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BHCKTpOTeXHOJIOFI/II/I . MCETOOUYECCKHEC YKa3aHHusA JJIA BBIIIOJIHCHUA

KypcoBoii paboTel. YueOHoe mocobue / A.A. JIvicakoB. — CTaBpoOIIOb,
2024, — 4Q.

Mertoauyeckue yka3zaHWs W 3a7aHUs JJIS BBINOJHEHHUS KypCOBOM pPabOTHI
cojiep)kar ykazaHus 1Mo O(OpPMJIEHHUIO KypCOBOW pabOThI, CBEJAEHUS O COCTaBe W
cTpyKType padoThl. [TogpoOHO paccMOTpEHBI B BUJIE MPUMEPOB MOPSIOK pacdeTa U

IPOCKTUPOBAHUS DJIEKTPOTEXHOJIOTHUUECKUX YCTAHOBOK: TEIJIOTEXHUYECKUIN pacyer,
ANEKTPOTEXHUYECKUNM pacdeT, pa3paboTka CXeMbl aBTOMATHYECKOTO YIIpaBJCHUS,
BBIOOp ammapaTypbl yIpaBjieHUs, BBIOOp MapKd M TUIl Kabenis, TEeXHUKO-

SKOHOMMYECKHN pacyer.
[IpenHazHayeHbl I8 CTYJEHTOB, OOYYalOIIMXCS 1O  HalpaBICHHUIM

noarotoBku: 35.03.06 — ArpoumkeHepus npopuib — «INEKTPOOOOPYIOBAHUE U
anekTpoTexHonorun», 35.03.06 — Arpounkenepust mpopuinp — «ABTOMATH3AIUSA U
pOOOTH3AITHS TEXHOJIOTUIECKUX MTPOIIECCOBY
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1 LIEJIb U 3AJTAYU KYPCOBOM PABOThI

Llenbro KypcoBOl pabOTHI SBJISETC:

-3aKpeIieHre, YriyojgeHue U o000lIeHHEe 3HaHUM, MHOJyYEeHHBIX
CTyJICHTaMM BO BpPEMS MU3YUYEHUS KYpPCOB «IJEKTPOTEXHOJOTUI?;

-pa3BUTHUE HABBIKOB CaMOCTOSATEJILHOTO PEIICHUS! KOHKPETHBIX
WHXXEHEPHBIX  3aja4 1o MPUMEHEHUIO JJEKTpOHArpeBa
AJIEKTPOTEXHOJIOTUH B MPOLECCAX CEILCKOX035MCTBEHHOTO MPOU3BO/ICTBA,;

-OATOTOBKA K BBIMNOJHEHHMIO OOJiee CI0KHOW WMHXKEHEPHOM 3aja4u
JTUTIJIOMHOTO TIPOEKTUPOBAHUS.

Ha ocHOBe HOBEMIMX MOCTH)KEHUM HAYKW U TEXHHKHU B 0OJIaCTH
CEJIbCKOXO3SMCTBEHHOTO0 HarpeBa M DJIEKTPOTEXHOJIOTUM HEOOXOIUMO
pa3paboTarh HanboJiee MPOrPECCUBHBIE PEIICHUS KaXKJI0M 4acTU M BCEl
paboThl B 1enoM. IIpu 3ToM perieHusi, NpUHIATBIE B paboTe, JOJKHBI HE
TOJIBKO YJIOBJIETBOPSITH COBPEMEHHBIM TEXHOJOTUUECKUM TPEOOBAHUSIM,
HO Y XapaKTepU30BaATHCS HAMOOJBIIEH SIKOHOMUUYECKON d(PHEKTUBHOCTHIO.
B pabore HyXHO UCHOJb30BaTh HOBEHUIIEE DJIEKTPOTEPMUUECKOE
000pyJIOBaHUE  CEJIbCKOXO3SIUCTBEHHOTO  HA3HAYEHMSI, COBPEMEHHBIE
CIOCOOBI YIIPaBJICHUS, aBBTOMATUYECKOI'0 PETYJIMPOBAHUS C MPUMEHEHUEM
COBPEMEHHBIX OECKOHTAKTHBIX U JIOTMYECKUX CPEJICTB aBTOMATHUKH.

JInst BBITIOJTHEHUS KYpPCOBOM pabOThl MCIOJIB3YIOTCS JICKIMM 1O
JTUCLMIUIMHE, YuyeOHbIE TOCOOUS, CIIpaBOYHas JUTEpaTypa, pyKOBOISIIIUE
Marepuasibl MO0 MPOCKTUPOBAHHWIO, & TAKXKE JApyras Hay4dHO-TEXHUYECKas
auTeparypa.

BoinosiHeHHast KypcoBasi padoTa J0JI2KHA MPOJAEMOHCTPUPOBATH
3HAHUSA CTYJAEHTA:

-COBPEMEHHOTO  COCTOSIHMSI M TIEPCIEKTUB  MNPUMEHEHUS
AJIEKTPOHArpeBa W  DJIEKTPOTEXHOJIOTUA B  CEJIbCKOXO3SHUCTBEHHOM
POU3BOJICTBE;

-yCTPONCTBA, padO0ThI, TEXHUYECKHUE JAHHbIC, CIIOCOOBI YITPABIICHUS U
aBTOMaTHU3aluu COBPEMEHHOTO AJIEKTPOTEXHOJOTUYECKOTO u
3JIEKTPOTEXHUUECKOr0 000pY10BAHMUS,
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-OCHOBHBIX TPaBUJ OOCTY)KMBAaHUS U TEXHUKH O€30MACHOCTH MPHU
SKCIUTyaTaluuu 000py10BaHUs;

BoinosiHeHHasi KypcoBasi padoTa J0J1’KHA NMPOJAEeMOHCTPUPOBATH
yMeHHe CTy/JAeHTA!

-000CHOBaTh TEXHUKO-)KOHOMHUUYECKUMHU pacuéTamMyd TPUMEHEHUE
ANIEKTpOHArpeBa W SJIEKTPOTEXHOJOTUU B TEXHOJOTMYECKUX Mpolieccax
CEJIbCKOT'0 XO35UCTBA,

-MIPOU3BOIUTH pacuér u MPOCKTUPOBAHUE yCTPOMUCTB
ANIEKTPOHATPEBa U DJIEKTPOTEXHOJIOTHH;

-MPOEKTUPOBATH CIIOCOOBI YIPABJICHUS U aBTOMATHU3allUHA YCTAaHOBOK.

2 OBIIME YKA3AHUS I10 O®OPMJIEHUIO KYPCOBOU
PABOTDI

KypcoBas paboTta coCTOMUT M3 pacyETHO-MOSICHUTEIbHOM 3alUCKU U
rpahuIecKoii YacTH.

ITosicHuTeIbHAS 3aMMCKa OTHOCUTCS K TEKCTOBBIM JIOKYMEHTaM U
nomkHa cootBerctBoBaTh TpedoBanusM ['OCT 2.106-96,1'0CT 7.32-
2001.

[TosicHuTeapHas 3amMcKa BKJIOYAeT pacué€rhl, OOOCHOBaHWUA,
TaOJIUIIBI, TOSCHSIONINE CXEMbI, 3CKM3bl M Tpa(puKH, a TaK)Ke OIMUCAHMS
YCTaHOBOK, OOOpYyJOBaHWs M ammapaTypbl, HEOOXOJIHWMbIE TEXHUUYECKHUE
JlaHHbIC. 3aMucKa MUILIETCS CHayajla B YEPHOBMKE, a MOCJIE€ COrJIaCOBaHMS
C PYKOBOJUTENIEM IIepenuchIBaeTCs HauucTo. JlomyckaeTcs  Kak
MOSICHUTENIbHAS 3aIlMCKa, BBIIMOJHEHHAs B PYKOINMCHOM BapHaHTE, TakK U
BBIMOJIHEHHAS ¢ IPUMEHEHUEM KOMITBIOTEPHBIX IT€UaTHBIX CPEJICTB.

[TosicHuTeIbHAS 3aMKMCKa JOJKHA ObITh M3JI0JKEHA KPaTKO, TPaMOTHO,
JUTEPATYPHBIM S3bIKOM. OHa TUINETCS YEpPHUJIAMU HA OJHOU CTOPOHE
crangapTHOro jucta (A4) codmomas ciaeayromye pa3Mephl MOJICH: IIpaBoe
— 10mM, BepxHee, HUKHEE — 20MM, JtleBoe — 25MM. [Ipu ucnonap3oBaHuM
dbopMyn M BBINONHEHHE PacuéToB 00S3aTENhbHO YKa3bIBaTh 3HAYEHHS M
pPa3MEPHOCTU BCEX MPUMEHSEMBIX BEJIWYMH M OYKBEHHBIX O0O3HAYECHUI
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cornacHo cootBercTBytonuM ['OCTam. Kaxnas dopmyna, npuBoaumas
sl pacuéra, JOJDKHA MMETh 1udpoBoe pemieHue.  BenuuuHsl,
MOJIyYECHHBIE pacuy€TaMu, OKPYIJISIOT A0 Onwvkaimmx, npuHsaTeix ['OCT,
WU 70 BEJIWYMH, YIOOHBIX MO TEXHOJOTMYECKUM WU KOHCTPYKTHBHBIM
COOOPaXKECHUSIM.

Pacu€Thl BBIIOTHAIOTCS B MeEXAyHapoaHou cucteme eaunun CU.
®opmynel,  KOd(QOHUIMEHTH, HOPMATHBHBIC  BEIMYMHBI  JTOJKHBI
COMPOBOXKIATHCSA CCBHUIKOW Ha JIMTEPATYPHBIA WMCTOYHUK MPUA ITOMOLIU
mp B KOCBIX ckoOkax, Hanpumep - /1/; /3,¢.12/; dpopmyna (2); pucyHok
(3) - COOTBEeTCTBYIOIIMX HYMEpallMd  CIIMCKA  UCIIOJIb30BAHHOM
JUTEPATYpPhl, NPUBOJMMOrO B KOHIIE 3alMUCKU. PHUCYHKM UM TaOaulbI
JOJKHBI UMETh MOPSIAKOBBIA HOMEP U nojanucu. [lo kaxxaomy pucyHKy u
TaOJUIIE JT0JKHA OBITh CChLIKA B TeKcTe. HOBBIM pa3zjienn mosiCHUTEIbHOM
3alUCKU  JIOJDKEH HaYuMHAThCSd C HOBOM crTpaHuubl. OOwmuii o0beMm
pacYETHO-TIOSCHUTENBHOM 3aMMCKHU JOKEH COCTABIIITh 25-30cTpaHuil.

['oToBas 3ammcka COpOIIIOPOBBIBACTCS C OO0J0XKKOM M3 TIJIOTHOM
YEpPTEXKHOW OyMaru; JOIMyCKAeTCsl MCIOJb30BaTh CKOPOCIIMBATEIN W3
IJIOTHOTO KapToHa. Hannuce Ha 00J0KKE JO0JKHA OBITh BBIMNOJIHEHA
yepTexxHbIM mpudToM B coorBeTcTBUM ¢ ['OCT. Ilocne TutyapHOrO Nucta
JIOJKHO CJIEIOBATh 3aJIaHUE HA KyPCOBYIO pabOTy, 3aT€M TEKCT 3aIHCKHU.
Crpanuubl HYMEPYIOTCS BHU3Y IocepeauHe. B KoHIE 3amucku
MIOMEIIAETCS. CIHHUCOK HCIOJb30BAHHOW JIUTEpATypbl W  OTJIABJIEHUE.
PaccrosiHnne mexy 3arojiloBKOM M TEKCTOM MPU PYKOMHCHOM Croco0e
obopMIICHNS TOSCHUTEILHON 3alMCKH JOJDKHO COCTAaBIATH 15 MM, mpu
KOMITBIOTEPHOM Ha0oOpe — 2 MHTEpBaja; pAacCTOSHUE MEXKJYy CTPOKaMu
8...10MM (mmoyryTOpHBII MHTEPBAN MPU KOMITBIOTEPHOM BapHWaHTe); pa3Mep
mprQTa TP PYKOITUCHOM CITIOco0e HE MeHee 2,5MM (ITpy KOMIIbIOTEPHOM
Bapuante Times New Roman 14).

['paduueckas dYacTh BBIMOJHIETCS KapaHIAIIOM CO CTPOTUM
coomoaenrem ['OCToB Ha BBINIOJTHEHHE YEPTEKHBIX PAOOT U MPUHSITHIE
YCJIOBHBIE O0O3HAYEHMS DJIEKTPUUYECKUX cXeM. JIMCT JoJKeH HMETh
OCHOBHYIO HaAnuch B cooTBeTcTBUU ¢ ['OCToM u moamnucu CTyJaeHTa u
PYKOBOJUTENS. 3alOIHEHUE JIMCTA JOJKHO COCTaBIsATH He MeHee 95%.
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Jlomyckaercs WCIIOJIb30BAHUE KOMIIBIOTEPHBIX CPEACTB
aBTOMATU3MPOBAHHOTO MpoekTupoBaHus. Ha omHom nucre ¢gopmara Al
pacronaraloTcsa: IJlaH [OMEIICHWST C HaHECeHWEM 00O0pyJ0BaHUA,
AJIEKTPUYECKAs] CXEMa YIPaBJICHUS W aBTOMATUKH, CBOJHAas TaOiuIa
3JNIEKTPONPOBOJIOK M 3JIEKTPOOOOPYIOBAHMS, ICKHU3 BJIEKTPOHArpeBaTEI,
MpUYEM HA I[UIAHE TOHKWMM JIMHUSIMM T[OKA3bIBAIOT  MPEAECIBLHO
YIPOIICHHYIO CTPOUTENBHYIO YaCTh 3JaHUS, a 3JIEMEHTHI AJIEKTPUUECKUX
CETEM M DJIEKTPOTEXHOJOTHMUECKOTO OOOPYIOBAHUS BBIICISIOT Oolee
TOJICTBIMU JIMHUSIMU. Bce 3JIeMEHTHI NPUHIUMITHAIBHBIX CXEM M300paKaroT
B BHUJE YCIIOBHBIX TI'papuyeckux oOo3HaueHuid B cootBeTcTBUM ¢ ['OCT
2.301-68a I'OCT 2.710-81.

bonee moapoOHO mpaBmia ohOpMIIEHHUS PACYETHO-MOSCHUTEIHHOM
3aMMCKU ¥ rpadIeCcKOi YacTh MPeACTaBICHBI B tuteparype /1/.

3 COCTAB U COJIEP’)KAHUE KYPCOBOI PABOTHI

B cooTBeTcTBMM C MJIaHOM, YKa3aHHOM B 33JJaHMM Ha KYpPCOBYIO
paboty (mpuioxenuwe I11) mOMKHBI OBITH PACCMOTPEHBI CIICAYIOIINE
Ty HKTBI.

1. Bgenenue. M3nararoTcsi OCHOBHBIE HaIlpaBJICHMUS CEJIbCKOU
ANEKTPUDUKALIAN C LETBIO JaIbHEUIIEro MTOBBIIIICHUS
3JIEKTPOBOOPYKEHHOCTU TEIUIOBBIX MPOILIECCOB M pa3pabOTKU HOBBIX
aIeKTpoTexHoJoruii (1-2 CTpaHHUIIbI).

2 Kparkas  xapakTepucTHMKa o0oOBeKTa TMpoekTupoBaHus  (2-3
CTPAHMIIBI) BKJIIOUYACT B ceO:

a) Ha3HAYCHWE TEXHOJOTHYCCKOTO IMOMEIICHMS, TJe MPeayCMaTpUBaeTCs
o0Iee  AJAEKTPOOTOIIEHHE,  DJIEKTPOOOOrpeBaeMbie  MOJbI WM
3JIEKTPOHArpeBaTeIbHAsl YCTAaHOBKA JJIsl MOJOTPEBA BOJIbI, 3alapyUBaHUS
KOPMOB H T.1.;

0) KOHCTPYKTHUBHBIE 0COOCHHOCTH IIOMEIICHMS

B) TpeOOBaHUS K TEMIEPATYPHO-BIAKHOCTHOMY pexuMy
(00OCHOBBIBAETCS €O CCBHUIKOW Ha COPAaBOYHYIO JIMTEpATypy WU
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PYKOBOJISINNE yKa3aHUS MO0 MPOSKTHPOBAHMUIO): TeMIIepaTypa, BIAXXHOCTh
BO3/yXxa, yJeJbHas  TEMIOEMKOCTb  HarpeBaéMoro  mMarepuana,
KO3 (OHUIIUEHTHI TeIIOOTAAY! U T. 1.

3. Ilpu oOocHoBaHuu cmnocoba obOorpeBa M BbIOOpA THUIIOBOrO
MpoeKTa  3JIEKTpOHArpeBaTelbHOM  ycTaHOBKM  (2-3  CTpaHUIIBI)
HEOOXOJIUMO, BO-TIEPBBIX, OTMETUTh HEAOCTATKH  TPAJAUIIMOHHBIX
HarpeBaTeIbHbIX YCTAHOBOK M TMPEHMMYIIECTBA JJECKTPUUECKUX. 3aTeM
MEPEYUCITUTh BO3MOKHBIE JJISI TAHHBIX YCIIOBUM DJIEKTPUUECKUE CITOCOOBI
HarpeBa ¢ yKa3aHMEM WX TMPEUMYIIECTB M HEAOCTATKOB M, HAKOHEII,
BBIOpaTh HamOoJiee palMOHAIBHBIN croco0 3nekTpoHarpeBa. Hampumep,
JUIsl  OTOIJICHUSI TIOMEUIICHUS MOXKHO MPEIJIOKHUTh  IEHTPaIbHYIO
ANEKTPOKOTEIBHYO, AJIEKTpOKaIopudepHOe OTOIIJICHUE,
ANEKTPOOOOTrPEBAEMBIC TMOJIbI, YCTAHOBKU MH(ppaKpacHOro o0orpena; s
o0orpeBa TEIIML BO3MOXKEH 3JIEKTPOJIHBIM 000IpeB MOYBBI, JIEMEHTHBIN
o0orpeB  BO3Ayxa W  TIOYBBI, BO3AYIIHOE  OTOIJIEHWE  OT
anekTpokagopudepon, ycranoBku MK obOorpeBa; mis HarpeBa BOJBI
MIPUTOJTHBI DJIEKTPOIHBIC, IJIEMEHTHBIE, MHAYKIIMOHHBIE HAIPEeBATEIH.

4 Temnorexaudeckuii pacuet (4-5 cTpaHull) IPOU3BOIUTCS C LEIBIO
OMpeNeNeHusT  MOIIMHOCTA  DJIEKTPOHArpeBaTelbHOW  yCTAHOBKH, €&
TEIMJIOBOTO K.I.J. W ONTHUMAaJbHBIX T€OMETPUUECKUX Pa3MEpPOB, a TAKKE
HaAUBBITOJHEHUIIICH TOJIIWHBI TSIIJIOBOU U30JISILINN.

5. Pacuer osnekrpoHarpeBarenbHON ycTaHOBKM (4-5 cTpanwm).
3aKio4yaeTcs B JIJIEKTPUYECKOM pacyeTe HarpeBaresieil, KOTOpbId
BKJIIOYAET B c€0s BBHIOOP HANpSHKEHUS MNUTAHUS, Pa3pabOTKa CXEMBbI
COCIMHEHUS, OMNpPEACICHUE T'COMETPUYECKUX  pa3sMeEpoB  pabouux
conpoTtuBiieHui. [lo okoHYaHUM pacyeTa cieayeT NMPUHATh CTAaHAAPTHYIO
AMEKTPOTEXHOJOTUUECKYIO YCTAaHOBKY.

6. Be100p 271€KTp0o00OpYI0BaHUSI, allllapaTOB YIIPABJICHUS U 3aIMTHI,
MapoK M CEUSHUM MpoBOJOB U Kabenel (2-3 crpanuipl). B aToM pasnpene
000CHOBBIBAETCSI BBHIOOP PYyOMIIBHUKOB, aBTOMATUYECKUX BBIKIIIOUATENIEH,
MJIaBKUX TMPEIOXpaHUTENICH, MarHUTHBIX ITyCcKaTejel, TEeIJIOBBIX pele,
MPUMEHSEMBIX JJI1 YMPABJICHUS BBIOPAHHON DJIEKTPOTEXHOJIOTUYECKON
ycTaHOBKOM. B HacTose KypcoBoit paboTe 3a1aya BbIOOpa MPOBOJOB U
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kaOeyneil pelmaeTcss B HEMNOJHOM OOBbEME: OHAa CBOJIUTCS K BBIOOPY
MJIOMIA A CEUECHHMS TOJBKO IO YCJIOBHUIO JOMYyCTHUMOrO HarpeBa M MO
YCJIOBUIO €ro MEXaHW4YeCKoW mpouHocTh. Tabmuma Ja0myCTUMBIX
JUTUTENIBHBIX TOKOB I Pa3JIMYHBIX MPOBOJOB M Kabenel B 3aBUCMMOCTH
OT UX IUIOWIAA CEUYCHUSI U YCIOBUM MpokiIagku npuseseHsl B [1YD. Tam
Ke TIpUBEACHBI HaMMEHbIHME (MO YCIOBUSAM MEXaHWYECKON IMPOYHOCTH)
CEUYCHHUS  TOKOMPOBOJAIIMX  JKWJI ~ MPOBOJOB W Kabemed B
ANEKTPONPOBOJIKAX. BBIOOp TMPOBOJAOB OCYIIECTBISETCS TOJIBKO ISt
CUJIOBOM YacTH CXEMbI. JJI1 KaXJ0W CEKUMUM dSJIeKTpokanopudepa, s
ANEKTPOJABUTATENS] BEHTHIISITOPA, OHOM (pa3bl AJIEKTPOHArpeBaTEIbHOMU
YCTaHOBKH, a TaK ke JJIA OOIeii MarucTpaayd ¥ BBOJa B TMTOMEIICHHS (TIpH
HaJIMYUNA HECKOJBKHMX AJIEKTPOHArPEBATEIBHBIX YCTAHOBOK).

7. PazpaboTka cxeMbl aBTOMAaTHYECKOT0 ynpapieHus (4-5 cTpanuir).
[TpuHIMnIMaTbHAS ANEKTPUIECKas cxema yIpaBJeHUs
ANEKTPOTEXHOJOTUUECKON YCTAaHOBKM, pa3padaTbiBaemasi CTyJACHTOM B
KypcoBOM paboTe, MAO0/DKHA BKIOYaTh B cebs 0a3oByl0 YacTh U
YCOBEPIIICHCTBOBAaHUE. B TMOSCHUTENBbHOW 3alucKe JaloT OINMUCAHUE
pabOoThI CXEMBI YIIPABJICHUS.

8. Kpatkuii TexHuko-skoHoMuueckuii pacdet (3-4 crpanuisn). [Ipu
TEXHUKO-3KOHOMHYECKOM 000CHOBAaHMHM 3(D(PEKTUBHOCTH pa3zpadoTaHHOM
ANEKTPO-TEXHOJIOTUYECKOM  YCTAaHOBKM  ONPEACNAIOT  MPUBEICHHbBIC
3aTpaThl U CPABHUBAIOT WX C MPUBEJCHHBIMHU 3aTpaTaMu Ha COJEpKaHUE
yCTaHOBKHM, paboTawolmieii Ha JIpyroMm Bujae TorumBa. Kpurepuem
SKOHOMUYECKOM A(H(PEKTUBHOCTH SBJSETCS MHUHUMYM TPUBEICHHBIX
3aTpar.

9. Meponpusatus o Texauke 6e3omnacHoctr (1-2 ctpanuisi). B aTom
pazjiene JOJDKHBI  OBITh  M3JI0KEHBI  OCHOBHBIE  TOJIOKEHHSI IO
SKCIUTyaTallud BHIOPAHHOTO 3JIEKTPOTEXHOJIOTMYECKOro 000pya0BaHUs, U
o0ecrneyeHno 0E30MacCHOCTU MPU padOTe FAEKTPOOOOPYIOBAHUS .

10Bomnpocer 3neprocoepexerus (1-2 crpaHUIbl). YKa3bIBAIOTCS
OCHOBHBIE TYHKTBHl MO DJKOHOMHUU M pPAIMOHAIBHOMY PacXOJ0BAHUIO
ANEKTPUYECKONW DJHEPTUM TIpU  Ppa3pabOTKe dSIEKTPOTEXHOJIOTUUECKOU
YCTaHOBKH.
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11 Crucok wucnonbp3oBaHHOUW autepaTypbl (1 crpanuma). JlomkeH
coaepxkarb 10-15wuctounnkoB. B nmoscHUTENbHOM 3amucke 0hopMITSIETCS
Kak «CIUCOK JIUTEPATYPhI».

12OrnaBneane (1 crpanuma). B  TOSCHUTENBbHOW  3alucKe
odbopmiseTcs Kak «CoaepkaHue»

4 TEIIJIOTEXHUUYECKUI PACUET

TenmoTexHuuecknii pacuyeT OCHOBAH Ha pEHICHUU ypaBHEHUS
TEIMJIOBOTO OanaHca 3JIEKTPOTEPMHUUECKOTO TMPOIEcca ¢ UCIOIb30BAaHUEM
TEOPUH TEILIOTICPEIAYH.

YpaBHeHUE TEeMI0BOro OajlaHca B YHUBEPCAIbHOU (POpMe UMEET BU/T

Pdr:m-c-dt+k-F-(t—t0)dr’ (41)
rae P —momuoCTs, BT,

dt - Bpems Harpesa, c;

M- Macca HarpeBaeMoro Marepuasa, Kr;

C- yIe/IbHAs TEIIOEMKOCTh HarpeBaeMoro Marepuaia, kJUx/(kr-"C);

dt- u3MeHeHne TeMIepaTypsl BO BpeMst Harpesa, °C;

K- k03(PUIUEHT TEII00TIaY1 B OKPYKAIOIIYIO Cpey, Br/m*°C;

F- mwIommap TeIUI00TAA0ME TOBEPXHOCTH, M-

t- KOHEYHas MM TeKylasi TeMIIepaTypa HarpeBa Marepuana, °C;

to- HayanbpHAs TeMIeparypa HarpeBa WM TeMIIepaTypa OKpy KaroIiei
Cpelibl, °C.

[Tome3Hast MOIIHOCTH AJIeKTpoHarpeBaTebHol ycranoBku (OHY):

P, =w=6-c-(t2—tl),Bm (42)

T}\'
rJe M—mMacca HarpeBaeMoro Marepuana, ke, ,
s 0 :
¢ - TeMIO0EMKOCTB, /[oic/ke- C, HarpeBaeMoro Marepuana;
0.
t1, I, —HavaibHaAs ¥ KOHEYHas TeMIeparyphl Harpera, C;,

T, — BpEMs HArpeRa, c;

m
G =— - IPOU3BOJIUTEILHOCTh YCTAHOBKH, K2/c.
T

K
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Pacuérnas momuocts DHY:

p, =L py (4.3)
1
rae 7 — Ko3GhQUIMEeHT, YIYUTHIBAIOIIWNA MOTEPU B DJICKTPUUCCKUX H
TEXHOJIOTUYECKUX  DJIEMEHTaX  YCTaHOBKU. JIId  DJIEKTpUUYECKUX
BoJioHarpeBarenei-repmocoB #=0,85...0,95 nppunumaem #=0,95.
OpuentupoBouHble 3HadeHus TeroBoro KIIJ[ a1 HekoTopbIx
AJIEKTPOHArPEBATETBLHBIX YCTaHOBOK CEJILCKOXO3SIUCTBEHHOTO
MIPUMEHEHUS
e JJIEKTpUYECKHE BoJoHarpearenu-repmockl — 0,85...0,95;
® IIPOTOYHKIE AJIEMEHTHBIE BojoHarpeBarenu — 0,95...0,98;
® SJIEKTPOJAHBIE BOJOTpeiHbIe U mapoBbie KoTibl — 0,70...0,96;
e snektpuueckue kanopudpepsl — 0,85...1,0.
YcranoBieHHast momHocTs DHY:
P, =k, P, Bm (4.4)
rie  k=1,1...1,3 — xo>ddunueHt 3amaca, YYWUTHIBAIOIIUIL
HEOOXOJUMOCTh YBEJIMYEHUSI MOIIHOCTH W3-3a CTApECHUSl HarpeBaTesieH,
BO3MOKHOE€ CHWIKEHHUE IUTAIOIIEI0 HANpPSKEHUs, YBEIWMYEHHUS MOTEPh B
nporecce 3kcmmryatanun; k=1,1...1,3.
IHpumep. Ilone3Has MOLIHOCTh MIEYM B TOPSYEM COCTOSIHUM 25 KBT.
Ee popma kyOudeckas. Temneparypa BHyTpEeHHEH MOBEPXHOCTH TieuH {, =
180%C, napyxHoii t,,, = 40C. Buyrpennue pasmepsl neuun 0,8x0,8%0,8u.
Tennoun3osamust COCTOUT U3 CJI0s aMoTa TONIMMUHON 6, = 0,1M u cnos
BepMUKYIuTa. OnpeacauTh TeMIlepaTypy Ha I'paHUIIE CJIOEB W3OJSALUUA U
TOJILIMHY CJIOS BEPMUKYJIUTA, IIPU KOTOPOM TEIUIOBOU K.I1.JI. TOPAYEU ITEUN
oynaet paBeH 95%.
Mo1HOCTh MOTEPH
P, = P;j” -P,, = 0271 — 25= 132Bm (4.5)

IIpyumeM OpHUEHTUPOBOYHO TEMIIEpaTypy Ha TIpaHUIE CJOEB

m3oJisiiuu 150C. Torna cpenssis TeMnepaTypa mamoTa:
6, =180+150/2=255C.

mcp

10 ©A.A.JIsicakoB



TemnonpoBoaHOCTh maMoTa npu temieparype 450C

A, =07+ 064-10°-0 =07+ 064-10°-255= 0,863(%). 4.6)
M.

[Inomanb BHY TPEHHEW MOBEPXHOCTH CJIOS IIAMOTA:
A =6-08% = 384u°.

[Lnomanes HapyKHOM MOBEPXHOCTH CJIOS IIaMOTA:

Ay =6(08+ 20, )* = 6(08+2-01)° =61°. (4.7)
Pacuetnas IJIOIIAAb CJI0M maMoTa.
Avpaer =\ Auan Ay = 3846 = 4817, (4.8)
TepMuueckoe CONMPOTUBIIEHUE CII0S AMOTA!
o 0l °C
SR T = 0,025—. _
R =0 0863 48 Bm (4.9)

w” “wipacy
TemriepaTypa Ha TPaHULIE CJIOEB U3OJISLIUN:
6. .. =60 —-P R =180-132-10°-0025=147C. (4.10)

epen
Temneparypa, mnojydeHHas Ha TCpaHUIE CJIOEB, COBNALAET C
TEMIIEpATypOr, MNPUHATON B HAYalle pacyeTra, MOITOMY IIEPECUET HE
Tpedyercs.
Heobxonumoe TepMUYECKOE CONMPOTUBIIEHUE CJI0SI BEPMHUKYJIMTA

OHpCI[eJ'IHeM n3 BBIpa)KCHI/IH JJIs1 MOIMHOCTU, BT, HOTepB
6, -6,,)10°

o= TR GR. (4.11)
0. -6 _)10° —40)-10°° °
Rm6 — ( 8H Hap) . Rmm _ (180 40) 10 _0,025= 0,081_C (412)
P 132 Bm
Cpenusisa TeMnepaTtypa BEpMUKYJIUTA!
- (147+40) oo
TennonpoBogHOCTh BepMuUKyInTa rpu TeMieparype 103T
2, = 008+ 023-10°¢ = 008+ 023-10°-93= o,1ozB—C. (4.13)
m

HeoOxonuMyro  TONIIMHY CJIOS  BEPMUKYJIUTA PACCUUTHIBAEM
METOJOM TMOCJEAOBATENbHBIX MNPUOMMKEHU. [[1s 3TOro mnpuHUMaem
ONMPEJEJICHHYI0  TOJIIMHY  CJIOSl, HAaXOJuM  €ro  TEPMHUYECKOE
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CONPOTUBJICHUC MW CpaBHHUBACM C BbIYHUCJIICHHBIM pPAHCC 3HAYCHUCM

R, =0081— <

Bm’
[IpyHMMaeM TOJILMHY €101 BEPMUKYJIUTA o, = 007Mm.

[Lmomane BHYTpEHHEN MOBEPXHOCTH CJIOSI BEPMUKYJIUTA A,, PaBHA

66H

. 2
TJIOIIA X HAPY> >KHOM MOBEPXHOCTH CJI0s 1amoTa 4, = 6M".

wnap
[Lmomane Hapy»KHOH MOBEPXHOCTUM CJIOS BEPMUKYJIUTA MPH

o, = 007m.
=6(1+20, +20,)" =6(08+2-01+2-007)* = 78m>.  (4.14)

6Hap

Pacuernas momaab IMMOBEPXHOCTHU CJIOA BEPMUKYJIUTA

epacq = \/Aeeﬂ eHap = \/6 7’8 = 6’84M2 ) (4' 15)
Tepmuueckoe conpoTuBIieHHE ci10si BepMuKkymTa o, = 007w,
R, = 0o =00 _01.C (4.16)

/1 A 0102- 684 Bm

6* “epacu

Tak kak TepMUYECKOE CONPOTUBIEHUE OKa3aJloCh  OOJIbLIE
HEO0OXOJUMOT0, TO YMEHBIIUM TOJIIMHY cj10si BepMukyiuta 10 0,04m u
noBTOpUM pacuet. [lmomans HapyKHOH MOBEPXHOCTU CJIOS BEPMUKYJIUTA
npu o, = 005m.

Ay =6+ 20, +20,)* =6(08+2- 01+ 2. 005)" = 726m°.

PacueTHas 1miomaas MOBEPXHOCTH CJIOS BEPMUKYJIATA
— — _ 2
Aﬁpﬂc" - \/A%H Asyap - \/6 ) 7’26 = 6;6]‘4 .

TepMudeckoe CONMPOTUBIICHUE CIIOS BEPMUKYJIUTA IIPU o, = 004,

o, 005 °C

R = = 0074—.
A4, 0102 66 Bm

pacu

Ha sTom pacyeT MOKHO 3aKOHYUTH U IpUHATH a, = 0,05M, Tak Kak B

C
JAHHOM Clly4ae pacueTHoe 3HadeHue R, =0,074B—- OIU3KO K
m

C

Heooxogumomy R, =0,081— B

bonee moapoOHO TEIMIOTEXHUYCSCKMM pacdeT IS Pa3IMYHBIX
3IEKTPOTEXHOJOTHUECKUX YCTAHOBOK TpeacTasicH B /3, 7-10, 20-23/.
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5 PACUET DJIEKTPOHAI'PEBATEJIbHOM YCTAHOBKU

HarpeBarenu paccUMTBIBAIOT TI0  YAECJIBHOM  MOBEPXHOCTHOM
MOIIIHOCTH (YJE€TbHOMY ITOBEPXHOCTHOMY TEIUIOBOMY ITOTOKY) WIIM TIO
paboyeMy TOKY.

Pacuer 1o yHaenbHOW TOBEPXHOCTHOW MOIIMHOCTA OCHOBAH Ha
COBMECTHOM DPELICHUN YPABHEHUM:

P= pyﬂA= pmHZ’ (51)
p_Yo _UsS
Ro ol (5.2)

rae P - MomuocTs HarpeBarens, BT;
Py - YACJIbHAs MOBEPXHOCTHAS MOLIHOCTh HAarpeBaTells, Br/m%;
A - mioiaabs MOBEPXHOCTU HArpeBaTes, M
IT - nepuMeTp ceueHust HarpeBares, M;
1 - JJIMHA HarpeBaTes, M;
Uy - basnoe Hanpskenue, B;
Ry - J1eKTpHUYecKoe CONpoTUBIIEHUE Harpesarens, O,
S -mom@aab CeYEHMs HarpeBares, M
Pt - YVAEIBHOE DJIEKTPUYECKOE COMNPOTHUBIIEHME HarpeBarens, OM-m
pu remneparype t.
JluameTp m IJIMHA HArpeBaTels, M, OMPEAeNIIIOTCS 110 hopMyIaM

2
d = 2P /

_ | PUg
72U 5 Py

=3
2
Amo Py (5.3-5.4)
HpI/I nepeaaun TCIUIOBOI'O  IMOTOKAa  HM3JIYYCHUEM  IIPCACIIBHO
2
A0MyCTUMana yaAcCjibHad IMOBCPXHOCTHAA MOIIHOCTD, BT/M , OIIPCACIIACTCA

no opmyie
P, =cnp[(T%oo)4 -(TH%OOJA} (5.5)

r1€ Cpp - IHPHUBEACHHBIA KOYQQULUUEHT M3Iy4YeHHs UJAEAIbHOIO
2014,
Harpesateis, Br/m°K",

Ty - Temnieparypa narpesarens, K;
Tyr - Temneparypa HarpeBaeMoro marepuana, K.
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[IpuBeneHHbI KOIDPUIUEHT W3IydYeHUs HACaJbLHOTO HarpeBaTess
ompeaensieTcs mo Gopmyie

comstl 3, o221, ) (5.5

TJIe €y - OTHOCUTENBHBI KOd(DOUIMEHT U3NlydeHus (CTETIeHh YePHOTHI)
HarpeBarels;
EHT - OTHOCUTENIBHBIN KOI(PPUITMEHT U3NTydeHus (CTEIIeHb YEPHOTHI)
HarpeBaeMoro Marepuasnia.
[IpenensHo jgomycTuMas yjelibHash TMOBEPXHOCTHAs MOUIHOCTh
peabHOTO HarpeBaTesst onpenensercs no Gopmysie

Py = p.vg,w Al X p (57)

KoappuuueHnt  onq xapakrepuszyer 3(PGEKTUBHOCTh W3TYyUECHUS
cucTeMbl Harpesaress. s MPOBOJIOYHOW cCHMpaliy, pPa3sMELICHHOW Ha
MOJIOYKE WM KEpaMUYECKOW TPYOKe 0rq=0,32. KoappuumeHt mara oy
YUYHMTBIBAET 3aBUCUMOCTb Pyj; OT OTHOCHTEILHOIO BUTKOBOI'O PACCTOSHUS
h/d @o rpadukam). Koadduinuent ac onpenenser BIUSHUE HA Pyp
npuBeieHHOr0 Kod(duimenTa nzmyueHus: (CTereHb YePHOTHI) peaabHOTro
HarpeBaTels (1o rpadukam).

Kospournment  w3nydenwss  (CTereHb  YEPHOTHI)  PEANBHOTO
HarpeBaTelis onpejensercs no Gopmyse

=571 ¥ (3 1) | (5.8)

CT

rie  Ayr - IUIOMAaAb  TEIUIOBOCHPHHHMMAIOIIEH  MOBEPXHOCTH
HArpeBaeMoro Tena, M-,

Acr-  IJIOWIAAL  THOBEPXHOCTHM  CT€H  YCTAHOBKH,  3aHATHIX
HArpeBaTeNsIMH, M-.

Ko puLueHT op y4YUTHIBACT BIMSHUE OTHOCHTEILHBIX Pa3MEPOB
HarpeBacMoro Tejla Ha pyy M 3aBUCUT OT OTHoweHus  Apr/Acr
(MpUHUMAIOT IO CHPaBOYHBIM JaHHBIM; TpH Apyr/Act>0,80p =1; mpwu
Ant/Acr<0,31m0npaBKu Op U Oc HE BBOJAT).

['eoMeTpuueckue pasMmepsl crimpand. a) mar ButkoB h=(3,2...4,8)d;
6) muamerp crmpaan D=(6...10)d;B) uucno surkoe W=l/(h*+x@D)3)*> 1)
anmiHa ciimpanu L=hw.
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[Topsimok pacdera mo pabovyemMy TOKY

1. OnpenaenstoT pabounii TOK HarpeBaTes:
P

- mnU,, ’ (5.9)
rie P — momHocTe ycTtaHoBku, KBT;, m —uwucio ¢az; n — yucio

I

napajuieNibHbIX criipajeii Ha oJHy (a3y.
YCTaHOBUBIIYIOCS ~TEMIIEPATYPy HarpeBaresisi MNPUHUMAIOT U3
CIIEAYIOLIUX YCIIOBUIA:

t.V(,'T < tLZ()H

tyer =Uous +At’ (510)
rae tgon - Aomycrumas pabodas TeMIeparypa Marepuasnia Harpearels,
oC.
tpap - paboyas TemMneparypa yCTaHOBKH, °C,
At- mpeBbIllIEHUE TEeMMEpAaTypbl HarpeBaresisi HajJ TEeMIEepaTypoid
HarpeBaeMoro Marepuasnia, °C.
[To u3BECTHBIM 3HAUCHUSIM lyct W |p ONpEnensatoT U3 CrpaBOYHBIX
JAHHBIX TAAMETP MPOBOJIOKU HArpeBaTEsl.
JllMHa TPOBOJIOKK HAarpeBaTessl OMNPENENseTcs MO CIAEAYIOUIEMY
BBIPAKEHHUIO:.
_Rs_mdU,
P 4l (5.11)
Ecim  xoHCcTpykuMsi WM yclioBUs paOOThl HarpeBaTessl He

1

COOTBETCTBYIOT  TaOJIMYHBIM,  TO  HarpeBarejbHbIE  3JIEMEHTHI
PacCUMTHIBAIOT 10 YCIOBHOM (pacdeTHOi TeMIieparype).
ter =terkike (5.12)

['eoMeTpuueckue pasMepbl CHOUpaAd OMNPEACSIOTCS 10  paHee
MIPUBEICHHBIM OTHOIIICHUSIM.

Ipumep. Paccuurate HarpeBaTelIbHbIE  3JEMEHTBI  KaMepbl
MOIIHOCTBIO 15 KBT Mg Cyliku 3JeKkTpoJBUraTeied Mocjae pPEMOHTA.
HarpeBatenu - nmnpoBosioyHas cnupaib w3 cmiaa  X20H80;
OTHOCHUTENIbHBIM KOA(hPUIMEeHT wu3nydyeHuss Harpesatens eyr=0,65
OTHOCHUTEIIbHBINA KO3 (GUIIMEHT U3TydeHUs: HarpeBaeMoro tena ey = 0,75,
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OTHOLICHHE ILJIOIIAIH TEIJIOBOCITPUHUMAFOIICH MTOBEPXHOCTH

SNICKTPOABUTATENICH K IUIOIMAAUA IOBEPXHOCTH CTEH KaMephl, 3aHATOU

HarpeBateasaMu, A, /A.,= 0,9.Hanpsokenue cetu 380/220B.
[IpuBeneHHBIM KOA(MOHUIIMEHT W3Iy4YEHUS CUCTEMBI HarpeBaTeib —

HarpeBaeMblii MaTepuan c, , Bm/(v?-K?) onpenensercs no Gopmyie:

np 1

¢, = 5,7/{i+ jﬂ-m (i— H (5.13)

e e

H.m c.m H

¢, = 5,7/{i+ o,s{i— H — 31Bm/(n?-K*)

065 0,75

TemrmiepaTtypa 3JIEKTPOABUTATENEH MPU CYIIKE:
T —=180+273=453K.

Temneparypy Harpearteneit uz Huxpoma X20H80 npumem 1000°C.,
Torma T,,= 1000 + 273 = 127R.
VY nenbHas MOBEPXHOCTHAS MOITHOCTh MI€AJIbHOIO HarpeBaTels.

T Y (T \*]
cep|[ L) [Lw) | 5.14
py().u() cnp (100) (100\) ( )
= 3,1_(1273J4 —[453 ' =80104m | m>
Pyous 100 | 100 '

KoapdunmeHt r3hpekTMBHOCTH HarpeBaTesi, BHIMOIHEHHOTO B BU/IE
NPOBOJIOYHON CIUPAIIH, Oy, = 0,32,
Koadppumment mara o, = 1,4mpu h/d = 3
Kosdppuuuent o = 0,8npu ¢, = 3,1 Bmi(u? -K?).
Koadduument a, = 1upu A,,/A., = 0,9.
YnenbHas TNOBEPXHOCTHAS MOUIHOCTh PpEATLHOIO HarpeBaTelis,
BBITIOJTHEHHOTO B BUJIE CIIUPATIA U3 HUXPOMOBOM MIPOBOJIOKH:
Pyo = Prows " Fopy Xy "X, ", (5.15)
p,, =80104.10°- 032-14-08-1= 28,71Bm [ um®.
MoOIHOCTh OJTHOM Cupalin

P (5.16)

¢ n
rae m — ducno das;
1 — YKCIIO TTapaJUIeNIbHBIX CIupaieit Ha ¢asy.

16 ©A.A.JIpicakoB



P, = 2 = 4,2xBm.
3-2

VY nenpHoe conpoTtuiienne Huxpoma npu temmneparype 1000 T
P1000 = P20 [1+ aR(lOOO— 20)]’

Prooo = 1-1'10_6[1"' 0,00028?(1000— 20)] =113-10°0m - m.
[Ipu coenrHeHnr HarpeBatenei B 38e3ay U, = 220B.

JlvameTp HUXPOMOBOM MPOBOJIOKH JIJISI HATPEBATEIICH

P 7 (5.17)
V4 Ud,py(,
_i/4-113-10-6- (42.10°)2

“\ 31422207 - 2871.10°

JImmHa IpOBOJIOKU OJTHOM CIIUPAIN:

| =3—PCU¢ , (5.18)
47Tpepy2o

= 083:10° m.

- # 4,2-103; 2207 _250m
4-314 -11310°- (28,71.10°%)2
[ITar cnupanu
h=4d (5.19)
h=4-083-10° = 332.10° m.
JuameTp cniupanu
D =10d, (5.20)
D=10-08310°=83-10"m.
Huciio BUTKOB CIMPAIIK:
I
A (5)2
W= 259 =986.
J(332:20°) +(314-83-10f
JlnmviHa o1HOM crivpau:
L =wh, (5.22)

L =986-332-10° = 327wm.
ITopsimok 3MEKTPUYECKOIO0 pacuera €O BCEMU HEOOXOIMMBIMU
CIPaBOYHBIMHM MaTepHajlaMy MpeaAcTaBlIeH B muteparype /3, 7-10, 20-23/.
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6 BBIFOP DJIEKTPOOBOPYJIOBAHNS, ATIITAPATOB
VIIPABJIEHV U 3AILIMTHI, MAPOK 1 CEHEHUH ITPOBOJIOB U
KABEJIEA

Ilnomanu  ceyeHud  MPOBOJOB W Kabeled  BHYTPEHHHUX
3JIEKTPOINPOBOJIOK  BBIOMPAIOT IO  JIOMYyCTUMOMY HArpeBy W IO
JOMYCTUMBIM TIOTEPSIM HanpsbkeHus. Kpome 3Toro, miomanau CeuyeHui
MPOBOJIOB U KaleNie JOJKHBI ObITh HE MEHBIIE, YEM pa3periacTcs Mo
YCIOBUSIM MEXAaHUYECKOU MPOYHOCTH.

Ecnu mmomanyu cedyeHUd MPOBOJOB BBIOMPAIOT IO JOITYCTUMOM
MOTEPE HAMPSHKEHUS, TO CEUCHHE MPOBOJIa ONPEALNIeTCS o popMy €.

ZPxI
T Cx AUy, | (6.1)

rae P- MomuocTs yyactka, kBT;
| - JIMHA pacUYE€THOTO YYacTKa, M;
C —OCTOSIHHBIN 11711 JAHHOT'O MPOBOJA KOA(DPUIIUEHT;
AUpyp - IOTIyCTUMAs MoTeps Hanpsbkenus, %o.

Hpe,Z[OXpaHI/ITGJ'II/I NNpeaAHasHA4YCHbI IJIA 3alllUThl I'PYIITIOBBIX CeTEH U

BBIOMPAIOTCS U3 YCJIOBUS

I don 2 1’25 B! I oon > 1’25 cpo? (6'2)

rae |y — HOMHHAJIBLHBIN TOK IUIABKOM BCTAaBKU,
| jor1 — VU TENBHO NOILy CTUMBIN TOK y4aCTKa;
| p.,— TOK cpabaThIBaHKs DJIEKTPOMATHUTHOIO PACLEIIUTEIS.
ABTOMATUYECKHUE BBIKJIIOYATEIM BBIOMPAOTCS MO  CJIEAYIOLIUM

YCTIOBHUSIM.
- 10 HOMUHAJLHOMY HANPSKEHUIO aBTOMATHYECKOT'0 BBIKITIOYATES
UH.U.ZUH.y.' (6'3)
rae Uya, U,y - COOTBETCTBEHHO HOMMWHAJIBLHBIE HANPKEHUS

aBTOMATa U DJICKTPOYCTAaHOBKHU,
- 10 HOMHUHAJIbHOMY TOKY BBIKJIXOYATCJIA

(6.4)
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ra€ lya, luy. - COOTBETCTBEHHO HOMMHAIBLHBIE TOKM aBTOMAaTa |

AJIEKTPOYCTAHOBKH;
- 10 HOMUHAJILHOMY TOKY TEIIJIOBOI'O pacleNUTElsl aBToMaTa
Ly 2K 1 (6.5)
rae lyp. - HOMUHAIBHBIA TOK TEIUIOBOIO PACLIENIUTENS;
l; 5. — TOK OTCEUYKM DJIEKTPOMArHUTHOI'O PaCLCIUTEIS,
l,max — MakcuManbHbIi pabo4Mi TOK LENH, 3aIMIIAEMOMN
aBTOMAaToOM,;
Ly max =K 1, (66)

K —xpaTHOCTH MyCKOBOI'O TOKA JBUTATEIIA;
K .. — KO3 PUIMEHT HaIEKHOCTH, YUUTHIBAIOIINN pa3opoc 1o
TOKY cpabaTbhIBaHMsI TEIJIOBOI'O PaCUENUTENs, MPUHUMAETCS B Mpejenax
1,1...1,3;
- 10 TOKY cpabaTbiBaHUsl DJICKTPOMAarHUTHOTO paclenuTens
ABTOMAaTHYECKOI'0 BBIKJIFOYATEIS
l, (6.7)

rae K, — Ko3(pQUIMEHT HAJACKHOCTH, YIUTBHIBAIOIINN pa3OpoC MO TOKY

. ZkH.S..I

el H.max!

AJIEKTPOMArHUTHOT'O PACIEIUTEIIS M ITyCKOBOTO TOKA 3JIEKTPOABUATATE]IS.

[TonpoOHBIA MOPSAIOK pacueTa U BbIOOpA 3JIEKTPOOOOPYAO0BAHUSA,
arrmapaToB YOpaBJIeHMS U 3allATH, MAPOK 1 CEUCHUI MPOBOJIOB M Kabeneit
npeAcTaBjicHa B qureparype /4, 6, 15-17, 19/.

7 PABPABOTKA CXEMbI ABTOMATHUYECKOI'O
YITPABJIEHUA

[TpuHIMTIUANTBHAS AIEKTPUYECKAS cxema yIIpaBJICHUS
AJIEKTPOTEXHOJOTUYECKOM YCTAaHOBKH, pa3zpadarbiBaeMasi CTYJEHTOM B
KypcoBOi paboTe, MAO0JDKHA BKIOYaTh B cebsa 0a30Byld YacTh U
YCOBEPIIICHCTBOBAHUE.

IIpumep. B kauectBe 0a30BOM 4YacTh MNPUHUMAETCS CXEMaA
yrpasieHus a3yekTpokamopudepHoin ycraHopkoid COOLl. B kypcopoii
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paboTe 3Ta cxema MoJABEpPraeTcsi yCOBEPIUIEHCTBOBAHUIO, COTJIACOBAHHYIO C
PYKOBOJUTEJIEM.

ba3zoBas 4YacTh cxeMbl  yOpaBjiCHUS  3JEKTpOKanopupepHOi
YCTAaHOBKOM J10JIKHA 00€CTIEUNBATD!
a) 3alIUTy CEKIUH 3JIeKTpoKagoprdepa, dMeKTPOIABUTaTE sl BEHTUIATOPA
Y CXEMBI YIIPABJICHUSI OT TOKOB KOPOTKOT'O 3aMbIKAHHSI,
0) 3amuMTy 3JCKTPOJBUraTEsl BEHTUIISITOPA OT MEPETPY3KH;
B) py4HOE u aBTOMATUYECKOE peryJinpoBaHue MOITHOCTH
aNeKTpoKagopudepa s MoAAEpKaAHUS 3aJaHHON TeMIepaTypbl BO3ayxa
B OTAIJIMBAEMOM MOMEIIECHUH,
r) OJIOKMPOBKY, WCKJIIOYAIONIYIO II0Ja4y HaNpsOKeHWS Ha  CEKIUU
ANEKTpOKaToOpu(epa Npy BHIKJIHOUYEHHOM 3JIEKTPOABUTATEIC BEHTUIIATOPA,
1) OTKJIIOYEHHE JJICKTpOKanopudepa MpH MOBBIMICHUA TeMIEpaTyphl Ha
noBepxHoct TOHOB BhIlIIE 1800C;
€) CBETOBYIO CHTHAJM3AlMI0 O TMOJa4e HaAIMpsSOHKEHUS OT CETH Ha CXEeMY
YIIPABJICHUS; O BKJIIOUECHUE 3JICKTPOJBUIaTENisl BEHTWIATOPA U CEKIUM
aleKTpoKanopudepa.

HekoTopbie BO3MOKHBIE HAITPABJICHUST Y COBEPILICHCTBOBAHUS:
a) 3aMeHa CTYTIEHYATOr0 PETyJIMPOBAHMUS MOIIHOCTH 3JIeKTpokamopudepa
IJIABHBIM ~ PETryJUPOBAHUEM 32  CUET U3MEHEHUs]  HANpPSKCHUS,
nogaBaemoro Ha TOHBI, ¢ MOMOIIBIO THPUCTOPHOTO PETYJIATOPA;
0) aBTOMaTWYecKoe TOMAJEpP)KaHWE HE  TOJBKO  ONTHUMAIILHOTO
TEMIEPATYPHOTrO, HO M ONTUMAIBHOTO BJIQKHOCTHOIO pPEXUMA B
MIOMEIIICHUY;
B) MPUMEHEHUE BMECTO JATYMKOB TEMIEPaTyphl BO3IyXa B TOMEIICHUN
JNTKB tpexno3unmonnoro Ttepmoperynsaropa I[ITP-3 (umm  apyroro
aHAJIOTMYHOTO);
r) curHanm3aius o neperopanuu TOHOB;
1) cWrHajam3anus o0 OTKJIIOYCHHWH JJIeKTpoKamopudepa Mmpu Ieperpese
TOHog.

B kauectBe 0a30BOM 4YacTh MPUHUMAETCS CXEMa YIPABJICHUS
BosmoHarpeBareneM YAIl coorBerctByromeid momHoctTu. B KypcoBou
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paboTe 3Ta cxema MOJBEPraeTcsl yCOBEPUIEHCTBOBAHUIO, COTIACOBAHHOMY
C PYKOBOJUTEIIEM.

bazoBasgs d4acTh cCXe€Mbl YNOPaBJIECHUA DJIEKTPOBOJOHArPEBATENS
J0JKHA 00€eCTIeYnBaTh.
13ammTy BOJOHArpeBaTEessi U CXEMbl YOPABJIEHUSI OT TOKOB KOPOTKOIO
3aMbIKAHUS;

2. pydyHoe W aBTOMarmueckoe (B 3aBUCUMOCTH OT TEMIIEpaTyphl BOJIbI)
yrpasyieHue kaxaoi rpynmnoii TOHoB,

3.CBETOBYI0 CHUTHAIM3ALMIO O TOJAYM HAMpSHKEHUS OT CETH Ha CXEMY
yIpaBJIeHUs U O BKJtoueHuu rpynn TOHoB.

HexkoTopbie BO3MOKHBIE METOIbI YCOBEPIICHCTBOBAHUSA .

a) OJOKMpPOBKA OT BKIIIOUEHHWsS BOJOHArpeBareis Ha “cyxom xoxay” (T.e.
0e3 BOJbI);

0) 3ammTa OT aBApUITHOrO MPEBBIMICHUS TEMIIEpaTyphl B Ciydae OTKa3a
OCHOBHOT'O TEPMOPETYJISTOPA,;

B) aBTOMAaTHYECKOE BKJIFOUCHUE M OTKIIIOUEHHUE SJIEKTPOBOJIOHArpEeBaTEls
W CETH MO 3aJaHHON mMporpamMme, YUYWUTHIBAIOIIEH CYTOYHBIM rpadux
HArpy3Kd 3HEPrOCUCTEMBI;

r) curHanm3aius o neperopanuu TOHOB;

1) aBTOMAaTHYECKOE TOJJep)KaHue HE 3aJaHHOTO 3HAYCHHS TEMIIEPATypPhI
KaKk B CTaHJAPTHOM CXEME, a TEMIEpPaTypbl B 3aJaHHOM WHTEpPBAJIC
(nanpumep, B natepeate 80-90°C).

Cxema  aBTOMATUYECKOrO  YMOpAaBJEHHsS  pacrojaraercs B

rpapuyeckoid yactu pabOThl, OMHWCAaHUE CXe€Ma — B PacyeTHO-
MOSICHUTEIIbHOM 3aITUCKE.
IIpumep. B CWiIoOBOl 4YacTM 3IIEKTPOTEXHOJOTHYECKON yCTAaHOBKH
MPOU3BEIAEHA 3aMeHa KOHTAKTHBIX 3JIEMEHTOB (KOHTaKTHI
3JIEKTpOMarHuTHoro myckareiss KM2 Ha pucynke 1-a) Ha O€CKOHTaKTHBIC
aneMmeHTHl (cumucTopbl VS8-VS10na pucynke 1-0).
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Pucynok 1 — CHjioBast 4acTh JIEKTPOTEXHOJIOTMYECKON YCTAaHOBKH:

a) 6azoBas cxeMa; 0) cxeMa I0CJIe yCOBEPIICHCTBOBAHMS

Haubosee pacnpocTpaHeHHbIE CXEMbI aBTOMATHYECKOIO YIIPaBICHUS
3JIEKTPOTEXHOJOTHYECKUMH YCTaHOBKAMU COJIEPIKATCA B IuTeparype /2, 4,
5, 10, 15, 17/.

8 KPATKUU TEXHUKO-DKOHOMUWYECKUN PACUET

[Tpu BBIOOpE HYHEPTrOHOCUTEIIS TSI TETJIOCHA0KEHUS
CEIbCKOXO3SMCTBEHHBIX  OOBEKTOB  pacxojJ  IEPBHYHBIX  PECYpCOB
OLICHMBAIOT 110 KOd(PduIueHTy moje3noro wucnoib3oBanus (KIIN)
TOTUIMBA

0=y T T T Mg (8.1)

THC 7y llpillcs iy~  KOIMDOUIIMEHTHI, YUYUTHIBAIOIINAE TIOTEPH
COOTBETCTBEHHO IIPU XpaHCHMHM Ha ckjiazae (0ase) m y morpeOuTens;
TPAHCTIOPTUPOBAHUM TOIUIMBA WJIM PACTIPECICHUM DJIEKTPOIHEPTUU TI0
CETSAM; B TEIUIOBBIX CETAX; MPU PEryJIMpOBAHUH, 7, - CPEAHETOIO0BOMH
skcrryaranronubiii KITJ[ TenmoreHeprpyommx yCTaHOBOK (KOTEIBHBIX U

T. I1.).
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[IpuBeneHHbIC 3aTpaThl TMPW peaNnM3alldid  KalWTaJIOBIIOKCHUN B
TeUCHUE Toa, pyo/rox,
3=E,-K+H1, (8.2)
rae E,= 0,15 roz['l — HOPMATUBHBIA KOIPOUIIMEHT SIKOHOMUYECKOM
3G (HEKTUBHOCTH KaNWTAIbHBIX BOKeHUl; K — yjenbHble KanuTanbHbIC
BJIO’KEHUS B YCTAHOBKH, mMpeoOpazoBarenu u cetu, pyo.; M - rogosbie
IKCIUTyaTallMOHHBIC U3JICPKKH, pPyO/To/I.

[IpuBeneHHBIC 3aTpaThl PACCUYMTHIBAIOT MO JCHCTBYIOIIUM IIEHAM U
TapupamM Ha 000pyIOBaHWE, MaTepUasbl, 3JIEKTPOIHEPTUIO, TOTUIUBO
(x03sliCTBEHHAs OIICHKA); IO 3aMBIKAIOIIMM 3aTpaTaM Ha TEIJIOBYIO M
JJIEKTPUYECKYI0 DHEPrur0 y moTpedutens (HapoaHOXO3SHCTBEHHAS
OIICHKA).

JI7is cucteM TerI0CHA0KEHUsI CyMMapHbIe TPUBEACHHBIC 3aTPATHI 10
BBIOPAaHHOMY BapuaHTy, pyo/ros,

3= 3y + 35 ~ 35, (8.3)

rae 3rry - NPUBEICHHBIC 3aTPaThl, CBA3AHHBIE C COOPYKEHHUEM U
o0ciy>kMBaHKHEM Teriorenepupyronmx ycranoBok (TTY), py6/rox; 35y —
NpUBEACHHBIC  3aTpaThl  HA  JHEPrOHOCUTENb  (dHEpreTudeckas
COCTaBIIAOIIAs), B KOTOPBIE BXOJIAT 3aTpaThl HA JOOBIUY (ITPOM3BOACTRO),
MaruCTpaJIbHbIA U PaCIpPEAEIIUTEIIbHBIA TPAHCIIOPT JHEPrOHOCUTENA, a
TaKkke €ro XpaHeHume, pyoO/roa; 315 — CTOMMOCTHAs OICHKA
TEXHOJOrndeckoro g dexra, pyo/ro.

[IpuBenennsie 3atpatel Ha TI'Y, py6/ron,

Buy = Ey - Kyy + Hypy (8.4)

Kanuranensie 3atpatel Ha TT'Y, py0.,
KTF.V =Ko.s.0+Kmp.x +KC+K.W +Km.c +Km<’ (8'5)

rie K,zo — CTOMMOCTH OCHOBHOIO U BCIIOMOTaTeJIbHOTO
obopynoBanus, py0.; Ky,x — pacxoasl Ha TpPaHCIOPTUPOBAHUE U
xpaHeHue oOopymoBanus (oxkoigo 11 % cToMMOCTH OCHOBHOTO M
BCIIOMoOrarejipbHoro  obopynopanus), pyo6.;, K. —  crommoctb
CTpOUTENBCTBA, pyO.; K, - cTomMocTh MOHTaXka obopyaoBanus (okosio 25
% cronmocTu obopynoBanus), pyo.; K. - CTONMOCTh BHEITHUX TEIJIOBBIX
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cerei, pyo0.; K, - CTOMMOCTH aKKyMYJUPYIOIIMX €MKOCTEH TETIoBOM
SHEPTUM MpU paboTe 000PyI0BAHUS MO MPUHYAUTEIHLHOMY rpaduky, pyo.

Exxeronnbie uznepxku Ha TT'Y, py6/rox,

Hyy=H,+H,, +H +H,, (8.6)

rie W, — aMopTuzalMoHHbIE OTYUCICHUS, TNPUHUMAEMbIC B
COOTBETCTBUU  C  JICUCTBYIOIIMMHM  HOPMAMH  aMOPTHU3AIMOHHBIX
OTYMCJIEHUI 10 OCHOBHBIM (oHgaMm, pyO/rox; WM,, — oruucineHus Ha
Texkymii pemoHT (B cpeadem 20 % otuuciennii Ha aMmopTH3anuio); M, —
pacxojpl Ha 3apruiaTy OOCTY>KMBAIOIIErO TEPCOHANa, OMNpPECIsIEMbIE B
COOTBETCTBUU CO IITATHBIM PACIIUCAHUEM MCXOJI U3 CTAaBOK PAOOTHHMKOB,
py0/ron; U,, — obmue u npoyne pacxoxasl Ha TI'Y u Temsossle cerTH,
npuOIIMKeHHO TpruHUMaeMsble paBHbiMu 30 %ot (U, + U, , + 1,).

Takum oOpazom,

U, =156-U,6 +13- U, (8.7)

IIpuBeaeHHBIE 3aTpaThl HA YHEPTOHOCUTETb
3%, =3B, (8.8)
35, =320, (8.9)
rne 3, W 3, - YyAeHAbHbIE NPUBEICHHBIC 3aTpaThl Ha
COOTBETCTBYIOIIMI JHEPrOHOCUTE]Ib — TOIUIMBO, pyoO/T.y.T., WU
aNeKTposHepruto, pyo/kBtu; B m D — romoBoii pacxol TOILIMBA,

T.y.T/TOM, WK JCKTPOIHEPTUH, KBT-u/ro 1.
["omoBo#1 pacxo/l TOIUIMBA U AJICKTPOIHEPTUH

B=QI293-77, 1y 1) » (8.10)

9=QU36-10° 7, My s ) (8.11)

rae Q - romoBas morpeOHOCTH B Teriore, I'JIx/ron (29,31 x —
TEIJIOBON SKBUBaNEHT 1 T.y.T.; 3,6-10° I'JIx - TenaoBo skBHBajieHT 1

kBT4); 1, - CpPEIHEr00BOM AKCILTY aTallMOHHBIN KI1/J]
TeIJIoreHepupyrome  ycraHosku; 7,.=0,85...0,9 — xosddunmenr,
YUUTBIBAIOIIMNA TMOTEpU B  TEIUIOCETHAX, 7,, — KOI(PDUIUEHT,

YUUTBHIBAIOIIMNA TOTEPU M3-32 HEAOCTATOYHON TOYHOCTU PETYJUPOBAHUS
MO0/Ia4U TEIUIOTHI OTAEIBHBIM OTPEOUTEISIM.
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YaenebHbIE TNPUBEACHHBIE 3aTpaThl Ha TEIMJOHOCUTEIh (TBEpioe
TOTJIMBO) Ha BXOJIE B KOTENBbHYIO (TEIJIOreHEPUPYIOIIYIO YCTAHOBKY ).
gdez(gT +(3 +3Rn1p'|+3xp)'ky).77_l (812)

3am n.mp m.x 1

— 3aMBIKAIOIIME 3aTpaThl Ha TOIUIMBO, pyO/T.y.T.; 3,, —

n.mp

rae 3!,
IIOCTOSIHHAsA  COCTAaBJIAIOLIAA  YJEJIbHBIX TNPUBEICHHBIX 3arpar Ha
TPAHCTIOPTUPOBAHUE TOIUIMBA OT LEHTPAJbHOM TOMJIMBHON 0a3bl 10

TEIUIOTCHEPUPYIOIEH  ycTaHOBKM, pyoO/T, 3,, — IepeMeHHas

COCTaBJISIONIAs YJSIbHBIX MPUBEJACHHBIX 3aTpaT HAa TPAHCIIOPTUPOBAHHE
TomnuBa, pyOo/(T-kM); | - paccTOsIHME TPAaHCIOPTHPOBAHMSA, KM; 3, -

3aTpaThl Ha XpaHEHWE TOIUIMBa, pyo/T; k, — Ko3pduUUEHT nepeBoaa

HATYpaJIbHOTO TOIUIMBA B YCJOBHOE;, 7 - KOA(DQUUUEHT, YUYUTHIBAIOUIUN
TIOTEPY TOTUIMBA TP TPAHCIIOPTUPOBAHUY U XPAHEHUH.
VY nenpHbIC IPUBEICHHBIC 3aTPaThl HA AJIEKTPOIHEpTHt0, pyo/(kBT1-4),
30,=32,+>.3),, (8.13)

rae 3’

3am

- 3aMBIKAOIHUC 3aTpaThl HA MIPOU3BOACTBO U PACIIPCACIICHUC

3JIEKTPOIHEPrUU B 3Heprocucreme, pyo/kBru; > 3° - cymMMa yjaenbHbIX

n.yo

3aTpar Ha Tiepeady dJIEKTPOIHEPTUH TI0 CEIIBCKUM CceTsM, pyo/kBT 4.

3aMbIKaIOIIME 3aTPaThl Ha 3JIEKTPOIHEPIHIO 3aBUCSIT OT TOAOBOIO
YKCIia YacoB, B KOTOPBIE OHA MOTPEOSETCS MAKCUMAIIBHO!

32 =(a+6lT,)-1072, (8.14)

I7le a U 6 — MOCTOSHHBIE, YCTaHABIIMBaeMble AU(GHEepEeHITMPOBAHHO
JUIS  pa3HBIX PETHOHOB CTpaHbl; [,, — BpeMsA HCIOIb30BAHUS
MaKCHMaJIbHOW Harpy3KH, 4/To/I.

YnaeneHBIE 3aTpaThl Ha Tepeaady JOMOJHUTECIBHONW SHEPTUW IS
TernocHa0xeHus, pyo/(kBtu),

37,=d-Pl3, (8.15)
rie d — ko QPUIUEHT, B3aBUCAIIMA OT JJIEMCHTOB CXCMBI
anekTpocHaOkenus; pyo/(kBrron); P — HOMUHAJIbHAs Harpyska

CUCTEMBI 3JICKTPOTEIIOCHAOKeH!s, KBT.
Texuonmornyeckuit (BHEIHEPreTUICCKUiT) dPheKT
3 =Am-c, (8.16)
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158105
3,,=m-Ac, (8.17)
I'I€ Am - YBEJIMYCHHUE BBIXOJA CEIHLCKOXO3SMCTBEHHOW IPOIYKIIUH,
kr/rog, MpH HEU3MEHHOM €€ CTOMMOCTH ¢, PYO/KI; Ac — IIOBBIIICHUE
(6maromapst 60j1ee BHICOKOMY KadeCcTBY MPOAYKIUN) €€ peaaTu3aliiOHHOM
CTOMMOCTH, pyO/KT, TPy HEU3MEHHOM BEIXOJIE 71, KT/TO,.
[To OKOHYAHMHU PACUETOB BCE TEXHHUKO-YKOHOMHYECKHE ITOKA3aTeIu
3aHOCSTCS B Tabuiry 1.

Tabnuna 1 —TexHuKO-3KOHOMUYECKHUE MTOKA3aTeNN pa3paboTKu

TexXHUKO-?KOHOMMYECKUU MOKa3aTellb 3HaueHHE

Ilpumep. Paccuutarh TEXHUKO-2KOHOMHUYECKYIO 3(P(HEKTUBHOCTD
ANEKTpOTEIIOCHa0KeHuss MosouHoit (¢epmbl Ha 400 KOpPOB, MCHONB3YS
naHHble npumepa 8. /7,c. 26/.

PacueT BBIMOTHUM J1J1s1 TIEPBOTO (XY/IIIET0) BapUaHTa MIPH TEIJIOBOM
xapaktepuctuke mnomenieHus 4,7 xBT/°C m momgepkaHUM pPacyeTHBIX
napaMeTpoB BHYTpeHHero Bosmyxa (temmeparypa 10° C, oTHocHuTenbHas
BJIAXXHOCTH 75 %).

KanurtanpHble BIOXKEHHMS B JJIEKTpOKajopu(epHbie yCTAaHOBKHU
(2CDOLI-100,CDPOILI-60u 2CHPOILI-40) ¢ yueToM MOHTAXKHBIX padoT

Koky = 1,25, 5, = 1,25:(2:1060 + 1-815 + 2-739P = 5494py0.
(8.18)

AMOPTHU3AIIMOHHBIE ~ OTYMCJICHUS  HA  dJEKTpoKanopudepHbie

YCTAHOBKH TP TO10BOM Kod(hduimente 3tux otuncinenuii 0,165
U, 5y = 0,165K5k y = 0,165-5494 = 90gy06/rox. (8.19)

O06BemM paboT Mo 0OCTYKMBAHUIO AJICKTPOKATIOPUPEPHBIX YCTAHOBOK
(mns  oOciykuBaHHUS dJCKTpoKamopudepa MomHOCcThI0O 10 40 kBT
TtpeOyeTcs 1y.e., cBoime 40kBt1- 1,5y.¢)

Ay =315+2-1=69e.

['ogoBoii pacxoa Ha 3apadOTHYIO IUIaTy  OOCIY’>KMBAKOIIETO
nepcoHana npu HopMme 70 y.e. HA OAHOIO DJIEKTPOMOHTEpPA U T'OJ0BOM
donze 3apadorHoii matel 1850py6/ (rox - ue:n)

U, = (A,y /70) -1850 = (6,5/70)-1850 = 1p6/rox. (8.20)
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CyMMapHble €XETOJHbIE W3ACPKKH Ha JJIEKTPOKATOpU(EpHBIC
yCTaHOBKH
U,y = 1,561, + 13-U, = 1,56-907 + 1,3-172 = 168906/rox.
(8.21)
[IpuBeneHHbIC 3aTpaThl HA JIECKTPOKATIOPUPEPHBIE YCTAHOBKU
3oy = EuKoxytHoey = 0,15-5494 + 1639 = 24¢36/ron.  (8.22)
AHAJOTMYHO OIpEACNCHbl MPUBEACHHBIC 3aTPaThl 3,44,  asx
COOTBETCTBEHHO Ha 3JICKTpoAHbie BogoHarpeatenu (D113-25 u DI13-60)
JUTsl OTOIUJICHUS POJUIIBHON € MPO(UIAKTOPUEM M JTOWUIHLHO-MOJIOYHOTO
Omoka W Ha akkymylsnuoHHble BojgoHarpeBateru (CAOC-400/0,9 u
2CAOC-400/0.9) nnms momorpeBa BOABI B POAWIBHON W JTOWIBHO-
MOJIOYHOM OJIOKE, KOTOPBIE COOTBETCTBEHHO paBHBI 9211 365py06/roz.
3aMbIKalOIKUe 3aTpaThl HA BBIPAOOTKY JJIEKTPOIHEPIUU IS
00beIMHEHHOM HeprocucTeMbl LleHTpa mpu MakcuMaiabHOM Harpyske 430
kBT 1 rogosom snektponorpedsennn 205000kBT-y.
32 =(a-3,,+b-P)-10% = (087-205000+ 2630-430) -102 =13093 py0/ro.
(8.23)
3aTparhl Ha Mepeaavyy 3JIEKTPOIHEPTUU MO CETBCKUM 3JIEKTPUUECKUM
muHusM 35 kB Ha paccrosinue 25 kwm, no iuHusaM 10 kB - Ha paccrosinue 5
kM, o guHuaMm 0,4 kB - Ha paccrosinue 0,1 kM U TpaHcPoOpMaTOPHBIM
noacranuusam 35/10xkB u 10/0,4kB.
37 = (dag-las+ g lig+ s loa + Uagjio + iy 0a) - P = (01- 25+ (8.24)
+03-5+10- 01+ 11+ 125) - 4264 = 31359y6 / 200
CyMMapHbI€ TPUBEICHHBIE 3aTPaThl HA CUCTEMY
AJIEKTPOTEIIOCHAOKEHUS
3=3,,+3,,, +3,, +32, +37 = 2463+ 921+ 365+ 13093+ 3135= 19977 pyO/ro1.
(8.25)
[IpuBeneHHbIC 3aTpaThl HA TEMJIOCHAOKEHUE (PEPMBI OT KOTEIBLHOMH,
paboTaroieid Ha TBEPJAOM TOILIMBE C JABYMs KoTiamu "YHwuBepcan-6" (B
TOM YHUCJI€ OJWH PE3epBHBIN) TermaoBoi momHocThi0 1,63 I'JIx/a (450
kBT), cocraBistor 28670py6/rox.
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Takum 00pa3oM, SKOHOMUYECKH BBITOTHO MTPUMEHSTH JISI MOJIOYHOM
depmbl Ha 400 KOpOB AMEKTPOTEINIOCHAOKEHHE. IKOHOMUYECKUI 3D PEKT
TIPY 3TOM COCTaBHT

28670-19977 = 8698y06/ro.

[ToapoOHBIN pacdeT TEXHUKO-DKOHOMHYECKUX MOKa3aTejei 3IeKTpo-
TEXHOJOTUIECKON YCTAaHOBKHM TMPEACTABJICH B JUTEPATYPHBIX MCTOYHHUKAX
[2-4, 7-10, 13/. B kypcoBoii paboTe HOIyCKAeTCs IPOM3BOJIUTH
OMpeJIeIeHne ASKOHOMHUYECKUX TIOKa3aTejle 10 HOBBIM METOJHMKaM,
npeacTaBieHHbIM B /18/.

9 MEPOITPUATHUA 10 TEXHUKE BE3OITACHOCTHU

B sTom pasaene n0MKHBI ObITh U3J105KEHBI OCHOBHBIE TIOJIOKEHUS T10
AKCIUTyaTallud BHIOPAHHOTO 3JIEKTPOTEXHOJOTHYECKOro 000pyI0BaHUS, U
obecrieyeHU0  0€30MacHOCTH HOpu  padoTe  BNEKTPOOOOPYTOBAHMUS.

HcrounnkoM uHGOpMaIX JIJIs JaHHOTO pa3jielia SBIseTCs TuTepaTypa /2,
4, 15-17/.

10 BOITPOCBI DHEPI' OCBEPEXXEHM A

B nanHOM pasnmene HE0OXOIWMO yKazaTh OCHOBHBIC HAIPaBIICHUS
IHEProcOEPeKEHUST W SKOHOMHUM DJIEKTPUUCCKONH OSHEPTHH, IMOAPOOHO
omucarh OOIMME | CHEIUaNbHBIE METOABl JHEProCOEPEIKECHUS MpHU
IKCITyaTallik  JJICKTPOTEXHOJOTUYECKOH  ycTaHOBKH.  OCHOBHBIM
MCTOYHMKOM MH(OpMaIu sABseTcs auTeparypa /2, 10, 11, 12, 14/.
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ITPHUJIOKEHHME
[Tpunoxenue 1
Ob6pazel 3a/1aHUs Ha BBIIIOJIHEHUE KypCOBOM pabOThI

CTABPOIIOJILCKHI T'OCYJAPCTBEHHBINI ATI'PAPHBIN
YHUBEPCUTET
MHCTUTYT MEXaHUKU U SHEPTeTUKH
Kadenpa snexkrpoodopynoBanus u a3neproodecnedenust AIIK

3AJTAHUE Ne HA KYPCOBYIO PABOTY 10 guciuIniige
«QJIEKTPOTEXHOJIOI UN>»

CTYJIEHTY Kypca ___ TPYIIIbI

Tewma:

HUcxoanbie 1aHHbIE
1.HanmMenoBanue noMmelieHus

2 KoHCTpyKTHBHBIE OCOOCHHOCTH

3 MecTtoHaxoxaeHne OOBEKTa

PacyeTHO-nmoOsICHUTEIbHAS 3aMIHCKA
1.BBenenne.
2 Kparkast xapakrepuctrka oobekra (1 ctp.).
3.060cHOBaHue criocoba oborpesa U BbIOOp THITOBOTO MpoekTa (1 cTp.).
4 TennoTeXxHUYECKUH pacyer.
5.Pacuer anekTpoHarpeBaTeNbHON yCTAaHOBKHU.
6BB100p 31eKTpOo0OOpYyIOBaHMS, alllapaTOB YIPABICHUS U 3aIIUTHI, MAPOK U
CEUYEHUI MPOBOJOB U Kabelei.
7 PazpaboTka cxeMbl aBTOMaTHUYECKOTO YIIPaBJIEHUSI.
8.Kpatkuit TeXHUKO-3KOHOMUYECKUIA pacyer.
9MeponpusTHs IO TEXHUKE 0€30MTaCHOCTH.
10Bompock! a3HEprocOepeKeHUs.
11Cnucok ucnoab30BaHHOM JIUTEPATYPHI.
12 OrnaBnenwue.
I'paduyeckast yacTp
1.IlnaH noMmelieHrs ¢ HAaHECEHHEeM 000pYI0BaHHUS.
2.DneKkTpuyeckas cxeMa ynpaBJieHUs] 1 aBTOMATHKHU.
3.CBoanas TabnuIa 3JIeKTPOIPOBOJIOK U AJIEKTPOOOOPYI0BAHMUS.
4. 3cKu3 3NIeKTpoHarpeBaTes.

PykoBoautesib ( )
3aaHue MoMyUYmrsl « » 20r. Ilonnuck cTyneHta
Cpox 3aluThl KypcoBOi paboThI « » 20.
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[Tpunoxenue 2
TEMATHKA

KYPCOBBIX pa0OT MO 3JEKTPOTEXHOJIOTUHN U SHEPTOCOEPEIKEHUIO

Ne damuusa
BapHaHTA Tema ¥ HHUIHAJIBI
CTy/JAeHTa

1 DneKkTpuyecKkoe oTorieHue TensTHuka Ha 640
ronos, t,,=15°C, t,=-18'C

2 [IpuTOUHO-BHITSKHAS YCTaHOBKA CBUHAPHUKA-
otkopmouHuka Ha 300Tos0B: t,,= 15°C, tuap=-
18C

3 O6orpeB kopoHuka Ha 400T0JI0B ¢ TOMOIIIBIO
IBY, t,,=10°C, t,,=-38°C, V,,=20m"/ron

4 DneKTpoTeIIocHabKeHne MOJIOYHOW (hepMbl Ha
500r0m0B, t,,=12°C, t,,=-31°C

) DnektpokanoprdepHas yCTaHOBKA B KOPOBHUKE
na 400rooB, t,,=10°C, t,,=-22°C, V,,=17
Mron

6 O6orpeB kopoHuKka Ha 200T0JI0B ¢ TOMOIIIBIO
[BY, t,,=10°C, tHap=-250C, V=25 m>/ron

7 Pacuér snemMeHTHOro EMKOCTHOIO
BoJloHarpeBatessi B cBuHapHuke Ha 50005108,
£ =5"C, teou= 65C

8 Pacuét uHIyKIIMOHHOTO MPOTOYHOTO
BOJIOHarpeBatels B cBuHapHuke Ha 450107108,
tuas=5'C,
tow= 15°C, G= 400Qn/4ac

9 Pacuét anemMeHTHOTO EMKOCTHOTO
BOJIOHArpeBaTessl MOJIOYHO-TOBapHOU (hepMbl Ha
200ro0m10B, tHaq=50C, teon= 8dc

10 PacuéT npoToYHOro 3J1eMEHTHOTO
BoJloHarpeBateisi B kopoBHHKe Ha 200r010B,
tuas=6'C, tow= 90°C

11 Pacuér snexTpoaHOro BojoHarpeBaTesst s

OTOIUICHHUS B CBUHApHHKe-oTKopMouHuKe Ha 400
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rOJIOB, tHap=-2CP C, t,=18C

12

DneKkTpoKoTeNnbHas ajsi cBuHapHuka Ha 800
ronos, t,,=-18C, t,,=18°C

13

Pacuét ameMeHTHOTO TPOTOYHOTO
.+ _p0
BOJIOHArpeBaTens s noeHus osell; t,,,=5 C,

t..= 42C

14

PacuéTt anekTpoiHOro BojoHarpeBartesns s

ororieHus: cBuHapHuKa Ha 600rom0B: t,,=-
22°C, t,,=20°C

15

HarpeB Bojibl Ha TEXHOJOTUYECKUE HYKIbI IS
oBiexommiekca Ha 100008Belr; t,,,=6"C, t.,=
85°C

16

WHIyKIIMOHHBIN BOIOHATPEBATENb TPOTOYHOTO
tumna s noeHust kKopoB Ha 400r0510B:
G=2,910" m¥/c: t,,,.=10C, t.,,= 80°C

17

PacuéT TokoBOTO MHIIyKIIMOHHOTO
BOJIOHArpeBaTesl Ha MPOMBIIIEHHOW YacToTe

JJIA rapa>1<a:
m= 500kr, t,.=7°C, t.,= 80°C

18

DNeKTPOAHBINA BOJOHATPEBATEND JIJIsT OTOTIICHUS
ceuHapHuka: Vs=0,5m 3, tHap=—230C, tBH=200C,
S,=22 Om'Mm

19

BHCKTpOI[HHﬁ BOJOHarpeBarTeiib Co
CTYIICHYATBhIM PEryJIMPOBAHUEM MOIHOCTH.

t...=5°C, t..,= 5C, m=1300kr

20

DNleMeHTHBIN EMKOCTHOM BOJIOHArpeBaTelb s
TEXHOJIOTUYECKUX HYXK]l B KOpoBHUKe Ha 520

.+ —0 _ _ 3
ronoB: t,,,=5°C, t.,,= 95°C, Q=0,1m"Tu

21

PacuéT anexTpoHarpeBaTeIbHONM YCTAHOBKHU IS
.+ 0 — a0
ntuyHuka; t,,,=5C, t,= 91C

22

DneKTpooborpeBaeMble TOJIbl B CBUHAPHUKE-
MatouHuke Ha 50ronos: t,,= 16°C, tHap=-17OC,
V=6060m°

23

3J‘I€KTpOO6OFpeBaeMBIe II0JIBI B TCIIATHUKE Ha
600rom08: V=7920v°, t,,=10°C, t,,,=20°C

24

9J'ICKTpOO6OFp€BaeMBIe ITOJIbI B CBUHAPHHKCE-
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matounuke Ha 160mect: V=12 m/rom,
t,=20°C, t,,,=-18C

25 DneKTpooborpeBaeMble MoJIbl B TEJISITHUKE HA
130Tensr: tBH=150C, tHap=—27OC

26 DneKTpooOorpeBaeMble MoJIbl B TENISITHUKE HA
250T0I10B: t0,,=20°C, t,05,=9°C

27 PacuéT cymunbHoit kKameps! t,=180C,
tap= 15° C, 16>snexTponBurarenei

28 Pacuér unaykropa ans 3akanku nertaneit: ;=40
MM, Q=150mm, f=600xI ', U=1200B

29 Pacuér cymmnpHOi KaMepsl 7151 CYLIKH
3JIEKTPOU3OJIALUHN t=20(5)C, P=25kBT

30 DIIeKTPUYECKHUM pacuéT CylIIMIbHON KaMephbl
P=25Br, t=180C

31 AKTHBHO€ BEHTUJIMPOBAHUE 3€pPHA B
3epHoxpanmiuine Ha 120 ToHH: tHarp=500 C,
£, =25°C

32 briTOBBIE BNIeKTpOHArpeBaTeNbHBIE TPUOOPHI:
yaiinuk Ha 101: tHaq=7OC, teon= 100C

33 Pacu&€T GBITOBBIX AIIEKTPOIIOTPEOUTENECH:
BeHTHIIsITOp P=0,5KBT, yalinuk V=O,01M3

34 DeKTponacTepu3aTop MOJIOKa UHIYKIIMOHHOTO
tna: G=5,5610"m%c, t,,,=1°C, t.,= 90°C

35 Pacuér mactepuzaropa MooKa WHIYKIIHOHHOTO
tuna: G=4,1710"m%c, t,,,=20°C, t,,,= 80P°C

36 PacuéTt nHIyKIIMOHHOTO MacTepru3aTopa MOJIOKa:
G=3,910"m’/c, ,2.=12°C, t,,= 91°C

37 DIeKTPOOOOTpeB TETUIMIIBI JIJIsl BhIpALIUBAHUS
IIBETOB:. tHap=—200 C tBH=18O C, V=3500Mm°

38 DIIeKTPOOOOTPEB TETUIMIIHI IJIsl paccajibl meplia.
t.=30°C, t,,=-18C, S=33x9°

39 DIIeKTPOOOOTPEB TEIUTHIIHI TUIOMIABIO 350m%;
£, =27°C, t,4p=-27°C

40 DIIeKTPOOOOTPEB TEIUTHUIIBI tBH=25O C, t,mp=—22O C,
S=54x18u

41 Pacuét HarpeBa nuIEeBBIX MPOIYKTOB HA

CBEPXBBICOKOW YaCTOTe t...=20C, t,= 85°C,

32 ©A.A.JIsicakoB




m=3,5kr

42

Anpo3zonbsHas o6padorka ntuibl N= 20000kyp,
Q=5-10m"c

43

BHeMeHTHBIIZ HpOTO‘—IHBIfI BO,Z[OHaneBaTeJ'[L
t,.,.=6"C, t.,,= 88°C, m=450kr, 1= 2,34

NHayKurnOHHBIA NPOTOYHBINA BOJOHATPEBATENb!
t,.,.=6"C, t.,,= 15°C, G=6,910° m’/c

45

PacuéT naayKIimoHHOro 6aKoBOTO

BOJIOHArpeBaTelisl Ha MPOMBIIIJIEHHOM 4acToTe:

V=250, T=2,24ac, t,,,=6°C, t.,,= 88C

46

[Tactepusatop monoka Ha 100romos: G=700
nlaac, t,,,=12°C, t.,= 85°C

47

OnektpoobpaboTka (ypaskHoro 3epHa: Ge =1
1/9ac, 4,,=6"C, tos= 80°C, w=14%

48

DnekTpokanopudepHas yCTaHOBKA JIJIs
aKTUBHOT'O BEHTUJIMPOBAHMUS 3€pHA B

3epHOoxpaHuiuile Ha 120ToHH: tHaq=1OOC, teon=
50°C, 1=124acos

49

AKTHBHOE BCHTUJIMPOBAHHEC 3CPHOXPaHWINIIA Ha
2000ToHH: 1,,=5°C, t,,=-20°C,

50

PacyéT MHIYKIIHOHHOTO IPOTOYHOIO
nactepuzaropa mosioka: G=1400m1/4, t..=11°C,
teon= 92°C

51

PacuéTt uHAYKIIMOHHOTO IMacTepru3aropa MoJoKa
tparcdopmatoproro tuna: G=1800s1/4,
tuas=10°C, = 90°C

52

PacuéT sjeMeHTHOrO BoJOHArpeBaTes s

.+ _p0 _
nraanka Ha 30000ros10B; t,,,=5°C, t.,= 9CPC
HOpMa TOTPeOIeHHS

©A.A.JIsicakoB

33




[puiaoxkenune 3
OO6pa3en THTYJIBHOIO JIMCTA

MUWHHCTEPCTBO CEJIbCKOI'O XO34MCTBA POCCUNCKON ®EJEPALINN
denepanabHOE TOCYIAPCTBEHHOE OIOKETHOE 00pa30BaTEIBLHOE YUPEIKICHNUE BBICIIIETO
oOpa3zoBaHUs
«CTABPOIIOJIbCKUI TOCYJAPCTBEHHBIN ATPAPHBIN YHUBEPCUTET»

NHCTUTYT MEXaHUKHA U SHEPTETUKHU
Kadenpa snexrpoodopynoBanus u sHeprooodecmeuenuss AITK

KYPCOBAA PABOTA

10 JUCILMILIUHE <<9HeKTpOTeXHOJIorHH»
Tewma:

Beimoyann:
CtyneHTt___ Kypca TPYIIIIbI

0)4(0)

Hanpasnenue noaroToBku:

dopma 0OydeHus:

[Tposepwit:
y4. CT€NEHBb, AOJDKHOCTD
®UO
3apeructpupoBaHa
«» 20 T
KpuTepuii MaxkcamanbHoe HaOpaHunbIx 6a/110B
3HAYeHHue B Dajiax
Odopmiienne KypcoBoii paboThl (IpoeKTa) 10
ConeprkaHue KypcoBoii paboThl (IPOeKTa) 60
3arura KypcoBoi paboTsl (mpoekTa) 30
HUTOI'O 100
OrueHka « » [ata IToamuce

Craspomnonb, 20 .
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