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PABOTA Ne4 n3yyeHue KOHCTPYKTOPCKO-TEXHOJIOTHYECKUX OCO-
BEHHOCTEW ITEYATHBIX TUIAT.

Lenb paboThl: «M3y4eHHE KOHCTPYKTHBHO-TEXHOJIOTMYECKUX OCOOEHHOCTEN U
KOHCTpynpoBaHue (pa3paboTka) mevyaTHO! maThl (PyHKIIMOHAIBHOIO Y3/1a CO-
[JIACHO 3aJIaHHBIM UCXO/IHBIM JIaHHBIM.

MeTOI[I/I‘IeCKI/Ie YKa3aHus.

Haznauenns w TAIBI IEYATHBIX I1JIAT

[Neuvarnsie rats (I1IT) npencraBistoT cO00 KOHCTPYKTUBHBIE Y3IIbI, HA
MIOBEPXHOCTH KOTOPBIX PACIOJIIOKEHBI TNIOCKUE TPOBOAHUKH Pa3InIHON KOH(DU-
rypanuu.

INIT npenHa3Ha4eHsb! IJIs peaNU3aluy SJIEKTPUUECKUX COENUHEHUN MEXTY
paznuunbMU 21eMeHTaMu POA. Ha ocHoge I1I1 MOXXHO OTy4uTh 351€KTpUYe-
CKHE COEIMHEHUSI C COBEPILIEHHO Pa3IMYHBIMU Ta0apUTHBIMU pa3MepaMu H CO-
YEeTaHUSIMHM PUCYHKOB IIPOBOJISIINX CJIOEB B 3aBUCHMOCTH OT BHZA pa3padaThl-
BaeMoi POA, ee CTpyKTypHOI CX€MBbI, TUINIA COEUHIEMBIX JIEMEHTOB U UX B3a-
HMMHOT'0 pacnoioXeHus. B 3aBucuMocTy OT konuyecTBa mpooasuux cioes [111
MOXXHO Pa3JIeNIUTh Ha OJJHOCTOpPOHHUE, AByxcToponHue (JI1I1) n MHOTOCTOlHEIE
(MIIID).

st panuo u TeneBu3noHHON POA waiie 1cnonb3yroT 0JHOCTOPOHHUE
[IIT. ATIIT npuMeHsIoT AJ1si MOBBIIIEHHUS TUIOTHOCTU YITAKOBKI DP3 1 MUKPO-
CXEM B QyHKIMOHANIBHBIX Yy3nax. MIIII npuMeHsIfoT 515t CYIIecTBEHHOTO o~
BBIIIEHUS INIOTHOCTH YITAKOBKU ITPU PA3PABOTKE BOPLOBOM POA.

KOHCTpYKTUBHO-TEXHOMOMMYeckme TpeGoBaHus Ha M.

KoHcTpykTHBHBIE U TexHOMOrnueckue napamerpst I111 BecbMa pa3Ho00-
pa3sbl. OCHOBHBIC U3 HUX — FeOMeTpHUecKas popma, rabapUTHbIC pa3Mepsl, [iar
KOOPJMHATHON CETKH, MUHUMAITbHAS IIUPUHA IIEYATHBIX IPOBOJIHUKOB, MUHH-
MAaJIbHOE PACCTOSHUE MEX/TY MIEYATHBIMH TIPOBOTHUKAMH, MHHHMAJILHOE pac-
CTOSIHHE TIEPEXOJHBIX K MOHTAXKHBIX OTBEPCTHI, MUHUMAIBHOE PACCTOSIHHE Me-
Ky KOHTAKTHBIMH TIONIAJKAMH, COMPOTHBIICHHE MEYATHBIX TPOBOTHHUKOB, JI0-
MyCTUMOE pabouee HAMPSHKEHUE IS TPOBOJHUKOB,

JIOMyCTHMAsl BETMYMHA TOKA ISl IEYATHBIX MPOBOJAHUKOB. B 3aBrcHMocCTH OT
reOMETPUYECKUX Pa3MEPOB Pa3INYalOT MEYaTHBIC [UIATHI CIACAYIOIIUX THIIOB:
- 0c000 MasorabapuTHele, pa3Mepbl KOTOPHIX HE MpeBbImaT 60x60 MM.
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pEeKOMEeHyeTcsl BEIOUpaTh U3 CIEIYIOIIETO psja:
25,30,35,40,45,50,55,60,65,70,80, 90,100,120,140,160,180,200,220,240 mm. [Tpn
OITpeJIeTIeHUH BTOPOH CTOPOHBI PEKOMEHTYETCS BEIOMPATh CIIEAYIONINE COOTHO-
IICHUS CTOPOH:
I:1, I:3, 2:3, 2:5. ns miat ¢ pasMepom Oobiieit cropons 0 180 MM pomyckaer-
Csl COOTHOIIICHHE CTOPOH 1:4, a I TUIaT ¢ pa3MepoM OoJbIIeli cTopoHkI 110 360
MM - 1:3. TTo MIOTHOCTH MEYATHOrO MOHTAXA IUIATHI MPUHATO JCTUTh Ha 3 Kiac-

ca:

- MasiorabapuTHBIE, pa3Mepbl KOTOPHIX He npeBbimaroT 120x180 Mm.

- cpeaHerabapuTHBIE, pa3Mephl KOTOPBIX He mpeBbimatoT 200x240 MM.

- KpyIHOrabapuTHBIE, pa3Mephl KOTOPBIX He MpeBbImatoT 240x360 Mm.
[1IT 00BIYHO MMEIOT MPSMOYTONBHYIO (hopMy. Pasmepsl oHOI U3 CTOPOH

1-#1 kmacc - IWIaThl ¢ HANMEHBIIIEH IIOTHOCTBIO MEYaTHOI'O MOHTaXxa,

2-1 KJ1ace - IJIATHI ¢ MOBBIIIEHHON INIOTHOCTBIO MEYaTHOI'O MOHTaXxa,

1-#1 kacc - IIaTHl ¢ BEICOKOM INIOTHOCTBIO IIEYAaTHOIO MOHTAaXa,
MuHuManpHOE 3HAYEHHE OCHOBHBIX napaMeTpoOB, OIPCACIAIOMNX IJI0T-

HOCTh IIEYATHOI'O MOHTa)Ka ¥ TOYHOCTh u3roroBieHus [111 MPpUBCACHLI B Tabn 1.

Tab6muna I.

MunnMaabHBIC 3HAUCHUS 0CHOBHBIX

nmapaMETpoOB MMEYAaTHOTO MOHTAXa

III1

HanmenoBanue 3-ta

VcnosH.
0003Hay.

O-Ta.

Pasmepsl 3-Ta, MM, IS
KiaccoB mnoTHOCTH MOHTaXKa.

1 kmacc

2 knacc

3 kiacc

IlTupuHa npoBoHUKA

tn

0,500

0,250

0,150

Paccrosinue mexay
MIPOBOTHUKAMH, KOH-
TaKTHBIMU IIJIOIA KA~
MU, TIPOBOTHUKOM U
KOHTaKTHOMH ILIOIIa-
KO, TPOBOTHIUKOM U
METAJLTH3UPOBAHHBIM

OTBEPCTHEM.

0,500

0,250

0,150

Paccrosaue ot kpas
IPOCBEPIIEHHOTO OT-
BEPCTHS /10 Kpasi MOH-
Ta)KHOM IIJIOIIA/IKH

0,050

0,035

0,025

OTHollIEHUE TUaMeTpa
METAJTM3UPOBAHHOTO
OTBEPCTUS K TOJIIIMHE

0,500

0,400

0,300




TJIaThI

MaxkcumabHOe OTKIIO-
5 HEHHE pajuyca MOH- A +0,200 +0,100 +0,100
TaXXHBIX OTBEPCTHUI

B 3aBucHMOCTH OT MEXaHMYECKUX TPEOOBAHHH SI METO/Ia M3TOTOBJICHHS
HOMUHAITBEHBIN pasmep Tommuusl [111 cienyer BeiopaTh pasHbix 0,8, 1,0, 1,5, 2,0.
2,5 3,0 mm.

Tonmuna MHorocnoixoit I1I1 onpenenseTca KOMUYECTBOM CIOEB, MPOKIa-
JIOK U TEXHOJIOTUM UX CKyIenBaHus. L{eHTphl MOHTa)KHBIX OTBEPCTUN JOJIKHBI
pacnonaratbes B y3j1aX KOOpAMHATHOM ceTku, mar kotopoid mo 'OCT 10317-72
paBeH 1,25 nnu 2,5 MM. TMaMeTPbl MOHTAXHBIX U MEPEXOAHBIX METAJUTU3UPO-
BAaHHBIX OTBEPCTUI B 3aBUCHUMOCTH OT TUAMETPA BBIBOJA HABECHOI'O 3JIEMEHTA
BEIOUparoT paBabME 0,4 0,6 0,8 1,0 1,3 1,5 1,8 2,0 mm.

Merann3upoBaHHbIE OTBEPCTUS Ha OIHO - U IByXxcTopoHHuX III1, a Takxe
Ha HapyxHbIX c10six MIIII co cTopoHBI QONBIH JOHKHBI HIMETh KOHTaKTHBIE
rurontaaku. Ha BaHyTpennux cinosx MIIIT KoOHTaKTHBIE TUIOMIA KK JJOJIKHBI OBITH
Y OTBEpPCTH, IEKTPUUECKU CBS3aHHBIX C IPOBOAHUKAMHU ci0sl. KoHTakTHEIE
TUTOLIAIKK PEKOMEH/1YETCSl BBIIIOJHATH KPYTJIOH, MPSIMOYTOJIBHON MJIH OJIM3KOH
K HUM (opMbl. HemeTanmn3upoBaHHbIE OTBEPCTHSI HY’KHO BBITIONHSATH O€3 3eH-
koBKU. HemeramnusupoBaHHbIe OTBEpCTHA 0JHOCTOPOHHUX I1I1 BHIMONHSAIOT C
3€HKOBKOH CO CTOPOHBI, 00pPaTHOH PaCcHoI0KEHUIO PUCYHKA TIE4aTHOrO MOHTA-
xKa.

IledaTHbIE TPOBOHUKU PEKOMEHIYETCS BBIIONHATh OJMHAKOBOW IMIMPHUHEI
Ha BCEM UX MPOTHKEHUU. B y3kHMX MecTax, HanpuMep, MeXy IByMs COCEIHUMU
MOHTaKHBIMH OTBEPCTHUSIMHU, CIEAYET Cy>KaTh IPOBOJHUKHU 10 MUHUMAJIBHO J0-
MIyCTUMBIX 3HAYEHUHN U MPOKIAbIBATh UX MEPIEHAUKYISIPHO OCH, COETUHSIO-
el HeHTps! oTBepcTHid. OcK NPOBOJHUKOB PEKOMEHIYETCSI COBMEIIATh C JIU-
HUSIMH KoopanHaTHOU ceTku. IIpu xoHcTpynpoBanuu MIIII, u3roroBisemMsIx
METOAOM METaJUIN3allM CKBO3HBIX OTBEPCTHUH, Ha UX HAPYXHBIX CIOSIX PEKO-
MEH/1yeTCsl IPUMEHATh MeYaTHBIM MOHTaX 1-ro Kinacca MIOTHOCTH.

PaccrosHue Mexay kpaeM NpPOBOAHMKA U KpaeM IUIaThl PEKOMEHIYeTCs

BBIIEP’KUBATh PAaBHBIM TOJIIIIMHE MaTepuaia.

Pacuérs! reomerpuueckux napamerposn I1I1 BRIMOTHAIOT A YETHIpEX TH-
moB 11at, pekoMeHayembrx ['OCT-oM kK pOMBIITICHHOMY TTprMeHeHuto (puc. 1)
JomycTtumble 3HaU€HNS BETMYUHBI CONPOTUBIICHUS, HAIIPSDKEHUS U TOKa Tedat-
HBIX POBOJIHUKOB JUISI Pa3IMYHBIX METOJI0B U3TOTOBIIEHUS TPUBECHBI B
Tabm. 2 - 4.




MGTOHBI MOJIYYCHHUS IMMEYAaTHBIX IPOBOJIHUKOB

Hawnbornee pacripocTpaHeHHBIM METOJIOM B HACTOSIIIIEE BPEMsI SIBIISIETCS
XMMHUYECKUH, SITEKTPOXUMHUUECKHH (TTOTya TN THBHBIN ), KOMOMHHPOBaHHBIM.

XUMHYECKUI METOJI 3aKITI0YaeTCs B TOM, YTO Ha (hOIBIMPOBAHHBIN M-
ANEKTPUK C OJJHOM CTOPOHBI MJIM C ABYX CTOPOH HAHOCAT 3aIlUTHBIN CIOH no3u-
TUBHOTO PUCYHKa cxeMbl. [locnenyromemM TpaBieHHEM B pacTBOPE XJIOPHOTO
JKeJe3a WIN XJIOPHON Meu YAAJISAIOT Meb C HE3AIUIIEHHBIX YJacTKOB, U Ha
JIMDJIEKTPUKE MOJTydaeTcs: Tpedyemast SJIEKTpHYecKasi CXeMa MPOBOIHHUKOB.

Mo criocobam HaHECEHUs! 3alIUTHOTO MOKPHITHS XUMHIECKUI METOI TT0/1-
pa3aensioT Ha POTOXMMHUYECKHH, CBETOYHOXUMHUYECKHH, O)CETHO-XUMHUUECKHH.
Meron npumensieTcst A1t U3rotosyeHus onHocTopoHHux I1IT u BHyTpeHHNX
cnoes MIIIT.

DNEeKTPOXUMHUIECKHUH (TT0JTya/TATUBHBIN) METO 3aKJII0YAETCsl B Mpe/iBa-
PUTEIBHOM XUMHUKO-TaIbBaHUYECKOM METHEHUH OTBEPCTUH U MOBEPXHOCTHU He-
(ONBIrUPOBAaHHOTO TUAJIEKTPHKA, TATEBAHUYECKOTO HAapaIlIUBaHUs TOKOIPOBO-
JIIIMAX YYACTKOB U XMUMHUYECKOIO TPABJICHHUS CIIO MPEABAPUTEILHOIO METHEHUS
C IPOOENBHBIX MECT.

B 3aBucuMocTH oT croco6a noirydeHust 3alUTHOIO PUCYHKA CXEMBI pa3-
JIMYAeT CIEAYIOIINE BapUAHThI 3TOT0 METoa: (DOTORIIEKTPOXUMHUUECKUH, CBe-
TOYHOVIEKTPOXUMHUYECKUN. MeTo/] IpUMeHseTCs U1 U3TOTOBJIEHUS ABYCTO-
pounux IIT 3-ro knacca u HapyxHbIx cioes MITII.

KoMOHHaIMOHHBIH METO/ IEYaTHOrO MOHTaKa 3aKJII04aeTCs B MOJTY4EHUU
MIPOBO/IHUKOB ITYTEM TpaBiieHUs (POJILTUPOBAHHOTO AMAIIEKTPUKA U METaJlIN3a-
LMK OTBEPCTUH XMMUKOTaJIbBaHUUECKAM CIIOcO0OM. B Hacrosiiiee BpeMst mupo-
KO pacrnpoCTpaHEeHbI Ba BapHaHTa 3TOr0 METO/a: MO3UTUBHBIN U HETaTUBHBIN.
Merton nmpuMeHsieTcst A1l U3TOTOBJIEHHS OIHOCTOPOHHUX U IBYXCTOpOoHHUX [1IT
1-ro u 2-ro Kaccos.
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Puc. 1. Koncrpykuuu I1I1.
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Tabmuna 3

HOHyCTI/IMHe 3HAa4YCHUA BCIIMYUH

HaHpH)KeHI/Iﬁ TNEYATHBIX MTPOBOJHUKOB



Pacr.
MEXTY
mposon- (0,15 (0,26(0,30(0,40|0,50(0,60|0,70|0,80{0,90|1,00|1,20|1,50{2,50
HUKaMU
MM.
Hanps-
keH. B
He Bo- 20 | 30 | 50 | 75 | 100 | 125|150 | 175|200 | 250 | 300 | 400 | 500
yee
Tabmua 4
JlomycTuMble 3HAYEHHS TOKA
JUTSL TIEYaTHBIX TIPOBOIHUKOB
Homumn. Jomyctumslii Tok, He Oonee, A
TOJIIII. [upuHa NPOBOAHUKA, MM
ney.
TIPOBO/TH. Meron
P MIPUTO-
063 | ropmemws | 0,15 | 02 | 025 | 03 0,5
TaJbB.
TIOKp.
MKM
20 XHMU-teC- 0,045 0,06 0,075 0,09 0,15
35 it 0,079 0,11 0,13 0,16 0,26
50 0,11 0,15 0,19 0,23 0,36
20 Kom0uuu- 0,14 0,18 0,23 0,27 0,45
35 POBaHHBIN 0,18 0,24 0,30 0,36 0,60
50 MO3UTBHBIN 0,23 0,3 0,38 0,45 0,75
DnekTpo-
- RAMPR 10075 | 000 | 0125 | 015 | 025
(omya -
JIUTHBH. )

HepCHeKTI/IBHHM JUJIL IPOU3BOACTBA IIIT sBnsrOTCS aI[I[I/ITI/IBHHﬁ METOa U
METOJ (bOTO(l)OpMI/IpOBaHI/IH. A,Z[Z[I/ITI/IBHHﬁ METOA 3aKJII0YacTCd B XUMHYCCKOM
OCAXKICHUU MCEIU B 30HC TOKOIIPOBOJAANIMX YYACTKOB Ha He(l)OJ'H)FI/IpOBaHHHﬁ
JUBJICKTPUK C BBCJCHHBIM KAaTaJIU3aTOPOM U aATC3MHHBIM CJIOEM. HpI/IMeHHeTCH
JUJIL U3TOTOBJICHUA OAHO- U IBYXCTOPOHHUX TII1.
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Merton ¢porodopmMupoBaHHs 3aKITIOYAETCS B BOCCTAHOBIICHUN Ha TIOBEPX-
HOCTH He(OJIBrMPOBAHHOTO ANDJIEKTPHKA U3 BOJHBIX PACTBOPOB COJIEH MeTall-
JIOB MOHOB, 00Pa3yIONIMX pUCYHOK TommuHou 0,2-0,5 MKM ¥ IOCITETYIOIIeM
XMMHUYECKOM OCAXKJEHUH CII0s Melu. Pa3indaHbpie MOTU(UKAIMK METO/Ia CBsI3a-
HBI C Pa3IMYHBIMHU CrIoco0aMy (OpMHUPOBaHMS PUCYHKa: (poToocakaeHne Me-
TaJIJIOB, MPOSIBJICHUE U BOCCTAHOBJICHNE HOHOB, (DOPMUPOBAHHUE JIY4OM JIa3epa,
¢dorodopmuHr. Mero npuMeHsieTcs U1l ONHOCTOPOHHUX M ABYXCTOPOHHHX
[I1. VI3 mepeuncieHHbIX METOI0B Hanbosee TpYJOEMKHIM SIBIISIETCS] KOMOWHH-
POBAHHBIN TTO3UTUBHBIHM U 3JIEKTPOXUMUYECKHIA METOIBI.

Hanecenue prucyHka Ha 3arOTOBKY C IIPOCBEPIMBAHNEM MOHTAXKHBIX OT-
BEPCTHH TpeOyeT NPUMEHEHHUS CYXOro INIEHOYHOro (OoTOpe3ncTa Npu GoToxu-
MHYECKOM CHOCO0€, HIIH CETOYHO-TpaduIecKoro crocoda MmoaydeHus pUucyHKa
(KUAKUHA (OTOPE3NCT HE IPHUEMIIEM).

I'eomeTpuyeckne napamerpbl 1 TOYHOCTh IIEYaTHOIO MOHTaXa HETOCpe-
CTBEHHO 3aBHCHUT OT METO/a U3TOTOBJIEHUSL.

[Tpy XMMHUYIECKOM U TaJbBaHMYECKOM CIIOCO0aX OCaXKIACHUSI MEIU IPOHC-
XOJIUT YBEIMYEHUE Pa3MEPOB TOKONPOBOASAIINX YJaCTKOB 3a CUET pa3paliBa-
HUSL.

Ecnu npoGenpHBIE MecTa 3aIUIIeHbl Kpackoi (Tommmaa 5-7 MM), TO pas-
palMBaHUs BEIUKO U IIPUMEPHO COU3MEPHMO C TOJIIMHON OCa’KIEHHOT'O CIIOST
Menu. Eciu mpoGenbHbIE MeCTa 3alMIIEHBl CyXUM TUIEHOYHBIM (DOTOPE3UCTOM
(tommuaa 50-80 MKM), TO pa3pallMBaHue OCAKIACHHON MEI MUHHUMAIIBEHO.

Mertonasl nzrorosieransa MIIIT
CyIIECTBYIOT CIENYIOIIUE METOIBI:

- IIOMAapHOro MpeCCOBAHM,
- METaJllIn3alus CKBO3HBIX OTBepCTHﬁ;

- TOCJIOMHOro HapaluBaHUs;
- BBICTYNAIOIIUX BHIBOJOB ;
- OTKPBITBIX KOHTAKTHBIX IJIOMIA0K U JIp.

Knaccudukamnms meronoB uzrorosienust MIII no ciocoOy mony4eHust
ANEKTPUYECKUX MEKCIIOMHBIX CO€IMHEHUH NTOKa3aHa Ha pHUC. 2. TEXHOJIOTUS U3-
rorosiiernst MIIIT Ga3upyercsi B OCHOBHOM Ha- T€X K€ MPOIIeccax MOTydeHHs
PHUCYHKA MEYATHBIX MPOBOJAHUKOB U CO3JIaHUS MIEKTPUIECKUX MEXKCIOHHBIX
COCJIMHEHUH, KOTOPBIC UCTIOIB3YIOTCS B TEXHHUKE [IPOM3BOJICTBA 00buHBIX [111,
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OJTHaKO TPeOOBaHMUS K TEOMETPUYECKHM JOMYCKaM U JJIEKTPHYECKUM Mapamer-
pam MIIIT wacto ObIBaOT Ha MOPSIIOK BHILIE.

Bnusiane mexanuueckoit o6padotku ITI1
Ha €€ KOHCTPYKTHUBHBIC Pa3Mephl

B 3aBUCHMOCTH OT CEpUHAHOCTH 3arOTOBKH IJIAT U3 JAUIJIEKTPHUKA MOIYIatoT
JTU00 pe3KON Ha IUPKYIAPHBIX MUIAX, JUOO MTAMIIOBKONW Ha 3KCIEHTPUKOBBIX
npeccax.

B 3aBucumoctu ot BeiOupaemoro matepuaina I1I1 ompenensercs u oOpada-
THIBAIOIIUI WHCTPYMEHT U PEXHUM pe3aHus (CKopocTh, momada). OOpaboTky
KOHTYpa (pe3epoBaHMEM MPOU3BOMAT B CIIEIHUANBHBIX MPHUCIOCOOICHUSX, MO-
3BOJIAIOIINX OJHOBPEMEHHO 00pabaThiBaTh OOJIBIIOE KOIUYECTBO IUIAT, YTO JIa-
€r 0oJiee BBICOKYIO TOYHOCTh, Y€M BBIpYOKa B mTaMmnax. VIHCTPYMEHT U pEXU-
MBI PE3aHUSI TOXKE 3aBUCAT OT BHIOMPAEMOr0 MaTepHaia. BRIPYOKY B IITaMIax
MPOBOJIAT KaK B XOJOJAHOM, TaK U B MOJOIPETOM COCTOSIHHMU MaTepHasa B 3aBU-
CHUMOCTH OT €r0 TOJIIIMHBIL. MTOJOrPEBATh MATEPHAN CIIEAYET MPU €ro TOJIHHE
Ooree 2 MM.

Ipu BEIpYOKE IUIAT U3 CIIOUCTHIX ITACTUKOB MaTepHas NPYKUHUT. B pe-
3yJbTATa STOrO HAPYXKHBIE Pa3MEPBI IETajIeH MOIYYatOTCs OONBITUMH, YEM
pa3Mepbl MATPUIIbI, @ BHYTPEHHHE - MEHbIIIE, YeM Pa3MephI TyaHCOHA.

VYupyras aedopMariys CIOUCTBIX IUIACTUKOB OLIEHUBAETCS BETHUHHOMN a0-
COJIFOTHOT'O €CTECTBEHHOI0 MPY)KUHEHUS &, KOTOpasi ONPEENIeTcsl KaK pas-
HOCTh MEKIY pa3MepaMu METAUTMYECKON BEIPYOKH M U3 CJIOMCTOrO MIACTHKA.
BenuuunHa & 3aBUCUT OT TOJIIUHBI MaTepHa. JJOMyCKH Ha HAPYXKHbIE Pa3MephI
1T OOBIYHO OOJIBIIIE, TOATOMY YUUTHIBATH BETMUMHY UX yHpPyroi nedopma-
MM He 00s13aTeIbHO.



Pn. MBI TIO FEOE TT. MeHCIoFEHDE S TR TIOEED IT. MM TIORED
CORTHEE IS CORTEERTEHE © —FORHEHEE EEIE CORHHEEHE
TR 3 AR, TIOMOLUEED TI2. HEONL.- TATABAH. TIOMOLEE
e TATLANTE DO ECTEHEEOE e TATOECEALL. . ERECHOE P
L
p—— i i
Memom Merox Merom Merox
YCTAHOEYF EEICTYIIARVLIEDS Ve TATOCEE AT[FEL OTEPEITERD
LITEIpeEt 3 E—— CEDEIHED! WOHTANTHED
LITHYPTOE OTERPCTHI TOTC LA
STON MPETEAD Memo
i
oﬁgmmamm [
P————— [ MpeCCOEAHELT
Meom Merom
bee  OTTHOMH ke mOcTOimHOTD
TMETRCEDE HA ATICHE AHFA

Puc. 2 xmaccudukanms Meronos usrorosienust MITII.

B 3aBucUMOCTH OT CTENEHH TOYHOCTH COOTBETCTBYIOIIIECTO pa3Mepa IUIaThl Ha-
3Ha4aroT JOIMYCK Ha U3TOTOBJICHUEC OJJHOI'O 13 pa6o'mx OJIECMCHTOB LITaMIia CO-

riacHo tabim. 5.
Tabmuna 5
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CreneHb TOYHOCTH BBIPYyOaeMbIX Jlommyck Ha U3rOTOBJIEHUE OAHOrO U3 3JIe-
wiat MCHTOB IIITaMIIia .

13-#1 u 14-ii KBaIUTETHI o 10-my xBanurery

12-it kBanmuTeT 1o 8-My KBAJIUTETY

[Ipu cBepreHNN CIOUCTHIX IIACTUKOB IPUMEHSIOT CIUPAJIbHBIE, IEPOBBIE
1 KOMOMHHPOBAHHBIE CBEPJIA; MPUYEM ITPU HCHOJIb30BAHUH KOMOWHUPOBAHHBIX
CBEpJI 3€HKOBKY OTBEPCTHSI IPOU3BOAT OJHOBPEMEHHO cO cBepiaeHueM. [Ipu
CBEPJICHUU OTBEPCTUI MaTepUal HATPEBAETCS U IPH MOCIEAYIOIEM OXJIaxk/e-
HUM 10 KOMHATHO! TeMIIEpaTyphl MPOUCXOAUT ycaJKka MaTepuaa. Y YuThIBas
ycaJlKy MaTepualla [ocie OXJIaxIeHus, 11aMeTp cBepia HyxHo OpaTs Ha 0,1 -
0,2 MM Gonblile 1uaMeTpa OTBEPCTHA, YKa3aHHOIO HA UYEPTEKE.

HcnonHuTenbHbIe pa3Mepsl pu mpoduBke orBeperuit B 111 Ha mrammnax
C MIOJOTPEBOM MaTepHaia OMpPEAEIISET C YUETOM YCaIKH.

Marepuainst i 111

W3 MHOTOYHCIIEHHBIX THITOB TUAJIEKTPUKOB MpH KOHCTpynpoBanuu [111 B
HACTOsIIIee BpEMsI IPUMEHSIOTCSI MaTepHaIbl, XapaKTEPHUCTHKHA KOTOPBIX MPH-
BezieHsb! B Ta0i. 6. [Ipu BeIOOpe MaTepuaa ciaeayeT yYUThIBAaTh METO [OJIyYe-
HUS IEYaTHBIX MPOBOIHUKOB, HAIE)KHOCTh KOHTAKTHBIX COEJAMHEHUH MeYaTHBIX
MIPOBO/IHMKOB C 3JIEMEHTAMH, TPOYHOCTH CLETIICHHS IEYaTHBIX IIPOBOJAHUKOB C
OCHOBaHHEM, TOJIIMHY MeYaTHBIX POBOJHUKOB, TPEOOBAHUS K TEIJIOCTOHKO-
CTH, XUMHYECKOH CTOWKOCTH, ¥ BJIArONOIJIaIeHHIO, AUIIEKTPHYECKON POHH-
LIAaEMOCTH (€ ), K TAHT'€HCY yIJla TUIJIEKTPUUECKHUX IT0Teph (tg0 ), THI OCHOBa-
HUS, JOMTYCTUMOE KOJIMYECTBO CIJIOEB, JIOIMYCTUMOE KOJIMYECTBO MPHIAeK, CTOU-
MOCTb MaTepuaia u Jap.
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Pacuer FCOMETPHUUYCCKUX ITapaMECTPOB MMECYATHOI'O MOHTAaXa
C Y4YCTOM TCXHOJIOTHYCCKHUX OI‘paHI/I‘-IeHI/Iﬁ

Pacuer reomerpuyecknx napameTpoB MPOU3BOIUTCS JUIsl DJIEMEHTOB Iie-
YaTHOTO MOHTa)ka 0THOCTOpOoHHKX TnevyatHbiX riaT (OI1IT) u cioes MIIII, wu3-
TOTOBJISIEMBIX XUMHYECKUM METOJIOM, IBYCTOPOHHUX IedaTHbIX mat (JAT1IT),
W3TOTOBIISIEMBIX KOMOWHUPOBAHHBIM TTO3UTUBHBIM U 3JIEKTPOXHUMUYECKHM METO-
namu; MIIII, U3roToBIsIEMBIX METOIOM METAJUTM3AIMN CKBO3HBIX OTBEPCTHH.

Pacuer npenycmatpuBaet 60a30BsIii ciocod usrotosienus OIII, AT,
MIIII, a Taxke ciocoboM A u b uzroronenust BHyTpeHHux ciaoes MIIII npu
aBTOMaTU3UPOBAHHOM CBEPJIEHHH MOHTa)KHBIX M IIEPEXOHBIX OTBepcTHi. [Ipu
criocode A 6a30BbIE OTBEPCTHS BHIMOJIHSIOT Kak Ha (poTomrabioHax, Tak 1 Ha
3aroTOBKax CJIOEB, & COBMELIEHHE UX ITPOU3BOIAT C IOMOIIBIO (PMKCHUPYIOLINX
anemenToB. [Ipu criocobe b 6a30Bble OTBEPCTHS HA CIIOSX BBHIMOJIHSIOT MOCIIE
TIOJTYYEHHSI TIEYaTHOTO MOHTa)Ka OTHOCHTEIIFHO ITIEPEKPECTHH (I7IEMEHTOB pH-
CyHKa), a COBMEIIIEHHE CJIOEB TIPOM3BO/IAT Ha 0a30BBIX IITHIPSAX ITpecc - (hOPMBI
niepen npeccoBanuem cioeB MIIIL. PaccuuTsiBatoT TuamMeTpbl KOHTAKTHBIX
rromanok (D ), mupuny mpoBoaHUKOB ( t, ), MUHIMaJIbHBIE PACCTOSTHHS MEXIY
9JIEMEHTAMU II€YaTHOTO MOHTAXKa U PACCTOSHUSI, HEOOX OJTMMBIE IS TIPOKJIAAKA
N -T'O KOJIMYECTBA POBOJHUKOB MEX/Y JPYTHMHU 3JIEMEHTaMH IUIaThL.

B pacuerax y4uTBIBAIOT YCIOBUSI M TEXHOJIOTHUYECKHE (PaKTOPBI Pas3iIiy-
HbIX MeTonoB n3roroienus [1I1. [IpexenbHble 3HaYEHHS TEXHOIOIMYECKUX KO-
a¢¢urenToB (Tabi. 7 ) MOMYYCHBI B pe3y/IbTaTe aHAIN3a MPOU3BOJCTBEHHBIX
JIAHHBIX U 3KCHEPUMEHTAIILHBIX UCCIIE0BAHUI TOUYHOCTH OTJEIBHBIX OTEPaLHi.
MaxcumainbHble 3Ha4eHUs! KO3 QUIIMEHTOB COOTBETCTBYIOT 000PY/I0BaHHIO U
OCHACTKE HU3KOW TOYHOCTH, CPEJHNE 3HAYECHUSI - 000PYAOBAHUIO BHICOKOH TOY-
HOCTH, MMHUMAaJIbHbIE 3HAUEHHS YIUTHIBAIOT MEPCIIEKTHBEI TOBBIIIEHUS] TOYHO-
cTH 000pYyI0BaHHS OCHACTKH U OIEPALNil TEXHOIOIMYECKOTro Mpolecca.

Pacuer MHHMMAaNBHOTO THaMeTpa METAJUTU3UPOBAHHOT'O OTBEPCTHUS U
touuabl MIII, nuamerpa KOHTaKTHBIX TUIOMIAJIOK, ITUPHHBI IPOBOJHHUKOB,
MUHHAMAJIBHBIX PACCTOSIHUH MEXy 3JIEMEHTaMH MPOBOJSIIETO PUCYHKA, MU-
HUMAJIBHOTO PACCTOSHHS MEX/Ty DJIEMEHTaMH ITPOBOJISIIIEr0 PUCYHKa, HEO00X0-
JIUMOTO JIJIsI ITPOKJIA/IKU ONpPEIeNIEHHOr0 KOJTMYECTBA MPOBOIHUKOB, dJIEKTpHIe-
ckux mapameTpoB I1I1 (eMKOCTh, HHAYKTUBHOCTb, COPOTHBIICHUE U3OJISIINH,
MOIIHOCTb ITOTEPh)

Tabmuma 7
[IpenenpHBIE OTKIOHEHUS TEXHOJIOTUYECKUX KOA(PHUIIMEHTOB
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HaumenoBanue ko3¢ ¢purmeHta O6o3HaueHHE Bennunna
I 2 3

1. TonmHa IpeaBapUTENEHO OCAKACHHON MEIN, MM hun 0,005-0,008
2. TonmuHa HapameHHOH raIbBAHMICCKONW MEJTH, MM hr 0,05-0,06
3. TonmmuHa METAUTMYIECKOTO PEIUCTA, MM hp 0,02
4. TorpenHOCTh PaCHONIOKEHHS OTBEPCTHS
OTHOCHUTEITFHO KOOPIMTHATHOM CETKH, 00yCIIOBIICHHAS 80 0,02-0,10
TOYHOCTEIO CBEPJIMIIBHOTO CTaHKa, MM
5. IorpemHoCcTh 6a3UPOBaHMS IIAT HA CBEPIIMIIEHOM

05 0,01-0,03
CTaHKEe, MM
6. [TorpenrHoCcTh PacoNOKECHUST KOHTAKTHOM TIIOMIA-
KH OTHOCHTEJIEHO KOOPJMHATHOM CeTKH Ha (oTomad- 8m 0,02-0,08
JIOHE, MM
7. IlorpemHocTh pacnoiaoKeHus MPOBOIHUKA OTHOCH- 5 0.03-0.06
TEJIbHO KOOPANHATHON CEeTKH Ha (oTomabione, MM o t ? ’
8. IlorpemHocTh PacoNoKECHHUS TeYaTHBIX 5 0.01-0.03
3JIECMEHTOB MTPH 3KCIIOHUPOBAHUH Ha CJI0C, MM 3 T
9. [orpenHOCTh MONOKEHHUST KOHTAKTHOM
IJIOIIAIKK Ha CJIO€ M3-3a HECTAaOMIIBHOCTH JIMHEHHBIX 8M 0-0,10
pa3MepoB, % OT TONIIHHBI
10. TTorpenHOCTH pacnoNoKeHHsT 0a30BBIX OTBEPCTHI

0, 0,01-0,03
HA 3ar0TOBKE, MM
IL. TTorpemrHOCTE TIOJIEBEHSI Ga30BOTO OTBEPCTHS B

On 0,01-0,05
(oromabiione, MM
12. TTorpenrHOCTh MON0KEHUSI KOHTAKTHOM
IUTIOMIA/IKA Ha CJI0e, 00YCIIOBICHHAS 5 0.03-0.05
TOYHOCTBIO TPOOMBKH 06A30BBIX OTBEPCTHII (TIpH cHIO- p T
cobe B) , mm
13. TTorpenHOCTh MOM0KEHUSI KOHTAKTHOM
IUTOMIA/IKA, O0YCIIOBJICHHAS! TOYHOCTHIO M3TOTOBIICHUS 811(13 0,02-0,05

0a30BbIX WTHIPEH mpecc - GOPMBI, MM
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14.ITorpemHocTs 1UaMeTpa OTBEPCTHUS, MM

15. [orpentHocTs Ha U3TOTOBJIEHUE OKHA (OTO-
mabIoHa, MM

16. [lorpeurHocTh HAa U3TOTOBIIEHUE JIMHUHN Ha
¢doromadiIoHe, MM

17. TlorpeurHocTs [UaMeTpa KOHTAaKTHOM IUIO-
maKu (POTOKOIUY TPH IKCITIOHUPOBAHUN PUCYH-
Ka, MM

Aol

ADy,

Atm

AD

0,01-0,03

0,01-0,03

0,03-0,06

0,01-0,03
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MOJKHO BBITIOJTHUTB [0 METOAMUKAM, MPUBEACHHBIM B IPWIOKEHUU K HACTOSIIIUM
MeToandeckuM ykazanusM uiau no OCT4I'0.010.209.

[Tpumep pacuera: Tpedyercs BoimonHNTh pacuer OINIT ycunurens, onpe-
JIeIUTh MUHUMAJIBHO JAOIYCTUMBbIE 3HAUEHUS TOJIIMHBI U MIUPUHBI I€YaTHBIX
MIPOBO/IHMKOB, HCXOJISl M3 AJIEKTPHUYECKOTO peXXrMa pabOThl YCHITUTESL.

Ucxonnble nqannslie: HanpsbkeHue nutanus U = 12,6 B, MakcuManbHbIit
MIPOXOAAIINN Yepeq NpoBOAHUK I, = 0,4 A, pasmep miats! 110x70 MM, maTe-
pHaJ IIaThl - CTEKJIOTEKCTONHUT (onbrupoBanHblii Mapku CP1-50, meron usro-
TOBJICHUSI IUIATHI - (POTOXUMHYECKUH, (POTOPE3NCT - CyXOH MIIEHOUHBIH.

Penrenue: 1. Tak kak meton usrorosnenus [111 poroxumudeckuti, To, cie-
JIOBATEIbHO, MUHUMAJILHO JIOITYCTHMasl TOJIIIMHA IEYaTHBIX IPOBOTHUKOB Oy/eT
paBHa TOJIIUHE QOJIBTH, T.€.

h,=hg = 0,050 mMm.

2. MUHUMAJTBHO JIOMYCTUMYIO IIUPUHY MTEYATHOTO MPOBOHUKA OMPEAEISIEM 110
dopmyie

tn > Imax/(hn J),

rae J=30 A/MM” - JONYCTHMOE 3HAUYEHHE TIIOTHOCTH TOKA, TOT/Ia

t, = 0,4 /(0,05x30) = 0,26 mm, T.e€.
IJIOTHOCTH TIEYaTHOT'O MOHTAKa TIAThl MOXKET OBITh HE BBIIIE 2-TO Kiacca.

Kontpons 1

Jnst xoHTpons anexkrpudyeckux napamerpos IIII B ycnoBusix cepuilHOro
MIPOM3BOJICTBA (a MHOTJAa M B YCIIOBHSIX JIAOOpATOPWH) UCIIONB3YIOT aBTOMATH-
3UpoBaHHbIE ycTaHOBKY Tuma "YKIIM".

Kontponupyemeimu anextpudeckumu napamerpamu II1 sBstrores neno-
CTHOCTb NPOBOJHUKOB (OTCYTCTBHE OOPHIBOB, 3aMBIKAHUI MEX/1y IPOBOIHH-
KaMu colpoTuBiieHne m3omsiuu u Ap. 111 pasnnyatorcest mo 00beMy KOHTPOIH-
PYEMBIX TOUEK, I03TOMY NMPOrPaMMBI [ aBTOMaTU3UPOBAHHOT O KOHTPOJIS
ToXe paznuuarorcs. K KOHTponupyeMbIM TOUKaM OTHOCAT BCE METaJIIU3UPO-
BaHHBIE OTBEPCTHSI B JAHHOM I1€4aTHOM IIPOBOHUKE U BO BCEX IMPOBOAHUKAX,
KOHTaKTHBIE IUTOIAAKH, METAJUIM3UPOBAHHBIE OTBEPCTHUS AT MOAKIIOYEHUS K
pa3zbeMaM WIN KOHTPOJIbHBIM THE3IaM.
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OpnHako 10 ocyiecTBieHus Takoro koHtpois [ cHavana npoxoasT npoBepKy
HA COOTBETCTBHE TPEOOBAHUAM YEPTEXkKa, TEXHUUCCKUX yciaoBHi. [Ipu 3ToM
MHOTHE UX MapaMeTPhI IPOBEPSIOTCS BU3YaIbHO. Tak HanpuMep, MeTaJUTH3aIus
OTBEPCTUH JTOJKHA OBITh POBHOM, TUTOTHOM, HIMETh TOJIIMHY MEJHOTO CJIOS HE
MeHee 25 MKM C MEJIKO3ESPHUCTBIMH IDIACTUYHBIMU ocajikamMu. HepoBHOCTE Me-
TAJUTU3UPOBAHHOIO CJIOSI CBUJIETENHCTBYET O HEKAUECTBEHHOMN MOATOTOBKE OT-
BEPCTHH, CO3/IaeT HEXKEIaTeIbHBIC KOHIICHTPATOPHI HAPSHKCHUI, PEISTCTBYET
BCSKOMY YJIaJICHHIO U3 OTBEPCTUH arpecCHUBHBIX PEAKTUBOB U 3aTPYIHSET MPO-
recc naiiku. HepoBHOCTh METAIIITM3UPOBAHHOTO CII0sI, MPOBEpsAeMasi Ha KOH-
TPOJIBHBIX MUKPO IUTH(aX, HE JOIDKHA MPEBHIMATH 50 MKM.

HemonmycTuMbl ¥ HEPOBHOCTH M3-3a MOIbeMa (DONBIH, TaK KaK 3TO MOXET
MIPUBECTH B KOHEYHOM HTOre K OOpBHIBY IEMH MPH TEPMOYAape, HApuMmep B
nporiecce cOopku y3na. M3BecTHBI U npyrue Ae(eKThl MeTaUIM3UPOBAHHBIX OT-
BEPCTHUH, CBSI3aHHBIC CO CBEPJICHHEM, CMeEIIeHHEM BHYTpeHHHX ciioeB MIIIT u
T.1.

KoHTakTHBIE TUTOMAIKA METAJUTU3HPOBAHHBIX OTBEPCTUH MPEICTABIISIOT
c0001i 00JTACTH COCTMHEHUS TIPOBOTHUKOB ¢ METAJUTM3UPOBAHHEIM CJIOEM OTBEp-
CTHIA, 00CCIICUUBAIOIIHE DIICKTPUICCKHE CBSA3H, a JUIS HAPYXKHBIX CIIOCB TAKXKE
BO3MOXKHOCTH NMAaHKH HABECHBIX 3JIEMEHTOB B MOHTAXKHBIX OTBepcTUsX. [nomanb
KOHTAKTHBIX IIIOIIAI0K Ha JIFOOOM CJI0€ JOJIKHA OLITh TaKOH, YTOOBI HE OBLIO UX
Pa3pBIBOB MPH CBEPIICHUU M OCTABAJICS TaPAHTUPOBAHHBIH MOSCOK METH [ITHPU-
HOI He MeHee 25 MkM i BHyTpeHHUX cinoeB MIIII u He menee 50 MxM jis
HapyKHBIX CJIOEB ILIAT.

YacTuuHOE OTCIIaNBaHUE OT/ICIEHBIX KOHTAKTHBIX TUTOIIAIOK HAPYKHBIX
CJIOCB HE B 30HE MPOBOJHUKOB CUUTAETCS JIOIMTYCTUMBIM JIJIS IIEPEXOTHBIX OTBEP-
CTHIA U MOXKET OBITh YCTPAHEHO C MOMOIIBIO STIOKCUIHOTO KIIesl.

AJre3ust puCyHKa CX€MBbI K JUAJIEKTPUUECKOMY OCHOBAHHUIO ILJIATHI JJOJHKHA
COOTBEeTCTBOBATh TY Ha (QOIBErHPOBAHHBIN MaTepHal U MPOBEPICTCS OTPHIBOM
MIPOBOJIHUKA HA TEXHOJIOTMUYECKOM MOJIe IIAThI.

Habnromaemoe uHOT1a B3{yTHE WA OTCIOCHUE CIIOS TaTbBAaHMICCKON Me-
I OT (PONTETH M3-32 HEKAYeCTBCHHOW TIOJITOTOBKH TOCIICHEN TIepe]l MeTaslId-
3anuen HeaonyctuMo. KauecTBo cuenieHus ciiosi ralbBaHUYECKON MU C
(OIBroii MPOBEPSIOT BEIOOPOUHO ITyTeM mepernda Ha 180° mpoBoHUKA, OT/Ie-
JICHHOT'O OT TEXHOJOTMYECKON paMKH. VI3BECTHBI U IPYIHe METOJBI.
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o cpaBHEHHMIO C TPOBOAHUKAMH HAPY)KHBIX CIIOEB MPOBOIHUKU BHYTPEH-
Hux cioeB MIIIT HaxomsaTcs B 60Jiee BBITOHBIX IKCILTYATAIIMOHHBIX YCIIOBHSX:
M30JMPOBAHbI OT BHEIIHUX BO3JCUCTBH, B T. Y. OT 3arpsA3HEHUIA, UMEIOT JTy4-
U TEMIO0TBO/I, MPOMEKYTKH MEX/y HUMH MOCIIE MPECCOBAHUS 3aIOHAIOTCS
JIBJICKTPUYECKAM MATEPUAJIOM, YTO 00CCIIEUUBACT POYHOE 3aKPEIUICHHE Ha
cIoe.

CobctBeHHO nuanekTpudeckoe ocHoBanue [1I1 10mKHO OBITH MOHOHUT-
HBIM 0€3 B3yTHIA, PACCIOCHUH, apanuH U MOCTOPOHHUX BKITIOYECHHIA.

Bo3MokHOE M3MEHEHHE BHEITHETO BUA AUDIIEKTPHIECKOTO OCHOBAHUS
BO3HUKAET BCIIEICTBHE MOBEPXHOCTHBIX WJIM BHYTPEHHHX Ie(PEKTOB MaTepuaa,
a TaK)Ke HAPYIIEHUN TEXHOJIOTUU U3TOTOBIICHHUS.

Takue OTKIIOHEHHS TOJKHBI PACCMATPUBATHCS Kak UCKIToueHus. K Hum
MOYHO OTHECTH 0€J1ECOCTh, ChIllb, OOHAKEHHUE CTEKIIOTKAHH, TEKCTYPbI, BCKPhI-
THE BOJIOKOH, OPEOJIBI M CKOJIbI, KOHTYPHOE MOCBETIICHHUE, MISITHUCTOCTh ITOBEPX-
HOCTH, PACCIOCHHE, MEXKCIIOHHASL PAKOBHHA, B3IyTHE.

Cpenu 1eheKTOB BCTPEUAOTCS TaKke AedopMarmu (HETUIOCKOCTHOCTH )
I1IT; oHa MOYKET BBIPAXKATHCS B BUJIE HIWIMHIPUUECKOT0, CHEPUUECKOTO UCKPUB-
JICHUSI WJIA CKPYYHMBAHUS, T.€. CIMPAIBHOIO UCKPUBJIEHHS [UT1ATHI. DTO SBJICHUE
3aBHCHT OT psijia PAKTOPOB U OOBIYHO JOMYCK HA HEITOCKOCTHOCTH OrOBapyBa-
ercst B ueprexxax I[1I1. Mi3BecTHBIE METOIbI TEPMOPUXTOBKH FOTOBBIX ILIAT UMEIOT
OrpaHMYEHHOE TPUMEHEHHE.

Cognepxanuie pabOTHI

Pabora conep >kUT HECKOIBKO BAPHAHTOB MCXOAHBIX JAaHHBIX HA KOHCTPYH-
pOBaHHME, 110 KOTOPBIM HEOOXOANMO B COOTBETCTBUH C 33/IaHHEM ITPOU3BECTH
TpeOyeMbIC PaCUCTHI.

Kaxxp1ii BapuaHT 3a1aHUs TIpElyCMaTpHUBaET NPEeIBAPUTENBHOE H3YUeHHE
TEOpETHYECKOro MaTepuaia, pa3paboTky ognoro u3 BuaoB I1I1 wmu ee dpar-
MEHTOB, B T.U. BHIIIOJIHEHHE KOHCTPYKTOPCKUX PacyeToB, MpeCTaBICHHE pe-
3yJAbTATOB PaOOTHI B rpahuueckoM (3CKHU3bI, YEPTEXKH), TAOIMIHOM U JIp. BHIIE.

[Topsimok  BbIMONHEHUS  PabOTHI:

- U3Y4UTb METOJUUECKUE YKA3aHUS ;
- I3Yy4YHTh UCXOHBIE JAHHBIE U TPEOOBAHMS 110 33JIaHHUIO;
- n3y4nTh npasmia opopmienus K/ na I111;
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- OTBETUTH HA KOHTPOJLHBIE BOMPOCHI;
- MIPEJIOXKUTH 110 3aJJAHUI0 BAPUAHTHI Pa3pabOTKH;

- COTJIaCOBATh BHIOPAHHBIM BapHaHT pa3pabOTKU C MPENOIaBaTeIeM;
- pa3paboTaTh TpeOyeMYyI0 KOHCTPYKITUIO;

- 0(hOpMHUTE pe3yNBTAThI B COOTBETCTBUU C TPEOOBAHHUSIMHU.

Conepxkanue oTuera

B oTyere mOMmKHBI OBITH MPUBE/ICHBIL:

- KpaTKHe CBENICHHS U3 TCOPHU;

- 3CKU3HBIC UuepTexH paspadboranHoil [111, BEINMOTHEHHbIE HA MAJTUMETPOBOIT
o6ymare B coorBercTBuH ¢ OCT 41°0.010.209 B kapaHzare (B COOTBETCTBYIO-
meM MaciTade), Co BCeMH pa3MepamMu U 00paboTKOM;

- BBITIOJTHEHHBIC PACYEThI C MUHUMATBHBIMHU MOSICHEHUSMIU;

- BBIBOJIBI 1O paboTe.

KoHTponbHBIE  BOIIPOCHI

1. Jlnst wero mpeaHa3HaueHBI U YTO MPEACTABIISIOT COOOH MevaTHbIE TIaThl?

2. HazoBure reomerpuueckue napamerpsi I1I1.

3. OT yero 3aBUCAT Fr€OMETPUUECKUE MAPAMETPHI U TOYHOCTh EYATHOIO MOHTA-
xa?

4. Kakwue Op1Barot [1I1? Kakux Tumopasmepos?

5. Kakue marepuans! ucnonb3yrot ans usrorosnenus [1117 Kakue mapamerpst
MaTepHaIoB HEOOXOAUMO YIUTHIBATh U MoYeMy?

6. Kakue M3BeCTHBI METO/IBI M3TOTOBJICHUS MTEYaTHBIX Iu1at? B uem ux ocoOeH-
HOCTb U BIIUSIHUE Ha KOoHCTpyKuuto [TI1?7

7. Kakue TpeGoBaHMs ¥ OYEMY HPEIBSBISIFOTCS K HHCTPYMEHTY ISl 00paOOoTKH
oTBepCTUi?

8. Kakue ycnoBus ¥ mouemMy HaJlo YUUTHIBATh NIPH ONPEAEICHUN MUHUMAJIBHOTO
JuaMeTpa KOHTaKTHOU IuTomaaku?

9. Ha3oBuTE OCHOBHBIE MMOTPEIIHOCTH, KOTOPBIE HAJ0 YUUTHIBATh MIPU pacueTe
MUHHUMAJIBHOTO TUaMETpa METAJUIM3UPOBAHHOIO OTBEPCTHsI U TonuuHel MITIT?

10. M3 kakux YCIOBUH ONpeAenseTcss MUHUMAJIbHOE PACCTOSHUE MEXAY dJiie-
MEHTaMU MIPOBOSILETO pHucyHKa?
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11. Kaxue 3JIEKTPUYECKUE rapaMeTpbl III1 BbI 3Haete?
12. Tlo xakuM mapaMeTpaM OCYIIECTBIsIeTCsl KOHTpoib T1T17
Kakne MeTos! X KOHTpOIIS BBI 3HaeTe?
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[Mpunoxenue |

Bapuantsl 3agaHuit

Bapuanr 1.

PaccunTtath KOHCTPYKTHBHO-TEXHOJIOTMYECKUE ITAPAMETPHI IBYCTOPOHHEH
nevaTHou miatel OV, B T.4.
- BEIOpaTh MaTepuall ¥ TOJIIMHY IJIaTHI,
- ONPEENHTH JINHEHHBIE pa3MephI DJIEMEHTOB MEYaTHOrO MOHTaXa (JHaMeTp
KOHTaKTHBIX IUIONIAJIOK U IIHUPHHY IPOBOIHHKA),
- ONPEAENHTH YUCIIO ITPOBOJHUKOB, KOTOPHIE MOYKHO ITPOBECTH MEXIY COCEIIHH-
MU OTBEPCTHSMH.

VcxonHble aHHBIE: METO N3TOTOBJICHHS TIEYaTHOM IIIATHI - DJIEKTPOXH-
MHUYECKHH (IOITyaINTHBHBIN); CIIOCO0 IMONTy4eHNs] pUCYHKA - (DOTOXUMHYECKUH;
MUHHAMAJIHOE PACCTOSIHUE MEXKAY OTBEPCTHAMH 1,25 MM, I1ar KOOpJMHATHON
cetkd 1,25 MM; TraMeTp HEMETaJUIM3UPOBAHHOTO OTBEPCTHUS (MOHTaXKHOTO) - 0,7
MM, (popMa MOHTa)KHOH IUIOMIAJIKH - KPYIJIasi, INIOTHOCTh IIEYaTHOI'O MOHTaXa -
2-i k1ace, JOTOPE3UCT CyXOH IIIEHOUYHBIN, METAJUINYECKUI pE3UCTOILIaBIIsIE-
MBI CIIaB OJIOBO-CBUHEIL.

Bapmuanr 2.

a) OnpenenuTh BO3MOKHOCTH PA3MEIICHUS JIBYX MPOBOTHUKOB MEXKTY
JIByMSI KOHTaKTHBIMU TUIOIIAIKaMH OIMHAKOBBIX OTBEPCTUI HA OJJHOCTOPOHHEM
[I1. icxomHbIC JaHHBIC: METOJT U3TOTOBJICHUS TUIATHI - (DOTOXUMUYCCKHI; pac-
CTOSIHME MEXKY OTBEPCTUSIMHU 5 MM, MaKCUMaJIbHBIN JUaMeTp KOHTAKTHOMU II10-
AAKH 2 MM, MaKCUMaJlbHasl IUprHa npoBoaHuKa 0,35 MM, MUHUMAJIBHOE pac-
CTOsIHME MEXKy IpoBOoAHUKAaMU 0,5 MM, IUIOTHOCTh EYaTHOTO MOHTaxa - 1-i
KJIACC, II1ar KOOPJMHATHON CETKH 2,5 MM.

0) OnpenenuTs KOIUIECTBO MPOBOTHUKOB, KOTOPEIC MOXKHO Pa3MECTUTh Ha
onnoctoponneit IIIT mMexnay AByMsI KOHTAKTHBIMH IUIOHIAJIKAMH OJUHAKOBBIX
OTBEpCTUil.

Wcxomubiil JaHHBIC: METOJT M3TOTOBJICHHUS TUIATHI - (DOTOXUMHIYECKHIA, PACCTOS-
HUE MEX]ly OTBEPCTUAMH 7,5 MM, MAaKCUMaJIbHBIN IUaMETP KOHTAKTHOM IJ10-
maaku 1,5 MM, mar koopauHaTHOU ceTku 1,25 MM, MIOTHOCTh MEYaTHOTO MOH-
Taxka - 2-i Kjacc, MaTepua IaThl - FeTHHAKC (OJIbrUpOBaHHbIA Mapku [ 'D-1-
35.
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Bapmuanr 3.

PaccunTath KOHCTPYKTUBHO-TEXHOJIOTHYECKHE TApaMEeTPhl MHOTOCTIOWHON
IIT @V, B 1.4. onpeaenuts TonuuHy MIII, tnamerp MeTamIM3UPOBAHHOIO
OTBEPCTUS, IUAMETPbl KOHTAKTHBIX IUIOMA/I0K, IIUPUHY NPOBOJHUKOB, MUHU-
MaJIbHbIE PACCTOSHUS MEXy 2JIeMEHTaMU IIeYaTHOTO MOHTaxa. VicxoqHble TaH-
Hele: pa3mep miatsl 170x200 MM, KOTHYECTBO CIIOEB - 8, METON U3TOTOBJIECHUS
MIIIT - MeTamu3aIms CKBO3HBIX OTBEPCTHI, CITOCO0 MOTYYCHHS PUCYHKA - (O-
TOXMMHUYECKHH, CIIOCOO M3TOTOBIICHHUS CIOEB - CIIOC00 A, MaTepHa Clios CTeK-
JIOTEKCTONMUT (ponbrupoBanHbIii Tpassimuiicss Mmapku @TC-1-20A ( He =0,15), n
®TC-2-20A ( He =0,18), crexnoTkans npoknagounas mapku CIIT-3 (Hop =
0,025), pe3ucTHBHOE MOKPHITHE - OJIOBO-CBUHEII, IIIar KOOPAUHATHOMN ceTku 1,25
MM, IUIOTHOCTb [T€YaTHOTO MOHTaXa - 2-1 KJacc, B KaYeCTBE MEKCIOWHON U30-
JISILIUH UCTIONB30BAaTh YEThIPE MPOKIAAKHU.

Bapmuanr 4.

[TponsBectn npoBepouHslii pacuer asycroponneit 111 ( puc. 1nm) ycumu-
Tens, ONPeAeINTh MUHUMAJIBHO JOMYCTUMYIO IIUPUHY IIEYaTHOT O IPOBOIHUKA
NajJieHUe HaMpPsHKEHNE, MOIIHOCTh MOTEePh, Mapa3sUTHYIO IOBEPXHOCTHYIO EM-
KOCTb U B3aMMHYIO0 UHAYKTUBHOCTb JBYX MapajlieIbHbIX IPOBOAHUKOB. Hcxon-
Hble aHHbIe: Hanpsbkenue nutanus U =12,6 B, MakcUMalbHBINH TOK, POXO-
JIAIIMN yepe3 NpoBOIHUK I,x=0,7 A, pazmep matel 45x75 MM, MaTepua MiaTel
- CTEKJIOTEKCTONUT (ponbrupoBaHHbiil Mapku CD-2-35, MeTOT U3TOTOBJICHUS
TUIATHl - KOMOWHUPOBAHHBIN ITO3UTHBHBIN, CIIOCOO MOTYYEHHs pUCYHKa (OTO-
XUMHUYECKUH, POTOPE3UCT CyXOH MIIEHOUHBIH, PE3UCTUBHOE TIOKPBITHE - OJIOBO-
CBUHEII.

Bapmuanr 3.
Pa3pabotaTh KOHCTPYKIMIO M TeXHOJOTHIO m3roroBiieHus [II1 momyns. Ber-
Opatp MaTepuan U Meron niroroBienus [1I1, onpenenuts rabapuThl 3aroTOBKU
wiatel ¥ KoddduimeHT ncrnons3zoBaHus MaTtepuana. Paspaborate mocnemoBa-
TENIFHOCTh TEXHOJIOrHYecKoro npotuecca u3rorosienus [1I1. VicxonHsle naHHBIE:
JJIEKTpUYECKasl cxema MoayJst (puc. 21m)

R1 - pesucrop MJIT-0,25-10 kOm +10%

R2- pesucrop MJIT-0,25-2,2 kOm +10%

R4- pesucrop MJIT-0,25-10 kOm £10%
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R3- pesuctop MJIT-0,25-7,0 kxOm £10%,

J1-113 - nuoas! kpemHuesbie 1220

J4-J16 - nuoxas! kpemHuessie JI219A

T1 - tpuon repmanuensiii UT116A
mar KOOpAMHATHON CETKH IIAThI - 2,5 MM, IUIOTHOCTh MEYaTHOTO MOHTaxa - 1
KJIacc. Y CIIOBHS, DKCILTyaTalluy JJabopaTOpHEIE, mporpamMma Beirycka 20000
I1aT B TONI.

Bapmuanr 6.

Pa3paboraTh KOHCTPYKIHWIO M BBIOpATh TEXHONOTHIO 3roroBienus [111
(hopMupoBaTeNs UMIYIILCOB, B T.4. BEIOpPAaTh MaTepuall, METO U3TOTOBJICHUS,
OIIPENIENIUTh TOMYCTUMBbIE 3HAUEHUS JUTMHBI IPOBOJHUKA, EMKOCTH IPOBO/IHU-
KOB, OMHUUYECKOI'0 COIIPOTHUBIIEHUS ITPOBOJHUKOB, BOJIHOBOT'O CONIPOTUBIICHUS
MIPOBO/IHUKOB. PaccumnraTh rabaputHble pasmepsl miaTel. [IpruBecTn OCHOBHBIE
3Tamnbl TEXHOJIOrHueckoro nporecca usrorosnenus I1I1. Mcxonausie naHHbIE:
Dnexrpryeckas cxema GopMHpOBaTENS UMITYIbCOB: ( puc.3m)

R1 - pesucrop MJIT-0,25 - 330 Om £10%

R2 - pesucrop MJIT-0,25 - 56 kOm £10%

R3 - pesucrop MJIT-0,25 - 5,1 kOm £10%

C1 - xonnencarop K50-6-1-6 B - 100 nkd £10%

TI - Tpansucrop KT315b

D - mukpocxema KIAB533

J1 - nmuox monmynpoBoauukoBbiit J[200.
Hamnpspxenne muranus 5 B £5%, norpedisiemslii Tok 16 MA, TUIOTHOCTD Nievart-
HOI'0 MOHTa’ka - 2-# Kjacc, ar KOOpAUHATHOM ceTku 1,25 MM, yCloBHs 3Kc-
IJIyaTaluy - HazeMHasl cranonapHast POA, nporpamma Beimycka 15000 . B
rof.

Bapmuanr 7.

Pazpaborats korcTpykuuto [T ummynscHoro renepatopa. BeibpaTts ma-
Tepuan u Metox usrorosnenus I1I1. Onpeaenurs AOMYCTUMBIE 3HAUEHUS AJTUHBI
IIPOBOJHUKA, EMKOCTH MPOBOAHUKOB, OMHUUECKOTO CONPOTHUBIICHUS TPOBOJHUKA,
BOJIHOBOT'O CONPOTHBJIEHUsI ITPOBOIHMKOB. PaccunraTh rabapuTHble pa3Mephl
m1atel. Ha3zBaTh OCHOBHEBIE 3TaNbl €€ U3TOTOBJIECHUS.
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HcxonHble naHHBIE: dIIeKTpUUecKas cxema (puc.4m )

R1,R2-pesuctop MJIT-0,25-1 xOm +10%

R3-pesucrop MJIT-0,25-47 kOm £10%

R4-pezucrop MJIT-0,25-100 Om £10%

C1 - xonnencarop KTII-2ba-M47-1000 i +10%

T1-tpansuctrop KT3I5A

D-muxpocxema K155JIA3

J1, 12-nuoas! noaynpoBoHUKOBEIE [1220

Hamnpspxenune nuranus 5 B +5%, norpebnsiemslii Tok 20 MA, rpaHuYHast
yacrora 100 k"1, IOTHOCTH MEYaTHOr 0 MOHTaXa -3-# KJlacc, ar KoopAuHatT-
HOU ceTkH 1,25 MM, ycIOBHS dKCILTyaTauu - 6opToBas camonerHas POA. IIpo-
rpamma Baimycka 200000 mnat B rof.
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PABOTA NeS: AHAJIN3 CTPYKTYPbI KOHCTPYKIIUI PA-
JNOJSJIEKTPOHHOU ATIITAPATYPBI

Lenb pa®oThl: M3yueHHE CIOKHBIX KOHCTPYKIMI POA s onpesenenus B3aum-
HOH CBSI3U MEXIy JICTaJsIMU ¥ COOPOYHBIMHU €AMHUIIAMH B HEH,
HOCIIEZI0BaTeNbHOCTH COOPKH, Pa3paboTKa cXeM COOpKU.

Meroanueckue ykazaHus

Oo6mwme cBenenus o mpoiecce coopku POA

Borpocsl cOopku POA sBISIOTCS OMHUMH M3 BaXKHEHIIHMX NPH MPOEKTH-
poBaHuu POA. OHU CyIIECTBEHHO pa3iu4yaroTcs OT BUJAA MPOEKTUPYEMOHl amma-
parypsl: 6opToBast win crauuoHapHas POA, DBA wnu ee ¢parMeHTsl, MHKPO-
coopku w CBY yctpoiicTBa U aHTEHHBI, TPUBOHBIE Y3716 WIIM KOpIyca, Oio-
k1 POA wnu napyrue ee ypoBHU U T.A.

COopka u3zaenuii aBisieTcss HanboJiee OTBETCTBEHHBIM ATAIIOM ITPOU3BO/I-
CTBEHHOT0 IIPOLECCA, 3[IECh MPOSABIAIOTCS HEAOCTATKH KaK MPEIIECTBYIOIIHUX
STAIIOB U3TOTOBJICHUSI OTJEIBHBIX COCTABISIOMUX POA, Tak 1 COOCTBEHHO KOH-
cTpyKuuH. TOYHOCTH COOPOYHOTO COEAMHEHHMS 3AaBUCUT OT CYMMapHOT'O BIIMSIHUS
KaK 4HCIIa 3BeHbEB (COOPOUHBIX €IMHULL, JIeTaleil), BXOSIIMX B €ro pasMepHYIo
LIeTb, TaK ¥ OT JIMalla30Ha OTKJIOHEHUH (JIOIYyCKOB) B KaXKJJOM OT/IEJILHOM 3BEHE,
a CJIOKHOCTb TAaKUX Pa3MEpPHBIX IIeNe HCXOAUT OT KOHCTPYKTOpA U BBISBIISETCS
B IIpoIiecce MPOEKTUPOBaHUS Beero uznenusa. Kpome toro, B mporecce NpoeKTH-
POBaHMS JJIsI KOHCTPYKTOPa BOOOIIIE HEBO3MOXKHO pa3padaThIBaTh JIF00YI0 KOH-
cTpykiuoo POA, He npeacTaBisas Kak 3Ta KOHCTPYKIMS, B KaKO! MOCIIe0Ba-
TENIFHOCTH OyJIeT peali30BaHa Ipy MPou3BoACTBe. [103TOMY IpH KOHCTPYHpO-
BaHHH KOHCTPYKTOPY HEOOXOAMMO TpelyCMaTpUBaTh YETKYIO pa3OMBKY H3/ie-
JIUSL HA CAMOCTOSITEIbHbIE 3aKOHUYEHHbIE ¥ B3aMO3aMeHsIeMble COOPOYHBIE €/TH-
HUIIBI ¥ arperaTbl, YTOObI TPYJ0EMKOCTh COOPKH 3THX 3JIEMEHTOB OblIa OJJHA-
KOBOI1, a caM rporecc cOOpKH OCHOBBIBAJICS Ha ITPOCTHIX TPOU3BOJICTBEHHBIX
npueMax. Mecra cOOpKU M YCTAaHOBKH JieTajled M COOPOYHBIX €IMHUIL JOJKHBI
OBITH OTKPBITHIMH U JIOCTYITHBIMHU HE TOJIBKO /ISl OCYIIIECTBIICHHS] CaMOT'0 TIPO-
ecca cOOpKH, HO U JUISl PEryITHPOBKU U KOHTpoJsl. Takum oOpa3os, cxema coop-
Kk POA cBsi3aHa ¢ 0JJHOW CTOPOHBI C TEXHOJIOTHYECKUM MPOIIECCOM, OCHACTKOM,
00opynoBaHueM (aBTOMaTH3UPOBAHHOTO WIIM PYYHOTO AEHCTBUS), C IPYTroOH -
HETOCPECTBEHHO C KOHCTPYKIMEH (KOHKPETHO) U3Aenusl.
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KoHCcTpyKIust n3fenus ¢ TOYKH 3peHust COOPKH JTOJKHA OBITH TEXHOJIO-
TMYHOH M 3TO 03HAYaEeT, BO-TIEPBBIX, YTO OHA JIOJDKHA OBITH COOMPATENHHOM, T.€.
obecrieunBaronell He TOJIKO BO3SMOXKHOCTb COOPKH, HO M €€ MPOCTOTY, TOCTYII-
HOCTh K MECTaM MOHTa)ka, BO3MOXHOCTb MPUMEHEHHUS BBICOKOIIPON3BOUTEIb-
HBIX METOJIOB COOpKH. BO-BTOPBIX, Takasi KOHCTPYKIMS JOJKHA JIOMYCKaTh a-
paJUIeNbHYIO ¥ HE3aBUCHMYIO COOPKY, KOHTPOIIb M UCITBITAHKE, C TIOJTHOH B3au-
MO3aMEHSIEMOCTBIO JIeTalie U cCOOpOUYHBIX eauHuUIl. [IprueM gucio aeranei B
cOOpOYHOM Y3JI€ JJOJKHO OBITH HAMMEHBIINM, a COKpaIlleHne YKcia AeTaien
JIOJDKHO OBITH 3a CUeT BBIOOpa Hanbosee IMPOCTOH U palMoHAIBHOM CXeMBI cOO0-
POYHOHN eqUHUIIBI U 00bETMHEHHS HECKOJIBKUX JIeTajell B O/IHY, OTBEYAIOIIYIO
TpeOOBaHUSIM TEXHOJIOTHYHOCTH.

ITo Tpynoemkoctu coopounslie paboTsl coctaBisitoT 40 — 75% T obmei
TPYIOEMKOCTH U3roTOBIeHUs POA.

COopoyHbIe pabOTHI OCIOXKHSIIOTCS IIMPOKOH HOMEHKIIATYpOH BBIITyCKae-
MO NPOAYKINH, ITpeodialaHieM MaJbIX 10 pa3Mepy M Macce Jietaneil u coo-
POYHBIX €IMHHII, 3HAYUTEIBHBIM 00bEMOM B 00IEH TPYAOEMKOCTH COOPKH IpO-
BEPOYHBIX M PETYIUPOBOYHBIX PabOT, MHOr000pa3neM TEXHOJIOTHYECKUX TPO-
1IeCCOB COOPKH U 3JIEKTPUYECKOTO MOHTaXKa.

OCHOBHOE KOJMYECTBO COOPOYHBIX OIEpaIMii BHITIOIHSAETCS BPYIHYIO C
HCMOJIBb30BaHUEM IIPOCTOM ocHacTKU. OIHAKO JJIs MOBBILIEHUS IPOU3BOAUTENb-
HOCTH, CHIDKEHHUS TPYAOEMKOCTH U TTOBBIIIEHUs KauecTBa POA nepenoBbie
MIPEANPUATHS IPUMEHSIOT CPEICTBA MEXaHU3AIMM M aBTOMAaTH3alMK COOPOYHO-
ro mpouecca.

Takum o6pa3zom, mporeccoM cOOPKH MOXKHO Ha3BaTh COBOKYITHOCTh OTle-
pauuii, B pe3ynbrare KOTOPHIX JIETAIN COSAUHSIIOT B COOPOYHBIE eqUHUIIBI (y3-
JI61), OJIOKH, PaMbl, CTOMKH, CHCTEMBI ¥ U3/IEIIHSI.

COBOKYITHOCTb OMEpalyii, B pe3yabTaTe KOTOPBIX OCYIIECTBIISIIOT JIEK-
TPUYECKOE COSTUHEHHE DJIEMEHTOB, BXOSIIUX B COCTAB COOPOYHON €IMHHUIIBI
(y3ma), B COOTBETCTBUH C MPUHIUNUAIBHOM, JJIEKTPHYECKON HITH JIEKTPOMOH-
Ta)KHON CXeMaMH Ha3bIBAIOT 3JIEKTPUIECKHM MOHTAXKOM.

[pocrefimmmMu cOOPOYHO-MOHTAXKHBIMH 3JIEMEHTAMH SBJISIFOTCS ICTAITH,
HE UMEIONIHNE KaKuX-T100 coequaeHuit. COOpoYHas eMHUIA SIBIIICTCS Ooee
CJIOXKHBIM COOPOYHO - MOHTAXKHBIM 3JIEMEHTOM M, KaK MPAaBHIO, COCTOUT U3 JABYX
JieTanei uay 6oee, COSTMHCHHBIX pa3hbeMaMy WM HEPa3beMHBIMU COCTUHE-
HusMH. PacuneHenvie u3jenuii Ha cOOpOYHBIC 3JIEMEHTHI IIPOU3BOJIAT B COOTBET-
CTBHH CO CXEMOI COOpPOYHOr0 COCTaBa, MOCJIE YEro 1o Hel MPOEKTHPYIOT TeX-
HOJIOTHUYECKH Tporiecc coOopku. Hanborbiee pacnpocTpaneHne moay Iy
CXeMBbI cOOpKH ¢ 0a30BOM JETANBIO0 U cXeMa COOpKH u3enus "BeepHoro Tuma"

(puc. D).
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OnHo#t U3 33724 Py POSKTUPOBAHUU COOPKH SBIISETCS BEIOOP 6a30BOT0O
9IIeMEHTA WITH BeAyllero noiydadpukata. [IpaBuibHbIN BEIGOP 6a30BOTO dJie-
MEHTa OMpE/IENseT ONTUMAJIBHYIO MOCIEI0BATEIBHOCTE COOPKH, €€ SKOHOMUY-
HOCTb, TEXHOJIOTHYHOCTD U JIp. Ba30BBIM sIBIIsieTCS TAKOH COOPOUHBIHA DIIEMEHT,
KOTOpBIH ITpH OIIEHKE ero CBOICTB HabepeT Hanbobuiee uncio 6asuios. [Tocie-
JYIOIIHE ONepaluy cOOPKH MPOU3BOIST C TEMH DJIEMEHTAMH, Y KOTOPBIX MaK-
CHMaJbHOE YHCII0 OaIoB.

[Tpu BEIOOpE 6a30BOrO A1IEMEHTa OBIBAET JIOCTATOYHBIM HCITOJIb30BAHHE

K03((HUIMEHTOB, YINTHIBAIOIINX YUCIO COSMHEHHUH 2JIEMEHTOB U XapakTep
COEIMHEHUH.

IIpu ananu3se CTpyKTypsl KOHCTPYKIUY POA BBIIENAIOT TaKKe 3aMbIKAt0-
IIMH 3JIEMEHT COOPKHU, KOTOPBIN IOJKEH 00€CTIeuUTh B COOPOYHOM Y31 HEeu3-
MEHHOE TOJI0KEHUE APYTHX 3T0 JIEMEHTOB U UMETh COEAMHEHUE, CO3/AI0MIee
TIOCIIE TIPEIIECTBYIONIEH orepaun cCOOPKH MUHUMAIILHOE YHCIIO CTEeTIeHeH
cBOOO/IBI, @ TaKue 00J1a1aTh MUHUMAJILHOW MacCOi U IIPOCTOTOW KOHCTPYKIIUH.

OCHOBHBIMU COOpOYHBIMH OTIEPAIMSIMH NP TPOU3BOAICTBE POA SIBIISIOT-
Csl: CBUHYMBAHHUE (3aBUHYMBAHKE), COBMELIEHHE METOJIOM IUTACTUYECKOTO Jie-
(opMupoBaHus, CBapKa, Naika, CKIIeMBaHue, HAMOTKa, HAKpyTKa.

IMpouecc cOopku MOXKeET OBITH pa3zeNieH Ha CIEAYIONIHMEe TAlbl: Toada
coOupaeMbIX JieTajeii (3JIEMEHTOB) K MeCTy COOpKH, B3auMHasl opucHTarws (6a-
3WpOBaHNE) JeTajel Iepes] nX COeTMHEHHEM, COeAMHEHNE COOPOYHBIX 3JIEMEH-
TOB B COOPOYHYIO CIHHUILY, 3aKpEIUICHHE COOPOYHBIX FIIEMEHTOB (COOpOUHAs
oreparys), KOHTPOJIb.

Hawnbornee xapakTepHbIM 3TanioM COOPKH SIBJISIETCS OPHEHTAIUsI coOupae-
MBIX DJIEMEHTOB Iepes ux coearHeHrneM. OCOOEHHO 3TO OTHOCUTCS K MOHTaXY

MHUKPOCXEM 1 HaBeCHbIX JPO.

KonTpons kadecTBa mipu coopke POA

Kontpois kadectBa mpu coopke POA onpenensiercs BuaoM POA u tex-
HOJIOTHUECKHM MPOLECCOM COOPKH, PEyCMaTPUBAIOIINM II0CIIEI0BATEILHOCTh
KOHTPOJIbHBIX OMEepalui.



31

12

385

hrll.’ “. I 8 ‘- H

a) ¢ dasolou Demansro

usdeave usdeaue ualdeave
T —F ¢ Chad
e |9E-H &rf‘-z c:g! =1 _!cg{.
wi—— | —— |
Lind. {ded
o) | e | B un [rs] [ (T

3 L 4

ThhbblhhbEbaasnsd

0) ,,BeepHOro" THUIA.

Puc..1. Cxemsl cOOpkH U3IeTUS.
B 3aBucumocTs ot Buja POA BEIOMpPArOTCS METOIBI KOHTPOIIS €€ mapa -

MCTPOB. KOHTpOJ'H), OCYH.IeCTBJ'IHeMBIﬁ B Ipouecce nMpon3BoOJACTBA, MMOApA3aACIA-
€TCA Ha BXOﬂHOﬁ, OHepaHI/IOHHHﬁ u HpHeMO‘IHHﬁ. HpI/I BXO/HOM KOHTpPOIJIC 00b-
€M IIPOBCPOK HE NOJIZKCH IMPEBLIIIATH MMPEAYCMOTPECHHOT'O B TY. OHepaHI/IOHHHM
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HA3bIBAIOT KOHTPOJIb MPOAYKIIMH BO BPEMS BBIMIOIIHEHUSI WITH TIOCTIE 3aBEPIICHHS
OMpeIeNICHHOH TIPOU3BOICTBEHHOH OIEpalvH.

ITprueMOYHBIi KOHTPOJIb - 3TO KOHTPOJIb TOTOBOM MPOAYKIIUH, IPU KOTO-
POM MPUHUMAETCS PEIICHUE O €€ TOAHOCTH.

Pa3paboTtka cxem cOopouHoro cocraBa POA

[TpoexTrpoBaHue TEXHOIOIHIECKOro Ipoliecca 00OPKH 3HAYUTEIHHO YII-
pollaeTcs, eCu NpoaHaJIu3upOBaHa CTPYKTypa KOHCTpyKuuu POA, ee KoHCT-
PYKTUBHO-TEXHOJOTMYECKIE OCOOCHHOCTH, BAPUAHTHI OPTaHU3AIMH TIPOIIecca
cOOpKH [UIs 33JaHHOI0 00BeMa BBITycKa. JIJIst 3TOro COCTaBIIAIOT CXeMBbI cOO-
POYHOT'0 COCTaBa JIEMEHTOB M TEXHOJIOTMICCKHE CXEMBI COOPKH. ITH CXEMBI
JTAIOT BO3MOXKHOCTh ONPEACTUTh B3aUMHYIO CBSI3b MEXKITy JACTAISIMHA U COOpOY-
HbIMU enuHUIIaMHU B POA. TlocTpoeHue Takux cxeM NMPakTUYeCKH MpeACTaBIseT
co00i1 pa3paboTKy IpoeKTa TEXHOJIOTHYECKOTr0 MPOIIecca, IPH 3TOM PYKOBO-
JICTBYIOTCSI CIIEAYIOIIMMHU PEKOMEHIAIUSIMU:

- CXeMBI COOPOYHOr0 COCTaBa CTPOST HE3aBUCHUMO OT 00BheMa BBITycKa POA,
- cOOpOYHBIE EUHUIIBI CXeM 00pa3yroTCsl HE3aBUCHMO OT YCIIOBUI COOpPKH, KOH-

TPOJIA, XpaHCHUA U TPAHCIIOPTUPOBKU,

- TepBast CTYIeHb COOPOYHOr0 COCTaBa HE ABJISIETCS COOPOYHOI, HA HEW paco-
JIararoT JieTajlu, MaTepuaisbl, BXosmue B coctaB POA - npumnou, 1aku, KOM-

MayH/Ibl ¥ T.JI.
- MHHUMAJILHOE KOJIMIECTBO JICTAJICH, HEOOXOMUMOoe JIjIsl 00pa3oBaHus cOOpoY-

HOU €JIMHUIIbI, PABHO JBYM;

- [IpU TIPUCOEANHEHUH K COOPOUHON €TUHUIIE JaHHOM CTYIEeHH COOPKH ellle Ofl-
HOU JieTanu o0pasyercs cOOpoYHas eMHUIA BBICIIICH CTyIeH:,'

- Ka)KJ[as MOCIE/YIoMIasi CTYIIeHb HE MOXKET ObITh 00pa3oBaHa 0e3 HaIHYHS T0-
CJelyIOUIeH CTyIeHH.
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Konctpykuus POA xapaxrepusyeTcs nokasaTeaeM CTeNEeHH CI0KHOCTU
cOOpOYHOr0 cOCTaBa, KOTOPBIN paBeH KOJIUYECTBY CTyHEHeH cOOpKY, cpeaHeil
HOJIHOTOM COOPOYHOr0 COCTaBa (KOIUUECTBO COOPOUHBIX €MHHUIL, Ha KaXJI0H
CTYIEHHU COOpPKH)

n
P=a/n=%lmi_fn 3 rae

0 - obmiee KOMMUECTBO COOPOUHBIX €IUHUIL IO CXEME COOPOUHOrO CO-
CTaBa;
M;- KO3QPUIMEHT KPaTHOCTH, PaBHBIA KOJTMYECTBY COOPOUHBIX €ANHHMIT
Ha i-i CTyreHu cOOpKH I10 CXEME;
CTEIEHbI0 PAaCUJIEHEHHOCTH COOPOYHOro Ipolecca, KOTopasi .XapaKTepUu3yeTcs
JUIUTENIBHOCTBIO0 COOPOYHOH Olepaluy U MOAYIEM PacuICHEHHOCTH

M=K/Q ) rua

K- okoHuaTenbpHO 3aITPOEKTUPOBAHHOE YHCIIO COOPOUYHBIX OTEepanuii.

Ha 6a3e cxembl cOOpOYHOro cocTaBa pa3zpabaThBAIOT TEXHOJIOTHIECKYIO
cxeMy cOOpKa, B COOTBETCTBUH C KOTOPOW MPOEKTHPYIOT TEXHOIOTUY ECKHI
nporiecc cOopku. TEXHOMIOrUIECKYIO CXeMY COOPKH H300pakaroT Tak, YTOOBI
COOTBETCTBYIOIINE COOPOYHBIE €NHHIIBI PA3TMYHON CTENEHHU CIOKHOCTH U Jie-
Tany ObLIM NPECTABIIEHBI B IOPsIIKA UX BBeAEHHs B coOnpaemyro POA. Cxema
HauuHaeTcs ¢ 6a30BOi JeTany uiu cOOpOUYHON €MHUIIBI, COETUHIEMOM C yc-
JIOBHBIM M300pakeHHEM T'OTOBOH ammapaTypsbl I1aBHOU uHKeH cOopku. K Hel
CJIeBa HAIpaBo I10 X0y COOPKH ITOJCOSTUHSIOTCS OTAEIbHBIE IETalH (C JIEBOH
CTOpPOHBI) ¥ COOPOYHBIE EAMHUIIBI (C ITPaBOW CTOPOHBI). TOUKH MPHUCOETNHEHUS
COOpPOYHBIX AIEMEHTOB CTPOTO COOTBETCTBYIOT ITOCIIE0BATEIEHOCTA O0OPKU
MECTY TO/ICOSAMHEHNH JIeMeHTa. TexHomornueckas cxema cOOpKku Kpome Jera-
JIel 1 COOPOYHBIX €AMHHUIL, COIEPIKUT IEMEHTHI, MTOSCHAIONINE CcrielnprIecKre
0COOEHHOCTH COOPOYHBIX ONEpaIii: COeJMHEHHE 3JIEMEHTOB (3aIIPECCOBKO,
BaJIbLIEBAHUEM, TTAHKOH), pHUKcalys (KepHEHHEM, C TIOMOLIBIO JIAKOB, KPACOK U
KOMITayH/IOB), MEXaHH4YecKasi 00paboTKa B Ipolecce cOOPKH, UCIOIB30BaHHE
TEXHOJIOTUYECKUX JeTane u T.A.
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DJIeMEeHTBI CXeMBI COOPOYHOI'0 COCTaBa M TEXHOJIOTMYECKUX CXEM COOPKH
BBITIOJTHSIOT B BUJIE TIPSIMOYTOJIBHUKOB, B KOTOPBIE BITUCHIBAOTCS MHJICKC, Ha-
MMEHOBaHME M KOJIMYECTBO diieMeHToB. O003HaUYeHNe AeTaell IpUHUMAaeTCs B
COOTBETCTBHH CO COOpPOYHBIMH YepTekaMH. J[ist 0003HaueHnsT COOpOYHBIX €1~
Hun npoctasisiior "C6" u Homep 6a3oBoii geranu. Ilepen o6o3HaueHHEM cOOpKU
cTaBUTCS HOMeEp cOopouHoii crynenu. Hampumep: 2C6.3 - cOopovHas euHUIIA
BTOpO#i CTymeHu cOOpKkH ¢ 6a30Boi aetanbio Ne 3.

ITpumep.

PazpaboraTth cxemy cOOPOYHOTO COCTaBa U TEXHOJIOTHYECKYIO CXEMY
cOOpKH KOHJIEHCATOpa NEPEMEHHON eMKOCTH (puc. 2).

Pemenue:

Konzgencarop nepeMeHHOH eMKOCTH C BO3AYIIHBIM JTH3JIEKTPUKOM COCTO-

uT U3 poropa I u craTtopa 2, yCTAHOBJIEHHBIX B JABYX KEpaMHUYECKUX IJIaTax 7.
Crartop 3ananBaioT B METAJUIM3UPOBAHHBIE OTBEPCTHS ILJIAT, POTOP 3aKPEILISIOT
B IByX OpOH30BBIX BTYNKax 6. HampsokeHue Ha 0OKIIaKH KOHAEHCATOpA TO/Ia-
eTcsl uepe3 KOHTaKThl 3, 4, 5 u 8.

Cratop ¥ poTop COOMPAIOT HE3ABUCUMO JPYT OT APYra, OKOHYATEIbHYIO
COOPKY OCYIIECTBIISIOT B MIPUCIIOCOOTICHHUH, 00ECIICUNBAOLIEM TPEOYeMYIO Be-
JTUYHHY 3a30pa MEXy MITACTUHAMH pOTOpa U ctatopa. CxeMbl COOPKH MpUBEIe-
HBI HIXKE.

ObecnieueHre TOUHOCTH COOPKU KOHCTPYKIHA POA

B mporiecce cO0pKH MPOUCXOIUT COSAUHEHUE IeTanell 1 COOPOYHBIX e/IH-
HHII, 00ECIIEUNBAIOLICE 3a]aHHOE B3AUMHOE PACIIOJIOKEHUE UX MMOBEPXHOCTH.
Ipu 3TOM MOrpenHOCTH 00pabOTKH JeTaneil U MOrpeIHOCTH COOPOUYHBIX OIIe-
panuii BIUSIOT Ha BETMYMHY U JJOMYCK 3aMBIKAIONIEr0 pa3Mepa cOOpOUHOM pas-
MEpHOit 1ienu. PacueTsl TOYHOCTH cOOPOUYHBIX pabOT JOKHBI 00ECTIEYUTh 3a-
JIAHHOE B3aUMHOE TOJIOKEHHUE JeTajleil U TOYHOCTh HX coelHeHus. Pacuer 3a-
KJIFOUAETCsI B OIPEIEIEHUH OIIMO0K 3aMBIKAIONUX 3BEHBEB Pa3MEPHBIX IIETIeH
WITH B OTPE/ICIICHHUH JIOMYCKOB COCTABISIFOLINX 3BEHBEB PA3MEPHOH IETH M0 3a-
JTAHHOMY TEXHUYECKHUMHU YCIIOBUSIMH JOIMYCKY Ha 3aMbIKArONMil pa3mep (obpat-
Has 3aj1a4a).
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OOBIYHO BHIMOJTHSIOT pacyeT JIMHEWHBIX pa3MepHbIX IeTield, a Ooee
CJIOXKHBIE Pa3MEpHBIE LIENU MOTYT OBITh IIPUBEAEHBI K JIMHEHHBIM.

COopoyHas TMHelHas LeTb TOJDKHA BKITIOUATh Pa3Mephl BXOSIIHX B
cOopKy aerasneid, UX U3MEHEHHs B Tpoliecce COOPKHU M 3aMBIKAIOIINNA pa3Mep,
0o0pa3zyrouiics B pe3ysbTaTe BHIOJIHEHHs COOPOUHBIX oreparuid. [IponsBoact-
BEHHBIE IIOTPEITHOCTH, OIPEIEISIONINE BENUYNHBI IOMYCKOB Ha pa3Mepbl, HOCST
CITy4alHBIN XapakTep, MO3TOMY pa3Mephl JeTalleid B TapTUH SIBIISIOTCS B TIpefie-
Jlax JIOIyCKa CITy4aiHBIMHU BEJIMYMHAMH, M PacueT pa3MEpHBIX LeTei BeeTcs
BEPOSTHOCTHBIM METO/IOM.

]
M :
==

K
=2 A,
.qn 1 - 1T

o=l
"“nn=['§i E Hui by E&} _H%{Hnl+d"i-ﬁi] "*RETJ :

b )

§=fV2 K6y o
fop= Agn £ 8s

np 1

rie Ay - HOMMHATBHOE 3HAYEHHE 3aMBIKAIOIIETO Pa3Mepa Pa3sMEPHOM IIeMH;
A - HOMMHAJIbHBIE 3HAYEHHUI COCTABIIAIONINX 3BEHBEB PA3MEPHOI HETIH;
1N - KOJINYECTBO 3BEHBEB B Pa3MEPHOI LeTH;
Kk - xonuuecTBo yBenuuMBaIONINX Pa3MepOB;
n-k-1 - xonuyecTBO yMeHbIIAIOMMX Pa3MEpPOB;
App - IpejienbHOe 3HaUCHNE 3aMBIKAIOLLETO H COCTABIISIOLINX Pa3sMEepOB

COOTBETCTBEHHO;

Oy, Oj - TIOJIOBUHBI TIOMEH JOMYCKOB 3aMBIKAIOIIEr0 H COCTABJISIONIUX Pa3-
MEpOB COOTBETCTBEHHO;
0l; - K03 UIMEHT OTHOCUTEIBHON aCUMMETPHUH paCIpe/IeNICHHs pa3Mepa;
K; - ko3 durmenT 0THOCHTETLHOTO PaccenBaHus Pa3MEPOB;
Y - k03¢ UIUEHT rapaHTUPOBAHHON HAJIEXKHOCTH,

A, Ayi, O; onpenensior 1o yepTexKam;
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Qi k; .Y BBIOMpAIOT IO TaOJIULAM B COOTBETCTBHU C TEXHOJIOIMYECKUMHU IIPO-
11IecCaMu MOJIYYEeHHsI COOTBETCTBYIOLIUX PAa3MEPOB U B 3aBUCUMOCTH OT
MeTona odecreyeHust 3aaHH0i TOUHOCTH PDA.

KOZ)(l)(l)I/IHI/IeHT 'Y TMOKAa3bIBACT, YTO BEJIMYUHA PACCUUTBIBACMOI'0O I0ITyCKa

OIpeIENSETCA C HAJEKHOCTRIO P, cooTBeTCTRYIOIIEN NaHHOMY KO3(QUIMEHTY
Oro o3Hauaer, uto B maptiuu POA IOOP anmaparoB OyayT HMeTh 3aMbl-

KAIOIMIi pa3Mep pa3MepHoii renu B npezenax 2 Op. Ilpu onpeeneHun omu6ok
KOHCTPYKIUH PDA, BRI3bIBAEMBIX HAJTMYUEM 3a30POB B COMPATAEMBIX Mapax,
HEoOX0MMO YUHTHIBATh BEIMUUHY 3TOro 3a3opa. Hanbornee BeposTHYIO BenH-

YHHY 3a30pa Ag, , BOBHHUKAIOUICTO B CONPSKEHUU BAJI-OTBEPCTHUE, OIPECACIAIOT

13 BBIPAKCHUA

R, e bV p2 2 o2 .
d]:'iﬁn-ﬂbl‘“ﬁ% Ke 60+K565 y LB

A(), AB- KOOPJAUHATLI CEPEANHDBL moJien JIOITYCKOB OTBEPCTUA U BaJla
COOTBETCTBCHHO,

8o, OB, - TIOJIOBUHBI TIONEH TOMYCKOB OTBEPCTHS H BAJIa;

K,, Ko, Kg - ko> pumuenTs oTHOCHTENBHOTO pacceMBaHus 3a30pa, OTBEPCTH
Y BaJia COOTBETCTBEHHO.

B GonpnmvHCTBE ClTydacB 3aKOH PAaCHpEICICHUS 3aMBIKAIOIIETr0 pa3mMepa
MOKET OBITh MPUHAT 3a 3aKOH HOPMAJILHOTO pacrpeneneHus, Toraa Oy = 0, a
Km = 1. Eciiu 3aMbIkaroniumii pasmep He o0ecreunBaeT paboTocmocoOHOCTH KOH-
CTPYKIMI UITK €r0 TOYHOCTh HE COOTBETCTBYET 3aJaHHON TEXHUICCKUMHU YCIIO-
BHSIMU, HEOOXOIUMO YCTAHOBUTH TAKUE JIOMMYCKH Ha OTACIBHBIC 3BEHBS pa3Mep-
HOH LlenH, KOTOpble oOecreyar BHITOIHEHNE 3a/IaHHBIX YCIOBUMA. JTa 3a1a4a
penraercss METoJlaMu NOJTHOW M HETOJHON B3aUMO3aMEHSIEMOCTH, CEIEKTUBHON
COOpPKH, IPUTOHKHU U PETYITHPOBKH.

OyHKIMOHATBHAs TOYHOCTh POA
B pesynbraTe BHINONHEHMS TIOCIEI0BATEILHOCTH COOPOYHBIX M MOHTAX-
HBIX orlepanyii KomIekryomue PO 1 MUKpocxeMbl opopMIIIOTCS B (DYHK-
UOHABHOE ycTpolicTBo. [lorpenmroctr PO u cOOpKU ONMPEeIOT TOYHOCTh
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BBIXOAHBIX MapamerpoB POA. Jlns peneHus 3aJauu aHajIu3a TOYHOCTH BBIXO[I-
HBIX TTapameTpoB PDA Hanbolee mMpoKo UCTIONB3YIOTCSI PACUETHO-
CTaTUCTUUYECKUH METO, KOTOPBIA NpearonaraeT HaInIuK (QyHKIMOHATIbHON
3aBUCHMOCTH BBIXOJIHBIX MMAPaMETPOB OT mapamerpoB DP3, coopku u ap. 3ako-
HBI paclpeeneHus norpemsocteil OPO cunTarorcss H3BECTHBIMHU.

Amnanmutnyaeckast QyHKIHS, ONPENEIsIoNmas 3aBUCHMOCTh BBIXOJHOT'O TTa-
pametpa ot nmapameTpoB OPD u np. onpeaensoTcs Kak

TELJE SN A
HCXOJHOC BBIPAKCHUC IJIA ONPECACTICHUA NOIMYCKOB Ha BBIXO/HBIC ITapaMETPhI
MOJYHYacTCa U3 NpEAbIAYHICTO BhIPAKECHHUA METOAOM €€ JIMHCApU3alnunu

nafxi | Ax
Ayl - i Bl B 4 2 S -
=2 lorcr I g

Ay - aGCcontoTHasE OrPEIHOCTh BHIXOIHOTO MApaMeTpa;

AY/ Y - OTHOCHUTECJIbHAS NOIpCHIHOCTL BBIXOJHOI'O MapaMeTpa;

AX; - abCOMOTHBIE TOrPENIHOCTH MapaMeTpoB DPD, c60pku U T.JI.
AXi/Xj - OTHOCHTENBHBIE TIOTPENIHOCTH TEX JKe MapaMeTpPOB,
99xL _p - KOOQOUUMEHT BIMSHMS, BEIYUCICHHDII PY HOMUHAIBHOM
dXi ¥ ~ Y 3Hauenun X,
B mocnenHee BeIpaxeHNE BXOIAT OTHOCHTEIBHBIC TTOTPEITHOCTH PA3TUYHBIX
(bU3NIECKUX BETMYUH, KOTOPBIMU YJOOHO ONEPUPOBATH MPH BBIYUCICHUIX. ITO
BBIPaXXCHHUE MTO3BOJISCT OMPEICIIUTh MPOU3BOJACTBEHHBIHN JTOMYCK HAa BBIXOTHOMN
napameTp (QyHKIIMOHAIBEHOTO y3i1a. Ha OCHOBaHMY OJIHO U3 MPEIebHBIX IICH-
TPaJILHBIX TEOPEM MATEMATUYCCKOW CTATUCTUKYA OOBIYHO PUHUMACTCS JIOITY-
IICHUE O TOM, YTO IOTPEITHOCTh BBIXOHOTO MapaMeTpa MOAYHHSICTCS HOpMalh-
HOMY 3aKOHY pacmpenenenus. Torma

() =M -2 5, [£(52) v 6 (B3]

v i

rne E(Ayly), E(AXi/Xi) cepenuusl nomneii 10myckoB BBEIXOIHOTO MapaMeTpa U
nmapameTpoB DPD, cOopku;

M(Ayly), M(AXi/X;) - MaTeMaTH4€eCK1E 0KUIAHNS 3aKOHOB PACTIPEIEIE-
HUI COOTBETCTBYIOIIUX MAPAMETPOB.
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Ecnu nonycku P3O cuMMeTpUYHBI OTHOCUTENBHO HOMUHAIILHOIO 3HaUe-
HUS1, BTOPOE CJIaraeMoe B MPaBOi YaCTH NPEAbIAYIIETrO BRIPAXKEHUSI PABHO HYITIO,
a MOJIOBUHA TOJIS IOMYCKa HA BBIXOIHOM MapaMeTp ONnpeAesseTcsi Ha OCHOBaHUU
MpaBuIa CJIOKEHHS TUCTIEPCUIA:

8 =("—% )=¢ \/E'% B, K, si(ﬂi’%h)?+2:%‘?¢- BLB}K‘KiJL(‘%L)ﬁ}{%) ‘

e Tjj - Koo GuureHT KOPPEIALMU MEXK/LY CIIy4aiHbIMU [IAPAMETPAMH.
Ecnu norpemnoctu napamerpos OPD B3aUMHO HE3aBUCUMBI, BTOPOE Clla-
raemMoe IoJi KOpHEM PaBHO HYIIO.
[IpenenbHbIe 3HAYEHHUS MOTPEITHOCTH BBIXOIHOTO IIapaMeTpa

AY /i (M .
( /EI) np M( /B) * 6 /9)
Hpe,[[eJH)HI)Ie 3HAYCHUA NMOTPEIIHOCTHU BBIXOAHOI'O IMMapaMeTpa
C_n e m[0Y]) Bo 4 f(AY )&L
Yor =Yo H( /9) oo - 6( (o T
rac y0- HOMHWHAJIbHOC 3HAYCHUEC BBIXOJHOI'O MapaMeTpa.

Koadpuuuents Bnusuus Bi onpenenstorcs B pesynbrate npeobpazoBaHus Uc-
XOZHOTO BBIPAYKEHHUS, IPEICTABUB 3TO BBIPAXKEHUE B BUJIE OTHOIIEHUS MHOTO-

unenos y=L/G:

B _¥Llx) _ 4G (xi)
L L G

rJie \J - IIOKa3aTelhb CTENEHN IapaMeTpa Xi, B 4MCITUTENE OTHOLIEHUS] MHOTOUJIE-
Hos L/G;
€ - TIoKa3aTeNb CTENEHN IapaMeTpa Xi B 3HAMEHATeNe OTHONIEHHS] MHOTO-

wienos L/G

L(xi), G(Xi) - yactu muorounenos L u G, conepxamme X;.

3HadeHUs KOE)(l)(l)I/IHI/IeHTOB O(,i7 u ki JUI pa3JIMYHbIX 3aKOHOB paCCECUBAaHUsA, KO-

s¢dunuenTa Y a1 3aJaHHON HaJAEKHOCTH pacuera U 100aBOYHBIE COMHOXKUTE-
s ripu K, BeIOMparoT u3 tadiuim.
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Penrenue oOpatHO¥ 3a1aun - BEIOOp JOMyckoB DPD, cOOpKHU 10 3aTaHHBIM JI0-
ITycKaM Ha BBIXOJIHBIE TapaMeTpsl PDA - 3HauuTensHO Oosiee CIIOKHO, TaK Kak
€e pelleHne HEONPEAETICHHO U He OIHO3HAuHO. Pelraercs oHa MeTogaMu nocie-
JIOBATEIBHOI'0 PHOJIMIKEHHS, PABHOTO MIJIM 0OPaTHO MPOITOPLIHOHAIBHOTO BIIUS-
HUSI, METOZAMH JIMHEHHOTO IIPOrpaMMHUpPOBAHUSL.

Paccmotpum npumep.
J71st BUJIKHM pa3zbeMa, YepTex KOTOpOi mpuBecH B 3amanun Ne 4, ompeie-

JIUTH OTKJIOHEHUE OCU KOHTaKTa OT OCH KOpITyca, OIydaeMoe mpu cOOpKe BHII-
KH. DKCIEHTPHUCUTET U TIOTPEITHOCTH (POPMBI BCeX JieTaneil HaXoasaTcs B Ipee-
JIaX ToJIeH JOMyCcKOB. PaccenBaHue pa3MepoB MOTYHHSICTCS 3aKOHY HOPMAJIBHO-
TO pacnpeeICHus.

Pemenne: Ananu3 BenTu4MH JUamMeTpa Kopryca 1, u3oasaTopoB 2, 3 U KOH-
TakTa 4 MO3BOJIM YCTAHOBUTH Pa3MEPHYIO IIEITh, OMPEICIIIONIYIO MTOJIOKEHIE
KoHTakTa. OYeBUIHO, YTO HOMHUHAJIHHOE 3HAYEHHE OTKIOHEHUS OCH KOHTAaKTa
A, 6yzer paBHo 0, Tak Kak nocaaxu B coequHenusx-H7/h8 . Tlo dopmymne ( *)
OIPENICNSAETCS TOMYCK Ha BEJIMYUHY OTKJIOHCHUS OCH KOHTAaKTa OT OCH KOpITyca
IIpU JOBEPUTENBHON BeposiTHOCTU pacyera P = 0,997.

Xn = \/2{0,082 + C,Idaj = 0,24 mn

YcioBust cobupaeMocTy ieTanei

YcnoBust coOMpaeMocTH AeTajell ONpeNeNstoTCS MaKCUMaIIBHO JJOYCTH-
MBIMH CMEIICHUSMU IOBEPXHOCTEN COETUHACMBIX JIeTalel APYT OTHOCUTEIHHO
JIpyTa, TP KOTOPOM BO3MOYKHO COTIPSDKEHUE , T.€. COOpPKa; OHM MOTYT OBITH CBe-
JICHBI K IBYM YCIIOBUSIM

1) Ax>eyx, Ay>ey, Az>¢,, TOE

AX, Ay, Az - nonycTumMele cMeleHns coOupaeMbIX JeTanei o 0cIM KOOPIH-
9 b
HaT;

€x, €y, €2 e CTBUTEIbHEIEC CMEIIEHUS co61/1paeMI>1x JeTaJIeH 10 OCAM KoopAu-
HAT, OIpeeIIeMbIC CXeMON 0a3HupOBaHUSL

2) B, >E, D> Ay>Ey
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rae Ag,Ap,Ay- norycTiMblii OBOPOT COGMPAEMBIX AETANICH OTHOCHTENIBHO OCEH

0x, Oy, 0z;

€0,EB,Ey NEUCTBUTENLHBIA OTHOCUTENLHBIN IOBOPOT AETANIEN IO OCAM
KOOPJIMHAT, ONpPE/IeNIIeMbIA CXeMOH 0a3HpOBaHUS.

JlommycTumble CMEIIEHUS 1 MTOBOPOTHI COOUPAEMBIX JeTalicii MOTYT OBITH
Pa3HBIMU M 3aBHCAT OT COMPITAEMOCTH 110 Pa3IHMYHBIM IIOBEPXHOCTSAM. ITO MO-
JKET OBITh:

- cOopKa JieTaneil, ConpsraeMbIx 10 MUJIHHIPHYECKUM TTOBEPXHOCTSM,

- cOopKka Jietaneil, ConpsraeMpIx 10 MIOCKUM ITOBEPXHOCTSIM,

- cOopka JieTaneil, conpsraeMbIx 1o JBYM HMJIMHIPUYECKHM ITOBEPXHOCTSIM,

- cOopka Jietaeil, conpsraeMbIx 110 pe3bOOBBIM ITOBEPXHOCTSM, (puc. 3, 4, 5, 6).

basupoBanue neraneii mepen cOopkoit

Hawnbornee oTBETCTBEHHBIM 3TANIOM COOPKH SBJISIETCS 00eCTIeueHne OTHO-
CHUTEJILHOTO ITOJIOKEHHSI COOMPAaeMBIX JieTalleld Ha 0a3upyIOINX yCTpOHCTBaxX
Hepes UX COeIUHEHUEM.

CxeMamu 0a3MpoBaHUs COOMPAEMBIX AeTallell SBISIOTCS TAKUe, KOTOPbIE
OIpEe eS0T MOJI0KEHUE B IIPOCTPAHCTBE JIBYX U OoJee CONpATraeMbIxX AeTaneil
OTHOCHTEJIFHO JIPYT JIpYTa Iepe/l UX COETUHEHHEM H YIOBJIETBOPSIOT YCIOBUSIM
ux cobupaemoctu. [lonoxenue neranet nepex cOOpKOi onpeaensercs pa3aiud-
HBIMH cxeMaMu OasupoBaHusi, Hanbonee xapakTepHble CXeMbl 0a3MpOBaHHUS U
JeHCTBUTENbHBIE IOIPENIHOCTU 0a3UpOBaHHs COOMPAaEMBbIX JieTajell cienyo-
me:

1. bazupoBanue coOupaeMbIxX JieTaneii Ha IPU3MY.
JleficTBUTENBHAS TOTPENTHOCTE Oa3UPOBAHUS OCH BaJia

‘F

th
- da

23 d-;']'i‘ ’

: d
Som = 5 M

rac l - HCCOOCHOCTH Hapy)KHOﬁ u BHyI’peHHeﬁ HMUWINHAPUYICCKUX HOBerHOCTeﬁ;

_

0 CH BTYIEH
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Pucl  Lreww & pacremy  dongcmunoo  yaaa nobopoma

G- ocu fara  omuacumensio ocu  ambepemus J

8- ocu Eryicu ommocumesswa ocu besa
8- ocu wabbs omwocumemno ocu Sana ,
2- CyMNOpHO2O  hepeRvca Oced
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QL - yroJI IPU3MBI.
OO1weli morpenHoCcTbi0 0a3UpoBaHus £, T.€. B3aUMHOE CMEILEHUE ocel

BaJia M BTYJIKH, CYATAIOT OONIBINEE U3 JBYX MMOTYYCHHBIX 3HAUCHUN: E0=Ep
2. Ba3upoBaHue coOMpaeMbIX JIeTajaei Ha MIOCKOCTb.

[Morpenrnocts 6a3upoBaHus OCH JieTaneil A npu 0a3MpOBaHMH HA IIJIOC-

KOCTb EA=01, netamu b

-EE=‘*6:_,: =/26L2 /

IorpenrHocts 6a3upoBaHus AeTaieil nepes cOOpKoil onpeensercs pacCTOIHI-
€M MEeXIy BepXHel rpaHuLel J0ImycKa Ha JeTaidb A U HIDKHEH IpaHuLed momis
JIOIyCKa Ha JeTaib b:

E=0,, + ___/zi“zl

1] 1
3 Ba31/IpOBaHI/Ie CO6I/IpaeMHX ):[eTaJ'Ieﬁ Ha HWIMHAPUYCCKYIO U MPpU3MaTH-
YCCKYIO IMOBEPXHOCTH.

4. bazupoBaHHe pe3b0OBEIX AeTaliel mepes cOOPKOH.
CxeMa 6a3npOBaHMs MaJIO YeM OTINYAETCS OT CXeM 0a3MpOBAHMS COC/IH-

HEeHUH 110 WIMHAPHYECKUM ITOBEPXHOCTSIM.

5 Onpenenenune TpeOdyeMol TOUYHOCTH OTHOCHTEIILHOTO TIOJIOKEHHST CO-
NpsAraeMbIX AeTajield BIOJIb UX OCH.

IMpumepom Takoil 000pPKH ABIISETCS 3allPpECcCOBKA Bajla B OTBEpCTHE, (COOp-
Ka BOJIHOBOJHOI'O TPAKTa).

Heo06xonnmo, 4ToOB! Basl IEpeMECTHIICS Ha BENUYMHY A 70 COPUKOCHO-
BEHMs TOPIIOB Kopiryca | u Bana 2, Torna neicTBUTENbHAS IOTPEUIHOCTh 0a3u-
POBAHHMS ONPENEITUTCS U3 PELICHHS Pa3MEPHOH LIenH

Ro=f,-R,;
& =ﬁﬂn =aﬂ| "_'Sﬂz f
rj1e O An - JIOMYCK 3aMBIKAIONIETO 3BEHA.

[Monmy4eHHas BeNUYUHA € CPABHUBAETCS C JOMYCKOM MO YCIOBHIM COOUpaeMo-
CTH.
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Coneprxanue paboThI

Pabora conep>kUT HECKOIBKO BAPHAHTOB MCXOAHBIX JAaHHBIX HA KOHCTPYH-
pOBaHHME, 110 KOTOPBIM HEOOXOANMO B COOTBETCTBUH C 33/IaHHEM ITPOU3BECTH
TpebyeMble pacueTsl. Kaxkplil BapuaHT 3a1aHusl IpeycMaTpUBAaEeT MpeaBapH-
TEJIPHOE U3Y4EHNE TEOPETHIECKOT0 MaTeprala, n3ydeHUe OJHOTO U3 BAPUAHTOB
KOHCTPYKIMH PDA B COOTBETCTBUH C 3a/laHHEM, Pa3pabOTKy cxeM COOpKH, BBI-
HOJIHEHHE TpeOyeMbIX pacyeToB, IIpe/iCTaBIeHUE Pe3YIbTaTOB PaboTh B rpadu-
YECKOM BHJIE C TIOSICHUTEIBbHON 3aIHUCKOH.

[Topsinok mpoBeaeHus: paboThI

- O3HaKOMHThCH C HACTOAIMMU METOAUYCCKUMHU YKAa3aHUAMHA U OTBETUTH Ha
KOHTPOJIbHBIC BOITPOCHI,
- UI3YUYUTb KOHCTPYKIHIO IO NOJTYYCHHOMY 3aJaHUIO U IpaBWjIa O(l)OpMJ'IeHI/IH

KI[J
- MPEJICTABUTH B BUJIC 3CKU30B COOPOYHBIC JIETAIN, COOPOUHBIC €IUHHUIIEI,
- pa3paboTath cxemy cOOpKH,
- BBITIOJTHUTH HEOOXOIUMBIC PACUCTHI,
- 0()OPMHUTE PE3YIBTATHI PAOOTEHI,

Conepsxanue oTueTa

B otuere JOJIXKHBI OBITE MPUBCCHLI:
- KpaTKUC CBCJICHUS U3 TCOPUU,
- OCKU3HBIC YCPTCIKU, BBINIOJITHCHHBIC HA MUJIJIMMETPOBKE B COOTBETCTBUM C TPEC-

ooBanusmu ECK/;

- BBITIOJIHEHHBIE PACYUETHI C MOSCHEHUSIMH,
- BBIBOJIBI IO paboTe.

KoHTponsHbIE BOIIPOCHI

1. Uro Ha3wiBaroT nporeccoM coopku? KakoBel ee ocobeHHOCTH?
2. Kakue TpeboBaHMs K KOHCTPYKITUH MPEIBSIBIITIOTCS ¢ TOYKU 3PCHUS COOPKU U

nouemy?
3. Uro Takoe cxema cOopouHOro cocraBa. Kak oHa BBIIONHAETCA, KaK CBsI3aHa C
KOHCTPYKILUEH?
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4. Kax ucrnons3yercst cxema cOOpOYHOro cocraBa?

5. UeM HE0OXOJMMO PYKOBOJICTBOBATKLCS IIPU pa3paboTKe cxeM 000;

HOT 0 cocTaBa POA?

6. Uro Takoe MOKa3aTelb CTEIEeHH CI0KHOCTH COOPOUHOro cocraBa’?;

7. Kak obecrieunBaeTcst TO4HOCTh COOPKU KOHCTpYKIMK POA?

8. Kakue ocHOBHBIE YCIIOBHS TOJDKHBI OBITH BHINOJIHEHBI B IPOIIECCe COOPKH
KoHCTpyKuuu. [IpuBenure npumepsl.

9. Uto mpexacraisier codoii pacuer TouHOCTH POA?

10. Kakue Buas! koHTpons POA Bel 3Haete?
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[Ipunoxenue 1

BapuanTs! 3ananuit

Bapuanr 1.

Pa3paboTaTh cxeMy COOPOYHOrO COCTaBa U TEXHOJIOIUUECKYIO CXEMY
cOopku nenurens MomHoctr CBY, KOHCTpYKIMS KOTOpOro NpuBeeHa Ha
puc.ln

Bapmuanr 2.
Pa3paboTaTh cxeMy cOOPOYHOrO COCTaBa U TEXHOJIIOIUUECKYIO CXEMY
cOopKkH poccess, IPUBEICHHOr0 Ha pUC. 211

Bapmuanr 3.
Pa3paboTaTh cxemy cOOPOYHOrO COCTaBa U TEXHOJIOIUUECKYIO CXEMY COOpKU

KHOIIKY OJIHOMOJIIOCHOM, MIPUBAJIEHHON Ha pUC. 31

Bapmuanr 4.
Pa3paboTaTh cxeMmy cOOPOYHOrO COCTaBa M TEXHOJIOIUUECKYIO CXEMY COOpKU

pasbeMa, IPUBEJEHHOI 0 Ha puc. 41

Bapmuanr 5.
Pa3paboTaTh cxeMy COOPOYHOrO COCTaBa M TEXHOJIOIUYECKYIO CXeMy cOop-

ku O110ka POA, npuBesieHHOr0 Ha pHC. 511

Bapuanr 0.
OnpenenuTs A0MycK Ha rabapuTHBIN pasmep apoccens (puc.2m ) Pacyer
BBITIOJIHUTD C TAPAHTUPOBAHHON HaAeKHOCTBIO 0,9973.
Pasmeps! ans pacyera:
- TonuHa 3kpana 11-1-0,12 mMm;
- TOJNIIUHA CTeHKH KpbIkH 10 - 2,8-0,2 MM,
- TonmIMHA Konmadka 14 - 4,5 - 0,5 mm;
- BBICOTA YaIlIKi OpOHEBOro cepacynuka - 15,7 - 0,4 M ;
- TonmMHa Kopmyca - 4 £l mm .
- pa3Mepsl Kopiyca | nmpuBeeHbI Ha YepTexe.
Pasmepsl aeraneii apoccensi MOAYMHSIIOTCS 3aKOHY HOPMaJILHOTO pacipesierne-
HUSL.
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Bapwuanr 7.
Ormpenenuts ¢ HaJeKHOCTHIO 0,95 BO3MOXKHOE OTKIOHEHUE OCU KOHTAKT-

Horo Jeriectka rnokoro neyarHoro xabens (I'TIK) oTHocHTeNbHO OCH KOHTAKT-
Hoit momaaxu I npu ycranoska ['TIK ¢ momortpio omnsiaBiaeHus MWTHIpeH Ko-
JIOAKM Kabelst B HeMeTaTM3upoBaHHbIX orBepeTusix [1I1. (puc.6m ).

Pa3meps! s pacuera: mmpuna nposoanukos I'TIK 1,25- 0,1mm, npe-
JIeTIbHBIE OTKIIOHEHHS Pa3MepOB MEXIY OCSMH JBYX JIIOOBIX MEYaTHBIX MPOBO/I-
HukoB £0,1 MM, quamerp mteips koonku ['TIK 1,8 -0,12 Mm; paccrosiHue MEXIy
OCBIO OTBEPCTHUS MO IUTHIPh U OCbEO KOHTaKTHOH miomaaku Ha 111 0,25
+0,1Mm;

TMIpe/IeNIbHOE OTKIIOHEHNE MEX/Ty OCSIMU JIBYX JIFOOBIX KOHTAKTHBIX IIJIOIIAI0K
mwiatel 0,06 MM.

Bapmuanr 8.
Jlnis mpesicTaBiIeHHON Ha uepTeske cOOPOUHOM eqUHULBI (puc.71 ), co-

crosimiei u3 mrudTa [ u ocHOBaHUS 2,0MPEICITUTh YCIOBHE COOMPAEMOCTH JIeTa-
JIel, TIPEUIOKHUTH CXeMy 0a3npoBaHus JeTaiel, 00ecIednBaloIIyo coonpae-
MOCTb JIeTallell B aBTOMaTHUECKOM PEXKHUME.

Bapmuanr 9.
Jlst mpencraBneHHON Ha YepTeke COOPOUHOM €IUHUIIBI ONPENEITUTD YC-

JIOBHE COOMPAEMOCTH BXOJAIINX B Hee ieTalleld, MPeIOKUTh CXeMy Oa3upoBa-
HUS leTalield, 00eCceYrBaOIIYI0 COOUPAEMOCTh JIeTallel B cOOPOUHYIO €IUHU-
1y; MPEUIOKUTHh BApUAHT COOPOYHOTO MPHUCTIOCOOICHHUS (ICKH3).

a) puc.8ar
0) puc.86m .
B) pHC.8BIT ,
r) PUC. 8ITI.
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PABOTA Ne 6: AHAJI3 BO3MOXXHOCTU TTOBBIIEHMA YPOBHA MI-
HUATIOPU3ALINU POA

[lenb paboThI: 00OCHOBATH ITyTEM OICHKH A(()EKTHBHOCTH U YPOBHS MHUHHUATIO-
pusaruu mpuMepoB POA HeobxonumocTs pazpadborku MCH u
MIPOU3BECTH OLICHOUHBIN pacueT ee KOHCTPYKIIUH.

MeTOI[I/I‘IeCKI/Ie YKa3aHuia
Onenka 3 GeKTUBHOCTH MUHHATIOpU3auu POA

DPPEKTUBHOCTD U3ICTHI ABJISCTCS MPOSBICHAEM UX Ka4eCcTBa B OIpeJie-
JIEHHBIX CUTYaIUsIX UCIOIB30BAHUS ATOr0 U3JIEHSI 110 €ro MPSIMOMY Ha3Haue-
HUI0. D((GEKTHBHOCTH OMEPAIIMH 10 MHHUATIOpU3auu PDA MOXHO OI[CHUTH 11O
MIPUPAILEHHIO €€ KaueCcTBa, IOJYy4eHHOMY B pe3yabTaTe 3TON ONepaIuy.

KomruiekcHas orieHKa KauecTBa UrpaeT OOJIbIIYIO POJIb MPH CO3JIaHUU HO-
BBIX BUJIOB PDA, onpeneneHun Haubosee 1menecoo0pasHbIX YCIOBHI UX TIPUME
HEHHUS, CPABHCHUH MKy COOOH pa3IUYHBIX YCTPOHCTB U CHCTEM OJTHOTO U TO-
ro € Ha3HAYECHUS.

Curyarus, B KOTOpOI BO3HUKAET HEOOXOIUMOCTh OIISHKH 3(h(HEKTHUBHOCTH
MUHHUATIOPU3AINY, MOKET OBITh, HAIPUMEP, CICAYIOIICH: Ha 00beKTe HE0OXO0-
JIUMO Pa3MECTHTh amIaparypy, K KOTOPOU MPEIbSBIISETCS )KECTKUE TPEOOBAHUS
mo 00beMy Wi dHepronorpednenuro. s oneHkr 3 (HEeKTUBHOCTH MUHHATIO-
pusaruu yctpoiictB POA MoryT OBITH HCIIOIB30BAHEI CICTYIOIIUC KPUTCPUH.

W= ™) -9

(¢
[ @YX P (Y.
W :_i_,,___.‘\__ v 20e 1 [‘(1\] - qenEqua PYHKYUA .
Li?‘ M) (X \ ‘
VO
Jlonyctum, HeoOX0AMMO CpaBHUTH P BapHaHTOB MCIOIHEHUST YCTPOMCTB
OJTHOT'O U TOT'0 )K€ (YHKINOHAJILHOTO Ha3HAUESHUS, HMEIOIINX OLEHKH 0 m I10-
Ka3aTeNsaM KadecTsa Xj.
Anroput™ oieHKH 3P (PEKTUBHOCTH MUHHMATIOpU3AIMH ycTpoiicTB POA
BBINISIANUT CIEAYIONMM 00pa3oM:

1. TlpousBoMTCS BHIGOP OrPAHUMEHHONO MHOJKECTBA MOKA3aTENEH KAUECTBA
anmapartypst {Xj}, j€[1,m], cymectBenno 3aBucsmyx OT ONEpaLMK MH-
HUATIOPU3AIIUN.

B Ka4ecTBe TAKUX MOKa3aTesiell BHIOMPAIoT, HAIPUMED, CTOMMOCTh, MAccy, Ha-

JIEKHOCTb U T.I..

2. Ctpoutcs MaTpuIa pasmMepoM



Koo Xez .. Xpm

Martpuia npeodpasyercsi K HOpMHPOBAHHOMY BULY X C IOMOIIBEO HOPMH-
pytomux GpyHKIMH HanGosee YacTo BCTPEUAIOUIUXCsl

X“] 1\Iy) - -X_ -_-'._._XJ _.___.Ki_ ' !: 1|m

R R e
4
(171 mOKa3aTesieH, ¢ yBETMYEHHEM KOTOPBIX KAUECTBO MOBLINIAETCS),
(2) — X - x —

x '
(st mokazareneii, C yMEHbIIEHHEM KOTOp‘I;IX Ka4eCTBO TIOBBIIAETCH);
3zeck X **; MHHMMYM j-TO TIOKa3aTeJis;
X - MakCHMyM j-r0 IIOKa3aTers.
Hopmupyrormue QyHKIHY TAKOTO BUIA UCTIONB3YIOTCS [T CPABHEHHMS 110 Kade-
CTBY MaJIOro YMCIia BAPMAHTOB. A HOpMHUpYyrolye QyHKINK BUa

N e )
§ (X]J ' Xj‘ z XAy - X%
¢ §
UCIIONB3YIOTCS TSl CPABHEHHS 110 Ka4eCTBY OOJNBIIIOr0 YKCIa BAPHAHTOB YCT-
POCTB.

B obuiem ciiyqae nocneqHsist GyHKIHS ONMPEAEISIeTCsS BEIpakeHUEM

PN g | B -
{ S I |

F [1, ecan noxasarens X y HopMambHui;
i | 0, ecau noxasareus X j uspepcHudl.

31ech oKasarens X;. - HOpMAJIbHBIH, €CIIH 1ist 00bEKTa I ¢ JTydmeii j-it
xapaktepucTHKOil Xjr >Xje, I#0 ; mokasarens Xj- HHBEPCHBIMH, €CIIH
Xjr SXJ'O) IEJ0)
Hcnonp3oBanre HOpMUpYIOIIEH (yHKIIMHM TAKOTO BUa TOBOPUT O TOM, YTO BO
BCEM JIMala3oHe 3a1aHHoMy npuparernto AXj COOTBETCTBYET OIHO U TOXE
npupauenue Y( Xj), T.e. JaHHOe npeobpasoBanue auHeHHO. Eciu oquH U3 npe-
znenoB Xj—>0C, HCIONB3YeTCs HEMMHEHHOE IPeo0pa3oBaHNe.
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MHorna nokasarenu kauecTBa X U3MEHSIOTCS B npeaciax HECKOJIbKUX NECATKOB,
TOrga HOpMUPOBAHHUE rokasaresein uenecoo6pa3Ho MMPpOU3BOAUTH 1O (bopMyne.

| - L
T 'E‘*"&"‘; E-g .x‘,; - x;b;m'
f 4 X b Eg_ X j X ¥
3. .Onpenernstorest (WId 3a1at0TCs) K03 GUIIMEHTH 3HAYUMOCTH OTIEJTEHBIX
IoKa3aTenell kadecTsa X .

4. TIpou3BOIUTCS OIIEHKA KaYeCTBA MCIIOJTHEHUS YCTPOUCTB.

[pu 3TOM ITydmiemMmy kadectBy POA mycTh COOTBETCTBYET MEHBIIICE 3HAUCHUE
uenesoit pynxuun Q(X|), KoTOpast CTaBUT B COOTBETCTBAE KaXI0My OOBEKTY

BMeCTO m - MepHoro Bekropa oueHok X=1{ Xj}, j€[1,m] ckanspryio ouenky,
TIOCJIE Yero 3ajada BEIOOpa M yHOps0UYEHHS PEIAeTCsl H3BECTHBIM 00pa3oM.
5. Iomy4eHHbI# HAOOP MONOKUTEIBHBIX YHCEN YIIOPSAOUUBAETCS B PSIJI 110 UX
BO3pPACTaHHIO, YTO COOTBETCTBYET IOPS/IKY YOBIBAaHHS TPEITOYTUTEIHHOCTH
BApUAHTOB YCTPOICTB C TOUKH 3pEHHS UX KayecTBa.

[Tpn HanMYMM KOHKPETHOT'O aHAJIOTa, BHIIIOIHEHHOTO 0€3 MPHUMEHEHUSI
CpPE/ICTB MUKPO3JIEKTPOHUKH, OlleHKa d((EKTUBHOCTH MUHHATIOPU3AIIMN MOYKET
OBITh TOJTyYEHa 10 OITMCAHHOMY aJITOPUTMY C UCITOIb30BaHHEM Kputepus "W"

I1. Onenka ypoBHsS MuHHMaTIOpu3zauuu POA

[Tpu popmupoBanun T3 Ha BHOB pazpabareiBaemyto POA B HeM oroBapu-
Baercs TpeOyeMblil ypOBEeHb MUHUATIOPH3ALIHN.

Ha cragusax 3CKU3HOTO U TEXHUUYECKOIO IPOEKTUPOBAHUs (KaK IpeaBapu-
TEIIbHO) U Ha CTaJUU pa3paboTKu pabouel JOKyMEHTAllUH ONBITHBIX 00pa3IoB
(OKOHYATETHbHO) MIPOU3BOAUTCS OLIEHKA YPOBHS MUHHUATIOpHU3aluu POA.

Ecmm ycTpolicTBa BEIITONHEHBI B MUKPO3JIEKTPOHHOM HCIIOTHEHHH Ha OC-
HoBe ucnonb3oBanus UMC mupokoro NpuMeHeHHs], pa3IH4yatoT CTEIEHH UHTE-
rpaluy, TO UX ypOBeHb MHHHATIOPU3AIMU OLEHUBAETCS K03 (D(HUIeHTaMU IIPU-

Mensemoctu UMC nepBoii [L1, BTOpOH [l, U T.JI. CTENEHEH HHTErPaliy, KOTO-
pble ONpeAENaIOTCsl OTHOIIEHUEM CYMMAapHOTO YKCia YKBUBAJICHTHBIX AJIEMEH-
0B B IMC K 00I1IeMYy YHCITY 3JIEMEHTOB B YCTPOMCTBE.

OlieHKa YpOBHSI MUHUATIOPU3AIUY U3AETTUI, COCTOSIINX U3 Psijia KOHCT-
PYKTUBHBIX 3aKOHYCHHBIX MOJYJICH, BRITIOIHSIONINX CAMOCTOSITEIbHBIC (DYHK-
1IUH, TIPOU3BOUTCS OTJIENBHO IO MOAYJISIM.

Koappuuuent npumensiemoctn UMC, Brmouas MCB k-oii cTenenn unTerpa-
1I1HY, B MOJYJIe onpenensercs no Gopmyse
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_% nK; Nki — —
M =WI ) Kl{r!“»l’z ¢ M
L2 N oM
. *
K= pad Ui Nri

e Nj, - 9Yuciio SKkBUBaJIeHTHBIX eMeHToB B UMC (MCB) i -ro tumna x - i cre-
TIeHU MHTETpaIiu

Nyi - ariciio UMC (MCB) i -ro Tuna K - i CTeNeHn UHTETpaliid B MOAYJIE.

M - 4HCIO AUCKPETHBIX 3JIEMEHTOB B MOJYIIE.

O0muit kK03 HUIMEHT NPUMEHIEMOCTH HHTETPHUPOBAHHBIX JIEMEHTOB B MOJLYJIE
OIIpeieNsAeTCs KaK

M =
= =
. n=1N“'

3HadeHus Lo U Ll Jexat B npeaenax ot 0 go 1;
OHH IIOKa3bIBAa€T JI0JI0 UHTETPUPOBAHHBIX JIEMEHTOB B MOYJIE.
MuHuaTIOpU3anus IEKTPOHHBIX OJIOKOB, COCTOSIIUX U3 MAIOMOIIHBIX
KacKaJioB, He MOXET IIOJIHOCTBIO PELINTh NPpo0ieMy MUHUATIOpU3aiuu POA.
3HAUUTENbHYIO YacTh alNapaTypbl COCTABILIOT OJIOKU MOIIHBIX IE€PeaTYNKOB,
ycTpoiicTBa 0ToOpaxkeHUs HH(OpMaIY, KUHEMAaTHIEeCKIe MEXaHU3MBI U T.11.,
KOTOpBIE CErOJIHA ellle c1abo0 MOANACTCsl MUHUATIOPH3aLHN.
Y pOoBEeHb MUHUATIOPU3ALIUM YCTPOUCTB 11€J1€CO00pa3HO OLEHUBATH KO3(-
¢ureHTOM

;V_ﬂ‘__\,/“"‘_ P <
NV Ve '

rae Vi - 00beM yCTpoKCTBa, MOABEPTHYTOrO MEHUATIOPH3AIIIH,
V, - 06bem ananora B ApyroM HCIONHEHUH. B HEKOTOPHIX CITydYasx yl00HO
MOJTH30BATHCS KO (HHUIMEHTOM IO Macce

m:ﬁg_h-_L S AN RSP
o

O06rnacTb JOMYCTUMBIX 3HAUEHUH YPOBHEH MUHUATIOPU3ALNH PA3JIMYHbIX YCT-
PONCTB omnpesenseTcs CTAaTUCTUYECKH

Nﬂmtn < [“['. < )

rae ].,l() min - MUHHUMAaJIBHO I[OHYCTI/IMHﬁ YPOBEHb MUHHUATIOPU3ALINN JI1 JAHHOT'O
Kjacca YCTpOﬁCTB (YCTaHaBJ'H/IBaeTCH JUPEKTUBHO Ha OCHOBE aHaJ'II/I3a);
€AUHUIIA - IIPCACITBHO I[OCTI/I)KI/IMHﬁ YPOBEHb MUHHUATIOPU3AIIUH.

Ecnu yposens MuHHaTIOpu3atmu POA Lo 2 Lo min, TO OH2 COOTBETCTBYET
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COBPEMECHHOMY YPOBHIO Pa3BUTHUS MUKPOIJICKTPOHUKH H METOIOB KOHCTPYHPO-
BaHUsA, €CNU o< L) min . TO HET.

AHaNoruaHo YCTaHaBJIMBAIOTCA obactu JOIYCTUMBIX 3HAYCHHI !.,l JUIsL
TeX JacTei P9A, CO3JIaHHC KOTOPBLIX HAa JAHHOM 3Tall€ HE MOXKCET OBITh pcainso-
BAaHO CPE€ACTBAMU MUKPOSJICKTPOHUKHU,

P"leﬂ éjﬂy‘il )
M6 min Qwﬁ <1.

INoxa3arenu ypoBHS MUHHATIOpH3aLUU o U [ly MOTYT ObITh MCIIONB30Ba-
HBI KaK KPUTEPHH, YKA3BIBAIOIIHE HA [IEJIeCO00Pa3HOCTh MOJICPHU3AINH KOHCT-
pyKTUBHO ycrapeBmux PO cucrem. Tak, HarmpuMep eciii oOpaselr] IMeeT YPOBHU
MHHHUATIOPU3ALIUN uo(z) u uv(z) Y TIpe/IBApUTENIbHAS IPOPAOOTKa MOKA3BIBACT,
YTO MCIOJIh30BaHUE 00JICE COBPEMEHHOM AIEMEHTHOM 0a3bl, HOBBIX TEXHUYEC-
CKUX U KOHCTPYKTHBHBIX PEIICHUH MO3BOJIUT IMMOAYYUTH 00JIce BEICOKUM YPOBCHD
MMHHUATIOPU3ALINH:

U @
Nﬁ N[I ]

(n (7
v > }‘U‘ 1
TO MOJCpHHU3aIUA ueﬂecoo6pa3Ha IIPpU BBINIOJITHCHUNW HEPABCHCTB
(ﬂ
E. ]“m =2 1+€&, »
0
§, = I"_ f+€;

rae €1 U €2 MUHUMAJIbHO JOIMYCTUMBIC OTHOCUTEIbHBIC ITPUPAILICHUS] YPOBHS
MHWHHATIOpU3alun (yCTaHaBJ'II/IBaIOTCH ):[I/IpeKTI/IBHO).

%
Sy u Sy - noTpe6HBIE M MaKCHMAJIBLHO IOMYCTUMBIE PECYPChI Ha MOJICPHH3A-
muto POA.
Tloka3aTemn &1 u &2 onpenenstoT 3G PeKTUBHOCTE TabHEHIIIee MUHUA-
TIopu3anun POA, T.€. eciii oLleHHBaTh HEOOXOANMOCTD MOAEPHU3AINHI YCTPOi-
CTBa MO NPUHLUIY "Ja - HeT", MOYKHO 3aIUCaTh!

{ “ .
£ [1, ecay %}1*51 ,52‘552 )

Q, ecay %‘j— < {+g, ,5.—-;> S;

(1) ® .
[]Iecnu _ﬁgﬁ)-} |+Ez‘Szé 5!.‘1
0
1 u ' - o
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[TpoBenenue Ha pa3IMUHBIX ATaNax pa3pabOTKH OLIEHKH YpOBHS MUHHA-
Tiopuzanuu POC naer nHbopMaIuio i BEIOOpa HalpaBiIeHUH POEKTHPOBa-
HUS M CLIOCOOCTBYET MOBBIIICHUIO KAYeCTBA MPOSKTHPYyeMoit POA.

Taxum obpasom, ripst pazpadorke POA 11, IV nokonenuii HeoOxoaumo
HCMONB30BaTh MaKCUMAaIbHO BO3MOXKHOE KonuuecTso MMC mmpokoro npume-
HEHUS JUIsl JOCTIKEHUH Ooiee BHICOKOTO YPOBHSI MUHHaTIOpH3anun. OHaKo,
YUUTBIBas, 4TO MPU HACTOALIEM YPOBHE Pa3BUTHUS MUKPOIJIEKTPOHUKH HOMEHK-
natypa UMC mupoxoro npuMeHeHHs MokKa elie HeA0CTaTOuHa A1l OTy4eHUs
TEXHUYECKH JIOCTIKMMOTO ypOBHS MUHHaTiopuzanuu POC, pa3paborankam
POA mpuxoautcs cozaasats 1160 UMC crienuaibHOTrO MPUMEHEHHS U MUKPO-
cOOpKH, TMO0 MUKPOIJIEKTPOHHBIN aHAJIOT YCTPOWCTBA C TIOMOIIBIO COBPEMEH-
HOU TEXHOJIOTUH, KaK, HallpuMep, B ciiydae MUKpoMuHuaTiopuzanuu CBY - ycr-
POCTB.

B Hacrosimee BpeMst 17151 U3TOTOBJIEHUSI MUKPOCOOPOK HanboJiee IHUPOKO
UCTIONIB3yeTCsl THOPHUIHO-TUIEHOYHAs TexHoorus. [IpoektiupoBaHre THOPUAHBIX
MHUKpPOCOOPOK IT0 CPAaBHEHHIO CO CXEMaMH Ha TUCKPETHBIX 3JIEMEHTaX UMEET PsiJI
0COOEHHOCTEM, CBA3aHHBIX C HEOOXOIMMOCTBIO KOMIUIEKCHOTO PEIIEHHST CXEMO-
TEXHUYECKHX, KOHCTPYKTHBHO-TEXHOJIOTMYECKUX (TOMOJIOMYECKUX) U TEXHOJIO-
THYECKUX MPOLIECCOB.

[lepeBox B MUKPODJIEKTPOHHOE MUCITOTHEHHE AUCKPETHBIX (pYHKIMOHAIb-
HBIX y3JIOB, BBITIOTHEHHBIX 0€3 ydera TpeOOoBaHUi r’HOpUIHO-TNIEHOYHOH TEXHO-
JIOTWH, CBSI3aH C MepepadOTKOM CXeM, YTO PaBHOIIEHHO HOBOH pa3padoTKe X B
THOPUTHO-TUIEHOYHOM HCIIOJHEHUH. DTO MTPUBOJMT K BO3PACTAHHIO 3aTpaT Ha
MIPOEKTUPOBAHME M N3roToBIIeHNE PDA, uTO sIBIIsieTCsl 00bEKTUBHBIM OrpaHHyYe-
HUEM JaJlbHeHIel MUKpOMUHAATIOPU3aLUY.

B cBsi3u ¢ 3TUM Ha paHHUX CTaJUsIX MpoeKkTUpoBaHus POA Bo3HUKaeT 3a-
Jlada BEIOOpa HOMEHKIIATYphI yeTpoiicTB POA, MUHHATIOpH3a1ns KOTOPBIX Oe3
ucrionb3oBanuss UMC mmpokoro npuMeHeHus TaeT MaKCUMalbHy10 3P QeKTHB-
HOCTb. [Ipy 3TOM NPUHUMAIOT, YTO NPU UCIOIH30BAHUY B allapaType TOIbKO
NMC mmpokoro npuMeHeHHs: HUKaKuX OrpaHn4eHHH (JJOTOJHUTENbHBIX 3a-
TpaT) He BO3HUKAET, @ OTPAaHUYEHHS B PECYpPCax MOSBISIOTCS TIPH HEOOX OIMO-
CTH TIOBBILICHHS YPOBHSI MUHHATIOpH3anuu POA 3a cuer pa3paboTku MUKpO-
cOOpOK CTEUATIM3UPOBAHHOTO IIPUMEHEHHS M HHTETPAJIbHBIX MUKPOAJIEKTPOH-
HBIX YCTPOWCTB COOCTBEHHOI'O U3TOTOBJICHUSL.

Torna MoXHO cOpMYIHPOBATh 3aady.

[TycTh HEOOX0MMO BBHIOPATh HOMEHKJIATYPY YCTPONCTB, MHHUATIOpU3a-
IUsT KOTOPBIX AaeT MaKCUMaJIbHBIN 3((eKT PH 3aJaHHBIX OIPaHUYEHUSIX Ha
pecypcehl.

[TycTs npu peniennu 3agauu OyeT BBIOpaHO M<n (YHKIHOHAIBHBIX YCTPOCTB.
dyakumoHanbsHbIe yeTpolicTea 1,2,3.......0......n

9TO YCTPOMCTBA, KOTOPHIE HE MOT'YT OBITH MHHHATIOPU3UPOBaHkI 3a cyer UMC
HIMPOKOT0 MPUMEHEHHS 1 HA MMHUATIOPU3AIUIO KOTOPBIX CIEAYET pacipese-

JIUTB Pecypchl Sy.- 371€Ch pa3paboTKa Ka)kIo0ro i -ro yCTpOoiCTBa B MHTErpalb-



68

HOM HCIIOTHEHHH JaeT MPHUPAIICHIEe YPOBHS MUHHATIOpH3aImu POA, Ha Ly U
tpebyer 3arpat Si( ).

PaspabatsiBaeMbie m ycTpoiicTB 0003HaUMM Yepes j, (j=1,2,...m). Toraa 3amaua
BBIOOPa HOMEHKJIATYpPhI () YHKIHOHAIBHBIX YCTPOHCTB, MUHUATIOPH3AIIUS KOTO-
PBIX JaeT MaKCUMAITbHBIH 3QEKT Mpu OrpaHUUEHUAX Ha PECYPChI, HOPMYIUPY-
eTCs CIIEYIOIIMM 00pa3oM:

Haiitn Homepa

t}f E [i_m] " l\h, =r% JH-;X —-— TIQK
npu 3 (M2) =,}% Sé( M) < 93 =

u popmynupyercs, TakuM 00pa3oM, KaK LEJOUUCIEeHHAs 3aja4a IMHEHHOro
MIpOrpaMMHpPOBaHus. PaccMOTpUM ajropuT™ ee peleHusl.

[TycTb yxe BbIOpaHO 1 (r<m) ycTpOWCTB, TOrAa BEIOOD (r + 1) -ro ycTpoii-
CTBA MOAYHMHSIETCS CIEAYIOIIEMY IIPaBHIIY: BEIOMPAETCS TO yCTPOHCTBO, PH
KOTOPOM YpOBEHb MUHHATIOpH3ALUH JUIst BceX (r.+1) ycTpoHCTB, IpUBEIECHHBIH K
3arpaTtam, OyZleT MaKCUMaJIbHBIM. B COOTBETCTBHY € 3TUM NPABUIIOM TEPBHIM
BBIOMpAETCS TO YCTPOMCTBO, /JIsi KOTOPOT'O BHITTOJHSETCS YCIOBHE:

;{\i - mox. N'L'v = M
L Sy
Beibop r+l ycCTpoMCTBa MNOOUMHAETCS NPABUILY
Aq gy = Max Minsfli
L=R e+ 5
,}% Srﬁ SL

rzie JR - nopsiakosbie HOMepa yeTpoicTs, BoIOpanHbIX 10 ( T+1 )-ro mara.
DTO NpaBUIIO MOXKET OBITH HAPYIIEHO TOJIHKO Ha MOCIETHEM IlIare, Koraa

YCTPOMCTBO, ONpEAENAIOIIee MaKCUMAJIbHBII CyMMapHbIi IPUBEAECHHBIN ypo-
BEHb MUHUATIOPU3AIINH, MOXKET HAPYIITUTh yciaoBue (**)

B cBsi31 ¢ 3THM Ha MOCIIeTHEM IIIare BHIOWPAETCsl TO YyCTPOHCTBO, KOTOPOE
HE HapyLIaeT 3TOr0 YCIOBHS U B HAUOOJNBIIEH CTETICHN yIOBJIETBOPSET MIPEIbI-

JyIIEMY.

III. TToBbieHue ypoBHS MUHHaTIOpU3auu POA 3a cuet co3ganust

THOPUTHBIX MUKPOCOOPOK

Teneps, npu pazoueHnu GpyHKIMOHATBHOM CXEMBI YCTpOMCTBa, MpUOOpa U T.II.
Ha OJIOKH, QYHKIMOHAJIBHEIE STYEHKH KOHCTPYKTOP OJHOBPEMEHHO OIPE/IEsIeT
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BO3MOYKHOCTb UX peann3aluu npu ucnonaszoBanuu MC mupokoro npuMeHeHus.

Opnako, B psfie CllydaeB NPUXOAUTCA KpoMme ucnoiab3osanus MC mmpoko-
T'O MPUMEHEHHS] KOHCTPYHUPOBAThH CHENNATU3UPOBAHHBIE THOPHIHBIE MHUKPOCXe-
MBI -MUKPOCOOPKH, YTOOBI TOBBICHTH (00€CTIeYnTh TpeOyeMBblIii) ypOBEHb MH-
HUATIOpU3aLUK IpoeKTUpyeMoi POA.

Jleno B ToM, uTO PyHKIMOHAJIBHASI CXEMa YCTPOICTBA B ITPOLIECCE ONTH-
MaJIBHOTO MpoeKTHpoBaHus Ha ocHoBe [IDP mim npyrux nokasareneit pa3ouBa-
ercst (pacuieHsiercs) Ha (yHKIIMOHAJIbHBIE OJIOKH, y3JIbl, KOTOPBIE MOT'YT OBITH
peanuzoBanbsl Ha UMC mupoxoro npumenenus; Ha MCB u BUC nns ucnonsso-
BaHMS B (YHKIMOHAJIBHBIX SMEHKaX WM JUIS CAMOCTOSITENBHOIO TIPUMEHEHUS B
Buze @51, xoropeie moIexaT pa3padoTKe; M Ha Y3JIbl HE O/IAI0IMeECs MUHUA-
TIOPHU3ALHH.

Torna Ha paHHUX cTaausax MpoekTupoBaHust POC BEINOIHSIIOT OLIEHOYHBII
pacder KOHCTpYKIMHU Takoii Mukpocoopku (MCB).

Jlis aTOr0 HEeoOX0MMO, 3Has TpeOyeMBbIi YPOBEHb HHTErPALlUH MPOEKTH-
pyemoiit MCB, KOHCTpYKTHBHBIE TapaMEeTPhl UCTOJIB3YEMBIX KPUCTAIJIOB, UX
KOJIMYECTBO M pa3pelIaloNIylo ClIOCOOHOCTh IIJICHOYHOH TEXHOJIOTHH, BBIOpATh
(ompenenuTh) MUHIMAIIBHO JIOIYCTUMBIN pa3Mep MOJJI0KKH, BEIOpaTh THI KOp-
Iyca, MUHYS CTaJIUI0 Pa3BOAKH COCIUHUTENBHBIX IPOBOJHUKOB. My, 3anaBas
pa3Mepbl CTOPOH MOI0XKKH, ONPENENIUTh MAKCUMAaIbHOE YUCIIO KPUCTAILIOB,
PaCIOJIOKEHHBIX Ha 3TON MOJIOKKE.

37ech Ha ATOM 3Tale, IIaBHOH 3a1adeli koHCTpykTopa MCB sBnsercs
yCTpaHeHHE KPYITHOTa0apUTHBIX KOMIIOHEHTOB, a 3Ta 33][a4a MOXET peraThCs
JIBYMsI ITyTSIMU: MUHUATIOpU3allMe TaAKUX KOMIIOHEHTOB WJIM 3aMEHOH UX ITyTeM
HM3MEHEHHUS AJIEKTPUYECKON CXeMBbI YCTPONCTBA U ONATH K€ MUHHUATIOPU3ALIUEH.

OcHoBHBIE MOMEHTHI KOHCTpyHupoBaHust [ YIC mupokoro npuMeHeHus Ta-
KHe KaK BBIOOp 3JIEMEHTOB 0a3bl, TEXHOJIOTHY U3TOTOBJIEHUS, pACUET IUIEHOUHBIX
3JIEMEHTOB, pa3MeIleHHE JIEMEHTOB U KOMIIOHEHTOB, KOPITyCUPOBaHUE U JIp.
JIOCTATOYHO XOPOIIO U3BECTHBI Pa3paboTYNKaM M KOHCTPYKTOPAaM MUKPOCXEM
LIMPOKOT 0 MPUMEHEHMUS, T.€. CIEHUATNUCTaM IEKTPOHHOW MPOMBIIIEHHOCTH.

OpHaxo, MOCKOJIBKY pa3paboTunKaM U KOHCTpyKTopam POA B Hacrosiiee
BpeMsI TOXKE YacCTO NMPUXOAUTCSA 3aHUMAThCS KOHCTPYUPOBAHUEM U MPOU3BOCT-
BoM MCB, T.e. cnenmanuzupoBanusix [ UC, To paanonHKeHepy - KOHCTPYKTOPY
HEeoOX0AMMO 3HaTh HEKOTOpbIe 0cOOeHHOCTH KoHCTpynpoBanuss MCB u texHo-
JIOTUH UX U3TOTOBJIICHUS / /.

B tepmunonorun no MCB elie He cOBCeM YCTaHOBUJIUCH HEKOTOPHBIE MO~
HATHA, ToATOMY cnennanuzupoBanHyto ['MC nassBator MCB nau UMC orpa-
HUYEHHOTO PUMEHEHHS], a UCTIONb3yEMbIE ISl UX ITOCTPOSHHSI OECKOPITYyCHBIE
aKTHBHBIE 3JIEMEHTHI (JIMOJIbI, TPAH3UCTOPHI U T.II.) HA3BIBAIOT TAKXKe OECKOp-
ITyCHBIMH MHKPOCXEMaMH, KpUCTaJUIaMH, 3J1eMeHTHOH 0a3oit IC mmpokoro
MIPUMEHEHUSI.

W3BecTHBI IS 3TUX TETIeH CXeMbI pEe3UCTUBHO-TpaH3UCTOpHOM Joruku(PTJI),
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TpaH3ucropHo-Tpansucroproit soruku (TTJI) u ap., mepcreKTHBHBIMUA MO>KHO
HA3BaTh CXEMBI IMUTTEPHO-coBMeieHHOH oruku (JCTJI).

Kpucramn cxemsr PTJI umeer xkBazgpaTHyto (OpMY U IIATh THOKHX BBIBO-
JIOB, KOTOpBIE TIPUITAaUBAIOTCS, JINOO MPUBAPUBAIOTCS K MTOJIOKKE MUKPOCXEMBI,
MCB.

Cxemsl TTJI ucnoneayrorest mupe, gem cxembl PTJI. x ocobeHHOCTBIO
SIBIISIETCS HAJTMYHME B OJJHOM KPHCTaJlIe OOJIBIIEro YKCia BeHTHIIeH (9KBUBa-
JICHTHBI BEHTWJIb TIPEJICTABIISIET COBOKYNHOCTH M3 10 a1emenToB 0e3 nudde-
PEHIMPOBAHMS UX 3JIEKTPUIECKUX QyHKIMIT), uem B PTJI.

Kpucramn umeer kBagpatHyto Gpopmy u 16 mapuKOBBIX BEIBOJOB (€CIn
BEHTWJICH, Hanpumep, 4).

B o0mrem cirygae KpUCTaT MOXKET OBITh ¢ THOKUMHY BBIBOJIAMHU WITH C XKe-
CTKMMHU [IapUKOBBIMH BBIBOIAMH.

HcxonHpIMU JaHHBIMU AJIS pacueTa KOHCTPYKTUBHBIX apamerpoB MCh
SIBIISIETCS CXEMa NMPUHIUITHAIBHAS AJIEKTpUUecKas, TpeOyeMblid ypOBEeHb HHTE-
rpanyy, peKoMeHIaluH 1o Beioopy kpucrayuia. MCB Oyner npencraisTs co-
001 KOPITYCHUPOBAHHYIO HJIEKTPUIECKYIO MOTI0KKY OJHOT'O M3 TUIIOPa3MEPOB,
BCE [TAaCCUBHBIE AJIEMEHTHI Ha KOTOPOH HEPa3phIBHO CBSA3AaHBI MEXTy COOOM TIIe-
HOYHBIMH ITPOBOJAHUKAMH U U3TOTOBIICHBI B BUI€ OTHOCIIOWHBIX MJIM MHOTO-
CIIOWHBIX CTPYKTYP, @ HABECHBIE KOMIIOHEHTHI U KPUCTAJIJI BMOHTHPOBAHBI ITaii-
KOM MM CBApKOH B KOHTAKTHBIE IIOIIAKH.

Pacuer koHCcTpyKTUBHBIX TapameTpoB MCh

OmnpeneneHne HAYHEM € aHAJIN3a I10CAJ0YHOTO MECTA KPHCTAIIA.

[Tnomans mocagoyHOro MecTa KpUcTallla OrpaHNYMBACTCSI KOHTYPOM,
MIPOBEIEHHBIM 110 BHELUTHUM KpasiM KOHTAKTHBIX IIJIOIIAI0K, PACTION0KEHHBIX HA
KOMMYTAIlMOHHOM IJIEHOUHOM IU1aTe BOKPYT KpucTasa. I[IockonbKy KpHcTalIsl
UMEIOT IPSIMOYTOJIbHYIO (hopMy, TO 0OlIee YUCIIO IUIOMAA0K BOKPYT HUX JIOJK-
HO OBITh YETHBIM.

o yncny KOHTAKTHBIX IUIOMAA0K U UX XapaKTEPUCTUKAM - CTOPOHE KBaJl-
paTa KOHTAKTHOM IUTOMAAKH "a", MUHUMAJIEHOMY PACCTOSHUIO MEXAY ABYMS
KOHTaKTHBIMU ILIOMAaAKaMH d;, MUHIMAJILHOMY PacCTOSHUIO OT Kpasi KprcTajuia
JI0 Kpasi KOHTakTHOH miiomaaxy C MOXKHO ONpPENeNUTh pa3Mephl 10CaJOYHOr0
MecTa KpUcTallia.

Bokpyr kpucraiia 00bIYHO MOYKHO PacrioiIoXUTh HEKOTOPOE YHCIIO KOH-
TaKTHBIX IUIOMIA/IOK, KOTOPOE MPEBBIIIAET HEOOXOANMOE.

MuHuMasbHbIE pa3Mepsl by 1 1y, ocagouHOro MecTa KpucTajuia ¢ THOKH-
MU BBIBOJIaMU onpeAersitorcs no @opmynam

BfBKP +7 (_111{;‘) ) BRP - WHpUHA KpAcTENAE,

= p _
Eq £KF'+2 (a+c) y Ugp~ AAMHA KpHCTAIIA.
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Puc.? Npumep pashodku numonus.
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Ecnu npunsTh pa3BoAKy NUTAHUS U KOPIyca KaK Ha pUc.2, TO MUHUMAJb-
HBIC IIIATH YCTAaHOBKH KPUCTAILIOB hbpy, ¥ hT 1, TIO BEPTHKAIN ¥ TOPU30HTAIIH
COOTBETCTBEHHO COCTABJISIOT

h b min 'E| + @, +2d,
heomin=8,+a,+2d,
Kak npaswuio, popma nomnoxxkn MCB otimyaercst oT KBagpaTHOH, COOTHOIIIE-
HHe CTOpOH cocTaBiisieT 2:3 min 4:5, 9To TUKTYeTcst TpeOoBaHueM 00ecedeHnst
KaK MOYKHO OOJIBILIETO YHCIIa BHIBOZOB C JIBYX IPOTHBOIOJIOKHBIX CTOPOH KOp-
myca MCB. B cBsI3u ¢ 3THM YHCIIO PSIOB KPUCTAIUIOB IIEI€CO00pa3HO orpeie-
JATh 10 hopmyre

my = £ |\/N.‘P hz min/hBmin-1 | ;
a cTonoO1oB
My~ [ Nep /my + 0,999 |
Bokpyr kpucraiia ¢ pasmepamMu by, U 1, MOXHO PacIONIOKHTE

Nka =E Z(EKP;E’E) *2at bc

KOHTAKTHBIX IIJIOMIAaJI0K, U3 KOTOPBIX 00BIYHO HEKOTOPOC YHCIIO M- KOHTaKTHEIX
TJIOIIA 0K UCIIOJIB3YCTCA IJI SJICKTPUICCKUX CO@I[HHEHHﬁ. B aTom cjydac ume-
M

0,5 (Jﬂxa‘[\h\p) =Xty

rae X 1Y - 4MCII0 HEUCIIONB30BAHHBIX KOHTAKTHBIX IO I0K COOTBETCTBEHHO
BJIOJIb OOMbIIIeH M MEHBILIEH CTOPOH KpucTayuia. Toria paccTosiHue BAOIb
MeHbIIIel 1 O0JIbIIeH CTOPOH KpucTaiia by u |y, onpesensercs 3aBUCUMOCTIMHU

b, z[ﬂ.s (J“'ka"J“nP) ij,(m*d.)] /(:r_\»%) >
![ﬂj (_f'*m"}‘ﬂp)l(ﬂ*li,)] /(:tﬂd,) .

HpI/I MPOKJIAAKE COCIUHUTCIIbHBIX IPOBOJHUKOB 1OJ] KpUCTAJIJIAMU B 00-
JIACTAX MOMJIOKKH, HCUCIIOJIB3YEMbIX U1 PA3SMCIICHNA KOHTAKTHBIX IJIOIIAI0K,
JIMHWUH, Ha KOTOPBIX PACIIOIAraroTCsa COCAUHUTCIbHBIC ITIPOBOAHWUKHA, I'PYIIIIUPY-
IOTCA B ITYYKH.

Ecnu nanoxurb ycioBue, YTOOKI PAaCCTOAHUEC MEKIAY JIMHUAMU B ITyYKaXx IO
TOPU3OHTAIHN OBLIO OJTU3KO K PACCTOAHUIO MEKAY JIMHUAMU B ITyUKax IO BEPTU-
KaJIi, TO MOXHO 3aItMCaTh:

L
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0,5 (Mxa "_Hr.r) XM x (a’d-)z 0.5(P:a'ﬂxp)9m§(ﬂ+d:]
(If%‘]ﬁﬂ. (_x,._%) rl‘l

4] TIOCJICIHHUX ypaBHeHI/Iﬁ OIpeacaaeTCsa

- =9.5(Mu‘j“w) Pa My
m;}qm + nh”-u‘
L‘}.U'E (M- M I.P)JHM My

Mx }'ﬁ r + My M
Pa3sMepbl CyMMapHBIX CBOOOJHBIX 30H I0J] KPUCTAJIAMH BJI0JIb MEHBIIIEN CTO-
POHBI b, 1 GOIBIIEM CTOPOHEI 1, OIpenensIeTcs 3aBUCUMOCTIMU

b, =y my (a+d)
B? =limli (Cl"’dt)

Yucno ci1oeB COeTMHUTEIBHBIX MPOBOJHUKOB

poa=t [E| (Rt mufuimp )
0,5 (Mke-Mep) My my (ard)

Pa3Bozxa coeqMHUTENBHBIX TPOBOAHUKOB TOIOJIOTMY KOMMYTAI[IOHHOH T1JIe-
HO4HOH matel MCB 1o mionaay mocajouHbIX MECT KPUCTAIIOB TPEeOYeT He
OoJee ABYX CJIOEB NP PABEHCTBE HYIIO [ETOYHCIEHHONW YaCTH TOCIIETHETO BbI-
paxkeHusl.

IIpu 3TOM yCroBHe ABYXCIONHOMN pa3BOAKH TOMOIOTMH KOMMYTAaIllMOHHON
IUIEHOYHOM MJIaThI 3aMUILIETCS B BUAE!

51P+ BKF > U,ﬁ PKP (ﬂ*d.) ¢ 0.5 (LI K, +1) ( a, 'du)b?ﬂ“ﬂc
Ecmu 3T0 YCJIIOBHUE BBINIOJIHACTCA, TO BO3MOXKHA Pa3BOJIKa COCANMHUTCIIBHBIX ITPO-
BO/IHUMKOB IO IJIOIIAAW MMOCAAOYHBIX MECT B KPUCTAJIJIC B IBA CJIOA Ha IJIATE C

pasmepamu b u 1.
[Ipu 3TOM MaKCHMaTBHO BO3MOXKHOE YUCIIO PSJIOB U CTOJIOIOB

(%'zﬂ'?d):(E}np‘?ﬂ*?c*a.'?d.) ;

m\*"E

(0 -174)
3x9*?d*?c*a,’d- '

‘m, =f
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31ech d - TexHONOrMYECKas 30Ha IOJIOXKH, T.€C. O6ﬂaCTB, B KOTOpOﬁ 3arpeuia-
CTCA MPOKJIAJIbIBATDL INICHOYHBIC 3JIEMCHTHI U KPCIIUTH HABECHBIC ICTAJIN.
B atom CJIydac Ha MOJIOXKKE MOXKET MAKCUMAJIBHO Pa3MECTUTLCA KpU-
CTaJlJIOB:
Ngp = My IT'ILA_, =

60 -2 (h+e) (d+a)
(Brp*Zat2c) (Cxp2a +2¢) (e, +2d) (BrpLyp +Hatlic)

Takxum 00pa3oM, B CITydae BBIIOTHEHHS PACCMOTPEHHOT'0 YCIOBUS MOYKHO, 33]1a-
Bast pa3Mephl CTOPOH TOJTIOKKHY b U 1, ompenenTh MaKCUMAaTBHOE YHCIIO KPU-
CTaJIIOB, PACIIONIATAFOIIUXCS HA ATOH MOUTOKKE HIIH PEITUTH OOPATHYIO 33/1auYy:
IO 33JTAHHOMY YHCITy KPUCTAJUIOB BRIOPATh MUHIUMAJTLHO JIOMYCTUMBIC Pa3MEPhI
TIO/ITTOKKH.

Ecnu paccMoTpeHHOE BBIIIE YCIOBHE HE BBIMOIHAETCSA, TO Pa3BOJKa CO-
€IMHUTEIBHBIX TPOBOJIHUKOB I10 MOCAJ0YHBIM MECTaM KPHUCTAJJIOB B JBA CIIOA
HEBO3MOXKHA. B 3TOM cityyae HEOOXOMMO YBEITUUHUTH IIAT YCTAHOBKH KPUCTAII-
JIOB JIJISl yMEHBIIEHUSI €IETHOCTH KOMMYTAallMOHHOM TUIeHOuHOM maTsl. [Hupu-
Ha b, u [uinHa 1, mIonaaKu, HEOOX OMUMOM ISl PACTIOIOKEHUS JIMHUM, Ha KOTO-
PBIX TPYIIIUPYIOTCA COEAUHUTENBHbBIE TPOBOIHUKH BHE MTOCAIOUYHBIX MECT KpHU-
CTaJUJIOB OMpeeNseTcs mo GopMmyaam:

Bf}‘lm (a,+d)-be °
EE__F'“ (a,td.)-‘B? L
OTKYJa KpUTCPUU 1A BBIﬁOpa IMHUPHUHBL bu JUIUHBI 1 MOJIOXKKHU NPUHUMAI0 BU
[ oo (@, * d) bomy-B 222 ] SB< iy (0, +B, my-
by 207 d} )

[‘Nn (a,*d)*b, mx- ¢, *?d.jléﬂ <1 [‘um(a,* d)rg,mx-£6,¢ ?d} :

Eme pa3 YTO4HUM, YTO BCC BbILIC M3JI0KCHHBIC BbIBO/IbI CIIPABCIJIMBLI I KpU-
CTaJIJIOB C THOKUMH BBIBOJIAMU: IPU UCTIOJIB30BAHNU KPUCTAJJIOB C JKCCTKUMHU
(IIIapI/IKOBI)IMI/I) BbIBOJIaMH, KOIr'lda MPOKJIaAKa COCIUHUTEIIbHBIX IIPOBOAHUKOB I10
noCag0vYHbIM MECTaM IO KpUCTAJIaMH HEBO3MOXKHA, Pa3MEpPhI TUIOMIA/IKH, Ha
KOTOpOﬁ YKIIAABIBAOTCA 3TU MPOBOAHUKHU, OIPECACIIAIOTCA BhIPAKCHUAMMU:

ks = a2 (a,*+ d)
P'j I‘M\l ((‘I.,’ d,) X

OTKyZa
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KPUTEPHH JUTS BEIOOPA MOUTOJKH ONPEIEISIOTCS B BUJIE
l— 5 O]
[}lm (a;d) + [;mp My * lat Zd.l{‘* E<?L}4m (@, +d,)*bxp My *fa’ ‘-ﬁ] 3

B
[ e @)+ Bp My 2] < £ <2 png (0, )+ bupmi 2]

[Tpu monmy4yeHnn pacueTHBIX BHIPAXKEHHUH MPEATOIaraeTcsi, YT0 UCTIOIb3YyIOTCS
KPHCTAJUIBI OJJHOTO CTaHIAPTHOro pa3mepa. Ha mpakTuke »e BO3HUKaeT He0O-
XOIMMOCTB HCIIONB30BaHUS KPUCTAIIIOB OECKOPITYCHBIX MUKPOCXEM Pa3IUUHBIX
cepuid.

B aToM cirydae i pacuera pazMepoB HOUIOKKH B KaUECTBE CTaHAaPTHO-
'O BEIOMPAETCS] KPUCTAILT TAaKOTrO pa3Mepa, KOTOPBIH B TAHHOM H3JIEJIUH UCTIONb-
3yercst OOJIbIIIe BCETO; MPUHUMAETCS, YTO IT0CaI0YHbIE MECTa KPUCTAILIOB, Pa3-
Mepbl KOTOPBIX MEHbIIE CTaHAAPTHOTO, COOTBETCTBYIOT IT0CAJI0YHOMY MECTY
CTaHAApPTHOTO KpUCTAILIA.

Kaxxnp1ii kpucran O0NnpImX pa3MepoB, Y KOTOPOTro pa3Mephl I10ca 0uHO-
ro Mecta by u |, mpeBbImatoT pa3smepsl 0Ca04HOrO MeCTa THIIOBOTO KpHCTAI-

J1a b] u 1], YYUTBIBACTCA B paCU€Tax KaK HEKOTOPOC YUCIO Ni TUITOBBIX KpH-
CTaJUI0B, I'’/IC BEJIMYWHA Ni OIMpeaACIACTCA BbIPAKCHUEM
R ]

Nu=CE |8 /o, |10 (E | B/t | +1):

[Tpu pacuere pa3MepoB MOUIOKKH aHAIOTHYHO MOTYT OBITh YUTEHBI U Ipyrue
KOMITOHEHTBI, pa3Mephl OCaZ0YHBIX MECT KOTOPBIX MPEBBIIIAIOT pa3MepHI 1moca-
JIOYHBIX MECT KPUCTAJIIOB.

MuHUMaJIbHBIE pa3MepBl TOJUIOKKH, Ha KOTOPOH MOT'YT OBITH pacIonoxKe-
HBI KPUCTAJIIBI THOPUIHONW MUKPOCXEMBI M OCYII[ECTBIIEHA PAa3BO/IKA COCTUHH-
TEJILHBIX TIPOBOTHUKOB MEX/y KPUCTAIJIAMH, & TAK)Ke HEOOXOMMOE YHCIIO BbI-
BOJIOB MHKPOCXEMBI OKa3bIBalOT OCHOBHOE BIIMSIHUE Ha BHIOOP KOpITyca.

[Tpu 3TOM BBHIOMpAETCs KOPIYC, pa3Mepbl BHYTPEHHEH MOIOCTH KOTOPOTro
TIO3BOJISIFOT YCTAHOBHUTH HE 00JIee OHOMN ITOUIOKKA MHUHMMAJIBHBIX Pa3MepoB.

[Mocne BeIOOpa KOpITyca pa3Mephl MOATIOKKN YTOUHSIOTCS TAKUM 00pa3oMm,
YTOOBI OHM COOTBETCTBOBAJIN pa3MepaM BHYTPEHHEW MOJIOCTH KOpITyca.

YTOuHEHHBIE pa3MepHI MOUI0KKH, KaK IPaBUIIO, TPEBBIIIAIOT MUHUMAIIb-
HO JIONYCTUMBIE, a YBEIMUEHHE IIaroB PACIOJIOKEHUsI BEPTUKAIBHBIX U TOPH-
30HTAJILHBIX JINHAH OTKPBIBAET BO3MOXKHOCTh MCIOJIb30BAHMUS IIPOBOHUKOB U
paccTosTHUI MEXy HUMH, PEBBIIAIOIINX MUHIMAIBEHO TOITyCTUMBIE, YTO I10-
3BOJISIET YBEJINYMBATh KOI(PHUIMEHT BHIXO/Ja TOJHBIX KOMMYyTaIl[HOHHO-
TUIEHOYHBIX IUIAT, a, CIIeI0BaTeIbHO, U K03 durmeHt Beixona roqasix MCB.
IToMuMoO pa3zmMepoB MOUIOKKH U KopITyca npu npoektuposanuu MCB, nporso-
3UpyeTcsl Macca U rabapuThl.

Iabapurhsrit pasmep MCB ¢ mIaHapHBIMH BBEIBOJAMU TIO IIUPUHE CKIIAIBIBACTCS
13 IIMPUHEI KOPITYCa U JUTHHBI 0T(OPMOBaHHOTO BEIBOJIA. ["abapuTHEIC pa3Mepsl
MCB co mITHIpEeBBIMU BHIBOIAMH T10 [UTHHE W NIUPUHE COOTBETCTBYIOT rabaput-
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HBIM pa3mepaM Kopryca. ['abapurtHslii pasmep Takoir MCB o BrIcoTe TIpeBbI-
IIaeT BBICOTY KOpITyca Ha BEJIMUMHY 3a30pa MEXIY MOAT0KKON U KOPILYCOM.
Macca MCB cknapiBaeTcsa U3 Macc KOpIyca, MOAI0KKH, KJles Ul KpeleHus
MOJUIOXKKH K KOPITyCY U KPUCTaIJIOB.

Macca KpUCTaIoB U KOpITyca SIBJISETCS CIPaBOYHBIM MapaMeTpOM, MacChl
TIOITIOKKH U KJIESI MOT'YT OBITH BBIYHCIIEHBI ITyTEM IIEPEMHOKEHUS UX T€OMETPH-
YECKHUX pa3MepoB HAa UX COOTBETCTBYIOIIYIO YAEIbHYIO INIOTHOCTb.

Takum 00pa3om, 3Hast ypoBEHb HHTErpanuu npoekrupyemoit MCB, xoHer-
PYKTHBHBIE TTApaMEeTPhI UCIIOIB3YEMBIX KPHCTAJUIOB U Pa3peIIaloNlylo Crioco0-
HOCTb IJICHOYHOM TEXHOJIOTMH, MOXKHO ONPEETUTh Pa3sMephl NOAJIOKKHU U BbI-
Opath THI KOpITyca, MUHYS CTaJIMIO Pa3BOJIKH COEIUHHUTEIBHBIX IPOBOJHUKOB.

YTounenue Be10opa xopiryca MCB npou3BomuTcs Ha TMOCIEAYIOIINX CTa-
JIUSIX TIPOEKTUPOBAHUSI HA OCHOBE PACUETOB TEIIOBBIX PACUETOB (PEXKUMOB)
BHYTpu MCB, olLleHKM TOMEXO0YyCTOHUMBOCTHY U repmeTn3anui. Cxema KOHCT-
pykuuu MCBb nHa puc.3.

Copnepxanue pabOTHI

Coneprkanue pabOTHI 3aKITF0YACTCS B M3YUCHUH HACTOSIIUX METOIMIECKUX
yKa3aHu#, oreHke (pacuere) 3 (GEeKTHBHOCTH MUHUATIOPU3AIIH HECKOIBKIX
BapUAHTOB OOPTOBBIX BBEIYUCIIUTEIHHBIX MAIIIHH, OI[CHKE YPOBHS MUHHATIOPH3a-
i POA U1 KOHKPETHBIX BAPUAHTOB ()yHKIIMOHAIBHBIX y3JI0B (T.€. HEOOXOIu-
MO HaiiTi BapuaHThl @Y, MoIekale MUHAATIOPU3AIIUH) U B BEITIOTHCHAN
OIICHOYHOT 0 pacuera KoHCTpyKImit MCB, moaTBep 1atoniero BO3MOXKHOCTb
peanu3anuy ee KOHCTPYKIIUH JIIsl 00ecrieueHus TpeOyeMOoro ypOBHS MUHHATIO-
pusarmuu POA, 000CHOBaHHOTO B IPENBITYIINX pa3nieinax padoTel. Bes padora
COCTOUT M3 3-X pa3/eioB:

1. TTone3ysichk JaHHBIMU TEXHUKO-3KOHOMUYEeCKUMU Tokazarensmu (1),
CPaBHUTH HECKOJIbKO BM (0OpPTOBBIX) OMHAKOBOM MPOU3BOIUTEIIEHOCTH U O~
HOT'0 00bEMa MaMSTH B MHKPOIJICKTPOHHOM HCITOJTHCHUH C aHAJIOTOM B TPaH3U-
CTOPHOM HCIIOJTHCHUH ¥ BBIOpaTh T BM 151 3a1aHHBIX BUioB JIA.

I 11
Ne | Bapu- | pacca | OOBEM Hapa- mepro- Crou-
o , Gotka | MOTPED. MOCTb XD | oXp2 | o(X)s

nn | Ath Hm y Br (ycn. En)

1 A 4,5 9,2 1700 170 15

2 b 3,8 8,1 1600 150 20

3 B 2,2 4,6 1800 120 30

4 r 13,6 19,3 1200 145 35

5 pis 7,2 13,5 1400 180 26

6 E 12,1 18,6 1100 210 31
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7 X 11,6 15,8 1200 240 24
8 3 40 75 400 900

9 u

10 K

[NokazaTenu kauecTBa

o(X;)1- s JIA I Tuma,

O(X;),- s JIA JI Tuma,

o(X;);- s JIA Il Tuma paccuuThIBatOTCs (10 3aJaHUIO MPENOaBaTes).

Y CcTaHOBHTH IOKa3aTeNb Ka4ecTBa aHaJIora JJIsl BceX TpexX 0OBEKTOB ycTa-
HOBKH; IIPOU3BECTH HEOOXOAMMBIE PACUETHI, TIOJIB3YSICh 3aJJaHHBIMH YCIOBHAMHU
(T - D nokazarenn).

Paccunrats nokazarenu 3ppeKTHBHOCTH MUHUATIOPU3AIMY BAPUAHTOB
B.M. Caenats Beibop BM, syumeii o mokasarensm kauectBa U 3)(HEeKTHBHOCTH
MuHHaTIOpr3anuy. Caenarth BEIBOJIBI IO pacyeTaM.

1. Pemmuthb TeCTOBYIO 3a71a9y IO BEIOOPY HOMEHKJIATYPHI () YHKIIMOHATTH-
HBIX YCTPOWCTB, MOJIEKAUTMX MUHUATIOPU3ALMU COTJIACHO UCXOAHBIM JJaHHBIM,
MIPEJICTABIICHHBIM B TaOJIHIIE.

i Mri Si, T.p. i Mri Si, T.p.
1 0,008 10,1 9 0,023 15,5
2 0,012 11,2 10 0,013 10,5
3 0,021 14,6 11 0,007 6,4
4 0,016 13,2 12 0,006 3,7
5 0,009 7,1 13 0,015 16,2
6 0,011 10,3 14 0,11 9,4
7 0,031 20,1 15 0,016 13,6
8 0,014 8,2

IS 821* =85T.p. u Szz* =100 T.p.

Peanmu3oBaB onmcannyo BeIlIe nporenypy Beibopa @Y Ha 3BM, HaliTn BapuaH-
161 OV, nogyiexanye MuHuaTopu3anuu. Caenats BEIBOA O NOJTYYEHHOM MOBBI-
LIEHUH YPOBHSI MUHUATIOPU3AIUU TSI 821* " Szz*.

III. JIns 3amaHHOrO BapuaHTa NPUHIUIINAIBHON CXEMBI y371a U YPOBHS UHTErpa-
1y (2,3), onpenenuTs, MUHYS CTaIuI0 Pa3BOAKH, pa3Meps mouoxkn MCh u
TUI KOpITyca.
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Puc. 3. Cxema wowempynauy MEH

{- memannudeckoe  ocnobgrue ; o

2-KABU

3-KepgMuyeCKAS  NOOAOMCKd]

4 - wapukoboie bebodul (Aubo kaed)

§ - KPUCMOUAAL]

6-MEeMUAAUYECKOR KPbILLKG,
npubapentas k ocnobgru Kopnycd.



79

[Topsimok BbIMoIHEHUS pabOTHI

- MOJTYYUTh UCXOOHBIC TAHHBIC Y IPCTIOAaBaTEIIA AJIs1 BBITIOJIHCHUA pa6OTI>I;
- UI3YUUTb UCXOAHBIC JAHHBIC 110 KAXKIOMY pa3JCily pa6OTI>I 1 MCTOJbI pCHICHUSA
IIOCTaBJICHHBIX 3a/Ja4 ®
- IPESAJIOKUTD BApHUAHTHI PCIICHUS TOCTABJICHHBIX 3a/1a4;
- IPOMU3BECTU PACUCTHI;
- COCTaBUTBb OTYET C BHIBOJAMH U PCKOMCHAAIUAMMU, Fpa(l)I/I‘IeCKI/IM MaTepuaioM.
Conepxxanue oT4eTa

OTYeT TOJKEH COACPIKATH:
- HCXOJTHBIC JAHHBIC JIJIS BHITIOJTHEHUS BCEX Pa3JIeNIOB PabOTHI;
- HEOOXOTUMBIC OTPEICIICHUS TS PMUHOB;
- Ha3BaHUe, 0003HAUCHHS U pacUeTHEIC (GOPMYIBI BceX KO3 PUIMEHTOB, TTO KO-
TOPBIM MIPOU3BOJISTCS BCE OICHKH U PACUETHI;
- CBOJIHBIE TaOJIHUIIBI;
- 9CKH3HI |
- BBIBOJIBI U PEKOMEH/TAITUH.

KoHTponbHBIE  BOIIPOCHI
1. Uro Takoe 3pPeKTUBHOCTH, MUHUATIOpU3AUN PDA 1 KaKUMU IMOKa3aTeIIMU
MOJB3YIOTCS AJIS €€ OLEHKU?
. Kak orenuBaercs a3 QpekTHBHOCT, MUHHATIOpHU3auu POA (MeToauka)?
. Uro Takoe ypOBEHb MUHUATIOpU3ALUN?
. Korga npousBonurcs onieHka ypoBHS MUHHATIOpU3auU?
. Kak npumensiercs onpenenenne koapdunuenra mpumensiemocta C?

wn AW

O0mmit K03 HUIMEHT NPUMEHIEMOCTH HHTETPHUPOBAHHBIX JIEMEHTOB?

6. O0nacTh IOITyCTUMBIX 3HAUeHHUH ypoBHe#? (B kakux nmpenenax oH MOXKeET
ObITB?)

7. Kak ucnone3yroTcest (1711 4ero) moka3aTeiln YPOBHS MUHHATIOPH3AIHN?

8. Kax dpopmynupyercs 3agaya munuatiopusaun POA? Ee cyTs.

9. Kakoii Bbl 3HaeTe METOJ1 pellIeHuUs 3a/1auu?

10. HazoBute HekoTopble 0coOeHHOCTH KOHCTpynpoBanus MCB?

11. Kakue ncxoaHsle JaHHbIE HEOOXOIUMBI JUISl OLIEHOYHOI'0 KOHCTPYKTHBHOTO

pacuera MOE?

12. Yro (kakue mapaMeTpbl) OIPEeNsIoTCsl B IIPOIIECCE OLIEHOUYHOT'O pacyera
MCB?

13. Jlast yero BeimomnHseTcs oueHouHbIH pacuer MCB 1 Ha kakoi ctaniuu npoek-

TUPOBAHUS ITO ETAETC.
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