
Opvinm1<eH YJ e I . 

T!w11ecmumb Ha nepBou cmpaHu4e nw1cHumeJ1 bHOU 3anuC1w. 

3aJ:lalHle nq KypCOBOH pa6oTe (TeMa 1) no AHCQHflJlHHe «3JleKTpOHHlrn» 

cTy.L\e HTY __ 1<ypca CaH1<T-neTep6yprc1<0ro rocy.LlapcTBeHHoro arpapHoro YHYJBepcYJTeTa 

N~ ----------
(~)aMYfnYl5l , YIM5l , OT4eCTBO) 

C npoeKTHposaTb npeo6paJ0BaTCJ1b TeMnepaTypa - HanpHJKeutte c wcnoJlbJOBanweM onepa-

UHOHHbIX YCHJ1HTCJ1CH. 

JfcxoOHbz e om111b1e Ol/51 pac t1ema: 

.[\YJanaJOH Yf 3MepeHY15l TeMnepaTypbl 0
( : ___________ _ 

,L\ Y1 ana3o H BblXO.L\HOro Hanp5DKeHY1 5l, B 
-----------~ 

TY!n onepaUYJ OHH oro yc Y1 nY1Tem1 ____________ _ 

oco6eHHOCTYI BK,l fD4 eHY151 ,L\aT4Y! Ka ________________________ _ 

(( » 201 r . 

(no,L\nY!cb BbI.L\aBwero 3a,L\aHY1e) 
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MeTo)J,w-1ec1<:He yKaJaHHSI no BhmOJIHeHHIO Kypcosou pa60Thl 

Kypcosa5! pa6oTa npe.LlnonaraeT BbmonHeH11e O.L\HOH 113 .L\BYX TeM: npoeKT11poBaH11e npeo6pa3oBa-

Ten51 «TeM nepaTypa-Hanp5DKeH 11e» Ha onepau110HHOM yc11n 11Tene 11n 11 pac4eT yrnn 11Ten bHOro Kac

Ka.Lla Ha 61mon5!pHOM TpaH311CTope. 

TeMa 1. 

CnpoeKTHposaTb npeo6pa3osaTeJib TeMneparypa - uanpsi:>Keutte c ttcnoJib30BautteM onepa

U,HOHHhIX ycHJIHTeJieH. 

I. CxeMbl npeo6p330BaH115! . 

npeo6p330B3Ten11 )J,3HHOrO Tl1na 11CnOnb3YfOTC5! .Lln51 113MepeHl15! TeMnepaTypbi B Cl1CTeMaX 

KOHTPOJT5! 11 aBTOMaTl14eCKOro ynpaBJTeHl15! TeXHOnOrM4eCKl1M 11 npoueccaM 11. n peo6pa30BaTen b, 

KaK npas11no, COCTOl1T 113 .LlBYX 3neMeHTOB: nepB114HOrO npeo6p330BaTen5! (.LlaT411Ka) YI BTOpW-!HO

ro. B nepB114HOM npeo6p33oBaTene no,D, .[\eHCTB11eM KaKoro n1160 cp113114ecKoro napaMeTpa Yf3Me

H5!fOTC5! ero napaMeTpb1, Hanp11Mep conponrnneH11e, reoMeTp114ecK11e p33Mepb1 11 T . .L\. )lanee c11rHan 

nepB114HOH 11HcpOpMau1111 npeo6p33yeTC5! BTOp114HblM npeo6p330BaTeneM B CMrHan 113Mep11TenbHOM 

11HcpopMau,1111 - Hanp5!)KeH11e, TOK, 4acToTy. B Ka4eCTBe .LlaT411KOB TeMnepaTypbI B HaCT05!w,ee 

speM5! Ha116onbwee pacnpocTpaHeH11e nony411n11 nonynpoBO.L\Hl1KOBbie TepMope311cTopb1: TepM11-

CTOpb1 11 n0311CTOpb!. 3To o6ycnosneHO Bb!COKOH CTa611JTbHOCTbfO VIX xapaKTep11CTl1K, MaJTOM no

Tpe6JT5!eMOH MOW,HOCTbfO, Manb1M11 reoMeTp114eCKYfMl1 p33MepaM11 11 H113KOM cT011MOCTbfO. B Ka4e

CTBe BTOp114HblX npeo6p330BaTeneH pacnpocTpaHeH11e nony411Jll1 MOCTOBble cxeMbl Y11TCTOHa c 

TepM11CTOpOM B O.L\HOM 113 nne4 H3Mep11TenbHOro MOCTa l1 ,ll,11cpcpepeHIJ,HaJTbHblM yc1,rnY1TeneM 

(p11c. l , 2) 11n11 cxeMbI, nocTpoeHHbie c 11cnonb30BaH11eM MOCTOBbIX yc11n11TeneJ;i Ha onepau110HHb1x 

yc11n11Ten51x (p11c. 3, 4). 

+E 
CxeM a .u11cpcjJe-
peHU11arJbHOro 

yc11J111Tem1 

Rl 
, .DY 

,-~--------------
I 

, v I 

I I 
I 

U2 
I ~ UBblX I 
I I 

I I 

I I 

·---------- ------I 

R2 
' UM 

- E P11c.1. 



L(n51 cxeMbI p11c . I np11 BbinOJJHemrn ycnoB115l R 1 Rt = R3R2 Hanp51)f(eH11e B n11ar0Han11 MOCTa 

UM= U2 - U l paBHO Hy mo. 3TO ycnoB11e HOCHT Ha:3BaH11e ycnoB115l 6anaHCHpOBKH. 5anaHCHpOBKY 

BbinOJJH5llOT, n0Mew,a51 .n..aTYHK s cpe.n.y c 0npe.n.eneHHOH TeMnepaTypo11 (TeMnepaTypo11 6anaHc11-

poBK11 T6), np11 1<0Topol1113secTHO conpoT11sneH11e .n.aTYMKa R6 Peryn11posKol1 conpoT11BneH115l R3 

.n.0611sa10TC5l BbinOJJHeHH51 ycnOBl151 UM = 0. np11 113MeHeHHl1 conpOTHBJJeHH51 naTYHJ<a Rt, Hanp5!

)l{eH11e, no.n.asaeMoe Ha sxo.n. .n.11cpcpepeHu11aJ1bHoro yc11n11Ten51 (L(Y): 

UM= E [R 1 I (R 1 +R2) - R3 I (R3+Rt)]. 

L(anee 3TO Hanp5!)1{eH11e yrnn11saeTc5l L(Y (cM.[5], pa3.n.en 5.4.3 .3) .no Heo6xo.n.11Moro 3HaYeHH51 

UBblX· 

CxeMa p11c. 2 11cnoJ1b3yeTC51, Kor.n.a .uaTYHK y.n.aneH OT BTop11YHoro npeo6pa30BaTen51 Ha 

60JJbW11e pacCT051Hl151 (.n.eC51TKl1 MeTpoB). 

RI 

U2 

R2 

+ E 

R3 

CxeMa JJ,H<jJ<jJe
peHUHaJibHOro 
yc11J111Tem1 , 

/ DY 

,..._ ____ :,_ -_ ,,_ _______ ~---0:- --~~- -~ 
'' I ________________ I 

-E 

P11c. 2. 

UsbJX 

B 3TOM cnyyae K MOCTY Y11TcT0Ha .uaTYHK no.n.coe.n.11H5leTc5l c noMOW,blO Tpexnposo.n.Holi 

JIHHHH CB51311, YTO n03BOJJ51eT CKOMneHc11posaTb .ll.JIHHY coe.n.11H11TeJ1bHbIX nposo.n.os, nOCKOJlbKY 

.ll.Jl51 113MepHTeJJbHOro pe3HCTHBHOro MOCTa np11 ycnos1111 6anaHca BbinOJIH51eTC51 COOTHOWeH11e: 

RI (Rt+RL) = R3 (R2+RL), 

r.n.e RL - conpoT11sneH11e JJHHHH (coe.n.11H11TeJ1bHoro nposonH11Ka). 

nocJ<OJlbKY conpOTHBJleHH51 RL BKJllOYalOTC51 B npOTHBOnOJJO)f(Hbie nJJeYH MOCTa, TO ycJJOBHe 6a

JJaHCa He 3aBHCHT OT )J,JIHHbl coeJJ,HHHTeJJbHOH JIHHHH. 
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B cxeMax p11c. I 11 2 conpoT11B11eH115i RI 11 R2 o6bJ4HO 3a.ua10T HecKOJlbKO KOM, conpoT11B11e

H11e R3 onpe.uem1eTC5! HOM11Ha110M TepMope311cTopa Rt np11 TeMnepaType 6a11aHrnpoBK11. Be1111411-

Ha Hanp5!)f<eH115! n11TaH115!_ E 11 ero nom1pHOCTb onpe.ue115!10T Be1111411Hy Hanp51)f(eH115! Ha Bb1xo.ue 113-

Mep11TeJlbHoro MOCTa UM (06b14HO 3TO HeCKOJlbKO BOJlbT). ,Uanee 3TO Hanp5!)f(eH11e yc111111BaeTCH 

cxeMOH .u11cp¢epeHu11a11bHOro ye111111Te1151 (cM. [5] , pa3.ne11 5.4.3) .no 3a.uaHHoro 3Ha4eH115! Usb1 x 

,Upyrol1 cnoco6 npeo6pa30BaH115! conpoT11B11eH115! TepMO.ll3T41'1Ka B HanpH)KeH11e - 11cnonb30-

BaH11e cxeM MOCTOBblX yc111111Te11el1 Ha onepau110HHblX ye11n11TeJ15!X (OY) (p11c. 3, 4). 

B cxeMe p11c. 3 .uaT411K BKJll04aeTC51 B uenb o6paTHOH CB5!311. Ero conpoT11BneH11e npe.nCTaB

neHo KaK R6 + dR, r.ue R6 - conpoT11B11eH11e .uaT41'1Ka np11 TeMnepaType 6a11aHrnpOBK11, a dR - 113-

MeHeH11e conpOTl1BJleHl151 np11 1'13MeHeHl'11'1 TeMnepaTypb! OTHOCl'1TeJlbHO TeMnepaTypbl 6anaHC11pOB

Kl1: dR = RT - R6. EanaHc11poBKY MOCTOBOro yc111111Te1151 ocyw,ecTBJ15llOT c noMOLUblO pe311cTopa R*, 

conponrn11eH11e KOToporo .llOJl)f(HO 6bJTb R * = R6. 

Ri::+dR 

Rl 

E 
0 

Usb1x 

R2 

P11c. 3. 

C u,e11b10 ynpow,eH115! pacYeTa BbJXO.UHoro Hanp5!)f(eH115!, o6bl4HO conpoT11s11eH11H RI = R2. 

,U1151 OY, 11cno11b3yeMblX B KypcoBoH pa6oTe, 11x 3Ha4eH115! peKoMeH.UYIOTC51 :S I 0 KOM. Tor.ua Bbl

xo.uHoe Hanp5!)f(em1e npeo6pa3oBaTeJ151 onpe.D,e115!eTc5! cooTHoweH11eM [ l]: 
I 

UBblX = - (E dR) I (R 1 + R6)-

CxeMy p11c. 4 11cno11b3YJOT, KOr.D,a .uaT411K TeMnepaTypb1 .uomKeH 6bJTb 3a3eMJleH. 
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RI 

E Usb1x 

R2 

P11c. 4 . 
.D,n51 JJ,aHHOH cxeMbl BblXO)J,HOe Hanp5!)1<eH11e npeo6pa30BaTen51 onpeJJ,en51eTC51 COOTHOWeHHeM [I]: 

Usb1x = (E dR) I (RI +R6+dR) . 

.D,n51 pa60Tbl H3MepvtTenbHblX cxeM Heo6xO)J,HM HCTOLfHHI< nHTaHH51 c Hanp51)!(eHHeM nHTa

HH51 E. Ha116onee npocTo JJ,n51 nonyYeHH51 Hanp5!)!(eH115! E MO)!(HO 11cnonb30BaTb JJ,Byxnon51pHoe n11-

TaH11e onepaU,HOHHOro yc11n11Ten51 ± Un H nOBTOpHTenb Hanp51)!(eHH51 Ha OY (p11c .5). npH HOMH

Hanax pe3HCTopos, yKa3aHHblX Ha cxeMe 11 Hanp5!)!(eH115lx n11TaH115! OY Un=± IS B, Hanp51)KeHHe E 

MO)!(HO 113Mem1Tb c noMOI.l.l,blO pe311cTopa R2 B JJ,Hana3oHe ± S B. 

+Un 

RI 

R2 >-~---E 

R3 

-Un 

P1.1c. S . 

.ZJ,n51 nonyYeH115! Hanp5!)!(eH115! n11TaH115! E qmKc11posaHHOH sen11Y11Hb1 11 non51pHOCTH B Me

CTO JJ,en11Ten51 H3 Tpex pe311CTOpOB MO)!(HO 11cnonb30BaTb 6onee npoCTOH pe3HCTHBHblH JJ,emfTeJlb, 

COCT0511.l.1,11H 113 JJ,BYX conpOTHBJleHHH 11 O)J,HOnOJJ51pHoro Hanp51)1(eHl151 n11TaHH5! +Un HJlH -Un 

np11 npoe1<rnposaH1111 npeo6pa3oBaTene?i Heo6xoJJ,11Mo co6nioJJ,aTb onpeJJ,eneHHoe Tpe6osa-

HHe - MaKCHMaJJbHOe 3Ha4ett11e BeJlHLfHHbl BblXO)l,HOro Hanp51)!(eHH51 )l,0Jl)!(H0 HaXO)l,HTbC51 B CTaH-
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.llapTHOM )l,11aml30He Jl.Il51 3a)l,aHHoro J],11arla30Ha 113MepeH115! napaMeTpa. JJ:n51 Hanp5!)1<eH115! nocTo-

51HHoro TOKa CTaH)l,apTHbIMl1 51BJ151IOTC51 )l,Hana30Hbl BbIXOJl,HOro Hanp51)((eHH51 npeo6pa30BaTeJJ51: 

0 + 2,5 B, 0 + 5 B, -5 B + +5 B, 0 + 10 B. 

2. J!lcT04HHK nHTaHH51 npeo6pa3oBaTenH. 

DHTaHHe onepauHOHHOro ycHJlHTeJl51 ocyw,eCTBJl51eTC51 OT Jl,ByxnOJJ51pHoro HCT04 H H Ka n HTaH H51. JJ:n51 

6oJJbWHHCTBa OY cTaH.napTHbIM 51BJJ51eTC51 HanpH)((eHHe ± 15 B. JJ:n51 ero nony4eHH51 MmKHO 1t1c

noJJb30BaTb THnoayJ-O cxeMy, cocTOHll.\YK> H3 MOCTOBOro Bbtnp5!M1t1Ten51 VD I - VD4, crnm1<11Ba10-

w,ero cpHJJbTpa C 1 - C2 H cep1t1i1Horo .nayxKaHaJJbHoro cTa6HJJH3aTopa nocTOHHHoro HanpH)l<eH1t15! 

DA 1 c BbIXO.llHbIM Hanp5rn<eHHeM ± 15 B (pHc. 6). B Ka4eCTBe MOCTOBoro Bbinp5!MHTem1 uenecoo6-

pa3HO HCnOJJb30BaTb He .llHCKpeTHbie .llHO.llbI, a Bbinp51MHTeJJbHbie 6noK1t1 , HanpHMep KLl,407 HJJH MX 

3apy6e)l(Hb1e aHanorn. 

TVJ 

VDl - VD4 

U2 DAI 
- u1 +UablX 

+ +Uax 

Cl 

C2 

- Uax - UBblX 

P11c. 6. 

EMKocrn Cl 11 C2 KpoMe cpHilbTpaUHH nepeMeHHoti cocTaam11ow,eti Bbinp51MJJeHHoro HanpH)l<eH1t15! 

06ecneY11Ba10T nonyYeHHe o6w,eti T04KH .llByxnonHpHoro 11cT04HHKa n11TaH115!. )J,ayx1<aHaJJbHb1e 

cTa6HJJ113aTopb1 nocT051HHoro Hanp5!)1(eH115! DA 1 c BbJXO.llHblM HanpH)l(eHHeM ± 15 B BbinycKalOTC51 

cepHHHO B 11HTerpanbHOM HCOOJlHeHHH H 11Me!OT 60JlbWOe 3Ha4eHHe HHTerpaJJbHOro K03cpcp11u1t1eH

Ta CTa6HJl113aUHH (COTHH e,IJ,Ii!HHU 11 6onee). DapaMeTpbl HeKOTOpblX HlnOB 11HTerpanbHbIX CTa611-

Jl1t13aTOpOB cep1-111 K142 H MX 3apy6e)l<HbIX aHanoroB npMaeneHbI B Ta6nHue 1, a cxeMbI BKJJI04eH115! 

Ha pli!C. 7. 
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CTa6HJJ H3aTOpbI Hanp5DKeHH51. Ta6n11ua I . 

ToK no-

T ttn Usb1x, B lsb1x, A Usxmin . B Usx.max. B Tpe6neHH51 , 

mA 

KP142EH5A 4,9-5, 1 1,5 9 15 10 

KP142EH8B 14,55-15 ,45 1,5 20 35 10 

KP l 42 EH6A,J3 ±15 0,2 ±20 ±40 18 

KP l 42EH6B,r ±15 0,2 ± 18 ±30 20 

78L05 + 5 0,1 - +9 15 

79L05 - 5 0, 1 - +9 15 

Optt pa6oTe Bbinp51MHTeJJ 51 Ha eMKOCTHOH QH!JlbTp, Bbinp5IM11TeJJbHb1e AHOAbI pa60Ta1-0T s pe)KHM e 

OTCe4KH (npepbIBaHH51 TOKa) . Oo3TOMY pac4eT eMKOCTeM JJ,OCTaT04HO CJlO)l{eH. Opo113soJJ, 11Ten 11 

CTa6HJlH3aTopoB Hanp51)l{eHHH peKOMeHJJ,YIOT nOJlb30BaTeJl51M pac4eTHbie 3Ha4eHl151 eMKOCTeH 3JleK-

KPl 42EH6A-r 

15 13 .., 
+Usx + UsbIX 2 .) 

Usx Usb1x 
C3 

I I 14 
-Usb!X 

6 -c4 
-Usx 

17 
78L05, 79L05 

8 
06w.. 06m. 

C3=C4=0, I MK<l> 

P11c. 7. CxeMbI BKJlf04eHH51 HHTerpanbHbIX cTa611n113aTopos Hanpm1<eH115! 

TpOJlHTH4eCKHX KOHJJ,eHCaTopoB )J,Jl51 3a51BJleHHblX 3HalJeHH 11 BblXO)J,HblX TOKOB. 

,[(n51 cTa6HJJH3aTopos, np11seJJ,eHHblX s Ta6n11ue I, pe1<0MeHJJ,yeMb1e 3HaYeHl151 eMKOCTei1 3JleKTpo

JlHTH4eCKHX KOHJJ,eHcaTOpos crna)l{HBafOmero cp11nbTpa CI = C2 = 200 MK<l>. OpH pa6oTe Bbinp51-

MHTemr Ha eMKOCTHYIO Harpy3Ky, Ka)KJJ,b!H 113 KOH.UeHcaTopos Cl 11 C2 3ap5I)f{aeTc5I no nonoBl1HbI 

aMnJJHTY.UHoro 3HaYeH115I Hanp5I)f{eH11.5! BTOp114HOM 06MOT1<11 TpaHccpopMaTOpa Uc 1 = UC2 = U2m /2. 
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3n1 Hanp5DKeH115! 51Bn51IOTC51 BXOL1.Hb1M11 'Ha np5!)1<eH115!M11 + U 8x 11 - Usx Ll.Jl51 cTa611n11 3aTopa. Ta

Kl1M o6p330M, pacYeT Bbinp51Ml1TeJl51 cj:>aKTHYeCKV! CB0)],11TC51 K BbI6opy ceTeBOro TpaHccj:>opMaTOpa 

no JJ,eHCTBYIOW.11M 3HaYe.Hl151M TOKa '2 11 Hanp51)KeHl151 U 2 Ha ero BTOp11YHOH o6MOTKe. nocKOJlbKY 

Ha BXOLl.HOe Hanp5!)KeH11e CTa611JJ113aTopa H3KJl3)],blB3IOTC51 orpaH11YeHl15! no Ml1Hl1MaJlbHOMY vi MaK

Cl1MaJlbHOMY 3HaYeHl1IO, np11MeM , YTO ± Usx = [(± U sx min) + (± U sx max )] I 2 (CM . Ta6Jl. I). TorJJ,a 

JJ,ei1crny10w.ee 3HaYeH11e Hanp51)KeH115l BTOp11YHOH o6MOTK11 TpaHccj:>opMaTopa MO)KHO onpe,ll,eJll1Tb 

KaK: 

r)],e IUsx I - MOLl.Yllb BXOLl.Horo Hanp5!)KeH115! + Usx 11 - UBx . 

,[(Jl51 HaXO)K.[leHl151 JJ,eHCTBYIOW.HX 3HaYeHl1H TOKOB nepBHYHOH I I H BTOpHYHOH 12 o6MOTOK TpaHC

cj:>opMaTopa CHaYaJla He06XOLl.11MO onpe.ueJJl1Tb TOK Harpy3Kl1 IH ' KOTOpblH noTpe6JJ51eT cxeMa. OH 

CKJl3.[lbIBaeTC51 113 TOKa noTpe6JleHl151 cxeMOH CTa611Jl113aTopa Hanp51)KeHH51 , BblXOLl.HOro TOKa onepa

Ll,110HHblX yc11JJ11Tenei1, 33.[leHCTBOBaHHblX B cxeMe, a TaK )Ke TOKOB, npoTeKalOW.11X B 11 3Mep11TeJlb-

HOH yacT11 cxeM (Mocrn Y11rcT0Ha 11n11 u.en11 o6paTHOH CB51311 OY np11 M11H11MaJlbHb1x 3 HaYeH115!x 

COnpOTl1BJleHl151 TepMope311CTOpa) . CTOCKOJlbKY cpeJJ,Hee 3HaYeH11e TOKa Bbinp51Ml1TeJlbHOH CXeMbl 

lc r ;:: IH , TO 11cnOJJb3Y51 nOH5!T11e K03cpcp11u.11eHTa cpopMbl TOKa D = h I lc r, MO)KHO onpe,ll,e JJ l1Tb L1,eH

CTBy10w.ee 3HaYeH11e TO Ka BTOpHYHOH 06MOTK11 12 . .[(m1 MOCTOBOH cxeMbl D = '2 I Icr = 12 I I H = 1, I L 

TorJJ,a JJ,ei1cTBy10w.ee 3HaYeHHe To Ka BTOpHYHOH 06MOTK11 '2 = I , I I IH. 

4epe3 K03cj:>cj:>11u.11eHT TpaHccj:>opMau.1111 n = U 1 I U 2 MO)!{HO onpeJJ,eJJHTb JJ,ei1cTsy10w.ee 3 HaYeH11e 

TOKa nepBHYHOH o6MOTKH r, = '2 I n . 

T11nosa51 MOUJ.HOCTb TpaHccpopMaTopa Ll.Jl51 MOCTOBOH cxeMbI onpe,ll,eJJ51eTc51 cooTHoweH11eM 

ST= (S 1 + S2) I 2, r.ue S 1 H S 2 - MOUJ.HOCTl1 nepBHYHOH H BTOpHYHOH o6MOTOK TpaHCQJOpMaTopa: 

S2='2U2 , S1 = I1U 1= (lz / n)U2 n=hU2 . 

TaKHM o6p330M, THnosa51 MOUJ.HOCTb TpaHccj:>opMaTopa Ll.Jl51 MOCTOBOH cxeMbl ST= '2 U 2. 

no Hati.ueHHblM 3HaYeHH51M I I ' I 2, U 2 11 ST Bb1611paeTC5! YHHcpHU11pOB3HHblH ceTeBOH TpaHccpopMa-

TOP [4] . 

IlopSIJ1.0K pac'leTa npeo6pa3osaTeJISI. 

Mcxo)J.Hhie )1.aHHhie (3a)J.aJOTCSI HOMepoM BapHaHTa, CM. npHJiomeuHe 1): 

mun mepMucmopa, ouana301-I U3Mepe1-1U5l me:wnepamypbl, ouana301-I 6blXOOH020 rtanpfl:J/('el-tUfl npe

o6pa306ame!lR, mun onepaLfUOHH020 ycU!lumellfl, OC06eHHOCmU 6KJlTOl/eHU5l OQml/UKQ. 

CTOCJle.[lOBaTeJlbHOCTb Bbin0JlHeHl151 KypCOBOH pa60Tbl MmI<eT 6b!Tb CJle.[lylOW.351: 
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1. nocTpoem1e CTan1YeCKOM xapaKTepHCTHKH TepMHCTOpa (R I T xapaKTepHCTHKa). 

3aBHCHMOCTb conpOTHBneHH5l TepMHCTOpOB OT TeMnepaTypbl B HHTepsane H3MeHeHH5l TeMnepaTy

pbl HeCKOnbKO ..uec5lTKOB rpa..uycos annpOKCHMHpyeTC51 3KCnOHeHuHanbHOM 3aBHCl1MOCTbl-O : 

r..ue: 

- RT - conpoT11sneH11e TepM11cTopa B OM np11 TeMnepaType TB K ; 

- RN - conpoT11s11eH11e TepM11cTopa B OM np11 HOMHHanbHOM TeMnepaType T N BK; 

- B - Ko3¢qrnu11eHT TeMnepaTypHoi1 YYBCTB11Te11bHOCT11, 3as11c51w,11i1 OT csoi1cTB MaTep11ana 11 TeM-

nepaTypbl. 

3HaYeH11e B )J,1151 TeMnepaTypHoro ..u11ana30Ha MO)!{HO onpe..ue1111Tb no COOTHOWeHHl-0 [2] 

r..ue: R1 11 R2- conpoT11s11eH115l TepMHCTopa cooTBeTCTBeHHO np11 TeMnepaType T 1 11 T2. 

3HaYeH11e B ,.u1151 6011bw11HCTBa TepM11cTopos c 0Tp11uaTellbHbIM TeMnepaTypHbIM Ko3¢¢11u11eHTOM 

conpoT11s11eH115I (TKC) lle)!{HT s npe..ue11ax 2000 ... 6000. TaK11M o6pa30M, ,.u1151 nocTpoeHH51 

R I T- xapaKTep11cT11K11 no Bb1pa)!{eH111-0 (1), Heo6xo..u11Mo onpe..ue1111Tb 3HaYeHHe B )J,1151 3a.D,aHHoro 

TeMnepaTypHoro )J,Hana30Ha, a )J,1151 3TOro Ha)J,O 3H3Tb COOTBeTCTBYl-OLU,He conpOTHBneHH51 TepMH-

CTOpa. 

BTOpoi1 cnoco6 nocTpoeHH51 R I T- xapaKTep11cTH K11 33Klll-OYaeTc5l B 11cno11b30BaH1111 Hop

MamnosaHHbIX R I T- xapaKTep11cT11K [2], KOTOpb1e ¢11pMbI npo1-13so..u11Te1111 np1111ara1-0T K Bbinyc

KaeMbIM TepM11cTopaM (cM. Ta61111uy 3). 06bIYHO R I T - xapaKTep11cTHKH np11BO..U5!TC5I B rn6J11rnax 

OTHOCHTenbHO TeMnepaTypbI 25° C (se1111Y11Ha RT/ R 25) . )J,1151 Toro, YT06b1 Hai1TH 3HaYeH11e conpo

T11s11eH115I np11 TeMnepaType T, Heo6xo,.u11Mo BbIYHCllHTb 

Ec1111 3HaYeH11e TeMnepaTypbI T nona..uaeT B HHTepsan T x < T < T x+ 1, TO ,.u1151 onpe..ueneH115I RT 

He06XO)J,11MO BOCOOllb30B3TbC5l COOTHOWeHHeM 

Kr= RTx * exp [(ax /1 OO)*(T x +273, 15)2 * ((1 /(T +273, 15)- (1/T x +273, 15))] ( 4), 

r..ue: 

RT- 3HaYeH11e conpoT11s11eH115I np11 11cK0Moi1 TeMnepaType T; 

T x - TeMnepaTypa B °C HaY3Jla 11HTepsa.na; 

T - 11CKOM35l TeMnepaTypa B °C; 
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a x - TeMnepaTypHblH K03cpcjrnu11eHT conpoT11BneH11H np11 TeMnepaType T x. 

llocmpoume R I T -xapaKmepucmuKy 0Ilfl 3G0GHHOZO me.Mnepamyp1-1020 ouana30HQ, uc

nO.!lb3Yfl nepebzu uJZu emopou cnoco6. 

2. B cooTseTcTs1111 c 3a,UaH11eM Bb16ep11Te cxeMy noCTpoeH11H npeo6pa30BaTeJ1H 11 np0Be.LJ,11Te ero 

paC4eT. OapaMeTpbL OnepaU110HHblX yc111111TeJleH npvtBe,UeHbl B Ta61111ue 4. nocTpOHTe BblXO,UHYK> 

xapaKTep11cn1Ky npeo6pa30BaTe11H Usbix = f (T0
) c yLteTOM 3a,UaHHOro ,U11ana30Ha BbJXO,UHoro Ha

np5D1<eH11H. 

3. 0pOBe)ll1Te pac4eT 11CT04Hl1Ka n11TaHJ.15! npeo6pa30BaTeJ151 B COOTBeTCTBl111 C peKOMeH,UaU1151Ml1 

11 MeTO)ll1KOH, J.13JlO)!(eHHOH B nyHKTe 2. 

4. B COOTBeTCTBl111 c rocT (ECK,ZJ) 11306pa311Te np11Hu11n11aJJbHYK> 3JleKTp114eCKYK> cxeMy pa3-

pa6oTaHHOro npeo6pa3osaTenH s cpopMaTe A4. CxeMbl BKJ1K>4eH11H cTa61111113aTopos 11 onepau110H

Hb1x yc111111TeJleH np11Be,UeHbl COOTBeTCTBeHHO Ha p11c. 7 11 8. 

5. noHCHY!TeJlbHYK> 3an11cKy CJle,UyeT Bb!nOJlHY!Tb Ha J111CTax cpopMaTa A4, KOMnbK>TepHblH Ha6op: 

rnpH<l>T Times New Roman, 12, HHTepBaJI - 1,5. BapMaHT 3a,UaHMH BKnetiTe Ha nepBOH cTpaH11ue 

(np1111o)!(eHMe I). 
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llCXO)J.Hhle )J.aHHhie. Ta6mn.J,a 2. 

A i·rnnaJOH A1·rnna30H Tim onepauHOHHoro Oco6eHHocrn 
\ 

N2 H3MepeHl1Jl BblXOllHOro ycHJI HTeJUI BKJl fOLJ e HH ~ 

THn 
TeMnepaTypbl °C HanpmKeHH~ , B naTLIHKa. 

TepMHCTOpa 

1 C621/4,7k/+ - 30 ... + 30 - 5 ... +5 KP140YU8 Y nane HHoe 

-· 
pacnonmKeHHe ,,, .. 

,.., 
C621/10k/+ 0 ... 57 0 ... 5 KP140YU7 CrnHnapn-we .) 

pacnonmKeHMe 

5 C621/22k/+ 0 ... 28 0 ... 10 KP140YU14 3aJeMJleHHbl H 
Kopnyc 

7 M891/l5k/+ -15 ... +37 - 5 ... +5 KP140YU17 YnaneHHoe 
pacnonm1<eH1o1e 

9 M891/33k/+ -20 ... +45 - 5 ... +5 KP140YU20 CrnHnapTHoe 
pacnonm1<eH He 

11 M891/47k/+ 0 ... 62 0 ... 10 KP140YU8 3aJeMJJeHHbI 11 
KOpnyc --

13 S869/10k/+40 - 25 ... +55 - 5 ... +5 KP140YU14 CTa HnapTHoe 
pacnoJ1 o)J(eH He 

15 ZlO/lOk/G 0 ... 100 0 ... 5 KP140YU8 Y nane HHoe 
pacnonm1<eH He 

17 M2020/5k/ Al - 30 .. . +7 - 5 ... +5 KP140YU7 Cm HnapTHoe 
pacnonm1<eH 11 e 

19 C62114,7k/+ 0 ... + 40 -0 .. . +5 KP140YU7 Cm Hnapnrne 
pacnoJ1o)J(eH 11e 

2 1 C621/10k/+ 0 ... 60 0 ... 5 KP140YU29 Y nane1rnoe 
.·-;:· 

pacnoJ1o)J(eH 11 e 

23 C621/22k/+ 0 .. .47 0 ... 10 KP140YU14 3aJeMJ1eHH b1il 
Kopnyc -

25 M891/15k/+ -20 ... +35 - 5 ... +5 KP140YU17 Y naneHHoe 
pacnonm1<eH He 

27 M891/33k/+ -30 ... + 30 - 5 ... +5 KP140YU8 CrnHnapTHoe 
paCll OJI O)KeH 11e 

29 M891/47k/+ 0 ... 50 0 ... 5 KP140YU8 3a3eMJleHH blH 
1<0pri yc -

31 ZlO/lOk/G 0 ... 80 0 ... 5 KP140YU7 CrnHnapTHOe 

J pacnonm1<e H 11 e 



N2 

'3 

! 
1 
g 
I f5 

13 
If 
,.,_ 

Ta6nm.1,a 2. 

LJ.11ana30H 113Me- LJ.11ana30H BbIXOJl-

peHHll TeMnepaTy- Horo Hanpll)l(eHHll , 

B 

C621/4,7k/+ - 5 ... +5 

C621/10k/+ 0 ... 57 KP140Y.[l) 

C621/22k/+ 0 ... 28 KP 140Y.[1;14 

M891/15k!+ 

M891/33k/+ - 5 ... +5 

M891/47k/+ 0 ... 10 

- 25 ... +55 - 5 ... +5 KP 140Y)JJ 4 

0 ... 100 0 ... 5 KPl40Y,[(8 

- 30 ... +7 - 5 ... +5 KPl40Y,[(7 

IlapaMeTpbI TepMUCTopoB. Ta6m1u,a 3. 

Oco6eHHOCTH 

BKJIIO'-leHHll naT'-111-

Ka. 

Y na.neHHoe pacno

JimKeH11e 

CrnHnapTHOe pac

noJimKeH11e 

3a3eMJieHHbIH KOp

nyc 

Y naJieHHoe pacno

JIO)l(eH11e 

CTaHnapn1oe pac

noJIO)l(eH11e 

3a3eMJieHHblH KOp

nyc 

CTaHnapTHoe pac

nOJIO)l(eH11e 

Y naneHHoe pacno

JIO)KeH11e 

CTaHnapTHoe pac

noJio)l(eH11e 

C621 - .LJ,m1 H3MepeH11i1 11 peryn11poBaH115! TeMnepaTypbI. Cepe6p5!HH0-nanna.LJ,11esb1e KOHTaKTHbie 

noBepXHOCTH. 

TeMnepaTypa oKpy)l(aJOw,etl cpe.LJ,bI TA -55 ... +125 oc 
HOMHHanbHa51 TeMnepaTypa TH 25 oc 
MaKCHM. MOW,HOCTb pacce11saH115! np11 25°C P2s 300 M8T 

00CT051HHa51 BpeMeHH OXnmK.LJ,eHH51 -re 10 c 

Tun Tun Tun 

C621/4,7k/+ C621/10k/+ C621/22k/+ 

T,°C Ris =4,7K0M Ris =lOKOM Ris =221.:0M 

B2s1100=3520K B2s1100=3530K B2s11 oo=3560K 

RT I Ris I a,%/K Rr /R2s J a,%/K RT I Rzs J a,%/K 
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-30 11,674 5,3 12,256 5,4 12,696 5,4 

-25 9,0124 5,1 9,4071 5,2 9,7251 5,2 

-20 7,0136 4,9 7,2862 5,0 7,5171 5,1 

-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 

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 3,1 0,25035 3,1 0,24714 3,1 

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 2,9 0,15995 2,9 0,15680 2,9 

85 0,14050 2,8 0,13881 2,8 0,13592 2,8 

90 0,12217 2,8 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 2,5 0,079642 2,6 
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M891 - TepM11cTopb1 )],l1CKOBhie )],JUI l13MepeH11i1 11 peryn11posaH115! TeMnepaTypb1. 

TeMnepaTypa oKpy)l(mow,ei1 cpeJJ,bI TA -55 ... + 125 oc 
HoM11HanbHa5! TeMnepaTypa TH 25 oc 
MaKc11M. MOw,HocTb pacce11saH115! np11 25 °C P2s 200 MBT 

00CT05!HHa5! BpeMeHl1 OXna)l()],eHl15! -cc 12 c 

Twn Twn Twn 

M891/15k/+ M891/33k/+ M891/47k/+ 

T,°C Rzs =15K0M Rzs =33K0M Rzs =47K0M 

B2s11 oo=4100K B2s1100=4300K B2s1100=4250K 

Rr I Rzs a, 0/o/K RT I Rzs a, 0/o/K RT I Rzs 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 5,8 11,466 6,2 10,629 6,0 

-15 7,3160 5,6 8,4510 6,0 7,9249 5,8 

-10 5,5545 5,4 6,2927 5,9 5,9641 5,6 

-5 4,2531 5,3 4,7077 5,7 4,5098 5,5 

0,0 3,2836 5,1 3,5563 5,5 3,4405 5,3 

5 2,5512 5,0 2,7119 5,3 2,6434 5,1 

10 1,9973 4,8 2,0860 5,1 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 
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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 

S869 - repMeT11311posaHHb1e 3nOKC11,LI,HOH CMOJlOH M11H11anopHb1e ceHcopbI ,Ll,1151 npeu,113110HHbIX 

113MepeHl1H B Cl1CTeMax 803,LJ,YWHOro KOH,LI,11LJ,110H11pOBaHl151, aBTOM0611JlbHOH 11 npOMblWJleHHOH 

3JleKTpOHl1Kl1 . 

ZlO - ,LJ,aT411Kl1 J.J.1151 napoBbIX KOTJlOB, c11cTeM Harpesa 11 TeMnepaTypHbIX 113MepeHHH B )Kl1 ,LJ,KOCT51X. 

CTaJlbHOH Kopnyc c onpeccosaHHOH 6a3osoti 4aCTbJO 113 n11acT11Ka. 

M2020 - ,LJ,aT411K11 ,LJ,1151 TeMnepaTypHbIX 113MepeH11H B pe¢p11)Keparnpax, MOp03 11JlbHbJX KaMepax, 

Cl1CTeMax 803,LJ,YWHOro KOH,Ll,11Ll,110H11pOBaHl151 . 

T11n S869 ZlO M2020 

TeM nepaTypa oKpy)!(alOll.(eH cpe,D,bl T A -55 ... + 155 - 25 .. . + 100 - 40 ... + 100 oc 
HoMH HaJJbHa51 TeMnepaTypa TH 25 25 0 oc 
MaKCHM. MOll.(HOCTb pacce1.rnamrn np11 25°C P2s 60 100 100 M8T 

nocT051HHa51 BpeMeHH OXJla)!(,Ll,eHH51 -re 15 2,5 50 c 

Tun Tun Tun 

S869/10k/+40 Z10/10k/G M2020/5k/ Al 

T,°C Ris =10K0M Ris =10K0M Ris =SKOM 
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B2s11 oo=3988K B2s1100'=3920K B2s11 oo=3980K 

RT I R2s a, 0/o/K RT I R2s a, 0/o/K RT I R2s a, 0/o/K 

-30 17,70 6,_2 17,753 6,3 

-25 13,04 6,0 12,621 5,9 13,067 6,0 

-20 9,707 5,8 9,4515 5,8 9,7228 5,8 

-15 7,293 5,6 7,1273 5,6 7,3006 5,6 

-10 5,533 5,5 5,4270 5,5 5,5361 5,5 

-5 4,232 5,3 4,1522 5,3 4,2332 5,3 

0,0 3,265 5,1 3,2063 5,1 3,2660 5,1 

5 2,539 5,0 2,5019 4,9 2,5392 5,0 

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 

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 3,1 0,095606 3,0 0,092159 3,1 

95 0,07885 3,0 0,082347 3,0 0,079225 3,0 

100 0,06800 2,9 0,071180 2,9 0,068356 2,9 

105 0,05886 2,9 
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IlapaMeTpb1 onepaQHOHHhIX ycuJiuTeJJen. Ta6n11u,a 4. 

KPJ40Y)::(7 KP140Y.[(8 KP 140Y.[( 14 KP140Y.[(l 7 KPl 40Y,[(20 

Hanpm1<eH11e mnamrn, B ±(5 ... 20) ±15 ±(5 ... 20) ±(3 ... 18) ±(5 ... 20) 

Ko3cpqrnu,11eHT yc1rneH115! 50* 103 30* I 03 50* 103 150* I 03 25* I 03 

BXO)J,HOH TOK, HA 200 0,2 5 10 100 

8bIXO)J,HOi1 TOK, mA 5 5 5 5 5 

LJacTOTa cpe3a, Mfu, 0,8 1,0 0,5 0,4 0,5 

ConpoT11snem1e Harpy3- 1 ... 2 2 1 2 I 

K11, KOM 

3 

+Un 

7 
12 10 

2 6 

-Un 

Kl40Y)J;20 

P11c. 8. 
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