DNonNnoTeUuKa 3MNCKTROTEXHNKA
Ilpunoscenue k xcypuany «nepeemur»

OcHoBaHa B nwHe 1998 r.

Beimyck 4 (136)

O. I. 3axapos

NMOUCK AEPEKTOB
B PEJIENHO-KOHTAKTOPHbBIX
CXEMAX

(Hactb 1)

Mocksa
HT® «Duepromporpeccy, « JHEPTETHK»
2010



YK 621.316.925
bbK 31.27-005

3-38

b.
B.
H.

3-38

B.
A.
A.
B.

['maBHBIN pepakTop KypHana «DHepretuk» A. @. JIbAKOB

PEJAKIUMOHHBIM COBET

«BrUbOIMOTEUKM SIEKTPOTEXHUKA»

A. CemeHOB (npedcedamens), Y. U. batiok (3am. npedcedamens),
AnexkceeB, K. M. Antunos, I'. A. be3uactHoB, A. H. 2Kynes,

3ab6eranos, B. X. Mmkun, ®. JI. Koran, B. 1. Koukapes,

JIncunp, B. U. Ilynges, A. M. Tamxku6aes, 0. B. YcaueB

3axapos O. I'.

IMounck nedekToB B pesieiftHO-KOHTAaKTOPHBIX cXeMax (JacThb 1).
M.: HT® «Duepromnporpecc», 2010. — 96 c.: . [bubanoreuka
9JIEKTPOTEXHUKA, TMPWIOKEHUE K XKypHalny «DHEpPreTuK»,
Boin. 4 (136)]

PaccMoTpeHa MLTIOCTpUPOBAHHAS MPAKTUYECKUMU TIPUMEPAMU TEXHOJIO-
THsl TIOUCKa IeEeKTOB B PeJICTHO-KOHTAKTOPHBIX CXeMaX U 3JIEKTPOYCTAHOB-
Kax HanpspkeHueM ao 1000 B.

TpuBeneHbI 331241 Ha CAMOCTOSITENTbHBIN MOMCK Ne(EKTOB 1 OLIMGOK B
cXeMax, CHaOKeHHbIE KOMMEHTapUSIMK U TTOSICHEHUSIMU.

JlaHbI pEKOMEHIAIMH TI0 COOTIOIEHIIO Mep 6e301TaCHOCTH, JIOTTOJTHCHHBIE
OTMCaHNEM HECYACTHBIX CITyJacB ¢ YKa3aHUEeM TIPUUUH JIEKTPOTPABM.

ISSN 0013-7278 © HT® «DHepromporpecc», «DHepreTuk», 2010



MpeaucnoBue

ITpodeccus snexkTpuKka cBsi3aHa ¢ U3TOTOBJIEHUEM, MOHTAXKOM, Ha-
CTPOMKOIi, PEMOHTOM 1 OOCITy>)KMBAaHWEM Pa3HOOOPA3HOTO 3JEKTPO0OO-
pynoBaHus. [Ipu 3ToM HeIpeMEHHOI YaCThIO €0 PabOTHI SIBJISIETCST T10-
nck nedektoB. HeoOXommMocTh CBOEBPEeMEHHOTO OOHApYXKEHUSI W
ycTpaHeHust 1eHeKTOB TPYIHO MEPEOIIEHUTh, TAK KaK YeM COBEpIIICHHEE
U IPOU3BOIUTENIbHEE BJIEKTPOOOOPY/I0BAHUE, TEM 3HAYUTEIbHEE 9KOHO-
MMYECKUI yIIepO OT ero MpocTosi MU HEPallMOHAIBHOTO MCITOJIb30Ba-
HUS 1aXe B KOPOTKHUE MPOMEXYTKHA BpeMeHU. BOT moyemy Tak BaxKHO
YMEHUE 3JICKTPUKOB HAXOAUTh Ne(DEKTHI B 2JIEKTPOOOOPYIOBAHUN.

B nipenyiaraemoii Gporitope He TpUBENEHbI TIEPEYHN BO3MOXKHBIX e~
(bexTOB, MX MPUYWH U CITOCOOOB YCTPAHEHUSI, KaK ITO CIEIAHO B PYKO-
BOJICTBAX I10 9KCIUTyaTallMi WJIA B U3BECTHBIX padoTax [1 — 3]. Bmecto
3TOTO MOCJIe OMUCAHUST BHEITHUX MPOSIBJICHUI TOTO WU UHOTO JedheKTa
U PE3YJIbTATOB 3KCMEPUMEHTA, TIPOBEJIEHHOTO HAa PEaIbHOM 3JIEKTPO-
000pyNOBaHNU, TAETCS aHAINU3 MTOJTYYEHHBIX PE3YJIBTATOB U OIMPEIEIISIET-
cs mpu4yrHa aedexra.

BosHukarorue rmpu ucroIb30BaHUM TAKOTO CTIoco0a rmoncka nedek-
TOB TPYIHOCTH JOJKHA TOMOYB TTPEOI0JIETh OMTUCAHHAS B OPOIIIIOpE TeX-
HOJIOTUSI, MOsICHsIeMasl MPaKTUIeCKMMU MPUMEpaMU U 3aadyaMu, B KO-
TOPBIX PACCMOTPEHO TaKXkKe MPUMEHEHUE CIEIUATbHBIX U YHUBEPCATb-
HBIX CPENCTB TEXHOJOIMUYECKOro ocHauieHus. OTBeThl Ha 3aayu He
TPUBOJISTCS, TAaK KaK 3HAHUE OTBETA ITOICKA3bIBACT X0/ PEIIEHNS 3a1a9K
¥ CKOBBIBAET MHUIIMATHBY 110 OTHICKAHMIO IPYTUX BO3ZMOXXHBIX ITyTeii pe-
meHus. OmHAKO MPAKTUIECKM KO BCeM 3ajadaM JaHbl KOMMEHTapuii
WY TIOSICHEH U], TTOMOTAIOII1e CAMOCTOSITE/TbHO HATU 1ehexT.

IMockonbKy ornucaHue TeXHOJOTUU TToUcKa 1e(heKToB TpeOyeT UCIo-
JIb30BaHUSI CMEIMAIbHON TEPMUHOJIOTMM, 0003HAYaoILEl crienuduye-
CKUeE MOHSTHS TEXHIYECKON TUarHOCTUKH U CMEXHBIX 00JIacTel HAyKu 1
TEXHUKH, TO JaHHAasi OpOIIOpa HAYMHAETCS C TTOSICHEHUS] TEPMUHOB 1
0003HaYaeMbIX UMU TIOHSITUI Ha MPAKTUYECKUX TTPUMEpax.

B Oporirtope ocHOBHOE BHUMaHME yIeJIeHO MTONCKY Ne(hEeKTOB B 2JIEKT-
poobopynoBanny HamnpspkeHueM 10 1000 B. OgHako onmcaHHBIE METO-
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JIbI I HEKOTOPBIE TEXHOJIOTMYECKHE TIePEX0Ibl MOXKHO MPUMEHSITh TIPU
ToucKe J1e(heKTOB B 00€CTOYSHHBIX JIEKTPOYCTAHOBKAX U 3JIEKTPOO0OO-
pynoBaHuM HamnpstkeHreM Boie 1000 B.

[ToMuMO TexXHOIOTHY onIpenesieHUs 1e(EeKTOB U CBEICHMNIA, CTICIIH -
(brueckux Ml JaHHOTO BUIA PadOT, MPUBEACHBI KOHKPETHBIE MEPHI
0e30MmacHOCTHU, KOTOphIE Halo coboaaTh npu padore. HeBo3aMoxHO
yKa3aTh BCe MePbl 0€30I1aCHOCTH, TTIO3TOMY JIEKTPUK JOJIKEH 3HATh U
co0JTIo1aTh KaK 00IIre, TaK 1 CIelIMaIbHbIe MEphl 0€30TIacCHOCTH, yCTa-
HoBJieHHbIe «[IpaBuamMu TeXHUKM OE30TaCHOCTU TIPU IKCILTyaTalluy
3JICKTPOYCTAHOBOK MOTPEOUTEICH», a TAaKKe OTpacieBbie (BEIOMCTBEH-
HbI€) IIpaBUJIa, IHCTBYIOIINE HA IIPEAIPUSITUM, T SJICKTPUK BBITOIHSI -
eT paboTy IO TTOUCKY Je(PEKTOB.

IIpennaraemasi BHUMaHUIO YMTATENIEH OpOIIIIOpa HE 3aMEHSIET HOpMa-
TUBHBIE JOKYMEHTBI, TIO3TOMY TP MCITOJIb30BAHMM TEXHOJIOTUH TTOMCKA
neheKTOB HEOOXOIMMO TaKKe PYKOBOJICTBOBATHCS JOKYMEHTAMM, OTIpe-
JISJISTIOIIMU TTOPSIIOK BBITIOTHEHMSI TEX VUIM MHBIX Pa0OT B 3JIEKTPOYCTa-
HOBKaX Ha MPeIIPUSITUN.

s cocTaBiieHUsI TPUMEPOB U 3a1au I10 OIpeae/IeHIIo 1e(PEKTOB aB-
TOP MCIOJIb30BaJI JAaHHBIE MHOTOJICTHEM MPAaKTUKW HACTPOIKM U UCIThI-
TaHWI 3JIEKTPOOOOPYIOBaHMS, a TAaKKe MPAKTUIECKUIA OTIBIT KOJLIET.
HesnaunrtenbHoe Ynciio MpuMepoB 1e(eKTOB B peIeiiHO-KOHTAKTOPHBIX
cXeMax M MX OMMCAHMIi, KACAIOIIMUXCS B OCHOBHOM ITOMCKa Ae(heKTOB B
cxeMax IpU MX aHalM3e, 3aMMCTBOBAHO U3 TEXHUYECKOM JIMTEPATYPhl U
JIOKYMEHTAIIUU.

HexkoTopble mpuMepsbl AaHbl CO CChJIKAMM Ha MCTOYHMK, W YKa3aHbI
(bamwm crienMannCcToB, MX MPEIOCTABUBIINX. ABTOP TIPUHOCUT CBOU
M3BMHEHMS 32 HEBO3MOXKHOCTD YKa3aTh (haMUJINM BCEX CIEIMACTOB,
TPEAOCTAaBUBIINX €My IIPUMEPHI Ie(PeKTOB M OIIMOOK B PeJICHO-KOH-
TAKTOPHBIX CXEMaX.

3aMeuaHus ¥ MOKEJIAHUS 1O Opommnope
npocs0a HANPABJIATD 1O aJPecy:
115280, Mocksa, yi1. ABTo3aBoackas, 14/23.
Penakmus KypHajia “DHepreTuk”
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FNMABA TMEPBA4

NMosicHeHue
OCHOBHbIX MOHATUA U onpeaesieHnn

WznoxeHnne Marepraia IpeaBapuM HEOOXOMUMBIMU TOSCHEHUSIMU
MCIIOJIb3YEMbIX TOHATUI U OIIPENCICHUMA.

Tak, cinoBo cxema ynorpebssiercst misi 0003HAUEHUsT JOKYMEHTALMKU
3JIEKTPOYCTAHOBKY WJIM 3JICKTPOTEXHUYECKOTro u3nenus. B Tom ciydae,
KoTa HEOOXOIMMO OOPATUTHCS K KAKOMY-JTUOO0 JIOKyMEHTY, K 3TOMY CJIO-
BY OyIIeT 100ABJISITLCS CIIOBO, MOSICHSIIONIEE paCCMaTPUBAEMYIO CXEMY.

Ecnu peneiitHo-KOHTaKTOpHAs cxeMa (11 KpaTKOCTH B JaJIbHEHIIeM
W3MIeNe UM 0O0BEKT) COOTBETCTBYET BCEM YCTAHOBJICHHBIM B TIOKYMEH -
TallU TPEOOBAHUSIM, TO TIPUHSTO TOBOPUTH, UTO OHA HAXOAUTCS B UCH-
paerom cocmosiHuu. Koraa Takoro COOTBETCTBUST HET, TO TOBOPSIT O HeucH -
PABHOM COCMOSHUY U3NIEJIUSI UJTU O €TO HeUCHPABHOCHIU.

[epexom n3nenms U3 UCIIPABHOTO COCTOSTHUSI B HEUCTIPABHOE TTPOKC-
XomnuT BcyeacTBue nedektoB. CioBO degexm ynoTpebisieTcs: misi 000-
3HAYCHUS KAXKIIOTO OTIEILHOTO HECOOTBETCTBUSI U3ICIINS YCTAHOBICH-
HBbIM B JOKYMEHTAIIUU TPEOOBAHUSIM.

W3 onpeneneHuii ciiemyeT, 4To yCTPaHUTh HEMCIIPABHOCTh U3AEIIUS He-
JIb351, HO MOXHO YCTpaHUTb Ae(eKT B u3neauun. Eciu oH eIMHCTBEHHBIH,
TO IIOCJIC €0 YCTPaHEeHUS U3e/ue epeiiaeT B UICIIPaBHOE COCTOSIHYE.

HedekThl B U311 MOTYT BOZHMKATh B Pa3HBIC MOMEHTHI €TO Jcl3-
HeHHO20 YUKAQ: TIPU U3rOTOBJICHUM, MOHTaXe, HaCTPOiKe, IKCILIyaTa-
LUU, UCTIBITAHUSIX, PEMOHTE — Y UMETh Pa3IMYHbBIC TTOCICACTBHSI.

[To mocnencTBUsIM pa3IMIAIOT Kpumu4ecKue, 3Ha4umenbHbie I Mano-
3HauumenvHble neekTsl. Hanmuue KpuTtuyeckux nedeKToB AeaaeT UCIIo-
JIb30BaHUE W3IENUSI TI0 TIPSIMOMY HA3HAYCHUIO HEeB03MONCHbIM VI
HedonycmuMbIM.

IIpumep 1. Kputnveckuii nepekr

B kauecTBe nprMepa u3nenausl BbloupaeM pejie MOCTOSIHHOIO ToKa Ha
HOMMHaNbHOE Hanpsokenue 110 B, karymika xoroporo nmeer w, = 10
000 BuTKOB, a ee conpotusiaeHue R, = 2200 Om.

Jpyrue mapameTphl:

® HOMUHAIBHBIA TOK 1, = 0,05 A;



¢ TOK cpabareiBanus I, = 0,033 A;

o xoo(ppuument samaca K, = 1,5;

e HOMMHaTbHasg MarHuToaBrokytas cmta (MIC) Aw = 500 A.

ITycThb B KaTyIIKe CyIIeCTBYET Ae(eKT, MPUBEIIINI K 3aKOpaYMBaHIIO
90 % BUTKOB M YMEHBILIEHHUIO COITPOTUBJIEHNS KaTyIIKH 10 Ry = 220 Om
(ecu IpeAIoIOXUTh, YTO BCE BUTKU MMEIOT OIMHAKOBYIO JUIMHY).

[Tpu Hanpstxkenun 110 B aToMy conpoTuBieHUIo OyIeT COOTBETCTBO-
Batb ToK 1, = 0,5 Anu MJIC Aw, = Lw, = 0,5 - 1000 = 500 A.

XoTs1 uudphl MOKa3bIBaloOT, 4YTo 3HaYeHre M C He UBMEHUTCS U pelie
CMOXET IMPUTSHYTh CBOI SIKOPb, HO CKOJIbKO-HUOY/Ib AJTUTeIbHAsI paboTa
pelie ¢ TaKuM J1e(PeKTOM HEBO3MOXHA, TaK KaK I0CJIe ITOIBEACHMS K Jie-
(bexTHOI KaTylIKe HOMUHAJIBHOTO HATPSDKEHUS] OOMOTOUYHBIN TTPOBO/I,
neperpykeHHbIii TokoMm B 10 pa3, meperoput npakTu4ecKu MrTHOBEHHO.

3HauyuTenbHbIE Ae(EKThl OTPaHUYMBAIOT BOZMOXXHOCTh MCTIOb30Ba-
HUST U3IEIMS T10 IIPSIMOMY Ha3HAUYEHMIO WIM COKPALLIAIOT €ro 001206¢H-
Hocmb (M. ipuMep 6).

IIpumep 2. 3nauuTenbHblil nedekT

ITycTh B KaTylKe pejie, pacCMOTPEHHOIo B mpuMepe 1, BO3HUK Jie-
(ekT, mpuBenIIMii K 3aMbIKaHuIo 20 % BUTKOB, T.€. B Helt octanock 8000
JEMCTBYIOLINX BUTKOB.

[Mpenmonarasi mo-mpexkHeMy MPOTOPIIMOHATBHOCTD MEXIYy KOJINUe-
CTBOM BMTKOB M COIIPOTHUBJICHUEM OOMOTKHM, MOXHO OIpPEACIUTh, YTO
COIPOTUBJIEHNE Te(eKTHOI 00MOTKM Ry = 1760 OMm.

D10 compoTuBeHUe TIpy HarpskeHuu 110 B orpaHnumnT ToK B Ka-
Tywke 10 3Hauenus I3 = 0,062 A. Cnenosatensno, MJIC Aw; = 0,062 x
x 8000 =496 A.

Takum obpazoM, u npu gaHHoM aedekre MJIC Oyaer 10cTaTOYHON
JUIsI cpabaThIBaHUS peJjie, OAHAKO YBEIMYEHUE TOKA Yepe3 0OMOTKY ITpaK-
TUYECKU Ha 25 % MPUBEAET K TIeperpeBy U30JISILIUU KATYLIKK CBEPX IOITY-
CTUMOTO U IPEXICBPEMEHHOMY OTKA3y peJie, XOTsl OHO M CMOXKET IIpopa-
60TaTh HEKOTOPOE BpeMs.

Ecnm Hanuune nedekra He OKa3bIBAeT BIUSHUS Ha pabOTy U3aenus,
TO €r0 Ha3bIBAIOT MAJIO3HAYNTETLHBIM.

IIpuvep 3. Masio3naunTesbHbIi nedekT

B katymike peJe, mapameTpbl KOTOPOTO MPUBEAEHBI B puMepe 1, 3a-
KOpoueHO 5 % BWTKOB, COIIPOTHMBJICHWE KOTOPHIX PABHO IPUMEPHO
2090 OM. DTO CONMPOTUBIICHUE OTPAHUYUT TOK B KaTYIIKE J0 3HAYCHMS
1, = 0,053 A, uro coorserctByeT MJIC Aw, = Iy - wy = 503 A.

Ecnu ydecTb, 4TO B JOKYMEHTALIMM peJie ycTaHoBeH 10 %-Hblii 10-
MYCK HA HOMUHAJIBHBIN TOK, T.€. I\ max = 0,055 A, To yBenmueHune Toka
Ha 0,003 A Hesb3s1 000CHOBAaHHO OTHECTHU K Ae(EKTY pesie UiIn ero Ka-
TYWIKNA, TaK KaK [y < L, oo

B cBs13u ¢ TeM 4TO yBeIMUYEHUE TOKA HE TIPEBOCXOIUT JOITyCKAEMOTO
JUISI TAHHOTO peJie, NedeKT, BbI3BABILINIA €T0, HE BIUSIET Ha pabOTy peJie.
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PaccmoTpeHHBIe TpUMEpPHI TTOKAa3bIBAIOT, UTO HE TOJIbKO pa3HbIe ae-
(beKTHI, HO OVMH U TOT XK€ BUI AeheKTa [B HaIlleM CIydae — KOPOTKOE 3a-
MbikaHue (K3) BUTKOB KaTyliky| MOTYT UMETh HEOJIMHAKOBbBIE MOCIIE/I -
ctBust. Camo ke Hajmumne nedekra B M3OeIUH JaJIeKO He BCETIa BIUseT
Ha ero CrioCOOHOCTb BBITTOJHSTh CBOM (DYHKIIUM.

B monrBepxneHue cKa3aHHOIO MPUBEAEM IpYMeEp, IIe B KauecTBe
00BEeKTa paCCMOTPEeHA TUPJISTHAA SJIEKTPUIECKUX JIAMIT. DTOT 10CTaTOU-
HO IIPOCTOI OOBEKT OYyAeT MCIOJIb30BAH €1lie B HECKOJIbKMX IIpHUMepax,
NP PACCMOTPEHUN OCHOBHBIX TEXHOJIOTMYECKMX BOITPOCOB IIOMCKA
ne(eKTOB.

ITpocToTa 0OBEKTA TTO3BOJIUT, HE OTBJICKASICh HA IMTOSICHEHMSI IIPUHIIN-
I1a ero AeMCTBUS Y MPOMCXOASIIMX B HEM IPOIIECCOB, 0OPaTUTh BHUMA-
HHE TOJIBKO Ha BOIIPOCHI TTOMCKa Ie(DEKTOB.

IIpumep 4. Pa3ziuyHoe nposiBjieHHe OIMHAKOBBIX 1e(DeKTOB

[Tyctb B 00BEKTE, IPEACTABIISIIONIEM COOOI MEPEHOCHOI CBETUIIBHUK
(puc. 1, a), mpousonnio K3 Mexmy BbIBOIaMU JIAMITHI.

[Tpu moaxTI0UeHNM CBETUITbHUKA K UICTOUHMKY ITMTAHUSI TIPOU30MIET
K3 B ucrounuke. B ganHoM ciyyae 1o cBouM nocieactsusim K3 B mamrie
SIBJISIETCST KPUTUIECKUM JIE(DEKTOM.

Hpyroit 00beKT — TUPJISTHIA DJIEKTpUYECKUX Jamil (puc. 1, 6). TouHo
TaKoi ke JedeKT B 3TOM 00BbeKTe MOXKET IIPUBECTU K Pa3IUIHBIM I10-
CJIEZICTBUSIM B 3aBUCMMOCTH OT YMCJIa JJaMIl B TUpJIstHAE. B yacTHOCTH,
pu 25 namItax uiam 6osee ¥ CyMMe UX HOMUHAJTBHBIX HAIPSIKEHUI, TIpe-
BOCXOJIAIIEH HatTpskeHue ceT, K3 B 0HOI 13 JIaMIT He TIPUBENET K YBe-
JIMYEHUIO HATIPSDKEHUS CBEPX JOIYCTUMOTO Ha KaXKAYIO M3 OCTaBLIUXCS
WCTIPAaBHBIMU JIAMIT U K 3aMETHOMY BO3PaCcTaHUIO SIPKOCTU CBEUYEHUS
OCTaJIbHBIX JIAMII.

XoTs BHelTHe 00a medeKTa IIPOSIBIISIOT Ce0sl OMMHAKOBO (OTCYTCTBHE
CBEUYEHMSI HEUCTIPABHOM JIaMIIbl), IO CBOMM TocyeAcTBUsIM K3 B ogHOI
W3 JIAMII TUPJISTHABI He TIpuBOIUT K K3 MCTOYHMKA 37EKTPOIHEPTUN U
JUTSL BCEW TUPJISTHABI SIBJISIETCS 10 TIPUHSTOMN KiacCu@uUKaluu Majlo3Ha-
YUTEIBHBIM Oe(DEKTOM.

Kpome ncripaBHOTO ¥ HEUCTIPABHOTO COCTOSTHUI B TEXHUIECKOM T1a-
THOCTUKE Pa3ainJaroT pabomocnocooHoe u HepabomocnocooHoe COCTOSTHUSL.

H2 H3

X1

a)

Puc. 1. Pa3numuHoe nposiBieHUe 0JUHAKOBBIX /1e()eKTOB:
a — B IIEPEHOCHOM CBETUJIBHUKE; 6 — B TMPJISTH/IE DIEKTPUIECKUX JTaMIT



PaboTocnocoOHbIM CUMTAETCS U3IE/INEe, CTIOCOOHOE BHIMOJHSITH BO3-
JIOXKeHHBIC Ha HeTO (DYHKIIUY TIPU COXPAaHEHWH 3HAYCHUI 3aJaHHBIX T1a-
paMeTpPOB B 3apaHee YCTAaHOBJIEHHBIX Mpeaesiax. B mpoTuBHOM ciydae u3-
Jese HepaboTOCIIOCOOHO.

XoTs 11000€ UCTIpaBHOE M3EIINE SIBISIETCS OMHOBPEMEHHO 1 paboTO-
CIIOCOOHBIM, HO O PabOTOCIIOCOOHOM M3IEIMU HE BCeraa MOXHO CKa-
3aTh, YTO OHO UCTIPaBHO. B mpmmepax 3, 4 TokazaHo, YTO ¥ HEUCITPABHBIC
W3IEJsI MOTYT BBITIOJHSTD BO3JIOXKEHHbIE HA HUX (DYHKIIWM.

Hapy1ieHre ncnpaBHOTO COCTOSIHUSI U3AEIMS MPU COXPAaHEHUU €ro
PaboTOCTIOCOOHOCTH TTPOUCXOIUT B PE3YJIETATE HO8pedcOeHUs, a TIPU Ha-
pYLIeHUU pabOTOCIIOCOOHOCTU — M3-3a OMKA3A.

W3 npuBeneHHBIX ONpeae/eHU CIEMyeT, YTO XOTSI OTKa3 U3ICIIUS U BbI-
3bIBAETCSI HAJIMYKMEM B HEM TeX WUJIM UHBIX Ae(heKTOB, OMHAKO caMo o cebe
nosiBjeHue nedekTa He Beerna MpUBOIUT K OTKa3y (CM. IIpUMeEpHI 3, 4).

OTKa3bl, He CBSI3aHHBIC C HEMCIIPABHOCTBIO IPYTHX AJIEMEHTOB, HA3bIBAIOT
He3a8UCUMbIMU, 3 BOSHUKAIOITUE KaK CJICICTBHE APYTOTO — 3A6UCUMbBIMU.

IIpumep S. 3aBucumslii 0TKa3

B KoHTaKkTOpaX HEKOTOPHIX TUIIOB MCITOIB3YIOT CEKIIMOHNPOBAHHBIC
KaTylku (puc. 2).

T1pu BKIIOYEHUM KOHTAKTOpa paboTaeT ceKius KaTyku K1. I, Ha3bl-
BaeMasi nyckoeoil WiV BKIToUaroleii. Bropast e cexumst katymiku K1.2B
3TO BpeMs 3alllyHTUPOBaHA Pa3MbIKAIOIIUM KOHTAKTOM K /.3 KOHTaKTO-
pa. B 3aBrcrMocTH OT rabapurta KOHTaKTOpPa TOK, TIPOTEKAIOIINIT Yepe3
MYCKOBYIO CEKIIMIO, MOXET HAaXOAUThCS B rpeAenax 8§ — 15 A.

ITocne Toro Kax MoABMXKHASI CUCTeMa KOHTAaKTOpa MepeMecTUTCS] B
KOHEYHOE TTOJIOXKEeHNE, KOHTAKT K1.3 pa30MKHETCS 1 B PaOOTY BKITIOUNT-
csl ynepxkuBaroias katymka K7.2, a Tok ymeHbiutcst 10 0,2 — 0,8 A.

IIpeanonoxum, 4To B KOHTAKTOPE CYIIECTBYET Ae(DEKT, MPEnsITCTRY-
oI pa3MBIKaHMIO KOHTakTa K/1.3. B 3TOM ciydae uepe3 HEKOTOpoe
BpeMsI TI0CJIe oAUy HaIlpsDKEHUST Ha KaTyILIKy OT Meperpy3Ku Iepero-
PUT TIPOBOI, KOTOPBIM HAMOTaHAa BKJTIOUAIOIIAs KaTylka. [IpoBoa 3Toit
KaTYIIKU pPacCUUTaH TOJIbKO Ha KpaTKOBPEMEHHYIO, B TECUCHUE N0JIei ce-
KYHIIBI, pab0OTy B MOMEHT BKJTFOUCHHST KOHTaKTOpA.

Takum o0Opa3om, nedekT KoHTakTa KI.3 TIpUBOOUT K OTKasy
KOHTaKTOpa.

OTKa3bl B 3aBUCMMOCTH OT IMPUYMH, BBI3BIBAIOLINX UX MTOSIBJIEHUE, TI0-
Tpa3fesITIoOTC Ha cucmemamu4eckue N CAy4atitble.

CrcreMaTHIEeCKIE OTKA3bI M3/ BOSHUKAIOT ITPU HAPYIIICHIH TeX~
HOJIOTMYECKUX TPOLIECCOB MX M3TOTOBJIEHUS WM MOHTaXa, HACTPOUKKA
VT SKCTUTyaTalliy, PEMOHTA VUTH UCTTBITAHWIA. [IpMIHEI TAKMX OTKA30B
MOTYT OBITH BBISIBJIEHBI U YCTPAHEHBI.

Ciy4aiiHble OTKAa3bl IPEACTABISIIOT COOOM XOTS U HeXKeJlaTeIbHOe, HO
BITOJTHE €CTECTBEHHOE SIBJIEHWE W XapaKTepHBI JIJIST JTFOOOTO TEXHUYECKO-
ro oObeKTA.
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Puc. 2. CeKumoHMpOBaHHAsI KATYIIKA

BeposiTHOCTD TakuX OTKA30B OIpeNesiseTcsl ToKa3aTesisIMU ero Ha-
NIEKHOCTU: HApabomkKoll Ha 0MKa3, eposSmHOCMbI0 6e30MKa3HOl pabomel,
doneogeuHocmuio 1 JIp.

[MpownmocTpupyeM B3aMMOCBSI3b HEKOTOPBIX M3 IEPEUMCIICHHBIX
MOKa3aTesIeH.

IIpuvep 6. HapaGoTka Ha 0TKa3 M J0JITOBEYHOCTh

«MHorna HoBast yCTaHOBKA cpa3y OTKAa3bIBAET WM paboTaeT 1ioxo. B
TaKUX CIydasix HeMeIJICHHO IPMHUMAIOT HeoOxoanuMble Mephl. M cHa-
yaJia BCe XOpOoILIo, 3aTeM padboTa yXyaAlllaeTcsl, U, HAKOHEIl, HACTyMnaeT OT-
Ka3: 3JIEKTPOYCTAaHOBKA BBIXOIUT U3 CTPOSI, HAIIPUMEp Uepe3 3 Mec, XOTS
CPOK e€ CITyXObI 16 1eT!».

3nech NpUBEACHBI 1BE XapaKTePHUCTUKU HAIEKHOCTH — HapaboTKa Ha
0TKa3 (IPOIOJIKUTEIFHOCTh pabOTHI A0 TIEPBOTO OTKA3a) M HOJITOBEY-
HOCTb (CPOK C1yk0bI). B COOTBETCTBUM C MPUHSTON CUCTEMOM TTOHSATHIA
IUISL peMOHMONPU200HbIX N3N HapaOOTKa Ha OTKAa3 BCErga MEHBIIEe
cpoka Ux cy*k0b1. Takum 06pa3oM, eciv 11 TaHHOTO U3/Ie/I1s] yCTaHOB-
JIeHa HapabOTKa Ha OTKa3 MEHBIIIAsI UJIX PaBHAasl 3 MeC, TO €T0 OTKa3 3aK0-
HoMmepeH. B ToM ke ciydae, Koraa yCTaHOBJIEHHasi HapaboTKa Ha OTKa3
TPEBBIIIACT 3 MEC, MOXKHO TOBOPUTH O HM3KOH (DaKTUIECKOM HAIEXKHO-
CTU TaHHOT'O U3IEJIUS.

[To-uHOMY OOCTOUT AENO C HepeMOHMONPULOOHLIMY U3ACTVSIMU, JUIS
KOTOPBIX HapabOTKa Ha O0TKAa3 BCETIa MOJIKHA OBITh HE MEHBIIIE CPOKa MX
cayx0bl. Takum obpa3oM, OTKa3 HEPEeMOHTOIIPUTOAHOIO M3IEIUSI CO
CPOKOM CIIy>KObI 16 j1eT uepe3 3 Mec paboThbl — SIBJIEHHE HEHOPMAaJIbHOE.

OpHaKo cyieyeT TOMHUTB, YTO BCE TTOKA3aTe/ N HAJIEXKHOCTH SIBJISTIOT-
s CITyJaltHBIMM BEIMUMHAMU U TTO3TOMY T10 ITPEXICBPEMEHHOMY OTKa3y
OITHOTO €MMHCTBEHHOTO U3/IEJINS HeJTb3st 000CHOBAHHO CYIUTH O HAIEXK-
HOCTHU APYTUX U3IEJIUIA JAHHOTO THUIIA.

B mpumepe 3 Obu1 paccMOTpeH ciydail, Korga AedekT B U3IeTuu
BHEIITHE ce0sT He TpostBIIL. Kakym ke 00pa3oM MOXKHO Y3HATh O CYIIECT-
BOBaHMU 3TOTO UJIU JIIOOOT0 APYroro nedekra B TOM WIX UHOM U3JENUH,
He TOXNIAsCh BOSHUKHOBEHUSI 0TKA3a, aBapUH WM IPYTUX HeXKeIaTeIb-
HBIX MOCIeACTBUI?

' Coxpanena TepmuHonorus, ucrnonb3osaHHas B [10].



IIpexne Bcero, aedeKkT B U3AEIUU MPOSIBISIETCS BO BPEMsI €ro Ha-
CTPOWKM, UCTIBITAHWIA MJIU TP TIJTAHOBOM MTPO(MIIAKTUUECKOH TTPOBEPKE
0 MPpU3HaKaM, MO3BOJISIIOIIUM YCTAHOBUTD (aKT HAPYILIEHUS €T0 UCT-
PAaBHOCTHU WU PAOOTOCIIOCOOHOCTH.

Ha ocHoBaHUM 3TUX MPU3HAKOB (PAKTUUYECKOE COCTOSIHUE W3IEHs
OTHOCSIT K OTHOMY 13 YEThIPEeX HA3BaHbIX BHIIIIE COCTOSTHUI (MCTIPaBHOE,
HeuCIpaBHOE, pabOTOCIIOCOOHOE, HEPaOOTOCITIOCOOHOE) UJTH XKe K npede-
AbHOMY COCMOSIHUIO, KOTJIA BBITIOJTHEHNE KaKUX-TM00 HACTPOSUHbBIX WU
PEMOHTHBIX pabOT Helleecoo0pa3Ho U U3e1e JOKHO ObITh 3aMEHEHO
HOBBIM.

YnoMsiHyThIE BbIllIe NPU3HAKU MPUHSITO HA3bIBATh Kpumepusmu oe-
hexma; 3a1a10TCSI OHU B TOKYMEHTAIIMW U3IEJIVs B BUIE TTePEUHs mapa-
METPOB WX XapaKTePUCTUK C YKA3aHUEM JIOMYCTUMBbIX MPENETIOB UX U3-
MEHCHUST — JONyCKO08.

IIpumep 7. Kpurepuu aedekron

[Tycts paboTOCTIOCOOHOE COCTOSTHUE KATYIIIKK PeJie XapaKTepru3yeTcst
TOJIBKO OJIHUM TapamMeTpoM — compoTusieHrneM R = (2200 + 150) Owm.
B sToM cityyae npu 11aHOBOM MPOGUIAKTUYECKOM TPOBEPKE pelie ObLIO0
OBl YCTAaHOBJIEHO, YTO 3HaYeHNE (DaKTUUECKOTO COTTPOTUBJICHUS BHIXO-
JIUT 32 TIPEAEIIbI TOMYCKa, 3TO YKa3bIBAIO Obl HA CYIIIECTBOBaHUE nedeK-
TOB, PACCMOTPEHHBIX B ipuMepax 1, 2. B To xxe BpeMs KaTylika peJe ¢ Jie-
(¢ekTOoM, YyKazaHHBIM B MpuMepe 3, Oblja Obl OTHECEHA K UCITPABHOM.

O cymectBoBaHUM JeheKTa B M3IETNM, pabOTaIONIEM TI0 TIPSIMOMY
Ha3HAUYEHUIO, Y3HAIOT 10 CPA0ATHIBAHUIO YCTPOMUCTB 3aIIUThI M CUTHAITU -
3aIMU WJIU TI0 BO3HUKHOBEHUIO HEJIOITYCTUMBIX OTKJIOHEHW I KOHTPOJI -
pYeMbIX TTapaMeTPOB.

IIpumep 8. Ycranosienue (hakTa cymecTBoBaHHS aedeKkTa

[ToTpebuTtens 3MEKTPOSHEPTUN MOTYYAET MUTAHUE Yepe3 KOHTAKTHI
ABTOMATUYECKOTO BBIKJTIOUATEIs (aBTOMAaTa), CHAOXKEeHHOTO 3aBUCUMbBIM
pacuenuresieM, UMEIOIUM BPEMSITOKOBYIO XapaKTePUCTHUKY, MOKa3aH-
HYIO Ha puc. 3.

Ecnu aBTOMAaT He OTKITIOUAET JIEKTPOITUTAHKE TOTPEOUTENSI, TO CUUTA-
0T, 4TO Ie(DEKTHI B CCTEME TTUTAHUS JIEKTPOYCTAHOBKM OTCYTCTBYIOT. B
MPOTUBHOM CJTy4ae CUYMTAIOT, YTO JE(MEKT CYILECTBYET, U MPUCTYMAIOT K
BBISICHEHUIO TIPUIWHBI, BbI3BaBIIEH cpabaThIBAHUE PACIICTTATEIS.

EctecTBEHHO, YTO MCHPaBHOCTh pacleNUTENs] U CaMOro aBToMaTa
HAJUIEXKUT TIEPUOANYECKU TTPOBEPSTh.

Haxkownel, o cyiiectBoBaHUU Ie(DEKTOB B U3IEINU CBUICTEIbCTBYET
BO3HUKHOBEHME TOI WJIM UHOMN asapuiinoii cumyauyuu (asapuu). B otiu-
4yye OT PACCMOTPEHHBIX paHee, TaKasl CUTyalLlMsl He SIBJISIETCS. HOPMOU 1
JIOJDKHA pPacCMaTpUBAThCS KakK Ype3BbIYaiiHOE TIPOUCIIIECTBYE.

Pestomupyst ckazaHHOE, OTMETHM, YTO B TEXHUYECKOM IMArHOCTUKE
HE3aBHCHUMO OT TOTO, KAKMM 00pa30M BBISIBJIEH (DaKT CyIIECTBOBAHMS Jie-
(pexTa, K TOMCKY AeheKTa IPUCTYIIAIOT IIOCTIE TOTO, KaK OH CeOsI IIPOSIBUIL.
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Puc. 3. BpeMﬂTOKOBai[ XapaKkTepuCTUKA aBTOMATHYECKOI'0 BbIKJIIOYATEIA

ITo npuBeaeHHOMY BBbILLIE OIpeAeIeHNIO 000N AeeKT NMpeacTaBis-
€T cO00I1 OTKJIOHEHHE OT KaKOM-JIM00 HOpMbI. [1oKa TAKOTo OTKJIOHEHUST
HET, T.¢. 1e(eKT He TPOsIBUJICS, HET U camoro nedekra. [ToaTomy cyie-
CTBYIOILIE€ MHEHKE O TOM, YTO Ie(DEKThI Hal0 OOHAPYKMUBATh U YCTPAHSITh
3a01aroBpeMeHHO, YTOOBI OHM cebsI He mposBwin [10, ¢. 110], ommbou-
HO, TIOCKOJIBKY 3TO TIPOTUBOPEUYUT OCHOBHBIM ITOHSITHSIM TEXHUICCKOMN
JMArHOCTUKY U TEOPUU HaleXKHOCTH .

[IponsBoms Te WM NHBIE TIPOBEPKHM, HE BCETIa yaaeTCsI BEISIBUTH (DAKT
cyliecTBOBaHMs AedekTa B u3neauu (CM. ipumep 3), TO3TOMY 10 OTHO-
LIEHUIO K npaguaam, Memooam N cpedcmeam KoHmpoas Bce 1eeKThl 1Mmo-
Npa3fesIsIIoT Ha S6Hble U CKpbimble.

ABHbBIE NeDEKTHI MOTYT OBITH OOHAPYXXEHBI METOAAMU U CPEICTBAMU
KOHTPOJISI, TIPEAYCMOTPEHHBIMU B JIOKYMEHTALIMM Ha u3nenue. Harmpu-
Mep, MYCTb B JOKYMEHTALIMU Ha peJie yCTaHOBJEH TOJIBKO OIUH CIOC00
KOHTPOJISI UCIIPABHOCTU KaTYIIKU — MO COMPOTUBICHUIO OOMOTKU. B
9TOM ciydae AedeKThl, ONMCaHHbIE B MpuMepax | u 2, 1o IMpUHSTON
Kiaaccu(UKALUM OTHOCITCSA K SIBHBIM. JlepeKT, yKazaHHBIN B TIpUMe-
pe 3, I 3TOTO CI0co0a KOHTPOJIS SIBISICTCST CKPBITBIM.

Takas knaccuduKaiysi He 1aeT OCHOBAaHUIA TOBOPUTD, YTO CKPBITHIC
nedeKTbl BOOOIe Hemb3sl 00HapyXuTh. [1pocTo oThaenbHble neheKTh
CKPBITHI OT KAaKOTO-TM00 KOHKPETHOTO CIIOC00a KOHTPOJISI U JIJIST MX BbI-
SIBJICHUSI CJIETYET TIPUMEHSITh MHOM CIToco0.

! TIonpo6HO 0 MPOrHO3MPOBAHMI OTKA30B MOXKHO TPOYHTATH B [33].
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IIpumep 9. BoisiBiienne ckpbiToro negexra

ITycTh paboTOCITIOCOOGHOE COCTOSTHME KATYIIKW XapaKTePU3YETCsI ABY-
Msl IIapaMeTpaMu:

e CONPOTHUBJIEHUEM 0OMOTKHU Ry = 2200 £ 150 Owm;

e TokoM /; = 0,05 + 0,002 A.

CriemoBaTeIbHO, UCTIPABHOCTH KATYIITKN KOHTPOJIMPYIOT ITO Pe3yiIbTa-
TaM U3MEPEHUS COTIPOTUBIIEHUS 1 ToKa. [1pu TakoM crocobe KOHTPOJIsT
nmedexT (cM. ipumMep 3) TepecTaeT OBITh CKPHITBIM, TaK KaK (haKTUIEeCKOE
3HaueHue Toka /; = 0,053 A npepiaet gomyctumoe 0,052 A.

JT1o0bIe ke neeKThl 0OMOTKU peJie, YMEHbBIIAIOIIUE €€ COMTPOTUBIIE-
Hue MeHee yeM Ha 150 OM 1 ke MpUBOSIIME K YBETMISHUIO TOKA, TT0-
TpebisieMoro e1o, He boiree yeM Ha 0,02 A, 71T TOTO CITOc00a KOHTPOJIS
PaboOTOCIIOCOOHOCTH TOJKHBI OBITh OTHECEHBI K CKPBITHIM.

[1pu Bo3HMKHOBEeHNN AeheKTa B U3IEINN TOSIBISIOTCS KOHKPETHEIC
u3MeHeHUs (0OpBIB MPOBOAA, HEMPaBUIbHOE COCAMHEHUE 3JIEMEHTOB
MEXIy Co00ii, He IIPeAyCMOTPEHHOE CXeMOI 3aMBbIKAHHE TOKOITPOBOISI-
KX YaCTeil, IOJIOMKA IeTajieil). DTh U3MEHEHHsI Ha3bIBAIOT XAPAKMEPOm
degpexma.

ITo sTomMy mpu3HaKy Ae(eKThl MOAPA3NENISIIOT Ha 21eKmpuyecKue 1
Heanexkmpuyeckue.

K snekTpryeckuM nedekraMm OTHOCST HapylIeHUs] KOHTaKTHBIX COe-
nuHeHui, K3, oOpbIB 2JIEKTpUYECKUX LIeTIel, OIIMOKY B COeTMHEHUSIX
3JIEMEHTOB MEXXJTy COOOM U T.II.

W3 Bcex BO3MOXKHBIX HERJIEKTPUUYECKUX Ae(DEeKTOB 0OpaTUM BHUMA-
HHME TOJIbKO Ha HEKOTOpbIe MeXaHWYecKue Ae(heKThl — HEToJaaKu B
KpPeIUICHUSIX 3JIEMEHTOB, B CHCTeMaX Iepelady U OT MCHOJHUTEIbHBIX
JBUTaTeNell (cepBOIBUTATENIEl) K OpraHaM yIpaBJIeHUs, B ITOABMKHBIX
4acTsX pejie U KOHTAKTOPOB U Jp.

o cux rmop MpUBOIMIMCH TTPUMEPHI OTHOTO AedekTa B uznaenuu. Omn-
HAaKo B 00IIIEM CJIydae B U3ISIMKU MOXKET CYIIeCTBOBATh 00JIee OTHOTO Jie-
(bexTa, 1 TOTIA TOBOPSIT, UTO B U3NEJIUM ECTh KpamHuie Oeghekmol. Tem He
MeHee 1 B paboTax 1o TEXHUYECKOI JMarHOCTUKE, U B JAaHHOM OpolLope
TpoIiecc moucka aedexTa onrcad B MPEAIOJIOKEHNH, YTO B U3ICUN B
KaXIbIii MOMEHT CYIIIECTBYET TOJIbKO OIUH AehEeKT.

Takast ycTOBHOCTb BbI3BaHA KaK MaJION BEPOSITHOCTHIO OTHOBPEMEH-
HOTO BO3HMKHOBEHUS JIBYX, a TeM 0OoJiee TpeX WIN YeThIpeX Je(eKTOB,
TaK ¥ TeM, 4TO HanboJiee SIPKO MPOSIBIISIETCST BCETa OMH eeKT, a Apy-
roii (uu Apyrue) Ha ero (poHe ocTaeTcs HEOOHAPYKEHHBIM.

K nmouncky KpaTHbIX 1e(EKTOB IPUCTYIAIOT TOrIa, KOIIa II0C/Ie yeTpa-
HEHWUSI IIePBOro, 0OHApYXEHHOTO ITPY KOHTPOJIE UCIIPAaBHOCTU U pabOTO-
CITOCOOHOCTH M3MIEJINSI, YCTAHABIMBAIOT HAJIMUME €IIe OTHOTO aedeKTa.

MHorma cyuTaor, 4To BOBMOXHBI CIydau, KOrJaa KpaTHbIE Te(eKTh
KOMIICHCUPYIOT Apyr Apyra. OQHAKO 3TO He COOTBETCTBYET UCTUHHOMY
MOJIOXKEHUIO BEIIIEl, UTO CJISIYET M3 BBEICHHOTO BBIIIIE ONPEACICHMS IT0-
HATUS deghexm. Ha camoM e mesie Tpu HaTMINU KPaTHBIX 1e(heKTOB BO3-
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MOXKHO, KPOME SIPKOTO MPOSIBJIEHUST OMHOTO U3 HUX, UCKaXXeHUEe BHEII-
HUX TIPOSIBJICHUI M3-332 COBMECTHOTO ACHCTBUSI HECKOJIBKIX Ie(EKTOB.

IIpumep 10. Kpatubie nedpekrn

OCHOBOI CXeMbI 3a1IUThI JIEKTPOYCTAHOBKHU OT KOPOTKOTO 3aMbIKa-
HUS SBIISICTCS peieiiHas 9acTh, pearupylomias Ha OOUH 13 ITapaMeTPOB
K3 u noparomast curHajl Ha OTKJIIOYAOIIMI 3JIEKTPOMArHuT aBTOMAaTH-
YECKOTO BBIKJTIOUATEJIST, Yepe3 KOTOPHII JaHHAS 3JICKTPOYCTAHOBKA I10-
JlyJaeT IMUTaHue.

ITycTh B peieitHoM YacTH cylIecTBYeT Ae(eKT, TPUBOISIIMIA K ee cpa-
OarbiBaHUIO Kak npu K3 B 3amuiaemMoil cxeMoii 30He, TaK U BHE €e€.
[TycTh OMHOBPEMEHHO C 3TUM CYIIIECTBYET Y BTOPOI 1e(heKT, TPUBEALIINIA
K OTKa3y OTKJIIOYAIOIIEro 3JI€KTPOMArHUTa.

B ¢Bs131 ¢ TeM UTO MO TEXHOJIOTMIECKUM COOOpaKeHUSIM 3allMIaeMast
YCTaHOBKA HE OTKJIIOYAETCS OT JICKTPONUTAHUS, Ie(DEKT OTKIII0YArOIIIe-
TO BJICKTpOMAarHuTa HUKaK He IposiBisieTcs. M3-3a Hamuuus Takoro ae-
(bekta He nposiBiIgeTCd U NeEKT B pesIeiiHON YacTu, XOTsI OHa U cpaba-
ThiBaeT npu K3 BHe 30HbBI 3a1IUTHI.

Takum 006pa3oM, BHEIITHE CXeMa 3allluThl K aBTOMaTUUECKUIT BHIKITIO-
yaTesib BeAyT ce0s1 Kak BIIOJIHE UCIIPaBHBIE.

Ecnu HeoOxoaumo 130exaTh aBapuiiHOM CUTyallMKi, BO3HUKAIOLLIEH
npu K3 B 3amuiaemMoii 30He, TO y3HaTb O CYLIECTBOBaHUM JedeKTa
MOXHO TIPY TIPOBEIEHUM TIEPUOANYECKMX COBMECTHBIX TIPOBEPOK 3aIIIH -
ThI ¥ TIPMBO/IA BBIKJIIOUATENSI O3 Pa3phIBOB 1ieneit yrpasiaeHus. Ho misa
TOTO, YTOOBI YCTAHOBUTH (haKT OMHOBPEMEHHOTO CYIIECTBOBAHUS ABYX
KOHKPETHBIX 1e(heKTOB, TAKOM MPOBEPKU YK€ HENOCTATOYHO U TPeOyeT-
cs1 pa3paboTKa CrelnaTbHBIX KPUTEPUEB U METOMIMK, TIO3BOJISIIOIINX BbI-
HECTH OOOCHOBAaHHOE€ 3aKJIIOUEHME O TOM, YTO BHEIIIHHWE IPOSIBJICHMUS,
XapaKkTepHbIe JIJIS1 JAHHOU TTPOBEPKHU, SIBJISIIOTCST PE3YJIbTaTOM COBMECT-
HOTO CYILIECTBOBAHMSI TOJIBKO 3THX JABYX Ae(DEKTOB U HUKAKUX IPYTUX.

AHaJIornyHast KapTuHa OyIET He TOJIBKO MPU OTKAa3€ AJIEKTPOMArHuTa,
HO U TIpY OOPBIBE JTI0O0TO TPOBOIHUKA, COETUHSIIOIIETO JIEKTPOMArHUT
C peJIeHON YacThlO, a TaKXkKe MPU HApYIIEHUH JTIIOOOTO U3 KOHTAKTHBIX
COEIMHEHU B LIEMHU 3JIEKTPOMArHUTA U IPYTUX OJOOHBIX Ae(eKTaxX.

K necpabarsiBanuto peseitHoit yactu ipu K3 B 30He 3aIITUThI MOXKET
npuBecTy U Hamyue K3 Bo BTOpUYHOI 1iemu TpaHchopMaropa ToKa,
(bopmupytoIIIerO CUTHAN, TOCTYTAIOIINI Ha BXO/ PEICHOI YacTH.

ITpriMepoB, MOXOXUX MO TIPOSIBIIEHUIO AE(PEKTOB, MOKHO TTPUBECTH
erie MHOTO. [103TOMY OKa3bIBaeTCsl HE TOJBKO YIOOHBIM, HO U Oosee
TPaBUIIBHBIM MPUCTYTATh K MOUCKY JieeKTa (TTociie yCTaHOBJICHHUS (haK-
Ta €ro CyIIeCTBOBAHUS), TIPEATIoarasi, YTo B U3AEJINU CYIIIECTBYET TOJb-
KO OJIUH Ae(eKT.

Kak BugHO 13 mpumepa 10, omuHaKOBbIE TIPOSIBICHMS PA3JIMYHBIX JIe-
(bekTOB HE MO3BOJSIIOT B KaXIOM KOHKPETHOM CJIy4ae yKa3aTbh, KaKue
VMEHHO KOHKPETHBIE 1e(DeKThI CYIIECTBYIOT B U3/Ie UK. B HailieM cirydae

13



MOXHO TOJIBKO TTEPEYMCIIUTD IPYIITY Ae(PEKTOB, UMEIOLINX OAMHAKOBbIC
BHEIITHUE TTPOSIBICHUST (VJTM UMEIOIINX OMHAKOBBIN 06pas [32]).

IIpumep 11. BHemnue nposiBieHusi KPaTHbIX J1e(heKTOB

ITycTh MCIPaBHOCTH BOCIIPMHUMAIOIICH YacTH pesie TTPOBEPMIIN 13-
MEpeHUEM TOKa, MOTPeO/ISIEMOro KaTyLIKOM, M Pe3yJbTaT U3MepeHUs
1> I, Takum 06pa3oM, MpoBepKa Mokasaia, 4To B pejie CyIIeCTBYeT
nedexT.

K yBenmueHuio Toka B KaTylllKe TIPUBOMIST HE TOJBKO JEKTPUUECKUE
(Harmpumep, K3), Ho 1 MexaHn4YecKue (B TTOABUXKHOI YacTu peJie) 1eeKThI.

OOHapyXeHHOe YBeJMUeHNe TOKa CBEPX JOIMYCTUMOTO MOXET ObITh
CJIE[ICTBUEM CYILECTBOBAHMS KaK OJHOTO 3JIEKTPUYECKOTO MM OIHOIO
MEeXaHM4YeCKOro fAedeKTa, Tak M1 OMHOBPEMEHHO JABYX 3TUX J1e(hEKTOB.

JaHHBI TpUMep WUTIOCTPUPYET TOT (PaKT, YTO TIPOSIBIICHNE KPAaTHBIX
Je(hEeKTOB MOXKET COBEPILICHHO HE OTIMYAThCSI OT MPOSIBJICHUI OJMHOY-
HBIX ¥ TOJIBKO TTO YBEJIMUCHUIO TOKA B KaTYIIIKE HEJTb3sI CKa3aTh, TTO KaKOM
MMEHHO IIPUYMHE OHO IIPOMU3OIILIO.

Jns1 BBISIBJIEHUSI KPaTHBIX JeeKTOB rocTymnaoT nHavye. CHauasia Haxo-
JISIT TOT IeheKT, KOTOPHIiA MPOSIBIISIET ce0st HanbosIee sIpKo, a 3aTeM, yCTpa-
HUB €ro TIPUYKMHY, ellle pa3 MPOBEPsSIIOT PadOTOCIIOCOOHOCTD MU3IEIHSI.

Ecnm takast mpoBepKa MoATBEpKIAeT HaJIMYKMe OTKJIOHEHMIA OT ycTa-
HOBJICHHBIX IIJIST U3IEJTUSI TOITYCKOB, TO TIPUCTYIAIOT K TTIOMCKY TOTO Je-
(bekTa, KOTOPBIA COOTBETCTBYET BbISIBJIEHHBIM OTKJIOHEHUSIM.

[MpumeHuTenbHO K mpumepy 11310 03Havaer, uto npu [ > I, ceny-
€T TPEXIE BCEro YOeIUThCsI B OTCYTCTBUM KopOTKoaaMKHyTHx BUTKOB
(Hampumep, U3MepsIsl COMPOTUBJICHUE KaTYIIKU), a 3aTeM, €CJIM COIpPO-
THUBJICHUE B HOpMeE, IIPOBEPUTH MEXaHMIECCKYIO YaCThb peJie.

OnHaKo MOXHO AEWCTBOBATb W MO-IPYyroMy — MPOBEPUTH CHayala
MEXaHMYECKYIO YacThb peJie, a 3aTeM €ro KaTylKy.

Takum 06pa3oM, OKa3bIBAETCSI, YTO JIaXKe TP ITOMCKE TAKOTO JIEMEH-
TapHOTO NeheKTa HETIPOCTO BI)I6paTL TY WJIN I/IHYIO TTOCJIeIOBaTeTbHOCTh
MIPOBEPOK, a TAKXKe mexHoa02u4ecKle nepexoosl!, ¢ TIOMOILBIO KOTOPbIX
5T TIPOBEePKHU peanu3yiorcst. [Toatomy B TEXHIUECKOIA IMarHOCTHUKE JIe-
(bexT onpenesieTcss HAa OCHOBAHMM KaKOTr0-I100 Memoda, yCTaHaBIMBa-
FOIIETO TIpaBMIa IPUMEHEHUS OIIPEIeICHHBIX TIPUHIIMIIOB, TEXHOIOTH-
YECKUX CPEICTB U BBIOOP TEXHOJIOTMYECKUX TIEPEXOI0B IS peaIn3aliii
TIPOBEPOK.

HeszaBrcuMo OT BRIOPAaHHOTO METOJa HEOOXOMMMO TIPEIBAPUTEIHLHO
M3Y4UTh U3JIEIIUE, YCTAHOBUTH BOBMOXHBIE Ie(DEKTh B HEM M MX IPU3HA-
KU, pa3paboTathb Modeau u3denus, KOTOPbIE OMMMCHIBAIOT UCTTPABHOE U HE-

! TexHosornueckuM repexoaoM Ha3bIBAIOT 3aKOHYEHHYIO YaCTh TEXHOJOTMYECKOl ore-
paLnu, OTIMYAIOIIYIOCS HEM3MEHHOCTBIO MCIOJIb3yEMbIX CPEJICTB TEXHOJOIMYECKOr0 OCHA-
LieHus. B HaleM ciydae orepalueii siBjisieTcsl MOUCK ledeKTa, a OAMH U3 TEXHOJIOTMYECKUX
TePeXo0B — u3mepeHue — ObUI pACCMOTPEH B mpumepax 1 — 3.

14



HUCIIPaBHOE COCTOSTHUS, OMPENSTUTD MOCIeI0BaTeIbHOCTh U COCTaB IPO-
BEPOK, BEIOPATh TEXHOJIOTUIECKUE TIEPEXOIbI VTSI MX peaTr3alii.

g ycnenHoro noucka aegekra HeT HEe0OOXOIMMOCTH 3HaTh Bce 00
BJIEMEHTAX, COCTABIISIONINX PEaTbHBIA OOBEKT, CBSI3SIX MEXKIy HUMU, a
TaKXKe O Pa3IMYHBIX «TOHKOCTSIX» M «OCOOEHHOCTSIX» ero paboThl. bosee
TOTO, M3TUIITHSIS MH(GOPMAIIUS 3a4acTyIO He TOJTBKO HE YCKOPSIET TTOMCK,
a, Ha00OPOT, 3aTPYAHSIET €ro, B YaCTHOCTH M3-3a TOTO, UTO JaJIeKO He
BCSIKUIA Te(PEKTHBIN 3JICMEHT MOKET OBITh 3aMEHEH Ha UCTIpaBHBIA. [1o-
3TOMY IPU ONIPEACIICHUN 22y0UHbl NOUCKA OPUEHTUPYIOTCS TIPEXKIE BCETO
Ha YpOBEeHb CMECHHOTO 0J10Ka (TI71aTy, Y3€JI, MOLYJ/Ih 1 T.I1.) ¥ 3HAYUTCIIBHO
pexxe — Ha ypoBeHb 3eMeHTa. VIMeHHO MO3TOMY IPU OThICKAHUM Je-
(bekxTa peaTbHBIN 00BEKT 3aMCHSIIOT MOJICITBIO.

Heobxonumo MMeTh B BUAY, YTO OJHO Y TO K€ M3IEINE MOXET ObITh
TIPEACTABIICHO pa3HBIMIA MOJIEISIMHA B 3aBUCUMOCTH OT TOTO, KaKWe €ro
CBOMCTBA MHTEPECYIOT B JAHHBINA MOMEHT.

Hawub6osee pacripocTpaHeHHBIMU MOIEJISIMU CITYKAT Pa3IMYHOIO POja
CXeMBbI (cmpyKmypHble, hyHKUUOHANbHbIE, NPUHYUNUAAbHbLE, NOOKAHYEHUS,
CcOeOuHeHUll, SKeUBaleHmHble N 1P.), OTINYAIOIIMECS TeM, UYTO MpeICTaB-
JISTIOT OIHO ¥ TO K€ M3eJIAe C Pa3HBIX CTOPOH U C Pa3HOI CTETICHBIO IeTa-
Jm3anyu. [ToaToMy B KauecTBe MOJIE/ICi MCITOJIBb3YIOT IPEXIE BCETO CXe-
MBI m3aenuit. M ToIbKO B TeX ciydasix, KOrma IUIisl OThICKaHUS aAedeKTa
HEJI0CTAaTOYHO CXEMbI, COCTABJISIOT CIICLIMAIbHbIC IMAaTHOCTUYECKIE MO-
JIeJH, TIpeIHa3HAYeHHBIC IS onpeAeieHusT neeKToB. MOXHO NCTIONb-
30BaTh KaK KaKyl0-TO OIHY MOJIEJIb, TAK U HECKOJILKO, 3aMEHSISI KX B TIPO-
1ecce mowucka nedexra.

M3 Bcex MCMOJIb3yeMbIX Hal0oJIee pacIpoCcTpaHeHa TMarHOCTUIeCKast
MOJIEITb B BUIE MepedHs AeeKToB (Tabr. 1).

Tao6numa 1. JlmarHocTHyecKas Mojaejb B BuAe MepeyHsi 1e(eKTOB s CHCTEMbI
CBETOBOIi U 3BYKOBO# CUTHAIU3ALMU

BHelHue nposgBaeHus TIprynHa 1 crocod ycTpaHeHUs
Llenu TpoBepKM J1aMIT Hewucnpasho pese. OOpbIB MpOBOAHNUKA. 3aMEHUTH CO-
He paboTaroT OTBETCTBYIOILIEE peJie U TPOBOIHUK

TTpu Haxkatum kHomku «[Ipo- | HencrpaBHbIe JlaMTa, TaTPOH JIAMITBI, TUOM B CXEMe
BepKa JIaMIT» JIAMITbI Ta0JIO HE | CUTHATM3ALMK. 3aMEHUTb COOTBETCTBYIOLILYIO JIAMITY
TopsIT (JTaMTIOBBI TTATPOH, TUIATY C TUOIAMMU)

Llenu «IIpoBepka paboTsl» He |HeucnpaBHbI pelie. 3aMEHUTD pelie
pabotaioT

TIpu npoBepke paboThl onHa u3| HencnpasHa samra. OGpbIB MPOBOAHUKA. 3aMEHUTh
JIAaMIT HE MUTAeT JIAMITY WJIM TIPOBOAHUK

He Bxitouaetcst cupeHa HewucnpaBHbl pese win 6JI0K JIOTUKU. 3aMEHUTD peJie
WK TIaTy 6J10KA JIOTUKH

Ilpumeuanue. OGIIME yKa3aHUSI — NPU BOSHUKHOBEHMH JeheKTa MPOBEPUTH HAMYNE TTHUTA-
HUSI CUCTEMBI TTyTeM TpoBepKu jiami «Her nuranust», «KOHTPOJIb CUCTEMBbI»; TIPOBEPUTD 3a-
TSIKKY BCEX BUHTOBBIX COCAMHEHMIA.
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Tab6nauia 2. PparMeHT JUATHOCTHYECKOI MOJIEU B BUE nepevHs AedeKToB 1
G poBoro 0J0Ka pesieiiHO 3aMUTHI

BHemrHue mposiBIeHUsT MMpuunna JIeiiCTBHSI 110 yCTPAHEHUIO

Bce nnaukaropsl OtcytcrByet nutanue (omne- |[IpoBepuTh HaMuMe Ha-

¥ TUCTUIEH TTOTaIIeHbI PATUBHBIH TOK). TIPSDKEHUST TUTAaHus. 3a-
Heucnpasen MIIBB. menutb MITBB. 3ameHuTh
Hewucnpasen MUIT MIIT

Jucruieil mocje HaxXaTust [MoHmxeHHast KOHTpacTHOCTB| OTPEryIMpoBaTh KOHTpa-

KHOIIOK He BKJIIoYaeTcs B Te- |aucruies. HeucnpaseH CTHOCTb IUCILIes . 3aMe-

yeHue 10 ¢ MUII. HeucnipaseH nynbt  |HUTh MLTI. 3aMeHuTh

610K

IMocne momayu MUTaHUSI MU~ Pa3pymem>1 WM He BBelleHbI | BBecTH HOBbIE 3HaUEHUS
TacT WJIM NMOorameH MHANKATOP|3HAYCHM YCTAaBOK U ITOJIOXKE-| YCTAaBOK 1 MOJIOKEHUI

«Pabora». Ha nucruiee B HMS TIPOTPAMMHBIX KJIIOYEH | TpOrpaMMHBIX KITIOUEH.
MeH1o «Tect» Hannucu: «He- Ecnu nedexr He ycTpaHsi-
ucrpaBeH», «MLIT YCT» ercss — 3aMeHuThs MITT

MuraeT wiu roraiieH uHAU- | BxogHoii aHamorosblii cur- | [IpoBepuTh aHAJIOTOBBIE
katop «Paborta», MHIMKATOP |HaJ MpeBbIIACT MPEAEJbHO |BXObI 1o MeHIo «[Tapa-
«Bp130B» noraieH. Ha qucn- | nonyctumoe 3HayeHue. He- | MeTpbl ceTr». 3aMEHUTh
nee B MeHIo «Tect» Haanucu  |ucnpaBeH MAC. Heucnipa- | MAC. 3amenuts MITIBB
«Heucnpasen», «MAC» BeH MIIBB (rutanue + 15 B)

JaHHast MOJIesTb COCTaBJIeHa B TIPEATIONIOXEHNH, YTO TIOUCK AedheKTa
MPOU3BOIUTCS 0 DJIEMEHTa — peJie, JaMIIbl, TaTpoHa, IPOBOIHMUKA.

ITpouecc noucka aedexra mpu UCIOJIH30BAHUM TAKOM MOIEIIU TTpeie-
JIbHO 1pocT. COonoCcTaBUB MPOSIBIICHUST peaTbHOTO AeheKTa C IIPUBEIEH-
HBIMU B OTHOM CTOJIOLIE TAKOI'O TIEPEUHSI, B APYTOM HAXOMAT IMIPUIMHY Je-
(hekrta 1 criocod ero ycrpaHeHwUsl.

JIns aeKTpuYecKUX MallliH Takasi MOJE/b OMrcaHa B KJIaCCUUeCKOM
knure P. T'. T'emke [13].

Cdepa nmpuMeHEeHHsT TAKOTO CIocoba Moucka aedekra orpaHUYeHa
TIPEXIIE BCETO TEM, UTO JJIsT 00JIee WIM MEHEee CJIOKHOTO U3IEITUS TTPaKTH -
YECKM HEBO3MOXHO COCTaBUTDH MCUEPITHIBAIONINI TIepeUYeHb Ie(PeKTOB,
T.€. HEJIb3$I TIOCTPOUTDH TMArHOCTUIECKYIO MOJIEJTb, B KOTOPOA OYyIyT yu-
TEHBI BCE BOBMOXKHBIC Te(PeKThl. YOSAUTHCS B 3TOM MOXKHO, 03HAKOMUB-
IIMCH C COOTBETCTBYIOIIMMH Pa3nieiaMKi PYKOBOJICTBA 10 9KCILTyaTallui
1M GPOBBIX YCTPOMCTB peieiiHOM 3a1IMThI. JIJIs TaAKUX U3eNINit paccMart-
puBaeMasi IMarHoCTUIecKasi MOJIesIb Pa3padaThIBACTCSI B TIPEIITIONOXKE-
HUU, 9TO ITpU OOHAPYKEHUH TOTO I MHOTO AeheKTa 3aMeHe MOoUIeKaT
COOTBETCTBYIOIIINE CMEHHBIE MOIYJIH (TaoJI. 2).

HaHHasi AMarHocTMyeckass MOJeNb MPUBEACHA 3[AECh MPEXIe BCEro
IUTST WUDTIOCTPALIMY HOBBIX BOBMOXKHOCTEH ITpU TTOMCKe neheKTa — MOJTy-
YEHMUE «IOACKA30K» O MPUUYMHE NedeKTa, BBIBOAMMbIX Ha 9KPaH AWCILIES
pu NpoBepke 0J10Ka B pexxuMe « Tect».

BBeneHHBIX B JaHHOI TJ1aBe OINPEeNCICHUM 1 CIETaHHBIX K HUM IT0SIC-
HEHUI AOCTATOYHO ISl TOrO, YTOOBI B AAJIbHEMIIIEM pacCMOTPETh OCO-
OCHHOCTH OMpeAc/ICHNUS Ne(heKTOB B PEICHHO-KOHTAKTOPHBIX CXeMaXx.

16



FNMABA BTOPAA

AHanu3 pesiemHO-KOHTAKTOPHbIX CXeM

JL1s1 BBUIBVDKEHMSI TUTIOTE3 O TIPUYMHE Y MECTOHAXOXKIECHUU Ae(eKTa
HEOOXOIMMO UMETh HEKOTOPYIO MH(pOpMAINio 00 MCTIPABHOM U HEUCTI-
PaBHOM COCTOSTHUSIX TOW PEJIEMHO-KOHTAKTOPHOW CXEMBbI, B KOTOPOW
WIIyT Je(eKT.

B cooTBeTCcTBUM C OTIpeeeHUSIMU, TAHHBIMU B T71. 1, O CyIIIeCTBOBA-
HUU AedeKTa B U3IEINN Y3HAIOT 110 BHEIIHUM TIPOSIBJICHUSIM — BBIXOIY
3HAYCHUM KOHTPOJIMPYEMBbIX MMapaMeTPOB 3a MpeAesibl JOIMycKa, cpada-
TBIBAHMIO 3alIUTHBIX YCTPOMCTB U IPYIUM (DaAKTOPaM.

BHelHue nposiBieHUs MOTYT ObITh Pa3HOOOpPa3HbBIMU, IPUYEM HE TO-
JIbKO OIMHAKOBBIE A€(hEeKThl MOTYT MPOSIBISITL CE0s1 Pa3IMYHO (CM. TIPU-
Mep 4), HO U pa3IndHble 1eheKThl MOTYT MMETh OJIMHAKOBBIE TTPOSIBIIC-
HUS (B TAKOM CJTydae TOBOPST 00 OMMHAKOBOM 00pa3e neceKToB). Bee aTo
YCIIOXKHSIET TTOMCK Ie(PEKTOB B peIciiHO-KOHTAKTOPHBIX CXEMaX.

IIpumep 12. OnuHaKoBOE MPOSIBIEHHE PA3IMYHBIX J1e()eKTOB

JedeKT B cucTeme yIipaBlIeHUsI aCUHXPOHHBIM 3JIeKTpoaBUratenem M
(puc. 4) mposiBIsSIeTCST B TOM, UTO TOCJIe 3amycka KHOMKOU S1 «[lyck»,
PACMOJIOXXEHHON B KHOIIOYHOM MOCTY A3, 1 HEKOTOPOro BpeMeHU pabo-
THl JIBUTATEIb OCTAHOBWJICS. [IOTIBITKM BHOBH 3alyCTUThL JBUTATETh
KHOMKOMU S1 «[lyck» He manm pe3ysbraTa.

PaccmarpuBaemasi cuctemMa COCTOUT U3: TJIaBHbIX Lienel A 1, 31eKTpo-
neurarenss M1, uierieii yripasieHust A2, KHOTIOYHOTO TocTa A3, maTamka
nmaBiaeHust BP1. Pabotaer cuctema ciemyronuM odpazoM. [1pu Hammanm
HarnpskeHus1 Ha BeiBojax L/, L2, L3, N1ipu 1t000M 1aBJIeHUU B KOHTPO-
Jpyemoli pejie BPIToukKe U IOJIOXEHUH «/]»> (IMCTaHIIMOHHOE yIIpaBJie-
Hue) nepekitodarenst SA 7 Haxatue Ha KHOMNKY S «[lyck» IPUBOIUT K
TOMY, UTO B LIENU yNpaBieHus A2Ha KaTymky K/ onaeTcst HanpsiKeHUe.

KoHTakTop cpabaTbiBaeT M 3aMbIKaeT KOHTaKThl K/ B IJIaBHOM LieNU
Al, momaBast HalpsbKeHNUe OOMOTKM 3JieKTponsuraTenis M 1. OmHoOBpe-
MEHHO C 3TUM KOHTAKT K. [ ITyHTUPYyeT KHOTIKY S/, 1 OHa MOXET ObITh
OTMYIIICHA.
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Puc. 4. Cucrema ynpapjieHusi ACHHXPOHHBIM JIBUTaTeJIeM

B nonoxennn «A4» (aBromMaTudeckoe ympaBieHHME) cXemMa padboTaeT
no-npyroMy. HezaBrucrumo oT Toro, Haxkata KHOIIKA WIM HET, MPU 3aM-
KHYTOM KOHTakTe BPI.1Ha kaTymky K1 TocTynaeT HanpsokeHUe M KOH-
TaKTOp IMOAAET HaMpsKeHUEe Ha OOMOTKM 3jekTpoasuratenst M1. Tlpu
TIOBBIIIIEHUY IaBJICHUS BBIIIIE YCTaBKU cpabaThiBaHus penie BP 1 KOHTaKT
BP]. I pa3MbIKaeTcsi, 00eCTOUNBACT KaTyIIKy K/ 1 KOHTaKTOP, pa3MbIKast
KOHTaKT K/, CHUMaeT HalpspKeHue ¢ aiekTpoaurarens M.

ComnocTapiieHMe TTPUBEACHHOIO OMMCAaHUsT padOThl CUCTEMBI, €€ CXe-
MbI ¥ IPOSIBJICHUI JeeKTa ITO3BOJISIET 3aKII0YUTh, UTO CUCTeMa paboTa-
Jla B pexKUMe JUMCTaHITMOHHOTO YITpaBJieHs (TTOJIOKEHUE «/]» TIepeKITio-
yatenst SAI), ¥ BBIABUHYTH CIIEAYIOIINE TUTIOTE3bI O TPUINHE neheKTa:

e OTCYTCTBUE HampspkeHUs nuTaHus U,

e HEWCIPaBHOCTh KHOMIOYHOTO TTocTa A3,

e HEHCITPaBHOCTH B 0j10Ke A1,

e HEHCMPABHOCTb B LIETISIX YIIpaBJIeHUsT A2.

Kpome Toro, MOXKHO TIPEIITOI0XUTE U APYTUe TPUINHEI 1e(eKTa, KO-
JITYECTBO KOTOPBIX OTIPEIEIISIETCS KaK OMBITOM TTOMCKa MeheKTOB B aHa-
JIOTUYHBIX CUCTEMAX, TaK U APYyTUMU (haKTOPaMHU.

OpHako ucxomHast MHQoOpMalus o posBIeHUSIX JedeKTa He T03BO-
JISIET OTIATh MIPEANIOYTEHNE HU OTHOM M3 BIIBUHYTHIX TMIIOTES.

3aodaua 1. Boiosunyms euje HeCKOAbKO 2UNOMe3 0 B03MONCHBIX NPUHUHAX
depexma, nposieieHUs KOMoOpPo2o ONUCabl 6 npumepe 12.

Xots B mpuMepe 12 cKa3aHO O paBHOIPABUU BBEIIBUHYTHIX THUITOTES,
3TO HE COBCEM TaK, ITOTOMY UTO OTHA 3 HIX — OTCYTCTBUEC HATIPSTKECHMS
nutaHust U — cTouT B 3TOM nepeyHe ocoOHsskoM. Eciu, rpoBepus ee,
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YCTaHOBUM, YTO HanpstkeHrue UecTb, To 1eeKT 3aKII0YaeTCsl B CUCTEME
ympasieHus. Ecim ke HanpsokeHne U OTCYTCTBYET, TO BEPOSITHEE BCETO,
YTO CHCTEMa YIPABIICHUS MCIIpaBHA, a IpUUMHA AeeKTa — B CUCTEME
muTanust. O0 3TO 0COOEHHOCTH JII0OOTO IIEKTPUIECKOTO OOBEKTa HE-
00X0I1MMO ITOMHUTD BCELAa U pacCMaTpuBaTh OOBEKT He U30JIMPOBAHHO,
a B COBOKYITHOCTH C CUCTEMOI €T0 3JIeKTPOIIUTAHUSI.

3mech CrielIMaJIbHO He 00pallajioch BHUMAHMS Ha TO, KAKUM 00pa3oM
MPOBEPSIIACH CIIPABEUIMBOCTh TUITOTe3bl. OMHAKO ISl OIPEACICHUS Ie-
(pekTa HeIOCTATOUHO BBIABUHYTH TMITOTE3Y, HAJIO ellie BLIOpaTh 1 CIIOCO0
€¢ MMPOBEPKU — TEXHOJIOTMYECKUIA TIEPEXO/I.

B paHHOM ciiyyae TpoBEpUTH TMIIOTE3Y MPOCTO — HAAO JIUIIb BOJIBT-
MeTpoM PV uaMeputh HaNpsKEHUE Ha CETEBBIX 3aXKMMaX B KOHTPOJIb-
HoIt Touke @.

MecTto M3MepeHusl HaIpsKEHUsT WIK JII000T0 IPYyroro napamerpa B
TEeXHUUYECKO JUATHOCTUKE HA3BIBACTCS KOHMPOALHOU MOUKOI VIIA MOY-
KOl KOHMpOAA BHE 3aBUCUMOCTU OT TOTO, YTO MPUOOP MOAKIIOUAIOT K
JBYM (VTN HECKOJIBKMM) 3JIEKTPUIECKUM TIETISIM (TOUKam).

XOTS OTCYTCTBHUE HAIIPSLKEHMS B KOHTPOJIBHOM TOYKE BITOJTHE Peajib-
HO, IJIST JAHHOTO IMPUMepPa TaKO# MCXO IMPOBEPKH HE MPEACTABIISIET OCO-
0oro mHTepeca, O3TOMY MPEANOJIOKMM, YTO BBIITOJHEHHAsS IIPOBEPKa
rnoKasajia HaJIMuMe CETEBOTO HaIpsLKeHUs. DTO 3HAUMT, 4TO AedeKT,
MPUBEIIINI K OCTAHOBKE IBUTaTe st M1, He B CUCTeMe MUTAaHMSI, a B CUC-
TEMe yIIpaBJICHMSI.

To, uTo MO3BOJIMJIA CAEIATh ITPOBEPKA IIEPBOIi TUIOTE3bI, B TEXHUYE-
CKOM TMAaTHOCTHUKE TTPUHSITO HA3bIBATh 0pAHUMEHUEM 00AACMU ROUCKA Oe-
ghexma. Takoe orpaHUTICHUE SBIISICTCST OMHOM M3 TIEPBBIX IIeJIei aHaIm3a
JII0O0ro 00bEKTa MPU OnpeaeeHuN AedeKTa B HEM.

B npuBereHHOM BbIIIE IiprMepe 12 BEIABUHYTO HECKOIBKO TUITOTES O
npraurHe aedekra. OmHAKO HEe BCeraa Tak MPOCTOo 3TO caesiaTh. BcroMo-
raTeJIbHBIM CPEICTBOM, MCITOIB3YEeMBIM IIPH YCTAHOBICHUH Oe(eKTa I
aHaM3a OObEKTOB, CIIYXKUT OuUaepamma 63aumMo0eticmeus 21emMeHmos.

B xadecTBe 251€eMEHTOB OOBEKTA MOTYT pacCMaTPUBAThCS HE TOJBKO
OTEeJIbHbIE pejie, KOHTAKTOPbI, JaMIIbl, KHOIIKM, HO U LIeJIble CXeMHbIE
y37161 1 0J1oKU. Takumu 0J10KaMu B cxeMe Ha puc. 4 IBISoTcs 0710Ku A1,
A2, A3, M1, BPI.

IIpumep 13. IlocTpoeHne AMAarpaMMbl B3aMMOJEHCTBHS 3JIEMEHTOB

Ha anektpryeckoii cxeMe MoKa3aHo TOJBKO OTHO COCTOSTHHE COCTaB-
JISTIOIINX ee 27IeMeHTOB. DaKTUIECKH Xe B TIpoIiecce paboThl B OOBEKTE
MPOUCXOIIT U3MEHEHHMSI: 3aMBIKAIOTCSI KOHTAKTHI, BKITIOUACTCST UM OT-
KITIOYaeTCsT HalpsKeHUe Ha yIacTKax ey WIN OTACTbHBIX 2JIEMEeHTaX,
3apsDKAIOTCS WK Pa3psmKaloTCs KOHIEHCATOPHI M T.11.
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s rpadpryeckoro n300pakeHus 3TUX UBMEHEHU TTpU aHau3e 00b-
€KTa B TpoIriecce MoncKa aecheKra NCITOIb3YIOT AuarpaMMy B3auMOIeH-
CTBUSI 2JIEMEHTOB, OCHOBY KOTOPOI COCTaBJISIIOT TOPU30HTAIbHBIC JTU-
HUU, YMCJI0 KOTOPBIX paBHO YMCITY PaCCMAaTPUBAEMbBIX DJIEMEHTOB (0J10-
KoB). Bce 3T nmMHUM HampaBieHBbl TapajuleJIbHO OCHM BpeMeHHU, a
MacIiTab BpeMeHH /151 BCeX OMUHAKOB.

B muarpamme B3aMMOAEICTBHUS TOK B 3JIEMEHTAX WX IIepeMeIleHIe
yacTell 3JIeKTPOMEXaHUYECKUX JIEMEHTOB M300paXkaloT Haj (UIv TI0.)
TOPU30HTAIIMU HAKJIOHHBIMU WUJIM BEPTUKAJIbHBIMU, 2 YCTAHOBUBILIEECS
COCTOSIHUE — TOPU30HTAIBHBIMU JUHUSIMU. YTOOBI IMOKa3aTh, 4YTO MPO-
11eCC BKJTIOUEHMUSI I OTKJTIOUEHMS peJie 1 KOHTAKTOPOB, Pa3roH MJIN OCTa-
HOBKa 3JICKTPONIBUTATENICN TIPOUCXOAUT HE MTHOBEHHO, PabOTy 3THX
3JIEMEHTOB M300paKaloT Ha AuarpaMMe B BUE TpaIelinii, IpUIeM BbICO-
Ty BCEX Tpalleliuii MPUHUMAIOT OJMHAKOBOM M CUMTAIOT COOTBETCTBYIO-
1LIel TOKY B paccMaTpuBaeMoOM 3jieMeHTe. Eciu B mpoliecce paboThl TOK
3JIeMEHTa U3MEHsIeTCsl (HalpUMED, B €ro LIEMb BBOASIT COIPOTUBJICHNE),
TO Ha TMarpaMMe 3TO OTPaXKaeTcsl CTYITEHBKOA.

st obseryeHusT paboThl C TMarpaMMOi B3aMMOIEUCTBUST XapaKTep-
HbIE TOYKM (B KOTOPBIX U3MEHSIETCS PEKUM pabOThI, TOK B 2JIEMEHTAX,
BKJTIOUAIOTCST MJTW OTKJTIOYAIOTCS SJIEMEHTHI U T.11.) HyMEPYIOT. YCIIOBU-
JINCh, YTO HOMEPA TOJKHBI BO3PACTaTh CJIeBa HAIIpaBo. TOUYKM COeaMHSI -
0T CTpeJIKaMU, MOKa3bIBAIOIIMMU «HaMpaBIeHue» Mpoliecca.

[TocTpoeHHas 1Mo 3TMM NpaBUIaM IrarpamMma B3anuMONEHCTBUS OJ10-
KOB CUCTEMbI, CXeMa KOTOPOI TIpMBeAcHA Ha puc. 4, UMEET IIeCTb TOpH-
30HTAJIbHBIX TUHU (puc. 5). Kpome nuHwmii njis 61okoB M1, A1, A2, BP1
U A3 Ha pucC. 5 mokKazaHa TakeKe JJMHUS I HanpstbkeHus mutaHust U.

B cooTBeTCcTBMM ¢ OnTMcaHUEM pabOTHI TIepel ITyCKOM CUCTeMbl Ha Hee
JIOJDKHO OBbITh MONAaHO HampsbkeHue U, a B pexXuMe aBTOMaTMYeCKOro
yIpaB/ieHUs1 KOHTAKT 0yioka BPI 3aMKHYT. BbInojiHeHUE 3TUX YCIOBUI
Ha [uarpaMme TI0Ka3aHO TOPU3OHTAISIMM HaJ COOTBETCTBYIOIIUMM
JIMHUSMU.

Korna kaxmast IMHUS AMarpaMMbl B3aMMOJIEMCTBYS OTOOpaXkaeT pa-
0OTY TOJIBKO OJTHOTO 3JIEMEHTA, TIOCTPOSHUE TIPSIMOYTOJTbHUKOB WJTU TPa-
Mnenuii He BBI3BIBAaeT 3aTpymHeHUid. [IpmMepoM MOXKET CIyKHUTh OJIOK
BP1I, conep:xaliuii Bcero oIMH pa3MbIKaoInii KOHTakT. Korma ke pac-
cMaTtpuBaeTcsl paboTa Bcero 6J10Ka, copepKaliero HeCKOJIbKO 3JIEMEHTOB
(cM., HanpuMep, 60ku A1 — A3 Ha puc. 4), To IJ1 TTIOCTPOCHUS Ara-
rpaMMbI B3aMOJIEHCTBUST OJIOKOB HEOOXOIMMO OTOBOPUTD YCJIOBUS pa-
00TBI OJIOKOB.

[TpuMeHUTETBHO K pacCMaTpPUBAEMOi CXeMe 3TH YCIIOBUS CJISIYIOIIIE:

e CcpabaTbIBaHUIO 0JI0KA A / COOTBETCTBYET MOSIBJICHUE HATIPSIKCHUST B
KOHTPOJILHOM TouKe Q) Ha BhIBoAax apurarens I, 2, 3;
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Puc. 5. Imarpamma B3auMOJeHCTBUSI OJIOKOB CHCTEMbl YNPABJIEHUS ACHMHXPOHHBIM
3JIeKTPOJBUTATEIEM

e cpabaTrbIBaHUIO 0JIOKa A2 COOTBETCTBYET HAJTMUME HAMPSDKEHUST Ha
katyimke K/ (cMm. BoiasT™MeTp PV2 Ha puc. 4);

e paboTa 06;10Ka A3 OLIEHUBAETCS MO 3aMbIKAHWIO KOHTaKTa KHOIKHU
S1.

ITo ycrnoBuro mpuMepa B HEKOTOPbIi MOMEHT BpeMeHM ObLTa HaXkaTa
KHormKa 1 B 6y10ke A3.

3aMbIKaHMe KOHTAKTa KHOIKHY S/, TOKa3aHHOe Ha AuarpaMmMe B BUJIE
MNpsIMOYToJIbHMKA (TOouKa /), IPUBEJIO K IMOSBJICHUIO CUTHAJIa HA BXOJE
CXEMBI YIIPABJIEHUSA 1 YEPE3 HEKOTOPOE BpeMa Af = £, — 1 1ok A2 cop-
MUPOBaJI BBIXOTHOM CUTHA (TouKa 2).

Tot daxr, 9To MeXKIy MOCTYIICHHEM CUTHAJIa Ha BXO.I 0J10Ka A2 ¥ T10-
SIBJICHUEM CUTHaJIa Ha ero BBIXOJE IMPOXOIUT HEKOTOPOE BpeMsl, OTMeUa-
0T Ha IMarpaMMe HaKJIOHHOM JIMHUEH, coequHsItolel Touku /1 2. AHa-
JIOTMYHBI Mpoliecc MpoTekaeT u B 0yioke A 1. [ToaTomy HanpspkeHre Ha
0O0MOTKM ABuraresist M1 ocTynaeT B MOMEHT BpEMEHM f3. 3aTeM JBUIa-
TEJIb Pa3rOHSIeTCs 1O HOMUHATLHOM YaCTOTHI BPAIICHUsT, TOCTUTAsI €€ B
MOMEHT BPEMEHN #4 (TOUKa 4 ).

ITpocnenum paboty o0beKTa mocyie cpadaTbiBaHUSI pesie JaBJIeHUs
BPIBMOMEHT BpeMEHH £ (TOYKa 5 ). ECTECTBEHHO, YTO IIPENBAPUTEIHHO
nepexiitouaresb SA 7 1o/KeH ObITh TIEPEKITIOYeH B noJioxkeHue «A». 1o-
cJie pa3MbliKaHus KOHTakTa BP1. I curHai Ha Bbixone 0Jioka A2 ncue3aer.
B cBsI3M ¢ TeM 4TO 3TOT CUTHAJ MCYe3aeT HEe cpasy Iociie pa3MbIKaHUS
KOHTakTa BPI. 1, HanpspkKeHue Ha BhIXOAE 0J10Ka OTKJIIOYAETCS HE B MO-
MEHT BPEMEHH f5, & YEPE3 HEKOTOPBIA IIPOMEKYTOK BPEMEHH (TOYKA 6 ).
Hampsokenne xe Ha 00MOTKax 3J1eKTpoaBuraTesiss M/ oTKITIoYaeTCs eie
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Puc. 6. Moaenm o0beKkTa B BiIe Ha0OpAa:
a — OJIOKOB M CBsI3eii; 6 — OJIOKOB C BKJIIOYCHHBIMM B HUX CBSI3SIMU

TOT/a, KOT/Ja ITOABMKHASI CUCTeMa KOHTAKTOpA HE TOCTUTIIA KOHEUHOTO
noJyioxkeHus (Touka 7). B aTor MoMeHT aBurareib M1 HauMHaeT yMeHb-
111aTh YaCTOTY BpallleHUsI, TTOKa HE OCTAHOBUTCS (TouKa &).

3aodaua 2. Ilokazamv Ha duaepamme e3aumodeiicmeue 610K08 (CM.
puc. 5) npu ucuesnogernuu numanus U.

[IpoBepka ogHOI 13 BEIABUHYTHIX B IIpuMepe 12 runore3 — IepBblid
IIar K OrpaHUIeHUIO 00J1aCTH MorcKa aedekTa. OmHaKO paccMaTpUBac-
MBIl OOBEKT COCTOUT U3 MATU OnokoB M1, Al, A2, A3, BPI n yeTbipex
cBszeit Wi, W2, W3, W4mexny Humu (cM. puc. 4), a mpuanHa negexra c
OIIMHAKOBOI BEPOSITHOCTBHIO MOXKET OBITh 3aKJTIOUEHA B JIIOOOM MX 3TUX
qacTeil.

J71s TOro 4ToOBI YCKOPUTD IpOLiecC MoucKa AedeKTa, BOCIIONb3yeMCs
CTIEUATBHBIMU WU OUACHOCIUYECKUMU MOOeAsiMU OOBEKTa.

IIpumep 14. Monenn, npeacrapisione 00beKT B BUIe HA00pa He CBS-
3aHHBIX MEXKIy c000ii 0I0KOB

Takyo Monenb mpu aHanu3e Oo0beKTa MoMcKa AedeKTra MOCTPOUTh
TPENIETbHO IMTPOCTO — OOBEKT PA30MBAIOT HA COCTABIISTIONINE ETO JIEMEH -
ThI (pejie, KOHTAKTOPbI, KHOMKHU U T.I1.) WK Ooku. [TpuMeHUTeIbHO K
cxeMe Ha puc. 4 ObUIO BbIIENIeHO TISITh 0J10KoB — M1, A1, A2, A3, BPI.

PeanbHble aneKTpruUecKre CBSI3U MEXIY STUMU OJIOKaMU, 0003HAYEH-
Hbele W1 — W4, B paccmaTprBaeMOii MOJEIN MOTYT ObITh JIMOO MPeACTaB-
JIEHBI B BHJEC OTICJIBHBIX 3JEMEHTOB (pucC. 6, a), 1M00 00bEIUHEHBI C
61okamu (351eMeHTaMu) obbekTamu (puc. 6, 6). OnmHako B JIIOOOM U3
3THUX CJIyJaeB BCe OJIOKM MOJIEIM MEXIY COOOI He CBSI3aHBbI.

TTowuck nedekToB NPy UCMOIB30BAHNY TAKUX MOZIEJIEl OCHOBBIBAETCS
Ha MPEATOJIOXEeHUH, YTO OOBEKT MUCIIPaBeH TOTA, KOT/Ia NCIIPaBHBI BCe
COCTaBJISIIONINE €ro OJOKW WM 3eMeHThl. ClienoBaTeIbHO, TS TaKHX
MoJiesieit mpoiiecc rnoucka aedeKra CBOAUTCS K MTPOBEPKE BCEX IIEMEH -
TOB (0JIOKOB), COCTABIISIIOIINX OOBEKT.
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Puc. 7. Cucrema ynpapjieHUs] ACHHXPOHHBIM JIBUTaTeJeM:
a — MOJIeJb U3 CBI3aHHBIX MEXKIY CO00Ii OJIOKOB; 6 — (hyHKIIMOHATBHBIN OJIOK

CrienoBaTeIbHO, IPUMEHUTETBHO K cXeMe (CM. puc. 4), TpeacTaBIeH-
HOI 0001 13 ABYX MoAeJIel TSl OThbICKaHUS JedeKTa, HEOOXOAMMO TIpO-
BEPUTH UCITPABHOCTD BCEX OJIOKOB U CBsI3€eil (puc. 6, a ) Win Bcex 0J10KOB
(puc. 6, 6) ¢ BRIIOYEHHBIMU B HUX CBSI3SIMMU.

[Tpy HEOONBIIOM YHMCIIe DIEMEHTOB PACCMOTPEHHYIO TIPOCTEUIITYIO
JUATHOCTUYECKYIO MOJIE/Ib MOXKHO MCITI0JIb30BaTh OYeHb ycrenHo. Ox-
HaKO C BO3pacTaHWEM YMCJIa 3JIEeMEHTOB B 00BEKTE TIPOBEPKa BCEX JIe-
MEHTOB (0JIOKOB) CTAHOBUTCSI CJIMIIIKOM TPYIOEMKOIM 1 IIPUMEHEHUE Ta-
KUX MOJIeJIelt HepallMoHaIbHBIM. Lleiecoodpa3Hee NCIoIb30BaTh APYTIHe
JMUarHOCTUYECKIE MOICIN.

IIpumep 15. Yuer cBs3eii Mexay 0JOKaMM MoOJAEIH 00bEKTa MOMCKA
nedekra

Ecnm ygaecTs B3aMHOE BIMSIHHE OJIOKOB, TTOKa3aHHBIX HA MCXOMHOM
cxeMe (cM. puc. 4), To ojyJyaeTcss MoAesb, IPMBEICHHAs Ha puC. 7, a.

B monenu ecth 6110kM nByX THIoB. OnHu u3 Hux (U, A3, BPI) He ume-
10T BXOIOB, a y Apyrux (A1, A2) ecTb BXOJbl, Ha KOTOPbIE MTOCTYIAIOT CUT-
HaJIbl OT 0J10KOB U, A3, BPI, v BBIXOIBI, C KOTOPBIX CUTHAJIBI TIOCTYIIAIOT
Ha Ipyrue 0J0KH.

B Gioke M1 HeT BbIXOAa, a €CTh TOJBKO oAuH Bxona. HekoToprie u3
0JIOKOB, OTHECEHHBIE 3/IeCh K YMCITy He MMEIOIINX BXOJIOB (BBIXOIOB), HA
caMOM JieJie MOTYT 00J1aaTh BXOIHBIM (BbIXOIHBIM) CUTHAJIOM, HO 3TOT
CUTHAJI 100 MMeET HERJIEKTPUIECKYIO Mpupoay (Kak aJisi 6jioka BP1, rie
BXOJIHOW CUTHAJT — JaBJIEHUE KOHTPOJIMPYEMOI UM CPeIbl), TMOO0 TTOCTY-
maeT U3 Apyroro oobekTa (Kak mist 6jJoka U). B 0boux ciaydasx BXOIbI
(BBIXOIBI) TAKMX OJIOKOB HE pacCMaTpPUBAIOT IIPU TIOMCKe edeKTa B 1aH-
HOM OOBEKTE.

B o01iem ciydae Kaxkaplid 13 BhIIEICHHBIX OJIOKOB peayi3yeT KaKyro-
TO DyHKIMIO ¢ (pUC. 7, 6), B COOTBETCTBUU C KOTOPOW BBIXOAHOMN CUTHAT
3aBHCHUT OT BXOIHOIO, T.€. Yy = 9(X,,). B TeXHMUeCKO IMarHOCTHKE
JUIsl 0003HaYeHUsI OJIOKOB, C BBIXOJAa KOTOPBIX CUIHAJIbI ITOCTYIIAIOT Ha
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JAHHBIN OJIOK, UCTIONB3YIOT CIIEUUATBHBIN TEPMUH — Hpeduiecmayoujue
610K U.

Takum obpaszom, 61oku A3 u BPI gBasitoTCS MpealeCTBYIOIINMU
0510Ky A2, a Bce 0J10KM BMeCTe MPEAIIECTBYIOT 010Ky M.

Tak kak UCIIpaBHOCTh JII0OOTO 6JI0Ka B TAHHOW MOJETU OLIEHUBAIOT
110 3HAUYEHUIO OJJHOTO MapaMeTpa Ha €ro BBIXOJE MPU M3BECTHBIX BXOM-
HBIX CUTHAJIAX, HAJTMYUE WIU OTCYTCTBUE MPEIIIECTBYIONIMX OJIOKOB CY-
LIECTBEHHO BJIUSIET HA OLICHKY PE3YJIbTATOB MPOBEPKHU.

[Tpu nposepke 610Ka, HE UMEIOLIETO MPEAIIECTBYIOLINX OJIOKOB (Ha-
npumep, A3 1 U), BO3MOXKXHBI TOJIBKO JBa UCXOMA:

e OJIOK MCIIpaBeH IIpU AOMYCTUMOM 3HAYEHMU KOHTPOJIUPYEMOIO
napamMmerpa;

e OJIOK HEUCIIpaBeH, KOIJa IlapaMeTp WMeeT HEeIOIyCTUMOe
3HaYCHME.

JelicTBUTEILHO, €CIM Ha BbixoJie 0sioka U HanpsiKeHUe COOTBETCTBY -
€T 3aJaHHOMY, TO 3TOT OJIOK ucnpaBeH. Eciu ke HanpsbkeHue paBHO
HYJIIO, TO OH HEUCITPaBEH.

I1pu mpoBepke ke 0J0Ka, MMEIOIIETO MPEAIIeCTBYIOLINE DJIEMEHTHI,
BO3MOXKHBI YeThIpe ucxoaa. I1pu normycTuMoM 3HaYeHUU KOHTPOJIUpYye-
MOTO TlapaMeTpa UCIIpaBeH He TOJBbKO IPOBepsieMblil 00K, HO U BCE
npeaiecTByoIme emy 6;10ku. [loaTBepauM 3TOT TE3UC MPHUMEPOM.

briox Al peanusyeT (hyHKIIMIO 3aMBIKaHMS (TIOCTIC HaXKaTUsI KHOIKHU
S1) 1 pa3aMbIKaHUS (TOC/Ie HAXKaTUsSI KHOMIKK S2 ) TJIaBHOM 1IETN 2JIEKT-
ponpuBona. Eciu mocie HaxkaTust KHOTNIKY S/ HanpskeHue B KOHTPOJIb-
HOU Touke @ ecTb (MexaydaszHoe HAMPSKEHWE Ha BbIBOJAX JIBUTATEIISI
M), a nocne HaxaTHsI KHOMIKY S2 HATIpsDKEHUE B 9TOM K€ KOHTPOJIbHOM
TOYKE OTCYTCTBYET, TO UCTIpaBeH KakK OJIOK A/, TaK 1 Bce MPEAIIECTBYIO-
mue emy onoku — U, A2, A3, BPI.

IIpuunHoOii HEOOITyCTMMOIO 3HAYEHMSI TapaMeTpa B KOHTPOJBHOM
TOYKE MOXKET OBITh KaK HEUCITPABHOCTD ITPOBEPSIEMOro 0J10Ka M1 JI1000-
IO U3 MPEAIIeCTBYIOIIMX €My, TaK M OMHOBPEMEHHAsi HEUCIIPaBHOCTh He-
CKOJIbKUX 0J10KOB. I[IprunHOI1 OTCYTCTBMSI HATIPSIKEHMSI B KOHTPOJIBLHOM
TOYKE IIPU HAXKATOM KHOIKE 57 MOXKET ObITh HE TOJILKO HEUCITPABHOCTh
650Ka A1, HO 1 OTCYTCTBUME HANPSKEHU S Ha ceTeBbIX 3axkumax L1, L2, L3
WJIM HEUCTIPABHOCTH OJ10Ka A3.

Taxkum 00pa3om, IpoBepsIeMbIiA OJIOK UCIIPABEH, €CJIM KOHTPOJIUPYE-
MBI mapaMeTp UMEET AoMmyCcThMoe 3HauyeHue. Ho oGpaTHoe yTBepKe-
HUe: OJIOK HEMCIIPaBeH MPH HEAOYCTUMOM 3HAUCHUHU TTapaMeTpa — He-
BEpHO, TOCKOJIbKY MPUUYMHOI 3TOTO MOXKET CIY:KUTb HEUCIIPABHOCTH
MPEAIIeCTBYIOIINX JIEMEHTOB.
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Puc. 8. Mopnens rupisiHIBI JJaMIl B BHJIE NOCJIEA0BATEILHO COeJMHEHHBIX 0JIOKOB

PaccmotpenHas B mpumMepe 15 Moziesb TTo3BOJISIET UCTIOb30BaTh IS
noucka a1epeKToB OOvH 13 Hanbosee 3(P(PEeKTUBHBIX CIIOCOO0B — C1OCOO
cpedHell mo4Ku.

IIpumep 16. Onpenenenne nedekTa ciocoO0M cpeaHei TOYKH

HedexT B TUp/siHAE 2JIEKTPUYECKUX JIaMII (CM. puc. 1, 6') TposiBUIICS
B TOM, UTO Yepe3 HEKOTOpOe BpeMsl pabOThI BCE JIAMITHI B TUPJISTHJIE TIO0-
raciu. Haubosee BeposiTHast TpUUMHA TAKOTO JiehekTa — TIeperopaHme
onHoii uz namm H1 — H20. Ucnionb3ys HanboJiee ITPOCTYIO MOJEIb U3 He
CBSI3aHHBIX MEXKIy CO00I OJIOKOB (CM. puC. 6, a ), CIeI0BajIo Obl IIPOBE-
PUTh MUCIIPaBHOCTH Bcex 2() JIaMIl, a eCcv BCe OHM MCIIPaBHBI, TO U BCE
CBSI3U MEXKITy HUMM.

Ho ycranaBnuBaTth NpuumHy AeheKTa TaKUM CIIOCOO0M TPYIOEMKO.
Ecimt ke BOCITOTB30BaTLCST BBEACHHBIM TOHSITUEM ITIPEIIICCTBYIONIETO
3JIeMeHTa U COCTaBUTh MOJIEJTh JAHHOTO OOBEKTa B BUJIE TTOC/IEIOBATEITb-
HO COCAMHCHHBIX OJIOKOB, Kylda BXONSIT JIaMIIa M OTHA M3 €€ CBSI3ei
(puc. 8), To mpoliecc MOKMCKa 3HAUUTEILHO YIIPOCTUTCS.

Puc. 9. TlocaenoBareabHOCTb MPOBEPOK CIIOCOOOM CpeIHEl TOYKH AJIs MOIEH, IOKa-
3aHHO# Ha puc. 8
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Puc. 10. Mopnenb 00beKTa € MCIOJIb30BAHHEM NPUYUHHO-CJIENICTBEHHBIX CBSA3ei

IMposepus! BuxoaHO# curnan 6oka H9 B Touke @ (MecTo IPOBEPKH
OTMEUEHO CTpesikou [11), moayaum MHGOPMAIIMIO O COCTOSHUM BCEX
MpeIIIeCTBYIOIINX eMy OJIOKOB HauuHast oT H 1. Y 3Toit mpoBepKu BO3-
MOXEH OVH M3 ABYX McxoaoB. [1pu nepBoM (pedbpo 7 Ha puc. 9) 6ok H9
WCTIpaBeH U, CJIe0BaTeJIbHO, UCITPABHBI BCE TTPEIIIECTBYIONTUE €My 0JI0-
ku HI— HS&. I1pu Bropom (pedbpo 2) HeucrnpaBeH ofuH (VI HECKOJTb-
ko) u3 6sokoB H1 — HY.

[Mpenmonoxum, 9To, BHIMIOJTHUB TIEPBYIO TTPOBEPKY B TOUKE [, TIOJTY-
YUM BTOpOI ncxon. Torma TouKy cieayomieii mpoBepku /12 BEIONpaeM B
cepearHe LEeMOUKU 13 3TUX OJIOKOB, a MUMEHHO Ha BbIxoje 01oka HYS. Jla-
JIbHe#IIasl TocienoBaTeIbHOCTh MPOBEPOK YaCTMYHO IIOKa3aHa Ha
puc. 9.

Kak BuaHO, Kaxkaasi U3 MpoBEPOK BbIOpaHa MPUOIU3UTEIBLHO B cepe-
JIMHE LETTOYKM U3 TTOCIEA0BATEIbHO COeMMHEHHBIX 0J10KOB. TakuM 00-
pasoM, TipoBepKa [14, BbITIOJIHEHHAsT Ha BbIxone Ooka H I, Io3BoOJIsIeT
JIOKQTM30BaTh MECTOHAXOXIeHUE nedekTa 61okoM H I (ipu HEIOMyCTH-
MOM 3HAYeHMH KOHTPOJMPYEMOTO IMapaMeTpa), B IMPOTUBHOM Ciydae
osiokoMm H2, a mpoBepka [16 — 6nokamu H3 n H4 cOOTBETCTBEHHO, T.€.
IUTS1 OOHapyXeHus nedeKTa MOHAT00MTCS BBIIIOJHUTD BCETO YEThIPE WU
MSTh IPOBEPOK BMecTO 20).

3aodaua 3. /lopucosams nponyujernvle Ha puc. 9 npoeepku u yKazamo ux
UCX00bL, BOCHOAB308ABUIUCH npUMepom 16 u modenvto Ha puc. §.

3aoaua 4. Beiopame mexronoeuueckuii nepexoo 04s NPOGepPKU UCNPABHO-
cmu 6noxoe HI — H20, noav3ysice npumepom 16.

Monenb 00beKTa, TIpeACTaBIeHHAsT Ha pUC. 8, COCTOUT TOJIBKO U3 T10-
CJIeIOBATEeJIbHO COSMMHEHHBIX OJIOKOB, TIO3TOMY MPUMEHEHNE CIIocoba
CpefHel TOUKU He MPeACTaBIIsIeT 0CO00 CI0KHOCTHU.

B monenu o6bekTa, mokazaHHOM Ha puc. 7, a, 6J10KM COEeAMHEHbI HEe
TOJILKO I10CJICIOBATEIbHO, YTO 3aTPYAHSCT UCII0Ib30BaHUE METOAA CPEI-
Hell TOYKM B TOM BUIE, KaK O HEM pacckazaHo B ipumepe 16. [Toatomy,
YTOOBI YCKOPUTBH ITOMCK AedeKTa IMPY UCIIOIb30BaHNU CII0C00a CpeIHeit

1 3nech TIPUBEICHBI TOJIbKO PE3YJIbTAaThl BHINMTOJTHECHUA TOW WJIK UHOM TIPOBEPKU U HE pac-
CMaTpuBacTCA BI:I60p crnocoba ee pearn3anu — TEXHOJIOTUYECKOTO Iepexoaa. O1oT BOIIpoC
SIBJISIETCA MPEAMETOM 3a1avu 4.
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TOYKHU, CTPOSIT CTICLIMAIbHbIE MOJIEIU, B KOTOPBIX pealbHbIC DJIEKTpUYE-
CKME CBSI3M MeXIy OJ0KaMU 3aMEHSIIOT Ha CBSI3U MPUHUHHO-CAE0CMEEH -
Hble, TIOKA3bIBAIOIIINE BIUSTHYE UCTIPABHOTO WJIM HEUCITPABHOTO COCTOSI-
HUS OTHOTO 3JIEMEHTAa Ha UCIIPABHOCTD IPYTOTO, CBSI3aHHOTO C HUM.

B cBsi3M ¢ TeM 49TO B pa3HBIX peKUMax CUCTEMbI MOTYT y4acTBOBATh
pa3Hbie 00K, TO U MOZIEN 00BEKTa B KAXKIOM U3 PEKMMOB OYyIyT pa3-
HbIe. B Takmx Momessix uist pesieiiHO-KOHTAKTOPHBIX CXeM NCTOYHUKAMU
NeEeKTOB SIBJISTIOTCS JIEMEHThI 00BEKTa 1 3JEKTPUIECKUE CBSI3U MEXIY
HUMU. JleeKThl MPOSIBIISIOTCS B BUIE 00pbl806 U nepeepy3okK.

I1Ipu 0OpbIBE — OTCYTCTBUMHU WIM MCKAXKEHUU BBIXOJHOTO CUTHAIA —
OT Jed)eKTHOrO 3JIEMEHTA K BBIXOLY 00BEKTa MPOTATMBAETCS OLHA WU
HECKOJIbKO LeTIEN MCIPAaBHBIX, HO HEPYHKLMOHUPYIOIINX 3JIEMEHTOB,
CBSI3aHHBIX MEXKITy CO0OI MTPUIMHHO-CIIeACTBEHHBIMU CBSI3SIMU.

ITpu neperpy3ke cUrHaja paclpocTpaHsieTcsl B HampaBjieHuu, oopart-
HOM HOPMaJIbHOMY TIOTOKY SHEprMM — K ammapaTy 3alllMThl Ha BXOJe
obbekTa. [ToaToMy BCce 271eMEeHTBl KaK MCTOYHUK TEePETPy3KU JOJDKHbBI
COCITUHSITHCS B IIPOTHUBOIIOIOKHOM MOPSIIKE U TIPESIIICCTBOBATH arlapa-
Ty 3a1uThl. Harmpumep, eciim ycTpoiCTBO COCTOUT U3 YEThIPEX OJIOKOB A,
B, C, D, tne 610K A ipeACTaBIsIeT anrapar 3alluThl, a 0J10K 1) — BbIXOA-
HO1 6JI0K, TO OHU COEAUHSIIOTCSI MEXKITy COOOM MPUUMHHO-CJIEICTBEHHbI-
MU CBSI3SIMM Tak, Kak MokazaHo Ha puc. 10. Takast Mmoaenb Ha3bIBaeTCsI
2paghom npUHUHHO-CAeOCMEEHHBIX C853€ll.

IIpumep 17. TlocTpoenue MoaeaH 00bEKTA C UCTIOJIb30BAHHEM MPUIMH-
HO-CJIeJICTBEHHbIX CBs3ei

B cootBeTcTBUY ¢ onucaHueM AedekTa B mpuMepe 12 o0beKT paboTa-
eT B pexkuMe «ITycK crcTeMBl Ipy IUCTAHIIMOHHOM YIIpaBIeHUM». st
TIOCTPOCHUST MOJIEJTV CHAvasIa OTIPEIeIISTIOT YPOBEHb IEJIEHNSI 00BhEeKTa Ha
COCTABIISIIONINE BJIEMEHTHI WM OJIOKM, OOBEAMHSIONINE HECKOIbKO
3JICMEHTOB.

J7151 TIPOCTOTEHI TTOJIOKKM, YTO OOBEKT COCTOMT M3 TISITH 0J10K0B U, A1,
M1, A2, A3. bnok BPI 31ech He pacCMOTpPEH, TaK KaK B JAHHOM peXXruMe
OH He BIMsIET Ha paboTy OObEKTa.

3aTeM yCTaHABJIMBAIOT BO3MOXHBIC ITPUIMHEI 1e(eKTa, TTPOSIBISIO-
1Ierocst B TOM, ABUraresib M1 He BpalaeTcs mocjie Haxatust Ha KHOTIKY
S1.

JedeKT MOor BOBHUKHYTb IO CJISAYIOIIUM MPUIUHAM:

e neperpyska (B Tom uncie u K3) B 61oke M1 {1}1;

o K3 B 0Omoke A1{2};

e K3 B 0Omoke A2{1'};

' B ourypHBIX cKOGKAX YKa3aHBI uHOeKCbl npeduiecmeosanis, 0 KOTOPBIX OYIET paccKa3aHo
HIIKE.
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MI Al U A3 A2 Al M1

A2

a)
1 2 3 4 5 6 7
I!

6)

Puc. 11. Mogaeab cucTeMbl yIpaB/ieHusi ACHHXPOHHBIM 3JIEKTPOABUIaTE/IeM, MOKA3aH-
HO¥# Ha puc. 4:

a — rpad TPUYMHHO-CJIEACTBEHHBIX CBSI3eii; 6 — MPUCBOEHUE BJIeMeHTaM rpada
MHJIEKCOB MPEIIIeCTBOBAHMS

e 00pHBIB cBs3eli B 0oKe U (OTCYTCTBUE CETEBOro HAMPSIKEHMS Ha BXO-
ne osoka A1 {3};

e OOpEIB CBA3CH B 0710Ke A3 {4};
00OpHIB CBA3el B 0J10Ke A2 {5};
00OpBIB cBsI3eil B 0J10Ke A7 {6};
00pbIB 0OMOTOK B nBuratesie M1{7}.

ITockonbky K3 B 6510ke A2 610Kax M1 v Al He3aBUCUMBI, B MOJEIN
BBIIEJISTIOTCS IBA Pa3HbIX BXOAHBIX JieMeHTa (puc. 11).

HexoTopble 610KM B MOJE/IN ITOBTOPSIIOTCS ABAXIbI, TAK KAK MOIYT
ObITb M ICTOYHMKAMM IEPETPYy30K, M ICTOUHMKAMU 00pbIBOB. J1JIst TaKOM
MOJIEIM MUHMMAJILHOE YHCJIO IIPOBEPOK, €CIIN BCe Ne(DEKThl pABHOBEPO-
SITHBI, OIIPEAEIISIETCS KaK

k

cp min

=log, N,

rae N — uucio aedexTosB.
Tak Kak 4Y1cJI0 IPOBEPOK A MOXKET OBITh TOJILKO LIEJIbIM YMCJIOM, CIIpa-
BEIUTUBEI CJICIYIOIINE COOTHOIICHUS:

N. . . 2 HOo4 o8 Hol6 Ho32 [Ho64
k..o 1 2 2umm 3 3uwmdd 4um5 Swim6

Boiiie ObIIO TIEpeunciieHO BOCEMb BO3MOXKHBIX JIe(DeKTOB, 3HAUWT,
kCp min = 3, T-€. I€EKT OyIeT HaitIeH He Oosiee YeM Yepes TPU TNPOBEPKH.
[TocnenoBaTebHOCTb MOKCKA AedekTa CIOCOOOM CpelHEl TOUKU 10
MOJIEJN, UCTIONb3YIOLIEl TPUUMHHO-CIIENCTBEHHbIE CBSI3H, MPECTaBIIsI-
eTcs B BUIIE CXeM, MMEIOIIMX CIlelMabHOe Ha3zBaHUue — epaghv (CM.
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puc. 9). OHM COCTOSIT U3 HECKOIBbKMX gepuiut (Ha pyc. 9 oHM 0003Have-
HBI B BUJIE TIPSIMOYTOJTLHUKOB) M COSIMHSIONINX NX OTPE3KOB — pebep.

Hnst cesa3ubix epagos, He MMEIOIINX yuxa08 (CM. puc. 9), B TeXHHUUE-
CKOW AMATrHOCTUKE MCTIONB3YIOT CTEeIMAbHBIN TEPMUH — depeso, I
depeso peuwiernuii. OHO TIPEACTABIISICT COOOI rpad, He MMEIOIINI KPaTHBIX
pebep, T.e. Kaxaas rmapa ero BepIINH COeIUHSIETCS MEXKIY COO0M TOJIBLKO
OIHOM 1enblo. TakuM obpa3oM, AepeBO pelIeHUl OKa3bIBaeT TOJIbKO
OJIVH MYTb OT BEPIIMHBI A (TOUKU TIEPBO TPOBEPKM) K BepILLIMHE B — UC-
KoMoMy niechekTy. [1jist 0003HaYeHUST 3JIEMEHTOB TAKOTO IEPeBa UCTIOJb-
3YIOT CIIEUATBHYIO TEPMUHOJIOTHIO.

BepmmHy, cooTBeTCTBYIOIIYIO TIepBOit TIpoBepke (/17 Ha puc. 9), Ha-
3bIBAIOT KOpHeM depeéa, a BEPIIMHBI, HE UMEIOIIME BHIXOISIINX peoep
(Hanpumep, BepinHbl H1, H2 Ha puc. 9), eucauumu. I1yThb, coeauHsII0-
1WA KOpeHb AepeBa ¢ BUCSUYEH BEPIIMHON U MPOXOASLINI 1o pedpam
rpada, Ha3BIBAIOT 6emebio. V13 Kakmoi BepIIMHBI IepeBa MOXET BBIXO-
JIUTh HECKOJILKO pedep.

Ecnu BepimHoOIi TpeacTaBsioT TIPOBEPKY, KOTOpast UMEET JIBa Pe3y-
JIBTaTa — TIIPOBEPSeMbIi OJIOK UCIIPpAaBEH WIM HEUCIIPABEH, TO U3 BEPIIIN-
HBI BBIXOJISIT TOJIBKO ABa peOpa. B COOTBETCTBUM C 3TUM AEPEBbsI MOXKHO
XapaKTepU30BaTh CJAEAYIOLIMMU IMapaMeTPaMU:

e YNICJIOM TIPOBEPOK /1, paBHBIM YMCITy HEBUCSUMX BEPIIINH;

e YUCJIOM BETBEH /1, KOTOPOE paBHO YMCTY BO3MOXHBIX Te(eKToB N B
paccMaTprBaeMOil MOJIETT OOBEKTA;

e JJIMHOI BETBU h , OIIpeIesIIeMOM KaK YMCIIO IIPOBEPOK, BHITOJIHSIC-
MBIX JUTSI BBISIBJICHUST / ro aedekra. OHa paBHa YMCITY BEPILUH (HE CUMTast
BUCSIUMX), TPOXOIUMBIX MPU «IBUKEHUW» OT KOPHS AepeBa K j-il BUCS -
Yyeil BepILUHE;

e CyMMAapHOH JUIMHOM BeTBei Ky, MPENCTABIAIOIIEH coboii olluee
YUCJIO MPOBEPOK, KOTOPOE HAMO BBHIMOJHUTL [UISL BBISIBIEHUST Bcex N
neeKTOB;

e CpeaHel IJTMHOM BeTBell k = ky/N, T.e. CPETHUM YUCJIOM ITPOBE-
POK, 3aTpayrBaeMbIX Ha OTblCKaHI/le onHoro aedekTa.

Tlocne onpeneneHus mepedHsi BO3MOXHBIX Ie(PEKTOB U TTOCTPOEHMSI
rpaca MOPUYMHHO-CJIEACTBEHHBIX CBSI3el Mexmy OgoKamMu  (CM.
puc. 11, @) HeoOXOmMMO Ha TIOJYYEHHOM Tpade pacCTaBUTh UHOEKCbl
npeduiecmeoanisi IO CJICAYIOIIAM TIPABUIAM:

e KaXIbIA BXOAHOM 3JIeMEHT 0003HavYaroT LUGbPOii 1 C 1OMOTHUTENb-
HBIM MHAEKCOM, CITY>KAIIMM TOJIBKO JIJIST Pa3TNIMsT BXOTHBIX JIEMEHTOB;

e TIPU COBITAACHUU Y IIPOMEKYTOUHBIX 3JIEMEHTOB MHIEKCOB TIPEIIIie-
CTBOBAHMUSI X CHA0XKAIOT JOTIOTHUTEIbHBIM Pa3TMIUTEIbHBIM MHIEKCOM;

e MHIEKC IIPEIIIICCTBOBAHUS BEIXOIHOTO 3JIEMEHTA paBEH CyMME UHC-
JIa BepIIMH B Tpade IUTI0C eaMHULIA.
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I'pacdh MpUUMHHO-CAENCTBEHHBIX CBSI3€i, B KOTOPOM YCJIOBHbBIE 000-
3HAYCHUS OJIOKOB 3aMEHEHBI IO YKa3aHHBIM IIpaBUJIaM WHICKCAMU
MpealIecTBOBaHMS, TTOKa3aH Ha puc. 11, 6.

[Toctpous rpad MIPUINHHO-CISACTBCHHBIX CBI3€i M PaCCTaBUB MH-
JEKCHI TIPEAIIICCTBOBAHMUS, IPUCTYIIUM K IIOCTPOCHUIO ONTUMU3UPOBAH -
HOTO JepeBa pelneHuil. TouKy rmepBoil MPOBEPKHU i, WM TOUYKY IepBOTO
pa3dueHus, BIOMPAIOT Mo (hopMabHOMY MPU3HAKY — YUCIY Ae(PEKTOB
N:

i=N2=8/2=A4.

TakuMm o6pa3om, MepByIO MTPOBEPKY BBITIOJIHSIOT Ha BBIXOJE JIEMEHTA
3 (610K U). IIpoBepKa MOXET UMETh IBa UCXOIA:

e 00K UucnpaseH;

e Os10K U HeucrnpaBeH.

[1pu TTepBOM MCXOE CUNTAIOT, UTO OH CaM M BCe OJIOKM, TIPESIIICCTBY-
FOIIME €My, UCTIPAaBHBI, a Ie(PeKT HaXOOUTCS B OJI0KaX C MHIEKCAMU 4, 5,
6, 7. B aTOM cityyae BTOpPYIO ITPOBEPKY BHITIOJIHSIOT B LIEHTPE TPYITIHI U3
YeThIPeX OCTABIIMXCS 2JIEMEHTOB, T.€. Ha BBIXOAE OJIOKA C MHAEKCOM
npexaiecTBoBaHus J. [TopsiAoK oCTalbHBIX TPOBEPOK, B TOM YKCJIE U ITPU
BTOPOM MCXOJIe, TIOKa3aH Ha puc. 12, Tae MpuBeNeHo AepeBO PeIeHMiA
JUTSI TIoVicKa eheKTOB B CXeMe, TIPE/ICTaBIEHHO Ha puc. 4.

Hcronp3ys mojydeHHOE IepeBO PEIIeHUI, MOKHO BBIOPATh TEXHOJIO-
TUYeCKHe TIepeXOIbl IS peau3auy MpoBepok (puc. 13).

B pesynbraTte Beex AeiicTBUIl TomydeHa rpadudeckast 3amich TEXHO-
JIOTUYECKOro Tpolecca aedekra s cxeMbl Ha puc. 4. Takast 3amuch

Puc. 12. JlepeBo pemienuii 1)1l MOJieJM 00bEKTA, MOKA3aHHOI HA puc. 11
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Hanpsixenue Llernu Gioka A1
B KOHTPOJIbHO#H Touke /
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HcnpaBHbl I OO6pbIB

Lernu 6;10Ka A3
O6MmoTKM aBuraresst M1 Tpenoxpanurenu FUI TII: TTpoBepka
TIT: Mposepka oomotok | | TIT: BusyanbHelit KOHTPOJIb| 3JIEKTPUYECKUX LieTei
I/IcnpaBHH[HencnpaBHbI Ieperopen l HcnpaseH l/lcnpaBHmI OG6pbIB

Dt 0 GO

Puc. 13. ]lepeBo peunienuii ¢ yka3aHuem NpoBepPOK, TEXHOJIOTHYECKUX MEPEX0I0B JUis
HX Peau3auui U UCXOA0B (MHIEKChI MPEAIeCTBOBAHUS B KBAIPATAX COOTBETCTBYIOT
NpUBEJEHHOMY B TEKCTe NnepeuHio Ae¢eKkToB)

MIPUTOIHA TOJIBKO JIJIS OMHOTO pexkrMa padboThl: «ITyck cucTeMbl TIpy In-
CTAaHLIMOHHOM YIIPaBICHUN» — W TT03BOJISIET HAWTU TOJIBKO HEHUCIIPaB-
HBIiA OJIOK.

ITpuBeneHHBI TIpUMEp MTOKA3bIBAET, YTO XOTS JaHHBII METOA U ra-
paHTUpYyeT OThICKaHUe JedeKTa 3a BIIOJTHE OTpeIeSIEHHOE U 3apaHee 13-
BECTHOE YMCJIO ITPOBEPOK, OMHAKO IOTyYeHME rpachUueCKOoil TOKyMeHTa-
uuu (cM. puc. 11, 12, 13) He TOJIBKO 10CTaTOYHO TPYAOEMKO, HO U TPeOy-
€T BBICOKOU KBaTM(UKAIIUN UCTIOJTHUTEICH.

OOBIYHO IpU MOUCKe AedeKTa He pa3padaThIBalOT JOKYMEHTHI, a UC-
MOJIB3YIOT CIEUUATbHYIO JOKYMEHTALIUIO, BBITYILIEHHYIO /I KOHKPET-
HBIX 00BeKTOB. [IprMepsI Takoit JOKYMEHTALINHI TSI PeJICHO-KOHTaK-
TOPHBIX CUCTEM YIpPaBJICHMS TETUIOBO3HBIMU NH3eJIb-TeHepaTOPHBIMKU
yCTaHOBKaMU TIpuBeaeHbI B [1 — 3].

C y4eToM CIIOXKHOCTUA TTOCTPOCHUSI TUATHOCTUYCCKUX MOMAEICH ISt
CTPOTMX MaTeMaTUYeCKUX METOJOB OTpeneieHus] necekra B TaHHOW
OpolLIope pacCMaTPUBACTCS I8pUCUYECKUil Memod, KOTOPbII He 3adaeT
JKECTKUX 1 00S13aTeJIbHBIX IIPABIJI BBITTOJIHEHUS TEXHOJIOTMUECKUX TIepe-
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| Ycratnosiienne ¢akra cyiiectBoBaHus aedekra B cxeme

k]

l AHaJIN3 CXeMBbI JUIsSl COCTABJICHUST TMarHOCTUICCKOI MOJICITN ]

Ananus
MHGpopMaLnu o fedeKTe U ero MposIBICHUS ST
OorpaHM4eHus 06IacTH Moucka
Ob6nacTb moucka aedexra gedekta

HeorpaHuyeHa

0J1acTh rmoucKa JaedeKTa;
OorpaHryeHa

BbIOOp YTOYHSIOLIMX MPOBEPOK M TEXHOJIOTMYECKUX MEPEXOIO0B st
WX peaM3aliuy B LeJISIX OTPaHMYeHMST 001acTH TIoncKa nedekra

T
d

AHanu3
OrPaHMYEHHOI YaCTH CXeMBI U Pe3yJIbTaTOB
[1POBEPOK VISl BBIABUKEHMSI TUITOTE3 O IPUYMHAX
nedexra TuroTesa ecTh
T'unote3sr HeT

lTunoTessr HET
Tlepeuns necdekToB HET

IlepedeHb neeKTOB eCTh

Wcnonb3oBanue nepeYHAa ﬂerCKTOB
JUTS BBIABV2KCHUS TUITIOTE3BI O IIPUYMHE

I'umoTe3sl HeT nedekTa

lumioTesa ecth

I BbI60p NPOBEPOK 1 TEXHOJOTMUYECKMX ITEPEXOI0B I
JUISL VX PEAIN3aIIN

Mcrosib3oBaHue (DOPMaIbHBIX METOIOB (B TOM YKCJIE 1 CII0CO0A
Cpe/IHEi TOYKM) JUISE BBIABMIKEHUS TMITOTE3bI O TIPUUMHE nedekra
Y

[MpuunHa nedekTa He ycTaHOBJIEHA

AHanm3 PE3YJIBTAaTOB BBIITIOJIHEHU A ITPOBEPOK

IMpuunHa nedexra
YCTAHOBJICHA

Puc. 14. TlocnenoBaTeJbHOCTh JEWCTBUIA MPH IBPUCTHYECKOM METOJE MOUCKA Je-
texTa
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XOJIOB 1 HE TpeOyeT MpeaABapuTEeIbHOTO COCTaBICHUS TIEPEUHS BCEX BO3-
MOXHBIX JIe(PeKTOB B OOBEKTE IUISI Pa3HBIX PEKMMOB PabOThI, a TAKXKe
pa3pabOTKU CIOXHBIX TUarHOCTUIECKUX MOJIETICH.

XOT$ UCMOJIb30BaHKME 3TOr0 METO/IA U HE JAaeT MOJIHOM TrapaHTUK ObICT-
POT'0 U YCIIEITHOTO OTHICKAHWSI JTF000T0 eheKTa Mocie BHITOTHEHMS BITOJI-
He OTIpe/IeIEHHOTO 1 3apaHee YKa3aHHOTO YKclia IPOBEPOK, HO 3aTO TTO3BO-
JISIET 3HAUUTEJIHO YCKOPUTD TTPOIIECC U CAETIATh €T0 IIeIeHANPaBICHHBIM.

IIporiecc yctaHoBAEHUS AeheKTa MOXET ObITh MPEACTABICH B BUIE
aneopumma deticmsuii (puc. 14).

OBPUCTUYECKUIT METOJ MOXET ObITh Ha3BaH Memooom eunomes, Tak
KaK IpY UCIOJb30BaHUM 3TOro MeTona Ne(eKT yCTaHABIUBAIOT MyTeM
MPOBEPKU BBIIBUHYTHIX TIPU aHAINU3E MPOSIBJICHUN NedeKTa TMIoTe3 O
BO3MOXHBIX ero TTpmunHax. Kak mokassIBaeT alrTOpuT™M AEHCTBUI, TIPO-
1ecc BBIIBIKCHUM 1 TIOCIIEAYIOIIEH IIPOBEPKU TUIIOTE3 XapaKTepeH He
TOJIBKO JUISI Ha9aJIbHOTO 3Tana. [1pu mosrydeHun pe3yabTaToB BHITOIHE-
HUS TeX WIM UHBIX TEXHOJIOTMUYECKHUX MePEXOI0B BbIABUTAIOT YTOUHSIIO-
11I1€ TUITOTe3bl O MPUYMHAX Ae(eKTa, KOTOPhIE 3aTeM MPOBEPSIIOT, U TaK
J10 oOHapyXeHUs1 AedeKTa.

Wcnonb3oBaHue peKOMEHAOBAaHHOIO Ha puc. 14 aaropurMa ro3Bossi-
€T UCKJIIOUUTb OThICKaHUE Ne(eKTa METOIOM «ITPO0 U OLIMOOK», TTPU KO-
TOPOM TUITOTE3bI TOXKE BBIIBUTAIOT HE «HAYIal», 8 ODUEHTHUPYSICh Ha ITPO-
LUTBII OTIBIT onipeniesieHust aecekra. OqHaKO MpY BBIIBUXKEHUY TUTIOTE-
36l OTOT OITBIT, KaK IIPABWJIO, HE CBSI3BIBAIOT HM C OCOOCHHOCTSIMU
JAHHOTO 00BEKTa, HY ¢ KOHKPETHBIMU TIPOSIBICHUSIMU AeheKTa B HEM.

[MpencraBuB KaXIyIo BBIABUTAEMYIO TUTIOTE3Y B BUIIE CTPEIKM, HaYa-
JIO KOTOPO¥ pacIioJIoKEHO B YCJIOBHOM ToUKe «Hauano», COOTBETCTBYIO-
IIel yCTaHOBJICHUIO (haKTa CyIIeCTBOBaHUS AeheKTa B OOBEKTE, MOXKHO
YBUZIETh, UTO IIPU ONpeeIeHUHU AeheKTa METOIOM «IIp00 1 OIINOOK» 3TU
CTPEJIKM PacXolsTcs B JJIOOOM HamlpaBJIeHUH, B TOM YUC/Ie U 0OpaTHOM
TOMY, B KOTOPOM HaXOIMTCS YCJIOBHAsI Touka «Koreu», 0003HAYAOIIIAsK
(baxt HaxoxneHus nedexra. UIMeHHO OTCYTCTBUE CBSI3W BBIABUTAEMBIX
TUTIOTE3 C XapaKTePUCTUKAMU JAHHOTO KOHKPETHOTO OOBEKTA U TIPOSIBIIE-
HUsIMA fepeKTa B HEM OTJIMYAET METOJ, «ITPO0 1 OIIIMOOK» OT SBPUCTHYE-
CKOTO METO/a ¥ IIPUBOAMT K TOMY, UTO OOJIBIITMHCTBO BHIABUTAEMBIX TUTIO-
Te3 BeayT B CTOPOHY, ITPOTUBOIOJIOXHYIO Touke «Koney» (puc. 15, a).

PexoMmennmoBaHHas Ha puc. 14 mociienoBaTeIbHOCTD ICHCTBUI XOTS 1
He JacT MOJHOM rapaHTUM OBICTPOro HaxOXIEHMS nedeKTa 3a BIIOJIHE
OIpelieIeHHOE M 3apaHee U3BECTHOE YMCIIO TTPOBEPOK, HO €€ UCIOJIb30-
BaHWE 3HAYMUTEJIbHO MOBBILIAET BEPOSTHOCTb TOrO, YTO dedeKT OyaeT
HalifieH, Je1aeT ero onpeaeeHue 1eJIeyCTPEMIIEHHBIM, HalpaBJIeHHBIM
W3 TOUKH «Hauano» B ctopoHy Touku «Kowney» (puc. 15, 6'), v CyliecTBeH-
HO TTOBBIIIACT 3(PEKTUBHOCTD ACHCTBUI ITPU TTOMCKE MedeKTa.
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Puc. 15. Tpaduueckoe npeacraBjieHHe METOI0B MOMCKA 1e(DEKTOB:
a — TIpo0 1 OIMO0K; 6 — IBPUCTUIECKOTO

Heobxonrmo 0co60 OTMETUTBD, UTO BCE NEWCTBUS U PE3YIIbTATHI, TTOJTY-
YEHHBIE MPY BBIIOJIHEHUN TEX WM MHBIX TeXHOJOTMYECKUX IIEPEXOI0B,
cllefyeT OLieHMBATh KPUTHYECKU. Eciau pe3yiabTaThl BBITOJIHEHUSI TOTO
WJIM MHOTO II€PEX0/1a BhI3bIBAIOT COMHEHUE, TO €r0 CJISIYeT IIOBTOPUTh.

JioOble M3 MOJYYEHHbBIX IPY BBITOJHEHUU IIEPEXOda Pe3yJIbTaTOB
MOXHO UCII0JIb30BaTh TOJIBKO IIPU ITOJIHOM YBEPEHHOCTH B UX IOCTOBEP-
Hoctu. Eciu cpa3y He ynaercst BIIBUHYTb aOCOIOTHO MPaBUIbHYIO TH-
MoTe3y, He CIIEAYET CYMTATh, YTO BPeMsI Ha TIPOBEPKY JIOXKHOM TMITOTE3bI
MOTpavyeHo 3ps1. Pe3ysibTat mpoBepKM, OIPOBEPraloInii TMIOTe3Y, TOYHO
TaK ke TPUOJIMKAET K UCTUHE TTIOTOMY, YTO OTPAaHWYMBAET KPYT HEUCTI-
PaBHBIX 3J1eMEHTOB (OJIOKOB) U, CJIeIOBATEIbHO, YTOUHSET MH(pOpMa-
1110 O TIpUYMHE AedeKTa.

YuuTeiBasi Bce CKa3aHHOE O METOJIE «IPOO U OIIMOOK», HEOOXOAUMO
TaKKe OLIEHUBATH PEATbHOCTh BHIJIBUTAEMBIX TUTIOTE3 Y OTCYTCTBUE B HUX
MPOTUBOPEYMIA IPUHLIMITY PAOOThI CXeMbl MM (PU3NYECKUM CBOMCTBAM
3JIEMEHTOB, MAaTEPUAJIOB U T.II.

3aodaua 5(10]. Ha puc. 16 nokazau gppaemenm ocHO8H020 y31a cXeMbl A6~
momamu4ecko2o noemoproeo exarouerus (AI1B) evikarouamens Q, Komopbiil
HYJIceH 0451 UAAroCmpayuu nocaedcmeuil 3azpsaszHerus konderncamopa C.

B HopmansHom pexcume vlkaouamens 8KAKUEH, €20 BCHOMOAMENbHbLIL
samoikarouuil konmakm Q.1 6 yenu 1 — 2 3amxuym, kondencamop C 3aps-
acer. Pasmoikarowguii koumaxkm Q.2 pazomxrym. Pene AIIB omnyweno, eco
KOHmakm 6 uenu 4 pazomkHym.

Ipu cpabameisanuu 3auumst 8vikarouamens Q OMKAIOMAeMCst, KOHMAKmM
Q.16 uenu 1 — 2 pasmvikaemcs, a konmakm Q.2 3aMblKaemcs.
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Puc. 16. DparMeHT cxeMbl ABTOMATHYECKOTO MOBTOPHOTO BKJIIOYEHUSI

B pesyabmame obpazyemcs Hosas uens 2 — 3, o KOMOPOLl KOHOeHCamop
paspsancaemes Ha kamyuwky AIIB. Peae cpabambieaem u no yenu 4 exawoua-
em evikniouamens. OOHAKO 803MOICHbL 08a CAYHAS, NPU KOMOPbIX CXeMa pa-
bomaem no-pasHomy:

e nogpedcdeHue ycmolilueo: BbIKAUAMENb, BKAIOYUBUIUTICS OM
deticmeus AIIB, momuac omiarouaemcs 3auumoil u 60avule 6KAHUAMbCS He
donxcen, m.e. AIIB donxcro obecneuusams 00HOKpamHocmy 0elicmeust;

e nogpedcoeHruUe nocie OMKAOUEHUS 3aUUMbLY CMP AHUNAOCD .

B amom cayuae exnouuswuiics om deiicmeusi AIIB evikarouamens ocma-
emcsl 6KArHeHHbIM, a yempoiicmeo AIIB croea dondcHo nodeomosumscs K
caedyrouiemy Oeilcmeuro.

Dmu eaxcHeiluue U cAodicHeluue ycaoeus 00ecnedu8aromcs pe3ucmopom
r, kondencamopom C u 0eyms ecnomoeamenvrvimu konmaxkmamu Q. 1u Q.2.

Tpebyemcs omeemums Ha 80NPOCHL:

1. Kakum ycnosusm donxcrbt yooeremeopsmo napamempot C u r.

2. Ymo npou3soiioem npu 3aepssnenuu konoencamopa C? Conpomueéne-
Hue nvlau Ha puc. 16 ycaosHo 0b6o3Haueno Kak pesucmop R.

Omeem 1. Emxocmb kondencamopa C doadxicHa 6bimb HACMOAbKO 8eAUKA,
YmMoObl 3aNACEHHOI UM SHepeuU X8amuao 045 HA0eNCHO20 CPAOambleaHUs
pene AIIB u ydepiicanus e2o npumsHymosiM Ha épems, 00CMAamo4Hoe 045
eKatouenus gvikarouamens. Conpomuenenue pe3ucmopa 00AlCHO Obimb 00-
CIMAmMoO4HO 6eAUKO, YMOObl KOHOCHCAMOP 3apAicancsa noaHocmylo 3a 15 ¢, He
Mmenee. Umerno cmonb 60abuioe 8pems U obecneuusaem 00HOKPamHocms oeli-
cmeusi AIIB. Omo mpedyem nosicnenuil. Jleao ¢ mom, umo nociae moeo, Kax
8biKAtOMamens eéxarouuncs om deiicmeus AIIB, enosb oopazyemcs yens 1 — 2
3apada kondencamopa. Ho ona 6yoem 3amknyma eceeo 1 — 3 ¢ (ycmaska
pene 3auumet), a 3amem 3auuma cpabomaem, 8bIKAUAMENb OMKAOUUMCA:
3apa0dka KOHOeHcamopa npekpamumcs 3a00420 00 e20 NOAH020 3A6EPUICHUS.
A 5mo 3Hauum, ymo KOHOeHCamop He CMOICen HAKONUMb 00CMAMOYHO SHep-
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euu oasa nocaedyroujeeo oeticmausi AIIB, umo u mpebyemcs. Ecau yce no-
epexcoerHue cemu camoyCmpaHuaoCh, Mo 8blKAUAMENb, GKAOHUBUIUCH, OY-
dem exaoueHn 00420, 01a200aps 4emy KOHOEHCAmop ycneem HOAHOCHbIO
3apA0umnCs.

Omeem 2. Conpomuenerue noiau R donicrno 6bims ouens eeauxo. B npo-
MUBHOM CAYHae KOHOCHCAMOop He CMOJCem 3apsaoumscst 00 NOAHO20 HOMUHA-
/IbHO20 HanpsiceHus, uz-3a yeeo AIIB moxcem omkasams.

30decb umerom mecmo déa o6cmosmenscmea. Bo-nepevix, conpomuenerus
ru R obpazyrom deaumens nanpsiscerus. Ecaur = R, mo kondencamop 3apsi-
oumcest moavbko 00 NOAOBUHbL HANPANCEHUSL U, CAe008AMENbHO, 3ANACEHHAS UM
SHepeusi YMeHbUUMcs 4emeepo (0Ha NPONOPUUOHANLHA K8AOpamy Hanpsi-
Jcenus). Bo-emopuix, conpomuenenue R, wyynmupys kamyuxy AIIB, omeo-
dum om pene uacmo 3Hepeul.

s pewenus 3a0auu HeobXo0UMo omeemums Ha MAaKoll 0NPOC: HACKOAb-
KO NpagomMepHo npeonoaodiceHue 0 Mom, 4mo HaAu4ue noiai Mexcoy 6bi600a-
MU KOHOeHcamopa cnocoOHo uzmeHums pabomy ycmpoiicmea AIIB?

XoTs1 B 3a1a4e ¥ HE TOBOPUTCSI O TUIIE KOHACHCATOPpa, HO MOXKHO IIpe-
MOJIOXKUTb, YTO B CUITY €TI0 3HAUMTEJIbHON EMKOCTH KOHIIEHCATOP HE BO3-
JYIIHBINA, a METANIOOYMaXXHbI WU OKCUIHBINA (CTapoe Ha3BaHUE —
3IEKTPOIUTUICCKUIA).

IIpu McCII0/Ib30BaHMM 3BPUCTUYECKOrO METOJA MOoMcKa AedeKra Kak
BCIIOMOTaTeIbHOE CPEICTBO MOXKET ObITh MCIIOJIb30BaH U CIIOCOO Cpeli-
Hel Touku (cM. Ha puc. 14 6110k «Mcrioab3oBaHre (DOpMaIbHBIX METOIOB
JUTSI BBIIBVDKEHMSI TUTIOTE3BI O TIPUUMHE edeKTa»).

IIpuvep 18. Ucnogab3oBanne cnocoda cpemHei TOYKHU IS MOUCKA Jie-
texra, onucannoro B nmpumepe 12

ITocTpoeHHast paHee Moe/Ib 00beKTa (CM. pUC. 7, a ) COnepKUT 0J10-
KU, COeIMHEHHBIE MEXIY CO00il He TOJIKO TOC/IeI0BATEIbHO, KaK 3TO
ObLIO WIS MOAeJIe, oKazaHHbIX Ha puc. 8, 10 wiu 11, moatomy BEIOOD
TOYKU TIEPBOI MPOBEPKHM B TAKMX MOJIEJISIX HE BCETa OUEBUICH.

OHaKo U3y4eHre MOJIEIM IIOKA3hIBAET, YTO MHTEPECYIOIINI HAC 00b-
€KT MOXHO 3aMEHUTb APYrOil MOMIEJIbIO, MPEICTABISIOIIEH €ro B BUIE
JIByX TIOCJIeIOBaTeIbHO COeAMHEHHBIX 0JI0KOB (puc. 17).

Tlepexon K Takoii MOJENIM TTO3BOJISIET OYE€Hb ITPOCTO BHIOPATH MECTO
BBITIOJTHEHUST TIEPBOiA TIpOBepKHU /1] — KOHTPOJIbHYIO TOUKY /, KOTOpast
JIEJTAT MOJIETh OOBEKTA TOTIOIaM.

[ mpoBeaeHUs 10001 MTPOBEPKU HEAOCTATOYHO OIPENCIUTh KOHT-
POJIBHYIO TOUKY, €1lle He0OXOAMMO BbIOPATh TEXHOJIOTMUYECKUI MEePeXo
(cM. 3amauy 4).

Ha puc. 4 mokazaHo, 4TO BBIXOIHBIM CUTHAJIOM OJIoKa A2 SIBIIeTCS
HanpspxkeHue Ha Katymike K /. [ToatoMy ast BeimoHeHus ipoBepku 1118
KOHTPOJIbHOU TOuke (@) Monenu (cM. puc. 17) B Ka4ecTBe TEXHOJOTHYE-

36



@
t

111

MI) t Al U |Al" A2 A3 142"

Puc. 17. YnpoumeHHas Mojaesb 00beKTa, OKa3aHHOro Ha puc. 4

CKOro mepexoja BbiOepeM M3MepeHue. Takum oOpa3zoM, TipoBepka [11
OyleT COCTOSITh B UBMEPEHUU HaMPsSKEHUST BOJILTMETpOM PV2 Ha BbIXO-
nax katymku K/ mpu Haxkatoit KHotike S'1.

3nech mpoBepsieTCs peanr3aiys 0JI0KoM A2 cBoeit (PyHKIIMU — TToaa-
ya HaTpseKeHUs Ha KaTyiuky K7 mpy Halu4uy BXOJHOTO CUTHaJIa OT 0J10-
Ka A3 (3aMKHYTO€ COCTOSIHUE KHOIKU S7).

JHaHHasi mpoBepKa MOXeT UMETh JIBa MCXOa.

[IpenmoroxuM, 9TO MpH HAXKATOU KHOMKE S/ BonmpT™MeTp PV2 moka-
3bIBAaCT HAJIMUYME HAMPsDKEHUs Ha BeIBoJAx Katymku K/. B atom ciaydae
MOXHO YTBEPXKJIaTh, YTO UCIPABEH HE TOJBKO OJIOK A2, HO 1 010K A3, a
npuyrHa aedekTa 3akaodaeTcs B 0J0Ke Al.

ITpu npyrom ncxone (BosbT™METp PV2 MOKa3bIBaeT OTCYTCTBUE HATIPSI-
JKE€HUSI Ha BBIBOIaX KaTyiku K/ mpu Haxaroil KHomke S7) mpuanHa jie-
¢ekTa MOXET 3aKJTI0YAThCST KaK B OJI0Ke A3, Tak 1 B Oy1oke A2.

3aodaua 6. Yxazamo 603moxcHble NpUUHLL OegheKma 6 cxeme, NOKA3AHHOU
Ha puc. 4, npu emopom ucxode nposepku 111 — omcymcmeue HanpsaiceHus Ha
ebieodax kamywxu K1 npu nancamoit knonke S1.

M3 ckazaHHOTO paHee BUIHO, YTO TIPUUMHY IedeKTa yCcTaHABIMBAIOT,
BBITIOJIHSIS TY WM MHYIO TIPOBEPKY € TTIOMOIIBIO TEXHOJIOTMYECKOTO Mepe-
xona. [Tpu noucke nedekra HaubosIee pacIpoCTPAHEH MEPEXO]I, «BU3YaNb-
HbLI KOHMPOAb», KOTOPBIN MbI YK€ MHOTOKPATHO MCTOIb30BaJIM B JaHHOM
maBe. JleficTBUTEIbHO, KAKMM 00pa30M ObLT YCTAaHOBJIEH (PaKT CyILeCTBO-
BaHUS AeheKTa B CUCTeMe, TIOKa3aHHOM Ha puc. 4? Habmomnas 3a paboToit
CHCTEeMBI, 0OpaTWIM BHUMaHHUE HAa TO, YTO OCTAHOBWIICS ABUTATEIb.

BusyaibHbIif KOHTPOJIb, COIJIACHO OIPENeIeHUI0, NPUBEACHHOMY B
T'OCT 16504—81, nmpencrapisieT coOO0 ITPOBEPKY UCITPABHOCTH SJIEMEH-
Ta (M31eNKsl) IyTEM €r0 OCMOTpa OpraHaMy 3peHUSI.

[Tpu BU3yaTbHOM KOHTPOJIE BO3MOXHO MCITOJIb30BAHME TEXHOJIOTH-
YECKUX CPEACTB, HE SIBJISIOIIMXCSI U3MEPUTETbHBIMM, HO YBEJIMYMBAIO-
IIKMX BOCIIPUMMYUBOCTh OPTaHOB 3pEHMSI, HATIPUMED JIYIIbI.

Kaxymiasics mpocToTa BbIIIOJIHEHMSI TaHHOTO Mepexoa CKphIBAeT 3a
c00o0¥i ero CJI0XHOCTb. Befb yBUIETh OOPBIB ACUCTBUTEIBHO MTPOCTO, HO
BOT YBUJIETh HEOTTHOBPEMEHHOCTh WJIM HETIPABWIBLHYIO TIOCIEA0BATEb-
HOCTb 3aMBbIKaHUSI KOHTAKTOB, O0OPaTUTh BHUMAaHUE Ha XapaKTep U3Me-
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HEHUSI TOKA WY HAIIPSDKEHUS U IPYTUE SIBJIEHUSI 3HAYUTEIbHO CJIOXKHEE.
CrietyeT TakKe YUUTBIBATh, YTO OOJIBIIIMHCTBO JIe(DEKTOB HE COIMMPOBOXK-
JIAeTCSI SIBHO BBIPAXKEHHBIMU BU3YaIbHBIMU TTPU3HAKAMU, YTO HE ITO3BO-
JISIET CUUTATh 3TOT [IEPEXO/] YHUBEPCATbHBIM M UCII0JIb30BaTh €r0 BO BCEX
CIIyJasix.

IIpocToTa U JOCTYIHOCTb 3TOr0 TEXHOJIOIMYECKOIo Iepexoaa co3aa-
IOT Y HEKOTOPBIX pAOOTHUKOB MJUTIO3UIO O€30IaCHOCTHU U 3aCTABIISIOT MX
MpeHeOperaTh MpaBUIaMK 0e30IaCHOTO BHITIOJHEHMSI pabOT B 3JIEKTPO-
YCTaHOBKAX, YTO YacTO MPUBOIUT K 3JIEKTPOTPaBMaM.

IIpumep 19. IlpeneOpekenne npaBujIaMM 0€30MACHOCTH MPUBOIUT K
3JIEKTPOTPABMAM, JIazKe MPH BHINOTHEHNH MPOCTEHIIMX PadoT

Ha omHoM 13 3aBOOB ITPOU3BOACTBEHHOTO OOBETUHEHMS TSI BBISIC-
HEHHUsI HEUCIPABHOCTH BBICOKOYACTOTHOM ycTaHOBKM THIa JI3-67 Tep-
MMCT, HE OTKJIIOUUB €€ OT CETU, OTKPhUI ABEPIY KaMEPhl FeHEPATOPHOTO
6s10Ka (0JIOKMpPOBKA He ACICTBOBAJIA), KOCHYJICSI TOKOTIPOBOASIIINX Yac-
TeW U noruo.

CJI03KHOCTb BBITNIOJTHEHUSI TIEPEXoaa «BU3yalbHBI KOHTPOJB» 00Y-
CJIOBJIEHA TEM, UTO BBIMOJHSIOIINI €ro CrelUaJINCT AOJDKEeH pacriona-
ratb HEKOTOpol MH(bOpPMaIMeil 0 MpaBUILHOM paboTe MIIM UCTTPABHOM
COCTOSTHUM O0BEKTa U, CPAaBHUBASI 3TY MH(MOPMAIIHMIO ¢ MH(popMaIuei o
paboTe MPOBEPSIEMOTO MU3ICINS, TIOTYYeHHOM P BU3yaTbHOM KOHTPO-
JIe, CYIUTh O TIpUYMHEe nedeKTa U IPUHUMATh PellIeHue O ero ycTpaHe-
Huu. [To3ToMy TEXHOJOTMYECKUI IMepexol <«BU3YyalbHbI KOHTPOJb»
BCeraa MPYMMEHSIIOT COBMECTHO C MEPEXOIOM «CPaBHEHUE».

IIpumep 20. Onpenenenne ned)eKTa ¢ MIOMOUIBIO TEXHOJIOTHYECKOTO Tie-
pexona «BU3YaJIbHbI KOHTPOJIb»

Ha puc. 18 nmpuBeneHa cxema CUCTEMbl IBYXCTYIIEHUATOro ITycKa
SJIEKTPOJBUTATENSI C M00ABOYHBIMM pe3ucTtopamu RI— R3 B 1enu
craropa.

Cxema paboTaeT CIICAYIOIIM 00pa3oM.

[Mocne Haxkatrst KHOTIKK S/ cpabaThIBaeT KOHTAKTOP, KOTOPBII KOH-
TakTamMu K/ TOOKITIOUaeT 3JIeKTPOABUTATENb K CETU M OTHOBPEMEHHO
CHUMaeT MUTaHue ¢ pesie BpeMeHu K3. Pesie BpeMeHU uepe3 MpoMeXKyTOK
BPEMEHMU 7, OIIPEACISIEMbIIA €r0 YCTABKOM, BKIIIOYAET BTOPOI KOHTAKTOP,
LIYHTUpYIOIIMA pe3ucTtopbl RI — R3. KHomnkoil S2 a5eKTpoaBurareib
OTKJTIOYAETCST OT CETH.

HedeKkT B cxeMe MpOoSIBIISIETCS TEM, UTO TP ITYCKe JIEKTPOIBUTATEITH
BKJTIOUAETCSI HE B JIBE CTYIEHU, a B ofiHy. JlJ1s1 OThIcCKaHUs nedpekTa Boc-
TIOJTE3YEeMCS TEXHOJIOTHMUICCKUM TIEPEXOIOM «BU3YaTbHBIN KOHTPOJIb».

JList TOTO YTOOBI 3HATH, HA YTO HAZIO OOPATUTH BHUMAHUE TIPU BU3YalTh-
HOM KOHTPOJIE CUCTEMbI, IIPOAaHAIM3UPYEM TIPSABAPUTEIBHO e¢ padoTy.
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Puc. 18. Cucrema ynpapjieHHs AaCHHXPOHHBIM 3JIEKTPO/IBUTATENIEM C JBYXCTyNeHYA-
TBIM IyCKOM

[Tyck amekTpomBUTATEST B ABE CTYIIEHW OCYIICCTBIISICTCS BTOPBIM
KOHTaKTOPOM, KOTOPEI cpadaThIBacT Yepe3 HEKOTOPHIN JOBOJBLHO 3Ha-
YUTEJbHBIN TTPOMEXYTOK BPEMEHHM TI0CTIe CpabaThbIBAHUST IIEPBOTO KOH-
TakTopa. B TeyeHue 3TOro ImpomMexyTka BpeMEHHU 3JICKTPOIBUTATEIb
TMOJIKTIOUEH K CeTH 4yepe3 pe3ucTopbl R/ — R3, orpaHMYMBAIOIIME MTyC-
KOBOI1 TOK. [ToaToMy TIpr BU3yaIBHOM KOHTPOJIE TIPEKIE BCETO CICIYCT
00paTUTh BHUMaHNE Ha pabOTy IIEpPBOTO ¥ BTOPOTO KOHTAKTOPOB.

[TpucTynas K mpoBepKe AaHHOM 1 OI00HOI eli cXeM, 11eJIeCO00pa3HO
MpeIBapUTEIbHO OTKIIIOYUTH TJIaBHBIC LIETIH ABUTraTeist M1 oT cXeMbl B
Toukax 3, 41 5 (WIM TOJBKO B IBYX M3 HUX) IUISI TOTO, YTOOBI UCKIIOUUTh
BpallleHre IIPUBOTHOIO MEXaHM3Ma ITPY ITPOOHBIX ITyCKax JBUTATEIIS.

BusyastbHbBIM KOHTPOJIb KOHTAKTOPOB IIPH IMyCKe ABUTATEIIS TTOKAa3al,
YTO BTOPOI KOHTAKTOP BKJTIOYAETCS ITPAKTHICCKN OMHOBPEMEHHO C TIep-
BBIM KOHTaKTOpPOM, 0€3 BbIIepKKM BpeMeHU. Cxema IMojIcKa3bIBaeT, YTo
BTOPOI KOHTAKTOP YIpaBisieTcss KOHTAKTOM K3.2, T0O3TOMY BU3yalbHBIM
KOHTpOJIeM poBepuM padoty pene K3. KoHTpomb mokasaj, 4To SIKOPh
pene K3 «IIpumiIr» K CepaeIHNUKY M He U3MEHSICT CBOETO TTOJIOXKECHUS TIPU
cpabaThIBaHMM TIEPBOTO KOHTaKTOpa. Pejie BpeMeH 0CMOTPUM MpH CHSI-
TOM C TIOMOIIBIO BhIKJIIOYaTes st QF HanpsokeHUy TutaHust. OCMOTp T10-
KazaJl, 4To y peJie OTCYTCTBYeT HeMarHUTHasl POKJIaaKa, yCTaHaBIMBae-
Masi MEXIy SIKOpeM U cepaedyHuKoM. Ee OTCyTCTBME SIBUIIOCH IIPUYMHOM
TOTO, YTO peJie He M3MEHSIET CBOETO TOJIOXKECHUSI U, CJICMOBATEIEHO, HE
M3MEHSIETCST COCTOSTHME BTOPOTO KOHTAKTOpA.

Taxkum 006pazom, nedeKkT HaiaeH.

IMocaenHuii mpuMep XapakTepeH TeM, YTO IeMEKT OIpenessieTcs: He-
MOCPEACTBEHHO I10 TPUHLUIIMAIBLHOMI cXeMe, 6e3 COCTaBICHMSI TUAarHOC-
TU4eckoii moaenu. TeM He MeHee, UCIIOJIb30BaHKE OHOM TOJIBKO IIPUH-
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LUIUATIBHON CXEMBI MOXKET 0KAa3aTbCsl HENOCTATOUYHBIM IJISI BbIIBUXKE-
HUsA Z[OCTOBCpHOfI TUITIOTE3bI O IIPUYNHE Z[e(bCKTa.

IIpuvep 21. Hapymenne padoThl JIEKTPOYCTAHOBKHM H3-32 TEILIOBOTO
pacumpenus [10]

OTKa3aBIlMii HarpeBaTeIbHbI 3JeMEHT TeIIOOOMEHHUKA, IIpel-
CTaBJICHHOTO Ha puc. 19, a, 3aMeHWIN cTep:KHEeM [, Ha KOTOPBIi MOBEepX
acOeCcTOBOI M30JISIMY 2 HABIWJIM HAXPOMOBYIO IIPOBOJIOKY 3.

CTepkeHb XOpOIIIO HM30JMPOBAIA OT KOpITyca TEIJI000MEeHHUKA.
OnuH KOHeTI TTPOBOJIOKY TTPUCOEIUHWIN K KOPITYCYy TeTUIOOOMEHHMKA, &
JIPYrOil — K CTEPXKHIO U IMOABEJIN MTUTaHUE. Yepe3 HECKOJIBKO MUHYT I0-
cjie BKJIIOUEHUsI mieperopen npenoxpanutens FUI. Tlepen ciemyommm
BKJIIOYEHUEM METAaOMMETPOM M3MEPWIA COMPOTUBIIEHUE U3OJSILUNA
CTepXXeHb — KOPITYC.

ComnpoTuBiieHrE U3O0JSIIIMKM 0Ka3ajoch BHICOKMM. Ilpu ciemyromiem
BKJTIOUEHHUH TIPOM3O0ILUIO TO XK€ CaMO€ — Yepe3 HECKOJIBKO MUHYT MPEo-
XpaHUTEIb MIEPETOPET.

ITpuunna nedekra B [10] oObsiIcHSIETCS TaK: MPU BKIIOYEHUU CTEp-
>KE€Hb HarpeJics U yIUIMHWJIICS, JIEBBII €r0 KOHELl TPUKOCHYJICS K KOPITyCY
TETUIOOOMEHHMKA W TIPOM30IIIO0 KOPOTKOE 3aMbIKaHue. Uepe3 HEKOTO-
poe BpeMsi CTepKeHb OCThLT U 00pa3oBaics 3230 J.

[MpuHIMnIUanbHas 2IeKTpUYecKasi CXeMa TaKoro HarpeBaTeIbHOTO
ycTpolicTa rpuBeseHa Ha puc. 19, 6. Eciv monsITatbest U1s1 U3MepeHust
COTIPOTUBIICHUSI U3OJISIIINY 1IeTH (ha3a — KOPITyC MOAKIIIOYUTH MEraoM-
metp (puc. 19, 6), To MokazaHus IprObOpa OyIyT paBHEBI HYIO. JIJ1s TOro
YTOOBI BBISICHUTh IIPUYMHY TaKUX ITOKAa3aHUI PUOOpa, HApUCyeM SKBH-
BaJICHTHYIO cxeMy. B 2Toii cxeme yuTeM U Te 2JIeMeHThI 00beKTa, KOTOPhIe
He TIOKa3aHbl Ha MPUHIUITAAIBHOMN cXeme:

e COIMPOTUBJICHUS U3OJISILINY;
e KOPITyC YCTPOMCTBA (KaK TOKOMPOBOASIINIA SJIEMEHT);
e coennHeHUeE BbIBoa N ¢ KopmycoM U T.11. (puc. 19, 6).

Puc. 19. TemnooOMeHHHK:
a — YCTPOMCTBO; 6 — MPUHLUIHUAIbHAS CXEMA; 6 — SKBUBAJICHTHAS CXeMa
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AHanu3upys cxemy, BUAMM, 4To MeraoMmeTp PR (1o3. /) noka3biBaeT
HE CONPOTHUBJIEHNE U30JALMN R, ,; i R, >, 8 HEKOTOPOE SKBUBAJIEHT-
HOE COIPOTHBJICHUE

Ry = RRy51/(R+ Ryyp) = R.

ConpoTUBIEHUST OCTAJIbHBIX 3JIEMEHTOB HACTOJIBKO MaJjbl, YTO UMU
MOXKHO ITpeHeOpeYb.

Temnepsb IcHO, UTO MTOKA3aHUSI METaOMMETpPa paBHBI HYJTIO, TaK KaK BbI-
Bod N coeMHEH HEMOCPEACTBEHHO ¢ KOPITYCOM, a CONPOTUBJICHUE Ha-
rpeBaTesisi R, COCTaBIISIIONIEe NECSTKU OM, LIIYHTUPYET COMPOTUBIICHUE
M30JISILIMM ¥ TIOAKJTIOUEHO HETIOCPECTBEHHO K BhIBOAAaM Ipubopa PR,
YTO paBHOCWJIBHO 3aMBIKAHUIO MX HAKOPOTKO.

YuurbiBas 310, U151 UBMEPEHUS CONTPOTUBICHUS U30JISILIUU OOBEKTOB,
MOJIyJaloIIMX IMMUTaHKE OT OMHO(a3HOM ceTH (ha3a 1 HeUTpaabHbIA MPO-
BOJI) WJIV OT CETH C 3a3eMJICHHOU HENWTpaIbio, HEOOXOIMMO TIpeIBapUTe-
JIGHO pa3opBaTth 1IeTh, COEMUHSIONIYI0 HENTPaIb C TOKOTIPOBOASIIIIMMU
JacTsIMM OOBEKTA.

B nanHOM M3nemmm Takoi pa3pbiB MOXKET OBITh OCYIIECTBIICH OTKITIO-
YeHUEM KOHIIa CITMPaJv OT Kopityca B Touke A (cM. puc. 19, au ¢). Ecnim
TOCJIE Pa3pbIBa ITOW LEMU NOAKIIIOYUTH MeraoMMeTp PR B 1103. /1, TO ero
TOKa3aHusI OyAyT COOTBETCTBOBAThH COMPOTUBICHUIO U30JISIIIUN.

Terneps BCIOMHUM, YTO TOKOTIPOBOJISIINE YaCTH WM3IEIUS JOJDKHBI
OBITh U30JIMPOBAHBI HE TOJIKO OT KOPITyca, U U3MEPUM COTIPOTUBIICHUE
M30JISIIAM MEXIY HarpeBaTeIbHBIM 3JIEMECHTOM U APYTUMU KOHCTPYK-
TUBHBIMU YaCTSIMM, B 4aCTHOCTH cTepxkHeM [ (1mo3. /1] npudopa PR Ha
puc. 19, ). ITokazaHust IpubOpa 0Ka3aIMCh PaBHbI HYJIIO.

CrenoBaTeIbHO, HEIIOCPEACTBCHHOM IMPUYMHOM ITeperopaHus BCTaB-
KU TIPeIOXPaHUTES SIBIJIOCH HE TEIJIOBOE PacIIMpeHre CTepKHS  (CM.
puc. 19, a), a HapyllleHUe MpaBUJI YCTPOKCTBA JIEKTPOYCTAHOBOK, B pe-
3yJIbTaTe Yero KOPMycC TEII000OMEHHUKA UCIOJIb30BAICS KaK TOKOIPO-
BOMSIIMI 2JIEMEHT, a (haza NUTAIOIIe CeTH He Obla M30JIMPOBaHA OT
KOHCTPYKTUBHBIX 3JIEMEHTOB, B JAHHOM CJTydae OT CTepXHS 1.

IIpumep 22. HexomycTuMOCTh MCIOJIb30BAHKST CAMO/IEIbHBIX HATPEBA-
TEJIbHbIX YCTAHOBOK

TermnoobMeHHNK, pacCMOTPEHHBII B ipuMepe 21, TIpecTaBIsIeT cOO00I
Pa3HOBUIHOCTb CAMOJIE/IbHBIX JIEKTPOIEUE, K COXaIeHMIO, IITMPOKO pac-
TPOCTPAHEHHBIX B IPOXOAHBIX TIPEANPUSITUIA, OBITOBBIX, CKIIAACKUX, & TaK-
K€ IPYTUX TIPOM3BOICTBEHHBIX oMelieHnsIX. [1o1b30BaHNe TAKUMHM JJTeK-
TpoTIeYaMy TIPAKTMYECKN HEN30€XKHO TIPUBOIUT K JIEKTPOTPaBMaM, TIpU-
yeM 67,2 % TpaBM Ha 3JICKTPOIIeYaX IOIy4aloT He SJIEKTPUKHU.
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CoBMeCTHOE MTPUMEHEHNE TEXHOJOTMYECKUX TMepexonoB «Busyab-
HBII KOHTpOJIb» 1 «CpaBHeHNE» 3(PMOEKTUBHO HE TOJBKO MPU OTHICKA-
HUM 1e(EeKTOB B peabHbIX 00BEKTaX, HO W TPU U3YUYEHUM TOKYMEHTa-
LIVU JIJ1ST OLIEHKY PEeaTbHOCTY MPUHSITOTO CXeMHOTO PEIIeHUST, HAXOXKIIe-
HUS OIIMOOK B cXeMax, aHaJu3a CXeM Tiepe]l IMMOMCKOM nedeKTa, Koraa
HU3y4aeMyl0 CXeMY COIOCTaBJISIIOT C OMMCAHUEM €€ pabOoThl, JaHHBIM B
JIOKYMEHTAlMY WIX U3BECTHBIM U3 OIbITA.

3aoaua 7. llechekm 6 cucmeme HenocpedcmeeHH020 NYCKa ACUHXPOHHO2O
deueamens (puc. 20) nposeasemcs  mom, Ymo npu Haxcamuu Ha KHOnKy S1
dsueamend 3anycKaemcs, HoO npu OMNYCKAHUU KHONKU 2AeKmpoosueament
0CMAaHABAUBACMCA.

CpasHump onucanue pabomovl HeUChPagHoIl cxemvl ¢ Bawum npedcmaeae-
HUeM 0 npasuabHOLL padome cxembl U YKasamv 803MOICHble PUUUHYL Jeghekma.

o cux 1Mop aHaJIM3UPOBATUCH CXeMBI, KOTOPBIE 0 BOSHUKHOBEHUS B
HUX nedekTa padoTtany rnpasuibHO. OgHAKO Ae(eKT OnpeessIioT U B Ta-
KUX 00BEKTaX, KOTOPBIE €lIIe He pPadOTaId U HE HAXOAWJIUCH B UCTIPAB-
HOM pabOTOCIIOCOOHOM COCTOSTHUM. Takasl CUTyalus XapakTepHa Jist
Meproaa HaCTPOKM pesleifHO-KOHTAKTOPHBIX cxeM. Eciiu npu oTbicka-
HuU gedekTa B paHee pabOTaBIIMX cXeMaX ObLI0O HEOOXOAMMO BbISIBUTh
MPUIUHY WX YCTAHOBUTH MECTOHAXOXIEHHE NieheKTa, TO JUTS HacTpau-
BaEMBIX CXeM IPY UX aHATTN3€ HY>KHO YUYUTHIBATH BO3MOXKHOCTh HepeasTb-
HOTO CXeMHOTO PEIIeHUSsI, B Pe3yJIbTaTe KOTOPOTO U MOSIBUIICS Ae(eKT.

JJ1s1 OLIeHKU PeaTbHOCTU TOTO MJTM MHOTO CXEMHOTO PEeIIeHUsT He00-
XOAMMO 3HaTh, YTO OCHOBHBIMU IPUYMHAMU HEPAOOTOCTIOCOOHOCTH
cxeM sBistiores [11]:

e HEIOCTAaTOK SHEPTrMy Ui cpabaThiBaHMS armaparta (CM. TIpH-
mep 23);

e IIPOHUKHOBEHHE» B CXeMY M30BITOYHOI SHEPrUu, BBI3bIBAIOIIEH
HempeaBUICHHOe cpabaTbiBaHME (CM. IpUMep 24) WK MpPersiTCTBYIO-
LIEH CBOEBPEMEHHOMY OTITyCKaHUWIO armapara (CM. 3aiadyy 8 W Tpu-
Mmep 26);

e HEXBaTKa BPEMEHM ISl COBEPIIICHUSI 3aAaHHBIX JEMCTBUI (CM. TIpU-
mep 28);

e 3a/IaHME araparaM YCTaBOK, KOTOPbIE HE MOTYT OBITh JOCTUTHYTHI
(cm. mpumep 29);

e COBMECTHOE TIPMMEHEHUE arapaTroB, Pe3KO Pa3IuvalolInuxcs 10
CBOMCTBaM;

e HEYYTECHHBIE OTPAHWYEHMSI MO KOMMYTAIIMOHHOM CIIOCOOHOCTH
(cm. mpumep 30) WIr SAEKTPUYECKON MPOYHOCTH UBOJISILIMU aIlapaToB
U TIPOBOJIOB;

e HEMoralleHHbIe KOMMYTAIIMOHHBIE TTEPeHATPSIKEHUSI;

e HECTaHIAPTHBIE YCIOBUS SKCITTyaTallvu;
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Puc. 20. Cucrema ynpapieHusi aCHHXPOHHDBIM JJIEKTPO/IBUraTeIeM

e BBHIOOD IJIONIAN CEUEeHMSI KaOeJiell M TPOBOIOB TOJIBKO 110 JUTUTEITb-
HOMY pexxumy padoTsl (cM. mpumep 31) mim 0e3 ygera 0COOEHHOCTEH
cxeMbl (cM. 3anauy 9);

e HEIOOILIEHKA BaXKHOCTH CUCTEMbI MUTAHUS (CM. mpuMepsl 29 u 32).

[TpuBeneM npuMepbl CXEMHBIX OIIMOOK, WLTIOCTPUPYIOLIMX JAHHYIO
KJ1accuUKaIMIo v 331a4i Ha aHAJIU3 PEJIEHO-KOHTAKTOPHBIX CXEM.

IIpumvep 23. HenmocTaToK 3HepruM Uisi CpadaThIBAHMS Aamnmapara
3aIUTHI

B aBTOHOMHOI1 3JIEKTPOCTAHITMY IS 3AIIMTHI TEHEPATOPHOT'O arpera-
ta (I'A) oT paboThI B pexkxMe 0OpaTHOI MOIITHOCTH, KOT/Ia OH, paboTasi B
peXruMe ABUTaTeIsl, MOTPEOIISIET SHEPTUIO OT MapajlieJIbHO paboTarolie-
ro ¢ HUM TeHepaTopa, YCTAaHOBJIEHO pejie oOpaTHOoil MomHoctu KIM
tuna UM-149 (puc. 21), BKIIOYEHHOE 4Yepe3 U3MEPUTEIbHbIIA TpaHC-
dopmarop Toka 7'/ ¢ koadpuLreHToM TpaHChHOPMALIVN:

K;=6000/5=1,2 - 103.

Dra 3almMTa 10 CBOeMY MPUHLIMITY ICHCTBUS HE MOXET IIPeIOTBpa-
TUTh MEPEXOJ TeHepaTopa B PEKMM OOPaTHO MOIIHOCTHU, OHA TOJIBKO
OTPaHMYMBAET MPOIOJLKATEITBHOCTh PAOOTHEI B 3TOM PEKMME YCTaBKOM
peJie TIo BpeMeHU.

KoHcTpykiiys pesie normycKaeT CTyIlieHIaToe MU3MEHEHHE YCTaBKU Cpa-
OaTbIBaHUSI IO MOIIHOCTH ITyTeM YCTaHOBKM BWJIKHU-TIEpeMblukKu E7 B
OJIHO M3 THE3/, COOTBETCTBYIOIIUX YCTaBKaM 6,4, 10 v 12 % HoMuHa-
JIbHOI MOIITHOCTH TeHepaTopa.

VYcraBka pee o BpeMeHU cpadaThIBaHUSI HE PETyIUpPYETCs.

XoTs1 opMaJIbHO CXeMHOE pellieHUe He MMeeT OLIMOOoK, pese oopaT-
HOI MOIITHOCTH TTOCJIe Tepexona ['A B IBUTATeILHEIN peXXnM He cpada-
TBIBACT JaKe B TOM CJIydae, Korma IrepeMbIuka £/ ycTaHOBIIEHA B THE3IO
6,4 %.
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Puc. 21. Cxema 3amuThbl reHepaTopa oT padoThl B pexKuMe 00pPATHOI MOLIHOCTH

JI1s1 omy4yeHusl TOMOJTHUTENbHON MH(popMauy o nedekTe mprume-
HUM TEXHOJIOTUYECKUIA TIEPEXO, «BU3YaTbHBI KOHTPOJIb» U OCMOTPUM
pesie, 00paThB 0cO00€ BHUMaHUE Ha pabOTy €ro MOJBMXKHOM YacTH (I1C-
Ka, Ha OCU KOTOPOTO 3aKPETUIEH TOABMKHBIN KOHTAKT), TIOCIe TIepexoaa
I'A B nBUTATEIBHBIN PEKUM.

st Toro 4To6B1 06ecnieunTs repexo I'A B ABUTATETbHBINA PEXUM, He-
00XOIMMO yMEHbIIIATh MOJauy YHEPTOHOCUTENSI B TMEPBUYHBIN JBUTA-
TeJb, BO3ACHCTBYsI HA PYKOSITKY YIIPaBJIEHUsI CEPBOJBUTATENIEM, U3MEHSI -
FOIIIMM YaCTOTY BpallleHUs (JTaHHAsI METOIMKA MPOBEPKU peJie 00paTHOM
MOILHOCTH ycTaHOBJIeHa B cTaHAapte P/15.6053—91), u oqHOBpeMEHHO
Ha0II0IaTh 32 TIOABMKHOM YacThIO pejie 00paTHON MOIIHOCTH.

BeinmonHeHHass TakuM 00pa3oM MPoBEpKa MoKazaia, YTo JUCK pelie
CHayvajia ToOBOPauyMBaeTCsl Ha HEKOTOPBI YroJI, HO 3aTeM OCTaHABJIMBAET-
Cs1 M KOHTAaKT peJie OCTaeTCsl pa30MKHYTHIM. TaKoe MposiBieHne nehexra
MOKA3bIBAET, YTO HA BXOJl PeJie MOAAETCSl IHEPTUsl, HEMOCTATOUHAST ISt
€ro cpabaTbhIBaHUSI.

YT00bI yOEAUTHCS B MPaBUJIbHOCTU BbIABUHYTOIO IMPEAMNOJIOXKEHUS,
TMPOU3BEIEM HEKOTOPBIE BHIUMCICHUSI.

Hst cpabarbiBanus pene npu Upp = U, HEOOXOIUMO, YTOOI Yepe3
€ro TOKOBYIO OOMOTKY MPOTEKaJl TOK:

Icp =k IyCT [HOM’
rae k — kK03(h@UIMEHT, YYUTHIBAIOIINI BO3MOXHOCTb PETYIMPOBAHUS
YCTaBKM CpadaThiBaHMA Ha Kaxnoil crymenu (K, =0,9; k.. = 1,1);

max

IyCT — 3HauYeHHe ToKa cpabaThIBaHUsI (yCTaBKa) peJsie, 3aJaBaeMoe MoJio-
JKEHMEeM TepeMBIYKK E/ B THe3Iax IepeKiIovaTessl yCTaBKy, OTH. efl.;

1, — HOMMHAJIbHBII TOK OOMOTKH pene, A.
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B nannom npumepe k = 0,9; I, = 0,064; 1,,,,, = 5 A, mostomy ToK Bo
BTOPUYHOI 0OMOTKe TpaHc(hOopMaTopa TOKa OyIET paBeH:

1;=0,9-0,064-5=0,288 A.

Taxk kak pene K1 BKilloueHo yepe3 TpaHchopMarop Toka 71 ¢ Koad-
dunmenToM TpaHcpopmauuu K;= 1,2 - 103, To B cTaTtopHOi1 OOMOTKE
reHepaTopa J0JDKEH IIPOTeKaTh TOK:

I5=1,2-10%-0,288 = 346 A.

M3mMepeHue Toka cTtaTopa B 3TOM PEeXKMME I10Ka3aJlo, YTO OH PaBeH
230 A. CorocTaBuB 3TH JIBa 3HaYEHUS TOKA, 3aKJII0YaeM, 4To 1151 cpada-
TBIBAHMS peJic HeIOCTAaTOYHO SHEPTUM.

OnuH 13 CIToco00B YCTpaHEHUSI 3TOI CXeMHOI OIIMOKN — TIpUMEHEe-
HHUe Apyroro TpaHcdopmaropa Toka, Kod(phULMEHT TpaHChOpMaLUK
KOTOPOTO CJIeAyeT BEIOMpATh U3 YCJIOBUS 00eCIIeUeHUsI HAIeXKHOIO Cpa-
OaThIBaHUS peJie TIpY TOKe reHeparopa, paBHoMm 230 A, T.e.

K;=15/1,, =230/0,288 = 0,8 - 103.

Oromy Koadduumenty tpanchopmauuu npu I, = 5 A cOOTBETCT-
ByeT nepBUuHbIi ToK /= 0,8 - 103 - 5= 4000 A. DT0 3HaYEHUE MEHbILIE
HOMMHAJILHOTO TOKa reHeparopa I, o, paBaoro 4200 A.

B ¢Bs131 ¢ TeM 4TO Uyepe3 NepBUUHYI0 0OMOTKY TpaHc(hopMaTopa ToKa
JIOMYCKAETCsl JUINTEJILHOE IMPOTEKaHUE TOKa

1

JUINT

=1,11,0c= 1,1 - 4000 = 4400 A,
TakKou TpaHc(opMaTop MOXHO UCIIOJIb30BaTh B CXEME 3allUThl JAHHOTO
reHepaTopa.

ITpu TOM ClienyeT UMeTh B BULY, YTO CAMOCMOAMENbHAS 3AMEHA dJe-
MEHTOB YCTPOICTB Ha He MPEIYCMOTPEHHBIE CXEMOU B 3TOM U B JIIOOOM
JIPYTOM ciiydae Hedonycmuma. [171st 3aMeHbI 37IeMeHTa HeOOXOIMMO TTOJTy-
YUTh Pa3pelieHre MPOSKTUPOBIINKA CXEMbI WK, KaK B PACCMOTPEHHOM
MpUMepe, 3aBOjia — U3TOTOBUTES TpaHC(hOpMaTopa Ha UCIIOIb30BaHUE
€ro B TAaKOM peXUME.

IIpumep 24. HenpenBuaenHoe cpadaTbiBaHie anmnapara u3-3a «MpOHUK-
HOBEHNSI M30bITOYHOI SHEPTUI»

[Myckarenas K1 coemrnAeH O IMMTOM MUTaHUS Z ] IS TVKITHBHBIM Kabe-
qneM E1 (puc. 22). JIBe XXUJIbI 3TOro KaOeIst NCIIOJIb30BaHbI IS Tiepeaadn
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uHbOopMaIK o0 paboTe IycKaTesIsl Ha IIMT, a OCTaJIbHbIE TPY ITOIAIOT -
TaHME B [JIABHYIO LieTlb ITyckaTesist K/ Ha 3axkumbl L1, L2, L3.

I1pu pazpaboTke cxeMbl IPeaNnoJarajaoch, YTO MOC/E BKIIOUEHUS ITyC-
Katenst K1 KHOTIKOM, pacIoIoXKeHHOI B KHOITOYHOM ITOCTY .S, Ha IITUTe
Z1 nomxHa 3aropetbcst tamma H 1. ITpoBepka cxembl B paboTe nokasaja,
YTO CBOET0 Ha3HAYEeHNsI OHA HE MOXET BBIMIOJHUTD, TaK Kak jamra H13a-
ropaetcs cpasy, IocJie MoJayy MUTaHus Ha [T Z 1, naxke mpu HepaboTa-
fo1reM myckareie K1

[Ipeskme yeM BBIIBUTATh TUTTOTE3HI O IpUYMHE AeheKTa, HapruCyeM K-
BUBAJICHTHYIO CXeMY, KOTOpast Oy/IeT CIIyXKUTh TUAarHOCTUYECKON MoJie-
JIBIO JUISI UCXOMHOM CXeMBbl, IOKa3aHHOM Ha puc. 22, 1 oOpaTUM BHUMa-
HME Ha TO, YTO 110 YCTAHOBUBILICICS TPAAULIMK Ha DJIEKTPUYECKUX CXeMaX
HE PUCYIOT MTATPOHBI WX apMaTypy JIaMIT.

7151 TOoHUMAaHWS IIPUHIIATIA PAOOTHI 3Ta YCIIOBHOCTh HE UTPAET POJIH,
HO BOT MpH MoucKe aedeKra 0 Hell Halo MTOMHUTh, TaK KaK B apMarype
ra30CBETHBIX JIaMM (2 MMEHHO TaKasl JaMmIia IoKa3aHa Ha puc. 22) ycTa-
HaBJIMBAIOT IOTIOTHUTEIBHBIE PE3UCTOPHL. B CBSI3M ¢ 3TM J1amIIa B 5KBH-
BaJICHTHOM CXeMe JOJDKHA OBITh HapMCcOBaHA TakK, KaK 3TO CACIaHO Ha
puc. 23, a. Touku a 1 6 Ha 3TOI CXeMe COOTBETCTBYIOT TAKUM K€ TOUKaM
Ha cxeMe puc. 22.

DKBUBAJICHTHYIO CXEMY COCTABMM He [UIsI BCEX 3JIEMEHTOB, ITOKAa3aH-
HBIX Ha pHC. 22, a TOJIbKO TSt TaMIibl H 1, konTtakTa K. I vizxun 1, 2xabe-
ns1 El. B 95KBUBaJICHTHOI CXeMe Y4TeM COIPOTUBJICHUE U EMKOCTh M30-
JIIIIA MEXIY KUJIaMU KaOesst U MeXIy KaxkI0i U3 XKWI U KOPIyCOM
(3emuteit). ConmpoTUBICHUEM M EMKOCTBIO U30JISIIUM MEXKIY KUJIaMU CO
CTOPOHBI CETH MOXHO IpeHeOpeyb, TaK KaK BHYTPEHHEEe COIPOTUBIIE-
HUE UCTOYHMKOB, IIIYHTUPYIOIIee NX, HAMHOTO MeHbIIe. B pesynbraTe
MOJIyYMM 2KBUBAJIEHTHYIO CXeMy, MOKa3aHHY1o Ha puc. 23, 6. Ha ocHo-
BaHMU 3TOM CXEMbI MOXHO BBIIBUHYTb CJICAYIOIIYIO TUIIOTE3Y O IIPUYMHE

~380B ~220B

Ja1
J2
] .

Puc. 22. DparMeHT cXeMbl COETMHEHUS MYCKATES CO IUTOM
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Puc. 23. DKBHBAJIEHTHbIE CXEMbI:

a — JIaMITBI C TITATPOHOM; 6 — TIeTiel CUTHAJIM3AllUN; 6, 2 — 00pa30BaHMSI JTIOKHBIX 11e-
neu

nedexra: CHIDKEHWE COTPOTUBIICHUS M3OISLMK XU [, 2 kabens El,
MOOKIIOUCHHBIX K KOHTaKTy K. I, IPUBOOUT K €TI0 IIyHTUPOBAHUIO
COMPOTUBIICHUEM:

R=R;+ R,

OnHaKo BEPOSTHOCTh BO3HUKHOBEHUST OHOBPEMEHHOTO TTOBPEXKIE-
HUS M30JISIIIAN IBYX KWJT HEBEJIMKA, Y TIOTOMY €CJT MCKATh TIPUIMHY Jie-
(bekTa HEMOCPEICTBEHHO B 1IETIHM IMUTAHUS JIAMITBI IIOCTOSTHHBIM HaIIpsi-
JKEHHEM, TO JIOTUYHEE TIPEAIIONI0KUTh CYIIECTBOBAHUE OMHOTO nAetheKTa,
IIPUYMHA KOTOPOIO — YMEHBIIEHUE CONPOTUBIECHUS U30JIALUNA Rs MEX-
Iy >kujtamu 1, 2, coequHsIIoIMu KOHTakT K. I ¢ namrioit H1u uctouHu-
KoM (puc. 23, 6).

XoTs1 00e TMTIOTE3bI HE JINIIIEHBl OCHOBAaHUH, HO B JAHHOM TIpUMepe
OHU He TIPEACTABIISTIOT MUHTepeca B CIIIYy UX TPUBUAJILHOCTH. TeMm He Me-
Hee MPOBEPUM UX, ISl Yero CHavyajia OTKIIOYMM ITOCTOSIHHOE HaIlpsiKe-
Hue 220 B, octaBuB BKJIIOUeHHBIM niepemeHHoe 380 B, a 3aTem oTKIII0-
yuM nepemeHHoe HampskeHue 380 B, a mocrosinHoe 220 B octaBum
BKJTIOUEHHBIM. Yero cieayeT oxkuaaTh OT TaKOl TPOBEpKU?

Ecnm BeIIBHHYTAsI THUTIOTE3a O IIIYHTUPOBAHUM KOHTaKTa K 1.1 BepHa,
TO TP OTKJIIOYEHUM TTOCTOSTHHOTO HanpsikeHust 220 B mamria noypkHa 1mo-
racHyTb, a IPU OTKJII0YeHU HanpsikeHust 380 B — nmpoposmkarh ropeTh.

BrImosiHeHHbBIE yKa3aHHBIM 00pa30M MPOBEPKU MOKa3ajIu, YTO JIamra
TacHET He TOJIBKO TTPU OTKJIIOUEHWHN TTOCTOSTHHOTO HampstkeHus 220 B,
HO ¥ TIpU OTKJTIOUEHUHU TiIepeMeHHoro HarpskeHust 380 B.

CrenoBarenbHO, TIpUYMHA AeeKTa 3aKIovaeTcs He B ITYHTUPOBA-
HUU KoHTakTa K1. 1.

Tak kak mouck 3Toro nedexkra OymeT pacCMOTPEH HUXKE, YKaXKeM
3MIECh TOJILKO TO, YTO MPUIMHON CBEUCHUST JIaMITbl H [ SIBJISIETCST «TIpO-
HUKHOBEHUE M30BITOYHON SHEPTUU» Yepe3 eMKOCTb U COMPOTUBIICHUE
U30JISILIMM MEXY Xujiamu kabenst £1 U3 ceTy IepeMEeHHOTO HarpsiKe-
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Puci 24. Cxema noak.oyenus (a ) v BHelHuii Bua (6 ) yeTpoiicTBa 3alMThI OT HABO-
JIOK
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Puc. 25. Cxema JMCTAHIMOHHOTO YNPABJIEHUs peJie

Hug 380 B. B HacTostiee Bpemst It MpeA0TBPpaIllCHIST CBCUCHMST JIAMII B
TaKUX CIyYasix TMPUMEHSIOT YCTPOMCTBO 3allMThl OT HaBomok Y3H-50
(puc. 24).

3aodaua 8 [10]. Ha puc. 25 npusedena cxema ynpaenenus mpems peine
K1 — K3 cnomowwio knonok S1 — S3. Paccmosinue mexcdy peae u KHonkamu
6EAUKO — COMHU Mempoa.

Conpomuenenus uzonayuu mexcoy xcunamu 1 — 4 kabens u mexcoy Kaxic-
0011 HCUNOTL U 3eMAell HACMOAbKO BeAUKU, YIMO UMU MOJCHO nperedpeyus. Co-
npomueaeHue Jcun npUMem OAU3KUM HYAI0 (HMOoObL He OMEAeKAMbCs OM pac-
cMampugaemozo 60npoca), Xoms Ha camom 0ene OHO MONCem CYUeCMEeHHO
eaUAmMb Ha pe3yavmamol pacuemos. Ho emxocmuvie ceszu mencdy scuramu
Kabenetl 3HauUmenbHbl.

Ha puc. 25 emxocmo mexncdy ycusamu 1 u 3 ycaoeno obosnauena kax Cs,
a mexcoy wcunamu 2 u 3 kak Cy3. B paccmampueaemom cayuae konmaxm
knonku 83 samkrym u mok 1; npomexaem monvko vepe3 oomomky pese K3,
Kak u 3adymano npoekmuposujukom. Kommaxmer knonok SI1 u S2
PAZOMKHYMbL.

I Cm. http://www.kaskad-electro.ru.
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Tpebyemcs omeemums Ha 60NpPoOCHL:

1. Tlpu kaxom ycaosuu pene K1 (K2 ) moxcem cpabomams npu pazoMKHy-
molx konmakmax kHonok S1 uau S2 («noxchoe» cpabamoieanue)?

2. Moocem au skops cpabomasuie2o pene 0ocmamocs U3-3a HaAU4Us em-
KOCMHbIX MOK068 NPUMSHYMbIM NOCAe PA3MBIKAHUS KOHMAKMA COOMEemcm-
8yroujeil KHONKU (KaK NPuHsImo 2080pums — <«3aaAUnHymo»)?

IIpumep 26. HecBoeBpeMeHHOE OTIYCKAHME aNmapara

Bpaiaromuiicst mpeodpazonatenb G/ mouiHocTbio 20 KBT monkio-
YeH K CEeTH 4Yepe3 aBTOMaTUUECKUi TepeKovaresib nutaHus Al
(puc. 26, a).

CurHan Ha NepekIoueHue MUTaHusl (HOPMUPYETCS BCIIOMOTaTelb-
HBIM pejiec BpeMeHM K/, BKITIOYaeMbIM pa3MBIKAIOIIMM KOHTAaKTOM
KM1.1 xontaktopa KM 1, dyepe3 HEKOTOPBI MPOMEXYTOK BpeMEHH
At = t, — t| TIOCJIe UCUE3HOBEHMs HaNpsDKeHus (puc. 26, 6). B cBssu ¢
TEM YTO ABUTATEJb BPAIIAIOIIETO IMPeoOpa3oBaTelis, OTKIIOYEHHBI OT
CETH, HAYMHAET paboTaTh B TEHEPATOPHOM PEXMMeE, HATIPSKeHUE Ha Ka-
TyLIKe KOHTaKTa pesie KM 1 coXpaHsieTcst elle B TeYUCHUE BPEMEHH 7y, 1
MepeKIIIoUYeHe Ha pe3epBHOE ITMTAHUE TIPOMCXOIUT He uepe3 BpeMsl Af, a
uepes BpeMmst Af = (iy — 1) + 1, (cM. puc. 25, 6).

Tak Kak TpOIOJKUTENbHOCTD BPAILIEHNS OTKIIIOYEHHOTO OT CETH TIpe-
o0Opa3zoBaresisi 3aBUCUT OT Harpy3Ku, MOIKIIOUYEHHON K €ro TeHeparopy,
TO MPOMEXYTOK BPEMEHHU Zy,; MOXET ObITh pasHbiM. Haubosbiree ero
3HaYEHUE COOTBETCTBYET XOJIOCTOMY XOIY.

«JIMIIHSS» SHEPTUST MOXKET IMIPOHUKATh U B pe3yJibTaTe 00pa3oBaHUs
«IOXHBIX» 1IeTeid, He MPEeAYCMOTPEHHBIX WJIM HE YUYTCHHBIX ITPY MPOEeK-
TUPOBAHUM PEJICTHO-KOHTAKTOPHOM CXEMBI.
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Puc. 26. Tlepekioyareb MATAHUS:
a — cxema; 0, ¢ — TuarpaMMbl B3aUMOJICHCTBUS 2JIEMEHTOB
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Puc. 27. DparMeHT cxXeMbl YNPABJIEHHs BBIKJII0YATEIEM:
a — VICXOJIHBII; 6 — ¢ UCTIPABJICHUSIMU

Ipumep 27. Obpa3oBanue J0xHO# nerm!

Ha puc. 27, a moka3aH ¢parMeHT CXeMbI YIIpaBJICHUs aBTOMATHUe-
CKMM BBIKJTIOYATEJIeM, conepkainii Bkiovatomuii YAC u oTKIIio4ao-
mmii YAT 371eKTpOMarHuThI.

CxeMa paboTaeT ciaenyommum oopa3om. I1pu oTKIIOUEHUU BBIKJIIOYA-
tens Q (Lerb MeXay Toukamu 35, 37 3aMKHyTa) MOCje IIOBOpaYBaHUs
PYKOATKM Kitoda SA B rtosioxkeHne «OTKITIOUNTh» cpabatbiBaet pesie KBS
OT TOKa, TIPOTEeKaIoIIero B paboueit ooMoTke KBS. I, v 3aMbIKaeT KOHTaKT
KBS. 1B 11enu ynepxupatoieii Katyku KBS. OmHOBpeMeHHO pa3MbIKa-
eTcs KOHTakT KBS.2, npenoTBpallialonunii mogady mUTaHUs Ha BKIIIOYa-
romyto Katyiky YAC. BenenctBue 3aMbikaHMs el [ — 33 KOHTAaKTOM
Kioua SA muTaHue MOCTYIAeT M Ha OTKITIOYAIOIIy1o KaTyky YAT.

O cocrostHnu BIKTIOUATeNIs «OTKIIIOUeHO» — « BKiTToueHo» curHam-
3upytoT Jamnbl HLG, HLR.

TTocne oTkmoyeHUs BbIKIoUaTesst Q v BO3BpalleHUsI Kitoya SA B rc-
XOIHOE MOJIOXKEHUE TUTaHue ¢ 0OMOTKU KBS. I cHUMaeTcsl, OqHaKoO B 00-
MoTKe KBS.2 ipu orpeneIeHHOM COOTHOIICHNH COIPOTUBIICHUN pe3u-
ctopa R, nammsl HL G v katyiiku KBS MOXeT mpoTeKaTh TOK, TIPETISITCT-
BYIOIINI pa3MbIKaHHUIO KOHTaKTa KBS. / 1 3aMbIKaHMIO KOHTakTa KBS. 2.

Takoe cocTosiHME CXeMBbl IeJaeT HEBO3MOXKHBIM BKJIIOUEHUE BBIKITIO-
yaTesst Q M MOXET ObITbh UBMEHEHO OTKJIIOUEHMEM HaIPSDKEHUS TUTAHUST
(v, TIO-APYroMy, OIIepaTUBHOTO TOKA).

YcTpaHUTh pacCMOTPEHHYIO JIOXKHYIO IIeTTb, IPUHLIMITAAILHO HE 13-
MEHSISI JaHHOE CXEMHOE PEeIIeHHUE, MOXHO, MOIKIIOUNB BTOPOI BBHIBOJ
JIaMIIbI HE K TOUKe 3, a K TouKe 3 WY K€ U3BMEHUB COOTHOIIEHUE COTIPO-
TUBJIeHUN pe3ucTtopa R, namnbsl HLG u xaryimiku KBS (puc. 27, a).

I Mycasnsn ®. C. Hanaaka M MCMBITAHMS 371eKTPOOGOPYNIOBAHMSA 3JMEKTPOCTAHIMN 1
noAcraHuuit. M.: DHeproaromuszaat, 1986.
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Puc. 28. ABTOMATHYECKHIi BBIKJIIOYATE/Ib:
a — (parMeHT CXeMBbI YIIPaBJICHUST; 6 — IuarpamMma B3auMOJICCTBUS JIEMEHTOB

OpHako 0oJiee 1ieJiecoo0pa3HbIil Coco0 UCTPaBICHUST JAHHOM CXeM-
HOW OIMOKM — W3MEHEHWE IIeTel BKITIOYEHMS] CUTHAJIBHBIX JIAMIT
(puc. 27, 6).

IIpuvep 28. HexBaTKa BpeMeHH /ISl COBEPIICHUS 3aJAHHBIX JEHCTBUIA
[11]

Ha puc. 28, a nmoka3zaH ¢parMeHT cXeMbl yIIpaBJIeHUsI aBTOMaThue-
CKUM BbIKTIouaTeseM QF ¢ yaepXXUBalOIIUM 3JIEKTPOMAarHUToM Y, a Ha
puc. 27, 6 — nuarpamma B3auMOJICHICTBUS 2JIEMEHTOB 3TOM CXEMBI.

CortacHO OITMCaHMIO, CXeMa JOJKHA paboTaTh CIISIYIONTM 00Pa3oM.
Knormka S2Bxmovaer pene K/ (ers 3 — 4Ha cxeme, TOUKM / — 2Ha Taa-
rpaMMe), KOTOpoe BKITIoUaeT KoHTakTop K2 (temnb / — 6 Ha cxeMe, TouKa
3 Ha TuarpaMMe) U, KpoMe 3TOTo, IIyHTUPYeT KHOTIKY S2 (1enb / — 4Ha
cxeMme).

KontakTop K2 Brumouaer Boikmodarens QF (nenb 7 — & Ha cxeme,
TOUKa 4 Ha IMarpamMme), KOTOpbIii CBOMMU BCITOMOTaTeIbHBIMU KOHTaK-
tamn QF.1 n QF.2 otkimodaeT KoHTaKTOp K2 (1Iett / — 6 m 5 — 6 Ha
cxeMme).

[Ipy aBTOMaTMYECKOM OTKIIIOYEHWM BBIKITIOUaTes b QF CBOMM KOH-
takToM QF. [ 3ambIKaeT 1ienb / — 6 (Ha quarpaMMe 3TO COOTBETCTBYET
TOUYKE 6 ) M BKJIIOYaeT KOHTaKTOp K2 (Touka 7Ha muarpamme), KOTOPBIi
TMOBTOPHO BBIKJIIOYAET IO 1N 7 — 9 aBTOMAaTUYeCKUii BBIKJIIOUATETh
(Touka § Ha guarpamme).

st IpemHaMepEeHHOTO OTKITIOUCHUS BBIKITIOUATEIST CIICAYeT HaxkaTh
Ha KHOMKY S/ (Touka 9Ha auarpaMMme), KOHTaKT KOTOPOI pa30MKHET 1IeTy
1 —2u I— 4. Tlocne atoro ObicTpoaeicTBytonlee pejie K/ OTIyCTUT U
Pa30MKHET CBOI KOHTAaKT B Liern / — 6 (Touka /() Ha quarpaMme); 3aTeM
(Touka /1 Ha muarpamMme) 3aMKHETCSl BCIIOMOTaTe/IbHbI KOHTakT QF.2
BbIKTtoUaresst QF, 1lenb KaTylIKu KOHTakTopa K2 OCTaHEeTCS pa30MKHY-
TOI 1, CIIeAOBATEILHO, BEIKIIIOUaTesIb QF OCTaHEeTCs OTKIIIOUYCHHBIM.
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OnHako npu MPoBePKe BbISICHUIIOCH, UTO CXeMa paboTaeT MHayve, a ie-
(eKT NposIBsIeTCs B TOM, UTO TTOCje HaxaTus KHONKM S 1 KoHTakTop K7
BCe-TaKM cpabaThIBacT M BKITIOUACT BRIKITIOUATETh QF.

Kaxk n3BecTHO, TIepBOE, UTO HAIO CNENIaTh MPY OTIPEIEIeHUH JII0OO0TO
nedekTa, — 3To OrpaHMYUTH 00JIACTH €T MOMCKA KAKOH-TO YaCThIO 00b-
eKTa. M3 COBMECTHOTro aHaIM3a IMPUBEACHHOTO OIMCAHUSI PA0OTHI CXEMBI
yIOpaBJIEHUS U ee TpahuecKoro u300pakeHUsI MOXXHO YCTAHOBUTh, UTO
BBIKJTIOYATE b BKJIIOUAETCS TOJIbKO KOHTAaKTOPOM K2, KOTOPbIit cpabaThI-
BAeT I10 LIETIN: TOYKA / — KOHTAKT KHOIKMY .S/ — pa3MBIKAIONINIA KOHTAKT
QF. I Beiximouatenst QF — 3ambikarommmit KOHTakT K1.2 pene K1.

CrenoBaTesbHO, IJIST CpabaThIBAaHUSI KOHTaKTOpa K2 Hamo OMHOBpPE-
MEHHO 3aMKHYTh CJICIYIOIINe KOHTAKTHI:

e KHOMKHU ST

o BeIKIOUatens QF. I;

e penie K1.2.

Ecnu nepBble 1Ba YCIOBUS SIBJISIIOTCSI HOPMAJIbHBIMU JJIs1 CXEMBbI TIPU
OTKJTIOYEHHOM COCTOSTHMH BBEIKITIOUATE]ISI, TO KOHTAKT K /.2 3aMBIKAThCS
He noypkeH. Takum 00pa3oM, 00J1acTh orpenesieHus aedekra orpaHuye-
Ha KoHTakTOoM K1.2. [To3TOMY IIpy BU3yaJIbHOM KOHTPOJIE pabOTHI TaH-
HOI cXeMbl 00paThM BHUMaHUE Ha padoty pese K. BKiiounB BEIKTIOYA-
TeJb KHOMKOM S2, BuaMM, uto pesie KI cpabaTbiBaeT M MPUTITUBACT
SIKOpb. 3aTeM, HaxkaB Ha KHOIIKY S7, oOpaTuM BHUMaHue, u4To peie K1 He
OTITyCKaeT, a KOHTAKTOp K2 cpabaThbIBaeT Cpa3y IMOC/e OTKIOUEHUS BbI-
kmouatesst QF v BKIIIOYaeT ero.

[Torpobyem HaxkmuMaTh KHOTIKY S mmrenasHo. Yepes 1,5 — 2 ¢ He-
MPEPBIBHOTO Haxatust Ha KHOTKy S/ pene K/ ormyckaer. Ecnu kHOTIKY
S1 otryctuTh, KOHTAaKTOp K2 He cpaboTaer.

BrinonHeHre TPOBEpKU ITO3BOJISIET BBIABUMHYTH MPEAIONOXKECHUE:
Jaxe MpU HaxaToit KHomke S 7 Kartyiika pese K1 HeKoTopoe BpeMsi MoJTy-
YaeT MUTaHUe OT KAaKOro-TO MCTOYHMKA.

B cBs131 ¢ TeM UTO Bce LIeMNu, COeANHSIONIME KAaTYIIKY PeJie CO BTOPhIM
TIOJTIOCOM TTUTAaHMSI, PA30MKHYTHI M KaTYIIIKa COSIMHEHA TOJIBKO C YIep-
KWBAIOIIAM 3JICKTPOMArHUTOM, OH OOWH M MOXET OBITh MCTOUYHIKOM,
TOIUATHIBAIOIINM KaTYIIKy pene K.

ITprumHa nedekra oOBsICHSIETCS caeayommmM oopasoM. Ilocie pas-
MBIKaHMS Lenu / — 2 KOHTAaKTOM KHOMKHU S7 sHeprus, 3anaceHHasi B
3JIEKTPOMAarHuTe, pacxoayeTcsl B 0OMoTke pene K/, TpeBpaiiasi ero B
peJie ¢ 3aMeJIEHUEM TPpY OTITyCKaHUU. 3HAYMT, €CJIM KHOIIKa S/ HaxxaTta
HEJ0JITO (T.€. eCJIN MPOMEXYTOK BpeMeHHn 9 — 12 MeHbIlle 0Tpe3Ka Bpe-
MeHU 9 — 13, B Te4eHUEe KOTOPOTO pelie MOXET OTIYCTHUTh), TO pejic He
OTIYCTUT, a KOHTaKTOp K2 cpaboTaeT Iocie OTIyCKaHUS KHOIKU S/
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Puc. 29. ®parmMeHT cXeMbl JIEKTPONPUBOAA IO CHCTEMe reHepaTop — JABUraTesb
(uenu BO30YK/IeHHs TeHePATOPa U IBUTATEJIel He OKA3aHbI)

(Touka /4 Ha nuarpaMme) 1 JOKHO BKITIOUUT BbIK/ItouaTeab QF (Touka 15
Ha 1MarpaMmme).

Wrak, B JaHHOM CJly4yae He XBaTaeT BpEMEHU J1JIs1 BLITOJIHEHUS 3aJaH-
HbIX JIEHACTBUI — OTKJIIOYEHMSI aBTOMATHYECKOI'O BHIKJIIOYATEISI.

IIpumep 29. 3ananne anmaparam YCTaBKH, KOTOPAasi HE MOXKET ObITh
JIOCTUTHYTA

ITo naHHBIM, TPUBENEHHBIM B OMUCAHWU OBITOBOTO TOIOTPEBATEIIS
Bofbl TUMA [1D-12, oH obecrieunBaeT noanepaHue TeMIepaTypbl BOJIbI
Ha BBIXOJIE M3 TOAOrpeBaTeisl ¢ morpeiHocTbio + 1,5 °C. OnHako pene
TEMIIEPATYPbl, UCTIOIB30BAHHOE B 3TOM MOAOrPEBATEIE IsI KOHTPOJIS 3a
TEMIIEpaTypOil BOAbI, UMEET IMOrPeITHOCTb cpadaTeiBanus + 2,5 °C. Cre-
JIOBATEJIbHO, YKa3aHHAasl MOTPENIHOCTh TMOJIEPKaHUsI TeMIIepaTypbl
BOJIbI HE MOXET OBITh peaIn30BaHAa.

IIpuvep 30. HeyuyreHnass KOMMYTAIMOHHAS CIOCOOHOCTh KOHTAKTOB

B anexrponpuBoae, paboTarolieM no CUCTEME reHepaTop — JBUIa-
TeJNb, 37eKTpoaBuratean M1 u M2 BKIOUYEHBI TTOCICAOBATEIbHO U MOTYT
paboTaTh KaK OJHOBPEMEHHO, TaK U 1Mo ogHOMY (puc. 29). Takyro cxemy
COCMHEHUS JCKTPUIECKUX MAIlIMH Ha3bIBAIOT CUCTEMO HEM3MEHHOIO
TOKa.

Pexxum paboThl BeIOMpaeTcst Tiepekiaouatenem S/. HepaboTarommii
3JICKTPOJABUraTe b LIIyHTUPYETCS KOHTAKTOM, PACCUUTaHHBIM Ha MpoTe-
KaHMe HOMUHAJIBHOTO TOKa TeHeparopa.

Karymku konrakropoB KM 1 v KM?2 BKITIoU4aroTCsl KOHTAaKTaMU peJie
Bpemenu KT1u KT2.

HedekT B cxeMe TIPOSIBWICS B TOM, YTO TIPU OMPOOOBAHWUU PabOTHI
KoHTakTOopoB KM n KM2 «BwIropen» KoHTakT pene K71. IIpoBepka
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Puc. 30. DaekrponomorpeBaresib Macja:
a — (bparMeHT CXeMbl; 6 — cxeMa BKJIIOUEHHUSI KOHTAKTA B IIeMb KATYIIKK

BJICKTPUICCKUX LIeTIeH MOATBepAUIA IIPABUIBHOCTE COOPKM CXEMBI, CO-
CTaBJIEHHOW, Ha TIEPBbIN B3MIsa, 0e3 omnbok. OgHako 0ojee moapoo-
HBII aHaJIU3 TTapaMeTPOB CXeMbI TTOKAa3aJl, YTO IMOBPEXKICHHBIM KOHTAKT
pene K71 Obl1 paccuuTaH Ha KOMMYyTalMO Toka He 6ojee 1,5 A, a Tok
ynepxaHust katymku KM [ paseH 0,4 A. Takum 0O6pa3om, MOKHO TIpei-
TIOJIOKUTh, YTO KOHTAKT OTKAa3aj eIlle IO cpadaThIBaHMSI KOHTaKTOpa
KM1.

3Has1, 9TO TOK cpabaThIBaHMsI KOHTAKTOPa B HAYaJIbHBII MOMEHT MO-
JKET 3HAYUTETbHO OTJIMYATHCS OT YCTAHOBUBIIIETOCST 3HAYSHUST (CM. TIPH -
Mep 5), odpaTMcs K JOKYMEHTALIMM KOHTaKTopoB KM 1w KM2, B KoTO-
pOIi HamMCcaHoO, YTO KaTyIlIKa KOHTaKTOpa CEeKIIMOHUPOBaHa (CM. puc. 2),
a TOK cpabaThIBaHUsI KOHTAKTOpa paBeH 15 A, 4To 3HauuTeNbHO (Oosee
yeM B 25 pa3) npeBbliuaeT Tok yaepxkaHus (0,4 A).

TakuMm obGpaszom, mpuunHa JedeKkTa — HenpaBUJIBHBIN BBIOOP pelie
KTIwn KT2, 6e3 yyeta ToKa cpadbaTtbiBaHUSI KOHTaKTOpoB KM1u KM2.

[MpakTueckuM BHIBOIOM M3 TAHHOTO TIpUMepa SIBJISIETCS] HEOOXOIM -
MOCTB IIPOBEPKHU B CXeMaX, COACPKALINX CEKIIMOHNPOBAHHBIC KATYIIIKKA
KOHTAaKTOPOB, Iepel BKIIOUEHUEM UX B pab0Ty KOMMYTALIMOHHOM CIIO-
COOHOCTM KOHTAKTOB, BKJIIOYAIOIIMX 3TU KATYIIKHU.

IIpuvep 31. ILnomanp cedeHus K KaGeist BLIOPAHA TOJILKO MO JJTHTE-
JIBHOMY pPekuMy padoThI

Hapuc. 30, anokasaH (pparMeHT CXeMbl CUCTEMBI YITPaBJIEHUS 3JI€KT-
porogorpeBoM Maciia. XoTs hopMaTbHO 2JIEKTPUUECKasi CXeMa COCTaB-
JieHa TPaBWJIBHO, HO TIPU MCITBITAHMSIX CUCTEMa OKa3ajaach HepaboToC-
IOCOOHOI: TP BKJIIOUEHUM ITUTAHUSI TIOABUXKHbBIE CUCTEMbI 000X KOH-
TAKTOPOB «3aCTPSUIM» U HE 3aMKHYJIM KOHTAKThI [JIABHOM LICTIN.

OCOOEHHOCTBIO CXEMBI SIBIISIETCS TO, YTO Kabeiab E1, COemUHSTIONINIA
nenu KaTtymek K/.2wu K1.I ¢ ICTOYHNKOM MMUTAHUSI, UMeeT 3HAUNTEITb-
Hyto wiHY (/ > 30 M), a 1o cUurHaJy pejie TemIiepaTypbl B/ omHOBpeMeH-
HO BKJTIOYAIOTCSI 00a KOHTAaKTOpa.

B To xe Bpemst katymika K1.2 (aHasornaHo u kaTyimka K2.2) ipume-
HEHHOTO B cxeMe KoHTakTopa cepuri KM-2000 ¢ 11erbio yrpaBiIeHus Ha
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TMOCTOSIHHOM TOKE MMEET CEKLIMOHUPOBAHHYIO OOMOTKY, 4YacTh KOTOPOM
IIYHTUPYETCS COOCTBEHHBIM pa3MbIKAIOIIMM KOHTAaKTOpoM. B 3aBucu-
MOCTH OT rabapura KOHTaKTOpa TOK yIep>KaHUsl, POTEKAIONINi yepe3
IIBE TIOCIeI0BATEIEHO COCMMHEHHBIC CEKIIUY ITPY PA30MKHYTOM KOHTAaK-
Te K1.3, paBeH 0,2 — 0,8 A (cM. puc. 2), a TOK BKIIOUCHUSI, IIPOTEKAIO-
LI TOJIBKO Yyepe3 KaTyky K1. 1, coctapiser oT 8 1o 15 A.

Tak Kak ToK cpabaTbIBaHUsI ITPOTEKAET BCETO B TEYEHUE J0JIEH CEKyH-
JIbl, TUIOLLIAAb CeYeHUsT XK Kabesst £ Oblia BbIOpaHa Io TOKY yaepKa-
HUSI, COOTBETCTBYIOIIEMY UTUTEILHOMY PEXXUMY paObOThI, U TTI0 MEXaHU-
yecKoit mpouHocTH X1 (pasHa 1,0 mm2).

OmHaKo TOIBITKA BKIIIOYNUTH OMHOBPEMEHHO 00a KOHTAKTOpa, NMEI0-
IIMX YKa3aHHbIE BBIIIE TOKU BKIIOYEHUSI, IPUBOIUT K 3HAYUTECIbHOMY
MaJeHUIO HaMpsDKeHUsT Ha Kabese, TUIoLIaAb CEYSHUs XKWJI KOTOPOro
paccunTaHa TOJIBKO 10 TOKY yaepKaHUs. A 3TO B CBOIO OYepe/lb YMEHb-
IIaeT HanpsoKeHUe, TTOABOAMMOE K KaTyIIKe, W TIPEIIITCTBYET BKITIOUC-
HUIO KOHTaKTOpAa.

Ecnu HeT BO3MOXHOCTH TIPOJIOXKUTh HOBBIN KaOelslb, TO MCIIPABUTH
JAHHBII 1e(EeKT MOXKHO, BBES B LIETb OJHOM M3 KaTyIIeK 3aMbIKAIOIINI
KOHTAaKT JIPYroro KoHTakTtopa. Takast Mepa UCKJIIOUUT OTHOBPEMEHHOE
BKJTIOUCHHME IBYX KATYIIEK, TTO3BOJIUT YMEHBIINTH MalcHUE HAITPSDKEHUS
Ha Kabere, odecrieunt paboty cxeMsl (puc. 30, 6).

IIpumep 32. Henoonenka BakKHOCTH CHCTeMbI MUTaHusA [9]

Ha puc. 31 npeacrapieHa cxema cTabuimnsaTopa, K BbIXOAY KOTOPOTo
TMOIKITIOUEHA Harpy3Ka, M300paskeHHasI B BUIC pe3UCTOpoB R2 1 R3.

M3menstemast 9acTh Harpy3ku — pe3ucTop R3 — MOIKIIIOUYeHa K CTa-
ounu3aTopy KOHTakToM KI.I, a HeusdMeHHas — pe3uctop R2 —
TOCTOSIHHO.

ITpu 3amkHyTOM KOHTaKTe K. / Hanpsixenue U, Mexny Toukamu 1, 2
OIpeIEeNIAETCs HanpsKeHneM cradbwmmsaunu U, crabunutpoHa Vi, Ho
TIPY YCJIOBUU, UTO COITPOTUBIICHNE pe3ncTopa R2 He MEHBIIIE HEKOTOPO-
ro 3HaueHMsI. B aTOM ciydae HampsokeHne Ha pesrcrope R Oymer paBHO
Pa3HOCTH MEXIY HapsKeHEM MCTOYHUKA, TTUTAIOIIETO CTa0MIN3aTop,
W HampspKeHUEM CTa0WIu3aliuu,

T.C.
+ _RL KI.1
Up,= U U -
RI BX ~ “crr
Usx Vi Zs R2 R3
Ilpu BkiIOYEHUM Harpy3ku R3

KoHTakToM K1.I TOK uepe3 pesu- o ’
ctop RI BO3pacTaeT, COOTBETCT-
BEHHO BO3pacTaceT M IageHue Ha-  Puc. 31. CraduamsaTop HanpspKeHUs
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MNpsDKeHUs Ha HeM, HarpuMep 10 3HaueHus1 U }Q ;- EcJIv 1Ipy 3TOM BBITIOJI-
HSIETCST COOTHOIIICHNE

UCT = UBX - UIIU >
TO Ha HArpy3Ke TOIEPKUBACTCS TIPAKTIECKN HEM3MEHHOE HaITpsDKeHUe.
Ecim xxe yBemmyeHIe TOKA Harpy3Ku ITPUBEACT K HAPYIICHUIO YKa3aH-
HOTO COOTHOIIICHUS, TO HATIPSDKEHUE HA HAarpy3Ke CTAaHET MEHBIIIE TpeOy-
€MOr0 1 OyIIET ONPENENATLCSA HE HAaTIPsKEHUEM U, CTabuIn3anum 1Moaa
V1, a cooTHOLIIEHMEM CONPOTUBIICHUI OayiacTHOro pe3ucropa R v Ha-
rpy3Ku R3.

[ToaTtomy mipu aHayM3e pabOTBHI CXeM C TMEePEeMEHHON Harpy3Koi Ha
CTaOMIM3MPOBAaHHBIE UCTOYHUKM HEOOXOMMMO o0OpallaTh BHUMaHWE Ha
COOTIOIEHME JOMTYCTUMBIX 3HAUEHU HATPY3KU. DTO e HYXKHO JIe/IaTh 1
TPY aHAIM3E CXEM, MUTAIOLIUXCS OT aKKYMYJISITOPOB, TaJIbBAHUUECKUX
OaTtapeil ¥ BOOOIIE OT JI00bIX UICTOYHUKOB OTPaHUUYEHHOM MOIITHOCTH.

3aoaua 9. /lns 3auwumel 0gueamenell u 2eHepamopo8 8 31eKmponpusooax
1o cxeme eeHepamop — dgueamens npedycMampuarom peae MaKCumaibHo2o
moKa, oma4auee 6030yicieHue eeHepamopa npu 3a0aHHOM 3HAYEHUU
MOKa 6 21A6HOI yeni.

Bapuanm exaiouenus: peae MaKCUMAanbHo20 MOKA NAPALiensHo 00MomKe
donoanumensvrolx noatocos (1) u komnencayuonnoit oomomre (KQO) dsuea-
mens nokasaw Ha puc. 32, a.

DKeusaneHmHas cxema, e0e YKasaHHvle 0OMOMKU HAPUCOBAHbL 6 Glle
wynma RN, npusedena na puc. 32, 6.

s uamenenus ycmaexu cpabamoieanus pene K1 6 cxeme npedycmompen
CReUUANbHbLIL PecynupoBoHHbil 21eMeHm — nepemeHHblll pe3ucmop RA.

Yemaska cpabamuiéanus pene no HANPANCEHUIO

Uy=1_.R

p = Imax
ede I, — MOK 6 2nasHoil yenu, npu KomMopom 00A%CHO CPadbambleams pene
K1; R — conpomuenenue wiynma RN, m.e. oomomox 11 u KO.

Ry
Ry l
T
K1 Ry
Lxo Lan M1 -
1
a) 6)

Puc. 32. Cxembl pejie MAKCMMAJIBHOTO TOKA:
a — NPUHUUMUANIbHAS; 6 — DKBUBaJCHTHASs
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Ilnowaow ceuenus nposodos, coedunsroujux oomomru 1T u KO c pene K1
u pesucmopom RA, evibpana us caedyroueeo coomuouieHus:

S=1./5,

2de I, — mok cpabamoieanus pene, A; 3 . donycmumas nAOMHOCMb MOKA 8
npoeodax, A/mm?.

Conpomuenenue 3mux npogoodo8 Ha IKEUBANEHMHOU cXeme 0003HAUEHO
kak RI.

O0HaKo Hacmpoumb cxemy U3 6blOPAHHbIX MAKUM 00PA30M 21eMEHMO8 He
yoaemcs. Tpebyemcs naiimu npuyuny degpexma.

3aodaua 10. Ha puc. 33 nokaszan ghpaemenm cxemol ycmpoicmea npogepku
AKKYMYASMOPHLIX CEeMUNbHUKO8, 00UH u3 kKomopvix HA nodkarouen k
yempouicmay.

IIposepsemblii ceemunvHuk Umeenm 6CMpoeHHbI AKKYMYASMOp U YCmpoii-
CmMe0 no03apaoKu, NOAy4aouee NUManue Om 08yxX UCHOYHUKOB NePeMeHHO20
moka. O0uH u3 IMux UCMOYHUKOB CHUMAEMCsi OCHOBHbIM (8b1600bL 0151 €20
noodkarouerus ooosnauervt 10u 20 ), a emopoii — pesepsrvim (1P, 2P ). Ilpu
Haau4uyu HAanpsxceHus o00uUx UCMOYHUKO8 YCMPOUCME0 No03apsaoKu noo-
KAHUEHO K OCHOBHOMY UCIOUHUKY.

CeemunbHuK Modscem umemsb MOOUPUKAUUIO, PACCHUMAHHYIO HA NOOKAI0-
uenue 6 cemo ¢ Hanpsiicenuem 127 B.

k10l k9 —+
S1
g ; iy 2y
slyda
52
HAL H3 k8.1 _|K7.1
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K102 K94 R2 [R3 o
K10.5| K95
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<03 K9.1
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Puc. 33. DparmeHT cXeMbl YCTPOICTBA JJIsl IPOBEPKH AKKYMYJISITOPHBIX CBETHILHUKOB
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R2 |RI

Puc. 34. CxeMmbl I1aBHBIX 1ieNei 371eKTPONPUBOAA MACCAKUPCKOTO JUGTA C OJHOCKO-
POCTHBIM ACHHXPOHHbBIM 3JIEKTPO/IBUraTeIeM

B coomeemcmeuu co ckazannvim ycmpoicmeo 045 nposepku obecneuusa-
em KaK 00HO8PeMeHHYI0 N00auy 0CHOBHOR0 U Pe3ePEH020 HANPANCEHUL nUma-
HUsL, MAaK U 00Ho20 U3 HUX. Jlenaemcs smo nepexaonamenem S1. Ilepexaroua-
menwv S2 cayacum 0as b160pa 00HO20 U3 3HAUEHUL HANPAICCHUS NUMAHUSL —
127 uau 220 B. Oduako ycmpoiicmeo okaszanocs nepabomocnocoonvim. Tpe-
Oyemcs NPOAHAAU3UPOBAMb CXeMY U YKA3AMb NPUYUHbL HEPEANbHOCIU CXeM-
HO20 peuienus.

3aodaua 11. Ilpoananusuposams pabomy cxemvl, NPUBCOCHHOU HA
puc. 27, a, npu KpamrKoepemMeHHOM nepepbiee NUMAHUSL.

3adaua 12. [Ipu nacmpoiike peaeiiH0-KOHMAKMOPHBIX CUCIEM YRpase-
HUSL 2DY308bIMU AUGMAMU ObLAO OOHAPYHCEHO, YMO 00HA U3 HUX He OCYU4eCmE-
Asiem peeepcupoBanus ACUHXPOHHO0 anekmpoosucamens. Cxembvl enagHvix
yeneil, noayueHHvle nocae HAMypPHOU CveMKU, npugedensl Ha puc. 34.

Ykazamo cxemy, 6 KOmopoil He 0Cyulecmensnoch pesepcuposanue, U Ha-
36amMb NPUHUHY.

3aodaua 13. Ha puc. 35 npusedena cxema agapuiiHoil CueHaAAU3ayul o pa-
bome epawjarouiuxcs npeoopazosameneit muna I1CY.

Paboma cxemvt @ uHCMpYKUUL RO IKCNAYAMAUUU ONUCBIBACTCS TAK.

IIpu noewiuwenuu memnepamypot 6o30yxa eviuie 70 °C peae S1 3amvikaem
ceoll KoHmakm, 3axcueaemcs aamna HI, cpabamvieaem xonmaxmop K1 u
exnrouaemes cupena H,. Cuperna omkawouaemes KHONKoil S, Komopas @uk-
cupyemcs 8 HaxNcamom noaodceHuu Kamyukou K2.

Tpu owubouHOM OMKAIOYEHUU BEHMUAAMOPA 00OHO20 U3 Npeobpazoeame-
neil cpaboman Konwmakm S, _ ;, 3aeopeaact cuenanvhas aamna H, _ ; u
exatouunace cupena H,. Asapuiinbiii cuenan omiaouuny knonkoi S,. Yepes
Hekomopoe epemsi ObL CAVHAIHO 0OHAPYIICeH nepeepes 0py2020 npeodpasnea-
meAs U 03MOJICHAA A8apusi Npedomepalyend.

IIposepioii ycemarnoeneno, umo koumaxm S 1, cueHaau3upyrouuil o noebl-
UeHUY memMnepamypol, Obia 3aMKHYM.

Yemanosums npuuuny, no Komopoi cpabamoviéanue 0am4uKa He Moeao
OblMb 3amMeueHo.
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Puc. 35. Cxema cucTeMbl aBAPHITHON CUTHAIN3AIMI
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Puc. 36. Cxema cuctembl ynpasjieHHs ITyCKOM AaCHHXPOHHBIM 3JIEKTPOABUTATENIEM Te-
PEKIIIOYEHHEM 0GMOTOK CO «3B€3IbI» HA «TPEYTOJBHHK»
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3adaua 14. Ha puc. 36 npueedena npunuunuaibHas cxema CUCHeMbl
VApasAeHUs: ACUHXPOHHORO ANeKMpo0sueamens, 8pAUAIOU4E20 C8APOYHbIL
eeHepamop.

Ilo onucanuto cxemol sneKmpodsueament 3anyCKaemcs: nepeKayeHuem
00MOMOK €O «36€30bl» Ha <«mpey20abHuK». Takyro cxemy ucnonv3yrom o0as
anekmpoodsuzameneii 60AbUION MOUHOCIU, YO NO38045eM CHUUMb NYCKO-
6ble MOKU.

IIpoananuzuposams npusedeHHy0 cxemy, cocmagums npu HeooxXooumo-
cmu duazpammy 63auUMo0eiiCmeUs SAeMeHmo8, OUEHUMb PeaabHOCb OAHHO-
20 CXeMHO020 peuleHUs U YKA3amb Gbl8ACHHble CXeMHble OUUOKLL.

KommeHTapnn M OTBETHI HA 3a1aY1

K 3a0aue 1. T1pu ananmm3e cxeMbl B ipuMepe 12 ObUTO BBIIEIEHO II1eCTh
0JI0KOB. B mepeuHe ke rUImoTe3 yKa3aHo YeThIpe IPUIMHEI IedeKTa, 1o
OITHOM 11s BceX OJIOKOB, KpoMe 0;10k0B M1 BP1. CrienoBateibHO, TIPO-
JIOJKasl BBIABIDKEHUE TUIIOTE3, HEOOXOIUMO PACCMOTPETh «ITPOIYIIICH -
HbIe» OJIOKMU.

IToaToMy caenyroleil runoTe30it 0 NpuYrMHe AedeKTa MOXET ObITb,
HaIpuMep, 00poié 00momox aexmpoosuzamens MI.

Yro xe KacaeTcs AedeKToB B pene BPI, To nepen BbIABIXKEHUEM TH-
M0Te3 HEOOXOAMMO cieJIaTh HEKOTOphie yTouHeHus. CorjlacCHO MpUHIIM-
My paboOThI CHCTEMBI YIIpaBJICHUs OMHUM W3 YCJIOBUIA TTyCKa IBHUTATEIIS
SIBJISICTCS TTOIava HATIPSDKEHMS Ha KaTymky K/ (cM. puc. 4).

st ynoObcTBa HaprCyeM IeNd OTAeIbHO (puc. 37).

AHanu3 cxeMbl MoKa3bIBaeT, uTo psn asemeHToB (K1, S2, KK1, FUI)
paboTaeT B J11000M U3 ABYX pexkuMoB. KoHTakT BPI.1 1 3aMbIKaOLINiA
KOHTaKT TiepekiTtouaTesist SA/ BKIIIOYAOTCS B LIETTh KaTYIIKM B PEKIMeE
«A» (aBTOMaTnueckoe yrnpasneHue). Knomnka S/, kourakr K/. I v 3aMbI-
KaIOIIMi KOHTAKT nepekiaodaresst SA ./ UCIIONIb3YIOTCS TOIBKO B PEXKHME
«/I» (IUCTAaHLIMOHHOE YIIPaBJICHUE).

B cBs131 ¢ maHHOI 0COOCHHOCTEIO CXEMBI, TIPEXKIIC YeM BBIABUTATH T -
TIOTE3BI O MPUUKHE AeheKTa, HEOOXOIUMO MPOBEPUTH ITOJIOXKEHUE TIepe-
Kmogaresst SAL.

HelcTBUTEIBLHO, €CIIM MepekItodaTeb SA/ HaXOAUTCS B TTOJIOKEHUNU
«A», TO IBUTATE)Ib MPUHIMITMAIBHO HEBO3MOXHO 3aIyCTUTh KHOITKOM
S

YuuThIBasI 3T0, B YMCIIO MPEATIONOXEHUIA O TOM, IIOYeMY HE YIaeTcs
3aIyCTUTD JABUTATENIb KHOIKON S/, HE0OXOAUMO BKIIIOUUTL U Hecoom-
eemcmeue mMexncoy pexcumom pabomvt CUCIeMbl U GbLOPAHHBIM OP2AHOM
ynpaeaenusi.

Ecmm xe rrepeximouaTelb SA / HaXOmUTCS B IOJIOXKEHUH «/]», 0710K BP 1
MOKHO HE pacCMaTpUBaTh, TaK KaK HE3aBUCUMO OT HAJTMYUSI WU OTCYT-
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Puc. 37. DparMeHT cxembl, NPUBEAEHHOI HA puc. 4

CTBUSI 1e(peKTOB B HEM OJIOK HE BIIMSIET HA PA0OTY CUCTEMBI B PEXUME -
CTaHIIMOHHOTO YIIPABJICHMUSI.

JlanbHerillee BBIABUXKEHHUE TUIIOTE3 O NpUUMHE AedeKTa BOZMOXKHO
TOJIKO B TOM CJIy4ae, €CJv MEepeiTH K pacCCMOTPEHUIO JIEMEHTOB, CO-
CTaBJISTIONINX BBIJIEJIEHHBIE paHee OJIOKU.

Hamuane nByx 3amuTHbIX 27eMeHTOB (FUI n KK1. I) I03BOJISIET BbI-
JIBUHYTb €11Ie IBE TUTIOTE3bI:

o nepezopeaa ecmaexa npedoxpanumeasn FUI,

® 6 pe3yavmame nepezpy3Ku Uil KOPOMK020 3aMbIKAHUS 8 2AAGHOU yenu
cpabomao 31eKmpomeniosoe peie u pazomkry1o ceoi konmaxm KK1.1 6
uenu kamywxu K1.

B cBsi3u ¢ TeM 4TO coryacHO omucaHuIo aedekTa, MPUBEACHHOMY B
npuMepe 12, Tpu HaXKaTuW Ha KHOTIKY '/ He cpabaThiBaeT KOHTAKTOP, TO
CJIEAYIOIIEH TUTIOTE301 O MpUuYrHe NeheKTa MOXKET ObITh 00pbi6 8 uenu
knonku S1 uau degpexm KoHmMaxKma KHONKU, NPOAGAIOWUIL Ce0s1 KaK 00pbL6.

Ecnu BctaBka npenoxpanutenst FUI 1iena, TO MOXET ObITh BLIIBUHYTO
elle HECKOJIbKO TUIOTE3 O MPUYMHE JedeKTa, aHATOTMYHBIX 110 CBOEH
CYTH, TaK KaK BCE OHM OTPaXaloT HaJInIre 0OPHIBOB B IIETIH TTOCIIEI0OBA-
TEJIbHO COEMMHEHHBIX 2JIEMEHTOB M CBs3el MexXmy HUMU. Tak Kak Bce
9T TUTIOTE3bl OTJINYAIOTCS OT TUIMOTE3hI (CPAdOTAIO JEKTPOTETIOBOE
pene U pa3oMKHYJIO cBOM KOHTAakT KK/./ B neru Katymku KJ) TOJIbKO
3JIEMEHTOM, B KOTOPOM MPOU30IIES 00PbIB, TO TSI 9KOHOMUU MECTA OHU
3[IECh HE TIPUBOJISITCSI.

ITpm aHammM3e cxeM, comepKaliux B Ka4eCTBe aIlmapaToB 3alUThl aB-
TOMaTUYeCKYeE BHIKITIOUATEI!, TIPU BBIIBKEHUY TUTTOTE3 O IIPUIMHE Je-
(bexTa Bcerma HEOOXOAMMO YUUTHIBATH BOZMOXKHOCTh CpabaThIBAHUS 3a-
BUCHUMBIX PACIICTIUTEIEH STUX BHIKJIIOUATEN e B pe3y/ibTaTe eperpy3oK u
KOPOTKHMX 3aMbIKaHUH B 3alIUIIIaeMbIX UMU 1ieTisix. [ToaToMy B uuciio ru-
M0Te3 JOJKHA ObITh BKJIIOUEHA U TAKasl: cpaboman pacuenumend 6KA04A-
measa QF.

B o6G1ieM cityuae 9ncIio BBIABUHYTHIX TUTIOTE3 3aBUCUT KaK OT KOJIJe-
CTBa 2JIEMEHTOB B CXeMe€, TaK U OT UX CBA3eN Mexay coboil. Ho B mobom
cily4yae, BbIIBUTAs TUIIOTE3bI, 00S13aTEIbHO CIIEAYeT yIUTHIBATh BEPOSIT-
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HOCTb UX MOSIBJIEHUS M 00palliaTb BHUMaHUe MPeXae BCero Ha Haubosiee
BEpOSITHBIC TIPUINHEL:

OTCYTCTBME HaIPSKEHUST;

cpabaTbIBaHME 3alITNUT;

TeperopaHue BCTaBOK;

HECOOTBETCTBHE MOJIOXKEHU TTepeKTiouaTesieit BRIOpaHHOMY PeXKi-
My paOOTHI 1 T.11.

K 3adaue 2. Hanipspkenue nutanust U MOXeT MCUYE3HYTh MTHOBEHHO,
YTO HaI COOTBETCTBYIOLICH JIMHUEW OuarpaMMbl B3aUMOICHCTBUS
(puc. 38, Touka /) uzobpaxkaeTcst CTYIIEHbKO, TM00 IMJIaBHO YMEHbIIM-
Tbesl. Tak Kak MpU 3TOM cocTosiHue 0J1okoB A3 u BPI (cm. puc. 4) He
BIMSIET Ha pabOTy Apyrux OJIOKOB, HA AUarpaMMe B3aUMOIEHCTBUS M-
HUU, COOTBETCTBYIOIIINE UM, OTCYTCTBYIOT.

ITpy MIHOBEHHOM OTKJIIOYEHUU HANPsKEHUS B MOMEHT BPEMEHU f
CHMMaeTCs HalpsDKeHue 1 ¢ 6soka A2. Yepes poMeKyTOK BpeMEHN

At=1t— 1

B 0JI0Ke A1 HauHeT ABMXKEeHUE KOHTaKTHasl cucteMa K1. 1, 4To mpuBeaeT K
CHATHIO HAIIPSDKEHNUS TUTaHUs O610Kka M1 B MOMEHT BpeMeHH f3.

C aToro MmoMeHTa aBurareab M1 HauHEeT yMeHbIIaTh YaCTOTY Bpalle-
HUS U 3aTEM OCTAHOBUTCA (MOMEHT BPEMEHH fy).

[pu 1aBHOM CHMXKEHMU HAIpsDKeHMs! (Hadaly 3TOro IpoLecca Co-
OTBETCTBYET MOMEHT BPEMEHH #5) OTIIMYME 3aKITIOYAETCS TOJIBKO B TOM,
41O ONOK A2 HaAuyHET OTKIIYAaThCs C HEKOTOPLIM 3aras3blBaHUEM,
paBHBIM

At=tg— ts.

MI !

Al pi

A2

L e

U 3
hhh Iy Is 1 t

Puc. 38. JInarpamma B3anMopeiicTBusl 0J10KOB (CM. puc. 4) Py UCYE3HOBEHUH HATIPSI-
JKeHHs
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BpemMs 3ama3nbiBaHusT ONpeaesieTcsl HanpsbKeHUEM OTITYCKaHUS Ka-
Tymku K1. JlanpHeimmii mpoliecc aHaJIornyeH pacCMOTPEHHOMY paHee.

K 3adaue 3. BoccraHaBnuBaTh IIPOMYIIEHHBIC HAa PHUC. 9 TIPOBEPKU
HaYHEM C TepBoro mcxona (pe3ynbrarta) nposepku 11 (puc. 39, a).

Kak 6bU10 cKazaHo B TipuMepe 16, TaKoi MCXOI COOTBETCTBYET MCIT-
PaBHOCTM BceX MpeAallecTByommx 6gokoB HI— HS. Tlostomy Ha
puc. 39, 6 mokazaHbl TOJIbKO 010k H10 — H20, B OTHOM U3 KOTOPBIX U
CYILIECTBYET Ae(PEKT.

Ucnons3yst criocod cpemHeit Touku Uil cieayroliein mposepku 18
BBIOEpEM BhIX0H O0JToKa H 14, HaxomaIIniics IIPUMEPHO 0 CepeIrHe pac-
cMaTpuBaeMoii rpyniibl agemeHToB H10 — H20. Vicxoabl 3TOM MpOBEpKU
aQHAJIOTUYHBI:

1) 6noxu H10— HI4wucnipaBHbl. Jle(eKT HaX0aUTCsI B OMHOM U3 0J10-
koB H15— H20,

2) onoku HI10— H 14 HencnipaBHBI, TTOCKOJIbKY B OTHOM M3 HUX €CTh
nedeKT.

OctaBuB UCX07 1 1711 CAaMOCTOSTEIbHOIO PELIEHUSI, 00paTUMCS K HC-
xomy 2.

Hns cnemyromeli mpoBepku [19 BeiOMpaem Bbixon Oioka HII (cwm.
puc. 39, 6). B pesynbrare BEITTOIHEHUS IIPOBEPKU /19 Takke BO3ZMOXKHEI
JIBa ICXOJIa:

1111 H9 H20
2 ! —7
118 |H 14| Hi4
2 1 |
119{H11 H12
I~
M10|H10 Hil
AN 1110
Hio| |H11 i
a) 0)

Puc. 39. OgepeqHOCTb BBINOJHEHHUS, HCXObI (@ ) ¥ TOUKH (0') MPOBEPOK
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1) 6noxku H10, HI11wvcnpaBHbl U Ae(EeKT HAXOAUTCS B OMHOM U3 0J10-
KoB HI12 — HI4,

2) nmedekT HaxoauTCs B OTHOM U3 0s1okoB H10, HI11.

ITpu BTopom ncxozne poBepKy /17/0BuITOTHUM Ha Bbixoje 67o0ka H 10.
Ecmu mpoBepka mokasbiBaeT MCIpaBHOCTh Onoka HI0 (ucxon 1), To
TIpeIoJaraloT, 4to HeucrpaBeH 070k H11. Bropoit ucxon nmpoBepku
1110 no3BOJISIET 3aKTIOYUTD, YTO 010K H 10 HevcpaBeH.

OOpaTB BHUMaHKE Ha TO, YTO NP JJAHHOM CITOCO0E BO3MOXHO BbI-
HECEHME CYXIEHUS O HEMCITPAaBHOCTH 0JI0Ka O€3 ero HeTIOCPEeICTBEHHOM
npoBepKu (cM. ucxon 1 mpoBepku /110, tie o HencpaBHOCTH 0Joka H 11
CYIST MO pe3yJbTaTaM IpoBepku Osoka HI1(), ocTaBUM OCTaBIIYIOCS
YacTh 3a1a4YM /IS CAMOCTOSITEIbHOTO PEILIEHMSI.

K 3a0aue 4. Bipumepe 16 1 KOMMEHTapHsIX K 3aaue 3 HUUETo He CKa-
3aHO O TOM, KaKKe TeXHOJIOTMYECKHUE MEePEeXOabl MCIONb30BAINCH IS
BBITIOJTHEHUST TIPOBEPOK.

J1st mpOBEpKY YacTy TUPJISTHIBI HEJTB3ST TIOAaBaTh HA Hee HOMUHAIb-
Hoe HanpsokeHns. CHIDKATD Xe KaXKIBIN pa3 HaIlPSDKEHUE TTATAHUS TIPO-
TMOPLMOHAIBHO YUCITY IMPOBEPSIEMBIX JIAMIT HETEXHOJIOTUYIHO.

B cBs131 ¢ TeM 4TO OonMCaHHBIN B TIpuMepe Ie(eKT TPOSIBIIsETCS Kak
0OpBIB LieNK!, U1 IPOBEPKM MOTYT GbITh BHIOPAHBI TEXHOIOTMYECKUE
TIePEXObI «IIPO3BOHKA» WIN «M3MEPEHUE» (M3MEPSIIOT COIIPOTUBIICHNE),
C TIOMOIIIBIO KOTOPBIX OINPEACSIOT LEeJOCTHOCTh LIETH 13 HECKOJbKUX
JlaMmIl.

K 3adaue 5. T1pexie Bcero, HAITOMHUM, YTO Ha CXeMaX MTOKa3aHbl Ujie-
aJbHBIC 2JIEMEHTHI (KOHIEHCATOP, 001aJal0IINil TOJTBKO EMKOCTBIO, pe-
3UCTOP, UMEIOLINI OJMH MapaMeTp — COMPOTUBJICHUE, U T.1.), TOLIa Kak
B U3EIMSIX UCITOJIb30BAHbI peaibHbIE JIEMEHTHI.

PeanbHblli KOHAEHCATOpP, HANpUMEpP, TTIOMUMO €MKOCTH, 00JIagaeT
ellle M HEKOTOPHIM COIPOTHBICHMEM, HA3bIBAEMbIM COIIPOTUBICHUEM
YTEUKUN RYT. Hanuuue 3T0ro conpoTuBiIeHUs] MPUBOIUT K TOSIBICHUIO
TaK Ha3bIBAEMOI'O TOKa YT€UYKU I, CYIIECTBYIOLIETO MPU HAIMYUMU Ha-
MpsTKEHMs Ha 00KITaaKax KoHaeHcaropa. CylliecTBOBaHUE COTIPOTHUBIIE-
HUST YTEUKU OOBSICHSIET CPeIy TPOYEro M TPOILIECC caMopaspsiia 3apsi-
JKEHHOTO KOHICHCATOPA.

B cuiy ckazaHHOro 5KBUMBaJICHTHAs CXeMa MHTEPECYIONIeH Hac Lenu
I — 2 (puc. 40, a ), mo KoTopoii odecrieunBaeTcst 3apsii KOHIeHcaTopa,
OyaIeT oTIMJyaThCsl OT TIPUBEICHHON Ha NPUHIMITUAIBHON cxeMe (CM.
puc. 16) HalM4YMEeM COIPOTUBIICHUS YTEUKU Ry, Tloatomy B peasbHOI
cxeMe, Jaxe MocJie OJHOTOo 3apsiaa KoHaeHcaropa CB uenu I — 20yaeT

! Toracnu Bce mocnenoBaTeIbHO COeAMHEHHBIE IAMIIBI, TOTIA KAK TTPY KOPOTKOM 3aMbl-
KaHWMU OTHOM JIaMITBI (CM. TIpUMep 4) TOpSIT BCE JIaMIThl, KpOME HEUCTIPABHOIA.
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Puc. 40. ABTomaTHyecKoe MOBTOPHOE BKIIOYEHHE:

a— DKBUBaJICHTHas cxema 1enu [ — 2; 6 — U3MEHEHUE TOKA IpU 3apAaC KOHAEHC Ca-
TOpa; 6 — CX€Ma IMPOBEPKU UCITPABHOCTU KOHACHCATOpa

TIPOTEKATh HEKOTOPBII TOK /. COMPOTHBICHHUSI PE3UCTOPA I U YTEUKH
R 00pasyoT NeauTeb Hal'IpH)KeHI/IH COOTHOIIIEHNE 3TUX COTTPOTUBIIC-
HitiA U OTIPEACTTUT MTOTEHITUA TOUKU A.

Toxk 3apsina KOHAeHCAaTOpa U3MEHSIETCSI BO BPeMEeHU 110 KPUBOH, Ha-
3pIBaEMOI1 3KCTIOHEeHTOH (puc. 40, 6 ). crmoab3ysi TaHHOE CBOMCTBO pea-
JILHOTO KOHJIEHCATOPa, MOXKHO MPOBEPSITh €T0 UCITPABHOCTb, BKITIOYMB B
cxeMmy, MokazaHHy1o Ha puc. 40, 6.

Ilpy OTCYTCTBUM 3aMbIKQaHWI WJIM MHBIX MOBPEXAEHUI OOKIIAMOK
KOHJIeHcaTopa CTpesika Mpruoopa crepBa pe3Ko OTKJIOHSIETCS] B CTOPOHY,
TPOTHUBOIIOJIOXKHYIO HYJIEBOMY JIEJICHUIO, a 3aTeM TUIAaBHO BO3BPAIIAETCS
K HYJIEBOMY JEJICHUIO.

[Ipy moBpexxneHnM M30JIAIMU KOHIeHCATOpa WM IIyHTUPOBAHUN
€ro O0KJIaIOK KAKUM-TMO0 BHEIITHUM COTTPOTUBIEHUEM TOK U3MEHSIETCST
CKaYKOM U MPUHUMAET 3HaUCHUE, ONpeessieMoe HallPSDKEHUEM HCTOY-
HMKa U COMPOTUBIIEHUEM, LITYHTUPYIOIIMM OOKJIAJIKM KOHAEHCAaTOpa.

J1511 BBIHECEHUSI 3aKJTIOYeHMST 00 UCITPABHOCTH OKCUIHBIX KOHICHCA-
TOPOB CYIIIECTBEH HE TOJbKO XapaKTep U3MEHEHMUsI TOKa B Mpoliecce 3a-
psiia KOHIeHcaTopa, HO M €ro yCTaHOBUBIIIEeCs 3HAYeHUE, KOTOPOE 0JI-
JKHO COOTBETCTBOBATh BHIUMCIICHHOMY 110 AMITUPUIECKOii (hopmyrre:

L, =0,0001CU+ m,

rae C — eMKoCTh KoHaeHcaropa, MKD; U — pabouee HampszKeHe KOH-
nmencaropa, B; m=10,2 npu C<5mMk®; m=0,1 npu 0,5 Mx®P < C<
<50 Mx®; m = 0 ipu C > 50 MxD.

Ecnu HeT HeoOXOAMMOCTH OTPENEIsATh 3HAUEHUE TOKA YTeUKU (TOKa,
TIPOTEKAOIIETO Yepe3 3apsKeHHBIM KOHIECHCATOP), MOXHO HMCITOJIB30-
BaTh OMMETP, IIYITHI KOTOPOTO TTOIKITIOYAIOT HETIOCPEACTBEHHO K BEIBO-
JaM OOKJIamoOK KOHAeHcaropa. Torma mpy MCIpaBHOM KOHAEHCATOPE
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CTpejika OMMETpa CHauyasaa OyIeT OTKJIOHSThCS B CTOPOHY HYJIEBOTO CO-
MPOTUBJIEHNSI, a 3aTeM TI0 Mepe 3apsiia KOHIeHcaTopa — MepeMelaThest
K OTMETKE oo (CM. TaK:Ke KOMMEHTapuii K 3agaue 36).

W3 cka3aHHOTO MOKHO CIE/IaTh BBIBOI, UYTO TIPH OTHICKAHWH IedeKTa
PEIIAOIINM MOXET OBITh HE TOJIEKO KOHKPETHOE 3HAUCHME KAKOTO-TT00
mapaMeTpa, HO M XapaKTep MU3MEHEHMSI €r0 BO BpEMEHN.

(O3HaKOMUBIIKCH CO CBOMCTBAMU peaabHOI0 KOHIEGHCATOpa, BEpHEM-
Cs1 K paCCMOTPEHMIO MCXOMHOM CXeMBbI, MpuBeaeHHOM Ha puc. 16. Co-
TIACHO YCJIOBUIO 3aaYM B SKBUBAJICHTHYIO CXEMY JIOJLKHBI OBITH BBEJIC-
HBI COTIPOTUBIICHUE R, XapaKTepu3yrollee HATMUNE BTN MEXKIY BEIBO-
JaMM KOHJIEHCATOpa, ¥ CONPOTUBJIEHNE R;;3, PABHOE CONPOTUBIEHNUIO
M30JISIIAM MEXAY TOUKaMM 2 1 A TIpPY OTKJIIOYEHHOM OT CXeMbl KOHICH-
catope C (cM. puc. 40, a).

PaccmotpuM nBa ciryvast:

1) BBIBOIBI KOHIECHCATOPA IITYHTUPYIOTCS TOKOIIPOBOISIIEH MBLIBIO;

2) BBIBOIBI KOH/IEHCATOPA IIIyHTUPYIOTCSI HETOKOMPOBOASIIEH ITBLIbIO.

B mepBoM citygae cOnpoTHBIICHHE R HE3HAYMTEJIHEHO W TOK B IIETTH
OTIpe/IEeTISIETCS] B OCHOBHOM PE3MCTOPOM 7, COITPOTUBIICHUE KOTOPOTO 10
YCIIOBHIO BEJIMKO. UTO Ke TIPOM30MAET C COIPOTUBICHNEM R B pe3yIbTa-
Te TIpoTeKaHMsI ToKa? BhImeasttonasicst OT mpoTeKaHUsI TOKa TeTIoTa pa3-
PYILIUT CJIOM MBUIM U COMPOTUBIEHUE R MeXIy BHIBOJAMM YBEJIUUUTCS
HACTOJIbKO, YTO He OYIET CYILIECTBEHHO BIUSITh Ha pabOTy CXEMBI.

Bo BTOpOM citygae compoTHUBIIeHHEe R OKa3BIBACTCSI COM3MEPHUMBIM C
CONPOTUBJIEHNEM n301AUMK R, ;. ClIle0BaTENbHO, B JAHHOM ClIy4ae Ha-
JIM4YYe TIBUIM He MOKET ITOMEIIaTh IIpolieccy 3apsina KoHaeHcaropa C.

Taxkum obpazoM, MOXKHO YTBEPXKAaTh, YTO HAIUYKE MbLIA HE MOXKET
TMOBJIUATH Ha padoTy ATIB B TOM cMbIC/Ie, KOTOPBII YKa3aH B 3a1aye.

OpmHaKo K KaK1M K€ HeTaTUBHBIM ITOCJICICTBISIM MOXET ITPUBECTH 3a-
TPSI3HEHHOCTD 3JIEKTPOYCTAHOBKU ITBLIBIO?

Hanmare mblim MOXET IPUBECTH K «ITEPEKPBITUSM», T.€. 3aMBIKaHU-
SIM, TIOMUMO TIPEAYCMOTPEHHBIX CXeMOI TLIETIeH, MEXKITy TOUKAMM CXEMEI,
HaXOISIIIINMCS IO BRICOKMM HaIIpsLKeHUEM, Y HapyIIeHUSIM UCTIPaBHO-
CTH 3JIEMEHTOB JICICTBHEM TOKA, CKP U TYTOBBIX Pa3PSIIOB, BEI3BAHHBIX
HaJIMYMEM TIbLIN.

K 3adaue 6. [1ns1 orBeTa Ha BOIpPOC, C(OOPMYJIMPOBAHHBIN B YCJIOBUU
3ajauM, odbpatumcs K puc. 37.

CoracHo cxeMe, HalIpsoKeHNE K BeIBoAaM KaTylnku K/.2 mocie 3a-
MBIKaHMSI KHOTIKY S/ OyIeT MoJaHo, €CJIM OHO €CTh Ha BXOIHBIX 3aKMMax
Nu L3. [TosTomy npruurHAMU OITUCAHHOTO JIe(heKTa MOTYT ObITh:

e OTCYTCTBMC HampsDKeHUs Ha 3axkumax N, L3;

e OOpHIB LIETTN KHOITKY S2 13-3a HapyIIeHUS CBSI3¢ii KHOIIKHU C IPYTH-
MM 3JIEMEHTaMU CXeMBbI WX He(peKTa B KOHTAKTHOM CHUCTEME KHOIIKU.
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Taxkum 06pazoM, TMIIOTE3bl O IPUUYMHE NedeKTa TUMa OTCYTCTBUS Ha-
TIPsDKEeHUS, TIepeToOpaHust BCTABKY ITPEIOXPAHUTEIIS U CpadaTBIBAHMS 3a-
IIWTHI JOJDKHBI BEIIBUTATHLCS U TIPOBEPSITHCS B TICPBYIO OUCPEIIb.

K 3adaue 7. Cxema Ha puc. 20, Kak ¥ aHaJIOTMYHBIE pejeiiHO-KOHTaK-
TOPHBIE CXEMBI, 10JKHA paboTaTh cieayroimuM obpa3om. Tlocae Haxa-
THSI Ha KHOTIKY S/ cXema JOJDKHA «3aIlIOMHUTE» 3TOT CUTHAJT U HE M3Me-
HSITb CBOETO COCTOSIHMSI 10 HAaXKaTHsI Ha KHOTIKY S2.

ITo omucanuio nedeKra, MPUBEACHHOMY B TEKCTE 3a1aun, MOKHO 3a-
KJIIOUMTD, YTO CXeMa paboTaeT B pexXuMe «/[» (IMCTaHLIMOHHOE YITpaBJie-
HHE) ¥ KOHTAKTOp MCIIPaBeH, KaK UCTIPaBHBI pesie K21 ero KOHTakT K2. 1,
MOJAIONIMI HaNIpsKeHWe Ha KaTyky KIM.2.

B cBs31 ¢ TeM 4TO TOCIIe OTITYCKAHMST KHOIKU S/ 3JIEMEHTHI CXEMBI
BO3BpAIIIAIOTCS B UCXOMHOE COCTOSIHUE, MOXKHO 3aKJIIOUNTD, YTO 3ANOMU-
HaHUe nycK08020 cueHana, nooasaemoeo kHonkoil S1, He npoucxodum.

CrenoBaTtesIbHO, I OTBETA HAa IMOCTaBJEHHBIN B 3a/1aUe BOITPOC HEOD-
XOIUMO YKa3aTh 3JIEMEHT (3JIEMEHThI) CXEMBbI, OCYIIECTBIISIIOIINIMA 3aI10-
MMWHaHUE MyCKOBOTO CUTHaJja.

K 3adaue 8. Ilpexne ueMm OTBETUTH HA BOIIPOCHI, C(DOPMYITMPOBAHHBIE
B 3ajaye, 00paTUMCs K UICXOTHOM cxeMe (CM. puc. 25), Ha KOTOPOIi TToKa-
3aHbI TOJILKO ABE eMKOCTU Cj3 U Cy3, XOTA MEXAY APYTUMMU NapaMuy KU
¥ MEXIY KaXKIOM XXWION 1 3eMJTel (KOPITyCOM) TOKE CYIIIECTBYET HEKO-
TOpast eMKOCTh. [103TOMY, YTOOBI ITpM aHAIM3e CXEMBI pacCMaTpUBaTh
OIHM EMKOCTH M HE paccMaTpuBaTh IPyTrHe, HEOOXOAWMBI KaKHe-TO
OCHOBaHMSI.

Ecnm cxema mosmygaet nuradue oT ha3bl 1 HEMTPaIbHOTO IIPOBOIA, TO
M3 PaCCMOTPEHUST MOXKET OBITh MCKIIOUEHA eMKOCTb MEXIy 3eMJieit 1
XKWION, COEMMHEHHOM C HEMTPAJIbHBIM IIPOBOIOM.

B cBa3u ¢ TeM uTo eMKOCTb C3y MEXIY XWIaMU 31 41 COPOTUBJIEHNE
KaTymku K3 He BIMSIOT Ha paclpeaeeHre HampssKeHU MexKTy I1pyTH-
MM 3JIEeMEHTaMU CXEeMBbl, TaK KaK MOIKII0OYEHbI HEMOCPENCTBEHHO K MC-
TOYHUKY HaMPsKEHUsI, TO 9KBUBAJICHTHAsI cXeMa OyIeT COOTBETCTBOBATh
npuBeneHHoM Ha puc. 41. Karymku pene K1 K2Ha 3T0 cXeme rmokasa-
HBI B BUIE CONPOTUBIEHUI Z| U Z,.

Jlns oTBeTa Ha MEPBbIi BOIMPOC HEOOXOIMMO OLIEHUTh HAMpPsDKEHNE,
TIOIBOMMOE K KaTyILIKaM peJie, T.e. HanpskeHus Uy u U,,. DKBUBaeH-
THasI CXeMa ITOKa3bIBaeT, YTO IMPH PABEHCTBE BCEX EMKOCTE MaKCUMAJIhb-
HOE 3HAYEHUE STUX HANPKEHUI (pU Z) = Z, = ) HE MOXET MPEBLI-
1IATh TIOJIOBUHEI HANIpsKeHUs Usy.

CrenoBaTesbHO, €CJIM HE paccMaTpyBaTh Cllydail pe3oHaHca Harpsi-
JKEHMI (111 KOTOPOIro HEOOXOAMMO BBINOIHEHUE YCnoBus X; = X, rae
X; v X — peakTUBHbBIE CONPOTUBIIEHUSI OOMOTKHU PEJie U KOHIEHCATOpa
COOTBETCTBCHHO), JIOXKHOE cpabaTeiBaHue pejie K11 K2 BO3MOXHO TOJIb-
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Puc. 41. DKBUBAJEHTHAS CXeMa JJisi CXeMbI Ha puc. 24

KO B TOM CJIydyae, KOIa HalpspKeHUe MX cpabaThbIBAHUSI COCTABIISIET Me-
Hee 50 % nanpsxenus Usy.

B cBsi3M ¢ TeM UTO TOK ylep:KaHUs pejie 3HAYUTEIbHO MEHBIIEe TOKa
cpabaTbIBaHUsI, SIKOPb PEJIe MOXET OCTAThCS TIPUTSHYTHIM U TTOCIIe pa3-
MBIKAHWST KOHTaKTa COOTBETCTBYIOIICH KHOITKI.

K 3adaue 9. VicrTouHMKOM HamNpsDKCHUS B JAHHOU CXEME SIBJISIETCS
LIYHT R, HAaNIPsDKEHUE Ha KOTOPOM IPONOPLMOHAILHO TOKY B IJIABHOM
ueru I, .

IIpu npotekannu yepes pesucTopsl R, R 41 CONPOTUBIICHNE KATyIL-
ku K1 ToKa [, Ha KaXJIOM U3 9TUX 3IEMEHTOB I1a/laeT HEKOTOPOE HarIpsi-
XKeHWe, CyMMa KOTOPBIX paBHA TaJIcHUIO HATIPSDKEHUST Ha TITyHTe:

U=l R=ILRI+ IR+ IR,

s Toro uto6n! pene K1 cpadotasio, HEOOXOIUMO COOJIOIEHNE Clie-
ayiomero HepapeHeTBa: Uy < LRy .

Ecnm pene He cpabaTtbiBaeT, TO JUIsT YBEIMUEHUS HAIIPSDKEHMS Ha €T0
KaTyIIIKe MOXHO BOCTIOJIb30BAThCSI PETYJIMPOBOYHBIM 3JIEMEHTOM — pe-
sucropoM R, (cM. puc. 31).

W3mensas conpotusieHne pesucropa R, epepacpeeNsaioT Harpsi-
JKEHUE MEXIy a7eMeHTaMu cxeMbl. [Ipu R, = 0 Bce HampskeHue pac-
TIPEIETIACTCA MEXIY IBYMS SJleMEHTaMu — RI U Ry,

OHaKO XOTsI U3MEHEHME COIPOTUBJICHUS 3TOTO 3JIEMEHTA U IT03BO-
JISIET TiepepacpeieIUTh HaNPsDKeHUe MEXKIy 3JIeMEHTaMU CXeMBbI, HO C
€T0 TMTOMOIIIbIO HeJTh3sT U3MEHUTh YCTaBKy cpabaThiBaHusI pefie K.

Taknm o6pasom, ecim ipu R4 = 0 pesie He cpabaThIBaeT, Hy’KHO 0Opa-
TUTbCS K IIOMOILM PErYIMPOBOYHOIO 3JIEMEHTA, KOTOPbIIA Ha 3JIEKTPUYE-
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CKOI1 CXeMe He MOKAa3bIBaIOT, HO O CYIIIECTBOBAHUM KOTOPOTO BCET/A CJIe-
JTyeT MOMHUTb MIPU MOUCKe AedeKTa.

DTHUM 37IEMEHTOM SIBJISIETCS TIPY>KMHA, BO3BPAIIAIONIast IKOPb ITPH OT-
CYTCTBUH HaIIPSDKEHUS Ha KaTYIIKe B UCXOHOE MOJIOXKEHUE U TTPOTUBO-
JEMCTBYIONIAS MPUTSDKEHUIO SIKOPS TIPU MOAaue HANPSKEHUS Ha KaTyI -
Ky pere.

M3MmeHsIst yermme 3aTsKKU TTPYKUHBI (KOHEYHO, €CJIM BO3MOXKHOCTD
TaKOW PETYIMPOBKU TIPEyCMOTPEHA KOHCTPYKIIMEH pelie), yCTaBKy cpa-
0aThIBAHUST MOKHO U3MEHUTH KaK B MEHbIIIYIO, TAK U B OOJIBIIIYIO CTOPO-
Hy Ha AU.

CrenoBaTebHO, MPU MUHUMATBLHOM 3aTSKKE TIPY>XKUHBI YCTaBKa Cpa-
OaTbIBaHUs OyIET paBHa:

U,

cpmin Ucp —AU.

Ecnu u B aTOM citydae pesie K1 He cpabaTbiBaeT IpU MPOTEKAHUN Yepe3
UIYHT TOKA /.. , CIIEIYET 0OPaTUTh BHUMAHUE HA TO, KAKOE HAaNPsKEHNE
najgaet Ha pe3ucrope R1.

CrietoBaTeIbHO, TIPU pacyeTe JIEMEHTOB CXeMBI Ha prC. 32 TUTOIIAIb
CEYeHUsI TIPOBOTHMKOB CJICAYEeT BHIOMPATh HE TOJBKO IO IOITYCTUMOI
IJIOTHOCTH TOKa, T.€. TI0 COOTHOIIIEHMIO S = IK/Sq, HO ¥ YYMTHIBATh MX
conpoTtuBiieHne. [ToaTOMY TSI HAIE)KHOTO cpabaThIBAHUS Pejie MOXKET
0Ka3aThCsI HEOOXOMMMBIM YBEJIMYUTD IUIOIIANb CEUCHMSI IIPOBOIOB II0
CPaBHEHMIO C PACCYUTAHHOM I10 JOMYCTUMOM INIOTHOCTH TOKA JIJISI TOTO,
YTOOBI 00ECTIEUNTDh CpabaThbIBAHUE PEJIe.

K 3adaue 10. AHanm3 cxeMbl HAUHEM C CUCTEMBI TTUTAHUS, JIJI YETO
paccMOTpUM ee paboTy CHavajla mpy HanpsikeHuu utanus 127 B. Brot
PEXUM COOTBETCTBYET BEPXHEMY IO CXEM€ IOJOXEHMIO ITOABUXKHOIO
KOHTaKkTa niepekmoyarens S2. Hampsokenue cetn 127 B uepes pa3mbika-
forue KoHTakTH K10.3 1 K10.411ocTynaeT Ha 00MOTKY 127 B Tpancdop-
maropa 12.

OpmHako W3-3a HAIMIKS B e oOMOTKH 220 B 3aMBbIKaroIImx KOH-
takToB K9. 1 K9.2nanpstxenue 220 B He mocTymaeT Ha EPBUYHYIO 00-
MOTKY TpaHcdopmaTopa 77 1, clieqoBaTe/IbHO, Ha CXeMY YITpaBJIeHUs.
OTCyTCTBUE HAIIPSDKEHMSI Ha CXeMe He TI03BOJISIeT 3aluTaTh KaTyILKY
K10.1pene K1, obecrieurBarolIero nepekaoueHust B CXeMe U1 TUTaHUST
ee HanpspkeHrem 220 B. M3-3a 3Tor0 nipu BKITIOYEHWM YCTPOMCTBA B CETh
HanpsokeHneM 220 B oHo moctymaet Ha 00MoTKy 127 B Tpancdopmaro-
pa T2.

Bce ckazanHoOe U menmaeT ycTpOWMCTBO [UISI 3apsIKUA aKKyMYJISITOPOB
HEepabOTOCIIOCOOHBIM.
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Puc. 42. DxBuBajeHTHAs cxeMma JJisl cXeMbl Ha puc. 34

K 3adaue 11 [11]. [1pu KpaTKOBpeMEHHOM TIepepbIBe TTUTAHUST pejie
(cm. puc. 27, a ) OTIIYCTHUT U BKITFOUMTHCI 00JIee He CMOKET, ITO3TOMY OT-
KaXkeT aBTOMAaTUIeCKOe TTOBTOPHOE BKITIOUCHUE.

K 3adaue 12. PellieHue 3Tol 3a7a4u HE COCTABUT TPy, €CJM BCIIOM-
HUTb, KAKUM 00pPa30M OCYIIECTBIISIETCS] pEBEPCUPOBAHME JIEKTPOIBUTA-
TEIISI — nepeKarouenuem 08yx ar00otx as, nooxodauwux Kk ooMomxam.

K 3adaue 13. lanHas 3a1aya WUTIOCTPUPYET ONUMHAKOBOE MPOSIBJICHUE
pa3anyuHbIX aeheKToB. [103TOMY IIpY OTCYTCTBUM JOMOIHUTEIbHON MH-
(bopMaly MOXHO Ha3BaTh HECKOJIBKO NMPUYMH, KOJIMUYECTBO KOTOPBIX
3aBUCUT B TOM YMCJIE 1 OT OIIbITa onpeaeieHus nedekros. HazoBem 3nech
TOJIKO JIBE TIPUIUHBI:

1) meperopanue gamisl H 1,

2) o0pwIB Henu / — 2, COEOMHSIONICH KOHTAKT JaTynKa S/ ¢ JaMIToi
HI.

OTmaTth npeaouTeHre KaKOW-JIM00 13 HUX HeT HUKaKMX OCHOBAaHUIA.
Kpome Toro, ectecTBEHHO IIPEATIOIOXKUTh, YTO B CUJIY CBOEI TPUBUATIb-
HOCTH HE OHM SIBJIIOTCS pellieHreM 3amadn. [1oaToMy MpearmonoxXuMm,
YTO BCE 3JIEMEHTHI 1 CBSI3W B CXeM€ UCITPaBHBL. M3 TaKOTO MpeItonoxe-
HMSI CJICIIYET, YTO TP 3aMbIKaHWM KOHTaKTa S/ HaIlpsDKeHUE MTOCTyIaeT
Ha nammy H1.

OpHako i TOTo, YTOOBI CBeUEHME JJAMITBI ObUIO 3aMETHBIM, HEO0X0-
JIMMO TIOBECTU K Hell HallpspKeHue, 011M3K0e K HOMUHaIbHOMY. Takum
00pa3oM, MOXKHO IPEIIOJIOXNUTh: CpabdaThbIBAHME JATYMKA MOIJIO OBITh
He3aMeUeHHBIM M3-3a TOrO, YTO HAIPsDKEHME Ha JIaMIle HIKe HOMMHA-
JIbHOTO. JIJ151 MOKAa3aTe/IbcTBA STOrO MPEAOI0KEHUSI HAPUCYEM DKBHBa-
JIEHTHYIO cxeMy uenu 3 — 4 (puc. 42, a).
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IIpenrnonoxum, 4To B 3TOM pexkuMe K JJaMIie MOABOAUTCS HOMUHAIb-
Hoe HarpspkeHue. Torma Ipy 3aMbIKaHUU CIIEAYIOIIET0 KOHTaKTa, TO/I-
KJTIOUAIOIIETO eI1le OIHY CUTHAJIBHYIO JIAMITy, K TTapaJuIeIbHO BKIIIOYCH-
HBIM JIaMIaM nogsoauTcs Hanpsokenne U < Uy, (puc. 42, 6).

Takum 00pa3oM, OKa3bIBaeTCsI, YTO CXeMa, YIOBJICTBOPUTEIEHO BbI-
MOJIHSIOIAsT CBOU (DYHKIIMU MTPU 3aMbIKAHUM OJTHOTO KOHTAKTa, CTAHO-
BUTCS HEPAOOTOCTIOCOOHOI IPY OTHOBPEMEHHOM 3aMBIKAHUY HECKOJTb-
KWX KOHTaKTOB.

K 3a0aue 14. llenn ynpasieHust (cM. puc. 36) MOIKIIOYEHBI K (a3am
MUTAIOLIEH CETU 110 00€ CTOPOHBI IJIaBHBIX KOHTAKTOB BhIKIIo4YaTesis QF.
XoTsl Takoe IOAKIIoYEHUE M O0ecleurBaeT Mojady HaIlpsDKeHUs Ha
LIeTIM YTIpaBJIeHMS, HO OHO HE MOXKET OBITh JOITYIIIEHO IO COOOPaKeHUSIM
371eKTPO0OE30ITacCHOCTH, TaK KaK JaXke MPW OTKIIOYEHUYN BBIKITIOUATEIsT
QF cxeMa ocTaeTcst 1o/l HaTTPSDKEHUEM.

OG6paTuMcs Ternephb K INIaBHBIM LiensiM. Kak BUAHO U3 CXeMBbI, TTOCie
BKJIIOUEHMS BBIKJTIOUaTe st QF HallpsDKeHUE TIOCTyIaeT Ha OOMOTKHY ABU-
rareniss M1, coeqvHsIeMble B «3Be3My» IMOC/IEe Pa3MbIKaHUSI KOHTAKTOB
K1.3. JIgurartesib HaUMHAET BpalllaThcsl ¢ TIOHWXKEHHOM yacTtotoit. [1pu
HAXOXNeHUN Tepekiouaresiss SA B MONOXEHUU «/[» TIociae HaxaTus
KHOTKH S'1 B T71aBHO# LIETIN pa3MbIKAIOTCS KOHTAKTHI K /.3 1 3aMbIKAIOT-
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Puc. 43. JInarpamma B3auMOJeNCTBUS IJIEMEHTOB JIsl cXeMbl Ha puc. 36
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Csl KOHTaKThl K1.2, 4TO MPUBOAUT K MEPEKIIOYEHUIO0 OOMOTOK CO «3BE3-
JTbI» Ha «TPEYTOJIbHUK» W YBEJTMUEHUIO YaCTOTHI BpallleHWs ABuTatTesst M1
J10 HOMMHAJIbHOM.

ITpu Haxxatum Ha KHOTIKY 52 «Cror» Karymka K. I obectounBaeTcsl,
KoHTakThl K1. I1n K1.3 niepexmodalorcs U apurareab M 1 CHIKaeT 4acTo-
Ty BpallueHus. JluarpamMmma B3aMMOACHCTBUS 2JIEMEHTOB IOKa3aHa Ha
puc. 43.

O6paTuM Terepb BHUMaHUE Ha pacCMaTPUBaBIIIMECS JIEMEHTHI pejie
K2 v xonTtakt Bl. Kak MOXHO 3aKJTIOYMTh M3 YCJIOBHOTO OO03HAYEHUS,
BOCIIpMHUMAROIIAS 9acTh pejie K2 pearnpyeT Ha TOK, IIPOTEKAIOIINIA B
¢a3HoIT 0OOMOTKE TIPU COSAMHEHNN OOMOTOK «3Be310ii». OJHaKO KOH-
TaKThl 3TOTO peJjie B CXeME OTCYTCTBYIOT. 13 cXeMbl MOXKHO YCTAaHOBUTD,
YTO KOHTAaKT Bl NOJKEH 3aIyCcKaTh M OCTaHABIMBATD 3J€KTPOJIBUTATE b
B pEXUME «A».

OrnpenieiB Ha3HAYEHUE BCEX JIEMEHTOB B CXEME€ M COCTABUB JWa-
TpaMMy UX B3aMMOICHCTBUSI, MOKHO CIEJIaTh BBIBOI O TOM, UTO CXEMa,
IoKa3aHHasl Ha puc. 36, He COCOOHA BBIIOJIHSTH BO3JIOXKEHHbIE HA Hee
GyHKIMN.

72



FMABA TPETb4

Oco00eHHOCTU u3MepeHum
npu nouvcke pnedeKToB

7151 060CHOBaHHOTO CYKIEHUS O IPUYMHAX U XapakTepe aedekTa He-
JIOCTATOYHO 3HAHUSI €TO BHEITHUX MPOSIBJICHUI TNOO KAYeCTBEHHBIX Xa-
pakTepuctuk. [Toatomy npu onpeneaeHUM IeheKTOB IUPOKO UCIONb-
3YIOT JIBA TEXHOJIOTMUECKHUX Mepexo/a:

HM3MEPEHMUS;
IIPOMEXYTOUYHBIEC U3MEPEHUSI.

BrinoiHeHMe 3TUX TIEPeXOJ0B IT03BOJISIET MOJIYUYUTh OOBEKTUBHYIO
MH(OPMALIMIO O COCTOSIHUM CXEMbI U €€ JIEMEHTOB.

HazBaHHbIe 37eCh MepeXo/ibl BLITTOIHSIOT, UCHOJIb3Ysl Pa3IMUHbIE U3-
MepUTEIbHbIE TPUOOPHI, KOTOPbIE BLIOUPAIOT HA OCHOBE CJIEIYIOLIMX UC-
XOIHBIX JaHHBIX:

HaumeHosaHue uzmepsemoll eauyunsl. [1pu onpeneneHuun aeeKToB B
peJIeiHO-KOHTAKTOPHBIX CXeMax HamboJiee 4acTo U3MEPSIIOT TOK U Ha-
IpsKeHUe, MHOTAA MPUXOIUTCS U3MEPSITh MOITHOCTh MU KO3 duiim-
€HT MOIIITHOCTU. JIJ1s1 TTOTy4e HUS JOTIOJIHUTEILHOM MH(pOpMAaIK O pabo-
T€ 3JIEMEHTOB CXEMbl U3MEHEHUE TTapaMeTPOB BO BPEMEHU MOXKET Peru-
CTPUPOBATLCS CIEeLMaIbHbIMU TpUbopaMu — ocLuuiorpadamMu Uind
CaMOIMCIIAMU;

duanazon uzmereruss (MITHAMAJIBHOE M MAKCUMAJTbHOE 3HAYCHMS) M3~
MEpPSIEMOI BEJIMYUHBI;

noepewHoCmy uamepeHus mapameTpa.

YT100OBI YMEHBILIUTh HOTPELTHOCTh U3MEPEHUS TIPX paboTe ¢ BHIOpaH-
HBIM IPUOOPOM, HE JOITYCKACTCSI:

e OTKJIOHEHUs IpUOOpa OT HOPMAJIbHOTO MOJIOXEHUST (TOJBKO UIST
MPUOOPOB C MBIKYIIIMMUCST 2JIEMEHTaMM), TIOCKOJIbKY HAKJIOH TaKOTO
npudopa Ha 5 — 10° MOXeT BBI3BaTh JOIOJHUTEIBHYIO IPUBEICHHYIO
MOIrPEIIHOCTD, PABHYIO KJIACCY TOYHOCTH IIpUOOpa;
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e 3HAUYMTELHOTO OTKJIIOHCHUS TeMIIEPATypPhl OKPYKAIOIIEH CPEIbl OT
HopMasbHoro 3HaueHus (20 °C). [Ipu uamepeHnr TemMIiepaTyphbl Ha Kax-
npie 10 — 20 °C (B 3aBUCUMOCTH OT I'PYIIIbI IpUOOpa) BOZHUKAET JOMOJI-
HUTEeJIbHAS ITOrPELIHOCTh, PaBHAsI KJIacCy TOYHOCTH Iprbopa. Eciau tem-
Tiepatypa OKpYyxKaromleil cpefbl 3HAYMTEIIEHO OTIIMYACTCS OT HOPMaJIh-
HOI, TO HEOOXOAUMO MPUMEHSThL MPUOOPHI Kaacca b uinu, elie Jydiie,
kiacca B. I1pu ucronp3oBaHny IpuoopoB Kitacca A Hy>KHO YIUTHIBATD,
YTO UX JOMOJIHATEIbHAS ITOTPEITHOCTD Ipu TeMriepaType 35 °C 1 Bbllle 1
Hike 10 °C He HOpMUpyeTCs;

e BO3ICHCTBASI Ha NPHOOP MOIIHBIX ITOCTOPOHHUX MArHUTHBIX
TIOJICHA.

Ha pe3ynpTrpyoIyo MOrpelrHOCTb U3MEPEHUS CTPEJIOUHBIX IIPHOO0-
POB BIUSIIOT HE TOJIBKO KJIACC TOUYHOCTH U TIPEAe]T MU3MEPEHMST, HO 1 IHC-
JIO HAHEeCEHHBIX Ha IIKATy ACJICHUH, TaK KaK TOYHOCTb OTCUYMTHIBAHUS
MoKa3aHuii y mpubopa 6e3 HOHMWYCa He MOXKET OBITb BBIIIE TTOJOBUHBI
HauMeHbIIIero aejieHus mkaibl. [loaToMy wist moucka 1eeKToB cieayeT
OTJABaTh MPEANOYTEHUE CTPEJOUYHBIM ITEPEHOCHBIM MpUOOpaM, HIKaIbI
KOTOpPbIX UMeIOT He MeHee 100 HaHeceHHbIX AesieHUi. TOYHOCTh OTCUu-
TBIBAaHMSI TTOKA3aHMIT U(PPOBBIX TPUOOPOB HE MOKET OBITH MEHBIIIE O~
HOTO 3HaKa HAaMEHBIIIETO pa3psia.

Ocoboe BHMMaHWE Ha BHIOOP W MCIIOJIB30BAHUE CPEICTB M3MEPCHMS
cJemyeT o0OpallaTh IpHu MoucKe 1eEeKTOB B 2JIEKTPOYCTaHOBKAX HAIIPsI-
KeHuem BbIe 1 kB.

ITpumep 33. HenomycTuMOCTh MCTIOJIB30BAHKUS CPEICTB M3MEPEHHs, pac-
CYMTAHHBIX Ha padoyee HanpsukeHue 1 KB B nensx HanpszkenneM bime 1 kB

Ha rimybuHHOM Hacoce apTe3uaHCKOM CKBaXKMHBI MCUYE3JI0 HATPsSTKe-
Hue. {151 yctpaHeHus nedeKTa 3J1eKTPOMOHTEp IO CXeMe C MOMOIIBIO
TOKOMCKATES MPOBEPUI HATMUKE HarpsbkeHus. Korna 0110 yCTaHOB-
JIEHO, U4TO HaMpsKeHWE OTCYTCTBYET Ha IINATE YIIPABJICHMST HACOCOM 1 Ha
BBIXOZIE CHMJIOBOTO TpaHc(opMaTropa, OH TeM K¢ TOKOMCKATEIIeM CTajl
MPOBEPSITh HaTM4uMe HampspkeHus Ha BBoae 10 kB Tpancdopmaropa n
TOJIYIJI CMEPTEJIbHYIO 2JIEKTPOTPaBMY.

IToMumo crienmaaM3MpOBaHHBIX MPUOOPOB, M3MEPSIOIINX KaKO-
JI10O0 OMH MapaMeTp (TOK, HaIlpsDKEHUE, YacTOTY), B IMPAKTHKE TTOMCKa
Ne(heKTOB B PEJICiTHO-KOHTAaKTOPHBIX CXeMax IMPOKO pacipoCTpaHEHbI
KOMOMHUPOBAaHHBIE MHOTOIPENETbHBIE TIPUOOPHI —  MYAbIMUMENPbl
(puc. 44).

Ipenen n3MepeHNsT BEJTMIUHBI (TOKA, HATIPSTKEHUS VT COIIPOTHUBIIC-
HUST), PO TOKA IV HATIPSDKEHMS (TIepeMEHHBIN VJTH TTOCTOSTHHBII ) BBIOH -
paIoT MepeKITI0YATeIIEM, PACTIOIOKEHHBIM B IICHTPE TTAHEIN YIIPABICHMSL.

Ecimm oxmmaeMoe 3Ha9eHIE U3MEPSIEMOT0 TOKA WIIM HAIIPSDKeHUS He-
M3BECTHO, MePeKIII0YaTe/Ib HEOOXOAMMO YCTAHOBUTD B IIOJIOXKEHUE, CO-
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OTBETCTBYIOLLIEe HAUOOJIbILIEMY TIPEe/Ie-
JIy UBMEPEHMUSI, YTOOBI U30eXKaTh Iepe-
IPY3KU WX NOBpeXIeHNs pubopal.

Ecnu B npouiecce usmepeHus Beu-
YUHbBI HEOOXOAUMO MEPEUTHU Ha IPYTOM
npeaes, TO cHavyajga CaedyeT OTKIIIO-
YUTb NPUOOP OT 0OBEKTA 1 TOJHKO 3a-
TEM TIEPEKIIOYUTh TIePEKITIOYaTelb
BBIOOpA TIpe/esia UBMEPEHUSI.

J1s MOAKIIOYEHUS LIYTIOB, COEAU-
HSIOLINX IPUOOP ¢ 0OBEKTOM M3MEpe-
HMSI, B MYJIETUMETpaxX OOBbIYHO Tpey-
CMaTpuBaeTCsl HECKOJbKO THe3l. B
JAHHOM cJlyyae B HWKHEW J4acTh Jie-
BOM MaHENM PaCIIOJIOXEHBI YEThIpe
THE3/a, UCTIONB3YEMBbIX JUISI TIOJKITIO-
YeHUsI TPUOOpPa B KAYeCTBE aMIIepMeET-
pa, BOJILTMETPa UM OMMETpA.

Taxkoit mpubop MOXKXHO MPUMEHSITh
W JUTSI UBMEPEHUST eMKOCTH (CM. THe3/1a
«Cx»), a IpY HATMYMU TEPMOJIaTINKa
— W JIS U3MEpPEHUsT TeMITepaTyphbl
(rHe3na «Tx»). Puc. 44. 1lndposoii MybTHMETP

B BepxHeii mpaBoii yacTu npubdopa
MpeyCMOTPEHbI THe311a /UTsl TPOBEPKU TPAH3UCTOPOB.

Kaxk npaBuiio, Bo Bcex MyJITUMETpax K THE31ly, OTMEYEHHOMY 3HAKOM
«*», TIpU UI3MEPEHUSIX B TIETISIX IIOCTOSTHHOTO TOKA HEOOXOAMMO TIOIKITIO-
YaTh MAUHYCOBBIN MOJIIOC.

3aoaua 15. Ipu onpedenenuu dechekma 6 ucmouHuke NUMAaHus Usmepuiu
HanpsiceHue Ha 8xode 8binpamumenvhoeo mocma (mouku 1, 2 na puc. 45)
CMPenouHbIM Myabmumempom Ha npeoene «~300 By.

Pezynomam uzmepenus — 220 B. Ilocae smoeo npubop nepexaiouusu Ha
npeden «=300 B» u npucoedunuau k evieodam 3, 4 3moeo sce mocma. Cmpen-
Ka npubopa omkaonunacs 3a deaerue 300 B. Tlosmomy nepewinu na npeden
usmeperus «=450 By, ede nokazanus npubopa oxaszanucs pasHoimu 400 B.

Boidsunyms eunomesvl 0 803MOMNCHbIX NPUMUHAX MAKUX NOKA3AHUL
npubopa.

ITpu BBIOOpe THUMa MpubOpa MO U3MEPSIEMOMY TMapaMeTpy MWW TPU
BBITIOJTHEHUM M3MEPEHUN MYJbTUMETPOM CJIENYEeT YYUThIBATh, YTO TOT

! VerpoiicTso, 3aimmiaoniee Takie mpuGophl OT MEPErpy30K, MOXKET GbITh PETYCMOTpE-
HO HE Ha BCeX IMpejesiaX U3MEePEHUsI.
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Puc. 45. BpimpsMuTeIbHBIA MOCT

WJIM MHOM mapaMeTp MOXKET ObITh OIpe-
JIeJIEH He TOJbKO TMPSMbIM U3MEPEHUEM
(HampskeHUue — BOJIBTMETPOM, TOK —
aMIIepMETPOM, COIIPOTUBJICHUEC — OM-
METPOM), HO U KOCBEHHO, BHIYMCIICHU -
€M TI0 pe3yJibTaTaM U3MEPEHUS CBSI3aH-
HBIX C HUM TTapaMeTpOB.

IIpumep 34. OmnpeneneHue TOKa MO
pe3yabTaTaM u3MepeHusi HanpsuKeHus

Heobxonumo y3HaThb 3HauY€HUE TO-
CTOSTHHOTO TOKa, TPOTEKAIOIIEero uyepe3
pe3ucTop R ¢ U3BECTHBIM COIMPOTUBJIC-
HUEM, He pa3pbiBasi LeMb TOKa JJIs1 MO/ -
KJTIIOUEHUS UBMEPUTETBLHOTO MpUOOopa.

ITocnenHee ycaoBre UCKIIOYAET TIPU-
MEHEHHE JIOOBIX aMIIEpMETPOB, a TakK
KaK u3MepsieTcsl MOCTOSIHHBINM TOK, TO

HEJIb34 IPUMEHATL U TOKOU3MEPUTCIIbHBIC KJICIIH. H03TOMy BOCIIOJIb-
3YEMCs 3aKOHOM OMa, COINTaCHO KOTOPOMY NMaaCHUE HAIIPS>KEHUWA Ha CO-
IIPOTHUBJICHUN TMPOIIOPLHHUOHAIBHO TOKY, IPOTCKAIOIICMY 4Y€pPE3 3ITO

COIMPOTUBJICHHUC.

Tak Kak CONMpOTUBJIEHUE PE3UCTOPA U3BECTHO, TO, U3MEPUB BOJIBT-
MeTpoM PV Hanpspkenne Una pesuctope R (puc. 46), MOXKHO BBIYHCIUTh

MCKOMBIH TOK:

1= U/R.

HaHOMHI/IM, YTO IIPU TaKOM IOAKIIOYCHHUUN BOJIBTMETPA HEoOXOAMMO

co0JI0aTh YCIOBUE:

R>100Rpy,

roe R py — BHYTPEHHEC COIIPOTUBJICHUE BOJILTMETPA.

K1

Puc. 46. V3mepenue nageHusi HaNpspKeHUs /IS ONpeiesieHns TOKa
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PaccmotpeHHoe B puMepe 34 BKIIIOUEHKE BOJBTMETPA [UISl U3MEpPe-
HUST TOKA XapaKTepHO IS TEXHOJIOTMYECKOTO TIepexoa «IIPOMeEXyTOU-
HbIE U3MEPEHUsI», KOT/Ia TIPOBEPSIOT MPOXOXIEHNE CUTHAJIA, B YACTHO-
CTH TOKa, TI0 TETISIM PeJIeiTHO-KOHTAaKTOPHBIX CXEM.

BroImonHsIs ipu OThICKaHUM TeheKTa MpaKTUIEeCKU J1000e M3Mepe-
HUeE, cliefyeT MIOMHUTD, YTO IIPU OIPENEICHHbBIX YCJIOBUSIX €r0 pe3yJibTaT
COMIEPKUT HE TOJBKO CBEIACHUST O 3HAYCHUU M3MEPEHHOTO WJIM BBIYUC-
JIeHHOTO TTapaMmeTpa. Hanpumep, Hajimune Toka B IIETIN CBUIETETLCTBYET
0 ee IeJIOCTHOCTU. 3HAYEeHUS TOKA 1 HATIPSDKeHUST (MJIX OTHOTO U3 9TUX
napaMeTpPOB) MO3BOJISICT OLICHUTh COMPOTUBJICHUE BCEU 1IETIM WIN €e
yJyacTka.

IIpumep 35. IIpoBepka 1e10CTHOCTH 1IENH BOJILTMETPOM

B cxeme, nmpuBeneHHOI Ha puc. 46, KaTyiika pejie K/ BKIIIOUYeHa 1o-
caenoBaTesIbHO ¢ pe3rctopoM R. Eciau BOCIONb30BaThCSl CBEACHUSIMMU,
MPYBEACHHBIMM B MpuMepe 34, TO TI0 HAJIMUMIO HATIPSDKEHUST Ha Pe3u-
ctope R wm Karymnike K/ MOXHO CenaTh BBIBOJ O TIPOTEKAHUH TOKA TI0
LT U3 IOCICI0BATEIbHO COCMMHEHHBIX PE3MCTOPA 1 KATYIIKH.

Ecnu Bocmonb3oBaThest (popMyJIoii BEIUMCIEHUSI UICKOMOIO TOKa U
JBaK/Ibl BBIYMCIIUTD 3HAYEHUE TOKA IO pe3yJIbTaTaM1 U3MEePEeHUsT Hampsi-
>KEHMS Ha pe3ucTope Ru katyiike K1, To B cilyyae paBeHCTBA WIK COBIMA-
JIEHUS TIOJTyYeHHBIX Pe3YJIbTATOB MOXKHO C/IETaTh BBIBOI, YTO HET «00-
XOOHBIX» Iemneil. HecoBmameHune pe3yinbTaTOB BBIYMCICHUI TOBOPUT
JIMOO O HAIMYMU TMapaUIeJIbHBIX 1IeTeit, 1100 o nedeKTax B 3JeMEHTaXx,
MPUBOISIIMX K 00pa30BaHUIO JOMOTHUTEIbHBIX IIETIEH.

3aoaua 16. Jlepexm 6 cxeme, nokasarnoi Ha puc. 47, nposenrsemcs 6
mom, umo nociae pazmblkanus ynpaeasowe2o konmaxma K2. 1 pazmoikaro-
wuti konmakm KI.1 (na pucynke ne nokazam) pene KI ocmaemcs
3AMKHYMbIM.

IIpoananuzuposams cxemy u 6bl08UHYMb 2UNOMe3bl 0 NPUHUHE degheKma.

B mpakrtrke mouncka nedekra B pejeitHO-KOHTaKTOPHBIX CXeMaX CO-
TIPOTUBJICHUS 3JIEMEHTOB M3MEPSIOT B OCHOBHOM C ITOMOIIBIO OMMET-
POB, BCTPOSHHBIX B MYJIETUMETPBHI.

OMMeETpbI MOXKHO UCIIOb30BaTh HE TOJBKO JUISI U3MEPEHUST COIPO-
TUBJICHUS 3JIEMEHTOB, HO U, HAIIpUMED, JUIS OLIEHKN COCTOSTHUST U30JIsI-
. Ecim conpoTuBieHre U0 U3MEPUTD TBAXKIBI TIPY Pa3HbIX
TIOJISIPHOCTSIX TTOKJTIOYEHUS TIIYTIOB, TO MOXHO HE TOJIbKO OPUEHTUPO-
BOYHO OIICHUTH €T0 3HAYCHKE, HO U OTPEACIUTh IPUUNHY €TI0 TIOHIKE-
HMS T10 CPABHEHUIO C HOPMOM.

ITpu pa3HbIX MOJSIPHOCTSIX IIYTIOB OMMETPA M ONMHAKOBBIX Pe3YJIbTa-
TaX M3MEpPEHUsI BEPOSTHOW TMPUIMHON YMEHBIIECHUS COIPOTUBICHUS
W3OJISILIVY SIBJISIETCS 3arPSIBHEHHOCTH €€ TOKOTIPOBOISIIIEH TThuThio. Ecim
K€ pe3yJIbTaThl U3MEPEHUH TIPU Pa3HBIX MOSIPHOCTSIX OKAXKYTCSI HEOIM -
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Puc. 47. DparmeHT cxembl

HAKOBBIMM, TO MOXKHO CKa3aTh, YTO COTPOTUBICHUE U3OJISIIINY CHU3U-
JIOCh M3-32 €€ YBIAKHEHHOCTH.

3HavyeHue TaKoro napamMeTpa, Kak COlpOTUBICHUE, MOXET ObITh Hall-
JIEHO HE TOJIBKO C MOMOIIIBIO CTIEIIMATbHBIX TPUOOPOB, HO ¥ OJHUM TPH-
60poM (BOJIBTMETPOM WJIM aMIIEPMETPOM), a TAKXKE METOAOM «BOJIbTMET-
pa — amIiepMeTpa», 1o pe3yJibTaTaM M3MEPEHUST TOKa U HaTIPSIKEHUSI.

Jng u3MepeHMs] aKTUBHBIX COINPOTHUBICHUM OJHUM MPUOOPOM
(puc. 48, a ) HEOOXOMUMO TPOM3BECTH ABA M3MEPEHUS: OMHO TIPU 3aM-
KHYTOM BBIKJTIIOUaTesie .S, a BTOpoe — MpPU Pa30MKHYTOM.

Hcnonp3oBaHre 3TON CXEMBI MO3BOJISIET U3MEPSITh COMTPOTUBIICHUS,
COU3MEPUMBIE C COMTPOTUBJIEHUEM MPUOOPOB.

BorumcieHust BBIMOTHSIOT IO (DOpMyJiaM:

R=Rp,(U— U/ UL,
R=Rp,(I— IY/I,

rne U(I), U(I') — nokazaHus BoIsTMETpa (aMIiepMeTpa) TpU 3aMKHY-
TOM 11 Pa30MKHYTOM IMOJIOXKEHNAX BhIKodarens S; Rp) (Rp,) — cornpo-
TUBJICHUST BOJILTMETpPA (aMIIepMeTpa).

IIpuvep 36. N3mepeHue cONpOTHBIEHHS] METOIOM <«BOJbTMETpPA —
amMnepmeTpa»

Bo3MoXHBI 1Ba BapraHTa BKIIOUEHUST BOJIbTMETPA:

e HETMOCPEICTBEHHO MapajuIebHO pe3uctopy R (puc. 48, 6);

e TIapaJUIeJIbHO TPYIITE M3 TTOCIeI0BATEIbHO COEMMHEHHBIX Pe3UCTO-
pa Ru ammiepmerpa PA (puc. 48, 6).

Ecnu muis onipeneneHust COMPOTUBICHUSI TTOJCTABUTh ITOKA3aHUSI TTPU-
6opoB PA u PV B u3BecTHyio HaM (opmyny 3akoHa Oma, 00e cxeMbl
BKJTIOUEHUS IPUOOPOB NAMYT pa3Hble pe3yabTathl. [Ipoucxoaut ato mo-
TOMY, YTO B TaHHOU (popMyJie He YUTEHO MOTpedaeHre TprUdopaMu HEP-
TUU OT CXEMBI.

B peanbHolt cxeme ammiepmetp PA Tipu BKITIOUeHUM BosibT™MeTpa PV B
COOTBETCTBUH C PUC. 48, 6 U3MEPUT HE TOJIBKO TOK, IIPOTEKAIOIINIA yepe3
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Puc. 48. V3mepenne conpoTHBJIEHHIA:
a — OfiHUM NPUOOPOM; 6, 6 — METOAOM «BOJIBTMETPA — aMIIEpPMETPa»

pe3ucTop R, HO ¥ TOK 4epe3 BHYTPEHHEEe COIPOTUBICHHE BOJBTMETPA
Rpy. TTosToMy (bakTUUECKOE 3HAYEHUE CONIPOTUBIIEHUS OYIET PABHO

Ry = U/(I = Ipy) = UL = (U/Rpp).

[Tpu BKITIOYEHUM BOJIBTMETPA B COOTBETCTBUH C PHC. 48, 6 OH U3MEPUT
MajeHne HaMpsDKeHUsT He TOJILKO Ha Pe3UCTope R, HO U Ha COIPOTUBIIC-
HUU amIiepmeTpa Rp 4, IO3TOMY

Ry = (U= Upp/I=(U/1) — Rpy.

Bo Bcex hopmynax Uu I — nokazaHus BoabTMeTpa PV u amnepmerpa
PA cooTBeTCTBEHHO.

[TpuBeneHHbBIN TPUMEP MOKAa3bIBAET, YTO MPU BHITIOJTHEHUU U3Mepe-
HMIi B cxeMe clieayeT 00s13aTeJIbHO yUUThIBATh lapameTpbl pudopa. st
TOJTyYEeHUST TOCTOBEPHBIX PE3YJILTATOB BAXKHO HE TOJILKO IMPaBUIIHLHO BBI-
OpaTh ¥ UCIIOIB30BATh MPUOOP, HO U TIPABUILHO TIOMKIIIOYUTH €TO WJIN
COCTaBUTb U3MEPUTENIbHYIO cxeMy. B MpOTUBHOM cliydyae BO3MOKHO TI0-
JlydeHUE JIOKHOU MH(MOPMAIIMK O COCTOSTHUY 0OBEKTa WK MIPOBEPSIEMO-
IO 2JIEMEHTA.

Oco0eHHO HY>KHO YIUTHIBATh BIUSTHUAE TAPAMETPOB U3MEPUTEITLHOTO
MpUOOpa Ha PEXKUM PAOOTHI CXEMBI ITPU MPUMEHEHU U TEXHOJIOTUYECKOTO
Iepexoja «IIPOMEXKYTOUHbIE U3MEPEHMS» , KOTOPbIIA OTJIMYACTCS TEM, UTO
HU3MepeHe MPOU3BOJIST MOOUEPENHO B HECKOJIBKMX TOUKAX CXEMbI, CBSI-
3aHHBIX MEXKITy CO00I KaKMM-JTM0O0 CUTHAJIOM, TTPOXOXKIEHNE KOTOPOTO 1
TIPOBEPSIIOT OT JIEMEHTA K JIEMEHTY, OT 0JIOKA K OJIOKY.

Bmecre ¢ Tem, BIusiHUE TprOOpa HA PEXKUM CXeMbl MHOTIA MOXET IM0-
MOUb OTBICKaHUIO eheKTa.

IIpumep 37. Ucnoab3oBanue nH(OpMAIMY O BIMSHUA MPUOOPA HA CXe-
MY NpH NOUCKe aedekTa

OOpatumcst K cxeMe, MoKa3aHHOW Ha puc. 22. [l ycTaHOBJIEHUS
MPUIUHBI AeheKTa U3MEPUM CTiepBa HATIPSDKEHME Ha 3akKuMax JIaMITh
H 1. Tak xak HanpskeHre muTtadusg 220 B mocTosHHOrO TOKa, TO IIprUMe-
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Puc. 49. K noucky nedekra B cxeme Ha puc. 22

HUM BOJIBTMETP ITOCTOSTHHOTO HAINPSDKEHUS C TIPEIeioM M3MEPEHUN
300 B.

OpHako Npu NOAKIIOYEHUM BOJIBTMETPA K JIAMIIE €T0 ITOKa3aHUs paB-
HbI HyJ1O (1103. 1 Ha puc. 49).

TTonxiouast BOJIBTMETP K 3aKMMaM UCTOYHMKA MuTaHus (11o3. /1 Ha
puc. 49), BUaMM, 4TO €ro IoKa3aHus COOTBETCTBYIOT 218 B.

CrenoBaTeIbHO, TTIOCTOSIHHOE HATIPSLKEHUE ITUTAHUS €CTh, HO HE OHO
BBI3BIBAET «TTOJICBETKY» JIAMIIbI.

[TosToMy [T MI3MEpEHMIT TIPUMEHNUM IPYTOM BOJIETMETP, U3MEPSIIO-
MW IepeMeHHOe HapsKeHNEe, KOTOPBIN TTOAKITIOYNM K BEIBOIAM JIaM-
bl (cM. 103. 1 Ha puc. 49).

B cBs13U ¢ TeM UTO HaNpsDKEHKWE CeTH MePEMEHHOI0 TOKa COCTaBJISIET
380 B, BeiOupaem npenen usmeperus 450 B. [1pu uamepeHun BoJbTMETP
oKa3saJi, YTo HaTlpsKeHHe Ha 3axkuMax JaMibl paBHo 110 B. TTompoboyem
M3MEPUTH €ro TOYHee U riepelineM Ha npeaen usmeperus 150 B. ITokaza-
HUsI BOJIBTMETpA Ha 3TOM Mpejesie craau paBHbI 60 B.

[1pu BEITIOTHEHNM U3MEPEHUIT 0OHAPYKMIIOCh MHTEPECHOE SIBIICHUE
— ¢ yYMCHBIICHHEM IIpeesia M3MEPEHUS] YMEHBIIAIOTCS ITOKAa3aHMS
BOJIBTMETpA.

CHoOBa M3MEHUM TIpe/iesl U3MEePeHNsI 1 yMeHbIIUM ero no 75 B. Ha
3TOM TIpeniesie CTpesiKa BOJIETMETpa OocTaHoBWIach Ha otMeTke 40 B, a
Jnamna H1 noracna. [Touemy?

B macnopTe ra30cBETHOM JlaMIIbl YKa3aHO, YTO HAMpPsDKEHWE 3aKura-
HMS TS JIaMIT 3Toro Tvria He MeHee 60 B. MeHHO nmoaToMy oHa 1 roracjia
— HanpspKeHME Ha ee BbIBOIIAX CTaJo MEHbBIIE HAMPSDKEHUST 3a0KUTaHusI.

WM3BecTHO Takke, UTO C YMEHBIIIEHUEM TIpeneia U3MEPEeHUST BOJIbT-
MeTpa YMEHBIIIACTCSI M €T0 BHYTPeHHEee conpoTuBiieHre. OTCrona BIIOJTHE
TIOHSITHO ¥ YMEHBIIICHVE HAIPSDKEHUST Ha 3a3KMMax JIaMITbl — OHO TIpO-
HMCXOIUT M3-3a YBEJIMICHUS TOKA B LICTIN.
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Ho 4To0 Xe 32 NICTOYHMK B AAHHOM CJTyJae MUTAET JIaMITy, €CJTM OHa pe-
arvpyer JaXke Ha TaKoe He3HAUYMTeIbHOe M3MEHEeHUE Harpy3Ku, KOTOpoe
TIPOMCXOANT TIPU U3MEHEHUH TIpe/iesia MU3MEPEeHUsT BOJIbTMETpa?

KoHeuyHo, 3To0 He MOXeT ObITh HEMOCPENCTBEHHO HU ceTh 220 B, or
KOTOPO¥ MMOJTy4yaeT MUTaHWe cxeMa CUTHaJIM3aimu, Hu cetb 380 B, mura-
0111asT DJIEKTPONIBUTATETb.

OOpaTuMCs K COCTaBIEHHOW 9KBUBAJICHTHOM cxeMe (cM. puc. 23, a)
¥ HApUCYeM TOIKIIIOYCHUE JTaMIIbl K UCTOYHUKY TIEPEMEHHOTO HaTpsi-
skenus 380 B (cm. puc. 49).

W3 skBUBaNIEeHTHOI CXeMBbI BUJIHO, 4YTO BBIBOJ, / 1amiibl H 1 yepes co-
TIPOTUBJICHUE U30JIALIMN Z4 TIOJII0CA CETU HanpskeHueM = 220 B coenn-
HEH C HeUTpaJIbHOI TOUYKOI, 00pa30BaHHOI COMPOTUBICHUSIMU U30JISI-
unu Z;, Z,, Z; pa3 cetn Hanpsxenuem ~ 380 B.

Bropoii BeIBOI JIaMITbl Yepe3 CONPOTUBICHUS U3OIAUMU Lg, Z7, Zg
KWJT KaOeJtsi MOAKIIIoUEH K dazaM HanpsbkeHus ~ 380 B.

Ecnu npenmonoxuTte KpaltHUiA cydait, Koraa COpoTUBICHUE U30JTSI-
LMY MEXIY IBYMS KUIaM Zg (Z; WK Zg) PaBHO HYJIIO, TO JIAMIIA OKa3bl-
BaeTCs TIOAKITIOUEHHOM K (ha3HOMY HATIPSKEHUIO CeTH TI0 TIETTH:

N — Z, — BoiBog | — mamma H 1 — BeiBox 2 — aza L1.

B 5TOM Ci1y4ae, Korna Hy OfHO U3 CONPOTUBIIEHUI Zg, Z;, Zg HE PABHO
HYJTIO, HO Y HE PAaBHO OJTHO K IPYTOMY, HalpsKeHUE Ha BHIBOJIE 2 TaMIThI
H 1 Bcerpa OyneT 3aBUCETh OT COOTHOILIEHUI 3TUX COIIPOTUBJICHUI 1 Oy-
JIeT MeHblIe (pa3HOTO.

OTMeTUM, UTO B 9KBUBAIEHTHOU CXeMe HapUCOBAHBI TTOJTHBIE COMPO-
TUBJICHUSI, B KOTOPBIX YYTEHO HAJTUYME EMKOCTU MEXIy XWJIaMU. YUu-
TBIBasi BCE CKA3aHHOE, MOXHO C YBEPEHHOCTBIO CKa3aTh, UTO <«JTULITHSISI»
3HEePTYsl, BBI3bIBAIOIIAs CBEUEHUE JIaMITbl H I, «ITpPOHUKAET» B CXeMy U3
CETH MIePEMEHHOTO TOKa Yepe3 COTIPOTUBIIEHUST 1 eMKOCTHU M30JISIIIAN Ka-
oems E1.

[TockombKy conpoTUBICHUE N3OSN TOCTATOYHO BEJIMKO (COn3Me-
PUMO C BHYTPEHHUM COIPOTUBJICHUEM BOJBTMETPA), YBEIMUEHUE TOKA,
BO3HUKAIOIIIEE MPU MOAKIIOUYEHUN BOJIBTMETPA, IPUBOAUT K YMEHbIIIE-
HUIO HANIPSDKEHUST TTOACBETKH.

Takum oOpa3oM, Mpu Moucke nedekTa He TOJTbKO YCTAaHOBJIEHA €ro
MPUINHA, HO Y HaIEH CIoco0, C TOMOIIBI0 KOTOPOTO OH MOXKET OBITh
ycTtpaHeH. 1151 aToro napauienabHo jgamne H 1 u pe3uctopy R1Heooxoau-
MO TIOIKJTIOUMUTH (CM. KOMMEHTapuil K puMepy 24) TOTIOTHUTETbHBIN
PE3UCTOP AaHAJIOTUYHO TOMY, KaK TTOJKITIOUATN BOJTBTMETP.

Z[I[H MN3MCPCHUA COIMPOTUBJICHUA U30JIALINUN IIPU ITIOUCKE I[e(l)eKTa nc-
TIOJIB3YIOT PA3JIMYHOIO TUIIA METraOMMETPHI. M cTouHrKOM ucnbITaTeIb-
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Puc. 50. Meraommerp:

I — rHe3no «3eMis»; 2 — rHe310 «JImHus»; 3 — M3MepUTeIbHbBIC IIYTbl; 4 — ceTe-
BOW LIHYP; 5 — MepeKIovaTesib MPeieaoB U3MEPEHUs ; 6 — BBIKITIOUATEIb TUTAHUS

HOTO HaMpsTKEHUsI B TAKUX TIPUOOpaxX CIIy>KUT TEHEPATOp MePEeMEHHOTO
HAaMpsLKEHUS C PYYHbBIM IIPUBOIOM MJIM CIIeLIMAIbHbIA IIpeoOpa3oBaTeib,
MOJTyYaIONInii BJIEKTponMTaHue oT ceTu (puc. 50) uim datapeu.

B oTnuune ot Apyrux OMMETPOB, HAMPSIKEHNE HA 3KMMax MEraoM-
MeTpa B 3aBUCUMOCTH OT MoaMdbuKaiuu npubdopa coctasiset 100, 500
wmm 2500 B.

M3mMepsist cCONTpOTUBIICHNE N30SI B KAKOH-JIMO0 OMHOM TOUKE CXe-
MBI, HEOOXOIMMO ITIOMHUTD, YTO BO BCEX CJIyJasix IpUOOp IMOKA3bIBAET HEe
COMPOTUBIICHUE DJIEMEHTA CXEMbI, COCPETOTOUEHHOTO B KAKOM-TO OTIpe-
JICIECHHOM MECTE, a HEKOTOPOe SKBHUBAJICHTHOE COIPOTUBIICHUE, 0000-
IIEHHO XapaKTepM3YIOIIee COCTOSTHUE M3OJISIIMU BCEX TallbBAHMUECKH
CBSI3aHHBIX IICTICHA.

IIpumep 38. M3mepeHue CONPOTHBIIEHUS U30JISIAN

[TycTb HEOOXOMTUMO U3MEPUTH COTIPOTUBIIEHHUE TTPOBOJAHMKA A OTHO-
cutenbHO 3emun (puc. S1). I1pu 3TOM BMecTe ¢ TTPOBOIHUKOM A TIPOJIO-
>K€H MTPOBOAHUK B. CONpOTUBICHUS U30JISIIIAN TPOBOAHUKOB MEXTY CO-
0ol ¥ MEXy 3eMJIC M IIPOBOJIHMKAMHU YCJIOBHO MOKA3aHbI HAa CXEME B
BUJE PE3UCTOPOB R (p, Ryo U Rp.

ITpuGop PR 151 u3MepeHusi COMPOTUBJICHUST U30asILUU (pasbl A MO~
KJII0YaeTcs Tak, Kak moka3aHo Ha puc. 51, mo3. 1. I1pu TakoM noaxioye-
HUU TIPUOOp M3MEPUT Pe3yIbTUPYIOIIEe COMTPOTUBIICHNE MapajUIeIbHO
BKJIFOUEHHbIX COITPOTUBICHUS U30JISILUU (a3bl A U CyMMapHOIO COMIpPO-
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TUBJIEHUST (pa3bl B OTHOCUTEJIbLHO KOp- v PR
myca u ¢a3bl B OTHOCUTENILHO a3kl A,
T.€. HEKOTOPO€ SKBUBAJIEHTHOE COMPO-

TUBJICHUCE:
Ry« = Ryo(Rpy + —{—_ 1}

N3 aTOro BBIpaKeHUST BUIHO, 4TO
R, = 0 1mpu R ,. [Ipn paBeHCTBE HYIIO
OIHOTO W3 IIBYX APYTUX COIIPOTHUBIIC-
HUi: Rpy wim R, p — 3KBUBAJIEHTHOE Rpo Ri0
COIIPOTUBJIEHUE OTJIMYHO OT HyJs, U
paxe npu R, > Ry, HeJb3st cKa3aTh
00 MCMPABHOCTU U3OJISILIUU TTIPOBOAHM - B A
Ka A.

JI11 MCKJTIOYEHUST OLLIMOOYHOTO CYX- PR PR
JIEHMST O KaueCTBE U30JISILIMI HEOOXOIM - i
MO ITPOBECTH €IIIe 1Ba U3MEPEHUSI IKBH -

BAJIEHTHOTO COINPOTUBJICHUST U30JISILIUN p3
(no3. I1u IV mipubopa PR Ha puc. 51): 11 ‘

MpoBoaa B OTHOCUTEIHLHO 3eMJIH;

MeXIy mpoBomaMu A u B.

B ciydae paBeHcTBa Bcex MaMepeH-  Puc. 51. Vi3mepenue conpoTusie-
HBIX SKBUBAJIEHTHBIX COIPOTUBJICHMI HUA H30JAIWMH
MOXKHO CKa3aTh, YTO

R, =2Ry/3=2Rp/3=2R,p/3

1

NIn
Ry = Ry = Ryp= 3R, /2.

ITpakTrUeCKM BBIBOIOM M3 JAHHOTO ITPUMEPA SIBJISIETCS CJIE Ty IO
MOPSIIOK M3MEPEHHsI COIPOTUBIIEHUS U30JISILIMA MHOTOIIPOBOIHBIX Ce-
Tell U M3NEJNI ¢ HECKOJIBKMMU OOMOTKAMU: TTOOYEPEIHO IS KaskKmoui
0OMOTKH (ITPOBO/IA CETH) B OTHEIBHOCTH, COEAMHSISI IIPY STOM ApYTue 00-
MOTKU (TIPOBOJIA) C KOPITYCOM (3eMJICIi), UYTO MO3BOJIUT U3MEPUTH HE K-
BUBAJIEHTHOE COMPOTUBJIIEHUE U3OJISIIIMU BCE CUCTEMbI OTHOCUTEIBHO
3eMJIM, a 9KBUBAJICHTHOE COIPOTHUBJICHNE TaHHOK OOMOTKM (IIpOBOIA)
OTHOCHUTEJTEHO 3eMJIA U IPYTUX OOMOTOK.

IIpumep 39. HeoOxoamMocTh JONOTHUTEIBHBIX CBEAECHUIA 00 U31eTHH H
€ro cBoicTBax J,is MoucKa aegekra

[lepen momayeii HAMPSDKEHUSI HA IIUT ¢ PYOUILHUKOM, YCTAHOBJIEH-
HblIA BHE TIOMELLIEHMUSI, U3MEPIIN COIIPOTUBICHUE M3O0JISILIMM KT Kabe-
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JIs1, COEAVHSTIONLIETO ETO C PACTIPEACTUTETbHBIM IIMTOM. MI3MepeHusT BbI-
TIOJTHSUTM METAOMMETPOM Ha BBIBOJHBIX 3axKMMax IuTa. Bee Tpu namepe-
HUS, IPYU KOTOPBIX METAOMMETP MOAKIIOYAIN MEXIY KUJIOW U 3EMIIEH,
MOKAa3JId, YTO COMPOTUBJIICHUE U3OJISILIUU BCEX KM PABHO HYJIIO.

J1st ocMoTpa 1muTa ¢ pyOMJIBHUKOM U MPOBEPKU OTCYTCTBUSI B HEM
TpeTHAMEPEHHBIX COEIMHEHUN XWIT C 3eMJIEN MU XK€ UX BUTUMBIX JIe-
(hbexTOB, MPUBEAIINX K 3aMbIKAHUIO XKW HA 3eMJII0, TIPUMEHUM CHavaja
TEXHOJIOTUYECKUU MIePEXO]] «BU3YATbHBIN KOHTPOJIb».

ITocne oTKpeIBaHUST ABEPLIBI IPU OCMOTPE IIUTA OOHAPYKUIIU, YTO B
MeCTe BXo/ia KabeJIsi B HUXKHE YacTH 1IUTa Hamep3 CJI0M Jbaa (MOUCK Jie-
(bexTa BBIMTOIHSIIN 3UMOIA).

[MTocne cymiku muTa e pactasut. UsmepeHue ConpoTUBICHUS U30JIs-
umu noBTopwin. Ha aToT pa3 nokazaHusi MeraoMMeTpa CTajiv OTIMYHbI-
MM OT HYJIs, HO BCE-TaKU OCTaBAJIUCh HUXKE HOPMBI.

Ha nepBblit B3IJIs11, TIpUMEp TpepBaH CIydyaiiHO, TaK KaK B HEM HET
yKazaHuit Ha ipuunHy aedekra. Ha camom nene ato He Tak. [IpuBenen
OH C JIpyroil 1enblo. PaccMOTpeHHbI MpuMep MOKa3bIiBaeT, 4TO IS
YCIIELTHOTO oIpeaeieHUs AeheKTa Hy>KHO He TOJIbKO 3HATh TEXHOJIOT Y-
YeCKME BOIIPOCHI, HO ¥ UMETh IPEICTABIICHHE 00 OOIIIX CBOKMCTBAX M3/Ie-
JIMiA, MaTepUaJIOB M YTO 3TW 3HAHMS HEJIb3si KOMIICHCMPOBAaTh ITPEBOC-
XOITHBIM BJIQJICHMEM METOAMKAMM TTOMcKa aedekra.

B maHHOM city4yae IpyUYMHA YMEHbBIIECHUSI COITPOTUBICHUS U30JISILIUN
3aKJII0YAeTCs B TOM, YTO BJIara, BCEIIa COAepKAIlasics B 3JICKTPOU30JIsI-
LIMOHHBIX MaTepuajax, Ipyv IMOHKEHUU TeMIIepaTyphl BIMSET Ha CO-
MPOTUBJIEHE U30JISIITUY HACTOJIBKO CHITBHO, UTO ITPY TeMIIepaType HIXKe
+ 10 °C ero He N3MeEpPSIOT.

Belire 061 paccMOTpPEH TIPUMED TOTO, KaK MOJKITIOUEHUE U3MEPUTE-
JILHOTO TpuOopa BIMSIO Ha pabOTy dJIEMEHTa CXeMbl — Ta30CBETHOM
JamIibl. OMHAKO TIPU TTOMCKe neheKTa BO3MOXKHBI TAKXKe Y MCKaXKEHMST
pe3yJIbTaTOB M3MEPEHMSI, BEI3BAHHBIC BIMSIHUEM ITapaMETPOB CXEMBI Ha
U3MEPUTENIBHBIN TTPUOOD.

IIpumep 40. Bimsnue napamMeTpoB cxeMbl HA TIOKa3aHUs NpuOopa

[penronoxum, 4To Ij1sl U3BMEPEHUS COIIPOTUBIICHUSI N30JISILIM DJICK~
TpOoOOOPYAOBaHUS HOMUHAJIBHEIM HarmpsbkeHueMm 380 B BbiOpaH Mera-
oMMmeTp ¢ HanpspkeHrueM 500 B u npeaenom uzmepenust 1000 MOwM.

PesynbraT n3aMepeHust moKasaj, 4To CONPOTURIICHNE N30SI PABHO
10 MOw, 4TO 3HAYMTEILHO IIPEBHIIIACT HOPMY.

Harpy3ouHast xapakTepucThKa BHIOpaHHOro Meraommerpa (puc. 52)
MOoKa3bIBaeT 3aBUCMMOCTb HAIpPSDKEHMSI Ha 3aKMMaxX MeraoMMeTpa OT
3HAYEHMS U3MEPSIEMOTO COTTPOTUBIIeHU n3osisiimy. Ha rpacduke BumHO,
YTO MPU conpoTHBIeHnK 3o 10 MOM, coctapisitoreii 1 % mipe-
JieJla M3MEpEeHUsl, HalpsDKeHWe Ha 3akKuMmaX Ipubopa He IpeBbIIIaeT
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70 %, 1.e. 270 B, 1, cinegoBaTebHO, HIKE HOMUHATBHOTO HATIPSIKEHMS
nutaHus oobekTa (380 B).

Takum 00pa3oM, BEIOPaHHBIN HAMM METAOMMETpP M3-3a BIIMSHUS Ha
€ro BBIXOIHOE HaIPsDKEHNE COMPOTUBIIEHMSI U30JSILIMN HE MOXKET BbISI-
BUTD I'pyObIe Ae(heKThl U30JISIIUU.

15T m3MepeHMsT COITPOTUBIICHUS M30JISTLITI METAOMMETP CJICTyET BI-
OMpaTh KaK 110 TIPEeITy N3MEPEHHUS, TaK ¥ T10 HATIPSDKEHIIO. XOTST 3HaUe-
HUE COIPOTUBJICHUS U30JISIIAN 1 He 3aBUCUT OT IIPMIOKECHHOTO HaIIpsI-
JKEHHSI, HO BCerIa Hy:KHO IIPUMEHSITb METAOMMETpP C BO3MOXHO 0oJjice
BBICOKMM HaIpsKEHUEM JIJIST TOTO, YTOOBI MPU U3MEPEHUN BBISIBUTD O~
HOBPEMEHHO I'pyOble 1e(heKThl U30JISILINN.

Crenyet UMeTb B BUJly, YTO MPU U3MEPEHUU COMTPOTUBJIEHUS WU UC-
MBITAHUU BJIEKTPUUECKON TMPOUYHOCTU HBOJSILIUMU 2JIEKTPOOOOpYya0Ba-
HUS, 00JIAHAIOIIETO 3HAYNTEIIEHOM EMKOCTBIO M30JISIIINY (Kabe, TeHe-
paTophl), B TIOCACIHE HAKATLIMBASTCST 3HAYUTENIbHBIN 3apsia. [Toatomy
ocJie UCTIBITAHUI MW U3MEPEHUIT HEOOXOIMMO 3a3eMJIUTh Te TOKOBE-
JYIIME YacTU DJIEKTPOYCTAHOBKHU, K KOTOPBIM IMOAKIIOYAICS Meraom-
METpP WJIM BBICOKOBOJILTHBIN MCITBITATEIbHEIN TIpnbop. HecobmoneHne
3TOrO TPeOOBAHMST MOXKET MPUBECTU K TPArM4eCKUM MOCJICACTBUSIM.

ITpumep 41. Heo0xomuMocTh CHATHSA 3apg1a, HAKONMMBIIETOCS B €MKO-
CTH M30/ISIUH

DNEeKTPOMOHTEp KabeJbHOro MPOU3BOACTBA BMECTE C KOHTpOJEpamMu
OTK yuyacTBOBaj B UCIbITAHUM Kabesisl MOBBILLIEHHBIM HaMpPsSKEHUEM.
HM3mepeHuss ObUIM HEYCTOMYMBBIMU, MOITOMY 3JIEKTPOMOHTED PELLNII
OCMOTPETB CXeMy TIPUCOSIMHEHUS Ka0esIsT K NCIIBITATCIBHOM YCTaHOBKE.
He pa3psinuB kabesist ¥ He MCITOJIB30BAB 3alIUTHBIE CPEACTBA, OH ITPUKOC-
HYyJICS K K1JIaM UCITBITYeMOTO Ka0est M ObIJT CMEPTEILHO TPAaBMUPOBAH.

U, %
80
z i
60
40 o2
20 "4 % ,/ L]
q),l 0205 1 2 5 10 20 50 %
Ry

Puc. 52. Harpy3o4Hble XapakTepUCTHKU MeraoMMeTpa:
1 — c penesioM U3MEPEHMSI METaOMBI; 2 — C TIPEAETIOM U3MEPEHUST KUITOOMBI
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BbinosHsisi U3MepeHUs] MEraOMMETPOM, CJIEAyeT ITIOMHHUTh, YTO Mpa-
BWJIa TPEOYIOT MOIKIIIOYATh IMTPUOOP K 3a3eMJIICHHBIM TOKOITPOBOISIIIINM
YacTsIM 2JIEKTPOYCTAHOBKM, & CHUMATh 3a3eMJICHUE C TOKOTIPOBOJISIIIINX
YacTeil TOJIBKO TOCIIE TIOAKITIOUEeHUS TTprbopa.

[TepeHocHOe 3a3zemMileHUE CHavala MOAKITIOUAIOT K 3a3eMJISIIOIIEMY
YCTPOICTBY, a 3aTeM, TPOBEPUB OTCYTCTBUE HATIPSIKEHUSI, IPUCOEAMHSI-
0T K TOKOITPOBOASIIMM yacTsaM. [TocieacTBusi, K KOTOPBIM TTPUBOIUT
HapyllIEeHUEe 3TOr0 IPOCTOTO MPaBuIa, OKA3bIBAET CJEAYIOIINI TPUMED.

IIpumep 42. TlocaeacTBUs HENPABIIHLHOTO HAJIOKEHUS 3a3eMIICHNS

DJIEKTPOMOHTEPHI TIPHM ITOATOTOBKE pab0ovYero MecTa OIMMOOYHO 3a-
IIUTA B HEOTKJIIOUEHHYIO SIYEKY MACJISTHOTO BBIKITIOUATENSI U CTAJIA Ha-
KJIaIbIBAaTh TIEPEHOCHOE 3a3eMJIEHUE, TTPEABAPUTELHO HEe TTPUCOCTUHUB
€ro K 3aXkuMy «3eMJisl» U He TIPOBEPUB OTCYTCTBUE HampspkeHust. OHU
HabpOCUJIN 3a3eMJIEHME HA IMHBI U OT 00pa3oBaBliIeiics Iyru ooa mosy-
YUJTU TSTKEJTbIE OXKOTH.

J1s1 3a3eMIIeHYsI TOKOBEIYILMX YaCTel 3aIipelacTcsl BMECTO CIielma-
JIbHBIX MIEPEHOCHBIX 3a3¢MJICHUIA UCITOJIb30BaTh IIPOBOAHMKH U CIIydaii-
HO TIOTIABIIIME TTOJl PYKU METaJLTMIECKHUE ITPEIMETHI.

IIpumep 43. Vicnoab3oBaHue AJis 3a3eMJIeHUs CYYAMHBIX MPeIMETOB

DJIEKTPOMOHTEP PEIINII CHSITh OCTATOUHBINA 3apsii ¢ IKOOBI 00eCTO-
YEHHOTI'0 KabeJisl IyTeM 3aKOpauMBaHUST KAXKIOM KUJIbl KaOeJIsl ¢ TTIOMO-
LLIBIO FA€YHOTO KiTtova. ITpy 3ToM OT BO3HUKILIEH TyTY OH HOJIYYMJI TSKe-
JIbIE OXKOTH.

3aodaua 17. Ilpu kommpone pabomocnocobHOCMU 3AeKMPOMAUUUHHOZO
npeobpaszosamens muna AII0-500 na xonocmom xo00y uzmepsnu Hanpsice-
HUe 2NeKMPOMACHUMHbIM 80AbMMEMPOM U YACMOMY IAEKMPOHHO-CHEMHbIM
uacmomomepom. Yacmoma nepuoouuecku uzmensaace om 500 do 700 Iy,
XOmsi MOH 36YKA, CONPOBONCOABILE20 pabomy epaujaroe2ocs npeodpasosa-
mens, He usmensncs. Heusmennoimu Obiau u noKa3anus 604bmmempa.

Ykazamo npuuuny uzmenenuil noxazanuii yacmomomepa.

ITpu noucke aedhekTa B pesiciiHO-KOHTAKTOPHBIX CXeMaX MHOT/IA ITPH-
XOIUTCSI U3MEPSITh MOIIHOCTb, MOTPeOJIsieMylo Tpex(asHbIMU acCUHX-
POHHBIMU 3JICKTPOIBUTATEISIMU. B CBSI3M ¢ TeM 4TO TpeOOBaHUS K I10-
TPENTHOCTY U3MEPEHMUSI ITOTO TTapaMeTpa OOBIYHO HEBEJTMKM (JOITyCcKa-
eTCsI TTOTPENTHOCTh OT 5 10 10 %), TO TIpU JOCTYITHOCTH HYJIEBOM TOUKK
0OMOTOK IBUTATENS (COETMHEHNE UX B «3BE3IY» UK B «IBOMHYIO 3B€3-
Iy») HamboJjiee 11e1eco00pa3HO MPUMEHSITh BaTTMETPOBBIE KIICIM, HE
TpeOytolue pa3pbiBa r1aBHoU Lenu. [Tpu onpeneneHn MOITHOCTY 9TH-
MM KJIEIIIAMK BBIBOIBI 1IETIM HAIIPSDKEHUS TTOAKIIIOYAIOT K BBIBEICHHOM
HYJIEBOM TOUKEe OOMOTOK 1 (pa3e, B KOTOPOI M3MEPSIOT TOK. 3HAUCHHE
MOTPEOISIEMOT MOIITHOCTH HAaXOISIT IO TIOKA3aHMSIM TTPUO0pPa B COOTBET-
CTBUU C BbIOpAHHBIMU IIpeAeIaMy U3MEPEHUS 110 TOKY U HAMPSLKEHUIO.
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Puc. 53. 3aBUCUMOCTb TOKA CTATOPA ACMHXPOHHOTO JJIEKTPOABUTATEISI OT HATPY3KH

Eciu HyneBast Touka HEIOCTYIIHA MJIM OTCYTCTBYIOT BAaTTMETPOBBIC
KJIeIIU, TOTPeOIsIeMyIO MOIITHOCTb MOXKHO OLIEHUTh I10 pe3yJibTaTaM 13-
MEPEHUST TOKA C TIOMOIIBIO TOKOM3MEPUTETbHBIX KIICIIEH.

IIpuvep 44. Ouenka MOIHOCTH, NOTPeOJIsAEMON ACHHXPOHHBIM
3JIEKTPOJIBUTATE]IEM

ITycth HEOOXOOMMO OLIEHUTh MOIIHOCTb, MOTPEONSIEMYIO DJIEKTPO-
JIBATATEJIEM CO CJIEMYIOIIMMHA HOMUHATbHBIMYU JAHHBIMU:

Py = 10 KBT; U, = 1500 mun— L.

HOM

=380 B; [,

HOM

=18A;n

HOM

MOIIIHOCTb BEIYUCIISIIOT IO U3BECTHOM (hopMyJie:
P =3UTI cos 1073

C u3MeHeHUeM Harpy3Ku Ha Baly M3MEHSIIOTCSI TOK ctaTopa / 1 Koad-
umeHT MoiHOCTH cos ¢. [ToaToMy MeKITy Harpy3Koi Ha Baly U TOKOM
cTaTtopa HeT MpsIMOi 3aBucuMocTd. Ho maHHOe 3aTpyHEHNE TOMOTAlOT
MPEeOoJI0JIeTh 0000IIIEHHBIE KPUBBIE, TIOKA3bIBAIOIINE 3aBUCUMOCTh TOKA
cTaTtopa OT Harpy3Ku [22] 1 paccUMTaHHbBIC JIST IBUTATEIIEH C Pa3IMUHbI-
MM 3HaYCHMSIMM TOKA XOJIOCTOTO xoaa (puc. 53).

Jnst ompesesieHUsT HArpPy3KW 3JIEKTPOABUTATEIST C TIOMOIIBIO 3TUX
KPUBBIX HEOOXOMMO 3HATh IBA 3HAUEHUSI TOKA CTaTOpa:

e TIPU XOJIOCTOM XOJIE;

e T10/ Harpy3KoW.
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ITycTb, M3MEPUB TOK X0I0CTOro xozaa, nonyyuwni I, = 7,2 A. Ero 3Ha-
YeHME B JOJITX HOMUHAJILHOTO TOKa OyIEeT paBHO

i =1/I,,=72/18=04.

HOM
M3mMmepeHne ToKa ctaTopa IIpW Harpy3Ke majio pedyabrar /= 13,3 A.
Torga 3HaUCHME TOKA HArPy3KHU B TOJISIX HOMUHAJIBHOTO COCTABUT:

i=1I/1,,=13,5/18 =0,75.

ITo xpuBBIM Ha puC. 53 HAXOOUM, UYTO 3HAUCHNE MOIITHOCTHU B TOJISIX
HOMMHAJIbHOM UISI 9TUX ABYX U3MEPEHUM PABHO:

P=P/P,, =073
Torma ckoMmast MOIIIHOCTb
P=0,73-10=7,3 kBr.

oM

oM

Ecnu cxema, B KOTOPO# ONpeAessioT nedeKT, MoayJaeT MUTaHue ye-
pe3 CUYETYMK 3JIEKTPOIHEPTUHU, TO TOTpebIsiemMast €10 MOLIHOCTb MOKET
OBITh OIIGHEHAa C JOCTATOYHOW IS TIPAKTUKU TOYHOCTBIO TIO €ro
ITOKA3aHISIM.

IIpumep 45. OuneHKa MOINHOCTH 1O  TMOKA3aHMSAM  CYETYHKA
31eKTpo3Heprun!

DHeprusi, otpebdsieMast CXeMOH yIpaBAeHUsS! W TIaBHBIMU LIETISIMU
QJIEKTPOIPUBOAA C ACHMHXPOHHBIM 3JICKTPOJABUTATENIeM, YIUTHIBACTCS
QIEKTPUUYECKUM CUETIYMKOM, TIOKA3aHUSI KOTOPOTO Mepej1 ITyCKOM JIBUTa-
tens 6eutn 0347,30.

Korma snexrponBuraTe b OCTAHOBMIICS TTOCTIE HETIPOIOIKUTETBHOMN
(10 MuH) pabOTHI, MOKA3aHUSI CYETYMKA CTaIu paBHbI 0348,96.

' B undpoBbIX cueTUMKAX MPETYCMOTPEHBI TIPSIMOE M3MEPEHYE MOLIIHOCTH 1 BhIBENIEHHE
3HAUEHUs MOTPedIIsIeMO MOLTHOCTU HA AUCILIEH npubopa.

b
|
| -
(0] B L ]
B

hp I

Puc. 54. OcumniorpaMma M3MeHeHHs TOKA B KaTyLIKe peJie
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Puc. 55. Cxembl mOJAYN CUTHAJIOB HA BXOJ ocimuiorpada:
a — €O CTabWIUTPOHOM; 6 — C IMONIOM; 8 — C PE3UCTOPAMU U KOHTAKTaAMU

Pacxon sHepruu 3a 310 BpeMs COCTaBIIL:
W= 0348,96 — 0347,30 = 1,66 kBt - u.

[To xommuecTBY M3PACXOMOBAHHOM HEPTUM MOXKHO OILICHUTH MOIII-
HOCTb, ITOTPEOISIEMYIO DJICKTPOIBUTATEIIEM:

P=W/t=1,66/(10/60) = 1,66/0,166 = 10 KBT.

OnHako Jajeko He BCeTjia Ipy ToKucKe NedeKTa yaaeTcs: 00ecTieunTh
JUTATEIbHYIO paboTy cxembl. [ToaTomy Gosiee ynoOHO MCIOIb30BaTh HE
MOKa3aHUsI CYSTHOIO MeXaHM3Ma, a LIKaJTy YKicIa 000POTOB MHAYKIIMOH-
HOI'O CUeTYHMKa.

MoIHOCTb MOTPEOUTENISI B 3TOM CIIydae OIMpPeesISIioT 10 YUCITy 000-
POTOB IMCKA 1, COBEPIICHHBIX 3a IIPOMEKYTOK BPEMEHMU £, T10 (hopMyJIe:

P= Cn/t,

rae C — TIOCTOSTHHAST CYETIMKA.
Ha mutke MHAYKIIMOHHOTO CUCTYMKA ITOCTOSTHHAs C 3anichbIBaeTCs B
BUJI€ paBCHCTBA

1 xBT - ¥ = n 060pOTOB ANMCKA.

JItst cocTaBlIeHMsT IUAarpaMM B3aMMOIEHCTBIS 3JIEMEHTOB, a TAKXKE
JUTS TIOMCKA HEKOTOPBIX Ie(heKTOB MPUXOAUTCS OMPEessITh U3MEHEHME
TOM MM MHO} BEMYMHBI BO BPEMEHH WM K€ HAXONUTh e 3HAYEHNUE B
OTIpeIe/IeHHbII MOMEHT BpeMeHU. JIJIst 3TOii LieJ M TIPOCThIE TIOKA3bIBAIO-
IIMe U3MepUTEIIbHbIE TIPUOOPHI HEMPUTOIHbI, ¥ BMECTO HUX WJIH BMECTe
C HIMH B HACTOSILIIEE BPeMsI IPHMEHSIOT Pa3INUHbIe II(POBBIE PETUCT-
pupyole puoops ..

1 Panee s aroit menu TIPUMEHSAIUN CBETOJTYUYCBBIC OCLII/U'IJ'IOl"pa(I)bI C raibBaHOMETpaMun
MU CaMOITACIIBbI (,ZUIH MEIJICHHO MPOTECKAIOIINX l'[pOI_[eCCOB).
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AU, =12,5%
U, =0,98Uy0u __|
Upry = 31,5 % l
1
5 % Kg cpabotan
5 <
8 51
< o]
g &3
U, = 0,98 Uy 3 ‘
} AU =16 %
e =
fanis = 0,45 ¢ fur=08¢

Puc. 56. OcumanorpaMma npouecca nepekJro4eHns MMTaAHUs

B kauecTBe npumMepa Ha puc. 54 mokazaHa OCUMJIOrpaMMa U3MEHe-
HUS TOKA B KaTylike pejie. Ha Heli BUIHBI TpU XapaKTepHBIX y9acTKa.

YuacTtok Oa COOTBETCTBYET BO3PACTAHMIO TOKA B KATYILIKE PeJie OT MO-
MEHTA €r0 BKJIIOUCHHS 10 MOMEHTA TPOTaHHUsI (fy,) SIKOpSL.

KpuBast Ha yyacTke ab 1OKa3bIBaeT M3MEHEHME TOKA B KATYIIKE IIPU
JBUKCHUU SIKOPS (7).

[MocnenHuit yuacTok bc oTpaxkaeT U3MEHEHNE TOKa B KaTyIlIKe peJie
TI0CJIC OCTAHOBKU SIKODSI.

Tox nin HalpsDKeHUE TIOA0T HeIOCPEACTBEHHO Ha BXO IM(POBOTO
PETUCTPUPYIONIETO TPUOOpPa, eCITN ANAa30H U3MEHEHUST KOHTPOJIMpYe-
MOTO CUTHaJIa COOTBETCTBYET JIOTTYCTUMOMY ISl JAHHOTO TPUOOpa.

Ecnu nuana3oH u3MeHeHUs] KOHTPOJIMPYEMOro CUTHala MpeBbIIIaeT
JIOTTyCKaeMoe 3HaueHNe, TO UCITOJIb3YIOT TpaHC(OpMaTOphl TOKA (Harpsi-
SKEHUSI ), UBMEPUTEJTbHBIC IIIYHTHI U IPYTHE BCITOMOTATEIbHBIE YCTPOMCT-
Ba. Hampumep, ecim HEOOXOOMMO 3aITMCHIBATh HAIIPSDKEHME HE TOCTO-
SIHHO, a TOJIBKO ITOCJIE JOCTYXKEHUSI UM 3apaHee 3aJaHHOro 3HA4YeHMs, B
M3MEPUTENIbHYIO CXeMY BKJIFOUAIOT CTAOMIIUTPOH (puc. 55, a).

151 3ammcy HanpspKeHUsST ONIPeAeSIeHHOM TTOISIPHOCTH WJIU TIOJIOBU -
HBI CHHYCOMJIBI MCITOIB3YIOT TTOIYIIPOBOAHUKOBEIE TUOMHI (pHUc. 55, 0).

ITocnenoBaTeTbHOCT CpabaTHIBAHUSI KOHTAKTOB KOHTPOJIMPYEMOTO
00BEeKTa TTIOMOTAET OIPENIENIUTh CXeMa C PE3UCTOPaMU, IITYHTUPYEMBIMU
3TUMM KOHTaKTaMu (puc. 55, & ).
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Puc. 57. JlmarpamMmma B3aMMOJEHCTBUSI KOHTAKTOPOB MpPHU MePeKII0YeHUH MUTAHUS

IIpumep 48. Onpeneienue nocJieI0BaTETbHOCTH B3aUMOIEHCTBHSA KOH-
TAKTOPOB MPH MEPEKTIOYCHNH MUTAHUS

Ipu KoHTpoJIe 32 paboTOi MepeKIToYaTesist MUTaHUSI HEOOXOMMMO 3a-
IMCHIBATh HATIPSKEHUA IBYX UCTOYHUKOB U 1 U,.

Jist ynoOCTBa 3amrcy Ha KaXIblii 13 BXOJOB ocimiorpada oymem
MOJIBOJIUTD OTHOTIOTYTIEPUOIHOE HATIPSKEHUE, BBITTPSIMIIIEMOE TUOIOM
(cM. puc. 55, 6), TOATOMY Ha OCLIJIJIOrpaMMe OyIeT 3amrcaHa TOJIbKO
ITOJIOBUHA CHHYCOMIBI KaXXIOTO HarpsDKeHUsl (Ha puc. 56 ToKa3aHbI
OrMOAa0IINe 3TUX CUHYCOW/I Y HA3BaHUSI 3aITUCAHHBIX CUTHAJIOB).

YToObI OTIpeNeITh 04ePeTHOCTh CpabaThIBAHNSI KOHTAKTOPOB, UCITO-
JIb3yeM ellle OIMH BXO[l ocLinjutorpaca, Ha KOTOpbIi uepe3 IeuTelb, CO-
OpaHHBIA Ha pe3ucTopax (CM. puc.55,6), MogamuM ITOCTOSTHHOE
HarnpsikeHue.

KoHTaKTBI TIpOBEPSIEMBIX KOHTAKTOPOB TPY CpadaThIBAHWUN IITYHTH-
PYIOT COOTBETCTBYIOIINE PE3UCTOPHI, YTO TIPUBOAUT K U3MEHEHUIO Ha-
TMPSDKEHMsI, TOJaBaeMOro Ha BXoJ ociiuiorpada.

IMonyyeHHast ocIMIIOrpaMMa MoKa3bIBaeT, YTO KOHTAKTOp K& oTmyc-
Tt gepe3 0,2 ¢ rmociie Toro, Kak HarpsbkeHue U, B MOMEHT BPEMEHH 1,
crano paBHbiM U, = 31,5 % U, Takum oOpa3oM, OT MOMeHTa ?;,
KOTZIa HAYaJIOCh CHIKEHUE HAIPSDKEHUs, 10 MOMEHTA CpadaThIBaHUS
KoHTakTopa K& nporto Bpems #; = 0,45 ¢. DTOT IPOMEKYTOK ¥ COCTaB-
JISIET BpeMsl 3ara3abiBaHusl KOHTakTopa K§:

t3an1(8 = t3 - tl‘

B MoMmeHT BpeMeHH 7, cpaboTta KOHTakTop K5 1 roja HanpsokeHue
U, or npyroro ucrouynuka. Takum o6pa3om, OT MOMEHTA UCYE3HOBEHUS
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HaIpsi>KEHUA U2 J0 noJgavyu Harps>KEHUA OT APYroro MCTOYHMKa U, 1 Ipo-
1110 BpEMA, paBHOC

t,— 1, =1,09c.

B ¢Bs131 ¢ TeM UTO K IEepeKIIrouaTe 10 MUTaHus ObLla MOAKIII0YeHA Ha-
rpy3Ka, HaIlpsbKeHUe B MOMEHT CpabaThIBaHUsI KOHTaKTopa KI5 M3MeHs -
ercst Ha 12 %.

OcrasibHast Harpy3Ka MoJaKJIouaeTcs: KoHTakropamu K7u K§He omHo-
BPEMEHHO, a Yepe3 HEKOTOPbIM IMPOMEXXYTOK BPEMEHM IOCJIe ITOAaYM Ha-
npstkeHus Uy B MOMEHTRI 5 (depes 2,15 ¢) u #; (uepes 3,25 ).

OcuuutorpaMma HarpspKeHU II0KAa3bIBaeT, YTO MOMEHTAM BKIIIOUE-
HUST Harpy3K1 COOTBETCTBYIOT M3MEHEHMS HaTIpsbKeHus Ha 16 u 6,3 %.

ITo panHbBIM ocUMLIOrpaduPOBAaHKS ITIOCTPOEHA JUarpaMMa B3auMO-
JEMCTBUS 3JIEMEHTOB (puc. 57), KOTOPYIO UCIIOJIB3YIOT IPY PEryJINpOBKE
YCTaBOK OTITyCKaHWsI M CpabaTbIBaHUs peJie, YIPaB/ISIONIMX paboToi
KoHTakTopoB K5, K7, K§.

KOMMeHTapl/lI/l M OTBETHI HA 321241

K 3a0aue 15. B 3apaue pacCMOTpEHbBI BO B3aUMOJEHCTBUM IBa 00bEKTa
— BBIIIPSIMUTETBHBIA MOCT ¥ M3MEPUTETLHBIN TIproop. ITprmunHa pas-
HBIX TIOKa3aHU TTpUOopa — JIMOO0 B BEITIPSIMUTEIIBHOM MOCTE, JT0O B ca-
MOM TIpHOOpe, MO0 CIICACTBHE B3aMMOICHCTBUS paccMaTpUBACMBIX
OOBEKTOB.

[ToBeIIIeHNE HANTPSZKEHUS TIOCTIC BBITPSIMUATEIIBHOTO MOCTAa BO3MOXK-
HO TOJIBKO B CX€MaX BRITIPSIMIICHUS ¢ YMHOXEHUEM HaTIpsLKeHMS. B cBsI-
31 C TEM UTO B JAHHOM CJIydae MCII0/Ib30BaIi OOBIYHbINA IBYXITOIYIIEPU-
OIIHBII BHIIPSIMUTEIbHBIN MOCT, HAIIPSDKEHKME HA €r0 BbIXOJE HE MOXKET
MPEBBIIIATH MPAKTUYECKU B 2 pa3a HaIpPsDKEHUST Ha BXOJIE.

CBoiicTBa paccMaTpyBaeMbIX OOBEKTOB HE ITTO3BOJISIOT IIPEATIONO-
JKUTh HAJIMYME IPUYMHBI, OOBSICHSIOIICH MOBBIIICHUE HAMPSDKEHUS Ha
BBIXOJIE BHIIPSIMUTEILHOTO MOCTA TIOC/IE TTOAKIIOYSHUS K HEMY U3MEPH-
TEJIBHOTO TIPUOOPA, TTOTOMY, YTO B3aMMOAEHCTBUIO 3THX 0OBEKTOB COOT-
BETCTBYET YMEHBIIICHNE HAMPSDKEHWS Ha BBIXOAE BBIPSIMUTEIIS TTOCTE
TIOOKITIOUEHMST HATPy3K1, KOTOPOIt sBisieTcs TIprubop. [1oaTomy m3 Bcex
BO3MOXKHBIX IIPUYMH CJIEAYET PACCMOTPETh OAHY — JIe(EKT B U3MEPUTE-
JIBHOM TIpubope.

7151 TIpOBE pKY 3TOM TUTTOTE36I M3MEPHUM HaTIpSLKEHNE Ha BEIBOIAX J3, 4
(cm. puc. 44) apyruM, 3aBeAOMO MCIIPaBHBIM Npubdopom. PesynbraT mn3-
mepenust — 230 B.

CrenoBaTebHO, TIPUYMHA TaKWX MOKA3aHUA — medekT mpudopa B
LIETISIX U3MEPEHMSI TIOCTOSIHHOTO HAIPSDKEHMUS.
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K 3a0aue 16. J111s1 BbIABVKEHYS TUTIOTE3 U3MEPUM HaIlpsKeHME Ha Ka-
TYIIKE W PEe3UCTOPE TIPU 3aMKHYTOM M PA30MKHYTOM ITOJIOKCHUSIX KOH-
TakTa K2.1.

M3mepeHus mokasanu, 4To Ipy 3aMKHYTOM KOHTakTe K2. / HampsoKe-
Hue Up;na pesucrope RIpasno 0,150, ., ”3MEPEHHOTO Ha BBIXO/E BbI-
MPSIMUTEIBHOTO MOCTA.

Hanpsxenne Uy, Ha karymke K7 pasHo 0,850,

IInT*

JanbHeiilme u3MepeHus MOoKa3ajid, YTO, XOTS TPU Pa3OMKHYTOM
koHTakte K2. ] Hanpsokenue Uy, = 0, HaITpsokeHne Ha KaTyInKe JOCTH-
raet 40 % w3MepeHHOro NP 3aMKHYTOM KOHTaKTe, a HampspKeHWe Ha

pe3ucTtope RI B 3TOM Cilyyae TakxkKe He paBHO HYJIIO.

Takum o6pa3zoM, OKa3bIBAETCs, YTO MOCTIE CHATUS HAMPSDKEHUS ITUTa-
HUS Ha KaTyIIIKe €CTh HEKOTOPOEe HANPsKeHNEe, OCTATOUHOE TS yIep-
JKaHUS TKOPsI B TIPUTSTHYTOM TOJIOXKEeHUN. TaKM 00pa3oM MOXKHO TTIpeI-
TOJIOXKUTD, YTO IIPUUMHOMN TAaKOTO 1e(heKTa MOXET ObITh HEUCIIPABHOCTh
M30JISIIUM KaTymku pene K/. CkazaHHOE MO3BOJIIeT HAapUCOBaTh KBU-
BAJICHTHYIO CXeMY, ITIOKa3aHHYIO Ha puc. 58.

J715T IpOBEPKY TUTIOTE3BI HEOOXOIMMO U3MEPHUTh HATIPSKEHNE Ha BBI-
Bojiax A b KaTyIlIKy OTHOCUTENIbHO 3emiiu (1103. [ u I1BonbsT™meTpa PV).
M3MepeHust oKa3aiy, 9To HaIIPsDKeHUE MEXIY TOUKOI b 1 3eMJieit MHO-
ro OOJIbIIIE, YeM HaTlpsDKeHUe MeXITy TOUKoi A u 3emieii. CienoBaTesb-

RV[3 RVI3

Puc. 58 DKBuBajieHTHasi cxema Jisg puc. 46
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HO, B KaTyIlIKe peJie eCTh Ae(eKT, MPOSIBUBLIMIACS B BUIE 3aMbIKaHHMsI Ha
3eMJTIO, TIPUYEM MECTO 3aMbIKAHUS PACTIONOXEHO OJIKE K TOUKE A.

K 3a0aue 17. Briiie ObIT pacCMOTPEH TEXHOJIOTUIECKIIA TIEPEXOT, «BU-
3yaJIbHBII KOHTPOJIb». OIMHAKO TP OTIPpeIeIeHUN Ae(HEKTOB IIPUXOINUTCST
KOHTPOJIMPOBATh U3IEINE HE TOJIHKO OpraHaMu 3peHUsI, HO U APYTUMU
OopraHaMM YyBCTB (WJIU OpeaHONeNnMUHecKU ).

B naHHOM cilyyae B yCJI0BUH 3a/1a4M 00pallleHO BHUMaHUE Ha aKyCTU-
YyecKylo uHdopmaiuio. JeicTBUTEebHO, TaK KaK 4acTOTa HaMpsKeHUs
Ha BBIXOJIE MAIIMHHOTO Mpeodpa3oBaTesisi 3aBUCUT OT YaCTOThI Bpalle-
HUS, TO U3MEHEHNE TTOKa3aHUI YaCTOTOMEPA JOJKHO COIIPOBOKIATHCS
SIBHO BBIpaXXCHHBIM M3MEHEHUEM 3BYKa, CO3IaBaeMOTO BpalllalolIeiics
MAaIlUHOM.

Eciu ke npu opraHojIeNTUYECKOM KOHTPOJIE TAKOTO MU3MEHEHMSI 3BY-
Ka He YCTaHOBJICHO, TO HET U U3MEHEHUS YaCTOThI BPAILLIEHUSI.

CrenoBaTenbHO, MPUYMHA MEPUOAUYECKOTO U3MEHEHMS TTOKa3aHUM
npubdopa 3aKIovaeTcs B APYTOM U, CKOPEE BCETO, SIBISIETCS PE3YJIbTaTOM
HEHUCIIPAaBHOCTHU 3JICKTPOHHO-CUETHOI'O YaCTOTOMEpa.

7151 mpoBepKY BBIABUHYTOM TMIIOTE3bI U3MEPUM YaCTOTY MPUOOPOM
JIPYroit CUCTEMbI, HarpuMep heppoaMHaAMUYECKUM YacToToMepoM. Pe-
3yJIbTaThl U3MEPEHUS TTOKA3bIBAIOT, YTO YACTOTa CTAOUIbHA BO BPEMEHU
U, CJIEIOBATEIBbHO, TPe0Opa30BaTeIb UCITPABEH.

Hanee npoBepuM 3J1€KTPOHHO-CUETHBIN YaCTOTOMEP Ha MOBEPOYHOM
ycraHoBKe. [IpoBepka nokasana, 4To mpubop UCIPaBEH.

CrenoBaTebHO, BBIIBUHYTAsSI TUIIOTE3a HECOCTOSITEIbHA 1 TIPUIMHA
OIMCAaHHOIO B YCJIOBUU 3a1a4u AeheKTa MHasl. YUUThIBask UCIIPABHOCTD
npeobpazoBareisi M IpUOopa, MOXKHO MPEATONIOXKUTh, YTO MMPUYMHA Je-
(exTa B VX B3aMMOICCTBHMN.

J7151 MpOBEPKU 3TOM TMITOTE3bI TPOAHATIU3UPOBAIU CXEMY ITpeodpa3o-
BaTesIsl U YCTAHOBWIIM, UTO TIPU pabOTe Ha XOJIOCTOM XOIYy OH Harpy:KeH
TOJIBLKO Ha pe30HaHCHBIN L — C-KOHTYp.

DT0 MO3BOJIIET MPEATIONIOXKUTL HATMYME Ha BHIXOJIE MMpeoOpa3oBarteis
He TOJIbKO HaIPSDKEHMSI OCHOBHOM YacTOThI (OCHOBHOI FApMOHUKM), HO
¥ IPYTVX TAPMOHUK, KOTOPBIC BIISIOT Ha TIOKA3aHUS 3JIEKTPOHHO-CUET-
HOTO YaCTOTOMEDA.

YTto0bI yOEIUTHLCS B TPAaBUJILHOCTY CKa3aHHOTO, HArpy3uM Ipeobpa-
30BaTe/Ib HEOOJIBILION aKTUBHOM HATPY3KOM, COCTABJISIIOILIEH TPUMEPHO
1 — 2 % HOMUHAJILHOIA. 3aTeM 3JIeKTPOHHO-CYETHBIM YaCTOTOMEPOM U3~
MEpUM YacTOTy Ha BBIXOJIE HArpy>kKeHHOTro rpeodpasoparest. OHa cocTa-
Buia 502,4 TI'i.

CriemoBaTeIbHO, BEIIBUHYTOE MTPEATIONOXKEHUE TIPABMIBLHO W TIPUUN-
Ha aedekTa ObUta pe3yabTaTOM B3aUMOIEHCTBUS IEKTPOHHO-CYETHOTO
YacTOTOMEpPa ¥ HEHATPY>KeHHOTO TIpeoOpa30oBaTeis.

94



11.
12.
13.
14.

15.
16.

17.

18.
19.

20.
21.
22.
23.
24.
25.
26.
27.
28.
29.
30.

31.
32.

33.
34.

35.

Cnucok nutepaTtypbl

. Bopoaun A. TI. TIpoBepka 1ieneii yrnpasieHusi TerioBo3oB 2TD116. M.: TpaHncropr,

1984.

. Bopomun A. II. ITpoBepka 1eneit ynpasiaeHus terioBo3oB TO3 u 2TO10JI. M.: Tpanc-

nopt, 1976.

. Bopomun A. II. ITpoBepka ueneit ynpasaeHus terniaoBo3oB TOM2 u TOM1. M.: Tpanc-

nopt, 1981.

. Ilepuukuc B. /1., Arymun P. III. [MpeaynpexneHue u ycTpaHeHUE HEUCIPABHOCTEHl B

yerpoiictBax CLIB. M.: Tpancnopt, 1984.

. 3axapos O. I'. McnbiTatesb 9JeKTPUUECKUX MAIllMH, alnapatoB u npu6opos. M.: Boi-

ciuast mkoJa, 1982.

. 3axapos O. I'. VicnibiTaHKs 21€KTPOTEXHMYECKUX M3aeanii. M.: Beiciias mkona, 1987.
. 3axapos O. I'. Hactpoiika anmnapaTypsl U CCTEM Cyl0BOM 31ekTpoaBToMaTnku. JI.: Cy-

noctpoenue, 1982.

. Mopo3os 3. B., Hosuuxkuii O. A. TTocobue TeXHUKY-2JIEKTPUKY 0 CPEACTBAM aBTOMa-

tuzauuu. M.: Konoc, 1977.

. 3axapos O. I'. YteHue cxeM a1eKTpoTexHUueckoii yactu cynos. JI.: Cynoctpoenue, 1984.
. Kamunckuii E. JI. Kak 1061TbCst HafeXXHOI pabOTHI 271eKTPOyCTaHOBOK. M.: DHeproaro-

musnat, 1986.

Kamunckuii E. A. TexHuka yTeHUsI CXeM 3JI€KTPOyCTaHOBKU. M.: DHeprus, 1972.
TumodeeB B. A. Cto cxemHbIX 331a4 110 aBTomaruke. JI.: Cynoctpoenue, 1964.

Temke P. I'. HeucnpaBHoCTH 21eKTpryeckux MamuH. JI.: Dueprus, 1969.

JementbeB B. C. Kak onpenesnts MecTo MOBpeXXaeHNS B CHIIOBOM Kabese. M.: DHeprus,
1980.

Ilepo A. P. Henoaaku B paboTe aCHHXPOHHBIX aABurareseit. JI.: Dueprusi, 1976.
3axapos O. I'. lehexTs! B 271eKTpo0oOOpYAOBAaHNN: TTOUCK U ycTpaHeHue. JI.: Jlenusaar,
1989.

3axapos O. I'. OnpeneneHue neekToB B peseiiHO-KOHTAKTOPHBIX cxemax. M.: Pocar-
ponpomusaar, 1991.

3axapos O. I'. [Touck nedexToB B a5ekTpoobopynoBaHuu. M.: Beicinas mkona, 1986.
3axapos O. I'. [Touck nedexToB Mpyu HACTPOIiKe CyIOBOTO 371eKTpoodopynoBaHus. JI.:
CynoctpoeHue, 1981.

JlazapeBckuii H. A., Illadpanckuii B. A. ledexTaiius cyaoBbIX 2JI€KTPUUECKUX MAIITUH.
JI.: Cynoctpoenue, 1981.

Pusmun JI. B. Kak onpeneauTs HeMCIIPaBHOCTb aCMHXPOHHOTO ABUratesns. JI.: DHeprusi,
1968.

IInuzep P., piorrep @. HercripaBHOCTU 2JIEKTPUUECKUX MAIIIMH U CIIOCOOBI UX YCTpa-
Henwus. JI.: Cynoctpoenue, 1964.

IIycrepoBuu A. H. OGHapyXXeHKe HEUCTTPABHOCTU PAAMO3IEKTPOHHOTO 000PYI0BAHUSI.
M.: DHeprus, 1970.

Munun T. I1. I3MepeHust 2J1eKTpUUeCKUX BendnH. M.: Dueprus, 1971.

Munun T. I1. HecunycounanbHble TOKM U UX U3MepeHue. M.: DHeprus, 1979.

Munun T. II. Meraommerp. M.: DHeprus, 1966.

Bono ne D. Poxnenue HOBo#t uaeu (0 Hemab1oHHOM MbiliuieHun). M.: TTporpecc, 1976.
Anprmynep I'. C. Anroputm nso6petenust. M.: MockoBckuit pabouwnii, 1973.

Miomiep Y. DBpuctrueckue METOAbI B MHXEHEPHBIX pazpaboTkax. M.: Paauo u cBs3b,
1984.

Toita 1I. Kak pemuts 3agauy. M.: Yunearus, 1964.

Iagaos b. B. [IluarHoctuka «0oje3Hel» MalnH (Kak MHXEHEPHI OBIAIECBAIOT SI3BIKOM
MauH). M.: MockoBckuit pabounii, 1971.

Ceepukosa P. T. Ha uto xanyetecsh, mammna? M.: Cosetckast Poccus, 1985.

JImutpues A. K. PaciozHaBaHMe OTKa30B B CUCTEMax 2JIeKTpoaBTOMaTuKH. JI.: DHepro-
atomusnart, 1983.

Hy6eukuii JI. T. TIpenBeCTHUKHM OTKA30B B U3AEIUSIX 2JIEKTPOHHOM TexHUKHU. M.: Panuo
u CBsI3b, 1989.

95



CopepxaHue

Yacrs 1

TIpemucIiOBHE . . . . . . . . . o it e e e e 3

T'JIABA TTEPBA{. IlosicHeHue OCHOBHBIX MOHATHI M onpeneieHuit . . . . . . . . 5

I'JIABA BTOPAS]. Ananu3 pelleiiHO-KOHTAKTOPHBIX CXeM. . . . . . . . . . . . . 17
KOMMEHTApUM M OTBETBI HA 3ATAUM . . . o o v o v v e v o e oo e e e e 60

I'JTABA TPETDbBA. OcobenHocTu u3mepenuii npu onpenesieHuu nedekra. . . . . 73
KoMMEHTapuy M OTBETBI HA3AJAUM . . . .« o o o o v e e e e e e e e e e e e 92

CIUCOK JIUTEPATYPBL  + « « v v v v v e e e e e e e e e e e e e e e e e e e 95

Yacrts 2

[Mpenucnosue

T'JTABA HETBEPTAZ. IIpoBepka 3/1eKTpuuecKuX Henei
KommeHnTapuu v oTBeTHI Ha 3a1a4n
TJIABA TTATAS. Onpenenenne neekra METOIOM IKCHEPUMEHTA
KomMmeHTapuu 1 OTBETHI Ha 331241
TJIABA LLIECTASL. IIpoBepka 00MOTOK
KommeHTapuu 1 OTBETHI Ha 331241
TJTABA CEAbMAZI. IIpoBepKa MOABUKHBIX YaCTeil pejie 1 KOHTAKTOPOB
Crucox Jiureparypsbl

BDNnoAnoTeuKa 3MCKTPOTEXHNKA
TIpunoscernue Kk npou3s00CMEeHHO-MACCOBOMY JHCYPHANY «DHEpeemuK»

3AXAPOB OJIEI' TEOPTMEBUY
Ionck nedeKTOB B pesieiiHO-KOHTAKTOPHBIX cXeMax (4acTb 1)
AJPEC PENAKIHNU

115280, Mocksa, yi1. ABTo3aBozckast, 14/23
Tenedonst (495) 675-19-06, Ten./dbakc 234-74-21

Pemaxropsr: JI. JI. ZKnanosa, H. B. Oabmanckas
Xynox.-texH. penaktop T. 0. Auapeesa

Koppekrop E. II. CeBocTbhsiHoBa

Cnano B Ha6op 16.03.10. T[Toanucano B meuats 27.04.10.
®dopmar 60x841/16. Tleuars odcerHast.
IMeu. 1. 6,0. 3aka3 BOT/04(136)-2010

Maker BbinoJiHeH u3nateabctBoM «Dosuym»: 127238, Mocksa, JIMutpoBckoe 1., 58.
Otrnevarano tunorpadueit usnarenbcTa «Poauym»: 127238, Mocksa, JIMuTpoBckoe 1., 58.



