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OTBeTUTH Ha BOIIPOCHI:

1. Haznauenue MexaHu3allM1, aBTOMaTU3allMK B Pa3BUTHH MPOIIECCOB COOPKU M MOHTaXKa
paIrO3IEKTPOHHOM anmnapaTyphbl.

2. [IpenMelniecTBa MEXaHU3AIMU U ABTOMATU3AlMHU NIEPEl PYYHBIM TPYIOM.

3. Jate hopMyIMpoOBKY aBTOMATHU3AIMK U MEXaHU3AIIUU IPOU3BOJICTBEHHOTO MpoIecca.

OreHka

Tlokazarenu olleHKHA

3

I[aH OTBCT HA OJUH BOIIPOC U3 TPEX:

1. PackpbITh Ha3HAUEHUE MEXAaHU3AIlUH, AaBTOMATH3aIMK B Pa3BUTUU MPOLIECCOB COOPKH U
MOHTa’ka PaIMO3JIEKTPOHHOM amnmaparypsl.

[IpumeHneHue nosynpoBOIHUKOBBIX TPUOOPOB B COYETAHUM C IEYATHBIM MOHTaKOM
MO3BOJIMIIO 3HAYUTEIBHO YMEHBIIUTH rabapuThl palio3IeKTPOHHON anmnaparypsl. CLenbio
JaNbHENIIE MUHUATIOPU3ALMY PaIUO3JIEKTPOHHOMN anmnaparypsl 1 aBTOMaTH3alUu €€
MIPOU3BOJICTBA OBLIN pa3paboTaHbl MOYJIbHBIE, MUKPOMOYJIbHBIE, IJICHOUHBIE
KOHCTPYKIIMH, a TAK)K€ YCTPOMCTBA HA TBEPJIBIX CXEMaX, YTO MOTPEOOBAJIO CYIIECTBEHHOTO
M3MEHEHMS TEXHOJIOTHYECKUX MpoLeccoB. TakuM 00pazom, pu BEIOOPE TEXHOIOTUYECKOTO
rporiecca He00X0IMMO PYKOBOJICTBOBATHCS TEM, UTOOBI OCBOOOIUTH pab0vero HE TOIBKO OT
U3IHUIIHEH pru3nyeckol Harpy3ku, HO ¥ OT HEPBHOT'O HAIIPSDKEHUS, CBA3aHHOTO C BO3MOXKHOM
OIaCHOCTHIO pabOoThI HAa cTaHKE. Bee 3T0 B mepBYyIo ouepeb JOCTUTAeTCs aBTOMaTH3auel 1
MEXaHMU3aLUeN pyuHbIX onepanuil. ECiim KOHCTpyKTOp MM TEXHOJIOT B pe3ysbTaTe
MIPEeyCMOTPEHHON aBTOMATHU3ALMU OT/IEIbHBIX IBUKEHUIN CyMeeT BICBOOOIUTH U3
TEXHOJIOIMYECKOI0 IPOLECCa PyYHOU TPy, TO TEM CaAMbIM OH 3HAYUTEJIbHO YMEHBIIUT
BEPOATHOCTh BOSHUKHOBEHUS TpaBMaTH3Ma. OJTHUM U3 OCHOBHBIX TPeOOBaHMM K
MUKPOMUHHATIOPU3AIMHU ABISIETCS pa3paboTka (PyHKIIMOHAIBHBIX CXEM C MaJIOi MOIITHOCTBIO
paccenBaHUs,CHUKEHUE ce0eCTOUMOCTH U Beca.

2. PackpbITh IPEUMEIIECTBA MEXAHU3ALMN U aBTOMATU3ALIMYU TIEPE] PYUYHBIM TPYIAOM.




B Hacrosiiiee Bpemsi B CBSI3U C pa3BUTHEM 3JIEKTPOHHONW TEXHUKH MOSBUIACH BO3MOKHOCTD
CO3/aHUS PaJIMORIEKTPOHHON annapaTypbl, KOMIBIOTEPOB, allllapaTyphl CBsI3H,
MO3BOJISIIOIIMX pelIaTh CJI0KHBIE TEXHUUYECKHE, HayYHbIEe U MPOU3BOACTBEHHBIC 331a4H.
VYcnoxHeHue anmnaparypsl IPUBEIO K PpE3KOMY YBEIMUEHUIO YHUCIIA DIIEKTPO U
pazno3JIEMEHTOB, BXOASIIUX B €€ cocTaB. TakuM 00pa3oM, NOSIBIIIACh HEOOXOAUMOCTb
MUKPOMHUHHATIOPU3ALMU alllapaTypsbl.

B pazButun MukpomMuHHaTiopuzanud POA u mpruGopoB MOKHO BBIIEIUTE YEThIPE dTama:

1-i1 sran.IlepBoHayanbHO 3aja4aMy MUHUATIOPU3ALMK PAaAHOIEKTPOHHOM anmnapaTyphl
SBJISTUCh YMEHBIICHUE Pa3MepOB paivoieTaieil U co3gaHue MUHUATIOPHBIX
3JIEKTPOBAKYYMHBIX U MOJYIIPOBOIHUKOBBIX TPUOOPOB, PE3UCTOPOB, KOHJIEHCATOPOB,
KaTyIIeK MHyKTUBHOCTH U NepekiitouaTeneid. PazpaboTka paguoneraneil B MUHUATIOPHOM
WCIIOJIHEHUH MPHUBEJIa K MOSABICHUIO MOYJIEH U MUKPOMOYJIEH, TPU 3TOM 00BEMHBII
(HaBeCHOM) MOHTaX pajuoanmnapaTypbl Obl1 3aMeHEH nevaTHeIM. biarogaps aTomy ObL1
BHEJPEH B IPOM3BOJCTBO HOBBIM METOJl KOHCTPYUPOBAHUS, HA3BAHHBIA MOJYJIbHBIM.
MonynbHast KOHCTPYKLHS [TO3BOJIMIIA: 1) CYIIECTBEHHO YMEHBIIUTH Maccy U rabapuThl
anmnaparypsbl 10 CPaBHEHUIO C 00bEMHBIM MOHTaKOM;

2-ii sTan. Pe3ko MoBBICUTH Ha/IEKHOCTh PabOThI armapaTypsl; 3) yMEHbIIUTh TPYAOEMKOCTh
MIPOU3BOJCTBEHHOTO ITpouecca. MooyJIbHOE U MUKPOMOYJIbHOE KOHCTPYUPOBAHUE
paznuoanmnapaTypbl 3HaUUTENBHO MIOBBIIIAET CTENIEHb MEXAHU3ALMU U aBTOMAaTU3alluu, a
TaK)Ke YIpoluaeT cOOPOYHOMOHTAXHbIE U PErYJIUPOBOUHbIE paObOThI Oiiaroapst TIATENbHOM
oTpaloTKe, Halla/IKe U TPEHUPOBKE MOAYJIEH MM MUKPOMOYJIEH 10 YCTAaHOBKHU MX B OJIOKH.
[IpoMBIIIITIEHHOCTHIO BhIITyCKaeTcst 00JIblasi HOMEHKIAaTypa MUKPOMOJTYJIEH U ammnapaTyphl
Ha ux Oaze. 2# 3ran./lanpHelIM pa3BUTHEM MUKPOIJIEKTPOHUKU U MUKPOIJIEKTPOHHON
TEXHOJIOTHH SIBUJIOCH CO3/IaHHE MUKPOCXEM Ha OCHOBE IUNIECHOYHOM TEXHOJIOTMH, B KOTOPBIX B
KAaueCTBE aKTUBHBIX MUHUATIOPHBIX PaZMOAETAIEN UCIIONIBb3YIOTCS MTOJIyIPOBOHUKOBbIE
puOOpPHl B MUKPOMUHUATIOPHOM UCIIOJTHEHUH, & TACCUBHBIMU AJIEMEHTaMU (pE3UCTOpaMu,
KOH/IGHCAaTOPaMH U T.J.) CIyaT TOHKUE IICHKU. Takas TeXHOJIOT sl Ha3bIBAeTCs
WHTETrpalbHOM, a 3JIEMEHTbI CXEMbl — IJICHOYHBIMU UHTETPAIbHBIMH MUKPOCXEMaMHU.

3-if aTamn. B mporiecce coBepiieHCTBOBAHMS HHTETPATBLHON TEXHOJIOTHH OBLITH CO3/IaHbI
MHKPOCXEMBI B OJTHOM KPUCTAJIE MOIYIIPOBOJHUKOBOrO MaTepuaia. Takue MUKPOCXEMBbI
Ha3bIBAIOTCS MOTYIIPOBOTHUKOBBIMU MUKPOCXEMaMH, WJIM TBEPAbIMH cxeMamu. Kpome Toro,
BeIyTCs pabOThHI MO JalIbHEHIIIEMY YBEIIMYCHHIO YHCIIa aKTHBHBIX 3JIEMEHTOB B OTHOM
KpUCTAJIJIE, T. €. TIO TIOBHIIIICHUIO CTEIIEHU MHTETPAINH. YK€ CO3/IaHbl HHTETPaIbHBIC
MHUKPOCXEMBI C INIOTHOCTHIO B HECKOJBKO COTEH THICAY AJIIEMEHTOB HAa KPUCTAILII pa3MEPOM HE
6oimee 1x1 mm.

4-i1 otan.B pesynbTare gaNbHEHIIET0 pa3BUTHS MUKPOIICKTPOHUKN OBLITN CO3JaHbI
MHOTO(YHKIIMOHATIbHBIE MOJIEKYJISIPHBIE CXEMbI, IPUHIIUI ICWCTBUS KOTOPHIX OCHOBAH Ha
WCTIOIB30BAaHUH PA3IMYHBIX 0OBEMHBIX SIBJICHUH, MOJIEKYJISIPHBIX U MEXMOJICKYJIIPHBIX
cBsi3eil. Takue cXxeMbl BBIMOJIHAIOT (PYHKIIMA MHOTUX Y3JI0B, YTO MO3BOJIUT CO3/1aTh
CJIO’)KHEHIINE PAMO3IEKTPOHHBIE YCTPOMCTBA HA OCHOBE HECKOJIBKUX MUKpocxeM. Takum
o0pa3om, pa3BUTHE MUKPOMUHHUATIOPU3AIUY allapaTypbl, HAYaTOE C YMEHbBILICHUS pa3MEPOB
panuoaeTanei, o Mo MyTH CO3AaHusl HOBBIX MaTEPHAIOB, HOBOM TEXHOJIOTUU U
HCIOJIb30BaHMS COBEPLIEHHO HOBBIX IIPUHLIMUIIOB, OCHOBAHHBIX HA MOJIEKYJIIPHBIX CBOMCTBAX
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BE€IICCTBA. CnenyeT OTMCTUTDH, UTO JOCTUKCHHA MHUKPOIJICKTPOHUKH ITO3BOJINJIN HE TOJIBKO
YMCHBIINUTL Pa3MCpPhI pa}:[I/IO3JleKTpOHHOI>'I arnraparypbl, HO U obecneuniIn YBCIMYCHHUC
HaaACKHOCTU.

3. datb pOpMyIHPOBKY agmomamuzayuy u Mexanusayuu npou3eo0CmeenHo20 npoyecca.

Aemomamuzayus npenycMaTpuBaeT IpUMeHEeHHe IpruOopoB, MalllH, IPUCTIOCOOICHUH,
MO3BOJISAIOIINX OCYLIECTBIIATH IPOU3BOICTBEHHBIE MPOLIECCHI 0e3 (PU3NYECKUX YCHIINI
YeJI0BeKa, JIUIIb T0J] €ro KOHTpoJeM. B kauecTBe mprumepa MOKHO MPUBECTH JIFO0YIO
aBTOMATHUYECKYIO MAIINHY, CTAHOK-aBTOMAT, CIIOCOOHBIE BHIIIOJHUTH CBOWCTBEHHYIO UM
paboty 6e3 yuacTus uyenoBeka. Tak, Hala)KeHHBIH MPYTKOBbII TOKapHbIN aBTOMAT OyeT
CaMOCTOSITEJIbHO BBITAYMBATh 33JJaHHbIE JIeTaIl B TpeOyeMOM J0MyCKe J0 TeX Mop, MOKa He
u3pacxogyercs Bech npyTok. [locTossHHOro npucyTcTBUs pabovero y Takoro aBTomara He
TpeOyeTcsi, OH MePUOINIYECKH HAOII0AaeT 3a X0JI0M PadOThl CTAHKA; B 3TOM CIIy4ae MbI
HMMEEM JIeJI0 C aBTOMAaTUYECKO 00pabOTKOM JeTalu.

Mexanusayueti npouzeo0cmeenHo2o npoyecca Ha3blBaIOT 3aMEHY MYCKYJIbHON SHEPTUU
YeJI0BeKa MEXaHWYECKOH MyTeM UCIOJIb30BaHUs MALIMH U MEXaHU3MOB, IPUBOIUMBIX B
JBUKEHHUE Pa3IMYHBIMU JBUTATENSAMU (3JEKTPUUECKUMHU, TAPOBBIMU, THIPABIMUECKUMU U
ap.). MexaHu3anus UCKITIOYaeT TSKEIbId (U3NUECKU TPY/ IPH BHIIOJIHEHUH OCHOBHBIX U
BCIIOMOTaTeIbHBIX ONepaluii B Ipolecce nponssoacTsa. Hampumep, Mexanuzamus npouecca
YCTQHOBKH JI€TAJIM HA CTAHOK C MTOMOILBIO AJIEKTPOTeNb(epa Wi TOBOPOTHOTO KpaHa
YCTpaHSET TSHKETYI0 paboTy 10 pydHOMY MOJBEMY 3arOTOBKH.

I[aH OTBCT HaA IBa BOIIPOCA U3 TPEX:

1. PackpbITh Ha3HAUEHUE MEXAaHU3AIlUH, AaBTOMATH3alMH B Pa3BUTUU MPOLIECCOB COOPKH U
MOHTa’ka PaIMO3JIEKTPOHHOM amnmaparypsbl.

[IpumeHneHue nosynpoBOIHUKOBBIX TPUOOPOB B COUYETAHUM C IEYATHBIM MOHTaKOM
MO3BOJIMJIO 3HAYUTEIBHO YMEHBIIUTH rabapuThl palio3IeKTPOHHON anmnaparypbl. CLenbio
JanbHENIIE MUHUATIOPU3ALMY PaIUO3JIEKTPOHHOMN anmnaparypsl U aBTOMaTH3alUH €€
MIPOU3BOJICTBA OBLIN pa3paboTaHbl MOJYJIbHBIE, MUKPOMOYJIbHBIE, IJICHOUHBIE
KOHCTPYKIIMH, a TAK)K€ YCTPOMCTBA HA TBEPJIBIX CXEMaX, YTO MOTPEOOBAJIO CYIIECTBEHHOTO
M3MEHEHHS TEXHOJIOTHYECKUX MpoIeccoB. TakuM 00pazom, pu BEIOOPE TEXHOIOTUYECKOTO
rporiecca He00X0IMMO PYKOBOJICTBOBATHCS TEM, UTOOBI OCBOOOIUTH pab0vero HE TOIBKO OT
U3IHIIHEH Pr3nyeckol Harpy3ku, HO M OT HEPBHOT'O HAIIPSDKEHHS, CBA3aHHOTO C BO3MOXKHOM
OIACHOCTHIO pabOThI HAa cTaHKE. Bee 3T0 B mepByIo ouepeb JOCTUTAeTCs aBTOMAaTH3auel 1
MEXaHM3alUeN pyuHbIX onepanuil. Eciim KOHCTpyKTOp MM TEXHOJIOT B pe3ysbTaTe
MIPeyCMOTPEHHON aBTOMATHU3ALMU OT/IEJIbHBIX IBUKEHUIN CyMeeT BICBOOOIUTH U3
TEXHOJIOIMYECKOI0 IPOLECCa PyYHOU TPy, TO TEM CaAMbIM OH 3HAYUTEJIbHO YMEHBIIUT
BEPOATHOCTh BOSHUKHOBEHUS TpaBMaTH3Ma. OJTHUM U3 OCHOBHBIX TPeOOBaHHM K
MUKPOMUHHATIOPU3ALMHU ABISIETCS pa3paboTka (PyHKIIMOHAIBHBIX CXEM C MaJIOi MOIITHOCTBIO
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paccerBaHUs,CHUKEHUE ce0eCTOUMOCTH U Beca.
2. PackpbITh IPEUMEIIECTBA MEXAHU3ALMN U aBTOMATU3ALMYU TIEPE] PYUYHBIM TPYIAOM.

B Hacrosiiiee Bpemsi B CBSI3U C pa3BUTHEM 3JIEKTPOHHONW TEXHUKH MOSBUIACH BO3MOXKHOCTD
CO3/aHUS PaJIMORIIEKTPOHHON anmnapaTypbl, KOMIBIOTEPOB, allllapaTyphl CBsI3H,
MO3BOJISIIOIIMX pelIaTh CJI0KHbIE TEXHUUYECKHE, HayYHbIEe U MPOU3BOICTBEHHBIC 331a4H.
VYcnoxHeHue anmnaparypsl IPUBEIO K PE3KOMY YBEIMUEHHUIO YUCIIA DIIEKTPO U
pazno3IEMEHTOB, BXOASIUX B €€ cocTaB. TakuM o0pa3oM, NOSIBUIIACh HEOOXOAUMOCTb
MUKPOMHUHHATIOPU3ALMU allapaTyphbl.

B pa3Butun MukpomMuHHaTiopu3anud POA u mpruGopoB MOKHO BBIICIUTh YEThIPE dTama:

1-i1 sran.IlepBoHayanbHO 3aa4aMy MUHUATIOPU3ALMK PaAHOIEKTPOHHOM annapaTyphl
SBJISTUCh YMEHBIICHUE Pa3MEePOB paivoieTaiell U co3gaHue MUHUATIOPHBIX
3JIEKTPOBAKYYMHBIX U MOJYIIPOBOIHUKOBBIX TPUOOPOB, PE3UCTOPOB, KOHJIEHCATOPOB,
KaTyIIeK MHyKTUBHOCTH U NepekiitouaTeneid. PazpaboTka paguoneraneil B MUHUATIOPHOM
WCIIOJIHEHUH MPHUBEJIa K MOSABICHUIO MOIYJIEH U MUKPOMOYJIEH, IPU 3TOM 00BEMHBII
(HaBeCcHOM) MOHTaX pajuoanmnapaTypbl Obl1 3aMeHEH nevaTHeIM. biarogaps aTomy ObL1
BHEJPEH B IPOM3BOJCTBO HOBBIM METOJl KOHCTPYUPOBAHUS, HA3BAHHBI MOJYJIbHBIM.
MonynbHast KOHCTPYKLHS [TO3BOJIMIIA: 1) CYIIECTBEHHO YMEHBIIUTH Maccy U rabapuThl
anmaparypsl 10 CPaBHEHUIO C 00bEMHBIM MOHTaKOM;

2-ii sTan. Pe3ko MoBBICUTH Ha/IEKHOCTh PabOThI anmapaTypsl; 3) yMEHBIIUTh TPYAOEMKOCTh
MIPOU3BOJCTBEHHOTO ITpouecca. MooyJIbHOE U MUKPOMOYJIbHOE KOHCTPYUPOBAHUE
paznuoanmnapaTypbl 3HaUUTENBHO MOBBIIIAET CTENIEHb MEXAHU3ALMU U aBTOMAaTU3alluu, a
TaK)Ke YIpoluaeT cOOPOUHOMOHTAXHbIE U PErYJIUPOBOUHbIE paObOThI Oy1aroapst TIATENIbHOM
oTpaloTKe, Halla/Ike U TPEHUPOBKE MOAYJIEH MM MUKPOMOYJIEH 10 YCTAaHOBKHU MX B OJIOKH.
[IpoMBIIIIEHHOCTHIO BhITyCKaeTcst 00JIblIasi HOMEHKIATypa MUKPOMOJTyJIEH U annapaTyphl
Ha ux Oaze. 2# 3ran./lanpHelInM pa3BUTHEM MUKPOIJIEKTPOHUKU M MUKPOIJIEKTPOHHON
TEXHOJIOTMH SIBUJIOCH CO3/IaHHE MUKPOCXEM Ha OCHOBE IUNICHOYHOM TEXHOJIOTMH, B KOTOPBIX B
KAaueCTBE aKTUBHBIX MUHUATIOPHBIX PaJMOAETAIEN UCIIONIBb3YIOTCS MTOJIyIPOBOJHUKOBbIE
puOOpPHl B MUKPOMUHUATIOPHOM UCIIOJTHEHUH, @ TACCUBHBIMU AJIEMEHTaMU (pE3UCTOpaMu,
KOH/IGHCAaTOPaMH U T.J.) CIyXaT TOHKUE IICHKHU. Takas TeXHOJIOTUsl Ha3bIBAeTCs
HMHTETpalbHOM, a 3JIEMEHTbI CXEMbl — IJICHOYHBIMU MHTETPAIbHBIMH MUKPOCXEMaMHU.

3-if aTamn. B mporiecce coBepiieHCTBOBAHMS HHTETPATBLHON TEXHOJIOTHH OBLITH CO3/IaHbI
MHKPOCXEMBI B OJTHOM KPUCTAJIE MOIYIIPOBOJHUKOBOrO MaTepuaia. Takue MUKPOCXEMBbI
Ha3bIBAIOTCS MOTYIIPOBOTHUKOBEIMU MUKPOCXEMaMH, WJIM TBEPAbIME cxeMamu. Kpome Toro,
BeIyTCs pabOThI MO JalIbHEHIIIEMY YBEIIMYCHHIO YHCIIa aKTUBHBIX 3JIEMEHTOB B OTHOM
KpUCTAJIJIE, T. €. TIO MIOBHIIIICHUIO CTEIIEHU UHTETPAINH. YK€ CO3/IaHbl HHTETPAIbHBIC
MHUKPOCXEMBI C INIOTHOCTHIO B HECKOJBKO COTEH THICAY AJIIEMEHTOB HAa KPUCTAILII pa3MEPOM HE
6oimee 1x1 mm.

4-i1 otan.B pesynbrare qaNbHEHIIET0 pa3BUTHS MUKPOIICKTPOHUKU OBLITU CO3JaHbI
MHOTO(YHKIIMOHATIbHBIE MOJICKYJISIPHBIE CXEMbI, IPUHIIUI IEWCTBUS KOTOPHIX OCHOBAH Ha
WCTIOIB30BAaHUH PA3IMYHBIX 0OBEMHBIX SIBJICHUH, MOJIEKYJISIPHBIX U MEXKMOJICKYJISIPHBIX
cBsi3eil. Takue cXxeMbl BBIMIOJHAIOT (PYHKIIMA MHOTUX Y3JIOB, YTO MO3BOJIUT CO3/1aTh
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CJIOKHEHUIITE PAMOAICKTPOHHBIC YCTPOHCTBAa HA OCHOBE HECKOIBKUX MUKpOcXxeM. Takum
o0pa3om, pa3BUTHE MUKPOMUHHUATIOPU3AIUY allapaTypbl, HAYaTOE C YMEHbBILICHUS pa3MEPOB
paauoaeTanei, IUIo Mo My TH CO3AaHMs HOBBIX MaT€pPUAIOB, HOBOM TEXHOJOTHUU U
HCIIO0JIb30BAaHUS COBEPLUIEHHO HOBBIX MPHUHIIMIIOB, OCHOBAHHBIX Ha MOJIEKYJISIPHBIX CBOMCTBAX
BemecTBa. ClielyeT OTMETUTD, YTO JOCTHXKCHHS MUKPOAJICKTPOHUKH TIO3BOJIMIINA HE TOJIBKO
YMEHBIIUTh Pa3MEPbl PAIHOTEKTPOHHON anmapaTypbl, HO U 00€CIIeYII yBEINYCHHE
HaJIeKHOCTH.

3. datb pOpMyIHPOBKY agmomamuzayuy u MexaHusayuu npou3eo0CmeenHo20 npoyecca.

Aemomamuzayus npenycMaTpuBaeT IpUMeHEeHHe IprOOpoOB, MalIH, IPUCTIOCOOTIEHUH,
MO3BOJISAIOIINX OCYLIECTBIIATH IPOU3BOICTBEHHBIE MPOLIECCHI 0e3 (PU3NYECKUX YCHIINI
YeJI0BeKa, JIUIIb T0J] €ro KOHTpoJeM. B kauecTBe mprumepa MOKHO MPUBECTH JIFO0YIO
aBTOMATHUYECKYIO MAIINHY, CTAHOK-aBTOMAT, CIIOCOOHBIE BHIIIOJHUTH CBOWCTBEHHYIO UM
paboty 6e3 yuacTus uyenoBeka. Tak, Hala)KeHHBIH MPYTKOBbII TOKapHbIN aBTOMAT OyeT
CaMOCTOSITENIbHO BBITAYMBATh 33JJaHHbIE JIeTaIl B TpeOyeMOM JO0MyCKe J0 TeX Mop, MOKa He
u3pacxogyercst Bech npyTok. [locTossHHOroO npucyTcTBUs pabovero y Takoro aBTomara He
TpeOyeTcsi, OH MePUOINIYECKH HAOII0AaeT 3a X0JI0M PadOThl CTAHKA; B 3TOM CIIy4ae MbI
MMEEM JIeJI0 C aBTOMATUYECKOU 00pabOTKOM JeTalu.

Mexanusayueti npouzeo0cmeenHo2o npoyecca Ha3blBaIOT 3aMEHY MYCKYJIbHON SHEPTUU
YeJ0BeKa MEXaHWYECKOH MyTeM UCIOIb30BaHUs MALIMH U MEXaHU3MOB, IPUBOIUMBIX B
JBUKEHHE Pa3IMYHBIMU JBUTATENSAMU (3JIEKTPUUECKUMHU, TAPOBBIMU, THIPABIMUYECKUMU U
ap.). MexaHu3anus UCKIIOYaeT TSKEIbId (GU3NUECKU TPY/ PHU BHIIOJIHEHUH OCHOBHBIX U
BCIIOMOTaTeIbHBIX ONepaluii B Ipolecce npoussoacTsa. Hampumep, Mexanuszamus npouecca
YCTQHOBKH JI€TAJIM HA CTAHOK C MTOMOILBIO AJIEKTPOTeNb(epa Wi TOBOPOTHOTO KpaHa
YCTpaHSET TSHKETYI0 paboTy 10 pydHOMY MOJBEMY 3arOTOBKH.

I[aH OTBCT HA TPH BOIIPOCA U3 TPECX:

1. PacckpbITh Ha3HAUEHHE MEXaHU3AIMH, aBTOMATH3allMK B Pa3BUTUH MPOLIECCOB COOPKH U
MOHTa’ka PaIMO3JIEKTPOHHOM amnmnaparypsbl.

[IpumeHneHue nosynpoBOIHUKOBBIX TPHUOOPOB B COYETAHUH C IEYATHBIM MOHTaKOM
MO3BOJIMIIO 3HAYUTEIBHO YMEHBIIUTH rabapuThl palio3IeKTPOHHON anmnaparypbl. CLenbio
JanbHENIIE MUHUATIOPU3ALMH PaIUO3JIEKTPOHHOMN anmnaparypsl U aBTOMaTH3alUu €€
MIPOU3BOJICTBA OBLIN pa3paboTaHbl MOJYJIbHBIC, MUKPOMOYJIbHBIE, IJICHOUHBIE
KOHCTPYKIIMH, a TAK)K€ YCTPOMCTBA HA TBEPJIBIX CXEMaX, YTO MOTPEOOBAJIO CYIIECTBEHHOTO
M3MEHEHHS TEXHOJIOTHYECKUX MpoIeccoB. TakuM 00pazom, pu BEIOOPE TEXHOIOTUYECKOTO
rporiecca He00X0IMMO PYKOBOJICTBOBATHCS TEM, UTOOBI OCBOOOIUTH pab0vero HE TOIBKO OT
U3IHUIIHEH Pru3nyeckol Harpy3ku, HO M OT HEPBHOT'O HAIIPSDKEHUSI, CBA3aHHOTO C BO3MOXKHOM
OIACHOCTBIO pabOThI HAa cTaHKE. Bee 3T0 B mepBYyIo ouepesb JOCTUTAeTCs aBTOMAaTH3auel 1
MEXaHMU3alUeN pyuHbIX onepanuil. ECiii KOHCTpyKTOp MM TEXHOJIOT B pe3ysbTaTe
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Hpe)IyCMOTpeHHOfI aBTOMaTHU3allu OTACIBHBIX )IBI/I)K@HI/Iﬁ CyMEECT BI)ICBO6OI[I/ITI) us3
TCXHOJIOTMYCCKOTI'O IMpoLecca pyLIHOI\/’1 TpyHd, TO TCM CaMbIM OH 3HAYUTCIIbHO YMCHBIIIUT
BCPOATHOCTb BOBHUKHOBCHUS TpaBMaTU3Ma. OI[HI/IM U3 OCHOBHBIX Tp€60BaHI/II\/'I K
MHUKPOMHWHHUATIOPpU3AIUU ABJIACTCA pa3pa60TKa (I)yHKI_[I/IOHaJIBHI:IX CXEM C MaJiol MOIIHOCTBIO
paccerBaHuA,CHUKCHUC ce0ecTOMMOCTH 1 Beca.

2. PacckppITh penMeliecTBa MEXaHU3aUN U aBTOMATU3ALUH [IEPE]T PYUYHBIM TPYIOM.

B Hacrosiiiee Bpemsi B CBSI3U C pa3BUTHEM 3JIEKTPOHHONW TEXHUKH MOSBUIACH BO3MOKHOCTD
CO3/1aHUS PaJIMORIIEKTPOHHON anmnapaTypsl, KOMIBIOTEPOB, allllapaTyphl CBSI3H,
MO3BOJISIIOIIMX pelIaTh CJI0KHbIE TEXHUUYECKHE, HayYHbIEe U MPOU3BOACTBEHHBIC 33/1a4H.
VYcnoxHeHue anmnaparypsl IPUBEIO K PE3KOMY YBEIMUEHHUIO YHUCIIA DIIEKTPO U
pazno3JIEMEHTOB, BXOASIIUX B €€ cocTaB. TakuM o0pa3oM, NOSIBUIIACh HEOOXOUMOCTb
MUKPOMHUHHATIOPU3ALMU allapaTyphbl.

B pazButun MukpomuHHaTiopuzanud POA u mpuGopoB MOKHO BBIICIUTh YEThIPE dTama:

1-ii sTan.IlepBoHavanbHO 3alayaMy MUHUATIOPU3ALUU PATUOIIEKTPOHHOM alapaTypbl
SBJISUTUCH YMEHBIIIEHHUE Pa3MEPOB PAIMOETANICH U CO3/IaHNEe MUHHATIOPHBIX
ANEKTPOBAKYYMHBIX U IOTYTPOBOTHUKOBBIX TPUOOPOB, PE3UCTOPOB, KOH/IEHCATOPOB,
KaTyIlleK MHIYKTUBHOCTH U Mepekitouareneil. PazpaboTka paanoaeTaneit B MUHHATIOPHOM
WCTIOJIHEHUY TPUBEJIa K MOSBICHUIO MOIYJICH U MUKPOMOYJIEH, TPH STOM 0ObEMHBIH
(HaBECHOM) MOHTaX paJMOaIIIapaTyphl OB 3aMEHEH MeYaTHBIM. biarogaps ToMy ObLT
BHEJIPEH B IPOU3BOACTBO HOBBIM METO/I KOHCTPYUPOBAHMS, HA3BAHHBIA MOAYJIbHBIM.
MopynbHas KOHCTPYKIHSI TO3BOJIAIIA: 1) CYIIIECTBEHHO YMEHBIIUTH MacCy U rabapuThbl
anmnapaTtypsbl 0 CPaBHEHHUIO ¢ 00bEMHBIM MOHTAKOM;

2-ii aTan. Pe3ko NoBBICUTH Ha/IEKHOCTh PadOThI armapaTypsl; 3) yMEHBIIUTH TPYAOEMKOCTh
MIPOU3BOJCTBEHHOTO ITpouecca. MoayJIbHOE U MUKPOMOYJIbHOE KOHCTPYUPOBAHUE
paznuoanmnapaTypbl 3HaUUTENBHO MIOBBIIIAET CTENIEHb MEXAHU3ALMU U aBTOMAaTU3alluu, a
TaK)Ke YIpoluaeT cOOPOYHOMOHTAXHbBIE U PETYJIUPOBOUHbIE paObOThI Oi1aroapst TIATENIbHOM
oTpaloTKe, Halla/IKe U TPEHUPOBKE MOAYJIEH MM MUKPOMOAYJIEH 10 YCTAHOBKHU MX B OJIOKH.
[IpoMBIIIIEHHOCTHIO BhIITycKaeTcst 00JIblasi HOMEHKIATypa MUKPOMOJTYJIEH U amnapaTyphl
Ha ux Oaze. 2# 3ran./{anpHelIINM pa3BUTHEM MUKPOIJIEKTPOHUKU U MUKPOIJIEKTPOHHON
TE€XHOJIOTMH SIBUJIOCH CO3/IaHHE MUKPOCXEM Ha OCHOBE IUNICHOYHOUM TEXHOJIOTMH, B KOTOPBIX B
KAaueCTBE aKTUBHBIX MUHUATIOPHBIX PaZMOAETAIEN UCIIONIb3YIOTCS MTOJIyIPOBOHUKOBbIE
prOOpPHl B MUKPOMUHUATIOPHOM UCIIOJTHEHHUH, & TACCUBHBIMU AJIEMEHTaMU (pE3UCTOpamu,
KOH/IGHCAaTOpaMH M T.J.) CIyaT TOHKUE IJICHKHU. Takasi TEXHOJIOTUsl Ha3bIBAETCs
WHTETrpalbHOM, a 3JIEMEHTbI CXEMbl — IJICHOYHBIMU MHTETPAIbHBIMH MUKPOCXEMaMHU.

3-if aTamn. B mporiecce coBepiieHCTBOBAHMS HHTETPATBLHON TEXHOJIOTHH OBLITN CO3/IaHbI
MHKPOCXEMBI B OJTHOM KPUCTAJIE MOIYIIPOBOJHUKOBOrO MaTepuaa. Takue MUKPOCXEMBbI
Ha3bIBAIOTCS MOTYIIPOBOTHUKOBBIMU MUKPOCXEMaMH, WJIM TBEPAbIME cxeMamu. Kpome Toro,
BeIyTCs pabOThI MO JalIbHEHIIIEMY YBEIIMYCHHIO YHCIIa aKTUBHBIX 3JIEMEHTOB B OTHOM
KpUCTAJIJIE, T. €. TIO TIOBHIIIICHUIO CTEIIEHU UHTETPAINH. Y K€ CO3/IaHbl HHTETPAIbHBIC
MHUKPOCXEMBI C INIOTHOCTHIO B HECKOJBKO COTEH THICAY AJIEMEHTOB HAa KPUCTAILII pa3MEPOM HE
6oimee 1x1 mm.
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4-i1 aTan.B pe3ynbrare gaqbHENIIET0 Pa3BUTHI MUKPOIJIEKTPOHUKH OBLIIN CO3/IaHBbI
MHOTO()YHKIIHOHAJIbHBIE MOJIEKYJISIPHBIE CXEMBI, IPUHIIMII ACHCTBUS KOTOPHIX OCHOBAH Ha
WCIIOJIb30BAHUHU PA3IIUYHBIX OOBEMHBIX SBJICHUH, MOJEKYJISAPHBIX U MEKMOJIEKYISIPHBIX
cBsizeil. Takue cxembl BBITOTHAIOT (PYHKIIMM MHOTUX Y3JI0B, YTO MO3BOJIUT CO3JATh
CJIO’KHEHIINE PATHOIIEKTPOHHBIE YCTPONCTBA HA OCHOBE HECKOJIBKUX MUKpOocxeM. Takum
o0pa3omM, pa3BUTHE MUKPOMUHHATIOPU3ALMU allllapaTypbl, HAYaTOE C YMEHBILIECHHS Pa3MEpPOB
paauoneTaney, IuUIo Mo MyTH CO3AaHUs HOBBIX MaT€pUaoB, HOBOM TEXHOJIOTHUU U
HCIIOJIb30BAaHUs COBEPLICHHO HOBBIX IIPUHIIUIIOB, OCHOBAHHBIX Ha MOJIEKYJISIPHBIX CBOMCTBAX
BeniectBa. CieyeT OTMETUTh, YTO JOCTHKEHUSI MUKPOIEKTPOHUKHU TO3BOJIMIM HE TOJIBKO
YMEHBILINTh Pa3Mephl PaIH0o3JIEKTPOHHOH anmapatypsl, HO 1 00€CIIeUnIN yBETUUEHUE
HAJIeKHOCTH.

3. datb pOpMyIHPOBKY agmomamuzayuy u MexaHusayuu npou3eo0CmeenHo20 npoyeccad.

Aemomamuzayus npenycMaTpuBaeT IpUMeHEeHHe IpruOopoB, MallH, IPUCTIOCOOIEHUH,
MO3BOJISAIOIINX OCYLIECTBIIATH IPOU3BOICTBEHHBIE MPOLIECCHI 0e3 (PU3NYECKUX YCHIIUI
YeJI0BeKa, JIUIIb T0J] €ro KOHTpoJeM. B kauecTBe mprumepa MOKHO MPUBECTH JIFO0YIO
aBTOMATHUYECKYIO MAIINHY, CTAHOK-aBTOMAT, CIIOCOOHBIE BHIIIOJHUTH CBOWCTBEHHYIO UM
paboty 6e3 yuacTus uyenoBeka. Tak, Hala)KeHHBIH MPYTKOBbII TOKapHbI aBTOMAT OyeT
CaMOCTOSITENIbHO BBITAYMBATh 33JJaHHbIE JIeTaIl B TpeOyeMOM JO0MyCKe J0 TeX Mop, MOKa He
u3pacxogyercst Bech npyTok. [locTossHHOro npucyTcTBUs pabovero y Takoro aBTomara He
TpeOyeTcsi, OH MePUOINYECKH HAOII0AaeT 3a X0I0M PadOThl CTAHKA; B 3TOM CIIy4ae MbI
HMMEEM JIeJI0 C aBTOMAaTUYECKO 00pabOTKOM JeTalu.

Mexanusayueti npouzeo0cmeenHo2o npoyecca Ha3blBaIOT 3aMEHY MYCKYJIbHON SHEPTUU
YeJ0BeKa MEXaHWYECKOH IyTeM UCIOJIb30BaHUs MALIMH U MEXaHU3MOB, IPUBOIUMBIX B
JBUKEHHUE Pa3IMYHBIMU JBUTATENSAMU (3JEKTPUUECKUMHU, TAPOBBIMU, THIPABIMUYECKUMU U
ap.). MexaHu3anus UCKITIOUaeT TSKEIbId (U3UUECKU TPY/ P BHIIOJTHEHUH OCHOBHBIX U
BCIIOMOTaTeIbHBIX ONepaluii B Ipolecce npoussoacTsa. Hampumep, Mexanuzamus npouecca
YCTQHOBKH JI€TAJIM HA CTAHOK C MTOMOILBIO AJIEKTPOTeNb(epa Wi IOBOPOTHOTO KpaHa
YCTpaHSET TSHKETYI0 paboTy 10 py4HOMY MOJABEMY 3arOTOBKH.

Texkymmnii KOHTPOJIb Ne2
dopma koHTpOJsi: YcTHEIN onpoc (Ompoc)
OnucarenbHas yacTh: becena

Texkymuii KOHTPOJIb Ne3
®opma koutpoJsi: Kourponbnas padota (Ompoc)
OnmncartesibHasi YaCTh: MUCbMEHHAsI KOHTPOJIbHAs paboTa
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3aganue Nel

1. laTth onpeneneHre CoeAMHEHUS.

2. PackpbITh npoliecc BBINIOIHEHHS clIeCapHO-COOPOUHBIX COEIMHEHUI: pa3beMHBIE U HE pa3bEeMHBIE.

3. OxapakTepu3oBaTh pabouee MeCTo ciiecapsi.

OreHka

Tlokazarenu olleHKHA

3

[IpaBUIBHO PACKPHIT OJMH BOIPOC U3 TPEX:

CoennHeHus - MPOIecC U3TOTOBICHUS H3AENUs U3 AeTaleil, COOpOUHBIX eANHMUII(Y3TI0B),
arperaroB ImyTeM (pU3HYecKOro o0beIMHEHus B 0J1HO Lieoe.. [lokazaTenu
paboTOCOCOOHOCTH COETUHEHUS] — 3TO MPOYHOCTh, TEPMETUYHOCTb, a TAKKE
TE€XHOJIOTMYHOCTb SBJIETCS OCHOBHOM YacThIO POU3BOACTBEHHOIO IIporiecca COOPKH.
Pa3bemMHoOe coemHeHNe MoaApa3ae/isieTcs Ha:

Pe3nboBOE coenuHenune, KIeMHOE, KOHYCHOE U TTPO(IIIBHOE.

CO€JII/IHCHI/I$I HeTaﬂeﬁ, MMPUMCHACMBIC B MAallIMHO- U HpI/I60pOCTp06HI/II/I, IMPUHATO JCIUTH HA
MO/IBIDKHBIE, 00€CTIeYHBAIOIIHE MTePEMEIIEHUE OJHON JeTalli OTHOCUTEIBHO JPYToM, 1

HETIOJBUKHBIE,B KOTOPBIX JBE NN HECKOJIBKO JAETAJIEH KECTKO CKPEIIEHBI IPYT C APYTOM.

Buabl coenHenuii njeraJjei:
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CoeguHaHe
AOTAMEH sMAWHN

I ]

Henogsmmewe Tognumrbre

| |
| | | |

Pazsemmsie Hepassesmne Paisesisia Hepasnesmne

Ka)KI[I)If/'I M3 3TUX JIBYX THUIIOB COGI{I/IHGHI/If/'I noApa3aciIsAroT Ha IBE OCHOBHLIC I'PYIIIIBI:
pa3beMHbIC U Hepa3beMHbIC. Pa3beMHBIMH HA3bIBAIOTCS TAKME COCTUHCHUS, KOTOPBIC
MO3BOJISFOT MTPOU3BOIUTH MHOTOKPATHYIO COOPKY M pa300pKy cOOpOUHOM eTUHUIIBI Oe3
NOBpeXeHUS AeTaneld. K pa3beMHBIM HEMOIBUKHBIM COCTUHEHUSIM OTHOCSTCS pE3b0OBEHIE,
IHTI/ICI)TOBI)IC, IOMMOHOYHBIC, HITMICBLIC, @ TAKKEC COCAUHCHUSA, OCYIICCTBIIACMBIC
NePEXOIHBIMH TTOCaKaMH. Pa3beMHBIC MOJIBUKHBIC COCTMHCHUS UMCIOT TOJIBUKHBIC
IIoCaaKu (HOC&I[KI/I C 3a30p0M) Mo TUJIMHAPUYICCKUM, KOHUYCCKHUM, BUHTOBBIM U ITIJIOCKUM
TIOBEPXHOCTSIM.

2. Hepa3LeMH0e COCAUHCHHUE MOAPA3ACTAACTCH HA: CBAPHOC, ITadHOEC, 3aKJIICIIOYHOC U
ApMUPOBAHHOC COCIUHCHNUEC U COCAUHCHUEC C HATATOM - CJIOBHO pa3bEMHOC.

Hepa3zbeMHBIMH Ha3bIBAIOTCS TAaKUE COCTMHEHHS, KOTOPbIE MOTYT OBITh pa300paHbI JIHIIb
IyTEM pa3pylIeHUs] WU HEJOMYCTUMBIX OCTaTOYHBIX Je(OpMalLiii OJHOTO U3 3JIEMEHTOB
KOHCTpYKUUHU. HepazbeMHble HENOABUKHBIE COEIMHEHNUS OCYIIECTBIISAIOTCS MEXaHUUECKUM
yTeM (3alpecCOBKOM, CKIICTIBIBAHNEM, 3arMOKOM, KEpHEHUEM M YEKaHKOM ), C TOMOILBIO CHJI
(U3NKO-XMMHUYECKOTO CIETIIICHHS (CBApKOM, MAKOW M CKIICMBAaHUEM) U ITyTEM TTOTPYKECHHUS
JieTajel B pacIulaBIeHHbIM MaTepual (3ag)opMOBKa B JIUTeiHbIE (POPMBI, B Ipecc-(pOpMBI U T.

1.)
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HO)IBI/I)KHI)IC HEPAa3bEMHBIC COCANHCHU A CO6I/IpaIOT C IPUMCHCHUEM pa3BaJIbLIOBKH,
CBO6OI[HOI\/'I 00kMMKH. B OCHOBHOM 3TO COCAUHCHUS, 3aMCHAIOINEC HNCITYHO ACTaJIb, €CIIN
HU3TOTOBJICHUEC €€ U3 O)IHOI71 3aroTOBKH TCXHOJOTHUYCCKU HEBO3MOXKHO UJIU 3aTPYAHUTCIIBHO U
HCOKOHOMUYHO.

3. Pabo4ee mecTo caecaps.

Ha pabouem mecTe criecapb BBINOJIHSET ONEpaly, CBsI3aHHbIe ¢ ero npogdeccueii. Pabouee
MECTO OCHaIaeTcs 000py10BaHUEM, HEOOXOAUMBIM Ul IPOBEICHUS CIECAPHBIX PA0OT.

PaGouee mecTo ciiecapst MOXKET HaXOUTHCS KaK Ha 3aKPBHITOM, TaK U HA OTKPBITOM IUIOIIAIKE
B COOTBETCTBUHU C IJIAHUPOBKOM MPOU3BOACTBEHHOTO IIOMEUIEHMS U TEXHOJIOTHEN
IIPOU3BOJICTBEHHOI' O MpOLIEcca.

[Inomans paboudero Mecra ciecapsi 3aBUCUT OT XapakTepa U 00beMa BbINOJIHAEMON PaOOTHI.
Ha npoMbIlUIeHHBIX IPeANpUATUsIX padouee MECTO cliecapsi MOXKeET 3aHuMaTh 4—8 M, B
MAacTEpCKUX — HE MeHee 2 M.

Pabouyee mMecTo ciiecapsi B 3aKphITOM IIOMEIICHHH, KaK IIPaBUIIO, TOCTOsTHHOE. Paboyee MecTo
BHE MTOMEIIECHHSI MOXKET IEPEMEIAThCsl B 3aBUCMMOCTH OT MTPOM3BOACTBEHHOW 0OCTaHOBKHU U
KIIMMAaTU4Y€CKUX yc.]'[OBHﬁ.

Ha paGoueM mecte ciiecapsi JOJIKEH ObITh YCTAHOBJIEH BEPCTaK, 000Py10BaHHBII
COOTBETCTBYIOLIUMH ITPUCIIOCOOICHUAMH, B IEPBYIO OYEPEb CIECAPHBIMH TUCKAMH.
bonbmmHCTBO onepanuii ciecapb BBINOJIHAET 3a CIECAPHBIM BEPCTAKOM C UCIOIb30BAHUEM
TUCKOB.

Pabouee mecto ciecaps-cOOpILMKa WK cliecaps 0 peMOHTY 000pyIOBaHUS MOXKET
pa3MeniaThesi Ha COOPOYHOM YHACTKe.

[Tomumo ocHOBHOTO paboyero MecTa (3a BEpCTaKoM) y ciecaps MOTYT ObITh
BCIIOMOTaTeNbHbIe paboune MecTa, HallpUMep, Y Pa3METOUHOM, TPUTUPOYHON HITU
KOHTPOJIBHOM IIJIUT, Y Ky3HEUHOI'O TOPHA MJIM HAKOBAJIbHU, Y CBAPOYHOIO ammnapara,
CBEPJIMJIBHOI'O CTAHKA, MEXaHHMUYECKOW MUJIbI, PYYHOTO MIPecca, MIIUTHI I IPABKH U T. 1.

BcmomorarenbHoe pabouee MECTO CTAHOBUTCSI OCHOBHBIM, €CJIM pab0Ta MMEET CIICIHAIbHBIN
XapakTep, HarpuMep, pabouee MECTO y CBEPIMILHOTO CTaAHKA, KOTOPBIH 00CTyKHBaeT
cliecapb-CBEPIIOBIIHK, pabouee MECTO y MPUTUPOUHOM TUIUTBI, 32 KOTOPOM paboTaeT ciaecapb-
MPUTHUPIIKK, pabouee MECTO y CBAPOYHOTO arapara, Ha KOTOpOM paboTaeT ciaecapb-
CBapIIWK H T. [I.
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[IpaBUIBHO PACKPHIT OJMH BOIPOC U3 TPEX:

CoennHeHus - MPOIecC U3TOTOBICHUS H3AENUs U3 AeTaleil, COOpOUHBIX eANHMUII(Y3II0B),
arperaroB IyTeM (pU3HYecKOoro o0beIMHEeHus B 0J1HO Liesoe.. [lokazaTenu
paboTOCOCOOHOCTH COETUHEHUS] — 3TO MPOYHOCTh, TEPMETUYHOCTh, a TAKKE
TE€XHOJIOTMYHOCTb SBJIIETCS OCHOBHOM YacThIO POU3BOACTBEHHOIO IIporiecca COOPKH.
Pa3bemMHoOe coemHeHNe MoaApa3ae/isieTcs Ha:

Pe3nboBOE coenuHenune, KIeMHOE, KOHYCHOE U TPO(IIIbHOE.

CoenuHeHus aetanei, IpuMeHsieMble B MAIlIMHO- U IPUOOPOCTPOCHUH, IPUHSTO ACTUTH HA
MOJIBIKHBIE, 00€CTIeYHBAIOIIHE MTePEeMEIIEHUE OJHON JeTalli OTHOCUTEIBHO JPYToM, u

HETIOJBUKHBIE,B KOTOPBIX JBE NN HECKOJIBKO JAETAJIEH KECTKO CKPEIUIEHBI IPYT C APYTOM.

Buabl coenHeHuii n1eraJjei:

CoeguHaHe
AOTAMEH sMAWHN

I ]

Henogsmmewe Tognumrbre

| |
| | | |

Pazsemmsie Hepassesmne Paisesisia Hepasnesmne

Kaxknpiit u3 3TUX IBYX THIIOB COCTMHEHHUM MOAPA3CIISIIOT HA BE OCHOBHBIC TPYIITIHL:
pa3beMHbIE U HEpa3beMHbIe. Pa3beMHBIMH HA3bIBAIOTCS TAKUE COCTUHEHHUS], KOTOPBIE
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MO3BOJISIIOT MPOU3BOIUTH MHOTOKPATHYIO COOPKY M pa300pKy cOOpOUYHOM eTMHHIIBI O€3
MoBpexXIAeHHs neTaneld. K pa3beMHbIM HEMOABUKHBIM COCTUHEHUSIM OTHOCSITCS PE3b0OBbIE,
HITI/I(i)TOBI)Ie, IOMMOHOYHBIC, HITMICBEIC, a@ TAKKE COCAUHCHUA, OCYIICCTBIISICMBIC
MEePEXOIHBIMH MOocaKaMu. Pa3beMHbIe MOIBUKHBIE COSTUHEHHSI UMEIOT MOIBHKHBIC
I10CaaKu (HOCZUIKI/I C 3330p0M) Mo TUJIMHAPUICCKUM, KOHUYCCKHUM, BUHTOBBIM H ITIJIOCKUM
MTOBEPXHOCTSIM.

Hepa3LeMH0e COCIMHCHUE MOAPA3ACTACTCH HA: CBAPHOC, ITasAHOEC, 3aKJICIIOYHOE
ApMHUPOBAHHOC COCIMHCHHUEC U COCAUHCHUEC C HATATOM - CJIOBHO pa3bEMHOC.

Hepa3beMHBbIMH Ha3bIBaIOTCS TAKUE COEAMHEHUS, KOTOPBIE MOTYT ObITh pa300paHbl JIHILb
MIyTeM pa3pyLICHUs] WM HEJOMyCTUMBIX OCTaTOYHBIX Jie(opMalMidi OJTHOTO U3 3JIEMEHTOB
KOHCTpyKLMU. Hepa3beMHble HEMOABMKHBIE COEAMHEHNS OCYLIECTBIISIOTCS MEXaHUUECKUM
IyTeM (3alpecCcoBKOM, CKIETIbIBAHUEM, 3arHOKON, KEPpHEHHEM U YEKAHKOM), ¢ TOMOILBIO CHJT
(bU3UKO-XMMHUYECKOT 0O CLETUICHUS (CBapKOM, MaliKoi U CKJICMBAaHUEM) U ITyTEM MOTPYKEHUS
JieTajel B pacIulaBIeHHbIM MaTepual (3ag)opMOBKa B IuTeiHbIE (POPMBI, B Ipecc-(pOpMBI U T.

I.)

HO)IBI/I)KHI)IC HEPAa3bCMHBIC COCANHCHU A CO6I/IpaIOT C IPUMCHCHUEM pa3BaJIbLIOBKH,
CBO6OI[HOI\/'I 00kMMKH. B 0OCHOBHOM 3TO COCANHCHUS, 3aMCHAIOINEC HNCITYHO ACTaJIb, €CIIN
HU3TOTOBJICHUEC €€ U3 O)IHOI71 3aroTOBKH TCXHOJOTHUYCCKU HEBO3MOXKHO UJIU 3aTPYAHUTCIIBHO U
HCOKOHOMMUYHO.

Pabouee mecTo caecaps.

Ha pabouem mecTe ciiecapb BBINOJHSET ONEpalu, CBsI3aHHbIe ¢ ero npogdeccueii. Pabouee
MECTO OCHAIaeTcs 000py10BaHUEM, HEOOXOAUMBIM Ul IPOBEIECHUS CIECAPHBIX PAOOT.

PaGouee mecTo ciiecapst MOXKET HaXOIUTHCS KaK Ha 3aKPBITOM, TaK U HA OTKPBITOM TUIOIIAIKE
B COOTBETCTBUHU C IJIAHUPOBKOM MPOU3BOACTBEHHOTO IIOMEUIEHMS U TEXHOJIOTHEN
IIPOU3BOJICTBEHHOI'O MPOLIEcca.

[Inomans paboudero Mecra ciecapsi 3aBUCHT OT XapakTepa U 00beMa BbIINOJIHAEMON PabOTHI.
Ha npoMbIlUIeHHBIX IPeANpUATUSIX padouee MECTO cliecapsi MOXKET 3aHuMaTh 4—8 M, B
MAacTEpCKUX — HE MeHee 2 M.

Pabouyee mMecTo ciiecapst B 3aKphITOM IIOMEIIEHHUH, KaK IIPaBUIIO, TOCTOsTHHOE. Paboyee MecTo
BHE MTOMEILECHHSI MOXKET IEPEMEIAThCsl B 3aBUCMMOCTH OT MTPOM3BOACTBEHHOH 0OCTaHOBKHU U
KIIMMAaTU4Y€CKUX yc.]'[OBHﬁ.

Ha paGoueM mecte ciiecapsi JOJIKEH ObITh YCTAHOBIJIEH BEPCTaK, 000PY10BaHHBII
COOTBETCTBYIOIIUMH MTPUCIIOCOOICHUAMH, B IEPBYIO OYEPEb CIECAPHBIMU TUCKAMH.
bonpmmHCTBO onepanuii ciecapb BBINOJIHAET 3a CIECAPHBIM BEPCTAKOM C UCIOIb30BAHUEM
TUCKOB.

Pabouee mecto ciecaps-cOOpILMKa WK cliecaps 0 peMOHTY 000pyIOBaHUS MOXKET
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pa3MeniaThcsi Ha COOPOYHOM y4acTKe.

[Tomumo ocHOBHOTO paboyero MecTa (3a BEpCTaKoM) y ciaecaps MOTYT ObITh
BCIIOMOTaTeNbHbIe paboune MecTa, HallpUMep, Y Pa3METOUHOM, TPUTUPOYHON HITU
KOHTPOJIBHOM IIJIUT, Y Ky3HEUHOI'O FTOPHA MJIM HAKOBAJIbHU, Y CBAPOYHOIO ammnapara,
CBEPJIMJIBHOI'O CTAaHKA, MEXaHHMUYECKOW MUJIbI, PYyYHOTO MIpecca, MIUTHI U1 IPABKH U T. 1.

BcmomorarenbHoe pabouee MECTO CTAHOBUTCSI OCHOBHBIM, €CJIM pad0Ta MMEET CIICIHAIbHBIN
XapakTep, HarpuMep, pabouee MECTO y CBEPIMILHOTO CTaAHKA, KOTOPBIH 00CTyKHBaeT
cliecapb-CBEPIIOBIIHK, pabouee MECTO y MPUTUPOYHOM TUIUTHI, 32 KOTOPOM paboTaeT ciaecapb-
MIPUTHUPIIKK, pabouee MECTO y CBAPOYHOTO arapara, Ha KOTOpOM paboTaeT ciaecapb-
CBapIUIWK H T. [I.

[IpaBuiIbHO PAaCKPBIT OAMH BOIPOC U3 TPEX:

CoenuHeHus - MpoIecC U3TOTOBICHUS U3AENus U3 AeTaleil, COOpOUHbIX eAUHUII(Y3II0B),
arperaToB IyTeM (u3nueckoro o0beIMHeHHs B 0JiHO 1iernoe.. [Tokazarenu
paboTOCTIOCOOHOCTH COETMHEHUSI — 3TO MPOYHOCTh, FEPMETUYHOCTbD, a TAKKE
TEXHOJIOTUYHOCTD SIBJISETCS OCHOBHOM 4acThIO MPOM3BOJICTBEHHOTO MPOLIECCa COOPKH.
Pa3bemMHOe coemHeHNe MOApPa3ae/IsieTCs Ha:

Pe3pboBO€ coenuHeHNE, KIEMHOE, KOHYCHOE U IPOGHUIIBHOE.

CoenuHenus aeraned, NpUMEHIEMbIE B MAIIMHO- U IPUOOPOCTPOCHUH, IPUHATO JEIUTh Ha
IIOABUJKHBIC, O6€CH€‘II/IBaI-OHII/IG MNEpEeMCIICHUC OJIHOI\/’I JA€TaJIl OTHOCUTCJIIBHO I[perfI, nu

HEMNOJIBUKHBIE,B KOTOPBIX ABE WM HECKOJIBKO AETAJIEH JKECTKO CKPEIJIEHBI APYT C APYTOM.

Buapl coenuHeHni aeraJeii:
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CoeguHaHe
AOTAMEH sMAWHN

I ]

Henogsmmewe Tognumrbre

| |
| | | |

Pazsemmsie Hepassesmne Paisesisia Hepasnesmne

Ka)KI[I)If/'I M3 3TUX JIBYX THUIIOB COGI{I/IHGHI/If/'I noApa3aciIsAroT Ha IBE OCHOBHLIC I'PYIIIIBI:
pa3beMHbIC U Hepa3beMHbIC. Pa3beMHBIMH HA3bIBAIOTCS TAKME COCTUHCHUS, KOTOPBIC
MO3BOJISFOT MTPOU3BOIUTH MHOTOKPATHYIO COOPKY M pa300pKy cOOpOUHOM eTUHUIIBI Oe3
NOBpeXeHUS AeTaneld. K pa3beMHBIM HEMOIBUKHBIM COCTUHEHUSIM OTHOCSTCS pE3b0OBEHIE,
IHTI/ICI)TOBI)IC, IOMMOHOYHBIC, HITMICBLIC, @ TAKKEC COCAUHCHUSA, OCYIICCTBIIACMBIC
NePEXOIHBIMH TTOCaKaMH. Pa3beMHBIC MOJIBUKHBIC COCTMHCHUS UMCIOT TOJIBUKHBIC
IIoCaaKu (HOC&I[KI/I C 3a30p0M) Mo TUJIMHAPUYICCKUM, KOHUYCCKHUM, BUHTOBBIM U ITIJIOCKUM
TIOBEPXHOCTSIM.

Hepa3LeMH0e COCAUHCHHUE MOAPA3ACTAACTCH HA: CBAPHOC, ITadHOEC, 3aKJIICIIOYHOC U
ApMUPOBAHHOC COCIUHCHNUEC U COCAUHCHUEC C HATATOM - CJIOBHO pa3bEMHOC.

Hepa3zbeMHBIMH Ha3bIBAIOTCS TAaKUE COCTMHEHHS, KOTOPbIE MOTYT OBITh pa300paHbI JIHIIb
IyTEM pa3pylIeHUs] WU HEJOMYCTUMBIX OCTaTOYHBIX Je(OpMalLiii OJHOTO U3 3JIEMEHTOB
KOHCTpYKUUHU. HepazbeMHble HENOABUKHBIE COEIMHEHNUS OCYIIECTBIISAIOTCS MEXaHUUECKUM
yTeM (3alpecCOBKOM, CKIICTIBIBAHNEM, 3arMOKOM, KEpHEHUEM M YEKaHKOM ), C TOMOILBIO CHJI
(U3NKO-XMMHUYECKOTO CIETIIICHHS (CBApKOM, MAKOW M CKIICMBAaHUEM) U ITyTEM TTOTPYKECHHUS
JieTajel B pacIulaBIeHHbIM MaTepual (3ag)opMOBKa B JIUTeiHbIE (POPMBI, B Ipecc-(pOpMBI U T.

1.)
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HO)IBI/I)KHI)IC HEPAa3bEMHBIC COCANHCHU A CO6I/IpaIOT C IPUMCHCHUEM pa3BaJIbLIOBKH,
CBO6OI[HOI\/'I 00kMMKH. B OCHOBHOM 3TO COCAUHCHUS, 3aMCHAIOINEC HNCITYHO ACTaJIb, €CIIN
HU3TOTOBJICHUEC €€ U3 O)IHOI71 3aroTOBKH TCXHOJOTHUYCCKU HEBO3MOXKHO UJIU 3aTPYAHUTCIIBHO U
HCOKOHOMUYHO.

Pabo4ee mecTo caecaps.

Ha pabouem mecTe criecapb BBINOJIHSET ONEpaly, CBsI3aHHbIe ¢ ero npogdeccueii. Pabouee
MECTO OCHAIAeTcs 000py10BaHUEM, HEOOXOAUMBIM Ul IPOBEIECHUS CIECAPHBIX PAOOT.

PaGouee mecTo ciiecapst MOXKET HaXOUTHCS KaK Ha 3aKPBhITOM, TaK U HA OTKPBITOM TUIOIIAIKE
B COOTBETCTBUHU C IJIAHUPOBKOM MPOU3BOACTBEHHOTO IIOMEUIEHMS U TEXHOJIOTHEN
IIPOU3BOJICTBEHHOI' O MpOLIEcca.

[Inomans paboudero Mecra ciecapsi 3aBUCUT OT XapakTepa U 00beMa BbINOJIHAEMON PaOOTHI.
Ha npoMbIlUIeHHBIX IPeANpUATUsIX padouee MECTO cliecapsi MOXKeET 3aHuMaTh 4—8 M, B
MAacTEpCKHUX — HE MeHee 2 M.

Pabouyee mMecTo ciiecapst B 3aKphITOM IIOMEIICHHH, KaK IIPaBUIIO, TOCTOsTHHOE. Paboyee MecTo
BHE MTOMEILIEHHSI MOKET IEPEMEIAThCsl B 3aBUCMMOCTH OT MTPOM3BOACTBEHHOW 0OCTaHOBKHU U
KIIMMAaTU4Y€CKUX yc.]'[OBHﬁ.

Ha paGoueM mecte ciiecapsi JOJIKEH ObITh YCTAHOBJIEH BEPCTaK, 000PY10BaHHBII
COOTBETCTBYIOLIUMH MTPUCIIOCOOICHUAMH, B IEPBYIO OUYEPEb CIECAPHBIMU TUCKAMH.
bonbmmHCTBO onepanuii ciecapb BBIIOJIHAET 3a CIECAPHBIM BEPCTAKOM C UCIOIb30BAHUEM
TUCKOB.

Pabouee mecTo cnecaps-cOOpILMKa K cliecaps 0 peMOHTY 000pyIOBaHUS MOXKET
pa3MeniaThesi Ha COOPOYHOM YHACTKe.

[Tomumo ocHOBHOTO paboyero Mecta (3a BEpCTaKoM) y ciecaps MOTYT ObITh
BCIIOMOTaTeNbHbIe paboune MecTa, HallpUMep, Y Pa3METOUHOM, TPUTUPOYHON HITU
KOHTPOJIBHOM IIJIUT, Y KY3HEUHOI'O TOPHA MJIM HAKOBAJIbHU, Y CBAPOYHOIO aNmnapara,
CBEPJIMJIBHOI'O CTAHKA, MEXaHHMUYECKOW MUJIbI, PYyYHOTO MIpecca, MIIUTHI U1 IPABKH U T. 1.

BcmomorarenbHoe pabouee MECTO CTAHOBUTCSI OCHOBHBIM, €CJIM pab0Ta MMEET CIICIHAIbHBIN
XapakTep, HarpuMep, pabouee MECTO y CBEPIMILHOTO CTaAHKA, KOTOPBIH 00CTyKHBaeT
cliecapb-CBEPIIOBIIMK, pabouee MECTO y MPUTUPOUHOM TUIUTBI, 32 KOTOPOM paboTaeT ciaecapb-
MPUTHUPIIKK, pabouee MECTO y CBAPOYHOTO arapara, Ha KOTOpOM paboTaeT ciaecapb-
CBapIIWK H T. [I.

Texkymmuii KOHTpoIb Ned
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®opma koutpoJs: [Ipaktuueckas padota (Ompoc)
OnucareabHasi yacTh: becena
3ananue Nel

Hepe‘II/ICHI/ITB Tpe6OBaHI/I${ K OpraHu3anuu pa60qero MCCTa MOHTaXHHKa paI[I/IO3J'I€KTp0HHOI71

a11uapa1 _)’}4 DI.
Onenka |Ilokaszarenu oleHKH
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PackpsIT 01MH BOTIPOC U3 TpeEX.

1. Onpenenuts 1eNb U MIpaBUiIa BHYTPEHHETO PACHOpsAKa B yUeOHO-IPOU3BOACTBEHHON
MAaCTEpPCKOM.

Henbto yueOHO-NPON3BOACTBEHHOMN MPAKTUKH SIBIISIETCA 3aKPEIJICHUE U yIiiyOeHue
TEOPETUYECKUX 3HAHUH 10 JaHHOU AUCLUIUIMHE U IPUBUTUE UM IIEPBUYHBIX IPAKTUYECKUX
HAaBBIKOB I10 BBIITOJIHEHUIO OCHOBHBIX ONEpallnid PpEMOHTA pauoannaparypsl.

[Tomemienue ans npoBeeHUs MPAKTUYECKUX paboT MO ciiecapHO-COOPOYHBIM padoTaM U
JIEKTPOMOHTAXKY 000pYZ0BaHa B CIEIMAILHOM MPOU3BOJCTBEHHOM Kiacce. OH COIEPKUT
BECh HEOOXOUMBIN KOMIUIEKC J1a00paTOPHO-TIPOM3BOICTBEHHOTO 00opyaoBanus. Croma
BXOJST CHEMaIbHO 000PYAOBAaHHBIE CTOJBI Ha 15 pabounx MecT, CHaO)KEHHbIE MyJIbTaMU
WHAUBUAYAJIBbHOI'O IIOJIB30BaHUA, OCBCIICHHUEM, BCHTI/IJ'ISIHI/ICI\/’I, HHCTPYMCHTOM
9JIEKTPOMOHTA)XKHUKA, HACTEHHAs: HH(pOpMalus, CpecTBa TexHuueckoro o0yuenus. [Turanue
7a00paTOpPHUN OCYIIECTBISIETCS IEHTPAIN30BAaHO UICTOYHUKAMH BBICOKOTO M HU3KOTO
HaPsOKEHUS.

Pabouee mecto cnecapsi cOOpIIMKa U MOHTaKHHUKA Pain03JIEKTPOHHOM anmnapaTypbl 1
MpUOOPOB - 3TO YUACTOK POU3BOJCTBEHHOM IUIOIIA/IU, TPEAHA3HAYECHHBIH JIJIs1 BBITOJIHEHUS
OTIpeIeIeHHON pabOoThl M OCHAILIEHHBII COOTBETCTBYIOIIUM 000PYJOBAaHUEM, HHCTPYMEHTOM
Y MaTepuaiaMu: 3J1. NasJIbHUKUA COOTBETCTBYIOIIEN MOIIIHOCTH, IIOJCTaBKa JJis MasIbHUKA,
HOK JUJIs1 CHATHS MU30JISILKHU, IPHOOP ISl U3MEPEHUS TEMIIEPaTyphbl, Tapa sl XpaHEHHs
(roca v npunos ,Habop UHCTPYMEHTA (OTBEPTKH, IMJIOCKOTYOIIbI, KPYTIOTyOIbl, KyCauK1
OOKOBBIE M TOPLIEBbIC, HATWIBHUK, TMHLET, KJIIOYM IaeYHbIe, TUHEHKA, HOXKHUIIbI, KUCTOUKH,
Jyra, KOBPUKH HAIOJIbHBIE U Ha CTOJIbI paboune.

- IPOAYBKA CXKAThIM BO3AyXOM MOHTAKa JOJIKHA IPOUCXOJNUTH B OTJEIBHO OTBEIEHHOM
MecTe 000pyIOBaHHOM BEHTHJISILIMEH MIPU BBIOJIHEHUH Pa0OT CBA3aHHBIX IPOTACKHMBAHUEM
MIPOBOJIOB B SKPAaHUPOBAHHYIO OIUJIETKY B FTMOKHMX IIJIAHTAX WK KOJUIEKTOpax HEOOX0AUMO
II0JI30BaThCS CIIELIMAIBHBIMU ITIEPYaTKAMH.

- KaTCTrOpHUICCKHU 3allpeiiacTCs NPpOU3BOJUTH ,Z[Opa6OTKI/I MOHTa)ka B CXeMax OJIOKOB KOTOPBIC
HaxOoOATCA OO HAIPSKCHUEM

- anmaparypa, ¢ KOTOpoi Mbl paboTaeM J10JIKHA ObITh 3a3eMJICHA.

2. Texnuka Oe30macHOCTH Ha pabodyem MecTe.

HpI/I BBIITOJIHCHHUHU MOHTAXHBIX pa60T H€O6XOI[I/IMO HpI/II[ep)KI/IBaTBCﬂ cne)ly}onmx HpaBI/IH I10
TEXHUKUA 0€30IaCHOCTH:

1. Ha paGoueM mecTe HE JOKHO ObITh HUUETO JIMIIHETO.
2. Pabouee MecTO 311. MOHTa)XHUKA 000PYyeTCsl XOPOLIMM OCBELICHUEM.
3. BBITS’)KHOW BEHTUJISILIUEH.

ctp. 17 u3 156




. DIEKTPUYCCKUMH TOYKAMH TSI DJICKTPOUHCTPYMEHTOB.

. Pabouee MecTO TOMKHO OBITH 3a3E€MJICHO.

. MHCTpYMEHTBI 1 000pYyTOBAaHUE JTIOJDKHO OBITH B UCIIPABHOM COCTOSTHHH.

. Ha paGouem mecTe He JOMKHO OBITH HUUETO JIMIITHETO.

. Pyku 1OKHBI OBITh CyXHMH U YACTBIMH.

. [asIpHUK KJACTh HA TOJMBKO HA MOJACTABKY.

. He poBepsITh cTenens HarpeBa masuibHAKA Ha OIYTIb.

. [Ipu maiike He MpUIEPKUBATH JAETANU PyKaMH, TOJIBKO MUHIIETOM WU
IJIOCKOTYOIIaMHU.

. He ounmate nasyibHUK OT JIMIITHETO MPUIIOS MyTEM BCTPAXUBAHUS, TOIBKO
MIPUKOCHOBEHWEM jKaJia MasUTbHUKA K IMPUTIOK0 HITH X/0 TKaHU.

13. 3aunmaTk kano nassIbHUKA ClIeyeT TOTAa, KOr/la OH HE Harper.

14. He BBITIOJIHATH MOHTa)KHBIE paOOTHI, KOTAa OJIOK HAXOIUTCS MO HAMPSIKCHUEM.

15. Bce )XUIKOCTH XpaHUTh B 3aKPHITON CTEKISTHHON Tape C HAKICEHHBIM SPJIBIYKOM.

16. [IpoBo mocIie maiku OTKYChIBaTh OT CE0s1 U COCENIEH.

—_—
— O O 00 0N D B~

—_
[\

Pexum paboThl 1 opranusaiys padouero Mecra 3JeKTPOMOHTaXKHHKA.

3. Buzbl v 3ajaun MHCTpYKTakel 1o 6€30MacHOCTH Tpya.

OTBETCTBEHHOCThH 32 OPraHU3aLUIO0 CBOEBPEMEHHOI'O U KAUeCTBEHHOI'0 00YUYEHHUs U IPOBEPKHU
3HaHUH MO0 OXpaHEe TPY/la HECET PYKOBOJIUTEIh. A CBOEBPEMEHHOCTHLOOYUEHHUST PaOOTHHUKOB
KOHTPOJIMPYET HHXKEHEP IO OXpaHE TPy a.

WHcTpyKTaxu no xapakrepy ¥ BpeMEHH IIPOBEAEHUS MOAPA3AEIAIOTCS Ha!

1. BBOAHBIN HHCTPYKTAaK NPH NIpHeMe HA padoTy;

2. IepBUYHBII HHCTPYKTAK HA padoueM MecTe;

3. BHEIUIAHOBBI HHCTPYKTA:K PH BBEJCHUH HOBOT'0 000PY/10BaHUsl, NPU U3MeHEHHH
TeXHOJIOTHYeCKOr0 Npouecca, HHCTPYMEHTOB, ChIPbS;

4. neJieBOi HHCTPYKTAK MPOBOAAT Nepe/ BHIMOJIHEHHEM CJIeAYIOIHX padoT:
a). pa3oBbIe pPabOTHI HE CBSI3aHHBIC C MIPSMBIMU 00S3aHHOCTSIMU;

0) crienrasibHbBIE (TIOTPY3Ka, BRITPY3Ka, YOOpKa TEPPUTOPHHA. .. .)

B) JIMKBHUJIALIMS TIOCTICACTBUIN aBapuii, CTAXUMHBIX O€ICTBHI, KaTacTpod;

I')IIPOU3BOJICTBO paboT, Ha KOTOpPbIe OGOPMIISETCS HAPAA-IOMYCK ... H IP. MEPOIIPUSITHSL.

PaCKpHTO JABa BOIIpOCa U3 TPEX.
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1. OnpenenuTsb eI U MpaBuiia BHYTPEHHETO pacnopsiika B y4eOHO-IPOU3BOICTBEHHOM
MAaCTEpPCKOM.

HCHBIO yqe6H0-HpOH3BOZ[CTBCHHOﬁ NPAaKTUKU SABJISCTCA 3aKPCIIJICHUC U yFHy'6J'IeHI/IC
TCOPCTUUCCKUX 3HAHWH I10 HaHHOfI AUCHUIIIMHE U IMTPUBUTHUEC UM IICPBUYHBIX IPAKTHUYCCKUX
HaBBIKOB I10 BBITTIOJTHCHHIO OCHOBHBIX onepaunﬁ PEMOHTA paauoanmapaTypsl.

[Tomerienue a1t MPOBECHUS IPAKTUYECKUX paboT M0 ciaecapHO-cOOPOUYHBIM paboTaM U
JIEKTPOMOHTaXKy 000pYA0BaHa B CIEIIMAIbHOM POU3BOJACTBEHHOM Kiiacce. OH COIEPKUT
BECh HEOOXOMMBIM KOMIUIEKC J1a00paTOpHO-MIPOU3BOICTBEHHOTO 060pyaoBanus. Crona
BXOJISIT CIELIMATILHO 000PYOBaHHbIE CTONBI Ha 15 pabounx MecT, CHaOKEHHBIE MyJIbTaMU
MHIUBUAYAIBHOIO II0JIb30BaHNUs, OCBEILIEHUEM, BEHTUIIILUEN, HHCTPYMEHTOM
JIEKTPOMOHTAXXHUKA, HACTeHHasi HHpopMalus, CpefcTBa TeXHUUecKoro o0yuenus. [Tutanue
71a00paTOPUN OCYIIECTBISAETCS LEHTPAIN30BaHO HICTOUHUKAMH BBICOKOTO M HU3KOTO
HaIpsHKEHUS.

PaGouee mecto ciecapst cOOpiIrKa 1 MOHTaXXHHUKA PaIHO3IEKTPOHHON annapaTypsl U
pUOOPOB - 3TO YYACTOK MPOM3BOJICTBEHHOM IJIOIIAIH, TpEeIHA3HAUCHHBIH [l BBITIOJHEHUS
orpezesieHHON paboThl U OCHAIIEHHBIN COOTBETCTBYIOIIUM 000pY10BaHUEM, HHCTPYMEHTOM
U MaTepuaiaMu: 3J1. NasJIbHUKNA COOTBETCTBYIOIIEH MOIIHOCTH, IIOJICTAaBKA JUIs NasJIbHUKA,
HO JUISL CHATUS U30JISILIMU, IPUOOp AJI U3MEPEHUs TEMIIEPAaTyphl, Tapa AJisl XpaHEHUS
¢roca u npunos ,Habop UHCTPYMEHTa (OTBEPTKH, IUIOCKOTYOIIbI, KPYTIOTYOIIbI, KyCauKH
OOKOBBIE U TOPLIEBbIEC, HATWIBHUK, TMHIIET, KJIIOYH racuHble, JUHEeHKa, HOXKHUIIbI, KUCTOYKH,
Jdyna, KOBpUKH HaloJbHbBIE U Ha CTOJIbI pabovHe.

- IPOJIYBKa CKaTbIM BO3yXOM MOHTa)ka JOJKHA POUCXOAUTh B OTIEIBHO OTBEACHHOM
MecTe 000pyI0BAaHHOW BEHTHIALIMEH MPHU BHITIOJIHEHUH Pa0OT CBS3aHHBIX MPOTACKHBAHUEM
MIPOBOIOB B SKPAHUPOBAHHYIO OIJIETKY B TMOKHX IIJIAHTAaX WK KOJUIEKTOPax HEOOXOAUMO
MOJIb30BaTHCS CIENUAIBHBIMU NIEPYATKAMMU.

- KaTCropn4cCKHU 3arperacTcs IpOU3BOJUTH I[Opa6OTKI/I MOHTAa’Ka B cxeMax OJIOKOB KOTOPBIC
HaxXOoOATCA MOA HAIIPSAKCHUEM

- anmapaTypa, ¢ KOTOpoi Mbl paboTaeM JOJKHA ObITh 3a3eMJIeHA.

2. Texnuka 6e30MacHOCTH Ha paboyeM MecTe.

[Ipu BBIOIHEHUU MOHTAXHBIX PAOOT HEOOXOAMMO MPUIEPKUBATHCS CIIEIYIONINX PABHI IO
TEXHUKU 0€30IMaCHOCTH:

1. Ha paGouem mecTe HE HOKHO ObITh HUYETO JIUIITHETO.

2. PaGouee MecTO 3J1. MOHTaXKHHKA 000PYIYyETCSI XOPOILIUM OCBEILIEHUEM.
3. BEITSKHOM BEHTHIIALIMEH.

4. DNEKTPUIECKUMU TOYKAMU TSI SJIEKTPOMHCTPYMEHTOB.

5. Pabouee MeCTO TOIKHO OBITH 3a3€MJICHO.
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. UHCTpyMEHTBI 1 000pyIOBaHKE TOJDKHO OBITH B UCTIPABHOM COCTOSIHUH.

. Ha paGouem mecTe He JOMKHO OBITH HUUETO JIMIITHETO.

. Pyku momKHBI OBITH CYXHMH M YUCTHIMHU.

. [lastIbHUK KJIACTh HA TOJIBKO HA MOJACTABKY.

. He mpoBepsTh cTeneHs HarpeBa masuibHUKA Ha OIIYIIb.

. [Ipu naiike He npUAEPKUBATH AETAIM PyKaMH, TOJbKO MUHILIETOM WU
IJIOCKOTYOIIaMHU.

12. He ouniaTh NasjbHUK OT JIMIIHETO MPUIIOS ITyTEM BCTPSAXUBAHUSA, TOJIBKO

MMPUKOCHOBEHUEM >Kajia MasuIbHUKA K TIPUIIOI0 WK X/0 TKaHHU.

13. 3aunmaTse *kajo nasjbHUKA CIEQYET TOI/1a, KOr/la OH HE Harper.

14. He BBITIOJIHATH MOHTa)KHBIE paOOTHI, KOTAa OJIOK HAXOIUTCS MO HAMPSIKCHUEM.

15. Bce )KUOKOCTH XpaHUTh B 3aKPBITOM CTEKIISITHHOM Tape ¢ HAKJICEHHBIM SIPJIBIYKOM.

16. [IpoBoa mocIie maiku OTKYChIBaTh OT Ce0s1 U COCENEH.

— O O 0 3

—_— —

Pexum paboThl 1 opranusaiys padouero Mecra 3JeKTPOMOHTaXKHHKA.

3. Buabl v 3ajaun MHCTpYKTakel 1o 6€30MacHOCTH Tpyaa.

OTBETCTBEHHOCThH 32 OPraHU3ALUI0 CBOEBPEMEHHOI'0 U KAUeCTBEHHOI'0 00YUYEHHUs U IPOBEPKHU
3HaHUH M0 OXpaHEe TPY/Jla HECEeT PYKOBOJIUTEIh. A CBOEBPEMEHHOCTh O0YUYECHHS paOOTHUKOB
KOHTPOJIMPYET HHXKEHEP IO OXpaHE TPy a.

WHcTpyKTaxu no xapakrepy ¥ BpeMEHH IIPOBEAEHUS MOAPA3AEIAIOTCS Ha!

1. BBOAHBIN HHCTPYKTAaK NPH NIpHeMe HA padoTy;

2. IepBUYHBII HHCTPYKTAK HA padoueM mMecTe;

3. BHEILUIAHOBBI HHCTPYKTA:K MPH BBEJCHUH HOBOT0 000PY/10BaHUsl, NPU U3MeHEHHH
TeXHOJIOTHYeCKOr0 Npouecca, HHCTPYMEHTOB, ChIPbS;

4. neJieBOi HHCTPYKTAK MPOBOAAT Nepe/ BHIMOJIHEHHEM CJIeAYIOIIHX padoT:
a). pa3oBbIe pPabOTHI HE CBSI3aHHBIC C TIPSMBIMU O0S3aHHOCTSIMU;

0) crienrasibHbBIE (TIOTPY3Ka, BRITPY3Ka, YOOpKa TEPPUTOPHHA. .. .)

B) JIMKBHUJIALIMS TIOCTICACTBUIN aBapuii, CTAXUMHBIX O€ICTBHI, KaTacTpod;

I')IIPOU3BOJICTBO paboT, Ha KOTOpPbIe OGOPMIISETCS HAPAA-IOMYCK ... H IP. MEPOIIPUSITHSL.
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PackpsiTO Tpu Bonpoca U3 Tpex.

1. Onpenenuts 1eNb U MpaBUiIa BHYTPEHHETO PACHOpsAKa B yUeOHO-IPOU3BOACTBEHHON
MAaCTEpPCKOM.

Henbto yueOHO-NPON3BOACTBEHHOMN MPAKTUKH SIBIISIETCA 3aKPEIJICHUE U yIiiyOeHue
TEOPETUYECKUX 3HAHUH 10 JaHHOU AUCLUIUIMHE U IPUBUTUE UM IIEPBUYHBIX IPAKTUYECKUX
HAaBBIKOB I10 BBIITOJIHEHUIO OCHOBHBIX OIEpalluid PpEMOHTA paJuoannaparypsl.

[Tomemienue as npoBeeHUs MPAKTUYECKUX paboT MO ciiecapHO-COOPOYHBIM padoTaM U
JIEKTPOMOHTAXKY 000pYZ0BaHa B CIEIMAILHOM MPOU3BOJCTBEHHOM Kiacce. OH COIEPKUT
BECh HEOOXOUMBIN KOMIUIEKC J1a00paTOPHO-TIPOM3BOICTBEHHOTO 00opyaoBanus. Croma
BXOJST CHEMaIbHO 000PYAOBAaHHBIE CTOJBI HA 15 pabounx MecT, CHaO)KEHHbIE MyIbTaMU
WHAUBUAYAJIBbHOI'O IIOJIB30BaHUA, OCBCIICHHUEM, BCHTI/IJ'ISIHI/ICI\/’I, HHCTPYMCHTOM
JIEKTPOMOHTA)XKHUKA, HACTEHHAs HHpOpMalus, CpecTBa TexHuueckoro o0yuenus. [Turanue
1a00paTOpHUU OCYIIECTBISIETCS IEHTPAIN30BAaHO UICTOYHUKAMH BBICOKOTO M HU3KOTO
HaNPsKEHUS.

Pabouee mecTo cnecapsi cOOpIIMKAa U MOHTAKHUKA PaIi03JIEKTPOHHOM annapaTypsl 1
MpUOOPOB - 3TO YUACTOK IPOU3BOJCTBEHHOM IUIOIIA/IU, TPEAHA3HAYECHHBIH JIJIs1 BHITOJIHEHUS
OTIpeIeIeHHON pabOoThl M OCHAILIEHHBII COOTBETCTBYIOIIUM 000PYJOBAaHUEM, HHCTPYMEHTOM
1 MaTepuaiaMu: 3J1. NasJIbHUKUA COOTBETCTBYIOIIEN MOIIIHOCTH, IIOJCTaBKa JJis MasIbHUKA,
HOK JUJIsl CHATHS M30JISILKHU, IPHOOP ISl U3MEPEHUS TEMIIEPaTyphbl, Tapa sl XpaHEHHs
(roca 1 npunos ,Habop UHCTPYMEHTA (OTBEPTKH, IMJIOCKOTYOIIbI, KPYTI0TyOIIbl, KyCauK1
OOKOBBIE M TOPLIEBbIC, HATWIBHUK, TMHLET, KJIIOYH IaeYHbIe, TMHEHKA, HOXKHUILIbI, KUCTOUKH,
Jyra, KOBPUKH HAIOJIbHBIE U Ha CTOJIbI paboune.

- IPOAYBKA CXKAThIM BO3AyXOM MOHTAKa JOJIKHA IPOUCXOJNUTH B OTJEIBHO OTBEIEHHOM
MecTe 000pyIOBaHHOM BEHTHJISLIMEH IPU BBIOJIHEHUH PA0OT CBSA3aHHBIX IPOTACKMBAHUEM
MIPOBOJIOB B SKPAaHUPOBAHHYIO OIUIETKY B FTMOKHMX IIJIAHTaX WK KOJUIEKTOpax HEOOX0AUMO
I0JI30BaThCS CIIELIMAIBHBIMU ITEPYaTKAMH.

- KaTCrOpHUICCKHU 3allpeiiacTCs NPpOU3BOJUTH ,Z[Opa6OTKI/I MOHTa)Ka B CXeMax OJIOKOB KOTOPBIC
HaxXOoOATCA OO HAIPSKCHUEM

- anmaparypa, ¢ KOTOpoi Mbl paboTaeM J10JIKHA ObITh 3a3eMJICHA.
2. Texnuka Oe30macHOCTH Ha pabodyem MecTe.
HpI/I BBIINIOJTHEHUHN MOHTAaXXHBIX pa60T H€O6XOI[I/IMO MNPUACPKUBATHCA CICAYIOMINX ITPaBUJII 110

TEXHUKUA 0€30IaCHOCTH:

1. Ha paGoueM mecTe HE JOKHO ObITh HUUETO JIMIIHETO.
2. Pabouee MecTO 311. MOHTa)XHUKA 000PYyeTCsl XOPOLIMM OCBELICHUEM.
3. BBITS’)KHOW BEHTUJISILIUEH.
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. DIEKTPUYCCKUMH TOYKAMH TSI DJICKTPOUHCTPYMEHTOB.

. Pabouee MecTO TOMKHO OBITH 3a3E€MJICHO.

. MHCTpYMEHTBI 1 000pYyTOBAaHUE JTIOJDKHO OBITH B UCIIPABHOM COCTOSTHHH.

. Ha paGouem mecTe He JOMKHO OBITH HUUETO JIMIITHETO.

. Pyku 1OKHBI OBITh CyXHMH U YACTBIMH.

. [asIpHUK KJACTh HA TOJMBKO HA MOJACTABKY.

. He poBepsITh cTenens HarpeBa masuibHAKA Ha OIYTIb.

. [Ipu maiike He MpUIEPKUBATH JAETANU PyKaMH, TOJIBKO MUHIIETOM WU
IJIOCKOTYOIIaMHU.

. He ounmate nasyibHUK OT JIMIITHETO MPUIIOS MyTEM BCTPAXUBAHUS, TOIBKO
MIPUKOCHOBEHWEM jKaJia MasUTbHUKA K IMPUTIOK0 HITH X/0 TKaHU.

13. 3aunmaTk kano nassIbHUKA ClIeyeT TOTAa, KOr/la OH HE Harper.

14. He BBITIOJIHATH MOHTa)KHBIE paOOTHI, KOTAa OJIOK HAXOIUTCS MO HAMPSIKCHUEM.

15. Bce )XUIKOCTH XpaHUTh B 3aKPHITON CTEKISTHHON Tape C HAKICEHHBIM SPJIBIYKOM.

16. [IpoBo mocIie maiku OTKYChIBaTh OT CE0s1 U COCENIEH.

—_—
— O O 00 0N D B~

—_
[\

Pexum paboThl 1 opranusaiys padouero Mecra 3JeKTPOMOHTaXKHHKA.

3. Buzbl v 3ajaun MHCTpYKTakel 1o 6€30MacHOCTH Tpya.

OTBETCTBEHHOCThH 32 OPraHU3aLUIO0 CBOEBPEMEHHOI'O U KAUeCTBEHHOI'0 00YUYEHHUs U IPOBEPKHU
3HaHUH M0 OXpaHEe TPY/la HECEeT PYKOBOJIUTETh. A CBOEBPEMEHHOCTh O0YUYECHHS paOOTHUKOB
KOHTPOJIMPYET HHXKEHEP IO OXpaHE TPy a.

WHcTpyKTaxu no xapakrepy ¥ BpeMEHH IIPOBEAEHUS MOAPA3AEIAIOTCS Ha!

1. BBOAHBIN HHCTPYKTAaK NPH NIpHeMe HA padoTy;

2. IepBUYHBII HHCTPYKTAK HA padoueM MecTe;

3. BHEIUIAHOBBI HHCTPYKTA:K PH BBEJCHUH HOBOT'0 000PY/10BaHUsl, NPU U3MeHEHHH
TeXHOJIOTHYeCKOr0 Npouecca, HHCTPYMEHTOB, ChIPbS;

4. neJieBOi HHCTPYKTAK MPOBOAAT Nepe/ BHIMOJIHEHHEM CJIeAYIOIHX padoT:
a) pa3oBbIe PaOOTHI HE CBS3AHHBIC C MIPSIMBIMU 00S3aHHOCTSIMU;

0) crienrasibHbBIE (TIOTPY3Ka, BRITPY3Ka, YOOpKa TEPPUTOPHHA. .. .)

B) JIMKBHUJIALIMS TIOCTICACTBUIN aBapuii, CTAXUMHBIX O€ICTBHI, KaTacTpod;

T') IPOU3BOJICTBO paboT, HA KOTOpbIE 0GOPMIISETCS HAPSAA-IOMYCK ... U AP. MEPOIPUATHS.
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Saganue No2

OTBeTHUTH Ha BOIIPOCHI:

1. Yto Takoe oxpaHa TpyJa, HEOOXOAUMBbIE YCIOBHUS ISl €€ BbIMOTHEHHUS.

2. Bunpl 1 3a1a4M MHCTPYKTaXKel 10 6€30MacHOCTH TPY/a.

3. JIeficTBHE 2IEKTPUYECKOTO TOKA HA OPTraHU3M YEJIOBEKA.

OreHka

Tloka3zarenu olleHKHA

3

PackpbITh 0AMH BOIIPC U3 TPEX:

1. OcHOBHBIC OnIpe/ie/IeHUsI OXPaHbI TPYAA.

OxpaHa Tpya — 3TO CUCTEMa OXPAHEHUS KU3HU U 3/I0pOBbsi pAOOTHUKOB B IpOLIECCe
TPYZOBOH AESITETLHOCTH U €€ OCHOBHbIE MPUHIUIIBI 3aKPETIJICHBI 3aKOHOIATEIBHO B
Koncruryuuu P®. Ona Bkiovaromas B ce0si mpaBoBble COLMATbHO-3KOHOMUYECKHUE,
OpraHU3allMOHHO-TEXHUYECKHUE, CAHUTAPHO-TUTHEHNYECKHE, JTeueOHO-TPOUIaKTHIECKHE,

pea6I/IJII/ITI/I‘{eCKI/Ie " APpYyruc MCpOoIIpusATHA.

I[HSI 0e30IMacHOCTH Tpyaa HpOHSBOI[CTBCHHOfI ACATCIIBHOCTH HeO6XO,Z[I/IMO BBITIOJIHATD
HCKOTOPLIC YCIIOBUSA:

1. Co3naTh ycnoBus Tpya;
2. TpeboBanus 6€30MaCHOCTH TPYa;
3. be3omnacHOCTh MPOU3BOJICTBEHHOTO 000PY10BaHMUS;
1. be3onacHOCTh MPOU3BOJICTBEHHOTO MPOLIECCA;
2. CpencTBa MHAMBHUyaTbHON M KOJJIEKTUBHOM 3aIUThI PAOOTHUKOB;
3. Ceptu¢ukat COOTBETCTBHSI MHANBHYATbHON U KOJJICKTHBHOH 3aIIUTH pAOOTHHKOB;
4. Ceprudukar cooTBeTCTBHS paboT Mo oxpaHe Tpya (cepTudukat 0€30MacHOCTH).
5. TpynoBoii 1oroBop (KOHTPAKT).
6. TpyaoBoe coryanieHue.
2. Buabl ¥ 3a1a4n HHCTPYKTAMXKeH 10 0e30I1aCHOCTH TpyAa.
OTBETCTBEHHOCTb 3a OPraHU3ALUIO0 CBOEBPEMEHHOI'0 U KAUeCTBEHHOI'0 00YUYEHHUs U IPOBEPKHU
3HaHUH M0 OXpaHEe TPY/Jla HeCEeT PYKOBOJIUTEIh. A CBOEBPEMEHHOCTh O0YyUYECHHS paOOTHUKOB
KOHTPOJIMPYET UHKEHEP 0 OXpaHe TpyJa.
WHCcTpyKTaXH 10 XapakTepy U BpeMEHU IPOBEICHHs TOIpa3Aes0TCs Ha:

1. BBOAHBIN HHCTPYKTAaK NPH NIpHeMe HA padoTy;

2. IepBUYHBII HHCTPYKTAK HA padoueM MecTe;
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3. BHeIJIaHOBbDIIi HHCTPYKTAK IPU BBEACHUH HOBOI'O 060py}]0BaHHﬂ, IPpH USMECHCHUHA
TEXHOJOIH41€CKOro mpoimecca, HHCTpPyMEeHTOB, CbIPbS;

4. nesieBOM MHCTPYKTAK NPOBOAAT Nepe/ BHINOJHEHHEM CJIeAYIOIHX padoT:

a). pa3oBble PabOTHI HE CBSI3aHHBIE C MPSIMBIMU 00S3aHHOCTSIMH;

0) ceuunanbHble (Orpy3Ka, BEITpy3Ka, yOOpKa TEppUTOPHIA. . ..)

B) JIMKBUIALIUA [TOCIIEACTBUI aBapuii, CTUXUIHBIX O€JCTBHIi, KaTacTpod;
I')IIPOM3BOICTBO PadOT, HA KOTOPbIE 0(OPMIIAETCS HAPSII-A0MYCK ... 1 Ip. MEPONPHUITHUS.
3. leiicTBHE 2JIEKTPHYECKOr0 TOKA HA OPraHU3M YeJI0BeKAa.

DNEKTPUUECKUN TOK, IPOXOs YEPE3 TEJIO YEIOBEKA OKA3bIBAET:

Tepmuueckoe, XUMHYECKOE, MEXaHUUECKOE U OMOJIOTHYECKOE BO3ICICTBHIE.

1. Tepmuyeckoe BO3AeHCTBHE — ITO 0KOTH, DIEKTPUUECKUE 3HAKU, METAJUIU3ALUS
KOXH..

2. XuMnyeckoe BO3/1elCTBHE — 3TO IEKTPOJIN3 KOXKH HapyIIeHue (PU3H0IOrnIeCKUX
¢GbyHKIMH Tpy 00IyYEeHUH MOIIHBIM TOTOKOM YJIbTParOJIETOBBIX JIyuen
IEKTPOIUTUYECKOHN TyTH MPUBOJUT K BOCTIAJICHUIO 000JI0UEK T1a3.

3. MexaHnu4eckoe BO3/1eiiCTBHE TOKA — IIPOSIBJISIETCS [IPU Pa3pbIBE WM PACCIOCHUN
MBIIIL, Pa3pbIBE CYXOXWINN, BBIBUXaX CYCTaBOB. ...COKPAILICHUH MBIIIILI.

4. Buosornyeckoe Bo3elicTBHE TOKOM — IIPUBOAUT K 3JIEKTPUUECKOMY yAapy WIH
LIOKY (IOTeps CO3HAHUS HApYIICHUS JESITeIbHOCTU Ceplla WK AbIXaHUs, YTO
MIPUBOIUT K CMEPTH).

[IprumnHEl 231€KTPO-TpaBMAaTU3MA:

1. City4daiiHoe IPUKOCHOBEHUE;

2. [TosiBneHue HaNpsKEHUsT HA METAIUTMYECKUX YaCTIX AJIEKTPOOOOpY10BAHUS,
HapyIICHUS H30JISIINH;

3. Omunb0o4HOE BKIIIOYEHHE HIIEKTPOYCTAaHOBOK HAa KOTOPBIX Pa0OTAIOT JIFO/IH;

4. OTcycTBHE 3a3€MIJICHHS 3[]aHUS U DJIEKTPOYCTAaHOBOK.
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PackpeiTh 1Ba Bonpoca U3 Tpex:

1. OcHOBHBIC OnIpe/ie/IeHUSI OXPaHBbI TPYAA.

OxpaHa Tpya — 3TO CUCTEMa OXPAHEHUS KU3HU U 3/10pOBbsi pAOOTHUKOB B IpOLIECcCe
TPYZOBOH AESITEILHOCTH U €€ OCHOBHbIE PUHIHUIIBI 3aKPETIJICHBI 3aKOHOIATEIBHO B
Koncruryuuu P®. Ona Bkiovaromas B ce0si mpaBoBbIe COLMATbHO-3KOHOMUYECKHUE,
OpraHU3allMIOHHO-TEXHHUYECKHUE, CAHUTAPHO-TUTMEHUYECKHE, JTeueOHO-TPOUIaKTHIECKHE,

pea6I/IJII/ITI/I‘{eCKI/Ie U APpYyruc MCpOIIpusATHA.

I[HSI 0e30IMacHOCTH Tpyda HpOPI3BOI[CTBCHHOfI ACATCIIBHOCTH HeO6XO,Z[I/IMO BBITIOJIHATD
HCKOTOPLIC YCIIOBUA:

1. Co3naTh ycnoBus Tpya;
2. TpeboBanus 6€30MaCHOCTH TPYa;
3. be3omnacHoCTh MPOU3BOJICTBEHHOTO 000PY10BaHMUS;
1. be3onacHOCTh MPOU3BOICTBEHHOTO MPOLIECCA;
2. CpencTBa MHAMBHUyaTbHON M KOJJICKTUBHOM 3aIUThl PAOOTHUKOB;
3. CepTudukar COOTBETCTBUS UHIANBUIYATIbHON U KOJJIEKTUBHOM 3aIIUTHl pAOOTHUKOB;
4. Cepruukar cooTBeTCTBHS paboT Mo oxpaHe Tpya (cepTuukat 0€30MacHOCTH).
5. TpynoBoii 1oroBop (KOHTPAKT).
6. TpyaoBoe coryanieHue.
2. Buabl ¥ 3a1a4n HHCTPYKTAXKeH 10 0e30I1aCHOCTH TpyAa.
OTBETCTBEHHOCThH 32 OPraHU3ALMI0 CBOEBPEMEHHOI'O U KAUeCTBEHHOI'0 00YUYEHHUs U IPOBEPKHU
3HaHUH M0 OXpaHEe TPY/Jla HECEeT PYKOBOJIUTETh. A CBOEBPEMEHHOCTh O0YUYECHHS paOOTHUKOB
KOHTPOJIMPYET HHKEHEP IO OXpaHE TPy a.
WHCcTpyKTaXu 10 XapakTepy U BpeMEHHU IPOBEICHHs TOpa3AesI0TCs Ha!
1. BBOAHBIN HHCTPYKTAaK NPH NIpHeMe HA padoTy;

2. IepBUYHBII HHCTPYKTAK HA padoueM MecTe;

3. BHEILUIAHOBBI HHCTPYKTA:K MPH BBEJICHUH HOBOT'0 000PY/A0BaHUsl, NPU U3MEeHEHHH
TeXHOJIOTHYeCKOr0 Npouecca, HHCTPYMEHTOB, ChIPbS;

4. nes1eBoOil HHCTPYKTAK MPOBOISAT Nepe/i BHINOJIHEHHEM CJIeAYIOIUX padoT:
a). pa3oBbIe pabOTHI HE CBSI3aHHBIC C MIPSMBIMU 00S3aHHOCTSIMU;
0) cnenuanbHble (IIOTPy3Ka, BRIFPy3Ka, yOOpKa TEPPUTOPHIA. . ..)

B) JIMKBHUJIALIMS TIOCTICACTBUIN aBapuii, CTAXUMHBIX O€ICTBHI, KaTacTpod;
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T')IIPOM3BOJICTBO PabOT, HA KOTOPhIE O(OPMIISETCS HAPSA-TOMYCK ... 1 JAP. MEPOTIPUSITHS.
3. leiicTBHE 3JIEKTPUYECKOI0 TOKA HA OPraHN3M 4ejloBeKa.

DIEKTPUYECKHI TOK, MPOXOS Yepe3 TEJIO YeTOBEKa OKA3bIBALT:

Tepmudeckoe, XUMUYECKOE, MEXaHUIECKOE M OMOJIOTHYECKOE BO3/ICHCTBHE.

1. Tepmuveckoe BO31eiCTBHE — OTO 0XKOTH, MICKTPUUECCKUE 3HAKH, METAILITU3AIIHS
KOXKH..

2. XuMu4veckoe BO3/1eiCTBHE — ITO JIEKTPOJIN3 KOXKH HApYIICHHE (PU3HOTOTUUECKHUX
GbyHKIUH Tpy 00TyYEeHUH MOIIHBIM TTOTOKOM YJIbTPa(UOIETOBBIX JTyden
AJIEKTPOJUTUYECKON JyTH MPUBOAMUT K BOCTATICHUIO 000JI0UYEK TIIas.

3. MexaHnu4eckoe BO3/1eiiCTBHE TOKA — IPOSIBJISIETCS [IPU Pa3pbIBE UM PACCIIOEHUU
MBI, paSPBIBe CYXO)KI/IJ'II/II\/’I, BbIBUXAaX CyCTaBOB. . ..COKpaHIeHI/II\/II MBIIIIII.

4. buoJsiornyeckoe BO3/1eiicTBHE TOKOM — PUBOJUT K 3JIEKTPUUECKOMY Yaapy WU
H_IOKy (HOTepfl CO3HAaHUsA HapyHIGHI/ISI OCATCIIBHOCTHU cep)ma WIN ObIXaHUs, YTO
MIPUBOAUT K CMEPTH).

HpI/IqI/IHH QJICKTPO-TpaBMaTu3Ma:

1. CnyuyaliHO€ IPUKOCHOBEHHUE;

2. [TosiBneHwe HANPSHKCHUST HA METAIUTMYECKUX YaCTSIX AIIEKTPOOOOPYI0BAHUS,
HapyILIeHUs U30JISLINY;

3. Omnbo4HOE BKIIOYEHHE AIEKTPOYCTAHOBOK Ha KOTOPBIX Pa0OTAIOT JIFOIU;

4. OTcycTBHE 3a3eMJICHUS 3[IaHUS U DJIEKTPOYCTaHOBOK.
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PackpeITh TpH BoIlpca U3 Tpex:

1. OcHOBHBIC OnIpe/ie/IeHUSI OXPaHBbI TPYAA.

OxpaHa Tpya — 3TO CUCTEMa OXPAHEHUS KU3HU U 3/10pOBbsi pAOOTHUKOB B IpOLIECcCe
TPYZOBOH AESITEILHOCTH U €€ OCHOBHbIE PUHIHUIIBI 3aKPETIJICHBI 3aKOHOIATEIBHO B
Koncruryuuu P®. Ona Bkiovaromas B ce0si mpaBoBbIe COLMATbHO-3KOHOMUYECKHUE,
OpraHU3allMIOHHO-TEXHHUYECKHUE, CAHUTAPHO-TUTMEHUYECKHE, JTeueOHO-TPOUIaKTHIECKHE,

pea6I/IJII/ITI/I‘{eCKI/Ie U APpYyruc MCpOIIpusATHA.

I[HSI 0e30IMacHOCTH Tpyda HpOPI3BOI[CTBCHHOfI ACATCIIBHOCTH HeO6XO,Z[I/IMO BBITIOJIHATD
HCKOTOPLIC YCIIOBUA:

1. Co3naTh ycnoBus Tpya;
2. TpeboBanus 6€30MaCHOCTH TPYa;
3. be3omnacHoCTh MPOU3BOJICTBEHHOTO 000PY10BaHMUS;
1. be3onacHOCTh MPOU3BOICTBEHHOTO MPOLIECCA;
2. CpencTBa MHAMBHUyaTbHON M KOJJICKTUBHOM 3aIUThl PAOOTHUKOB;
3. CepTudukar COOTBETCTBUS UHIANBUIYATIbHON U KOJJIEKTUBHOM 3aIIUTHl pAOOTHUKOB;
4. Cepruukar cooTBeTCTBHS paboT Mo oxpaHe Tpya (cepTuukat 0€30MacHOCTH).
5. TpynoBoii 1oroBop (KOHTPAKT).
6. TpyaoBoe coryanieHue.
2. Buabl ¥ 3a1a4n HHCTPYKTAXKeH 10 0e30I1aCHOCTH TpyAa.
OTBETCTBEHHOCThH 32 OPraHU3ALMI0 CBOEBPEMEHHOI'O U KAUeCTBEHHOI'0 00YUYEHHUs U IPOBEPKHU
3HaHUH M0 OXpaHEe TPY/Jla HECEeT PYKOBOJIUTETh. A CBOEBPEMEHHOCTh O0YUYECHHS paOOTHUKOB
KOHTPOJIMPYET HHKEHEP IO OXpaHE TPy a.
WHCcTpyKTaXu 10 XapakTepy U BpeMEHHU IPOBEICHHs TOpa3AesI0TCs Ha!
1. BBOAHBIN HHCTPYKTAaK NPH NIpHeMe HA padoTy;

2. IepBUYHBII HHCTPYKTAK HA padoueM MecTe;

3. BHEILUIAHOBBI HHCTPYKTA:K MPH BBEJICHUH HOBOT'0 000PY/A0BaHUsl, NPU U3MEeHEHHH
TeXHOJIOTHYeCKOr0 Npouecca, HHCTPYMEHTOB, ChIPbS;

4. nes1eBoOil HHCTPYKTAK MPOBOISAT Nepe/i BHINOJIHEHHEM CJIeAYIOIUX padoT:
a). pa3oBbIe pabOTHI HE CBSI3aHHBIC C MIPSMBIMU 00S3aHHOCTSIMU;
0) cnenuanbHble (IIOTPy3Ka, BRIFPy3Ka, yOOpKa TEPPUTOPHIA. . ..)

B) JIMKBHUJIALIMS TIOCTICACTBUIN aBapuii, CTAXUMHBIX O€ICTBHI, KaTacTpod;
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T')IIPOM3BOJICTBO PabOT, HA KOTOPhIE O(OPMIISETCS HAPSA-TOMYCK ... 1 JAP. MEPOTIPUSITHS.
3. leiicTBHE 3JIEKTPUYECKOI0 TOKA HA OPraHN3M 4ejloBeKa.

DIEKTPUYECKHI TOK, MPOXOS Yepe3 TEJIO YeTOBEKa OKA3bIBALT:

Tepmudeckoe, XUMUYECKOE, MEXaHUIECKOE M OMOJIOTHYECKOE BO3/ICHCTBHE.

1. Tepmuveckoe BO31eiCTBHE — OTO 0XKOTH, MICKTPUUECCKUE 3HAKH, METAILITU3AIIHS
KOXKH..

2. XuMu4veckoe BO3/1eiCTBHE — ITO JIEKTPOJIN3 KOXKH HApYIICHHE (PU3HOTOTUUECKHUX
GbyHKIUH Tpy 00TyYEeHUH MOIIHBIM TTOTOKOM YJIbTPa(UOIETOBBIX JTyden
AJIEKTPOJUTUYECKON JyTH MPUBOAMUT K BOCTATICHUIO 000JI0UYEK TIIas.

3. MexaHnu4eckoe BO3/1eiiCTBHE TOKA — IPOSIBJISIETCS [IPU Pa3pbIBE UM PACCIIOEHUU
MBI, paSPBIBe CYXO)KI/IJ'II/II\/’I, BbIBUXAaX CyCTaBOB. . ..COKpaHIeHI/II\/II MBIIIIII.

4. buoJsiornyeckoe BO3/1eiicTBHE TOKOM — PUBOJUT K 3JIEKTPUUECKOMY Yaapy WU
H_IOKy (HOTepfl CO3HAaHUsA HapyHIGHI/ISI OCATCIIBHOCTHU cep)ma WIN ObIXaHUs, YTO
MIPUBOAUT K CMEPTH).

HpI/IqI/IHH QJICKTPO-TpaBMaTu3Ma:

1. CnyuyaliHO€ IPUKOCHOBEHHUE;

2. [TosiBneHwe HANPSHKCHUST HA METAIUTMYECKUX YaCTSIX AIIEKTPOOOOPYI0BAHUS,
HapyILIeHUs U30JISLINY;

3. Omnbo4HOE BKIIOYEHHE AIEKTPOYCTAHOBOK Ha KOTOPBIX Pa0OTAIOT JIFOIU;

4. OTcycTBHE 3a3eMJICHUS 3[IaHUS U DJIEKTPOYCTaHOBOK.

3aganue Ne3

OxapaxkTepu30oBaTh:

1. Tpe6OBaHI/I}I K IIpOoHeCCy MpoOnu3BOACTBA SJICKTPOMOHTAXKHBIX pa60T.

2. I[eﬁCTBHe QJICKTPHUYCCKOI'0 TOKAa HAa OpraHru3M YCJIOBCKaA.

3. Tpe6OBaHI/I}I K IIpoHeCcCy Mponu3BOACTBA SJICKTPOMOHTAXKHBIX pa60T, a TaKKC HA3HAYCHUC U MApPKH

TIPHTIOSL.

OreHka

Tlokazarenu olleHKHA

3

PackpeIT o1l Bonpoc U3 Tpex:

1. TpeGoBaHus K mporeccy Nporu3BOACTBA AEKTPOMOHTAKHBIX padoT. [Ipu BeinmosHeHNH
MOHTaKHBIX Pa0OT HEOOXOIMMO NMPUAECPKHUBATHCS CAEAYIOIUX MTPaBUI U TpeOOBaHUM 10
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TEXHUKUA 0€30IMaCHOCTH:

. Ha paGouem mecTe He JOMKHO OBITH HUUETO JIMIITHETO.

. Pabouee mecto 311. MoHTa)kHHKa 000PYy€eTCs XOPOLIUM OCBELICHUEM.

. BEITSKHOM BEHTUIISAIUCH.

. DIEKTPUYCCKUMH TOYKAMH TSI SJICKTPOUHCTPYMEHTOB.

. Pabouee MecTO TOMKHO OBITH 3a3€MJICHO.

. MHCTpYMEHTBI 1 000pYyTOBAaHUE JTIOJDKHO OBITH B UCIIPABHOM COCTOSTHHH.

. Ha paGouem mecTe He JOMKHO OBITH HUYETO JIMIITHETO.

. Pyku 1OKHBI OBITh CyXHMH U YACTBIMH.

. [asIpHUK KJACTh HA TOJMBKO HA MOJACTABKY.

. He poBepsITh cTenens HarpeBa masuibHAKA Ha OIYTIb.

. [Ipu maiike He MpUIEPKUBATH AETANU PyKaMH, TOJIBKO MUHIIETOM WU
IJIOCKOTYOIIaMHU.

. He ounmarte nasyibHUK OT JIMIITHETO MPUIIOS MyTEM BCTPAXUBAHUS, TOIBKO
MIPUKOCHOBEHWEM jKaJia MasUTbHUKA K MPUTIOK0 HITH X/0 TKaHU.

13. 3aunmaTe kano nassbHUKA ClIeyeT TOTAa, KOTr/la OH HE Harper.

14. He BBITIOJIHATH MOHTa)KHBIE paOOTHI, KOTAa OJIOK HAXOIUTCS MO HAPSIKCHUEM.

15. Bce )XUIKOCTH XPaHUTh B 3aKPHITON CTEKISTHHON Tape C HAKICEHHBIM SPJIBIYKOM.

16. [IpoBo mocIie maiku OTKYChIBaTh OT CE0s1 U COCENIEH.

17. Bpewms naiiku He 6osee 5 cek.

—_—
— O O 00 0N DN B~ W

—_
[\

PackppbIThl 1Ba BOIpoca U3 Tpex:
2. JleficTBHE 3JIEKTPHYECKOI0 TOKA HA OPraHMU3M 4YeJI0BeKa.
DNEeKTPUUECKUN TOK, MPOXO/Is Yepe3 TEJI0 YeIOBEKa OKa3bIBAET:
TepMuueckoe, XUMHUECKOE, MEXaHUYECKOE U OMOJIOrMYECcKOe BO3/ICHCTBUE.
1. Tepmuueckoe BO3aeiicTBHE — 3TO 0KOT'H, dJIEKTPUUECKHAE 3HAKH, METAJUIM3ALUs KOXKU.
2. XumMu4eckoe BO3/1eliCTBHE — 3TO IEKTPOJIN3 KOXKU HapylIeHne GU3H0IOIrHYECKUX
(GyHKUIMH Tpy 00JTy4€HUH MOIIIHBIM IIOTOKOM YJIbTPa(HOIETOBBIX JTy4el JIEKTPOIUTHIECKOM

JYTY PUBOAMT K BOCHAJICHUIO 000I0YEK T1a3.

3. MexaHu4eckoe BO3AeHCTBHE TOKA — IIPOSIBJISIETCS [IPU PAa3pbIBE WM PACCIIOCHUN
MBIIIL, Pa3pbIBE CYXOXWINH, BBIBUXaX CYCTaBOB. ...COKPAILICHUH MBIIILI.

4. buoJsiorn4eckoe BO31eHCTBHE TOKOM — IPUBOANT K JIEKTPUUYECKOMY yapy WIH LIOKY
(moTepst co3HaHus HApyIICHUS JESTEIbHOCTH CEep/illa WM JbIXaHUs, YTO MPUBOJIUT K

CMEpTH).

HpI/IqI/IHH QJICKTPO-TpaBMaTu3Ma:
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1. CityyaiiHoe IPUKOCHOBEHUE;

2. [TosiBneHue HaNpsKEHUsT HAa METAIUTMYECKUX YacCTSIX AJIEKTPOOOOpYI0BAHUS,
HapYyIICHUS H30JISIINH;

3. Omunb0o4HOE BKIIIOYEHHE HIIEKTPOYCTAaHOBOK HAa KOTOPBIX Pa0OTAIOT JIFO/IH;

4. OtcycTBHe 3a3€MJICHUS 3/1aHUS U 3JIEKTPOYCTAaHOBOK.

3. TpebGoBaHusi K nmpoueccy NpOM3BOACTBA JIEKTPOMOHTAKHBIX padoT, a TaKxke
Ha3Ha4YeHUe U MAaPKHU NPHUIIOS.

BuoBb pazpabateiBaemast POA nomkHa y10BIETBOPSITH SKCILTYyaTalllOHHBIM KOHCTPYKTHUBHO
TEXHOJIOTUYECKUM M SKOHOMUUECKUM TPEOOBaAHHSM.

1. K skcmmyaTaliioHHBIM TpeOOBaHUAM OTHOCATCS HAJIS)KHOCTb, KAUe€CTBO, BBIITOJTHEHHS
anmnapaTtypbl OCHOBHBIX (DYHKIIMI /U1 KOTOPBIX OHA MpelHa3HayeHa, IPOCTOTa YIPaBIECHUS U
00CITy’)KHBaHUsl, PEMOHTOIPUTOHOCTb, YCTOMYMBOCTh K CTAPEHUIO TabapuThI U BEC.

2. K sxoHOMHUYECKUM TpeOOBaHUAM OTHOCATCS: 3aTpaThl BPEMEHH, TPY/1a, MaTePUaIbHbBIX U
JICHEXKHBIX CPEJCTB Ha pa3pabOTKy, U3TOTOBJIECHUE U IKCILTyaTalUIo.

3. K KOHCTPYKTHBHO-TEXHOJIOTHIECKUM TPEOOBAHUSAM OTHOCATCS: 3alIUTa OT BHEIIHUX
(hakTOpOB, KOHCTPYKTUBHASI IPUEMCTBEHHOCTh U TEXHOJIOTHYHOCTh. Bee 3T TpeboBanus
B3aMMOCBS3aHbl MEX]Ty COOOH.

IIpumnoii npeacrapnseT coO0i MeTaI WIK CIUIaB, BBOJUMBIN B 3a30p MEKIY COEIUHIEMbIMU
JeTalsIMU U UIMEIOLINH OoJiee HU3KYIO TeMIIepaTypy IUIaBiIeHus, yeM aetanu. [Ipunoi
BbIOMpaeM B 3aBUCUMOCTHU OT paboueill TeMIepaTypbl COeAMHEHNS, MaKCUMaJIbHO
JIOIyCTUMOM TEMIIEpATypbl HarpeBa MoJ ManKy; KIMMaTHUECKOr0 UCTIOJHEHMSI CM. B
Tabm.Nel.

Tabnuna Ne 1. OcHOBHBIE MapKH MPUIIOSL.

Pabouas Temneparypa Mapxka npunost Ob6nacTb npUMEHEeHUs
COCIMHEHUS
Jlo 50*C [IOCB-5C, [laiika quomoOB, HE

[TOCK-50-18(ITOCK-50) TEIUIOCTOUKHNX Kaleneil u
HEKOTOPBIX TUIIOB peJIe.

Jlo 120-150*C [10C-61, [TOCCy61-0,5,ITOC |[Taiixa BU- xabenei,
-40,ITOCCy40-0,5, IIcpMo5S  [koMneHCauMmOHHBIX MEIHBIX
11poBoJ10B ¢ IIXB- n3onsuuei.
J1o 200*C [1Cp2,5, IICp3, I1cpOy8 [Naiika nuonos tuna [1TJI-200
Jlo 250*C [1Cp3Kn [Taiika IPOBOJHUKOB THIIA
[1TJI-250, BUH u np.
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PackpeIT aBa Bompoca u3 Tpex:

TpeGoBanus K mporieccy MPOM3BOACTBA INEKTPOMOHTaXHBIX padoT. [Ipu BemoaHeHUH
MOHTaKHBIX Pa0OT HEOOXOIMMO NMPUAECPKHUBATHCS CAEAYIOIUX MTPaBUI U TpeOOBaHUM 110
TEXHUKHA 0€30IaCHOCTH:

. Ha pabouem mecte HE JOKHO OBITH HUYETO JIMIITHETO.

. Pabouee mecTo 3:1. MOHTa)KHUKA 000PYAYyETCSI XOPOIIMM OCBELICHUEM.

. BBITS)KHOW BEHTUIISILIUEH.

. DINEKTPUYECKUMH TOUYKAMM ISl 3JIEKTPOUHCTPYMEHTOB.

. Pabouee MecTo 10KHO OBITH 3a3€MIIEHO.

. UHCTpYMEHTHI 1 000pyT0OBaHKE I0JIKHO OBITH B UCIIPABHOM COCTOSIHUH.

. Ha pabouem mecte HE JOKHO OBITh HUYETO JIMIITHETO.

. PyKu TOIOKHBI OBITH CyXHMU M YHCTHIMU.

. [asiIbHUK KJIACTh HA TOJBKO Ha MOJACTABKY.

. He poBepsITh cTeneHp HarpeBa NasuyIbHUKA HA OLLYTIb.

. Ilpu nmaiike He IpUIEPKUBATH AETAU PyKaMu, TOJIbKO MUHLETOM WU
IJIOCKOTYOIIamMu.

. He ounmmatp nasyibHUK OT JIMIITHETO MPUIIOS ITyTEM BCTPAXUBAHUS, TOIBKO
MIPUKOCHOBEHHUEM JKaJla MasiIbHUKA K IIPHUIIO0 WU X/0 TKaHU.

13. 3ayninatse ajo nasjbHUKA CIEyeT TOrJa, KOrja OH HEe Harper.

14. He BBINOJTHATH MOHTAXHbIE pabOThI, KOra 010K HaXOIUTCS MOl HANPSHKEHUEM.

15. Bce )KMIKOCTH XpaHUTD B 3aKPHITON CTEKISTHHON Tape ¢ HAKJIEEHHBIM SIPJIBIYKOM.

16. I[IpoBox nocie naiiku OTKyChIBaTh OT ce0s U cocenelt.

17. Bpems naiiku He 6osee 5 cek.

— O O 0 3O DN kW~
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PackpeIThl 1Ba BoIpoca U3 Tpex:
2. JleficTBHE 3JIEKTPUYECKOI0 TOKA HA OPTraHU3M YeJI0BeKa.
DNEKTPUUECKUN TOK, POXOs YEPE3 TEJIO0 YEIOBEKA OKA3bIBAET:
Tepmuueckoe, XUMHYECKOE, MEXaHUUECKOE U OMOJIOTHYECKOE BO3ICICTBHIE.
1. TepMuueckoe BO3xeiiCTBHE — 3TO OXKOTH, dJIEKTPUUECKNUE 3HAKH, METAJIIN3aLUs KOXKH.
2. XumMuveckoe BO3elCTBHE — 3TO AJIEKTPOJIN3 KOXKU HapylIeHHe (PU3HOIOTHIYECKUX
(GyHKIMH npy 00IyYEeHUH MOIIHBIM IOTOKOM YJIbTPa(UOJIETOBBIX JIydel JIEKTPOIUTHUECKON

AYTU IpUBOAUT K BOCHIAJICHUTIO 000JI04EK IJ1a3.

3. Mexanu4eckoe BO3elCTBHE TOKA — NPOSIBJISIETCS [IPU Pa3pbIBE WU PACCIOEHUU
MBIIIIL, Pa3pbIBE CYXOXWINN, BEIBUXaX CYCTaBOB. ...COKPAILIEHUH MBIIIILI.
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4. buoJsiornyeckoe Bo3eiCTBHE TOKOM — IPUBOJUT K IEKTPUUECKOMY yapy WIH LIOKY
(moTepst cCO3HAHMs HApYIIEHUS EATEILHOCTH CepALa MU IbIXaHUs, YTO IPUBOAUT K
CMEpTH).

[IprumnHEI 21€KTPO-TpaBMAaTU3MA:

1. CnyuyaliHO€ IPUKOCHOBEHHUE;

2. [TosiBneHwe HANPSHKCHUST HA METAIUTMYECKUX YaCTSIX AIIEKTPOOOOPYI0BAHUS,
HapyILIeHUs U30JISLINY;

3. Omnbo4HOE BKIIOYEHHE ATEKTPOYCTAHOBOK Ha KOTOPBIX Pa0OTAIOT JIIOIU;

4. OTcycTBHE 3a3eMJICHUS 3[1aHUS U 3JIEKTPOYCTaHOBOK.

3. TpeboBanus K nmpoueccy Npou3BOACTBA IJIEKTPOMOHTAKHBIX padoT, a TaKkKe
HA3HAYEHUE U MAPKU MPHUIIOH.

BHoBb pa3pa6aTLIBaeMa${ PDA AO0JIKHA YAOBJICTBOPATD SKCIUTYATAIMOHHBIM KOHCTPYKTHBHOA
TEXHOJIOTHYCCKHM N S9KOHOMHWYCCKUM Tpe60BaHI/I$[M.

1. K skcmmyatainoHHBIM TPeOOBaHUSIM OTHOCATCS HAA€KHOCTb, KAU€CTBO, BBHITIOJTHEHUS
anmnaparypbl OCHOBHBIX (DYHKIUI 11 KOTOPBIX OHA MpeAHa3HaYeHa, IPOCTOTa YIIPABICHUS U
00CITyKUBaHUS, PEMOHTOIIPUTOTHOCTh, YCTOMYMBOCTh K CTAPEHUIO rabapuThl U BEC.

2. K axoHOMHUYECKUM TpeOOBaHUSM OTHOCSTCS: 3aTpaThl BpEMEHH, TPY/la, MaTepUAIbHBIX U
JICHEeXKHBIX CPEJICTB Ha pa3pabOTKy, U3TOTOBJIECHUE U HKCILTyaTalHIo.

3. K KOHCTPYKTUBHO-TEXHOJIOTUYECKUM TPEOOBAHUSM OTHOCSATCS: 3alIUTa OT BHEIIHUX
(hakTOpOB, KOHCTPYKTHUBHAS MPUEMCTBEHHOCTh U TEXHOJOTHYHOCTh. Bee aTu TpeboBaHus
B3aMMOCBSI3aHBI MEX]Ty COOOH.

IIpunoii npesacrasiser coO0H METaI U CIUIaB, BBOJAUMBIN B 3a30p MEKIY COCAMHAEMBbIMU
JeTaIIMU ¥ UMEIOIIMN 0oJiee HU3KYI0 TeMIepaTypy MiaBieHus, yem aetanu. [lpumnoit
BbIOMpaeM B 3aBUCUMOCTHU OT paboyeil TemMneparypbl COeTMHEHNs, MAKCUMaJIbHO
JOIyCTUMOM TeMITepaTypbl HarpeBa Mo NaiKy; KIMMaTHYECKOr0 UCIIOJIHEHUS CM. B

Tab.Nel.

Tabnuna Ne 1. OcHOBHBIE MapKH MPUTIOS.

PaGouast remneparypa Mapka npurost O6nacTh MpUMEHEHHS
COCTMHEHUS
1o 50*C [IOCB-5C, [lakika q1UOMOB, HE

[TOCK-50-18(ITOCK-50) TEIJIOCTOUKUX Kabesen u
HEKOTOPBIX THUIIOB pelie.

Jlo 120-150*C [1OC-61, ITOCCy61-0,5,ITOC [[Taiika BU- xaGenei,
-40,ITOCCy40-0,5, TIcpMo5  [koMIeHCAITMOHHBIX MEHBIX
poBo0B ¢ [1XB- uzossiiuen.
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o 200*C

[1Cp2,5, TICp3, I1cpOy8

ITaiika quonos Tuma ITTJI-200

o 250*C

[1Cp3Kn

[Taiika IPOBOJHUKOB THIIA
[1TJI-250, BUH u np.

PackpsIT TpH Bompoca u3 Tpex:

TpebGoBanust kK mpolieccy MPOU3BOACTBA JIEKTPOMOHTAXHBIX padoT. [Ipu BeITOTHEHUT
MOHTaKHBIX Pa0OT HEOOXOIMMO MPUACPKUBATHCS CISAYIOMIUX MIPABUI U TPEOOBAHU 11O

TEXHUKUA 0€30IMaCHOCTH:

— O O 00 3N N kW~

—_— —

IJIOCKOTYOIIaMHU.

—_
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. Ha paGouem mecTe He JOMKHO OBITH HUYETO JIUIITHETO.

. Pabouee mecto 31. MoHTa)kHHKa 000PYyeTCs XOPOLIUM OCBELICHUEM.
. BEITSKHOM BEHTUIISALMCH.
. DIEKTPUYCCKUMH TOYKAMH TSI DJICKTPOUHCTPYMEHTOB.
. Pabouee MecTO TOMKHO OBITH 3a3E€MJICHO.
. MHCTpYMEHTBI 1 000pyTOBAaHUE JTIOJDKHO OBITH B UCIIPABHOM COCTOSTHHH.
. Ha paGouem mecTe He JOMKHO OBITH HUYETO JIMIITHETO.

. Pyku 1OKHBI OBITh CyXHMH U YACTBIMH.

. [asIpHUK KJIACTh HA TOJNBKO HA MOJACTABKY.
. He mpoBepsITh cTenens HarpeBa masuibHUKA Ha OIYTIb.

. [Ipu maiike He MpUIEPKUBATH AETANU PyKaMH, TOJIBKO MUHIIETOM WU

. He ouninate nasyibHMK OT JIUIITHETO IpUumnoA mMyTeM BCTPAXUBAHUS, TOJIBKO

MMPUKOCHOBEHUEM >Kajia MasuIbHUKA K TIPUIIOI0 WK X/0 TKaHHU.
13. 3aunmaTsk *kajo nasbHUKA CIEQYET TOI/1a, KOr/la OH HE Harper.
14. He BBITIOJIHATH MOHTa)KHBIE paOOTHI, KOTAa OJIOK HAXOIUTCS MO HAPSIKCHUEM.
15. Bce )KUIKOCTU XPaHUTh B 3aKPBITOM CTEKIISTHHOM Tape ¢ HAKJICEHHBIM SIPJIBIYKOM.

16. IlpoBox mocine naiiku OTKyChIBaTh OT ce0sl U coceei.

17. Bpewms maiiku He 6osee 5 cek.

PackppbIThI 1Ba BOIpoca U3 Tpex:

2. JleficTBHE 3JIEKTPHUYECKOI0 TOKA HA OPraHMU3M 4YeJI0BeKa.

DNEeKTPUUECKUN TOK, MPOXO/Is Yepe3 TeJI0 YeIOBEKa OKa3bIBAET:

Tepmudeckoe, XUMUYECKOE, MEXaHUIECKOE M OMOJIOTHYECKOE BO3/ICHCTBHE.

1. Tepmuueckoe BO3aeiicTBHE — 3TO OKOT'H, dJIEKTPUUECKHAE 3HAKH, METAJUIN3aLUs KOXKU.
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2. XumMu4ecKoe BO3/1eliCTBHE — 3TO IEKTPOJIN3 KOXKHU HapylIeHne GU3H0IOrHYECKUX
(GyHKUIMH Tpy 00JTy4€HUH MOIHBIM TIOTOKOM YJIbTPa(HOIETOBBIX JTyUYel JIEKTPOIUTHIECKOI
JYTY PUBOAMT K BOCHAJICHUIO 000I0YEK T1a3.

3. Mexanu4eckoe BO3AeHCTBHE TOKA — IIPOSIBJISIETCS [IPU PAa3pbIBE WM PACCIIOCHUN
MBIIIL, Pa3pbIBE CYXOXWINH, BBIBUXaX CYCTaBOB. ...COKPAILICHUH MBIIIILI.

4. buosoruyeckoe Bo3aelicTBHE TOKOM — IPUBOIUT K 3JICKTPUUECKOMY yJIapy WJIH LLIOKY
(HOTepH CO3HAHUA HAPYIICHUA ACATCIBbHOCTH CCpAla UJIN AbIXaHWs, YTO IPUBOAUT K
CMEpTH).

HpI/IqI/IHH QJICKTPO-TpaBMaTu3Ma:

1. CitydaiiHoe IPUKOCHOBEHUE;

2. [TosiBneHue HaNpsKEHUsT HA METAIUTMYECKUX YaCTSIX AJIEKTPOOOOpY10BAHUS,
HapyIICHUS H30JISIINH;

3. Omunb0o4HOE BKIIFOYEHHE HIIEKTPOYCTAHOBOK HAa KOTOPBIX Pa0OTAIOT JIFO/IH;

4. OtcycTBHE 3a3€MJICHUS 3/1aHUS U 3JIEKTPOYCTAaHOBOK.

3. TpebGoBaHusi K mpoueccy NpOU3BOACTBA JIEKTPOMOHTAXKHBIX padoT, a TaKke
HA3Ha4YeHUe U MAPKHU NPUIIOS.

BuoBb pa3pabateiBaemast POA nomkHa y10BIETBOPSITH SKCILTyaTalllOHHBIM KOHCTPYKTUBHO
TEXHOJIOTUYECKUM M SKOHOMUUECKUM TPEOOBAHUSM.

1. K skcmmyaTaliuoHHBIM TpeOOBaHUAM OTHOCATCS HAJIC)KHOCTb, KAUE€CTBO, BBIITOJTHEHUS
anmnapaTrypbl OCHOBHBIX (DYHKILIMI /U1 KOTOPBHIX OHA MpelHa3HayeHa, IPOCTOTa YIPaBIECHUS U
00CITy’)KMBaHUsl, PEMOHTOIPUTOHOCTb, YCTOMYMBOCTh K CTAPEHUIO TabapuThl U BEC.

2. K sxoHOMHUYECKUM TpeOOBaHUAM OTHOCATCS: 3aTpaThl BPEMEHH, TPY/1a, MaTepPUaIbHbBIX U
JICHEXKHBIX CPEJCTB Ha pa3pabOTKy, U3TOTOBJIECHUE U IKCILTyaTalHUIo.

3. K KOHCTPYKTHBHO-TEXHOJIOTHIECKUM TPEOOBAHUAM OTHOCSATCS: 3alIUTa OT BHEIITHUX
(hakTOpOB, KOHCTPYKTUBHASI IPUEMCTBEHHOCTh U TEXHOJIOTHYHOCTh. Bee 3T TpeboBanus
B3aMMOCBS3aHbl MEX]Ly COOOH.

IIpumnoii npeacrapnseT coO0i METaI WIK CIUIaB, BBOJUMBIN B 3a30p MEKIY COEIUHAEMbIMU
JeTalsIMU U UIMEIOLINI OoJiee HU3KYIO TeMIIEpaTypy IUIaBiIeHUs, yeM aetanu. [Ipunoi
BbIOMpaeM B 3aBUCUMOCTHU OT paboueill TeMnepaTypbl COEAMHEHNS, MaKCUMaJIbHO
JIOIyCTUMOM TEMIIEpATypbl HarpeBa MoJ ManKy; KIMMaTHUEeCKOr0 UCTIOJHEHMSI CM. B
Tabm.Nel.

Tabnuna Ne 1. OcHOBHBIE MapKH MPUIIOS.

Pabouas Temneparypa Mapxka npunost Ob6nacTb npUMEHEeHUs
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COCAUHCHUA

Jlo 50*C I[TIOCB-5C, [Tatixa 1HOIOB, HE
[TOCK-50-18(ITOCK-50) TEIJIOCTOWKHUX KaOeel u
HEKOTOPBIX THIIOB PEJIe.

1o 120-150*C [1OC-61, ITOCCy61-0,5,ITOC |[Taiika BU- kabeneid,
-40,ITOCCy40-0,5, IIcpMo5  |[kOMIIEHCAITMOHHBIX MEIHBIX
11poBo10B ¢ IIXB- n3onsuuei.

J1o 200*C [1Cp2,5, TICp3, IIcpOy8 [laiika nuonos tuna IITJI-200

1o 250*C [ICp3Kn [laiika MpOBOJHUKOB THIIA
[1TJI-250, BUH u ap.

3aganue Ned

H3roroBuTH cxemy My.J'II)TI/[Bl/IﬁpaTOp C IPUMECHCHUEM MOHTAKHBIX U cnecapﬂo-cﬁopoqﬂblx paﬁoT

CBapKy .
Onenka |[loka3arenu oueHkH
3 BbINOTHUTE OHO 3a1aHUE U3 TPeX:

1. CocTaBuUTh 3JEKTPHIYECKYIO IPUHIUMIHAIBHYIO cxeMmy "MynbTuBudparop”

Bunbl TexHMUECKON JOKyMEHTAIMK B 3aBUCUMOCTH OT BUJIOB 3JIEMEHTOB U CBSI3el
MPUMEHUTEIBHO 3JIEKTPUYECKUM CXEMaM MOTYT OBbITh CTPYKTYPHBIMHU, ()YHKIIMOHATBHBIMH,
MPUHIMIHATIBHBIMU, COETUHEHHH, MOAKIIOUEHHUS, O0IUMHU (DYHKINOHAIbHBIMH,
MPUHIUIHAIBHBIMH, COSTUHEHUH, MTOJIKIIIOYEHNUS, OOLMMHU U pacroioxenus. [Ipu
BBINOJIHEHUH MTPaBUJI HAa U3TOTOBJICHUE YepTexKel neyarHoix miat npumensiercs [OCT
2.417-91 Ennnas cuctemMa KOHCTPYKTOPCKON JOKYMEHTALUH.

IIponece pa3paboOTKH 3IEKTPOTEXHUYECKON annaparypsl yCIOBHO JIENATCS HA HECKOJIBKO
ATAIOB: TEXHHUYECKOE NPEIOKEHIE, ICKI3HBIN MPOCKT, TEXHMUECKUI MMPOEKT, pabodast
KOHCTPYKTOpCKasl, TOKyMeHTanus. [IpakTuuecku Ha KaXK0M 3Tare MpOeKTUPOBaAHUS
BO3HHMKAET HEOOXOAMMOCTh rpadudecKu U300pa3nuTh YCTPOUCTBO KAKOTO-IM00 pubopa uin
CHCTEMBI, TIOKa3aB TOJIBKO €0 COCTABHBIC YACTU U CBSI3U MEX/1y HUMU. YCIIOBHO JIEJIATCS Ha
HECKOJIBKO ATAIOB: TEXHUUECKOE MPEUIOKEHNE, ICKU3HBIN MPOEKT, TEXHHUECKUH MPOEKT,
pabouasi KOHCTpYKTOpCKas ,JoKyMeHTalus. [IpakTuyecku Ha KaX10M 3Tare MPOEKTUPOBAHUS
BO3HHMKAET HEOOXOAMMOCTh rpaduIecKu N300pa3uTh YCTPOUCTBO KAKOTO-IM00 pubopa uin
CUCTEMBI, [I0Ka3aB TOJBKO €r0 COCTaBHbIE YacTU U CBA3U Mexay HuMH. [1o I'OCT 2.102-68
cxeMma ompezernsieTcss Kak KOHCTPYKTOPCKHIA JOKYMEHT, Ha KOTOPOM B BHJIE YCIIOBHBIX
rpaduuecKkux n300pakeHui nir 0003HauUEHUH MMOKa3aHbl COCTABHbIE YaCTH U3AEHS U CBS3U
Mex 1y HUMH. PazpabotanHas TakuM 00pa3oM cxema CTAaHOBUTCS TUPEKTUBOM ISt
KOHCTPYHUPOBAHUS U3/IeJIHs, €r0 U3TOTOBIICHUS U KOHTPOJIs. B skcrutyaranum no cxemam
W3yYaloT MPUHIIMIT ASUCTBUS M3IEIHS U MPOTEKAIONINE B HeM mporiecchl. [loaToMy 3HaueHme
YCIOBHOCTEH U MpaBui rpaduueckoro opopMieHus cXeM CcleayeT paccMaTpuBaTh Kak
HEOThEMJIEMYIO YaCTh 00ILEN OArOTOBKY CHEIHAINCTa B 00JIaCTH MHXKEHEPHOU TpaduKH.
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W3 Bcex BUAOB CXeM MpU NPOEKTUPOBAHUU JIEKTPOTEXHUUECKOH anmapaTypbl HaubosbIlee
pacIpocTpaHEeHUEe UMEIOT

QJICKTPHUYCCKUC CXEMbI PA3JIMYHLBIX THUIIOB, IIPCIKIAC BCCTO, SJICKTPUICCKUC TPUHIHUITNAJIBHBIC
CXEMbI, OCHOBHBIC IIpaBUJjia BBIITOJTHCHUA qepTemeﬁ KOTOPBIX HM3JIarar0TCA B HACTOAIIUX
MCTOANYCCKUX YKA3aHUAX. CampbIit paCHpOCTpaHCHHLIf/'I THUII JJICKTPUUICCKUX CXEM - CXE€MbI
JICKTPHYECCKHUE NIPUHIUIIHAJIBHBIC. Ounn Jar0T 4Y€TKOC MIOHMMAaHHuE O pa60Te YCTaHOBKH,
TaK KaK Ha TaKHUX CXEMaX MMOKa3bIBAIOT BCC DJICKTPUICCKUC LICTIN. Ha cxemax SJICKTPHUICCKUX
NPHUHOUIINAJIBHBIX YCIOBHBIMU 0003HaYCHHUAMH 1/1306pa>1<a10TC$1 BCC DJICKTPHUYCCKUC
QJICMCHTHI, aIlllapaThbl U YCTpOﬁCTBa C Y4CTOM peaanoﬁ noCaca0BaTCIbHOCTHU UX pa60TH.

2. I3roToBUTH NMEYATHYIO IJIATY.
TexHoJ0TUA N3TOTOBJICHUS MEYATHOM MJIATEI.

IIpuMeHeHue 1eYaTHOrO MOHTaXka B PaIUO3JIEKTPOHHOM annaparype MOBBIILIAET UX
HaJE)KHOCTh U 00€CIIeYMBAET MMOBTOPSIEMOCTb MAPAMETPOB U CIIOCOOCTBYET MEXaHU3ALUU U
aBTOMATHU3ALMK [TPOU3BOJICTBEHHBIX IpoLieccoB. CyIIHOCTh IEYaTHOTO MOHTaKa COCTOUT B
MOJIy4E€HHUHU Ha U30JISIIUOHHOM OCHOBAaHUM TOHKUX CJIOEB OIpPENEICHHON KOHPUTYpALUU U3
TOKOIIPOBOIAIIEr0 MaTepuasa, BBIIOIHAIOMNX POIb MOHTAKHBIX IIPOBOJAOB U KOHTAKTHBIX
netanei. [leyaTHbI MOHTaX OTIMYAETCS PSIIOM OCOOEHHOCTEMN: MIIOCKOCTHBIM
PacIoJIOKEHUEM IIPOBOJHUKOB HA U30JIALIMOHHOM OCHOBAaHUU, HAJIMYMEM MOHTAXXHBIX U
KOHTAKTHBIX OTBEPCTHI, a TAK)KE CUCTEMBI PACIIOJIOKEHUS OTBEPCTHI —KOOPIAUHATHON CETKH,
HE0O0XOAUMOM 11 MeXaHU3allMK U aBTOMATHU3aLUU TEXHOJIOTUYECKHUX ONEepaIuil 1o
M3TOTOBJICHUIO M COOpPKE MEYaTHBIX 11T U y3JI0B.

[Ipexxne Bcero, neyaTHyo MmiaaTy He0OXOJUMO CIIPOEKTUPOBATh COTJIACHO MPUHIIMIUATIBHON
aneKTpuyeckoi cxeme. [IpuHIMNManpHas cxeMa onpeaesseT MOJHbIA COCTaB AIEMEHTOB U
cBs3eit Mexay HuMHU. OHa Kak MpaBujo JAaeT JeTalbHOE MPeACTaBICHUE O IPUHIUIIAX
paboOThI AMEKTPUUECKOTO U3NINs, YCTAHOBKU. /{71 01THON NPUHIMIHATIBHON CXeMbl MOXKHO
MIOCTPOUTH HECKOJIHKO BAPUAHTOB M€YaTHOM IUIATHI, T.€ .I€YaTHOTO MOHTaxa. J{ist
o0ecreyeHns TEXHOJOTMYHOCTH KOHCTPYKIIUH MTeYaTHON TUIaThl HEOOXOIMMO YCTaHOBUTh
€IMHbIE HOPMbI KOHCTPYUPOBAHUS IUIAT, B IEPBYIO OUEpE/lb B OTHOIIEHUH KOHCTPYKLIUU U
TFE€OMETPUUYECKUX Pa3MEPOB U IAPaMETPOB 3JIEMEHTOB [1€YaTHOI'O MOHTAXKa U UX
ANEKTpUYECKUX MapameTpoB. K Takum HOpMam OTHOCATCS:

- OFpaHI/I'-IeHl/Ie TUIIOPA3MEPOB MMEYATHBIX ILJIAT,

- OrpannyeHue TUOPa3MEPOB JIEMEHTOB MEYaTHOTO MOHTaKa(ITPOBOIHUKOB, KOHTAKTHBIX
TJIOIA/I0K, OTBEPCTHIA..);

- OrpannueHne Ha pa3MelIeHHEe HIEMEHTOB MIeYaTHOTO MOHTaKa (BBEICHHE
BCIIOMOTATEIIbHON CETKH, TOCTOSIHHOTO PUCYHKA IeTIeH MUTaHus. . .);

- q)I/IKCElHI/ISI MCCT NOABCACHHUA OIMPEACTICHHBIX ueneﬁ HJIN OTPaHUYCHHUEC Ha UX IIPOBOJKY,

- q)I/IKCElHI/ISI MCCT PasSMCIICHNA HABCCHBIX paJHO3JICMCHTOB.
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[Ipouiecc M3roToBNeHUs MEYaTHOM MJIAThl HAYMHAETCS MOCIIE MPOX0XKIEHUS BBOIHOTO
MHCTPYKTaxa 1o TexHuke 6ezomacHocTu. Cam mpoiiecc cOOTBETCTBYeT JIazepHOo-Y TIOKHOM
Texnonoruu (JIYT) u cOCTOUT U3 HECKOJIBKUX 3TAIIOB

- coznanue uzodpaxxenus I111;
- IOATrOTOBKA 3arOTOBKH (BBIpeL’.Ka U IIOAI'OHKa TeKCTOJ'II/ITa);

- IEPEHOC N300paKeHHsI Ha 3arOTOBKY (IIOCPEICTBOM HAHECEHUS N300paKeHUsI Ha
CHeNHalbHyI0 OyMary ¢ mociaeIyoNiM IepeHOCOM CXEMbI Ha TEKCTOIUT);

- TpaBneHue 3aroTOBKH;
- OUMCTKA IJIaThI;

- CBEpJICHHE;

- Iy KEeHHUE.

B nannoe BpeMs TpacCUpOBKa MEYATHBIX IJIAT BBIMOJIHAETCSA HA KOMIIBIOTEPE MPU MTOMOIIH
crienuanbHbIX porpamMMm. Hanbosee mpocThl U J0CcTynmHBI porpaMMbl Sprint-Layout 5.0 rus,
TaK Kak M0JIb30BAHKUE MPOTPAMMON 3aTPyAHEHUI HE BhI3bIBAET.

ITocne Toro, kak neyaTHas IUIaTa CIPOCKTUPOBAHA U IIPOBEPEHA, €€ CIIENYET IIEPEHECTU Ha
3aroToBKy Oyayuieit miatel. 1 IMEHHO Ha 3TOM 3Tare clielyeT IpOosSBUTh BHUMATEIbHOCTh U
AKKypaTHOCTb.

PucyHok mnaTel nevyaraercs Ha JJa3€pHOM IIPUHTEPE MPU OTKJIFOUEHUH BCEX IKOHOMHBIX
PEXMMOB, YTO MO3BOJISIET HAHECTU Ha OyMary MakCUMaJbHO TOJCTBIN TOHEDP. DTO
CHOCOOCTBYET yJIy4LIEHHIO IEPEHOCa TOHEepa Ha 3aroTOBKY NeyaTHOH miatsel. Celvac
110/100HAas TEXHOJIOTHS Ha3bIBAETCA JIa3€pHO-YTIOKHON.

Jlns1 HareyaTaHus TaHHOM MOHTQ)XKHOHM CXeMBbI 0013aTeIIbHO HEOOXOAMMO UCITOIb30BaTh
MEJIOBaHHYIO OyMary, MO>KHO U3 IJISTHIIEBBIX JKypHaioB. [Ipu atom pucynku u potorpaduu
Ha CTPAHUIAX HA KAYECTBO HE BIIMSIIOT.

3. BeimoaHuTh MOHTaX cXeMbl MynbTHBHOpaTOp"

MyabTHBHOPATOPBI— ATO TEHEPATOPHI CUTHAJIOB MPSIMOYTOJIbHOU (hopMBl. MyIIETHBHOpATOD,
B MIOJIABJISAIOLIEM OOJBIINHCTBE CIIy4aeB, BHIIOIHIET (DYHKIIHMIO 3a/Ial0Iero reHepaTopa,
(OpMHUPYIOIIETO 3aITyCKAIOIMINE BXOJHBIE UMITYJIBCHI UTS OCJIEAYIOIINX Y37I0B M OJIOKOB B
cucTeMe UMITYJIbCHOTO Miu iudposoro neictus. Ilocie Toro, kak codpanu JaHHYIO CXEMY,
ee HeoOXOAMMO MPOBEPHTH, HET JIN KaKUX- HU Oy/Ib 3aMbIKaHU, yOSAUTCS B IPAaBUIILHOCTH
cOOpKH B COOTBETCTBUH €O cxeMoil. [Ipu yka3zaHHBIX Ha cXeMe HOMUHAJIaX KOH/IEHCATOPOB U
PE3UCTOPOB HAIIPSKEHUE HA BBIXOZE MYJIBTHBHOpaTOopa OyIeT H3MEHATHCS OT HU3KOTO
YPOBHSI 1O BBICOKOTO HE 0oJiee yeM TpUALaTh pa3 B MUHYTY. s Mccae10BaHus BBIXOJHBIX
CHTHAJIOB MO>KHO BOCIIOJIB30BAThCS IIPOCTO BOJIBTMETPOM, KETATEIBHO CTPETIOYHBIM, a HE
HU(PPOBBIM.
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Takum oOpa3om, cTpesKa BOIBTMETPA, MOJKIIIOUEHHAs, HAIPUMED, K BHIXOAY IEPBOIO
3JIeMEHTa, Oy/eT coBepIIaTh KoieOaH!us OT HyJIs IPAKTHUECKH J10 MATH BOJIBT.

To xe camoe MOXHO OyJIeM BHJIETh, €CJIU MOAKIIOUYUTH BOJIBTMETP K APYTOMY BBIXOAY:
aMIUIUTY/1a U 4acTOTa OTKJIOHEHUH CTpeiKu OyAyT Te e, UTO U B IepBOM citydae. Benp He
3psi TAKOM MYJIBTUBUOPATOP YACTO HA3BIBAIOT CUMMETPUYHBIM.

Ecau TCIICPb HC MMOJICHUTBHCA U NOAKJIFOYUTD IMapaJUICJIBHO KOHACHCATOPAaM €IIC 110 OJHOMY
KOHACHCATOPY TaKoO XkKe €MKOCTH, TO MOXXHO YBHJCTh, UTO CTPECJIKA CTAaIa K0JIEOAThCS B JBa
pa3a MCIJICHHCC. YacroTa KojeOaHMi YMCHbBIINJIACH B IBA pa3a.

Ecnu Tenepb Ha MECTO KOHJEHCATOPOB, KAK YKA3aHO HA CXEME, 3alasiTh KOHIEHCATOPBI
MeHblIeH eMKocTH, Hanpumep, o 100 mukpodapaa, To MOXKHO 3aMETUTh POCTO
noBbllIeHUe yacToThl. CTpernka mpudopa OyJeT kosedaTbess HAMHOTO ObICTpee, HO BCE XKe ee
JBHUKEHHUS €Ie JOCTATOYHO 3aMETHBI.

A YTO MONMYYUTHCA, €CITU U3MEHUTHh €EMKOCTh TOJILKO OJHOTO KOoHAeHcaTopa? Hampumep,
OJIUH U3 KOH/IEHCATOPOB TaK U OCTaBUTh eMKOCThI0 500 Mukpodapan, a qpyroit 3aMeHUTH Ha
100 muxpodapan. 3ameTHo OyIeT yBeIMYEHHE YacTOTh, a, KpOME TOro, CTpesKa npudopa
MOKaXXET, YTO U3MEHUIIOCh BPEMEHHOE COOTHOLIEHHUE UMITYJIbCOB U Tay3. XOTS U B 3TOM
CllydJae COTJIaCHO CXeMe MYJIbTHBHOPATOP BCE PABHO OCTAJICA CHMMETPHYHBIM.

Temneps monpoOyeM elie pa3 yMEHBIIUTh eMKOCTh KOHACHCATOPOB, Harpumep 1-5
Mukpogapan. B atom ciryuae MynbTUBUOpaTOp OYJEeT reHepUpPOBATH 3BYKOBYIO YaCTOTY
nopsaaka 500-100 I'u. Ctpenka npubopa Ha TaKyro YacTOTy pearupoBaTh He cMokeT. OHa
OyZeT NpoCTO HaXOAUTHCS MOCPEIH LIKANbI, TOKa3blBasi CPEAHUNA YPOBEHb CUTHAIA.

TyT y’ke IpoCTO HE MOHATHO, TO JIX HA CAMOM JI€JI€ UIYT UMITYJIbChI JOCTATOYHO BBICOKOM
YacTOThI, TO JIM Ha BBIXO/I€ MUKPOCXEMBI «CEpbIi» ypoBeHb. UTOOBI TaKO# CUTHAN Pa3IUyUTh,
notpelyercst ocruuiorpad, KOTopslii ecth He y Bcex. [ToaToMy, 4To0b1 yoenuTbes B pabote
CXEMBbI, MOXHO 4epe3 KoHZeHcaTop eMKOCThIo 0,1 MK®D MOIKIIOYUTH FOJIOBHBIE TENE()OHBI U
YCIIBIILIATh 3TOT CUTHAI.

Jro0otli u3 pPE3UCTOPOB MOKHO HOHpO6OBaTL 3aMCHUTDb NCPCMCHHBIM, IPUMECPHO TAKOI'O KC
HOMUWHAaJa. Torz[a IIpU €T0 BpalllCHUHU YaCTOTa 6y216T HN3MCHATHECA B HCKOTOPLBIX IMPECACIax,
YTO AAaeT BO3MOKHOCTh €€ TOUHOH HaCTpOﬁKH. B pAaAac CiiydacB 3TO ObIBaeT HeO6XOI[I/IMO.

OpnHako, BONPEKU BCEMY PaCcCKa3aHHOMY, CIIy4aeTcsl, YTO MyJIbTUBUOpaATOp paboTaeTt
HEYCTOMYMBO WJIM HE 3aITycKaeTcsi BoBce. [IprunHa 3Toro siBJIeHus! KpOoeTcsl B TOM, UTO
SMUTTEPHBIN BXoa MukpocxeM TTJI Becbma KpuTHUEH K HOMHUHAIAM PE3UCTOPOB,
YCTAQHOBJICHHBIX B €r0 LieNHU. OTa 0COOEHHOCTh SMUTTEPHOI'0 BX0J1a 3aK/IF0UAETCS B
CIIEIYIOIINX PUYMHAX.

3. BeImonHUTh MOHTaX cXeMbl "MynbTuBuOpaTOp”
U TIPOJIEMOHCTPUPOBATh MPUHLUI €€ paboThl. JlaHHas cxema coOpaHHas B KauecTBe
MHIMKATOPHOTO Kackaja Ha cBeTouoie. To ecTh, MpH noaayue MUTaHUS Yepe3 LIETIOUKY

(pe3I/ICTOp-KOHI[eHCElTOp), KOHACHCATOP 3apsKaCTCA IIPU 3TOM HAIIPAKCHHUE BO3pPACTACT, UTO
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MIPUBOJUT K OTKPBITHIO TPAH3UCTOPA U 3aTOpaHUIO cBeToAnoa). CBETOANO TOPUT A0 TeX
IIOp NOKA HE pa3psAUTCs KOHACHCATOP, TO(ECTh €CIIN HANPSKEHUE BBIX0JA PABHO
HaIpPsHKEHUIO HACKIILIEHUS! KOH/ICHCATOpP 3apshKaeTcs U HaNpsKEHUE HACHIIIEHUS BO3pacTaeT
10 Makcumyma). Ilocie BKITIIOUeHNsI MUTaHUS MyJIbTUBUOPATOP HAUHET BHIPAOATHIBATh
KoJiebaHust ¢ yactoToil 111, 0 4em CBUIAETENhCTBYIOT BCIIBIIIKY CBETOAMO1a. Pe3ucTop Ha
BXOJI€ OJTHOTO U3 IUIeY MYJIbTUBHOpATOpa SBJISETCS €ro YacThI0. 3a CUET TOKa SMUTTEpa Ha
3TOM PE3UCTOPE CO3/IAeTCs HANpsHKEHHE, KOTOPOE 3aKpbIBaeT TpaH3ucTop. Eciu Hanpskenue
9TOTO pe3UcTOpa caenaTh B nmpeaenax 2-2,5 kOm, najgeHue HarpspKeHust Ha HeM Oy et
HACTOJILKO OOJBIINM, YTO TPAH3UCTOP MPOCTO NEPECTAET pearupoBaTh HA BXOIHOM CHUTHAJL.
Ecnu xe, Ha000poT, B34Th CONPOTUBIICHHE 3TOT0 pe3ucTtopa B npeaenax 500-700 Owm,
TpaH3UCTOP OyJAET BCe BPEMsI OTKPBIT, T.K. BXOJHBIMH CUTHAJIaMU He OyeT ynpaBisThCS.
[TosTOMy aHHBIE PE3UCTOPHI CieLyeT NOAOUPATh UCXOIS U3 3TUX COOOpaKEHUI B J1ana3oHe
800-2200 OM. TonbKO Tak MOXKHO JOOUTHCS YCTOMYMBOM pabOThl MyIbTUBHOpaTOpa. 3aTeM
TOT 7K€ MPOIIECC MPOUCXOIUT C BTOPOH LIETIOYKOM MyJIbTUBHOpATOpa.

Korga tpansuctop 3akpsiT, KoHAeHcaTop C2 3apskaercs OT UICTOYHMKA MUTaHUS Yepes3
pesucrop R2. [Ipu 3TOM HanpsKeHUE Ha KOHAEHCATOPE, a, 3HAYUT, U Ha BBIXOJE JTUHEWHO
Bo3pacraer. [Ipu noctyruiennu Ha 6a3y MOJOKUTENBHOTO UMITYJIbCa TPAH3UCTOP
OTKPBIBAETCS, U KOHACHCATOP OBICTPO PA3PSIKAETCS Yepe3 €ro Majioe CONPOTUBIICHHUE, YEM
obecrneunBaeTcs ObICTPOE YMEHbBIIIEHUE BBIXOIHOTO HAMPSKEHHUSI 10 HYJISI - OOPaTHBIHN XOI.

M3Mmenurs qaCTOTy Takoro My.IIBTI/IBI/I6paTOpa MOXKHO IBYMs crmocobamu. CHavana
MMOAKIIOYHUTEC MapaljICJIbHO KOHACHCATOPY €1IC OAWH KOHACHCATOP TaKOM K€ EMKOCTH.
Bcenbiliku cBeToanona cTaau IMPUMCEPHO B [IBa pa3a PEiKE, 4YTO TOBOPUT 00 YMCHBIICHHUN
HaCTOTHBI BABOC.

Hpyroii cnoco® n3MeHeHus: 4acTOThl B U3BMEHEHUU COIIPOTUBIIEHUS pe3uctopa. [poie Bcero
Ha €r0 MECTO YCTaHOBUTbH IIEPEMEHHBIN pe3ucTop HoMuHaIOM 1,5-1,8 kOM. Ilpu Bpamenun
3TOTO PE3UCTOPA YACTOTA KoJiebaHui Oy eT u3MeHsaThes B peaenax 0,5 — 201m.
MaxkcumanbHasi 4acTOTa MOJIYYUTCS TOM MOJI0KEHUH IEPEMEHHOT0 pe3rcTopa, Korjaa OyayT
3aMKHYThI BBIBOJIbI MUKpOCXeMBI | 1 8.

Ecnn noMeHsaTh KOHAEHCATOP, HAIPUMEDP EMKOCTBIO Ha | MK®D, TO ¢ TOMOIIBIO TOTO XK€
IIEPEMEHHOI0 PE3UCTOPA BO3MOXHA pEryInpoBKa 4acToTsl B mpenenax 300-10000 I'm.

Ha paboty Takoro MyiasTUBHOpaTOpa BIUSIOT Takue (PakTOpbl, Kak TeMIepaTypa,
HECTaOMJIbHOCTh NCTOYHUKA MUTAHUS, U Aa’Ke Pa30pOChl MapaMeTpOB Paili0d3IEMEHTOB.
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BrinonHenHoe 1Ba 3aaHusl U3 TPEX:
1. CocTaBUTH 3EKTPHIYECKYIO IPUHIUNHAIBHYIO cxeMy "MynbTuBuOparop"

Buapl TeXHUYECKON TOKYMEHTALUH B 3aBUCUMOCTH OT BUJOB JIEMEHTOB U CBSA3EU
MPUMEHUTETHHO JIEKTPUUECKUM CXeMaM MOTYT OBITh CTPYKTYPHBIMH, (PYHKITNOHATHHBIMH,
MPUHIMITHATBHBIMU, COSTUHEHUH, MTOAKIIOUEHUS, OOIMMH (DYHKIIMOHAIBHBIMH,
MPUHIIUITAATEHBIMU, COCTMHEHUN, TTOAKITIOYEHUS, OOIUMHU U pactoiiokerus. [Ipu
BBINIOJIHEHUH MPABUJI HA U3TOTOBIIEHHUE YepTexel nevatHbix miat npumensercs [OCT
2.417-91 Enunas cucrema KOHCTPYKTOPCKOW JOKYMEHTAITHH.

IIponece pa3pabOTKU 2IEKTPOTEXHUUYECKON aNnapaTypbl yCIOBHO JENATCS HA HECKOJIBKO
9TAINOB: TEXHUUYECKOE NPEIOKEHHE, ICKU3HBIN MPOEKT, TEXHUUECKUI MTPOEKT, paboyas
KOHCTPYKTOpCKasi, ToKyMeHTauus. [IpakTuuecky Ha Ka)/10M 3Tare IpOeKTUPOBAHUS
BO3HHMKAaeT HEOOXOIMMOCTh rpaduyecku n300pa3uTh yCTPOUCTBO KaKOIro-1ubo npubdopa muiu
CUCTEMBI, I0Ka3aB TOJbKO €r0 COCTaBHbIE YACTU U CBSA3U MEXAY HUMH. YCIOBHO JENSTCS Ha
HECKOJIBKO 3TAllOB: TEXHUYECKOE NPEUI0KEHHUE, ICKU3HBIN POEKT, TEXHUUECKUN ITPOEKT,
paboyasi KOHCTPYKTOPCKas ,JoKyMeHTauus. [IpakTuuecku Ha KaXKJoM dTare NpOoeKTUPOBAHUS
BO3HHMKAeT HEOOXOIMMOCTh rpaduyecku n300pa3uTh yCTPOUCTBO KaKOro-1udo npubdopa muiu
CUCTEMBI, [I0Ka3aB TOJbKO €ro coCTaBHbIE YacTH U cBsA3u Mexay HumH. [1o TOCT 2.102-68
CXEMa ONpeEIAeTCs KaK KOHCTPYKTOPCKUI TOKYMEHT, HA KOTOPOM B BUJIE YCIOBHBIX
rpaduyeckux u3o00pakeHui win 0003HAaYEHUH [TOKa3aHbl COCTaBHbIE YaCTU U3JIEIHSI U CBA3U
Mex 1y HuMH. PazpaboranHas TakuM 00pa3oM cxema CTaHOBUTCS TUPEKTUBOM 1ist
KOHCTPYUPOBAHUS U3IENHSL, €0 U3TOTOBJICHUS U KOHTpouisl. B skcmmyaranuu no cxemam
M3y4aroT NPUHIUN JISHCTBUS U3JENNS U IPOTEKAoLue B HeM npouecchl. [loaTtomy 3HaueHue
YCIOBHOCTEH M NpaBUJI rpauueckoro opopMieHus CXeM ClIeyeT paccMaTpuBaTh Kak
HEOTHEMJIEMYIO YaCTh OOIEH MOATOTOBKH CIIEIUATUCTA B 00JIACTH UHKEHEPHOH rpaduku.
W3 Bcex BUAOB cXeM MpU NPOEKTUPOBAHUU JIEKTPOTEXHUUECKOH anmapaTypbl HaubosbIlee
pacnpocTpaHEHHE UMEIOT

QJICKTPHUYCCKUC CXEMbI PA3JIMYHBIX THUIIOB, IMIPCIKAC BCCTO, SJICKTPUICCKUC TPUHIHUITNAJIBHBIC
CXEMbI, OCHOBHBIC IIpaBUJia BBIIIOJTHCHUA qepTemeﬁ KOTOPBIX HM3JIarar0TCA B HACTOAIIUX
MCTOANYCCKUX YKA3aHUAX. CampbIit paCHpOCTpaHCHHLIf/'I THUII JJICKTPUUICCKUX CXEM - CXE€MbI
JICKTPHYECCKHUE IPUHIUIIHAJIBHBIC. Ounn Jar0T Y€TKOC IOHMMAaHHuE O pa60Te YCTaHOBKH,
TaK KaK Ha TaKUX CXEMaX MMOKAa3bIBAIOT BCC DJICKTPUICCKUC LICTIN. Ha cxemax SJICKTPHUICCKUX
NPHUHOUIINAJIBHBIX YCIOBHBIMU 0003HaYCHHUIMH 1/1306pa>1<a10TC$1 BCC DJICKTPHUYCCKUC
QJICMCHTHI, aIlllapaThbl U YCTpOﬁCTBa C Y4CTOM peaanoﬁ noCaca0BaTCIbHOCTHU UX pa60TH.

2. I3roTOBUTH MEYATHYIO IJIATY.
TexHoJ0TUA N3TOTOBJICHUS MEYATHOM MJIATEI.

[IpuMeHeHHe 11eYaTHOrO MOHTaXka B PaIUO3JIEKTPOHHOM annaparype MOBBIILIAET UX
HaJE)KHOCTh U 00€CIIeYMBAET MMOBTOPSIEMOCTh MApaMETPOB U CIIOCOOCTBYET MEXaHU3ALUU U
aBTOMATHU3aLMH [TPOU3BOJICTBEHHBIX NpoLieccoB. CyIIHOCTh IEYaTHOTO MOHTAKa COCTOUT B
MOJIyYE€HHUHU Ha U30JISIIUOHHOM OCHOBAaHUM TOHKUX CJIOEB OIpPENEICHHON KOHPUTYpaLUU U3
TOKOIIPOBOIAIIEr0 MaTepuasa, BhIIOIHAIOMNX POIb MOHTAKHBIX IIPOBOJAOB U KOHTAKTHBIX
netanei. [leyaTHbI MOHTaX OTIMYAETCS PSIIOM OCOOEHHOCTEN: MII0CKOCTHBIM
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PACIIOIOKCHHUEM ITPOBOJHUKOB HA U30JIAITMOHHOM OCHOBAaHUHW, HAJIMYUEM MOHTAXXHBIX U
KOHTAKTHBIX OTBCpCTHI’I, a TaKKC CUCTCMBbI PACIIOJIOKCHUA OTBepCTI/Iﬁ —KOOpIII/IHaTHOI\/’I CCTKHU,
HGO6XO}II/IMOI\/'I JJI1 MEXaHu3allu 1 aBTOMAaTU3allu TEXHOJIOTIMYCCKUX onepaunﬁ 10
HU3TOTOBJICHUIO U c6op1<e NEYATHBIX IJIAT U y3JIOB.

[Ipexne Bcero, meyaTHyo miaaTy HE0OXOUMO CIIPOSKTUPOBATh COTTIACHO MPUHIIMITAATBLHON
aneKTpuueckor cxeme. [[puHIMnuaibHas cxeMa ONnpeessaeT MOJHbIA COCTaB 3JIEMEHTOB U
cBs3el Mexay HuMH. OHa Kak MpaBUiIo AeT AETalIbHOE MPEACTABICHUE O MIPUHIUIIAX
paboOTHI AIEKTPUUECKOTO U3ENHS, YCTAHOBKH. J[7151 0THON MPUHITUITHATBHON CXEMBI MOKHO
IIOCTPOUTH HECKOJIBKO BAPUAHTOB I€YAaTHOM IUIATHI, T.€ .IIEYATHOIO MOHTaXa. JlIst
obecreueHns TeXHOJIOTHYHOCTH KOHCTPYKITMY TIEYaTHOM IJIaThl HEOOXOIUMO YCTAaHOBHUTH
€IMHbIE HOPMbI KOHCTPYUPOBAHHUS IUIaT, B IIEPBYIO OUEpPElb B OTHOLICHUN KOHCTPYKIUU U
F€OMETPUYECKUX Pa3MEPOB U MapaMETPOB AIEMEHTOB EYATHOTO MOHTAaXa U UX
3JEKTPUYECKUX NapaMeTpoB. K TakuM HOpMaMm OTHOCSITCS:

-Or PAHUYCHUEC TUIIOPA3SMEPOB MCUYATHBIX IJIAT,

- OrpaHnyeHue TUOPa3MEPOB JIEMEHTOB MIE€YaTHOTO MOHTAKA(IIPOBOIHUKOB, KOHTAKTHBIX
TJIOIAI0K, OTBEPCTHIA.. );

- OFpaHI/I'-IeHI/Ie Ha pasMCUICHUEC 3JICMCHTOB II€YATHOI'0O MOHTaXa (BBG)ICHI/IG
BCIIOMOTaTE€IbHOM CCTKHU, TOCTOSIHHOI'O PUCYHKA ueneﬁ IUTaHusd. . .);

- Gukcanusa MecT MOABEACHUS ONPEIEIECHHBIX LIETIeH UM OTpaHUYEHUE Ha X MIPOBOJIKY;
- Gukcanusa MeCT pa3MeIleHHs] HAaBECHBIX Pagru03JIEMEHTOB.

[Iponiecc M3roToBIEHUs MEYATHOM IATHI HAUMHAETCS TIOCIIE TPOXO0XKIEHUSI BBOAHOTO
MHCTPYKTaxa 1Mo TexHuke 0e3omacHoctu. Cam mporiecc cooTBeTcTByeT JlazepHo-Y TroKHOU
Texunonoruu (JIYT) u cOCTOUT U3 HECKOIBKUX 3TAINOB

- co3nanue uzoodpaxenus I111;

- IIOATrOTOBKA 3aroTOBKHA (BLIpe3Ka H IMOJTIOHKa TGKCTOJ'II/ITa);

- IepeHOC N300paKEeHHsI Ha 3aTOTOBKY (TIOCPEICTBOM HAHECEHUS U300paKeHHsI Ha
CHelHalbHy0 OyMary ¢ MocjiaeayonM epeHOCOM CXEMbl Ha TEKCTOJIUT);

- TpaBnenune 3aroToBky;
- OYMCTKA IJIaThl;

- CBEPJICHHUE;

- Iy ’KCHHUE.

B nanHOe Bpems TpaccupoOBKa MeYaTHBIX IJIAT BBITOJIHAETCS HA KOMIBIOTEPE MIPH TOMOILIU
crienuanbHbIX nporpamMMm. Hanbonee npoctsl 1 gocTynHsl nporpaMmel Sprint-Layout 5.0 rus,

ctp. 42 u3 156




TaK KakK II0JIb30BaHUC nporpaMMoﬁ Sany,Z[HeHI/Iﬁ HEC BBI3BIBACT.

[Tocne Toro, kak nmeyaTHas 1jaTa CIpOEKTUPOBaHA U IIPOBEPEHA, €€ CIIEIyeT IEPEeHECTH Ha
3aroToBKy Oynyiiei miatel. Ml IMEHHO Ha 3TOM 3Tare clieyeT IPOsSBUTh BHUMATEIBHOCTD U
AKKypaTHOCTb.

PucyHOK maTel meuaTaeTcs Ha Ja3epHOM MPUHTEPE MPH OTKIFOYCHUH BCEX SKOHOMHBIX
PEKHUMOB, UTO MO3BOJISIET HAHECTH Ha OyMary MakCHUMallbHO TOJICTBIM TOHEp. DTO
CIOCOOCTBYET YIYUIICHUIO IEPEeHOCa TOHEpa Ha 3aroTOBKY NedatHoi miaTsl. Ceituac
MOo100HAsT TEXHOJIOTHS Ha3bIBACTCS JIa3€PHO-YTIOKHOM.

Jlnis HareyaTaHus TaHHOM MOHTa)KHOU CXeMbl 0053aTeJIbHO HE0OX0AUMO UCIOIB30BATh
MEJIOBaHHYIO OyMary, MOKHO U3 IVISTHIIEBBIX JKypHasoB. [Ipu atom pucynku u pororpaduu
Ha CTpaHULaX Ha Ka4eCTBO HE BIIUAIOT.

3. BeImonHuTh MOHTaX cxembl MynsTuBHOpaTOp"

MyabTUBHOPATOPBI— 3TO T€HEPATOPBI CUTHAJIOB MPSIMOYTOJIbHON (hopMbl. MyJIbTUBHOpATOD,
B IIOJABJIAIONIEM OOJBIINHCTBE CIIy4aeB, BBIIOIHAET (QYHKIHUIO 3a/Jal0IEro reHepaTopa,
(opMUPYIOILEro 3amyCKaIOIIMe BXOAHbIE UMITYJIbCHI ISl TOCIEAYIOIIUX Y3710B U OJIOKOB B
CUCTEME UMITYJIbCHOTO Wi I poBoro aerictusd. [locne Toro, kak codpanu JaHHYIO CXeMy,
ee Heo0XO0AMMO MPOBEPHUTH, HET JIM KaKUX- HU OYy/Ib 3aMbIKaHU, yOeAUTCS B IPaBUIILHOCTH
cOOpKHU B COOTBETCTBHH cO cxeMoil. [Ipn yka3aHHBIX Ha cXxeMe HOMHHaJIaX KOHJEHCATOPOB U
PE3UCTOPOB HANPSKEHHUE Ha BBIXO/1€ MYJIbTUBUOpaTOpa OyIeT U3MEHATHCS OT HU3KOTO
YPOBHS 0 BBICOKOIO He OoJiee 4eM TpUALIATh pa3 B MUHYTY. [l nccie1oBaHus BBIXOIHBIX
CUTHAJIOB MOXXHO BOCIIOJIb30BaThCs IPOCTO BOJBTMETPOM, JKEIATEIBHO CTPEIIOYHBIM, 4 HE
HU(POBBIM.

Takum oOpa3om, cTpesKa BOIBTMETPA, MOJKIIIOUEHHAs, HAIPUMED, K BHIXOAY IIEPBOIO
3JIeMeHTa, Oy/eT CoBepIIaTh KoeOaH!us OT HyJIsl MPAKTHUECKH J10 MATH BOJIBT.

To xe camoe MOXHO OyJIeM BHJIETh, €CJIU MOAKIIOUYUTH BOJIBTMETP K APYTOMY BBIXOAY:
aMIUIUTY/1a U 4aCTOTa OTKJIOHEHUH CTpeNKu OyAyT Te e, UTO U B IIepBOM citydae. Benp He
3psl TAKOM MYJIBTUBUOPATOP YACTO HA3BIBAIOT CUMMETPUYHBIM.

Ecau TCIICPb HC MMOJICHUTHCA U NOAKIIHOYUTD IMapaJUICJIbHO KOHACHCATOPAM €€ 110 OJHOMY
KOHACHCATOpPY TaKoOH kKe €MKOCTH, TO MOXXHO YBHJCTh, UTO CTPECJIKA CTAajIa K0JIEOAThCS B JBa
pa3a MCIJICHHCC. YacroTa KojieOaHMit YMCHBIINJIACH B IBA pa3a.

Ecau Tenepb Ha MECTO KOHJEHCATOPOB, KAK YKA3aHO HA CXEME, 3alasiTh KOHIEHCATOPbI
MeHblIeH eMKocTH, Hanpumep, o 100 mukpodapas, To MOXKHO 3aMETUTh IPOCTO
noBbllIeHUe yacToThl. CTpernika mpudopa OyJeT kosedaTbess HAMHOTO OBICTpee, HO BCE XKe ee
JBHUKEHHUS €Ie JOCTATOYHO 3aMETHBI.

A YTO MONMYYUTHCA, €CITU U3MEHUTHh €EMKOCTh TOJILKO OHOTO KOHAeHcaTopa? Hampumep,
OJIMH U3 KOH/IEHCATOPOB TaK U OCTaBUTh eMKOCThI0 500 Mukpodapan, a qpyroit 3aMeHUTH Ha
100 muxpodapan. 3ameTHo OyeT yBeIMYEHHE YacTOTh, a, KpOME TOr0, CTpesKa npudopa
MOKaXXET, YTO U3MEHUIIOCh BPEMEHHOE COOTHOLIEHHUE UMITYJIbCOB U Tay3. XOTS U B 3TOM
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Clly4ae COTJIacCHO CXEM€ MYJIbTUBUOPATOpP BCE PABHO OCTAJICS CUMMETPUUYHBIM.

Teneps nonpoOyeMm elre pa3 YMEHBIIHTh EMKOCTh KOHJICHCATOPOB, Hampumep 1-5
MuKkpodapasa. B aTom ciiydae MynsTUBUOpaTOp OYIET reHEPUPOBATH 3BYKOBYIO YaCTOTY
nopsiaka 500-100 I'n. Ctpenka mpubopa Ha TaKyro 4acTOTy pearupoBaTh He cMoxkeT. OHa
OyJeT MPOCTO HAXOAUTHCS TOCPEAN LIKATbI, TOKA3bIBasi CPEAHUIN YPOBEHb CUTHAA.

TyT y’ke IpoCTO HE MOHATHO, TO JIX HA CAMOM JI€JI€ UIYT UMITYJIbChI JOCTATOYHO BBICOKOM
YacTOThI, TO JIM Ha BBIXO/I€ MUKPOCXEMBI «CEpbIi» ypoBeHb. UTOOBI TaKO# CUTHAN Pa3IUyUTh,
notpelyercst ocruuuiorpad, KOTopslit ecth He y Bcex. [ToaTomy, 4To0b1 yoenuTbes B pabote
CXEMBbI, MOXHO 4epe3 KoHZeHcaTop eMKOCThIo 0,1 MK®D NOIKIIOYUTH FOJIOBHBIE TENE()OHBI U
YCIIBIILIATh 3TOT CUTHAJI.

Jro0oti u3 PE3UCTOPOB MOKHO HOHpO6OBaTL 3aMCHUTDb NCPCMCHHBIM, IPUMECPHO TAKOI'O KC
HOMMWHAaJa. Torz[a IIpU €T0 BpalllCHUHN YaCTOTa 6y216T HN3MCHATHECA B HCKOTOPLBIX IMPECACIax,
YTO AAaeT BO3MOKHOCTh €€ TOUHOH HaCTpOﬁKH. B pAaAac CiiydacB 3TO ObIBaeT HeO6XOI[I/IMO.

OpnHako, BONPEKH BCEMY PaCcCKa3aHHOMY, CIIy4aeTcsl, YTO MyJIbTUBUOpATOp paboTaeTt
HEYCTOMYMBO WJIM HE 3aITycKaeTcsi BoBce. [IprunHa 3Toro siBJIeHUs! KpOeTcsl B TOM, UTO
SMUTTEPHBIN BXoa MukpocxeM TTJI Becbma KpuTHUEH K HOMHUHAIaM PE3UCTOPOB,
YCTAQHOBJICHHBIX B €r0 LeNHU. OTa 0COOEHHOCTh SMUTTEPHOIO BX0/1a 3aK/IF0UAETCS B
CIIEIYIOIINX PUYMHAX.

3. BemmonHuTh MOHTaX cxembl "MynbTuBHOpaTOp”

U IIPOJIEMOHCTPUPOBATh MPUHLIUI €€ paboThl. JlaHHas cxema coOpaHHas B KauecTBe
MHIMKAaTOPHOTO Kackaja Ha cBeTouoie. To ecTh, MpH noAayue NUTaHUS Yepe3 LIETIOUKY
(pe3ucTop-KOHIEHCATOP), KOHACHCATOP 3apsHKaeTCsl IPH 3TOM HalpsHDKEHUE BO3PAacTaeT, YTo
MIPUBOJUT K OTKPBITHIO TPAH3UCTOPA U 3aTOpaHUIO cBeToAnoa). CBETOANO TOPUT A0 TeX
IIOp NOKA HE pa3psAUTCsA KOHACHCATOP, TO(ECTh €CIIN HANPSKEHUE BBIX0JA PABHO
HaIpPsHKEHUIO HACKIILIEHUS! KOH/IEHCATOp 3apshKAaeTcs U HaNpsKEHUE HACHIIIEHUS BO3pacTaeT
10 Makcumyma). Ilocie BKITIOUeHNsI MUTaHUS MyJIbTUBUOPATOP HAUHET BHIPAOATHIBATh
KoseOaHus ¢ yactotoi 1111, 0 ueM CBUAETENbCTBYIOT BCIBILIIKY CBETOAMO1A. Pe3ucTop Ha
BXOJI€ OJTHOTO U3 IUIeY MYJIbTUBHOpATOpa SIBJISETCS €ro YacThI0. 3a CUET TOKa SMUTTEpa Ha
9TOM PE3UCTOPE CO3/AAETCS HAIPSKEHUE, KOTOPOE 3aKPhIBAET TPaH3UCTOP. Eciau HanpskeHue
9TOTO pe3UcTOpa caenaTh B nmpeaenax 2-2,5 kOwm, najgeHue HarpspKeHust Ha HeM Oy e
HACTOJILKO OOJBIINM, YTO TPAH3UCTOP MPOCTO NEPECTAET pearupoBaTh Ha BXOIHOM CUTHAJL.
Ecnu xe, Ha000poT, B34Th CONPOTUBIICHHUE 3TOT0 pe3ucTtopa B npeaenax 500-700 Owm,
TpaH3UCTOP OyAET BCe BPEMsI OTKPBIT, T.K. BXOJHBIMH CUTHAJIaMU He OyeT ynpaBisThCS.
[TosTOMy aHHBIE PE3UCTOPSI CieLyeT NOAOUPATh UCXOIS U3 3TUX COOOpaKEHUI B JHana3oHe
800-2200 OM. TonbpKO Tak MOXKHO JOOUTHCS YCTOMYMBOM pabOThl MyIbTUBHOpaTOpa. 3aTeM
TOT K€ MPOIIECC MPOUCXOIUT C BTOPOH LIETIOYKOM MyJIbTUBHOpaTOpa.

Korga tpansuctop 3akpsiT, kKoHAeHcaTOop C2 3apskaercs OT UICTOYHMKA MUTaHUS Yepes3
pesucrop R2. [Ipu 3TOM HanpsKeHUE Ha KOHAEHCATOPE, a, 3HAYUT, U Ha BBIXOJE JTMHEWHO
Bo3pacraert. [Ipu moctyruiennu Ha 6a3y MOJOKUTENBHOTO UMITYJIbCa TPAH3UCTOP
OTKPBIBAETCS, U KOHACHCATOP OBICTPO PA3PsKAETCS Yepe3 €ro Majioe CONPOTUBIICHUE, YEM
obecrneunBaeTcs ObICTPOE YMEHbBIIIEHUE BBIXOIHOTO HAMPSIKEHHUSI 10 HYJISI - OOPAaTHBIHN XOI.
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N3MeHuTs 4acToTy Takoro MyJbTUBUOpaTOpa MOKHO JIByMs criocobamu. CHavaia
MOAKJIIOYUTE NIapAJIJIEIbHO KOHIEHCATOPY €LIEe OJUH KOHJIEHCATOP TAKOU K€ EMKOCTH.
Bcenbliku cBeTouoaa cTainy NpuMEpHO B JBa pasza Peke, 4To TOBOPUT 00 YMEHBIIEHUH
4aCTOTHI BJBOE.

Jpyroii cioco0 U3MEHEHHUs 4YaCcTOThl B U3MEHEHUHU CONPOTUBIEHUS pe3ucTopa. [Iporie Bcero
Ha €ro MECTO YCTaHOBUTH NepeMEeHHbIN pe3ucTop HomuHaioM 1,5-1,8 kOwm. Ilpu Bpaienun
3TOr0 PE3UCTOpa YacToTa Koyiebanuit Oyner u3MeHsaTeses B npenenax 0,5 — 200m.
MakcruMasbHasi 4acToTa MOJyYUTCS TOM MOJIOKEHUN IEPEMEHHOT0 pe3UCTOpa, Korjaa OyayT
3aMKHYTHI BBIBOJbI MUKpOCXEMBI | 1 8.

Ecnu noMmeHsTh KOHAEHCATOp, HAIPUMEP EMKOCTBIO Ha | MK®D, TO ¢ OMOILIBIO TOTO K€
MEPEMEHHOT0 PE3UCTOPA BO3MOKHA peryaupoBka yactoTsl B npenaenax 300-10000 I,

Ha paGoty Takoro mynbTUBHOpaTOpa BIUSAIOT Takue (PaKTOpPbI, KaKk TEMIEpaTypa,
HECTaOMJIBHOCTh UCTOUHUKA MUTAHUS, U 1aXe pa30poCckl apaMeTpoB paJu03JIeMEHTOB.

BoinonHeHHoOe TpH 3a/1aHus U3 TPEX:
1. CocTaBuUTh 3JEKTPHIYECKYIO IPUHIUMIHANBHYIO cxeMmy "MynbTuBubparop”

Bunbl TexHMUECKON JOKyMEHTAIMK B 3aBUCMOCTH OT BUJIOB 3JIEMEHTOB U CBSI3el
MPUMEHUTEIBHO 3JIEKTPUYECKUM CXEMaM MOT'YT OBbITh CTPYKTYPHBIMHU, (PYHKIMOHATbHBIMH,
MPUHIMIHATIBHBIMU, COETUHEHHH, MOAKIIOUEHUS, OOIUMHU (DYHKINOHAIbHBIMH,
MPUHIUIHATIBHBIMH, COSJUHEHUH, MTOJIKIIIOYEHNUS, OOIMMHU U pacnoioxenus. [Ipu
BBINOJTHEHUH MTPaBUJI HAa U3TOTOBJICHUE YepTeKel neyatHpix miat npumensiercs [OCT
2.417-91 Ennnas cucteMa KOHCTPYKTOPCKON JOKYMEHTALUH.

IIponece pa3paboOTKH 3IEKTPOTEXHUYECKON anmnaparypbl yCIOBHO JIENATCS HA HECKOJIBKO
ATAIOB: TEXHHUYECKOE NPEIOKEHIE, ICKI3HBIN MPOCKT, TEXHMYECKUI MMPOEKT, pabodast
KOHCTPYKTOpCKasl, JOKyMeHTanus. [IpakTuuecku Ha KaXKa0M 3Tane MpoeKTUPOBaHUS
BO3HHMKAET HEOOXOAMMOCTh rpadudecKu U300pa3nuTh YCTPOUCTBO KAKOTO-IM00 pubopa uin
CHCTEMBI, TIOKa3aB TOJIBKO €0 COCTABHBIC YACTU U CBSI3U MEX/1y HUMH. YCIOBHO JIEJIATCS Ha
HECKOJIBKO ATAIOB: TEXHHUECKOE MPEUIOKEHUE, ICKU3HBIN MPOCKT, TEXHHUECKUH MPOEKT,
pabouasi KOHCTpYKTOpCKas ,JoKyMeHTaus. [IpakTuyecku Ha KaX10M 3Tare MPOEKTUPOBAHUS
BO3HHMKAET HEOOXOAMMOCTh rpadudecKu U300pa3nuTh YCTPOUCTBO KAKOTO-IM00 pubopa uin
CUCTEMBI, [I0Ka3aB TOJIBKO €r0 COCTaBHbIE YacTU U CBA3U Mexay HuMH. [1o I'OCT 2.102-68
cxeMma ompeernsieTcss Kak KOHCTPYKTOPCKHIA JOKYMEHT, Ha KOTOPOM B BHJIE YCIIOBHBIX
rpaduuecKkux n300pakeHui nir 0003HauUEHUH MMOKa3aHbl COCTABHbIE YaCTH U3AEHS U CBS3U
Mex 1y HUMH. PazpabotranHas TakuM 00pa3oM cxema CTAaHOBUTCS TUPEKTUBOM ISt
KOHCTPYHUPOBAHUS U3/IeNHs, €r0 U3TOTOBIICHUS U KOHTPOJIs. B skcrutyaranum no cxemam
W3yYaloT MPUHIIMIT ASUCTBUS M3IEIHS U MPOTEKAIOIINE B HeM mporiecchl. [loaToMy 3HaueHme
YCIOBHOCTEH U MpaBui rpaduueckoro opopMieHus cXeM CleayeT paccMaTpuBaTh Kak
HEOThEMJIEMYIO YaCTh 00IEN OArOTOBKY CHEIHAINCTa B 00JIaCTH MHXKEHEPHOU IpaduKH.
W3 Bcex BUIOB CXEM MPH MPOESKTUPOBAHUH IEKTPOTEXHUUECKOI anmnapaTypsl HauOoJbIlee
pacrpocTpaHeHHEe UMEIOT

OJICKTPHUYCCKUEC CXEMBI PA3JIMYHBIX TUIIOB, MPCKIAC BCCTO, SJICKTPUICCKUC TPUHIHUITNATIbHBIC
CXCMbI, OCHOBHBIC IIpaBUJIa BbIITIOJTHCHUA qepTemeﬁ KOTOPBIX MU3JIAratOTCA B HACTOSAIIUX
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MeToInYeCcKuX ykazaHusx. CaMblil pacipOCTpAaHEHHBIN THI 3JIEKTPUUECKUX CXEM - CXeMbI
3JeKTpUYecKue NPUHIUNHNAIBHBIE. OHU AIOT YETKOE MOHUMaHKHE 0 paboTe yCTaHOBKH,
TaK KaK Ha TaKMX CXEMax IOKa3bIBAIOT BCE AIEKTpHUECKue 1enu. Ha cxemax anekTpudecKkux
MPUHIUIHAIBHBIX YCIOBHBIMU 0003HAUCHUSIMU U300paXKatOTCsI BCE DIIEKTPUUYECKHE
3JIEMEHTBI, allapaThl U yCTPOICTBA C yUETOM peaIbHOM MOCIEe10BATEIbHOCTH UX paOOTHI.

2. I3roToBUTH NEYATHYIO IUIATY.
TexHoJI0rvsl M3rOTOBJICHHS MEYATHOM IJIATHI.

[IprMeHeHne eyaTHOro MOHTaXXa B paIMO3JIEKTPOHHOM anmnaparype NOBBIIAET UX
Ha/IeXHOCTh U 00ECIIeYMBAET OBTOPSEMOCTh ITapaMETPOB U CIIOCOOCTBYET MEXaHU3AIMU U
aBTOMAaTU3AIMH ITPOU3BOJICTBEHHBIX MpolrieccoB. CyIIHOCTh ME€YaTHOTO MOHTaKa COCTOUT B
MOJIyYSHUH Ha U30JIALIMOHHOM OCHOBAaHHM TOHKHX CJIOEB OIpeIeIeHHONW KOH(PUTypaluy 13
TOKOIIPOBOIAILErO MaTepraia, BBIMOIHAIOMNX POJIb MOHTAKHBIX IPOBOJAOB U KOHTAKTHBIX
neraneil. [leyaTHbII MOHTaX OTIMYAETCS PSIOM OCOOCHHOCTEH: TIIOCKOCTHBIM
PaCIIOJIOKEHUEM ITPOBOIHUKOB HAa U30JISILITMIOHHOM OCHOBAaHUM, HAJIMYMEM MOHTAXHBIX U
KOHTAKTHBIX OTBEPCTHH, a TAKKE CUCTEMBI PACIIOJIOKEHUSA OTBEPCTUM —KOOPIAMHATHON CETKH,
HE0OXO0IUMOM ISl MEXaHU3alluU 1 aBTOMATH3allMU TEXHOJOTUYECKUX ONepaluii o
M3TOTOBJICHUIO U COOPKE MEYaTHBIX IJIAT U Y3JI0B.

[Ipexne Bcero, meyaTHyo miaaTy He0OXOUMO CIIPOSKTUPOBATh COTTIACHO MPUHIIMITAATHLHON
aneKTpuueckor cxeme. [[puHIMnuanbHas cxeMa ONnpeessaeT MOJHbIA COCTaB 3JIEMEHTOB U
cBs3el Mexay HuMH. OHa Kak MpaBUJIO AaeT JETalIbHOE MPEACTABICHUE O MIPUHIUIIAX
pabOTHI AIEKTPUUECKOTO U3/ENHS, YCTAHOBKH. [[7151 0THON MPUHITUITHATBHON CXEMBI MOKHO
IIOCTPOUTH HECKOJIBKO BAPUAHTOB [€YATHOM IUIATHI, T.€ .IIEYATHOIO MOHTaXa. JlJist
obecreueHns TEXHOJIOTHYHOCTH KOHCTPYKITMY TIeYaTHOM IJIaThl HEOOXOIUMO YCTAaHOBHUTH
€IMHbIE HOPMbI KOHCTPYUPOBAHMUS IUIaT, B IIEPBYIO OUEpPElb B OTHOLIEHUN KOHCTPYKIUU U
F€OMETPUUYECKUX Pa3MEPOB U MapaMETPOB AIEMEHTOB IEYATHOTO MOHTAaXa U UX
3JIEKTPUYECKUX NapaMeTpoB. K TakuM HOpMaMm OTHOCSITCS:

-Or PAHUYCHUEC TUIIOPASMEPOB MCUYATHBIX IJIAT,

- OrpaHnyeHue TUOPa3MEPOB JIEMEHTOB MIE€YaTHOTO MOHTAKA(IIPOBOIHUKOB, KOHTAKTHBIX
TJIOIAI0K, OTBEPCTHIA.. );

- OFpaHI/I'-IeHI/Ie Ha pasMCUICHUEC 3JICMCHTOB II€YATHOI'O MOHTaXa (BBG)ICHI/IG
BCIIOMOT'aTeIbHOM CCTKHU, TOCTOSIHHOI'O PUCYHKA ueneﬁ IUTaHusd. . .);

- Gukcanusa MecT MOABEACHUS ONPEIEIECHHBIX LIETIeH UM OTpaHUYEHUE Ha X MIPOBOJIKY;
- Gukcanusa MeCT pa3MeIlIeHHs] HAaBECHBIX Pagu03JEMEHTOB.

[Iporniecc M3roToBIEHUs MEYATHOM IATHI HAUMHAETCS TOCIIE MTPOXO0XKIEHUSI BBOAHOTO
MHCTPYKTaxa 1Mo TexHuke 0e3omacHoctu. Cam mporiecc cooTBeTcTByeT JlazepHo-Y TrokHOM

Texnonoruu (JIVT) 1 COCTOUT U3 HECKOIBKUX ITAIIOB

- co3nanue uzoodpaxenus I111;
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- IIOATrOTOBKA 3aroTOBKHU (BBIpGSKa " IMOJTOHKa TeKCTOJ'[I/ITa);

- IEPEHOC N300paKeHHsI Ha 3ar0TOBKY (IIOCPEICTBOM HAHECEHUS U300paKeHHsI Ha
CHeNHalbHyI0 OyMary ¢ mociaeIyoiM MepeHOCOM CXEMbI Ha TEKCTOIUT);

- TpaBneHue 3aroToOBKH;
- OUMCTKA IJIaThI;

- CBEpJICHHE;

- Iy KEeHHE.

B nannoe BpeMs TpacCUpOBKa MEYaTHBIX IJIAT BBIMOJIHAETCSA HA KOMIIBIOTEPE MPU MOMOIIH
crienuanbHbIX porpamMM. Hanbosee mpocThl 1 J0CTynHBI porpaMMbl Sprint-Layout 5.0 rus,
TaK Kak M0Jb30BAHHUE MPOTPAMMON 3aTPyAHEHUI HE BBI3bIBAET.

ITocne Toro, kak neyaTHas IUIaTa CIPOCKTUPOBAHA U IIPOBEPEHA, €€ CIIEAYET IIEPEHECTU Ha
3aroToBKy Oyayuiei miatel. 1 IMEHHO Ha 3TOM 3Tare clielyeT IpOosSBUTh BHUMATEIbHOCTh U
AKKypaTHOCTb.

PucyHok mnaThl nevyaraercs Ha JJa3€pHOM IIPUHTEPE MPU OTKJIFOUEHUH BCEX IKOHOMHBIX
PEXMMOB, YTO MO3BOJISIET HAHECTU Ha OyMary MakCUMaJbHO TOJCTBIN TOHEP. DTO
CIOCOOCTBYET YJIy4LIEHHIO IEPEHOCa TOHEepa Ha 3aroTOBKY NeyaTHOH miatkl. Celvac
110/100HAas TEXHOJIOTHS Ha3bIBACTCA J1a3€PHO-YTIOKHON.

Jlns1 HareyaTaHus TaHHOW MOHTQ)XKHOHM CXeMBbI 0013aTeIIbHO HEOOXOAMMO UCITOIb30BaTh
MEJIOBaHHYIO OyMary, MO>KHO U3 TJISTHIIEBBIX JKypHasoB. [Ipu atom pucynku u portorpaduu
Ha CTPAHUIAX HA KQYECTBO HE BIIMSIOT.

3. BeimmoaHauTh MOHTaX cXeMbl MynbTHBHOpaTOp"

MyabTHBHOPATOPBI— ATO TEHEPATOPHI CUTHAJIOB MPSIMOYTOJILHOU (hopMBI. MyIIETHBHOpATOD,
B MOJIABJISAIOLIEM OOJBIIMHCTBE CIIy4aeB, BHIIOIHIET (DYHKIIUIO 33/Ial0IEero reHepaTopa,
(OpMHUPYIOIIETO 3aITyCKAIOIMINE BXOJHBIE UMITYJIBCHI UT OCIEAYIOINX Y37I0B 1 OJIOKOB B
cucTeMe UMITYJIbCHOTO Miu iudposoro neictus. Ilocie Toro, kak codpanu JaHHYIO CXeMy,
ee HeoOXOAMMO MPOBEPHTH, HET JIN KaKUX- HU Oy/Ib 3aMbIKaHU, yOSAUTCS B PAaBUIILHOCTH
cOOpKH B COOTBETCTBUH €O cxeMoil. [Ipu yka3zaHHBIX Ha cXeMe HOMUHAJIaX KOH/IEHCATOPOB U
PE3UCTOPOB HAIIPSKEHUE HA BBIXOZE MYJIBTHBHOpaTopa OyIeT H3MEHATHCS OT HU3KOTO
YPOBHSI 1O BBICOKOTO He 0oJiee yeM TpUALaTh pa3 B MUHYTY. s Mccae10BaHus BBIXOJHBIX
CHTHAJIOB MO>KHO BOCIIOJIB30BAThCS IIPOCTO BOJIBTMETPOM, KETATEIBHO CTPETIOYHBIM, a HE
HU(PPOBBIM.

Taxum oOpa3oM, cTpenka BOJIbTMETPA, HOJKIIOUEHHAsI, HAIIPUMEp, K BBIXOAY IIEPBOTO
3JIeMeHTa, OyAeT COBEpIIaTh KoJieOaHUsI OT HyJIsl MPAKTUYECKH /10 TSTH BOJIBT.

To >xe caMmoe MOKHO OyJ1IeM BHI€Tbh, €CITU TOIKIIOYUTH BOJIBTMETP K IPYTOMY BBIXOY:
aMIUTUTY/Ia U 9aCTOTa OTKJIOHEHUH CTpEeNKu OYyAyT Te JKe, UTO U B TIEpBOM cirydae. Benpb He
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3ps TAKOW MYJIBTUBHOPATOP YaCTO HA3BIBAIOT CHMMETPUYHBIM.

Ecnu Tenepp He MOICHUTHCS U OAKITIOYUTH MapajlIeIbHO KOHIEHCATOPaM €I1I€ 110 OJTHOMY
KOHJICHCATOPY TaKOM e €MKOCTH, TO MOKHO YBUIETH, YTO CTPEIKA CTasia KoieOaThCs B IBa
pasa mennennee. Yacrora kosebaHuii yMEHBINIIACh B JBa pasa.

Ecnu Teneps Ha MECTO KOHJICHCATOPOB, KaK YKAa3aHO Ha CXEMe, 3anasiTh KOHACHCATOPHI
MeHbILIeH eMKOCTH, Hanpumep, 1o 100 mukpodapas, To MOKHO 3aMETUTh IIPOCTO
noBellIeHHE YacToThl. CTpernka npudopa OyaeT konedaThCss HAMHOTO OBICTpEE, HO BCE KE €€
JIBIDKEHUS ellle JOCTaTOYHO 3aMETHBI.

A 4TO NOJIYUYUTHCS, €CIIU U3MEHUTH EMKOCTb TOJIKO OJJHOr0 KoHJeHcaTopa? Hanpumep,
OJIMH U3 KOH/IEHCATOPOB TaK M OCTaBUTh eMKocThi0 500 Mukpodapan, a Apyroil 3aMeHUTH Ha
100 muxpodapaz. 3aMmeTHO OyAeT yBeIHMUEHHE YacTOThI, a, KPOME TOr0, CTpesika Ipudopa
MTOKAKET, YTO U3MEHWIOCHh BPEMEHHOE COOTHOLIEHUE UMITYJIBCOB U ay3. XOTSA U B ’TOM
Cllydae COTJIacHO CXeMe MYJbTUBHOPATOp BCE PABHO OCTAJICS CUMMETPUYHBIM.

Teneps nmonpoOyeM eliie pa3 yMEHBIIUTh eMKOCTh KOHIEHCATOPOB, HarpuMep 1-5
mukpodapan. B atom ciiydae myasTuBHOpaTOp OyI€T TeHEPUPOBATH 3BYKOBYIO YaCTOTY
nopsiaka 500-100 I'u. Crpenka npubopa Ha TaKyro 4acTOTY pearupoBaTh He cMoxeT. OHa
OyIeT MPOCTO HAXOAUTHCS OCPEAN LIKAJbI, TOKA3bIBasi CPEAHUN YPOBEHb CUTHAIA.

TYT YK€ IPOCTO HC MMOHATHO, TO JIKX HA CaMOM J€JIC UAYT UMITYJIbCbl JOCTAaTOYHO BBICOKOM
YaCTOTBI, TO JIM Ha BBIXOJIE MUKPOCXEMBI «CEPhIi» ypoBeHb. UTOOBI TaKO# CHTHAT Pa3INyuUTh,
notpedyetcst ocmutorpad, KOTOpsli ecTh He y BceX. [ToaTomy, 4T00OBI YOeaAuThCs B paboTe
CXEMBbI, MOXHO 4epe3 KoHAeHcaTop eMKOCThIo 0,1 MK®D MOIKIIOYUTH TOJIOBHBIC TeNe()OHBI U
YCIbIIATE 3TOT CUT'HAJI.

JIro60¥ u3 pe3sucTopoB MOKHO ONPOOOBATh 3aMEHUTH IEPEMEHHBIM, IPUMEPHO TaKOTO K€
HoMuHana. Toraa npu ero BpallleHuu 4acToTa OyIeT U3MEHATHCS B HEKOTOPBIX Mpeaenax,
YTO J1a€T BO3MOKHOCTb €€ TOUHOM HAacTpoiiku. B psze citrydaeB 310 ObIBaeT HEOOXOAMMO.

OnHako, BONPEKH BCEMY pacCKa3aHHOMY, CIy4aeTcs, YTO MyJIbTUBUOpaTop paboTaeT
HEYCTOMYMBO WJIM HE 3aIlycKaeTcs BoBce. [[pruunHa 3Toro sBIeHUs KpOeTcs B TOM, UTO
SMUTTEpHBIN BXoJ MuKkpocxeM TTJI BecbMa KpUTHYEH K HOMHHAJIAM PE3UCTOPOB,
YCTAQHOBJICHHBIX B €r0 LeMH. 9Ta 0COOEHHOCTh SMUTTEPHOTO BX0/1a 3aK/II0UAETCS B
CJIEYIOIINX MPUYMHAX.

3. BemoaauTh MOHTaX cxeMbl "MynsTuBHOpaTOp"

U IPOAEMOHCTPUPOBATh MPUHIMI €€ padoThl. JJaHHas cxeMa coOpaHHas B KauecTBe
MHIMKAaTOPHOTO Kackaja Ha cBeToauone. To ecTh, IpH NoAaue NUTaHUS YEPE3 LIETIOUKY
(pe3ucTop-KOHAEHCATOP), KOHJIEHCATOP 3apsiKaeTcsl IPU ATOM HaIpsDKEHUE BO3PACTAET, UTO
MIPUBOAUT K OTKPBITHIO TPAH3UCTOPA U 3arOpaHuIo cBeTouoAa). CBETOAMOA TOPUT 10 T€X
MOp MOKa He pa3psANTCs KOHAEHCATOP, TO(ECTh €ClIU HalpsyKEHUE BbIX0Ja PaBHO
HaIPSDKEHUIO HACBIILIEHUS KOHIEHCATOP 3apshKAeTCs U HaPSYKEHUE HACHIIIEHUS BO3pacTaeT
1o MakcumyMa). [locnie BkiItoueHust TUTaHus MyJIbTUBUOPATOp HAaYHET BbIpaOaThIBATh
Kosebanus ¢ yactotoit 1111, 0 yeM CBUAETENbCTBYIOT BCIBILIKY cBeTOAMO 1. Pe3ucTop Ha
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BXOJI€ OJHOTO M3 TUIeY MYJIbTUBUOpATOpA SBISETCS €r0 YacThI0. 3a CYET TOKA SMUTTEpa Ha
3TOM PE3UCTOPE CO3JAETCS HAIIPSKEHUE, KOTOPOE 3aKpbIBaeT TpaH3uctop. Ecnu HanpspkeHue
ATOTO PE3UCTOpa CALNaTh B mpenenax 2-2,5 kOm, nmajieHrne HarpsHKeHUs Ha HeM Oy et
HACTOJBKO OOJBIINM, YTO TPAH3UCTOP MPOCTO MEPECTAET pearupoBaTh HA BXOIHOM CUTHAIL.
Ecnu sxe, Ha060poT, B34Th COMPOTUBIICHHE 3TOTO pe3ucTopa B npeaenax 500-700 Owm,
TpaH3UCTOP OyAeT BCe BPEMsI OTKPBIT, T.K. BXOJHBIMHU CUTHAJIaMU He OyAeT ynpaBisThCS.
[TosTOMy naHHBIE PE3UCTOPHI CIEAYET MOAOMPATH UCXOISI U3 ITUX COOOpAKEHUH B JUANIa30HE
800-2200 OM. TonbpKO Tak MOXKHO JOOUTHCS YCTOMYUBOM pabOThI MyIbTUBHOpATOpa. 3aTeM
TOT K€ MPOIIECC MPOUCXOIUT C BTOPOH IEMOYKON MyJIbTUBHOpaATOpA.

Korna tpansucrop 3akpbIT, koHaeHcaTop C2 3apsKaeTcsi OT HICTOYHMKA MUTAHUS Yepes
pesuctop R2. [Ipu a3TOM HanpsikeHHe Ha KOHAEHCATOPE, a, 3HAYUT, U Ha BBIXOJIE JINHENHO
Bo3pactaert. [Ipu noctymiennu Ha 0a3y MOJOKUTENBHOTO UMITYJIbCa TPAH3UCTOP
OTKPBIBAETCS, U KOHJEHCATOP OBICTPO pa3psHKaeTcs yepes ero Majoe CONpOTHBIICHHUE, YEM
oOecrnieunBaeTcs ObICTPOE YMEHbBILIEHUE BBIXOIHOTO HAMPSKEHUSI 10 HYJISI - OOpaTHBIN XOI.

N3MeHuTh 4acToTy Takoro MyJbTUBUOpaTOpa MOKHO JIByMs criocobamu. CHavaina
MOAKJIIOYUTE NIapAJIJIEIbHO KOHIEHCATOPY €LIe OJUH KOHJIEHCATOP TAKOW K€ EMKOCTH.
Bcenbliku cBeToanoa cTaiay NpUuMEpHO B JBa pasa peke, 4TO TOBOPUT 00 YMEHBIIEHUH
4aCTOTHI BJBOE.

Jpyroii cioco0 U3MEHEHUs 4aCcTOThl B U3MEHEHUHU CONPOTUBIIECHUS pe3ucTopa. [Iporie Bcero
Ha €ro MECTO YCTaHOBUTb NepeMEHHbIN pe3uctop HomuHaioM 1,5-1,8 kOwm. Ilpu Bpaienun
3TOrO Pe3UCTOpa YacToTa Kosebanuit Oyner u3MeHsaTees B npenenax 0,5 — 200'm.
MakcuMasbHasi 4acToTa MOJyYUTCS TOM MOJIOKEHUN IEPEMEHHOT0 pe3UCTOpa, Korjaa OyayT
3aMKHYTHI BBIBOJbI MUKpPOCXEMBI | 1 8.

Ecnu nomeHsTh KOHAEHCATOP, HAIPUMEP EMKOCTBIO Ha 1| MKD, TO € IOMOIIBIO TOTO e
IIEPEMEHHOT0 PE3UCTOPA BO3MOXKHA peryaupoBKa 4acToTsl B mpeaenax 300-10000 .

Ha paGoty Takoro mynbTuBHOpaTOpa BIUAIOT Takue (PaKTOpPbI, KaKk TEMIEpaTypa,
HECTaOMJIBHOCTh MCTOUHUKA MUTAHUS, U 1aXe pa30poCkl apaMeTpoB paJu03JIeMEHTOB.

Texymmid KOHTPOJIb NeS

®opma koHTpoJsi: KontponbHas pabota (Onpoc)
OnucarejbHast 4YaCTh:

3aganne Nel

1. OnpenenuTs 1eNb U MPaBUia BHYTPEHHETO paclopsaaka B y4eOHO-IIPOU3BOICTBEHHON MaCTEPCKOM.

2. TexHuka 0e30MacHOCTH Ha paboyeM MecTe.

3. Buzpl ¥ 3ajaun MHCTPYKTaXel 1o 6€300aCHOCTH Tpya.

OrneHka

IToxa3aTenu oneHKH
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PackpsIT 01MH BOIIPOC U3 TpeEX.

1. Onpenenuts 1eNb U MpaBUiIa BHYTPEHHETO PACHOpsAKa B yUeOHO-IPOU3BOACTBEHHON
MAaCTEpPCKOM.

Henbto yueOHO-NPON3BOACTBEHHOMN MPAKTUKH SIBIISIETCA 3aKPEIJICHUE U yIiiyOeHue
TEOPETUYECKUX 3HAHUH 10 JaHHOU AUCLUIUIMHE U IPUBUTUE UM IIEPBUYHBIX IPAKTUYECKUX
HAaBBIKOB I10 BBIITOJIHEHUIO OCHOBHBIX OIEpalluid PpEMOHTA paJuoannaparypsl.

[Tomemienue as npoBeeHUs MPAKTUYECKUX paboT MO ciiecapHO-COOPOYHBIM padoTaM U
JIEKTPOMOHTAXKY 000pYZ0BaHa B CIEIMAILHOM MPOU3BOJCTBEHHOM Kiacce. OH COIEPKUT
BECh HEOOXOUMBIN KOMIUIEKC J1a00paTOPHO-TIPOM3BOICTBEHHOTO 00opyaoBanus. Croma
BXOJST CHEMaIbHO 000PYAOBAaHHBIE CTOJBI HA 15 pabounx MecT, CHaO)KEHHbIE MyIbTaMU
WHAUBUAYAJIBbHOI'O IIOJIB30BaHUA, OCBCIICHHUEM, BCHTI/IJ'ISIHI/ICI\/’I, HHCTPYMCHTOM
JIEKTPOMOHTA)XKHUKA, HACTEHHAs HHpOpMalus, CpecTBa TexHuueckoro o0yuenus. [Turanue
1a00paTOpHUU OCYIIECTBISIETCS IEHTPAIN30BAaHO UICTOYHUKAMH BBICOKOTO M HU3KOTO
HaNPsKEHUS.

Pabouee mecto cnecapsi cOOpIIMKAa U MOHTAKHHUKA Pain03JIEKTPOHHOM anmnapaTypbl 1
MpUOOPOB - 3TO YUACTOK IPOU3BOJCTBEHHOM IUIOIIA/IU, TPEAHA3HAYECHHBIH JIJIs1 BHITOJIHEHUS
OTIpeIeIeHHON pabOoThl M OCHAILIEHHBII COOTBETCTBYIOIIUM 000PYJOBAaHUEM, HHCTPYMEHTOM
1 MaTepuaiaMu: 3J1. NasJIbHUKUA COOTBETCTBYIOIIEN MOIIIHOCTH, IIOJCTaBKa JJis MasIbHUKA,
HOK JUJIsl CHATHS M30JISILKHU, IPHOOP ISl U3MEPEHUS TEMIIEPaTyphbl, Tapa sl XpaHEHHs
(roca 1 npunos ,Habop UHCTPYMEHTA (OTBEPTKH, IMJIOCKOTYOIIbI, KPYTI0TyOIIbl, KyCauK1
OOKOBBIE M TOPLIEBbIC, HATWIBHUK, TMHLET, KJIIOYH IaeYHbIe, TMHEHKA, HOXKHUILIbI, KUCTOUKH,
Jyra, KOBPUKH HAIOJIbHBIE U Ha CTOJIbI paboune.

- IPOAYBKA CXKAThIM BO3AyXOM MOHTAKa JOJIKHA IPOUCXOJNUTH B OTJEIBHO OTBEIEHHOM
MecTe 000pyIOBaHHOM BEHTHJISLIMEH IPU BBIOJIHEHUH PA0OT CBSA3aHHBIX IPOTACKMBAHUEM
MIPOBOJIOB B SKPAaHUPOBAHHYIO OIUIETKY B FTMOKHMX IIJIAHTaX WK KOJUIEKTOpax HEOOX0AUMO

NOJIb30BATHCA CIICHUAJILHBIMU IIC€PpYATKAMMH.

- KaTCrOpHUICCKHU 3allpeiiacTCs NPpOU3BOJUTH ,Z[Opa6OTKI/I MOHTa)Ka B CXeMax OJIOKOB KOTOPBIC
HaxXOoOATCA OO HAIPSKCHUEM

- anmaparypa, ¢ KOTOpoi Mbl paboTaeM J10JIKHA ObITh 3a3eMJICHA.

2. Texnuka Oe30macHOCTH Ha pabodyem MecTe.
HpI/I BBITIOJTHCHUHN MOHTAKHBIX pa60T H€O6XOI[I/IMO MNPUACPKUBATHCA CICAYIOMINX ITPaBUJII 11O

TEXHUKUA 0€30IaCHOCTH:

1. Ha paGouem MecTe HE JOMKHO OBITH HUYETO JIMIITHETO.

ctp. S0 m3 156




. PaBouee mMecTo 311. MOHTa)KHHKA 000PYIyEeTCsI XOPOILIUM OCBEILIEHUEM.

. BEITSKHOM BEHTUIISAIUCH.

. DIEKTPUYCCKUMH TOYKAMH TSI DJICKTPOUHCTPYMEHTOB.

. Pabouee MecTO TOMKHO OBITH 3a3E€MJICHO.

. MHCTpYMEHTBI 1 000pYyTOBAaHUE JTIOJDKHO OBITH B UCIIPABHOM COCTOSTHHH.

. Ha paGouem mecTe He JOMKHO OBITH HUYETO JIMIITHETO.

. Pyku 1OKHBI OBITh CyXHMH U YACTBIMH.

. [asIpHUK KJACTh HA TOJMBKO HA MOJACTABKY.

. He poBepsITh cTenens HarpeBa masuibHAKA Ha OIYTIb.

. [Ipu maiike He MpUEPKUBATH JAETANU PyKaMH, TOJIBKO MUHIIETOM WU
IJIOCKOTYOIIaMHU.

. He ounmiate nasyibHUK OT JIMIITHETO MPUIIOS MyTEM BCTPAXUBAHUS, TOIHKO
MIPUKOCHOBEHWEM jKaJia MasUTbHUKA K MIPUTIOK0 HITH X/0 TKaHU.

13. 3aunmaTk kano nassIbHUKA ClIeyeT TOTAa, KOTr/la OH HE Harper.

14. He BBITIOJIHATH MOHTa)KHBIE paOOTHI, KOTAa OJIOK HAXOIUTCS MO HAMPSIKCHUEM.

15. Bce )XUIKOCTH XpaHUTh B 3aKPHITON CTEKISTHHON Tape C HAKJICEHHBIM SPJIBIYKOM.

16. [IpoBoa mocIe maiku OTKYChIBaTh OT CE€0s1 U COCENICH.

—_—
— O O 00 0N D B~ W N

—_
[\

Pexum paboThl 1 opranusaiys padouero Mecra 3JeKTPOMOHTAXKHHKA.

3. Buabl v 3ajaun MHCTPYKTakel 1o 6€30acHOCTH Tpyaa.

OTBETCTBEHHOCThH 3a OPraHU3ALUIO0 CBOEBPEMEHHOI'0 U KAUeCTBEHHOI'0 00YUYEHHUs U IPOBEPKHU
3HaHUH MO0 OXpaHEe TPY/la HeCEeT PYKOBOJIUTEh. A CBOEBPEMEHHOCTHLOOYUEHHUST PaOOTHHUKOB
KOHTPOJIMPYET HHXKEHEP IO OXpaHE TPy a.

WHcTpyKTaxu no xapakrepy ¥ BpeMEHH IIPOBEAEHUS MOAPA3AEIAIOTCS Ha!

1. BBOAHBIN HHCTPYKTAaK NPH NIpHeMe HA padoTy;

2. IepBUYHBII HHCTPYKTAK HA padoueM mMecTe;

3. BHEILUIAHOBBIH HHCTPYKTA:K MPH BBEJCHUH HOBOT'0 000PY/10BaHUsl, NPU U3MeHEHHH
TeXHOJIOTHYEeCKOTI0 Npouecca, HHCTPYMEHTOB, ChIPbS;

4. neJieBOi HHCTPYKTAK MPOBOAAT Nepe/ BHIMOJIHEHHEM CJIeAYIOIHX padoT:
a). pa3oBbIe pPabOTHI HE CBSI3aHHBIC C MIPSMBIMU 00S3aHHOCTSIMU;

0) crienrasibHbBIE (TIOTPY3Ka, BRITPY3Ka, YOOpKa TEPPUTOPHHA. .. .)

B) JIMKBHUJIALIMS TIOCTICACTBUIN aBapuii, CTAXUMHBIX O€ICTBHM, KaTacTpod;

I')IIPOU3BOJICTBO padOT, Ha KOTOpPbIe OQOPMIISETCS HAPAA-IOMYCK ... H IP. MEPOIIPUSITHSL.
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PackpeiTo 1Ba BOmpoca u3 Tpex.

1. OnpenenuTsb eI U MpaBuiia BHYTPEHHETO pacnopsiika B y4eOHO-IPOU3BOICTBEHHOM
MAaCTEpPCKOM.

HCHBIO yqe6H0-HpOH3BOZ[CTBCHHOﬁ NPAaKTUKU SABJISCTCA 3aKPCIIJICHUC U yFHy'6J'IeHI/IC
TCOPCTUUCCKUX 3HAHWH I10 HaHHOfI JAUCHUIIIMHE U IMTPUBUTHUE UM IICPBUYHBIX IPAKTUYCCKUX
HaBBIKOB I10 BBITTIOJTHCHHIO OCHOBHBIX onepaunﬁ PEMOHTA paauoanmapaTypsl.

[Tomerienue a1t MPOBECHUS IPAKTUYECKUX paboT Mo ciaecapHO-cOOPOYHBIM paboTaM U
JIEKTPOMOHTAKY 000pYA0BaHa B CIEIIMAIbHOM POU3BOJACTBEHHOM Kiiacce. OH COIEPKUT
BECh HEOOXOIMMBIM KOMIUIEKC J1ab0paTOpHO-MIPOU3BOICTBEHHOTO 060pyaoBanus. Crona
BXOJISIT CIELIMATILHO 000PYOBaHHbIE CTONBI Ha 15 pabounx MecT, CHaOKEHHBIE MyJIbTaMU
MHIUBUAYAIBHOIO MI0JIb30BaHUs, OCBEILIEHUEM, BEHTUIIILUEN, HHCTPYMEHTOM
JIEKTPOMOHTAXXHUKA, HACTeHHasl HHGopMalus, CpefcTBa TeXHUUecKoro oOyuenus. [Tutanue
71a00paTOpPUN OCYIIECTBISAETCS LEHTPAIN30BaHO HICTOUHUKAMH BBICOKOTO M HU3KOTO
HaIpsHKEHUS.

PaGouee mecTto ciiecapst cOOopiIrKa 1 MOHTaXXHHUKA PaIHO3IEKTPOHHON annapaTypsl 1
pUOOPOB - 3TO YYACTOK MPOU3BOJICTBEHHOM IJI0IIAIH, TpeHA3HAUCHHBIH [ BBHITIOJTHEHUS
orpezesieHHON paboThl U OCHAIIEHHBIN COOTBETCTBYIOIIUM 000pY10BaHUEM, HHCTPYMEHTOM
U MaTepuaiaMu: 3J1. NasJIbHUKNA COOTBETCTBYIOIIEH MOIIHOCTH, IIOJICTAaBKA JUIs NasJIbHUKA,
HO JUISL CHATUS U30JISILIMU, IPUOOp AJI U3MEPEHUs TEMIIEPaTypPhl, Tapa AJisl XpaHEHUs
¢roca u npunos ,Habop UHCTPYMEHTa (OTBEPTKH, IUIOCKOTYOIbI, KPYTIOTYOIIbI, KyCauKH
OOKOBBIE U TOPLIEBbIEC, HATWIBHUK, TMHIIET, KJIIOYH racuHble, JUHEeHKa, HOXKHUIIbI, KUCTOYKH,
Jdyna, KOBpUKH HaloJbHbBIE U Ha CTOJIbI pabovHe.

- IPOJIyBKa CKaTbIM BO3yXOM MOHTa)ka JOJIKHA MPOUCXOAUTh B OTEIBHO OTBEICHHOM
MecTe 000pyIOBAaHHOW BEHTHIALMEH MPHU BBHITIOJIHEHUH Pa0OT CBS3aHHBIX MPOTACKHBAHUEM
MIPOBOJIOB B SKPAHUPOBAHHYIO OIJIETKY B TMOKHX IIJIAHTAX WK KOJUIEKTOPax HEOOXOAUMO
MOJIb30BaTHCS CIENUAIBHBIMU NIEPYATKAMMU.

- KaTCropn4cCKU 3arperacTcs IpOU3BOJUTH I[Opa6OTKI/I MOHTAa’Ka B cxeMax OJIOKOB KOTOPBIC
HaxXOoOATCA MOA HAIIPSAKCHUEM

- anmapaTypa, ¢ KOTOpoi Mbl paboTaeM JOJDKHA ObITh 3a3eMJICHA.

2. Texnuka 6e30MacHOCTH Ha paboyeM MecTe.

[Ipu BBITOIHEHUU MOHTAXHBIX PAOOT HEOOXOAMMO MPUIEPKUBATHCS CIIEIYIONINX PABHI IO
TEXHUKU 0€30IMaCHOCTH:

1. Ha paGouem MecTe He T0JIKHO ObITh HUYETO JIMIIHETO.
2. PaGouee MecTO 3J1. MOHTaXXHHKA 000PYIYyETCSI XOPOILIUM OCBEILIEHUEM.
3. BBITSDKHOW BEHTWISALIUEH.
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. DIEKTPUYCCKUMH TOYKAMH TSI DJICKTPOUHCTPYMEHTOB.

. Pabouee MecTO TOMKHO OBITH 3a3E€MJICHO.

. MHCTpYMEHTBI 1 000pYyTOBAaHUE JTIOJDKHO OBITH B UCIIPABHOM COCTOSTHHH.

. Ha paGouem mecTe He JOMKHO OBITH HUUETO JIMIITHETO.

. Pyku 1OKHBI OBITh CyXHMH U YACTBIMH.

. [asIpHUK KJACTh HA TOJMBKO HA MOJACTABKY.

. He poBepsITh cTenens HarpeBa masuibHAKA Ha OIYTIb.

. [Ipu maiike He MpUIEPKUBATH JAETANU PyKaMH, TOJIBKO MUHIIETOM WU
IJIOCKOTYOIIaMHU.

. He ounmate nasyibHUK OT JIMIITHETO MPUIIOS MyTEM BCTPAXUBAHUS, TOIBKO
MIPUKOCHOBEHWEM jKaJia MasUTbHUKA K IMPUTIOK0 HITH X/0 TKaHU.

13. 3aunmaTk kano nassIbHUKA ClIeyeT TOTAa, KOr/la OH HE Harper.

14. He BBITIOJIHATH MOHTa)KHBIE paOOTHI, KOTAa OJIOK HAXOIUTCS MO HAMPSIKCHUEM.

15. Bce )XUIKOCTH XpaHUTh B 3aKPHITON CTEKISTHHON Tape C HAKICEHHBIM SPJIBIYKOM.

16. [IpoBo mocIie maiku OTKYChIBaTh OT CE0s1 U COCENIEH.

—_—
— O O 00 0N D B~

—_
[\

Pexum paboThl 1 opranusaiys padouero Mecra 3JeKTPOMOHTaXKHHKA.

3. Buzbl v 3ajaun MHCTpYKTakel 1o 6€30MacHOCTH Tpya.

OTBETCTBEHHOCThH 32 OPraHU3aLUIO0 CBOEBPEMEHHOI'O U KAUeCTBEHHOI'0 00YUYEHHUs U IPOBEPKHU
3HaHUH M0 OXpaHEe TPY/la HECEeT PYKOBOJIUTETh. A CBOEBPEMEHHOCTh O0YUYECHHS paOOTHUKOB
KOHTPOJIMPYET HHXKEHEP IO OXpaHE TPy a.

WHcTpyKTaxu no xapakrepy ¥ BpeMEHH IIPOBEAEHUS MOAPA3AEIAIOTCS Ha!

1. BBOAHBIN HHCTPYKTAaK NPH NIpHeMe HA padoTy;

2. IepBUYHBII HHCTPYKTAK HA padoueM MecTe;

3. BHEIUIAHOBBI HHCTPYKTA:K PH BBEJCHUH HOBOT'0 000PY/10BaHUsl, NPU U3MeHEHHH
TeXHOJIOTHYeCKOr0 Npouecca, HHCTPYMEHTOB, ChIPbS;

4. neJieBOi HHCTPYKTAK MPOBOAAT Nepe/ BHIMOJIHEHHEM CJIeAYIOIHX padoT:
a). pa3oBbIe pPabOTHI HE CBSI3aHHBIC C MIPSMBIMU 00S3aHHOCTSIMU;

0) crienrasibHbBIE (TIOTPY3Ka, BRITPY3Ka, YOOpKa TEPPUTOPHHA. .. .)

B) JIMKBHUJIALIMS TIOCTICACTBUIN aBapuii, CTAXUMHBIX O€ICTBHI, KaTacTpod;

I')IIPOU3BOJICTBO paboT, Ha KOTOpPbIe OGOPMIISETCS HAPAA-IOMYCK ... H IP. MEPOIIPUSITHSL.
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PackpsiTO Tpu Bonpoca U3 Tpex.

1. Onpenenuts 1eNb U MpaBUiIa BHYTPEHHETO PACHOpsAKa B yUeOHO-IPOU3BOACTBEHHON
MAaCTEpPCKOM.

Henbto yueOHO-NPON3BOACTBEHHOMN MPAKTUKH SIBIISIETCA 3aKPEIJICHUE U yIiiyOeHue
TEOPETUYECKUX 3HAHUH 10 JaHHOU AUCLUIUIMHE U IPUBUTUE UM IIEPBUYHBIX IPAKTUYECKUX
HAaBBIKOB I10 BBIITOJIHEHUIO OCHOBHBIX OIEpalluid PpEMOHTA paJuoannaparypsl.

[Tomemienue as npoBeeHUs MPAKTUYECKUX paboT MO ciiecapHO-COOPOYHBIM padoTaM U
JIEKTPOMOHTAXKY 000pYZ0BaHa B CIEIMAILHOM MPOU3BOJCTBEHHOM Kiacce. OH COIEPKUT
BECh HEOOXOUMBIN KOMIUIEKC J1a00paTOPHO-TIPOM3BOICTBEHHOTO 00opyaoBanus. Croma
BXOJST CHEMaIbHO 000PYAOBAaHHBIE CTOJBI HA 15 pabounx MecT, CHaO)KEHHbIE MyIbTaMU
WHAUBUAYAJIBbHOI'O IIOJIB30BaHUA, OCBCIICHHUEM, BCHTI/IJ'ISIHI/ICI\/’I, HHCTPYMCHTOM
JIEKTPOMOHTA)XKHUKA, HACTEHHAs HHpOpMalus, CpecTBa TexHuueckoro o0yuenus. [Turanue
1a00paTOpHUU OCYIIECTBISIETCS IEHTPAIN30BAaHO UICTOYHUKAMH BBICOKOTO M HU3KOTO
HaNPsKEHUS.

Pabouee mecTo cnecapsi cOOpIIMKAa U MOHTAKHUKA PaIi03JIEKTPOHHOM annapaTypsl 1
MpUOOPOB - 3TO YUACTOK IPOU3BOJCTBEHHOM IUIOIIA/IU, TPEAHA3HAYECHHBIH JIJIs1 BHITOJIHEHUS
OTIpeIeIeHHON pabOoThl M OCHAILIEHHBII COOTBETCTBYIOIIUM 000PYJOBAaHUEM, HHCTPYMEHTOM
1 MaTepuaiaMu: 3J1. NasJIbHUKUA COOTBETCTBYIOIIEN MOIIIHOCTH, IIOJCTaBKa JJis MasIbHUKA,
HOK JUJIsl CHATHS M30JISILKHU, IPHOOP ISl U3MEPEHUS TEMIIEPaTyphbl, Tapa sl XpaHEHHs
(roca 1 npunos ,Habop UHCTPYMEHTA (OTBEPTKH, IMJIOCKOTYOIIbI, KPYTI0TyOIIbl, KyCauK1
OOKOBBIE M TOPLIEBbIC, HATWIBHUK, TMHLET, KJIIOYH IaeYHbIe, TMHEHKA, HOXKHUILIbI, KUCTOUKH,
Jyra, KOBPUKH HAIOJIbHBIE U Ha CTOJIbI paboune.

- IPOAYBKA CXKAThIM BO3AyXOM MOHTAKa JOJIKHA IPOUCXOJNUTH B OTJEIBHO OTBEIEHHOM
MecTe 000pyIOBaHHOM BEHTHJISLIMEH IPU BBIOJIHEHUH PA0OT CBSA3aHHBIX IPOTACKMBAHUEM
MIPOBOJIOB B SKPAaHUPOBAHHYIO OIUIETKY B FTMOKHMX IIJIAHTaX WK KOJUIEKTOpax HEOOX0AUMO
I0JI30BaThCS CIIELIMAIBHBIMU ITEPYaTKAMH.

- KaTCrOpHUICCKHU 3allpeiiacTCs NPpOU3BOJUTH ,Z[Opa6OTKI/I MOHTa)Ka B CXeMax OJIOKOB KOTOPBIC
HaxXOoOATCA OO HAIPSKCHUEM

- anmaparypa, ¢ KOTOpoi Mbl paboTaeM J10JIKHA ObITh 3a3eMJICHA.
2. Texnuka Oe30macHOCTH Ha pabodyem MecTe.
HpI/I BBIINIOJTHEHUHN MOHTAaXXHBIX pa60T H€O6XOI[I/IMO MNPUACPKUBATHCA CICAYIOMINX ITPaBUJII 110

TEXHUKUA 0€30IaCHOCTH:

1. Ha paGoueM mecTe HE JOKHO ObITh HUUETO JIMIIHETO.
2. Pabouee MecTO 311. MOHTa)XHUKA 000PYyeTCsl XOPOLIMM OCBELICHUEM.
3. BBITS’)KHOW BEHTUJISILIUEH.
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. DIEKTPUYCCKUMH TOYKAMH TSI DJICKTPOUHCTPYMEHTOB.

. Pabouee MecTO TOMKHO OBITH 3a3E€MJICHO.

. MHCTpYMEHTBI 1 000pYyTOBAaHUE JTIOJDKHO OBITH B UCIIPABHOM COCTOSTHHH.

. Ha paGouem mecTe He JOMKHO OBITH HUUETO JIMIITHETO.

. Pyku 1OKHBI OBITh CyXHMH U YACTBIMH.

. [asIpHUK KJACTh HA TOJMBKO HA MOJACTABKY.

. He poBepsITh cTenens HarpeBa masuibHAKA Ha OIYTIb.

. [Ipu maiike He MpUIEPKUBATH JAETANU PyKaMH, TOJIBKO MUHIIETOM WU
IJIOCKOTYOIIaMHU.

. He ounmate nasyibHUK OT JIMIITHETO MPUIIOS MyTEM BCTPAXUBAHUS, TOIBKO
MIPUKOCHOBEHWEM jKaJia MasUTbHUKA K IMPUTIOK0 HITH X/0 TKaHU.

13. 3aunmaTk kano nassIbHUKA ClIeyeT TOTAa, KOr/la OH HE Harper.

14. He BBITIOJIHATH MOHTa)KHBIE paOOTHI, KOTAa OJIOK HAXOIUTCS MO HAMPSIKCHUEM.

15. Bce )XUIKOCTH XpaHUTh B 3aKPHITON CTEKISTHHON Tape C HAKICEHHBIM SPJIBIYKOM.

16. [IpoBo mocIie maiku OTKYChIBaTh OT CE0s1 U COCENIEH.

—_—
— O O 00 0N D B~

—_
[\

Pexum paboThl 1 opranusaiys padouero Mecra 3JeKTPOMOHTaXKHHKA.

3. Buzbl v 3ajaun MHCTpYKTakel 1o 6€30MacHOCTH Tpya.

OTBETCTBEHHOCThH 32 OPraHU3aLUIO0 CBOEBPEMEHHOI'O U KAUeCTBEHHOI'0 00YUYEHHUs U IPOBEPKHU
3HaHUH M0 OXpaHEe TPY/la HECEeT PYKOBOJIUTETh. A CBOEBPEMEHHOCTh O0YUYECHHS paOOTHUKOB
KOHTPOJIMPYET HHXKEHEP IO OXpaHE TPy a.

WHcTpyKTaxu no xapakrepy ¥ BpeMEHH IIPOBEAEHUS MOAPA3AEIAIOTCS Ha!

1. BBOAHBIN HHCTPYKTAaK NPH NIpHeMe HA padoTy;

2. IepBUYHBII HHCTPYKTAK HA padoueM MecTe;

3. BHEIUIAHOBBI HHCTPYKTA:K PH BBEJCHUH HOBOT'0 000PY/10BaHUsl, NPU U3MeHEHHH
TeXHOJIOTHYeCKOr0 Npouecca, HHCTPYMEHTOB, ChIPbS;

4. neJieBOi HHCTPYKTAK MPOBOAAT Nepe/ BHIMOJIHEHHEM CJIeAYIOIHX padoT:
a) pa3oBbIe PaOOTHI HE CBS3AHHBIC C MIPSIMBIMU 00S3aHHOCTSIMU;

0) crienrasibHbBIE (TIOTPY3Ka, BRITPY3Ka, YOOpKa TEPPUTOPHHA. .. .)

B) JIMKBHUJIALIMS TIOCTICACTBUIN aBapuii, CTAXUMHBIX O€ICTBHI, KaTacTpod;

T') IPOU3BOJICTBO paboT, HA KOTOpbIE 0GOPMIISETCS HAPSAA-IOMYCK ... U AP. MEPOIPUATHS.
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Saganue No2

1
[L1IVPUAYIUT

OreHka

11D Y1 UAalJaI\lUPYlJUDalD MUTUADI YVIS1TUTUDBJIVHYIA lVlYlI\})U\.aACLVl.
Tloka3zarenu olleHKHA

3

PackpsIT 01UH MeTO U3 TpeX:

IIpu u3rorosaenun UMC ncnoiib3yloT ciaeayronue OCHOBHbIE IIPOLECCHI:
dorosurorpaduro, nudpPysuro, MmeTasIn3aAUMIO.

1) ®oroaurorpadus. Ha noBepXHOCT, KPEMHHUEBOMW IJIACTUHBI HAHOCAT HECKOJIBKO KaIlelb
CHELMAIBHOrO BellecTBa — (POTOPE3UCTa, YyBCTBUTEIHHOIO K AEHCTBHUIO YIbTPa(hHOIETOBOrO
ceta. [ImacTunsl ¢ poTOpe3rucTOM NOMENIAOT Ha Bpallatoleics ctoi neHTpudyru. [lox
NeiicTBUE LIEHTPOOEKHOM CUiIbl POTOPE3UCT pacTeKaeTcst , 00pa3yro TOHKUI POBHBIH €O,
IOCJIE YETo MJIACTUHBI MpocylnBatoTcs. Ha miuacTuHy HakiIa bIBalOT CeUaIbHbINA
(oTo1mabI0H C PUCYHKOM YYaCTKOB, KOTOPbIE JOJDKHBI 00padoraTh. doTope3nuct
3acBeYMBaeTcs yepes3 (HoTomadIoH yiabTparoIEeTOBBIM CBETOM, M IUIACTHHA MTOABEPTacTCs
crienManbHOM 00paboTKe, B pe3ysbTaTe KOTOPOH (POTOPE3UCT yAAISIETCS C YUaCTKOB
[MOBEPXHOCTH, a OTAEJbHBIE YYaCTKH IJIACTUHBI OCTAIOTCS HOKPHITHI (POTOPEIUCTOM.

OneMeHT MHKPOCXEMY MOKET UMCT MHUHHUMAaJIbEHBIH pasMEp nmopdaaka CAMHUL MUKPOH.

2) Tepmuueckasi nudpdy3uss — 3T0 ABJICHUE HAMPABIECHHOTO MEPEMENIEHUS YaCTHI]
BEIIIECTBA B CTOPOHY YObIBaHMS WX KOHIIEHTPALIUU, KOTOPOE OIPEENIAETCs IPaJUeHTOM
KOHLEHTpAaLUU.

Tepmuueckyro 1uddy3uio LIMPOKO UCTONB3YIOT AJIS BBEACHUS JIETUPYIOLINX pUMecei B
MOJIyIPOBOIHUKOBBIE IJIACTUHBI WJIM B BBIPALICHHBIE HA HUX 3MIUTAKCUAJIBHBIE CIIOU C LIEJIBIO
MIOJIy4YEHHUS AJIEMEHTOB MUKPOCXEMBI IPOTUBOIIOJIOAKHOTO IO CPAaBHEHUIO C UCXOIHBIM
MaTepHUaJIoM TUIIA IPOBOJAUMOCTH, JTHUOO0 3JIEMEHTOB € 00JI€€ HU3KUM JIEKTPUUECKUM
COIIPOTHBIIEHUEM. B iepBoM ciiydae nosay4aroT, Hanpumep, SMUTTEPHI, BO BTOPOM—
KOJUIEKTOPBI.

Juddyzuto, kak npaBuiIo, MPOBOAAT B CIIEHUAIBHBIX KBapLEeBbIX amiynax mpu 1000—1350°
C. Cnoco6 npoBenenust nuddys3un (mpumeceit) BBIOUPAIOT B 3aBUCUMOCTH OT CBOMCTB
MOJIYIIPOBOIHUKA U TPeOOBaHU, MIPEABABISEMBIX K TapaMeTpam IuhPpy3uOHHBIX CTPYKTYP.
[Iponecc mudpdy3un npeabsIBIsSeT BEICOKHE TPeOOBaHUS K 000PYIOBAHUIO U YACTOTE
JETUPYIOIIUX MIpUMeceil U o0ecrieyrBaeT NOJIyYEeHUE CIIOEB C BBICOKONW TOYHOCTbIO
BOCIIPOM3BEICHUS MapaMeTpoB U TonmuH. CBoiicTBa 1 Py3MOHHBIX CIIOEB TIIATEIHHO
KOHTPOJUPYIOT, oOpaliiasi BHUMaHHE Ha IIyOUHY 3ajleraHus epexo/ia, IOBEPXHOCTHOE
COTPOTHUBIICHUE WJIM IOBEPXHOCTHYIO KOHIIEHTPALIMIO IPUMECH, pacpeIesieHre
KOHIIEHTPALMHU NPUMECH 10 TIyOorHe 1u(Ppy3nOHHOTO €05 U MIIOTHOCTH 1e(EKTOB

T Gy3UOHHOTO CIIOS.

Hedextsl nuddy3uoHHBIX CI0EB (IPO3UI0) MTPOBEPSIOT C MOMOIIBIO MUKPOCKOTMA ¢ OOTIBIINM
yBenudyeHueM (1o 200x) .

3) MeTtoa MeTa/lsIMn3allii CKBO3HbIX OTBEPCTHH

HpOHCCC HM3TOTOBJICHUS] MHOT'OCJIOMHEIX II€YaTHRIX IIIaT METOJ0M 3H€KTpOXHMH‘ICCKOfI
METalJIM3all CKBO3HBIX OTBepCTI/II\/'I COCTOMUT B U3I'OTOBJICHUU OTIACJIBbHBIX BHYTPCHHHUX CJIOCB
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XUMHYECKUM METOAO0M, IPECCOBAHMS CIIO€B B MOHOJUTHBIN MMAKET, CBEPJICHUU CKBO3HBIX
OTBEPCTUM U UX MeTaiuM3auuu. 1Ipu cBepiaeHnn Ha CTEHKaX OTBEPCTUI BCKPBIBAIOT TOPLIBI
KOHTaKTHBIX TUJIOMIAIOK BHYTPEHHUX ci0eB. CoeqMHEHUS UX IPYT C APYTOM U C
KOHTaKTHBIMU IUIOLIAIKAMH HaPYKHBIX CIOEB ITOIYYAOTCA 3a CYET METAJLIM3ALUN
OTBEPCTHUIA.

[TockonbKyY BCe OTBEPCTHS B IIATE SBJISIOTCS CKBO3HBIMU, IUIOTHOCTH MEXK COCTMHEHHUN
HECKOJIbKO OTPaHUYEHa, TaK KaK Ka)kJJ0€ OTBEPCTUE UCIIONB3YETCs AJIsl BHYTPEHHETO
COEIMHEHUS TOJIBKO OJMH Pa3 U B TO )K€ BPEMsI 3aHUMAET OTPEICIICHHYTO IUIOIAAb Ha
KaX/I0M CJI0€, OrpaHMYUBasi CBOOOAY TPACCUPOBKH ME€YaTHBIX Lieneil. Beoas
MIPOMEKYTOYHbIC BHYTPEHHNE COSIMHEHHSI WJIH CKBO3HBIE OTBEPCTHS JIJISl TPYIIIT CIIOEB,
ME)XCIIOWHBIE COEIMHEHHSI MOXKHO PacIioiaratk, Ipyr Haja APYyroM WM TOJIbKO MEXIY TEMH
CIIOSIMH, TJI€ OHHM HY>KHBI, HE OTPAHUYHMBASI TPACCUPOBKY MEYATHBIX [IENEH HA IPYTHX CIIOSX.
W3roroBneHre MHOTOCIONHBIX [I€YATHBIX 1T IO TAKUM CXeMaM o0ecredrBaeT
HauOO0JIbIIYI0 CBOOOAY B BEIOOPE MECTOPACIIONOKEHUSI BHYTPEHHUX COEIMHEHUN U My Tel
TPACCUPOBKU MEYATHBIX MPOBOJHUKOB, CJIE0BATEIbHO, MIO3BOJISET MOIYYUTh MAKCUMAJIbHYIO
TUTOTHOCTh MEX COCTMHEHNH. MeTOo/] MeTaIT3aIMH CKBO3HBIX OTBEPCTHIA, TI0 CYIIECTBY
€/IMHCTBEHHBIM METOJ] CO3aHUsl KOHCTPYKLUI ¢ HanboJiee ONTUMAIbHOM IEKTPHUUECKOM
CTPYKTYpOHi, oOecrieunBaromiel HaIe)KHyI0 Tiepeiady HAaHOCEKYHIHBIX UMITYJIbCOB H
pacripesieieHue MUTaHus MEXy aKTUBHBIMU 3JIeMEHTaMH. Takue KOHCTPYKIUU
MHOTOCJIOMHBIX MEYaTHBIX IJIAT TIO3BOJISIFOT BBITIOJHUATH TIE€YaTHBIEC IENH KaK ITOJIOCKOBEIE
JIMHUY TIepesiad U co3JatoT 3 (PeKTHBHOE SKPAaHUPOBAHUE OJIHOM I'PYMIIBI LIENeH OT APYroi.

Taxum 0Opa3oM, HapsiAy ¢ BEICOKOM TEXHOJIOTHYHOCTBIO MHOTOCIIONHBIE TeYaTHBIE MIATHI,
W3TOTOBJIEHHBIE METOJOM METAJIIN3ALMY CKBO3HBIX OTBEPCTHH, UMEIOT BBICOKYIO TUIOTHOCTh
MOHTaka, O0JIBLIIOE KOJMYECTBO BAPUAHTOB TPACCHUPOBKH MEYATHBIX LIeTIeH, 00Jiee KOPOTKHUE
JIMHUY CBA3EH, BO3MOXKHOCTD 3JIEKTPUYECKOI0 SKPAaHUPOBAHNUSA, YIIYUIICHHE XapaKTEPUCTHK,
CBA3aHHOE C YCTOMYMBOCTBIO K BO3ACHCTBUIO OKPYKAIOLIEH CPEIbI 3 CYET PACIIONIOKEHUS
BCEX NEYATHBIX IIPOBOJHUKOB B MaCCE MOHOJIUTHOTO TUAJIEKTPUKA, BO3MOKHOCTh
YBEJIMYEHUS YUCIIa CII0EB 0€3 CYIIeCTBEHHOI0 YBEIMUCHHUS CTOUMOCTH U JUTUTEILHOCTH
mporuecca.

Heoocmamxom memooa memannuzayuu cK8o3ublx omeepcmuii IBISETCSI OTHOCUTEIBHO
MEXaHUYECKHU cy1abast CBSA3b METAJUIM3ALIUU OTBEPCTHH ¢ TOPLIAMU KOHTAKTHBIX ILIOIIAJJOK
BHYTpeHHUX cioeB. M3zrorosnenne MIIII aTuM MeT010M OCI0KHEHO MTPOOIEMOI TOYHOTO
COBMEIICHHUS TIEYaTHBIX CJIOEB U3-3a MOrpeIHocTel (poTomadbaoHoB U Aedopmaruii 6a30BbIX
MaTepHajoB B MPOIIECCE U3TOTOBJICHUS BHYTPEHHUX CJIOEB U npeccoBanus. Ocoloit
TIIATEJIILHOCTU TpeOyeT moa00p PeKUMOB IIPECCOBAHUS TSl 00eCIIeUeHUs MPOYHOHN are3uu
MaKeTa CJI0EB, YCTOMYMBOM K BO3JCHCTBUIO IPyNNOBOM naku. Hakonen, B nmpouecce
ucnonb3oBanus MIIII BO3HUKAIOT TPYIHOCTH, IPU BHECEHUU U3MEHEHUI B TPACCUPOBKY IIPU
PEMOHTE IIaT.
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PackpbIThI ABa MeTO/1a U3 Tpex:

IIpu u3rorosaenun UMC ncnoiib3yloT cieayronue OCHOBHbIE IIPOLECCHI:
dorosurorpaduro, nudpPysuro, MmeTasIn3aAUMIO.

1) ®orouaurorpagus. Ha noBepXHOCT KPEMHHUEBOMW IIJIACTUHBI HAHOCAT HECKOJIBKO KaIlelb
CHELMAIBHOTO BellecTBa — (POTOPE3UCTA, YyBCTBUTEIBHOIO K AEUCTBHUIO YIbTPa(hHOIETOBOIO
ceta. [ImacTunsl ¢ poTope3rucToM NOMENIA0T Ha Bpaliatoleics ctoi neHTpudyru. [lox
NeiicTBUE LIEHTPOOEKHOMN CHIIbl POTOPE3UCT pacTeKaeTcst , 00pa3yro TOHKUI POBHBIH €O,
IOCJI€ YETo MJIACTUHBI MpocylnBatoTcs. Ha miuacTuHy HakiIa bIBalOT CeUaIbHbINA
(oTo1mabI0H C PUCYHKOM YUaCTKOB, KOTOPbIE JOJDKHBI 00padotath. PoTope3nuct
3acBeYMBaeTcs yepes3 (HoTomadIoH yiabTparoIeTOBBIM CBETOM, H IUIACTHHA MTOABEPTaeTCs
crienManbHOM 00paboTke, B pe3ysibTaTe KOTOPOH (POTOPE3UCT yAAISIETCS C YUaCTKOB
MMOBEPXHOCTH, a OTAEJbHBIE YYaCTKH IJIACTUHBI OCTAIOTCS HOKPHITHI (POTOPEIUCTOM.

DIEeMEHT MUKPOCXEMY MOXET UMET MUHUMAJIbHBII pa3zMep Nopsiika eIMHUL MUKPOH.

2) Tepmuueckasi nudpdy3uss — 3T0 ABICHUE HAMPABIECHHOTO MEPEMENIEHUS YaCTHI]
BEIIIECTBA B CTOPOHY YObIBaHMS UX KOHIIEHTPALIUU, KOTOPOE OIPEENIAETCs IPaJUeHTOM
KOHLEHTpAaLUH.

Tepmuueckyro 1uddy3uro LIMPOKO UCTIONB3YIOT AJIS BBEACHUS JIETUPYIOLINX pUMecei B
MOJIyIIPOBOIHUKOBBIE IJIACTUHBI WIIM B BBIPALICHHBIE HA HUX 3MUTAKCUAJIBHBIE CIIOU C LIEJIBIO
MIOJIy4YEHHUS JIEMEHTOB MUKPOCXEMBI IPOTUBOIIOIOKHOTO IO CPAaBHEHUIO C UCXOIHBIM
MaTepHUajJIoM TUIIA IPOBOJAUMOCTH, JTHUOO0 3JIEMEHTOB € 00JI€€ HU3KUM JIEKTPUUECKUM
COIIPOTHBIIEHUEM. B niepBoM ciiydae noay4aroT, Hanpumep, SMUTTEPHI, BO BTOPOM—
KOJUIEKTOPBI.

Huddyzuto, kak npaBuiIo, MPOBOAAT B CIEHUAIBHBIX KBapLEeBbIX amiynax npu 1000—1350°
C. Cnoco6 npoBenenust nuddys3uu (mpumeceit) BBIOUPAIOT B 3aBUCUMOCTH OT CBOMCTB
MOJIYIIPOBOIHUKA U TPeOOBaHU, MIPEABABISAEMBIX K TapaMeTpam IudPpy3uOHHBIX CTPYKTYP.
[Iponecc mudpdy3un npeabsIBIsSeT BEICOKUE TPeOOBaHUS K 000PYIOBAHUIO U YACTOTE
JETUPYIOIIUX MIpUMeceil U o0ecrieyrBaeT NOJTyYESHUE CIIOEB C BBICOKONW TOYHOCTBIO
BOCIPOM3BECHUS MapaMeTpoB U TonmuH. CBoiicTBa MU Py3MOHHBIX CIIOEB TIIATEIHHO
KOHTPOJUPYIOT, oOpaliiasi BHUMaHKUE Ha IITyOUHY 3ajleraHus epexo/ia, IOBEPXHOCTHOE
COIPOTHUBIICHUE WM IOBEPXHOCTHYIO KOHIIEHTPALIMIO IPUMECH, pacpeIesieHre
KOHIIEHTPALMU PUMECH 10 TIyOonHe 1u(Ppy3MOHHOTO €05 U MIIOTHOCTh 1e(EKTOB

T Gy3UOHHOTO CIIOS.

Hedextsl nuddy3uoHHBIX CI0EB (IPO3UI0) MTPOBEPSIOT C MOMOIIBIO MUKPOCKOTMA ¢ OOIBIINM
yBenudyeHueM (1o 200x) .

3) MeTtoa MeTa/lsIMn3allii CKBO3HbIX OTBEPCTHH

[Ipouiecc M3roToBIEHNS MHOTOCIOMHBIX MEYaTHBIX IIAT METOJOM JIEKTPOXUMHUYECKOM
METAJUIM3aLHUHU CKBO3HBIX OTBEPCTUH COCTOUT B U3rOTOBJIEHUU OTAEIBHBIX BHYTPEHHUX CIIOEB
XUMHYECKUM METOAOM, IPECCOBAHMS CIIO€B B MOHOJUTHBIN MMAKET, CBEPJICHUU CKBO3HBIX
OTBEPCTUM U UX MeTayum3auuu. 1Ipu cBepiaeHnn Ha CTEHKaX OTBEPCTUN BCKPBIBAIOT TOPLIbI
KOHTaKTHBIX TUJIOMIAIOK BHYTPEHHUX clioeB. CoeqMHEHUS UX IPYT C APYTOM U C
KOHTaKTHBIMU IUIOLIAIKAMH HaPYKHBIX CIOEB ITOIYYAOTCA 3a CYET METAJLIM3ALUN
OTBEPCTHUIA.
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[TockobKY BCE OTBEPCTHS B IIATE SIBJISIOTCS CKBO3HBIMU, INIOTHOCTH MEXK COCTMHEHUN
HECKOJIbKO OTPaHUYEHa, TaK KaK Ka)kJJ0€ OTBEPCTUE UCIIONB3YETCs ISl BHYTPEHHETO
COEIMHEHUS TOJIBKO OJMH Pa3 U B TO )K€ BPEMsI 3aHUMAET OITPE/ICIICHHYTO IUIOMAAb Ha
KaX/I0M CJI0€, OrpaHMYUBasi CBOOOAY TPACCUPOBKH ME€YaTHBIX Lieneil. Beoas
MIPOMEKYTOYHbIC BHYTPEHHNE COSTMHEHHSI WJIH CKBO3HBIE OTBEPCTHS JIJISl TPYIIIT CIIOEB,
ME)XCIJIOWHBIE COEMHEHHSI MOXKHO PacIoiarath, Ipyr Haja APYyroM WM TOJIbKO MEXIY TEMH
CIIOSIMH, TJI€ OHHM HY>KHBI, HE OTPAHUYHMBASI TPACCUPOBKY MEYATHBIX [IENEH HA IPYTHX CIIOSX.
W3roroBneHre MHOTOCIONHBIX [I€YATHBIX 1T IO TAKUM CXeMaM o0ecredrBaeT
HauOO0JIbIIYI0 CBOOOAY B BEIOOPE MECTOPACIIONOKEHUSI BHYTPEHHUX COEIMHEHUN U Iy Tel
TPACCUPOBKU MEYATHBIX MPOBOJHUKOB, CJIE0BATEIbHO, MIO3BOJISET MOIYYUTh MAKCUMAJIbHYIO
TUTOTHOCTh MEX COCTMHEHNH. MeTOo/] MeTaIT3aIiH CKBO3HBIX OTBEPCTHIA, TI0 CYIIECTBY
€/IMHCTBEHHBIM METOJ] CO3aHUsl KOHCTPYKLUI ¢ HanOoJiee ONTUMAIbHOM 3IEKTPHUUECKOM
CTPYKTYpOHi, oOecrieunBaromiel HaIe)KHyI0 Tiepeiady HAaHOCEKYHIHBIX UMITYJIbCOB H
pacripesieieHue MUTaHus MEX/ly aKTUBHBIMU 3JIeMEHTaMH. Takue KOHCTPYKIUU
MHOTOCJIOMHBIX MEYATHBIX IJIAT TO3BOJISIFOT BBITIOJHUATH TIEYaTHBIEC LIENH KaK ITOJIOCKOBEIE
JMHUY TIepesiad U co3atoT 3 (PeKTHBHOE SKPaHUPOBAHUE OJIHOM I'PYMIIBI LIENeH OT APYrou.

Taxum 0Opa3oM, HapsiAy ¢ BEICOKOM TEXHOJIOTHYHOCTBIO MHOTOCIIONHBIE TeYaTHBIE TIATHI,
W3TOTOBJIEHHBIE METOJOM METAJIN3ALMH CKBO3HBIX OTBEPCTHH, UMEIOT BBICOKYIO TUIOTHOCTh
MOHTaka, O0JIBIIIOE KOJMYECTBO BAPUAHTOB TPACCHUPOBKH MEYATHBIX ILIeTIeH, 00Jiee KOPOTKHUE
JIMHUY CBA3EH, BO3MOKHOCTD 3JIEKTPUYECKOI0 SKPAaHUPOBAHNSA, YIIYUIIEHHE XapaKTePUCTHK,
CBA3aHHOE C YCTOMYMBOCTBIO K BO3ACHCTBUIO OKPY KAIOLIEH CPEIbI 33 CYET PACIIONIOKEHUS
BCEX NEYATHBIX IIPOBOJHUKOB B MACCE MOHOJIUTHOTO TUAJIEKTPUKA, BO3MOKHOCTh
YBEJIMYEHUS YUCIIa CII0EB 0€3 CyIIeCTBEHHOIO YBEIMUYEHHS CTOUMOCTH U JUTUTEILHOCTH
mporuecca.

Heoocmamxom memooa memannuzayuu cKo3ublx omeepcmuii IBISETCSI OTHOCUTEIBHO
MEXaHUYeCKHU cy1abast CBSA3b METAJUIM3ALIUU OTBEPCTHH ¢ TOPLIAMU KOHTAKTHBIX ILIOIIAJJOK
BHYTpeHHUX cioeB. M3rorosnenne MIIII aTmM MeT010M OCI0KHEHO MTPOOIEMOI TOYHOTO
COBMEIICHUS TIEYaTHBIX CJIOEB U3-3a MOrpelIHocTel (poTomadbaoHoB U Aedopmaruii 6a30BbIX
MaTepHajIoB B MPOLIECCE U3TOTOBJICHUS BHYTPEHHUX CJIOEB U npeccoBanus. Ocoboit
TIIATEJIILHOCTU TpeOyeT moA00p PeKUMOB IIPECCOBAHUS TSl 00eCIIeUeHUs POYHOHN are3uu
MaKeTa CJIOEB, YCTOMYMBOM K BO3JCHCTBUIO IPyNNOBOM naku. Hakonen, B nmpouecce
ncnonb3oBanus MIIII BO3HUKAIOT TPYIHOCTH, IPU BHECEHUU U3MEHEHUI B TPACCUPOBKY IIPU
PEMOHTE IIaT.
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PackpbIThI TPH MeTOA U3 TpPeX:

IIpu u3rorosaenun UMC ncnoiib3yloT cieayronue OCHOBHbIE IIPOLECCHI:
dorosurorpaduro, nudpPysuro, MmeTasIn3aAUMIO.

1) ®orouaurorpagus. Ha noBepXHOCT KPEMHHUEBOMW IIJIACTUHBI HAHOCAT HECKOJIBKO KaIlelb
CHELMAIBHOTO BellecTBa — (POTOPE3UCTA, YyBCTBUTEIBHOIO K AEUCTBHUIO YIbTPa(hHOIETOBOIO
ceta. [ImacTunsl ¢ poTope3rucToM NOMENIA0T Ha Bpaliatoleics ctoi neHTpudyru. [lox
NeiicTBUE LIEHTPOOEKHOMN CHIIbl POTOPE3UCT pacTeKaeTcst , 00pa3yro TOHKUI POBHBIH €O,
IOCJI€ YETo MJIACTUHBI MpocylnBatoTcs. Ha miuacTuHy HakiIa bIBalOT CeUaIbHbINA
(oTo1mabI0H C PUCYHKOM YUaCTKOB, KOTOPbIE JOJDKHBI 00padotath. PoTope3nuct
3acBeYMBaeTcs yepes3 (HoTomadIoH yiabTparoIeTOBBIM CBETOM, H IUIACTHHA MTOABEPTaeTCs
crienManbHOM 00paboTke, B pe3ysibTaTe KOTOPOH (POTOPE3UCT yAAISIETCS C YUaCTKOB
MMOBEPXHOCTH, a OTAEJbHBIE YYaCTKH IJIACTUHBI OCTAIOTCS HOKPHITHI (POTOPEIUCTOM.

DIEeMEHT MUKPOCXEMY MOXET UMET MUHUMAJIbHBII pa3zMep Nopsiika eIMHUL MUKPOH.

2) Tepmuueckasi nudpdy3uss — 3T0 ABICHUE HAMPABIECHHOTO MEPEMENIEHUS YaCTHI]
BEIIIECTBA B CTOPOHY YObIBaHMS UX KOHIIEHTPALIUU, KOTOPOE OIPEENIAETCs IPaJUeHTOM
KOHLEHTpAaLUH.

Tepmuueckyro 1uddy3uro LIMPOKO UCTIONB3YIOT AJIS BBEACHUS JIETUPYIOLINX pUMecei B
MOJIyIIPOBOIHUKOBBIE IJIACTUHBI WIIM B BBIPALICHHBIE HA HUX 3MUTAKCUAJIBHBIE CIIOU C LIEJIBIO
MIOJIy4YEHHUS JIEMEHTOB MUKPOCXEMBI IPOTUBOIIOIOKHOTO IO CPAaBHEHUIO C UCXOIHBIM
MaTepHUajJIoM TUIIA IPOBOJAUMOCTH, JTHUOO0 3JIEMEHTOB € 00JI€€ HU3KUM JIEKTPUUECKUM
COIIPOTHBIIEHUEM. B niepBoM ciiydae noay4aroT, Hanpumep, SMUTTEPHI, BO BTOPOM—
KOJUIEKTOPBI.

Huddyzuto, kak npaBuiIo, MPOBOAAT B CIEHUAIBHBIX KBapLEeBbIX amiynax npu 1000—1350°
C. Cnoco6 npoBenenust nuddys3uu (mpumeceit) BBIOUPAIOT B 3aBUCUMOCTH OT CBOMCTB
MOJIYIIPOBOIHUKA U TPeOOBaHU, MIPEABABISAEMBIX K TapaMeTpam IudPpy3uOHHBIX CTPYKTYP.
[Iponecc mudpdy3un npeabsIBIsSeT BEICOKUE TPeOOBaHUS K 000PYIOBAHUIO U YACTOTE
JETUPYIOIIUX MIpUMeceil U o0ecrieyrBaeT NOJTyYESHUE CIIOEB C BBICOKONW TOYHOCTBIO
BOCIPOM3BECHUS MapaMeTpoB U TonmuH. CBoiicTBa MU Py3MOHHBIX CIIOEB TIIATEIHHO
KOHTPOJUPYIOT, oOpaliiasi BHUMaHKUE Ha IITyOUHY 3ajleraHus epexo/ia, IOBEPXHOCTHOE
COIPOTHUBIICHUE WM IOBEPXHOCTHYIO KOHIIEHTPALIMIO IPUMECH, pacpeIesieHre
KOHIIEHTPALMU PUMECH 10 TIyOonHe 1u(Ppy3MOHHOTO €05 U MIIOTHOCTh 1e(EKTOB

T Gy3UOHHOTO CIIOS.

Hedextsl nuddy3uoHHBIX CI0EB (IPO3UI0) MTPOBEPSIOT C MOMOIIBIO MUKPOCKOTMA ¢ OOIBIINM
yBenudyeHueM (1o 200x) .

3) MeTtoa MeTa/lsIMn3allii CKBO3HbIX OTBEPCTHH

[Ipouiecc M3roToBIEHNS MHOTOCIOMHBIX MEYaTHBIX IIAT METOJOM JIEKTPOXUMHUYECKOM
METAJUIM3aLHUHU CKBO3HBIX OTBEPCTUH COCTOUT B U3rOTOBJIEHUU OTAEIBHBIX BHYTPEHHUX CIIOEB
XUMHYECKUM METOAOM, IPECCOBAHMS CIIO€B B MOHOJUTHBIN MMAKET, CBEPJICHUU CKBO3HBIX
OTBEPCTUM U UX MeTayum3auuu. 1Ipu cBepiaeHnn Ha CTEHKaX OTBEPCTUN BCKPBIBAIOT TOPLIbI
KOHTaKTHBIX TUJIOMIAIOK BHYTPEHHUX clioeB. CoeqMHEHUS UX IPYT C APYTOM U C
KOHTaKTHBIMU IUIOLIAIKAMH HaPYKHBIX CIOEB ITOIYYAOTCA 3a CYET METAJLIM3ALUN
OTBEPCTHUIA.
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[TockobKY BCE OTBEPCTHS B IIATE SIBJISIOTCS CKBO3HBIMU, INIOTHOCTH MEXK COCTMHEHUN
HECKOJIbKO OTPaHUYEHa, TaK KaK Ka)kJJ0€ OTBEPCTUE UCIIONB3YETCs ISl BHYTPEHHETO
COEIMHEHUS TOJIBKO OJMH Pa3 U B TO )K€ BPEMsI 3aHUMAET OITPE/ICIICHHYTO IUIOMAAb Ha
KaX/I0M CJI0€, OrpaHMYUBasi CBOOOAY TPACCUPOBKH ME€YaTHBIX Lieneil. Beoas
MIPOMEKYTOYHbIC BHYTPEHHNE COSTMHEHHSI WJIH CKBO3HBIE OTBEPCTHS JIJISl TPYIIIT CIIOEB,
ME)XCIJIOWHBIE COEMHEHHSI MOXKHO PacIoiarath, Ipyr Haja APYyroM WM TOJIbKO MEXIY TEMH
CIIOSIMH, TJI€ OHHM HY>KHBI, HE OTPAHUYHMBASI TPACCUPOBKY MEYATHBIX [IENEH HA IPYTHX CIIOSX.
W3roroBneHre MHOTOCIONHBIX [I€YATHBIX 1T IO TAKUM CXeMaM o0ecredrBaeT
HauOO0JIbIIYI0 CBOOOAY B BEIOOPE MECTOPACIIONOKEHUSI BHYTPEHHUX COEIMHEHUN U Iy Tel
TPACCUPOBKU MEYATHBIX MPOBOJHUKOB, CJIE0BATEIbHO, MIO3BOJISET MOIYYUTh MAKCUMAJIbHYIO
TUTOTHOCTh MEX COCTMHEHNH. MeTOo/] MeTaIT3aIiH CKBO3HBIX OTBEPCTHIA, TI0 CYIIECTBY
€/IMHCTBEHHBIM METOJ] CO3aHUsl KOHCTPYKLUI ¢ HanOoJiee ONTUMAIbHOM 3IEKTPHUUECKOM
CTPYKTYpOHi, oOecrieunBaromiel HaIe)KHyI0 Tiepeiady HAaHOCEKYHIHBIX UMITYJIbCOB H
pacripesieieHue MUTaHus MEX/ly aKTUBHBIMU 3JIeMEHTaMH. Takue KOHCTPYKIUU
MHOTOCJIOMHBIX MEYATHBIX IJIAT TO3BOJISIFOT BBITIOJHUATH TIEYaTHBIEC LIENH KaK ITOJIOCKOBEIE
JMHUY TIepesiad U co3atoT 3 (PeKTHBHOE SKPaHUPOBAHUE OJIHOM I'PYMIIBI LIENeH OT APYrou.

Taxum 0Opa3oM, HapsiAy ¢ BEICOKOM TEXHOJIOTHYHOCTBIO MHOTOCIIONHBIE TeYaTHBIE TIATHI,
W3TOTOBJIEHHBIE METOJOM METAJIN3ALMH CKBO3HBIX OTBEPCTHH, UMEIOT BBICOKYIO TUIOTHOCTh
MOHTaka, O0JIBIIIOE KOJMYECTBO BAPUAHTOB TPACCHUPOBKH MEYATHBIX ILIeTIeH, 00Jiee KOPOTKHUE
JIMHUY CBA3EH, BO3MOKHOCTD 3JIEKTPUYECKOI0 SKPAaHUPOBAHNSA, YIIYUIIEHHE XapaKTePUCTHK,
CBA3aHHOE C YCTOMYMBOCTBIO K BO3ACHCTBUIO OKPY KAIOLIEH CPEIbI 33 CYET PACIIONIOKEHUS
BCEX NEYATHBIX IIPOBOJHUKOB B MACCE MOHOJIUTHOTO TUAJIEKTPUKA, BO3MOKHOCTh
YBEJIMYEHUS YUCIIa CII0EB 0€3 CyIIeCTBEHHOIO YBEIMUYEHHS CTOUMOCTH U JUTUTEILHOCTH
mporuecca.

Heoocmamxom memooa memannuzayuu cKo3ublx omeepcmuii IBISETCSI OTHOCUTEIBHO
MEXaHUYeCKHU cy1abast CBSA3b METAJUIM3ALIUU OTBEPCTHH ¢ TOPLIAMU KOHTAKTHBIX ILIOIIAJJOK
BHYTpeHHUX cioeB. M3rorosnenne MIIII aTmM MeT010M OCI0KHEHO MTPOOIEMOI TOYHOTO
COBMEIICHUS TIEYaTHBIX CJIOEB U3-3a MOrpelIHocTel (poTomadbaoHoB U Aedopmaruii 6a30BbIX
MaTepHajIoB B MPOLIECCE U3TOTOBJICHUS BHYTPEHHUX CJIOEB U npeccoBanus. Ocoboit
TIIATEJIILHOCTU TpeOyeT moA00p PeKUMOB IIPECCOBAHUS TSl 00eCIIeUeHUs POYHOHN are3uu
MaKeTa CJIOEB, YCTOMYMBOM K BO3JCHCTBUIO IPyNNOBOM naku. Hakonen, B nmpouecce
ncnonb3oBanus MIIII BO3HUKAIOT TPYIHOCTH, IPU BHECEHUU U3MEHEHUI B TPACCUPOBKY IIPU
PEMOHTE IIaT.

3amanue Ne3

BreImonaHuTE MOHTAX (bYHKI_II/IOHaJ'IBHOFO Yy3ja B MOAYJIbHOM HCITOJIHCHUH "BI)IHpﬂMI/ITeJ'IBHOl"O

v

(1]

[yLIPUKUL

OreHka

IcL .
Tlokazarenu olleHKHA

ctp. 61 u3 156




[IpaBuIbHO BBINOIHEHO OJHO YKa3aHUE U3 TPEX:
1. I3roToBUTh NEYaTHYIO IJIATY.

[Ipexne Bcero, meyaTHyo miaaTy HE0OXOUMO CIIPOSKTUPOBATh COTTIACHO MPUHIIMITAATHLHON
aneKTpudeckor cxeme. [[puHIMnuanibHas cxeMa ONnpeessaeT MOJHbIA COCTaB 3JIEMEHTOB U
cBs3el Mexay HuMH. OHa Kak MpaBUiIo €T JETalIbHOE MPEACTABICHUE O MIPUHIUIIAX
paboOTHI AIEKTPUUECKOTO U3/ENHS, YCTAHOBKH. J[7151 0THON MPUHITMITHATHHON CXEMBI MOKHO
MOCTPOUTH HECKOJIBKO BAPUAHTOB M€YATHOM IUIATHI, T.€ .[I€YATHOTO MOHTaxa. Jjist
obecreueHns TeXHOJIOTHYHOCTH KOHCTPYKITMY TIEYaTHOM IJIaThl HEOOXOIUMO YCTAaHOBHUTH
€MHbIe HOPMbI KOHCTPYUPOBAHUS IUIAT, B IEPBYIO OYEPE/Ib B OTHOIIEHUH KOHCTPYKLIMH U
F€OMETPUYECKUX Pa3MEPOB U MapaMETPOB AIEMEHTOB EYATHOTO MOHTAaXa U UX
3JEKTPUUYECKUX NapaMeTpoB. K TakuM HOpMaM OTHOCSITCSI: OTPAaHUYEHUE TUIIOPA3MEPOB
MEYaTHBIX IIJIaT; OTPAHUYCHUE THIIOPA3MEPOB AIEMEHTOB MIEYaTHOTO MOHTaXa(TIPOBOTHUKOB,
KOHTAKTHBIX ILJIOIIAJ0K, OTBEPCTU; OTPAHUYCHHUE HA PA3MEILIEHUE AIEMEHTOB MIEYaTHOTO
MOHTaXka (BBEJIEHNE BCIIOMOTATEIIbHON CETKH, TOCTOSTHHOTO PUCYHKA LIETICH MUTAHMS;
(uKkcanys MeCT MOJABEACHHSI ONPEICIICHHBIX [IENel WM OrpaHUnYeHUE Ha UX MPOBOJIKY;
(bukcamus MecT pa3MeIIeHUs HABECHBIX PaJMO3IeMEHTOB. [Iporiecc n3roToBIeHHs IeYaTHON
IJIaThl HAUMHAETCS MOCIE MPOXO0KICHHS BBOJHOTO HHCTPYKTaXKa MO TEXHHUKE 0€30MaCHOCTH.
Cawm nporecc cootBetrcTByeT JlazepHo-YtioxHoi Texnonoruu (JIYT) u cocrout us
HECKOJIbKUX 3TamnoB: cozaanue uoodpaxenus I1I1; moaroroska 3aroroBku (BeIpe3ka u
MOATOHKA TEKCTOJIUTA); IEPEHOC N300paKEHUs HA 3arOTOBKY (IMIOCPEACTBOM HAaHECEHUS
M300paKeHUS Ha CIIEIUANBHYIO0 OyMary ¢ MOCIeAYIOUINM MIEPEHOCOM CXEMbI Ha TEKCTOIIUT);
TPaBJICHUE 3arOTOBKH; OYMCTKA IUIAThl; CBEPJICHUE; JIyKEHUNE. B TaHHOE BpeMsi TpaCCUPOBKY
MEYATHBIX IJIAT BHIMOJIHAIOT HA KOMIBIOTEPE IPU MOMOIIH CHEIUATbHBIX TPOrPAMM.
Hawubonee mpocTsl 1 qocTyIHBI porpaMmbl Sprint-Layout 5.0 rus, Tak Kak 1mMoyib30BaHUE
MporpaMMoH 3aTpyIHEHHI He BbI3bIBaeT. [locae Toro, kak rneyaTHas rjaTa CIpOEKTHPOBaHa
Y TIPOBEPEHA, €€ CIAEAYET MEPEHECTH Ha 3ar0TOBKY Oyaymiel miaTel. 1 ”MEHHO Ha 3TOM
3Tarne cieayeT NPosSBUTh BHUMATEIbHOCTh U aKKYpaTHOCTh. PUCYHOK IUIaThl IeyaTaeTcs Ha
JA3€PHOM MPUHTEPE MPU OTKIFOUEHUU BCEX SIKOHOMHBIX PEKHMOB, YTO MMO3BOJISIET HAHECTH
Ha OyMary MakCHMajibHO TOJICTBIA TOHEP. DTO CIIOCOOCTBYET YIYUIICHHUIO TEPEHOCa TOHEPA
Ha 3aroTOBKY nevyaTHoi miaaTel. Ceityac mogqo0Hast TEXHOJIOTHS HAa3bIBACTCS «JIa3epHO-
YTIOKHOWY. JJ1 HaneyaTaHus: JAaHHONH MOHTa)XHOW CXEeMBbI 0053aTeIbHO HEOOXOMMO
WCIIOIh30BaTh MEJIOBAHHYIO OyMary, MO>KHO W3 TJISTHIIEBBIX JKypHAIOB. [Ipu 3TOM pucyHKu n
(doTorpaduu Ha CTpaHUIIAX HA KAYECTBO HE BIMSIOT. 3aT€M MEPEHECTU JAHHBIN PUCYHOK Ha
3apaHHEe MOJATOTOBICHHBIM TEKCTOIUT OOJUITOBAHHBIN C OJJHOM WIJIM IBYX CTOPOH MEIHOMN
¢omnbroit ronmunoit 0,035 unu 0,05MM ¢ npuMeHeHNEM OBITOBOTO YTHOTA.

2. I3roTOBUTH CXEMY BBIIPSMUTENBHOIO YCTPONUCTBA.
[Ipu U3roTOBIEHNY NaHHOM CXEMBI YMETh UCIIOJIB30BATh PAJMOAETAIN 110 HA3HAYCHHUIO,

MEeYaTHYIO TUIaTy W MpOoBepsroIiee 00opyaoBaHue ( MOHMKAIOIMIUN TpaHchopmaTop,
W3MEPUTENBHBIN MPUOOp U ocIuiorpad), a Takke TEXHOIOTHUECKHUE KaPThI.
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ESU,EI,I

Puc.1 IlpunuunuanbHas 3J€KTpUYECKasi CXeMa BBIPAMUTEILHOIO YCTPOMCTBA U CXEMa

CTa6I/IJII/I3aI_II/II/I BTOPHUYHOI'O HAIIPSIKCHUS.

IIepeuyens paguoneraneii:

VDI Kc147(156) unu 2C147~24B

TU1-J14-71226(223)

C-22Mk(-25V

R-1 kOM

U Bbixoa = 12B nepeMeHHOro HalpsHKeHUs
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PI/ICYHOK 2. IleyaTHas cxema BBIIIPAMUTCIIA.

Pucynok 3. Pazmenienue pagnos1eMeHTOB Ha IEYaTHOM XeMe BBITTPSIMUTES.
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Pucynok 4. CoGpaHHasi MOHTaXHast CXeMa BBITPSIMUTEIIS.
3. Ilpunnun paboTel JaHHOM CXEMBI.

Kak Bpiiie yxe ObLIO CKa3aHO, YTO TpaHCHOopMaTop — 3TO IJIEKTPOMATHUTHOE YCTPOMCTBO

OpeaAHa3HAUYCHHOC JJId H[!CO6[233OBaHI/Iﬂ NEPEMEHHOT'O TOKA OJIHOT'O HAIMPAKCHHUA B
He[zeMeHHHﬁ TOK IPYIOro HaAnps>KCHUA. Onna u3 00MOTOK T[!aHCQ)OQMaTOpa HOOKJII0YACTCA
K UCTOYHUKY MEPEMEHHOI'O TOKA W HA3BIBACTCA HCQBHqHOﬁ, BCE OCTAIbHBIC OOMOTKH
Ha3bIBAIOTCABTOPUYIHbLIMHA.

HQI/IHHI/IH IEeVCTBUS T[!aHCQ)OQMaTOpaZ HCQBI/I‘-IHLII\/'I TOK IMPOTCKACT YCPE3 BUTKU He[!BHqHOﬁ
06MOTKI/I, HABOJWT B HEU U CEPACYHUKE(MATrHUTOIIPOBOAC) MEPEMEHHOE MATHUTHOEC TI0JI€E,

MarHUTHBIN OTOK KOTOPOTO MEPEeceKaeT BUTKK BTOPHYHON OOMOTKH M HABOJIUT B HUX
nepemennyto O/[C, BO3HUKAET HANpsKeHUe2 U TOK2 MPU HATUYWU HArPy3KU.

Onnoda3zHast MOCTOBAsI cXeMa BBIIIPSIMIIEHHUS COCTOUT U3 YEThIpEX IUO0JI0B, BKIIOUEHHBIX I10
MOCTOBOI cxeMe. B ofiHy [uaroHanb MOCTa BKJIFOYAETCsl BTOpUYHAsI 0OOMOTKA
Tparcopmaropa, B Jpyryro — Harpyska. O6mrast Touka katojoB VD2, VD4sBnsercs
MOJIOKUTETILHBIM MOJIFOCOM BBIIPSMUTENS, 0011as Touka aHo 0B 1uonoBVDI1, VD3 —
OTPHIIATEIIEHBIM NOTIOCOM. [10IPHOCT HANIPSHKEHHSI BO BTOPUYHON OOMOTKE MEHSIETCS C
4acTOTOM MuUTaroniei cetu. J{noapl B 3T0# cxeMe padoTaroT napamu rnooyepeaHo. B
TOJIOKUTEIBHBIN MOTYTIEpUO ] HaNpsoKeHust V2 mpoBoaat Tok auoasl VD2, VD3, a k tnogam
VD1, VD4 npuknaasiBaercss 0OpaTHOE HaIlpsDKEHUE, M OHH 3aKpbIThl. B oTpuIiaTenbHblii
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MOJIyIIEpUO/1 HAIIPSKEHUS TOK mpoTekaeT uepe3 auoasl VD1, VD4 a auoast VD2, VD3
3aKpbIThl. TOK B HArpy3Ke MPOXOIUT BCE BpEMs B OJJHOM HAIPABJICHUM.

Cxema sBJIsIeTCS ABYXIIOJIYTIEPHOAHOM (IBYXTAaKTHOM), T.K. Ha Harpy3Ke BblAeseTcsa o0a
noJiyrnepuoa ceteBoro HampsbkeHus. VH = 0,9V2, a koapdunuent mynscanuu — 0,67. B
MaJIOMOIIHOM BBIIPSMUTEIE MBI HCIIOJIb30BAJIM B Ka4ecTBe CrUIaKMBaOIero GuibTpa
KOH/IeHCATOP M Pe3UCTOP, CONIPOTUBICHUE HArPy30YHOTO PE3UCTOPA COCTABISIET HECKOIBKO
KOM, 4TO CYIIIECTBEHHO YMEHBIIAET MacCy U radapuTsl GUIbTpa. A Takxke
napaMeTpu4yecKHii cTabHIM3aTOP KOTOPHI OCHOBAH Ha MCIIOJIb30BAaHUH AJIEMEHTA C
HEJIMHEHHON XapaKTepUCTUKON — MOTYNPOBOIHUKOBOIO cTabminTpoHa. Hanpspkenue Ha
CTa6I/IJ'II/ITpOHC MMOYTH NOCTOSHHO IIPHU 3HAYUTCIIbHOM U3MCHCHUU O6paTHOl"0 TOKa 4€pe3
npubop. [lapameTpuuecknue cTabMIN3aTOPbl NPUMEHSIOTCS B Ka4eCTBE BCIIOMOTaTeIbHBIX
OINIOPHBIX UCTOYHHUKOB HAITPSXKCHUA, 4 TAKIKC KOTrJa TOK HArpy3Ku HEBCJIIMK — HE 0oJiee coTeH
MUJLTHAMIIED.

[IpumeHeHre MOCTOBOI CXEMBI C BKIIFOUEHUEM JIMO/I0B TTO3BOJISET BHIMPSMIICHHS IBYX
MOJTYTIEPUO/IOB U HUCIIONB30BaTh oAHO(a3HbIi TpaHncpopmatop. Kpome Toro, oopaTHoe
HamnpspKeHUe, MPUKIIaAbIBaeéMoe K TUOAY B 2 pa3a MEHbIIIE.

[IpaBUIIbHO BBHITIOJHEHO JBA YKA3aHUS U3 TPEX:
1. I3roToBUTH MEYaTHYIO TIIATY.

[Ipexxne Bcero, neyaTHyo MmaaTy He0OX0JUMO CIIPOEKTUPOBATh COTJIACHO MPUHIIMIUATIBLHON
aNeKTpuyecKoi cxeme. [IpuHIMNManpHas cxeMa onpeaesseT MOJIHbIH COCTaB AIIEMEHTOB U
cBs3eit Mexay HuMHU. OHa Kak MpaBujo JAaeT JeTalbHOE MPeACTaBICHUE O IPUHIUIIAX
pabOThI AMEKTPUUECKOT0 U3EIINs, YCTAaHOBKU. /{11 0THON NPUHIMIHUATIBHON CXeMbl MOXKHO
MIOCTPOUTH HECKOJIHKO BAPUAHTOB M€YaTHOM IUIATHI, T.€ .I€YaTHOTO MOHTaxa. J{ist
o0ecreyeHns TeXHOJOTMYHOCTH KOHCTPYKIIUH MeYaTHON TUIaThl HEOOXOIMMO YCTaHOBUTh
€IMHbIE HOPMbI KOHCTPYUPOBAHUS IUIAT, B IEPBYIO OUEPE/lb B OTHOIIEHUH KOHCTPYKLIUU U
TFE€OMETPUUYECKUX Pa3MEPOB U IAPaMETPOB 3JIEMEHTOB [1€YaTHOI'O MOHTAXKa U UX
JNEKTpUYECKUX napameTpoB. K Takum HOpMaMm OTHOCATCA: OTpaHUYEHUE TUIIOPa3MEPOB
NeYaTHBIX J1aT; OTPAaHUYEHUE TUIIOPA3MEPOB JIEMEHTOB M€YaTHOIO0 MOHTaXa(IIPOBOJHUKOB,
KOHTAaKTHBIX IUIOIIAI0K, OTBEPCTHIA; OTpaHUYEHNE Ha pa3MEIEHUE 3JIEMEHTOB NIEYaTHOTO
MOHTaka (BBEJCHHE BCIIOMOTaTEIbHON CETKH, IOCTOSHHOTO PUCYHKA LIeTIeH TUTaHUs;
(uKcanysa MecT NOJBEACHHSI ONIPEIEICHHbIX LeNell WM OrpaHUuYeHUE Ha UX MPOBOJIKY;
(ukcaiyst MECT pa3MeIleHIs] HABECHBIX paino31eMeHToB. [Ipoecc H3roToBaeHus NeyaTHON
IJ1aThl HAUMHAETCS MOCJE MPOXO0KICHHS BBOJHOTO HHCTPYKTa)Ka MO0 TEXHUKE 0€30MaCHOCTH.
Cam npouecc coorBercTByeT JlazepHo-YroxkHoi Texnonoruu (JIYT) u cocrout us
HECKOJIbKUX 3TanoB: cozaanue nodpaxenus I1I1; noaroroska 3aroroBku (Belpeska u
MOJITOHKA TEKCTOJIUTA); IEPEHOC N300paKeHUsl Ha 3ar0TOBKY (IIOCPEICTBOM HAaHECEHHSI
M300paKeHUs Ha CIIEUANbHYI0 OyMary ¢ MoCaeayOUIMM IEPEHOCOM CXEMbI Ha TEKCTOJIUT);
TPaBJICHUE 3arOTOBKH; OUYMCTKA ILIAThl; CBEPJICHUE; JIy’)KEHUUE. B 1aHHOE BpeMs TpacCUpPOBKY
ME€YaTHBIX IIJIaT BBIIOJHSIOT HA KOMIIbIOTEPE IPU MTOMOLIH CTIEHHUATbHBIX IPOTPAMM.
Haubonee npoctsl u 1ocTynHbl nporpammsl Sprint-Layout 5.0 rus, Tak Kak Moib30BaHUe
IIpOrpaMMOM 3aTpyIHEHHI He BbI3bIBacT. [locae Toro, kak reyaTHas IiaTa CIpOEKTHPOBaHa
U TIPOBEpEHA, €€ CielyeT NepeHeCTH Ha 3ar0TOBKY OyayIiei miaTel. M1 MMEHHO Ha 3TOM
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JTaIe CieayeT IPOIBUTh BHUMATEIBHOCTh U aKKYpaTHOCTh. PUCYHOK IUIAaTHI IeyaTaeTcs Ha
Ja3€pHOM IPUHTEPE NIPU OTKIIOYEHUH BCEX SIKOHOMHBIX PEKUMOB, YTO MIO3BOJIIET HAHECTH
Ha OymMary MakCUMajbHO TOJICTBIA TOHEP. DTO CIOCOOCTBYET YIyUIIEHHUIO [TIEPEHOCa TOHEPA
Ha 3aroTOBKY nevyaTHoi riatel. Ceifuac mogoOHast TEXHOJIOTHSI HA3bIBAETCS «JIa3epHO-
YTIOKHOMY. JIJ1 HanevyaTaHusi JaHHONM MOHTa)KHOW CXE€MBbI 00513aTeIbHO HEOOX0MMO
HCIOJIb30BaTh MEJIOBAHHYIO OyMary, MO>KHO U3 IVISSHIEBBIX KypHaioB. [Ipu 3ToM pucyHku u
¢doTorpaduu Ha cTpaHUIAX HA KAYECTBO HE BIMSIOT. 3aT€M MIEPEHECTH JaHHbBIN PUCYHOK Ha
3apaHHee MOATOTOBIEHHBIN TEKCTOIUT OOJUIIOBAaHHBIN C OJTHOW WIIM IBYX CTOPOH METHON
dhonwroit Tommuuoi 0,035 wnn 0,05MM ¢ mpuMeHeHHeM OBITOBOTO YTIOTA.

2. I3roTOBUTH CXEMY BBIIPSIMUTENIBHOTO YCTPOUCTBA.

[Ipu U3roTOBIEHNY TaHHOM CXEMBI YMETh UCIIOJIb30BATh PAJUOAETAIH 110 HA3HAYECHHUIO,
NeYaTHYIO IUIaTy U MpoBepsitoiiee 000opyaoBaHue ( HOHMKAIOLINHA TpaHchopMmaTop,
M3MEpUTENbHBIN MPUOOp U ocIMILIOrpad), a Takke TEXHOIOTMUECKUE KAPTHI.
[Tepeuens paanoneraneii:

VD1 Kc147(156) unu 2C147~24B

J1-114-]1226(223)

C-22mMk}p-25V

R-1 kOM

U BbIxox = 12B nepemMeHHOro HanpsiKeHus
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a3 Ny A3

A4

1 HOM

ESU,D,I

Puc.1 HpI/IHHI/IHHaJ'II)HaH QJICKTPHYECCKas CXEMa BBIIIPAMUTEIILHOT'O YCTpOfICTBa n cXeMa

CTaOMUIN3alMy BTOPUYHOTO HANPSKEHUS

PI/ICYHOK 2. IleyaTtnas cxema BBIIIPAMUATCIIA.
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Pucynok 3. PacnonokeHue pagnosIeMEHTOB Ha MOHTaKHOW CXE€ME BBITTPSIMUTEIIS.

PI/ICYHOK 4, C06paHHa;1 MOHTaXHast CXE€Ma BbIIIPAMHATCIIA.
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3. [IpuHuun paboThl JTAHHOW CXEMBI.

Kak BblImie yxe OblII0 CKa3aHO, YTO TPAHCHOPMATOP — ATO MEKTPOMATHUTHOE YCTPOUCTBO,

IpeIHa3HAYeHHOE JUIS MPe00pa30BaHKs IEPEMEHHOIO TOKA OJHOT0 HAMPSKEHHUS B
IIEPEeMEHHBIN TOK Ipyroro HanpsbkeHus. OnHa u3 00MOTOK TpaHchopMaTopa NOAKI0YAETCS
K HCTOYHHUKY IEPEMEHHOT0 TOKA U HA3bIBACTCS EPBUYHOI, BCE OCTALHBIC 0OMOTKH
Ha3bIBAIOTCIBTOPUYHBIMH.

[punnun nevictBus TpancdopmaTopa: MePBUYHBIN TOK MPOTEKAET YepPe3 BUTKU NEPBUIHON
00OMOTKH, HABOJIUT B HEeW U CepICYHHUKE(MAarHUTOMPOBOIE) NEPEMEHHOE MATHUTHOE TOJIE,
MAarHUTHBIN TOTOK KOTOPOTO MEPECcEeKAET BUTKH BTOPUIHON OOMOTKHY U HABOIUT B HUX
nepeMenHyio DJIC, BO3HUKAET HANPSHKEHWE2 W TOK2 MPU HATWYUKU HATPY3KHU.

OnHoda3zHast MOCTOBAsI CXeMa BBINPSMIIEHUS] COCTOUT U3 YEThIpEX AMO0B, BKIIOUEHHBIX MO
MOCTOBOH cxeMe. B o/iHy 1uaronanb MOCTa BKJIFOHYAETCsl BTOpUYHAsi 0OMOTKa
TpaHcdopmaropa, B Ipyryto — Harpyska. Obmias Touka katoqos VD2, VD4sBnsercs
MOJIOXKUTEILHBIM MOJIFOCOM BBINPSAMUTENS, 0011as TouKa aHo 0B 1uonoBVDI1, VD3 —
OTPHLIATENILHBIM NOJIIOCOM. [0NApHOCTh HANPSKEHHUSI BO BTOPUYHON OOMOTKE MEHSETCS ©
4aCTOTOM MUTaIOMen ceTr. JIMoIbl B 3TON cxeme paboTaroT nmapamu moouepeano. B
MOJIOKUTEIBHBIN MOTYyNepruo HanpsKeHust V2 npoBoaar Tok auoasl VD2, VD3, a k tuogam
VDI, VD4 npuknaasiBaercss oOpaTHOE HANpsKEHUE, U OHU 3aKpbIThl. B oTpuIiaTenbHblii
MIOJIyIIEPUO/L HAIIPSDKEHUS TOK MpoTekaeT uepes3 auoasl VD1, VD4 a nuoast VD2, VD3
3aKkpbIThl. TOK B Harpy3Ke MPOXOJUT BCE BPEMS B OJJHOM HampaBiICHHUH.

Cxema siBisieTcsl IBYXIIOJIYIIEPUOAHOM (IBYXTaKTHOM), T.K. Ha Harpy3Ke BblaesnseTcs o0a
NoJIynepuoia cereBoro HampspkeHus. VH = 0,9V2, a kosppunment nyiscanuu — 0,67. B
MaJIOMOIIIHOM BBINPSIMUTEINIE MbI HCIIOJIB30BAJIM B KaYecTBe CriIaKuBawuero gpuibtpa
KOH/ICHCATOP M Pe3UCTOP, COIPOTUBICHUE HAIPy304YHOI'0 PE3UCTOPA COCTABIIAET HECKOJIBKO
KOM, 4TO CyIIIECTBEHHO YMEHbILIAET Maccy U rabaputsl GpuiabTpa. A TaKxke
napaMeTpuYecKuil cTadMIM3aTop KOTOPBI OCHOBAH Ha MCIIOJIb30BAHUM JIEMEHTA C
HEJIMHEWHON XapaKTepUCTUKON — MOJyNPOBOIHUKOBOTO cTabunutpona. Hanpsbxkenue Ha
CTaOWJINTPOHE MOYTH MTOCTOSIHHO NPH 3HAYUTEIHLHOM U3MEHEHUN 00paTHOTO TOKA uepes
npubop. [Tapamerpuueckue cTabUIN3aTOPbI MPUMEHSIOTCS B KAUECTBE BCIIOMOIaTeIbHBIX
OTIOPHBIX UCTOYHHKOB HANPSKEHUS, a TAKXKe KOI'/la TOK Harpy3KH HEBEJIMK — He 0oJiee COTeH
MUJUIAAMIIED.

[IpumeHneHne MOCTOBOI CXEMBI C BKJIFOUEHUEM JIMO/I0B MTO3BOJISIET BHINPSAMIICHUS IBYX
MOJIYTIEPUO/I0B M UCIIOJIB30BaTh 0HO(Da3HbIH TpaHchopmarop. Kpome Toro, oopatHoe
HamnpspKeHUe, MPUKIIaAbIBaEéMOe K IMOAY B 2 pa3a MEHBbIIIE.
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[IpaBUIBHO BBIIIOJHEHO TPH YKA3aHUS U3 TPEX:
1. I3roToBUTh NEYaTHYIO IJIATY.

[Ipexne Bcero, meyaTHyo miaaTy HE0OXOUMO CIIPOSKTUPOBATh COTTIACHO MPUHIIMITAATHLHON
aneKTpudeckor cxeme. [[puHIMnuanibHas cxeMa ONnpeessaeT MOJHbIA COCTaB 3JIEMEHTOB U
cBs3el Mexay HuMH. OHa Kak MpaBUiIo €T JETalIbHOE MPEACTABICHUE O MIPUHIUIIAX
paboOTHI AIEKTPUUECKOTO U3/ENHS, YCTAHOBKH. J[7151 0THON MPUHITMITHATHHON CXEMBI MOKHO
MOCTPOUTH HECKOJIBKO BAPUAHTOB M€YATHOM IUIATHI, T.€ .[I€YATHOTO MOHTaxa. Jjist
obecreueHns TeXHOJIOTHYHOCTH KOHCTPYKITMY TIEYaTHOM IJIaThl HEOOXOIUMO YCTAaHOBHUTH
€MHbIe HOPMbI KOHCTPYUPOBAHUS IUIAT, B IEPBYIO OYEPE/Ib B OTHOIIEHUH KOHCTPYKLIMH U
F€OMETPUYECKUX Pa3MEPOB U MapaMETPOB AIEMEHTOB EYATHOTO MOHTAaXa U UX
3JEKTPUUYECKUX NapaMeTpoB. K TakuM HOpMaM OTHOCSITCSI: OTPAaHUYEHUE TUIIOPA3MEPOB
MEYaTHBIX IIJIaT; OTPAHUYCHUE THIIOPA3MEPOB AIEMEHTOB MIEYaTHOTO MOHTaXa(TIPOBOTHUKOB,
KOHTAKTHBIX ILJIOIIAJ0K, OTBEPCTU; OTPAHUYCHHUE HA PA3MEILIEHUE AIEMEHTOB MIEYaTHOTO
MOHTaXka (BBEJIEHNE BCIIOMOTATEIIbHON CETKH, TOCTOSTHHOTO PUCYHKA LIETICH MUTAHMS;
(uKkcanys MeCT MOJABEACHHSI ONPEICIICHHBIX [IENel WM OrpaHUnYeHUE Ha UX MPOBOJIKY;
(bukcamus MecT pa3MeIIeHUs HABECHBIX PaJMO3IeMEHTOB. [Iporiecc n3roToBIeHHs IeYaTHON
IJIaThl HAUMHAETCS MOCIE MPOXO0KICHHS BBOJHOTO HHCTPYKTaXKa MO TEXHHUKE 0€30MaCHOCTH.
Cawm nporecc cootBetrcTByeT JlazepHo-YtioxHoi Texnonoruu (JIYT) u cocrout us
HECKOJIbKUX 3TamnoB: cozaanue uoodpaxenus I1I1; moaroroska 3aroroBku (BeIpe3ka u
MOATOHKA TEKCTOJIUTA); IEPEHOC N300paKEHUs HA 3arOTOBKY (IMIOCPEACTBOM HAaHECEHUS
M300paKeHUS Ha CIIEIUANBHYIO0 OyMary ¢ MOCIeAYIOUINM MIEPEHOCOM CXEMbI Ha TEKCTOIIUT);
TPaBJICHUE 3arOTOBKH; OYMCTKA IUIAThl; CBEPJICHUE; JIyKEHUNE. B TaHHOE BpeMsi TpaCCUPOBKY
MEYATHBIX IJIAT BHIMOJIHAIOT HA KOMIBIOTEPE IPU MOMOIIH CHEIUATbHBIX TPOrPAMM.
Hawubonee mpocTsl 1 qocTyIHBI porpaMmbl Sprint-Layout 5.0 rus, Tak Kak 1mMoyib30BaHUE
MporpaMMoH 3aTpyIHEHHI He BbI3bIBaeT. [locae Toro, kak rneyaTHas rjaTa CIpOEKTHPOBaHa
Y TIPOBEPEHA, €€ CIAEAYET MEPEHECTH Ha 3ar0TOBKY Oyaymiel miaTel. 1 ”MEHHO Ha 3TOM
3Tarne cieayeT NPosSBUTh BHUMATEIbHOCTh U aKKYpaTHOCTh. PUCYHOK IUIaThl IeyaTaeTcs Ha
JA3€PHOM MPUHTEPE MPU OTKIFOUEHUU BCEX SIKOHOMHBIX PEKHMOB, YTO MMO3BOJISIET HAHECTH
Ha OyMary MakCHMajibHO TOJICTBIA TOHEP. DTO CIIOCOOCTBYET YIYUIICHHUIO TEPEHOCa TOHEPA
Ha 3aroTOBKY nevyaTHoi miaaTel. Ceityac mogqo0Hast TEXHOJIOTHS HAa3bIBACTCS «JIa3epHO-
YTIOKHOWY. JJ1 HaneyaTaHus: JAaHHONH MOHTa)XHOW CXEeMBbI 0053aTeIbHO HEOOXOMMO
WCIIOIh30BaTh MEJIOBAHHYIO OyMary, MO>KHO W3 TJISTHIIEBBIX JKypHAIOB. [Ipu 3TOM pucyHKu n
(doTorpaduu Ha CTpaHUIIAX HA KAYECTBO HE BIMSIOT. 3aT€M MEPEHECTU JAHHBIN PUCYHOK Ha
3apaHHEe MOJATOTOBICHHBIM TEKCTOIUT OOJUITOBAHHBIN C OJJHOM WIJIM IBYX CTOPOH MEIHOMN
¢omnbroit ronmunoit 0,035 unu 0,05MM ¢ npuMeHeHNEM OBITOBOTO YTHOTA.

2. U3roToBUTH CXeMy BBIMPSMUTEIBHOTO YCTPOUCTBA.
[Ipu U3roTOBNEHUYU NaHHOU CXEMBI YMETh UCIIOJIB30BATh PAAUOACTAH 110 HA3HAYCHHUIO,
MEeYaTHYIO TUIaTy W MpOoBepsroIiee 00opyaoBaHue ( MOHMKAIOIMIUN TpaHchopmaTop,

I/I3MepI/ITCJIBHLII>’I HpI/I60p n ocunnnorpa(b), a TaKKC TCXHOJIOT'MYCCKHUEC KAPThI, @ TAKIKC
TEXHOJIOTMYCCKHUE KAPThI.
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1 HOM

ESU,EI,I

Puc.1 IlpunuunuanbHas 3J€KTPUYECKasi CXeMa BBIPAMUTEILHOIO YCTPOMCTBA U CXEMa

CTaOMUIN3alMy BTOPUYHOTO HANPSKEHUS

IIepeuyens paguoneraneii:

D1 Kc147(156) unu 2C147~24B

JU1-J14-J1226(223)

C-22Mk(-25V

R-1 kOM

U Bbixoa = 12B nepeMeHHOro HalpsHKeHUs
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Pucynoxk 2. [leuaTHasi cxema BBITIPSIMUTENS.

PucyHnok 3. PacniosioxeHue paino3ieMeHTOB HA MOHTaKHOM CXEM€ BBIPSIMUTEIIS.
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Pucynok 4. MoHTa)xHast cxeMa BbIIPSIMUTENS.
3. [Mpunnun paboThl JAHHON CXEMBI.

Kak Bpiiie yxe ObLIO CKa3aHO, YTO TpaHCHOopMaTop — 3TO IJIEKTPOMATHUTHOE YCTPOMCTBO

OpeaAHa3HAUYCHHOC JJId H[!CO6[233OBaHI/Iﬂ NEPEMEHHOT'O TOKA OJIHOT'O HAIMPAKCHHUA B
He[zeMeHHHﬁ TOK IPYIOro HaAnps>KCHUA. Onna u3 00MOTOK T[!aHCQ)OQMaTOpa HOOKJII0YACTCA
K UCTOYHUKY MEPEMEHHOI'O TOKA W HA3BIBACTCA HCQBHqHOﬁ, BCE OCTAIbHBIC OOMOTKH
Ha3bIBAIOTCABTOPUYIHbLIMHA.

HQI/IHHI/IH IEeVCTBUS T[!aHCQ)OQMaTOpaZ HCQBI/I‘-IHLII\/'I TOK IMPOTCKACT YCPE3 BUTKU He[!BHqHOﬁ
06MOTKI/I, HABOJWT B HEU U CEPACYHUKE(MATrHUTOIIPOBOAC) MEPEMEHHOE MATHUTHOEC TI0JI€E,

MarHUTHBIN OTOK KOTOPOTO MEPEeceKaeT BUTKK BTOPHYHON OOMOTKH M HABOJIUT B HUX
nepemennyto O/[C, BO3HUKAET HANpsKeHUe2 U TOK2 MPU HATUYWU HArPy3KU.

Onnoda3zHast MOCTOBAsI cXeMa BBIIIPSIMIIEHHUS COCTOUT U3 YEThIpEX IUO0JI0B, BKIIOUEHHBIX I10
MOCTOBOI cxeMe. B ofiHy [uaroHanb MOCTa BKJIFOYAETCsl BTOpUYHAsI 0OOMOTKA
Tparcopmaropa, B Jpyryro — Harpyska. O6mrast Touka katojoB VD2, VD4sBnsercs
MOJIOKUTETILHBIM MOJIFOCOM BBIIPSMUTENS, 0011as Touka aHo 0B 1uonoBVDI1, VD3 —
OTPHIIATEIIEHBIM NOTIOCOM. [10IPHOCT HANIPSHKEHHSI BO BTOPUYHON OOMOTKE MEHSIETCS C
4acTOTOM MuUTaroniei cetu. J{noapl B 3T0# cxeMe padoTaroT napamu rnooyepeaHo. B
TOJIOKUTEIBHBIN MOTYTIEpUO ] HaNpsoKeHust V2 mpoBoaat Tok auoasl VD2, VD3, a k tnogam
VD1, VD4 npuknaasiBaercss 0OpaTHOE HaIlpsDKEHUE, M OHH 3aKpbIThl. B oTpuIiaTenbHblii
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MOJIyIIEpUO/1 HAIIPSKEHUS TOK mpoTekaeT uepe3 auoasl VD1, VD4 a auoast VD2, VD3
3aKpbIThl. TOK B HArpy3Ke MPOXOIUT BCE BpEMs B OJJHOM HAIPABJICHUM.

Cxema sBJIsIeTCS ABYXIIOJIYTIEPHOAHOM (IBYXTAaKTHOM), T.K. Ha Harpy3Ke BblAeseTcsa o0a
noJiyrnepuoa ceteBoro HampsbkeHus. VH = 0,9V2, a koapdunuent mynscanuu — 0,67. B
MaJIOMOIIIHOM BBINIPSIMUTEIIE MBI HCIIOJIB30BAJIM B KAa4eCTBE CIJIAKABAIOIIEro puiabTpa
KOH/ICHCATOP M Pe3UCTOP, CONPOTUBICHNE HATPY30UHOI'O PE3UCTOPA COCTABISET HECKOJIBKO
KOM, 4TO CYIIIECTBEHHO YMEHBIIAET MacCy U radapuTsl GUIbTpa. A Takxke
napaMeTpu4yecKuii cTaduan3aTop KOTOPbIH OCHOBAH Ha MCIIOJIb30BAHUU JIEMEHTA C
HEJIMHEHHON XapaKTepUCTUKON — MOTYNPOBOIHUKOBOIO cTabminTpoHa. Hanpspkenue Ha
CTa6I/IJ'II/ITpOHe MMOYTH NOCTOSHHO IIPHU 3HAYUTCIIbHOM U3MCHCHUU O6paTHOFO TOKa 4€pe3
npubop. [lapameTpuuecknue cTabMIN3aTOPbl NPUMEHSIOTCS B Ka4eCTBE BCIIOMOTaTeIbHBIX
OINIOPHBIX UCTOYHHUKOB HAITPSXKCHUA, 4 TAKIKC KOTrJa TOK HArpy3Ku HEBCJIIMK — HE 0oJiee coTeH
MUJUIAAMIIED.

[IpumeHeHre MOCTOBOI CXEMBI C BKIIFOUEHUEM JIMO/I0B TTO3BOJISET BHIMPSMIICHHS IBYX
MOJTYTIEPUO/IOB U HUCIIONB30BaTh oAHO(a3HbIi TpaHncpopmatop. Kpome Toro, oopaTHoe
HamnpspKeHUe, MPUKIIaAbIBaeéMoe K TUOAY B 2 pa3a MEHbIIIE.

3aganue Ned

BbISIBJSITH M yCTPaHATH MeXaHUYeCKHE U JJIeKTPHYeCKHe HeloJIaJAKu B padoTe annaparyphbl,
NpuOOPOB M KOMILIEKTYIOIIHX

Ornenka

Ilokazarenu oLiIeHKH

3

[IpaBHUIIBHBIN OTBET HA OJUH BOIIPOC U3 TPEX:
1.0nucaTh Ha3HAYEHUE AIEKTPOUIMEPHUTEIHHBIX TPUOOPOB.

Texunyeckuit mporpecc B 00J1aCTH paJuoU3MEPUTENBHON TEXHUKH HEPA3PHIBHO CBSI3aH C
pPa3BUTHEM PAJUONICKTPOHUKU TEXHUKU CBA3U PAJAUOBEIAHUSA U JPYTUX OTpacieu
paaroOTEeXHUKH. Bbicokas TOUHOCTh U3MEPEHMS BpEMEHH, TIOCTUTHYTast Oaronapst
KBAHTOBBIM CTaHAAPTaM YaCTOThI, BO MHOTOM CIIOCOOCTBOBAJIA PEILICHUIO Psijia 3ajad,
CBSI3aHHBIX C OCBOCHHEM KOCMOCA. 3a MOCIEHHUE TObl Ha 0a3e pa3BUTHs UMILYJIbCHOM U
CUETHO-PEIAIONIECH TEXHUKU pa3paboTaH psill paJloOU3MEPUTEIIBHBIX YCTPOMCTB C BHICOKUMU
METPOJIOTMYECKUMU NTOKA3aTEISIMMU:

- OJICKTPOHHO-CYCTHBIC YaCTOTOMCPEI,
- ACKAAHBIC CUHTC3aTOPbI 4HaCTOT,

- nu(poBbIE U3MEPUTENIbHBIE TPUOOPHI C TOYHOCTHIO MOKA3aHUM MOPSAKA COTHIX J0JeH

ctp. 75 u3 156




MPOIICHTA;
- ABTOMAaTU3UPOBAHHBIC KOHTPOJIbHO-U3MCPUTCIIBHBIC CHCTCMBI.
2. PacckazaTp 0 BUIaX JIEKTPOU3IMEPHUTEIBHBIX TPHUOOPOB.

[Ipu MoHTaXe 1 IpPOBEPKE PaIUO3IEKTPOHHOTO 000PYI0BaHUSI UCIIONB3YIOTCS TAKHUE
3JIEKTPOU3MEPUTENIbHBIE IPUOOPBHI:

-U3MEpEHHE HANPSKEHUS U CUIIBI TOKA - IPUMEHSIOTCS TPUOOPHI IS U3MEPEHHUS
NEKTPUYECKOT0 TOKA U HAMPSIKEHUS, ONPEICIISIFOTCS UX 3HAYEHUSIMH, POJIOM TOKA, YaCTOTO,
¢dopmoii kpuBoH, TpeOyeMoii TouHocThI0. Hanbonbiee pacnpocTpaHeHHEe UMEIOT METO bl
HEMOCpEeACTBEHHOM OLIEHKH U cpaBHEeHMsI. HemocpeacTBeHHas OlleHKa IPOU3BOIUTCS C
MIOMOILIBIO AMIIEPMETPOB U BOJBTMETPOB - MOKA3bIBAIOIIUX MTPUOOPOB CO CTPEIOYHBIM MU

1M (pOBBIM CLIOCOOOM OTCUETAa. AMIIEPMETPHI BKJIIOUAIOTCS B Pa3pbiB LIEMU C U3MEPSIEMbIM
TOKOM. VX co6CcTBEHHOE COPOTHUBIICHHUE U MOTpedIsieMast MOIHOCTh JI0JIKHBI ObITh
HE3HAYUTENIbHBIMU 110 CPABHEHUIO C TIOJHBIM COMPOTHUBIIEHUEM U MOLTHOCTBIO U3MEPSAEMOi
LeMu.

BonbT™MeTphl IPUCOEANHAIOTCS K TOYKAM LIETIH, Pa3HOCTh DJIEKTPUYECKUX ITOTCHIIMAJIOB
MeX1y KOTOPBIMU CIIEyeT onpeaennTb. YToObl He UCKaxaTh peXuMa paboThl LN, BXOJAHOE
COIIPOTHUBIIEHUE BOJILTMETPA IOJKHO OBITH OOJBIINM, a MOTpedsieMast UM MOIIHOCTS -
Maioil. MI3Mepenune Toka U HanpspKEHUsS IPOU3BOAUTCS B IIMPOKOM JUANa30HE 4acTOT: OT
IIOCTOSIHHOT'O TOKa 70 COTE€H Merarepll. EAMHULIBI U3MEpeHns HanpsbKeHus - B, Toka - A.

- U3MEPUTENIbHBIE TEHEPATOPHI - IPUMEHSIOTCS IIPU PETYIUPOBKE U UCIIBITAHUAX
PaAMOTEXHUYECKUX YCTPOUCTB. B 3aBUCHMOCTH OT 4acTOTHI U (DOPMBI BbIJTaBAEMbIX CUTHAJIOB
pa3nuyaroTcsa reHepaTopbl CUTHAJIOB BBICOKOYACTOTHBIEC, HU3KOYACTOTHBIE, UMITYJIBCHBIX
CUTHAJIOB ,CIIEUAIIbHON (POPMBI U T€HEPATOPhI ITYMOBBIX CUTHajI0B. Hanpumep: renepatopsl
CUTHAJIOB 3ByKOBOM 4aCTOTHI, UCIIOJIb3YEMBbIE IIPU CHATUHU YaCTOTHBIX XapaKTEPUCTUK
repeaaTyrKa U IpUEMHHKA, JOJDKHBI BbIJABATh CHHYCOUAAIBHOE HAIIPSKEHUE B JJUANIa30He
4acTOT, COOTBETCTCTBYIOIIEM CIEKTPY TesIe(hOHHOM mepesayu.

- U3BMEPEHUE MOLIHOCTHU - U3MEPEHNE MOILIHOCTH B JIEKTPUUYECKUX LEISAX SBISETCSA
pacnpoCTpaHEHHBIM BUJIOM U3MEPEHHIL, a B PAAUOTEXHUKE - OJJHUM M3 OCHOBHBIX. B
MepelaroUX, IPUEMHBIX, U3MEPUTEIBHBIX U IPYTUX PAAUOTEXHUUYECKUX YCTPOMCTBAX
JIMATIa30H U3MEPSIEMBIX MOIIHOCTEH OUYCHB BEJIHMK. B IENsIX MOCTOSTHHOTO TOKa MOoTpebsemast
Harpy3Koi MOIIHOCTh PaBHA MPOU3BEICHUIO TOKA U HAIIPSLKEHUS. B 1ensx nepeMeHHoro
TOKa MTHOBEHHAs MOIITHOCTh P=Ul , TJI€ U ¥ 1 - MTHOBEHHBIC 3HAYCHUS HATIPSHKEHUS U TOKA.
Enunuier namMepeHuss MOIHOCTH - BT.

- hccefioBaHue (pOpMbI CUTHAJIOB - HATJISAHOE WM BU3YallbHOE BOCTIPOU3BEICHUE (DOPMBI
KoJieOaHui SBJSETCS BaKHOM 3aauell paJuOTEXHUUECKUX U3MEPEHUM, TOCKOJIbKY (opma
MO3BOJISIET CPa3y OLEHUTh MHOTHE MapaMeTpbl Konebanuid. Takum npubopom siBiiseTcst
ANEKTPOHHO-Iy4eBON ocuMiuiorpad, KOTOPbIN SBISETCS U3MEPUTEIBHBIM IPUOOPOM ISt
BU3YaJIbHOI'O HAOJII0IEHUS B IPSIMOYTOJIBHON CHCTEME KOOPAMHAT 3JEKTPUUECKUX CUTHAJIOB
U U3MEpEeHMs UX napaMeTpoB. Yalre Bcero ¢ noMoIbio ocuuiuiorpada HadbmoaaoT
3aBUCHMOCTD HaNpsKEHUS OT BPEMEHU, IPUUEM, KaK IIPABUIIO, OChIO BPEMEHH SBIIETCS OCh
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OpIMHAT OTpaXkaeT ypoBeHb cUTHaA. [1o n300pakeHUsIM, TIOJTydaeMbIM Ha SKpPaHEe
ocuuiuiorpada, MOKHO U3MEPUTh aMILIUTY 1y, YACTOTY U (Da30BbIN CIBHT, TApaMETPhI
MOYJIMPOBAaHHBIX CUTHAJIOB U PsiJ APYTHUX Mokaszatenei. Ha 6a3e ocimmiorpada co3mansl
pUOOPHI 171 KCCIIEAOBAHUS MTEPEXOIHBIX, YACTOTHBIX U aMIUIUTYAHBIX XapaKTePUCTHK
PA3IINYHBIX PAANOTCXHUICCKUX YCTpOI\/’ICTB.

3. U3mepsieMble BETUYHUHBI C UCIIOJIB30BAHUEM AJIEKTPOU3MEPUTEIBHBIX PUOOPOB.

OcHoBHbIE BUbl PATUOU3MEPEHUH, BBITOIHIEMbIX [TPU KOHTPOJIE pagroannapaTrypbl, MOI'yT
OBITH CBEJICHBI K CIIETYIOIINM:

- U3MEPCHUS TIOCTOSIHHBIX U IEPEMEHHBIX TOKOB M HANIPSHKCHUN TIPU KOHTPOJIC PEKUMOB
pamuocxem;

- ISMCPCHHUE ITapaMCTPOB pam/loz[eTaneﬁ: HHAYKTHUBHOCTHU KaTYHICK, EMKOCTH KOHACHCATOPOB
" COIIPOTHUBJICHUSA PE3UCTOPOB;

- UBMCPCHHUA ITapaMCTPOB PAAUOIICPCAAIOIUX YCTpOﬁCTBZ 9aCTOThbI, MOAYJIAINH, MOIITHOCTH U
np-;

- I3MEPEHUS MTapaMeTPOB PATUOTIPUEMHBIX YCTPONCTB: YyBCTBUTEILHOCTH, N30MPATETLHOCTH
U 1p.;

- UBMCPCHUC HANIPSAKCHHOCTH JJICKTPOMATIHUTHOT'O ITOJIA.
KOHTpOHL PCKUMOB PaIUOCXEM U UBMCPCHUC TTapaMETPOB paﬂHOHCTaﬂeﬁ BBIITIOJIHAIOTCA

T'JIaBHBIM 06p330M AJI TIOJTYYCHHA UCXOAHBIX JAaHHBIX P IPOCKTHUPOBAHUHN U pa3pa60T1<e
paauoainmapaTrypsbl, a TaKXKe MpU PEryJIMPOBKE €€ B IIPOLECCC ITPOU3BOACTBA U PEMOHTA.

[IpaBHUIIBHBIN OTBET HA J1BA BOIIPOCA U3 TPEX:
1.0nucaTh Ha3HAYEHUE AIEKTPOU3IMEPHUTENHHBIX TPHUOOPOB.

Texunyeckuit mporpecc B 00J1aCTH paguoU3MEPUTENIBHON TEXHUKH HEPA3PHIBHO CBSI3aH C
pPa3BUTHEM PAJIUONICKTPOHUKU TEXHUKU CBA3U PAJAUOBEIAHUSA U JPYTUX OTpacieu
paaroOTEeXHUKH. Bbicokas TOUHOCTh U3MEPEHMS BpEMEHH, TIOCTUTHYTast Oaronapst
KBAHTOBBIM CTaHAAPTaM YaCTOThI, BO MHOTOM CIIOCOOCTBOBAJIA PEILICHUIO Psijia 3ajad,
CBSI3aHHBIX C OCBOCHHEM KOCMOCA. 3a IOCIEJHHUE TObl Ha 0a3e pa3sBUTHs UMILYJIbCHOM U
CUETHO-PEIIAIONICH TEXHUKU pa3paboTaH psill paJoOU3MEPUTEIIbHBIX YCTPOMCTB C BHICOKUMU
METPOJIOTMYECKUMU NTOKA3aTEISIMMU:

- OJICKTPOHHO-CYCTHBIC YaCTOTOMCPEI,

- ACKAAHBIC CUHTC3aTOPbI 4HaCTOT,
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- nu(poBbIE U3MEPUTENIbHBIE TPUOOPHI C TOYHOCTHIO MOKA3aHUM MOPSAKA COTHIX J0JeH
IIPOLIEHTA;

- ABTOMATU3UPOBAHHBIC KOHTPOJIbHO-U3MCPUTCIIbHBIC CUCTCMBI.
2. Pacckazate o BUJAAX 3JICKTPOU3IMCPUTCIIbHBIX HpI/I60p0B.

[Ipu MOHTaXe U MPOBEPKE PAAUOIEKTPOHHOTO 000PYAOBAHUS UCIIOIB3YIOTCS TaKUE
AEKTPOU3MEPUTEIBHBIE TPUOOPHI:

-M3MEPEHNE HAIIPSDKEHUS U CUIIbI TOKA - IPUMEHSIOTCS IPUOOPHI ISl U3MEPEHUs
ANEKTPUYECKOTO TOKA U HANPSIKEHUS, ONPEAEIISIIOTCS UX 3HAYEHUSIMU, POJOM TOKA, YaCTOTOM,
(dhopmoii kpuBoOii, TpeOyemol TouHOCThI0. HanbosmbIee pacnpocTpaHeHre UMEIOT METO/IbI
HEINOCPEACTBEHHOM OLIEHKH U cpaBHEHMsI. HermocpecTBEHHAs OLIEHKA IPOU3BOIUTCS C
MIOMOLIBI0 aMIIEPMETPOB U BOJIBTMETPOB - TIOKA3bIBAIOIIMX IPUOOPOB CO CTPEIOYHBIM MU
IU(POBBIM CLIOCOOOM OTCYETA. AMIIEPMETPHI BKIIIOYAIOTCS B Pa3pbIB LIETIU C U3MEPSIEMbIM
ToKOM. VX cOOCTBEHHOE COMPOTUBIIEHUE U NOTPeOIsieMast MOIHOCTb JOJIKHbBI ObITh
HE3HAYUTEJIbHBIMU 110 CPABHEHUIO C IIOJHBIM CONPOTHUBIIEHUEM U MOLIHOCTBIO U3MEPSAEMOM
LIETIH.

BonbT™MeTpsl mprucoeAMHSIOTCS K TOUKAM IIETH, Pa3HOCTh YJIEKTPUUCCKUX TOTCHIINAIOB
MEX1y KOTOPBIMU CIIEyeT OnpeaennuTh. YTOOBI HEe UCKaXaTh peKuMa paboThI 1IN, BXOJIHOE
COTIPOTHUBIICHNE BOJIBTMETPA IOJDKHO OBITH OOJIBIINM, a TOTpedisieMas UM MOIITHOCTD -
Manoil. I3MepeHue Toka u HanpspKeHUs! IPOU3BOAUTCS B IIMPOKOM AUANa30HE YacTOT: OT
TOCTOSTHHOTO TOKa JI0 COTeH Merarepil. EnquHuiib n3mMepenus HanpspkeHus - B, Toka - A.

- U3MEPUTEIIbHBIE TEHEPATOPHI - IPUMEHSIOTCS TIPU PETYIUPOBKE U UCIIBITAHUAX
pPaTMOTEXHUYECKUX YCTPOMUCTB. B 3aBUCMMOCTH OT 4aCTOTHI M (JOPMBI BBIIABAEMBIX CUTHAJIOB
pa3auyaroTCs reHepaTopbl CUTHAJIOB BEICOKOYACTOTHBIE, HU3KOYAaCTOTHBIE, UMITYJIbCHBIX
CUTHAJIOB ,CHIEIIMATILHON (POPMBI M T€HEPATOPBI ITYMOBBIX CUTHAIOB. Hampumep: renepatopsl
CUTHAJIOB 3BYKOBOW 4aCTOThI, UCIOJIb3yEMbIE IIPU CHATUHU YACTOTHBIX XapaKTEPUCTUK
nepeaTyrKa U NpUueMHHUKa, JOJDKHBI BbIIaBaTh CUHYCOMIATIbHOE HAPSHKEHHUE B IMANa30He
4acTOT, COOTBETCTCTBYIOIIEM CIIEKTPY TesIe(hOHHOM Iepesayn.

- UI3BMEPEHUE MOILIHOCTHU - U3MEPEHNE MOIHOCTH B JIEKTPUUYECKUX LEMAX SABJISETCA
pPacIpOCTPaHEHHBIM BUJOM U3MEPEHHUM, a B pAIMOTEXHUKE - OJHUM U3 OCHOBHBIX. B
MepeIaronX, IPUEMHBIX, U3BMEPUTEIBHBIX U IPYTUX PAIUOTEXHUYECKUX YCTPOMCTBAX
Jara30H U3MEPSEMbIX MOIIIHOCTEH OUYeHb BEIHK. B IemnsaX MOCTOSHHOrO TOKa moTpedisemMas
Harpy3Koil MOIITHOCTh PaBHA MPOU3BEICHUIO TOKA U HANPKEHUS. B 1ensax nmepeMeHHoro
TOKa MTHOBEHHAs! MOILITHOCTh P=Ui , TJI€ U U 1 - MTHOBEHHBIC 3HAUCHHUS HANIPSDKEHUS U TOKA.
Envnuier namMepeHus MOIHOCTH - BT.

- uccraenoBaHue (GOpMbl CUTHAJIOB - HAIJIJHOE WM BU3yaJIbHOE BOCIIPOU3BEIEHUE (POPMBI
KoJieOaHUH SBJISIETCS BaKHOM 3a7jaueii painOTEXHUYECKUX U3MEPEHUH, MOCKOIbKY dopma
MO3BOJISIET Cpa3y OLIEHUTh MHOTHE NapaMeTpsl kKoneOanuil. Takum npudbopom sBiseTCst
JIEKTPOHHO-JIY4€BOM ocuusuiorpad, KOTOpbIi ABISETCS U3MEPUTEIBHBIM TPUOOPOM /IS
BU3YaJbHOT'O HAOJIO/IEHUS B IPSIMOYTOJIbHOM cucTeMe KOOPAMHAT AJIEKTPUUYECKUX CUTHAJIOB
U U3MepeHHs UX napaMeTpoB. Yalre Bcero ¢ nomolIpo ocuusuiorpada Had a0
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3aBUCHMOCTB HAIIPSDKEHUS OT BPEMEHM, IIPUYEM, KaK PABUIIO, OCbIO BPEMEHU SBIISIETCS OCh
OpAMHAT OTpaXkaeT ypoBeHb curHaia. [1o nzobpaxxeHusm, ojsyyaeMbIM Ha SKpaHe
ocuusuiorpaga, MOKHO U3MEPUTh aMIUIUTYly, YACTOTYy U (Da30BbIi CIBUT, TapaMeTpPbl
MOJTyJTUPOBaHHBIX CUTHAJIOB U PsIII APYrUX Mokasareneid. Ha 6a3e ocunmorpada co3nans
pUOOPHI 17151 UCCIIEA0BAHUS MIEPEXOIHBIX, YACTOTHBIX U aMIUIUTYAHBIX XapaKTEPUCTHK
pa3IUYHBIX PATUOTEXHUYECKUX YCTPOUCTB.

3. I/I3MepﬂeMbI€ BCJIIMYHHBI C UCITOJIB30BAHUCM JJICKTPOU3SMECPHUTCIIbHBIX HpI/I60pOB.

OcHoBHbIE BUABI PAIUOU3MEPEHNH, BBIIIOJIHAEMBIX ITPH KOHTPOJIE paguoannaparypbl, MOI'yT
OBITH CBEICHBI K CIIETYIOIINM:

- USMCPCHHA IMOCTOAHHBIX U IICPEMCHHBIX TOKOB U HaHpH)KCHI/Iﬁ IIpHU KOHTPOJIC PEIKUMOB
paanuoCxem;

- U3MEPEHUE NIapaMeTPOB PaUOAETaIe: MHIYKTUBHOCTH KaTyIlIEK, EMKOCTH KOHJIEHCATOPOB
U COTIPOTHUBIIEHUS PE3UCTOPOB;

- UI3BMEPEHUS MAPAMETPOB PAAUONEPEAAIOIINUX YCTPOMCTB: YaCTOTHI, MOAYJIAIIMU, MOITHOCTH U
Ap-;

- U3MEPCHUS TAPaMETPOB PATUOTIPUEMHBIX YCTPOWCTB: YyBCTBUTEIBHOCTH, U30MPATEILHOCTH
U IIp.;

- UI3BMEPEHUE HANPSHKEHHOCTHU AJIEKTPOMArHUTHOTO TTOJISI.
KoHTpoJb peKUMOB paiOCXEM M U3MEPEHUE MTAPAMETPOB PATUOIECTAIICH BBIMOJIHIIOTCS

TJIABHBIM 00pa30M JUIs MOJIY4YEeHUS UCXOIHBIX IAHHBIX MPU MPOSKTUPOBAHUU U pa3pabOTKe
paaroanmnaparypsbl, a TakXKe Ipu PeryJIupoBKe €€ B IPOLECcCce MPOU3BOICTBA U PEMOHTA.

[IpaBuibHBIN OTBET HA TPU BOIIPOCA U3 TPEX:
1.0Onucare Ha3HAYCHHE HIIEKTPOUZMEPUTENILHBIX TPHOOPOB.

Texuuueckuil nporpecc B 0071acTH paaAMoON3MEPUTEILHON TEXHUKH HEPA3PhIBHO CBSI3aH C
pa3BUTHEM PAIMOAJIEKTPOHUKH TEXHUKU CBSI3U PaIMOBEIIAHUS U APYTUX OTpacieit
paTuOTEeXHUKU. BhIcOKast TOUHOCTh U3MEpPEHHsI BpEMEHH, TIOCTUTHYTas Oyaroaaps
KBaHTOBBIM CTaHJapTaM 4acTOThl, BO MHOI'OM CIIOCOOCTBOBaJjIa pEIICHUIO psijia 3a1ad,
CBSI3aHHBIX C OCBOCHHEM KOCMOCA. 3a MOCIEHHUE TObl Ha 6a3e pa3BUTHS UMITYJIbCHOM U
CUETHO-pENIaoIIel TEXHUKH pa3paboTaH psj paAuou3MEPUTENIbHBIX YCTPOUCTB ¢ BBICOKUMHU
METPOJIOrMYE€CKUMHU [TOKA3aTEISIMU:

- DJICKTPOHHO-CYCTHBIC YaCTOTOMCPEI;

- ACKAAHBIC CUHTC3aTOPbI 4YaCTOT,
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- nu(poBbIE U3MEPUTENIbHBIE TPUOOPHI C TOYHOCTHIO MOKA3aHUM MOPSAKA COTHIX J0JeH
IIPOLIEHTA;

- ABTOMATU3UPOBAHHBIC KOHTPOJIbHO-U3MCPUTCIIbHBIC CUCTCMBI.

2. Pacckazate o BUJAAX 3JICKTPOU3IMCPUTCIIbHBIX HpI/I60B.

[Ipu MOHTaXe U MPOBEPKE PAAUOIEKTPOHHOTO 000PYAOBAHUS UCIIOIB3YIOTCS TaKUE
AEKTPOU3MEPUTEIBHBIE TPUOOPHI:

-U3MEPEHNE HAIPSDKEHUS U CUIIbI TOKA - IPUMEHSIOTCS IPUOOPHI TSl U3MEPEHUs
ANEKTPUYECKOTO TOKA U HANPSIKEHUS, ONPEAEIISIIOTCS UX 3HAYEHUSIMU, POJOM TOKA, YaCTOTOH,
(dhopmoii kpuBoOii, TpeOyemol TouHOCThI0. HanbosbIee pacnpocTpaHeHre UMEIOT METO/IbI
HEINOCPEACTBEHHOM OLIEHKH U CpaBHEHMsI. HermocpeacTBEHHAs OLIEHKA IPOU3BOIUTCS C
MTOMOLIBI0 aMIIEPMETPOB U BOJIBTMETPOB - TIOKA3bIBAIOIIMX IPUOOPOB CO CTPEIOYHBIM MU
IU(POBBIM CLIOCOOOM OTCYETA. AMIIEPMETPHI BKIIIOUAIOTCS B Pa3pbIB LIETIU C U3MEPSIEMbIM
ToKOM. VIX cOOCTBEHHOE CONPOTUBIIEHUE U NMOTPeOIieMas MOIIHOCTb JOJIKHBI ObITh
HE3HAYUTEJIbHBIMU 110 CPABHEHUIO C IIOJHBIM CONPOTHUBIIEHUEM U MOLIHOCTBIO U3MEPSAEMOM
uenu. BonpTMeTphl NpucoeIMHAI0TCA K TOUKaM LIETIH, Pa3HOCTh 3JIEKTPUUYECKUX
MOTEHIMAJIOB MEX/Ty KOTOPBIMH CJIeIy€eT onpeenuTh. UToObI He HCKaXKaTh pekuMa paboThl
LIETH, BXOJHOE COIPOTUBIICHUE BOJIBTMETPA JOJKHO OBITH OOJBIINM, a IOTpedasieMas UM
MOILHOCTb - MaJIol. MI3MepeHne Toka U HallpspKEHUs TPOU3BOJUTCS B IIMPOKOM AMANAa30HE
4acTOT: OT OCTOSTHHOTO TOKA /10 COTEH Merarepil. ENnHuIbI n3MepeHus HanpsokeHus - B,
TOKa - A.

- U3MEPUTENbHBIE TEHEPATOPHI - IPUMEHSIOTCS IIPU PETYIUPOBKE U UCIIBITAHUAX
PaAMOTEXHUYECKUX YCTPOUCTB. B 3aBUCHMOCTH OT 4acTOTHI U (DOPMBI BbIJTaBA€MbIX CUTHAJIOB
pa3nuyaroTcsa reHepaTopbl CUTHAJIOB BBICOKOYACTOTHBIEC, HU3KOYACTOTHBIE, UMITYJIBCHBIX
CUTHAJIOB ,CIIEUAIIbHON (POPMBI U T€HEPATOPBI HITYMOBBIX CUTHaj10B. Hampumep: renepatopsl
CUTHAJIOB 3ByKOBOM 4aCTOTHI, UCIIOJIb3YEMBbIE IIPU CHATUHU YaCTOTHBIX XapaKTEPUCTUK
repeaaTyrKa U IpUEMHHKA, JOJDKHBI BBIJABATh CHHYCOUAAIBHOE HAIIPSKEHUE B JUANIa30HE
4acTOT, COOTBETCTCTBYIOIIEM CIEKTPY TesIe(hOHHOM mepesayu.

- U3BMEPEHUE MOLIHOCTHU - U3MEPEHNE MOILLHOCTH B JIEKTPUUYECKUX LEMSAX SBISETCSA
pacnpoCTpaHEHHBIM BUJIOM U3MEPEHHIL, a B PAAUOTEXHUKE - OJJHUM M3 OCHOBHBIX. B
MepelaroX, IPUEMHBIX, U3MEPUTEIBHBIX U IPYTUX PAAUOTEXHUUYECKUX YCTPOUCTBAX
JIMATIa30H U3MEPSIEMBIX MOIIHOCTEH OUYCHB BEJIHMK. B IEMsIX MOCTOSTHHOTO TOKa MoTpebsemast
Harpy3Koi MOIIHOCTb PaBHA MPOU3BEICHUIO TOKA U HAIIPSHKEHUSA. B Lensx nepeMeHHoro
TOKa MTHOBEHHAsI MOIITHOCTh P=Ul , TJI€ U ¥ 1 - MTHOBEHHBIC 3HAYCHUS HATIPSHKEHUS U TOKA.
Enunuier namMepeHuss MOIHOCTH - BT.

- hccefioBaHue (pOpMbI CUTHAJIOB - HATJISAHOE WM BU3YallbHOE BOCTIPOU3BEACHUE (DOPMBI
KoJieOaHUH SBIISETCA BAXKHOU 3a/1aueil paIMOTEXHUIECKUX U3MEPEHUN, TTOCKOJIBKY hopma
MO3BOJISIET CPa3y OLEHUTh MHOTHE MapaMeTpbl kKonebanuid. Takum npubopom siBiisieTcst
ANEKTPOHHO-Iy4eBON ocuMiuiorpad, KOTOPbIN SABISETCS U3MEPUTEIBHBIM IPUOOPOM ISt
BU3YaJIbHOI'O HAOJIIOIEHUS B IPSIMOYTOJIBHON CHCTEME KOOPAMHAT 3JEKTPUUECKUX CUTHAJIOB
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Y U3MEpeHHsl UX rmapaMeTpoB. Yaire Bcero ¢ moMoIpo ocuuiuiorpada HabmoaaoT
3aBUCHMOCTH HANPsHKEHUS OT BPEMEHH, TPUUYEM, KaK MIPABUIIO, OChI0 BPEMEHH SBIISIETCS OCh
OpIMHAT OTpaXkaeT ypoBeHb cUTHaA. [10 n300pakeHUsIM, TIOJTydaeMbIM Ha DKpPaHEe
ocuusuiorpada, MOKHO U3MEPUTh aMILIUTY 1y, YACTOTY U (Da30BbIN CIBHT, TapaMETPhI
MOYJIMPOBAaHHBIX CUTHAJIOB U PsiJ APYTHUX Mokaszatenei. Ha 6a3e ocimmiorpada co3mansl
pUOOPHI 171 KCCIIEAOBAHUS MTEPEXOIHBIX, YACTOTHBIX U aMIUIUTYAHBIX XapaKTEPUCTHK
PA3IINYHBIX PAANOTCXHUICCKUX YCTpOI\/’ICTB.

3.13mepsieMble BEIMYMHBI C UCIIOIb30BAaHUEM 3JIEKTPOU3MEPUTENBHBIX TPUOOPOB.

OcHoBHbIE BUbl PATUOU3MEPEHNH, BBITOIHIEMbIX ITPU KOHTPOJIE pagroaninapaTrypbl, MOI'yT
OBITH CBEJICHBI K CIIETYIOIINM:

- U3MEPCHUS TIOCTOSIHHBIX U IEPEMEHHBIX TOKOB M HANIPSHKCHUN TIPU KOHTPOJIC PEKUMOB
pamuocxem;

- ISMCPCHHUE ITapaMCTPOB pam/loz[eTaneﬁ: HHAYKTHUBHOCTHU KaTYHICK, EMKOCTH KOHACHCATOPOB
" COIIPOTHUBJICHUSA PE3UCTOPOB;

- UBMCPCHHUA ITapaMCTPOB PAAUOIICPCAAIOIIUX YCTpOﬁCTBZ 9aCTOThbI, MOAYJIAAINH, MOIITHOCTH U
np-;

- I3MEPEHUS MTapaMeTPOB PATUOTIPUEMHBIX YCTPONCTB: YyBCTBUTEIBHOCTH, N30MPATETLHOCTH
U 1p.;

- UBMCPCHUC HANIPSAKCHHOCTH J3JICKTPOMATIrHUTHOI'O ITOJIA.
KOHTpOHL PCKUMOB PaIUOCXEM U UBMCPCHUC TTapaMETPOB paﬂHOHCTaﬂeﬁ BBIITIOJIHAIOTCA

T'JIaBHBIM 06p330M AJI TIOJTYYCHHA UCXOAHBIX JAaHHBIX P IPOCKTHPOBAHUHN U pa3pa60T1<e
paauoainmnapaTrypsbl, a TaKKe MpU PEryJIMPOBKE €€ B IIPOLECCC ITPOU3BOACTBA U PEMOHTA.

Texkymmuii KOHTPoOJIb Ne6

®opma koHTpoJs: [TnceMenHslit onpoc (Onpoc)
OnucarenbHas yacThb: VIHAMBHyaIbHBIN THCBEMEHHBIA OIIPOC
3aganue Nel

1. Paccka3zaTh 0 BHJIaX AJIEKTPOU3MEPUTENLHBIX TPHOOPOB.
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2. OxapaKTemeBaTL HN3MCPACMBIC BCIIMYMHBI C UCITOJIB30BAHUECM SJICKTPOU3SMEPHUTCIIbHBIX HpI/I60p0B.

3. Kak ocyiiecTBisieTcsl IpOBEPKa MapaMeTPOB U UCMIPABHOCTH PAANOIECTAIICH.

OreHka

Tlokazarenu olleHKHA

3

OTBeT Ha OAMH BOIIPOC U3 TPEX:
1. Paccka3zatb 0 BUJax 3J€KTPOM3MEPUTENBHBIX TPHUOOpax Mpu :

-MU3MEpEHHE HANPSKEHUS U CUIIBI TOKA - IPUMEHSIOTCS TPUOOPHI IS U3MEPEHHUS
NEKTPUYECKOT0 TOKA U HAMPSIKEHUS, ONPEICIISIFOTCS UX 3HAYEHUSIMH, POJIOM TOKA, YaCTOTO,
¢dopmoii kpuBoH, TpeOyeMoii TouHocThI0. Hanbonbiee pacnpocTpaHeHHEe UMEIOT METO bl
HEMOCpEeACTBEHHOM OLIEHKH U cpaBHEeHMsI. HemocpeacTBeHHas OlleHKa IPOU3BOIUTCS C
MIOMOILIBIO AMIIEPMETPOB U BOJBTMETPOB - MOKA3bIBAIOIIUX MTPUOOPOB CO CTPEIOYHBIM MU

1M (pOBBIM CLIOCOOOM OTCUETAa. AMIIEPMETPHI BKJIIOUAIOTCS B Pa3pbiB LIEMU C U3MEPSIEMbIM
TOKOM. VX co6CcTBEHHOE COPOTHUBIICHHUE U MOTpedIsieMast MOIHOCTh JI0JIKHBI ObITh
HE3HAYUTENIbHBIMU 110 CPABHEHUIO C TIOJHBIM COMPOTHUBIIEHUEM U MOLTHOCTBIO U3MEPSAEMOi
LeMu.

BoabT™MeTphl IPUCOSANHAIOTCS K TOYKAM LIETIH, Pa3HOCTb 3JIEKTPUYECKUX IIOTEHIIMOHAIIOB
MeX1y KOTOPBIMHU CJIEyeT onpeennTh. YToObl He HCKaXaTh pexuMa padoThl LM, BXOJAHOE
COIIPOTHUBIIEHUE BOJILTMETPA IOJKHO OBITH OOJBIINM, a MOTpedsieMast UM MOIIHOCTS -
Majoil. MI3Mepenune Toka U HanpspKEHUsS IPOU3BOAUTCS B IIMPOKOM JUANa30HE 4acTOT: OT
IIOCTOSIHHOT'O TOKa 70 COTE€H Merarepll. EAMHULIBI U3MEpeHns HanpsbKeHus - B, Toka - A.

- U3MEPUTENbHBIE TEHEPATOPHI - IPUMEHSIOTCS IIPU PETYIUPOBKE U UCIIBITAHUAX
PaAMOTEXHUYECKUX YCTPOUCTB. B 3aBUCHMOCTH OT 4acTOTHI U (DOPMBI BbIJTaBA€MbIX CUTHAJIOB
pa3nuyaroTcsa reHepaTopbl CUTHAJIOB BBICOKOYACTOTHBIEC, HU3KOYACTOTHBIE, UMITYJIBCHBIX
CUTHAJIOB ,CIIEUAIIbHON (POPMBI U T€HEPATOPhI ITYMOBBIX CUTHajI0B. Hanpumep: renepatopsl
CUTHAJIOB 3ByKOBOM 4aCTOThI, UCIIOJIb3YEMBbIE IIPU CHATUHU YaCTOTHBIX XapaKTEPUCTUK
nepeaaTynKa M IpUEMHHKA, JOJDKHBI BBIJABATh CHHYCOUAAIBHOE HAIIPSKEHUE B JUANIa30HE
4acTOT, COOTBETCTCTBYIOIIEM CIEKTPY TesIe(hOHHOM mepesayu.

- U3BMEPEHUE MOLIHOCTHU - U3MEPEHNE MOILIHOCTH B JIEKTPUUYECKUX LEISAX SBISETCSA
pacnpoCTpaHEHHBIM BUJIOM U3MEPEHHIL, a B PAAUOTEXHUKE - OJJHUM M3 OCHOBHBIX. B
NepeIaroIUX, IPUEMHBIX, U3BMEPUTEIBHBIX U APYTUX PAAUOTEXHUUYECKUX YCTPOMUCTBAX
JIMATIa30H U3MEPSIEMBIX MOIIHOCTEH OUYCHB BEJIHMK. B IENsIX MOCTOSTHHOTO TOKa MOoTpebsemast
Harpy3Koi MOIIHOCTb PaBHA MPOU3BEICHUIO TOKA U HAIIPSHKEHUS. B Lensx nepeMeHHoro
TOKa MTHOBEHHAsI MOIITHOCTh P=Ul , TJIe U ¥ 1 - MTHOBEHHBIC 3HAYCHUS HATIPSHKCHUS U

TOKa. ENMHULIBI U3MEpEHNs MOILHOCTH - BT.

- hccefioBaHue (pOpMbI CUTHAJIOB - HATJISAHOE WM BU3YallbHOE BOCTIPOU3BEICHUE (DOPMBI
KoJieOaHui SBJSETCS BaKHOM 3aauell paJuOTEXHUUECKUX U3MEPEHUM, TOCKOJIbKY (opma
MO3BOJISIET CPa3y OLEHUTh MHOTHE NapaMeTpbl Konebanuid. TakuM npubopom siBiiseTcst
ANEKTPOHHO-Iy4eBON ocuMiuiorpad, KOTOPbIN SABISETCS U3MEPUTEIBHBIM IPUOOPOM ISt
BU3YaJIbHOI'O HAOJIIOIEHUS B NIPSIMOYTOJILHON CUCTEMEKOOPIUHAT HJIEKTPUUECKUX CUTHAJIOB U
M3MepeHus ux napamerpos.Yaiie BCero ¢ nomolpko ocuiorpada Hadmo1a0T
3aBUCHMOCTD HaNpsKEHUS OT BPEMEHU, IPUUEM, KaK IIPABUIIO, OChIO BPEMEHH SBIIETCS OCh
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OpIMHAT OTpaXkaeT ypoBeHb cUTHaA. [1o n300pakeHUsIM, TIOJTydaeMbIM Ha SKpPaHEe
ocuuiuiorpada, MOKHO U3MEPUTh aMILIUTY 1y, YACTOTY U (Da30BbIN CIBHT, TApaMETPhI
MOYJIMPOBAaHHBIX CUTHAJIOB U PsiJ APYTHUX Mokaszatenei. Ha 6a3e ocimmiorpada co3mansl
pUOOPHI 171 KCCIIEAOBAHUS MTEPEXOIHBIX, YACTOTHBIX U aMIUIUTYAHBIX XapaKTePUCTHK
PA3IINYHBIX PAANOTCXHUICCKUX YCTpOI\/’ICTB.

2. U3mepsieMble BEIMYMHBI C UCTIONIb30BAHUEM 3JIEKTPOU3MEPHUTENbHBIX IPUOOPOB.

OcHoBHbIE BUABI PAIMOU3MEPEHNH, BBIIIOJIHAEMBIX ITPH KOHTPOJIE paguoaInaparypbl, MOI'yT
OBITH CBEICHBI K CIIETYIOIINM:

- USMCPCHHA IMOCTOAHHBIX U IICPEMCHHBIX TOKOB U HaHpH)KCHI/Iﬁ IIpHU KOHTPOJIC PEIKUMOB
paanuoCxem;

- U3MEPEHUE NIapaMeTPOB PaUOAETaIe: MHIYKTUBHOCTH KaTyIlIEK, EMKOCTH KOHJIEHCATOPOB
U COTIPOTHUBIIEHUS PE3UCTOPOB;

- UI3BMEPEHUS MMAPAMETPOB PAAUONEPEAAIOIIUX YCTPOMCTB: YaCTOTHI, MOAYJIAILIMU, MOITHOCTH
uap.;

- U3MEPCHUS TAPaMETPOB PATUOTIPUEMHBIX YCTPOWCTB: YyBCTBUTEIBHOCTH, U30MPATEILHOCTH
U IIp.;

- UISMECPCHHUEC HANIPSIKCHHOCTH 3JICKTPOMArHUTHOI'O ITOJIA.
3. IIpoBepka mapamMeTpoB U UCIIPABHOCTH PAAUOIECTAIICH.

KoHTpoJb peKUMOB paiiOCXEM M U3MEPEHUE MTAPAMETPOB PATUOIECTAIICH BBIMOJIHIIOTCS
TJIABHBIM 00pa30M JUIs MOJIY4YEeHUS UCXOIHBIX IAHHBIX MPU MPOSKTUPOBAHUU U pa3pabOTKe
paguoannaparypsl, a TakKe IIPU PETYJIUPOBKE €€ B MPOLECCE IPOU3BOACTBA U PEMOHTA.

IIpoBepka pe3ucTopoB [IpoBOAUTECS C TTOMOIIBIO CIICIIHATBHBIX H3MEPHTEIBHBIX IPHOOPOB
(I14353) pabotaroiiero B pexume conpoTusieHus - (KOM).

Pe3ucTop - 00 UCIPAaBHOCTH PE3UCTOPOB CYAAT IO IPUMEPHOMY COBIAICHUIO MOKA3aHUI
TECTCPa C HOMUHAJIBbHBIMHA 3HAYCHUAMU COMMPOTHUBIICHUSA PE3UCTOPA YKa3aHHBIMU Ha €0
KopImyce.

ITapameTpbl

1. HoMuHanpHOM BEIMYMHONW CONPOTUBIICHUS HA3bIBAIOT YKAa3bIBAEMOE HA PE3UCTOPE
3Ha4YCHHE (YUCIIOM, WU KOJOM) COMIPOTUBIICHUS, SBJISIOIICECS CPETHUM JIJIST JTAHHOU
COBOKYITHOCTH.

2. HoMUHAJIBHOU MOIIIHOCTBIO pAaCcCESHUS HAa3bIBAIOT MAKCUMAJIbHO JOMYCTUMYIO
MOILHOCTb, KOTOPOE PE3UCTOP MOKET PACCEUBATH MPU HENPEPBIBHOM IEKTPUUECKOMN
Harpy3Ke U 3aJIaHHOM TEMIIEPATYpPE OKPYKAIOIIEH CPeAbl, HE U3MEHSS MAPAMETPOB
CBBILLIE HOPM, YCTAHOBJICHHBIX TEXHUYECKUMHU YCIIOBHUSIMU.
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. DJIEKTPUYECKOM MPOYHOCTHIO PE3UCTOPA HA3BIBAIOT MPEebHOE pabouce

HaMpsKeHHEe, KOTOPOe PU HOPMaJIbHBIX YCIOBUSAX IKCIUTyaTallMd KPATKOBPEMEHHO
MIPUKJIABIBAETCS K BBIBOJAM PE3UCTOpa 0€3 HApyIICHHS ero pab0TOCTIOCOOHOCTH.

. TemniepatypHbiif K03()(PULIUEHT COTPOTUBIECHUS
. YpoBeHb COOCTBEHHBIX IIIyMOB PE3UCTOPa ONPEAEIAETCS IEPEMEHHBIM

3JIEKTPUUYECKUM HAIPSKEHUEM Ha €ro 3aKMMax BCIIEJICTBHE TEILIOBOTO U3MEHEHUS
00bEMHOM KOHIICHTPAIIUU AJIEKTPOHOB B €T0 MPOBOISIIEM 3JIEMEHTE.

. KOB(p(I)I/ILII/IeHT HAIIPAKCHUA XapaKTCPU3yeT HGHHHeﬁHyIO 3aBUCUMOCTDb BCIIMYNHBI

COIIPOTUBJICHHUA PE3UCTOPA OT HNPHUIIOKCHHOI'O HANIPSAKCHUA, ITPOABIAIOUTYIOCA B
HECMCTAJUIMYCCKUX MPOBOAANIUX IJICMCHTAX.

. CTaOuIbHOCTH PE3UCTOPOB XAPAKTEPU3YETCS N3MEHEHUEM BEIHMUMHBI COPOTUBIICHUS

B pe3yJbTaTe BIUSHUS KaK BHEIIHUX (BIQXKHOCTH, TEMIIEPATYPHI), TAK U BHYTPEHHUX
(bu3HKO-XUMHUECKHUE TIPOIIECCHI B IPOBOIAIIEM CJI0€) (PaKTOPOB. ITH U3MEHEHUS
MOTYT OBITh KaK 0OpPaTUMBIMU (BOCCTAaHABJIMBAIOTCS MPHU MPEKPAIICHUH JEHCTBUS
BO30ykmaromiero ¢pakropa), Tak 1 HEOOpaTUMBIMH (HE BOCCTAHABIIUBAIOTCS).

. JlonycTuMoe OTKJIIOHEHUE BEJIMUMHBI COITPOTUBIICHHUS! OT HOMUHAJIBHOU
. CTapeHne pe3rcTOpOB XapaKTepru3yeTcsi K3MEHEHUEM BEJIMUMHBI COTIPOTUBIICHUS

pe3ucTopa OT BpEMCHU U NPOUCXOJUT KaK IMPU XPAHCHUH, TaK U IIPU SKCIUTyaTalluH.
IToxHoE COIIPOTUBJICHUEC HECIIPOBOJIOYHOI'O PE3UCTOPA 3aBUCUT OT YaCTOThI U HOCUT
KOMILJICKCHBIN XapaKkTep. Z[OHyCTI/IMOe MaKCUMAaJIbHOC HAIIPSKCHUC.

Ha[!aMCT[ZH KOHJACHCATOPOB:

O 00 3 &N

10.

. COHpOTI/IBJ'ICHI/Ie H30JIAIIMHU KOHACHCATOpa OMMPEACIIACTCA CBOMCTBaMH AUSJICKTPHUKA U

KOHCTPYKIIMOHHBIMU OCOOEHHOCTSIMU KOH/IEHCATOPA.

. HacToTHas 3aBUCUMOCTD KOHACHCATOPA PCAKTUBHOT'O COIIPOTUBJICHHUA KOHACHCATOPA

OTpeeNsAeTCsl CBOMCTBAMU HCIIOJIb3YEMOT0 IUAIEKTPUKA U KOHCTPYKLKEH
KOHJIEHCATOopa.

. SHGKTpI/I‘IGCKaSI IMPOYHOCTHb KOHACHCATOPA XapPAKTCPU3YCT 3aBUCUMOCTD HAIIPSIXKCHUAA,

MIPUIIOKEHHOTO K €ro 3a)KMMaM, OT BpEMEHHU, B TEYEHUU KOTOPOT0 HE MPOU30MAET
po0os.

. Hagexxnocth KOHACHCATOpa ONPCACIACTCA BCIIMYMHOM MHTCHCUBHOCTH OTKA30B Ha 1

Y pabOThI IPU HOPMAJIBHBIX YCIOBHSIX.

. CTaOUIBLHOCTD KOHACHCATOPOB XapaKTCPU3YCTCA CTCIICHBIO U3BMCHCHUA TAKUX

apaMeTpoB, Kak eMKOCTb, JOOPOTHOCTb, CONIPOTHUBIIEHUE U30JISLIUU O]
BO3/ICHCTBUEM TEMIIEPATypbl, BIAKHOCTH, aTMOC(HEPHOTO JIaBICHUS, MEXaHUYECKHX
YCUIIHH.

. JlomycTuMOe MakCUMaIbHOE HANPSKEHUE.

. HoMnHanpHas BelMunHa EMKOCTH U KJIACC TOYHOCTH.

. CoOcTBeHHAss MHAYKTUBHOCTh KOHEHCATOPA.

. lomycTrMble 3Ha4YE€HHsI TEMIIEPATYPbI OKPYIKAFOIIEH CPe/ibl, BIIAXKHOCTH, YAAPHBIX

Meperpy30K, BUOPALIMOHHBIX MTEPETPY30K.
l"abaputh! 1 Bec KOHAEHCATOPA.

IIpoBepka uCIpaBHOCTH MOJYIPOBOJHUKOBBIX THOJOB
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J171s1 IpOBEpPKU UCTIPABHOCTH JTHO0B UCTIONB3YETCSI OOBIYHBIA MYJIBTUMET]P, KOTOPBIN
BKJIFOUAETCS B PEKUM U3MEPEHUSI COIPOTUBIICHUA. Y MCIIPABHOI'O IM0/1a CONIPOTUBIICHUE B
MPSIMOM BKJIFOUEHHH («+» — Ha aHOJI, «-» — Ha KaTO/T) OJDKHO OBITh 3HAUYNTEIILHO MEHBIIIE
COMPOTHUBIICHUS B 0OPaTHOM BKIIOUEHHH («-» — HA aHOJ, «+» Ha Karox). [Ipu mpoBepke
JIM0J1a TI0CJIEI0BATEIbHO OLIEHUBAETCS €r0 COIIPOTUBIICHUE B NMPSMOM BKJIIOYEHUH - €TO
COIIPOTHUBIIEHUE JOJDKHO CTPEMUTHCS K HYJIIO, @ B 00paTHOM K OECKOHEYHOCTH

Ecnu conpoTuBieHus Auoa B MPSIMOM B 0OpaTHOM BKIIFOUEHUU OTU3KH B HYJIO, TUOT
HEHCIIPaBeH, HEMCIIPABHOCTH — NMPO00#. Ecim conmpoTuBiieHus 1ruoaa B MpsiMoM B 00paTHOM
BKJIFOUEHUHU OECKOHEYHO OOJIbINNe, U0 HEUCIIPABEeH, HEUCIIPABHOCTH — OOPBIB.

NOYNPOBOAHUKOE
duoda

HpOBepKa HUCIIPABHOCTHU 6HHOJI$IpHBIX TPAaH3UCTOPOB.
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Puc. 2.13. (xema nposepku
6unonApHO20 Mpax3ucmopa

AHAJOTUYHO TUO/aM MTPOU3BOIUTHCS MPOBEPKA TPAH3UCTOPOB — (3AKITIOYACTCSI B U3SMEPEHUU
MPSIMOTO M 0OPATHOTO COTIPOTHBIICHUH P-n TIEpeX010B). JlJisi MpoBEepKHU TpaH3UCTOpa
HE00X0IUMO MPOBEPUTH UCTIPABHOCTH MEPEXOA0B 0a3a — KOJIEKTOp, 6a3a — IMUTTEP 1O
METOJIMKE MMPOBEPKHU MCIIPABHOCTH TIOIYIIPOBOTHUKOBOTO INOJIA, T.K. KK M3 IIEPEX0/I0B
OWIOJISIPHO TPAH3UCTOPA SBJISAETCS AaHAJIOTOM JTUO/A.

[Tocre 3TOro HEOO6XOIUMO POBEPUTH OTCYTCTBHE MPOOOSI MEXKTYy KOJIIEKTOPOM U
AMHUTTEPOM TPAH3UCTOPA, KOTOPOE TPH OO0 TOISIPHOCTH MPHIIOKEHHSI LITYTIOB
MYJIBTUMETpPA JOJKHO OBITH OJM3KO K O€CKOHEUHOCTH. HEKOTOpBIE THUITBI MOIIIHBIX
TPaH3UCTOPOB MOTYT UMETh BCTPOCHHBIN U0 MEXY KOJJICKTOPOM M SMHUTTEPOM, a TaK JKe
3amuTHBINA pe3uctop 30 — 50 OM Mex Iy SMUTTEpOM U 0a30it

ITapameTpsl TPAH3KUCTOPOB:

1. MakcuManpHas MOIIHOCTh paccerBaeMasi Ha KOJUIEKTOPHOM Mepexoie.

2. MakcuManbHO IOMYCTUMOE 00paTHOE HANPSYKEHNE MEXKIY KOJIIEKTOPOM U 0a3ou
TpPaH3KUCTOpA.

3. MakcuManbpHO JIONYCTUMOE 00PAaTHOE HANPSKEHUE HA IMUTTEPHOM TMEPEX0JIe

4. MakcruManbHO IOMYCTUMBIN TOK KOJIIEKTOpa

HpOBepKa HUCIIPAaBHOCTHU MOJICBBIX TPAH3UCTOPOB.

JInst MpOBEPKH MOJICBOTO TPAH3UCTOPA C 3aTBOPOM B BUJIE P-N-TIEPeX01a HEOOXOAUMO Iy TIbI
OMMETpa B TIPOU3BOIHHOM MOJISIPHOCTH MOJIKIIOYHTE K BBIBOJaM CTOKA M HCTOKA, KOCHYThCS
pyKoii 3aTBOpa. Eciiu mpoBOoIMMOCTE MEHSIETCS, TO TPAH3UCTOP C BHICOKOH J10JIeH
BEPOSITHOCTH UCTIPABEH.

V¥ ucnpaBaoro MOSFET tpaH3ucTopa Mexay BCEMH €T0 BBIBOJAMH JIOJDKHO OBITH
OECKOHEYHOE COMPOTHUBIICHHE. B MOITHBIX MOJIEBBIX TPAH3UCTOPAX MEKIY CTOKOM U UCTOKOM
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UMeeTCsl BCTPOCHHBIN AMO/, TIOATOMY KaHaJI CTOK-UCTOK IIPU TIPOBEPKE BEAET ce0s Kak
00bIuHbIN quon. [Ipu KacaHUU «IMONOKUTENBFHBIMY IIIYIIOM MYJIBTUMETpPA BbIBO/A 3aTBOpa (G)
MPU KOHTAKTE «OTPULIATETLHOTO» IIyma co cTokoM (D) (mms kaHanma n-Turma) TpaH3uCTop
OTKPBIBAETCS, U COMPOTHUBIICHNE KaHATa CTOK-UCTOK CTPEMHUTCS K HYJIO — MYJTBTUMETP
MEX]Ty CTOKOM M UCTOKOM ITOKa3bIBaeT 3HaUeHue Om3koe K 0, mpudeM npu JIo0on
MOJIIPHOCTH TIPUIIOKEHHOTO HAIIPSKCHHUS.

Puc. 2.15. Cxemel 8kn
mpaH3ucmopoe ¢ 3ameopom
p-n-nepexooa ¢ KaHanom n-
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004 ¢ KaHanom
D-N-nepexooda

¢— C U30/1UPOBAHHBIM 3aMBOPOM
C UHOYLUPOBAHHBIM KAHANIOM p-muna

OTBer Ha J1Ba BOIIpOCa U3 TPeX:
1. Paccka3zaTh 0 BHJIaX JIEKTPOM3MEPUTENBHBIX PUOOPAX IPH :

-M3MEPEHHE HATIPSDKEHUS U CHITBI TOKA - MPUMEHSIOTCS. IPUOOPHI TSl U3MEPEHUS
ANEKTPUYECKOTO TOKA U HAMPSIKEHUS, ONPEIEIISIIOTCS UX 3HAYSHHUSIMH, POJIOM TOKA, YaCTOTOI,
(dhop™moit kpuBoOi, TpeOyeMoit TOUHOCTRI0. Hanbonbiee pacrpocTpaHeHHEe UMEIOT METOIBI
HEMOoCpeACTBEHHOM OLIEHKH U cpaBHeHMsI. HemocpeacTBeHHast OlleHKa IPOU3BOIUTCS C
MTOMOIIBIO0 AMIIEPMETPOB U BOJIBTMETPOB - TIOKA3bIBAIOIINX TPUOOPOB CO CTPETOYHBIM WITH
1M(pPOBBIM CIOCOOOM OTCUETa. AMIEPMETPHI BKIIIOUAIOTCS B Pa3pbIB LEMH C U3MEPSIEMbIM
ToKOM. VIX COOCTBEHHOE COMIPOTUBIICHUE U TTOTPEOIIsieMast MOIIHOCTh JTOJIKHBI OBITh
HE3HAYUTENIbHBIMU 110 CPABHEHUIO C TIOJTHBIM COMPOTHUBIIEHUEM M MOITHOCTBIO U3MEPSEMOi
LIETIN.

BonbT™MeTphl IpUCOEANHSIOTCS K TOYKAM LIETH, Pa3HOCTb JIEKTPUUECKUX OTEHIIMOHATIOB
MeX1y KOTOPBIMHU CJIEyeT onpeenTh. YToObl He HCKaXaTh pexruMa paboThI LM, BXOAHOE
COTMPOTHUBIICHUE BOJIBTMETPA JOKHO OBITH OOJIBIINM, a TOTpedIIsieMas UM MOITHOCTS -
Masioi. M3aMepeHue Toka 1 HarpsiKeHHsI MPOU3BOIUTCS B IIUPOKOM JUANa30HE YacTOT: OT
MOCTOSIHHOTO TOKa /10 COTeH Merarepil. EnuHuibl n3mMepenus HanpsbkeHus - B, Toka - A.

- U3MEPUTEIbHBIE TEHEPATOPHI - TPUMEHSIOTCS IIPU PETYIUPOBKE U UCTIBITAHUSIX
PaAMOTEXHUYECKUX YCTPOUCTB. B 3aBUCHMOCTH OT 4acTOTHI U (hOPMBI BbIJTaBa€MbIX CUTHAJIOB
pa3nyaroTCs FTeHEepaTOPbl CUTHAIOB BEICOKOYACTOTHBIE, HU3KOYaCTOTHBIE, UMITYJIbCHBIX

cTp. 88 U3 156




CUTHAJIOB ,CIIEUAIIbHON (POPMBI U T€HEPATOPhI ITYMOBBIX CUTHaI0B. Hampumep: renepatopsl
CUTHAJIOB 3ByKOBOM 4aCTOTHI, UCIIOJIb3YEMBbIE IIPU CHATUHU YaCTOTHBIX XapaKTEPUCTUK
repeaaTynKka U IpUEeMHHKA, JOJDKHBI BBIIABATh CHHYCOUAAIBHOE HAIIPSKEHUE B JJUANIa30HE
4acTOT, COOTBETCTCTBYIOIIEM CIEKTPY Tese(hOHHOM mepesayu.

- UBMCPCHUEC MOITHOCTH - UBMCPCHUC MOIITHOCTHU B JJICKTPUICCKUX LCIIAX SABJISACTCA
pacupoCTpaHCHHBIM BUAOM I/IBMCpeHI/II\/’I, a B paJUOTCXHHUKE - OAHHUM N3 OCHOBHBIX. B
nepeaaromux, MpuEMHBIX, USMCPUTCIILHBIX U APYT'UX paAUOTCXHUYCCKUX YCTpOﬁCTBaX
Auarna3oH U3MEpPACMBIX MOHIHOCT@I;’I OYCHB BelINK. B LOEIsIX IMMOCTOAHHOT'O TOKA HOTp€6J'[5[eM35[
Harpy31<01"4 MOIITHOCTH paBHA NPOU3BCACHHUIO TOKA U HAIIPAKCHUA. B HCIAX IIEPEMCHHOTO
TOKa MI'HOBCHHAas1 MOIITHOCTDH p=ui ,rAcun 1 - MTHOBECHHEIC 3HAYCHUS HaITPSXKCHUSA 1
TOKa.EIII/IHI/II_ILI HU3MEPCHUA MOITHOCTH - Br.

- hccezioBaHue (pOpMbl CUTHAJIOB - HATJISAHOE WM BU3YallbHOE BOCTIPOU3BEICHUE (DOPMBI
KoJieOaHUH SBIISIETCA BAXKHOU 3a/1aueil paIMOTEXHUIECKUX U3MEPEHUN, TTOCKOJIBKY hopma
MO3BOJISIET CPa3y OLEHUTh MHOTHE MapaMeTpbl Konebanuid. Takum npubopom siBiiseTcst
ANEKTPOHHO-Iy4eBON ocuMiuiorpad, KOTOPbIN ABISETCS U3MEPUTEIBHBIM IPUOOPOM ISt
BU3YaJIbHOI'O HAOJIIOIEHUS B NIPSIMOYTOJILHON CUCTEMEKOOPIMHAT 3JIEKTPUYECKUX CUTHAJIOB U
n3MepeHus ux napamerposn.Yaiie BCero ¢ nomolpko ociuiorpada Hado1a0T
3aBUCUMOCTD HaNpsKEHUS OT BPEMEHU, IPUUEM, KaK IIPABUIIO, OChI0 BPEMEHH SBIIECTCS OCh
OpAMHAT OTpa)kaeT ypoBeHb curHaia. [lo nzoOpaxkeHusM, NoJyyaeMbIM Ha IKpaHe
ocumiiorpaga, MOXKHO U3MEPHUTh aMIUTUTYY, YaCTOTY U (pa30BbIi CABUT, MapaMeTphbl
MOYJIMPOBAaHHBIX CUTHAJIOB U P APYTHUX Mokaszateneid. Ha 6a3e ocimmiorpada co3mansl
pUOOPHI IS UCCIIEIOBAHNUS TIEPEXOIHBIX, YACTOTHBIX M aMIUIUTYTHBIX XapaKTEPUCTHK
Pa3IUYHbIX PaIMOTEXHUYECKUX YCTPOMCTB.

2. U3mepsieMble BEIMYMHBI C UCTIONIb30BAHUEM 3JIEKTPOU3MEPHUTENbHBIX IPUOOPOB.
OcHoBHbIE BUABI PAIUOU3MEPEHNH, BBIIIOIHAEMBIX ITPU KOHTPOJIE paguoannaparypbl, MOI'yT
OBITH CBEICHBI K CIIETYIOIINM:

- USMCPCHHA IMOCTOAHHBIX U IICPEMCHHBIX TOKOB U HaHpH)KCHI/Iﬁ IIpHU KOHTPOJIC PEIKUMOB
paanuoCxem,

- U3MEPEHUE NIapaMeTPOB PalOAETaIe: MHIYKTUBHOCTH KaTyIlIEK, EMKOCTH KOHJIEHCATOPOB
U COTIPOTHUBIIEHUS PE3UCTOPOB;

- UI3BMEPEHUS MMAPAMETPOB PAAUONEPEAAIOIINUX YCTPOMCTB: YaCTOTHI, MOAYJIALIMU, MOITHOCTH
unp.;

- U3MEPCHUS TApaMETPOB PATUOTIPUEMHBIX YCTPOWCTB: YyBCTBUTEIBHOCTH, U30MPATEILHOCTH
u IIp.;

- UISMECPCHHUEC HANIPSIKCHHOCTH 3JICKTPOMATrHUTHOI'O ITOJIA.

3. IIpoBepka NCIIPaBHOCTH U IAPAMETPOB PaANOIETaICH.
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KoHTposb peXuMOB paiHOCXEM U U3MEPEHNE NTapaMeTPOB PAIUOAETANICH BBIITIOJIHAKOTCS
TJIABHBIM 00Pa30M JUIsl ITOJTyYEHHsI HCXOAHBIX IaHHBIX ITPH IPOSKTUPOBAHUU U pa3paboTKe
paguoannaparypsl, a TakKe IIPU PETYJIUPOBKE €€ B MPOLECCE IPOU3BOACTBA U PEMOHTA.

IIpoBepka pe3ucTopoB [IpoBOAUTECS C TIOMOIIBIO CIICIIHATBHBIX H3MEPHTEIBHBIX IPHOOPOB
(I14353) pabotaroiiero B pexume conpoTusieHus - (KOM).

Pe3ucTop - 00 UCIPAaBHOCTH PE3UCTOPOB CYAAT IO IPUMEPHOMY COBIAICHUIO MOKA3aHUI
TECTCPa C HOMUHAJIBbHBIMHA 3HAYCHUAMU COMPOTHUBIICHUSA PE3UCTOPA YKa3aHHBIMU Ha €0
KopImyce.

ITapameTpbl

1. HoMuHanpHOM BEIMYMHONW CONPOTUBIICHUS HA3bIBAIOT YKa3bIBAEMOE HA PE3UCTOPE
3Ha4YCHHE (YUCIIOM, WU KOJOM) COMIPOTUBIICHUS, SBIISIOIICECS CPETHUM JIJIST JTAHHOU
COBOKYITHOCTH.

2. HoMUHAJIBHOM MOIIIHOCTBIO pAacCEesTHUS HA3bIBAIOT MAKCUMAJIbHO JOMYCTUMYIO
MOIIHOCTb, KOTOPOE PE3UCTOP MOKET PACCEMBAThH MIPU HEMPEPHIBHOM AIIEKTPUUECKOM
Harpy3Ke U 3aJlaHHON TeMIlepaType OKPY>KaroIIeH Cpeibl, He U3MEHSS TapaMeTPOB
CBBIIIE HOPM, YCTAHOBJIEHHBIX TEXHUYECKUMH YCIOBUSIMH.

3. DIEKTPUUECKON MPOYHOCTHIO PE3UCTOPA HA3BIBAIOT MpeIeIbHOE padouee
HaIpshKeHUe, KOTOpOe MPU HOPMaJIbHBIX YCIOBUAX HKCILTyaTallid KPaTKOBPEMEHHO
MIPUKJIABIBAETCS K BBIBOJIAM PE3UCTOpa 0€3 HapyIICHHS ero pab0TOCTIOCOOHOCTH.

4. TemnepatypHbIii KO3()PUIHEHT COMPOTUBIICHUS

5. YpoBeHb COOCTBEHHBIX IIIYMOB PE3UCTOPA OMPEALISICTCS TIEPEMEHHBIM
3JIEKTPUUYECKUM HAIPSHKEHUEM Ha €ro 3aKMMax BCIIEJICTBHE TEILIOBOTO U3BMEHEHUS
00bEMHOM KOHIIEHTPAIIUU JIEKTPOHOB B €T0 MPOBOISIIEM DJIEMEHTE.

6. KoaddunmenT HanpsikeHus XapakTepru3yeT HeTMHEHHYIO 3aBUCUMOCTD BETTUYHUHBI
COTIPOTHUBIICHHUS PE3UCTOPA OT MPHIOKEHHOTO HATIPSKEHUS, TIPOSBIISTIOIIYIOCS B
HEMETAJUTMYECKUX MPOBOISIINX SJIEMEHTaX.

7. CTaOMIBHOCTh PE3UCTOPOB XaPaKTEPU3YETCs N3MEHEHUEM BEITMYMHBI COMTPOTHUBIICHHS
B pe3yJbTaTe BIUSHUS KaK BHEIIHUX (BIQXKHOCTH, TEMIIEPATYPHI), TAK U BHYTPEHHUX
(bu3HKO-XUMHUECKHUE TIPOIIECCHI B IPOBOIAIIEM CJI0€) (PaKTOPOB. ITH U3MECHEHUS
MOTYT OBITh KaK 0OpaTUMBIMU (BOCCTAaHABIMBAIOTCS MPHU MPEKPAIICHUH JEHCTBUS
BO30ykmaroniero ¢pakropa), Tak 1 HEOOpaTUMBIMH (HE BOCCTAHABIIUBAIOTCS).

8. JlomycTrMoe OTKJIOHEHHE BEJIMUMHBI CONIPOTUBJIECHUSI OT HOMUHAJILHOM

9. CrapeHune pe3uCcCTOPOB XapaKTePU3yeTCsl K3MEHEHUEM BEJIMUMHBI COMPOTUBIICHUS
pe3ucTopa OT BpEMEHHU U MTPOUCXOAUT KaK MPU XPaHEHUH, TaK U MPHU HKCILTyaTal|u.
[TonHOE COMPOTUBIIEHHE HETTPOBOJIOYHOTO PE3UCTOPA 3aBUCUT OT YACTOTHI U HOCHT
KOMILIEKCHBINM Xapakrep. JJonycTimMoe MakCuMaabHOE HaNpsKEHHE.

Ha[!aMCT[ZH KOHACHCATOPOB:

1. ConpoTuBieHHE N30ISILIMKM KOHAEHCATOPA ONPEENSIETCS CBONCTBAMH IUIEKTPUKA U
KOHCTPYKIIMOHHBIMU OCOOEHHOCTSIMU KOH/IEHCATOPA.

2. YacToTHast 3aBUCUMOCTb KOHAEHCATOPa PEAKTUBHOI'O CONPOTHUBIICHUSI KOHAEHCATOPa
OTpeIeNsAeTCsl CBOMCTBAMU HCIIOJIb3YEMOT0 IUAIEKTPUKA U KOHCTPYKLKEH
KOHJIEHCATOopa.
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3. DnexTpuyueckasi IpOYHOCTh KOHACHCATOPA XapaKTepHU3yeT 3aBUCUMOCTD HaIPSHKEHUS,
MPUIIOKEHHOTO K €T0 3aKUMaM, OT BPEMEHH, B TEUEHUU KOTOPOTO HE MMPOU30HIET
po0os.

4. HanexxHOCTh KOHJIEHCATOPA ONPEAEIAeTCS BEIMUMHON HHTEHCUBHOCTH OTKA30B Ha 1
4 paOOThI TP HOPMATIBHBIX YCIOBHSIX.

5. CTaOuIbHOCTh KOHJIEHCATOPOB XapaKTEPU3YETCsI CTENIEHBIO M3MEHEHUS TaKUX
rapamMeTpoB, Kak €eMKOCTbh, TOOPOTHOCTh, COMTPOTUBIICHUE U3OJIAIIMH IO
BO3JICHCTBUEM TEMIIEPaTypPhl, BIAKHOCTH, aTMOC(EPHOTO aBICHHS, MEXaHHUECKHUX
YCUIIH.

. JomyctumMoe MakCuManbHOE HANPSKEHUE.

. HomMuHansHas BeIWYMHA EMKOCTH M KJIACC TOYHOCTH.

. CoOcTBeHHAst UHAYKTUBHOCTh KOHAEHCATOPA.

. lomycTuMple 3HaUYCHUS TEMIIEPATYPhl OKPYKAIOIICH CPEe/Ibl, BIAXKHOCTH, YIAPHBIX
Meperpy30K, BUOPALIMOHHBIX TEPETPY30K.

10. 'aGapuThl 1 BeC KOHACHCATOPA.

O 00 3 &N

IIpoBepka uCrpaBHOCTH MOJYIPOBOJHUKOBBIX THOOB.

JIj1s mpoBEepKU MCIIPABHOCTH JIMO/I0B UCIOJIB3YETCS] OOBIYHBIA MYJIBTUMETP, KOTOPBIN
BKJIKOYAETCS B PEKUM U3MEPEHUsS CONIPOTUBIICHU. Y UCIPABHOIO JUO0Ja COIIPOTUBIICHUE B
MPSIMOM BKJIFOUEHUH («+» — Ha aHOJ, «-» — Ha KaTO/1) I0JKHO OBITh 3HAYUTEIHHO MEHbILIE
COIIPOTHBIICHUS B 0OPaTHOM BKJIFOUEHMH («-» — Ha aHOJ, «+» Ha kaTtox). [Ipu nposepke
JMO0J1a TIOCIIEN0BATENIBHO OLIEHUBAETCS €r0 CONPOTUBIICHUE B IIPSIMOM BKJIKOYEHHH - €TO
COIIPOTHUBIIEHUE JJOJDKHO CTPEMUTHCS K HYJIIO, @ B 00paTHOM K OECKOHEYHOCTH

Ecnu conpoTtuBnenus auoaa B IpIMOM U 0OpaTHOM BKJIFOUEHUH OJM3KH B HYJIIO, TUOJ
HEUCIIPaBEH, HEUCIPABHOCTH — IpoOoi. Eciu conpoTuBieHus 11o1a B IpsIMOM U 0OpaTHOM
BKJIFOYEHUU OECKOHEYHO OOJbIINe, AUO/1 HEUCTIPaBEeH, HEUCIIPABHOCTh — OOPBIB.

Puc. 2.8. Cxema nposepku
NoNynpoBooOHUKOBO20
duoda
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[IpoBepka nuCpaBHOCTH OUIOJIIPHBIX TPAH3UCTOPOB.

Puc. 2.13. (xema nposepku
6unonApHO20 Mpax3ucmopa

AHAJOTUYHO TUO/IaM MTPOU3BOIUTHCS MPOBEPKA TPAH3UCTOPOB — (3AKITIOYACTCS B U3MEPEHUU
MPSIMOTO M 0OPATHOTO COTIPOTHUBIICHUH P-n TIEpeX010B). JlJisi MpoBEpKHU TpaH3UCTOpa
HE00X0IMMO MPOBEPUTH UCTIPABHOCTH MEPEXOA0B 0a3a — KOJIEKTOp, 6a3a — IMUTTEP 1O
METOJIMKE MMPOBEPKHU MCIPABHOCTH TOIYIIPOBOTHUKOBOTO INOJIA, T.K. KQXK/BIH M3 IIEPEX0/I0B
OWIOJISIPHO TPAH3UCTOPA SBJISAETCS AaHAJIOTOM JTUO/A.

[Tocre 3TOro HEOOXOIUMO POBEPUTH OTCYTCTBHE MPOOOSI MEXKTY KOJIIEKTOPOM U
AMHUTTEPOM TPAH3UCTOPA, KOTOPOE TPH JIFOOOH TOISIPHOCTH MPHIIOKEHHSI ITYTIOB
MYJIBTUMETpPA JOJKHO OBITH OJM3KO K O€CKOHEUHOCTH. HEKOTOpBIE THUITBI MOIIIHBIX
TPaH3UCTOPOB MOTYT UMETh BCTPOCHHBIN U0 MEXY KOJJISKTOPOM M SMUTTEPOM, a TaK JKe
3amuTHBINA pe3ucTop 30 — 50 OM Mex Iy SMUTTEpOM U 0a30it

ITapameTpsl TPAH3KUCTOPOB:

1. MakcuManpHas MOIIHOCTh paccerBaeMasi Ha KOJIEKTOPHOM Mepexoie.

2. MakcuManbHO IOMYCTUMOE 00paTHOE HANPSYKEHNE MEXKIY KOJIIEKTOPOM U 0a3ou
TpaH3KUCTOpA.

3. MakcuManbpHO JIONYCTUMOE 00pAaTHOE HANPSKEHUE HA IMUTTEPHOM TMEPEX0JIe

4. MakcruManbHO IOMYCTUMBIN TOK KOJIEKTOpa

HpOBepKa HUCIIPAaBHOCTHU MMOJICBBIX TPAH3UCTOPOB.

JU1st IpOBEepKH TOJIEBOT0 TPAH3UCTOPA C 3aTBOPOM B BUJIE P-N-TIEPeX0/1a HEOOXOIMMO IIyTIbI
OMMETpa B TIPOU3BOIBHOM MOJISIPHOCTH MOIKIIOYHTE K BBIBOJaM CTOKA M HCTOKA, KOCHYThCS
pyKoii 3aTBopa. Eciii mpoBoAMMOCTE MEHSETCS, TO TPAH3UCTOP C BHICOKOH J0JIei

cTp. 92 u3 156




BEPOSITHOCTH UCIIPaBEH.

Y ucnpaBaoro MOSFET TpaH3ucTOopa MKy BCEMH €TI0 BHIBOJIAMH JIOJDKHO OBITH
OECKOHEYHOE COMPOTHUBIICHHE. B MOIITHBIX MOJIEBBIX TPAH3UCTOPAX MEKIY CTOKOM U UCTOKOM
UMeeTCsl BCTPOCHHBIN AMO/, TIOATOMY KaHaJ CTOK-UCTOK IIPU TIPOBEPKE BEAET ce0sl Kak
00bIuHbIN quon. [Ipu KacaHUU «IMONOKUTENHFHBIMY IIIYIIOM MYJIBTUMETpPA BhIBO/A 3aTBOpa (G)
MPU KOHTAKTE «OTPULIATETLHOTO» IIyma co cTokoM (D) (s kaHanma n-Turma) TpaH3uCTop
OTKPBIBAETCS, U COMPOTHUBIICHNE KaHATa CTOK-UCTOK CTPEMHUTCS K HYJIO — MYJTBTUMETP
MEX]Ty CTOKOM M UCTOKOM ITOKa3bIBaeT 3HaUeHue Om3koe K 0, mpudeM npu JIo0on
MOJIAPHOCTHU TIPUIIOKEHHOTO HAIIPSKCHHUS.
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004 ¢ KaHanom
D-N-nepexooda

¢— C U30/1UPOBAHHBIM 3aMBOPOM
C UHOYLUPOBAHHBIM KAHANIOM p-muna

OTBeT Ha TpHU BOMpPOCA U3 TPEX:
1. PacckasaTh 0 BUIax AJIEKTPOU3IMEPHUTEIBHBIX PHOOpax MpH :

-M3MEPEHHE HANIPSDKEHUS U CHITBI TOKA - PUMEHSIOTCS IPUOOPHI TSl H3MEPEHUS
ANEKTPUYECKOTO TOKA U HAMPSHKEHUS, ONIPEISISIFOTCS MX 3HAYSHHUSIMH, POJIOM TOKA, YaCTOTOM,
(dhopmoii kprBO#i, TpeOyeMol TOUHOCThI0. HanbosbIee pacnpocTpaHeHHe UMEIOT METO/IbI
HEMOCPEACTBEHHOM OLICHKH U CpaBHEeHHsI. HermocpeacTBeHHAsI OIleHKa IPOU3BOIUTCS C
MTOMOIIBIO0 aMIIEPMETPOB U BOJIBTMETPOB - TIOKA3bIBAIOIIMX TPUOOPOB CO CTPEIOYHBIM HITH

U (POBBIM CIOCOOOM OTCYETa. AMIIEPMETPHI BKIIFOUAIOTCS B PA3PhIB IEMH C U3MEPSIEMbIM
TOKOM. X COOCTBEHHOE COTIPOTUBIIEHUE U TTOTpeOIsieMast MOIITHOCTh JTOJKHBI OBITh
HE3HAYUTEIILHBIMU 110 CPABHEHUIO C TIOJHBIM COTIPOTHBIIEHUEM U MOITHOCTBIO U3MEPSEMO
LIETIH.

BoabT™MeTphl MpUCOSANHSIOTCS K TOYKAM IIETIH, Pa3HOCTD JIEKTPUICCKUX TTOTCHIIMOHATIOB
MEXIy KOTOPBIMU CJIEIYET ONpeeNuTh. UToObI He UCKaXaTh peKrUMa paObOTHI LIEMH, BXOTHOE
COTIPOTHUBIIEHNE BOJIBTMETPA JIOJDKHO OBITH OOJIBIINM, a IOTpedisieMas UM MOIITHOCTD -
Manoil. MIaMepeHue Toka u HanpspKeHUs: TPOU3BOAUTCS B IIMPOKOM JUANa30HEe YacToT: OT
MTOCTOSTHHOTO TOKa JI0 COTeH Merarepil. EquHuIb n3Mepenus HanpspkeHus - B, Toka - A.

- U3MEpPUTEIbHBIE TEHEPATOPHI - MPUMEHSIOTCS IPU PETYIUPOBKE U UCIIBITAHUAX
PAAMOTEXHUYECKUX YCTPOUCTB. B 3aBUCHMOCTH OT YacTOTHI U (DOPMBI BBIJTABAEMbIX CUTHAJIOB
pa3InyaloTCs reHepaTophbl CUTHAIOB BBICOKOYACTOTHBIE, HU3KOYAaCTOTHBIE, UMITYJIbCHBIX
CUTHAJIOB ,CIIEIIUAIIBHON ()OPMBI U TEHEPATOPHI IITYMOBBIX CUTHAJIOB. Hanmpumep: renepaTopsl
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CUTHAJIOB 3BYKOBOM YaCTOTHI, UCTIOIB3YEMBIE TIPH CHSTHH YaCTOTHBIX XapaKTEPUCTHK
nepenaTyrKa u MPUEeMHHKA, TOJDKHBI BEIIABATh CUHYCOUJAIBHOE HAMIPSKEHHE B TUATIA30HE
4acTOT, COOTBETCTCTBYIOIIEM CIIEKTPY TelIePOHHOM nepeaayu.

- UI3BMEPEHUE MOILITHOCTHU - U3MEPEHNE MOIIHOCTH B JJIEKTPUUYECKUX LEMAX SABJISETCA
pPacIpOCTPaHEHHBIM BUJOM U3MEPEHHUM, a B pAIMOTEXHUKE - OJHUM U3 OCHOBHBIX. B
MepeIaroIUX, IPUEMHBIX, U3BMEPUTEIBHBIX U APYTUX PAAUOTEXHUYECKUX YCTPOMNCTBAX
Jara30H U3MEPSEMbIX MOIIHOCTEH OUYeHb BEJIHK. B IemsIX MOCTOSHHOrO TOKa moTpedisemMas
Harpy3Koil MOIITHOCTh PaBHA MPOU3BEICHUIO TOKA U HANPKEHU. B 1ensax nepeMeHHoro
TOKa MTHOBEHHAsI MOILITHOCTh P=Ui , TJI¢ U U 1 - MTHOBEHHbIC 3HAUYCHUS HANIPSDKEHUS U

TOKa. EAMHUIIBI U3MEPEHUsI MOIIIHOCTH - BT.

- uccraenoBaHue (GOpMbl CUTHAJIOB - HATJIITHOE WM BU3yaJbHOE BOCIIPOU3BEIEHUE (POPMBI
KoJieOaHUH SBJISIETCS BAKHOM 3a7jaueil paluOTEXHUYECKIX U3MEPEHUH, MOCKOIbKY dopma
MO3BOJISIET Cpa3y OLIEHUTh MHOTHE NapaMeTpsl koneOanuil. Takum npudbopom sBiseTcst
JIEKTPOHHO-JIY4€BOM ocuuuIorpad, KOTOpbIi ABISETCS U3MEPUTEIBHBIM TPUOOPOM /IS
BU3YaJIbHOI'O HAOJIO/IEHUS B IPSAMOYTOJIbHOM CUCTEMEKOOPMHAT IEKTPUUECKUX CUTHAJIOB U
U3MEpEeHus UX napameTpoB.Yarliie Bcero ¢ moMoIlpko ocuuiorpada Hadmo1a0T
3aBUCHUMOCTh HaNlpsHKEHUS OT BPEMEHU, TPUUYEM, KaK IIPABUIIO, OChI0 BPEMEHH SBIIIETCS OCh
OpAMHAT OTpaXkaeT ypoBeHb curHaia. [1o nzobpaxxeHusm, ojsyyaeMbIM Ha SKpaHe
ocuusuiorpaga, MOKHO U3MEPUTh aMIUIUTY 1y, YaCTOTY U (Da30BbIN CIBUT, TapaMeTpPbl
MOJTyJTUPOBaHHBIX CUTHAJIOB U PsIII APYTIHX Mokasareneid. Ha 6a3e ocunmorpada co3nans
pUOOPHI 17151 UCCIIEA0BAHUS IEPEXOIHBIX, YACTOTHBIX U aMIUIUTYAHBIX XapaKTEPUCTHK
pa3IMYHBIX PAJUOTEXHUUYECKUX YCTPOUCTB.

2. 3mepsieMble BETMYUHBI C UCIOIb30BAHUEM 3JIEKTPOU3MEPHUTEIBHBIX TPUOOPOB.
OcHoBHbIE BUBl PATUOU3MEPEHNH, BBITOIHIEMbIX [TPH KOHTPOJIE pagroaninapaTrypbl, MOI'yT
OBITH CBEJICHBI K CIIETYIOIINM:

- U3MEPCHUS TIOCTOSIHHBIX U IEPEMEHHBIX TOKOB M HANIPSHKCHUN TIPU KOHTPOJIC PEKUMOB
pamuocxem;

- ISMCPCHHUE ITapaMCTPOB pam/loz[eTaneﬁ: HHAYKTHUBHOCTHU KaTYHICK, EMKOCTH KOHACHCATOPOB
" COIIPOTHUBJICHUSA PE3UCTOPOB;

- UBMCPCHHUA ITapaMCTPOB PAAUOIICPCAAIOIUX YCTpOﬁCTBI 9aCTOThbI, MOAYJIALINH, MOIITHOCTHU
Hap.;

- I3MEPEHUS MTapaMeTPOB PATUOTIPUEMHBIX YCTPONCTB: YyBCTBUTEILHOCTH, N30MPATETLHOCTH
U 1p.;

- U3MEPEHUE HANPSKEHHOCTHU 3JIEKTPOMATHUTHOTO MOJIS.
3. IIpoBepka UCIIPaBHOCTHU U NMAPaMETPOB PaJUOIETAIICH.

KOHTpOHL PCKUMOB PaIUOCXEM U UBMCPCHUC ITapaMETPOB pa,[[Ho,[[eTaJlefI BBIITIOJIHAIOTCA
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[JIaBHBIM 00Pa30M JUIs [TOJIyYE€HUS UCXOIHBIX TAHHBIX MPU MIPOEKTHPOBAHUU U pa3pabOTKe
paznuoanmnapaTtypsl, a TAKXKe IIPU PEryJIUpOBKE €€ B IPOLECCE IPOU3BOICTBA U PEMOHTA.

IIpoBepka pe3ncTopoB IIpoBOAUTHCS C TOMOIIBIO CIIEIUATIBHBIX U3MEPUTENIBHBIX IPUOOPOB
(114353) pabotatouiero B pexume conpotusieHus - (KOM).

Pe3ucTop - 06 UCTIPaBHOCTH PE3UCTOPOB CYST MO MPUMEPHOMY COBITAICHUIO TTOKA3aHHI
TecTepa C HOMMHAJIbHBIMU 3HAYEHUSIMU COTPOTUBJICHUSI PE3UCTOPA YKA3aHHBIMU Ha €Tr0
KopIyce.

ITapaMeTpbl

1. HomMuHanbHOM BETUYMHOM COMTPOTHUBIICHHS HA3bIBAIOT YKA3bIBAEMOE Ha PE3UCTOPE
3HaYEHUE (YUCIIOM, UITU KOJIOM) CONPOTHUBIICHHUS, SBISIOLIEECS CPEIHUM ISl TAaHHOM
COBOKYITHOCTH.

2. HomuHaIbHO#M MOIITHOCTBIO PAcCEsTHUS Ha3bIBAIOT MAKCUMAIBHO JOMYCTUMYO
MOIITHOCTh, KOTOPOE PE3UCTOP MOXKET PACCEHBATH IIPU HETIPEPHIBHOM AIEKTPHUECKON
Harpy3Ke U 3aJJaHHOU TeMIepaType OKpYKAroIIel Cpeibl, He U3MEHsIs apaMeTPOB
CBBIIIIC HOPM, YCTAHOBJICHHBIX TEXHUYCCKUMHU YCIOBHSIMH.

3. DIEeKTPUUECKOM MPOUYHOCTBIO PE3UCTOPA HA3BIBAIOT MpeieibHOE pabouee
HaNpsDKEHHE, KOTOPOE TIPU HOPMAJIBHBIX YCIOBUSAX SKCIUTyaTallld KPaTKOBPEMEHHO
MIPUKIIAABIBACTCS K BBIBOAAM pe3rcTopa 0e3 HapyleHHs ero paboTocnocoOHOCTH.

4. TemnepatypHbIil KO3()PUIMEHT CONMPOTUBIICHUS

5. YpoBeHb COOCTBEHHBIX LITYMOB PE3UCTOPA OTNIPENENIETCs IEPEMEHHBIM
ANEKTPHUYECKUM HAMPSHKEHHEM Ha ero 3a)KMMax BCJIC/ICTBUE TETUIOBOTO U3MEHEHUS
00BEMHOM KOHIIEHTPALIMH 3JIEKTPOHOB B €0 MPOBOIAIIEM dJIEMEHTE.

6. Koo punment nanpsmkeHns: XapakTepu3yeT HEMTMHEHHYIO 3aBUCUMOCTD BEJTMIHHBI
COTPOTUBIICHUS PE3UCTOPA OT MPUIOKEHHOTO HAPSHKEHUS, POSIBIISIFOIIYIOCS B
HEMETAJUTMIECKUX MPOBOISAIINX dIIEMEHTAX.

7. CTaObuiIbHOCTD PE3UCTOPOB XapaKTEPU3YETCS N3MEHEHUEM BEJIMYMHBI CONPOTUBIICHUS
B pe3yJIbTaTe BIMSHUS KaK BHEIHUX (BJIQYKHOCTH, TEMIIEPATYPHI), TAaK U BHYTPEHHUX
(pu3HKO-XxMMHUYECKHE MPOLIECCH B IPOBOSAIIEM ClI0€) (GaKTOPOB. DTH U3MEHEHUS
MOTYT OBITh KaK 0OPaTHMBIMU (BOCCTAaHABIMBAIOTCS MPHU MPEKPAIICHAH JCHCTBHUS
BO30y Kaaromiero pakropa), Tak U HEOOpaTUMBIMH (HE BOCCTAHABIMBAIOTCS).

8. JlommycTMoe OTKIIOHEHUE BETMIUHBI COTTPOTHBIICHUS OT HOMHHATIBHON

9. Ctapenue pe3ucTOpoB XapaKTEpPU3yeTCsl U3MEHEHHEM BEJTMYUHBI COPOTUBIICHUS
pe3UCTOpa OT BPEMEHHU M MPOMCXOTUT KaK MPH XPaHEHHUH, TaK U TIPU IKCILTyaTaIlHH.
[TomHOE CONPOTHUBIIEHHE HEMPOBOJIOYHOTO PE3UCTOPA 3aBUCUT OT YACTOTHI U HOCUT
KOMILUIEKCHBIN Xapaktep. JlomycTumMoe MakCHMaIbHOE HaPSDKEHHE.

ITapamMeTpbl KOHIEHCATOPOB:

1. ConpoTuBieHHE U30SAUN KOHIEHCATOpa ONPEeNsieTCs CBOMCTBAMU IUAIEKTPUKA U
KOHCTPYKIIMOHHBIMH OCOOCHHOCTSIMU KOHJICHCATOPA.

2. YacroTHas 3aBUCUMOCTb KOHJAEHCATOpa PEAKTUBHOI'O COMPOTHUBIICHUSI KOHAEHCATOpa
OTIpeIeNIAeTCs] CBOMCTBAMHU MCIIOJIb3YEMOI0 AUIIEKTPHKA U KOHCTPYKLIUEH
KOHJIEHCATOPA.

3. DnexTpuyeckas IPOYHOCTh KOHJIEHCATOpa XapaKTepU3yeT 3aBUCUMOCTh HAIIPSKEHUS,
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10.

MIPHUIIOKCHHOT'O K €ro 3a)kuMam, OT BpEMCHU, B TCUCHUN KOTOPOT'O HE HpOHSOﬁ)IeT
npo6os.

. HamexxHnocTh KOHACHCATOpA OMpEIesieTCsl BETMYUHON HHTEHCUBHOCTH OTKAa30B Ha |

4 paOOTHI IPH HOPMAJIBHBIX YCIOBUSX.

. CTaOWIBHOCTH KOHJIEHCATOPOB XapaKTEPU3YETCS CTEMEHBIO M3MEHEHUSI TAKUX

napaMeTpoB, KaK EMKOCTb, J0OPOTHOCTh, COMPOTUBIICHNUE U3OJISLIMU MO
BO3JICHCTBUEM TEMIIEPATYPhl, BIAKHOCTH, aTMOC(EPHOTO JaBICHMSI, MEXaHUUECKUX
YCUIIHUH.

. lomyctTuMoe MakcuMaibHOE HalpsKeHUE.

. HomuHanpHas BeIMYMHA EMKOCTH U KJIACC TOYHOCTH.

. CobcTBeHHAst UHAYKTUBHOCTh KOHAEHCATOPA.

. JlomycTUMBblE 3HaYEHUs TEMIIEPATYPBI OKPYIKAIOLIEH CPE/ibl, BIAKHOCTH, yIapHBIX

Meperpy30K, BUOPALMOHHBIX ITEPErPY30K.
I"aGapuThl 1 Bec KOHIEHCATOPA.

HpOBCpKa HCIIPABHOCTHU NOJYHIPOBOJHUKOBBIX TUOIOB

JU1s IpoBepKU UCTIPABHOCTH JTMOOB UCIIOJIB3YETCsI OOBIUHBIA MYyJIbTUMETP, KOTOPBIN
BKIIIOYACTCA B PEIKUM U3MEPCHHA COITPOTUBIICHUA. Yy HCITPABHOI'O AWOJAa COIPOTHUBIICHUC B
MPSIMOM BKJIIOUEHHH («+» — Ha aHOJI, «-» — Ha KaToJl) JOJDKHO OBITh 3HAUYUTENILHO MEHbIIIE
COINPOTHUBIIEHUS B 0OPaTHOM BKJIIOUEHHH («-» — Ha aHOJ, «+» Ha Karox). [Ipu mposepke
JIM0J1a TI0CIIEI0BATENIBHO OLIEHUBAETCS €TI0 CONPOTUBIIEHUE B IIPSIMOM BKJIFOYEHHH - €TO
COIIPOTUBJICHUEC JOJKHO CTPEMUTHLCS K HYJIIO, 4 B 06paTHOM K 0ECKOHEUYHOCTH

Ecnu conpoTtuBienus auoaa B mpsiMoM U 0OpaTHOM BKJTFOUCHUU ONM3KH B HYJIIO, THOJT
HEUCIPaBEH, HEUCIPABHOCTH — MPOoOOH. Ecnu conmpoTuBieHus 11o/1a B IPsIMOM U OOpaTHOM
BKJIFOYEHUHU OCCKOHEYHO OOJIbIIINE, MO HEUCIIPABEH, HEUCIIPABHOCTh — OOPBIB.

Puc. 2.8. Cxema nposepku
NoNynpoBooOHUKOBO20
duoda
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IHapameTpsbl:

1. KpyTr3Ha aHOIHOM XapaKTEPUCTUKHU IPHU KOTOPOH MUJITHAMIIEPMETP IMOKA3LIBACT HA
CKOJIbKO U3MEHSETCSl aHOIHBINA TOK IPU U3MEHEHUH aHOIHOT0 HANpPsHKeHUs Ha |
BOJIBT.

2. BHyTpeHHee cONPOTHUBIEHHUE — ATO OTHOLICHNUE NMPUPAIICHHS] AHOJHOTO HAIPSKEHUS

K BbI3SBAHHOMY WM IMPUPAMNCHWUIO aHOAHOTO TOKA U CONNPOTUBJICHUIO MOCTOAHHOI'O
TOKY.

COHQOTI/IBJICHI/IG NMOCTOAHHOMY TOKY JTHMOJd NPEACTABIIACT c000¥ OTHOIIIEHHE a0COFOTHBIX
3HAYCHUU HAMpsoKCHUA U TOKA.

[IpoBepka ncnpaBHOCTH OUIIONISPHBIX TPAH3UCTOPOB.

AHaJOrMYHO IM0/IaM MTPOU3BOUTHCS MPOBEPKA TPAH3UCTOPOB — (3aKIIOYAETCSI B U3MEPEHUU
MPSIMOTO U 0OPATHOTO COMPOTUBIICHUH P-h MepexoA0B). [t mpoBepkH TpaH3UCTOpa
HE00XOUMO MTPOBEPUTH HCIIPABHOCTH MEPEX0/I0B 0a3a — KOJUIEKTOp, 0a3a — IMHTTEP 1O
METOJIMKE MPOBEPKH UCIIPABHOCTHU MOTYTPOBOJHUKOBOTO INO/IA, T.K. KXKIBIM U3 MEPEX0I0B
OUIOJISIPHO TPAH3UCTOPA SBJSETCS AHAJIOTOM TUOJ1A.

[Tocrne 3TOro HEOOXOTUMO TIPOBEPUTH OTCYTCTBHE TPOOOSI MEXKTy KOJIIEKTOPOM U
SMUTTEPOM TPAH3UCTOPA, KOTOPOE MPH JTFOO0H MOIIPHOCTH MPUIIOKESHHS LIyTIOB
MYJBTHMETPA JOJDKHO OBITH OM3KO K O€CKOHEYHOCTH. HEKOTOpBhIE THUITBI MOIITHBIX
TPAH3UCTOPOB MOTYT HMETh BCTPOCHHBIHN THOJI MEXKIY KOJJIEKTOPOM U YMUTTEPOM, a TaK ke
3amuTHBIN pe3uctop 30 — 50 OM Mex Ty SMUTTEPOM U 6a30il.

—— e -
<
Ommerp

Puc. 2.13. (xema nposepku
6unonApHO20 Mpax3ucmopa

HpOBepKa HUCIIPAaBHOCTHU MMOJICBBIX TPAH3UCTOPOB.

JU1st IpOBEepKH TOJIEBOr0 TPAH3UCTOPA C 3aTBOPOM B BUJIE P-N-TIEPeX0/1a HEOOXOIMMO IIyTIbI
OMMETpa B TIPOU3BOIBHOM MOJISIPHOCTH MOIKIIOYHTE K BBIBOJaM CTOKA M HCTOKA, KOCHYThCS
pyKoii 3aTBOpa. Eciii mpoBoAMMOCTE MEHSETCS, TO TPAH3UCTOP C BHICOKOH J0JIei
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BEPOSITHOCTH UCIIPaBEH.

VY ucnpaBaoro MOSFET tpaH3ucTopa Mexay BCEMH €T0 BBIBOJAMHU JIOJKHO OBITH
OECKOHEYHOE COMPOTHUBIICHHE. B MOIITHBIX MOJIEBBIX TPAH3UCTOPAX MEKIY CTOKOM U UCTOKOM
UMeeTCsl BCTPOCHHBIN JHO/, TIOITOMY KaHaJ CTOK-UCTOK IIPH POBEPKE BEAET ceOs Kak
00bIuHbIN quon. [lpu KacaHUU «IMONOKUTETHFHBIMY IIYTIOM MYJIBTUMETpPA BbhIBO/A 3aTBOpa (Q)
MPU KOHTAKTE «OTPULIATETLHOTO» IIyma co cTokoM (D) (s kaHanma n-Turma) TpaH3uCTop
OTKPBIBAETCS, U COMPOTHUBIICHNE KaHATa CTOK-UCTOK CTPEMHUTCS K HYJIO — MYJTBTUMETP
MEX]Ty CTOKOM M UCTOKOM ITOKa3bIBaeT 3HaUeHue Om3koe K 0, mpudeM npu JIo0on
MOJIIPHOCTHU TIPUIIOKEHHOTO HAIPSHKSHUS

1 HﬂﬂﬂM n-munay;

2—C usmupomnnum 3ameopom
C UHOYYUPOBAHHBIM KAHANOM p-muna
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Puc. 2.15. Cxembl 8KIOYEHL
MpaH3ucmopos ¢ 3ameopom 6
p-n-nepexo0a ¢ KaHanom n-

3aganue Ne2

BEISBUTH 1 YCTPaHUTh MEXaHUYECKHE U DJIEKTPUUECKUE HETIONAAKH B paboTe amnmaparypbl, IpruOOpoOB U

KULVII].J].CI\]. TULLYIA.
Onenka |Ilokasarenu oueHKH
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[IpoBeneHa npoBepka Ha OJUH BOIPOC U3 TPEX:

1. IIpoBepka LETOCTHOCTH JOPOKEK, KaUeCTBA MAaKU paluOAeTAIICH .
[Ipu u3roToBIIEHNH NEYATHOM TUIATHI HA CXeMY «BBIIPSIMUTEIBHOE YCTPOUCTBO»
HEO0OXOIMMO YMETh MPOU3BOIUTH IPOBEPKY HA LIETOCTHOCTD JOPOKEK U KOHTAKTOB,
HAaJICKHOCTh MEXAHUUECKUX COCTUHEHUN U DIIEKTPUUECKUX KOHTAKTOB IPUMEHSIS
3JICKTPOU3MEPUTENBHBIN MPUOOP. OCHOBHBIM JTOCTOMHCTBOM MANKH SBIISICTCS CO3aHUE
coeMHEHMH 0e3 pacmiaBIeHus] OCHOBHOTO MaTepuana Manux tonmu (0,3-0,5 mm) mpu
PEMOHTE TOHKOCTCHHBIX JCTAJICH, a 3HAUYUT HE TIEPeTrpeBaTh TOHKKUE MPOBOJHUYKHY Ha

neyatHou miarte. B mponecce ManuKu YMCTb BBIIIOJHATH IIPUTOHKY U C60pKy CIIanBaCMBbIX
)IeTaJ'Ief/'I; HarpeB U OXJAXICHHUEC COCAUHCHHA; KOHTPOJIb TOTOBOI'O U3ACIIHA.

2. TpeOoBaHUS NPEIbSBISIEMbIE K MOHTAXKY:
- [Tajixa MeTHBIX TIPOBOJIOB AOJKHA IPOBOAUTHCA C IPUMEHEHHEM KaHu(posieBoro ¢uiroca;

- Pabounii KOHCII ITasiJIbHUKA JOJIXKCH OBITh OYHIIICH OT OKAaJIMHBI, 3alINJICH HAIITMJIBHUKOM U
3AJIYIKCH;

- K oqHOMY KOHTaKTy MM IITHIPIO IOIyCKaeTcs Maika u3 2-3 IpoBOJIOB;

- 3auncTKa MPOBOJOB JOJIKHA POU3BOJUTCS TOJIBKO 3JIEKTPOHOXKOM;

- PabGouee mecTo 101KHO 000PYAOBATHCSI BEHTHIISALIUCH;

- CpamuBaTh NpoBOia IPU MOMOLIY MMaWKK KaTETOPUYECKH 3aIIPEILAETCs;

- Harap Ha paGoueii yacTu cTepkHs NasjbHUKA OYUIIATh JIOCKYTKOM CypOBOH 053H;

- 3a4MCTKY IPOBOIOB U3 MOJIMXJIOBUHUIOBOM (PTOPOIIACTOBOM XJI0MYATOOYMaXKHOMII
MIETKOBOM OIJIETKH MPOU3BOIUTH 00€3aTEIBHO JEKTPOHOKOM Ha JyuHY oT 0,5-20 MMm.

- BpIBOIbI OTYIPOBOTHUKOBBIX TPUOOPOB 3aTyKUBATh TOJIBKO C TEIIOOTBOJIOM;

- Ha mecTo naiiku BHayane HaHECTH HEOOJBIIOE KOJIMYECTBO KaHU(OIIH, a TOTOM MPHUIIOH.

- Ha mecte naiiku uepes ciioil npumnost JoJKHbI ObITh BUAHBI MEXaHUYECKUE KPETIICHUS
COEZIMHAEMBIX JleTalleil U B TO )K€ BpeMs IPUIION JOJKEH XOPOLIO 00BOJIOYb (IIPOMHUTATHCS) B

ckenet madku. M3numku MpUIoA yaaJIuTh MasgsJIbHUKOM.

- Bpems naiiku He 60s1ee 5 cek.
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3. IIpoBepka mapamMeTpoB MPUMEHSIEMBIX AETaJECH.
YMeTh NpoBepATh NapaMeTPbl IPUMEHAEMBIX JI€TaIeH.

TmarenbHO IPOBEPATH BCE AETANN, BXOIAIINE B CXEMY, X COOTBETCTBUE TEXHUYECKUM U
TEXHOJIOTUYECKUM TPEOOBAaHUAMTO €CTh, 00 UCIIPABHOCTH PE3UCTOPOB CYAUTH 110
MIPUMEPHOMY COBIIAJICHUIO MIOKa3aHUN TecTepa C HOMUHAIBHBIMU 3HAYEHUSAMU
COIPOTUBIICHUS PE3UCTOPA YKa3aHHBIMU Ha €ro KOpIryce.

ITapameTpsl pe3UCTOPOB:

1. HomMuHanbHOM BETUYMHOM COMTPOTHUBIICHHS HA3bIBAIOT YKA3bIBAEMOE Ha PE3UCTOPE
3HaYEHUE (YUCIIOM, UITU KOJIOM) CONPOTHUBIICHHUS, SBISIOLIEECS CPEIHUM ISl TAaHHOM
COBOKYITHOCTH.

2. HomuHaIbHO#M MOIITHOCTBIO PAcCEsTHUS Ha3bIBAIOT MAKCUMAIBHO JOMYCTUMYO
MOIITHOCTh, KOTOPOE PE3UCTOP MOXKET PACCEHBATH IIPU HETIPEPHIBHOM AIEKTPHUECKON
Harpy3Ke U 3aJJaHHOU TeMIepaType OKpYKAroIIel Cpeibl, He U3MEHsIs apaMeTPOB
CBBIIIIC HOPM, YCTAHOBJICHHBIX TEXHUYCCKUMHU YCIOBHSIMH.

3. DIEeKTPUUECKOM MPOUYHOCTBIO PE3UCTOPA HA3BIBAIOT MpeieibHOE pabouee
HaNpsDKEHHE, KOTOPOE TIPU HOPMAJIBHBIX YCIOBUSAX SKCIUTyaTallld KPaTKOBPEMEHHO
MIPUKIIAABIBACTCS K BBIBOAAM pe3rcTopa 0e3 HapyleHHs ero paboTocnocoOHOCTH.

4. TemnepatypHbIil KO3()PUIMEHT CONMPOTUBIICHUS

5. YpoBeHb COOCTBEHHBIX LITYMOB PE3UCTOPA OTNIPENENIETCs IEPEMEHHBIM
ANEKTPHUYECKUM HAMPSHKEHHEM Ha ero 3a)KMMax BCJIC/ICTBUE TETUIOBOTO U3MEHEHUS
00BEMHOM KOHIIEHTPALIMH 3JIEKTPOHOB B €0 MPOBOIAIIEM dJIEMEHTE.

6. Koo punment nanpsmkeHns: XapakTepu3yeT HEMTMHEHHYIO 3aBUCUMOCTD BEJTMIHHBI
COTPOTUBIICHUS PE3UCTOPA OT MPUIOKEHHOTO HAPSHKEHUS, POSIBIISIFOIIYIOCS B
HEMETAJUTMIECKUX MPOBOISAIINX dIIEMEHTAX.

7. CTaObuiIbHOCTD PE3UCTOPOB XapaKTEPU3YETCS N3MEHEHUEM BEJIMYMHBI CONPOTUBIICHUS
B pe3yJIbTaTe BIMSHUS KaK BHEIHUX (BJIQYKHOCTH, TEMIIEPATYPHI), TAaK U BHYTPEHHUX
(pu3HKO-XxMMHUYECKHE MPOLIECCH B IPOBOSAIIEM ClI0€) (GaKTOPOB. DTH U3MEHEHUS
MOTYT OBITh KaK 0OPaTHMBIMU (BOCCTAaHABIMBAIOTCS MPHU MPEKPAIICHAH JCHCTBHUS
BO30y Kaaromiero pakropa), Tak U HEOOpaTUMBIMH (HE BOCCTAHABIMBAIOTCS).

8. JlommycTMoe OTKIIOHEHUE BETMIUHBI COTTPOTHBIICHUS OT HOMHHATIBHON

CrapeHue pe3ucTopoB XapaKTEpU3yeTCsl U3BMEHEHUEM BEJIMUMHBI CONIPOTUBIIEHUS PE3UCTOPA
OT BPEMEHH U MPOUCXOIUT KaK IIPU XPaHEHUH, TAK U IPH dKCIuryatauud. [lonmnoe
COIPOTHUBIICHUE HEIIPOBOJOYHOI'O PE3UCTOPA 3aBUCUT OT YaCTOTHI U HOCUT KOMILIEKCHBIN
xapakrep. JJonycTtumMoe MakCuMaabHOE HANPSKEHHE.

IIpoBepka KOHIEHCATOPOB - [IPU NMOAKIIOYEHUN TPUOOPa K AJIEMEHTY (ITOJI0KUTEIbHBIN
MIPOBOJI MPUOOPA K IUTFOCOBOMY BBIBOJIY EMKOCTH, a OOLIHI MPOBOJ K OTPULIATEIEHOMY ).

CTpCJIKa an/I60pa JOJDKHa OBITh BHAYAJIC OTKIOHSATHCS A0 HYJIA, a 3aTCM 110 MCPEC 3apsaia
KOHACHCATOpAa, BEPHYTHECA K OTMECTKCE, COOTBeTCTBYIOHII/II\/’I MaKCUMAaJIbHOMY COIIPOTUBJICHHUIO.
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Ecnm npubop mokasain conpoTHBICHUE PaBHOE OECKOHEYHOCTh, TO KOHJCHCATOP UCTIPABEH.

[Ipu npoBepke koHaEHCATOpa 0OJIBLION eMKOCTH (HEeCK0IbKO MKD 1 6ojiee) B MOMEHT
MOJIKJIFOUYEHUS TECTEPa ero CTpesKa KpaTKOBPEMEHHO OTOpachIBaeTCs K HYJIIO (U3-3a
OOJIBIIIOTO 3aPsTHOTO TOKA), HO 3aT€M BO3BpAIACTCs B MOJIOKEHHUE, OJTU3KOE K
0OECKOHEUHOCTH.

K QJICKTPUYCCKUM HCUCIIPABHOCTAM OTHOCATCS:

¢ [Ipo6oii KOHIEHCATOPOB;

¢ KopoTkoe 3aMbIKaHUE TUIACTHH;

* lI3MeHeHNEe HOMUHAIBHON €MKOCTH CBEPX JOITyCKa M3-3a CTAPCHUS AUDIICKTPHKA,
MoTalaHusl Ha HEeTO BIIArH, Meperpena, AehopMainu;

¢ [loBrImenue Toka YTCUKH HU3-3a YXYAUMICHUA U30JIANN. IMonuasa vy yacTu4dHas
MOTePsi EMKOCTH AJIEKTPOIUTUYECKUX KOHJEHCATOPOB MIPOUCXOTUT B pE3ysIbTaTe
BBICBIXaHU JJICKTPOJINTA.

[IpocTeiimmii cnoco0 NpoBepKy UCTIPAaBHOCTH KOHAEHCATOPA — BHELIHUN OCMOTp, IPU
KOTOPOM OOHapy>KUBAIOTCSI MEXaHUYECKHE ITOBPEKICHUSI.

Ecnu npu BHe1IHeM ocMOTpe AePeKThl He 00HAPYKEHBI, TPOBOJAT AIEKTPUUECKYIO
poBepKy. OHa BKJIIOYAET:

e [IpoBepKy Ha KOPOTKOE 3aMbIKaHHE;

e [IpoBepky Ha poOo¥;

e [IpoBepKy Ha LIEIOCTh BBHIBOJIOB,;

e [IpoBepKy TOKa yTeuku (CONMPOTHUBICHUE U3OJISIIHN);
* lI3mMepeHne eMKOCTH.

Kongencaropsl cpeaneit emxoctu (0T 500 nd no 1 Mk®) npoBepsiv C MOMOIIBIO
MOCJIeIOBATENILHO TIOIKJIFOYCHHBIX K BBIBOJAM KOHEHCATOpa Teae(OHOB M HICTOYHUKA TOKA.
[Ipu ucnipaBHOM KOHJEHCATOPE B MOMEHT 3aMBIKaHHUSI LIeTIH B TesiehoHaX MPOCTYIITUBACTCS
LIETYOK.

[Ipon3BoaUTE IPOBEPKY UCIIPABHOCTH MOIYITPOBOIHUKOBBIX JUOJIOB C UCIOJIB30BAHUEM
00OBIYHOTO MYJIBTUMETPA, KOTOPHIN BKIIOYAIN B PEKUM U3MEPEHHS COPOTUBICHUS. Y
HCIIPABHOTO MO/ COITPOTUBIICHHUE B MPSMOM BKJIFOUCHHH («+» — Ha aHOJI, «-» — Ha KaTO)
JOJKHO OBITh 3HAYUTEILHO MEHBIIIE COMPOTUBICHHUS B 00OpPATHOM BKIIIOUEHUH («-» — Ha aHO/,
«+» Ha xaron). [Ipu mpoBepke A1O0/aa MOCIEA0BATEILHO OIICHHBACTCS €TI0 COMPOTHBIICHUE B
MPSIMOM BKJIFOUEHUH - €0 COMPOTHBIICHUE JOKHO CTPEMUTHCS K HYJIIO, @ B 0OpaTHOM K
0ECKOHEUYHOCTH

Ecou COIIPOTUBJICHHA AUOAa B IIPAMOM U O6paTHOM BKJIFOYCHHUU OJIN3KU B HYJII0, 1101
HCUCIIPAaBCH, HCUCIIPABHOCTD — HpO60fI. Ecmu CONIPOTUBJICHUA AUOAA B IPSAMOM U O6paTHOM
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BKJTFOUCHUH OECKOHEYHO OOJIBIITNE, TUO]] HEUCIIPABEH, HEUCITPABHOCTH — OOPHIB.
[Tapametps! quoaa:

KpyTtusna anHoqHOM XapakTepUCTUKU PU KOTOPOH MHJUITMAMIIEPMETP IMOKA3bIBAET HA
CKOJIBKO N3MEHSIETCS aHOHBIM TOK IIPU U3MEHEHNU aHOJHOT'O HAIlpsDKEHUS Ha | BOJIBT.

[TpuMeHsATh CTAOUIUTPOH JAJIS aBTOMATUYECKOT0 MOAIEp>KaHUs U ¢ TpeOyeMOoil TOUHOCThIO
HanpspKEHUE M TOK Ha Harpyske, Mpy U3MEHEHUU J1eCTa0MIN3UPYIOMUX (GaKTOpOB B
00yCJIOBICHHBIX Npeaenax. [[ns MakcuMalbHOTO MOJaBICHUS MyJIbCALMM U CTa0MIN3aIH
MUTAIOMICTO HAIPSHKCHUSA IIPUMCHATD CTa6I/IJ'[I/ISaT0pI>I HAIPsSXKCHU. HOHynpOBOHHI/IKOBBIG
CTaOWJINTPOHBI, HA3bIBAEMbIE HHOT/Ia OTIOPHBIMU JUO/IaMU, ITpEeTHA3HAUCHBI JIJIS
CTa6I/IJ'II/I?>aHI/II/I HAIpsKCHUA, UX pa60Ta OCHOBaHa Ha HUCIIOJIb30BaHNU SIBJICHUS
JIEKTPUUYECKOT0 MPoOOos p-n nepexoia Npy BKIIOUYEHUH J10/a B 00paTHOM HalpaBJICHUU.
HpI/I OTHOCHUTEIBLHO HEOOIBIINX O6paTHI>IX HaIPsKCHUAX B P-N IIEPEX0AC BOSHUKACT CUIIBLHOC
JIEKTPUUYECKOE TOJIE, BBI3bIBAIOLIEE MIEKTPUUECKUIl TPoOoi p-n nepexoxaa. B pexume
NIEKTPUYECKOT0 MPOOO0s HarpeB M0/ He HOCHUT JIABUHOOOPA3HOTO XapakTepa; MOITOMY
po6oii 3TOro TUIMA HE MEPEXOUT B HEOOpaTUMBbIH TeroBoi po0oil. KoHCTpyKTHBHO BO
MHOI'OM CTa6I/IJ'II/ITpOH AHAJIOTMYCH KPEMHHUECBOMY IINIOCKOCTHOMY BBIIIPAMUTCIIBHOMY AUOOY.
He cnenyer BkiIto4aTh CTaOMIIMTPOHBI MapajluIeIbHO, TAK KaK U3-3a pa30poca UX MapaMeTpoB
paspsaa MOKET BO3HUKATH TOJIBKO Y OJJHOT'O CTa6I/IJ'[I/ITp0Ha " €0 TOK MOXKCT IIPCBLICUTH
MaKCHUMaJIbHO J0MyCcTUMOE 3HaueHue. He pexoMeHayeTcst BKIIIoYaTh KOHAEHCATOP EMKOCTBIO
6oxee 0,1 MK} MeXIy aHOJIOM U KaTOAOM CTaOUIUTPOHA TICIOIIETO pa3psaa, Tak Kak 3TO
MOJKET MPHUBECTHU K PEIAKCALMOHHBIM KosiebaHusM. Ha anekTpoab! cTabuIuTpoHa Helb3s
nmoaaBaThb NEPEMEHHOC HAIIPSXKCHUC UIIN HAITPSAXKCHUC O6paTHOﬁ MOJIAPHOCTH HA aHOA MUHYC.
Tok yepe3 cTaOMIUTPOH JOJKEH OBITh B Mpeeax YKa3aHHOro B Tabiuie paboyero
JIara3oHa TOKOB, IPUYeM padodylo TOUKY JKeJlaTeJIbHO BEIOPATh B CEPENHE 3TOTO
Jarna3oHa.

[IpousBoauTh MpOBEPKY TpaHcPoOpMaTOpa Ha MEXaHUUYECKUE (IKpaHa, CepeUHUKA, BEIBOJIOB,
KapKaca ¥ KpemneKHOM apMaTypbl) U dJIEKTpUudecKre (0OpbIBEI OOMOTOK; 3aMBIKAHUST MEXITY
BUTKaMU 0OMOTOK; KOPOTKOE€ 3aMbIKaHHE OOMOTKHM Ha KOPIYC, CEPICYHHK, SKPaH WU
apmaTtypy; Ipo0oit Mex 1y 0OMOTKaMH, Ha KOPITYC WJIM MEKTy BUTKAMH OJTHON OOMOTKH;
YMEHBIIEHUE CONPOTUBIIECHUS U30JISALIUH.
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[IpoBeneHa npoBepka IByX BOIIPOCOB U3 TPEX:

1. IIpoBepka LIENOCTHOCTU AOPOXKEK, KaUeCTBA MAKU paAuoAeTaleH .
[Ipu M3roTOoBIECHUM NEYATHOM IJIATHI Ha CXeMY «BBIMPSIMUTENBHOE YCTPOHCTBOY
HE00XO0IMMO YMETh MPOU3BOAUTH IPOBEPKY HA LIETOCTHOCTDH JOPOKEK U KOHTAKTOB,
HaJE)KHOCTb MEXaHUUECKUX COEIUHEHUH U AIEKTPUYECKUX KOHTAKTOB IIPUMEHSA
ANEKTPOU3MEPUTENBHBIN MPHOOpP. OCHOBHBIM JTOCTOMHCTBOM MAaMKU SIBISIETCS CO3JjaHKE
coeZIMHEeHui 0e3 pacIulaBiIeHuss OCHOBHOTO MaTepuana Manux toimut (0,3-0,5 mm) npu
PEMOHTE TOHKOCTEHHBIX JIeTajlel, a 3HaYUT HE eperpeBaTh TOHKUE MPOBOIHUYKY Ha

neyatHou miarte. B mponecce ManuKu YMCTb BBIIIOJHATH IIPUTOHKY U C60pKy CIIanBaCMBbIX
)IeTaJ'Ief/'I; HarpeB U OXJAXICHHUEC COCAUHCHHA; KOHTPOJIb TOTOBOI'O U3ACIIHA.

2. TpeOoBaHUS NPEIbSBISIEMbIE K MOHTAXKY:
- [Tajixa MeTHBIX TIPOBOJIOB AOJKHA IPOBOAUTHCA C IPUMEHEHHEM KaHu(posieBoro ¢uiroca;

- Pabounii KOHCII ITasiJIbHUKA JOJIXKCH OBITh OYHIIICH OT OKAaJIMHBI, 3alINJICH HAIITMJIBHUKOM U
3AJIYIKCH;

- K oqHOMY KOHTaKTy MM IITHIPIO IOIyCKaeTcs Maika u3 2-3 IpoBOJIOB;

- 3auncTKa MPOBOJOB JOJIKHA POU3BOJUTCS TOJIBKO 3JIEKTPOHOXKOM;

- PabGouee mecTo 101KHO 000PYAOBATHCSI BEHTHIISALIUCH;

- CpamuBaTh NpoBOia IPU MOMOLIY MMaWKK KaTETOPUYECKH 3aIIPEILAETCs;

- Harap Ha paGoueii yacTu cTepkHs NasjbHUKA OYUIIATh JIOCKYTKOM CypOBOH 053H;

- 3a4MCTKY IPOBOIOB U3 MOJIMXJIOBUHUIOBOM (PTOPOIIACTOBOM XJI0MYATOOYMaXKHOMII
MIETKOBOM OIJIETKH MPOU3BOIUTH 00€3aTEIBHO JEKTPOHOKOM Ha JyuHY oT 0,5-20 MMm.

- BpIBOIbI OTYIPOBOTHUKOBBIX TPUOOPOB 3aTyKUBATh TOJIBKO C TEIIOOTBOJIOM;

- Ha mecTo naiiku BHayane HaHECTH HEOOJBIIOE KOJIMYECTBO KaHU(OIIH, a TOTOM MPHUIIOH.

- Ha mecte naiiku uepes ciioil npumnost JoJKHbI ObITh BUAHBI MEXaHUYECKUE KPETIICHUS
COEZIMHAEMBIX JleTalleil U B TO )K€ BpeMs IPUIION JOJKEH XOPOLIO 00BOJIOYb (IIPOMHUTATHCS) B

ckenet madku. M3numku MpUIoA yaaJIuTh MasgsJIbHUKOM.

- Bpems naiiku He 60s1ee 5 cek.
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3. IIpoBepka mapamMeTpoB MPUMEHSIEMBIX AETaJECH.
YMeTh NpoBepATh NapaMeTPbl IPUMEHAEMBIX JI€TaIeH.

TmarenbHO IPOBEPATH BCE AETANN, BXOIAIINE B CXEMY, X COOTBETCTBUE TEXHUYECKUM U
TEXHOJIOTUYECKUM TPEOOBAaHUAMTO €CTh, 00 UCIIPABHOCTH PE3UCTOPOB CYAUTH 110
MIPUMEPHOMY COBIIAJICHUIO MIOKa3aHUN TecTepa C HOMUHAIBHBIMU 3HAYEHUSAMU
COIPOTUBIICHUS PE3UCTOPA YKa3aHHBIMU Ha €ro KOpIryce.

ITapameTpsl pe3UCTOPOB:

1. HomMuHanbHOM BETUYMHOM COMTPOTHUBIICHHS HA3bIBAIOT YKA3bIBAEMOE Ha PE3UCTOPE
3HaYEHUE (YUCIIOM, UITU KOJIOM) CONPOTHUBIICHHUS, SBISIOLIEECS CPEIHUM ISl TAaHHOM
COBOKYITHOCTH.

2. HomuHaIbHO#M MOIITHOCTBIO PAcCEsTHUS Ha3bIBAIOT MAKCUMAIBHO JOMYCTUMYO
MOIITHOCTh, KOTOPOE PE3UCTOP MOXKET PACCEHBATH IIPU HETIPEPHIBHOM AIEKTPHUECKON
Harpy3Ke U 3aJJaHHOU TeMIepaType OKpYKAroIIel Cpeibl, He U3MEHsIs apaMeTPOB
CBBIIIIC HOPM, YCTAHOBJICHHBIX TEXHUYCCKUMHU YCIOBHSIMH.

3. DIEeKTPUUECKOM MPOUYHOCTBIO PE3UCTOPA HA3BIBAIOT MpeieibHOE pabouee
HaNpsDKEHHE, KOTOPOE TIPU HOPMAJIBHBIX YCIOBUSAX SKCIUTyaTallld KPaTKOBPEMEHHO
MIPUKIIAABIBACTCS K BBIBOAAM pe3rcTopa 0e3 HapyleHHs ero paboTocnocoOHOCTH.

4. TemnepatypHbIil KO3()PUIMEHT CONMPOTUBIICHUS

5. YpoBeHb COOCTBEHHBIX LITYMOB PE3UCTOPA OTNIPENENIETCs IEPEMEHHBIM
ANEKTPHUYECKUM HAMPSHKEHHEM Ha ero 3a)KMMax BCJIC/ICTBUE TETUIOBOTO U3MEHEHUS
00BEMHOM KOHIIEHTPALIMH 3JIEKTPOHOB B €0 MPOBOIAIIEM dJIEMEHTE.

6. Koo punment nanpsmkeHns: XapakTepu3yeT HEMTMHEHHYIO 3aBUCUMOCTD BEJTMIHHBI
COTPOTUBIICHUS PE3UCTOPA OT MPUIOKEHHOTO HAPSHKEHUS, POSIBIISIFOIIYIOCS B
HEMETAJUTMIECKUX MPOBOISAIINX dIIEMEHTAX.

7. CTaObuiIbHOCTD PE3UCTOPOB XapaKTEPU3YETCS N3MEHEHUEM BEJIMYMHBI CONPOTUBIICHUS
B pe3yJIbTaTe BIMSHUS KaK BHEIHUX (BJIQYKHOCTH, TEMIIEPATYPHI), TAaK U BHYTPEHHUX
(pu3HKO-XxMMHUYECKHE MPOLIECCH B IPOBOSAIIEM ClI0€) (GaKTOPOB. DTH U3MEHEHUS
MOTYT OBITh KaK 0OPaTHMBIMU (BOCCTAaHABIMBAIOTCS MPHU MPEKPAIICHAH JCHCTBHUS
BO30y Kaaromiero pakropa), Tak U HEOOpaTUMBIMH (HE BOCCTAHABIMBAIOTCS).

8. JlommycTMoe OTKIIOHEHUE BETMIUHBI COTTPOTHBIICHUS OT HOMHHATIBHON

CrapeHue pe3ucTopoB XapaKTEpU3yeTCsl U3BMEHEHUEM BEJIMUMHBI CONIPOTUBIIEHUS PE3UCTOPA
OT BPEMEHH U MPOUCXOIUT KaK IIPU XPaHEHUH, TAK U IPH dKCIuryatauud. [lonmnoe
COIPOTHUBIICHUE HEIIPOBOJOYHOI'O PE3UCTOPA 3aBUCUT OT YaCTOTHI U HOCUT KOMILIEKCHBIN
xapakrep. JJonycTtumMoe MakCuMaabHOE HANPSKEHHE.

IIpoBepka KOHIEHCATOPOB - [IPU NMOAKIIOYEHUN TPUOOPa K AJIEMEHTY (ITOJI0KUTEIbHBIN
MIPOBOJI MPUOOPA K IUTFOCOBOMY BBIBOJIY EMKOCTH, a OOLIHI MPOBOJ K OTPULIATEIEHOMY ).

CTpCJIKa an/I60pa JOJDKHa OBITh BHAYAJIC OTKIOHSATHCS A0 HYJIA, a 3aTCM 110 MCPEC 3apsaia
KOHACHCATOpAa, BEPHYTHECA K OTMECTKCE, COOTBeTCTBYIOHII/II\/’I MaKCUMAaJIbHOMY COIIPOTUBJICHHUIO.
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Ecnm npubop mokasain conpoTHBICHUE PaBHOE OECKOHEYHOCTh, TO KOHJCHCATOP UCTIPABEH.

[Ipu npoBepke koHaEHCATOpa 0OJIBLION eMKOCTH (HEeCK0IbKO MKD 1 6ojiee) B MOMEHT
MOJIKJIFOUYEHUS TECTEPa ero CTpesKa KpaTKOBPEMEHHO OTOpachIBaeTCs K HYJIIO (U3-3a
OOJIBIIIOTO 3aPsTHOTO TOKA), HO 3aT€M BO3BpAIACTCs B MOJIOKEHHUE, OJTU3KOE K
0OECKOHEUHOCTH.

K QJICKTPUYCCKUM HCUCIIPABHOCTAM OTHOCATCS:

¢ [Ipo6oii KOHIEHCATOPOB;

¢ KopoTkoe 3aMbIKaHUE TUIACTHH;

* lI3MeHeHNEe HOMUHAIBHON €MKOCTH CBEPX JOITyCKa M3-3a CTAPCHUS AUDIICKTPHKA,
MoTalaHusl Ha HEeTO BIIArH, Meperpena, AehopMainu;

¢ [loBrImenue Toka YTCUKH HU3-3a YXYAUMICHUA U30JIANN. IMonuasa vy yacTu4dHas
MOTePsi EMKOCTH AJIEKTPOIUTUYECKUX KOHJEHCATOPOB MIPOUCXOTUT B pE3ysIbTaTe
BBICBIXaHU JJICKTPOJINTA.

[IpocTeiimmii cnoco0 NpoBepKy UCTIPAaBHOCTH KOHAEHCATOPA — BHELIHUN OCMOTp, IPU
KOTOPOM OOHapy>KUBAIOTCSI MEXaHUYECKHE ITOBPEKICHUSI.

Ecnu npu BHe1IHeM ocMOTpe AePeKThl He 00HAPYKEHBI, TPOBOJAT AIEKTPUUECKYIO
poBepKy. OHa BKJIIOYAET:

e [IpoBepKy Ha KOPOTKOE 3aMbIKaHHE;

e [IpoBepky Ha poOo¥;

e [IpoBepKy Ha LIEIOCTh BBHIBOJIOB,;

e [IpoBepKy TOKa yTeuku (CONMPOTHUBICHUE U3OJISIIHN);
* lI3mMepeHne eMKOCTH.

Kongencaropsl cpeaneit emxoctu (0T 500 nd no 1 Mk®) npoBepsiv C MOMOIIBIO
MOCJIeIOBATENILHO TIOIKJIFOYCHHBIX K BBIBOJAM KOHEHCATOpa Teae(OHOB M HICTOYHUKA TOKA.
[Ipu ucnipaBHOM KOHJEHCATOPE B MOMEHT 3aMBIKaHHUSI LIeTIH B TesiehoHaX MPOCTYIITUBACTCS
LIETYOK.

[Ipon3BoaUTE IPOBEPKY UCIIPABHOCTH MOIYITPOBOIHUKOBBIX JUOJIOB C UCIOJIB30BAHUEM
00OBIYHOTO MYJIBTUMETPA, KOTOPHIN BKIIOYAIN B PEKUM U3MEPEHHS COPOTUBICHUS. Y
HCIIPABHOTO MO/ COITPOTUBIICHHUE B MPSMOM BKJIFOUCHHH («+» — Ha aHOJI, «-» — Ha KaTO)
JOJKHO OBITh 3HAYUTEILHO MEHBIIIE COMPOTUBICHHUS B 00OpPATHOM BKIIIOUEHUH («-» — Ha aHO/,
«+» Ha xaron). [Ipu mpoBepke A1O0/aa MOCIEA0BATEILHO OIICHHBACTCS €TI0 COMPOTHBIICHUE B
MPSIMOM BKJIFOUEHUH - €0 COMPOTHBIICHUE JOKHO CTPEMUTHCS K HYJIIO, @ B 0OpaTHOM K
0ECKOHEUYHOCTH

Ecou COIIPOTUBJICHHA AUOAa B IIPAMOM U O6paTHOM BKJIFOYCHHUU OJIN3KU B HYJII0, 1101
HCUCIIPAaBCH, HCUCIIPABHOCTD — HpO60fI. Ecmu CONIPOTUBJICHUA AUOAA B IPSAMOM U O6paTHOM
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BKJTFOUCHUH OECKOHEYHO OOJIBIITNE, TUO]] HEUCIIPABEH, HEUCITPABHOCTH — OOPHIB.
[Tapametps! quoaa:

KpyTtusna anHoqHOM XapakTepUCTUKU PU KOTOPOH MHJUITMAMIIEPMETP IMOKA3bIBAET HA
CKOJIBKO N3MEHSIETCS aHOHBIM TOK IIPU U3MEHEHNU aHOJHOT'O HAIlpsDKEHUS Ha | BOJIBT.

[TpuMeHsATh CTAOUIUTPOH JAJIS aBTOMATUYECKOT0 MOAIEp>KaHUs U ¢ TpeOyeMOoil TOUHOCThIO
HanpspKEHUE M TOK Ha Harpyske, Mpy U3MEHEHUU J1eCTa0MIN3UPYIOMUX (GaKTOpOB B
00yCJIOBICHHBIX Npeaenax. [[ns MakcuMalbHOTO MOJaBICHUS MyJIbCALMM U CTa0MIN3aIH
MUTAIOMICTO HAIPSHKCHUSA IIPUMCHATD CTa6I/IJ'[I/ISaT0pI>I HAIPsSXKCHU. HOHynpOBOHHI/IKOBBIG
CTaOWJINTPOHBI, HA3bIBAEMbIE HHOT/Ia OTIOPHBIMU JUO/IaMU, ITpEeTHA3HAUCHBI JIJIS
CTa6I/IJ'II/I?>aHI/II/I HAIpsKCHUA, UX pa60Ta OCHOBaHa Ha HUCIIOJIb30BaHNU SIBJICHUS
JIEKTPUUYECKOT0 MPoOOos p-n nepexoia Npy BKIIOUYEHUH J10/a B 00paTHOM HalpaBJICHUU.
HpI/I OTHOCHUTEIBLHO HEOOIBIINX O6paTHI>IX HaIPsKCHUAX B P-N IIEPEX0AC BOSHUKACT CUIIBLHOC
JIEKTPUUYECKOE TOJIE, BBI3bIBAIOLIEE MIEKTPUUECKUIl TPoOoi p-n nepexoxaa. B pexume
NIEKTPUYECKOT0 MPOOO0s HarpeB M0/ He HOCHUT JIABUHOOOPA3HOTO XapakTepa; MOITOMY
po6oii 3TOro TUIMA HE MEPEXOUT B HEOOpaTUMBbIH TeroBoi po0oil. KoHCTpyKTHBHO BO
MHOI'OM CTa6I/IJ'II/ITpOH AHAJIOTMYCH KPEMHHUECBOMY IINIOCKOCTHOMY BBIIIPAMUTCIIBHOMY AUOOY.
He cnenyer BkiIto4aTh CTaOMIIMTPOHBI MapajluIeIbHO, TAK KaK U3-3a pa30poca UX MapaMeTpoB
paspsaa MOKET BO3HUKATH TOJIBKO Y OJJHOT'O CTa6I/IJ'[I/ITp0Ha " €0 TOK MOXKCT IIPCBLICUTH
MaKCHUMaJIbHO J0MyCcTUMOE 3HaueHue. He pexoMeHayeTcst BKIIIoYaTh KOHAEHCATOP EMKOCTBIO
6oxee 0,1 MK} MeXIy aHOJIOM U KaTOAOM CTaOUIUTPOHA TICIOIIETO pa3psaa, Tak Kak 3TO
MOJKET MPHUBECTHU K PEIAKCALMOHHBIM KosiebaHusM. Ha anekTpoab! cTabuIuTpoHa Helb3s
nmoaaBaThb NEPEMEHHOC HAIIPSXKCHUC UIIN HAITPSAXKCHUC O6paTHOﬁ MOJIAPHOCTH HA aHOA MUHYC.
Tok yepe3 cTaOMIUTPOH JOJKEH OBITh B Mpeeax YKa3aHHOro B Tabiuie paboyero
JIara3oHa TOKOB, IPUYeM padodylo TOUKY JKeJlaTeJIbHO BEIOPATh B CEPENHE 3TOTO
Jarna3oHa.

[IpousBoauTh MpOBEPKY TpaHcPoOpMaTOpa Ha MEXaHUUYECKUE (IKpaHa, CepeUHUKA, BEIBOJIOB,
KapKaca ¥ KpemneKHOM apMaTypbl) U dJIEKTpUudecKre (0OpbIBEI OOMOTOK; 3aMBIKAHUST MEXITY
BUTKaMU 0OMOTOK; KOPOTKOE€ 3aMbIKaHHE OOMOTKHM Ha KOPIYC, CEPICYHHK, SKPaH WU
apmaTtypy; Ipo0oit Mex 1y 0OMOTKaMH, Ha KOPITYC WJIM MEKTy BUTKAMH OJTHON OOMOTKH;
YMEHBIIEHUE CONPOTUBIIECHUS U30JISALIUH.
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[Ipou3sBeneHa npoBepka TpeX BOIPOCOB U3 TPEX:

IIpoBepka LEeT0CTHOCTU JOPOKEK, KAUECTBA MaKU PaIUOACTAIICH .

IIpu U3roTOBIIEHUH I1I€YATHOM IUIATHI HA CXEMY «BBIIPAMUTENBHOE YCTPOUCTBOY»
HE00XO0IMMO YMETh MPOU3BOAUTH IPOBEPKY HA LIETOCTHOCTDH JOPOKEK U KOHTAKTOB,
HAJIe)KHOCTb MEXAHUYECKUX COCUHEHUN U DIEKTPUUYECKUX KOHTAKTOB IIPUMEHSS
ANEKTPOU3MEPUTENBHBIN MPHOOpP. OCHOBHBIM JTOCTOMHCTBOM MAaMKU SIBISIETCS CO3JjaHKE
coeZIMHEeHui 0e3 pacIulaBiIeHuss OCHOBHOTO MaTepuana Manux toimut (0,3-0,5 mm) npu
PEMOHTE TOHKOCTEHHBIX JACTAJIEH, & 3HAUNT HE NIEPErPEBATh TOHKKUE MPOBOAHUYKY Ha
nevaTHo miate. B mporecce maiku yMeTh BBIOJHATH IPUTOHKY M COOPKY CIIaMBaeMBbIX
JIeTaJIeN; HarpeB U OXJIAXKIACHUE COCTMHEHHUS; KOHTPOJIb TOTOBOTO MU3EIHS.

2. TpeOoBaHUs NPEIbSBISIEMbIE K MOHTAXKY:

- [1aiika MeTHBIX POBOIOB JIOJKHA MTPOBOJIUTHCS ¢ MPUMEHEHHEM KaHU(DOIeBOTO (roca;

- Pabounii KOHCII ITasiJIbHUKAa JOJIXKCH OBITh OYHIIICH OT OKaJIMHBI, 3alINJICH HAIIMJIBHUKOM U
3AJIYIKCH;

- K oqHOMY KOHTaKTy MM IITHIPIO IOIyCKaeTcs Maika u3 2-3 IpoBOJOB;

- 3auncTKa MPOBOJOB JOJIKHA POU3BOAUTCS TOJIBKO 3JIEKTPOHOXKOM;

- Pabouee mecTo 101KHO 000PYAOBATHCSI BEHTHIISALIUCH;

- CpamuBaTh NpoBO/ia IPU MOMOLIY MMaWKK KaTETOPUYECKH 3aIIPEIAeTCs;

- Harap Ha paGoueii yacTu cTepskHs NasjbHUKA OYUIIATh JIOCKYTKOM CypOBOH 053H;

- 3a4MCTKY IPOBOIOB U3 MOJIMXJIOBUHUIOBOM (PTOPOILIIACTOBOM XJI0MYATOOYMaXKHOMII
MIETKOBOM OIJIETKH MPOU3BOIUTH 00€3aTEIBHO IEKTPOHOKOM Ha JyuHy oT 0,5-20 MMm.

- BpIBOIbI OSTYIPOBOTHUKOBBIX TPUOOPOB 3aTyKUBATh TOJIBKO C TEIIOOTBOJIOM;

- Ha mecTo naiiku BHayane HaHECTH HEOOJBIIOE KOJIUYECTBO KaHU(OIIH, a TOTOM MPHUIIOH.

- Ha mecte naiiku uepes ciioil npumnost JoJKHbI ObITh BUAHBI MEXaHUYECKUE KPETIICHUS
COEZIMHAEMBIX JIeTalleil U B TO )K€ BpeMs IPUIION JOJKEH XOPOLIO 00BOJIOYb (IIPOMHUTATHCS) B
CKeJIeT Nanku. V3nuiKky npunos yaaluTh MNasuIbHUKOM.

- Bpems naiiku He 6onee 5 cexk..

3. IIpoBepka mapamMeTpoB MPUMEHSIEMbIX AETaJECH.

YMeTh NpoBepATh NapaMeTPbl IPUMEHSAEMBIX JI€TaICH.
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TmarenbHO IPOBEPATH BCE AETANN, BXOIAIINE B CXEMY, X COOTBETCTBUE TEXHUYECKUM U
TEXHOJIOTUYECKUM TPEOOBAaHUAMTO €CTh, 00 UCIIPABHOCTH PE3UCTOPOB CYAUTH 110
MIPUMEPHOMY COBIIAJICHUIO MIOKa3aHUN TecTepa C HOMUHAIBHBIMU 3HAYEHUSAMU
COIPOTUBIICHUS PE3UCTOPA YKa3aHHBIMU Ha €ro KopIryce.

ITapameTpsl pe3UCTOPOB:

1. HomMuHanbHOM BETUYMHOM COMTPOTHUBIICHHS HA3bIBAIOT YKa3bIBAEMOE Ha PE3UCTOPE
3HaYEHUE (YUCIIOM, UITU KOJIOM) CONPOTHUBIICHHUS, SBISIOLIEEC CPEIHUM ISl TAHHOM
COBOKYITHOCTH.

2. HomuHabHO#M MOIITHOCTBIO PACcCESTHHUS Ha3bIBAIOT MAKCUMAIBLHO JOMYCTUMYO
MOIITHOCTh, KOTOPOE PE3UCTOP MOXKET PACCEHBATH IIPU HETIPEPHIBHOM AIEKTPHUECKON
Harpy3Ke U 3aJJaHHOU TeMIepaType OKpYKaroIIel Cpeibl, He U3MEHsIs apaMeTPOB
CBBIIIIC HOPM, YCTAHOBJICHHBIX TEXHUYCCKUMHU YCIOBHIMH.

3. DIEeKTPUUECKOM MPOYHOCTBIO PE3UCTOPA HA3BIBAIOT MpeiebHOe pabouee
HaNpsDKEHHE, KOTOPOE TIPYU HOPMAJIBHBIX YCIOBUSAX SKCIUTyaTallld KPaTKOBPEMEHHO
MIPUKIIAABIBACTCS K BBIBOAAM pe3rcTopa 0e3 HapyleHHs ero paboTocnocoOHOCTH.

4. TemnepatypHblil KO3()PUIHEHT CONPOTUBIICHUS

5. YpoBeHb COOCTBEHHBIX LITYMOB PE3UCTOPA ONIPENENAETCs IePEMEHHBIM
ANEKTPUUYECKUM HAMPSHKEHHEM Ha €ro 3a)KMMax BCJIC/ICTBUE TETUIOBOTO M3MEHEHUS
00BEMHOM KOHIIEHTPALIMHU 3JIEKTPOHOB B €0 MPOBOIAIIEM JIEMEHTE.

6. Koo pumment nanpsokeHns: XapakTepu3yeT HEMTMHEHHYIO 3aBUCUMOCTD BEJTMIHHBI
COTPOTUBIICHUS PE3UCTOPA OT MPUIOKEHHOTO HAPSHKEHUS, POSIBIISIFOIIYIOCS B
HEMETAJUTMIECKHUX MPOBOISAIINX DIIEMEHTAX.

7. CTaObuiIbHOCTD PE3UCTOPOB XapaKTEPU3YyETCS N3MEHEHUEM BEJIMYMHBI CONPOTUBIICHUS
B pe3yJIbTaTe BIUSHUS KaK BHEIIHUX (BJIQXKHOCTH, TEMIIEPATYPHI), TAaK U BHYTPEHHUX
(pu3MKO-XxMMHUYECKHE IPOLIECCH B IPOBOAIIEM ClI0€) (GaKTOPOB. DTH U3MEHEHUS
MOTYT OBITh KaK 0OPaTHMBIMU (BOCCTaHABIMBAIOTCS MPH MPEKPAIICHAH JCHCTBHUS
BO30y Kaaromiero pakropa), Tak ¥ HEOOpaTUMBIMH (HE BOCCTAHABIMBAIOTCS).

8. JlommycTMoe OTKIIOHEHUE BETMYUHBI COTTPOTHBIICHUS] OT HOMHHATIBHOMN

CrapeHue pe3ucTopoB XapaKTEpU3yeTCsl U3AMEHEHUEM BEJIMUMHBI CONPOTUBIIEHUS PE3UCTOPA
OT BPEMEHH U MPOUCXOIUT KaK IIPU XPaHEHUH, TAK U IPH dKCIuryatauud. [lonmnoe
COIPOTHUBIICHUE HEITPOBOJOYHOI'O PE3UCTOPA 3aBUCUT OT YaCTOTHI U HOCUT KOMIUIEKCHBIN
xapakrep. JJonycTtuMoe MakCuMaabHOE HANPSKEHHE.

IIpoBepka KOHIEHCATOPOB - [IPU MOAKIIOYEHUN TPUOOpa K AIEMEHTY (ITOJI0KUTEIbHBIN
MIPOBOJI MPUOOPA K IUIFOCOBOMY BBIBOJIY EMKOCTH, a OOLIHI MPOBOJ K OTPULIATEIEHOMY ).

CTpCJIKa an/I60pa JOJDKHa OBITh BHAYAJIC OTKIOHSATHCS A0 HYJIA, a 3aTCM 110 MEPC 3apsaia
KOHACHCATOpAa, BEPHYTHECA K OTMETKCE, COOTBeTCTBYIOHII/II\/’I MaKCUMAaJIbHOMY COIIPOTUBJICHHUIO.

Ecnm npubop mokasan conpoTHBICHUE PaBHOE OECKOHEYHOCTh, TO KOHJCHCATOP UCTIPABEH.

[Ipu npoBepke koHaEHCATOpa 0OJIBLION eMKOCTH (HeCK0IbKO MKD 1 6ojiee) B MOMEHT
MOJIKJIIOUYEHUS TECTEpPa ero CTpesKa KpaTKOBPEMEHHO OTOpachIBaeTCs K HYJIIO (U3-3a
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OOJIBIIIOTO 3aPsTHOTO TOKA), HO 3aT€M BO3BpAIIACTCs B MOJIOKEHHUE, OJTU3KOE K
OECKOHEYHOCTH.

K QJICKTPUYCCKUM HCUCIIPABHOCTAM OTHOCATCS:

¢ [Ipo6oii KOHIEHCATOPOB;

¢ KopoTkoe 3aMbIKaHUE TUIACTHH;

* lI3MeHeHNEe HOMUHAIBHON €MKOCTH CBEPX JOITyCKa U3-3a CTApCHUS AUDIICKTPHKA,
MoTalaHusl Ha HEeTO BIIArH, Meperpena, aeopMainu;

¢ [loBrImenue Toka YTCUYKH HU3-3a YXYAUMICHUA U30JIANN. IMonuasa vy yacTu4dHas
MOTePsi EMKOCTH SJIEKTPOIUTUYECKUX KOHJEHCATOPOB MIPOUCXOTUT B pE3ysIbTaTe
BBICBIXaHU JJICKTPOJIMTA.

[IpocTeiimmii cnoco0 NpoBepKy UCTIPAaBHOCTH KOHAEHCATOPA — BHELIHUN OCMOTp, IPU
KOTOPOM OOHapy>KUBAIOTCSI MEXaHUYECKHE TTOBPEKICHUSI.

Ecnu nipu BHemIHeM ocMOTpe AePEeKThl He 00HAPYKEHBI, TPOBOJAT AIEKTPUUECKYIO
nposepKy. OHa BKJIIOYAET:

e [IpoBepKy Ha KOPOTKOE 3aMbIKaHKE;

e [IpoBepky Ha poOo¥;

e [IpoBepKy Ha LIEIOCTh BBHIBOJIOB,;

e [IpoBepKy TOKa yTeuku (CONMPOTHUBICHUE U3OJISIIHN);
* lI3MepeHne eMKOCTH.

Kongencaropsl cpeaneit emxoctu (0T 500 nd no 1 Mk®D) npoBepsiv C MOMOIIIBIO
MOCJIeIOBATENILHO TIOIKJIFOYCHHBIX K BBIBOJAM KOHEHCATOpa TeIe(OHOB M HICTOYHUKA TOKA.
[Ipu ucripaBHOM KOHJEHCATOPE B MOMEHT 3aMBIKaHHUSI LIeTIH B TesiehoHaX MPOCTYIITUBACTCS
LIETYOK.

[Ipon3BoaUTE IPOBEPKY UCIIPABHOCTH MOIYITPOBOIHUKOBBIX JUOJIOB C UCIOJIB30BAHUEM
00OBIYHOTO MYJIBTUMETPA, KOTOPHII BKIIOYAIN B PEKUM U3MEPEHHS COMPOTUBICHUS. Y
HCIIPABHOTO MO/ COITPOTUBIICHHUE B MPSMOM BKJIFOUCHHH («+» — Ha aHOJI, «-» — Ha KaTO)
JOJKHO OBITh 3HAYUTETILHO MEHBIIIE COMPOTUBICHUS B 00pATHOM BKIIIOUEHUU («-» — Ha aHO/,
«+» Ha xaron). [Ipu mpoBepke AMO0aa MOCIEA0BATEILHO OIICHHBACTCS €TI0 COMPOTHBIICHUE B
MIPSIMOM BKJIFOUEHUH - €0 COMPOTHBIICHUE JOKHO CTPEMUTHCS K HYJIIO, @ B 00paTHOM K
0ECKOHEUYHOCTH

Ecou COIIPOTUBJICHHA AUOAAa B IIPAMOM U O6paTHOM BKJIFOYCHHUU OJIN3KU B HYJII0, 1101
HCUCIIPAaBCH, HCUCIIPABHOCTD — HpO60fI. Ecmu CONIPOTUBJICHUA AUOAA B IPSAMOM U O6paTHOM

BKJTFOYCHUH OECKOHEYHO OOJIBIITNE, IO HEUCIIPABEH, HEUCITPABHOCTH — OOPHIB.

[Tapametpsl quoaa:
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KpyTtusna aHoqHOM XapaKTepUCTUKHU PU KOTOPOH MHJUITMAMIIEPMETP IMOKA3bIBAET Ha
CKOJIBKO N3MEHSIETCS aHOHBIM TOK IIPU U3MEHEHNU aHOJHOT'O HAIlpsDKEHUS Ha | BOJIBT.

[IpuMeHATh CTAOUIUTPOH JAJIS aBTOMATUYECKOT0 MOAIEp>KaHUs U ¢ TpeOyeMOoil TOUHOCThIO
HaInpspKEHUE M TOK Ha Harpyske, Mpy U3MEHEHUU J1eCTa0MIN3UPYIOMUX (GaKTOpOB B
00yCJIOBICHHBIX Npeaenax. [[ins MakcuMalbHOTO MOJaBICHUS MyJIbCALMM U CTa0MIN3aIH
MUTAIOMICTO HAIPSHKCHUSA IIPUMCHATD CTa6I/IJ'[I/ISaT0pI>I HAIPsS>KCHU. HOHynpOBOHHI/IKOBBIG
CTaOWJINTPOHBI, HA3bIBAEMbI€ HHOT/Ia OTIOPHBIMU JAMO/IaMU, ITpEeTHA3HAUEHBI TS
CTa6I/IJ'II/I?>aHI/II/I HAIpsKCHUA, UX pa60Ta OCHOBaHa Ha HUCIIOJIb30BaHNU SIBJICHUS
JIEKTPUUYECKOT0 MPo0Oos p-n nepexoia Npy BKIIOUYEHUH J10/a B 00paTHOM HalpaBJICHUU.
HpI/I OTHOCHUTEIBLHO HEOOIBIINX O6paTHI>IX HaIPsKCHUAX B P-N IIEPEX0AC BOSHUKACT CUIIBLHOC
JIEKTPUUYECKOE TOJIe, BBI3bIBAIOLIEE MIEKTPUUECKUIl TPoOoi p-n nepexoxaa. B pexume
NIEKTPUYECKOT0 MPOOO0s HarpeB JH0/a He HOCHUT JIABUHOOOPA3HOTO XapakTepa; MOITOMY
po6oii 3TOro TUIMA HE MEPEXOUT B HEOOpaTUMBbII TeroBoi po0oil. KoHCTpyKTHBHO BO
MHOI'OM CTa6I/IJ'II/ITpOH AHAJIOTMYCH KPEMHHUECBOMY IINIOCKOCTHOMY BBIIIPAMUTCIIBHOMY AWOOY.
He cnenyer BkiIto4aTh CTaOMIIMTPOHBI MapajluIeIbHO, TAK KaK W3-3a pa30poca UX MapaMeTpoB
paspsaa MOKET BO3HUKATH TOJIBKO Y OJJHOT'O CTa6I/IJ'[I/ITp0Ha " €0 TOK MOXKCT IIPCBLICUTH
MaKCHUMaJIbHO J0MyCTUMOE 3HaueHue. He pexoMeHayeTcst BKIIIoYaTh KOHAEHCATOP EMKOCTBIO
6oxee 0,1 MK} MeXIy aHOJIOM U KaTOAOM CTaOUIUTPOHA TICIOIIETO pa3psaa, Tak Kak 3TO
MOJKET MPHUBECTHU K PEIaKCALMOHHBIM KosiebaHusM. Ha anekTpoab! cTabuIuTpoHa Helb3s
nmoaaBaThb NEPEMEHHOC HAIIPSXKCHUEC UIIN HAITPSAKCHUC O6paTHOﬁ MOJIAPHOCTH HA aHOA MUHYC.
Tok yepe3 cTaOMIUTPOH JOJKEH OBITh B Mpeeax YKa3aHHOro B Tabiuie paboyero
JIara3oHa TOKOB, IPUYeM pabodylo TOUKY JKeJlaTeJIbHO BEIOPATh B CEPENHE 3TOTO
Jarna3oHa.

[IpousBoauTh MpOBEPKY TpaHcPoOpMaTOpa Ha MEXaHUUYECKUE (IKpaHa, CepJeUHUKA, BEIBOJIOB,
KapKaca ¥ KpemneXKHOM apMaTypbl) U dJIEKTpUuIeCKre (0OpBIBEI OOMOTOK; 3aMBIKAaHUST MEXITY
BUTKaMU 0OMOTOK; KOPOTKOE€ 3aMbIKaHHE OOMOTKHU Ha KOPIYC, CEPCYHHK, SKPaH WU
apmaTtypy; Ipo0oit Mex1y 0OMOTKaMH, Ha KOPITYC HJIM MEKTy BUTKAMH OJTHON OOMOTKH;
YMEHBIIEHUE CONPOTUBIICHUS U30JISALIUHU.

3aganue Ne3

BbImonHuTE COOPKY ¥ MOHTXK OTJENIBHBIX Y3J710B HA MUKPOIJIEMEHTaX, MOHTaXa (DyHKIIMOHAIBHBIX

[y 2JIUDL VPV,

Ornenka

v
(1L KT CTO/RITTOCTIT B MU yJIDHUM MIVITUJIIUI L.

Ilokazarenu OoLICHKH
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Brimonaxeno MpaBHUJIBHO OJHO 3aJaHUC U3 TPCX:

1. Co31aTh 3JIEKTPUUECKYIO TPUHIMIHAIBHYIO CXeMY «Y CUIIUTEIb)

2.Hepe‘{I/ICJII/ITB pPaaruoaACTaIN U UX MMapaMETPhl IPUMCHACMBIC IIPU U3TOTOBJICHUN I[aHHOfI
CXEMBbI.

[103. O603Hau.. HaumeHnoBaHue Kou. [Tpumeuanue
IIT.
C Konnencarop 2
DJIEKTPOJIUTUYECKUN

0,1mxd (104)

10 MmxpX16B
100 mxpX16B 1
R Pesucrop 2

MJIT 0,25 100kOM

3,3 kOM 1
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20M 1
U BBIXO 12B nepemeHHOr0O 1
HanpsHKEHUS
[P Pazpem 1
Muxkpocxema K174YH19 1
(TZA2030)

HeiicTBue KOHAeHCAaTOPA B cxeMe (puiIbTPa CBOJIUTCS K TOMY, YTO, IIYHTUPYS
COIIPOTHBIIEHUE HATPY3KH, OH MPOIMYCKAET uepe3 cedst HeOOIbIIYIO JOTI0 TEpeMEHHON
COCTaBJISOLIEH BBIPSAMIIEHHOTO TOKA, TaK KaK COMPOTUBJICHUE KOHIEHCATOpAa CTPEMSTCS
BBI6p3.TB SHAYUTCIBbHO MCHBIIC HAIPY304YHOI'0 COMMPOTUBJICHUA . I[JISI IIOCTOSAHHOI'O TOKa
COTNPOTUBIIEHUE OECKOHEUHO BEJIMKO, IOITOMY MOCTOSIHHASI COCTABIISIONIAs BHIIPSIMIEHHOTO
TOKa MMPOXOAUT B OCHOBHOM Y€PE3 COMPOTUBIICHUE HATPY3KHU.

ITapameTpbl KOHAEHCATOPOB

1. ConpoTuBieHe U30IAUN KOHIEHCATOpa ONPEIEISIETCS CBOMCTBAMU IUAIEKTPUKA U
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10.

KOHCTPYKIIMOHHBIMU OCOOEHHOCTSIMU KOH/IEHCATOPA.

. HacToTHas 3aBUCUMOCTD KOHACHCATOPA PCAKTUBHOT'O COIIPOTUBJICHHUA KOHACHCATOPA

OTpeeNsAeTCcsl CBOMCTBAMU HCIIOJIb3YEMOT0 IUAIEKTPUKA U KOHCTPYKLHEH
KOHJIEHCATOopa.

. DIeKTpuuecKasi MpOYHOCTh KOHAEHCATOPA XapaKTePU3yeT 3aBUCUMOCTb HalpsKEHUS,

MIPUIIOKEHHOTO K €ro 3a)KMMaM, OT BpEMEHHU, B TEYEHUU KOTOPOT0 HE MPOU30MAET
po0os.

. Hagexxnocth KOHACHCATOpa ONPCACIACTCA BCIIMYMHOM MHTCHCUBHOCTH OTKA30B Ha 1

Y pabOThI IPU HOPMAJIBHBIX YCIOBHSIX.

. CTaOUIBLHOCTD KOHACHCATOPOB XapaKTCPU3YCTCA CTCIICHBIO U3BMCHCHUA TAKUX

apaMeTpoB, Kak eMKOCTb, JOOPOTHOCTb, CONIPOTHUBIIEHUE U30JISLIUU O]
BO3/ICHCTBUEM TEMIIEPATyPbl, BIAKHOCTH, aTMOC(HEPHOTO JIaBICHUS, MEXaHUYECKUX
YCUIIH.

. JlomycTuMOe MakCUMaIbHOE HANPSKEHUE.

. HoMnHanpHas BelMunHa EMKOCTH U KJIACC TOYHOCTH.

. CoOcTBeHHAss MHAYKTUBHOCTh KOHECHCATOPA.

. JlomycTrMble 3Ha4YE€HHsI TEMIIEPATYPBI OKPYIKAFOIIEH CPE/ibl, BIIAXKHOCTH, YAAPHBIX

Meperpy30K, BUOPALIMOHHBIX TEPETPY30K.
["abaputh! 1 Bec KOHAEHCATOPA.

Pe3ucrop npennazHadaercs Al CO3JaHUsS B AIEKTPUUECKOM LENU 3aJJaHHON BEJIMYHHBI
conpotusiieHus. OH UCIIONIB3YETCS B KAUECTBE PA3IMYHbIX HArPy30K, IOIVIOTUTENEH,
JeJIUTENEH, FIIEMEHTOB (PUIIBTPOB, UTYHTOB, B LIETIAX ()OPMUPOBAHUS UMITYJIHCOB.

ITapaMeTpbl

. HomuHanpHOM BETMYMHON COMPOTHUBIIEHUS HA3bIBAIOT YKA3bIBAEMOE HA PE3UCTOPE

3HaYEHUE (YUCIIOM, UITU KOJIOM) CONPOTHUBIICHHUS, SBISIOLIEECS CPEIHUM ISl TAaHHOM
COBOKYITHOCTH.

. HomMuHaapHOM MOIITHOCTBIO pacceiaHrd Ha3bIBAIOT MAKCUMAJIBHO JOITYCTHUMYIO

MOIIIHOCTb, KOTOPOE PE3UCTOP MOKET PacCeuBaTh PU HEMPEPHIBHON AIIEKTPUUECKON
Harpy3Ke U 3aJJaHHOW TEMIIEpaType OKpY KaroIlel Cpeibl, HE U3MEHs IapaMeTPOB
CBBIILIE HOPM, YCTAHOBJIEHHBIX TEXHUYECKUMU YCIOBUSIMH.

. 9HeKTquCCKOﬁ MMPOYHOCTBIO PC3UCTOPA HA3BIBAIOT MPCACIBHOC pa60qee

HaInpspKeHUe, KOTOPOe PU HOPMaJIbHBIX YCIOBUAX SKCIUTyaTallud KPaTKOBPEMEHHO
MIPUKIIAABIBACTCS K BBIBOAAM pe3rcTopa 0e3 HapyleHHs ero paboTocnocoOHOCTH.

. TemnepatypHbIif KO3((HULUEHT CONTPOTUBICHUS
. YpoBeHb COOCTBEHHBIX IIIyMOB PE3UCTOPA OMPEAEISAeTCs IePEMEHHbBIM

OJICKTPUYCCKUM HAIIPAKCHHUEM Ha €TI0 3aKMMaX BCIICACTBUC TCIIJIOBOI'O U3SMCHCHUS
00BbEeMHOM KOHLOCHTPALUHU 3JICKTPOHOB B €TI0 ITPOBOJAIICM 3JICMCHTC.

. Koappunment nanpsixkeHus: XxapakTepu3yeT HETMHEUHYIO 3aBUCUMOCTD BEIMYUHBI

COIIPOTUBJICHHUA PE3UCTOPA OT NPHUIJIOKCHHOI'O HAIIPSAXKCHU A, ITPOSABIIAIOIIYIOCA B
HEMCTAJUIMYCCKUX MPOBOAAINIUX DJICMCHTAX.

. CTaOUIBLHOCTD PE3UCTOPOB XAPAKTCPU3YCTCA NUSMCHCHUCM BCIIMYUHBI COIIPOTUBJICHUA

B pe3yJIbTaTe BIMSHUS KaK BHEIIHUX (BJIQKHOCTH, TEMIIEPATYPHI), TAaK U BHYTPEHHUX
(pu3MKO-XUMHUYECKHE TPOIIECCHI B IPOBOAAIIEM ClIo€) (haKTOPOB. DT U3MEHEHUS
MOTYT OBITh KaK 0OPaTHMBIMU (BOCCTAaHABIMBAIOTCS MPH MPEKPAIICHAH JCHCTBHUS
BO30Yy KAaromiero pakropa), Tak U HEOOpaTUMBIMH (HE BOCCTAHABIMBAIOTCS).
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8. JlomycTrMO€e OTKJIOHEHHE BEIUUMHBI COIPOTUBIICHNUS OT HOMHUHAJIbHOM

9. Ctapenue pe3ucTOpoB XapaKTEpPU3yeTCsl U3MEHEHHEM BEJIMYUHBI COPOTUBIICHHS
pe3UCTOpa OT BPEMEHHU M MPOMCXOUT KaK MPH XPaHSHHUH, TAK U TIPU IKCILTyaTaIlHH.
ITosnHOE CONPOTUBIIEHHE HETPOBOJIOYHOIO PE3UCTOPA 3aBUCUT OT YaCTOTHI U HOCUT
KOMIUIEKCHBIN XapakTtep. [lonmycTumMoe MakCHUMaabHOE HAapsKEHUE.

10. bunonsipHbIi TPaH3UCTOP — 3TO NEKTPOIIPE0Opa3z0BaTENb MOTYTIPOBOHUKOBBIN
puoOOp C ABYMs p-n MEPEX0AaMH B TPEMs BBIBOJAMU (IMUTTEpA, Oa3bl U
KOJIJICKTOPA), MPUTOIHBIN AJIS YCHUIIEHUS] MOIHOCTH. TepMuH "OUIONISpHbII" TOBOPUT
0 HaJM4YMU B TPAH3UCTOPAX JAHHOTO Kjacca ABYX Pa3JIMYHbIX TUIIOB HOCUTENIEH
3apsijia — AJIEKTPOHOB U JIBIPOK, YTO CBSI3aHO CO CBOWCTBAMH IOJTyTIPOBOJHUKA
(TrepMaHUs MM KPEMHHSI, IPUMEHSIEMBIX ISl H3TOTOBJICHUS 3TUX MTPUOOPOB) TPH
BBOJIE B HET'O MPUMECHOI0 MaTepuaia. B 3aBUCUMOCTH OT mopsiaKa yepeoBaHus
oOracteli ¢ ABIPOYHOH (p) U ANEKTPOHHOM (1) 3JIEKTPONPOBOJHOCTAMH, 20
00pa3yIoLIMX p-N NePEeX0/Ibl, Pa3IN4al0T TPAH3UCTOPHI IBYX THIIOB

Ha[!aMeT[ZH TPAH3UCTOPOB:

1. MakcuManbHasi MOIIHOCTh pacceuBaeMasi Ha KOJIEKTOPHOM Mepexoie.
2. MakcruManeHO IOMyCTUMOE 00paTHOE HAMPSYKEHNE MEXKIY KOJIIECKTOPOM U 0a3ou

TpaH3KUCTOpA.
3. MakcuManpHO JIONYyCTUMOE 00PATHOE HANPSKEHUE HA IMUTTEPHOM TEPEX0JIe

4. MakcuMalpHO ﬂOHyCTI/IMHﬁ TOK KOJJICKTOpPA

MI/IKQOCXCMa- MHKPOIJCKTPOHHOC U3ICINC, BLITTOJIHATOMICC !l}yHKﬂI/IIO H[2606[2330B3HI/IH,
06[2360TKI/I CHUTHaJa ¥ (MJI1) HaKaIJInBasg I/IHQhO[lMa!!I/II/I 1 UMCIONMIEC BRICOKYIO IIIIOTHOCTD
YIIAKOBKH SJCKTPUYCCKHU COCAMHCHHBIX 3JICMCHTOB (MY DJIEMEHTOB ¥ KOMIOHEHTOB) U (W)
KpUCTAJIJIIOB, KOTOPLIC C TOYKH 3PCHUA T[2€60BaHI/II\/'I K UCTIBITAHUAM , TPUCMKE, TTIOCTABKHU U
OKCILTYAaTallhui pacCMATPUBACTCA KAK CANHOC 1ICJIOC.
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Puc.3 [IpousBecTy MOHTaX CXEMbI «Y CUIIUTENIBHOTO YCTPONUCTBAY

[Toctpouth 3 cxeMbl «Y CUITUTENBHOTO YCTPOUCTBA» HA TPAH3UCTOPAX.
J151s mocTpoeHus MOTyIPOBOJIHUKOBBIX YCHIIUTENEH B KaUeCTBE YIPABIISIIOIINX YCTPOUCTB

HCIIONB3YIOT MOIYIPOBOJIHUKOBBIE TPUOABI (TPAH3UCTOPHI), U3TOTOBJISIEMBIE U3 TePMAHUS
WJIA KPEMHUS C COOTBETCTBYIOLIUMHU IIPUMECSIMU.
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TpaHSI/ICTOpBI MOT'YT BKJIIOYATBCA B YCHIIUTCIIBHBIC CXCMBI TPEMSA Pa3JIMYHbBIMHA CHOCO6aMI/I, C
O6H_II/IM KOJUICKTOPOM U O6H_[I/IM SMUTTCPOM.

Cxema ycunurens ¢ o01eit 6a3oil.

Cxema noynpoBOJIHUKOBOIO YCHIIUTENA ¢ 001l 02301 COOTBETCTBYET PEIKO
MIPUMEHSIEMO B aBTOMATHUKE CXEME 3JIEKTPOHHOTO YCHIIUTENS ¢ 001el ceTkoi. B aTux
YCUIIMTENSAX 3JIEKTPO/ 6a3bl ABISIETCS OOIMM JUTs BXOJa U BbIXoJ1a 1emneil. Berxoanoe
HanpsbkeHue HaxoauTes B (paze ¢ BxonHbIM. KoadduuneHT ycuiaeHus no Toky MeHble
€/IMHUILIBI, a IO HAMPSKEHUIO MHOTO OO0JIbIIE €AMHUIBL. Y CUIIMTENH, IIOCTPOCHHBIE IO TAKOMY
MPUHIUILY, UCIIOJB3YIOT B KAYECTBE BXOJAHOI0 Kacka/ia 110 OTHOUIEHHUIO K IIPe00pa3oBaTeto ¢
HU3KHUM BBIXOJHBIM COIPOTHBIICHUEM.

2 cxema YCUIIUTCIIA C O6IJ_II/IM KOJIJICKTOPOM.

Cxema noJIynpoBOIHUKOBOI'O YCHIIUTEIIS C OOLIUM KOJJIEKTOPOM K03(h(PULIMEHT ycusaeHus no
TOKY Ha MHOT'O 0onble CAWHUIEI, a I10 HAIMPSA)KCHUIO — MCHBIIC CIMHUIIBI. PGSI/ICTOpBI Rln
R2 cocraBnsior aenuTens HapsHKEHUs, C KOTOPOIO CHUMAETCs HAIIPSDKEHNUE CMEILICHNUS.
yCI/IJ’II/ITeJ'II/I, IMOCTPOCHHBIC 1O TaKoOH CXEME, IPUMCHAIOT B KAUCCTBC IICPBOTO KacKaga
YCUJICHUS JJIs1 COrTIAaCOBAaHUS BKIIIOUEHHSI TPeoOpa3oBaTesi ¢ BBICOKOOMHBIM BBIXO0M MJIH B
KauecTBE BBIXOJIHOTO Kackaja npu paboTe ¢ HU3KOOMHON Harpy3koil.

3 cxeMa yCHINTENs ¢ OOLUM SMUTTEPOM.

CxeMa MoTynpoBOTHUKOBOTO YCHIIUTENS € 00IIei 6a30i1 COOTBETCTBYET PEAKO
MPUMEHSIEeMON B aBTOMATHUKE CXEME JIEKTPOHHOTO YCUIIUTENS ¢ 001eit ceTkoil. B aTux
YCUJIUTEISIX AJIEKTPOoJT 6a3bl ABIsIETCS OOLIMM JUIsl BXO/A U BbIXoja Leneil. BeixoaHoe
HampsbkeHue HaxoauTes B (paze ¢ BxonHbIM. KoadduimeHT ycuiaeHus mo TOKy MEHbIIe
CAWHUIEIL, a 10 HAITPSAXKCHUIO MHOT'O 0oJIblIe CANHHUIIBI. yCI/IJ'II/ITeJ'II/I, IMIOCTPOCHHBIC 110 TAKOMY
MIPUHIIMITY, UCTIONB3YIOT B KAUeCTBE BXOJHOTO KacKaja Mo OTHOLIEHUIO K MTPeoOpa3oBaTeio C
HHU3KHUM BLIXOAHBIM COIIPOTHUBJICHUEM.
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Brimonaxeno ABa 3alaHus U3 TPCX:

Co31aTh 3IEKTPUYECKYIO IPUHLIUITUATIBHYIO CXEMY «Y CUITUTEIb

2.HCpC‘-II/ICJII/ITB pPaaruoaACTaAIN U UX MMAapaMETPhl MIPUMCHACMBIC IIPU U3TOTOBJICHUN HaHHOﬁ

CXEMBbI.

[103. O603Hau.. HaumeHnoBaHue Kou. [Tpumeuanue
IIT.
C Konnencarop 2
DJIEKTPOJIUTUYECKUN
0,1mxd (104)
10 MmxpX16B
100 mxpX16B 1
R Pesucrop 2
MUJIT 0,25 100cOM
3,3 kxOM 1
20M 1
U BBIXOT 12B nepemeHHOrO 1
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HaAIPSDKEHUS

LIP Pasbem 1

Mukpocxema K174YHI19 1
(TXA2030)

2.IlepeuncnuTh paguoeTali U UX IapaMeTpbl IPUMEHSEMbIE IPU U3TOTOBJIEHUN JAHHON
CXEMBI.

JeilicTBMe KOHIEHCATOPA B cXeMe (pUJIBLTPA CBOAUTCS K TOMY, YTO, LIYHTHPYS
COIIPOTHBIICHUE HATPY3KH, OH MPOIMYCKAET uepe3 ceOst HeOOIBIIYIO JOTI0 TEPEeMEHHON
COCTAaBJISIFOLLEH BBIIPSIMIEHHOTO TOKA, TaK KaK CONPOTUBIIEHUE KOHACHCATOPA CTPEMSTCS
BBIOPATh 3HAYUTEIILHO MEHBIIIE HATPY30YHOTO CONPOTHUBICHUS . /{7151 TOCTOSIHHOTO TOKa
COMPOTUBIIEHUE OECKOHEUHO BEJIMKO, TOITOMY MOCTOSIHHASI COCTABJISIONIAS BHIIPSIMICHHOTO
TOKa MPOXOAUT B OCHOBHOM Y€PE3 COMPOTUBIICHUE HATPY3KH.

ITapamMeTpbl KOHIEHCATOPOB

1. ConpoTuBJICHNE 3OS KOHICHCATOPA OMPE/ICIIICTCS CBOMCTBAMU JUAJICKTPHKA U
KOHCTPYKIIMOHHBIMHA 0COOCHHOCTSIMH KOHICHCATOPA.

2. YacToTHast 3aBUCUMOCTh KOHJICHCATOpa PEAKTHBHOT'O CONPOTHBIICHHS KOHIEHCATOPA
OTIPEIENISICTCS] CBOMCTBAMHU UCTIOJIB3YEMOTO AMAICKTPUKA U KOHCTPYKIIMEH
KOHJICHCATOpa.

3. DnekTpuyecKkas MPOYHOCTh KOHJICHCATOPA XapaKTEPU3yeT 3aBUCUMOCTh HAIIPSKEHUS,
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10.

MIPHUIIOKCHHOT'O K €ro 3a)kuMam, OT BpEMCHU, B TCUCHUN KOTOPOT'O HE HpOHSOﬁILeT
po6osi.

. HamexxHnocTh KOHACHCATOpA OMpEIesieTCsl BETMYUHON HHTEHCUBHOCTH OTKAa30B Ha |

4 paOOTHI IPH HOPMAJIBHBIX YCIOBUSX.

. CTaOWIBHOCTH KOHJIEHCATOPOB XapaKTEPU3YETCS CTEMEHBIO M3MEHEHUSI TAKUX

napaMeTpoB, KaK EMKOCTb, J0OPOTHOCTh, COMPOTUBIICHNUE U3OJISLIMU MO
BO3/ICIICTBHEM TEMIIEPATYPbl, BIAKHOCTH, aTMOC(EPHOTO JaBICHUSI, MEXaHUUECKUX
YCUIIHUH.

. lomyctTuMoe MakcuMaibHOE HalpsKeHUE.

. HomuHanpHas BeIMYMHA EMKOCTH U KJIACC TOYHOCTH.

. CobcTBeHHAst UHAYKTUBHOCTh KOHAEHCATOPA.

. JlomycTUMBblE 3HaYEHUs TEMIIEPATYPBI OKPYIKAIOLIEH CPE/ibl, BIAKHOCTH, yIapHBIX

Meperpy30K, BUOPALMOHHBIX ITEPErPY30K.
I"aGapuThl 1 Bec KOHIEHCATOPA.

Pesucrop npeanasHavaeTcs A CO3AaHUA B AIEKTPUUYECKON LIENN 3aJaHHON BEJIMYNHBI
conpotusiieHusi. OH UCIIOJIb3YETCS B KAUECTBE Pa3IMUHbIX HArpy30K, OIJIOTUTENEH,
JIeTUTENeH, 3IeMEHTOB (PHIIBTPOB, LTYHTOB, B LETIAX (POPMUPOBAHUS UMITYJIHCOB.

ITapameTpbl

. HomuHaapHOMI BeTMYMHOM CONMPOTHUBJICHHUA HA3BIBAIOT YKA3bIBACMOC HA PC3UCTOPC

3HA4YCHHUEC (LII/ICJ'IOM, U1 KOI[OM) COIIPOTUBJICHU, ABJIAIOIICCCA CPCAHNUM IJIA I[aHHOﬁ
COBOKYIIHOCTH.

. HomunanpaOM MOINHOCTBIO paCCCAHNA HA3BIBAIOT MAKCUMAJIbHO JOITYCTHUMYIO

MOIIHOCTb, KOTOPOE PE3UCTOP MOKET PACCEUBAThH MIPU HEMPEPHIBHOM AIIEKTPUUECKOM
Harpy3Ke U 3aJlaHHON TeMIlepaType OKPY>KaoIIe Cpeibl, He U3MEHSS TapaMeTPOB
CBBIIIIE HOPM, YCTAHOBJIEHHBIX TEXHUYECKUMH YCIOBUSIMH.

. DJIEKTPUYECKON MPOYHOCTHIO PE3UCTOPA HA3BIBAIOT MPEeiibHOE pabouce

HaMnpsKeHUe, KOTOPOe PU HOPMaJIbHBIX YCIOBUSAX SKCIUTyaTallMd KPATKOBPEMEHHO
MIPUKJIABIBAETCS K BBIBOJIAM PE3UCTOpa 0€3 HapyIICHHS ero pab0TOCTIOCOOHOCTH.

. TemniepatypHbiif K03()(PULIUEHT COTPOTUBICHUS
. YpoBeHb COOCTBEHHBIX IIIyMOB PE3UCTOPa ONPEALIIAETCS IEPEMEHHBIM

3JIEKTPUUYECKUM HAIPSHKEHUEM Ha €ro 3aKMMax BCIIEJICTBHE TEILIOBOTO U3MEHEHUS
00bEMHOM KOHIICHTPAIIUU JIEKTPOHOB B €T0 MPOBOISIIEM 3JIEMEHTE.

. KOB(p(I)I/ILII/IeHT HAIIPAKCHUA XapaKTCPU3yeT HGHHHeﬁHyIO 3aBUCUMOCTDb BCIIMYNHBI

COIIPOTUBJICHHUA PE3UCTOPA OT HNPHUIIOKCHHOI'O HANIPSAKCHU A, ITPOABIAIOUTYIOCA B
HEMCTAJUIMYCCKUX MPOBOAANIUX IJICMCHTAX.

. CTabWIIBHOCTB PE3UCTOPOB XaPAKTEPU3YETCSI N3MEHEHUEM BEITMYMHBI COMTPOTUBIICHHUS

B pe3yJbTaTe BIUSHUS KaK BHEIIHUX (BIQXKHOCTH, TEMIIEPATYPHI), TAK U BHYTPEHHUX
(bu3HKO-XUMHUECKHUE TIPOIECCHI B IPOBOIAIIEM CJI0€) (PaKTOPOB. ITH U3MEHEHUS
MOTYT OBITh KaK 0OpaTUMBIMU (BOCCTAaHABJIMBAIOTCS MPHU MPEKPAIICHUH JEHCTBUS
BO30y kmaromiero ¢pakropa), Tak 1 HEOOpaTUMBIMH (HE BOCCTAHABIIUBAIOTCS).

. JlonmycTtuMoe OTKJIIOHEHUE BEJIMUMHBI COITPOTUBIICHHUS! OT HOMUHAJIBHOU
. CTapeHne pe3rcToOpOB XapaKTepru3yeTcsi K3MEHEHUEM BEJIMUMHBI COTIPOTUBIICHUS

pe3ucTopa OT BpEMCHU U NPOUCXOJUT KaK IMPU XPpAHCHUH, TaK U IIPU SKCIUTyaTallHuH.
IToxHoe COIIPOTUBJICHUEC HECIIPOBOJIOYHOI'O PE3UCTOPA 3aBUCUT OT YaCTOThI U HOCUT
KOMILJICKCHBIN XapaKkTep. Z[OHyCTI/IMOe MaKCUMAJIbHOC HAIIPSKCHUC.
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10. bunonsipHbIi TPaH3UCTOP — 3TO IAEKTPONPE0Opa3oBaTeb MOITYIPOBOAHUKOBBIN
pubop ¢ ABYMS p-n MEpexoaMu U TpeMs BbIBOJaMH (IMUTTepa, 0a3bl U
KOJIJICKTOPA), TPUTOAHBINA JIJIS1 YCHJICHUS MOITHOCTH. TepMuH "OUMOSpHBINA" TOBOPUT
0 HAJIMYUU B TPAH3UCTOPAX JAHHOTO KJacca ABYX Pa3IMYHBIX TUIIOB HOCUTEIIEH
3apsifia — 3JIEKTPOHOB U JIBIPOK, YTO CBSI3aHO CO CBOMCTBAMM IOJIYIPOBOJIHUKA
(repMaHMs UITU KPEMHHUS, TPUMEHSIEMBIX JUIsl U3TOTOBIIEHUS 3TUX MPUOOPOB) MPH
BBOJIE B HETO MIPUMECHOI0 MaTepuaia. B 3aBucumoctu ot nopsijka 4yepeoBaHus
obracteii ¢ ABIPOYHOH (p) U ANEKTPOHHOU (1) IEKTPONPOBOJHOCTAMU, 20
00pa3yromux p-n Mepexo/bl, pa3aIndaioT TPAaH3UCTOPHI ABYX THIIOB

ITapamMeTpsl TPAaH3UCTOPOB:

1. MakcyuManbHasi MOUTHOCTb paccerBaeMas Ha KOJJIEKTOPHOM Iepexoie.

2. MakcuManpHO JOMYCTUMOE 00paTHOE HAMPSHKEHUE MEXKIY KOIIEKTOPOM U 0a3oi
TPaH3UCTODA.

3. MakcruManbHO JOMYyCTHMOE 00paTHOE HAMPSKEHUE Ha IMUTTEPHOM MEePEX0Jie

4. MakcuManbHO IOMYCTUMBIN TOK KOJIIEKTOpa

MI/IKQOCXCMa- MHKPOIJICKTPOHHOC U3JCINUC, BBIMTOJIHATONICC !l!yHK!!I/II-O H[!CO6[2330B3HI/I5[,
06[2360TKI/I CUrHajga v (MJu) HaKarnjanuBas I/IHQJO[ZMauI/II/I 1 UMCIOLICC BLICOKYIO IJIOTHOCTDH
YIIAKOBKHU DJICKTPUIECCKU COCTMHEHHBIX 3JICMEHTOB (MJIM 3JIEMEHTOB ¥ KOMITOHEHTOB) U (MW )
KpUCTAJIJIIOB, KOTOPLIC € TOUYKH 3PCHUA T[!e6OBaHHI>’I K UCTIBITAHUAM , MPUCMKE, TIOCTABKHU U
OKCILTyaTalluy pacCMaTpruBaACTCA KAK CANHOC ICJI0C.
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[TocTpouts 3 cxeMmbl «Y CHIINTENBHOIO YCTPOKWCTBA» HAa TPAH3UCTOPAX.

JU1g moCTpOEHUs TOJIyIPOBOJHUKOBBIX YCHIINTENEH B KAUECTBE YIIPABIISIFOIINX YCTPONCTB
HCIOJIb3YIOT MOJYIPOBOIHUKOBBIE TPUO/IbI (TPAH3UCTOPHI), U3TOTOBJISIEMBIE U3 FEPMaHUs
WJIY KPEMHUS C COOTBETCTBYIOLIUMU IIPUMECIMH.

TpaH3uCTOPBI MOTYT BKJIFOYATHCS B yCHIINTEIIBHBIE CXEMBI TPEMS Pa3IMYHBIMU CIIOCOOAMH, C
OOIIMM KOJUIEKTOPOM U OOIIUM SMUTTEPOM.

Cxema ycunurens ¢ o0meit 06a30ii.

Cxema noJyIpoBOAHUKOBOTO YCUIMTEIS ¢ 001l 6a30i COOTBETCTBYET PEIKO
IIPUMEHSEMOM B aBTOMATHKE CXEME JIEKTPOHHOIO YCHIIUTENS ¢ o0uiei ceTkoi. B atux
YCHIIMTEIISIX DJIEKTPO/1 0a3bl SBISIETCS OOIMM JUTsl BXOJa M BBIX0J1a 1erneil. Berxognoe
HanpspKeHHe HaxoauTes B ¢ase ¢ BXoHbIM. KoadduiueHT ycuiieHus 1no ToKy MeHblIle
€IMHUIIBI, a TI0 HATIPSHKEHUIO MHOTO OOJIBIIE EAMHUIBL. Y CHIIMTENH, TIOCTPOCHHBIE TI0 TAKOMY
MPUHLUILY, UCIIOJIB3YIOT B KAUYECTBE BXOAHOTO Kacka/ia o OTHOLIEHHUIO K IPeoOpa3oBaTeto ¢
HU3KUM BBIXOJIHBIM COIPOTHUBIIEHUEM.

2 cxema yCHJIMTEIS ¢ O0IIUM KOJIJIEKTOPOM.

Cxema noJIyIpoBOIHUKOBOTO YCHIIUTEIIS C OOIIMM KOJIEKTOPOM K03 puimeHT ycuaenus no
TOKY Ha MHOT'O 0OJIbIlIE €UHMIIBI, A 10 HANIPSKEHUIO — MEeHbLIe euHULBL. Pesuctopsl R1 u
R2 cocrasisioT ACJIUTCIIb HAIPSKCHUS, C KOTOPOIr0O CHUMACTCA HANIPAKCHUC CMCIICHUS.
Ycunutenu, ocTpOEHHbIE 110 TAKOH cxeme, IPUMEHSIOT B KauecTBE MEPBOro Kackajaa
YCHUJICHHS JJIS1 COTJIACOBAaHUS BKIIIOUEHHSI TPE0Opa30BaTesi ¢ BLICOKOOMHBIM BBIXOI0OM HJIH B
KayecTBE BbIXOJJHOI'O KacKaja pu paboTe ¢ HU3KOOMHOM Harpy3Kou.
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3 cxeMa yCHIIUTEIIS C OOIIIM SMHUTTEPOM.

Cxema moyIpoBOIHUKOBOTO YCHIIUTEINS € 001Iei 02301 COOTBETCTBYET PEIKO
MIPUMEHSEMOH B aBTOMATHUKE CXEME JIEKTPOHHOTO YCHIIUTENS ¢ 001ieii ceTkoi. B atux
YCHITUTEIISIX DJIEKTPO 0a3bl SBISIETCS OOIIMM JIJIsl BXOJIA M BBIX0/1a 1erneil. BerxomHoe
HamnpsbKeHrue HaxoauTes B (haze ¢ BXoaHbIM. KoaduilneHT ycuneHus no ToKy MeHbIIe
€IMHUIIBI, a TIO HATIPSHKEHUIO MHOTO OOJIBIIE SAMHUIBL. Y CHIIHTENH, TIOCTPOCHHBIE TI0 TAKOMY
MIPUHIUILY, UCIIOJB3YIOT B KAYECTBE BXOAHOI0 Kacka/ia 1o OTHOLIEHUIO K ITPeoOpa3oBaTeo ¢
HU3KUM BBIXOJIHBIM COMPOTHBIICHUEM.

Brinonuaen TPHU 3adaHUA U3 TPCX:

1. COSI[aTB QJICKTPUYCCKYHO ITPUHIUIIHAIIBHYIO CXEMY «Y CUIUTEIIb

[103. O603Haw.. HanmenoBanue Koa. [Ipumeuanue
IT.
C Konnencarop 2
SJIEKTPOJINTUYECKUI

0,1mxd (104)

10 MmxpX16B
100 mxpX16B 1
R Pe3ucrop 2
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MJIT 0,25 100kOM
3,3 kxOM 1
20M 1
U BBIXO 12B nepemeHHOr0O 1
HanpsHKEHUS
[P Pazpem 1
Mukpocxema K174YHI19 1
(TAA2030)

2.IlepeuncauTh paAMOAETAIN U UX MapaMeTpPhbl IPUMEHSIEMbIE ITPU U3TOTOBJIEHUU TaHHOM
CXEMBI.

JeiicTBHEe KOHIEHCATOPA B cXeMe (PMJILTPA CBOAUTCS K TOMY, YTO, IIYHTUPYS
COIIPOTHBIIEHUE HAIPY3KH, OH MIPOIYCKAET uepe3 ceOst HeOONbIIYIO JOII0 IEPEMEHHON
COCTABJIAIOLIEH BBIIPSIMIICHHOI'O TOKA, TAK KaK CONPOTUBIICHUE KOHACHCATOPA CTPEMATCS
BBIOPATh 3HAUYUTENILHO MEHBILIE HArPY30YHOI'O CONIPOTUBIIEHUS . J[j1sl MOCTOSIHHOTO TOKa
COIIPOTHBIIEHHE OECKOHEYHO BEJIMKO, TI03TOMY MOCTOSHHAS COCTABJISIONIAs BRITPSIMICHHOTO
TOKa MPOXOAUT B OCHOBHOM 4Y€pE3 CONPOTUBIIEHUE HATPY3KH.

[apaMeTpbl KOHIEHCATOPOB
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. COHpOTI/IBJ'IeHI/Ie H30JIAIMKU KOHACHCATOpa OMMPEACIIACTCA CBOMCTBaMH AUDJICKTPHUKA U

KOHCTPYKIMOHHBIMHA 0COOCHHOCTSIMH KOHACHCATOpA.

. HacToTHas 3aBUCHMOCTh KOHACHCATOpa pCAKTHUBHOT'O COIIPOTUBJIICHHUA KOHACHCATOPA

OTIPEIENIICTCS] CBOMCTBAMHU UCIIOJIb3YEMOT0O JIUAJICKTPUKA U KOHCTPYKIIUEH
KOHJICHCATOPA.

. 9HeKTpI/I‘lCCKa$I MMPOYHOCTb KOHACHCATOPA XapPAKTCPU3YCT 3aBUCUMOCTD HAIIPSIKCHUA,

MIPHUIIOKCHHOT'O K €ro 3a)kuMam, OT BpEMCHU, B TCUCHUN KOTOPOT'O HE HpOHSOﬁILeT
pobosi.

. HamexxHnocTh KOHACHCATOpA OMpEIeseTCsl BEMTMYNHON HHTEHCUBHOCTH OTKAa30B Ha |

4 pabOTHI IPH HOPMAJIBHBIX YCIOBUSX.

. CTabuILHOCTD KOHACHCATOPOB XapaKTCPU3YETCA CTCIICHBIO UBSMCHCHUA TaKUX

napaMeTpoB, KaK EeMKOCTb, JOOPOTHOCTh, COMPOTUBIICHNUE U3O0JISLIMU MO
BO3/ICIICTBHEM TEMIIEPATYPbl, BIaXKHOCTH, aTMOC(HEPHOTO JaBICHUSI, MEXaHUUECKUX
YCUIIHUH.

. lomycTuMoe MakcuMaibHOE HalpsKeHUe.

. HomuHanpHas BeIMYMHA EMKOCTH U KJIaCC TOYHOCTH.

. CobcTBeHHAst UHAYKTUBHOCTh KOHAEHCATOPA.

. JlomycTUMBIE 3HAaYEHUS TEMIIEPATYPHI OKPYIKAIOLIEH CPE/ibl, BIaKHOCTH, yIapHBIX

Meperpy30K, BUOPALMOHHBIX ITEPErPY30K.
I"aGapuThl 1 Bec KOHIEHCATOPA.

Pesucrop npeanasHavaeTcs A CO3AaHUA B AIEKTPUYECKON LIENN 3aJaHHON BEJIMYNHBI
conpotusiieHusi. OH UCIIOJIb3YETCS B KAUECTBE Pa3IMUHbIX HArpy30K, OIJIOTUTENEH,
JeTUTENeH, 3IeMEHTOB (PHIIBTPOB, LTYHTOB, B LETIAX (POPMUPOBAHUS UMITYJIHCOB.

ITapameTpbl

. HomuHaapHOMI BeTMYMHOM CONMPOTHUBJICHUA HA3BIBAIOT YKA3bIBACMOC HA PC3UCTOPC

3HA4YCHHUEC (LII/ICJ'IOM, U1 KOI[OM) COIIPOTUBJICHU, ABJIAIOIICCCA CPCAHNUM IJIA I[aHHOﬁ
COBOKYIIHOCTH.

. HomunanpaOM MOIOTHOCTBIO paCCCAHNA HA3BIBAIOT MAKCUMAJIbHO JOITYCTHUMYIO

MOIIHOCTb, KOTOPOE PE3UCTOP MOKET PACCEMBAThH MIPU HEMPEPHIBHOM AIIEKTPUUECKOM
Harpy3Ke W 3aJlaHHON TeMIlepaType OKPY>KaoIIe Cpeibl, He U3MEHSS TapaMeTPOB
CBBIIIIE HOPM, YCTAHOBJIEHHBIX TEXHUYECKUMH YCIOBUSIMH.

. DIIEKTPUYECKOI MPOYHOCTHIO PE3UCTOPA HA3BIBAIOT MPEebHOE pabouce

HaMnpsiKeHUe, KOTOPOe PU HOPMaJIbHBIX YCIOBUAX IKCIUTyaTallMd KPATKOBPEMEHHO
MIPUKJIABIBAETCS K BBIBOJAM PE3UCTOpA 0€3 HapyIICHHS ero pab0TOCTIOCOOHOCTH.

. TemniepatypHbiif K03()PUIUEHT CONTPOTUBIECHUS
. YpoBeHb COOCTBEHHBIX IIIyMOB PE3UCTOPa ONPEALIIAETCS IEPEMEHHBIM

3JIEKTPUUYECKUM HAIPSHKEHUEM Ha €ro 3aKMMax BCIIEJICTBHE TEILIOBOTO U3BMEHEHUS
00bEMHOM KOHIICHTPAIIUU JIEKTPOHOB B €T0 MPOBOISIIEM DJIEMEHTE.

. KOB(p(I)I/ILII/IeHT HAITPAKCHUA XapaKTCPU3yeT HGHHHeﬁHyIO 3aBUCUMOCTDb BCIIMYNHBI

COIIPOTUBJICHHUA PE3UCTOPA OT HNPHUIIOKCHHOI'O HANIPSAKCHU A, ITPOABIAIOUTYIOCA B
HEMCTAJUIMYCCKUX MPOBOAANIUX IJICMCHTAX.

. CTabWIIBHOCTB PE3UCTOPOB XaPAKTEPU3YETCSI N3MEHEHUEM BEITMYMHBI COMTPOTHUBIICHHS

B pe3yJbTaTe BIUSHUS KaK BHEIIHUX (BIQXKHOCTH, TEMIIEPATYPHI), TAK U BHYTPEHHUX
(bu3HKO-XUMHUECKHUE TIPOIIECCHI B IPOBOIAIIEM CJI0€) (PaKTOPOB. ITH U3MECHEHUS
MOTYT OBITh KaK 0OpaTUMBIMU (BOCCTAaHABIMBAIOTCS MPHU MPEKPAIICHUH JEHCTBUS
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BO30ykmaroniero ¢pakropa), Tak 1 HEOOpaTUMBIMH (HE BOCCTAHABIIUBAIOTCS).

8. JlomycTrMoe OTKJIOHEHHE BEJIMUMHBI CONIPOTUBJIECHUSI OT HOMUHAJIbHON

9. CrapeHue pe3ncTopoB XapaKTEpU3yeTcss U3BMEHEHUEM BEJIMYUHBI CONPOTUBIICHUS
pe3ucTopa OT BpEMEHHU U MTPOUCXOAUT KaK MPU XPaHEHHUH, TaK U MPHU HKCILTyaTal|u.
[TosnHOE COMPOTUBIEHHE HEMTPOBOJIOYHOI'O PEIUCTOPA 3aBUCUT OT YAaCTOTHI U HOCUT
KOMILIEKCHBIN Xapakrep. JJonycTimMoe MakCuMaabHOE HaNpsHKEHHE.

10. bunonsipHbIi TPaH3UCTOP — 3TO IAEKTPONPE0Opa3oBaTeb MOITYIPOBOAHUKOBBIN
pubop ¢ ABYMS p-n MEpexoaMu U TpeMs BbIBOJaMH (IMUTTepa, 0a3bl U
KOJIICKTOPA), TPUTOAHBINA JIJIS1 YCHJICHUS MOITHOCTH. TepMuH "OUMOSpHBINA" TOBOPUT
0 HAJIMYUU B TPAH3UCTOPAX JAHHOTO KJacca ABYX Pa3IMYHBIX TUIIOB HOCUTEIIEH
3apsifia — 3JIEKTPOHOB U JIBIPOK, YTO CBSI3aHO CO CBOMCTBAMM IOJIYyIPOBOJIHUKA
(repMaHMs UITU KPEMHHUS, TPUMEHSIEMbIX JUIsI U3TOTOBIIEHUS 3TUX MPUOOPOB) MPH
BBOJI€ B HET'O MIPUMECHOI0 MaTepuaia. B 3aBucumoctu ot nopsijka 4yepeoBaHus
obracteii ¢ ABIPOYHOH (p) U ANEKTPOHHOU (1) MEKTPONPOBOJHOCTAMU, 20
00pa3yroIuX p-n Mepexo/bl, pa3aIndaioT TPAH3UCTOPHI ABYX THIIOB

[TapamMeTpsl TPAaH3UCTOPOB:

1. MakcyuManbHas MOUTHOCTb paccerBaeMas Ha KOJJIEKTOPHOM Iepexoie.

2. MakcuManpHO JIOMYCTUMOE 00paTHOE HAMPSHKEHUE MEXKIY KOIIEKTOPOM U 0a3oi
TPaH3UCTODA.

3. MakcuManbpHO JOMYyCTHMOE 00paTHOE HAMPSKEHUE Ha YMUTTEPHOM MEePEX0Jie

4. MakcuManbHO IOMYCTUMBIN TOK KOJIIEKTOpa

MI/IKQOCXCMa- MHKPOIJICKTPOHHOC U3CINUC, BBIMTOJIHATOMICC !l!yHK!!I/II-O H[!CO6[2330B3HI/I5[,
06[2360TKI/I CUrHajga v (MJM) HaKarjanuBas I/IHQJO[ZMauI/II/I 1 UMCIOIICC BLICOKYIO IJIOTHOCTD
YIIAKOBKU DJICKTPUIECCKU COCTMHEHHBIX 3JICMEHTOB (MJIM 3JIEMEHTOB ¥ KOMITOHEHTOB) U (MW )
KpUCTAJIJIIOB, KOTOPLIC € TOUYKH 3PCHUSA T[!e6OBaHHI>’I K UCTIBITAHUAM , MPUCMKCE, TIOCTABKHU U
OKCILTyaTalluy pacCMaTpruBaCTCA KAK CANHOC 1CJI0C.
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[TocTpouts 3 cxeMmbl «Y CHIINTENBHOIO YCTPOKWCTBA» HAa TPAH3UCTOPAX.

JU1g moCTpOEHUs TOJIyIPOBOJHUKOBBIX YCHIINTENEH B KAUECTBE YIIPABIISIFOIINX YCTPONCTB
HCIOJIb3YIOT MOJYIPOBOIHUKOBBIE TPUO/IbI (TPAH3UCTOPHI), U3TOTOBJISIEMBIE U3 FEPMaHUs
WJIY KPEMHUS C COOTBETCTBYIOLIUMU IIPUMECIMH.

TpaH3uCTOPBI MOTYT BKJIFOYATHCS B yCHIINTEIIBHBIE CXEMBI TPEMS Pa3IMYHBIMU CIIOCOOAMH, C
OOIIMM KOJUIEKTOPOM U OOIIUM SMUTTEPOM.

Cxema ycunurens ¢ o0meit 06a30ii.

Cxema noJyIpoBOAHUKOBOTO YCUIMTEIS ¢ 001l 6a30i COOTBETCTBYET PEIKO
IIPUMEHSEMOM B aBTOMATHKE CXEME JIEKTPOHHOIO YCHIIUTENS ¢ o0uiei ceTkoi. B atux
YCHIIMTEIISIX DJIEKTPO/1 0a3bl SBISIETCS OOIMM JUTsl BXOJa M BBIX0J1a 1erneil. Berxognoe
HanpspKeHHe HaxoauTes B ¢ase ¢ BXoHbIM. KoadduiueHT ycuiieHus 1no ToKy MeHblIle
€IMHUIIBI, a TI0 HATIPSHKEHUIO MHOTO OOJIBIIE EAMHUIBL. Y CHIIMTENH, TIOCTPOCHHBIE TI0 TAKOMY
MPUHLUILY, UCIIOJIB3YIOT B KAUYECTBE BXOAHOTO Kacka/ia o OTHOLIEHHUIO K IPeoOpa3oBaTeto ¢
HU3KUM BBIXOJIHBIM COIPOTHUBIIEHUEM.

2 cxema yCHJIMTEIS ¢ O0IIUM KOJIJIEKTOPOM.

Cxema noJIyIpoBOIHUKOBOTO YCHIIUTEIIS C OOIIMM KOJIEKTOPOM K03 puimeHT ycuaenus no
TOKY Ha MHOT'O 0OJIbIlIE €UHMIIBI, A 10 HANIPSKEHUIO — MEeHbLIe euHULBL. Pesuctopsl R1 u
R2 cocrasisioT ACJIUTCIIb HAIPSKCHUS, C KOTOPOIr0O CHUMACTCA HANIPAKCHUC CMCIICHUS.
Ycunutenu, ocTpOEHHbIE 110 TAKOH cxeme, IPUMEHSIOT B KauecTBE MEPBOro Kackajaa
YCHUJICHHS JJIS1 COTJIACOBAaHUS BKIIIOUEHHSI TPE0Opa30BaTesi ¢ BLICOKOOMHBIM BBIXOI0OM HJIH B
KayecTBE BbIXOJJHOI'O KacKaja pu paboTe ¢ HU3KOOMHOM Harpy3Kou.
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3 cxeMa yCHWINTENs ¢ OOLUM SMUTTEPOM.

CxeMa MmoTynpoBOTHUKOBOTO YCHIIUTENS € 00IIei 6a30i1 COOTBETCTBYET PEAKO
MPUMEHSIEMON B aBTOMATHUKE CXEME JEKTPOHHOTO YCHUIIUTENS ¢ 001eit ceTkoii. B aTux
YCUJIUTEISIX 3JIEKTPOoJT 6a3bl ABIIsIETCS OOIIMM JUIsl BXO/A U BbIXoja Leneil. BeixonHoe
HamnpsbkeHue HaxoauTes B (paze ¢ BxonHbIM. KoadduiimeHT ycuiaeHus mo TOKy MEHbIIIe
CAWHUIEIL, a 10 HAITPSAXKCHUIO MHOT'O 0oJIblIe CANHUIIBI. yCI/IJ'II/ITeJ'II/I, IIOCTPOCHHBIC 10 TAKOMY
MIPUHIIMITY, UCTIONB3YIOT B KA4eCTBE BXOJHOTO KacKaja Mo OTHOLIEHUIO K MTPeoOpa3oBaTeio C
HHU3KHUM BLIXOAHBIM COIIPOTHUBJICHUEM.

3aganue Ned

HsroroButh no NPpUHIOUIIKAIIBHBIM 1 MOHTAKHBIM CXEMaM 11abJIOHOB AJI1 BA3KHU XKTYTOB CXEM CpC,HHCfI

IO HOCT]
OreHka

Wml YTOB:
OKas3aTeJIu OLCHKH

3

IIpaBHIIbHO BBINIOJIHEHA IEPBOE 3aJaHUE .
1. IlpoxsagpiBaTh MPOBO/IA Ha LIA0JIOHE.

C nenpio obsieryeHust MOHTaXxa, AEMOHTaXa U HKCIUTyaTalllH 3JIeKTpoo0opy10BaHUs
MIPOBOJA U KI'YThl AJIEKTPUUECKON CETU UMEIOT OYKBEHHYIO U LIM(PPOBYIO MApKUPOBKY.

KryT npencraiser co60l COBOKYITHOCTh Pa3/ICIaHHBIX MPOBOOB M KaOEJIeH, CKPETUIEHHBIX
MeXIy CO00M KaKUM-IINOO0 CITOCOOOM U TPU HEOOXOJUMOCTH OCHAIIIEHHBIX dJIEMEHTAMHU
AJIEKTPUIECKOTO MOHTaXa (HAKOHEUHUKAMU, COCTMHUTEIISIMU U . ).

IIo CBOCMY HA3HAYCHMIO KT'YTBI MOAPA3ACIIAOTCA HAa BHYTPHU Olo4YHBIC U Me}I()IY6HO‘{HBI€.

Brympu O10unble dceymul TPAMEHSIOTCS IUTSL SJIEKTPHUECKOTO COSTMHEHUS OTACTBHBIX
y3JI0B, OJIOKOB M 3JIEKTPUUYECKUX JAeTalell BHYTPU NpUO0pa, a mexcdyoiounsie dHceymol — IS
ANEKTPHUYECKOTO COCTMHEHUS Pa3IMIHON pagroanmiapaTypsl 1 IpuOOPOB B €AUHYIO CUCTEMY.
B 3aBUCHMOCTH OT pacrosioKeHUs y3JI0B B KOPITYCe )KTYThl MOTYT OBbITh NIOCKUMU UITH
00beMHBbIMU.

JInst 3aUThl OT BO3JEHCTBHS OKPY KAIOLIEN CPEIbl, MEXaHMUECKUX ITOBPEXKICHUN WIH C
LEJIbIO SKPAHUPOBAHUS KI'yThl OOMAThIBAIOTCS CHApY KU KarlepHOM, KalpoOHOBOH,
MTOJIMBUHUJIXJIOPUTHOM JIEHTOM, TOKPBIBAIOTCS JJAKOM MJIM 3aKJIFOYAOTCS B SKPAHUPYIOLIYIO
oryieTky JKryTbl pekoOMeHAyeTCsl U3TOTOBIIAThH HA MIa0JIOHAX 10 UX MOHTaXa B Ipubope.
KoH11pl MpoBO0B KIr'yTa MapKHPYIOT COOTBETCTBEHHO COOPOYHOMY YEPTEKY U MOHTAKHOM
cxeme. [1J11 MapKUPOBKH UCHOJB3YIOT CIEAYIOLINE CIOCOOBI:

1) pa3nuuHyO pacuBETKY U30JILUU IIPOBOJIOB;

2) OKpaCKy WJIKN HyMCpPalUIO IMOJIMBUHUIXJIOPUIHBIX pr6OI(, MPUMCHACMBIX IJIA
3aKpCIUICHUA KOHIIOB U30JIA1UN (pr6KI/I HYMCPYIOT Ha aBTOMATEC, B CIICHUAJIBHBIX IITaMIIax
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WM HaJIIUCBIBAIOT OT PyKU MapKUPOBOUYHBIMH YEPHUIIAMH );

3) mmacTMaccoBble OMPKH C YCIOBHBIM 0003HAYCHUEM MECTa MOICOSAMHEHUS, HAJEThIC Ha
MPOBOJA.

KryTbl, B KOTOPBIX HEJIb3s1 IPOU3BECTU 3aMEHY BBILLIEIINX U3 CTPOS IPOBOJIOB,
obecreunBaroTCs 3anmacHbIME MpoBoaamu. KomuecTBo ux 6epercs u3 pacyera 8... 10 %
00IIero KOJMYeCTBa B )KI'yTE, HO HE MEHBIIIE IBYX MPOBOJIOB. [lJIMHA U ceueHue 3amacHbIX
MIPOBOJIOB JIOJDKHBI OBITH PAaBHBI HAMOOIBIIMM JIJTUHE U CEYCHHIO TTPOBOJIOB, UMEIOIINUXCS B
kryTe. [[nmHa BEIBOJIOB KT'yTa JOMKHA OBITH JOCTATOYHOM ISl MPUCOCTUHEHHS K Y3JIaM U
3JIEMEHTaM CXEMBbI MpruOopa 03 HATHKEHHUS, KPOME TOTO, AOJKEH UMeThes 3amac B 10... 12
MM JIJ1s1 HOBTOPHOM 3aYUCTKU U MMPUCOEAUHEHUS KaXK0Tr0 KOHIA IPOBOJA.

TumoBo TEXHOJOTHUECKHUI MPOIIECC U3TOTOBIICHUS JKI'yTa BKIIFOYAET B Ce0sl CIEAYIOIINE
OTepaIHH:

Pe3Ky MPOBOJOB U U30JIALIMOHHBIX TPYOOK;

YKJIaJIKy IPOBOJIOB Ha I11a0JI0OHE U BSI3KY UX B KIYT;

3a/1eJIKy KOHIIOB ITIPOBOJIOB KI'yTa ¢ OJTHOBPEMEHHON UX MapKUPOBKO;

KOHTPOJIb KT'yTa (ITPO3BOHKY);

3alIUTY JKT'yTa U30JISIIUOHHOM JIEHTOM;

BBIXO/IHOM KOHTPOJIb (BU3yaJIbHBIN OCMOTpP Ha COOTBETCTBUE ATAJIOHY U MPO3BOHKY).

,HJ'II/IHa 3aroTOBJIACMBIX ITPOBOJOB JOJIKHA COOTBETCTBOBATH pasMEpaM, YKa3aHHBIM B
TEXHOJIOTUYECKOM KapTeC Win Ta6J'II/ILIC 3aroToBOK IIPOBOIOB. Peska MpoOBOAOB U
OKPAaHUPYIOIIHUX OIUICTOK IMPOU3BOJATCA Ha aBTOMATax, a TAKKEC C IOMOIIBI0O MOHTAXXHBIX WUJINA
THJIBOTUHHBIX HOXXHUII U KYCa4CK.

[Ipu pyunom crioco0e 3aroTOBKU MPOBOAOB IS KT'YTOB JUTMHA UX OMPEIEISIETCS ¢ TOMOIIBIO
00pa3noB wiv JuHEHKH. B cepuiitHOM pOU3BOACTBE MPUMEHSIOTCS CTICIIHAIBHBIC aBTOMATHI
JUISL MEPHOW PE3KHU MPOBOJIOB HA 33JaHHYIO JJIUHY.

VYki1aaka IpoBOJOB MPOU3BOIUTCS Ha IIA0JIOHE B ONPEEIEHHOM MOpPsIKe (110 cXeme,
HaHECEHHOW Ha MOBEPXHOCTH 11a0JI0OHA), TIOCTIE YEro UX CBSI3bIBAIOT HUTKOW WJIM LINAaraToM B
KryT. PazmeTka mabsaoHa Uil yKIa K1 IPOBOIOB XKI'yTa MPOU3BOJUTCS IO MOHTAKHOM
cXeMe, MakeTy y3ja Win npubopa, B KOTOPbIN OyAET yCTAHOBJIEH KI'YT, U MOHTaKHOM
tabauue coequHenuil. Ha pazmMeuenHoM 1m1aGioHe MpoBoJia CHavyasia packia blBaloT, a 3aTeM
BSDKYT B KIyT (puc. 1.26). B 3aBUCUMOCTH OT KOHCTPYKIMU NpUOOpa KIyThl ObIBAIOT
IUIOCKUMH UM OOBEMHBIMH.
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Pue. 1.26. llaGroH An8 yENADKH H BA3KH XIYTOB:
@ — WAHILKA ATA JAKPEMIEHHA XOHUA NPpOoBoaa; & — Mpoeojia; & — WabnoH (CheM-
HEIIL THCT), & — WNHABKS AAA YRIAOKH NpoBonoe, d — ocHOBaNME, [—4 — HoMmepa
NPOROAOE

[Ipu packiaake KOHIIBI MPOBOJIOB 0OPE3aIOT MO NOMEPEUYHBIM METKaM, MapKUpYIOT U
3aKPEeIUISIOT. YKIAJIKy IPOBOIOB Ha MIA0JIOHE HAYUHAIOT C 3alaCHBIX U JJIMHHBIX Pa00unxX
MIPOBOJIOB U 3aKaHYMBAIOT CAMBIMH KOPOTKUMH IPOBOAAMM.

2. Bs3Kka )KTyTOB.

J1st 3aMThI OT BO3AEHCTBUS OKPYKAIOIICH Cpebl, MEXaHUUECKHUX MOBPEKICHUHN WU C
LETbI0 DKPAHUPOBAHHUS KT'YThI OOMATHIBAIOTCSI CHAPY KM KAIIEPHOM, KallPOHOBOIA,
TTOJTMBUHUJIXJIOPUTHOM JICHTOU, TTOKPBIBAIOTCS JTAKOM WJIH 3aKJIFOYAIOTCS B SKPAHUPYIOITYIO
oryieTKy JKryTbl peKOMEHAyeTCsl N3TOTOBIIATH HA MIA0JIOHAX JI0 UX MOHTaXa B Ipudope.
KoH11p1 TpOBOIOB KTyTa MAaPKUPYIOT COOTBETCTBEHHO COOPOYHOMY YEPTEXKY U MOHTAKHOU
cxeme. Jliss MapKUPOBKH UCIIOJIB3YIOT CIEAYIOIINE CIIOCOOBI:

1) pa3nuuHy0 pacuBETKY HU30JIALUU IIPOBOJIOB;

2) OKpacKy WM HyMEpaluio MOJTUBUHUIXIOPHIHBIX TPYOOK, IPUMEHIEMbIX IS
3aKpeIUIeHHUs] KOHIIOB N30JIALUH (TPyOKH HyMEpYIOT Ha aBTOMATe, B CHIELUAIbHBIX IITaMIIax
WM HaJIUCBIBAIOT OT PyKH MapKUPOBOYHBIMH YEPHUIIAMH);

3) mutacTMaccoBbie OMPKH € YCIOBHBIM 0003HAYCHHEM MECTa TMOJICOSTUHEHISI, HAJIeThIe Ha
pOBOJIA.

XKryThl, B KOTOPBIX HENb3s1 MPOM3BECTH 3aMEHY BBIIIEANINX U3 CTPOS IPOBOIOB,
obecrneunBarOTCs 3anacHBIMU TIpoBoaaMu. KommuecTBo ux Oepercs u3 pacuera 8... 10 %
001Iero KOJMYecTBa B KI'yTe, HO HE MEHbIIE JIByX NMPOBOJOB. /lJInHA U ceueHue 3amacHbIX
MIPOBOIOB JIOJIKHBI OBITH PaBHBI HAMOOJIBIITUM JITTHHE U CEYCHUIO TIPOBOJIOB, UMEIOIIUXCS B
xryte. [{n1Ha BEIBOJIOB KT'yTa JOJKHA OBITH JJOCTATOYHOM JUIsl IPUCOECTUHEHUS K Y3JIaM U
JJIEMEHTaM CXEMBbI prudopa 0e3 HaTsHKEHHS; KpOMe TOro, JOJKEeH uMeThes 3amac B 10... 12
MM JIJI TOBTOPHOM 3aYUCTKU U MPUCOETIMHEHUS KaXI0r0 KOHIIa MPOBOJA.
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TumoBo# TEXHOJIOTHYECKUHN MTPOIIECC U3TOTOBJICHUS KTyTa BKIIOYAET B CEOsI CIETYIONINE
onepauuu:

PE3KY MTPOBOJIOB U U3OJISLIUOHHBIX TPYOOK;

YKJIaJIKy [TPOBOJIOB HA I1a0JIOHE U BSI3KY UX B XKIYT;

3a1eIKy KOHLIOB IIPOBOJIOB JKI'yTa C OJJHOBPEMEHHOM UX MapKHUPOBKOM;

KOHTPOJIb JXI'yTa (IIPO3BOHKY);

3aLUTY KIyTa U30JALUOHHOM JIEHTOH;

BBIXOJJHON KOHTPOJIb (BU3yaJbHBIN OCMOTpP Ha COOTBETCTBHE ATAJOHY U MPO3BOHKY).

JlnrHa 3aroToBIsSIEMbIX POBOOB JIOJKHA COOTBETCTBOBATH pa3MepaM, YKa3aHHbIM B
TEXHOJIOTMUYECKON KapTe WK TabJnlie 3aroTOBOK IMPOBOI0B. Pe3ka mpoBooB 1
SKPaHUPYIOUIUX OIJIETOK MPOU3BOAATCS Ha aBTOMAaTax, a TAaKyKe C IOMOILbIO MOHTAKHBIX WU
THIHOTUHHBIX HOXKHUIL U KyCayek.

[Ipu pyunom crioco0e 3aroToOBKY IPOBOAOB IS KI'YTOB JUIMHA UX OMPENEISIETCs C TOMOUIbIO
00pa31oB Wiy JUHEeWkH. B cepuitHoM npou3BoACTBE NPUMEHSIOTCS CHIEIMAIbHbIE AaBTOMATHI
JUIsL MEPHOU PEe3KU TPOBOOB HA 3aJJaHHYIO JUIUHY.

3. KoHTpOIJIb U3rOTOBIEHHOTO KI'yTa.
KoHTpoib npocToro kryra Mo>kHO BBIIOJIHUTh IPUMEHSSI U3MEPUTENIbHbBIN Ipruoop.

KoHTpOIIb CIT0KHBIX )KTYyTOB OCYLIECTBIISETCS HA CHIELUATIBHBIX ITOJIyaBTOMAaTHYECKUX
CTEH/ax M0 3aJaHHOU nporpamme. JKryT Ha IaHeNIn CTEH1a 3aKpEeIUIIOT BPY4HYHO, a
MIPABUJILHOCTh PACKIAJKU IPOBOJOB U CONPOTUBIIEHUE UX U30JIALIMA KOHTPOIHUPYIOT
aBTomMarnuyecku.CHavasia IpOBOAUTCS KOHTPOJIb HA COOTBETCTBUE JIEKTPUUECKUM CXEMaM
COEJIMHEHUI, T. €. MPOBEpPKa MPABMIBHOCTH pacKiaaku npoBooB. C 3Toil Lebio
HE00X0/IMMOE HaMPsKEHUE TOCIIE0BATENIBHO MOJIAI0T HAa OJIUH U3 KOHIIOB IPOBEPSEMOTO
npoBofa. [Ipu npaBuibHON packiiagke IPOBOJAOB HAPSKEHUE TOJKHO (PUKCUPOBATHCS BO
BCEX IIPOBOJIAX JKI'yTa, dJICKTPUYECKU CBS3aHHBIX C IIPOBEPSAEMBIM IIPOBOAOM. [lanee
He00X0IUMO yOeIUThCSl B OTCYTCTBHH HAIPSDKEHUS B IIPOBOJAX KI'yTa, KOTOPBIE
3JIEKTPUYECKU HE CBA3aHBI C IPOBEPSAEMBIM IIPOBOJIOM.
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[IpaBuiIbHO BBINOJNIHEHA BTOPOE 3a/1aHUE .
1. IlpoxsagpiBaTh MPOBO/IA Ha LIa0JIOHE.

C nenpio obsieryeHust MOHTaXxa, AEMOHTaXa U HKCIUTyaTallly 3JIeKTpooOopy10BaHUs
MIPOBOJIA U KI'YThl AIEKTPUUECKON CETU UMEIOT OYKBEHHYIO U IU(PPOBYIO MApKUPOBKY.

KryT npencraiser co60i COBOKYITHOCTh Pa3/ICIaHHBIX MPOBOOB M KaOEJeH, CKPETIEHHBIX
MeXIy CO00M KaKUM-INOO0 CIIOCOOOM U TPU HEOOXOUMOCTH OCHAIIIEHHBIX dJIEMEHTAMHU
AJIEKTPUIECKOTO MOHTaXa (HAKOHEUHUKAMU, COCTMHUTEIISIMU U 1. ).

IIo CBOCMY HA3HAYCHMIO KT'YTBI MOAPA3ACIIAOTCA HAa BHYTPHU Olo4YHBIC U Me}I()IY6HO‘{HBI€.

Brympu O10unble dceymul TPAMEHSIOTCS IUTSL SJIEKTPHUECKOTO COSTMHEHUS OTACTBHBIX
y3JI0B, OJIOKOB M 3JIEKTPUUYECKUX JAeTaNell BHYTPU NpUOopa, a mexcdyoiounsie dHceymol — IS
ANEKTPHUYECKOTO COCTMHEHUS Pa3IMIHON pagroaniapaTypsl 1 IpuOOPOB B €AUHYIO CUCTEMY.
B 3aBUCHMOCTH OT pacroyioKeHUs y37I0B B KOPITYCe )KTYThl MOTYT OBbITb NIOCKUMU UITH
00beMHBIMU.

JIns1 3aUThl OT BO3JAEHCTBHS OKPY KAIOLIEN CPEibl, MEXaHUYECKUX ITOBPEXKICHUN WIH C
LEJIbI0 SKPAHUPOBAHUS KI'yThl OOMAThIBAIOTCS CHApPY KU KarepHOM, KalpoOHOBOH,
MTOJIMBUHUJIXJIOPUTHOM JIEHTOM, TOKPBIBAIOTCSA JJAKOM MJIM 3aKJIFOYAOTCS B SKPAHUPYIOLTYIO
orieTky JKryTbl pekoOMeHAyeTCsl U3TOTOBIIAThH HA MIa0JIOHAX 10 UX MOHTaXa B Ipudope.
KoH11pl MpoBO0B KIr'yTa MapKUPYIOT COOTBETCTBEHHO COOPOYHOMY YEPTEKY U MOHTAKHOM
cxeme. [1J11 MapKUPOBKH UCHOJB3YIOT CIEAYIOLINE COCOOBI:

1) pa3nuuHyO pacuBETKY U30JILUU IPOBOIOB;

2) OKpaCKy WJIN HyMCpPalUIO IMMOJIMBUHUIXJIOPUIHBIX pr6OI(, MPUMCHACMBIX IJIA
3aKPCIUICHUA KOHIIOB U30JIA1UN (pr6I(I/I HYMCPYIOT Ha aBTOMATEC, B CIICHUAJIBHBIX IITaMIIax
WM HAAIHUCBIBAKOT OT PYKU MAPKHUPOBOYHBIMU IlepHI/IJ'IElMI/I);

3) mutacTMaccoBbie OMPKH C yCIOBHBIM 0003HAYEHHEM MECTa MOJCOSTUHEHMsI, HAJeThIe Ha
MPOBO/IA.

XKryThl, B KOTOPBIX HEJb3s1 MPOM3BECTU 3aMEHY BBIIIEALINX U3 CTPOS IPOBOIOB,
o0ecrieunBaroTcs 3amacHbIMU 1poBogaMu. Konnuecto ux Oepercs us pacueta §... 10 %
001Iero KOJMYecTBa B KI'yTe, HO HE MEHbLIE JIBYX NMPOBOJOB. /lJIMHA U ceueHue 3amacHbIX
MIPOBOJIOB JTOJKHBI OBITH paBHBI HAMOOJBIINM JJIMHE U CEYCHUIO ITPOBOJIOB, UMEIOIINXCS B
xryte. [{n1Ha BEIBOJIOB JKI'yTa JOJKHA OBITh JJOCTATOYHOM JUIsl IPUCOETUHEHUS K Y3JIaM U
3JIEMEHTaM CXeMBbI Ipubopa 6e3 HATsHKEHUS; KpOME TOTo, TOJDKEeH UMeThes 3anac B 10... 12
MM J1JI1 TIOBTOPHOW 3a4UCTKU U MPUCOETIMHEHUS KaX/10r0 KOHIIa MPOBOJA.

TunoBo# TEXHOJIOTHYECKUHN MTPOIIECC U3TOTOBJICHUS KTyTa BKIFOYAET B CEOsI CIIETYIONINE
onepauuu:

PE3KY MPOBOAOB U U3OJALNUOHHBIX Tp}/'6OK;
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YKJIaJIKy IPOBOJIOB Ha I11a0JI0OHE U BSI3KY UX B KIYT;

3a/1eJIKy KOHIIOB ITIPOBOJIOB KI'yTa C OJJTHOBPEMEHHON UX MapKUPOBKO;

KOHTPOJIb XKT'yTa (ITPO3BOHKY);

3alIUTY KT'yTa U30JISIHIUOHHOM JIEHTOM;

BBIXOJHON KOHTPOJIb (BU3YyaJIbHBIN OCMOTP Ha COOTBETCTBHE 3TAJIOHY U IPO3BOHKY).

,HJ'II/IHa 3aroTOBJIACMBIX ITPOBOJOB JOJIKHA COOTBETCTBOBATH pasMEpaM, YKa3aHHBIM B
TEXHOJIOTHYECKOM KapTeC WUin Ta6JII/ILIe 3aroToOBOK IIPOBOIOB. Peska MpoOBOOOB U
OKPAaHUPYIOIIHUX OIUICTOK INPOU3BOJATCA Ha aBTOMATax, a TAKKEC C IOMOIIBI0O MOHTAXXHBIX WUJINA
THJIBOTUHHBIX HOXHUII U KYCa4CK.

[Ipu pyuHom crioco6e 3aroTOBKH ITPOBOJIOB JUISl KT'YTOB JJIMHA UX ONPENEISIETCS C TOMOIIBIO
0o0pa31oB Wiy JIMHENHKU. B cepuitHOM pon3BOACTBE NPUMEHSIOTCS CHEIMAbHBIE aBTOMAThI
JUIsL MEPHOU PE3KU IIPOBOAOB HA 33JaHHYIO JUIMHY.

VYki1aaka IpoBOJOB MPOU3BOIUTCS Ha IIA0JIOHE B ONPEEIEHHOM MOpsIKe (110 cxeme,
HaHECEHHOW Ha MOBEPXHOCTH 11a0JI0OHA), TIOCTIE YEro UX CBSI3bIBAIOT HUTKOW WJIM LINAaraToM B
KryT. PazmeTka mabsaoHa Uil yKIa Ky IPOBOIOB XKI'yTa MPOU3BOJUTCS IO MOHTAKHOM
cXeMe, MakeTy y3ja Win npubopa, B KOTOPbIN OyAET yCTAHOBJIEH KI'YT, © MOHTaKHOM
tabauue coequHenuil. Ha pazmMeuenHoM 1m1aGioHe mpoBoJia CHavyasia packia blBaloT, a 3aTeM
BSDKYT B KIYT (puc. 1.26). B 3aBucumMocTy 0T KOHCTpYKLIHUU TPUOOpa XKIyThl OBIBAIOT
IUIOCKUMH UM OOBEMHBIMH.

Puc. 1.26. IlaGroH ANA yEIADKH H BA3KH XIYTOB:
@ — WAHILMKA ATA JaAKpENIeHHA KoHLA NpoBoaa; & — npogoja; ¢ — WabnoH (cpem-
HEIfL TRCT), ¢ — WNHABKS AAA YRIAAKH NPOBOA0E, d — OCHOBANME, [—4 — HoMmepa
NPOBOAOE
[Ipu packiaake KOHIIBI IPOBOJOB 00PE3a0T MO MONEPEYHBIM METKAM, MAPKUPYIOT U
3aKPEIUIIIOT. Y KIIAJIKy TIPOBOJIOB Ha I1a0JI0HE HAYWHAOT C 3alaCHBIX U JUIMHHBIX pab0odmXx
HpOBOIIOB 1 3aKaHYNBAarOT CaMbIMU KOpOTKI/IMI/I HpOBOZ[aMI/I.
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2. Bsi3ka KryToB.

JInst 32U Thl OT BO3JEHCTBHS OKPYKAIOLIEN CPEibl, MEXaHMYECKUX ITOBPEXKICHUN WIH C
LEJIbI0 SKPAHUPOBAHUS KI'yThl OOMAThIBAIOTCS CHApPY KU KarepHOM, KalpoOHOBOH,
MOJIMBUHUJIXJIOPHUTHOM JIEHTOW, TOKPBIBAIOTCSA JJAKOM MJIM 3aKJIFOYAOTCS B SKPAHUPYIOLTYIO
orieTky JKryTbl pekOMeHAyeTCsl U3rOTOBIIAThH Ha MIa0JIOHAX 10 UX MOHTaXa B Ipudope.
KoH11pl MpoBO0B KIr'yTa MapKUPYIOT COOTBETCTBEHHO COOPOYHOMY YEPTEKY U MOHTAKHOM
cxeme. [1J11 MapKUPOBKH UCHOJB3YIOT CIEAYIOLIHE CIOCOOBI:

1) pa3nuuHyO pacuBETKY U30JILUU IPOBOJIOB;

2) OKpacKy WM HyMepaluio NOJUBUHUIXIOPUIHBIX TPYOOK, IPUMEHIEMBbIX IS
3aKpEeIJICHUS] KOHIIOB U30JISIIUU (TPYOKH HYMEpYIOT Ha aBTOMATe, B CIELMAIbHBIX IITaMIIax
WIN HaJAMUCBIBAIOT OT PYKH MapKUPOBOYHBIMHU YEPHUIIAMHN ),

3) muracTMaccoBbie OMPKH C yCIOBHBIM 0003HAYEHHEM MECTa MOJCOSTUHEHMsI, HAJeThIe Ha
MPOBO/IA.

XKryThl, B KOTOPBIX HEJb3s1 MPOM3BECTU 3aMEHY BBIIIEALINX U3 CTPOS IPOBOIOB,
o0ecrieunBaroTcs 3aracHbIMU 1poBoaamu. Konnuecto ux Oepercs us pacueta §... 10 %
001Iero KOJMYeCTBa B KI'yTe, HO HE MEHbLIE JIBYX NMPOBOJOB. /lJIMHA U ceueHue 3aacHbIX
MIPOBOJIOB JTOJKHBI OBITH paBHBI HAMOOJBIINM JJIMHE U CEYCHUIO ITPOBOJIOB, UMEIOIINXCS B
Kryte. [{n1Ha BEIBOIOB JKI'yTa JOJKHA OBITH JJOCTATOYHOM JUIsl IPUCOETUHEHMS K Y3JIaM U
3JIEMEHTaM CXeMBbI Ipubopa 6e3 HATsHKEHUS; KpOME TOTo, TOJDKEeH uMeThes 3anac B 10... 12
MM J1JI1 TIOBTOPHOW 3aYUCTKU U MPUCOETMHEHUS KaX/10r0 KOHIIa MPOBOJA.

TunoBo# TEXHOJIOTHYECKUN MTPOIIECC U3TOTOBJICHUS KTyTa BKIIOYAET B CEOsI CIIETYIONINE
onepauuu:

PE3KY MTPOBOJIOB U U3OJISLIUOHHBIX TPYOOK;

YKJIQJIKy ITPOBOJIOB Ha I1a0JIOHE U BSI3KY UX B XKIYT;

331Ky KOHLIOB IIPOBOJIOB JKI'yTa ¢ OJTHOBPEMEHHOM UX MapKHUPOBKOM;

KOHTPOJIb JXI'yTa (IIPO3BOHKY);

3aLUTY KIyTa U30JALUOHHOM JIEHTOM;

BBIXOHON KOHTPOJIb (BU3yaJIbHBIN OCMOTpP Ha COOTBETCTBUE ATAJOHY U MPO3BOHKY).

Jl1rHa 3aroToBIISIEMBIX IPOBOJOB I0JIKHA COOTBETCTBOBATH Pa3MeEpaM, YKa3aHHBIM B
TEXHOJIOTMUYECKON KapTe WK Tabyulie 3aroTOBOK MPOBOI0B. Pe3ka mpoBooB u
SKpPaHUPYIOUIUX OILIETOK MPOU3BOAATCS HA aBTOMATaX, a TAKXKE C IOMOLIbI0 MOHTAKHBIX WU

THJIBOTUHHBIX HOXXHUII U KyCauCK.

[Ipu pyunom croco0e 3aroToOBKY IPOBOAOB IS KI'YTOB JUTMHA UX OMPENEISIETCs ¢ TOMOUIbIO
00pa3LoB Wi JUHEeHKkH. B cepuitHOM npou3BoCTBE NPUMEHSIOTCS CHIEIMAIbHbIE AaBTOMATHI

ctp. 135 u3 156




JUI MEPHOW PE3KH NPOBOJIOB HA 33JaHHYIO JJIMHY.
3. KOoHTpOIJIb U3rOTOBIEHHOTO KI'yTa.
KoHTpoib npocToro kryra Mo>KHO BBIIOJIHUTh IPUMEHSSI U3MEPUTENIbHBIN Ipruoop.

KoHTpOIb CIT0KHBIX )KTYyTOB OCYLIECTBIISETCS HA CIEHUATIBHBIX ITOJIyaBTOMAaTHYECKUX
CTEH/ax 10 3aJaHHOU nporpamme. JKryT Ha IaHeNIn CTEH/1a 3aKPEeIUIIOT BPY4YHYHO, a
MIPABUJILHOCTD PACKIAJKU IPOBOJOB U CONPOTUBIIEHUE UX U30JIALIMA KOHTPOIHUPYIOT
aBTomMarnuyecku.CHavasia IpOBOAUTCS KOHTPOJIb HA COOTBETCTBUE JIEKTPUUECKUM CXEMaM
COEJIMHEHU, T. €. MPOBEpKa MPABMIBHOCTH pacKkiaaku npoBooB. C 3Toil Lebio
HE00X0/IMMOE HaNpsKEHUE MOCJIE0BATEIBHO MOJIAI0T HAa OJIUH U3 KOHIIOB IPOBEPSEMOTO
npoBofa. [Ipu npaBuibHON packiiagke IPOBOAOB HAPSKEHUE TOJKHO (PUKCUPOBATHCS BO
BCEX IIPOBOJIAX JKI'yTa, dJICKTPUYECKU CBS3aHHBIX C IIPOBEPSEMBIM IIPOBOAOM. [lanee
He00X0IUMO yOeIUThCSl B OTCYTCTBHH HAIPSDKEHUS B IIPOBOJAX KI'yTa, KOTOPBIE
3JIEKTPUYECKU HE CBA3aHBI C IPOBEPSAEMBIM IIPOBOJIOM.

[IpaBuIbHO BBITIOJIHEHA TPETHE 3aJaHHE .
1. [IpokiagpiBaTh MpoBOa Ha 11a0JIOHE.

C nenpro obsierueHust MOHTaXxa, AEMOHTaXa U HKCILTyaTalluy J1eKTpoo0opy 10BAHUS
MIPOBOJIA U KT'YThI 3JEKTPUUECKOM CeTH UMEIOT OYKBEHHYIO U LU(DPOBYIO MAPKUPOBKY.

KryT npencrasisier co60if COBOKYMHOCTD pa3eliaHHBIX MPOBOIOB U Kabenel, CKperIeHHBIX
MEXIy CO00M KaKUM-TTHOO0 CIIOCOOOM U MTPU HEOOXOIUMOCTH OCHAIICHHBIX JIEMEHTAMH
ANEKTPUYECKOTO MOHTaXa (HAKOHEUHUKAMHU, COCTUHUTEIISIMU U JIP.).

IIo CBOCMY HA3HAYCHMUIO KTYThI NOAPA3ACIIAOTCA HAa BHYTPU OJIOYHEBIC U Me)K,Z[y6J'IOLIHLIC.

Buympu 610unvlie srceymuvl IPUMEHSIOTCS IS SIEKTPUYECKOTO COSAMHEHUS OTICTbHBIX
y3JI0B, OJIOKOB ¥ JICKTPHUSCKUX JICTAICH BHYTpH IPHOOPA, a MedcOyoaouHble He2ymbl — JUIS
ANEKTPUYECKOTO COSAMHEHUS PA3IMYHON pajroannapaTypsl U MpruOOpPOB B €AUHYIO CUCTEMY.
B 3aBuUCHUMOCTH OT PACIIONOKEHHS Y3JIOB B KOPITYCE KI'YThI MOTYT OBITh 110CKUMU AT
00beMHBIMU.

Jl1st 3a1UThl OT BO3AEHCTBHS OKPY XKAIOLIEN CPEIbl, MEXaHUUECKUX IIOBPEKICHUN WIH C
LeIbI0 DKPAHUPOBAHMSI KI'YThl 0OMATHIBAIOTCSL CHAPY KU KallepHO, KallpOHOBOI,
MIOJIMBUHUJIXJIOPUIHOM JIEHTOU, TOKPBIBAIOTCA JJAKOM UJIH 3aKJIFOYAIOTCS B 9KPAHUPYIOLIYIO
omeTKy JKryTbl peKOMEHIYeTCsl U3rOTOBIISITh Ha MIa0JI0HAaX /10 UX MOHTa)Xa B IpUoOope.
KoHI11bI MpoBOAOB KI'yTa MAPKUPYIOT COOTBETCTBEHHO COOPOYHOMY UEPTEKY U MOHTAKHOU
cxeme. Jsis MapKUPOBKH HUCIIOJIb3YIOT CIEIYIOLINE CIIOCOOBI:

1) pa3nuyHyIO pacBETKY U30JISIUN TPOBOIOB;

2) OKpacKy WM HyMEPAIHIO MOJMBUHUIXJIOPUIHBIX TPYOOK, TPUMEHSIEMBIX JIJIsI
3aKpEeTICHHUS KOHIIOB U30JISIIAY (TPYOKH HYMEpYIOT Ha aBTOMATe, B CHIEIIMATBHBIX IITaMIIaX
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WM HaJIIUCBIBAIOT OT PyKU MapKUPOBOUYHBIMH YEPHUIIAMH );

3) mmacTMaccoBble OMPKH C YCIOBHBIM 0003HAYCHUEM MECTa MOICOSAMHEHUS, HAJEThIC Ha
MPOBOJA.

KryTbl, B KOTOPBIX HEJIb3s1 IPOU3BECTU 3aMEHY BBILLIEIINX U3 CTPOS IPOBOJIOB,
obecreunBaroTCs 3anmacHbIME MpoBoaamu. KomuecTBo ux 6epercs u3 pacyera 8... 10 %
00IIero KOJMYeCTBa B )KI'yTE, HO HE MEHBIIIE IBYX MPOBOJIOB. [lJIMHA U ceueHue 3amacHbIX
MIPOBOJIOB JIOJDKHBI OBITH PAaBHBI HAMOOIBIIMM JIJTUHE U CEYCHHIO TTPOBOJIOB, UMEIOIINUXCS B
kryTe. [[nmHa BEIBOJIOB KT'yTa JOMKHA OBITH JOCTATOYHOM ISl MPUCOCTUHEHHS K Y3JIaM U
3JIEMEHTaM CXEMBbI MpruOopa 03 HATHKEHHUS, KPOME TOTO, AOJKEH UMeThes 3amac B 10... 12
MM JIJ1s1 HOBTOPHOM 3aYUCTKU U MMPUCOEAUHEHUS KaXK0Tr0 KOHIA IPOBOJA.

TumoBo TEXHOJOTHUECKHUI MPOIIECC U3TOTOBIICHUS JKI'yTa BKIIFOYAET B Ce0sl CIEAYIOIINE
OTepaIHH:

Pe3Ky MPOBOJOB U U30JIALIMOHHBIX TPYOOK;

YKJIaJIKy IPOBOJIOB Ha I11a0JI0OHE U BSI3KY UX B KIYT;

3a/1eJIKy KOHIIOB ITIPOBOJIOB KI'yTa ¢ OJTHOBPEMEHHON UX MapKUPOBKO;

KOHTPOJIb KT'yTa (ITPO3BOHKY);

3alIUTY JKT'yTa U30JISIIUOHHOM JIEHTOM;

BBIXO/IHOM KOHTPOJIb (BU3yaJIbHBIN OCMOTpP Ha COOTBETCTBUE ATAJIOHY U MPO3BOHKY).

,HJ'II/IHa 3aroTOBJIACMBIX ITPOBOJOB JOJIKHA COOTBETCTBOBATH pasMEpaM, YKa3aHHBIM B
TEXHOJIOTUYECKOM KapTeC Win Ta6J'II/ILIC 3aroToBOK IIPOBOIOB. Peska MpoOBOAOB U
OKPAaHUPYIOIIHUX OIUICTOK IMPOU3BOJATCA Ha aBTOMATax, a TAKKEC C IOMOIIBI0O MOHTAXXHBIX WUJINA
THJIBOTUHHBIX HOXXHUII U KYCa4CK.

[Ipu pyunom crioco0e 3aroTOBKU MPOBOAOB IS KT'YTOB JUTMHA UX OMPEIEISIETCS ¢ TOMOIIBIO
00pa3noB wiv JuHEHKH. B cepuiitHOM pOU3BOACTBE MPUMEHSIOTCS CTICIIHAIBHBIC aBTOMATHI
JUISL MEPHOW PE3KHU MPOBOJIOB HA 33JaHHYIO JJIUHY.

VYki1aaka IpoBOJOB MPOU3BOIUTCS Ha IIA0JIOHE B ONPEEIEHHOM MOpPsIKe (110 cXeme,
HaHECEHHOW Ha MOBEPXHOCTH 11a0JI0OHA), TIOCTIE YEro UX CBSI3bIBAIOT HUTKOW WJIM LINAaraToM B
KryT. PazmeTka mabsaoHa Uil yKIa K1 IPOBOIOB XKI'yTa MPOU3BOJUTCS IO MOHTAKHOM
cXeMe, MakeTy y3ja Win npubopa, B KOTOPbIN OyAET yCTAHOBJIEH KI'YT, U MOHTaKHOM
tabauue coequHenuil. Ha pazmMeuenHoM 1m1aGioHe MpoBoJia CHavyasia packia blBaloT, a 3aTeM
BSDKYT B KIyT (puc. 1.26). B 3aBUCUMOCTH OT KOHCTPYKIMU NpUOOpa KIyThl ObIBAIOT
IUIOCKUMH UM OOBEMHBIMH.

ctp. 137 u3 156




Pue. 1.26. llaGroH An8 yENADKH H BA3KH XIYTOB:
@ — WAHILKA ATA JAKPEMIEHHA XOHUA NPpOoBoaa; & — Mpoeojia; & — WabnoH (CheM-
HEIIL THCT), & — WNHABKS AAA YRIAOKH NpoBonoe, d — ocHOBaNME, [—4 — HoMmepa
NPOROAOE

[Ipu packiaake KOHIIBI MPOBOJIOB 0OPE3aIOT MO NOMEPEUYHBIM METKaM, MapKUpYIOT U
3aKPEeIUISIOT. YKIAJIKy IPOBOIOB Ha MIA0JIOHE HAYUHAIOT C 3alaCHBIX U JJIMHHBIX Pa00unxX
MIPOBOJIOB U 3aKaHYMBAIOT CAMBIMH KOPOTKUMH IPOBOAAMM.

2. Bs3Kka )KTyTOB.

J1st 3aMThI OT BO3AEHCTBUS OKPYKAIOIICH Cpebl, MEXaHUUECKHUX MOBPEKICHUHN WU C
LETbI0 DKPAHUPOBAHHUS KT'YThI OOMATHIBAIOTCSI CHAPY KM KAIIEPHOM, KallPOHOBOIA,
TTOJTMBUHUJIXJIOPUTHOM JICHTOU, TTOKPBIBAIOTCS JTAKOM WJIH 3aKJIFOYAIOTCS B SKPAHUPYIOITYIO
oryieTKy JKryTbl peKOMEHAyeTCsl N3TOTOBIIATH HA MIA0JIOHAX JI0 UX MOHTaXa B Ipudope.
KoH11p1 TpOBOIOB KTyTa MAaPKUPYIOT COOTBETCTBEHHO COOPOYHOMY YEPTEXKY U MOHTAKHOU
cxeme. Jliss MapKUPOBKH UCIIOJIB3YIOT CIEAYIOIINE CIIOCOOBI:

1) pa3nuuHy0 pacuBETKY HU30JIALUU IIPOBOJIOB;

2) OKpacKy WM HyMEpaluio MOJTUBUHUIXIOPHIHBIX TPYOOK, IPUMEHIEMbIX IS
3aKpeIUIeHHUs] KOHIIOB N30JIALUH (TPyOKH HyMEpYIOT Ha aBTOMATe, B CHIELUAIbHBIX IITaMIIax
WM HaJIUCBIBAIOT OT PyKH MapKUPOBOYHBIMH YEPHUIIAMH);

3) mutacTMaccoBbie OMPKH € YCIOBHBIM 0003HAYCHHEM MECTa TMOJICOSTUHEHISI, HAJIeThIe Ha
pOBOJIA.

XKryThl, B KOTOPBIX HENb3s1 MPOM3BECTH 3aMEHY BBIIIEANINX U3 CTPOS IPOBOIOB,
obecrneunBarOTCs 3anacHBIMU TIpoBoaaMu. KommuecTBo ux Oepercs u3 pacuera 8... 10 %
001Iero KOJMYecTBa B KI'yTe, HO HE MEHbIIE JIByX NMPOBOJOB. /lJInHA U ceueHue 3amacHbIX
MIPOBOIOB JIOJIKHBI OBITH PaBHBI HAMOOJIBIITUM JITTHHE U CEYCHUIO TIPOBOJIOB, UMEIOIIUXCS B
xryte. [{n1Ha BEIBOJIOB KT'yTa JOJKHA OBITH JJOCTATOYHOM JUIsl IPUCOECTUHEHUS K Y3JIaM U
JJIEMEHTaM CXEMBbI prudopa 0e3 HaTsHKEHHS; KpOMe TOro, JOJKEeH uMeThes 3amac B 10... 12
MM JIJI TOBTOPHOM 3aYUCTKU U MPUCOETIMHEHUS KaXI0r0 KOHIIa MPOBOJA.
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TumoBo# TEXHOJIOTHYECKUHN MTPOIIECC U3TOTOBJICHUS KTyTa BKIIOYAET B CEOsI CIETYIONINE
onepauuu:

PE3KY MTPOBOJIOB U U3OJISLIUOHHBIX TPYOOK;

YKJIaJIKy [TPOBOJIOB HA I1a0JIOHE U BSI3KY UX B XKIYT;

3a1eIKy KOHLIOB IIPOBOJIOB JKI'yTa C OJJHOBPEMEHHOM UX MapKHUPOBKOM;

KOHTPOJIb JXI'yTa (IIPO3BOHKY);

3aLUTY KIyTa U30JALUOHHOM JIEHTOH;

BBIXOJJHON KOHTPOJIb (BU3yaJbHBIN OCMOTpP Ha COOTBETCTBHE ATAJOHY U MPO3BOHKY).

JlnrHa 3aroToBIsSIEMbIX POBOOB JIOJKHA COOTBETCTBOBATH pa3MepaM, YKa3aHHbIM B
TEXHOJIOTMUYECKON KapTe WK TabJnlie 3aroTOBOK IMPOBOI0B. Pe3ka mpoBooB 1
SKPaHUPYIOUIUX OIJIETOK MPOU3BOAATCS Ha aBTOMAaTax, a TAaKyKe C IOMOILbIO MOHTAKHBIX WU
THIHOTUHHBIX HOXKHUIL U KyCayek.

[Ipu pyunom crioco0e 3aroToOBKY IPOBOAOB IS KI'YTOB JUIMHA UX OMPENEISIETCs C TOMOUIbIO
00pa31oB Wiy JUHEeWkH. B cepuitHoM npou3BoACTBE NPUMEHSIOTCS CHIEIMAIbHbIE AaBTOMATHI
JUIsL MEPHOU PEe3KU TPOBOOB HA 3aJJaHHYIO JUIUHY.

3. KoHTpOIJIb U3rOTOBIEHHOTO KI'yTa.
KoHTpoib npocToro kryra Mo>kHO BBIIOJIHUTh IPUMEHSSI U3MEPUTENIbHbBIN Ipruoop.

KoHTpOIIb CIT0KHBIX )KTYyTOB OCYLIECTBIISETCS HA CHIELUATIBHBIX ITOJIyaBTOMAaTHYECKUX
CTEH/ax M0 3aJaHHOU nporpamme. JKryT Ha IaHeNIn CTEH1a 3aKpEeIUIIOT BPY4HYHO, a
MIPABUJILHOCTh PACKIAJKU IPOBOJOB U CONPOTUBIIEHUE UX U30JIALIMA KOHTPOIHUPYIOT
aBTomMarnuyecku.CHavasia IpOBOAUTCS KOHTPOJIb HA COOTBETCTBUE JIEKTPUUECKUM CXEMaM
COEJIMHEHUI, T. €. MPOBEpPKa MPABMIBHOCTH pacKiaaku npoBooB. C 3Toil Lebio
HE00X0/IMMOE HaMPsKEHUE TOCIIE0BATENIBHO MOJIAI0T HAa OJIUH U3 KOHIIOB IPOBEPSEMOTO
npoBofa. [Ipu npaBuibHON packiiagke IPOBOJAOB HAPSKEHUE TOJKHO (PUKCUPOBATHCS BO
BCEX IIPOBOJIAX JKI'yTa, dJICKTPUYECKU CBS3aHHBIX C IIPOBEPSAEMBIM IIPOBOAOM. [lanee
He00X0IUMO yOeIUThCSl B OTCYTCTBHH HAIPSDKEHUS B IIPOBOJAX KI'yTa, KOTOPBIE
3JIEKTPUYECKU HE CBA3aHBI C IPOBEPSAEMBIM IIPOBOJIOM.

3aganue NeS

1. BbIsIBUTH COCTAaB KOMITIEKTYIOIINX, BXOASIINX B IPUHIUIHAIBHYIO 3JIEKTPUUECKYIO CXEMY,

COCAMHCHUA MCKIAY HUMHU.

2. IlocTpouTh NPUHIMINAIBHYIO CXEMY POCTEHUIIETO ABYX KacKagHoro ycunurens, ucnoassys 'OCT
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2.709-72.

3. BeINOTHUTE IPOBEPKY NPABUIBHOCTH BBIOJHEHHBIX COCUHEHUN.

OreHka

Tlokazarenu olleHKHA

3

IIpoBepka nmpakTHuyeckoi paboThl O OJJTHOMY BOIPOCY U3 TpeX:

1. BeisiBiieHue cocraBa KOMIUICKTYIOIINUX, BXOAAIINUX B IPUHIUIIHAIBHYTO SJICKTPUICCKYIO
CXEMY, COCANMHCHUA MCXKIY HUMHU.

YMeHne ynTaTh NPUHIUITHATIBLHBIE CXEMBbl HEOOXOIMMO TIPU CaMOCTOATEILHON COOpKe
ANEKTPOHHOTO YCTPOMCTBA U HE TONbKO. [IpuHIIMNIansHas cxeMa — 3To rpaduueckoe
MPEJICTABIEHUE COBOKYITHOCTH AJIEKTPOHHBIX KOMIIOHEHTOB, CO€IMHEHHBIX TOKOBEIYILIUMH
poBoAHUKaMU. Pa3zpaboTka 1r000ro 31eKTPOHHOTO YCTPOHCTBA HAUMHAETCS ¢ pa3paboTKu
€ro NPUHIUITHAAIBHON CXEMBI.

Nmenno na HpHHHHHHaﬂBHOﬁ CXEME MMOKa3aHO, KaK UMCHHO HY>KHO COCAUHATDL paauoaCcTaliu,
YTOOBI B UTOTE TIOJTYYUTH TOTOBOE IJEKTPOHHOE YCTPOIMCTBO, KOTOPOE CIIOCOOHO BBIMOTHSITH
onpenenaeHHbie PyHKIUU. YTOOBI TOHATH, UTO K€ H300paKEHO HA MPUHIUITHAIBHON CXeMe
HY’KHO, BO-TIEPBBIX 3HATh YCIOBHOE 0003HAUEHUE TE€X DJIEMEHTOB, U3 KOTOPHIX COCTOUT
3JICKTPOHHAS cxema. Y ro0oit paguoneranu( Pesuctop, KoHAEHCATOP, IUHAMUK...) €CTh CBOE
yclioBHOE rpaduueckoe 0003HaueHUE. ITO JOCTATOYHO MPOCTHIC ANEMEHTHI. A BOT
MOJIYITPOBOAHHUKOBBIC 3JICKTPOHHBIC KOMIIOHCHTBI, BPOJAC TPAaH3UCTOPOB, MUKPOCXEM,
CUMHUCTOPOB UMEIOT KyJa OoJiee u30ImpeHHoe n3oopaxenue. Tak, Hampumep, y J1000ro
OWITOJIIPHOTO TPAH3KUCTOPA HE MEHEE TPEX BBIBOJOB: 0a3a, KOJUIEKTOP, SMHUTTEp. Ha
YCIIOBHOM M300paKEHUU OUTIOIIPHOTO TPAH3UCTOPA 3TU BBIBOJIBI H300Pa’KEHBI OCOOBIM
o0pa3zom. UTOOBI OTITMYATE HAa CXEME PE3UCTOP OT TPAH3UCTOPA, BO-TIEPBBIX HAJ/IO 3HATH
YCIIOBHOE M300payK€HUE 3TOTO dJIEMEHTA U, )KeNaTellbHO, ero 0a30BbIe CBOICTBA U
XapaKTCPUCTHUKHU. HOCKOHBKy Kaxxzaas paauoJcTallb YHUKaJlbHa, TO B YCJIOBHOM I/I306pa)KeHI/II/I
rpaduuecku MoxkeT ObITh 3ammdpoBaHa onpeneiaeHnas nuapopmanus. Tak, Hampumep,
W3BECTHO, YTO OUIOJISIPHBIE TPAH3UCTOPHI MOTYT UMETh Pa3HYIO CTPYKTYpY: P-N-p UIU
n-p-n.

[TosTomy, mepes TeM, Kak HayaTh pa30upaThecs B MPUHLIUITHAIBHBIX CXEMaX, XKeJlaTeIbHO
MMO3HAKOMUTHCS C PAAMOAETAIAMU U UX cBoiicTBaMHU. Tak OyzeT jerye pa3odparhbces, 4TO Ke
BCe-Taku N300pakeHo Ha cxeM. Kpome yclioBHBIX n300paskeHHi paguoaeranei Ha
MPUHLMITHAIBHON CXeMEe YKa3bIBaeTCs M Jipyras yrounstomas uapopmanus. Eciu
BHUMATEJBHO IIOCMOTPETH Ha CXEMY, TO MOKHO 3aMETUTh, YTO PSAAOM C KaXIbIM YCIOBHBIM
M300paKeHUEM paJHOETalIu CTOAT HECKOJIBKO JJATUHCKUX OYKB, 3TO COKpAILlEHHOE
OykBeHHOE 0003HaueHue paguoaeranu. CaenaHo 3To U TOro, 4ToObl IPU ONUCAHUU PAOOTHI
WJTM HACTPOMKH CXEMBI MOYKHO OBLITIO CCHIJIATHCS HA TOT WM WHOM 35ieMeHT. He TpynHo
3aMeTh, YTO OHHU €I1I€ U IPOHYMEpOoBaHsl, Hanpumep, BoT Tak: VT1, C2, R33 u T.x1.

HOHHTHO, YTO OAHOTHITHBIX paL[I/Ioz[eTaneﬁ B CXEME MOXET OBITh CKOJIb YIroaHoO MHOTO.

HO3TOMy, 9TOOBI YOopsaao4uThb BCE 3TO U IIPUMCHACTCA HyMEpalus. O)IHOTI/IHHI)IG
paanoacTalii Ha CXEME IPOHYMCEPOBAHBI HAYHHAA C JICBOTO BEPXHETO yIJia, 3aTEM I10
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MOPSIAKY HyMepalus UIET BHA3, a 3aTEM CHOBA HyMEpalllsl HAYNHAETCS CBEPXY, 4 3aTEM BHU3
U Tak jnanee. Ha cxeMme pagoM ¢ KaxKI0M paiuOACTaNIbIO YKA3bIBAECTCS €€ OCHOBHBIC
napameTpsl. MHOrAa aTa MHpOpMAaIus BBIHOCUTCS B Ta0IHILy, YTOOBI YIPOCTUTH [
BOCTIPUATHS NPUHIUNHAIBHYIO cxeMy. Hanpumep, psaom ¢ nzo0pakeHreM KOHIeHcaTopa,
KaK MpaBUJIO, YKA3bIBAETCSI €r0 HOMUHAJIbHAsA EMKOCTh B MUKpo(dapaaax win nukodapaiax.
Taxoke MOXeT yKa3bIBaThCsl 1 HOMUHAIBbHOE pabouee HalpsKeHHE, €CITU 3TO BaXKHO.

Psnom ¢ YI'O Tpan3ucTopa 00bIYHO yKa3bIBa€TCsl TUIIOHOMMHAI TPAH3UCTOPA, HAIIpUMeEp,
KT3107, KT315, TIP120 u 1.1. BooO1ie a5 j100bIX MOJYyNIPOBOIHUKOBBIX AJIEKTPOHHBIX
KOMIIOHEHTOB BPO/I€ MUKPOCXEM, TUOJIOB, CTAOMIINTPOHOB, TPAH3UCTOPOB YKa3bIBACTCS
TUIIOHOMUHAJI KOMIIOHEHTa, KOTOPBIN NPEANoaraeTcs i UCIOJIb30BaHUS B CXEME.

Jli1s pe3ucTopoB OOBIYHO YKA3bIBAETCS BCETO JIUIIb €T0 HOMHUHAJIBHOE COPOTUBIICHHUE B
KHJIOOMaX, OMax WU Meraomax. HoMuHanmbpHast MOIIHOCTh pe3ucTopa mudpyercs
HAKJIOHHBIMHU Y€PTOYKaMU BHYTPH NPSIMOYToJibHUKA. Takke MOIIHOCTh pEe3UCTOpa Ha CXEMeE
U Ha ero U300paKeHUH MOXKET U He YKa3bIBaThCS. DTO 03HAYAET, YTO MOIIHOCTh PE3UCTOpa
MOKET OBITh J1I000H, axke caMoil MaJloi, MOCKOJIbKY paboune TOKH B CXeMe HE3HAUNTEIbHbI
U UX MOXKET BBIIEPKATh AK€ CaMblil MaJJOMOIHbIN PE3UCTOP, BIILYCKAEMBbII
MIPOMBIIIJIEHHOCTHIO.

2. [TocTpoeHne NpUHIMIHAIBHONW CXEMBI IPOCTENIIETO ABYX KACKAHOTO YCHIINTEN,
ucnoas3ys 'OCT 2.709-72.

Ha cxeme n300paxeHbl HECKOJIBKO DJIEMEHTOB: OaTapesi muTaHus (MK MpoCcTo Oarapeiika)
GB1; nocrosiuubie pesuctopsl R1, R2,R3, R4; Boikimtouarens nutanus SAl,
anexTpoautTuyeckue konaencaropsl Cl1, C2; koHAeHcaTop NOCTOAHHON eMKocTH C3;
BBICOKOOMHBIN muHaMuK BA1; 6unonsipusie Tpansuctopbl VT1, VT2 ctpykTypsl n-p-n. Kak
BUJIUTE, C TOMOIIIBIO JIATUHCKUX OYKB 5 CCHUIAIOCh HA KOHKPETHBIHN 3JIEMEHT B CXEME.

-
W 0.4-0,6 mA
1
R2" H R3 R4* SA
4 ¥
180k 4 7k c2 180k
c1 *H +
10.0 * 68 V71 10.0*6B - GB1
458

Ea®

1
5
1o

Bxog

VT1, VT2 - KT318

B3rnsHyB Ha 3Ty cXeMy MBI BUJIUM 9TO JIFO0Ast AJIEKTPOHUKA pab0TaeT OT AIEKTPUIECKOTO
TOKa, CJICJI0BATEIBHO, HA CXEME JIOJDKEH YKa3bIBaThCS HCTOUYHUK TOKA, OT KOTOPOT'O MTUTACTCS
cxema. MICTOYHMKOM TOKa MOKET OBITh M OaTapelika U DJIEKTPOCETh MIEPEMEHHOTO TOKA UITH
’Ke OJIOK NMUTaHMUS.
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Hrak. Tak kak cxema yCUIUTENs MUTAeTCs OT OaTapen mocrosiuaoro Toka GB1, To,
cilenoBaTenbHO, OaTapeiika 001a1aeT MOMSIPHOCTHIO: TUTFOCOM «+» U MUHYCOM «-». Ha
YCJIIOBHOM M300pakeHUU OaTaper MUTAHUS Mbl BUJIUM, YTO PSJIOM C €€ BBIBOJAMHU yKa3aHa
MOJIAPHOCTb.

Tak, Hanpumep, snekTponuTrueckue konaencatopsl Cl u C2 obnanarot nonsgpHocTsio. Ecin
B3ATh PEATBHBIN AIEKTPOIUTHICCKUN KOHIEHCATOP, TO Ha €T0 KOPITyCe YKA3bIBACTCS KAKOH
U3 €ro BBIBOJIOB IIJIIOCOBOI, a KaKOi MUHYCOBOM. A Teneps, camoe riaaBHoe. [Ipu
CaMOCTOSITEIBHON COOpPKE JIEKTPOHHBIX YCTPOHUCTB HEOOXOIUMO COOIIOATH MOJIIPHOCTh
MOJIKJIIOUEHUS SJICKTPOHHBIX JeTaneil B cxeme. Hecobmoenre 3Toro npocToro npasuia
MPUBEAET K HEpabOTOCIIOCOOHOCTH YCTPOUCTBA U, BO3MOXHO, APYTUM HEKeNaTeIbHbIM
nocnencTBusAM. [loaToMy He 1eHUuTECh BpeMs OT BPEMEHH MO AbIBATh HA MPUHIUITHAIBHYTO
CXeMy, 10 KOTOpO# coOnpaeTe yCTpOMCTBO.

Ha cxeme BuHO, 4TO A7 COOPKHU YCHUIIUTENS IOHAJ005ATCS OCTOsIHHBIE pe3ucTopsl R1 - R4
MouHocThio He MeHee 0,125 Bt. D10 BUAHO U3 UX YCIOBHOIO 0003HAYCHHUS.

Taxxe MOXKHO 3aMeTUTh, uTO pe3ucTopbl R2* n R4* ormeueHsl 3Be3104K0i *. DTO 03HAYaET,
YTO HOMHHAJIBHOE COIPOTUBIICHUE 3TUX PE3UCTOPOB HYKHO 110100paTh C LIEIbI0
HaJIaKUBAHUS ONTUMAaIbHON pabOThI TpaH3ucTopa. OOBIYHO B TAKUX CIy4asiX BMECTO
PE3UCTOPOB, HOMUHAJ KOTOPBIX HYXHO MOA00paTh, BDEMEHHO CTaBUTCS IIEPEMEHHBIH
PE3UCTOP C CONPOTUBICHUEM HECKOJIBKO 0OJbIIE, YeM HOMUHAI PE3UCTOPA, YKa3aHHOIO Ha
cxeme. [lyis1 onpeiesnieHus: ONTUMaIbHON paboThl TPAaH3UCTOPA B IAaHHOM CIIy4yae B pa3pbiB
LENH KOJJIEKTOPA NOJKI0YaeTCsl MUIMamnepmerp. Mecro Ha cxeme, KyJa He00X0AUMO
HOJKJIFOUNTh aMIIEPMETP yKa3aHO Ha CXeMe BOT Tak. TyT e yKa3aH TOK, KOTOpbIH
COOTBETCTBYET ONTUMAIBHON pab0OTe TPAH3UCTOPA.

HaHOMHI/IM, 4TO 4Jid 3aMEpa TOKa, aMIICPMETP BKIIIOYACTCA B pa3pbIB LCIIH.

Jlanee BKITIOUAIOT CXEMY YCHIIUTENS BbIKItouaTeaeM SA 1 1 HAaUMHAIOT IEPEeMEHHBIM
pE3UCTOPOM MEHATH conpoTunieHne R2*. Ilpu 3ToM 0TCIeXKMBaIOT MOKAa3aHUS aMIIEpMETPa U
JOOMBAIOTCS TOTO, YTOOBI MIJITHaMIIEpMeTp nokaszsiBai Tok 0,4 - 0,6 muumamnep (MA). Ha
3TOM HacTpoiika pexxuma Tpansucropa VT1 cunraercs 3aBepiieHHo. Bmecto nepemeHHOro
pesucropa R2*, KoTOphIi MBI yCTaHABIMBAJIN B CXEMY Ha BpEMsI HaJaIKU, CTABUTCS PE3UCTOP
C TaKUM HOMHUHAJIbHBIM COIIPOTHUBIICHHEM, KOTOPOE PABHO COIPOTUBIICHUIO IEPEMEHHOI0
pe3ucTopa, MOIYyYEHHOIO B PE3yJIbTaTe HAJAAKH.

KaxkoB BbIBOJ] 13 BCETO 3TOTO JUITMHHOTO MOBECTBOBAHUS O HAJIAXKUBAHUU PaOOThI CXEMBI? A
BBIBOJI TAKOB, YTO €CJIM Ha CXEME BbI BUANTE KaKYIO-THOO paano/ieTanb CO 3BE3/109KOU
(manpumep, R5%), To 3T0 3HaYUT, 4TO B IIpoliecce COOPKHU YCTPONCTBA MO TaHHOU
NPUHILUIMATBHON cXeMe MOTpedyeTcsl HallaXXMBaTh padOTy OMpPEIEICHHBIX YYaCTKOB CXEMBbI.
O ToMm, Kak HaJlaXXUBaTh PabOTy YCTPOIMCTBA, KaK MPAaBUIIO, YIIOMUHAETCS B ONMMUCAHUH K
CcaMOi MPUHITUITHATIBHOM CXEME.
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Ecou B3ITIAHYTH Ha CXEMY YCUIIUTCIIA, TO TAKKC MOKHO 3aMCTUTD, YTO Ha HEH IMPUCYTCTBYET
BOT TAaKOC YCJIOBHOC 0003HaYCHHE.

OtuM 0003HAYEHHEM MOKA3bIBAIOT TaK Ha3bIBaeMblil 001MII POBoOA. B TexHHUYecKkoit
JIOKYMEHTAIUM OH Ha3bIBaeTcs KoprnycoM. Kak BUauM, o0IIMM MPOBOJIOM B MOKA3aHHOU
CXEM€ YCHJIUTENS ABJISETCS IPOBOJI, KOTOPBIN MOJKIIIOUEH K MUHYCOBOMY "-" BBIBOAY
Oartapeu nutanus GB1. J{ng apyrux cxem oOLIMM IPOBOJOM MOXKET OBITh U TOT IIPOBOJ,
KOTOPBIH MOAKIIIOUEH K IUTFOCY UCTOYHUKA MUTaHus. B cxemax ¢ ABYMOJIIpHBIM [TUTaHUEM,
o0ImuMii MPOBOJ yKa3bIBaeTcss 000COOIEHHO U HE MOJKIIOYEH HU K IJTI0OCOBOMY, HU K
MHHYCOBOMY BBIBOJY UCTOYHHKA ITUTAHUS.

3auem "obwmuit npoBoa" uiau "Kopmyc" yka3bplBaeTcs Ha cxeme?

OTtHOcHTENBHO O0LIET0 MPOBOJIA MPOBOAATCS BCE U3MEPEHUS B CXEME, 3a UCKIIIOUEHUEM TeX,
KOTOPbIE€ OTOBAPUBAIOTCS OTIEIBHO, a TAKXKE OTHOCUTENIBHO €r0 MOJKII0YAI0TCS
niepudepuiinbie ycrpoiicTa. [lo o6memy npoBoay Te4eT OOIIHiA TOK, MOTPEOIIeMbIi BCeMU
3JIEMEHTaMU CXEMBI.

O6LHHﬁ IMpoOBOJ CXEMbI B pC€aJIbHOCTU YaCTO COCAUHAIOT C MCTAJUNIMYCCKHUM KOPIIYCOM
OJICKTPOHHOI'O an/I60pa HIJIN MCTAJUIMYCCKUM ITACCH, HA KOTOPOM KPCIIATCA MEYATHBIC IJIAThI.

Crout noHMMaThb, YTO OOLIHI MPOBOJ 3TO HE TO K€ camoe, uto 1 "3emis". "3emus" - 310
3a3eMJICHHE, TO €CTh HCKYCCTBEHHOE COETMHEHUE C 3eMJIeH MOCPEICTBOM 3a3eMJISIOIIEr O
ycTporictBa. O003HaYaeTCs OHO HAa CXeMax Tak.

il

B otnenpHBIX clIyvasx O6IJ.IPII>1 IpoBOa YCTpOﬁCTBa MNOAKIIOYAIOT K 3a3CMJICHUIO.

Kak y»xe ObU10 cKa3aHO, Bce paJloAeTall Ha IPUHIIMITUATIBLHONW CXeME COSTUHSIOTCS C
TTOMOIIIHIO TOKOBEAYIIUX MPOBOJHUKOB. TOKOBEIYIIIMM MPOBOAHUKOM MOXKET OBITh MEIHBIN
MIPOBOJI WJTH K€ JOPOKKA U3 METHOM (hobru Ha neyaTHoH 1uiare. ToKoBeayuil MpOBOIHUK
Ha MPUHIMITHAIBLHON cXeMe 00o3HavdaeTcsi OObIYHON JTuHUEH. BOT Tak.

Mecra maiiku (3J€KTPUYECKOTO COSAMHEHHS ) ATHX MTPOBOIHUKOB MEX Ty Co00H, OO C

BBIBOJIAMH PaJIMOACTAIICH N300pakaroTCs )KUPHOM TOUKOM. BOT Tak.

Crout noHUMaThb, YTO Ha MPUHIUIIHAIBHON CXEME TOYKOM yKa3bIBa€TCs TOJIBKO COCIMHEHUE
Tpex u 601ee MPOBOJHUKOB MIIH BHIBOJIOB.
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3. BrinmonHeHne NpOBEPKHU NPABUIBHOCTH BBIITOJIHEHHBIX COCTMHEHMI.

[IpoussecTu (IIpy HOBOM BKJIFOUEHHUU WIIM PEKOHCTPYKIMH) aHAIN3 IPaBUILHOCTU PaOOThHI
CXEMBI [0 OTJEJIbHBIM LIeTIsIM (TIEPEMEHHOT0 TOKA U HANpPsHKEHUS, 110 ONepaTUBHBIM LIEISIM
ynpaBieHusi, OJJOKUPOBKHU, 3aLIUThl, aBTOMAaTUKHU U T.JI.) U B LIEJIOM BCEro yCTPOUCTBA B LENSIX
yCTpaHEHUS BO3MOKHOCTH TOSIBJICHUS JIOXKHBIX IIeTIel WM HeMTPaBUILHON pabOThl CXEMbI
IIPY MIOBPEKICHUH B OTAEIBHBIX 3JIEMEHTaX cxeMbl. [Ipu 3ToM HE0OXOAMMO IPOBEPUTH:

B IICIIX CUTHAJIHU3alluHu - 3BHAYCHHUC )IO63BO‘-IHBIX COHpOTI/IBJ'IeHI/Iﬁ PE3UCTOPOB, MMPABUIIBHOCTDH
TOAKIIFOYCHUA HCHCP'I CUTHAJIBHBIX PCIIC, pa60Ty CXCMBI ITPU OAHOBPEMCHHOM IMOSABJICHUU
MaKCUMaJIbHO BO3MOXHOI'O KOJIMYECTBA CUT'HAJIOB,

0) B IEMAX MEPEMEHHOT0 TOKA 3aIUT | | TPaBUIBLHO JIU CYMMUPYIOTCS TOKH 110 (hazam 1yist
HaMpaBJICHHBIX U AU epeHnanbHbIX 3a1uT, a Ui JuddepeHInaTbHbIX 3alIUT CUIOBBIX
TpanchopmMaTopoB, OJIOKOB TEHEPATOP-TPAHCPOPMATOP - CXEMBI COSTUHEHUH
TpaHcGOpMaATOPOB TOKA;

B) B LIEMSIX YNPaBJICHUS BBIKIIOUATENEH - pabOTy CXEMbI B Pa3IMYHbBIX MOJOKEHUAX KITFOUEH
yIpaBieHUs U BbIOOpa peKUMOB U OJIOKUPOBKH OT MHOTOKPAaTHOTO BKIIOUEHUS
BBIKJIFOUYATENIS HA KOPOTKOE 3aMbIKaHHUE;

I') B IIeMX TpaHc(hopMaTopa HaIpsKEHUS - IPaBUIIBHOCTh 3a3€MJICHUS] BTOPUYHBIX 0OMOTOK
TpaHc(opmaTopa HalpsHKEHUS U IPaBUIILHOCTh BHIOOPA 3aIIUTHI OT TOKOB KOPOTKOTO
3aMBbIKaHUS;

Bremnemy ocMOTpy nojsiexaT BCE 3JIEMEHTBI TPOBEPSIEMOr0 YCTPOMCTBA: pesieHast U
KOMMYTAaIIMOHHAs aIapaTypa; MPOBOJIKA U PSIbl BEIBOJIOB HA IITUTAX YIIPaBJICHUS, B
pENeHbIX 3a7aX, B paclpeAesIUTeNbHbIX YCTPOUCTBAX, B IPUBOAAX BBIKIIIOUATENEH U
pasbenuHuTeNeH, B mKadax cOOpOK BHIBOJOB; KaOeIbHbIC KaHAJBI U JJOTKH, KOHTPOJIbHBIC
ka0esu, UX KOHIIEBBIE Pa3/IelKy U COeAMHUTEIbHBIE My(PThI, TpaHCHOPMATOPHI TOKA U
HaIpsDKEHUs, BEICOKOYaCTOTHOE 000PYI0OBAaHUE U T.JI.

[Ipu BHe1IHEM 0CMOTpE HEOOXOIUMO MTPOBEPUTH:

0) HaJIE)KHOCTh KPEIUIEHUSI U IPABUIIBHOCTD BBITIOJIHEHUS 3a3€MJICHUI caMOl MaHenu,
SIUKOB, yCTpolicTB P3A 1 yCTaHOBIEHHON TaM anmnaparypsl;

B) OTCYTCTBHE MEXaHMUYECKUX MOBPEXKICHUH anmapaTypbl, COCTOSHIUE U30JISIIUN BBIBOJOB
pene u npyroi annaparypsl. Ha mmunbpku pene kenaTenbHO HaJeTh N30JSIIMOHHBIE TPYOKH,
a B CJIy4ae NepeHero NpUCOEIMHEHNUS MO BBIBOIbI PEJI€ HKENATEIbHO MOAT0KHUTh
M30JIUPYIONIHNE MPOKIAIKU (32 UCKITIOYeHHEM pazbeMoB CYPA);

T') COCTOSTHUE MOHTa)ka MPOBOJIOB HAa MAHEIAX, MKadax, SAMUKax v T.10. {0 KHBI
OTCYTCTBOBATh HEM30JIMPOBaHHBIC IPOBO/IA U KUl Kabens. Haubonee nenecoodpazna
MPOKJIaIKa TPOBOJIOB B MTyYKaX, CKPETUICHHBIX CKOOKaMU WJIM HUTKaMu. B Mectax mpoxoma
MIPOBOJIOB Y€pe3 OTBEPCTUS HE JOKHO OBITh KOPPO3HH, OCTPBIX YTJIOB U 3ayCEHIICB;

I[) OTCYTCTBUC HAa CMCIKHBIX 3a’KUMaX ueneﬁ, CJ'Iy‘-IH.fIHOC COCAMHCHNEC KOTOPBIX MOXKET
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BbI3BATb OTKJIIOUYCHUC U BKIIIOYCHHUC IIPUCOCANHCHU A, KOPOTKOC 3aMbIKAHHEC B LICIIAX
IIOCTOAHHOI'O TOKA,

e) HaACKHOCTDb U NPAaBUJIbHOCTL BBITTOJTHCHUSA OTBETBJICHUM OT IIMHOK (I[OJ'DKHa
o0ecneynBaThCs BO3MOKHOCTD OTCOCAUMHCHUSA U TIPUCOCANHCHUA JIF000T0 OTXOAAIICTO
npoBOAa oA HAITPAKCHUECM U 0e3 HapyHICHUA pa3BOAKHU OCHOBHOMH I_ICHI/I);

) COOTBETCTBUE MAPKHU U C€UEHUs Kabesel mpoeKTy (OTCTyIIEHHE OT MPOEKTa JOHKHO
OBITH COTJIACOBAHO C COOTBETCTBYIOIIEH ciryx00i P3A); 3) coctosiHne kabeneii rmo Tpacce
MPOKJIAJIKU (LIETOCTHOCTh OPOHM WIIM 3alIUTHOW 000JIOYKHU M MPABUIBHOCTh UX 3a3€MIICHHH,
OKpacka OpOHHU, OYMCTKA Kabenel OT J)KyTOBOIO OKPOBA), COOTBETCTBUE PACKIIAIKH
Kabelel 1o Tpacce NpoeKTy, COCTOSTHIE KOHCTPYKIMMI ISl KpeIUIeHus Kabemne,
MPaBHUJIIbHOCTD BBITTOJHCHUS 3allIUThI OT MEXaHUYCCKUX HOBpC)KI[CHHfI, TCPMETUYHOCTD
YIUIOTHEHUH TPyO, UCTIONB3YEMBbIX 11 MEXaHHMUECKOW 3allUThl KaOesel HapyKHOH
MIPOKJIaAKU, TCPMCTUIHOCTD yrIJ'IOTHeHI/II\/'I B MCCTaxX MNPOXOKIACHUSA Kabenen 4Cpe3 CTCHBI U
MEX/ly3Ta)KHbI€ IEPEKPBITHSL, BBIMOJIHEHHE MEP IPOTHBOIOKAPHONU OE30MIaCHOCTH B
npeJenax CymecTBYIONIMX 30H 00CITyKUBaHMS,

IIpoBepka mpakTuyeckoi paboThI O ABYM BOIIPOCAM U3 TPEX:

1. BeisiBiieHue cocraBa KOMIUICKTYIOIINUX, BXOAAIIHNX B IPUHIUIIHAJIBHYTO SJICKTPUICCKYIO
CXEMY, COCANMHCHUA MCXKIY HUMHU.

YMeHne unTaTh MPUHIUITHATIBLHBIE CXEMbl HEOOXOIMMO TIPU CaMOCTOATEILHON COOpKe
ANEKTPOHHOTO YCTPOUCTBA U HE TONbKO. [IpuHIMNIHansHas cxema — 3To rpaduueckoe
MPEJICTABIEHUE COBOKYITHOCTH AJIEKTPOHHBIX KOMIIOHEHTOB, CO€IMHEHHBIX TOKOBEIYILIUMH
poBoAHUKaMU. Pa3zpaboTka 1000ro 3IEeKTPOHHOTO YCTPOHCTBA HAUMHAETCS ¢ pa3paboTKu
€ro NPUHIUITAAIIBHON CXEMBI.

Nmenno na HpHHHHHHaﬂBHOﬁ CXEME MMOKa3aHO, KaK UMCHHO HYKHO COCAUHATHL paauoaCTaliu,
YTOOBI B UTOTE TIOJTYYUTH TOTOBOE IJEKTPOHHOE YCTPOMCTBO, KOTOPOE CIIOCOOHO BBIMOTHSTH
onpenenaeHHbie PyHKIUU. YTOOBI TOHATH, YTO XK€ H300paKEHO HA MPUHIUITHAIEHON CXeMe
HY’KHO, BO-TIEPBBIX 3HATh YCIOBHOE 0003HAUEHUE TE€X DJIEMEHTOB, U3 KOTOPHIX COCTOUT
3JICKTPOHHAS cxema. Y ro0oit paguoneranu( Pesuctop, KoHAEHCATOP, IUHAMUK...) €CTh CBOE
yclioBHOE Tpaduueckoe 0003HaueHUE. ITO JOCTATOYHO MPOCTHIC ANEMEHTHI. A BOT
MOJIYITPOBOAHHUKOBBIC 3JICKTPOHHBIC KOMIIOHCHTBI, BPOJAC TPAaH3UCTOPOB, MUKPOCXEM,
CUMHUCTOPOB UMEIOT KyJa OoJiee u30IpeHHoe n3oopaxenue. Tak, Hampumep, y J1000ro
OWITONIIPHOTO TPAH3KUCTOpA HE MEHEE TPEX BBIBOJOB: 0a3a, KOJIEKTOP, SMHUTTEp. Ha
YCIIOBHOM M300paKEHUU OUTIOIIPHOTO TPAH3UCTOPA 3TU BBIBOJIBI H300Pa’KEHBI OCOOBIM
o0pa3zom. UTOOBI OTIIMYATE HA CXEME PE3UCTOP OT TPAH3UCTOPA, BO-TIEPBBIX HAJ/IO 3HATH
YCIIOBHOE M300payK€HUE ITOTO dJIEMEHTA U, )KeTaTelIbHO, ero 0a30BbIe CBOICTBA U
XapaKTCPUCTHUKHU. HOCKOHBKy KaxXzaas paauoJcTallb YHUKaJlbHa, TO B YCJIOBHOM I/I306pa)KeHI/II/I
rpaduuecku MoxkeT ObITh 3ammdpoBaHa onpeneiaeHnas nunpopmanus. Tak, Hampumep,
W3BECTHO, YTO OUIOJISIPHBIE TPAH3UCTOPHI MOTYT UMETh Pa3HYIO CTPYKTYpY: P-N-p UiIU
n-p-n.

HO3TOMy, nepea T¢M, Kak Ha4aTb pa361/1paTLc51 B IPUHIHUIIMAJIBHBIX CXEMaX, KCIIATCIIbHO
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MMO3HAKOMUTHCS C PAAMOAETAIAMU U UX cBoiicTBaMHU. Tak OyzeT jerye pazo0parhbces, 4To Ke
BCe-Taku U300pakeHo Ha cxeM. Kpome ycrioBHBIX n300pakeHH paguoaeTanei Ha
MPUHLMITHAIBHONW CXEMEe YKa3blBaeTCs M Jipyras yrounstomas uapopmanus. Eciu
BHUMATEJIBHO IIOCMOTPETH Ha CXEMY, TO MO>KHO 3aMETUTh, YTO PSAAOM C KaXIbIM YCIOBHBIM
M300paKeHNUEM paJHOEeTall CTOAT HECKOJIBKO JTATUHCKUX OYKB, 3TO COKpAILlEHHOE
OykBeHHOE 0003HaueHue paguozaerain. CaenaHo 3To Ui TOro, 4ToObl IPU ONKUCAHUH PAOOTHI
WM HACTPOMKH CXEMBI MOYKHO OBLITIO CCHIJIATHCS HA TOT WK WHOM 35ieMeHT. He TpyHo
3aMeTh, YTO OHHU €I1I€ U IPOHYMEpOBaHsl, Hanpumep, BoT Tak: VT1, C2, R33 u T.x1.

[ToHATHO, YTO OHOTHUITHBIX pajinoJIeTaNeii B CXeMe MOXKET ObITh CKOJIb YTOJTHO MHOTO.
[ToaTomy, 4TOOBI YIOPSIIOUUTH BCE ATO U MpUMEHseTcsl HyMepatusi. OJHOTUITHbIE
paauoeTany Ha CXeMe IIPOHYMEPOBAHbl HAYMHAs C JIEBOI'O BEPXHETO YIJIa, 3aTEM I10
MOPSIAKY HyMepalus UIET BHA3, a 3aTEM CHOBA HyMEpalllsl HAYNHAETCS CBEPXY, 4 3aTEM BHU3
U Tak jnanee. Ha cxeMe pagoM ¢ KaxkI0M paiuOACTaNIbIO YKA3bIBACTCS €€ OCHOBHBIC
napameTpsl. MHOrIa aTa MHpOpMAaIus BEBIHOCUTCS B Ta0IHILy, YTOOBI YIPOCTUTH JUIs
BOCIIPHSITHS IPUHIMIIUAIBHYIO0 cxeMy. Hampumep, psiiom ¢ n3o0paxeHneM KOHeHcaTopa,
KaK MpaBUJIO, YKA3bIBAETCSI €r0 HOMUHAJIbHAsA EMKOCTh B MUKpo(dapaaax win nukodapaiax.
Taxoke MOXeT yKa3bIBaThCsl 1 HOMUHAIbHOE pabouee HalpsKeHHE, €CITU 3TO BaXKHO.

Psnom ¢ YI'O Tpan3ucTopa 00bIYHO yKa3bIBa€TCsl THIIOHOMMHAI TPAH3UCTOPA, HAIpUMep,
KT3107, KT315, TIP120 u 1.1. BooO1ie a5 J100bIX MOJYyNIPOBOIHUKOBBIX JIEKTPOHHBIX
KOMIIOHEHTOB BPO/I€ MUKPOCXEM, TUOJIOB, CTAOMIIMTPOHOB, TPAH3UCTOPOB YKa3bIBACTCS
TUIIOHOMUHAJI KOMIIOHEHTa, KOTOPBIN NIPEANoaraeTcs 1 UCIOJIb30BaHUS B CXEME.

Jl1s pe3ucTopoB OOBIYHO YKA3bIBAETCS BCETO JIUIIb €T0 HOMUHAJIbHOE COPOTUBIICHHE B
KMJIOOMaX, OMax WU Meraomax. HoMuHanmbpHast MOIIHOCTh pe3ucTopa mudpyercs
HAKJIOHHBIMU Y€PTOYKaMU BHYTPH NPSAMOYToJibHUKA. Takke MOIIHOCTh pEe3UCTOpa Ha CXEMe
U Ha ero U300paKeHUH MOXKET U He YKa3bIBaThCS. DTO 03HAYAET, YTO MOIIHOCTh PE3UCTOpa
MOXKET OBITh 1000, axke caMoil MaJloi, MOCKOJIBbKY paboune TOKH B CXeMe HE3HAUNTEIbHbI
U UX MOXKET BBIIEPKATh JaKe€ CaMblil MaJJOMOIIHbIN PE3UCTOP, BBIILYCKAEMBbII
MIPOMBIIIJIEHHOCTHIO.

2. [locTpoeHne NpUHIMIHAIBHONW CXEMBI IIPOCTEMIIETO ABYX KACKAHOTO YCHIINTEN,
ucnoas3ys 'OCT 2.709-72.

Ha cxeme n300paxeHbl HECKOJIBKO DJIEMEHTOB: OaTapesi muTaHus (MK MpoCcTo Oarapeiika)
GB1; nocrosiuubie pesuctopsl R1, R2,R3, R4; Boikimtouarens nutanus SAl,
anexTpoautTuyeckue konaencaropsl Cl1, C2; koHAeHcaTop NOCTOAHHON eMKocTH C3;
BBICOKOOMHBIN quHaMuK BA1; 6unonspusie Tpansuctopsl VT1, VT2 ctpyktypsl n-p-n. Kak
BUJIUTE, C TIOMOIIBIO IATUHCKUX OYKB 51 CCHIIAIOCH HA KOHKPETHBIHN 3JIEMEHT B CXEMe.
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B3risHyB Ha 3Ty cXeMy MBI BUJIUM YTO JIF00Aast SJIEKTPOHUKA pabOTaeT OT JIEKTPUIECKOTO
TOKa, CJIEJI0BATEIHHO, HA CXEME JIOJDKEH YKa3bIBAThCS UCTOUYHUK TOKA, OT KOTOPOTO MUTACTCS
cxema. VICTOYHMKOM TOKa MOKET OBITh M OaTapelika U 3JIEKTPOCETh MIEPEMEHHOTO TOKA HJIU
’Ke OJIOK ITUTaHus.

Wrak. Tak kak cxema yCHJIMTENs TUTAaeTCs OT OaTapen nmocrosiHHoro Toka GBI, To,
cleoBaTeNibHO, OaTapeiika 001aiaeT MOSIPHOCTHIO: TUTFOCOM «+» U MUHYCOM «-». Ha
YCJIOBHOM HM300pakeHUU OaTaper MUTaHUs Mbl BUJIUM, YTO PSJIOM C €€ BBIBOJIJAMHU yKa3aHa
MOJISIPHOCT.

Taxk, Harpumep, snekTposnTrdeckue KouaeHcaTopsl C1 u C2 06manaroT noaspHocThio. Ecin
B3STh PEAJIbHBIN JIEKTPOJIUTHUECKHI KOHIEHCATOP, TO HA €ro KOPIYCe YKa3bIBACTCS KaKOM
U3 €T0 BBIBOJIOB IUTFOCOBOM, a KAKOM MUHYCOBOM. A Temneps, camoe riaaBHoe. [lpu
CaMOCTOSITEIILHOM COOpPKE AIEKTPOHHBIX YCTPOHCTB HEOOXOAMMO COOTIOAATH MOJIIPHOCTD
MOJIKJIFOUEHUS SJIEKTPOHHBIX AeTaleil B cxeMe. HecobOuoienne 3Toro mpocToro mpasuiia
pHUBEIET K HEPAOOTOCTIOCOOHOCTH YCTPONCTBA M, BOBMOXKHO, IPYTUM HEKEIaTeIbHBIM
nociencteusaM. [loaromy He TeHuTECh BpeMsl OT BpEMEHH MOTJISAIbIBATh HA TPUHIUITUATBHYIO
CXeMy, 10 KOTOpOii coOupaeTe yCTpOrCTBO.

Ha cxeme BUIHO, 9TO AJ1st COOPKH YCHIIUTEINS TOHAA00SITCS IOCTOSIHHBIE pe3ucTopsl R1 - R4
MOIIHOCTHIO He MeHee (0,125 BT. DTo BUJIHO U3 UX YCIOBHOTO 0003HAYCHHUS.

Takxe MOXKHO 3aMETUTBh, uTO pe3ucTopbl R2* u R4* orMmeueHsl 3Be3404K0i *. DTO 03HAYAET,
YTO HOMHHAJIBHOE COIPOTUBIICHUE 3TUX PE3UCTOPOB HYKHO 110100paTh C LIETbIO
HaJI&XXMBAaHUS ONITUMAIIHON paboThI TpaH3UCTOpa. OOBIYHO B TAKUX CIIydasiX BMECTO
PE3UCTOPOB, HOMHHAJ KOTOPBIX HY’KHO I0J100paTh, BPEMEHHO CTaBUTCSI IEPEMEHHBIN
PE3UCTOP C CONPOTUBICHUEM HECKOJIBKO OOJIbIIE, YeM HOMUHAN PE3UCTOPA, YKa3aHHOTO Ha
cxeme. Iy onpeiesnieHus: ONTUMaabHON paboThI TPAaH3UCTOPA B IaHHOM CIIydae B pa3pbiB
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LENU KOJJIEKTOpa MOJKII0YaeTcsi MUUIMaMIiepMeTp. Mecto Ha cxeme, KyJja HE00X0AUMO
MOAKJIIOYUTH aMIIEPMETP YKa3aHO Ha CXEME BOT TakK. TyT K€ yKa3aH TOK, KOTOPBIi
COOTBETCTBYET ONTUMAJIbHON paboTe TpaH3UuCTOpa.

Hanomuum, 4To a1 3amMepa ToKa, aMIepMETP BKIIFOUAETCS B pa3phIB LEIH.

Jlanee BKITIOUAIOT CXEMY YCHIIMTENS BhIKITIouaTeaeM SA 1 1 HAaUMHAIOT IEPEeMEHHBIM
pPE3UCTOPOM MEHSATH conpoTusiieHue R2*. [Ipu 3ToM OTCneKnBarOT OKa3aHUs aMIIEpMeTpa U
N00uBarOTCA TOT0, YTOOBI MUJUIHAMIIEpMeTp Noka3zbiBal Tok 0,4 - 0,6 muyunammnep (MA). Ha
9TOM HAacCTpolKa pexuMma Tpansucropa VT1 cuuraercs 3aBepuieHHON. BmecTo nepemMeHHOro
pesucropa R2*, KoTOpbIi Mbl YCTaHABIIMBAIU B CXEMY Ha BpeMs HaJIaJIKu, CTABUTCS PE3UCTOP
C TAKUM HOMUHAJIbHBIM COIIPOTUBIIEHUEM, KOTOPOE PABHO COIIPOTUBIIEHUIO IEPEMEHHOIO
pe3ucTopa, NOJYYEHHOIO B pe3yJIbTaTe HAJIAIKH.

KaxkoB BbIBOJ 13 BCETO 3TOTO JUTMHHOTO MOBECTBOBAHUS O HAIAXKUBAHUH PaOOTHI CXEMBI? A
BBIBOJI TAKOB, YTO €CJIM Ha CXEME BbI BUANTE KAKYIO-THOO Paano/IeTalb CO 3BE€310UKOU
(manmpumep, R5%), To 3T0 3HAUUT, 4TO B Mpoliecce COOPKU yCTPONUCTBA MO JaHHOU
MPUHIMITUATBEHON CXeMe MOTpedyeTcs HalaKuBaTh PadOTy ONpPEAETCHHBIX YY4aCTKOB CXEMBI.
O ToMm, KaKk HaJlaXXUBaTh PabOTy YCTPOMCTBA, KaK MPAaBWIJIO, YIIOMUHAETCS B ONMMMUCAHUH K
CaMOU NPUHIUITUAIIBHON CXEME.

Ecnu B3t JIAHYTb Ha CXCMY YCUJIUTCIIA, TO TaKKC MOKHO 3aMCTUTh, UTO HA HeH NNPpUCYTCTBYCT
BOT TAaKO€ YCJIOBHOC 0003HaueHMUE.

OTUM 0003HaUEHUEM TOKA3bIBAIOT TaK HAa3bIBacMblil 001Mi PoBoA. B TexHuueckoit
JIOKYMEHTAIlMU OH Ha3bIBaeTcs koprnycoM. Kak Buaum, 00IIUM IPOBOAOM B OKa3aHHOM
CXEM€ YCHJINTEIS ABJIAETCS IPOBOJ, KOTOPBIN MOAKIIOUEH K MUHYCOBOMY "-" BBIBOZY
6arapeu nutanus GB1. [l npyrux cxem o01uM IpoBOIOM MOXKET ObITh U TOT IIPOBOJ,
KOTOPBIH MOJAKIIIOYEH K IUTI0OCY MCTOYHHMKA MUTaHKs. B cxemax ¢ IByNOISpHBIM MUTAaHUEM,
001IMii TPOBOJT yKa3bIBACTCSI 000COOJIEHHO M HE MOKIIOUEH HU K ITFOCOBOMY, HH K
MHUHYCOBOMY BBIBOJy UCTOYHUKA TUTAHUS.

3ayem "o06muit npoBoa" uiK "kKopmyc" ykaspiBaeTcs Ha cxeme?

OTHOCUTENBHO OOIIET0 MPOBO/IA MPOBOAATCS BCE U3MEPEHHS B CXEME, 32 HCKIIFOUEHUEM TeX,
KOTOPBIE OTOBAPUBAIOTCS OTAEIBHO, 4 TAKXKE OTHOCUTENBHO €r0 IMOAKII0YAI0TCS
nepudepuiinsie yctpoiicta. [1o o6meMy mpoBoy TedeT o0l TOK, moTpedIseMblil BceMH
3JIEMEHTaMU CXEMBI.

O6IIII/II>’I IMpOBOJ CXEMBI B p€AJIbHOCTH YaCTO COCAUHAIOT C MCTAJTUNIMYCCKHUM KOPITYyCOM
QJICKTPOHHOI'O HpI/I60pa HJIN MCTAJUIMYCCKUM IIAaCCH, HA KOTOPOM KPCIIATCA MECYATHBIC IJI1AThI.

Crout noHUMaTh, 4TO OOLIMIA IPOBOJ 3TO HE TO K€ camoe, uTo 1 "3emis". "3emurs" - 3T0

3a3eMJIEHUE, TO €CTh UCKYCCTBEHHOE COEIMHEHNUE C 3eMJIEH MTOCPECTBOM 3a3€MIISIOIIETO
ycTpoiicTBa. O603HaUaeTCss OHO Ha CXeMax Tak.

ctp. 148 u3 156




il

B otnenpHBIX clIyvasax O6IJ.IPII>1 IpoBOa YCTpOﬁCTBa MNOAKIIOYAaIOT K 3a3CMJICHUIO.

Kak y»xe Obu10 cKa3aHO, Bce paJiloAeTall Ha MIPUHIMITUATIBLHONW CXeME COSTUHSIOTCS C
TTOMOIIIHIO TOKOBEAYIIHUX MPOBOJHUKOB. TOKOBEIYIIIMM MPOBOAHUKOM MOXKET OBITh MEIHBIN
MIPOBOJI UJTH K€ JOPOKKA U3 METHOM (hobru Ha nmeyaTHoH 1uiare. TokoBeayuii mpoOBOIHUK
Ha MPUHIMITHATILHON cXeMe 00o3HavdaeTcsi OObIYHON JTuHUEH. BOT Tak.

Mecra maiiku (3J€KTPUYECKOTO COSAMHEHHS ) ITHX MTPOBOTHUKOB MEX Ty CO00H, OO C

BBIBOJIAMH PaJIMOACTAIICH N300pakaroTCs )KUPHOM TOUKOM. BOT Tak.

Crout noHUMaThb, YTO Ha MPUHIUIIHAIBHON CXEME TOYKOM yKa3bIBa€TCs TOJIBKO COCIMHEHUE
Tpex u 601ee MPOBOJHUKOB MIIH BHIBOJIOB.

3. BoinosiHeHNE POBEPKH NMPABUIBLHOCTHU BBINOJIHEHHBIX COEIMHEHUI.

[IpoussecTu (IIpy HOBOM BKJIFOUEHHUHU WJIM PEKOHCTPYKIMH) aHAIN3 PAaBUIBHOCTU PabOThI
CXEMBI IO OTJEJIbHBIM LIeTISIM (IIEPEMEHHOr0 TOKA U HANpPSDKEHUS, 110 OIepaTUBHBIM LIEHSIM
ynpaBiieHus!, OJJOKUPOBKH, 3aLIUThl, aBTOMAaTUKHU U T.JI.) U B LIEJIOM BCEro yCTPOWUCTBA B LENSIX
YCTpaHEHUS BO3MOKHOCTH TOSBJICHUS JIOXKHBIX 1eTel WK HeMTPaBUIbHON pabOThl CXEMbI
IpY TIOBPEKIACHNUHU B OT/ACIBHBIX dJIEMEHTax cXeMbl. [Ipr 37ToM HE0OXO0MMO TPOBEPHTH:

B IICIIX CUTHAJIM3allluH - 3BHAYCHHUC I[O6aBO‘-IHI)IX COHpOTI/IBJIeHI/Iﬁ PE3UCTOPOB, MMPABUIIBHOCTDH
INOAKIKOYCHUA ueneﬁ CUTHAJIBHBIX PECJIC, pa60Ty CXEMBI ITPH OATHOBPEMCHHOM I105BJICHUHA
MAaKCUMAJIbHO BO3MOKHOT'O KOJIMYECTBA CUTHAJIOB,

0) B IIeMNsAX MEPEMEHHOTO TOKA 3aIIUT [ MPaBUIIHHO JIM CyMMHPYIOTCSI TOKH 110 (a3am Jiist
HANpaBJICHHBIX U MU PEPCHITNATBHBIX 3aIUT, a 1 TUPPEPSHITNATBHBIX 3aIUT CHIOBBIX
TparnchopmMaTopoB, OIIOKOB TeHEPATOP-TPAHCHPOPMATOP - CXEMBI COSTUHCHHIA
TpaHc(hopMaTOpOB TOKA;

B) B LIEMSAX YNpPaBJICHUs BBIKIOYATENIEH - pabOTy CXEMbI B Pa3JINYHbIX MOJOKEHUAX KIIFOUeH
yTpaBJICHUS U BEIOOpA PEKUMOB M OJIOKUPOBKH OT MHOTOKPATHOTO BKITIOYCHUS
BBIKJIFOUATENIS HA KOPOTKOE 3aMbIKaHHUE;

T') B LIEMSAX TpaHchopMaTopa HAMPSIKEHUS - TPABUIIBHOCTD 3a3€MJICHHSI BTOPUUHBIX OOMOTOK
TparcopmaTopa HaNpsHKSHUS U IPABHIILHOCTH BRIOOPA 3aIIHUTHI OT TOKOB KOPOTKOTO
3aMbIKaHUS;

BHCH_IHCMy OCMOTpPY NOMJICIKAT BCC DJICMCHTHI ITPOBEPSACMOIO YCTpOﬁCTBaZ peneﬁHa;[ u
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KOMMYTAaIIMOHHAs aIapaTypa; MPOBOIKA U PSIbI BEIBOJIOB HA IIUTAX YIIPaBJICHUS, B
pENeHbIX 3aaX, B paclpeAesIUTeNbHbIX YCTPOUCTBAX, B IPUBOAAX BBIKIIIOUATENEH U
pasbenuHuTeNeH, B mKadax cOOpOK BHIBOJOB; KaOeIbHbIC KaHAJBI U JJOTKH, KOHTPOJIbHBIC
ka0esu, UX KOHIIEBBIE Pa3/Ie]Ky U COeAMHUTEIbHBIE My(PThI, TpaHCHOPMATOPHI TOKA U
HaIpsDKEHUs, BRICOKOYaCTOTHOE 000PYI0BAaHUE U T.JI.

[Ipu BHE1IHEM 0CMOTpE HEOOXOIUMO MTPOBEPUTH:

0) HaJIE)KHOCTh KPEIUIEHUSI U IPABUIIBHOCTD BBITIOJIHEHUS 3a3€MJICHUI caMOl MaHenu,
SIUKOB, yCTpOlcTB P3A 1 yCTaHOBIEHHON TaM anmnaparypsl;

B) OTCYTCTBHE MEXaHMUYECKUX MOBPEXKICHUH anmapaTypbl, COCTOSHIUE U30JISIIUN BBIBOJOB
pene u npyroi annaparypsl. Ha mmunbpku pene keaaTenbHO HaJeTh N30SIIMOHHBIE TPYOKH,
a B CJIy4ae NepeHero NpUCcOeIMHEHNUS MO BBIBOIBI PEJI€ HKENATEIbHO MOAJ0KHUTh
M30JIUPYIONIHNE MPOKIAIKU (32 UCKIIOYeHHEM pazbeMoB CYPA);

T') COCTOSTHUE MOHTa)ka MPOBOJIOB HAa MAHEIAX, MKadax, SIUKax v T.10. {0 KHBI
OTCYTCTBOBATh HEM3OJIMPOBaHHBIC IPOBO/IA U KU Kabens. Haubomnee nenecoodpazna
MPOKJIaIKa TPOBOJIOB B MTyYKaX, CKPETUICHHBIX CKOOKaMU WJIM HUTKaMu. B Mectax mpoxoma
MIPOBOJIOB Y€pe3 OTBEPCTUS HE JOJKHO OBITh KOPPO3HH, OCTPBIX YIJIOB U 3ayCEHIICB;

I[) OTCYTCTBUC HAa CMCIKHBIX 3aKUMaX ueneﬁ, CJ'Iy‘-IH.fIHOC COCAMHCHHUEC KOTOPBIX MOXKET
BbI3BATb OTKJIIOUYCHUC U BKIIIOYCHHUC IIPUCOCANHCHU A, KOPOTKOC 3aMbIKAHHEC B LICIIAX
IIOCTOAHHOI'O TOKA,

e) HaACKHOCTDb U NPAaBUJIbHOCTL BBITTOJTHCHUSA OTBETBJICHUM OT IIMHOK (I[OJ'DKHa
o0ecneynBaThCs BO3MOKHOCTD OTCOCAWHCHUSA U TIPUCOCANHCHUA JIF000T0 OTXOAAIICTO
npoBOAa oA HAITPAKCHUEM U 0e3 HapyHUICHUA pa3BOAKHA OCHOBHOM I_ICHI/I);

) COOTBETCTBUE MAPKHU U C€UEHUs Kabesel NpoekTy (OTCTyIIEHHE OT MPOEKTa JOHKHO
OBITH COTJIACOBAHO C COOTBETCTBYIOMIEH ciryx00i P3A); 3) coctosiHne kabenei 1o Tpacce
MPOKJIAJIKU (LIETOCTHOCTh OPOHM WIIM 3alIUTHOW 000JIOYKU M MPABUIBHOCTh UX 3a3€MIICHHIH,
OKpacka OpOHHU, OYMCTKA Kabenel oT J)KyTOBOI'O OKPOBA), COOTBETCTBHUE PACKIIAIKH
Kabeel 1o Tpacce NpOeKTy, COCTOSTHUE KOHCTPYKIMI ISl KpeIUIeHus Kabenei,
MPaBHUJIIbHOCTD BBITTIOJIHCHUS 3allIUThI OT MEXaHUYCCKUX HOBpC)KI[CHHfI, TCPMETUYHOCTD
YIUIOTHEHUH TPyO, UCTIONIB3YEMBbIX Il MEXaHHMUECKOW 3allUThl Kalesel HapyKHOH
MIPOKJIaAKU, TCPMCTUIHOCTD yrIJ'IOTHeHI/II\/'I B MCCTaxX NPOXOKIACHUSA Kabenen 4epe3 CTCHBI U
MEX/Ty3TaKHbIE IEPEKPBITHSL, BBIMIOJIHEHHE MEP IPOTHBOIOXKAPHOU OE30MIaCHOCTH B
npejenax CymecTBYIONIMX 30H 00CITyKUBaHMS,
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[IpoBepka nmpakTUyeckoi paboThI O TPEM BOIIPOCAM U3 TPEX:

1. BeisiBiieHue cocraBa KOMIUICKTYIOIINUX, BXOAAIIHNUX B IIPUHIUIIHAIBHYTO SJICKTPUICCKYIO
CXEMY, COCANMHCHUA MCXKIY HUMHU.

YMeHne unTaTh NPUHIUITHATIBLHBIE CXEMbl HEOOXOIMMO TIPH CaMOCTOATEILHON COOpKe
AMEKTPOHHOTO YCTPOMCTBA U HE TONbKO. [IpuHIMNIIansHas cxema — 3To rpaduueckoe
MPEJICTABIEHUE COBOKYITHOCTH AJIEKTPOHHBIX KOMIIOHEHTOB, CO€IMHEHHBIX TOKOBEIYILIUMH
poBoAHUKaMU. Pa3zpaboTka 1r000ro 3MEeKTPOHHOTO YCTPOHCTBA HAUMHAETCS ¢ pa3paboTKu
€ro NPUHIUITHAAIBHON CXEMBI.

Nmenno na HpHHHHHHaﬂBHOﬁ CXEME MMOKa3aHO, KaK UMCHHO HYKHO COCAUHATDL paauoaCcTaliu,
YTOOBI B UTOTE TIOJTYYUTH TOTOBOE IJEKTPOHHOE YCTPOMCTBO, KOTOPOE CIIOCOOHO BBIMIOTHSITh
onpenenaeHHbie PyHKIUU. YTOOBI TOHATH, UTO K€ H300paKEHO HA MPUHIUITHAIEHON CXeMe
HY’KHO, BO-TIEPBBIX 3HATh YCIOBHOE 0003HAUEHUE TE€X DJIEMEHTOB, U3 KOTOPHIX COCTOUT
3JICKTPOHHAS cxema. Y ro0oit paguoneranu( Pe3uctop, KoHAEHCATOP, IUHAMUK...) €CTh CBOE
yclioBHOE rpaduueckoe 0003HaueHUE. ITO JOCTATOYHO MPOCTHIC ANEMEHTHI. A BOT
MOJIYITPOBOAHHUKOBBIC 3JICKTPOHHBIC KOMIIOHCHTBI, BPOJAC TPAaH3UCTOPOB, MUKPOCXEM,
CUMHUCTOPOB UMEIOT KyJa OoJiee u30ImpeHHoe n3oopaxenue. Tak, Hampumep, y J1000ro
OWITONIIPHOTO TPAH3KUCTOpA HE MEHEE TPEX BBIBOJOB: 0a3a, KOJUIEKTOP, SMHUTTEp. Ha
YCIIOBHOM M300paKEHUU OUTIONIIPHOTO TPAH3UCTOPA 3TU BBIBOJIBI H300Pa’KEHBI OCOOBIM
o0pa3zom. UTOOBI OTIIMYATE HAa CXEME PE3UCTOP OT TPAH3UCTOPA, BO-TIEPBBIX HAJ/IO 3HATH
YCIIOBHOE M300paK€HUE 3TOTO dJIEMEHTA U, )KeTaTellbHO, ero 0a30BbIe CBOICTBA U
XapaKTCPUCTHUKHU. HOCKOHBKy Kaxxzaas paauoJcTallb YHUKaJlbHa, TO B YCJIOBHOM I/I306pa)KeHI/II/I
rpaduuecku MoxkeT ObITh 3ammdpoBaHa onpeneiaeHnas napopmanus. Tak, Hampumep,
W3BECTHO, YTO OUIOJISIPHBIE TPAH3UCTOPHI MOTYT UMETh Pa3HYIO CTPYKTYpY: P-N-p UiIU
n-p-n.

[TosTomy, mepes TeM, Kak HayaTh pa30upaThesl B MPUHLIUITHAIBHBIX CXEMaX, XKeJlaTeIbHO
MMO3HAKOMUTHCS C PAAMOAETAIAMU U UX cBoiicTBaMU. Tak OyzeT jerye pazobparhbces, 4To ke
BCe-Taku N300pakeHo Ha cxeM. Kpome ycrioBHBIX n300paskeHHi paguoaeTanei Ha
MPUHLMITUATIBHON CXeMEe YKa3bIBaeTCs U Jipyras yrounstomas uapopmanus. Eciu
BHUMATEJIBHO IIOCMOTPETH Ha CXEMY, TO MO>KHO 3aMETUTh, YTO PSAAOM C KaXIbIM YCIOBHBIM
M300paKeHNUEeM paJHOETalli CTOAT HECKOJIBKO JJATUHCKUX OYKB, 3TO COKpAILlEHHOE
OykBeHHOE 0003HaueHue paguoaeraiu. CaenaHo 3To JUIsl TOro, 4ToObl IPU ONUCAHUU PAOOTHI
WJTM HACTPOMKH CXEMBI MOXKHO OBLITIO CCHIJIATHCS HA TOT WM WHOM 35ieMeHT. He TpyHo
3aMeTh, YTO OHHU €IlI€ U IPOHYMEpOBaHsl, Hanpumep, BoT Tak: VT1, C2, R33 u T.x1.

[ToHATHO, YTO OHOTUITHBIX pajinoJIeTaNeil B CXeMe MOXKET ObITh CKOJIb YTOJIHO MHOTO.
[ToaTomy, 4TOOBI YIOPSIIOUUTH BCE ATO U MpUMEHsieTcsl HyMepatusi. OJHOTUITHbIE
paauoeTany Ha CXeMe IPOHYMEPOBAaHbl HAYMHAs C JIEBOI'O BEPXHETO YIUIA, 3aTEM I10
MOPSIAKY HyMepalus UIET BHA3, a 3aTEM CHOBA HyMEpallWsl HAYNHAETCS CBEPXY, 4 3aTEM BHU3
U Tak jnanee. Ha cxeMme pagoM ¢ KaxKI0M paiHOACTANIbIO YKA3bIBACTCS €€ OCHOBHBIC
napameTpsl. MHOrAa 3Ta MHpOpMAaIus BBIHOCUTCS B Ta0IHILy, YTOOBI YIPOCTUTH [
BOCIIPHSITHS IPUHIMIIUAIBHYI0 cxeMy. Hampumep, psiiom ¢ n3o0paxxeHneM KOHeHcaTopa,
KaK MPaBUJIO, YKA3bIBAETCSI €r0 HOMUHAJIbHAsA EMKOCTh B MUKpo(dapaaax min nukodapaiax.
Taxoke MOXeT yKa3bIBaThCsl 1 HOMUHAIBbHOE pabouee HalpsbKeHHE, €CITU 3TO BaXKHO.
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Psmom ¢ YI'O tpan3ucTopa 0OBIYHO yKa3bIBAETCS THTOHOMHUHAI TPAH3UCTOPA, HAIPUMED,
KT3107, KT315, TIP120 u T.1. Boobuie q1s 1100bIX MOTYHPOBOJHUKOBBIX 3JIEKTPOHHBIX
KOMITOHEHTOB BPOJI€ MUKPOCXEM, JHUOJ0B, CTAOMINTPOHOB, TPAH3UCTOPOB YKa3bIBAETCS
TUIIOHOMUHAJI KOMIIOHEHTA, KOTOPBIN NIPEANOJIAraeTcs 1l UCI0JIb30BaHUs B CXEME.

J1s pe3ucTopoB OOBIYHO YKa3bIBAETCS BCETO JIUIIb €r0 HOMUHAJIBHOE COIIPOTHUBIICHHE B
KHJIOOMax, oMax win Meraomax. HomuHanbHas MOIIHOCTH pe3ucTopa mudpyercs
HAKJIOHHBIMU Y€PTOYKAMHU BHYTPH IPSIMOYIOJbHUKA. TakkKe MOIIHOCTL PE3UCTOPA HA CXEME
U Ha €ro U300pa)KeHUU MOXKET U HE YKa3bIBaThCs. DTO 03HAYAET, YTO MOIIHOCTh PE3UCTOpa
MOJKET OBITh JIF0OOOH, 1aXke caMOi MaJloi, TOCKOJIbKY paboune TOKH B CXeME HE3HAUUTEIbHBI
Y UX MOJKET BBIJEP/KATh JAXKE CaMblii MAJIOMOILHBIN PE3UCTOP, BBIITYCKAEMbIN
MIPOMBIILTICHHOCTBIO.

2. [TocTpoeHne NpUHIUIHUATIBHON CXeMbI IPOCTEHIIETr0 ABYX KaCKaJHOTO YCUIIUTEI,
ucnonssys 'OCT 2.709-72.

Ha cxeme n300pakeHbl HECKOJIBKO JIEMEHTOB: OaTtapes nutanus (Wiu IpocTo O6arapeika)
GB1; nocrosuubie pe3uctopsl R1, R2,R3. R4; Beikimtouarens nutanus SAl,
anekTponutndeckue kouaeHcatopsl C1, C2; KoHIeHcaTOp NOCTOSIHHON emKocTH C3;
BBICOKOOMHBIN quHaMuK BA1; ounonspusie Tpansuctopsl YVI1, VT2 ctpykrypsl n-p-n. Kak
BHJIUTE, C TIOMOIIBIO JIATUHCKUX OYKB s CCHIIIAIOCh HA KOHKPETHBIN JIEMEHT B CXEME.
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VT1, VT2 - KT315

B3risHyB Ha 3Ty cXeMy MBI BUJIUM YTO JIF00Aast SJIEKTPOHUKA pab0TaeT OT JIEKTPUIECKOTO
TOKa, CJIEJI0BATEIHHO, HA CXEME JIOJDKEH YKa3bIBaThCS UCTOUYHUK TOKA, OT KOTOPOTO MUTACTCS
cxema. VICTOYHMKOM TOKa MOKET OBITh M OaTapelika U 3JIEKTPOCETh MIEPEMEHHOI'O TOKA HJTH
’Ke OJIOK ITHTaHus.

Nrak. Tak kak cxema yCHJIMTENs TUTAaeTCs OT OaTapen nocrosiHHoro Toka GBI, To,
clemoBarTeNibHO, OaTapeiika 00maiaeT MOSIPHOCTHIO: TUTFOCOM «+» U MUHYCOM «-». Ha
YCJIOBHOM HM300pakeHUU OaTtaper MUTaHUs Mbl BUJIUM, YTO PSIZIOM C €€ BHIBOJIAMHU yKa3aHa
MOJISIPHOCT.

Taxk, Harpumep, snekrposntrdeckue kouaeHcaTopsl C1 u C2 o6manaroT noaspHocThio. Ecin

ctp. 152 u3 156




B3ATh PEATBHBIN AIEKTPOIUTHICCKUN KOHIEHCATOP, TO Ha €T0 KOPITyCe YKa3hIBACTCS KAKOH
U3 €ro BBIBOJIOB IIJIIOCOBOI, a KaKOi MUHYCOBOM. A Teneps, camoe riaaBHoe. [Ipu
CaMOCTOSITEIBHON COOpPKE IIEKTPOHHBIX YCTPOHUCTB HEOOXOIUMO COOIIOATH MOJIIPHOCTh
MOJIKJIIOUEHUS SJICKTPOHHBIX JeTaneil B cxeme. Hecobmoenre 3Toro npocToro npaBuia
MpPUBEAET K HepabOTOCIIOCOOHOCTH YCTPOUCTBA U, BO3MOXHO, APYTUM HEXKeNaTeIbHbIM
nocnencTBusAM. [IoaToMy He 1eHUuTECh BpeMs OT BPEMEHH MO AbIBATh HA MPUHIUITHAIBHYTO
CXeMy, 10 KOTOpO# coOupaeTe yCTpOMCTBO.

Ha cxeme BuHO, 4TO A71s1 COOPKHU YCHUIIUTENS IOHA005ATCS OCTOsIHHBIE pe3ucTopsl R1 - R4
MouHocThio He MeHee 0,125 Bt. D10 BUAHO U3 UX YCIOBHOTO 0003HAYECHHUS.

Takxe MOXKHO 3aMeTUTh, uTO pe3ucTopbl R2* n R4* orMmeueHs! 3Be37104K0i *. DTO 03HAYaET,
YTO HOMHHAJIBHOE COIPOTUBIICHUE 3TUX PE3UCTOPOB HYKHO 110100paTh C LIEIbI0
HaJIaKUBAHUS ONTUMaIbHON pabOThI TpaH3ucTopa. OOBIYHO B TAKUX CIy4asiX BMECTO
PE3UCTOPOB, HOMUHAJ KOTOPBIX HYXHO MOA00paTh, BDEMEHHO CTaBUTCS IEPEMEHHBIH
PE3UCTOP C CONPOTUBICHUEM HECKOJIBKO 0OJIbIIE, YeM HOMUHAI PE3UCTOPA, YKa3aHHOIO Ha
cxeme. [l onpeiesnieHust ONTUMaIbHON paboThl TPAaH3UCTOPA B IaHHOM CIIy4yae B pa3pbiB
LENH KOJJIEKTOPA MOJKI0YaeTCsl MUInamnepmerp. Mecro Ha cxeme, KyJa He00X0AUMO
HOJKJIFOUNTh aMIIEPMETP yKa3aHO Ha CXeMe BOT Tak. TyT e yKa3aH TOK, KOTOpbIH
COOTBETCTBYET ONTUMAIBHON pab0OTe TPAH3UCTOPA.

HaHOMHI/IM, 4TO 4Jid 3aMEpa TOKa, aMIICPMETP BKIIIOYACTCA B pa3pbiB LCIIH.

Jlanee BKITIOUAIOT CXEMY YCHIIMTENS BbIKItouaTeaeM SA 1 1 HAUMHAIOT IEPEeMEHHBIM
pPE3UCTOPOM MEHATH conpoTunieHne R2*. Ilpu 3ToM 0TCaeXKnBaIOT MOKa3aHUs aMIIepMeETpa U
JOOMBAIOTCS TOTO, YTOOBI MIITHaMIIEpMeTp nokas3biBai Tok 0,4 - 0,6 muumamnep (MA). Ha
3TOM HacTpoiika pexxuma Tpansucropa VT1 cunraercs 3aBepiieHHoN. Bmecto nepemeHHOro
pesucropa R2*, KoTOpBIi MBI yCTaHABIMBAIN B CXEMY Ha BpEMsI HaJIaIK1, CTABUTCS PE3UCTOP
C TaKUM HOMHUHAJIbHBIM COIIPOTHUBIICHHEM, KOTOPOE PABHO COIPOTUBIICHUIO IEPEMEHHOI0
pe3ucTopa, MOJIYyYEHHOIO B PE3yJIbTaTe HAJIAJAKH.

KaxkoB BbIBOJ] 13 BCETO 3TOTO JUITMHHOTO MOBECTBOBAHUS O HAJIAXKUBAHUM PaOOThI CXEMBI? A
BBIBOJI TAKOB, YTO €CJIM Ha CXEME BbI BUANTE KAKYIO-THOO paauo/IeTalb CO 3BE3/1049KON
(manpumep, R5¥*), To 3T0 3HaYUT, 4TO B IIpoliecce COOPKHU YCTPONCTBA MO TaHHOU
NPUHILUIIMATBHON cXeMe MOTpedyeTcs HallaXXMUBaTh padOTy OMpPEIEICHHBIX YYaCTKOB CXEMBI.
O ToMm, Kak HaJlaXXUBaTh PabOTy YCTPOIMCTBA, KaK MPAaBUIIO, YIIOMUHAETCS B OMMUCAHUH K
caMOi MPUHITUITHATIBHOM CXEME.

Ecau B3TJIAHYTH HAa CXEMY YCHIIUTCIIA, TO TAKKE MOXKHO 3aMCTUTD, YTO Ha Hel IMPUCYTCTBYCT
BOT TAaKOC YCJIOBHOC 0003HaUYCHMUE.

OTUM 0003HAYCHUEM TTOKA3BIBAIOT TaK HAa3bIBACMbI 00IIMIA MPOBOA. B TexHU4YeCcKOi
JIOKYMEHTAI[MU OH Ha3bIBaeTCs KopmycoM. Kak BuIuM, 0OIIUM ITPOBOJOM B TTOKa3aHHOM
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CXEM€ YCHJIUTES ABJISETCS IPOBOJI, KOTOPBIN MOJKIIIOUEH K MUHYCOBOMY "-" BBIBOAY
Oatapeu nutanus GB1. JIng apyrux cxem oOLIMM IpOBOJOM MOXKET OBITh U TOT IIPOBO/,
KOTOPBIH MOAKIIIOUEH K IUTFOCY UCTOYHUKA MUTaHus. B cxemax ¢ ABYMOJIIpHBIM [TUTaHUEM,
o01muit MPOBOJ yKa3bIBaeTcss 000COOJIEHHO U HE MOJKIIOYEH HU K IJII0OCOBOMY, HU K
MHHYCOBOMY BBIBOJY UCTOYHHKA TUTAHUS.

3auem "obOwmuit npoBoa" uinu "Kopmyc" yka3bplBaeTcs Ha cxeme?

OTtHOocUTENBHO O0IET0 MPOBOJIA MPOBOAATCS BCE U3MEPEHUS B CXEME, 3a HCKIIIOUEHUEM TeX,
KOTOPbIE€ OTOBAPUBAIOTCS OTIEIBHO, a TAKXKE OTHOCUTENIBHO €r0 MOJKII0YAI0TCS
niepudepuiinpie ycrpoiicTa. [1o o6memy npoBoay Te4eT oOIIHiA TOK, MOTPEOIIeMbIi BCeMU
3JIEMEHTaMU CXEMBI.

O6LHHﬁ IMpoOBOJ CXEMbI B pC€aJIbHOCTU YaCTO COCAUHAIOT C MCTAJUNIMYCCKUM KOPIIYyCOM
QJICKTPOHHOI'O an/I60pa HIJIN MCTAJUIMYCCKUM ITACCH, HA KOTOPOM KPCIIATCA MECYATHBIC IJIAThI.

Crout noHUMaThb, YTO OOLIHI MPOBOJ 3TO HE TO K€ camoe, uTo u "3emis". "3emus"” - 310
3a3eMJICHHE, TO €CTh HCKYCCTBEHHOE COETMHEHUE C 3eMJICH MOCPEICTBOM 3a3€MJISIOIIET O
ycTporictBa. O003HaYaeTCs OHO HAa CXeMax Tak.

il

B otnenpHBIX clIyvasx O6IJ.IPII>1 IpoBOa YCTpOﬁCTBa MNOAKIIOYAIOT K 3a3CMJICHUIO.

Kak y»xe Obu10 cKa3aHO, Bce paJiioeTall Ha MIPUHIIMITUATIBLHONW CXeME COSTUHSIOTCS C
TTOMOIIIHIO TOKOBEAYIIHUX MPOBOJHUKOB. TOKOBEIYIIIMM MPOBOAHUKOM MOXKET OBITh MEIHBIN
MIPOBOJI UJTH K€ JOPOKKA U3 METHOM (hobru Ha nmeyaTHoH 1uiare. ToKoBeayuii mpoOBOIHUK
Ha MPUHIMITHATILHON cXeMe 00o3HavdaeTcsi OObIYHON JTuHUEH. BOT Tak.

Mecra maiiku (3J€KTPUIECKOTO COSAMHEHHS ) ATHX MTPOBOIHUKOB MEX Ty CO00H, OO C

BBIBOJIAMH PaJIMOACTAIICH N300pakaroTCs )KUPHOM TOUKOM. BOT Tak.

Crout noHUMaThb, YTO Ha MPUHIUIIMAIBHON CXEME TOYKOM yKa3bIBa€TCs TOJIBKO COCIMHEHHE
Tpex u 06oiee MPOBOJHUKOB MIIH BHIBOZIOB.

3. BoinosiHeHUE POBEPKH NMPABUIBLHOCTHU BBINOJIHEHHBIX COEIMHEHUI.

[IpoussecTu (IIpy HOBOM BKJIFOUEHHUHU WJIM PEKOHCTPYKIMH) aHAIN3 PABUIBHOCTU PaOOThHI
CXEMBI 10 OTJEJIbHBIM LIeTsIM (IIEPEMEHHOr0 TOKa U HANpPsHKEHUS, 110 OIepaTUBHBIM LIEHSIM
ynpaBiieHus!, OJJOKUPOBKH, 3aLIUThl, aBTOMAaTUKHU U T.JI.) U B LIEJIOM BCEr0 yCTPONUCTBA B LENSIX
YCTpaHEHUS BO3MOKHOCTH TOSBJICHUS JIOXKHBIX 1eTel WK HeNTPaBUIbHON pabOThl CXEMbI
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IIpH MOBPECIKACHUHN B OTACIIBbHBIX 2JICMCHTAX CXCMBI. HpI/I 9TOM H606XOI[I/IMO IMPOBECPUTH:

B IICIIX CUTHAJIHU3alluH - 3BHAYCHHUC )IO63BO‘-IHBIX COHpOTI/IBJ'IeHI/Iﬁ PE3UCTOPOB, MMPABUIIBHOCTDH
TOAKIIFOYCHUA HCHCP'I CUTHAJIBHBIX PCJIC, pa60Ty CXCMBI ITPU OAHOBPEMCHHOM ITOSABJICHUU
MaKCUMaJIbHO BO3MOXHOI'O KOJIMYE€CTBA CUT'HAJIOB,

0) B IEMIX MEPEMEHHOT0 TOKA 3aIUT | | TPaBUIIBLHO JIU CYMMUPYIOTCS TOKH 10 (hazam 1yist
HaMpaBJICHHBIX U AU} epeHInanbHbIX 3alUT, a Ui JuddepeHIaTbHbIX 3aIUT CUIOBBIX
TpaHchopmMaTopoB, OJIOKOB TEHEPATOP-TPAHCPOPMATOP - CXEMBI COSTUHEHUHN
TpaHcGOpMaATOPOB TOKA;

B) B LIEMSIX YNPaBJICHUs BBIKIIOUATENIEH - pabOTy CXEMbI B Pa3IMYHbBIX MOJOKEHUAX KITFOUeH
yIpaBieHUs U BbIOOpa peKUMOB U OJIOKUPOBKH OT MHOTOKPAaTHOTO BKIFOUEHHUS
BBIKJIIOUATENIS HA KOPOTKOE 3aMbIKAHHUE;

I') B IIeMX TpaHchopMaTopa HaIPsKEHUS - IPaBUIIBHOCTD 3a3€MJICHUS] BTOPUYHBIX OOMOTOK
TpaHc(opmaTopa HalpsHKEHUS U IPAaBUIIbHOCTH BHIOOPA 3aIIUTHI OT TOKOB KOPOTKOTO
3aMBbIKaHUS;

Bremnemy ocMOTpy noasiexaT BCE 3JIIEMEHTBI TPOBEPSIEMOr0 YCTPOMCTBA: pelieHast U
KOMMYTAaIIMOHHAs aIapaTypa; MPOBOJIKA U PSIbl BEIBOJIOB HA IIUTAX YIIPaBJICHUS, B
pENeHbIX 3ajaX, B paclpeAesIUTeNbHbIX YCTPOUCTBAX, B IPUBOAAX BBIKIIIOUATENEH U
pasbenuHuTeNeH, B mKadax cOOpOK BHIBOJOB; KaOEIbHbIC KaHAJBI U JJOTKH, KOHTPOJIbHBIC
ka0esu, UX KOHIIEBBIE Pa3/IelKy U COeAMHUTEIbHBIE My(PThI, TpaHCHOPMATOPHI TOKA U
HaIpsDKEHUs, BEICOKOYaCTOTHOE 000PYI0BAaHUE U T.JI.

[Ipu BHe1mIHEM 0CMOTpE HEOOXOIUMO MTPOBEPUTH:

0) HaJe)KHOCTh KPEIUIEHUSI U TPABUIIBHOCTD BBITIOJIHEHUS 3a3€MJICHUI caMOl MaHenu,
SIUKOB, yCTpolcTB P3A 1 yCTaHOBIEHHON TaM anmnaparypsl;

B) OTCYTCTBHE MEXaHMUYECKUX MOBPEXKICHUH anmapaTypbl, COCTOSTHIE U30JISIIUN BBIBOJOB
pene u npyroi annaparypsl. Ha mmunbpku pene keaaTenbHO HaeTh N30JSIIMOHHBIE TPYOKH,
a B CJIy4ae NepeHero NpUCOeIMHEHNUS MO BBIBOIBI PEJI€ HKENATEIbHO MOAJ0KHUTh
M30JIUPYIONIHNE MPOKIAIKU (32 UCKITIOYeHHEM pazbeMoB CYPA);

T') COCTOSTHUE MOHTa)ka MPOBOJIOB HA MAHEIAX, MKadax, SAMUKax v T.10. {0 KHBI
OTCYTCTBOBATh HEM30JIMPOBaHHBIC IPOBO/IA U KU Kabens. Haubonee nenecoodpazna
MPOKJIaIKa TPOBOJIOB B MTyYKaX, CKPETUICHHBIX CKOOKaMU WJIM HUTKaMu. B Mectax mpoxoma
MIPOBOJIOB Y€pe3 OTBEPCTUS HE JOJKHO OBITh KOPPO3HH, OCTPBIX YIJIOB U 3ayCEHIICB;

I[) OTCYTCTBUC HAa CMCIKHBIX 3a’KUMaX ueneﬁ, CJ'Iy‘-IH.fIHOC COCAMHCHHNEC KOTOPBIX MOXKET
BbI3BATb OTKJIIOUYCHUC U BKIIIOYCHHUC IIPUCOCANHCHU A, KOPOTKOC 3aMbIKAHHEC B LICIIAX
IIOCTOAHHOI'O TOKA,

e) HaACKHOCTb U NPAaBUJIbHOCTL BBITTOJTHCHUSA OTBETBJICHUM OT IIMHOK (I[OJ'DKHa
o0ecneynBaThCs BO3MOKHOCTD OTCOCAUMHCHUSA U TIPUCOCANHCHUA JIF000T0 OTXOAAIICTO
npoBOAa oA HAITPAKCHUEM U 0e3 HapyHICHUA pa3BOAKHU OCHOBHOMH I_ICHI/I);
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) COOTBETCTBHE MAPKH M CEUCHUSI KaOeJIel MPOEKTYy (OTCTYIUICHHE OT MIPOEKTa TOKHO
OBITH COIIACOBAHO C COOTBETCTBYIOIIEH ciyk00i1 P3A); 3) cocTosHue kabeneii o Tpacce
MPOKJIAJKHU (LIeTOCTHOCTh OPOHHU MM 3alIUTHOW 000JIOUKY U MPaBUIBHOCTh UX 3a3€MIICHUH,
OKpacka OpoHH, OUHCTKa Kabesel OT J)KYyTOBOIO OKPOBA), COOTBETCTBHE PACKIIAIKH
kabernel 1Mo Tpacce MPOEKTY, COCTOSTHUE KOHCTPYKITUH I KpETUIeHUs KaOene,
IIPaBWJIBHOCTH BBIITOJIHEHUS 3aLUTHI OT MEXAHUUYECKUX MTOBPEXKIEHUN, T€PMETUYHOCTh
YIUIOTHEHUH TPYO, UCIIOJIb3YEMBIX U1 MEXaHUUECKOH 3aIUThI Kabenel Hapy KHOMI
MPOKJIAJIKH, TEPMETUYHOCTh YIUIOTHEHUH B MECTaX MPOXOKICHUs Kabeneil uepes CTeHbl U
MEX Ay TaKHbIE IEPEKPBITHUS, BHIIOJIHEHNE MEP TPOTUBOIOKAPHOIM 0€30M1aCHOCTH B
npeaenax CyIecTBYIOIMIMX 30H 00CITyKUBaHMS;
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