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DJIEKTPOHMKA: METOJINYCCKOE YKa3aHUE K BBINOJIHEHUIO KypcoBoil padotsl / JIA.
[TurapeB, (axyIbTeT TEXHUYECKUX CHCTEM, CEPBUCA U DPHEPTETUKH, Kad. «DIeKTpo-
HHEPreTUKH U 3ekTpoodopynoBanus». CI16.:CII6I'AY. 2017. — 10 c.

B MmeroanueckoMm ykazaHUUW Mpejuiaraerca pa3paboTaTh CXeMy U MPOBECTU
pacueT mpeobOpaszoBartess TemIepaTypa — HampsbkeHue. B kaudecTBe mpumepa pac-
CMaTPUBAETCS OAMH U3 MPOCTHIX CIOCOOOB TEXHUYECKON peain3aluu mpeoOpazoBa-
TeJIsl TeMIepaTypa — HalpsHKEHUE C UCTIOIb30BAaHUEM ONEPAITMOHHBIX YCUIIUTEIICH.

Meroandeckoe ykazaHUe 10 BBITTOJIHEHUIO KypCOBOM pabOThI MpeHA3HAUYECHO
JJIsl TIOITOTOBKYM OaKkaJaBpoB OYHOM (3a04HOI) (hopMbI 0OyUYEHHUSI 1O HANPaBICHUIO
noarotoBku 35.03.06 « ArpouH)eHepus», TUIl 00pa30BaTEIbHON MPOrpaMMbl - aKa-
JTeMUYECKUM OakaaBpuat, mpoduiib MOATOTOBKU OakanaBpa - «JIEKTpooOOpyI0Ba-
HUE U 3IEKTpoTeXHOJIoTHHU B AITK».



Tema kypcoBoii paGoThl: CIIPOCKTHPOBATH MpeoOpa3zoBaTeIh TEMIIEpaTypa - Ha-
MPSHKEHUE C UCTIOJb30BAaHUEM OTICPAITMOHHBIX YCUITUTEICH.
1. Cxembl npeoOpa3oBaHusi.

[IpeoGpa3zoBaTeny JAHHOTO TUTIA UCTIOIB3YIOTCS ISl H3MEPEHHS TeMITepaTyphl B
CHCTEMaxX KOHTPOJISI U aBTOMAaTHYECKOTO YIPaBICHUS TEXHOJIOTHUYECKUMH MTPOIIeC-

camu. OyHKIIMOHAJIbHAS cXeMa MpeoOpa3oBaTes MprBeIeHa Ha puc. 1.

Hctounuk
MATAHUS
TO C o R L Us Il f
IlepBruHbII > Bropuunslii
" npeobpas. | mpeobpas.

Puc.1. ®ynkimnonanbHas cxema rnpeoopasoBaTeis

[IpeoOpazoBarenp, Kak IPaBUIO, COCTOUT U3 JIBYX DJIEMEHTOB: IIEPBUYHOTO
npeoOpazoBarens (AaT4nKa) ¥ BTOpUYHOTO. B mepBuyHOM npeoOpazoBarese mo
JEHCTBUEM KAKOT0 JTMOO (PU3MUECKOT0 MapaMeTpa U3MEHSIOTCS €r0 XapaKTEePUCTHKH,
HaIlpUMep COMPOTUBIICHUE, TEOMETPUIECKUE pa3Mephl U T.11. Jlajiee curHai nepBud-
HOI nHpOpMaIU TpeoOpa3yeTcsi BTOPUYHBIM MTPeoOpa3oBaTesieM B CUTHAT U3MEPHU-
TeJIbHON MHGOPMAITUU — HAMIPSHKEHHE, TOK, YaCTOTY, KaK MPAaBUIIO, CTAHIAPTHOTO
Jaras3oHa.

B kadecTBe 1aTYUKOB TEeMIEpaTyphl B HACTOSAIIEE BpeMs HauOOJIbIIIEe Pacipo-
CTpaHEHHE TOTYUUITU TTOJIYIIPOBOTHUKOBBIC TEPMOPE3UCTOPHI: TEPMUCTOPHI U TTO3UC-
TOPBI. ITO 00YCIIOBIEHO BBICOKOW CTAOMIILHOCTHIO UX XapaKTEPUCTUK, MAJIOH TTO-
TpeOIIEeMO MOIITHOCTHIO, MAJIBIMUA TEOMETPUUESCKUMU pa3MepaMu U HU3KOM CTOH-
MOCTBIO. B KauecTBe BTOpUUHBIX MPe0Opa3oBaTeeii pacpoCTpaHEHUE TIOTYUUITH

MOCTOBBIE€ CXEMbI YUTCTOHA C TCPMUCTOPOM B OJHOM M3 IIJICH U3MCPUTCIIBHOI'O MOC-



Ta 1 nuddepenHnaibHbIM yeunuteneM (puc.2, 3) Uiau cXeMbl, TOCTPOSHHBIE C UC-

MIOJIb30BAaHMEM MOCTOBBIX YCHIIUTEIICH Ha OTIEPAIIMOHHBIX YCHIUTEIX (puc. 4, 5).

+E Cxema mudde-
PCHIIUATBHOTO
YCUITHTEIIS
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U2 ul L ! i Ughbix
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Puc.2. Cxema ¢ MmocToM YUTCTOHA

s cxemsl puc. 2 mpu BoinonHeHun yciaoBus R1Rt = R3R2 nampsixenue B quaro-
Haimu mocta Uy, = U2 — Ul paBHO HyI0. DTO YCIOBHE HOCUT Ha3BaHUE yCIOBHS Oa-
JaHCUPOBKU. ballaHCUPOBKY BBIMIONHSIOT, TOMENIAas JaTYUK B CPELY C ONPEACIICHHON
TeMIiepaTypoi (TemmepaTypoil 6amancupoBku Tg), MpU KOTOPOl M3BECTHO COIpPO-
TUBJIeHHE natuuka Rg PerymmpoBkoil conpotuBnenus R3 1061MBarOTCs BBINOJHEHUS
ycioBus U,, = 0. Ilpu u3aMeHeHnu conpoTuBIeHUs Aaturka Rt, HanmpshkeHue, mnoja-
Baemoe Ha BxoJ auddepenuuanbroro ycunurens (YY) Oyaer MeHAThCS 0 COOTHO-
HIEHUIO:
U,=E[R1/(R1+R2) - R3/ (R3+Rt)]. (1)

Hanee ato Hanpsixenue ycunupaetcs Y 1o HeoOxoaumoro 3Hauenust Ugp.

Cxema puc. 3 HUCMOIB3YyeTCs, KOrJa JaTYMK YJajdeH OT BTOPUYHOIO Ipeodpa3o-

BaTelisi Ha OOJIBIIINE PACCTOSHUS (IECATKH METPOB).



Cxema nuddepen-
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Puc. 3. Cxema noakJIr0YEeHUS YAAJIEHHOTO JaTuYuKa

B sTtoM ciiywae k MOCTy VYHWUTCTOHA JaTYMK MOJACOEAUHSIETCS C MOMOIIBIO
TPEXMPOBOAHON JIMHUU CBS3M, YTO MO3BOJISIET CKOMIIEHCHUPOBATH JUIMHY COEIUHU-
TEJIbHBIX MPOBOAOB, MOCKOJBKY Il U3MEPUTEIBHOIO PE3UCTUBHOIO MOCTa IpPHU yC-
JIOBUM OaJlaHCa BBITIOIHAETCS COOTHOLIEHUE:

R1 (Rt+R.) = R3 (R2+R\), (2)
rae R, - conpoTuBnenue TMHUYU (COEAMHUTEILHOTO POBOHUKA).
[TockonbKy conmpoTuBieHus: R BKIIOYAIOTCA B MPOTHUBOMOJOXKHbBIE MJIEYH MOCTA, TO
yclioBHUE OajaHca HE 3aBHCHUT OT JJIMHBI COETMHUTEIbHON JTMHUY.

B cxemax puc.2 u 3 compotuBienus R1 u R2 o0bdHO 3a/1al0T HECKOJIBKO
kOwm, conpotunenue R3 onpenensercs HoMUHAIOM TepMope3uctopa R npu temmne-
patype OanaHcupoBkd. BennuuHa HanpspkeHus nutanus E u ero mosisipHOCTH orpe-
JEJISIIOT BEJIMUMHY HANPSKEHUs Ha BhIXOJIe u3MeputesbHoro Mmocra U,, (00BIYHO 3TO
HECKOJIbKO BOJIBT). Jlajee 3T0 HampshkeHue yCcuiauBaeTcs cxeMoil nuddepeHimans-

HOT'O YCHUJIUTENs 10 3aJaHHoro 3HaueHust Ugpx.



Hpyroii cioco® mpeoOpa3oBaHusi COMPOTUBIICHHS TEPMOAATINKA B HAMIPSIKE-
HUE — UCIIOJIb30BAHUE CXEM MOCTOBBIX YCHJIMTENIEH HA ONEPALMOHHBIX YCUIMTEIAX
(OY) (puc.4, 5).

B cxeme puc.4 natymk BKIIOYaeTcs B IeNb 00paTHOM cBsi3u. Ero compoTus-
JIeHHE TIpesicTaBieHo Kak Ry + dR, riae Ry — conpoTuBieHne narymka mpu Temiepa-
Type 6anancupoBky, a dR - U3MeHeHue CONMPOTUBICHUS PU U3MEHEHUH TeMIIepaTy-
pBI OTHOCUTENBHO TeMmepaTypsl OanmancupoBku: dR; = Ry — Rg. bamancuposky moc-
TOBOT'O YCHJIMTEIIS OCYIIECTBIISIIOT C IIOMOLIBIO pe3rcTopa R*, conpoTuBieHne KoTo-

pOTO TOJKHO ObITh R* = R,

Rx + dR t

R1

E Ushbix
i. R2 DA1

Puc. 4. Cxema MOCTOBOTO YCUJIUTEINS C JATYMKOM B OOpaTHOM CBSA3U

C 1ebio yIpOILEHHS pacyeTa BEIXOIHOTO HAIMPSIKEHUS, 0OBIYHO COMPOTHUB-
nenust R1 = R2. [Ins OV, ucnosib3yeMbIX B KypcOBOM paboTe, UX 3HAYEHUSI PEKO-
MenayroTcs < 10 kOM. Toraa BIXOJIHOE HaMpshKEHUE MpeoOdpa3oBaTesis onpeaes-
eTcs cooTHomeHuem [1]:

Uppixi = — (E dRy) / (R1 + Ry). (3)

CxeMy puc. 5 UCTIOJIB3YIOT, KOTJa IATYMK TEMIEPATYPhI JOJIKEH OBITh 3a3€M-

JICH.



Ughbix

Puc. 5. Cxema MOCTOBOTO YCHIIUTCIIA € 3a3CMJICHHBIM JATYNKOM

JI71s TaHHOM CXEMBI BBIXOTHOE HAMPsIKCHHUE TPeoOpa3oBaTeis OMPEaeIsIeTCss COOT-
HomieHueM [1]:

Ussixi = (E dR;) / (R1+Rp+dR;)  (4).

[Ipu npoekTupoBaHUM NpeodpazoBaTeaeii HEOOXOAUMO COOIIOAATH ONpEe-
JICHHOE TpeOOBaHNE — MAaKCUMAJIbHOE 3HAUYCHHUE BEIMYNHBI BRIXOAHOTO HANPSHKCHUS
JOJKHO HAXOJUTHCS B CTAHAPTHOM JHAMa30He sl 3a/IaHHOTO JAMana3oHa u3Mepe-
HUS TTapamMeTpa. [ HanmpsHKeHUs MTOCTOSTHHOTO TOKA CTaHAAPTHBIMH SIBJISIFOTCS A~
Ma30HbI BEIXOHOTO HANPSKEHUS MTPeoOpa3oBaTeis:

0+25B,0+5B, 5B + +5B, 0+ 10B.
2. Pacyer MCTOYHMKA NMUTAHMS MPeodpa3oBaTeJis.

[lutaHue OMEPAIIMOHHOTO YCWJIMTENS OCYIIECTBIISIETCS OT JIBYXIOJSPHOTO
uctouyHnka nutanus. Jns 6onpmmHcTBa OY CTaHAAPTHBIM SBIISCTCS HANPSDKEHUE =+
15 B. [lns ero nojiydeHusi MOXHO MCIIOJb30BaTh TUIIOBYIO cxeMy (puc. 6), cocTos-
n1yto u3 MoctoBoro Beimpsimutenst VD1 —VV D4, crnaxusaromiero ¢punstpa C1 — C2 u
CEpHUITHOTO JIBYXKAHAJIBHOTO CTa0MIM3aTopa MOCTOsSTHHOTO Hamnpspkenus DAL ¢ BbI-

XOJHBIM HampsbkeHueMm + 15 B. B kauecTBe MOCTOBOrO BBIPSIMUTEIIS I1€71€C000pa3-



HO HCIIOJIB30BAaTb HC JHUCKPCTHBIC JUOIbI, d BBIIPAMHTCIIbBHBIC 6J'IOKI/I, HaIIpuMcep

K11407 win ux 3apyOeKHbIE aHAJIOTH.
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Puc. 6. TumoBas cxema UCTOUHHUKA ITATAHUA
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Emkoctu C1 u C2 kxpome QuiibTpauuu N€PEMEHHON COCTABIISIONIEH BBITPSMIIEHHO-

T'O HAIIPsAKCHUA 00€eCIIeuynBaroT MMOJY4YCHHUC O6H.ICI>1 TOYKHU ABYXHOJIAPHOTO HCTOYHHU-

Ka NuTaHusA. J[ByxKaHalbHbIE CTaOMIM3aTOPbl MOCTOSIHHOrO HampsbkeHuss DAL ¢

BBIXO/JHBIM HalpspkeHueM + 15 B BBITyCKarOTCS CEPUHHO B HHTETPAJIbHOM HCIIOJIHE-

HUM U UMEIOT OO0JbIIOE 3HAUYEHHE HHTETrpajibHOro Kod(pduimeHTa crabuin3anuu

(cotHu egunul U Oosee). [lapameTpbl HEKOTOPBIX THUIIOB UHTErPATBHBIX CTA0MIN3a-

TopoB cepuu K142 u ux 3apyOeXHBIX aHAJIOTOB MPUBEIEHBI B Tabauue 1, a cxemsl

BKJIFOUCHUS HA puc . 7

Tabnuua 1 - Crabuin3zaTopbl HANPSHKEHUS.

Tok 1o-
Tun Usrix, B B, A | Upxmin,B | Usxmax, B | Tpebnenus,

mA
KP142EHSA 4,9-5,1 1,5 9 15 10
KP142EHSB 14,55-15,45 1,5 20 35 10
KP142EH6A,b +15 0,2 +20 +40 18
KP142EH6B,I" +15 0,2 +18 +30 20
78L05 +5 0,1 - +9 15
79L05 -5 0,1 - +9 15




[Ipu paGoTe BHIMPSIMUTENS] HA eMKOCTHOW (PUIIBTP, BBITPSAMUTEIbHBIE TUOIBI
paboTarT B pekMMe OTCEUYKH (MpepbiBaHMs TOKa). [1o3ToMy pacder emMKocTel J0c-

TaTO4YHO CJIOXKCH. HpOI/ISBO,ZII/ITeJ'II/I CTa6I/IJ'II/IBaTOp0B HaHpH}KeHI/Iﬁ PCKOMCHIAYIOT

IIOJIB30BAaTCIIAAM
KP142EH6A-T
15 13 2 3
+Upy — +Uppix  UBx  —— L Uspix
T C3
11 14 1 i
5 —— ~Ugpix
Usx T C4 78L05, 79L05
17
8
OO6m. OO6m.
— C3=C4=0,1MxD

Puc. 7. Cxembl BKIIOYEHUS UHTErPATbHBIX CTA0UIN3aTOPOB HANPSKEHUS

pacyeTHbIC 3HAUYECHUSI EMKOCTEH 3JEKTPOJUTUYECKUX KOHJEHCATOPOB ISl 3asiBJICH-
HBIX 3HAYEHUI BBIXOJHBIX TOKOB.

Jnst crabunu3atopoB, MPUBEAEHHBIX B TaOiuie 1, peKoMeHayeMble 3Haye-
HUSI €MKOCTEH 3JIEKTPONIMTHUYECKUX KOHAEHCATOPOB criaxkuparomniero ¢puiabstpa Cl =
C2 = 200 Mk®. [Ipu paboTe BHIIPAMUTENS HA €MKOCTHYIO HAarpy3Ky, KaxAbld U3
konaeHcatopoB Cl u C2 3apspkaercss 40 MOJOBHHBI aMIUIMTYJAHOTO 3HAYEHUS Ha-
npspDKeHUs BTOpruHOi 00MoTku Tpanchopmaropa Uc; = Uy = Uy, /2. DTr Hanpsike-
HUS SBIIAIOTCS BXOJAHBbIMU HanpstkeHusamu + Ugx u — Uy nms crabunmzatopa. Ta-
KM 00pa3oM, pacyeT BBINPAMUTENS (DAKTUYECKH CBOAMTCS K BBIOOPY CETEBOTO
TpaHchopmaTopa Mo ACUCTBYIONIMM 3HaueHUsIM Toka |, u Hanpspkenuss U, Ha ero
BTOpUYHON 00MOTKE. [ToCKONbKY Ha BXOJIHOE HampspKEHUE cTabuiM3aTopa Hakiia-

AbIBAIOTCA OIpaHUYCHUA [10 MUHUMAJIbHOMY U MAKCUMAJIbHOMY 3HAYCHUIO, IIPUMEM,



ut0o + Upx = [(+ Ux min) + (£ Usx max )] / 2 (cM. Tabm. 1).
Torma geiicTByroliee 3HaUCHUE HAMPSHKEHUSI BTOPUYHONW OOMOTKH TpaHCcpopMaTo-
pa MOKHO ONPENEITUTh KAK:
Up= Upm/ V2 =2 [Ugx|/ 2, (5)
rae |Upx| - Moaysnb BxogHoro Hanpsbkenus + Ugx 11— Uy .

JUtst HaxOXJeHUs ACHCTBYIONIMX 3HAYEHW TOKOB NMEpPBHYHOM |3 U1 BTOpHY-
HOU |, 0OMOTOK TpaHchopMaTopa CHadala HEOOXOIUMO ONPENEIUTh TOK HAarpy3KH
|y , xoTOpBIK mOTpebnsieT cxema. OH CKJIAABIBACTCS W3 TOKAa MOTPEOJICHUS CXEMOM
cTabuau3aTopa HaIpsHKEHUS, BBIXOJHOIO TOKA ONMEPAllMOHHBIX YCUIIUTENECH, 3a/eil-
CTBOBAHHBIX B CXEME, a TaK K€ TOKOB, MPOTEKAIOIINX B U3MEPUTEIHLHON YaCTH CXEM
(Mocta YuTcToHa MM uenu oOpatHo# cBsi3u OV npu MUHUMAIbHBIX 3HAYEHUAX CO-
MPOTUBJICHUS TepMope3ncTopa). [locKkoabKy cpeHee 3HaUeHHUE TOKa BBITPSIMUTEIIb-
HOM cxeMbl lcp> Iy, To ucnomnb3ys noustue kodddunuenta hopmbel Toka D = 1,/ lcp,
MO>KHO OIPEIENNTh ACHCTBYIONIEE 3HaYEHNE TOKa BTOPUYHON 0OMOTKH |5 . /{151 Moc-
toBoi cxembl D = I,/ Icp = I,/ Iy =1,11. Torma nelicTByromiee 3Ha4CHUE TOKA BTO-
puuHoit oomoTku 1= 1,11 Iy,

Yepes kodddunuent tpanchopmanuu N = Uy / U, MOXKHO ONpeaennuTh ACHCTBYIO-
1Iee 3HaUCHUE TOKa MmepBuYHOM ooMoTkm I =1,/ n.

TumnoBast MOITHOCTH TpaHchopMaTopa JJisi MOCTOBOM CXEMBbI OMNpeaeseTcs
cooTHomeHueM St= (S;+S;) /2, tne S;u S, - MOUHOCTH TIEPBUYHOMN U BTOPHY-
HOM 00MOTOK TpaHc(opmaTopa:

S, = |2U2, S = I1U1=(I2/n) U n=hLU,.

Takum 006pa3om, TUTIOBAsE MOIIHOCTh TpaHCcPopMaTopa Jjisi MOCTOBOM CXEMBbI

St = I, Uy. Tlo natinennsim 3HadeHusiM |y , |, U, u St BeIOUpaercs yaudumnupoBas-

HBII ceTeBo# TpaHchopmarop [4] .
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2.1. UCTOYHUK NUTAHUA NPeodpa3oBaTesIs
J1st paGOThI U3MEPUTENILHBIX CXEM HEOOXOIMM MCTOYHHUK MUTAHUS C HaIpsI-
»enueM nutanus E. HambGoinee mpocto /it monydeHus HanpsbkeHus: E MoxHO uc-
M0JIb30BaTh UCTOUYHUK JBYXIOJSIPHOTO TMUTaHUS ONepaluoHHoro yeunurens + U, u
noBToputenp HanpsikeHus Ha OV (puc.8). [Ipu HoMUHANAX pe3UCTOPOB, YKAa3aHHBIX
Ha cxeme 1 HanpspkeHusx nutanus OY U, =+ 15 B, nanpsbkenue E MmoxxHO n3me-

HATH C IMOMOIIBIO pe3nctona R2 B auamnaszoHe + 5 B.
+ Up

T

10kOm R1 + Up

10xkOmMm

“ DAl
1 U,
10xkOMm R3
— Uy

Puc. 8. McTOYHHMK ABYXIIOJSIPHOIO HAIPSIKCHUS

Jlist monyyeHus HanpsbKeHus nuTanus E pukcupoBaHHON BETUYHMHBI U MO-
JSIPHOCTH B MECTO AEIUTEINS U3 TPEX PE3UCTOPOB MOXKHO HUCIIOJIB30BaTh 0oOJIee Mpo-
CTOM PE3UCTUBHBIN AEIUTEND, COCTOSIIINI U3 IBYX COITPOTUBICHUN W OJHOIOJISPHO-

ro HanpspkeHus nutanus +U, wim -U;;

3. Mopaaok pacyera npeodpazoBareis.

BapuaHnT 3amaHusi CTyJileHTa COOTBETCTBYET €r0 HOMEPY B CIIUCKE TPYIIIIHI,
ornpeeNeHHbIH qekanatoM (cM. [lpunoxkenue 2). Mcxoausie nannsie ( mun mepmu-
cmopa, Ouanazox usmepeHus. memnepamypsvl, OUaNa3oH 8bIXOOH020 HANPAXCEHUS

npeo6pa306ameﬂﬂ, mun onepayuorHOco ycuiumelii, ocobenHoCcmu BKIIOYEHUS
11



oamuuxa) npuBeneHsl B «lIpunoxxenuu 2». [lapameTpsl TepMUCTOpa U ONIEPALINOH-
HBIX ycuinTenen npuseaensl B [Ipunoxenusx 3,4.
[TocnenoBaTenbHOCTh BHIMIOJHEHUSI KYPCOBOU paOOThI MOXKET ObITH CIIEYIO-

nias:

1. [Toctpoenue cratudeckoit xapakrepuctuku tepmucropa (R / T xapakrepuctu-

ka, Rr=f(T)).
3aBUCHUMOCTb CONPOTUBIIEHHSI TEPMUCTOPOB OT TEMIIEPATYPhl B UHTEPBAJIE H3MEHE-
HUS TEMIIEPATyPbl HECKOJIBKO JAECATKOB IPaJyCoOB allllPOKCUMUPYETCSI SKCIOHEHI[U-
aIbHOM 3aBUCHMOCTBIO:

Rr=Ry*exp[B(L/T-1/T\)] (6),
rae:
- Ry - conpotuBnenue tepmuicropa B OM nipu temneparype T B K;
- Ry - conmporuBnenne repmuctopa B OM nipu HomMuHanbHOU Temmneparype Ty B K;
- B — xoaduuuent temnepaTypHOil 4yBCTBUTEIBHOCTH, 3aBUCSIINI OT CBOMCTB Ma-
Tepuaia U TEMIIEPaTyphl.
3HaueHue B g TeMneparypHOro n1uamna3zoHa MOKHO ONPEIEIUTh IO COOT-
HOIICHMIO [2]:
B=[(T:*Ty)/(T,—T)]*In(R,/ Ry ), (7)
rae: Ry u Ry, — conporuBnenus TepMuctopa COOTBETCTBEHHO NpU Temneparype T u
T2.
3nauenue B g OonbIIMHCTBA TEPMHUCTOPOB C OTPULATENBHBIM TEMIIEPATYPHBIM KO-
s¢ppunmentom conporusiacHus (TKC) nexur B npeaenax 2000 ...6000. Takum obpa-
30M, Juis ioctpoeHus: R / T- xapakTepuCTUKH 1O BBIpaXeHHIO (6), HE0OX0IUMO OTI-
peaennuTh 3HaueHue B Uit 3ajaHHOr0 TeMIepaTypHOTO AUana3oHa, a i 3TOro HaJo
3HATh COOTBETCTBYIOILME CONPOTUBIIEHHSI TEPMHUCTOPA.
Bropoii crtoco6 moctpoenus R / T- xapakTepuCTHKHU 3aKIFOYAETCS B UCIOJIb-

30BaHMK HOpMann30BaHHBIX R / T- xapakrepuctuk [2], KoTopbie GUPMbI TIPOU3BOIH-

12



TEJIM TPUJIATAIOT K BBITyCKaeMbIM Tepmuctopam (cM. [Ipunoxenue 3). O6praHo R/ T
—XapaKTePUCTUKU MPUBOJATCS B TAOIUIIAX OTHOCUTENBHO Temmepatypbl 25° C (Be-
mmunHa Rt/ Rys). Jlist Toro, 4T00BI HAWTH 3HAYEHUE COMIPOTHBIICHUS TPU TEMITEpa-
Type T, HE0OXOIMMO BBIYHCIIUTD
Rr=(Rt/ Ras) *Rys (8).

Ecnu 3Hauenue remneparypsl T nomagaet B uHTepBasl Tx < T < Txyy, TO 15 onpe-
nenenus Rt HE00X0uMO BOCIIONIb30BAThCA COOTHOIIEHUEM
Rt = Rx * exp [(ax /100)*(Tx +273,15)** ((1/(T+273,15) — (1/Tx +273,15))]  (9),
rjae:
Rt— 3HaueHue conpoTUBIIEHU NTPU UCKOMOU TemriepaTtype T;
Ryx - 3HaU€HHE CONPOTHUBIICHUS HavYaJla UHTEPBaJa;
Tx —Temneparypa B °C Hauaja UHTEpBaJa;
T — nckomas temnieparypa B °C;
Olx — TEMIIEPATYPHBIN KO3PPUIUEHT CONPOTUBIICHUS NpU Temneparype T x.

Ilocmpotime R | T —xapaxmepucmuxy 015 3a0anno2o memnepamypHo2o oud-
NA30HA, UCNOIL3YS NEPEbILL UTU 8MOPOLL CNOCOOD.

2. B cOOTBETCTBUU C 3a/IaHHEM BBHIOEPUTE CXEMY MOCTPOSHUS TpeoOdpa3oBaTes u
npoBeauTe ero pacuet. [lapameTpsl onepaliMOHHbIX YCUITUTENEH NpUBEACHBI B Ta0-
mune 4. TlocTpoiiTe BEIXOJHYIO XapaKTEPUCTUKY NpeoOdpa3zoBaTes

Ugpix = T(T°) ¢ ygeTom 3a1aHHOTO JMana3oHa BEIXOAHOTO HAMPSIKCHHSI.

3. IlpoBeauTe pacdyeT UCTOUHMKA MUTAHUS TPEeoOpa3oBaTessi B COOTBETCTBUH C
PEKOMEHIALMSIMU U METOIUKOM, U310KEHHON B MTyHKTE 2.

4. B coorBerctBuu ¢ 'OCT u ECKJ] un300pa3ute npUHITUITHAIBHYIO JIEKTpUYE-
CKYIO CXeMy pa3zpaboTaHHOTro nmpeodpazoBarenis. [I[pu BBINMOJHEHUH YepTEkKa B

q)opMaTe A4 MNPpUHLOUIIHAIbHAA SJICKTPHUUCCKAaA CXEMaA BLIMMOJHACTCA HAa ABYX JIUCTaXx:
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- IEPBBII COAEPKUT CXEMY U OCHOBHYIO HaANMUCh (185x55 MM.) ¢ HanMEeHOBaHUEM
«IIpeoOpazoBaTens TeMineparypa-HanpsbkeHue. Cxema 3JieKTpudecKast IpUHIMUIIN-
aJbHAs.»
- BTOpOU JonoiHUTENbHYI0 Haanuch (185x40 mm.) c HauMmenoBanuem «IIpeobpazo-
BaTeJb TEMIEpaTypa-HanpsbkeHue. [lepeuenp 31eMeHToB.» U TabJMIly NepedHs
AJIIEMEHTOB.
[Ipu BbIMOAHEHUU YyepTexka B popmaTe A3 NpUHLHUNHAIBHAS dJIEKTpUYE-

CKas CX€Ma BBIIIOJIHIETCS HA OJTHOM JIMCTE U COJAEPKUT CXEMY, OCHOBHYIO HAJIUCh
(185x55 mm.) ¢ HaumeHnoBanueM «IIpeoOpazoBaTenb TeMneparypa-HanpsHKEHHE.
CxeMa aneKTpuiecKas MPUHIUITHAIBHAS, @ TAKKE TaOJIMIy HepedHs 3JIEMEHTOB.

5. TlosicHuTeNBHYIO 3aIUCKY CIAEAYET BBINOJHUTH HA JUCTax popmara A4, KoM-
nbloTepHbI HaOop: mpudT Times New Roman, 14, uatepBan — 1,5. BapuanT 3a-

JaHus BcTaBbTe Ha mepoii crpanune ([Ipunoxenue 1).

Jlureparypa.
1. P. Kodpaun, ®@. [Ipuckon. OnepaiiMoHHbIE YCUIUTENH U JIMHEHHBIC WHTETPAIbHbBIE
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2. bubnnoreka 3MeKTpOHHBIX KOMIIOHEHTOB. Ne5. Tepmucropsl ¢pupmbl Siemens u
Matsushita. logeka, 1999.
3. b. 1. Topouikos, A. b. ['opomikoB. DneKkTpoHHas TexHUKa. M. « AKaeMHus»,
2008 r.
4. .M. CunopoB. MaiiorabaputHbie TpaHCPOPMATOPHI U JPOCCETH.
5. JLA. Tlurapes, Dnektponuka: yueoHoe mocooue. CIIGI'AY. 2017. DnexTpoHHBIHI
pecypc. YHuBepcurerckas oubnmuorexa Online.
http://biblioclub.ru/index.php?page=book&id=480400

6. 10.C. 3a6ponun. [Ipombimnennas siaeKkTporuka. «Beiciias mkomnay, M., 1982.
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[Ipunoxenue 1.
TIlomecmums Ha nepgou cmpanuye NoACHUMENbHOU 3aNUCKU.

3ajanmne mo KypcoBoil padore 1Mo IMCHHUILVINHE «IJIEKTPOHUKA)

CTYJEHTY kypca Cankrt-IlerepOyprckoro rocy1apcTBEHHOTO arpapHOro yHU-

BCPCUTCTA

Ne
(bamunusi, UMsi, OTYECTBO) (mdp)

CnpoexkTupoBaTh npeodpa3oBaTeib TeMIEPATypPa - HANIPSIZKEHUE € UCTI0JIb30-
BaHHEM OINEePANHOHHBIX YCHIIUTEJIEI.
Hcxoonvie 0annvle 05 pacuema:

THUII TCPMUCTOPA

JIAANa30H u3MepeHus remmeparypsl °C:

JIMAIIa30H BBIXOIHOTO HanpskeHus, B

THUII OIICPAIMMOHHOI'O YCUIIUTCIIA

0COOEHHOCTH BKJIFOUEHMS TaTYUKaA

« » 202 .

(moamUCh BBIABIIETO 3a/IaHHE)
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Tabmnuma 2 - UcXoaHbIE TaHHBIE.

[Tpunoxenue 2.

Jnana3zon m3me-

Jlmamna3oH BBIXO/I-

Tun onepaunoHHOro

OcobeHnocTu

N(’ TI/IH TepMHCTOpa peHUA TEMIICPATy- HOT'O HaIIpsXKCHUS, YCUIIUTEIIA BKJIFOUCHUS JaTUHU-
ps1 °C B Ka.
1 | C621/4,7k/+ -30...+30 -5...45 KP140Y 18 Y nanenHoe pacro-
JIOKCHUC
2 | C621/10k/+ 0...57 0...5 KP140Y 7 Crannaprroe pac-
TIOJIOKCHHE
3 | C621/22k/+ 0...28 0...10 KP140Y 114 3a3emIeHHbII Kop-
yc
4 | M891/15k/+ -15...+37 -5...45 KP140Y 117 B nermn OC mocro-
BOT'0 YCUJIUTCIIAL
5 | M891/33k/+ -20... +45 -5...45 KP140Y 120 CrannapTHoe pac-
ITIOJIOKECHUC
6 | M891/47k/+ 0...62 0...10 KP140Y 8 3a3eMICHHbI# KOp-
yc
7 | S869/10k/+40 -25...455 -5...45 KP140Y 114 CranzmapTHoOe pac-
ITIOJIOKECHUC
7 | Z10/10k/G 0...100 0...5 KP140Y 18 Y nanensoe pacro-
JIOKCHUC
9 | M2020/5k/Al -30...+7 -5...45 KP140Y 7 B nermn OC mocro-
BOI'O YCUJIUTCJISL
10 | C621/4,7k/+ -15...+49 -5...45 KP140Y 114 3a3emIeHHbII KOp-
yc
11 | C621/10k/+ 0...80 0...10 KP140Y 7 Y nanenHoe pacro-
JIOKCHUEC
12 | C621/22k/+ 0...50 0...5 KP140Y 114 CranzapTHoOe pac-
ITIOJIOKECHUEC
13 | M891/15k/+ -20...+77 -10...+10 KP140Y 117 Y nanenHoe pacro-
JIOKCHUEC
14 | M891/33k/+ -30... +65 -5...45 KP140Y 7 3a3emIeHHbII Kop-
yc
15 | M891/47k/+ 0...100 0...5 KP140Y 120 B et OC mocto-
BOI'O YCUJIUTCJIS
16 | S869/10k/+40 0...+85 0...+10 KP140Y 8 Y nanenHoe pacro-
JIOKCHUEC
17 | Z10/10k/G 0...50 0...5 KP140Y 7 CranzapTHoe pac-
ITIOJIOKEHUEC
18 | M2020/5k/Al -40...+40 -5...45 KP140Y 17 3a3eMIICHHbIIT KOp-
1yc
19 | C621/4,7k/+ -35...+87 -5...+5 KP140Y 120 Y nanensoe pacro-
JIOKCHUEC
20 | C621/4,7k/+ -50...+75 -5...45 KP140Y 117 B nermn OC mocro-
BOI'O YCUJIUTCJIS
21 | C621/10k/+ 0...120 0...10 KP140Y 18 3a3eMIICHHbIIT KOp-

myc
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Jnanazon m3me-

Jlmama3oH BBIXO/I-

Tumn oneparoHHOTO

OcobennocTu

Ne | Tun repmucropa peHUsI TeMIlepaTy- | HOro HalpsDKEHHS, | yCHInTems BKJIIOUYCHUSI AATIH-
pe1 °C B Ka.

22 | C621/22k/+ -35...65 -5...4+5 KP140Y 18 CranpmapTHoe pac-
TIOJIOXKEHHE

23 | M891/15k/+ 0...100 0...10 KP140Y 114 3a3eMyICHHBIIT KOp-
Iyc

24 | M891/33k/+ -50... +50 -5...45 KP140Y 120 Ynanenxoe pacro-
JIO’KEHHE

25 | M891/47k/+ -55... +55 -5...45 KP140Y 7 B nern OC mocro-
BOT'0 YCHJIHTEIIS

26 | S869/10k/+40 0...140 0...10 KP140Y 7 CranmapTHoe pac-
TIOJIOXKEHHE

27 | Z10/10k/G -20...+40 -5...45 KP140Y 18 CranmapTHoe pac-
TIOJIOXKEHHE

28 | M2020/5k/A1 -40...+40 -5..+5 KP140Y 114 3a3eMIICHHBIIT KOp-
myc

29 | C621/4,7k/+ 0...100 0...5 KP140YV 117 CranpapTHoe pac-
TIOJIOXKEHHE

30 | C621/4,7k/+ -35...+45 -5...45 KP140Y 120 YnanenHoe pacrio-

JIOKCHUC
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[Tpunoxenue 3.

Tab6mua 3 - [lapameTpbl TEPMHUCTOPOB.

Tun C621 — 1151 U3MEpeHUi U peryaupoBaHus TeMiepatypbl. CepeOpsHHO-TTANIaNEeBbIE KOHTAKT-

HBIC ITIOBECPXHOCTHU.

TemmnepaTypa OKpyKaroIIei cpe/ibl Ta -55...+125 °C
Homunanbhas Temmeparypa Tu 25 °C
Makcum. MOIITHOCTh paccenBaHus mpu 25°C Pos 300 MBT
[TocTosiHHAS BpeMEHH OXJIaXKACHUS Tc 10 C
Tun Tun Tun
C621/4,7k/+ C621/10k/+ C621/22k/+
T,°C | Ry =4,7kOM Ro5 =10kOm Ry5 =22xOm
B2s5/100=3520K B25/100=3530K B25/100=3560K
Rr/Rxs | a,%/K | Rr/Ros a,%/K | Rt/ Rgs a,%/K
-30 11,674 53 12,256 5,4 12,696 54
-25 9,0124 51 9,4071 5,2 9,7251 5,2
-20 7,0136 4,9 7,2862 50 7,5171 51
-15 5.5001 4,8 5,6835 4,9 5,8353 4,9
-10 4,3451 4,6 4,4698 4,7 4,5686 4,8
-5 3,4569 4,5 3,5385 4,6 3,6050 4,7
0,0 2,7688 4.4 2,8222 4,5 2,8665 4,5
5 2,2321 4,2 2,2649 4,3 2,2907 4.4
10 1,8105 4,1 1,8300 4,2 1,8438 4,3
15 1,4773 4,0 1,4872 4,1 1,4920 4,1
20 1,2122 3,9 1,2161 4,0 1,2154 4,0
25 1,0000 3,8 1,0000 3,9 1,0000 3,9
30 0,82924 | 3,7 0,82677 3,8 0,82976 3,8
35 0,69105 | 3,6 0,68708 3,6 0,68635 3,7
40 0,57861 | 3,5 0,57401 3,5 0,57103 3,6
45 0,48666 | 3,4 0,48181 3,5 0,48015 3,5
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50 0,41110 |3,3 0,40638 3,4 0,40545 3,4
55 0,34872 | 3,3 0,34427 3,3 0,34170 3,3
60 0,29699 | 3,2 0,29296 3,2 0,28952 3,2
65 0,25390 |31 0,25035 3,1 0,24714 31
70 0,21786 | 3,0 0,21478 3,0 0,21183 3,1
75 0,18759 | 3,0 0,18501 2,9 0,18194 3,0
80 0,16208 |29 0,15995 2,9 0,15680 2,9
85 0,14050 |2,8 0,13881 2,8 0,13592 2,8
90 0,12217 |28 0,12088 2,7 0,11822 2,8
95 0,10656 | 2,7 0,10563 2,7 0,10340 2,7
100 0,093213 | 2,6 0,093597 | 2,6 0,090741 2,6
105 0,081767 | 2,6 0,081442 |25 0,079642 2,6

Tun M891 — TepMHUCTOPBI AUCKOBBIE [IJIs1 K3MEPEHUN U PETYIHPOBAHUS TEMIIEPATYPHI.

TemmnepaTypa OKpy>Karomiei cpes Ta -55...+125 °C
HomunaneHas TemnepaTtypa Th 25 °C
MakcuM. MOIIHOCTh paccenBanus rnpu 25°C Pys 200 MBT
[TocTosiHHAs BpeMEHH OXJIaKICHUS Tc 12 C
Tun Tun Tun
M891/15k/+ M891/33k/+ M891/47k/+
T,°C | Rys =15xkOMm R,5 =33kOm Ro5 =47xOm
B2s5/100=4100K B25/100=4300K B2s5/100=4250K
Rr/R»s | a,%/K | Rt/Roxs 0,%/K | Rt/ Rgs a,%/K
-30 17,787 6,3 21,567 6,6 19,615 6,4
-25 13,083 6,1 15,641 6,3 14,365 6,2
-20 9,7251 58 11,466 6,2 10,629 6,0

19



-15 7,3160 5,6 8,4510 6,0 7,9249 5,8
-10 5,5545 54 6,2927 59 5,9641 5,6
-5 4,2531 5,3 4,7077 5,7 4,5098 5,5
0,0 3,2836 51 3,5563 5,5 3,4405 53
5 2,5512 5,0 2,7119 5,3 2,6434 51
10 1,9973 4,8 2,0860 51 2,0475 5,0
15 1,5738 4,7 1,6204 5,0 1,6005 4,9
20 1,2488 4,5 1,2683 4,8 1,2600 4,7
25 1,0000 4,5 1,0000 4,7 1,0000 4,6
30 0,80080 | 4,3 0,79420 4,6 0,79511 4,5
35 0,64733 | 4,2 0,63268 4,5 0,63773 4,4
40 0,52628 | 4,0 0,50740 4,3 0,51454 4,2
45 0,43263 | 3,9 0,41026 4,2 0,41764 4,1
50 0,35708 | 3,9 0,33363 4,1 0,34080 4,0
55 0,29406 | 3,8 0,27243 4,0 0,27970 3,9
60 0,24342 | 3,7 0,22370 3,9 0,23063 3,8
65 0,20278 | 3,6 0,18459 3,8 0,19082 3,7
70 0,16964 | 3,5 0,15305 3,7 0,15857 3,6
75 0,14257 | 3,4 0,12755 3,6 0,13242 3,6
80 0,12028 |3,4 0,10677 3,5 0,11104 3,5
85 0,10196 | 3,3 0,089928 | 3,4 0,093483 3,4
90 0,086757 | 3,3 0,076068 | 3,3 0,079004 3,3
95 0,073804 | 3,2 0,064524 | 3,3 0,066980 3,2
100 0,062974 | 3,0 0,054941 | 3,2 0,056982 3,2
105 0,054276 | 2,9 0,047003 | 3,1 0,048754 3,1
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Tunoi:

S869 — repmeTn3uMpoBaHHBIC AMOKCHUAHON CMOJONH MHUHHUATIOPHBIE CEHCOPHI Ui MPEIM3MOHHBIX

H3MepeHI/II>'I B CHCTCMax BO3AYHIHOI'O KOHAMIMOHHUPOBAHUSI, ABTOMOOMJIBHOH M HpOMBIH.UICHHOﬁ

AIIEKTPOHUKHU.

Z10 - JAaTYWKH JJIA IIapOBBIX KOTJIIOB, CUCTEM HArp€Ba U TEMIICPATYPHBIX I/ISMepeHI/Iﬁ B XXUJIKOCTX.

CranbHOi KOPITyC ¢ ONPEecCOBaHHOM 0a30BOIl YaCThIO U3 TIACTHKA.

M2020 — naTumkuy AJI9 TEMIIEPaTYpPHBIX M3MEpPEHUN B pedprrkepaTopax, MOPO3UIBHBIX Kamepax,

CUCTCMAax BO3AYIUIHOT'O KOHAUIITMOHUPOBAHUA.

Tun S869 Z10 M2020
TeMneparypa OKpyKaroIieil cpebt Ta | -55...4155|-25...4100 | -40 ...+100 | °C
HoMuHnasnbHas TeMieparypa Ty 25 25 0 °C
MakcuM. MOIIHOCTh pacceuBanus pu 25°C | Pos 60 100 100 MBT
[ToCTOSIHHAS BPEMCHH OXJIQXK ICHHS Tc 15 2,5 50 C
Tun Tun Tun
S869/10k/+40 Z10/10k/G M2020/5k/Al
T,°C | Rys =10kOMm R,5 =10kOm R,5 =5xkOm
B2s5/100=3988K B2s5/100=3920K B25/100=3980K
Rr/Rxs | a,%/K | RT/Rs ,%/K | Rt/ Rgs a,%/K
-30 17,70 6,2 17,753 6,3
-25 13,04 6,0 12,621 59 13,067 6,0
-20 9,707 58 9,4515 58 9,7228 5,8
-15 7,293 5,6 7,1273 5,6 7,3006 5,6
-10 5,533 55 5,4270 55 5,5361 55
-5 4,232 5,3 4,1522 53 4,2332 53
0,0 3,265 51 3,2063 51 3,2660 51
5 2,539 5,0 2,5019 4,9 2,5392 50
10 1,990 4,8 1,9679 4,7 1,9902 4.8
15 1,571 4,7 1,5623 4,6 1,5709 4,7
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20 1,249 4,5 1,2488 4,5 1,2492 4,5
25 1,0000 4,4 1,0000 4,3 1,0000 4,4
30 0,8057 4,3 0,81105 4,2 0,80575 4,3
35 0,6531 4,1 0,65930 4,1 0,65326 4,1
40 0,5327 4,0 0,53922 4,0 0,53290 4,0
45 0,4369 3,9 0,44345 3,9 0,43715 3,9
50 0,3603 3,8 0,36674 3,7 0,36064 3,8
55 0,2986 3,7 0,30513 3,6 0,29908 3,7
60 0,2488 3,6 0,25514 3,5 0,24932 3,6
65 0,2083 3,5 0,21457 3,4 0,20886 3,5
70 0,1752 3,4 0,18131 3,4 0,17578 3,4
75 0,1481 3,3 0,15360 3,3 0,14863 3,3
80 0,1258 3,2 0,13064 3,2 0,12621 3,2
85 0,1072 3,2 0,11156 3,1 0,10763 3,1
90 0,09177 |31 0,095606 | 3,0 0,092159 3,1
95 0,07885 | 3,0 0,082347 | 3,0 0,079225 3,0
100 0,06800 |29 0,071180 |29 0,068356 2,9
105 0,05886 |2,9
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Tabnuna 4 - [TapameTpbl OnepaliMOHHBIX YCUIUTENICH.

[Ipunoxenue 4

Tun OY KP140V]I7 | KP140YI8 [ KP140V/14 | KP140Y/17 | KP140Y 120
Hanpsokenue nutanus, B +(5...20) +15 +(5...20) +(3...18) +(5...20)
Koo DULHEHT yermeHust 50*10° 30*10° 50*10° 150*10° 25*10°
Bxonguoii Tok, HA 200 0,2 5 10 100
Brixonnoii Tox, mA 5 5 5 5 5
Tok motpebaenHwus, MA 3,5 3,5 4 5 3,5
Yacrora cpesa, mI 1 0,8 1,0 0,5 0,4 0,5
ComnpoTHuBIEHUE HArPY3KU 1...2 2 1 2 1
He MeHee, KOM
8 7
+ Up +Un
3 2
> >
4 3
—Un —Un
5 4
K140V 17, 14, 17 K140Y 18
3 9
1
} 12 } 10
2
4 11
—Up

K140Y]120
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