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METO/ PACHETA COIIPOTUBJIEHNA SJIEKTPOLOB
TOHKOIUVIEHOYHOI'O PE3UCTOPA

Ionyuenwvl gusuxo-mamemamuuecxkue mo-
oenu conpomueieHus NeKmpooo8 MoHKoO-
NJIEHOYHO20 pe3UCmopa npsamoy2oabHol U
epebenuamotl gopmul. Jlana oyenka 6nus-
HUs CONpOMUBIEHUs 2IeKMPOO08 HA Npo-
U3600CMBEHHYIO U MeMnepamypHyo no-
2peuwHoOCmU CONPOMUBIIeHUs. pe3UCmopa.

YMeHbllIeHNe pa3MepOB TOHKOIUIEHOYHBIX PE3UCTO-
poB (TTIP), n3roTaBIuBacMbIX METOIOM ABOHHOM (OTO-
matorpadun (MeHee 0,2 MM), CONPOBOXKAAETCS YMEHbB-
LIEHUEM BBIXO/Ia TOIHBIX TJIaT TOHKOIIIEHOYHBIX MUKPO-
cOOPOK BCIIEACTBUE TOTO, YTO CONPOTUBIICHUS PE3UCTO-
POB HE NOIAAAI0T B 3aJaHHbIE 110JIs1 JOMYCKOB. AHAIN3
MIPUYHUH TOTO SIBJICHUS [TOKA3bIBAET, YTO HA BBIXOJ IO/~
HBIX U3JeJIMH BIUAIOT HE TOJIBKO TEXHOJOIMUECKHUE, HO U
KOHCTpyKTHBHEIC (hakTopsl. Koncrpyxkmust TIIP (puc. 1) B
CaMOM IPOCTOM CITy4ae COZICPKUT: PE3UCTUBHBIH IIEMEHT,
JIBa DIIEKTPOA, 1B KOHTAKTa MEXY TIPOBOSAILEH U pe-
3UCTUBHOM IJIEHKOM, YeThIpe KOHTAKTHbIE IJIOIIAAKH T1e-
pexpoitust (KIII) pe3sucTUBHOTO U MPOBOISILETO CJIOEB.

CoBpemMeHHbIe METOIBI pacyeTa conpoTusieHust TT1P,
B OCHOBHOM, YYHUTHIBAIOT TOIBKO COMIPOTUBIICHUE PE3HUC-
TUBHOTO 31eMeHTa. OHAKO BCE OCTAIbHBIC HJICMEHTHI
KOHCTPYKLUHU BCIEACTBHE COOCTBEHHOTO COIPOTHBIIE-
HUS BHOCST OIpeIeTICHHBIN BKJIa/1 B 001IIee CONPOTHUBIIE-
Hue TIIP.

[Tox KOHTaKTOM MEX/Ty TTPOBOASAIIEH U PE3NCTUBHOMN
rieHKoM nmoHumarot yuactok TIIP, B koTopom Tok nepe-
XOUT M3 PE3UCTUBHOTO CJIOS B MPOBOIAIIMN WM Ha-
000poT. JInuHa 3TUX yYacCTKOB OYE€Hb Maja, B CBS3H C
4yeM ATOT AteMeHT kKoHcTpykiuu TIIP o603HaveH Ha puc. |
nHueiH 3. HeoO0XomMMOoCTh BBIICIICHHUS KOHTAKTa KaK J1e-
MeHnTa koHCTpyKIuH TTIP BbI3BaHa TeM, UTO TOK, MPOXO-
TSN Yepe3 KOHTAKT, UMEeT HETMHENHYI0 TPAEKTOPHIO.
Kpome Toro, mioTHOCTh TOKA B KOHTAKTe HEPaBHOMEPHA.
OTH aBneHus TpeOyIOT pa3paboTKH CrIelMaIbHOM MaTeMa-
TUYECKOM MOJIENHN COTpOoTHBIIeHHs KOoHTakTa [ 1]. KoHTak-
ThI COEJUHEHBI IOCIIEJOBATENBHO C PE3UCTUBHBIM 3JIEMEH-
TOM, TTI0O3TOMY OHH yBeNU4MBatoT conpoTtusienue TIIP.

ITocnenoBarenbHO ¢ KOHTAKTOM COEUHEH NIEKTPOLL,
nanee anexrpon coepunsercs ¢ KIII u ¢ npoBonHUKOM.
B vactHOM ciydae posb anektpoaa u KIIIT mosxer BbI-
NOJHATH KoHTakTHas ruomaaxa (KII) s noaxitoueHus
BBIBOJIOB KOMIIOHEHTOB. DJIEKTPO/IbI BBIIIOJIHEHBI U3 ITPO-
BOJISIIEH TUICHKH, UMEIOIIEeH KOHEYHOE COTIPOTHBIICHUE.
Ecnu xosddunment dhopmbr TIIP (oTHOIIEHUE JTHHBI

pesucTopa K ero uMpuHe) Kq)>0,1, CONPOTHUBIICHUEM
ANEKTPOIOB, KaK MPABWIO, MpeHeOperarot. [Ipu Mambix
3Ha4eHUsX KodppurnmenTa popmer TIIP conporusienue
HJIEKTPOIOB CTAHOBUTCSI COTIOCTABIMO C COIPOTUBIICHIEM
PE3UCTUBHOTO IEMEHTA U MOXKET 3HAYUTEIILHO YBENHU-
YUBaTh HOMUHaNIbHOE conpoTuBienue TIIP u yxyamars
€ro CTaOMIIBHOCTB BCIIEICTBHE OOJIBIIOr0 TEMIIEPaTyPHO-
T0 KOd(PUIIEHTA COTIPOTHBICHNS IPOBOIICH IICHKH.

KIIIT npenna3znadensl A1t HCKITIOYEHHS TTOTPEIITHO-
ctu corporusienus TIIP, BeI3BaHHOM HECOBMEIICHHEM
¢oromradbnona npu BTopoit potonutorpaduu ¢ pucys-
KOM TOANIOKKH. OHAaKO BBEACHUE 3TUX KOHCTPYKTHB-
HBIX JJIEMEHTOB YMEHBILAET INIOTHOCTh MEKCOEIMHEHUH.

Comporusinenne s1exrponos TIIP, kak mokazaHo B
[2], MmOkeT cymIecTBEHHO BJIUATH HAa MOTPEIIHOCTH €ro
n3roToBiIeHNs. OCOOEHHO HTO BIMSHHE MPOSIBIISIETCS IPH
koHcTpyuposanuu TIIP, nmeromiero He6ombIIONH K03(-
¢unuent gopmel. [TorTomy npu npoexrupoanuu TIIP,
KOTOPBI N3rOTABIMBACTCS METOIOM TBOWHOU (hOTONH-
Torpaduu, OOBIYHO BBIJIBUTAIOT TPEOOBAHKE K €TI0 KOA (-
¢unuenty popmbl K (bZO,l [3]. OTo cymiecTBEHHO CyKa-

/2 3 1 ;1 /2 5
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x; ...... - -
4 3 7
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1 2\ 3 /5 6 7
7 70
................................................ 4

Puc. 1. Dnements! koHcTpykuuu TIIP:
1 — pPe3UCTUBHBIN 71€MEHT; 2 — 3IEKTPOM; 3 — KOHTAKT MEXIy
MpOBOJsAILEeH 1 pe3ucTuBHOM ienkoi; 4 — KIIII; 5 — npoBoaHuk;
6 — aJre3MOHHBIN CJION; 7 — IOJJIOXKKA
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et auamasoH conportusieHuil TIIP, m3roraBinBaeMbIX Ha
OJTHOM TIO/TOKKe. OOBIYHO TUAMa30H COMPOTHBIICHHUH
TTIP paciupsroT myTeM HalbUICHHUS IBYX PE3UCTHUBHBIX
MaTepualioB Ha pa3HbIX YCTaHOBKaX JIMOO0 Ha pa3HbIE M0
JIOXKKH, JTNOO Ha OJIHY TIOJTOKKY C TIOCJISYIOICH TPOK-
HOH (portonurtorpadueit [4]. OgHAKO ITU KOHCTPYKTUB-
HO-TEXHOJIOTMUYECKHUE PEIICHUs IPUBOIAT K CYLIIECTBEH-
HOMY YBEIIMUYCHHIO MacCOTabapUTHBIX XapaKTEPUCTHK 1
ce0eCTOMMOCTH MUKPOCOOPOK.

Tpeboranue K 4)20,1 B pabote [3] He 000CHOBBIBACT-
Cs1 ¥, O4EBUJIHO, TIOJIyYEHO U3 IIPAKTHUECKOTO OIIbITA I1PO-
extupoBanusg TIIP. Onnako usnueckas npupoaa naH-
HOT'0 OTpaHMYEeHMs O HACTOALIEr0 BPEMEHU He Hallula
JIOCTaTOYHOTO OCBELeHUs B auTeparype. IIpsimoyross-
ueie TIIP ¢ I( <0,] UMEIOT AMEKTPOJIbI 3HAYUTEITHHBIX
pa3mMepos. H03TOMy MO>KHO IIPEIOIOKUTH, YTO Ha BOC-
IIPOU3BOAUMOCTS conpotusieHus 3tux TIIP conpoTus-
JICHHWE TIPOBOJISAIIEH MICHKH DJIEKTPOJAOB MOXKET OKa3bl-
BaTh CYILIECTBEHHOE BIMSHUE BCIEICTBUE €€ KOHEUHOM
TPOBOTUMOCTH. Kak mokazano B [2], npu cHmkennu K
JI0 3HAYEHUUN K <0,1 y TIIP mpsimoyroibHON (HopMbl
pacter mmpuna 3J'IeKTpO,Z(OB (xoTOpas coBmajaer ¢ Iu-
PUHOHN PE3UCTHBHOTO JJIEMEHTA), YTO YBEIUYHUBACT UX
COIMPOTHUBJICHUE, a ATO, B CBOIO OYepe/b, IPUBOJIUT K
3aMETHOMY yBeIHUeHHIO o01iero conporusieHus TTIP.

Llenpro HacTOAIICH PaOOTHI SIBISIETCS pa3paboTKa Me-
TOZIa pacdeTa COMPOTHRIICHUS TEKTPOIOB TOHKOTICHOU-
HOTO PE3UCTOpa MPSIMOYTOIIEHOI 1 rpebeHYaTol (POpMBI
U OLIEHKA BJIIMAHUSA 9TOI'0 COIPOTUBIICHUS HAa IIPOU3BOJI-
CTBEHHYIO M TeMIIEPaTYPHYIO IOIPEIIHOCTH COITPOTHB-
JICHUS PE3UCTOPA.

[IpousBeneM OlLEHKY CONPOTUBJICHHS DIIEKTPOIOB
pe3ucTopa npsiMOyTroJIbHON q)opMLI c K <0,1. Cnenyer
OTMETUTB, YTO OHO B 3HAUYUTEIHHOI CTeneHH Oyner 3aBu-
CEeTh OT TOTO, B KaKoi 00JacTH AIIEKTPOIOB OyAeT MoJI-
xiroueHa KIT it usmepenus conporusnenus TIIP. Pac-
CMOTpPHUM KOHCTPYyKLHUIO npsiMoyronbHoro TIIP, B koTO-
poii KI1 coemuHsroTCs ¢ KOHIIAMU 3IEKTPOJIOB (PHC. 2, @).
OCOOEHHOCTBIO TaKOH KOHCTPYKIMHU SABISETCS OObIIas
JUIMHA 3JIEKTPOAOB, KOTOpasi paBHA IIMPHUHE PE3UCTUB-
Horo 35ieMenTa. [1luprna anekTpo10B onpeensercs co-
oTHoweHueM: [ =kl, rie [ — jutuna pesucropa; k — Ko-
a¢dunuent. lannoit konctpykumu TIIP cooTBeTCTBYET
9KBUBAJICHTHAS JJICKTPUYECKas cCXeMa, IPUBEICHHAs Ha

a)

6) Ral R R31

— 1 +—" %

Puc. 2. TTIP ¢ KII, mogkIroueHHBIMA K KOHIIaM AJIEKTPOJIOB:
a — KOHCTPYKIUA; 6 — DKBHUBAJICHTHAS DJICKTpHUYICCKas CXeMa

puc. 2, 6, tae R — CONpOTHUBIICHNE PE3UCTUBHOTO JIe-
MmeHTa (PJ).

Toxk I, mpoxoasuiuii uepe3 pezuctop (puc. 2, a), pac-
MPOCTPAHSIETCS [0 BCEMY CEUCHUIO AeKTpoa. Toraa co-
IPOTUBJIEHHE OJIHOTO JIIEKTPOJAa R | MOXHO HaHTH B
COOTBETCTBUH C BEIPaKEHUECM

& — pr[b — pr[
1 - = b
M KK,
1€ P, — YACTBLHOE TIOBEPXHOCTHOE COMPOTUBIICHUE TIPOBOJALICH
TUICHKH;

b — mMpHHA PE3UCTOPA;
ch— ko3¢ dunment popmsr TTIP.

Kak cienyet u3 puc. 2, ob1iee COnpoTHBICHNE 3JICK-
TPOZIOB R, GyNIET paBHO YABOCHHOMY COTIPOTHBIIEHHIO R |

2p
=2 = n
R =28, =g

(D

Ipu manbix 3Hagenusx Ky conporusienne R, 6yner
JOCTHTaTh 3HAYUTEIHHON BeanHHH B pe3ynLTaTe 9ero
obmmee conporusienue TIIP Bo3pacTer, a ero cTaOmib-
HOCTb YXYAIIUTCS U3-3a BBICOKOM YYBCTBUTCJIBHOCTH CO-
NPOTHBIICHUS ITPOBOISAIIEH IIEHKU K BO3/ICHCTBUIO TEM-
neparypsl.

PaccmoTpuM citydail TpOM3BOIBHOTO Pa3MEICHUS
KII oTHOCHTENBEHO 37IEKTPOIOB (pHC. 3, @).

a) b b

KII 2

kil

6) R, R, R R, RIl,
o B N S S S

Puc. 3. TIIP ¢ KII, npou3BosibHO pa3MELIEHHBIMU OTHOCH-
TEJIBHO 3JIEKTPOAOB:
a — KOHCTPYKIIUSA, 6 — DKBHBAJCHTHAS CXeMa

B anexrponax TIIP Beinenum obnactu /—4. B oGa-
CTH 2 TOK 4Yepe3 Pe3UCTUBHBIN 2JI€MEHT MPOXOIUT Mep-
MIEHTUKYIIIPHO 31eKTpoty. COMPOTHBICHUEM 3TOM 00J1a-
CTH ITpeHeOperaeM, BBUY MaJIOr0 YKCIIa KBaAPaToB MPo-
BoIsineH TuieHKH. ConpoTHBIICHHS oOacTei / 1 3 MOX-
HO paccMaTpHuBaTh Kak MapajuieIbHOe COSUHEHHUE 1e-
nel OTHOCHTENbHO PO, T. K. TOK, MPOXOASIINNA depes
o0macte 2, pazBeTBisiercs B oonactu / u 3. [y BepxHe-
ro 3JeKTpojia odliee conpoTuBieHue obnacreit / u 3
obosnaunm R1_,, a conporusienue obnactu 4 0603Ha-
unum R2, Conporusnenus Rl u R2 ), BKIIOYEHBI 110-
CJIEZOBATEINBHO, T. K. 4epe3 005actu 3 1 4 mpoTeKaeT OuH
Y TOT )K€ TOK. AHAJIOTUYHO 0003HAYHB YUACTKH HUIKHETO
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9JIEKTPO/Ia, ITOIy4aeM SKBUBAJICHTHYIO DJIEKTPUUYECKYIO
cxemy TTIP (puc. 3, 6). Beruucnum od1iee conpoTHBIie-
HUE R31 BEPXHETO JIEKTPOJA:

_ _Pb 2p,(b, -b) _p,(2b, -b)
le_m“+R231_2k| By o™

Torpa compoTtuBieHue 000UX DIEKTPOAOB OyAeT
UMETh BUJ

Razpn(ZbZ_bl +2b3 _b4)
2K '
PaCCMOTpI/IM JBa XapaKTECPHBIX ClIy4das:

1) KTII pacriono»eHsI Ha Kpasix JIEKTpoJI0B (puc. 2, a);

2) KII pacrionoxeHsl 1Mo MeHTPyY JIEKTPOJIOB.

Huns nepsoro cnyyas b,=b,=0; b,=b,=b. B pesynsra-
TE MOIYIUM

2p,b _2p,
R = =—",
Ko kK,

T. €. TIOJYYHJIU BBIpaXXeHUE, aHamorudHoe (1).
Hns BTOpOro ciy4as b, =b,=b,=b,. Ilpu 3T0om compo-
TUBJICHUE DJICKTPOJ0OB UMCCT BU/]

p.A _p,(b-b,) _p,H1 b, U
K 2K 2k ﬁ@ | ﬁ‘ (2)

Kak crnenyet u3 Beipaxkenwuii (1), (2), u3-3a BeiOOpa
MecTa pacnonoxenus KII conporuBienne 31eKTpooB
npsimoyronibHOTO TITP MOKeT n3MeHsAThCs OoJiee YeM B
4 pa3a. Pacnonaras KII B npsiMoyroiabHOM pe3ucrope
10 LIEHTPY 3JIEKTPOAOB, MOKHO CYIECTBEHHO YMEHb-
IaTh UX COMPOTUBJICHUE.

i ymMeHbIIeHYsI CONPOTUBIIEHUS 311eKTpoaoB TIIP
ObLIa MpeUIoKeHa KOHCTPYKLUS TpebeHuaToro pesuc-
topa (I'P) [5, 6]. Onqnako MareMaTHyeckas MOJIEIb pac-
yeTa CONpOTUBIEHU 1ekTponoB ['P, mpemioxkenHas B
[2], ssBAsteTCs yIPOIIIEHHO U HE TTO3BOJISIET CAETATH JI0-
CTOBEPHYIO OIIEHKY. [ IprdeM norpenrsocTs pacyera BO3-
pacraet Ipu yMEHbILICHUH KOJIMYECTBA PE3UCTUBHBIX dJ1e-
MEHTOB (4Hcia n).

Ha puc. 4 noka3aHsl 1Ba BapuaHTa KOHCTPYKIUH Ipe-
O6enuaroro pesuctopa, y koroporo KII pacrnonoxeHs
100 Ha MUHIMAIIEHOM PACCTOSIHUAH OT KaXKIOTO JJIEKT-

R3:

D b 5)
ki

]

TTUTTHUT

1 } i

Puc. 4. OnTumManbHas (@) 1 HeonTUMaJbHAS (6) KOHCTPYK-
nusi rpebeHyaToro pesucropa

a) 0) B)
- -_.?'
gy E s A_ L] -1
r) - b, _ .
A
s
TEHHTE Puc. 5. Koncrpyknus rpe-
o ] y OCHYATBIX PE3UCTOPOB C

Pa3HBIM KOJIMYECTBOM pe-
3HCTUBHBIX DJIEMEHTOB (71):
a—2,06—3;6—4,2—5

pona (a), 100 pacmoI0KEHBI IO KpasM dIIEKTPOAOB (0).
ConpOTHBICHNE HIIEKTPOIOB TPEOCHIATOTO PE3UCTOPa
TaKXKe JOCTATOYHO CHIIBHO 3aBHCHT OT MeCTa IOJIOKe-
nus KI1.

Herpynno 3ametuts, uto koHCcTpyKuus TIIP Ha puc. 4, a
SIBJISIETCS 0OJIee KOMITAKTHOM, YeM Ha puc. 4, 0, T. K. OHa
Onmke K IpsAMOYToJIbHOM (hopMe, 4TO MO3BOJIUT MOBbI-
CHUTb IUIOTHOCTH YITAaKOBKH IPH KOMIIOHOBKe Iu1aThl. Kpo-
Mme toro, TIIP koHCTpyKIIMK 6 00NamaeT OoIbIIUM CO-
MIPOTUBIIEHUEM 3JIEKTPOJIOB, T. K. K COIMPOTHUBICHUIO
3JIEKTPOJOB OJHOI'O PE3UCTUBHOTO 3jieMeHTa 2R 51 10~
0aBIISIOTCS CONPOTUBIICHHUS TIPOBOJTHUKOB, COSTUHSIOINX
pesuctuHbIe aeMeHThI ¢ KI1. [ToaToMy dopma rpeden-
4aToro pe3ucTopa, NOKa3aHHOrO Ha puc. 4, a, ABIAETCS
ONTUMAJILHOM.

Bapuantsl koncTpykuuu I'P ¢ pa3HbIM KostmuecTBOM
PD moxasaHbl Ha pHC. 5, a COOTBETCTBYIOIIHIE SKBUBA-
JICHTHBIE 3JIEKTPUUECKUE CXEMBI 3TUX PE3UCTOPOB — Ha
puc. 6. Bo Bcex 3THX KOHCTPYKLHUSAX U CX€Max COIpo-
tusnenue I'P 3a cuet PO paBHo R. Kak BugHO U3 puc. 6,
koHCTpyKimsa [P mpencrasmsier co6oi mapaiuienbHoe
BkitoueHue PD. B obmiem ciyyae I'P coctout uz n PO u
n+1 IpSAMOYTOJIBHBIX DIEKTPOJIOB.

IIpu noctpoennn Moenu pacueTa conpoTtusiieHus ['P
Oy/1eM pyKOBOZICTBOBAThCS CIIEAYIOIIMMHU JOMYILEHUAMHU.

1. ConpoTHBIEeHUS IPAMOYTOJIbHBIX IEKTPOIOB paB-
HBI MEXXIY CO0OIi, T. €. JUII CXeM Ha pHc. 6

R1=R2=R3=R4=R5=R6=R_.

2. ConpotuBieHust Bcex PO Takxke paBHBI MEXKIY
co0oit u paBHHI 1R, tie n — xonudectBo PO B I[P, a R
— conpotusnenue ['P.

3. ConporuBnenue PO HaMHOTO OOJIBIIIE COTPOTHB-
JIEHUSl €70 NPSIMOYTOJILHOTO dJIEKTposa: nR>>R . B cBs-
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a) B) 0 1
RL| | R3 R4
Vo2 VI

V21 y 21
R2 RS
2
r) 5 1
R| | R3 f] R4
V1ooly2r y 21
sk []sk [k []sr []sr
{21 y21 i1
R2 [1] R5 [ | R6

52

Puc. 6. Dnexkrpuueckre cxeMbl rpedEHYATHIX PE3UCTOPOB C
pasHbIM KonudectBoM PO (n):
a—2;0—3;6—4; 2— 5; RI—R6 — cOnpoTHUBIECHUS IPSIMO-
YTOJIBHBIX 3JIEKTPOJIOB

02

34 ¢ 3TUM TOK [ uepe3 moboit PO Oyzner onpenensaTbes
BbIpakenueM: [=U,,/(nR), rne U, , — HanpshkeHne Mex-

ny y3iaamu 1 u 2. [Ipu aTom uepe3 Kaxkaplil u3 y3i108 | u
2 OyneT mpoTeKaTh CyMMAapHBIN TOK 71/.

HenocpencTBeHHbll pacyeT COPOTUBIIEHHS MIEKTPO-
J0B I'P u3 cxeM, MpeCTaBICHHBIX Ha PUC. 6, 3aTpyIHU-
teneH. [loaToMy BEITOTHIM IIPpeoOpa30BaHMs ITHX CXEM
(puc. 7). dns storo nckmounM u3 cxem I'P comporus-
neHus PO, a conpoTUBIEHUS UX IPSIMOYTOIbHBIX 31EKT-
POIOB COEANHUM TaKUM 00pa30M, YTOOBI TOK Yepe3 HUX
0CTaBaJICSI TAKUM e, KAKUM OH OBLIT Ha cxeMax puc. 6.
B sTOM ciiyuae He HapymaeTcs nepsblii 3akoH Kupxro-
(ha, 1 yepe3 Kax bl U3 y3ioB 1 u 2 OyeT npoTekaTh TOT
ke ToK nl. IIpu aToM najieHue HaNpsHKEHUS Ha KaXI0M
pesucrope R1—R6 1 ux moakiroueHue K y3inam 1 u 2
OCTaHETCs] HEU3MEHHBIM.

B gactHOM citydae, hopMymsl s pacdera CoOmpo-
TUBJeHUN 311ekTpooB ['P, n3o0paxkeHHBIX Ha pHC. 5,
COIIaCHO CX€MaM Ha puc. 7, npuBeAeHbl B TadI. 1.

J1s1 HEeUEeTHOTO KOJIMYECTBA /1 LIEIb, COCTABIECHHAs U3
IPSIMOYTOJIBHBIX DIEKTPONOB (puC. 7, 6, 2), MpeacTaB-
Js1eT co00H mapanieaIbHOe COeTNHEHUE PE3UCTOPOB CO-
NpOTHBJICHUEM 2R . JIisl IPOU3BOIBHOTO HEYETHOTO 71

Tabmnuma 1
Dopmynvl 015 paciema conpomuenenuti 3nexmpooos I'P
n 2 3 4 5
dopmyna 3R,,/2 R, 6R,,/7 2R,,/3

a) B)

6) r)

Puc. 7. DKBHUBaNEHTHBIE AJIEKTPUYECKUE CXEMBbI JIEKTPOIOB
rpeOeHYaThIX PE3UCTOPOB C PA3HBIMU 3HAYCHHSIMU 71
a—2;6—3;6—4;2—5; RI—R6 — cONpOTHUBIICHHS TPSIMO-
YTOJIbHBIX 3JIEKTPOJIOB

(dhopmya s pacyera CONpOTHBICHHS deKTponos [P
Oy/ieT UMeTh BHT

R, =R (3)
" on+l

[Ipu yeTHOM MPOU3BOJIBLHOM 71 LIEIb, COCTaBJICHHAS
U3 CONPOTHBICHUH IPSMOYTOIBHBIX AJIEKTPOIOB, COCTO-
UT W3 [IENU Ha PUC. 7, @, K KOTOPOU MapayyiesibHO OyaeT
TIOJIKITIOYATHCS 1IETIh COPOTUBIIEHUEM 2R | IPU KAKIOM
yBenuuennu n Ha 2. [IpoBoaumocTs nienn 1—2 paBHa
2/(3R,,). UTOOBI IOCTIEIHEE YCITIOBHE BBITIOJHSIOCH TIPH
MIPOU3BOJILHOM YE€THOM 7 (B TOM YHCIIE ¥ IPH #=2), HAJIO
NoTpeOOoBaTh OT JAPYTOU TAPAILICTBHOM IIETTH, COCTOSIIICH,
HarpuMep, U3 pe3nucTopos R2, R3 (puc. 7, 8), BBIONHE-
HUsI COOTHOLIEHUS IS €€ MPOBOAMMOCTH (n—2)/(4R ).
Torma mpoBogUMOCTH Y - enu 1—2 Oyner onpenensiTh-
Cs1 BEIpOKCHHEM

2 n-2_3n+2
Y = + = ,
" 3R, 4R, 1I2R,
otkyna conporusnerue ['P Oyner paBHO
_12R,
3n+2 4)
CrpaBelJIMBOCTh MOJYYEHHBIX BhIpakeHui (3), (4)

JUISL pacueTa COMPOTUBICHHSI AIEKTPo10B [ P mokaxem
METOZOM MaTeMaTHIECKON HH Ty KITUH.

1. s n=1 conpotunenue exktpoioB I'P paccun-
ThIBaeM 1o popmyne (3): R, =2R

W3 puc. 5 BuaHO, uTo B 0011eM ciaydae I'P conepxut n
PO u n+1 npsAMOYyTonbHbIX 31EeKTPoaoB, rae n=1, 2, 3... —
HarypanbHble yncia. [Ipu n=1I'P BeipoxnaeTcs B 00bIy-
HBIN IPAMOYTONIbHBIH pe3ucTtop. IloyuenHoe cooTHoIe-
HHUE COOTBETCTBYET popmyie (2).

2. Ans n=2 compoTtuBieHue .ekrpoaos I'P paccuu-
TeIBaeM 1o opmyie (4): R, =3R /2.

12
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3. It n=3 comporuBnenue 3nexkTpooB ['P paccumn-
ThIBaeM 10 opmyie (3): R, =R |

4. 1nst n=4 conpoTusienue ekTpoaos [P paccun-
ThIBaeM 110 hopmyme (4): R, =6R /7.

5. Paccuuranusie mo q)opMyJIaM (3), (4) coorHorre-
HUS B I1. 1. 2—4 cOOTBETCTBYIOT Tabu. 1. CieoBaTeib-
HO, MOJKHO YTBEPKIaTh, YTO TOTydCHHBIE (OpMYIHI (3),
(4) cripaBeUTHBBI JUTsI TFOOOTO HATYPAIBHOTO 7.

COHpOTI/IBHeHHe IPpAMOYTOJIBHOT'O DJICKTpOAa AJIA I'P
HaxXoAUuTCA B COOTBETCTBHUU C BHIPAKCHUCM

01 0
Pt P, E
ki k ’

R, =
rae b — cymmapHast mmpuHa Beex PD;
[ — niuna PD.

Torna conporusienue 31ekTpoaoB ['P MoxkHO HallTH
T10 CJIETYIOIINM BBIPAKEHUSIM:

1

|
4 an) %)
P HEYETHOM 71 = _—,
p R, =4p, K(n+1)
1,
12 "y (6)
IIPU YETHOM n = e —
p R, =12p, k@n+2)

B o6mem cirydae Ha MPON3BOACTBEHHYIO TOTPEII-
HOCTb COIIPOTHUBIIEHUS 31eKTpo10B I'P BiusitoT norpem-
HOCTH TIAPAMETPOB P, P, [, b, & TAKKE MOTPEIIHOCTD OT
HecoBMelneHus ¢potomadaona (PL) npu BTOpOit do-
tomurorpaduu. [yt Toro, 9T00R MUHUMH3UPOBATE T10-
rpemHocTy popmupoBanus mupuHbl TTIP 1 HecoBme-
miernst ®IL, HeoOxoaumMo, 4T00bI K0P PUIHEHT Pop-
MLI K, | 0THOTO PE3UCTUBHOTO 3JIEMEHTA OBLT He OoJiee

l'fpplxl I( ,=0,05 pacrer conpoTHBIICHUE HIEKTPOIOB
(Taﬁ.ﬂ 2 3) H03TOMy onTuMalbHas BearnuuHa kod3hhu-

Tabnuua 2
Toepewnocmu, enocumvle 31eKMpoOaMU
npamoyeoavrozo TIIP

IIEeHTa (POPMBI OTHOTO PE3UCTHBHOTO JJIEMEHTA HaXo-
nutcs B mpenenax: 0, OS_K <O 2.

IIpu yBenuuenuu n Ha‘II/IHaeT pactu mmpuna b, KII
(puc. 5), 9TO MPUBOAUT K YBEIMUYEHUIO TUTOTIA]IH, 3aHH—
maemoii TTIP. J{ns momxydeHus NpsiMOyTronbHON (hOPMBI
rpeGeHYaToro pe3ucTopa npu k=1 mmpuna b J10JKHA
YIOBJIETBOPATH YCIOBUIO

b, =Qnt+1)l. (7

3a1aBasich JIOIY CTAMBIMH 3HAYEHHUAMU b, 1 JUTMHON
[ B BBIpakeHuu (7), MOKHO OTpeIeUTh HHTEpBa 7. Ha-
MIpUMeEP, JIUISl CUTAJUTOBBIX MOJUTOXKEK Tpu [ =50 MKM |
b, = 350...450 mxm nonyuum n=3, 4, 5.

CornpoTuBieHHe 3JIEKTPOIOB HY’KHO pacCMaTpHUBATh
KaK METOJIMYECKYIO MOTPEITHOCTh, KOTOPast yBeJININBa-
et conporusienue TIIP, T. e. sBisercst cucremaruye-
CKOH. BrnusiHue 3TOM MOrpelHOCTH Ha COMPOTHUBICHUE
TIIP MOKHO paccunuTaTh COIIACHO BBIPAKEHHUIO

SR, =R /R. (8)

I[Ipoussoncrennas norpemuocts OR, TIIP, BHoCH-
Masl COIIPOTUBIICHUEM DIIEKTPOJIOB, UMEET CIIy4aiiHbli Xa-
paxrep u OyZeT ONpenessIThCS CayIaifHBIMU POH3BOI-
CTBEHHBIMU IIOI'PEILIHOCTSIMHU YAEIBHOIO IOBEPXHOCTHO-
r'O CONPOTHUBIIEHUS TPOBOIALIIEH IIIEHKH U IIUPUHBI JJIEK-
Tpoza. BimsiHue 3Toi IOrpeIIHOCTY Ha COLIPOTUBIICHUE
TIIP onpenensercs BEIpaKEHUEM

5R = R/op; +42
R 1

r7ie Op,— ciydaiiHas norperHocTh yAeTbHOT0 HOBEPXHOCTHOTO CO-
IIPOTUBJICHUS HpOBOI[S{IHeﬁ IJICHKH,

O/ — ciyJaifHast OTPEIIHOCTb IMUPHHBI 3JIEKTPO/1a, PABHAS CITy-
yaifHo# nmorpemnocty uyuHbl TITP.

Ha npakTtuke ToNIMHA TPOBOAALIEH IIJIEHKH UMEET
OospImne pa3opoCkl (THMUYHBIC 3HAYCHUS TOIIINHBI CO-
cTaBisatoT 1—1,5 MKM), 3HaYUTEIBLHO OOJIBIIUE, YeM U3-
MeHeHus mupuHbI A1ekTpooB TTIP. IToaTomy nmonoxum
dp, 230, Torna Beipaxkenue (9) npeodpasyercs K BUILY

o
R =P 5 R, (10)

Temneparypras norpenrHocTs ORST TIIP, BHOCHMAas
COIPOTHUBIIEHUEM NIEKTPOIOB, HAXOIUTCS COITIACHO BbI-

9)

iéﬁ;,ﬂr})i(;;g Ky 0,1 10,07 ]0,05(0,035({0,02 (0,01 PAKEHHUIO
R,, O 0,7 1 1,4 2 351 7
rexport 6R :/4 07|14 28] 57 |175|70 || OR, = GLATR___oATOR, 11
SJICKTPOAOB 3¢ s B 5 5 s % - '
: RL+a AT) 1+a AT an
C KI1, pacrio- Ky 0,1 10,07 10,05(0,035{0,02 (0,01 P P
JIO’KEHHBIMU R, Om [0,05]0,13]023] 0,38 [0,75] 1,6 e d o, — TeMriepaTypHbie KOS(I)(I)I/ILH/IGEIT]:I conporusienus (TKC)
II0 OCHTPY TPOBOJIAIIEH U PE3UCTUBHOM INIEHOK;
MEKTPONIOB | OR,, % |0,05]| 0,19 (0,46 | 1,1 | 3,8 | 16 AT — ManasoH H3MEHEHUs TEeMIIEPaTyphl.
Tabmuna 3
Ioepewnocmu, enocumvle 31eKMpoOOamu epebeniamozo pe3ucmopa
n 2 3 4 5
Ky 0,2 0,1 0,05 0,21 0,09 0,06 0,2 0,1 0,06 0,2 0,1 0,05
Ky 0,1 0,05 0,025 0,07 0,03 0,02 0,05 0,025 | 0,015 0,04 0,02 0,01
R,, Om 0,315 | 0,578 | 1,103 | 0,202 | 0,424 | 0,618 | 0,180 | 0,330 | 0,530 | 0,140 | 0,257 | 0,490
OR,., % 0,315 | 1,155 4,41 0,288 1,41 3,092 0,36 1,32 3,533 0,35 1,283 49
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VYuureiBas, uto TKC pe3uctuBHOM miueHku Ha 1—2
nopsnka menbine, yem TKC npoBojsiieit niaeHku, Be-
muunHoi O AT B Beipaxenuu (11) MoxkHO ipeHeOpeys.
Torna BblpakeHue IJis TEMIEPaTypPHOH MOTPEIIHOCTH
MIPUHUMAET BUJT

3R, =a ATSR, . (12)

Mt rorenok co crpykrypoit PC3710-V-Al (p=1 kOm/C;
p,=0,035 Om/0) ObuT MPOU3BEJEH PACUYET MAPAMETPOB
R, dR__ no eipaxenuam (1—4) mpu b /I=7; k=1. Pe-
3yJBTAThl pacyeTa THX apaMeTpoB AJIs IPSMOYTOJIbHO-
ro TIIP B nByx BapuaHTax ucoigHeHUs (puc. 2, 3) mpu-
BEJICHBI B Ta0J1. 2, JIUIsi pedeHYaToro pe3ucropa (puc. 5)
— B Tabm. 3.

Jlns mieHok Toi ke cTpyKTyphl npu Op =0,25;
a,=0,0046 1/°C; AT=80°C, cornacHo Beipaxkenusm (10),
(12), cyuaiiHas npoOM3BOACTBEHHAS TIOIPELIHOCTD U3-3a
CONPOTHUBIIEHHUS 3IEKTPOI0B cocTaBuna OR =0,250R  , a
TemnepaTypHas norpemHocts OR =0,370R, .

J171s1 yMEHBIIEHUSI COMPOTHBIICHNUS HIICKTPOIOB HAI0
YBEJIIMYHUTH UX HIUPUHY, TO €CTb k. OIHAKO NIPH yBeTHYe-
HUH & IOYTH IPOTIOPLIMOHATIBHO YBEINYMBACTCS TUIOLIA b
TIIP. Kak mokasbIBatoT pacdetsl (Tadm. 2, 3), npu k=1
COIIPOTHBIICHUE DIICKTPOJOB MO BIHMACT Ha MOTPEI-
HocTh comporuBieHus TIIP. Takum obOpazom, eciu
YHYECTb, 4TO CUCTEMATHYECKYIO IIOTPEIIHOCTh OR . MOK-
HO CKOMIIEHCHPOBaTh Ipu nnpoekruposBanuu TIIP u eciau
He TpeOyeTcst BEICOKas TeMIIepaTypHasi CTaOHIbHOCTD CO-
MIPOTHUBIIEHHS PE3UCTOPA, TO TPUHUMAIOT k=1.

BriBoabI

ConpoTuBieHuUs ANEKTPOIOB U IPOBOIHUKOB, BKJIIO-
4eHHBIX nocnenosarensHo ¢ TIIP, cnenyer paccmarpu-
BaTbh KaK CUCTEMAaTUYECKYIO 0T PEITHOCTD, KOTOpas yBe-
nmuunBaeT conporusienue TIIP. Paspaboran metox pac-
YyeTa CONPOTUBIIEHUS IEKTPOAOB MPSMOYIOJIBHOTO U

rpedenyaroro TTIP. JlaHa olleHKa BIMSHUS 3JEKTPOOB
Ha CUCTEMAaTHYECKYI0, IPOM3BOACTBCHHYIO U TEMIIEpa-
TypHy!o norpemocty conporusienus TIIP. Ha npume-
pe meHok co crpykrypoit PC3710-V-Al mpousseneH pac-
YeT ATUX napameTpoB. OrnpeeseHbl ONTUMAaIbHbIE BEJIU-
qiHbI K03 dunmerTa popmsl (0,05<K q)lSO,Z) OJTHOTO pe-
3MCTHBHOTO 3JIEMEHTA U KOJINYECTBO PE3UCTUBHBIX JJIe-
MEHTOB, KOTOPBIE JOJKHBI HCIIOIb30BAaTHCS P MTPOCK-
TUPOBaHMUU IpebeHvaToro pesuctopa. [ pedenuaras KoH-
CTPYKLHUS PE3UCTOPA UMEET PsiJ NPEUMYILECTB Mepe
IPSIMOYTOJIbHOM KOHCTPYKLMEH pe3ucTopa, TaKUX Kak
MeHbIIast 3aHUMaeMasi IJIOLIaIb U MEHbIIEE BIMSHUE CO-
MPOTHBIICHUS 3IEKTPOIOB HA BCE BUIBI ITOTPEITHOCTEH
TIIP. bnaropaps 3TUM IPEUMYIIECTBaM, IIPUMEHEHNE IPe-
OEeHYaTOro pe3ncTOpa Ha MOPSIOK PACIIUPSIET JUAla30H
conportusneHuil TIIP, npoekTupyemsbIX Ha OJHOM IIaTe,
MIOBBIIIACT TOYHOCTH MX H3TOTOBIICHUS U CTAOMITBHOCTE B
IKCILTyaTalHH.
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CucteMaTH3UpOBaHbl CBeIEHHUSI B 061aCTH TpeoOpasoBaHus
00paboTKK HH(pOpPMAlLLMK B CHCTEMaX CBSI3W C MOABHKHBIMH
o0beKTaMH, MpHUeM OCHOBHOE BHUMAaHHE COCPEJLOTOUYEHO Ha
peueBbIX curuanax. Mayuaiorcs npouenypbl npeo6pa3oBaHus
1 06paboTKK HH(POPMALUHU, OCYLLEeCTBJ/AsIEMble, B OCHOBHOM, B
ab0HEHTCKOM TepMHHaJe — KJAUEeBOM 3JMeMeHTe J1000H cucte-
Mbl CBSI3H € MOJABUKHBIMUH 00bekTaMHU. [TocienoBatenbHo pac-
CMaTpHUBAIOTCsl BONpockl GopMUpoBaHus U npeobpa3oBaHus pe-
UyeBOro CUrHaJjsa Ha NyTH OT MUKpPodOHa Ha nepejatolleil cTo-
poHe 10 TenmedoHa (rpoMkoroBoputessi) Ha mnpuemuo#. Oco-
60e BHUMaHHe yIeJeHO BOMpocaM KOJAMPOBAHUS PEUH.
[IpenHa3HaueHa AJs MOATOTOBKHM JHMJIOMHPOBAHHBIX crelua-
JINCTOB COOTBETCTBYIOILMX CMellMaabHOCTEH.
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