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BBEJAEHHUE

[IpoGnemsbl coBepiieHcTBOBaHMS POA Hepa3phIBHO CBSI3aHbI C €€ MUHUATIOPU-
3aIMel, MOBBIIIICHUEM HAACKHOCTH W YBEIMYCHHEM (YHKIIMOHAIBHBIX BO3MOXKHO-
CTeH, a Takke BO3MOXKHOCTSIMU aBTOMAaTHU3aIlMU U MEXaHU3AI[UU TIPOU3BOJICTBA.

OpHako mpex/e, 4YeM MPUCTYNHUTh K ACTAIbHOMY M3Y4YEeHHIO O0OBEKTa, BEChMa
MIOJIE3HO ¥ HEOOXOAMMO 0003PETh €ro B IIEJIOM, B OOIIMX YepTaxX, YTO MO3BOJISET I10-
YyBCTBOBAaTh U MOHATh B3aMMOCBSI3b €r0 OTAEIbHBIX YacTed, AMHAMUKY Pa3BUTHS U
BO3MO>XHOCTH MPOTHO3UPOBAHUS HA Oyayliee.

Ctporoii TEpMUHOJIOTHM B OINpPECICHUM CTENEHU MHUHMATIOpu3anuu POA He
cymectByeT. OJHAKO YCIOBUMCS [JIsl OMNPENEICHHOCTH NPUMEHSTh CJEAYIOIIne
ONpeeNIeHNs] KOHCTpYKInid POA:

1. «<HopmainbHast KOHCTpYKIMs Oa3UpyeTcsi Ha JaMIIOBOM TEXHUKE, TUCKPET-

HBIX KOMITOHEHTaX, TEXHOJIOTUU OOBEMHOTO MOHTa)a C Py4yHOU COOpPKOM.
OCHOBHBIC HEAOCTATKU: OOJBIIOE IHEProNnOTPEOICHUE, MAJIBIA CPOK CITYK-
OBl JTaMII, TPOMO3/IKHE HECYIIIMe KOHCTPYKIIUU, a TAKKE HEBO3MOKHOCTh aB-
TOMAaTU3alUU MPOIECCOB COOPKU U MOHTAXKA.

2. «MuHHaTIOpHAs KOHCTPYKITUS» 0a3upyeTcsi Ha MPUMEHEHUH MUHUATIOPHBIX
AJIEMEHTOB U TEYAaTHOTO MOHTaxa. [IpuMeHeHne TeXHUKH MEYaTHBIX CXEM
MO3BOJIMIIO YBEIUYUTH IJIOTHOCTh MOHTaXKa W aBTOMATHU3UPOBATh MPOIIECCHI
cOopku 1 MoHTaxa POA.

3. «MuKkpoMUHHATIOpHAS KOHCTPYKIUS» 0a3upyeTcs Ha MOIYJIbHOM IMPUHITH-
ne MoHTaxka POA. DTOT MeTO/l BKJIIOUAET B KAYECTBE OCHOBHOT'O 3JIEMEHTA
KOHCTPYKIIUU HEKOTOPYIO SYEMKy (MOIyJb), CTaHIApTHYIO MO pa3Mepy,
criocobam cOopku U MOHTaxa. M3 Bcex pazpaboTaHHBIX MOAYJiel Haubosee
IIUPOKOE PACIPOCTpaHEHUE TMOJIYYHJIA JIBA BUAA - TUIOCKHE W OOBEMHBIE.
[T10cKue MOy BBHITIOJHSIOTCS HA MEYaTHBIX TUIaTaX YHU(DUIIMPOBAHHBIX
pa3MepoB, UMEIOT MPOBOJIOYHBIC WJIM JICHTOYHBIE BBIBOABL. Cpenu 00bheM-
HBIX MOJYJIEH HauOOJIBIINNA WHTEPEC MPEACTABISIOT T€, B KOTOPBIX JHC-
KpPETHBIC AJIEMEHTBI CXEMBI Pa3MEIIAFOTCS BEPTHKAIBHO M COCIAMHSCTCS B

INIOCKOCTH PACIIOJIOKCHUA OCCBBIX BBIBOIOB. ITocne C60pI(I/I MOJYJIb 3aJIU-



BaeTCs KOMIIAYHJIOM, YTO MPUIAET EMY MEXaHUYECKYIO IPOYHOCTb.

4. «MukpoMoayiabHasi KOHCTPYKLMS», OCHOBHBIM 3JIEMEHTOM KOTOPOM SIBJIAETCS
MHUKpO IUIaTa CTAaHAAPTHOTO pa3Mepa ¢ HAHECEHHBIMU Ha HEE OJHUM WIIM He-
CKOJIbBKUMH MUKPO3JIEMEHTAMHU, COSTMHEHHBIMUA MEXy COOON MPOBOJIOYHBIMU
BbIBOZaMU. OCHOBHBIE MTPEUMYILIECTBA MUKPOMOAYJIbHBIX KOHCTPYKLIUA: CTaH-
JapTHas TEOMETPHUS U BO3MOKHOCTh aBTOMAaTH3aL[UH IIPOLIECCOB COOPKHU.

5. « MUKpORJIEKTpOHHAsA UHTETpabHasl CXEMa» - 3TO KOHCTPYKTUBHO 3aKOHYEH-
HO€ U3JIEJIUE 3JIEKTPOHHON TEXHUKH, COJEpIKalllee COBOKYIHOCTh JJIEKTpHYE-
CKU CBSA3aHHBIX MEXIy co00i DPD, M3rOoTOBIEHHBIX B €IUHOM TEXHOJOTHYE-
CKOM LIMKJIE HAa TOBEPXHOCTHU WJIM B 00bEME MOJYIIPOBOJHUKOBOI'O MaTepurara.
Haubombiee pacpocTpaHeHHE MOTYyYUIN YEThIPE BHUJIa MHTETPAIBHBIX CXEM:
IJIEHOYHBIE, TMOPUJIHBIE, TOTYIIPOBOJIHUKOBBIE U COBMEILIEHHBIE.

IInenounvie cxemol, B CBOIO OYEPE/b, EIATCS Ha TOHKOIUICHOYHbIE (TOJILIMHA
IUIEHOK - JIOJIM U €IMHULBI MUKPOMETpA) U TOJICTOIUIEHOYHBIE (C TOJNIIUHON IIEHOK
0oJee AecsITH MUKPOMETPOB). M3roToBIEHHE 3THUX CXEM OCHOBAHO HA HAHECEHUU Me-
TaJUIMYECKUX, AUICKTPUYECKUX U TOJYyNPOBOAHUKOBBIX IJIEHOK Ha U3OJIILIMOHHYIO
MOJIOXKKY.

T'ubpuonvie cxemsi - ITO TOHKOIJIEHOYHBIE CXEMBI, COCTOSIIIIME U3 MACCUBHBIX
AJIEMEHTOB, MEXCOECINHEHU U MPUCOCAVMHEHHBIX K HUM HABECHBIX AKTUBHBIX 3JIe-
MEHTOB JII000r0 Ha3HAYeHUs B OECKOPIyCHOM HcnoiaHeHuH. [IpeummyiiectBa ru-
OpUIHBIX CXEM COCTOSIT B TOM, YTO OHU JAIOT BO3MOXHOCTb COYETaTh JOCTOMHCTBA
MJIEHOYHOM TEXHOJIOTMHU M3TOTOBJIEHUS MACCUBHBIX 3JIEMEHTOB C BBICOKMMHU DJICK-
TPUUECKUMU XapaKTEPUCTUKAMU JUCKPETHBIX MOJYIPOBOAHUKOBBIX CTPYKTYP.

Tonynpoeoonuxosvie cxemovl. OTAUUNTENBHON OCOOEHHOCTBIO 3TUX CXEM SIB-
JSI€TCS TO, YTO BCE DJIEMEHTHl M3rOTaBIMBAIOTCA B OJHOM 00bEME MOHOKpHCTAIIa
nosynpoBogHuKa. CoeMHEHUsI OCYIIECTBISAIOTCA KaK BHYTPU 00beMa MOIyIpOBOI-
HUKOBOI'O KpHCTaJlla, TAK U Ha €ro NoBepXHOCTH. K HepocTtaTkam ciielyeT OTHECTH
HaJIM4Me BHYTpH 00beMa OOJIBIIOr0 YMCia Mapa3uTHBIX CBI3EU MEXIY dJIEMEHTAaMH,
KOTOPBIE CHIXKAIOT JIEKTPUUECKUE XaPAKTEPUCTUKH ITUX CXEM.

Cosmewennvie cxemovl. B 3TUX cXemMax NACCHBHBIE AJIEMEHTHI HAHOCATCS Ha
MOBEPXHOCTh U3OJSIMOHHOTO CIOSI, MOKPBIBAIOIIETO MOHOJUTHYIO MOJIYNPOBOJAHU-
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KOBYIO CTPYKTYPY C aKTUBHBIMU 3JIEMEHTAMU. DTOT METO/I MO3BOJISIET U3TOTABINBATh
CXEMBI ¢ 0oJiee MIUPOKUM JTMANA30HOM AJIEKTPUUYECKUX MMAPaMETPOB U BBIJIEPKUBATH
OoJee cTporue TOMyCcKu Ha HUX.

Kak BUAHO W3 U3N0KEHHOTO, JJIsI BCEX TUIOB MUKPOCXEM UMEET MECTO MHTE-
rpamus KaK 1Mo KOHCTPYKTHBHBIM MIPU3HAKaM - (OpMUPOBAHHUE BCEX AIEMEHTOB JIMOO
B 00bEME MOIYNPOBOJHMKA, JTUOO HA U3OJSIMOHHOW MOBEPXHOCTH M WX HEIEITH-
MOCTb, TaK U MO TEXHOJOTHUYECKUM MPU3HAKAM - HCIOJIb30BAHHUE TPYIIIOBBIX METO-
JI0B 00pabOTKH.

XpoHonorusi Haubosee BaXHBIX H300pETEHUM, ONMPEACNAIONUX pPa3IUYHbIC
ATalbl CO3/JaHUSI UHTETPAbHBIX MHKPOCXEM, MO3BOJISIET CYAUTh 00 MHTEHCUBHOCTHU
MPOBOJIUMBIX B 3TOM HaIPaBJICHUH PadOT:

1947 ron - coz0anue moueurHo2o CniasHO20 MpaH3UCMopa,

1950 ron - noayuenue monoxpucmania cepmanusi;

1951 ron - cozoarnue 6unonsapnozo u MOII - mpansucmopos;

1952 ron - noayuenue monokpucmaiiuuecko2o KpemHus,

1956 ron - uzobpemenue oughghysuonno2o mpansucmopa,

1958 rox - uzobpemenue nianapno2o mpau3ucmopa,

1959 ron - peanuzayust noaynpo8oOHUK0BOU cxembl;

1960 rox - cozdanue s3numaxkcuaibHuvlX MpaH3UCmMopos,;

1962 ron - cozoanue unmezpanvroix cxem no KMOII mexnonoauu,
1969 rox - cozoanue 6oavuoti unmeepanvrotli cxemvl (BUC);

1971 ron - pazpabomra muxponpoyeccopa,

1975 ron - pazpabomxa ceepxbonvuiou unmeepanvroil cxemol (CHUC).

Ecnu nombitaTthcss 00bEKTUBHO OLIEHUTH Bo3MOxkHOCTH MC, TO HEOOX0aUMO
OTMETHUTH JIBa BaXKHBIX (pakTopa:

1. C npumenennem C cTaHOBUTCS BO3MOXKHOW pa3pabOTKa MHOTHX CXEM, pe-
anu3aiys KOTOPhIX paHee He paccMaTpuBajach B OOJBINCH CTETICHH MO YKOHOMHYE-
CKHUM MPUINHAM.

2. Ctano o4eBUAHBIM, YTO, UCTIOJIB3YS ISl TOCTPOSHUSI a9POKOCMHYECKUX CH-
CTEM TOBBIIICHHON CIIO)KHOCTH OOBIYHBIE CXEMbl Ha JMCKPETHBIX KOMIIOHEHTAaX,
HEJB3sl IOCTUYb TPeOyeMbIX XapaKTEPUCTUK HAIEKHOCTH, CTOUMOCTH, U YMEHbIIIE-
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HUS MaccorabapuTHBIX MOKa3aTeseH.

HecmoTps Ha cTpeMHUTENbHBIE TEMITBI Pa3BUTHUS SJICKTPOHUKHU, THOPUIHBIE UH-
terpaibHble Mukpocxemsl (I'MC) u Ha cerogHsIIHUN J€Hb OCTalOTCS BOCTPEOOBaH-
HBIMHU JUISI U3TOTOBJICHUSI MUKPOCXEM YaCTHOTO (OTPaHUYEHHOTO0) TPUMEHEHHUSI.

Mukpocxembl CyIIECTBEHHO OTIUYAIOTCS APYT OT Apyra Mo KOHCTPYKIHMH, TIO
pazMepam u TexHosnoruu usroromineHus. [lokasartenem kauectBa ['MC sBisroTCs
AIIEKTPUYECKHUE MTapaMETPhI, 3aBUCSIINE OT KOHCTPYKIIMOHHBIX TAPaMETPOB, KOTOPHIE
B CBOIO OY€pe/lb OMPEACIAIOTCS TEXHOJIOTUEH UX M3rotopieHus. [I[puMeHeHne Muk-
POCXEM TMOBBIIIAET HAJICKHOCTh PAIMOIIECKTPOHHOM armaparypsbl.

B cBs13u ¢ 3TUM, H3yYeHUE TUCIUTUTUHBI « MUKPOIJIEKTPOHUKA» U BBHITIOJHEHHUE
KypcoBO#l pabOThl IO MPOEKTUPOBAHUIO THOPUIHBIX UHTErPATIbHBIX MUKPOCXEM CO-
XPaHSAIOT CBOIO aKTyaJIbHOCTbh, MMOCKOJIBKY (DOPMUPYIOT KOHKPETHBIC HABBIKU U yMe-
HUS B MPOEKTUPOBAHUM U pa3padoTke koHcTpykuui I'MC, a Taxxe BbIOOpE ONTH-
MaJIbHOM TEXHOJIOTUH U3TOTOBJICHHUS.

KypcoBast paboTa BBEIIOTHSETCS C LENbIO 3aKPETUICHUS TTOMyYEeHHBIX TEOPETH-
YeCKUX 3HAHUI U NPpUOOpETEHUs CTyIeHTaMH MPAaKTHUYECKUX HAaBBIKOB IPOEKTUPOBA-
HUS TUOPUIHBIX MHTETPATBHBIX CXEM Pa3IMYHON CTENIEHU HHTETPALIUSL.

KypcoBas pabora mnpemycMaTpuBaeT pacyeT U pa3padOTKy TOMOJOTUU U KOH-
CTPYKLUHU (QYHKIMOHAJIBHBIX Y3JI0B PaIMO03JIEKTPOHHON anmapaTypsl B BUJe rMOpui-
HBIX WHTETPAIBHBIX CXeM, 0OOCHOBAaHWE M BBHIOOP MaTepuajoB M TEXHOJIOTUU H3TO-
TOBJICHHUSI TACCUBHBIX TJIEHOYHBIX JIEMEHTOB.

B kadecTBe paszpabarbiBaeMoro oObEKTa CTYICHTY Mpejjaraercsi (yHKIHO-
HAJIBHBIN y3€J, HECIOXKHBIA OJIOK MJIM 4acTh OJIOKa CO BCEMH HEOOXOIWMBIMH JIs
IPOEKTUPOBAHUA JaHHBIMHU. TeMy U BapuaHT KypcOBOMl paOOThl BBIJIAET PYKOBOIM-

TCJIb.

Cooepotcanue Kypcoeoii padomut

KypcoBast pabota COCTOMT M3 ABYX YacTEH: MOSCHUTEIHLHOMN 3aMUCKU U Tpa-
(buyeckoi yacTu.
Iloacnumenvnan 3anucka NOIKHA BKIIOYATh:

— 3aJ]JaHue Ha MPOEKTUPOBAHUE;



— aHanu3 00BEKTa MPOEKTUPOBAHMS;
— BBIOOp M TEXHHMKO-3KOHOMHUYECKOE OOOCHOBAaHUE YKPYMHEHHOTO TEXHOJIO-
T'MYECKOT0 Mpoliecca;

— BbIOOp M 0O0OCHOBAHUE MAaTEPUATIOB JIEMEHTOB MUKPOCXEMBI;

— KOHCTPYKTHBHBIE PacueThl;

— BBIOOp KopITyca 1 00OCHOBaHHUE TOIOJIOTMH MUKPOCXEMBI;

— 000CHOBaHHE BHIOPAHHOTO BapUaHTa KOHCTPYKIIUHU (PYHKIIMOHATBHOTO y3I1a;

— OIHCOK HMCIIOJIb3YeMOH JINTEPATYPHI;

— OTJIaBIICHHE.

I'pagpuueckasn wacmv nonXKHA CONEPIKATH!

— TMPUHIMIHAIBHYIO SIEKTPUUECKYIO CXeMY (PYHKIIMOHATBHOTO Yy3I1a;

— COOPOYHBIN YePTEK MHUKPOCXEMBI;

— 4YepTexX TOMOJOTUU (PYHKIIMOHAIBHOIO y3IIa.

UYeprexxu rpaduueckoil 4acTU MOTYT BBINOJHATHCSA B KapaHJallle Ha JIUCTax
BaTMaHa COOTBETCTBYIOIIETO CTaHAAPTHOTO (opMmaTa JIMOO B cpejie MPOSKTUPOBAHUS
«Kommnacy. Odopmienue yeprexeit 1 Ipyrux KOHCTPYKTOPCKUX M TEXHOJIOTUYECKUX

JIOKYMEHTOB JIOJDKHO OBITh BBITIOJIHEHO B COOTBETCTBUU C TpeOoBanusimu ECK/I u

ECT]I.
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I'maa 1. OCOBEHHOCTU NPOEKTUPOBAHUSA 'UBPU/IHBIX UMC

1.1. Koncmpykmueno-mexunonozuueckue 0coo0eHHOCHMU

B ocnoBy pa3pabotku rubpunabix UMC nosnoxxeHnsl pyHKIITMOHAIBHO Y3JI0BOM
METOJ KOHCTPYUPOBAHUS U IPYIIOBBIE METOBI U3TOTOBJICHUS.

OcHOBHBIE OCOOCHHOCTH, KOTOpbIE HEOOXOIUMO YUHUTHIBATH MPU pa3zpaboTke
['YIC, o0OycioBieHbl X KOHCTPYKTUBHO-TEXHOJIOTHYECKUM HUCIIOJTHEHUEM.

B konctpyktuBHOM otHomenuu ['MC mpezacraBiseT co0oil 3aKIIOYEHHYIO B
KOpIycC IUIaTy, Ha MOBEPXHOCTH KOTOPOH CHOPMUPOBAHBI IJICHOUHBIE JIEMEHTHI U
CMOHTUPOBAHbI KOMITOHEHTBHI.

TUn KOHCTPYKIMHU ONpPEAENSIeTCS] MaTEPUAIOM U Pa3MepPOM ILIATHI, CIOCOOOM
dbopMHUpOBaHUS TUICHOYHBIX 3JIEMEHTOB, TUIIAMH KOMIIOHEHTOB M CIOCO0aMHU HX
MOHTa)Xa Ha IUIaTy, TUIIOM KOpIyca M CIOCOOOM MOHTa)ka Iuiatel B kopmyce. [lo
cioco0y gopmupoBaHus 1ieHouHbIX neMeHToB ['MC, kak yxe oTMeyanoch, Mmoj-
pa3AeIA0TC Ha TOHKOIICHOYHBIE U TOJICTOILNIEHOYHBIE. BU TEXHOIOTHM Olpenens-
€T MaTepuan U pa3Mep IUIaThl, KOTOPBIM B CBOIO OYEpEIb ONPENEIIET TUIIOPA3ZMED
KopIryca.

B kauectBe komnoHeHTOB B [T IC HCTIONB3YIOT KPUCTAIUIBI MOJYITPOBOIHUKO-
BbIX npudopoB u UMC.

B 3aBucumoctu ot crioco6a montaxka ['MIC nmoapaszaensrorcss Ha MUKPOCXEMBbI
C ECTKMMHM M TMOKMMHU BBIBOJAMH KOMIIOHEHTOB. B mocienneM ciiydyae cHavasna
IIPOU3BOJIAT KPEIUICHHE KOMIIOHEHTOB Ha IUIATY, a 3aT€M IIPOU3BOIAT IIPUCOECAUHE-
HUE MMPOBOJIOYHBIX BBIBOJOB.

KOMITIOHEHTBI ¢ KECTKMMH BBIBOJAMH MOHTHUPYIOTCS C MOMOIIBIO APUKOBBIX,
CTOJIOMKOBBIX, OAIOUYHBIX WM JICHTOYHBIX BBIBOJOB. [Ipm 3TOM, Kak mpaBwiio, HE
TpeOyeTcsl MPEABAPUTENILHOIO KPEIUIEHNsI KOMIIOHEHTOB Ha IjlaTe, Tak Kak HeoOXo-
IuMasi )KECTKOCTh M MEXaHHWYecKasi MPOYHOCTh 00eCrevynBaeTcs C MOMOIIBI0 ATUX
BBIBOJIOB.

MoHTax miaTel B KOPIYC BKIIOYAET B ce0s 3aKpEIIeHUE TUIaThl HA OCHOBAHUU
KOpITyca U MOCJIeAyIolee MPUCOEIMHEHHE epu(EepPUIMHBIX KOHTAKTHBIX IJIOIIAI0K C

BBIBOJIaMU KOpIyca.
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B o6mem ciaydae BpiOop Thna xkoHcTpykiuu I'MC u TeXHONIOrMM €€ U3roToB-
JeHusi 00yCIIOBJICH KaK TEXHHUYECKUMH NapaMeTpaMH CXEMbl U YCJIOBHIMH €€ dKC-
IUTyaTally, TaK 1 SJKOHOMUYECKUMH (paKTOpaMHu.

TexHuyeckoe 3a1aHue Ha NPOCKTUPOBAHUE COAEPKUT CBEIACHUS O XAPAKTEPU-
cTukax paspabatsiBaemoit UMC u siBnsieTcst ucxoqHoi nHbopMauei sl MpoeKTH-
poBaHus. THIIOBOE TEXHUYECKOE 3aJaHUE COJEPIKUT CIEAYIOIINE CBEICHMUS:

* NPURYUNUATbHYIO 9IEKMPUUECKYIO CXEMY C NEPEUHEM IJIEMEHNTOB,

*  xapaxmepucmuku pabouezo cueHaNa,

* anekmpuueckue xapakmepucmuxu UMC;

* HANpAsICeHue numarus,

* ycnoeus dKCHIyamayuu.

[IpoektupoBanre I'MC Bkimtouaetr B ceOsi BBIOOP TUIIOB KOMIIOHEHTOB, PacueT U
KOHCTPYMPOBAHUE IUICHOUHBIX 3JIEMEHTOB, a TaKKe pPa3pabOTKy TOMOJIOTHYECKON
CTPYKTYpPBbl U KOHCTPYKLIMM BCEHM MHUKpOCXeMbl. lIpu pemenun Bompoca o Koinude-
CTBE€ CXEM Ha OJHOM MOMJIOKKE Ba)KHO OMNPEIEIUTh YAOOHBIM ISl MPOU3BOJICTBA
pa3Mep MoAJ0KKH, Bo3MOkHOCTh cOopku ['MIC, a Takke cBECTM K MUHHUMYMY YHCIIO
MEXAJIEMEHTHBIX COEIMHEHHM, YUYUTHIBAs MPU 3TOM HEOOXOAMMOCTh PELIEHUs IMpO-
OJIEMBI TEIJIOOTBO/IA.

[TosToMy BaKHBIM MOMEHTOM Tipu nipoektupoBannu ' MIC sBisieTcs onpeneneHue

(YHKUIHMOHATIBHOM CII0)KHOCTU CXEMBI C YUETOM MEPEUHUCIEHHBIX (PAaKTOPOB.

1.2.0npeoenenue pynkuuonanvHoil cioxcnocmu

NHTerpanbHO-TpyNIIOBasi TEXHOJOTUS W3TrOTOBIEHUS maccuBHOM dactu [TMC
MO3BOJIIET PEAM30BaTh Ha OJHOM IJIaTe JUOO HECKOJBKO OAHOTUIIHBIX CXEM, JINOO
OJIHYy CXE€MY MOBBIILIEHHON ()YHKIIMOHATBHOU CJIOKHOCTH.

[ToaTomy ompexneneHne (PyHKIHOHAIBHON CIOXKHOCTU CBOJUTCS K OMpeseIe-
HUIO ONTUMAJIBHOTO YHKCJIA 3JIEMEHTOB, peanusyemMbix B coctaBe ogHou ['MC ¢ yue-
TOM KaK (DYHKIIMOHAJIbHO-Y3JIOBOI'O METOa IPOECKTUPOBAHHUSI, TAK U MPOLIEHTA BHIXO-
J1a TOJIHBIX CXEM M DKOHOMHYECKHUX 3aTpaT Ha UX IPOU3BOICTBO.

[lycTth Ha mnate pazmenieHo N OTHOTUIIHBIX 3JIEMEHTOB, XapaKTEPU3YIOLIUXCS

OI[HHaKOBOﬁ BCPOATHOCTBIO M3IOTOBJICHUA OAHOI'O I'OJHOI'O 3JICMCHTA P, KOTOpasda HC
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3aBHUCHUT OT 4YHKCJIa OJICMCHTOB Ha ILIATC, a OMPCACIIACTCA TOJIBKO CquaﬁHBIMH I[C(i)CK-
TaMHU 1 OTKIIOHCHHAMU IIapaMCTPOB. Torz[a BCPOATHOCTDb M3TOTOBJICHUS OI[HOﬁ roa-
Hoit miatel ¢ N pireMeHTaMu:
P,=P"Py; (1.1)

TrAc Po — BCPOATHOCTDH BbIXO/JAa I'OAHBIX ILJIAT, O6YCJIOBJ'I€HH8§I O6HII/IMI/I JJIS1 BCEX ITOA-
JIOXKECK CpaKTopaMI/I N HC 3aBUCHAIIAA OT YUCJIa 3JICMCHTOB.

HpI/I 9TOM, C€CJIN CXCMa COICPIKHUT M 3JIEMCHTOB, TO C YUCTOM 6pa1<a 06HICC
YUCJIO IJIAaT.

m .
n=pvp’
NPV P,
HOCKOHBKy YUCJIO DJIEMCHTOB M B CXEMC 3aJaHO, TO U MUHUMAJIIBHOC YHCJIO

(1.2)

wiaT ¢ yuyetoMm Opaka Oyjaer npu HauOosibllieM 3HadeHUM 3HameHatens B (1.2). s
OTIPEICIICHHS] ONTUMAIBHOTO 3HAYCHUS YHCIIA OJHOTHITHBIX 3IeMEHTOB N, Tpou3-
senenne NP"P, mpeacrasum B Bue GyHKIUN:
y=xP*P,; (1.3)
U HaliJileM ee MaKCUMaJlbHOE 3HAaYCHUE.
[IpupaBHsB NepBy0 MPOU3BOAHYIO QYHKIHUIO (1.3) K HYJII0 U IPOU3BEAS COOT-

BETCTBYIOIIIKE MTPeoOpPa30BaHUsI, TOTYINM:

y'=(xp*In p+ p*)R, =0; (1.4)
NJin
1
. 1.5
InP (1.5)

CrnenoBatesibHO, MPU U3BECTHON BEPOSITHOCTH U3TOTOBJIEHUS TOJTHOTO DJIEMEH-
Ta P, onTMagbHOE YKCIIO 3JIEMEHTOB Ha IIIaTe:
1 L]
omr InP’
Taxk xak P<1, To N,,; Bceraa noaoKuTeJILHOE YUCIIO.

(1.6)

Onnako pazpabateiBaeMbie [ IC copeprkat He TOJIBKO OJHOTUITHBIE JIEMEHTHI,
KOTOPbIE IO BOCIIPOM3BOJIMMOCTH CBOWCTB CHUJIBHO PA3JIMYAIOTCSA B 3aBUCHMOCTH OT
pa3MepoB U KOH(UTYypalliu, HO TAKKE€ U PA3HOTUITHBIC 3JIEMEHTHI (PE3UCTOPHI, KOH-
JIEHCATOPbl, HABECHbIE KOMIIOHEHTHI), XapaKTEPU3YIOIIHUECS Pa3IMYHON BEpPOSTHO-

cThi0 Opaka. B aTom cnydae nist ompezaeneHust ontuMmainbHoi crnoxkaoctu ['UC Bce
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OJHOTHUITHBIE 3JIEMEHTHI C IPUMEPHO OJMHAKOBOI BEPOSTHOCTHIO Opaka pa3duBaroT
Ha TPYyNIbl U MPUHUMAIOT YCIOBHE, YTO BEPOSTHOCTH Opaka OJHOTO 3JIEMEHTa B
TpyIIe He 3aBUCHUT OT YMCIIa 3JIEMEHTOB B TPYIIIE, a ONPEAeseTCS TOIbKO TEXHOIO-
el U KOHCTpyKLHMeEH anemenTa. Toraa no ananoruu ¢ (1.2) obiiee yucio miat:

m .
" NLPVPY . RYR,
21 2 "tk 0
rae Ni, Ny, ... Nx — uncio snemenToB B kax10u u3 K rpym;

1.7)

P1, Py, ... Px — cpeniHME BEpOSITHOCTH U3TOTOBJICHUS TOJHOTO 3JIEMEHTA B KaXKJIOH M3
ATUX TPYIIIL;
Nsy=N;+N,...+Ny — o6mee uucno snementos B I MIC.

B sTom clIy4dac ONTHUMAJIbHOC YHCJIO 3JICMCHTOB Ha IJIATC!:

N 1
omr N N Ny
(P PPN )
B pesynbTaTe onpeneneHus GyHKIIMOHATBHON CI0KHOCTH 0(OPMITSIETCS IICK-

; (1.8)

TPHUICCKasd CXEMa Ha y3CJI, KOTOpasA HOJJIC)KUT pcain3al B FI/I6pI/II[HOM HUCIIOJIHEC-

HHH.

1.3.Memoowvt onmumuzayuu I'HC no kpumepuio yyHKUUOHAILHOU MOU-
HOCmu

OnTtuMansHOCTh Tomosioruueckoit cTpykTypsl ['MC 3amanHOM (QyHKIIMOHAE-
HOM CJIO)KHOCTH JIOCTUTAETCS OMNpeJeiieHHEeM ONTUMAaTbHON KOH(UTYypaluu MIeHOY-
HBIX DJIEMEHTOB Y ONTUMAJIbHBIM Pa3MEUICHUEM AJIEMEHTOB U KOMIIOHEHTOB Ha I1J1aTe
3aJJaHHOTO pa3Mepa.

B cBoto ouepenp onTuMalnbHas KOH(GUTyparuss KaKJI0ro U3 IJICHOYHBIX 3Je-
MeHTOB W Bcel maccuBHOM yactu ['MC ompepensieTcss COBOKYIMHOCTHIO (DaKTOPOB,
OCHOBHBIMHU U3 KOTOPBIX SBJISIOTCS TpeOyembie BhIXOaHbIE apamerpsl I IC, HoMu-
HaJIbHbIE 3HAYCHUS AJIEMEHTOB U JIOMYCKH Ha HUX, TpeOyemas IIOTHOCTh pa3Melle-
HUsI, CBOMCTBA MATE€PUAJIOB IICHOYHBIX 3JIEMEHTOB, 3JIEKTPUUYECKUE PEXUMBI U TaK
nanee.

Onaum u3 3¢ (HEKTUBHBIX METOJOB ONTHUMHU3AIMU SBIISETCS METOJ, OCHOBAH-
HBIM Ha BEIOOpE HamOoJee BaKHOTO BhixoaHOTO mapamerpa [ IC u ontuMuzaus ero

IIPpH 3aJaHHBIX ITPEACIaX U3MCHCHUA OCTAJIbHBIX IMapaMETPOB. HpI/I 9TOM 3ajJa4da CBO-
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JUTCSL K YCTAHOBJIIEHUIO 3aBUCUMOCTH MEX1Y BHIOPAHHBIM BBIXOJHBIM IMAPAMETPOM U
napameTrpamu 3neMeHToB ['MIC ¢ mocnenyromei onTuMu3anueil 3Ha4eHui napameT-
POB MO KPUTEPUI0 MUHUMAJILHON MOTPEIIHOCTH, TO €CTh MO KPUTEPUIO (YHKIIMO-
HaJIbHOM TOYHOCTH.

B o6mem cimydae BeixogHoU mapametp «y» I'MC sBnsercs ¢yHkmuei mapa-

MCTpPa COCTABHBIX 3JICMCHTOB!

Y=Y (X1, Xo,... Xiy... Xp); (1.9)
TIaeC Xj — napamMeTp [ 0) 3JICMEHTA, N — Y1 CJIO 3JICMECHTOB.

Cnemudukoit npousBoacTBa ' IC sBiseTcsl U3roTOBJICHHE MTACCUBHON YacTH B
TCUCHUC OJHOI'0 TCXHOJOI'MYCCKOI'0 IHKJIA, YTO MCKIIOYACT MCIKOIICPAINMOHHYIO OT-
OpaKOBKY IJICHOYHBIX 3JIEMEHTOB.

OIIHaKO, B PCAJIbHBIX YCJIOBHUAX IIAPAMCTPLI 3JICMCHTOB OTJIIMYAIOTCA OT HOMM-
HaJIbHBIX 3HAYEHUI BCIIEJCTBUE HEU30EKHOTO TEXHOJIOTMYECKOro paszdpoca, 4ToO B
CBOIO OUYCpCAb NPUBOJUT K OTKIIOHCHHUIO BBIXOAHOI'O IIapaMeTpa OT paCuCTHOI0 3Ha-
YCHUA.

AOGCOIIIOTHYIO MOTPEITHOCTh BBIXOJHOTO Mapamerpa Ay onpenenstor audde-
peHuupoBanreM Boipaxkenus (1.9) U mocne mepexoja K KOHEUHBIM MPUPAIICHUSIM
HMCCT MCCTO BBIPAKCHUC!

n
Ay = ZgAxi ; (1.10)

i=1 Xi

rae AX; u Ay — abCONMIOTHBIC TOTPEIIHOCTH I-TO 3JIEMEHTAa M BBIXOJHOTO Mapamerpa,
COOTBETCTBEHHO (Pa3MEPHbBIC BEJIUYHHBI).

Ha mpaktuke npu npoextupoBanuu ['MIC ynoOHee onepupoBaTh OTHOCHUTEIb-
HBIMU TIOTPEUITHOCTSAMHM, YTO MO3BOJISIET CYMMHPOBATh MOTPEITHOCTH PA3IUYHBIX (U-
3UYECKUX BEJIMYUH (COMPOTUBIICHUM, eMKOCTEeW U Tak nanee). OTHOCUTENbHBIN pa3-

OpocC BBIXOJHOTO TTapamerpa:

AY _ [ Y X | A% .
y 21 >y x (1.11)
NN
Ay =D AVAX,; (1.12)

15



Y X

y _ - (vd
roe A _87? — K03(hOUIIMEHT BIUSHUS 1-TO 3JIEMEHTa Ha BBIXOJHOW MapameTp
i

I'ncG,;
AY ¥ AX, — OTHOCUTEIIbHBIC MOTPEUTHOCTH BBIXOJHOTO U X{-TO MapaMeTPOB, COOTBET-
CTBEHHO.

YuuThIBas, 4TO pacnpeaeiieHus napamerpon anmeMenToB ' IC xapakTepu3yroT-
csi OOJIBIIUMHU TUCIIEPCUSIMH, KOTOPBIE IPUBOIAT K 3HAYMTEIbHBIM JAMCIIEPCUSIM BbI-
XOJIHBIX TapaMeTPOB, IS pacdeTa MOrPenTHOCTH BeIXoaHOro mapamerpa ['MC mMox-
HO HCIT0JIb30BaTh ypaBHECHHUE:

5)’2 - Zl Afi _Xzi + 22 AXi AXj Exi 5Xj rxixj ! (113)

i<j

Q

X

o) .
30CCh Ey =Y &5 = — — OTHOCHUTCIIBHBIC CPCIHCKBAAPATHUYCCKHUEC OTKIOHCHUA

1 Xi

y X

BBIXOJHOTO U X;-r0 nmapametpos [ 1C;

Fex, — KO3 (PULIMEHT KOPPENSIUN OTKIOHEHUI TapaMeTPOB |I-T0 U |-T0 3JIEMEHTOB;

A+ A, — KOIQQUIHEHTHI BIUSHUSA I-10 U |-TO SIIEMEHTOB.

OnHoM w3 rinaBHBIX 3a7a4 pu npoektupoBanuu [ MIC aBisgeTcss MUHUMHA3ALASA

MOTPEIIHOCTH BBIXOJJHOTO MMapaMeTpa, Tak Kak 4eM MEHbIIe BeIndnHa AY U &, , TeM

BBILIE BEPOSATHOCTH BhIxoza roaubix I MC.
[Ipy 3TOM HEOOXOAUMO YUYHUTHIBATH OCOOCHHOCTH MHTETPAIbHO-TPYIIIIOBOM TEX-
HOJIOTUH M3TOTOBJICHU naccuBHoM yactu [ IC, 3akmrouaromnuecs B TOM, YTO:
1. ImeeT MecTO TecHasi KOPPEIAIMOHHAS CBSA3b MEXK]Y MapaMeTpaMu OTHOTHII-
HBIX AJIEMEHTOB, B YaCTHOCTH, CBSI3b MEXIY Pa3OpOCOM PSIOM PaCIOIOKEH-

HBIX OJHOTUITHBIX JIEMEHTOB OJIM3Ka K (PyHKIIMOHAJIBHOM, TO ecThb I, , ~1;
i%]

2. mMeeT MecTO HOpMaJIbHBIN 3aKOH pacIpe/iesieHrs MOTPENIHOCTEN MapaMeTpOB
IJICHOYHBIX 3JIEMEHTOB MPHU CTAaOMIBHOM TEXHOJIOTMYECKOM MpoLecce U OT-
CYTCTBUM OTOPAKOBKH MEX]y OTJAEIbHBIMU ONEpaIUsIMU;

3. U, HakoHell, UMEeT MECTO HE3aBHCHUMOCTb MOTPEIIHOCTEH MapamMeTpoB Iie-
HOYHBIX 3JIEMEHTOB, U3rOTOBJIEHHBIX HA PA3HBIX TEXHOJOTHYECKHUX ONEPALIHSIX.

[Ipexxne Bcero, 3TO O3HAYaeT, 4TO AUCHEPCHIO BbIxogHOro mnapamerpa ['MC
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MOXHO IMPCACTABUTH KaK CyMMY zmcnepcnﬁ BBIXOAHOI'O IIapaMeTpa OT KOMIIJIICKCOB
9JICMCHTOB, U3TOTOBJIICMBIX Ha B3dMMHO HC3aBHCHUMbLIX OIICpallUAX (KOMHHCKCBI pe-
3UCTOPOB, KOHACHCATOPOB U TAK zxaﬂee).

CinenoBaTespbHO:
2 L 2
oy =2 (L14)
i=
r7ie M — YHUCJIO0 KOMIUIEKCOB IICHOYHBIX AJIEMEHTOB, MTOJIYYCHHBIX Ha B3aUMHO HeE3a-

BHCHUMBIX OIICpAlUAX,

o yi OTHOCHUTCJIbHOC CPCAHCKBAAPATUICCKOC OTKIIOHCHNC BEIXOJHOI'O ITapaMeTpa OT

I-r0 KOMILIEKCA IIJIEHOYHBIX JIEMEHTOB.

Torz[a KaXXa0€ 3HAYCHUC 5),, MOKET OBITH MWHHUMH3UPOBAHO HE3aBHUCUMO OT

IPYTUX KOMIUIEKCOB 3JIEMEHTOB.

Kpome Toro, npu ananmse OTKIOHEHHS BBIXOJHOI'O MapaMeTpa MOXKHO MEPEN-
TH OT IOIPEIIHOCTEN KOMIUIEKCOB IIJIEHOYHBIX JIEMEHTOB K IIOTPEIIHOCTAM I'€OMET-
PUYECKUX U (PU3NYECKUX MApPAMETPOB AJIEMEHTOB, SIBJISIOIIMXCS CIEACTBUEM B3aHM-
HO HE3aBHUCHUMBIX TEXHOJIOTMUECKMX oOmNepanuii (IIMpUHA W JUIMHA PE3UCTOPOB,
yII€JIbHOE MOBEPXHOCTHOE COIPOTUBIICHUE PE3UCTUBHON IUIEHKU U Tak naiuee). [lpu
3TOM BbIpaxkeHue (1.13) 3HauuTENBHO YIpOILAETCs, TaK KaK a0COJIOTHBIE OTKIIOHE-
HUSl TEOMETPUYECKUX U (U3UUYECKUX MTAapaMETPOB AJIEMEHTOB OYJIyT OJUHAKOBBIMU B

npeaciax KaXaoro KOMIIJICKCA. CHCI{OB&TCJ’IBHO, 3a Ey- MOXKHO IIPpHUHATH CPCAHC-

KBaJpaTUYECKOE OTKIIOHEHHE BbIXOHOTO MmapameTpa ['MIC oT morpemnocTa Kaxaoro
13 B3aMMHO HE3aBHUCHUMBIX KOMILJIEKCOB T€OMETPUUYECKUX U (PUBMUECKUX MMapaMeETPOB
TUIEHOYHBIX 3JIEMEHTOB.

Kpome Toro HeoO6XoauMo OTMETUTh, YTO B MPOU3BOJACTBEHHBIX YCIOBUSIX M3-
rotrosyieaust ' UC ¢akTopsl, onpeaenstomue pa3opoc mapaMmeTpoB 3JIEMEHTOB B Tpe-
Jienax OJHOM TOJJIOKKH, HE 3aBUCAT OT (DAKTOPOB, BHI3BIBAIOIINX JUCIIEPCUIO CPE/I-
HUX 3HAYCHUH NTapaMeTPOB B MMAPTHUHU.

[ToaToMy mucnepcuro &,

; TEOMETPHUYECKOTO MM (PU3UYECKOTO Mapamerpa |-ro

3JIEMEHTA B I-M KOMIUIEKCE MOYKHO MPEICTABUTh CYMMOM JAMCIIEPCHU 3TOTO IapameT-

pa B IIp€aciaax OJIHOM MOJIJI0KKHU Eijn OTHOCHUTCIIBHO €TI0 CPCAHCTO 3HAYCHHA Ha KaXK-
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JI0M OTIECIBHOM IOJJIOKKE M JMCIEPCHU CPEJHMX 3HAYECHMH 3TOro napaMmerpa Ha
TOJITIOXKKAX BCEH MApTHH T, !

5;1 = 0' + O'”Cp (1.15)

Torna nucnepcus Beixoanoro napamerpa ['MC oT j-ro komiuiekca:

y., A'J G'JH + A'J |JCP (116)

Honaraﬂ, qTo AUCHCPCUSA reOMETPUICCKUX HIIN CI)I/ISI/I‘-ICCKI/IX napamMecTpoOB dJicC-
MCHTOB HC 3aBHCHUT OT PACIIOJOXKCHHA 3JICMCHTOB Ha IIOJJIONKKC, KOB(l)(bI/IHI/IeHTLI

KOoppcCiinnun rxixj MCIKAY IMapaMCTpaMU BCCX JJICMCHTOB B IIPCACIIAX OI[HOﬁ IO AJIOXK-

KM MO>XHO IPHHSTH PaBHBIMU HYI0. OIHAKO, BCIEACTBUE TOTO, UTO CPEJHEE 3HAYE-
HUE 3TUX NapaMeTPOB IS BCEX DJIEMEHTOB OTACIBHOM MOMJIONKKHU OAHO U TO K€, KO-
b GUIMEHT KOPPENSIIIUK IJIs1 CPETHUX 3HAYCHUN paBEH EUHUIIE.

Takum 00pa3zom, AuCHepCUs BEIXOIHOTO IMapamMeTpa OT BeeX Nj SIEMEHTOB 1-TO
KOMILIEKCA, TO €CTh JUISI I-TO TEXHOJOTHYECKOTO (haKTopa, MOXKET OBITh IpECTaBIIe-

Ha BBIPAKCHUCM:

_2- = Gun Z Au ucp Z Au : (117)

JI1s1 BBISIBJIEHUS BO3MOKHOCTEM MUHHUMH3ALMU MOTPEIIHOCTH BBIXOJHOTO Ta-
paMeTpa paccMOTpuUM 0OoJiee MOJAPOOHO COCTABISIONIUME MOTPEIIHOCTH BBIXOJIHOTO
napamerpa. MoXHO yTBEpKAaTh, YTO 3Ta MOTPEIIHOCTh CKJIAABIBACTCS U3 MOTpEUl-
HOCTEHN BcexX maccuBHbIX 351eMeHTOB [ IC 1 Bcex akTUBHBIX KOMIIOHEHTOB, TO €CTh:

T, =0, +0,, (1.18)

OueBUIHO, YTO TIPU ATOM JIAHHBIE COCTABJISIONIME HE3aBUCHUMBI, TaK KaK MPO-
1[eCChl U3TOTOBJICHUS MAaCCUBHOM M akTHBHOM yacteid | IC pa3aeneHsl Kak BO BpeMe-
HU, TaK U B IPOCTpaHCTBE. Takum 0Opa3om, nmpobdiieMa MUHUMHU3AINH TTOTPEITHOCTH
BbIXOZHOTO Mapamerpa ['MC cBoaMTCA K pemIEHUIO 3ala4 MUHUMU3AIMUA TOTpenl-
HOCTH BBIXOJIHOTO MapaMeTpa 3a cuet naccuBHoM yactu ['MIC, koTopast B CBOIO 0O4e-
pellb CKIIAIBIBAETCS U3 B3aMMOHE3aBUCUMBIX IMOTPENTHOCTEW KOMIUIEKCOB PE3UCTO-

POB, KOHACHCATOPOB U TaK AAJICC. Torna:

G, =0, +o, +K. (1.19)

Yn

I[anee AJI1 MUHHUMU3AalUU IIOTI'PCITHOCTH BBIXOJIHOI'O ITapaMETpa 3a CUCT IIacC-
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cuBHOM yactu 'MIC He00X0MMO MUHUMHU3HUPOBATh KAyt cocTapismolyio (1.19),
JUTSL 9€TO HEOOXOIMMO PACCMOTPETH BOMPOCH! IPOSKTUPOBAHUS PE3UCTOPOB, KOHICH-

CaTOpPOB U MHBIX 3JICMCHTOB.

1.4. Pacuem oonycmumsix cpeoHeKkeaopamuyecKux OmKioHeHuil
napamempoe nieHoOYHbIX I1eEMEHN 08

[Tpu uzroroBnenuu I'MC mapaMeTpsl 3J€MEHTOB CXEMbl UMEIOT OTKIOHEHHUS
OT CBOMX HOMHUHAJILHBIX 3HAYEHUN. DTO NPUBOAUT K OTKIIOHCHUIO 3HAYEHUH BBIXO/I-
HBIX MapaMeTpoB cxeMbl. Eciu 3HaueHHe BBIXOJHOTO MapaMeTpa MUKPOCXEMBbI BbI-
XOJUT 3a MpEeNelibl JOMyCKa, KOTOPbIA 3a4aeTcsi TEXHUYECKUMH TpeOOBaHUSMH Ha
CXEMY, TO MUKPOCXE€Ma CUMTAETCsI OpaKOBaHHOM.

Ha nporieHT BbIXoAa TOJHBIX MUKPOCXEM BIIUSET TaK)Ke KauyeCTBO MAasHBIX WA
CBApHBIX COCAMHEHUN BHIBOJOB HABECHBIX 3JIEMEHTOB WUJIM HABECHBIX ITPOBOJIHUKOB C
KOHTAKTHBIMHU TUIOMAJKAMHU, KOTOPOE OINPEIEIAECTCS TEXHOJIOTUEN CO3aHUsl COEMIU-
HEHUS U CTOCOOOM HAaHECEHUSI CAaMUX KOHTAKTHBIX ILJIOIIAI0K.

TakuMm 00pa3oM, BEpOATHOCTh BbIXOJIa TOAHBIX CXEM MOXKHO 3alucaTh B Clie-

AYromicM BU/JC!:
[
P= | Pj'_ Pi'HPk (1.20)

rie Pi — BeposSITHOCTb BbIXOJ[a TOJHBIX MACCUBHBIX DJIEMEHTOB C TOYKHU 3PCHUS
TOYHOCTH;
Px —BEpOsSITHOCTH BBIXOJ1a TOAHBIX AKTUBHBIX AJIEMEHTOB TIOCII€ YCTAHOBKHU HX
B I'UC;
P; — BEpoATHOCTb BBIXOJA FOJHOIO HAsSHOIO MJIM CBAPHOIO COEAMHEHMs (ITa
BEIMYMHA, Kak npaBuio, 1 ['UC nexwur B npeaenax 0,98 —0,99).
Bennuuna P; 3aBUCHT OT J0mycKa Ha HOMHHAJT JAHHOTO MTACCUBHOTO AJIEMEHTA

O M €r0 OTHOCUTEJIBHOTO CPEIHEKBAIPATHUYECKOTO OTKJIOHEHUS i CISIYIOIIHM 00-

pasom:
Pi=Pi(Z)), (1.21)
Z, :\/Ei;i (122)



rae  Zj —apryMeHT MHTeTpajia BEPOATHOCTH (3Has 3HA4YeHHE Zj, 10 TabJIMIaM WHTE-
rpaja BepOsITHOCTH MOKHO ONPENICIUTh BelIHUuHy P;);

é‘i — AOIIYCK HAa HOMHHAJI 3JICMCHTA CXCMblI B OTHOCHUTCIIBHBIX CAWHHUIAX (OH

OTOBApUBAETCS B TEXHUYECKUX TPEOOBAHUAX HA CXEMY).

[Tpu pa3zpaboTke TOMOJOTUH HEOOXOAUMO YUHUTHIBATH TPEOOBAHUS UHTETPAIb-
HOW TE€XHOJIOTHH:

1. HezaBucumocTh pazdpoca mapaMeTpoB KOMILJIEKCOB 3JIEMEHTOB, MOJTydae-
MBIX Ha pa3HbIX onepauusx. Hampumep, nucnepcus COnpoTUBIICHUS KBaapaTa pe3u-
CTUBHOM TIJIEHKM HE 3aBUCHUT OT JIUCHEPCUU YJEIbHOW €MKOCTH JudiekTpuka. Ooe
OHH, B CBOIO OYEpEJlb, HE 3aBUCAT OT JUCIEPCUU Pa3MEPOB KOHTYpPOB 3JIEMEHTOB U
T.J.

2. JoctatoyHasi 000CHOBAaHHOCTh 3aKOHA HOPMAJIBHOTO paclpeiesieHus mnapa-
METPOB JIEMEHTOB MPHU CTAOMIBHOM TEXHOJIOTUYECKOM IPOIIECCe U OTCYTCTBUU OT-
OpakoOBKM MEXIy ONEpalUsMU, YTO MOATBEPKAAETCA KaK TEOPETHUECKUMH, TaK U
PaKTUYECKUMH UCCIIEIOBAHUSMU.

3. IlosHOE pa3neneHue MPOM3BOJICTBA M KOHTPOJS AKTUBHOM YaCTH CXEMBI
(HaBecHbIE TPAH3UCTOPHI, A1ObI, OeckoprycHble IC) oT naccuBHOM YacTu (MJI€HOY-
HBIE€ AJIEMEHTHI), YTO MO3BOJSET OTACIBHO PElIaTh 3aJa4M BIUSHUS JUCIEPCUH ITUX
yacTell Ha BBIXOJIHbIE MapaMeTpbl cxeMbl. [Ipu He0OX0IUMMOCTH 17151 KOMITJIEKCOB aK-
TUBHOW YacCTH MOKHO MCIOJIb30BaTh 0TOOp, mpu 3ToM B (1) Bce P, MOXKHO NpuUpas-
HSATB K €INHULIE.

Jy1st pacueTa BbIXO/a FOJHBIX MACCUBHBIX deMeHTOB 3 (1) momydynm

(1.23)

rae Pic, —CpeaHuii BEIXO FOJHOIO IACCUBHOTO dJIeMeHTa. B nanpneimem P; kaxno-

0,

r'0 2JIEMEHTA MOXKET KOPPEKTUPOBAThCS. JIJI 3JIEMEHTOB ¢ MajJibiIMH ' CJIEAyeT OpaTh

S

P;i < Pjc,, 115 D7IEMEHTOB ¢ OonpmKMMHU ' BbIOMparoT P; > Pic,. U3Menenus P; Oepyr ¢

TaKUM pacueToMm, 4To0sl oOecteunts (1.20).
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[To monyuennsiM P; u mo (1.22) onpenensitoT HEOOXOIUMOE OTHOCUTEIBHOE

CPpEAHCKBAAPATUICCKOC OTKIIOHCHUEC HOMHWHAJIOB ITACCUBHBIX 3JICMCHTOB!

—__ 9
O; :J_Tzi (1.24)

TexHOoJIOrusT U3rOTOBJICHUSI MUKPOCXEMBI BBIOMPAETCA MCXOJd U3 KOHCTPYK-
TUBHBIX TpeOOBaHMN WM UMeroIierocs Texmporecca uzrorosieHus ['MC. Buasl
TEXHOJIOTUYECKOTO TPOollecca U3rOTOBICHUS MUKPOCXEM MPUBEICHBI B TPUIIOKEHHH,

TAC AaHbl U XapaKTCPHUCTUKHU HOI’pGHIHOCTCﬁ BOCIIPOU3BCACHUA Pa3MCPOB IJICMCHTOB.

KoHTpoJibHBIE BOIPOCHI

1. Uro nonmmaercs nox ruieHoyHbIMM MMC u Ha Kakue pa3HOBHJIHOCTH OHHM
NOAPA3AEHAIOTCS?

2. B yeMm coctout onpenenenne GpyHKInoHaNbHOU cinoxxkHoctu ['UC?

3. Uro nonumaercs nox merogom ontuMuzauuu I'MC no kputeputo GpyHKIMO-

HAJIbHOU TOYHOCTH?

4, OT 4ero 3aBUCUT BEPOATHOCTH Bbixoaa roaubix ' MC?
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I'nasa 2. TEXHOJIOT YA ITPOU3BOJACTBA UHTEI'PAJIBHBIX
MHUKPOCXEM

Onement mukpocxemsl (MC) — 3to yacte MC, peanusyromas QyHKIIHIO KaKo-
ro — Jinbo paarol’IeMEHTa, HallpuMep, pe3UCTopa, KOHAEHCaTopa U T. ., KOTOpas Bbl-
NOJIHEHA HEPA3JIEbHO OT MOJIOKKH MM KPUCTAIUIA U HE MOKET ObITh BbIJIETICHA KaK
CaMOCTOATENIbHOE U3JIEJNE, C TOYKH 3pEHHUsS] TPeOOBAaHUS MPUEMKH, UCIIBITAHUS, TO-
CTaBKH U KCIUTyaTalUy.

Komnonent MC 310 Toxe yacte MC, peanu3ytoias Kakyro - 1100 QyHKIIHIO
paanolIeMEHTa, KOTopasi, OTHAKO, MOXKET OBbITh BBIJIEJIEHA KAK CAMOCTOSITEIbHOE U3-
nenve. KoMnoHeHThl npucoeAnHsoTes Ha sTane coopku MC.

B cooTBercTBHM C MPUHSATONW CUCTEMOM YCIOBHBIX OOO3HAYE€HUN U MO KOH-
CTPYKTHBHO - TEXHOJIOTMYECKOMY IIPU3HAKy Bce BblmyckaeMble MC MOHO pasjne-
JIUTH Ha TOJYNPOBOAHUKOBBIE, INIEHOYHbIE U TUOPUIHBIE.

Knaccudukanus  UHTErpajdbHbIX  MHKPOCXEM MO  KOHCTPYKTHBHO-

TCXHOJIOTHYCCKOMY IIPU3HAKY BLITJIAAUT CICAYIOIIUM o6pa30M.

MMC
ITonynipoBoOz -
[Iy1eHOYHBIE IIpoumne HUKOBBIE
MMC MMC MMC
ToOHKOIIJIEHOY- TosncTomnie- Bunonsipubie MZAIT MUMC
HbIe HOYHBbIE nmMcC
NMC MMC
T'mbpupgHbie CoBMellleHHbIE
MMC MMC

Haubonbiiee pacrpoctpanenve noiayuuiau miaeHounble UMC, GunosnspHbie U

MJIIT coBmemenasie UMC.
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Kaxnpiit Tun UMC umeeT cBOXO TEXHOJIOTHIO IPOU3BOJICTBA, PErIaMEHTHUPYE-
MYI0 KOMIUJIEKTOM TEXHOJIOTUYECKON AokymeHTaruu. OJHAaKO, MOXHO BBIICIUTH
oO11ue 3Tarnbl, IPUCYLIME TEXHOJIOTUN IPOU3BOACTBA J1t000it MC.
N3roToBieHne U MOArOTOBKA IIJIACTUH U MOJJIOKEK
N3roroBiieHne CTpyKTyp
CoOopka
I'epmeTuzanus
WcnpiTanus, n3MepeHus
3aKITI0YUTENbHBIE ONIEPALIMH

KonTposns OTK

N o g bk~ D

2.1. Texnonozusn uzzomoenienus moukonaenounvix UMC

Otan ¢popmupoBanust CTpykTypsl 3neMeHToB UIMC sBiisieTcss caMbIM Tpya0eM-
KHM.

OneMeHTbl TOHKOIIEHOUYHbIX [TUMC (QopMupyIOT Ha OCHOBE MPOBOJIAIIMUX,
PE3UCTUBHBIX, JUJIEKTPUUECKUX, MATHUTHBIX IJIEHOK, TOJIIMHA KOTOPBIX KOJIeOJIeT-
ca or 30 mo 1000 vmM. Bua cBepXy M CTpyKTypa TOHKOILUIEHOYHOI'O PE3UCTOpPA H
TPEXCIOMHOTO KOHIEHCATOPA MPEICTAaBICHBl Ha PUCYHKe 2-1.

OYHKIMOHAIBHBIN TapaMETP PE3UCTOPA — CONPOTUBIIEHUE R

R=pulL/dB= p L/B
O yHKIMOHAIBHBIN IMApaMeTp KOHAEHCATOpa — eMKOCTh C.
C =eglB/d =C,,S,
1€ Pyy —YAEIBHOE JIEKTPUUYECKOE CONMPOTUBIICHUE PE3UCTUBHOM IIEHKH, OM.M;
0 - COPOTUBIICHUE KBaJpaTa PE3UCTUBHOM IUIEHKH, OM;
€, €0, — AUDIIEKTPUUECKAS] IPOHUILIAEMOCTh JIUAJIEKTPUUECKON IJIEHKU U BO3AyXa, CO-
OTBETCTBEHHO;
Cyy — EMKOCTb €IMHUIIBI IUIONIA M NEPEKPBITHS 00KIIAJ0K KOHJIEHCATOpa, nd/mMm;
L, B — coOTBETCTBEHHO AJIMHA U MIMPUHA PE3UCTUBHOMN TIJICHKU, MM;
S — MUIOIIA/b TePEKPHITHS OOKIAI0K KOHACHCATOPA, MM~
TOYHOCTH TEOMETPUYECKUX PA3MEPOB DJIEMEHTOB OOECeunBaeTCsi MpUMEHe-

HUEM Macok U poroiuTorpadumu.
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To4HOCTH YACIBbHBIX 3JICKTPUUCCKUX IMApaMCTPOB 3aBUCUT OT YHUCTOTBI MaTc-

pHruaJIOB U TCXHOJOTMYCCKUX MApaMCTPOB IMPOHCCCa OCAKIACHUA IMIICHOK

VO T IIIIIE S

Pucynok 2.1. CTpyKTypbl M TOIIOJIOTHM TOHKOIUIGHOYHBIX: ) Pe3UCTOpa; 0) TPEXCIOHHOTO
KOHjIeHcaTopa: 1-mou1oXkKa; 2-1poBoAsLIas IUIEHKa; 3-pe3UCTUBHAS IUICHKA;
4-nuaneKTpudeckas mieHKa

TOHOJOI'A mukpocxembl — 3TO BUJ] CBEPXY Ha MOJJIOKKY (TUIACTHHY)

CTPYKTYPA MukpocxeMbl — 3TO BHJI IIONEPEYHOTO CEUYECHUSI MUKPOCXEMBI

2.2.  Ocasicoenue nieHoK mepmuieckKum UCnapeHuem Mamepuana é axKy-
yme

JInst mosydyeHusl TOHKUX IJIEHOK KCIONb3YeTCsl CTaHAApTHOE BaKyyMHOE 000-
pyllOBaHME, HANPUMEp, YHHBEPCAIbHbIE BaKyyMHbIe ycTaHOBKM Tumna YBH-2M-1,
YBH-2M-2 u npyrue.

VYmpomienHas cxema pabodero o0bemMa BaKyyMHOM yCTaHOBKHM IOKa3aHa Ha

pHUCYyHKe 2-2.
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Pucynok 2.2. Cxema pabodero o0bema yCTaHOBKH JJIsl OJTy4eHHsl TUIeHOK MeTtoaoMm TBU:
1-xonmak; 2-HarpeBaTellb IMOJJIOKKH; 3-TOUIOKKA;, 4-TIOMJIOKKOACpKATENb;,  S-3aCliOHKa; 6-
ucnapseMblil MaTepual; 7-ucnapuTeb; 8-HarpeBaTellb ucnapureis; 9-sakyymHoe yrmiotHenue; 10-
winTa; 11-BakyyMIIOTHBIN U30JIATOP

C moMmoIpi0 BaKyyMHBIX HACOCOB OTKAUMBAETCA BO3IYyX M3 3aMKHYTOTr'O IIPO-
cTpaHcTBa — pabodero ooreMa (PO) BakyyMHOI yCTaHOBKH.

B ycroBusix Beicokoro Bakyyma (10° — 10 mm pr. c1.=1,33(10° —10) IIa
MaTepHal, IOMEIICHHBIA B UCIIAPHUTEIIb, HATPEBACTCSA U UCHIAPSICTCS B HAIIPABJICHUU K
MO/IJTOKKE. ATOMBI (MOJICKYJIBI) UCTIAPSEMOTO BEIIECTBA ABMKYTCS K TOIIOKKE, TIC
KOHJICHCUPYIOTCS, 00pa3ys miieHKy. CKOpOCTh pocTa IUJICHKH, €€ CTPYKTypa OIpese-
JISIOTCS TEXHOJOTHYSCKMMHU ITapaMeTpaMu MpoIiecca, OCHOBHBIMM M3 KOTOPBIX SIBJIS-
I0TCS TeMIlepaTypa HCHApHUTElNss, TeMIlepaTypa TMOJJI0OXKKH, TaBJIEHWE OCTaTOYHOTO
rasa, MOJIEKyJIsipHasi Macca MCIapseMOoTro BEIIecTBa U ero npupojaa. MiMeroT 3HaueHue
TaK)Xe U TCOMETPUUYCCKUE TTapaMeTPbl KOHCTPYKTHUBHBIX d1eMeHTOB PO.

PeanbHO METOJIOM TEPMUYECKOTO BAaKyyMHOTO HCITAPEHUS HANBUISIOT TJICHKU
TOJIIIMHOM He Oonee 1,5 — 2 MKM.

XOpouryr aare3ur0 K JIUIJICKTPUICCKUM TOJIJIOKKAM OOHAPYKUBAIOT JIETKO-
oKHcstoImecs: Metauibl, Takue kak Al, Cr, Mn, Ti. [lnoxyro aare3uio UMEIOT TaKKe

BBICOKOAJICKTPOIIPOBOIHbIC MeTaslibl Kak Cu, Au, Pt, Pd.
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[Tpu opraHu3ammu CEpUHHOTO TMPOW3BOACTBA M3JEIUN BCErJa CTOUT 3aaada
COKpAIIICHUS TOJIM BCIIOMOTATEILHOTO BPEMEHH, MPUXOSIIETOCS Ha OHO H3ICIHe.
[Tpu o6padotke UMC B Bakyyme BCIIOMOTATEIIBEHOE BpEMs BKIIIOUAET YCTAaHOBKY U
cusatue noayoxek (=10 — 15 MuH.); 0TKauKy cucTtemsl 10 padbodero Bakyyma (=1,5 —
2 daca nipu pazorperom auddy3nonHoM Hacoce). OCHOBHOE BpeMs — HabICHUE OJ1-
HOTO CJ10s1, cocTaBisieT mpumepHo 1 — 1,5 muH. [ToaTOMY /UISI TPOMBINIJICHHBIX I1e-
JIell WCTOJIB3YIOT MHOTOITO3UIIMOHHBIE BAaKyyMHBIE YCTAHOBKH, TO3BOJISIONINE, HE
HapyIIasi BaKyyma, MocJieZloBaTeIbHO WJIM OJTHOBPEMEHHO 00padaThiBaTh HECKOJIBKO
MOITOKEK. DPPEKT YBETNIUBACTCS €IIIE 3a CYST MPUMEHEHUS TPYIIIOBBIX MOIOXKEK
00b1yHO pazmepom 60*48*0,6 mm i 120%96*0,6 Mm.

Oob6masn cxema TII nosyyenusi TOHKHX MIeHOK meToaom TBU
[ToaroroBka (0O4KMCTKA) MOJIOKEK;

[ToaroToBKa yCTAaHOBKHU K HAIBLICHUIO;

Cyxast O4YHCTKA MOJIOKEK;

Coznanue pabouero Bakyyma;

[Tomaua Toka Ha UCHIAPUTEIIb, CTAOMIIU3AIUS TIPOLIECCa UCTIAPEHUS;
[Tomaua Toka Ha HarpeBaTelb MOIIOXKEK;

Hamnrwinenue;

OTxur meHoK(BbIAEpKKA 2 — 2,59aca);

© ©o N o gk~ W Re

3arycK BO34yXa;

H
o

KoHTposb kauecTBa U 371EKTPOPU3NUECKUX XaPAKTEPUCTUK TUICHKH.

2.3.  Ocarxcoenue nieHOK pacnvlileHuemM Mamepuaioe UOHHOI dbomoapou-
PO6Kou

[Tpu 6oMOapaAMpOBKE MOBEPXHOCTH TBEPJOTO TEJIAa — MUILIEHU HOHAMH C KMHE-
TUYECKOU DHEPIUEH, IPEBBILIAOIIECH SHEPTUI0 MEKATOMHOW CBA3U MUIIEHHU, IPOUC-
XOJUT BIOMBAaHKE aTOMOB C €€ IOBEPXHOCTH U BBIOPOC UX B Ta30ByI0 a3y, T.e. Ipo-
VCXOIUT PACIbUICHUE MULLIEHU.

MuHuMasbHas SHEPruss HOHOB, KOTOpas €1le IPUBOAUT K PACIIBIIICHUIO MUILIE-
HU, Ha3bIBAa€TCs MOPOroBoi s3Heprueil. OHa 3aBUCUT OT MACC CTAJIKUBAEMBIX YaCTHI] U
coctaBisieT npubau3utensHo 4H, rne H — ternnora cy0aumanuu, T.€. TeIoTa, Bbljie-

JsieMasi Ipy NepPeXo/ie B Map OAHOTO aToMa (KMiIu MOJisl) MaTepuaia MULIEHHU.
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HpOCTCﬁHI&)I CXEMa TakKoro Ipouneccca, 2-x QJICKTpOAHasA CXEMa KaTOAHOI'O

pacnbUIeHUs, IPEICTaBIeHA Ha pUCYHKE 2-3.
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Pucynoxk 2.3. JIByXaieKTpoiHasi cXeMa KaTOJIHOTO PaCTIbLICHUS
1-xonmnak; 2-karoj; 3-3KkpaH; 4-HaTeKaTe b pabodero ra3a At; 5-moanoxka; 6-aHOT,
7-BaKyyMILUTOTHBIM U30JIATOP; 8-BaKyyMHOE YIUIOTHEHHUE; 9-TuihTa

B Takoii cucteme miuasma BO30yXmaeTcsi aBTORJEKTPOHHOU 3muccueit. [lox
BO3JICMICTBUEM CHUJIBHOT'O BHEIIHETO AJIEKTPUYECKOTO OIS HANIPSKEHHOCTBIO 10° B/m
AJIEKTPOHBI, 3MUTHUPYIOIIME C KaTOJla, HOHU3UPYIOT aTOMbI padbouero rasa. [lonoxu-
TEJIbHBIE HOHBI B CUJILHOM II0JIE YCKOPSIFOTCS, yIapsIIOTCS O KaToJl ¥ BHIOMBAIOT aTo-
MBI KaToJa — MHUIIEHU. JJEKTPUUYECKM HEUTPAIbHBIE aTOMbl MMIIEHU JIETSAT HOP-
MaJIBHO OT IIOBEPXHOCTU MULIEHU U OCEAAIOT HA MOJIOXKKE, JIeKAIIEH HA aHOZE.

Cxopoctb pacnbuienuss W, mponopuuoHanabHa MIOTHOCTH TOKA MUIIEHH jy U
Macce aTOMOB MUIIEHU M.

Wy =K, ju My

Kosdpunuent nponopuuoHaisHOCTH K|, Ha3bIBaeTCa KO3()(UIMEHTOM pac-
neuieHus. OH paBeH OTHOIICHHMIO YMCJIa BHIOMTHIX aTOMOB K YHCIY MOHOB, MaJaro-
IIMX Ha MUIIEHb. K, 3aBUCUT OT 3HEPIMH HMOHOB, OT CTPYKTYPhl IIOBEPXHOCTH MHU-

ICHHU, OT yTIJja IaaACHUuA HOHOB U B 3HAUYUTEJILHOW CTEIIEHU OT mpupoabl HOHOB U
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MUIIEHU. MakcuMaiabHble KO3(DPUIMEHThl pacHbUICHUS COOTBETCTBYIOT HOHAM
WHEPTHBIX Ta30B U HEKOTOPOMY ONTHUMAJIbHOMY JAAaBJICHHUIO paboYero rasa.

C uenpl0 MOBBINIEHUS YUCTOTHI IUIEHOK, MOJYYA€MbIX HOHHO-ILIA3MEHHBIM
pacnbeuieHueM matepuasioB (M-1IP), 1 oqHOBpEMEHHO yBEIMYEHHSI CKOPOCTH OCa-
JKICHUs IUIEHOK HCIIOJB3YIOT TPEXANEKTPOAHBIE CXEMBbl PACHBUICHHWS WM MarHe-
TPOHHBIE PACHBUIATEIbHBIE CUCTEMBI.

I1o cpaBrenuro ¢ TBU meron U-11P mo3Bonser pacnbuisTh caMble pa3Hble Ma-
TepHUajbl, B TOM YHCJIE, CJI0KHBIE MO0 COCTaBY, HAIIPUMEP, KEPMETHI, CTANIH, ITepMa-
JIOM U T.J. 3J€Ch €CTh BO3MOXXHOCTbh B €MHOM LIMKJIE, MEHSISI MOJSPHOCTh JIEKTPO-
JIOB, POU3BOJIUTh HOHHYIO OYHCTKY TMOJUIOKEK U OCAXIACHHE IUIEHKH. JTO CIOCO0-
CTBYET BBICOKOU CTEIIEHU HMHTErPALlUU TEXHOJIOIMYECKUX MTPOLIECCOB.

Henocratkom U-IIP mo cpaBHenuto ¢ TBU sBisieTcss CpaBHUTENBHO Manas
(=0,5 HM/C) CKOpPOCTb OCAXKICHMSI, HAIMYUE B CTPYKTYpE IUICHKU 3apsSHKEHHBIX Ya-
CTHULl XU MOJIEKYJI I'a3a, TaK Kak MPOLECC UIET IIPU CPABHUTEIBLHO HU3KOM BaKyyMe.

OreyecTBEHHAs: MPOMBIIUICHHOCTh BBIITYCKAa€T HECKOJIBKO THUIIOB YCTaHOBOK
st U-T1P. B ocHOBe cBoeM OHM TIPENCTABIAIOT COOOM BaKyyMHBIE HANIBUIATEIH, TO-
noOnble yctaHoBkaM misi TBU. CnenuduyHbIM SBIII€TCS HANM4YKUE YCTPOMCTBA IS
BO30YKJICHHS ¥ TIOJJIEp>KaHMs Ta30BOT0 pa3psija, HaTekarenel u 00yee MOIIHBIX HC-
TOYHUKOB nutaHus. [Ipumepamu takux yctaHoBok siBisitorcest Y BH-6211-1, MOH-1B
U JpyTHeE.

Oo6masn cxema TII nosyyeHusi TOHKUX MJieHOK metoaom U-ITP
[ToaroroBka (0O4MCTKA) MOAJIONKEK
[loaroroBka yCTaHOBKH K HANBLICHUIO
Co3zniaHue nmpeBapuTEIbHOTO BaKyyMa
Co3nanue BBICOKOTO Bakyyma
3amyck pabouero rasa
[Tomaya HanpsHDKEHUST aHOI-KATO
Hanbinenne. [Togaya BEICOKOT0O OTPULIATENBLHOIO MOTEHIIMANIA HA MULIEHD

Orxur mieHok. Beigepxka 2,5 yaca

© ©o N o g~ WD e

3aryck Bo3ayxa
10. KoHTpoJib KauecTBa MIEHOK U ANEKTPODU3NUECKUX XapaKTEPUCTUK
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2.4. @opmuposanue Konguzypayuu nieHoUHbIX I1emenmoe FTHMC

B ocHoBe (opMupoBaHMs IJIaHAPHBIX Pa3MEPOB TUICHOUHBIX 3jeMeHTOoB MC
JeXaT TUTOTpadUIECKHE MPOTIECCHI.

Jlutorpadus B mpousBojctBe MC 3T0 mporiecc nepeHoca pucyHka IabiaoHa
Ha MOBEPXHOCTH IUIACTUHBI, TTOJJI0KKHA WJIN MACKHU.

[lepenoc pucyHKa mabioHa OCYIIECTBIISETCS MPU OOIYYEHUU CTEIHATBHOTO
ciost 100 yabTpaduosieToM, TU00 PEHTTeHOBCKUMH JIy4aMH, JTMOO MOTOKOM HOHOB
WM AIeKTpOoHOB. COOTBETCTBEHHO MPOIIECC Ha3bIBaeTcss (HOTO- , pEHTTEHO-, HOHO-
WJIU DJIEKTPOHOJIUTOTpadreH.

B Texnonoruu npouspoacrea [MMC ucnonas3yercs, B OCHOBHOM, (hOTOJIUTO-
rpadus (DJI).

Ecnu ruteHka HanpuisieTcsl Ha BCIO MTOBEPXHOCTH IOJJIOKKH, a 3aT€M METOJI0M
®JI ¢ mocneayronMM CEJIEKTUBHBIM TpaBlieHHEM (POPMHUpPYETCS PUCYHOK CJOS, TO
Meton Tak u HasbiBaeTcsa PJI. Ecim ¢ momompro @JI U3roTaBInBarOT MacKy, TO €CTh
GoJIbry WM MIACTUHY C OTBEPCTHSIMU, COOTBETCTBYIOIIUMH PUCYHKY CJIOSI, a 3aT€M
yepes 3Ty MacKy HalbUIAIOT IUIEHKY, TO METO]I Ha3bIBAETCS MACOYHBIM.

Macounslii MeTos OoJiee ACIIeBbINA, HO MeHee TouHbIA. [Ipu BeIOOpE MeToma
dbopMUpOBaHUSI PUCYHKA PE3UCTUBHOIO M TMPOBOJAIIECTO CJIOEB PYKOBOJCTBYIOTCS
TEXHOJIOTUYECKUMH OTPAHUYEHUSIMU, MIPUCYIIUMHU KaXKJIOMY M3 JIByX OCHOBHBIX Me€-
to110B (cM. Tabmuiy 2.1).

Tabnuua 2.1 TexHoJornyeckne orpaHuyeHus

[TapameTpsbl Maco4HbIll METOA dortonutorpadus
MakcumanbsHoe L/B 10 50
MuHUMaNbHBIA  pas- 300 100
Mep B, Mkm
TouHOCTH  pa3MepoB +20 +5
PUCYHKA, MKM
MunumansHoe — pac- 300 100
CTOSIHUE MEXIy JJie-

MEHTaMH B  OJHOM
CJIO€, MKM

JIns MUKpocxeM, comepKaluxX pe3UuCTOpbl, IPOBOJIHUKNA U KOHJIEHCATOPHI UC-
MOJIB3YIOT YaCTO KOMOMHUPOBAHHBIN METOJ], COBMELIAIOIINI MACOUYHBIN U (POTOJIUTO-
rpaduuecKuii METOJIbI ISl OTJIEIBHBIX CIOEB.
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[Tpu ncmonb30BaHUM MacOYHOTO METOJIa TOYHOCTh M3TOTOBJICHUS PE3UCTOPOB
u KoHjeHcaropoB He Ooznee +10%. IIpu ucnons3oBanun ®JI MakcUMaabHO IOCTH-

JKUMasg TOYHOCTH dJIeMeHTOB ~1%.

2.5. Bapuanmut uzzomoenenusn nnamot ' UMC unu Mco

Bapuanmul nanecenus nienok:
a) Tepmuueckoe BakyymHoe ucnapenue — TBU;

0) Monomnasmennoe pacnsuieHue — M-11P.

Bapuanmul ghopmuposanua konguzypayuu 3nemenmos 'MUMC u Mco,
cooeprrcanmux pezucmopvl, KOHOEHCamopvl U NPOEOOHUKU .
1. Maco4Hblii MeTOx
Hanecenue uepes macku:
1 — pe3ucTopos,
2 — IPOBOJTHUKOB;
3 — HIKHUX OOKJIaI0K KOHJIEHCATOPOB;
4 — MUPNIEKTPHUKA,
5 — BepXHUX OOKJIaJIOK KOHJEHCATOPOB;
6 — 3aUTHOTO CIIOSI.
2. KomOuHupoBaHHBIH MeTO] - 1
1 — HambUIEHUE Yepe3 MACKYy PE3UCTOPOB;
2 — HambIJICHUE TTPOBOTHUKOBOTO CJI0SI HA BCIO TTIOBEPXHOCTH;
3 — ¢oronuTorpadus MPOBOTHUKOB,;
4 — HamblJIEHHUE Yepe3 MAacCKy HUKHUX OOKJIaJ0K KOHAEHCATOPOB,
5 — HambUIEHUE Yepe3 MacKy IUAJIEKTPUKA;
6 — HambIJIEHUE Yepe3 MACKy BEpXHUX 0OKIaJ0K KOHJIEHCATOPOB,;

[ — HaHECEHHUE 3alUTHOTO CJIOA.

3. KomOuHMpoBaHHbI MeTO] - 2
1 — HanbUIEHUE PE3UCTUBHON INIEHKH HAa BCKO TOBEPXHOCTH;

2 — HanblJICHHUE HpOBO)IHHKOBOﬁ IJICHKX Ha BCHO ITOBEPXHOCTH,

30



3 — dotonurorpadus NPOBOIHUKOB U PE3UCTOPOB ((PopMHpOBaHHUE IMIMPUHBI

PE3UCTOPOB);

4 — poroauTorpadust mpoBOAHUKOB ((PopMHUPOBAHUE JJIUHBI PE3UCTOPOB);
5 - HampuUIeHHE Yepe3 MacKy HIKHUX OOKIIaJOK KOH/IEHCATOPOB,

6 — HambUIEHUE Yepe3 MAcKy TUAJIEKTPUKA;

7 — HaIbUICHUE Yepe3 MacKy BEpXHUX 00KIIaJOK KOHJIECHCATOPOB;

8 — HaHeceHue 3aIUTHOTO CJIOA.

Bapuanmul ghopmuposanua kongpuzypavuu snemenmos ' UMC u MCBb,
cooeprcaniux pe3ucmopslt U RPOGOOHUKU.

4. KomOMHMpOBaHHBIH MeTO - 3
1 — HampUICHUE PE3UCTHBHOM IUICHKH HA BCIO TTIOBEPXHOCTH;

2 - dotonutorpadusi pe3UCTUBHON TUIEHKU ((PopMUpOBaHHE MUPUHBI PE3U-

CTOpOB);

pOB);

pPOB);

pos);

3 — HampUICHUE Yepe3 MacKy MPOBOAHHUKOB ((pOopMHUpOBAaHUE JITUHBI PE3UCTO-

4 — yaHeceHHe 3alUIUTHOTO CJI04.
5. KomOuHupoBaHHBbIH MeTO - 4
1 — HambUTICHUE PE3UCTUBHOM TUICHKH Ha BCIO IIOBEPXHOCTb,

2 — HambUICHUE Yepe3 MacKy MPOBOJHUKOB ((OpMHUpPOBAHUE IJIUHBI PE3UCTO-

3 — ¢oronmurorpadusi pe3uCTUBHOTO cos (POpMUPOBaHUE IIUPUHBI PE3UCTO-

4 — HaHeCceHHeE 3alIUTHOTO CJIOS.
6. KomOuHUpOBaHHBIN MeTO] - 5
1 — HanbUIEHUE Yepe3 MACKY PE3UCTOPOB;
2 — HarblJIEHHE TPOBOJHUKOBOM IJICHKH HA BCIO TIOBEPXHOCTH;
3 — ¢poTonuTorpadus NpoBOIHUKOB (POPMUPOBAHHUE ATTUHBI PE3UCTOPOB);
4 — HaHECEHHUE 3aIIUTHOTO CIIOS.
7. Metoa ¢porosmrorpadum - 1

1 — HanbUIEHUE PE3UCTUBHOM TJIEHKH Ha BCIO MOBEPXHOCTb;
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2 — HambUJIEHUE TPOBOJHUKOBOM TIJIEHKU Ha BCIO MOBEPXHOCTb;

3 — doTomuTorpadus MPOBOTHUKOB ((pOPMUPOBAHUE JITUHEI PE3UCTOPOB);

4 — poromuTorpadus pe3uctopoB (hopMUpPOBAHUE IIUPHUHBI PE3UCTOPOB);

5 — HaHECEHUE 3alUTHOTO CIIOS.

8. Metoa ¢oroaurorpadum - 2

1 — HanbUIEHUE PE3UCTUBHOM IJIEHKH HAa BCIO TOBEPXHOCTH;

2 — HambIJICHWE TTPOBOTHUKOBOM TIJICHKU Ha BCIO TIOBEPXHOCTH,

3 — dotonurorpadus MPOBOAHUKOB U PE3UCTOPOB ((HOpMUPOBAHUE HIHPUHBI
PE3UCTOPOB);

4 — poronuTorpadust mpoBOAHUKOB ((POopMHUPOBAHUE JJIUHBI PE3UCTOPOB);

5 — HaHeCceHHE 3alUTHOTO CIIOS.

Ecnu pe3nCTUBHBIX CIOEB /IBA, TO MEPBBIM HAMBUIIETCA BHICOKOOMHBIN CIIOW.
Jlnst popMupoBaHusi pUCyHKa pe3ucTopoB Aodasisiercs uukia OJI B BapuanTax 6 u 7.

[Ipu pa3paboTke TEXHOJOTHYECKOTo mporecca u3rotonienus miatel [MMC
i MCDB  cienyer yuuThIBaTh MaTepuai MPOBOASLIEN IUICHKH, IIOMHS O TOM, YTO
0JIaropo/IHbIE METAIBI U MEIb TPEOYIOT aJATre3MOHHOrO MOJCIOS, POJib KOTOPOIO
MOKET BBINIOJIHATH PE3UCTUBHBIA CIIOW. ECIy mMcmosib3yercs altOMUHUM, TO TaKOTO

TpeOOBaHMSI HET.

KoHTpoJibHBIE BONIPOCHI

Urto nmonumaercs noja rudpunnoit UMC?

B yem otnmume snementa UMC OoT KOMIOOHEHTHI

Knaccudukanms UMC 1o KOHCTPYKTUBHO-TEXHOJIOTUYECKUM MPU3HAKAM
Uro Takoe oTonurorpadusi 1 KaKOBO €€ Ha3HAYCHHUE?

[lepeuncnure MeToabl (POPMUPOBAHUS TOHKHX TIJICHOK.

o ok~ w D P

KakoBa posnb aire3M0OHHOro MOACIOS U KaKhue MaTepuajbl MOTYT UCIOJb30-
BaTbCS JUISA DTUX IIeei?

7. Uto moHMMAaeTCs Mo/ CTPYKTYPOI M TOMOJIOTHEN MUKPOCXEMBI?
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I'naBa 3. PACYET U IPOEKTUPOBAHUE IIVIEHOYHBIX
PE3NCTOPOB

3.1. Pacuem zeomempuueckux pazmepos nieHOYHBIX PEIUCHIOPOE

WcxoHBIMU JTAaHHBIMU JJIsl pacdyeTa T€OMETPUYECKUX Pa3MepOB PE3UCTOPOB
SBJISIFOTCSL:

— CONPOTHUBIIEHUS PE3UCTOPOB;

— PaCYCTHBIC 3HAYCHHA MOHIHOCTGIZ pPacCCCAaHUA;

ImapamMCTpPhbl BI)I6paHHOI‘O TEXHOJIOTHYECKOTO IIPOoIIECCa,

— TEXHOJOTHYECKH pa30dpoc TeOMETPUIECKUX Pa3MEpOB;

2
O,
— Jauchepcust & OTKJIOHEHUs] HOMUHAJa pe3ucTopa.

HGJ'IB pacucra — BI)I60p MAaTCpHUaJIOB U OIIPCACICHHUC T'COMCTPHUUCCKHUX pa3Mce-
POB U q)OpMI:I IIJICHOYHBIX PC3UCTOPOB, O6€CH€‘-II/IBaIOHII/IX IIOJIYUYCHHUC PE3UCTOPOB C
3aJlaHHbIMH, BOCIIPOMU3BOJUMBIMHA U CTaOMIIBHBIMU XapaKTCPUCTUKAMM.

[Inenounbie PE3UCTOPLI MIPCACTABIIAIOT coboi ITIOJIOCKY pGBHCTHBHOﬁ IJICHKH

“1”, cHaO’KEHHYIO TUICHOYHBIMU KOHTaKTaMu “2” (pucyHok 3.1).

Lo O 7
L= |
SR b -
A CT T ORI
d \3 s
a) 0)

Pucynok 3.1. Moienb TI€HOYHBIX PE3UCTOPOB
1 - pe3ucTuBHas TIEHKA; 2 - INIEHOYHBINA TPOBOJHUK; 3 — 001aCTH KOHTAKTOB

[1neHouYHbIE PE3UCTOPHI XaAPAKTEPUIYIOTCA TAKUMU OCHOBHBIMHU MapaMeTpamu
KaK HOMHMHQJIbHOE 3HAYEHUE COMpPOTUBIEHUS Ry, TOMycK Ha compoTuBiieHHE 4,
MOIIIHOCTh paccesHusi P, TemneparypHblii KO3(QGULIHUEHT CONPOTUBICHUS 4, KO-
(GULKEHT cTapeHus, HTepBaJl paboyuX TeMIEepaTyp, HAJIEKHOCTh U TaK Aayiee. DTH
napaMeTpbl B CBOIO OUYE€peb 3aBUCIT OT MaTepuaja pe3UCTUBHOM IJIEHKH, criocola
HAHECEHUS IJIEHKH Ha MOJUI0KKY, ClIoco0a MOJydeHHs] HE0OX0JMMON KOH(PUTypaLiu
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U IPYTUX TEXHOJIOTHYECKHUX (PaKTOPOB.
Haunbonee pacmpocTpaHeHHON SBISETCS KOHCTPYKIIHSI PE3UCTOPOB MPSMO-
YTOJILHOU (POPMBL.

3HavYeHUs1 COMPOTUBIICHUS INIECHOYHOTO PE3UCTOPA OMPEACISAETCS KaK:
|
R="u 2R ; (3.1)
bd

TA€ Pny — YACIBHOE CONMPOTUBIICHUE MIIEHOYHOTI'O PE3UCTUBHOTO MaTEpHUaa;

I, b, d — nmuHa, mMprHA ¥ TONIIUHA PE3UCTUBHOM TUICHKH;

R« — mepexoiHoe COMPOTUBIIEHUE 00JIacTeld KOHTAKTOB PE3UCTUBHOM U MPOBO-
JISAIIEN TIJIEHOK.

XapakTepHO OCOOCHHOCTHIO PE3UCTUBHBIX IUICHOK SBISETCS 3aBUCHUMOCTH
YAEIBHOTO COMPOTHUBJICHUSI MaTepuaia IUIEHKH OT TOJIIMHBI, MIPUYEM 3Ta 3aBUCH-
MOCTh CBA3aHA C YCIOBHUSIMHA HAHECECHUS TUIEHOK. C TOUKHM 3pEHUS TEXHOJOTUYHOCTHU
HAHECEHUS TUICHKH, BOCIIPOU3BOJIMMOCTH U CTAOMJIBHOCTH €€ CBOMCTB KaXKIblii MaTe-
pHUaI XapaKTEPU3YETCs OMPENCICHHOW TOJIIMHOW, Il KOTOPOH YIEIBHOE COIpO-
THUBJICHHE MaTepuaya SBISIETCS ONTUMAIBHBIM. [103TOMY B TEXHOJIOTMM MHUKPOIJIEK-
TPOHUKH JIJIS Ka)KJIOTO MaTepHalia OTHOIICHHE O,,/d =p [OM] — BeIMYMHA TTOCTOSH-
Hasg. YUucaeHHO 3Ta BEJIMYMHA PaBHA COMPOTUBIICHUIO MJIEHOYHOTO PE3UCTOpa KBaj-
paTHOI (hopMBI, IpHUEM HE 3aBHCSIIAs OT pa3MepoB kBajapara. OTCI0/la U Ha3BaHUE
0 — COIPOTHUBJIEHUE KBaJpaTa PE3UCTUBHOM IJIEHKHU. Tak Kak 1Ji1 BLICOKOOMHBIX pe-
3UCTOPOB COINPOTHUBIICHUE KOHTAKTHBIX 00JIACTEH 3HAUYUTEIILHO MEHBIIE COMPOTHB-
JICHUS PE3UCTUBHOM IUICHKH, COMNPOTHUBIICHUE IUICHOYHOIO PE3UCTOpPA SIBISIETCA
byHKIIUEH COPOTUBIICHUS O U TEOMETPUUECKUX PA3MEPOB:

| .
R:poB:pchb’ (32)

rae Ky = I/b — xoadpunment popmsl pesucropa.

[TosHast OTHOCUTEIbHAS MTOTPEIIHOCTh PE3UCTOPA OIMPEACIIIETCS CYMMOM I10-
IPEIIHOCTEN €r0 M3rOTOBJCHMS (IPOM3BOACTBCHHAS COCTABJIAIONIAs) M IOIPEIIHO-
CTel, 00YCIIOBJICHHBIX BIMSHUEM YCIOBHI SKCILUTyaTallii, a UMEHHO:

AR =AR_+AR.+AR_+AR,; (3.3)

riue Aﬁnp =Ap, +Al —Ab; AR. =a,AT; AR_ — XapakTepusyioT TeMrepa-
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TYPHYIO U BPEMEHHYIO HECTaOUIIbHOCTh PE3UCTOPA;
ARy — mOTpemHocTh NEPEXOAHBIX COMPOTUBIICHHUH 001acTeil KOHTAKTA.
Jlomyck Ha HOMHHAJBHOE COIMPOTHUBICHHE Og ONMPENENSETCS OTHOCUTEIbHBIM
M3MEHEHUEM COIPOTHUBJICHUS MJIEHOYHOTO PE3UCTOPA, BHI3BAHHBIM JIFOOBIMU JECTa-
OMM3UpyrOmUMH (PaKTopaMu U OOYCIIOBIEHHBIM TEXHOJIOTHYECKUMHU TMOTPEITHO-

CTSIMU TIPOM3BOJICTBA U B ciTy 3Toro AR < 6,.

B cuiy TOro, 4to i BBICOKOOMHBIX PE3HCTOPOB OTHOCHUTENBHAS IOTPEI-
HOCTh ONPECISIETCS B OCHOBHOM IIUPUHON PE3UCTHBHOM IJICHKU, PACUETHOE 3HaUe-
HHE MIMPUHBI PE3UCTOPA IOJHKHO YIIOBIETBOPATH YCIOBHIO:

by, = MX{ b, 0,000, (3.4)

T1€ Drexis Droun, Op — MUHUMaNbHBIE 3HAUEHUS IIUPHHBI PE3UCTOPA, 00YCIOB-
JICHHBIC TEXHOJIOTUYCCKHUMH BO3MOXKHOCTSIMU W3TOTOBIICHUSI, TOYHOCTHIO BOCIIPOH3-
BEICHUS TEOMETPUIECKUX Pa3MepPOB U (POPMBI pe3UCTOpa, a TAKXKE U3 YCIOBHs 00ec-
HIEYSHHS TETIIO0TBOIA.

MuHMMaIbHO BO3MOXKHOE 3HA4YEHHE IIUPUHBI, 00eCleYnBaoIiee TpeOyeMyro

TOYHOCTB, COI''IAaCHO YPAaBHCHHUIO HOFpCIHHOCTGﬁ OIIPCACIIACTCA N3 COOTHOIICHUA:

L Al/K, —Ab.

TOYH ~— Aﬁ _ Aﬁo (3-5)

rae K, =R,/p, —kodhbHIHEHT POPMBI PE3UCTOPA;

Al, Ab — aOcotoTHBIC 3HAYEHHUS MOTPEIIHOCTEH JUIMHBI U IHPUHBI PE3UCTOPA
COOTBETCTBEHHO, OMpPEAENIeMble TEXHOJIOTHUYECKUM MporieccoM (GOPMUPOBAHUS PH-
CyHKa.

JlonmycTrmasi MOITHOCTh paccesiHusl pe3uctopa P,,; 6€3 u3MeHeHUs dJIEKTPO-
(bU3MYEeCKUX CBOWCTB PE3MCTHBHOTO MaTepuaja OINpeNessieTcs] YIASIbHOM MOIHO-

CTBIO paccesHus Py MaTepyaa IIeHKH H IIOIIAb0 pe3sucTopa Sg:
2
P.. =PSg =PRlb =P, }I<— =Pb’K,; (3.6)

0]

OTCroga MUHUMAJIbHOC SHAYCHUC NIMPUHBI, 06ecneqHBanmee TCIIJIOOTBO:

(3.7)




3a mmpuHy b pesucropa npuHumaercs Onmkaiiiee K Dy,., OosbIIee 3HaUeHNE,
KpaTHOE IIary KOOPJAMHATHOW CETKH, MPUHATOMY ISl YePTeXka TOTOJIOTHH C YISTOM
Maciiraoa.

Jlanee ompenensercs AAMHA pe3ucTopa U3 cooTHomeHus | = Dpoq Ky s
HU3KOOMHBIX PE3UCTOPOB ¢ Ky < 1 pacueTHOe 3HauYeHHUE JUIMHBI OLpeNeseTCs U3

YCJIIOBUA:

Z maX {Imexu’lmoqu'lp}; (38)

pacu

T1€ lyexns lroun ¥ |, IMEIOT TOT k€ CMBICI, 4TO ¥ paHblue (3.4). 3xech:

J Al-Ab-K,

TOYH — Aﬁ—AﬁO (3-9)

(3.10)

Jlanee onpenensieTcs MMpUHA pe3ucTopa u3 cootnomenus b = 1,/ Ky. C yue-
TOM CJIYYalHOT'O XapakTepa paclpeieieHus MOTPEIIHOCTE TEOMETPUIECKUX pa3Me-
POB IIJICHOYHBIX PE3UCTOPOB U MPU B3aUMHO HE3aBUCHUMBIX omeparusix GopMupoBa-

HUS PE3UCTOPOB, cooTHoIieHus (3.5) u (3.9) npumyT Bu:

b . (3.11)
TOYH '
- : (3.12)
— _Or. = Oy,
ranc op =—, O, =—— — OTHOCHUTCJIIbHBIC CPCIHCKBAAPATHICCKUC OTKIIO-
R R Po p
0

HEHUSI COMPOTUBJICHUS PE3UCTOPA Y CONPOTUBIICHUS KBAApaTa PE3UCTUBHOM TUICHKHU
COOTBETCTBEHHO;

Op Y O] — CPEAHEKBAIPATUYECKUE OTKIIOHEHUSI Pa3MEPOB.

YuclieHHOEe 3HaUY€HHE Oy ompeaerseTcss TpeOyeMoil TOYHOCThIO U BEPOSITHO-
CTBIO BBIXO/a TOAHOTO pe3ucTopa. CorjaacHO HEpaBeHCTBY UeOwimeBa BEPOSITHOCTh
MOMAaJaHusl CIyYahHOM BEJIIMYMHBI B 3aJaHHBIA MHTEPBAJ OINPEHEIAETCA COOTHOIIE-

HUEM:
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R-R,

P <8y |=®(2); (3.13)

0

z
rae ®(Z J. et'dt — UHTErpajl BEPOSITHOCTH;
0

ﬁ\w

Z = o, / \/EER — apryMEHT MHTErpajia BEpOATHOCTH, ONPEACIISIIONINNA B3aUMO-

CBSI3b TPEOYEMOI TOYHOCTH M OTHOCHTEIIHLHOTO CPETHEKBAAPATHICCKOTO OTKIOHCHUS
COIIPOTHUBIICHUS PE3UCTOPA.

[Ipu pacyeTe BEICOKOOMHBIX PE3UCTOPOB CIOKHOM KOH(puUrypamuu (puc.3.10),
peaNM30BaHHBIX B BHJIC OTICIBHBIX MPSMOYTOJBHBIX MOJIOCOK, COSAMHEHHBIX MPOBO-
TSITUMHA TIEPEMBIYKAMU, TIOCJIC ONPEACICHHs IUPUHBI PE3UCTOPA PACCUHTHIBAIOT
CYMMY JIJTUH PE3UCTHBHBIX MOJIOCOK |y = K¢, mocie gero onpeaenstor KOJIMIecTBO N

PE3UCTUBHBIX ITIOJIOCOK M3 YCJIOBHUA:

IZ
=_Z 3.14
10b (.19

PaccrosiHre a Mex1y pe3uCTUBHBIMU TOJIOCKAMU 3aBUCHUT OT criocoda Gpopmu-
poBaHus KoH(uUrypauuu pezucropa. C 1enb0 MUHUMH3AUU 3aHUMAaeMOM TUIOUIaau

Ha MPaKTHKE, KaK MPaBHJIo, 3HAYeHHE a = D.

3.2.  Bwioop u obocnosanue mamepuana pe3ucmueHoll nieHKU

B cBs3U ¢ HE3aBUCUMOCTBIO Onepalnii oPOpMIIECHUS IJIMHBI U IIUPUHBI, & TaK-
K€ HAHECCHUS] PE3UCTHBHOM IUICHKH 1-TO PE3UCTOpa M3 KOMIUIEKCAa OJHOBPEMEHHO

c(hOpMHUPOBAHHBIX PE3UCTOPOB, MOXKHO 3aIUCATh:

—2 _ 2 2 _ =2 =2
Op, =0 =0, =0, +0, (3.15)
. II _2 Gé ) O-IZ
Ui, ¢ y4€tom toro, uro K, = o Oy, :b—z, y —I—Z,
i i i
—2 _ 1( 2 2 K2 )
G‘Di 2 O +Gb ‘N, )i (316)

Sg=—"—, (3.17)



wm ¢ yuérom (3.16) u K, =R/ p,

1 (olp, ofR
S — 1 770 b ™% i
i 5(12), R; Po (3.18)
Torna momans, 3aHUMaeMas KOMIIJIEKCOM PE3UCTOPOB:
< o1 or & R
Sy =25 =0.2poZRT+—ij- (3.19)
i=1 i=1 inD- ,00 i=1 G(D-

HuddepeHuupyst 5T0 COOTHOILIEHUE IO MHTEPECYIOIEMY Hac MapaMeTpy H,

IIPUPABHSB K HYJIIO, ITIOJYyYHM:

P =2 [0 (3.20)
(o

BumHO, 9TO CyIiecTByeT ONTHUMAalbHOE 3HAYEHWE COMPOTHBJICHHUS KBajpaTa
PE3UCTUBHON TUICHKHW, MUHUMU3HUPYIOIIEE IJIOIIA b, 3aHUMAEMYIO0 KOMIUJIEKCOM pe-
3ucTopoB. Takum o6pa3zoM, cootHouieHue (3.20) mo3BoisieT 000CHOBAHHO BHIOMPATh

MaTepua Pe3UCTUBHOM IIJICHKHU.

3.3.  Pacuem zeomempuueckux pazmepos nieHOUHbBIX PE3UCHOPOE

Pacder reomeTprueckux pa3MepoB IJICHOYHBIX PE3UCTOPOB OCYIICCTBIISICTCS B
TaKOM II0CJIECI0BATCIbHOCTH:

1. JIust OIeHKH BO3MOXKHOCTH Peaju3alliid BCEX PE3UCTOPOB HA OCHOBE MC-
MOJIb30BaHUS OJHOTO MaTepHaia PE3UCTUBHOMN TIJICHKH OMIPEACIISIIOT OTHOIIEHNE Rpyax
K Rpyin B JaHHOM (DYHKITHOHATIBHOM y3J1€ U €CIH Rpax /Ryin < 50, TO 1Ist peanusanuu
BCEX PE3UCTOPOB HCIOJIB3YETCS OAWH MaTepuall PE3WCTUBHOM IUICHKH. Ecimm 310
YCIIOBUE HE BBIMOJHAETCS, TO HEOOXOIMMO PE3UCTOPHI PA3CIUTh HA JIBE TPYMIIBI C
TeM, YTOOBI B KQXKIOW TPYMIIE 3TO YCIOBUE BHITIOJIHSIIOCH.

2. [IpousBoasT BEIOOP MaTepraja Pe3UCTHBHON TUICHKU. Kputepusmu BeIOOpa

MaTcpuaia sABJIAIOTCA ONITUMAJIbHBIC 3HAYCHUS O, MAKCUMAJIbHOC 3HAYCHUC Po n Mu-

HUMAaJIbHOC 3HAYCHUE O, , OR, K.r. IIpu pacuere rpyImsl pesucTOPOB ONTUMAIIBHOS

3HAUYEHUE O ONPEAECTSAIOT I KaXKA0U IPYyMIIbI.
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OnruManspHOe 3HadeHue W JuIs Pe3HCTOPOB CXEMBI, KOTOPOE 00eCHeunBaeT
MUHUMAJIBHYIO TUIOLIAb, 3aHUMAEMYIO PE3UCTOPAMH, MPHU 33JaHHOM TOYHOCTH

OnpeeatoT u3 cooTHomeHus (3.20):

TJI€ G| U Gp ONPEACIISIIOTCS U3 TexHoynoruu n3rorosienus ['UC;
62 0—_2 52
ko = %R —7 Aw— TUCTIEPCHUSA TTOTPEIIHOCTH KO3 (ULImeHTa GopMBbI pe3UCTOpa.
[TonyuyeHHOE 3HAYEHUE P oy OKPYIIISAETCS A0 PEKOMEHIOBAHHBIX 3HAYEHUM.
[To >TM 3HaYeHUSM BBIOHMpaeTCs MaTepuall Pe3UCTUBHOM IICHKU C YACIBHBIM CO-
MPOTUBJICHUEM, OJIIDKAUIINM IO 3HAYEHUIO K PACUETHOMY P onr.. JlaHHBIE MO MaTe-
puajiaM pe3UCTUBHBIX IJICHOK MPUBEICHBI B Tabmie 3-1.
3. Ilpon3BoaaT mpoBepKy MPaBUILHOCTH BBIOOpA MaTrepuajga ¢ TOYKH 3PCHUS

oOecreyeHHs 33 JaHHON TOYHOCTH M3TOTOBJICHHUS, COTVIACHO BhIpaskeHuIo (3.3)

AK, =Al+Ab =AR, —AR.-AR. —AR; (3.21)

aon

rie AR <R; Ap. =(3+5)% — onpemensiercs yCIOBUSIMU HATIBLICHHS TUICHKH,
0 Lo p y

ARt = an (T — Tin )i AR < 2%; AR, —3auMCTBYeTCSl W3 AaHHBIX TaOnuIe! 3.1.
Tabnuma 3.1. [lapameTpsl MaTepraioB TOHKOTUIEHOYHBIX PE3UCTOPOB
TKC (o) MaxkcumanbHO
Comporusienue | JIuamasoH HO- 10°C° 5 JIOTyCTUMAsT
KBajIpaTy pe3u- MHHAITBHBIX TMorpemHoCcTh CTape- yIaenbHas
Marepuan S o HWHTepBaje .. o
CTUBHOH INIEH- | CONMpPOTHBIICHHIA, HUS TIEHKH, Yo MOIIHOCTb
K, ps OM\O Om TeMHeIZaTyp’ paccesiaus P,
C Briem?
Jlns HanbLte- KonTakTHbIX oT— | OT 3a 3a 50004 B
HUS pe3u- TUIONIAI0K 60 +25 10004 | HOpMAaIB-
CTUBHOM o o pu t= HBIX YCJO-
TUIEHKH +25 | +125 | 85C° BHSX
Huxpowm, mpo-
BOJIOKA
X20H80, Melb 300 50-30000 +1,0 | £1,0 | 1,2-1,3 0,1-0,4 2
nmuameTp 0,3-
0,8MMm
Huxpowm, mpo- 30110TO € TIOI- 10 1-10000 -2,0 25 1,113 0,1-0,4 2
BOJIOKA CIIOEM XpoMa 50 5-50000
CrnaB MJIT- Mens ¢ noacno-
3M €M BaHaJIus
Mens ¢ noxcio- 500 50-50000 +3,0 | £2,0 +0,5 +0,1 2
€M HHXpOoMa
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CrienuanbHbIH 30J10TO € TOJ- 500 100-500 +20 | +2,0
criaB Ne3 CJIOEM XpoMa 350 500-5000 - - 2
(Huxpoma) 5000-50000 0,2- | 0,2-
0,5 0,5
Xpom Mens(iryxeHas) 500 50-30000 0,6 0,6 - - 1
Kepwmer K- 30J10TO C MMOJI- 3000 1000-10000 -3 -3 40,1 +0,3 2
50C CJI0EM XpoMa 5000 500-2000000 -4 -4
(Huxpoma) 10000 1000-10000000 | -5 -5
Cmuas PC- 30110TO ¢ IO~ 1000 100-50000 -0,2 | -0,2 +0,5 - 2
3001 cJ10eM Xpoma 2000 200-100000
(HuXpoMa)
Cmuias PC- 30110TO € TIO1-
3710 CIIOEM XPO- 3000 10000-200000 -3 | -3 +0,5 - 2
Ma(HUXpOMa)
TanTan TBY, AIOMHMHHIH C
JICHTA TOJIIK- | TIOACIOEM BaHa- 20-100 100-100000 -2 -2 - - 3
Holt 0,3-3MM TSt
Menp 100 50-100000
TaHTal 10 10-15000

Ecii paccuMTaHHOe TakuM o0paszoM 3HaueHne AK, <0, To 3T0 03HaYaer, 4To
BbIOpaHHBI MaTepuanl He 00eCIeurnBaeT U3rOTOBJICHUE PE3UCTOPA 3alaHHOM TOYHO-
ctd. B 3TOM cityqae HE0OX0MMO BbIOMpATh APYroll Marepuan ¢ MEHbIIMMHU 3Haue-
HUSIMHU R, K., ¥ TaK ganee.

4. OnpenensoT KOHCTPYKITUIO PE3UCTOPOB M0 3HAYCHHIO Kodduimenta op-

K, =—-

MBI Pwi .

lpu 1< K, <10 pexomeHayeTcsi KOHCTPYHPOBATH PE3UCTOP MPSIMOYTOIBHOM
dopwmsr (puc. 3.1a), a mpu K,, >10 cornacxo pucysky 3.10.

5. OnpenensoT J0MyCTUMbIE TEOMETPUUECKUE pa3MEPhI TIIICHOYHBIX PE3UCTO-

POB C TOYKHU 3pPEHUSI pacCEUBAEMOI MOIIHOCTH:

(3.22)

(3.222)

rae  Pgri. —MoOIIHOCTB, paccenBaeMas Ha PE3UCTOPE;

Py —makcuMalibHO JTONycTHMAasl YAEIbHAS MOIIHOCTh PAcCesiHUs PE3UCTUBHOM
IJICHKU;

Iizbi'kqbi,

bi= |,/ kqbi

(3.23)
(3.23a)
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Ecnu koadduiment ¢hopmsel i-ro pesucropa Ko 21, TO JIydIlle TIOJIB30BATHCS
dbopmynamu (3.22) u (3.23).

Ecau Kai < 1, TO CJIeAyeT BOCMOJIb30BaThes hopmynamiu (3.22a) u (3.23a).

6. Ompenenenue reOMETPUUECKUX PAa3MEPOB IICHOYHBIX PE3UCTOPOB MCXOIS

U3 TpeOyeMon TOYHOCTH:

(3.24)
bi= 1/ kyi | (3.24a)
NnJIn
] (3.25)
bi= 1/ ky; | (3.25a)

13 nByx moiydeHHBIX 3Ha4eHui D; wimu l;, onpenerseHHbIX IO TOYHOCTH U 110
JOMYCTUMOM MOILIHOCTH paccesiHus, BbIOUpaeTcss OoJbIIee ¢ YYETOM TEXHOJOTrhYe-
CKHUX OTPaHUYCHHM.

Ha 3TOM pacuer reoMeTpuyecKux pa3MepoB ILNIEHOYHBIX PE3UCTOPOB MOYKHO

CUUTaTh 3aKOHYCHHBIM.

KoHTpoJibHBIE BONIPOCHI

1. HcxonHble JaHHBIE IS pacyeTa FeOMETPUUYECKUX Pa3MEpPOB IJIEHOYHBIX
PE3UCTOPOB.

2. [TocnenoBaTenbHOCTh pacyeTa T€OMETPUYECKUX Pa3MEPOB BBICOKOOM-
HBIX PE3UCTOPOB.

3. [TocnenoBaTenbHOCTD pacyeTa FeOMETPUUYECKUX Pa3MEPOB HU3KOOMHBIX
PE3UCTOPOB.

4, Kpurepuu BiOOpa Matepuasna pe3sucCTUBHOMN MIICHKH.

d. Du3uuecKuii CMBICI TapaMeTpa PE3UCTHBHOrO MaTepuana W,

6. OnTuManbHOE 3HAYEHUE CONPOTUBIICHUS KBaJpaTa PE3UCTUBHOIO MaTe-
puaia

3.4. Pacuem COnpomue/ieHusl KOHmAaKmHoz2o nepexoda Meofcbype3ucmu6-

HOUl U NPOBOOHUKOBOI NIIEHKAMU

KonTakThl MCXKAY INICHOYHBIMU 3JICMCHTAMHM BBLIITOJHAIOTCA ABYMS OCHOBHBI-
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MU METOJaMHU:

1. [locne HampuleHUS PE3UCTUBHOM IUIEHKHM CXEMa IEPEMEIAcTCs U3 OJI-
HOM BaKyyMHOM yCTaHOBKH B Jpyryto. IIpu 3TOM 3a cueT KOHTaKTa C KHCIOPOIOM
aTMoc(epbl TPOUCXOIUT 00pa30BaHKE HA MMOBEPXHOCTU PE3UCTUBHOMN TIJICHKUA OKHC-
HOW IUICHKH.

2. HamnbuieHre KOHTaKTHBIX Y4acTKOB 0€3 cheMa BaKyyma MEXIy omepa-
IIUSMHA HATBUJICHUSI KOHTAKTHOM mapsl. B 3TOM citydae okuciaeHue MOBEPXHOCTH MPO-
HCXOJIUT JIUIIb 32 CUYET OCTATOYHOI'O KUCJIOPOJa B BaKyyMHON YCTaHOBKE U B CHITY
ATOTO TEPEXOAHOE COMPOTHBIICHUE B 3TOM CIIy4ae HECPaBHEHHO HWXKE, YEM B TEep-
BOM. J[7Is1 XapaKTepUCTUKH COMPOTUBIICHWS KOHTAKTHOW Tapbl BBOAMWTCS IOHSATHE
YAEIBHOTO MEPEXOAHOTO COMPOTUBIICHUS] KOHTAKTHOM 30HBI Ha €IUHHUILY ILIOIIATU
MePEKPHITUS IICHOK, 0003Hauaemoe nanee R* [Om-MM?].

Hanuune okrMCHOM MIEHKH HAa MOBEPXHOCTH PE3UCTUBHOM IMJICHKUA MPUBOJIUT K
MOSIBJICHUIO HEMETAJUTMYECKOTO KOHTAKTa Yepe3 OKCUIHYIO TIeHKY. [Ipu 3 TOM nMeer
MECTO JIBa OCHOBHBIX ME€XaHU3Ma IMPOBOJIUMOCTH B KOHTAKTHOM mape:

a) npsAmoe myHHeIUuposanue uz 00H020 Memaia 8 Opy2oul,

0) mepmoanekmponHasn smuccua Lllommxu uepe3 nomeHyuanrvuviii Oapvep

Memann-OudleKmpuK-uema.

JIyst omipeieNieHnst MepeXoJHOTO COMPOTUBIICHUS M pa3MEPOB KOHTAKTHOM 00-
JaCTH PACCMOTPHUM MPOCTEUIIYIO OJHOMEPHYIO MOJENb (PUCYHOK 3.2) KOHTaKTHOT'O
nepexoaa MEXAy Pe3UCTUBHOM TUICHKOW TOJIIMHOM A W HIMPUHOM D, mepekpbiBac-

MO MPOBOIAIIEH IIJIEHKOM Ha amuHe 1*.

* IPOBOJTHUK

Lo dx |

A

A

=

A 4

Pucynok 3.2. Mojesib KOHTaKTHOTO TIepexo/ia

KoHTakTHBIN nepexon Jr000To Tuma 00J1alaeT KOHEYHBIM COMPOTHUBICHUEM.
KOHTaKTHBIN CIOW MEXKIY PE3UCTUBHON U NMPOBOJSAIIEH INICHKAMU MPEACTABIISIET CO-

OOl OKMCHYIO TUICHKY, TOJIIIMHA U KAYeCTBO KOTOPOW 3aBUCAT OT CTENEHH BaKkyyma,
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IIpH KOTOPOM HM3TOTaBJIMBaIaCb MHUKPOCXEMdA, U OT BPEMCHHU MCXKIAY IIpoLeCcCaMHn
HAHECEHMUS TNICHOK KOHTAKTHOM Iapkl. Hepexozlﬁoe COIIPOTHUBJICHUC, CJICA0BATCIIBHO,
3dBUCHUT OT TCOMCTPHYCCKHX PpasMCpOB KOHTAKTa, IIPOBOJHMMOCTH pe3HCTHBHOﬁ
INICHKHW U BCJIIMYHUHBI YACIBHOTO IICPEXOAHOTO COIIPOTUBIICHUA!

~\ p*pw. 1

R, =
D g [P (3:26)

s

P

rae W —compoTHBIIEHNE KBApaTa PE3UCTUBHOMN ILUIEHKHY;

p* — yJIeJIbHOE COMPOTUBJICHUE MIEPEXOHOTO CJIOS, €ro BeJIMUUHA IS pa3jind-
HBIX TEXITPOLECCOB MOXeET cocTaBiATh 0,01 ... 2 OM‘MMZ;

a — IJINHA TIEPEKPBITUSL PE3UCTUBHON U MPOBOAAIIEH IJICHOK;

b —mmpuHa pe3UCTUBHOMN IICHKH.

[Tpn HEOONBIINX 3HAYEHUSX APTYMEHTA 3HAUYECHUE THIEPOOIMYECKOr0 TaHT€H-

ca CTpeMHUTCS K eIMHUIIE. B CHily 3TOro pacuer MOXHO BECTH MO (hopmyJie

VP Pu (3.27)

nep = b
)

Jonyckas, Hanpumep, 10 % yBenMueHUs NMEPEXOIHOrO0 CONMPOTHUBIICHUS 10
CPaBHECHHMIO ¢ MUHHUMAJIBHO BO3MOJKHBIM 3Hau€HHEM coryiacHO (3.27), MOXKHO ompe-
JEMUTh HEOOXOAMMOEe 3HAYCHHE JUIMHBI MEPEKPBHITHS PE3UCTUBHOW M MPOBOISIICH

IIJICHOK:

I >15 R (3.28)
P

Crnenyer OTMETHTb, UTO JJIsl peajbHbIX 3HaueHul R* u p, nnuna nepekpbITus

COCTaBJIACT AO0JHM MUJIIIMMCETpPA. CHGI[OBaTeJ'IBHO, BCCh TOK IIPOTCKACT B y3I(OI>i 30HC,
49TO INPUBOJAWUT K KOHOCHTPpALIUN IIJIOTHOCTH TOKaA BOJIM3HU Kpas KOHTAKTHOM O6J'IaCTI/I,
YBCIIMYMBAasd TEM CaMbIM YJICJIbHYIO MOIODHOCTH paCCCAHUS. CYMMapHaH MOIIIHOCTBD,

pacccuBacmasd CI{HHHHGﬁ IIomaan KOHTaAKTHOI'O IICpCXxoaa:

IZp
P, =2 Lrctml). (3.29)

43



—~% =P, — ynenbHas MOIIHOCTb, pacceMBaeMasl PE3UCTUBHOM IUICHKOIL.

Otcioma, npu |I*=I*;, ymeapHas MoOIIHOCTB, paccerMBacMasi Ha IEpPeXoae —
PRZ =~ 2,21P,.

Ecnn 3Hauenue Ry, TakoBO, YTO BeaM4YHMHA 2R, IPEBHIIAET AOMYCK Ha HO-
MUHQJI TUICHOYHOTO PE3UCTOpa, TO HEOOXOAMMO CKOPPEKTHPOBATH PacCUMTAHHBIC

paHeC PasMCPLI IMOCIICIHETO.

Ilopaook pacuema zeomempuueckux pazmepos KOHMAKMHOU odnacmu

Pacyer reomeTpryeckux pa3MepoB KOHTAKTHOW OOJACTH OCYIIECTBISIETCS B
TaKOM MOCJIe10BAaTEIbHOCTH:

1. OmnpenensieTcs MUHUMaIbHO BO3MOXKHOE 3HAUYEHUE TIEPEXOJHOTO COMPO-
TUBJICHHS coryiacHo (3.27) g caMoro HM3KOHOMHHAJIBHOTO pe3ucTopa. 3aech R*
oIpenensieTcsi BBIOpaHHOM TEXHOJIOTUEN HM3TOTOBJIEHUS PE3UCTOPOB U JIEKUT B Ipe-
nemax R*=0,01~0,1 [Om-MM°] mist mpomecca 6e3 cheMa BakyyMma. HaiineHHOe Takum
00pa3oM Ry, TOIKHO yIOBIETBOPATH YCIOBHIO:

Ry 100<AR, ;

aon
0
rae AﬁKm — BEJIMYMHA, OlpesiesisieMasl U3 3aBUCUMOCTH MOJTHOW OTHOCUTENIBHOM T0-
TPEITHOCTH  PE3UCTOpPa OT CYMMBI MOTPEIIHOCTEH €ro M3roTOBJICHHUs (TPOU3BOJ-
CTBEHHAasl COCTaBJISIOIIAsl MOTPEUIHOCTEH, O0YCIOBIEHHBIX BIMSIHHUEM YCIOBUN €ro
JKCIUTyaTallu), @ UMEHHO:
AR =AR_+AR.+AR_ +AR;

rie AR, =Ap, +Al —Ab; AR. =0 AT; AR, - XapakrepusyloT TeMIeparyp-
HYIO 1 BpEMEHHYIO HECTaOMIBbHOCTh PE3UCTOPA;

AR, — IOTpenHOCTh IEPEXOAHBIX COMPOTUBIICHUI 001aCcTel KOHTAKTA.

Ecnu 310 yCiioBHe HE BBIMONHSIETCS, TO HEOOXOAUMO YBEIWYHBATH IIUPHHY
pe3ucTopa, a Jajiee CKOppeKTUPOBATh 3HAYCHHE JIMHBI JAHHOTO PE3UCTOPA.

2. Ompepensiercss HEOOXOAMMOE 3HAYECHUE ITMHBI IEPEKPHITHS PE3UCTUBHOMN U

IPOBOISIIEH TIEHOK coracHo (3.28).
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3. CornacHo (3.29) onpenensercss MOITHOCTh, paccerBaeMasi €IUHMIICH II0-
aju KOHTAKTHOTrO nepexojaa. Haiinennas, Takum obpazom, P TOMKHA YIOBIETBO-
pATh ycioButo Py < Py; rne Py — yaelbHash MOIIHOCTh PacCesiHUs JaHHOTO PE3H-
CTUBHOT'O MaTepuaJa.

4. Ecnu 3TO yclIOBHE HE BBINOIHIETCS, HEOOXOAUMO MO0 UCHOJb30BATh KOH-
CTPYKIIMIO PE3UCTOpa C PACIIMPECHHEM MPUKOHTAKTHOW 30HBI, JMOO yBEIUYUBATH

3HayeHue |* 10 npueMieMol BeJTMYHHEI.

KOHTpOJIl)HbIe BOITPOCHI

1. MexaHn3Mbl IPOBOJIUMOCTH B KOHTAKTHOM Iape "TUIEHKa-TUICHKA' .

2. Bun ypaBHEHHs, ONMMCHIBAIONIIETO paclpeeicHUEe MOTCHITHANIA BIOJb
KOHTAKTHOM 00JIaCTH.

3. MeTtoasl o0ecrieueHus TEMJI0O0TBOAAa OT KOHTAKTHOM 00JIacTH.

4, [TyTi ¥ METOIBI YMEHBIIIEHUST CONIPOTUBIICHNS KOHTAKTHOU 00JIaCTH.

5. [TocnemoBaTeTbHOCTh pacyeTa TEOMETPHUIECKUX Pa3MEPOB KOHTAKTHOM
o0acTH.

3.5. Pacuem u npoekmupoeanue npeyu3uOHHBIX PE3UCHIOPOE

Ecnm x TOYHOCTH M3TOTOBIIEHHSI PE3UCTOPOB IPEABABIAIOTCA ITOBBIICHHBIE
TpeOoBaHUs, HE 00eCIIeYBaeMble CYIIECTBYIOIIMM TEXHOJIOTMUYECKUM MPOLIECCOM, TO
IIPU KOHCTPYMPOBAHUU HEOOXOIMMO 3apaHee MPeayCMOTPETh BO3MOKHOCTh U3MEHE-
HUS COMPOTUBIIEHUS KAKUM-TTMOO CITIOCOOOM.

Br16op onTuManbHOro MeTojia MOATOHKM NMPUMEHUTENBHO K UCIOJIb3yEeMOMY
PE3UCTUBHOMY MATEPHUAILy U TEXIPOLIECCY MU3TOTOBJICHUS ABISETCA BaXXHOM 3a1ayei
IpU NPOEKTUPOBAHUU MPELM3UOHHBIX pe3ucTopoB. [Ipu 3ToM Hapsay ¢ TpeboBaHuU -
MU BO3MOKHOCTH 0oJiee MJIaBHOM MOATOHKU COTIPOTUBIIEHUS PE3UCTOpA € 3aJaHHOU
TOYHOCTBIO Ba)XKHBIM KPUTEPHEM BBHIOOpA SABIISIETCSI MUHUMAIbHOE YXYAILICHHE SKC-
IUTyaTalMOHHBIX XAPAKTEPUCTUK IOATOHSAEMBIX PE3UCTOPOB, COXPAHEHHE HMX Bpe-
MEHHOH ¥ TeMIEepaTypHOU CTAOMIBHOCTH.

[To xapakrepy BO3IEHCTBUS Ha IMOATOHSEMBIM PE3UCTOP METOABI MOATOHKH
MOKHO pa3AeluTh Ha TPYIIbl, OCHOBAaHHbIE HAa HM3MEHEHHM DJIEKTPO(PHU3UUECKUX
CBOMCTB PE3UCTUBHOIO MaTepuaja, U Ipymniibl, OCHOBAHHbIE HA U3MEHEHUH T'€OMET-

PUYECKUX Pa3MEPOB PE3UCTOPOB.
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K mepBoii rpyrmme oTHOCATCS METObI, HCIIONIB3YIONINE TEPMUIECKOS, XUMHUYEe-
CKO€ U DJIEKTPOXMMHUYECKOE BO3JCHCTBUE Ha MOATOHSIEMBIA pPE3UCTOp, 0OpabOTKy
BBICOKOYACTOTHBIM Pa3psiioM | JIp.

[Ipu moAroHKE COMPOTUBIIECHUS PE3UCTOPOB ITYyTEM H3MEHEHUS WX TC€OMETPHU-
YECKHUX pa3MEPOB MPUMEHSIOT MEXaHWYECKOE CKpalldupoBaHWe, BDKUTAHUE, WCTIa-
peHue ¢ nomolibio chokrycupoBanHoro jgyda OKI', 31eKTpOHHOIYUYEBYIO, 3IIEKTPO-
APO3UOHHYIO0 00paboTKy. OHAKO CIIeyeT YYUTHIBATh, UTO MPUMEHEHHE JIOMOIHU-
TETHHON TEXHOJOTUYECKOW OOpaOOTKH C IIENBIO TOBBIIICHUS TOYHOCTH HEU30€kKHO
OKa3bIBAaCT BIUSHUE HAa WX BPEMEHHYIO M TEMIIEPATYPHYIO CTaOWMIBLHOCTH, & TaK¥Ke
MOBBINIACT YPOBEHB IITyMOB.

[Ipu npoeKTUpPOBAaHUU TUICHOYHBIX PE3UCTOPOB IMOBBIIMICHHOW TOYHOCTH IPHU-
MEHSIOT CHCIHAIbHbIC KOHCTPYKIUU (pUCYHOK 3.3), JOIMyCKAIONIUE TUCKPETHYIO (a)

WM TUIaBHYO (0) MOJATOHKY WX CONMPOTHUBIICHUM

| |
" :

/Ry %

—>

a) 0)

Pucynox 3.3. Moienu KOHCTPYKIIMI MPEIU3UOHHBIX PE3UCTOPOB

KoHcTpyKkiusa pe3ucTopoB sl CTYNIEHYaTOM MOATOHKH IMPEIYyCMaTPUBAET JIBE
YaCTH: OCHOBHYIO JJTMHOU lg M JOMONHUTENBHYIO C MOATOHOYHBIMUA CEKIIMSIMH JIJTH-
HoW |.. TIpy 3TOM IIar MOATOHKH MOXKET OBITH MOCTOSHHBIM M MEpPeMEHHBbIM. Jluc-
KPETHOE€ M3MEHEHHE COINPOTUBIICHUE COMPOTHUBJICHUS OCYIIECTBISICTCA YIAUICHUEM
METAJUIMYECKUX MEPEMBIYEK B MOATOHOYHBIX CeKIUsAX. [IpoexkTrupoBaHue moaroxHse-
MBIX PE3UCTOPOB CBOJIUTCS K OMPEACIICHUIO JJIUH OCHOBHOW M TTOJITOHOYHBIX CEKIIHM,
a TaKKe KOJMYECTBAa MOATOHOYHBIX CEKIMUA C ydeToM Toro ¢akra, 4To B MpoIliecce
MOJTOHKH COMPOTHUBIICHUSI PE3UCTOPA MOXKET M3MEHSTHCS TOJIBKO JIMIIb B CTOPOHY
BO3pacTaHus. Toraa mpu MakCMMajdbHOM 3HAYCHUU COMPOTHUBIICHUS TOJIKHO BBITIOJI-

HATHCS YCIIOBUE:
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R. =R.1+30;)=R,; (3.30)
rae Ry, 1 Ry — compoTuBiieHre 0CHOBHOM YacTh ¢ JUIMHOH g 1 HOMHHAIBLHOE 3HAYe-
HHUE CONPOTUBIICHUSI COOTBETCTBEHHO.

Otcroz1a COnpoOTUBIIEHUE HE TTOATOHSIEMOM YacTH
_ R
R, = 1735, (3.31)
[Ipy MUHMMaJIBHOM 3HAYEHHUM COIMPOTUBIICHUS HOMHUHAJIBLHOE 3HAYCHHUE OIpe-
JIENAETC CYMMOM MUHUMAJIBHBIX 3HAYCHUM HE IMOJTOHSAEMOM 4acTy U N MOCIe10Ba-
TEJIBbHO BKJIIOYCHHBIX ITOATOHSIEMBIX CEKIIHH.

R,=R__. +nR_. ~R (1-35,)+NR. (1-35,). (3.32)

HY MiN cmin
3nech Ry, (He moaronsemoin yactu) Haxoautcs u3 (3.31), a comporuBieHue
OJTHOM CeKIUu R, HaXOIUTCS W3 YCIOBHS: MAaKCHMAIbHOE 3HAUCHHUE COMPOTHUBIICHUS

OI[HOﬁ CCKIIMH HC NOJIDKHO IIPCBLIIIATh BCIIMYWHY ITOJIA JOITYCKA, TO CCTh!:

R.max = R 1+ 35‘R) <0g. (3.33)
Otcrona
bo)
R=—-="R_,
L, 339

rac dq — JOIIYCTHMaA CTCIICHb OTKJIOHCHHA COIIPOTHBIICHHA, BBIPA’KCHHAA B OMaAX.

N, nakoHen, 4uciao MOATOHOYHBIX CEKIUA OMPEAEIAETCS U3 OUEBUIHOTO COOT-

HOILICHHS:
Rcz .
n= ; (3.35)
RC
rae R ompenensercs:
Ry = Ryumin + Re, @-30%). (3.36)
Orcrona
— 65R RO

(3.37)

Cy — —2°
1-90;
[Tomyyennoe 3Hauenune N 1o (3.35) okpyrisieTcs A0 OMMKAWIIEro OOJBIIETO

nenoro yucina. Kpome toro, mmHa MoAroHOYHOW cekiuu |, 10mkHa OBITH OOJIbIIE

TCXHOJIOTHYCCKUX OFpaHI/IquI/Iﬁ Imin- Ecmm 310 YCIIOBHUEC HEC BBIIIOJHACTCA, TO IIPUHHU-
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MaroT |.= lnin ¥ pacCUMTHIBAIOT HMIMPUHY D¢ CEKIIUU MO BBIPAXKCHHIO:

nl
%=%§i- (3.38)
Cy

[Ipu 3nauenuu N >10 1enecoodpa3HO UCTIOIB30BATh KOHCTPYKIIMIO C ITEPEMEH-
HBIM IIaroM MOATOHKU C 3aKOHOM W3MEHEHHUS IIara MOJATOHKH B BUJE FeOMETpUYe-
CKOH Tmporpeccuu co 3HameHatenem = 2. [Ipu aTom, 3agaHHast TOYHOCTH OOECTICH-
BaeTCs CaMOM KOPOTKOW CEKIMeW C COMpOTUBIEHUEM, omnpenensieMbiM (3.34), a He-

06XOI[I/IMOC KOJIMYECTBO CCKHHﬁZ
no=1,441n (n +1); (3.39)
rae N — 4ucio C€KHI/II71 IMOATOHKH ITPH IMOCTOAHHOM IHIare.

Torna JJIUHBI ITOATOHOYHBIX CGKIII/Iﬁ OIIPCACIIAIOTCA N3 OYCBHUI-

HBIX COOTHOIICHHIM:

ICmin = ! ICz = 2lcl’ Ica = 4|01K (340)
HOCHGHOBaTeﬂBHOCTB pacucTa MMPCHU3NOHHBIX PEC3UCTOPOB.

1. Cornacno (3.31) onpenensercs 3HaYeHUE CONMPOTUBIICHUS HE TIOITOHIEMOM

4aCTH PpE3HUCTOPA, a4 3aTCM €€ AJIMHA 110 COOTHOIICHHUIO

_Rub. 1)
HY po 4 .

rie 3HaUeHUe b onpesenseTcs, Kak U paHee U3 YCIOBHsI 00eCIeUeHUs TeII00TBO/IA.
2. Cornacto (3.34) onpesensercsi CONPOTUBICHNUE OAHON CEKIIMH, a 3aTeM e¢

JJIMHA

lc = (3.42)

U mmpuHa coryacHo (3.38). Uuciio moaroHoYHbIX cekimii N onpexaensercs u3 (3.34),

a CYMMApHOC 3HAYCHHUC COIIPOTUBJICHUA BCCX IMOATOHOYHBIX CCKHI/Iﬁ RCZ I10 COOTHO-

renuio (3.36).
3. Eciu npunuMaercs pemenne 00 UCIIONbG30BaHUU KOHCTPYKIMH C IIEPEMEH-
HBIM [IarOM IOATOHKH, TO OIPEAEISIeTCs HEOOXOIUMOE YHCIIO CEKIUM COIJIACHO

(3.39), koTopoe OKpyTJIsIeTCs A0 OMKAKIIIEro IeJI0r0 YKCIa.
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4. U, nakonen, coriacHo (3.40) onpeaensrorcs JIMHBI BCeX Ny MOJATOHOYHBIX

CEKIIUH.

KoHTpoJbHBIE BOPOCHI

1. MeTtonbl MOJATOHKHU IIJICHOYHBIX PE3UCTOPOB, UX JOCTOMHCTBA W HENO-
CTaTKH.

2. BiusitHue MeToJ0B MOJTOHKU HA XapaKTEPUCTUKHU U CTAOMIHLHOCTH ILIE-
HOYHBIX PE3UCTOPOB.

3. [TocenoBaTeNbHOCTD pacueTa r€OMETPUUECKUX PA3MEPOB PESUCTOPOB C
JTHACKPETHON MOATOHKOM.

4, [TocenoBaTenbHOCTH pacueTa r€OMETPUUECKUX PA3MEPOB PESUCTOPOB C

NCPEMCHHBIM IIAroM ImOATOHKH.
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I'nmaBa 4. PACYET U IPOEKTUPOBAHME IIVIEHOYHBIX KOHJAEHCA-
TOPOB

4.1. Koncmpykmueno—mexuwzozuuecxue 0COOEeHHOCmU U OCHOBHbLE Na-

pavempusl nJ1€eHO4YHblIX KOHOeHcamopoe

B I'IC npuMeHsI0TCS TUIEHOYHBIE KOHJIEHCATOPHI Pa3IMuyHON KOHPUTYpaIuHy,

KOTOPBIC MOKHO CBCCTH K TPEM THUIIOBBIM KOHCTPYKIIHUAM.

B K 3

N — 7.
i -
= 1 a N 2 5 =

a) . 5

6)

Pucynok 4.1. Mojenu mieHOYHbIX KOHIECHCATOPOB
K — xomnencarop

[IneHouHbIE KOHJEHCATOPHI TUMA &) U 0) MPEACTABISAIOT COO0N MHOTOCIIONHYIO
CTPYKTYPY, HAHECEHHYIO Ha JUAJIEKTPUUYECKYIO MMOJJIOKKY B CIEAYIOLIEN MTOCIEN0BA-
TEJILHOCTH: TIPOBOASAIINI CJION 1, BBEITTOTHSIOMIMKN POJIb HH)KHEH OOKJIAIKH; CIION JTH-
ANEKTPUKA 2 ¥ MPOBOJALIMN CIO0W 3, BBINOJHAIOMIMN poib BEpXHEH OOKIAIKA KOH-
nencaropa. Ha pucynke 4.1B nzo0pakeHa KOHCTPYKIUS TpeOEHYATOTO KOHJIEHCATO-
pa, EMKOCTh KOTOPOT'O B OCHOBHOM OTPEAEIISETCS €eMKOCThIO, 00YCIOBICHHON Kpae-
BbIM 3((PEKTOM M KOHCTPYKTUBHO MPEJCTABISAIOIEr0 COOOM JIB€ METauIM3UPOBaH-
HbIe 00J1aCTH, HAHECEHHBIE HA BEPXHEW MOBEPXHOCTHU MOIOKKH.

IInenounkle KOHACHCATOPbI XApPAKTCPU3YIOTCA COBOKYIIHOCTBIO CJIICAYIOIIMUX

IapaMeETPOB:
v’ Cy— HOMHHAJIBHOE 3HAYEHHE EMKOCTH,
v +¢& — JIOIYCK Ha EMKOCTb,
v' U, — pabouee HanpsuKeHHE,
v Q¢ — 10OPOTHOCTH,
v

Ryr — CONIPOTHBIICHNE YTEUKH,
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v temnepaTypHbiii kodpdununent TKC,

v JMana3oH pabodnx 4acToT,

v UHTEepBal pabouux temneparyp A7 u Tak nanee.

KoHkpeTHbIe 3HaUeHHS] ATUX MapaMeTpOB 3aBUCAT OT BHIOOpA MCIOJIb3yEeMbIX
MaTepHaJioB ISl IUAJIEKTPUKA U OOKJIANOK, a TAKKEe OT KOHCTPYKTUBHOTO BapHaHTa
peanuzanuu.

Koncrpykuus pucynka 4.1a nmpenHazHadeHa JJid peau3alui KOHASHCATOPOB
MOBBIIIICHHONW €MKOCTH (COTHU W ThICSuM TuKo(dapam). 31ech KOHTYp BEpXHEH 00-
KJIQJIKU BIIMCBIBAETCS B KOHTYP HM)XHEHN OOKJagku. Ee 0COOEHHOCThIO SIBISETCS TO,
YTO HE COBMEIIEHNE KOHTYPOB OOKJIaJ0K HE CKa3bIBACTCSI HA TOYHOCTH pealn3alliy B
CWIIy Hanu4uus KomneHcartopa. Kpome Toro, pacnpocTpaHeHHe JUANEKTPHUKA 32 KOH-
Typ HUXKHEH OOKJIAJKK TapaHTUPYET HANEKHYIO M3OJISIUI0 OOKIIAOK MpU UX Tpe-
JIEITIbHOM HE COBMEILICHUU.

JI71s1 KOHJIEHCATOPOB HEOOJBIION €MKOCTH (IECATKH M COTHU MUKodapand) 11e-
jgecooOpa3Ha KOHCTpPYKUMsI pucyHKa 4.10 B BHIe NepeceKaroluxcs MPOBOJHUKOB
OJIMHAKOBOW IIMPHUHBI, Pa3/ICIEHHBIX CIOEM AMAJIEKTpUKa. EMKOCTh KOHAEHcaTopa
JTAHHOM KOHCTPYKIIMM HEUYBCTBUTEIbHA K CMEIICHUIO O0KIIAJIOK.

JIyisi peanu3aniii BBICOKOYACTOTHBIX KOHJEHCATOPOB MPHUMEHSIOT rpeOeHua-
Ty KOHCTPYKIHIO (puUC. 4.1B), B KOTOpOH 0OKIaJKU PACIOIO0KEHBI B OHOU MJIOCKO-
CTH, UMEIOT rpebeHuaTyo GopMmy, a AUIICKTPUK SIBISETCS COCTaBHBIM THUMA '"MOJI-

JIO%KKa - BO3AyX" OO0 "MOJJI0OXKKA - AUIIEKTPUIECKOE MOKPHITHE" .
4.2. Pacuem zeomempuueckux pazmepos KOHOEHCaAmopos

Emkocth mneHouHoro koujeHcatopa (pucynku 4.1a,0) ompepgensieTcss mo u3-
BECTHOU (popmyiie:

ng-eo-S _0.0885-n-¢-S
4.7-d d

) (4.1)

I7I€ & — OTHOCUTEIbHAS JUAJICKTPUUYECKas MPOHUIIAEMOCTh JUAJICKTPUKA,;
S — momanb MepeKpuITUs 00KIagoK; d — TONIIMHA AUIIEKTPUKA; N — KOJIHYECTBO
JTUAJIEKTPUUECKHUX CIIOEB.

[TogoGHO MaTepuany pe3UCTUBHOM TUICHKH, CIOW JTUAICKTPHUKA, TapaMETPhl &
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U d KOTOPOro OmpenessoT YACIbHYI0 EMKOCTh KOHJIEHCATOPA, C TOYKU 3PEHUS TEX-
HOJIOTHYHOCTH, BOCIPOW3BOJUMOCTH U CTAaOWIIBHOCTH CBOMCTB XapaKTEePU3YIOTCS
ONTUMAJIBHBIMU OTHOIIECHUAMHU &/d JUIs KaXKJI0OTO MaTepuaia U crocoda ero HaHece-
Hust. Torma eMKOCTh KOHJICHCATOPA:

C :CYZI.S ! (42)
rae Cy, = 0,0885&/d — mocrosiHHast BemmuKMHa 11 KaXKA0T0 MaTepuala.

C TOYKHM 3peHWs MUHUMHU3AINHN 3aHUMACMOW IUIOMAAN JUISI WU3TOTOBIICHUS
KOH/ICHCAaTOPOB HEOOXOJAMMO TPUMEHSATh MAaTepUaTbl ¢ MaKCUMAaJIbHOW IUAJIEKTPH-
YECKOW MPOHUIIAEMOCTbI0 U MUHMMAIbHON TONIMMHON. OHAaKO MUHMMAaIbHAs TOJ-
IMHA JUAJIEKTPUKA OrpaHMYEHA CHMU3Y 3HaueHHeM pabouero HampsbkeHus U, Ha

KOHICHCATOPC U BHGKTPHHGCKOﬁ IMPOYHOCTBIO JUDJICKTPHUKA:

£, - UTH (4.3)

rie Eg, — snmexTpudeckas npoYHOCTh MaTepuana qudieKkTpuka, [B/mm], Uy, — Hanps-
XKeHHe po0ost 1uaneKkTpuka, [B]. Torga MuHMManbHas TOJIMIMHA AUDJIECKTPUKA!
dmin Z K3 'UP / EHP J (4-4)
rae K, = U/ Upe = 253,
OTHOcHUTENbHAS TIOTPEIIHOCTh BEIMYMHBI EMKOCTH KOHJIEHCAaTopa o0yCcIloBIIe-
Ha MPOU3BOACTBEHHBIMHU MOTPEIIHOCTAMU U I€CTA0OMIM3UPYIOIUMU (haKTOpamMu U3-
32 U3MEHEHUS TEMIEPATYPBI U CTAPEHUS MAaTEPUAIIOB U OIPENEISAETCS COOTHOLICHU-
eM:
AC =ACy; +AS +AC,. + AC, (4.5)

rae A(_fyIl — OTHOCHUTEJIbHAS OTPEIIHOCTD YACIbHONU EMKOCTH;

AS — OTHOCHTENBHAS OrPEIIHOCTD ILUIOMAH IEPEKPBITHS MUIOMAIO0K,

AC,. — OTHOCHTENbHAS TEMIEpaTypHas MOTPENIHOCTb, 3aBUCAIIAS B OCHOBHOM OT
TKC marepuaiia 1uaeKTpUKa U Juara3oHa padoyux TeMneparyp;

AC, — OTHOCHTeIbHAS MOTPEITHOCTh, OOYCIOBIEHHAs CTAPEHHEM TLIEHOK KOH/IEH-
caTopa.

HepBBIC ABC COCTABJIAIOMIME XaPAKTCPUIYIOT TEXHOJIOTHUYCCKYIO MMOTPECITHOCTD

€MKOCTH M ONIPEICISIOTCSI COOTHOIICHUEM:
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ACp, =AC, +AS. (4.6)
ITocKOJIBKY BOCHpPOM3BENEHUE YIEIBbHOM €MKOCTH M IUIOIIAAN IEPEKPBITUS

061(.]13.,[[0[( AOCTHUTACTCA B3aUMHO HC3aBUCUMBIMHU OIICPpALUAMHA, OTHOCHUTCIIBHOC CPCI-

HCKBAAPATHUICCKOC OTKIIOHCHHUEC CMKOCTH OIIPCACIISACTCS BBIPAKCHUCM
2 _ — —2
Oc =0, TO5 4.7)
3ILCCB BCIIMYMNHA Ecyﬂ 3aBUCUT OT TCEXHOJOI'MYCCKHX Q)aKTOpOB HaHCCCHMU A

CIIOSI TUAJICKTPUKA U SBJISICTCS TIOCTOSTHHOW BEJIMYMHOMN /I KOHKPETHOTO Tpoliecca.
Takum o0Opa3oM, MUHHUMH3AIUS OTHOCUTEIHHON TOTPENTHOCTH €MKOCTH KOHICHCA-
TOpa MOXKET OBITH JOCTUTHYTA 33 CYET COOTBETCTBYIOIIETO BHIOOPA T€OMETPUICCKUX
pa3mepoB U (HopMbl 0OKIIAJIOK.

B oOmem ciyuae:

—2 _ =2 =2 _ =2, =2 _
O, =0.—0, =0,+0,+2:V,,CG, 0, (4.8)

rie 6, U 0, — OTHOCHUTEIIbHBIC CPEIHEKBA/IPATUUECKUE OTKIOHEHUS JMHEWHBIX
pa3MepoB A U B, onpeaenstonuX MI0IIaab NEPEKPHITUS 00KIaA0K S=AB;

Iy — KOOPOUIUEHT KOPPEISIUOHHON CBSI3U MEXY MOTPEIIHOCTIMU pa3Me-
poB A u B.

Korma pasmepst 4 u B BepxHeil 0oOKJIaIKH KOHJEHcaTopa (HOpPMHUPYIOTCS B
mpoliecce OJHOW TEXHOJIOTMYeCKoW omepanuu (pucyHok 4.1a), MOXHO TNPUHATH
I ~1. Jlna kouctpykiuu (pucyHok 4.10), riae nuHeiHble pasmepsl A U B hopMupy-

I0TCS HA Pa3HbIX onepanusx HezaBucumo I = 0. [lpu o, = 0, u A/B=Ky uccneno-
BaHUE (DYHKLUU HA DKCTPEMYM C TOUYKU 3PEHHMS] MUHHMYMa IOTPEIIHOCTU O JAcT

onTUMaibHOE 3HaYeHUE Koor=1. Torma mis mocTukeHus 3aJaHHOM TOYHOCTH pea-
JW3allUM €MKOCTH KOHJIEHCaTopa JIMHEHHBIA pa3smep A  JOJDKEH YJIOBJIETBOPATH

YCIIOBHIO:

J2-(A+r
Amin 20, % (49)
Oc —Oc¢y,

35ech, KaK U paHee, BeIMYMHa O . OIpeAeliseTcs U3 HepaBeHcTBa YeOrpliena:
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C-C
P C—O<5C :®(Z). (410)

0
rae Z=0./ (ﬁ . EC) — apTYMEHT MHTErpajia BEPOATHOCTH.

CootHoienue (4.9) mo3BoJISIET ONPEIETUTh MAKCUMAIILHOE 3HAUYCHUE YJIETb-

HON €eMKOCTH HNCXOOA U3 yCJI0BUA oOecreyeHus SaﬂaHHOﬁ TOYHOCTH.

C
CVI[MAX = Am—ZO ) (411)

HpI/I 9TOM OIIPCACICHHOC TAaKHUM o6pa30M 3HA4YCHHC CVﬂMAx JOJDKHO YOOBJIC-

TBOPSATH YCIOBUIO 00ECIIEUEHHS IIEKTPUUYECKON MPOYHOCTH KOHAEHCATOpa, a UMEH-

HO:
C &
CyHMAX = Anz::n < 0,0885 . ﬁ (412)

e dyin onpezensercs coriacHo (4.4).

Ecmm CyﬂMAX MEHBIIIE WM paBHA 3HAUYCHUIO YIEIbHONW €MKOCTH W3 Tadmuisl 4.1,

HEOO0XOUMO YBEIIMIUTH Upin
CootHomienue (4.12) mo3BoJsieT BHIOpaTh MaTepHall IUAJNIEKTpUKa (Tabmmiia
4.1) u nasee ONpeneIuTh IKCIUTyaTallMOHHBIC COCTABIISIONINE MOTPEIHOCTH B (4.5).
OTHOCHTENbHAS TEMIIEPATyPHAS MTOTPEITHOCTH:
AC. =a. -AT, (4.13)
rne ac— TKC marepuana nuanexkrpuka; A7 — nuana3zoH pabo4yux Temmeparyp.
OTHOocuTeNbHAS. MOTPEIIHOCTh, OOYCIIOBICHHAs CTapeHHWEM MaTepuania, co-

riiacHo Tabmuiie 4.1 e npesswimraet 2+3 %.

4.3. Ilomepu 6 nieHO4YHbIX KOHOCHCAMOPAX

JoOpoTHOCTh Q MJIEHOYHOT'O KOHJIEHCATOpa 00YyCIOBIEHA NOTEPSIMU SHEPTUU
B KOHJIEHCATOpE:

1

Q:@a

(4.14)

rne tgd — TaHTeHC yria IUAIEKTPUIECKUX MOTEPh.

HOTepI/I B KOHACHCATOPC CKIAALIBAIOTCA U3 AUIJICKTPHYCCKHUX IIOTCPb M IIO-
54



Tepb B OOKJIaJIKaX.

[Totepu B audnekTpuke 00yCIOBIEHB CBOMCTBAMU MaTepuaia JUAJIEKTPUKa Ha

OHpCHeHGHHOﬁ yactote f u OIIPCACIIAIOTCA CYMMOﬁ MUTI'PAOUOHHBIX W OUIIOJIBHO-

peIaKCallMOHHBIX IMOTCPb!:

2 2nr(eg — €y )

tg5D =

gg, fp,

gfl+ @A)

(4.15)

rac p, — yYACJIbHOC COIIPOTHUBJIICHUEC IIJICHKU ANUDJICKTPHKA, 7— BPEMs pelaKCalnu,

ég U &y — 3HAUYCHMUA OTHOCHUTEJIbHOM IIHBHGKTqueCKOﬁ MOCTOSIHHOM Ha BBICOKHX M

HHU3KHX 9aCTOTax.

Tanrenc yrjia IOTCPhb B o61<11azu<ax KOHICHCATOpAa:

2

190 o5xn ga)MAX Rosin C s

(4.16)

rae Ry = 0,4/ B — colpoTuBiIeHNE 00KIANI0K KOHAEHCAaTopa (B OMax),

C — eMKOCTh KOHJeHcaropa (B ¢apanax), wmax — TPAHUYHAS 4acTOTa, wwax = 27f;

(f=10mrr).

B mpaktuueckux pacuerax tgdp — crpaBodHas BenuuuHa (cM. Tabnwuiy 4.1), a

tg oK — oTnpeensieTcsl B 3aBUCUMOCTH OT KOH(HUTypamuu KoHAeHcaTopa, MaTepua-

7a ¥ GopMbI OOKIIAJIOK.

Tabnuua 4.1. XapakTepucTUKH MaTepUaJIOB IJIEHOYHBIX KOHAEHCATOPOB

Marepuan nudnek- | Matepuan | Huan.  mnponu- | YaensHas | Tanrenc | TemmeparypHsiii | Onexktpudeckas | CTaOMIBHOCTD
TpHKa 00KIIa10K 1[aeMOCTh ~ Ha | €MKOCTb, | yrua K03(. EMKOCTH NPOYHOCTH, B HOPM. YCIL
4acToTe n®d/cm?. JIADIL. TKC-10™, E,,-10, Ilox pabGouum
I [, ... HOTeph | Tpaj B/em HaInpsHKeHHUEM
Ha 4Ya- Ha 1000 4
CTOTE pabotsr, %
1 I,
tg
MoHOOKHCE KpeM- | Amomunuii | 5 -6 5000 -[001 -|2-35 2-3 +(1.5-6)
HUSI 10000 0.02
Monookucs  rep- | 10-12 5000 0.001 -|3-5 1 1
MaHHUS 10000 0.005
15000
JIByokuch kpeMHust | " 4 20000 0.5 2 5-10
Oxuceh amomMuaus | AmroMuHHA | 8 30000 03-1 3-4 5
+ HUKeIlb 40000
OKuch TaHTaNa Tantan + | 20-23 50000 0.02 4 2 +1
BaHAIUNA 100000
200000
BopocunukatrHoe Amomunnii | 3.9 -4.2 15000 0.001 0.2 3-5 -
CTEKJIO + BaHaAIWM,
(BCC) IIOMHHUH
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+ TUTaH
Amomocunukataoe | To ke 5.2-55 30000 0.003 15 3-5 -
CTEKJIO
(ACC)
Urtpuii-6oputHoe | " 10-12 60000 0.007 5 2-3 -
crekio (MBC)
ITacra IIK-12 TTacta - 10000 0.03 +10 U,,=>150 B +5
TII1-1, TIII- 0.04
2
ITacta To xe - 3700 0.036 +10 U,,=>150 B +5
I1K1000-30

CrnemyeT OTMETUTD, YTO 3aBUCUMOCTH 1JJ, OT 4aCTOTHI UMEET IKCTPEeMaIbHbIN
XapakTep, TO €CTh Ha HEKOTOopoil wactote fo,, tgd. — MUHUMAaNBHA, a JTOOPOTHOCTH
KOHJICHCaTOpa MakcUMalibHa. MaTepuasl JudeKTprKa BIOMpAeTCs UCXO U3 pabo-

YeTo HAIPsHKCHUS.
4.4. Ilpoekmuposanue npeyu3uOHHbIX KOHOEHCAMOopos

HpI/I HGO6XOIII/IMOCTH IMOJIYUYCHUA KOHACHCATOPOB MOBBIIICHHON TOYHOCTH,
HpCBOCXOI[)IH.[Gﬁ TCXHOJOITMYCCKHUEC BO3MOKHOCTHU IIPOU3BOJACTBA, IPUMCHAIOT CIIC-
MUAJIbHBIC KOHCTPYKIHH, JOIIYCKAIOIIHUC, KAK ITPAaBHUIJIO, TUCKPCTHYIO IIOAT'OHKY CM-

koctu (puc. 4.3):

[

Pucynox 4.3 Mojens KOHIEHCATOpa C TTIOATOHOYHBIMH CEKITUSMH

KoncTpykiusa npeaycMaTpuBaeT HAJIMUKME JIBYX YacTel: OCHOBHYIO, HE IMOJ-
TOHSIEMYIO YacCTh U JIOTIOJHUTEIbHYIO ¢ TOATOHOUYHBIMU ceKIuamMu AC;. [Ipu paBHBIX
3HayeHusAX AC; IMeeT MeCTO MOATOHKA ¢ MOCTOSAHHBLIM 1arom; npu ACi= AC; nmeer
MECTO MOATOHKA C MEPEMEHHBIM IaroM. JIMCKpeTHOE N3MEHEHUE €MKOCTH KOHJICH-
caTopa OCYIIECTBISETCS yAAUICHUEM MEPEMBIUEK B COOTBETCTBYIOIIUX O0JIACTAX, UTO
MPUBOJUT K yMeHbIeHnI0 eMKocTh Ha AC. Takum oO6pa3om B mporiecce MoArOHKH
€MKOCTh KOHJIEHCAaTOpa M3MEHSIETCA B CTOPOHY YMEHbIIEHUd. Torga mpu Makcu-

MaJIbHOM 3HA4YCHHMHN CMKOCTH HC HOI[FOH}IGMOI;'I qaCTH W IIOJT'OHOYHBIX CeKI_[I/Iﬁ CM-
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KOCTb KOHACHCATOpa AO0JIKHA OBITH paBHa HOMHWHAJIbHOMY 3HAYCHHIO IIPHU OTKIIIO-

YEHHBIX BCEX N MOATOHOYHBIX CCKHHﬁ, TO €CTb:

Co =Cyy -(L+3-5,). (4.17)
OTCIOI[a CMKOCTBb HEC HOIIFOHHCMOﬁ 9aCTH KOHACHCATOPA:
_ CO
e (4.18)

HpI/I 9TOM CMKOCTBb O,Z[HOI>'I HO,Z[FOHO‘IHOI)'I CCKIIMUM B HAUXYALICM CJIy4ac HC

A0JIKHA IIPCBbIMIATh BEJIMYUHLI IIOJIA JOITYCKa, TO €CTh:

AC,, =AC-(1+3-5,)< 5. (4.19)
OTCIOI[a BEJIMYNHA €EMKOCTHU IIOI[FOHO‘IHOﬁ CCKIIUU:
S,
AC=—"C_,
1+3-0, (4.20)

r7ie 0. — BEJIMUMHA JOITyCKa, BbIpakKeHHas B 1.

I/I, HaKOHCL, YUCJIO ITIOATOHOYHBIX CEKLMU OIIPCACIIACTCA U3 OUCBUIAHOI'O COOT-

HOILICHUSA:
n=2Cs (4.21)
AC
rac ACZ OIIPCACIIACTCA U3 YCIIOBHUA:
Co = Cququ + ACZ '(1_3' O¢ ) (4.22)
Otcronma
6-C, -0,
AC, =—9 ~“¢

[Tomyyennoe 3Hauenue N cornacHo (4.21) okpyrisercs A0 OJKaWIIero

OompIero 1enoro yucia. [lpu sTom 1uiomans nepekpbITUs 00KIAI0K MOATOHOYHON

CEKIIUU:
AC
Sc = c_ (4.24)
YA
a IIIOINAIb IEPEKPHITUS OOKIIAJ0K HE TOATOHIEMOM YacTH KOHIEHcaTopa:
C
SHq =, (425)
Cyﬂ

Ha ocHoBanuu (4.24) u (4.25) Benercss pacyeT reOMETPUUYECKUX pPa3MEpOB
KOHJIEHCATOPA.

[Ipu 3Hauennu N>10 nenecooOpa3HO MCMOJb30BATh KOHCTPYKIIMIO C Iepe-
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MEHHBIM IIarOM MOJIFOHKM C 3aKOHOM M3MEHEHHMs 11ara MoJIrOHKU B BHUJIE T€OMETPU-
YEeCKOM MPOrpeccruu co 3HaMeHaTenem g = 2.

[Ipu 3TOM 3a/aHHasi TOYHOCTh 0OECIEUUBACTCS CEKIUEN € TUIOMIAAbIO MEPEKPHI-
TUsA, onpenensiemont (4.24), a HEOOXOIUMOE KOJMYECTBO CEKITUH OIMPEACIIeTCs CO-
rmacao (3.39). Torma muromaau MEPEeKPHITUN MOATOHOYHBIX CEKIIUHA OIMPEACNIIeTCS
KaK:

AC

Sci = S “c Sc2 =2:S¢1y Sy =4S¢ U T.A. (4.29)
7

4.5. Ilocneoosamenvnocmo pacuema ceomempudeCKux pasmepoe nieHou-

HbIX Koudeucamopoe

WcxonHbpIMU JaHHBIMU JIJIST pacueTa TOHKOIUICHOYHBIX KOHJAEHCATOPOB SIBJIS-
I0TCSI: HOMUHaJbHasE eMKocTh Cp (nd), pomyck Ha HOMHHAT 15, (%), MaKCUMaIbLHOE
pabouee Hampspxenue U, (B), pabouas yacrora f (I'y), 1oOpoTHOCTE KOHJIEHCATOPA;
nuarna3zoH padounx temmeparyp A7 (°C), TEXHOJOTHYECKUE TaHHBIC U OTPaHUYCHUS,

B TOM YHCJIC MOTPEUIHOCTh BOCIIPOU3BEICHUS YIEIbHOM eMKOCTH & (%0) M JIMHCH-

HBIX pa3MepoB OOKIAN0K A4, AB WM UX CpEeTHEKBAPATUUECKUE OTKIOHEHUS oy, Op
(MM) U pyrue.

1. ITo 3amaHHON TEXHOJOTMHU U JaHHBIM Tabnuibl 4.1 BEIOMpAOT MaTepuanl au-
aneKkTpuka. Kpurepusamu BeIOOpa SBIAIOTCA MaKCHMMAJIbHBIE 3HAYEHUS & Eyp U
muHnManbHoe 3Hauenue TKC u tgoy.

2. 3 ycnoBusi obecrieueHus dIEKTPUUYECKON MPOYHOCTH OMPEAesieTCs MUHH-
MaJibHas TOJIIIMHA JUAJICKTpUKA. 3HaueHHE Omin JODKHO HAXOIUTHCS B Mpejie-
max 0,2 + 0,8 MxMm.

3. Cornacuo  coornomennto  Cy,  —=0,0885 ~i, OIIPENEISAIOT 3HAYCHUE

min
yIeIbHON €MKOCTH, TIPU KOTOPOH 00eCIeunBaeTCs dACKTPUICCKast MPOYHOCTh
KoHzeHcaTopa. 3aeck Cy, (np/cr®), d (cm).
4. B 3aBucuMocTH OT TpeOyeMbIX 3HaUeHUN C BHIOMPAIOT KOHCTPYKIHIO U (hOPMY

KOHJIEHCATOPA.
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5. llanee cormacHo (4.9) ompenenstorcs TuHEHHBIE pa3Mepbl oOkimanku. [lomy-
YEHHBIC 3HAUCHUS OKPYTJSIOT J0 3HAUYEHWH, KPATHBIX IIary KOOPJIWHATHOMN
CETKU C Y4eToM MaciuTaba Tomojorudeckoro deprexa. Tak kak mpu Ky=1
MMEeT MECTO MUHUMYM TOTPEITHOCTH TUIOIIAIA MIEPEKPHITHS, TO, KaK MPABUIIO
A=B.

6. 1o cooTHomeHnIO ompeaenserca BeauunHa Cyy yax, OOECIIEUNBarOIIas 3aJaH-
HYIO0 TOYHOCTb, a JaJiee MPOBEPSIETCS BHITIOJHEHHE YCIoBHs. Eciii 310 ycmoBue
HE BBITTOTHSIETCS, TO HEOOXOAMMO JTHOO YBETUIHBATh pa3sMep A, 100 BHIOPATh
TUAJICKTPUYECKUN MaTeprall ¢ OOJIBIIMM 3HAYCHHEM JJICKTPUUECKON MPOYHO-
CTH Eyp.

7. C y4eToM MOTpenrHOCTH COBMEIICHHS MAaCOK OIMPEACNISIIOTCS pa3Mephbl HUKHEN
OOKJTaJIKN M TUAJICKTPHUIECKOTO CJIOS COOTBETCTBEHHO IO BBIPAYKEHHUSIM:

A, =A,+2-q, B,=B;+2-q,
A,=A,+2-f, B,=B,+2-f’
r71e (| — MOTPEITHOCTh HECOBMEIICHHSI HIDKHEH U BEpXHEH 0OKIIAIIOK,
f — morpenHoOCTh HECOBMEIICHHST HIDKHEH OOKIIAIKU M JUAJICKTPUKA.

8. 3atrem cormnacHo (4.16) onpenensitoTcss MOTEPU B 00KIaaKkax koHAeHcaTopa. C
y4eTOM MOTePh B NUAJIEKTpUKe (Tabnuia 4.1) onpenensoT CyMMapHbIe TOTEPU
B KOHJICHCATOPE W ONpENeNsaeTcs peajdbHas BemudnHa 1oopoTHocTH. [Ipn aToM
Qpear=Qsaz- EC 3TO yc10BUE HE BBINOIHAETCS, TO HEOOXOAUMO THO0 BBIOPATh
JIpyrue MaTepuaibl OOKIA0K U JAUAIEKTPUKA C MEHBIIMMH 3HAYCHUSIMUA O U
tgOp COOTBETCTBEHHO, JTMO0 M3MEHUTH (HOPMY OOKJIAJ0K C IEIbI0 YMEHBIIICHUS
CONIPOTHBIJICHUS OOKJIAOK.

9. Ecitu B cxeme mmeeTcsl HECKOJIBKO KOHIICHCATOPOB, TO ISl U3TOTOBIICHUS UX B
€IMHOM TEXHOJIOTHYECKOM ITUKJIIE 11eTIECO00Pa3HO BHIOUPATH ISl BCEX KOHJICH-
CaTOpPOB OJIMH W TOT XK€ AMAJIEKTPUK C OAMHAKOBOMW TOJIIMHOMW, a, CIIETOBA-
TEJILHO, C OJJMHAKOBOM ynenbHON eMKOoCThIO Cy,. Torma pacyer KOHIEHCATOPOB

HCO6XOI[I/IMO Ha4YWHATh C KOHACHCATOpPA, MMCHOIICTO HAMMCHBIITYIO CMKOCTb.
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KoHTpoJibHBbIE BOPOCHI

1.

Kpurtepuu BbIOOpa MaTepuanoB OOKJIAIOK U JUAIEKTPUKA KOHJEHCATO-
pa.

3nauenne 3PHEKTUBHON AUIIIEKTPUUECKON MPOHUIIAEMOCTH ABYXCIOM-
HBIX TUDJICKTPUKOB.

OntumanbHass Gopma OOKIAAOK C TOYKUA 3PECHUS MHUHHUMH3AIUH T10-
IPELIHOCTH IUIOIIA/IA TEPEKPBITHSL.

Kakumu akropamu onpeaenseTcss MUHUMaIbHas TOJIINHA AUAJICKTPH-
Ka.

[Tyt 1 MeToapl oOecredeHus IEKTPUIECKON MPOYHOCTH TIICHOYHBIX
KOHJIEHCATOPOB.

Buapl noTepp B IJIEHOYHBIX KOHAEHCATOPAX.

3aBHUCHUMOCTbD I[O6pOTHOCTI/I IJICHOYHBIX KOHACHCATOPOB OT YaCTOTHEI.
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I'JIABA 5. OCHOBbBI OIITUMAJIBHOT'O TPOEKTUPOBAHUS TUC

5.1. 3asucumocmu nozpewinocmu 8vIxXx00H020 napamempa om Qu3uYeCcKux

uzceomempuueCKux napanempoe 3,1€mernmoe

Panee Obulo oTmMeueHo, yTo aucnepcuio BbixogHoro mnapamerpa ['MC moxkHO
IPEICTaBUTh KaAK CyMMY JIUCIIEPCUN BBIXOJHOTO IapaMeTpa OT KOMIUIEKCOB 3JI€MEH-
TOB, U3TOTOBIIIEMBIX HA B3aMMHO HE3aBUCHMBIX OINEpalusax (KOMIUIEKCHI PE3UCTO-
POB, KOHJICHCATOPOB U T.[.), U B CHIIy 3TOT'0 JIOIIyCKAaeTCsA UX pa3/ebHbIN aHAIU3.

CrnenyeT OTMETHUTb, YTO aOCOJIOTHBIE OTKJIOHEHHUS T€OMETPHUYECKHX U (pusmue-
CKUX IapaMeTPOB 3JIEMEHTOB OyJIyT OJJUHAKOBBIMU B IPEJEIax KaXKI0ro KOMILIEKCa.
CrnenoBaTenbHO, 3a MOTPEIIHOCTh BBIXOJHOIO MapaMeTpa OT KaXKJI0ro KOMILIEKCa
MOYHO TPUHATH CPEAHEKBAAPATUYHOE OTKJIOHEHME BhIXxogHOro napamerpa ['MC ot

IMOTPCIIHOCTHU KOMIITICKCOB I'COMCTPUYICCKUX U (1)I/IBI/ILIGCKI/IX [MapaMCTpOB 3JICMCHTOB.

Otcrona:
_2 2 —2 | —2
O or = G(Po +O_¢b +G(01 ; (5.1)
—2 —2
O oc G(”cya + G(/’S ; (5.2)

J171s KOMILJIEKCa pe3UCTOPOB Mpu N=2 mepBas cocTapistomias (5.1) 3amuirercs B

BUJIC:
—2 2 (= — —
Ggopo - Apol( polep + Gp 117) + A ( p 2¢p + O-p 217) + 2A Ap ZGpolchpOZCp (5.3)
. — =2 _ =2 _ =2 _ =2
C Y4€TOM TOr'o, 4TO Gpolﬂ —Yp21 — Yp,1 U O-p lep = Y py2ep Gpocp
cooTHoIeHue (5.3) nepenuiercs:
— 2 2 2
Ggopo H(A +A 2)+0p cp(Apol +Ap<>2) ; (54)
OTCIOJIa TIPH JTFOOOM “N’’:
n
—2 2
%, Gp IYZ A O pocp (Z Apoi) ; (5.5)

i=1
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AHaJIOTUYHO BTOpas U TPeThsl cocTamistomue (5.1) mpu moboM “N” 3anmuiryTcs B

BU/IC:
2 n A
—2 i 2 bi \2
O-(pb | + Gbcp (le b ) : (56)
—2 _ 2 li 2 1i\2
qu] - O-IHZ 1—2 + Gbcp (Z l ) : (57)
i=l1 ¢ i=1 i

Takum o6pazom, nucnepcus BeixogHoro napamerpa I'MC ot Bcex “N” aieMeHTOB
J°° KOMILIEKCa, T.€. IUIA |~ TEXHOJIOTHIECKOro (hakTopa, MOKET OBITh IIPEICTaBIEHA

BBIPpAKCHHUCM:

52~ - GJHZ A2 O jep (z Aﬂ) (5.8)

AHanu3 BbIpakeHHs (5.8) MOKa3bIBa€T, YTO BTOPasi COCTABILIIONIASl MOTPEIIHOCTH

O, B crily OOJIBLIETO 3HAYEHHs BECOBOrO Kod((duureHTa naér OONbIINN BKIad B

CYMMAapHYIO MOIPENIHOCTH BBIXOAHOTO MapaMeTpa. Tak, ecid BCE dJEMEHTHI |~ KOM-
IJIEKCA UMEIOT OJIMHAKOBYIO HAIIPABJIEHHOCTD, TO C YBEIUYEHUEM YHCIIA DJIEMEHTOB B
KOMILJIEKCE AUCIIEPCHS BBIXOJHOTO MapaMerpa yBennuuBaerca. OIHAKO HAIMYHUE XO-
Ts1 ObI ostHOTO AemMeHTa [ MIC ¢ mpoTHBOIOI0KHOM HANIPaBICHHOCTHIO KOAh hHIreH-
Ta BIUSHUS MPUBOJUT K YMEHBIIICHUIO BTOPOTO WieHa B BhIpakeHUH (5.8), a 3HAYUT
Y YMEHBIICHUIO HUCIIEPCHH BBIXOJHOTO MAapaMeTpa C YBEIIMUCHUEM YHUCIa 3JIEMEH-
TOB.

B pesynbrare oka3bIBaeTCs BOBMOXKHBIM HCIOIB30BaTh ATOT (PAKT MpPU MPOEKTH-
poBanun ['MIC ¢ uenpr0 MUHUMH3AMK AUCIIEPCUU BBIXOJHOTO napamerpa. Ha stane

CXEMHOT'O IPOCKTUPOBAHUA OTHOCHTCIILHBIC 3HAYCHHUA CPCAHCKBAAPATHYCCKHUX OT-

KioHeHnit O ;;; u O, CUMTAIOT OJUHAKOBBIMU JUIS BCEX Nj DIEMEHTOB |~ KOM-

iekca. Hampumep, 3T0 UMeeT MecTo, €ciii B Ka4eCTBE ONPEAEIIAIONIEro napaMerpa
paccMaTpuBaTh YAEIbHOE MOBEPXHOCTHOE COINPOTUBIIEHUE KOMIUIEKCA PE3UCTOPOB
WIN YIENbHYIO EMKOCTh KOMIUIEKCA KOHJIEHCATOpoB. Torga ¢ y4éToM TOro, 4ro B
CXeMe MMeeTCsl XOTSl Obl OIMH BJIEMEHT C OOpaTHOW HaNpaBJIEHHOCTbIO KO3 UIIM-

€HTa BIUSHUS Cpeau N 3JIEMEHTOB, BhIpakeHHE (5.8) mprodpeTaeT BHUI:
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52 = G,HZ 45 +3,, (Z A =4,)". (5.9)

I/ICHOHLSy}I B Ka4CCTBC HepeMeHHOﬁ OTHOIICHHC KOC—)(I)(i)I/IHI/IGHTOB BIIUSHUSA

ik _ o
’ =Z , uccnenoBanue (5.9) Ha SKCTpeMyM AT ONTUMAIbHOE 3HAUCHHE

n—1
24
i=1

9TOro0 OTHOHICHM:, IIPU KOTOPOM G(p ] 6YI[CT OIITUMAJIBHBIM, 4 HUMCHHO:

n—l1 1

—2 —2
T = Tin| 2 A+ (A
J

i=1 1_|_( )2 ; (5.10)

Gj wp

1
e Loy = = . (5.11)
1+ ( f”/ )?
O-jcp

CnenoBaTenbHO, UMESl CTATHCTHYECKHE JaHHble 10 O ;7 U O o, 1pU CTaOWMIIb-

HOM TEXHOJIOTHYECKOM TIpoliecce, pa3paboTYMKU CXeM MOTYT M3MEHSTh Koddduiiu-
eHT Z TakuM 00pa3oM, 4TOOBI MOTPEIIHOCTh BBIXOJHOTO TapaMmeTpa Oblla MUHH-
MaJIbHOM.

[Ipu TOMONOTrMYECKOM MPOEKTUPOBAHUHM YUUTHIBAIOTCA (DAKTOPBI, IPU KOTOPBIX

abcomroTHele OTKIIOHEHUS O ;7 U O o, OyIoyT ONMHAKOBBIMH, 4 HX OTHOCUTEIIBHBIC

S3HAYCHUA -pa3JIMIHbIMU. HaHpHMep, a0COJIFOTHBIC 3HAYCHUS HOFpGHIHOCTeﬁ JJITMHBI 1

IIUPUHBI PE3UCTOPOB OYAYT OJMHAKOBBIMU. ECiii 0003HaYUTh T€OMETPUUECKUN pas-

Mep K" seMeHTa j° KoMIIeKca yepe3 X j; , TO IPH HAJTHYHM XOTs OBl OJHOTO dJle-

MEHTa ¢ 0OpaTHBIM KO3(PPUIIMEHTOM BIIUSHUS, ONTUMAIBHOE 3HAYCHHUE dTOTO Tapa-

MeTpa OyJieT:

J =4 ; (5.12)
> A



rac Xjk - HOMHHAJIIbBHOC 3HAYCHHUC I'COMETPHUYCCKOIO pasmMepa | -ro 3JjIeMeHTa

B | - M KOMIUICKCE.
[Ipu 3TOM ypaBHEHHUE MOTPEITHOCTEH MPUMET BUI:

2

n A2 n_l A.. A.
—2 2 Ji 2 Ji JK
O =0 E + 0 E — _
& " =1 ‘K?i e ‘Kji ‘Kjk (513)

i=1

CrnenoBartenibHO, UCIIOJIB3YS cooTHOMIEHUd (5.12) u (5.13) u, u3MeHsst reoMeT-

pHYECKHE pasMepsl X jk » MOJKHO YMEHBIIMTB pa30poc BeixojaHoro napamerpa I'MC,

YUUTBIBasl NPU 3TOM OTPAaHUYEHHUs HAa F€OMETPUYECKHE pa3MEpbl KaKk CHHU3Y, TaK U
CBEpXY, 3aJJaHHOM OTPAHUYECHHOU IUTOIIABIO.

Takxum 00pa3zom, ¢ IOMOILBIO PACCMOTPEHHON METOJIMKH MOXHO PEIINTh 3a/1a-
4y MOCJIEI0BATENbHON ONTUMH3ALUN CXEMOTEXHHUUECKUX M TOMOJOTUYECKUX pelle-
HUIl 10 MUHUMYMY pa30poca BBIXOJHOIO MapaMeTpa, B YaCTHOCTH, ONITUMHU3UPOBATH
3HAYEHHU YJIEIBbHOTO CONPOTUBIICHHUS, YAEIbHON EMKOCTH, pacIpeaesIeHuE TUIOMAIN
MEXIy TpyNrnamMu 3JIEMEHTOB, T'€OMETPUYECKUE pa3Mepbl AJIeMEHTOB. OmnTUMaib-
HOCTb TOITOJIOTMH IIPY 3TOM JOCTHIaeTCs Pacu€ToOM I'e€OMETPUYECKUX Pa3MEPOB dJie-
MEHTOB, C OJIHOBPEMEHHBIM YOBJIETBOPEHUEM BCEM TPEOOBAHUSAM B CXEMOTEXHUYE-

CKOM, TE€XHOJIOTHUYECKOM U KOHCTPYKTUBHOM acCIeKTaxX.
5.2.  Hcxoouvle oanHble 0111 RPOCKMUPOBAHUSA MONOJIOUU

1. CxemoTexHH4YeCcKHe JaHHbIE U TPeOOBAHMSA

CXeMOTEXHUYECKUE JAHHBIC ABJISIOTCA TJIABHBIMM IpU NpoektupoBanuu ['MC,
TaK KaK OHU ONPEACNISIIOT CBSI3M M TapaMeTphbl DJIEMEHTOB, UX (YHKIIMOHAIBHOE
HAa3HAYCHUE U YCIIOBHS IKCIUTyaTalllH.
K HuM otHOCATCS:
1) CXeMa dJICKTpUYECKas MPUHIUITHATIbHAS,
2) MepEeUYCHb DJIEMEHTOB CXEMbI, UX MapaMeTphl U XapaKTEPUCTUKU (HOMHU-
HaJIbHbIE 3HAYCHUS, FJICKTPUUECKUE U TEIJIOBBIE PEXKUMBI, CTAOMIBHOCTh BO BPEMEHU

U T.J.);
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3) YCIIOBUS SKCIUTyaTalllu;

4) pabouunii Auana3oH 4acToT.

2. TexHoJIorHUEeCKHE AAaHHbIC H OTPAHUYCHUA

TexHOoIOrn4eckre JaHHbIE U OTPAHUYEHUS XapAKTEPU3YIOT BO3MOXKHOCTb U3r0-
toBiaeHuss ' UC ¢ 3apanHbiMu nmapamerpamMu. OCHOBHBIMH TEXHOJOTMYECKUMH JaH-
HBIMU SIBJIAFOTCS MTapaMeTpbl CTPYKTYPHBIX 31eMeHTOB [ IC: nmoanoxkek, mI€HOYHbIX
DJIEMEHTOB, IPOBOJHMKOB, KOHTAKTHBIX IUIOMIAJ0K, MEXCIOWHOW M30JSLUU MU 3a-
IIUTHOTO CJIOSA, a TaK e TPEOOBAHMS MO TOYHOCTH M3TOTOBJICHUS IUIEHOYHBIX 3Jie-
MEHTOB. XapaKTEPUCTUKHA OCHOBHBIX MAaTE€pPHUAJIOB IOJJIOKEK, IJIEHOYHBIX MPOBOJI-
HUKOB, KOHTAKTHBIX IJIOMIA/I0K U 3alIUTHBIX CIOEB MPUBEACHHI B Ta0Hmax 5.1-5.3.

TexXHOIOrnYecKkne OrpaHuyeHus], KaKk IMPaBUIIO, 3aUMCTBYIOTCS U3 KOHKPETHOTO
TEXHOJOIMUECKOI0 Ipolecca U 00YCIOBIEHbl COBPEMEHHBIM YPOBHEM ILIEHOUYHOM
T€XHOJOTMHA. K HUM OTHOCHUTCS TOYHOCTH M3TOTOBJIEHUS KOHTypa IUIEHOYHBIX dJIE-
MEHTOB, TOYHOCTh BOCIIPOU3BEJCHUS (PU3NUECKUX CBOWCTB IJIEHOK B MPOLIECCE U3TO-
TOBJICHHS.

[Ipn ncnonb3oBaHWM OMMETAIIMYECKUX MACOK A (OPMHPOBAHUSA PHUCYHKA,
omrbka o KOHTYpy A=+10MkM; ommOka B JmHEHHBIX pa3zmepax Al=Ab=+10mkwm;
omrrOKa COBMEIICHUS MaCOK € TOIOKKON Ac=1(1+3)MKMm.

OCHOBHBIE TEXHOJIOTHYECKUE TPEOOBAHUS:

1. [TocnenoBarenbHOE HAHECEHUE CIIOEB IIJIEHOYHOM CTPYKTYPBI,

2. Opurunan Tonosioru ['MC nokeH BBIIOTHATCSA B MPSAMOYTOJIBHOU CH-

crteMe koopauHat B MacimTade 10:1 wmm 20:1;

3. [Ipu pa3paboTke TOMOJOTMYECKUX YEPTEKEW IOJIKHBI MpeaycMaTpu-
Bathcs mojst. [Ipu macounom merone He meHee 0,5 M, npu GOTOIUTOrpa-
¢bun He menee 1mwm;

4. JIns COBMEILEHHSI DJIEMEHTOB, pACIOJOKEHHBIX B pPa3HBIX CJOSX,
npeaycMaTpuBalOT nepekpoiTue He MmeHee 200MKM TP MaCOYHOM METOJIE U

100mkM mipu poTonuTOTpaduu;
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S. JIns u3MepeHuss HOMUHAJIOB 3JIEMEHTOB MPEIyCMaTPUBAIOTCS KOHTAKT-
HbIE TUIOMAJIKU pa3mepoM He meHee 200x200MkM;

6. KOMIIOHEHTBI yCTaHaBIMBAIOT HA paccTossHUM He MeHee 0,5 MM oT
IJIEHOYHBIX 3JIEMEHTOB U HE MeHee 600MKM OT KOHTAKTHOM IUIOIIAJKH; MU-
HUMAJIBHOE PACCTOSIHUE MEXAY KOMIIOHEHTaMH cocTaBisieT 300MKM;

7. JUTMHA TPOBOJIOYHBIX BBIBOJOB KOMIOHEHTOB 600MKM-3MM; HE peko-
MEHJyeTCsl IeNiaTh eperud BbIBO/IA Yepe3 HABECHOM KOMITOHEHT;

8. MuHMManpHOE PACCTOSIHUE MEXKIY IUIEHOYHBIMU 3iieMeHTaMu 300MKm
npu MacouHoMm metoze u 100mkm nipu poTomuTorpaduu;

Q. MuHMMaNbHO JOMYCTUMAS IIUPUHA IJIEHOYHBIX PE3UCTOPOB U MPOBO-
HUKOB cocTaBisieT 200MKM npu MacoyHOM MeToze U SOMKM mpu POTOIUTO-
rpaduu;

10. VY TOHKOIJIEHOUHBIX KOHACHCATOPOB HUXKHSISA OOKJIAKa JTOKHA BBICTY-
naTh 32 KOHTYP BepxHel oOKiIaaku He MeHee yeM Ha 200MKM, a JUAIEKTPUK
JIOJDKEH BBICTYIIATh 32 KOHTYP HMKHEH 00Kaaku He MeHee yeM Ha 100MKM;

11. MuHUMaNnbHO JOMYCTUMBIE pa3MEPbl KOHTAKTHBIX IUIOMIAIOK ISl TIPH-
Bapku THOKUX BBIBOJOB 200x150MmkMm, niisa npumnaiiku 400x400MkM;

12, MuHMMaIBHO JOIMYCTUMBIE Pa3MEPbl KOHTAKTHBIX IUIOIIAAOK JJIsl MOH-
Ta)ka KOMIIOHEHTOB C apuKoBbIMU BeiBOAaMH 0,1x0,2mm;

13. He pexomeHayeTcss NMpOEKTUPOBAThH IJICHOYHBIE PE3UCTOPBHI C YUCIIOM
kBazpatoB MeHee 0,1 u xkoHmeHcaropsl ¢ minomaaimMu Menee 0,5x0,5MMm u

CyMMapHOH IIJI0Ia Ibio OoJiee 2cM?2.

Ta6nuna 5.1 Xapakrepuctuku marepuanoB noayioxek ['MC

XapakTepucTu- Marepuain
Ka

|

Crexno Kepamuka

T-0S1D
IreLn))
TIaeeas

UITHHOI G Il

~

IR
T-INII
% ITAWHITO] |
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A A >§ = E‘? Bpoxke-
2| 2 CA| glgs| pm
ol 2| EIFE | e
RS S g BeO)
Knacc uucToTn! 14 14 13- 14 12 12- 14 Bricora | 12- 12-
00paboTKH 110- 14 14 MHUKPO- 14 14
BEPXHOCTH HEPOB-
HOCTEH
0,45MkM
Temneparyp- | 41+2 | 4842 | 50+2 | 55 | 60+ | 70- | 73- 70 62 | 200
HBIH K03 Punu- 5 75 78
S€HT JTUHEHHOTO
pacimpeHus
TKJIP(x10")
pu
T=20--300°C,
rpaz['1
Koad-T1 termo- 1 15 15 7- 10 | 30- | 1,2- 210 40 45
MMPOBOJTHOCTH, 15 45 1,7
Bt1/(M-°C)
Jusnexrpude- 75 | 3,2- 5- 38 (10,3 ]| 10,5 | 13- 6,4-9,5 6-7 3,5
CKasl IpOHUIIae- 8 8,5 16
MOCTb IIPH
f=10°Tu u
T=20°C
Tanrenc yria 20 15 20 -- 6 10 18 16 6 30
JUAJICKTPHYC-
CKHUX TOTEPh
(x10%) mpu
f:106FuI/I
T=20°C
O6béMHOe co- | 10*" | 10" | - [10™ | - | - - 10 | 10 | 10
MIPOTUBJICHHE
npu T=25°C,
Om-cMm
Onexrpuueckas | 40 40 -- -- 50 -- 50 20 -- 15
MPOYHOCTH,
kB/MmMm

* ucnonbzyercs B rubpunnbix BUC u MCb.

3. KoHCcTpyKTHBHbBIE JaHHbIE M TPeOOBAHUA

K HMM OTHOCSTCS pazMep IJIAThI, YACIO U PACTIOJIOAKEHNE BBIBOJOB, pa3MEpPhI

¥ CIIocO0 MOHTa)ka KOMIIOHEHTOB, criocob MoHTaxa ['MIC B kopmyce.
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Ta6J'II/ILIa 5.2. XapaKTepI/ICTI/IKI/I MHOTOKOMIIOHEHTHBIX CHCTEM TOHKOIUIEHOYHBIX
IMMPOBOJHHUKOB M KOHTAKTHBIX IIJIOIIAJOK

Marepuan nojacnost v nokpsl- | Tommmua cino- | YaensHoe 1o- | PekomeHayembli crio-
THS &B, MKM BEPXHOCTHOE | cOO KOHTAKTUPOBAHUS
CONPOTHBIICHUE | BHEIIHUX BHIBOJIOB
ps, Om/[]
[Toacnoi — auxpom X20HS80 0,01-0,03 0,03-0,05 [Taiika MUKpoONasIb-
Cunoii — 301oto 3:1999,9 0,6-0,8 HUKOM WJIH CBapKa
UMITYJIbCHBIM KOCBEH-
HBIM HarpeBoOM
[Toacnoi — auxpom X20HS80 0,01-0,03 CBapka UMITYJIbCHBIM
Crnoit — menp MB (Bakyym- 0,6-0,8 0,02-0,04 KOCBEHHBIM HarpeBOM
TIJIaBJICHAs )
[TokpeiTHE - HUKENID 0,08-0,12
[Toacnoi — auxpom X20HS80 0,01-0,03 [Taiika MUKpoOTasIb-
Cnoii — mens MB (BakyyMm- 0,6-0,8 0,02-0,04 HUKOM HJIM CBapKa
IJIaBJICHAS ) UMITYJIbCHBIM KOCBCH-
IToxpeiTHe —3070TO 3:71999,9 0,05-0,06 HBIM HAarpPEBOM
[Toacnoit — auxpom X20H80 0,01-0,03 CBapka CIBOCHHBIM
Croii — aimromuunii A97 0,3-0,5 0,06-0,1 AIEKTPOJIOM
[Toxcnoit — mauxpom X20HS0 0,04-0,05 CBapka UMITYJIbCHBIM
Cioil — aimromuHN A97 0,25-0,35 KOCBEHHBIM HarpeBOM
ITokpbITHE - HUKEITH 0,05 0,1-0,2

Tabnuna 5.3 XapakTepuCcTUKU MaTEPUAIOB, IPUMEHIEMBIX JIJIS 3aIIUTHI 2JIEMEHTOB

Marepuan audnekTpu- | YaensHas | TaHresnc VY nensHoe Onek- Temnepa-

Ka €MKOCTh | yria - | 00bEMHOE TpUye- TYPHBIH KO-
Co, AJEKTPUYE- | COTPOTHUB- cKas 3h-T EMKoO-
nd/mM? | ckux  mo- | nenue poy- CTH

TEph Ha | pvx1074 HOCTb TKCx10*
f=1xI, 196 | Om-cMm Enpx10™ | mpu T=-
°,B/eM | 60+85°C,
rpa;l'l

MOHOOKHUCH KpEMHUS 17 0,03 1 30 5

XaJapKOreHUIHOE 50 0,01 1 4 5

crexsio MKC-24

Heratusnbiii  ¢otope- | 12 0,01 1 1 5

sucrop ®H-108

®oropesucrop ®PH-11 | 50-80 -- 3 6 --

Jlak nonumepHsiit | 80-100 -- 2 5 --

AIEKTPOU3OJISIITUOHHBIN

Oxuch KpeMHus 100 -- 10 6 --

ITacra I1/1-3 160 0,002 - 5 3

[Tacra I1/1-4 220 0,003 - 5 3

Pa3mep mimaTel BIOMPAIOT B COOTBETCTBUM C Tabmuiei 5.4. [Ipu sTom miatel ¢
tunopazmepamu N 3-10 uCnosnb3yloT B CTaHAAPTHBIX KOPIycaxX, OCTajbHbIE B Oec-
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koprycHbix ' MC u MmukpocOopkax.

Tabnuna 5.4. Tunopasmeps! miat

No u- | dnu- No u- | Jmm- Ne u- | Jm- No u- | Jdnmm

TUTIO | pUHA | HA | TUMNO | pyHA | Ha | THNO | pUHa | Ha TUTIO- | pUHA | HaA
o- o- 1o- pas-
pas- pas- pas- Mepa
Mepa Mepa Mepa
1 96 120 6 20 24 11 5 6 16 8 10

2 60 96 7 16 20 12 2.5 4 17 24 60
3 48 60 8 12 16 13 16 60 18 20 45
4 30 48 9 10 16 14 32 60 19 20 45
5 24 30 10 10 12 15 8 15

[Ipumeuanue. Pa3mepsl ykazaHbl B MUJUIAMETPAX.

B onnoii 'IC cnemyeT npuMEHATh KOMIIOHEHTBI C OJIMHAKOBBIM THIIOM BBIBO-
JIOB, a B ClTydae TMOKUX BBIBOJIOB - OJJMHAKOBOTO JJUAMETpa U MaTepuaa.

KOMIOHEHTHI pEeKOMEHIYETCSl pacroiaraTh psaaMu, MapajjlebHBIMU CTOPOHA-
MU IUIaThl ¥ OJIMHAKOBO OPUEHTUPOBAHHBIMU.

He nmomyckaeTcsi MOHTaXX KOMIOHEHTOB Ha IJIEHOYHBIE KOHIAEHCATOPHI U TMepe-
CEUYEHUS MPOBOJHUKOB.

[lepudepuitipie KOHTAKTHBIEC TIOMIAJAKKA PACHOJIAralOT MO YETHIPEM WM JIBYM
MPOTUBOIOJIOKHBIM CTOpOHAM IIaThl. [Ipy 3TOM 1mar pacnoyio’KeHHs COOTBETCTBYET
psany 0,625; 1,25; 2,5Mm 111 6€CKOPITYCHOM 3aIllMThl UM COOTBETCTBYET PaCIOJIO-
YKEHUIO BBIBOJIOB KOpITyCa.

Kaxnas ['TMMC nomxkHa UMETh K04 — YBEJIMYEHHYH) KOHTAKTHYIO TUIOMIAAKY
WJIU CTICIMAIBHBIN 3HAK, PACIOJIOKEHHBIM B HUXKHEM JIEBOM YTJIy Ha OOJbIIeH CTO-
POHE ILIATHI.

[Tpu pazpadotke Tomosoruu ['MC snemMeHTH U KOMIIOHEHTHI pa3MeNialoTcs B
COOTBETCTBHUM CO CXEMOW COCIMHEHUMN, HAUMHAs C TPYIIIbI 3JIEMEHTOB, PACIIOIO0KEH-
HBIX B OJTHOM W3 YIJIOB IuiaThl. [Ipy 3TOM IpaHu 37€MEHTOB U KOMIIOHEHTOB PacIio-
JIararoT BIOJIb OCEH KOOPAMHATHON CeTKH. PazpaboTka TOMOJIOTHY 3aBEpIIAETCS MPO-
EKTUPOBAaHUEM KOH(MUTYpAIIUU 3aIIUTHOTO CJIOS U BHIOOPOM JIJisi HETO MaTepuala B
COOTBETCTBHH C TaOiuIeH 5.3.

[To pa3pabotanHoil Tomojoruu cocrapisitor Mopdonoruro I'MC, T.e. pa3pabda-
THIBAIOT KOH(PUTYPALIMIO KaXJA0TO CJI0sI TOTIOJIOTUYECKON CTPYKTYpbl, (GOPMUpPOBaHHE

KOTOPOI0 OCYHICCTBIICTCA U3 OJHOI'O MaTCpualia 3a OJJUH TEXHOJIOTHYECKUM UK.
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Hanee popmupyrorcst TpeboBaHUSI K TEXHOJOTUU COOPKM M MOHTa)Ka KOMIIO-
HEHTOB U IJIAaT B KOPIIyCe, a TaKKe TPeOOBaHM K 3alUTE U K OOECIIEUEHHUIO TeMIIe-
paTypHOro peXUMa.

3asepmaromum dtanom npoekrupoanus [ UC sBnsieTcs pa3paboTka KOMIUIEKTa
KOHCTPYKTOPCKOM JOKYMEHTAllMU. B OCHOBHOW KOMIUIEKT BXOJSAT: CX€Ma JJIEKTPU-
YyecKasl MPUHIHUIUATIbHAA C IIEPEYHEM AJIEMEHTOB; TOMOJOTHYECKUN YEPTEK IIIATHI;
TOIMOJIOTUYECKUE YEPTEKU OTIACIBHBIX CIOEB C TAONUIIEW KOOpPJIWHAT BEPIIUH dJie-
MEHTOB; COOPOYHBIN YepTEXK CO crennpUKale, a TAKKe BEJOMOCTb MOKYITHBIX W3-
nenwii. B cimydae, kormga BMecTe ¢ pa3paboTkoil Tomosoruu U KoHcTpykimu ['MC
IIPOU3BOAMTCS pa3pabdoTKa KopIlyca, B OCHOBHOW KOMIUIEKT JOKYMEHTALUH BXOJAT
YepTeKH 00ILEro B, a TAKXKE YEPTEkKU Y3JI0B U JIeTaJIel Kopiryca.

Ha pucynkax 5.1-5.6 mokaszanbsl npuMepbl OpOPMIIEHUSI OCHOBHBIX UYEpTEXEu

KOHCTPYKTOPCKOM TOKyMeHTauuu Ha ToOHKoruiéHouHbie [ IC.

—7;
Lff . i Y 1700::3: I'OCT, TY Haumenosanue . Hpb;zzjua
*n 0603Ha- S
o : ; o1 yenue
o3 1 4 R | Pesp62x0m=20% | 1 | P=6.2uBm
O__EJ"’J«[ r}_{:’_—"’f R, | Pes-p6200m#0% | 1 | P=10uBm
¥ Ry "';2 Rs | - Pe3-p3xOm=20% 1 P=3uBm
5 3 R | - Pe3-p840m+5% 1 | P=15uBm
;72 " CAR s Rs | - Pe3z-p1000m+5% 1 P=16mBm
7 " " ReRy | — Pes-p6800m#10% | 2 | P=I2uBm
RgRg | - Pe3-p750m220% 2 | P=1,5uBm
T 11{/3.365.002.TY Tpan-p 2T3184 1
T, Ts 1[13.365.003.TY Tpan-p 2T318B 2

Pucynok 5.1. Cxema coeiHEHHsI 3JI€MEHTOB (MpeoOpa3oBaHHas AIIEKTpUUYECKast CXeMa)

9*

Ycnos- Haumeno- Marepuan cios Dnek- Merton
o | Hoe 00o- | BaHHe ci0s Tpuye- HAHECEHUS
o | snayenue CKasl xa- cnost
5 crost paKTepu-
. CTHKa
Ps,, Om/[]

70




Hawnwme- T'OCT, OCT,

HOBaHHE, TY
Mapka
1 Pesuctoper | PC-3710 | TOCT17021-71 3000 Baxyym-
IE HOC€ HaIlbI-
JICHHUEC 4YEC-
pe3 Macky
Ta roCcTt2.701-68 100
Ta IroCT2.701-68 10
2 Konrakr- Huxpom T'OCT2825-68 0,1 To xe
I:l HBIC ITJIO-
IIaaKu
AL-99 IrOCT2519-68
Huxkens IroCT2425-68
3 Sammuraeii | ©H-103 0.028007TY --- doronn-
ENEEN cioit Torpadus
Pucynok 5.2 Tononoruueckuii yeptéx rudpuanoin UMC
/4,4*
ITozummon- | NexoH- | IIpoBepouHsblit
= C K\fbw HOe 000- TaKTOB HOMUHAI U
%
21 g 3HAYCHUE JIOITYCK
% il Ri 57 | 62xOm$20%
J' ! 16 /81 0
& e R 5-6 6200Mm=10%
) 4 5 7 _n@ Rs3 4-7 3kOm£+20%
N By Q| R4 2-3 840M£5%
?%/ , g Rs 3-4 1000M+5%
@/ - =: \é Re, 12-14 | 6800m+10%
7 4 R 9-16 6800M+10%
7 M+10%
é — ¥
N i J Rs, 10-17 750M120%
Ro 13-14 750M%20%

Pucynok 5.3 COopounslii ueptéx rudbpunnoit UMC

Tononornyeckuii 4epTex (PUCYHOK 5.2) SBIAETCS OPUTHMHAIOM TOMOJIOTHH U
COMPOBOXKAAETCS TaOJIMLIeH, colepkaiied WHGOPMAIMI0 O TOCIeI0BaTEIbHOCTU
HAHECEHMsI CIOEB, UX YCIOBHOM O0OO3HAUYEHUHU U OCHOBHBIX 3JIEKTPO(YU3NUECKUX Ia-
paMeTpax KaxKJIoro Ciosl.

Tornonornyeckuil 4epTé€x — JOKYMEHT, ONPEAEIISIIOIINN OPUESHTALMIO U B3aUM-
HOE PACHOJIOKEHUE BCEX JJIEMEHTOB HA MOJUIOKKEe. Ha 3TOM ueprexxe mpuBOasATCA

YCIIOBHBIC ITO3UIIMOHHBIC 0003HaYEHHS DJIEMEHTOB B COOTBETCTBHH CO CXEMOM DJIEK-
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TPUUYECKON MPUHIUITHAIBHOM, a TAK)KE€ HOMEpa KOHTAKTHBIX IIommaaok. HyMmepanus
nepudepUitHBIX KOHTAKTHBIX TJIOMIA0K HAYMHAETCS C JIEBOTO HIDKHETO YTJia IPOTHB
yacoBou cTpenku. [Ipu 3TOM Hymepanus A0JDKHA COOTBETCTBOBATH HyMEpallMy aHa-
JIOTUYHBIX BHENTHUX BBIBOJOB HA CXEME JJICKTPUYECKOW M COOpPOYHOTO UepTexa.
OcranbHble KOHTAKTHBIE TJIOMIAJAKA HYMEPYIOTCSI OPSIKOBBIMU OYEPEIHBIMU HOME-
paMM B HaIlpaBJICHHMHU CBEPXYy BHU3 U cjieBa HampaBo. JJisi y100CTBa BhIUCPUMBAHUS
UCIoab3yeTcst koopauHaTHas cetka ¢ marom 0,01; 0,05; 0,1 unu 0,2mMm. Tlpu 3TOM
BEPIIMHBI 3JIEMEHTOB JIOJKHBI pacnoyiaraThCs B y3/1ax ceTku. KpoMe OCHOBHOTO BH-

Ja IIPUBOAATCA TCXHUYCCKHUC Tpe60BaHI/I$I u Ta6J'II/II_U>I C JaHHBIMHU I10 CJIOAM.

O6o3Ha- | Koopmmuater | O6o3Ha- Koopnunats
g1 YEeHHUE YEeHHUE
3JIEMEHTa 3JIEMEHTa
10
X y X y
g
A 0,6 2,2 r 6.0 0.8
§ 0,6 4,3 6.0 2.7
0,9 4,3 6.2 2.7
7T 09 | 22 6.2 0.9
& b 15 11 b 7.0 0.8
15 4.3 7.0 2.5
5 1.8 4.3 7.2 2.5
4 1.8 14 7.2 0.8
2.6 14 E 0.7 5.2
3 2.6 5.0 0.7 6.0
4.0 5.0 1.1 6.0
2 4.0 1.9 1.1 5.2
/ g; i-;’ K 07 | 61
: : 0.7 7.0
7 29 | 47 11 | 70
&z 29 | 11 11 6.1
B 45 1.9
45 2.6 3 51 6.2
5.0 2.6 51 6.4
5.0 1.9 7.1 6.4
7.1 6.2
u 51 8.0
51 8.2
7.1 8.2
7.1 8.0

Pucynok 5.4 Tononoruueckuii 4epTéx pe3suCTUBHOTO CIIOS
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iﬁp \

_, !
'
’ 1 I R —, .| LI A
0 7 d % 57§z
O60- KoopaunaTe! O60- Koopaunatst Ob60- KoopauHaTs!
3Ha4Ye- 3HA4Ye- 3Ha-
HHC HHEC YCHHUC
aJ1e- DJICMCH- JJ1e-
MECHTAa Ta MCHTAa
X y X y X N X y X y X y
A 0.5 05 | 3.8 2 E 0.5 5 4.2 2.5 " 05581 12| 6.3
0.5 15 | 5.2 2 0.5 5.3 4.2 2.9 0563|1258
1 1.5 5.2 15 5 5.3 4.8 29 K 3816315267
1 0.8 4 15 5 29 4.8 51 38 | 6615567
3.8 0.8 4 0.5 5.2 29 1.2 51 '2 ' ' '
5.2 2.5 1.2 5 5. 66 | 55 | 6.3
b 56 [ 05 | 75 [ 0.9 JI 0568|1276
56 | 09 | 75 | 05 K 05 4.1 1 45 0572|1476
B 05 | 1.7 | 1 | 24 05 | 48 | 22 | 45 12172114168
05 | 24| 1 |17 1|48 |22 141 M |05]|75] 1 |78
3 3.8 5.6 7.5 4.8 051178 |1 7.5
r 6.6 2.4 7.5 3 3.8 6 7 4.8 H 7 75|75 | 83
6.6 3 7.5 2.4 5.4 6 7 51 7 83 |75 |75
pi| 5.6 2.6 7 4.3 54 5.3 5.2 5.1 O 52 |77 |56 | 8.2
5.6 3 75 | 4.3 7 5.3 5.2 5.7 52 (82 |56 |77
62| 3 | 75| 32 7 54 | 4 | 57 I 18[81]75]88
62 | 35 | 65 | 3.2 75 |54 |4 5.6 181851681 88
7 351 65 | 26 2 851 6.8 92
2 95| 25| 9.2
75195 1| 25| 8.1
Pucynok 5.5 Tononornueckuii 4epTéx ca0s MPOBOJHIUKOB M KOHTAKTHBIX TUIOMIAIOK
O6o3na- | Koopmuuater | O6o3na- | KoopaunaTst
4 YeHHe yeHue
]ﬂ 3JICMCHTA 3JICMCHTA
g )) X N X vy
A 0.5 0.5 r 0.5 4
8 |/ 05 | 23 05 | 54
; ) 12 | 23 12 | 54
1.2 0.5 1.2 4
6 |1 b 6.5 0.5 i 05 | 57
: 6.5 1 0.5 6.3
5 % 75 | 1 12 | 63
4 ¥ 7.5 0.5 1.2 5.7
5 %
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B 6.7 2.3 X 3.5 5.5
6.7 9.5 3.5 7.2
7.5 9.5 4 7.2
7.5 2.3 4 5.7
E 0.5 6.7 3 4.8 7.6
0.5 7.8 4.8 8.1
1.8 7.8 5.4 8.1
1.8 8.3 5.4 7.6
2.2 8.3
2.2 7.8
2 7.8
2 6.7

Pucynox 5.6 Tonomorndeckuit 4epTéx 3alIUTHOTO CJIOS

TexHrUecKue AaHHBIE COAEpPKAT yKa3aHUs O pa3Mepax sl CIpaBoOK, TpeOoBa-
HUS K TOYHOCTH M3TOTOBJIEHUS TUIEHOYHBIX AJIEMEHTOB, CCBUIKY Ha TaOIMIly IS
IPOBEPKHU BEJIMUYMHBI 3JIEMEHTOB, a TAK)KE KJIaCC TOYHOCTH MPUOOPOB U T.JI.

KonuuectBo rpad B Tabiuile ¢ JaHHBIMU 1O CJIOSM HE PETJIaMEHTUPYIOTCS, HO,
KaK IPaBUJIO, COAEPXkKAT: YCIOBHOE O00O3HAUEHHUE CJ0s; HAMMEHOBAHUE CJOs; Mare-
pHa Ci0s; ANEKTPUYECKUE XapaKTEPUCTUKN; METO1 ((OPMUPOBAHUS U T.JI.

B Tabnuie ayis npoBepok oOs3aresibHble rpadbl: TOUYKU U3MEPEHHUs], TTPOBEpsie-
Masl BEJINYMHA U JI0ITyCTUMOE OTKJIOHEHHUE.

Ha mocnolHbIX TOKyMEHTax pa3Mephbl 3aJat0TCs B MPSIMOYTOJbHBIX KOOPAHHA-
Tax. [Ipu 3TOM Bce BEpILIMHBI JAHHOTO 3JIEMEHTa HYMEPYIOTCS apaOCKuMu [udpamu.
KoHnTyp Kaxxaoro sneMeHTa 00XOAST HauMHAsl C HUKHETO YIJia MO 4acOBOM CTpEJIKeE.
KoopauHatel BeplIMH MOMEIIAIOTCS B TAOJMILY, KOTOPYIO MOYKHO PacIoOJIOKHUTh Ha
10JIE WU OTAEIBHBIM JOKYMEHTOM.

Ha cOGopounom udeprexke (pUCYHOK 5.3) mpUBOAMUTCS OOLIMNA BUJ TOTOJIOTHYE-
CKOW CTPYKTYpBI IJIAThI, pa3MelIEHHON B Kopiryce. 1Ipu 3ToM ykaspiBaeTcst Hymepa-
I[US1 SJIEMEHTOB U BBIBOJOB B COOTBETCTBUU C 0003HAUECHUSMM, IPUHITHIMU B DJICK-
Tpuueckoil cxeme. Hymepanus BbIBOAOB JOJKHA COOTBETCTBOBATH HyMEpalluu Ie-
puQepUiHbIX KOHTAKTHBIX IJIOLIAA0K. Bce cocTaBHBIE YacTh HYMEpYIOTCS B COOT-
BETCTBUU C HOMEpaMU MO3UIUH, YKa3aHHBIMU B ciendukanun. Kpome toro, Ha no-
Jie YepTeka yKa3blBalOTCS BapUAHT YCTAHOBKM HABECHBIX KOMIIOHEHTOB, XapakTep
COEMHEHHH U CIOCO0 repMETHU3aLINH.

Crneundukanus — TOKyMEHT, ONPEAEIAIONINI cocTaB cOOPOYHOIN €TMHUIIBI, CO-

JEPKUT pa3feibl: JOKYMEHTAIUs; COOpOUYHBbIE €IUHMIIBI, EeTali; CTaHJIapTHbIE H3-
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ACIUA; IIPOYNC U3ACIINA U MaTCpUallbl.

5.3.  Koncmpykmuenvie memoowt 3auwiumst HMC om 6030eiicmeus decma-

ounuzupyrouwux pakmopoe

OcHoBHbIM cniocoboM 3amuTel UMC oT BO3A€HCTBHSA 1eCTAOMIN3UPYIOMINX
dakTopoB sABIsETCS repMeTrsanus. Ee ocyiecTBisioT 1M00 ¢ MOMOIIBIO CHEIHATb-
HO pa3pa0OTaHHBIX KOPILYCOB, JMO0O HAHECEHUEM 3AIIMTHBIX MaTepUaIoB HEMOCPE-
CTBEHHO Ha noBepxHocTth MUMC.

Kopnyca UMC knaccuduuupyrorcst mo (GopMe U pacroiokKeHUI0 BbIBOAOB. B

3aBUCUMOCTHU OT HNPUMCHACMBIX MAaTCPUAIOB IMOAPA3ACIIAIOTCA: Ha CTCKIIAHHBIC, KC-

paMHUUYCCKUC TJIACTMACCOBBIC, MCTAJNIMYICCKHUC T. /.
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Pucynok 5.7. KoHCTpyKIUSl MeTaI0- Pucynok 5.8. Konctpyxkiuu metan- Pucynok 5.9. Konctpykuun metain-
CTEKJISTHHOTO KOpIyca JIOCTEKJITHHBIX KOPITYCOB JIOCTEKJISTHHBIX KOPITYyCOB
1203(151.15-1) 1203(151.15-2; 151.15-3) 1203(151.15-4; 151.15-5; 151.15-6)
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Pucynoxk 5.10. Koncrpyxkius metanio- Pucynok 5.11.  KoncTpykuus me-
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Pucynoxk 5.14 KoHcTpykius MeTanaonoauMepHoro kopimyca «llenam»
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Pucynox 5.15 KoHcTpykiusa MeTamIonolIuMepHoro kopnyca “Axuus”

Tabnuma 5.4. KOHCTpYKTUBHO TEXHOJIOTHYECKUE XapaKTEPUCTUKHN KOPITYCOB
Jutsi repmetusanuu rudpuaabix MMC

Bapu- | Macca, | Pazmepbl MOH- | MoIHOCTB Meron rep-
VYcioBHOe 0003HA- | aHT UC- I, HE TaXXHOM IUIO- | pacceuBaHUs | METHU3ALUU
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YyeHue Kopiyca nonHe- | Oounee HIaJIKH, MM P TeMIIe- KopIyca
HUS patype 20°C,
Br
1203(151.14-2,3) MC 1,6 15,6%6,2 3,2 KC
1203(151.15-1) MC 2,0 17,0x8,3 1,6 AIC
1203(151.15-2,3) MC 1,6 15,6x6,2 3,3 KC,AIC
1203(151.15-4,5,6) MC 2,4 14,0x6,2 3,2 KC
1206(153.15-1) MC 2,8 17,0x15,3 2,0 AJIC
1207(155.15-1) MC 6,5 16.8x22.5 2,5 KC
1210(157.29-1) MC 14,0 34.0x20.0 4,6 JIC
TPOITA MII 1,5 ’ ’ 0,7 3K
[EHAJI MI | 24 8,1x8,1 0,6 3K
AKIUS MIT 1,8 20,1x8,1 0,5 3K
16,1x10,1

[Tpumeuanue: 1)MC u MII — MeTaIIIOCTEKISTHHBIE H METAJIJIOTIOJIUMEPHBIE KOPITYCHI;
2)1u1sl TOCA/IKM IIAThI B KOPILYC MCIIONB3YIOT Kilel XoioaHoro oteepxkaeHus; 3)KC, AJIC,
JIC, 3K — xoneHcaTopHasi, apHOIYTrOBAas, JIa3epHasi CBapKa U 3aJIMBKa KOMIIAyH/IOM COOT-
BETCTBEHHO.

Br16op Tuna kopriyca Onpeaensercsl yCIOBHsMHU padOThl U TPEOOBAHUSMU IO
coopke, ycraHoBke M MOHTaxy ['MIC Ha meuaTHbIX miaTtax. Bwibop Tumopasmepa
Kopnyca onpenensercs pazMmepamu 1iarel I IC u uncnom BbeIBOJOB. Jlomyckaercs
IPUMEHEHUE KOPITYCOB OOJIBILIMM, YEM 3TO HEOOXOAUMO 10 CXEME, YHCIOM BBIBOJIOB.
ITpu ycranoBke I'MIC Ha neyaTHyIo IJ1aTy HE 3a]1€HCTBOBAHHBIC BBIBOJBI yIAJISIOTCS,
HO HyMepauus BbIBOJAOB coxpansercs. Hymepanus HaunHaeTcsi ¢ BbIBOJA, Paclosio-
YKEHHOT'O B 30HE KJIF0Ya B KaY€CTBE KOTOPOI'0 MOYKET OBITh BBICTYII, BBIEMKA WJIH JIPY-

oMl KOHCTPYKTHUBHBIN 3HAK, & TaK K€ HAJIIMCh, BHINIOJHEHHAS] MAPKUPOBKOM.
5.4. bBeckopnycnas zepmemuzayus I'HMC

HavanbpHbIM 3TaioM repmMeTu3aium, Kak 6€CKOpPITyCHOM, TaK U C UCIIOJIb30BaHU-
€M KOPIyCOB SIBJSIETCS IMpeaBapuresibHas 3amura noBepxHoctd ['MC nnénkon au-
ANEKTPUUECKUX MaTepHalioB, MapaMeTpbl KOTOPBIX MpuBeneHsl B Tadnuie 5.5. Ilo-
BEpPX ITUX CPABHUTEIBLHO TOHKUX CJIOEB AIEKTPUUYECKH M XUMHYECKU UHEPTHBIX Ma-
TEpUAJIOB MPU OECKOPIYCHOW T'epMETH3alMU HAHOCST FEPMETHKHU JIMOO B 3JIEKTPO-
CTaTUYECKOM TI0JI€ pacHbUICHUEM, JUOO MOTrpyKEeHUEM WM NoJMBOM. B kauecTBe
TePMETUKOB HCIONB3YIOT (propoconepxkamnue nmaku DII-525, YP-231, nmubo smanb

®I1-545, ronmunuoii 0,2-1,2MM.
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KoHTpoJibHBbIE BOPOCHI

1. CxeMoTexHUYECKHE IaHHbIE U TPEOOBAaHUS MPHU MPOEKTUPOBAHUU TOIOJIO-
ruu ['1C.

2. TexHOJIOTMYECKHE JaHHbIE M OTPAHUYECHUS IIPU NMPOEKTUPOBAHUHU TOIIOJIO-
ruu ['1C.

3. OcHOBHbIE TpeOOBaHUS K MaTEpUaIy MOIJIOKKH.

4. Crpykrypa u coaepxkanue Tonojornyeckoro yeprexa ['MC.

5. Meton oOpa3mepuBaHus Ha NOCIONHBIX YEPTEKAX.
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I'maa 6. PABPABOTKA TOITIOJIOT'MX U KOHCTPYKIIMHU I'NC

6.1. Hpuuuunbl RPAKMUYUECKO20 RPOEKMUPOBAHUA U KOMNROHOBKU mMOno-

nozuueckou cmpykmypot F'HC

[Ipouiecc mpoektupoBanus Tomnosorudeckoit ctpykrypsl ['MC Bkitouaer mo-

CJICOO0BATCIIbHOC BBITIOJIHCHUC YCTBIPCX OCHOBHLIX OTAIIOB!

1. Pacyer reomerpuueckux pa3MepoB M BBHIOOP (OPMBI TUIEHOUHBIX 3Jie-
MEHTOB.

2. OnpeneneHue pa3MepoB IUIATHI, BEIOOP KOMIIOHEHTOB W THIIOpa3Mepa
KopIyca.

3. Pa3paboTky KOMMYTAallUOHHOW CXEMbl COCAMHEHUN 3JEMEHTOB Ha MOJ-
JIOXKKE.

4. Pa3paboTKy OKOHYATEIbHOrO BapuaHTa TONOJOTHH.

[Ipy BBIMOTHEHUW KaXJOTO M3 3THX 3TAOB HEOOXOAMMO MPHUACPKUBATHCS
CICAYIOIIMX OOUIUX MPUHIUIIOB:
= MUHUMM3AIMUS TUIONIAIM, 3aHUMAeMOUM 3JIeMEHTaMHU, KOMIIOHEHTaMHU U

CXEMBI B 1ICJIOM,;

. MHUHUMM3AIMSA YUCIa IEPECEUCHUN MEXKIIIEMEHTHBIX COCIMHEHU;

. PaBHOMEPHOE PACMOJIOKEHUE AJIEMEHTOB M KOMIIOHEHTOB Ha IUIOIIAIN
TOIJIOKKH,

. MHUHHMU3AIUS 9UClIa UCTIONB3yeMbIX MaTepHUAIOB IS peali3aliiy Tijie-

HOYHBIX 3JIEMEHTOB;

. MUHUMU3AIUS JJIMHBI COEIMHUTENBHBIX TPOBOJHUKOB.

[IepBbIit 3Tan MPOEKTUPOBAHUS MPEANOIIATAET AHAIN3 IICKTPUUECKON CXEMBI C
1[EJIbI0 BBIICJICHUS TUICHOUHBIX M HABECHBIX (JIMCKPETHBIX) dJIeMeHTOB. K HaBeCHBIM
AJIEMEHTaM, KpOME aKTHUBHBIX, MOXHO OTHECTH YacTh MACCUBHBIX, pealn3anus KOTo-
PBIX 3aTPyJHEHA TEXHOJIOTMYECKH WJIM KOT/a B MJIEHOYHOM MCIOJHEHUH OHU 3aHU-
MarOT OOJIBIIYIO IUIOIIAIb.

Pacyer reomerprueckux pasMepoB IUICHOYHBIX JJIEMEHTOB IPOU3BOIAUTCS B

IIOCJICA0BAaTCIIbHOCTH, WU3J10)KEHHOU B COOTBCTCTBYIOIIUX pa3Jciiax.
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Jlns onpenenenus ruiomanu, 3anumaeMor ['MC, HeoOXoauMMO MPOBECTH pac-
YET IJIOIIA/INA O] KKl BUJI MIICHOYHBIX 3JIEMEHTOB U JUCKPETHBIX KOMIIOHEHTOB.
B kauectBe komnoneHToB ' IC npuMeHstoT OecKOpIyCHbIE JUOJbI U JUOJIHbIE MaT-
pHIIbI, TPAH3UCTOPHI U TPAH3UCTOPHBIE MATPUIII, NOJIynpoBoAHUKOBbIe IMC, KOH-
neHcatopsl U T.A. [Ipr 3TOM KOMIIOHEHTBI MOTYT UMETh JKECTKHE UM TUOKHUE BBIBO-
JbI.

Crioco0 MOHTa)ka KOMIIOHEHTOB Ha TUIATy JOJKEH 00ecreuuTh (UKCALUIo Mo-
JIO’)KEHUSI KOMIIOHEHTa M BBIBOJOB, COXPAHEHHE €r0 LEJIOCTHOCTH, MapamMeTpoB M
CBOMCTB, a Takxke 0TBOJ Temia. Ha pucynkax 6.1. u 6.2. mokazaHbl criocoObl ycTa-
HOBKH, KPEIUICHUE U MPUCOSANMHEHHS BbIBOA0B KommoHeHToB ['MIC. B tabnume 6.1.
MpUBEcHA CUCTEMa 0003HAYEHUH MTOTYITPOBOTHUKOBBIX PUOOPOB, UCIIOIH3YEMBIX B
kayecTtBe komnoHeHtoB [ IC.

CrocoObl YCTaHOBKM Ha IUIATy, AJIEKTPUYECKUE MapaMmeTphbl, rabapuTHBIE U
MPUCOEIMHUTEIBHBIE pa3Mephl TPAH3UCTOPOB MPUBEACHBI B TA0IUIE 6.2 U HA PUCYH-
ke 6.3, a AMOJI0B, AMOIHBIX MATPHUIl U TUOAHBIX COOPOK — B TadiuIlEe 6.3 U HA PUCYH-
ke 6.4. V3 pa3HBIX TUIIOB KOHACHCATOPOB MEPCIIEKTUBHBIMU st mpuMeHeHus B [1IC
ABJIAIOTCS Kepamudeckue koHaeHncatopbl K10-17 (pucynok 6.5.) u K10-9 (pucynok
6.6.). Ix mapameTpsl npuBeneHbl B Tabnumax 6.4. u 6.5. 911 KOHAEHCATOPHI BHITyC-
KaIOTCS JIBYX BHJIOB — C MTOCEPEOPEHHBIMH U JIY>KEHBIMH TOPLIAMH, SIBJISIOIINECS BbI-
BoJaMu 00KJa0K. [TocepeOpeHHbIe BHIBOJIBI MPEIHA3HAYEHBI JIJI1 TPUCOSAUHEHUS K
KOHTAKTHBIM IUJIOIIAJIKaM C MOMOIIBbI0 THOKUX BBIBOJIOB (PUCYHOK 6.7a), JIy)KeHbIe —
HEIOCPEICTBEHHO K KOHTAKTHBIM 1utoriaakam 1uiatel I UC (pucyHok 6.70).

KonpeHncaTopsl ¢ IU3JIEKTPUKOM U3 BBICOKOYACTOTHON KEPAMUKU UMEIOT HOP-
mupoBanHbeli TKC (rpynner 1133, M47, M75, M750, M1500, M2200), rne OykBa
o3HayvaeT: [1 — monoxurtenspHbin, M — orpuniatensasii TKC, a mudpa — cpennee 3Ha-
gerne TKC-10° Ha gacrore nopsiaka MI'n. KoHzneHcaTtopsl ¢ IUJIEKTPUKOM U3 HU3-

KOYaCTOTHOM KepaMuku umeroT HeHopmupoBaHHbiil TKC ¢ nomyckom £30%, +50%.
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Pucynok 6.1 Crioco0s1 kperierust kommoHeHToB [ IC u mpucoeInHeHns KX BBIBOJIOB
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Pucynok 6.2 Kperienne komnonentoB ' IC k miaTe u npucoeuHeHre riOKoro BEIBOIA

K KOHTaKTHOM IUIOIIA KE

Tabnuna 6.1 Cucrema 0603HaYCHHI MTOTYTIPOBOIHUKOBBIX TPUOOPOB

1-i1 2-i1 3-i1, 4-it u 5-1i anemeHT 0003HaYeHUS (XapaKTepU3yeT KaueCTBEHHbIE CBOMCTBA, TUIT | 6-if
3JIEM-T 3JIEM-T WK Ha3HAYCHHS PUOOPA, a TAKXKE MOPSAKOBBI HOMEpP Pa3paOdOTKU TEXHOJIOTHYE- | 3Jie
0003H. 0003H. CKOTO THIa puodopa) M-T
0603
H.
r- T - 101- 201- 301- 401- 501- 601 | 70 | 801- | 901
repma- TpaH3u- -199 -299 -399 -499 -599 - 1- | -899 | -
HUU U CTOPBI - - -
ero co- | 6umo- 699 | 79 999
e1He- JISIPHBIE 9
HUS Mauitoit MOIHOCTH Cpeaneit MOIIHOCTH Bounpmioii Momi-
) = Pmax<=0,3 Bt 0,3 Bt<Px<=1,5 BT HOCTH

K- TpaH3u- Pmax>1,5 Bt
KpeM- CTOPBI f<= 3 MI'n > f< 3MIn | f> f< |3 >
HUHI U nonesole | 3 MI'n | <f<= 3 MI'n 3 MI'n <f<= 3 = Ml | 3 oT A
ero co- 30MI' 30MI | MI |3 | <f<= | MI | 7°
enuHe- | JI — ouo- I I M |30M |1 A
HUA bl T | I

BrinpsimutebHble VIMnysibCcHBIE

Majon | cpemHei Maruuto 150uc | 30 | 52 | lHC =<1

MOIII- MOIIIHO- JIAOMBI U VHUBEp <1< c c <1< | HC

caJbHBIE

HOCTH | CTH TEPMO 500HC | <1< | <t | SHC

I<= 0.3<Ik= IO JIBI 500 150 | <

03A |[10A He e |30

HC
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Tabnuna 6.2 CrocoObl YCTAaHOBKM HA IJIATy, AJIEKTPUUYECKUE MapaMeTpbl, rabapuThl
U TIPUCOEMHUTENbHBIE Pa3MepPhbl TPAH3UCTOPOB

Crnoco6 Tun DNeKTpUYecKue napaMmeTpbl labaputHbie  pasme- | UuTepBan pabo- | Macca, T,
YCTaHOBKH pBL, MM, He OoJee YUX TeMmepaTyp, | He Ooree
°C
IKmaX1 PKmaX1 UK'?I h21? a b H
MA MBT B

Puc. 6.3a KT120- 10 10 60 20- | 1,00 1,00 1,0 -10+56 0,020
KT120B 200
KII201E- 20 150 20 20- | 1,20 1,20 0,6 -40-+-85 0,005
KI1201J1 90
KT202A- 10 15 15 40- | 0,83 0,83 0,5 -60-+-85 0,012
KT202I 150
KT307A- 20 15 10 20 0,86 0,86 0,8 260+85 0,002
KT307T
KT317A- 15 15 5 25- | 1,30 1,30 1,1 -60-+-85 0,010
KT317B 250
KT318A- 20 15 10 70- | 1,00 1,00 1,0 -60-+-85 0,010
2T318B 280
KT324A- 20 15 10 20- | 0,66 0,66 0,6 -55+-85 0,002
KT324E 250
KT331A- 20 15 15 40- | 1,20 1,20 0,8 -60+-125 0,003
KT331T 120
KT332A- 20 15 15 20- | 1,20 1,20 0,8 -60+-125 0,003
KT332]] 120
2T354A- 20 20 10 40- | 1,20 1,20 0,8 -60+85 0,001
2T354B 400
2T360A- 20 10 15 80- | 1,29 1,20 0,80 -40+55 0,005
2T360B 240
KT369A- 250 50 45 40- | 2,00 2,00 1,0 -60+85 0,020
KT369T 200

Puc. 6.36 2T364A- 200 30 20 40- | 1,25 3,00 1,00 -60+85 0,006
2T364B 240

Puc. 6.38 2T33A- 20 15 10 50- | 0,75 0,75 0,34 -60+85 0,010
2T333E 280
KT348A- 15 15 5 25- | 0,75 0,75 0,34 -40+85 0,010
KT348B 250
KT359A- 20 15 15 50- | 0,75 0,75 0,34 -50+85 0,010
KT359B 280

Puc. 6.3r 2T205A 20 40 200 | 10- | 1,25 1,25 0,37 -60+-125 0,003

40
[Ipumeuanue:

| xmax — MAKCUMAaJIbHBIA TOK KOJIJIEKTOPA;
Pmax — MaKCUMasbHast MOIIIHOCTH B LIETIH KOJJIEKTOPA;
Uy, — IOCTOSTHHOE HANPsSKEHUE KOJIEKTOP-IMUTTED;

N,1, — KO GUIMEHT YCUIICHHS TTO TOKY B CXEME C OOIIUM SMHUTTEPOM.
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Pucynok 6.3 CriocoObl yCTaHOBKM Ha IUIATY, SJEKTPUYECKHUE TapaMeTphl, TabapuTHbIE U
IPUCOEIUHUTENbHBIE Pa3Mepbl TPAH3UCTOPOB

Ta6muma 6.3. CriocoObl yCTaHOBKM Ha ILIaTy, SJEKTPUYECKUE IMapaMeTphl, Ta-
OapuTHBIC U MPHUCOCIUHUTENBHBIC Pa3MePhbl OCCKOPITYCHBIX JUOJHBIX MATPHII, JTUOI-
HBIX COOPOK, JUO/IOB

Cmoco0 Tun DNeKTpUYECcKHUEe NapaMeTphl labapuTHbIC pasmepsl, | Macca, T,
YCTaHOBKH MM, He Oolee He Oolee
Uosp maxs | npmaxs KOJI-BO cxema a b H
B MA COEIMHUI | COeqUHEHUS
Puc. 6.4a | 21918B, 40 50 4 ¢ o0mIM 1.15 1.15 1.0 0.005
2J1918T, aHOIOM 0.006
KI19075b,
KJ1907T
Puc. 6.46 | KI907A- 10 - 6 ¢ o0IIMM 11 1.3 0.8 0.005
KJI1901T" KaToJI0M
2J1904A- 12 5 6 1.3 1.1
2J1904E 1.0 1.0 1.0 0.010
Puc. 6.48 | 2J]IC408A, | 12 20 4 JTHOJIBI HE 0.9 1.1 0.7 0.006
2J1C408b COCMHEHBI
MEXIy CO-
Ooif
Puc. 6.4r 2J1910A- 5 10 3 ¢ o0ImuM 1.0 1.0 1.0 0.01
2]1910B KaToJI0M 1.0 1.0 1.0 -
2J1911A-
2J1911b
Puc. 6.48 | 2]1912A 10 5 3 ¢ 00mUM 0.75 0.75 0.34 0.01
aHOIOM
KI913A 10 10 3 ¢ 00mUM 0.75 0.75 0.75 0.002
KaToJI0M
[Tpumeuanue:

Uo6p max — IOCTOSIHHOE 0OpaTHOE HANpPsUKEHUE B UHTEpBalle Temneparyp —60 +
80° C;

lo6p max — CYMMapHBIN CpEIHUM NPSAMON TOK Yepe3 BCE TUOJbI WIH OAMH AUOJ B
uHtepBasie Temnepatyp —60 + 80° C.
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Pucynok 6.4 CriocoObl yCTaHOBKH Ha IIJIaTy, SJEKTPUUECKUE TapaMeTpbl, radapuTHBIC U
NPUCOECTUHUTENIBHBIE Pa3Mepbl OECKOPITYCHBIX AUOIHBIX MATPHII, IUOIHBIX COOPOK, AHOI0B

kenysensit "
{nocepedpensidl Aymensil

S NNNNN

Pucynok 6.5 Koncrpykiuu konaencaropa K10-17 ¢ Hexy)KEHBIMU U JIYKEHBIMHU BBIBOIAMH
(B1, L1, H1 — pa3mepsI nociie myxeHust)

B kauectBe anexTposutnueckux kKoHueHcatopoB B I'MC uenecoobpa3Ho uc-
MOJIb30BAaTh OKCUAHO-TIOTYNPOBOAHUKOBBIE KOHAEHCATOpbl K53-15 n K53-16, oTnu-
Yaroumecs: KOHCTPYKIIUEN BbIBOIOB.

Kongencarop K53-15 (pucynok 6.8) umeeT BBIBOABI MO TUITYy ITAPUKOBBIX, a
kouaencarop K53-16 nmeer ruOkue BrIBOABI (pUCYHOK 6.9). [lapameTpbl 3TUX KOH-
JIEHCATOPOB TIPUBECHBI B TaOaUIaX 6.6 1 6.7.
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Pucynox 6.6 Koucrpykuun xonnencaropa K10-9 ¢ HenysxkeHbiMu (a) 1 JyKeHbIME (6)
BbIBOZIaMu; KoHieHcaTopa K10-9M ¢ nyxenbiMu BeiBogamu (B) (B, S —paszmepsl nmocne meramiu3a-
muu, B, S, — pa3mepsI mocie MeTayuIM3anuy U JTy)KSHHU )

Tabnuna 6.4. [Tapametpsl kongeHCcaTOopoB K10-17
85



[Mpenens HoMuHaNbHBIX eMmKkocTed st | Homycrumas | ['abGapuTHble pazmepsl, MM Macca,
rpynn TKC, n® peaKkTuBHAas r, He
1133 M47 M75 MOIIHOCTB, L |B |H (L |[By |H|[m Oonee
Bap
22-68 22-82 33-100 1 151121101514 (12)0.2-05 0.1
75-150 91-180 110--200 2 2 171102 19(12]0.2-0.7 0.1
160-510 200-620 220-910 3.5 4 271104 30]12(1-15 0.2
560-910 690-1000 1000-1200 | 5 55127]10(55]|30]|12]|15-2 0.3
1000-1800 1100-2000 1300-2400 | 10 55143|10(55]|46]|12]|15-2 0.4
560-820 680-1000 1000-1500 | 7 4 271184 30]20(1-15 0.3
1000-1500 1100-1800 1600-2000 | 10 55127(18(55]|30]20]12-2 0.4
2000-3000 2400-3600 2700-3900 | 20 55[143]18]55[46]20]15-2 0.5
w

aj
Pucynoxk 6.7 Crioco0s! ycranoBku kongencatopoB K10-17 u K10-9 na nnaty I'C:
a — ¢ THOKMMU BBIBOJIaMH; 6 — HAa KOHTAKTHBIE MJIOMIAIKN

Tabnuna 6.5. [lapametpsl kongeHcatopos K10-9

Turno- IIpenensl HOMMHAIBHBIX €eMKOcTed A rpynn | Jomycrumas l'abGaputHble  pa3mepsl, | Macca

pasmep | TKC, n® peakr.  Moul- | MM r, He
1133, | M75 M1500 | H30 H90 HOCTB, L B |[S B; | S; | Gomee
M47 Bap

1 2.2- 11-24 | 36- 150- 1000- 1.25 2 2 2 1.2 (01
10 -1000 -1000 -3300

2 11- 27-51 | 110- 1500 4700 25 2 0.15
27 -200 4 4

3 30- 56- 220- 2200- 6800- 5 4 06 0.3
51 120 -390 -3300 -10000 '

4 10- 22- 180- 680- 1000- 5 2.5 0.3
51 -120 -390 -3300 -10000 55 55

5 56- 130- 430- 4700- 15000- | 10 6 ' ' 0.6
120 -270 -1000 -6800 -2200

6 11- 27-62 | 110- 1500- 4700- 1.25 2 2 2 0.1
24 -240 -2200 -10000

7 30- 56- 220- 2200- 6800- 25 2 0.15
62 -120 -470 -4700 15000 4 4

8 68- 130- 520- 6800- 22000- |5 4 1 15 0.3
120 -270 -1000 -10000 | -33000 '

9 56-- 130- 430- 4700- 15000- | 5 25 0.6
120 -270 -2000 -10000 | -33000 55 55

10 130- | 300- 1100- 15000- | 57000- | 10 6 ' ' 0.6
330 -620 -2400 -33000 | -68000

11 27- 68-91 | 273- 3300 15000 2,5 2 2 1412 2 0,2
38 390

12 68- 130- 510- 6800 22000 5 2 4 4 0,3
100 200 750
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13 110- | 220- 820- 10000- | 33000- 10 4 0,5
200 430 1500 15000 47000
14 130- | 300- 1100- 15000 47000 10 25155 55 0,5
200 400 1500
15 220- | 470- 1600- 22000- | 68000- | 20 6 1,0
560 1200 4700 47000 100000
16 110- | 220- 820- 10000- | 33000- |5 2 4 25| 4 3 0,3
150 430 1500 15000 47000
17 160- | 470- 1600- 22000- | 68000- 10 5 0,5
330 820 3000 33000 100000
18 220- | 470- 1600- 22000- | 68000- 10 2515512555 0,5
330 820 3000 33000 100000
19 360- | 910- 3300- 47000- | 15000- 20 6 1,0
820 2200 8200 68000 22000
20 910- | 2400- | 9100- 10000- | 33000- 30 8 8 2518 15
2200 | 3900 15000 15000 47000
BE2,05
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<t Pucynok 6.9 Konctpykuus
Pucynok 6.8 Koncrpykuus KOHJIEHCAaTopa
koHaeHcaropa K53-15 K53-16
Tabmuma 6.6 TTapametpsl konAeHCaTOpOB K53-15
HomunansHoe Hanpspkenue, B | HomunanbHas emkocth, MK® | ["abapuTHbie pa3mepsl, MM | Macca, T, HE
L B H A Oouee
2.2;3.3 2.5 0.15
3 47: 6.7 50 4 2.3 0.25
10; 15 ' 8 2 55 0.65
22; 33 10.0 ' 15
15;2.2 2.5 0.15
3.3;4.7 50 4 2.3 0.25
6.3 6.8 ' 8 2 55 0.65
10; 15 10.0 ' 15
1.0;15 2.5 0.65
10 2.2;3.3 5.0 4 2 2.3 15
0.68; 1.0 2.5 2 0.15
15;2.2 50 4 2.3 0.25
16 3.3;4.7 ' 8 55 0.65
6.8; 10 10.0 ' 15
0.47; 0.68 2.5 4 2.3 0.15
1.0;15 0.25
20 2.2;3.3 50 8 2 55 0.65
4.7, 6.8 10.0 ' 15
0.1;0.15; 0.22 2.5 1.6 23 0.12
30 0.68; 1.0 50 4 ' 0.25
15;2.2 ' 2 55 0.65
3.3;4.7 10.0 8 ' 15
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| 0.33;0.47

| 2.5

[ 2.3

[ 0.15

Ta6nuna 6.7 [Tapametpsl koHeHcaTopoB K53-16

HomunansHoe HomunanbHas Pazmepsl, MM Macca, r, He
HanpsokeHue, B €MKOCTb, MKD L max Bax Hinax Gouee
15;2.2 1.9 3.4 3.4 0.05
1.6 4.7 2.3 3.7 1.6 0.075
6.8; 10 2.3 5.0 1.6 0.1
OpI/IeHTI/IpOBO‘-IHyIO II1o0maab IJIaTbl OIPECACIIAIOT 110 (I)OpMyJ'IC:
n k m r
S=Kk| > Sg +2.Sc, +2 Sk, +2.Su, | (6.1)
i=1 =1 i=1 i=1

rie Kk — koo dummenT 3amaca no mromanu (2-3);

Sg, 1 S¢, 1 Sk, 19k, — IUIOMIAIH, 3aHUMAEeMbIe PE3UCTOPaMH, KOHICHCATOPAMH,

KOHTAaKTHBIMH IUIOIIAIKAMU U HABECHBIMU KOMIIOHEHTAMU COOTBETCTBEHHO.
[Tocne BhIuMCIEHUS] TOTPEOHON TUIOMIAAU IJIATHI BHIOMPAIOT €€ TUIopa3Mep

corjacHo tabnwuiie 5.4 u TUIopazMep Kopiryca.
6.2. Pazpabomka KOMMymayuoHHOU cxemobl COeOUHEHUT

Pa3paboTka KOMMYTalIMOHHOM CXEMbI COCIWHEHHU SIBISETCS COCTABHOW 4Ya-
CTBIO TOTMOJIOTUYECKOTO MPOSKTHUPOBAHUS W BKIIIOYAET B ceOsl mpeoOpa3oBaHHUE HC-
XOJHOU 3JIEKTPUYECKOM CXEMBI C LIENBbI0 COCTABIICHHS CXEMATHYECKOIO IJIaHa pas-
MEILEHUs 3JIEMEHTOB M COCAMHECHUN MEXKJY HUMHU HA MOMJIOKKE MHUKpocxeMbl. Ha
ATOM JTarle 1eJIECO00Pa3HO PYKOBOJACTBOBATHCS CIEAYIONIUMU MTPUHITUTIAMHU:

. YOpOIIEHUE KOHPUTYpallUM DJICKTPUYECKONM CXEMbl ISl YMEHBIICHUS

quCJIa MepeceyeHnil 1 U3ruboB JTUHUM;

. BBIJICJICHWE Ha MPE0oOpa30BaHHON CXEM€ IJICHOYHBIX M HABECHBIX dJie-
MEHTOB;
. CHAOXKEHHE DJICKTPUYECKOW CXEMbl BHYTPEHHUMHU U TmepudepuiiHbIMU

KOHTAKTHBIMH TUIOIIAKAMU;

. paccMOTpEHHE MaCCUBHOM YacTh Kak rpada, BepIIMHAMH KOTOPOTO SIB-
JISTIOTCSI KOHTAKTHBIC TUIOMIA/IKHU, a peOpamMu — MaCCUBHBIC DJIEMEHTHI DJICKTPUIECKOM
nenu. [IpeoOpazoBanne NCXOAHONM CXEMBI OCYIIECTBIISETCS MEePEKIIaIbIBAaHUEM pedep

rpada a0 Tex mop, NokKa Yucio rnepecedyeHuil BHYTPUCXEMHBIX COEAMHEHUI He OyneT
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CBEJICHO K MUHUMYMY. [Ipr 3TOM OJHOBPEMEHHO pELIAIOT 3a7a4y B3aMMHOIO pacmo-
JIO’KEHHUSI 3JIEMEHTOB U COEMHEHUN C YYETOM PAaBHOMEPHOI'O PAaCIOJIOKEHHS NEPU-
(bepuitHbIX KOHTAKTHBIX TUIOMIAJ0OK M KpaTyalllero myTH MPOXOXKIEHUsS dJIeKTpUye-
CKOI'O CHUTHAJIA.

B xauectBe nmpumepa Ha pucyHke 6.10a nmpuBeneHa MCXOAHAs AIIEKTpHUYECKas
cxema, a Ha pucyHke 6.100, B — BapuaHThl ee nmpeoOpa3oBanusa. B nanHom npumepe
pa3menieHue nepupepuitHpIX KOHTAKTOB TUIONIAJ0K OTBEYAET JIBYXCTOPOHHEMY pac-
noJsiokeHuto BoIBOJOB Kopnyca I'MC. IlaccuBHbBIE 37€MEHTHI U BHYTPUCXEMHBIE CO-
€IMHEHUs, BBIMOJHAEMbIC TPYIIOBBIMA METOJAMH Ha PHUCYHKE, BbIIEIEHBI Oosee
TOJICTBIMU JIMHUSIMH. TOHKOIIJIEHOYHBIE PE3UCTOPHI M300paKeHbI TaK, YTO OOJIBIIUM
HOMHWHAJIbHBIM 3HAYEHUSM CONPOTUBIEHUN COOTBETCTBYIOT 0OJIE€ Y3KHE U JJIMHHbBIC
KOH(Urypamum.

Ha cnenyromem stane pa3pabOTKM KOMMYTAIIMOHHOM CX€Mbl COCIMHEHUMN, U3
npeoOpa3oBaHHOM cXeMbl pucyHKa 6.10B yIaisrOTCs HaBECHBIE KOMIIOHEHTHI, B TOM
YHUCJIE U NEPEMBIUKA, 3aMeIllasi UX COOTBETCTBYIOIIMMH KOHTAKTHBIMU IIOMIAJKAMH C
MOCJIEIOBATEIbHOM 32 Mepu(epuiiHbIMU KOHTAKTHBIMU IUIOIIA/IKAMU WX HyMeEpalu-
enl.

IIneHOYHbIE AJIEMEHTHI B MPOLECCE MX PA3MELICHUS Ha IUIOIIAIU 3aJaHHBIX
pa3mepoB BeiuepunBatoT B Macmtade 10:1 wim 20:1. D1eMeHThl 1 KOMIOHEHTBI pas-
MEIIAI0T B COOTBETCTBHUH C MTPeoOpa30BaHHOM cxemoi coenuuenuid. [Ipu sTom rpanu
AJIEMEHTOB M KOMIIOHEHTOB pAacCHOJIararoT BJOJb OCENM KOOPIMHATHOW ceTku. Bce
AJIIEMEHTBI U KOMIIOHEHThI CHA0Xal0T KOHTAKTHBIMU TUJIOIIAJKAMHU, PACIIOJIOKEHUE U
pa3Mepbl KOTOPBIX JOJKHBI COOTBETCTBOBATH KOHCTPYKTHBHO - TE€XHOJIOTMYECKUM
TpeboBanusM. Ilpu 3TOM pacnosoxkeHue nepuPepuilHbIX KOHTAKTHBIX IUIOLIAAOK,
IIPEIHA3HAYEHHBIX /U1 BHEIIHUX COECOUHEHUH, JOJHKHO COOTBETCTBOBAThH BBIBOJAM
KopImyca.

HapecHble KOMIMOHEHTHI M300pa)xaroT ¢ COOJIIOJACHUEM IMOPSIKA PACIIOJIONKE-
HUS BBIBOJIOB.

OOHOBPEMEHHO C pa3MEIIEHUEM BJIEMEHTOB U KOMIIOHEHTOB, MPOBOJAST JIMHUU
AIIEKTPUYECKON CBSI3U MapajlIeIbHO OCAM KOOPAHMHAT.

[Ipu pa3paboTKe TOMOJOTUM HYXXHO YUHUTHIBATH OOECIIEYEHUE BO3MOKHOCTHU
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HBMepeHI/IfI QJIICKTPUUCCKUX MApaMCTPOB INICHOYHBIX 3JICMCHTOB, 4 TAKXKC BO3MOXK-

HOCTb BBbIIIOJIHCHU A Tpe60BaHHﬁ K MOHTa)XYy IIPUMCHACMBIX HABCCHBIX KOMIIOHCHTOB

U UX cOOpKe.
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Pucynox 6.10 Dnekrpruueckas cxema:
6.10a — ucxomHas; 6.1006 — mociie mpeodpazoBanus rpada naccuBHou yactu; 6.100 — moce
peoOpa3oBaHusl C YUETOM KOHCTPYKTUBHBIX TPEOOBaHUI

IHocenoBareJbHOCTH Pa3padOTKH TOMOJOIMHA M KOMMYTAUMOHHOM CXeMbI

Pa3zpaboTka Tomonoruu sIBASETCS OAHUM W3 OCHOBHBIX 3TalloB B IpoLEcce
koHcTpyupoBanus ['MC, Ha KOTOpOM pemaercs 3ajadya KOMIOHOBKH TUIEHOYHBIX
3JIEMEHTOB MUKPOCXEM C YYETOM O0IIel KOMIIOHOBKH MHKPOCXEMBI, AJIEKTPUUECKUX
0COOEHHOCTEM CXEMBbI M TEXHOJIOTMYECKUX OCOOCHHOCTEN €€ N3rOTOBJICHUS.

CymHocTh pa3padOTKU TOMOJOTMU COCTOUT B TOM, YTO PacCUYUTHIBAIOTCS I'eO-
METPUUYECKUE pasMephl IUICHOYHBIX DJIEMEHTOB, ONPEAEIISIETCS UX B3aUMHOE pacIio-
JIO’KE€HUE U (POPMBI U B ONPEACICHHOM MacIlITa0e BEIUEPUMBAETCS UX pa3MElIeHUE Ha
ITOJJIOXKKE.

J1y1st pa3pabOTKH TOMOJIOTUN HEOOXOAUMBI:

— 3JIEKTPUYECKUE JAaHHBIE U TPEOOBAHMUS;
— OCHOBHBIE KOHCTPYKTHBHbBIE JaHHbIE U TPEOOBAHUS;
— OCHOBHBIEC TEXHOJIOTUYECKUE JaHHBIC U OIPAHUYECHUS.

DNeKTpUYECKUE U KOHCTPYKTUBHBIE JaHHbIE U TPeOOBaHMS ONMPENEISAIOTCS Ha
JTane ACKU3HOTO MPOEKTUPOBAHUS, BKIHOYAIOUIETO pa3padOTKy MPUHUUIUAIBLHOU
AIIEKTPUYECKOU CXEMBbI U KOHCTPYKLMHU TPOEKTUPYEMOH aIlapaTypsl.

OCHOBHBIE TEXHOJIOTHYECKUE JJAHHBIE M OTPAaHUYECHHMS ONpEIETt0TCs pa3pado-
TaHHOM TEXHOJIOTUEW H3TOTOBJIEHHUS MHUKPOCXEM, OCBOCHHOW Ha NPEANPUATHAX, U

MOTYT YTOUHSTHCS II0 MEPE €€ COBEPILICHCTBOBAHUS.
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Texnuueckoe 3ananue Ha koHcTpynpoBanue ' IC nomkHO conepxaTh cleny-
IOINE CBEICHUSA:
— cXeMa NMpUHIMIHUAIbHAs JIeKTpUUYecKas y3ia, pa3pabaTblBaéMOro B BU-
ne KOHCTPpYKTUBHO 3akoH4YeHHO# [ IC nnu BI'UC;
— HOMMHAJIbHBIC 3HAUYCHUS IICKTPUUECKUX MTAPAMETPOB U IOJIE JIOMYCKA;
— YacTHbIE TEXHUYECKHE TPEOOBaHUS (IOMyCTUMbIC 3HAUCHUS MTapa3uTHBIX
pEaKTUBHOCTEH, TPeOOBAHMS K CTAOMIIBHOCTH HOMHHAJIOB, CTEIICHU Me-

XaHUYECKOM MPOYHOCTH U T.1I.).

JTanbl pa3padoTKH TONOJIOTHH

Pa3paboTKy TOMOJOTHU TIJICHOYHBIX MHKPOCXEM IEJIECO00pa3HO HAUYUHATH C
COTJIACOBAHMSI OOIIMX JJICKTPUUYECKUX, KOHCTPYKTHUBHBIX M TEXHOJIOTMYECKHUX JIaH-
HBIX. B mporuecce coriacoBaHus CIEAYET ONPEACIUTh OCHOBHBIE TEXHOJIOTUUYECKUE
MIPUEMbI U3TOTOBIICHUS MUKPOCXEM, BO3MOXHBIE pa3Mephl TUICHOYHBIX 3JIEMEHTOB (C
y4eTOM TpeOOBaHUM K TOUHOCTH U3TOTOBJICHHS TPOBOTHUKOB KOMMYTAIIMH ), a TAK¥KE
BBOJIUMbBIEC WJIHM MApPa3UTHBIE CBsI3U. OKOHYATEIbHBIE pa3MeEphl MOMIOKKH ONPENEs-
IOTCS TOJIBKO TIOCJI€ MPOPAOOTKH OJHOTO-ABYX BAPUAHTOB TOMOJIOTHHU.

B 3aBucumoctu ot BeiOpaHHOU TexHOonoruu usrotoBieHus [IC BeiOupaercs
MOCJIEA0BATEIbHOCTh HAHECEHHUSI CJI0EB MUKPOCXeMbl. OCHOBHBIE CXEMBI MOCIEN0BA-
TEJIbHOCTH HAHECEHUS CJIOEB ISl PAa3JIMYHBIX BAPUAHTOB TEXHOJOTWU MPUBEIICHBI B
NPWIOKEHUSIX 2 - 4 .

Pa3paboTKy TOMONOrMU peKOMEHAYETCS Pa3IeIUTh Ha CICYIOUIUE ITAMbI:

— pa3paboTKa KOMMYTAI[MOHHON CXEMBbI TOMOJOTHUH, T.€. BHIOOP B3aUMHO-
IO PacIoIOKEHUS JIEMEHTOB (PE3UCTOPOB, KOHJACHCATOPOB) M KOHTAKT-
HBIX IUIOMIAJ0K, TPU KOTOPOM HUX COCAUHECHHUE JIOJIKHO YIOBJIETBOPSTH
MPEABSIBICHHBIM K TOTIOJIOTMH KOHCTPYKTHUBHBIM U DJICKTPUUECKUM Tpe-
OOBaHUSAM;

— pacyeT reOMETPUUYECKUX PAa3MEPOB IICHOUYHBIX 3JIEMEHTOB IMPOBOJIHU-
KOB M KOHTaKTHBIX IUIOIIAJOK C Y4ETOM TpPeOOBaHUM MO TOYHOCTH,
MOIIHOCTH PACCESAHUS, HAMNPSKECHUIO, TONYCTUMOMY CONPOTUBIICHUIO
MIPOBOJIHUKOB U Jp.;
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— pa3melnieHre U BbIOOp QOpM MIICHOYHBIX 3JIEMEHTOB Ha pabouei Iuio-
maad MOJJIOKKH 33JaHHBIX pPa3MEpOB C YYETOM KOHCTPYKTHBHO-
TEXHOJIOTUYECKUX OTPAaHUYCHUHN U peKOMEeHIalui (IpuiiokeHue 5);

— OlIEHKa KayecTBa pa3pa0OTaHHOW TOMOJIOTMM M TPU HEOOXOJIUMOCTH

MPOBEJICHUE COOTBETCTBYIONIEH KOPPEKIIUU.

Pa3paboTka KOMMYTAIMOHHOM CXeMbI

HcxoaHpIMu JaHHBIMU TSI pa3paOOTKH KOMMYTAllMOHHOM CXEMbI TOMOJIOTH
SBISIOTCS: 1) NMpUHIMIHATIBHAS JJIEKTPUYECKas CXeMa C MEpPEeYHEeM dSJIEMEHTOB; 2)
KOHCTPYKTUBHBIE TPEOOBaHUS:

— JKeJaTeNbHBIA MM MAaKCUMAJIBHO JOIYCTUMBII pa3Mep MOAJI0KKA

— pAacCIlOJIOKEHUE M pa3Mepbl KOHTAKTHBIX IUIONIAJIOK, OOYCJIOBJICHHbBIE
IpeAnojgaraeMoi KOHCTPYKIMEN MUKPOCXEMBbI (pacroji0KEHHEM BBIBO-
JIOB KOPITyCa) U YCTPOMCTBA B LIEJIOM;

— JIONyCTHMbIEC 3HAUYEHHUS MAPA3ZUTHBIX €MKOCTHBIX CBA3€H M YTE€UEK MEK-
JTy 3JIEMEHTaMU U y3JaMU CXEMBbI;

— Juana3oH pabo4MXx 4acTOT yCTpPOICTBa;

— Mpeaensl ¥ 1ar peryJupoBKHU MOACTPAUBAEMBIX JJIEMEHTOB.

OCHOBHOM 3a/1a4€i ATOTO ATaIa SABIIAETCS YIPOILIEHUE KOMMYTAallMOHHBIX CBSI-
3el (COKpalleHHe Yuciia MepeceuyeHnil MpOBOIHUKOB U YMEHbLIEHUE UX JJuHBI). [Ipu
3TOM IMPeoOpPa30BaHUU BO3MOXKHBI NMEPECTAHOBKM KOHTAKTHBIX IUIOIIAJOK, HE HApY-
HIAIOUIUX AJIEKTPUUECKUE U KOHCTPYKTHUBHBIE TPEOOBAHUSI.

[Topsinok pa3pabOTKH MOKET OBITh CIEAYIOIINM:

— W3 NPUHLUNHAAIBHON CXEMbl B COOTBETCTBUU C IMEPEYHEM 3JIEMEHTOB
UCKJIIOYAIOT HaBECHBIE 3JIEMEHTHl U UX BBIBOJbI 3aMEHSIOT KOHTAKTHBI-
MU IUIOIIAAKAMU;

— B MOJYYEHHOM KOMMYTAIIMOHHOW CXEME€ BBIBOJHBIE KOHTAKTHBIEC ILIO-
maaku (BXOZ, BBIXOJl, MUTAaHUE) pPa3MEIIalOT B COOTBETCTBUU C KOH-
CTPYKTUBHBIMH U 3JICKTPUUECKUMHU TPEOOBAHUAMHU (HANPUMEP, BXOA U

BBIXO/J[ CXEMbI JOJDKHBI pacriojiaratbCda Ha IMPOTUBOIIOJIOXKHBIX CTOPOHAX
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MOJIIOKKH, TMHUTAaHUE JOJHKHO OBITh PACIIONIOKEHO Ha OMpEIeICHHON
CTOPOHE U T.11.);
— ONPEIENSIOT BO3MOXKHOCTH YMEHBIIICHHUS YHCIIa TIEPECEUCHUN U TIPOU3-
BOJISIT COOTBETCTBYIOIIHE YIIPOIICHUS.
B kadectBe mpmmepa paccMOTpUM MPOIECC Pa3padOTKH KOMMYTAIIMOHHOMN

CXEMBI JIJIS CIICAYIONIEro y3i1a (pucyHok 6.11).

Pucynok 6.11 IlpuHnunuanbHas 31eKTpUYecKas cxema y3ia
HcxonHble TaHHEIE:
1) mpuHIMNIMaIbHAS JJIEKTPUUECKAs CXEMA;
2) KOHCTPYKTUBHBIE TPEOOBAHUS:
— HCXOJHbIE KOHTAKTHBIE IJIOIIAJIKH >KEJIaTeIbHO pa3MeniaTh Ha HUKHEN
CTOPOHE MOJJI0KKH;
— BBIXOJHBIC KOHTAKTHBIE IUIOIIAJKH JKEJIATEJbHO pa3MeniaTh IO BO3-
MO>KHOCTH JaJIbllI€ OT HM)KHEW CTOPOHBI MOJI0KKH.
M3 mpUHIMIUAIBHOW 3JICKTPUYECKON cxeMbl (pucyHOK 6.11) wuckimouaem
HABECHBIE 3JIEMEHTHI U BBIYEPUYMBAEM CXEMY, B KOTOPOU BBIBOJbI HABECHBIX 3JIEMEH-

TOB, TpaH3UCTOPOB Tl 1 T2 3aMeHsIEM KOHTAKTHBIMU ILIOIIAKaMu (pucyHOK 6.12).

Pucynok 6.12. KomMmyTannonHasi cxemMa 6€3 HaBECHBIX 3JIEMEHTOB
[TonyueHHy0 cXxeMy HEOOXOIUMO MpeoOpa3oBaTh, T.€. MEPECTABUTh KOHTAKT-

HBIC TINIOMAAKN B COOTBECTCTBUH C KOHCTPYKTUBHBIMU Tpe60BaHI/I$IMI/I, IIPpUBCACHHBbI-
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MU B UCXOAHBIX JAaHHBIX, HA OCHOBAHHWHU KOTOPLIX KOHTAKTHBIC ITJIOIIAAKA 1, 2 JOJIK-

HBI pacIojaraThCs B HIDKHEH 4acTh MoI0kKKH, a 9 - 11 — B BepxHeii (pucyHok 6.13).

Pucynok 6.13 IlpeoOpazoBanHas cxema
Ha sTom pa3paboTky KOMMYTallMOHHOW CXEMBI MOYKHO CYUTATh 3aKOHUECHHOM.
B mnpouecce pa3paboTku KOMMYTAIIMOHHOM CXE€Mbl KOHTAKTHBIE IJIOLIAJKH
MOKHO HyMEpOBaTh MPOM3BOJIbHO. OKOHUATENbHAS HyMepallis KOHTAaKTHBIX IJI0IIa-

AOK IIPOU3BOJUTCA IIOCJIC OKOHYaHUA p33pa60TKI/I TOITOJIOTHH.

Onpenesienne pa3MepoB MOAT0KKH

JIJ1sl OpPHEHTHPOBOYHOTO pacdeTa pPa3MepoB IMOJIOKKH HEOOXOIUMO TOJICUH-
TaTh IUIOIIAb, 3aHUMAEMYIO dJIEMEHTaMU cxXxeMbl. Kak moKa3bpIBaeT OIBIT, IJIOMIA/Ib
MO/IJTO’KKHU JTOJDKHA OBITh B 1,5 - 3 pasza Oonble miomaay, 3aHIMaeMOl BCEMH dJie-
MEHTaMHU. JTO JHKTYETCS HEOOXOJMMOCTHIO HAJWYUS TEXHOJIOTHYCCKOM 30HBI 10
KpasiM TIOJIOKKH, 3a30POB MEXIY JIEMEHTAMHU, COCIUHUTEIIBHBIX MJICHOYHBIX IMPO-

BOJHUKOB. O0111as1 MJI0111a/1b MOJIJIOKKH B COOTBETCTBUU ¢ (popMyJioit 6.1 paBHa:
n K m r
S:k 28& +Z].SCJ +28K| +§SHK| )
1= ]= 1= 1=

rae N —KOJHMYECTBO INICHOYHBIX PE3HUCTOPOB,

S :
R —IUTomaab 1-ro pe3ucTopa;

K —KoJIM4eCcTBO IIEHOYHBIX KOHACHCATOPOB,

S .
‘i —IUIOIIAAb J-TO KOHAEHCATOPA;
M— KOJINYECTBO HABECHBIX 3JIEMEHTOB (TPAH3UCTOPOB, AMOJOB, KOHAEHCATO-
POB, O€CKOPITYCHBIX TTOTyNPOoBOAHUKOBBIX MC);

Sk — momaas, 3aHMMaeMasi M-M HaBECHBIM AJIEMEHTOM,;
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S« —IuIomans K- KOHTaKTHOM IIIOIIAIKH,

I' —KOJIMYECTBO KOHTAKTHBIX TIOMIAJIOK.

[1no1mans, KOTOPYIO 3aHUMAIOT HABECHBIEC AJIIEMEHTBI, ONPEEISETCS MO UX ra-
OapuTaM COTJIACHO YepTeKaM U CIIPABOYHBIM JIaHHBIM.

JlanHble Ha OCHOBHBIC HaBecHbIE eMeHThl [ MIC nipuBenens! B [5]. [Tnomank
MOJJIOKKH OKPYTIISIOT J0 TUIOMIAAN OJMbKaliled MOJUI0NKKH U3 PEKOMEHJI0BAHHOIO
psana (tabmuua 5.4). Pan ctanaapTHBIX MOJJI0KEK 00pa3yeTcs U3 JACJICHUS MOJI0KKU
pazmepom 60x48 MM Ha 1I€JI0€ YHCIIO YaCTEed C yYeTOM KOHCTPYKIMH KOPILyCOB T'H-

OpUIHBIX UHTErPATBLHBIX CXEM COTJIACHO MPUBEIECHHOU (hopme:

Pa3zmep 48 24 16 12 8 6
60 +
30 + +
20 + +
15 + +
12 + +
10 + +
8 + +
6 +
5 +
4 + +

Marepuan noajioxKKu BeIOMpaeTcs o Tabnuiie S npuioxxeHus 1.

Pa3memenue v BbI00p (pOPMBI IUICHOUYHBIX 3JIEMEHTOB
VIcXoTHBIMU TaHHBIMH IS pa3MEIICHHS DJIEMEHTOB SIBIISTFOTCS:
— KOMMYTAIIMOHHAS CXeMa TOTOJIOTUH;
— pa3mep MOAJIOKKH;
— TeOMETPHYCCKHUE pa3MePhl INICHOYHBIX JIEMCHTOB;
— DJIESKTPUYCECKHUE TPECOOBAHMS U YCIIOBHS;
— OCHOBHBIE TEXHOJIOTHYECKHE JAaHHBIC U OTPAHUYCHHUSI.
Croco6 u mocienoBaTeIbHOCTh PadOT MO Pa3MENICHUI0 U BBHIOOPY (POpPMBI
2JICMEHTOB HOCHUT WHIWBHIYaIbHBIA XapaKTep, OCHOBAHHBIN Ha OIBITE pa3paboTdu-

Ka.
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JIist monyyeHus HauboJiee MPOCThIX T€OMETPUUECKUX (DOPM IIIEMEHTOB U MU-
HUMaJHLHOW 3aHMMAaeMOU TUTOMAAN 9acTo Heo0XouMa mpopaboTka HE OJHOTO, a He-
CKOJIbKMX BapUaHTOB TOIOJOTHH, 0o0Jiee MOJHO YAOBJIETBOPSIONIUX 3a/IaHHBIM Tpe-
OOBaHMSIM.

[Ipu mpopaboTke mMepBOro BapwaHTa OOBIYHO HE yJIaeTCs TOJYyYUTh Kade-
CTBEHHOU TOMOJIOTUU U paboTa HaJ CIEAYIOIMM BapUAHTOM CBOJIUTCS K U3MEHEHUIO
OTIICTILHBIX Y3JI0B TIEPBOTO BapHaHTa, HAMPABJICHHOMY K YCTPAHEHHIO HEJOCTATKOB.
st mpocMoTpa KOHPUTYpaIuU OTACNIbHBIX CIOEB B KaKIOM BapHaHTE TOIMOJIOTHH
eJIecCO000pa3HO MPOU3BOJUTH PACKPACKY CIOEB B Pa3IMYHbIC I[BETA UIIH PA3THUYHYIO
IITPUXOBKY.

BrluepurBaHue MICHOYHBIX AJIEMEHTOB B MPOIECCE MX pa3MEIIeHUs 1es1eco-
00pa3HO MPOU3BOAUTH HA MUJUIMMETPOBOM Oymare B ompejaesieHHoM maciitade 10:1
nu 20:1.

[Ipy pa3menieHUH 3JIEMEHTOB HEOOXOIUMO CTPEMHUTHCS K TOMY, YTOOBI HX
dbopma ObLIa MO BO3MOXKHOCTH HamOoJiee MPOCTOM M YTOOBI IUIOIIA/Ib, 3aHUMaeMast
AJIEeMEHTaMH, OblIa 10 BO3MOKHOCTU MUHUMAJIbHOM.

PexoMmeHmyeTCs: TPOCKTUPOBATH TOIMOJIOTHIO MHUKPOCXEMBI B MPSMOYTOIBHOM
cucteme koopauHat. [Ipumganue snemeHTaM GopM, COCTOSAIINX U3 OTPE3KOB MPSMBIX
HemapauieIbHbIX OCSIM KOOPAMHAT, JOIMYCTUMO B TE€X CIIy4asiX, KOT/a 3TO MPUBOIUT
K 3HAUUTEIILHOMY YITPOIIICHUIO (POPMBI DJIEMEHTA.

Ecnu mocne pa3menieHus: Bcex 3JIEMEHTOB OCTaJIach 3HAUYMTENIbHAS HE3aHATas
TJIOMIAh TTOIONKKH, PEKOMEHIYETCS IEPEHTH Ha MEHBIIINN pa3Mep TIaThl A YBe-
JUYHTH MAPUHY MPOBOJTHUKOB JJISI YMEHBIIICHHUS UX CONPOTHUBIICHUS.

[Tocne okoHYATENHLHOTO BBHIOOpA pa3Mepa MOJJIOKKH B TOCIEIHUN BapuUaHT
TOTIOJIOTMA MHUKPOCXEMBI BHOCST H3MCHEHHMSI (€CJIM MTO3BOJIACT TUIOMIAAb ITOIIONKKH),
HaIpaBJICHHBbIC HA YIPOIIEHUE TEXHOJOTUU W3TOTOBJICHHS TUICHOYHBIX MHUKPOCXEM
(yBenmuyeHue pa3MepoB KOHTAKTHBIX TUIOMIAIOK, YBETUYCHHUE JOMYCKOB HAa COBMeE-

IICHUE CJIOEB, YBEIUYEHUE PACCTOSHUM MEXKY dJIEMEHTaMU U T.J1.).

OIEHKA KAYECTBA TOIIOJIOI'MA
CripoekTHpOBaHHAsI TONOJIOTHUS JOKHA 001a1aTh CIEAYIOIUMY KaueCTBAMU:
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a) YIOBJIETBOPSATH BCEM MPEIbSBIECHHBIM KOHCTPYKTHUBHBIM U 3JIEKTPUUYECKUM
TpeOOBaHUSM;

0) YIOBJIETBOPATH BCEM OIPAHMYEHUSM, OOYCIOBIECHHBIM TEXHOJOTHEH M3ro-
TOBJICHUSI MUKPOCXEM;

B) PacHoOJIOKEHUE DIIEMEHTOB Ha MOJJIOKKE JOJKHO 00€CleuynBaTh HOpMasb-
HYI0 paboTy CXEeMbI MPHU 3aJ]aHHOM KOHCTPYKTMBHOM MCIIOJHEHUHU U TMPHU 3a/IaHHBIX
BHEIIIHUX KJIMMATUYECKUX BO3JCHCTBUSX;

I') TOIMOJIOTHS JOJIKHA OBITh COCTABIIEHAa TAKUM 00pa3oM, YTOObI U3TOTOBIICHUE
MHUKPOCXEMBI 00XOAMIIOCH IO BO3MOKHOCTH IIPOCTOM U IEMIEBOI TEXHOJIOTUEN;

1) UCTIOJIB30BAHKE TUIOIIAIA JOJIKHO OBITh O BO3MOKHOCTH MaKCHMAaJIbHBIM.

Brimonnenue tpeboBanuii "a" u "6" oCyIIECTBISETCS B IPOIIECCE MPOCKTHUPO-
BaHMS TOMOJIOTUU U MO Mepe HEOOXOJIUMOCTH BHOCSITCS COOTBETCTBYIOIIHUE KOPPEK-
THUBBI.

Brimonnenne tpeboBanuit "r" u """ HOCUT peKOMEHIATEIbHBIM XapakTep U
MMEET YUCTO KaU€CTBEHHYIO OLIEHKY.

st BeimonmHeHus: TpeOoBaHuii "B" HEOOXOAMMO MPOBEACHHE CHEIUATBHBIX
PacyeTOB €MKOCTHBIX MAPa3UTHBIX CBSI3€H B TOMOJOTUM U TEMIIEPATYPHBIX PEKUMOB,

KOTOpbIE MOTYT OBITh CHIEJIaHbl Mocie pa3paboTku Tonoyioruu. B ciydae Heobxoau-

MOCTH B TOIIOJIOTHMIO JOJIXKHBI OBITH BHECCHBI COOTBCTCTBYIOIIHNEC U3MCHCHMU.

KonTposbHbIe BONPOCHI

1. DTtanbl npoekTUpoBaHus Tonojoruyeckou ctpyktypsl ['MC.

2. CXeMOTEeXHUYECKHE JIaHHbIE U TPeOOBaHUS MPU MPOEKTUPOBAHUHU TOIOJIOTHH
['1C.

3. TexHonmornueckue AaHHbIE W OTPAHUYCHUS MPU MPOSKTUPOBAHUU TOMOJIOTHH
['1C.

4. Kpurtepuu kadyecTBa Tonojorunueckoit ctpykrypsl I'MC.

5. KoHCTpyKTHBHO-TEXHOJOTUYECKHE OTPaHUYEHHs] MPHU pa3paboTKe TOMOJIOTHU-
yeckol ctpykrypsl [ C.

6. Cnoco6n! kperieHust komnoHeHToB [ IC u npucoenHeHns: UX BBIBOOB.

7. CtpykTypa " cojepxanue tonojorudeckoro yeprexa ['MC.
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8. MeTo/ paccTaHOBKHM pa3MepOB Ha MOCIONHBIX YePTEKaX.
9. Drambl pa3paboOTKH TOMOJIOTHH
10. Dramnbl pa3pabOTKU KOMMYTAIlMOHHOM CXEMbI COeTMHEHUI

11. Kak paccuutsiBaetcs miomaab miatel I MUMC?
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HNPUJIOKEHUSA



Tabnuna 1. Marepuanbl pe3UCTUBHBIX MIEHOK U UX 3JIEKTPOPU3UUECKUE XaPAKTEPUCTUKH

[Tpunoxenue 1

Martepuain Conporusnenue | JluarmazoH HOMHHAJIb- Y nenbHas
Marepuan pe3ucTuBHON P P . TKC-104,°C™ | momHOCTS
KOHTAKTHBIX KBaJ[paTa pe3UCTUB- | HBIX 3HAYEHUN COIPO-
TJICHKA . N ot -60 mo +125 | paccestHus.
IIOIIAIOK HOMH INUICHKH TUBJICHUI Br/en?
Huxpom Mens +1,0 I
I'OCT 12766-67 30J10TO C 200 - 500 50 —15000 -2,5 I
Huxpowm MOJICTIOEM XpoMa
I'OCT 8803-58 Menp ¢ moxcoem 200 - 500 50 - 15000 +2 |
HUXpoMa
CruiaB
MIJIT-3M 028.005TY
Xpom
I'OCT 5905-67 Menp 200 - 500 50 -. 15000 0,6 2
Kepmet K-50C, 30J10TO ¢ TOJICTI0EM 3000 - 10000 1000 - 100000 (+3) —(-5) I
ET0.021.013TY Xpoma (HUXpoma)
Crmuias PC-3001 30510TO C IIoaACJIIOEM 500 - 3000 100 — 50000 -02 I
ETO0.021.019TY xpoma( HUXpoma) ’
Cmutas PC3710 -« -
ET0.021.034TY 500 - 3000 100 - 50000 -3 I
Marepuan pe3uctuBHor | MaTtepuan KOHTaKT- Conporipaenne | /luanason HOMITHATE= TKC-104,00-1 ¥ AeIbHaA
KBaJIpaT Pe3UCTUB- |HBIX 3HAYEHUN COIPO- MOIITHOCTD
IUIEHKU HEIX TUIOMIA0K . N ot -60 no +125
HOM TIJICHKH THBJICHUI paccesHus
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Bt/cm

CrnenuaibHBIN 30JI0TO ¢ MOACIOEM 200 - 500 50 - 20000 2-50 1
craB Ne 3 XpoMa (Huxpoma)
02K0.021.010TY
Tauran TBY AJTOMUAHHH C TTO/I- 20-100 100 — 100000
POTY 1244-67 CJIOEM BaHaJIUI

Mens ¢ moaciaoeM ) 2

HEXpOMA 100 50 - 100000

Tanran 10 10 - 15000

Tabnuma 2. [TorpenrHoCcTH BOCTIPOU3BEACHHSI TEOMETPHUUECKHUX Pa3MEPOB TACCHBHBIX 3JIEMEHTOB

TexHomorusg WM3roToBJIE-

HHUS TIACCUBHOM 4YacCTU
T'nC

CpennexBanparnye-
CKOE OTKJIOHEHHUE pas3-
MEpPOB  IPOBOJHUKOB

O, MM
OJIHOTO cJiosA  “

CpennekBanparuye-
CKO€ OTKJIOHEHHE IIIU-
PUHBI

PE3UCTUBHBIX

O, MM
IIJICHOK ™

OTHOCHTEIbHOE KBaJI-
paTUyHOE OTKJIOHEHUE
CONPOTHUBJICHUSI KBa/l-
para PE3UCTUBHOU

o
IJICHKU ~ Aw

OTHOCUTENBHOE CPEOHEKBAI-
OTKJIOHEHUE
YAEIbHOU €MKOCTH JUDJIEK-
TPUYECKOTO CJIOS TIJICHOYHBIX

paTudeckoe

O¢yo
KOHJ:[eHcaTOpOB re,

MacouyHbII METOH H3Iro-
toBienus [ IC

Merton dporomurorpadun

TanTaoBasg TEXHOJIOTHUS

0,01-0,03

0,003 - 0,007
0,003 - 0,007

0,007 - 0,01

0,002 - 0,005
0,002 - 0,005

0,02 - 0,05

0,02 - 0,05
0,02 - 0,05

0,03-0,07

0,03 - 0,07
0,02 - 0,05
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Tabnuua 3. Marepuanbl JUANIEKTPUUECKUX MJICHOK U X JEKTPOPUIUUECKHUE XapaKTePUCTUKU

Marepuan qyis Harnbl-

Marepuan qis

VY nenpHasa

Pabouee

tgo

E-10°,

fpa6a

pe . _ TKE-10*°C*
JICHUS AUDJICKTPUKA | HAINbUICHHS OOKJIa- | 00- €MKOCTb, Hanps- |f=1kl'o f=1kl"u B/ecm |[MI'
TIOK KJ1a- ngb/cm2 JKEHHUE, 0T+-fg5z[0
HOK B

MOHOOKHUCH KPEMHHS 1000-10000 | 60-30 5-6 0,01-0,02 2-3 | 500 2
0.28.004 TY
MOHOOKHCH TepMaHHUS 2000-15000 | 20-10 | 11-12 | 0,005-0,007 1.0 | 500 3
ET0.021.014TY
bopocunukatHoe Amomunuii A99 0,05 | 2500-15000 | 24-10 4 0,001-0,0015| 3-4 | 300 0,36
CTEKJIO I'OCT 11069-64
ET0.075.015TY
CTeKJI0 3JIEKTPOBaKY- 5000-40000 | 12,6-6,3| 5,2 0,002-0,003 3-4 | 300 1,0-1,5
ymHoe C41-1
HI10.027.600
TpexcepHUCTas Cyph- 5000-20000 10 13-14 | 0,005-0,01 | 0,7-2 | 300 5
ma MPTY
6-09-2858-66
IIatnokuce TanTama | Tanrtam ThY

POTVY1244-67

(amxHsg ookimanka) [1-10 [6000-100000| 15-10 23 0,02 2 0,1 4

Amromuanii A99

I'OCT 11069-64 0,05

(BepxHsist OOKIIaIKA)
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TabOmnura 4

3unauenus 6HYMPEHHESCO MENTI0B020 CONPOMUBIEHUA HABECHDBIX ITIEMERMOE

Tun npubopa TemioBoe conpotusienue R, .107, °C/Bt
KT307 0,63
KT324 0,86
KT33I 1,6
KT332 1,6
KT3I9 0,74
KTIHT291 0,21
KJ1901 0,22
KJ1902 0,22
KJ1907 0,22
KJ1904 0,22

Tabmura 5

Qﬂekmpuqec;cue u menﬂoqbus’uquKue napamvempusvl mamepuailos NOOJIOJHCEK

Homyctumoe 3Haue- | Temnonpo-
HHE paccerBaeMoOl | BOJHOCTH A,
Matepuan MOIIIHOCTH Ha €/IH- Bt/cm°C € tgd
HUITY TUIOMIAIA HOJ-
noxkn Br/em®
Crexio C4l-1 0,6 0,003 7,5 20-10"
Crexno C48-3 0,6 0,008 - 0,013 6,8 15-10™
Curamn C150-1 6,0 0,012 8,5 20-10"
Kepamuka 22XC 6,0 0,084 10,3 6-10™
Kepamuka "ITonukop" 6,0 0,230 - 0,380 10,5 1-10*
Kepawmrka "['1asyps" 6,0 0,010-0,015| 16,0 19-10™
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Tabmuma 6

3HayeHHUsA HOPMAJIbHOM (PyHKIIUM pacnpeaeeHUs

o 1.2

O*(x)=—— Je2' dt
V21 o

X D*(x) X D*(x) X D*(x)
-0,00 0,5000 -0,3 0,6821 -0,6 0,2743
-0,01 4960 -0,31 3783 -0,61 2709
-0,02 4920 -0,32 3745 -0,62 2676
-0,03 4880 -0,33 3707 -0,63 2643
-0,04 4840 -0,34 3669 -0,64 3611
-0,05 4801 -0,35 3632 -0,65 2578
-0,06 4761 -0,36 3594 -0,66 2546
-0,07 4721 -0,37 3557 -0,67 2514
-0,08 4681 -0,38 3520 -0,68 2483
-0,09 4641 -0,39 3483 -0,69 2451
-0,10 0,4602 -0,4 0,3446 -0,7 0,2420
-0,11 4562 -0,41 3409 -0,71 2389
-0,12 4522 -0,42 3372 -0,72 2358
-0,13 4483 -0,43 3336 -0,73 2327
-0,14 4443 -0,44 3300 -0,74 2297
-0,15 4404 -0,45 3264 -0,75 2266
-0,16 4364 -0,46 3228 -0,76 2236
-0,17 4325 -0,47 3192 -0,77 2206
-0,18 4286 -0,48 3156 -0,78 2177
-0,19 4247 -0,49 3121 -0,79 2148
-0,20 0,4207 -0,5 0,3085 -0,8 0,2119
-0,21 4168 -0,51 3050 -0,81 2090
-0,22 4129 -0,52 3015 -0,82 2061
-0,23 4090 -0,53 2981 -0,83 2033
-0,24 4052 -0,54 2946 -0,84 2005
-0,25 4012 -0,55 2912 -0,85 1977
-0,26 3974 -0,56 2877 -0,86 1949
-0,27 3936 -0,57 2843 -0,87 1922
-0,28 3897 -0,58 2810 -0,88 1894
-0,29 3859 -0,59 2776 -0,99 1867
-0,9 0,1841 -1,3 0,0968 -1,7 0,0446
-0,9 1814 -1,31 0951 -1,71 0436
-0,9 1788 -1,32 0934 -1,72 0427
-0,9 1762 -1,33 0918 -1,73 0418
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IIpononkenune Tad MBI

X D*(x) X D*(x) X D*(x)
-0,94 0,1736 -1,34 0,0901 -1,74 0,0409
-0,95 1711 -1,35 0885 -1,75 0401
-0,96 1685 -1,36 0869 -1,76 0392
-0,97 1660 -1,37 0853 -1,77 0384
-0,98 1635 -1,38 0838 -1,78 0375
-0,99 1611 -1,39 0823 -1,79 0367
-1,0 0,1587 -1,4 0,0808 -1,8 0,0359
-1,01 1563 -1,41 0793 -1,81 0351
-1,02 1539 -1,42 0778 -1,82 0344
-1,03 1515 -1,43 0764 -1,83 0336
-1,04 1492 -1,44 0749 -1,84 0329
-1,05 1469 -1,45 0735 -1,85 0322
-1,06 1446 -1,46 0721 -1,86 0314
-1,07 1423 -1,47 0708 -1,87 0307
-1,08 1401 -1,48 0694 -1,88 0301
-1,09 1379 -1,49 0681 -1,89 0294
-1,1 0,1357 -1,5 0,0668 -1,9 0,0288
-1,11 1335 -1,51 0655 -1,91 0281
-1,12 1314 -1,52 0643 -1,92 0274
-1,13 1292 -1,53 0630 -1,93 0268
-1,14 1271 -1,54 0618 -1,94 0262
-1,15 1251 -1,55 0606 -1,95 0256
-1,16 1230 -1,56 0594 -1,96 0250
-1,17 1210 -1,57 0582 -1,97 0244
-1,18 1190 -1,58 0571 -1,98 0239
-1,19 1170 -1,59 0559 -1,99 0233
-1,2 0,1151 -1,6 0,0548 -2,0 0228
-1,21 1131 -1,61 0537 -2,1 0179
-1,22 1112 -1,62 0526 -2,2 0139
-1,23 1093 -1,63 0516 -2,3 0107
-1,24 1075 -1,64 0505 -2,4 0082
-1,25 1056 -1,65 0495 -2,5 0062
-1,26 1038 -1,66 0585 -2,6 0047
-1,27 1020 -1,67 0475 -2,7 0035
-1,28 1003 -1,68 0465 -2,8 0026
-1,29 0985 -1,69 0455 -2,9 0019
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X D*(x) X D*(x) X D*(x)
-3,00 0,0014 0,3 0,6179 0,7 0,758
-3,10 0,001 0,31 0,6317 0,71 0,7611
-3,20 0,0007 0,32 0,6255 0,72 0,7642
-3,30 0,0005 0,33 0,6293 0,73 0,7673
-3,40 0,0003 0,34 0,6331 0,74 0,7703
-3,50 0,0002 0,35 0,6368 0,75 0.7734
-3,60 0,0002 0,36 0,6406 0,76 0,7764
-3,70 0,0001 0,37 0,6443 0,77 0,7794
-3,80 0,0001 0,38 0,648 0,78 0,7823
-3,90 0 0,39 0,6517 0,79 0,7852

0 0,5 0,4 0,6554 0,8 0,7881
0,01 0,504 0,41 0,6591 0,81 0,791
0,02 0,508 0,42 0,6628 0,82 0,7939
0,03 0,512 0,43 0,6664 0,83 0,7967
0,04 0,516 0,44 0,67 0,84 0,7995
0,05 0,5199 0,45 0,6736 0,85 0,8023
0,06 0,5239 0,46 0,6772 0,86 0,8051
0,07 0,5279 0,47 0,6808 0,87 0,8078
0,08 0,5319 0,48 0,6844 0,88 0,8106
0,09 0,5359 0,49 0,6879 0,89 0,8133
0,1 0,5398 0,5 0,6915 0,9 0,8159
0,11 0,5438 0,51 0,695 0,91 0,8186
0,12 0,5478 0,52 0,6985 0,92 0,8212
0,13 0,5517 0,53 0,7019 0,93 0,8238
0,14 0,5557 0,54 0,7054 0,94 0,8264
0,15 0,5596 0,55 0,7088 0,95 0,8289
0,16 0,5636 0,56 0,7123 0,96 0,8315
0,17 0,5675 0,57 0,7157 0,97 0,834
0,18 0,5714 0,58 0,719 0,98 0,8365
0,19 0,5763 0,59 0,7224 0,99 0,8389
0,2 0,5793 0,6 0,7257 1 0,8413
0,21 0,5832 0,61 0,7291 1,01 0,8437
0,22 0,5871 0,62 0,7324 1,02 0,8461
0,23 0,591 0,63 0,7357 1,03 0,8485
0,24 0,5948 0,64 0,7389 1,04 0,8508
0,25 0,5987 0,65 0,7422 1,05 0,8531
0,26 0,6026 0,66 0,7454 1,06 0,8554
0,27 0,6064 0,67 0,7486 1,07 0,8557
0,28 0,6103 0,68 0,7517 1,08 0,8599
0,29 0,6141 0,69 0,7549 1,09 0,8621

IIpoaomxenue Ta0IULBI

X D*(x) X D*(x) X D*(x)
1,1 0,8643 15 0,9332 1,9 0,9713
1,11 0,8665 1,51 0,9345 1,91 0,9719
1,12 0,8686 1,52 0,9357 1,92 0,9726
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1,13 0,8708 1,53 0,937 1,93 0,9732
1,14 0,8729 1,54 0,9382 1,94 0,9738
1,15 0,877 1,55 0,9406 1,95 0,9744
1,16 0,879 1,56 0,9418 1,96 0,975
1,17 0,881 1,57 0,9428 1,97 0,9756
1,18 0,883 1,58 0,9441 1,98 0,9671
1,19 0,8849 1,59 0,9452 1,99 0,9767
1,2 0,8869 1,6 0,9463 2 0,9772
121 0,8888 161 0,9474 2,1 0,9821
1,22 0,8907 1,62 0,9484 2,2 0,9871
1,23 0,8925 1,63 0,9495 2,3 0,9893
1,24 0,8944 1,64 0,9505 2,4 0,9918
1,25 0,8962 1,65 0,9515 2,5 0,9938
1,26 0,898 1,66 0,9525 2,6 0,9953
1,27 0,8997 1,67 0,9535 2,7 0,9965
1,28 0,9015 1,68 0,9545 2,8 0,9974
1,29 0,9032 1,69 0,9554 2,9 0,9981
13 0,9049 1,7 0,9564 3 0,9986
131 0,9066 1,71 0,9573 3,1 0,999
1,32 0,9082 1,72 0,9582 3,2 0,9993
1,33 0,9115 1,73 0,9591 3,3 0,9995
1,34 0,9115 1,74 0,9599 3,4 0,9997
1,35 0,9131 1,75 0,9608 3,5 0,9998
1,36 0,9147 1,76 0,9616 3,6 0,9998
1,37 0,9162 1,77 0,9625 3,7 0,9999
1,38 0,9177 1,78 0,9633 3,8 0,9999
1,39 0,9192 1,79 0,9641 3,9 1
14 0,9207 1,8 0,9649

1,41 0,9222 1,81 0,9656

1,42 0,9236 1,82 0,9664

1,43 0,9251 1,83 0,9671

1,44 0,9265 1,84 0,9678

1,45 0,9279 1,85 0,9686

1,46 0,9292 1,86 0,9693

1,47 0,9306 1,87 0,9699

1,48 0,9319 1,88 0,9706

1,49 0,9332 1,89 0,9713
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Tabnuna 7. 3nadenus GpyHKINU

2(do,K)

K qgo 1,0 1,05/ 1,101,175 |125 (1325 (140 165 (190 (215 |240 (270 (3.0 35 40 5.0 6,0 |8,0 100 (155 200 |350 (500
0,010 0,0261)0,0258/0,0265 | 0,025] 0,024¢ 0,024y 0,024] 0,023] 0,022y 0,021¢ 0,020¢ 0,0207 0,0194 0,013¢ 0,017§ 0,0164 0,015y 0,013% 0,012% 0,009¢ 0,008] 0,005] 0,003
0,015 0352| 0348] 0344| 0339| 0334 0329| 0324| 0309| 0297| 0285 0276| 0265| 0255| 0241| 0229| 0209| 0193| 0167| 0148| 0144| 0092| 0053| 0033
0,020 0434| 0428 0423| 0415| 0409| 0402| 0395| 0376 0360| 0345| 0332| 0318| 0305| 0286| 0270| 0244| 0223| 0190 0165| 0122| 0094| 0043| 0026
0,030 0575| 0568| 0558| 0547| 0537| 0527| 0517| 0489| 0465| 0443| 0424| 0403| 0384| 0357| 0334| 0295| 0265| 02 18| 0183| 0126| 0089| 0036| 0016
0,040 0605| 0683 0673| 0558| 0645| 0631| 0619| 0582| 0549| 0521]| 0495| 0468| 0444| 0409| 0379| 0329| 0290| 0231| 0188| 0119| 0078| 0025| 0008
0,055 0848| 0832] 818| 0798| 0780| 0762| 0745| 0694| 0650| 0612 0578| 0542| 0510] 0463| 0424| 0359| 0309| 0235/ 0182| 0103| 0060 0013| 0003
0,070 0974| 0956 0939| 0914| 0891]| 0863| 0847 0784| 0729| 0632| 0639| 0595| 0555| 0493| 0450| 0373]| 0313| 0227| 0168| 0084| 0044| 0007 0001
0,085 1084| 1082| 1041| 1012| 0983| 0957| 0932| 0856] 0791| 0735 0685| 0632| 0586| 0519| 0464| 0375 0308] 0213| 0151] 0067 0031] 0003 0000
0,100 1179 1153| 1129| 1094| 1061| 1031| 1002| 0915| 0840| 0775] 0713| 0658| 0605| 0530] 0468| 0370| 0296 0196| 0132 0052| 0021| 0002

0,125 1310{ 1278| 1249| 1207| 1167| 1129| 1094| 0989| 0899| 0821| 0753| 0682| 0620| 0533] 0461| 0350 0270/ 0165| 0103 0033| 0011| 0001

0,150 1414| 1378| 1343| 1294| 1847| 1204| 1162| 1040| 0936| 0846| 0769| 0689| 0619| 0521| 0442| 0323| 0240( 0133| 0078 0021| 0006| 0000

0,075 1498| 1456| 1417| 1361 1308| 1258| 1212| 1073| 0956| 0857| 0772| 0682| 0606| 0501 0417| 0293| 0209/ 0109| 0058| 0012| 0003

0,200 1565 1519| 1474| 1412 1353| 1298| 1246| 1093| 0965| 0856| 0763 0667| 0586| 0475| 0388| 0262| 0180| 0086| 0042| 0008| 0001

0,250 1658 1602| 1550| 1476| 1406| 1341| 1280] 1102| 0955| 0831| 0726] 0621| 0533| 0416| 0326| 0204| 0129| 0053| 0022| 0003| 0000

0,300 1710| 1646| 1588| 1502| 1423| 1349| 1281| 1082| 0920| 0735 0674| 0563| 0472| 0354| 0267| 0154| 0090| 0032| 0011| 0001

0,350 1730] 1660| 1594| 1500| 1415| 1334| 1259| 1043| 0870| 0789| 0614| 0501| 0410 0296| 0215| 0114| 0062| 0018| 0006| 0000

0,400 1728| 1652| 1580| 1479| 1387| 1300| 1220| 0993| 0813| 0668| 0551 0440| 0352| 0244| 0170| 0084 0042| 0011| 0003

0,500 1676 1591| 1310| 1398| 1296| 1202| 1116| 0874| 0689| 0545| 0432 0329| 0251| 0161] 0104| 0044, 0018 0003| 0001

0,600 1582| 1491| 1405| 1287| 1180| 1032| 0993| 0749| 0568| 0432| 0330] 0239| 0174| 0103| 0061| 0022 0008| 0001| 0000

0,700 1467| 1373| 1284| 1163| 1054| 0956| 0868| 0630| 0460| 0337 0247| 0171 0119| 0065| 0036| 0011| 0003| 0000

0,800 1343| 1247| 1158| 1037| 0930| 0834| 0748| 0523| 0367| 0258 0182| 0120| 0080 0040| 0020| 0005| 0001

0,900 1216 1121| 1034| 0915 0811| 0719| 0638| 0429| 0290| 0196] 0133| 0084| 0053| 0025| 0012| 0003| 0001

1,00 1095| 1000| 0915| 0801| 0702| 0615| 0540 0349| 0227| 0148]| 0096, 0058 0035| 0015 0007| 0001 0000

1,15 0919| 0832| 0753| 0648| 0558| 0481| 0415| 0253| 0155| 0095| 0059| 0033| 0018 0007| 0003| 0000

1,30 0765| 0684| 0512| 0518| 0439| 0372| 0315| 0182 0105| 0061| 0035 0018| 0010| 0003| 0001

145 0431 0558| 0494| 0411| 0342| 0285| 0237| 0129 0071] 0039| 0021| 0010| 0005| 0002 0000

1,60 0517| 0452| 0395| 0324| 0263| 0217| 0177| 0091| 0047| 0024| 0012| 0006| 0003| 0001

1,80 0393| 0338| 0292| 0233 0187 0149| 0119| 0057| 0027 0013| 0008| 0003| 0001 0000

2,00 0296 0251| 0213| 0167 0130 0102| 0080| 0035/ 0016| 0007| 0003 0001| 0000

2,25 0207| 0172| 0143| 0109| 0083| 0063| 0048 0019/ 0008| 0003| 0001| 0000

25 0143| 0117| 0095| 0071| 0052| 0038| 0028| 0010 0004| 0001| 0000

30 0068| 0053| 0042| 0029| 0020/ 0014| 0010{ 0003| 0001| 0000

35 0032| 0024| 0018| 0012| 0008| 0005 0003| 0001 0000

4,25 0010| 0007| 0005| 0003| 0002 0001| 0001| 0000

50 0003| 0002 0001] 0001| 000O| 0000| 0000
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[Tpunoxenue 2
Cxema mocie0BaTeIbHOCTA HAHECSHHSI CJI0EB MUKPOCXEMBI
HPU MAacCOYHOM METO/IE U3TOTOBJICHUS

Hamnreuienue
PE3UCTOPOB

\—/

Haneinenue IMMPOBOJHUKOB U

KOHTAKTHBIX IIJIOIIAJ0K

\_/

3aluTHBIN CII0# Hanriienue mexcaoiHon HambuieHue HKHEX 00-
M30JISIIAA KJIaZIOK KOHJIEHCATOPOB
Muxpocxemel, conepxariye Hanbinenue Hanbsinenue
PEe3UCTOPBI ¥ NPOBOIHUKHU
MIPOBOJIHUKOB JUDJIEKTPUKA

3auUTHBINA CIIOU

MukpocxeMsl, CoiepxKalue pe3u-
CTOPBI, IPOBOIHUKHU U [IEPECCUCHUS

Harnrnienne HIDKHUX O

(2

KJIaIOK KOHJICHCaTOpa

0-

\/
(2)

Hanbsuienue nuaiex
TpHKa

)

\—/

KJIaIOK KOHACHCATOpa

()

Hamnbimenne Bepxunx 06-

\—/

3aluTHBINA CIION

)

\—/

TPOBOJHUKOB U KOHAECHCATOPHI

2

MHUKpPOCXEMBI, COJIEPKAIINE PE3UCTOPHI,
HPOBOJIHHKH, TIEPECEUCHNUS UICHOUHBIX

111

\_/

Hanrsutenne BepxHUX 00-
KJIaI0K KOHACHCAaTOPOB

(2
—

3almTHBINA CIIOU

)
\—/

Mukpocxemsl, conep-
JKallUe PE3UCTOPBI.

\—/




[Tpunoxenue 3

Cxema nocnenoBaTeIbHOCTH (POPMUPOBAHHSI MUKPOCXEMBbI
MIPU U3TOTOBICHUH METOA0M (GoTomuTOrpadun

Harnburenue mare- Hansinenue pesu- Hamnbimenue pe-
raja mpoBOISIICH . 3UCTHUBHOM
p POBOZAIL CTUBHOU TUICHKHU
MJICHKA TJICHKU
Haneienue pesu-
Haneinenue
CTUBHOU TUICHKHU S —
dortonmrorpadus Ne 2
TJICHKA
IIPOBOJISIIIETO CIIOS
Hansuienue npo- | 1
dortonurorpa- B}
BOJIAIIICH MJICHKA Qs pGSI/ICTEB- dotonuTorpa
HOT'O U IPOBO- (ust mpoBoss-
JSIIIETO CIIOS HIETO CJOs
3alUTHBIN CIIOU
dortonurorpadus
IPOBOJALICTO dotosuTorpa- doToauTOrpa-
Cl0 Gbust pe3ucTUB- Gbust pe3rcTUB-
HOTO CIIOS HOTO CIIOS
dortonurorpadus
Muxkpocxemsl, co- PE3UCTHBHOTO - -
JepIKaIe MPOBOJI- cros No2 3anUTHBIN 3anUTHBIN
HUKH 1 KOHTAKTHBIE W) (07} cIIok
TUTOMIAKA
dortonurorpadus
PE3UCTUBHOTO
ciost Nel Muxkpocxemsl,
coJIeprKaIe
PE3UCTOPHI U
MIPOBOTHUKH
[ 3alIUTHBIN CIIOU }
MHuKpocxeMsl, co-
JiepIKaIlye pe3nucTo-
PBI C pa3HBIMU po U
IPOBOAHUKHU
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[Tpunoxenue 4.
Cxema nocie10BaTeIbHOCTH HAaHECEHUS CII0EB MUKPOCXEMBbI

IIpru METOAC U3TOTOBJICHHUA HAa OCHOBC TaHTalla

Harnbuienne HU3KOOMHOTO
TaHTana

®dortonurorpadus TaHTaIA -
H3TOTOBJICHHE HHKHI
06Kﬂﬂ,ﬂOK KOHJICHCATO]

Hamplnenue npoBoIsIero
MaTepuana - Men

BeiTpaBiuBaHue y4acTkoB
MPOBOJISLIECr0 MaTepHUaa
JUIsl aHOTMPOBAHMS TaHTala

AHO/MpOBaHKe TaHTaA JUIs
TOJTy9EeHNs! CIIOS
mmnektpuka (Ta,0s,)

Vianenue MeaHOTO
HOKPBITHS

Hanbuienne amomusns

DoTonuTorpadus anFOMHUHNS
— M3TOTOBIICHHE
BEPXHUX QGICDH,EIOK
KOHJICHCATOPOB

Hanecenne doropesucra
®H-103

(D OTO:IHTO]']J&(.I}I[)I 3AlUTHOTO
cnos

MHKpPOCXEMBI, COJepKaIIne
[PE3UCTOPBI, KOHACHCATOPBI H|
TIPOBOJHUKH
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[Tpunoxxenue 5

Texnonozuueckue O2DAHUYUECHUA HA MOno102uro zuﬁpudublx MUKDOCXEM

OrpanudeHus, 00yCIOBJICHHBIC TEXHOJIOTHEH MEXaHUYECKON Pasmep,
00pabOTKH MOJTI0KEK MM
MuHuManbEHOE PACCTOSTHHE OT Kpast TTOITOKKH:
IO TUIEHOYHBIX DJIEMEHTOB 0,3
110 Kpasi OTBEpCTUI 1,0
MUHHUMAaJIEHOE PAaCCTOSHUAE OT IICHOYHBIX 3JIEMEHTOB JI0 Kpasi OTBEPCTUIH 0,5
OrpannueHusi, OOyCIIOBJICHHbIE TEXHOJIOTHEH MOHTa)Xa HABECHBIX dJie-
MEHTOB
MunuMaIbHbIE pa3Mephl KOHTAKTHBIX IUIOMIAJA0K JIJIT MOHTa)kKa HaBECHBIX
MIPOBOJIHUKOB B CITyYae:
CBapKu 0,3x0,3
OJHOKPATHOM MalKu 04x04
MHOTOKpPaTHOM MalKu 0,5x0,5
MuHHUMAIbHBIE PACCTOSHUSA MEK/ly KOHTAKTHBIMH IIOIIAKAMH JUIS MOH- | 2
)
Ta)ka HaBECHBIX MPOBOIHUKOB
MuHMMaIbHOE PACCTOSIHUE OT KOHTAKTHOW IUIOIIA/IKH JI0 HABECHOTO e~ | 5
)
MEHTA
JlomyckaeTcst HaBECHBIC 3JIEMEHTHI YCTaHABIMBATh HA TUICHOYHBIC TTPO-
BOJHUKHU W PE3UCTOPHI, 3aNTUIIICHABIC JUIICKTPUKOM, IIPH YCIOBUH, YTO
JTAQHHBIN TUAJICKTPUK HE Pa3pymIaeTcs OT BO3JACHCTBUS KIEEBOTO CIIOS
MakcumarnbHas 1IMHa BBIBOJIA HABECHOTO JJIEMEHTA JI0 KOHTAKTHOM IIO- |5 0
)
IAIKA
MuHEMaIbHOE PACCTOSIHUE HABECHOTO JIEMEHTA OT Kpasl TUIaThl 0.4
KOHTaKTHBIE IOIIA/IKH /1JI1 MOHTaKa BHEIIHUX MIPOBOJIHUKOB pacmona- | g
)
raTh C IIIarOM HE MEHEE
MuHHUMAIIEHOE PACCTOAHUE MEXKJLYy HABECHBIMU DIIEMEHTAMH, B TOM YHCIIE |q 3
)
Y TIPOBOTHUKAMH
MuHUManbEHO TOMyCTHMAs IIUPUHA TIJICHOYHBIX PE3UCTOPOB
P MaCOYHOM METO/JIe 0,2
npu GoroauTorpapuu 0,05
Ha OCHOBE TaHTaJa 0,05
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OKoHYaHue

Orpannuenus, 00yCIOBIICHHBIE TEXHOJIOTUEH Pazmep,
MOHTAa’ka HaBECHBIX DJIEMEHTOB MM
MuHuMansHas IIMPUHA MTEPEKPHITHS ABYX TOHKOTUICHOYHBIX TIOJIOCOK IS
OCYIIIECTBJICHUS JICKTPUUECKOTO KOHTAKTa MEXKTy HUIMHU
P MAaCOYHOM METOJIC 0,2
npu dhoTosmTorpadhun 0,1
MuUHHUMaJIbHOE PAacCTOSHUEC OT Kpasi TUAJICKTPUKA MPH COCTUHEHUN BBIBO- 0.3
)
JTIOB OOKJIAJIOK KOHJECHCATOPOB C APYTHMH dJICMEHTAMHU
Y KoHAEHCATOPOB HIKHSS 00KIIa/IKa TOJDKHA BRICTYNATh 3a Kpail BepX- 0.2
o )
HEH, HE MeHee
JTUDJICKTPUK JODKCH BBICTYIATh 3a Kpaidl HUKHEH OOKIIaIKH HEe 0.1
MEHEE ’
MuHuManpHas MUPUHA TICHOYHBIX MPOBOTHUKOB
IIpX MAaCOYHOM METO/IE 0,1
npu GotonuTorpapun 0,05
Ha OCHOBE TaHTaJjia 0,05
[Ipu M3rOTOBIEHUH MAaCOYHBIM METOJIOM PE3UCTOPOB CIOKHON KOH(DUTY-
paluy, MUHUMAJIbHOE PACCTOSIHUE MEXTY TapajlieIbHBIMU y4aCTKaMHU pe- 0,2
3UCTUBHON IUIEHKH
MuHHMAaIBHO JTOMYCTUMBIC PACCTOSHUS MEXIY INICHOYHBIMHU dJIEMEHTa-
MU, PACIIOJI0KEHHBIMHU B OJTHOM CJIO€
MIPH MaCOYHOM METOJIE 0,2
npu poTomuTorpaduu 0,05
Ha OCHOBE TaHTaJIa 0,05
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[Tpunoxxenue 6

OEJNEPAJTBHOE 'OCYJAPCTBEHHOE BIO/ZKETHOE OBPA30BATEJIBHOE
YYPEXJIEHUE BBICIHIEI'O OBPA3OBAHMUSA

«KABAHCKNH HAIIMOHAJIBHBIA HCCJIEJOBATEJIBCKAI TEXHUYECKUH
YHUBEPCHUTET um. A.H. TYIIOJIEBA-KAW»

I/IHCTHTyT PAANOIJTEKTPOHUKH U TeJIeKOMMyHI/IKaIII/Iﬁ

Kadenpa HanoTexH0J10ruM B 3JIEKTPOHUKE

3AJJAHHUE
Ha KypCOBYIO paboTy

oo mucuummnae "MUKPOSJEKTPOHUKA"

(11.03.04)
Crynexr rpymnmna
Pyroommrers
Jlara BeIiguM 3a1aHUs
Jlara zanpmsr paboThI

Tema kypcoBoil paboThl
[IpoekTupoBaHue rHOPUAHBIX MUKPOCXEM
(HaumeHoBaHUeE y3i1a, 0J0Ka)

Hcxompple JaHHBIE:
(cxeva IPUHIMITAATIbHAS VIKTPUYECKasT, HATIPSKCHHUE TTAHIS,

YACTOTHB I JIMATIE30H, YIRS KT UTYaTaAl A K. T. 1. )

Coneppraariert 00EeM  KyPooBO padoThI

Pagpaborars  KOHCIPYKIEO Y3 (G10Ka) B THIOPHTTHOM TTICHOMHOM HCTIONHEHNH
1 Tosicrnrenbhast 3amicka - Ha 20-25 PyKOMMCHBIX CIPAHMLIAX, BKIFOHST Pas/IeTIbL:
1) 3a7aHVc HA TIPOCKIVPORAHIC,

2)  TEXHUUCCKVC YCIIOBHST TIPOCKIHPOBAHIS,

3)  aHHOTaI, BBCICHKE

4)  aHaTM3 00BEKTA TPOCKTHPOBAHIS,

5  BpI00PHO0OCHOBAHHC MATEPHIOB. YIEMEHTOB MUKPOCXEMBY,

6)  BHIOOPHOOOCHOBAHKE TEXHAIOMMUECKOOTIPOLIECCA. BIOTORTICHAST Yk,

7)  pacCHeTBHI YIMCHTOB MAKPOCXEMBY,

8  paspadoTKA TONOIONH,

9 ompeneeHre pa3VIEPOB TIOWIOKKM M BHIOOP KOPITYCA. MUKPOCKEMBE,

10) ook HCTINESYeMOH JTATEpaTypbL,

11) coneprarre:

2 T'padwceckast vacTb:

1) CXeMa WTeKTPUYECKas! TIPUHIMITHATBHASE,

2) TOTOJIOTAYSCKAA 1 COOPOUHBIIA YCPTEIKH.
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I/ICXOI[HBIG JAaHHBIC JJISA ITPOCKTHUPOBAHUSA

[Tpunoxxenue 7

Neza- | Unum, B Pewvix ATpab, °C fepan, MI'n P-10° Br
TAHWS
1. 12 0,75 -60++60 2 20
2. 6 0,7 -60++60 0,5 5
3. 10 0,85 -60++60 0,1 25
4. 12 0,6 -60++60 1 30
5. +6 0,56 -60++60 3) 15
6. 6 0,8 -60++60 10 20
7. 10 0,95 -60++60 5 50
8. 6 0,95 -60++60 0,05 40
9. 12 0,65 -60++60 0,05 20
10. 6 0,65 -60++60 0,1 10
11. 10 0,9 -60++60 10 15
12. +6 0,7 -60++60 S) 50
13. +6 0,95 -60++60 10 50
14, +6 0,9 -60++60 10 40
15. +6 0,8 -60++60 S) 30
16. 10 0,8 -60++60 10 15
17. 6 0,99 -60++60 1 20
18. 10 0,85 -60++60 15 30
19. 6 0,9 -60++60 10 40
20. 10 0,65 -60++60 20 20
21. 10 0,95 -60++60 2 30
22. 12 0,59 -60++60 10 35
23. 6 0,9 -60++60 0,5 10
24. 10 0,6 -60++60 2 20
25. 6 0,9 -60++60 10 10
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Ipuiaoxenue 8

BAPUAHTBI 3AJAHUI
3AJIAHHUE 1
Mukpocxema K2YC3 71
71 | |KonmencaTtopsl
— Ml.aa] |C1 200nd+15% 1 TIEHOYHBIN
- - C2 K10-9 0,1Mx®+15%0XO0. 460. 047 TV |1 HAaBECHOI
~r—r  |Pe3ucTopsl
(T ———_3 i o)
= Ol [ 15 KOMEL% 1
{13 | + U R2 5 kOMm £10% 1
RI el 0
R3 450 Om £10% 1
vT] Cl R4 850 kOm £10% 1
R R
L [ ] IOE]R”E R5 10 KOM £10% 1
RS R6 5 kOm +10% 1
(=T} ca] R7 2,9 KOM £10% 1
I Zadl 0
I Q VTD{“ [#ees | |R8 20 kOm +0,5% 1
R9 1kOm +£10% 1
VT2
] 4] K }/VT47_—§‘—(‘ [s=| IR10 4 kOm £10% 1
™ RII 3 kOMm £10% 1
R2 R4 LR6 AR9 LRI11ALRI3LRIS R12 4 xOm £10% 1
U [‘} [] [ R13 250 Om £10% 1
e | 0] R14 1,5 kOm=10% 1
=l RIE Bsow=10% 1
[E==T%) [3 Tem ] TpaH3ucTopbl
VT1- KT324 )K13.365.143.TY 5 HaBECHOM
VTS5
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3AZTIAHME 2
Mukpocxema K253Y /11

Kappexuus
2?13
OJC 7
- O*Uq
Vi3
R?L] P
R | R4
VIt %
LN
Vi2 VI7Z 3 vT9
R. A’é!'
VT8
1 = o 7
Bxad : |[ & 2. 0
4 R9
2 Vi {
Vi6
Vo
RS
0 -,
g

Cl Konpnencartop 20n® 15% 33B 1 (IIneHOYHBIH
C2 Konnencarop K10-9 150000® 15% 25B|1

R1 Pesuctop 10 kOm 10%-0,00082BT 1 |[IneHouHbI
R2 Pezucrop 3kOm 10%-0,0027BT 1 |[IneHouHbII
R3 PesucTtop 25k0m 0,5%-0,03025BT 1 |IIneHOYHBIHN
R4 Pesncrop 25k0m 10%-0.03025BT 1 |[InenouHsbIi
R5 Pesuctop 2,4 kOm 10%-0,01161BT 1 |ITlmeHoYHBIH
R6 Pesuctop 3kOm 10%-0,00432BT 1 |IlnenouHbIi
R7 Pesuctop 10 kOm 10%-0,00476BT 1 |[InenouHbI
R8 Pesucrop 3,6k0Om 10%-0,00518BT 1 |ITlmenouHbIH
R9 Pesuctop 18x0m 10%-0,02812BT 1 |[InenouHBII
R10 Pesuctop 10kOm 10%-0,00476B1 1 |IlnenouHbI
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Pesucrops! (TI€HOUHEIE)

R1 9xOm +£10% 4,4mMBt 1

R2 S5kOm £10% 8,5MBT 1
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[ o L [ | [ee=Tim]  [R7.R9 |Pesucrop 12xk0m 10%-0,014Br |2 |[nenoussri
prang s VT1 VT4 R+ [ RS Pesucrop 9xOm 10%-0,019Br |1 (IIneHounslii
X - “ ?,‘.E_ R10 Pesucrop 6kOM 10%-0,043Bt |1 |[Inenounsiii
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Cl1 Konnencarop 0,55H® + 15% 13,2B |1 |[IneHouHbIN
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R1 Pesuctop 4,7x0m + 10%-0,0047Bt |1 |[lneHOUYHBII
R2 Pesucrop 9xOm =+ 10%-0,00225Bt |1 |[IneHOuHBIH
R3 Pesucrop 15k0m + 10%-0,00135Bt |1 |[IneHouHBIH
R4,R6 Pesucrop 2,5k0m + 10%-0,0009Bt |2 |[IneHOUHBII
R5 Pesucrop 10kOm + 10%-0,008836Bt1|1 |[IneHOUYHBIH
R7 Pesucrop 1kOMm + 10%-0,00529Bt |1 |[IneHOuHBIH
R8 Pesuctop 30kOMm + 15%-0,002883B1|1 |[lneHouHbII
R9 Pesuctop 6xkOm + 10%-0,02166Bt |1 |[IneHouHbII
R10 Pesuctop 0,8xk0m + 10%-0.002888BT|1 |[lneHouHBII
R11 Pesucrop 1kOMm + 10%-0.17424Bt |1 |[IneHOuHBIH
R12 Pesuctop 2x0m + 10%-0,0004608Bt |1  |[lneHouHbII
R13 Pesucrop 3kOM £ 10%- 1 |[IneHouHBIH
0,000691226BTt
R14 Pesucrop 22x0m £ 10%- 1 |[IneHouHBII
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R5 500 Om£10% P=2,88 mBT 1

R6 1000 Om+10% P=0,16 MBT |1

R7 1500 Om+10% P=13,5MBT |1

R8 20 Om=10% P=0,005 mBT 1

R9 200 Om+10% P=0,184 MBT |1

R10 400 Om+10% P=2,4 MBt 1
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Mukpocxema K224YH16
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C2 110nd+15% Up=30B 1
Pesucropsl (T7IEHOUHBIC)

R1 5,1kOm £20%25MBT 1
R2 10 kOm £20% 48MBT 1
R3 2,2k0Om £20% 11 mBT 1
R4 2,7kOm £20% 13MBT 1
R5 680 OmM£20% 3,3MBT 1
R6 10 kOm £20% 48MBT 1
R7 20xkOm £20% 37MBT 1
R8 2kOm +£20% 10MBT 1
R9 27xk0Om £20% 13mBT 1
R10 50xOm £20% 24mBT 1
R11 12k0Om £20% 58mBT 1
R12 68kOm +0,5% 33MBT 1
R13 18xOm £20% 87mBT 1
TpaH3ucTopbl (HaBECHBIE)

VT1, VT2|KT3691I TOCT 15172-70 (2
VT3-VT5|KT332]1 I'OCT 15172-70(3
VT6 KT369I' TOCT 15172-70 |1
VT7 KT3321T'OCT 15172-70 |1
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R6  |2.5k0M*10% 17,89MmBt 1
R7 |1xOm£10% 0,71MBT 1
R8  [30x0m%0.5% 50MxBT 1
R9  |6kOm£10% % 14,79 MBt 1
R10 [0.8xkOM*£10% 1,97MBT 1
R11 |1xOmt10% 121 MBt 1
R12 |2xk0m%10% 50MxBT 1
R13 [3x0M*+10% 50mMkBT 1
R14 [22x0m+10% 10 MxBT 1
Cl |Konnencarop 200 nd + 15% 1
Un=13,2B
C2 [K10-17-T133 2200 =+ 15% 1
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Mukpocxema K22YHI6
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R1 TkOm10% P=001 MBr 1
R2 24xOnve10% P=0024mBr 1
o (RS TKOME10% P=001 MBr 1
pey w11 26) 10kOnve10% P=0,001 MBT 1
B0 |5 ||R4 23xOm=10% P=00023MBr 1
Hun| 1 |IR6 2A4xOmE10% P=00024mBT 1
IRY7 10kOnv10% P=0001 MBr 1
[ | 'f R8 24xOm+05% P=0024mBr 1
~'[R9 7OV 0% P=001 MBr 1
TparsucTopbl
VTIVTI3  [KT324 XKM3365235TY 5|
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3AZJAHME 11
Mukpocxema K2YC373
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Cl 3300d+15% 1|mneHOYHEBIN
C2 2200nd+15% K10-17-M  |1|uaBecHoit
2200
Pe3nctopsl miieHOUHbIE
R1 1000 OMm£10% 1
R2 50 kOm£10% 1
R3 80 kOM *1% 1
R4 10 kOMm£10% 1
R5 25k0OM+10% 1
R6 100 Om+10% 1
R7 40 Om+10% 1
R8 2kOm+10% 1
RO 500 Om+10% 1
R10 5 kOM£10% 1
R11 10 kOM+10% 1
R12 200 Om£10% 1
R13 5kOM=£10% 1
R14 500 Om+10% 1
R15 2 kKOm£10% 1
TpaH3ucTOphI
VT1- KT307A 6
VT13
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Mukpocxema KS53Y /11

] ] Cl Konnencarop 1500 nd+10% -25 B K10-9 OXXKO 1
3 f 460.087TY
‘ C2 Konpnencarop 500 nd+ 15%-15 B 1 (IInenounsbiit
{3 |R1 Pesucrop 10 kOmE 10%-50 MBr 1 |IIneHouHBIH
f]M ‘{ii//’ 7 []]/37 J f]/p; 17 R2 Pesucrop 3 kOm+ 10%-15,87 MBt 1 (IInenounsbiit
R3,R4 Pesucrop 25 kOm+ 10%-16,4 MBT 2 |IInenounsIlit
Vit ’ ’
elfofie] — R = e
ezuctop 3 kKOm: -15. T €HOYHBIIA
vii ' vi7 il Ris | 7 R7 Pesucrop 10 kOmE 10‘(%-50 MBT 1 |TIneHouHbIA
Vg C == [rs Pesictop 3,6 kKOt 10%-50 MBT 1 |Tnenounsi
R2 R6 R9 Pesucrop 18 kOmt 10%-50 MBr 1 |TInenounbni
R10 Pesucrop 10 kOM+10%-33.86 MBt 1 |IInenounbrii
—( Vi R11 Pesuctop 1 kOmet 10%-18,8 MBr 1 |Tlnenounii
klw—g ') R12 Pesucrop 10 kOm+ 10%-50 MBt 1 |IInenounbrii
vie R13 Pesucrop 20 kOm+ 10%-12,8 MBr 1 |TneHOuHBIH
(2 2s[1p1 o |R14 Pesucrop 0,75 kOm= 10%-2,53 MBT 1 (IInenounbiit
I.__-E Vs [: Vet R15 Pesucrop 30 kOm+0,5%-0,59 MBr 1 |TIneHouHBIA
VT1VT1l |Tpanzucrop KT307A 11|CB0.336.016 TY
VT R o1 VT12 Tpansucrop KT202A 1 [FOD3.365.020 TY
mm— 7 [g 7< VT13\VT14 |Tpamsucrop KT307A 2 |CB0336016TY
6 - [] VT15 Tpamsucrop K T202A 1 [FO®3365.020 TY
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3AJJAHME 13 Muxkpocxema K284Y/12
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m Cl1 Kongencarop 2200nd=+ 15%- 13,2B 1 (K10-9
C2 Kongencarop 200n®+15%-25B 1 (ITimenovHbIi
he N -
p = & E R1 Pesuctop 2.5 kOmM+10%-26,45MBT 1 |[ImeHOYHBIH
Y R2 Pesucrop 5k0m+10%-18,8mMBT 1 ({IlnenouHsIit
Q R @ R3 Pesuctop 3,56 kOmM+10%-39,67MBT 1 |[lmeHOYHBIH
-Hr i R4 Pesucrop 7,5kOm+10%-49.19mBT 1 ([IneHouHsIH
. R5 Pesucrop 9,3 kOm+10%-21.16MBT 1 ({IIneHouHbIH
2 I g B R6 Pesuctop 4 kOm+10%-21,16MBT 1 ({IIneHouHbIH
—{ 1} i = 1 =
= R7,R9 Pesuctop 12k0M+10%-34,68MBT 1 |(ITimenovHbIit
R8 Pesucrop 9xOm+10%-26MBT 1 ({IIneHouHbIH
Q = ® R10 Pesucrop 6xkOm+10%-17,34 MBT 1 ({IlneHouHsbIi
— . S R11 Pesucrop 150 Om+10%-0,43mMBT 1 |[TInenouHbIi
0 € R12 Pesucrop 1x0m+10%-5,29MBT 1 (IIneHouHsbIH
—{ L R13,R15 |Pe3uctop 10k0mM+10%-52,9MBT 1 |(ITinenovHbIi
A R14 Pesuctop 300 Om +10%-3,67mMBT 1 |[IneHouHBIH
— N| R16 Pesucrop 40kOm+0.5%-52,9mMBT 1 (IIneHouHsbIH
& VT2-VT7 |Tpansuctop KT331A 5 |CB0.336.021 TY
= = —7;5 : VTL1,VT6 |Tpansuctop KI1201E 2 |CB0.336.021 TY
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Mukpocxema K298YH1
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3AJJAHME 15

Mukpocxema K284Y/12
Gonoucupobva in Cl Konnencarop 1500 nd+10%-25B | 1[K10-9 00460087 TY

" Q¥ 5o C2  |Kongencarop 100 n®+ 15%-30 B |1|TInenounsi
R1 Pesucrop 2,5 kOm+10%-7,5 MBT 1|ITnenounnmi
pr [I}W n 2% m[l'] [IJ 09 o R2 Pesucrop 5 kOm+ 10%-2 MBt 1|IInenoynsIii
R3 Pesucrop 3,56 kOm+10%-8 MBT 1{IInenounbiit
10— =1 =4 R5 Pesucrop 9.3 kOm+ 10%-6,1 MBt 1|ITnenounnmi
1= —E Vi7 R6 Pesucrop 4 kOm+10%-2,6 MBT 1|{IreHOYHBIA
R2 N R7,R9 |Pesucrop 12 kOm+ 10%-3,1 MBr 2|TInenounbIii
Vi3 vis ;}_ 2o R8 Pesucrop 9 kOm+ 10%-2,3 MBT 1|TInenounbIi
oud R10  |Pesucrop 6 kOm+10%-1,2 MBT 1|IInenounsIit
2 e ] s |R11 |Pesucrop 150 Om£10%-0,3 MBT 1|IInenounsbi
sl vii ,h Vi6 F——09 |R12 |Pesucrop I kOm+10%-1 MBr 1|TIneHouHbIi
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I\1 ?gg R14_ [Pesucrop 300 Ov=10%-0.6 MBr 1|TInenounpiit
Viz V74 fupd?  |R15  |Pesucrop 10 kOm+ 10%-20 MBT 1| I1neHouHbI1
oOp R16  |Pesucrop 40 kOm+ 1%-30 MBT 1|TInenounslit
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Muxpocxema K240V /11
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Muxpocxema K223VHI
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Muxpocxema K240Y 111

-~
@

w
Q@

—

0—1}8

Konpencaropsl

Cl [neroursiii 100 nd+ 15%-10B 1
2 K10-17 1200 n® +15%-10B 00.460.107 TY|1
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R2 9,7 kO0m£10%-3 MBr 1
R3 10 xOm £10%-3,IMBt 1
R4 9,7kOm £10%-3 MBr 1
R5 3,6 kOm £10%-22 MBr 1
R6 SkOm £10%-30 MBr 1
R7 2,75k0m 10%-10 MBr 1
R8 5 kOm£10%-5 MBr 1
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R12 0,59 kOm+10%-24 MBr 1
Tpansuctopsl

V/TL...VT10[KT324A CB0.361.031 TV 110

135




3AJJAHHUE 19
Muxpocxema K2Y(C372
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[ T | R14  [1500 OM£10% P =2,16 MBr 1
o —" | T R15 |25 Om£10% P=20 MBr 1
_ —1 Konzencatopsl
C1 K10-9 1500n®+15% Up=10B OO ___|1|Hasecroii
460.068 TY
C2 800nd+15% Up=15B 1|ITnenounbIA
Tpan3ucTopsl
VTl- [KT331A XMO.336.000 TY 5[Hasecroit
VT5
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3AJTAHUE 20

Muxkpocxema K2KA3T
Tire Vniraem Cl Kornencarop 1500n® £15% 25B K10-9
Liene \Kowmoxm _ 7
o ) 7 -L Ty pro— 2 Kornercarop 500nd £15% 15B [Ineroymsiii
]
—r K1 Lr V — Rl Pesncrop 8k0m £10%-0,6272mBr [Ineroymbiit
e, JHawmam — e |Kosmaxm
2 1 R3 £ R Pesncrop 30x0m £2%-2,4MBr TleHouHBii
RZ
E3UCTO M £10%-2MBT TIEHOYHBIH
R3 Pezucrop 400 On £10%-2mB il i
Lere \Nowmaxm
o " e3uctop 400 On £10%-15mBr TIEHOUHbII
o Jroman] (2 | V7'7/\j Rd Pesnorop 400 O £10%-15xB Inexoumi
3
| V 7- Lfene Aowmaxm
Liers JAowmaxm ;I 7] RS Pescrop 400 O £10%-2,5MBr [TneHouHB
4
V 7- 3 Lenw |Kovimoxm ; ”
Lers \Kovmaam LY r /\79 5 R6 Pesicrop 6kOm £10%-30,IMBr [1neouHIi
5
RE R7 R4 %4 7;4?- ] R7 Pesucrop 40 Om£10% 2mBr [Ineroymbiit
[1 T oy B L RS Pezicrop 60 Om £10%-3uBr [TneouHBf
: 7 - T
L ’“";’W l;;V’ 6 0% | - R Pesicrop 4xOn +10%-0,004 TTeHowHsi
Llene Aowmaxm
s m’;mm o ol I VTL-VT6 Tpansictop KT307A
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3AJJAHUE 21

Muxpocxema K27KA375
3 2 ! 14 13 Pesucrop 2 kOm+10%, 0,005mMBT |1 |[IneHOUYHBII
@ @ @ %) Q
Pesucrop 100 Om £10%, 0,225MBT |1 |[IneHouHBII
Pesucrop 600 Om +£10%, 1,35mMBt |1 |[IneHounsbIit
f e
}n ‘ l: Pesucrop 2 kOm +10%, 0,005mMBT |1 |[IneHounsbIit
rzh‘ ! Pesucrop 4 kOm +£10%, 0,005mMBT |1 |[IneHouHBII
i Y | Pesucrop 2 kOm +10%, 0,005mMBT |1 |[IneHouHBII
B -
Pesucrop 4 kOm +0,25%, 0,19mBT |1 |[IneHounbIi
Pm Pesucrop 2 kOm +£10%, 0,085mMBT |1 |[IneHouHbIiI
| Pesucrop 100 Om £10%, 0,13MBt |1 |[IneHOUYHBII
d 8 Lt |
J l R10 |Pesuctop 200 Om £10%, 1,22MBT |1 |[L1eHo4HBIH
5 J_‘ _J!g R11 |Pe3uctrop 600 Om £10%, 1,88 MBt |1 |[IneHouHBIi
| ;” f 7_,
@” T \JR" } R12 |Pe3uctrop 100 Om £10%, 0,12mMBt |1 |IIneHouHBIi
o o - ' R13 |Pe3uctop 200 Om £10%, 0,23mMBt1 |1 |[IneHOuHBIi
Cl1 Konnencarop 500 I1p+15%, Up = |1 |[Inenounsiit
8B
C2 Konnencarop K10-17 1900 n®, 1
Up=10B
VTL...|Tpausucropst KT324A, Uks =10B |7 |Cbh0.336.021
VT7 TY
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3AJJAHUE 22

Mukpocxema K275YB2
lemw | Kowm. ||KOHIEHCATOpPBI
K | Ziew Buxoo | & ||C1 200nd+15% Up=12B 1| ruteHOYHBIH
9 | Buwol 5 = el % }IC2 K10-9-H30 2000n® 0XKO0.464.123 |1
I Bxod2 6 TV
= ,j 5 | |Pe3ucTopbl IIeHOUHbIE
12 = LEB 4 |IR1 9xOMm£10% 3.24MBT 1
Bxoa3 3
13 R2 6.6xkOm+10% 19MBT 1
if | T =% 1.7k0m:£10% 20MB 1
= T TxOm 0 T

R4 3kOm£10% 14 MBT 1

R5 0.9xOm+10% 2.5mMB1 1

R6 3kOm*10% 14 MBT 1

R7 3kOm*10% 14 MBT 1

° R8 9xOM+0.5% 7.22MBT 1| nperw3noHHbII
w TpansucTopbl
cl
VT1-  |2T354A CBO.336.038 TY 6
szh.vxw.umw =059 L %J VT6
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3AIAHUE 23

Muxpocxema K224YH16
ﬂ_{ PeSI/ICTOPBI IINICHOYHEBIC
R1 1 kKOM=10% P=0,1 MBT 1
}_ﬁ] § R2 5 kOm+10% P=0,2 MBt 1
& R3 8 kOM£10% P=11 MxBt 1
i —'7::K {:}‘[‘] R4 10 kOM+10% P=14 mxBt 1
T i # |R5 25k0M+0.5% P=46 MxkBT 1
7 % |'# i L V;\——IEI-* R6 100 OME10% P=1.9 MKBT 1
T - R7 400 OM£10% P=0,1mBT 1
j i - i 1 R |2xkOM£10% P=0,IvBr 1
= = | ., ol » R9 500 Om10% P=1,2 MBt 1
-y S - 1 [R10 5 KOM£10% P=0, IMBT 1
— R11 10 KOME£10% P=1,1 MBT 1
Ay R12 400 Om£10% P=2,4 MBr 1
s L1 |R13 5 kOm=10% P=8,8 MBT 1
R14 500 Om=10% P=1,1 MBT 1
Zn R15 2 kOm +10% P=8,8 MBT 1
p]s| [H o | KOHIIEHCATOPEI

— J \ Cl K10-9 1500nd=+15% Up=10B O0.460.068 TY|1
= C2 700nd=15% Up=15B 1

Tpan3uctopsl
PO R ORI O VT1-VT6[KT324A XMO.336.000 TY 6
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3AJTAHUE 24

Mukpocxema K198YT1
9 - 11 KongencaTopsl
? Buxogo oBuxog Ly Cl Konn. 500 n® (+15)%-6,9B 1|m1eHoYHbIH
o1 |C2 K10-17-1133-1800 n® (-20+50)% 1
0X0.460.107TY
[] R4 [] R7 MuxkpocxeMbl
10k 10k |/ VT1-VT2|Muxkpocxema cepuu K129 1
vl '\VT5 VT4-VT5 ﬁﬂgiﬁ\ia cepnu K129 1
5 Bxog v . o 4\ _ CZBX?B (IHT291A)
BIXO o OSF VT3- Mukpocxema cepuun K129 1
6 \ﬂ r/ Bee, g[VDL _ |(1HT291A)
E R1 R?2 R8 Ij RY Pe3ucropsel
7k 24k 24k | |7k R1 7k0M+10%-17,94MBT TICHOYHBIH
R2 24xOm+2%-7 MKBT TIJICHOYHBII
2 chog R3 %3 R3 TkOM+10%-7 MKBT IJICHOYHBIN
120 7k - R4 10kOM+10%-8,08 MBT TIeHOTHBII
150 [—F I\VTS R5 2,3kOMm+ 10%-7 mxBT TIJICHOYHBII
RS o014 R6 2,5k0mM+10%-8,08MBT TIJICHOYHBII
2,3k R6 _| R7 10kOM+10%-8,08mMBT IIJICHOYHBII
VD1 2,5k T 500pF YL R8 24xOm+ 1 0% - 7 mxBT HJ'ICHO'-IHHI:I
0.8 *|R9 TxkOm+ 10%-17,94mBT IJICHOYHBIN
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3AJJAHME 25

R7 -
. = |R7 1500 OM=10% 1,97wBr

I e |

R8 20 Om £10% 80 MxBT

R9 200 Om £10% 3,52 MBT

Mukpocxema K2YC375
o : Konnencaropsr v
X X > Cl [Inenounsni 300 nd+15% 158
o [f & C2 K10-17B 600n®+15% 155 0XK0.460.107 TY
Ré I R9 "TOHKOITIEHOYHBIE PE3UCTOPBI
R3 j- T R1 200 Om +£10% 1,25 MBr 1
g 'VT4 l) R2 2000 Om £10% 1,16 MBT 1
2 R3 |2000 OM=10% 1,16 MBr 1
VT3 :I__, Fovodl (R4 3000 Om£0,05% 125 MBT 1
=== { R10 R5 500 Om +10% 5,9 MBt 1
R6 1000 Om +10% 5,25 MBT 1
1
1
1
1

[K73_]6] 10 R1I0 400 Om£10% 524 mMxBT

I {1 — 9] KT10 TpaH3ucTopbl

VT1-  |2T364A IIT3.365.060 TY

[J% VT4
‘ 8l KT
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TAMHYJUIMHA Haranss Pomanosua
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