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BBenenue

OcHOBHas 1LEeJIb MPENOJABAHUS JUCHHUILUIMHBI «ABTOMATHKa» 3aKJIIO-
yaeTcs B (POPMUPOBAHMU 3HAHMM W MPAKTUUYECKHUX HABBIKOB MO aHAJM3Y,
CUHTE3Y, BBIOOPY M HMCIOJIb30BAHUIO COBPEMEHHBIX CPEJCTB aBTOMAaTH3a-
unn B AIIK u Ha npownsBoacTee. Mcxoas U3 3TOro, Npu U3y4eHUU TACIIUI-
JIMHBI «ABTOMAaTUKA» CTABATCS CIEAYIOIIME 3a0a4U:

— JIaTh CTYAEHTAM OCHOBBI TE€OPUM AaBTOMATHYECKOTO YIPABJIIECHUS,
MPUHIMUIIBI TOCTPOEHUS U 3aKOHBI (DYHKIIMOHUPOBAHUSI CUCTEM aB-
TOMAaTHYECKOTO YITPABIICHUS;

— W3YYHUTh TEXHUYECKUE CPEICTBA ABTOMATUKH U HAYYUTH CTYIAEHTOB
MIPOU3BOIUTH UX BHIOOD;

— HAY4YUTh CTYIEHTOB IPOBOJAWTH AHAIN3 CEIbCKOXO35MCTBEHHOIO
ITPOU3BOJACTBA, COBPEMEHHBIX TEXHOJOIMYECKUX IPOLECCOB U Ma-
IIVMH C TOYKH 3PEHUS UX aBTOMATH3allNH;

— HAY4YHUTh CTYACHTOB OINPEAEIATh TEXHUKO-PKOHOMHUYECKYIO 3(deK-
TUBHOCThH aBTOMaTu3aImu 00bekToB AIIK u mpou3BoacTBa;

— U3YYUTh NPUHIUIB aBTOMATH3ALMHA CTAMOHAPHBIX U MOOMIIbHBIX
MIPOU3BOACTBEHHBIX ITPOLIECCOB HA PAAE KOHKPETHBIX CEIbCKOXO-
3MCTBEHHBIX YCTPOUCTB, MaIlIUH, arpEeraTos.

B npakTtrkyme npUBOASTCS KpaTKUE TEOPETHUECKUE CBEACHUS, TOPS-
JIOK BBIIIOJIHEHHS JTA0OPATOPHBIX padbOT, MEepeYeHb KOHTPOJIBHBIX BOIPO-
COB JIJIsl CAMOIIPOBEPKHU, a TAK)KE€ OCHOBHbIE TPEOOBaHUS IO TEXHUKE 0€30-
MaCHOCTH IIPU BBINOJHEHUH J1TA00PATOPHBIX padoOT.

IIpakTkyMm npenHasHayeH Ui ayAUTOPHOM U CaMOCTOSITEIBHOU pa-
OO0TBHI CTYJAEHTOB MO HarpaBieHuto nmoAroroBku 35.03.06 ArpounxkeHepus
(HampaBieHHOCTH TEeXHOJIOrM4ecKoe O0OpyAOBaHUE AJIS XpAaHEHUS U Iie-
pepabOTKH CENbCKOXO035MCTBEHHOW MPOAYKIIMU U DKOHOMHUKA U YIIpaBJie-
HUE€ B arpOMH>XEHEpUH O4HON (hOpMbI OOydYeHUSI U TEXHUYECKU CEPBUC B
arponpoMbIIIIEHHOM KOMILIEKCE 3a04HOM (hOpMbI OOyUEHHMs) TIPU U3y4e-
HUW TUCHUIUIMHBI «ABTOMATHKA.



O0mue Tpe0OBaAHUSA 10 TEXHUKE 0€30MACHOCTH

1. B mabopaTopun aBTOMAaTUKH JIMHEHHOE HANpsHKEHUE TIEPEMEHHOTO
Ttoka 220 B. IIpu HecoOmroeHnn mpaBuil MO TEXHUKE OE30MACHOCTH 3Ta
BEJIMUMHA HAMIPSDKCHUSI PECTABISIET COO0M OMpe/IeIeHHYIO OTTACHOCTb.

2. Ilepen Hayanom J1abOpaTOPHBIX PadOT MpernojaaBaTeb, BEIYIIUN
3aHSITHSI, IOJDKEH MTPOBECTU CO CTY/IEHTAMU MHCTPYKTAXK MO TEXHHUKE 0€30-
MACHOCTH C TIOCIIEAYIOIIEH 3aMUChI0 B COOTBETCTBYIOIIEM JKypHAJIE.

3. Ilepen Hauasom pabOTHI HA JIAOOPATOPHOM CTEHJIE HEOOXOIUMO
yOequThCSl, YTO BCE BBIKJIIOYATENM CTEHJIa HAXOIATCA B TMOJOXKECHUU
«BBIKIIOYEHO.

4. Pabouee MecTO HE JOMKHO 3arpoOMOXKAATHCS MOCTOPOHHUMU
npeMEeTaMH.

5. COOpKy cxembl HAJJIEKHUT BBINOIHATH 0€3 IepecevyeHus] pOBOJIOB,
WX HATSIHYTOTO COCTOSIHUS M HE JIOIMYCKAaTh CBEPThIBAaHUS MPOBOJIOB.

6. Heo6Xx01MMo 1o1b30BaThCs TOJIBKO TEMU NMPUOOpaMH, KOTOPHIE Ha-
XOJATCA Ha pabouem mecte. Mcnonp3oBaHue Apyrux mpuoOopoB Oe3 pas-
pEIIeHUs MPEeno/iaBaTes 3anpeiaeTcs.

7. CoOpaHHyl0 cxeMy HEOOXOOUMMO IPEACTaBUTh Ha IPOBEPKY
MpernojaBaTelto.

8. Bkimouars cxeMmy cleayeT JUIIb ¢ pa3pelieHus MpernofaBaTess u
1ocje NpeaynpekIeHuss 00 3TOM BCEX CTYACHTOB, paOOTaIOIIMX HA JaH-
HOM pabo4yeM MecTe.

9. Bo Bpemst BbIMOTHEHUS paOOTHI 3aITperiaeTcs:

— IPOU3BOJUTH KaKHe-TuOO IepecoemHeHus B pabodeil cxeme, Ha-

XOJISAIICICS O] HAPSHKEHUEM;
— IIPUKACATHCS K OTOJICHHBIM TOKOBEIYIIIMM YacTsIM YCTaHOBKH;
— OCTaBJIAITh 0€3 HAOIOIEHUS CXEMY, HaXOIALTYIOCS TTOJT HAITPSKEHUEM.

10. OG0 Bcex cinyyadax OOHapy>KEHHsI HEMCIIPABHOI'O COCTOSIHUS 000-
PYZIOBaHUS, U3MEPUTENBHBIX MPUOOPOB M MPOBOAOB HEOOXOAUMO HEME/I-
JICHHO MOCTaBUTh B M3BECTHOCTH MPEIOAaBaTEIs.

11. ITocnie oxkoH4YaHUsI pabOThHI CHSTh HAIpsKEHUE ¢ J1abopaTropHOi
YCTaHOBKH, pa3o0paTh CXeMy.



JlabopaTopnasi padora 1
HUccnenoBanue TepMoIaTYHKOB

Lenv pabomol: ©3y4UTh KOHCTPYKITUIO, IPUHIIMI JIEUCTBUSI METAJLIH-
YECKOI'0 W MOJIYIIPOBOAHUKOBOIO JAaTYMKOB TEMIIEPATYPHI U IPOBECTU HC-
CJIEJIOBAHME MX XAPAKTCPUCTHK.

Obwue ceedenus 0 0amuukax memnepamypol

3HauuTEIbHASL 4YacTh TeIUla, MOTpedsseMasi B CEIbCKOM XO3SUCTRBE,
UJIET Ha OTOIUICHHE, KOPMOIIPUTOTOBJIEHUE, BEHTHIISILIUIO )KUBOTHOBOIUE-
CKMX M NTUIEBOAYECKUX IOMENICHUH, B CYHIIMJIBHBIX YCTAHOBKaXx, HJIs
o0orpeBa MapHUKOB U TEIUIUII.

B nocneanue roasl ¢ poCcTOM 3JIEKTPONOTPEOJIEHUS B CEIBCKOM XO-
3STUCTBE ISl TETUIOBBIX MPOLIECCOB MCIIONB3YIOT 3JIEKTPUUECKYIO SHEPTHUIO
KaK MCTOYHHK TEIJIa, BECbMAa YAOOHBIN AJI HCIOJb30BaHUSI.

DIIEKTPUYECKHE TEIJIOBBIE YCTAHOBKM MMEIOT BhICOKM KIIJI, mpocTsl B
0OCITy’>KUBaHUM U MOT'YT ObITh aBTOMaTU3UPOBAHbI 0€3 3HAUMTENILHBIX 3aTPaT.

JIisi aBTOMaTUYeCKOro KOHTPOJIS U PEryJMpOBaHUs TEMIEpaTyphl B
C.-X. MPOU3BOJICTBE HCIOJIb3YETCA OOJBIION apceHan JaTYMKOB TemIepa-
TYpbl, CO3/IaHHBIX KaK JIJISl CEbCKOXO3AMCTBEHHOTO MPOU3BOJICTBA, TaK U
JUTSI CMEXKHBIX OTpaciieil HApOJHOIO XO0351CTBa.

B kadecTBe JaTYMKOB TEMIIEpPATypbl UCHOJIB3YIOT 3JIEMEHTHI, (pr3mye-
CKHE CBOMCTBA KOTOPBIX CYILIECTBEHHO 3aBHCAT OT TEMIIEPATypbl U HE3HAUU-
TEJIbHO MOJBEPKEHBI BIMSHUIO APYTrUX (PAKTOPOB, HAIIPUMEDP BIIAXKHOCTH, CO-
cTaBa cpenbl U T.A. K TakuM (u3MUeckuM CBOMCTBaM OTHOCSITCS SIBIICHUS
TEIUIOBOTO JITHEWHOTO U OOBEMHOI0 PACIIMPEHUs], U3MEHEHUS] CONPOTHUBIIC-
HUS1, EMKOCTH WJIM TEPMOAJIEKTPOABIKYILIEH CUJIbI JIEMEHTA, HAXOAALIErocs B
KOHTAaKTE C KOHTPOJIMPYEMOU Cpenord. MHOIve NaT4hKu MCHOJB3YIOT IPHH-
LI U3MEHEHUS TTapaMEeTPOB KOHTPOJIMPYEMOM Cpeibl MO ICUCTBUEM TEMIIE-
parypbl: pa3MepoB, JNABJICHHUS, BSI3KOCTH, DJIEKTPUYECKOI'O COIMPOTHBIICHUS,
MHTEHCUBHOCTH PAJIMAIIMOHHBIX U3ITy4YEHUN U T.JI.

B 3aBHCHUMOCTH OT HCHOJB3YEMbIX (PU3UUYECKUX CBOMCTB, 3aBUCAILINX
OT TEMIIepaTyphl TeJl, Pa3IMYalOT CIEAYIOIINE OCHOBHBIE THUIIBI YyBCTBU-
TEJIbHBIX 3JIEMEHTOB (AAaTYUKOB) TEMIEPATYPHI:

* mepmomempuueckue, WA HCUOKOCMHO-CMEKIAHHbIE, IIeMEeHmbl,
OCHOBaHHbIE Ha Pa3IMYuU KO3(P(UIHUEHTOB TEMIOBOIO PACIIUPEHUS
KHUIKOCTU U CTEKJa (B CHCTEMax aBTOMATUKU M KOHTPOJIA IpUMe-
HSAIOTCSL KOHTAKTHBIE KUAKOCTHO-CTEKJISTHHBIE TEPMOMETPBI C 3JIEK-
TPOMPOBOAAIIEH )KUIKOCTBIO, HAIIPUMEDP PTYTHIO);

* OumemaniudecKue 1eMmeHnvl, KOTOpble OCHOBAaHbI Ha Pa3JInuuU KO-
3 PUIIMEHTOB TEIJIOBOr0 PACIIMPEHUS JABYX KECTKO COEIMHEHHBIX
METAJUIMYECKUX TUIACTHH;



* JunamomempuiecKkue 31emMeHmol, B KOTOPbIX UCIOJIb3YETCS pPa3JIH-
Yye TEIJIOBOTO paCIIMpEeHUsl TPYOKH U BCTABJIEHHOTO B HETO CTEPK-
H$1, BBITOJIHEHHBIX U3 PA3HOPOJHBIX METAJUIOB WJIU CIUIABOB;

* homosnexmpuueckue snemenmol (TEPMOMETPBI U3IIYUYEHHUS), OCHO-
BaHHbIC HA U3BMEHEHUH B 3aBUCUMOCTH OT TEMIIEPATYPbI CHIIBI 3JIEK-
TPUYECKOTO TOKA, BO3HHMKAIOIIETO MPU OCBEIICHUH (HOTOIJIEMEHTA
MTOTOKOM U3JTy4Y€HHsI HAarpeToro Tena;

* MaHomempuyeckue 371eMeHmbl, B KOTOPBIX TEIUIOBOE H3MEHEHUE
o0beMa KUAKOCTU WM Ta3za mpeoOpa3yeTcs B MEPEMEIICHHUE Clie-
IUAALHBIX MEMOpaH, CUIb()OHOB UM MAHOMETPUUECKUX TPYOOK;

* mepmosieKmpuiecKue s1emMenmol, Ipeodpasyrolue TEMIOBOE BO3-
JEMCTBHUE B BBIXOIHOW CUTHAJI AJICKTpoABMKYyIer cuibl DJIC.

HNHuTtepBaiibl TeMIiepaTyp, B KOTOPBIX BO3MOKHO IPUMEHEHHE TEX WUITU
MHBIX PUOOPOB, CIAEAYIOIIHE:

— I TEPMOMETPOB PACIIUPECHUS — o1 —200 mo +500 °C;
— TSI MAHOMETPUYECKUX TepMomMeTpoB  — oT —130 go +550 °C;
— I TEPMOPEZUCTOPOB — ot +200 mo +500 °C;
— T TEPMODJIEKTpUYECKUX 3eMeHTOB  — oT —200 mo +1 600 °C;
— JIJI1 TEPMOMETPOB U3JITYUCHUS — ot +400 °C no oo.

[IpenmeTom uccieoBaHUN B JaHHOM padoOTe SBIISIOTCA mepMope3u-
cmopwvl. OHU HU3rOTABIMBAIOTCS W3 METAUIOB WM IOJYINPOBOJAHUKOBBIX
MarepuanoB. TepMOpe3ucTopbl, UCHOJIb3yEMbIE B MpHOOpax isl U3Mepe-
HUS TEMIEPATYpPhl, padOTAIOT MPU MaJbIX HArpPy3Kax TOKOB C TE€M, YTOOBI
TEIJIO, BBIIEIAEMOE TOKOM B TE€PMOPE3UCTOpPE, ObUI0O MHUHUMAIBHBIM IO
CPaBHEHHUIO C TEIUIOM, MOJy4a€MbIM OT HCIBITYEMOU cpelibl. OCHOBHBIM
TpeOOBaHUEM, NPEIBABISIEMBIM K MaTepuaiaM TEPMOPE3UCTOPOB, SIBISET-
Cs BO3MOXXHO OOJBIIMII M TMOCTOSHHBIM TeMIlepaTypHbId KO3(PPUIIHEHT
AIEKTPUUYECKOTO COMPOTUBIIEHUS IIPU OJHOBPEMEHHO BO3MOKHO OOJIbIIIEM
YAEJIbHOM CONPOTUBJICHUU.

OCHOBHBIM MaTEPUAIOM MEMALIUYECKUX MEPMOPESUCOPOS SIBISIOT-
csa uucteie Metawiel: Cu; Fe; Ni; Pl (Menp, kene30, HUKEINb, IJIATHUHA).
KoHcTpyK1Ms MeTaiinyeckoro TepMOpe3ncTopa NoKa3aHa Ha Ilakare.

BOABIIMHCTBO XUMHUYECKH YUCTHIX METAILUIOB 00JIaat0T MOJ0KHUTEIIb-
HBIM TEMIIEpaTypHbIM KO3(PPUIUEHTOM CONPOTUBIICHUS OL.

N3meHeHre CONpOTHUBIEHUS! YUCTHIX METAJJIOB COCTABIISIET OT 3,7 110
6,5% Ha 10 °C, 4TO COOTBETCTBYET TeMIlEpaTypHOMY KOA(DPUIIMEHTY co-

IIPOTUBJICHUS:
1

%.

a=(3,7..6,510"



ConpoTuBIIEHUE YHUCTHIX METAJJIOB MPU HAarpEBaHUM MOHOTOHHO BO3-
pacTaer, U 9Ta 3aBUCUMOCTb cTabmibHa. [Ipu qo6aBneHnn npumecen B Me-
TaJUIbl CTAOUILHOCTh U MOHOTOHHOCTH HapymialTcs. KpoMe Toro, CriiaBsl
BBICOKOTO COMPOTHUBJICHHS 00JIaalOT HE3HAYUTEIbHBIM TEeMIIEpaTypHBIM
kod(pdunenTom conpoTuBieHus. [10o3ToMy criaBbl HE IPUMEHSIOT B Ka-
YECTBE TEPMOPE3UCTOPOB.

MeTtannudyeckue TepMOPE3UCTOPHI KUCIIONB3YIOT B JUAIa30HE TeMIIe-
paryp ot —120 mo +500 °C.

MakcumanbsHas pabodasi TeMneparypa ajst TeX K€ MeTaJlJIOB, UCTIOb-
3yeMBIX B Ka4eCTBE TepMOMap, BHIIIE, MOCKOIbKY PACIBUICHUE U OKUCTIE-
HUE METaJUIOB NPU BBICOKMX TEMIIEpaTypax HE CKa3bIBAaeTCs Ha TEPMO-
OJ1C, HO YBEIMYUBAET CONPOTUBIICHUE.

Tepmope3ucTopsl, MOMEIICHHBIE B BAKYYM HJIM HEUTPaIbHBIN T'a3, MO-
YT U3MEpATh 3HAYUTENILHO Oo0Jiee BBICOKHE TeMmrepaTyphl. JKene3Hsblid
TEPMOPE3UCTOP, TTOMEIIICHHBIN B KOJI0Y ¢ BojiopoaoM (bapertep), padboTa-
et npu temreparype 700 °C.

3aBUCUMOCTh COMPOTHUBJICHHUS OT TEMIEpaTypbl B OIpPEACIICHHBIX
npenenax M3MEpPEHUs TEeMIepaTryphl JJIs Pa3HbIX METAJUIOB MOTYMHSICTCS
JMHEIHOMY 3aKOHY M BBIpXKAETCsl ypaBHEHHEM

R =R,[1+0,(T-T,)],
rae Ro— CONpPOTUBIIEHUE IIpU TeMrieparype 1o;

Oy — TeMIEepaTypHbIi KO3(OUIIMEHT CONPOTUBIICHUS ISl HHTEpBaia
TeMIIeparyp, HaunHarouerocs ot 7.

Bormpoc o npuMeHeHnHn TepMOPE3UCTOPA, BHIMOIHEHHOTO U3 TOTO WIIN
MHOI'0 METajljla, pEelIaeTcss B OCHOBHOM XHMHUYECKON MHEPTHOCTBIO €T0 B
U3MEPSIEMOU Cpee.

C 3TOl TOYKH 3pEHUSI MEJIb MOKHO MPUMEHSTh TOJIBKO OT TEMIIEpaTy-
pbI 180 °C B atmMocdepe, CBOOOTHOM OT BIAXKHOCTH U KOPPOZUPYIOIIMX ra-
30B. [Ipu OoJiee BHICOKOH TeMnepaType Meib OKUCIISETCS.

Hukenb, npyu ycI0BUU XOPOIIEH H30JSIMU HAMOTKH OT BO3JECUCTBUSA
Cpelibl, MOKHO MMPUMEHSATH npu Temneparype 1o 250...300 °C.

OCHOBHBIM TNPEUMYIIECTBOM HHKENS ABJSETCA OOJblIas BeTUYMHA
YAEJIHOTO CONMPOTUBJICHUS:

p=0,075...0,085 OM-MM*/M.

[InaTuHOBBIE TEPMOPE3UCTOPHI MPUMEHSIOTCS 00b1YHO 10 500 °C, x0-
T BEPXHUM IIPEIETIOM UX IpuMeHeHuss MoxHO cuutath 1 000...1 200 °C.

Mertannndeckue TepMOPE3UCTOPHI BBITOJIHSIOTCA U3 MTPOBOJIOKH /1A~
MetpoM okojio 0,1 MM, HaMOTaHHOM Ha CHOAAHOW, (apdOpOBBIA WM
KBapLIEBbIA KapKac.

N3mepurenbHbIi TOK B TEpMOpe3ucTopax He npesbimaet 10...15 MA.



HavyanpHOE CONPOTUBIEHUE METANJIUYECKUX TEPMOpE-
3UCTOPOB JEeXKUT B npeaenax or 50 o 100 Om.

Llonynpoeoonuxosviii mepmopezucmop (B nanpheiieM [1TP) obmanaer
CYILIECTBEHHO 3aBUCHMBIM OT KOJIMYECTBA BBIACIMBLIETOCS B HEM WJIM TTOJIBE-
JNEHHOTO TeIuIa ConpoTuBieHreM. CepuiiHO BbITycKaroTcs Ase rpyribsl [1TP:
C OTPHILIATENILHBIM TEMIIEPATYPHBIM KOAPPUIIMEHTOM (TEPMHUCTOPBI) U C TIO-
JIOXKUTENBbHBIM (TIO3UCTOpPBI). B HacTosel padoTe paccMaTpuBatOTCs TOJIBKO
TEPMUCTOPBI. Y CTPOUCTBO TEPMUCTOPA ITOKA3AHO HA IUIAKATE.

Bricokuil oTpuLIaTeNbHBIN TeMIIEpaTypHbId KOA((PUIIMEHT COMPOTUB-
JICHUS MOIYIPOBOAHUKOBBIX MaTepualioB (3...6% Ha 1 °C) Obl1 U3BECTEH
CpPaBHUTEJIBLHO JJaBHO. YTIOMHUHaHUE 00 3TOM CBOMCTBE Cynb(huaa cepedpa,
HarpuMmep, Bcrpevaercs B gokinaaax dapanes, onyonukoBaHHbBIX B 1883 T.
Opnako HeCTaOMJIBHOCTh MapaMeTpOB MOJIYNMPOBOJHUKOB HE JlaBajia MC-
MOJIL30BaTh UX CBOMCTBA Ha mpakTuke. Toiapko B 1933 1. pupma «Ocpam»
Beinmyctriia nepsbie [ITP u3 aByokucu ypana (ypaokcsl). B Hamell crpane
IITP Hauanu uzroraBauBaThCs B KOHIIE 40-X rO0B MPOUIJIOTO CTOJIETHA.

B HacTosmee BpemMsl MPOMBIIUIEHHOCTh BBIITYCKAET HECKOIBKO JECSAT-
koB TUmoB [ITP ¢ pasHooOpa3HbIMU 3JIEKTpUUECKUMU MapameTrpamu. Ha-
npuMep: MeaHo-maprasienbie Tuna MMT u ko0anbTo-MapraHueBble THIA
KMT comnpotusnenrem ot 1 Om g0 1 MOwm (ipu 7' = 20 °C), ¢ OTKJIOHE-
HUEM OT HoMuHana He 6onee 20%.

K nocrounctBam IITP oTHOCSTCS, Mpexe BCEro, Majble TabapUTHI,
HE3HAYUTEJIbHAS. NMHEPLMOHHOCTh, HU3KAasi CTOMMOCTb, TIOCTaTOYHAs MEXa-
HUYECKas MPOYHOCTh, YAOBJICTBOPUTEIbHASI JOJTOBEYHOCTh, OOJBIIHE
HOMUHAJIbHBIE COIMPOTHUBIIEHUA, Onarofapsi KOTOPbIM YMEHBIIAKOTCS IO-
I'PEIIHOCTH, BHOCHUMBIE CONIPOTUBIIEHUEM COEIMHUTEIBHBIX IIPOBOJIOB.

3aBucumocTb conpoTtusiieHus I[ITP ot TemnepaTypsl (TemiieparypHas
xapakrepuctuka [ITP) xopomio anmnpokCUMHpPYETCsi aHaTUTUYECKUM BbI-

paXXEHUEM
B

R.=R e,
rae T — temneparypa, K;
Ry 1 B— k03 dunivenTsl, onpeaensieMple no popmyiam:
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T T R e -~
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rae Ry v R, — 3Hadenus comnporusiieHur [ITP mmpu HEKOTOPBIX COOTBET-
CTBYIOILIMX 3HAYECHUAX TemIiieparypsl 114 1».



Temneparypubiii ko3puument conporusienus [ITP umeer orpuna-
TEJILHOE 3HAYEHHUE:

[IpuyeM OH B AeCATKH pa3 OoJblIE, YEM y METAJUIOB, U HE OCTAeTCs
ITOCTOSIHHBIM, 4 YMEHBIIAETCS C YBETUUEHUEM TEMIIEPATYPBI.

Cepuiino Beinmyckaembie IITP Moryr pabGoraTe mpu TemmepaTypax
ot —40 no +180 °C, pu naBieHUIX 10 10° I1a ¥ OTHOCHUTENIBLHOMN BIIAKHO-
ctu 10 70%. Cneunanbabie repMmeruzupoBannblie [ITP mpegnasHaueHbl
JUJT UCTI0JIb30BAHUS B arPECCUBHOM OKPYKAXOUIEU CpEIE.

Xapakrepuctuku IITP otHOcuTenbsHO cTaOuibHbl. CpOK HUX CIIYKObI
IIPU HOPMAJIBHBIX PEXKUMAX PabOThI NPAKTUYECKHA HEOIPAHUYEH.

MakcumanbHO JI0mycThMas MOLIHOCTH paccenBanust 1ITP cocrasmser
U pa3nuyHbIX TANOB BesmuuHy 0.4...1,0 Bt, npuyem MomuocTs paccensa-
HUS, IPAKTUYECKU HE BbI3bIBaromias pazorpesa [ITP, cocrasmnser 2...5 MBrT.

TermioBasg nHepunoHHOCTh IITP npumepHO paBHsETCS MHEPLIMOHHO-
CTH OOBIYHOTO PTYTHOTO TEPMOMETPA, a IJIs1 HEKOTOphIX TUNOB IITP —
B JIECSITKHM Pa3 MEHBIIE, YTO MO3BOJSET UCIOIb30BAaTh UX B KaYECTBE JaT-
YUKOB [PU PETYIUPOBAHUU TEMIIEPATYPhl MATOUHEPLIUOHHBIX 0OBEKTOB.

OCHOBHBIE TTapaMETPhI MOIYITPOBOJHUKOBBIX TEPMOPEZUCTOPOB IPH-
BeaeHbl B Ta0mIe 1.1.

Tabnuya 1.1. Ocnoeuvie napamempul NOLYNPOBOOHUKOBLLX MEPMOPESUCHIOPO8

JIuanasoH 3Ha4YEHMi Hlomye- . Kospdu- Termoem-
Tun [ITP HOMHHAJTBHOTO Tamas R(z%o) LIMCHT pac- KOCTB,
COMpOTHBIEHH, OM | o oPa” ROTH | cenparms, mBrt-c/rpan
’ Typa, K mBrt/rpan
1 2 3 4 5 6
MMT-1 10°...2:10° 393 45..85 4.5 63
MMT-4 10°...2-10° 393 45...85 8 424
MMT-6 10*...10° 393 45...8,5 — —
MMT-8 1...17° 333 45...8,5 — —
MMT-9 10...5-10° 393 45...8,5 — —
KMT-1 2-10%...10° 453 17,5...43 45 63
KMT-4 2-10%...10° 393 17,5...43 8 424
KMT-8 10%...10° 333 14...23.5 _ —
KMT-10 10°...3-10° 673 17.5...43 0,65 3,25
KMT-11 10°...3-10° 673 17.5...43 0,4 1,4
KMT-12 10%...10°* 393 14...23.5 — —
KMT-14 3,5-10°...10’ 573 19...352 0,8 8
TOC-M 5-10°...6,5-10° 453 6,4...14 7.1 89
T-8 5-10°...15:10° 453 2,5...18 0,2 0,02
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Oxonuanue maobauywt 1.1

1 2 3 4 5 6
TIII-1 2,05-10%...2,9-10° 453 2,5...3,5 — —
TI12/0,5 29-10°...41-10° 453 3,5...6 — —
TII2/2 25-10%...35-10° 453 3,5...5 — —
TI16/2 50-10°...70-10° 453 3,5...5 — —
TKII-300 10°...1,4-10° 453 12...18 — —
TKI-50 | 2,4-10°...3,5:10° 873 45...8 0,33 7,23
TKII-20 500...700 873 3...5 _ —

Ipumeuanue. KooppuuumeHT paccenBaHMsl BBIYHCIAETCA Kak cpenHee apudme-
TUYECKOE B JICCSATU TOUKAX BOJbTAMIIEPHOU XapaKTEPUCTUKH.

JIist u3MepeHust TeMrepaTypbl ¢ MOMOIIbI0 TEPMOPEZUCTOPOB IIUPO-
KO€ NMPUMEHEHHE HallllIa MOCTOBAas CXE€Ma C TEPMOJATYMKOM, BKIFOUEHHBIM
B Ka4eCTBE OJHOI'0 U3 IIJIed MOCTa R;.

B nanHol pa®ote ucnoiib3yercs KoMOMHUpoBaHHbIM MocT P333. Jlna
u3MepeHust conporupieHuit 1...1-10° OM ucnonb3yercss U3MepHUTEIbHAS
cxema oAuHapHOoro Mocta. IIpuHIMnuansHas cxeMa UCCeI0BaHMs TEPMO-
NATYMKOB IIPUBEICHA HA pUCyHKe 1.1.

NATP

~ 220B ‘

Puc. 1.1. [Ipunyunuanvras snekmpuyeckas cxema
uccned08aHus mepmooamuuKos:

JIATP — nabopamopnywiii asmompancghopmamop;
EL — naspesamenvwiii anemenm (iamna HakanueaHusl),
R,— mepmoconpomuenenue; P— canveanomemp;
RI, R2, R3 — nneuu uzmepumenbHo2o Mmocma
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llopsioox evinonneHuss pabomeol

1. I3y4uTh KOHCTPYKIIMIO TEPMOAATUMKOB (METAUIMYECKUIN TepMOope-
suctop TCM-100 u nonynpoBoanukoBsii MMT-1).

2. I3y4uTh NOPSIAOK U3MEPEHUSI COTMPOTUBJICHUN TIPU MMOMOIIKA MOCTa
P333 (cm. Ha KpbllIke npuodopa).

3. Cobpats cxemy 1o pucyHky 1.2 (MoHTaxHasi cxema). M3meputhb
CONPOTHUBJICHUS] UCHBITYEMBIX TEPMOPE3UCTOPOB (YCTAaHOBJIEHBI B TEPMO-
cTaTe) Mpu TeMIEpaType OKpykaroueh cpenbl (koMHaTHOM). Jlammy nipu
A3TOM HE BKJIroYaTh! /s JanbHEUIIMX KMCCIIEAOBAaHUN MOAKIIOYUTH K MOC-
Ty TOJIYIIPOBOJTHUKOBBIN TEPMOPE3UCTOP.

Pt -58B

TepmocTtat '-‘- ------------------

P-333

00ET®O O

Puc. 1.2. Moumaoicnas cxema 0151 ucciedo8anus mepmooamyuKos:
P, — mepmomemp pacwupenus pmymmoiii

4. Cuatb 3aBucumocts R, = f(T), rne R, — COIpPOTHUBIICHUE
.11 n.r

MOJIYITPOBOJIHMKOBOIO TEPMOPE3UCTOpa NpH AaHHOW Temmeparype, Ow;
T'— TemmepaTypa BHyTpH Tepmocrara, K.

JIist CHATHS 3aBUCUMOCTH MOJaTh MUTAaHUE HA JIaMITy, YCTAHOBUB IIPU
oMoy JIATPa nanpspkenune 100-130 B.

5.Ilo mepe noBeiueHus temreparypsl yepe3 5-10 °C npou3BOIUTH
3aMep CONMPOTUBIIEHUS MOIYITPOBOIHUKOBOIO TEPMOPEZUCTOPA, BKIOYAS U
OTKJIIOYast Jamny B Tepmocrare kHonkaMu «llyck» u «Crom» crenna. Pe-
3yJbTaThl U3MEPEHUN 3aHECTH B Tabmuiy 1.2.
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Tabauya 1.2. Pe3ynsmamol uccied08anus mepmooamuuxos

TemnepaTypHbIi
Temneparypa | ComnpoTuBieHue KO3 PUIMEHT UyBCTBUTEIBHOCTh
T,K naturka R, Om COTIPOTHUBJICHUS K, OM/rpan
o, 1/rpan

6. [Ipu moctwxkenun B tepmoctarte Temreparypbl 60 °C OTKIIOUYHTH
MOCT M 3aMEHUTH NOJIYITPOBOJHUKOBBIN TepMope3suctop MMT-1 Ha me-
tasmmueckuit TCM-100.

7. BKIIIOUUTh TIUTAaHWE MOCTA U U3MEPUTHh COMPOTUBIICHUE METAJUIM-
YeCKOro TepMopesucropa npu remmneparype +70 °C.

8. Custb 3aBucumocthb Ry, = (1), rne Ry, — CONpOTUBJICHUE METaJ-
JIMYECKOro TepMope3ncTopa, OMm.

J{71s1 3TOro OTKJIFOYUTh HArpeB TEPMOCTaTa U MPOU3BECTU 3aMEpP CO-
MPOTHUBJICHUSI METAJUIMYECKOTO TEPMOPE3UCTOPA AHAJIOTUYHO MPEIbITY-
IIEMY OIBITY, HO TPU OCTHIBAHUM TEPMOCTATa IO TEMIEPATyphl OKpPY-
YKAIOLLEH CPEBbI.

Buumanue! [Ipu pabore ¢ MOCTOM HE JONMYyCKaTh 3alIKaIUBaHUS CTPEIKU rallb-

Banometpa! Knonku «Bxin.I», «['pybo», «TouHo» BpamaTk TOJIBKO

1o yacoBoi crpenke! He Haxumars kHONIKY «TouHO» cpasy mocie
KHONKH «Bxi.I»!

9. CHATh HalpsiKEHUE, pa300paTh CXEMY.

10. Paccuurate 1o (popmysiam TemneparypHbii KO3)PUIUEHT conpo-
TUBJICHUS O JUIs1 000MX TEPMOJIATUYMKOB. UyBCTBUTEIBLHOCTh ONPEAEIISAETCS
o hopmyie

AR
K e
AT

11. Ioctpouts 3aBucumoctu R, = f(T) u Ry, = fT) B onHOl cuc-

TE€MEe KOOPANHAT, POaHATIN3UPOBATh UX.

Cooepacanue omuema

1. HaumeHoBaHue U 11e51b paOOTBHI.

2. llpuHimMnuanbHast AJIEKTpUYEeCcKas CXxeMa JJabOpaTOpHOM YCTAaHOBKH.
3. [TaciopTHBIE 1aHHBIE TPUOOPOB, UCIIOJIB3YEMBIX B padoTe.

4. Tabnuiia ¢ pe3yapTaTaMu U3MEPEHHBIX U BRIYUCIICHHBIX 3HAYCHUIA.
5. Pacuernble popmyibl, rpaduKu.

6. BeiBoibI 1O padorTe.

13



Koumponvnwvie eonpocul

. Haznauenue tepmogatunkoB. O0IacTh MPUMEHEHHUS.
. Kakue ¢usnyeckue mNpUHIUIBI KCIOIB3YIOTCS MPU U3MEPEHHUU
TeMIEPaTypbl?
. Buael TepMOIaTUYUKOB.
4. B kakue (uznueckue BEIWYUHBI NpeoOpaszyeTcs Temrmeparypa B
Pa3IMYHBIX BUAAX TEPMOJIATUUKOB?
. TepMOMeTpUUECKHAE NATUUKHU. Y CTPOMCTBO, PUHIIUIT JECHCTBUS.
6. KakuM yie1bpHbIM CONPOTUBJIEHUEM JOJKHBI 001a7aTh TEPMOPE3U-
CTOPBI?
7. B 4eM npeuMyIecTBO TEPMOPE3IUCTOPOB U3 HUKEIIEBOM MPOBOJIOKH
B CPAaBHEHUH C TEPMOPE3UCTOPAMU U3 METHOMU ITPOBOJIOKU?

8. InmaToMeTpuyecKre JaTYUKU. Y CTPOMCTBO, IPUHIIAII IEVCTBHS.

9. TepMHUCTOPBI 1 TO3UCTOPHI.

10. MO>XHO 1M KCHOJIB30BATh JJIsi M3TOTOBJICHHUS TEPMOPE3UCTOPOB
CILJIaBbl METAJIOB?

11. bumerammueckne TEPMOIATIYMKA. Y CTPOMCTBO, IIPUHIIUIT ICHCTBHSL.

12. MaHOMETpUYECKHE TATYUKHU. Y CTPOMCTBO, IPUHIIUIT ICCTBUA.

13. HauasibHOE CONMPOTUBIIEHHE METALIMYECKUX WU TOIYIIPOBOIHUKO-
BBIX TEPMOJATYMKOB.

14. CpaBHHTENBHBIE XAPAKTEPUCTUKU METAJUIMYECKOTO W TOJIYIPO-
BOJHUKOBOI'O TEPMOJIATUYHKOB.

15. [lpenmyiiecTBa 1 HEAOCTATKM METAJUIMYECKOTO U MOJIYIIPOBOAHU-
KOBOT'O TEPMOJJATYMKOB.

16. IIlpyHIMIT U3MEPEHUSA CONPOTUBIEHUN NP MOMOIIU MOCTOBOM

CXEMBI.

(') N =i

N
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JlabopaTopnasi padora 2
HUccaenoBanue porodieMeHToB U poropee

Llenv pabomwl: U3y4UTh YCTPOUCTBO, MPUHIUIT JTEUCTBUS PA3TUYHBIX
(OTORIEMEHTOB U MPOBECTHU UCCIICIOBAHUE UX XaPAKTEPUCTHUK.

Obwue ceedenus 0 homosnemeHmax

domosnemenmpl — 3TO YCTPOMUCTBA, U3MEHSIONIME CBOU MAPaAMETPHI
MO/ IEUCTBUEM MEHSIOIIETOCs CBETOBOIO MOTOKA.
[Ipu ocBelleHNH TOBEPXHOCTH METAILIOB WJIA MOJTYIPOBOJHUKOB CBE-
TOM (OTOHBI (KBAaHTBI AJEKTPOMArHUTHOIO WU3JIY4YEHHUs), IPOHHUKAS B IO-
BEPXHOCTHBIE CJIOM OCBEIIEHHOTO BEILIECTBA, COOOMIAIOT AJIEKTPOHAM B T1O-
BEPXHOCTHOM CJIO€ BEIIECTBA JIONOJHUTEIbHYIO SHEPTHI0. 3a CUET 3TOU
SHEPTUM B META/UIaX M MOJYHPOBOJHUKAX MPOUCXOIAT SIBJICHUS, MOIY-
YUBLIME Ha3BaHUE pomoaggexma. Ecnm 3MeKTpOHBI TOKUIAI0OT OCBEIICH-
HOE BelecTBO, TO PoTodPdheKT Ha3bIBaeTCs sHewHUM (MIMEET MECTO B Me-
Tajuiax). Eciaum  3JIeKTpOHBI OCTalOTCS B BEIECTBE, IIOBBINIAs €ro
AIIEKTPOIIPOBOIHOCTh, TO (PoTodPdeKkT HazbiBacTCs 6HympeHHuM (AMEET
MECTO B NOJIYIPOBOJIHHUKAX). ECiM 37E€KTPOHBI U3 OCBEIIEHHOTO CJO0s Be-
IIECTBA MEPEXOAAT B CJIOM HEOCBEUIEHHOIO BEIIECTBA, OT/ICIEHHOTO OT OC-
BELIEHHOI'0 TOHKUM HU30JSIUMOHHBIM CJIOEM, TO Takol (oTodpdekT Ha3bI-
BaeTcsl BEHTWIbHBIM. lIpu 3TOM MeXIy cJIOSIMH JIBYX BEILECTB H3-32
HEJIOCTaTKa 3JIEKTPOHOB B OJJHOM M3 HUX M M30BITKA B APYTOM BO3HUKAET
Pa3HOCTh MOTEHIMAJIOB (JICKTPOABUKYIIAs CHJIA).
OtkpeoiTHE sBiaeHUsE PoTodrPdekrra, ero TeopeTndeckoe 000CHOBAHUE
U MEepBOE MPAKTUYECKOE MPUMEHEHHUE ObUIO ciaenaHo nmpodeccopom Moc-
koBckoro ynusepcurera A.I'. CroseroBeiM B 1888 roay. EMy ke nmpuHan-
JICKUT OTKPBITUE OCHOBHBIX 3aKOHOMepHOCTeH dhoTodddexra u nzodpere-
HU€ BAKYYMHBIX ()OTO3JIEMEHTOB.
B cooTBeTCTBUM C BBIICTIEPEUUCICHHBIMA CBOMCTBAMU Pa3anvaroT
TpH TUIA (OTOSJIEMEHTOB:
* poTOANMEMEHTHI ¢ BHEIIHUM (POTOAh(PEeKTOM (BaKyyMHBIE M Ta30Ha-
TIOJTHEHHBIE);
* (hOTORIIEMEHTHI C BHYTPEHHUM (POTOAPdEKTOM, T (POTOPEIUCTOPHL;
* (OTOAIEMEHTHI C BEHTWIbHBIM (HOTO3(PPEKTOM MK (HOTOITEMEHTHI
C 3anuparomuM cjaoeM (hoToanosl, (GOTOTPAH3UCTOPHI, POTOTUPH-
CTOpBI).

Baxyymuoii hpomosnemenm tuna CILIB-3 (puc. 2.1) npencraBisier co-
0Ol CTEKJISIHHBIA OaJlsIOH, BHYTPU KOTOPOr'O PACIOJIOKEHBI (POTOKATOI U
aHO/l, UMEIOIINE BBIBOJIbI K HAPYKHBIM KOHTAKTHBIM IITHIPHKaM.

15



—
—
¢ T
=\
L P
+TUc

Puc. 2.1. Cxema sxnouenusi 6aKyymMHO2O
(eazonanonnenno2o) pomosiemenma

Karonom K siBisieTcs CBETOUYBCTBUTEIBHBIN CIIOM U3 IIEJIOYHBIX Me-
TAJIJIOB (HampUMep, OKUCH 11€3Us1), HAHECEHHbIH Ha METaJUIMYECKYIO TIja-
CTUHKY, CTEHKY OaJjyloHa WM cepeOpsiHyr0 MmoioxkKy. Karon 3aHumaet
OKOJIO TMOJIOBUHBI BHYTPEHHEW MOBEPXHOCTH OAJIJIOHA, a OCTajbHasl Mpo-
3paydHasi 4acTh CIY>KUT BXOJHBIM OKHOM.

AHOI A ipeAcTaBisieT cOOOM METALTUYECKOE KOJbIO, CTEPKEHDb WU
cetky. K aHomy mpukiaabiBaeTCs MOJIOXKUTEIbHOE HampsbkeHue. Bakyym
o6b1an0 cocrasisier 10°...107 Ia.

l'azonanonnennsviii (uonnsiii) pomosnemenm (tuna LI'-3) KoHCTPYK-
THBHO HWYEM HE OTJIMYAeTCS OT BAaKyyMHOTO, HO BHYTPH KOJOBI TaKOTO
¢doTO3IEMEeHTa UMEETCSI MHEPTHBINA T'a3 MMOJ] HE3HAYUTEILHBIM JaBJICHUCM.
["azonanonHeHABIE (HOTORIEMEHTHI 0OJiee UYBCTBUTEIBHBI, Y€M BaKyyM-
HbIE, HO 001a7at0T OOoJbIIEH MHEPIIMOHHOCThIO. BakyyMHbIe ke (poToaie-
MEHTBI TIPAKTUYECKHU OC3bIHEPIIMOHHEI.

Domope3zucmopsvl B OONBIIMHCTBE CIy4aeB MPEACTABIAIOT COOOM
HAHECEHHBIM HA CTEKJISHHYIO IUIACTUHKY 5 TOHKUU CIIOW IMOJIYIIPOBO/I-
HHUKOBOTO BemiecTtBa 4 (puc. 2.2). K npoTuBonoa0kHbBIM CTOPOHAM I10-
JYIIPOBOJHUKOBOTO CJIOSI IPUNIANBAIOTCA METAJIIMUECKUE DIIEKTPOABI /.
B kadecTBe CBETOUYBCTBUTEIBHOTO MaTepHaja UCHONb3YIOTCS: CEpHHU-
CTBI CBUHEL, CEPHUCTBIM BUCMYT, CEPHUCTBIN Kaamuu u Ap. [loBepx
MTOJIYIIPOBOJJTHUKOBOTO CJIOSI HAHOCUTCSA IUIEHKA CBETONPOHUIIAEMOTO
Jaka 3 [ 3alUThl POTOPE3UCTOpa OT BIUSHUS BHEIIHEW cpeabl. Kop-
nyc ¢orope3uctopa 2, B KOTOPBIM MOMENIEH CBETOUYYBCTBUTEIbHBIN
AJIEMEHT, MOXKET UMETh Pa3IuYHYI0 (hopmy.
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ITpOMBIIIIIEHHOCTh BBITYCKAET CEPHUCTO-CBUHIIOBBIEC (DOTOPE3UCTOPHI
OC-Al, O®C-A2, O®C-A6 u ap.; cepuucro-kaamuesie OC-K1, OC-K2,
OC-K4, ®C-K6, ®C-K7 u ap.; nnenounsie GCK-I1 u np.
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Puc. 2.2. Cxema exnrouenuss pomopeszucmopa

DOTOPE3UCTOPHI XAPAKTEPUIYIOTCA BBICOKOM UYBCTBUTEIILHOCTBIO, TPO-
CTOTOM KOHCTPYKIIMU, MAJIBIMH Ta0apUTaMH, 3HAYUTEIbHOW MOIIHOCTBIO pac-
CesTHUSI U OOJIBIIIUM CPOKOM CITy>KObI. DoTOope3ncTopsl MOTYT paboTaTh B 11e-
ISIX KaK IMOCTOSIHHOTO, TaK U MepeMeHHOro Toka. OmHako (orope3ucropam
MIPUCYILIA HEJIMHEWHAasi 3aBUCUMOCTh CHJIbI (DOTOTOKA OT CBETOBOI'O IOTOKA,
OTHOCHUTEJIHO BBICOKAsi MHEPIMOHHOCTh M HEKOTOPAask 3aBUCHUMOCTb ITapaMeT-
poB oT Temneparypsl. [locTosiHHAs BpeMeHH Y (POTOPE3UCTOPOB COCTABIISAET
nopsiaka 3-107...3-10" ¢ ipu cBeToBOM MoTOKe 107> 1IM.

BentunbHbie (HOTORNEMEHTh KOHCTPYKTUBHO aHAJOTUYHBI, OTJIMYa-
IOTCSl UL (POPMOM M pasMepamu, UCXOAHBIM IOJTYIPOBOJAHUKOBBIM Be-
IIECTBOM U T.JI.

Benmunvnoiii pomoouoo (puc. 2.3) umMeeT METAIMYECKOE OCHOBa-
Hue [ TOMIUHON 1...2 MM, BbITOIHsIONIEE QYHKIIMIO HUXKHETO JIEKTPOIa
Y TIOJJIOKKH, Ha KOTOPYIO HAHECEH TOHKUU CJIOW CEJIEHA, IIOKPBITHIA CBEP-
Xy MOJYIIPO3pPaYHbIM METAUIMYECKUM CJIOEM WJIM CETKOM J, U3TOTOBJICH-
HOM U3 cepedpa, 30J10Ta WM TJIATUHBI TOJIIMHONM MeHee 1 MkMm. Mertaiu-
YECKHM CJIOM IMPOITYCKAaeT CBETOBOM IMOTOK B CJIOM CEJIECHA W BBINOJHSIET
(yHKILIMIO BEPXHETO AJIEKTPO/IA.

[lyrem cnenuanbHONM 0OpaOOTKM MOJ MCXOJIHBIM CJIOeM 4 p-CelieHa,
00J1aJar0IIEro JIbIPOYHON MPOBOAUMOCTBIO, 00pa30BaH CIIOM 2 n-cejieHa ¢
AJIEKTPOHHOW MPOBOJUMOCTBIO, @ MKy HUMU HaXOJUTCS TOHYANUIINH 3a-
MUPAIOITUI CJIOM 3, Ha3bIBAEMBIN p-n nepexodom. GOTOIIEMEHT 3aKIr0Ua-
eTcs B 500HUTOBYIO WJIM TJIACTMACCOBYIO OINpPaBy B pOpME AUCKA C OKHOM
6 1 IByMs KJIEMMaMH.
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Puc. 2.3. Cxema exnrouenuss pomoouooa

domompanzucmop — 3TO TOJTYINPOBOJHUKOBBIA NMPUEMHHUK JIy4H-
CTOM SHEPTUH, UMEIOLINKA HAPABICHHOE ABMKEHUE HOCUTEINEH TOKA U 00-
Jafarouuii CBOMCTBOM yCHIIEHUS (DOTOTOKA MpHU JEHCTBUMU SHEPTUM ONTH-
yeckoro u3iaydeHus. OH UMEET TPEXCIOHHYI0 CTPYKTYpy (AMUTTEp —
0aza — KOJUIEKTOP), MOJIOOHYIO CTPYKTYpE OOBIYHBIX TIJIOCKOCTHBIX HJIN
1 Py3MOHHBIX TPAH3UCTOPOB.

KoHCTpyKTUBHO (DOTOTpaH3UCTOpP MPECTABISET COOOM MONMyHpo-
BOJJHUKOBYIO IUIACTUHY C TpeMsl YepeayIoIUMHCA O00JacTSIMU p-n-
npoBoaumocten (puc. 2.4).

®
K
|
|
>| P'N|P| 3 -
—_— l Uc
® | o+
|
BI_
Us
T+

Pucynox 2.4. Cxema exniouenus
gomompanzucmopa

ITon netictBueM cBera B 6a30BOM o0nacTu b 00pa3yroTcs Maphbl «IJICK-
TPOH-IBIPKA», KOTOPBIC O] BIUSHUEM DJICKTPUICCKOTO MO TuddyHIM-
pPYIOT (IPOHUKAIOT) B AMUTTEPHYIO O U KOJUIEKTOPHYIO K 001aCTH TpaH3u-
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ctopa. B pesymbrare co3maercss TOK, MPOXOIAIIANA YEpe3 SMUTTEPHO-
0a30BbIN MEPEX0/, KOTOPBIN YCUJIMBAET TOK KoJuiektopa. Pabotoi ¢oTo-
TPaH3UCTOPA MOKHO YIIPABJISATh HE TOJIBKO CBETOBBIM IMOTOKOM, HO U JICK-
TPUYECKUM CUTHAJIOM.
Domomupucmop — NOTYNPOBOJHUKOBBIA TPUOOP, KOTOPHIM covera-
€T B ceOe MOJIOKUTEIbHBIE CBOMCTBA THPUCTOPA U MTPeoOpa3oBaTesist ONTH-
YECKOM SHEPTUM B JJIEKTpuueckyro. [lpuHuun aerictBus ¢poToTUprcTopa
aHAJIOTUYEH NPUHIUITY IEUCTBUSA (DOTOTPAH3UCTOPA.
B cenbckoxo03s1iCTBEHHOM aBTOMATUKE (POTOIEMEHTBI HCIOIB3YIOTCS
B JIaTYMKaX, BXOJHOM BEJIMUYMHON KOTOPBIX MOKET OBbITh U3MEHEHHUE MTOTO-
Ka JIy4YMCTOM SHEPrUM BCIIEJICTBUE IMOIJIOMIEHUS, PACCEUBAHUs, N3MEHEHUS
TPAEKTOPHUH JIy4a B KOHTPOJIUPYEMOM OOBEKTE, N3MEHEHUE OCBEIIEHHOCTH
00BbEKTa, OTPAKATEIBbHON CIIOCOOHOCTH OOBEKTa, MU3MEHEHHUE SIPKOCTH U
CHEKTPAIILHOI'O COCTaBa M3IyYEHHMs], KOJIMYECTBA, YACTOThI, aMILTUTYIbl U
JUIMTEJIBHOCTA CBETOBBIX HMMITYJIbCOB. BBIXOAHOW BENMYMHOW SIBIISETCS
(OTOTOK, HANpsKEHUE WM (POTOIIICKTPOABUKYILIAS CUIIA.
Oo6nacts npuMeHeHUs: (POTOIIEMEHTOB 3aBUCUT OT UX XapaAKTEPUCTHK,
OCHOBHBIMH U3 KOTOPBIX SIBJSIOTCS:
* CBETOBAs — 3aBUCHMOCTH (JOTOTOKA OT BEJIMYMHBI CBETOBOI'O
MOTOKA NP MOCTOSHHOW BEJIMYUHE MPUIIOKEH-
HOT'O HaNpsHKEHUS:
1o =f (D) npu Uy = const;

* BOJIbTAMIIEpHAsl ~ — 3aBUCHUMOCTb (DOTOTOKA OT HAIPSKEHUSI PH TIO-
CTOSIHHOW OCBEIIEHHOCTH:
1o =f(Uyp) npu E = const;

* CIIEKTpasbHas — 3aBUCHUMOCTH (JOTOTOKA OT JJIMHBI BOJIHBI CBETO-
BOT'0 MOTOKa: 1o = f (A);

* YaCTOTHAas — 3aBUCUMOCTb (OTOTOKA OT YacTOThl U3MEHEHUs

(MHEpLIMOHHA ) VMHTEHCUBHOCTHU TAJIAOIIETO CBETOBOI'O IMOTOKA!
Lo=1(/);

* TEeMIepaTypHasi — 3aBHUCUMOCTb (DOTOTOKA MU CHEKTPAILHOIO CO-

CTaBa OT TEMIIEpPaTypbl (IIPEBBIIICHUE JAOMYCTH-
MBbIX 3HAYEHUH TEMIIEPaTypbl BBI3BIBAET PE3KOE
M3MEHEHHE (POTOANIEKTPUUYECKUX CBOUCTB (HOTO-

anemenTa): lo=f(T) u A=f(T).
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llopsioox evinonneHuss pabomeol

JIist ucciaenoBaHusl XapakTEPUCTUK (POTORIEMEHTOB U padOThl (OTO-
pene cayxur crena tana JC-6, MPpUHOUNHUATIBHAS JJEKTPUUECKAsT cXema
KOTOpPOT'0 MOKa3aHa Ha JIMIEBON CTOPOHE CTEH/A.

1. U3yunTh NpUHUMNHAIBHYIO 3JIEKTPUYECKYIO CXEMY CTEHJa, O3Ha-
KOMMTBCSI CO BCEMU 3JIEMEHTAaMU U TPUOOpaMU CTEH/IA.

2. IloakounTh MIHYP MUTAHUSA K CETH MEPEMEHHOro Toka. TymoOuie-
pom «CeTb» BKIIIOUUTH CTEHJ, IIPU 3TOM 3aropaercsl JaMIIOYKa CUTHAJIU-
3anun JI1.

3. CHATB ¥ IOCTPOUTH BOJIBTAMIIEPHBIE XapaKTEPUCTUKHU:

— BakyymHoro CIIB-3 u razonanonnensoro [I'-3 ¢otosneMeHTOB;

— (poropesucropa PCK-I'1;

— (poronuona ®JI-1 B pexxume poronpeodpazoBaTes.

N3mepenne JaHHBIX MPOU3BOJAWUTH JJII 3HAYEHUH CBETOBOTO IOTO-
Kka @) (npu OJJHOM BKJIIOUEHHOM JIaMmiouke) U @, (Ipu ABYX JIAMIIOYKaX ).
JlaTh aHa/IU3 XapaKTEPUCTHK.

CHsATHEe BONBT-aMINIEPHOUW XAPAKTEPUCTHKH BAKYYMHO-
ro ¢orosnementa CIB-3. TymbOnep B; ycTaHaBIMBAETCS B MOJIOXKE-
HUE «BAKYYMHBII», TYMOJIEpOM Bg yCTaHABIMBAETCA CBETOBOM MOTOK @) (110-
noxeHue Tymbnepa F) (ocranbHble TyMOJepbl By, Bio, Bij HOIDKHBI OBITH
BBIKJIIOUEHBI). Perymupys pesucrtopoM R, HampsbkeHue nuranus (potosse-
menTa ot 0 1o 250 B (BomsT™eTp U)), yepe3 20 B cHuMaroT 3HaY€HHUE TOKA,
MIPOXOIAIIETO uepe3 GoTodIeMeHT (MUKpoammepMeTp /;). 3aTeM BKIFOUEHHUEM
TyMOJepa By ycTaHaBIIMBAETCS CBETOBOM MOTOK @, (ToJ10keHne TyMmoOepa F5)
Y CHUMAETCs HOBas BOJIbT-aMIIEpHAs XapaKTEPUCTHKA.

Pesynbrarsl u3aMepenuii 3aHocsATcs B Tadnuiy 2.1.

CHsTue BOJABT-aMIOEPHOW XapaKTEpUCTUKHM Ta30Ha-
noilHeHHoro gorosnementa L[I'-3. TymOnep B; yctraHaBIuBaeTcs
B TOJIO)KCHUE «TAa30HAMOJIHEHHBIW». 3aTeM IMOOYEpPEIHBIM BKIIOUYECHHUEM
TymOisiepa By B mojoxkeHust F; U F, yCTaHaBIMBAIOTCA CBETOBBIE MOTOKH
@, n @,. CHATHE BOJBTAMIIEPHON XapPAKTEPUCTUKU MPOU3BOAUTCS AHAIIO-
TMYHO CHSTHIO XapaKTEPUCTUKH JJid BaKyyMmMHOro (orosnemenra. Iloimy-
YEHHbIC JJAaHHBIC 3aHOCATCS B Ta0uity 2.1.

CHsiTue BOJIbBTAMIOEPHBIX XapakKTEpPUCTUK OTOpE3u-
ctopa ®CK-I'1. Heobxonumo BKIIIOUUTH TyMOsep B,, TyMOnepsl By u
By ycTaHOBUTH B Cpe/iHEE TOJIOKEHUE, a TyMOsep Bjyp — B HoJioxKeHue F.
Perymupys nanpsioxenue nurtanus ot 0 no 250 B, gepe3 kaxabie 20 B cHu-
MaroT 3HaueHus (poroToka mo npudopy /[,. Pe3ynbrarsl u3MepeHuil 3aHo-
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caTrcst B Tabmuiy 2.1. 3aTeM ycCTaHaBJIMBAETCS TMOTOK @, BKIIOYECHUEM
TymoOJiepa By B OJ0KEHUE [, U ONBIT TOBTOPSIETCS B TOM K€ MOCIIEA0BA-
TEJIbHOCTH, YTO U IIPU NOTOKE D).

CHaTHEe BOJABTAMIEPHBIX XapaKTepUCTUK pOoTOAMOIA B
pexuMme poronpeoOpazoBatensa. Heodxomumo TymOnep B; ycra-
HOBUTH B TOJIOXKeHUE «poronpeodpaszoBarenby. [Ipu sTom dhoroanon oka-
3BIBAETCS] TOAKIIOUEHHBIM K PEryJIMPyeMOMY HWCTOYHUKY HAMPSKCHHUS
0...12 B. PerynupoBanue HampssKeHHs NPOU3BOAMTCS PE3UCTOPOM R,
3HAQUYCHUE HAMPSHLKEHUST CHUMaeTcs 1o npudopy U,. Tymbiepom By mooue-
PEIHO YCTaHABJIMBAIOTCSA CBETOBBIE NMTOTOKU @D U @D,. Harpy3ouHoe corpo-
TUBJICHUE YCTAHABIIMBACTCS MPU MOMOIIM TEpeKIItoyaTesis B Mo 3a1aHuio
npenojaaBaTess. 3HaueHUEe ToKa (POToMo1a oTMEeUaeTes 1Mo npuodopy 1.

PesynbTarsl u3amMepenuii 3aHocsaTcs B Tadnuiy 2.1.

4. CHATP W TIOCTPOWUTH HArpy304YHbIC XapaKTEPUCTHKH (HOTOIHOIA
®J1-1 B pexxumax ghpomozenepamopa v pomonpeodbpazosameisi.

CHaTHEe HATrpy30YHBIX XapaKTEpPUCTUK B pexume ¢o-
ToreHepatopa. Heobxomumo TymOiep B; yCTaHOBUTH B IOJIOKEHHE
«potoreneparop». TymOsepoM Bj; yCTaHOBUTH CBETOBOM MOTOK @P; (110-
JoxkeHue F) u nepexirovareneM B yCTaHOBUThH pa3InyHbIC 3HAYCHUS Ha-
rpy3Kd. 3Ha4eHHE ToKa PoToMoAa CHUMAaeTcs 1o npudopy ;. danee ne-
PEKITIOUUTh TyMOnep B;; B TONOkKeHHWE F, W CHATh aHAJIOTHYHBIC
XapaKTepUCTUKU NI HOBOTO 3HAYEHUSI CBETOBOTO MOTOKa @,. Pe3ynbTaThl
M3MEPEHUH 3aHeCTH B TabuIy 2.2.

CHsTue HATrpy30UYHBIX XapaKTEPHCTHUK B pexumMmMe (o-
TonpeoOpa3oBaTensi. Heodxoqumo TymOnep B; MoCTaBUTH B MOJIO-
KeHue «poTonpeodpa3zoBareb». Y CTaHOBUTh PE3UCTOPOM Rj( 3HAUYCHHE
HaIpsDKEHUS THTAHMS, 3aJaHHOE MpeTojaBaTesieM, W MOAJAePKUBATh €T0
MTOCTOSTHHBIM.

CHATh aHAJOTUYHO MPEIBIIYIIIEMY OIBITY HArpy304HbIC XapaKTepH-
CTUKHU JJI IBYX 3HAYEHUW CBETOBOTO MOTOKA: @ U D;.

5. UccaenoBath padboty ghomopene, coctosiiero u3 goroauona ®JI-1,
Tpanzucropa MII-42, cnaborounoro pene P;, namnbl JI; U pe3ucropa
2,2 kOM (CcM. NPpUHIMITHAIBHYIO CXEMY Ha JJa0OpaTOPHOM CTEHJIE).

dotopene paboraeT cieayromuMm odpa3oMm. IIpu yBenuueHun ocBe-
IIEHHOCTU CONPOTHUBIIEHHE (HOTOAMOJa YMEHbBIAETCS, a TOK, MPOXOJs-
1y yepe3 Gpotoano u 0a309MUTTEPHBIN NEPEX0 ] TPAH3UCTOPA, YBEIJIU-
YUBAETCs, TPAH3UCTOP OTKPBIBAETCS, B PE3yJbTaTe 4YEro cpadaThiBacT
pene P, KOHTaKThl KOTOPOTO BKJIKOYAIOT JamMmny J1i.
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Tabnuya 2.1. Pe3ynbmamol uccieoo8anus
BOIbMAMNEPHBIX XAPAKMEPUCUK POMOINEMEHNO8

CLB-3 Lr-3 OCK-I'1 dJ1-1
D, @D, D, @D, D, @D, D, @D,

Ud)a Id)a Ud)a Id)a Ud)a Id)a Ud)a Id)a U(I)a Id)a Ud)a Id)a Ud)a Id)a RH: Ud)a Id)a RH)
B pMA | B | uA | B pA B uA | B 'mA| B mA| B | uA | Om B pA Om
Tabnuya 2.2. Pe3ynbmamul uccieo0o8anus
HA2PY30UHbIX XAPAKMepucmux omoouooa

Pexum potoreneparopa Pexum potonpeobdpazoBaTes
(pl (pz (pl (p2
RH: Id)a RH: Id)a RH: Id)a RH: Id)a
Om pA Om pA Om pA Om pA




IIpu uccnenoanuu ¢oropesie HEOOXOAUMO BKIIOUUTH TyMOJiep By, B
noJioxkeHue F). PeaucropomM Rjyp U3SMEHATH HANPSKEHUE HA JIaMIIE OCBEILIE-
HUs (U3MEHsIeTCs ocBenieHHOCTh poronuona ®OJI-1). Benuuuny Hampsixke-
HUSI KOHTPOJUPOBATh BOIbTMETpoM U,. OnipenenuTh HampspKeHUs: cpada-
TeiBaHusA U, (3aropaercs samna JI;) m Bo3Bpara U, pene (namma JI
racHet). Berunciuth ko3 puiineHT Bo3Bpara pese no Gpopmyse

ITo okoHyanumn pa6OTBI BBIKJIFOYUTH CTEH/I.

Cooepacanue omuema

. HaumeHnoBanue u 1iesib paboTHI.

. Cxembl BKiIrOYeHUs (OoTO3JIeMEHTOB (puc. 2.1-2.4).

. Tabnu1pl ¢ pe3yabTaTaMu U3MEPEHUM.

. I'paduky BOJBTAMIEPHBIX U HArPY304YHBIX XapaKTEPUCTUK IO pe-
3yJIbTaTaM U3MEPEHUMN.

5. BeiBojiBI 1O padorTe.

AW N —

Koumponvnwvie eonpocul

[

. Uro HazbiBaercst hororpexrom?

. Buger horoaddexra.

. Kakue cBeTOuyBCTBUTENBHBIC AJIEMEHTHI 00Ja7al0T BHEIIHUM (o-

T03((EeKTOM, BHYyTPEHHUM, BEHTUJIbHBIM?

4. Jlnsa Kakux 1eseil ucnoyb3yroT (POTOPE3UCTOPhl B CXEMAX aBTOMa-
TUKH?

5. YcTpoicTBO, IPUHIMI JEHCTBUS, IOCTOMHCTBA U HEAOCTaTKU (o-
TORJIEMEHTOB, UCCJIEAYEMbBIX B paldoTe.

6. OCHOBHBIC XapaKTEPUCTUKHU (POTOIIEMEHTOB.

7. Uto sBJISIETCS BXOAHOM BEJIMYMHON (POTORJIEMEHTA, a YTO BBIXO/I-
HOW?

8. UTo moOHMMAETCA MO TEMHOBBIM TOKOM M TEMHOBBIM COIIPOTHUBIIE-
Huem ¢ortopesucropa’?

9. YCTpOoMCTBO M IPUHIIUI IEUCTBUS (hOTOpEIIC.

w N
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JlabopaTopnas padora 3
HccnenoBanue noTeHUMOMETPUYECKUX JATYUKOB

Llenv pabomwi: M3y4UTh KOHCTPYKTUBHOE WCIOJIHEHUE WU MPUHITUIL
JNEUCTBUS TOTCHIIMOMETPUYECKUX TATYUKOB, CXEMbI BKIIIOUCHUS, XapaKTe-
PUCTHUKHU, 00JIaCTh TPUMEHEHU L.

OcHogHble meopemuvdecKkue ceedeHUs]

Jlamuux — 3TO YCTPOWCTBO, KOTOPOE OOECIEYMBACT BOCIIPUSTHE U
(yHKIIMOHAJIBHOE MPEe0Opa3oBaHNE U3MEHEHHU BXOJHOW BEJIMYHMHBI B W3-
MEHEHUS BBIXOJHOM BEJIIMYMHBI, YAOOHOU JII U3MEPEHUS U JaJbHEUIIETro
npeoOpa3oBaHusl.

llomenyuomempuyeckue oamyuky OTHOCSITCSA K TUITY JATYUKOB, Mpe-
00pa3yroluX JIMHEHHBIC X U YIJIOBBIC (p TIEPEMEIICHUS B AJICKTPUUCCKUIMA
CUTHAJI IOCTOSIHHOTO WJIA MIEPEMEHHOTO TOKA.

[ToTeHIIMOMETpUYECKUI AaTYUK TPEJCTABISIET COOOM aKTUBHOE Iie-
PEMEHHOE COMPOTHUBJICHUE C JTUHEUHBIM (puc. 3.1) unu yrioBsiM (puc. 3.2)
MEPEMEIICHUEM, BEIMUMHA KOTOPOTO 3aBUCHUT OT ITOJI0KEHUS TOKOCHEMHO-
ro yCTPOMCTBA.

Us ™ “?\_CB

U2 O

U2
T o——o
U+
Puc. 3.1. Jlamuuk Puc. 3.2. Jlamuuk
C IUHEUHbIM nepemeuyeHuem C Y2llo8bIM nepemeujeHuem

OcCHOBOM JuHetiHo20 TIOTEHIMOMETpA SBJISIETCA KepaMuieckas Tpyoka,
YKpEIUIEHHas TOpLUAaMU MEXAY JBYMs METANIMYECKUMU LIEKaMH IpH IO0-
MOIIM CTSKHBIX OONTOB. B IIekax UMETCS BEHTUISMOHHBIE OTBEPCTHS
JUISL OXJIAXKJICHUS KepaMuku. Ha HapyX HOI NMOBEPXHOCTH KEpaMHUYECKOM
TpyOKH BILUIOTHYIO HaBUTa OOMOTKa CONPOTHUBIIEHHUSA, KOHII KOTOPOH 3a-
KpeIuieHbl XoMyTaMu. Kaxaplii XOMYT COEIMHEH MEePEMBIYKON CO CBOEM
KJIEMMOM, pacrojoKeHHOW Ha mieke. Hax oOMOTKON yKperieHbl Hampas-
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JSIOIINE CTEPKHU, BJOJIb KOTOPBIX IO 3aYMIIIEHHON MOBEPXHOCTH OOMOT-
KM TEPEMEIIAETCA MOJ3YHOK C KOHTAKTHBIMH POJMKAMHU WA TIJIOCKHUMH
MPYKUHHBIMA KOHTakTaMu. [0I3yHOK COEIMHSIETCS C BBIXOJOM TPEThE
KJIEMMBI IOTEHIUOMETPA.

B noreHnmomeTpax ¢ yaiosvim nepemewjeHuem 0OMOTKAa HaMaThbIBACTCs
Ha U30JSIIIMOHHBIA MaTEPHUAJL, BEITIOJHEHHBIN B BUAE KPYTOBOI'O CEKTOPA.

OOMOTKHM NOTEHIIMOMETPUYECKUX JATYMKOB MOT'YT BBITOIHATHCS U3 KOH-
CTaHTaHA, MAaHTaHWHA, U3a0enrHa WM HUKeIMHa. KpoMe mpoBOSIOYHBIX Tak-
e MPUMEHSAIOTCA HENPOBOJOYHBIE (IIJICHOUHBIE) TIOTEHIIMOMETPBI, B KOTOPBIX
(PyHKLIMIO OOMOTKH BBINOJIHSET IUICHKA U3 PaJIusl, HAHECEHHAs Ha CTEKJIO.

OCHOBHBIMH 3KCILTyaTallMOHHBIMHM XapaKTEPUCTUKAMU IMOTEHIIMOMET-
PUYECKUX JATUYUKOB SIBIISIIOTCS: CTaTHUUECKas XapaKTEpPUCTHKA, YYBCTBU-
TEJbHOCTh, HOMHUHAJbHAS BEJIMYMHA AKTUBHOTO CONPOTUBIICHHS, HOMHU-
HaJibHas MOUIHOCTh PacCEsiHUS, U3BHOCOYCTOMYMBOCTh U BUOPONPOYHOCT,
CTaOMJIBHOCTh BEJIMYHUHBI COIPOTUBIICHUS U JIP.

Cmamuueckas xapaxmepucmuka onpenenser (GyHKUHOHAJIbHYIO 3a-
BUCUMOCTb BBIXOJIHOM BEJIWYMHBI (HANPSOKEHUSI) OT BXOJHOM (Mepemerrie-
HUS IBUKKA TTOTEHIIUOMETPA):

U, = f(X); U, = f(9),
rae X — JIuHa TMepeMeIeHHs ABM)KKA JMHEWHOrO IMOTEHIIMOMETpa OT
HYHCBOFO 3HA4YCHMUA,
( — YroJI TIOBOPOTa JBMKKA IMOTEHIIMOMETPA C JIMHEHHBIM IepeMe-
IICHUEM OT HYHCBOFO 3HAUYCHU.

OnHO U3 OCHOBHBIX TPEOOBAaHUM, MPEABIBISAEMbIX K TaTYNKAM JAHHO-
IO THUIIA, SIBIIAETCA JIMHEMHOCTh CTATUYECKON XapaKTEPUCTUKH.

VY peanbHBIX JaTYMKOB JaHHAs XapaKTEPUCTHUKA OOBIMHO HEJIMHEHHAS.
IIpyunHON €€ HEIMHEUHOCTU SBJISIETCS B OCHOBHOM BIIMSIHUE Harpys3KHU.
[ToaToMy mpocTeiiiinii crocod IMKBUAALMK BIUSHUS HArpy3Ku COCTOUT B
BbIOOpE KO3(pPuiMeHTa Harpy3Ku, KOTOpbId 00ecrieurl Obl COOTHOILIEHHE
R, = (10+100)R.

YyecmeumenbHocmy XapaKTEPU3yeT MPUPAILICHUE BBIXOJHON BeIu-
YUHBl HA €UHUILY JIMHEWHOTO WJIA YIJOBOrO MEPEMEIICHUS JABUXKKA IO-
TEHLIMOMETpA:

_dY
dx -

Homunanvnas mowmnocms paccesinus ONPENENSETCS MaKCHUMAaJlIbHO
JOIMYCTUMOW MOIIHOCTBIO, JUIMTEIIbHO PACCEMBAEMOW Ha CONPOTHUBIICHUU
oTeHoMeTpa 0e3 HapylIEHUsI €r0 HOPMaJIbHON padoTHl.

S
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Homunanvnas eéenuyuna akmueHozo conpomuenenusl XapakKTepuily-
CTCA 3HAUCHHCM AKTHUBHOI'O COIIPOTHUBJICHHA INOTCHHOUOMCETpPA IIPpHU €TI0
HU3TOTOBJICHUH.

H3nocoycmotiuusocms TIOTEHIIMOMETPA OINPEIEISAETCS YUCIOM Tepe-
MellleHu# (ITOBOPOTOB) MOJI3YHKA OT yIopa A0 ynopa, KOTOpoe MOTEHIIUO-
METP MOXKET BBIJIEpKaTh 0€3 HAPYILIECHUS €r0 HOPMAITLHOM paOOTHI.

Bubponpounocms OLIEHUBAETCSI BPEMEHEM, B TEUEHUE KOTOPOIrO IIO-
TEHLUMOMETP BBIIEPKUBAET KOJICOAHUS B 33JJaHHOM JIMana30HE YacToT U C
3a/IaHHBIM YCKOPEHUEM 0€3 HapyIIEHUs] €0 HOPpMaJIbHOU Pa0OTHI.

CmabunbHocms conpomuenenus XapakTepU3yeTcs H3MEHEHUEM Be-
JUYUHBI CONPOTUBJICHUS MOTEHIIMOMETPA C TEUEHUEM BPEMEHHM I10/] BIIHS-
HUEM TeMIEepaTyphl, BIAKHOCTH, pACCEUBAHUS MOUIHOCTH U T.II. MIPHU IO-
Jadye HanpsLKEHUs.

[ToTeHIMOMETpUYECKHUE NATYUKU MPUMEHSIOTCS B Pa3IUYHBIX aBTO-
MaTUYECKUX cucTteMmax. Eciu JBHIKOK MOTEHLIMOMETpa CBs3aTh C KaKUM-
MO0 TEPBUYHBIM 3JIEMEHTOM (MeMOpaHa, MOpUIEHb U Ap.), TO BXOJHOH
BEJIMYMHON MOXKET OBbITh KaKasg-In00 MEXaHHUYeCKasl BEJIMYMHA — YCKOpe-
HUE, yCUINE, TaBJICHUE U T.II.

Texunueckue nannbie noreHuuomeTpon [T 1.1
(TIpoBOJIOYHBIE TUHEHHBIE OJIMHAPHBIE TOTCHITMOMETPHI, THUII 1)

MakcumanbHOE CONPOTUBIICHUE Rax = 1000 Om £3%
Mo1HOCTh pacceuBaHust Py,,=2 Bt
KpyTsmuit MOMeHT He 6onee 25 I'-cm
Jlnana3oH U3MEHEHHUs yIiia 0...330°

Llena neneHus mKaabl 5°

BbricTpoaeiicTBue 20 06/MuH
N3HOCOyCcTONUNBOCTD 10° o6opoToB

K nocToMHCTBaM MOTEHUMOMETPUUECKUX JATUMKOB CIIEAYET OTHE-
CTH MaJlyl0 Maccy U rabapuThl, CPABHUTEIbHYIO MPOCTOTY KOHCTPYK-
UM, BO3MOKHOCTb MUTAHUS OT MCTOYHUKOB KakK MOCTOSHHOIO, TaK U
nepeMeHHOro Toka. OHM HE HYXJAITCS B YCHJIMTEISIX, TaK KaK CHH-
MaeMasi ¢ HHUX MOUIIHOCTh JIOCTaTOYHA JJisl NMPUBEACHHUS B JIENCTBUE
BTOPUYHBIX MPUOOPOB. OCHOBHBIMU HEJOCTATKAMM 3THX JATUYUKOB SIB-
JSAIOTCS UX HU3Kas HaJIe)KHOCThb, OOYCIIOBJICHHAS HAJIUYUEM CKOJb3S-
1IE€r0 KOHTAKTA, CUJIbHOE BIUSHUE HArPY3KHU.
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llopsioox evinonneHuss pabomeol

1. I3yunTh KOHCTPYKTUBHOE MCIIOJHEHUE W TPHUHIUI JCHCTBUSA IO-
TeHnomerpudeckux natuyukoB I1/[1 (6mok ITY) u 1112 (610x UM2 cTen-
na JICA).

2. Coopatp cxemy Brirouenust [1/{1 u I1J12 cornacHo pucyHky 3.3 nis
CHSATHUS XapaKTEPUCTUK XOJIOCTOrO X0/a:

Unn :f((Po); Ui Zf(X)-

[Torenuuometp 1111 (6mok ITY) npennasHauen aJis npeoOpa3oBaHuUs
YIJIOBOM BeMWYUHBI (@), a [1J]I2 — nuHeHON BenM4yuHbI X, BBOJUMBIX C
MOMOIIBI0 PYYEK COOTBETCTBEHHO «BBom ¢¢» (0mok I1Y) m «BBog X»
(6s10x IM2) B 3JIeKTpUUYECKUN CUTHAJ Ha BBIXOJE, CHUIMAEMBbIH COOTBETCT-
BEHHO C KIIeMM «Upp», «Upmp».

a1 (6nok y) naz2 (6nok NMM2)
Pyuka Pyaa
“Beog Pp° “Beog X
@---===t=4--- 1) | @===p=qm===-- @
ung
1 2
N
Usx
PV R2
Una
o——
O
+00L

Puc. 3.3. Ilpunyunuanvnas snekmpuyeckas cxema
OJ15L CHAMUS XAPAKMEPUCTUK XOJIOCMO20 X00a
NOMEHYUOMEMPULECKO20 0amyuKa

Hatuuku 11 u I1/]2 coOpaHbl 110 OAMHAKOBOUW CXeMe, TUTATCA OT
MCTOYHHUKA CTaOMIM3UpOoBaHHOrO HampsbkeHus U = 20 B uepe3 pe3ucTopsl
Ry 1 Ry n BeIKIIIOUATEND «Up».

Jlob6aBouHBIE pe3ucTopsl R; U R, UMEIOT OJMHAKOBOE COMPOTHUBIICHUE
(R =200 OM) u npenHa3HAYCHbI i1 OTPAHUYECHUSI TOKA B 0OOUX IMOTEH-
IUOMETPUYECKUX JATYMKAX MPHU CIyYaWHBIX 3aMBIKAHUAX BBIXOJA JATUH-
Ka, KOrjJa TOK, MPOTEKAOIINI 110 00MOTKE MOTEHIIMOMETPA, MOKET IIPEBHI-
CUTh 3HAYEHHE JOMYCTUMOTO TOKA:
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rae  P,,, — pomyctuMasi MOIIHOCTh paccesHusl, BT;
R7; — CONPOTHUBIIEHUE IOTEHIIMOMETPUYECKOTO naryuka, Om.

Bonbrmerp V' (tum M 42100) Omoxa HWII maGopaTtopHOro creHa
KIeMMOH «Ug,» NOAKIIOYACTCS K BBIXOY MOTCHIIMOMETPOB Yepe3 KIEMMbI
«Upm» n «Upp» 6aoka I1Y (wa puc. 3.3 nokazano nyHkTupoMm). Ilpenen
n3MepeHus BonbT™MeTpa «30 By.

3. Inst cHATHS XapaKTEpUCTUK XOJIOCTOrO XOJa HEOOXOJIUMO COEIu-
HUTb MPOBOJHUKOM KiIeMMY «Ug» ¢ KiieMMon «Ujyy». BKirounts TymoO-
aepsl «Cetb» (0nox TPL), «U» (6nok UII), «Upy» (6nok ITY), nepexnto-
yatenb «KoHTpoJiby ycTaHOBUTH B TosioxkeHue «U,,» (010kx WIT). N3mensis

yrou uepe3 30° pyukoit «BBOJ (», CHATh 3aBUCUMOCTh
Uﬂﬂl =f ((Po )
Pe3ynbTarsl u3aMepeHuii 3anecty B Tadiuiry 3.1.

Tabnuya 3.1. Pe3ynomamol uccieo08anus Xapakmepucmuxu
X0I0CM020 X00a 0aM4UKa ¢ y2l08blM nepemeujeHuem

@y |rpax| O 30 | 60 | 90 | 120 | 150 | 180 | 210 | ... | 300

U Jasig| B

ITo okOHYaHUU U3MEPEHUN CXEMY OTKIIFOUUTh.

[Tonkmrounte BonsTMETP K Bhixoay [I/12, coenqunnB kimemmy «Ug» ¢
xkieMMoil «Upp». CHATh 3aBucHUMOCTh Uppy = f(X), N3MEHsIS NOJI0KEHHE
kapetku (010xk IM2) no koopaunare X ot 0 10 20 cm yepes 2 cMm.

Pe3ynbTaThl 3aHecTu B TabauIy 3.2.

Tabnuya 3.2. Pe3ynomamol uccieo008anus Xapakmepucmuku
X00CMO20 X00a 0aM4UKaA ¢ TUHEUHbIM nepemeujeHuem

X cM 0 2 4 6 8 10 12 14 20

Unﬂz B

Onpenenuts 4yBCTBUTEIBHOCTh 00OUX JATYUKOB.
ITo okOHYaHUU U3MEPEHUN CXEMY OTKIIFOYUTh.
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4. JInist CHATUS XapaKTepPUCTUKU HArPY>KEHHOI'O JIaTYhKa HEOOXOIMMO
coOpaTh cXeMy coriacHo pucyHKy 3.4. Jlng storo kiemmy «Upyp» O510ka
ITY coeaunuth ¢ kiemmont «U,» Omoka UII, a knmemmy «+O011.» coequ-
HUTH C KiIeMMOH «U,,/U» (Ha puc. 3.4 nokazaHo nmyHktupom). Ilogars
HanpspKEHUE Ha CXEeMY U CHATh 3aBUCUMOCTH [, = f((po) npu R, =470 Om.
DTOMY 3HAYEHUIO COINPOTHUBJIICHUS COOTBETCTBYET IpaBOE KpaiHEee IMOJIo-
KEeHUe mKabl npudopa. Pe3ynbrarsl n3mepeHuil 3anectu B Tadmauiy 3.3.

”

“Ung R1 Un
a UBx
o Sl e
U |_|,£l,1 @V 30B G’& 50mA
o——O------------ O
+ O6w Usbix/Uk

Puc. 3.4. [lpunyunuanvras cxema uccieo0o8anus
HA2PYHCEHHO20 NOMEHYUOMEMPUYECKO20 OaMYUKa

Tabnuya 3.3. Pe3ynomamol uccieo08anusl Xapakmepucmuxu
HACPYHCEHHO20 0amuuKa

¢, | rpan 0 30 60 9 | 120 | 150 | 180 | 210 | ... | 300

1, mA

[To oxkoOHYaHUM U3MEPEHUIN CXEMY OTKIIFOUYHUTh.

Cooeparcanue omuema

1. HaumeHoBaHue U 11e51b paOOoTBHI.

2. CXeMbl UCCIIETOBAHUSL.

3. TabnuIIbl C ONBITHBIMUA JJAHHBIMHU.

4. I'padkn XapaKTEepUCTUK JATYUKOB.

5. [laciopTHBIE TaHHBIE TPUOOPOB U OOOPYAOBAHUSI.
6. BeiBoIbI 1O padoTe.
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Koumponvnwvie eonpocul

. Uto Ha3bIBAaETCA JATYUKOM?

. UTo npeAcTaBisoT cO00M MOTEHIUMOMETPUYECKHUE TaTUYUKH ?

. Haznauenwue I1/1, o6nacts npumenenus. [IpuBectu npumepsl.

. JlocrounctBa u Henocrarku [1/1.

. UTO HAa3bIBAETCS CTATUYECKOM XAPAKTEPUCTHUKOW IMOTECHIMOMETPH-
YECKOro JaTyuka’?

. Kak cka3piBaeTcs CONpOTUBIIEHNE HArpy3KHU JTaTUYWKaA HA €r0 CTaTH-
YECKYI0 XapaKTEPUCTUKY?

7. Kak onpenensiercst 4yBCTBUTENBHOCTH [1J] 11 OT yero oHa 3aBucHT?

. UTo Takoe HOMHUHAJIbHAS MOLIHOCTh PAaCcCEsHUA MOTEHIMOMETpa?

9. Yro Ha3piBacTCd HOMHHAJIBHOW BEJIMYMHOM AKTUBHOTO CONPOTHB-

nenus T1J1?
10. U3HOCOYCTOMYMBOCTh, BHOPONPOYHOCTh, CTAOUIBLHOCTH COIpPO-
THUBJICHUS.

@)\ DN B~ W -

o0

JlabopaTopnasi padora 4
HCcJIeI0BaHUE PA00THI 3JIEKTPOMATHUTHBIX peJie

Lenv pabomul: U3y4UTh YCTPOUCTBO, MPUHITUI ACHCTBUS U TIPOBECTU
uccneoBaHue paboThl pesie AIEKTPOMArHUTHOTO THUIIA.

OcHogHble meopemuvyecKkue ceeodeHUs

Pene — 310 yCTPOUCTBO, B KOTOPOM MPU JOCTHUKEHUU OIPEIETIEHHOTO
3HAYEHUS] BXOAHOW BEJIMYMHBI X BBIXOJHAS BEJIMYMHA ) U3MEHAETCS CKAauKOM
Y IPUHUMAET KOHEUHOE YMCIIO 3HAYCHUM. Perie sSBIsitoTCst 0IHUM U3 HauoboJee
PacCIpOCTPaHEHHBIX AJIEMEHTOB PA3JIMYHBIX aBTOMATHYECKUX CUCTeM. OHH
IIUPOKO MCIOJIL3YIOTCS BO BCEX 00JIACTSIX TEXHUKH MPH aBTOMATU3AIUU TPO-
W3BOJICTBEHHBIX IMPOIECCOB, B TOM YHCJIE U CEITLCKOXO03ICTBEHHBIX.

CeronHst Mbl HabOJIIO1aeM 00JIbIIIOE pazHooOpa3ue pene. Kimaccuduka-
AT ©X MOXKET OBITh MPOBE/ICHA COryiacHO Tabsmuiie 4.1.
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Tabauya 4.1. Knaccugpukayus pene

B 3aBucumoctu Pene ycrpoiicTs 3ammrel

OT Ha3HAYCHUS Pene pagnosnekTpoHHON armaparypsl
u 0bJacTu Pene cBsizu

TIPUMEHEHUS Pene aBToMaTnku

KoHTtponbHble nin n3MepuTebHbIe

[IyckoBble (KOHTaKTOpPbl, MATHUTHBIE ITyCKATEIH)
HcnonuurensHsie

IIpomexxyTOouHbIE

CsepxObIcTpoaeicTByomue 7, 10 0,001 ¢
beictponeiicteyromue 7., ot 0,005 10 0,05 ¢
Hopmanensle £, ot 0,05 10 0,15 ¢

3amenenssie 4, ot 0,15 no 1 ¢

Pene Bpemenn 7, > 1 ¢

Mexanunueckue (IIbe303JeKTPUUYECKIE
MarHUTOCTPUKLIMOHHBIE U JIP.)

Onexrpuyeckue (Toka, HapsHKEHUs], YaCTOThI U Jp.)

B zaBucumoctn

OT (PyHKIMOHAJIb-
HBIX 337124

B 3aBucumocTu
OT BEJIMYMHEI
BpEMEHU
cpabaThIBaHUs

B 3aBucnmocT
oT pU3NIECKOI

TIPUPOTBI
Bgogngo Onrtuyeckue (poTopene)
CHTHAJIA Temmneparypsi (Tepmoperie)

JlaByienust (TuapaBInyecKue, MHEBMATUUECKHE)

[IInpokoe pacupoCTpaHEHUE B TMPAKTUKE MOJYYHIH DJICKTPUUECKHUE
pene. OTO BBI3BAHO MX OCHOBHBIM CBOMCTBOM — YMPABJISATH MOIIHBIMHU
MPOIECCAaMU B UCIIOJIHUTEIBHBIX IEMAX C MOMOIIBI0 CIA00TOYHBIX AJICK-
TpUYECKuX curHajaoB. Hanbosnee ynmorpeOuTenbHas KiacCu(pUKaIus 3JIeK-
TPUYECKUX peJie NMpuBeAcHa B Tabuiie 4.2.
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Tabnuya 4.2. Knaccugpukayus snekmpuueckux pene

ITo nmpuHIMINY 1EUCTBUS
U KOHCTPYKLUHH BOC-
IIPUHUMAIOIIUX OPTaHOB

HNouubie

DJIEKTPOHHBIE

NHnykunoHHbIe

DIIEKTPOANHAMUYECKHUE

MaFHI/ITOC-)JICKTpI/I‘IeCKI/Ie

DJIEKTPOMArHUTHBIE

(HeHTpaJIbHBIC U TIOJAPU30BAHHBIC)

B 3aBucumocTtu OT Be-
JIUMYMHBI KOMMYTHpYE-
MOM MOIITHOCTH Py

Konrakropsl (Py 6o1see 500 Br)

[ToBeimienno# MomnocT (Py ot 150 1o 500 BT)

Cpenneit momnoctu (Py ot 120 mo 150 Br)

Marnoit momHoctH (Py ot 50 no 120 Br)

ITo pony Toka

IIepemeHHOr0 TOKA

IlocTOssHHOTO TOKA

B 3aBucumocTH oT BHIA
KOHCTPYKTHUBHOM KO-
PEKIIMM BPEMEHHBIX Ia-
pameTpoB

3aMeJIEHHbIE HA OTIIYCKaHUE

3ameJieHHbIE Ha cpadaThIBaHUE

YckopeHHble Ha cpabaTbIBaHUE

HOpMaJIBHOI‘O HCITIOJTHCHUA

[To xapakrepy BO3aEH-
CTBHSI Ha YIPABISEMYIO
LIETIb

beckoHTaKkTHBIC

KouTakTHbBIE

[lo BenuuuHE MOITHO-
cTu cpabaTeiBaHus Pcp

BricokouyBcrBuTenbubie (Pep 10 10 MBT)

YysctButenbubie (Pcp He npesbiaet 0,1 Br)

Hopwmanbhsbie (Pcp 6onee 0,1 BT)
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Pene mmeer yeTplpe OCHOBHBIX OpraHa: BOCIIPUHHUMAIOIINN, UCIIOJTHH-
TEJIbHBIM, 3aMEIAIOIINN U PEryJIMPOBOYHBIN.

Bocnpunumarowuii opean B 31€KTPOMarHUTHOM pelie (KaTylika ¢ cep-
JCYHUKOM) pearupyeT Ha BXOJHOM CHUTHall W MepelaeT BO3ACHCTBUE Ha
IApyTHE YacTH perie.

Hcnonnumenvhwiii opear (KOHTAKThI) OCYIIECTBIISIET CKAYKOOOpa3HOE
M3MEHEHHEe TOKA WM HAIIPSHKEHUS B YIIPABISAEMBIX SJIEKTPUUECKHUX HETISIX.

3ameonaowuti opean odecrieurBaeT TpeOyeMoe 3aMelJICHUE JICUCT-
BUS peJie.

Pezynuposounsiii opean npou3BOIUT U3MEHEHUE MapaMeTpoB cpada-
THIBAHUS UJIM BO3BpaTa pelie.

Paboty pene paccMoTpuM Ha NMpUMEpE IEKTPOMATHUTHOIO peJie To-
CTOSIHHOTO TOKa R-15 (31eKTpoMarHuTHOE HENTpaIbHOE).

[Ipu nporexkanuu Toka Mo oOMoTke / anekTpomaruura (puc. 4.1) ee
HaMarHUYMBAOIIasl CUJIa CO3/1a€T MArHUTHBIN MOTOK, KOTOPBIN, 3aMbIKa-
SCh TI0O MAarHMTHOM IENU peJie, pa3BUBAET B paboueM BO3AYIIHOM 3a30p€
AJIEKTPOMArHUTHOE YCUJITHUE.

Puc. 4.1. Yempoucmeo
INEKMPOMASHUMHO20 peie

[Tox meficTBHEM 3TOTO YCHUIIUS SKOPB 2 MPUTITUBACTCS K CEPJICYHHKY 3
pene (pene cpabaThIBaeT), MPEOJI0JIEBasi CYMMapHYIO CUITy COIMPOTUBIICHUS
MPYKUH 4 KOHTaKTHBIX TPYMIN, W TEPEKITI0YaeT KOHTAaKTHl. KOHTaKTHBIE
TPYNIBl OCYIIECTBIISIIOT KOMMYTAIIUIO YIPABIIIEMOW (BBIXOAHOMN) 3JICKTPH-
YECKOM 1INy Harpy3ku. [Ipu OTKIFOYeHn OOMOTKH pejie OT UCTOYHHUKA TTH-
TaHUS SIKOPb MO ISHCTBUEM CYMMAapHBIX CHJI YIIPYTrOCTH KOHTAKTHBIX TPY-
YKUH BO3BpAIIACTCs B UICXOIHOE COCTOSTHUE (PEsie OTITYCKAET).
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Bech uki1 paboThl pesie yCIIOBHO MOKHO pa3/ielIuTh Ha YEThIPE dTala:
cpabarbiBaHue, paboOUMil 3Tan, OTIyCKaHUe U MOKoM. [IpuMepHBbIil Xapak-
TEep U3MEHEHUS TOKa i(f) B 0OMOTKE peJie IpU €ro cpabaTblBaHWU U OTITYC-
KaHWW IPUBEJECH HA PUCYHKE 4.2.

| A

Tmin Tmax
N N
lof————= S = - _S

b
lep -——-F =
lrp -——— 2
|7Tp___ e
lorn-——f 41— — Bl

\4

tp J|toe tp t'ne t

fep torn

7

Puc. 4.2. I paghux usmenenus moxa 6 oomomxe peine
npu e2o0 cpabamvi8aHuy U OMnYCKaHuu

Ilpoyecc cpabamviéanus XapakTepu3yeTcs MPOMEKYTKOM BPEMEHU C
MOMEHTA MOJAKIIIOYEHHUSI OOMOTKH peJie K UCTOYHUKY IMUTaHUS U 10 MOMEHTa
3aMbIKaHMs (WM B OOLIEM ClTyyae — pa3MbIKaHWsA) €ro KOHTAKToB. IIpu sTom
B Tporiecce cpabaThiBaHUS CIIEAYET PA3JIMYaTh JIBA XapaKTEPHBIX MOMEHTA!
MOMEHT Hayayia JBMXKEHUSI (TpOraHus) sSIKops (TOYKa @); MOMEHT 3aMbIKAHUS
(pa3MbIKaHMs1) KOHTAKTOB KOHTAKTHOM IPpyMIbI (TOUKa b).

Jlo MOMeHTa TporaHus sSKOps peje MHIYKTUBHOCTb €ro OOMOTKH
ABJISETCS MOCTOSIHHOW BEJIMYMHOM, IO3TOMY TOK B 0OMOTKE OyAeT nu3Me-
HATBCA IO 3aKOHY SKCIIOHEHTHI C MOCTOSHHOH BPEMEHU Tpin, KOTOpAs
omnpeaesseTcs Kak

_ Lmin
min R )
1€ Lyin — MHIYKTHBHOCTH OOMOTKHM peJli¢ NPH MaKCHMajabHOM BO3-
JYIIHOM 3a30pe€ (B HCXOIHOM IIOJIOKEHUH IKOps), ['H;
R — aKTUBHOE COIPOTHBIEHHE 0OMOTKH peite, OM.
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ITocne conpuKOCHOBEHHS KOHTAKTOB IMPU 3aMbIKAHUU UX SKOPb IIPOIOII-
YKAET eIlEe MEPEMELIATHCS, ITPEOIOJIEBAS CONPOTUBIICHUE KOHTAKTHBIX IPYXKHH,
YTOObI 00ECHEUUTh 3aJIaHHYI0 BEIMYMHY KOHTakTHOro ycwiusa. C MOMEHTa
MIPEKPaICHUs IBUKCHUS BEJTMYMHA UHAYKTUBHOCTU OOMOTKH pejie BHOBb CTa-
HET MOCTOSTHHOM (€C/IM HE YYUTHIBATh HACHIIIIEHHE MArHUTOIPOBO/IA).

ITosToMy TOK B 0OMOTKE pesie OyJIeT BO3pacTarh 10 YCTAHOBUBIIETOCS
3HAYEHUSI TaKKe MO 3aKOHY SKCIIOHEHTHI, HO C OOJIbIIIEH TTOCTOSTHHON Bpe-
MEHHU Tpmax, PABHOU

Lmax
Tmax - R b
rac LmaX — I/IHI[YKTI/IBHOCTB 06MOTKI/I peJIe HpI/I MHHHUMAJIBHOM B03I[yH_I-

HOM 3a30pe€.

Bemnunna toka, HeoOxoaumasi JIsl TOTO, YTOOBI SIKOPh peje Hadall
ABUTaThCs (TOYKA @), HA3BIBAECTCA MOKOM mpocanus I, npu cpabamulea-
HUU, a TPOMEKYTOK BPEMEHU C MOMEHTA MOJKIIIOUEHHSI OOMOTKHU pelie K
HMCTOYHUKY MHUTAHUSA JO MOMEHTA Hadajla JBWXKCHUS SIKOPSI — @peMeHeM
mpo2anus t,, hpu cpabamvléanuy. BennunHa TOKa TPOraHHUs XapaKTepH-
3yeT MOPOr YyBCTBUTEIBHOCTU petie. TOK, MpU KOTOPOM MPOUCXOTUT CO-
MIPUKOCHOBEHHE (HAaYaJIO 3aMbIKaHMS) KOHTAKTOB peJie (Touka b), Ha3bIBa-
eTcst mokom cpabamvieanus I, a NIPOMEKYTOK BPEMEHHM C MOMEHTA
MOJKJIFOYEHUSI OOMOTKH peJie K UCTOYHUKY MUTAHUS O MOMEHTA 3aMbIKa-
HUSL KOHTAKTOB — @pemeHem cpabamviéanusi t., COOTBETCTBEHHO, IPO-
MEXYTOK BPEMEHU C MOMEHTA Hayaja JBUKCHHS SIKOpPS JO MOMEHTa CO-
MIPUKOCHOBEHUSI KOHTAKTOB HA3bIBAETCSl BpeMeHeM OBUMNCEHUS 1y, AKOPS
pene npu cpabarbiBaHuu. Takum 00pa3oM, BpeMs cpabaTbIBaHMS pejie OIl-
penensieTcs CyMMOM JIByX COCTaBJISIOLIUX:

t
ty =ty Tl =1, 1+tﬂ
mp

OOBIYHO OTHOILIEHUE lyg/ by, JIEXKUT B mpenenax 0,1...2,0. lusa snek-
TPOMArHUTHBIX peJjie OOBIMHOI'O HCIIOJIHEHUS BEJIMYMHA OTHOILICHUS B
cpenneM cocrasiser 0,1...0,4. Bpems Tporanus, BpeMsi IBUKEHHS U Bpe-
Msl cpabaThIBaHUS COCTABJISIIOT TPYNITy BPEMEHHBIX MTApaMETPOB pejie pu
ero cpabaTbIBaHUMU.

Pabouyuii sman npopomxaeTcss ¢ MOMEHTa Hayana BO3/IEUCTBUSL KOH-
TaKTOB peEJieé Ha YyIpaBJSIEMYIO (BBIXOJHYIO) II€Nb HArpy3Ku (3aMbIKaHUE
WJIM Pa3MbIKAaHUE KOHTAKTOB) IO MOMEHTA OTKJIIOUECHHS OOMOTKU pejie OT
HMCTOYHHUKA MTUTAHUS.
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Jlnst obecrieueHUs] HAJIEKHOTO cpadaThIBaHUS pPelie M HaJEKHOTO
yIEpKUBAHUS KOHTAKTOB B 3aMKHYTOM (Pa30MKHYTOM) COCTOSIHUM HOMHU-
HaJbHas MOIIHOCTh, MOTpebisieMass 0OMOTKOM pesie OT UCTOYHUKA TMHUTa-
HUS NIPU JJIATEILHON paboTe, BEIOUPAETCS HECKOJIBKO OO0JbIlIe MOITHOCTH
cpabaThIBaHUS.

B cooTBeTcTBHM € ATHUM YCTaHOBHUBIIHICS (HOMHUHAJIBbHBIN) TOK /) B
OOMOTKE JOJKEH OBITh HECKOJIBKO OOJBIIE TOKa cpabdaTbiBaHuUs I, pele.
OTHoIllIeHHE YCTAaHOBUBIIETOCS TOKa B OOMOTKE pelie K BEJIMYMHE TOKa
cpabaThIBaHUs Ha3bIBaeTCs K0dpduyuenmom 3anaca Ks:

I
K, = [—O
cp

B 3aBucumocTu ot ycnoBuil paboThl pene, KodphuIMeHT 3anaca Bbl-
oupaercs B npeenax 1,2...4,0.

BaxkxubiM napameTpoM pelie sIBIsieTCs Ko3gguyuenm ynpasienus (ycu-
nerust) Ky, MOKa3pIBAIONINI, BO CKOJBKO pa3 MOIIHOCTh, KOMMYTHpYyeMast
KOHTAKTaMH peJjie B YIPaBIAeMON UMH 1etin Py, 60JIbIe MOITHOCTH Py, 1o-
TpeOJIsieMO OOMOTKOM peJie MpH JJTUTEJIbHON padoTe:

P

K, = ?y
0

Koappuument Ky, xapakTepusyroluid COBEPIICHCTBO KOHCTPYKIIUU
pere, KenaTeabHO UMETh BO3MOXKHO OOJIBIIMM. Y 3JIEKTPOMArHUTHBIX pe-
Je 3HaueHne kod(¢uiMeHTa ynpapiieHus MoxeT nocturarb 100. Hau-
OoJiblliee 3HaYECHUE KOI(P(PUIIMEHTA YIPABICHUSI MOXKHO MOJIYYUTh y 3JIEK-
TpoHHBIX pedie (10 10°).

IIpoyecc omnyckanus NPOAOIKAETCS C MOMEHTA OTKJIIOYEHUSI 0OMOT-
KM pelie OT UCTOYHMKA MUTAaHUS JO MOMEHTa MpeKpalleHus: BO3AEHCTBUS
pesie Ha yIpaBiieMylo (BBIXOAHYIO) LIE€Tlb, TO €CTh JO MOMEHTA pa3MbIKa-
HUSI KOHTaKTOB pede. JBmKeHue SKops Mpy OTIYCKaHUU HAYUHAETCS B TOT
MOMEHT, KOT/Ia TOK B OOMOTKE PeJie YMEHBIIUTCS 10 3HA4€HHU [ ), COOT-
BETCTBYIOIIETO BEJIMUMHE TOKA TPOTAHMS MPHU OTIyCKaHUH. [IpomMexyTok
BPEMEHHU C MOMEHTA OTKJIIOUEHHSI OOMOTKHM pejie OT MCTOYHUKA MUTAHUS
(Touka d) 10 MOMEHTa Hadaja JBWXKEHHUS SKOps (TOYKa e) Ha3bhIBACTCS
8pemeHem mpo2anus t ,, npu omnyckanuu. TOK B OOMOTKE pene, IIpU KO-
TOPOM IPOUCXOIUT Pa3MbIKAHUE KOHTAKTOB, HA3bIBAECTCS MOKOM OMMNYC-
Kanusi Ly, @ BpeMsi, IPOILIEIIIEe C MOMEHTA OTKJIIOUEHUS] OOMOTKHU perle
OT MCTOYHHKA IMUTaHUS JO MOMEHTA pa3MbIKaHMs (3aMbIKAHMS) KOHTaK-

TOB, — 8peMeHeM OMNYCKAHUS Lypy,.
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Bpewms Ttporanus ¢ ,,, BpeMsl ABWKEHUS ¢y, U BPEMSI OTILYCKAHUS ! oy
COCTaBJISIIOT BTOPYIO TPYIIIY BPEMEHHBIX MapaMeTpOB peJie MpU €ro oT-
MyCKaHUU:

A}

!
p 1+ ‘06’
!

mp

ZLomn =1 mp+t ()szt

OtHoOwEHne ¢y / ¢y, N3MEHAETCS MPUONU3UTEIBLHO B TEX XK€ Ipele-
JaxX, YTO U OTHOUICHHUE #ys/ 1y, IPHU CpabaTbIBaHUM pesie. OTIyCKaHue pene
O0OBIYHO MTPOUCXOUT MPU TOKE, HECKOJIBKO MEHBIIIEM TOKA CpadaThIBaHUSI.
OTHouieHne Toka (HampsDKEHUs1) OTIYCKAaHMS K TOKY (HaNpsHKEHHIO)

cpabaTbIBaHUs Ha3bIBACTCS K0P puyuenmom ozgpama peie:

K, =-om = YOomn.
I, v,
ITI€ Vomn Vep — COOTBETCTBEHHO HAIPSDKEHUE OTIIYCKAaHUS U HalpsDKEHUE
cpabaThIBaHUS peie.

3HadeHne K03 UIIMEeHTa BO3BpaTa Il 3JIEKTPOMAarHUTHBIX perie Jie-
xut B ripenenax 0,1...0,99.

Tok B 0OMOTKeE perie mociie TOPMOKESHHUS SIKOPSI, KOTJa yCTaHOBUBIIIEECS

3HaYEHUE PadOyuero BO3IYIIHOIO 3a30pa OyaeT paBHO Oy, BHOBb OyjeT

YMCHBLIIATBHCA 0 HYJLA 110 3aKOHY 3KCITOHCHTEI C MMOCTOSIHHOU BPEMCHU Tyyy.

)

Oman noxos JUIATCA C MOMEHTA Pa3MbIKaHNs KOHTaKTOB peje 0 MO-
MEHTa OYEPETHOTO MOAKIIOUEHUS OOMOTKU pejie K MCTOYHUKY MUTAHMUS,
AKOPb M KOHTAKTHAas CHUCTEMa peJieé B TEYEHUE ITOr0 3Tarna 3aHUMAaroT UC-
XOJIHOE TTOJIOKEHHE.

MBI paccMOTpenu psizi mapaMeTpoB pene. Ternepb OCTaHOBUMCS Ha €ro
OCHOBHBIX XapaKTEPUCTUKAX: CTATUYECKON, MEXAHUYECKOM, dIIEKTpoMEXa-
HUYECKOW (HArpy304HOM U TATOBOW).

Cmamuueckou Xxapaxmepucmukol PeJie Ha3bIBACTCA 3aBUCHUMOCTb,
MOKa3bIBAIOIIAsl XapaKTep M3MEHEHUSI BBIXOJHON BEJIMYMHBI ) OT U3MEHE-
HUS BXOJIHOM X B YCTAaHOBUBIIEMCS pEKUME, T.€. )y = f(x) (puc. 4.3).

Mexanuueckou xapaxkmepucmukou PEIE Ha3bIBAETCS 3aBHCHUMOCTD
CHJI CONPOTHUBIICHUS TIEPEMEIIECHUIO KOps penie F), MPUBEACHHBIX B TOY-
K€, IJIe BO3JACHCTBYIOT TATOBBIC YCHJIHS, OT MOJIOKCHHS TTOJIBUYKHBIX Yac-
TeH, T.e. B pacCMaTPUBAEMOM CIIydae OT BEITUYHMHBI BO3YIITHOTO 3a30pa O
MEXIY SIKOPEM U CEPIACUHUKOM:

Fy, =f2(5).
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Puc. 4.3. Cmamuueckas
xapaxmepucmuxa peie

dopma MEXaHMYECKOW XapaKTEPUCTUKHU 3aBUCHAT OT YHWCJIA U BUJA
KOHTAKTHBIX TPYII peje, UX KOH(PUTYpaluH, BEIWYUHBI KOHTAKTHOTO
YCUJIUS, CTENIEHN YPABHOBEIIEHHOCTH SIKOPSI, BETUYUHBI CUJI TPEHUS U T.II.

3aBHCUMOCTh JJIEKTPOMAarHUTHOTO ycwivs [, JEUCTBYIOLIETO Ha
AKOpPb peJie, OT HAMAarHUYMBAIOIIEH CHIIbI [ €ro OOMOTKHU HPH MOCTOSH-
HOM BeIMYMHE paboyero BO3AYIIHOIO 3a30pa HAa3bIBACTCS HACPY3OUHOLU
Xapaxkmepucmukou pee:

F9 - f‘3 (im)f):const )

Treo601i xapakmepucmukou pene Ha3blBACTCS 3aBUCUMOCTb TATOBBIX
YCUIUM FH, pa3BUBAEMBIX SKOPEM DJIEKTPOMArHUTHON CUCTEMBI pejie, OT Be-

JIMYMHBI BO3AYIIHOI'O 3a30pa MEXIY AKOPEM U CEPACYHHUKOM IIPpU 1= const;:
F9 = f4 (S)iw:const :

[Ipy POEKTUPOBAHUHN DJCKTPOMATHUTHBIX Pelie KaK MeXaHUYeCKas,
TaK W DJICKTPOMEXaHWYECKas ero XapaKTEPUCTHUKU OMPEICIISIOTCS B pe-
3yibTaTe pacdera. [ roTOBBIX pelie yKa3aHHBIE XapaKTEPUCTUKH MOTYT
OBITh CHSTBI SKCIIEpUMEHTANIBHO. {151 TOro 4To0kI pese cpaboTalio, TAro-
Basi XapaKTEPUCTUKA JTOJDKHA JISKATh BBIIIIE MEXaHUYECKOM, a 9TOOBI pee
OTIYCTHJIO — HUXE Hee.

TsaroBsie xapakTepucTuku F» = f(0) MpeACTaBISAI0T cCOO0H ce-

i® = const
MCfICTBO rnnep6on JJIA paanqulx aMHepBI/ITKOB B npez[enax N3MCHCHU

3a30Pa OT O,y O Onaxv, @ MeXaHUuecKas Fy, = f(8) — JIoMaHyI0 JIMHUIO.
Tsaroseie /5 1 MexaHndeckas [y, XapaKTEpUCTUKU DJIEKTPOMATrHUTHO-
r'0 peJie MPEACTABICHBI HA pUCYHKE 4.4.
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Puc. 4.4. Tacosvie u mexanuueckas xapakmepucmurkuy
NEKMPOMASHUMHO20 pele

Ecin sikopb npUTSHYT (0,,), TO, OYEBHUIHO, YBEIMYEHUE DJIEKTpOMar-
HUTHOT'O YCHJIMSI HE BBI3OBET JIOMOJHUTEIBLHOTO €0 MepeMeIieHUs (OTpe30K
1 —2). Otnyckanue pesie NpoucXoauT npu £y, = F5 ,y, B TOUKE 2, TIOCIIE YETO

C pOCTOM O MPOTHUBOAECUCTBYIONIAS CHJIA MIPYKHUHBI pejie TIOCTENIEHHO YMEHb-
maercs (0Tpe30kK 2 — 3), a 3aTeM Pe3KOo MaJIaeT 10 KOHEUHOT o 3Ha4eHus (0Tpe-
30K 3 — 4). [Ipu yBenmueHrnr Toka B 0OMOTKE SIKOPb pejie TPOraeTcs B TOUKE 4,
HO IIPUTATUBAETCA K CEPICUHUKY TOJIBKO B TOUKE 3 IpH £ .

B nanHoli nabGopatopHoi paboTe uccieayeTrcs paboTa Tpex Heli-
MPaibHLIX SIEKTPOMArHUTHBIX pelie U OAHOTO noJsApu3zosannozo. Hen-
TpaJIbHbIE AJEKTPOMATHUTHBIE PEJie HE PEarupyroT Ha 3HAK BXOJIHOTO CHUT-
Haja: MWX cpabarblBaHUE MPOUCXOJIUT OJMHAKOBO TMpU  JTHOOOM
HaIlpaBJIEHUU TOKA B OOMOTKE.

Mexnay TeM, BO MHOTHX YCTPOMCTBAaX HEOOXOAMMO, YTOOBI pefie pea-
TUpPOBAjO0 HE TOJHKO HA BEJIMYMHY TOKA WJIM HAIMPSOKEHUS, HO U HA 3HAaK
BXOJ/IHOT'O CUTHAJa.

IIpn pasHON MOJAPHOCTU BXOAHOW BEJIIMYUHBI 3aMBIKAXOTCA T€ WIHU
WHBIC TPYIIBl KOHTAKTOB B 3aBUCUMOCTHU OT HalpaBJICHUs TOKA B OOMOTKE
pene. Takue pene Ha3pIBAIOTCA MOISIPU3OBAHHBIMU.

[Tonsipu3zoBaHHOE pejie OTIMYAETCA OT OOBIYHOIO 3JIEKTPOMAarHUTHOTO
pese HaJlWu4heM JONOJIHUTENIBHOTO MOCTOSIHHOTO MarHuTa W 3aBUCHUMO-
CTHIO HAIPABJICHUSA TMEPEMEIICHUS SKOPS OT TMOJIAPHOCTH HaMarHUYHU-
BAIOILIETO TOKA.

CylecTByeT Tpr KOHCTPYKTHBHO Pa3HBIX THITA MOJSIPU30BAHHBIX pEIe.

B nannHoil nmabopaTopHoil paboTe MOJISIPU30BAHHOE pEie UMEET Mar-
HUT [ TTI0JKOBOOOpazHoM opMmel (puc. 4.5).
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Puc. 4.5. Yempoucmeo
NONAPU0BAHHO20 peile

B 3aBHCHUMOCTH OT MOJIIPHOCTH TOKA KATYIIKH 3, SIKOPb 2 HaMarHu-
YUBAECTCA W, NPUTITHBAACH K OJHOMY WM JIPYTOMY IOJIFOCY, 3aMBIKAET

KOHTAaKThI 4 uiu 4 '.

Pene PII-4 nByXMO3WIIMOHHOE W HE HMEET MPOTUBOACHCTBYIOIIEH
NnpyxuHbl. [103TOMy SIKOph CHMMETPUYHO OTPETYJIUPOBAHHOIO PEJE MPHU
OTKJIFOYCHUH TOKA B KaTYyIIKE OCTAa€TCS B TOM MOJIOKEHUU, B KAKOM OH
OBLI IPY HAJIMYKHU TOKA.

MOoKHO MONTY4UTh 08YXNO3UYUOHHOE pene ¢ «npeobaadanuemy. J1ns 3to-
IO KOHTaKThI peJie HaJl0 CMECTUTh B CTOPOHY OJTHOTO M3 MOJItOCOB. [Ipu mpe-
KpalleHUH TOKa B pe3yjbTare MpeoOsIa/Ialolliero BIUSHUS OJHOTO IOJIIOCA
SKOph Oy/IeT BO3BpAIllaThCsl B MCXOJHOE TOJIOKeHHEe. Takoe pese He Oyaer
pearupoBarh Ha TOK 00OpaTHOTO HAIPABJICHUSI.

B mpexnosuyuonnom pene umeercs cnenuanbHas (BO3BpaTHAas)
Npy>KMHA, BO3BpallaIoNiasi IKOpb B CPEAHEE IMOJIOKEHUE MOCIE CHATHUS
CHUTHAJIA.

[Tomapu3zoBaHHBIE peEJI€ HE3AMEHHMBI B MAJIOMOIIIHOM aBTOMATHKE,
Tam, TJI€ HaPaBJICHUE BPAlICHUS JIBUTATEIIsA, HAIPUMED, JOJKHO 3aBUCETH
OT TTOJISIPHOCTH YIPABJISIIOIIETO CUTHAJIA.

[1o pody ucnonvsyemozo 0na ynpaenenus moxka peie pa3faessitoTcs Ha
pejle NOCMOAHHO20 MOKA U pefie NepemMeHH020 MOKdA.

[IpuHuMnMameHast cxema 3JIEKTPOMArHUTHOTO PEJie MEPEMEHHOTO TO-
Ka IIPUBEJICHA HA PUCYHKE 4.6, a.
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B anekTpomarauTax mepeMeHHOro TOKa MPH CHHYCOUIATLHOM H3MEHE-
HUU TOKAa B €ro 0OMOTKE M HEHACBIIICHHOM MarHHUTOIIPOBO/IE MOXKHO TIOJIa-
rarb, 4YTO U MAarHUTHBIM ITOTOK MEHSIETCS TOKE CUHYCOUIAIbHO (pucC. 4.6, 0).

F.o
T ———— o
|
|
O T W
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O—— : )CD o
11 :/ __A_Z)_ _____ S_1_, ¢ w=— it
___/-L——,—)—————-ﬁ—/ P ﬁﬁ;:__:- =5 t
. S2 [
&31 ”W_ J At
a) 6)

Puc. 4.6. Dnexmpomacnumnoe pene nepemeHno20 moka:
a — NPUHYUNUATIbHASA cxema, 6 — epaghux usmeHeHus
NEeKMPOMAHUMHOU CULbL U MASHUMHO20 NOMOKA

DIeKTPOMarHuTHOE YCHIIHE, ACHCTBYIOIEE Ha SKOPh pejie TepeMeH-
HOI'0 TOKa, OYyJIeT paBHO
— ((Dlm )2 sz dGS
72 G% b
rae [, — aMIUTUTYyAHOE 3HAYCHHUE TOKa B OOMOTKE peie;
G,, — MarHuTHas MPOBOJAMMOCTh MAarHUTOIIPOBO/IA:

(1-cos2wt),

rae R,, — CONPOTHUBJIECHUE MATHUTONIPOBO/IA;
Gs — MarHuTHas MpOBOAMMOCTh BO3AYIIHOTO 3a30pa:

rae Rs — CONpOTUBIIEHHE BO3AYIIHOTO 3a30pa.

N3 dopMynbl BUIHO, UTO 3JIEKTPOMArHuTHas cuia £ UMeeT MOCTo-
SHHYIO U IEPEMEHHYIO COCTABIIAIOIINE, U3 KOTOPBIX MOCIEIHSS N3MEHSIET-
Cs I10 KOCUHYCOHUJIE C YaCTOTOM, paBHOM YABOCHHOM 4aCTOTE HAMPSKECHUS
(TOKa) UCTOYHHKA ITUTAHHUS.

B MomeHT nepexona TOka (MarHUTHOTO MOTOKAa) 4Yepe3 HyJb CHIIA
MPUTSKEHUSL SIKOPSL PEJIE TTEPEMEHHOTO TOKA TAK)KE CTAHOBHUTCS PaBHOM
HYJIIO, a JJIsl MPOMEXKYTKOB BpeMeHH A ¢ (cM. puc. 4.6, 0) F» oka3biBaeTcs
MEHBIIIE CYMMapHOIro MPOTUBOAEUCTBYIOLIErO ycuius [, = const. Ycunue
F)/ B 5TH MOMEHTBI BBI3BIBAET OTXOJ SKOPSI OT MOJKOCHOIO HAKOHEYHHUKA.
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OO6pa3zyeTcst BO3IYIIHBIA 3a30p, KOTOPBIA 3aTE€M JIMKBUAUPYETCS OBICTPO
HapacTaIOIIUM TATOBBIM YCHIIMEM.

TakuMm 00pa3oM, SKOph (IIOJIBUXKHASI CHCTEMA) M KOHTAKThI peJie Ha4uu-
HAIOT BHOPUPOBATh C HEJOMYCTUMOM 4acTOTOW. J[1s1 ycTpaHEeHUs! 3TOro He-
JOCTaTKa MPHUMEHSIOTCS CIICAYIOIINE MEPBI: TOBBILEHUE WHEPLIUOHHOCTH
MOJIBMKHOM CHCTEMBI (YBEIUYEHUSI €€ MACChI); CO3JJaHHE B MarHUTOIPOBO/IE
peJie IByX MarHUTHBIX TTOTOKOB, CIBUHYTBIX OTHOCHUTEIBHO JPYT ApYyTa.

Bropoii myThb siBisgercs Hauoonee 3pdekrrBHbIM. [10TOKH, CIBUHYTHIE IO
¢daze, MOTyT OBITh MOTY4YEHBI JTMOO C MOMOIIIBIO IBYX OOMOTOK peJie, IO KOTO-
PBIM IIPOTEKAIOT CABUHYTHIE 1O (ha3e TOKH, TUOO0 IMyTeM OXBaTa YacTH MOII0Ca
CepICYHMKA AJIEKTPOMArHuTa KOpOTKO3aMKHYTBIM BUTKOM. borbliiee pacmpo-
CTpaHEHUE TONYUYWIN pelie NePeMEeHHO20 MOKA C PA36EeMmMEIeHHbIM NOOCOM
(cM. puc. 4.6, a@). Y Takux peJie MOIKC CepACUHUKa OOMOTKH Y BO3IYIIIHOTO
3a30pa pas3AeiicH Ha JBE 4aCTH, MMEIOLIME TIomann S; v S,, IpUYEM Ha OIHY
U3 HUX MOMEIIA0T MaCCUBHBIE ME/IHBIE BUTKHU (Yallle METHYIO BTYJIKY), KOTO-
peie oxBarbBaroT OT 0,5 1o 0,8 rmoniaay Topua.

MarguTHeIM TTOTOK @, CO3JaHHBIE OOMOTKOI W), COOTBETCTBEHHO
pazjensieTcs Ha JBe yacTH (JBa nmoroka). [lorok @; npoxoaut uepes mio-
maab Sy, a NOTOK @, MPOXOAUT YEPE3 IIOMAAb S):

D=0] +D, .

MarauTHslii TOTOK @, HABOJUT B KOPOTKO3aMKHYTHIX BUTKax JJIC
ex, CABUHYTYIO 1o (aze Ha 7/2.

Tak Kak y KOpOTKO3aMKHYTBIX BUTKOB aKTUBHOE COMPOTUBJICHUE 3HAYM-
TEJIbHO OOJIbIlIE UHAYKTUBHOIO, TO MPOTEKAIOUINIA 110 HUM TOK [ U CO3/1aH-
HBI UM MarHUTHBIN MOTOK Dk COBNAAAOT 1O (aze ¢ ex. MarHUTHBINA MOTOK
@Dy B 4aCTH S, TTOIIFOCA TEOMETPUYECKH CKIIAJBIBAETCS C IIOTOKOM D5

CDSZ =D, + D, ,
a B 4acTu S| MOJII0CA BEIYMTAETCS U3 TTOTOKA Dy
@s1 = @1 - ®K .

Takum oOpazoM, notoku Dg u Pg, CABUHYTHI HAa yroa ¢ (puc. 4.7). Ka-
KIIbIA U3 HUX CO3/IaeT TATOBOE YCUIIME, a pe3yJIbTUpyIolee ycume Fr nMeer
TEM MEHBbIIIE MyJbcaluid, yeM osmxe K 90° yroin .
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Puc. 4.7. Bexkmophas ouazpamma
SNEKMPOMACHUMHOCO péesle NEPEMERHO20 NMOKA

OOBIYHO TIPY UCTIOJIB30BAHUU B PEJie€ MEPEMEHHOIO0 TOKa BMECTO KO-
POTKO3aMKHYTOT'O BUTKA YCTAHABJIMBAIOT BUTOK U3 JIATYHU WJIU MeIu (ce-
yenne 2-4 MMZ), 4yTO oOecreunBaeT cABUT (Pa3 Mexay rnorokamu @, u @,
nopsinka /3. Ilpu 3TOM TAroBOE yCWiIME 3JEKTpOMAarHuta B JOO0H MO-
MEHT BPEMEHHM MPEBOCXOJUT CYMMapHOE MEXaHUUYECKOE MPOTUBOJCHCT-
Bytolee ycunue Fy, (puc. 4.8).

FaA
Fm
¢ —
A\ Fa
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0 {
ds2  Ds1

Puc. 4.8. I'paghux usmenernus
Ms208020 YCUNUSA pejle NEPEMEHHO20 MOKA
¢ KOPOMKO3AMKHYMbIM 8UNMKOM

B KOpOTK0O3aMKHYTBIX BUTKAX (BUTKE) pej€ UMEIOT MECTO HEKOTOPbIE
JOTOJHUTENbHBIE TOTepU dHEprur. OAHAKO OCHOBHBIE MOTEPU SHEPTUH B
pelie MEPEMEHHOIO TOKA — HOMmMepU Ha NnepemMacHuUyuUBaHue u uxpesvle
MOKYU — BO3HUKAIOT B €r0 MarHUTONpoBojie. [ yMeHbIIEHUs 3TUX IIO-
TEPb CEPJCYHUK U SIKOPb Pejie MEPEMEHHOI0 TOKa HaOUpaeTcs U3 MIACTHH
JIMCTOBOM CTAJIA C MOBBILICHHBIM YJIETbHBIM 3JIEKTPHUUYECKUM COMPOTHUBIIC-
HUEM U MAJIBIMU yJIETIbHBIMU MTOTEPSIMU HA TIEpEMarHM4rBaHUeE.
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Bpems cpabatbiBaHus pelie MEPEMEHHOTO0 TOKA HEMOCTOSHHO U MOXKET
M3MEHATHCSA OT HECKOJIbKUX €JIMHUL 10 HECKOIBKUX JECITKOB MUJUIMCEKYH/I.
OHo 3aBHCUT OT (Pa3bl MUTAIOIIETO HANPSHKEHUS] B MOMEHT BKIIIOUECHUS, TaK
KaK OT BEJIMYMHBI (ha3bl 3aBUCHUT XapaKTep MPOTEKaHUs IEPEXOTHOrO MPOLIEC-
ca B uenu OOMOTKH. OTKIIIOYEHHE e MEPEMEHHOI0 TOKa IMPaKTHYECKU
IIPOMCXOMUT NPU TNPOXOKIACHUHA TOKAa Yepe3 HYyJIEBOE 3HadeHue. lloaromy
MarHWTHBIA TTOTOK MCYE3aET JIOCTaTOYHO OBICTPO M BPEMsl OTITYCKaHUS PEIie
00bMHO HeBenuKo. [Io MaccorabapuTHBIM MOKA3aTENSIM pElle MEPEMEHHOTO
TOKa YCTYHAlOT (IIPUMEPHO BIBOE) HEUTPAJIbHBIM SJIEKTPOMATHUTHBIM PEJie
ITOCTOSTHHOTO TOKA. Perie mepeMeHHOro Toka IMpOMBIILIEHHOM YacTOThI Ha Ha-
npspkenns 127, 220, 380 n 500 B HaxomsaT npuMEHEHHE, Kak PABUIIO, B CH-
JIOBOM 3JIEKTPOOOOPYIOBAHUH CUCTEM KOHTPOJIS.

CyliecTBYIOT TaKXK€ yKa3aTellbHbIE pelie, ciyKaiue s (pukcauu
JECHACTBUS 3aILUTHl B LEJIOM WM KakKUX-I1M00 ee anemeHToB. Ha pucysn-
ke 4.9 noka3zaHo ykaszarelbHOE pesie /, CUTHAIM3UPYIOIIEE JCHCTBUE 3a-
IIUTHI HA OTKJIIOYEHHUE BhIKItoUaTens. [Ipu cpabaTeiBaHuU 3alIUTHI 11O 00-
MOTKE peJie / MPOXOIUT TOK, NPUBOISAIIUMN PEJE B ICHCTBUE.

CurHan CurHan
+ /\ /_\ + /\ + /—\
L L
1 KH 1
KH
L
3awura — 3auwmTa
a) 6)

Puc. 4.9. Cxemvl 6xntouenus ykazamenbHo2o pene:
a — nocnedosamenvbtas, O — napaiienIbHAs.

BBuay KpaTKOBPEMEHHOCTH MPOXOXKIACHUS TOKa B OOMOTKE YyKa3a-
TEJBbHBIX peJie, OHU BBIMOJHAIOTCS TaK, YTO CUTHAIBHBIA (PJIAKOK U KOH-
TaKThl peJie OCTAIOTCA B CPAOOTAHHOM COCTOSIHUM JIO T€X IOp, IMOKa UX HE
BO3BPATHUT HA MECTO OOCITY>KMBAIOIIHI ITEPCOHA.

VYKka3zaHHbIe pelie U3rOTOBIISIOTCS ISl TOCeI0BaTeNbHOro (puc. 4.9, a) u
napasuiesisHoro (puc. 4.9, 6) BkimoueHus. Penie mocnenoBaTeIbHOTO BKITFOYE-
HUs OoJsiee yTOOHBI M IO3TOMY UMEIOT BECbMa IMIMPOKOE NpruMeHeHue. O0mmi
BUJ yKa3areabHOro pese tumna PY npuseneH Ha pucyHke 4.10.
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Puc. 4.10. Yxazamenvnoe pene muna PY

[Ipu nosiBsieHHH TOKa B 0OMOTKE / SIKOPB peie 2 MPUTATUBAET U OCBO-
ooxaaeT daaxok 3. [locneanuii magaer noa AeMcTBUEM COOCTBEHHOI'O Be-
ca, IpUHUMAas BEPTUKAIBHOE NOJIokeHue. B aToM nosoxxeHnu (hiaxox BU-
J€H 4Yepe3 Mpo3pauyHblii KOoXyx 4. BosBpar ¢rnaxka B HayaiabHOE
MOJIOKEHUE MMPOU3BOIUTCS KHOIIKOM J.

Ilopsiook evinonuenus pabomol

1. U3yunTh KOHCTPYKIMIO 3JIEKTpOMarHuTHbIX pene R-15, PITY,
MKYVY-48C, PII-4, POY.

2. CoOpaTh SJEKTPUUECKYIO CXEMY IS MCCIEAO0BaHUS PabOThI pesie
COIJIaCHO pUCYHKY 4.11, 1 mocyie npoBepKH MPENOIaBaTEIEM BKIIOUUTH €€
10/ HATIPSKEHUE.

— ® &—
RP N B
| |

~220B <V> K: /: ~ 127B
| |

o o}

Puc. 4.11. llpunyunuanvras sn1ekmpudeckas cxema
uccnedosanus peie

3. [InaBHO yBenuuuBas noreHHMoMeTpoM RP Hampshxkenre Ha oOMOT-
K€ peJie, ONpeIeNIUTh TOK U HApsHKeHHE cpadaThIBaHUs pelie, T.€. MOMEHT,
KOrJja TSATOBOE YCHJIME SIKOpA CTAHET OOJIbllle MPOTUBOJCHCTBYIOIIETO
ycunus npyxusbl. Ecnu B ienu tamnel EL ObUTH BKITIOUEHBI 3aMBIKAIOIINE
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KOHTAaKThI, TO cpabaTbIBaHUE pese OyAeT CUTHAIM3UPOBATHCS 3arOpaHUEM
JIAMIIbl; €CJId OBbUTM BKJIFOUYEHBI PA3MBIKAIOIIME KOHTAKTHI, TO MpHU cpada-
THIBAHUU OHU OYJyT pa3MbIKaThCs, U JamIla OyJIeT TaCHYTh.

4. IlnaBHO yMeHbIIasl HANPSHKEHUE HA Pelie, ONPEACIUTh HAIIPSKEHUE
U TOK oTnyckanus (kpome pene POV u PI1-4).

5. Pe3ynbTarsl U3MEpeHuid 3aHeCTH B Ta0OuIty 4.3.

Tabauya 4.3. Pe3ynsmamol uccied008anus 31eKmpoMacHUMHbIX peile

HaumenoBanue pene Ucpa B Icp» A Uomn» B Lomn, A

Cooepacanue omuema

1. HaumeHoBaHue U 11es1b paOOoTHl.

2. Texunueckue xapakrepuctuku pene R-15, PITY, MKVY-48C,
PII-4, POY.

3. CxeMbl BHYTPEHHUX DSJIEKTPUUECKUX COEIUHEHUN pEJie U CXEMBI
ucnbeiTannii. Cxema snektpudeckux coeaunenun peine MKY-48C mpen-
CTaBJICHA HA pUCYHKE 4.12, a OCTAIIbHBIX — Ha CaMHUX PEJIE.

4. Koappunuent Bo3para pene (kpome POY u PII-4).

5. MomHocTs, noTpedisemMas KaTylKon pene npu cpadarsiBaHuu P,
U nipu ornyckanuu P,,,. Bun pene R-15, PITY, MKY-48C, P11-4 no Benu-
YUHE MOIIHOCTU yIPABJICHUS.

6. KoadumueHnt ycunenus pene.

7. BeIBOJIBI IO paboTe.

Puc. 4.12. Cxema coeounenuii
pene MKY-48C
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Koumponvnwvie eonpocul

. Kakumu 0CHOBHBIMM IapaMeTpaMH XapaKTEpU3yrTcs pese?

. Kakumu ueTbipbMsi OCHOBHBIMU OpraHamu 00J1aatot pese?

. Kak xknaccuduuupyrorcs pene?

. Kakast pazHuiia B KOHCTPYKIIUM SJICKTPOMArHUTHBIX pPejie MOCTOSH-

HOTO U IEPEMEHHOI0 TOKAa U yKa3aTeJIbHOro pese?
. [IpyHuMn aercTBUs NOMAPU30BAHHOTO pelie. TUlbl moasApru30BaH-
HBIX pelie.

. Kakas BenmunHa 115 pesie aBaseTCsl BXOIHOM, KaKasi BBIXOAHOM ?

. Kak onpenensercs koagduimeHT ycunenus pesne?

Kakue criocoObl TpUMEHSFOTCS [Tl 3aMeIJICHHsI cpa0aThIBaHUS pesie?

. Kakum 00pazoM MOXXHO yMEHBIIUTh HUCKPEHUE KOHTAKTOB, €CIIH

OHH PadOTAalOT B IIENU WHIYKTUBHOW HArpy3Ku?

10. YTo IMMUTUPYET BETUYUHY HArpy3KH, B LIETH KOTOPOU BKIIFOUEHBI
KOHTAaKTHhI pene?

11. I[Touemy ko3 dunieHT Bo3Bpara pene K, MOKET ObITh KaK YTOJHO
OJIN3KUM K €JIMHUIIC, HO HE MOXKET OBITh PABEH WJIM OOJIBIIE €]11-
HUIIBI?

12. MOXHO JIM UCIOJB30BAThH AJEKTPOMArHUTHOE PEJI€ MOCTOSTHHOTO

TOKA B LEISX IEPEMEHHOIO TOKa?

N NG U I O I

O 0 31 N

JlabopaTopnasi padora 5
UccaenoBanue padboTbl KOMaHAOANIIAPATA

Llenv pabomyul: U3y4nTh KOHCTPYKIMIO U MPOBECTU UCCIIEIOBAHKE pa-
00T1hI kOMaH1oanmapara KOII-12V.

Onucanue ycmpotcmaea u HacCmpoUuKu KOMaH00annapama

[Tpubop KOII-12VY (komaHIHBIA 31EKTPOITHEBMATUYECKUM, 12-KaHAITb-
HBIIA, YHUBEPCAIbHBIN) CIYKUT JJIS1 PETYIUPOBAaHUS BO BPEMEHH, TIOCTIE/I0BA-
TEJIbHOCTU U MPOJIOJDKUTEIBHOCTH PA3IMYHBIX ONEpaIfii B TEXHOIOTMYECKOM
IpolLecce.

[Ipnbop MOKET U3rOTABIUBATHCA C ANEKTPUUECKUM WA ITHEBMATHYE-
CKHM BBIXOJIOM B JIFOOOW KOMOMHAIIMU U COOTBETCTBEHHO YIIPABIIATH 3JICK-
TPUYECKUMH Y THEBMATUYECKMMHU yCTpOMCTBaMu. J[aHHBIA KOMaHoamnma-
paT UMEET TOJIBKO 3JIEKTPUUECKUIN BBIXO/I.

[Ipubop aBTOMAaTHYECKH BKJIIOYAECT W OTKIIOYAET YIPaBJISAIOLINAEC
KOHTAKThI JJIsI IPOU3BOACTBA TOW WJIM MHOW OmNEepalMu 1o 3apaHee 3a-
JaHHOMY T'paduKy BpEMEHH.
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[Ipubop BrIOUaeTcs TymosnepoM S (puc. 5.1), npu 3ToM 3axuraercs
curHanbHas Jlamna HL, ecnu kontakt K12 Ob11 npeBapuTENbHO 3aMKHYT
B LICTIA MUTAHUS JIEKTpoaBUraTens M.

[Tpubop MOXKHO BKJIFOUMTH JUCTAHIIMOHHO C MOMOIIBIO cojieHouIa YA,
JUISI TOr0, HA00OPOT, MPEABAPUTEILHO JIOJIKEH ObITh BKIIFOUEH TYyMOJIEp S.

JI1s. AMCTAaHIIMOHHOTO MyCKa HAXKUMAKOT Ha KHOMKY SB «Ilyck», yc-
TaHOBJIEHHYIO B JIIOOOM yIaJICHHOM MECTE.

ConeHoup mpu BTATMBAHUM BKJIrOYaeT KOHTAakT K12, 3ambikaercs
uernb dnexkrpoasuraresiss M u namnsl HL.

CunXpOHHBIM JABHUTaTeNnb M 4epe3 peayKTop, XparoBOW PacUEILIAIO-
IIUH MEXaHU3M U 4-TIO3UIIMOHHYI0 KOPOOKY CKOPOCTEW MPUBOAUT BO Bpa-
LICHHUE paCTpEeACIUTENbHbIN Bal. Kyllauku, pacIionoKeHHbIE Ha pacrpe-
JEIUTENBHOM Baly, COpachlBalOT W B3BOAT 3AILEIKH OBICTPOJIEHCTBYIO-
mux nyteBbix Bbikimrouarened Kl1...K11: mpaBbiii kynadok cOpachIBaeT
3aILEJIKY, A JIEBBIM B3BOIUT.

[IponomKUTENBHOCTh BPEMEHH TOJHOTO IUKJIA BBIOMpAETCs Mo Tad-
mune 5.1 1 MOXKEeT UMETh JUIsl JAHHOTO KOMaHAoannapara npoa0JDKUTEIb-
HOCTb OT 30 ¢ 1o 18 gacos.

Bpewms nukiia ycTaHaBIMBAETCS IIOBOPOTOM HMYKHETO KOJIOKOJIA, PacCIIo-
JIOKEHHOTr0 Ha cKkoOe peaykropa. [y 3Toro npeaBapuTeabHO HAJI0 BIBECTU
CKOJB3AIIYIO IIECTEPHIO U3 3aLCIVICHUS.
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Puc. 5.1. [Ipunyunuanvras snekmpuyeckas cxema
komanooannapama KOII-12Y

Kosokon ycTtanaBiuBaercs Ha JejeHue, ykazaHHoe B rpade 1 tabmu-
bl 5.1, mecTepHs CTAaBUTCS B OJIHO U3 4-X IMOJOKEHUH, YKa3aHHBIX B Ta0-
Jule, coJiepkaiel BbIOpaHHOE 3HAYEHHE BPEMEHH 1HUKJIA.
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Tabauya 5. 1. Ilpodonsicumenvrocms 8pemeHu
00H020 obopoma sana npubopa KOII-12Y

enenune [TonoxeHune ckob3s1Iel HecTepHu (CUuTasi OT ABUraTeNsl)
KOJIOKOJIa | 11 111 1Y
Ha cKobe
pesyKTopa MHUH C MHUH C MHUH C MHUH C
1 2 3 4 5 6 7 8 9
4 2 51 17 51 111 27
6 2 55 18 15 113 55
8 2 59 18 39 116 22
10 3 03 19 03 118 57
12 29,8 3 07 19 29 121 37
14 30,6 3 11 19 57 124 31
16 31,3 3 16 20 25 127 40
18 32,0 3 20 20 55 130 37
20 32,9 3 26 21 26 133 49
22 33,7 3 31 21 59 137 15
24 34,6 3 36 22 34 140 53
26 35,6 3 42 23 10 144 38
28 36,5 3 48 23 49 148 42
30 37,6 3 55 23 33 152 59
32 38,6 4 02 25 14 157 29
34 39,8 4 09 25 59 162 12
36 41,1 4 17 26 47 167 14
38 42.4 4 25 27 49 172 41
40 43,8 4 34 28 36 178 28
42 45,3 4 43 29 34 184 34
44 46,9 4 54 30 38 191 12
46 48,7 5 04 31 46 198
48 50,5 5 16 32 59 206
50 52,6 5 29 34 18 214
52 54,8 5 42 35 44 223
54 57,2 5 57 37 17 223
56 69,8 6 14 38 39 243
58 1 2,6 6 31 40 50 255
60 1 5,8 6 51 42 53 268
62 1 9,2 7 13 45 09 282
64 1 13,0 7 37 47 39 297
66 1 17,3 88 03 50 27 315
68 1 22,5 8 34 53 36 335
70 1 27,6 9 08 57 10 357
72 1 33,9 9 47 61 15 382
74 1 41,1 10 32 65 58 412
76 1 49,6 11 25 71 28 446
78 1 59.5 12 27 77 57 487
80 2 11,5 13 42 85 46 535
82 2 26,1 15 13 95 17 595
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IIpooonsicenue mabauywl 5. 1.

1 2 3 4 5 6 7 8 9
84 2 444 17 07 107 13 669
86 765
88 892
90 1071

B tabnuue 5.1 HaxonsT Bpemsi, Onmxaiiiee K 3alaHHOMY.

Bpems oTienbHON onepanny yCTaHaBIMBAETCA IO BEPXHEMY KOJIOKOJTY.

J{71s1 5TOr0 HEOOXOAUMO:

— paccuMTaTh, Ha KAKOM JIEJICHUHU IIKaJbl JOJIKHA OBITH MTPOU3BE/ICHA
Tpedyemas onepauus. Hanpumep, Bpemsa nukia 7' = 80 muH. [lepBas
omnepanus I0KHA npouszontu yepe3 1) = 4 muH. Bropas — depes
T, = 20 mun. Tperba — uvepe3 13 = 80 MuH, cunras OT Ha4yana UUK-
Ja, T.e. C MOMEHTa IycKka. TpeOyemMoe JieJIeHne BEPXHEro KOJIOKOJa
A ompenensitoT o gpopmyiie

4 = 1007, _ 100-4 _5, 4, - 100-20 _25, 4 - 100-80 ~100 (um 0):
T 80 80 80

— YCTaHOBUTh HAWJICHHOE JICJICHHUE IIKAJIbl KOJOKOJIA HA PACIPENCIIH-
TEJIbHOM Bajly HAalIPOTUB CTPEIIKH;

— YCTaHOBUTh KYJIAYOK, HAXOIAIIHUICSA NPOTHB TOTO KOHTAKTa, KOTO-
PBIM 3aMBIKAET HYKHYIO LI€Mb, 10 YIOpPa B 3aLIEIKY ITyTE€BOTO BBbI-
Kirovatens. i nepenBuKeHUs KyJadka 1o mas3y Baja CIeIyeT Oc-
Ja0UTh BUHT.

3aKOHYMB HACTPOMKY BCEX KYJIAYKOB, CJIEYET YCTAHOBUTH CKOJIB3AIIYIO
HIECTEPHIO B 3alIETVIEHUE C OJJHOM U3 IIECTEPEH PEAYKTOPA COrJIaCHO TAOJHIIE.
3aryctuTh MpUOOp Ha MPOOHBIA LUKJIL, TPOBEPUTH TOYHOCTh HACTPOMKHU U, B
cilydae HeOOXOMMOCTH, POU3BECTH JIOTIOJIHUTENILHYIO PETYIIUPOBKY.

Hwxe npuBeneHsl xapakrepucTHku Komanpoanmapara KOII-12V
(Tabmd. 5.2).

Tabauya 5.2. Texnuueckue danHvle komanooannapama KOII-12V

ITapametp 3HayeHue

Hanpsokenne cetu (npu yactore 50 '), B 127
Pa3pbiBHAas MOIIHOCTH KOHTAaKTOB 500
(npu Hanpspkenun 220 B, cuse Toka 1o 5 A), Bt

OO6111ee YncIo pa3IMIHbIX ITUKIIOB 163
MakcuMaabHOE YMCIIO KOMaH] 33 LUK 96
[TorpemnocTs npubopa, % +2,5
[ToTpeGusiemast MOUTHOCTH, BT 50
Macca npubopa, Kr 10
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Ilopsiook evinonuenus pabomol

. O3HaKOMHUTHCSI C KOHCTPYKLHEW MMpuOopa M MOPSIKOM €ro Ha-

CTPOMKH.

. BBIBGI[H M3 3alCIVICHHUA CKOJIb3AIYIO IICCTCPHIO HMJKHHUM KOJIOKO-

JIOM, YCTAaHOBHUTbH BpeMs IIUKJIA (3a/1a€TCs MPENnoaaBaTesIeM ).

. BepxHHi1 KOJIOKOJI TOCTaBUTH JIeTE€HUEM «0» HAIPOTUB CTPEIIKHU.
. BkimounTh BWIKY KOMaHJoamnmapara B PO3ETKY C HalpsKEHHEM

127 B, a BUIKY 3JIEKTPOIPUEMHHUKOB — B PO3ETKY C HAIIPSKEHUEM
220 B. B kaudecTBe 31EKTPONPUEMHUKOB UCIOJIB3YIOTCS JIBA AJIEK-
TPOJBUTATENS U IBE SJICKTPOJIAMIIBI.

. Paccunratre no ¢opmysne Bpems Kaxaod omepanuu (10 3aJaHUIO

MPENOIaBaTeNs).

. YCTaHOBUTH BpPEMs KaXKJIOM W3 ONEpalyid Ha BEPXHEM KOJOKOJIE,

YCTaHABJIMBAs KYJAYKU HAPOTUB KOHTAKTOB IIPUA IOMOIIM CIIEIU-
aJIbHOU OTBEPTKHMU.

. YCTaHOBUTH CKOJB3SIIYIO HMIECTEPHIO PEAYKTOPA B OJHO U3 YEThI-

PEX MOJIOKEHUM.

. [logaTe HanpspkeHUe Ha NPUOOP U MPOBEPUTH HACTPOUKY BPEMEHU

[0 yacaM WJM CeKyHaoMmepy. Eciam komangoanmapaT AOJDKEH OT-
KJIFOUYUTHCSI B KOHIIE ITMKJIA, TO HEOOXOIUMO 3aJIeCTBOBATh KOH-
TakT K12 (ycTaHOBUTH OTKJIIOUYAIOIIUN KYJIa4OK).

. JlaHHBIe, OTy4YEeHHBIE B pE3YyJIbTaTe ONbITA, 32aHECTU B Ta0IUIy 5.3.

[lo naHHBIM OmbITa MOCTPOUTH BPEMEHHYIO Auarpammy. ObOpasen
JUarpaMMbl PEJCTABIEH HA PUCYHKE 5.2.

Tabauya 5.3. Pe3ynomamol ucciedo8anusi KOMaHooannapama

Ne Bpems Bpems [IponomxuTenbHOCTh | XapaKTEepUCTHKA
00bEKTa | BKIIIOYEHHS, C | OTKIIIOYEHUS, C OTIepaIyH, ¢ 00BbEKTA

1

2

3

4
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oObeKkToB
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Puc. 5.2 [Ipumep epemennoii ouacpammoi
KomMaunooannapama

10. CuaTh HanpskeHue ¢ mpudopa. 3aKpbITh KPHIIIKY.

DN B~ WK —

AW N —

6.

7.
8.

9.

Cooepacanue omuema

. HaumeHnoBanue u 1iesib paboThI.

. OCHOBHBIC TEXHUYECKHE JaHHBIE KOMaHoanmapara.

. [IpuHIIMNIManbHas 37IeKTpUYecKas cxema npudopa.

. Bpemennas quarpaMMa nepekmodeHrsl KOHTAKTOB KOMaHoammapara.
. BeiBos1BI 11O pabdorTe.

Koumponvnwvie eonpocul

. Haznauenne xomangoannapara KOII-12V.

. YCTPOWCTBO W IIPUHLIUI JECUCTBUA.

. [Touemy npubop KOII-12V HazbiBaeTCs 3JIEKTPOMHEBMATHYECKUM ?
. Kak ycranaBnmuBaercss He0oOXOauMOE BpeMsl IIMKJIAa U BpPEMsSl OT-

JEIBLHOM onepaluu Ha npuodope?

. Kak OCYHICCTBIIACTCA CaMOOCTAaHOB KOMaHJIoalllIapara B KOHIC

nuKia?

CKOJBKO HE3aBUCHUMBIX AJIEKTPHUYECKUX LIETIEN MOYKHO MOJIKIFOYUTh
K KOMaHjioanmnapary?

CKOJBKO HE3aBUCUMBIX BBIIEPKEK BpEMEHN MOKET co3iarh KOII-12Y?
Kak oTpa3utcsi noHM>XKeHUEe HANpsLKEHUS. B CETH Ha padoTe KOMaH-
noarmnapara?

MOoXXHO JIM MOJKIIIOYUATH K KOMaHJoalmapaTy Tpex(asHblil acuH-
XPOHHBIN IBUTATEH ¢ KOPOTKO3aMKHYTBIM POTOPOM?
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10. MOXHO 71 TOAKIIFOYMTH K KOMAaHJIOAMNIapaTy MHUKPOIBUTATEIb
CHUCTEMbI aBTOMATUKH, KOTOPBIA JTOJKEH paboTaTh OJIHY MUHYTY,
ecni BpeMs 1ukna 17 mun 0,7 ¢?

11. Ilouemy B kauectBe npuBoaHOro nurarens KOII-12Y ucnonb3o-
BAH CUHXPOHHBIN JBUTATENb ]

12. loctonHcTBa M HeAocTaTku komaHoannapara KOII-12V.

JlabopaTopHasi padora 6
N3yuenne crpykrypol CAY u uccjieioBaHue ee padorThl

Llenv pabomwl: N3y4nuTh YCTPOUCTBO, NpuHIUI AekcTBus CAY u uc-
CJIeIOBaTh €€ padoTy.

OcHogHble meopemuvdecKkue ceedeHus

BHenpenue aBTOMAaTUYECKU JEUCTBYIOLIUX YCTPOMCTB B TOT WIHU
VHOW TEXHOJIOTMYECKUM NPOLIECC HA3BIBAETCS €ro aBToMaru3anueil. B 3a-
BUCHUMOCTU OT ()YHKIIM, BBIIOJHAEMBIX CIIEIIMATbHBIMH aBTOMAaTUYECKU-
MU YCTPOMCTBAMH, Pa3IMyalOT CJIECIYIOIINE OCHOBHBIE BHJIbI aBTOMATHU3a-
IMMA: AaBTOMATHUYECKUH KOHTPOJb (aBTOMATHYECKHE CHUTHAJIU3aLIMS,
U3MEPEHUE, COPTUPOBKA, cOOp MH(OpMaLMK), aBTOMATHYECKAs 3alluTa,
aBTOMAaTUYECKOE YIIPABIEHUE, KOTOPOE PEATUYETCS CuUcmemMamu asmo-
mamuyeckozo ynpasnerus CAY.

CAY — 3TO COBOKYIHOCTH YIIPABJISIEMOr0 OObEKTa U aBTOMATHUYECKOIO
YIPaBJISIIOIIETO YCTPOMCTBA, B3aUMOCHCTBYIOIINX MEKTY cOOO0M B Iporiecce
pabotbl. B npaktuke Habmomaercs Oombinoe pazHoodpasue CAY. Mx kiac-
cU(UKaIHsI BO3MOXKHA 10 Pa3IMYHbIM MpU3HaKam (puc. 6.1).

B ocnoBe noctpoennst CAY 0OBIMHO UCTIONB3YIOT CIEIYIOIIUE ITPUHIIM-
IIbI: JIOTUYECKOE YIIPaBJIEHUE, POrPAMMHOE YIIPABJICHUE, YITPABIECHHUE MO OT-
KJIOHEHUIO, YIIPABJICHHUE 110 BO3MYILIEHUIO, KOMOMHUPOBAHHOE YIIPABJICHHE.

Obwvexm ynpaesnenusi (00bEKT PEryJIMpoOBaHUsi). ITO YCTPOUCTBO (Co-
BOKYITHOCTb YCTPOWCTB), OCYIIECTBIISIONIEE TEXHUUECKUI MPOIlecC, KOTO-
pO€ HYXJAETCA B CIEUAIbHO OPraHM30BAHHBIX BO3JEHCTBUSX W3BHE IS
OCYUIIECTBJICHUSI €r0 anroputMa (QPyHKUMOHUpOBaHUA. OTINYUTEIBHOU
OCOOEHHOCTBIO CEJIbCKOXO035MCTBEHHOIO IMTPOU3BO/ICTBA SBJSETCA OOJIBIIOE
pa3zHooOpazue OOBEKTOB YIpaBicHUsA. B kauecTBe MX MOXKET BBICTYIATh
0001 TEXHOJIOTUYECKUN Mpoliecc, pabodas MalllMHa, YCTaHOBKA, JJICK-
TpUYECKas Ieyb, TEIUINIA, XKUBOTHOBOAYECKOE IMOMEIIECHUE, MOOHIIbHAS
MallvHa U T.I., [JI€ CTABUTCS 3a/1a4a YIPaBJsATh XOTs Obl OJJHUM MapameT-
poM. KaxxioMy OOBEKTY yINpaBjeHUs MPUCYIIA CBOU CTATUUYECKUE U JU-
HAMHUYECKUE XAPAKTEPUCTUKU; TAKHE CBOWMCTBA, KaK AKKYMYJIHPYIOILIAs
CIIOCOOHOCTh, CAMOBBIPABHUBAHMKE, 3alla3/IbIBAHNE; TAKUE MMapaMeTphl, KaK
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KO3(ppUIIMEHT eMKOCTH, KO3(P(PUIIMEHT CaMOBBIPAaBHUBAHUS, BPEMSI 3ara3-
IBIBAaHUSA, BPEMS pa3roHa, MOCTOSIHHAS BPEMEHU OOBEKTa U Jp. 3HAHUE UX
HEO00XO0IMMO TPHU aBTOMATHU3AIMU O0OBEKTA.

Asemomamuyeckoe ynpaenaowee ycmpoticmeo (perynsarop). OCHOBHOM
KJIACCU(PMKALIMOHHBIA TMPU3HAK ABTOMATHUYECKUX PErYJISATOPOB — 3aAKOH
pecynuposanusi (ypaBHEHHUE, CBS3BIBAIOIIEE BBIXOJHYIO BEIWYMHY (KO-
MaHJIHbII CUTHAJI peryJasiTopa) ¢ BXoAHO). COoraacHO éMy OCHOBHBIE TUIIbI
PETYISATOPOB OBIBAIOT HENpepuléHo20 Oeucmeus U nosuyuorHvle. B cBOIO
ouepellb, PEryJIsITOPbl HEMPEPHIBHOIO JIEUCTBUS JEATCS Ha MPOMOPLHUO-
HasnbHble II, nHTErpansusie M, nponopuuoHanbHO-uHTErpajgbHeie 11M u
MPONOPLUUOHATBHO-UHTETpabHO-TU D Pepentmansabie TTA/I.
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Cucrembl
aBTOMaTU4eCcKoro ynpasneHus (perynmpoBaHuns)

@ Mo xapakTepy Mcnonb3oBaHWUS MHOPMaLUK

Pa3oMkHyTble 3aMKHyTble
C xecTkom C ynpaBneHvem
nporpaMmmon Nno BO3MYLLIEHWNIO

@ Mo meToay ynpaeneHus

MpucnocabnueatoLumecs

Henpucnocabnueatowmecs

Crabunu- [Mporpam- Cnepauume
3upyrome MHblEe

@ Mo pesynbTaTam paboThbl B yCTAHOBMBLUEMCS COCTOSIHUM

CrtaTtnyeckue AcTaTtuyeckmne

@ Mo xapakTepy BO34ENCTBMIA BO BPEMEHU

HenpepbiBHbIE MpepbiBHbIE (ANCKPETHDLIE)

PenenHble MnynbcHble Lndposble

@ Mo uncny ynpaBnsieMbIX BEMUYMH

OgHoMepHble MHoromepHble (MHOrocBsi3HbIE)

@ Mo Bnay andpepeHumansHoOro ypaBsHeHus

HenunHelHble

JIMHenHble

Puc. 6.1. Knaccugurayus cucmem
ABMOMAMUYECKO20 YNpasieHus (pe2yiuposanus)

65




Jliia oOecriedeHrs HOPMAJILHOTO MPOTEKAHUSI TEXHOJIOTMYECKOro Ipo-
[Iecca CHCTEMA aBTOMATHYECKOIO PErYIMPOBAHMS, MPEKIE BCETO, JTOJKHA
ObITh ycTounBOMl. Ouenka CAP ¢ TOUkH 3peHusi yCTOMYMBOCTH €€ padOThI
SBJISIETCSI 00s3aTENIbHON U HeoOXxoauMoi. Tonbko ycToHuMBas cuctema pe-
TYJIMPOBAHUS MOXKET OBbITh MPUTOAHA IS SKCIUTyaTanuu. OJHAKO yCTONYH-
BOCTb CUCTEMBI, OYAy4Yd YCIOBHEM HEOOXOJUMBIM, BO MHOTMX CIIydasX He
SABJIIETCS] YCIIOBUEM JOCTATOYHBIM. J[EWCTBUTEIILHO, YaCTO OKA3bIBAETCS Ma-
JIO 3HaTh, YTO CUCTEMA YCTOMYMBA, HEOOXOJIMMO €I1I€ YCTaHOBUTH, KaK CKOPO
3aKaHYMBAETCS MEPEXOIHBIN MPOLIECC U HE MOSABISETCS JIM IPU NEPEXOTHOM
MIPOLIECCE CIMIIKOM OOJBIINX OTKJIOHEHHH peryaupyemMoro mapamerpa. Ot-
BET Ha MOCTABJICHHBIA BOIIPOC MOKET AATh JOMOJHUTENbHBIN aHaIu3 padoThl
CAP, onieHHBaOIINNA KaY€CTBO €€ pabOTHI.

[lox kauecmeom pabomul cucmemsl pe2yaupo6aHrus TOHUMAETCA TOY-
HOCTb MCITOJTHEHUS 3TOM CUCTEMOM IPEINNCAHHOTO 3aKOHA U3MEHEHMUS pe-
rynupyemon BennuuHbl. K onenke kadectBa padotel CAP mpucrynaror
TOJIBKO MOCJIE TOr0, KaKk yOeasITCs, UTO MEePEXOAHBIE MPOIECCHl B CUCTEME
CXOJSIIMECA, a CaMa CUCTEMA, CJIEIOBATENIBHO, YCTOWYNBA.

KadecTBO mpol1ieccoB peryianupoBaHUsl OLEHUBAETCS OIMIMOKaMU B ycC-
TaHOBUBILMXCA PEKUMAX U KAYECTBOM MEPEXOJIHBIX MPOLECCOB.

TOYHOCTB PETryIMPOBAHKS B YCTAHOBUBLIEMCS PEKAME XapaKTEPU3YETCs
cmamuyeckou owuokou. OHa TIPEJICTaBISIET COO0M Pa3HOCTh MEXKIY 3aJaH-
HBIM )3 U (PAKTHYECKH YCTAHOBUBIUMMCS Vo 3HAUCHUSIMH PETYIUPYEMOMN
BEJIMUMHBI U ONPEACIISIETCS 110 CTaTUYECKON XapaKTepUCTHKE (puc. 6.2):

A(x) =V, = Viewsp>
IZ1€ X — BXOJHOE BO3JICUCTBUE.

(x)

T y YCT.®

0 >
X

Puc. 6.2. I paghux cmamuueckoii xapakmepucmuxu

KadecTBO mepexoaHbIX MpOLECCOB OOBIMHO OIEHUBAIOT IO MEPEXO/I-
HON (yHKIMU )(f), KOTOpas MPEACTaBISECT COOOM pEeaKIUI0 CUCTEMBbI Ha
BHEIIIHEE BO3JICHCTBUE TUIA €IUHUYHON cTyneH4aTor dyHkuuu 1(7). Xa-
paKTep €€ U3BMEHEHUSI MOXKET OBITh CAMBIM PA3JIUYHBIM.
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Ha npumepe nepexonnoi pyukiuu y(¢) (puc. 6.3), npeacrapistonieit
3aTyxaromme KojaeOaHus B JMHEHMHOW CHCTEME BTOPOro MOpsKa, MO3Ha-
KOMHMCS C OCHOBHBIMHM ITOKa3aTeJIIMHA Ka4eCTBa IIEPEXOHOTO IpoIiecca.

\

\ 4

A AA
\ 4

\ 4

Puc. 6.3. I paghux nepexoonoti ¢pynxyuu y(t)

1. /lunamuueckas owubka (TOYHOCTD) MPEJCTABISAET COOOM OTKIIOHE-
HUE Ay peryIupyeMoi BeTUIuHBI )(f) OT HOBOTO YCTaHOBUBIIIETOCS 3HAYE-
HUS )., BO BpEMS IIEPEXOIHOTO Ipoliecca

Ay =y, ~ ).

2. llepepecynuposanue (BIOPOC) Aymax NPEICTABISIET COOOM MaKCH-
MaJjbHOE OTKJIOHEHHUE PETYJIMPYEMO BEIMYMHBI B TIEPEXOTHOM PEKUME OT
HOBOT'O YCTAaHOBMBIIIETOCS 3HAYECHHUs] B CTOPOHY, MPOTHUBOMOJOXKHYIO OT
HavyaJIbHOTO 3HaueHus. OOBIYHO TEPBBHIA MAKCUMyM SIBII€TCS HaMOOIb-
muM. BenuunHa nepeperyinpoBaHus XapaKTepu3yeT KOJIMYECTBEHHO JH-
HAaMHUYECKYIO0 OIIMOKY U OonpeaessieTcss Kod(pPuurueHTomMm nepeperyimpona-
HUS G. DTO €CTh HE YTO MHOE, KaK OMHOCUMmeNbHOe nepepecyiuposanue,
KOTOpPOE BBIYUCIISIETCS 1O (hopMyIie

= A 1000 = YTV 100%.
Viem Viem

3. Bpems pezynuposanust tp ONPENEISETCS JIMTEILHOCTHIO TIEPEXO0/I-
HOTO Tporiecca. TeopeTuyeckd CYUTAIOT, YTO OH 3aKaHYMBAETCs, Kak
TOJILKO OTKJIOHEHUE PEryJIMpyeMOil BEJIMYMHBI OT HOBOTO €€ yCTaHOBUB-
HIerocsi 3Ha4eHus He OyAeT MPEBBINIATh JOMYCTUMBIX MPENIETOB €, MPH-
MEpPHO pPaBHBIX HEUYBCTBUTEIHHOCTU peryisitopa. OObIYHO MPUHUMAIOT
€= (3...5)% 0T Yyon. BpeMeHEM perynupoBaHus XapaKTEPU3YIOT OBICTPO-
neiictBue cuctembl. OJHAKO WHOTJa OBICTPOJIEHCTBHE XapaKTEPU3YIOT

o)
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TaK)K€ BPEMEHEM fy JOCTHKEHHS EPEeXOAHON (PyHKIMEN MepBbIA pa3 HO-
BOI'0 YCTAaHOBHBIIETOCS] 3HAYEHUS UIN BPEMEHEM 1, — JOCTHKEHUS MaK-
CUMAJIBHOTO 3HAYECHUS Va0 BPEMS PETYIMPOBAHUSA U MIEPEPETYIUPOBAHUS
TECHO CBSI3aHbl MEXy c000il. X 4MCIOBbIE 3HAUEHUS YACTO 3aJ1al0T B Ka-
YECTBE MCXOAHBIX JAHHBIX JUJIS CUHTE3a KOPPEKTUPYIOIIHUX YCTPOUCTB, IO-
CKOJIbKY MPABUJIbHBIM BHIOOPOM M HACTPOMKOM MOCHEAHUX 00€CIIeUnBacT-
Csl MOJABJICHUE HEXKEIATENbHBIX KOJEOAHUN PEryjaupyeMor BEIMYHUHBI B
IIEPEXOTHOM IIpolecce. B KauecTBe ONTUMAIBHOTO JIOITYCKAKOT IEPEpPery-
nupoBanue B npeaenax 20-30%. IIpu 3ToM umcio nosiykojaeOaHuil mepe-
XOJIHOM (DYHKIIMH paBHO 2-3.

4. Konebamenvnocms npoyecca XapakTepU3yeTCsi 4aCTOTOU M YHUCIIOM
COOCTBEHHBIX KOJEOAHHI CUCTEMbI, KOTOPBIE 3aBUCAT OT KOHCTPYKIUHU U
Tuna perynstopa. KonedareibHOCTh OLIEHUBAETCS KOJIWYECTBEHHO 10 JI0-
eapugmuueckomy oekpemenmy 3amyxanus, KOTOpbIA MPEACTABISET CO0O0M
HaTypaJIbHBIN JIOTApU(PM OTHOILIECHHUS JABYX MOCIEAOBATEIbHBIX AMILIATY/
OTKJIOHEHHUU PETYIUPYEMOUN BEIIMYMHBI OTHOTO HAIIPABJICHUA:

d=In""
Ay

Yewm Oosnbliie JorapuMUUECKUil IEKPEMEHT 3aTyXaHUsl, TEM ObICTpee
MPOUCXOIUT 3aTyXaHHUE MEPEXOAHOTO MPOoLEecca.

5. Ilpu pacuerax 4acTo MOJB3YIOTCS TOHITUEM HOCMOAHHOU 8PEeMeHU
obovexma T,; KOTOpas paBHa BPEMEHU pa3roHa 00ObeKTa 0€3 CaMOBBLIPAB-
HuBaHus. OAUH U3 rpa@uUIECKUX METOAOB onpeaesieHus 7,; 3aKI0YaeTCs
B cienyromeM. Yepe3 TOUKY, COOTBETCTBYIOIIYIO Hadaly IEPEeXOJHOIO
npoIecca, IpoBOSIT KacaTeIbHYI0 K KpUBOUM V(f) 10 MepecedeHus C Ipsi-
MOH HOBOT'O YCTaHOBHUBILETOCs 3HaUeHUs. OTpPEe30K, OTCEKaeMblil Ha 3TOU
MPSIMOM, COOTBETCTBYET MOCTOSSHHOM BpEMEHU 00beKTa 7,5 ITOT IMOKa3a-
T€JIb MOXHO ONPENEIUTh IPaUUECKUM METOJIOM M MO TPEM TOYKAM WJIH
paccunTaTh aHadUTH4YeCKU. OOBIMHO YBEIWYEHUE MOCTOSIHHOW BpEMEHU
T,; yXyamaer yciaoBHUsl YIpaBlieHUs 00beKTOM. Bpems peryiaupoBaHus u
MOCTOSTHHASI BPEMEHH O0BEKTA CBSI3aHbI COOTHOLIEHUEM

t, = (4 + 6) T..

6. 3HaYNTENbHBIA MPAKTUYECKUN UHTEPEC MPEICTABISET TAKOU IMOKa-
3aTenp, KaK 3anac ycmouuusocmu CACTeMbl. B o0miem ciydae nox 3ana-
COM YCTOMYMBOCTM IIOHHMMAETCs BEJIWYMHA, XapaKTEPU3YIOIIas yAaJIcH-
HOCTb CUCTEMBI OT IPAHHULIBI YCTOMYUBOCTH.

IIpuBeeHHBIE BBILIE ITOKA3ATEIN KA4eCTBA, KAK IIPABUIIO, OKa3bIBAIOTCS

BIIOJIHC OOCTATOYHBIMHU IJII XapPaKTCPHUCTUKH AHUHAMHUYCCKUX CBOMCTB CHUCTE-
MbI PECTYJIMPOBAHUA B IICPEXOIHOM IIPOLECCC, BLI3BAHHOM TEM HUJIM MHBIM TH-
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MOBBIM BO3JIEMCTBUEM, XOTSI HE BCE 3TU MOKA3aTENM OJMHAKOBO HEOOXOIMMBbI
IUTSL XapaKTEPUCTUKH, HAIIPUMED, TAKUX CUCTEM, KaK JIMHEMHBIE TIEPBOIO WA
anepruoANYECKUE BTOPOTO TOPSIKA, a4 TAKKE CUCTEM C MO3ULIHOHHBIM PETYIIs-
TopoM. Tak, Ui CHCTEM C MO3ULIMOHHBIM PETYISTOPOM HE CYIIECTBYET YCTa-
HOBUBLIETOCS] 3HAYEHUSI PETYIMPYEMOM BEJIMYMHBI, 4 B KAYECTBE IMOCIIEIHEN
CJIEIyEeT IPUHATH €€ 3aIaHHOE 3HAYCHUE, ISl IMHEWMHOW K€ CUCTEMbI OHH, 110
KpailHel Mepe, TOJKHBI ObITh PaBHBI.

llo3uyuonnsie (penetinvie) pez2ynamopsl BhIpadaTHIBAIOT CUTHAJI, KOTO-
pBIi MepeMeniaeT pabounid Opral B OJHO U3 (PMKCHPOBAHHBIX MOJIOKEHUI
(mo3uiuit). ITUX TMOJOXKEHUN MOXKET OBITh JBa, TpU U 00Jiee, COOTBETCT-
BEHHO, Pa3IMYyaloT ABYX-, TPEX- U MHOTOIIO3ULIMOHHBIE PETYIATOpbI. Takue
aBTOMATHUYECKHE YCTPOMCTBA CKAYKOOOPAa3HO HEIMHEWHO pEarupyroT Ha
M3MEHEHHE BEJIMYMHBI OTKIIOHEHUS PErYIMPYEMOro napaMerpa oT 3aaHHO-
ro 3HaueHus. Takue CUCTEMbl HaXOAATCA B PEKMME YCTaHOBUBIIMXCS KOJIEe-
OaHull (aBTOKOJICOAHMUIA).

JIBYXIO3UIIMOHHBIE PETYISITOPbl HMPUMEHSIOTCA MJIs YIpPaBICHUS
00BbEKTaMu C MaJIbIM 3aMa3JAbIBAHUEM T U C OOJIBIION MOCTOSIHHOM Bpe-
MeHUu T,;: HapuMmep, JJisl peryJIMpoBaHus YPOBHS BOJIbI B pe3epByapax
0OJIBIIMX BOJIOKAYEK, JJIsl PETYJIMPOBAHUS TEMIEPATYpPbl U BIAXKHOCTHU
B TEIUIMLIaX M JKMBOTHOBOJYECKHX momemeHusx u 1.0. Ipu 1/7,;<0,2
PEKOMEHYETCS] MO3UIMOHHBIN peryasaTop. Uem 3To OTHolIeHUE OO0Jb-
e, TeM 3ajaada apromatusanuu cioxuee. [Ipu 0,2 < t/7,; < 1 yxe pe-
KOMEHJIYETCS PETyJISITOP HEMPEPBIBHOTO JAEHCTBHUS.

[To3uLMOHHBIE PETYIATOPHI HAIUIA IIUPOKOE IPUMEHEHUE B MTPAKTUKE
OJlarofaps TakUM MX MPEUMYILIECTBaM, KaK MPOCTOTA TEXHUUECKUX CIIOCO-
OOB YMpAaBJICHUS SHEPIETHUECKUMHU MOTOKAMH, YJOOCTBO COUETAHUS pe-
neiHoro sneMenTa ¢ UM moctositHHOM ckopocTH, nepemeratromum PO, a
Tak)ke Onarojapsi JeleBU3HE, HAASKHOCTA U IPOCTOTE HACTPOUKHU CaMuX
PErynupyIOIUX yCTPOUCTB.

B nanHoii naboparopHoil paboTe uccieayeMas pejieiiHasi CUCTEMa aB-
TOMATUYECKOTr0 PEryinupoBanus (puc. 6.4) COCTOUT U3 0OBEKTa PETyIUPO-
BaHUs (dJIekTponeydn), peryiaaropa (TPP-2), natuuka Temneparypbl (KOH-
TaKTHBIA PTYTHBIN TepMoMeTp paciupenust SK) U UCIOTHUTENBHOTO pee
K2, BCTpOEHHOrO B perysisiTop, UMEIOIIEr0 JOCTATOYHO MOIIHbIE KOHTAK-
Thl, HEOOXOJIMMBIE JJIsI KOMMYTAIIMU B LENU HArpeBaTEIbHOrO 3JIEMEHTa
EK neun. Perynsarop cocrout u3 nByx pene: KI — mpomexyrounsii u
K2 — ucnonuurenbHbii. B cxeme umeercs tpanchopmarop T. Ha mep-
BUYHYI0 OOMOTKY TpaHchopMmaropa monaercs Hampsbkenue 220 B, a co
BTOPUYHONM — CHHMMAETCSl MOHWKEHHOE HamnpsbkeHue: 48 B s nutanus
pene K1 u 4 B nnsa curnansnasix jamn HL1 u HL2. HL1 — namna (kpac-
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Has), CUTHAJIM3HUPYIOLIAs O HAJIMYMK HAIpPSOHKEHUS Ha peryisTtope (BKIO-
yeH B ceTb); HL2 — nammna (3enenas), CUrHaIU3Upyonas 0 BKIIOYEHHOM
COCTOSIHUM MCIIOJIHUTENBbHOTO pene K2 1, COOTBETCTBEHHO, AIEKTPOIICUH.

~220

|1|1C2
1l
3 4 K1.1 K2
o0—o0 o— ]
~220
K2
/ C

O ~220 O

Puc. 6.4. [Ipunyunuanvras snekmpuyeckas cxema
pezynamopa TPP-2

PabGortaer cxema cneayromum oOpazom. [Ipu momaue HampsHKEHUS
TymMOepoM S Ha cxeMy 3aropaercs kpacHas jamna HL1. ITomydaeTr nura-
Hue katymka peine K2. Peme K2 cpabaTthiBaeT M CBOMM KOHTakToM K2
BKJIIOYAET B CETh HarpeBaresbHbId 37eMeHT EK amektponeun. ['oput 3e-
nenas namma HL2. Temneparypa B neun noseimaercs. [Ipu nocrmkenun
3aJaHHOT0 3HAYEHUS TEMIIEPATYPHI, YCTAHOBJIEHHOIO HA KOHTAKTHOM TEp-
MOMETpPE, COBMEILIAIONIEM B JAHHOM cllydyae (PYHKIMHU JAaTYMKa, 3aJarouie-
IO U CPAaBHUBAIOIIIETO YCTPOMCTB, 3aMBIKAETCS €ro KOHTAKT SK B 1enu nu-
taHus kKarymku pene Kl, m oHo cpabarsiBaer. Konrtaktel pene Kl
Pa3MBIKAOTCS, IIPU ATOM TEPSET NMUTaHue KaTymka pene K2 u racuer nam-
nma HL2. B cBorw ouepens, pene K2 oTkiro4aeT HarpeBaTeIbHbIA 3JIEMEHT
ot cetu. [logorpes B anektporieun npekpamaercs. [Ilpy noHmxeHnn Tem-
nepaTypbl PTYTHBIA CTOJIOMK KOHTAKTHOTO TEPMOMETpPA OIYCKAETCS M
pa3MbIkaeT 1enb nutaHus karymku pene Kl. Pene K1 obecrounBaercs, u
MIPOLECC MOBTOPSETCS.
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Ilopsiook evinonuenus pabomol

1. U3y4nTh NpUHIUIIMAIBHYIO CXEMY HCCIENYEMOW CUCTEMBI, OIpe-
JEIUTh HA3HAYECHHUE KAXKIOTO U3 €€ BJIEMEHTOB.

2. O3HaKOMUTBCS C KOHCTPYKLHMEH NAaTYMKA — KOHTAKTHBIM TEPMO-
METPOM U MPUHITUIIOM €0 HACTPOMKH.

3. O3HaKOMHUTHCSI C KOHCTpyKuuen perynstopa TPP-2 (mpunaraercs
BTOPOU PEryIsTOP B pa300paHHOM BHUJIE).

4. BpameHnemM pydykKd MarHMTHOW T'OJIOBKM KOHTaKTHOT'O TEPMOMETpaA
(MpeBapUTENbHO OCIA0UTh CTONOPHBIA BHUHT) YCTAaHOBUTH 3a/JIaHHBIN
MpeAeN TeEMIIEpaTypbl HarpeBaHUs JIEKTPUUECKON neun (3a1aercs Mnpemno-
JaBaTelieM).

5. BHemHuM 0CMOTPOM NPOBEPUTH UCTIPABHOCTH 00OPYAOBaHUS.

6. CoOpaTh CXeMy COrJIaCHO PUCYHKY 6.4.

7. Ilonyuyuts paspelieHne npenoaaBarelis Ha noaady HanpsHKeHUs
Ha CXEMY.

8. Bximtounts TymOnep S «BkiLy perymstopa TPP-2 ogHOBpeMEHHO C
ITyCKOM CEKYHJIOMEpPA WJIM 3acedyb BpeMs M0 yacaMm. YUepes KaxAayl0 MUHYTY
3aMKCHIBaTh NOKA3aHUS TEMIIEPATYPHI 10 PTYTHOMY TEpMOMETDY. [laHHbIE 3a-
HOCHTH B TaOIMITy 6.1. 3amuch mokazaHuil MPOU3BOIUTE B TeueHHE 30 MUH.

Tabauya 6.1. Pe3ynbmamobl usmepeHHbIX 3HAYEeHU

9. OTrir0unTh TYMOJIEp S peryssiTopa U aBTOMAT CETU Ha CTEHJIE, pa-
300paTh cXemy.
10. Ilo manHbIM TabmuUbl 6.1 MOCTPOUTH KPUBYIO NEPEXOIHOTO
nporecca.
11. Onpenenuts kauecTBO padboThl CAP:
— CpefiHee 3HAa4eHHE peryiaupyeMoro mapamerpa 0., KOTOpOe IOJ-
JEP>KUBAET PETYISTOP;
— OCHOBHBIE MTapaMeTphl EPEXOTHOTro npouecca 4 u 1 — aMIuTya
U TIepUOJ] aBTOKOJICOaHMI];
— BpeMsl 3ana3/IbIBaHus T,
— MIOCTOSIHHYIO BpeMEHU 00beKTa 1,5,
— 10 3HAYEHHIO OTHOWIEeHUs T/7,; CAENaTh 3aKIOYEHUE O COOTBETCT-
BUU PETYJSATOPa OOBEKTY.

12. JlaTh aHa)IM3 TTOKa3aTEeCH.
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Cooepacanue omuema

. HaumeHnoBanue u 1iesib paboTHI.

. Hauepruts npuHnnnuansayto cxemy CAP.

. CocraButh (yHKIMOHAIBHYIO cxemy CAP.

. OnpenenuTs NPUHIMI YNPABJICHUS, MOJOKEHHBIM B OCHOBY IIO-
ctpoenus uccienyemon CAP.

. [locTpouTh KPUBYIO MEPEXOIHOIO MPOIIECCA.

. Hatp 3akmtouenue o0 ycrounBoctu CAP.

. JlaTp ananmu3 nokaszareneil kauectsa padotsl CAP.

. BeiBos1BI 11O pabdorTe.

Koumponvnvie eonpocul

. UTo Ha3bIBaeTCs CUCTEMOM aBTOMATHMYECKOIO YIpaBJiieHUs (cucte-
MOM aBTOMAaTUYECKOr0 PEryIupoBaHus)?
. Kak knaccudunupyrorcs CAY?
. Kakue nmpuHUIMneI KCoib3y0T B OCHOBE nocTpoeHus CAY?
. Kitaccudukanus aBroMaTuyecKkux perysisiTopos.
. [Io3uIMOHHBIE PETYIATOPHI, X JOCTOMHCTBA U HENOCTATKU. JIByX-
Y TPEXITO3UIIMOHHBIE PETYIATOPHI.
. Kakue mapaMeTpbl XapakTepHU3yrOT Ka4ECTBO PETYJINPOBAHUSA?
. I3 xakux 3J1IEMEHTOB aBTOMAaTUKHU cocTouT nanuass CAP?
. Uro Ha3biBaeTcs GyHKUHOHANBHOU cxemoil CAP?
. Kakyro ¢ynkiuto BeimonHser natauk B CAP?
0. K xakum cucremam otHocutcsa nanHass CAP cormacHo anroputmy
(YHKIIMOHUPOBAHUA?
1. Uro Ha3bIBaETCA MEPEXOIHBIM ITPOLECCOM?
2. Kakon xapakrep nepexogHoro mnpouecca B fanaon CAP?
3. Yto BIMSET HA XapaKTep NepexoqHoro npoiecca B ganuot CAP?
4. Kakoy mpyuHLHMIN YIIPABJICHUS 3aJ105KEH B UCCIIENYEMOU CUCTEME?
5. YCTpOHCTBO U NPUHLMUI HACTPOMKU DIEKTPOKOHTAKTHOIO TEPMO-
MeETpa.
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JlabopaTopHnasi padora 7
N3yuyenue cucreMbl ynpaBjieHusi
NOTOYHOM JIUHUeH (Ha mpuMepe komiuiekca K3C-2011I)

Llenv pabomvi: M3y4UTh TEXHOJOTHMUYECKYIO CXEMY OUMCTKHM 3€pHA,
MPUHIMIHAIIBHYIO JJIEKTPUUECKYI0 CXEMY YMpaBJeHUsl, OJOKUPOBKU U
CUTHAJIM3allMd MalllUH U MEXaHW3MOB 3€PHOOYUCTUTEIIBHOTO OTJICJICHUS
koMmIuiekca K3C-20111.

Onucanue ycmpoucmea
3E6PHOOYUUCMUMENbHO20 OMOeNeHUsl KOMNIeKCa

3epHOOYHUCTUTENBHOE OTJEICHUE ABJISIETCS COCTABHOW YACThIO THUIIO-
BOI'0 IMOTOYHOTO 3€PHOOYUCTUTENIBHO-CYIIMIIbHOrO KoMmrIuiekca K3C-2011
Mpou3BOAUTEIBLHOCTEIO 20 T/4. OHO COCTOUT U3 CTPOMTEIHLHOM YacTH,
BKJIFOYAIOLIEH 3aBAJIbHBbIA OYHKEp, MPUSMOK HOPUHU, (PYHIaMEHTBHI MOJ
OMOpPbI METAJUIMYECKON apMaTyphl arperara, IonaiaKy AJis YCTAaHOBKHU aB-
TOMOOMJIETIObEMHUKA, TTAHYC JUIsl BbE3/]a aBTOMAIIMHBI HA aBTOMOOWUJIE-
MOABEMHUK M HAabOpa MalllMH U 000pYyIOBaHMS, KyJa BXOIAT: aBTOMOOU-
nenogbeMHuK  ['AIl-210, 3arpy3ounas Hopusa 2P3-20, wmammHa
npeaBapurTenbHon ouncTku 3epHa 3/1-10000, nBe BO3MYIIHO-PEIICTHBIC
3epHoouncTUTENbHbIE MalnHbl 3AB-10.30000, nBa TpuepHbIX OJOKa
3AB-109000, nenTtpammu3oBanHas Bo3aymHas cuctema 3AB-20.60000
pon3BOAUTENBLHOCTHIO 20 000 M/d, 1B MEPENATOUYHBIX TpPaHCIIOPTEpPA
3AB-10.50000 A (b), Tpancnoptep orxomo 3M-40000, mynbT yrnpasie-
Hus [TV, 3epHONpoBOIbI, 00K OYHKEPOB C OMOpaMu M apMarypoil rmepe-
KpbITUs. ByHKepa mpeaHa3HauyeHbl: MEPBbIA — JUIsI OUYMILEHHOTO 3€pHa,
BTOPOMW pa3JieJieH Ha JIBE YaCTU U CIYXKUT JUIsl HAKOIUIEHUs! ypaka U OT-
XO0JI0B, TPETUI OYHKEpP — pE3EPBHBIII.

Bce mamuHbl 1 000pyj0BaHUE YBSI3aHBI MEXIY COOOM MO MPOU3BOIU-
TEJIbHOCTU U CMOHTUPOBAHbI Ha OJIOKE OYHKEpPOB, K KOTOPOMY KPEIHTCS
MIEPEKPHITHE.

Bce TexHomornueckoe 0o00py/I0BaHHE M BCIIOMOTaTEIbHbIE MEXaHU3-
MBI JIEKTPU(PULIHUPOBAHBI. Y CTAHOBJICHHAS! MOIIHOCTh BCEX 3JIEKTPOIPU-
€MHHUKOB 3epHOOUMCTUTENbHOrO otnaeneHus 30 kBt. B kauectBe npuBoj-
HBIX MAalllMH CIIy>)KaT Tpex(a3Hble ACHHXPOHHBIE 3JIEKTPOJBUIATENIA C
KOPOTKO3aMKHYTBIM POTOPOM B 3aKpPbITOM OOIyBa€MOM HCHOJHEHUU C
repMETUYECKON BBOJHOW KOpOOKOW. BrIOOp 3nexkTpoaBurareseil B Takom
WCIIOJIHEHUU NIPOJIMKTOBAH TPeOOBAaHUSIMU MOKAPHON O€30I1aCHOCTH.

JUis yrpaBiieHHs AJIEKTPOABUTaTEIsIMU 3€PHOOYMCTUTENBHOTO OTJeIIe-
HUA npeaycMorpe nysT ynpasieHus HIAWN 5904-23b1. On npencrabiser
CO0OM METaJUIMYECKYI0 KOHCTPYKIMIO M3 JMCTOBOM CTalM B NbUICHEPOHU-
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1aeMoM ucnoiaHeHuu. Bee kabemu u npoBoaa, coenuustomye [TY ¢ TexHoo-
TMYECKUM 00O0pYIOBAaHUEM, BBOJIATCSI YEPE3 BBOHYIO KOPOOKY Ha MaHEH 3a-
KUMOB, pacronoxeHHbXx BHyTpH [IY. Ha BepxHel naHenu u BHYTpU MyJIbTa
CMOHTHPOBAHA BCS IYCKOBAsl, 3allIUTHAs ¥ CUTHAJIbHAs armaparypa. Ha Bepx-
HEW MaHEeM YCTaHOBJIEHBI: KHOMKY «IIyck» n «Ctor», KHOMKa aBapuitHOM OC-
TAHOBKHM BCEro 00OpY/J0BaHMsI, KHOMKA 3BYKOBOI'O CHTHAIA JIJISl TIOJJa4U CHT-
Haja Tepej; IMyCKOM OOOpYIOBaHUS, JBa YHHBEPCAIbHBIX MEPEKITIOUATEIIS
BAPUAHTOB TEXHOJIOTUYECKUX CXEM, CHTHAIIBHBIC JIaMIlbl. Ha3zHaueHne kaxao-
ro 3JIEMEHTa yKa3aHO B TAOJIMYKAaX C COOTBETCTBYIOLIMMU HaJUCAMU. BHYT-
Y MyJbTa YIPaBJICHUS CMOHTHPOBAHbI aBTOMAaTUYECKUE BBIKJIFOYATEIIM, Mar-
HUTHBIC IMMyCKaTEeIU, MPOMEXKYTOUHBIE PEJie, MOHWKAIOIMN TpaHchopMaTop
220/12B nJig noAKIIF0ueHUs IEPEHOCHOM JIaMIThI.

Onucanue npuHYUNUATLHOU 2JIEKMPULECKOU CXeMbl YNPAGIeHUs]
3epHoouucmumenvuoim omoenenuem komniexca K3C-20111

HanpspxkeHre nuTaHusi CUIOBOrO AJIEKTPOOOOPYIOBaHKsA, LIENEH yrpaB-
nenus u curHammarvu 380/220 B. Hanpspkenue nonaercst pyousibHUKOM QS,
YCTaHOBJICHHBIM Ha IIPaBOi OOKOBOI NaHenu cHapy»xu [TY (cm. mianier).

[locne BkIIOUEHUs PYOMIIBHUKA PYKOSITKA OCTAETCS 3a(pUKCHPOBAH-
HOM, a ITOCJIE BBIKJIIFOYEHUS] CHUMAETCS.

[TopsimoK BKJIIOYEHUS U BBIKIIOYEHUS BJIEKTPOABUTATENe B padoOTy
OMpeAesIeTCd TEXHOJIOTUYECKON CXeMOW JBWXeHUs 3epHa. Bribop Tpe-
OyeMoro BapvaHTa MPOU3BOAMTCS MOBOPOTOM PYKOSTOK YHUBEPCAIbHBIX
nepexioyarenern SAl m SA2. Ilepexmouarens SAl npenHasHayeH s
BBIOOpA TEXHOJIOTUYECKON cXeMbl. Kaxias TeXHONIOrn4eckas cxema omnpe-
JEJSIeT KOHKPETHBIA PEeXUM padOThl MAIIMH 3€pPHOOYHUCTUTEIIBHOTO OT/Ie-
neHud. Takux peKUMOB YEThIpe: TpU paboUYMX U OJIMH Halla ouHbId. [lepe-
Kiovaresib SA2 mnpeaHa3HaueH JUisi BBOJAa B pabOTy OJHOM U3 JBYX
TEXHOJIOTUYECKUX JMHUN WM O00euX JMHUN ogHOBpeMeHHO. [Ipu 3Tom B
KQKJIOM CIIy4ae CO3[1at0TCsl HEOOXOUMbIE OJIOKUPOBOYHBIE CBSI3U, BBIMOJI-
HEHHBIE BCIIOMOTaTEJIbHBIMU KOHTAKTaMH MAarHUTHBIX ITyckarenen. Hamm-
yue OJIOKMPOBOYHBIX CBS3€M 00ECHeurBaeT MOCJIEI0BATEIbHOCTh IIPU
BKJIFOYEHUU MaluH (IIPOTUB JABWKEHUS MPOJIYKTA) U MO3BOJIAET MPU aBa-
PUMHOM WJIM CIIy4YaHOM BBIXOJE U3 CTPOs OJHOW U3 MAlllMH aBTOMaTH4e-
CKM BBIKJIIOUYHNTh BCE NPEABIIYIIME MAIIMHBI TEXHOJOTMYECKOW JIMHHM.
Bo3MoxHBIE BapUaHTBl TEXHOJOTUYECKUX CXEM M HEOOXOIUMBINA MOPSIAOK
BKJIFOYEHUSI MAIlIMH 3€pHOOYHMCTHUTEIIBHOIO OTJIEJICHUS MPUBEIAEHBI B Ta0-
muue 7.1. JlucTaHumoHHOE YIIpaBIEHUE 3IEKTPOIBUTATENSIMA MAlUH MPO-
U3BOOUTCSA KHONOYHBIMHU cTaHIsIMHA SB1-SB18.
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Tabnuya 7.1. Texnonozuueckue pexcumvl pabomol
3epHoouucmumenvroz2o omoenenusi K3C-20111

SAl

SA2

Hamgnuce | ITonoxe- | Texnonormueckas | Ilopsnok Bxmrodenns Mamne | Hagmues | Tlomoxke- | IIpumeua- Og;;(iii;ﬂ
Ha HUe cxeMma arperara arperara Ha HUE PY- HHS AL
PO3ETKE | PYKOSTKH PO3ETKE | KOSTKH
Pabotaer
B-1B6T-1TP-13BC-T10-H3 3 +45° niepBast
[IpenBapurensHas
JIMHUA B — Bentwisitop
ormetra Paboraer | pentpamroBanHOI
4 +45° Boznymso- o o .
pelIeTHAT OUHCTKA B-2bT-2TP-23BC-T10-H3 1 45 IJBITPI(E;; ];(séymm;;:;el\g,
T —B I1eT-
PHEPHAT OIMCTRA =5 17P 13BC PaGoTaloT | Hast 3epHOOUHCTH-
. . . -110- H3 2 0°
2BT 2TP 23BC 00€ JIMHUH TeJIbHasT MAIlINHA;
3 0° [IpensapurensHas B-IIO-H3 BT — 6JIO§ TpUep-
OUHCTKA HBIH;
PaGoraer | TP — Ttpancmoprep;
i B-1TP-13BC-I10-H3 3 +45° niepBast H3 — nopust
penBapuTeIbHAS IS 3arpy30uHas;
) 450 OUneTRA PaGoraer 1O — marmna
B B-2TP-23BC-I10-H3 1 —45° BTOpast IpeIBapUTENHLHON
eme(T)IB{aﬂ o?n(;ma JHHIA OHeTi
p ITP 13BC PaGoTator
B-——.—22=.[10-H3 2 0°
2TP 23BC 00€ JIMHUHN
1 -90° HananoHE1 ITpon3BonbHbII 2 0°
PEKUM

Ipumeuanue. Inaexcesl «1» u «2» OTHOCATCS K MAlIMHAM NIEPBOM ¥ BTOPOU JIMHUN COOTBETCTBEHHO.




BxiroueHre 31eKTpoIBUTaTeNIell CUTHAIU3UPYETCS 3aTOPAaHUEM COOT-
BEeTCTBYIOIMX curHanbHbIX Jlamn HL1-HL9. Crenens 3anonneHust OyHke-
POB 3€pHOM KOHTPOJHUPYETCA MEMOpaHHBIMHM JATYMKAMH YPOBHS THIA
HAYM-100 (Ha cxeme — SL1-SL4) ¢ npeiicTBUEM CBETOBOM MU 3BYKOBOMA
curHanuzanuu. [lpu He3anoaHEeHHBIX OyHKEpax TroOpsST CBETOBBIE Ta0J0
HL11-HL14. Ilocne 3amoiHEHUs] KaKoro-inbo u3 OYHKEpPOB COOTBETCT-
ByIOIIle€ TA0JIO TAaCHET W BKJIFOYAETCS 3BYKOBOW curHai (3BoHok HA). Jlns
OTKJIIOYEHHUS 3BYKOBOI'O CHTHajla HEOOXOAMMO pPa3rpy3UTh 3aIllOJHEHHBIN
OYHKEp WM OTKJIIOYUTH JABUTATENb 3arpy304YHOW HOPHUHU, T.€. OCTAHOBUTH
TEXHOJIOTHYECKUN TMpOIecC. OJEKTPUYECKass CXema MpeayCMaTpUBAET
MTHOBEHHOE OTKJIFOUEHHE BCEX MAIlWH 3€pPHOOYUCTUTEIBHOTO OT/AEIICHUS
NPy aBApUHUHOW CUTYyallMd WJIM HECYACTHOM CiIydae C OOCITyKHBAIOIIUM
nepcoHanoM. s 3Toro B o01Iel neny NUTaHusl CXEMbI YIIPABJICHUS ycTa-
HOBJIEHBI KOHTAKThl aBapUUHONW KHONKH «CTom». Takux KHOMOK OOBIMHO
obiBaeT Heckoabko (SB20, SB21, SB22), ycTaHaBIMBaOTCA OHM B Pa3HbIX
MECTax 3€pHOOYUCTUTENILHOrO OTAelieHus. Bce xkHonku «CTom» UMEIOT
KpacHBIM ILIBET, COTJIACHO TPEOOBAaHUAM TEXHUKU Oe3omacHOCTH. Mcrmonb-
30BaHUE aBapPUIHBIX KHOIOK JJIsl OTKJIFOYEHUSI BCEr0 OTAEJICHUS MO OKOH-
YaHUU padOThl B HOPMAJIbHBIX YCIOBUSAX HEJIOMYCTUMO, T.K. IPU OJJHOBpE-
MEHHOW OCTaHOBKE BCEX MaIllMH HAa JMHUMA OCTaeTCi 3€pHO, YTO B
JanbHEHeM OyIeT 3aTpyAHITh IyCK MAlIuH B padoTy.

B cxeme mnpenycMOTpeHBI aBTOMAThl 3aKPBITHSI 3aCJIOHOK HOPHUU
YA1-YAZ2, ycTaHOBJIEHHBIE Ha 0O0EUX BETBAX JIBYXIIOTOYHOM 3arpy304HOM
HOpPUU. DTU aBTOMAThI MPEJCTABIISIIOT COOOM MaAaroliue 3acJIOHKH, KOTO-
pble cpabaThIBAIOT MpHU JIIOOOM OTKJIKOYEHUU padortaronieil Hopuu. Korna
HOpHs HE pabOTaeT, ee 3arpy304YHOE OKHO 3aKPBITO 3aCJIOHKOM, MUKpOIIe-
pexiouaresnb S1(S2) nmpu 3TOM pPa3OMKHYT, OJOK-KOHTAKT MarHUTHOTO
myckarens Hopuu KM11.3 3amknyt. [Ipn mogbeme 3aClIOHKH MHKponepe-
KJIFOYATEeJIb 3aMBIKAETCS, JIEKTPOMATHUT OKa3bIBAETCS IOJ] HAPSXKEHUEM,
MOATSHYTBIA CEPACYHUK 3JIEKTPOMArHUTa HE AA€T BO3MOXKHOCTH MOJHATH
1 3a(uKkcUpoBaTh 3aCJIOHKY B MOJHSTOM COCTOSIHMU. B panpHeliniem mpu
J000M OTKJIFOUEHUHU JIBUTATENsi HOPUM 3aCJIOHKA MAaJaeT U 3aKpbIBAeT 3a-
IPY304YHOE OKHO.

JIist 3a1UThl OT TOKOB KOPOTKOTO 3aMbIKaHUS CIY»KaT aBTOMAaTH4e-
ckue Bbikimouarenu QF1-QF4 u SF. Jlng 3amursl 371€KTpOABUTATENIEH OT
neperpy3ok ciyxar terioBbie pesne KKI1-KK11.

PaccmorpuM oauH U3 pabouyux peKMMOB 3€PHOOYMCTUTEIBHOTO OT-
nenenusi. Hampumep, TpeOyeTcsi OCyIIECTBUTh MEPBOM TEXHOJOTHMUECKOM
JIMHUEW NPEeBAPUTEIbHYIO, BO3AYIIHO-PEIICTHYI0O U TPUEPHYIO OUYHUCTKHU
3epHa. [Ipon3BoUTCA BHEMIHUI OCMOTP BCETO TEXHOJIOTMYECKOTO 000pY-
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noBanus otraencHus. [Ipu stom 3aropaercs curHanbHag Jamma HLIO0.
Bxumrouarorcst Bce aBromarmueckue Bbikimtouarenu QF1-QF4 u SF. Py-
omnpHUKOM QS mojaercs ooO1Iee HaNpsHKEHUE. Y HUBEPCATIbHBINA MEPEKITIO-
gatenb SAl ycTaHaBIMBacTCsA B MOJOKEHHE «+45%, 4TO COOTBETCTBYET
BKJIFOYEHUIO 00OPYJIOBaHUS MEPBOM TEXHOJOrnuecKol JauHuM. Ilpu sTom
3aMBIKAIOTCS €r0 KOHTAKThI. st 0e30macHOCTH 00CTyKUBAIOILIETO MEPCO-
Hasa KHomkou SB19 momaercs mpemynpeauTenbHbIA 3BYKOBOM CHTHAIL
Ilyck anexTpoaBurarene MalH NOTOYHON JIMHUU MTPOU3BOIUTCA IPOTHUB
IBWKCHUS 3€pHA B cieayromen nocinenoBarenbHoct: B — 1BT — 1TP —
13BC —I10 — H3 (cMm. Tabm. 7.1).

CornacHO TEXHOJIOTHYECKOMY IIPOLECCY, MIEPBBIM BCETIA BBOAUTCS B
paboTy BEHTUJISITOP LIEHTPAIU30BAHHOW BO3AYIIHOW cuctembl — B. Ilpu
Ha)KaTUM HA KHONKY SB2 mojydaeT nuraHue KaTylnlka MarHUTHOTO ITyCKa-
tenss KM1 (nenouka: ¢aza B — SF — SB1 — SB2 — konTakT KK1 — karymika
KM1 — konrakt QF1 — SB22 — SB21 — SB20 — SF — ¢a3a C), MarHuTHbIii
nyckateab KM1 cpabaTthiBaeT M CBOMMHU CUJIOBBIMH KOHTakTamMu KMI.1
BKJIFOYAET JBUTAaTENb BEHTUWIATOpPA B padoOTy. 3aropaercss CHUrHajbHas
namna HL1, kHonika SB2 myHTHpYyeTcs 3ampikaromuM KoHTakToM KM1.2.
3ambikaeTcss KOHTakT KM 1.3 B nienu nuranus KaTylleK MarHUTHBIX ITyCKa-
tener KM2-KM10. Tosbko B 3TOM cilydae NOSIBISIETCS BO3MOXKHOCTh
BKJIIOUEHHMS MTOCIEAYIOIIMX MAIIMH TEXHOJIOTUYECKOW JIMHUH.

[Ipu Haxxatun Ha kHONKY SB4 momydaer nurtanue karymka KM2 (ue-
nouka: (paza B — SF — kontakt KM1.3 — konrakt SA1 — SB3 — SB4 — KK2 —
karymka KM2 — kontakt QF2 — konTakT SA2 — kHonku SB20 — SB22 — SF —
¢aza C). MarautHbi myckarens KM2 cpabarbiBaeT 1 CBOMMH 3aMBIKAFOIIIH-
MU CUJIOBbIMU KOHTakTamMu KM2.1 BKiIIOYaeT ABUTATeh TPUEPHOro OJIOKa
1BT. 3aropaercs curnanbHas Jamna HL2. Knonka SB4 mryHTupyercss kKoH-
takToM KM2.2. 3ambikaercst koHTakT KM2.3 B ienu nuranus karymku KM4.

[Ipu Haxxatun Ha KHONKY SB8 monyyaer nuranue karymka KM4 (ue-
nouka: ¢aza B — SF — kontakT KM1.3 — konTtakT KM2.3 — koHTakT SA1 —
SB7 — SB8 — KK4 — karymka KM4 — konTakt QF2 — xoHTakt SA2 —
kHonku SB20-SB22 — SF — ¢aza C). Maruutssiii nyckatens KM4 cpaba-
TBIBAET U CBOMMH 3aMBIKAIOIIMMH CUJIOBbIMU KOHTakTamMu KM4.1 Bkitoua-
er asurarenb tpaHcroprepa 1TP. 3aropaercs curHanbnas namma HLA.
Knonka SB8 myntupyercss kontaktom KM4.2. 3ambIkaeTcss KOHTAKT
KM4.3 B nenu nuranus karymku KM6.

IIpn Haxkarum Ha xHONKY SB10 momydaer nuranne karymka KMO6
(menouka: aza B — SF — xontakt KM1.3 — konTtakT KM2.3 — KOHTaKkT
SA1 — kontakt KM4.3 — SB9 — SB10 — KK6 — karymka KM6 — koHTakT
QF2 — xontakt SA2 — xkHonku SB20-SB22 — SF — ¢aza C). MarauTHslii
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nyckareilb KM6 cpabaThiBaeT U CBOMMH 3aMbIKAIOIIUMU CHJIOBBIMU KOH-
taktamu KM6.1 Brirouaetr ABUAraresb 36pHOOUYUCTUTEIILHOM BETPOPEIIET-
Hou MammHbl 13BC. 3aropaercsa curnanbHasa gmamna HL6. Knonka SB10
myHTUpyeTcsa KoHTakToM KM6.2. 3ambikaercs koHTakT KM6.3 B nenu nu-
tanus karymek KMS8, KM9, KMI10 (uenouka: ¢a3za B — SF — koHTakT
KM6.3 — kontakt SA2 — SB15 — SB16 — KK8, KK9, KK10 — karymku
KMS, KM9, KM10 — kontakt QF4 — xHonku SB20-SB22 — SF — ¢aza C).
CpabateiBator MarauTHble myckarenu KMS8, KM9, KM10 u cBoumu cuio-
BeIMHU KoHTakTamMu KMS8.1, KM9.1 u KM10.1 Bkmo4daroT ABUTATSIM Ma-
IIMHBI TPEABAPUTEIILHOW OYMCTKU M TPAHCIOPTEpPa OTXOIOB. 3aropaercs
curHanbpHas namma HLE. Knonka SB16 myntupyercsa kontakramu KMS.2,
KM9.2 u KM10.2, BKIIFOYEHHBIMU TTOCIIEIOBATEIBHO. DTO TOBOPUT O TOM,
yto myckarenn KM§, KM9, KM10 Moryt paboTarh TOJIBKO OJJHOBPEMEHHO
(ompenensieTcss TEXHOJOTMYECKUM MPOLECCOM). 3aMBIKAETCS KOHTAKT
KM10.3 B uenu nuranus karymku KM11.

[Tpu Haxxatun Ha kHONKY SB18 momyyaer nuranue karymka KMI11 (ue-
nouka: gaza B — SF — xonrakt KM10.3 — SB17 — SB18 — KK11 — karymika
KMI11 — konrakr QF4 — xnonku SB20-SB22 — SF — ¢aza C). MaruutHbIi
myckaresis KM11 cpabarpiBaeT u cBOMMM CWJIOBBIMH KOHTakTamu KM11.1
BKJIFOUAET JBUTaTENb 3arpy304YHOM HOPHUH. 3aropacrTcsi CUTHAJbHAs JiaMIia
HL9. Knonika SB18 myntupyercs konrakrom KM11.2. Pa3MbIkaeTcst KOHTakT
KM11.3 B nenu rmuranus sneKrpoMarHuToB Y Al-YA2. 3aMbIkaeTcss KOHTaKT
KMI11.4 B nenu nutanusi kKojokoja rpomkoro 0osi HA. Ilomaercst 3epHo.
Ocy1ecTBIsIETCS TEXHOJIOTHYECKUM TIpoIiecC. AHAIOTUYHO padOTaeT 3€pHO-
OUYMCTUTENBHOE OTAEJIEHUE U B APYTUX PA0OUMX PEKUMAX.

B ciaydae He0oOXOAMMOCTH YIPaBJICHUS JIIOOOW MAIIMHOW OTACIICHUS
0e3 cOoOJII0AEHUSI TEXHOJIOTMUECKON MOCIEA0BATENBHOCTH MEPEKII0YATENb
SA1 craBsar B momoxenne «—90%, a mepekirodareib SA2 — B IIOJIOKEHHE
«O». IIpu 3TOM OJIOKHPOBOYHBIE CBSI3U OyAYT 3alllyHTUPOBAaHbl KOHTaKTa-
Mu npoMexytounbix perne KL1 m KL2. Takags HEoOXOAMMOCTh MOXKET
BO3HHMKHYTh, HAIPUMED, MPU HAJAJKE U OMPOOOBAHUN OTHAEIbHBIX MAIIIHH.

llopsioox evinonneHuss pabomeol

1. U3y4nTh TEXHOJIOTHYECKYIO CXEMY 3€PHOOYMCTUTEIIBHOTO OTJIENe-
Hus koMiuiekca K3C-20101 (peacrapiieHa Ha MyJIbTE YIIPaBICHMUS ).

2. I3y4nTh TEXHOJOTUYECKHE CXEMbI PAOOTHI 3€pPHOOUYUCTUTEIHLHOTO
OTZIEJICHUS U MOPSAOK BKIIFOUEHUS] MalIuH 1o tadmuue 7.1.

3. [IpounTarh NPUHLIUIIAAIBHYIO JIEKTPUUECKYIO CXEMY YIIPABJICHHUS,
CUTHAJIM3ALUU U OJOKUPOBKHU (CM. TUTAHIIIET).
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4. HailTu Ha BepXHEH IMAHEIU UM BHYTPHU IIyJbTa BCIO almaparypy, yc-
TAHOBJICHHYIO COTJIACHO NPUHUUINHAIBHON CXEME YIIPABJICHHUS.

5. Ilepen nopayer HaNpsHKEHUS HA MYJIBT YIPABJICHUS IMyTEM BHEII-
HEro 0OCMOTpa yOeAUThCA B UCIIPABHOCTH BCEH anmaparypbl U MPOBOAKHU.

6. Bximrounts aBromathl QF1-QF4, SF. Pyounsaukom QS noaats Ha-
MPSKEHUE HA YCTAHOBKY.

7. IlonroToBUTh CXEMY yIpaBJieHUs K pabOTe COrjJacHO KaKoMY-
n1bo pexumy padbotsl (ycTaHOBUTH nepekitouatenn SAl, SA2 B Hyx-
HOE IOJIOKEHHUE).

8. [IpoaHanmM3upoOBaTh NAaHHBIM PEKUM COTJIACHO NPHUHIUITAAIBHOU
CXeMe, OOBSICHUTh pabOTy OTHEIbHBIX AJEMEHTOB CXEMBbI, MOCIEA0BATEb-
HOCTb BKJIFOUECHUSI.

9. Bximounth 000pyI0BaHUE TEXHOJIOTUYECKON JIMHUU.

10. HaxxatueM KHOIIKM aBapuilHOM ocTaHOBKM SB20 yOeauThCs, 4TO
BCE DJICKTPOJIBUTATEIIN MTHOBEHHO OTKJIFOYAKOTCH.

11. Eme pa3 BKIIOUHTH AIEKTPOJABUIATENN 3TOW JIMHUHU, HO B ITOCTE-
JOBaTEIbHOCTH, OTJIMYHOM OT yKazaHHOW B Tabmwuie 7.1. [lo snekrpuue-
CKOM CXeM€ OOBSICHUTh HEBO3MOXXHOCTh TAKOTO BKJIFOUEHHSI. 3aTEM BKIIIO-
YUTh JIMHUIO C COOJIIOICHUEM HYKHOM MOCJIEI0BATEIBHOCTH.

12. YOenutbcs, 4TO aBapHilHOE OTKJIFOUYEHHUE JIFOOOW MAalllUHbI, y4acT-
BYIOILIEHM B TEXHOJOTMYECKOM IPOLECCE, MPUBOAUT K OTKIIOUYECHHIO BCEX
MPEABIAYIINX MEXaHU3MOB. [IpoaHanm3upoBaTh MOJOKEHUE MEXAHU3MOB
10 CUTHAJIBHBIM JaMnaM I1Y, onpenenurts OTKIFOYMBIIUKCS MEXaHU3M U
OOBSCHUTH, KaK JIOJDKEH JIEWCTBOBATH ONEPATOP B JAHHOW CUTYallUU.

Cooepacanue omuema

. HaumeHnoBanue u 1iesib paOoTHI.
. late ocHoBHbIe TexHuueckue aanHbie K3C-20L (3epHOOUMCTH-
TEJILHOT'O OTJICJICHHUS).
3. 300pa3uth TEXHOJIIOTMYECKYIO CXEMY pPalOThl 3€pHOOUYMCTUTEIb-
HOTO OT/ICJICHUS.
4. BbIBOJIbI 110 paborTe.

N —

Koumponvnvie eonpocul

. YKa3atb Bce BUbl aBTOMATH3allUU, TIPUMEHEHHbBIC Ha KOMILIEKCE.

. [Touemy HEBO3MOXXHO BKJIFOYUTH MAaIIMHBI U MEXaHU3MBI B TOCJIE-
JIOBATEJIbHOCTH, OTJIMYHOM OT yKa3aHHOM B Tabsmie 7.17

. Haznauenne npomexyrounsix pene KL1 n KL2.

4. KakoBO Ha3HAYE€HHE ABTOMATUYECKHX BBIKIIOUATEIEH B CHUJIOBBIX

LETSAX JICKTPOABUTATENCH?

N —

()
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9.

10

11

12.

13.
14.
15.

16

17

. Kakas 3amuTa snekTpoaBuraresneil oT meperpy3ku mpeaycMOoTpeHa

B cxeme?

. Kakoe HazHaueHue UMEEeT LIEHTPAIM30BAHHAS BO3AYIIIHAsA cucTema’?
. Kakas curnanuzanus npeagycMoTpeHa B cxeme?
. B kakoil moclie10BaTeIbHOCTH MPOU3BOJUTCS OTKIIOUECHHUE DJICK-

TPOABUTATENIEH 3EPHOOUYMCTUTENBHOTO OTACIECHUS II0 OKOHYAHUH

paboThI?

Kak unrtaerca nuarpamma padotsl kiatoueid SAl u SA2 Ha npuHUU-

MAAIBHON cxeme?

. UTO TmIpOM30MIET, €CIM OAWH U3 MEXAHU3MOB TEXHOJIOTMYECKOU
JIMHUW OTKJIIOUUTCA BO BpeMsl paOOThI 110 KaKOU-TMO0 npuynHe?

. Kak ocymiectBisiercst TeXxHOJI0rn4YeCKasi OJIOKUPOBKA?

[ToueMy B 1enm caMOINOIIUTKY KaTymiek myckarenern KM8, KM9,

KMI10 0J0K-KOHTaKThl 3TUX ITyCKaTeJIeH BKJIIOUEHBI MOCIEI0BA-

TEJIbHO?

Kak paboraer aBTOMAT 3aKpBITHUS 3aCJIOHKHU 3arpy304HOM HOPUU?

Kak neiicTByeT curnanuszanus ypoBHs 3epHa B OyHKepax?

[Touemy Henb3s moJsib30BaThesl kKHONMKamu «Ctom» SB20-SB22

IUIS OTKJIFOUEHHS BJIEKTPOJIBUTATENEH B OOBIUHBIX, HEABAPHU M-

HBIX YCIOBHSX?

. Hepe‘lI/ICJ'II/ITB BO3MOKHBIC CIIy4anl HCHUCIIPABHOCTH HMJIM ITOBPCIKIC-

HUsL 000pYyI0BaHMsI (KaK CHUJIOBBIX IICTIEH, TaK U 1IETeH yIpaBJIeHUs ),
KOTOpPBIE MTPUBOJIAT K OTKIIFOUEHUIO MAIIIMH MTOTOYHBIX JIMHUM.

. UTo 03HayvaeT MosiBJICHNWE 3ByKOBOI'O CUTHAja U MOracaHue OJaHOM
13 curHaibHbIX Jamin HL11-HL147?
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JlabopaTopHasi padora 8
HccaenoBanne padorsl CAP (Ha npumepe ycraHoBKU «Kiiumart-44»)
JJIA CO3JAHUS MUKPOKJIUMATA B IPOM3BOACTBEHHbBIX MOMEIIEHUSX

Llenv pabomyul: M3y4uTh YCTPOMCTBO, CXEMY YIPABICHHUS U pabOTy
ycTtaHOBKH «Knmmar-44».

Onucanue ycmanosku « Knumam-44»

MukpokiuMaTr — 3TO KJIMMaT OrPaHWYEHHOrO IMPOCTPAHCTBA, IPEIy-
CMATPUBAIOUINIA KOMIUIEKC TOCTOSIHHO JICMCTBYIOIIMX (DAKTOPOB BHEIIHEH
Cpeibl, KOTOPBIE CIIOCOOCTBYIOT YAYUIIEHUIO (PU3HOIOTMYECKUX (DYHKIMI Op-
raHu3Ma M 00eCHeUMBAIOT MOTYYEHHE MAKCUMAILHOM MPOAYKTUBHOCTU. JIJist
CO37[aHUSI B JKMBOTHOBOMYECKUX W MTHUIIEBOJYECKUX MOMEILEHHUIX ONTUMAJb-
HOI'O0 MUKPOKJIMMATA, SIBISTIOLIETOCS MOIIHBIM (PAKTOPOM TOBBIIIEHUS TIPOTYK-
TUBHOCTU KUBOTHBIX M NTHI], OTE€YECTBEHHOW MPOMBIIUIEHHOCTBIO CEPUITHO
BBIITYCKAETCA KOMIUIEKT 3JIEKTpOaNnaparypbl 1 00opynoBanus «Kimmmat-4».

O6opynoBanue «KimmMar-4» BBITYCKAaeTCs B TPEX MCMOMHEHUSX: «Kim-
Mat-44» ¢ BenTwisaropamu tuna BO-4 (o 30 mit.), «Knumar-45» ¢ BeHTuIIsI-
topamu Tuna BO-5,6 (10 20 wrt.) u «Knumar-47» ¢ Bentuinsitopamu trra BO-
7 (mo 10 mrt.).

Ocobennoctpio «Kimmmar-4» sBIsieTCsl NPUMEHEHHWE HU3KOHAIIOPHBIX
BEHTWJISITOPOB, O0JIAJAIOIINX CIIOCOOHOCTBIO TUIABHOTO PETYIUPOBAHUSI MPO-
M3BOJIUTEIILHOCTH B IIMPOKOM JHAIa30HeE.

B kauecTBe OTONUTENBHBIX MPUOOPOB I HArpeBa 3aCachIBAEMOIO YHC-
TOr0 BO3/yXa MOTYT NPUMEHATHCS 3JEKTPUUECKUE U Apyrue kamopudepsl. B
JaHHOM padoTe paccMaTpuBaeTCsl KOMILIEKT JIEKTpooOopyaoBanus «Kmumar-
44y. B coctaB ero BXomAT MEKTpoBeHTWISATOPE BO-4 ¢ aBTomaramu AIISO-
3MT, cranmms ynpasienust HIAIT 5701.03A2]1 ¢ maHenbl0 peryssTopoB
temneparypsl [1TP-3-04, aBrorpanchopmarop AT-10, rermoreneparop TI-1
nm TT'-2,5. Pabora TerioreHeparopa He pacCMaTpPUBACTCSI.

Asrorpanchopmarop AT-10 cayxkuTt i1 U3MEHEHNUs BEJIMYUHBI HAIPSI-
KEHHs, MI0IABAEMOT0 Ha 3JIEKTPOBEHTWIISITOPBL, U MPEIHA3HAYEH JIJIs1 pa0OThI
nipu HanpsbkeHnu 380/220 B u wactote 50 I,

Kaxnaa daza aBrorpanchopmaropa nmeer A0 16 oTmaek B quana3zoHe ot
300 no 70 B. Mcnonnenue aBToTpaHchopMaropa Cyxoe, C €CTECTBEHHBIM OX-
JKJICHUEM, CEpJCUYHUK M KaTYIIKM Pa3MEUIAIOTCS B 3alIUTHOM KOXYXE.
KoHn1ipl otnaek cHaOKeHbl HAKOHEUHMKAMU U BBIBEJICHBI HA TIaHENb, KOTOpast
pacrioyioykeHa Ha MepeiHe CTOpoHe MoJ KOoxKyXoM. M3omsirs 0OMOTOK Kiiac-
ca HarpeBaeMocTd B. ABToTpaHcopMarop yCTaHABIMBAIOT B BEPTUKAIBHOM
MOJIOKEHUH HA MOy WIM Ha CTEHE, JKEJaTeIbHO B OT/AEIBHOM OT KUBOTHBIX U
IITUL] TOMEUICHUU.
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Cranuus ynpasnenus snekrpoeHTwisitopamu HTAIT 5701.03A2/1 ciry-
KUT JIJIs1 YCTAHOBKHM BCEH ammaparypbl U MPUOOPOB YIIPABIIEHUS], 38 UCKITIOYE-
HUEM JIaTYUKOB TEMIIEpaTypbl U aBTOMATHMYECKUX BBIKJIIOUATENICH, U Tpe-
CTaBJISIET COOOM HABECHOM 1TKa() MbUICOPHI3rOHENPOHUIIAEMOT0 UCTIOTHEHUS C
OJTHOM JBEPHIO, UMEIOIIEH CIIENUAIbHOE YIUIOTHEHUE HOKEBOIO THITA. Arma-
parbl, yCTaHABIIMBAEMbIE HA JIBEPHU, CHAOKEHBI YIUIOTHSIOUIMMHU PE3MHOBBIMU
MPOKJIaJIKaMH, MPOBOJIa U Ka0ENIH, COSAMHSIOUIME CTAHLIMIO YITPABJICHUS C
000pyTI0BaHMEM, BBOJIATCS YEPE3 CAIIbHUKY, JBEPH CTAHIIMH 3aITUPACTCSL.

BuyTpu mkada pacnosiokeHbl MarHUTHBIE ITYCKaTeNM, YEThIPE KIIEMM-
HbIx HaOopa (KH1010 — 2 mrt., KH2510 — 2 ).

Ha nBepu mikada pasmerensl: aBToMaTnyeckuil Boikiatoyarenb QF, nBa
TPEXITO3UIIMOHHBIX TepMoperyisTopa tumna [1TP-3-04, nepeximouaremm cko-
pPOCTEN U IPyII BEHTUIATOPOB, CHTHAJILHBIE JIAMIIBI.

Pazmeniare CTaHIMIO YIIPABIIEHHS KEJIATEIbHO B TOM K€ IOMEIIECHUH,
IJIe YCTAaHABIIMBAETCS aBTOTPaHCPOpMATOP.

Harunkamu temrieparypsl Bo3ayxa RK1 u RK2 B nomemennn ciryxar mo-
JYIPOBOJAHUKOBBIE TEPMOCOIPOTUBIICHUS, 3ALIUILEHHBIE OT MEXaHWYECKHX
MOBPEXKICHUN METAUTMUECKUMH TpyOKaMu. [laHenb 1aTymKoB mocTaBisieTcs B
KOMILJIEKTE CO CTAHLIMEN YIIPABJIEHUS! U MOHTHPYETCS Ha KOJIOHHAX IMOMEIIECHUS
B 30HE HAXOXKJICHHS KUBOTHBIX WM NTULBL. CO CTaHLMEN ynpaBieHus AaT4u-
KH COC/HHSIOT SKPaHUPOBAHHBIM IIPOBOJIOM, CEUEHHE KOToporo 0,35 Mm’.

CremaiibHO pa3pabdOTaHHbIE HHU3KOHANIOPHBIE OCEBBIE BEHTHIISITOPHI
BO-4 (tabn. 8.1) npuBoastcs B aeiictBue aiektpoasurarensimu JI80A4IT xu-
MOCTOMKOI'O WCIIOJTHEHHS, YaCTOTY BPAIIEHUSI KOTOPBIX MOXKHO PETYJINPOBATh
B mipenenax 1:5, uamensist nogsoaumoe HanpspkeHue ot 70 1o 300 B mpu mo-
Mot aBrotpancopmaropa AT-10.

Tabnuya 8. 1. OcHoeHvle mexHuuecKue OaHHble BEHMUIAMOPO8

Tun snextposenTHIsITOpa BO-4 3HaYeHHE
Jmametp paboyero koyieca, MM 400
TIpoM3BOIUTENBHOCTS IpH JaBieHH 19,6 Ia, M'/u 3600
TuIl IpUBOIHOTO ABUTATEIIA J180 A411
HomunansHast MOIHOCTh, KBT 0,25
JInanasoH peryJiMpoBaHus YacTOTHI BPALLICHU 1:5
HoMmuHanbHbIM TOK IPH COEAMHEHUH OOMOTKH «3BE3/101» U 0.93
Hanpsbkernn 380 B, A ’
Koaddurment momrHoctu 0,64
Koaddurment nonesnoro aeictusi, %o 64
KpaTHOCTh ITyCcKOBOrO TOKa 4,5
KpaTHOCTH MOMEHTOB:
— IIYCKOBOT'O 4,5
— MaKCHUMAaJILHOTO 4,1
Hanpsixenne Tporanust B cOope ¢ BeHTWwiIsTopom, B 65
Macca, kr 12,6
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B Hactosmiee Bpems paspadoraHo obopynoBanue «Kmumar-4M», B
KOTOPOM YTPABJICHUE BEHTHJISITOPAMU OCYIIECTBISETCS C IIOMOIIBIO CTaH-
unu ynpasiieHus «Knumarurka-1», mOCTpOEHHON HA TUPUCTOpPaxX.

Cucrema aBTOMaTUYECKOTO YIIpaBjIeHUsI 00€CIeUnBaET:

* CTYIIEHYATOE PErYJIMPOBAHUE YACTOTHl BPAIICHUS SJIEKTPOJBUTATE-
JIEW BEHTUJISAITOPOB BHU3 OT HOMUHAJIBHOW B nuana3zoHe 3:1 co cTy-
nersimu 100,66 m 33% HOMUHANBHOW YaCTOTHI BPALLICHUS;

* ABTOMATUYECKUN MEPEeX0] Ha HU3LIYI0 YacTOTY BpAllleHUs IPHU I0-
HIKEHUU TEMIIEpaTyphl BO3/1yXa B TIOMEIICHUY;

* ABTOMATUYECKUI MEPEXO0/l Ha BBICIIYIO YAaCTOTY BpalleHUs MpH IO0-
BBIIIIEHUU TEMIIEpaTyphl BO3/IyXa B IOMEILICHUH;

* ABTOMATUYECKUN BBIOOp ymMcia pabOTarOUUX 3JIEKTPOBEHTHIIATOPOB
[IPU TOHKEHUU TEMIIEPATyphl BO3/lyXa B IOMEIIEHUY;

* ABTOMATUYECKOE OTKJIIOYEHUE BEHTWIATOPOB NPHU aBapUMHOM I10-
HIKEHUU TEMIIEPATyphl BO3/1yXa B TOMEIICHUY;

* ABTOMATUYECKYIO 3aIIUTY OT KOPOTKUX 3aMbIKaHUI U MEPErPY30K;

* C IOMOIUIBIO CUCTEMBI YIPABJICHUSI MOXKHO 33JaTh TEMIIEPATYPY BO3.IY-
xa B moMenieHuu ot +5 10 +35 °C, ocylecTBUTh KOHTPOJIb HAIPSHKE-
HUS, [T0IABAEMOI0 Ha 3JIEKTPOJIBUTaTeN: BKIIOUYNUTh, OTKJIIOUYUTH CBE-
TOBYIO CHUTHAJIM3ALMIO YaCTOThl BpAILEHUS 3JEKTPOBEHTUIIATOPOB H
HaJIWYMsI HAPSDKEHUS Ha CTaHIIMM YIIPABJICHUS.

KomanausiMu mippbOpaMu aBTOMATHYECKOW CHUCTEMBI yIPABICHUS
ABJISAIOTCS JABa TPeXNo3uIMOHHBIX perynsTopa [ITP-3-04, koTopsie uMeroT
JIVana3oH peryJaupyemMbix temmeparyp +5...+35 °C. Tpexno3unuoHHbIN
TEPMOPETYJIIATOP BBINOIHAET TPU KOMaHAbL: «Boiiiey, «Hopmay, «Huxe.

TepMoperyaTop MUTaeTcs OT CETH IMTEPEMEHHOTO TOKA HANIPSHKEHUEM
220/127 B, pa3memiaercs B IJIaCTMACCOBOM KOPIYCe, K KOTOPOMY KPEIUT-
Cs MOHTaXKHas naHelb. Ha manenu ¢ Hapy»XKHOW CTOPOHBI YKPEIUIIETCS Ha-
CTpO€UHBbIN OJIOK M mpenoxpanuresib. Ha HacTpoedHOM OJOKE MMEITCS
IIKAJIbI 111 YCTAHOBKHU TPEOYEeMbIX 3HAYCHUW TEMIIEpATyphbl U 30H HEUYB-
CTBUTEIBHOCTU (nuddepenHnrana), moa KOTOPOM IMOHUMAETCS Pa3HOCTb
TEeMIIEpaTyp, COOTBETCTBYIOIIasA nopaye koManza «Beime» u «Hwuwxke»n. B
HIDKHEW YacTu IpUOOpa UMEETCA ITENCEIbHBIN pa3beM ISl MOIKIIOUECHHS
npubopa. B pabodem nonoxeHud mpuOOp 3aKpbIBAECTCS KPBIIIKOM, KOTO-
past KpEenUTCsl K MOHTaXHOM MaHeNn IByMsI BUHTaMHU.

[IpuaimnuaneHas cxema tepmoperyistopa [ITP-3-04 npuBenena Ha
pucyHke 8.1.
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Cxema mpubopa BKJIFOYAET B C€Os CIEAYIONIME OCHOBHBIC 3JIEMEHTHI:
TpaHcpopmaTop, 00eCTICUMBAIOIIUNA TUTAHUEM BCE 1IETH MPUOOpPa; YEThI-
PEXTUICYHBIN MOCT MIEPEMEHHOTO TOKa.

[Tnegamu MOCTa SBJISFOTCS COMPOTUBIICHNS

I mneyo RI1*; R2; R3*
II miego R7
1 evo RS
IY mneyo R4

K muaronamsiv A-A mozBeJIeHO NMMMTaHUE OT MCTOYHMKA (BTOpUYHAs 00-
MOTKa y TpanchopMmaropa). Berxogom mocta siisiercst tuaronanis [-17, oTkyna
CHUMAETCS CUTHAJ paz0anaHca (Hanpspkenue). Eciu temmneparypa oObekTa u
TEMIIEpaTypa, YCTAHOBJICHHAS HA IIIKaJie MPUOOpa, paBHbBI, MOCT COAJTAHCUPO-
BaH M CHTHAJ Ha €ro BBIXO/IE pPaBeH HYMO. [Ipy OTKIOHEHMH TemriepaTypbl
00BEKTa OT 33JJAHHOTO 3HAUEHUsI OaaHC MOCTa HApYILIAETCsl, ¥ Ha BBIXOJIE TO-
SBJISIETCSl CHTHAJI, BEJIMYMHA KOTOPOTO MPOMOPIIMOHATBHA OTKJIOHEHHIO TEM-
nepatypsl, a (aza ero COOTBETCTBYET HAMIPSHKEHUIO OTKJIIOHEHUSI.

JIist ycuneHus CyMMapHOTO CUTHaJa, COCTOSIIIEro U3 CUrHaia pa3oa-
JJaHCa MOCTa W OMOPHOTO CUTHAJIA, BEJIMYMHA KOTOPOTO 33JaeT 30HY He-
YYBCTBUTEIILHOCTH PETYISITOPA, CIYXKUT JABYXKACKAJHBINA YCUIIUTEIb, COO-
panHbIil Ha Tpan3ucTopax VT u VT2 no cxeme ¢ oOIIMM SMUTTEPOM.

YcuneHHblil curian (HanpsbKeHHe) OCTyIaeT Ha BXOJT (pa30uyBCTBHU-
TEJIHOTO BBINPSIMUATEINS, COCTOSIIIEr0 M3 TpaH3uctopa VT3, pe3ucropos
R17 u R19, xonaencaropoB C6 u C7, Bropuunoii oomotku III (aBe moity-
00MOTKH) TpaHcpopmaTopa, 1uooB VDS u VD6.

Pabotaer (pa3ouyBCTBUTEILHBIN BHIIPSIMUTEbL CICIYIOIIUM 00pa3oM.
Ecin BenmuuHa curHaia pasdangaHca ¢ MOCTa MEHBIIE BEJIMYMHBI OIOPHOTO
CUrHajia (TeMIiepaTypa BO3ayXa B TIOMEIIEHNH HAaXOAUTCS B IMpeJesiaX 30HbI
HEYYyBCTBUTEJIBHOCTU peryisiTopa) — KoHaeHcaropbl C6 u C7 3apspkensl. Ec-
JIM BEJIMYMHA CUTHasa pa30ajaHca ¢ MOCTA IMPEBBIIIAET BEJIWMYUHY OMOPHOIO
CUTHaJIa (TemMreparypa Bo3Iyxa B IMMOMEIICHUH BBIIIEC WM HIDKE PA3HUIIBI 30-
HBI HEUYBCTBUTEIHHOCTU PETyJSTOPa), TO 3apsDKACTCSA OJIMH U3 KOHJIEHCATO-
poB C6 nmm C7, B 3aBUCUMOCTU OT coBMajicHUs (pa3 curHaia pazoananca (Ha-
NPSHKCHUE) Y HAPSDKEHUST HA OTHOM M3 TIMTAIOIIUX MTOTyOOMOTOK.

®a304yBCTBUTEIHHBIN BBHIIPSIMUTENb YIPABIIET paObOTON CITYyCKOBBIX
yctpoictB (Tpurrepsl lImuara). Hanpspkenue ¢ kongeHcatopa C7 nocry-
naer Ha BXoJl 1-ro cmyckoBoro yctpoiicta (Tpanzucropsl V14 u VTS), a
HanpspKeHue ¢ KoHjeHcaropa C6 MmocTynaer Ha BXOH 2-TO CIYCKOBOTO
ycTpoiictBa (Tpanzuctopel VI6 u VT7). IlepBoe cyckoBoe yCTPOMCTBO
yrnpasisier padoroit pene K1, a Bropoe — paboroii pene K2. Takum oOpa-
30M, €ClIi TeMmIiepaTypa B MOMEUICHUH HAXOAUTCSA B Tpejenax 30HbI He-
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qyBCTBUTENBHOCTH, pesie K1 u K2 He momywaroT nuranue, Tak Kak 3aps-
»eHbl KoHneHcatopbl C6 u C7 u tpansuctopel VIS u VT7 3akpeIThL. ITO
COOTBETCTBYET KoMaHie «Hopmay.

Ecmu Ttemneparypa BO3/yxa B MOMENICHUM HIXKE HHXKHEW TPAHUIIBI
30HBl HEUYBCTBHUTEIIBHOCTH, cpabaTrbkiBaeT pene Kl (curnan pazbananca c
MocTa OoJibllie BETUYMHBI onopHoro curHaina — C7 3apsokeH, C6 pasps-
xeH, VT7 3akpeit, VTS otkpeiT — KaTymka pene K1 nmonyyaer nuranue).
D10 cooTBETCTBYET KOMaHAe «Huxey.

Onucanue npuHYUNUATLHOU 2JIEKMPULECKOU CXeMbl YNPAGIeHUs]

CxeMa ympaBiieHUs 3JIEKTPOBEHTHIIATOPAMU IMpeycMaTpuBaeT pado-
Ty €€ IPYU PYYHOM M aBTOMAaTHYECKOM yINpaBieHUU. BbIOOp pexnma mnpo-
W3BOJUTCS YHUBEPCAIBHBIM NepekmtoyareneM SAl, KOTOphI MOXHO yc-
TaHOBUTh B TpHU MNoJoxkeHus: «OTkiaoueHo», «Pydnoe ympasienue» (P),
«ABTOMaTHYECKOE yIIpaBieHue» (A).

Paboma cxemvl 6 pyunom pescume

IIpu nepeBosie SA1 B mpaBoe MOJIOKEHUE (PYyYHOE YIIPABJICHHUE) MO/I-
rOTaBJIMBAIOTCS LENM KarylmleK MarHuTHeIX Ityckarenen KMI1-KMe6.
Py4yHoe ymnpaBiieHHe 4acTOTOW BpallCHUs DJIEKTPOABUIATENEH BEHTUIIATO-
POB  OCYIIECTBIIAETCA IMAKETHO-KYJAYKOBBIM IEpeKkirodarenieMm SA2,
MMEIOIIUM YEThIPE TOJIOKEHUS:

«0» — OTKJIIOYCHO;

«1» — mepBas CKOpOCTB;

«2» — BTOpas CKOPOCTb;

«3» — TpPEThS CKOPOCTb.

IIpu ycranoBke pydku SA2 B MOJOXKEHUE «1» BKIIFOUAETCS MarHUTHBIA
nyckarenbs KM1. CuioBbie koHTakTel KM 1.1 1 konTakTel KM1.2 B nienu mmm-
TaHUSl KaTylIKd MarHutHoro myckarens KM6 3ambikatorcs. Brmrowaercs
MarHuTHbIN nyckaresls KM6, KOTOpbI CUIIOBBIMM KOHTAKTAMH TTOAKIFOYAET
aBrorpaHcopmarop AT-10 Ha Hanpsbkenue cetu. [Ipu aTom ¢ otnaek X; Y17,
aBTOTpaHc(hOpMaTOpa Ha SJIEKTPOJBUTATENN MTOIAETCA HANpsHKEHHE, o0ecrie-
YUBAIOLIEE MOJYYEHHUE |- 4aCTOThI BPALIEHUS AJIEKTPOBEHTUIISITOPOB. 3aro-
paercs curHanbHas jgamna HL1 — mepBas ckopocts. [Ipu moBopore pydku
SA2 B nonoxeHue «2» BKIO4aeTcs myckaresib KM2, nepeximodaroniuil 3I1eK-
TPOBEHTWJISATOPbl Ha oTrnaiiku X,Y,Z, aBrorpaHcopmaropa. MarHuTHbBINA
mmyckaresis KM1 npu 3Tom oTKIrogaeTcs.

[Ipy 3TOM Ha 3JIEKTPOJBHUraTENd MOAAECTCS HAIpsDKEHUE, o0ecreyn-
BAIONIEE IOJYYECHUE BTOPOM YACTOTHI BPAIICHUS AJIEKTPOBEHTHISTOPOB.
3aropaercs curHaiapHas jjamna HL2 — BTopast ckopocTs.

87



AHQJIOTUYHO — TPETHSI CKOPOCT.

OTKIIIOYEHUE BJIEKTPOBEHTWIATOPOB OCYIIECTBISIETCA MOBOPOTOM
pyuku SA2 B nonoxenne «0». Curnanbabie namnbl HL1-HL3 racuyr.

JUJi1 npeoTBpallieHUs] OJTHOBPEMEHHOIO BKJIFOUYEHUSI JBYX MarHUTHBIX
ITyCKaTresen, MPUBOAALIEIO K KOPOTKOMY 3aMBIKAHHIO YaCTH OOMOTKH aBTO-
TpaHchopMaropa, B CXeMe MPeayCMOTpeHa JIeKTpuiecKas OJOKUPOBKA, I0-
CJIEZIOBATENIbHO C KATYIIKOM MAarHUTHOTO IYCKAaTeNs BKJIIOYEHBI J1BA 3aMbl-
KAIOIIMX KOHTAKTA JIPYTUX IycKaTesen (Hampumep, B LIETIM UTAHUS KaTyIIKU
myckaresist KM3 BkiroueHb! pa3Mbikaronye KoHTakTel KM1 u KM2).

JlnanasoH peryaupoBaHus MPOU3BOJUTEILHOCTH BEHTUJISLIMOHHON
YCTAHOBKH PACHIMPEH MYyTEM JICJICHUS 3JIEKTPOBEHTUWISITOPOB HA TPYIIIIHL:

rpyrmna 1 — M4-M7;

rpynmna 2 — M8-M10;

rpynna 3 — M1-M3.

JI1sl BKITFOUEHHM S TPYII AJIEKTPOBEHTUIISITOPOB B CXEME MPEAYCMOTPEH
ITAKETHO-KYJAYKOBBIM MEpeKItodaresib SA3, HWMEIOMNUN TPU MOJIOKEHHUS:
«0» — otkmoyeHo, «1» — rpynna 2, «2» — rpynna 3. Ha pabory smnek-
TPOBEHTHJISITOPOB TEPBOM TPYNIIBI MOJIOKEHHUE TNepekmodarens SA3 He
BauseT (rpynmna 1 paboTaeT NOCTOSHHO).

IIpu moBopoTe pyuku SA3 B oNOKEHHE «1» BKIFOYAETCA ITyCKATEIb
KM4, noparomuii CBOMMH CUJIOBBIMM KOHTAKTaMHU HANpsLKEHUE Ha DJIEK-
Tpoasurarenn M8-M10.

O pabote BTOPOI IpyIIbl AIEKTPOBEHTUISTOPOB CUTHAIM3UPYET JIaMIla
HLA — «rpynma 2» (ropur). [Ipu nepeBoae pyduku SA3 B noyiokeHue «2»
BKJTItOYaeTcs myckaresnb KMS, nojaromuii HanpshkeHne Ha AJIEKTPOABUraTeNH
MI1-M3, ipu 3TOM 3aropaercst curHaiipHas Jiamma HLS — «rpymma 3».

Paboma cxemwr 6 asmomamuueckom pearcume

B pexnme aBTOMarn4eckoro ympaslIeHHs nepekirodarens SAl cra-
BAT B moJioxkeHue A. IIpu 3ToM moaroraBimBaroTcs K paboTe TepMOpery-
asTopsl Al, A2, apnsironiuecs KOMaHHBIMUA IPUOOPaMH CHCTEMBI.

[IpuHuun pa®oTel cucTeMbl yIpasieHus ciaenyrouui. [Ipu nonmxke-
HUU TeMIEpaTyphl BO3/lyXa B IOMEUIEHUN YMEHbIIIAETCS BO3TyXO00MEH 3a
CYET CHWXKEHUS YaCTOThI BPALICHUSI AJIEKTPOBEHTUIIATOPOB U YMEHBIIICHHS
qyyucia Tpynn padoTaoMMX 3JIEKTPOBEHTUIIATOPOB; IPHU MOBBIILIEHUH TEM-
nepaTypbl YBEJIMYUBAETCS BO3AYXOOOMEH MYTEM MOBBIIICHHUS YaCTOTHI
BpAILICHHS W YBEIWYCHHS YUCIA TPYIII 3JEKTPOBEHTUIISATOPOB. Perymsatop
Al ymnpaBisieT 4acTOTOM BpalIE€HHS SJICKTPOBEHTWIIATOPOB, & PETYJIATOP
A2 — YuCIIOM TpyIIIL.
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YtoObI pa3aenutb PyHKUUHU PErYIATOPOB, HEOOXOIUMO MPHU MX Ha-
CTPOMKE BBINIOJHUTH YCJIOBHUE: HWKHSS TPAaHUIA 30HBI HEYYBCTBUTEIBHO-
ctu perynsitopa Al nomkHa ObiTh Ha 2-4 °C BbIllIe, YEM BEPXHSS IPaHULIA
30HBI HEUYBCTBUTEIBHOCTH peryisaropa A2. Benencrsue 3TOro mpu TeM-
neparype BO3AyXa B IOMEIICHUM OOJIbIIEH BEPXHEW TI'paHMIbI 30HBI He-
YyBCTBUTEIBHOCTU pPETyisiTopa A2 pabOTalOT BCE TPU TPYHIIBI JIEKTPO-
BEHTWIATOPOB. [Ipy 3TOM BO3AyXOOOMEH B MOMEILIECHUHU PETYIHPYETCS
M3MEHEHUEM YaCTOThl BpPAlEHUs JJIEKTPOBEHTHWIISITOPOB. B 3aBucumocTn
OT TeMmIleparypbl Bo3ayxa, komanabl («Bsime», «Hopmay, «Huxe») Ha
M3MEHEHHUE YaCTOThI BPAIIEHUS BBIIAET peryisTop Al.

PerynupoBanne Bo3yx00OMeHa, a 3HaYUT, U TEMIIEpaTyphl BO3/1yXa B
MIOMEILEHUN OCYHIECTBIISIETCS CAEAYIOINM 00pa3oM.

Ecnu Temneparypa Bo3ayxa B IMOMEIIEHAN BBIIIE BEPXHEH TPAHULIBI 30-
Hbl HEYYBCTBUTEIBHOCTH peryiaropa Al, oH Bbiaaer komanny «Bemme». Ka-
Tymka pesie K2 nomydaer nuranue. Pa3MbIKaromunil KOHTAKT €ro pa3MbIKacT-
cs, a 3aMbIKaronii — 3aMbikaercs. Karymka pene K1 He momydaer nuranue.
Pa3MpbIkarominii KOHTAKT €ro 3aMKHYT, 3aMBIKAIOIUN — Pa30MKHYT.

Perynsarop A2 Taxxke BeimaeT komaHay «Beime». Konraktel pene K4:
3aMBIKAIOIUNA — 3aMKHYT, Pa3MbIKAOIUNA — PAa30MKHYT, Pa3MbIKatOIIUN
kOHTakT K3 pene K3 — 3amkHyT.

[Ipr >TOM MNONY4YarOT NUTAHWE KATYIIKM MAarHUTHBIX ITyCKaTeIen
KM3-KM6. B pesynbraTe cpabaTbiBaHMs MAarHUTHBIX IyCKaTeled udepes
MX CUJIOBBIE KOHTAKTHI HA BCE T'PYIIBI AIEKTPOJIBUIATEIIEH MMOJAETCS Ha-
NpsKEeHUe, 00eCleUnBaIONIee MOMydYeHHE 3-il 4acTOThl BpAICHUS JJICK-
TPOBEHTWJISTOPOB (MOBBIIEHHOM). TemiepaTypa Bo3/lyXa B MOMEIICHUU
noHmwxkaercs. Kornga oHa gocTuraer BepXHEW IpaHULBI 30HbI HEYYBCTBU-
TeNbHOCTH Al, peryiarop BeraaeT komanay «Hopma». 9To cooTBETCTBYET
MOJIOXKEHMIO, KOTJja 00a pesie He MOIy4atoT TUTAHUE.

X KOHTAKTHI: 3aMBIKAIOIINE — PA30MKHYTBI, & Pa3MBIKAOIINE —
3aMKHYTBIL. [Ipr 3TOM OTKIIFOUaeTCs MarHUTHBIN myckaresb KM3 u Bkiro-
4aeTCsl MArHUTHBIA Iyckaresnb KM2, KOTOphIii CBOMMU CHIJIOBBIMA KOHTAK-
TaMH TEPEKIFOYAET AIEKTPOBEHTUIIATOPBI HA BTOPYIO YaCTOTY BPAILCHMUS.
Perynsarop A2 mo-npexHemy BblmaeT KoMaHny «Beimey. Ilpu cHmkennn
TEMIIEPATypbl BO3AyXa B NMOMENICHUH HW)KE HVDKHEW T'PAaHMIBI 30HBI HeE-
YyBCTBUTEIBHOCTU peryiatopa Al oH Bbimaer komanny «Hwuxe», 9ro co-
orBeTcTBYET BKIIFOUEHUIO K1. IIpn 3TOM OTKIIFOUAETCS MarHUTHBIMA ITyCKa-
tenb KM2 n Brinrouaercs MarHuTHbIM mmyckatens KM1, kotopeiii cBonmu
CUJIOBBIMH KOHTAKTAMH TOJKIIOYAET AIEKTPOABUTATENIA HA HAIPSDHKECHUE,
oOecreunBarolee NoJiydeHUe NePBOM YaCTOThI BpalleHUsl (IOHM>KEHHOM).
Perynsarop A2 nponomkaer BblIaBaTh KOMaHy «Brpiiey.
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B cnydae nmanpHEWIIEro IOHWKEHUS TEMIIEPATypbl PEryJIMPOBaHUE
BO3/IyXO00OMEHa B TOMEIMIEHUU OCYIIECTBISETCA MMyTEM YMEHBIICHUS YHC-
Ja Tpynn padOTarOMIKUX JIEKTPOBEHTHWIIATOPOB. KoMaHly Ha MX OTKIIIOYe-
Hue Bbigaet perynstop A2. Konrakrtel pene K4: 3ampikarommi — pa3Mbl-
KaeTCs, Pa3sMbIKAIOIMKA — 3aMbIKkaeTcs. Karymka MaraHuTHOro myckaTess
KM4 Tepser nmuranue, mycKaTeab OTKIKOYAETCS, B PE3YIbTATE YETO OT-
KJIFOYAeTCsl BTOpas rpymmna BeHTuiIsTopoB (M8-M10).

Ecnu mpu ocraBmmxcs AByX rpynmnax 3JEKTPOBEHTUIISATOPOB TEMIIE-
parypa B IOMEIIECHUM BCE XKE IMPOAOJDKAET CHUXKATHCS, TO Pa3MBIKAECTCS
pa3mbikaromid KOHTAakT K3 pene K3 perymaropa A2. Ilpu sTom oTkmimtoua-
€TCs MarHUTHBIN Iyckaresib KMS, KOTOpbIii CBOMM 3aMBIKAFOIIIUM KOHTAK-
TOM B LIEMIM NUTAaHMUS KaTyIIKA MarHuTHOro myckarenss KM6 nmpuBomut k
€ro OTKJIIOYEHHUIO, & TOT B CBOIO OYEpEb OTKJIIOYAET aBTOTpaHCcHopMaTop
AT-10. IIutanue BceX 3JIEKTPOBEHTHIIATOPOB NPEPBIBAETCS, BEHTUIISALIHS
npekpaiiaetcsa. CurHanauzamnusi padoTaeT aHAJOTMYHO, KaK U B PEKUME
PYYHOTO yIIPaBJICHHUS.

llopsoox evinonnenust pabomoi

1. O3HakOMHUTBCS € 1aOOPATOPHOM YCTAaHOBKOW, B COCTaB KOTOPOH
BXoAT: aBTOoTpaHchopmarop tuna AT-10; cranmus ynpasienus IIATI-
5701, 03A2]]; matyukyd TeMOIepaTypbl, IMOMEUICHHBIE B AJIEKTPHUYECKYIO
MeYyb, C TOMOIIBbI KOTOPOW UMHUTUPYETCSI TEMIIEPATYPHBIA PEXUM B MPO-
M3BOJCTBEHHOM IoOMeNIeHuu. JleiicTBUTEIbHAs TeMIeparypa B Ie4nd KOH-
TPOJIMPYETCS] PTYTHBIM TEPMOMETPOM.

2. 3yunTh NpUHIMIHUATBHYIO CXEMY YIIpaBJiI€HUs (CM. IUIAHIILIET).

3. 3anucaTh NacrnopTHhIE JaHHBIE YCTAHOBKHU U IMTPUOOPOB.

4. Ilepen BBIIOJHEHHEM Pa0OTHl HEOOXOIUMO YOEIUTHCS B OTCYTCT-
BUU HAIPSKEHUs HA CTaHLMM yrnpasiieHus (aBromatr QF Ha nmuueBoi cro-
POHE CTaHIMU JAOJIKEH HAXOJIUTHCS B OTKJIFOYEHHOM MOJIOKEHUN ).

5. BHemHuM 0cMOTPOM NPOBEPUTH UCTIPABHOCTH O0OPYAOBAHUS.

6. [lonyuuTs pazpelieHue npenogaBaTeis Ha Mojgady HanpspDKeHUs: Ha
CTaHIMIO YIIPABJICHUS.

7. BKIIIOYNTh YCTAHOBKY W OCYUIECTBUTH PYYHOE YIIPABICHUE Kak
YacTOTOM BpallEHHUs, TaK U BKIFOUEHUEM IPYII 3JIEKTPOBEHTHIISTOPOB. OO
M3MEHEHUHU YaCTOThl BPAILICHUS AJIEKTPOBEHTUIISITOPOB MOKHO CYIHUTh IO
MOKA3aHUSAM BOJBTMETPA, & TAKKE 110 HAKAIy JaMIl, HUMUTHPYIOIIHUX TPYyM-
IbI BJIEKTPOBEHTHIATOPOB. 3aucarh MOKa3aHusi NpruOOpOB.

8. Ilocne BBINOJIHEHUS! JAHHOM 4YacTH paldOThl CHATh HANPSHKEHHUE CO
CTaHUMHU yrpaBiaeHUs (BbIKIOUNTh aBToMat QF).
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9. IloaroToBUTHh YCTAHOBKY JIJISl U3YYEHUs €€ padOThl IPU aBTOMATH-
YECKOM yHpasJjieHHH. JlJIsl TOr0 yHUBEPCANbHBIN Iepekatodaresb SAl mo-
CTaBUTh B MOJIOKEHHUE «A», nepexiiroyarenu SA2 u SA3 — B NOJIOKEHHE
«0». Ha mikane tpeOyemMbIX 3HaU€HMI TeMIiepaTypsl peryiaaropa Al ycra-
HOBUTH ¢ = 31 °C; Ha mIKane s yCTaHOBKM 30HBI HEUYBCTBHUTEIBHOCTH
temneparypsl ¢ = 4 °C. Ha mkanax perynsaropa A2 COOTBETCTBEHHO yCTa-
HOBUTB: Ha nepBou mkaie ¢ = 23 °C, va BTopon — t =4 °C.

10. BktouuTh 35iekTpudeckyro neds. [logaTe HampsikeHue Ha CTaH-
uro ynpasienus (BkirouuTh apTomat QF). Habmtonate padoTy ycTaHOBKHU
B aBTOMAaTuyeckoM pexxume. KoHTposs Hag ee paboTol OCYIIECTBIATh MO
npubopam. [lokazanus mpuOOpPOB 3anucaTh.

11. [locne BbIMOTHEHUST PaOOTHI CHATh HANPSHKEHUE CO CTaHIMU
YIPaBIICHUS.

Cooepacanue omuema

. HaumeHnoBanue u 1iesib paboThI.

. [laciopTHBIE 1TaHHBIE YCTAHOBKHU U ITPUOOPOB.

. 3HaYEHHs yCTaBOK perynsaTopoB Al u A2.

. [lokazanusa npuOOpoB, COOTBETCTBYIONIUE PEXKUMaM pabdOThI yCTa-
HOBKH.

. CocTaBuTh ()YHKIIMOHAIBHYIO CXEMY YCTAHOBKHU.

. BeiBos1BI 11O pabdorTe.

AW —

N D

Koumponvnwvie eonpocul

. UTo Ha3bIBAETCS MUKPOKJIMMATOM?
. Haznauenne ycranoBku «Knumar-44».
. Uro oOecrneunBaeT aBTOMaTH4ecKas cucrema ymnpasieHus «Kiu-
Mar-44»?
. XapaKTepUCTUKN BEHTWIATOPOB.
. YerporictBo cranumu ynpasienus LIIATI-5701.03A2/1.
. YcTpoicTBO M npuHLMI paboThl Tepmoperyisaropa [TTP-3-04.
. Pabota cxembl yrpaBiieHHs] BEHTUIIATOPaAMHU IIPU PYYHOM YIPABJICHUM.
. PaboTa cxembl Ipyu aBTOMaTUYECKOM YIIPaBJICHUU.
9. Jlns yero B 1eNb KaTyIIKA MarHUTHOrO mmyckaresis KM3 BkIroueHbI
koHTakTel KM1.4, KM2.4?
10. Haznauenue pesuctopoB R;-Rg; Rs-Ry; (M. puc. 8.1).
11. Yro Ha3pIBaeTCSA 30HOM HEUYBCTBUTEIBHOCTH ?
12. IIpuHiun padoThl MATHUTHOTO MyCKaTENsl.
13. Haznauenue u yctpoiicTBO aBToTpancpopmaropa AT-10.
14. Yto npeacTaBisitoT cOO0W TaTYMKH TEMIIEPATYPhI, HUCIOIb3YEMbIE
B pabore?
15. @yHKMOHAIBHAS CXEMA U €€ OCHOBHBIE COCTABJISIOLIUE.

W NI =

0NN Dn A~
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JlabopaTopHasi padora 9
HUccnenoBanne yHU(PUIIUPOBAHHOM CUCTEMbI KOHTPOJIS
TEeXHOJOTHYECKHUX NMAaPpaMeTPOB MOCEBHbIX MAIIUH

Llenv pabomvi: N3y4UTh YCTPONUCTBO, MPUHITUIT IEUCTBUS CUCTEMBI U
HCCIIeIOBATh €€ padoTy.

Onucanue yHupuyuposantou cucmemvl KOHMPOis

OnHUM U3 OCHOBHBIX TEXHOJOTMYECKUX ITPOLIECCOB B PACTEHUEBOJICT-
Be sBisieTcsl moceB. [IpoBeneHne MOCEBHON B CKaThle arpOTEXHUYECKHE
CpPOKH, 0€3 MOTeph U C BBICOKMM Kauy€CTBOM — PEIIAOIINE YCIOBUS yC-
MEIIHOTO BBINIOJIHEHHSI BCEro KOMILIEKCa padOT W TMOJYyYEHHS] BBICOKHX
ypoxaeB. [IpuMeHeHne cpeACTB aBTOMATU3AlMK Ha MOCEBHBIX arperarax
0o0ecreunBaeT 3HAaUUTEIIbHOE CHIXKEHHUE MTPOCEBOB, 3aJAHHYIO HOPMY BbI-
CeBa U ITyOMHY 33JI€JIKA CEMSIH U B KOHEYHOM MTOre€ — IOBBIIIEHUE YPO-
xanHoctu. Kpome 3Toro, o0opyaoBaHue CEsJIOK CUCTEMaMu aBTOMaTHye-
CKOI'0 YIPAaBJICHUSI, PETYJIUPOBAHUS U KOHTPOJIS MO3BOJISIET BHICBOOOIUTH
U1 IpyruX paboT OOJbIIOe KOJIUMYECTBO pabOUYMX-CESIIBIIUKOB, MOJIHO-
CTBIO MCIOJIb30BaTh JHEPreTUYECKHE BO3MOXKHOCTH COBPEMEHHBIX Ma-
IIMHHO-TPAKTOPHBIX arperaroB U COKPAaTUTh CPOKU MOCEBHOW. B pabote
paccMmaTtpuBaercs yHuduiupoBanHas cucrema kKoHTpossi (YCK) cesyiku
C3-3,6A u ee mogudukanuii. Y CK npegHazHadyeHa JJisi KOHTPOJISI BHICEBA
CEMSIH, YPOBHS CEMSIH U YIO0OPEHUM.

OcCHOBHBIE TEXHUYECKUE NaHHbIE U Xapakrtepuctuku Y CK mpencras-
JeHbl B Tabnuie 9.1.

Tabauya 9.1. OcnosHvie mexuuueckue oanuvle u xapakmepucmuxu YCK

HanmvenoBanwme mokasaress 3HaueHne
1. Tun cuctemsl DNeKTpOHHAs
2. Tun matauka DOTOAIEKTPUIECKUIA
3. Konmn4ecTBO KaHAJIOB KOHTPOJIS:

a) BbICEBa 2

0) YpOBHSI ceMsiH 1

B) YPOBHS yAOOpEHUIt 1
4. HanpspkeHHe TUTaHuUs OCTOSIHHOTO TOKa, B 12i31 >

)

5. TloTpebnsiemblit TOK, A, He OoJiee 1,0
6. BpeMst 3a7epiKKi BKITFOUESHUST CUTHATM3AIINH, HOMHHAIBHOE 1.5-4

3HAYCHHE, C ’
7. 'aGaputHble pa3Mepsl MyJIbTa, MM 190x105x90
8. Macca KkoMITIIeKTa, KT, He 0oJjiee 5

92



Yempoticmeo ynughuyuposannoti cucmemsbl KOHMpOs

Cxema coenunenuit Y CK npuBenena Ha pucynke 9.1.

B cocraB mynbra BXOAAT: IUIaTa MEYaTHONO MOHTaXKa, OpPraHbl yIpaBlie-
Husi: MUKpoTyMOIiepbl S1 — «IIUT.», S3 — «BJIOKWP.», kHonka S2 —
«ITPOB.», nepemennsIi1 peanctop R — «PEI'YJLy», Bunka XP4 njig noakimo-
YEeHHUS K SJIEKTPOCETU TPAKTOpa U po3eTka XS3 /115 MOAKIIIOYEHHS OJIOKA.

Ha npuniunuanbHoi cxeme (puc. 9.2) pacnoyioKeHbl:

— cBeroguoasl VD301-VD312 — «otka3» 1-12 ¢ ycrpoiictBoM (Tpas-
suctop VT327) 3amycka reHeparopa 3BYKOBOM 4YacTOTHI (B J1ajib-
HEWIIeM — 3BYKOBOW T€HEPATOp) B peKuUMe «oTKa3» (nquox VD321
CITYUT JUIsl pa3rpy3ku Tpansucropa V1327);

— KJIFOUEBBIC yCTpoicTBa (Tpan3uctopel VT322, VT323, VT324,
VT325) Bkmouenus ceeroauoaoB VD313, VD314 — «YPOB. C,
VY» 1 3a1ycka 3ByKOBOI'O T€HEpaTopa B PeKUME «YPOBEHBY;

— 3ByKOBOM re"eparop (tpansucropsl V1329, VT330);

— (bopmupoBartens (Tpanzuctop VT328) BpeMeHHbIX UHTEPBAJIOB CUT-
HaJjia 3ByKOBOI'O T€HEpaTopa;

— ycTpoicTBO 3amycka (TpaH3uctop VT326) 3BykoBOro reeparopa B
«aBApPUHNHOMY» PEKUME.

Kryt cocrout u3 Bunku XP505 nisa nmogkintoueHus K MyJibTy U po3e-
ToK XS501-XS504 nyis moaxiiroueHus: JaTYMKOB KOHTPOJIA.

C nomompsto pesucropa 470 Om cozpaercs nenb «+6 By 11 KOHTpo-
7151 6€300pBIBHOCTH KaOellel Uil pa3beqMHEHUS UX COCTUHUTEIIEH.

JlaTuuK BBICEBA HA PUCYHKE 9.3 COCTOMUT:

— W3 UCTOYHHKA cBeTOBOro notoka 1EL.302;

— (poronpuemnuka 1VD301;

— ycunurensa (tpanzucropsl 1VT303, 1VT304), dbopmupoBarens
(tpansuctopsl 1VT305-1VT308) BbIXOAHOTO CUTHana U CTaOu-
nu3zartopa (tpanzuctopsl 1VT309, 1VT310) nanpsokeHusi, pacio-
JIOKEHHBIX Ha MIEYAaTHOM TIJIaTe;

— BHJIKM coequanTerst XP301.
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HaTtuuk ypoBHS (puc. 9.4) cocTout:

— u3 uctounuka ceeta EL.307 — naMnbl HaKaJIMBaHMUS,

— (poropesucropa R310;

— TpaH3uCTOpHOTO ycrmiutess Toka V1306;

— BUJIKM coeauuuTens XP401;

—pesucrtopa R311, orpaanuuBaroniero Tok nammsl EL307.
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Onucanue pabomul YHUDUYUPOBAHHOU CUCTNEMBI KOHMPO.JISL

Pexum «koHTpouab». Ilocie BkIOUEHUS HA MYyJIbTE€ MUKPOTYMO-
aepa S1 «IIAT.» HanpsikeHHME WCTOYHUKA MHUTAHUS TOJIAETCA B CXEMY
MyJIbTa U MO PaclpeieIuTeIbHOMY Ka0eio B JaTYMKNA KOHTPOJIS.

ITo uenu «+6 B» Ha mynbTe 3aropaercsa cBeroanon VD «ITAT.».

BriceBaeMble cemMeHa MPOJIETAIOT Yepe3 CBETOBOM MOTOK JIAMIIbI
1EL302 nmatumka BbiceBa. Ha Bbixone ¢goronpuemnuka 1VD301 dhopmu-
pytorcsi uMmyiabcbl (HoTo-3JIC. YCuneHHBI YCUIIUTENIEM HMITYJIbCHBIN
cUrHaj noctynaeT Ha 0a3y tpansucropa 1VT305 dbopmuposarens. Ot ka-
XK I0r0 uMItyibsca Tpan3uctop 1VT305 oTkpeiBaercs, U 4epe3 ero nepexon
AMHUTTEP-KOJUIEKTOp 3apsbkaercss konaeHcarop 1C303. Hampsokenuem Ha
kongeHcarope 1C303 orkpeBaerca Tpansuctop 1VT306. Tpanzucrop
1VT307 otkpeit, a 1VT308 3akpbIT. B mpoMekyTOK BpEMEHU MEXIY IBY-
Msl TIOCJIEIOBATEIIbHBIMUA UMITYJIbCAMH COCTOSIHME TpaH3ucTopoB 1VT306,
1VT307 u VT308 coxpansercs, MOCKOJIbKY BpeMs pa3psaaa KOHJICHCATOpa
1C303 yepe3 pesucrop 1R307 BbIOpaHO OOJIBIINM, YEM MEPUOJ] CIEI0BA-
HUSI CEMSTH ITPU CaMbIX MaJIbIX HOpMax BbiceBa. Clie10BaTENIbHO, HA MYJIbTE
MHJUKATOpbI «OTKa3) MOTallleHBbI.

Bpewms paspsna konaeHcaropa 1C303 sBisieTcs BpeEMEHEM 3aJ€piKKA
BKIIToueHns curHanmizammn Y CK.

Pexum «otka3». Eciau BeiceB (Hanpumep, B natunke [IB-1) npe-
KpaTWJICA WM CEMEHa MPOJIETAIOT C OOJIBILIMM MHTEPBAJIOM BPEMEHH, TO B
cxeMe narunka KongaeHcarop 1C303 paspsoxaercs M 3aKpbIBAIOTCS TPAH3U-
cropel 1VT306, 1VT307. Tpanzucrop 1VT308 oTkpsIBacTCs, M MOTECHILIHN-
an «Munyc» no nenu «Curnan 1» ¢ Bunku XP505 natumka yepes pacnope-
JEIUTENbHBIA KaOellb MOCTyNaeT B MyJbT Ha KOHTAKT 15 mmater T1113.

B pesynbrare 3aropaercs ceeroauon VD301 «OTKA3 «1»» u oTKpsI-
Baercs Tpansucrop VT327. Bxirowaercsa 3ByKoBoM reneparop. lIpepsBu-
CThI curHai (opMupyercst ycTporcTBOM Ha Tpansucrope VT328.

Pexum «ypoBeHb». Ilpu cHIKEeHNM YpOBHS yIOOpPEHUI CBETOBOW
notok Jiamiibl EL307 natumka ypoBHs y1oOpeHHit nonajgaet B poTope3ncTop
R310. OtkpsiBaercs tpanzucrop V1306. YBenrueHue Toka B LN «YPOBEHb
y100pEHHI» BBI3BIBAET JJABMHOOOPA3HOE OTKPHIBAHKE KIIFOUEBOIO YCTPOWCTBA
Ha TpanzucTopax V1324, VT325 B nynere. B pe3ynbrare 3aropaercs CBETO-
muon VD314 «YPOB. Y», a no nenm C305, R327, VD316 Bkimrouaercs 3By-
KOBOM TreHeparop. MTelbHOCTh OAHOKPATHOTO 3BYKOBOI'O CHUTHAJIA OMpEe-
nsieTcst mocrossHHou Bpemenu C305, R327.

Pabdora YCK mnpu CHUKEHHH YPOBHS CEMSIH aHaJOrMyHa padoTre mnpu
CHUKEHUU YPOBHS yIOOpEHUIA.
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Pexum «mnpoBepkay». llepmogmueckum HakaTMeM KHOOKH S3
«ITPOB.» B mynpre koHTakTamu 1-2 S3 mo memu «IIpoBepka» B cxembl
naT4yuMKoOB BbiceBa Ha pesuctop 1R302 nomaerca nanpsoxenune +12 B. 13-
MeHeHue Toka Jiamnbl 1EL302 BeI3pIBa€T MN3MEHEHHE CBETOBOIO MOTOKA U
dopmupoBanne Ha Bbixonae ¢otonpueMHuka 1VD301 umnynbcoB ¢doto-
OJIC. HanwHeitmias padota cxeMbl Y CK Takas xe, Kak 1 padoTa B peKUMe
«KOHTpOIBY» (cM. 1. 3.1).

«ABapuiiabiii» pexum. I[lpu Hapymiennn nenu «+6 B» (0OphIB
Ka0eld MyJibTa WK pa3beIUHEHNE COCIUHUTEIECH) B MyJIbTE OTKPHIBACTCS
Tpan3ucrop VT326. Bxmtouaercss 3ByKOBOM T'€HEpPATOp. 3BYUHMT HEMpeE-
PBIBHBI CUTHAJL.

Ilopsiook evinonnenusi pabomol

1. O3HakoMUTKCSI € JTabopaTopHO# ycTaHoBKOM (Monenbto) YCK (puc. 9.5).
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YactoTomep 60 oGoporoe

Puc. 9.5. [lpunyunuanvnas cxema
1abopamopHoLl YCMaHo8KU
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2. N3yuuts cxemy coenunenuit Y CK (cm. puc. 9.1).

3. U3yunTh yCTPOMCTBO M NPUHIMIHAIBHYIO cxeMy nyinbra YCK
(cM. puc. 9.2).

4. I3y4nTh yCTPONCTBO U MPHUHIIMIHUAIBHYIO CXEMY JAaTYMKa BbICEBA
(cm. puc. 9.3).

5. 3y4uTth yCTpOUCTBO U NMPUHLHUINHUAIBHYIO CXEMY JAaTUhKa YPOBHS
(cM. puc. 9.4).

6. BHemHMM 0CMOTPOM NPOBEPUTH UCTIPABHOCTH 00OPYAOBAHUS.

7. IlonmyuuTts paspelieHue MpenoaaBaressl Ha MoJady HapsKEHUs
Ha CXEMY.

8. 3amaTh pEXHUM «KOHTPOJb». IIpOXOXKIEHHE CEMSH HMUTHUPOBATH
M3MEHEHUEM YacTOThl BPAllleHUs] KPbUIbYATKH, YCTAHOBJIEHHOW Ha Bally
anexrpoasurarenss M. HanpspkeHue Ha 3IeKTpOABUTaTeNIe U3MEHSETCS pe-
ryasitopoM R1. IlpoanammzupoBates padoty YCK B 1aHHOM pexume.

9. 3amarh pexuM «OTKa3» W IpoaHanu3upoBaTh padoty YCK B
3TOM PEKUME.

10. 3agaTh pexuMm «ypoBEHb» U MpoaHaIM3upoBaTth padbory YCK B
ATOM PEXUME.

11. 3agars pexxuM «IpoBepka» W npoaHam3upoBarh padory YCK B
ATOM PEXUME.

12. 3agath pexxuM «aBapHilHbI» U NpoaHanu3upoBaTh padory YCK B
ATOM PEXUME.

13. Otxirouuth TymMOJIep S1 Ha MyJbTE U ABTOMATUYECKUM BBIKJIFOYA-
tenb cetu QF Ha crene, pazoOpaTh cxemy.

Cooepacanue omuema

1. HaumeHoBaHue U 11e51b paOOTBHI.

2. OCHOBHBIE TEXHUYECKHUE TAHHBIC U XapAKTEPUCTUKHU.

3. Iloka3anus npuOOpoOB, COOTBETCTBYIOLINE pexkuMaM padoTsl Y CK,
WX aHaJN3.

4. OdynkunoHanbHasa cxema Y CK.

5. BeiBojiBI 11O padoTe.
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Koumponvnwvie eonpocul

. Haznauenne Y CK.

. K kakoMmy BH1y aBTOMaTH3aIlMui OTHOCUTCS UCCIIeyeMasi cucreMa?

. YCTPOWCTBO AATYHUKA BBICEBA CEMSIH.

. YCTpOMCTBO HaTynKa YpOBHS CEMSIH M YAOOPEHUM.

. [IpuHUMNI padoThl AATYMKA BHICEBA CEMSIH.

. [IpuHuMn padoThl AaTYUKaA YPOBHS CEMSH U YIOOpEHHUIA.

. Kakum ycTtpoiictBoM (opmupyercsi HENpepbIBHBII CUTHANI B CHUC-
TEME U 4TO OH O3HAYAET?

8. KakuMm yctpoiictBoM (opMHpyeTcs TPEPHIBUCTBIA CUTHAII B CUCTE-

M€ U YTO OH O3Ha4yaer?
9. Uem onpenensercst JJMTENBHOCTh OHOKPATHOTO 3BYKOBOI'O CUTHasa?

e NTANE SNRVS B O R

JlabopaTopnasi padora 10
HUccnenoBanne TUNOBBIX 3BEHbEB JIUHEHHBIX CUCTEM.
IHocTpoeHue u u3yyeHue nNepexoaAHbIX PyHKINH

Lenv pabomoi:

* 03HAKOMHUTHCSI:

— C TIOHATUEM «IIepexoaHas (QYHKIUSI» JIMHEWMHOro 3BEHA;

— ¢ 0nokom «/Ilunamuueckue» (Ilepenarounas GpyHKIMS) IpOrpaMMu-
pyemoro komruiekca «MBTVY»;

* BBIIIOJIHUTB:

— IIOCTPOEHUE MOJIENIM BUPTYAIbHBIX JIA0OPATOPHBIX CTEHIOB JIs
CHATHS NEPEXOAHBIX XAPAKTEPUCTUK MHTETPUPYIOLIETO, allepUOIu-
YECKOT'0 U KOJIEOATEIbHOTO 3BEHBEB, 3BEHA 3aI1a3/IbIBAHUS;

— IIOCTPOEHUE MEPEXOIHBIX XAPAKTEPUCTHUK 3BEHBEB;

— HCCIIEIOBAHUE BIIMSAHUS NApaMETPOB 3BEHBEB HA BHUJ UX NEPEXOJ-
HBIX XaPAKTEPUCTHK;

* MPUOOPECTH HABBIKU:

— IMIOCTAaHOBKH 3KCIIEPUMEHTA IO MCCIIEIOBAHUIO TUTIOBBIX 3BEHbHEB;

— ONpeieNICHUd 0 3aJJaHHOM NEPEXOJHON XapaKTePUCTUKE THUIA 3BE-
Ha ¥ €ro napaMeTpoB.

Kpamxue meopemuueckue ceedenuisi

[Ipn MoOmenMpoBaHWK JMHEWHBIX CHCTEM NPUMEHSIIOT TaK Ha3bIBae-
MBIE THUIIOBBIE 3B€HbSI, KOTOPbIE MPUOIMKEHHO COOTBETCTBYIOT 3JIEMEHTAM
pPEAbHBIX CUCTEM U TOYHO U MPOCTO OMMUCHIBAIOTCA MATEMATHYECKH.
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Tunoeoe 36eHo0 — 3TO CTPYKTYpHO-MaTeMaTH4ecKas MoJIe]b TUHAMMU-
yeckoro anemeHnta CAY, oOnagaromias ompeneseHHbBIM OrpaHU4YeHHBIM
Ha0OpoM (PU3UYECKUX CBOMCTB, HAPUMEP, CIOCOOHOCTHIO K HAKOILIEHUIO
BO3JICUCTBUS WM K YCUJICHUIO BO3/ICUCTBUS U HHEPIIUOHHOCTHIO.

TunoBble 3B€HbsI MO3BOJIAIOT MPOBECTH CTPYKTYPHOE MOJICITUPOBAHUE
CUCTEMBI YIIPABIICHUS IyTEM 3aME€Hbl (DYHKIIMOHAIbHBIX 3JIEMEHTOB CHC-
TEMbl UX MOJEJSIMU MPU COXPAHEHHM CBA3EH MEXIy dyeMeHTamMu. CBOU-
CTBa CTPYKTYPHOH MOJIENTU CUCTEMBI UCCIEAYIOTCS MAaTEMAaTUYECKUMU Me-
TOJaMH, a PE3YJbTaThl UCCIICIOBAHUN MTPOCHUPYIOTCS HAa UCXOAHYI0 CAY,
YTO MO3BOJIAET CYAUTh O €€ PU3NUECKUX CBOMCTBAX.

TunoBbie 3BE€HbsI, 10 MEPE YBEIMUYEHUS] COBOKYIMHOCTH CBOMCTB, KO-
TOPBIMUA OHU 00JIaJIAl0T, U Nopsiaka qudPepeHnanbHOro ypaBHEeHHs, KO-
TOPBIM OHU ONKCHIBAIOTCSA, TOAPA3ACIISFOTCA:

* Ha npocmevuwiue (MIPOMOPIMOHATIBHOE, UHTETpUpyloliee u aud-

bepeHupyromnee);

* 36eHbsl NepB8oco nopsoka (anepuoauyeckoe, (hopcupyroiiee, UHEp-

IUOHHO-TU (P b epeHIpyromIee u ap.);

* 36eHbs 6MOP020 nopsioka (KoaedaTeNlbHOE U anepuoOIMYeCcKOe BTO-

pOro NopsJiKa);

* 36€HbS 3aNA30bIBAHUAL.

[lepeunciieHHbIe TUHEHHBIE 3BE€HbS COJIEPXKAT OJUH BXOJ M OJUH BBI-
xo11. CyllecTByeT elle OJHO JMHEWHOE 3BE€HO, KOTOPOE MOXKET UMETh He-
CKOJIbKO, OOJIbIIIE OJTHOTO, BXOJIOB M OJIUH BBIXOA: cymmamop. CyMMaTop —
HEO00XOMMOE 3BEHO JJIsi TIOCTPOEHUSI MOJIENIM JJOCTATOYHO CJIOKHOM CHCTE-
MBI, COCTOSIIIIEH U3 HECKOJbKHUX 3BCHBEB.

Ilepeoamounan pynkyusn

THUIOBBIE 3BEHBS TUHEWHBIX CHCTEM MOYKHO ONPENEIISTh PA3IMYHBIMU
croco0aMM, B YaCTHOCTH C IOMOINBIO TaK Ha3bIBAEMOW MEpenaTOYHOM
(yHKIIMM, UMEIOIIEH, KaKk MpaBWIO, APOOHO-pallMOHANbHBIA BHUI, T.€.
MpeACTaBIAIoNIEed cOO0M OTHONIEHUE JBYX MOJMHOMOB. B mporpammHoM
komruiekce «MBTVY» B Onoke «/luHamuueckuey» nepeaaroyHas GyHKIUS
IIPEACTABIAETCS B CIEAYIOIIEM BUE:

w( )_b0+b] p+b, p’+...+b p"
P a,+a p+a, p’+..+a, p”’

rae b; u a;— x03(p(PUIMEHTHI TOJMHOMOB.

[lepenaTounas QyHKIMS CBSI3bIBACT H300pakeHHE Y(p) BBIXOJHOTO
curHaina y(f) 3BeHa ¢ u3o0paxkeHueM X(p) ero BXoJHOTro curnana x(t):

Y(p)=W(p) X(p).

[lepenaTounas pyHkuus npeacrapieHa Ha pucynke 10.1.
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x(t) y(t)

v

v

v

X(p) Y(p)
Puc. 10.1. Ilepeoamounas ¢hynkyus

Ilepenarounast GyHKIUSI MO3BOJSET MO JIIOOOMY M3BECTHOMY BXO/I-
HOMY curHaiy x(¢) Haiitu BbixojHou y(f). Ilepenarounas pyHKIMS MOJIHO-
CTBIO XapaKTEPU3YET CUCTEMY YIPABIICHHS WJIM €€ 3BEHO. JTO K€ camoe
MOYXHO CKa3aTh U B OTHOILIEHUH COBOKYITHOCTH KOA(P(UIIMEHTOB MOJUHO-
MOB YHCJIUTEJISI M 3HAMEHATEJIS epeIaTOuHON (PYHKITUH.

IIpumepol nepedamounvix hyHKyUuil MUNOBLIX 36€HLES

IIponopuunonanbHOe 3BeHO. lIponopunonanbHOE 3B€HO — 3TO
3BEHO, BBIXOJHOU CUTHAJ KOTOPOrO NPOMOPLIHAOHAIEH BXOTHOMY:
(1) =k x(1).
[lepenaTounas (yHKIMS MPONOPLHUOHAIBLHOIO 3BEHA PaBHA €ro Ko-
3 PUMeHTy NponopUHOHATILHOCTH:
W(p)=k,

rae k— ko3 duieHT ycuiaeHus (OH MOXET ObITh Pa3MEPHBIM).

Nurterpupyromee 3BeHO. HTErpupyloiiee 3B€HO — 3TO 3BEHO,
BBIXOJIHOM CUTHAQJI KOTOPOTO MPOIOPLMOHAIIEH UHTETpaly O BPEMEHU OT
BXOJ/IHOT'O:

t

y(t):%'[xdt.

0
[lepenaTounas QpyHKIMA UHTETpaTOpPa PaBHa:
1k
W(p ) == _19
Ip p

rae 1 — MOCTOSIHHAsI BPEMEHU MHTETPUPYIOLIETO 3BEHA, C;
ki = 1/T — xoa(ppunmeHt ycuneHus: uaTerparopa, 1/c.

Kak BusHO, 3TH 3BEHBA (M MPONOPIMOHATIBLHOE, U UHTETPUPYIOIIEE)
ITOJTHOCTBIO ONPENEIISIFOTCS 3aJaHUEM TOJIBKO OAHOTO ITapaMeTpa.
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Anepuoaundyeckoe (MHEPLUUOHHOE) 3BEHO. Armepuoanye-
CKOE 3BE€HO — 3TO 3BEHO, BBIXOJHOW CUTHaJ V(f) KOTOPOTO CBSI3aH C BXO-
HBbIM X(f) nuddepeHnanbHbIM YpaBHEHUEM:

d
I'—y+y=kx
dt
[lepenaTounast pyHKIMS aniepruoOgUIECKOTO 3BE€HA PaBHA:

k
W(p)=
(P) Ip+1°
rae k— kodpduuueHTt ycunaeHus (pa3MepHbIil Wi 0e3pa3MepHBIii);
T’ — nocTrosiHHas BpEMEHH, C.

KonebartensrHoe 3BeHo. KomebareapHoe 3BEHO — 3TO 3BEHO,
BBIXOJHOM CUTHAJ )(f) KOTOPOI'O CBSI3aH C BXOAHBIM CUTHAJIOM Xx(f) nud-
dbepeHIaIbHbIM ypaBHECHUEM:

d’ d
T°—=—y+28T—y+y=kx,
dt dt

Ero nepenarounas GyHKIMs UMEET BUI:
k
W(p)=
(P) T’p*>+28Ip+1°
rae k— Ko3(pQULIHUEHT YCUJICHUS;

T — nocTosiHHas1 BDEMEHU;
O — JIEKPEMEHT 3aTyXaHus (0e3pa3MepHbIil, MOXKET MEHAThCA OT 0 10 o).

B TIK «MBTY» wunterpupytoliee, anepuogudeckoe, KoseOaTesbHOe
3BEHbS TOMEIIAIOTCA Ha padoyee MoJjie ¢ TOMOIBIO 0s10Ka «J[MHaMu4ecKue» C
IIOCJIEAYIOIIMM 3a/IaHheM I1apaMeTpoB 3BEHA B OKHe nauasora. [Iporoprmo-
HaJIbHOE 3BEHO MOMEIIAECTCsl Ha padoyee Mojie U3 MyHKTa MeHto «Ornepanum.
[Iprimep BUPTYanbHOro JIAOOPATOPHOIO CTEHJA JUIS ONpEAETICHUs IMEepeXO-
HBIX XapaKTEPUCTUK 3BEHBEB NIPUBEIEH HAa pucyHkax 10.2, 10.3.
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Fpadoo: crynetrvaroft u nepexomeoft

thyrocpt
Nepeseraiag
Crynenvaroe : :
Bo3nemcTene 0.9} -
- I " 0.0
iz | 71l | 0.7
[[:“"",l ‘ o:d
poTen 0.9]-.
[~ | 0.4
b 0.3
Anepucauyeckoe e
388HO : -
0 2 ¢ € 8 10 12 ¢ 16 18 20
1-ro nopaaka Bpeva
Puc. 10.2. Cmpyxmypuas cxema Puc. 10.3. Ilepexoonas xapakxmepucmuxa
cmeHoa anepuoouieckozo 36ena I-20 nopsoka

Ilepexoonasa gpynkuus

ITepexonnas dyHKIUs y(f) — 3TO peakius JUHEHHONW CUCTEMbl WU
3B€HA Ha CTyIE€HYaToe €IMHUYHOE BozneicTBue 1(¢). CTymeHuyaToe eau-
HUYHOE Bo3JielcTBUE 1(f) — 3TO MyHKIMA BpEMEHH £, paBHasl HYJIIO, MOKa ¢
MEHBIIIE HYJISI, U paBHAsI €AMHULIE MPU ¢ OOJIbIIE HYJIS:

0 t<0;
1) = pu

1 mpu ¢=0.

HeoOxonuMo OTMETHUTH, YTO B MPOTPAMMHOM KOMILIEKCE MPHUHSTO
oneparop npeodpazoBanus Jlamnnaca 0003Ha4aTh OYKBOMH .

Kaxxnoe 3B€HO MMEET CBOK OCOOEHHYIO, OTJIMYAIOLIYIOCS OT Iepe-
XOJIHBIX (DYHKIMU APYTHX 3BEHBEB, MEPEXOJHYIO (DYHKIMIO, IO KOTOPOM
MO>KHO OTIPEJICNIUTh TUII U TapaMeTphl 3BEHA.

[lepexonnas ¢pynkuus mogenn CAY mo3BOISET XapakTepU30BaATh €€
OBICTPOJICHCTBUE ¥ TOYHOCTD B MEPEXOAHOM pekumMe padboThl. Kpome Toro,
3Has IEPEXOAHYI0 (DYHKIIUIO TUHEHHOW CUCTEMBI, MOKHO ONPENICTUTh pe-
aKIIUIO CUCTEMBI Ha MPOU3BOJILHOE BO3JICHCTBHE.

BaxxHoe 17151 MpakTUKU MPUIIOKEHUE TTePEX0HON DYHKIIUU — UJCH-
TU(UKaIKs OOBEKTOB U CUCTEM: OINPEIeIICHUE TI0 SKCIIEPUMEHTAIILHO CHSI-
TOW TepexOJHON (PYHKIMHM BHJA THUIIOBOTO 3BEHA, KOTOPHIM MOXKHO IPO-
MOJICTUPOBATh OTHEIbHBIC AJIEMEHTHI M CHUCTEMY B IIE€JIOM, a TaKXKe
BO3MOKHOCTb OTIPEJICIICHUSI TApaMEeTPOB MOICIUPYIONINX 3BEHBEB.
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Ilpumepwt nepexoomnvix gyrkyuii
HEeKOMOPbIX OCHOBHLIX MUNOBLLX 36E€HbER

[IponopuuonansrHoe 3BeHO. Eromnepexomnas ¢pyHKuus paBHa:
() =k1(@), (2.1
rae k— Ko3(pQULMEHT YCUJIEHUS 3BEHA.

Koa(ppuumenTsl ycuneHus TUIIOBBIX 3BEHBEB MOTYT OBITh pa3MEPHbI-
MU U Oe3pa3MEPHBIMH.

IIponoprmonaneubiM 3BeHOM (puc. 10.4) MomenupyroTcss CUCTEMBbI
YIOPaBJIEHUS U UX JIEMEHTHI B CTATUKE B TAKOM PEXUME, KOTJ1a BO3JEHCT-
BHSI, TTIOCTYTIAIONIUE HA CUCTEMY YIIPABJICHUS, HE U3MEHSAIOTCS BO BPEMEHHU
B T€UEHHE JOCTATOYHO JJIUTEIBbHOTO NEPUO/IA.

I'padamx crynesrvared: 1 rmepexomtoft
diyrxaoed

Mepemensan

y(t)

"”
0

1(t)

0 2 4 & #& 10 12 14 16 18 20
Bpema

Puc. 10.4. Ilepexoonas ¢pynxyus
NPONOPYUOHATLHO2O 36€HA

Nurterpupyromee 3BeHO. Ero nepexoanas QyHKIUs B COOTBET-
CTBUHM C onpeaeneHueM (2.1) paBHa:

|
(1) = 7! 1(0) (2.2)
rae I'— IOCTOsIHHAsE BpEMEHU 3BEHA.

HNHuTterpupyroiiee 3B€HO CHOCOOHO HAKaIIMBaTh MOCTYNAIOIMIMA Ha
HEro CUTHAJI C TeueHHWeM BpemeHH. B uwactHocTh (2.2) mMOKa3bIBaeT, 4TO
IpyU To/aue CTYINEHYaTOTO BO3JECHUCTBUSA HA WHTETPUPYIOIIEE 3BEHO €ro
BBIXOJIHOM CUTHAJI U3MEHAETCS IMHEHHO ¢ TeueHueM BpeMmeHu (puc. 10.5),
T.€. HAKOILJICHUE JIEWCTBUTEIHLHO MPOUCXOIUT.
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T'padix crymreH4aTOM I NIEPEXOAHON
thyHK IR

NepematHan

i)

0 1 2 3 4 S & 7 8 9 10
Bpema

Puc. 10.5. Ilepexoonas ¢pynxyus unmeepamopa

[lepexonHast GpyHKUHS JTUHEINHO pACTET C yBeJIMUYeHHEM BpeMeHH. [1o-
CTOSIHHAasi BPEMEHM MHTETPUPYIOLIErO 3BEHA OINPENEIAETCS BPEMEHEM 0
TOYKH MIEPECCUCHUS IEPEXOTHON PYHKIIMEN YPOBHS BXOJHON CTYIEHBKH.

Anepuonuueckoe (MHEpIMOHHOE) 3BeHO. FEro mnepexon-
Has (PyHKIMS paBHA

y(t)=k(—e T1(), (2.3)

rae kK — Ko3(ppUUMEHT yCUIeHUs;
T — mocTosiHHAsI BPEMEHHU arepruoIuIecKoro 3BeHa.

Anieprom4eckoe 3BeHO — IMPOCTENIIee U3 TEX 3BEHbEB, KOTOphIE 00JIa-
naroT uHepiment. JlericrBurenbHo, hopmyna (2.3) moka3biBaeT, 4YTO 3TO 3BEHO
HE cpasy, BHauayie OBICTPO, a 3aTeM BCE MEMJICHHEE pearupyer Ha CTyleHdYa-
Toe BozzeicTBue (puc. 10.6). 3T0 MPOUCXOAUT MOTOMY, YTO B (PU3UUECKOM
OpHUTHHAJIE allepUOAUYECKOr0 3B€Ha UMEETCSI O/IMH HAKATUTMBAIOIININ 3JIEMEHT
(a TaKKe OUH WM HECKOJBKO MOTPEOJISIOMIUX SHEPTUIO JIEMEHTOB), SHEP-
T'Misl, 3alIaCeHHAsl B KOTOPOM, HE MOXKET M3MEHSTHCS CKAYKOM BO BPEMEHU —
JUISI ATOro TOTpedoBaIach Obl OECKOHEYHASI MOIIHOCTb.
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I'padux crymieHyaron 1 nepexoao yHKINT

MNepemerHasn

1.5

Bpema

Puc. 10.6. Ilepexoonas ¢pynxyus
anepuoouyecKo2o 36eHa

KonebarenrHnoe 3BeHo. Ero nepexomnas QpyHKIMs paBHA:

1 ' J1-8°

V() =k l—ﬁe_%sin(oo3t+(p); S<l; @ =12
-3’

@ = arccos (0),
rae k— Ko3(pQULIHUEHT YCUJICHUS;
T — mocTrosiHHas BpEMEHH, C;
O — JIEKpEMEHT 3aTyXaHHs.

(2.4)

KonebarensHoe 3B€HO, HapsAy CO CBOMCTBAMH, MPUCYIIMMH YXKe Tiepe-
YHUCJICHHBIM 3BEHBSIM (CIIOCOOHOCTH K YCUJICHHIO, HAKOIIJICHUIO ¥ MHEPIIMOH-
HOCTBIO), 00JIa1aeT U elle OJHUM CBOMCTBOM, KOTOPOIO HET y 00Jiee MPOCThIX
3BEHBEB, — K0JIe0aTeIbHOCThIO (pUC. 10.7). DTO €ro cnocoOHOCTh MpHU OIpe-
JCTICHHOM COYETaHUM TMapamMeTpoB 7' M O MEePEXOUTh K HOBOMY CTallMOHAp-
HOMY 3HAYEHUIO, OMPENEeIIEMOMY BO3/ICHCTBUEM, WJIM BO3BpAILlAThCS B HC-
XOIHOE COCTOSIHAE TIOCTI€ CHATHSI BO3JEHCTBUS KosebarenbHO. Takoe
MOBEZICHUE OOYCIIOBJICHO HAJMYMEM B KOJIEOATEIILHOM 3BEHE JBYX HaKarUId-
BAIOIIUX AJIEMEHTOB, CIIOCOOHBIX OOMEHHBATHCSA JAPYT C JPYroM SHEpruei
pasHoro poja (MOTEHIMAILHOM M KUHETUYECKOM, AJIEKTPUIECKOM U MarHuT-
HOM U T.I1.), ¥ 3JIEMEHTA (-OB), HOTPEOJISIFOIIETO, PACCEUBAIOILIETO SHEPTHUIO.

Ecnu 3aryxaHue 10OCTaTOYHO BEJIMKO, TO KOJIeOaHUM B 3BE€HE HE MPO-
HCXOJIUT, U OHO SIBJIAETCS allePUOTUICCKUM.
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CryneHuaTtoe

===
| (Y i
T=1: b=0.,5; k=2.5.

e :‘;‘;fb,, ,;:‘3

T=0,5; b=0.1: k=15.

Puc. 10.7. Cmpykmypuas cxema ucciedosanus
KOebamenbHo20 36eHa

Ha pucynke 10.8 npuBeneHbl nepexoqHbie GyHKIMHA PAa3IMYHbIX KO-
nedaTeNbHBIX 3BEHBEB.

T'padux cTymeryaToit 1 nepexomdori ¢yHKINNT

MepemerHan T=1; b=0,5; k=2.5.
21 B S £ 7 J T —
T=0,5; b=0,1; k=1,5.

2
< (811 | SO ey

1
0.5

0 2 1 ‘ 8 10

Bpema

Puc. 10.8. Ilepexoomnwvie ¢pynxyuu
KOJlebamenbHblX 36eHbes

[Ipu 6 > 1 TpeHue B cucTteMe, pacCeMBaHUE YHEPTrUU OTHOCHUTEIHLHO
BEJIMKO, U KOJEOATEIbHOCTh MEPEXOJHON (YHKIMHM HCUE3aeT, (PYyHKIUS
CTaHOBUTCS MOHOTOHHOM.

[TocTosiHHass BpeMEHHM KOJe0aTeIbHOr0 3B€HA HE paBHA MEPUOAY
KOJIeOaHHUII:

_ 2nT

I, =—F.
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[locTosiHHAas BpeMeHM CBsi3aHa C MEPUOJOM, HO CYIIIECTBEHHO MEHBIIIE
ero: rpu & < 0,5 nepuoj 3aTyXaronpx Kojaedanuili mpuMepHo paseH 7, = 2nT.

3BeHO 3amna3abiBaHud. Ero nepexonnas GpyHKIMS paBHa:
yoO=1t-1,),
I7I€ T, — €IMHCTBEHHBIM MapameTp 3BEHA 3ama3iblBaHUs: 3TO BpeMs, Ha
KOTOPOE 3a/ICPKUBAETCS CUTHAJI, TPOXO/Is 3BE€HO 3ara3/bIBaHU.

3BeHO 3amma3pIBaHusl HE M3MEHSEeT (OpMy CHUTHaja, HO 3aJeP’KHBACT
€ro 1Mo BpEMEHU Ha BEIUYUHY T, (puc. 10.9).

T'padux cTymeHYaTOM H IepexoaHOMH
byHxipnt

MepemeHHaA

4.

n N n W ;b O

i

1 : : ; : ; : :

0 2 4 6 8 10 12 14 16 18 20
Bpema

Puc. 10.9. Ilepexoonas ¢pynxyus
368eHa 3ana30bl6anUs

OTUM 3BEHOM MOJEIUPYIOTCS CUCTEMBI M YCTPOMCTBA, CUTHAJIBI B KO-
TOPBIX 3aJEPKUBAIOTCA HA OUIYTHUMYIO BEIIMYMHY IO CPAaBHEHUIO C Bpe-
MEHHBIMH MMapaMeTpamMu, XapaKTEPU3YIOIIUMU UHEPHUOHHOCTh 3TUX CHC-
TeM. OJTO, KaK IPaBUJIO, MPOTSHKEHHBIE B MPOCTPAHCTBE YCTPOMCTBA:
JIMHUM CBSI3U, TPYOOIIPOBO/IbI, TPAHCIIOPTEPHI U T.II.

Ilopsiook evinonnenus pabomol

NccnenoBaHue MHTETPUPYIOUIETO 3BEHA
1. Ioctpouts B IIK «MBTY» BupTyanbHbIl J1a0OpATOPHBIN CTEH
JUIs1 UcclieIoBaHust Mojienu unrerparopa (puc. 10.10, 10.11).
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CryneH4aTtoe
BO3OeUCTBUNE

& -

—| Mpadguk
K J

UHTerpartop

Puc. 10.10. Cmpyxmypuas cxema
uccne006anus uHme2pamopa

I'padux cTymeHYaTol H IIepeXoaHOI
¢ yuxIpni

[NepemeHHan

= N W B oy =)

0 0.51 15 2 2.5 3 3.5 4 4.5 5
Bpema, c

Puc. 10.11. Ilepexoonas ¢ynkyus
unmezpamopa

2. [lomectuth Ha padouyeMm noje [IK «MBTY» reneparop cryneHua-
Toro curtana (MctoyHuky — cTyneHbka), uarerparop (JluHamuueckue —
uHTEerparop), rpaduk (Janubie — BpeMeHHOM Trpaduk).

3. 3amate pa3nu4HbIE TAPpAMETPHI UHTErPATOPA.

4. CoxpaHutb (paiin B JINYHOM MANKE C COACPKATEIbHBIM HA3BAHUEM.

NccnenoBaHue amepuoOgUYE€CKOTrO 3BE€HA

1. Ioctpouts B IIK «MBTY» BupTyanbHbIl J1a0OpATOPHBIN CTEH
JUISL UCCIIETOBAHUST MOJIEU anepruoauyeckoro 3BeHa (puc. 10.12).
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CryneH4aTtoe

BO3gemncTBMne
ezt
5|
N = Mpadguk
il T'paduxn crynensaroit u nepexonsoi
k=0,8; T=3 c. Sy
MNepemenHas
P 1.8 k=2; T=3.
1.6
k=2; T=3c. 1.4
1.2)--
»l [-K %
v LEksel 0.8
- S 0.6 - s
k=0,8; T=7 c. ol P
0.2 P e
» K !
' 0 2 4 6 8 10 12 14 16 18 20

Puc. 10.12. Cmeno onsa uccreoosanus
anepuoou4ecKoco 36eHa

AnepnonquCKoe 3BC€CHO CO31aC€TCiA BBIHCCCHHMCM Ha pa6oqee I10JIC

k
(Jlunamuueckue — ———) W 3aJaHUEM €ro IMapaMeTpoB

OJ10Ka
Ts+1

Ts +1
(puc. 10.13).

=
s
Ts+1

K oa PUUMEHT YCUAEHUA
MocToaHHaa spemenu [c]
BexkTop HavyanbHbIx YCAOBUI

o|—|=
L

=

MapameTpel | Bxoaei | Beixoast | D6wve |

 da I X Her | ? ﬂomombl e ﬂpumenurbl

Puc. 10.13. Oxno 3a0anus napamempos
anepuooulecKo2o 36ena

2. CoxpaHuTb 1a00paTOPHBIN CTEH] B JIMYHOU TAIKE C COJIepKaTeIb-
HBIM Ha3BAHUEM.
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3. OnpeaenuTs MO0 OCHWJLIOIPAMMaM IMOCTOSHHBIE BPEMEHU U KO3(-
(bUILIMEHTHI YCUJIEHUS 3BEHBbEB U yKa3aTh, KaKasi KpUBas COOTBETCTBYET Ka-
KoMy 3BeHY. OOBSICHUTD MMOYEMY.

4. BbIYUCIUTD 3HAUYCHUS MIEPEXOTHON (PYHKIIMH JIJIsl 3B€HA C TapaMeT-
pamu k=2, T=1 ¢ u IpOCTaBUTh TOUKH HA COOTBETCTBYIOIIEM I'pauKe.

Cnenatb CHUMOK SKpaHa U COXPAHUTh €ro C COoAepKaTeIbHbIM Ha3Ba-
HueMm B popmare gif.

NccnenoBaHue KoJie0aTEeNbHOTO 3BEHA
1. Ioctpouts B IIK «MBTY» BupTyanbHbIl J1a0OpATOPHBIN CTEHT
JUISL UCCIIE/TOBAHMST MOJIE U KoJiebaTenpHoro 38eHa (puc. 10.14).

CryneH4aToe
BO30eNCTBUE

=l

AT

L A A 4

Mpagpuk

:1 : b:0 5 . k: Tpaduxu cTymeryaToil i repexoqHoit ¢ yvHKIpnt

MNepewmerHas

A
I3
\%

T=0,25; b=0,25; k=1 ..:

T=0,5; b=0,5; k=1. Bpenn

Puc. 10.14. Cmeno onsa uccreoosanust
KonebamenbHo20 36eHA

k
T2s* +2bTs +1

3BEHO CO3/aeTCs BEIHECEHHEM Ha pabouee moJjie 0JioKa

k
T%s* +2bTs+1

(JluHamMuueckue — ) ¥ 3aJJaHheM €ro mapaMmeTpoB (puc.

10.15).

2. CoxpaHuTh 1a00pAaTOPHBIN CTEH] B JIMYHOW TAIKE C COJEPKaTEIb-
HbIM Ha3BaHueM. [lapaMeTpbl KOJIeOaTeNbHOrO 3BE€HA 3aJAI0TCS TaK XK€,
KakK U JUIsl alepUOJUYECKOro 3BEHA.

3. OnpenenuTh 1o rpagukaM napameTpbl 3BEHbEB: IMOCTOSHHBIE Bpe-
MEHH, KO3(PPUIMEHTHl YCUIICHUS — U JEKPEMEHTHI 3aTyXaHUs U yKa3arh,
Kakas KpUBasi COOTBETCTBYET KaKoMy 3BeHY. OOBSICHUTH IOUYEMY.
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4. BblMUCIUTh 3HAYEHUS MEPEX0IHON QPYHKIMU )(f) 3BEHA C MapaMeT-
pamu k=1, T=5cu b= 0,5 1 1poCTaBUTh TOUKU HA CHUMKE 3KpaHa CO-
OTBETCTBYIOMIETO rpaduka. CaenaTs BBIBOJ O TOYHOCTH MOJEIM Kojeha-
TEJIbHOTO 3BeHAa, ucnoyb3yemon B [IK «MBTVY».

CeolicTBa 0fLEKTOR x|

K
T25242bT5+1

K oa dduumreHT YCHUAEHWA

MocToaHHaa spemenu [c)

K oa pbuum1eHT aemneupoBaHia
HauaneHeie yenosua Y(0),Y'(0)

O —=| = =
—

Mapamerpb IBXOﬂ.bII BbIXO.QbI] Uﬁmue]

 fa | X Her | ? ﬂomou.lbl e Hpumenmbl

Puc. 10.15. Oxno 3a0anus napamempos
KOJebamenbHo20 36eHa

Cooepacanue omuema

. HaumeHnoBanue u 1iesib paboTHI.

. KpaTkni1 KOHCIIEKT 110 TEOPUH TUITOBBIX 3BEHHEB.
. CHUMKH KpaHOB.

. BeIBO1BI 11O padorTe.

AW N —

Konmponbnwvie 6onpocut

1. Yro takoe crynenyaras equHuyHas QyHkuus 1(7) (pyHKUMS BKIO-
yeHus, GyHKIUs XeBucaiina)?

2. Yto Takoe nepexoaHas GyHKIHs JIMHEMHOrO 3BeHA?

. Uro Takoe nepegarouHas QyHKIUA JUHEHHOTO 3BeHa?

4. 3anucarb BBIPAKEHUS JJI MEPEJATOYHON U MEPEXOJHON (PYHKIMI
MPONOPLUUOHATBHOTO 3B€HA U MHTErPaTOpa, Ha3BaTh UX NapamMeTphbl
U yKa3aTh, KaK 3TH MMapaMeTPhl CBSA3aHbI C MEPEXOAHBIMU XapaKTe-
PUCTUKAMU 3BEHBEB.

5. 3anucath BBIpAKEHUS AJI1 NEPEAATOYHOM M TEPEXOAHON (YHKUMN
anepruoIMUECKOro 3B€Ha, Ha3BaTh €ro NapaMeTphl U yKa3aTh, KAK OHU
CBSI3aHBI C IEPEXOTHOM XapAKTEPUCTUKOMN allepruoIMYeCKOro 3BeHa.

()
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6. 3anucarh BbIpaXXEHUS IS IEPEJATOUHON U MEePEXOTHOM (DYHKIMM KO-
ne0aTeIbHOrO 3B€HA, Ha3BaTh €r0 MapaMeTphbl U YKa3aTh, KAK OHU CBS-
3aHBI C TIEPEXOTHON XapaKTEPUCTUKON KOJIeOaTEeILHOTO 3BEHA.

7. 3anucaTh BbIpaXEHUS IS IEPEAATOYHON M NEePEXOaHON (yHKIIMIA
3BEHA 3ala3blBaHusl, HA3BaTh €ro MapaMeTpbl U yKa3aTh, KAK OHH
CBSI3aHBI C MIEPEXOAHON XapaKTEPUCTUKON 3BE€HA 3aa3/IbIBAHNUA.

8. Kak BbHOCSTCS HA padouee nmpocTpaHcTBO [IK «MBTY» cymmarop
Y IponopruoHaibHoe 3BeH0? Kak 3a1ar0Tcs ux napaMeTpol?

9. Kakue nuHeiiHble 3B€HbS MOTYT OBITh IMPOMOJAEIUPOBAHBI OJIOKOM
«/Innamuueckne»? Kak 3a1ar0TCS X ITapaMeTphl?

10. [Touemy JMHEHBIE OJIOKA XAPAKTEPU3YIOT MEPEXOIHON (PYHKIU-

en? Kakas ot Hee nmonb3a?

11. Kak mposiBisieTcsi CBOMCTBO MHTETpaTOpa HAKaIJIMBATh BXOJHOM

curHain?
12. Kak nposiBisieTcss ”HEPUMOHHOE CBOKWCTBO AllEpUOAUYECKOTO 3BE-
Ha? YeM oHO 00YCIIOBIICHO?

13. Kak nposiBnsieTcs k0y1e0aTebHOCTh Kojie0aTeabHoro 38eHa? Yem
OHa 00ycCJIOBJICHA?

14. 3amana mniepexojHas XapakKTEPUCTHKA HEKOTOPOro oObeKTa
(puc. 10.16).

MepexoaHan xapakTepHUCTHKA

—

<

13 g © O

i

//

] 1P 1

oY
[
o

]
oh

n
L

Bpewua, ¢
Puc. 10.16. Ilepexoonas xapaxmepucmuxa o06vekma

Onpenenuts HamOosiee MOAXOASIIMI THUIT 3BEHA, KOTOPHIM MOKHO
MIPOMO/JIETTUPOBATh OOBEKT, ONPEACIIUTh €ro MapaMeTpbl U 00OCHOBATH BbI-
O0op. 3amucarh BBIPAKEHUS ISl IEPEXOJHON W MEepelaTOYHON (yHKIIMMA
Mozenu. Yem 3Ta peanpHas pa3srOHHAs XapaKTEPUCTHKA OTIMYAETCA OT
UJeaJbHOM NepeXOoAHON (PYHKIIMU TUTIOBOT'O 3BEHA?
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15. 3amana mnepexojHas XapaKTEPUCTUKA HEKOTOPOro OOBbEKTa
(puc. 10.17).

MepexoaHas xapakTepuCcTHKa

-
N

st =1

. e

D

o

D

™

D
-L

D

™
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10 1B 20 2 30

ré oY
=T

L)
\=a}
D

™

Bpems, c

Puc. 10.17. Ilepexoonas xapaxmepucmuxa o06vekma

Onpenenuts HamOosiee MOAXOASIIMI THUIT 3BEHA, KOTOPBIM MOYKHO
MIPOMO/JIETTUPOBATh OOBEKT, ONPEACIIUTh €ro MapaMeTpbl U 00OCHOBATH BbI-
Oop. 3amucarh BBIPAKEHHS Uil IEPEXOJHON U MepeaTOYHON (yHKIIMMA
Mozenu. Yem 3Ta peanpHas pa3srOHHAs XapaKTEPUCTHKA OTIMYAETCA OT
UJeaJbHOM NepexXoAHON (PYHKIIMU TUTIOBOT'O 3BEHA?
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Otneuarano 17/05/2021. Iena 113,00 pyo.

BUJ W3JJAHUSA: MIEPBUYHOE (RIIEKTPOHHAS BEPCHS)
(penaxmms ot 5.04.2021 Ne 235)

2021*235

OTIe4aTaHo ¢ TOTOBBIX OPUTHHAI-MAKETOB B aKaJIeMUYeCKON TUnorpaduu

Ha 1dpoBoM aydnmkaTope. KauecTBo COOTBETCTBYET MPENOCTABICHHBIM
OpHTHHAJIAM.

(Dnekrponnas Bepcus uzaanus - |:\nogpasaenenus \pro\usnanus\2021\235. pdf)



[ena 113,00 pyO®.

dre0Y BO KOCTPOMCKAA TCXA
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