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I. BBEAEHUE

DNEeKTPOMEXAaHUYECKHE CHUCTEMbl OTHOCSATCA K  OOJIBIIOMY  KJaccy
YCTPOMCTB, KOTOPBIE IIUPOKO MCIOJNB3YIOTCS B PA3JIUYHBIX aBTOMATUYECKHUX
CUCTEMAX U CpeACTBax aBTOMATHKHU. IIpu MIPOEKTUPOBAHUU
anexkTpomexannueckux cucreM (OMC) u BXOIAIIMX B HUX HMCHOJHUTEIBHBIX
YCTPOMCTB  Pa3padOTUMKH CTAJIKUBAIOTCS CO 3HAYUTEIBHBIMU  TPYAHOCTSAMH,
CBSI3AHHBIMH, TJIaBHBIM OOpPa3oM, C OTCYTCTBHEM JIUTEPATypbl, 0000IIatoIIEi
HAKOIUJIEHHBIM ONBIT MPOEKTUPOBAHUS U JOCTATOYHO IMPOCTHIX METOJIOB pacuera U
MPOEKTUPOBAHUS TTOJOOHBIX YCTPOUCTB.

[lenb HacToOsiero yuyeOHOro mocoOus JaTh KPAaTKOE OMUCAHME THUIIOBBIX
KOHCTpYKIMiA OMC U uX 3JIEMEHTOB, W3JI0KUTh OCHOBBI IPOEKTHUPOBAHUS U
WH)XCHEpHBIE  METOABl  pacueTa IIEKTPOMEXAHUYECKUX CHUCTEM,
KBa3UONTUMAJILHBIX IO BBIMOJIHSAEMOMN padoTe.

OCHOBHbBIE THUINOBBIE KOHCTPYKIIMM HCHOJHHUTENBHBIX yCcTpoicTB OMC ¢
MOCTYNAaTEIbHBIM IIEPEMEILICHUEM OIBUKHBIX YaCTEW MPUBEAECHBI Ha puc. 1.

Ha puc. la npencraBieHO UCIOJHUTENBHOE YCTPOMCTBO BTSKHOTO THIIA C
HE3aBUCHUMOWN pPEryJUpOBKOM  XO0Ja  SKOpsT W BO3BPAaTHOM  MPY>KHUHBI.
DJIEKTPOMATrHUT UMEET ILUIOCKUM CTON M COCTOMT M3 Kopmyca 4, crona 5, sskops 6,
OOMOTKM 7, HAMOTAHHOM Ha HEMAarHUTHBIM Kapkac 8, BO3BpaTHOW MpyXUHBI 11,
BeixogHoro mrToka 14. Ilo3wmmmu 9, 10, 12, 13 mnomeuaroT crenuaJbHbIC
KpenexxHbie Jetanu (raiiku W KoHTpraiiku). Komonka 1 ¢ koHTaktamu 2
npeaHa3HavyeHa Jjis MOANaiKu BBIBOJOB 3 OOMOTKHM. B kauecTBe rabGapUTHBIX
pa3MepoB NpPHUBEIAECHBI: HApYXHBIM JOuamerp Kopnyca D, monHas ayiMHa
UCIIOJIHUTENLHOTO ycTpoiicTBa L1 u MakcuManbsHbIil xoa skops Oy HauanbpHOe
ycuue Py ykassiBaeTcst 6€3 yuera CUiIbl IPY>KUHBI.

Ha puc. 16 wu300pakeH »HIEKTPOMATHUT TSAHYIIETO M  TOJIKAIOILIETO
JEUCTBUSL C HEU3MEHHBIM PA0OUYUM XOJIOM M PEryJIMPYEeMOM CUJIONH BO3BPATHOM
npyxkuHbl. OH UMeeT ycedeHHbIM KoHuueckuil ctom ( oo = 60° ) u cocTtoutr u3
Kopmyca 2, oOMOTKH 3, HAMOTaHHOM Ha COCTaBHOM KapKac (’KECTKO COCIMHECHHBIC
dnanen 5 u Brynka 4), skopsi 6, BO3BpaTHOU MpykuHbl 9. B sxope ¢ 06enx cTopoH
KECTKO 3aKperuieHbl TaHymuid 12 w Ttonkatommii 1 mroku. PaGouuit xon
BBICTABJISIETCSL TIOCPEJICTBOM MPOKJIAIKM 7 M orpaHuurBaeTcs Kpbimkoi 8. Ilo-
sursiMu 10, 11 moMeueHbl peryampoBOYHasi U KPETeKHbIE JETalu.

DNEeKTPOMArHuT TSAHYIIETO W TOJKAIOIIETO JACHCTBUSA C MOCTOSTHHBIM
pabounM Xxoj0M, 6e3 BO3BpAaTHOU MpyKuUHBI (puc. 1B) umeeT cron 1 u sKopp 2,
KOTOpble B 00JlacTH paboyero 3a3opa BBHINOJHEHbI B BUJE (HEpPOMArHUTHOIO
myHta (OMIL). Tlosunumelr 3 nomeueH @uanen cnabo pa3BUTHIA B OCEBOM
HarnpaBiaeHuu. OMII obecneynBaeT 37E€KTPOMArHUTY CPaBHUTEIBHO IOJIOTYIO
TATOBYIO XapaKTEPUCTHUKY.
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Puc. 1. KoHCTpyKIIMS TUIIOBBIX UCITOHUTENBHBIX yCcTpoiicTB OMC.

DJEKTPOMAarHuT BTSHKHOTO TUTIA C KOHMYECKUM sIKopeM (puc. Ir) He umeeT
BO3BpPATHOU NPYKHUHBI. XapakTepHass OCOOCHHOCTh 3JIEKTPOMArHUTA: COMPHUKOC-
HOBEHHE CTOTA U SKOPS B KOHIIE XOJa MPOUCXOIUT HE MO KOHUYECKOW MOBEPXHO-
CTH, a IO TJIOCKUM TOPLIEBBIM MIOBEPXHOCTSIM CTONA U AKOPSI.

OnekTpoMarHuT (puc. 1a) ¢ MOCTOSHHBIM pabOYMM XOJAOM HE HMEET
BO3BpATHOMU MPYXUHBI U OTIUYAETCS KOMOMHUPOBAaHHOU (hopmoit pabouero 3a3opa
(coueTaHue MIOCKOT0 CTONA ¢ KOHUYECKUM). OJEKTPOMArHUT BKIIKOYAET SKOPb O
C BHYTPEHHMM KOHYCOM (ZII1 YMEHBIIEHHsI MacChl) U HAPY>KHBIMH IPOJI0JIbHBIMU
nazaMu 5 (yMEHbIIEHHE BUXPEBBIX TOKOB, YBEIMUEHUE OBICTPOJEHCTBHUSA), CTOM &,
Kopmyc 9, katymky 7. [loctynarenbHoe JBHKEHUE SIKOPS OCYLIECTBIIIETCS B Ha-
IpaBJIAOIIEH pa3BUTOroO ¢uiaHua 4, Xoxa SIKOps OTPAHUYUBAETCS YIOPOM 2 U pe-




ryaupyercs npokiaakoit 3. Cepbra 1 CIyUT AJi CONPSIKEHUS HIEKTPOMArHUTA C
Harpy3koil. TsroBas XapakTepuCTHKa OOBEAMHSIET JOCTOMHCTBA KOHUYECKOTO U
IJIOCKOTO CTOTIOB: MOBBIIIEHHOE HAYAIbHOE YCUJIME U JJOCTATOYHO BBICOKOE YCH-
JIME OTPHIBA.

2. IEJIb U 3AJAYU BBITOJIHEHNM A KYPCOBOI'O ITPOEKTA

Ilens KypcoBOW pabOTBHI - 3aKpeIUieHHWE U yriayOJeHue CTyAeHTaMu
TEOPETUYECKUX  3HAHUM, MNPUOOPETEHUE  MPAKTUYECKUX  HABBIKOB MO
MPOCKTUPOBAHUIO BJIEKTPOMEXAHMYECKUX CUCTEM. YKa3aHHAsl LEIb OINpeJeiniia
CJHEYIOIINE 331a4¥ KypCOBOTO MTPOEKTUPOBAHMUS [2]:

- OBJIQJICHHE METOJMKAMU MPOEKTUPOBOYHOTO pacuera DIIEK-
TPOMEXAHUYECKUX CUCTEM;

- MOJYyYECHHE MPAKTUYECKOTO OmblTa MpuMeHeHuss OBM s peuieHus
WHXCHEPHBIX 3a]1a4;

- [OJy4YeHUE HAYaJIbHBIX HABBIKOB pa3pabOTKU U O(POpPMIICHUS
KOHCTPYKTOPCKOM IOKYMEHTAIUU;

- uzyuenue tpeboBanuii ECKJI, ECT/I, u ap.;

- MPUOOPETEHNE HABBIKOB MHKEHEPHOT'O TBOPUYECTRA.

3. OCHOBHbLIE TPEBOBAHIMA K KYPCOBOI'O ITPOEKTA
3.1. TemaTnka KypcoBOIO IpoOEKTa

Tematuka KypcoBOro IMpO€KTa TOCBsIIEHAa pa3paboTke DIIEK-
TPOMEXAaHUYECKUX CHUCTEM, MCIIOIb3YEMBIX B KA4eCTBE MCIOJHUTEIBHBIX
YCTPOUCTB B MEXAaTPOHHBIX CUCTEMAX U CUCTEMAaX YIIPABIICHHUS.

OcHOBHBIMU ~ O0OBEKTaMHU  KYpPCOBOTO  MPOEKTUPOBAHMS  SIBISIIOTCS
DIIEKTPOMEXAHUYECKHUE CUCTEMBI C JJIEKTPOMAarHUTaMu IIOCTOSIHHOTO TOKa,
UMEIOIIMMH TOCTYIATEIbHOE NEPEMEIICHHE MOJBHKHBIX 4YacTel (C JUCKOBBIM
SAKOPEM, C BTSDKHBIM SIKOPEM pa3iudyHoM (opMbl cTOma, ¢ (PeppOMarHUTHBIM
IIYHTOM).

[Ipu ompeneneHun TeMaTHKUA KypCOBOM pabOTbl PYKOBOJIWTENh JIOJDKEH
YUYUTBHIBATh WHAWUBUIYAIbHbIE HAKIOHHOCTH CTYJEHTOB, WCIOIb3Ys PE3YJIbTaTh
pabor, BeimosiHeHHbIX UMK B pamkax HUPC u YUPC.

3.2. cxonHble JaHHBIE K KypCOBOMY MPOEKTY

Hcxonnpie 1aHHBIE K KypCOBOMY IIPOEKTY BBIIAIOTCA IPENOAABATEIIEM H
BKJIIOYAIOT:

- Tp€OOBaHMS K CTATUYECKUM U JUHAMUYECKUM XapAKTEPUCTHKAM CHCTEMBI;

- IAPAMETPBI, XapaKTePU3yIOI1ME NCTOYHUK [TUTAHNUS;



- YCJIOBUSA 3KCILTyaTalluu.
I[Tomumo MNCPCUYNUCIICHHBIX JTAHHBIX, OI'OBAPHUBACTCA PCIKHUM pa6OTI>I
3J]CKTp0M€X3HI/I"IeCKOﬁ CHUCTCMBEI.

3.3. 3agaHue Ha KypCOBOM MPOEKT

B GonpmMHCTBE CiydaeB 3aqaHHe JOJHKHO OBITh THIIOBBIM, OCHOBAaHHBIM
Ha METOJMKAaX MPOCKTUPOBAHUS, MPUBEACHHBIX B JICKIIMOHHOM Kypce M y4eOHBIX
nocobusix. Hambonee crmocoOHBIM M XOPOIIO MOJATOTOBJICHHBIM  CTYACHTaM
1eJIeco00pa3HO BbIAABaTh MHIWBUIYaJbHBIC 3aJaHUs, COACPXKAIIME DIEMEHTHI
HAYYHOTO UCCIIEeIOBAHUS.

TunoBoe 3amaHue Ha MPOEKTUPOBAHUE IMPEIyCMAaTPUBAET MPOPAOOTKY
CJIEYIOIHUX BOIIPOCOB:

- BEIOOp THITa KOHCTPYKIIUHU DJIEKTPOMArHUTa;

- TPOEKTHBIH pacyeT »JIEKTPOMArHWTAa, BKIIOYAIOUINA ONpeaesieHUe
napaMeTpOB MarHUTOIIPOBOAA, OOMOTKH U COCTAaBIICHHE ICKMU3a MArHUTHOH IIETIH;

- IOBEPOYHBIN pacyueT JIEKTPOMAarHUTa;

- BEIOOp CXEMBI U pacdeT YCHIIUTENS MOITHOCTH;

- pa3paboTka TpOrpamMMbl pacdyera CTAaTUYCCKHX U JIUHAMHYECKUX
XapaKTEPUCTHK;

- aHAM3 CTAaTUYECKUX W JIMHAMHYECKUX  XaPAKTCPUCTHK  DJICK-
TPOMEXAHUYECKON CUCTEMBI;

- pacyeT UCTOYHHUKA TUTAHUSI.

3.4. O6BeM KypCcoOBOT0 MPOEKTa

KypcoBast pabota gomkHa BKJIIOYATh MOSCHUTEIBHYIO 3alHCKy OO0BEMOM
20-25 muctoB (dopmara A4) pyKOMUCHOTO TEKCTa U TpadHuuecKyrd dYacTh
o0veMoM 5-6 ymctoB popmata A3 unu A4,

['paduaeckast vacTh KypcoBO# pabOTHI JOIKHA COJIEPKATh:

- COOPOYHBIHN YEPTEIK CIPOCKTUPOBAHHOM cUCTeMBI ((hopmaT A3);

- pabouue yeprexu aerane (popmar A4).

- 3D-Moenb u3AeIus U1 aHUMAIIUIO COOPKHU

3.5. Opranu3zanus BBITOTHEHUS KypCOBOTO MPOEKTA

KypcoBasi paboTra BBITIOJIHSETCS CTYJEHTAaMU HaIlpaBJIE€HUS TMOATOTOBKHU:
CrneunanbHocTh NOAroToBKU: 24.05.06 «CucTtemsl ynpaBiieHUs JE€TaTeIbHbIMU
annaparamMu» B 6-oM cemecTpe. BbInonaHeHHE KypcoBOMl paOOTBI CTPOUTCS B
COOTBETCTBUHM C IUIAHOM-TpaUKOM, COTJIACHO KOTOPOMY MPEIyCMOTPEHO BBI-
MOJIHEHHE CIEAYIOIIHNX ITANOB!

- BBIOOp THIIA KOHCTPYKIIMH 3JEKTPOMArHUTa, MPOEKTHBIM pacyeT pa3MepOB
MarHUTOMNPOBO/IAa U TapaMeTpPOB OOMOTKHU;



- IOBEPOYHBIN pacyeT JIEKTPOMarHuTa,;

- pa3paboTka MporpamMM pacdeTa M aHaJIU3 CTAaTHYECKUX XapaKTEPHUCTUK
CHCTEMBI,

- BBIOOP CXEMBI U pacueT YCUIUTENS MOIITHOCTH;

- pa3paboTka MporpaMM pacdeTa W aHAJIU3 CTAaTHYECKUX XapaKTEPHUCTUK
CHCTEMEI,

- pacueT UCTOYHUKA MUTAHUS;

- pa3paboTKa KOHCTPYKIHUH SJIEKTPOMEXAHUYECKON CUCTEMBI,

- pa3paboTka pabouux ueptexket 4..5 gertasel (Mo  yKa3aHUIO
PYKOBOJIUTEISA);

- pa3pabotka 3D-monenu u3genus U aHUMaIu mpoiiecca COOpPKH;

- oopMIICHHE TTOSICHUTEIPHOM 3alMCKU M rpad)UuecKor 4yacTh KypcoBOM
paboTHI.

[TnaH-rpaduk BBIMOIHEHUS WHIWBHIYAJIbHOIO 3aJaHUsl pa3pabaThIBacTCs
CTYJICHTOM U yTBEPXKIAeTCs pyKoBoauTelIeM paboTel. CTyIeHT 00s3aH peryJIsipHO
PETUCTPUPOBATH BBITIOJIHEHNUE KAXIO0T0 dTana paboThl y PYKOBOIUTEIIS.

KypcoBoii MpoeKkT cunuTaeTcss 3aKOHYEHHOM, €CJIM BBITIOJHEHBI BCE ITYHKTHI
3aJIaHusl, TIOSACHUTENbHAS 3allMCKa M YEPTSKH IOAINMCAHBI CTYJICHTOM U
pykoBogutTeneM. Cpok 3amuThl pabOThl yKa3bIBaeTCsl B CHEIUAbHOW  Tpade
3a/1aHUsl HA POEKTUPOBAHMUE.

B mnpoiiecce BBITIOTHEHUSI KYpPCOBOTO MPOEKTa PYKOBOAMTENb MPOBOJUT
IPYIINOBbIE U WHIUBUAYAJIbHBIE KOHCYJbTAIlMM CO CTyJACHTaMU. Temaruka
IPYIIOBBIX  KOHCYJbTAllMM  perjaMeHTUpyercs  pabodeil  mporpaMmon
aaciuIiiabl - "OCHOBBI M KOMIIBIOTEPHBIE  CPEACTBA  ABTOMATHU3ALMU
npoektupoBanusa". Ha  HHAWBHIyadbHBIX  KOHCYJIBTAlMSIX PYKOBOJUTEIb
KOHTPOJMPYET XOJ BBIMOJHEHUS KYypCOBOW paboOThI, AciacT 3amMedyaHUs IO
MPOJICJIAHHOM pabOTe M JACT PEKOMEHIAIMH 110 PEIIEHUI0 KOHKPETHBIX BOIIPOCOB.

3.6. 3ammTa KypcoBOTO MPOEKTA

3aiuTa KypcoBOTro MpoeKTa NpeCcTaBiseT co0oit (opMy MPOBEPKH CTETICHU
OBJIAJICHUSA CTYIEHTOM METOJlaMU MPOECKTUPOBAHUSI  DIIEKTPOMEXAHUUYECKUX
CUCTEM M YPOBHS IPUOOPETEHHBIX UM MPAKTUUECKUX MHKEHEPHBIX HABBIKOB.

3amuTa KypcoBOIrO IIPOEKTa COCTOUT B YCTHOM COOOILIEHUM CTYyJEHTa
(5...6 MUHYT) MO CYUIECTBY MpOJIETaHHON MM pabOThl M OTBETaxX Ha BOIpPOCH. B
CBOEM COOOLIEHUM CTYAEHT  JOJDKEH  OCBETUTh  IIOCTAHOBKY  3a/Jayu
MPOCKTUPOBAHUS, METOJbl €€ PEIICHUS U TOJy4YeHHble pe3yibTarbl. CTyneHt
JIOJKEH COTIPOBOXKAATh YCTHBIM paccka3 oOpallieHueM K rpaguueckuM Marepua-
JaM, MOSICHSISI CKa3aHHOE.

3amuTa KypcOBOTO IPOEKTa MPOBOAUTCS INEPEN KOMHCCHEH W3 Ipenoja-
Bateneir kadenpsl CAY c ywactuem pykoBoauTenss pabotel. Bompocsl, 3a-
JTABaeMbl€ CTYACHTY YJIE€HAMU KOMHUCCHUH, KaK MPAaBHIIO, OTHOCATCSA K COJAEPKAHUIO
paboThI, HO MOTYT KacaTbCs U CMEKHBIX JTUCLUILINH.



4. METOJUYECKHUE YKA3AHNMA K BBITIOJIHEHMIO KYPCOBOI'O
I[TPOEKTA

4.1. Ilinan noCTpOEHUS U COJIEPKAHUE PA3/ICIIOB MOSICHUTEIBLHOMN 3aMUCKH K
KypPCOBOMYO MPOEKTY

PyOpukarus u comepkaHue pas3iesioB pacuyeTHO-TIOSICHUTEIBHONW —3alliCKU
nomxHbl cooTBeTcTBOBaTh ['OCT 7.32-81, B COOTBETCTBUM C KOTOPBIM 3alMCKa
JOJDKHA UMETh:

- TUTYJIbHBIN JIUCT;

- 33/IaHKE Ha KypCOBOE MPOEKTUPOBAHUE;

- pedepar;

- COZIepKaHue;

- BBEJICHHE;

- OCHOBHYIO YacCTh;

- 3aKJTIIOYEHUE;

- OubIMorpagUUYECKuil CUCOK;

- IPUIIOYKEHUSI.

O06pazen opopMieHUsI TUTYJIBHOTO JUCTA IPUBEACH B MPUIOKEHUU 1.

3afgaHue Ha KypCOBYIO pad0OTy 0(hOpMIISIETCSI B COOTBETCTBUU C 00pas3lioM,
MIPUBEJACHHBIM B MPUJIOKCHUAHN 2.

Pedepar nmomkeH conaepxkatb: cBeAeHUS 00 00beMe, KOJIMYECTBE
WUTIOCTpaluid, Tadnuil, OMbanorpad@uuecknx HWCTOYHHKOB, EPEUEHb KIFOUEBBIX
CJIOB, TEKCT pedepara.

BBenenue pacueTHO-MOSCHUTENIBHOMN 3aMUCKU JJOJDKHO COJIEpKaTh KPATKYIO
XapaKTEPUCTUKY OOBEKTa MPOCKTUPOBaHMS, (OPMYIUPOBKY IeIM W 3a7ad
paboThl, 000CHOBAaHKE MPUHATOTO B pabOTE METO/Ia PEIICHHUS.

B OCHOBHOWM 4acTH pacyeTHO-TIOSICHUTEIbHON 3aMIUCKU JTOJI>KHBI
MOMENIAThCS  CBEACHUS, OTPaXKAIOIIUEe CYIIECTBO, METOJUKY U OCHOBHBIC
pe3yibTaThl BBITIOJIHEHHOW pa3paboTku. PacueTsl, mpuBoguMMble B 3aIlHCKE,
JOJDKHBI COJIEPKaTh ACKHU3bI, PACYETHBIC CXEMBI, WJUTFOCTPUPYIONTUE (DU3NICCKUN
CMBICIT BBITIOJTHSIEMOTO pacyeTa.

5. METOAMKU ITPOEKTHBIX PACYHETOB 3JIEKTPOMAT'HUTOB.

[Ipy MpOEKTUPOBAHUM BTSKHBIX JIEKTPOMArHuToB (OM) MOXKHO BBIJEIHUTH
JIBA OCHOBHBIX THIIA PACYETOB: MPOEKTHBIM M NMOBEPOUYHBIA. B 3aBUCMMOCTH OT
TEXHUYECKOT0 33JJaHUs TPOECKTHBIN pacyeT MPOBOAMUTCS MO ABYM METOJUKAM:
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- 110 33JaHHOMY YCHIJIHIO, X0y SIKOPS, TEINIOBOMY PEXUMY PACCUUTHIBAIOTCS
pa3Mepbl MarHUTOIIPOBOJIA M MapaMeTPhl KaTYIIKH, 0OECIeUnBAIONIUE 3aJaHHBIC
napameTpbl TP MUHUMAaJIbHBIX Ta0apuTax;

- 10 3aJaHHBIM rabapuTaM, XOIy SKOpsA, TEIUIOBOMY PEXKUMY
pacCUMTHIBAIOTCA ~ pa3Mepbl  MAarHUTONPOBOAA M MAapaMeTpbl  KaTYIIKH,
00eCreunBaOIINEe MAKCUMAIbHO BO3MOXHOE TSITOBOE YCHUJIHE MPH 3aJaHHBIX
napameTpax.

[ToBepouHBIil pacyeT MO3BOJISIET MO U3BECTHBIM pa3MepaM MarHUTONPOBOJA,
napaMeTpamM KaTyIIKd, XOAY SKOPs ONPEICUTh TSITOBOE YCUIIUE SJIEKTPOMArHHTa,
€ro TEIUIOBOM PEXUM, MOTPeOJICHUE TOKA, CTENEHb HACBIIIEHHOCTH MarHUTOIpPO-
BOJA.

5.1. BeiOOp KOHCTPYKTUBHOTO THUIIA U (POPMBI CTOTIA.

B umxeHepHO! NpakTUKE HMIMPOKOE pPacHpOCTpaHEHUE TMOJIYYHJI CHOC00

BbIOOpa THMA SJEKTpOMArHuTa U (GOpMbl CTOMA MO KOHCTPYKTUBHOMY (PaKTOpy
(Ko) [1]

Ko =1-10"° @ 1)
)

rae P — tsaroBoe ycunue, O — X011 SKOpS.

JI1s KOJMYECTBEHHOI'O COINOCTABJICHUS SKOHOMHYHOCTH OCHOBHBLIX THIIOB
AIIEKTPOMArHUTOB (C TUCKOBBIM SKOPEM, BTSIKHBIM SKOPEM C pa3InMdHON (hopMOit
cTora, peppOMarHUTHBIM ITYHTOM) C Pa3IUYHBIMU KOHCTPYKTHBHBIMH (DaKTOpaMu
U BBIOOpPA COOTBETCTBYIOIIETO THIIA JJICKTPOMATrHUTA MOKHO TIOJIb30BAThCS
Tabn. 1, unu guarpammoii (puc. 2).

Tabmuma 1
[Tapamerp KOHCTpYKTHBHBIN BUJT JIEKTPOMArHuTa
Brsxnon ¢ | BrsoxkHoM c| C IOHUCKOBBIM
TJIOCKUM CTOTIOM KOHUYECKUM CTOMOM | IKOPEM
Tun DM, dopma |6,5...11 < K& <|0,15...1,5 < KO <|KD>31,3...47
cToIIa 31,3...47 6,5...11

N3 Bcero MmHOTOOOpa3usi KOHCTPYKTUBHBIX MCTIOJHEHUH DM ¢ TOMOIIBIO
puc.2a 1o 3HAYCHUIO0 KOHCTPYKTHUBHOTO ¢aktopa (1), u3BecTHOMY B Hadalsie mpo-
EKTUPOBAHUS , BRIOMPAETCS ONTUMAIbHBINA TUN OM (10 MaKCHUMalIbHBIM 3Haue-
HusiM kputepueB A/Q, A/V, A/N, A/F — 3necs A — HOMHHAITBHAST MOTITHOCTh, Q —
Macca OM, V — ckopoCTh MepEMEILICHHS TTOJIBH>KHBIX YacTeil, N — MOIIHOCTh, F —
MJC KaTtymku). Ha cTeikax oOmacteid nmpuMeHeHus (HE 3alITPUXOBaHHBIC 00J1acTH
Ha PHC. 2) BO3MOXKHO UCITOJIH30BAaHNE 000X CMEKHBIX TUIIOB DM.

[Ipu BBIOOpE PMEKTPOMATHUTA C BTSDKHBIM SIKOPEM palMoHaibHas (dopma
CTOIIa OTpEAEIsIeTCs M0 3HaUYeHUI0 KoddduirenTa GopMbl U YCEUEHHOCTH KOHYCa
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h kak oTHOIIEHHE Majoro AuameTpa KoHyca K OOJIbIIOMY, PaBHOMY JUAMETPY

SIKOPSI.

[Tpumenenne cromoB ¢ o > 120° HepalMoHAIbHO, TaK KaK TATOBas
XapaKTEpUCTHKA TPH 3TOM ONM3Ka K XapaKTEPUCTHKE IUIOCKOTO CToma W
BBIMTPBIII 1O YCWUJIMIO He3HauuTeneH. KoHuueckue cTOmbl € a < 30°

1eIeco00pa3Hbl i CPABHUTEIBHO OOJBIIMX XOJOB SKOPSA M ISl MOJTYYEHUs
TIOJIOTOM TSATOBOW XapaKTEPUCTUKHU, KOTA HEJIB3S MPUMEHATh Maruutel ¢ GMIII.

'? | | T [ -
05 ' : o J L
' 1A ! T
b4 : | - !;’ | rJ 7 I '
=Jp" | | POCKUG

47 Ia v I': i o =€§ [ 50 | cmon | : _
92 A 1IN i
.E:;f i .:- i ]‘ ;r : ‘{ : : ﬁ
.y ! / / | ! f i | —

! : ; ] |

\e onw £ Emancnsim swoper i r'!' Fuewolur mrogen

L/, A A - K T = - o
770077 NSNS iz

Q02 804606 g1 02 Q% 05 7 2 Vo6 10 20 W0 E0 100 KD kY ne
0

Puc. 2. OGnacTu npuMeHEeHHUs: a) palMOHAIBHBIX TUIOB 3JIEKTPOMArH1TOB;
0) pauMOHAIBHBIX (POPM CTOTOB JIEKTPOMATHUTOB C BTSHKHBIM SKOPEM.

5.2. AHaIIMTHYECKUI METOJI pacyeTa JIEKTPOMAarHuToOB

DJIEKTPOMAarHuThl ¢ KOHUYECKUM M IJIOCKMM CTOMAaMH KOHCTPYKTHUBHO
pa3INyYarTCsA TOJbKO (OPMOHM HCMOJHEHHS cToma. Pasmuume B MX  pacuere
OOyCJIOBJIEHO Pa3HBIMU BBIPAKEHUSMU TATOBBIX CHJ, KOTOPBIE JIOCTATOYHO
CJIOHBI, OCOOCHHO JUIsl YCEYeHHO-KOHMYeckoro crtoma. [loaTomy Ha dTame
CUHTE3a PUMEHSIOTCS YIIPOLIEHHBIEC BBIPAXKEHUS J1JISI TATOBBIX CHJL:

- JUISl THTOCKOT'O CTOIA

BZ
P}’l}l = 55
2,
- JI7Is1 KOHMYECKOTO CTOIa
B*SS .
P, = S sin? 0,5a
21,

r7ie o — yroj KoHyca Mpu BepiirHe (s miockoro croma o =180°).
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HpI/I OTOM JJICKTPOMArunvuT C INIOCKHM CTOIIOM MOJKHO paCCMATpHUBATL KakK
YaCTHBIN cnyqaﬁ QJICKTpOMAaruuTa ¢ KOHM4YCCKHUM CTOIIOM.

Pacuer QJICKTPOMAIrouTOB C OJUCKOBBIM AKOPEM IIPOBOAUTCA AHAJIOTHUYIHO
pacucTaM 3JICKTPOMArHUTOB C IINIOCKUM CTOIIOM.

PacueTHbie q)OpMy.IIBI I JICKTPOMArouTOB BTSKHOI'O THIIA C IINIOCKUM
CTOIIOM HC HWMCIKOT IIOMCTKH, JIA OJJICKTPOMArHUTOB C KOHHUYCCKUM CTOIIOM

NOMEYEHBbI JUTEepoil "a", I 3JIEKTPOMAarHUTOB C JUCKOBBIM SIKOPEM — JIUTEPOU

"6"
IIpoexTHbIii pacyer 1-ro Tuma

JlonmycTum, 3a1aHbl CIEAYIOIIUE OCHOBHBIE MapaMeTpbl MNPOEKTUPYEMOTO
AeKTpoMarHura: P — TaroBoe ycuine, KOTOpO€ JOJKEH pa3BUBATh 3JIEKTpOMar-
HUT B Havalsie xoja sikopsi, H; — xox sikops, M; U — HampsiKeHUe HMCTOYHHUKA MUTA-
Hus, B; 0, JOIMYCTUMOE TPEBBIIICHUE TEMIIEPATYPbl SJIEKTPOMATHUTA MIPU

on

MPOJIOJIKUTEILHOM pexkuMe padboTsl, °C.
Tpebyetcst onpeAenuTh pa3Mepbl MArHUTOIIPOBOIA U MapaMETPhl KaTYIIKHU,
o0ecrnieunBaroNINe 3a/JaHHbIC XapaKTEePUCTUKU MPU MUHUMAJIbHBIX TabapuTax.
Pacuer  371€KTpOMarHuTOB  MPOM3BOAMTCS B CIEAYIOIIEHd  Mo-
CJIe0BATEIbHOCTH.
1. Yrounenue Gopmel crona. dopma CToma yTOYHSETCA MO 3HAYCHHIO
KOHCTPYKTHUBHOTO nlapameTpa K® B cooTBeTcTBUU € Tpadukamu puc. 20.

P

Ko =1-10"° e
o

rae 6=6,+0, — pabouuii 3a30p, M; — TOJIIMHA HEMAarHUTHOW MPOKJIAIKH,

M; OOBIYHO &

nn

=(0,05...0,1)5, , mpu4eM OOJIbIIIEMY XOAY COOTBETCTBYET MEHBIIIEE

3HaueHue ko3 duireHTa u Hao0opoT. B HEKOTOPHIX Cllydyasix HEMarHuTHas Mpo-
KJaJgKa MOXXET OTCYTCTBOBAaTh o,,=0

2. OnpeneneHrue OCHOBHBIX Pa3MEPOB AJIEKTPOMArHUTA:
a) TUaMeTp SKOPS DJICKTPOMAarHuTa

d :1,79-10-33%) (2)

d =1,79-10*3_L (2a)
Bosin 0,5

d=1265-10"3 B£§ (26)

rae Bs — marauTHas unaykuus B padodem 3azope, Ti.

JIist  monydeHus MUHUMAIBHBIX Ta0dapuToB, 00ObEeMa, MAacChl, IOTEPh
MarHUTOJIBIIKYIIECH cruibl 3HaueHue Bs Heooxoaumo npuaumate 0,7...1,1 Tn (mns
AIEKTPOTEXHUYECKHUX cTasiei mapku 29895)[3].

0) Hapy>KHBIN AMAMETP dJIeKTpoMaruuta D=2d ;
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B) JJINHA 3JICKTPOMArHuTa

L=8,7-10°(6+5,),[Pp/n, D’ (3)
L=8,7-10°(55in0,5¢ +8,) [P p/ n,,D° (3a)
L=12,310°5,[P p/n,,D° (36)

rjae O — Mapa3suTHBINA 3a30p, M, 0,=(4...5)€ ; € — IKCLIEHTPUCUTET SKOPS IO
OTHONICHUIO K (uIaHmy (paBeH MOJIOBUHE PAa3HOCTH JWAMETPOB HAMPABIISIONICH
BTYJIKH M SIKOPS C YYETOM TMPEACIBbHBIX OTKIOHCHHH WX pPa3MEpoOB); OOBITHO
8,=(0,015...0,05)102 M (B ciayuae NpUMEHEHUS PA3BUTOrO BOPOTHUUKA 8,~0); p —
yAEIbHOE COMPOTUBIEHUE TMpoBoja, OM.M; ompenensercs JUisl 3aJaHHOTO
npeBbleHus: Temnepatypsl Q mo dopmyne p = po(1+0oQ); po — ymembHOE
conpoTHBiIeHue nposoja npu 20° C, 11 MeaHoro nposoja po =1,75.10% Om.m;
0o — TeMIEpaTypHbIA KO3 PUIIMEHT MeTalIa IPOBOa, Il METHOTO MPOBOa
00=0,004 1/°C; ny, — yxenbHas MOLIHOCTb PacCEesHHS, B1/M?; onpezensercs Mo
rpaduky 0 =f(ny,) (puc.3);

I') OTHOIIEHUE rabapuTHBIX pa3MepoB AekTpoMarHuta L/D u ux orneHka.
Haubonee ymauHoe KOHCTPYKTUBHOE O(OpPMIICHHE BTSXKHBIX DJIEKTPOMArHUTOB
obecrnieunBaercs npu L/D=0,7...1,8, 371eKTpOMarHuToB ¢ JTUCKOBBIM SIKOPEM - MPHU
L/D=0,4...0,8. Eciii mNoJay4YeHHOE OTHOIIEHHWE Ta0apUTHBIX Pa3MEpPOB AJIEKTPO-
MarHUTOB HE COOTBETCTBYET KEIAEMOMY, TO pacdyeT MOBTOPSIOT C I1.2a, 3a/1aBasiCh
TP 3TOM APYTHM 3HAUYCHUEM MarHUTHOW WHIYKITNU;

1) TI0 TIPUHATOMY JMAMETPY SIKOPS YTOYHSETCS 3HAYEHWE MAarHUTHOM
WHIYKIAN

B,=1,79-10" TP (4)
B -17910° VP (4a)
dsin0,5«
B, =1,265-10"" ﬁ (40)
e d

e) mo rpapuxy ®=f1(Bs) (puc. 3) ompenensiercs 3HaYCHHE MOMPABOYHOTO
Kod(pdulIeHTa OTHOCUTEIHHOTO MaJCHUS MarHUTOJBIKYILECH Ccuiibl O;
’K) MaKCUMaJIbHOE 3HAY€HUE MarHUTHOM MHAYKIMK B = Bs/®;
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Puc. 3. 3aBucHUMOCTb MEXY NMPEBBILICHUEM TEMIIEPATYPbl U YAEIbHOU
MOITHOCTBIO PACCESIHUS MPU PA3IUYHBIX YCIOBUSIX TEIUIONEPEIAUu:
1 - nnoxwue, 2 - cpeaHue, 3 - XOpOIIHE.

3. OmnpejienieHre OCTANBHBIX pa3MEPOB MArHUTOIPOBOIA!
a) BHYTPEHHU JUaMETP MarHUTOMPOBOA
D, =0.87D
0) TonmuHa ¢aHUA; IJs TUCKOBOTO SIKOPS - TOJIIMHA SIKOPS U TOJIIIMHA
dbnanma
C=0.12D (5;5a)
C=0.12D (50)
B) TonmuHa ¢aHa Ha nepudepun
C, =0.06D
T') JUTMHA OKHA MarHATOIIPOBO/IA TIOT KATYIITKY
I=L-2C
1) nouHa croma |, =(0,3...0,55)L

KOHCTpyKTHUBHBIE =~ CXE€Mbl  MarHUTHBIX  LEMed  3JIEKTPOMAarHUTOB
MIPEACTABIICHBI HA PUC. 4a
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Puc. 4a. KOHCTpYKTHUBHBIE CX€Mbl MATHUTHBIX LIENIEH SJIEKTPOMArHUTOB
a —C TJIOCKUM CTOTIOM, O — C KOHMYECKHUM CTOIOM, B — C JJUCKOBBIM SIKOPEM.

Heo0xoauMo OTMETHTbH, YTO pacCUYUTAHHBIE MApPAMETPbl MAarHUTOMPOBOAA
0o0ecneurnBaOT MPUOIU3UTENBHO OJMHAKOBYIO IUIOMIAAb €ro IMOMEPEYHOro

CEYEHUS ITYTH NMPOXOKICHHUSI MArHUTHOI'O IOTOKA, CO3AaHHOTO MarHUTOABWKYLIEN
CHJION OOMOTKH yIpaBlICHUSI.
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Puc. 4. O6nactu pazdpoca 1 yCpeTHEHHbIC 3aBUCUMOCTH TOMPABOYHOTO
Ko3(uimenTa oT MarHuTHOM MHIYKUUK: 1 - B pabouem 3a3ope; 2 -
MaKCUMaJIbHOM.

4. OnpeneneHue napaMeTpoB KaTyIIKU:

a) CpeIHUI AuaMeTp KaTyIIKH

D,=05D,+d,)=0,5(D,-26,)+(d+2b)l Tne b — TONIIMHA Kapkaca, M
(00b19HO b =(0,05...0,25)10 °M; O — 3a30p MEXKAY KATYIIKOH M KOPITYCOM, M (IS
HU3KOBOJIbTHBIX DJIEKTPOMArHuToB &, = (0,025...0,2)10° M™);

6H

0) nTuameTp NMpoBoja
d, =178:10°\[pD,B(5+5,)/U (6)

d,, =1,78-10°,[pD, B(55in0,5¢—5,)/U (6a)

d, =1,78-10°[pD,B25/U (66)

B) JAMaMeTp TMpOBOJA OKPYIVISIETCS JO CTaHAapTHOTO 3HA4YEHUsS B
COOTBETCTBHH C TAOJHUIICH ITPOBOIOB U JJI IMPHHSATON MapKH MPOBOJIa HAXOJIHUTCS
€ro JuaMmeTrp B u3oJisiuuu d |

F) BbICOTAa HAMOTKH KaTYIIKH
hx = O’ 5(DH - dRH) = 01 5[(Dl - 25){'}() - (d + 2b)]

1) JJIMHA KaTYyIIKA
| =L-2(b,+C)

€) YKCIIO0 BUTKOB KAaTyIIKU
W =0,865l h_/d?

) COMPOTHUBJICHUE KATYIIKH MPU HOPMAJIbHBIX ycioBusxX (+20° C)
Ry =D, W /(zd? /4)=7-10°D,W/d}

3) JJIMHA HAMOTOYHOI'O ITPpOBOJa
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L, = 7D, W

IIpoexkTHBIH pacyer 2-ro THNA

IIycTe 3amanbl: D — HapyXHBIM AuameTp dJeKTpoMmarHura, m; L — mimHa
AIIEKTPOMArHuTa, M; Oy — X0 sikopsi, M; U — HampsbkeHHe HMCTOYHUKA MUTaHUSA
(pacueTHOe HampsbkeHue), B; 6., — HOmycTUMOE TMpPEBBIINICHUE TEMIIepaTyphl

arl

AIIEKTPOMArHUTa IPH MPOJOHKUTEIIEHOM pekume padotel, °C.

Tpebyetcst onpenenuTs pa3Mepbl MarHUTOPOBO/IA U TTAPAMETPHI  KaTYIIKH,
00ecreunBaIIe MaKCUMaJIbHO BO3MOXKHOE TATOBOE YCHIIME TIPHU 3aJaHHBIX IMa-
pameTpax.

Pacyer  snekTpomMarHuta  OpPOM3BOAMUTCA B CIEIYyIOIIEH no-
CJIEIOBATEIBbHOCTH.

1. OueHka TAroBoro yCuius:

a) TIArOBOE YCUJIHME, KOTOPO€ MOXET OBIThb MOJIYYEHO IpH 3aJaHHBIX
UCXOJHBIX JaHHBIX:

P=L’D?,/76-10°(5 +5,) p (7)
P=L1°D},/76-10°(5sin05a+35, ) p (7a)
P=1°D;},/152-10°5°p (76)

3/1eCh BEIMYUHBI Nyy, O, Oy, P OMNPEICIAIOTCS AHAJOTUYHO MPOEKTHOMY
pacuery 1-ro Tuma, NpuBEIEHHOMY BBIIIIE;

0) IJIs BTSDKHOTO DJICKTpOMAarHurta (popma croma YTOUHSIETCS TIO 3HAYSHUIO
KOHCTPYKTHUBHOTO (hakTOpa B COOTBETCTBUU C puc. 20.

Ko =1.10"° e
o
JUISL DJIEKTPOMAarHuTa C JUCKOBBIM SIKOPDEM THIT SJIEKTPOMArHUTa TaKkKe
YTOYHSIETCS 110 3HAYEHUI0 KOHCTPYKTUBHOTO (PAaKTOpa B COOTBETCTBUU C PHC. 2a.
2. OnpeneneHne KOHCTPYKTUBHBIX Pa3MEPOB MarHUTOIPOBOIA:
a) BHYTPEHHUI TUaMeTp MarHUTOIPOBO/IA BTSHKHBIX 3JIEKTPOMATrHUTOB

D, =0.87D

0) muaMeTp sSKops

d=0,5D (8:8a)
JlnameTp cepAeUHHMKA JUCKOBOTO JICKTpOMarHuTa

d=0,5D (86)

B) TOJIIIMHA ()JIaHIIA BTSHKHBIX JJICKTPOMArHUTOB

C=0.12D (9;9a)
TonmuHa AUCKOBOTO SAKOPS M TONIIMHA (PIIaHIa JUCKOBOTO JIEKTPOMAarHuTa
C=0.12D (96)

r) ToJMHA (praHa Ha epudepun
C,=0.06D
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1) CEYEHHE AKOPS

S=xd%/4

€) JUIMHAa OKHA MarHUTONPOBOJIA MO KaTyLIKy

I=L-2C

) niouHa ctona |, =(0,3...0,55)L +.

3. Onpenenenue pa3MepoB U NapaMeTPOB KATYILKU:

a) CpeIHUN JUaMETp KaTyIIKU

D, =0,5(D, +d,,)=0,5[(D, -25,)+(d +2b)]

rae Dy — HapyXHBIM JuameTp KaTyWKW, M; dsy — BHYTPEHHUH IuaMeTp
KaTYILKH, M; Ox — 3230p MEXAY KaTyLIKON U KOPITycOM, M; b — TOJILIMHA KapKaca,
M;

0) BbICOTAa HAMOTKHU

h.=0,5D,-d_)=0,5[(D,—-25,)—(d +2b)]

B) JuIMHA HAaMOTKH | =L—2(b, +C) ;

I') CONPOTHUBIICHHE KATYIIKH, HEOOXOAUMOE JUIsl OOeCleYeHus: 3aJaHHOro
TEIJIOBOTO PEXUMA:
Rg; =U?/zD(L+0,5D)n,,
1) IMaMeTp IpoBoja
d,, =1285¢/pD,I,h, /R

KK oon

6H

€) JuMaMeTp TMpoBOJA OKpPYIJIieTCs JO CTaHAApTHOTO 3HAYEHUSA B
COOTBETCTBHUH C TAaOJUIEH IPOBOIOB U JIJIsl IPUHITON MapKu MPOBOAA HAXOIUTCS
€ro JMaMeTp B U30MAIUN dys,

) YUCJIO BUTKOB KaTymku W =0,865l h_/d?

3) CONPOTHUBIIEHUE TPU HOPMaAIBbHBIX ycnoBusax (+20° C)

R, =7-10°D W /d?,

) JUTMHA HAMOTOYHOT0 NpoBoja L, = 7D, W

4. YTOUHEHHNE 3HAUYCHUS TATOBOTO YCUJIUS, PA3BUBAEMOT0 JIEKTPOMArHUTOM
[P PACUYETHOM HAIPSKEHUU:

a) MOJIHAsI MarHUTOABMXKYIIas cuina F=WU/R;

0) MakcuMasbHasi MAarHUTHAS MHTYKIIUS

B=uF/(5+3,) (10)
B =,F/(5sin0,5a+75,) (10a)
B=B=yF/25 (106)

B) no rpapuky ¢=f(B,) (puc. 4) HaXoAWTCS 3HAYEHUE MOMPABOYHOTO

koahunmerTa ¢ ;
T') TATOBOE YCUJINE, Pa3BUBAEMOE AIEKTPOMATHUTOM:
P=u,p°F?S12(5+3,)°
P = 1,p°F?S/2(5sin0,5a +8,)*
P = 1,0’ F2S 1 45?
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IToBepouHbIl pacuer

[ToBepouHBIli pacdeT MPOW3BOAUTCA TPU HM3BECTHBIX KOHCTPYKIIHH,
pa3Mepax u mapaMeTpax dEeKTPOMAarHuTa:
a) pasmepax marmurornposojaa D,D,,d,C,C, L1l ,«a;
| d

0) pasMmepax u mapamerpax karymku D, ,d_,I ,d

n! “en?

W,R;

k! np? Cuz!?

B) Apyrux napamerpax é,,d,,,9,,U .

Tpebyercss onpenenuTs TArOBOE YCHIIME AJIEKTPOMAarHuTa, €ro TEIIOBOU
PEXHUM, OTPEOIEHUE TOKA, CTETNIEHb HACBIILIEHHOCTH MarHUTONPOBO/IA.

Pacuer AJIEKTpPOMAarHuTa POU3BOIAUTCS B clleyroen
MOCJIEI0BATEIbHOCTH.

1. IIpoBepka pazMepoB MarHUTONPOBO/Ia U MAPAMETPOB KATYILKH:

a) D,=0.87D;

6) d=0,5D;

B) C=0.12D;

r) C,=0.06D;

n) l=L-2C,;

e) | =(0,3..0,55)L ;

) ceueHue ssKops S =zd*/4;

3) CpeaHUii TMaMeTp KaTymku D, =0,5(D, +d,,) ;

M) BbIcOTa HAMOTKH h_=0,5(D, -d,,) ;
2 .

uz 1

K) YMCJIO BUTKOB KaTymku W = 0,865l h_/d
J1) CONPOTHBIICHNE KaTymKku R, =7-10°D W /d;? ;

M) 3HaYeHue norpedisiemoro Toka | =U/R.

2. OnpeneneHue TATOBOTO yCHIIMS, Pa3BUBAEMOI0 3JIEKTPOMArHHUTOM
IIPY PACYCTHOM HANPSHKCHUH

a) MOJIHAsi MarHUTOABMXKYIIas cuia F=WU/R;

0) MakcuMasbHas MarHUTHAs! UHTYKIHS:

B=u,F/(5+5) (11)
B = y,F /(6sin0,5¢ +5,) (11a)
B=u,F/25 (1106)

B) no rpapuky ¢=f(B;) (puc. 4) HaXoAWTCS 3HAYEHUE MOMPABOYHOIO

kodddurmenta ¢;

F) TATOBOC YCUJINC, PA3BUBACMOC 3JICKTPOMAIrHUTOM:
P=u,p’F?S12(5+35,)° (12)

P = u,p°F?S12(5sin0,5a +35,)° (12a)
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P = u,0’F°S /457 (120)
3. [IlpoBepka mpaBUIBLHOCTH BBIOOpPa (QOpMBI CcTONA WU THUIIa
3J]eKTp0MaFHI/ITa B COOTBCTCTBUMU C pI/IC. 2
Ko=1-10" g

4. OnpeneneHue NpeBbILIEHUSI TEMIIEPATYPhI SJIEKTPOMArHuTa:
a) YACIIbHAA MOIIMHOCTDb PACCCAHUA
n,=U%/zD(L+0,5D)R

0) mo rpaguky 6= f(n,) (puc. 3) 1 HAUACHHOW YAENbHOW MOLIHOCTH
paccesTHUs ONPEIETIAETCS MPEBBIIICHUE TEMITEpaTyphl dJEKTPOMArHuTa 6.

5.3. Pacuer BUHTOBOU NPYKUHbI

[IpoekTupOBaHUE BUHTOBBIX IPYXKWH PACTSDKEHMS - CKATHS COCTOUT B
BbIOOpE Marepuaa MPOBOJIOKM M OIpPENEICHUH Pa3MEpOB IMPYKUHBI: CPEIHETO
nuamerpa D , nuamerpa mpoBosioku d , yMciaa pabOYMX BUTKOB 1p M JJIMHBI
Ho mpyxuHbl B CBOOOJHOM cOCTOSIHMM. PelieHue  3ajauu MPOEKTHPOBAHMS
BUHTOBOM TMpPY>KMHBl HEOJHO3HAYHO, TAaK KaK 3aJaHHbIM CBOMCTBAM MOTYT
YAOBJIETBOPATh NPYKHUHBI PA3JIMYHOM TE€OMETPUM M HM3  PA3HBIX MaTEPHUANOB.
[ToaTOMY IpU MPOEKTUPOBAHUM OOBIYHO HAXOASAT pa3Mepbl HECKOIbKUX MPYKUH,
YIOBJIETBOPSIOIIMX 33JaHHBIM YCIOBHUSM, U U3 HUX BBIOMPAIOT Ty, KOTOpAs JIy4ile
IpYruX MOAXOOUT K MexaHu3sMy npubopa. s BbeIOpaHHOro matepuana
HE00XO0AMMO Ha3HAYUTh BEJIMYMHY JOMYCKAEMOIr0 KacaTeJIbHOTO HAIPSKEHUS MpU
kpyuenun [ T ]. CBoiicTBa npy>KMHHBIX MaTEPUaAJIOB IPUBEIEHHI B [4, mpui. 43].

Haubonee ymoOHO pacueT pa3mMepoB TNPYXKUHBI BECTH TO Tpebyemoit
KECTKOCTH TPYXHHBI Kk ¥ MakCHMalbHOM PaCTATHBAONICH WM CKUMAIOIIEH
cuie Pmax. ZKeCTKOCTh NPy KMHBI CBsI3aHA C MAKCUMaJIbHOM CUJIOM COOTHOLIEHUEM

P

_max_
xmax

rae Xmax - MAKCUMAJIBHOE MEPEMEIICHUE MOABHKHBIX YaCTEH.

[TonGop cpemnero nuamerpa MpykuHbl D, mguamerpa mpoBosioku d
yycia pabouyMx BUTKOB 1p MPOU3BOJAT, HUCHOJB3YS ypPaBHEHHUS IPOYHOCTU U

KECTKOCTHU TIPEoO0pa30oBaB UX K BUY

K=

d =8Pk, /(7[z]) (14)
Gd
P gke? (15)

I€ C — UHAEKC NPYXHUHBI; K. — KOX(P(OUIIUEHT yBEIMUCHUS HAMPSKCHUS Y
BHYTPEHHEN CTOPOHBI BUTKA (CPABHUTENLHO C HAMPSIXKEHWEM, BO3HHMKAIOIIUM IMPU
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KPYyUeHUHU TPSIMOTO CTep)kHs). Ero BemuumMHa 3aBUCUT OT WMHJEKCA TMPYXUHBI U
MOXET OBITh HalifieHa 10 PUOJIMKEHHOU GopmyJie
k = (4c+2)/(4c—3) (16)
Jlis  ynopouleHust — pacdeToB  IiejecooOpa3HO BHavale BEIYHCIIATH

G
3HadyeHus 8P, ck /(z[r]) u ol 3areM clefyeT 3aJaTbCid HECKOJbKMMH 3Haue-

HUSIMU MHJAEKca npyxkuubl ¢ = D/d B mpenenax ot 4..6 mo 16...20. Ilpyxunsl
MEHBIINX HHJEKCOB NPUMEHSIOT peaKo. Penko HCmonb3yroTcsl MPYXKUHBI U C
OonbIIMM 3HaueHueM uHaekca. [Ipu nnaexce Boime 16...20 CylecTBEHHO yBeu-
YMBAETCS JAUAMETP MPYKUHBI, PE3KO YMEHBIIAETCS MX HW3TMOHAsE MPOYHOCTb.
Ecnn Her kakux-nubo cnenualbHbIX TpeOOBaHUM, CielyeT BhIOMpATh CpeaHee
3HaYeHHE nHaeKca ¢ = §8...12.

3a1aBIINCh PSIAOM 3HAYEHUM MHJEKCA U Hail[sl OTBEYAIOIUME MM 3HAa4YCHUs
koapdumenta k., ompenenstor no (14) auaMerpsl MPOBOJIOKHA, COOTBETCT-

BYIOLIME BBIOpAaHHBIM 3HAYEHUSIM HHAEKca C. BplOpaB u3  copTameHTa
OpYXKUHHON NMPOoBOJIOKY [4, mpui.3] Onvkaiiiie OOJbIINe 3HaYCHUST JAMAaMETPOB,
HOJICTABJIAIOT UX B popMyiy (15) u onpenensitor pabodyee 4ucI0 BUTKOB IPYKUH
IpU KaXkJ10M 3HaueHUH uHjaekca. [lo 3HaueHusM ¢ u d onpenenstoT cpeaHuil aua-
METp npykuHbl D=d-c, HapyxHbli D, =d-(c+l) wiam BHyTpeHHUU D, =d-(c-1)
IMaMeTphl TPYXKHUHBL. Benmndauner d U i, HCMIONB3YIOT IS ONIpeaesieHHsT HaualbHON
JUTHHBI (BbICOTHI) npykuHbI Ho. {715t mpy»&uH cxxaTus

Ho = (&, +i)d + X, (17)

Koadpdumment & omnpenensiercss 3a30poM MexXy BUTKaMu B ee Haubosee
C)KaTOM COCTOSIHMM, T.€. KOrJa OHa cxkaTa CHION Pmax. 3a30p HeoOXoaum st
KOMITEHCAIIMM TMOTPEIIHOCTH Iara BUTKOB. Bennuuny & OOBIYHO BBIOMpPAIOT B
npeaenax 1,2...1,5; ix - 4YHCJIO OMOPHBIX, KOHIIEBBIX BHUTKOB. BennunnHa i
3aBUCUT OT KOHCTPYKIMM TPY>KUHBI, €€ Ha3HaueHus. J[Ji1 HEOTBETCTBEHHBIX
npyxuH 1, =1,5. [Ipy NOBBIIEHHBIX TPeOOBAaHUAX K TOYHOCTHU XapAKTEPUCTHKHU
IPYKUHBI YUCIIO KOHLEBBIX BUTKOB YBEJIMYUBAIOT JI0 1, =3 (110 1,5 BUTKa ¢ KaXKI0i
CTOpPOHBI).

JIist mpyXWH PpacTSOKCHMs, HaBUBAaGMbIX OOBIUHO 0€3 3a30pa MEXITy
BUTKaMU BbICOTA MIPYKUHBI

H,=id+yD (18)

Koaddunment y yuuTbiBaeT pa3Mepsl 3alenoB [S] U B 3aBUCUMOCTH OT
UX KOHCTPYKIIMH NprUHUMaeTcs B peaenax ot 0,5 o 2.

B pe3ynbrare Takoro MpPOEKTUPOBAHUS NOJYYAOT pAd MPYXKUH C
cooTBeTCTBYIOIMMU 3HaueHus MU d, D u Ho, U3 3T0r0 psina BIOMpPAIOT MPYKUHY,
HAWIYy4IIUM 00pa3oM MOAXOIAIIYIO K pa3padaTbiBa€MOi KOHCTPYKIIUU.
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5.4. Pa3zpaboTka nporpaMm pacyera 1 aHajiu3
CTaTUYECKUX XapaKTEPUCTUK CUCTEMbI

Pacyer craTMueckux WU JAMHAMHUYECKUX  XapaKTEPUCTHUK JIeK-
TPOMEXaHUUYECKON CHUCTEMBI PACCMAaTPUBAEMOTO KJIacca OCHOBAH Ha NMPUMEHEHHUU
METO/MK, H3J0XKEHHBIX B [5], U HCHNONB3YET HEJIMHEWHYI0 MaTEeMaTUYECKYIO
MOJIENb.

K OCHOBHBIM CTATHYECKHUM XapaKTEPUCTUKAM OTHOCATCA: YpPaBHEHHUS
cesisu @ = f(i,a), BHemHsAs xapakrepuctuka o = f(i), MexaHuueckas
xapakrepuctuka Fp; = f(i,0). s monydeHus BBIpaKEHUH, TO3BOJISIONINAX
paccuMTaTh CTAaTUYECKHE XapaKTEPUCTHKH, HEOOXOJUMO  COCTABUTh  CXEMY
3aMEIIECHUs] MarHUTHOM UENU HCIOJHUTEIBHOIO YCTPOMCTBA U  3alucaTh
HEeJIMHEHoe anredpanyeckoe ypaBHeHue (ypaBHeHne Kupxroda st MarHuTHON
uenu). Pemenne 3Toro ypaBHeHusl TpeOyeT HCIOJIb30BAHUSI COOTBETCTBYIOIIMX
YUCJICHHBIX METOJOB U pUMeHeHUs1 DOBM.

[Tonb3ysiCh METOAMKON M AJITOPUTMAaMH, U3JIOKEHHBIMU B [5], cOCTaBHUTH
CXEMY 3aMEILECHHUs] MArHUTHOM ILIENH, 3aIMCaTh YPABHEHMS CBSI3M U HEJIMHEHHOE
anreOpanvyeckoe ypaBHEHHE MarHUTHOM LIENU, COCTaBUTh IPOrpaMMBbl pacueTa u
paccuuTaTh MEXaHUUYECKYI0 XapaKTEPUCTHKY pa3pabOTaHHON CUCTEMBI JJI MaK-
CUMAaJIbHOI'O TOKAa HArPETOTO 3JIEKTPOMArHUTA.

5.5. BrI00p keCTKOCTH BO3BPATHOM NMPYKUHBI U 3JIEMEHTOB
KIIFOUEBOTO YCUIJIMTEISE MOIITHOCTH

Jlist BBIOOpa BO3BPATHOM MPYKUHBI U 3JIEMEHTOB KIIFOUEBOIO YCHIIMTENS
MOIIIHOCTA HEOOXOAMMO TMPOBECTH aHaJIW3 BIUSHUSA HUX [apaMeTpoB Ha
JTVHAMUYECKHE XapAKTEPUCTUKH CUCTEMBI.

IIpy BKIIIOUEHUM DJIEKTPOMArHUTa SAKOPb IIPEOJOJIEBAET COIPOTUBIICHUE
BO3BpaTHOU npyxkuHbl Fnp, = Kyp:0 ¥ BHemHe#t cunbl Harpy3ku F,, mpuuem uem
OO0JIbIIIE )KECTKOCTh MPYKUHBI, TEM OOJIbILIEC CHUJIa COMPOTUBIIEHUSI U BpeMs cpada-
TBIBAHUS DJIIEKTPOMArHUTA.

[Ipu oTkitoueHMH >JeKTpoMarHuTa (Ipu mojaade Ha 0azy TpaH3UCTOpA
YCWJIMTEJSE MOIIHOCTH 3alMpaIOIIero HAmpsDKeHUs)) TOK B OOMOTKE HauyMHAET
YMEHBIIATBCSA, CUJIA, NPWKUMAKIIAsS SKOPh K YIOPY, TAKXKE YMEHBIIAETCS W,
KOTJa €€ BEJMYMHA CTAHOBUTCS MEHBIIE CHJIBI TMPYXKHUHBI, SKOPb HAYMHAET
BO3BpaTHOE ABMXeHue. [Ipuuem, uem ObicTpee B Ienu OOMOTKH CIaJaeT TOK U YeM
00JIbIlIe )KECTKOCTh BO3BPATHOM MPYKUHBI, TEM ObICTpee SKOPb BO3BpalllaeTcs B
HCXOIHOE COCTOSIHUE.

[Ipu  oTkimroueHnn OOMOTKM Ha HEW TOSBIAETCA  HampsOKEHUE
CaMOMHIYKIINM, HAIPABJIEHHOE B OAHY CTOPOHY C HANpPsDKEHUEM  HMCTOYHHKA
IIATAHUS, YTO MOJKET NPUBECTU K BBIXOAY M3 CTPOsl TpaH3ucropa. i 3amuThel
TpaH3UCTOpPa OT MPOOOS HCIONB3YIOTCS CTAaOUIUTPOHBI, OTPaHUYMBAIOIINE
HaIpsHKEeHUE Ha KoJUIeKTope Tpan3ucTopa. Crnaz Toka npu OTKIOYEHUH OYJET TeM
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ObicTpee, yeM OOJbIIe MPEAeIbHO TOMYCTUMOE HANpsHKEHHE Ha  KOJUIEKTOPE
TPaH3UCTOPA, 3AIIMIIEHHOTO OT MPo0osi cTadUIUTpOoHOM. Takum oOpazom, A
oOecrieueHust OBICTPOTO CIajla TOKa HEOOXOIUMO HCIIO0Ib30BaTh BHICOKOBOJIbTHBIE
TPaH3UCTOPBI.

JIiist onpeiesieHrs AKECTKOCTU MPYKUHBI U AJIEMEHTOB BBIXOJIHOTO Kackajaa
YCHIJIUTEINS MOIITHOCTH MOXHO PEKOMEHIOBATh CIEAYIOUTYIO METOAHKY:

- TOBTOpSAS HECKOJBKO pa3 TMpoOIeccC pacyeTa JTMHAMHYECKUX
XapaKTePUCTHUK AJIEKTPOMAarHuTa nmojao0paTh BEIHMYHMHY JHKECTKOCTH MPYKUHBI
Tak, 4TOOBl Bpemsi cpabaTbiBanusa Obuio Ha 5...10 % wMenbine TpebyeMoro mo
3aJIaHUIO;

- 337aTh TPEICIBbHO AOMYyCTUMOE HAMpsDKeHHWE Ha TPaH3UCTOpE Ha  JiBa
nopsifika OOJbIlIe HANpPsHKEHUs UCTOYHMKA MUTAHUS U U1 BIOPAHHON BEIMYMHBI
KECTKOCTU TPYKUHBI paccuuTaThb BpEMsl BO3BpaTa SIKOpS JJIEKTPOMAarHuTa B
nucxoaHoe mosioxkenue. Ecim ato Bpems Ha 10...15 % wmensine tpedyemMoro, To
BEJIMYMHA )KECTKOCTH MPY>KUHBI BBIOpaHA MPaBUIIbHO;

- TOBTOpSAsS HECKOJBKO pa3 IMpolecc pacuera JUHAMUYECKUX
XapaKTEPUCTHK,

OTIPEAENUTh MPEJCIbHO JIONYCTUMOE HAIpPSHKEHHE, NPU KOTOPOM BPEMS
BO3BpaTa SIKOps AJIEKTPOMArHUTa UCXOTHOE MOJI0KEHHE OYJIET pPaBHO 3alaHHOMY;

- 1O TpeneiabHO JOMyCTUMOMY HANpPSKEHUI0O U TpeOyeMoMy TOKY
koJuiekTopa Tpausuctopa ix = (1,2..1,4)imax BBIOpaTh THIIBI TpPAH3UCTOpPA W
CTAOMIUTPOHA.

5.6. PazpaboTka nporpaMm pacyeTa 1 aHaju3
JTMHAMUYECKUX XapaKTePUCTUK CUCTEMBI

OCHOBHBIMM JIMHAMUYECKHUMHU XapaKTEPUCTUKAMM DJICKTPOMEXaHUUYECKON
CUCTEMBI SIBJISIOTCSI TIEPEXOHBIC XaPAKTEPUCTUKH MO TOKY B OOMOTKE U TepeMe-
IIEHUIO SKOPS dJIEKTpoMarHuta. PacdyeT ATUX XapakTepUCTHUK CBOJUTHLCS K pe-
IIEHHUIO HEJIMHEMHOW MaTeMaTH4eCcKon MoJienu [S]:
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dx
&
ddxtc =(F,-Cx-hx,—F,)/m
ﬂ=(E—u —ir +iWr, ) /W*G
dt Y o b
a8 __ L%
dt S, (19)
Iy r =T,
U,=1 it npu r=rlin,-E|<U,
0 r,=r,.lir, —E|~U,
E, rT:rTo’rT:rT3’irT3_Ek|SUco
E= npu
-U, r,=r,.|ir, —E,|>U,,

B marematuueckoit mogenu (19) ucnonb3yrores cienyromme 0003HAUYCHHUS:
X, X¢ — KOOpANHATA U CKOPOCTh siKkops; F, — nBmkymas cuna; Fy — cuna Harpysku,
E« — KoJuIeKTOpHast H7C; 1 — TOK B 00MOTKe; B — MHAYyKIIMSI B MUHUMAJILHOM ceve-
HUWA MAarHUTONPOBOAA Smin; M — Macca MOABUKHBIX yacteil; C — )KECTKOCTh Mpy-
XKUHBI; h — KO3QPUIUEHT BI3KOTO TPEHUS; 1; — BUXPEBOM TOK; T, Iy — COMPOTHUBIIE-
HUE OOMOTKM M DSKBUBAJIEHTHOE COIPOTUBJICHHE IIyTEH BUXPEBBIX TOKOB; G, —
POBOAUMOCTh paccestHusl; Uy, — HanpsbKeHWe CTa0MIM3aluu CTaOMIIUTPOHA; Ty,
I'; — COPOTUBJIEHUE OTKPBITOrO U 3aKPHITOIO TPAH3UCTOPA.

JUist mosiydeHHs] JUHAMUYECKUX XapaKTEPUCTHK HEOOXOAMMO, MOJb3YSCh
METOJIMKOW W aJITOPUTMAMH, MPUBEICHHBIMU B [5], cOoCTaBUTh MporpamMmy U
paccuuTaTh NEPEXOJHbIE MPOLECCHl MO TOKY B OOMOTKE 3JIEKTPOMAarHura,
NEPEMELICHUIO SIKOPS, CKOPOCTHM TNIEPEMEIICHHUS  SIKOpsl,  MHAYKUHH B
MUHUMAJIbHOM CEYEHWH U JABWXKYIIEH CUI€ B 3aBUCUMOCTH OT BpPEMEHU
MEePEKIIIOYEHUST TPAH3UCTOPA BBIXOAHOTO KACKala YCUIUTENS MOITHOCTH.

Hcrnionp3yss TONydeHHBIC JaHHBIE W TPH HEOOXOJAUMOCTH  TOBTOPSIS
noTpebHOE YHCIO pa3 pacdyeT JWHAMHUYECKHUX XapaKTepUCTHK, TI0A00paTh
MPYKUHY, UCTOJIBb3YsI METOAUKY, U3JI0KEHHYIO BBIIIIE.

5.7. PacyeT UCTOYHHUKA ITUTAHUS

Pacuer wuCTOYHWMKA THMTAaHWS TIOCTOSHHOTO TOKAa BKJIOYACT BBIOOP
Tparcopmaropa, BEIOOP CXEMBI, JIEMEHTOB M pacyeT MapaMeTPOB BBIPSIMUTEIS,
BBIOOD THUMA PUIBTpA.

PexxuM BBIIpSMUTENISE B 3HAYMTEILHOM CTETICHU OMPENCISIETCS THUIIOM
buabTpa, BKIIOYEHHOTO HAa €Tr0 BBIXOJC. B MajgOMOIIHBIX BBIIPSAMHUTENAX, IH-
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TAIONIUXCA OT OJHO(A3HON CETH MEPEMEHHOTO TOKa, MPUMEHSIOTCS EMKOCTHBIC
bunbsTpsl [-006paznbie LC, RC u [1-o6pa3zubie CLC u CRC ¢unbTpsbl.

EMKOCTHBIN QWIBTp XapakTepeH AJisl BBIIPSIMHUTENCH, pacCUMTaHHBIX Ha
Mayible TOKM Harpy3kd. Ha BbIXOJe BBIIPSAMHUTENS TapalieIbHO Harpyske
BKJIFOUAETCS KOHJCHCATOp Ui YMEHBIICHHUS IIyJIbCAllMd  BBIMPSMIICHHOTO
HanpspkeHusi. Peakuust Harpy3kd Ha  BBIIPSIMHUTENb 3aBHCHUT OT E€MKOCTHU
KOH/ICHCATOpa, COMPOTHUBIEHHWE KOTOPOTO ISl TMEPEMEHHOW  COCTaBIISIOIICH
MHOTO MEHBIIIE COMTPOTUBIICHUS HATPY3KH.

Ecnu gunbTp BBIIpAMUTENS HAYUHACTCS C JApoccens, 001aJarolero
00JIBII0I MHIYKTUBHOCTBIO, TO Harpy3Ka BBITTPSIMUTENS - HHyKTUBHASI.

Brimpsmurens XapaKTEPHU3YeTC: BBIXOJTHBIMU napamMeTpamu;
napamMeTpamH, XapakTepU3YIOIMUMH PEXKHUM JIHOJIOB, u napameTpamu
TpaHchopmaropa.

Haubonee pacnpocTpaHeHHBIM BEHTWIb B MAaJOMOIIHBIX YCTPOMCTBax -
MOJIYyITPOBOTHUKOBBIN JTUO/I.

K BBIXOAHBIM mapaMeTpaM BBIIPSMUTEIST OTHOCSTCS: HOMHUHAJILHOE
cpelHee BhIIpsiMIIeHHOE HampsbkeHue Up; HOMUHAIBHBIM CPEHUNM BBIIPSIMIICH-
HBIM TOK lo; KOAPUIMEHT MyNbcalluy BRIMPAMIIEHHOTO HaNpPsHKEHUs Kyor; yacToTa
MyJbCAIIMA  BBIPSIMIICHHOTO HAmNpsoKeHUs f;; BHYTpPEHHEE  CONPOTHBIICHUE
BBITIPSIMUTEIA To.

Koaddunmentom mynbcauuu Ky Ha3bIBaeTCs OTHOIICHUE AaMIUIUTYIbI
MIEPBOM TapMOHUKH BRITIpAMIICHHOTO HanpspkeHust Upp K CpeTHEMY 3HAYCHHIO BbI-
npsmieHHoOro HanpspkeHus Uy.

JIMobl B BRITIPAMUTENSAX XapaKTEPU3YIOTCS CPESTHUM 3HAYCHHEM TIPSIMOTO
TOKa lyp ¢p; JCHCTBYIOIIMM  3HauY€HUEM TOKa lyp;  aMIIUTYZOW TOKA lnp max;
amMIuInTy 101 00patHoro HanpsKeHUs Uqsp max; CPEAHER MOLTHOCTBIO Pryp cp.

st TpanchopMaTopoB, pabOTAOIMIUX B  BBIMIPAMHUTENAX, OMPEACISIIOTCS
nevctBytonue 3HaueHus HampsibkeHudt Ui, U u tokoB Ii, |, mepBuunoit wu
BTOPUYHON OOMOTOK; MOIITHOCTH TMEPBUYHOM M BTOPUYHOU OOMOTOK Si, Sy;
rabapuTHas MOIITHOCTH TpaHchopmaropa S;.

B BempsamuTensx Uil OUTaHWS anmaparypel OT OAHO(MA3HOW CeTH
MIEPEMEHHOTO TOKAa TPHUMEHSIOTCS OJHOIOIYIICPHOIHAS CXEMa BBITPSIMIICHHUS,
JBYXITOJYTIEPUOIHAS CXeMa BBIIPSIMIICHHSI C BBIBOJIOM CPEIHEH TOYKH, MOCTOBAs
cxema.

OpHoda3zHblil BRIMPAMUTENb MO0 MOCTOBOM CXEME PHUC. 5. cpeau MpOoYMX
BapUAHTOB JIBYXIOJYIEPHUOIHBIX  BBIIPAMUTEICH 00MamaeT  HaWITydIIdAMU
TEXHUKO-DKOHOMHYCCKUMHU  TIOKazaTtelssMu. [IpUMEHseTcss B OCHOBHOM C
eMKOCTHBIM, [-00pa3ubiM u [1-06pazasiM RC u LC dunprpamu. JlocTomHcTBa
TAKOTO BBIMIPSMUTENST - TIOBBIIMICHHAS YacTOTa IMYJIbCAIlMH, OTHOCHUTEIHHO HE-
OomnbIIoe 0OpaTHOE HAMPSDKEHHE, XOPOoIllee HCIOJb30BaHUE TpaHchopmaTopa,
BO3MOXKHOCTh pabOTBl OT CETH MEepEeMEeHHOro Toka 0e3 Ttpanchopmartopa. K
HEJIOCTaTKaM BBITIPSMUTENS OTHOCATCS TIOBBIIIEHHOE TAJCHUE HANPSHKCHUS B
JTUOHOM  KOMIUIEKT€,  HEBO3MOXXHOCTh  yCTaHOBKHU OJTHOTHUITHBIX
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MOJIYIIPOBOJJTHUKOBBIX BEHTHJIEH Ha OJHOM pajMaTtope 0e3 U30JMPYIOUIUX MPOoKIIa-
JIOK.
[TIpumep pacuera BIIPSMUTENS IPUBEJICH B [6].

I;
I +
LW Us
VD2 (VD3 Uy

- —

6

Puc. 5. Cxema ogHO(a3HOTO BBITPSIMUTENSA

5.8. Pa3paboTka KOHCTPYKIIMH JICKTPOMEXaHUICCKOU CHCTEMBI

KoHCTPYKTHBHOE MCIIOJITHEHHE MATHUTONPOBOAA. [[py KOHCTPYKTOPCKOU
mpopabOTKe W HA3HAYCHUM TEXHOJOTHMHU W3TOTOBJICHMS JeTalled MarHUTONMPOBOJA
CJIEIIyET MO0 BO3MOKHOCTH CTPOTO BBIIEPKUBATh Cleayronue TpeOoBaHus: pabo-
Yue BO3YIIHBIE 3a30pbl B COOpPaHHOM DJCKTPOMArHUTE JOJDKHBI OBITH BO3-
MOKHO OJIMKE K pacUETHBIM, a IMAPa3UTHBIC - BO3MOKHO MEHBITUMU;, MarHUTHBIC
XapaKTEPUCTHKN MATEPUAJIOB JOJKHBI OBITh OJIM3KMMHU K PACUETHBIM; ITUXTOBAH-
HBIC JIeTaJ I MarHATOIIPOBOJIOB HE IOJDKHBI HMMETh 3ayCEHIIEB BO M30eKaHWe 3a-
MBIKaHHS COCEAHUX TIJIACTHH.

JleTanm MarHUTONPOBO/Ia M3TOTABIMBAIOT M3 MIPYTKOB, IIOJIOC, JINCTOB WA
oTauBaroT. [Ipy 3TOM B OCHOBHOM HCITOJIB3YIOT 00pabOTKY Ha METaJUIOPEKYIITUX
CTaHKax W XOJIOAHYIO MTaMmnoBKy. [lociie Mmexannueckoit oOpabOTKH JAeTalld Mar-
HUTOTIPOBOA JODKHBI MOABEPTaThCsl TEPMUUECKONW 00pabOTKE - OTXKUTY, KOTO-
pBIii HEOOXOUM TSI BOCCTAHOBIICHUSI MAarHUTHBIX CBOWCTB, HAPYIICHHBIX B TPO-
LIECCE U3TOTOBJIEHUS JIETAJIEH.

KoHCcTpyKkTHBHOE HCIO/IHEHHE KATYyIIeK. B 3aBUCUMOCTH OT KOHCTPYK-
TUBHOTO MCITIOJTHEHUS Pa3jINdaroT KapkacHble W OeckapkacHble. KapkacHbie ka-
TYIIKA MOTYT COOMPAThCS Ha METAUTMIECKUX WJIM HM3OJSIIMOHHBIX Kapkacax. Me-
TAJUTHYECKUE KapKachl OOBIYHO BBITIONHSAIOT B BHUJE JIATYHHOU WA

CTAIbHOM TpyOBl, HA KpasX KOTOPOW YCTaHABIMBAIOTCS METAJUTMUECKUE
maiobl, yKperwiseMble JU0O0 pa3BajbllOBKOM TpyObl aub0 maiikoil. Takue
KaTyIIKA OTJIMYAIOTCS XOPOIIMM TEIJIOOTBOJIOM, OJHAKO TPEOYIOT HaJeKHOU
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U30JISIMU OOMOTKHU OT KapKaca, 4To JieJIaeT UX HEAOCTaTOYHO TEXHOJIOTHYHBIMHU.
Kapkacel U3 M30ISAIMOHHBIX MAaTEPUAIOB MOTYT OBITh IPECCOBAaHHBIMH WU
coopusiMu. IlpeccoBanHble Kapkachl HauOoyiee TMPOCThI, TEXHOJOTHYHBI U
00J1a1aI0T XOPOIITUMHU M30JIAIIMOHHBIMU CcBoMcTBaMu. COOpHBIE Kapkachl OoJee
CJIOXHBI U BBITIOJIHSIFOTCS KJIEEHBIMHU.

beckapkacHble KaTyIIIKU 10 CPAaBHEHHUIO C KAPKACHBIMU 3HAYUTEIHHO MPOIIIE
B [IPOU3BO/JICTBE, OCKOJIBKY HE TPEOYIOT KapKaca, UMEIOT JYYIIHi TerI00TBOJ U
U30JISIIIMOHHBIE CBOMCTBA, HO JOMYCKM HAa UX pa3Mepbl Oojblie, UX HEYJ00HO
KpPEMUTh HA CEPACUHUKE.

OOMOTKM OecKapKacHbIX KaTylIeK, a TakKe KapKAacHbIX B cllydae
METaJUIMYECKUX KapKacoOB U30JIMPYIOTCS OT CEpACUYHMKA MJIM KapKaca IJICHKOH W3
dToporiacTa, CTEKIOTKaHbIO, TPUAIICTATHON IJIEHKON U T.A. CHapy® u OOMOTKH
3alMIIAIOTCS  OOBIYHO KaOeabHOW Oymaroi, IIeIKOBOM WM CTEKIISTHHON
JAKOTKaHbIO, JIAKUPOBAHHOW OyMaroi.

Hu3koBoIBTHBIE 0OMOTKH BBITIOJIHSIOTCS JIMIIL C HAPYKHOM U30JISIINEH, a B
BBICOKOBOJIBTHBIX OTJEJIBHBIE CIIOW M30JIMPYIOTCS APYT OT Apyra. ToJuHy U KO-
JIMYECTBO CJIOEB M30JISLIMU BHIOUPAIOT B 3aBUCUMOCTH OT BEJIMYMHBI paboyero Ha-
npsHKEHUS OOMOTKH.

O0moTounbie npoBoAa. /[ 37€KTPOMArHUTOB NPUOOPHBIX YCTPOUCTB
OOBIYHO TIPUMEHSIOTCS MEJAHbIE OOMOTOYHBIE MPOBOJIA KPYIJIOoro cedeHus. Peko-
MEHJIyeTcs u30eraTh MPOBOJOB OYeHb Masioro guamerpa (Menee 0.1 MM), Tak Kak
M3-3a2 MaJIOr0 CEYEHUs TaKou MpoBoj OyAeT UMETh HU3KYH0 IPOUYHOCTH U PBAThCS
MpU HAMOTKE.

B 3aBUCHMMOCTHM OT BBINOJHEHUS W30JSAIUA PA3IMYalOT OOMOTOYHBIC
mpoBoja TpeX BUIOB: ¢ HMmajeBor wm3omsanuenr (IIDB,IIDJLIIDTB), c
BostokHUCTOM M3ossinuei ([12JIIO) n koMOMHUPOBAHHOM U3OJISIIUCH.

OcHOBHBIE XapaKTEPUCTUKU OOMOTOYHBIX MPOBOIOB MPUBEICHHI B [7].

KBasiurerbsl TOYHOCTH, JOMYCKH, MOCAJAKH, KJIACCHI IIEPOXOBATOCTH.
B snexkrpomaraurax 1eiaecoo0pa3HO HCMOJIb30BaTh TOJIBKO YacTh KBAJHUTETOB
TOYHOCTH JIOITYCKOB U MOCaJ0K. UX MNpHUMEHEHHEe MOXKHO MPOUIIIOCTPUPOBATH
TaOHIIeH, MPUBEICHHON B puiioskeHuH 3[4].

Haunbonee pacnpocTpaHEHHBIMH B 3JIEKTPOMATrHUTaX JOMYCKAMH U
MOCaJKaMHU COMPSTAEMBbIX JIETAJICH SIBISIOTCS JOMYCKU M TOCAJKH, BBITIOJIHCHHBIC
nmo &...13-my xkBasmretamM To4HOCTH. Ilo 8, 9-My KBanuTeramM TOYHOCTH
PEKOMEHTyeTCsl M3rOTaBJIMBATh CONPSTaeMble JAETallM, Y KOTOPBHIX 3a30pbl B MECTE
JIOJDKHBI BBIJICPKUBATHCS HEOOIBITUMU. B HEKOTOPBIX CaydasX NPUMEHSIOTCS 6,
7-i1 kBamutTeThl. CompspkeHue Jeraneid, He Tpelyroliee TOYHOCTH, CIIEIyeT
BBINIOJIHATh 1O 11...13-my kBamuteram To4yHOCTH. IIpuMeHeHne mnocamok ¢
OONBIIMMHU  TOMTyCKAaMU OCOOCHHO OOJIBINIOE 3HAYEHHWE HMEET B YCIOBHUAX
MacCcOBOTO IPOU3BOJICTBA.

JlomycKuY U MOCAJIKU A€TaNeil 3JIeKTPOMAarHuToOB, CONPSITaéMbIX C IIAPUKO- U
POJIMKONOAIIUITHUKAMU, BBIMOJHSIOTCS B OCHOBHOM IO 7-My KBaJUTETy TOYHO-
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cTu. Pe3b00BbIe KpenekHbIe COSAUHEHUS, K KOTOPbIM HE MPEAbSBISIIOT 0COOBIX
TpeOOBaHMM, OOBIYHO BBIMOIHSIOTCA I10 6...8-My KBAIUTETY TOYHOCTH.

CBoOoaHbIE  pa3Mepbl  MEXaHWYeCKH  oOpabaThbiBaeMbIX  JeTajneu
BBITIOJIHSIOTCS, Kak MpaBuiio, mo 14-my u 15-my, pexxke mo 16-my KBaiuTeTam
TOYHOCTH.

JIOIyCKH M MOCaJAKU CONPSTaeMbIX IJIOCKUX J€Talel MPUHUMAIOTCS TAKUMHU
ke, KaKk M Ui IWIMHIPUYECKUX JeTaled IMpu YCIOBUHM, YTO IOBEPXHOCTH
CONPAraeMOM ILIOMAIK HE IPEBHIMIAET BENUUMHy 5p? (P - compsAraemblii pasMep).
Ecnu xe compsiraeMble MIOCKOCTA BEIUKH, TO HEOOXOJUMO MPUHUMATH MOCATKU
0osee cBOOOAHBIE i1 KOMIIEHCALIMK HEU30EKHBIX TEMIEPATYPHBIX U MPOUYUX JI€-
dbopmanuii MI0CKOCTEH.

I[Ipu  BBIOOpEe  Kjacca  IIEPOXOBATOCTH  IOBEPXHOCTH  JeTalied
AJIIEKTPOMArHUTa CJIEAYET IMOJIb30BAThCI PEKOMEHAAIMSIMH, XapaKTEPHBIMU IS
obmiero mpudopoctpoeHus. {1 CBOOOIHBIX HECONMPSIKEHHBIX 00pabOTaHHBIX
IIOBEPXHOCTEN MOYKHO OIPAaHMYUTHCA 4-M U Jaxke 3-M KIAcCOM UHIEPOXOBATOCTH.
JI71s1 MOJBMKHBIX COMPSHKEHUN C JIMHEWHBIMU TEPEMENICHUSIMA TP HEBBICOKHUX
CKOPOCTSIX M Harpy3ke peKOMEeHIyeTcsl S5-i Kiacc mepoxoBaroctu. st meranen,
BpaIIalONIUXCsl MPpU HEOOJIBIIIUX HAarpy3kax M CKOPOCTAX, CIEAyEeT IPUMEHSTH 7-
1 KJ1acc MIEpOX0OBATOCTH, a MPH OoJiee TSKEIbIX yCIOBUIX paboThl - 8- Kimacc.

5.9 Pazpabotka 3D-moxaenu.

SolidWorks — mporpammusiii kommieke CAIIP ans aBToMatusanuu padoT
IIPOMBIIIIJICHHOTO TPEINPHUATHS Ha 3Talax KOHCTPYKTOPCKON M TEXHOJIOTHUECKOMH
MOJATOTOBKHU Mpou3BojcTBa. O0ecreunBaeT pa3pabOTKy U3JIETUI JTI000M CTeneHu
CIIO)KHOCTH W Ha3HAueHHWs. OJTO JIETKOE B OCBOCHHH CPEACTBO IO3BOJIACT
WH)XKCHEPaM-TIPOCKTUPOBIIIMKAM OBICTPO OTOOpakaTb CBOM HACH B 3CKH3E,
OKCIIEPUMEHTHPOBATH C AJIECMEHTaMH U pa3MepaMH, a TaKKe CO37aBaTh MOJICIH U
OoIPOOHBIE YEPTEHKHU.

C momompto SolidWorks MoOXHO co3/maBaTh TpexMepHbIe MOAeIH, a HE
TOJILKO JIBYXMEPHBIC YEPTSIKU. DTH TPEXMEPHBIC JCTAId MOXKHO HCITOJIb30BaTh
JUIS CO3JIaHUsl JBYXMEPHBIX UepTeked u TpexMepHbix coopok. SolidWorks — sto
cucTeMa, paboTaromias 1Mo MPHHIINITY 33JIaHus pa3MepoB. MOXKHO 3aaTh pa3Mepbl
U TE€OMETPUYCCKUE B3aMMOCBS3H MKy dJieMeHTaMH. [Ipu U3MeHEHUU pa3MepoB
U3MEHSIOTCS pa3Mep U (hopma JeTalid, HO COXPaHsSIeTCs OOIIUI 3aMbICE MMPOCKTA.

Tpexmepnas mozenb SolidWorks coctour wu3 paeraseil, cOOpPoK w
yeprexeid. Jletamu, cCOOPKH M YEPTEXKH OTOOpAXKarOT OJHY M Ty K€ MOJCIb B
pa3MuYHBIX JOKyMeHTax. JIFoOble W3MEHEHHs, KOTOpbhI€ BHOCATCS B MOJEIHL B
OJTHOM JIOKYMEHTE, PaclpOCTPAHSIOTCS Ha JAPYTHUe JTOKYMEHTHI, COJIEPIKaIINe ATy
MOJICITb.

JIJiss oCTpoeHHsT OOJBIIMHCTBA 3JIEMEHTOB HWCIOJB3YIOTCS ICKH3BI. Jliis
CO3JIaHUsS 3JIEMEHTOB 3CKH3bl MOTYT OBITh BBITSIHYTBI, ITOBEPHYTBI, PACCCUCHBI
CIIO)KHBIM 00pa3oM WJIH CMEIIEHBI 10 KOHTYPY. DCKH3 SBJISCTCS BaXKHCUITUM
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noustueM  SolidWorks wu  mpencraBisier coOoif  OCHOBY  CO3/1aBaeMOM
TBEPJOTEILHON MOJENN JACTald. OCKHU3 SIBISIETCS JIBYMEPHBIM HaOpOCKOM,
coJlep KalllUM BHayaje JHIIb MpPUMEpHbIE pa3Mepbl U (popmy, MIpenBapsrolive
CO37laHUE TPEXMEPHOU JeTanu. BakHOCTh 3CKH3a B KOHCTPYMPOBAHUU JIETAIH (U
cOOpKHM B IIEJIOM) COCTOMT B TOM, UYTO OH COJIEPKUT HE CTOJBKO T€OMETPHUIO
JeTaNy, CKOJbKO TPUHIMII €€ TocTpoeHus. Pasmepsl, ompenemnstomue Ghopmy
JeTanu, B JIOOOW MOMEHT MOTYT OBITh W3MEHEHBI, HO TPH STOM B3aMMOCBSI3U
(KacaTelbHOCTh, MapPAUICIBLHOCTh, COBMNAJCHUE, KOHIEHTPUYHOCTh U JIp.)
coxpanstorcs. M3MeHeHne pa3MepoB NMPUBOAUT K U3MEHEHHUIO (JOPMBI — B 3TOM
CYILIECTBO MMAapaMETPUUECKOIO0 MeETOoJa IMOCTpoeHus Mozeneil. B cmydae ecnu
BHECCHHBIE M3MEHEHHMS MOPOXKIAIOT ONIMOKM, BCErJa CYIIECTBYET BO3MO>KHOCTH
oTkaTa (T.e. BO3BpaTa HAa HEKOTOPBIM paHHUW ASTam co3JaHUs AeTanu). Takum
00pa3oM, 3CKU3 — ATO Ues MOCTPOCHUS, KOTOpas, BIPOUYEM, MOXKET YTOUHSITHCS B
mpoliecce pa3paboTKH.

IlonHasi ompeneseHHOCTh ICKHM3a CBS3aHA C 3aMKHYTOCTBIO Pa3MEpHOMU
Henyd. DTO 3HAYUT, YTO JUii OOBEKTOB ACKHM3a JOJDKHBI OBITh YCTAHOBIJICHBI
pa3Mmepbl, E€AMHCTBEHHBIM oOpa3oM ompeaenswonme ¢dopmy aeranu. Jlus
pa3zpabaThIBa€MOM JI€Talu MOJHOCTHIO ONPECIISIIONIMMU €€ pa3MepaMHu SBIISIOTCS
CJICAYIONINE: PACCTOSHUE MEXKY LIEHTPaMH JBYX OKPYKHOCTEH U MX PaJUyCHI.
YcTanaBnuBaeM 3TH pa3Mepsbl, BIOpaB HUHCTpyMeHT Pa3zmep. UepHblil LBeT TMHUN
ACKHU3a CBUCTEIBCTBYET O €ro MOJHOM ompenesieHHoCTH. [[obaBineHue apyrux
pa3MepoB CcAeNaeT HACKU3 TMEepPeonpeAcieHHbIM, U OYyIeT COMPOBOXKIATHCS
cooOmieHueM o0 omwudke (mpu 3TOM JIMHUM OOBEKThI ACKH3a OKPAIIUBAIOTCS
KpacHbIM I1BeTOM). IlepeomnpeneneHHOCTh 3CKHU3a TOBOPUT O HEOAHO3HAYHOCTHU
pa3MepHOil IIeNH U CYIIIECTBOBAHUN 3aBUCUMBIX Pa3MEpOB.

OTtMeTuM, YTO HEAOOMPENEIEHHOCTh ACKHM3a OIMOKON He sBisieTcs. Erme
pa3 HANOMHHMM, YTO 3CKU3 — A3TO NPHUHIMIBI MOCTpoeHHs netanu. [lpucymas
SolidWorks mapamerpu3aiiust Mmo3BojisieT B J000H MOMEHT WA YCTAaHOBHTH
pa3Mephbl, UM U3MEHHUTH YCTAaHOBJICHHBIC paHEe.

Jns  mocTpoeHHs  AeTalied  HCHOJIB3YKOTCS — Pa3jU4yHBIE  3JIEMEHTBI.
DnemeHTaMud MOTYT OBITh (hOpMBI (OOOBIIIKH, BBIPE3bI, OTBEPCTHUSI) U OIEpaIuu
(ckpyrnenusi, ¢ackv, OOOJOYKM U T.A.), KOTOpble KOMOWHHUPYIOTCA ISt
MMOCTPOECHUS AETANIEH.

Ueprexxun  co3pmarorca Ha  ocHOBe  3D-mopenei, aBTOMaTUYECKU
o0pa3MepuBarOTCs, MAaCIITAOUPYIOTCS IO JTUCTY U OOHOBJISIOTCS MPU U3MEHEHUU
UCXOJIHON MOJEIIH.

YepmeorcHole 610b1

Bpemennsbie ocu. O4eHb 4acTO JMHUU CEYCHUS JIOJDKHBI MPOXOIUTH TOYHO
M0 IIEHTPY OTBEPCTUS WM Tel BpamieHus. HeT HEoO0XOauMOCTH CO3/1aBaTh
JOTIOTHUTENBHYIO TeoMeTputo. [IpocTo mpuBsSI3bIBAWTECH MPU MOCTPOSHUN JTUHUN
CEUYCHHS K BPEMEHHBIM OCSIM (OCSIM OTBEPCTHHA M APYTHX DJIEMEHTOB BpAICHUS).
Jlyst 5TOTO HEOOXOIMMO BKITIOUUTH MX. B MeHI0 Buo BriOepuTe BpemernHvle ocu u
0TOOpa3uTe UX.
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CxkpbiTHe KpOoMOK. [Ipu oToOpaxkenuu cryneH4arsix paspe3oB mo ['OCTy
KPOMKH, JieXKalllhe Ha TPAHUIE CEKYIUX TUIOCKOCTEH, TOJKHBI OBITh CKPBITHI. J{J1st
3TOTO, yaep)kuBas Haxatou kiapuimry Ctrl, BIOEpUTE KPOMKH, KOTOpPBIC HYKHO
CKpBITh, 3aTE€M HAXMHUTE NPaBYI0 KIABUIIY MBIIIM U B KOHTEKCTHOM MEHIO
BbIOepUTE CKpBINMDb KPOMKY.

Co3nanue BHIa, NepPHEeHAUKYJISPHOro Kpomke. g co3gaHus BuUAQ,
NEPIEHIUKYIAPHOTO KPOMKE, BBIOEpPUTE KPOMKY KakK IMOKa3aHO Ha pHC. 6a u
HOXMUTE BcnomoeamenvHuili 6u0 TaHETUW WHCTPYMEHTOB Yepmeow. Bup,
NEPICHINKYJIAPHBIA ~ KPOMKE, CTpejlka M MeTka Buaa «b» cozmarorcs
aBTOMaTH4YeCKU. Ecnu mpu 3ToM ynepxuBarh Haxatoi kiasumry Ctrl, To HOBBI
BUJI MOXKHO Cpa3y € pa3MEeCTHThb B IPOU3BOJILHOM MecTe deprexka. [[ns toro
4TOOBI OBEPHYTH BUJI «b», BEIOEpUTE HA HEM KPOMKY LMJIMHIPUUECKON OOOBIIIKI
(puc. 60), 3atem BeiOepuTe MHCMpymenmol => Paccmanoska udoe uepmedsica =>
I1o éepmukanu. Bun noBepaercs (puc. 6s).

ToHkue JIMHNH, OTPAHMYMBAKOIINE BBIPbIB. KpOMKM, OrpaHHUYMBarOIINE
BbIpbIB, B coOTBeTCTBUM C¢ ['OCToM [OJKHBI OBITH OTOOPa)KEHBI TOHKUMU
NMUHUSMH. YJepxkuBas Haxarod knaumry Ctrl, BeiOepure IemOYKy KpOMOK,
HAOXMUTE KHOIKY Tonyuna aunuyu WHCTPYMEHTOB Dopmam IuHuu W CIHEIIAUTE
JUHUU TOHKUMH (S/2...S/3).

KacareabHble kpoMkH. /(15 0TOOpakeHHsI KacaTeIbHBIX KPOMOK (KPOMOK
ckpyriaeHui) ToHkuMHu JuHussMA 1o ['OCTy BeimenuTe BUA, HAXMUTE MNPABYIO
KJIABUILlYy MBIIK U BblOeputre Kacamenvnas xpomka => Jlunuu nepexooa no
cmanoapmy.

OcBo0ox1eHHe BH/Ia, BHIPOBHEHHOI0 OTHOCHUTEJIbHO POJAMTEIbCKOrO.
[Ipu co3naHuu HOBOTO BHJA yaepKuBaiiTe Haxxatoi kiapumy Ctrl. Eciau Bun yxe
CO3/aH, BBIACIATE €ro JIMCT B JEpPEBE, HAKMUTE NPABYIO KIABUILY MBIIIU H
BbIOCpUTE BbiposHams => Oc60000umsv nepemeujerue uoos.

A-A
BO
BoiGepure b BoiGepure
(@ KDOMKY

KPOMKY
/

B

Puc. 6. Co3nanue moBepHyTOro BUIa: a — BHIOOP KPOMKH HA UCXOJHOM
BUJE; O — MOJTOTOBKA CO3/IaHHOTO BU/IA K BHIPABHUBAHHUIO IO BEPTUKAIM; B —
pe3ynbTaT Onepanuu
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Ciaou. C moMomipi0 CJI0EB MOXKHO VYIPABIATh BUJIUMOCTBIO OOBEKTOB,
LBETOM, TUIIOM JIMHHM W TOJIIMHOW JHWHUM, CO3JaHHBIX Ha 4Yeprexe. Cioun
MPUMEHSIIOTCS ISl CKPBITUSI UMIIOPTUPOBAHHBIX, HO HEUCIIOJIb3YEMBIX Pa3MEpOB,
pa3MepoB,  MCIOJB3YEMBIX I  [APAMETPUYECKOM  CBA3M, a4  TaKXKe
BCIIOMOTaTeNbHOW reomMeTpuu. Kpome Toro, 1BeT ciosi HaclAEAYIOT KOMIIOHEHTBI
cOOpKH, IEPEHECEHHBIE Ha ATOT CJIOM. /(151 M3MEHEeHUs TUIIa U TOJILIMHBI JIMHUH Ha
YepTexe OTIEIbHBIX KOMIIOHEHTOB COOpPKHM BBIIEIUTE B JIepEBE KOMIIOHEHT,
HO)XMHUTE TPaBYIO KJIABHUINY MBIIKA U BbiOepute Tonwuna nuHuu KOMHOHEHmA.
CHumute Graxxok ¢ MyHKTa Mcnonv3zoeams napamempsl no YMOJIYAHUIO, & 3aTEM
Ha3HA4YbTE€ HEOOXOANMBIE MAPaAMETPBHI.

Pazmepo

SolidWorks — cucrema mapamMeTpruecKOro MOJACIHPOBAHHUS, TOITOMY BCE
MOJICNIA W 4YepTeKu B HEW ympaBidroTcs pazmepamu. CyliecTByeT JBa THUIIA
pa3MepoB:

* YIpaBJSIONIME pa3Mephbl, WM pa3Mepbl, 0 KOTOPHIM OblIa MOCTpOEHA
MOJIeNIb. 3HAYEHUsS YIPABISIOMIMX Pa3MEPOB MOXKHO H3MEHSTh KaK HaXOJsiCh B
JIOKyMEHTE MOJIeNIM, TaK M HEMOCPEeACTBEHHO B uyeprexke. Jlyisi oTroOpakeHus
YIPaBISIONIUX Pa3MEPOB Ha YepTexke BbIOepuTe Bemaska=>nemenmol mooenu,

* CIpaBOYHBIC, WM YIpaBIsSeMble, pa3Mephbl. 3HAYEHUS CIPABOYHBIX
pa3MepoB  3aBUCAT OT YHOPAaBISIIONIMX  PasMEpPOB U TEPECUUTHIBAIOTCS
aBTOMaTH4eCcKu. JJis M0OaBICHMS CIPAaBOYHBIX, WM YIPABIIEMBIX, pa3MEPOB B
YepTexX HAKMHUTE KHOMKY Agmomamuueckoe HaHeceHUue pamepos TaHeIn
WHCTPYMEHTOB Pazmepul U 83auMoceA3u 1 IPOCTaBbTE HEOOXOTUMBIC Pa3MEPHI.

[To ymom4anuto mocie 100aBICHHS B YEPTEK BCE pasMePhl 0TOOpakaroTcs B
COOTBETCTBHH C HACTPOWKAMHM, 33JIaHHBIMU B MIa0JIoHe ToKyMeHTa. OToOpakeHue
YIOPABJISIFOIIUX Pa3MEpPOB MOJICNIM HA YEPTEKE UMEET psiJl npeumytnecTB. 3mensis
B UEpTEXKE 3HAUCHHE YMPABIIAIONIETO pa3Mepa, MOKHO YIIPaBIsATh Mojenbio. Ecmu
B YEPTEXKE Ha3HAYUTH JIOMYCKHU U MTOCAJIKU, TO OHU OYIyT MepeaaHbl B MOJIETb. Psi
YTHIINT JJIS TIepecueTa JOMyCKOB U pacdyeTa pa3MEepPHBIX IeToYeK OepyT UMEHHO U3
mozenu. [Ipu oToOpaskeHn# pa3zMepoB MOJIETN MOXHO yKa3bIBaTh, B KAKUX BHJIAX
KaKUX 3JIEMCHTOB KaKUe TUIIBI Pa3MEPOB U IIPUMEUYaHUH OTOOpakaTh.

OtoOpaxenue pazmepa. Ha craguu 3D-MoaenupoBaHus MOKHO yKa3aTh,
4TO pa3Mep He OyJeT OTOOpakeH Ha yepTexe. JJisi TOro M3MEHUTE BHIOPAHHYIO
0 YMOJTYAHUIO HACTPOUKY [lomemumsv pazmep 0Nl UMNOpmMa 8 uepmedic OKHA
BBOJIa 3HAYCHUs (pHC. 7).

UamennTh

0.250

| <
il

v XBe:

Puc. 7. IlomeTuts pazmep AJi1 UMIIOPTA B UEPTEXK
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Pazmep Ha BbIHOCHOM moJKe. HauuHaromme 10Jb30BATEIM  4YaCTO
CIIpaIlIuBalOT, Kak O(GOPMHUTH pa3Mep Ha BBIHOCHOM TIOJKE, HampuMmep st
rpagyCHbIX M3MEPEHHUN MaJIbIX YTJIOB. JIJIsI ATOro BBIACIUTE pa3Mep, HAKMUTE
MPaBYIO KJIABUIIY MBIIIN U BeiOepute [lapamempor omoopasicenus=> Cmecmumo
mekcm (puc. 8).

\ e
| — 0 | ;__J/”/JY/—

Puc. 8. PazMep Ha BBIHOCHOM TOJIKE

OTtolOpakeHue TOYEK BHPTYAJbHOIO NepecevYeHHUsi M NMPUBA3ZKA K HUM
BBIHOCHBIX JIMHUH (JIMHMH yJJIMHeHHs1) pa3mepoB. Ha mone yeprexa Takxke
MOTYT OBITh MOKa3aHbl TOYKH M JIMHUM BUPTYaJbHOTO MEPECEYEHUS] KPOMOK
Mozenu. s HAacTpOMKM HX OTOOpa)K€HUs B TEKYIIEM JIOKYMEHTE BblOepuTe
Hucmpymenmor=>Ilapamempsl 1 B OTKPBIBLIEMCSI TUAJIOTOBOM OKHE MEpeHauTe
Ha BkiIanky Ceoiicmea Ooxkymenma, THAE TPOBEpPbTE, 4YTOOBI B pasjele
Bupmyanvuas peskocme Oblla HaxkaTa KHOINKAa Bwuimocnas  aunusA(TOYKH
BUPTYAJIbHOTO TI€pecedyeHusl OyayT TMpuU ITOM OTOOpaXaTrbCsi KakK TOYKH
IIEPECEUEHHUSI BBIHOCHBIX JIMHUM).

OTo0OpakeHue TOYKHU NepecedeHnsi KPOMOK. J[J11 Toro 4ToOsl 0TOOPa3UThH
TOUKY BHUPTYaJbHOI'O NEPECEYCHHs] KPOMOK MOJENH, BbIOEPUTE MpH HaKaTOU
wiauiie Ctrl HeoOXomumble (CKpENIMBAIOMIAECS) KPOMKHM M HAXKMHUTE KHOIIKY
Toueunviyi maHenu MHCTPYMEHTOB Ocku3. Ha ueprexke mosBUTCS U300pa)keHHE
TOYKU BUPTYAJIbHOTO IEPECEYEHUSI B COOTBETCTBHM C 33JaHHBIMH HAaCTPOMKAMHU.
Touky MOXHO BBIOMpATh, OCYIICCTBIISTh NPUBS3KY K HEW BBIHOCHBIX JIMHUUN
pa3MepoB U T.1.

IIpocTanoBKa pa3MepoB MO TOYKAM BHPTYaJbHOIl pe3kocTH. Paszmep
«60» Ha uyeprexHoM BHze (puc. 9) 3amaH A0 TOYEK BUPTYAIbHOTO MEPECCUCHUS
KPOMOK MOJIEIH.

IIpocranoBka nomyckoB M nmocaaok. B SolidWorks nmeercs BctpoenHnas
oubnuoteka aomyckoB U nocagok no ['OCTy. [lpu HazHaueHuU paszmepy THUIIOB
nonyckoB [locaoka, Ilocaoka c oonyckomumn Tonvko Oonyck WU BbIOOpE
00O3HAUEHHUs TOJIA JOMyCKa M3 CHUCKAa CTaHJAPTHBIX 3HAUEHUN H3MEHEHHE
pa3mepa (mepexol €ro B Jpyrod pasMepHbId HMHTEpBaI B IMpejaenax
BBIIIEYKA3aHHOTO TOJS JOIYyCKa) TMOBJEYET 3a COOOM HM3MEHEHHE MpeAesIbHBIX
OTKJIOHEHHUH B COOTBETCTBUHM C HCHOJB3YEMBIM CTaHAAPTOM. MHBIMH cloBamu,
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Ka)KIOMy 3HAYEHHUIO pa3Mepa COOTBETCTBYET TaOyJHPOBaHHOE 3HAYCHHE JIOMYyCKa
(puc. 10).

Buibepute [/
Kpomkn ___ J

Puc. 9. Pabora ¢ Toukamu BUPTyaIbHOUM PE3KOCTH
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Puc. 10. O603HaueHue moJis 10mycKa

B cuny BbllIECKa3aHHOTO, HAa3HAYEHHUE pa3MepaM THUIIOB JIOIYCKOB:
Ilocaoka, Ilocaoka c¢ Oonyckomumn Tonabko Oonyck W HCIOJIb30BAHHUE CITHCKA
CTaHJAPTHBIX 3HAYCHUH TOJICH OMYCKOB SBIISIIOTCSA 00Jiee MPEANOYTUTEIbHBIMH,
TaK Kak MMOMOTAOT MPEIOTBPAaTUTh BO3MOXHBIE OIIMOKKA B Cllydae HM3MEHEHUS
Moaenu. Ilpu Ha3HauYeHHM [IOMYCKOB «BPYYHYIO» WM C MOMOIIBI) KOMAaHJbI
3amemxa KOHCTPYKTOpP JOJDKEH OyIeT caM KOHTPOJUPOBAaTh H3MEHEHUE
npeeIbHbIX OTKIIOHCHUM NPpU U3MEHEHUHU Pa3MePOB MO/ICIIH.

Co3nanue 0003HaYeHUs JONMYCKA B CJIy4ae paBeHCTBA HYJIO OJTHOTO M3
npeAeJbHbIX OTKJIOHEHMM. 3agaauM JJisi pa3Mepa 3HA4Y€HHWE JOMycKa B
COOTBETCTBHHM C MojieM jonycka «H8», mpu 3ToM 0ToOpa3suM TOJILKO BEepXHeEe, HE
paBHoe «0» mpenenbHOE OTKIOHEHHUE. Brinenure pa3mep B rpaduueckoil 001acTu.
B oxue PazmepMeneddicepa ceolicmeHaXMUTE KHONKY JlononnumenbHbie
ceoucmea W B OTKPBIBIIEMCS AWANIOroBoM okHe Cgoticmeapazmepa HAKMUTE
kHONKYy /[onyck. TlosiBuTCS nuanoroBoe okHO /{onyck pazmepa (puc. 8). B moie
Tun oOonycka BeIOepute I[locaoka; B mone Ilocadoka omeepcmus BBHIOEPUTE
TpeOyemoe o0003HaueHue mojis Aomycka «H8». B momax Makcumanvuas u
Munumanvras éapuayus Ipu 3TOM 0TOOpassaTcs ctaHAapTHbIE 3HaUeHUus «+0,046%
u «0» BEpXHEro M HUKHErO0 MNPENENbHBIX OTKJIOHEHUW, COOTBETCTBYIOIIUE
JTAaHHOMY TIOJIIO JIOMycKa. BBeauTe 3HaueHne BepxHero nmoiis gonycka — «+0,046.
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B paznene Illlpugpm oonycka oTknrouuTe MapameTp Hcnoavzosams wpughm
pazmepa W 3anaite 3HadyeHue Koddduimenta «0,6» (unu «0,5») IS BBICOTHI
mpudra o003HaueHus nods nonycka. B pasznene Omobpazums 0onyck HaKMUTE
KHOTIKY [ pynna 6e3 nunuu. Haxxmutre OK W 3akpodTe NMAIOTOBBIE OKHA. DTO
croco0 3ajaHus JOMyCKa «BPYyUHYIO». Pe3ynbTaT onepanuu nokasza Ha puc. 11.

.Aonycx pasmepa
i Lok |
- . OK
AL
~ " | St
[ﬂmama ;] “ W
+ » | +0,046 [w]
o | ™
WpmdT UniubT aonycka
[CJucnonssceats wpudT paavep | [UcnoassceaTs WpmdT pasmep.
@ macwTab wprdra | 0.6 @ macwiTab wpmgra | 06
O esicota uprdra M O enicota wprdra
OTOSPEMTE AOTTYCK
=

Puc. 11. Hactpoiika napaMeTpoB gomycka pazMmepa

Co3naHue YKOpOYEHHBIX [MAMETPOB W paamycoB. B gokymeHTax
YepTeKEN MOKHO CO3/1aBaTh YKOPOUEHHBIE JTUAMETPbI U PAAUyChl, 3aJaBas HX

pa3mepsl. [Ipr yka3aHuu Takoro pasmepa oToOpakaeTcs 3Ur3arooOpasHas JTUHHS
(puc. 12).

+0,046

058

Puc. 12. Pe3ynpTaT Ha3HauY€HUs JOIYCKa C HYJIEBBIM MPEIEIbHBIM
OTKJIOHEHUEM

Ilpumeuanus

BaxxupiM cpeacTtBOM OQOpMIICHHS UYEpPTEeXKEW SBISIOTCS IMpPUMEYaHus,
(GYHKIIMOHAIBHBIA ~ HA0Op KOTOPBIX COOpaH Ha OJHOMMEHHOW TMaHelu
UHCTpYMEHTOB. K mpuMedyaHusM OTHOCSTCS: 3aMETKa, OTKJIOHEHUE (QOpMBI,
IEpOXOBATOCTh, MMO3ULMUS, 0a3a, 0003HAYEHHE CBApHOIO I1Ba, OJIOK, IITPUXOBKA,
yKazareib LIEHTpa, OCeBasi JINHUS, YCIOBHOE N300pakeHUe pe3bObl U JIp.
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Ogaum  u3 HauOoyiee 4YacTO MCHOJB3YyEeMbIX HHCTPYMEHTOB IPH
oQOpMJICHUU YepTEeXKeH SBISIETCS 3amemka, KOTOpask MOXKET OTOOpa)kaTbcs C
BBIHOCKOM, YKa3bIBaIOIIEH Ha AJIEMEHT (TpaHb, KPOMKY WJIM BEPIIMHY) TOKYMEHTA,
U COAEpXKAaTb NPOCTOM TEKCT, CHUMBOJIbI, NapaMETPUUYECKUN TEKCT WIIU
TUINEPCChUIKKM. BBIHOCKAa MOXKET OBITh MPSMOM, M30THYTOM WM C U30THYTHIMHU
ykazatensmMu. [lpu opopMiIeHNN TEXHUYECKUX TPeOOBAaHWU B 3aMETKy MOKHO
100aBUTH Ipyrye MpUMeYaHus, HapUMepP CUMBOJIBI IIEPOXOBATOCTH.

IllepoxoBaTocTh Ha BBIHOCHON moJKe. [Ipy BcTaBke nNpuMedaHus B
3aMETKy MOKHO JMOO BBIOpaTh NPHMEYAHHE, YXKE CYIIECTBYIOIIEE B YEPTEKE
(ecnu MIETKHYTh MO HEMY, TO COXPAHUTCS aCCOLIMATHUBHAS CBS3h), TUOO CO3/1aTh
HOBOE€ NpUMEUYaHue B OKHE 3amemxa Meneodocepa ceoiicmg. C MOMOIIBIO 3TOTO
cnocoba MOKHO opopMuTh oToOpaxkeHue mepoxosaroctu no 'OCTy B ciyuae,
KOT/Ia IIEPOXOBATOCTh PaCIoiaraeTcsi Ha BRBIHOCHOM Toke (puc. 13).

Rz40

Puc. 13. lllepoxoBaTtocTh Ha BELIHOCHOM TOJIKE

OTo0pakeHue B NpPUMEYAHUM 3HAYEHUS pa3Mepa, CBA3AHHOIO C
nmapaMeTpoM MoJeJu. /[ 3Toro, HaXoAACh B PEKUME PEAAKTUPOBAHUS 3aMETKH,
HICJIKHUTE MO0 pa3Mepy Ha udeprexe. B 3amerky mobaBuUTCA mapaMeTpUUYECKUN
TekcT Buga R7DI@Ckpyenenuel@lllxue-Yacms Odemanu-1-1(@Yepmedicrolil
euol". Tlocme BbIXOJA U3 peXUMa PEIAKTUPOBAHMUS 3aMETKHM OTOOpa3UTCs
3Ha4YEHUE pa3Mepa.

IIpocTaHoBKa pa3mMepoB ¢ MHOKECTBEHHBIMHM YKa3aTeJsiMu. YToObI
n00aBUTh HECKOJIBKO BBIHOCHBIX JWMHUK (puc. 9), BO BpeMs IepeTaCKUBAHUS
3aMETKH W Tepen ee pasMmernneHueM Haxwmwure kiasuiny Ctrl. IMepememnienue
3aMETKH OCTAHOBHTCS, U MOSBUTCS BTOpas BbiHOCKA. He otmyckas kiasumry Ctrl,
HOXMHUTE yKa3zaTelb MBI TaM, I/1€ HEOOXOJUMO pPa3MECTHTh BBIHOCKY.
HaxxumaliTe HyXHO€ 4YHCIO pa3 Uil pa3MEIUEHUs JONOJHUTEIbHBIX BBIHOCOK.
Otnycrute knasuiny Ctrl u HakMuTe ykaszartellb B TOM MecCTe, TJe HEOOXOIUMO
pa3MEecTUTh 3aMETKY. 3aTeéM, HAaXOIsCh B PEXKHUME PEIAKTUPOBAHUS 3AMETKH,
HaOepute R u BeiOepute B rpaduueckoit obmactu cyuiectByroumii pasmep RO,5.
Briigure u3 penaktupoBaHus 3aMeTKU. [locie 3TOro CKpouTe CyIIeCTBYHOIIUHN
pa3Mmep ¢ eIMHUYHON BBIHOCKOM.
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0.} RO,5: | | RO,5
gz g, 7

Puc. 14. [IpocTaHOBKa pa3MepOB C MHOXECTBEHHBIMU yKa3aTeIsIMU

JIns 9acTo MCHOJB3YEMBIX JJIEMEHTOB YEpTeka MOXHO CO31aBarth,
COXpaHsTh, pEAAKTUPOBATh U BCTABIATh OJIOKU, HAIIPUMEP CTaHIAPTHBIE 3AMETKH,
OJIOKH 3aroJIOBKOB, PaclojIOKEHUI METOK U T.J. BJIOKM MOryT coaepKaTh TEKCT U
JT00bIe 0OBEKTHI ACKU3a, MO3UIIMHA, UMIIOPTUPOBAHHBIE OOBEKTHI U TEKCT, a TAKXKE
HITPUXOBKY. BJIOKH MOXHO NPUKPEIUIATh K T€OMETPUU WU K YEPTEKHBIM BHJIAM,
a TaKXe€ BCTaBIIATh MX B OCHOBHbIE HaAnucu. Eciv Ha BameM NOpeanpusiTUn
UCIOJIB3YIOTCSl CIeUU(UUYECKUE YCIOBHBIE 3HAaKHM, Bbl BCEIJla MOXKETE CO3/1aTh
0JIOKH, CoZIepkKaIIe HyKHble rpad)uUECKUe U TEKCTOBBIE JIEMEHTBHI.

Co3nanue 3HaKa  HeyKa3aHHOW  mIepoxoBaTocTH. PaccmoTpum
npuMeHeHue OJOKOB Ha NMPHUMEpPE CO3AaHMs 3HAKA HEYKAa3aHHOW IIEPOXOBATOCTH
(puc. 15). OtkpoiiTe penakTop OJOKOB ¢ MOMOIIbI0 MHcmpymenmovr => Bnox =>
Cosz0amwb. HauepTuTe TOHKMMHU JIMHUSIMU C TIOMOIIBIO AYT U OTPE3KOB BHYTPEHHUIMA
3HAYOK B COOTBETCTBUU C YEPTEKOM. 3aT€M HAUYEPTUTE YTOJIIICHHBIMU JIUHUSIMU C
MOMOILbIO OTPE3KOB BHEIIHUI 3HAYOK B COOTBETCTBUM C UYEPTEKOM. 3adaiTe IJist
TOYKHU, TIOMEUECHHOU 3eJeHbIM 1BeToM (cM. puc. 10), koopaunarsl [-10, —10] u
3adukcupyite ee. JlomosHute 3HaueHue mapamerpa oOpaboTku 3ameTkon Rz40.
Coznaiite ABa ClOs: T€OMETpPUS LIEPOXOBATOCTH M Pa3MeEpPbl IIEPOXOBATOCTH.
Pazmepsl momecTuTe Ha CIOM «pasMepbl IIEPOXOBATOCTH» U CKPOMTE €ro.
['eomeTputo u 3HaueHue Rz40 momecTuTe Ha CIOM «r€OMETPUsl MIEPOXOBATOCTH.
Coxpanure Osok. OH aBTOMAaTWYEeCKH TMONAAET B Manky broku B JAepeBe
KOHCTpyupoBaHusi. JlobGaBbTe ero Ha mnone uyeprexa. CoxpaHute OJOK B
bubnuomeke npoekmuposanus 1 NaTbHEUIIETO UCIIOIb30BAHUS.

B
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Puc. 15. Co3nanue 3HaKa HeyKa3aHHOM 1IEpOXOBATOCTH
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[Tpunoxenue 1
MUHHCTEPCTBO HAYKU U BBICIIET0 oOpazoBanus PO
['ocynapcTBeHHOE 00pa30BaTENHHOE YUPEKICHUE
BBICIIIETO 00pa30BaHUs

«TynpcKkui rocy1TapCTBEHHBIN YHUBEPCUTET

HNHCcTUTYyT BRICOKOTOUHBIX cucTeM nM. B.11. I'psaseBa
Kadenpa "Cucmemwr asmomamuueckoeo ynpaenenus”

PA3PABOTKA DJIEKTPOMEXAHUYECKON CUCTEMBI

[TosscHuTenbHASA 3amMCKa
K KYpCOBOMY IIPOEKTY

110 ANCHUIIIINHC ««OCcHOBBI N KOMIIBIOTEPHBIC CPECACTBA aBTOMATHU3AllUN
MPOCKTHPOBAHUN

YpoBens npodeccnoHaaIbHOTO 00pa30BaHUs: BEICIIee 00pa30BaHUE - CIICITUATIUTET

CnemuansHocTbh moarotoBku: 24.05.06 «Cucmemul ynpasnenus
JlemamenbHbIMU ANNapamamiey

Cneunanuzaius noarotroBku Ne 9: « Cucmemul ynpasnenusi 08udxcenuem
JlemamesibHulX annapamos

KBanudukanus (CTeneHb) BHITYCKHUKA: UHKEHEP

dopma oOydeHus: oyHas

Crynent rp. 1401916 A.K. Becenockuii
PykoBoautens: mpod., K. T. H. H.C. Nnmoxuna

Tyna — 2020
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ITpunoxxenue 2
MUHHCTEPCTBO HAYKU U BBICIIETO oOpazoBaHus PO

['ocynapcTBeHHOE 00pa30BATENBHOE YUPEXKICHNE
BBICILIETO 00pa30BaHMs
«TynpcKkui rocy1apCTBEHHBIN YHUBEPCUTET

HNHcTuTyT BRICOKOTOUHBIX cucTeM uM. B.11. I'psaseBa
Kadenpa "Cucmemwvr asmomamuueckoeo ynpasnenus"

3AJIAHUE
o KypcoBo# pabote
no qucrumuinHe " «OCHOBBI M KOMNIBIOTEPHBIE CPEACTBA ABTOMATH3ANHU
MPOEeKTHPOBAHUS»

VYposeHb npodeccuoHanbHOr0 00pa30BaHus: BhICIIEE 00PA30BaHUE - CIICIIUATIUTET

CrnennanbHOCTh TOATOTOBKU: 24.05.06 «Cucmemvl ynpasnenus
JIemamenbHuIMU Annapamaminy

Crnennanuzarus noarotoBku Ne 9: « Cucmemul ynpasnenus 08uiceHuem
JIemamebHblX annapamosy

KBamudukanust (cTerneHb) BHITYCKHUKA: HHXEHED

®dopma o0ydeHUs: oyHas

CTYZICHTY
WHJIEKC TPYIIIIbI PaMuIrst, THUIUAJIBI

Hcxonnbie faHHbIC

1. Hanpsixenue ncrounuka nutanus cucteMsl: 220+10% B, 50 '
2. HanpsxkeHnne nuTtanus daekTpoMaraura: 27 B
3. TpeOyembie XapaKTepUCTUKUA CUCTEMBI:

a) xox sikops - 0.007 m

0) HayanbHOE ycuine 0e3 yuera neictBus npyxunsl - 100 H

B) HauaJbHOE MoKaThe MpyKuHbl - 10 H

r) Bpems cpabateiBanus - 0.09 ¢

1) BpeMs otityckanus - 0.06 ¢

) PeKUM PabOTHI - JUTUTEITLHBIN

3) TemmiepaTypa neperpesa — 60° C



4. YcaoBus 9KCILTyaTalluu:
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a) Temreparypa okpysxarormieit cpeast — 20° C
0) Tpebyemslii pecypc - 1-10° nmknos
Bompocsl, moanexaiue paspadoTke
1. BpiOOp THIIa KOHCTPYKIUU 3JIEKTPOMAarHuTa
2. Pacuer pazmepoB MarHUTOIIPOBO/A, TAPAMETPOB OOMOTKU U COCTaBJICHUE

ACKH3a MAarHUTHOM OCIIn

3. [ToBepouHbIl pacueT AIeKTPOMarHuTa
4. BeiOOp cXeMbI M pacyeT YCUIIUTENSI MOITHOCTH
5. PacueT xapaKTepUCTUK CUCTEMBI

6. PacueT ncTOYHMKA MUTAHUS

Yeprexu

1. COOpoUHBIil UepTeK UCHOTHUTEIBLHON YaCTH CUCTEMBI
2. letanupoBkH (4-5 OCHOBHBIE JI€TaJIH )

[Ipunoxenue 3

OO01me pekoMeHJaluu 0 BBIOOPY MOJIEH AOMYCKOB
JUTSL TATIOBBIX COSAMHEHUN JeTaeit

Xapakrep COeUHECHUS

Pexomennyemsbie mocaaku ( cuctema
OTBEPCTHUS )

Mennennabie MepEMEILICHUS 51
MMOBOPOTHI JIE€TAJICN JJIsl YCTAHOBKH,
PEryJIUpOBKH, LEHTPUPOBAHUA H©
T.1.

C 3azopom

TOYHEBIE H7 H7 H8 H9 H8
h6 g6 h8 h9 h7
rpyoObie H11 H12
h11l h12
Bpamenue BaioB B omopax | H7 H7 H8 H8
CKOJIBKEHUS co cmaskoit; | f7 e7 €8 d9

COCIMHEHUS, B KOTOPHIX TpeOyeTcs
OTHOCHUTEJIHLHO OO0JIBIIION 33a30D

H9 H11 H11 H11 H12 HY
d9 cll dll  bll d12 e8

HenonBwxHble  COCNMHEHHS  C
MIPUMEHECHUEM bUKCHUpYIOITUX
YCTPOUCTB,  paszOupaempble s
OCMOTpa, PEMOHTA, 3aMEHbI JIeTaJICh
U T.IL

ITepexoiubie
H6 H6 H6 H6 H7 H7
k5 js5 m5 n5 js6 k6
H7 H7
m6 n6

CoenuHenuss s obecrnieueHus
XOpOLIEro EHTPUPOBAHUS JETAIEN

H8 H8 H8 HS8
Js7 K7 m7 n7

HenonBmwxHbIE  COCAWHECHHS, HE
HOJUIeXKAIIUE Pa3beMy

C marsramu

H6 H6 H7 H7 H7 H7 H8 H7

p5 5 p6 r6 s6 u7 u8 s7
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ITpunoxenue 4
[TpoBoJioka u3 KpacHOM Meu ¢ aMaieBoi u3ossiueit mapok [12J1, I19B-1, [19B-2,

I[I5TB
d dh Wo Co K, r g G

MM MM oM/M em e/om
0,02 0,033 690 120,05 0,218 55,7
0,03 0,040 500 38,80 0,352 24,76 0,012 0,00049
0,04 0,050 327 14,30 0,410 13,93 0,015 0,00108
0,05 0,065 200 5,57 0,390 8,92 0,019 ,0,00209
0,06 0,075 145 2,50 0,420 6,19 0,027 0,00429
0,07 0,085 122 1,74 0,468 4,55 0,036 0,0079
008 0,095 99 1,08 0,497 3,48 0,047 0,0134
0,09 0,105 82,2 0,710 0,522 2,75 0,059 0,0214
0,10 0,120 69,1. 0,484 0,543 2,23 0,073 0,0327
0,11 0,130 59,0 0,342 0,561 1,84 0,088 0,0478
0,12 0,140 51,0 0,248 0,576 1,55 0,104 0,0675
0.13 0,150 44,4 0,185 0,589 1,32 0,122 0,093
0,14 0,160 39,1 0,140 0,601 1,14 0,141 0,125
0,15 0,170 34,5 0,108 0,611 0,99 0,162 0,1638
0,16 0,180 30,7 0,0839 0,617 0,87 0,184 0,212
0,17 0,190 27,4 0,0668 0,621 0,772 0,208 0,269
0,18 0,200 24,5 0,0531 0,624 0,688 0,233 0,338
0,19 0,210 22.1 0,0430 0,626 0,616 0,259 0,419
0,20 0,225 20,0' 0,0350 0,628 0,557 0,287 0,519
0,21 0,235 18,2 0,0290 0,630 0,506 0,316 0,629
0,23 0,255 15,25 0,0202 0,634 0,421 0,378 0,901
0,25 0,275 12,96 0,0145 0,636 0,357 0,446 1,26
0,27 0,305 10,76 0,01033 0,639 0,310 0,522 1,72
0,29 0,325 9,46 0,00787 0,642 0,265 0,601 2,28
0.31 0,350 8,53 0,00623 0,644 0,236 0,689 2,98
0,33 0,370 7,56 0,00486 0,646 0,205 0,780 3,84
0,35 0,390 6,74 0,00386 0,648 0,182 0,876 4,85
0,38 6,420 5,73 0,00278 0,650 0,154 1,03 6,7
041 0,450 4,95 0,00206 0,653 0,132 1,202 9,4
.0,44 0,485 4,25 0,00154 0,655 0,115 1,382 12,1
0,47 0,515 3,77 0,00120 0,657 0.101 1,574 15,7
0,49 0,535 3,49 0,001015 0,658 0,0926 1,713 18,5
0,51 0,56 3,23 0,000871 0,660 0,086 1,856 21,8
0,55 0,60 2,79 0.000647 0,663 0,074 2,15 26,3
0.59 0,64 2,44 0,000491 0,666 0,0642 2,47 38,5
0,84 0,69 2,08 0,000356 0,670 0,0544 2,91 53,5
0,09 0,74 1,80 0,000265 0,673 0,0470 3,42 72,9
0,74 0,80 1,57 0,000201 0,676 0,0407 3,89 95,6
0,80 0,86 1,35 0,000148 0,680 0,0348 4,49 129
0,93 0,99 1,02 0,0000825| 0,687 0,0258 6,12 237
1,00 1,07 0,881 0,0000618| 0,692 0,0223 7,07 314
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Mapxku [19B-1

Mapxku [19B-2

Mapku [I19TB

d mm

dy,

Co

di,

Wo

Co

di,

Wo

Co

ks

0,03

0,045

400

30,8

0,278

0,04

0,055

268

11,9

0,342

0,05

0,065

197

5,54

0,390

0,06

0,085

113

2,200

0,319

0,09

100,5

1,955

0,284

0,085

120

2,32

0,336

0,07

0,095

97,6

1,392

0,376

0,10

88,2

. 1,173

0,339

0,105

82

1,142

0,307

0,08

0,105

81,0

0,887

0,408

0,11

73,3

0,803

0,370

0,115

67,4

0,738

0,340

0,09

0,115

68,6

0,593

0,436

0,12

62,9

0,543

0,399

0,125

57,9

0,501

0,369

0.10

0,125

63,8

0,447

0,501

0,13

58,9

0,412

0,462

0,14

50,8

0,356

0,398

0,11

0,135

54,9

0,317

0,520

0,12

0,145
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