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IpeancsoBue

Hacrosiee yueOHO-MeTOnMueckoe MocoOue MpeicTaBisieT coboil cOOpHUK
3a7a4 1O Kypcy «@DuU3MYecKHe OCHOBBI JJIEKTPOTEXHUKHU», UYUTAEMOMY B
TeXHUYECKUX YHHBepcuTeTax u BY3ax.

[Ipennaraemoe  yueOHO-METOAMYECKOE TMOCOOME  TpeIHa3HA4YeHO  JIs
CTYIEHTOB M3y4YalolllNX OJJIEKTPOTEXHUKY M OCHOBBI 3JIEKTPOHUKH JIHEBHBIX,
BEUEPHUX U 3a04HBIX oTaefeHuil. Jlyisi oOneryeHus pelieHus 3ajady B Hadale
Ka)KJIOW TJIaBbl IaHBI KpaTKHE TEOPETUYECKHE CBEJCHUS W CBOJKA HEOOXOIMMBIX
dopmyn. Hanbonee moapoOHO U3II0KEH TOT MaTepHall, KOTOPbI MeHbIIIe OCBEIIeH
B JIUTeparype. XapaKTEPUCTUKU HEKOTOPBhIX MPUOOPOB JaHbl B MPUIOKEHUSX.
NznoxxeHHbI B MOCOOUM TEOPETUUECKUN MaTepuall COPOBOXKAAETCS TpUMepaMu
pacyeToB, CIOCOOCTBYIOIIUX JIyUllIeMy YCBOSHUIO Kypca.

B cBs3u ¢ BBIIEU3TI0KEHHBIM MOXHO 3aKIIOUUTh, YTO JaHHOE YydeOHO-
MeToMYecKoe Tocobue «DIEeKTPOHUKA B IIEKTPOTEXHUUYECKUX KOMIUIeKcax WU
cuctemMax B 3amadax. Yacte 1», Oasupyromierocs Ha OCHOBaX TEOPUH C
MPEeruMYIIeCTBeHHBIM aKIEHTOM Ha Haubosee Ba)KHble MPUKIAJHbIE pa3liesbl,
OKa)KeTCsl TI0JIE3HBIM OOJIBIIMHCTBY KYPCOB 3JIEKTPOTEXHUYECKON MOATOTOBKHU.



OO0wue cBeaeHus

C menpio KOHTPOJISI YCBOSHMS y4deOHOro marepuajga B COOTBETCTBHUU C
y4eOHBIM TUTAHOM, CTYJEHTaM MpeJiaraeTcs BBIMOJHUTh pacueTHbBIC 3a/1aHUS.

HMcxonnbie naHHbIE K 3adadaM cBelleHbl B Tabmuubl. OHM pa3OWThl Ha
cTonb1bl, 0603HaueHHbIe cuMBosiamu A, B, C, u ctpoku nox Homepamu 0,1,2,...,9.
Jlnst BBIOOpAa MCXOIHBIX JaHHBIX HEOOXOJMMO OIPEeNeUTh HOMEpP CTPOKH,
COOTBETCTBYIOIIHMI HOMEPY 3a4eTHOW KHIKKH, TI0 CIeAYIOIeMYy TTpaBuily:

Homepom cTtpokm B ctonmbiie A sBisercss mochefHsiss nudpa Homepa
3a4eTHOW KHWKKH, B cToyiOne B — mpeamocnennsss nudpa, a B crondue C —
MJIQIIUHI pa3psi CyMMBI MTOCIIeHeH U mpeanocieaHeit uudp.

Hampumep, Homep Barmmreii 3auetHoit kamwkku: 123456.HoMepom cTpoku B
ctonbie A siBisercs 6, B crondue B — 5,8 cronbue C — 1 (5+6=11).

Howmepa ctpok B cronbmax s Bcex 3amad oauHakoBbl. [lepen TexkcTom
pellleHusl TepBOH 3a7auM HEoOXOAWMO TIPUBECTH pacdeT HOMEPOB CTPOK B
cronbiax 1o Homepy Bareit 3aueTHON KHWXKKH, a Tiepel] TEKCTOM peIleHUs
Ka)kI0l 3a/1a4M Y€TKO BBIITMCATH UCXOIHBIE TaHHBIE.



IMosynpoBoaHHKOBBIE THOABI

OCHOBOI MOJYNPOBOAHUKOBBIX IUOJIOB CIYXHUT p-N mnepexon. Iloatomy
CBOMCTBa MOJIa U €ro BOJbT-aMIEpHasl XapaKTepUCTHUKA OTPaKat0T 0COOCHHOCTH
IIPOXO’KJIEHUS TOKa Yepe3 p-N Mepexo.

Brrpaxenue:
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OIKCHIBAaET BOJBT-aMIEPHYIO XapaKTEePUCTHKY HealbHOro p-N mepexoxa. Bonbt-
aMIepHble XapaKTePUCTUKHU peaJbHbIX KPEMHHMEBBIX AMOAOB OTJIWYAIOTCS OT
XapaKTepUCTUKU HuieajbHOro mnepexona. Tunumunas BAX kpemHHeBOro amona
npezcrasieHa Ha puc.l.

Js — TOTHOCTL 06paTHOTO TOKa Hackimenus, D, n D, — kooddunuents:

Iu¢¢y3un, COOTBETCTBEHHO, IEKTPOHOB U ABIPOK, L. 1 Lp - COOTBETCTBYIOIIIHE

nuhGy3noHHBIS JJTHHBI, N, ¥ P, - KOHUCHTPALMK HEOCHOBHBIX HOCHUTEIICH .
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P HUCYHOK 1 —BOHBT-aMHepHaﬂ XapaKTCPpUCTHUKA KPEMHUCBOT'O AUOAA

XapakTtepHass ocobeHHocTh BAX peanbHbIX OUOOB — OTCYTCTBHE Ha
pPUCYHKaX TOKOB uepe3 IUOJ MpU OTPULIATENBHBIX M MaJbIX MOJOKUTEIbHbBIX
HanpshkeHusx, T. €. mpu U <U (cm. pucynok 1). OGpaTHbIe TOKU B 9THX HOJAX

Majbl, IO3TOMY B HHXKEHEPHBIX pacueTax UX M0JIaraloT PaBHBIMU HYJIIO; 3aMETHbIH
ToK mnosBasercs tonbko mpu U >U, . O6nacts wanmpspkenudt 0<U <U o

Ha3bIBACTCS 30HOM YMOJIYaHUA. I/IHOF,Z[a IMpXU aHAJIN3€ KPEMHUECBLIX HWHTCIPAJIbHBIX



cxeM BAX ngumoma wm30o0pakaroT B BHJE CTYNeHbKH (PHCYHOK 2), TO ecCTb
IPEICTABISIOT U0 B BUJIE UICATbHOTO KITHOYA.
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0 U, U

P HUCYHOK 2 —Boan-aMnepHaﬂ XapaKTCPUCTHUKA UACAIIBHOTO KJItO4Ya

K ocHoBHBIM mapamerpamM [aMOAa OTHOCSTCS COMPOTHUBIEHUE NHUOAA
MOCTOsIHHOMY TOKy R, u muddepenunanshoe comporusnenune R, . Bennunna

Rn OoNpeaAcIACTCA KaK OTHOHICHHE IMOCTOSAHHOIO HAIIPSA)KEHHA Ha JUOAC K TOKY

yepe3 Hero. JuddepeHimanibHoe cOnpoTHUBICHUE XapaKTepU3yeT HAKIOH K OCH
abCIMCC BOJIBT-aMIIEPHOM XapaKTepUCTUKU MPU JAaHHOM HaIpPsHKEHUU Ha AUO/IE!

_du
R =g1

OTnauuue XapakTEpUCTUK peallbHbIX AuoaoB oT BAX wupgeansHoro p-n
nepexojia JenaeT MPaKTUYECKH HEBO3MOXHBIM aHAJIUTHYECKHI pacyeT TOKOB U
HaIpsHKeHUH B pealibHbIX cxemax ¢ auoaamu. [losToMy Ha mpakTuKe MOJb3YIOTCS
rpadoaHaTUTHIECKUM METOJOM pelleHus 3amad. [Ipu 3TOM HCMONB3yIOT
peayibHble XapaKTEePUCTUKUA HUOJI0OB, HAlpUMep MNpPUBEIEHHbIE B CIPABOYHUKAX.
CyTb 3TOro MeTojia MosSICHUM Ha ITPOCTOM MIPHUMEDE.

[Tpumep: Omnpenenuth TOK, TEKYIIMHA B cXeMe, IpeJCTaBIEHHOW Ha
pucynke 3. M3Bectna BAX nuona (pucynok 4), U =2B, R=1kOwm.
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Pucynok 3 —Cxema BKIIIOUSHHSI T10/1a

0 0,5 1 1,5 Ux U,B

Pucynok 4 —Mnmoctparus rpaguaeckoro MeTo/1a OnpeaeIeHus
TOKa 4epe3 AUOJ] U HANPSHKEHUS Ha HEM

Jns pemenus 3anuinem 2-oi 3akoH Kupxroda st nenu:

U =IR+U, )



rae U, - nageHue HapsDKEHUS Ha IUOJIE.
DTO ypaBHEHHE COJIEP)KUT JiBe HensBecTHble BennyuHbl: | 1 U, . UTobsl nx

ONpe/ieNINTh, HYKHO ellé onHO ypaBHeHHe. Ero ponb Beimonuser BAX nuona,
naromast cBsi3b Mexxay | m U, . YuureBasg, uto (2) — 3T0 ypaBHeHHE MpPSIMOH,
3amady yaoO0HO permTh rpadudecku. [TocTpoum Harpy3odHyro mpsmyto (2) mo
IBYM TouYkaM (ToukaM e€ TiepeceueHus] ¢ OcsIMH KoopawHat). HampspkeHue
xojoctoro xoxa U — 9T0 Touka mepecedyeHus] Harpy304HON INpPSIMOM C OCBIO

abcuucc; U =U =2 B. Tok kopoTkoro 3amblkaHusi | _, — Touka mepeceyeHUs

e
npsimMoit ¢ oceto opauHat;, |, =U /R=2mMA. Touka mepeceueHus: NpsMOH c
XapaKTepUCTUKON JaeT nckoMoe perteHue 3anaun: |=1ImA; U, =1 B.

3anaua 1. B cxeme, nzobpakeHHoi Ha pucynke 1.5,U =2,2 B; R=5000w;
U, =U,=02 B; U,=12 B. BoubT-amnepHas XapaKTepUCTHKAa [JHOJOB
npuBefieHa Ha pucyHke 6. OmpenenuTh TOKM uyepe3 JUOAbl M HampshKeHHe Ha
BbIXOJIe U Ornpenenuts AU pepeHIraIbHOe CONPOTUBIEHHE NUOoA0B R, 1

BBIX "

COIIPOTUBJICHHUC I10 IIOCTOAHHOMY TOKY Rn .

Un

BBIX

Pucynok 5 —Cxema BKITIOUEHUS THOI0B
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Pucynok 6 —BonbsT-ammnepHast XapakTepUCTHKA AHO]IA

Pemenue. HOCKOJ’[BK}’ HallPsSKCHUA U1 u U > - OJUHAKOBBIC, TO HAIIPSIIKCHUS

Ha nuojax VD; u VD, u Toku uepe3 3TH OuoAbl onuHaKOBble. OOO3HAUMM HX
yepe3 U, u |, coorBercTBeHHO. I[Ipennonoxum, uro auog VD3 oTkphIT, TO ecTb

TOK Yepe3 3TOT JUOJ OTIUYeH OT Hyis. M3 pucyHka 6 BUJIHO, YTO 3TO BO3MOYXKHO,
ecJId MoTeHIMan Touku A mpesbimaer BennunHy U =U, +UHOp =1,2+0,5=1,7B.

3,[[CCI> qaepes Unop 0003HaYEeHO IIOPOTOBOC HAIIPSXKCHUE OUOI4, OTBCYANOIICC

rpaHULIe ‘30HBI YMOJYaHUs Ha BOJbT-aMIEPHOW XapakTepucTuke. Eciu 3710 Tak,
To HampsbkeHue Ha awonax VD; m VD, oxkaxercs paBueiM 1,7-0,2=1,5B, uto
MPOTUBOPEYUT PUCYHKY 6. loaTomy mpu pemenun 6yaemM cuntath, uto auona VDs
3aKpBIT, TO €CTh TOK 4epe3 Hero He TeueT. Tok | depe3 comportuBienue R B
cootBeTcTBUM ¢ 1-v 3akoHoM Kupxroda paBeH yJIBOGHHOMY TOKY uepes
oTkpbIThli anox: 1=21, . CornacHo 2-my 3akoHy Kupxroda

U, =U,+U, +2I,R 3)

VpaBHenue (3) conepkut ABe Hem3BecTHbIE BennunHbl: U, 1 |, . UToOBI nX

ompeAeNnuTh, HEOOXonWMO emE OJHO YpaBHEHHE, B JaHHOM cllydyae BTOpOE
ypaBHeHHe 3a1aHo rpadudecku B Bujge BAX nuona. Ypasuenue (3) mpencraBisieT
co0olf ypaBHeHHME Harpy3o4HOW mnpsMol. YUToObI MOCTPOUTH 3Ty MPSMYIO B
IUIOCKOCTH BOJIbT-aMIlepHOi xapaktepuctuku (BAX) muona, Hy)XHO omnpeienuTh
TOUKM INepeceyeHus] dTOM XapaKTepUCTUKH ¢ ocsiMU KoopauHart. [lonoxus 1, =0,



MOJyYdM TOYKY TIepecedeHus] MmpsMoil ¢ ockio HampspkeHui U (HampshkeHune

XOJOCTOIo xona):
U =U_ -U,=22-02=2B

[Tonoxus panee U, =0, momyuyum TOYKY TIepecedeHus] Harpy304HOM
IpsSIMOH C OCBIO opAWHAT - | | (TOK KOPOTKOTO 3aMBIKaHUS).

_U,-U, _(2,2-0,2B _

© TR 2D&Om 2 MA

ITockonbky 3Hauenne U =2 B He momermraercss Ha rpaduke pucyHka 6,

MOCTPOMM CHadajla BCIIOMOTATEIBHYIO TMPSIMYI0, Tapauie]bHyI0 Harpy309HON
npsmoii. [lycTh BcmoMoraTenbHasi TIpsiMasi TIepeceKaeT OCh HAMpPSIKeHWH B TOYKE
U=1 B, 1o ectp U=U_/2; Torma sta mpsmMas IOJDKHA Mepecedb OCh OpAWHAT

(toxoB) B Touke =1 _/2=2 MA=2=1 MA. TIpoBenemM BCcIIOMOTaTeNbHYIO MPSIMYIO

yepe3 Touku (0, 1mMA) u (1 B; 0) Ha rpaduke pucynka 6. Harpyzounas mpsimast
npoiiaet yepe3 Touky (0; 2MA) nmapamienbHO BCIIOMOTATEIBHOM.

OtmetuM, uto npsimast Ha BAX, BooOI1ie roBopsi, MOXKeT OBITh TIOCTPOCHA B
mwiockoctd (U, |) mo moObiM JBYyM TOYKaMm; OIKMCAHHBIA BBIIIE CIOCOOOB
IOCTPOEHHUS ITOU NPSAMON — OAMH U3 BO3MOXXHBIX.

ITo Touke mepeceyeHus: Harpy3o4Hoii npsimoit 1 BAX auona onpenensiercs

TOK 4epe3 OTKphITble AuoAbl |, W HampspkeHue Ha aTux auonax U, 1, =125 MA;
U, =0/5B.
Hanpsokenne U, =U,+U,=U_-21,R=0,2+0,75=0,95B.
Jlnon VD3 B 3TOM citydae 3aKphIT, KaK W MOJIarajoch paHee; HaMpsHKeHUe Ha
Hem paio U —-U,=095-12=-025B.

ConpoTuBieHne MOCTOSHHOMY TOKY R paBHO

BBIX

BBIX

R =Ya - 0.7
I,  1,254A

=600 Owm.

YroObl onpenenuTs auddepeHnanbHOe CONMPOTUBIEHUE, HYKHO MTPOBECTU
kacarenpHyto Kk BAX B pabouyell TO4Yke U MOCTPOUTH MPSAMOYTOJIbHBIN
TPEeYroJIbHUK, TUIOTeHY3a KOTOPOro — 4acTh KacaTelIbHOM, a KaTeThl MapajliebHbI
ocsim. OtHomrenue karetoB AU/Al paBHO muddepeHnaisHOMYy COPOTHBICHHIO.
[Tonb3ysick NOCTpOEHUEM Ha PUCYHKE 7, OpPeeInM:

_AU _ 0,1B
Rugp = Al 1,254A
3amaua 2. B cxeme, n300pakeHHONH Ha pHUCYHKe [/ ONpeneluTh TOK depes
JIAOJIbl W HampshDKeHWe Ha KaxiaoMm auojae. OmnpenenuThb ﬂn(b(bepeHuHanLHoe
COIIPOTUBIICHUC TUOO0B R/:M(b " COIIPOTHUBJIICHHUC 110 ITOCTOAHHOMY TOKY R" . Bonpt-

=80 Owm.



aMIiepHasi XapaKTepHUCTHKa JUO0I0B n300pakeHa Ha pucyHke 6. McxomHble qaHHBIC
npejcTaBiieHbl B Tabuie 1.

Un

VD1

VD2

VD3

U (0]
on

Pucynok 7 —Cxema BKITIOUEHUS TUOI0B

Tabmuma 1
CumBoJ cTodia A B C
Homep cTpoku Uu.B R, kOM Uu,.B
0 5 20 45
1 6 23 41
2 7 24 37
3 8 25 42
4 55 21 40
5 6,5 22 39
6 7,5 28 36
7 8,5 29 35
8 5 30 37
9 6 27 44

3agada 3. B cxeme, nzo0paxeHHOW Ha PUCYHKE 5, OTpenesuTh TOKH depe3
IUOABl W HampsbkeHWe Ha Bbixoge U Onpenenuts auddepeHnanbHOe

COMPOTUBIIEHHE TUOOB R, ¥ CONPOTUBIEHHE O NOCTOSIHHOMY TOKY R, . BosbT-

BBIX "

aMIlepHasl XapaKTepHUCTHUKa JHOJIOB TpHUBeieHa Ha pucyHke 6. McxonHble naHHBIE
MpeCTaBlIeHbI B Ta0IuUIIe 2.

Tab6auua 2



CumBona

crodma A B C

?T;ﬁzﬁ U B R, kOM U, B U,.B U, B
0 8 2 0,5 3,5 3,5
1 6 3 0,8 5 5
2 5 2,2 0,6 4,5 4,5
3 7 3,4 1 7 7
4 6,5 2,8 0,9 6,5 6,5
5 7,5 2,6 0,7 6 6
6 55 2,5 0,65 55 5,5
7 8,5 3,1 0,85 6 6
8 7 2,7 0,75 55 55
9 8 2,9 0,95 7 7

3agaua 4. B cxeme Ha pucynke 1.8 U =5 B; R =R, =1 xOwm; U,=1B.

OnpenenuTb TOKM Yepe3 OUOMBI, HANpPsDKEHWE Ha [JUOJAX U HalpshKeHUe Ha
Boixone U, . Onpenenuts nuddepenipanbHoe conpoTusiene quoaos R - u

CONPOTHBJICHUE TI0 MOCTOSHHOMY TOKy R . BoibT-ammepHas xapakTepHCcTHKa
JTMOJIOB M300pakeHa Ha pUCYHKE 6.

VARTERAR? .

}

Usx

T

Pucynox 8 —Cxema BKITIOUEHUS AUO/I0B

Pemenne. CornacHo 3akoHam Kupxroda TOkM M HamnpsbKeHHs! CBSI3aHbI
ypaBHEHUSIMU:

21, +1,=1,



|2R2 :Ud +UBX
Ul‘l = I1R+Ud +UBX

Wckiodast Toku |4 u |, , momy4nM ypaBHeHHe HAarpy304HOi IPsMOIi B Bi/e

U,=2I,R +Ud(1+%) +UBX(1+%)

ITonaras, uto |, =0, nonmyuyum U_ =1,5 B; nonaras panee U , mosyunm
I, =15 MA. Ilocne nmocTpoeHHs Harpy304HOW MpPsIMOM HaXOAMM rpaduyeckoe
pemwenue: U, =07 B; |, =08 MA. Jlanee, ucnons3ys HNpUBEACHHbIC BBIIIE
ypaBHEHUs, MOXHO HaliTH Bce TOKHM U HampsbkeHus B cxeme: |, =17 MA; |, =33
MA; U, =1,7 B. ConporusineHue nuoja IO TIOCTOSHHOMY TOKy H
nuddepeHnanTbHOe CONPOTUBIICHUE ONPEACIISIOTCS aHAJIOTUYHO Bbile 3aaue 1.

3amaya 5. B cxeme Ha pucyHke 9 ompenenuTh TOKM Hepe3 ITUOMIbI,
HalpspKeHWe Ha JuojaX U HampsbkeHWe Ha Bbhixoge U Ornpenenutsb

BBIX "

nubdepeHnmanbHoe  coOnpoTuBieHre auonoB R, W compoTuBneHue 1o

nocTosiHHOMY ToKy R . BonbT-aMmnepHasi XapakTeprucTuKa JU010B N300paxkeHa Ha
pucyHke 6. cxonHble JaHHBIE IPEICTABICHBI B Ta0IHIe 3.

U

I

Pucynox 9 —Cxema BKITIOUEHUS AUO/I0B

Tabmuma 3



CumBou crosbna A B C
Homep cTpoku U.B R, kOm R,, kOm

0 7 4.5 2,5
1 8 5,5 3
2 6 4 2
3 5 3,5 1,5
4 9 6 4
5 8,5 4,5 3,5
6 9,5 6,5 4,5
7 7,5 5 3
8 6,5 4 2
9 5,5 3,5 15

3agaua 6. Onpenenuts Toku I, 1,, 15, 1,, |, B cxeme, nzo0pakeHHO! Ha

pucynake 10. Tuoner VD;-VDs onnHakoBbIie, UX BOJBT-aMIIepHAs XapaKTePUCTUKA
npusenieHa Ha pucynke 1.11.U =4,2 B; R =0,6 xOm; R, =10xOm; U =2,4B.

Un
Rl I 1
VD1 o Ja
NG
A
& [/ VDs
VD -+
e — || | R
Ll |
VDs
| A4
UBX
o

Pucynox 10 —Cxema BKJIIOUEHHSI TUOJIOB
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Pucynok 11 —BonbT-amnepHas XapakTepucTUKa TU0/a

Pemenne. CHavana ompenenuM, Mo KakuM BETBSIM NMPOTEKaeT TOK, a I0
KaKuM OH MPOTEeKaTh He MOXKeT. [[J1s1 3Toro oneHuM noTeHIMal B TOUKe A.
Homyctum, yto Tok |,#0, TO ecThb 4epe3 JeBYHO BETBb IpPOTEKaeT

OTJIMYHBINA OT HyJs TOK. B 3TOM cilydae moTeHIMand TOYKH A JTOJDKEH OBITh He
menee, uem U, +U =2,4+0,5=2,B.
31ech UrIOp — MOPOroBOE HaIpsDKEeHUE BKIIOYeHHe auonaa, paBHoe 0,5 B.

Opnnako, morteHiman 2,9 B B Touke A yCTaHOBUThCS HE MOXET, TaK Kak
HanpspkeHus: 3U nop =1,5B 6ynet noctaTo4Ho, 4To0bI OTKPHITH AuobI VD3, VD, 1

VDs. npu oTkpbIThIX quonax VDs-VDs 3HaueHne HampshKeHUs B TOUKe A JISKHUT B
nuamna3zone or 1,5 B no 3x0,8=2,4 B. Takum oGpa3oM cieayeT 0XWIaTh, YTO
muonel VD3-VDs OyayT otkpeiThl, a auon VD, — 3akpeIT, U Tok |, okaxercs

paBHbIM Hymo. Toxm wepe3 muomsl VD; u VD3 omunakossl: |, =1;. Tok I,
pa3BeTBisieTcss B Touke B Tok uepe3 comportuBieHue R, -1 u Tok yepe3 nuonbl
VD4 u VDs- | ,. B nanHoii 3aaue HailTu peliieHMe METOJIOM Harpy304HOM MpsiMoii
yZlaeTcsl, eciiu yepe3 Bce JUOJbl TeueT OJUHAKOBBIM Tok. OgHako, Tok |, Gosbiie
Toka |, Ha BenuuumHy TOoKa |,. 3amady MOXXHO pelIUTh MNPUOIMKEHHO, €ClU
| <<l;. Ouenum sty Toku. Ilorennman touku B mpum oTkpbITEIX Auogax VDg,
VD5 moxeT nmpuHuMaTth 3HadeHus ot 2U nop =1 B no 2x0,8=1,6B. CienoBareibHO,



I He mpesbinaer Benuuunbl (1,6/R,)=0,16 MA. C xpyroii cropoust, Tok |, (u

paBHEBIN eMy | ,) He MOTYT OBITH MEHbBIIIE 3HAYCHUS

|, . = Un _UAmax _UdVDlmax — 4'2_2’4_0’8:1 67MA
1min Rl 0,6 '

IMockonbky I, >>1 MOYKHO CJieJIaTh BBIBOJI, YTO TIPH PEIICHUM 3aJauH

1min S5max?

rpadoaHaIUTUYECKUM METOJIOM TOKOM | MOXHO mpeHeOpedb, U CUHUTATh, UTO
yepe3 auoasl VD1, VD3, VD4 u VD5 Tedet onnHakoBbli TOK |, U, cienoBaTenbHO,
naZieHue HampspKeHWsT Ha J3TUX JWoAax Toxe oauHakoBo. Cuwmrtas |, =1,
3anuiueM ypaBHenue Kupxrocda qg nen U -1, —VD, -VD; -VD, —-VD; - LI:

U,=40,+1IiR

Ilocnennee ypaBHeHHME MpeICTaBIseT COOOW ypaBHEHHWE Harpy304HOMR
IIPSMOI.
Haxonum HampsikeHue xonoctoro xoga U = M TOK KOPOTKOrO 3aMbIKAHUS

K3 °

U, =Y, =1,05B
4
U
[, =—==7MA
R

Harpy3ounass amarpamma mnepecekaer BAX numoma B Touke |, =2 MA,
U, =0,75 B. Takum obpazom, |, =1, =2 MA. [loreHuuansl Touek A u B paBHBI
coorBerctBeHHo U, =3x0,75=2,25 B; U, =2x0,75=1,5 B. Tokx |, wuepes

conpotusienue R, pasen 1,5/10=0,154A. Tok |, Tenepr MOXXHO yTOYHHTS:
l,=1;-1,=2-015=185 mMA.

[lonydyenHoe perieHne — NpUOIMIKEHHOE, €T0 MOXXHO YTOYHHUTH METOIOM
UTeparuii, OJHAKO B ATOM HET HEOOXOJIMMOCTH, TaK KaK B pealbHBIX CXeMax
HOMUHAJIbHbIE 3HAUYE€HUSl COMPOTHBIICHUH, HANpPsHKEHUH HCTOUHUKOB MUTAHUS U
BOJIBT-aMIIEPHBIE XapPaKTEPUCTUKH JUOJOB oOmpenesstorcs (Kak MpaBHiIo) ¢
TOYHOCTBIO, HE MpeBbiatolieit 5%.

3agava /. Onpenenuts Toku I, I,, 15, 1,, |, B cxeme, uzo6paxeHHol Ha

pucynke 10. JIuoasr VD1-VD5 onnHakoBble, UX BOJIbT-aMIIepHAs XapaKTEPUCTHUKA
npuBeneHa Ha pucynke 11.McxomHble naHHbBIE TIpeICTaBICHEI B Ta0mie 4.



Ta0mnura 4

CumBon B

crondna

Howmep [Tanenve Ha

Uu.B u.B OTKPBITOM R.,xOm | R,,xOm

CTPOKH mone, B
0 6 0,3 0,8 4 21
1 6,4 0,5 0,7 45 10
2 6,7 0,4 0,9 20 3
3 5,8 0,2 0,8 5 18
4 5,9 0,3 0,7 6 23
5 5,7 0,4 0,9 35 8
6 5,5 0,5 0,8 7 32
7 6,5 0,6 0,7 22 6
8 6 0,2 0,9 15 4
9 6,1 0,3 0,8 3 25

3agaua 8. Onpenenuts Toku I, 1,, I;, 1,, |, B cxeme, nuzoOpakeHHO! Ha

pucyHke 12, eciu nmajieHne HanpsoKeHHUs Ha OTKpbIToM auoje paBHo 0,8 B. Jluoms
VD;-VDg ogunakossle. U =5 B; R =1 kOm; R, =0,6xkOm; U, =1,6B.

XZ VDs
y o

Pucynok 12 —Cxema BKJIFOUEHUS JHUOJIOB

Pewenne. Ilpeanonoxum, uro Tok |,#0. Torma moreHuuan B TOUKe
pasBerBieHust O6yzer pasen U, =U,  +2U, =3,2 B. Ilpeamnonoxum, 4To TOK



|, #0. B aToM ciny4yae moreHIMan TOYKU pas3BeTBieHus pasen U, =4U, =3,2B.
Ha ocHOBaHMU 3THX OLIEHOK MOXHO CA€aTh BBIBOJ, YTO JIMOO MOTEHIHAN TOUYKH
A neficTBuTensHO paBeH 3,2B 1 Torma oTKpHITH BCe BeTBU (Bce TOKH OTIMYHBI OT
Hyns), 1100 B AedicTBUTeNbHOCTH moTeHIman U, oxaxercs Hmke 3,2 B, yro
O3HayaeT, 4YTO  TOK  Te4yeT IO  OJHOH  €IMHCTBEHHOH  BETBH:
U,-R-VD;-VD,-R,— 0. UYroObl BBISICHUTH, Kakol W3 3TUX CIllyyaes

peain3yeTcs, OLNCHUM TOKM HYEPE3 COINPOTUBIICHUA B MNPCAIIOJIOKECHNUH, YTO
U, =32B:

U, -U 18B
| =—n_—A = =18 MA.
! R 1xOm 18m
U
|, =—2MA.
° R
=SB 267 vA
0,6xOm

Opnako coryiacHo cxeme, ToK |, He Moxer ObIThb Ooibiie Toka |,. OT0

MPOTUBOPEYUT TepBoMy 3akoHy Kupxroda mist y3noB A u B. Otcroga MoxHO
cenaTh BBIBOJ, YTO NpenmnooxeHue o ToMm, uto U, = 3,2 B, HeBepHo. Ha camom

Jiesie TMOTeHIMal TOUkM A okaxercs Hwxke 3,2 B, uro o3Hauaer, uro |, =1, =0.

Hanee 3amnuiieM BTOpOM 3aKOH Kupxroda TSt KOHTYpa
U,-R-VD;-VD,-R,— LI

U,=ILR+2U, +1 R
31ech IPUHATO BO BHUMaHue, uto |, =|,. Tox |, paBeH:

| =Un_2Ud
"OR+R
_5-2008 _

| == < 2= 2125 MA.
Y1406 1

3agauda 9. Onpenenuts Toxu |, |,, |5, 1,, |, B cxeme, nzoOpakeHHOl Ha

pucynake 12. Jluogsr VD;-VDg onmnakoBsie. cxomHble JaHHBIE TIPEICTaBICHEI B
Tabiuue 5.

Tab6auma 5



CumBona A B C

crosbma

Howmep U,.B U,.B Ianenue Ha R,kOm | R,,xOm

CTPOKH OTKPBITOM

JHOJIE

0 5,5 1,3 0,7 2 0,7
1 5 1,5 0,8 2,2 0,6
2 6,5 1,6 0,9 1,8 0,65
3 6 1,4 0,7 1,9 0,75
4 5,5 1,7 0,8 2,1 0,8
5 6,5 1,4 0,9 1,8 0,85
6 5 1,3 0,7 1,9 0,6
7 6 1,6 0,8 2 0,7
8 5,5 1,5 0,9 2,1 0,85
9 6,5 1,4 0,7 2,2 0,65

IHosynpoBoAHMKOBBIH CTA0OHJIUTPOH

DTO TOIYNMPOBOAHUKOBBIN MO, CKOHCTPYMPOBAaHHBIA i pabOThl B
pexuMe BIeKTpuYecKkoro mpobosi. VYciioBHOe rpaduyeckoe 0003HAUECHHE
CTaOUIUTPOHA MPEICTaBIeHO Ha pUcyHKe 13.

Pucynok 13 —YcnoBHoe rpaduyeckoe 0603HaueHNE CTAOMIATPOHA

B ykazaHHOM pexuMme TpU 3HAYUTETHHOM HM3MEHEHHHM TOKa CTaOMIMTPOHA
HampsOKeHWe  W3MEHSETCS  He3HAuyuTeNbHO. [ OBOpAT, UTO  CTaOMIUTPOH
CTaOWIIM3HUPYET HAIIPSDKEHUE.

B crabunutpoHax MOXXET MMETh MECTO M TYHHEJbHBIM, W JIaBUHHBIN, U
CMeIlIaHHBI MPOOOW B 3aBUCHMMOCTH OT YJEJIIBHOTO COMPOTHBJIEeHUs 0a3bl. B
CTaOMITUTPOHAX C HU3KOOMHOHN 0a3oii (HM3KOBOJBTHBIX, 0 5,7 B) mmeer mecto
TYHHENbHBIM  TIpoOOH, a B  CTa0MIMUTpPOHAX C  BBICOKOOMHOHN  0a3o0if
(BBICOKOBOJIBTHBIX) — JJABUHHBIH MTPOOOIA.

OCHOBHBIMU SIBJISIFOTCS CIIEYIOIIUE TapaMeTPhl CTa0MITUTPOHA!



U. —HanpsbkeHue cTabmiu3anuu (py 3aaHHOM TOKe B PeXXUMe TTpo0os);

CcT
I

I — MaKCUMAJILHO JIOIYCTUMBIN TOK CTAaOWMIIM3aIny,

CT.Mmax

— MHHHUMAJIBHO ,Z[OHYCTI/IMBIﬁ TOK CTa6I/IJ'[I/I3aI_II/II/I;

cT.min

r. — nauddepeHMaTIbHOE COMPOTHBICHHE CTAOMIUTPOHA (Ha ydacTKe

npobos), I, = du.

di’
Qer (TKH) —Temneparypublii koo GuumueHT HanpsHKEHUs CTabMIM3aLKH.
Bemmuumnet U, | . ¥ | . DIPUHATO yKa3bIBaTh KaK MOJOKUTEIbHBIE.

He pexomennyercss ucnonb3oBaTh CTAaOWJIUTPOH TMpPU OOpPaTHOM TOKE,

MCHBIIEM 110 MOAYJIIO, YEM ICT min’ TaK KakK CTa6I/IJ'[I/ISaLII/I$[ HaIIPSAKCHUA IIPHU 9TOM

OyzeT HeyJOBIETBOPHUTENbHON (HuddepeHIMaTbHOe CONMPOTHBICHUE OyIeT
ype3MepHO OonbiiM). Eciu jke oOpaTHBIM TOK MO MOMYIIO MPEBBICUT | TO

cr.max’?
CTaOUIUTPOH MOXKET TeperpeThes, HaYHeTCs TEIIOBOM MpoOoii U mpubdop BhIiieT
u3 cTposi. YeM MeHbllle BeIMUYuHa [, , TEeM JIyullle cTa0uiIu3alus HarnpsKeH!s.

cr!?

Ilo ompenenenuto O, — 3TO OTHOLIEHHWE OTHOCHUTEIBHOIO W3MEHEHUS
HanpsDKeHUsT  cTabunm3alumyd K = aOCONMIOTHOMY HW3MEHEHHI0  TeMIlepaTyphbl
OKpY)Ka}OLL[efI Cpeadbl ITPpHU IMTOCTOAHHOM TOKE CTa6I/IJ'II/I38.I_II/II/I.

VYV cTaOUIUTPOHOB ¢ TyHHEIBHBIM IpoOoeM Ko3pduUUEeHT o

orpunarene: O, <0. VY crabUIUTPOHOB ¢ JaBUHHBIM IpoOoeM O

Ucr

nojoxurenex: o >0.

NHuorna ctabUauTpoH ¢ JTaBUHHBIM MPOOOEM BKIIFOYAIOT MOCIEA0BaTEIbHO C
JTUOJIOM, palOTarOIMM B TPSIMOM HalpaBiIeHWUU. Y IHOJIa COOTBETCTBYIOIIHMA
TEMIIepaTypHbI KOO (UIIMEHT  OTpUIIATENBHBIM, W OH  KOMIICHCHUPYET
MOJIOKUTENbHBIA KO PUuImeHT crabmautpora. [IpoOMBIIIIEHHO BBITYCKAIOTCS
CTAOWIIMTPOHBI C BKIIFOUCHHBIM TEPMOCTAOUITU3UPYIOITUM JTHOJIOM.

B pexwnme mpobosi OTCYyTCTBYeT WHXKEKIIMS HEOCHOBHBIX HOCUTENeH, U
MO3TOMY HET HaKOIUJICHUSI M30BITOYHBIX 3apsioB. BeienacTBre 3Toro cTrabuanTpoH
SBJISIETCS OBICTPOJICUCTBYIOIIUM TPUOOPOM U XOPOIIIO PadOTaeT B MMITYJIBCHBIX
cxeMax.

3aoaua.

1. B cooTBeTcTBHE ¢ UCXOJHBIMH JaHHBIMH BBIOpaTh CTAOMIJIMTPOH.

[IpuHIMNIUATBEHAS cxeMa MapaMeTpPUYecKOro CTabuau3aTopa MpecTaBieHa

Ha pucyHke 14.VicxonHbple JaHHBIE TTPEACTaBIeHbI B Ta0uIle 6.

2. Bribpath 6annactHoe conpoTtusieHue R;.

. YTOYHHTH OannacTHOe conpoTuBieHue no psny E24.

. PaccunTaTh MOIIHOCTH Ha cTAOUITUTPOHE, HA OAJITTACTHOM COMIPOTUBIICHUH U
KII/I ctabunuzatopa.

. Paccunrath ko3 GuiiueHT cTabminzanum.

. IToctpouts BAX cTabunuzaropa.

. BBITIOJIHUTH MPOBEPOYHBIN pacyer.

H W

~ O O1

Hano: U,  =24B, AU, =2 B, | =40 wmA, U, =19 B.

1HoM H.HOM 210M



VDI
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Pucynox 14—IlpuniunuanbHas cxemMa napaMeTpuIecKoro craduin3aropa HanpsHKeHUS

Pewenue: PyxoBOICTBYIOCH ICXOAHBIMH TaHHBIMHU 10 CTIPABOYHUKY
BbIOMpaem ctabunutpos ¢ U -U,,.. - Beiopanu crabunutpon tuna KC518A co

cm.HOM 2.HOM

CJICAYHOIIUMMHU AaCIIOPTHBIMA JaHHBIMH.

U, =17,2B,U_ ..=208B, I_.,=0,001A, I_, .. =0045A.
Onpe/:[enﬂeM COIIPOTUBJICHUC Hany3KI/I:
— U2H0M — 19 —
R, =72 =357 = 4750m

Tok n HAIIPSAKCHUE B LCIIN ITapaMETPUICCKOI'O CTa6I/IJ'[I/I3aTOpa:
I]_: ICT + IH’ Ul = Il[Ré +UCT.H0M '

OcHoBHag 3a7a4a IpH pacueTe napaMeTpuueckoro crabuian3aropa — ornpeesieHne
COTPOTHBIICHUSI OAJTACTHOTO PE3UCTOpa, OOECIeYMBAIONIETO TIPHU 3aJaHHBIX
napaMeTpax Harpy3Kd W THUTAloIIeld peXuM paboThl CTAOMIUTPOHA B Ipenesax
paboueii 30HBI.

CocraBuM crcTeMy HEPaBEHCTB JIJIs ONpeiesieHus 0alIacTHOrO COMPOTUBIICHHUS

Ul _AUl 2 Ilmin ER6 +UCT.min
U +AU <1, . R +U

CcT.max

rae
— UCT.min — 17;2 -
i = Lo+ 37 = 0001+ 572 = 003724,
= UCT.max - @ —
Ilmax — Yer.max + R{ 0’045+ 475 0’089 A.

Torma



U, —AU, -U, . _24-3-172
S 1 1 cm.min — y :1 2
i 00372 02,15
U, +AU,-U,, ... 24+3-208
> 1 : = ' =
R 2 I 0089 69,6

6966< R <10215.
YTounsiem no psiny E24 6annactHoe conpoTuBieHUe CTAOMIUTPOHA:
R, =82 Ow.

Onpez[enﬂeM ImapaMeTpbl CTa6I/IJ'II/I3aTOpa B COOTBETCTBHHU C BBI6paHHBIM
OaJTaCTHBIM COIMPOTHUBJICHUECM. B soMunanbHOM pe>KI/IMe:
R =4750Mm, 1,=0,04 A, U, =19 B.

MOH_[HOCTL, 1'[0Tpe6nﬂeMa;1 OT CCTU IMUTAHUA.
_U,-U, _24-19
R 82

U,=1[U, =0,039[475=186 B,

P=U,ll,rmoe |, =0,061A,

P, =24[0061=1/464 Br.
MOH_[HOCTL, rnepeaaBacMast Har‘pysKe:

P =U Il =191004= 0,/6 Bt

H H.HOM

KIIJ] mapametpudeckoro ctabunuzaropa:

n =20 006 = % [100% = 0,519100% = 519%.

1
Koaddumnuent crabunuzammm:

JIns1 BBITIONTHEHWs MPOBEPOYHOTO pacyera NMposeneM JinHeapusanuio BAX
ctabunuTpoHa Ha paboyeM yuacTKe, 3aMEHUB B MPUHIUIHAIBHON CXeme
ctabunm3aropa CTaOMIWUTPOH Ha IOCJENOBaTeNbHO BKIIOUeHHBbIE R u U,.

m.oun

CocraBnsiem cxemy 3ameltneHust (pucyHok 15):



/ir.p,vm

O .

Pucynok 15 —Cxema 3amernieHust

Ctpoum BAX:

\/

/CT.min

10,0
2

10,0

/CT.maX

LA

Pucynok 16 —BonpTammnepHas XapakTepHUCTHKa BEHIOPAHHOTO CTA0MIMTPOHA

ITo moctpoennoit BAX (pucynox 16) onpenensiem Benuuuny U, Heo6X0oauMYIo

IJIsL OIpeieIeHUs TapaMeTPOB CXEMbl 3aMeLleHNUS:
Paccunraem R, . u tga:

T.JIUH
_AU, _. _ 36 _
R = A= 199= 504" 8182 Owm,

-(u,,,... dga)=208-(0,045[8182)=1712 B.

cT.max



IIposepounviil pacuem.
I[To 3akonam Kupxroda cocraBum cuctemMy ypaBHEHUH.
Haiinem mapameTpsl cxembl 3ameltienust, npu U

1uom "

IlERG +ICT ERCT.I{I/IH :Ul_U;
IR +1, R, =U,
l,-1.,.-1,=0

CocraBuM MaTpUiHOEC YpaBHECHHUE U HaﬁI[GM 3Ha4YCHUSI TOKOB.

82 8182 0 688
82 0 475|=| 24
1 -1 -1 0

X=41B
Pemenne MaTpuyHOTO ypaBHEHHS:
|, =0,061A,
| =0,022 A,
| =0,039 A.

OnpenensgeM HanpsokKeHUE Ha Harpy3ke NMpU HOMHUHAJIBHOM 33JaHHOM BXOJHOM
HaIpsHKCHUH !

U, =1 [R =0,022[475=18,53 B.

COCTaBHﬂeM YPaBHCHUA 110 3aKOHY KHpXFO(ba AJIS1 BXOOHOTI'O HAITPSKCHUA
U luHo AU 1 :

IlER6 +ICT ERCT.I[I/IH :(Ul_AUl)_U;
I, [Rs +1, [R, =U, —AU,
I,-1,.—1,=0

3al'II/I]J_IeM B ManI/I‘-IHOM BI/I,I[e:
82 8182 0 388
82 0 475|=| 21
1 -1 -1 10
X=41B

Pelienve MaTpu4HOro ypaBHEHUS:
|, = 042 A,



| =0,0047A,

| =0037 A,
Onpe/:[enﬂeM HaIllpsSOKCHUE Ha HArpy3ke IIpyu MHUHHUMAJIbBHOM 3aJaHHOM BXOIHOM

Hal'[prKeHI/II/I:
U,=I,[R, =0,037(475=17,6 B.

CocraBinsieM ypaBHeHUs 110 3akoHy Kupxroda mis U +AU

1nom 1:
I1DR6 +ICT ER:T.L[I/IH =(U1+AU1)_U;
LR +1, (R, =U, +AU,

Il_ICT _IH =0

3anuiieM B MaTpU4YHOM BHE.

82 8182 0 98
82 0 475|=| 27
1 -1 -1 0

X=41B
Pemenne MaTpuyHOTO ypaBHEHHS:
|, =0,084 A,
| =0,041A,
| =0043A,

Onpe/:[enﬂeM HAIIPsAKCHUE Ha HArpy3Ke IIpU MaKCUMAJIbHOM 3a1aHHOM BXOJHOM
HanpsHKCHUH.

U,=1,[R,=0,04:475=20,4 B.

Tak kak B pe3yjibTaTe MMPOBEPOUYHOTO pacyeTa TOK Yepe3 CTAaOMIUTPOH Mpu
MaKCUMaJbHOM BXOJTHOM HaIlpsi’KeHUU He MPEBbIIIaeT MaKCUMalIbHOE MaclopTHOE
3HauYeHHE TOKa Yepe3 CTaOWJIUTPOH U TOK Yepe3 CTAOUIUTPOH MPU MUHUMAIbHOM
BXOJIHOM HAaNpsDKeHUH TMpeBbIIIaeT MUHUMAJIbHOE MaclOpTHOE 3HAdYeHHe TOKa
yepe3 CTAaOMJIUTPOH BHIOOpP CTaOWUIUTpPOHA U 0aIaCTHOrO COMPOTUBIEHUS
BepHbIi. Hanocum Ha BAX pacueTHble TOYKM TPU TpeX 3HAUYEHUSIX BXOJHOIO
HarpspkeHus. PacueT okoHYeH.

Tabnuna 6



CumMBon B C

cTOJIOIa

Howmep U].HOM : 2nom' B AU 1B H.HOM * MA

CTPOKH
0 12 8 2 45
1 9 5 3 41
2 41 37 2 37
3 11 7 3 42
4 31 26 2 40
5 26 22 3 39
6 18 14 2 36
7 10 5 3 35
8 24 19 2 37
9 15 12 3 44
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