S B 2. TP

! CaHkT-lleTepOyprckuun rocygapCcTtBeHHbIN YHUBEPCUTET
TernekommyHukauum nm. npod. M.A. boH4y-bpyeBuua

Kadeapa KoHcTpynpoBaHus n npoussoacraea
PaAnO3NEeKTPOHHbIX CpeancTB

S

OucuunnnuHa: «kKOMNOHEeHTbI ANIeKTPOHHOU TEXHUKN»

Pa3zpgen 2: «[laccuBHbIe anemMeHTbI
PaAnNO3NEeKTPOHHbLIX YCTPOUCTB»

NNekuma Ne2. «Pe3uctopbl U KOHAEHCATOPbI»
(2 yaca)

doueHT Kadpeapbl, K.M.H.,
MopaosuH B.H.

2022 .



P Yuebubie BOIIPOCHI

1. Onpeaenenue, Kiaaccupuxkanus, yCJI0BHO-
rpaguyeckoe 0003HaAYECHHE Pe3UCTOPOB.

2. OcHoBHbBIE MapaMeTPbI U CBOMCTBA PE3UCTOPOB.

3. MapkupoBKka U 0003HaAaYEeHHUE PE3UCTOPOB HA
ICEKTPUUYECKHUX CXeMaX.

4. Onpeaenenue, Kiaccupuranus, yCJa0BHO-
rpagpuyeckoe 0003HAYECHHE KOHAEHCATOPOB.

S. OcHOBHBbIE TapaMeTPbl KOHJACHCATOPOB.

Cl16



I

=

1. DrekTpnyeckmne n arekKTPOHHbIE KOMMOHEHTbLI YCTPOWNCTB U
cuctem : y4yeb.- 345 me-toa. nocodbue / B. B. bapaHoB [u
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2. [lyteBognTENb NO 3NEKTPOHHBLIM KOMMOHEHTaM: COOPHUK/
NeB Wanupo. CI16.: CeBoe nsgarensctBo, 2014. — 184c.

3. LiBeTHaa mapkmpoBka pesnctopoB. KogoBas MapKupoBKa
PE3NCTOPOB [ONEKTPOHHBbIN pecypc]. — Pexum pgoctyna :
http://www.radiant.su/rus/articles/.
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OCHOBHBLIMWU KOMMOHEHTAMM 3MEKTPOHHON TEXHUKU SABMSAKOTCSA:
pe3ucmopbl, KOHOeHcamophbl, Kamyuwku UHOYKmusHocmu U
opoccesnu, mpaHcghopmMamopbl, KOMMymauyuoHHbIE ycmpoucmaea,
3/1eEKMPOoB8aKyyMHbIe rnpubopel, npubopsl omobpaxxeHus
UHopmauyuu, rosyrnpo8oOHUKO8bkIE Tpubopkl, aKkycmuyeckue
npubopbl, aHMeHHbI, [Mbe303rieKmpudyeckue npubopsl, MUHUU
3a0epXXKU, UCMOYHUKU mMmoKa, rnpedoxpaHumernu u pa3psOHUKU,
ariekmpoosuzaameriu, namribl HakanueaHusl, arieMeHmbl yugposou
MeXHUKU, 3reMeHmMbl aHasio2oeol MmexXHUKU, rnpoesolda, kaberu,
80/1HOB0O0.

Pe3ucmop (aHrn. resistor, nat. resisto — conpoTMBnNAlCb) —
NaCcCUBHbLIA 3JIEMEHT 3MEeKTPOHHOU uenu, npeaHasHavyeHHbI Ons
Cco34aHus B HEN 3aaHHON BENMMYMNHBI aKTUBHOIO COMPOTUBMNEHMUS.

KoHOeHcamopbl — 3TO KOMMOHEHTbl, OCHOBHbIM MapaMeTpPoOM
KOTOPbIX BbICTYNaeT EMKOCTb, 8 OCHOBHOE Ha3Ha4yeHne COCTOUT B
HaKOMNIEHNWN SNEKTPUYECKUX 3apsaoB.



Pe3sucmop - anekrpopaguvoaneMeHT, npeaHa3HadYeHHbln Ongd
NOrMOLEHNA 3ANEKTPUYECKOU SHEPINUU U pacnpeneneHna ee mexay
OPYrMMU afiEMEHTaMM.

Pesucmop — 3neMeHT uenu, B  KOTOPOM  NpOUCXOaUT
npeobpasoBaHne ariekTpruveckon aHeprmn B Tennosyto P=UI.
Pe3anctop UMMeeT  COMpoTUBMEHME, KOTOpPOEe  onpeaensieTcs
BbipaxeHunem R=U/I,

rae U — HanpsikeHue, rpuroXXeHHoe K pe3ucmopy,;

| — mok, npomekarowulu 4epes Heao.

ConpoTtuBrieHme pesnctopa usmepsietca B omax (Owm), Kunnoomax
(KOm) 1 meraomax (1 MOm = 10° kOm = 10° Om).

Peanctopbl cocTtaBnsatoT npumepHo 50% oT obuwero u4ucna
MOHTUPYEMBIX 3NIEMEHTOB.

[TPOMBILLNIEHHOCTb BbIMNYCKAeT pasfnyHble TUMNbl PE3NUCTOPOB C
HOMWHanNbHbIM COMPOTUBIIEHWEM OT COTbIX gorien om o 10 TOm
(1TOm (tepaom) = 10" OmM) c gonyckaeMblMU OTKIMOHEHUAMU =+
(0,001-30) %.
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! Pe3MCTOpr NOCTOAHHOIO conporuBneHus
[TpMeHSATCA B KayecTBe Harpys3ok
YCUNUTENbHbIX Kackados, genuteneun
HanpsXxeHus, B ounsTpax Lenen nutaHms,
000aBOYHbIX CONPOTUBIIEHNIA U LUYHTOB
‘. namepuTenbHbIX uernen un 1. 4. OHM aBNAK0TCS

| N3AENUAMM MacCOBOro NMPOM3BOACTBA U
CTaHOapTU30BaHbI.

Perynupyembie pe3ncTopbl UNu nepemMeHHbIe

[TpMeEHAIOTCA B KAYECTBE MNaBHbIX PErYNIATOPOB YCUNEHUA, Ans
TOYHOW M MNaBHOW YCTAHOBKM HarnpsXXeHus (Hanpumep, B
perynstopax rpOMKOCTN).

| |




,7 NoacTpoeuHble pe3ncropbl :

[MpeaHa3HayeHbl 4na TOYHOW YCTaHOBKM COMPOTUBNEHUA MPU
Pa30BOMN HACTPOWKE U perynmupoBke npubopa npm U3roToBNeEHUN 1
PEMOHTE annapaTypbl.

i

g'
Pe3uctopbl oOuiero HazHavyeHus

//

B naHHyto rpynny BXogsaT pe3ncTopbl MNOCTOSHHOIO
COMNPOTUBNEHNSA, BENTMYNHA CONPOTUBNEHNS
KOTOPbIX PUKCUPYETCSH NPU N3rOTOBIIEHUN, U
PE3UCTOPbI NEPEMEHHOIO COMPOTUBIIEHUS,
KOHCTPYKLNU KOTOPbIX NO3BOSIAOT MIaBHO MEHSATb
OAHHYIO BENUYUHY .

[lnana3oH BeNUYnH ConpoTMBIIEHNN PE3NCTOPOB
obulero Ha3HadeHus Bapbupyetcs ot 10 Om go
10MOM, HOMUHarnbHbIE MOLLIHOCTWN pacCcesiHns - OT
0,125 no 100 Br.
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,! Pe3VICTOpr cneunanbHoOro HadHavyeHus

ObnapatoT onpegeneHHbIMU  crieyugbudyeckumu ceolcmeamu U
napamempamu n MOryT ObiTb pasgeneHsbl Ha criegyrowme auodsbl:

1. BbICOKOOMHbIEe pe3ucmopsbl -
NpeMMyLLIeECTBEHHO KOMMO3ULIMOHHOMO TUNa ¢
conpotuerneHnem go 10"0Om. MNpumenstoTcs B
YCTPOWCTBAxX AN U3MEpPEeHNs o4eHb MarbiX TOKOB,
HanpumMep, B 4O3UMeETpax pasfnmnyHbIX N3NyYeHNN.
HomMunHanbHasa MOLHOCTb OObIYHO He
yKa3bIlBaeTcs, a pabo4yme HanpsikeHns CoOCTaBnsaAT
100-300 B. Tunbl: C5-23, KBM.

2. BbICOKOBOJIbMHbIE pe3ucmopsbl - C
conpotusnernvem o 10" Om, Ho BonbLuen
MOLLHOCTW 1 Bornee KpynHbIe NO pasMepam, Yem
BbICOKOOMHbIE pe3ncTopsbl. NprMeHsoTcA B
OenuTenax HanpPsKeHUsa 1 NornoTuTensax, Ans
NCKporallueHus, pa3psaaa KoHaeHcaTopoB hunsTpoB U |
T. 4. Pabouune HanpspkeHnst 10-60 kB. Tunbl: KOB-1,
KB, C3-5, C3-6 n ap. OHn 3aB€AOMO UMEKOT
bornbLune rabapuTHble pa3Mepsl.




R -
,z. BbicokoyacmomHble pe3ucmopbl - NPEeUMYLLECTBEHHO

NOBEPXHOCTHOro  TMna. [lpegHasHadeHbl AOna  annapatypbl,
paboTtatowlen Ha 4yactotax cebiwe 10 MIu, kabensix, BoriHoBOOaX.
cnonb3ytoT npwu KOHCTPYNpPOBaHUM BbICOKO- n
CBEPXBbICOKOYACTOTHbIX  TPaAKTOB  annapatypbl B  KadecTBe
cornacyrLlmx Harpysok, aTTeHIaTopoB, 3KBUBANEHTOB aHTEHH,
3NEeMEHTOB BOSTHOBO/OB.

OT1nunyatoTca Manon cobCTBEHHOM €MKOCTbIO U MHOYKTUBHOCTBLIO W3-
3a OTCYTCTBUS Hape3KNM U BbIBOOAOB, a TaKke 3alluTHOW amanwu.
HomurarnbHas mouwHocmse Prom. HEKOTOPLIX PE3UCTOPOB AOXOAUT A0
5, 20 n 50 kBT, noatomy Tpebyetca oxnaxaeHwe. ConpoTUBreHne
Takux peamctopoB He npesBbiwaetr 300 Om. Tunel: MYH, MOY, YHY,
C2-20, C6-2-C6-9 u ap.

AmmeHramop — 3TO 3NEeKTPOHHOE
YCTPOWMCTBO, KOTOPOE YMeHbLUAEeT
aMmnnuTyay nim MoWHOCTb curHana
6e3 CyLLeCTBEHHOIO UCKaXXeHUs ero
doopMmbl. ABngaeTca
NPOTMBOMONOXHOCTbLIO YCUSTUTESS,

10
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!/./ﬂﬁuWUOHHble u nonynpeyusuoHHbIe —
"~ pesucmopbl) - MPUMEHSAITCAS B TOYHbIX \\ \

N3MEPUTESbHbIX YCTPOUCTBaX, PeneuHbIX cuctemax,
MarasmHax conpotuBneHnn. OTNn4YarTCs BbICOKOW
TOYHOCTbIO N3roTOBIIEHNS, NOBbILLEHHON
CTabUIIbHOCTBID  OCHOBHLIX MapamMeTpoB, 4acTo
BbIMNOMHATCA rEePMETU3NPOBAHHbIMU. BennuunHbl
conpotmeneHun 0,10m - 1MOmM, Prom He Oonee
10BT. Tunsbi: BJIIM, C2-10, C2-13 u ap.

5. MuHuamopHbie pe3ucmopsbl -

\
.

npegHasHayeHbl Ans ManorabapuTHON 1206 2|
annapaTtypbl. HOMMHanNbHaa MOLWHOCTL PHowm osos = [
coctaBnset 0,01-0,125 BT, conpotusneHue . W

0o 5 MOwm. Tunbl: YJIM, KUM n gp. HacTHbIM 0402 ;"'.‘
CIlydaeM MUHUATIOPHbIX PE3UCTOPOB MuHnaTiopHible pesucTops.

asnatoTca SMD (Surface Mounted Device - o
YCTPONCTBO A1 NOBEPXHOCTHOrO MOHTaxa) @f& &
/

PE3NCTOPBI. \
SMD-pesuncTopsl.

11



el = = A -~ f
KOHCMPYKMUSBHOMY OGOPMJIEHUIO PE3NCTOPbl  MOXHO |
-

pasgenuTb cneayoLmnm obpasom:

a) Pe3nCTopbl C rPO8OOAWUM 3IEMEHTOM, NPeaCcTaBNALWNM coboun
M/1EHKY, OCaXXAEHHY0 HA NOBEPXHOCTb N30NSALMOHHOIO OCHOBaHUS;

6) pe3ncTopbl ¢ 06BLEMHbLIM POBOAAUUM I1EMEHMOM,;

B) PE3UCTOPbl C po8OdSWUM 37IEMEHMOM U3 [1POBOJIOKU W
MUKPOMNPOBOSOKN.

[Tpn ncnonb3oBaHM DYKBEHHO-LUUMPPOBON MAaPKNPOBKN €ONHNLLY
namepeHuss Om obosHauvaoT bykBamm «E» n «R», eanHuuy kmnoOm
bykBon «K», a eanHnuy meraOm dykson «M» (TOCT 28883-90 (MOK
62-74) «Koabl Anst MapKMpOBKK PE3NUCTOPOB U KOHOEHCATOPOBY).

11E (11 Om) 1E0 (1 Om)

%\ -~ 3E9 (3,9 Om) 7ES (7 5 Om)

82E (82 Om)
i -

2,2K (2,2 kOm) 2K2 (2,2 kOMm)

mm

K33 (330 Om) 3300 (330 Om) 3,9K (3,9 kOm) 5K1 (5,1 KOM)

MR , MAT-2

360R (360 OM) 750 (750 Om) 4M99 (4 99 MOM)

56R (56 Om)

476 (47 Om) 56 (56 Om)

=

12



e e = - === =S = ===~ S NS __ = S S ST -~ =
%. OcHoBHbIE NapamMeTphbl U CBOMCTBa Pe3UCTOPOB

OcCHOBHbIE KOHCTPYKLIMK Pe3MCTOPOB
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a - pesncTop unmnuHapuyeckon goopmbl ¢ NPOBOAALLMM 3SIEMEHTOM, HAHECEHHbLIM Ha
N30NALMOHHYI0 MOBEPXHOCTL; 6 - PE3NUCTOP LMUNMMHOPUYECKON DOPMbI CO CnnparibHOW
Hape3Kkon MNPOBOOALLErO 3NeMeHTa; B - Pe3nCTop UUNUHOPUYECKON OpPMbl C
Npope3aHHbIMU N3ONUPYIOLLMMU KaHaBKaMW; I - PE3NCTOP 0O bEMHON KOHCTPYKUMN; A
- TPOBOSIOYHLIA PE3UCTOP; € - PE3UCTOPbl C MNOAKOBOOOPA3HbLIM MPOBOAALLMM
3J1IEMEHTOM. 1381
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CBOWCTBa PE3NUCTOPOB XapaKTePU3YyKTCA CrneayowmnMmm OCHO8HbLIMU
napamempamu:

*  HOMUHarlbHbIM COrpomuereHueMm;

* QornycmumMbIM OMKITIOHEHUEM,

*  HOMUHaribHOM MOWHOCMbIO; a51IeEKMpPUYecKoU rnpo4YHOCMbHO;

* cmaburnbHOCMbIO; YpOBHEM cobcmeeHHbIX wymos;
Hao0eXXHOCMbI0, paamepamu, maccol, CmouMoCmabHo.

Benu4uHa conpomussnieHuss  (RHom) Ornsg  pe3ucmopos
UunuHopu4deckol popMbi C rposoosUM 351eMEHIMOM, HAHECEHHbIM
Ha W3ONSLUMOHHYKO MOBEPXHOCTb, KOrAa TOMWMHA MPOBOASILLEN
NSIEHKM Marna no CpaBHEHMIO C OMaAaMETPOM OCHoBaHuA (puc. 2.1,a),
BeNnYmMHa ConpoTUBNEHNA onpeaenseTcs no dopmyne 2.1:

- p ’ Memannuyeckul Konnayok Omane

roe p — yaernbHoe conpoTuBneHue nneHkn, Owm;
h — TOoNLWMHA NMEHKU, M;
L — onunHa NneHku, m;

D — ana MeTp OCHOBaAHNA. M Bbi6o0d Tokonposodswui cnou
14
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Ona obbemHoU KoHecmpykuuu (puc. 2.1,r) BennyimHa cornpoTmBIieHNd

onpegensieTca oopmyron (2.2): 4L — |
R=p— > —smmp—

roe D — onameTtp npoBogsLLero afieMeHTta, M. ’

ConpoTuBneHne MnpoBOSIOYHbLIX PE3UCTOPOB 3aBUCUT OT OJIUHbI
rPOBOJIOKU, yOerlbHO20 COMNPOMuUeBreHuUs U rnaowaou rnorepeqyHoao
ceyeHus (puc. 2.1,0) n onpegensetca rno dopmyne (2.3):

) L L
rae S — nrowaab ceveHns NpoBoaHNka, M2, R=p = 727X
S

HomMnHanbHLIE CONPOTUBIIEHNSA PE3UCTOPOB CTaHAapTU30BaHbl. [Ons
NOCTOSAAHHbIX PE3NCTOPOB YCTAHOBSEHO LWecCTb pagos: E6, E12, E24,
E48, E96, E192, a and nepeMeHHbIX pPe3ncTopoB YCTaHOBIIEH paAn
EG. Kpome atoro, gonyckaetcsa ucnonb3oBaTb pag E3.

15



%OMUHaﬂbele conpomueneHnus no psdy E3, E6, E12, E24

Lindppa nocne OykBbl E ykasblBaeT YMCNO HOMUHASIbHLIX 3HAYEHUN B
Ka)XOoM OeCATUYHOM MHTepBane. HoMunHanel ConpoTUBIEHUA
COOTBETCTBYIOT YNCIiaM B NPUBELEHHbLIX HUXE Tabnuuax nnm ymcnam,
Nofy4YeHHbIM YMHOXEHUEM U gerneHnem atux dmucen Ha 10n (n —
Lenoe nonoXxutenbHoe unu otTpuuyarernbHoe Yyncno). Ina npumepa
npuBeaeHa Tabnuua pagos E3, E6, E12, E24.

JNLE SN Ec 20 .12 | 2 0 - A | =S | L 20 2 E | W S | .2 | W E24)
1.0 1.0 1.0 1.0 7 S 2,2 2,2 F S 47 47 47 47

1.1 24 51

12 12 2,7 27 56 56

13 30 6.2

15 | 15 | 15 33 33 33 6.8 6.8 6.8
16 36 75

| 18 | 18 39 39 8.2 82

2,0 43 9.1

16



mo4YHocmu), ykasbiBaetca nmbo Ha OP3, nmbo B nacrnopte Ha
OP3, B 3aBucMMocCTM OT Tmna mapkupoBkn. CornacHo OCT
9664—-74 ycrtaHoBneH pag gonyckos: +0,001; +£0,002; £0,005;
+0,01; £0,02; +0,05; +0,1; +0,25; £0,5; +1; +2: +5;: +10; +20;
+30%. Kaxgoomy OTKNOHEHMIO COOTBETCTBYET CBOW Kracc
TOYHOCTH, 0003Ha4YaeMbIn COOTBETCTBYIOLLEN bykBom
natnHckoro andgasuta. Ha OP3 wmapkupyetca nubo
OTKITOHEHWE, NMBDO Kracc TOYHOCTW.

[JonyckK (Kknacc TOYHOCTU) Pe3UCTOPOB

%umoe OMKJIOHeHuUe, unu o0onyckK (Kiaccom

-

bykeeHHbIl K00 dorycka ome4yecmeeHHbIX pe3ucmopos 10 T 12 13 5 16
Lonyck, %| +20 | £10 | 5 | +2 | +1 |+0,5]%0,2|%0,1 e 18 20 22 24 21 30
Kod BlC|\un| P A4 Y| X 33 36 39 43 47 51
56 62 68 75 82 91

bykeeHHbIl K00 dorycka 3apybexHbix pe3ucmopos 10 T T T 7 27
Tonyox Wl 22012701 25 [ 22 | =7 [z05]z02]z0.4] |"*™| = 39 47 56 68 82
Koo Ml K| J G| F|D C|B III knace 10 15 22 33 47 68

17




HomuHanbHass MouwyHocmb (Prom) — Hanborsbluas MOLLHOCTb,
KOTOPYHO pPEe3nCToOp MOXEeT paccemBaTb NpU  3adaHHbIX
YCNOBUAX B TE€YEHUE rapaHTUPOBAHHOINO CpoOKa CryXObl npu
COXpaHeHUMn napamMeTpoB B YCIOBMIEHHbIX npegenax npwu
HenpepbLIBHOW 3NEKTPUYECKON Harpyske W onpeneneHHou
TemMnepaType OKpyxalLlen cpeasbl.

OmeyecmeeHHbIe 3apybexHsle B ermMynHa P HoM Ofr1 p e ,El, erngeTcsd

) g ' -
—M—zBm ~dlli~  koHcTpyKumeit, dranyeckuMu

— . : CBOMCTBaMW MaTepuarsos
Wity — NPOBOASALLEro anemMeHTa u

S~ (581 -G 3awmnTHoro crnos. C

if il rosbiWeHUeM memrepamypbl
i 0,25 Bm  —gilib— .

sy OKpy>xarowieu cpeldbl PrHom
il 0,125 Bm ~ggige-

$ CHU)Kaemcsl.

Buabl pe3nctopoB pasnmyHom HOMMHaNbLHOM
MOLLIHOCTMW. 18
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YOenbHasi MowHoCcmMb paccesiHusi P, (BT/cm?) onpepensietcs no

dopmyrne (2.4): p
PO:— "

S
roe P — mowHocTb, BT; S - nnowagb pe3uctopa.
Kaxkgasi KOHCTPyKUMSI pe3ucTopa XapakTepusyeTtca rnpeodesibHbIM
paboyum HanpsikeHueM Unped, KOTOPOE MOXET ObITb NPUMOXEHO K

PE3NCTOPY, HE Bbi3blBasi HapylweHust ero pabdboTocnocobHOCTM.
BennunHa  Unped 3aBUCUT OT  YCNOBUM  3KCMfyatauum u

paccuuTbiBaeTca no gopmyrne (2.5):
Unpe,a < PuomRuom'

[lpeoenbHOe  Hanps)XeHue nNpu  HOpManbHOM  atMocdepHOM
OaBneHnm B OOMbLUMHCTBE CrydYaeB OrpaHUYMBaEeTCs TEMNMNOBbIMU
npoueccamu B nposoasilemM ariemeHTe. [pu noHuxeHuu OaesrneHus
Unped cHU»xaemcs.

19



,lf//Cma6uanocmb napamempos pe3ncropa 0ObI4YHO
Xapaktepusyertcs mewmnepamypHbIM Ko3aguyueHmom
conpomueneHus  (TKC), kotopoe  onpegensieTca  Kak
OMHOCUMESIbHOE U3MEHEHUE 8€erlUYUHbI COMnpomuerieHus rpu
usmMeHeHuUU mewmrnepamypbel Ha 1°. ConpoTmerneHne pesuctopa
MOXET WM3MEHATbCA Mo4 BIUAHMEM TemnepaTtypbl, BNa)XHOCTW,
NPOLLECCOB CTApPEHUS, HAMPSXXEHUA U T. 4.

CobcmeeHHbIe WyMbI — BaXXHbIW NapamMeTp, NpeacTaBnaoLLnm
noMexm Ond nonesHoro CcurHama W HaknagblBaroLwum
OrpaHU4YeHNss Ha  YYBCTBUTENbHOCTb  Pa3fINdHbIX  CXEM.
CoOCTBEHHbIE  LWYMbl MpeacTaBnaAlT Ccobon nepemMeHHoe
HanpshKeHne, XapakKTepusylLlleeca HenpepbiBHbIM  LUPOKUM
CNEeKTPOM N OQMHAKOBOW MHTEHCUBHOCTbLIO BCEX COCTaBMAOLLNX.

HadexxHocmb. JkcnepuMeHTanbHO yCTaHoBMAEHO, 4To 50 %
OTKa30B PE3UCTOPOB NMPOUCXOAUT U3-3a HAPYLLUEHNSI KOHTAKTHOIO
coeVHEHNS1 BbIBOAOB C PE3UCTMBHbLIM 3NIEMEHTOM U ero obpbIBa,
0o 40 % — n3-3a neperopaHus pe3ncTmBHoro anemeHTa, n 10 % —
n3-3a HeQOMNYCTUMOIro N3MEHEHNSI CONPOTUBNEHUS.

20



220 Om 1. BykeeHHoO-yugpoeasi

MapKUupoeKa CoepPXunT

10 KO HOMWHaNbHYI MOLLHOCTb,
HOMMHarnbHOE COMNPOTUBMNEHME,
AOMYCK UMW Knacc TOYHOCTU 1 aaTy

- | !8xOm N3rOTOBMNEHUS.

r——hw-c——j 220 kOm

HomuHanbHoe conpoTuBneHne obo3HavyaeTcs uudppamm ¢
yKaszaHueM eanHuLbl U3MEPEHUS cneayrowmm obpasom:

Om obosHauvaeTtca bykson R, unm E, unm sBoobLle 6e3 6yKBbl;

KOMm o6o3Havaetca bykson K, MOm — bykson M, FOm — bykson I,
nnn G, TOm — dbykson T (Tepaombl).

Harnpumep, Hadnucb 220E, unu 220, unu 220R, unu 220Q)
obo3Hadaem HomuHan 220 Om, 68K — 68 kKOm, 3,3M unu 3M3 - 3,3
MOM, 47— 4,7 Om, 1T unu 1TO -1 TOm u m. O.

21



I LizeTroran MapHMpoBHa pe3avcTOpOR 2. Cucmema MapKupoegKu ¢

‘/
3vavawme Muoxurens Jonycx TKC
upu [%] [%:/C)

TemMnepamypHbIU KO3¢hhuyueHm
conpomuesnieHusi (TKC) — aTo
BENMYMHA, XapakTepusytoLias
Oparxest OTHOCUTESIbHOE N3MEHEHME .

Xormu — m = “ COMPOTUBMNEHUSA HA OOMH rpaayc

Senensit Llenbcus. TKC

Yopuwiia
Kopuurneeniin

Kpacuwia

Cunmin

Duonaroeuin

Cepuiin .

Benwin

TemnepaTypbl OKpy»atoLLen cpeabl Unm
N3MEHEHUS ANEKTPUYECKOM Harpy3Ku.

3onoTrCTui

CepebpucTait P
cnekTpa NONOCOK bes
euntoman:  CMlEeLManbHbIX cpencTs (KaTtanora
P R, i M 2,7 Om, UNn cneunarnbHOro 3MNeKTPOHHOro
WM ToNeK ¥ 0,5%,
15%o/C pacLundcpoBLLnKa).
5 xoney M .__’ 0 K%g{;

WK TOHEeK

Puc. 3.2. — MapknpoBka napameTpoB

r_
e3UCTOpPOB C MNOMOLLBHK UBETHbIX MOJTOCOK.

22
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1. Heobxoaumo cunbHO Haripsizams 3peHue 0r1s udeHmugbukayuu
Nonoc y pe3sncropa, ycTaHOBNEHHOIO Ha nnaTte BHYTPM Kopryca, unm
NPU UCKYCCTBEHHOM OCBELLEHUN. BbiygemaHue rosioc MOXeT BHECTU
OLLUNOKY npwu onpeageneHun napameTpos OP3.

2. [pn nomepe usema xomsi 6b1 0OHOU MO/IOCKU, HAaNpUMep, CTUpaHne
NN NneperopaHne Kpackun, UuHghopmauusi o peucmope mepsiemcs
6e38038pamHo.

3. Y HEKOTOPLIX PE3NCTOPOB (OTEYECTBEHHbIX C Aonyckom 20 %)
NATUMNOSTOCHOW CUCTEMBI NSATasl nonoca, obo3HavaroLwasa aonyck, He
CTaBUTCS; aHanorM4yHoO Npu YETLIPEXNONMOCHON CUCTEME C TaKUM Xe
OOMYyCKOM MocreaHsia nosioca oTcyTcTBYeET. B pesynerarte cucrtema
CTaHOBUTCS B MEPBOM Clly4ae YeTbIpeEXNONIOCHOW, a BO BTOPOM —
TPEeXnornocHon. lNony4dunBlLasaca YeTbIPEXNONOCHasA KOOUpo8Ka Moxem
damb owubo4yHoe 3Ha4eHUe HoMuUHarsa pesucmopa.

4. Benrpbill no pasmepy y Takon cuctembl — Hebosbwou. B LBETOBYIO
KOOMPOBKY HEKOTOPbIE NPOU3BOAUTENN BKITHOYAKOT N TUM PE3NUCTOPOB U
TKC, 4T0o ycroxHsem pacuiugbposKy.
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.! Eapxuposxa napamertpoB SMD-pe3ucropoB ¢
NOMOLLLIO TPEXNMO3ULIMOHHOIo, UNu
YeTbIPEeXNO3UNLIMOHHOIro Koaa

MapKupoBKa 3 uudppamu MapKHPOBKA 4 nu@pamu
YUCJIOBOEC 3HAUYCHHUEC ‘3 i YUCJIOBOC 3Ha‘leHl/Ie§ i
MHOXHUTECJIb MHOXHUTEIIb
COIIPOTUBJIEHUE = 31-:-10%=3100 Q COITPOTUBJIEHUE = 792:10°=792 Q

350 = 35 x 10° paBHO 35 Om

743 = 74 x 10° paBHo 74000 Om (74 kOm)
2042 = 204 x 10? paBHo 20400 Om (20,4 kOm)
1203 = 120 x 10° pasHo 120000 Om (120 kOm)
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OAUPOBKWU HOMUHANOB pe3i
nOBerHOCTHOI'O MOHTAXa

. 1008 wnu 108 =1 Om
.—'4

?‘ 3303w 333 = 33 xOu

\/@X 1006 unu 106 = 10 MOu
"ﬁ

R470=0.47 Om

Zoco-Ohm Jamper-Chip
(xepasnxa-MeTINN) R<S0 uOu

e




_—/- —

) O603HavYeHUe pe3ucmopoe Ha 3JIeKMmPUYECKUX cXemMax

q—* YKa3aHHble Ha PUCYHKe pa3mMepbl
YI'O pe3ancTtopoB yCTaHOBIMEHDI
Bl T R10,1 [OCT 2.728-74 n ux cnepyet
- 10 ‘ A | cobntogaTb Npu BblYEpPYMBaHUN
| R3 CXeM.
R2 2,2 K
220 |
| R4 3,3 M

.

Puc. 3.5. — YT O pesucTtopa.
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’eqecmennoe 7 3apyﬁe>mee ycnoanoe

rpacpuveckoe o603Ha4YeHUE pe3ncCTopoB

rOCT 2728-7 Hasganue 0G0Hauenne Haasaxite Oboziavenie
Hassarine Ofoxauerve
E% MoCTORRHBIN NocToARKbI é
Obuee clo3nanermae -
Ry =
— - oacpoeusi A oacpoei @
flepemersbeil € HeAws eRrsiu ¢_
ExnQueH e Nepemes Hui Nepemauusii
C oA " «
oarmus owmierwonss |- -&F
c MU I y f_l
A anaeoome __&)_ C OTEDA3MM '(;}' C oTenaanss é:
JEsarn | o 5 z
T - OTOPLIICTOD _@, QOTOP E2HCTOP
NoACTpoa uNL i _'—q
LU T M3UE pUTER b b ] | TQD’MDQWCTOD @ Tepmpe3ucrop @
C OAMIM HACHRMME TR b _g_
oTEOSOM
Bapacron ¢_ Peocrar ¢, PeocTar g
o
FOCT P® Hemeukuit MHCTUTYT AMepuKaHCKuii

no craHgaptusaumm (DIN)

HaLUMOHanbHbIN

NHCTUTYT cTaHaapToB (ANSI)
20
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HOMUHa.ﬂbHy}O pacceusaemMyro MOWHOCMb YKa3blBaloT

cneunasibHbiMM 3Ha4kamMi BHYTPWU YCJTOBHOIO rpacbmquKoro

0003Hau4eHNs: a) obLiee obo3HavyeHue;

a 6 8 6) MowHocTbLIO paccesHua 0,125 Br;
g B B) MOLLHOCTBLIO paccesHus 0,25 Br;

2 %) e ) MOLLHOCTbIO paccedanuns 0,5 Br;
—|=F 11+ -0 n)mowHocTbio paccesHus 1 BT;
€) MOLLHOCTbIO paccesiHua 2 Br;

X 3 u
X) MOLLIHOCTbIO paccesiHusa 5 BT;

—t?— 3) MoLHOCTbIO paccesiHua 10 BT;
—— N) MOLLHOCTbIO paccesaHuns 50 Br;
O6o3Ha4veHune YIO pesncrtopa
i I NOCTOSAHHOIO C AOMOSIHUTENbHbBIMU
—rl_l_ﬁ_l—rp— oTBOOdaMMN.

YT'O nepeMeHHOro 1 nogcTpoevyHoro
nepemMeHHbIl noocmpoeyHbIl PE3NCTOPOB.
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" YIO peauctopos

| |

] : 6 6
YT'O cOoBoeHHbIX YO nepeMeHHbIX
NEPEMEHHbBIX pPe3NCTopoB, 06beANHEHHbIX C
PE3NCTOPOB. BbIKITHOHaTENEM.
= | RKI/{\\ 45°
) il 7. ey YIo
' — " TepmopesucTopa
e ] W BapucTopa.
| =5 R RU! /
a2 '-—_// r=z /| ru2
U U

YI'O noacTpoeyHoro pesmcropa.
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%/\/l TEepMOpPE3NCTOPOB OTHOCATCS MO3UCMOP U MEPMUCMOP.
lMoszucmop (PTC-TepMOpesncTop) - 3TO 3NEKTPOHHbLIA KOMMOHEHT,
UMELLNNA  NONMOXUTENbHbIML KOO MUUNEHT COMNPOTUBIEHUA U
BbIMNONHAKLWMNA OBONHYIO (PYHKLUUIO: HarpesaTens n temnepaTypHoro
Ogatynka. Yem Bbllle CTAHOBUTCA Temnepartypa, TEM CUSibHee
yBeNnn4nBaeTca €ero BHYTPEHHee COMNpOoTUBIIEHNE N MEHbLLUNUUA TOK
byneTt npoTtekaTb Yepes3 ANIEMEHT.

— 7 | BHewHu Bug 1 YO no3ucrtopa.

HUGUCHIOp Tepmucmop (NTC-

TEPMOPE3NUCTOP) —
D £ . y
/_ 7/ |— YYBCTBUTENbHbIN 3NEKTPOHHbIN
= — D -t°/ KOMMOHEHT C oTpuUaTeNbHbIM

/ i KO3 PprLUNEHTOM
= P P conpoTtueneHus. Ipun Harpese ero

BHYTpEHHEE COMNpOoTUBIIEHUNE
BHewHunn Bug n YO Tepmucropa. HauMHaeT nagartb.

30



e E——

ope3ucmop (OT nat. tensus — HaNPSHKEHHbLIN 1 NaT. resisto —
COMPOTUBISOCE) — PE3NCTOP, CONPOTMBIIEHNE KOTOPOro U3MEHSAETCS
B 3aBUMCMMOCTM OT ero gedopmaumn. TeH30pe3nCTopbI
NCNOMb3yTCSA B TeH3oMeTpun. C  MOMOLLbIO TEH30PE3NCTOPOB
MOXHO WU3MepPATb AedopMaunun MeXaHUYECKU CBSI3aHHbIX C HUMMU
9N1EMEHTOB.

7 R— —W _—1 71
‘ ———
e He%feﬁHblﬁ

JIUHEHbIU

BHewHunn Bug n YI'O TeH3opesncTopa.

TeH30pe3ucmop ABNAETCA OCHOBHOW COCTaBHOW YacTblo
TEH304aT4YMKOB, MPUMEHSIOLLIMXCA OJ19 KOCBEHHOIO N3MEpPEHUS
CUNbI, JaBNeHnsd, Beca, MeEXaHUYECKUX HaMNPSXKEHUN, KPYTALLMNX
MOMEHTOB U Np.
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Wlpenenenwe, Knaccudpukatiua, yCnoBHoO-
rpacpuveckoe o603HavYeHMe KOHAEHCATOpPOB
KoHdeHcamop — 370 cuctema 13 AByx n bonee anekTpoaoB (06bIYHO
B (opmMe nnactuvH, HasbiBaeMblXx o0bOKnagkamu), pasgeneHHbIX
OV3NEKTPUKOM, TOSMLMHA KOTOPOro Mana Mo CPaBHEHUKD C
pasmepamm obknagok koHaeHcaTopa. Cuctema obnagaet B3aMMHOW

EMKOCTbIO U CrOCODHa COXpaHATb AIEKTPUYECKUN 3apsig. ABnsieTcs
NaCCMBHbLIM 3NEKTPOHHLIM KOMMNOHEHTOM.

KoHOeHCcamop — 3TO aneMeHT
9NEeKTPOHHOUN TEXHUKWU, coaepKallmn aBa
nnn 6onee NPOBOAHMKOB: ANIEKTPOAbLI NI
obknagku, pasaerneHHble ANaneKTPUKOM
(pabouunin AN3ANEKTPUK). DNEKTPUYECKNE
CBOWCTBA, KOHCTPYKLUMA 1 obnactu
NpUMeHeHUs KoHOeHcaTopa
onpenenstTcs UCMOSib30BaHHbLIM B HEM
pabounmM ONaNeKTPUKOM.
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7 Knaccudpukauuma konaeHcaropos

KOHJAEHCATOPDLI

[ 1
OGwero CneustanpHoro [TocTosHEBIE KOHCTpyK1IMH
Ha3HauCHMA | HasHAUCHHHA KOHIICHCATOPOB
IMepeMcHubIe |-
& - pe = Onxocnoiinunie
o o L5 =1 oy
= g 22| % g IMoxcTpoeynbie |- 2. |3 MHorocnoitbie
= = TZ| E| = = o
'5 B 23| =2 S H S ol 3
5 e 52| 8 OHUCTOPbI = Slol| 2| 2
g g |g2| g & s{Z2l=z[8]|¢e
=) a a=z| S| 2 =l | 2| =] 2
= x 12R1'S] S clal2|slg
S g (32| &l % ofl B AR A R-RB=
. NS EaE] = Sls8|lElEIE
af =& =|®2|3 S| =0} &
= =
| | 1
C OpPraHKyeCKHM G ra3000pa3HLiM | C HEOPTAHHYCCKHM C OKCHAHDIM
JININCKTPHKOM JAHINEKTPHKOM AHRITICKTPHKOM JMINCKTPHKOM
& -~
=2 o % o 3 g 3
é E ' 8 = = ) o o
3 = | b= o el = - o = o = o
2 ; = .E, :'—: = =1 § vl o é E = 2
8. Y =l B % s 2|2 g - L = o 3| = ol S|+ = g 2
=== =| = - 3 = o == =]l Qo= L) 2
=|=215|= S = 8_ = x = = ¥ =|a = A =] o=
z|Izi=El=z8l5¢e = 3 = = = el = = g- = 8 = 8. —
HEXHE HFE EIEHE B = S Z|ls|l2]| 8|l E|l=gl18e|8E
¢ls|2|Z|2E8E(E| 8| 2| 8 |E|2|E| | 2|25|E2|28
clalslelsle Elele]l ¢ = 2 lo]| 2l= Sle5|XS|xs
AP (=1 R =R = =1 == = S |2|E5IS |8 e CE|O=

KunkoctHsle

TeeprorenbHbiC

Donsroswuie

Huobucawic

Tautanosme

AJNKOMHHHEBBIC

E
B
B

1. 1o Ha3Ha4YeHuro:

— 0bweao HasHa4yeHUs
(HU3KOYaCTOTHbIE U
BbICOKOYACTOTHbIE);

— creyuarsibHo20
Ha3Ha4yeHUus
(BbICOKOBOJLTHbIE,
nomexonogasnstoLiune,
UMMYIbCHbIE,
OO3UMETPUYECKME,
KOHOEeHCcaTopbl C
ANEKTPUYECKU
yrnpaBnaemMon eMKOCTbHO
(8apukaribl, 8apUKOHObI) U
ap.);

— KOHMYPHbIE;

— pasoenumeribHbIE;

— 6/10KUpPOBOYHbIE;

— gbunibmpossie. r



2. [lo xapakmepy u3MeHeHUs1 eMKocmu.

— NOCTOSAHHbIE;

— NEePEMEHHbIE;

— nonynepemMeHHble (MOACTPOYHbIE);

3. Mo Mmamepuany oduanekmpuka pasnuyaroT Tpu Bnaa:

— C TBEpAbIM OAN3NEKTPUKOM (KepaMUYeCcKne, CTEKNAHHbIE,
CTEKNOKepaMmnyeckne, CTeKrnoamarneBble, croasHble, bymaxHblie,
aIeKTpoNUTUYECKMe, NONUCTUPONbHbIE, TOPOMNNacToBble U Ap.);
— ra3oobpasHbIM ONANEKTPUKOM;

— XUOKUM OUI3NEKTPUKOM.

4. o cnocoby kpenseHus:.

— 119 HAaBECHOro MOHTaxa;

— NneYyaTHOro MOHTaxa,;

— MUKpOMOAYNEN N MUKPOCXEM.

Pasnunuyalot criegyrowme KOoHCmpyKuuu KOHOeHcamopos: rnakemeHas,
mpybyamas, duckoegas, flumas CeKUUuoHUpoe8aHHasi, pyrioHHas.
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7 Knaccudpukauuma konaeHcaropos

MakemHass KOHCTPYKUMS NpeacTaBnseT coboln nakeT YepenyoLlnxcs

MeETalrJIN4eCKNX N AN3INEKTPUHECKNX MNMIaCTUH UITU TOHKNX MJ1EHOK.
3

4 1 4 1

b il y,
. ——————— =
r§ oL rrm— Y N '
Tpy64amasi KOHCTPYKLMNSA o

XapaKkTepHa 19 BbICOKOYACTOTHbIX | s
Tpyb4yaTbiX KOHOEHCATOPOB.

B R X R XX \ ,
PyrioHHasi KOHCMpPyKyusi xapaktepHa ans 6yMaxHbIX NineHOYHbIX
HM3KOYaCTOTHbIX KOHOEHCATOpPOoB, obragaoLwmnx 60nbLLION EMKOCTbIO.

BymMaskHBIN
_ pai3fenurens

EmkocT
Okcna

meranna

Obknanka + O6o3HaqeHne

nonsipHoOCTA (-) HomuHaneHoe

HanpsxeHue

Obknagka - ~
MponuTanHasn

3MEKTPOSIUTOM
bymara

|
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7 Knaccudpukaumua koHaeHcaropos

O6knadku

Juckogasi  KOHCTpyKUUS

XapakTepHa ans

BbICOKOYACTOTHbIX

KepaMn4eCcKux .

KOHEeHCaTopOB.

lMneHo4YHbIe KOHOeHcamopbl NPUMEHSIIOT MeTannuanposanHas

nosIM3aCTPOBaAA NIEHKa

NPUHUMN « MHOTOCNOWHOCTM», T. €. cOo3aatoT
MHOIO Crfi0eB OMASIEeKTpUKaA, Yepeayroulerocsd
cnoamm oo6knagok. PasnunyaoT gBa Buaa
NSIEHOYHbIX KOHOEHCATOPOB — paduaJsibHble
N akKcuasibHble. [1lnana3oH eMKOCTU - OT
on® po 100mMP. [Imnana3oH HOMWHArbHOrO
HanpsxeHus - bonee 2000B.

e



'/ Knaccudukaums KOHAEHCATOPOB

dniekmponumu4yeckue T g A
KOHJeHcamophbl OObIYHO
“cnornb3yoTes, Koraa

TpebyeTcs Oorbluasi €MKOCTb. "™

o npu4nHe CBOEWN  rnoumens '
NonspHOCTY -
ANeKTponmMTu4eckne

Oxcua meTanna
PeanHoBbin
YNNOTHATENL

KOHOEHCAaTOpPbI HEe mMoecym
6bimb UCMOSIb308aHbl 8 UErSX
C NnepemMeHHbIM IMOKOM.

Kepamu4yeckue KOHOeHcamopbI N3roTaBnmMBatoT B _—
BUOE OOHOW MW HECKOMbKNX NNACTUH, BbINONTHEHHbIX | [
N3 cneumanbHoU Kepamukn. MaTtepuan kepamuku 109
MOXET NPUMEHATLCA C pasfIMYHbIMN CBOUCTBAMMW.

lMonumepHbie KOHOeHcamopbl UMEOT NONTMMEPHbIN 'Y
MaTepuana, BMECTO OKCUOHOM MNEHKN Mmexay obknagkamun. <€
He noaBepratoTcs yTeuke 3apsaaa n pasgyBaHuio. (‘ ;
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Knaccudpukauuma konaeHcaropos

" Tawmanoesie KOHOeHcamopbIl PU3NYECKN MeHbLLE
antoMUHMEBbBLIX aHanoros. [lInana3oH TUMUYHbIX EMKOCTEN
— 0T 47 H® no 1500 MkD. AsnatoTcs NONAPHLIMM.
[nanas3oH TUNU4YHbIX HanpsaxeHnn — ot 1 oo 125 B.

lNepemeHHblIe KOHOeHCamopbI UCTOMb3YOTCS B
YCTPOWCTBAX, rae 4acTto TpebyeTcsa HacTporka BO BpeM4
paboTbl. I3MeHeHMe eMKOCTU KOHOEHCATOpa No3BoSideT
BNUATL Ha XapakTEPUCTUKM NPOXOASALLErO Yepes Hero
curHana (dopmy, 4acToTy, amnNnuTyay u T. 4.).

lToOcmpoe4yHble KOHOeHCcamopbl NCMOSbL3YIOTCH NpU
Pa30BOM MU NEPUOLNYECKOM PETYNIMPOBAHNUN EMKOCTH.

Yun-koHdeHcamopsb! (SMD). Kepamnyeckune ymn-
KOHOeHcaTopbl NpeagHasHa4vyeHbl Ans
aBTOMaTU3MPOBaAHHOIO NMOBEPXHOCTHOrO MOHTaXa Ha |
neyatHble nnaTbl, C NOcCneayrLwen Nankou onfiaBneHneM,

ropss4nm BO34yXOM UM B MH(PpPaKpaCHbIX neyax. '
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C AsoiiHbIM anekTpuueckum cnoem  MMOHUCMOP (OBYXCNOWHBLIN 3NEKTPOXUMNYECKUI
d KOHOEeHCcaTop, CynepKoHAeHcaTop, yrbTpakoHaeHcaTop) —

371IeKMpPOoXUMU4YecKoe ycmpoulcmeo, KOHOeHcamop ¢
op2aHU4eCcKUM uru HeopaaHU4YeCKUM 371eKMmMpOosiumom,
"obknadkamu" 8 KOmopoMm criy>Kum 08oUHOU
aflekmpuYeckul criol Ha epaHuue pasdena arekmpooda u

b / ' "\ anekmporniuma. lNpegcraBnaet cobon rmdpua
L TN - KOHAEeHcaTopa U XMMUYECKOro MCTOYHMKA TOKA.

3anaceHHast NOHUCTOPOM 3HEPIUS BbILLE MO CPABHEHUIO C
O0ObIYHLIMM KOHAEHCATOPAMM TOrO XXe pasmepa. TunnyHag
€MKOCTb MOHNCTOpPAa — HECKOSIbKO doapaz npu
HOMMWHaNbHOM Hanps>xeHun 2-10 BOSbT.

[MpuMeHATCA ANa OCHOBHOIO N PE3EPBHOMO NMTaHNS B BLITOBON TEXHUKE - B

LM POBbIX U 3epKarnbHbIX dpoToannaparax, OoToBCMbIWKaX, POHAPAX, KAPpMaHHbIX
nreepax n aBToMaTnyeckux KOMMyHarbHbIX CYETYMKAX — Be3ae, rae Tpebyetcs
ObICTPO 3apAANTb YCTPOMCTBO, UIN HA ANUTENBLHOE BPEMSA COXPaHUTb NMUTaHUS
9HEeprosaBMCMMON NAMATU NPU OTKITIOYEHNN OCHOBHbLIX MCTOYHMKOB NUTAHUA
(aKKkymynsiTopa, ceteBoro 651oka nuTaHus).

[lpumep: 8 pomoarnnapamax uoHUcmop obecriedugaem rnumaHue maumepa,
gomokamepa 6e3 0CHOBHO20 UCMOYHUKa numaHusi (akkymyrnsamopa unu bamapeek)

O/lumeribHoOEe 8PEeMS CoxpaHsem HacmpouKu epeMeHu u 0amel.
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%CHOBHHG 000o3HauYeHMA KOHAeHCaTopOB

S

KOHAEHCATOPbI KOHAEHCATOPbI
OCT 2728-74
Haaganune OBoaHauenne Ha3ganue ObosHayenne AMEPUKAHCKNI
g 1{35 HenonApHbIil NOCTOAHHOI i HaLWMOHabHbIN
Obwee oboaHayeHue [ eHrocTH il MHCTUTYT CTaHOAPTOB
j MonADHbIil NOCTOAHHOIA | 1+ (ANSI)
= eMKOCTH A B .
SneKrponuTmeo(yﬁ _Lm_ L HMethi;LgTM
it e | [lepemeHHOIl eMKOCT 1 % /J-l-:
[NepemeHHO BMKOCTH —LZ o
/' CTaHOapTU3aLMm
% MoacTpoeyHblit % (DIN)
Mogcr poeyHbIit
: = W o
ka —~— | EMmkocTb koHaeHcaTopoB oT 0 o 999 nd
Momexonoaaen Aowi —== yKa3sblBaloT 6e3 0603Ha4YeHNS eANHNLbI
oo | 122 namepenus (C1, C2), ot 10* no 9999-10°
i n® — B MUKpodapagax ¢ 0603Ha4YeHneM
SnekT ponuTUYecKuiA
seronspuceatLi == eQuHNUbI CTPOYHbIMU BykBaMn — MK (C3,
MpoxopgHon 2 I C4)
OnopHbii /?L7




ta: - .~

%ﬁn MapKMPOBKM KOHAEHCATOPOB B 3apyGexHoM 4 |
f oTe4yeCTBEeHHOM NPou3BoACTBe

bykeeHHO-4UC/108as1 MapKuUpoOBKa
KOHOeHcamopos. Ha koprnyce KOHOEHCATOPOB . i

oTedecTBeHHOro npounssoactea K73-17 =
MapKMpOBKa HaAHOCUTCA BYKBEHHO-YMNCITOBLIM - | F3 |
nHOekcoMm, Hanpumep 100nd, 330nK, 220nM, F rY 9
39nJ, 2n2M. O603HayeHne 100n — 370 -
3Ha4YeHne HOMUHarbHOMN EMKOCTU

KOHOeHcaTopa, cootBetcTBytowiee 100 HO nnu

KoHoeHcaTtopbl Tvna K73-17.

0,1 MK®.
HoMUHaNbHY €éMKOCTb OTEYECTBEHHbIX /;,,’ ‘“ -
koHaeHcaTopos A0 100 n® obosHaqatoT Oykeon [T o ' Sic{y(&;"“ —
nocne yicna. Ecnu emkoctb meHee 10 n®, T W IT A f{’!«‘
ctaButcs 6ykBa R n ase undpbl. Hanpumep, 1R5 ,;,l" ‘b ‘Q‘ \
= 1,5 n®. Ha kepamnyecknx koHgeHcaTopax (Tuna

Kepamuyeckune

KMS, KMG), koTopble nMeloT Marble pasmMepbl, KOHAEHCATOPbI C HAHECEHHO

0ObIYHO yKa3sblBaeTCs TONbKO YMCNOBOU KOA MapKUPOBKOW €MKOCTH
eMKOCTW. YMCNOBbIM KOOOM
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"~ Yucnoeast Mapkupoeka 224 cootBeTcTBYeT 3HadeHuto 220 000 nd,
nnn 220HP, nnn 0,22mMkdP.

B 0aHHOM criy4dae 22 — amo 4ucriogoe 3Ha4eHue 8eslUYUHbI
HoMuHana. Ljugppa 4 ykasbieaem Ha Kosiudecmeo Hyreu.
[Tony4usweecsi Yucio siersiemcsi 3Ha4eHUeM eMKocmu 8
rnukogapaoax.

[lou mapkupoeke 221 emkocTb paBHa 220 nd, npu 220 — 22 nd.
Ecnn XXe B MapKnpoBke KOHOeHcaTopa Ucnornb3yeTca Koo U3
yemsbipex yugp, To nepebie mpu yugpbl — YACIIOBOE 3HA4YEHNE
BENUYNHBbI HOMUHanNa, Yyemeepmasi — KONU4eCcTBO HYJIEN.

Tak, npn o6o3HauveHun 4722 emkocTb paBHa 47 200 n® nnun 47,2HD.
Jonyckaemoe omkrioHeHUe eMKocmu MapKUpyeTca nnbdo Yncriom
B npoueHTax (x5, £10, 20 %), nnbo natmnHckom dykson. NIHorga
MO>XHO BCTPETUTbL CTapoe 0603Ha4YeHne gonycka, 3akoanpoBaHHOIo
PYyCCKOM BYKBOW.
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bykeeHHbIlU KOO OMK/TOHeHUSs1 eMKOCMU KOHOeHcamopa
(donyck).

Ecnn y koHgeHcaTtopa mapkmpoBka M47C, To ero emkocTtb 0,047
MK®P, a gonyck coctaBnseT £10 % (No ctapon MapKNpPOBKE PYCCKOW
bykBon). B ocHOBHOM B HbITOBOW annaparype LWUPOKO NMPUMEHSIOTCH
KoHOeHcaTopbl ¢ gonyckom H, M, J, K.
bykBa, obo3Ha4varowaa gonyck, ykasblBaeTcs Nocre 3Ha4YeHuns
HOMWHAarNbHOM EMKOCTWN KoHAeHcaTopa: 22nK, 220nM, 470nJ.

Mapkupoeka dornycmumo20 pabo4ye20 HarnpsiKeHus!
KOHOeHcamopa.

3Ha4YeHne gonycTMMoro pabo4vero HanpsHKeHUsa KoHageHcaTopa
yKasblBaeTcH nocne HoMmMHanbLHOM eMKOCTU U JonyckKa.
Obo3Ha4vaeTcs B BonbTax bykBon B (cTapas mapkmpoBka) nnm V
(HoBasi MapkupoBka), Hanpumep: 250 B, 400 B, 1600 V, 200 V.
B HekoTopbIx criyyasax byksa V onyckaetcs.
VHoa0a npumeHsiemcsi kKooupoeaHue riamuHcKkou bykeou. [ns
pacuwugbpoeku criedyem rnosb3o8ambcs mabnuueu bykeeHH020
KoOupoeaHUusi paboyeao HaripsixxeHuUsi KOHOeHcamopos.
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BETOBas MapKMPOBKa KOHAEHCAaTOPOB

;

LiBeTr
HepHbin
KopuyHeBbIn

OpaHxeBbin
KENTLIA

QOO NOOYVHLSE QWON -

Cepbliif
benuin

N

‘3HayeHue
0

B HacToslLLee BpeMs OHa cynTaeTcs
ycTapeBLlen, HO BCe eLle UCMNonb3yeTcs.
[lepsbie 0ge UuppPbl — EMKOCTb, Mpemabsi
— KOJIMYECTBO HYyreu, Yyemeepmas —
OONYycCK, rnmasi — HOMUHasribHoe
HanpsiKeHune.

Hanpumep: codeTaHne KOPUYHEBOIO,
YEepPHOro, OpaHXXeBOoro LBETOB O3HA4aeT
10 000 NP =10 HP = 0,01 mKD.

Mexgy nonocamMmum HET HUKAKMX
NPOMEXYTKOB, NMO3TOMY ABa OANHAKOBbIX
COCedHUX LBeTa oaKTUYECKU
0Opa30BbIBAlOT LLUMPOKYIO MOSI0CY.
Hanpumep: LUNPOKNIN KpaCHLIN, XeNTbIn
o3Ha4darT 220 HO = 0,22 MKD.
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K ocHOBHbIM 351ekKmpu4YecKuM napamempam KOHOeHcamopos
OMHOCSIMCSH:

1) anekTpnyeckaa eMKOCTb;

2) yoenbHasi eMKOCTb;

3) HOMUHaNbLHOE HanpsXXeHue;

4) NONAPHOCTb;

5) TemnepatypHbIN KOIPPULMEHT EMKOCTH.

Anekmpu4yeckass eMKocmb (MoYHee HOMUHallbHasi eMKOCmb)
KOHOeHcamopa, onpenenser ero saapag B 3aBUCUMOCTU OT
HanpskeHusa Ha obknaakax (g=CU).

HomuHanbHoe HanpsixeHue — 3Ha4yeHne HanpsKeHus,
0603Ha4YeHHoe Ha KoHaeHcaTope, NpY KOTOPOM OH MOXET paboTaTb
B 3a[]aHHbIX YCNOBUSAX B TEYEHNE CPOKa CIY»KObl C COXpaHEHNEM
napamMeTpoB B JOMNYCTUMbIX Npeaenax.
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EMkocmb Nnockoro KoHgeHcartopa, COCTOALLEero U3 aByx

napannenbHbIX METANMMMYECKNX NMMacTUH Nrowaaslo S Kaxaas,
pacnosfioXeHHbIX Ha paccToaHun d apyr ot apyra, B cucteme CU
BblpaXkaeTca qoopMynion:.

(= £€pS
d 2
rne € — OTHoOcUTenbHaaA guanekTpuyeckaa nNpoHMLAEeMOCTb cpenpbl,

3anonHsawLWen NpoCTPaHCTBO MexXay nnactuHamu (dta dopmyna
cnpasegnuea, NULb Korga d MHOrO MeHbLUe JIMHEWHbLIX pa3MepoB

NfacTuH);
€, — OTHOCMTenbHas  OuanekTpuyeckas  MpoOHMLAEeMOCTb
OVNANEKTPUKa;

d — paccTosiHne mexay obknagkamu, m;
S — nnowaab ogHou odKNaaku, M.
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YoenbHasi eMKkocmb — OTHOLLEHNE EMKOCTU K 06beMy (1nu
Macce) ananektpuka. MakcumarnbHoe 3HavyeHune yaerbHOM eMKOCTU
OOCTUraeTcs Npu MUHUMAarbHOW TOSMLWWHE OU3NEKTPUKA, OOQHAKO
Npu 9TOM YMEHbLLUAETCH ero HanpsikeHue npoobos.

c
CYA = = . D/m3,
roe V — obbem guanexkTpuka, m°

/M3,

C
Cm_’,;{’

rge m — macca KoHgeHcaTtopa, Kr.

TemnepamypHbIU KO3(hhuyueHmM eMKoCcmu — BESNINYMHA,
npuMeHaemMas ansa XxapakTepUCTUKU KOHOEeHCATOPOB C NTIMHENHOW
3aBMCUMOCTbIO EMKOCTW OT TeMnepartypbl U paBHagd
OTHOCUTENBHOMY N3MEHEHMNIO EMKOCTU MPU N3MEHEHNU
TemMnepaTypbl OKpyKatoLlen cpenbl Ha oguH rpagyc Llenbcus.
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Wéanble napameTpbl KOHOEHCATOPOB ¢

lMonspHocmb KoHOeHcamopos. MHorme KoHAeHcaTopbl C

OKCUOHbIM OV3ANEKTPUKOM (aneKkTponmTnyeckue)
OYHKUMOHUPYIOT  TOSMIbKO MPU  KOPPEKTHOM  MOMAPHOCTU
Hanps»XeHns n3-3a XUMUNYECKNX OCODEHHOCTEN

B3aMMOOENCTBUS AJNIEKTPOJINUTA C ANIJTEKTPUKOM.

llpu ob6pamHoU nosissPHOCMU
HaNpsXXeHnst  3neKTponnTn4eckne @\\ﬁ’( . BV,\
KOHOEeHcaTopbl OObIYHO BbLIXOAAT U3 Py A
CTpos n3-3a XUMUYECKOro [ o R |
pa3pyLUEeHns AN3neKTpuka C 2k 4
nocrneayrLmnm yBenmyeHmemMm TOKa,
BCKMMAHMEM 3fIEKTPONUTa BHYTPU U,
KakK crneacrteme, C 8eposimHOCMbHO
e3pblea Koprnyca.
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fMepbl BbIXOa U3 CTPOS 3NEKTPONUTUHECKIXE
KOH@HCATOpOB
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K akcnnyamayuoHHO-mexXHU4YeCKUM XapakmepucmuKam
KOHOeHcamopoe OTHOCATCS:
1) pabo4yee HanpsiKeHue,
2) HOMMHarbHasa €eMKOCTb;
3) paboyasi Temneparypa;
4) TaHreHc yrna notepsb (tg o - xapakmepusyem rnomepu
9Hepauu 8 KOHOeHcamope);
5) TOK yTeuKuy;
6) AnameTp Kopnyca;
/) QnNuHa Kopnyca;
8) TemnepaTypHbIN KO3MPDULMEHT EMKOCTU;
9) pobpoTHOCTL Vioss (Voltage loss unu nomepsi Hanpsi>xeHusl).
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’1./BHGM COCTOMT Ha3HayeHue peancTopa?

w N

~N OnoEs

10.
11.
12.
13.
14.
15.

UTo XxapakTepunsyoT OCHOBHbIE NMapamMeTpbl PE3NCTOPOB?

[1nsa Bbl4MCNEHNA COMPOTUBIIEHNST PE3NUCTOPA KaKoro Tuna npmeeageHa
OaHHas doopmyna: R=p :DLZ 5

UT0 HasbIBaeTCA HOMUHAIIbHOM MOLLHOCTbLIO (PHOM) pe3snctopoB?

Yro onpepenset opmyna: =, ?

Uto Takoe TKC pesucrtopa?

Kakne pe3nctopbl UISMEHAIKOT CBOE COMPOTUBIIEHNE NO4 AENCTBNEM
BHELLUHMX 0aKTOpPOB?

Tepmuctop (NTC-Ttepmopesunuctop) — aTo...7?7

TeH3ope3ncTop — a70...7

KoHgeHcaTtop — 970...7

K OCHOBHbIM 3NEKTPUYECKNUM MapamMeTpam KOHOEHCATOPOB OTHOCATCA:..?
UTo Xxapaktepusyetr HOMMHanbHasa KOHgeHcaTopa EMKOCTb?

UTo XxapaktepusyeTt TemnepaTypHbIin KOIPDOULNEHT EMKOCTU?

UTo XxapaktepusyeTt TemnepaTypHbIin KOIPDOULNEHT EMKOCTU?

[Tpn ncnosnb30BaHUN Kakoro Turna KoOHAeHcaTopoB HEOOXOAMMO CTPOro
cobrnoaaTtb NosfIAPHOCTL?
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