[loKyMeHT NoAnucaH NpoCToil 3NeKTPOHHOM NOANMUCHI0
Wudopmaups o sMIAFHECTEPCTBO HAYKH U BBICIHIEIO OFPA30OBAHMS POCCUMCKOM ®EJIEPALIMN
ONO: AradorBBAERAIBHO I IOCY JAPCTBEHHOE ABTOHOMHOE OBPA3OBATEJIBHOE YYPEK/JIEHUE
[lomkHOCTb: anpekTop Gunmuana BbICHIEI'O OBPA3OBAHMSI

[Nlata nognvcanms: 18.06.2025 15:11:x3kMOCKOBCKHH INOJMTEXHUYECKUU YHUBEPCUTET»

YHUK B MHCTUTYT (PUNJIUAJ) MOCKOBCKOI'O NIOJIMTEXHUYECKOI'O YHUBEPCUTETA
2539477a8ecf706dc9cff164bc411ebbd3c4ab06

Kadeapa TpaHCHIOPTHO-?PHEPIreTHYECKUX CHCTEM

VIBEPIKAAIO ™,
le'pl'}'c'i}ib;w‘umwm \

X
4 -
N AB. Aradonos

N .
' / P 2
3 R
«go}‘ NN L./ 7,; 2024 rona

- 4
\ ) '.'i
Rt

QJEKTPHYECKHWE MAIIWHDBI

(HaMMEHOBaHHUE TUCIUILIMHBI)

MeTtoauyeckue yKka3aHusi 0 BbINMOJTHEHHIO
KyPCOBOI0 MPOEKTa

Hanpasnenue 13.03.02 «2QJIeKTPOIHEPIeTHKA U
MOJITOTOBKHU 3JIEKTPOTEXHUKA)

(K01 ¥ HANMEHOBAHKE HAIMPABIICHUS

MOJATOTOBKH)
HanpasnenHocts
«JIEKTPOCHADKECHUE)
MOITOTOBKHU
(HamMeHoBaHUE TIPODUIIS MOATOTOBKHU)

Keanmudukamms
BBIITYCKHUKA bakanasp
dopma 00yueHus OYHAsl U 3204HasA

Yeboxkcapsr, 2024



MeToauueckue yKka3aHus pa3padoTaHbl
B cooTBeTCcTBHHM ¢ TpeboBanusmMu PI'OC BO 1o HanpaBiIeHUIO OATOTOBKH
13.03.02 «DaekTpOIHEPTETHUKA U DIIEKTPOTEXHUKA

ABTOp KaD‘-II/IH Hropp BacuiabeBU4, KaHIMIAT TCXHUYCCKUX HAVK, JOLICHT
Kad)eI[DI)I TPAHCIIOPTHO-OHCPTICTHYICCKUX CUCTCM

(vkazamo PHO, yuenyio cmenens, yuenoe 36aue i OOIICHOCHIb)

MeTonudeckue ykazaHus OIOOpEHBI Ha 3acelaHuu Kadeapbl TPaHCIOPTHO-
sHeprerudeckux cucteM (mpotokos Ne 07 ot 16.03.2024).

B Mertoanueckux yka3zaHUSX U3J0KEHBI METOAOJIOTHS U METOIUKA TOATOTOBKHU
KYPCOBBIX MPOEKTOB, a Takke TpeOoBaHUS K UX OGOPMIICHHIO; JaHBI PEKOMEHAAINU
CTYZCHTaM IO UX 3allHTe.

MeTtoaudeckne yka3aHUS TpeIHAa3HAYeHBl ISl PYKOBOAUTENECH KypPCOBBIX
MPOEKTOB, a TaKXke [Js CTYIEHTOB BceXx ¢GopM 0OyudeHHs, OOydYaroluxcs 1o
HanpasieHuto moArotoBku 13.03.02 «DmekTposHepreTuka H DIEKTPOTEXHUKA» B
YeOokcapckoM HHCTUTYTE ((punmane) MOCKOBCKOTO MOJIMTEXHUYECKOTO YHUBEPCUTETA.
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BBEAEHHUE

KypcoBoli MpoeKkT no AUCHUILIMHE «DNEKTPUYECKUE MAILMHBDY — IPEAHA3HAUYCHA
JUISL  CTYJIGHTOB OYHOM M 3a04HOM (OpMBI OOyUEHHUS AIEKTPOIHEPTETUUECKUX
CIIEHHAIBHOCTEN U SBJISETCS 3aBEPIIAIOIIUM 3TAIlOM U3YyYEHHS Kypca.

[Ipennaraemplii KypcOBOW MPOEKT COJEPHKUT 3aJaHUs HA BBIINOJHEHUE pacyéra u
KOHCTPYKTHUBHOTO BBITIOJIHEHUS TPEX(PA3HOTO CHIIOBOTO TpaHchopmaTopa.

TpanchopmatopoM Ha3bIBAaCTCSI CTAaTHMYECKOE JJIEKTPOMArHUTHOE YCTPOMCTBO,
UMeIoIIee JBe Win 0oJjiee MHAYKTHUBHO CBSI3aHHBIX OOMOTOK W MpEJHA3HAYCHHOE IS
peoOpa3zoBaHUs TOCPEACTBOM AJIEKTPOMATHUTHOW UHAYKIUUA OJTHOM WM HECKOJIBKHUX
CHUCTEM MEPEMEHHOI0 TOKA B OJIHY MJIM HECKOJIBKO APYTUX CUCTEM MEPEMEHHOTO TOKA.

[Ipunsto pasznuuate TpaHCchOPMATOPbl MaJIOW MOIIHOCTH C  BBIXOJHOMU
MOIMHOCTEIO 4 KB-A m Hmwxke misa omaHodasHeix cetet m 5 kB-A u Hmwke ms
Tpex(asHbIX ceTei u TpaHchopMaTOpbl CUIOBBIE MOIIHOCTHIO OT 6,3 KB A u Gonee s
TpexdazHbix u oT 5 KB-A u 60see niist on1HO(DA3HBIX CETEH.

Ha3nauenne cunoBbix TpaHchoOpMaTOpoB — TMpeoOpa3oBaHUE IIIEKTPUUECKOU
SHEPrUU B DJIIEKTPUYECKUX CETAX U YCTAHOBKAxX, MPEJHA3HAYEHHBIX I IpUEMa U
UCIIOJIb30BAHUS dJIEKTpUYECKOl sHeprun. CuioBbie TpaHCchOpMaTOPhI OJIPa3IEsSIOTCS
Ha JBa Buja. TpaHchopMaTopsl 00111ero Ha3HAYEHUS MTPEAHA3HAYCHBI JIJIs1 BKJIIFOUCHHS B
CeTh, HE OTIMYAIONIIYIOCS OCOOBIMH  YCIOBHSIMHU paboThl. TpaHcpopmMaropbl
CIICHMAIBHOTO HA3HAYECHUS TPEAHA3HAUYEHBI [JII HEMOCPEACTBEHHOrO MHUTaHUs
MOTPEOUTENHCKOM CETH WJIM MPUEMHUKOB AJIEKTPUUYECKON PHEPTUU, €CIIU 3Ta CETh WIH
MIPUEMHUKU OTINYAIOTCSI OCOOBIMU YCIIOBUSIMU PAOOTHI.

CuiioBoii TpaHchopMaTop SIBIASETCS OAHUM M3 BOXKHEHIIMX AJIEMEHTOB KaKIOU
anekTpuueckort cetu. llepenada »neKTpUUECKOM SHEPTUM HA OOJBIINE PACCTOSIHUS OT
MecTa ee MPOMU3BOJCTBA /10 MeECTa MOTpeOJeHusi TpeOyeT B COBPEMEHHBIX CETSIX HeE
MEHEE YeM IISATU - MIECTUKPATHOW TpaHC(HOPMAIMKM B TOBBIMIAIONINX U TOHKAIOIIMX
TpaHnchopmaTopax.

Oco000 BaXHBIMH 3a7]a4aMM SIBJISIIOTCS TOBBIIICHHE KadyecTBa TpaHC(HOpMaTOpoOB,
HCIIOJIb30BaHUE MPOTrPECCUBHON TEXHOJOTHMM MPOU3BOACTBA, SKOHOMHUSI MaTEpPHUAJIOB
MIPHU UX MIPOU3BOACTBE M BO3MOKHO HU3KHE MTOTEPU SHEPTUH TTPU UX pabOTEe B CETH.



1.1. Texun4veckue TpeOOBAHMS, NPEAbIABIsiEMbIE K POEKTUPYEMOMY
TpaHncphopmaTopy

[IpoexTupyemMbiii TpaHcopmMaTop JAOHKEH COOTBETCTBOBATH TEXHUUECKUM
TpedboBanusM, uzioxxkeHHbM B 'OCT 12022 — 76 u I'OCT 11677 — 85:

1.1 mnorepu XOJOCTOro XOJa HE JOJKHBI MPEBBINIATh 33JaHHBIX OoJiee YeM
Ha + 7,5%;

1.2  TOK XOJOCTOro XOAa HE JOJDKEH MPEeBBIIIATh 3aJaHHOTO 3HAUYEHUs OoJiee
yeMm Ha +15%:;

1.3 moTepu KOpPOTKOTO 3aMbIKaHUS HE JOJHKHBI IPEBBIIIATH 33JaHHBIX 0oJiee
yeM Ha +5%:;

1.4 wHampspkeHHE KOPOTKOTO 3aMbIKaHHSA HE JIOJDKHO OTKJIOHSATBCS OT
rapaHTUIHOTO 3Ha4YeHHs Oosiee yeM Ha + 5%;

1.5 TmIOTHOCTh TOKA B AJTIOMHUHHUEBBIX OOMOTKAaX HE JIOJDKHA IPEBBINIATH
3HaueHue 2,7-10°4/ %

1.6 MexaHMuyecKHe HANpPsHKEHHUS B aJIFOMUHUEBBIX OOMOTKAaX JIOJDKHBI OBIThH
MeHblIC 25MIla;

1.7 orpaHuueHHe MpPEBBILIEHUS TEMIIEpAaTypbl dYacTell TpaHchopmaropa
CBEpPX TEMMEpaTyphl OXJAXJAIOMEH Cpeapl MPH CKOJIb YrOJHO
JUTATEIIEHO TIOJIEP)KUBAECMBIX BO BPEMSI HCIBITAHUS HOPMHUPOBAHHBIX
MOTEePSX XOJOCTOTO XOAa M TOTEpPSX KOPOTKOTO  3aMbIKaHUS,
npuBeIeHHbIX K 75°C:

1.7.1 oOmotok He Ooiee 65°C;
1.7.2 macna B BepxHUX ciiosix He 6osee 60°C.

1.2. Tlopsinok opopmjieHHsI KYPCOBOIO MPOEKTa

KypcoBoii IpOEKT BBINOJIHIETCS HA KOMIIBIOTEPE HA CTAHAAPTHBIX JUCTax A4.
Tekct neyaTtaeTcss Ha OJHOM cTOpoHe aucTa. Ha cTpanuie A0KHO pacnosiaratbes
28-30 cTpok, Kaxkaasi U3 KOTOPBIX coAep:KUT 60-65 3HaKOB, BKJIKOYasl NMPOOeEIbI.
Mexknycrpounbiii uHTepBai — 1,5, mipudrt texkcra — 14 (Times New Roman), B
Tadiauumax - 12, B moacTpouynbix cHockax -10. TekcT mewyaTtaeTcs CTPOYHBIMH
OykBaMu (KpOME 3arjaBHBIX), BBIPABHUBAETCSA [0 IIMPUHE C HCIOJIb30BAHUEM
MEPEHOCOB CJIOB. Ha TUTYJIBbHOM JIMCTE HAJIKCh: KYpCOBOM MPOEKT IeuyararoTcs 18
mpudrom. [TonuepkuBanue ciI0B U BBIACIECHUE UX KYPCUBOM BHYTPHU caMOil pabOThI
He pomyckaercs. OIHAKO 3arojOBKM M TOJA3aroJOBKM NpPU IE€YaTaHWH TEKCTa
MMMCbMEHHOW Pa0OThl BBIACIAIOTCS TMOMYXUPHBIM IIpuPTOM. AO3alHBI OTCTYM
JIOJDKCH COOTBETCTBOBATH 1,25 ¢M 1 OBITH OJMHAKOBBIM 110 BCell padorTe.

OpHEHTHUPOBOYHBIA 00BEM KYpPCOBOTO MPOEKTA COCTABISIET 25-35 cTpanun. B
JaHHBIA 00BEM HE BXOJAT NMPUIIOKEHHS M CIIUCOK MCTOJIb30BaHHBIX UCTOYHUKOB. [1o
COTJIaCOBAHUIO € IIpenojaBaresieM 00bEM pabOoThl MOXKET ObITh YBEJIHYEH.

CrpaHulpl, Ha KOTOPBIX M3JIaraeTcsi TEKCT, OJDKHBI UMETh Mmojs: JieBoe -30
MM, nipaBoe - 10 mm, BepxHee - 20 MM, HI:KHee - 20 MM.

B Tekcre paboTel «BBenenue», HazBaHue TIJaB, «3akirodeHue» U «CHUCOK
UCIIOJIb30BAaHHOM TUTEPATYPhD» NEYATAIOTCS (HAUMHAIOTCS) C HOBOM CTPAHMIIBI.



Paccrosnue MCXKIY  3aroJIOBKOM MW  IIOJA34arojJIOBKOM, 3arojlOBKOM U
IMOCJICAYIOIIUM TCKCTOM, IIOA3Aar0JJOBKOM H IIPCABIAYIIUM TCKCTOM OTACIIAIOT ABYMA
IMOJIYTOPHBIMH  MCKCTPOYHBIMU HHTCPpBAJIAMHU, a MCKAY IIOA3aroJIOBKOM H
IMMOCJICAYIOINUM TCKCTOM - OAHUM ITOJIYTOPHBIM MCKCTPOYHBIM MHTCPBAJIOM.

['maBbl MUCHBMEHHBIX PAOOT HYMEpYIOTCS apaOCKUMH LUU(PpaMH U JTOJHKHBI
HAaYMHATHCS C HOBOM cTpaHullbl (Jiucta). Homep rinaBel coctout u3 uucna: 1, 2 u T.1.

3aronoBkM (IMOA3arojIOBKM) pPacloJlaratoTcsi LEHTPUPOBAHHBIM (ITOCEpEINHE
TEKCTa) CIIOCOOOM.

CTpaHunbl NUCbMEHHBIX PadoT J0/LKHbI MMETh CKBO3HYH) HyMepaluio
apadcknmun nudppamMu no Bcemy Tekcry. Homep crpaHMubl mpoCTaBJISKOT B
BHHU3Y IOJIsI CTPAaHHUUbLI MO LEHTPY 0e3 TOoYkH B KoHuUe. IlepBoii crpanulei
NUCbMEHHOM paboThl SBISIETCA TUTYNBbHBIA JMcT. OH He HyMmepyercs. B pabote
BTOPOM CTPaHULEH ABJISIETCS COAEPKaAHUE.

TUTYIBHBIA JHCT TOJDKEH COAEpP’KaTh HAMMEHOBAHHME Y4EeOHOIo 3aBeleHUS,
(dhopmbI 00yueHus, 0003HaUCHHUE XapakTepa paboThl (KypcoBas), ee TeMmy, (GaMUIINIO,
MM, OTYECTBO BBINOJIHUBILETO €€ CTYAEHTa, HOMEP Kypca W TPYMIbl, YYEHYIO
CTENEHb, JOHKHOCTh WM YYEHOE 3BaHUE HAYYHOIO PYKOBOJMTENS, €ro (haMUIIUIO U
nHunmansl, rpadel «Jlata cmaum», «JlomycTtuTh k 3ammre», «Jlata 3ammThDY,
«O1eHKa», MECTO U TOJl HAaITUCaHUs PabOTHI.

OrnaBneHue pabOThl, KOTOPOE CIEAYET IOCJIE TUTYJIBHOTO JIHMCTA, JOJIKHO
COJIEpKaTh Ha3BaHUs AJIEMEHTOB CTPYKTYpbl pabOThl U HOMEpA JINCTOB, C KOTOPBIX
OHM HAYMHAIOTCA.

[Ipn wncnonb30BaHWM JIUTEPATYpbl W LUTHPOBAHWUU OTHEJIBHBIX HAay4YHBIX
MOJIO)KEHUN CTYIEHT 00s513aH OCYLIECTBJIATh B CHOCKaX CCBHUIKM Ha aBTOPOB H
MCTOYHUKH, OTKyJa OH 3aUMCTBYeT Marepuas (daMuiauss ¥ WHUIMAIbI aBTOpa,
Ha3BaHuUE paboOThl, MECTO M TOJ H3AaHUS, KOHKPETHas CTpaHula, OTKyAa
3aMMCTBOBaHa 1uTtarta). Ilpy 53TOM UUTHpOBaHME JOIMYCKAETCS TOJBKO B
OTPAaHUYECHHOM O00BEMe, OMpPaBAAHHOM IIEIbI0 HUTHUPOBaHUS ()1 O0OOCHOBAHUS
aKTyaJIbHOCTH PAacCMaTpUBAEMOI0 BOIPOCA; JEMOHCTPALMU PA3JIUYHBIX B3IJISAOB,
CYILLECTBYIOLIMX B HAYKE IO MPOOJIEMaM TE€MbI, MOATBEPKICHUS UIN ONPOBEPKEHUS
BBIJIBUTAEMBIX CTYJIEHTOM TE3UCOB U T.I1.).

[IpsMoe nMTHpOBaHHWE B TEKCTE€ OOA3ATENBHO OQPOPMIISETCS C MOMOUIBIO
KaBblYeK. B ciayuyae OyKBaJIbHOTO BOCHPOM3BEIEHUS MOJIOKEHUN HAyUHBIX TPYIOB
0e3 yKa3aHMs Ha MX Ha3BaHUS M aBTOPOB KYpPCOBOIO IMPOEKTa K 3alluTe He
JIOITYCKAETCS.

B cnucke MCNONb30BaHHBIX MCTOYHHMKOB JOJDKHBI OBITh yKa3aHbl TOJBKO Te
MaTrepuabl, Ha KOTOPble UMEETCsI CChIKa (CHOCKA) B padoTe.

Ecniu B KypcoBoil paboTe UMEIOTCS MNPUIOKEHUSA, UX HEOOXOAUMO
MPOHyMepoBaTh. Bce NUCThI KypcOBOTO MPOEKTa JOJKHBI ObITh MPOHYMEPOBAHBI.

Hywmepatus crpanun B KypcoBoil paboTe MoiKHa ObITh CIUIOMIHONW. CTyneHT
OTBEYAET 3a FPAMOTHOCTb U aKKYpPaTHOCTh OPOPMIIEHUSI KypPCOBOI'O MPOEKTA.

Hannune rpammarnueckux, opdorpaduyeckux M MyHKTYAIIMOHHBIX OIIMOOK
6o  HeOpexxHoe  odopmiieHHE  paOOThI  MOXKET  TMOCHYXKHTh  MPUIHHON
HEYJIOBJIETBOPUTEIHHOM OIIEHKH PaOOTHI.



IMopsaaok nmpeacTaBIeHUs1 KYPCOBOI0 NMPOEKTA HA 3aLUTY

KypcoBoii mpoekT, MOArOoTOBJIEHHAs CTYJIEHTOM B OKOHYATENbHOU ¢dopme,
JoJKHA OBITh MpEJCTaBICHA JIETONMPOU3BOJIUTENIO0 Kadeapbl B  ClEAyIOLIEM
KOMILJIEKTE:

B MHUCbMEHHOW (opMe B MPOIIMTOM, COPOUIIOPOBAHHOM WM CKPEIUICHHOM
BUJE — 1 3K3eMILIsIp;

B JJICKTPOHHOM (popmMe MOCPEeACTBOM HAIMNPABJCHUS HA 3JIEKTPOHHBIU
MOYTOBBII aapec kadeapsbl TPAHCIIOPTHO-IHEPreTHYECKUX  CHCTEM
ttm@chebpolytech.ru— 1 3x3emmusp.

Jenonpou3Boautens Kadenpsl mocie perucrpanuu ¢akrta U JaThl CIAYH
KypCOBOI'O MPOEKTA MEPEAAET €€ ISl IPOBEPKU HAYYHBIM PYKOBOJUTEIIEM.

[lepenada KypcoBOTO TIPOGKTAa B OJICKTPOHHOW (QopMe MOXKET OBITh
OCYULIECTBJIEHA IyTEM HAIpaBJCHUS €€ CTYJCHTOM HEMOCPEACTBEHHO HAyYHOMY
PYKOBOJHTEIIIO 10 3JIEKTPOHHOM IOYTE.

[Tocne mocTyrieHUs: KypcoBOTro poeKTa Ha Kadepy HayuyHbIH pYKOBOAUTEIb
MpOBEpsIET €€ B TeueHue 14 KaJneHJapHbIX JHEH C MOMEHTa MOCTYIUICHHS Ha
Kadenpy, mocae yero BO3BpAIlAET €€ JIEJIONPOU3BOJUTENI0 CO CBOUM OT3bIBOM. B
OT3BIBE YKa3bIBAIOTCS CICTYIOLIUE TOJIOKECHMUS:

— HaUMEHOBaHUE y4eOHOro 3aBefieHus, Kadenpsl, GopMbl OOyUEHUS;

— 0003HaueHne Xxapakrepa paboThl (KypcoBasi), ee TeMY;

— (haMWITMI0, UM$, OTYECTBO BBIMOJHUBIIETO €€ CTYJE€HTa, HOMEp Kypca U
TPYTIIIBL;

— YUYEHYIO CTEIEHb, JOJKHOCTh WJIM YUYEHOE 3BaHUE HAYYHOTO PYKOBOAMUTEI,
ero paMuIuio U UHUIHAAIIBI;

— COOTBETCTBUE MPEJICTABICHHON KYypCOBOI'O MpOEKTa OOIUM TpeOOBaHUSIM,
YKa3aHHBIM B HACTOAIIMX MeTOINYECKUX YKa3aHuUs;

- YKa3aHUE Ha MMEIoLIMecs B KypcoBoi paboTe HemocTaTku (Kak 1mo gopme,
TaK U M0 COJEPKaHUIO PabOThI), HE MPEMATCTBYIOIINE TOMYCKY paOOThI K 3aIIHUTE;

— BBIBOJI O BO3MO>XHOCTH JIOITyCKa KYPCOBOI'O IIPOEKTA K 3allUTE.

B ciyuae eciu mocTaBiI€HHBIE HayYHBIM PYKOBOAMUTEIEM BOIPOCHI HE SICHBI
CTYJIEHTY, OH BIPaB€ YTOUHHUTh MX Y HAYYHOTO PYKOBOJMUTENS JIMYHO BO BPEMS €rO
€XKEHEJICTbHBIX KOHCYJbTAIMN (eKYpCTB Ha Kadeape) Wik JUCTAHIIMOHHO 4Yepe3
ANIEKTPOHHYIO MOYTY.

B cnydae (¢dopmynupoBaHUST HAy4YHBIM  PYKOBOJUTEJIEM BBIBOJA O
HEBO3MO>KHOCTH JIOITyCKa KYpCOBOT'O MPOEKTA K 3aIIUTe, KypCOBOM MPOEKT MOAJICKUT
MOJTOTOBKE 3aHOBO C YYE€TOM 3aMEUaHUM, YKAa3aHHBIX HAyYHBIM PYKOBOIUTENIEM, U
ITOBTOPHOMY MPEJICTABICHUIO Ha 3alUTy B MOPAJKE, NPEIyCMOTPEHHOM pa3ielaMHu
3-5, ToMy XK€ Hay4HOMY PYKOBOHUTEITIO.

Iopsaok 32U THI KYPCOBOI0 MPOEKTA
3ammra KypcOBOI'O IPOEKTa MOXKET IPOBOAUTHCA TOJBKO HAydYHOMY
PYKOBOJUTEITIO.
3amuTa KypcoBOro mpoekTa MpoBOAUTCS B (OpMe, YCTaHOBICHHONW HAayYHBIM
pykoBoauteneM. [Ipu ycTHoO#i (hopme 3amuThl KypCOBOTO MPOEKTAa CTYACHT JIOJDKEH
MIOATOTOBUTH OTBETHI HA BOIPOCHI, IOCTABJIEHHBIE €EMY HAyYHBIM PYKOBOJIMTEJEM B



PELIEH3UN.

HayuHbIil pyKOBOOUTENL BIOpaBe MO CBOEMY YCMOTPEHHUIO 3a7aBaTh CTYJICHTY
JOTIOJIHUTENIbHBIE BONPOCHI ISl IPOBEPKU YPOBHS M KAUECTBA OCBOCHHSI UM 3HAHUU
IO TEME KypCOBOrO TIPOEKTa, a TaKke IS JONOJHUTENbHOM MPOBEPKHU
CaMOCTOSITEIIbHOCTHU BBIIIOJHEHUSI KYPCOBOT'O IIPOEKTA.

[lo wtoram 3amuThl Hay4YHBIA PYKOBOJUTENbL OIMPEIEISAET, MOXKET JIU OBITh
3allliTa 3a4TeHa, WK TpeOyeTcs MOBTOPHAs 3alUTa.

[Io uToraM nepBoHa4YaJIbHOM WM (B Clly4ae €€ HEyJadh) MOBTOPHOW 3aIlMThI
KypPCOBOI'O MPOEKTa HAYYHBI PYKOBOJIUTENb CTABUT OTMETKY O 3aIlUTE KypCOBOIO
MIPOEKTA B 3aYETHOM KHUKKE CTY/I€HTA, B BEIOMOCTH U Ha TUTYJIBHOM JIUCTE PAOOTHI.

ITocse 3aMTHI peleH3us U KyPCOBOM NMPOEKT MOMJIEKUT CKAHNPOBAHMIO
CaMHMM  CTYA€HTOM W 3aJMBKe B  JJIEKTPOHHYW0 HH(OPMALMOHHO-
oOpasoBareqbHylw cpeany  (DuexkrponHoe mnoprdosuo) UYedokcapckoro
uHcTUTyTa (Puamnana) MOCKOBCKOr0o TMOJUTEXHMYECKOT0 YHHUBEPCHUTETA II0
aapecy http://students.polytech21.ru/login.php, mocie yero pabora B MUCHMEHHOM
dopMe mnepenaroTcs CTYAEHTOM JCJIONPOU3BOAMTENIO Ui XPAaHEHUS B apXuBE
dunnana.


http://students.polytech21.ru/login.php

2. PacyeT OCHOBHBIX JJIEKTPUYECKHUX
BeJIMYMH H M30JISMOHHBIX PACCTOSHUIA

MontHOCTh OTHOM (pa3bl U OJHOTO CTEPIKHS Sq) =S§'=5/3=100/3=33,3kB- A.
[IpuaumaeM cxeMy coeluHEHUs: 0OMOTOK Y /Y, . DTa cXeMa Npu HEKOTOPBIX

COOTHOIICHUSIX TOKOB W HAINpPSHKEHUW O00ECreYrMBAET SKOHOMHUIO H3OJSALUOHHBIX U
MIPOBOJAHUKOBBIX MAaTEPUATIOB U JAET BO3MOXHOCTh HMCIOJIb30BAaTh KakK JIMHEHHEIE,
TaK 1 (a3HbIC HAPSDKCHMUS.

HoMunanbHbie (JIMHEWHBIC) TOKK HA CTOPOHAX:

BH I, =5/(+/3-U_)=100-10%/(~/3-20000) = 2,9A;
HH I, =S/(v/3-U, ) =100-10°/(+/3 - 400) =144A.
dazunie Toku 0omMoToxk BH 1 HH:

BH I, =2,9A;

HHI,, =1, =144A.
®daznbie HanpspkeHus: oomotok BH 1 HH:
U,, =U,,/v/3=20000/+/3 =11547B;

U,, =U,,/+/3=400/3 =231B.

UcnpiTatenbuple HampsikeHus oOmoTtok 1o Tabn. 4.1: gis oomorku BH
U, ., =55kB; mnis oomorkn HH U, = 5kB.

en

B Buay mupokoro mpuUMEHEHHs] U PaACIpPOCTPAHEHHUS QIIOMUHHS, B IENSIX
SKOHOMHH BJIEKTPOJIUTUYECKOM MenHM, a Takxke pekomeHaganuu Ha c. 10 [3]
MpUHUMaeM OOMOTKH U3 aJIFOMUHUEBOTO MPOBO/IA.

[To Tabm. 5.8 BeIOMpaemM THI OOMOTOK:

oomorka BH mnpu nanpsskenun 20kB u Toke 2,9A umnmmHApUYecKas
MHOT'OCJIOMHAsI U3 KPYTJIOT0 AJIFOMUHUEBOIO IIPOBOJA;

oomorka HH npu wnanpspkennn 0,4kB u Toke 144A umnuHapUyeckas
JBYXCIIOMHAs U3 MPSIMOYTOJIBHOIO AJTFOMUHHEBOIO MMPOBOJIA.

Jlns mcneitatensHOTo Hampspkenuss oomorkn BH U, =55kB mo Ttabn. 4.5

HAXOMUM H30JsIHOHHBIE paccrosiHus: |, =50mm;  a, =27mMmM; &, =5mMm;
|, =30mM; a,, =20MM; S, =2um; S, =3mw; s U, =5kB no tabi. 4.4 Haxoaum
l,, =50Mmm; a,, =4mMm; 6, =2x0,5mm .
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Puc. 2.1. I'maBHas uzonsanusa oomoroxk BH u HH

OHpCIIGJIGHI/Ie NCXOJHBIX JAaHHBIX pacucTa

(a,+a,)/3=k-4S-102=0,813-4/33,3-107% =0,0195m,
3nech K=0,65-1,25=0,813- koaddurment mo taodim. 3.3;
a,=aj, -107°+(a, +a,)/3=0,030+0,0195=0,0495m.
AKTHBHAas COCTaBJIsAIrOIIAsA HAITPSPKCHUA KOPOTKOI'O 3aMbIKAHU S
U, =P._/(10-S) = 2270/(10-100) = 2, 270%;

PCaKTHUBHaAsA COCTABJIAIOIIAA

U, = /U2 —U? =/5,0% - 2,27% = 4,455%.

Cormacio § 2.3 [1] BeiOMpaeM Tpex(a3zHyl CTEPKHEBYIO IIMXTOBAHHYIO
MAarHUTHYIO CUCTEMY Ha puC. 2.5, 11 [1] ¢ KOCBIMH CTBIKAMHM HA KPaWHUX CTEPKHSIX U
MPSMBIMU CTBIKAMHU Ha cpellHeM cTepxHe Ha puc. 2.17, 6 [1].IIpeccoBka crepkHeit
pacCKJIIMHMBAaHMEM C OOMOTKOHM, s[pM - crainbHbIMU Oankamu. Ilo Tabm. 2.5
OPHEHTUPOBOYHBIN auamerp crepxkus 0=0,140m. MaTepuanl MarHUTHOW CHCTEMBI —
XOJIOJHOKATaHasi TEKCTYpOBaHHAs pyJoHHas ctaiib Mapku 3404 Tonmuuoi 0,30MM.
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Puc. 2.2 [1nan mmMXTOBKA MarHUTHOM CHCTEMBI TpaHChopMaTopa

Wunykiuss B crepkne B, =1,56Tn (tabn. 2.4). B cedenun crepxHs 6
cTynened, kodddunment sanonnenus kpyra K =0,912(rabm. 2.5); wnsomamus
IJIACTHH - HArpeBOCTONKOE H30JAIUMOHHOE mMoKphiTHe, K, =0,95 (Tadbm. 2.2).
Koadduiiment 3amoyiHeHHs  CTajbio kC:kg-ka=0,95-O,912:O,866. SIpmo
MHOTOCTYIIEHYATOe, YUCIIO CTymeHed 5, koaddurment ycunenus sipma K, =1,018
(tabn. 8.6). Munykuus B spme B, =B /k, =1,56/1,018 =1,53Tn. WUnpykuus B
3a30pe Ha  IPSIMOM  CTBIKE B! =B, =1,5677; Ha  KOCOM  CTBIKE
B, =B, /2 =1,56/+/2 =1,105Tu.

Vnenbupie motepu B cramu P, =1,150Bt/kr; p, =1,090Bt/kr. VY nensuas
HamarauduBaromas mommuocts 0, =1,511B- A/xkr; q, =1,395B- A/kr; mnsa 3a3opos
Ha OpAMBIX CThIKax (' =20700B8-4/m°; g 3a30pOB  Ha KOCHIX CTBIKAax
q. =25758- A/ »* (mo Tabu. 8.10 u 8.17).

ITo Tabn. 3.6 HaxoguM KOA((PUIMEHT, YYUTHIBAIOMINI OTHOIIEHUE OCHOBHBIX
MOTephb B 0OMOTKaX K IoTepsiM KopoTkoro 3ambikanus K, =0,97 u no tabn. 3.4 u 3.5

MOCTOSIHHBIE KOY(PDUIIMEHTHI ISl aTIOMUHUEBBIX 00MOTOK a=1,40-1,06=1,484 u
b=0,50-1,25=0,625.

Juamnazon usmenenus £ ot 0,9 no 3,0 (tabn. 12.1). I[lpuaumaem kod3¢pdUueHT
Porosckoro k,=0,95 (k0>(p(GULUMEHT NpPUBEACHUS UICATU3MPOBAHHOIO IO

paccesiHus K peajbHOMY).

Pacder ocHOBHBIX KOA(D(PHUITUECHTOB
S-a,-k, \/ 33,3-0,0495-0,95
=0,507 - 4
f-U, B K 50 - 4,455-1,56° - 0,866
A, =5,633-10* -k -A% a=5,633-10"-0,866-0,1263° - 1,484 =145, 9xr;
A, =3,605-10* -k -A%-1,=3,605-10*-0,866-0,1263% - 0,050 = 24, 9kr,
saece |, =1y, =1, =0,050M;
B, =2,4-10" -k, -k, -A’-(a+b+e)=
=2,4-10"-0,866-1,018-0,1263° - (1,484 + 0,625 + 0,405) =107, 2xr;
B,=2,4-10"k -k, -A’-(a,,, +a,)=2,4-10*-0,866-1,018-0,1263°-(0,030+0,020) =16, 9xr;
1,20-10°2-S-a’ 1,20-107-100-1,484°
“k,-k*-U,-B2-A”  0,97-0,8667-2,27-1,567 -0,1263’

=0,1263;

A:O,507-4\1/

=41, 2kr;

M =0,156-10"° -sz k,k, P l(a-A4)= 0,156-107°-33,89°-0,97-0,95-2270/(1,484-0,1263) = 2,0MI1a;

I(K,3 = 1, 41. ]-L(j)—o . (1+ e—TC.Ua/Up) — 1’ 41. % . (1+ e*n-2,27/4,455) _ 33,89

K 1
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HaXOI[I/IM HpCI[GJ'IBHBIe 3HAYCHUA ﬂ I10 I[OHYCTI/IMBIM 3HAYCHUAM IIJIOTHOCTHU TOKA U
pacTATUBAOIIUM MCXAHWYCCKHUM HAIIPSKCHUAM:
X, =2,7-,/12,75-41,2/(0,97-2270) =1,319;

x_=3/25/2,0 = 2,321;
B, =1,319* =3,025;

B, =2,321* = 29,010.

O0a IMOJTYUYCHHBIX 3HAYCHHA IB JICKAT 3a IpcaciiaMu 00BIYHO IMPUMCHACMBIX.

Macca ogHOro yria MarHUTHOM CHCTEMBI

G, =0,486 -10* -k, -k, -A®-x*=0,486-10"-0,866-1,018-0,1263° - x° =8,63- x°.
AKTHBHOE CEUEHUE CTEPKHS

I1,=0,785-k_-A?-x*=0,785-0,866-0,1263 - x* = 0,01085 - X°.

I[Tomrazae 3a30pa Ha IPSAMOM CThIKe 117 =11, =0,01085- x°;

IUIOMIa/1b 3230pa Ha KocoM cThike I/ =TT - J2 =0,01085-/2 - x2 =0,0153- x°.
[Totepu xonocToro xonaa ¢ yuetom Taou. 8.10, 8.13 u 8.14

P =k, p. (G +05k,, -G)+k,,-p, (G, -6-G +0,5k,  -G)=

=112-1,150-(G, +0,5-10,45-G,) +1,12-1,090-(G, —6-G, +0,5-10,45-G,) =
=1,288-G,+1,221-G, +5,784-G,

HamaranuuBarorniasi MOITHOCTE ¢ yueToM Tadi. 8.17 u 8.20

Q =k, k"0 (G +05k, -k, . -G)+k' -k" -q,(G,-6-G +05k, -k, . -G)+
+k! - >'q,-n, 11, =1,2-1,06-1,511- (G, +0,5-42,20-1,40-G,) +1,2-1,06 1,395 (G, -6 G, +
+0,5-42,20-1,40-G;) +1,06- 2575-4-0,0153- x* +1,06 - 20700-3-0,01085- x* =
=192-G,+1,77-G,+98,55-G, +881- X",

Becp nanmpHEWIIMii pacdeTr, HauuHas C OIPEIACICHHUS MacChl CTAIM MarHUTHOU
CUCTEMBI, JIJISl TSATH pas3nudHbx 3HadyeHud B (ot 0,9 mo 3,0) mpoBoaum B dopme
tabm. 2.1.

Tabnuma 2.1. llpenBaputensHblid pacueT TpaHchopMaTopa

p 0,9 1,2 1,8 2,4 3,0
x=4/p 0,974 1,047 1,158 1,245 1,316
x? =4/p° 0,949 1,096 1,342 1,549 1,732
xS =3 0,924 1,147 1,554 1,928 2,280
A, /x=145,9/x xr 149,8 139,4 126 117,2 110,9
A, -x?=24,9-x* kr 23,6 27,3 33,4 38,6 43,1
G, =A/x+A, X’ Kr 173,4 166,7 159,4 155,8 154
B, -x*=107,2-x% kr 99,1 123 166,6 206,7 244 .4
B, x*=16,9-x? kr 16 18,5 26,3 26,2 29,3
G, =B, x*+B,-x* Xr 115,1 1415 192,9 232,9 273,7
G,, =G, +G, ,Kr 288,5 308,2 352,3 388,9 421,71
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B 0,9 1,2 1,8 2,4 3,0

Gy =8,63-x* kr 8,0 9,9 13,4 16,6 19,7
1,288-G_,Bt 223,3 2147 205,3 200,7 198,4
1,221-G,,Br 140,5 172,8 235,5 284.4 334,2
5,784-Gy,BT 46,3 57,3 77,5 96 114
P, Bt 410,1 4448 518,3 581,1 646,6
I1_=0,01085-x?,m? 0,01030 |0,01189 |0,01456 |0,01681 |0,01879
1,92-G_,B-4 332,9 320,1 306,1 299,1 295,7
1,77-G,,B-4 203,7 250,5 341,4 412,2 484,5
98,55 Gy ,B-A 788,4 975,7 1320,6 1635,9 1941,4
881-x2,B-4 836,1 965,6 1182,3 1364,7 1525,9
Qu,B-4 2161,1 [2511,9 |3150,4 [3711,9 |42475
i, =Q, /(10-5),% 2,161 2,512 3,150 3,712 4,248
G, =C,/x*=412/x* kr 43,4 37,6 30,7 26,6 23,8
G,, =110-1,03-G.kr 49,2 42,6 31,9 30,1 27

K. -an :1,84-an y.€. 90,5 78,4 58,8 55,5 49,6
C,.=G, +k, G, y.e. 379 386,6 411,1 4444 4773
1= \/(1’3,77—52-27:) 10° A 1,995-10° | 2,143-10° | 2,372-10° | 2,548-10° | 2,694-10°
o,=M-x*=2,0-x* MIla 1,85 2,29 3,11 3,86 4,56
d=A-x=0,1263-x,M 0,1230 0,1322 0,1463 0,1572 0,1662
d,=A-d=1484-d .M 0,1825 0,1962 0,2170 0,2334 0,2467
l=7-d,/B M 0,6369 0,5135 0,3786 0,3053 0,2582
C=d,+a,, +b-d+a,, m |0,3094 [0,3288 [0,3584 |0,3817 |0,4006

Pe3ynbTaThl pacyeToB, MPUBEICHHBIX B Ta0. 2.1, mokakeM B BUJI€ TPAPHUKOB.
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Go.Gc,GAa GeT kr

Puc. 2.5. I3menenne MeXxaHHUECKHUX
MAaccChl CTaau

HAIPSKEHUN Y TNIOTHOCTH
MardiuTHOM

TOKA C UBMEHEHUEM f3

d,m

0

Puc.2.6. IsmeHenue
CTEpXKHEH, APM,

CUCTEMBI M MeTaJljla 0OMOTOK
C UIBMCHCHHUEM [

Puc.2.7. I3meHeHne nuameTpa CTEpKHS C UBMEHEHUEM

B
ZaM. Cad. =1,00 Cg.y, min
Px Px > 46581
1o io > 2.6%
J T>2, 71054/ 28
o, o, > 25Mlla
=
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Puc. 2.8. Onpenenenre oNnTUMaIbHOTO 3HAYEHUS £ U JUAMETP CTEPIKHS

OmnpeneneHrne OCHOBHBIX pa3MEPOB
[To puc. 2.8 u Hanboznee oNTUMAIBLHOMY 3HaY€HUIO KodhduieHTa B NPUHUMAEM

JUaMeTp CTepkKHS MarHUTHoU cuctembl d =0,125m.

Torma: X=0d/A=0,125/0,1263=0,990; B=x"=0,990"=0,960;

x* = {‘/[372 =4/0,960° =0,980; x*=4/0,960° =0,969.

JlnameTp cTepKHs

d=A-x=0,1263-0,990 =0,125m.

AKTHBHOE CEUEHHUE CTEPKHS 10 TaoI. 8.6

I, =k, -11, ,=0,95-0,01123= 0,010669Mm".

Cpennuit nuameTp 0OMOTOK

d,=a-d=1,484.0,125=0,186m.

BricoTa 00MOTOK

|=n-d,/B=m-0,186/0,960 ~ 0,605m.

BricoTa crepkHA

l.=1+2-1,,=0,605+2-0,050 =0, 705m.

PaccTostnue Mex1y ocsiMU CTEpKHEN

C=d,+a,,, +b-d+a,, =0,186+0,030+0,625-0,125+ 0,020 ~ 0,315m.
Hanpsixenne ogHOTO BUTKA
U,=4,44-f-B_-T1_,=4,44-50-1,56-0,010669 = 3,70B.
Macca cranm

G, =G, +G,=145/9/0,990 + 24,9-0,980+107,2-0,969 +16,9-0,980 =
=171,8+120,2 = 292xkr.

Macca meramia 0OMOTOK

G, =41,2/0,980 = 42, 0kr.

Macca npoBojia 00MOTOK

G, =110-1,03-G,=110-1,03-42,0 =47,6kr.

IIimoTHOCTH TOKA

J= \/0,97 .2270/(12,75-42,0) -10° =2,028 -10° A /M.
MexaHuuecKkue HanpsHKeHUS

6, =M-x*=2,0-0,969 =1,94MIIa < 25MIla.

ITorepu xomocToro xoaa
P =1288-171,8+1,221-120,2+5,784-8,63-0,969 = 416,4BT < 465BT.

125xp

Toxk xostocToro xoaa
I, =0Q,/(10-5)=(1,92-171,8 +1,77-120,2 +

1+98,55-8,63- 0,969 + 881-0,980)/(10-100) = 2, 205% < 2,6%.

[IpensapurenbHble 3HAYEHUS [TOTEPDh U TOKA XOJIOCTOIO X0/a MOJyYWINCh MEHBIIIE
3aJJaHHBIX, 3HAUUT X0/ PEIICHUS TPABUIIbHBIN U BEIOOP IMaMeTpa CTEP>KHS BEPHBIH.
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3. Pacuer ooOMoTkn HH

Ywucno BuTKOB Ha oJiHY a3y oomMotkun HH
W, =U,, /U, =231/3,70=62.
Hampsixkenue oJTHOTO BUTKA
U, =U,, /W, = 231/62 =3,73B.
JlericTBUTEIbHAS HHAYKIUS B CTEP/KHE
B, =U, /(4,44 f -1 ) =3,73/(4,44-50-0,010669) = 1,575Tx.
PacueTHoe 3HaueHNE MHAYKIIMU HAXOQUTCS B IPAHULIAX UHTEPBaia, PEKOMEHyEeMOro
Tabi. 2.4, (1,55+1,60)7x.
CpenHss I0THOCTh TOKA
_0463 kP U, . 0463.097-2270-373
@ S-d, 100-0,186
PacueTHoe 3HaueHue cpelHel MIIOTHOCTH TOKA HE BBIXOAMUT 3a PAMKU WHTEpBaja,
peKOMeHTyeMoro Tadi. 5.7, (1,2+2,5)M - A/’
CeueHne BUTKa OPUEHTUPOBOYHO
M =1,,/J, =144/(2,045-10°) = 70,4-10° »*.
ITo tabn. 5.8 mo momrHocTu 100kB-A, Toxy 144A, nanpsbkenuto ooMotku 0,4kB u
ceuennio BUTKa 70,4MM? BHIOMpaeM KOHCTPYKIHMIO HUIMHIPMYECKON IBYXCIOWHON
0OMOTKH U3 NPSIMOYTOJIBHOTO aTFOMUHUEBOTO MIPOBO/IA.
Yucno BUTKOB B OTHOM citoe W, =W, /2=62/2=31.

10* =2,045-10° 4/ m?.

OpueHTUPOBOYHBII 0CEBOI pa3Mep BUTKA
h, =1, /(W_, +1) =0,605/(31+1) = 0,0189.r.

[To Tabn. 5.2 1Mo OpUEHTHUPOBOYHBIM JAaHHBIM IT; U h', moaOUpaeM MPOBOJ MAPKH
AIlb, HaMOTKa IJIammMs:

AHleM; 26 =0,50a; T1") = 75,1n°.
4,75x18,50
4,25
u 0
w -
4,75

Puc. 3.1. Ceuenue Butka oomotkn HH
ITomHoOEe ceyenne BUTKa
I,=n,-T1"=1.756-10"° = 75,6-10° 2.
[LnoTtHOCTH TOKA
J, =1, /T, =144/(75,6-10"°) =1,91-10° 4/ »".
OceBoil pa3Mep BUTKa
h,=n,-b"-10°=1.18,5-10"° = 0,0185.m.
OceBoii pa3mep (BbicoTa) oOMoTk HH
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l,=W,_,+1)-h, +(0,005+0,015) =

= (31+1)-0,0185+ (0,005 +0,015) = (0,597 +0,607) a,

npuHuMaeM |, = 0,600,

3nech (0,005+0,015)m - YYHTBIBAET HEIUIOTHOCTH HAMOTKHM MPOBOJA W BO3MOXKHOE
OTKJIOHEHUE JCUCTBUTEIBHON TOJIIUHBI U30JISIIUU OT PACUETHOM.

PannanbHblil pazmep 0OMOTKH

a,=[2-d+ al'l]~10’3 =[2-4,75+ 7]-10’3 =0,0165m,

371€Ch a;, = 7mm — OCEBOM OXJIAXKIAIOIININ KaHa 1Mo Tad. 9.2, a.

Cormacao Tabn. 44. m § 4.3 [1] oobmorka HH wHamarteiBaeTcs Ha OyMa)kHO-
0aKeNIMTOBOM LUJIMHIIPE C pazMepamMu & 0,131/0,133x 0,600

Buayrpennuit quamerp oOMOTKH

D/=d+2-a',-10°=0,125+2-0,004 = 0,133 x;

BHCIIHUMN

D/'=D,+2-a =0,133+2-0,0165=0,166.m.

[110THOCTH TEMIOBOTO IOTOKA

o, =P, -k, /TI,, =828-1,004/1,901=437Bm/ n* < (1200 +1400) Bm /| x>,

PacueTHOE 3HAaYE€HME IUIOTHOCTH TEIUIOBOIO IMOTOKA HE MPEBBINIAET MPEACIBHOTO
JOIYCTHMOTO 3HaueHus (1200 +1400)Bm/ v,

[ToBEpXHOCTh OXJIAKACHUS

M, =c-n-k,-z-(D/+D/)-1,=3-1,5-0,75- 7+ (0,133+0,166) - 0,600 = 1,901,

3nech: k,=0,75 — koadHUIMEHT 3aKPBHITHS YaCTH TTOBEPXHOCTH.

oCi

[Torepu ocHOBHBIE

P, . =12,75-10".J,-G,=12,75-107""-1,91°-10% -17,81=828Bm.

Macca MeTamia 0OMOTKH

G, =8,47-10°-c- Dy, W, -I1; =8, 47.10° -3-[(0,133+ 0,166)/2]-62'75,6-10‘6 =17,81xe.
Koadduiment 106aBoUHbBIX TOTEPH

k,=10+0,037-10°- B -a*-n” =1,0+0,037-10°-0,781-0,00425* - 2* =1,004;

BZ =(b-m-k, /1,)*=(0,018-31-0,95/0,600)* = 0,781,

m=n,-W_, =1.31=31.

Macca npoBojia 00MOTOK

G, =17,81+(3,3-1,5/100)-17,81=18, 69xe,

31ech 3,3-5% - YBEIMUEHNE MACChI MPOBOJIA 32 CUYET MACChl M30JISIIIUY 110 TaouI. 5.5.
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4. Pacuer ooOMoTKkn BH

]

ni =il

1

g

s -
| gl =

Puc. 4.1. Cxema perynmpoBaHus HAIPSIKEHUS B HEUTpaIH

BriOupaem cxeMmy peryivpoBaHus HaMpspKeHUs 1o puc. 6.6, 6 [1].
Yucino ButkoB 0OMoTku BH npu HOMUHaIbHOM HaNpsKEHUU
W,, =U,, /U, =11547/3,73 = 3096.

Yucno BUTKOB Ha OJTHOM CTYNIEHH PETYJINPOBAHMS
W, =AU/(x/3U,)=500/(~/3-3,73)=77.
Jns natu cryneHeu:

Harmpsixkenue, B Yucno BUTKOB HA OTBETBIICHUAX
21000 3096+2-77=3250
20500 3096+ 77=3173
20000 3096
19500 3096-77=3019
19000 3096277 =2942

OpueHTHPOBOYHAS TUIOTHOCTh TOKA
J;=2-1,-3,=(2-2,045-1,91)-10° = 2,180-10° 4/ »’.
OpHUEHTHPOBOYHOE CEUCHUE BUTKA
y=1,/J;=29/(2180-10°) =1,33-10° »’.
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[To tabn. 5.8 mo momHocTn 100kB-A, Hanpsikenuto oomotku 20kB, Toky 2,9A u
ceueHHIo BUTKA 1,33MM? BEIOMpaeM KOHCTPYKIMIO LUIMHAPHYIECKONH MHOTOCIOMHOM
O0OMOTKH U3 KPYIJIOrO allOMHUHHEBOTO MPOBOJA.

ITo Ta6:. 5.1 Mo OpuUEHTUPOBOYHOMY JTaHHOMY 11, moapdupaem npoBo Mapku AlIb ¢

pa3mepamu:

AHBxlx%; 26 =0,40mu; 115 =1,5Lun’.

<
-
5

1,8

Puc.4.2. Ceyenue Butka oomotku BH

ITonHoOE ceueHue BUTKA
I,=n,-M/=1.151-10° =1,51-10° »°.
IImoTHOCTH TOKA
J,=1,,/11,=2,9/(1,51:10°) =1,92-10° 4/ s,

Bricota oomotku BH
I, =1,=0,600m, Tak Kak |, =1,,.
YuCI10 BUTKOB B OJHOM CJIOE
W._, =1,-10*/(n,, -b’)—1=600/(1-1,80) -1 =332.
Yucno ciioeB B 0OMOTKE
n., =W,/W._, =3250/332=9,8 ~10.

Harmnpsixenue AByx ci10eB 0OMOTKHU

U,,=2W_,-U =2.332.3,73=2477B.

MexnaycnoitHas nzonsiuusa no tadmn. 4.7 — kabenbHas 6ymara mapku K-120 no 'OCT
23436 - 83E, 4 cnos, BeICTYIT M30Js1IMK 20MM ¢ Ka)KI0TO KOHITa OOMOTKH.
PanuanbHbiil pazmep 0OMOTKH

a,=[a"n,+35,., -(n,—2)+a}]-10° =

cn2 Mcn
=[1,80-10+0,48-(10—2) +7]-10"° = 0,0288.x,

37€Ch aj, = 7.mm—OCEBOM OXJaKAArOIIUi KaHa 1Mo Tadj. 9.2, a.

JI71s1 3aIUTHI OT UMITYJIBCHBIX IIEPEHANPSKEHUN 110 BHYTPEHHUHN CIION

OOMOTKHM YCTAaHABJIIMBACTCS DKpaH - pa3pe3aHHbId MO oOpasylomed MWINHIP U3
ATIOMUHUEBOr0 JIUCTa TOMUHON 0,5MM. DKpaH H30JUpyeTcsi C ABYX CTOPOH
kabenpHOM OyMaroit. O011as TOJNIIUHA SKpaHa C U30JSAIUECH 3MM.

BuyTpennuii auameTp 0OMOTKH

D, =D/+2-aj,,-10° =0,166+2-0,030 = 0, 226.;

BHEIIIHUI

D! =D, +2-a,=0,226+2-0,0288 =0, 284

[ITOTHOCTH TEIIOBOTO MOTOKA
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q,=P,,,k,, /I, =1495-1,0004 /3,589 = 417 Bm/ m* < (1200 +1400) Bm/ m°.

PacyeTHOE 3HaueHHE IUIOTHOCTU TEILIOBOIO ITOTOKA HE IPEBBINIACT IPEAEIBHOIO
JOIyCTHUMOTO 3HaYCHHS (1200 -+1400)Bm / v°.

[ToBepxHOCTH OXJIAXKIEHUS IO puUcC. 5. 22, 1 [1]
M,=cn-ky-7-(Dy+Dy)1,=3-1,5-0,83-7-(0,226 + 0, 284) - 0,600 = 3,589.1,

371ech: n=15; k, =0,83- K03 (HULIMEHT 3aKPBITHS YACTHU MTOBEPXHOCTH.

[Torepu ocHOBHBIE

P, ,=12,75-10".)7.G, =12,75-107.1,92%-10" - 31,80 = 1495 Bm.

Macca metamia 0OMOTOK

G, =8,47-10°-¢- D, -W, -1, =8,47-10°-3-[(0,226 + 0,284)/2]-3250-1,51-10° = 31,80xe.
Koaddunment 106aBoUHBIX TOTEPH

k,, =1,0+0,017-10°- #Z-d*-n® =1,0+0,017-10%-0,542-0,0014* -10* =1,0004;

By =(d-m-k,/1,)* =(0,0014-332-0,95/0,600)* = 0,542;

m=W_,-n, =332.1=332.

CornacHo T1abn. 4.5. u § 4.3 [1] npurumaeM pa3Mepbl OyMa)kKHO-OAKEIUTOBOTO
nuauHApa Mexay oomorkamu HH u BH 90,216/0,226 %0, 6601

Macca npoBojia 00OMOTOK
G,,, =31,80+(3,3-5/100)-31,80 = 37,05xe,

371ech 3,3-5% - YBEJIIMYEHHE MACChl MPOBOJA 3@ CUET MACChl M30JSIUU 10 Tad. 5.1.

= i
Gy,

N
O
O

T
O EFO\

000
000/

Puc . 4.3. Konctpykuus oomotku BH
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Puc. 4.4. OcnoBusie pa3mepsl oOMoTok HH nu BH

5. Pacuer mapaMeTpoOB KOPOTKOI'0 3aMbIKAHMS

[Torepu KOPOTKOTO 3aMBbIKAHUSA

OcHoBHBIE TOTEPH (U3 MPEIBIAYIINX PACUETOB):

obmotka HH

P .. =828Bm;

obmoTtka BH

P . =1495Bm.

Koaddurment no6aBouHbIX MOTEPH (M3 TPEABLAYITUX PACUETOB):
obmotka HH

k,, =1,004;

obmoTtka BH

k,, =1,0004.

OcCHOBHBIE NMOTEPU B OTBOJIAX.

Jlnmna orBogoB HH

| =751 =7,5-0,600=4,50.

Macca orBogos HH

G, =l T .y =450-756-10°-2700=0,92xe.

[Torepu B otBOmax HH

P, =12,75-10%.37.G
JlnnHa otBogoB BH

| . =7,51,=7,5-0,600=4,50x.
Macca orBosioB BH

G,,., =4,50-1,51-10°-2700 = 0,018xe.

omel — ‘omel

=12,75-102-1,91%-10"-0,92 = 43Bm.

omel

ome?2
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[Torepu B oTBOTax BH

P, ,=12,75-10"%-1,92%.10%.0,018 =1Bm.

IToTepu B cTeHKax Oaka U IPYyTrux dJIE€MEHTaX KOHCTPYKIUI

P, =10-k-S=10-0,015-100 =15Bm,

3aeck k=0,015 — koaduiuent mo tada. 7.1.

[TonHbIE MOTEPU KOPOTKOTO 3aMBbIKaHUSI

P =P, ,-k,+P _,-k,+P . +P, ., +P, =

=828-1,004+1495-1,0004 + 43+1+15 = 2386 Bm.

JI1s HOMHHAIIBHOTO YKCiia BUTKOB 00MOoTKH BH

P _=2386-0,05-1495-1,0004 = 2311Bm, dYTO coOCTaBisieT 2311-100/2270=1018%
3aJJaHHOTI'O 3HAYCHMUSI.

ocnl ocH2

PacdyetHoe 3HaueHHWE NOTEPb KOPOTKOTO 3aMbIKaHHUS HE  IPEBBIIIACT
npenenbHoro gonyctumoro otkinonenus 1o ['OCT 11677 - 85 go +5% ot
3aIaHHOTO 3HAYCHUSI.

Pacuer HAIIPsKCHUSI KOPOTKOT'O 3aMbIKAHUS

AKTHBHAs COCTaBJIAIOIIAS

U, =P_/(10-S) =2311/(10-100) = 2,311%;

PCaKTHUBHAA COCTABJIATOIIAA

U - 7,9-f.§"-p-a,k, 40t _ 7+9-50-33,3-1,026-0,0451:0,960

? u,’ 3,73

rae: f=x-dy,/l, =-0,196/0,600 =1,026;

d,, = D{"+aj,,, =0,166+0,030 = 0,196.;

a,=al,, +(a+a,)/3=0,030+(0,0165+0,0288)/3=0,045Lu;
k, =1-0=1-0,040 = 0,960;

o = (), +a +a,)/(x1,)=(0,030+0,0165+0,0288)/(z -0,600) = 0,040.
Hanpsxkenne KOpoTKOro 3aMbIKaHUS

107" = 4,200%;

U, =JUZ+U? =/2,311° +4,200° =4,794%, 4TO COCTABISCT 4,794-100/5,0=95,9%
3aIaHHOT'O 3HAYCHU .

PacuetHoe 3HaueHHME HaINpPsSIKEHWS KOPOTKOIO 3aMBIKAHHUS HAXOIMTCS B
I'PaHMLIAX Ipesesia JOIMYCTUMOr0 OTKIOHEHHUS 10 £5% OT 3aJaHHOTO 3HAYEHUS.
VY CTaHOBUBIIICHCS TOK KOPOTKOTO 3aMbIKaHUsl (IIpH S, =)

l,, =1,,-100/U, =2,9-100/4,794 = 60,54,

MrHoBeHHOE MaKCUMaJILHOE 3HAUEHHE TOKa KOPOTKOI'O 3aMBbIKAHMA
e = /2 K -1, =1,707-60,5=1034,

npu U, /U, =4,200/2,311=1,82 J2k . =1,707- o Tab. 7.3.
Pagnanpuast cuia

F, =0,628- (i -W,)? - -k, -10° = 0,628 (103-3250)* -1,026 -0,960-10° = 69314 H.
Cpennee cxxumarolee HanpsbkeHue B mpoBogax oomorkun HH
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F 69314

P

O = =
P 2xW,-TI, 27-62-75,6-107°
obOecrieunBaeT YCJII0OBHC CTOMKOCTH 06MOTOK, TaK

= 2,36 MIla <15MIla.

HOHY‘-ICHHOG 3HAa4YCHHUC O

coe.p

KaK HE IMPEBBINIACT NIPEAEIBHOr0 A0NyCTUMOro 3HaueHus 15MlI]a.
CpenHee pacTsruparoliiee HanpspkeHue B mpoBogax ooMotku BH

F, 69314

O = =
? 27W,-Tl, 27-3250-1,51-10°°
3HaueHUEe o , TAKXKC YIOBJICTBOPACT YCJIIOBHIO CTOMKOCTH O6MOTOK, TaK HC

=2,25MIla < 25MI1a.

MPEBBIIIACT MPEACTbHBIX TOMyCcTUMBIX 25MI]a.
OceBble criibl B 0OMOTKaxX
Foc = 7’5'd12 ’[aizaxp + (al +a2)/2]'(ikmax 'Wuz)z ‘K ’1076/122 =
=7,5-0,196-[0,030+(0,0165+0,0288)/2] - (103-3096)* - 0,310-10°/0,600% = 6777 H,
rae: K=Al-ky+A2-k, =1667-0,186+0=0,310;
A1=1,0/l, =1,0/0,600=1,667 - o Tabxn. 7.4;
ky, =0,33-1,15-a,/I, =0,33-1,15-0,0753/0,600 = 0,186;
ay = ayy,,, +a, +a, =0,030+0,0165+0,0288 = 0,0753»;
ko, =0.
OceBble CWIbI IEUCTBYIOT Ha 00€ 0OMOTKM 1o puc. 5.1. Haubonbiias oceBas

Chjla BO3HHUKACT B CCPCAHMHC BBICOT ooMoTok. B CCPCANHC BLICOTHI OOMOTKH HH,

PIMCI-OIHGI?I MCHBIIINMN pa,Z[HaHBHBIﬁ pasMcEp, CKUMArOMICC HAIIPAKCHHUC

O..= For o777 =1,70MIla <15Mlla,

@~ 7D, -a x-[(0,133+0,166),2]-0,0085

1ep
31eCh a'=2-0,00425=0,0085m - CyMMAapHBIM paguajbHBIM pa3Mep MNPOBOAOB
obmotku HH.
Temneparypa oOMOTOK dYepe3 tk = 4c mociae BO3HUKHOBEHHS KOPOTKOTO
3aMBbIKaHUS

670-t, 670-4
= 6712 +0, = 2
5,5-U,/(J-10°)] —t, 5,5-[4,794/1,92]° — 4
rae J - HanOobInas MIOTHOCTh TOKa,;
®,, - HayanbHas TeMreparypa oOMOTOK, 00br4HO O, =90°C.

+90=178,5°C < 200°C,

[TomyyeHHOEe 3HaAYEHHWE TEMIIEpaTyphl IIOCIE€ BO3HHUKHOBEHUS KOPOTKOTO
3aMBbIKaHMSI HaXOAUTCSl HIDKE Tpezena gomyctumoro Harpea mo 'OCT 11677 - 85
TUTST AlFOMUHNEBBIX 00MOTOK 110 200°C.

Bpewms noctmxenus temnepatypst 200°C

to = 0,79-[U, /(J-10°)]* =0,79-[4,479/1,92]" ~ 4,9c.
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obnoTEa 1 obnroTea 2

1 2 l Fz=0 l F==0
Feml=6777H Fewi2=G77TH
T F==0 T Fa=l
Faor Far

Puc. 5.1. PacnipeienieHre 0CeBbIX MEXaHUYECKUX CUJI B OOMOTKaX
TpaHchopmMaropa
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6. Pacuer MaruuTHOI cucteMsbl TpancgopmaTopa

Ornpenenenne pa3aMepPOB MarHUTHOM CUCTEMBI U MACChI CTAJIN

[IpuHsTa KOHCTPYKIMA Tpex(a3sHOM IIJIOCKOM IIMXTOBAaHHOM MAarHUTHOM
CUCTEMBI, COOMpaeMoOl U3 TIJIACTHH XOJOJHOKATAHON TEKCTYPOBAHHOW CTalld MapKu
3404 Tommmuou 0,30mm mo puc. 6.1 u 6.2. CTepKHM MArHUTHONW CHCTEMBI
PACKIIMHUBAIOTCS ¢ OOMOTKOM, sipMa TpecCyloTcsl SpMOBBIMH Oasikamu. Pa3mepbl
MaKeTOB BBIOpaHBI 10 Ta0JI. 8.2 st cTepkHs auamerpoM 0=0,125M 6e3 mpeccyrorieit
MJIACTUHBL. YHCIIO CTYMHEN B CEUEHHUU CTEPKHS 6, B CEUCHUU sipMa S.

Pa3mepsl MakeTOB B CEUEHUH CTEPXKHS U sipMa, 1o Tab. 8.2:

No makera CrepxeHb, MM Spmo (B mosioBUHE
MONEPEYHOT0 CEYEHUS ), MM

1 120x18 120x18

2 105x16 105x16

3 95x6 95x6

4 85x6 85x6

3 65x7 65x13

6 40x6 -—--

OO11ast TONIIMHA AKETOB CTEPKHS (LIMPUHA SIpMa) —
2-(18+16+6+6+7+6)-10°=0,118m.

[Inomanp cryneHyaToi (Urypsl CEUeHUs CTEPKHS 10 Tab. 8.6:
HW =112,3cm? =0,01123m%;

apma

11, ,=1153cu” =0,01153x°.

O0beM yriia MarHUTHON CUCTEMBbI

V, =1194cx’ = 0,001194.°.

AKTUBHOE CEUCHUE CTEPKHS

1, =k, 11, =0,95-0,01123=0,010669";

apma

I1, =0,95-0,01153 =0,010954".

O0bem cTaliv yriia MarHUTHOW CUCTEMBbI

V, .. =k, -V, =0,95-0,001194 = 0,0011343".

y,cm

ApMO
¥ 40 ¢ @

g5 f‘“‘x_
85 (da]

105 Ex—
IJ 120 LI =
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Puc. 6.1. Ceuenue cTepkHs U sipma

JlnmrHa cTepKHs

| =1,+2-1,=0,600+2-0,050 =0, 700

PaccTositnue Mex 1y ocsiMU CTEpKHEN

C=DY+a),-10° =0,284+0,020 ~ 0,305.

Macca cranu crepkHen

G, =G +G! =171,40+3,34 =174, T4xz,

rae. G, =3:1.-11, -y, =3-0,700-0,010669- 7650 =171, 40xe;
G!=3-(I1,-a,7,,~G,)=3:(0,010669-0,120- 7650 -8, 68) = 3, 34x.
Macca ctanu yriia MarHuTHOM CUCTEMBI

G, =V =0,0011343-7650 =8, 68«e.

Macca cranu sipm

G,=G,+G/=211,-2:-C-y,, +2-G, =
=2-0,010954-2-0,305-7650+2-8,68 =102,23+17,36 =119, 59«e.
O6m1as macca cranu

G, =G, +G, =174,74+119,59 = 294, 33xe.

y,cm cm

[ ]
=
| * - pazmen
nna

Loy ¥ CNPaEnK

i [}

by S 3
&

I = N
305 305

Puc. 6.2. OcHOBHBIE pa3Mepbl MATHUTHOW CUCTEMBI
Pacder norepp xosocroro xona

NHnykus B cTepkHe

B, =U,/(4,44- f -T1) =3,73/(4,44-50-0,010669) =1,575Tx.

Nupykuus B sipme

B, =U,/(4,44- f -T1 ) =3,73/(4,44-50-0,010954) =1,5357x.

NHaykuuysa Ha KOCOM CTBIKE

B, =B [\2=1575/2 =1115Tx.

[Inomane ceyeHuss HEMArHUTHBIX 3230POB Ha MPSIMOM CTBIKE CPEAHETO CTEPKHS
PaBHBI COOTBETCTBEHHO aKTUBHBIM CEUEHHUSIM CTEpKHS U spMa. [lmomans cedenus
CTepIKHS Ha KOCOM cThIKe 11 = IT -2 =0,010669-~/2 = 0,0151x>.

VY nenbpHBIC TOTEPH JIJIST CTAIH CTEPIKHEH, IPM U CTHIKOB 110 Ta0. 8.10 myis cramu
Mapku 3404 TonmmnoK 0,30MM P MIUXTOBKE B JIBE MJIACTUHBI:
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npu B, =1575Tx p,=1,180Bm/ke; p.,=955Bmlm?;
npu B, =1,535Tx p,=1,100 Bm/«e; p,, =899 Bm/un*;
npu B, =1,115Tx p,, =443 Bm/ m?.

Ha ocnoBanuu ta6n. 8.12 u § 8.2 [1] npuanmaem kospduuuentsr: Kk, , =105,

YUMUTBIBAIOIIMM BIUSHUE PE3KU IIOJOCHl pyJioHA Ha IUIacTuHbl;, K, =100,

n

YUUTBIBAIOUIMN yJalleHue 3ayceHues, k, =100, yuuTbiBarommi (opMy CEUCHHS
n,u :1’01

, VUNATHIBAIOIIMKA BIUSHHUC TEPCIINXTOBKH BEPXHETO SpMa OCTOBAa IIPH YCTaHOBKE
00MOTOK.

ITo Tabn. 8.13 Haxoaum KO3()UIMEHT yBEINYEHHS IOTEPD B yrmax k,  =10,45.

ApMa Ha notepy; K, , =103, y4UTHIBAIOIINY BIUSHHE IIPECCOBKU HA IIOTEPH; K

IToTepu xosmocToro xoaa

Px :[kn,p 'kn,x (pc .Gc+pﬂ G}; _4'p;z 'Gy+015'(pc+p;z)'Gy'kn,y)+2p3 'l’l3 'Hg].kn,;z .kn,n .kn,m =

=[1,05-1,00-(2,180-174,74+1,100-102,23—-4-1,100-8,68+0,5- (1,180 +1,100) -10, 45-8, 68) +
+443-4-0,0151+955-1-0,010669 +899-2-0,010954]-1,0-1,03-1,01 = 478 Bm,

qTO cocTaBIAeT 478-100/465=102,8% 3aJaHHOIO 3HAYCHMUA.

PacyeTHOE 3HaueHHWE NOTEPh XOJIOCTOTO XOJa HE IPEBBIMIACT MPEACTBHOTO
nomyctumoro otkioHeHus o I'OCT 11677 — 85 no + 7,5% ot 3ajaHHOTO 3HAYEHUS.

Pacuyet TOKa X0JIOCTOrO X0J1a

ITo Ta6n. 8.17 HaxoauM yjae/ibHbIE HAMAarHUYMBAIOIIE MOITHOCTH:

mpu B, =1575Tn o =1,578B-A/xz; d,,=21750B- Al m?;

npu B,=1535Tn q,=1413B-Alxe;, q,, =18980B- A/ m*;

npu B, =1115Tx q,,, =27258- A/ v*.=2725 B-A/m?.

JIns TpUHATOM KOHCTPYKUMHM MAarHUTHOM CHUCTEMBI W TEXHOJOTHH €€
U3TOTOBJICHUS NPUHMMaeM Kodpduuuentsr mo tadm. 8.12 m § 8.3 [1]: k, =118,

Koc

YUUTBIBAIOIIMM BIUSHUE PE3KU IIOJOCHl pyJoHAa Ha IuIactuHbl;, K, =100,
YUYUTBIBAIOIIWKI BIIMAHUE Cpe3aHue 3ayceHues; K, . =140, ydUTBIBAIOIIUN ILIUPUHY
IUTACTUH B yIJIax MarHUTHOW cucteMsl; K, , =100, ydurbBaromuii GopMy ceueHUs
apMa; Kk, =1,045, yduTHIBAIOIIMN BIIMSAHHUE HPECCOBKH; K, , =101, yduThIBaromun

MEePENIMXTOBKY BEPXHETO sipMa.
[To Tabn. 8.20 npunumaem KOIPOUIIMEHT YBEIUYEHUS TOTEPh B yriax
K,  =4210, yYuThIBAIOIIMI yBETUUYEHUE HAMarHUYMBAIOLIEH MOITHOCTH B yrjax B

3aBHCUMOCTH OT MX YKCJIa, TOT1a HAMarHM4YMBAaroOIIasi MOIHOCTH XOJIOCTOI0 X0/a
Q, =Ik, ,k,.(d.-G.+q,-C, —-4-q,-G,+0,5-(q, +q,)- K, , -k

m,y " m,nn

+2725-4-0,0151+21750-1-0,010669 +18980-2-0,010954]-1,0-1,045-1,01 = 22738 - A.
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Tox xoJyocToro xona

i =Q./(10-S) = 2273/(10-100) = 2, 273% < 2,6%.

PacdeTHO€ 3HaUE€HHE TOKA XOJOCTOrO XO0Ja MOJYYHJIOCh MEHBIIE 33/IaHHOTO, a
tak kak ['OCTom 11677 - 85 oTKJIOHEHHE HOPMUPYETCS TOIBKO B OOJIBIIYIO CTOPOHY
(Ai,<+15%), TO MOTy4YEeHHBIN PE3yJIbTAT JOITYCTUM.

AKTHBHAas1 COCTaBJISIOLIAs TOKA XOJIOCTOTO X012

i, =P _/(10-S)=478/(10-100) = 0,478%;

pEeaKkTUBHAs! COCTABJISIFOLIAS

i, =i —i%, =+/2,273° —0,478% = 2,222%.

7. TenioBou pacyer TpaHcpopmaropa

TennoBoil pacueT 0OMOTOK

BayTpennuit nepenaj TeMIeparypsl:
oomoTtka HH

@, =0, -6/, =437-0,25-10"/0,17=0,64°C,

/i€ O- TOJIIMHA U30JISLIUU ITPOBOJIa HA OJIHY CTOPOHY;
A, =017Bm/(m-°C) — TEIIONPOBOAHOCTE OYMasKHOMW, IPOIUTAHHON MAacioM,

M30JIAIIMHY TTPOBOJIa 1Mo Tad. 9.1;
oomotka BH
0, = P2 -ay _47711.0,0132° 3,00°C.
8- 4, 8-0,336

r7ie: OTEPH B €AUHHUIIC 00BheMa

~2,71.0;-d? 1002271, 92°-10*-1,40°-10°
Po=@ys ) T (1,80+0,48)-1,80-10°°
CpeaHsisl TeIIONPOBOAHOCTH OOMOTKH

_A-4,.-(d'+5,) 0,454-0,17-(1,80+0,48)-10°°

? A.8,_+A,-d"  (0,454-0,48+0,17-1,80)-10

cpeansaAa yCJIOBHaAsA TCINIOIIPOBOAHOCTD

A=2,_1(0,7-a)=0,17/(0,7-.J0,286) = 0,454 Bm I(- °C);
3mech o =(d’—d)/d =(1,80-1,40)/1,40 =0, 286;
palHaIbHBIN pa3Mep BHEIIHEW KaTyIIKU

a, =[1,80-6+0,48-(6—1)]-10° = 0,0132;

CpPEIHUI BHYTPECHHUH Iepenas

®,, =(2/3)-3,09=2,06°C.

[Tepenaa Temmnepatypbl Ha TOBEPXHOCTH OOMOTOK:
obmoTtka HH

® L= k-q° =0,285-437%° =10,94°C,

oM

3neck k=0,285 — koadduruent mo ¢.425 [1];

10 = 47711Bm | m?;

=0,336Bm/(m-°C);

oomoTka BH
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®,,, =k-0;° =0,285-417°° =10,64°C.
[TpeBbliieHne cpeHel TemnepaTypbl 0OMOTOK HaJl TEMIIEpaTypoi Macia:

oomorka HH
®,, =0,+0,, =0,64+10,94=1158C;

o,M
cp

oomorka BH
®,, =0,+0,, =206+10,64=12,70°C.

0 Mepo
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TensoBoii pacuer 6aka

[To Ta6n. 9.4 B COOTBETCTBHM C MOIIHOCTHIO TpaHc(opmaTopa BbIOMpaeM
KOHCTPYKIIMIO 0aka cO CTEHKaMH B BHJI€ BOJH 1o puc. 9.14 [1]. M3onsunoHHbIC
PACCTOSIHUSL OTBOJIOB ONpeJeNisieM 0 Mpeccylolel 0alku BEepXHEro sipMa U CTEHKU
Oaka. Jlo oOKOHUaTenbHOM pa3paOOTKM KOHCTPYKIMU BHEUIHUE Ta0apuThl
IpecCyIomux OaloK MPUHUMAEM paBHBIMU BHEITHEMY rabaputy oomMotku BH.

MuHuMansHas mupuHa 0aka
B=D, +(S;+S,+d,+S,+S,+d,)-10~.
N30511mM0HHBIE pACCTOSHUA:

S, =30mm (st otBosa U, =55«kB, MOKPBITHE 2MM, PACCTOSIHUE JO CTEHKH Oaka
o tabm. 4.11);

S, =32wm (mis oTBOA U
OaJIKu BEpXHETo sipMa 1o Tadi. 4.11);

S, =20mm (st oTBoAa U, =5kB, OKPBITUE 2MM, pacCTOSIHUE 10 CTEHKH Oaka
o Tabn. 4.11);

S, =30mm (ns otBoga U, =0o 35kB, 1uist 0OMOTKM U, =55«B , TOKPBITHE 2MM

1o 1adi. 4.12);
d, =20mm; d; =10mm -110 €.430 [1].

=55kB , MOKPBITUE 2MM, PACCTOSHUE JI0 MIPECCYIOIIEH

ucn

S1=30 tm oTe0g BH 53=20 tm S
d2=20 tam (@) d1=10 tam
S4=30mm

S2=32 1am

- oY -

Iﬂ' -
A1 '
e e £ =
ofimoTea BH obmoTka BH

Puc. 7.1. Onpenenenne 0OCHOBHBIX paccTosiHuil oT 00MoTku BH 10 cTenku Oaka

[upuna 6axa
B=0,284+(30+32+20+20+30+10)-10° =0,426.x,

npuHUMaeM B =0, 440.m.

JlnuHa Oaka
A=2-C+B=2-0,305+0,440 =1,050.m.

BricoTa akTHBHOM YacTH
H,,=I,+2-h,+n.10° =0,700+2-0,120+0,05 = 0,990,
31ech n=(30+50)mm - TOJIIMHA OpyCKa MKy JHOM O0aka U HIXKHUM SPMOM.

[IpuauMaeM paccTOSIHHE OT BEpPXHEro sipMa M0 KpBIMIKM Oaka mo Tabdma. 9.5
H, . =310mu=0,310m.
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['myOuna 6aka

H,=H,, +H, =0,990+0,310=1,300.

JlomycTrMoe TIpeBBIICHHE CPEIHEH TeMIlepaTypbl Maciia HaJl TeMIIepaTypon
OKpyXarIlero  Bo3ayxa  Juii  Hambonee  Harperoir  oOmotku  BH
©,, =65-0,, =65-12,70=52,30°C.

, ey

[IpeBblllieHHe TEMIIEPaTyphl Macia B BEPXHHX CIOSIX B OTOM Cilydae OyueT
®,,,=12:0,,=12-523=62,8°C>60°C. B sToM cily4ae 10 peKOMeHIaluu Ha C. 434

M,8,8

[1] npunmmaror © ,, =60°C.

M8

Jl7is pa3BUTHS JOJHKHON MOBEPXHOCTH OXJIAXKICHHS HMCIOJIb3YEM CTEHKY B BUJE
BOJIH CJICTYIOIINUX Pa3MEpOB:
ITyOHMHA BOJIHBI b =55mu;

IIMPHUHA MacIgHOT0 KaHalla ¢ =30mwm;

[IMPUHA BO3AYILIHOIO KaHajla a = /Smm 110 COOTHOIIEHHUIO a/c=2,5;
TOJIIMHA CTCHKH ¢ =1, 0mnm;

BBICOTA BOJJHUCTOM CTeHKM H, =H_—-0,1=1,30-0,1=1,20mm.
IToBEpXHOCTD U3IIyYEHHUS CTCHKU

m,,=[2-(4-B)+7-(B+2-b-10°)]- H, =[2-(1,05-0,44) + 7 - (0,44 + 2-0,055)]-1, 20 = 3,536 1.%.

Pa3BepHyTas miHa BOJHBI

| =[2-b+t—0,86-d]-10"° =[2-55+107—0,86-30]-10° ~ 0,191

II1ar BOJIHBI CTEHKHU

t=(a+c+2-8)-10°=(75+30+2-1)-10° =107 .

Yucao BoH

m=[2-(A—B)+x-B]/t=[2-(1,05—0,44) + z-0,44]/0,107 = 24,3,

IIPUHUMAEM M =24 BOJIHBI.

[ToBepXHOCTh KOHBEHIIUN CTCHKH

., =m-l -k -H, =24-0191.0,997-1,20 =5,484n>

3nech k, - KO3((UIIMEHT, YUYUTHIBAIONINI 3aTPyIHEHUE KOHBEKIIMU BO3JyXa B
BO3IYIIHBIX KaHAJIaX BOJIH,

k, =1-a®/190=1-0,733?/190 =0,997;

a=b/a=55/75=0,733.

[ToHast MOBEpXHOCTH M3TyUEHUs OaKa

1,=1,,+11,+0,5-1I ,=3536+0,257+0,279 = 4,072:°,

r7e: TOBEPXHOCTh KPBIIIKK Oaka
M, =05[(A-B)-(B+0,10)+ z-(B+0,10)* /4] =
=0,5-[(1,05-0,44)- (0,44 +0,10) + 7 - (0,44 +0,10)? /4] = 0, 27917,
3nech: 0,100M — yaBOeHHas IIMPUHA BEpXHEH paMbl OakKa;
ko3 uienT 0,5 yuuThIBaET 3aKphITHE MOBEPXHOCTU KPBIIIKKA Oaka BBOAAMU
Y apMaTypou.

IToBepXHOCTh BEpXHEHN pambl Oaka
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11,=01-t-m=0,1-0,107-24 =0, 257°.
[TosHAs HOBEPXHOCTh KOHBEKIIUK OaKa
I =1+, +II =5484+0,257 +0,279 = 6,020.".

0
|
i
i
i
i
i

Puc. 7.2. ®opma 1 OCHOBHBIE pa3Mephl CTEHKH 0aka ¢
BOJIHAMU

CpenHee TpeBBIILIEHHWE TEMIIEpaTypbl CTEHKHM ©Oaka HaJ TeMIlepaTypoi
OKPY KaroIIEero Bo3ayxa
o :{ 1,05-(P_+P) T’s :{ 1,05.(2311+478)
% 12,8, +2,5-TT 2,8-4,072+2,5-6,020
Cpennee npeBbIIIEHUE TEMIEPATYPbl Macia BOJM3H CTEHKH HAJl TEMIIEPATypoid
CTEHKH Oaka

0,8
} =43,19°C.

0,6
©,,= O,lGS-{M} _ 0,165.[1, 05-(2311+478)

Y1, 6,020

[IpeBpllicHHE CpENHEN TEMIEpaTyphl Macjiaa HajJ TEMIIEpaTypod BO3Ayxa
0,,=0,,+0,, =676+4319=49,95°C.

[IpeBpiieHHEe Temmeparypbl Macja B BEPXHHUX CJOSX HAJ TeMIepaTrypoun
BO31yxa O, =120, =12-49,95=59,9°C <60°C.

[IpeBbIieHne cpeaHeit TemnepaTypbl 0OOMOTOK HaJl TEMIIEPATYpPOH BO3ayXa:
oomorka HH
®,,=0,,, +0, =064+10,94+49,95=6153°C <65°C;

0,61 - 0,Mcp

0,6
} =6,76°C.

M,68

oomorka BH
®,,,=0,,,, +0,,=206+10,64+49,95=62,65°C < 65°C.

0,6 o,Mcp

[IpeBbIlieHre TemnepaTypbl Macia B BepXHux ciosix 0, .. <60°C u o0MOTOK

M,8,8

0,,< 65°C nexar B npeaenax gonycrumoro Harpesa o 'OCT 11677 - 85.
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Puc. 7.3. Pa3menienre akTUBHOM 4acTu TpaHchopmaropa B Oake

Onpenenenne Maccel Macia
OO0beM Oaka
V, =H,-[(A-B)-B+7-B*/4]=130- (1,05-0,44)-0,44 + r-0,44% /4 | = 0,547 1",
OO0OBeM aKTUBHOM YacTH
G +G
v -12.80*Co 15574429433 0 ) s
' Vu 5300
IJIe: Macca MmpoBoaa 0OMOTOK
G, =G, +G,,, =1869+37,05=55,74xe;

Vu. = (5000+5500)xe / m® — cpemHsist INIOTHOCTD AKTUBHOMN JacTu npu

npl np2

ATIOMUHUEBBIX OOMOTKAX.
O0OpeM Maciia B Oake
VM =V, —VM =0,547-0,074=0,473".
Macca macia B 0ake
G, ,;=900-V, ;=900-0,473 =42551x.

O0BeM pacupuTes
V, ~0,1-V,; =0,1-0,547 ~ 0,055,

ITo Tabn. 4.2 [2] cpaBHMBaeM pacCUYMTAHHYIO MAacCy Maclia CO CTaHIAapTHBIMHU
Ta0JIMYHBIMU 3HAYCHUSIMH U BBIOMpPAEM pACIIMPUTENh, HanOoJee MOIXOMAIUN K
MOJIYYEHHOW Macce Maciia, C pa3Mepamu:

BHYTpEHHUI tuametp — 250Mm;

uHa — 660MM;

TOJIIIIMHA CTEHOK — 1,4MM;

JMaMETP COSTUHUTENBHOTO maTpyoka — 19,05mm;

BEC MacJlia B pacuipurene — 2 1kT;

BeC Maciia B niporoturie” - 0,4T.
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8. 3akiouenue

B nmanHOM mpoekTe ObUT pacCyuTaH CHJIOBOM IMOHMKAIOUMIMKA TpaHchOpMaTop
MomHOCTRI0 100kB-A ¢ adfOMUHHMEBBIMH OOMOTKAMH M CXEMOW COEIUHEHUS
0o0OMOTOK Y /Y,, .

B xoxe pacyera ObuIH MOTYYEHBI CAEAYIOIIHNE PE3YIbTATHIL:
MHIYKIHSA B CTEPKHE B, =1,57577,
pacyeTHOE 3HAYEHUWE WHIAYKIMU HAXOAWTCA B TpaHUIAX HHTEpBaja,
pekoMeHryemoro 1adi. 2.4, (1,55+1,60)7x,
CpeIHsS INIOTHOCTB ToKa J,, =2,045-10° 4/ %,

pacuyeTHOE 3HAYEHUE CPEAHEW IUIOTHOCTHM TOKAa HE BBIXOAUT 3a pPaMKH
HHTEPBala, peKOMEHIyeMoro 1aoi. 5.7, (1,2+2,5M - A/ u;
IUIOTHOCTH TEIIOBOI'O IIOTOKA OOMOTOK HH ¢, =437Bm|m*v BH q,=417Bm/ m?,

pacueTHble 3HAYEHUA IUIOTHOCTEM TEIUIOBOTO TIOTOKA HE MPEBBIIAIOT
MpeIeIbHO JOMYCTUMBIX 3HAYCHHH (1200 -+1400)Bm/ m*;
IIOTEPU KOPOTKOIr'o 3aMbIKaHUs P_=2311Bm, 4TO cocTaBiadeT 101,8% 3a7aHHOTO

3HA4YCHUS,;
pacyeTHOE 3HAYE€HUE IIOTEPh KOPOTKOIO 3aMBIKaHHUS HE  I[IPEBBIIIAET
npeaensHoro gonyctumoro otkionenus 1o ['OCT 11677 - 85 1o +5% ot
3aJJaHHOI0 3HAYEHMUS,
HalpsDKEHUE KOPOTKOTO 3aMbIKaHusl U, =4,794%, dYTO cCOCTaBIIIET 95,9%

3aJJaHHOTO 3HAYEHUS,
pacueTHOE 3HAYCHUE HAIpPSHKEHUsT KOPOTKOIO 3aMbIKAHUS HaXOIWUTCA B
rpaHulax Ipejelia J0MyCTUMOTro OTKIOHEHHS 10 + 5% OT 3a1aHHOTO 3HAYCHUS;
cpeaHee CKUMAroIIee HalpspKeHne B poBoaax oomotku HH
o = 2,36 MIIla <15MIla,

coic.p

IMOJIYYCHHOC 3HAYCHUC O cre.p HC TIPCBbIMIACT IMPCACIBHOIoO AOIIyCTHUMOI'O

3HadyeHusa 15Mlla;
cpeaHee pacTsATUBarollee HaMpsHbKeHWe B TpoBoaax oomoTku BH
c,= 2,25MIla < 25MIla,

ITOJIYYCHHOC 3HAa4YCHHUC o, TaKXKC YIAOBJICTBOPACT YCJIOBHIO CTOMKOCTH

00OMOTOK, TaK KaK He MPEBBIIIACT MpeIeTbHO nomycTuMbIx 25MIla;

TeMIiepaTypa oOMOTOK uepe3 4 ¢ mociie BO3HUKHOBEHHSI KOPOTKOTO 3aMbIKaHHUS
©®=178,5°C <200°C,

NOJIYYEHHOE 3HAYEHHUE TEMIIEPATypbl TMOCJIE€ BO3HUKHOBEHHS KOPOTKOTO
3aMBbIKaHMSl HE TMPEBBIIAET TNPEACIBHO  JOMYCTUMOM  TeMmIepaTypbl s
ATFOMHUHHEBBIX 0OMOTOK 200°C;

IMOTEPHU XOJOCTOr0 Xoja P _=478Bm, 4Yrto cocraBisier  102,8% 3agaHHOIO

3HA4YCHMUS,
pacueTHOe 3HAYEHHE MOTEPh XOJIOCTOIO XOJila HE MPEBBIMIACT MPEACIHHOTO

nomnyctumoro otkinoHeHus no I'OCT 11677 — 85 no + 7,5% 0T 3a7aHHOTO 3HAYEHUS;
TOK XOJIOCTOI'O Xo1a i, =2,273% < 2,6%,
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pacyeTHOE 3HAYEHHE TOKA XOJIOCTOrO XOJa IMOJYYHJIOCh MEHbILIE 33JaHHOro, a
tak kak nmo 'OCT 11677 - 85 OTKIOHEHHE HOPMHPOBAHO TOJIBKO B OOJIBIIYIO
ctopony (Ai,<+15%), To moyiyueHHOE 3HAUEHHUE TOKA XOJIOCTOrO X0/1a JOIMYCTUMO;

NPEBBIIICHUS] TEMIEpPaTypbl Macjia B BEPXHHUX CJOSX HaJ TeMIEepaTypoi
BO3MyXa @, ,,=59,9°C<60°C u cpemHeli TeMIepaTypbl OOMOTOK HaJ TEMIIEPATypOi
=6153°C<65°C u BH ©,,,=62,65°C<65°C  nexar B
npexaenax gomycrumoro Harpesa mo ['OCT 11677 - 85.

N3  BblllIeCKa3aHHOTO  CJEAYyET, UYTO pPAaCCUUTAHHBIM  TpaHchopMarTop

COOTBETCTBYET TEXHHUYECKUM TPeOOBAaHUSAM, U3JIOKEHHBIM B I1.1, 3HAUMUT 3alaHHE Ha
KYPCOBOM ITPOEKT BBIIIOJIHEHO.

M,8,6

BOo3yxa oomMotok HH ©

0,61
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KPUTEPUM OLIEHKU 3HAHUM ITPU 3AIIIATE
KYPCOBOI'O ITPOEKTA

3amuTa KypcoBOTO INPOEKTa SIBJSETCS 3aBEpPILIAIONIMM ATAaloM JIaHHOTO BHJA
3aHATUS U CIYKUT (OPMOI TPOBEPKHU BBINOJHEHHS CTYICHTAMHU 3allaHUi K
KypCOBOMY IIPOEKTY U YPOBHSI YCBOCHHS y4eOHOTO MaTepuraia.

3aiuTa IpOBOJUTCS B COOTBETCTBUM C TpaMKOM JI0 Hayasia 3K3aMEHaLMOHHON
CECCHH U MPUHUMAETCSI KOMHUCCHEH, YJICHBl KOTOPOW 3aJal0T BOMPOCHI MO CYIIECTBY
BBITIOJTHEHHON pa0OThI M BBIHOCAT peIIeHUe 00 OLIEHKE.

OrneHka «OTJIMYHOY» BBICTABISETCS CTYJACHTY, OOHAPY>KUBIIEMY BCECTOPOHHUE
CHUCTeMaTUYEeCKuEe U TIyOOKHe 3HaHMs MaTepuaja Mo KypcOBOMY MPOEKTY, YMEHHE
CBOOO/IHO BBITOHSTD 3a/1aHUS.

OreHka «XOpouIO» BBICTABISETCS CTYACHTY, MMOKA3aBIIEMY CHCTEMAaTUYECKUI
XapakTep 3HaHUM 110 TeMe KypCOBOTO IIPOEKTA.

OneHka «ya0BJE€TBOPUTEIbHO» BBICTABISETCS CTYACHTY, JOINYCTHUBILIEMY
NOTPEIIHOCTY TPHU  BBIMOJIHEHUMH KYpPCOBOTO MpOEKTa, HO 00JajamieMy
HEOOXOUMBIMU 3HAHUAMH JUISl UX YCTPAHEHUS.

OneHka «HeyAOBJI.» BBICTABIAETCA CTYACHTY, OOHapyXHUBLIEMY NpoOesbl B
3HAaHHUAX OCHOBHOIO MaTepuana, JONYCTHUBIIEMY HPHUHLMIINAIbHBIE OLIMOKH B
BBITIOJTHEHUH KYPCOBOI'O ITPOEKTA.
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[Tpunoxenue 1

3aBeayroieMy Kadgeapoi TpaHCIIOPTHO-
AHEpPreTHIeCKuX cucteM YebokcapcKoro
uHctuTyTa (hrnmrana) MoCcKOBCKOTO
MOJIUTEXHUYECKOTO YHUBEPCUTETA

CTYJIEHTa

rpymnmna
TEI.

3asBJICHHUC.

HpOIIIy 3aKpCIIUTh 3a MHOM TCMY KYPCOBOI'O IIPOCKTA

«

»

10 TUCLHUIIJINHE
«

».

N HAa3HAYUTb PYKOBOJHUTCICM

CryneHT / /
(monuck) (®UO crynenTa) (mara)

PykoBoauteb / /
(monuck) (®UO crynenTa) (mara)

3aBenyromiuii Kapeapoit N /
(o 1HCh) (®UO 3as. xadenpoir) (mata)
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[Ipunoxenue 2
MUWHHUCTEPCTBO HAYKH U BBICILIETO OBPA30BAHMSI POCCUICKOM ®EJEPALIAA
®EJEPAJIBHOE T'OCYJAPCTBEHHOE ABTOHOMHOE OBPA3OBATEJbHOE YUPEKIEHUE
BBICHIET'O OBPA30BAHUSI «<MOCKOBCKHI1 TOJUTEXHUYECKU YHUBEPCUTET»
YEBOKCAPCKUIA HHCTUTYT (PUJIMAJ) MOCKOBCKOTI'O IMOJUTEXHUYECKOTO
YHUBEPCUTETA

Kadeapa TpaHCIOpTHO-2HEPreTHYECKHE CHCTEMbI

KYPCOBOMU ITPOEKT

o AMCIMIIJINHE «3JICKTpI/I‘IeCKI/Ie MallIunHbD>

HaumMeHnoBaHue TeMbI

Per.nHomep Beimonnun:

CTYJIEHT __ Kypca, TpYIIbI
dhopMbI 00yUEHHS
10 HampasieHuto moarotosku 13.03.02
«INEKTPOIHEPIETUKA U IJICKTPOTEXHUKA»

®.1N.0.

Hay4Hb1i1 pykOBOOUTEND:
JlonymeHa k 3amure

« » 202_r' JOJIDKHOCTbB, 3BAHUC
F—— ®.1.0.
3amnmTa KypcoBOro NpoeKTa:
Ouenka
Jata « » 202 r.

[Toanuce HAyYHOTO PYKOBOJIUTENS

Yebokcapsl 202 T.
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[Tpunoxenue 3
OT3bIB PYKOBOJAUTEJIA
HA KYPCOBOM MPOEKT

CryneHt
Kadenpa TpaHciOpTHO-?HEPTe€TUYECKUE CHCTEMBI
HampaBnenue noaroToBku (CeMUAIbHOCTD) ¥ POMUITH (CTICTIHATH3AITHIS )

HaumenoBaHue TeMBI;

PykoBoaurens:

JIOJDKHOCTB, 3Banue, ©.1.0.

1. AKTyanbHOCTb TEMBI KypCOBOT'O MPOEKTA

2. CooTBeTCTBHE IMOJIYYCHHBIX PC3YJIbTATOB 3asBJICHHBIM LCJIAM U 3a1a4aM

3. XapakTepHucTHKa HCIOJIb30BaHUS B pabOTE HCCIENOBATENLCKOIO MHCTPYMEHTapuUs
(ananu3a, CUHTE3a, CTATUCTUKO-MATEMATHYECKOW METOJOJIOTHH, ITAKETOB MPUKIAIHBIX
porpamm H T.I1.)

4. CreneHb CaMOCTOATEJIBHOCTH IMpu  paboTe Haa  KypCOBBIM  IPOEKTOM
(CaMOCTOSITETLHOCTh ~ M3JIOKEHUsT M 000O0IleHHs MaTepualia, CaMOCTOSITEIIbHas
HHTEpIIpETalMs TOJIYYSHHBIX pe3yJbTaTOB, 000CHOBAHHOCTH BHIBOIOB)

5. Onenka oopMiIeHHUS MPOEKTA B COOTBETCTBUU C TPEOOBAHUAMU, COACPKAITUMUCS B
MeTronnuecknx yKa3aHUSX IO BBIMOJHEHHUIO KYpPCOBOTO MPOEKTa, pa3padOTaHHBIX U
YTBEPKJICHHBIX Kadeapon

6.3aMedaHus 1o NOATOTOBKE U BBIMIOJIHEHUIO KYPCOBOTO IIPOEKTA

7. KypcoBoil mpOeKT COOTBETCTBYET MPEAbSIBISIEMbIM TPEOOBAHUSM U MOXKET OBbITh
PEKOMEH/I0BAH K 3alIUTe

8. Ouenka

« » 202 . /

(moanuce pyKoBOAUTENS) pacuppoBKa MOIIUCH
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