[loKyMeHT NoAnucaH NpoCToil 3NeKTPOHHOM NOANMUCHI0
NHbopmaums o Bnagenbue:

OUO: Mnewar Prszrony YPPIPRCF EPCTBO HAYKH Y BBICIIETO OBPA3OBAHUS

[lomkHOCTb: AnpexTop

Nata nognucanna: 13.07.2023 14:34:25 POCCHUMCKOM EJEPALIMN

Vinkanogh @ I@panbHO@FOCY TApCTBEHHOE OI0/KETHOE POpa30BaTElIbHOE YUPEXKICHHUE BHICIIETO

0380081033 S P A B s R A CRUIE HATOU AT B it ncenemoBaTenbeknit TexHUYECKMiA

yHuBepcurteT uM. A.H. Tynonesa-KAN»

Yucrononbckuit ¢pumman «BocTox»

Kadenpa npubopoctpoeHus

METOANYECKUNE YKA3AHUA

10 BBIITOJTHEHHIO
KYPCOBOI'O ITPOEKTA
IO JUCLUTUINHE

b1.B.JIB.07.01 KoHCcTpyrpOBaHUE U3MEPUTEIBLHBIX ITPHOODOB




Metoauyeckue ykazaHusi (PEKOMEHIAIMM) MO BBIMOJHEHUIO KYPCOBOIO MPOEKTa

MPECAHA3HAYCHDI
IMOATOTOBKH.

st oOyvarouuxcst Bcex (GopM  00yyeHuss 1O HampaBlICHUSIM

Ko n naumenoBanue
HaTPaBIIEHUS TIOJITOTOBKH /
CIIE[IUAIILHOCTH

Hanpasnennocts (mpo¢uib,
CHelnHaNn3anus, MarucTepcKast
IIporpaMma)

®I'OC BO yTBepaeH NpuKa3oM
MunoOpnayku Poccun

12.03.01 IIpubopoctpoeHue

[Tpubopocrpoenue

Ne 945 o1 19.09.2017

B MeToamdeckux ykazaHUSX MPUBEIEHBI TPEOOBAHMS K BBIMIOJHEHUIO KYPCOBOTO
MPOEKTa, JaHBl PEKOMEHIAIMU IO CTPYKTYpE, COJAepkKaHUI0, 0HOPMICHUIO, TIOPSIKY
BBINIOJTHEHUS M 3alllUTe KypCcOBOro mpoekta 1o aucuuiimHe «KoHcTpynpoBanue

U3MEPUTEIBHBIX TPUOOPOB»




OI'JTABJIEHUE

1 OBIIME TPEBOBAHUA K KYPCOBOMY ITPOEKTY ....ooiiiiiiiiiiiin, 4
2 OCOBEHHOCTU ITEUATHOTI'O MOHTAXKA.......cooiiieieeeee e 8
3 BBIbOP METOJA N3I'OTOBJIEHUSA ITEUATHBIX TIUIAT ... 11
4 TPEBOBAHUA K MATEPUAJTY OCHOBAHUA N TOKOHECYUIM
TTPOBOIHUEKAM ...ttt 12
5 OCHOBHBIE TTAPAMETPBI U PASMEPBI [IEHATHBIX TUIAT.................. 14
6 [IOCJIEHJOBATEJIbBHOCTb KOHCTPYUPOBAHUA ITEYATHOU
TITTATBL. ..ottt bbb e s be e e s e 20
7 KOMIIOHOBKA V3JIOB " CYBBJIOKOB PAJIMORJIEKTPOHHOM
ATITAPATYPDBI ..ot 20
8 OCOBEHHOCTU O®OPMJIEHU S YEPTEXXEM ITEYATHBIX ITJIAT....... 25
9 ITOPAJOK BBITIOJIHEHUA KYPCOBOI'O I[TPOEKTA.......coeiiiieiieeieeee 27
] 07 1<) 0 1y o X PPN PR PR 29
L 00)%0) (0 (XS] 17 (<R 29



1 OBIIUE TPEBOBAHUSA K KYPCOBOMY ITPOEKTY
Ieau 1 3a1a4u BBITIOJIHEHHS] KYPCOBOT'0 MPOEKTA

KypcoBoe mnpoexkTupoBaHWE — OJUH U3 BHJAOB Y4eOHOH JESATEIBHOCTU
oOy4Jaronuxcsi, MpeICTaBISAIONINI CO00I TBOpUECKOE pellleHne YUeOHON WM peabHOM
podeCCHOHATTLHOM 3a]a4H.

KypcoBoe npoekTupoBaHue HapPaBICHO Ha PELICHUE CIEAYIOIINX 3a]a4:

— cHUCTeMaTH3alus W YriIyOJeHUEe TEOPeTHUYECKUX 3HAHUW IO COBETYIONICH
JTUCIUIUINHE;

— BbIpa0OTKa HABBIKOB TNPUMEHEHHUS TEOPETHUUECKUX 3HAHUUW B PEIICHUU
KOHKPETHBIX MPAKTHYECKUX 3a/1a4;

— OBJIQJICHHE METOJIMKON CaMOCTOSITEIFHOTO HAYYHOTO MCCIICIOBAHMS,

— TOArOTOBKAa  HMH(OpMAMM W  HaydHOW  0a3bl Il BBITYCKHOM
KBTM(PUKAIIMOHHOMN pabOTHI;

—  (dopMupoBaHME  KOMIICTCHIIMH, CBS3aHHBIX C  MpodecCuoHaIbHOMI
JeSITeIbHOCTHIO;

— BBIBJICHHE BO3MOXXHOCTH U CTCIICHH CaMOCTOSATEIHLHOCTH  PaOOTHI
oOydJaromuxcsi B PEHICHUM TIOCTaBJIEHHBIX 3ajJlad, 3HAHHWE KOTOPBIX I[O3BOJSET
pearCcCTUYHEe OIIEHUBATh Oy IyIIHe IIaHChl B TPAaKTUYECKON padoTe;

— o0OecrieynBaeT pa3BUTHE U OOYYAIOIIMXCS HABBIKOB KOMAaHAHOW paloTHI,
MEXITMIHOCTHON KOMMYHHKAIIUW, TPUHATHS PEIICHUN, THICPCKUX Ka4eCTB.

[Ipy BBIMOMHEHUH KypcOBOTO mpoekTta 1o auctumuimHe «KoHcTpyupoBanue
MU3MEPUTENLHBIX MPUOOPOBY» 00YUAIOIIUIACS TOJDKEH PEIIUTH CICAYIOIINE 3aa4n:

— W3y4YUTh, OCBOUTH OCHOBHBIC TMPHUHIUIIBI, METOJAUKU Pa3pabOTKU HOBBIX
u3zenui u npudopoB.;

— U3YYHTh THIOBBIC KOHCTPYKITUHU DJICKTPOHHBIX CPEACTB, MPUOOPOB;

— U3YYHTh U IPUMEHUTDH CTIOCOOBI OIIEHKU TEXHOJIOTUYHOCTH U3/ICIIHS;

— TONYyYUTh HABBIKM WCIIOJIb30BAHUS HOPMATHBHBIX JIOKYMEHTOB B CBOEH
nestensHoct (ECKJ);

— TIOJIYYWTh HABBIKM MCIIOJIb30BAHUS COBPEMEHHBIX MPOTPAMMHBIX CPEJICTB
MOATOTOBKH KOHCTPYKTOPCKOM TOKYMEHTAITUH.

TemaTuka KypcoBOro nmpoexkTa. 3aJjaHne Ha KypCcOBOM MPOEKT

TemaTuka KypCOBBIX MPOEKTOB MOXET OBbITh THUIIOBOM, HaNpaBJICHHOW Ha
perieHre y4yeOHbIX 3a/lay, a TaKKe MOKET OCHOBBIBATHCSA Ha (DAKTUUECKOM MaTepualie
OpraHu3aluii, Ha MaTepuase, cCOOpaHHOM OO0YyYaroIIMMCS B XOJ€ NMPOU3BOJICTBEHHBIX
NPAaKTUK, Ha Pe3ylbTaThl HAyYHBIX HCCIEAOBAHMNA M JOJDKHA OXBaThIBaTh Hauboee
BAJKHBIE Pa3[eibl JUCLUIUIMHBI, COOTBETCTBOBATH IIPUMEPHBIM T€MaM, YKa3aHHBbIM B
paboueil mporpaMmMme JUCIUILINHBI.

TeMbl KypCOBBIX TMPOEKTOB MpejaraloTcsi oOydaloluMcsT Ha  BBIOOP.
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OOyuaromuiics MMEeT TpaBO BBIOpPATh OJHY M3 TEM, 3adBICHHBIX Kadeapoil, wiu
MIPEIOKUTH CBOIO COOCTBEHHYIO TeMY ¢ 000CHOBaHHWEM BBIOOpA.

Turosas TeMa KypcoBOIO IPOEKTa!

— pa3paboTKa KOHCTPYKIIUU NIEYaTHOTO Y371a;

— pa3paboTKa Kopiryca rnpudopa.

[IpumepHBIE TEMBI KYPCOBBIX IPOEKTOB, OCHOBAaHHBIX Ha (PaKTUYECKOM
MaTepuaje OpraHuM3aluidi W Ha MaTepuajne, COOpaHHOM OOYyYarolmMMCS B XOJ€
IIPOU3BOCTBECHHBIX MTPAKTHUK:

— «Pa3paboTka 0;10Ka MOJACBETKH B 3JICKTPOHHO-MEXaHHMUECKHUX Yacaxy;

— «Pa3paboTka cTeHa ISl MPOBEPKH CaMOXOa CYETUHKA ra3ay.

[TpumepHBbIii G1aHK 3a7aHKUS HAa TUIIOBYIO TEMY KypCOBOTO IMpPOEKTa MPHUBENIEH B
npwiokeHnu 1. 3agaHue JUIsi HETUTIOBBIX TEM KYPCOBBIX MPOEKTOB pa3padaThIBaeTCs
UHAMBUAYAIBHO U1 KaXXJOro OOYy4arolerocs Ha OCHOBE MPEAOCTaBICHHBIX WM
CBEICHMI 00 HU3/1ETUH.

CTpyKTypa KypCcOBOro npoeKra
[IpumepHa cTpyKTypa KypCOBOrO MPOEKTA:
1. TUTYABHBIN JTUCT.
2. AHHOTAIUSI.
3. 3anmanue.
4. Conepxanue.
5. Begenue (akTyanbHOCTh, 3HAYEHUE TEMBI, 11EJIb U 3a7a41 paOOThI).
6. OCHOBHAas 4acCTh:
6.1. TeopeTnyeckas 4acTh:
— onucaHue npudopa, NpUHIMNA ero GyHKIUOHUPOBAHUS;
— KOHCTPYKTOPCKHE PaCUEThI.
6.2. [IpakTrdeckast 4acTh (MepedeHb BOZMOKHBIX PACUETOB U OIHMCAHH):
— pacyeT KOHCTPYKTOPCKHUX MapaMeTPOB MEYATHBIX IJ1aT;
— BBIOOP METO/Ia U3rOTOBJICHHUS M€YaTHBIX IUIAT;
— KOMITOHOBKA MEYaTHOTO y3J1a U U3JEIHS B LIEIOM;
— OIMKMCAHME ITANOB TPACCUPOBKH MEUATHOM TIATHI;
/. 3akmroueHue (BBIBOABI U PEKOMEHJALMM OTHOCUTEIBHO  BO3MOXHOCTEH
MCIIOJIH30BAHUS MaTEPUAIOB PAOOTHI/TPUMEHEHUS TTOJIYICHHBIX PE3yJIbTATOB).
8. CIIUCOK MCMOJIb3yEMOM JIMTEPATYPHI.
9. llpunoxenus (4eprexu, crpaBoyHas HHGOPMAIIHS).
CrtpykTypa IpoeKTa MOKET MEHITHCA B 3aBUCUMOCTHU OT 33/IaHHUSI.
biiank TUTYJIBHOTO JTUCTa NPUBEAEH B MPUIIOKEHUU 2, IPUMED 3aJaHUs B IPUIOKECHUH
1, OnmaHk aHHOTAllMM B TNPWIOKEHHH 3, mpumep OQGOpMIICHUS COJEPKaHUS B
npuioxeHue 4. 1. [IosCHUTENbHOM 3aITUCKU, KOTOPask COAECPIKHUT:
Od¢opmiieHue KypcoBOro NpoexTa
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TexkcT KypcoBOro TPOEKTa [OJDKEH OBITh BBIMIOJHEH C MPUMEHEHHUEM
neyaTaronmx U rpa@uvyecKux yCTPOWCTB HA OJHOM CTOpPOHE JcTa Oenmoil Oymaru
dbopmarta A4.

CrpaHulpl TEKCTa HyMEpPYIOTCsS apaOCKUMU IudpaMy B HIDKHEM IPAaBOM YTIIy,
coOro/iasi CKBO3HYIO HyMEpalio IO BCEeMY JOKYMEHTY, BKIIOYAs MPUIOKEHUS.
TuTynbHBI JTUCT BKIIOYAIOT B OOMIYI0 HyMepalnuio cTpaHull. Ha TuTynbHOM nucTe
HOMEp CTpaHUIlbI «1» HE CTaBUTCH.

AO3alHbIA OTCTYM JAO0KEH ObITh OJMHAKOBBIN MO BCEMY TEKCTY U paBeH 12,5MM.
[IpaBbIit Kpait TekcTa AOJKEH ObITh BEIPABHEH MO HIUPHUHE.

B KkoHIE 3arojoBka TOYKAa HE CTaBUTCA. PaccTossHue Mexay 3arojloBKaMu
CTPYKTYPHBIX €UHUI] OCHOBHOTO TE€KCTA U MPEABIIYIINM TEKCTOM JOJIKHO OBITH PAaBHO
10 mMm. PaccrosgHue Mexay OCHOBAHMSIMH CTPOK 3aroJIOBKOB NMPHUHUMAIOT TaKUM K€,
Kak B TEKCTe (B Cilydyae, KOrJa 3arojloBOK COCTOMT M3 HECKOJBKHUX IPEIJIOKCHUMN, HE
MIOMEILAETCs] Ha OJHOM CTPOKE).

Habop Tekcra 1omkeH ObITh IPOU3BEAEH B TEKCTOBOM penakTope. Tum mpudra:
Times New Roman Cyr. [Ipu stom:

— mIpU(T OCHOBHOT'O TEKCTA — OOBIUHBIN, pa3mep 14mr;

— mIpUT 3aroJI0BKOB IEPBOTO YPOBHS — MOTY>KUPHBIH, pasmep 16 mrt;

— mpu@T 3aroJIOBKOB BTOPOTO M TOCIEAYIOIIETO YPOBHEH — MOy KUPHBIH,
pa3mep 14 nr;

— MEKCUMBOJIbHBIN UHTEPBAI — OOBIYHBIN. MeXCTpOUHBIN HHTEpBAT -1,5;

— mpudt B Tabiuuax — OObIYHBIA, pazmep 14 nt wmm 12 nr (Bo Bcei
MTOSICHUTEJIFHOM 3aIUCKe JOJDKEH ObITh OJIMHAKOBBIN).

Pazienbl mOoDKHBI KMMETh TOPSIKOBBIE HOMeEpa, OO0O3HAYEHHBIE apabCKUMU
uudpamu, B mpenenax Bcell paboOThl, mocie Uudpbl He CTaBUTCA TOYKA, & TEKCT
HAYMHAETCS C 3arjaBHOU OYKBBI.

B tekcTe paGoThl JOMKHBI MPUCYTCTBOBATH CCHUIKH HA UCTOYHUKH, TPUBEACHHBIC
B CIUCKe nuTeparyphl. [locie ynmomMuHaHUST B KBaJpaTHBIX CKOOKax MPOCTABIISIOT
HOMEP, NIOJI KOTOPBIM 3TOT UCTOYHHK 3HAYMUTCS B CIIMCKE, Harpumep: [25].

Tabnuipl, Ucnoyib3yeMble B paboTe (3a UCKIIOYEHUEM TaOJUIl MPUIIOKEHUS ),
MOMEMIAIOTCA B COOTBETCTBUM C JIOTUKOW M3JI0KEHUS M HYMEpPYIOTCSd apaOCKUMHU
nudpaMu B peenax KakKI0u riaBbl.

[To neHTpy cTpoku 6e3 OTCTyMa ad3ara MUIIETCS:

Tabmuua 1 — HazBanue Tabauibl

3aronoBku rpad ¥ CTPOK TAOIUIIBI HAYMHAIOTCS C MPOMUCHBIX OYKB, 3ar0JOBKHU
noarpad — co CTpoYHBIX. BbicoTa cTpok B TabiuIle 7O KHA OBITH HE MEHEe 8 MM.

NnmrocTpanuu MOTYT OBITh PACTOJIOKEHBI KaK MO TEKCTY, TaK M B MPHUIIOKEHUU.
Nx caemyer HymepoBaTh apaOCKUMM mH(paMu CKBO3HOM HyMepalueu, 3a
WCKIIFOUEHUEM  WUIFOCTPALUMN TPUWIOKEHUM. MOXKHO MCIIOJIb30BaTh  CKBO3HYIO
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HyMmepanu pucyHkoB mno BceMy Tekcty BKP (Pucynok 1, Pucynoxk 2 u t1.71.).
JlonmyckaeTcsi HyMEpoBaTh WILIIOCTPALIMU B Mpenesiax pasneiia, Hanpumep: «PucyHok
1.1». UnmocTtpanuu 10KHBI UMETh HAMMEHOBAHKE, KOTOPOE JOJKHO pPacrlojiaraThCs
noJl HUM. PUCYHOK JOJKEH pacrojiaraTbCsi HUXKE TEKCTa JOKYMEHTa, IJie TEpBBIA pa3
ynomuHaetrcss o HemM. HE JIOITYCKAETCS, uTo06pl umitocTpanius ¥ MOAMKUCH K HEH
pacrojarajiich Ha pa3HbIX CTpaHuIax!

[Tpumep 0603HAYCHHS pUCYHKA PUBEICH HUXKE.
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Pucynox 1.24 — BonpTaMiiepHasi XxapakTepucTuKa CTaOMIMTPOHA U pe3nucTopa Rg

Ha kaxnyro TaOnuiy ¥ pUCYHOK JOJDKHA OBITh CChUIKA B TEKCTE C AHAIM30M
MPUBOJAUMBIX TAHHBIX.

dopmyIbl, colepKalliecs B TEKCTE, BBIIOJIHSIOTCA C IOMOIIbIO peaakTopa
bopmyn. DopMmyibl paclojararoTCs Ha OTAEIbHBIX CTPOKAaX B Hauyaje CTPOKU C
OTCTYIIOM M MMEIT HyMepauuio B mpenenax paszaena. Homep ¢opmyinbsl coctout w3
HOMEPOB pazzena U HoMmepa (OpMYyJIbl, 3aKIIOUEHHBIX B Kpyrible ckoOku. Homep
dbopmyrbl moMemaeTcss B KoHie crpokd. [lox ¢opmynoi npuBoautcs pacmudpoBka
CHUMBOJIOB U YMCJIOBBIX KO3(()ULIMEHTOB, €ClIM OHU HEe ObUIM MOSCHEHBI paHee B TEKCTE.
[lepBas cTpoka pacmiMppoBKH HAYMHAETCSA CIIOBOM «T1Ie» 0e3 JBOETOUHUs MOCIEe HETO.
Beolmie u Hrke Kaxaoi GopMyIibl JOJKEH ObITh UHTEPBAJ HE MeHee 6 TT.

Ccbulkd Ha pas3fienbl, MOAPA3AeNibl, MyHKTHI, (HOPMYJbI, TaOJHUIBI, PUCYHKHU
CIeNyeT YyKa3blBaTh WX TMOPSAKOBEIM HOMEpPOM, HAmpHMep: «B paszene 1», «B
noapazaene 1.2», «mmo opmyse (1.2)», «mo gaHHBIM Tabauisl 1.2y, «Ha pucyHke 1.1».

['padmdeckas 9acTh B BUJE YEPTEKEH SIBISICTCS HEOTHEMIIEMON YaCcThIO MMPOEKTA.

[Tpumep odopmiteHunst CIUCKa IUTEPATYPHI PUBEICH HIDKE.

Cnucoxk auTepaTypbl

Knura ogHOro aBropa




1. Burszes, B.B. BeiiBner-ananus BpeMeHHBIX PSAOB: YueOHOE mocoOue. —
CII6.: Uzn-Bo C.-Iletepb. yH-Ta, 2001. — 58 c.

Knura aByx u 6oJiee aBTOpOB

2. bapkoBa, H.A. Hepazpymaromuii KOHTPOJIb TEXHUYECKOIO COCTOSHUS
TOPHBIX MalIMH U 00opyaoBanus: yueOHoe nocooue. / H.A. bapkosa, FO.C. Jlopoiues.
— Bnagusoctok: U3a-Bo IBI'TY, 2009. — 157 c.

Cratbs U3 )KypHajia OJHOTO aBTOpa

3. AcradbeBa, H.M. BeiiBneT-aHanu3: OCHOBBI TEOPUU W  IPUMEPHI
npumeHeHus// Ycnexu ¢puzndeckux Hayk. — 1996. —T. 166, Nell. - C. 1145 - 1170.

Cratbs U3 )KypHasia 1ByX U 0oJiee aBTOPOB

4. bananun, E.}O., llpo3aenko B.A. JluarHoctrika U aHaiu3 BUOPAIMOHHOTO
coctostnus I'IIH snepro6noka BH-600 / E.}O. bananun, B.A. [Ipo3aenko / W3Bectus
BBICIINX Y4€OHBIX 3aBefieHui. A nepHas snepretuka. - 2009. - N 2. - C. 30-34

DJIEKTPOHHBINA PECYPC

5. CkBopuoB B. Pa3zneneHue WIKOJBHBIX MPEAMETOB Ha 00pa3oBaTENbHbBIE U
BOCMIHUTATEIbHBIE — OIIMOKA: 4YeNIOMHCKUU JKcmepT [DIeKTpoHHBIM pecypc] //
http://regnum.ru. [2011]. URL: http://regnum.ru/news/cultura/1374311.html (mata
obpamenus: 03.03.2011).

2 OCOBEHHOCTHU NIEYATHOI'O MOHTAXA

TexHonorus cOOpKU, MOHTaXXa U PErYIMPOBKU PATUOIIECKTPOHHON anmnaparypsl,
y  KOTOpPOW  3JIEKTPUYECKHE COEIUHEHUS (YHKIIMOHAJIBHBIX  Y3JI0B U
AJIEKTPOPATNOIIEMEHTOB BBINOJHUIUCH KaOENbHBIMU W3AETUSIMH, 00JIaJaeT BBICOKOM
TpynoeMkocThio. OOmas cymma 3arpat Ha 3TH padoTel coctasiseT 60 — 70% ot Bcex
OPSIMBIX TIPOM3BOJACTBEHHBIX PACXOJ0B Ha PaaUONpPUOOp B LEIOM. ITO OOBICHIETCS
ciaboit MexaHu3aIKe COOPOUYHBIX 1 MOHTAKHBIX pabOT, 00YCIOBICHHON TPEXMEPHBIM
PacrojIOKEHUEM PA3JIMYHBIX y3JI0B U TOUYEK coeluHeHH. [leyaTHbie muaThl MO3BOISIIOT
nepeBecTd COOpPOYHBIE M MOHT@XXHBIE DJIEMEHTHI B JIBYMEPHOE MPOCTPAHCTBO W
MEXaHM3UPOBATh TMPOM3BOACTBEHHBIE TpoIecchl. KOHCTPYKTHBHOM OCOOEHHOCTHIO
MEYaTHOM MJIaThl SIBISETCA TO, YTO HA M3OJAIMOHHOM OCHOBAaHWUM HAHOCHTCS TOHKHE
CJIOM 3JIEKTPONPOBOJSILIEIO MeTajlla, UMEIOIIET0 XOpOILIylo aiare3uto ¢ Heil. Takum
oOpa3oMm, meyaTHasi IUIaTa BBIIOJIHSAET OJHOBPEMEHHO (DYHKIIMU HECYIIEr0 OCHOBAaHUS
IS DJIEMEHTOB ¥ X KOMMYTaIlHH.

[ledaTHBII MOHTaX MO CPAaBHEHHUIO ¢ KaOEIbHBIM MOHTa)KOM MMEET CIICIYIOIINe
pPEeUMYIIECTBA:
— TIOBBIIIAET IUIOTHOCTh KOMIIOHOBKHM U MOHTAKa;
— YMEHBUIAeT Maccy U rabapuThl y3ia;
— o0ecrnednBaeT BOCIPOM3BOJUMOCTD psa AJIEKTPOXAPAKTEPUCTUK  (BOJHOBOE

COTIPOTUBIICHUE, MTAPA3UTHBIC EMKOCTH ), YTO YIIPOIIAET HACTPOHKY;
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— TMO3BOJISIET aBTOMATHU3UPOBATh MPOIIECCHl HA BCEX CTAAUAX U3TOTOBJIEHUS MEYATHBIX
IIaT;
— COKpaIlIaeT TPYI0EMKOCTh COOPOYHBIX U MOHTAXHBIX PabOT;
— o0ecreyrnBaeT peMOHTONPUTOHOCTD U JIP.
OpHako MevyaTHbIM IJ1aTaM, 0COOEHHO MHOT'OCIIOMHBIM, MTPUCYIITU HEJOCTATKH:
— YBEIIMYEHHOE BPEeMsi KOHCTPYKTOPCKOM pa3paboTKH;
— HEXeJIaTeJIbHbIe EeMKOCTHBIE U UHIYKTHUBHBIC CBSI3H;
— TPYIHOCTh BHECEHUS] U3MECHECHUA.

B 3aBuCMMOCTH OT CIO0KHOCTH M HA3HAUYCHHUS II€YAaTHBLIC IJIAThl BBIIOJHSIIOT
OJIHOCTOPOHHUMH, JBYCTOPOHHUMH WM MHOTOCJIOWHBIMH, B JKECTKOM WM THOKOM
ucrioHeHnH. JKECTKHMe TMedaTHhIe IUIaThl O0JIaal0T  XOpOoIIeHd MeXaHWYeCKOH
MIPOYHOCTHIO, UX MPUMEHSIOT ISl y3J10B U OJIOKOB. | MOKHME MeyaTHbIe MIAThl 3aMEHSIOT
CJIO’KHBIC KTYThI; OHU OCOOCHHO YJOOHBI B anmapaType ¢ IMOJIBHKHBIMH PaMaMH.

[Ipu KOHCTPYHPOBAHUHU MPUMEHSIIOT CJICAYIONTYI0 TEPMUHOJIOTHIO:

[ICYATHBIA MPOBOJHUK — YYaCTOK TOKOMPOBOJAIIETO CJOS Ha HU30JSIHMOHHOM
OCHOBaHHH;

IICYATHBIA DJIEMEHT — COIIPOTHUBIICHUC, CMKOCTb, HMHAYKTHUBHOCTb MU JIPYI'HC
PaaAruO3JICMCHTBI, IIOJIYIYaCMBIC HA O6HICM C IICYATHBIMHU IMIPOBOJHHUKAMH H30JIAIMHOHHOM
OCHOBAaHUH,

IICYATHBIA MOHTA)XX — CHCTEMa IEYaTHBIX ITPOBOJIHUKOB, 06eCH€‘-II/IBaIOIHa$I
QJICKTPHUICCKOC COCANHCHHEC 3JICMCHTOB CXCMa HUJIN SKpaAHUPOBAHUC.

neyaTtHada CXCMa — CHCTEMaA IICYATHBIX ITPOBOJAHHKOB, IICHATHBIX JJICKTPO- H
Paanuo3JICMCHTOB, HAHCCCHHAA HA U30JEINMOHHOC OCHOBAHHC.

leyaTHas Iulata — HW30JIILAOHHOE OCHOBAHHE C NE€YAaTHBIM MOHTAXXOM WU
MEYaTHOU CXEMOM.

IICYATHBIM _y3€J — T€YaTHasi CXE€Ma C HABECHBIMU JJIEMEHTAMH WU JIPYTUMHU
JETaNsIMU, TIpOIIeAIIas JTambl COOpKH, TaWKM W B CilIydyae HEOOXOJIUMOCTH
BJIArO3aLUTHI.

KOOpJIMHATHAsI CE€TKa — CETKAa, HAHOCHMAas Ha YEpPTEeXK IUIAThl M CIyKamas s
ONPENECTCHNS MOJIOKEHUSI MOHTAXKHBIX W MEPEXOAHBIX OTBEPCTHM, a TAKXKE MEYATHBIX
MPOBOJIHUKOB M APYTUX 3JIEMEHTOB ILIATHI.

[Iar KOOPJAWHATHOW CETKU — MOCTOSIHHASI BEJIMYMHA, ONPEACISIONIAs PAaCCTOSTHUE
MEXAY COCEAHUMMU JIMHUSIMUA KOOPJIMHATHOW CETKH.

Y3€J1 CETKM — TOYKA NEPECEUYCHUS JIMHUM KOOPJAMHATHON CETKH.

0a3a ceTKH — y3eJl CeTKH, MPUHUMAEMBbIN 3a TOUKY Hayaja OTcueTa, Kak MpaBuIo,
3TO JIEBOE€ HUKHEE MOHTAKHOE OTBEPCTHUE IUIATHI WM JIEBBIA HUKHUW YTOJI TUIATHI.

TEXHOJIOTUYECKOE OTBEPCTUE — OTBEPCTUE B MEUYATHOW IUIATE, MPEAYCMOTPEHHOE
JUIS. TEXHOJIOTUYECKUX LEJEd U MCIIOJIb3yEMOE IPH BBINOJHEHUU TEXHOJIOTMYECKUX
OIeparuu;




KOHTAKTHBIM TEPEeX0Jl — TOKOMPOBOISAIIUNA  Y4YacTOK, OOeCHeYrBarONINi

BHGKTpI/I‘-ICCKI/Iﬁ KOHTAaKT MCXKAY IIPOBOJHUKAMH, HAXOAAIMMMHUCA Ha Pa3JIMYHBIX
CTOpOHAaxX MJIN CJIOAX IJIAThI;

IIEPEXOOHOE OTBEPCTHE — KOHTAKTHBIN ICPCXOI, BBINIOJIHSICMBIM B BHUJIC
MCTAJUIM3UPOBAHHOT'O OTBCPCTHA,

MOHTAXHOC OTBCPCTHC — OTBCPCTUC, IMPCAHASHAYCHHOC IJIsI 3aKPCIIJICHHA
BBIBOJAOB HABECCHOTI'O JJICMCHTA,

KOHTAKTHAaA ILIOoIMajJaKa — MeTaJIJII/ISI/IPOBaHHHﬁ Y4aCTOK, OKPY)KaI-OHlI/Iﬁ NN

MPUMBIKAIOIIUA K MOHTOKHOMY OTBEPCTHUIO, HMMEIOIIMN AJIEKTPUYECKUH KOHTAKT C
MeYaTHBIM TMPOBOJHUKOM H  OOECTICUMBAIOIIMN  BO3MOKHOCTh  DJIEKTPHUYECKOTO
COEIMHEHUS HABECHBIX JIEKTPO- U PAJUOIIEMEHTOB CXEMbI C IEYATHBIM MOHTAXOM;

HABECHBIC 3JIEMEHTBI — JJIEKTPO- U PAAUOIIEMEHTBI, a TAKXKE IPOBOJIOYHBIC
MepEeMBIYKH, 3aKpeIJICHHbIE Ha II€YaTHOM IIIaTe CrnocoOOM TalKu M HMEIOIIHe
AJIEKTPUYECKUN KOHTAKT C IT€YaTHBIM MOHTaKOM;

TEXHOJIOTUYECKUN TNPOBOAHUK — BCIOMOTATEIbHBIA II€YATHBIM MPOBOJIHUK,
o0ecreunBaONINN  COCIMHEHUE OT/ACIbHBIX II€UAaTHBIX IIPOBOJHHUKOB B MPOIECCE
W3TOTOBJICHUS], B MTOCIIE/ICTBUN YIAIAEMBIN;

IPYIIIOBAs MalKa — CIOco0 OJJTHOBPEMEHHOTO AJICKTPUUYECKOT0 M MEXaHUUECKOTO
COCIMHCHUS BCEX HABECHBIX 3JIEMEHTOB Ha IMEYATHOM IUIATE IIYTEM OJHOBPEMEHHOTO
BO3JICHCTBUS IPUIIOSA HA BCE KOHTAKTHBIC IUIOLIAIKH;

MapkUpoBKa — OyKBEHHbIE, UU(POBBIE, CUMBOJIMYECKHME OOO3HAYEHUs Ha
MeYaTHOM IJIaTe, HAHECEHHBIE JTIOOBIM CIIOCOOOM C IENIbI0 YKa3aHHUS HOMEpa HaBECHOTO

WJIY TIEYaTHOTO JIEMEHTA, €r0 PACTIOJIONKEHUS U T.1I.;
[OJpPE3Ka KOHTAKTHOW IUIOMIAJAKH — YMEHBIICHUE IUIOIAAKA OTPE3aHUEM I10
XOp€ C UENbI0 YBEIMYEHHUS PACCTOSHUS MEXIY KOHTAKTHOW IUIOMIAAKOW U
TOKOBEAYIIUMH DJIEMEHTAMU CXEMBI;
dboToOpHUTrHHAT — YBEJIWYEHHOE YEpPHO-0€0e KOHTPACTHOE H300paKeHHe

NEeYaTHOW TIJIaThl, NpeAHa3HaueHHOE Uil TOJy4YeHUs HeratuBa (IIO3UTHBA) B
HATYPAJTbHYIO BEIMYUHY.

['OCT  23751-86 ycTaHOBIEHBI CJEAYIOIIME THUIOpa3Mepsl M OyKBEHHBIC
0003HauYeHUs MapaMeTpoB MevYaTHbIX miat (puc. 1,2).
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Pucynok 1 — OqHOCTOpPOHHSISI MeyaTHas IJ1aTa:

H, — TolMHA E€YaTHOM IUIAThl, H, — TOJIIMHA OCHOBAaHHA IEYATHOM IUIATHI, h, —

ToNmMHA POoNbru; b — rapaHTUHHBIN MOACOK; D — IUaMeTp KOHTAKTHOM IJIOIMaaAKy; d
— JHaMETp OTBEPCTUs; S — PACCTOAHUE MEXIY KpasMHU COCEIHHX HJIEMEHTOB
MPOBOJISIIETO PUCYHKA; t — NIMPUHA MEYATHOTO MPOBOJAHUKA; Q — pACCTOSIHUE OT Kpasd
IUIAThI, BBIPE3a, Ma3a A0 JIEMEHTOB ITPOBOISIIETO PUCYHKA.
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PucyHnok 2— /IByCTOpOHHSS eyaTHas Iiara:
H,, — of0mas cymMmapHas TOJIIMHA [E€YaTHOW IUIaThl; h, — TOJIIIMHA XUMHKO-
raJbBaHUYECKOTO IOKPBITHA; h — TOJIIMHA MPOBOAALIEIO PUCYHKA; | — paccTosHue

MEK]ly IEHTpaMHU (OCSIMH ) SJIEMEHTOB KOHCTPYKIIUH TE€YaTHOM ILIATHI.
3 BBIBOP METOJIA U3I'OTOBJIEHUS IEYATHBIX IIVIAT

[TeyaTHBIIT MOHTa)X MOKET OBITh BBITIOJHEH JBYMS MPUHIUITHAIBLHO OTINIHBIMHU
JPYT OT ApyTa crocodoamu:
11



— HaHECEHHWEM IPOBOJSILIEIO PUCYHKA HA U3OJSIIMOHHOE OCHOBAHHUE,
— YyJaJeHHWEeM JIMIIHUX YYacTKOB CIUIOIIHOTO CJIOS METaJUIM3alliH, 3apaHee
HAHECEHHOTO Ha M30JIILIMOHHOE OCHOBAHHUE.

B Hacrosmee BpeMs HauboJblIee pacipOCTPAHEHNE HAIIUIN CIIEAYIOIINE METObI
MOJTyYEHUS TI€YaTHBIX IUIAT:

XUMHUYECKUI — TpaBlieHHE (DONBTUPOBAHHOTO IUAJIEKTPUKA 0€3 MeTaTu3alluu
MOHTaKHBIX OTBEPCTHUH;

KOMOMHHMPOBAHHbIH — KOMOMHAIIMM TEXHOJOTMYECKMX IPUEMOB TpPaBJICHUS
(OJIBTUPOBAHHOTO  JIUANEKTPUKA C MOCIEAYyIOIIEed MeTaulM3alued MOHTaKHBIX
OTBEPCTHM.

Bre16op MeToza M3roTOBJIEHMS MEUYaTHBIX IUIAT HEOOXOAWMO MPOM3BOAUTH MpPHU
ACKM3HON KOMIIOHOBKE ammapaTyphl, B MPOIECCe KOTOPOW OMPEIENSIIOTCS OCHOBHBIC
rabapuTbl M TUIOpa3Mepbl NEYAaTHBIX IUIAT M TpeOyemasl Ui JaHHOIO U3JeNus
IUIOTHOCTh MOHTaxka. llpu BbIOOpe MeToAa cienyeT HMCXOIUTh U3 AJIEKTPUUECKUX
MapaMeTpoB CXEMbl H3ZCNHUs, MPUMEHSEMOW 3IEMEHTHOW 0a3bl, KINMaTUYECKUX U
MEXaHMYECKUX TpPeOOBaHWN, TPEABSIBIIEMBIX K KOHCTPYKIIMHM ammapaTypbl, |
oOecrniedueHrs HeoOX0JUMON HACKHOCTH €€ B PA3IMYHBIX YCIOBUAX IKCILUTyaTaIlHH.

4 TPEBOBAHUSA K MATEPUAJTY OCHOBAHUA U TOKOHECYLIUM
IMNPOBOJHUKAM
He3aBucuMo ot croco0a HaHECEHUs K TOKOHECYIIMM TEeYaTHBIM MPOBOJHUKAM

MPEIBSIBISIOTCS CIEAYIOIMNE TPeOOBAHMS:

— TICYaTHBIA MPOBOJHHUK JIOJDKEH 00JIalaTh yAETbHON MPOBOIUMOCTBIO, OJIM3KOHM IO
CBOCH BEIMYMHE K YJEIbHOM MPOBOAMMOCTH MEIHBIX  XOJOJHOTSHYTHIX
IIPOBOJTHUKOB;

— TUIOMAAh TOTIEPEYHOTO CEYCHHS M TOBEPXHOCTH MEYATHOTO MPOBOJHHUKA IOJIKHBI
COOTBETCTBOBATh  IUIOTHOCTH TOKOB M  padOYWM  YacTOTaM  JIaHHOTO
(GYHKIIMOHAIBHOTO Y3714, JJII KOTOPOTO pa3padaThIBacTCs IEYATHBIM MOHTaX, a
TaKXKe JIOMyCTUMOMY IIaJICHUIO HAIPSOIKEHUS HAa OTIEIBHBIX ydacTkax. [Ipu aTom
MUHHUMAJIbHAsE IIIHPUHA TPOBOJHUKOB JIOJDKHA YCTAHABIMBATHCA C YYETOM
TEXHUYECKUX BO3MOXHOCTCH M3TOTOBIICHUS M MEXaHUYECKON MPOYHOCTH UX
CIICTIJICHUSI C OCHOBaHHUEM;

— HE3aBUCUMO OT TOJIIIWHBI, IUPUHBI U JIMHBI IEYATHOTO MPOBOJHUKA HAHECEHHBIN
MeTaJul JOJHKEH UMETh OMPEACIICHHYIO are3uio, KOTOpas He JIOJDKHA yXYAIIAThCs
npu pabore (PyHKIIMOHAILHOTO y37la B pabodyeM HWHTEpBaje TeMIlepaTryp W TpH
KpaTtkoBpeMeHHOM Bo3jelcTBuu (10...15 ¢), npu temnepatype 270°C (Temmeparypa

12



HarpeBa npu rpynmnoBoi maiike nmpunoem [1OC — 61). Marepuan ocHOBaHHSI TOTKECH
UMETB;
MaJyro BEIMYHHY AUDJIEKTPUUECKHUX MOTEPh B paboueM Juana3oHe paguovyacToT;
MUHHMAaJIbHYIO JUAJIEKTPUUECKYIO TPOHUIATEIbHOCTD;
BBICOKYIO 3JIEKTPUYECKYIO IPOYHOCTH;
00JIbIIIKE 3HAYCHHSI IOBEPXHOCTHOTO U OOBEMHOTO COTIPOTHUBIICHUS;
BBICOKYIO HarpeBOCTOHKOCTB, JIOIYCKAIOIIYI0 KpaTkoBpeMeHHbIH Harpes (10...15 ¢)
1o 270°C;
BBICOKYIO MEXaHUYECKYIO IPOYHOCTh MPU HEOOJBIIUX TONIIUHAX;
yIIOBIIETBOPUTENIbHBIE CBOMCTBa 0OpabaThiBaeMOCTH (CBepiieHHE, (pe3epoBaHUeE,
IITAMITOBKA);
BBICOKYI0O XMMHUYECKYIO CTOMKOCTh W HEU3MEHHOCTh CBOWCTB MPHU BO3ICHCTBUU
XOJIOIHOM M TOpSYe BOJBI, 3JIEKTPOJIUTOB, KHCIIOT, IIEIOYEH, OpPraHUYECKUX
pacTBOpUTENIEH M APYIMX XHMHWYECKHM AKTHBHBIX BEUIECTB, IPUMEHSEMBIX IIPU
M3rOTOBJICHUH [T€YATHOTO MOHTAXKA;
TEMIIEpAaTypHbId  KOA(Q(UIMEHT  JTUHEHHOTO  pacIllIMpeHus,  OJM3KUKA K
TEeMIIEpaTypHOMY KO3(P(ULIHUEHTY JIMHEMHOTO PaCIIUPEHUs (POJIbIH;
[OBEPXHOCTh OCHOBAaHMs JOJDKHA OBITh IUIOCKOM, ©€3 OyrpoB W BHAIUH IS
IOJIyYE€HMS BBICOKOKAQ4€CTBEHHOI'O PUCYHKA I1€YaTHOTO MOHTAXKA;
BBICOKHE aJICOPOIIMOHHBIE CBOMCTBA K KIIEIO.

Martepuaibl, peKOMEHAYEMbIE JJIsI U3TOTOBJIEHUS MEYaTHBIX IJIaT, IPUBEICHBI B

Tadimuue 1.
Tabnuna 1 —CBoiicTBa MaTepHAIOB, PEKOMEHAYEMBIX JIJISi U3TOTOBIICHUS
EeYaTHBIX I1JIaT
Mapka mMarepuana
ITokazaTenu
Io-1, Td-2 CD-I, CP-2
[TnotHOCTH ¢ (hONTBroi, T/cM 18-2,0 1,9-2,90
[TnotHOCTH G€3 (honbru, r/cm 13-14 16-1,85
IIponen nmpoyHocTy npu pacTskeHuu, Mma 78 186
Bononornomenue, % 5 3
VY aensHOE MOBEPXHOCTHOE JIJIEKTPUUECKOE 10° 101
conpotuBnenue, OM cM, HE MeHee
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YaensHOe 00bEMHOE STEKTPHUECKOE 10° 101
conpotusiieHue, OM cM, HE MEHee
TaHreHc yriia JudaeKTPUIEeCKUX OTEPh MPU

0,038 0,045
yacrote | MI'11, He Goitee
JysnexkTpudeckasi MPOHUIIAEMOCTh MTPpH YacToTe | 7 6
MT 11, He Gonee

5 OCHOBHBIE ITAPAMETPBI U PASMEPBI IIEYATHBIX IIVIAT

IIo TOYHOCTH BBINOJHEHHUS AJIEMEHTOB KOHCTPYKLHH II€YaTHBIC ILIAThI ACIIATCS
Ha 4 kiacca. Kimacc TOUHOCTH yKa3bIBAaIOT Ha yepTexe miatbl. HoMuHanbHbIE 3HAUEHUS
OCHOBHBIX ITAPAMETPOB 3JEMEHTOB KOHCTPYKLUMHU IT€YATHOM IUIATHI JUIS Y3KOTO MeECTa
MIPUBEICHBI B Ta0IUIIE 2.

[Tpu pa3paboTke KOHCTPYKIMM U3Jeaus MeuyaTHele Mmiuatel POA  crienyer
CTPEMUTCS K OTpaHMYEHHOMY KOJIMYECTBY THUIOpa3MepoB IuiaT. Pa3zpabarbiBacMmble
NeYaTHBIE IJIAThl PEKOMEHAYETCS BbIOMpaTh npsiMoyroiibHoM popmel mo 'OCT 10317-
79.

MakcuManbHble pa3Mepbl I€4aTHOM IUIATHl JUIA KaXJAO0ro Kiacca TOYHOCTHU
JOJKEH OBITh HE 3HAUEHUI IPUBEICHHBIX B TaOIHIIE 3.

Compsiraemble  pasMepsl  KOHTypa IUIATBl  JIOJDKHBI  HMMETh  IIPEJACIIbHBIC
otkioHeHus no 12-my kBasmmrery OCT 4. 010.004, HeconpsAraemsie KOHTYpBI 110 14-My
kBanutery OCT 4.010.004. TonmurHa ne4aTHOM IUIaThl BBIOUPAETCS] B 3aBUCUMOCTH OT
UCIIOJIb3yeMOM DJIEMEHTHOW 0a3bl M BO3JICUCTBYIOIIMX MEXaHUUYECKHX HAarpy3okK H3
CIEAYIOMMX NpeAnouTUTENbHbIX 3Hauenuit: 0,8; 1,0; 1,5; 2,0 mMm. Illar koopauHaTHOM
CETKH BBIOMPAIOT 10 Taduie 4.

Ta6nuna 2 —HomuHanbHBIC 3HAYCHHUSI OCHOBHBIX ITapaMETPOB
MIPOBOJISIIETO PUCYHKA IUIATHI IS Y3KOTO MECTa, MM

[TapameTpsl IPOBOIAIIETO Knacc Tounoctu

Pucynka nnatsl 1 2 3 4
[[InprHa mpoBOIHUKA 0,75 0,45 0,25 0,15
Paccrosinue Mexy kpasmu

COCEIHUX DIIEMEHTOB 0,75 0,45 0,25 0,15
["apaHTHITHBIN TIOSICOK 0,30 0,20 0,10 0,05




Tabmuua 3 -MakcuManbHble pa3Mepbl IEYATHON MJIaThl, MM

Bupg nnater Knacc Tounoctu

1 2 3 4
OnHOCTOPOHHSIS 1o 470x470 1o 470x470 1o 400400 no 240x240
JIByCTOpOHHSIA 1o 470x470 1o 470x470 1o 400x400 o 180x180

Ta6nuna 4 — BenuuuHa 1mara KOOpJIMHATHOW CETKU

Kiacc Tounoctu 1 2 3 4
[ITar koopuHATHOM 2,5 2,5 1,25; 2,5 1,25; 2,5
CETKH (1,25) (1,25) (0,50) (0,50)

[Ipumeuanne. B ckoOkax aHbl HEMPEAMOYTUTEIbHBIC 3HAUCHUS.

JlnamMeTp MOHTQXHBIX U TIEPEXOJIHBIX OTBEPCTUH METAUIU3UPOBAHHBIX U
HEMETAINTU3UPOBAHHBIX J0JbKeH cooTBeTcTBOoBaTh [[OCT 10317-79.

[IpennmouTuTenbHbIE pa3Mepbl MOHTXXHBIX OTBEPCTUM BbIOHMparoT u3 psaga: 0,7;
0,9; 1,1; 1,3; 1,5 mMm, a nepexosiubix otBepcTuii — 0,7; 0,9; 1,1 Mm.

HoMunasibHO€ 3HaUEHUE TUaMEeTpa MOHTAXKHOTO OTBEPCTHUS (MM) ONIpEEseTCS:

d=d,+r+(ad,,),

rae d, — MakCHUMaJIbHOE€ 3HAYCHUE [HAMETPa BbIBOJA HABECHOIO JJEMEHTA,

YCTaHaBJIMBAEMOI'O Ha IIJIATY,

r  — pPa3HOCTh MEXJIYy MHUHUMAJIbHBIM 3HAYEHUEM JUaMeTpa OTBEpPCTUS U
MaKCUMQJIbHBIM ~ 3Ha4€HUEM JuaMeTpa BbIBOJA YCTAHABJIMBAEMOIO
DJIEMEHTA,

Ad. — HIDKHEe TpeAebHOE OTKJIOHEHHE HOMHUHAJIBHOTO 3HAYCHMs Auamerpa

OTBEPCTHSL.
JluaMeTpsl MOHTaXXHBIX OTBEPCTHUH BBIOMPAIOT TaK, YTOOBI Pa3HOCTh OblIa B
npenenax 0,1 — 0,4 mm.
[IpenenpHble OTKJIOHEHHUSI Pa3MEpPOB JIUAMETPOB MOHTAKHBIX U MEPEXOIHBIX
OTBEPCTHI YCTAaHABIMBAIOT B COOTBETCTBHHM C TadI:. 5.
Tabnuna 5 —[IpenenpHble OTKIOHEHUS TUaMETPOB MOHTAKHBIX M TIEPEXO0THBIX
OTBEPCTUH, MM

Pazmep Hamnune Kiacc Tounoctu
OTBEpCTHS, MM MeTaJlJIu3alun 1 2 3 4
Mo 0,1 Her +0,10 +0,10 +0,05 +0,05
Ectp +0,10 +0,10 +0,05 +0,05
—-0,15 -0,15 —-0,10 —-0,10
Cspie 1,0 Her +0,15 +0,15 +0,10 +0,10
Ectp +0,15 +0,15 +0,10 +0,10
—-0,20 —-0,20 —-0,15 —-0,15
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HoMuHanbHOE 3Hau€HNE MUPUHBI IPOBOJHKUKA t B MAJUTMMETPAX PACCUUTHIBAIOT
o ¢opMmyiie:
t=t,, +|Aty|,
rae t,, — MHUHHMMAJbHO JOIMYCTUMAs IIMPUHA IPOBOAHHKA;

AtHO — HHWIKXHCC IIPCACIbHOC OTKIIOHCHHUC IINUPHHBI ITPOBOIHHKA.

MUHUMAIBHO JOMYCTHUMYIO IIMPUHY IIEYATHOTO IPOBOJHHMKA OMPEICISIOT C
WCITOJIb30BAaHUEM PHC. 3.

[TpenenpHBIE OTKJIOHEHWS IMUPHHBI IEYATHOTO TIPOBOJHWKA, KOHTAKTHOW
TUTONIAIKM, KOHIIEBOTO IEYAaTHOIO KOHTAKTa, dKpaHa At JUIS y3KOro MecTa JOJDKHBI
COOTBETCTBOBATh OTKJIOHCHUSM, YKa3aHHBIM B Ta0JI. 0.

Ta6nuna 6 —[IpenenbHoe OTKIIOHEHHE UPHUHBI TPOBOJHUKA OT HOMHUHAJIBHOTO
3HAYCHUS, At, MM

Mertannuzainus Knacc TounocTu
1 2 3 4
be3 mokpeiTus +0,15 +0,10 +0,03 +0,03
-0,15 -0,10 —-0,05 —-0,03
C nmokpsiTHEM +0,25 +0,15 +0,10 +0,05
-0,20 -0,10 -0,08 -0,05

HoMmuHanbHO€ 3HAYEHHWE PACCTOSHUS  MEXKIY COCEIHUMH  DJIEMEHTaMH
MPOBOASIIETO PUCYHKA S B MIJJTUMETPAX OMPEACIISIIOT 10 hopmyJie:
S=S g T Mg

rac SMH — MHHHMAJIBHO JOIIYCTHMOC PAaCCTOAHHC MCKIAY COCCAHHMMH 3JSJICMCHTAMHU

IPOBOJSIICIO PUCYHKA,
Aty — BEpPXHEEC OTKJIOHCHHC IIMPUHBI IPOBOJHHKA.

S, BBIOMpPAIOT M3 pacyeTa 0OECIEYEHUS NEKTPUYECKON MPOYHOCTU H30JIALUH

mo tabn. 7 u 8.
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[IIupuna npoBoHKKA t, MM. Bennunna Toka J, A
Puc. 3. Harpy3ouHas criocoOHOCTh I€YaTHOTO MPOBOIHUKA TIO TOKY:
S — mIomAaab NONEPEYHOrO CEYEHHs NEYaTHOTO IMPOBOAHMKA, MM?; h — TOIIIMHA
IIEYaTHOI O MPOBOJHUKA, MM; T — TeMIleparypa OKpyaromen cpensl, °C.

Tabnuma 7 — Pabouee Hanpsixenue, B
Paccrosinne mexny ‘ Bun nusnexrpuka
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AJIEMEHTaMU TPOBOISAIIETO letunakc  ¢onbrupoBanHbiii | CTEKIOTEKCTOIUT
pHCYHKa, S , MM To) ¢donbrupoBanuslit (Cd)
Ot1 0,1 mo 0,20 - 25
Cspire 0,20 1o 0,30 - 50
Cspie 0,30 mo 0,40 75 100
Csoie 0,40 mo 0,50 150 200
Cspire 0,50 g0 0,75 250 350
Cspire 0,75 mo1,50 350 500
Cseie 1,50 go 2,50 500 850

3HadyeHUs AOITYCTHUMBIX pa60‘{I/IX HaprDKGHI/Iﬁ MCIKAY JICMCHTAMU IIPOBOJAIICTO
PUCYHKA, PACIIOJOKCHHBIMU HAa HAPYXKHOM CJIOC IIeYaTHOM IJIaThI, IIPUBCIACHLI B TabmI.

8.

Ta6nuna 8 — Jlomyctumoe paboyee HaMpsHKEHUE MEXTY dJIEMEHTaMu T1aThl, B

Paccrosinue mexny
3JIEMEHTaMH TTPOBOISAIIETO

Hopmasnbsnsie ycnosus

Bnaxuocrtp *

Mapka marepuana

Mapxka matepuana

PHUCYHKA, PaCIIOJIOKEHHBIMU B [o-1, Co-1, I'd-1, Co-1,
OJIHOM CJIOE, MM ro-2 Co-2 Ir'e-2 CD-2
Ot 0,15 mo 2,00 - 25 - 15
Capire 0,20 g0 0,30 30 50 20 30
Cseiie 0,30 7o 0,40 100 150 50 100
Cseiie 0,40 g0 0,70 150 300 100 200
Capire 0,70 go 1,20 300 400 230 300
Cspie 1,20 go 2,00 400 600 300 360
Cseiie 2,00 go 3,50 500 830 360 430
Cseiie 3,50 g0 5,00 660 1160 500 600
Cspire 5,00 go 7,50 1160 1500 660 830
Cspimre 7,50 go 10,0 1300 2000 830 1160
Cseirie 10,0 go 15,0 1800 2300 1160 1660

* OtHOCUTENBbHAS BIaXKHOCTH 93% mpu 40°C.

3Ha4eHUs1 MO3ULUMOHHBIX JIOIYCKOB PACIOJIOKEHUS OCEW OTBEPCTHH T,

JTUaMEeTPaIbHOM BBIPAKEHHUH MPUBENICHBI B Ta0II. 9.

Tabnuua 9 — T1o3UIIMOHHBIN TOMYCK pacloiIoKeHus oceil orBepcTus T, , MM

B

Pazmep mnewaTHOM mIaThI

Knacc TounocTy miaTel

10 OOJIBITICH CTOPOHE, MM 1 2 3 4

Jlo 180 0,20 0,15 0,08 0,05
Cssize 180 mo 360 0,25 0,20 0,10 0,08
Csrinze 360 0,30 0,25 0,15 0,10

3HaYeHUs TMO3UIIMOHHBIX JOMYCKOB PACHOJIOKEHUSI IIEHTPOB KOHTAKTHBIX
IJIOIIAJ0K T, B AMAMETPAbHOM BhIpa)KEHUHU MpUBEAEHBI B Ta0. 10.
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Tabnuna 10 — ITo3UIMOHHBINA JOMYCK PACTIONOKEHHS LIEHTPOB KOHTAKTHBIX TUIOMIAI0K

Ty, MM
Bupg uznenust | Pa3mep nedatHoi miaThel 1o Kiacc Tounoctu miaTel
0oJbIIICH CTOPOHE, MM 1 2 3 4
OIIIT, AITIT o 180 0,35 0,25 0,15 0,10
Cspimze 180 go 360 0,40 0,30 0,20 0,15
Csbrie 360 0,45 0,35 0,25 0,20

3HaueHUs MMO3NIMOHHBIX JOITYCKOB PACIIOJIOKCHUS IICHATHOI'O IIPOBOAHHKA TI

OTHOCUTEJIBHO COCEJIHETO JJIEMEHTAa MPOBOMASIIET0 PHUCYHKAa B JAMAMETPAIHLHOM
BBIpaKEHUU MPUBEACHBI B Ta0J. 11.

Tabnuua 11 — [To3uImOHHBINA JOMYCK PaCIOIOKEHUS IEYaTHOTO MPOBOAHUKA T,, MM

Bun uznenus Knacc ToyHOCTH M1aThI
1 2 3 4
OIIIT, JITIT 0,2 0,10 0,05 0,03

Pacuer HauMeHBIIEr0 HOMHMHAJIBHOIO JMAMETPAa KOHTAaKTHOW IUIOLIAAKU
POU3BOJAT MO (hopMyJIe:
D = (d + Adgo )+ 2b+ Aty + (T2 +T2 + Atfo)y2 ,
rie d — HOMHUHAJIbHOE 3HAYEHHUE IUAMETPAa MOHTaXHOTO oTBepcTus, (1);
Adg,— BEpXHee MpeaeTbHOe OTKIOHEHHE TuaMeTpa oTBepctus (Tadm. 5);

b — rapaHTulHBIN NOsCOK (TA0. 2);
Aty, — BEpXHEe MpeaeTbHOE OTKIOHEHHUE IIUPUHBI MPOBOIHKKA (TabII. 6);

T, — 3HAYCHWE TMO3UIMOHHOTO JOIMyCKa PACIOJOXKEHUsSI IIEHTPOB OTBEPCTUM
(Tabm. 9);

T, — 3HAYCHHWE MO3HWIIMOHHOTO JIOMYCKa PACIOJOKEHUSI HEHTPOB KOHTAKTHBIX
mIomaaok (tadsm. 10);

At — HWKHEE TMpeACIbHOC OTKJIOHECHHWE JWaMeTpa KOHTAKTHOW ILIOIIAIKH
(Tabmn.s).

HauMenbliee HOMHMHAIBHOE pPACCTOAHUE JJIs MPOKIAAKH N-TO KOJIMYECTBA
MIPOBOJTHUKOB PACCYUTHIBAIOT TIO pOopMYyIIE:

|:ﬁ

24t-n+S-(N+1)+T,,

rae D,, D, — nuaMeTpbl KOHTAKTHBIX IJIOIIAJI0K;

N — KOJHUYECTBO MPOBOJAHHUKOB,

t — mMpHUHA MPOBOAHMKA ( Tadxd. 2 );

S — pacCTosiHHME MEXIy KpasMH COCETHHX 3JIEMEHTOB IMPOBOJSIIETO PHUCYHKA
(Tabm. 2);
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T, — 3HAYEHHs MO3MIIMOHHOIO JIOMYCKa PACIOIOXEHHUS MMEeYaTHOrO MPOBOIHUKA
(tabum. 11).

6 HOCJIEAOBATEJIBHOCTb KOHCTPYUPOBAHMUSA MMEYATHOM
IIJIATBI

Pa3paboTka KOHCTPYKIIMW TIEYaTHOW IUIATHI BKJIOYAET CIICAYIONNE OCHOBHBIC
ATaIlbL:

— M3y4YeHUE TEXHUYECKOIo 3a/IaHMsl Ha u3zenne (meyaTHbli y3ei, 0J0K), B COCTaB
KOTOPOTO BXOJHUT KOHCTPYHpyEMas IIaTa;

— BBIOOp THUIIA TICYATHOM TIJIATHI;

— BBIOOP KJ1acca TOYHOCTH;

— BBIOOp TrabapUTHBIX pa3MepPOB U KOH(PUTYpaALMU I€YaTHOW IJIaThI;

— BBIOOp MaTepuaia OCHOBAHUS M€YaTHOM IJIATHI,

— pa3MEIIECHNE HABECHBIX 3JIEMEHTOB Ha MEYaTHOM IJIaTe;

— TpacCUpPOBKa MIPOBOJHUKOB, Pa3MEIIECHUE FJIEMEHTOB MPOBOISIIETO PUCYHKA Ha
MICYaTHOM 1JjaTe;

— pa3paboTKa KOHCTPYKTOPCKOM JOKYMEHTAIIUH.

Ha ocHoBanum TpeOOBaHUN TEXHUYECKOTO 3aJlaHUsl OIPEACISIOT yCIOBUS
AKCIUTyaTalli, XPaHEHHUs] U TPAHCIOPTUPOBAHMS NEYATHBIX IJIAT. B 3aBUCUMOCTH OT
YCIOBUM  OKCIUTyaTalldd OMNPENESIOT TPYIIY IKECTKOCTH, O0O0YCIIaBJIMBAIOIIYIO
COOTBETCTBYIOIIME TPEOOBaHUS K KOHCTPYKIIMU ILJIATHI, UCIOJB3YEMOMY MaTepHUaly
OCHOBaHMsI, IPOBOASIIEMY PUCYHKY U HEOOXOJAMMOCTU NMPUMEHEHHUS JTOTOJIHUTEIIbHON
3aIIUTHI OT KIIMMAaTUYECKUX, MEXaHUYECKUX U JPYTUX BO3ACUCTBUI (Ta0md. 12).

[Ipu BBIOOpE THIIA TMEYATHOW TUIATHI YYHUTHIBAIOT TEXHUKO-DKOHOMUYECKUE
MOKa3aTellu.

[TeuatHsle TaTel 1 U 2-TO KJIACCOB TOYHOCTU HauOoOJie€ MPOCTHI B UCIOJHEHUH,
HAJIC’KHBI B SKCIUTyaTallui U UMEIOT MUHUMAaJIbHYI0 CTOUMOCTb.

[leyatnpie mmatel 3 W 4-rO KJIACCOB TOYHOCTH TPEOYIOT HCIIOJIb30BAHUS
BBICOKOKAQYECTBEHHBIX  MaTepHaJioB, MHCTPYMEHTa U OOOpYJAOBaHHUS, OTpaHUYCHUS
rabapuTHBIX Pa3MEPOB.

7 KOMITIOHOBKA Y3JI0B 1 CYBEJIOKOB PAJIMOSJIEKTPOHHOUI
AIIITAPATYPBI
KoprycHble MHKpPOCXEMBI MOXHO pa3IelTh Ha JiBa KJIAcCa: MHUKPOCXEMBI B
KopIlycax CO IUTBIPEBBIMM BBIBOJAMU U B KOpIIyCaX M B KOpIycax C INIAHAPHBIMU
BbIBOJlaMU. KOHCTpyKIUS BBIBOJIOB MPHUBOJUT K HEOOXOJUMOCTU HCIOJIb30BAHUSA
Pa3IMYHBIX METOJ0B YCTAHOBKHU U 3aKPEIJICHUS MUKPOCXEM Ha ITIOBEPXHOCTHU I1€YATHBIX
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mwiat. CymHocTs U ocobeHHocTu MeTo10B oTpaxkensl B OCT 4I'0. 010.009 u npyrux
CTaHAapTax M 3aKJI0YAIOTCS B CIECIYIOLIEM.

KopnycHble MHTErpajibHble MHKPOCXEMBbI PACHOJAraroTCs Ha NEYaTHOW IuIaTe
psaamu. Illar ycTaHOBKM MHKpPOCXEM ONPENENSIETCd C YYE€TOM KOHCTPYKTHUBHBIX
apaMeTpoOB KOPIyCa MHKPOCXEMBI, CJIOKHOCTH 3JIEKTPUYECKON MNPUHLMIIMAIBHON
CXEMBbI, TeMIIepaTypHBIX TpeOOBaHMIA, MeTo/1a Pa3pabOTKU TOTMOJIOTHH MEYaTHBIX TUIAT
(py4HOl WM aBTOMAaTU3UPOBAHHOW) U AP.

[Ilar ycTaHOBKM MHKPOCXEM CO IITHIPEBBIMHU BBIBOJAMH JIOJIKEH OBbITh KPAaTHBIM
2,5 mMm. MeTo1 yCTaHOBKHM U KPEIUIEHUSI MUKPOCXEM JIOJKEH O0ecneunBaTh JOCTYI K
0001 MUKpOCXEME U IIPU HEOOXOIMMOCTH BO3MOXHOCTHU €€ 3aMEHbI, a IEPBBIA BHIBOJ
MUKpPOCXEMBI JIOJDKEH COBMENIAThCS € KIHOYOM KOHTAKTHOM IUIOIIAAKA NEeYaTHOU
miaTtel. KoprycHble MHKpPOCXEMBI CO IITHIPEBBIMU BBIBOAAMH, PACCTOSHHE MEXIY
BBIBOZIaMHU KOTOPBIX HEOJAHOKPATHO 2,5 MM, pacloiararoTcsi Ha II€4aTHOM IUIaTe TaKUM
o0Opa3oM, 4TOObI OJIMH WJIM HECKOJIBKO BBIBOJOB MHUKPOCXEMbI COBIAJAIN C Y3JIaMU
KOOpAMHATHOM ceTku (puc.4)

PacronoxeHne MUKpOCXeM B KOpOycax C IUJJaHAPHBIMH BBIBOJAAMHU H
OECKOPITYCHBIX MHUKPOCXEM OTHOCHUTEIbHO KOOPJMHATHOM CETKM IME€YaTHOM IUIAThI
ONpPENENSIETCS UX Pa3METKOM Ha Iuiate. Takue MUKpPOCXEMBI CIEAyeT pa3MelaTh C
Y4E€TOM CHUMMETPUYHOIO pACIIOJIOKEHUS BBIBOJAOB OTHOCHUTEJIIBHO KOHTAKTHBIX
IJIONIA/IOK (puc. 5).

Tabmuua 12 — BenuunHa BO3IEUCTBYIOIIMX Ha TUIATy (PaKTOPOB

. I'pynma xecTkocTu
HanmeHnoBaH#e BO31EHCTBYIONIETO
haxTopa 1 2 3 4

Temnepa-
Typa Bepxnee 3Hauenune | 55 85 85 100
OKpYyXKa-
roreH Huxnee 3naueHue -25 -40 -60 -60
cpensl, °C
BrnaxrocTs Bo3ayXa, % 75* 95** 98* 98*
N3menenue temnepatypsl cpensl, °C Ot 40 Ot -60 Ot -60 Ot -60

1o +35 1o +60 1o +85 1o +100
Jlo6aBnenwue, klla (MM pT. cT.) HOII);::HB_ (?365’;) (265’(;) 0(’56)7

* mpu Temneparype 35°C.
** npu Temnepatype 25°C.

[Ipu ycTaHOBKE KOPITYCHBIX MUKPOCXEM CO IITHIPEBBIMU BBIBOJIAMH Ha NIEYATHYIO
IJIaTy PYKOBOJICTBYIOTCS CIICIYIOIIUMH COOOpaKE€HUSMH, BHIPAaOOTAaHHBIMU MPAKTUKOM

cOOpKHU:
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— BEJIMYMHA BHICTYIAIOIICH YaCTH BBHIBOJOB HAJl TOBEPXHOCTHIO IUIATHI B MECTaX MAaWKH
noykHa ObITh B mipeaenax 0,5 ...1,6mM;

KogpduHamHas KogpduHameas
cemka cemka

SR

K J <‘ 2/
: I g

PucyHok 4— PacniosioxeHrne MUKPOCXEM CO IITHIPEBBIMU BBIBOJIAMU
Ha NIEYaTHOM IJIaTe: a — PACCTOSHHUE MEXK/Ty BBIBOJIAaMU PaBHO 2,5 MM. O — paccTosiHue
MEK]ly BBIBOJaMHU HE paBHO 2,5 MM. 1 — njaTa neuyaTtHasi; 2 — BBIBOJ, MUKPOCXEMBL.

J

PucyHok 5— PacrnosiosxkeHne MUKpOCXEM C IUIaHAPHBIMU BBIBOJIAMH
Ha MeyaTHoU miare: 1 — MuKkpocxema; 2 — rjiata rnedatrHasi; 3 — nepBblid BBIBOJ
MHUKPOCXEMBI; 4 — TJIOIIAIKa KOHTAKTHAs;, 5 — KITIOY.

— Ju1g oOecrieyeHHsl IEMOHTa)ka KOpITyca 3a30p MEX]y KOPIyCaMU B OTHOM 3
HaIpaBJICHUN YCTaHOBKHM JIOJKEH OBITh HE MeHee 1,6 MMm.

YcraHoBKa KOPIYCHBIX MHUKPOCXEM C IUIAHAPHBIMH BBIBOJIAMH MOKET OBIThH
BBITIOJIHEHA C 3a30pOM WM 0e3 Hero. MHorma Kopiyc MUKPOCXEMbl yCTaHABIMBAIOT HA
nepPoprUpoOBaHHYIO IJICHKY, KOTOPYIO MPHUKJIEUBAIOT K MOBEPXHOCTH MEYATHOM IIAThI
HutpokiieeM AK-20. B psnme ciaydaeB KOpIyC MHUKPOCXEMBI YCTAHABIMBAIOT Ha
MPOKJIAJKM M3 M3O0JALMOHHOIO MaTepHuaia, KOTOpbIe KIEATCS K IeYaTHOM IuiaTe
snokcuaHbIM KieeM BK-9. Pasmep npoxianok BeiOMpaeTcst u3 cootHouenus 6,5 X 0,3 X

L, rme L — qnuHa psma MUKpocxeM, pa3MelniaeMblX Ha IuiaTe. B kadecTBe marepuana
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JUTSI TIPOKJTAJIOK OOBIYHO MCTIONB3YIOT CTeKI0TeKCTOMUT BT®-C TY — 35 — XI1 — 814 —
65 TommuuoM 0,3 MM.

['uOpuaHbIE MUKPOCXEMBI TOBBIIICHHOW CTETICHH HWHTETPAIlUU PEKOMEHIYETCS
yCTaHABJIMBATh NEYaTHBIC TUIATHl U HECYIIME PAMKHU C TIOMOUIBI0 KOMITAYHJIOB U KJIEEB
(YkazaHHBIX B  TEXHMYECKMX  VYCIOBHUSIX Ha  MHKPOCXEMbI),  00JIaJalomux
IeMI(UPYIONTMMU CBOWCTBAMH W HE OKAa3bIBAIOIIUX OTPHUIIATEIHLHOTO XUMHYECKOTO
BO3JICUCTBHS HA KOHCTPYKIIMIO M MaTEpUal MUKPOCXEM.

B 3aBucumMocTH OT pa3MepoB KOHCTPYKLIHMHU KOPITYCOB, a TaK >K€ METOJIOB
NPOEKTUPOBAaHUS (PYYHOM WM aBTOMATU3UPOBAHHBIN) IIAar YCTAHOBKH MHKPOCXEM
MOKET OBITh BBIOpaH 13 Tab1.13.

Tabnuna 13 — PekomeHayemblii IIar yCTaHOBKA MUKPOCXEM Ha IJIaTe, MM

Tum Kopiryca MEKpPOCXEM
[ITar ycTraHOBKH Py P

MHUKPOCXEM, MM 401.14-1 301.8-1
401.14-2 301.8-2
12,5x12,5 —
12,5x 15,0 —
12,5x 17,5
12,5x 20,0
12,5x 22,5
15,0 x 15,0
15,0x 17,5
15,0 x 20,0
15,0x 22,5
17,5x 17,5
17,5x 20,0
17,5x 22,5
20,0 x 20,0
225x 22,5

201.14-1 151.15-1

+|+ |+
|
|

+|+ |+
|

+|+
+|+

||+ + |+ ]+
||| H |+ ]|+ +

++]|+ ]+
+|+|+]+

[Ipumeuanne. 3HaK “+* COOTBETCTBYET PEKOMEHAYEMBbIM IlIaraM YCTaHOBKHU
MHKPOCXEM Ha IJIaTe.

30Ha pacmoJIOKEHUS MECT YCTAHOBKM MUKPOCXEM Ha NeYaTHOM TiaTe MmoKa3aHa
Ha pUCYyHKe 0.

Pacduer mMakCUMajabHOIO KOJMYECTBA MHUKPOCXEM N MpU pa3MENIeHWd HX Ha
OJIHOM CTOpPOHE TMIEYAaTHOM TUIaThl TPOU3BOAUTCS 110 (HOpMYJIE:

n=n.n,.

MuHMMaIbHBIE TEXHOJOTUM Pa3MeEpPbl KPAeBBIX MOJIEH X1, X2 Y1 | Y2 JIOJKHBI

OBITH HE MEHEE 5 MM.
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PrucyHok 6— 30Ha pacnoJioKeHUsI MECT YCTAaHOBKM MUKPOCXEM Ha II€YaTHOM IUIaTe:
Ny — KOJINYECTBO MUKPOCXEM B OJHOM psify; Ny — KOJMYECTBO PsIOB MUKpocxeM; Ly, Ly
— pa3Mepsl MeuyaTHoOM miaatel mo ocaM X u Y, |y, |y — pasmepsl mMexny kpaitHuMu
BLIBOJAMH KOPITyCa MUKPOCXEMBI 110 0CAM X U Y; 1, T, — IIarm yCTaHOBKM MHKPOCXEM
0 OCAM X M Y; Xj, X — KpaeBble IOJISI HA IUIATe X; = Xp; Yi— KpaeBoe MoJie I
AJIEMEHTOB BHELIHEH KOMMYTALUU; Y, — KPaeBOE I0JIE IS QJIEMEHTOB KOHTPOJIA.

MapkupoBKy MHKpPOCXEM Ha MEYaTHBIX IUIaTaX Y3JI0B, CYOOJOKOB M KacceT
PEKOMEHyeTCsl UCIOJIb30BaTh OykBeHHO-LM(ppoByto. [lo ocu X Ha mewyaTHOW muarte
HAHOCHUTCSI OyKBEHHOE 0003HAUYEHUE MUKPOCXEMBI, 0 ocu Y — 1udpoBoe 0003HaAUCHUE
(puc. 7). Och X — cTOpOHA MEYaTHON IUIAThI, BIOJIb KOTOPOH PACIOJIO0XKEHBI KOHIICBBIC
KOHTaKkTbl. B mepeyeHp 3JIEMEHTOB W MNPUHLUNHAIBHYIO JJIEKTPHUECKYIO CXEMY
3aMKUChIBACTCS] KOHCTPYKTUBHOE 0003HAYEHHE MUKPOCXEMBI.

JluckpeTHble HaBECHBIE 3JIEMEHTHI PEKOMEHAYETCS YCTAaHABIMBATH HA MEYAaTHBIX
IiaTax co CTOPOHBI PAacIoOJIOKEHUsT MUKpocxeM. HaBecHble 31eMEHTHI MOTYT OBITH
YCTaHOBJICHBI Ha IJIATy OJTHUM U3 TPEX CIOCOOO0B:

a) BIUTOTHYIO WJIM Ha M30JISILIMIO; 0) C 3a30pOM HaJ IJIaTO; B) HAJl TJIaTOU ¢ (pUTypHOUH
rubdkoil. Bce Tpu crnoco0a yCcTaHOBKM PacHpOCTPaHSIOTCS Ha IJIaThl, U3TOTOBJICHHBIC
JOOBIM METOJIOM C OJHOCTOPOHHMM M JBYCTOPOHHUM PACIOJIOKEHUEM I1€YaTHBIX
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MPOBOAHUKOB. MHOTOBBIBOAHBIE 3JIEMEHTHI (ZIpoccenu, TpaHCPOpMATOPhl, JMHUU
3aJIep’KKH) YCTaHABIUBAIOTCA HA IUIATY € 3a30pOM HE MEHEE 2 MM.

Jlns obGecrniedueHus: BHICOKOM HAAEKHOCTU (IO COOOpaxKeHHUsIM BUOPOIPOYHOCTH)
OCHOBHBIM BapMaHTOM yCTaHOBKM HABECHBIX 3JIEMEHTOB Ha IUIAThI SABJSETCS yCTaHOBKA
BIUIOTHYIO.

A B r 0 F /7
. 7
) ) ) J 2
.//
B
Y . . . . J 7 /
5 A———-
A ¢7 i i i _+_%7
0 X

PucyHnok 7— MapkupoBKa MUKPOCXEM Ha NIEYaTHOM IUIaTe:
1 — Mukpocxema; 2 — miara rneyarHasi; 3 — KOHTaKT KOHIIEBOM.

JIucKpeTHBbIE SJIEMEHTBI KpEMATCS Ha IUIaTe TJIaBHBIM 00pa3oM C ITOMOIIBIO
MaK{, TPH 3TOM HCIOJB3YIOTCS MpearnojaracMble MecTa JJIsi YCTAaHOBKH MHKPOCXEM
(mocamouHbIe MecTa MUKPOCXeMBI). [Ipr HEOOXOUMOCTH TOTIOTHUTEILHOTO KPETUICHUS
HaBeCHBIX OPD Ha meuyaTHBIX IUIaTax JeTalW KPEIUICHHWS CJeAyeT BBIOMpATh B
cootBercTBHU ¢ OCT 4 I'O. §12.000.

HesanetictBoBaHHBIE BBIBOJIBI MUKPOCXEM, KaK IMPaBHIJIO, JOJDKHBI 3allanBaThCs
JUIE  OOECIICUCHUs] YCTOMYMBOCTH KOHCTPYKIIMM MHMKPOCXEM K MEXaHHYECCKUM
BO3JICUCTBHSIM.

st ToydeHus BO3MOXKHO OOJIbIIEH TUIOTHOCTH TPOBOJHUKOB CTPEMSATCS
YMEHBIITUTh Ta0apUThl TEYATHBIX IIJIAT, OJHAKO MPH 3TOM CYIIECTBEHHO BO3pacTaeT
CTOMMOCTH U3TOTOBJICHUS.

8 OCOBEHHOCTH O®OPMJIEHUA YEPTEXXEN NEYATHBIX ILIAT
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YepTexku TOTKHBI COJIEPKATh OCHOBHBIE MPOEKIUU C MEYATHBIMU POBOIHUKAMHU
1 OTBEpCTUSMU. JOMyCKaeTCsl TOMOTHUTENbHAS MPOEKIUA TIaThl 0€3 MPOBOJHUKOB, Ha
KOTOpPOM MOTYT OBITh MPOCTABJICHBI Pa3Mepbl JJISI MEXaHMYECKOH OOpaOOTKH IUIATHI,
MapKUpPOBKU U T.J.

UepTexxu neyaTHOM IJ1aThl HEOOXOAMMO BBITIONHATH B MaciiTade 2:1 wim 4:1.

Ha deptexx mneyaTHOM miaThl HEOOXOJUMO HAHOCUTH KOOPAMHATHYIO CETKY
muHUSAMA TouHOM 0,2-0,5 MM B COOTBETCTBHH C BHIOPAHHBIM IIaTrOM W MacIITaboM.

JIvHUM KOOPIMHATHOM CETKH OTHOCHUTENBHO HYJIEBOM HYMEPYIOT YEpE3 OJIMH WU
HECKOJIbKO MIaroB (HO He Oojee msaTH) IudpaMu. 3a HyJIb OTCUETAa PEKOMEHIYETCS
OpaTh HUKHUU JIEBBIN yTOJI TJIABHOM MPOEKITUH T1J1ATHI.

Kpyriible KOHTaKTHBIC TIOMIAAKN BBITOIHSIOT OKPY>KHOCTHIO. JJIsi MPpOCTaHOBKHU
pa3MEepoB KOHTAKTHBIX TIUIOMIAJOK II0J MHOTOBBIBOJHBIC 3JIEMEHTHl KOHTAKTHYIO
IpynIy B YBEJIIMYEHHOM MacIITade BEIHOCST Ha MOJIE YepTexKa.

Pa3mep oTBepcTHs HA YepTekKe NMEUaTHOM TIaThl 0003HAYAIOT YCIOBHO.

[IpoBOAHUKM, WMEIOIMIKE 3aJaHHYI0 IIUPUHY, JIOMYCKACTCS  BBINOJIHUTH
IITPUXOBKOM, 3aU€PHEHUEM U T.I1. JIMHUSIMHU.

MapkupoBKy pacnojiaratoT Ha 4epTeXe C OJJHOM WJIU JBYX CTOPOH. TexHuuyeckue
TpeOOBaHMs PACIOAraloTCsl Ha I0JIE YepTeka IMEeYaTHOM IUIaThl B COOTBETCTBUHU C
I'OCT 2.316-68 u I'OCT 2.417-78.

TexHuueckue TpeOOBaHUS TPYNIHUPYIOTCA W 3aMUCHIBAIOTCS B CIEAYIOLIEH
MOCJIEIOBATEIbHOCTH:

[Tnata nomxna coorBercTBOBaTh ['OCT 23752-79, rpynna sxectkoctu |.

Knacc Ttounoctu | mo 'OCT 23751-86.

[ITar KOOpAMHATHOM CETKH 2,5 MM.

[TapameTpsl 371€EMEHTOB PUCYHKA MeYaTHOM M1aThl (CM. oOpaser Tao.).

MapkupoBaTh ... (yka3aTb BHJI MAapKHPOBKH, €CIId €€ HMCIOJHEHUE OTJIUYHO OT

UCIIOJIHEHUS TIPOBOJISIIIIETO PUCYHKA), PUPT ... (yKa3aTh HOMep mpudra).
[TapameTpsl 2JIEMEHTOB PUCYHKA TPYNIHUPYIOT B BHJIE€ TAOJUIIBI M TIOMEIIAIOT Ha

cB0OOTHOM TOJIe yepTexa B coorBercTBuu ¢ ['OCT 2.316-68.

o krownE

O6pas3ers TabaULIBIL.

VYcnoBHOE HnameTtp MuHUManbHbBIN Hamnune KommuecTBo
o0o3HaYCHUE OTBEPCTHUSL JIAAMETP METAUIN3aUHUU B | OTBEPCTHI
OTBEPCTHUS Mm KOHTaKTHOM OTBEPCTUH
TJTOMIAAKHA, MM
0 1,00 1,40 Nmeercs 26
0 1,60 1,80 Nmeetcsa 18

OcobennocTu opopmiieHs1 COOPOYHOIO YepTexKa
Ha c6opounom uepreke QyHKIIMOHATBLHOTO y3j1a M300pakaeTcsl neyaTHas Ijiata
C YCTaHOBIICHHBIMH Ha HEH HaBECHBIMH DJJIEMEHTAMH, YCTAaHOBOUYHBIMH U
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BCIIOMOTATENbHBIMH JIeTAISAMU (BBIBOJAMHU, CKOOKaMU, MapKHUPOBOUYHBIMH OUpPKaMHU H
T.1). Kak mpaBmio, HeoOX0AMMO TMOKa3biBaTh (YHKUMOHAIBHBIA Y3€l B JIBYX
MIPOCKIUSX.

Ha Bcex HaBecHbIX »3JeMeHTax (YHKIMOHAJIBLHOTO V374, ITOKa3aHHBIX Ha
COOpPOYHOM YEPTEXKE, NOJKHBI ObITh YKa3aHbl MO3UIIMOHHBIE 0003HAYEHUS PJIEMEHTOB
COTJIaCHO TPHUHITUIIMATIBLHON 3JIeKTpudeckor cxeme. OTu obo3HadueHus (R1; R2; Cl
...... C4 u T.1.) IPOCTABIIAIOTCS HA U300PAKECHUSX AJIEMEHTOB OCHOBHOHW MPOCKITUU U
3anuchiBatoTcsl B rpade “ [pumevanus™ crneundukanuu. Ecnim HEKOTOpBIE AJIEMEHTHI
CXEMbl C HECKOJIbKUMHU BBIBOJIAaMU HE UMEIOT 0003HAYEHUI BBIBOJOB, TO HA YEPTEXKE
NOMYCKaeTcsl yCJIOBHas HyMepauus dTUX BbIBOAOB. Ha peanbHbIX 3IeMeHTax
MO3UIIMOHHBIE 0003HAYEHHUS, KaK MPaBUIIO, HE BHIMIOJHSIOTCA M Ha MoJjie cOOPOYHOro
yepTexka orosapuaercs: “‘MapkupoBka OPO nmaHa s cpaBOK M BOCIIPOM3BENCHUIO
JOKYMEHTOB He mnoanexur’. Ha cOopoyHOM dyeprexe paspeliaercs He IOKa3blBaTb
NevyaTHble IPOBOJHUKH. B 3TOM cilydae Ha moJjie yepreka B TEXHUUECKUX TPeOOBaHUSIX
nenaroT 3anuch: “TledaTHple MPOBOJHMKM YCIOBHO HE MOKa3zaHsl . [lpn Hamnuum B
KOHCTPYKIIMM HABECHBIX MOHTaXXHBIX ITPOBOJHUKOB (OOBEMHBIE MEPEMBIUKH) OHU
JOJKHBI OBITh MOKa3aHbI M 3aIIMCaHbI B CHEU(PUKALINIO B OIPEIEIEHHOM MOPSIKE.

B TexHnueckux TpeboBaHUAX COOPOUHOTO YEPTEkKA JOKHBI OBITh OTOBOPEHBI:

- crpaBouHble pa3mepsl (1*. Pa3meps! 1uis cripaBok);

- TpeOoBaHMs K MOHTaxy (2. PannosnemMeHTsl yCTaHaBIUBATh 110 OCT
41°0 010.030-81, BapuaHr ...);

- wmapka npunos u ero [OCT (3. ITaste npunoem [TOC-61 T'OCT 31931-76);

- cHerualibHble TpeOOBaHHSA K MOHTaXy OTAENbHBIX 31eMeHTOB(4. Kneuth Kk miare
tpan3uctopsl T1, T2 kneem bd-4 TOCT 12172-76);

- yKa3aHus MO HAHECEHHUIO MApPKUPOBKHU (5. MapkupoBKY HpPOU3BOAUTH METOIOM
JNeKaIbKOMaHuM Win: 5. MapkupoBka OPD nmanHa s CipaBOK M BOCITPOU3BENCHUIO
Ha DJIEMEHTax He MOJICIKHUT);

- cnoco0 3amuThl OT BJArd W JIPyrux aectadunmsupytommx ¢akropoB (6. Ilocne
cOOpKM W HACTpOMku MOKpHITH JakoM 234100 B ABa cios, 3alIUTUB BBIBOBI
1103.2,4)

9 HOPAAOK BBIIIOJIHEHUA KYPCOBOI'O ITPOEKTA

1. [Tony4uTh TEXHHYECKOE 3a/IaHUE U JICKTPUICCKYIO TPUHITUITHATBHYIO CXEMY.
2. BeiOpaTh THI MeYaTHOM TUIATHI: OJTHOCTOPOHHSA, ABYCTOPOHHSIS (Tabm.3.).

3. Onpeaenutsb Ki1acc TOYHOCTH (Tabm.2.).

4. BeiOpaTs MmaTepuan ocHoBaHUs (Tabm.1).

27



5. CocTaBuTh NEpEUYEeHb JIEMEHTOB K MPUHIUMUAIBHOU cxeme. OJHOBPEMEHHO
HeoOxoumo Bbinucath HoMepa ['OCToB uiu TY Ha Kaxablil 3JIEMEHT 3JIEKTPUUECKOM
MPUHLIUINATBHON CXEMBI.

6. OnpenenuTh rabapuTHBIC U YCTAHOBOYHBIC pa3Mephl JIEMEHTOB.

7. B mporpamme DipTrace wim P-cad co3math 3JIeKTpUYECKYIO IPUHIIAITHAIBHYIO
CXEMY U BBITIOJIHUTH €€ TPACCUPOBKY.

8. OdopmuTts ueptTexu corinacHo TpedboBanmsim ECKJI.
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IIpuaoxenne 1

HNucturyt: Yncrononbekuit dunuan «Bocroky KHUTY-KAU
Kadenpa: mpubopocrpoeHue
Hamnpasnenue nmoaroroku: 12.03.01 [MpubopocrpoeHue

3AJJAHHUE
Ha KyPCOBOM MPOEKT
obyuatomierocs rpymmsl 21401 BanoBa A.A.
o nucuuiuiae «KoHeTpynpoBaHue n3MepUTENIbHBIX TPHOOPOBY»

1. Tema: «Pa3paboTka 1me4aTHoro y3jia MUKPOMOIIIHOTO CTepeonepeaaTyuka.

2. [lepedenp nouiexanux pa3padboTke BOIPOCOB:

— aHaIM3 MPUHIKNA (PYHKIIMOHUPOBAHHS YCTPOHCTBA;

— aHAJIM3 TEXHOJIOTMYHOCTH U3/1ETINS,

— pacyeT KOHCTPYKTUBHBIX MapaMEeTpOB MEYAaTHOH IUIaThl (pa3MepoB ME€YaTHOM IUIAThl; IUaMETPOB U
KOJIMYECTBA MOHTAKHBIX OTBEPCTUI; INAMETPOB KOHTAKTHBIX IUIOIIAJ0K; MUHUMAJIBHOIO PACCTOSHUS
MEXy LIECHTPAMHU JIBYX COCEIHUX OTBEPCTUH ISl MPOKIIAIKNA HY>KHOTO KOJIMYECTBA MTPOBOIHUKOB);

— pacyeT LIMPUHBI IPOBOJHUKOB;

— TPACCUPOBKA MEYATHOM IJIaThI;

— pa3paboTKa KOHCTPYKLIMU KOopIyca npuoopa.

3. [lepeuens rpaduueckoro MaTepuana:

— DIIEKTpHUYECKasi MPUHIMITHATIBHAS CXeMa C IIEPEYHEM IJIEMEHTOB;
— YepTex NeYaTHOMU IJIaThl,

— cOOpPOYHBIN YepTekK NMEeYaTHOTO y3J1a CO CreIupuKaIuei;

— 4epTex Kopiryca npudopa.

4. UcxoaHble TaHHBIE: AJIEKTpUUYECKasi MPUHIMIIHAIBHAS CXeMa U ONMCaHUe YCTPONCTBA MPUBE/ICHBI B
xypHaie «Panno» Ne 3-2007r.

JlaTa BeIJAuM 3aJjaHUS «  » 20_r.
PykoBoguTens KypcoBOro nmpoexra:
K.T.H., CT. IpenojiaBarensb kadeapsl npudbopoctpoenuss B.B. Tykraposa

3amaHue NpUHSIT K HCIIOJIHEHUIo oOyvaromuiics rpymnmsl 21401 A.A. MBaHoB
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puioxenne 2

MUHHUCTEPCTBO OBPA30OBAHMS U HAYKH POCCUMCKOM ®EJIEPAIIMA
(benepanbHOE TOCYAAPCTBEHHOE OIOIKETHOE 00pa30BaTEIbHOE YUPEKACHUE BHICIIETO 00pa30BaHHUS
«Ka3zaHCcknii HallMOHAJIBHBIN UCCIIEI0BATEIbCKHM
texHuueckui yausepcutet uM. A.H. Tynonesa-KAW»

(KHUTVY-KAN)

Yucromnonbckuit Gpunuan «BocTok»

Kadeapa mpudOpOCTpOEHUS

12.03.01 IIpubopocTpoeHue

KYPCOBOU ITPOEKT
no pucuuiuinie: KoHcTpynpoBaHue U3MepUTENbHBIX IPUOOPOB

Ha TeMy: «Pa3paboTka TEXHOIOTHYECKOTro MPoliecca U3rOTOBICHUS [1€YaTHOIO y31a. 3arpy3uuK Koja

yactoThl B IMB-moaynstope Ha 6aze mukpocxemsl TA 1243CF»

OO6yuarommmiics

(HOMEp TPYIIIBI) (moanuck, nata) (®.1.0.)

PykoBoaurens

(JTOJDKHOCTD) (®.11.0.)

KypcoBoii IpOEKT 3a4TeH € OLIEHKOU

(moamuck, nata)

Yucromons 20__
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IIpuaoxenne 3
MUHHUCTEPCTBO OBPA30OBAHMS U HAYKH POCCUMCKOM ®EJIEPAIIMA
(benepanbHOE TOCYAAPCTBEHHOE OIOIKETHOE 00pa30BaTEIbHOE YUPEKACHUE BHICIIETO 00pa30BaHHUS
«Ka3zaHCcknii HallMOHAJIBHBIN UCCIIEI0BATEIbCKHM
TexHuueckui yausepcutet uM. A.H. Tynonesa-KAN»
(KHUTY-KAN)
Yucromnonbckuit Gpunman «BocTok»
Kadeapa mpudOpOCTpOEHUS

12.03.01 IIpubopocTpoeHue

AHHOTALIUA
KYpCOBOT'O MPOEKTa
00y4aroIIerocs TPyIibl
WNuctutyt: Yncronmonbekuit prman «Boctoky KHUTY-KAU
Kadenpa npubopocTpoeHus
Hanpasnenue noarorosku 12.03.01 TIpubopocrpoeHue
HaumeHnoBaHue TeMbI:

PykoBonurens

XAPAKTEPUCTHUKA KYPCOBOI'O ITPOEKTA
1. llenp uccaegoBanus

2.
HOJ’[HO@ qUucCJi10 J'II/ITCpaTypHI)IX HCTOYHHUKOB, UCIIOJIb30BAHHBIX B pa60Te
OTeuecTBEHHBIX HNHocTpanHBIX
Ilocnennne ITocaennue
5 ot Ot 5 no 10 et | Bomee 10 set 5 ot Ot 5 1o 10 mer | bomee 10 ner

3. Ucnonb3oBanue nHpopMalMOHHBIX pecypcoB Internet
(z[a, HECT, YUCJIO CCBIJIOK B CITMCKE HI/ITepaTypBI)

4. Hcnonp3oBaHHME COBPEMEHHBIX IIaKETOB  KOMIBIOTEPHBIX IpPOrpaMM U TEXHOJIOTUH

(yKa3aTL KaKnue MMCHHO U B KaKOM pa3z:ene)
5. KpaTkoe conepxaHue MpoeKTa:

Ooyuaromumiics rpymmsl 21401 / / « » 20 .
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Coneprkanue

BBEHCHUEC. ...
1 Onucanue ycTpoucTBa «3arpy3urK KOJIA YACTOTBI) v.vvveennrreennnnnannns
2 AHaM3 TEXHOJTOTUYHOCTH UBJCIIHS «.vnnreeeanteeeennneeennnneennnnneennns
3 PacyeT KOHCTPYKTUBHBIX MMAPAMETPOB MEUATHOM MIATBI. ... eeevennn...
4 PacyeT MUPUHBI TIPOBOTHIKOB. . ... . v uteenttentenneeenneenneeanneenneennnns
5 TpacCUpPOBKA MEUATHOM TIIIATBL. . ... uveeneeeeneenneeenneennneenneeanneananenns
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(0117 (6102 05 12 1<) 0121 117 o) 3 P

ITpunoxxenne 1. Cxema anexkTpudeckas IPUHIUINAIBHAS
[Tpunoxenue 2. YepTex neyaTHOM MIIaThI
[Tpunoxxenue 3. COOpOUHBII yepTeXk MEeYaTHOrO y3i1a

[Ipunoxxenue 4. Yeptex Koprryca U3aeus
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