2 BXOAE 3MEKTPOCXEMbI NPAKTUHECKU KaXK 0
CMA ycraHoeneHsl nomexonogaensowue une-
Tpbl. OHW BKNIOMEHBI Cpa3y Ha BbIXOAE LWHypa nuTa-
Hus. Flo BHewHeMy BUAY 3TV PUNBTPBEI NOXOXU HA
00bIYHblE KOHAEHCATOPbLI, HO BHYTPY H2XOLOUTCH He-
COXHAA CcXeMa U3 KaTyleK UHYKTMBHOCTU U KOH-
peHcatopor Hebonbwiow emkoctu. Ha puc. 3.1
NPeACTaBMEHBl HECKONBbKO MNOMEXCNOAaBNAOLLMX
dunLTPoB pacnpocTpaHeHHblX Tunoe. FpuHyvnua-
NbHBIE CXEMBI, KaKk npaBuno, HanedartaHbl NMMbo Ha
kopnyce ¢vnbTpa, Nubo Ha atnkeTtke. Ha puc. 3.2
npyBeaeHsbl ABe NPUHLMNUENBHBIE CXEMbl CETEBLIX
dunbTPOB M HOMUWHanbl getanei. Ha npaktuke
BCTPEYaKTCA Cny4yaw, Koraa ceTesom (ounbTp BbIXO-
pMT 13 cTpos. Hanpumep, OTropardT KOHTaKThl
BCMEeACTBUE OKUCTEHWSA, 1 NPU 3TOM ONMasnseTcs u

—r  — T T

kopnyc. B npuHuune, pedeKtHbii OUNbTP MOXHO
NMPOCTO yaanuTb U NOAaTh NUTAHUE Ha JNEeKTPoCXe-
My Hanpsmyto. Takke, BO UbexaHue yaapa anekr-
pU4ECKUM TOKOM, HEe CrefyeT NMPUKacatbCsi K KOH-
TakTaM BUMKKU CETEBOIO LLHYpa cpa3y nocne BbiKMio-
YEHUSA U3 CETU.

Hapsigy ¢ ceteBbiMU unbTpamu TaKxke LLMPOKO
NPUMEHSIIOTCH U cneyuanbHble uckporacsme Le-
noyky. BHYTpM ux Kopnyca HaxoauTcs obbluHan
RC-yens:

R C

a HOMWHaMNbl ee 3NeMeHTOB YKa3aHbl Ha Kopnyce,
Hanpumep, Kak Ha puc. 3.3. MogoBHble yenovku
BKMOYAKTCA 0DLIMHO NapannensHo KoHTakTaM aar-
YuKa [aBMNEHUsT U SNEeKTPOMarHWTHBLIX KranaHos,
4YTOObl CHM3UTL WUCKPOBbLIE NMOMEXU, BO3HVKAIOLLUe
NpY NEPEKINIOHEHNAX.

Puc. 3.1. Brewruii eud hunsmpoeg-nodasumeneli paduonomex



16 3. lMomexonodaensrouwue ycmpolcmea

L anas o WY,

S < © ' * o
) e 1
115 mH 0,022-0,025
R A Cx Bbixog
R o []4?0—680:: T 047w 3 Bxon ~ [] ' Boixon
L Cy
1-1,5 MM T 0,022-0,025 T
© V™ L 4 o S & o
a)

Puc. 3.2. Bapuanmbt aneximputeckux cxem hunempoe

a)

6)
Puc. 3.3. BreuwlHuli aud HeKOmMopuIX MUnoe uckpozacsuiux RC-uenoyvex



4. ArnieMeHTbl KOMMYyTauUnu

Uem Donblue AoONONHUTENbHBIX peXxumos pabo-
ol 8 CMA, Tem Bornblue n AONONHUTENBHBIX KHOMOK
Ha nasenu ynpasnenus. Ha puc. 4.1 npeacraeneHa
nub Manas vacts 6e3rpaHuyHOro Yucrna sBapuaH-
TOB UX UcnonHeHus. MNMOCKOnbKy [AOBOMBHO HacTo
HEKOTOPbLIE KHOMKW ynpasneHUs NPUxXoanT B Heroa-
HOCTb UMY HauvHaKT HeYeTKo paboTaTe M3-3a UCK-
pEHUN BHYTPW Unu neperpesa KOHTaKTOB, UX NPUXO-
auTes 3ameHaTb. B cnyvyae ecnm Hy»XHbIX KHONOK He
UMEETCA, MHOIME V3 HUX BNOMHE MOXHO OTPEMOH-
vpoBath. Ha puc. 4.2 BugHO, 4TO MHOIMME KHOMKA U
Bnokn U3 HUX COCTOAT NPBKTUHECKN N3 COBEPLUEHHO
OAVMHAKOBBIX CEKLUMWIA, MHOILa Pasnuyatolmxcs Tonb-
KO YUMCINOM KOHTaKToB. OTPEeMOHTUPOBATL KHOMKU B
bnoke npolie, Tak KaKk MOXHO NOMEHSITb MecTamMu
ceKyuu, npefHasHadeHHble NS PeaKo ucnornbaye-
MbIX PEXUMOB — HanpuMep, ANA BKNHOYEHUS PeXU-
Ma 3aQepXKKU NnomnockaHus. Ecnn CcoBepLUEeHHO He-
0bxoaMMO coxpaHuTb Bce PYHKUUU, TO MOXHO OT-
PEMOHTMpPOBATL W HeucnpaBHyi cekuuto. flogro-
PEBLUME KOHTAKTbl B HEW 3a4uLLAI0TCS, a €CTb OHU
W3MEHUNU CBOE NOnoxeHwe B Bnoke B pesynetate
neperpesa, TO KOHTaKTbl HYXXHO HarpeTb NasinibHU-
KOM U, KOraa nnacrMacca pasmaryuTcsl, BePHYTb UX
B NPEXHee nonoxeHue, ynepxuasan nuHyetom. Npu
HEOBXOAUMOCTU KOHTaKTbl MOXHO [ONONHUTENLHO
YKPENUTL KOMNayHAOM TuUNa «XOMOAHAas CBapKa».
EpuHCTBEHHOE, YTO etle notpebyetca caenathb, Tak
370 BBITOMUTL Hapunem na nbor TBEpPAOK NNacT-
Macecb! HOBbI NOANPYXWHEHHbIM TOfKaTenb, KOTO-
pbi¥i CMOHTUPOBaH Ha MOLBWXHOW Y&CTW KHOMKK, No-

CKOJSIbKY 3TOT TOMKaTenb NPy nNeperpese KOHTaKTOoB
OMNaRMAETCA U KHOMKA nepectaeT HYeTKO BKNIoHaTb-
ca. MuHuaTOpHblE OOWHOMHLIE KHOMKW, KaK Ha
puyc. 4.3, TaKKe MOXHO OTPEMOHTUPOBATL. [ns 310-
ro HYXXHO pacCBEepnuTb MITaCTMacCoBLIE 3AKMENKHU,
Ha KOTOPbIX AEPXUTCH KpblLLeYKa KOpryca, U CHATb
ee. 3ateM nonockou wnugosansHon Bymarn yna-
NAOT HArap C KOHTAKTOB, NPOMLIBAIKOT UX DEH3NHOM,
CMa3bIB2KT NEePeKoYalioWmnin MexaHnam 1 NpuKne-
UBaKT Ha MEeCTO KpbIWKYy cynepkneem. llocne pe-
MOHTa cnefyeT NoAXaTb KOHTAKTHLIN HaKOHEeYHVK,
KOTOPLIA CMOHTUPOBAH Ha NPOBORE TakuM obpaszom,
Y106b! OH BO3MOXHO Bonee NNOTHO COEAUHANCS C
KOHTAKTOM Ha KHOMKe. ITO no3BonuT usbexarts ne-
perpesa KOHTaKTHOW Napbl.

Puc. 4.2. Knonku o6bedunertbie e 6r1oxu
(KHONOYHBIE CMaHLuU)

NEPEKMALIBAIOLMECA |
KOHTAKTHLIE I'Ifla[; T WHHI

Puc. 4.1. PaaHosudHocmu KHONOK

Puc. 4.3. Ycmpoilcmeo kHONOYHbIX nepekmovyamened



5. BxogHowm

Ina aBsTOMaTU4eCKOW Nogayv BOAObLI M3 MarucT-
panu B 6ak CMA CnyXwT HOPMaNbHO 3aKpbITbIN
ANEKTPOMArHUTHLIN KnanaH. B 3aBucyMmMOCTU OT KOH-
CTPYKTUBHBLIX ocobeHnocTten 8 CMA moryt ObiTb
YCTaHOBMEHLI ¥ HECKONbLKO KNanaHoB, NPUYEM Yy
Kaxpgoro knanaHa OyayT cBOM TeXHUMeEcCKWe OoTnu-
4nfA. BO3MOXHBLIE KOHCTPYKLUUUW 3MEKTPOMArHUTHLIX
KNnanaHos nokasaHbl Ha puc. 5.1. 3TuM ofHako He
ucHepnoiBaeTcs Bce pasHoobpaszue, Ha camom fiene
moavdmkauun KnanaHos ropasfo Gonvlue, T. K. MO-
oenu CMA HenpepbiBHO COBEPLUEHCTBYIOTCS 3aBO-
namu-nsrotosutensmu. B Hanbonee npocteix CMA
YCTaHOBIEH TONbLKO OAWMH — OLVHAPHBLIW KnanaH, B
Gonee poporvx — HanpuMmep, PacCYUTaHHBIX Ha
NOAKNIOYEHVE U K XONOAHOW BOAE W K ropsveu, —
yCTaHasNMBaKT HECKOSMBLKO KNanaHos.

fipyHUMn geuwcTenMA M BHYTPEHHEE CTpoeHue
KranaHos NPUMEPHO OAVHAKOBO, NO3TOMYy paccMOT-
pPUM MX YCTPOWCTBO Ha npyMepe OAMHAPHOIo Knana-
Ha puc. 5.2.

Utak, Ha puc. 5.3 3TOT KnanaH nokasax B paspe-
3e. nasHas petanb B8 KnanaHax — pe3auHoBas
membpaHa, OT ee KayecTRa 3aRUcUT paboTta u fgon-
roBeqHocTh knanada. MNpu nofade HanpsxeHns nu-
TaHMa Ha oOBMOTKy, MeTannuieckun cepaed-
HUK-LUTOK BTSIMBAETCH BHYTPb KaTyLWKU ¢ 0OMOTKOM
v pe3uHoBaa mMembpaHa noj AasfeHnem Boabl Ha-
YMHAET Mponyckatb MOTOK Ha BLIXOAHOW WTyuep
knanaHa. Nocne Habopa Heobxoaumoro ypoBsHs BO-
Obl HaNpsXeHWe NUTaHWA KnanaHa OTKNYaeTCs.
MembGpaHa Bo3BpawjaeTcs B NPEXHEe nonoxeHue
3a cueT COOCTBEHHOW yNpPYroctv 1 nNog AencTsnem
NOAMNPYXUHEHHOTO LITOKA, M KNanaH 3akpbiBaeTcs.
[Ons BbipaBHMBaHUA OaBNEHUsI B OTAENax KnanaHa
B meMbpaHe caenaHo HECKONbKO MUKPOOTBEPCTUNA,
U TakKe CKBO3HOE OTBEPCTUE CAEMNaHo B ceane, Ha
KOTOpOM ycTaHoBneHa membpaHa. CKko3Hoe oTBep-
CTve cefna 3aKkpblBaeTCs pPe3vHOBOW npobkoi Ha
BepXHen yacTtu wroka. [ina crabunusauum sogsHo-
ro NOTOKa Ha BXOJe KNanaHoB yCTaHaBMvMBatoT cne-
yuansHble BCTaBKK, CAENaHHble U3 nNnactuka u pe-
3MHOBO! Waibel. B camoli BCTaBKE UMEKOTCS CKBO3-
Hele OTBEPCTUS [NA npoxoAa Boabl U Takke O7-

knanadH CMA

LUTaMNOBaHbl creynansHble BoiCTynbl. WX HasHave-
HUe — obecneunTb HYXXHBIW 3230 Mexay Pe3unHO-
Bon wanbon. Ha puc. 5.4 nokasaHa ofgHa U3 Takux
BCTaBOK 8 cOope. [ing 3awmTel OT YacTuUy, PXapqnHbI
U Apyrvx TBEpAbIX YacTuy, coaepxalymxcs 8 Boae,
Ha BXOAE KnanaHa YCTaHOBMEH NNacTMaccoBbin
unbTp-ceTKa, KOTOPLIA MOXET BbIHUMATbCH (Ha-
npuMep — NNockorybuyamMu) Ans OHUCTKA.

B HekoTOpbiX cnydasx — OONONHUTENbHBIV
unbLTP-ceTKa, TaKOW Kak Ha puc. 5.5, yctaHasnmsa-
etca nubo Ha Bxoge knanaHsa, NMbo Ha BXope 3a-
NWBHOTO LUNaHra.

KOHCTPYKTMBHO KnanaHbl MOryT ObiTb pasHbi-
MU — Hanpumep, B paccmaTpyBaeMOM KnanaHe
OCHOBAHUE, B KOTOPOM HaxoAUTCSH LLUTOK U HA KOTO-
poOM 3aKpenneHa KaTtyllKa, AepXuTca Ha NpsaMOoyro-
neHOWM pessbe. B gpyrx mMmoauukaumuax atoc OCHO-
BaHWE KPENUTCA Ha KNee UMy Ha CBapKe — T. €. KOH-

Puc. 5.2. OdurapHbiii anekmpoknanan
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Puc. 5.3. Yempoiicmeo o0uHapHO20 3nekmporsianaxa

CTpyKuma HepasbopHas. ECTb knanaHbl, B KOTOPbIX
OCHOBaHWE NPMXaTo crneyuansHoW CTansHOW nnac-
TMHOW Ha BuHTaXx. KaTywkn ¢ oB6MOTKOW UMetoT Co-
npotusneHne 3—4 kKOM npu HanpsXeHun NUTarus
220 B B poccuiickom cranpapre. Ha puc. 5.6 noka-
33HO, U3 Kakux feTanen COCTOUT KaTyluka.

Tenepb HEMHOro NOrOBOPUM O Bonee CNOXHbIX
KnanaHax v BbIRCHUM, 3a4€eM HyXHbl MHOFOCEKLMOH-
Hble Knanaol. Bo-nepabiX, MHOrOCEKLMOHHLIN Kna-
naH yaocbHO ucnons3oBath ANA aBTOMaTUYECKOoM
nofa4yu BOAbl B pazHble OTCEeKWM AucneHcepa (KOH-
TeHepa aAnA MOLWMX cpeacTs). Bo-BTopbIX, B pas-
HHIX peXuMax CTMPKU BoAa [OMMKHa noaaBaTbhCs C
pa3Hon CKOpPOCThIO. Hanpumep, npy nepsom Hanon-
HEHUM DaKa B Hadane CTUPKY BPEMA HanofnHeHus
npumMepHo 1,5—3 mMuH. A B pexiime nocreayrowero
NonocKkaHus BoAa AofMkKHa nogaBaThCsi MeANEHHEN,

Puc. 5.4. Bcrmaeka Ha exode 3nieKmpoknanasa

4TOoGbI 06ecneuvTb NNasHoe BbIMbIBAHWE pacTBOpa
otbenuBaTens MNU KOHAMLUMOHEPA U3 COOTRETCTRY-
HOLLUX OTCEKOB AUcneHcepa. B pexume cyulku Boaa
ONA oOxXNaxaeHWa KoHL4eHcaTopa CyLIKM A0ShKHa Mo-
fasatbc eule MefieHHen (C MUHMManbHbIM pac-
xonom). Bce atn ycnosuvsa BBINOMHAKTCA Npw ycTa-
HOBKE cneuvanbHblX BCTABOK B BbIXOAHOW LUTYUEP
KnanaHa. 3TW BCTaBKMU CAENaHbl U3 NNacTMacCoBO
OCHOBbHI C OTLUTEMNOBaHHLIMY BBICTYNaMu U pesu-

Puc. 5.5. flononHumeneHeit Memannuqeckui
unemp-cenka

Puc. 5.6. neMenmbi ynpassieHus 3/1eKMpoK/1anaHoM
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5. Bxodnotl knanaH CMA

HOBOW LWanbol, HanpuMep, Kak Ha puc. 5.7. Nubo
BCTaBKW MOIYT NpeACTasnaTb cobor NPOCTO LUNUH-
Apbl C OTBEPCTUAMMW.

Ha pwuc. 5.8 xopowo ByUAHLI TVNLI BCTaBok. Ons
obecneyeHus HeOBXOAVMBIX BBIXOAHBIX PACXOAHBIX
X2paKTepUCTMK BCTaBKU UMET Hebonblme otnu-
YMS U TaKKe UMEeKT pasHelid user. Hanpumep, xen-
Tan BCTaRKa Ha Bbixoae — pacxon 0,5 nuTtpa B Mu-
HYTY (Knanad C Takoih BCTaBKOW UCNONb3yeTca Npu
CYLLKE), CMHAA BCTaBka — pacxon 1,5 N/MuH., Yep-
Has BCTaBka — 5 N/MuH.

Bo3aMoxHble gedhekTe! KnanaHoB He CrLLKOM
pasnoobpasHbl. [lMbo 3acopserca PunbTp-ceTka,
nnbo neperopaet 06MOTKa KaTylky. BOAbLUMHCTBO
KaTylleK B3avMMmoO3aMeHsemMo, NnoaTomy, ecnv obHa-
py»eH 0BpbIB B KaTyLLKE B OfIHOW U3 CEKUWI Knana-
Ha, MOXHO NPUMEHUTHL KaTyLUKy OT Apyroro knana-
Ha. Taioke Hepenku crnyyaw BolnafaHus NAOXo 3a-
NPeccoBaHHbIX BCTA2BOK — B TakUX Cryyasax BO3-
MOXHO REeperonHeHue aucneHcepa B OAHOM U3
PEXMMOB.

lpoBepKy KnanaHos MOXHO NPOWU3BECTU HE CHU-
Mas MX C MalmHbl, [1Nsi 3TOro Ucnonb3yercs cete-
BOM LUHYP C BbIKMNKYATENEM U C KOHTaKTamMy B U30-
NAUMOHHBIX 4exnax. Bxon knanaHa gonmxeH ObeiTb
NOAKMIOYEH K BOASHOW MAarucTpany ¢ HOMUHanbHbBIM
AasneHveM. locne noaayn Hanps»keHust Ha 0BMoT-
Ky KnanaH AOSMKeH OTKPLITLCA. 3aTeM HYXHO npo-
cneguTb, Kak BBICTPO KnanaH 3akpuiBaeTcs nocrne
BLIKNMIOYEHUA HanpsxkeHust nutanusa. Ecnu nocne
BLIKINIOYEHUS NUTAHWS Yepes KnanaH B Te4eHUe He-
CKOMbKUX CEKyH[] eLle npoTekaeT Boaa, To 370 rOBO-
puT 0 NoTepe rmbkocTu manxerol (NMbo coBepLuex-

- Buxagwoit wryuep |

Puc. 5.7. Bcmaeka-cmabunu3amop 6 6biX00HOM Wwmyyepe
KnanaHe

Puc. §.8. KoHgbuzsypayuu ecmasokK € 8bIX0O0HbIX Wmyyepax
3nexmpoknanaios -

HO ocnabneHa npyxvHa LUTOKA), W TaKoWh KnanaH
nysue 3aMeHuTb.



6. IlHeBMaTH4YecKkMe nepekno4varTenu gaBreHUs
(perie ypoBHS)

BaxHoi petanbio Bo Bcex Moaensx CMA sBns-
eTCA NHeBMAaTUYeCKuin nepeknoyarens. OH CNyxuT
Ans KOHTPONSA YPOBHA BOAB! UMW MOIOLLEro pacTeo-
pa B bake CMA, noatoMy ero 4acro Ha3ablBaloT naT-
YMKOM, UMK perne YpoBHHA, UMW NPEeccocTaToM, HO
mbl Byaem HaselBaTe 3Ty geTanb AaT4MKOM gasne-
HMA unu cokpawyenHo Af1. C 6akom CMA oH coegu-
HAETCH MBKUM M TOHKMM PE3VHOBBLIM UMW CUIMKO-
HOBbIM LUMAHIOM, KOTOPbIA Ha3blBaeTCH LUMAHIoMm
fAasneHusi. B ceowo ovepenb WNaHr gaenexuns npu-
COEAMHAETCA K HUXHER YacTn Baka Yepes Tak Hasbl-
BaeMyl0 KOMIMpPECCUOHHYIO Kamepy. B nopaensio-
wem umucne mogenen CMA A1 pacnonaraercs B
BEPXHER 4acTh Kopnyca psaom ¢ bakom, obbIMHO OH
3aKpenreH Ha Kakon-nbo BOoKoBOI CTeHKe kopnyca,
Hanpumep, Kak Ha puc. 6.1, a cxema coeauHeHus
nokasawa Ha puc. 6.2. OgHako CyLLecTBYIOT MoZenu
CMA, y kotopbix [f] pacnonoxer BHU3Yy nog Bakom.
3101 BapuaHT NpeacTaeneH Ha puc. 6.3. Takoe pac-
nonoxexue 1 AOCTUrHyTO npu NOMOLLM OpPUrMHa-
NbHOW KOMMPECCUOHHOK Kamepbl, KOTopas npucoe-
AMHEHa K HWkHen vacTu baka yepe3 pe3nHOBYIO
BTYNKY. OT& Kamepa npegcrasnseTt cobon oTwram-
NOBaHHLIN M3 NNacTMacchl 3AMEEBUK C BO3/YLUHbIMK
«meLkamny. BeixogHOM WTyLEep Kamepbl COeaUHEH
wnavrom gasnenus c 4.

Mo koHcTpykywu U1 gocTaTouHO pasHooBpasHbl.
[na Hauana paccMoTpMM yCTPOWCTBO NHEBMATUYe-
ckoro 11, KoTopble LWMPOKO NPUMEHANUCE U NpUMe-
HatoTes B CMA cambix pasnuuHbelX Mogenen — ot
NPOCTEMLLKX A0 MOAenen C MUKPOKOHTPOMNEPHbIM
ynpaenexuemM. Ha puc. 6.4 npeacraeneHo HECKONb-
KO TMNOBBLIX KOHCTPYKUuin [11. Bce onu caenaHbl B
KpYFibIX Kopnycax, HO ¢hopma Koprnyca, B obuiem,
Bespa3nmyuHa, NocKonbKy ¥ Bcex aTux A1 oauHako-
BOE (pYHKLMOHANbHOE HasHavenme. Hanpumep, 01
Ha puc. 6.5 MeeT oBanbHYyO (GOPMY, YTO, BUAUMO,
BeINo onpeneneHo kKoHCTpykuner CMA.

PaccmoTpum npvHUMn paboT NHeBMaTUYECKuX
nepeknovatenen. Ha puc. 6.6 nokasaHo ycTpoicT-
BO oaHoyposHero [/1. Mpexge yem pacckasatb O

HEM, HanoMHUM: ANs AOCTWKEHUA 3KOHOMUU BOAbI
npu cTupke (No kpaiiHei mepe — BO BCEX Pa3BUTHLIX

Fuc. 6.1. lpumep pacnonoxenus damyuka OasneHus
& kopnyce CMA
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Linanr
O3BMNeHus

KomnpeccuonHan
Kamepa

Puc. 6.2. Tunceas cxemMa coeduHeHusT Gamyuka 0agJICHUS
¢ 6arom CMA

Puc. 6.3. Npumep HecmaHOapmMHO20 PacnoJIoONeHUs
damvyuka daeneHus

CcTpaHax) TpebyloTca pasHble YpPOBHW BOABI U MOIO-
wero pacteopa. Hanpumep: npu cTupke TkaHew 13
XNOnKka uenonb3yeTcs OAWH YPOBEHb, a Npu nono-
CKaHuu BOAbl TpebyeTca Gonblue, HO Npu CTUpkKe
BELEeN U3 WepCTy Unu N3 CUHTETUYECKUX TKaHEN B
nporpamMmax «4enukatHom» CTUpKuU — BoAbl Tpeby-
eTcs elle bonbwe. MNO3TOMY NPUMEHAIOTCA TaK Ha-
3biBaemble MHOroypoeHesble [17]. COOTBETCTBEHHO
OHU COOEpPXaT HEeCKOMNbKO KOHTAKTHBLIX rpynn — no
uucny ypoBHEN nepekntoueHus. Mrak, kak paboraer
Hal opHoypoekesbid [/17 Takue [ npuMmeHsatoTCn
B cambiX npocteniunx CMA, HO B HEKOTOpPLIX MOAe-

Puc. 6.5. Pazroaudnocmb damyuka daeneHus

Bunr Bunt Bropoii
PEryIWpOBKM  YCTAHOBKA  KCHT3KT

HYBCTBUTENBHOCTH y'pﬁlﬂhR d—‘

A

KoHTakT
27
BxoaHoi
}j { ] wryyep
MembGpasa c
HAKHWMHLIM HioxHAR
HAKOHE KoM xamepa

Fuc. 6.6. Ycmpodicmeo nHeeMamuyecko20 damvyuxa
daenenus

NAX UCMONb3YIOT cpasy Aea nogobHbix [f] n3 KOKCT-
PYKTUBHBIX COOBpaXeHwiA.

Mpu noctynnenun Boabl B 6ak CMA BO3ayX, KO-
TOpPbI HAXOAUTCA B LWNAaHre gaBnenvs 1 B HUKHeN
kamepe [/, oka3biBaeT fasBfieHue Ha MbKy peaun-
HoBYi0 auadparmy (membpaHy). Ha pawadparme
€CTb HaXUMHas NNoLLaaka ¢ NNacTMaccoBbiM HaKo-
HeuHukoM. lMockonbKy NOg BO3gercTBMEM AaBne-
HUSl BO3ayxa avadparma Bbirmbaercs, TO HaXum-
Had nnowanka gaBuT HaKOHEYHWKOM Ha MpYyXXuHY
KOHTaKTHOWU rpynnbt [f]. KOHTakTHble rpymnnet Npea-
CTaBnaAT coboit BLICTPOAENCTBYIOLLME MEepekuabl-
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BaIOLMECK KOHTaKTbl, KOTOpble MOKasaHwbl Ha
puc. 6.7. lNo pocTuKeHun HYXHOFO YPOBHS BOAbI B
bake KOHTaKTbl NEPEKMOYAoTCH, OTKNIOYaeTCH M-
TaHve OT KnanavoB nogauv soabl 1 CMA nepeso-
AUTCH B pexum cTupku. OBpatm BHUMaHue Ha Ma-
NeHbKY OCOBEHHOCTb: BO BXOOHOM wWTtylepe O
cAenaHo BXOOHOE OTBEPCTME OYeHb Manoro aua-
mMeTpa — nopsgka 0,2 MM — Tak HasblBaemas apoc-
cefnbHas 3acnoxka. Ee HasHaueHue — npupate A4
HEKOTOPYID UMHEPLMUOHHOCTb, 4TODbI UCKMOUNTL
noxHele cpabartuiBanust Nnpu ctupke. Mo Mepe BNK-
THBaHUA noctynawuwen B bak soawl benbem, O
CHOBA NOA3ET NMTaHKe Ha KnanaH nogaun Bofbl —
MallmMHa JONUBAaeT BOZY A0 HeOBX0auMMOro ypoBHS.
B HEKOTOPBIX KOHCTPYKUUAX ApOCCenbHas 3acnoHka
yCTaHOBNEHa NPSMO B LUNAHr OaBNeHUsi B BUAe
nNNacTMacCoBOW BTYNKWU C OTBEPCTHUEM.

Puc. 6.7. lMNepexudsiearoujuecs KOHMaKmbl

Tenepb NOCMOTPUM, KaK YyCTPOEH MHOrOypOBHe-
Buid [10.

Haunem ¢ Tpexypoeweeoro [il. Ha puc. 6.8 oH
nokasan B pasobpaHnoM Buae. OH cogepxuT Tpu
pynnb!  NepekuabiBatOLMXCs KOHTAKToB. Bce OHwu
pacnonoXeHbl B BepXHewn Yactu kopnyca O — Hag
mMembpaHo#n (amacbparmoii). [ins cobniofenHusi ode-
peaHocTV nepexknmovenua B [l ucnonbayerca pas-
HOMNMEYEE KOPOMBICNO, @ KOHTAKTHbIE NPYXUHbI
UMEIOT pasHyto TONLUMHY.

Puc. 6.8. TpexypoeHeabili damyuk daeneHus

Ecnu TpebyeTtcs nposepuTtb pabotocnocobHocTb
[, TO OTCOEAUHSIOT LUNAHT AaBNEHUS U BMECTO He-
FO NPUCOEAMHSAOT OTPE30K NOAXOASALLETO PE3UHOBO-
ro unu CUNMKOHOBOTO LINaHra. 3aTeM B HEIO HYXHO
noayTh. [Npu nepexkntoyeHuaX KOHTaKTHbIX MPYXUH
ByayT cnullWwHel OTYeTNUBLIE wenuku. MNonHas go-

CTOBEPHOCTb MEPEKNKYEHUIR KOHTPONUPYETCS OM-
METpOM uNK Npo3BOHKOW. Ecnu ecTb Heobxoau-
MocTb B nopobrHoi nposepke, CMA obfAzatentHo
HYXHO BBIKMKOYMTb, MHAYE BO3MOXHO MeperopaHme
T3Ha n gpyrue cepbesnble noBpexaeHus. Ha kop-
nyce [I/1 06bI4HO nevaTaloT nHopMaLmio O TOM, Ha
KaKkue ypoOBHM AABNEHWUs HACTPOEH npubop. YpoBHU
cpabartblBaHua u oTnyckauus (puc. 6.9) oboanauve-
Hbl NMMBO B MuUNNuMmeTpax BOAHOTO cTonba (Mm
H,O — MM BoA. CT. paseH = 1 krc/m?) nubo B Munnu-
b6apax. Bce 11 umetoT Ha BEpXHENr YacTu kopnyca
perynupoBOYHbIE BMHTBI, 3aKOHTPEHHBIE Kpackon —
TaK ux (hUKCUPYIOT NOCNe HacTpoikKn Ha 3aBofie-u3-
rotoeutene. A Tenepb NOCMOTpWMM, Kak pabortaet
manorabaputHbii [f], KOTOpBI NPUCYTCTBYET Ha
puc. 6.4 B npaBoM BepxHeM yrny. Ha puc. 6.10 atot
npubop Takke nokasax B pasobpanHomM Buae. BHyT-
pu Tawke, kak u y apyrux 1], ects U pe3uHoBas
avacpparma (mMembpana), u nnacrtMaccosast nno-
Wanka ¢ HaXUMHBIM HaKOHEYHWKOM, HO HEeT KOpo-
MbICNa, Tak Kak B 3tom [1[] TONBLKO OfHa KOHTaKTHasA
napa. Ho npubop uMmeeT Ha BEpXHER YacTu Kopnyca
YeThipe KOHTaKkTa BMEeCTo Tpex. 3avem 4YeTBepTbii?
[leno B TOM, 4TO B MHOTOYpOBHEBLIX [1f] ecTk orpa-
HUUMTENb XO1@ Y HaXUMHOTO HakOHeYHuKa, a B
aToM npubope nocne cpabaTbiBaHusi KOHTAKTOB Y
HaXKMMHOTO HakoHeuyHuka (U y Aunadgpparmbi) elle
€CTb 3anac xofa, u npu AanbHenWeM rnoBbiLLEeHN
ypoBHs Boabl B 6ake (1onycTumM, OTKPLINCS U He 3a-
KpbiBaeTCs Knanad nogayu BoAabt), BKAKYAETCS OO-
NOMHUTENbLHBIA YETBEPTHI KOHTaKT. OH B CBOK OYeE-
pedb NoAaeT HanpsKerue NUTaHua Ha CNMBHON Ha-
COC-NOMMy, U HAYMHAETCA OTKauKa BOAblI WK MOO-
Ljero pacteopa u3 baka.

lNoxanyn, ctout obpatuTe BHUMaHWE €ule Ha
OfHY KOHCTpykuuio. JT10T [1f] Takke nokasaH Ha
puc. 6.4 B neBom BepxHeM yrny. OcobeHHOCTb ero B
TOM, 4YTO KOpnyC 3TOro npubopa COCToUT u3 ABYX
«NOfMOBUHOK», COEAIMHEHHBLIX BMEcTe, TO €CTb 3TO
nsyxyposHeBblii [1[1. B kawaol «nonoBuUHKE» — B

e N -
273644 30N
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Puc. 6.9. OboanaveHue eenuyuH 0asneHus Ha damuuke
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F

Ha:o«uunan—nmmanka ;

Puc. 6.10. Yempoiicmeo ManozaGapumHoz20
odHoypoeHego20 damyuxka daenerus

HWKHE 4actu Koprnyca — ecTb pe3uHoBas gua-
hparmMa CcO CBOUM HAXWMHBIM HAKOHEYHUKOM W
CBOEW KOHTaKTHOM napon. Bospyx udepe3 wrtyuyep
noctynaetr B obe «nonoBuHKM» KOprniyca nog auva-
tpparmbl. OuepenHoCTb cpabaTbiBaHns KOHTAKTOB B
TakoMm [1f] pocrurHyTa 3a cyeT pa3HoW BbICOThI Ha-
XUMHBIX HakOHe4yHukoB. Mepeoli cpabaTtwiBaeT Ta
«MNONOBUHKa», Y KOTOPOW ANWHHEE HAXWUMHOI HaKo-
HEYHWK. YCTPOMCTBO HWXHEN 4acTu Kopnyca 3Toro
DL nokasano Ha puc. 6.11. PyHkynoHanbHo BCce [/,
KOTOpble Mbl paccMoTpenu, paBHOUEHHbL. OcCHOB-
Has pasHyLa 3aKkmoyeHa nullb B HacTpouke Ha
onpeperneHHble YPOBHU NaBEHUs, a 3T0 onpegens-
eTcs TMNOM K KOHCTpyKumeit CMA.

Haxumroit PeavHoeas

HBKOHEYHWK Me: Ha

AL LSS IS,

OcHoeanve
Kopnyca

ApoccensHan
aacnoHxa

Fuc. 6.11. Yempoiicmao Humnell yacmu 2-ypoeHeaozo
damvurka OaeneHus

[oBonbHO yacto B CMA 13 KOHCTPYKTUBHBIX CO-
obpaxeHuii ycTanaenueaioT cpasy asa 1. 310 mMo-
ryT 6uiTb aBa ManorabaputHbiX 0OagHOYpoBHEBBLIX [[]
(npu HepocTaTke Mecta B Kopnyce CMA) unn gBa
nsyxyposHesbix [1f1. MogobHoe couetanne npume-
HAIETCA NS pacluvpeHus pyHkumia [11: oaHa u3 cek-
LM MaKCMManbHOTo YpOBHA ByneT BKNKYaTbk CNMB-
HOWM HacoC B aBapuiiHbLIX CUTYaLusX.

OCHOBHBIE HEWCNPABHOCTU NHEBMATUYECKUX CU-
CTEM KOHTPOMA YPOBHSA W, Kak cnencteme, Hepabo-
TocnocobHoctb CMA BO3HMKAIOT KM3-3a HapyLUeHus
repMeTUYHOCTY HWXKHER YacTu Kopnyca, B KOTOpOoKr
Haxogutcs auadparMa. HapyweHue repMeTuyHo-
CTu coenHeHui: BaKk — KOMNPEecCuoHHas Kame-
pa — wnaxr aaenexmna — O11.

BepxHsas yacte kopnyca [[] repMeTU4HOCTBIO HE
obnapaert, NoCKONbKY MMEET ManeHbKMe OTBEPCTUSA
AN BbIXOAA BO3AyXa, UHaye pe3uHoBasi MembpaHa

HE CMOXET NepeKNoYaTb KOHTaKTbl U3-3a YNpyroctm
BO3ayXa B BEPXHEW 4acTtu Kopnyca. Ectb elye Bapu-
aHTbl KOHCTPYKUw nHeBmaTuydeckux [fl, koTopwie
npumeHaiotca B CMA € MUKPOKOHTPOMNEPHLIM
ynpaenexHuem. [1o Bcel BUOAMMOCTH, 3TO TaK Ha3sbl-
BaemMble NnepexogHble moaenu. B Hux eue coxpaxe-
Ha pe3vHoBas guadparma. PasHuua — B KOHCTPYK-
yun BEPXHEW YacTu kopnyca. Hanpumep, ecte Ba-
PWaHT, re K KOHTaKTHbIM BbIBOJAM Ha BEpPXHEW Yac-
TW Kophnyca npunasHa rneyarHas rnnata ¢ yenoykon
pPe3ncCTOPOB, BKAKOYEHHBIX MocnegoBarensHo. Ha
nnaty C pe3uctopamMu rnoaaeTcsa oTaensHoe Hanps-
xenue nurtanua 5 B. MNpu nepeknryueHmnaX KOHTaKT-
HbIX nap [/} nooyepeaHo KOMMYTUPYKITCA pe3nUCTo-
pbl MU H2 KOHTaAKTHOM BbIXOLHOM pa3beme nnatel
(POPMUPYIOTCS ONOPHbIE HAaMNpsHKeHUs, COOTBETCT-
BYIOLLME K@XXOOMY M3 ypOBHel. [lanee 3Ty curHansi
nNpoxoasT Ha BXO4 MUKPOKOHTpONfepa, rae CpaBHu-
BaKTCH C 3anporpamMMMpPOBaHHBIMKM  3HAYEHUAMMU
HaNpsHKeHWM ANst KaXQOro yposHA. B apyrow KOHCT-
pyxuun AL, Hanpumep, kak Ha puc. 6.12, kakve-nu-
60 NnepekniovarolMe KOHTakTel BoobLe oTcyTCTBYy-
10T, T. K. B HUX HET HeobxogumocTu. BMecTo Hux
NPUMEHEH KonebaTenbHbIN KOHTYpP, NOKa3aHHbIN Ha
puc. 6.13. KOHTYp NOAKMHOYEH K CneyuansHon cxe-
ME reHepaTtopa konebanuri. 3To oAHAa M3 NepBbiX
KOHCTpYKUui noaobHeix O], nemeHTol konebarte-
NBHOTO KOHTYPA: KaTylKa, (heppUTOBLIN CEPAEHHWK
U B2 KOHIEHCATOpa HaxoOATCA B BEPXHEN 4actu
Kopnyca. B 6onee cospemMeHHeIx 11 u konebarens-
HbIA KOHTYP, U CXema reHeparopa UHTerprupoBaHsb! B
BepxHelh yactu [1J1. ObbeanHaer 3T KOHCTPYKUuH
OpPURLUMIN OEACTBMS:. MPU YBENUYEHUW YPOBHA BOAL
B bake pe3nHoBasn MembpaHa nepemeLwaer peppu-
TOBbIM cepaeyHuK (CM. puc. 6.14) konebarensHoro
KOHTYpa, u B pe3ynbTare 310ro n3MeHAeTcs 4acro-
Ta konebanuii Ha BbIXOAE reHeparopa. 3HadeHue
4acToThl, COOTBETCTBYIOLEE Ka)XAOMYy U3 YPOBHEW,
TaKkKe CpaBHMBaETCHA C 3anporpammMuMpoBaHHBIMU
3HAYEHUAMY B NAaMATU MUKPOKOHTponnepa. B Bepx-
Hew yactu [l[] ecTb perynupyembivi BUHT, NO3BONSIKO-
WHMA U3MEHATbL BEICOTY MONOXEHWUST CepaeyHuKa.
Bce perynupoBKku caenaHbl Ha 3aBoae-u3rotoBuTe-
ne. [lga nocnegHux BapuaHTta [f1 umerT cyuwlecT-
BEHHOE OTfn4ne. ITO OTAMYUe B pasHuLe BbIXOA-
HbIX curHanoe Ha BeiBoaax [f1. Hanpumep, B nep-
BOM BapuaHTe Ha puc. 6.15, a npuBesieHa cxema re-
HepaTopa. Ha cxemy n#puxoauT HanpsikeHue
nutanmsa +5,0 B. 3aBncuMocTb YacToThl KonebaHuii
OT ypOBHA BOAbI B Bbake nokasana Ha puc. 6.15, 6.
Bo BTopom BapuaHTe y [11 TaKxe ecTb cxema reHe-
paTopa, BCTpOeHHas nNpsiMo B kopnyc. Ha BeiBOAbI 1
u 3 (cM. puc. 6.16) noaaeTca HanpaxeHue NMTaHnA
+5,5 B. A Ha BbIBOE 2 W3MEHSIeTCs BENUYMHa
BXOAHOro Harnpsikenus reHeparopa or 0,5 no 3.5 B
B 3aBMCMMOCTW OT YPOBHS BOObI B bake.



Puc. 6.12. amvyuku dasneHus ¢ konebamenbHbIM KOHMYPOM
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Puc. 6.13. Cxema uHdykmueHozo damyuka ¢ konebamensHbIM KOHMYPOM U 2eHepamopomM konebaHull

Perynirposoume:in BuHT
NpyxnHa
Marruar

JNEKTPOHHERA CXeMa
CoearHuTentHLIN pazbemM

CotanHmMTeNbHbIN LUNAHT

Puc. 6.14. MpuHyun pabomsl UHOYKmMUEHO20 damyuka 0aeneHUs
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Puc. 6.15. a) Odra u3 munosekIX coepeMeHHLIX CXeM 2eHepamopa konebaruil damyuka daenerus,
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6. [THeeMamuyeckue nepeKoyamenu odaeneHus (pene ypoeHsi)

LINPUT55B _

Hanpsokenue nUTaHus reHeparopa

OUTPUT
0,5-3,58 | manason uamenenus
HaNpsKEeHAA NPY M3MEHEBHUA

pasneHust (ypoBrs sopbl 8 Bake)

9 ¢

5 soneT i \
nocTosHroro  O6uwi

Toka (macca) Bewop

6)

Puc. 6.16. a) Jamyuk ¢ unmezpupoaaHHoll cxemoll, 6) Hameperue HanpsweHuil Ha 8bieodaX dainyuKa

MokasaHHbli Ha puc. 6.16, a [10 Takke umeer
CBOI 0COBEeRHOCTL. B HeM ecTb 1 pe3vHoBan auva-
parma, 1 BCTPOEHHLI reHepaTop € KaTyLUKOW UH-
OYKTUBHOCTKY, OOHAKO 3MNEMEHTOM, W3MEHSIOWUM
4acToTy reHeparopa, fIBNsieTC TEH3OpPHbIKW pesu-
CTop. TEeH30pHbI pPe3ncTop — 3TO NONynNpPOBOLHU-
KOBBIM 3NEMEHT, M3rOTOBNEHHbI METOAOM HarbiNe-
HWA, KaK 1 Opyriue geTtanu cxembl reseparopa. loa
BO3eNCTBMEM anadparMel Npoucxogut marub ne-

14

PE

1] Bl Nz
v |
21
6)
|LEVEL1  LEVEL2 | .
112 14 22 24 1 1
| I I 1 1
| 1 1
I 1 1
1 1 1
1 I 1
1 1 [
1 1 1
! 1 I
1 " 21 [
] 1 ]
[ EET R A J L

YaTHOW NNaTbl reHepaTopa, Ha KOTOPOI HarbiNEH K
TEH30pHbIM peaucTop. NMoa so3gencTenem aedop-
MayuM M3MEHSETCA BEeNuuYMHa CONPOTUBNEHUA pe-
3ucTopa W, COOTBETCTBEHHO, 4acroTa reHepayuu.
Mpu 3TOM U3MEHSIETCH M BEMWYMHA BBIXOAHOMO Ha-
npskenust [171.

B 3akniouexme 3TOro pasgena rnpueenem gpar-
MEHTBI ODO3HaYEHWI NMHEBMATUHECKUX MEpPEeKnYa-
Tenen Ha anekTpocxemax CMA (puc. 6.17).
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Puc. 6.17. lMpumepb! 0603HaveHuill damyukoa daesneHun Ha anekmpocxeMax CMA



7. YcTponucTBa AJst OJIOKUPOBKU 3arpy304HbIX
JIIOKOB

B uyensx 6GesonacHoCTy Ans nofb30BaTtens B
CMA wwupoko npumeHslTCA  BMOKMPOBOYHBbIE
yCTpOWCTBA U CrneywnanesHble TepMo3amku (B Aans-
HelllleM — npocTo 3amku). Bce 3Tu ycTpoicTea
obecneunBaioT puKCaLuio 3arpy304HOrO NMioka Unu
BepxHen Kpbiwkn CMA BO Bpems BpaujeHus bapa-
baHa. B npocreiiiuem cnyuyae BGnNOKMPOBOYHOE
YCTPOWCTBO MpegcTaBnaetr cobon 3neKTpoMarHur.
3auenku, 3annparowme nok CMA, Bce Bpems yaep-
xusatoTca npyxuHoit. Mpu ekarouenun CMA B ceTb
W NpU Ha)aTuK KHOMNKW OTKPbIBaHWA NKOKA, 3allenka
BTArMBAETCH BHYTPb KaTylUKW 3MEeKTpoMarHuita, U
CTAHOBUTCA BO3MOXHbIM OTKPbITh  38rpy304HbIiA
noK. [opaspo 6onbluee pacnpocTpaHerue nonyyu-
nM 3aMKu ¢ TepMosanemMeHtamu. Ha puc. 7.1 npeg-
CTaBMeHO HECKOMbKO TMMNOB Tepmo3amkoB. OCHOBY
UX KOHCTPYKLMK COCTaBNsAloT crieyuanbHblie TeEpMOo-
aneMeHTel U OumeTannuueckaa nnactuHa (oaHa
wnu aee). TepmoaneMeHT npeacraenseT coboit no-
NyNPOBOAHWKOBBLIA PE3NCTOP C MNOMNOXUTENBHBIM
TEMNEPAaTYpPHBIM KO3 (PUUUEHTOM. 3TOT PE3UCTOP
pesko yBernuuuBaeT CBOE CONPOTWBNEHWE, Koraa
NnpeebllEHA €ro HekoTopas XapaKkrepucTuyeckas
TemnepaTtypa. NMonobHble pe3ncTopbl MMEKT Hassa-
Hue: PTC-Tepmuctop (Positive Temperature Coeffi-
cient), a kombuHayma TepmoaneMeHTa ¢ bumertan-
nu4yeckou nNNacTvHon Haseieaetcs PTC+bumetann.

Puc. 7.1. Hexomopsbie munsi 610KUPOBOYHBIX
mepMo3aMKoe

KoHcTpykuuiA  NOfoOBHBIX 38MKOB — BENMKOE
MHOXECTBO, HO Mbl NOAPOBHO PaCCMOTPUM NPUHLMN
NEeNCTBUA 1 YCTPOMCTBO CaMblX PACNpoCTPaHEHHbIX.

Ha puc. 7.2 noka3zaHo BHYTpPEHHEE YCTPONCTBO
TepmMo3amMKoB ¢ nnockum PTC-TepmuctopoMm. Flocne
3aKpblBaHWUA KpbILWKK MNK 3arpy3odHoro nioka CMA
Ha BbIBOAB!I 3aMKa MOAAETCH HanpshKeHue NUTaHus
(8 panHom cnyuae 220 B). B TeuyeHne HeCKONbKMX

x o Y L

BuMeTannuyeckas nnactvha [ &

a)

F il

TepMoaneMeHT

6)

Puc. 7.2. Tunbi 3aMKO8 C NNOCKUM MePMO3EMEHITIOM
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CEeKyHf, TEPMUCTOP HAarpeBaeTcs cam KM Harpesaer
BuMeTannuueckyio NNacTuHy, K KOTOPOW OH NPUXK-
MaeTCs OfIHOW M3 KOHTaKTHBIX NpYXWH. BumeTtannu-
Yyeckas NnacTuHa npy Harpese uarnbaeTcs, KOHTak-
Tbl 3aMBLIKaIOTCA 1 OCTAIOTCA B TaKOM NONOXEHWUU B
TeueHue Bcero BpeMeHun pabotel CMA, nponyckas
HanpsKeHue nutaHua Ha anekTpocxemy CMA, Tak-
XKe NpY 3aMblKaHUM KOHTAKTOB 3aMKa MonyTHO Npu-
BOOMTCA B AEVCTBME 3ANOPHBIM MEXaHU3M, (bUKCK-
Py KPBILLKY UNW ABepuy 3arpy304HOro nioka.
Mo oKOHYaHKK NPOrpamMmbl CTUPKKM HanNpskeHwe Nu-
TaHua C 3aMKa CHUMAaEeTCSH, TEPMO3NeMeHT u Bume-
Tannuyeckasa nnacrtuHa ocTbleaT (NpumepHo 2—4
MUHYTbI), U1 CTAHOBUTCA BO3MOXHBIM OTKPbITh THK.

3neKkTpuyeckass Cxema Takux 3aMKOB MpocTa W
nokasaHa Ha puc. 7.3. Kak euaum, Boisog N — ob-
WmiA, Takum obpasom, Npu Nogade HanpsHKeHus Nu-
TaHus Ha BbiBOABI N 1 L 3aMKa 3aMbIKaeTCs nycko-
BOI KOHTAKT K HanpsbkeHue nutanus ¢ soiBopga C
HaYMHAET MNOCTynNaTb Ha OCTanbHYI 4acTb 3MEeKTpo-
cxembl CMA. PTC-TepMyCcTOp MOXET uMETL U OpY-
ryto ¢popMy — HanpumMep, Kpyrnyio, B Buae Tabner-
K. 3aMOK € noaobHbIM TEPMUCTOPOM MOKasaH Ha
puc. 7.4. MHOrue 3amku UMENT OOMNONHUTENbHLBIE
Nnapbl KOHTAKTOB, KOTOpblE 06ecneyYMBaioT MOMHYIO
3awmTy o1 BrIoveHust CMA € OTKPBITON KPbILLKOW.
Takke 1 KONUYecTBO TEPMO3NEMEHTOB MOXET bbiTh
fonble — HanpuMep, Ha pyc. 7.5 noKasaH 3aMoK C
ABYMSi KpYTNbBIMY TEPMOIMEMEHTAMK U C JONONHU-
TenbHbIMU KOHTaKTaMu.

PacemoTpum ele HeCcKONbKO TUNOB 3amkoB Go-
fiee CrnoXHbiX KOHCTPyKuUui. Ha puc. 7.6 nokasaHbl
ABa 3aMKa Takxe C KpyrnbiMy TEPMO3NEMEHTaMW.
B kauecTBe MCNONHUTENBHBIX B 3TUX 3aMKax npuMe-
HeHbl NepeKkuabIBaloLMecs KOHTaKTbl — Takoh xe
KOHCTPYKUUM, KaK B gaTuMkax faBneHusi. KOHTaKTbl
Mepexknio4atoTCs cneyuanbHbiM - KOPOMBICNIOM  Ha
wapHupe. MpuHymun gercTeusi KOPOMBICNA NOKasaH

Mycxosof koHTakT
e

PTC

o
C N L

Puc. 7.3. CxemMa mepmoszaMKa

| 3anopHLA MEX3HUIM

Puc. 7.4. Tun 3aMka € Kpy2nbiM mMepMo3neMeHmom e gude
mabnemxu

b Purcatop 7
3anopHas nnadkal| -

«TabneTka»
TEPMO3NEMEHTA

6)

Puc. 7.6. Tunbi 3aMK086 ¢ nepexkudLIBaroWUMUCH
KOHMakmamu U € KpyaJibiM MepMo3fleMenmom

Ha puc. 7.7: Npu nogaye HanpsXXeHus Ha TepMoane-
MEHT HarpeBaloTCA TaKkke bumerannuueckmue nnac-
TUHBI CBEPXY 1 CHU3Y «TabneTku», BCNeacTeue Yero
KOPOMBICNO NEPEKNYaeT KOHTaKThI.

W HakoHel, paccmOTpUM elle OOUH UHTEPECHbIN
3aMOK — OH KOMOUHWMpPOBAHHOIO TWMNa: B HeEM W
PTC+bumerann un anektpomarsmt. Ha puc. 7.8 oH
Takxke rnokasaHw B pa3obpaHHOM Bupe. JTOT 3aMOK
cogepxuT gononuutensHoln PTC-pe3ancTop, KoTo-
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Puc. 7.7. Mpunyun delicmeun mepmMo3amMKa C Kpy2nbiM
mepmMoaneMeHmomM 6 sude mabnemxu

Puc. 7.8. TepM0O3aMOK € 31TEKMPOMaZHUMOoM

pbii OrpaHuynBaeT TOK Yepes KaTyluKy 3neKTpomar-
Huta. Ha puc. 7.9 npuBeneH yepTex 3TOro 3amka.
Mpu 3aKkpbiBaHuK Kpbllwky CMA 3amMok nofyvaeT um-
NyNnbC OT 3MEKTPOHHOrO MOAYMNsi Yepe3 KOHTaKT 3.
WmnynbC nOOaeTcs Ha BneKTpoMarHut  uepes
PTC-peauctop. MNogsuwkHOM MeXxaHu3aM 13 pelyara u
Kynayka BpaljaeTr xpanosylo 3ybuaTyio LUECTEPHIO,
KOTOpas NpuBOAUT B AEWCTBUE 3anMpaioluii mexa-
HU3M 3amKa. Mpy OTKPbIBaHUK KPbILLKW 3aMOK NOMNYy-
yaeT OT 3NEKTPOHHOro Mopynsa Asa uMmnynoca. Mpwu
3TOM MOABWMXKHBIA MEXAHW3M AenaeT ABaA [BWXEHNUS,
1 NOCTE 3TOMO KPbILLKY MOXHO OTKPLITh Cpasy. 3nek-
TPUHECKasA CXemMa KOMBMHUPORAHHOMO 3amMKa NnpuBe-
peHa Ha puc. 7.10. Ewe oguH 3aMOK NOKasaH Ha
puc. 7.11. 3TOT 3aMOK C 3NEKTPOMArHUTOM U Takke
ynpaenseTcs UMNynbCamu C 3NeKTPOHHOro MOAYNA.

CyLecTByIOT TaKke KOHCTPYKLUMM 3aMKOB, KOTO-
puie He copnepxar PTC-repmuctopa. BMecTo Hero
cnyxuT obMOTKa M3 BBLICOKOOMHOrO nposoga. Mpu
noaaye HanpsiKeHUs NUTaHUA Ha 3Ty 0OMOTKY, OHa
HarpeBaeTcs u NONYTHO HarpesaeT bumertannuue-
CKYH0 NNAcTKHY, Ha KOTOPYIO U HamMoTaHa. 3Ta nnac-
TMHa u3rMbaeTcsi, 3aMbIKAEeT COOTBETCTBYOLLUE
KOHTaKTBl ¥ BbIABUraeT yrnop, 6rnokupylowmin Kpbiu-

Peaucrop PTC
PTC 6umerann | [ Karyuka
\ﬁ ANEKTPOMATHWTA
KoHrakr
\ Purar
Cronoptoe
YCTPOIACTBO Kynauok

Puc. 7.9. Yepment mepmMo3aMKa € 311€eKMpPOMaZHUMOoM
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Puc. 7.10. Snekmpuvweckan cXema mepmMo3amMKa
€ 3NeKmMpoMazHUMoOM

Puc. 7.11. PazHoeudHOCMb 3NeKMPOMaZHUMHO20 3amMKa

Ky nmioka. Ha puc. 7.12 3aMOK nokasaH co CHATou
Kpbllwkon. ObpatnM BHMMaHWE: Ha KpbllKe Han-
nuce — AC250V. Ho Bonpeku 3aToi Hagnucu aak-
HbllA 3aMOK OTNUYAETCH HU3KOBONBLTHBLIM NUTaHKWeM!
Heno B ToM, 4uTo B 3anekTpocxeme CMA 3ToT 3aMoK
BKMIOYEH MOCreoBaTensHo ¢ 0BMOTKON CNMBHOTO
Hacoca-NnoMNkI, NO3TOMY OCHOBHAs YacTb Hanpsxe-
HUA nagaer Ha OOMOTKE Hacoca, a OoCTaBlUMXCH
10—15 B BrionHe OOCTaroyHo fans pasorpeesa bu-
MEeTannNuYeckoro KoHTakTa 3amka. HetpygHo pora-
hatbes, 4To NoaobHbIA 3aMOK OENCTBYET TOMbKO BO
BpeMsl paboTbl CNMBHOFO Hacoca, T. €. BO BpemsA
NPOMEXYTOYHBIX W  OKOHYaTENbHOIO  OTKUMOB.
3nekTtpocxema CMA € TakMM 3aMKOM €CTb B Npuno-
XeHun.

A Tenepb, B KAa4eCTBE MCTOPUYECKOW CMpaBKu,
NMo3HakOMMMCSl €elle € OOHUM BNOKUPOBOHYHBIM
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Puc. 7.12. Tepmo3amok c o6Momkoli Ha 6umMemanne —
33MOK € HU3KOBO0MNbLMHBLIM numaHueMm

YCTPOMUCTBOM. ITO 3aMOK, MMEOLLMA Cpady aea Bu-
na 6riokMpOBOK [BEPU 3arpy304HOrQ fOKa: NHEBMA-
TUYECKYIO 1 MexaHuueckyto bnokuposku. 3aMok no-
KasaH Ha puc. 7.13. 3ra 4acTb CMOHTMPOBaHa Ha
BHYTPEHHEN CTOpPOHE 3arpy3ounoro nioka CMA, kak
1 TepMO3aMKu. Ha 3Tol 4acTn yCTaHoBMNEeH U OCHOB-
HOW MMKpOBBIKNtoHarTene. [Npu 3akpbiBaHum ABepPLbl
NKa 3TOT MUKPOBLIKNIOYATENb MOAAET Hanpsxe-
HWe NuTaHus Ha anekrpocxemy CMA. Mpu He3akpbl-
Tou pBepuye CMA BknouuTb Henb3as. Mpu Hanonke-
Hun Baka BOAON B OCHOBHOM 4acTu 3aMKa BKo4Ya-
eTcs cuctema rugpobnokKupoBKY. YCTpOEHa 3T1a cu-
cTemMa TOYHO TaK, Kak U HWKHAA 4acTb
NHEBMaTUYECKUX Nepeknyarenein. 1o HebonbLuo-
ro AvameTpa nnacTtMaccoBbii KOpnyc, B KOTOPOM
ecTb pe3uHoBaa Aumacdparma (membpana). 3ToT
Kopnyc ¢ MembpaHoi coeAnHeH napanfiensHo co
wnaxrom aasnenus. MNpu 3anvee Boak! B KOpnyce
nog meMbpaHolr NOBLILLAETCR OaBneHue — aua-
(hparma suirnbaertcs, 1 U3 BEpXHe YacTu Kopnyca
BblBUraeTcs 6NOKMpPOBOUHLIN WTLIPL. [OKa B Bake
€CTb BOAA, 3TOT WTbIpb HNOKUpYeT HENOCPeacTBEH-
HO C 3alienKkor ABepLYy 3arpy304Horo nioka. Bropas
4acTb 3aMKa CMOHTUPOBaHa Ha BeflyLLEM MOTOpE, U
[eVCTBME ee NoKa3aHo Ha puc. 7.14. MNpuHyun pen-
CTBUA CUCTEMBI NPOCT. NPW MNOMbITKE OTKPLITL MHOK
npy BPaLLAIoLLEMCH MOTOPE «KMIOBMK» HA LWapHUpe
OTKUOBLIBAETCA B HanpaBlneHuu BpalleHus LUKuBa
MOTOpa, 1 B 3TOM Crnyyae TpOCuK, KOTOpBIN coeau-
HAeT obe yacTu 3aMKa, He HaTATMBAETCA U 3aMOK
ocraeTca 3abnokuMpoBaHHbIM. Ecnu  OTKpbIBaHMe
OBEpU NioKa NpoucxoauT npu OCTAHOBMEHHOM MO-
TOpE, TO B 3TOM CNy4yae «KABWK» yrnvpaeTcs B pe-
MEHb, TPOCUK HATArMBaeTCs u pa3bnokupyeT 3aMokK,
1 gBepLa Nioka oTKkpbiBaeTcA. Kak Buaum, 3aMoK fo-
BOMbHO CrOXeH, COAEPXUT MHOrO geranen u Tpeby-
€T PerynupoBKK 3a30pa Mexay PEMHEM W «KHOBU-
kom». NpoudsoauTenu cpaBHMTENbHO HEOABHO OT-
Kasanucb OT TakKoro 3amka (a ycraHaBnueBanu ero
6onblwe gecsatu net B CMA mapok General Electric,
Hotpoint u HekoTopeIX Apyrux). Mo-enanuMomy, Aeno
ObINO B TOM, YTO MPU HEUCMPABHOCTU CNIMBHOIO Ha-
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Puc. 7.13. 3amok ¢ deyms eudamu 610KUPOBOK

coca unu 3acopeHun cuctembl cnuea B Bake ocTa-
Banacb Boaa u 6e3 noMoLM cneyuanucta craHoBU-
NOCb HEBO3MOXHbIM OTKPbITh  3arpy304HbI  TIHOK.
KpoMe TOro, C TEYEHWEM BpPEMEHM CTauvBancs
«KIMIOBUK», 4TO TaKXKe NpensiTCTBOBANOo OTKPbIBAHUIO
neepu. Kctatu, Bce 6O0KMPOBKM MOXHO BbIno nerko
OTKAOUMTE. MoXHO BbINO nepexarb WnaHr gasne-
HUA, naywmii K Membpare C BbIOBUWKHBIM LUTEIPEM.
JInbo MOXHO ObINO CHATH pbl¥ar C MNOABWMXHBIM
«KMIOBUKOMY» U [IBYMS NNaHkamy Ha BUHTax 3axarb
TPOCUK TaK, YTOObI UCKIMOYUTE €ro nepemelLeHve,
T. €. NPOCTO 06EeCneUYnTb NOCTOSHHO HATRHYTOE ero
nonoxeHue.

Puc. 7.14. Mpuxyun delicmeust MeXaruvyeckoli 6GNoKupoekU



8. HarpeBaTteribHbIe 3JIeMeHThI

Insa HarperaHma Bogbl B npouecce CTUPKWA MNn
BO3Ayxa nNpu cywke so Bcex tunax CMA npumeHs-
I0TCA cnelyanbHble HarpeeaTteny — TAHbI — Tpy6-
YaThble 3neKTpoHarpesaTenu unM NpocTo — Harpe-
BavesfibHble 3neMeHTol. [Ans HarpeBanws Bogbl 13-
Hel yCTaHaBnmMBarTCA B HWXKHEN YacTu Daka, a ans
HarpeBaHusl Bozayxa npu cywke 6enva TOHbI ycra-
HaBNMBAIOTCA B TaK HA3lbiBAEMOW Kamepe CyluKw.
KoxcTpykumn TOHoB ans Harpesanna Bogbl B 60Nb-
WMHCTBE CRyYaeB CXOXMW, pasHuLa NUlib B MOLLHO-
ctu. Hanbonee 3KOHOMHBIE NOTPEONAIT MOLLHOCTL
750—800 BT, a Hauwbonee npoxopnuebie — OT
1200 po 3000 Br.

PaccMOTpyM HECKONBLKO MHTEPECHBLIX KOHCTPYK-
UM HarpeBaTenbHBIX 3NeMeHToB. OTn TIHLI cHab-
¥eHbl OPUIrMHanNbHLIMKM CUCTEMaMK 3aWUTbl OT ne-
perpesa u KparnHe pegKo OKOHYaTenbHO BLIXOAAT M3
ctpos. [laxe ecrnm npu NPOACNKXUTENLHOW 3KCNnya-
TauMn OHW NOKPLIBAKOTCA TONCTLIM CAOEM «LUyDbI»
U3 HaK1NK, 3aLMTHAsA CMCTEMA OTKIHOYUNT HaNpaXe-
Hue mutaHns T3Ha paHblue, YeM neperoput cnu-
panb, a T3HbI OObLIMHOW KOHCTPYKUMM MMEIOT BHYT-
pU NULLIL NPEAOXPaHNTENb OAHOKPATHOMO AENCTBIYA:
ecnu oH neperopaet, TOH npuxoautca 3aMeHnATb.

Wtak, Ha puc. 8.1 nokasaH oamH m3 TOHoB ¢ cuc-
Temoil 3aymThl. Kpbllwka Kopnyca, B KOTOPOiA yCTa-
HOBMEH aNeMEHT 3auuTel, ANA HArMAOHOCTM CHATA.
PabortaeT cucremMa 3auutsl cneayowmm obpasom:
Npy NeperpeBe pacTtekaeTca cnnae, HaxOAALMIACS
B TOpuax Tpybok (1). BHyTpn TpyBoK HaxopsTcs
AOANPYXMHEHHBLIE MEAHbIE CTEPKHMU — KOHL{bl 3TUX
CTepXHen (hakTUUEeCKn nNPUNasiHbl NErkonnasBKUM
npunoem K Topuam Tpybok. Tpybku 3akpenneHbl Xo-
MyTMKamu (2) u3 nonocok cranu. lMpu neperpese
OVMH N3 CTEPXHEN BLITANKMBAETCH NPYXUHON N —
yepe3d Kepammyeckmin nnyHxep (3) — pasMbikaeT
KOHTaKTbl NTaHuaA. B paHHoM TOHe cucrema 3auym-
Tl AybnnpoBaxa, Yallie BCTPEYalnTCa KOHCTPYKLUK,
B KOTOPbLIX TONBLKO 0AHA CTyneHb 3awmThl. Boccra-
HOBUTL PaboTOCNOCOGHOCTL TaKOW KOHCTPYKLMK
O4eHb Nerko: nocne ovmMcTkn TAOHa or Hakunm Kop-
fyc 3auwmtbl pas3bupaloT, npegBapuTenbHO pac-
CBEpnuB NnacrMaccosuie 3aknenku. B cpaboras-

LWeR CTyneHn 3aluTbl YKOPauUBAIOT KepamUyecKui
nnyrxep — ornameiBaoT otpesok 1—1.,5 mmunnu-
MeTpa n ybexaalTcs, YTO KOHTaKThl ONATE 3aMKHY-
Thl. 3aTeM KpbILLKY KOprNyca NpUKNemMsaroT cynep-
kneem, n TOH cHosa npurogeH k pabore. MoxHo
COBCEM yAanuTb NAyHXep, HO ECNK CTyNeHb 3aLu-
Tl OOHA, TO B cneayrowmin pa3 TAOH HemuHyemo ne-
peropuT. Eule ogHa KOHCTPYKUUS nNpeacTasnexHa Ha
puc. 8.2. 3ror TOH nmeer cucremy 3aujUTbl HE Me-
Hee 3(hHPEKTUBHYIO — Ha OCHOBE BUMETannNU4YecKo-
ro CTepXXHA U MUKpoBbIKtovaTena. MUKpoBLIKIoYa-
TENb YKPENneH WapHUPHO NPAMO Ha HaPYXHOW CKO-
6e TAHa. MNpw neperpese MMKPOBLIKMOYaTENb pas-
pbiBaeT Uyens nutaHua T3Ha. [ins sBoccTaHoBneHuA
uenm Heobxoaumo cHavana aemoHTMpoBaTs TAOH u
OHUCTUTL €0 OT Hakunu. 3aTteM HYXHO BBbITARYTb
KHOMKYy MMKPOBLIKIIOMATENs, BOCCTaHOBUB TakuM

=

Fuc. 8.2. HazpeeamenkHeiil 3nemenm ¢ GuMemannuyeckoli
cucmemMoll 3alUinet
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8. HaezpesamensHbie anneMeHmMb!

obpa3omM Lenb nuTaHus. Hekotopble mogenu TO-
HOB UMEIDT OTAENbHLIK TEPMONPEeAOXPaHNTENL Ha
Temnepatypy 157 °C. 310T npepoxpaHuTenb NoKa-
3aH Ha puc. 8.3. OH BCTaBNEH B 3aU|MTHLIA TepMO-
CTOVIKUM 4YeXon, U B CBOIO oYepeab 4Yexon € npepo-
XpaHuTenem BCTaBNAeTCcs B MeTannm4yeckyio TOHKO-
CTEHHYH MMNb3y, NPUBAPEHHYIO K HApYy»XHOW ckobe
T3Ha n NnocTosHHO HaxoAALLYCA B 30HE Harpesa B
Bope. NpepoxpaHnTenb Takke BKAKYEH nocneno-
BaTenbLHO CO cnupankio T3Ha.

Hapsgy © nnaBHbIMM M MEXaHUYECKUMI npeno-
XpaHUTensiMm NPMMEHSIOT M apyrMe yCTPoOWCTBa 3a-
wmtel T3HOB. 31O CneywanbHBIE 3aWWTHBIE TEPMO-
cratbl Ha OumeTannuuecko CCHOBe, KOTopbie
BKMOYAKTCA NOCNefoBaTENbHO CO cnupanb T3Ha
B uyenb nuTaHusA. B HekoTopbix mogensx CMA ans
3aumTel TOHa NpUMEHAIDT AaT4YuK AaBneHus (Mnu
OOHy ero cekumio). B Takol cucrteMe HEBO3MOXHa
nopaLa HanpsxeHusa Ha Bbieogbl T3Ha, ecnu B ba-
Ke N0 KaKMM-TO NPUYMHAM HET BOAbI.

PaccmoTpum elje ogHY MHTEPECHYH KOHCTPYK-
yuo. 310 Harpesarenb NPOTOYHOro TMNa. BHewwHniA
BU NOKa3aH Ha puc. 8.4, a BHyTpeHHee YCTPOMICT-
BO — Ha puc. 8.5. B 310l KOHCTRYKLMM TOXE MCROo-
ne3yerca TpybyaTtkii Harpesatenb. OH HAMOTaH B
BUAE CnMpanM Ha MeTannuyeckyrd TpybOKy, yepes
KOTOpYyl0 npokaymBaercs Bopa. Beca koHCTpykums
3aKrnodeHa B Kopnyc-pybaluky, Ha KOTOpOM pacno-
noXeH 3awnTHbeid TepmocTtar. Ha puc. 8.6 npepn-

Puc. 8.4. HazpeeamenesHeuiil 3neMeHm NpomoYyHo2o muna

ctaBneHa cxema CMA ¢ npotosHeimM T3Hom. [ns
HopManbHow paboTul CMA Heobxoaumo, 4ToBbI BO-
Aa (unn MoOWKMIA pacTBOp) HenpepbiBHO, A0 Heob-
XOAMMOrO Harpeea, npokadmsanuce 4depes TOIH.
[ns 310l yenn CnyXuT UMPKYNALUUOHHBIA HAacoC —
TOYHO TAKOWU e, Kak U CNUBHOW Hacoc-nomna. Liup-
KYNAUMOHHBIA HAcOC NpoKaumBaeT MOKLWWIA pac-
TBOP Yepe3 NPOTOYHLIN Harpesarens U 3a0aHO No-
DaeT ero B BEPXHIOW YacTb Haka ans AononHUTENb-
HOro opotueHns 6enbs.

B nopspoke euje opHOro 3Kckypca B UCTOPUIO
BCMOMHMM, 4TO B 70-x rogax npownoro cronetus B
HEKOTOPLIX MCOENsIX NPUMEHSINCH HarpesarenkHbIN
aneMeHT HeCeObIMHOro TMna. 3To Bbin HarpesBaTenb
WHOYKUMOHHOIO TWNa, npeacrasnaouwmii  cobon
TpaHchopMaTop ¢ NepBrYHON OBMOTKOM U KOPOTKO-
33aMKHYTbIM BTOPUMHBIM  BUTKOM U3  aniOMUHUSK.
MpuHuMn paboTel oCHOBaH Ha 3hdpexkTe nporpesa
MEeTanna BUXPEBbIMK TOKaMW 3NEKTPOMarHUTHOro
nonsi. MHAYKUMOHHbIE HarpesBaTenu umeroT Bonee
pasBuTy0 NOBEPXHOCTL TennooBMeHa no cpaBHe-
HUIO C TpybB4yaTbiMK, NO3TOMY Nepenas TeMnepary-

Kopryc-pyBauika

Puc. 8.5. Yempolcmeo HazpeeamenbHG20 3ieMeHma
npomovyHozo muna

Bxopa nopasw

MOKUWEND

Nomna
\ UMpKYNSILWOHHES
Tepmocrar
NPOTOHHLL

T3H

Puc. 8.6. Cxema CMA c HazpeeameribHbIM 31eMeHIMoM
npomoYHo20 muna



33

pbl MeXay TEenrnOHOCUTENEM U NOBEPXHOCTLIO Ten-
NOOBMEHHMKa UKAYKLMOHHOIO Harpesartens He npe-
Buitiaet 20—30 °C. 310 none3Hoe CBOWCTBO MHOIO-
KPaTHO 3aMensieT NPOoLEeCcC OTNIOXEHUs Hakunu, U K
TOMY Xe B NOMOOHLIX HArpeBaTensax HEeT 3feMeH-
TOB, NOABEPXKEHHBLIX U3HOCY. WX cpok cnyx6bi onpe-
OEenseTcsa TONMbLKO CPOKOM CryXObl 3NeKTPoOMarHuT-
HOW KaTywku. M ewje 0HO nonesHoe CBOWCTBO cre-
AyeT ynomsiHyTb: NO Mepe nporpesa BTOPUYHOTO
BUTKa (UMEHHO OT ero MnOBEepPXHOCTW W nepenaea-
Nock TenNno B MOKLMKA PAcTBOp), notpebnsemasn
MOLHOCTL CHUXanack npumepHo Ha 30 %, B TO
Bpemsi kak y 0Bbl4HbIXx TOHOB MOwHOCTL notpebne-
HUA NOCTOSIHHA. K COXaneHuio, B HacTosLLee BpemMs
MHOYKLWOHHBIE HarpeBaTenu npaktuyecky B ObiTo-
Buix CMA He npumeHsitOTCH. A TENepb Mbl NOCMOT-
pUM, Kakum o6pa3oM OCYLECTBRASETCH KpenneHue
T3Hos B 6akax CMA. Bo Bcex CMA — B H6akax unu
B KpblLWKax Hakos — AenalwTcs OTBepPCTUNA cTaHaap-
THOW popmbl. OCHOBaHWE U PE3UHOBOE YNMNOTHEHUE
Bcex T3HOB COOTBETCTBYHOT 3TUM OTBEPCTUAM.
BarnAanem Ha puc. 8.7, a U 6, H& HeM NOKa3aHo B

PeavwHosan (}‘

oAk i }\\\\\§ y / Hoomees

BHYTPEHHAS
crkoba

S|

Faika

o)

Ckoba

8)

OByX BUOax ocHosanue T3Ha — 6ea Tepmuctopa u
c TepmucTopom. Kak Buaum, kpennenue T3Ha co-
CTOUT U3 HapYKHOWN 1 BHYTPeHHeN ckob. Mexay cko-
Bamu pes3vHOBas npoknagka — YNNoTHWTenNsL. Ans
NPOMHOCTU HapyXHas ckoba umeeT oTOOPTOBKY (3a-
FHYTYIO BHYTPb KPOMKY), @ BHYTPEHHSIA ckoba umeer
pebpa XecTkoCcTH, TaKKe OTOrHyThle. K BHyTpeHHen
ckobe npuknenaH BWHT, KOTOPbLIA NPOXOAWUT Ha-
CKBO3b Yepe3 Pe3UHOBOE YNMOTHEHUE U HapyxHyIo
ckoby. MNpu ycranoeke TOHa B nocano4Hoe oTBep-
cTue Daka pe3auHoBas NPoKNaaka NoMeLWaeTcs B ce-
peauHe nocafovyHoro mecrta. 3artem, 3aBUHYMBAESA
raviky, Mbl CXUMaeM 3Ty MPOKNanky Mexnay OByMSA
ckobamu, U npoknagka 3anonHaeT Bce NocanoyHoe
OTBEPCTUE, NPENOTBPALLYES YTE4KY BOAbI U3 Baka.
Ha puc. 8.7, 8 v 2 Mbl noKa3anu, Kak 3akpennsaer-
ca TOH B nocagoyHOM OTBEPCTUM NNACTUKOBOIO
Baka, a Ha puc. 8.8 BuaHO, Kak yaepxupaetca TAOH
B MOCAAOMHOM OTBEPCTUM METannuyeckux 6akoB
nocne aararueanus ravku. C apyroro koHuya T3H
00bINHO (hukcupyeTca CKODOW, yCTaHOBIEHHON Ha
nHe b6akos. Obparure BHumanue: B T3Hax, npea-
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Tepmuctop

BopThk
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Puc. 8.7. Cucmema 3akpennerus HazpeeamensHblx 31eMeHmoes 6 nocadoyHoOM omeepcmuu nnacmukoesix 6aKoe
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8. HazpesamenbsHbie aneMeHMbI

BHyTpeHHan
ckoba

Feiika

Bax

Puc. 8.8. 3akpenneHue HazpesamessHO20 3N1eMeHMa
6 memannuyeckom bake

Ha3Ha4YeHHbIX ONs YCTAaHOBKKM B MeTannuyeckne 6a-
KW, NO KpasMm PE3NHOBOMO yNNOTHEHUs eCTb Aonon-
HUTENbHAA KPOMKa, KaK Ha puc. 8.9, a B ynnoTHeHnn
T3HoB AnA NNacTMkoBbIX GaKoB — TaKOW KPOMKM
HeT. Ecnn BO3HUKaeT HeobXOOAMMOCTL YCTaHOBUTL

YnnorHexue

BHyTpEHHSA
ckoba

Fuc. 8.9. Yempolicmeo ynnomueHus e HazpeeamensHOM
anemexme dnsa Memannu4yeckux 6akoe

T3H ana metannuyeckmx Gakos B NNACTUKOBLIA, TO
cnepyer OCTPLIM HOXOM Cpe3aTth KPOMKY ynnoTHU-
tens. Mpu npuobperennmn TIHa cnegyeTr oCMmoT-
petb pebpa wecTkocTn Ha ckobax. BoT, Hanpumep,
Ha puc. 8.10 nokasaH OpakoBaHHbI TOH.

Fuc. 8.10. BpakosaHHblll HazpeeameneHbll 3nemeHm



9. AneMeHTbl AN perynvpoBKN U KOHTpons
TeMneparyphbl

InA yCTaHOBKM M KOHTpONA Temnepartypbl BOAbI
npy CTUPKE MMM BO3yXa NPWU CyLUKE NPUMEHSIOTCA
TEPMOCTaThI Pa3annuHbliX KOHCTPYKUWA. TepMoCTaTbi
MOryT OwIThb perynupyembiMm, HeperynupyembiMm
(T. H. «KNMKCOHBI») M 33LMTHOrO TUNA.

Ha puc. 9.1 npepcraBneHbl HEKOTOPLIE TUNBLI He-
perynmpyemMeiX TepMOCTaToB, a Ha puc. 9.2 Takue
¥e TepMocTaThbl, HO B ManorabapuTHOM mucnonHe-
Hun. Ha puc. 9.3 nokasaHo BHyTpEHHee yCTPOWUCTBO
Heperynupyemoro tepmocrarta. OCcHoByY ero cocrae-
naer BuMetannmyeckana membpana cdepuueckoi
opmbi.

TepMocTaTt, MMErLLMA KOHTaKTLI
co [IHER TOHKOM
s S0 — =
S e -
- ,a =

CABOEHHLA
TepMOCTaT

Puc. 9.1. ObbiuHEIe SUuMEMannUYecKUe Hepe2ynupyemsie
mepMocmamselt

Puc. 9.2. Manozabapumusie Hepezynupyemsie
mepMocmamei U mepMonpedoxpasumens

TepmocTtaTthl ¢ MemMbpaHoli yCTaHaBNMBaKOTCH B
B6ak CMA Takmm ob6pa3om, 4Tobbl erc merannuye-
CKMW Kopnyc € MeMBpaHoi uMen HenocpencreeH-
HbIA KOHTAKT CO cpefioi BHyTpM Baka. [insa 3Toro B
Bakax caenatibl COOTBETCTBYIOLUE KPYIMble CKBO3-
Hble oOTBepcTus. ManorabaputHble TepMOCTaTbl
OBBLIYHO YCTaHaBNMBAKTCA Ha HapPYXHbLIX CTOPOHAX
MeTannuyeckmnx Bakos nnu kamep Cywkn. BHyTpeH-
Hee YCTPOUCTBO ManorabapuTHbiX TepMOoCTaToR
TOYHO Takoe xe. MpuHunn geicTeus Heperynupye-
MbIX TEpPMOCTAaToOB NPOCTON: NpU HarpesBaHmm A0
onpefeneHHoOW Temnepatypbl (TOW, Ha KOTOPYK
paccumTaH TepMocrar), bumerannuyeckas membpa-
Ha NpaxkTM4eCKn MrHoBeHHO Bbirmbaercs B obpart-
Hyi0 CTOPOHY. pK 3TOM OHa nepemMelyaeT TaKxe m
KepamMu4eckuii NNyHxep (kepamMnyYecKkuin CTepXeHeK
onametrpom 1,5—2,5 MM), KOTOPLIN B CBOIO ouepeab
pa3sMblKaeT MCNONHUTENbLHbIE KOHTaKTLl. 10 OCTHI-

Membpana

B3anvexa

MemGpaHa

3anueka

=

Kopnyc

J

Mnyrxep

Kourakr

Beionsi

Fuc. 9.3. Npumyun delicmeun 6uMemannuyecko20
mepmocmama
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BaHMKM MembpaHa npMHUMaeT nepBOHaYanbHYK
dopmy, 1 NCNONHUTENBLHLIE KOHTaKTbl BHOBL 3aMbl-
KatoTca. o HauanbEHOMY COCTOAHUIO KOHTaKTOB Tep-
MOCTaThl BLIBAIOT HOPMAaNbLHO 3aKPLITHIMKU TUNa NC
T. €. B XONOOHOM COCTOSIHUM KOHTaKThl Takoro rep-
MOCTaTa — 3aMKHYTbl Mexay cobon mnu Hopmans-
HO OTKpbITLIMKM TUNa NO (NA) (KOHTakTe M3Hauyanb-
HO He 3amKHyThl). Ha Koprnycax TepMeCTaros nnm Ha
UX MeTannmMyecKMx KpbliLkax 0bbIYHO MMeeTcs Map-
Knposka ¢ 0B03HaYeHneM COCTOSIHMA KOHTaKTOB M
3HauyeHneM Temnepartypol cpabarbiBaHus. Hanpu-
mMep: 130 NC — HOpManbHO 3aKpLITLIA (KOHTaKTbI
3aMKHYTBI) TEPMOCTAT C TEMNEPaTYPON BKIOHEHUA
130 °C, nnm 30 NO (NA) — HOpManbHO OTKPLITbINA
(KOHTaKThl He3aMKHYTHI), TemnepaTtypa cpabartuiBa-
Hust 30 °C. O6oaHaueHnss NO mnm NA 3aBucaT o1
CTPaHbi-NpoM3BOoauTENsa AaHHOro m3genus. Ha tep-
MocTarax npmeo3Hbix CMA MoXeT Takxke npucyTcT-
BOBaTbL MapknpoBKa ¢ 0603HaueHneM Temneparypoi
no wkane ®apeHrenTa. Hanpumep, Ha puc. 9.4 no-
KasaH nopobHoill TepMocTaT. Ero mapkuposka obo-
3Ha4yaeT TemMneparypy BkAuYeHuss n cbpoca. (o
(PYHKUMOHaNLHOMY Ha3HAYEHUIO TePMOoCTaThl BbiBa-
K0T perynmpyeMsiMm 1 3alnTHBIMK. 3alMTHLEIE Tep-
MOCTarthbl MMEIKOT B OCHOBE BMMETannm4eckylo Mem-
OpaHy. B oTnuune ot perynupyemblx TepMOCTaTOB
meMBpaHa B 3aUMTHOM NOCNE OCTLIBAHMS HE BO3-
BpaljaeTcsa B NepBOHauyanbHoe nonoxexne. Ons
NOBTOPHOFO BKMNIOYEHWA NOCne OCThbIBAHWA B KOPMy-
Ce TepMocCTaTa cAenaHa cneyyanbHas KHOMKa, Ko-
TOpas Npy HaxaTun Bo3spalaeT memBpaHy B nep-
BOHavYanbHoe nonoxeHume. Ha puc. 9.5 nokasaHbl
HEKOTOpble MoAenn 3awmTHblX Tepmocrtartos. [o

LI55°F-20

Puc. 9.4. lpumep obo3naveHus memnepamyp
cpabambieanun

KOHCTPYKUMMN TepMOCTaThbl ObIBalOT CABOEHHbIMU U
coBMel|eHHbIMK. B 0Bomx umeetcs no aose memdpa-
Hbl, HACTPOEHHbLIX Ha pa3Hble TemnepaTypbl. Kax-
Jaa n3 MmembpaH cBs3aHa ¢ MCNONHUTENLHBIMU KOH-
TaKTamm Yepes CBOW KepaMmmyeckuii nnyHxep. Bor,
Hanpmmep, Ha puc. 9.6 NokasaH TepMocTaT CoBMe-
LL|eHHOrO TKNa: B OAHOM KOpNyce pasmMelyeHbt pery-
NUpyeMoiin U 3alMTHLIN TePMOCTaT C KHOMKOW BO3-
BpaTta. fACHO, YTO ogHa M3 MemBpaH MMeeT B LieHT-
pe oTBepcTHe Yepes KOTOpoe NPoXoauT COOTBETCT-
ByrowmiA nnyrkep. CoBMELEHHLIMIU MOTYT BbiTh 1
NO- n NC-tepmocTaThl, BCe 3aBUCUT OT KOHCTPYK-
TMBHLIX ocobeHHocTen CMA. Heperynupyemele
Tepmoctathl B cxemax CMA kak npasmno coefuHe-
Hbl nocnepoearensHo ¢ TOHOM 1 3awmTHBIM Tep-
MOCTaTOM.

Hapsgy c ©Bumerannuueckumm TepMmocTaramMu
LUMPOKO TMPUMEHSIITCA a30HaNONHEHHLIE TepMo-
crarbl. OHM Takke ObIBAIOT PerynmpyembiMmi m He-
perynupyeMbiMin. [ocneaHne HacTpOEHL! HA 3aBO-
[e-M3rotoBuTene M MMET (PUKCUPOBaHHLIE 3Ha-
yeHMs Temnepatyp cpabatbiBaHusa. PaccMOTpum,
KaK yCTpOeHbl rasoHanonHeHble TepmocTathl. Ha
puc. 9.7 npeacTaBnNeHo HeCcKONLKO TUNOB Perynupy-
eMbix TepmocrtartoB. NopobHble TepmocTaTtel Cny-
XaT gnsi yCTaHOBKM M NoAAepaHusl Temneparypol
BOAObLI MN Motoulero pacteopa B 6ake CMA. Mpuk-
ymn  pabotbl TakMx TEPMOCTaToB MOKasaH Ha

Bumerannuueckue
membpane:

Merannuieckan

KPBHUKS
Kopryc \ Kepanuueckue
MTYHKEDD!
KowTakTHbte 1 i
nenecrTkn

Kronxa
Bo3BpaTa

Puc. 9.6. Ycempoiicmeo cdgoeHH020 mepmMocmama

Puc. 9.5. 3aujummMsie mepmocmamai

Puc. 8.7. Tune:! peaynupyemMerx mepmocmamoa
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puc. 9.8. OcHoBy TepMOCTaToOB COCTaBNsieT Tak Ha-
3biBaEMbIV IMOPABNMYECKUIA KOHTYP, KOTOPLIA Noka-
3aH Ha puc. 9.9. OH cocrouT M3 cunsoHa KU Kame-
pul Harpeea — BannoHa. CunbghoH 1 BannoH coe-
OVHEHbl ANMHHOW TOHKON TpyBOuKOlM — Kanunns-
poM, «OAeTLIM» B 3aLNTHYIO 0BONOuKy (KemMbpuk)
13 xnopsBuHuna. CuneOH HaxoauTca B Kopnyce
TepmocTtara, a bannoH ycraHoeneH Ha Gake CMA B
crieyanbHOM CKBO3HOM OTBEPCTMM depe3 peamnHo-
BYIO NPOKNAAKY.

Kak pencreyot nogobHbie TepmocTatul? BHyTpu
MMApPaBNMYEcKOro  KOHTypa Haxopgutcst  ¢hpeoH
(onpepenenHan mMapka). Mpn Harpesannm GannoHa
raa pacwmpsierca n cunb)oH nepekntoyaer nenon-
HUTenbHble KOHTakThl. MoaobHble TepMocTaTel Mo-
ryT GblTb Kak ABYXKOHTaAKTHBIMK, TaK M TPEXKOHTAKT-
HeivKn. BepHemcsa k Hawemy TepmocTtaty noapo6-
Hee. Kak yxe ynoMmHanoch, cunsOoH C MCNOMHUTE-
NbHBIMM - KOHTaKTamMn  HaxogutCA B OTAENbHOM
Kopnyce, KOTCpPbIA YCTaHasnMBaeTCA Ha naHenwm
ynpasneHus. Pyuka yCTaHOBKM Temrnepatypbl Ha-

4[[]&5%.

Kanunnap

CunegoH

NNNNANNNN

| NN

Puc. 9.8. llputyun delicmeus pezynupyemMozo
2a30HanoNIHeHHO20 mepMocmama

rpesa UMeEEeT cooTBeTCTBylolmne 0DO03HaYeHus: oT
3Hauka *, obosHa4vawulero BbIKNKYEHHOE COCTOoR-
HMe, A0 umdppbl 90—95 °C — 3T0 MakcumManeHas
TeMnepartypa, KOTopasi MOXeT BbITb 3anaHa. Takxe
Ha py4Kke Mnn Ha LWKane naHen MOXeT NPUCYTCTBO-
BaThb M 3HAYeHUe HayanbHOM TemMnepaTtypbl (MMHU-
MyMa), Kak npasuno, 310 30 °C. 310 MMHMManNLHO
BO3MOXHaA M3 33AaHHOIO AnanasoHa Temneparyp.
Pyuka yCcraHoBkM TemnepaTypbl HafleTa Ha OCb pe-
FynMpoBKK. 3Ta OCb MMEET HECKOMBLKO HMUTOK Men-
KON pe3bbbl, Gnaroaapa KOTOpOh OCb Npu BpaLLe-
HUM HEMHOIO CABUraeTcs BBEpPX unm BHU3. HKHIUM
TOPLOM OCb CBfi3aHa HenocpefiCTBEHHO C CUNbo-
HOM, KOTOpbLIM B CBOKY O4epeflb CBA3aH C KOHTaKT-
HOW CMCTEMOW N C PErynmMpoBOYHbIM BMHTOM, KOTO-
PbiM Ha 3aBOAE OCYLLEeCTBNAKT TOUYHYIO HACTPOKY
TepmocTara. B nonoxenun, Korga safaHa Kakas-nm-
Go Temnepartypa Harpesa, koHTakTsel C 1 1 3aMKHy-
Tel. [No pocTMxeHMn 3agaHHoON TeMneparypbl Cnb-
(bOH paclmMpRETCA M 3IaMBLIKAOTCA KOHTaKTel C M
2 — TaK paboTaer TPexKoHTaKTHLIK TepMocTar. [Mo-
DobHbIe TepMoCTaTel Takke ObiBalOT M C (PUKCMPO-
BaHHBIMM HAacTpPOMKaMu HA HECKONbKO 3HaYeHWin
Temneparyp. Takme TepMOCTaThi Ha3LIBAKTCH MHO-
FOMO3WLIMOHHLIMKM, WU Y HWX OTCYTCTBYET pyuKka
ynpaeneHns. Ha puc. 9.10 nokasaH oguMH M3 Takmx
TepmocTtatoB. OCHOBY ero Takke cocraensier rva-
paBnUyecKnii KOHTYp 13 BannoHa UMnMHOpPM4ecKon
BbITAHYTON hOpMbl, Kanunnapa B 3aujuTHON 06o-
no4ke ¥ cunbgoHa, KOTOPbLIA NMOMELLEH B KOPIyC C
KOHTaKTHOW CMCTEeMOW. PerynnpoBoYHbIE BUKTHI 3a-
KOHTPEHbI KPACKOW.

MpoBepky TEPMOCTATOB MOXHO NPOM3BECTH, 3K-
KypaTHO HarpeBas mMX KPbILKY, Nog KOTOPOW Haxo-
antes Bumerannuyeckan MembpaHa, nnm Harpeeas
BannoH. Jlyywe BCero npu NnposBepke UCNonL3oBarth -
Tennyw unu ropauyio soay. CocrosHue KOHTaKTOB-:
TepMocTaTa KOHTPONUPYETCA OMMETPOM MNW 3BYKO-'
BOI «NpO3BOHKOM». OCHOBHOM flecheKT raoHanon-
HEHHbIX TEePMOCTATOB — 3TO OBPEXAeHWe Kanun-_
nAapa: oH Moxet BbiTb 06NoOMaH Mnn NepeTepT B Ka-
kom-nnbo mecte. OBo3HaueHnss TepMoCTaToB B He-
KOTopbix 3nekTpocxemax CMA nokasaHol Ha
puc. 9.11. A Tenepb HANOMHUM, Kak NPOUCXOAAT U3-
MepeHnsl U KOHTPONb Temnepatypsl Boakl 8 CMA ¢
3NEeKTPOHHBIMM MOAYAAMK ynpaeneHus. 3Ty moay-

Puc. 9.9. CoeduHumenbHeiil kKanunsip ¢ KaMepol Hazpeea
u cunsghoHoM. Fudpasnuvyeckuil KOHMYp

Puc. 9.10. Tpexno3uyUOHHbIL HEPEZYNIUPYeMEIT
mepmMocmam
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Puc. 9.11. NMpumepst 0603HaveHul mepMmocmamos
Ha aneKkmpocxemax

nu (Mnn 6noku) GeiBaloT ABYX TUMOB: B NEPBOM THNE
euje nNpPUCYTCTBYET 3NeKTPOMexaHuydecknin npo-
rpammMmarop €O BCEMM CBOUMMW (DYHKLIUAMK: NOOKNIO-
dYeHne TOHa, nepeknioydeHne HanpaBneHus Beay-
Lero MoTopa, BKMYEHWE CNMBHOFO Hacoca-nomMnkl
n 1. A. Bo BTopom TMne mopynei ynpasneHmne Bce-
MW CMMOBLIMW 3MEeMEHTaMM — MOTOPOM, [IHOM,
HacoCOM, KianaHamm — OCyulecTBNSeTcA C NoMO-
LB 3NEKTPOHHBIX KMNIOYe Ha OCHOBE MOLLHBIX NO-
neBbiX TPaH3MCTOPOB B peaiknx mopensax CMA unu,
yauie, CUMMCTOpPOB.

B oBoux TMnax mogynel H4yBCTBUTENLHBLIMKW 3ne-
MEeHTaMM AnA KOHTPOnA temnepaTypbl CAYXWUT Tak
HasbiBaemble NTC-TepmmucTopsil.

BHewHmin Bug HEKOTOpLIX NOKasaH Ha puc. 9.12.
A Ha puc. 9.13 nokaszaHo yCTPOCTBO TEPMUCTOPOB.
Kak BngHO, B KOpNyce 13 Meranna wiv TepMOCTON-
KO NNacTMacChl HAXOOMTCA TEPMOCONPOTUBNEHME
(TepMope3ncTop) ¢ oTpularenbHbiM KoagduumeH-
Tom conporusneHnst (Negaitive Temperature Cont-
rol). Mpn yBenuueHun TemnepaTypbl TepMopeau-

Puc. 9.12. Tunsl mepmucmopos

CTOp YMEHbLUAET CBOE CONPOTUBINEHME B AECATKU
paa. TepMncTopel 0BbINHO YCTaHABNMBAIOT B CNeyu-
aneHble oreepcTus B Bake CMA Tak, ytobbl aHMLe
Kopnyca TepMmucTopa, K KOTOPOMY NPUKIIEEHO Tep-
MOCOMNPOTHBNEHME, MMENO HENOCPEACTBEHHBINA KOH-
TaKT co cpenoii BHyTpn baka CMA. [lToBOMNLHO YacTo
TEPMUCTOP LMNMHOPUYECKon hopMbl yCTaHaBnmBa-
KT NpAMO B OocHoBaHum T3Ha, Hanpumep, Kak Ha
puc. 9.14. B aToM cny4ae B ynnoOTHAOLLEN pe3nHe U
B ckobax npopgenaHbl AONONHUTENbHLIE OTBEPCTUS
ONA TEpMUCTOpA.

MpyHUMn wnamepeHma (KOHTpPONS TeMmiepary-
pbl) — NC CyTW: M3MEPEeHns CONPOTUBNEHUS METO-
[OM CpaBHEHUs M3MepPseMon BeNuUuHbL C 0Bpasto-
BOW MEpPOW — LUMPOKO M3BECTEH NOL MMEHEM MOC-

BeiBoas!
/4

IGEL
Vs
e
|

TepmoconpoTUBIeHue
Buisoawm

a)

Buisoast

/ V%/////Vi}z
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3anuexa Kopnyc TepMoConpoTHBEINEHKE

6)

Fuc. 9.13. Yecmpoiicmeo mepmucmopos

1
‘§ N

o)

TepmmcTop

Puc. 9.14. Tepmticmop ecmpoeHHbiil 8 OcHO8aHUe
Hazpeeame/bHOZ0 INeMEeHIMa



TOBOM CXeMbl YUTCTOHA, Mnu MOCTa YUTCTOHA. B Ha-
wemM cnydae ™Mbl MMEEM [A€ero C OAMHAPHLIM
moctoMm. Cxema ero nokasaHa Ha puc. 9.15. [ns
yoobcTBa NOHMMaHus cxema npeacraeneHa B Buge
KBafpara U3 YeTbipex pe3ncropos. Y 3T0ro Keagpa-
Ta pee guaroHanu. AB n CD. K touykam A u B npu-
Knadbkieaermcsi pa3Hocmb NMoMeHyuanoe (Hanpse-
HUe MCTOYHMKA NUTaHms), a mexay Toqkamm C n D
pasHOCTL MOTEHUMaANoOB unamepsiercs (1. €. C 3TUX
TOMEK CHUMAETCH1 ynpaensiiowlee HanpspkeHue ans
nocnenylumMx Kackagos M3MEPUTENLHON CXeMbl B
3aNeKTpoHHOM Mmoayne). [peanonoximm, MOCT Haxo-
AUTCH B COCTOAHUM BanaHca: Ri=R3, a R, =Ry, T. e.
mexay Toukamm C m D pa3HocTb noTeHumanos pas-
HO HynKO. ECnn nameHnTL BenuunHy xoTs Bl 0OgHOro
U3 conpoTMBneHui, HanpumMep R;, TO Mexay To4Ka-
M C n D BO3HMKHET pasHOCTb MoTeHUManos, KoTo-
pas byger tem Donbuwe, yem Bonblie M3MeHUTCs
conpotusneHne R;. Ha mecte R; y Hac ycraHoBneH
TEPMUCTOP, a ann GanaHcupoBkn mocTa bByoem wmc-
nonb3oBatb pesmcrop R, MmenHo o Byner cny-
XUTb ANS 33aHUA 3HAYeHWs TeMnepaTtypsbl, A0 KO-
TOpOW AOMKHa Byaert HarpeTeCs sBoga B bake CMA.
B peanbHuix anekrpocxemax CMA aToT pesncrop
MOXeT ObiTh NnepeMeHHBIM — B 3TOM Cny4ae obec-
NeumMBaeTCs NnasHas perynupoeka, nNnbo moxer
ObiTh YyCTAHOBNEH PErynaTop CTyneH4yaToro tmna —
Ha HECKONBbKO (PUKCMPOBAHHBLIX 3IHAYEHUIN TeMepa-
Typbl. Takme perynsaropbl MOTYT COCTOATL M3 Habo-
pa OTaAenbHbIX pe3ncTopoB Nnbo Habopa pesancro-
pOB B BMOE MHTErpanbHon Matpuubl. BHewHni Bug
HEKOTOPbIX perynatopoB rnokasaH Ha puc. 9.16.

B rnase «[lporpammaropbi» Mbl ynoMuHanu
anekTpoMarHut — tepmocrton. MiMeHHO ¢ gmnaroHa-
nu CD cHuMaeTca curHan Ans ynpasneHus 3Tum
anektpomarHuToMm. CurHan nogaercs CHadana Ha
kackaobl YCUMNEHWs, a 3aTeM Ha CMMMCTOP, 4Yepes
KOTOPLIM M NOAAETCA HanpsKeHne nNuTaHus Ha o6-
MOTKy 3necTtpomarHuTta. [No goctmxkeHum GanaHca
MOCTOBOW CXeME, T. €. N0 AOCTWKEHMN YCTaHOBMNEH-

FPuc. 9.15. Mpunyun pabomei U3MepUmensHotl cXeMoi
Ha ocHoee Mocma Yumcmowa

FPuc. 9.16. Tune! pecynamopos memMnepamypbt

HOI TeMnepaTypbl, HANPSKEHNE NUTAHMA CHUMaeT-
cs (CMMMCTOP 3aKpbiBaeTCs) M nporpaMma CTHMPKW
Byner NpoaonXarTbes.

[Ons kaxaoi KOHKpeTHoM anektpocxeMbl CMA
NPUMEHSETCA TEPMUCTOP ONPEAENEHHOTO HOMUHA-
na. MNoaxe Mol OTMETHMM 3TO Ha HEKOTOPLIX NprUMe-
pax anexrpocxem CMA.

B 3aknioyeHwe aTom rmaskl NpuBeneM pparmeHT
anekTpocxembl CMA. B ocHOBe 3TOM CxeMbl BCE TOT
e MOCT YutcroHa. OH BKIIOHEH Ha BXoae yeunuTens
NOCTOSIHHOrO BxoAa (onepauyoHHbi ycunurtens) —
Ha3oBeM ero «bnok cpasHeHns napameTposy. Mame-
HEHUE BeNnuUKUHbLI CONPOTMBNEHNS TEPMMCTOPA CpaB-
HUBAETCH C 3af1aHHLIM 3HAaYEHNEM (3Ha4YeHne TeMne-
paTypbi 3anaeTcs CTyneHYatbiM perynatopom). Ha
Bbixoge Bnoka BKNOYEHO pene, KOTopoe OTKIONaeT
Harpysky (T3OH) npu coBnageHumn BeNnumnH ConpoTme-
nexuii Ha Bxoae bnoka. TOUHO Tak Xe BMecTo pene
Ha Bxopae 6noka MoXeT ObiTb BKMHYEH M yNpaBnsto-
LM CMMUCTOP, Yepe3 KOTophIn Dyaer nopasarbes
Hanpshkerne nuTanns Ha TIH.

B 3aknouyeHne paspena npueegemM HOMMHanbI
TEPMUCTOPOR, NPUMEHSIILLMXCS B pa3Hbix CMA.

CMA rpynnui «Electrolux»: cepus EWM 2000,
EWM 1000 PLUS:

—6.0 kOM npm 20 °C;
0,64 kOm npmn 80 °C.

Cepua EWM 1000:

-17,3 kOm npn 30 °C;
2,3 kOm npm 85 °C.

CMA rpynnbl «Candy»:
27,0 kOM npun 22 °C.
CMA «Ardon:
5,8 KOM npu 22 °C.
CMA «General Electricn:

24,0 kOm npu 22 °C;
12,0 KOM npun 22 °C B 3aBMCUMOCTU OT MOAENN.

CMA «Thomson» u «Brandt»:
50,0 kOm npu 20 °C.

CMA «Whirlpool»:
35,9 kOm npmn 22 °C.
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Bnok
CpasHenusn
napameTpoB

Pene
NOAKMCHEHNA
Harpy3kw T3Ha

T
L

HRZ!CI
R1 R6

/ fﬁm

TepmuncTop i N

g,

Perynstop

Puc. 9.17. PpazMeHmbl U3MEpUMEnbHOU CXeMbI




10. MpuHUMN paboTbl U KOHCTPYKLINU
CTUpanbHbIX MAalWWH ¢ PYHKLUMEN CYLUKU BenbA

Ocoboe mMecTo B pagax MHOrOYMCNEHHbIX Moae-
nen 3anumarT CMA c dyHkumen cywku benbs.
C ycTpoictBoMm Ans cyuwiku Benbs BbINyCKATCH
CMA Kkak ¢ dpoHTanbHOW 3arpy3koi, Tak 1 ¢ BepTu-
kanbHoW. MpuHuMn paboTtel y Bcex atux CMA oau-
HaKOBbliA U OCYLLECTBNAETCA Cnocobom KoHaeHca-
UMM BOASHBIX NapoB Ha XOMOAHOW NOBEPXHOCTH.
KoHpaeHcauus BOAsHBIX NapoB NPOWCXOAUT BHYTPM
CreyuaneHoro KoHgeHcarTopa, Y KoTopore BHyTpeH-
HAR NOBEPXHOCTL oXnaxgaeTcs Bogon. Boga nopa-
eTcs U3 cooTBeTcTBylolWero knanaHa CMA, a Ha-
rpes BOASIHbIX NAapoOB OCYLWECTBASETCH B Kamepe
HarpeBa — B Heil HaxXxoAATCA MOLUHble HarpesaTe-
NbHblE 3neMerTbl — TIHbI.

Kamepa HarpeBa 06bIyHO pacnonoXeHa B Bepx-
HeW yacTu Baka, KoHgeHcaTop NPUBMHYEH NMBO
cboky, nnbo k 3agHen dacTu Baka. KongencaTopbi
M3roTOBAAKOT M3 nnactuka wnu  pesuHbl. Ha
puc. 10.1 npuBeaeH BapuaHT KpenneHust KoHgeHca-
Topa cywku kK 6aky CMA. B BepxHei 4acTu KoHAEH-
catopa yCTaHOBMEH MOLLHbIM BEHTUNATOP. BepxHys
4acTb KOHAeHcaTopa TaKkKe COefUHSETCs C KaMe-
POW CYLLKMU, 8 HWKHAR — 4Yepe3 NpoKnaaky npuBuH-
umBaeTcs Kk Gaky. PaccMmoTpuM, Kak npoucxoguT
npouecc cywku 6enbs. Cxema npouecca nokasaHa
Ha puc. 10.2. MNpu 3apanumn pexuma CyLlKku nogaeT-
CA Hanpsbkerue nuTanusa Ha TIOHbI B KaMepe CyLwiKu,
Ha KnanaH, noAaarwLmii Bogy ANS OXNaXJeHUSA KOH-
AeHcatopa, Ha CMMBHOW HAcoc-MoMAy M Ha BEHTU-
naTtop. bak ¢ 6ensem npu 3TOM BpallaeTcs peBep-
cvBHO. KpbinbuyaTka BEHTUNATOPA, KOTOpas Haxo-
OUTCS BHYTPWM Kopnyca KOHAeHcaTopa, HavyuvHaeT
nepekaymBaTb BO3gyx w3 Oaka yepe3 o00beM KOH-
AeHcartopa v yepe3 kamepy ¢ TOHamu. lNocTenek-
HO, MPOXOAR 4Yepe3 Kamepy, BNadKHbIM W ropavnMi
BO3QyX nonagaeT B KOHAEHCATOp, BHYTPEHHHAS no-
BEPXHOCTb KOTOPOrO HENPEPLIBHO OXNaX/A3aeTCs BO-
aon. Bnara ua ropsyero Bo3gyxa KoHAEeHCUMpYyeTcs U
BMECTe C OXNaxAaalLwe BoAoi CTeKaeT B HWKHIOK
YyacTb Daka.

HuxkHas yacTb 6aka coeguHeHa pe3rHOoBbLIM Nar-
pyGKOM CO CMIMBHbLIM HACOCOM, KOTOPbIW 1 OTKa41Ba-
eT KOHAEHCaT U oxnaxaawuwyto Bogy. HTobbl benbe
npocyLnBanocb paBHoMepHo, bapaban ¢ HUM Bpa-
LL2aeTCR peBepCUBHO: HECKONbKO 0B0POTOB B OIHOM
HanpaBneHUn U CTONLKO Xe B Apyrom. Ha BepxHen
KPbILIKE KOpnyca KaMepbl CYLUKA 3akpenneHbl Tep-
MOCTaTbl, KOHTponupylolue npouecc. CpeaHas
TemnepaTtypa Boagyxa gocturaer 100—120 °C (npu
CyLUKe TKaHeMh 1u3 xnonka).

MocMOTPpUM elle KHa OQHY KOHCTPYKUMIO, noKa-
3aHHylo Ha puc. 10.3. 3ta CMA ¢ BepTuKkanbHon 3a-

Bentunatop

Puc. 10.1. Tun KkoHOeHcamopa CYLWKU ¢ 6eHMUNAMOPOM

Kamepa cywku

MecTa pacnonoxeHun:
c T3Hamu

Tepmocrara TepMonpeaoxpaHuTens

BexTrnAaTop

Boanyx
I::> Tennsii
Cyxon
C2eslp Bnaxwbii
mmmp- Moxpbtit
XonogHtia
W cyxon

—+ Bopa

KoxageHcarop
CYLIKA

Oxnaxaawllas
soga

Puc. 10.2. Cxema npoyecca cywxu
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rpy3koi. Kak BuauMM, kamepa Cylku kpenutca K 6a-
Ky. Ha kpbilwke kamepbl iBa TepMocTaTa: oauH pe-
NyNUpyoLWniA, BTOPOW — 3alMTHbIA. TepmMmocTaTsl
BKMOYEHb! NOCNef0BaTeNbHO C APYr OPYrOM U C Ha-
rpeBatenbHbiMK 3nemenTamu (TAHamum cyiuku). 3a-
WHUTHbIM TepMocTaT Heobxoaum. OH pa3spbiBaeT
Uuenb NUTaHWA HarpeBaTenbHbIX 31eMEHTOB B Cny-
4yae neperpesa Kamepbl cyuiku (B crnyyvyae oTkasa
BeHTUNATOpa). BeHTUNATOp B 3TOM MOZenu Haxo-
antes Ha 3agHen ctedke. Ha puc. 10.4 npuseneHa
Ta e MoJenNb, HO CO CHATOW 3aaHei CTeHkon. Ewe
oavH BapuadT CMA ¢ BepTMkanbHOi 3arpy3kou no-
ka3aH Ha puc. 10.5. B 3Toi KOHCTPYKLUM KOHOEHCa-
TOp caenad u3 nnactuka. B Bepxrnei ero yactu Ha-
XOAWUTCA KpbinbyaTka BeHTUNaTopa. OHa npuBoauT-
CA BO BpalleHMe KPyrnbiM pemHeM-naccukom. Cam
MOTOP BeHTUNATOpa cnpatad nog 6akom. CyulecT-
BYIOT Takke Mofoeny CMA, He uMelowne HapyXXHoro
KoHAeHcaTopa cywku. Ha puc. 10.6 nokasaHa cxe-
Ma KOHCTPYKLUUKU. OcoBeHHOCTb ee B TOM, YTO B HeW
HET HU HapYXHOro KOHAEeHcaTopa CYWKW, HU oTae-
NbLHOM KaMmepb! cylikn. HarpesaTenbHble aNeMeHTl
pacnonoxeHbt Ha aHe 6aka 1 paboTaloT U B pexume
CTUPKW, U B pexume cylky. KoraeHcauua BOAHbLIX
napoB NMpoOVMCXOOWUT HA MNOBEPXHOCTU cheynanbHon
MEeTannu4eckoil NMNacTWHbl, NPUKPENMNEHHOW Ha
BHYTpeHHeu cTopoHe 6aka. Boaa ons oxnaxaeHus
nnacTuHbl-KOHAEeHcaTopa NoJaeTcs M3 pacnpene-

2 - Y B Tepmocrars:
: ! 1LY | L perynvpyroiwmin M 3alMTHEIR

Kamesa—cyl.uxu

__CtaHamm |

NpOTHBOBEC |

Puc. 10.3. CMA eepmukansHOLU 3a2py3Ku € CywKol

nuTens-paccekaTena U OMbIBaeT BHYTPEHHIOW No-
BEPXHOCTb NnacTuHbi-KoHAeHcaTopa. KoHaeHcat u
BOAA TAKKE OTKa4MBaTCA CNUBHBLIM HACOCOM-NOM-
now.

B HekoTOpbIX MOAENsX NOMMA BKNKOYAETCHA Nepu-
OAMMECKH, NO MEPEe HaKoNNeHust BOAbl, YTO CNOCo6-
CTBYET yBENWUYEHWIO cpoka cnyxObl nomnbl. [Npu
3TOM 32 YPOBHEM BOAbl «CNEANT» OOHA U3 CeKLWN
haTyvka gasneHus (MnvM oTAenbHbIM AaTtyuk). Tpo-
Lecc cywkun 3asepuiaetcs cason oxnaxaenus He-
nbA. B 3T0i KOHEYHO! (ha3e OTKNKYaKTCSA Harpesa-
TernbHble 31eMeHTh!, HO NpofomKaeT paboTaTb BeH-
TUNKTOP A0 ocCThiBaHWa BenbA A0 GesonacHoi ans
nons3oBarens TeMmnepaTypbl.

Bce CMA c cywkon nepvoanyecku Tpedyror
onpegeneHHoro NpoguUNakTMHecKoro pemoHTa!
(K coxxaneHnuio, 06 aTOM BCNOMWHAKOT, TONLKO KOrla
CMA okoH4aTenbHO BbIXOAUT M3 cTpos.) Heno B
TOM, YTO B Npoyecce paboTb! KORAEHCATOP CYLLKM U
KaMepa nocteneHHO 3abMBakOTCA BOMOKHAMM OT Bbl-
CYLWEHHbIX BeLyein 1 Menkumu obpbIBKaMU HUTOK.
Bce 3Tu BONOKHa M HUTKM CKNEMBAIOTCH MEXAY CO-
60oi, n aTa Macca 3akynopvBaeT OTBEPCTUSA 411 OX-
naxpawuwen Boabl M Bodayxa. Tawke 3TV BOMOKHA
oceflatoT W Ha NONacTAX KPbINbYaTKM BEHTUNATOPA,
Y ero MOXeT 3aK/TMHUTb.

Bpems npouecca cylkwn 3agaeTcs cneyvans-
HbIM TalmMepom — Tailmepom cyluku. Ha pwc. 10.7

‘i = ¥ Bt = M T

[ Benmunarop n kowpencarop |

Puc. 10.4. BHewHull eud seHmunsmopa u koHOeHcamopa
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Fuc. 10.5. Bapuanm ycmpoticmea CMA ¢ cywrod

Creopku bapabats
Paccexarens EapaGan
Bax
Oxn. BooA ——i
Nnazmiua - *
KOHMEHCaTop T3H

Puc. 10.6. Cxema CMA ¢ cywkoii 6e3 Hapy»Ho20
KoHOeHcamopa

noKasaH BHELWHW BUA OOHOIO U3 TalMEPOB CYLUKHU,
a Ha puc. 10.8 — ero anexTpudeckasa cxema. Ona
AOCTaToOYHO NPOCTa — BHYTpW TalMepa HaxoguTes
UCNONMHUTENbHbLIE KOHTAaKTHLI, Yepe3 koTopbie nofa-
€TCA HanpsXXeHwe nNWUTaHWR Ha HarpesaTtenbHble
3reMeHTbl U Ha MOTOp BeHTUNATOpa. Bpailexuve ky-
NavKoB, Pa3MbIKatoLLMX UCNOMHUTENbHBIE KOHTaKTbI,
OCYLLECTBNAEGTCA OT HU3KOOBOPOTHOMO CUHXPOHHOTO
MOTOpa, COCTOsLLEero u3 Katywku ¢ o6MOTKOMW, Nno-
NIOCHOrO HaKOHEYHWKa M MarHMTHOro poTopa. Yepea
WecTepHU peayktopa BpaljeHue NepenaeTtcs Ha
AVCK C KyMnaykamu M Ha OCb pyyku Tairmepa. BHyT-
peHHee YCTpPOWCTBO TanMepa MOoKasaHO Ha
puc. 10.9.

220-240V S0Hz
HP 6548 x
x xx xx xx

- L - ==
T‘Mamwmuu po-rop y _

6)

Puc. 10.9. Ycmpoiicmeo maiiMepa cywku
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BoamoxHbiMu gedrektammu noaobubIX TaitMepoB
MoryT BbiTb NOAFOPaHWE KOHTAKTOB 1 06pbIB 06MOT-
KM CMHXpOMOTOpPA.

B MoAensix ¢ 3MeKTPoHHbIM ynpasnexMem ans
KOHTPONsi TeMnepaTypbl BO3QyXa MPUMEHSIIOTCH
cneunanbHble TEPMUCTOPbI, BCTPOEHHbIE Heno-
CPEACTBEHHO B KaMEPY CYLLKW U U3MEHSIIOLLIME CBOE
COnpoTUBNEHWEe noja AEACTBUEM FOPsYEro Bo3ayxa,
NPOXOANALLEro Yepe3 KaMepy CyLLKW.

BxopHoi knana

Kamepa cywxu

T3Hui cywkn

Mawxera

DUNLTD

B 3akniodeHMe 3Toro pasgena npuMeeaem eule
oary cxemy (puc. 10.10) npouecca cylwku 8 camon
coBpemeHHo CMA  (rpynnbl  «3AEKTPONIOKEY).
B Hel, kak BUOMM, TOYHO TakKe eCTb U KOKRAeHcaTop
CYWKM W3 NNactuka, M BEHTUNSATOP CYWKUA C
peMeHHOW nepeaavet, U Kamepa c HarpeBaTenbHbl-
MU anemenTamu. MpuHUMn paboTel NOMHOCTLH
WOEHTUYEH BbILLEONUCAHHOMY.

KnanaH nopayu soab
LU haur nopayumn BoAL

Bennnatop

s Kovaencarop Cylku

Morop
BEHTUNATOPA
CYLLIKK

NatpyBok

Puc. 10.10. Cxema npouyecca cyw«xu e cogpemenHold CMA



11. KomaHpgoannapartbl cTUupanbHbIX MalLUH —
nporpammartopbl

OneKTpoMexaHM4eckne nporpaMMaTopbl, KOTO-
pble A0 CUX NOop NPUMEHANUCH W NPUMEHSIOTCA BO
MHOXecTBe monenei CMA, npeactasnsioT cobon
BeCbMa CMOXHbl (DyHKUMOHanbHbIA y3en. 3ta oT-
paboTaHHan rogamMu KOHCTPYKUust eile OONro «He
coleT CO CLEHbI», NO3TOMY Mbl PACCMOTPUM, Kak
yCTpoeHbl nofobHble Komaspgoannapartsi pacnpo-
CTpaHeHHbIX TunoB. Bo mHoxecTee moaene CMA
ANEKTPOMEXAHUYECKMIA NpOrpaMMaTop — 3TO «MO3r
MawwvHebl». MoaobHble nporpamMmMaTtopb! NpUMEHS-
l0TCA TakKe 1 B BNokax C MUKPOKOHTPONnepamu.

[na Hayana HanoMHum, 4YTo coboii NnpeacTasns-
ET 3NeKTPOMEXaHUYEeCKnin NporpamMmmMaTop U Kak OH
AeucTByer.

WUtak, na puc. 11.1 npeacraBneH cxemMaTuyecku
aneKkTpoMexaHu4eckin nporpammartop. OH COCTOUT
u3 Habopa NPorpamMMHbIX AUCKOB C BLICTYNAMMW U yr-
nybnexnuamu. Boictynbl u yrnybneHusa HasbiBaloTcA
kynaukamu. Becb Habop OuckoB ¢ Kynaykamu npu-
BOAUT BO BpallleHUe CUHXPOMOTOP C PEefYKTOpPOM,
noHwxawwmm obopoTel cuHxpomoTopa (timermo-
tor). BHellHWid BUA M YCTPOWMCTBO CUHXPOMOTOPOB
nokasaHo! Ha puc. 11.2. MNpeacraeneHo gea Tvna.

KoKTtakTe!

Uecrepui

KonrakTs!

CuHXpOMOTOP NporpaMmaTopa

Puc. 11.1. Yempolicmeo 3nexmpoMexaHu4ecKko20
npoapammMamopa

CvHXpOMOTOp COCTOMT M3 KOpnyca, B KOTOPOM Ha-
xogutca paboyans obMOTKA, NOMCHbIE HAKOHEYHU-
KM ¥ KONbLUEBOW MarHuTHbin poTop. YTobbl aToT
pOTOp Bpawancs B CTPOro onpeaenerHoM Hanpae-
nexHuK, NPUMEHSIOT cneynanbhyio OUrypHyro BcTae-
Ky. Ee xopowo BuaHo Ha puc. 11.2. Bnaropaps aTou
BCTaBKE MarHUTHbIA POTOP MOXET BpawaTbCa ToMb-
KO B 0QHOM HanpaBneHun. Takum obpasom, B 3aBu-
CMMOCT# OT KOH(hUIypaummn BCTaBKKU, POTOP CUHXPO-
MOTOPa MOXeT BpaliaTbcs nMbo No Yacosou crpen-
ke, nnbo npotune. Ha puc. 11.3 nokasaH ewe oavH
TMN CUHXpOMOTOpa B pasobpaHHom Buae. OH Takke
COCTOUT U3 KOPNyca ¢ NONKCHLIMU HaKOHEYHMKaMu,
MarHuUTHOro poTopa u kaTywku ¢ obmoTkon. O6morT-
Ka Ha KapkKace u30nvpoBaHa MUNKOW NEHTOW, T. e.
BbINOMHEHA OTKPbITEIM cNOCOBOM B OTNUYKE OT npe-

Puc. 11.3. Yempolicmeo cunHxpomomaopa
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AblAYLIMX TUNOB CMHXPOMOTOPOB, B KOTOPbIX 0OMOT-
Ka 3anuTa komnayHgom npsamo B kopnyce. Hanpas-
nexmne BpauleHns potopa obecneymsBarT TpU LIeC-
TEPEHKM MO BepXHei KpbIKol. HYactora spatle-
HUSR poTopoB Yy cuHxpomoTtopoB 500 06./MuH.,
conpoTtuBnenune paboyeit cbmMoTkn 9—10 kOm. Bee
0BMOTKM paccyuTaHbl Ha NOAKITIOYEHUE K HaNpsiKe-
HMi0 220 B (B poccuiickomM ctaHgapTe).

WTak, cuHXpoMOTOp NpMBOAMT BO BpalLeHUe te-
CTEPHU NoHmxawLLlero obopoTel pegykTopa n Habop
nporpaMmmHbix AUCKOB (Nporpammubii Hapabad) c
Kynaykamu. [uckm c Kynaykamn OensiTcs Ha aBe
OCHOBHbIE rpynnbl; 370 «ObICTpbIE» U «MeANeHHbie»
Kynayku. Kaxabii U3 nporpaMMHbIX QMCKOB B3aMMo-
AEUCTBYET C pbldarammn-TONKaTensiMu, KoTopble,
cOBCTBEHHO, M NEPEeKNnoYalT WUCNONHUTENbHbIE
KOHTaKTb!. Ha puc. 11.4 nokasax NpoLecc nepeksio-
YEHUA: B Ka)KAOW M3 KOHTaKTHBIX rpynn eCcTb no-
ABWXHbIN (Mepekntodaembiil) KOHTAKT, KOTOPbIA MO-
KET 3aHumaTb Tpu (DUKCUPOBAHHbLIX MNONOXKEHUS.
B HekoTopbix nporpamMmaropax UMeEKTCH AOMNONHU-
TENbHbIE KOHTAKTLI, CNnyXxallve gns nogadm Hanps-
KEHUA NuTaHuA Ha anekTpocxemy CMA B TeueHue
UWKNa CTUPKA. 3TW KOHTAKTbl 3aMbIKaIOTCA Mexay
coboli ToNLKO NpW BbIABMXEHUM pyvek Nporpamma-
TOpa «Ha cebsa», Hanpumep, kak Ha puc. 11.5, To
€CTb NMpU BKNIOYEHUU NPOrpaMmbl CTUPKUA. DyHKLUN
NEPEKIIOYEHNA Y KyNnavkoB pasHble: «BbiCTpbie» Ky-
navkn CcnyxaTt Ans NEpexntovYeHUs HanpaeneHus
BpaweHna (pesepca) Begyllero Mortopa U NpuBo-
ASATCA BO BpalieHne cuHXpoMoTopoM. «Meanew-
Hble» Kynavuku obecneuymsaloT NEPEKITIONEHNE PEXM-
MOB CTUPKW, U BMECTE C HUMW BpalllaeTcs U pyyka
nporpamMaropa ¢ obosHaveHunamn. Ocobo oTme-
TUM — €CTb MOAENU NporpamMmmartopoB, B KOTOPbIX
Ha nepwoa Harpesa BoAbl B Hake Npueoa «MeaneH-
HbIX» KyNna4ykoB MEeXaHW4YecKkd OTKNIOYaeTcs OT pe-
aykTopa cunxopomoTtopa. OTkniodeHue npousso-
AUTCA C NMOMOLWbI 3NEKTPOMarHuTa, pacnonoXeH-
HOr0 Ha TOPUEBOM YacTu Kopnyca nporpammaropa
(puc. 11.6). BTOT aNEKTPOMArHUT, Kak 1 YHKUUS,
KOTOPYH) OH OCYU|eCTBNAET, Ha3blBAETCHA «TEpMO-
cron». B CMA ¢ MUKpOKOHTpONNEpHbIMU Gnokamm
noaocbHoe OTKNIOYEHUE NPOU3BOAUTCR C NOMOLIbIO
ManomMoLLHOro CMMMCTOPA, KOTOPbIM NO KOMaHae ¢
MWKDPOKOHTPONNEepa npekpawiaeTr nogadvy Hanpsxe-
HWSA NMUTAHWUA HA CMHXPOMOTOP, @ PYHKUMIO «BbICT-
PbIX» KYNaykoB OCyWEecTBNsOT pene. KoHTakTbl
3TUX pene NepexknioyalT HanpaeneHue BpalleHus
Beayuiero motopa. B 6onee npocTbix mogensx
CMA dyHKLMI0O «TEPMOCTON» OCYLIECTBNSET Tep-
MocTaT ANs YCTaHoBKW TeMnepaTtypbl. HanpsxeHue
MATaHMA CHMHXPOMOTOpA Mporpammaropa noAKmo-
4YaeTCA KOHTaKTaMM 3TOro0 TEpMOCTaTa Nocne Hexo-
Toporo nogorpesa sogbl (06b1MHo ao 30 °C).

Wrtak, mMbl nosHakomMunuck ¢ obWMM YCTPONCT-
BOM NporpaMmartopoB, a Tenepb nepeiaem K pac-

HenopsnxHuole
KOHTAKTb

NopsrxHGIR
KOMYAKT

Poisar-
TOonkavens

MNporpaMmHblin

BapabaM

Puc. 11.4. lpoyecc nepexmoveHUss KOHMaKmMos
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Puc. 11.5. Yempotlcmeo npozpaMMamopa co 6CMpPoOeHHbIM
eblkmoyamenem

CMOTPEHMIO KOHKPETHbIX KOHCTpykuuin. K coxane-
HMIO, HEBO3MOXHO B PamKax OAQHOW rnasbl ONUCaTb
BCE KOMaHgoannaparbl, NO3ITOMY, ONATb Xe, Mbl
M3y4yuM UX BHYTPEHHEE YCTPOMCTBO Ha NpuMepe ca-
MbIX pacnpocTpaHeHHbiX. Ho cHavana caenaem oa-
Hy OroBopky. Kak naBecTHo, npakruyecku BcA BbiTo-
Bas TEXHMKA paccyuTaHa Ha pPEeMOHT MeToAoM 3a-
MeHbl HNOKOB, U KPYNHbIE CEPBUC-LEHTPLI HE Mpu-
BETCTBYIOT «ymenbues». OgHako B HaleM Cnyyae
peyb noigeT o 6e3BLIXOAHBLIX CUTYAUUSX, Korga Ho-
Bblid nporpammartop (unu moaynb Hnoka ynpasne-
HWA C MPOrpamMmaropoM) AOCTaTb HEBO3MOXHO M-
60 ero 4ocTaBKy NpUAETCH OXUAATh HECKONBLKO Me-
caues. Tak uTo, 3Han yCTPOWCTBO KOHTAKTHOW CUC-
TeMbl NporpammMaTopoB, noaasnsiollee
BONbWMHCTBO U3 HUX BNOMHE MOXHO ObICTPO OTpe-
MOHTUpOBaTb. 310 ByaeT onpaBgaHo U K TOMY Xe
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Puc. 11.6. llpozpammamopsi € 3/1€KMPOMazHUMmom
«mepmMocmon»

BbIFOAHO: Kak NpaBuno, AedekT 3aknoyaeTca Nuilb
B NOArOpaHvM Napbi-Apyron KOHTakToB. XOTb Npo-
rpaMMaTopbl U CHUTAKTCA Hepal3bopHbIMY y3namu,
npy onpefeneHHbIX HaBblkax uX BNONHE MOXHO pa-
300paTb 1 BOccTaHOBUTL. OCHOBHbIE AedeKThl, Kak
yKe YNOMMHAaNocCk, BO3HUKaKOT B KOHTAKTHbIX CUCTE-
Max nporpamMmmaTopoB OT NonafaHusA BoAb!I NN MO-
HLEro pacTsopa UNW OT 3aMblKaHWI BO BHELUHMX
Lensix — B 3TOM Crlyqae KOHTaKTbl NoaropaoT.
Takke noBONbHO YacTo Habnwpganock noaropa-
HUE KOHTaKTOB, KOMMYTUPYIOLLMX MOLLHYIO Harpy3Ky:
HarpesaTtenbHbIe 3NeMeHTbl, 0OMOTKW BeyLUUX MO-
TOPOB M OT 3aMbiKaHUIAi B NEpeTeplIeMca XryTe
3NeKTpONpOBOAKWU. HayHem 3KCKypcuo ¢ paccmoT-
PEHUS CaMbIX NPOCTHIX TUMOB NPOrpamMMaTopoB. ITO

nporpaMMaTopsbl C O4HOA UMK ABYMS CheMHbIMUK 60-
KOBbIMW KpbltkaMu. KpbilKM U3 reTUMHakca nerko
BbIHMMaKTCA M3 nasosB B Kopnyce. Ha puc. 11.7
npeacTaBneHbl ABa MNporpamMmaropa cO CHATbIMU
BOKOBbLIMU KpblLLKAMW (KCTaTH, 3TU KPbIWKWA 3aliu-
AT TONBLKO OT Nbinu). Kak npasmno, ocobbix Xno-
NoT Takue TWNbl NPOrpaMmMaTopoB He AOCTaBNSIoT,
T. K. NTEKO Y1 NPOCTO OCMOTPETHL BCK KOHTaKHYHO CUC-
TEMY W NOYUCTUTL UMK, €CNK HYXHO, NOLAOIHYTh Mo-
[03pUTENbHBIE KOHTakTbl. B BonblMHCTBE Ccnyyaes
TaKOW PEMOHT MOXHO NPOBECTU, AaXe He OTcoeau-
HAA pa3bemsbl KryTa anektponposoaku CMA.
Bosbmemcs 3a cnegyrowmini — 3TO nporpamma-
TOp puc. 11.8, y KOTOPOro KOHTakTHas cuctema u3
OTAenbHbIX NMCCKWX raneT, a B camMon HYKHel rane-
Te pacnonoxeH peaykrtop. CHu3y ranetbl — CWH-
XxpoMmoTtop. Bce ranetbl CTAHYTbl B eauHbil Bnok
Asyms BuHTamu. Ytobbl 6e3 ycunuin pasobpatb, a
3atem cobpaTb Takoi nporpamMaTop, XenartenbHo
M3roToBuTL U3 NOBOW TONCTOCTEHHON TpYOKU CTO-
NOpHOE YCTPOWUCTBO (MMM M3 KycKa NMacTmacchl).
MNepen pa3bopkoit 3TOT CTONOp HadeBaeTCA HA OCb
nporpammHoro 6apabaHa Ao ynopa B BEPXHIOH ra-
neTy 1 COOKY 3aBUHYNBAETCH KOHTPALLWUIA BUHT. DTO
HYXXHO, 4TODbI NOCNe OTBMHYMBAHWUA CTAIMBAKOWMX
BWHTOB AeTanu nporpammaropa He pasneTenuck no
nomeulennn. W euwe: nepen pasbopkoin nwboro
nporpammartopa nporpammHbin Gapabad ycTaHas-
NMBAIOT B HyneBoe (HayanbHoe) NoONaXeHuwe — nNpo-
rpamMmma CTUpKu BbikntoveHa. lNocne Toro Kak 3acuk-
CupOBaHa CTOMOpHas BTynKa, OTBMHYMBAIOT CTAMM-

8)

Fuc. 11.7. MpoepamMmamopetl cO CbeMHBIMU 6OKO8BIMU
KpbIUKaMU
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Puc. 11.8. llpozpamMmamop ¢ nnockumu 2anemamu

BalLMe BUHTBHI M OOHOBPEMEHHO NPUAEPXKMBAOT
HVXKHIOK raneTy C CMHXPOMOTOPOM U PEAyKTOpPOM.
Wtak, nporpammarop pasobpaH, 3TO0 BWAHO Ha
puc. 11.9. Bce KOHTaKTbi kKak Ha nanoxu. Mpu obyr-
NABaHUM KOHTAKTOB MPaKTUYECKW BcCeraa KomnoTb
oCeAaeT v Ha NNacTUMKOBOW OCHOBE, NO3TOMY NOArO-
peBLUME KOHTAKTLl Nerko obHapyXuTb BU3yanbHO U
nouncTuTe. MNpu nocnegyowein cbopke raneT Hago
06paTTL BHMMaHWE Ha XpanoBylo WECTepHI0, KOTO-
pas nepenaer BpalleHue OT pefykropa Ha npo-
rpamMMHbI GapabaH. 3Ta WeCTepHA NOANPYXUHEHa
1 npyu cbopke AomKHa nonacTb NOCafOYHbIMU OT-
BEPCTMAMU (UX TPU) Ha COOTBETCTBYHLUME LUTHIPH
Ha WecTepHe peaykTopa.

Paccmotpym ©onee CnoXHbiii nporpammarop.
CnoXHOCTb B TOM, 4TO K BbIBOA@M KOHTAKTOB Npw-
nasiHa neyaTtHaa nnata. [aneTbl C KOHTaKTamMmn Tak-
Xe CTAHYTbl BUHTOM C ramkow no yeHrtpy. lNporpam-
mMaTop nokasaH Ha puc. 11.10. Mpu pasbopke no-
po6Horo npubopa oOHoW OTBEPTKOA HEe OGOWTUCH
HUKak. OBA3aTeNbHO HYXEH NasnNbHUK MOLWHOCTLIO
He MeHee 65 BT n pacnnioweHHbIM 0CTpo3aTOYeH-
HbIM Xanom. lUupuHa pacnnioweHHOro U 3aToyeH-
HOMo KOHL|a Xana AomKHa COOTBETCTBOBATL LUWPU-
HE KOHTaKTHbIX BbIBOAOB. YAaneHue npunos C KOH-
TaKTHbIX NNOWAAOK MNEYaTtHOW nnaTbl NPOBOAUTCA
no U3BeCTHOW METOAWKE C NOMOLLbID CreyvanbHOM
ONNEeTKU M3 MeHOW NPOBONOKK (NPOAaeTCcsa B Mara-
3UHax 1 Ha paguopbiHkax). Topey 06nyXeHHOro xa-
na 4epes onneTky (OTPE30K) NPUXUMAT K MecCTy
NalikKu, U pacnnaBlneHHbIA NPUNOA MOMEHTANLHO
BNUTbIBAETCS B ONNeTKy. Takum obpa3om ocBobox-
AaT BCe KOHTaKTH. [lenaTte 370 HaQoO NO BO3MOX-
HOCT# BbICTPO, T. K. OCHOBA, B KOTOPOW «CUOATH KOH-
TakThki, coenaHa u3 nnacrtuka. Ecnu nog pykamum HeT
cneynansHOW ONNETKN, e MOXHO CAenaTb camomy
M3 ONMeTkM 3KpaHupykuwlero nposoga. CHUMaKT €
npoBoAa «4yMnoK» U NPONUTHIBAKDT €ro nocom,
nysuie scero NNTU-120, HO MOXHO U KaHUPONbHLIM.
3aTteM «4ynok» NoAacyLUMBawT. 3TOT cnocob wupo-
KO n3BecTeH Bcem paguonioburensam. BoT, HakoHew,
nporpammartop pasobpaH, CHAT BECb KOHTaAKTHbIW
6nok n otnasHa nnata. Tenepb MOXHO OTBUHTUTL
BUHT, CKpEnNSIOLWWIA raneTsl, U OTLICKaTb CEeKUMIO C

|

Puc. 11.10. lTpozpaMmamop ¢ neyamuotl nnamod - mun 1

nedeKkTHbIMY KOHTakTamu. MNoAropeBLIne KOHTaKTHI,
Kak OBbI4HO, 3a4MLaroTCa NONOCKoM WnndoBans-
Hon Bymarn. Ha puc. 11.11 nokasadbl Bce aTankbi
pa3bopkn nporpammaTtopa. Kak BumaHO M3
puc. 11.11,8, B ranerTax No TP KOHTaKTHbIE IPynNnbi.
B HekoTopbiX ranetax ecTb QONONMHUTENbHbIE KOH-
TaKTbl, HO OHW HE ncnornb3yloTca. B Hayane pastop-



KA HYXHO cHa4yana CHATb 00Uyl MeTannuueckyio
KPbILWKY (KOXYX), MHaye HEBO3MOXHO Byaer ocsBobo-
AnTb (hUKcaTopbl KOHTAKTHOrO 6noka. 31 cukcarto-
pbl caenaxbl B BuAe Hebonbillinvx BeICTYNOB. BbiCcTy-
Nbl 3aLWENKUBAIOTCA B KBAAPaTHbIX OKOLIEYKaX Ha
TOpUEBbIX (Kpanuux) nnactuHax. MNocne npunaiiku
nevaTHoOW nnaTbl NPOrpaMMarop CHOBa NPUrOAeH K
pabote. Cnepnywowmm Ha puc. 11.12 npencrasneH
yXe pa3obpaHHbii «pogHoi BpaT» npeablidywero
nporpammaropa. OTnuymue Tonbko B KOHUrypayum
ne4aTHoOW NnaTbl U B TOM, 4YTO HET HeobxogumocTy
3aTayuBaTth CNeUnanbHO Xano NasnbHUKa, Tak Kak
OCHOBHbLIE COBAVHUTENLHLIE KOHTAKThl NPUNasiHb! K

a)

Puc. 11.11. Pas6opka npozpaMmamopa

Puc. 11.12. Npoezpammamop ¢ nevam#Hol nnamod — mun 2

neyaTHoW nnate. ManeTb! TaKXe coaepXart no Tpu
KOHTaKTHbIE rpynnbi.

B 3aknioueHue aToro pasgena pacCMOTpUM eile
OBe mMoaenu nporpammartopoB. [lockonbKy Mbl
OCHOBHOE BHMMaHWe yaenseM YCTPOUCTBY KOHTaKT-
HbiX ranet, T0 v nporpammaTopbl (puc. 11.13 un
puc. 11.14) nokasbiBaem yxe pasobpanubimun. Pa3s-
BupatoTca oun cneayrowmm obpasoM. CHavana oT-
naveaeTca neyaTHas nnaTa. Y nepBoro nporpamma-
TOpa — NeYaTHOW NnaTb! HET, Tak Kak BCe ero rane-
Tbl UMEKOT NNOCKUEe BbIBOAbI, MPeAHA3HAYEHHbIE
aAna pasbemoB. Ha puc. 11.15, a npuBeaeH sua
nporpaMmaTopoB C nNUUEBOW CTOpPOHbL. Ctpenkamm
yKa3aHbl MECTA CKBO3HbIX CTEPXKHEW, CKPENNSOLLIMX
ranetHbie 6noku. YTobb! BbITAWUTL 3TU CTEPXKHMN,
HY>KHO CHa4ana CHATb CMHXPOMOTOP, BbIBOAbI KOTO-
poro Tarke MOryT OblTb NpMNasHbl K NneyaTHOM nna-
Te. INpy HaXaTUKW Ha BLICTYNAKOLME KOHLIbI CTEPXKHU
nNoAalTCA Hasaa v NErko BblHUMATCs. MoCKonbKy
y 3TUX Moaeneit nporpammHbie HapabaHbl cocTosT
13 OByX vacTeu, To nepen paszbopkon xenarenbHo
chenaTtb MeTkv conomacTepoM Ha oboux YacTax ba-
pabaHa. 3TO MOXHO cAenaTb Yepe3 TexHonormye-
CKue Bbipe3bl B KOXyxe nporpaMmMartopa. MHave no-
cne nocnenywLen cOopkn NpUaeTCa UcKarTb Haya-
nbHoe nonoxexHve HapabaHoB C «MEeONEHHbIMU» Ky-
naykamu m ¢ «BbicTpbiMmu», 4TOOLI NONacTb B TO
nonoXxeHuwe, B KOTOpoM BapabaHbl HaxoAuNUchb A0
pasbopku. UTak, Mbl cHsinu raneTHbie Bnoku. Ha
puc. 11.16 NokasaHO HECKONbLKO raneT Cc NNOCKUMMU
KOHTaKkTamu, npegHasHadeHHbIMKM NO4 pa3beMbl,
Ecnu cuutaTb cnesa HanpaBo, TO NoNy4uTca: nep-
Bblii KOHTAKT — MNEpPEeKoYaeMblii, B CneayroLlen
rpynne KOHTakToB (NpaBoii) — TO e camoe, raneT-
Hble GNOKW HalMX NPOrpaMmaropos UMetoT bonee
CNOXHOE YCTPOWUCTBO M3-3a Hanu4nsa oNONHUTENb-
HbiX Kyna4xkos (1) 1 BO3BpaTHbIX NPYXWUHOK (2), no3-
TOMY Npu pa3bopke HyXHbl MakCUManbHble OCTO-
POXHOCTb M akKypaTHocTb. Ha puc. 11.17 npeacras-
neHa oaHa ranera ¢ BbIBOAOM M0/, NEeYaTHbIA MOH-
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Puc. 11.14. llpozpammamopsl 8 pa3obparHom sude

Tax. Kak BuavmM, ee yCTpoiCTBO TOHHO Takoe, Kak y
npeablaywen.

W B 3axnioyeHne aTOro pasgena MOXXHO NOCOBe-
TOBaTb HE CMewWuTb C pa3bopkoil CNOXHLIX Mpo-
rpammaTopoB. B cekumio ¢ nOQO3pUTENBbHLIMIA KOH-
TakTaMu MOXHO BMPbICHYTb € MOMOLWBLIO LWNpuya
XKWMOKOCTb ONS OYUCTKM KOHTAKTOB (TUNA «KOHTaK-
Tony»). Ecnu Harap He oyeHb CUNBbHBLINA, TO NpoBOAU-
MOCTb KOHTaKTOB BOCCTaHOBUTCSH. Takke He cneay-
eT cnewnTb pasbupaTb nNporpammartop, pabotaro-
LM B coCcTaBe MUKPOKOHTponnepHoro 6noka. Cha-
yana HyxHo ybeaouTtecs B pabBotocnocobHocTu
MUKpOKOHTpornnepa. O Tom, Kak 3To caenatb, byner
pacckasaHo B pasgene «YCTpaHeHue HeucnpasBHO-
CTEWD.

KpenemHuie crepwHu r
(wnnkxi) N

KpenexHele CTepXHN
(wnunbku)

6)

Puc. 11.15. KpenneHue koHMakmHbix 61oko8

Puc. 11.17. Yempoiicmeo KoHmMaKmHou 2arnemst
nod neyamueili MOHMam



12. 9nemeHTHI NpuBOoAa bapabaHoB B ObITOBbIX
CMA

[na ocywecTteneHna nNpoueccoB CTUPKKU WK
cywku Heobxogumo, 4Tobbl GapabaH ¢ Genbem pe-
BepcuBHO Bpawancs. Bpawenwe ©apabaHoB B
CMA npouseoautca AsyMs cnocobamu: nepebii —
BpalleHue OT WKMBa BeAyuero MoTopa nepenaerca
Ha wkwB GapabaHa nocpeaCcTBOM peMeHHOW nepe-
Aaqu, kak Ha puc. 12.1. 31ot cnocob B HacToawee
Bpems Hanbonee pacnpocTpaHeH. B kauectee Be-
LyWmux (MMEeHHO Tex, OT KOTOPLIX NepefaeTca Bpa-
Warouwmm MOMEHT) MOTOPOB NPUMEHSAIOTCA OLHO-
hasHbie CUHXPOHHBIE U KONMNEKTOPHbLIE MOTOpPLI pas-
nuuHbIX TMNoB. OCHOBHOE pa3anuuve BCEX 3TUX MO-
TOPOB 3aKNKHAETCA B KOHMUIypauum KpPEeneXHbix
KPOHWTEWHOB. PacnpocTpaHeHHble TUNbl MOTOPOB
npeacraeneHsbl Ha puc. 12.2.

PaccmoTpuM, M3 KakMx 4acTel COCTOUT aCUHX-
POHHBIM MOTOpP, NoKasaHHbii Ha puc. 12.3. OH co-
CTOWUT U3 [IBYX KPbILLEK — nepefHer n aagHein. OHu
OTINUTBl U3 CUNYMUHA U B KaXKOOMW OT(hpe3epoBaHhl
nocagioyuHbie MecTa 418 NoAWMNHUKOB. MoawmnHm-
KM — nepefHur 1 3a0HWI, HanpeccoBaHbi Ha OCb
poropa. Takke 1 SONONHUTEeNbHan Kpbhinb4artka —
BEHTUNATOP, CnyXauwjan ana oxnaxgeHna obMoTok.
Kak npaBuro, acCMHXPOHHLIE MOTOPLI CoAEpXar He-
CKOMNBLKO rpynn oBMOTOK, kaxaas U3 KOTOpPbIX UMeeT

HOOVER

CESET

CBOe HasHaqeHue. Hanpumep, Ha puc. 12.4 npuee-
heH dparmeHT anektpocxembl CMA ¢ acuHxXpoh-
HBIM MOTOPOM. YCNOBHO NOka3aHut fiBe rpynnbi ob-
MoTok. OgHa n3 HUX — ML, paboTtaer B pexumax

Puc. 12.2. Tunsi eedyiyux momopos
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Puc. 12.4. MMpumep 0603HaYeHUA aCUHXPOHHOZ0 MOMOpa
Ha 3slekmpocxeme

CTUPKM W nonockaHua. [pyras rpynna obmMorok —
MC, ncnons3yetcsa Tonsko B pexvmax opkuma. Pa-
30CABMIaOWMIA KOHAEHCATOp NoAknioyaeTcs K ob-
MOTKaM KOHTakTamu nporpammaropa, 4yem obecne-
YMBAETCA pEBEPCUBHOCTL BpaujeHus. B HEKOTOpbIX
Motopax CMA NpUMEHSIKOTCS TakKe aCUHXPOHHLIE
MOTOpEI C AONONHUTENBHBIMK 0BMOTKaMu 1 Aaxe ¢
TaxoreHeparopom, Hanpumep, kak Ha puc. 12.5.
B pexumax ctupkn oBMOTKM KOMMYTUPYKITCA Kak
OBLINHO: KOHTAKTaMK nporpaMMaropa, a npyu omKu-
Me noAaKNKYaeTcs AONONHUTENbHas oOMoTka u
3NEKTPOHHLIM MoAynb. Takor cnocob nossonser
nobutbcs xopower packnagky Genbs nepen OmkK-
MoM: BapabaH ¢ Benbem HaudvHaeT BpaujarbCcs Ha
caMbix Manbix obopoTax, 3areM CKOpOCTb Bpatye-
HURA NOCTeneHHO yeennyueaercs. B peaynerare 6o-
nee nerkoe 6ense npyununNaeT K BHyTPeHHe! nosep-
xHocTu Dapabana, a Oonee tsxenoe — nagaer
BHM3, Ha AHO. MocTeneHHo, ¢ yBenuyeHnem obopo-
TOB, NPUAMNAKT U YAEPKUBAKTCH LEHTPODEXHBIMM
cunamm U Tskenesle npegmeTsl Genss. Takum obpa-

Puc. 12.5. ACUHXpPOHHbI MOMOP € MaxozZeHepamopom

30M ocyujecrenserca banaHcupoeka bapabaHa ¢
benbem.

Yrobul obecneunts Nnpuemnemyro packnagky be-
nbsi B8 CMA ¢ 0BblHHBIMKM aCMHXPOHHBIMKU MOTOpaMu
(a 3a0AHO ¥ yBENWUUTBL CKOPOCTL BpalyeHus bapa-
6aHa npu OTKUME) NPUMEHSIT PasnUYHbLIE LIKMBL
papuaropHoro Tuna. OAuH M3 HUX NOKasaH Ha
puc. 12.6. A Ha puc. 12.7 WK1 npeacraeneH B pa-
306paHHoM Bupae. BHyTpu Haxogatcs Tpyu Heborb-
LWKX UUNUHAPUYECKUX rpysa. na HUX B NOABUXKHOM
YacTu LWKWBA OTWITAaMNOBaHbl CheLuanbHbie Nasbl.
Mpn Habope CKOpOCTM BpaleHus rpy3asbl noa AeincT-
BUEM LIEHTPODEXHBIX CUN pasbesaxarTcs B CTOpo-
Hbl OT LJeHTpa U NepeMelarT NOABWXHYIO YacTb
wkuea. Mpy 3TOM NPUBOAHON PEMEHB NNABHO BLIXO-
AnT Ha Bonbluuii AMameTp LWKUBAa, U CKOPOCTb Bpa-
LeHun wrkusa bapabaHa Takoke ysenuuueaetcs. Ha
puc. 12.8 nokasaHo aencreve Wwkuea B pabore. Me-
penaro4Hbi (NPMBOOHOW) pEMEHb B AaHHOM Chy-
Yyae — KNMHOBUAHLIA unu KnuHosbln. OH caenax us
PE3VHLL C TKAHEBOW OCHOBOW — KOPAOM W NOKasaH
Ha puc. 12.8, 8, 2. Ha aToM Xe pucyHke NoKasaHo
npaeunNbHOE NOMOXEHWE PEMHSA Ha WKUBe, 1 CTaHo-

FPuc. 12.6. Momop co wxueom-8aptiamopoM
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Puc. 12.7. Ycmpolicmeo wkuea-eapuamopa
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Puc. 12.8. KnuHoebie pemHU

BMTCS MNOHATHBIM, YTO Y KITMHOBOro pemHs paboraiot
NULLIL ABe BOKOBLIE KPOMKU.

B 1ex Mmopenax CMA, B KOTOpbIX YCTAHOBMNEHL
KONMNEKTOPHbIE MOTOPBL, ONA NpYMBOoAA NPUMEHSKT-
€A cneymansHbIe NONUKIIMHOBLIE peMHM, obecneun-
BaloujMe nyqwee cyenneHve coO WKWBOM MOTOpa.
Wive moTopa MMeeT kaHaBkM, COOTBETCTBYHOLME
npochuno pemMHs. TUNoB NONUKIWMHOBBLIX pPeMHeMn
BCEro [iBa: OHW nokasaHbl Ha puc. 12.9. OHu Tarke
U3rOTOBNEHbLI M3 PE3NHLI € TKAHEBOW OCHOBOW —
kopaoM. OcHOBHOE pa3nuyqmMe Ux TONbKO B Npodu-
nax pabouux KMHbeB. Takke BbINYCKAKTCA NONU-
KNMHOBBLIE PEMHU U3 HEUNOHA UMW HEONPEHA — OHU
obnapatoT Conblier 3NAaCTUMHOCTBIO U UMEKT Xa-
pakTePHbIM XenToBaTbil LiBeT.

Ha puc. 12.10 nokazaHO HECKONbKO NONUKIUHO-
BbIX pemHeil. Ha Bcex umeetca mapkupoeka, 0bo-
3Havaowan ANMHY peMHsa 1 npoduns, KnuHbes: H

nnu J. [lononHurensHo umeeTcs yudpa, ykasbisato-
LWan YUCro KNWHLEB B peMHe. 3MnacTuyHble pemMHU
uMerT B Mmapkupoeke Oykebl E nnn EL. Hanpumep,
EL1202J5. 310 3nactuuyHbil peMerb € ANUHOW
okpyxHoctn 1202 mm, npocdmnem J 1 € NATLIO KNK-
HbsIMU. PacnpocTpaHenHbie TUnbl NONUKNIMHOBLIX U
KNMUHOBLIX peMHeln, npumeHsowmnxca 8 CMA uaBe-
CTHLIX MapoK, npuvBedeHsl B 1abn. 12.1 n 12.2 (8
NPUNOXEeHUN).

PaccMoTpym BkpaTtLue yCTPOMCTBO KONMEKTOPHO-
ro moropa. Ha puc. 12.11 nokasaHa ero 6nok-cxe-
ma. OH Takke COoCTOMT 13 ABYX KpbllWek 1 kopnyca
CO CTartopHbiMK OBMOTKaMK, HO ero poTop (AKopb)
UMEET COBCTBEHHbIE ODMOTKU. BhiBOOLI 3TUX OBMO-
TOK BbiBEeHbl Ha U30NUPOBaHHLIN LUNUHAD C Me-
HbiMK Namenamu (Nonockamu) — Konnektop. Ha-
NPsKEHVE NUTaHUA NOABOANTCA K KONMNEKTOPY pOTo-
pa Yepes KOHTAaKTHLIe WEeTKY, KOTopble caenaHbl U3
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Tabnuya 12.1

Tun pemua Mapxu CMA Tun.peMHs Mapku CMA
813PJ3 1397PJ 3 Philips H
1397 PJ 4 Brandt, Erres, Ignis, Philips, Ruton |
1080 PJ 5 AEG 1397 PS5 !
1092 PJ 2 Blomberg, Siemens 1428 PJ 3 '
1092 PJ 4 Neckermann, Philips, Thomson 1428 PJ 4 Ignis, Philips
1092 Pl 5
1475 PJ 6
1105PJ 4 Bosch, Constructa, Neckermann, Siemens, Thomson
1105PJ5 1549 PJ 3
1549 PJ 4
1110PJ 4 |
1110PJ 5 AEG 1600PJ 3 Bosch, Constructa, Creda, Lepper, Siemens
1600 PJ 4 -
M23PJ4 AEG, Ignis, Neckermann, Philips, Thomson 1600 PJ 5 Ignis, Philips -;
1126 PJ 4 1651 PJ 3
1126 PJ 5 1651 PJ 4 AEG, BBC, Blomberg, Quelle. Zanussi, Zoppas
1168 PJ 3 1651 PJ 5 Hotpoint
1168 PJ 4 Hoover, Quelle, Zanussi, Zoppas 1663 PJ 4 Bosch, Constructa, Siemens
1168 PJ5 Zanker
1168 PJ & 1780 PJ 4 AEG, BBC, Blomberg, Zanussi, Zoppas
1780PJ 5 AEG
1194PJ 4
1200 PJ 4 Hoover, Philips 1854 PU 3 Bosch, Candy. Constructa, Lepper, Siemens, Zerowatt
1854 PJ 4 Blomberg, Bosch, Constructa, Siemens, Zerowatt 3
1200PJ 5
1200 PJ 6 Hoover, Lepper, Quelle, Zanker, Zanussi 1895 PJ 3 Bosch, Constructa, Siemens, Zerowatt
1200 PJ 6 (= Synthetic type) 1895PJ 4 Bauknecht, Cordes, Miele
1895 PJ 5 Blomberg, Cordes
1222PJ)5 Allas, Electrolux .
1222 PJ 6 1910 PJ3 Philips i
: 1910PJ5 Baukhecht, Philips, Ruton, Zanker }
1233 PJ 5 }
1915P03 B
1244 PJ) 4
1244 P) 5 Ariston, Ignis, Philips, Sangiorgio 1930 PJ 3 Constructa, Creda, Lepper, Philips, Radiation '
1930 PJ 4 Phiiips, Quelle, Zanussi
1254PJ 5 Bauknecht 1930 PJ 6
1270 PJ 4 Neckermann, Thomson, Zanussi 1956 PJ 3 Bosch, Constructa, Siemens,
1270P4 5 AEG, Ignis, Philips, Rondo, 1956 PJ 4 gﬁﬁaﬁnﬁ?%ﬂiﬁm Blomberg. Miele. Guelle.
1270 PJ 6 Zanker Bauknecht, Garant, Philips
1285PJ5 1956 PJ 5 AEG, BBC, Blomberg. Electrolux, Zanker
1285PJ 6 {= Synthetic type) 1956 PJ 6 AEG, Bosch, Constructa, Siemens, Zanker
1956 PJ 7 5
1301 PJ 4 Bosch, Constructa, Interfunk, Siemens '
1301 PJ 5 Siemens 1972PJ 5 Bauknecht
1301 P Bosch, Cbnstrucat, Siemens 1981 PJ3 Constructa, Creda, Radiation
1309 PJ 6 BBP, Blomberg, Siemens 1981 PJ 4
1981 P37
1316 PJ5 -
1982PJ 3 Miele
1321 PJ4 Brandt, Ignis, Neckermann, Philips, Thomson 1992PJ 4 Miele, Philco
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Ta6nuuya 12.1 (okoH4aHue)

Tun pemts Mapku CMA Tun pemus Mapku CMA n
1321 PJ5 Algor, Ignis, Indesit, Ire, Philips 1992pPJ 7 Bosch, Constructa, Siemens
1321 PJ6 BBC, Blemberg, Bosch, Constructa, Lepper, Siemens
1321 PJ7 2083 PJ 4 Bosch, Consiructa, Siemens
1333 PJ 4 Miele 2083 PJ 5
1333 PJ 6 Upper, Miele. VOlund 2100PJ 5 AEG
1350 PJ 6 Blomberg 2155 PJ 4 Bosch, Constructa, .Siemens
1371 PJ 4 210PJ3
1371 PJ5
2210PJ 4 AEG, BBC, Philips, Zanussi, Zoppas
2210PJ 5
1200PH 9 1956 PH 7
1956 PH 8
1309 PH 6 |
1965PH 9
1316 PH7
1970 PH 4
1321 PH7T
1972 PHT Zanussi
1600 PH 5
1975 PH 5 Zanussi
1830 PH7 1975 PH 7 Sangiorgio
1854 PH 8 Zerowatt 1980 PH 7 Blomberg, Electrolux, Quelle, Zanker, Zanussi
1885 PH 5 UNIVERSAL 1980 PH 8
1885 PH 6 UNIVERSAL 1980 PH 9 Brandt, Ocean, Thomson
1885 PH 8 Philce- 1985 PH S Ariston, Merloni, Zanussi T
1890 PH 5 1985PH 7 Ocean
1890 PH 8 1985PH 8
1985 PH 9
1895 PH 7
1895PH Y 1992PH 6 AEG, Bauknecht, Philips
1992 PH 7 AEG, Bauknecht, Bosch, Siemens i
1915PH 6
1915PH7
1915PH 8
1930 PH 3
1930 PH 4
1930 PH 5 Ariston
1930 PH 6
1930 PH7 AEG
1938 PH7 AEG, Zanussi
1938PH 8 Mea
1945 PH 8
OpuryHansiibie Kol Tun pemMus
00126302 CANDY 92130859
0792983618 CANDY 92606862-92983618 | 3L440 TEM
0792130889 CANDY 92130889-92607753 | 3L454 TEM
00126127 CANDY 3L474 TEM
0792983600 CANDY 92983600 3L481 TEM B
00126125 CANDY 02607332-92983626 | 3LX1153 TEM
0792983626 CANDY 02607332-92083626 | 3tX1153
001261120 CANDY 9260718-92130871 3LX1186
00126121 CANDY 9260680 3LX1208
00126122 ZEROWATT 90462441 3Lx1286
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Puc. 12.10. Mpumep MapKupOSKU NOSUKAUHOSLIX peMHell

cocraea ¢ rpadpuTtoMm B Buge BpycoykoB. Haszosem
3T bpyco4qkn pabouvm martepuanom uwetku. OHu
3aKNKYEHbl B METANNMYecKyr runb3y, KoTopas, B
CBOK) O4epeflb, BCTABNEHaA B MMaCTUKOBLIA KOp-
nyc — pepxatens. BHewWwHruin BUA HEKOTOPLIX Mofie-
nen wetok npeacraened Ha puc. 12.12. B npoyecce
pabotul MoTopa pabouni marepuan LeTKM MNoHe-
MHOry cropaeTt (370 npuyuHa XapakTepHoro 3anaxa
paboratowen CMA) u weTka crauveaercs (crupa-
ercsa). Koraa pecypc weTok napacxogoeaH, MoTop,
Kak npasuvno, nepecraeT Bpawarbca. Pabouni ma-
Tepuan WeTkU NPXKUMaeTca K KONNEeKTopy 3a cueT
NPYy>WHbLI, KOTOpasa ycTtaHoeBneHa B runese. MNpu na-
HOCe LWEeTOK UX NPMXMM K KonnekTopy ocnabesaer.
OBHapy*uTs M3HOC LETOK MOXHO TONbKO BU3yanb-
HO, eCNU CHATL Kopnyca weTtkoaepxarenein ¢ MoTo-
pa. Ecnn «npo3saHvBarb» TECTEepoM, TO OMMETP
MOXeT NoKasaTb KOHTAKT, HO NPU BKNKYEHUM MOTOP
BCE paBHO Bpauwjarbca He Oyder. Y HOBOW WETKW
«BbineT» patoyein Yactn npumepHo 20—30 mm (3a-
BUCUT OT Tuna). Ecnu Ha CHATOW C MOTOpa WETKW
«BbINET» paboyen HacTu cocraenser 5—7 MM, TO
3TO O3Ha4YaeT, YTO pecypc ee m3pacxofosaH K Ta-
KMe WeTku noanexar 3ameHe. MeHS0T, Kak npasu-
no, obe weTku. He CTOUT NbiTaTbCA 3aCTaBUTL MO-
Top paborarb, noforHye kakmuM-nubo obpasoM weT-
KoAepXKarernb, T. K. MOTOP B TAKOM Crnyyae OKOH4Ya-
TenbHO BbIMAET U3 CTposA. [leno B TOM, YTO B TOpey
paboyero Tena weTkn 3anenad rMbkUA KOHTaKTHbIM
TPOCKK, Kak Ha puc. 12.13, npumepHo Ha rnybuHy
5—9 mmMm. Ecnu 3TOT TpOcUK (OH caenaH U3 MegHoro
«4yrnka») Ha4yHeT KacaTbCs naMenen Konnekropa.

SRINNNNINN
N

) u\‘.w.'u..‘#_

~3 MM

TaxoreHeparopa

a)
Koprnyc
|
‘: J; ObmoTHM CTaTOpa
Levkm g
Karywka 3 | KO
TaxoreHeparopa || ]
1 Nopwknivk potopa
E TT -
Marumr ; -g
1axorenepay 1 : . i
i ——res a
Konnextop s Ok poron

TNpuraiMHan NPy#uHA WeTkin
6)

Puc. 12.11. Yempoiicmeo konnexmopHoz0 Momopa

Puc. 12.12. lifemxu Onsa KONNEeKMOPHLIX MOMOPOE
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3TO BbLI3OBET NOBLILWEHHOE WCKpPeHWe, Nocneayto-
LYWIA Neperpee KoNneKkTopa, u nocneaHui, a BMecTe
C HMM U pOTOP, OKOHYAaTenbHO BLINAET M3 CTPOSA.

BecbMa OCMOTPUTENBEHO CriefyeT NoAXOAWTb K
3ameHe U3HOCUBLIMXCA weTok. Ha puc. 12.13 noka-
3aH pabouui mMatepuan weToK B paspese. 3TO
cBoeobpasHult «byTepbpoa» M3 ABYX NONOBUHOK,
MeXy KOTOPBIMU HAXOAUTCHA NopucTas Npocnoiika,
KOTOpas npeaoTBpaljaeT «3acanueaHue» KONnek-
Topa. Tawke Npu yCTaHOBKE HOBLIX LL|ETOK HYXHO
NMPOM3BECTM OYMCTKY KONNEKTopa v NPUTUPKY HOBbLIX
wetok. O6 aTon onepauyum Byner pacckasaHo B rna-
Be 06 ycTpaHeHun HencnpaBHOCTEN.

Cnepywoujas Aetanb KONNEKTOpPHOro Moropa —
Taxorereparop. OH cocTouT n3 katywku ¢ obmoT-
KOA U MONIOCHBIMWU HAKOHEYHUKAMU — OHa 3akpen-

/Paﬁouuﬁ marepuwan
AN RS
/(/ %
MNpocnoiika P Tpockk
5-8 mm

Puc. 12.13. Cmpoerue pabovyez20 Mamepuana wemxu
u 3adesika KOHMakKMHO20 MpOocuKa

6)

Puc. 12.14. a) Kamywka maxozeHepamopa OmKpbHTIo20
muna, 6) Kamywku maxozeHepamopos8 3aKkpbimozo muna

fleHa HenoABWXHO Ha 3agHEW Kpbillke moTtopa
MHOrOMNONKCHOro LUMNUHApu4eckoro markira. Mar-
HUT NPUMBUHYEH K TOPLEBOM 4acTh OCU poTopa U
BpawjaeTca BMmecTe ¢ HUM. Karywku ¢ oBbmMoTKOR u
NONMIOCHBIMKY  HAKOHEYHMKaMM MOryT UMEeTb KOHCT-
PYKLMIO OTKPLITOrO TWNa, kak Ha puc. 12.14, a, u 3a-
KPLITOro TMna, kak Ha puc. 12.14, 6.
ConportmeneHne 0O6MOTOK MOXEeT BapbupoBaTh-
csi oT 24 Om po 1,8 kOm. O BoccraHoBneHun oBo-
pBaHHbLIX MNKU cropeslmnx 0bmoTok DbINO pacckasa-
HO B XypHane «PemoHT&Cepsuc» Ne 7, 2000 roa.
Mpu BpaweHUn LMNUHOPUHECKOTO MarHuTa BHYT-
py 0BMOTKM C NOMICHLIMU HAKOHEYHUKaMK, Ha Bbl-
xoAax nocnefHer euipabarbiBaTCA UMNYbChl Ha-
NpsxxeHust cCuHycongansHou oopmbl. Hacrora u am-
nnuTyaa Ux cnefoBaHus NponopuuoHansHa 4acrto-
TE BpaleHua skopsa motopa. flanee 31m uMnynechbl
NOCTYNaKT Ha 3NEeKTPOHHBLIA MOAYyNb M NOAAKTCs
CHavana Ha Bxof cxembi chopmupoearens. Kak npa-
BUNO, 3TU CXeMbl AOCTATOYHO NpocThl. OAWH U3 BO3-
MOXHbIX BapUaHToB NpuBeAeH Ha puc. 12.15. Umny-
NbCbl CUHYCOMAANBHOIO HaNPSHXXEHWA NOCTYNaKT Ha
BXO4 CxeMbi bopMmupoBarens: cHadana Ha jenu-
Tenb HanpskeHwsi, obpasoBaHHbIA pe3ncTopamu.
3arem curHan orpaHu4amMBaeTcs no amnnuTyae ¢ no-
MOLLbK AVOAE U AONONHUTENEHO OFPaHUYMBAETCA U
yCUNUBaeTCca TPaH3UCTOPOM. YCUMEHHbIM curHan
(puc. 12.16) nanee nocTynaer Ha BXOL MUKPOKOHT-
ponnepa (Mnu cneunanManpoBaHHON MUKPOCXEMBL).
B cooTBeTCTBMM C 3aN0XEHHOW nporpaMmMon MUKpO-
KOHTpONnep cpasHusaem ANUTENbHOCTL NOCTyNak-
WMX MMNYNbCOB M Nnogaer Ha CUMMMUCTOP, KOTOPbIM
ynpaBnaeT HanpsXeHnem nuraHus moTopa, CooT-
BETCTBYIOLME WMMNYNbLChbl ynpaeBneHusi. Taike Ha
OCHOBE AaHHbIX, MONyHeHHbIX C TaxoreHeparopa,
MUKPOKOHTpONnep onpefensaer creneds aucbanax-
ca bapabaHa ¢ Genbem. lNepen Havanom oTxwuMa
bapabaH NpoKkpy4YMBaeTCsa CHavana B 0gHy CTOPOHY
(aonyctum, benbe noaHUMaeTca Haeepx), 3arem B
Apyryro crtopory (Bense nagaet BHU3). MUKDOKOHT-
ponnep cpasHusaem ANUTENLHOCTU UMNYNLCOB OT
3TUX BpaleHWid U B COOTBETCTBUM C nporpammont
«NPUHUMAET» peLleHMe: NPOAOCMKUTL OTXUM (Bpa-
weHue), yBenuUHUTL CKOPOCTL BpalyeHua unu npe-

+Unur

BrIXON MMy MbCOs

S

Puc. 12.15. Cxema ghopmMmuposamens uMnynLcoa8
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Puc. 12.16. Popma umnynscoe Ha ewixode ¢hopmupoeamens

KpaTuTb K Ha4yaTb 3aHOBO packnanky tenss B Bapa-
BaHe.

B HekoTopbix Moaensx ¢ gucbanaHcom boprores
nyTemM yCcTaHoBKW nofl, 6akoM KoHLEBbLIX BbIKIoNare-
neu. INNpy BO3HMKHOBEHUM cnMiLlkoM Gonswon amn-
nutyge konebanun bak cneymanbHO OTWTaMNOBaH-
HbIMM HA HEM BBICTYNaMu Bbi3biBaeT cpabarsiBaHue
KOHL|EBbIX BbIKJ'II'O'-IaTE!'Ieﬁ, N BCA CXema NUTaHuA
Torja NEpPeBOAUTCA CHOBA B peXuM packnagku be-
neA.

OTMeTMM eule OAHO BaXkHOe OBCTOATENLCTBO.
[na 3awmTsl MOTOPOB (M ACMHXPOHHLIX, U KOMMNEK-
TOPHLIX) B CTATOPHLIE OOMOTKM BMOHTMPOBAH Cne-
yuansHell Tepmonpegoxpanutens. OH caenaH w3
BumeTannMYecko MNacTuHbl M NOMELEH B COOT-
BETCTBYKILUWI KOPMyC: METannuMyecKuid unmM cCrek-
nsaHHbIM. Ha puc. 12.17 nokasaHo pacnonoxexue
Tepmonpenoxpanurena 8 obmortkax craropa. pu
neperpese moropa (obmMOTOK) BcheacTeue nepe-
rpy3i BuMmerannuueckMii KOHTaKT pa3mblkaeTca U
paspeieaeT uenb nuTaHuA. [Nocne ocTeliBaHuA Uenb
cHoBa BoccTaHaenuBaetcs. Ha puc. 12.18 nokazan
MOTOP, Y KOTOPOFrO KOHTaKThi TepMonpefoxpaHuTe-
nAa BolBEfeHb! Ha obuui pasbem. Mel yxe 3Haem,
4YTO U3MEHEeHWe HanpasneHus BpaujeHus poropa
MOTOpa OCYLEeCTBNAETCA KOHTaKTHbIMU rpynnaMu
nporpaMmaTtopa, HO B HEKOTOPbIX MOAENsAX 3NeKT-
POHHBIX MOAYNEr ANA 3TOW Lenu UCNonb3yrT cne-
yuanbHbie pene, HanpuMep, Kak Ha hparMeHTe cxe-
Mbt pyc. 12.19. Ha aToM pycyHKe nokasaH v ynpae-
NALWMA MOTOPOM CUMUCTOP — « TY» — ero uHoraa
HasbIBaKT «Tpuak». MmenHo aToT npubop nopaer
(nponyckaeT) HeoGXoAUMOE HanpsKeHWe nuTaHus
Ha BeAywWU MOTOp.

CumMuCTOp MOXHO BriONHe NpeacTaBuTe B BUAE
BLICTpOAENCTRYIOWEro 3NEeKTPOHHOIo Kroya
(puc. 12.10), KOoTOpbIN OTKpBIBAETCA NOCTYNAKLWMMUA
Ha ero BxoA G (3areBop) umnynscamu. ITu ynpaens-
HLWMe UMNYNLChI NOCTYNAKT ¢ MUKPOKOHTpoONnepa,
M CUMUCTOP HAYMHAET NPOonycKarb Hanps>keHue nu-

TepmonpeaoXpaHuTent
B CTEKNAHHOW Kancyne

Puc. 12.17. Pacnonoxexue mepMmonpedoxpadumeneil
8 o6MomKax cmamopa
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Puc. 12.18. Momop ¢ @HewHUMU KOHMakmamu
mepmonpedoxpaHumens

TaHua Ha cxemy motopa. CunoBble 3NeKTPoAbE Ch-
MucTopa 1 U 2 yCNoBHO HasblBaKT aHOAOM U Kato-
aom. [puHuMn OencTBUSA 3MEKTPOHHBIX CXEM, B
KOTOPbIX MCNOMNb3YeTCA CUMWUCTOP, OCHOBaH Ha
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Hanpsxenue Ha v
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Puc. 12.21. M3meHernue genuysuHbI NUMAOLE20 HaNPIKeHUs 8 3agUCUMOCMU OM haskl NOCMYNaoLyUX UMNYNLCO8
ynpasnexnus

AgyxnornynepuogHom casoBom ynpasneHuu. Cumu-
CTOP B 3TUX CXeMax ABnaercs perynupylowum ane-
MEHTOM, KOTOpbIM BKMKYEH nocneaosBarenbHa Co
cxemoi Beaylero mortopa. Npuseaem euye rpadcu-
kv Ha puc. 12.21. Ha HUX NOKasaHo, Kak U3MeHAeTCs
BENW4MHA NUTAIOLLEro MOTOp HanpsKeHUs B 3aBU-
CYMOCTH OT NOCTYNaIOLLMUX Ha YNPaBNaioLLMiA 3MeKT-
poA CUMUCTOPA UMMYITBLCOB C MUKPOKOHTpONNepa.
Mbl y)e MHOro roBopunu o nepeoM cnocobe
npueofa GapabaHoB M Tenepb KOPO