MHNHOBPHAYKHN POCCHUA

denepalibHOE rOCYAAPCTBEHHOE OI0/KETHOE
00pa30oBaTeIbHOE YUPEkKACHUE BBICIIEr0 00pa30BaHuUs
«Tynpckuii rocy1apCTBEHHBIN YHUBEPCUTET

Hnemumym gvicokomounvix cucmem um. B.11.1 pazesa
Kageopa «Inexmpomexnuxa u 31ekmpoobopy0osarue

VYTBepxkAeHO Ha 3acelanuu Kadeapbl
«DnexmpomexHuKka u 31eKkmpoobopy008anue
« 31 » aBrycra 2020 r., npotokon Ne 1

3aBenyromuii kadeapoi
A.D. Conosves

METOANYECKHUE YKA3AHUSA
M0 BHINOJHEHHUIO MPAKTUYECKUX 3aHATHI
1o Kypcy “ OCHOBBI JJIEKTPOTEXHOJIOTUM 7’

OCHOBHOM NPo(ecCHOHATBHOI 00pa30BaTeIbHOM MPOrPaMMBbI
BbICILIEr0 00pa3oBaHMs — NPOrpaMMbl OakajlaBpuaTa

10 HAIPABJICHUIO MTOJATOTOBKHU
13.03.02 Snekmpornepzemuka u 31eKmpomexHuKa
C HaIpaBJICHHOCTHIO (TIpoduieM)

Anekmpoobdopyoosanue u I1eKmMpoxo3aicmeo npeonpusmuil,
OP2AHU3AUUTL U YUPEHCOCHUT

®dopMbl 0O0yUEHUS: OYHAS, 3A0YHASA

WaentuduxaimoHHbiii HOMep 00pa30BaTEIbHOM MPOTrpamMMBbl: 130302-01-20

Tyna 2020 roa



COOpHUK METOAMYECKUX YKa3aHUU IO MPOBEICHUIO MPAKTHYCCKUX 3aHATUA COCTABJIEH IPO-
deccopom kadeapsr ITD0 Kiumoeim C.A. 1 00CYXI€H Ha 3aceTaHuU KaQeaphl 21eKmpoOmexHuKa u
anekmpoobopyodosanue IBTC um. B.ILI pszeBa

IIpoTokon Ne 1 ot «31» aBrycra 2020r.

3ae. kagpeopoit ITI0 A.9.CoJi0BbEB




Beenenue.
Kpr «OCHOBLI 3JI€KTp0TCXHOJIOF N SABIACTCA O[[HOI>’I U3 TEXHUYCCKUX AUCHIMIIINH,

M3Yy4aeMbIX CTyJIEHTaMH 10 HAIpPaBJICHUIO «DNEKTPOOoOOpyIOBaHUE U DIIEKTPOXO03SH-
CTBO TPEANPHUATHA, OpTaHU3aluil U yupexacHui». OH sBiseTcs 0a30BBIM ISl KOH-
CprKTOpCKO-TGXHOHOFH‘-IGCKOﬁ MOATrOTOBKU CTYACHTOB W JJIA TOCICAYIOIICTO HC-
MOJIb30BaHud UMHU CPCACTB BBIYUCIHUTEIBHON TEXHUKHA U COBpPCMCHHBIX ITAKCTOB MPHU-
KJIQJHBIX [IPOrpaMM MpPHU MPOESKTUPOBAHUU U PACUYETE CIOKHBIX JEKTPOTEXHUYECKUX
YCTPOMCTB, BHINOJHEHUH KYPCOBBIX U JUIUIOMHBIX POEKTOB.

[TpakTryeckue 3aHATUS MO3BOJISIIOT CTYASHTaM 3aKPENUTh U CAMOCTOSTENBHO YIriIyOuTh
3HaHUS MO OTAEJIBHBIM pazjiesaM Kypca.

Hacrosume MeTonyeckue ykazaHus OMOTYT OpraHH30BaTh MPOBEJCHHE MPAKTHUECKUX
3aHATUN ¥ CAMOCTOSITENIBHYIO pa0OTy CTYJAECHTOB MO JAaHHOMY KYpPCY, & TaKKe MOTYT OBITh HC-
MOJIB30BaHbl CTyJeHTamMu HampaieHus 13.0.02 mpu BBINOJHEHUU KYPCOBBIX W KOHTPOJIBHBIX
paboT U MPOEKTOB.

1 Leab, 3a1a4M U MOPS/I0K NPOBeJeHUS] NPAKTUYECKUX 3aHATHH.

OcuosHoit nenpio 113 sBiasgercs:

e cucTeMaTH3alLus, PACIIUPEHNE TEOPETUUECKUX 3HAHUM M IPAaKTUYECKHUX HaBBIKOB IPU pac-
4eTe U IPOEKTHUPOBAHUM KOHKPETHBIX 3JIEKTPOTEXHUYECKUX YCTPOMCTB - 3JIEKTPOJOB-
WHCTPYMEHTOB JIJISl DJICKTPOIPO3NOHHON 00pabOTKH;

® Da3BUTHE HABBHIKOB CAMOCTOATEIBHOM pabOThl ¢ HAYYHO — TEXHUYECKOM JIUTEpaTypoi, ma-
TeHTaMu (aBTOpckuMu cBuaerenbcTBamMu) U 'OCTamu npu peleHuu KOHKPETHBIX MHXKeE-
HEpHBIX 33/1a4;

® DPa3BHUTHE HABBIKOB pa3pabOTKH U OhOPMIICHHUS TEXHUUECKOW JOKYMEHTAIUH.

[IpakTnueckue 3aHATUS MPOBOIATCS B TEUEHHE OJHOIO CEMECTPAa U OPUEHTHPOBAHBI Ha
BBITIOJTHEHHUE CTY/IEHTaMU KOHTPOJIBHOU paboTHI.

B cooTBeTCTBUM C TEMOW MPAKTUYECKOTO 3aHATUS KaKJIOMY CTYIEHTY BBIJAETCS MHIU-
BUyaJIbHOE 3aJ]JaHKe, KOTOPOE OH BBIMOJIHSET B ayAUTOpUH U Joma. Kaxablil paznen 3agaHus
CTYIEHTHI 3aluIIaioT. [IpakTuueckne 3aHATHS NPOBOJATCS B CIEAYIOLIEH MOCIEA0BATEIbHO-
CTH:
pa30op JTOMaIIHeTo 3a/IaHus;

BbI1aua HOBOT'O JIOMAIIIHETO 3a/1aHus, IOICHEHNUS 110 TEME;

OIIPOC CTYJIEHTOB 10 U3y4aeMOI TeME;

paz0op pereHus 3a1a4 (MPOBOAAT CTYJEHTHI);

pa3bop Haunbosee CIOKHBIX pa3/ie]IOB TEMBI IIPENoJaBaTesieM, OTBETHI Ha BOIIPOCHI.

[Tpu mpoBeeHNM MPAKTUYECKUX 3aHATUN Ba)KHOE 3HAYEHHE MPHOOpETaeT OopraHu3alis
CaMOCTOSITENTbHON pabOThI CTYIGHTOB M HENPEPHIBHOTO KOHTPOJS MX 3HaHUH. C 3TOH 1enbio
npenojaBaTellb 33/1aeT Ha JIOM 3aJaud 10 U3y4yaeMoW TeMe M PEeKOMEHIYeT JUTepaTypy, rae
HauboJee moApoOHO pacCMOTpEHA IaHHAs TeMa.

Pemenne oTnenpHBIX ATANoB 3a7aHusl CTYJIEHTH 0OpMIISIOT B pabodeit TeTpaan u 00b-
SCHSIIOT ee pelieHne CBouM ToBapuiiaM. Ilocie oObsICHEHUs perieHus 3a1a4u JOKIa 4iK OT-
BEYaeT Ha BOMPOCHI CTYJEHTOB.

[Tpu ompoce cTyIeHTOB MpenojaBaTeslb YUUTHIBAET UX OTBETHI HA BOMPOCH! U B KOHIIE

3aHATHS CTaBHUT 3a4€T I10 H3y‘IaCMOI>'I TEMCE. CTy,I[CHTBI, HC IIOJTYYHUBIOHE 3a4€T, CAAOT
9Ty TCMY OONOJHUTCIILHO.

B koHIe 3aHATHS mpernojiaBaTeNb paccMaTpUBaeT HauboJiee TPYAHbIE MOMEHTHI TEMbl U
OTBEYAET Ha BOMPOCHI CTYICHTOB.
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Ha mocnennem 3aHATHH MPOBOIUTCS KOHTPOJIbHAS (3a4eTHAsI) paboT, 3aKITIOYAIOIIAsACS B
00CYXIeHIH paboyvero yepTexa dJEeKTPOA-HHCTPYMEHTA.

2. Tembl NpaKTHYECKUX 3AHATHH.
B kadectBe TeMm IJId IPAKTUUCCKUX 3aHATUN BBI6paHLI OCHOBHBIC TCMbI, KOTOPBIC B AadJIb-
He#meM OyIyT MCHOJb30BaHbl CTYACHTAMU MPHU BHINOJHEHUH KOHTPOJIbHOM paldoThl MO JaH-

HOMY KYpCYy.
[IpakTHyeckue 3aHATHS TPOBOJATCS 110 CIACTYIOIINM TEMaM:

1. PABPABOTKA CXEM M TEXHOJIOTMHM U3Ir'OTOBJIEHUSA JIETAJIEN
IAJNIEKTPOJIUTUNYECKUM ®OPMOOBPA30OBAHUEM

3aHATUS NpeIHAa3HAYEHBI JUUIS 3aKPEIUICHUS CTYAEHTaMU 3HAHUM, ITOJTYYEHHBIX 1O Kyp-
Cy, JUIS paCIIMPEHUS TPAHUI] UX HHPOPMUPOBAHHOCTH IO CTICIMATHLHOCTH, PA3BUTHUS y HUX Ha-
BBIKOB TTOJITOTOBKH MCXOHOW MH(POPMAIUH JJIsi TPOSKTUPOBAHUS M pa3paOOTKH TEXHOJIOTHYEC-
CKHX ITPOLIECCOB M3TOTOBJIEHUS JETAJIEH.

3aHATHS TPOBOAATCS KaK TPYIIOBBIE, U IPEANOIAraloT CaMOCTOSITENbHYIO paboTy CTy-
JIEHTOB M0 MHIUBUAYAJIbHBIM 33JaHUSIM T0J] HEMOCPEJACTBEHHBIM KOHTPOJIEM (PYKOBOJICTBOM)

npenoaaBaTeis.

NCXOJHAS HHOPOPMALUA AJI5A BBIIIOJIHEHUSA.
Brinaetcst ctyneHTaM mo BapuaHTaM B BHUE pabouero ueprexa oObekTa, fAertanu. He-
o0xoauMasi IOTIOJTHUTENbHAS MH(POpPMaIUs BBIOMpAETCs CTYACHTAaMH CaMOCTOSITENIbHO WM TIO

COTJIaCOBAHUIO C MPEIOJaBaTCIICM.

CTPYKTYPHOE COJAEPKAHUE 3ATAHUSL.

3aaHue BKIIIOYAET pa3/elibl:
e HaGop npu3HakoB GOpMUPYEMOTO O0BEKTA;
® AHanu3 TEOMETPUUYECKUX XAPAKTEPUCTHK (HOPMHUPYEMOTO 0OOBEKTA;
e (CocraBnenue kinaccuduraTopa MPU3HAKOB 00BEKTA;
® BrI0op 2NEKTPOIMTHON Cpebl;
® BriOop cXeMBbI AIEKTPOIH3EPA;
® BpI0Op KHHEMAaTHUYECKOU CXEMBI;
® BpI00Op rHIPOIMHAMHUYECKON CXEMBI;
® Pacuer (BEIOOD) PEKUMOB TEXHOJIOTHUECKOTO TpoIlecca.

e Pazpabotka TexHOIOTHYECKO oneparu BOOD.



YKA3AHUS K BBIIIOJTHEHUIO 3ATAHUSL.

I11aH TOCTPOCHHUS U COACPKAHNE Da6OTLI

BBenenue.
1. HaGop nmpusHakoB popmMupyeMoro oObeKTa.

CBoiicTBa 1000r0 CO3/1aBa€MOT0 OOBEKTa MOKHO YCIOBHO Pa3/IeiHUTh HA JBE TPYIIIBL:
HAO0Op CBOWCTB, mnpuHaANexkammx mnoBepxHoctu (17, TAT,, O, A D, ; X, TAX, ;
M, A M,) u pacrpeneneHHbIX Ha Heil ompeseJeHHBIM 00pa3oM, U HabOp CBOWCTB BHYTpH

oowekta: (I, TAT,; ®, A @, ; X, TA X, ; MyTA M,). [Ipu 5T0oM 3a71a10TCS UX OCHOBHBIE
3HAYEHUS ¥ BO3MOXHBIN JHAMa30H U3MECHCHHUSI.

CrynenTam BbIIAOTCS (TIpeAJiararoTcs) A1 aHallM3a YepTexu aetanell (00bEeKTOB).

JIyst OIIeHKH CBOMCTB cO3/1aBaeMoro o0beKTa pa3paboTaH KiacCU(UKATOp MPU3HAKOB,
MO3BOJISIONININ BBISIBUTh XapaKTEPHBIE M HauOoJee BaXKHBIC W3 HUX JJISl TOCIEIYIOIIETO HC-
MOJIb30BaHUS NP MPOESKTUPOBAHUH CXEM BBICOKO3()(HEKTUBHOTO JIEKTPOIUTUYECKOTO (hopMo-
Banus (BOD).

Crnenytouias rpyrmrma ¢pakTopoB, ONPEAESIONINX BO3MOXHOCTh CO3/1aHNs 00BEKTA,

TIpeCTaBseT coboii ero xumuaeckue napamerpsl (X; A X;):

X- XMMCOCTaB :

X1 - OTHOKOMITOHEHTHBIH;

X, - MHOTOKOMTIOHEHTHBIH (X»;i - % colepikaHue i-ro KOMIIOHEHTa B OCAJIKE);

X3- MHOTOCJIOWHBIH (““N”’0HO- MM MHOTOKOMITOHEHTHBIX CJIOEB).

HaGop ¢wu3myeckux CBOHCTB 00BEKTa MPEACTABIEH CIECIYIONIMMU ITOKa3aTEISIMU:
(Dy +A @y): @y - aneKTPONPOBOIHOCTH; D, - mopuctocTh; P3-aares3us; Oy - NAIEMOCTh U T.A.

Mexanuueckue napametpsl (M; TA M,): M- BHyTpeHHue Hanpsxkenus (M, - mono-
XKuTeNbHbIe; M1, - oTpuliaTenbHbie; M3 - HyneBbie); M, - OTHOCUTENbHOE yaTuHEHue; Mj -
TBEPIOCTh; My - MUKPOTBEpAOCTH; Ms - IIpenes1 MpOYHOCTH U T. 1.

B pe3ynbTaTe aHanu3a CTy€HTaMH ONPEEIIAI0TCS OCHOBHBIE TPU3HAKH CO3aBAEMOT0

00BbeKTa U JOIMYCTUMBIC TUAaIlla30HbI NX U3MCHCHHUS.

2. AHanM3 TEOMETPUUYECKUX XaPAKTEPUCTUK (HOPMUPYEMOTO OOBEKTA.

I'eomeTrpuueckue GpakTopbl, ONpeaeNione BO3MOKHOCTh CO3/IaHUsl 00BEKTa ¢ 3a]aH-
ueiMu Xapaktepuctukamu (I'; TATY), npeanokeHo paHXUpOBaTh 110 3HAYMMOCTH CJIELyIOIIUM
obpa3zom:

A - TIOAb OCAXKIEHHUS, cm: A; <£100;100< A, £500; Az > 500.

B - BuJ MOBEPXHOCTH ;
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B, - mmockue n manoii kpuBu3HH : By - a/b= 1; By, - a))b; Bis -a{(b, rne a -
JnuHA; b - muprHa GopMHpPYEeMOii TOBEPXHOCTH;

B, - cummeTpuunbie oBepXHOCTH : B - munmunapuueckue ( Byyp - /d<1; Byys -
1/d>1, raoe | - nmuHa oO6bekTa; d - muametp); Bi, - koHHUeckue ; Bys - chepuueckue; Byy - ma-
pamterunien (Bys4; - a=brh; By - axb<h; Bys - arb>h); Bys - komOuHamms cumMmMmeTpud-
HBIX II0BEPXHOCTEH;

B; - acuMMeTpUYHBIE TOBEPXHOCTH :

B4 - cnoxxHO(acoHHbIE TOBEPXHOCTH;

C - Hamnume naszoB : C; - menkue ma3el h((b (h - rmybuna maza; b - xapakrepHsbIii pa3-
Mep maza) ; C; - cpennue nassl h= b; C; - riybokue nassl h )) b;

D - crutomHOCTh Ocanka Ha noBepxHoctu (D): Dy - ecth (1);D; - Het (0);

E - tommuaa ocagka, MkMm : E; <10; 10< E; < 100; E; - cBeimmie 100 ;

F - pasnoronmmunanocthb: Fi - <10 % ; 10 ( F» (50 % ; F3- > 50 %;

G - mepoxoBatocTh:G; - ectecTBeHHas; G, - ucKyccTBeHHas; G - HAClIeCTBEHHAS;

J - Hamuume penbeda: J; - mukpopensed: (J1; - Ha Bceil MOBEpXHOCTH; Ji, - HAa YaCTH
MMOBEPXHOCTH); J, - Makpopenbed (Jo; - Ha Bcelt MOBEpPXHOCTH; J»; - HA YACTH TTOBEPXHOCTH ).

CTyaeHTBI COCTABIISIOT B COOTBETCTBHH C Pa3padOTaHHBIM KJIacCH(PUKATOPOM HAOOP

F€OMETPUYECKUX MTPU3HAKOB C YKa3aHUEM IIPUOPUTETHBIX 3HAYCHUN.

3. CocraBiienne Kinaccudukaropa Npu3HaKoB 0OBEKTa.

B pe3ynbrate coctaBienus kinaccudukaTopa Npu3HaAKOB CO37aBaeMOro 00beKTa roTo-
BATCSl MCXOJHBIC JaHHbIE I Pa3pabOTKU TEXHOIOTUYECKOi cxeMbl BOD.

4. BoIOOp 2NEKTPOTUTHON CPEJIBI.

YpoBeHb SJEKTPOJUTHBIX Cpell ¢ HAO0OpPOM OCHOBHBIX XHMHUYECKUX M (PU3MUECKUX
CBOWCTB TPEJCTABIIIET COOOW MPOEKIIMI0 BCEX BO3MOXKHBIX BApPHAHTOB COYETAHMM OSTUX
CBOWCTB Ha €MHYIO OCh MMapaMeTpoB (0aza JaHHBIX ).

CBolicTBa MEX3JIEKTPOJHON Cpeibl MOTYT U3MEHATHCS WM OCTaBaThCS MOCTOSHHBIMU
KakK B MMPOCTPAHCTBE, TaK M BO BpeMEHH (IIPHIL.).

[Ipu 3TOM BO3MOKHBI cleAyIOLIMe KOMOWHAIMY TOCTOSHCTBA M IEPEMEHHOCTH CBOMCTB
AJIEKTPOJINTA!

1 - mocTostHHBIE CBOMCTBA BO BPEMEHU U IEPEMEHHBIE B IPOCTPAHCTBE;

2 - mepeMeHHbIe BO BPEMEHH U MTOCTOSIHHBIE CBOICTBA B IPOCTPAHCTBE;

3 - mocienoBaTeNIbHOE YepeI0BaHUE IEPEMEHHBIX U MTOCTOSIHHBIX CBOMCTB BO BPEMEHH;

4 - mocienoBaTEIbHOE YEPET0BAHUE MIOCTOSIHHBIX U IEPEMEHHBIX

CBOMCTB B IIPOCTPAHCTBE.



7
Jns peanuzanui BCEX PACCMOTPEHHBIX BBIIIE BAapUAHTOB CBOMCTB MEXAJICKTPOIHOMN
Cpeibl BO3MOXKHBI CIIEAYIOIINE MYTH:
- cTabuiM3anys napaMeTpoB CPebl;
- 3a/1aHKe 3aKOHA U3MEHEHUs WIN paclpeiesieH!s] CBOWCTB CpeJlbl BO BpEMEHH U B MPO-
CTpaHCTBE.
ITo pe3ynbTaTam aHanu3a BEIOPAaHHOTO HabOpa (PU3UKO-XUMHKO-MEXaHUYECKUX U Te0-

METPUYECKUX CBOHCTB (POPMUPYEMOTO 0OBEKTa CTYAEHTHI OCYIIECTBISIOT BBIOODP AJIEKTPOIIHUTA.

5. BeiOop cxembl aneKkTponusepa.

BBI00Op cXeMBI JIEKTpOIM3epa 3aBUCUT OT IEJIOTO Psijia TapaMeTPOB, CBA3AHHBIX C 0y-
JDYIIIMH CBOMCTBaMU (POPMUPYEMOTO OOBEKTA.

YpOBeHb CXeM 3JEKTPOIHU3EPOB BKIIOYAET MATPHUIIbI BAPUAHTOB CXEM JJIEKTPOJIU3EPOB
C DKBHUJUCTAHTHBIMU W HEIKBHUJIMCTAHTHBIMH OCHOBHBIMH 3yiekTpoaaMu (OD) mpu HalIUuyuu
WM OTCYTCTBUU JOIMOJHUTENBHBIX 3JeKTpoAoB (13) u n3onupyromux sxkpanoB (113), B koto-
PBIX BapbUPYETCS] KOJIMUECTBO U PACIIONI0KEHHE BCEX DJIEMEHTOB CXEMBI.

KomngecTBenHbIe XapaKTECPUCTHUKHU, OMPECACIIAOIINE B3aMMHOC PACIIOJIOKEHUC OCHOB-

HBIX 271eKTpoaoB ( M; ) 4epe3 cOOTBeTCTBYIOMmME YIIbl £} ;; NOHONHUTEIBHEIX dIEKTPOIOB

(N;) uepes Lo ;» a m3omupyromux skpanos  ( Ky) uepes £ /3, » O3BOJISIIOT CUHTE3UPOBATh

BapHaHTBI CXEM DJIEKTPOJIM3EPOB B BUAE MATPHII.
J1Jisi KOHKPETHOW JIeTal B COOTBETCTBUH C COCTABICHHBIM C IMOMOIIBIO KJIaCCU(PUKATO-
pa HaOOpOM MPHU3HAKOB CTYJEHTHI CO3MAIOT (CHHTE3UPYIOT) CXEMY JJIEKTPOJIM3epa COTIACHO

aJIITOPUTMY.

6. BEI0Op KHHEMATHUYECKOI CXEMBI.

YpoBeHb KHHEMAaTHYECKUX CXEM BKIIIOYAET BCE BApUAHThl KHMHEMATHYECKHX CXEM,
00eCTIeYNBAOIINX BO3MOXKHOCTh INEpPEeMENICHUs (BPAIlleHNs1) OJHOTO WJIM HECKOJBKHX JIICK-
TPOZOB B OJIHOM WJIM HECKOJIbKHX HAPABJICHUSAX U MOJPAa3yMEBACT MOJBMYKHOCTh WIIM HEIOI-
BIDKHOCTB JTFOOOTO M3 DJIEMEHTOB CXEMBI.

YpoBEeHb KHHEMATUYECKUX CXEM MOXKET OBITh MPEACTaBIICH MPOEKIIUEH BCeX BApUAHTOB

JBH>)KEHUI HA €IMHYIO OCh.

H(IT | BI1J| BPJ| BIIJ+BPJ |BIIJAJi (BPJ/Ji |BIIJAJi+ BPJADi BIIJU3j BPJUIj BIIJUIj+BPJUIj

[Ipu 5TOM NPUHATHI ciienyromue 0003HaYSHHUS:




H - snemeHT cxeMbl HETOJBUKEH;

IT - s1eMeHT MOABMIKEH B OJTHOM HAIIPABJICHUU;

BI1J - BO3BpaTHO-TIOCTYNATEIbHOE IBUKEHUE DJIEMEHTA B J-TOM HalpaBJICHUY;

BPJ - BpamarensHOe ABMKEHUE DJIIEMEHTA B j-TOM HaIlpaBJICHUH ;

131 - i- ¥ TONOJTHUTENbHBIN DJIEKTPOI;

NDj - j- i u30aMpyromuii SKpaH.

W3 ananu3a BapuaHTOB JBMKCHUN MPUMEHUTEIBHO K OCHOBHBIM U JIOMOJHUTEIBHBIM
AJIEMEHTaM 3JIEKTPOJIM3epa COCTAaBUTh MHOMKECTBO KMHEMATUYECKUX CXEM, KOTOpPBIE MO3BOJISAT
C OJIHOH CTOPOHBI OpPraHM30BaTh, HaNpUMEp, MOCIEI0BATEIbHOE, €AMHOBPEMEHHOE WJIN KOM-
OouHupoBaHHOE (hOpMOBaHHE OOBEKTA WM CIIOSI, a C APYTOd - CO3JaTh yCJIOBHUs JUIsl Oosee UH-
TEHCHBHOT'O OCQ)KJICHHUS METAJUIOB U CIUIABOB.

B kadectBe mpuMmepa mpejuiaraeTcs pacCMOTPETh BapUaHThl B3aUMHBIX IME€peMEeeHUi
anona F, = f( x,y,z,t) u katona Fy = f( X,y,z,t) B cucTreMe KOOpJAWHAT, CBI3aHHOU C AJIEKTPOJIU-

3epoM (X,Y,Z).

7. Be10Op THAPOAMHAMUYECKON CXEMBI.

YpoBeHb THIPOJUHAMHYECKHX CXEM IMpeAycMaTpUBaeT MPOEKIHI0 BCEX BapUaHTOB
CXEM I10/1a4YH JIEKTPOJIUTA B 30HY 00paOOTKH.

AHanu3 BO3MOXHBIX BapHaHTOB THAPOJUHAMUYECKHX CXEM MPUMEHUTEIBHO K DJIEK-
TpOJIU3EpaM MoKa3ajl, 4YTo HapsAAy ¢ 00padOTKOM B HEMOABHUIKHOM DJICKTPOJIUTE (CTallMOHAPHBIC
BaHHBI) IIUPOKOE PACIPOCTPAHEHHE MOTYUYHIIN 3JIEKTPOIHU3EPHI C TEpPEMENINBAHUEM JIIEKTPO-
muta (0apOOTaX, MATHUTHBIE M MEXaHUYECKUE MEIIaIKU, CTpyiHast 00paboTKa U T.1.), a TAKKe
WX KOMOHWHAIMS BO BPEMEHH U MPOCTpaHCTBE. [Ipy 3TOM MOJIBMKHBIN IIIEKTPOIUT MOXKET TO-
JaBaThCs JIOKAJIbHO, paclpeieNieHHO M0 MOBEPXHOCTH Wi B koMmOuHanmu. Kpome Toro, Ha
MPOLIECC OCAXKACHHSI METAJUIOB U CIUIABOB BIIMAET XapaKTep TEUCHUS SJICKTPOJIHUTA: JJaMUHAp-
HBI WU TYpOYJIEHTHBIN, TIOOTOMY MOTOK MOKHO €IIe 0XapaKTepH30BaTh HAMPABICHUEM €ro
JIBUKCHHUSL.

KonnuecTBo 10KambHBIX MOTOKOB AJIEKTPOJIUTA B CXEME MOXKET U3MEeHAThCS OT 1 70 N,
pacmpeneneHubix ot 1 g0 K, a komOunaupoBanubix otl 10 J. [Ipu 3TOM OHHM erie XxapakTepusy-
I0TCsl HanpasieHueM aBmxkeHus Vi ;Vy; V,; Vi ;5 Vi, ;5 Vi, 5 Vyy,. Kpome Toro, Heodxonumo
VUUTHIBATh, YTO HAIMPABIICHHWE TIOTOKA JIEKTPOJIUTA IO OTHOIICHHUIO K (popMHpyeMOii TTOBEepX-
HOCTH MOXKET OBITh apalieIbHbIM, IEPIEHIUKYISIPHBIM WM MO YTIIOM K HEH.

B cooTBeTcTBHM ¢ 3aaHHBIMH CBOHCTBaMH (HOPMHUPYEMOTO 0OBEKTa BHIOUPAETCS COOT-

BCTCTBYIOIIAA CXEMaA T'MAPABIIMYCCKOTO IMMOTOKA.

8. Pacuer (BBIOOpP) PEKMMOB TEXHOJIOTHYECKOTO TIpOIecca.



YpoBEHBb PEKUMOB BKJIFOUAET CIEAYIOIINE COCTABISAIOIINE:

- anekTpuueckure napameTpsl (IJIJ - mnotHOCTH TOKa, DJIQ - ckBaxkHOCTh, DJIF - yac-
TOTA CJIEIOBAHUS UMITYJIHCOB);

- ¢usuko-xumuieckue (®@1..MM: TemrepaTypa SJIEKTPOIHUTA, KOHIEHTPAIUS HOHOB
OCaXKJIaeMOT'0 MeTaJlIa, dIEKTponpoBoaHOCTh; X1 ... XK: xumcocras, pH, 106aBku u T.1.);

- ruapoannamuyeckue (L1 ... TAK: pacxon, naBiaeHue 3JI€KTPOJIUTA, CKOPOCTh UCTE-
YEHUs U T.1.).

DIEeKTpUYECKHE PEXUMBI MPEyCMATPUBAIOT BO3MOXKHOCTh MPUMEHEHHUsI KaK IMOCTOSH-
HOTO, TaK U UMITYJIbCHOI'O TOKOB, a TaK’K€ PEBEPCUBHOIO C PA3JIMYHBIM COOTHOLIEHUEM aHOJI-
HOW M KaTOJHOW COCTaBISIFOIIMX. [Ipu 3TOM HAIO YYUTHIBAThH, YTO ()OpMa UMITYIILCOB MOKET
OBITH MPSMOYTOJIBLHOM, TpalelUeBUIHON, CHHYCOUIANbHOM, TpeyroisHoi U T.1. Kpome Toro,
Ha 3TOM ypOBHE HEOOXOAMMO MPETyCMOTPETh BOZMOXXHOCTh KOMOMHAIIMY BapUAHTOB (POPMBI U

AMIUIMTYABI TOKA KaK BO BPpEMCHH, TaK U B IIPOCTPAHCTBE.

9. Pa3zpaboTka TexHoJOorHuecKoi onepanuu BOO.

VYpoBeHb MPUHATHUS pEIIeHUs HEOOXOOUM JJsi BBIOOpA CXEMBbI 3JEKTPOIUTUYECKOTO
(dbopMoBaHUsI 00bEKTa M3 HECKOJIBKHUX BO3MOXKHBIX BApHAHTOB C O(hOPMIIEHUEM TEXHHYECKOMH
JOKYMEHTAIMH WK MTOBTOPA IIMKJIA C BHECEHHEM KOPPEKTHB Ha Pa3IUUHBIX YPOBHSIX.

YcnoBus epexosia Ha KaKA0OM YpOBHE yCTaHABIMBAIOTCS B 3aBHCHMOCTH OT TpeboBa-
HUH K co3aBaeMoMy 00bekTy. Hampumep, mpu BeIOOpE CXEMBI IEKTPOIU3Epa YCIOBUEM Iie-
pexopa sIBIsieTcs paBHOMEPHOCTD paclpe/ieieHUs Mepenaia MiI0THOCTeH ToKa Ha MOBEPXHOCTH
co3zlaBaeMoro oobekTa. B ciyyae BbIOOpa KHHEMATUYECKON CXEMBbI YCIOBUEM MEPEX0/1a MOXKET
OBITh HEOOXOMMOCTH JIBUKEHHUS OJHOTO MM HECKOJIBKUX JIEMEHTOB JJIEKTPOJIM3epa, a TAKKe
BO3MOXXHOCTh PEajiu3allii CXEMBbI, a MPU HAa3HAYEHUH TUIPOAMHAMHUYECKOTO PEXUMa 3TO J0-
MMyCTUMasi HEPAaBHOMEPHOCTh PacIpeIeTICHUs] CKOPOCTH AeKTpoauTa B MO3 u T.1.

Anroput™m cunTe3a cxem BO® npusenen Ha puc. 1.

Takum 0Opa3oM, Ha KOHKPETHBIX MPUMEpPAX ONpeeSeHbl KOJUYECTBO U TpeOyemble XapaKTe-
PUCTHKHU Pa3IMYHBIX YPOBHEW CXEM JUIsS pealiu3allid CUCTEMHOIO aHalIHu3a MPHU CO3/IaHUU BbI-
cOK03((HEKTUBHOTO IJIEKTPOJUTHUYECKOTO (POpMOBaHUSA OOBEKTOB C 3aJaHHBIMU (DH3UKO-
XMUMHKO-MEXaHUYECKHMMHU CBOWCTBAMH U T€OMETPUUYECKUMH XapaKTEPUCTHKAMHU.

Pazpa®oTaHHBIi METOJN CHHTE3a CXEM BBICOKOA()()EKTUBHOTO HIEKTPOJIUTHUECKOTO
(dhopmoBaHUs anpOOUPOBAH TIPH Pa3padOTKE METOOB, TEXHOJOTHI U 00OPYIOBaHMSI JIsl U3TO-
TOBJICHUH Pa3IMYHbIX OOBEKTOB C 3aJaHHBIMU WJIH NPOTPAMMHPYEMBIMHU (U3UKO-XUMHKO-

MCXaHUYCCKNMU U TCOMETPUIYCCKUM XaAPAKTCPUCTUKAMMU.
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Puc. Anzopumm cunmesa cxem 31eKmpoIUMUYECKO20 Popmosanus

2. UCXOAHBIE HAHHBIE JUIA PACYETA DJIEKTPOJJOB-UHCTPYMEHTOB

2.1. Marepuaisl JUIsA DJI€KTPOIOB-UHCTPYMEHTOB

Vnanenne marepuana B nporecce 990 NpOUCXOIUT 32 CYET UMIYJIBCHOTO BBIJENE-
HUS DJICKTPUUECKOW YHEPTUHU HETOCPEJACTBEHHO B 30HE 00paboTKu. B, CBs3M ¢ Malon,
JUTMTEIbHOCTBIO UMITYJIbCA (tu<10'3 ) ¥ BBIJICJICHHEM DJIEKTPUYECKOM YHEPruu Ha orpa-
HUYEHHOU 1O pa3MepaMm MOBEPXHOCTH, TEMIIEpaTypa B KaHalle pa3psiaa JOXOIUT JI0
100000°C. B pesynbpTaTe Kak ¢ oOpabaThIBAa€MOM 3arOTOBKHM TaK M C JJIEKTPOJa-
MHCTPYMEHTA yJajseTcsl MOpLus MeTalyla YaCTUYHO B MCIIapEHHOM, YaCTUYHO B pac-
MJIaBJIE€HHOM cocTosiHuM. [Ipu 3TOM pazpyleHue 3JIeKTpoa0B (3arOTOBKH M 3JIEKTPO-
Ja-UHCTPYMEHTA) MPOUCXOJAUT HEOAUHAKOBO. [IpeBbllieHre. BETUYMHBI 3PO3UU OHO-
r0 U3 3JIEKTPOJIOB HAJ IPYTMM HOCHUT Ha3zBaHue 3¢ ¢ekta noiaspHoctd. KonnuecTBen-
HBIM KpuTepueM 3(ddexTa moaspHOCTH CIYKUT BEIMYMHA OTHOCUTENLHOM 3pO3uu Ka-

TOJA.

Ay, =
Va

rZie: YK U ya- 00beM MeTalla, YAaJeHHBIH 3a paBHbII MPOMEKYTOK BPEMEHHU C KaToja M aHo/a

(1

COOTBETCTBEHHO.

[IpuHATO CYUTATH, YTO MOJIAPHOCTH IPO3UH MOIOKHUTENIBHA, €CIi AYK<] U OTpHULaTENIbHA, €CIIN
Ayx>1. Ilpy MONOXUTENBHON HOJSPHOCTH 3IEKTPOA-UHCTPYMEHT MOJKIIIOYAETCS K OTpULIA-
TEIBHOMY ITOJIFOCY HCTOYHUKA ITUTAHMS, @ 3arOTOBKA - K IOJIOXKHUTEIBHOMY. Takoe BKIIOUYEHHE
JJIEKTPOJIOB HA3bIBAKOT IPSIMBIM, a MOJIIPHOCTH 3JIEKTPONOB - npsimoil. IIpu orpuuarensHon
MIOJISIPHOCTU DJIEKTPOA-UHCTPYMEHT IMOJKIIIOYACTCS K IIOJOKUTEIBHOMY IOJIIOCY MCTOYHMKA
IIUTAaHUA, a 3aTOTOBKA - K OTpUIaTeabHOMY. Takoe BKIIIOUEHHE 3JIEKTPOAOB HA3bIBAIOT 00paT-

HBIM, a TIOJISIPHOCTH JIEKTPOJIOB - OOpPaTHOM.
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W3HOC 251eKTpoaa-nHCTPYMEHTA 3aBUCAT OT MHOTHX (akTopoB. OH OIpenesieTcs TeIUIOBbIM
PaspymicHUCM, MCXaHUYCCKUM U3HOCOM 3a CUCT UCTUPAHUS HaCTUILIaMU, IICPEMCIIACMBIMH ITOTOKOM
pabodeii KUJAKOCTH, a TAKKE SIBICHUEM BOCCTAHOBIJICHHUS pa3Mepa IEKTPOIa-HHCTPYMEHTA 32 CUET OT-
JIOKEHHS yIIIepoa MPU pa3ioKeHUH padodei )KUIKOCTH U 3a CUET MepeHoca MaTeprana oopadaThl-
BaeMOH 3arOTOBKH Ha pab04yro MOBEPXHOCTH JIEKTpoaa-nHCTpyMeHTa. OHAKO, TEIUIOBOE pa3pylle-
HUEC ABIIACTCA q)aKTOpOM, OIMPCACIIAOIINM CTOUKOCTDH QJICKTPOAA-UHCTPYMCHTA. Ecnu TemnoBrle aBie-
HU IPEAOIPCACIIAOT U3HOC JJICKTPOAA-UHCTPYMCHTA, BEJIMYHWHA €TI0 5PO3UH 3aBUCUT OT TCHJ'IO(bI/IBI/I-
YECKHUX XapaKTePHCTUK MaTepHaia IeKTpoaa-nHCTpyMeHTa. KadecTBeHHO (hM3NYeCKHid CMBICI TaKOW
CBSI3M MOXKHO TI0Ka3aTh CIIEAYIOIMNM 00pa3oM. Ha ynaneHue 3a 0IMH HMITYJIBC TIOPIIMU METaJIa B pac-

IUTIaBJICHHOM COCTOSIHUY 3aTPayMBaeTCs KOJIMUECTBO Teruia Q, KoTopoe paBHO:
Q=c*yI*(Tru-To)+yi*qrun )

Wnu, yauteiBas, 4To

Q _Q

i~ T n (3a)

CTHJ'I + q L1 q I

JList mpeiBapuUTEIbHOM OLIEHKU COOTHOIICHHUS MOKHO 3aIMCaTh:
Vi ® (30)

cT

1

- rae: C - ynenpHas TEIJIOEMKOCTb, Ty - TEeMIeparypa miaBieHus, To- ICXOAHas TeMIeparypa 3aro-
TOBKH, (| - CKPBITasl TEIIOTA [UIABJIEHHUS, (yy - TIOJHAS TEIUIOTA TTABJICHUSI
[Tpunumas Bo BHUMaHUE paBeHCTBa | U 3, monmy4uM AaB cirydas nIpeo01aJaroero yaauaeHus

MeTaJla B HICIIApEHHOM COCTOSIHUH (Tipu D0 UMITyIbCaMU MaJoH JTUTEIIBHOCTH, YCIIOBHO TIPH t,<107

c)

* I
Ay =L 2 Qo F s

) o 4
Vs 9 s *Q3 2

WJTU JJ1S IPEIBAPUTEIHHOM OIEHKH
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Qa*T *C

A — HCIL.3 3
Vs T £Q *C, (40)

HCIL.D

1€ — (uen . NOJIHAS TEIIOTA MCIAPEHHs, Tyen - TEMIIEpaTypa ucnapenus, Q,, Q,- Koia-Bo TeIia, BbiJe-

JIIEMOI'0 BO BPpECMs 3JICKTPUYCCKOI'O pa3psaa Ha JICKTPOAC-UHCTPYMCHTEC U 3arOTOBKE COOTBCTCTBCHHO.
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Jlnst citydast, Korjja MeTaul B OCHOBHOM yIaJISIeTCs B pacIIaBIEHHOM COCTOSTHUH (TTpu D20

MMIyJIbCaMU OOJIBIION JUIMTEIBHOCTH, YCIOBHO NpH t, >10"* ¢) umeem:

Ay _ Vs _ Q. * .

3 - 5
v, qm, *Q, )

WJIY JUISL IPEABAPUTEIILHON OLIEHKH

— Q3 *THH.3 *CS
THJ‘I.3 *Q3 *C3

Ay, (56)

Bripaxkenus 4 u 5 o pamunuu aBTOpa MONY4rHJIA Ha3BaHUE Kputepuu 3070ThIX [2, 3]. B BbI-
pakeHusix 4 u 5 uHIEKCH "3" 1 "3" OTHOCATCS COOTBETCTBEHHO K 3JIEKTPOy-HHCTPYMEHTY U 0Opaba-
THIBAEMOM 3arOTOBKE.

BeImensnoxxeHHoe NO3BOJISIET C HAYUHBIX MTO3UIUH TOJOWTH K BBIOOPY MaTepHaa JIeKTpoa-
UHCTPYMEHTA.

Taxk kak npouecc 930 sIBIsIETCA ANEKTPUUECKUM, TO ECTECTBEHHO, YTO MaTEpHal 3JIEKTPOIa-
MHCTPYMEHTA JOJDKEH 00J1aaTh MaJIbIM y/I€JbHBIM COIPOTHUBIIEHUEM» T.€. BBICOKOW 3JIEKTPONPOBOJI-

HOCTBI0. U3 KpuTepust 3010ThIX (BBIpaKeHHS 4,5) clieayeT, YTo JJIsl YMEHBIICHHUS U3HOCA AJIEKTPO/Ia-

WHCTPYMEHTa HEOOXOIMMO 00€CTICUnTh:

I I
q IIJ1.3 > q 1.3

. . (6a, 60)
q HCIL.D > q HCIL3

Jlns rpy0oii oLleHKH MaTepHalia MOXHO MOJIb30BAThCS CIAEAYIOIIMMH COOTHOIICHUSMU:

THJ‘I.3 > THJ‘I.3
T >T

HCIL.D HCIL.3

(7a,76)

[Tpu 320 umnynbcamMu MaJION IJIUTEIBPHOCTH 3HAYUTEIbHASI YaCTh YHEPTUH MOCTYNAET Ha IO0-
BCPXHOCTD JJICKTPOAA-UHCTPYMCHTA (baKeJIaMI/I, NEepEMCIIAOINUMUCA OT MECTA BbIACIICHUS SHCPIr'Us HaA
o0OpabaTbIiBaeMoii 3aroTOBKE. B CBS3M ¢ 3THM, U1 YMEHBIICHUS SHEPTUH, BBIJCTAEMON Ha 3JIEKTpoie-
WHCTPYMEHTE, HEOOXOIUMO, YTOOBI CKOPOCTh MEepeMeIeHUs MapoB MeTaia ((hakenoB) AIEKTpoia-

WHCTpYMEHTa ObLTa 00JIBbIIIe CKOPOCTH MapoB MeTasuia ((hakeaoB) 0OpabaThIBa€MOI 3arOTOBKH.
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OT0 TpeOOBaHNE MOXHO 3aIMCATh B BUJIE:
M>M, (8)
rae: M =—= - yucno Maxa, paBHOE OTHOIIEHUIO CKOPOCTH TIEpeMENIeH s (HaKeIoB K CKOPOCTH
0

3ByKa B JJaHHOMU cpeJe.

TemmepaTyporpoBOIHOCTE «a» MaTepHalia JEKTPOIa-HHCTPYMEHTA OKa3bIBAET CYIIECT-
BEHHOE BJIMSHHE Ha €ro CTOHKOCTh. VI3BECTHO, UTO /ISl OTy4YEeHHUsI MAaKCUMaIbHON TIPON3BO/H-
TEFHOCTH HEOOXOANMO HCIIOIb30BaTh COOTBETCTBYIOIIYIO JITUTEIBHOCTh HMITYIIbCA TP JAHHON
sreprun Wu. OTcrozia cieyer, 4To MaTepHall JeKTPpoa-HHCTPYMEHTa He00X0IMMO BBIOUPATh
TakuM 00pa3oM, 4TOOBI MaKCHMalTbHASI BETMUMHA €T0 3pO3UH OblIa CABUHYTA B CTOPOHY OoJiee
JUTUTEIBHBIX UMITYJIECOB TIpH TaHHOM Wu. C TOUKHM 3peHHs TeTI0(U3NUECKUX CBOWCTB MaTe-

pHalia 3JIeKTpo/la-MHCTPYMEHTa HE0OX0JUMO BBIIOJTHUTH ClIEAyIolee TpeOoBaHue:

a,>a, )

OtH TpeOOBaHUS K MaTepuaiy dJIEKTPOIa-HHCTPyMEHTa, ycTaHoBiIeHHbIe b. U. 30m0ThIX, Haxo-
JIITCS B XOPOIIEM COTJIACUU C KCIIEPUMEHTAIbHBIMU IaHHBIMHU.

MHorouuciIeHHBIE UCCIIEAOBAHUS MTOKA3aIN, YTO HAaUOO0JIee MOAXOIAITUMHI MaTepraliaMu
JUTSL U3TOTOBIICHUSI SJIEKTPOOB-UHCTPYMEHTOB SABJISIOTCS Meab M1, M2, M3, rpadutupoBaHHbIT
Marepuas D3I", MIII'-6. Bo MHOTUX ciydasiX B KaueCTBE MaTepualia 3JIeKTPO1a-UHCTPYMEHTA
HCIIOJIB3YIOTCS Pa3IMYHbIe KOMIIO3UIIMOHHBIE MAaTepUabl, COCTOSIIUE U3 JIEMEHTOB, UMEIOIINUX
BBICOKHE TeMIlepaTyphl miasienus u ucnapenus (W, Mo, C u Jip.) ¥ BBICOKYIO JIEKTPOIIPOBO/I-
HOCTb, TJIaBHBIM 00pa3zoM, Menib. K TakuM MaTepuanzam OTHOCATCS MeAHOTpadUTOBbIE, BOJIb(pa-

MOMCHBIC U APYTUC KOMIIO3HUIIH.

2.2. Ceenenus 00 M3HOCE BIEKTPOIOB- HHCTPYMEHTOB

Paznmu4aaroT BecoBOM, 00bEMHBIN U TUHEHHBIN U3HOC JIeKTpoAa-uHCTpyMeHTa. OTcrona
OTHOCHUTEJILHBIN U3HOC QJICKTPOAA-UHCTPYMCHTA XapaKTCPU3YCT NOJI0 BECA, 061>eMa WX TOJIIIH-
HY CJI0d ME€TaJl1a, yaaJldeMoro € 3JICKTPOAa-UHCTPYMEHTA, IO OTHOIICHHUIO COOTBETCTBCHHO K
Becy, 00beMy UJIM MPUITYCKY, yIaJeHHOMY ¢ 00pabaThIBaeMoOii 3ar0TOBKH 32 PAaBHBIM TPOMEKY-

TOK BPEMEHHU.
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Ha pucynke 1 moka3aH 31eKTpoI-WHCTPYMEHT 1, BHEIpEeHHBIN B 00pabaThiBaeMyto 3a-
rotoBky 2. O6seM ABBI BricoTOI h, ipu D30 yaaneH ¢ 3MeKTpoJa-uHCTPYMEHTA U XapaKTe-
pusyet coboit ero u3Hoc. 3a Bpems 990 ¢ 3arotoBku yaaneH oobem meramia JIEXK3 Tommu-
HOM h;. OTHOCUTENBHBIN U3HOC JIEKTPOAA-MHCTPYMEHTA B O0IIIEM BHJI€ MOKHO 3a TTHUCATh Clle-

JTYIOIIIM 00pa3oM:

> (10)

BecoBoii, 00beMHEII U IMHEHHBIM OTHOCHUTENLHBIA H3HOC COOTBETCTBEHHO MOYKHO 3a-

II1carTh.
G vV, G,*d
A — €] . A — €] — €] 3
7/3B G3 5 }/SB V3 (}3 *d3
h3 V3*SB Ga*d3*83
AYw =17 = = 1
h3 V3*S3 G3*d3*S3 ( )

rae: G, V, h - cooTBeTCTBEeHHO 0003HAYAIOT BEC, 00bEM U TOJIIUHY CIIOSI METaJIa, YIAJICHHOTO
C DJIEKTPOJIa-MHCTPYMEHTA (MHJEKC 7) U 00pabaThiBaeMO 3arOTOBKH (MHJIEKC 3);
d - IIOTHOCTE;
S,, S, - IOIMA s MONEPEYHOTO CEYECHUS IIEKTPOIA-UHCTPYMEHTA U IIJIOUIA(b YIITYOJIeHHs, 110~
JY4YEHHOTO B PE3yJIbTaTE BHEAPEHUS 3JIEKTPOIa-MHCTPYMEHTA B 3arOTOBKY.

VYka3aHHbIE METOIbI OTIPEeNIEHUS U3HOCA JIEKTPOAA-UHCTPYMEHTA MO3BOJISIOT TOJTY-
YUTh HEKOTOPOE CPEHEE €ro 3HaYeHHE, XOTS U3BECTHO, YTO AJIEKTPOI-UHCTPYMEHT U3HAILINBA-
eTcs HepaBHOMEpHO. B GombIneli cTeneHu moiBepraroTcsi U3HOCY pedpa, 00pa3oBaHHBIE Mepe-
CeueHHEM TOPIIOBOM U OOKOBOM MOBEPXHOCTH a TAK)Ke OOKOBBIX MOBEPXHOCTEN AIIEKTPOAA-
MHCTPYMEHTA, U 0OCOOCHHO Y4acTKH, KOTOPbIE HIMEIOT Majloe rornepeyHoe ceuenue. Ha puc. 2 -
MOKAa3aH AJEKTPOA-UHCTPYMEHT C TpalelenJalbHbIM IMoNepeuHbIM cederreM 1o | u nocne 2
3990.

B 3aBucuMocTH OT Marepuana 3J1EeKTpoAoB U pexuma 990 Beauuus OTHOCUTEILHOTO
00BEMHOT0 M3HOCA AJIEKTPO/Ia-UHCTPYMEHTA WM3MEHsIeTCS B 3HAUMTEIBHBIX NIpenenax. Tak, B
gacTHOCTH Tipu DD0 CTaNBHBIX JETAlCH JJIEKTPOAOM-HUHCTPYMEHTOM W3 TpadUTHPOBAHHOTO
Marepuana uznoc uzMensiercsa ot 0 1o 20%, a MenHsbIxX - oT [ 10 50% B 3aBUCUMOCTH OT peXruma

00paboTku. [Ips ’TOM OOJBIINIA U3HOC COOTBETCTBYET MSITKHM



17
pexxumam 920. M3HOC METHBIX 3IEKTPOJOB-UHCTPYMEHTOB Mpu D0 TBEPBIX CIIJIABOB HAXOIUTCSA
B nipenenax ot 20 go 100%.

Hecmotpst Ha TO, UTO 3HAHHME BEIMYUHBI H3HOCA JIEKTPOJa-UHCTPYMEHTA KpaiiHe Heo0X0 -
MO JIJIsl IPABUJILHOTO OTIPENIETICHHS €r0 pa3MepoB, aHATUTUYECKMX METO/IOB pacueTa U3HOCA MOKa He
cyuiecTByeT. B nurepaTtype npuBeqeHbl MHOTOUMCIIEHHbBIE SKCIIEPUMEHTANIbHBIE JJaHHBIE M0 U3HOCY

AJIEKTPOAA-UHCTPYMEHTA OT PA3JINYHbIX (hakTopoB [ 4-6 u np.]

2.3. MepeKTpoaHbIi 3230D

DNEeKTPOA-UHCTPYMEHT | pu BHEAPEHUH B 00pabaThIBAEMYyIO 3ar0OTOBKY 2 KOIUPYET B HEM
cBoto hopmy (puc. 3). [Ipu 3TOM Mex 1y TOPLEBBIMU 1 OOKOBBIMH MTOBEPXHOCTSAMH JIEKTPOIa-
WHCTPYMEHTa B 00pabaThiBaeMOl 3arOTOBKH 00pa3yrOTCs 3a30pbl, 0003HaYaeMbI€ COOTBETCTBEHHO I,
U lg. B cBsI31 co crmydaifHBIMH KOJIeOaHUSAMH peKuMa 00padOTKHU M yCIIOBUI MTPOTEKAHUS MpoIiecca
pa3Mephl yKa3zaHHBIX 3a30pOB U3MEHSIOTCS B HEKOTOPBIX Mpejenax. Tak, mojie pacceuBaHus 3a30pa
MEXy OOKOBBIMHU TTOBEPXHOCTAMH PABHO lgmax-lomin=06 @ TOPIOBBIMH limax-limin=0:. CpemHee 3Haue-
HHEe OOKOBOI'O U TOPLIOBOI'O 3a30pPOB COOTBETCTBEHHO 0003HauaeTcs lgep=ls U liep=l:. Caemyer oTme-
TUTh, YTO BEJINYMHA lg HAXOAUTCS B 3aBUCMMOCTHU OT HaKJIOHA OOKOBBIX MOBEPXHOCTEN AIIEKTpOIa-
MHCTPYMEHTA U 3aTOTOBKH, YTO CBSA3aHO C XapaKTePOM pacipe/ieeHUs MPOTyKTOB IPO3HH B 30HE
obpabotku. [Ipu yrie Hakiona, menbieM 90°, pesynpTHpyromas cuia P, Bo3aelcTByomas Ha Ipo-
TYKTBI DPO3UH, ClIaraercs U3 CHIbl TSHKeCTH Gy, TObeMHON CHITbl Gy, CHITBI BO3JIEHCTBHS CO CTOPOHBI
notoka P, paboueii xunkoctu. B urore cuna P 6yner cnocoOCTBOBAaTh KOHLIEHTPAIIUH ITPOIYKTOB
9PO3UH y TOBEPXHOCTH 00pabdaThiBaeMoii 3aroToBku. [1pu yrie, mpubamkaromemcs kK 90°, mpoayKThI
spo3uu OyayT 60jIee paBHOMEPHO PaCIPEESIThCS B MEXKAIIEKTPOIHOM NpoMekyTke. CreoBaTelnb-
HO, B 000HX cily4asx (pakTudecKas BEIMYMHA MEKDIEKTPOIHOTO IPOMEKYTKA lyp, KOTOPBIN MOKET
OBITh IPOOHT ANMEKTPUIESCKUM Pas3psoM, OYIET MEHBIIE BEIMYUHBI l|s CYMMY pa3MepoB MPOTYKTOB

spo3un Xdi, pacCIoJ0KEHHBIX B JaHHOM CEYEHHH, T.€.

11'1p=16'2di (12)
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IIPU 3TOM C POCTOM YTIJia HaKJIOHa OOKOBBIX MOBEPXHOCTEH yBENWUYHMBAETCS B JAHHOM CEUYEHUU
00BEM MPOJYKTOB IPO3UH, UYTO BEJET K POCTY BEPOSATHOCTH BO3HUKHOBEHHUS JOMOIHUTEIHHBIX
paspsaoB. 3HAYUT, B 9TOM CiIydae ¢ 00pabaThiBaeéMOil MOBEPXHOCTH OYJET CHAT OOJBIIUNA CIIOM
mertana. Orcrona caenyer, uto 1g>1,>1>1y,.

Pazmepsl I u 1;- 3aBUCAT OT peskrma 00pabOTKH, MaTepuala JIeKTPoaa-HHCTPYMEHTA U
00pabaTbIBaeMOil 3arOTOBKH, IITYOUHBI BHEJPEHUS JIEKTPOIa-UHCTPYMEHTA B 3arOTOBKY U JIp.
(baxTopoB.

Tak Kak MEXAJIEKTPOIHbIE 3a30pbl UMEIOT PA3IMUHYI0 BEJIMYUHY MEXAY BEPTUKAIbHbI-
MU, TOPU30HTAIBHBIMU M HAKIIOHHBIMU TTOBEPXHOCTSIMU 3JIEKTPOIa-HMHCTPYMEHTA U 00padaThl-
BAaeMOH 3arOTOBKH, TO pabouMii MpopHIIb EKTPOAa-HHCTPYMEHTA JI0JDKEH PACCUUTHIBATHCS
pa3aeNbHO /ISl BEPTHKAIBHBIX, TOPH30HTAIBHBIX H HAKIIOHHBIX Y9aCTKOB.

Ha puc. 4 npuBeeHa npuHIUIHATBHAS 3aBUCUMOCTS lg, 1; 11 Og, O; OT DHEPTHH UMITYIIbCA.
[Tpu KucmoNb30BaHUN MATKUX PEXKUMOB 00paboTKH lg HaXoaUTCA B Mpesiesax HEeCKOJIbKHX COTBIX
noieir MM (ipu W,=0,0002 [Tk 16=0,028 MM nipu 00paboTKe TBEPIOTO CIUIaBa JIATYHHBIM dJIEK-
TpoaoM-uHCTpYMEHTOM lg=0,03MM — MeHBIM U 15=0,04 MM 37€KTpOIOM-UHCTPYMEHTOM H3 Ce-
poro uyryna, CU18-36). [Ipu 06paboTke TBEpAOCIUIABHBIX JIeTane Ha rpyoom pexxume (Wu=0,2
JIx) G0KOBO¥ 3a30p YBEITMYMBAETCS M CTAHOBUTCS paBHBIM 0,16 MM MpH UCIIOJIB30BAHUHU JIATyH-
HOTO, 0,18 MM -MentHOTO M 0,21 MM- 4yTYHHOTO 3JIeKTpoia-uHCcTpyMeHTa. [Ipu o6paboTke
CTaJIbHBIX JieTanel npu cpeaneM Toke 60 A ¢ UCTIOIB30BaHUEM IIEKTPOJA-UHCTPYMEHTA U3
aoMUHUEBOTO cruaBa AJIS 3a30p Mexly TOPU30HTAILHBIMU M HAKIIOHHBIMU TIOBEPXHOCTSMHU
1,=0,42 mm, meau- 0,25 mm, rpadutupoBanHoro marepuana D31 - 0,07 MM, a MeXIy BEpTH-
KaJIbHBIMH [TOBEPXHOCTSIMU MIPH UCIIOJIB30BAHUU MEAHOTO AJIEKTpoAa-uHCTpyMeHTa lg =0,47 MM,
rpadutupoBaHHoro - 0,49 mm.

C yBennuenuneM rnyOuHsl 00paboTku ls pacret u gocturaer npu H=5 mm 0,05 MM, a ipu
H =20 mw™ - 0,13 mm 1 ipu ganpHeimei pocte H 60koBoi 3a30p He u3meHsieTcs (puc. 5).

Ha Bennunny 60KOBOro 3a30pa, a cie10BaTeNIbHO, U KOHYCHOCTh OTBEPCTHS OKa3bIBAET
BJIMSTHUE YCJIOBUE BBIMOJTHEHHSI ONIEPALIUY, B YaCTHOCTH, IPOKaYUBaHUE paboyeil )KUIKOCTH ye-

pe3 30Hy 00paboTku. Ha puc. 6 mokazaHo BIMSHUE OTHOIICHUS NTyOUHBI oTBepcTHs H, k ero au-

dBX B deIX
ameTpy d Ha m3MeHeHne KOHycHOCTH K = e (xpuBsble I, 3) u pazHOCTH pa3MepoB OTBEP-
0

ctust Ad co ctoponsl Bxofa (dyx) 1 BeIxoaa (dgyx) 2MEKTpoaa-uHCTpyMeHTa (KpuBkIe 2, 4) U3 3a-

T'OTOBKH
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BE3 nmpokaunBaHus (KpuBkie 1, 2) 1 ¢ mpokaunBanueM (3, 4) paboueid KUIKOCTH Yepe3 IEKTPoaa-
uHcTpyMeHTa. [Ipu o6paboTke oTBepcTuii 0e3 mpokaurnBaHus pabouel )KUAKOCTH BeTUYrHA OOKOBO-
ro 3a30pa OoJibllle, 4YeM MpHU MPOKAUYNBAHUH €€ Yepe3 30Hy 00pabOoTKH, B pe3yabTaTe 4ero B IEpBOM
cllydae KOHYCHOCTb M OTHOCHTEINIbHAs Pa3HOCTh INaMETPOB OTBepCTHs Oonbiie. OTHOCUTETbHAS

Pa3HOCTh TUAaMETPOB OTBEPCTHs, 00paboTaHHOTO O€3 MPOKaUKH, B 2 pa3a OoJIbIIe, YeM C TPOKAYKOM

o

paboueit xuakocTu. [Ipu aTom 10 =5+ 6 3Ha4YeHUs OTHOCUTEJIBHOW Pa3HOCTH TUAMETPOB OT-

BEPCTHUA PACTYT, a IPU NOCICAYIOMIEM YBCIIMYCHUN OCTAOTCA HCU3MCHHBIMU.

2.4. O0mmue yCIIOBUSI IIPU pacueTax dJIEKTPOaa-UHCTPYMEHTA

B o0mem Buze 990 3aroTOBKH CKIIAABIBACTCS U3 psAia MOCIEI0BATEIbHBIX ONepaluii: o0pa-
00TKa HA YEPHOBBIX PEXKHUMAX C IEIBI0 YIaJeHHsI OCHOBHOTO 00beMa MeTallia, HauOOJIBIIIETro MO Be-
JUYMHE TPUITYCKA Zuyepy, 00PaOOTKA HA CPEAHUX PEKHUMAX C LENBIO BBIPABHUBAHUS IOBEPXHOCTH U
yIaJIeHHIO 1e(hEeKTOB, MOyYEHHBIX OT NPEeAbIIYIIeH ONepaluu cO CHATHEM MIPUITYCKa Z,; 00paboT-
Ka Ha YUCTOBBIX PEXXKHUMaxX C MOITy4eHHUEM TpeOyeMOoil TOUHOCTH M KayecTBa ITOBEPXHOCTH CO CHATH-
€M MPUITYCKA Luyycr.

3HaHue NPUITYCKa IT03BOJIAET ONPEACIINTh BEIMUUHY U3HOCA AIEKTPOAA-UHCTPYMEHTA, a Clle-
JI0BaTENIbHO, IPAaBUIIBHO PacCYUTATh ero pasMmepsl. Tak, u3 BbIpaxkeHus 2 ciemyet, 4To h,=Ay,;*hs;
h=Ay,,*Z. Takum 06pa3om, Ipu MOCTOSHHOM 3HAUYE€HUH AY,; OCHOBHBIM (PAKTOPOM, OTIPEAEISIIOIUM
pa3Mmep 3JIEKTPOAa-MHCTPYMEHTA SBJISIETCS BEJIMYMHA CHUMAEMOTO Ha Ka)KJIOM peXHMe NpUIycka Z.
ITpu 3TOM MUHUMAaJIBHBIN IPUITYCK AOJKEH OUTh paBEH BEJIMYUHE BCEX MOTPELIHOCTEH, OCTaBIINXCS
nocje npeaslaynied o0paboTkH, a TakkKe BHOCUMBIX IIPU 0a3MPOBAHUM U 3aKPEIUICHUH JETaIN U

AIIEKTPOJA-UHCTPYMEHTA Eyi HA BHINOIHAEMOM IIEPEXOJE, T.€.

ZMI/IH = (Rzi—l _hgi—1)+\/p i2—1 +& )Z/i (13)

rae: R,i.i - BbicoTa MUKpOHEpOBHOCTEH U hyi.| — Ti1yOHHa n1edekTHOro cios, pj.i - FEOMETpHYECKas
CyMMa ITPOCTPAHCTBEHHBIX OTKJIOHEHUH B3aMMOCBSI3aHHBIX TOBEPXHOCTEH 3arOTOBKH, T10-

JTYYUBIINXCS Ha MPE/IIECTBYIOIIEM MTEPEXOIE.
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DTO MOJ0KEHUE, B3ATOE U3 METALI000pabOTKH, OE3YCIOBHO. JODKHO OBITh UCIIOJIb30Ba-
HO IIpH pacyeTe npuiyckoB npu 930.

OpHaKo clieyeT OTMETUTh, YTO HATUYHE MEX 3JIEKTPOIHOTO IMTPOMEKYTKA, a TAKXKe Mpo-
XOXKJIEHHE AJIEKTPUYECKOro pa3psijia MO HauKpaTyaillleMy PacCTOSHUIO MEXKAY JIeKTPOAaMH
BHOCST OINPEICTICHHYIO CIIEU(UKY B pacyeT BETUUYUHBI IPUITYCKOB.

Ha puc. 7 npencraBieH 371€KTpOA-MHCTPYMEHT 3" | IepeMELAOLIMICS 110 HAIIPABIICHUIO
cTpenku "c" B cTOpoHY oOpabaThiBaeMON 3aroToBKH. [IpHHATO, YTO 3JIEKTPOA-UHCTPYMEHT B
nporecce 390 He H3HAIIMBAETCS, a MEXKAY OOKOBBIMH IOBEPXHOCTSIMU HET JOMOJHUTEIBHBIX
AJIEKTPUYECKUX pa3psanoB. Takas umeanusupoBaHHas cxema D0 mo3BoiseT 00Jiee YETKO BHI-
SIBUTh OCOOEHHOCTH OTIpEJICJIEHUS IPHUITYCKOB, CHUMAEMBIX C pa3HBIX MOBEPXHOCTENH 00padaThI-
BaeMOH 3aroToBKd. B JaHHOM ciydae Bce MOBEPXHOCTHU 3JIEKTPOJA-UHCTPYMEHTA MapajlieIbHbI
0o0pabaTbIBa€MbIM MOBEPXHOCTSIM 3arOTOBKH, a MEXAIJIEKTPOAHBIA MPOMEXYTOK BO BCEX HOP-
MaJIbHBIX CEYCHHSIX PaBeH L.

VYyactku 6, 8, 10 TOpLIOBOM MOBEPXHOCTH NIEKTPOAA-UHCTPYMEHTA "yaanian" MPUITYCK
C 3aroTOBKH, paBHbINA Z. [Ipr 3TOM HE00X0ANMO MOAYEPKHYTHh 0ocobeHHOCTH D0 B TOuKax 6 u
10. 3nech anexkTpuyuecKre pa3psabl MPOXOJWIA HE TOJIBKO B HampasiieHusx 6-7 u 10-11, Ho u
MEXy BCEMH TOYKaMH 3arOTOBKH, HAXOAITUMHUCS HA TOBEPXHOCTAX 5-7 1 11-12 u Toukamu O u
10 coorBeTcTBeHHO. B MTOre B HampaBIEHUU NEPEMEIICHUs HIIEKTPOAAa-UHCTPYMEHTA, COBIIA-
naroieM ¢ Harpasienuem 6-7, 10-11, Oyner cusar npunyck Z=H,+l, , a B HanpaBieHuu 5-6 npu-
MyCK, paBHBIA |, . Takum oOpazom, mexay Toukamu 4 u 3, 2 u 1 BooOIIe He OyIeT MPOXOAHTh
KaKuX-IM00 pa3psaoB, T.K. 3a30p |, y)ke oOpa3zoBaH B pe3ynbTate 990 TOUKOM 6 M Ha 3TUX y4a-
CTKax ¢ 00pabaTbIBaeMOil 3aroTOBKH HE OYyJeT yJalsiThCsl METalll, T.€. CHUIMAaEeMBbIi MPUITYCK Ha
3TUX yYacTKax paBeH Hymo. CbeM MeTaula Ha HAKJIOHHON MOBEPXHOCTH 3arOTOBKU JIHOOBIM
YYaCTKOM 3JIEKTPOAa-UHCTPYMEHTA MPOUCXOIUT Oaroiapsi MPOXOKICHUIO SJIEKTPUUECKUX pa3-
PS0B B HAIpaBJIEHUH, IEPIICHIUKYIIPHOM 00pabaThiBaeMoi moBepxHOCTU» T.e. Kaxkas Touka
AJIEKTPOJIa-UHCTPYMEHTA "yaanseT" MeTaul ¢ 3arOTOBKU HE B HAIIPABJICHUH NEPEMEIICHUS K-
TPOAa-UHCTPYMEHTA, a 10 HANpPaBJICHHUIO, B KOTOPOM MOBEPXHOCTU 3arOTOBKU M DJIEKTpPOJa-
WHCTPYMEHTA HAXOATCS HAa caMOM OJIM3KOM PACCTOSHHUHM, T.€. IO HOPMaIH K 00padaThIBacMO
noBepxHocTU. OTCIO/Ia SICHO, YTO 3JIEKTPUUECKUE pa3psabl OyAyT MPOXOIUTH 1O HAMPaBICHUIM

13-15u 17-18, ane no 13-14, 17-16, coBna-
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JAIOIIMM C HaIlpaBJIEHUEM TIEPEMENICHUS MIEKTPOoa-HHCTpyMeHTa. Takum o0pa3om, Toukoi 10
B HanpasyieHuu 10-12 u Toukoii 13 B HanpaBneHuu 13-15 «ynaneHb OPUITYCKH, paBHBIE COOT-
BeTCTBEHHO: Z10=Ho 11 1 Z13=Hyxtl; . 3Hauenns Hy, u Hyx oTcunThIBarOT OT TOYek 19 u 20, 18-
JSOIIUMHUCS TOUYKAMU TepeceYeHus IIIOCKOCTH a-a, MPOXOASAIIeH uepe3 BEpXHIO MOBEPXHOCTh
3aroTOBKH, C JIMHUSAMU, TIPOXOISAIIMMHU Yepe3 pacCMaTpUBaeMble TOUKU AJIEKTPOAa-UHCTPYMEHTA
(B marHOM ciydae Touku 10 u 13) B HampaBiaeHUH, MapaIeIbHOM ITEPEMEIIEHUIO JIEKTPO/Ia-
uHctpyMenra. Pasmep Hy u Hyx paBeH BenmmunHe oTpe3ka, OTCYMTHIBAEMOTO IO HOPMaJIH, OITy-
nmeHHo u3 Touek 19 u 20 Ha 6OKOBYIO MOBEPXHOCTH JEKTpoaa-uHCTpyMeHTa. OTCroa ciemny-
€T, uTo B ciydae D00 6e3 u3HOoca ANEKTPOAa-HHCTPYMEHTA U 0€3 TONOTHUTEILHBIX Pa3psioB
MeXTy OOKOBBIMH MTOBEPXHOCTSIMH JJIEKTPOAA-UHCTPYMEHTA U 3aTOTOBKH, BETUYHHA TIPHUITYCKA,

yAQIIEMOT0 Ha JIF00OM ydacTKe JIF0OOH MOBEPXHOCTH, MOKET OBITh ONpe/iesieHa M0 YPaBHEHUIO:

Z.=H, *sino+l, (14)

rne: Hy - paccrostHue OT paccMaTprBaeMOM TOUKH Ha MOBEPXHOCTH AJIEKTPOAA-UHCTPYMEHTA 10
IUIOCKOCTH a-a, O - YTOJI HAKJIOHA paccMaTpruBaeMOi IIOBEPXHOCTH JIEKTPOJa-UHCTPYMEHTA K
HaIpaBJICHUIO €ro nepemMenieHus B npouecce 330.

PaccmoTrpum cxemy D30 6est n3HOCA IEKTPOIa-HHCTPYMEHTA, HO C HAJIMYKUEM JIOTION-
HUTEJIBHBIX Pa3psiIoB MEXTy OOKOBBIMU MOBEPXHOCTSAMU AJIEKTPOIa-HHCTPYMEHTA U 3aTOTOBKU
(puc. 8). B atom ciyuae lg>lo>l;.

Kaxp1il yuacTOk BepTUKaIbHON OOKOBOI MOBEPXHOCTH 2-6 3JEKTPOIa-UHCTPYMEHTA

"cHsAN" ¢ 3arOTOBKMU NPUITYCK, pPaBHBIN

ZGZIGX- lT ( 1 5 )

Bnonne odeBuAHO, YTO TOUKA 2 TOJNBKO BCTymuiia B mporecc 390 s 3TOT y4acTOK AJIEKTPOJia-
MHCTPYMEHTA €lle He CMOT "yAaluTh" ¢ 3arOTOBKM OLYTHMBIN 1O pazMmepy mnpumyck. OueBun-
HO, YTO yAaJIEHUE MPUITYCKA Zgmax=ls-1r ONIpeensiiocs JOMONMHUTEIbHBIMU Pa3psiiaMy B TOUKE 6
[0 HaNpaBJIEHUIO 5-6 M MOJHO MOJlaraTh, YTO UMEHHO 3TOT y4YacTOK JJIEKTPOJa-UHCTPYMEHTA
"yranun" ¢ 3arOTOBKU MPUNYCK Zgmax. I yI0OCTBa MOCIEAYIOMIUX PACUETOB JOMYCTUM, YTO

y4acToK 1-5 G0KOBOI MOBEPXHOCTH 3aTrOTOBKH SBISETCS NPSIMOJIMHEHHBIM, a YTOJI MEX
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Jy HEW U HaIlpaBJICHUEM I[IEpEMELIEHUS MIEKTPOIa-UHCTPYMEHTA PABEH Pg

16 _lT
tg @, “TH (16)

3

OTcrona cnenyeT, 4To MPHITYCK, yAATSIeMbIi ¢ TI000# TOYKH BEPTUKAILHOW OOKOBOW MOBEPXHOCTH

3aroTOBKH paBeH

Z6x :l6x _lT :Hx *tg*¢6 — II:IIX >X<(16 _1T)

)

(17)

IIpu 3TOM paccrostnue Hy OTCUNTBIBAETCS OT INIOCKOCTH a-a, IPOXOAIICH Yepe3 BEPXHIOK ITOBEPX-
HOCTb 3aroToBKH. Mcxoas u3 BeipaxkeHus 17, Touka 2 31eKTpoJa-uHCTpYMEHTa "yaanuia" npuIyck
Z5>=0 (1.x. Hy=0), a Touka 6 B HanpaBiaeHUU 6-5 — npunyck Zs=ls-1;, (.. Hy=H ).

Hcnonp3ys aHAIOTMYHBIE PACCYKICHUS MOKHO TTPUATH K BBIBOAY O TOM, YTO TOUKOM 10 smek-
TpoJa-uHCTpyMeHTa B HanpasieHuu 10-12 "ynaneH" MakcuMallbHBIN NPUITYyCK, a TOUKOM 17 - mpu-
MyCK, paBHBIN HYI0. [Ipunyck, yaansemslil 11000# TOUKOH, pacIoNoKeHHOW Ha paccMaTpUBaeMOn
MIOBEPXHOCTHU 3JIEKTPO/Ia-MHCTPYMEHTA, B OOIIEM BUJIE C YUETOM BBIpaXKEHUs 14 MOXKeT ObITh Ompe-

ACJICH U3 paBCHCTBA

Zox=Hyx*sino+1+(lgx-1r) (18a)

NN

Zox=H,*sino+l,x (180)

Onnako ypaBHeHUe 186 MCIONIB30BaTh MPAKTUYECKH HEBO3MOKHO B CBSI3H CO CIIOKHOCTBIO ONpeie-

neHus lox. B cBs3u ¢ aTiM uneH paBeHcTBa 18a Iy «-1; Mo aHamoruu ¢ BeipaxkeHneM 17 MOXHO 3amucaTh

B OoJee ymoOHOM BHJIE:

o

H
Z . =H, *sina +1T+Hx (1a —lT) (192)

WJIU TIOCTIe TIpeoOpa3oBaHus
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Z 1“ = +si +1
= < T +sina
= T (196)

IIpu onpeneneHnn pazMepoB NIEKTPOIOB-UHCTPYMEHTOB MOKET BCTPETUTHCS HECKOJIBKO CIIy-
YyaeB B 3aBUCUMOCTHU OT TOM UM HHON CXeMbI 00paOOTKH, OT UCIIOJIb3YEMOM KOHCTPYKIIMH 3JIEKTPO-

Ja-MHCTPYMEHTA K KOJIMYECTBA €r0 YCTAaHOBOK MPHU 00pabOTKE OJJTHOTO OTBEPCTHUS WIIH
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1oJ1ocTH. ITpu 3TOM, yunTBIBasi, YTO B OMPEIEIIEHHBIX YCIOBHUIX U3HOC DIIEKTPOJa-
MHCTPYMEHTA NPAKTUYECKU PABEH HYJIIO, 1IEIECO00Pa3HO IPOBECTU PACUETHI Pa3MEPOB DJIEK-
TpOAa-UHCTPYMEHTA Oe3 yueTa H ¢ y4eTOM ero u3Hoca. J[omnosHuTenpHbIe pa3psiabl Mex1y 00-
KOBBIMH IIOBEPXHOCTSIMH 2JIEKTPOAA-NHCTPYMEHTA U 3arOTOBKH TAK)KE CUIIBHO OCIIOKHSIOT
pacueT. BmecTe ¢ TeM B psJie Cily4aeB MOKHO UCKIIIOYUTh UX BPEIHOE BiIusHUE. B yacTHOCTH,
3TO BO3MOKHO BBITIOJHHUTH IIyTEM OTCOCA MIPOAYKTOB APO3UH U3 30HBI 00paOOTKHU, HE AOMYC-
Kasl UX MPOXOXKICHUS MEXTYy OOKOBBIMHU IMOBEPXHOCTSIMH, @ TAKHE IIyTEM HaHECEHUs! Ha OOKO-
BBIC IIOBEPXHOCTH JJIEKTPOAA-UHCTPYMEHTA CII0SI U3 TOKOHENPOBOAsAIEro matepuania. [loaro-
MY pacdeTshl 11e71eco00pa3HO MPOBOAUTH KaK C yUE€TOM, Tak U 0e3 yueTa JOMOJHUTEIbHBIX pa3-
PA10B MEXKYy OOKOBBIMH ITOBEPXHOCTSIMH HIEKTPOAa-HHCTPYMEHTA U 00pabaThiBaeMoii 3aro-
TOBKH.

B npuBeneHHBIX HMXKE pacueTax MPUHITO, YTO CYMMapHasi NOrpemHocTh npu 990 1o
Asy BEpPTUKAJIBHBIM U TOPU30HTAIBHBIM Ayl pa3MepaM MEHbIIE JOIYCKOB Ha COOTBETCTBYIO-
M€ pa3Mepsl NOJIOCTH Apy U A, . Tak Kak B pacCMaTpUBaEeMBIX CIy4asiX MOJIOCTH 0Opa-
0atpIBatoTCA TONbKO D0, JONMYCK Ha BEPTHKAJIbHBIE Pa3Mephl 2JIEKTPO1a-MHCTPYMEHTA He

JOJKEH npeBbIIaTh Apyp=Anp-Asy , @ Ha TOPU3OHTANbHBIE -Apyr =Ap-Asy .
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3. PACYET PA3SMEPOB SJIEKTPOJJOB-UHCTPYMEHTOB
JUIs1 OSPABOTKM OTBEPCTHIA

3.1. OOpaboTKa OTBEPCTHH METOAOM IIPSIMOI'0 KOITMPOBAHUS

Ha puc. 9 npencraBnena oaHa U3 BO3MOXKHBIX CXeM 0OpabOTKH OTBEPCTHS CTyIEeHYa-
TBIM 3JIEKTPOJOM-UHCTPYMEHTOM.

JnrHa paboueil 9yacTH anekTpoaa-uHcTpymMenTa Hy,, mpeaHa3HaueHHOro Al U3rOTOB-
JIEHUs OTBEPCTUH METO/OM MPSIMOT0 KONMPOBAHUS, ONPEAEISIeTCs IITyOMHOM N3rOTOBIIEMOTO
otBepcTus Hy, BEIMUNHON TOMOTHUTEIBLHOTO POIBUKEHUS 3JIEKTPOJAa-UHCTPYMEHTA T10CIe
BCKPBITHUS U3TOTOBIIIEMOro oTBepcTus Hy 1 Bennunnoit n3noca Hy,. Takum oOpazom, anuHa

AJIEKTPOJIa-HHCTPYMEHTA, UMEIOIIETO MaJIblid uaMeTp (cM. puc. 9), Oyner paBHa

Hy,=H=H,+H,+H, (20)
PaBJII/I‘IHaH JJINHA HpOIIBI/I)KeHI/I}I BHGKTPOIIa-I/IHCTp}IMeHTa I10CJIC BCKprTI/ISI OTBepCTI/IH
JTAET PE3KO OTIUYAIONIUECS Pa3Mephl M3TOTOBJICHHBIX OTBEPCTHH. DKCIIEPUMEHTHI TMOKa3allu,
YTO BEJTWYMHA JIOTIOJHUTEIHLHOTO MPOABMKEHHUS AJIEKTPOJa-MHCTPYMEHTA TIOCIIe BCKPBITHS OT-
BepCTI/ISI, OGGCHG‘II/IBaIOIJ_Ia}I INOBBIICHUEC TOYHOCTH, 3aBUCHUT OT CTCIICHU €0 OTHOCUTCIBHOI'O
n3Hoca Ay, u xonebnercs B npeaenax 1,2 - 1,5 H,. IIpu 3TOM MeHbIIEe JOMOTHUTEIHLHOE TIPO-
JBUYKEHUE AJIEKTPOJ1a-HHCTPYMEHTA COOTBETCTBYET MEHBIIEMY €0 U3HOCY.

Orcrona cienyer, 4To

Hp3=H13=[(2,2+2,5)+AY3H] *H, (21)

Tak npu BbICOTE TBEPAOCIIIIABHOM TIACTHHBI B 15-20 MM [ytnHa pabovel yacTu MEIHO-
r0 AJEKTPOJa-UHCTPYMEHTa OyzaeT cocTaBisaTh 68-90 MM, paryHHOrO -60-80MM., YyryHHOTO-
53-70 MM u kokcorpadutoBoro-38-60 mm. OOmias JIMHA AIEKTPOIa-HHCTPYMEHTA, TpeIHa-
3HA4YEHHOTO

Uit 00pabOTKH OTBEPCTHUS OJTHOTO TUaMeTpa, OyAeT paBHA

H3 = Hp3 + HKp + H3T (22)

rae: Hyp - AKMHa yyacTka 3JeKTpoja-uHCTPYMEHTa, He00X0AuMasl 11l KPEIUIEHUs B DIIEKTPO-
JoJiepKaTene;
H,; - BenmumHa 3a30pa MEXIY JIEKTPOJOepKATEIEM H TOpLIeM 00paboTaHHOH MOBEPX-

HOCTH B MOMEHT OKOHYAHHUsI MpoIiecca 00paboTKH.
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Pa3mep mo maymHe pabodeil 4acTu CTYNEHH JJICKTPOJa-HHCTPYMEHTA, UMEIOIICH 00Jb-
muii quametp (puc. 9), MOKHO OTMPEIENIUTh C YI€TOM TOPIIOBOTO 3a30pa l; u Jormycka Ha pas-

Mep 00pabaThIBa€MOro OTBEPCTHUS 10 BBICOTE Ay U3 CJIETYIONIET0 BHIPAXKEHUS :

H23= H20-|-A2HH (l-l-Ay 3)—1T (23)

[Ipu ompexneneHun AUaMeTpalbHBIX Pa3MEpPOB ANEKTpoAa-uHCTpyMeHTa D, HeoOxonu-
MO UMETh B BUJY, UTO OCHOBHOH 00beM MeTaiia o0pabaThiBaeMoil 3arOTOBKH YAAIsSETCs MpU
HCIIOJIb30BAHHUU TOJIBKO OAHOTO MEPCMCHICHUS 3JICKTPOAA-UHCTPYMCHTA B HAIIPABJICHUU K 06-
pabaTbIBaeMOil 3aroTOBKE 3a CUET DJEKTPUYECKUX Pa3psiioB, MPOTEKAIOIIMX MEXAy TOp-
L[EBBIMM TTOBEPXHOCTSAMU 3JIEKTPOAA-UHCTPYMEHTA M 3arOTOBKH, a TAaK)Ke IMOBEPXHOCTHIO, TO-
JIy4aeMOM B pe3yJIbTaTe M3HOCA TOPIA JIEKTPOIa-UHCTPYMEHTA U 3aroToBkoil. Ha 3Tux y4dacr-

Kax 3a30p MEKTY AIEKTPOIOM-
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-MHCTPYMEHTOM U 00pabaThiBa€MOM 3aroTOBKOM MOYXHO MPUHSATH paBHBIM l; (cM. puc. §). B
UTOTE 3 CUET DIIEKTPUIECKHUX PA3PSIOB MEKTY OOKOBBIMU MOBEPXHOCTSAMU DIIEKTPOJIa-
UHCTPYMEHTA U 00pabaThIBAEMOT0 OTBEPCTHS yIANSETCS MPHUITYCK , BEIMYUHA KOTOPOT'O MOXKET
OBITH OmpeiesieHa U3 BeIpaxeHus 17. B ¢Bs3u ¢ 3TUM M3HOC OOKOBBIX MTOBEPXHOCTEH AJIEKTPO1a-

WHCTpYMEHTa Oy/IeT paBeH

H
Y 30m :AY 31 >kz6x :AY 31 H_X(16 _1T) (24)

e}

Taxum 06pa3oM, HAUOOJBIINI TUAMETPaTBbHBINA pa3Mep OOJbILEH CTYIIEHH IEKTPOoIa-
WHCTPYMEHTA MPEICTaBICHHOTO Ha puc. 9, Oyaer paBeH (cM. puc. 8)

npu

A A
D, =D, += =20y +2y =D, +— =21, =2(l; ~1,)+ 208 (s - 1,) =

3 o (o]

=D, + Azm —2(1-Ay ), —-1,)-21,
(25)

rae: D, - HOMMHaNBbHBIA JUaMeTp OTBEPCTHUS;

Dy~ onyck Ha AuaMeTpanbHbIA pa3Mep OTBEPCTHUS.

3.2. O0paboTKa KOHUYECKUX OTBEPCTUN METOAOM 00OPATHOrO

KOHYCa

UzroroBnenue pacoHHBIX KOHUYECKUX OTBEPCTHI MOXKET OCYIIECTBISATHCS ABYMSI pa3-
JJMYHBIMHU ME€TOAaMHN 990, HCMOJIB3YIOIIUMU MMPUHIUIT KOITUPOBAHUSA 3JICKTPOAA-UHCTPYMCHTA B
oOpabarbeiBaeMOl 3aroToBKe. B mepBoM cinydae 00paboTka KOHYCHON MOBEPXHOCTH U IITUH/-
PHUUYECKOM Yac OCYIECTBIIAETCS pa3IMUHBIMU JIEKTPOIaMU-UHCTPYMEHTaMHU, TIPU 3TOM pabouuit
KOHYC U3TOTOBJISIETCS C UCIIOJIb30BAHUEM JBYX-TpPEX 3JIEKTPOAOB-UHCTPpYMEHTOB. [Ipu ncmosnb-
30BaHHMH BTOPOTO Tpoiiecca, mpeatoxkeHHoro Hamutokoseim K.K., pabounii KoHyC ¥ IHIIUHIPH-
YyecKas 4acTh U3rOTOBIISIOTCS OJHUM 3JIEKTPOIOM-UHCTPYMEHTOM, UMEIOIIUM (HOpMY 3epKalib-
HOTO OTOOpakeHusl paboueit yacTu KoHU4ecKkoro oreeperus (puc. 10)

Omnpenenenue pa3MepoB AEKTPOIa-UHCTPYMEHTA B 3TOM CIy4yae OCHOBAHO Ha OIpejie-

JIEHHOM 3aBHCHUMOCTH MCKAY KOJIUYECTBOM YAAJICHHOI'O ME€TAaJliIa B BEIIMYHMHON M3HOCA OJICKTPO-
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na-uHcTpyMeHTa. C ONpeIeNIeHHOM CTENEeHbI0 JOCTOBEPHOCTH 3Ta 3aBUCUMOCTbD ITOCTOSTHHA IS
JAHHOM Mapbl 3JIEKTPOJIOB MPH BEIOPAHHOM peskuMe 00pabOTKH 1 yCIOBUI BeleHUs Mpolecca.

3navenus D, u d, onpenensiorcs no od1emMy npaBuily pacuera TMaMeTpoB dJIEKTPOI0B-
WHCTPYMEHTOB, UCIIOJIB3YEMBIX MPU 00pa-00TKe Ha TOM MK HHOM pexume (puc. 10). Beicora
anekTpona paBHa h,=Ay,,*h,. Yron B anexTpoga-uHCTpYMEHTA ONPeeTsSeTCs U3 CIEAYIOMUX CO-

obpaxenuii. Tak kax

D, —-d B o
—2 S —hto—=h to—
2 18Ty T o
o
tg—2
=2arctg | —=
B Y (26)

4. PACYET PABMEPOB DJIEKTPOJIOB-UHCTPYMEHTOB JJISI OBPABOTKH ITPO-
CTBIX ITOJIOCTEN

4.1. O0paboTKa NOJIOCTA HA OJHOM DEKUME

[TonocTh ¢ BepTHKANbHBIMU OOKOBBIMH MTOBEPXHOCTAMH (puc. 11) He UMeeT OCTpPhIX yr-
70B. OHa Oyzaet 00pabaThIBaTHCS OJJHUM DJIEKTPOJa-UHCTPYMEHTA Ha OJHOM PEKUME C UHTEH-

CUBHOW MPOKaYKoi pabodeil )KUIKOCTH Yepe3 30Hy 00paboTKH.

a. Pacder pa3mMepoB 31eKTpoIa-HHCTPYMEHTA 0€3 ydeTa ero u3Hoca

BepTukanbHble pa3Mepbl pabodeil yacTH 31eKTpoAa-UHCTPYMEHTA PAaBHBI

H =Z —IT:HH-i-Aan—l 27)

H T

['opu3oHTanbHBIE pa3Mepsl JIEKTPOIa-MHCTPYMEHTA paBHbl (puc. 12)

L :LH+AHL

2

=2l (28)

0. Pacuer pa3MepoB 2JIeKTpoAa-MHCTPYMEHTA ¢ YISTOM €ro M3HOCA.
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Beprukanpasie pazmeps (puc.11)
H =H+Ay *Z, =7Z -1 +Ay *Z =

=(1+A73n)*ZH—1T=(1+Ay3ﬂ)*(Hn+%J—1T 29

["opu3oHTaIBHBIE pa3MEPHI IEKTPOJA-UHCTPYMEHTA B 3TOM CIIy4ae MOTYT ObITh OIpeIeIeHbI

TaK e KaK U AMaMeTpalibHble pa3Mepsl (cM. puc. 8, 12 u Beipaxenue 25), T.e.

L9:LH+A2HL _2*<1_A7/3J1)*(16_1T)_2*1T (30)

Ha puc, 11, 12 u B popmynax 17-20 ucnoap30BaHbI CIASAYIOMNE YCIOBHBIE 0003HaueHUs: Hj-

BEPTUKAJIBHBIN pazmep oOpabaTbiBaeMoii mo-
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nocTH; Ly - Topu30oHTaNBHBIA pa3Mep 00pabaThiBaeMOM MOJIOCTH, Zy- TPUITYCK, CHUMAEMBbIH C

. 0
rOpPU30HTAILHOU TTOBEpXHOCTH nosocTu. H,, H', - pa3mepsl mHCTpyMeHTa ¢ y4eToM u 0e3 yuera

€ro U3HocCa.

4.2. O0paboTKa DOJIOCTH HA TPEX PEKUMAX

Oo6pabaTsiBaemast mos1ocThb (puc. 13) ¢ BepTUKaIbHBIMH OOKOBBIMH, TOBEPXHOCTSIMU HE UMEET

OCTPBIX YIJIOBY», pa3MepPbl paIuyCOB OKPYTJIEHHUS YIJIOB He IUMUTHUpOBaHbI. [lonocts Oyaer 00-

pabaThIBaTHCSl METOAOM IPSIMOTO KOMTUPOBAHUS TPEMsI AJIEKTPOAaMU-UHCTpyMeHTamH 1, 2, 3 Ha

TpeX pa3HbIX pexxumax. C UCTIOTB30BaHUEM KaXI0TO dJIEKTPOIa-HHCTpYMEeHTa 00paboTka Oy-

JIET BECTUCh Ha oJHOM pexxuMme. Ilonoctu 4. 5, 6 nocne nx 330 COOTBETCTBEHHO IEKTPOAAMHU-

WHCTpyMeHTamu 1, 2, 3 apyrumu ciocobamu He oOpabaThIBaeTCs.

a. PacyeT pa3MepoB 2IEKTpOoaa-UHCTPYMEHTA 0e3 yd€Ta €ro u3HocCa.

Beptukanbabie pazMepbl

0 —
H 3qepH_ZqupH‘1qupH
Hsop=Zaepit Zusep-)
9Cp~ 4~“HYEPH HCep~iTep

0
H 3‘II/ICT:ZH‘IepH+ZHCp+ZH‘II/ICT_1T‘II/ICT:HH+AH]_/ 2_1T‘II/ICT

I'opusoHTanbHBIE pasMepsl
L epri=LatAn1/2-2Zsuer-2Zsep-2lsuep
L0 p=LutAnr/2-2Z suner-2lsep
L er=LarAn/2-2lsuer

(31,a)
(31,6)
(31,8)

(32,a)
(32,0)
(32,8)
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0. Pacuer pa3MepoB 3JIEKTpOAa-MHCTPYMEHTA ¢ YISTOM €r0 M3HOCA.

Ha 4epHOBOM pexuMe OTHOCUTEIBHBIM H3HOC 3JIEKTpOJa-
WHCTPYMEHTA paBeH Ay, YEpH., HA CpEOHEM Cp. -AY,, HA YUCTOBOM -Ay,
YUCT.

BeprukanbHble pasmepbl AJIEKTPOJA-UHCTPYMEHTA B JaHHOM
ciydyaid OyAyT yYBEIMYEHBl Ha BEJIMUYMHY H3HOCAa JJEKTpoAa-

MHCTPYMEHTA. TaKk KaKk BEIMYMHA U3HOCA BJIEKTPOJA-UHCTPYMEHTA IPO-

Prc.I3.
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MOPIMOHAIEHA CHUIMAaeMOMY TIPUITYCKY, TO BHaYajie HEOOXOIUMO OTpe-
JEIUTh TOJIIIHUHY MPUITYCKA, YIAIIEMOI0 Ha YUCTOBOM, CPEAHEM U Yep-
HOBOM peXuMax 00pabOTKH.
Ecau monocts o6padareiBaercss 99C B CIUIONIHON 3aTrOTOBKE, TO
Ha YEPHOBOM PEXXHME yJAIISIETCsI IPHUITYCK, PABHBIN

_170
ZqupH_H 3qepH+1qupH

(33)

OTtcroia 37MeKTPOA-UHCTPYMEHT TMpU 00paboTKe Ha YEPHOBOM
pEKMME U3HOCUTCA HA BENUYUHY AYsuepun™Zuuepu. ClI€TOBATENBHO, pas3-
Mep IIEKTPOAA-UHCTPYMEHTA Il Y4ePHOBOM 00paboTKM OyIeT paBeH:

H:HoaqepH+AY3qepHn*ZqupH:ZqupH‘

quepH+AY3qepHn * ZqupH:ZqupH( 1 +AY3qepHn)' quepH (3 4 9 a)

[Tpu 06paboTke HA CpeHEM PEKUME C TOPIIOBOM YaCTH MOJIOCTH
Oyner ypaneH HpPUMYCK Z. ClenoBaTelbHO, 3JIEKTPOI-MHCTPYMEHT
nmpu 00paboTKe Ha CpeaHEM pPEXHME HU3HOCHTCS Ha BEIUYHHY
Zicp™ Aysepn. OTCIOAA pasMep dIEKTPOAA-MHCTPYMEHTA Ul 00pabOTKH

Ha cpeaHeM pexume Oyner paBeH:
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Hacp:Hoacp+AY3cpn*ZHcp:ZqupH+ ZHcp‘chp+AY3cp * ZHCp:ZH‘IepH( 1 +AY3cpn) * ZHcp‘chp (3 4 ) 6)

AHAJIOTUYHO OTIpeNIeNIeTCs pa3Mep AIEKTPOAa-HHCTPYMEHTA I 0OpaObOTKH MOJIOCTH HA YUCTO-
BOM PEXHUME
—1q0 — —
H3'{I/ICT_H 3'-II/ICT+A’Y3'{HCTJ'I*ZHqHCT_ZHqCpH+ZHCp-quHCT+ZH‘IHCT+A’Y3'{HCTﬂ*ZH'{I/ICT_

=ZH‘IepH+ZHCp+( 1 +Ay3qHCTH) >kZH“II/ICT- lT'-lPICT (3 4 7B)

Cnenyer OTMETUTB, YTO ¢ OOKOBOW MOBEPXHOCTH CIIOM METAIA Zgep, Louucr YAAIAIOTCA IIPH T1€-
PEMEILEHNN IEKTPOIa-UHCTPYMEHTA B BEPTUKAJIbHOM HampasiieHuu (puc. 13). Ilpu aToMm anek-
TPOJABI-MHCTPYMEHTBI IPOXOAAT COOTBETCTBEHHO IyTh Hyep M Hygyer. B pe3ynbraTe y onekrpona-
WHCTpYMEHTa OyyT HHTEHCUBHO U3HAIIMBATHCS YIJIbI, OYAECT YBETUUUBATHCS PATUyC OKpYyTJIe-
HUS TIepexo/ia TOPIIOBOM MOBEPXHOCTH K O0KOBOH. B paccmarpruBaeMoM nmpumepe ¢ TOUKH 3pe-
HUS MOJTyY€eHa TOJIOCTH C 33JJaHHOM TOYHOCTBIO Pa3MepPOB MPOLIECC OKPYTIEHUS YIOMSIHYTBIX
YTJIOB HE UMEET 3HAUCHHUsI, T.K. pa3Mepbl paIUyCOB B JJAHHOM CITy4yae HE TUMUTHUPOBAHBI.

Tak kak 3a cueT pa3psaa0B MEXTy OOKOBBIMH ITOBEPXHOCTSIMH AJICKTPOIa-HHCTPYMEHTA U
00pabaTeIBaEMOM MOJIOCTH HA YEPHOBOM, CPETHEM M YHCTOBOM PEXKHUMAX YIAISIOTCS COOTBETCT-

BEHHO CJI0M MeTaNa lguepu-lruepn, locp=lrcps lguncr=lrancr, TO TOpU3OHTAIBHBIE pa3MepBbl 2IEKTPOA-

UHCTpYMEHTA OYAyT paBHBI
LaqepﬂzLoaqepH+2AY3qepH(lﬁqepH'quepH) (3 5 aa)
L3Cp:LO3cp+2A'Y3Cp (160p‘chp) (3 5 >6)
L3‘II/ICT:L03‘II/ICT+2AY3‘II/ICT (16‘II/ICT_1T‘II/ICT) (3 5 aB)

IJie: - TOPU30HTAIBHBIE Pa3Mephl AJEKTPOIa-MHCTPYMEHTA C YUeTOM U 0€3 ydeTa ero u3Hoca co-

OTBETCTBCHHO.

4.3. O0paboTKa DOJOCTHU C OPOUTPAIILHBIM ABIKECHUEM

QJICKTPOJa-HHCTPYMEHTA

[TostocTh ¢ BepTHKAIBHBIME OOKOBBIMH TIOBEPXHOCTSIMH HE MIMEET OCTPBIX YIJIOB, pa3me-
PBI PaIyCcOB OKpYTJIeHHS yIiIoB 3aaanbl. [lomocts mociie 330 apyrumu criocobamu He oOpada-
TBHIBACTCSI.

OO0paboTka OTBEPCTHI METOJIOM MPSIMOTO KOIIMPOBAHUSI C OTHIM BEPTUKAIBHBIM Iepe-
MEUIEHHEM DJICKTPO/Ia-HHCTPYMEHTA BBI3BIBACT CIIOKHOCTH NPH MOJTYYCHUH CPAaBHUTEIBHO TOY-
HBIX PAJMYCOB OKPYIJICHUS MEPEX0/ia TOPIIOBOM MOBEPXHOCTH K OOKOBOM, YTO TPeOYyeT HECKOIIb-

KUX 3JIEKTPOJIOB-UHCTPYMEHTOB JJIsl 0O0eCTIeYeHus 3aJaHHOM TOYHOCTH pa3mepoB. [TosTomy 1ie-
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necoo0pa3Ho 00padaThIBaTh 3aJJaHHYIO TIOJIOCTh METO0M MPSMOTO KOIMUPOBAHUS OJHUM JJICK-
TPOJOM-UHCTPYMEHTOM C €T0 OPOUTATHHBIM ABMKEHUEM B TOPH3OHTAILHOM IIIOCKOCTH HA TPEX
MOCIIEA0BATEIHHO U3MEHSIOMUXCS pexknmax. (00 opOUTpaTbHOM IBHKEHUH CM. CTP.93)

Cxema 00pabOTKH U pacmoioOKeHHE deKTpoaa-uHCTpyMeHTa 1 uepH. 1 cp., 1 uuct. ot-
HOCHUTEJIHHO TOJIOCTH 2 YepH., 2 CP., 2 YUCT., 00paOOTaHHOW COOTBETCTBEHHO HA YEPHOBOM,

CPEIHEM M YMCTOBOM PEKUMAX, TOKA3aHbl HA puc. 14.

a. Pacder pa3mMepoB 31eKTpoIa-HHCTPYMEHTA 0€3 ydeTa ero u3Hoca

BeprukanbHblii pasmep J1€KTpOAa-UHCTPYMEHTA PABEH 10 AHAJIIOTMH C BbIpaKEHUEM 27
H';=H+An1/2-lnauer (36)
I'opu3oHTaNBHBIN pasMep IIEKTPOAA-UHCTPYMEHTA MOKHO OIPEAEIUTD U3 CIEAYIOIIErO BbIpa-
keHus (cM. puc. 14)
LOs=LuueputAniLueps/2-2Zgucpu=LutAnr/2-2 Zsuncr-2 Zep-2Zsucpn=
=Ly +An/2-2(ZsuncrtZocpt Louepn) (37)

Jnst oGecrieueHust BO3MOYKHOCTH 00OpaOOTKH MOJIOCTH Ha YUCTOBOM PEKUME JTOJKHO
OBITH COOIOZICHO YCIOBHE
e‘{I/ICTZZ6‘{I/ICT_16‘{I/ICT+ZGCp+16‘{epH+e‘IepH:

=ZGqHCT+ZGCp+ZGlIepH'16qHCT (3 8)

r11e: Zguepu - TPUITYCK HA OOKOBOM MOBEPXHOCTH, CHUIMAEMBbIH Ha YEPHOBOM PEKUME, €ucpn U Cancr
- BEJIMYMHA SKCIICHTPUCHUTETA JIEKTPOAa-UHCTPYMEHTA TIPH OPOUTAIBLHBIM TIEPEMEIICHUH TIPH

00paboTKe Ha YEPHOBOM M YUCTOBOM PEKHUMaX COOTBETCTBEHHO.
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0. Pacuer pa3MepoB 2JIeKTpoaa-MHCTPYMEHTA ¢ YISTOM €ro M3HOCA.

BeprukanbpHbie pa3mepbl 3J€KTPOJa-MHCTPYMEHTA PaBHBbI:
H3=( 1 +AY3qepHn) * ZqupH+( 1 +AYBcpn) >kZHCp_’_
+( 1 +Ay3qHCTH) >kZH'—II/ICT-IT‘-II/ICT (3 9)

["opu30oHTaTBHBIE pa3MeEpPhI ATEKTPOJA-UHCTPYMEHTA MOTYT OBITh ONPECIICHBI M3 CIIETYIOIINX
coobpaxkenuit. [Ipumyck ¢ 60KOBOI OBEPXHOCTEH MOJIOCTH OYAET yIaleH B pe3yJbTaTe BOSHUKHO-
BCHUS SJICKTPUUCCKUX pa3pAa0B MCKIAY 60KOBLIMI/I MMOBCPXHOCTAMMU DJICKTPOAA-UHCTPYMCHTA U I10-
noctu. OTCro/1a ¢ Y4eTOM BBIPXKEHHS 25 CIeAyeT, YTO

L=Lnt+An/2-2(1-AYsunera) * Zouncr-2(1-AYsepn) * Locep=2(1-Aysuepnn) * Louepn=
=LutAny/2-2[(1-AYsunern) * Zouncrt (1-Ascpn) * Zoep t(1-AYuepnn) * Louepn] (40,a)

Wi tax xax ZG‘{CPH:e‘IepH+16‘IepH M Caper— Z6‘II/ICT+ Z6cp+ Z6qepH' 16‘{I/ICT , TO

LBZLH+AHI/ 2-2ZGHHCT+2AY3H*ZGHHCT_2260p+2 AY3CpH*ZGCp-2Z6qepH+2 Z6qepHAY6qepHn:Ln+AHL/ 2-
-2(Z6Cp+z6‘II/ICT+Z6‘{epH)+2(AY3CpH*Z6 Cp+AY3qHCTn *Z6qHCT+AY3qepmn * Z6qepH): LH+AHL/2-
‘2(eqHCT+16qHCT‘AY3HHCTn * ZﬁqHCT‘AY3cpn*Z6cp‘AY3qepHn *Zﬁqepﬂ) (40 ) 6)
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5. PACYHET PASMEPOB 2JIEKTPOJJOB-UHCTPYMEHTOB JJI1 ObPABOTKU ®A-
COHHBIX ITOJIOCTEN C BOKOBBIMU HAKJIOHHBIMU ITOBEPXHOCTSIMU

5.1. OOpaboTKa IMOJIOCTEA Ha OJTHOM DPEKUME

dacoHHast TOJOCTh ¢ OOKOBBIMU HAKIIOHHBIMH MTOBEPXHOCTSAIMHU HE UMEET OCTPBIX YIJIOB.
[Tonmocte OyneT 06pabaThIBATHCS HA OJTHOM PEKUME OJTHUM 3JIEKTPOIOM-UHCTPYMEHTOM C WH-

TEHCUBHOW MPOKAYKOU pabodeit )KHUIAKOCTH Yepe3 30Hy 00pabOTKH.

a. PacyeT pa3aMeToOB 3JICKTPOAA-UHCTPYMEHTA 0e3 y4ueTa €10 M3HOoCa

PaccmoTrpum aBa ciywast pacdera: mpy OTCYTCTBUM M MPU HAJl AOTIOTHUTENIBHBIX JIEK-
TPUUECKHX PA3PAI0B MEKTY OOKOBBIMU TOBEPXHOCTSAMU AJIEKTPOJIOB.
[Tpu OTCYTCTBUM JOTIOJHUTENBHBIX Pa3psIoB MEXy OOKOBBIMU IOBEPXHOCTSMHU 00pabaThiBae-

MO TIOJIOCTH | 3JIEKTPOAA-MHCTPYMEHTA TIPH 04> OyIeT UMeTh MEeCTO 0c03=ocn;

Boaan; 106H|3:106Ha:1T; 1060t>106ﬁ

BeprukanbHble pazMepsl pabodeil 4acTu 3IIEKTPOAa-UHCTPYMEHTa MOTYT OBITH OIpejie-

nieHsl o opmysie 27, a TOpU30HTATIBHBIE pa3Mep M0 HUKECIICTYIOIIEH:

Al'lL AHL

I -1 =L+ ! o cosa + cosf

L° =L +

2 it

(41)

I

cosP *cosa

0 0
T.K. I'6a= li/cosa; I'sp= 1/cosf3
HpI/I HaAJINYUHN JOIIOJIHUTCIIbHBIX pa3p51,Z[OB Me)KI[y 60KOBBIMI/I IIJIOCKOCTAMU BHCKTpOHa-

MHCTPYMEHTA U 00padaTbIBa€MOi MOJIOCTH U MPH Op>>Pr OYIE€T HIMETh MECTO Oly<Oly;

B3<Bn; 16HB¢16H0L¢1T; 160L>16B

Beptukanbsabie pa3mepbl paboyeil 4acTH 3JIeKTPpOoJa-UHCTPYMEHTA MOYKHO OIPEIEIUTh

W3 BbIpaXkeHus 27, a TOPU30HTAIbHBIE U3 BBIPAKECHUS

L% 4= Li+Am/2- loa-lop (42)



42

0. PacueT pa3MepoB 3JIEKTpOAa-MHCTPYMEHTA ¢ YICTOM €r0 M3HOCA.

PaccMoTtpum /1Ba ciyuast pacueTa: ¢ HaTHUMEeM U 0e3 HaTudusl JOTIOJTHUTEIBHBIX dJIEKTpHYe-
CKHUX pa3psoB MEXAY dJIeKTpoaMu. Bpu Hannuuu Mexany OOKOBBIMU MTOBEPXHOCTSIMH 3JIEKTPOa-
MHCTpYMEHTa U 00pabaTbIBaeMON MOJIOCTH JOTIOJHUTEIBHBIX Pa3psA0B BEpTHUKAIbHBIEC pa3Mephl pa-
Oouell 4acTH ANIEKTPOJa-UHCTPYMEHTa MOTYT OBITh ONpeieNieHb! 1o Gopmyite 29.

BeprtukanbHble pa3Mepbl Ha HAKJIOHHOH MOBEPXHOCTH paboueil yacTu 31eKTpoaa-
uHcTpyMeHTa. Kaxxnas Touka Ha pabodyem ydyacTke OOKOBOW MOBEPXHOCTHU AJIEKTPOJIa-HHCTPYMEHTA
HAYMHAET MOJIBEPTaThCs APO3UU MPH MPUOIMKEHUH K 00padaThiBaeMoii osocTH Ha paccrosiHue AK,
pHu KOTOpOM B HarpaBieHHH OA MOXKET OBITh IPOOHUT MEKIIIEKTPOHHBIN MPOMEKYTOK C TIepeMe-
HIAIOLIMMHUCS B HEM MPOAYKTaMu 3po3uu (puc.16). Paccrosinue OA sBIisieTcsl HaMKpaTYalIlIuM MexX-
1y OOKOBOM OBEPXHOCTHIO 00pabaThIBaeMOM MOJIOCTH U TOUYKOW A Ha HAaKJIOHHOW TTOBEPXHOCTH
AIEKTPOJIa-HHCTPYMEHTA, BBICTYHAIOIEH B MPOIecC 00pabOoTKH. YKa3aHHas Touka A HAXOAUTCS OT
ropu3oHTanbHOM TIockocTu 0B 0O0pabaTeiBaeMoit 3arotoBku Ha pacctossann AK= lg,*cosa,*sina, u
A’K’=lgg*cosP,*cosp,

I'opusoHTansHbIe pa3mepsl (pazmep AA’) paboueld 4acTH dJIEKTPOAa-HHCTPYMEHTA B ceue-

HUU, IPOXOJAIIUM YEpE3 TOUKY A, paBHBI

L= L, +Am/2-OK-0"K’= Ly+Am1/2- loo*cos’aL- lsp*cosp?, (43,2)
ITpu o=
L=L,+Am/2-2lsa*cos? oL, (43,6)

Pazmep BB' B ceuenum, MIPOXOSIIEM uepe3 Touky B, Oyaer paBeH
LaB:L03+AY3H*Z 6a+AY3n*Z op
I'ne Z so=lso™*cosan ; Z op= log™cosPn

LaB=L03+Ay3H* lsa™cosou +AY,™ lsp™cosBr= LutAmnr/2-1so(1-Aysn*coson)- leg(1-Aysq™cosPn)
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5.2. O0OpaboTKa MOJOCTH Ha OJHOM PEXUME C OPOUTAIBLHEIM ABIDKEHHUEM DJIEKTPOIa-

HUHCTPYMCHTA

dacoHHas OJI0CTh ¢ OOKOBHIMU HAKJIIOHHBIMU MTOBEPXHOCTSAMU HE UMEET OCTPBIX
yrioB. [Toocts Oyner 06pabaThIBaTHCS OJTHAM DJICKTPOJa-HHCTPYMEHTA ¢ OpOUTATBLHBIM
JIBUKCHHEM B TOPU30HTAIILHOM IIOCKOCTH Ha OJJHOM pekume (puc.17). [Ipu BeIOpanHO#
cxeMme 00pabOTKU MOIOCTH MPOTYKTHI IPO3UH JIETKO YAAISIOTCS U3 30HBI 00pabOTKH, HE
BBI3bIBAs 32 CUET JOMOJHUTEIBHBIX OOKOBBIX Pa3ps0B 3HAUUTEIBHOTO UCKAKEHUS TPOPU-
7151 00pabaThIBAEMOM MOJIOCTH M SJIEKTPOAa-HHCTPYMEHTA.

Hcxons n3 ycnosuid, B JTaHHOM citydae o>f3, lso>lop, €=€q=€p

a. PacyeT pa3MepoB 2IEKTpOoaa-UHCTPYMEHTA 0e3 yd€Ta €ro u3HocCa.

BeprukansHble pazMepbl pabodeli 4acTH JIeKTPOJa-HHCTPYMEHTa MOYKHO OTIpeie-

JuTh 110 hopMmyiie 27, a TOpU3OHTANIBHBIE pa3MephI- U3 CIETYIOIIEr0 BHIPAKEHUS:

AHL_ Z64 Zsp L +AHL

I

L°=L_+

- —2e-1_ -1
2 cosa, cosP . oo O 43)

0. Pacuet pa3mMepoB pabouei YacTH 3JIEeKTPO1a-MHCTPYMEHTA C YYETOM €0 M3HOCA.

*
A n AY .. ¥ Zg, n A73n26[3 _ Zs,

L =L + -
2 cosa cosp , cosa ,
_jﬁ_:L +Ai_(1_A7/ )* Zsq + Z6B —
cosp, 2 77 {cosa ,  cosP (46)

I

=L +A%-(1—Ayan)*(2e+16u +1g )

Beprukanpabie pazMepbl paboueil 4acTH JIEeKTPOoJa-HHCTPYMEHTa MOXKHO OTpeie-

JTUTh 10 hopMmyiie 29, a TOPU3OHTANIbHBIE pa3Mephl - U3 CIEAYIOLIETO BhIPAKECHHUS:

5.3. O0OpaboTKa MOJOCTH HA TPEX PEXKUMAX C OPOUTAIBLHBIM IBUKEHUEM 3JIIEKTPOIA-

HUHCTPYMCHTA

dacoHHast IOJIOCTh ¢ OOKOBBIMU HAKIIOHHBIMH MTOBEPXHOCTSIMU HE UMEET OCTPBIX
yrioB. [TonocTs Oymer 00padbaThIBATHCS OJHUM JIEKTPOJOM-UHCTPYMEHTOM C OPOHUTAIB-
HBIM JIBW)KEHUEM B TOPU30HTAIBHOMN TUIOCKOCTH Ha TPEX MOCIEI0BATEIEHO H3MEHSIOIIIXCS

pexumax. Cxema oOpabOTKH M pacIioIOKEHUE AIEKTPoIa-uHCTpyMeHTa 1 uepH., 1 cp., 1



YUCT. OTHOCUTEIBHO MOJIOCTH 2 YepH.. 2 Cp.. 2 9UCT. 00pabOTaHHOW COOTBETCTBEHHO Ha

YEPHOBOM, CPETHEM M UNCTOBOM PEKUMAaxX, IOKa3aHbI HA pHC.18.
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a. Pacuer pa3smMepoB paboueil 4acTH JICKTPOIa-HHCTPYMEHTA 0e3 yduera ero u3Hoca. B maHHOM cirydae:

O('I'I:a@:a" BH:B3:B7 a>B: 160.>16[3:

T.K. Z6aqepH¢Z6ﬁqepH, TO:
ZGB!{epH /COSB:Z,6qupH:eqepH+l6|3qepH

ZGaqepH/Cosa:Z,6aqepH:eqepH+16a'{epH: N T.AO.

BeprukanbHble pazMmepbl paboueit 4acTs 2J1eKTpoJa-UHCTPYMEHTA MOKHO paccyuTath 1o ¢popmyie 36.

I'opuzoHTanbHBIE pazMepbl paboueil YacTu 3IeKTPOIa-UHCTPYMEHTa OYAyT paBHbI

A 1 1 1 ] ] [
o __ IIL —
L3 - LH + o Z6aqepH o Z6ﬂqepH o Z6acp _Z6ﬂcp - Z6(X‘{I/ICT o Z6ﬁqHCT -
. I SO _1 Lo Lopr  Zopme  Lopuer _
- 9epH 6 cmepH 6 faepu -
2 cosa cosff cosa  cospf
B A ) 0 0 cosa +cos [
- LH + - eqepH " ‘Gouepr ~ 6 uepn _Z6cp COS O * COSﬁ -
(47)
cosa +cos [ A
% — TIL

o Z6'{I/ICT - LH + o 2e'{epH - 16aqepH o 16/3!1epH -

cosa *cos [

cosa +cos f
%k
o (Z ocp + Z6‘{I/ICT )

cosa *cos f
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0. PacueT pa3mepoB 3J1eKTpoIa-HHCTPYMEHTA C YUETOM €r0 U3HOCA.

B nannoMm ciydae npu 00paboTKe Ha YepHOBOM, CPEHEM U YUMCTOBOM peKUMax OyzaeT
a3‘lepH¢a3Cp¢a3‘II/ICT:a3:aH7 B3‘IepH¢B3Cp¢B3‘IPICT:B3:BH

anqepH¢ancpianqnmzaazana BnqepH;tBncpiBnqu:Bazﬁn

BeprukanbHbie pazMepbl paboueit 4acTH JIeKTpoa-HHCTPYMEHTa

H3=( 1 +AY3qepHn) >kZH'—IepH—'—( 1 +A’Y3Cpﬂ) >kZHCp—’—( 1 +A’Y3'{I/ICTJ'I) >kZl—{'-H/ICT-lT‘-II/ICT (4 8)

['opu3oHTamBHBIE pa3Mepbl pabodeii YacTH AIIeKTPOJa-HHCTPYMEHTA

A IL Z60!‘{I/ICT * (l - Ayatmcm ) Z60‘Cp (1 B AJ/E’CPH )

L,=L,+ y - -
coS &, COS acp
_ Z6(X'{GPH * (1 B AJ/WEPHH ) _ Z6a'{I/ICT (1 B AJ/3CI/ICTJI ) . ZG“CP (l B AJ/%PH ) _
COS ., cosf, cosf,,
B ) YV 00 LI N
COS o I 2 3CUCTI Ounct COS acp COS .

(1= A g ) (ot + e )~ (1= A g ) (€ + L)
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6. PACYET YTJIA HAKJIOHA BOKOBOI ITOBEPXHOCTH DJIEKTPOJIA-
NHCTPYMEHTA

D9C obpabartbiBaeTcst 60JbII0€ pazHOOOpa3ue (PaCOHHBIX KOHUUYECKHX OTBEPCTUH M TOJIOC-
TEl C pa3jIMYHBIMHU yIJIaMU HAKJIOHA OOKOBBIX IMOBEPXHOCTEH K HANPABICHUIO MEPEMEIICHHS JICK-
TpOAa-MHCTPYMEHTa K 0OpabaThiBaeMoil 3aroToBke. TOYHBIX METOJIOB pacueTa yria HakJIOoHa OOKO-
BBIX TIOBEPXHOCTEH JIEKTPOI0B-UHCTPYMEHTOB, IMIPUMEHsAeMBIX U1t D0 MoI0CTel METOJ0M MPSIMO-
r'0 KOIMPOBAHMUS, HE CYIIECTBYET B CBS3H C OOJBIIUM KOJINYECTBOM (DAKTOPOB, BIUSIONIMX HA TPOTE-
KaHUe Ipolecca yAaleHus] MeTalla C 3arOTOBKM M Ha M3HOC AJIEKTPOJa-WHCTPYMEHTa. B cBsi3m ¢
3TUM, TIPUHUMAas MHOTHE (DaKTOpPbI MOCTOSTHHBIM, MBI HUXKE JJaIMM METO/bl pacueTa HakJIoHa OOKO-
BBIX TOBEPXHOCTEN AIIEKTPOIa-MHCTPYMEHTA AJIs Psiia pealibHbIX cirydae 920[6].

[lpy BBIIONTHEHWH pacyeTa MPUHATO , YTO OOKOBBIE MOBEPXHOCTH AJIEKTPOJA-WHCTPYMEHTA
OXBATBIBAIOTCS COOTBETCTBYIOIIMMHU MOBEPXHOCTSIMHU 00pabaThIBAEMOTO OTBEPCTHS, @ PACCUUTHIBAC-
MBI€ YTJIbl HAXOSTCS MEXKIY BEPTUKAIBIO U OOKOBBIMH TTOBEPXHOCTSIMU OTBEPCTHS Oy C OJTHOU CTO-
POHBI U AJEKTPOJA-UHCTPYMEHTA O, C JIPYroil. M3HOC 3IieKTpoaa-uHCTPYMEHTa MPSIMO TIPOTIOPIIHO-
HaJIeH CHUMaeMOMY TIPHUITYCKY IpH 00paboTKe Ha JaHHOM pexkume. OnpeenuM yroi o, B 3aBHCUMO-

CTH OT yrJia O AJId psia KOHKPCTHBIX YaCTHBIX CIIy4acCB.

6.1. Pacuer yria 0e3 Yy4ue€Ta U3HOCA JJICKTPOAA-UHCTPYMECHTA M JOIMOJHHUTEIBHBIX PA3pAA0B MEKIY

OOKOBBIMH ITOBEPXHOCTAMMU

IIpu onpenenenHubix pexxumax 90 3IEKTPOIbI-UHCTPYMEHTHI HE U3HAIIUBAIOTCS, @ UHTEH-
CUBHBIM O0TCOC MPOAYKTOB APO3UHU U3 30HBI 00paOOTKU MPAKTUUECKH YCTPaHSIET AOMOIHUTEIbHbBIE
AIIEKTPUUYECKHE Pa3psAIbl MEXKIY OOKOBBIMHU MOBEPXHOCTSIMH JIEKTPOJA-UHCTPYMEHTA U 3aTOTOBKH.

BriosHe 04eBHIHO B 3TOM CITydae O, =0l
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6.2. Pacuer yrna 0e3 Y4€Ta N3HOCA JJICKTPOAA-UHCTPYMCHTA IMPHW HAJTUYHNH JOIMOJHUTCIbHBIX

paspAa0oB MCXKIY OOKOBBIMH ITOBCPXHOCTAMHU

Opnako B mporiecce 00pabOTKH, KaK MPUBUIIO, UMEIOT MECTO JIOTIOIHUTEIbHBIE Pa3psin
Mex 1y OOKOBBIMH ITOBEPXHOCTSIMH 00pabaThIBA€MOT0 OTBEPCTHUS U AIIEKTPOIa-UHCTPYMEHTA.
JlommycTuMm, 9TO 3MEKTPO-MHCTPYMEHT B TIpoliecce 00paboTKH He n3HammuBaeTcs. [
JAHHOTO CITyYasi pacueTHasi CXeMa, Ha KOTOPO# MOKa3aHO PaCTOIOKEHUE IIEKTPOaa-
nHCTpyMeHTa 1 1 0OpabaThiBaeMOil 3ar0TOBKH 2 MOCJIe OKOHYAHUS Mpoliecca o0paboTKH, mpe/-
ctaBieHa Ha puc.19. B nmporecce 00pabOTKH € 3ar0TOBKHU yIasieTcst MPUITYCK Zy. Mexay Top-
I[OBBIMHU TTOBEPXHOCTAMHU 00pabaThiBaeMO 3arOTOBKH U AJIEKTPOIa-UHCTPYMEHTA UMEETCS 3a-
30p l;, a Mexy 6okoBBIME TTOBepXHOCTIME B cedeHnu AQ 3a3op ls. [IpoBenem nmunuto KI', ma-
pamtensuyto EO, mpu atom OB=l, . 3 moctpoenwuii ciemyert, 4To
KM=Z;-1;, OT=MX=l, /sina,;, DO=lg/tga.,|
3A=( Zy-1:+ lg/tgan, ) * tgo,, KI=( Zy-1; + 1; /sinag,)* tgoy, (50)

Taxk xak XI'=3]1, To

Z -1 1—.; *tga
sina |

a1 Z _1

H T

_16

YuuThiBasi, 9TO IO Mepe yriayOJeHUs AIEKTPOIa-UHCTPYMEHTa B 00pabaThiBaeMyro 3aro-
TOBKY BEJIMYHMHA lg cTAOMIU3UpPYETCs, TO MPU KOTOPOM 3HaYCHUU MPUNyCKa Z,; MOXKHO JOIyC-
uth (lg/l;)=K.=const.
C y4eToM M3JI0KEHHOTO, a TaAKKe MPUHSB, 4TO (Zy/1;)=K, , 1 BRIMOTHUB psia mpeoOpas3o-
BaHM, popMyiry 50 MOKHO 3amucaTh B BUJIC
(K —1)*sina L +1=-K, *cosa
(K, —1)*cosa

Z

tga ,, = (51)
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6.3. Pacyer yria ¢ y4eToM M3HOCA DJIEKTPOJa-HHCTPYMEHTA U 0€3 yueTa JOMOJHUTENbHBIX pa3-

PAAOB MCKIY OOKOBBIMH HNOBEPXHOCTAMU

Pacuernas cxema aJis JaHHOTO ciiydast 00paboTKu npeacTasieHa puc. 20.
Ecnu onnnakoBbie 0TBepCcTHS 00pabaThIBaTh 3JIEKTPOAAMU-UHCTPYMEHTaMH, UMEIOIIUMU pa3-
JMYHYIO BETMYUHY U3HOCA, TO MPH MPABHIBHOM pacyeTe 3JIeKTPOIOB-UHCTPYMEHTOB OHH He3a-
BHCHUMO OT BEJIMYMHBI U3HOCA B KOHIIE 00pa0OTKM OYyAYT 3aHUMATh 110 OTHOIIEHUIO K 00padaThl-
Ba€MOMY OTBEPCTHUIO OJIHO U TO K€ MOJIOKEHHUE, T.e. OOKOBbIE MOBEPXHOCTH AJIEKTPOIa-
WHCTpYMEHTa OyAyT MPOXOAUTH Yepe3 JTUHUIO K'B'. ITpu 5TOM T. B' sBisiercst rpaHuLel pas3je-
J1a, HWXKe KOTOpoH (10 JIMHUN K'B') Gokopast MIOBEPXHOCTH JJIEKTPOIa-UHCTPYMEHTA Y4acTBOBA-
Ja rporecce 00paboTKH, BBIIIE - HE ydacTBOBasa. TakuM o0pa3om, yepe3 TOUKy b JomKHBI
MPOXOAUTH OOKOBBIE TOBEPXHOCTH M3HaImMBaeMbIx 1 (muuus XKb) u He n3HammBaemsbIx 2 (JTu-
nus KbB) anextponos-unctpymentos. [Ipu atom nunusa Kb napamiensHa K'B'. Otpesox KX mo-
Ka3bIBACT BEJIMYMHY U3HOCA JIEKTPOIa-MHCTPYMEHTA 1, KOTOPBI MPONOPLHUOHATICH TOJIINHE
CHHUMaeMOro cj1os Metaiia Zy, T.e. KIK=Ay*Z,. Tak kak KI'=Z,-1; n MFZBIILIZIG*cosaH*sinaH,

onpeaenuM u3 tpeyroibHukoB Kb u IIIb Bennunny
MB=[(1+AY,y)*Zy-1iHg*cosoy*sinay, | * tgou=( Zy-1:+1*cosoy*sinay,)* tgou,

Otcrona

(ZH -1 +1, *sina  *cosa H)”‘tgoc ,

tga , =
%o (1+Ay, )*Z —1 +1 *sina  *cosa

Vurg K=1¢/ 1; u K= Z,, / 1, MOkHO 3anucaTh

(KZ —1+K, *sina  *cosa H)”‘tg()t .
(1+A73ﬂ)*KZ +K, *sina  *cosa ,

tga 32 =
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6.4. Pacuer yrja ¢ Y4€TOM M3HOCA 3JCKTPOAA-UHCTPYMCHTA M JOIMOJHHUTCIBHBIX Pa3spiaa0B MEKAY 00-

KOBBIMH IMTOBEPXHOCTAMHU

B nanHOM citydae rnpu moxy4eHHH MOJIOCTH 33JaHHOTO pa3Mepa pabouee yyacTkax OOKOBBIX I10-
BEPXHOCTEH 3JIEKTPOJOB-HHCTPYMEHTOB, MMEIOLINX PA3TUYHYI0 BEIHUYUHY U3HOCA, TOJKHBI 3aHUMATh B
KOHIIe 00pabOTKM OJTHO U TOXKE MOJI0KEHUE OTHOCUTENFHO 00padaThIBaeMbIX MOBEPXHOCTEN 3aTOTOBKU
¥ [IPOXONHTS, B yacTHOCTH, 110 JuHni K'B' (puc. 21). Touka B' sBistercst rpanueii pasaena 60koBoit
TIOBEPXHOCTH MEKTPOIa-HHCTPYMEHTA Ha ydacTByonLyio ( Hike Touku b' mo mnnn K'B') u He yuact-
BYIOLIYIO ( BBIILIE TOYKU B' no munnn K'B' ) B nporecce 00paboTKH, T.K. OB' sBsieTcst HauKpaTyau-
IIIUM PACCTOSTHUEM OT Touku 0, KoTOpast oOpabaTbiBaeTCs B MOCIEAHUNA MOMEHT BpeMeHHU. TakuMm oOpa-
30M, 4epes T. B' omkHEl MPOXOJAUTH OOKOBBIE TOBEPXHOCTH KaK M3HamuBaeMbIx 1 (muaus bXX), Tak n
He m3HammBaeMsIx 2 ( muaust KB) anexrponos-urcTpymenTos ( uaust KB napamtensuas K'B').

Onpenenum yromi o, . T.K. KK=Ay,;*Zy, I“MZ]SI[Z]SI,Z[1 u
KI'=KM+MI'= Z-I;+lg*cosa, *sina,;, onpenenum ['b u3 tpeyronpaunkos KI'b u XKI'B.

I'b=( Zy-1:+1g*cosal, *sinot, ;) * tgo, 1 =[(1+AY) *Zy-1:+g*cosa, *sina, |* tga,

OTtcroma MOYKHO 3aITicaTh

(2, -1, +1; *sina _, *cosa ,,)tga
tga , = . (53.a)
(1+A}/3J1)>"ZH -1, +1; *sina ,, *cosa ,,

Y4yuTeIBasd, 4TO , UMEEM

(K, -1+K, *sina _, *cosa ,,)tga
1+A)/3J1)"‘KZ —-1+K, *sina ,, *cosa ,,

tga , = ( (53,0)

IIpu aToMm yron o, onpezensercs u3 BoipaxeHus 50.
OBBEKTHI I/ICCHEI[OBAHI/Iﬁ
OOBEKTOM HCCIIETOBAHHUM SBISETCS ONMEPAIIMOHHBIA ICKH3 3arOTOBKH, BBIJaBAa€MbIH IPETo/1aBaTe-

JeM.
I[TPOTPAMMA PABOTbI

1. CopoekTupoBaTh KOHCTPYKLHIO 3JIEKTPOA - UHCTPYMEHTA JUIsl IPEAJIOKEHHOT0 3CKU3a IE€TaIH.
2. Paccuurath pazmepsl D-U 1i1st pesxuMoB pabOThI:

2.1 MeTom0M NpSIMOro KOMMPOBAHUS
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2.2 MeTtoaoM KOMMPOBaHUS C y4eToM u3Hoca D-U 1 ¢ OpOUTAIbHBIM JIBIKEHUEM
2.3 Jlns 00paboTku hacOHHBIX MOJIOCTEH C OOKOBBIMH MOBEPXHOCTSIMH -
3.0popMUTh KOHCTPYKTOPCKHUI uepTexx D-U 1o pazmepam 0JHOTO U3 PEKUMOB 0 YKA3aHUIO Tpe-

oJaBaTesl.



