=3
8 %

bHOr0 yHMBEpCHTETA
[Jlara no ANUCAHNS: :23.08. 2023 17:16:30

YHUKanbHbI MPOrpaMMHbIA KIKOY:
d74ce93cd40e39275c3ba 2f58486412 1c 8{1‘9}%_}‘

MUHHUETEPETBO HAVKU U BEICIIIETO OBPASOBAHU S POCCUUCKOW OEJIEPAITUU

OEJJEPAJIBHOE 'OCYJJAPCTBEHHOE ABTOHOMHOE OBEPA3SOBATEJIEHOE YUPEJK/IE-
HUE BBICIHET'O OBPA30BAHU A

«CEBEPO-KABKAS3CKUU ®EJIEPAJILHBIA YHUBEPCUTET»

[Iaruropcxait HHCTHTYT (promian) CKOY

MeTtoanuyeckue yKa3aHHs

T10 BBIITOITHEHHIO IIPAKTHYECKHX PaboT
1o gucruruinHe « MHOOPMAILIMOHHO-USMEPUTEJIBHAA TEXHUKA U SJIEKTPO-
HHUKA»
IUISL CTYAEHTOB HAIIPAaBIIEHIS ITOJITOTOBKHU
13.03.02 32nIeKTposHEPreTHKA H SIIEKTPOTEXHHKA

AOKYMEHT NoanmncAH
SNEKTPOHHOW NOAMUCLIO
Ceptudurkar: 12000002A633E3D113AD425FB50002000002A6

Bnapeneu: lLlebayxoea TateAHa AnekcaHapoBHa

Nencreutened: ¢ 20.08.2021 no 20.08.2022



4.1
4.2
4.3.
4.4
4.5
4.6
4.7
4.8
4.9
4.10
4.11

4.12

4.13
4.14

5.2

3.3

CepTtudumkar:
Bnapeneu:

ComepKaHHe

BBeneHie

Llems u 3agaun H3Y4eHHS JUCIIHITIIHHEI

OO0opyIOBaHHE H MaTepHAaJIbI

HarmeHoBaHIE IIpaKTHYECKHX padoT

ComepKaHHe IIPaKTHYECKHX padoT

[ IpakTHueckas padora Nel IIomympOBOJHHKOBEIE 3JIEMEHTEI

[ IpakTHueckas padora Ne2 [IomylipoBOJHHKOBEIE JHOIBI H CTaOHIIMTPOHEI
[IpakTnueckas padora Ne3 TpaH3HCTOPHBIE KIIFOYH

[IpakTinyeckasa padora Ned YCHIMTEIN HU3KOH YaCTOTREI Ha TPaH3HCTOpax
[Ipaktiyeckasa padora Ned> MCcTOUHHMKH CTaOWIH3HPOBAHHOIO ITHTAHH 5

I IpakTHueckas padora NeO ['eHepaTOpEI rapMOHHYECKHX KOJIeOaHHH

[ IpakTnueckas padora Ne7 MynbTHBHOPATOPHI H OJHOBHOPATOPEI
[IpakTHueckas padora Ne8 TpHITEPEI

[IpakTiyeckasg padora Ne9 O6paboTKa pe3yIbTaTOB H3MEPEHHII

[Ipakrnyeckasa padora Nel 0 Pacuér maciurabHBIX IpeoOpa3oBaTeiei
[IpakTryeckas padora Nel 1 Fi3MmepeHHe akTHBHOH MOITHOCTH B Tpex(pa3HEIX Ile-
TISIX

[IpakTyeckas padora Nel2 M3mMepeHHe peakKTHBHOH MOIITHOCTH B TpeX(pa3HBIX
IIETTSX

[ Ipaktnyeckasa padora Nel 3 PacyeTr MOCTOBEIX CXeM

[IpakTnueckas padora Nel4 MeToabl SNEKTPHUYECKHX H3MEPEHHH HEBJIEKTPHYE-
CKIX BEJIHNYHH.
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BrejieHue

[IpaKkTHUeCKHE 3aHSATHS CO3MAal0T OITHMAJIbHBIE MHIAAKTHUYECKHE YCIIOBHUS IS AESTENb-
HOCTHOI'O OCBOEHHS CTYAEHTAMH COJEPKaHH I H METOIOJIOTHH H3y4aeMOH JHCIIIIMHEL. [ [pakTH-
YecKHe 3aHATHS 3aHHMAIOT IIPEHMYIIECTBEHHOE MeCTO IIPH H3y4eHHH OOIIeIpodeccHOHaIbHBIX
H TNPOQeCCHOHAIbHBIX MHCIHMIUIHH. [IpakTHYecKHe 3aHSATHSI IIPOBOJSTCS C LENBI BBIPAOOTKH
ITPaKTHYECKHX YMEHHH H IIPHOOPETEHNS HABBRIKOB B PEINEHHUH 3a7ayd, OTPabOTKH VIIPaXHEHMIL,
BBITTOJIIHEHHH YEPTEKEH, IIPOHU3BOACTRE PACUETOB H T.1I1.

[{enpr0 MpaKTHYECKHX 3aHSITHH SBIAETCS ()OPMHPOBAHHE ITPAKTHYECKHX YMEHHH — ITPO-
(pecCHOHAIBHBIX (BBHIIOIHATh OIpPeIelIEHHBIE TeHCTBHS, OIlepallHi, HeOOXOIHMBIE B IIOCIEIYIO-
II[eM B ITPO(eCCHOHAILHOH JeSTeIbHOCTH) HIH Y4eOHBIX, HeOOXOJHMBIX B ITOCIeAYIomeH yueo-
HOI1 AeSTeIFHOCTH IT0 O0IIeITpodeCCHOHAIFHBIM H ITPO()eCCHOHAILHEIM JTH CITHIDIHHAM.

buGmiorpadryeckini CIICOK COAEPKHUT CBEJAEHHS O CIIPABOYHOMH JIHTEPATYPE M JTOIIOIIHH-

TCIIBHBIX H3AaHH TX, HeOOXOIHMMBIX IS }’T‘HY@HEHHGI‘G H3YUCHHA OTACIIBHBIX BOIIPOCOB.

OJOKYMEHT NoanmvucAH

SNEKTPOHHOW NOAMUCHIO
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1. I[ens u 3a0auu u3yueHus OUCUUNIUHDL

[{enp TUCIMIUIHHEL SBIISETCSA OCBOEHHE ITPHHIIHIIOB JEHCTBHS IOIYIIPOBOJHHKOBBIX ITPH-
O00POB, YCHIHTEIBHBIX, HMITYIIbCHBIX, IOTHYECKHX, IIH(POBBIX H ITpe00pa30oBaTelbHBIX YCTPOHCTB
H OCHOBHBIM 0COOEHHOCTSIM HX HCITOJIb30BAHHS B AIIEKTPOTEXHHYECKHX H AIIEKTPOMEXaHHYeCKHX
yCTaHOBKaX, OCBOEHHE COBPEMEHHBIX CPEACTB H METOJ0B AIEKTPHYECKHX H3MEPEHHI, 00pabOTKH
H IIPEACTARIEHN S HX PE3YIILTAaTOB.

3agauyd JUCIIHIUIHHEIL SBISETCSI B PE3YIIbTaTe H3YYEHHS JUCIHILIHHEL CITEIHAIIHNCT JOIKEH
IIPHOOPECTH yMEHHE YeTKO IIPeJCTABILITh IIPHHIMII ACHCTBHS SJIEKTPOHHBIX 53JIeMEHTOB H
YCTPOHCTB, SKCIIEPHMEHTAILHBIM ITYTEM OITPEJEIIHTh HX ITapaMeTPhl H XapaKTePHCTHKH, a TaKkKe
OLIEHHBAaTh TEXHHKO-SKOHOMHYECKYIO 3(P(eKTHBHOCTh NPHMEHEHHS STHX YCTPOHCTB, OITH-
MalIbHO BEIOpPATh CPEICTBO H3MePEeHHS /I IIOCTaBISHHOM 3aJauH H3MePEeHH L, BRIITOIHNUTE H3Me-

peHe, 00padoTaTh H HauIeKalluM 00pa3oM IIPeACTaBUTh €0 Pe3yIbTaTHI.
2. Obopyodosarue u mamepuaisl
ATrmiapaTHBIE CPeICTBA: TIePeHOCHON HOYTOVK, IIPOEKTOP, JOCKAa MAaTHHTHO-MapKepHasl.
YueOHasl ayauTOPHS IS ITPOBEACHHS YUeOHBIX 3aHSTHH, OCHAIleHa O0OPYAOBAHHEM H

TEXHHYCCKIMH CPEACTBAMH Dﬁ}HIEHH_}I.

3. Haumenoeanue npakmuueckux paoom

Ne Temsl M3 HUX ITpaKTHYe-
HarmeHoBaHHe TEM JTUCIHMIIINHEL, HX KpaTKoe co- | O0beM
ITHICITH - CKasl ITOJITOTOBKA,
IepKaHHE JacoB
T HEI 4acoB
5 ceMecTp

IIpaxTHyeckas padora Nel. ITomynmpoBOTHHKO-
BBIE HTIIEMEHTHI.

1 [IpnoOpeTeHie YMEHHII M HABLIKOB IIPH OIIEHKE 1,5
ITapaMeTPOB HEATM3HPOBAHHBIX ITOIYIIPOBOIHH-
KOB.

IIpakTHyeckas paodora Ne2. ITomympoBOIHHKO-
BBI€ THOJBI H CTaOHIIMTPOHHL.

2 OllEHKa CTaTHYECKHX ITapaMeTPOB H aHaIH3 pe-
AKHMMa paloThl ITOIYIIPOBOAHMKOBEIX MIHOJIOB H
CTaOHJIMTPOHOB B IIEIH ITOCTOSHHOI'O TOKA.
IIpakTHyeckas padora Ne3. TpaH3HCTOpHEIE
KITFOYH.

NOKYMEHT NOAMNMUCAH IECKOr0 pe’KHMa

SNEKTPOHHOW NOAMUCHIO
Ceptudurar:  12000002A633E3D113AD425FB50002000002A6 =
HIIHTEIIH HH3KOH

Bnageneu: LWWebayxoea TatkaHa AnekcaHgpoBHa 1.5
b
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M3ydeHne pe;KMMOB paOOTHI H pacyeT ITapaMETPOB
YCHIHTEIeH Ha TPaH3HCTOpaX, BKIIOUEHHBIX IIO
cxeMe ¢ OOIIHM SMHTTEPOM.

IIpaxTHyeckas padora NeS, McToyHHKH cTaOH-
JI3HPOBAHHOTO ITHTAHH L.

[IppoOpeTeHne yMeHHH H HABBIKOB OLIEHKH ITapa-
METPOB CXEM HCTOYHHKOB CTaOHIIM3HPOBAHHOIO
IIHTAHH S, H METOJAMH pacyeTa HX ITapaMeTpOB.

IIpaxTHyeckas padora Ne6. I'eHepaTOpEI rapMo-
HHYECKHX KOJe OaHH.

[IproGpecTH HAaBBIKH pacyeTa reHepaTOpPOB Iap-
MOHHYECKHX KOIeOaHHI.

IIpakTnueckas padora Ne7. MynIbTHBHOPATOPHI
H OJHOBHOPATOPHIL.

[IproOpecTH HABBIKM pacyeTa I'eHEPATOPOB HM-
ITYJIECHBIX CHTHAJIOB.

IIpaxTHyeckas padora Ne8, TpHITEpHL.
[IomyynTh IMpakTHYeCKHE HAaBBIKH pacyeTa TPUITE-
POB.

Hroro 3a S cemecrp:

0 ceMecTp

IIpaxkTHueckas padora Ne9. O6GpaboTKka pe3yisb-
TaTOB U3MEPEHHI.
[IppoOpecTH IpakKTHYECKHE HABBIKH OOpalbOTKH
PE3VIBTATOB U3MEPEHHI H OIPEIEIIEHH A ITOT PEIII-
HOCTH H3MEPEHHI.

10

IIpakTnueckana padora Nel0. Pacuér maciurad-
HBIX ITpeoOpa3oBaTeleH.

[IproGpecTH IMpakTHYeCKHE HABBIKH pacuyeTa Mac-
ITabHBIX IIpeodpa3oBaTeleH IS aHAIIOTOBBIX H3-
MEPHTEIBHBIX ITPHOOPOB.

1,5

11

IIpakTnueckan padora Nell. M3MepeHie akTHB-
HOH MOITHOCTH B TpeX(]a3HBIX IEITIX.
[IproOpecTH IMpakKTHYeCKHE HABBIKH pacyeTa M H3-
MepeHHS aKTHBHOH MOIITHOCTH B TpexX(pa3zHEIX Ile-
TISIX

12

IIpaxTHyeckasn padora Nel2. Msmepenne peak-
THBHOH MOIIIHOCTH B TPeX(pa3HBIX LIETISX.
[IproGpecTH rpaKTHYeCKHe HaBLEIKH pacyeTa M H3-
MEpPEeHHSI PeaKTHBHOH MOIITHOCTH B TpeX(paszHbIX
I[ETISIX.

13

IIpaxTHyeckas padora Nel3. PacueT MOCTOBBIX
CXEM.

[IpnoOpecTH IMpaKTHYECKHH HAaBBIK pacueTa MO-
CTOBBIX CXEM Ha IIEpeEMeHHOM H ITIOCTOSHHOM TOKE.

1,5

14

IIpaxTHyeckas padora Neld. MeToJIbI 3IIeKTPH-
YECKHX H3MEPEHHIT HEAIEKTPHYECKIIX BEIIMYHH.

FOKYMEHT FIORMAGAR ™" 777177777 ETOJIOB SIEKTPH-
SNEKTPOHHOW MOAMNUCHIO KITX BEIIMIH.

Ceptudpurkar: 12000002A633E3D113AD425F BS0002000002A6

Bnagened: ebayxoea TatbAaxa AnexcasgpoeHa
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4. Codepocariue npakmuueckux paoom

Ipakmuueckaa paboma Nel, I1onynpoeo0HUKO6bLE IJIeMEHMbL

Ilens: iproOpeTeHHE YMeHHI H HAaBBIKOB ITPH OILIEHKE ITapaMEeTPOB HJlealTH3HPOBAaHHBIX

ITOJIVIIPOBOJHHKOB

OcHo6bL meopuiL:

[Tycths N - wicao cBOOOIHEBIX 3NIEKTPOHOB B eIHHHIIIE 00heMa, ITPOBOSIIErO MaTepHala.
Ecmi cpeHsst ckopocTh Apeiida 31eKTpoHoB - vd (cM?%/c), a 3apsi SIIEKTPOHA €, TO 3a BpeMs At
yepe3 MOIEPEeYHOe ceueHHe S ITPOBOJHUKA IPOHAET 3apsa Aq, T.e.

Aq = e'Nva-S-At | K. (1.1)

Pazmemip (1.1) Ha At, momyunM Tok: = (Ag/At) = e'N-vg'S [A]. (1.2)

E ¢ X TTpOBOIHUKY JIMHOHN [ IIPHIOKeHa Pa3HOCTh ITOTEHIHANIOB (pa—@zp) = U, TO Hamps-
’KEHHOCTh E BIEKTpHYECKOro IO B IIPOBOJHHKE COCTABHT:

E=U/ [BM];, Tk U=[Edl=(ps—0s) [B] (1.3)
CKOpocCTh ApeH(a NMeKTPOHOB MOKHO OIIPEIEIINTh M3 BEIPAKEHH:

vi= wE [(cM*/B-c)(B)] =[cM?¥/c]. (u - MOOBHAKHOCTD DIIEKTPOHOB — cIipaB.)  (1.4)

IToxcraBuB (1.3) 1 (1.4) B BBIp. (1.2), MomyuM IonmHoe BeIpakeHHe J1a TOKA.:
[=(Ag/At) =e'N-u-S(U/l) |[Kwe]=[A] (L.5)

DOJIEKTPHYECKHI TOK — €CTh BEJIMUHHA JHHAMIYEeCKasd, H LI BElhﬂﬂ-I}"]?Gﬁ IEIIH 3aBHCHT OT

TIPHpaIleHHs 3apsfa BO BpeMeHH, ¢ YIeTOM CBOHCTB MaTepHajla (IIPOBOJHMOCTH), T.€. OT BeJIH-
YHHBI 3apsja, Yrciia CBOOOMHBIX IEKTPOHOB H HX ITOABHKHOCTH L.
Bripaxenre 6 =y = (e'Nu) = (1/p) [ /ow=] - BEIpa’kaeT IIPOBOAAIIIE CBOIICTBAa MaTepHAIIA

— e20 Y0 eabHAA NPo600UMOCHb (G) HITH Y0 elbHAL IJIeKIMPONnPo600HOCHIb.

CHia TOKa B IIPOBOJHHKEC 3dBHCHT OT JJIMHBI H IUIOIIAAH CI'O ITOIICPCYHOI'O CCHCHIA.

[=(6S/D)U=gU. rae g=(cS/I)— npoBommocth ['/o,] (1.6)

Mexnay 2./i-Koil npo6oduUMOCHbI0 I CONPOMILEIeHIeM CYIIIECTBYET COOTHOIIIEHHE!
g=(1/R)=0c'S/, [emMm]; R=[p(l/S)] =[l A(c-S)]=[1/(eN-u-S)]. (1.7)
rae p = (1/6) = [1/(e'N-n)] = R/AS/I). [OmMm] (yoensroe conpomusnenue). (1.8)

[To BemmaHHe () Bce MaTepHAIBI MOKHO Pa3fe/iTh Ha TPH I'PYIIHL (Tadm. 1):
— NPOBOAHHUKM (MeTaIUIBI M HX cInIaBbl): p = 0,015+15 [Om:Mv?/M];  oumer > 10°;

— MOJIYIPOBOHHKH M 2IeKTpoauThl: p = 107 +10°% [OMm-MM*/M], onm > 10°+107%;

NOKYMEHT Nnoanncax 1nl0 - 1nl4 . )
SNEKTPOHHOW NOANMMCHIO 107 =10 [Om-dvr/m].
CepTuchukar:  12000002A633E3D113AD425FB50002000002A6
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Tabmra Nel.l. ¥YaeabHoe cONMPOTHBIEHHE METAJUIOB, HCIIOIB3YEMBIX B JIEKTPOHHKE

N | XmM. 37e- MarepHan p = (OMeMm?M) TipH | @ = TKC (+) mpu T = 20°C
MEHT T =20°C
1 Ag Cepebpo 0,016 0,0035
2 ‘ Cu ‘ Meb 0.017 0,004
3 Al AJTFOMIHHHA 0.028 0.004
" Cramb 0,.1-03- 0,5 0.006

CpolicTBa MOJIYNIPOBOJHHKOBBIX P-n-nepexoaos

[TonmynpoBogauKkoBbie (I1I1) MaTepHansl Ha OCHOBe p-nr TepeXoJoB U3 Si (29 % 3eMHOMH
KOpkI), TepmaHud (Ge), mubo apceHH[ rawmng (GaAs) IPHMEHSIOT IIPH IIPOH3BOJCTBE JTHOOB,
TPaH3HCTOPOB, HHTErPaIbHEIX MHKpocXeM. (B murocdepe comepx. 47% KHCIOpoaa).

p-n 1iepexon — 370 KoHTakT 2-X IIII, obmamaronpix pasHBIM THIIOM ITPOBOJHMOCTH, TJIE

KaToJHas n-00IIacTh JIETHPOBaHa JOHOPHOM ITpHMechio (Li), co3maromen BRICOKYIO KOHIEHTa-

I[HIO 3JIEKTPOHOB (J0HOPOB Np), a aHOAHAA p-00IacTh JIETHPOBAaHA AKIENTOPHOH ITIPHMECHIO

(In™"), co3marorer BRICOKYIO KOHIIEHTPAI[HIO AKIenTopoB (Ny).
p-n 1iepexop - ocHoBa lII1 sanmemeHTa u oGmagaeT OLHOCTOPOHHEH ITPOBOJHMOCTELIO TOKA.

DJEKTPONPOBOIHOCTD — 311-CKasl NPOBOHMOCT b (S~g) p-n TIEPEX0][a 3aBHCHT OT HaITpaB-

JICHHA ABH/KCHH TOKA. 6blCOKdAA — AJIA ITPAMOI'O H HU3KAA — IJIA GﬁpﬂTHGI‘G TOKaA.

B paBHOBECHOM COCTOSIHHMH BBICOTA ITOTEHIIHAJIBLHOIO Oaphepa (KOHTaKTHas pa3HOCTH I10-
TeHIHAJIOB Qx [ 1]) MeXay p H n — o0acTsIMH onpeaenseTcsa (POPMYIIOH:
¢x = @r'In(Na'Np/ni%), muéo  ¢x = (k*T/e) In(n.'py/ni®) [B]; (1.9)
TAE Ny U pp — KOHIIEHTPAI[HH OCHOBHBIX HOCHTETIEH (3JIEKTPOHOB U JBIPOK) N H P - OOIIACTH.
ot = (k'T/e) =T/11600 — TermmoBoii noteHIuan | Bj; (1.10)
k — nioctostHHag borpiimana, T — TeMrieparypa, e — 3apsa;, h — nmocrosHHas [ ImaHka.
Max. KOHTAKTHaf pa3HOCTb MOTEHIHAJIOB: PxGe) < 0,6 (B), ¢xsi < 1,1 (B).
HomrHameHas BelTHuHHa: Pr(Ge3oox) = 0,3+0,4 (B);  ¢pxsiaony = 0,7+0,8 (B).
[Tpn xomHatHOMH TemmiepaType (T = 300 K) B I1I] maTepHarne BcsS ITpHMeCh HOHH3HPOBaHA,
a KOHI[EHTpaIHI COOCTBEHHBIX HOCHTEIIEH OUYeHb MaJjla, II03TOMY KOHI[EHTPAII OCHOBHBIX HOCH-
TeJIEH paBHA KOHIIEHTPALUH IIpUMecen: nn, = Np; pp = Na;

n; — COOCTBEHHAS KOHIICHTPAIIHA HOHH3HPOBAHHBIX ATOMOBE B JdHHOM Oﬁ'BEME;

n. — N., (CAEZKT)  qerRn e — A N Ne e (—AW/2KT) 3 .
NOKYMEHT NOAMNUCAH NerNv-ex , [em”] (1.11)

SNEKTPOHHOW NOAMUCHIO
Ceptudukar: 12000002A633E3D113AD425FB50002000002A6

Bnapeneu: lLlebayxoea TateAHa AnekcaHapoBHa

Ha 3anpeieHHon 30Hb1 B [111;

Nencreutened: ¢ 20.08.2021 no 20.08.2022



KoHIIeHT paIHI 3IeKTPOHOB (Nn) B 30HE MPOBOAHMOCTH H JBIPOK (p) B BalIeHTHOMH 30HE,

¢ yueToM sHepruu ypoBHSA DOepmu (Er), sHeprun BepxHeH BaleHTHOH 30HBI (Ev) M 3Hepruu

HHKHEH T'PaHHIBI 30HBL ITPOBOIHMOCTH (Er:j):, COCTABAT.

n= NC_EIP—[EE—EHJ’I{T; p= NV'EI_;;._{Ef_EﬂmT; [I]il —n- p — NC_NV_EJP(—ELEJT{T}]; (l 1 3)

YpoBeHbr DPepMH B COOCTBEHHOM ITOIVIIPOBOIHHKE, COOTBETCIBVIOIIHIL CEePEIHHE IIMH-

PHHBEI 3alIPEIlleHHOH 30HBI AE COCTAaBHT, HAIIPHMCEDP, JJId KPEMHIA H I'CPMAHHA.

Wg1 = Wg=—AEzisiy/2 =— 0,56 3B. — AEsGey/2 =— 0,38 3B. (1.14)

¢v = Ev/q: ¢c = Ec/q - 3J. moTeHIHAaJ BepX. M HIDKH. TPpaH. BAJIEHTHOH 30HBEI H 30HEI
IIPOBOIMMOCTH,
Qe = Y%4[(Ec+Ev)/q] — 3J1eKT pH4YecKHil MOTEHIIHAJI CEPETHHBI 3alIPEIeHHOM 30HBI.
YposHu @epmu B 3n1eKTpoHHOM (n) [IIT B merpounom (p) I1I1 cocTasr:
Wen= WE+ K-T:In(Np/ni);  Wr= We— KT In(Na/ni) (1.15
YposHu @epmu B 3neKTpoHHOM (n) [IIT 1 B gbipounom (p) [1I1 cocTaBsr:
Wen= We+ k-T-In(Np/ni); W= We—k-T-In(Na/ni) (1.15)
[TTuprHa p-n-miepexojia B PaBHOBECHH (IIPH OTCYTCTBHU BHEIITHETO HAIIPSDKEHHS), COCTa-
BUT. (TJe &si)— OTHOCHTEIbHASL, Oe3pa3sMepHas),
d = (dn + dp) = [2ecsieoor)/e] [(1/Na)+(1/Np)], [EM]. (1.16)
[Tpu 1oj1aue BHEIHEr O HANIPSKEHH S 3Ta IIIHPHHA COCTAaBHT:
d = \[Qesieo(Pe-U)e]- [(1/Na)+(1/Np)], [mmM]. (1.17)

[TockoMmBKY BHYTPH p-n-Tiepexojia OOMMii OTPUIIATENbHBIN 3apsi HOHH3HPOBAHHBIX aK-

I[EIITOPOB paBeH OOIEMY ITOIOKHUTEILHOMY 3apsAy HOHH3HPOBAHHBIX JOHOPOB, KOTOPBIE pacIIpe-
JETIEHEI Ha IUIOMIAAH S MOIEPEYHOTO CEYEHNS p-n-Tiepexoda, T0 dn'Np'S = dp*Na-S.

Ortcroga cienyeT: (dn/dp) = (NA/Np) = (pp/na). (1.18)

Harpsa:KeHHOCTb 3IEKTPUYECKOr0 TOJIS B P-n-TepeXoje MaKCHMallbHa Ha TPaHHNIIE
Eu = (2ox/d) [B/M]. (1.19)

[Ipu NIpHITOKEHHH K P-n-TIepeXoAy BHEMHET0 HaIpskeHU U BeIcOTa MOTEHIHATIBHOTO Oa-

pbepa H3MEHSIETCSI Ha BEIIMUHHY 3TOI0 HAITPSDKEHIS:
A = (pk — U) — pa3HOCTH IIOTEHIHAIIOB.

[Ipu nipsveix (Urr) HANIPSDKEHUSIX p-N-TIEPEXO, CYKaeTcs, U IpH 00paTHBIX (Uosr) Harps-
KEHHSIX P-N-TIEPEXO0]] PACIIHPSIETCSL

BomstamriepHasa xapaktepuctnka (BAX) p-n-Tiepexojia BhIpakKaeT 3aBHCHMOCTh MEXIY

TOKOM (I) (FUIM IUIOTHOCTBIO TOKA j) UEPE3 P-N-TIEPEXOA H ITPHIIOKEHHBIM HarpskeHneM U (ypas-

OJOKYMEHT NoarincCAH
SNEKTPOHHOW NOAMUCHIO
Ceptudurkar: 12000002A633E3D113AD425FBS50002000002A6

UlfpT v : :
Bnapeney:  llleBayxosa TateaHa AnekcaHapoBHa )+(E'Dp'pHILP)]'(EKP{ T ] ). (1.20)
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D, u D, — ko3 dprimneHTH THPQY3HH I SIIEKTPOHOB H JBIPOK;

L, u L, — auddy3noHHad UIiHa IpolieTa 3MeKTPOHOB (n) M ABIPOK (P);

Np U Pn — KOHI[EHTPALMH HEOCHOBHBIX HOCHTETIEN 3apsa.

JII1s1 HEBBIPOKAEHHBIX ITOIYIIPOBOAHHKOB KOHIIEHTPAIIHH HEOCHOBHBIX HOCHTEJIEH 3aps-
IIOB (Pn— IBIPOK B AMEKTPOHHOM CJIOE) H (N - 3JIEKTPOHOB B JBIPOYHOM CIIO€) MOKHO OIIPEAETIHTh
13 BRIPAKEHILT:

pn= (mi*Np), n,=(m*/Na); [cMm™]. (1.21)

Bripaxkenne (1.20) BRIBOAHTCS H3 ITPEIIOI0KEHHS, UTO BCE BHelllHee HanpsokeHHe U mpH-
TIO’KEHO TOJIIBKO K OOIacTH p-n-IIEPEX0/ia C VAEIbH. IIPOBOAUMOCTBIO [G = Gu+ Gp).

[IpoBOAMMOCTE KBa3HHENTPAIIbHOM P-00TIACTH: Gp = €' Pp’ Ly, (Lp — ITOABIKHOCTH JBIPOK) U
IIPOBOJHMOCTE KBa3HHEHTPAIIBHOH N-00ITaCTH ~ Gn = € Ny”Un. (Lln — ITIOJABIDKHOCTD 3JI-HOB ) HAMHOI'O

OOIBIIE MTPOBOAUMOCTH O00e JHEHHOM O0IIACTH p-n-IIEPEXOA.

[pp=0p/(e'tp) = L/(Na-e lp)];  [na=cn/(etn) = I/(Nge-pn)l: (1.22)

3aoanusn:
3aoarue Nel
OrnpeAemiTh pa3HOCTh ITOTEHIIHATIOB Qx B S1 p-n—Tiepexoje npu T=300 K, ecm: UIIP =

0,35 B KOHIIeHTpal[HH aKI[ENTOPOB M JOHOPOB B JALIPOYHOH M 3JIEKTPOHHOH O0JIACTSIX COCTaB-

1s10T: Na =10 1 Np = 5107 (em7?).

3adanue No2
Komnmenrparmsa Ge p-n-riepexoga Ny = 10°Na, rmpraeM Ha kaxasle 10% atomos Ge IIpH-
XOIUTCS ONHMH aTOM aKLEITOPHOI IIprMecH. KoHmeHTparmn atoMoB Nge = 4,4-10%% (eM™),

uoHu3Up osarnslx amomos n; =2.4-10" (em™). Ompenenurs ox mpu T = 300K

3aoanue Ne3

J{71s1 TIOIIYIIPOBOTHHKA U3 Si IIPOBOJHMOCTH B n- H P- 00JACTSIX Gy = 3,2 [1/(Om'eM)] U G
= 4.8 [1/(OMcM)]; ta= 800 (cMm?/B-c); 1= 250 (em?/B-c). T = 300 K.

Omnpegesmrh: 1) KOHTAKTHYIO Pa3HOCTh IIOTEHIHAIIOB (Px);, 2) IMPHHY p-n-IIEPEX0a CO
CTOPOHEL n- U p- obmacted dy U dp, a TAKXKE MOMHYIO MIMPHHY Iepexoga d = (da+dp).

3) HapsDKeHHOCTh KOHTAKTHOTO IOn Eir, 4) Kak H3MeHHTCS BhICOTa ITOTEHII. Oapbhepa

(A@), eCIN K p-n-TIEPEXOAY ITPIIOKHUTE BHelIHee Hanpsokenue: U =+0,2 B, U, =- 2 B.

AOKYMEHT NoanmncAH
SNEKTPOHHOW NOAMUCHIO
Ceptudurkar: 12000002A633E3D113AD425FB50002000002A6

Bnapeneu: lLlebayxoea TateAHa AnekcaHapoBHa

Nencreutened: ¢ 20.08.2021 no 20.08.2022



3aoariue Ned

JUT1s1 TIONIYIIPOBOJHIKA U3 Si IIPOBOJHMOCTH B n- H p- 00IacTsX Gy = 3,2 [1/(Om'eM)] U G
= 0,64 [1/(Omcm)]; pa= 800 (cM?/B-c); pp,= 400 (ecm?/B-c). T =300 K.

OnpegesmTh: 1) KOHTAKTHYIO Pa3HOCTh IOTEHIHAIIOB (Px); 2) IMMPHHY p-n-IIEPEX0ja CO
CTOPOHEL n- U p- o0nacted dy U dp, a TAKKE MOMHYIO MHPHHY Iepexofa d = (da+dp).

3) HanpsDKeHHOCTh KOHTAKTHOTO 1o Eir, 4) Kak H3MeHHTCS BBICOTa ITOTEHIL Oaphepa

(A@), ecnu K p-n-Iepexony IPIIOKHUTE BHelHee HanpsokeHnue: U =+0,1 B; U, =- 1 B.

3aoarue Ne5
B upeansHoM Si p-n-niepexoge ni = 1,45:10'%(1/cm’); D =40 eM’/c; Dy =15 em?/c;, Ly =
100 mxn; L, =60 mxnv; Np= 10" (em™); Na=10" (em™); T=300 K

OnpegeHTh: 1) INIOTHOCTh TOKA HACHIINEHH jx.

3aoarue Ne6
B upeansHoM Ge p-n-riepexofe ni = 2,45°10"(1/en’); Dn = 100 em*/c;, D, = 50 em?/c;, La
=300 MxM;, L, = 200 MxM; N = 10" (em™); Na = 10" (em™); T=300 K.

OmnpegesmTh: 1) INIOTHOCTh TOKA HACHITIEHHS js.

3aoarue Ne7

KoHIeHTpaigis JOHOPOB B n-00IacTH JHOJIA ¢ HAEATLHBIM pP-n-IEPEXOT0M PaBHA KOHI[EH-
TPaIHH AKIENTOPOB B p-o0nacTH, T.€. (Ng = Na). M0oXKHO NIpUHATE, YTO OTHOIIEHHS Dyw/D, = 3;
Lo/L, = 1,5 He H3MEHWIHCE IIPH H3MEHEHHH YPOBHS JIETHPOBAHISL.

OnpeaesMTh. KakK H3MEHHTC S ITIOTHOCTE TOKA Yepes TaKOH IEPEX0, ECIIH KOHIIEHTPALHIO

YBEIIHYHTE B 5 pas.

3adanue No§

[TmoTHOCTE TOKA Yepes HAEAIBLHEIH p-n IIEPEXOL IPH HEKOTOPOM BHEIIHEM HATIPSUKEHIH
U paBHa j; =0,2 A/em?. U3BecTHO, UTO KOHIIEHTPAIH I aKI[ENTTOPOR B p-001acTH B 10 pas OolbIte,
YyeM KOHIIEHTpaILHsI JOHOPOB B n-00nMacTH. MOKHO ITPHHATE, UTO OTHOIIEHHI Dn/D, = 2; Lo/l =
1,2 He H3MEHSTIHCH IIPH H3MEHEHHH YPOBHS JIETHPOBAHHS.

OnpeaesTh IUIOTHOCTL TOKA Jo UEPE3 aHAJIOTHYHEIHN ITEPEXO], HO ¢ MEHBIIEH B 2 pasa

KGHI.[EHTI)&I.[IIEf[ dKIICIITOPOB, €CJIH BHCIIHES HAITPAKCHHE OCTAJIOCh PaBHBIM U.

OOKYMEHT NnoarnmncAH
SNEKTPOHHOW NOANUCHIO

Ceptucbmkar: 12000002A633E3D113AD425FBS0002000002A6
Bnapeneu: lLlebayxoea TateAHa AnekcaHapoBHa

Nencreutened: ¢ 20.08.2021 no 20.08.2022
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Ceptuchmkar: 12000002A633E3D113A0425FBS0002000002A6
Bnapeneu: lLlebayxoea TateAHa AnekcaHapoBHa

3adarue Ne9

[InpuHa 3armperneHHON 30HE S1mpu T = 300 K, cocraBuima AW = 1,12 3B. [Ipu usmeHe-
HHH TeMITepaTypel 10 T2 = 250 K mmpHHa 3a1mpeliieHHOH 30HbI S1 H3MEHSETCS 110 3aKOHY AW ) =
AW ooxy — (T — 300K), roe o= 2.84-107* (sB/K).

OnpeaesTh, KaK H3MEHHTCA IDIOTHOCTH OOPATHOI'O TOKA js YEPE3 HAEATILHEBIH S1 p-n- I1€-

PEXOJT IIPH YMEHbIIIEHHH TeMIlepaTypsl oT T mo To.

3aoarue Nel()

OrnpeienTh W3MeHeHHe KOHTAKTHOH Pa3HOCTH IIOTEHIHAIIOB (K, ECIH B Si p-n-TIepexojie, IpH

T = 300K, yziempHbIe COIPOTHBIIEHHE p-00JIaCTH COCTABILTIO Pp = 1 (OM/cM), a KOHI[EHTPAI JOHOPOB

cocrapismia: Npr = 10 11 Npp = 10 (eMm 7).

3aoarue Nell

OMpeIENHTh 13MeHeHiie KOHTaKTHOH Pa3HOCTH IMOTEHIHATIOB Pk, eclIH B Ge p-n-Tiepexo/ie, ITpH
T =320K, yzenbHbIe COIpOTHBIIEHHE 00MacTeil: pp=2 (Om/cM), ny =1 (Om/cM); KOHIEHT paris JOHOPOB

cocrapirstia; Np; =10" 1 Np2 =10 (em ™).

3aoarue Nel2

| [OCTPOMTE JIMHHIO HArPY3KH IS LIEIH, cofeprkarieH HertouyHuK E = 10 B, corpornsinenne R orp

=100 Om u murox KJ[102 (¥cromnb3ys JaHHbIE ITapaMeTpoB H3 Ta0mn. 2 [Tprmmoxkenws 1.).

Onpee/MTh JTHAITa30H BO3MOKHBIX IPSMBIX TOKOB JUI ITpsiMoi BeTBH (TTpH T = 300K).

3aoarue Nel3

1 [OCTPOMTH JIMHHFIO HArPY3KH IS LIETH, COAep KaleH HeToUYHHK E = 15 B, corpornBineHne R orp

=150 Om u murox I'J1507 (scTons3ys JaHHBIE ITapaMeTpoB 13 Ta0m. 2 [TprmmoxkeHms 1.).

Onpee/MTh JTHAITa30H BO3MOKHBIX IPSMBIX TOKOB JUI ITpsiMoi BeTBH (TTpH T = 300K).

3adarue Nel4
B niermm m3 aByx apogoB J1310 oo J1311 mpw n3MeHeHHH HarnpspkeHa Upp = 0,12 + 0,36 B (m
rpH T = 300K) rmpsmoi TOK YBEJIHMYHBAETCA B AHarazoHe Ipp = 2,5 + 16 MA.

Omnpepesmrhb JH( pepeHIaIbHOE COIMPOTHRIIEHHE H KPYTH3HY XapaKTEPHCTHKH JHOA.

NOKYMEHT MOAMNMWUCAH
SMEKTPOHHOM NMOAMNMUCHIO

oH 13MeHeHHH HarpspkeHHS Unp = 0,35 + 0,65 B (u

30oHe Ip=1 + 30 MA.

Nencreutened: ¢ 20.08.2021 no 20.08.2022
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Omnpegesmthb qHdPepeHITIaIbHOE COIMPOTHRIIEHHE H KPYTH3HY XapaKTEPHCTHKH JTHO/A.

3aoarue Nel6

[ [7TOTHOCTE Map 3MEKTPOH-ABIPKA B COOCTBEHHOM I'epMaHHH, 00pa30BaBIIIXCS BCIIEACTBHE TEIT-
JIOBOIT TeHEPaLIHH, OIIpeAeriieTca 110 popMyie: n; = Neey, 2551 (en)

OnpeaeJMTh ITIOTHOCTH ITap 3JIEKTPOH-AbIpKa i1 T = 280, 300 u 320 K.

[Ipemomnaraercs, 4yro mrpHHa 30HbI (E3) He H3MeHsIercs ITpH H3MeHeHHH TeMIiepaTyphl T .

3aoanue Nel7
Kprcramn repmanmsg Haxoquresa rmpu T = 300 K.

BbrMMCc/IMTh, HA CKOJIBKO % YBEJIMUHUTCS €0 IIPOBOAMMOCTE ITpH YBerueHHH T Ha 10%7

3aoarue Nel§

[[7TOTHOCTE ITap 3MeKTPOH-BIPKAa B COOCTBEHHOM KPEMHHH, 00Pa3s0BaBIIMXCS BCIIEACTBHE TEII-
JIOBOI TeHEPALHH, OIpeieisierca 1o gopmyrte: 1; = Nee, 2551 (em™)

OnpeaeJMTh ITIOTHOCTH ITap 3JIEKTPOH-AbIpKa 111 T =273, 300 u 327 K.

[Ipemomnaraercs, yTo mrpHHa 30HbI (AEs) He H3MeHSeTcs ITpH H3MeHeHHH TeMITepaTypal T .

3aoarue Nel9
Kpucramn kpemansa Haxogurcesa ipi T = 330 K.

BbMHMC/MTD, HA CKOJBKO % YBEJIMUHTCS €0 IIPOBOIMMOCTSE IIPH YBEIHYeHHH T Ha 5%?
B Ge p-n-niepexofie VIAEIIPHOE COIPOTHRIIEHHE p-00IacTH P, = 2 OM: ¢M, a n-0Qimact n, = 1,5

(OM- CM.

Beraucsmrsb Ok 1ipu T =300 K, IMpHAsB KoHIeHTparpro ni=2,5-10"

3ao0arue Ne2()

B Si p-n-11epexofie yaeIbHOe COITPOTHBIIEHHE p-00IacTH p, =1 OM- M, a n-o0mact p, = 2,5 Omr

CM.

Borancsmrs ok 1ipu T = 330 K, IpHHSB KOHIEHTPALHEO HOHISHPOBAHHBIX aTOMOB 1y =2+ 10",

3aoarue N2l

B xpucramne repmanmsg mpH Ny = 10°Ny, Ha xaxasle 10° atomoB Ge IIPHXOIHTCS OIHH

OOKYMEHT NoarnnncAH
SNEKTPOHHOWM NMOAMUCHIO
Ceptudurkar: 12000002A633E3D113AD425FB50002000002A6

Bnaneneu; Lle6ayxopa TatbsaHa AnekcaHaposHa 3 KOHLCHTPALHIKO HOHH3HPOBAHHBIX dTOMOB 1l

Nencreutened: ¢ 20.08.2021 no 20.08.2022
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3adarue No22

B xpuctamie kpemanusg mpi Ny = 10°Ny, Ha kaxsie 10° aToMOB Si IIpHXOHTCS OXHH aTOM
AKIIETITOPHOH ITPHMECH.

Onpenesmars @Ok 1pu T =300 K, nMpHHSB KOHIEHTPAILHIO HOHH3HPOBAHHAIX aTOMOB Nj =

3-10'°, a romotHOCTE atomMoB N = 5%10%% cm .

3aoarue Ne23
Y ensHas ImpoBOAMMOCTE KPEMHHEBOM P-00IacTH cocTaBmwiIa G, = 10 cuM/cM, yIelnbHas
IIPOBOANMOCTD N-0011acTh 6, =1 cum/cM. Ip=2 MxA, T = 300 K.

BbIMMCIINTD HAITPSDKEHH S, ITPH KOTOPBIX TOK JHoAa cOCTaBUT: Imp=IMA H Igp =10 MA.

3aoarue No24

Y aensHas IpoBOAMMOCTE TepMaHHEBOH P-O0IIacTH COCTaBIWIA Gp = 5 CHM/CM, YHEIIbHA
IPOBOAMMOCTh N-001acTH Gp = 3 cUM/CM. Ip=15 MKA, T =330 K. BRIUHCIINTh HaIIPsDKEHHA, TTPH

KOTOPBIX TOK AHOAa OyaeT paBeH Igp = 2MA H Igp = 20 MA.

3adanue Ne25
IIpu T =300 K, Ugp=0.,21 Bu Ip= 15 MxA. Kakoe HanpspkeHne Unp CleayeT IMpHIOKHTE

K T€pPMAaHHEBOMY p-n-TIEPEXOLY, UTOOBI TOK BRIPOC B 12 paszaripu T = 330

3aoarue Ne26
B xpemmrieBoM p-n repexojie mpu T = 300 K, Ugrr= 0,35 B u I, = 15 MKA.
Onpene/mrb, Kakoe HarpspkeHne Unp CleayeT IIPIIOKHUTE K IIEPeX0 Iy, YTOOBI TOK BEIPOC B

8 paszmpu T = 350K.

3aoarue Ne27
B repManneBoM p-n-riepexoe rmpu T = 290K u mipu [, = 10 MxA.
OnpegeMTh: a) Kakoe HeoOX0 MO ITPHI0KHUTE Urp, UTOOKI TomyunTsh Inp = Io; 6) Kakoe

He00X0HMO ITPHITOXKUTE Ure, YTOOBI IOIYYHUTH Ip = 20%1,;

OOKYMEHT NnoarnmncAH
SNEKTPOHHOW NOANUCHIO

Ceptucbmkar: 12000002A633E3D113AD425FBS0002000002A6
Bnapeneu: lLlebayxoea TateAHa AnekcaHapoBHa

Nencreutened: ¢ 20.08.2021 no 20.08.2022
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Ipakmuueckaqa paboma Ne2. IlonynpoeooHuKoesie 01L00bL U CHIADUTIILMD OHbL

H €/ib. OLICHKd CTATHHYCCKIX ITIdPAMETPOE H aHAJIH3 PCAIIMA paﬁmm ITOJIIYIIPOBOJJHHKOBBIX

JHOOJOB H GTH@IIJ]IITPGHDE B IEITH ITOCTOMHHOI'O TOKA

OCcHO6b1 meopuu:

[TomynmpoBOIHHKOBEIM JHOAOM HAa3BIBAIOT p-n-TIEPeX0, OO0NaJaroIeH OJHOCTOPOHHEH
IIPOBOJIMMOCTRIO, T.€. ITPOBOJAHMOCTE (G) KOTOPOIO 3aBHCHT OT IIOJIIPHOCTH ITPHIIOKEHHOIO
HAaITpsDKEeHHS HIH ITPOTeKaIoM[ero TOKa.

[TpsMoit TOK B JHOJIe BOSHHKAET ITPH ITO4aye TTOJIOKHTEILHOIO HalpsokeHHI Ha aHo . O0-
PATHBIH TOK B JHOJE HAMHOI'O MeHBIIE ITPSIMOIr0 H BO3HHKAET ITPH OTPHIATEIIbHOM HaITPSKEHHH
Ha aHoJie. CBOICTBa IPSAMOIT BETBH HAECAIBHOIO p-N-TIEPeX0jia OTPakacTCI BOIbTaMIIEPHONH Xa-
PaKTEepHCTHKOH (pHc. 2.1) u ormuceIBaeTca BEIP. (1.20).

[ =Is(expV*T™ —1); j=[(e'Dany/Ln)+(e-Dypn/Ly)]-(expT " —1). (1.20%)

Tumnopass BAX mioja nmpueeieHa Ha puc. 2.1
ENo

-

IIpAs

U

Ilo

Prc.2.1. [locTpoerEe BAX
H NTHHHH HaTpPY3EH p-n-O2p.

]

Ocob6eHHOCTE BAX peallbHBIX JHOL0B — OTCYTCTBHE 3aMETHBIX TOKOB Uepes JHO ITPH Ma-
11X TTOJI0KHTENBHBIX (Unp < Urep) 1 1pu oTpHIaTebHBIX (Uogp) HaNTpsokeHHSIX. OOpaTHBIE TOKH
ITOJIaral0T PaBHBIMH HVIIIO, T.K. HX JOJIS IO OTHOIIEHHIO K IIPAMOMY TOKY COCTaBIISIET logpp <
Iop- 1074,

(Yge = 1.3; 7vsi=2).

3ameTHBIH TpsaMoi ToK (Igp > 10 MxA) mosmisterca nph (Umnp > Unor), rie: Unopce) = 0,15,
Unoresiy = 0,4 (B).

IIpu a”Hamze Unopsi) 1S JTOTHUECKHX NIeMeHTOB BAX m1Homa H300pakaroT B BHJIE CTY-
TIEHBKH, ITPEACTAaBIISISI IO B BHE HAcAIbHOIO KIIFOUA.

K OCHOBHBIM IapaMcTpaM JHOOd OTHOCHATCH CTATHYCCKOC COITPOTHBIICHHE JHOMLd ITOCTO-
AOKYMEHT NoarnncAH

SNEKTPOHHOW NOANKUCHIO "UBIIEHHE (Ta).
Ceptudukat: 12000002A633E3D113AD425FB50002000002A6
Bnapeneu; llleGayxoea TatbAHa AnekcaHapoBHa IHPHHP: (OM)
NeiicTeuTenen: ¢ 20.08.2021 no 20.08.2022 Imp = @1/(Imp + o) .
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JuddepeHIManIbHOE COITPOTHRICHNHE XapaKTepH3yeT HAaKIOH K ocH abcimicc BAX mpn
JAHHOM HAaIIpsDKEHHH Ha JIHOJIE.

OTIHYHE XapaKTEPHCTHK peaIbHOI'O JHoJa OT BAX HAcalIbHOIO p-n-Iiepexofa AelacT
ITPaKTHYECKH HEBO3MOKHBIM aHATMTHYECKHI pacueT TOKOB M HAIIPSIKEHHH B PeaJIbHBIX CXeMaX C
arogoM. [losToMy B pacueTe 4acTO HCIIONB3YIOT JIHOO peallbHBIE XapaKTePHCTHKH JHOAa (cITpa-
BOYHHK), JIHOO ONPeJelToT pabodyro TOYKY JHOJIa Ha IepeceueHHH IpsMor BeTBH BAX ¢ H-

HHEH Harpy3KH IIOCTPOEHHOH IT0 AKCIIEPHMEHTY.

3a0aHuA:
3aoarue Nel

Tpebyercsa OT HCTOYHHKA HeCTaOWIH3HPOBAaHHOrO ITHTAaHHI Er = 20 B nmoimy4yurs craduim-

sHupoBaHHOe HanpskeHHe Uon=6,8 B, ripu Toke B Harpyske Ig= 15+10 MA. (Ig 1iue = S MA; 15 Max
=25 MA).

3aoaHite Ne2
OmpeAellTh CpefHee 3HAUEHHE BBRIMPSMIEHHOIO HAIIPSDKEHHS B OJHOIIOIYIIEPHOIHOH
CXeMe BBIIIPAMHTENS, aMILUIHTYAY ITYIIbCALIH BBRIIIPSIMIEHHOI'O HAIPsDKeHHSI H 0OpaTHOE Harps-

ACHHE IHOO4, SCIIH

Ry =100 OM; Rorr= 10 Om; Cg = 1000 Mx®:; U, =110 B; =50 IT11.

3aoarue Ne3

2-X TIOIMYIIEPHOJHBIH BBRIIIPSAMHTEND padOTAaeT HAa aKTHBHYIO Harpysky. OIpelelInTh eM-
KocTh Co (HIIBTpPa, CpeHee JeHCTBVIOINEe H MaX IIePHOJHYECKOe 3HaYeHHE TOKOB Yepe3 JHO,
HaHOOJIIbIIIEE 3HAUEHHE TOKA B IIEPEXOHOM ITPOIIECCe IMPH ITOMKITIOUYEHHH CXEMBI K CETH H HaIIps-
kKeHHe XX oOMOTKH w2 TpaHchopMaropa nmpH yeiaoBHH, uTo: Ig = 10 A; Ug =50 B; £=50 I'm.
(Uzmax = Um); (Uz = Uggitere) 1IpuMeM, UTO cpeiHee 3HAUYEHIE IMaJcHHE IIPSAMOIO HaIIpsLKEHHS
Ha jguonax paHO AUyp =1 B, a mmynbscalu HaIlpsDKeHH S Ha HarpyskKe JOJDKHO ObITH He Oonee 10

%.

3adarue Nod
B p-n-tiepexone Umr = 0,15 B BBI3BIBAET OIpede/IeHHBIN TOK HOCHTENIEH 3apsaaa pH T =300

K. Ompenemites Urp, 4T00H Inp yBemmmmuica B 2 pasza? KMsectHo, uro lp= 10MKA

AOKYMEHT NoanmncAH
SNEKTPOHHOW NOAMUCHIO
Ceptudurkar: 12000002A633E3D113AD425FB50002000002A6

Bnapeneu: lLlebayxoea TateAHa AnekcaHapoBHa

Nencreutened: ¢ 20.08.2021 no 20.08.2022

15



3adarue Ned
Huox /1310 nmeet Ip= 30 MxA ripy T =300 Ku Ur=0,13 B. Onpegermirs TeMrepaTypHbIH
ko3 ¢. Harpsoxenns (TKH), ecrm mpu nmoemmenny T Ha 30°C, AU =0,08B

3adarue Neb
Ha mox 118, mmverormti Tok [o=50 MxA, mogano Ugp= 0,26 B mmpu T = 25C. Orpememrs,

Ha CKOIBKO M3MEHHTCS TOK Irp Uepes JHO ITpH ITOBBIIEHHH T Ha 35 °C.

3adarue Ne7
IIpn Up= 0,6 B nipegenmpueni TokK quoga Igp = 50 MA. Ecim 3T0T IHO COSMMHNTE ITOCTIE-
JIIOBATEILHO C pe3HCTOPOM HarpyskH Rg = 100 Om, To KakoBa OyieT HaHOONbIAS BEIIMUHHA E HCTOU-

HHKA, IIPH KOTOPOH AHOJ OyaeT pabdoTars B 6€30IIaCHOM pekIMe?

3aoarue Ne8
OIpemeTh COIMPOTHRIEHHE JHOIA IIOCTOSHHOMY TOKY ITPH IIPSAMOM H 0OpaTHOM CMEIIe-

HUSX, ecltd IIpH Uge = 0,1 B, Igp =5 MA, anmpu Uggr = 100 B TOK Iogr = 0,25 MA

3aoarue Ne9
Jmsa moaa J1310 v J[311 mpu m3MeHeHHH rpsvoro HarpstkeHHs oT 0,2 1o 0,4 B rpsmvor ToK
YBEMHYHBAETCS OT 2,5 10 16 MA. OrpeieliTh KPYTH3HY XapaKTepHCTHKH H JH( (pepeHIHaTbHOE COITpOo-

THBIJICHIIS JHOIA.

AOKYMEHT NoanmncAH
SNEKTPOHHOW NOAMUCHIO
Ceptudurkar: 12000002A633E3D113AD425FB50002000002A6

Bnapeneu: lLlebayxoea TateAHa AnekcaHapoBHa

Nencreutened: ¢ 20.08.2021 no 20.08.2022
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Ipakmuueckana paboma Ne3. Tpau3ucmopHsle Kouu

H e/ip: PacyeT cTaTHYECKOI'O H JHHAMITYECKOIO PEHIIMA pﬂﬁGTLI KIITOY4

OcHO6bL MmeopuL:

T pan3suCTOPHBIA KJIIOY — 3TO CXeMa KOMMYTaTOpa, CIIyKaras s 3aMbIKaHHS H Pa3MbI-
KaHHS [ETTH ¢ HATPY3KOH IO AEHCTBHEM JIOTHYECKOTO CHIHANIA VITPaBIEHH.

CoBpeMeHHasI HMITYIIbCHAS H ITH(POBas TeEXHHKa OCHOBaHa Ha paboTe TpaH3ucTopoB (VT)
B KIIFOUEBOM PeKHME. bOIBINMTHHCTRO KIIFOUEH CTPOST 10 CXEME BKIIFOUEHH ST TPAH3HCTOPA ¢ OOIIIM
smvurTepoM (O3). B mudpoBEIX cxXemMax HaHOOJIee YacTO IMPHMEHSIOT KIIFOYH Ha TPaH3HCTOpax
(VTsi) n-p-n-tuma. 11pu 3T10M, BCe pacCyKIeHNI H PacUeThl CITpaBeIMBLI TAKXKe IS KIIFOUeH Ha
(VTge) p-n-p-tHIia, HeOOXOAHMO TOIBKO YUHTHIBATH H3MEHEHHE IIOJIIPHOCTH HaIpskeHns O /[C
H HaITpaBJIIEHHE TOKOB.

Crarnuecknii pe;kuM. CxeMa KIIFOYa Ha TpaH3HCTOpe n-p-n-THIa (pHc. 3.1,a).

Iufma)

AT
-
Drcymon 5.1, Crzam omoya

0) BomsTammepHasa XapakTepHcTHKa (BAX) pexrmMa paboTeI TpaH3HCTOPA.
Harpyzounas nmpsmvast A-B 1o ITocTOSHHOMY TOKY OITHCHIBaeTcs ypaBHeHHeM (pHC. 3.1,0):
Uxn=Ex(Ix'Rx) (3.1)

H CTPOHUTCS TaK Ke, KaK JII YCIWIHTEIBPHOIO KacKaa.

T OUKH IIepeceuyeHN S Harpy304HOH ITPSAMOH ¢ BAX TpaH3HCTOPa OIPEACISIOT HAITPSKEHHS
Ha 3JIEMEHTAaX U TOK B IIOCIIEI0BATEILHON IIETTH.

B cxeMme Kiro4a TpaH3HCTOP MOKET HaXOAHTHCSH (padoTaTh ) TOIMBEKO B OJHOM H3 2-X PeKH-
MOB (COCTOSHHITL): JTHOO B pexcume omceuKku, MO0 B pecume HACbIULeHUA.

Pe:IiM 0TceukH (3alIHpaHie) OCYIIECTBILIIOT ITOJauei Ha BXOJ CXeMbl HaIlpSDKEHH S

Upx =Ugs <0.

IIox perictBHEM Urx = Ugs < 0 SMHTTEPHBIH IEPEXO] TPAH3HCTOPaA 3aKPEIT H €I'0 TOK Iz =

(1 T ¥ coTMNTURTAUTA TTANAVNTTA Frn — o0 RMecTe ¢ TeM, yepes pe3HCTOoP Rg ITPOTEKAET QﬁpﬂTHHﬁ
NOKYMEHT noanncAH

SNEKTPOHHOW NOANMUCHIO
Ceptudukar: 12000002A633E3D113AD425FBS50002000002A6

Bnapeneuy: Webayxosa, TaTkAHa AnekcaHapoBHa

| PE}I{HI\I}" OTCCHKH TPAaH3HCTOPa COOTBECTCTBYCT

Nencreutened: ¢ 20.08.2021 no 20.08.2022
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Trmossle 3HaueHHS Ugs s 3aKphITOro TpaH3ucropa Siu Ge (n-p-n U p-n-p THIIOB):
ot Vs Usz =0.
I VIge: Ugn=+0.5...1 B; (3.2)
M3 BEIp. (3.2) YCIIOBHE 3allMpaHH TPAaH3HCTOPA MOKHO 3aIlHCaTh B BHJIE:
Urxsanesi > Ixpo'Re + (Usz = 0);  Usxsamce = lxkgo'Re + (U =+0,5...1 B) (3.3)

PesxuM oTKpBITOro cocrossHus odecrieunBaercs mojgauen Upyx = Ugzsi 21B. OTkprITOE

(aKTHBHOE H HACBHIIIEHHOE) COCTOSHIE TPAaH3HCTOPa COOTBETCTBYET TOYKaM (2 H 3) Ha Harpy30u-
HOH npssMoii (prc. 3.1,0). B stoM coctostym yepes VT 1 pesncrop Ry, cormacHo (3.1), mpoTekaer
TOK Ixm HaCBhII[EHHS KOIIEKTOpa
Ix = Ixkg = (Ex — AUx3)/Rx = (Ex - Uoerar )/Rx (3.4)

rae AUgs=Ucct =(0,1...1)B — ocTaToyHOE HaIpsDKeHHE Ha OTKPEITOM Itepexone VT.

BeHIY OTHOCHTENBHO MaJIoro 3HaueHHS AUxs IO CpaBHEHHIO ¢ HalpsDKeHHEM Ex pacuet
TOKa lxg OTKPBITOrO TPaH3HCTOPa ITPOBOSAT 10 (DOPMYIIE

Ixn = Ex/Rx (3.5)
Ig= Ix/P = (Ex/Rx) (3.6)
O4YeBHIHO, HAUXYIIIHM JJI YCIOBHA (3.6) OyaeT couetanne, Korga Ex — Exax, @ Rx H

} — vuHIManbHEL. Toraa yeimoBue (3.6) OyeT HMeTh BHI;

I£ > (Ex 1ax/Rx 1un )/ Prtas - (3.7)

Ecm ycnoBHe (3.7) He BBRITOMHSETCS, T.€. I < Igg, TO TPaH3HCTOP HAXOAUTCSA B aKTHBHOM
peXxuMe (HarmpuMep, TouKa 2 Ha yJacTKe MeKIy ToukaMH 3 i 1 - puc. 2.1,0).
Y CIIOBHE HACBIIIEHH S TPaH3HCTOpa IIPHMET BH/I;
Ig = Ign = II{HfB (3.8)
CTelleHp HACBIIIEHHS XapaKTepH3yeT KOo3(pdHIIHeHT HACBIIEHHI S, ITOKAa3bIBAIONIIL, BO
CKOJIBKO pa3 TOK 0asbl I JOIKEH NMPEBHIIATh TOK 0a3bl HACKIIIEHIL
Ig = S'Igg = S(Ex/Rx) P (3.9)
Koa(puinieHT HachIIeHHI S XapaKTepH3YeT 3allac HaJeKHOrO OTIIHPaHHS TPaH3HCTOpa
ITPH BO3AEHCTBHH ITOMEX, H MOXKET COCTABIISITH:
S=Yrim=hy1n/hiin= (1:2+2). (3.10)
JIMHAMHYeCcKHH peKAM padoThl TPAH3HCTOPHOIO KJIH0YA
B nporniecce nepekmroyeHHI TpaH3HCTOpa (pHE. 3.3) H3 3aKPHITOIO COCTOSHHS B OTKPBITOE
COCTOSIHHE, OH JIOJIKEH IIPONTH BO BpEMEHH TPH ATalla:

1. Tpansucrop 3akprIT. [lepexon b-2 cMereH B 0O0paTHOM HaIIPaBIEHHH H B I[EITH KOJI-
AOKYMEHT NOANWUCAH

SNEKTPOHHOW MOAMUCHIO - Ixk=Ixo.
Ceptudbukat: 12000002A633E3D113AD425FB50002000002A6 _ I ho oo Lo = B
Bnapeneu:  lleBayxosa TatbsaHa AnekcaHApOBHA dCTH. x=hos'ls= Pls.
[leficTautenen: ¢ 20.08.2021 16 20.08.2022 neHrst. Ik =Ixn = (BrlsracS).

18



I mepexoa TpaH3HCTOpa H3 3aKPBITOIO COCTOSHHS B COCTOSHHE HACHIILeHH S TpedyeTcs
OITPEMEIIEHHOE BPEMS IIPOXOXKIEHHS TPEX 3TAIIOB. OTO BPEMS HA3BIBAIOT BPEMEHEM BKIFOUECHHS
TPaH3HCTOpa texy, B KOTOPOe BXOJHT TaKKe BpeMs 3aJePKKH (PPOHTA t3 op H JUIHTEIBHOCTD TIE-
pelHEro (ppoHTa top:

tpxy = 3 0p + top. (3.11)

Jlns 6eicTporo BknroueHHS VT Tpebyercs, yTOOR 3aps ObLI BBeJieH B 00nacTh 0aswl, a
JUIS BRIKIIFOUEHISL, HAa000POT, 3apsii HEOOXOMMMO VAAIHTE 13 0a3bkl. CKOPOCTE NepeKiroueHUS VT
CBSI3aHa C BPpEMEHEM ITPOTEKAHH I IIEPEXOIHEIX IIPOIIECCOB.

PeXxXiM nmepeHachIIeHHI YMEHBINAET BPeMS tpx 1 TPAH3HCTOPA, HO VBEIIHYHBAET BPEMSI €I'0
BBIKITIOUEHHS tp e H3-3a H30BITOUYHOIO HAKOIUIEHHS HEOCHOBHBIX HOCHTEJIEH B Oasze. BpeMs BhI-

KITFOUEHH S tp uen. COJIEPIKHUT BPeMs 3aJIEPKKH cpesa (BpeMs paccachIBaHHA) t31 cp H BPeMS cpe3a tep

(3agHMIT PPOHT), T.€.

Pue. 32 [lepaxommete mMpOMEtosl B
TRAHIHOTORS MO TSP SR TR SEH

JUIHTETIBHOCTH tpkyy M tREmi XapaKTepH3VIOT 00Iee OBICTPOJEHCTBHE TPAaH3HCTOPHOIO
KITIOYa.

Jl11st Toro, 4ToOBl YCKOPHTH ITPOIIECC BKIIFOYEHHE H BRIKIIFOUEHHE TPAaH3HCTOPHOT O KIIFOYa,
(T.e. YCKOPHTB BBEJICHHE 3apSA0B H BEIBOJ HX H3 0a3bl) Ha BXOJ CXEMBI CTABAT YCKOPSIFOIIHH KOH-
neHcatop Ceo, BKIIFOUAEMBIH MMapauie/IbHO pe3HCcTOpY Re. EMKocTh Cy He JOmKHAa OBITE OONBIIIOH,
T.K. 3TO ITPUBEJET K YBEITHYEHHIO TOKA 3apsaa H VBEIMYHT BPeMS IIEPEKITIOUEHIS H3-3a OOJIBIION
IUTHTEIILHOCTH COOCTBEHHOIO IIepe3apsia.

I[JIHTEJILHDCTL 3aJCPKKH QJPGHTEI OITPCACIIACTCA COOTHOIIICHIICM

tszer=Tc IN[(E's 0rr—E E3an)/(E E32n+E 5 010 ) | (3.13)

[ S 4 4

rae E*s orrmmparomiee Usx: (+ MONMSPHOCTD I h-p-n U “—"° IONSPHOCTD I p-n-p ).
E £ — 3armmuparomiee Ury: (— nmonsspHoCTh 11 n-p-n VI U + 111 p-n-p VT).

1!_;'-'-. - — [D'FI;D'!’}\:-! EF AT S AT T T -
NOKYMEHT NOAMVCAH ATOHPAHHSI TPaH3HCTOPHOI' O KIIOYA;

SNEKTPOHHOW NOANMUCHIO
Ceptudurkar: 12000002A633E3D113AD425FBS50002000002A6

Bnapeneu: LLleBayxoea TateAHa AnekcaHapoBHa

IH3HCTOPHOI'O KJIOYA n-p-n-THIIA,

A TPAH3HCTOPHOI'O KIIIOYa p-n-p-THIIA,
Nencreutened: ¢ 20.08.2021 no 20.08.2022
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YeHH S FaJIb BAHHYECKOH Pa3Bs3KH TPAH3HUCTOPHBIH KIIFOY BKIIFOYAET OIITOTHPHCTOP, KOTOPBIH KOM-
MYTHPYET TOK B IIeIH ¢ TepMocTaToM. Ha BX0J1 Kiroua mojaeTcsi CHrHal yipabiaeHHs JIor. (0 u 1);

rje: UBX® =0 B uUBX 1 =* HcxomHsle JaHHBIE JJI9 pacueTa H THII TPaH3HCTOPa IIPHBEEHEI B

Tc = Rg"Cpx — nocTosHHaS BpeMeHH BXOoHOH 1erH;, (Cpyxy = Cyt+Cn)
Cg, Cs - EMKOCTH IIepeX0JI0B TPaH3HCcTOpa (CIIpaBOYHOE 3HAUECHHE).
JIIMHUTEenbHOCTh (PPOHTA COCTABHT:

ter = e I[P 1s/(PT's- Ixg)] = e n[S/(S-1)]

rae  ne = TpH(Pt1)Ry Cy - s3KBHBaJIEeHTHAS ITOCTOSIHHAS BPEMEHH,

(3.14)

Iz = 'y - BXOJHOH OTITHPAIOIIHH TOK 0a3bl, IS TPaH3HCTOPA n-p-n-THIIA,
Tp = 1. ITOCTOSAHHAS BpeEMEHH TpaH3HCTOpa B cxXeMe ¢ O3,
T, = V(2'mfn) = 1,2/Q27f),

TJE fr H [, - TPaHHYHBIE YaCTOTHI TPaH3HCTOPa (CIIpaBOYHAs BEJIHYHHA).

(3.15)

I[HI[TEHBHGGTB 3dJCPKKI CPE34a tSl[_(jP = {p OITPpEACIIACTCAH COOTHOIIICHIIEM
tr=1N In {(| 1_E| +I'g) / {| I_E| + I"'exac ) } (3.16)
raic 1Ty~ TE;J'FZ— BpCMA KH3HH HCOCHOBHBIX HOCHTeIIeH B Oa3e B PEKHME HdChIII[CHIA,

[T

I's = E"5/Rg - TOK 0a3sl 3armpaHud (“— 14 TpaH3HCTOpa n-p-n-THIIA ).

JlmurenbHOCTh cpesa cocTaBHT:  te = TNg [N [(|IT5 #ac| + ' ac V| B Hac|l. (3.17)

3a0anuA:

3aoarue Nel

PaszpaboTaThk cXeMy VIIPABIIEHHS TEPMOCTATOM, BKIIFOUEHHOM B ceTh 220 B. /[i1a obecrie-

TadJImIe.

C IIOMOIIBIO PEIIC. CHTHAaI IICPETPY3KH EBIpElﬁElTLIEElET HATHHK, ¥V KOTOPOI'O HOPME COOTBETCTBYCT

3aoarue No2

PaszpaboTraTh cxeMy 3aluThl OJI0Ka IIHTAHHS OT IIEPErPY3KH ITyTeM OTKIIFOYEHHS HarPy3KH

UBX =0 B, aneperpyske UBX = ?

Talmma — SIeKTpHYECKHE ITapaMeTphl OHITOIISIPHBIX TPAaH3HCTOPORB

CropagodHele pabouHe DapaMeTpR TRAHIHCTOPOE [TapameTprl ANA 3a0aHHA

ha1 s Ugs Ikmnx| Ixos | Py fre Ck Ugs| Uss En In Ru= Upx S Twuwe | T°C

THII () (B) (A) LA (BT) Ml 1 IId Hac Hac B iy Om B HAaC [ Maz

I KTZ201 20...40 20 0,03 1 0,15 10 100 I ] 400 4 1.9 Smlg 50

} RO ﬂDIﬁ"’HEHT I'ID,U,I'lHCAH . 100 0.4 10 0,03 3 1.9 0,3 mxc 50

3NEKTPOHHOM NMOANUCHLIO 80 | B 12 3000 2 1.7 ERTAN 60

Ceprndhikar:  12000002A633E3D113AD425FBS0002000002A6 20 03 2 004 5 5 05 wme| 60
Bnapeneu: llleGayxoBa TateAHa AnekcaHapoBHa

65 0,6 16 400 6 1,5 1 mly 65

Nencreutened: ¢ 20.08.2021 no 20.08.2022
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6P KT50Z 30...60 40 0,15 | 0.35 5 65 0.6 18 0.06 ) 1.5 0,7 mmc 65
7 N KT504 35...70 300 0,50 10 0.50 20 60 1.0 20 500 5 1.2 10 ml'ng 70
8P KT501 50,100 15 0,30 | 0.35 5 60 0.4 24 0,08 6 1.2 0,5 mmc 70
9 N KT31Z 2550 20 0,06 | 0.20 80 50 0.5 ) 200 4 1.8 20wl 55
10 P KT313 40.. 80 50 0,35 0.5 0.15 200 50 0.5 10 0,02 3 1.3 0,1 mmc 55
11N I'T511 20,40 20 0,08 0.5 0,30 250 40 0.3 12 400 2 1.8 5wl 50)
12 P I'T313 50,100 25 0,08 0,05 0.15 100 40 0.1 14 0.06 8 1.3 0,5 mmc 50)
13N KT315 30,60 25 0,10 | 0.15 150 45 0.4 16 500 10 1.7 15mln 65
14 P KT361 35...70 25 0,05 | 0.15 100 45 0.4 18 0.04 3 1.3 0,2 mmc 65
15N KT339 15 .30 25 0,15 | 0.25 100 55 0.6 20 600 4 2 25 mln 6l
16 P KT337 45...90 12 0,05 1.0 0.15 500 55 0,2 24 0.03 6 1.7 0,3 mxc 6()
17N KT342 15 .30 30 0,05 | 0.25 100 45 0.1 16 444) 5 1.9 45 ml g 65
18 P KT343 20...40 17 0,05 | 0.15 100 45 0.3 14 0.03 10 1.6 0,5 mmc 65
19N KT358 2550 15 0,06 10 0.20 80 40 0.8 12 250 2 1.5 50 ml 6()
20P KT357 30...60 12 0,04 5 0.15 100 40 0.3 10 (.04 3 1.5 0,6 mmc 6l)
21N KT3102 3570 30 0,10 0,05 0.25 100 35 0.5 ] 1 60 4 1.2 60 Ml 65
22 P KT3107 40... 80 30 0,10 0.1 0,30 200 35 0.5 24 (.08 5 1.2 0,6 mmc 65
23N ET373 45...90 10) 0,05 0.5 0,15 600 30 0.4 20 600 6 1.7 T0 il 70
24 P EKT5126 S50 100 30) 0,03 0.5 0.15 500 30 0.4 18 0,02 ] 1,2 0,7 mxc 70
25N KT3117 40... 80 6l 0,06 10 0,30 400 25 0.6 ) 1 80 10 1.3 80 Ml 75
26P KT3127 45...90 20) 0.06 1.0 0,10 600 25 0.4 10 0,04 3 1.6 0,8 Mrc 75
27N I'T341 0. 1008 15 0,035 5.0 0,107 1000 20) 0.3 12 450 3 1.6 90 Ml 50)
28 P I'T346 3570 15 0,035 5.0 0,10, 700 20) 0.3 14 0,03 2 1.6 0,9 mmc 50)
20 N KT3l6 30...60 10) 0.06 0.5 0,15 600 25 0.4 16 320 4 1,7 10 ml 1 35
J0F KT326 25...50 30 0,06 0.5 0,15 500 25 0.4 18 0,04 6 1.3 0,1 Mrc 55
Al N KTs68 20...40 15 0,13 0.5 0,221 900 20 0.4 20 600 10 1.4 20 ml ' 60
32FP KTs63 15...30 [ 0,13 0.5 0,15 1000 20 (.35 24 0,06 2 1.8 0,2 MEc 60
33N KT3142 20...40 40 0.15 1.0 0,30, 600 30 0.4 15 300 ] 1.6 30 vl 70
34 F KT3128 25...50 40 0.15 1.0 0,30, 600 30 0.4 9 0,08 4 1.6 0,3 MEC 70
NOKYMEHT MOAMNMUCAH

SNEKTPOHHOW NOAMUCLIO
Ceptudukar: 12000002A633E3D113AD425FBS50002000002A6

Bnapeneu: lLlebGayxoea TateAHa AnekcaHapoBHa

HNeincreutened: ¢ 20.08.2021 no 20.08.2022
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Ipakmuueckaa padoma Ned. Ycunumeiu HUKOU YACMOMbL HA MPAH3UCMOD AX

Ilens: n3ydeHHe peKHMOB PabOTHI H pacyueT IapaMeTPOB YCHIIHTENIEH Ha TPaH3HCTOpax,

BKJIFOUEHHBIX IT0 CXeMe C OOIIHM IMHTITCPOM.

OCHO6bL MeopuUlL:
4.1. Yeuurens Knacce A - cxeMa YCHIIHTelIsI-HHBepTopa (pHc. 4.1).
[Tpn MmamoM BXOJHOM cHTHaJe (Zecsarkn mV) pabouyro TOYKY TPaH3HCTOPa BEIOHPAIOT HC-

XOI |3 TpEﬁ}*’EMLIK CTATHHYCCKIIX XdPAKTCPHCTHK TPaH3HCTOPAa.

Eh‘ T'rH-I-: | Ex r = | li4 (IMHEES HarpyviER)
Bl b Uwe | g UnarLl¥E 2 A T

Pac.4.l.a) cxema yeunuTens; ¢) MOOSNEe OHTAHEA CXEMEL E) MHHEA Hal PVIEH YVCHIHT SR

Ik 1ax = Ix3 = Ex/(Rx + R») (4.1)
ECmi TpaH3HCTOP OTKPBIT ITOITHOCTBIO, TO COIMPOTHBIIEHHE Iepexoa rxz = 0 M COr'lIacHO
ypaBHeHH (4.1) Ha pe3ncTopax Rx H R» mamaeT Bce HanpspkeHue Ex.
3a/1aBasi BEJIMYMHY CHIHAlla B LelH 0a3bl, MEHSIOT IT0ONI0KeHHE padoyeil TOUKH 3a CUET H3-
MEHEHHS TOKA ITOKOS lo = Ix mayw M nTagieHHST HanpsxeHHS U = Uxs Ha TpaH3HCTOPE.
Pabouyio TOUKY TpaH3HCTOpPa BRIOHPAIOT TakKKe HCXOII H3 JHHAMHUYECKOIO pe’KHMa pa-
OOTHI TPAH3HCTOPA, T.€. M3 aMIUIMTYABLL Uz B 3aBHCHMOCTH OT Upyj.

,EJIH MATOMOULH bIX &IHGHHI?HI:LT MPAarsLHCcInopoe 6 penciiMe A., SHAYUYSHHE TOK4A ITOKOA CO-

craBisgeT Ip = Ix gaw = (0,1+0,3)Ix 112z = 515 MA nipH ToKe I5maw = (80+160)MKA.

Jns oBecrieueHH S ITON0KEHH A paboueHr TOUKH A HEOOXOIHMMO BBIITOIHEHHE YCIIOBHH
Vi = Uggx = (Ifg)'EK. (4.2)
Uo=Uxz= ("5 +%5)-Ex; Uy < Upa, (4.3)
Va= Urs = (Y6 + 10)-Ex;
rIe HHAEKC Vo, Vi, Vi - COOTBETCTBYET MOTEHIHAIY MEKIY 3JIEKTPOJAOM H 3eMIIEH,
HHIEKCH Ugs, Uxs, Usk - COOTBETCTBYIOT IMAJEHHIO HANIP SEKREHN A HA SIIEKTPOJIax.

R cootretcTrum ¢ 2-Mm 3ak Kunxroha FE =Vy+Uxs+Vs. 1 = (V)+(V5+ Hs5)+(Me = 10).

NOKYMEHT I:IDﬂI'IHCAH
FAEKTPOHHOW NOAMUCHKHIO '"n=10=(5+33+1.7H)=(5+4+1).
Ceptucbukar: 12000002A633E3D113AD425FBS0002000002A6
Bnapeneu: lLlebayxoea TateAHa AnekcaHapoBHa
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B ToM 4mcIie, MaKCHMAalbHbIE 3HAaUeHHS HaIIPsDKEHH SL, TOKa H MOIIHOCTH Ha 3JIeMEHTaX, He
IOILKHBI IIPEBBIINATE ITPEAEIIBHBIX SHAUECHHII:
Uks+ Um2 < Uzmax. To+ Im2 < Iomax. Uolo+ Umz-Im2 < Pyvrmax.  (4.4)
Bemiunna Uxs orpariyeHa aMimmTyA0H Un m OTpHIIAaTeIIbHOM ITOITYBOIHEI (1 n-p-n VT)
H TIOJIOKHTeJIbHOH ITOMYBOJHEI (p-n-p VT) H onpeienseTcs BRIpaKeHHEM:
2Un m = |-Eu| Re/(Re+R3) = Ex'Ra/(Ru+Rz). [2Ugm < 0.5E] (4.5)
Hanpumep, (rpu E =10 B u Ry =2k) — 2Ug n=10-2K/(2k+2 K) =5 B. Ugm = 2,5 B.

[TpH 3TOM MOIIHOCTE B Harpy3Ke COCTABIISET:
Pz = 0,5-2U0%g w/Rg = E''Ra/(2:(Rg +R3)%). (4.6)
Harmpumep, [0,5-2-2,5%/2000 = 10%-2000/(2-(2000+2000)?) =6,25 mB1]; (Iz = 3,5 mA).
Max. 3HaUeHHE MOIIHOCTH JOCTHTaeTCS IIPH VCIOBHH Rx > Ry M Ry& Ry, T.e.
P e = E*u/8R=.  [10%/(8:2000) = 6,25 mBT]. (4.7)
MoItHocTh, roTpebngeMas OT HCTOYHHKA ITHTAHHA, COCTABIISET:
Py = 2E*u/Rs, [2-10%/(2000) = 100 mBT].
KIIJ] coctaBuT: N = Puax /Pu= 1/16 % 6,25%:; [16,25/100 = 6,25%]
MorHocTh Py, paccenBaemas Ha VT, MaKCHMaIbHa B PEKHME ITOKOSL.
Pvr=E*u/Rz=8Puinxz; [10%/2000 = 50 mBT1]; Pu = Pvr+ Prx+ Pro.

Ycowinrenb Kjaacca B - IBYXTaKTHBIH 3MHITEPHBIH [TOBTOPHUTENL Ha KOMIITIEMEHTAPHBIX
TPaH3HCTOPaX Pa3HOr0 THIIA ITPOBOJIUMOCTH (pHc. 4.2a,0) MO3BOJIIET IIOJIYYHTh CYIECTBEHHO 00-
JIe€ BRICOKYIO MOIITHOCTE B Harpy3Ke U BRICOKHH KII1/].

IIpn Ugx = 0 oba TpaH3HCTOpAa 3aKPBITH, T.K. HE 00eCIIeYEHO HAIIPSKEHHE CMEIEHHS B

oGmactu 6a3el. CleqoBaTeIbHO, B CXEME TOK ITOKOS cOCTaBIIET lo— 1k, UTO XapaKTepHO IS pa-

OO0THI TpaH3HCTOPa B PeKHMe Knacca B. Max. pasmax HanpspkeHHS Ha Harpyske Ug ITpH MHTaHHH

+Eu|=

-Eu| mocturaet 3HaueHnsa Uy m= (En—Ucc:r), €CIIH YUHTBIBATh, YTO TPAH3HCTOPBI MOI'YT pa-

O0oTaTh Ha IrpaHHIle HACKIIeHH S, ITPpH Ugz—0.

+Eqy |

Ro| | E
VT, “‘ CD
UH
H
Us 1
O1lK /
VTE :
- Eyu

NOKYMEHT MOAMMUCAH

SNEKTPOHHOM MOANUCHIO ”xema OII (OK) Puc. 4.3. Cxema 311 (OK)
Ceptucbmkar: 12000002A633E3D113AD425FBS0002000002A6
Bnapeneu: lLlebayxoea TateAHa AnekcaHapoBHa
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[Tpu normHoM pasmaxe HarpsbkeHHa Ug B HarpysKe MOIITHOCTh COCTABHT!
P 1tax = E*u/2Rg. [mpu E =10 B 1 Rg =2000 — 10%/(2:2000) = 25 mBT]. (4.8)

MoIIHOCTE, OTHaBacMasl HCTOYHHKOM ITHTaHHI, cocTaBHT Py = 2Ex-Ig /7.
[Ilpn E =10 Bu Igm =5 mA — 2-10-0,005/3,14 = 31,84 mBT].

N =Prux/Pu=n/4=78,5% [n =25 mB1/31,84 mBr = 78,5%](4.9)
[Tpu monmHOH aMILMTYAe HanpsoKeHHS Ha Harpyske Upm TPaH3HCTOP pacceHBacT Max.

MOITHOCTE. B cinydae Ugm= (2/n)Ex, Ha kaxxaoM VT paccenBaeTcs MOIITHOCTD
Pvritax = (1/n?)(E*/Ru).  [(1/3,14%)(10%2000 = 1,6 mBr ]. (4.10)
[Ugm= 2/m)En=(2/3,14)-10=6,37 B;T.e. Usmmma <0.64-En]

YcomanTeab Kjaacca AB - IBYXTaKTHBIA SMHTT ePHBII MOBT OPHT eJIb (pHC. 4.3) MTO3BO-

JISeT CHH3HTh HEIMHEHHBIE HCKAXKCHITA, BO3HHKAIOIIHC H3-3d KPHBH3HBI HAYAJIbHOI'O YHdCTKaA
BXOJHBIX XdAPAKTCPHCTHK TPAH3HCTOPA. Paborta cxeMBI OCHOBaHa Ha TOM, HTO HEPE3 TPAH3HCTOPEI

VT iu VT; 3a0ar0T HayaJIbHEIH TOK ITOKOS lo, paBHBIH:

Ip = (0,04+0,08) I m. (4.11)

JIst 3a;aHis ToKa o cmeayeT mpriiokuTh Mexay 6azamu VT u V12 HanmpsoKeHHe

Ugz= U= 0,55 + 0,65 B, sBisroleecs HayalbHBIM YCIIOBHEM PabOTEI TPaH3HCTOPA.
Bemiunny Ucys popMupyIOT pesucTopaMH R> o Rz HiM HaOopoM THOIO0B.

Ecmi Ugzi = Ugzz, TO 00a TpaH3HCTOPa HMEIOT PaBHEIH ITOTEHIHAI TTOKOS.

Pesucropel Rsz H Rez, cosgarorie B cCXeMe OTPHIIATENEHYIO OOPAaTHYIO CBS3b IO TOKY,

o0ecIteyHBarOT cTaOMIIH3aLlHIO TOKa IMOKo I B HIIHPOKOM JHAIIA30HE TEMIICPATYP.

A TIT . MO HEDCTH ¥ LG B )

(3 mepeEoro ¥ 1)
Heeasamgrg a2

3

VOIS

=

Prc. 4 4. Peopgprsrel padoTEI TREH S OTODE B WCHTHTaNs Kotaoca B,
H AR, EXfDOEH HOTO [0 oisare ¢ X5 H TPSTTONMEINIE L OUIDHOC TH

Bwmecte ¢ TeM pe3sHcTophl Rss H Res BKIFOUEHEI ITOCIIEAOBATENIRHO ¢ Ry M CHIIKArOT MOIII-
HOCTb B Harpyske. RsH Ry SBISIOTCA AneMeHTaMH 3a1uTel V1 1 V12 OT Ieperpysku B ciydae HX

ITOJIHOI'O OTKPBbIBAHITA. MGH.[HGCTL: BBIJACIIACMYHO TPdAH3HCTOPAMII 000HX ITIIeY YCHIIHTCJIA, He0O-

AOKYMEHT MOAMMCAH .
ANEKTPOHHOW MOAMNUCHIO
Cepruchukat:  12000002A633E3D113AD425FB50002000002A6

. COOTBETCTBCHHO, COCTABAT:
Bnapeneu: lLlebayxoea TateAHa AnekcaHapoBHa

2). Uxm=2Pvr/lxm. (4.13
NevicTevTeneH: ¢ 20.08.2021 no 20.08.2022 ) m m. (4.13)
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HarmpstxkeHne Uocrsiy= Urknum:= 1 B B 1ierm K-35 Haxoaar 13 BEIXOIHBIX XapaKTe PHCTHK
oTHX TpaH3ucTopoB VT u V1. Hanpsokenne Uocr ZOMKHO OTCEKATh HEIITHENHYIO YacTh BBIXO/-
HBIX XapaKTEPHCTHK B 001acTH MaibIX 3HaYeHHH Uxzims (pHC. 4.4). BeIgensieMylo OKOHEYHBIM
KacKaJOM MOIIHOCTE

Pvr = U m'lx /2 (4.14)
ONPeIeITIOT TpapHUYeCcKH Kak ITTomaas TpeyronbHuka ABC (puc. 4.4).
B cootBercTtBIU ¢ pHC. 4.4, Ex JOTKHO VIOBIETBOPSTH YCIOBHIO:
Ex = Ux m+ Uocr < (0,4+0,5)Ux gon. (4.15)
[Ipu sHaueHHIX o < 1% lg m YBEMYNBAIOTCS HEJIMHEHHEBIE HCKAXKeHH S CHTHAla THIIA «CTY-

IeHbKa». PocT HayambHOTo ToKa Ip >10% npHBOIHT K pOCTY CpeaHErO TOKa Ix cp, ITOTPebIIsieMoro

OT HCT. IMTaHHI. lx cp= Ix w/T.

KIIJ] 1 moTpebnsgeMast KacKaJoM MOII[HOCTE OT HCTOYHIKA COCTaBSIT:
N = (Pvr/Pu)-100%. Pu=2Eu-Ix cp. (4.16)
J1sg pacyeTa ImapaMeTpPOB BXOAHOH IeNH (HayaabHOI'O H MaX. 3HaueHH S HanpsokeHHs Ugp
1 Ugn opu cpegHeit BemnunHe Uy) MONMB3YIOTCS BXOJHBIMH XapaKTEPHCTHKAMH TPaH3HCTOPOB

(m1s pexxpMa B). HadampHBIH B MaX. TOKH 0a3bl COCTaBSIT:

I50 = Ixo/Pmin, I5.m = Ikm/Pmin. 4.17)
3aTeM ONPEJEIIIOT BETHYHHY Upsxm= Ugm+ Uprixm (Ky£1) (4.18)
ITOJCYHTHIBAIOT BXOAHYIO MOIHOCTE  Prx = (Y2)Upx m'Iem (Ki > 1) (4.19)
H KO3(HIMEHT YCHIEHHS IO MOIMHOCTH ~ Kp= Prux /Prx. (Kp=Ku'Ki)  (4.20)

3adanua:

3adarue Nol

BEITTOIHUTE pacyeT yCWIHTensa Ki1acca A H AB - coeIHNB HX ITOCIeA0BATEIbLHO. /| aHHEBIE
JUIS pacyeTa M ImapaMeTphl TPAH3HCTOPOB IIPHBEAEHEI B Ta0mHIEe. g YCHINHTEIS KII. A - 3aJJaHO

RH; misg yermmrensa k1. AB — 3agaH Tok B Harpyske 1H.

TaGnuiga — BHITOISIpHBIE TPaH3HCTOPHL CrPYIIIHPOBAHBLI B 2 CTPOKH (KOMIUIEMeHTapHas

ITapa)
Paboune mapaMeTpEI Tp aHZHCT 0P OB Hexomupie mapamMeTp eI A8 pacdera

hjl 3 UR 3 ]I=. Ilax ]K.EIE PMtx .fJ"P. CR UKE E‘H ]H 1;:H UB}{ fIl.l!I{H ITEH fMﬂJ{
THII (B) ®) [ )| wA | ®BD| uTo| Tb | me B A | Ou | mB Ty | xOm | «Tq

| npn KT201 20...60 20) 0,03 I 0,151 30 100 I 16 4400) 140 300 I 30

| pnp KT203 15...40 30 0.03 I 0,151 30 100 0.4 16 0.03 6l 400 I 410

2 nnn KT 26 A0 R0 15 0045 I 0151 35 80 | B 12 2200 30 500 0.8 50

AOKYMEHT TOANMCAH 80 [ 03] 12 ]0.05 125 | 50 [ 08 5

SINEKTPOHHOW NOANUCHIO 65 | 06| 18 1800 | 60 70 2 7

Ceptudmkar: 12000002A633E3D113AD425FB50002000002A6 65 0.6 | & 0.10 20 770 1.2 77
Bnageneu: lLlebayxoea TateAHa AnekcaHapoBHa 60 1.0 2 1200 50 200 1.4 20
60 0.4 2 0.25 125 420 1.4 40

NeiicTeuTesnen: c 20.08.2021 no 20.08.2022 0 [O05] 15 3000 ] 30 | 100 | 0.3 10
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5 pnp KT313 30...100 50 (035 05 |0,05]| 200 50 0,5 15 | 0,05 63 1 50 0,9 15
6 npn I'T311 20 ... 60 20 [ 008 05 | 0,30] 250 40 0,3 22 2500 220 | 25 | 12
6 pnp I'T313 40...100 25 | 008] 005 | 0,15 100 40 0,1 22 | 0,08 120 250 | 25
7 npn KT315 20...90 25 0,10 I 0,15 150 45 0.4 20 3000 55 75 1.1 h

7 pnp KT361 20.. 80 25 | 0,05 | 0,151 100 45 0.4 200 | 0,05 350 55 1 5

8 npn KT339 25...50 25 | 0,15 | 0,25 100 55 0,6 12 3300 40 125 0,5 12
g pnp KT337 30,60 12 | 0,05 1.0 | 0,15] 500 55 0,2 12 | 0,04 1 40 25 0,5 5

9 npn KT342 25250 30 | 0,05 | 0,25 100 45 0,1 16 4400 25 40 0,6 4

9 pnp KT343 30...60 17 | 0,05 | 0,15 100 45 0,3 16 | 0,03 1 50 140 0,6 14
10 npn KT358 25100 15 | 0,06 10 | 0,20 &0 40 0,8 14 2700 35 50 0,7 5
10 pnp KT 357 20,100 12 | 0,04 5 0.15] 100 40 0,3 14 | 0,04 85 350 0,7 35
I 1 npn KT3102 50200 30 0100 005 (025 100 35 0.5 16 1600 120 60 0,8 10
11 pnp KT3107 | 70...140 30 (000 01 |030] 200 35 0,5 16 | 0,10 200 80 0,8 8
12 npn KT373 20,60 10 005 05 0,15 600 30 0.4 18 2000 50 70 0,9 7
12 pnp KT3126 |25 100 30 0,03 0.5 0,15 | 500 30 0.4 18 0,04 150 170 0.9 20
| 3 npn KT3117 (40 200 60 | 0,06 10 | 0,30 400 25 0,6 2() 2500 30 80 | 8
13 pnp KT3127 |25 150 20 1006 1,0 |0,10] 6d0 25 0,4 20 1 0,06 230 280 | 28
| 5 npn KT316 20,60 10 006 05 0,15 600 25 0.4 12 2800 100 100 1,2 10
15 pnp KT326 25100 30 1006 05 |0,15] 500 25 0.4 12 | 0,06 200 60 1,2 | &
16 npn KT368 50...300 15 013 05 022900 20) 0,4 14 4200 g0 70 0,4 14
| 6 pnp KT363 [40. 120 18 [ 013] 05 0,15 800 200 | 0,35 14 [0,13 | 80 120 0,4 12
17 npn KT3142 (25 100 40 |0,15 1,0 | 0,30 | 600 30 0,4 20) 2200 1 20 30 0,5 5
17 pnp KT3128 |25 100 40 0,15 1,0 0,30 | 600 30 0.4 20 0,12 a0 a0 0.5 b
| 8§ npn KT608 25.. .80 60 0.4 10 | 0,50 100 50 1.0 16 1000 70 55 0,6 6
18 pnp KT626 30.. 80 45 | 045 10 3 45 50 | 0,85 16 | 0,25 170 250 0,6 25
19 npn ET630 |40 120 60 0,2 1.0) 0,5 | 50 55 0,3 22 800 250 40 0,7 4
19 pnp KT6329 [40..100] 45 (0,8 0,1 3 80 55 | 050 22 |0,20 25 1 40 0,7 14
20 npn KTod6 | 40200 60 0,8 10 3 | 200 40 | 0,85 18 600 1 30 50 0,8 5
20 pnp ETe44 [ 40..100| 45 0,8 0,1 3 80 40 | 0,50 18 | 040 300 1 50 0,8 15
21 npn ET972 > 600 60) 3 | 8 100 35 1.5 15 400 200 60 0,6 12
21 pnp KT973 > 600 () 3 | ) 100 35 1.5 15 1,0 120 260 0.6 25
22 npn KETE15 40.. 80 36 1.5 50) 10 | 30 o) 0,6 24 300 50) 100 0.5 10)
22 pnp KT&14 40.. .80 36 1.5 50 10 | 30 o) 0,6 24 0,8 1 50 40 0.5 4
23 npn KTs17 2560 36 6 100 25 30 100 0.6 20 200 40 90 0.4 10
23 pnp KTE16 2560 36 6 100 25 3 100 | 0.6 20) 1,2 140 72 0.4 7
24 npn KT&19 15...60 32 10 | 60 3 80 2,0 16 150) 1 (0 30) 0,3 15
24 pnp ETHIS 15...60 32 10 | 60 3 80) 2,0 16 2,5 210 130 0,3 12
25 npn ET&29 > 600 35 5 200 40 7 65 2,0 14 80 30 40 0,2 5

25 P KTE53 > 600 35 5 200 40 7 65 2,0 14 2.0 300 140 0,2 14

[OKYMEHT MNOAMNWUCAH
SNEKTPOHHOM NOAMUCHIO
Ceptuchmkar: 12000002A633E3D113AD425FBS0002000002A6
Bnapeneu: lLlebGayxoea TateAHa AnekcaHapoBHa

HNeincreutened: ¢ 20.08.2021 no 20.08.2022
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Ilpaxkmuueckaa paboma Ne5. HcmouHuKku cmaduiu3uposaHHozo RUMAaHus

Ilens: 1IpnoOpeTeHHe YMEHHI H HABBIKOB OLIEHKH ITapaMETPOB CXeM HCTOYHHKOB CTaOH-

JIHBHPOBAHHOTI'O ITHTAHHA, H METOJAMH PACHUCTd HX ITaPaMCTPOB

OCHO6bI MeopUlL:

Cxema, YCTpaHsroIas KoiaeOaH I HaITPsDKeHI S ITHTaHH S IIPH H3MeHEHHH TOKa B Harpy3Ke,
Ha3BIBAECTC S CTaOWIH3aTOPOM HaIlpsKeHH . CyIecTBYeT OONBINoe pazHooOpasHe cXeM CTalNIH-
3aTOPOB C HEPETYIIHPYEMBIM H PETYVIIHPYEMBIM HAIIPSKECHHEM, OTIIMYAFOINIXCS CIIOKHOCTBIO II0-
CTPOEHHS M CITocoO0M IpeolOpaszoBaHia. OCHOBHEIMH ITapaMeTpaMH CcTaOHIIM3aTopa SBIISIOTCS
OTJlaBacMasi MOIITHOCTh M JHAITa30H HAIIPSKEHHH M TOKOB B HArpyske, aMIUIMTYIa ITYIIbCallii |
KO3 (HIIHEHT cTaOHIIbHOCTH.

OnpeaersroiM KpHTepHeM ITPH BEIOOpe H pacueTe PO H MO aBIIsrOTCS MaccoOOMeHHAS
XapaKTEPUCTHKA, MOIIHOCTE ITOTPeOIIEHNS, TOYHOCTh U CTAaOWIBHOCTh BO BPEMEHHN HaIPSDKEHU A
UH nHa Harpyske, Beicokui KIIJ] () 1 HaJe’KHOCTh CXEMBI.

PaccMOTPHM CXeMBI ITapaMeTPHYECKHX H KOMIIEHCAI[HOHHEIX cTabmIn3aTopoB, KIIJI ko-

TOPBIX 3dBHCHT OT BCJIIHYIHBI MOIITHOCTH ITOTCPb Hd PCI'YVIIHPYEMOM 3JICMCHTC.

I I o~ -
T =
: _ rt SR
T S VI
—r —t, A
1 N
SRS = iU
B <+ |
v ivp ch TR
& i b b a
Purc. 5.1. [IapasarpHuyscEnyr cTabmme-
TETO) HE TRAHIHOTORS MO cxaMe ¢ OK

B cxeme mapameTpHyeckoro craduimzaropa TpaH3ucTop (VT) BKIrouaroT THOO IO cXeMe
¢ oOrm svuTTeEpoM (O3), mibo 1o cxXeMe ¢ oOImHM KomieKTopoM (OK) (SMHTTEpHEIH ITOBTOPH-
Tellb - pHC. 5.1). Takag cxema oOmajaeT HEBBICOKOH MONTHOCTBIO P < 20 BT H HH3KHM KO3 (PH-
I[HEHTOM cTaburm3ain Ker <500 un < 75.

T ok B Harpyske /g 3aBHCHT OT TOKa Oa3sel /5 v, 3aJaBaeMOoro LeIbo R H cTaOHIIHTpOHOM

VD.

OCHOBHBEIE PaCuiCTHBIC COOTHOIICHIA AJIA CXCMBI.

Un = (Uon —Uzgzvr) = (Usx—Uxz vr) (5.1)

NOKYMEHT NOANMUCAH |
SNEKTPOHHOW MOAMUCHIO 1I1e OITOPHOE Ha CTaOHIHTPOHE) (5.2)

Ceptudurkar: 12000002A633E3D113AD425FB50002000002A6

cHHC Ha OI'PaHHYHEBAKOIIICEM PE3HCTOPC 5.3
Bnageneu; lLlebGayxoea TateAHa AnekcaHapoBHa P 1 P P ) ( )

) g2)]/Ir1 = Uri/(lon+lsvr); (5.4)
Nencreutened: ¢ 20.08.2021 no 20.08.2022
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Iom = [(Usx—URr1)/R;] (TOK cTaOHIH3AIIHH Yepe3 cTaOHIIHTPOH) (5.5)

L= (g + Ir1); ¥l Mz < 0,911 1100 ). (5.6)
Iy = (Ug/Ry) = levr P =Izvr. (g vax. < 0,81 VT Ion). (3.7)
Is =Ir1— Ivp= (Ugs+Un)/15. *(I5 < [51ac); *(IE=(F53)longow). (5.8)
Py = (Pu + Pvr + Pvp); *(Pratax < 0,9-Py qon). (5.9)
Py = (Jx'Un) = (Ig**Ry) = Us*/Ry; (5.10)
Pvp = (Jon'Uomn); Pvr = (lk vi'Ugz vr);  *(Pvr < 0,9-Pvr 10n) (3.11)
Ner = Pyvr/Per < 0,92, N = Per/Pr <0,85. (5.12)

[Tynmecarppm AUg B Harpyske (pHc. 5.2) B 3aBHCHMOCTH OT H3MeHeHH S ToKa Alg B Harpy3ke

OIPCACIIIOTCA BEIXOAHBIM COIIPOTHBIICHHCM I'E iy CXCMBI CT&@IIJHIB&TGP&Z

Prc 3.1 Ilpru=p cuskxk K npK
HEME IOl MV Ca LK HEmoEsoH K

Bux. = AUn/Alg=1/S = @1/Hx. (3.13)

(UBs/yT) _

rae S = (lo/er)exp (Ix/p1) —xpyru3Ha. (mpa @1~ 0,026 1 [z = 0,1 4 TTOTYYHM I'E s
~=0,26).

Komnebannsa AUg HammpspKeHHS CITIaKHBarOTCS Oarogaps MajIoH BEIIHYHHE I'yygy CTAOHIIIT-

POHA.
M3MmeHeHne BernuuHbl AUg COCTaBUT:
AUn = AUon = [rgap /(rgas +R1)|*AUn = (rque /R1)-AUn (5.14)
AUg < 0,02-Ug Ha BBIXOJAe cXeMbI (pHc. 6.1) M mogoOHOI cxXeMe IPH OITHMAIbHOI
HarpysKe.

ey, = AUon/Alon = @1/lon - ndpepeHIHaIbHOE COIIPOTHRIIEHHE CTa0MIHTPOHA.
Ker = (AUg/AUn) = (Ri/rug) < 200 - ko3 QHITHEHT CTaOHIH3aI[HH. (5.15)
JUIsT CHIMJKEHHS YYBCTBHTEIBLHOCTH K ITylbcarsM AUy HCTOUHHKA — YacTO Ha BXOJIE U

BBIXO/JIe CXeMbI cTabmiIn3aTopa cTaBIT Co ¢ H Co ¢ H3 YCIOBHSL
Tpasp= Coo'Ry’ = (3+5)T, mubo C-AU=1-t, orkyma Cg=I1t/AU

[NOKYMEHT NOAMWCAH . |
SNEKTPOHHOWM NOAMMUCHIO 0,001 =0,5A-0,02¢/5B]

Ceptudukar: 12000002A633E3D113AD425FBS0002000002A6

| < :
Bnapeney:  LeBayxoea TaTbsiHa AnekcaHapoBHa rycnosue, ecni AUsemp < (0,1-Uszme).

HHa Ustre grmoe VBemmuuTcd B 1.41 pas.

Nencreutened: ¢ 20.08.2021 no 20.08.2022
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OyeHb BBICOKAS BelMYHHa C BBI3BIBAET POCT ITHKOBOI'O TOKa Ips ITpH 3apsae C
IUIHTEIIPHOCTRIO 0 t < (20/2) mc (U1 cXeMbl MOCTOBOIO BBIIIPAMHTEILT), AMILIHTYIOH:
Ips=Un/2m r’'g =12/ 2*1,18%11) =12/5 =235 A. (5.16)
Bemiunna xonebanmii AUy HanpspKeHHS HCTOYHHKA (BBRITPSAMHTEIT). ¢ YUETOM YaCTOTHI
Jfovimce IyIbCAlHH (CeTH) M TOKa [g Harpy3KH, ITpH ycTaHOBKe Cp COCTaBIISIET:
AUg = [Ia/(CoRfiyme)]-[1-*w/2r’m)]: [T =(1/2f)=0,01¢] (5.17)
i Ce o = T/(Ur/lx) = 0,00166 (D) = [k/(AUn2fitymc )] [1— Mrw/2-171)). (5.18)

bBoree Tounoe 3HaueHHe Co — Ha BBIXOZE BhIIPsMHTET (I-00p. riIbTpa) COCTABHT:
Coo=[ L*(Kovnom ‘Keeme »0) |/ (AEw-2fmvn) = [(0,5A:0,9-0,66)/A5B-2-50I'tr)| = 600MKD.
rae AExp<0,2-Ex=0,2-25V = 5V (U1 cXeM BBIIIPSIMHTENIEH ¢ OITHM. Har py3KOH).
firv — YacToTa ITyIbCcallHi HaIIpsSKeHHS Ha BBIXOJIe BRITpsMuTend (f = 2*501'1r);
I'1 — BBIXOJHOE COITPOTHRIIEHHE HeCTaOIIH3HPOBAHHOIO HCTOUHHKA (BBIITPSIMHTEIIS);,
00BIyHO, 17=2 + 0,1 OM (rpu Pz =10 + 100 Bt nmpu Ex < 40 B);
r’'m = (rpx+R g) = (5+10)ry — SKBHBaJIeHTHasA Harpy3Ka, IOJKII0YeHHAsI K HCTOUYHHKY.
B maHHOM cioydae r’mg 3T0 (rgx+R m) cxeMbl cTabGHIH3aTOpa ¢ IMOJKIFOYEHHOH Ha BBIXOJE
Harpy3Kom.

B smmrrTepHOM oBTOpHTENE (B cXeMe ¢ OK) BEIMOMHAeTC A yelIoBHE: 15x = (5+10) 1p11x.
Harpumep, ripy Ig =14; Ug=12p; AEg=3p; rm= 1,180 B r’'g = 1101 ITOITYIHM:

Co= [1a/(Be-2-50rp]-[1-* (1,18c14/2:1101s)] =0,00166 @ = 1700 MKD.
H HaoOopoT, rmpH Cp = 0,0017 &:

AUn = [14/(0,00174-2-50r) ] [1-* (1,18c1/2°1101)] =2,95B =3 B.
Ips =125 /N2-1,18cnr 110 = 2,35 A 1iput En= 12z (5.16%)

IIpumep cxeM cTA0OHIH3ATOPOB NMOBBIIIEHHOH MOITHOCT M NIPHBEJEH HA pHc. 5.3 —5.5.
Tl peryImMpoBKH HAIPSDKEHII Ha Harpyske B auanasoHe Un = (*/3+ °/3)Ex B Leb 6a3sl

TpaH3HCcTOpa (IIH B Ilenb Bxoja OY) BBogAT pe3ncTop Ra = (5+10)R;.

I 1 Ly | I U +
u
S
Poc. 33 1 ATOR 6 PBrc 24 CEBmmuIstop C M- Pypr 55 CrafimEssTon IO
O T3 EHOA TPEH 33 TO= TSTTHH B EXTTHRYSH T REH 3WHC TODOE rRSN[S C MOTIHAL 3N HT TS0
[JOKYMEHT NOAMNUCAH
SNEKTPOHHOW TNMOANMCHLIO B cXeMe CTaOWIH3aTOPa BEIXOTHBIE TPAH3HCTOPEI
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(puc. 5.4). ]I MOBBIIIEHHS cTaOMITFHOCTH HanmpsokeHHT Uy B cXeMe HCITOIB3YIOT TPaH3HCTOPHI C
K03 (PHIIHEHTOM YCHIeHH S IT0 TOKY [3 > 30, a 1emns ¢ sneMeHTaMH R, Rz, VD ycTaHaBIHBarOT Ha
BBIXOJIE€ CXeMEI (pHC. 3.5).

371ech I JIVHITIET O ITOJdBJICHITA ]’[}’TJI)CEH_[Hﬁ TPAH3HCTOP BKIIFOYCH I1IO CXEME C 9)C)

[IpH OJMHAKOBOH CIOKHOCTH CXeM CcTaOHIM3aTopoB, cxeMa ¢ O3 obecrieunBaeT Oomee

BBICOKHH KO3(D(HIHEeHThl cTabHiIn3alHi Kcer, HO BEIXOJHOE CONPOTHBIIEHHE I'srm CXeMbl ¢ O3

BHIIIIE, YeM B cxeMe ¢ OK. IIosToMy, eciti cTaOHIH3aTOP padoTaeT ¢ IepeMeHHOH ( peryIIHPYeMOI)

Ry Harpyskor, To BRITOJHO BKIrOYaTh VT 1mo cxeme ¢ OK.

I pacyera cxeM (pHc. 5.3 — 5.5) 1o 3agaHHBIM nTapaMeTpam En, Un, Iz wmn Ry mocra-
TOYHO OIPeJeINTh ITapaMeTPphl: TPaH3HCTOPOB (Pvr, Uks, Ik, Is, B); ctabunurpoHa VD (lom, Uor,
I'Tug. ), KO3 GHmeHT Ker 1 HanpsokeHHe AUcr ITYIIb CaIHH.
KoMneHcanmHoHHbIE CTA0MIN3ATOPBI C ONEPAINIHOHHBIM Y CHJIHT eJIeM
B cxeme (puc. 5.6) KOMIIEHCAIIHOHHOIO CTaOHIIM3aTOpa Ha OIIEPAI[HOHHOM YCHIIHTEIIE
(OY) BeIxXOsHOE HanpsikeHHe OY HCIIONB3YeTCS A1 MOIMYYeHHS oropHOro HanpsokeHHs Uor oT
ITPELH3HOHHOIO CTa0WIHTPOHA. 1 GONBINMHHCTBA MAaITOMOIIHEIX OV TOK loveu:< 10 MA. Ji1sa
YBEIIHYEHHS TOKA /g B HAIrPy3Ke K cXeMe KOMIIEHCAI[HOHHOI'O CTaOIIH3aTOpa IOAKIIFOYAIOT BEI-

XOJHbIEe TPaH3HCTOPHI (pHC. 5.7). Takue cXeMbl ITO3BOJISIOT ITOIYIHTh KO3(P(HIMEHT cTabHIH3a-

1 Kot = 200+500.

B. Cr=bomrzsTop OTODH O

KospduimeHTt Ker cTabmmnzaiiim cxeMsl (pHC. 5.7) MOKHO CYIIeCTBEHHO MOBBICHTS (Kt

>1000), ecru 11emb ¢ 3eMeHTaMH R 1 VD IoAKIIOYHTE K BRIXOAY cTaOHm3aTopa (puc.S.6). [Ipu

sTtoM Ker cTaGmmm3alu cxXeMbl onpefensgerca KosgdmrmentoM ocnabueHusg D m3MeHeHHS
HaIPsDKEHHS CMEeMIeHHS ITPH H3MeHEeHHH ITHTaHHI OV .
Il cxemsl (puc. 5.6) cripaBeiIuBEI cOOTHOIEHHS: Upp= (Y4+%)-Ug. (%)

&UHPHM — [rEHHI(rEHH.+R|)] -&UEMK, &UHHB — [REA’{(RZ‘FRDC)] .&UEHH*

Usux = Uon'Ku= Uocn [(Roc/R2)+1]. (5.19)
JOKYMEHT NOAnNUCAH
SNEKTPOHHOM NOMMUCHIO ¥ HE 3aBHCHUT OT M3MeHeHHs ToKa Iy 1 oT Uy, J{nsg
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Uon<Up-2B wm Upux < Ugn - 2 B; (5.20)
BrIxoHOe HaIlpsDKeHIHEe MOKHO perynHpoBarhk B AHamnazoHe Uprpn: = (Y3+76)-Un.
JIIs1 5TOro JOCTAaTOYHO 3aMEHHTH R2 Ha IepeMeHHBIH PE3HUCTOP TOH K€ BEJIMYIHEL.
D = AUx/AUp. *(D <10 000); (koadd. ocmadneH. BimsHuA mynbeall, AUx)  (5.21)

rae AUp < 0,3 MB - HanpskeHHe CMEIIEHHE HYIIS Ha BRIXOJe HaeanbHOro OV npu AT =

20°.
Harpumep, ripu AU = 2B u AUp < 0,5 MB nonyumm D = 4 000.
Ker = D[rgup vo/(rgap vp+R1) — R2/(R2+Roc) | = D[ R2/(R2+Roc)].  (5.22)
* BxomnHoi Tok OV cocraBiseT (fsxov < 0,2 MA), mosToMYy TOK AennuTens I B 1erm Roc
H R> pomxeH cocrarisars I =05 + 1 MA. (*)

[IpHu Hcronmp30BaHHH B cXeMe (pHC. 5.7) COCTaBHOIO TPaH3HCTOPa TOK B HAarpy3Ke MOKET
IIPEBBIIIATE BEIMYHHY Iz > 1 A M COCTaBIISTh:
Iz < lov-Po. (Bo= P1-P2.) (3.23)
Ur = (Uon'[(Roc/R2)+1] —Ugz1—Usz2). (5.24)

Pyvr2 = (Up—Uxn) Iz = Ugs vr2'lx v,

E
| W 1 k.
i . - — '|:I' lb
(exana ¢ OF) F- 1
— F—
Fae. 2.8, CTa0mmHz aTop ¢ OrPAHEYSHESN TOE

JITs1 3aIUTEL CXeM CTaOMIIHM3aTOPOB OT BRIXOJIA M3 CTPOS ITPH CIIYYaIHOM KOPOTKOM 3aMBbI-
KaHHH, B CXEMY BBOJSAT IIeNb 3aIUTE Ha aneMeHTaX (Rp u VT3), koTopele OyZieT orpaHHYNBaTh
TOK |x MOIITHOT'O TPAH3HUCTOPa IIPH BOZHHUKHOBEHHH OOJIBIIOrO ITafeHH s HanmpspkeHn s Uxs vr. Ecim
IMaJicHHE HapsDKeHN S Ha pesncTope R npeBeicHT BeMunHY Ugs vz = 0,6 B, TO IIPpOH30HIET OT-
KpPBIBAHHE TpaH3HCTOPa VT3, a 3T0O BEI30BET CHIKeHHE HanpsokeHHS Ha Gasze Vs, 1.e. Ugz vtz <
Uon U, cIegoBaTeIbHO, YaCTHYHOE 3aKphIBaHie V1.

YPpoBeHb OrpaHHYEHHI TOKa cOcTaBHT: Ix- orp = 0,6/Rr. (5.25)

Hampumep, nipu Ix orr = 1A, Rorr coctaBuT: R =Ugz 3/Ix2 orr = 0,6. OM. (3.26)

J—'J_!'!'.-"!! Pl AR TN
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Ug =15 B, npu: Up=20B; Iguzov <10 MA.

(cxanra o O E.| |V -j..

3adarue No2
BEIIOJIHNUTE pacyeT mapaMeTpoB cxeMbl cradminzaropa Ha OY mia Ug= 13 B, ripu /g <

10 MA, Unwmax=19 Bu AUn=2 B; AUp =0,3 MB.
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Ipakmuueckaa paboma Ne6. I'enepamopbl 2apmoHUUeCKUX KOJled aHUl

Ilens: mpHOOpPECTH HABBIKH pacyeTa FeHepaTOPOB I'apMOHHYECKHX KOIeOaHH I

OcHO6bL MmeopuL:

['eHepaTopaMH (3eKTPOHHBIMH I'eHepaTOpaMH) Ha3bIBAIOT YCTPOHCTBA, ITIPe0o0pa3yIOIIHE
C IIOMOIIBIO YCHIHTEIBHBIX ITPHOOPOB SHEPTHIO HCTOUYHHKA IEKTPOIHTAHHSA B SHEPIHIO 3JIEK-
TPHYECKHIX KoneOaHHIT 3aJaHHOH YacTOTHI H (pOopMbI. O CHOBHOI KiTacCH()HKAIHOHHBIH ITPH3HAK -
ITPUHIIHIT YIIPABIEHH A PEXHUMOM PabOTEI reHeparopa. [1o aTroMy IpH3HaAKy pas3IMyaroT I'eHepa-
TOPBI C HE3ABHCHMBIM BO30VKIEHHEM, PEKHMOM PadOThl KOTOPHIX VITPABISIOT OT BHEIIHETO HC-
TOYHHKA ITEPEMEHHOI0 HAITPSDKEHISL, H TEHEPATOPBI ¢ CaMOBO30YKIeHHEM - aBTOr€HepaTopkl. 1o
(popMe BBIXOJHBIX KOIeOaHHH pas3IHYalOT FeHepaTOPhl TAPMOHHYHBIX (CHHYCOHAIbHEIX) KOJIe-
OaHHii K TeHe paTOPhI KoneOaHHH HeCHHYCOHAAIEHON (hOopMBI (TTPsIMOYT OJIbHOIH, IMII000pa3HOH 1
Ip.), KOTOPBIE HA3BIBAKOTCS PellaKCAI[HOHHBIMH (FUTH HMITYJIbCHBIMH) T€HEPaTOPaMH.

['apmoHmyeckie KonedaHHA B TeHepaTOpax IMOAACPKHBAIOTCS PE30HAH CHEIMH KOHTYPaMH
THOO APYTHMH PEe30HHPYIOIIHMH 311eMeHTaMH (KBaplieBble pe30HaTOPhl, 00beMHBIE PE30HATOPEL,
H JIp.), HIIH ¢ momMomipio (pasupyrommmx R C-1ieneli, BKmoyaeMbIX B lers OC ycuimTenei. [1epBrie
HasbpIBaroTCI LC-reHepaTopaMi, BTopele — RC- reHepaTopaMi rapMOHHYECKHX KOJIeOaHHI.

B o0meM BHle TeHEpPaTOPhl TAPMOHHYECKHX KOJIEOaHHH COLEPKaT aKTHBHBIH 3JIEMEHT
(AD) (mm yermmrtens (Y) H 4acTOTHO-H30HpaTelIbHYIO cXeMY (FJIH 4aCTOTHO- H30HPATEIb HBIH Ye-
ThIpexTniomocHHK) - (UMY). CTpyKTypHas cxeMa reHepaTopa H300pakeHa Ha pHC 1.1, rie B Kade-
ctBe UMY MoryTr OBITH HCIIOIB30BAHBI Ppe30HAHCHBIE LC-KOHTYPEI, KBapI[eBhIe Pe30HaTOPRI, RC-
, RL-, LRM-11erm.

B 3aBHCHMOCTH OT reHepHpPYyeMBIX YacTOT TeHepaTOPhl TapMOHHUYecKHX KojaeOanuit (I'T)
ITOAPa3AeILIIOTC I Ha TeHEPaTOPEI BBICOKO-, HU3KO- H - HH(ppa-HH3KO0- YaCTOTHRIX KoneOaHmi (BY,
HY, MHY). I'T" BY mveror guanazoH: 100 MI't-100 xI'; HU- 100 xI'u-10 I'; MHY — o1 101’ 1t
HIDKe. RC - aBTOreHepaTOpHl IIPHMEHSIOTCS I reHepupoBannsa HY cuHyconpanbHBIX Koteba-
HHil. OHH cojepxar UMY Ha RC-snmeMenTax. HacroTa, reHepupyeMas RC reHeparopami, Hasbl-
BacTCS KBasHpe30HAaHCHOH ITOCKOIRKY UMY Ha RC - sneMeHTax He oOmagaeT pe30OHaHCHBIMH
CBOMCTBAMH Kak, Harpumep, LC-KOHTYP.

B aBTOoKojeOaTenbHEIX RC- reHepaTopax HCIONL3YIOTCS YCHIIHTENH, oxXBaueHHbIe [1OC,

rJe Ko3(pHIHeHT YCHIHTeNSL, oxBadyeHHOro 110C paBeH:

OOKYMEHT NOaAnNWUCAH
SNEKTPOHHOWM NOANUCHLIO K,
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Ky - ko3 primneHT yeuneHusd yecumTenas 6e3 OC

K1y - koadduinieHT nepegaun YAY.
(K, K., >1
D+ P = 2700

T.e. HE0OX0MMO, YTOOBI cOOIIOAalIcsa OaJaHC aMIIHTY/, (T.€. YTOOBI ITOTEPH, BHOCHMBIE

UMY, KOMITEeHCHPOBAIIMCh YCHIHTENeM, H YTOOBI CIBHT (pa3, cozmaBaeMeri Y H UMY B KoIbIIeBOH
cxXeMe OB paBeH HYIIIO WIH Kpa-TeH 27t (T.e. 4YToObI coOmmoiarcs OamaHe ¢as).

Kak u gng LC-reHeparopa, ycioBHeM BO30YKIeHHSI RC- reHepaTopa SBISETCS BBITIOIHE-
HHEe COOTHOIIeHHA (1.2), T.e. eClIH YCHIHTEIbHOE 3BEHO OCYINECTBIIIeT (pa3oBbli caBHr 180° H
KOA((HIIHEHT YCHIIEHHS BEIHYHHA JeHCTBHTeNbHasI H oTpuiiatenbHasd (-Ky)(-KUHWY) 1,10 mana
CaMOBO30VKIEHHS TAKOT'O YCHIIMTEILI HEOOXO0- MO, YTOOBI YaCTOTHO-3aBHCHMASA 0OpaTHas CB3b
TaKKe BHOCHIIA (pa30BBIi cABHI paBHBIH 180°. IIpH HeH3MeHHOM (Pa30BOM CIBHIE B YCHIIHTEIIE
KOA(P(HI[HEHT YCHIEHHS - BEIMYHHA JIEHCTBHTEIIbHAS H ITOJIOKHTENbHAs. CaMOBO30OYXKIEHHE B
STOM CITy4ae BO3MOKHO, KOrjla (pa30BBIil CABHI B I[EIIH YaCTOTHO-3aBHCHMON OOpaTHOH CBSI3H
(rmpH gericTBHTenbHOM KoadduipieHTe Mepegaun KUYMY) papeH Hynro 1 Ky K.urny > 1

[Io mmpuHITmITy moctpoeHu s RC-reHepaTophl IOAPpas3IeistOTC Ha IB€ OCHOBHEIE T'PYIIIIHL:

- TeHepaTopPEI ¢ ITIOBOPOTOM (pa3bl CHTHAaJA B I[eIH 0OpaTHOM cBs3H Ha +£1800

- TeHepaTOPhI, Y KOTOPHIX (pa30BBII CABHI CHTHaNa B eIt OC Ha OIpeJieIeHHOH YacToTe
PaBEH HYVIIIO.

PaccmoTrpuM nepByro rpymny RC-reHepaTopoB - ¢ (pa30BEIM CIBHIOM B I[eITH 0OpaTHOH
cBs3H, (¢ @C B OC). 3ra rpymira reHepaTOpoOB COAEePKHT OJJTHOKACKAHBIH YCHIIHMTEID II0 CXEME
¢ O35, (aza BEIXOIHOTO HAITPSKEHH S KOTOPOro OTIHYaeTcsa OT (pa3bl BXogHoro Ha 180°. YcnoBue
OanmaHca (pa3 MOKeT OBITh BBIIIOJIHEHO, €CIIH YaCTOTHO-3aBHCHMas el OC Takke oOecIieYHBaeT
TIOBOPOT (pa3sl HANIPSKEHH S Ha HY/KHOH YacTOTe reHepalli Ha 180°. B kadecTBe (pazsHpPYIOIIHX
HCITONB3YIOTCS LIEMH cocTosmHe H3 ['-00pa3HbIX RC-3BeHbeB (0OBIYHO TPeX HIH YeThIpeX). T pex-
3BeHHBIE (Da3HPVIOIHE LEMH THIIA «R- mapamiens» H «C-Imapauieib» H300pakeHbl Ha PHCYHKE
1.2 au 1.3 a, aux aMIDINTYJHEIE H (pa30 - YaCTOTHBIE XapaKTepHCTHKH Ha pHc. 1.2 6 m 1.3 6.

B oTmiuim oT pe3oHaHCHOH YacTOTEI M0 KojleGaTellbHOro KOHTYpa I (hazHpyromix RC-
IIeTIeH YacToTa, KparHasd 7, rje n=0 wim 1, Ha3skIBaeTCS KBasHPE30HAHCHOM.

Kax BumHo 13 pric. 1.2 6 1 1.3 6, Ha KBazHpe30HAHCHOI YyacToTe M0 (ha30BBIH CABHT (UHY

(1 @) MeXIy BXOJHBIM, H BRIXOJHEIM HaIlpsDKeHHeM 1 LelH «R- mapamiens» paBeH +180°,
T NOKYMEHT NOANUCAH
SNEKTPOHHOW NOANUCHIO
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Ha ston yactore KoapduimeHT nepegadydl HanpsoKeHHS [=Usge/ Uz 19 00enx Ienei

HMeeT BellleCTBEHHOe 3HaueHHe o= 49 . KBasupesoHaHcHasg yacToTa I (pasHpPYIOIHX Iiellei

orpeersaeTcs rmapaMerpaMu R u C.

JIna nenen «R- mapasnmiensy f].—ﬁac ER& (1.3)

Jna nenen «C-mapajuielib j(:‘):??:&l:i[ FE2 (1.4)

Taxmm oOpaszaM, YCHIIHNTeIIbHBIH KacKaJ cO CABHIOM (pa3bl YCIJIHBAEMOI'O CHIHalIa Ha
180°, B xoTopoH ocyiecTBiIeHa [10C ¢ moMompio, TpeX3BeHHBIX IerneH "R nm C-nmapaiens”,
MO>KeT TeHEpPHPOBaTh TapMOHHYeCKHe KoJIeOaHH I ¢ 4acToToi mg (fp)- 3aBmcrMocTH (1.3) u (1.4),
ecnH ko3 drameHT yerneHHS P(Kwry) mmpeBeiaeT 29.

JIIIs1 YeTBIPEX3BEHHBIX IEIEH MOKHO TTOJIYYaTh, CIEAVIOIIHE 3aBHCHMOCTH.

"R-mapasmens”

T e == 1.5

"C-napasiesns”

e e T e == (16

OOKYMEHT MOAMNUCAH
INEKTPOHHOW MNOANMUCHIO ITOPOB C HCITOIIb30BAHHEM YETHIPEX3BEHHEIX I[E-
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JlanpHelIIee yBeIIMYeHHE YHCIIa 3BEHbEB HE JaeT CYIIECTBEHHOT 0 3(pdeKTa.

PaccMmoTrpeHnne nmapameTpor (pazupyromux enel (fo,Po,Pp) OCYIIECTBISUIACE B HACAIIEHOM
BapHaHTe, T.€. IIPEANoIarajioch, YTO COIPOTHBIIEHHE HCTOYHHKA BBIOPAHHOTO HAaIIPSDKEHISL,
PAaBHO HVIIIO, a COIIPOTHBIIEHHE HArpy3kKH- OeCKOHEYHOCTH. B peanpHBIX yernoBHAX RC- 1lerb
HarpyKaeTcsl KOHEYHBIM BXOJHEIM COITPOTHBIIEHHEM YCIUIHTEIILHOI'O 3BEHA, a €& BXO/JI ITOIKIIIO-
YAETCS K BRIXOAY VCHIIMTEILS HMEIOIIETO 3a4aCTYIO 3HAYHTEIIBHOE BRIXOAHOE COITPOTHBIIEHHE, YTO
IIPHBOAHNT K H3MEHEHHIO [3p H YacTOTa yCTaHOBHBINHXCS KoneOaHmi f # fy. [IpHHIMIIHAIbHAaA
cxeMa RC- reHeparopa ¢ TpexX3BeHHOH LIeNbI0 “R-mmapannens” n3odpaxeHa Ha puc. 1.4 a, €€ K-
BHBAJIEHTHAS cXeMa - Ha puc. 1.4 6. V3 sKBHBaJIEHTHOH CXeMBbI MOJKHO ITOIIYYHTh YCIIOBHE BO3-
HHKHOBEHH I TeHEPaI[HH H YaCTOTEI KOJIeGaHHH. PeXHM I10 ITOCTOSHHOMY TOKY B CXeMe puc. 1.4 a
obecnieunBaeTca sneMeHTaMH R’3, R73, Rz Cs. [lapauiens HO BKIIFOUYEHHBIE PE3HCTOPEL R’3 H R”3
COBMECTHO C ITapajUIellbHO BKIIIOYEHHBIM BXOIHEIM COITPOTHBIIEHHEM YCIIIHTEIIBHOIO 3BeHA Ryx =
h;1 (emxocTe Cs Ha 4acTOTe FeHepallHH BHOCHT OYEHB MAJIO€ PeaKTHBHOE COIIPOTHBIIEHHE) 00pa-
3yeT TPEThe COMPOTHBIIEHHE (pazupyromeH el R3. BEIXOIHOE CONMPOTHRIIEHHE YCHIHTEIEHOIO
3BeHa OOYCIIOBIIEHO B OCHOBHOM 3HaueHHEM Ry T.K. Rx <<l/h~:5.
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JULS XapaKTe PHCTHYECKOT O YPaBHEHH S, YAOBIETBOPSIOIIETO YCIIOBHIO YCTAHOBHBIIETOC Koneba-
TEIILHOIO IPOoIiecca, IIOTYYacM:
[-0’R?* C*(4n+6)+j[0oR C(n+5)- ®*(2n+1)+ hr13n ®°RC|=0, (1.7)
rae nCi= C2 =C; =C, Ri= Rz =R;3 || Rex= Raex/n=R T.e. n=R/ R
YcnoBue GanaHca (pa3 BRITIOIHSETCSA ITPH PaBEHCTBE HYITIO MHHMOH YacTH ypaBHeHHST (1.7)

IIPH 5TOM HdCTOTd I'CHEPAILlHH PaBHA.

(1.8)

Hcxonsa u3 Toro, 4to JeHcTBHTENbHAS YacTh ypaBHeHHS (1.7) momkHa OBITh paBHA €lTH-

HHIIE ¢ yuyeToM (1.8) momydaem:

L= S = e e = (1.9)

r7e ho1s- KpHTHYECKOE 3HAaUeHHe KO3()(HI[HEHTa ITepeJayl ToKa TpaH3HcTopa VT

Bripaxenne (1.9) mveeT MHHHMYM TorAa, Korjga n=R/Rpx=2,7. B 3TOM ciryuae
h-12 = 45R3/(Rex+R3). (1.10)

13 ypaBHeHn (1.10) crexyeT, YTO JIMIIb, IIPH BEITTOITHEHHH HepaBeHCTBa Rpx >> Ri. Tpe-
OyeMoe 3HaueHHe KO3(p(HIMeHTa ITepeJayu 10 TOKY TpaH3ucTopa VT1 MoxkeT OBITh MHHHMAJIh-
HBIM, HE3HAYHTEIIEHO IIPEBBIIAFOIIIM 45,

B cxeme RC-reHepaTopa ¢ YCHIHTEIIEM I10 cxXeMe ¢ O3, KOTOphIH oXBaueH OC ¢ ITOMOIIBIO
pasupyroniel nenx "C-napamiens” (puc. 1.5), polb IIepBOro 3BeHa (pa3sHpPYIOMIEH LIEITH BBIIION-
HSIET COIIPOTHBRIIEHHE KOIUIEKTOPHOH HAarpyskH Rk cOBMeCTHO ¢ KoHjieHcaTopoM C 1. ComnmporHs-
neHHe R'3, BKIIIOUEHHOE ITOCIIENOBATEIIFPHO C BXOAHBIM COIIPOTHBIIEHHEM YCHIHTEIIBHOTO 3BEHA
Rex= hi13, HCKIIFOUAET 3aMETHOE BIIMSHHE IIOCIIEAHETO HAa YaCTOTY reHepaliii. CMeIeHNHE B LETTH
0a3bl OCYHIECTBIIIETCSA (PHKCHPOBAHHBIM TOKOM 3a cueT corpoTHBiIeHHH Rl, R2, R'3 ripu Hamruim

KOJIJIEKTOPHOH TeMITEPAaTYPHOH cTaOHIIM3aIHH padoyeH TOUKH.

Bp n
. —o0 E. T
¢ e
E1 EZ2 'z ROLOA
i & —i— VT
-1 1 1 E. L
1 2 (3 m—
NOKYMEHT NOANUCAH i ®
SNEKTPOHHOW NOANMMCHLIO
Ceptudcmkar: 12000002A633E3D113AD425FB50002000002A6 I

Bnapeneu: lLlebGayxoea TateAHa AnekcaHapoBHa
AHHBIX TIPH ITOIYHCHII OCHOBHBIX 3dBHCIHIMOCTCH
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111 RC-reHepaTopa ¢ Lenbio " R-Tmapawienns ", MOKHO ITOJTYUHTS:

ﬁm@d] 1)
h-12=21+32m+3/m (1.12)
I'J1c R=R|= Rg =R3=H1R}<;; C=C|f1‘1‘l= Cz =C3 . R3= R?3+Rﬂg

[Ipu sTOM h213 moiKHO OBITE OombIe 45 + 60, YTO MOXKET OBITH O0ECIIEYEHO He KaKIbIM
TpaH3HCTOpPOM. KpoMe TOro, CHHKEHHE HAIIPSCKEeHHI HCTOYHIKA ITHTAHH S IIPHBOAHT K YMEHBIIIE-

HHIO UKE:, d 3TO B CBOIO OHUECPCAb K YMCHBIIICHHIO h>13, YTO MOXET BBI3BATh

By — +
& & —0 EEI
1 Broog
E.1 EZ E3 ® 1 >
o e e {vn
VT
-] L oy Fal E.2 —
- - - l ‘ 9

HEYCTOIYHBOE BO30YXKJEHHE. YKa3aHHBIH HEeJOCTaTOK MOXHO YCTPaHHTbh, HCITOIb30BaB
COTTIACYIOIIHIT AMHTTEPHBII ITOBTOPHTENIh HIIH CABOEHHEIH TPAaH3HCTOP, IO cXeMe J[apImHI TOHa
(puc. 1.6). B taHHOM cinydae KO3(p(HIMEHT IepeJadH 0 TOKY

Ki=h2131 hois (1.13)

H BXOJHOE COITPOTHBJIEHHE COCTAaBHOI'O TPAH3HCTOPa PaBHO:

Rex = hi1131 +h2131 hi1s2 +hois horss (1.14)

HTO 3HAYHTCIIBHO ITPEBBINIACT dHAJIOI'HYHBIC ITdPAMCETPhI OOBIYHOTIO TPAaH3HCTOPA.

3aoanuA:

3aoarue Nel

PaccunraTh TpaH3HCTOpHEII RC-reHepaTop ¢ (pha3HpYIOIIei 1elTbio THIa "R-napamiens”,
€CIIM YaCcTOTa reHepUPYeMBIX KojteOaHui D ['11. B KayecTBe COrMacyroIero 36eHa MEKIY YCHIH-
TeJILHBIM KacKkaJoM ITo cxeMe OO Ha TpaHzucTope VI2(Q) M dasupyromeH IeNbI0 HCIIOIb30BaH

SMHTTEPHBIH MOBTOpHTEeNNb Ha TpaH3HcTope VT 1(G). Hanpskenne En=S B. Pexim paGoTsl -

AOKYMEHT NoanmncAH
SNEKTPOHHOW NOAMUCHIO
Ceptudurkar: 12000002A633E3D113AD425FB50002000002A6
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BapuaHt
/ 0 1 2 3 4 5 6 7 8 9 10
JlaHHEIE
- o lolololo|l ol - - -
D.I'y s |glg|g|2|8|2|2|g|g|s
3 N Q| = en | F | S| & A 'S <
_ < | =& | & | <€ | =] €| = | < ala L
G, THII = | S22 2|2 2] 2 s 2
— = — - < - < - < ag -
Q. i = (2|22 |2|2|2|2]2 2|2
= JIEIBIE|IRIE|R]E|E|E
S, B 12 24 | 20 | 12 | 15 | 24 | 20 | 15 12 10 12

OneKTpHyecKas IpHHIHIHAIbHASI cxeMa RC-reHeparopa ¢ @C "R-mapanmnens”:

c1 L2 O3 g1 VT Tp2 | VT2 [

bbb

E3| F4 RS |E2| | R.|| E2

KonmponoHsle sonpocel:

1. Kakoe yCTpOHCTBO Ha3BIBAETCS 3IEKTPOHHBEIM IreHeparopoM? KakoBBI OCHOBHBIE ITPH-
3HAKH I'€HEPATOPOB?

2. Uto cobomn mpeacTaBisIeT CTPYKTYPHAS cXeMa reHeparopa? JlaTh OIpeJielieHe KBas3H-
PE30HAHCHOMN YaCTOTHI.

3. KakoBEI OCHOBHEBIE YCIIOBHS BO30YKAEHHS aBTOreHepaTropa? JlaTh XapakKTepHCTHKY Oa-

OJOKYMEHT NMoanmvcAH
SNEKTPOHHOW NOANMUCHIO
Ceptudukar: 12000002A633E3D113AD425FB50002000002A6 |
Bnapeney:  lle6ayxoa TaTesiHa AnekcaHaposHa \C-re”eparopbl? YeM OHH OTIIMYAIOTCS APYT OT
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5. KakoBrl yciaoBHS caMOBO30VKIeHHS RC-reHepaTopoB THIA "R-mapamiens”? Kak Hx
BEITIOIIHHTE B PeallbHON MHKEHEPHOH ITPAKTHKE?

6. KakoBbI ycnoBHSA caMOBO30YKIeHHS RC-reHeparopor tuita "C-mapariens”? Kak BEI-
TTOIHSIOTCS YCIIOBHS ITO YIIYUYIIeHHEO ho1s?

7. Kakmne KOppeKTHBE HEOOXOJAHMO BHECTH B pacueT RC-reHeparopa 1mpH padoTe ero B
IITHPOKOM JHaIla30He TEMIIEPATYp?

8. B Kakmx ciy4yasx IIpH pacueTe pe3sHcTopoB RC-reHepaTopa CTaHAAPTHBIE BEIHYHHEI

OKPYTIHIOTCA B CTOPOHY YBCJIIMYCHHA, 4 B KaKIX - }MEHLH_[EHIIH?

AOKYMEHT NoanmncAH
SNEKTPOHHOW NOAMUCLIO
Ceptudurkar: 12000002A633E3D113AD425FB50002000002A6
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Ipakmuueckasa paboma Ne7. Mynsmueudpamopst U 00HOGUO paAmMopbl

H E€Jlb. ]’[pHOﬁpEGTH HABBIKH PACHCTAd I'CHCPATOPOE HMITYIIbCHBIX CHI'HAJIOB

OcCHO6bL MeopuiL:
['eHEpaTOpPBl HMITYIIbCHEIX CHIHAIOB (HIIHM T'eHepaTOphl HMITYIILCOB-1'M) IpeaHa3zHaYeHbI
IUIS TIOTYYEHHS OT HCTOYHHKA 1eKTporuTannsa (MI1) anmekrpHyeckix KojeOaHHI pe3KO HeCHHY-

COMJAJIbHOH d)ﬂph{BI:, HAa3bBIBACMBIX PCIIAKCAIIHOHHBINMIA. l[HH TAaKHX KOIeOaHHH XdPaKTCPHO HaJIH-

YHE YYACTKOB CPAaBHHUTEIILHO MEIJIEHHOIO H3MEHEHIS HAIIPSKEHHS M Y4aCTKOB, Ha KOTOPHIX
HaITpsDKEHHe H3MEHSETCS CKauKooOpa3HO. B 3TOM cirydae 3aKOH H3MEHeHHS HaIlpsDKeHHS (TOKa)
TIPHOIIKEHHO OITHChIBAeTC (DYHKIIHEH ¢ pa3phIBOM ITepBoro poja. J[imsa I'M XapakTepHO HallHYHe
BHEIITHEH HWIH BHYTPeHHeH ITOJIOKHTenbHOH o0paTHOH cBs3H (I1IOC), oOycnaBiHBaronel BO3-
MOKHOCTh HX CaMOBO30YKJIeHHSI H JTaBHHOOOpa3HOH (pereHepaTHBHEIIN) ITPoIlece Mepexoa aK-
THBHBIX 3JIEMEHTOB I'€HEPAaTOPa U3 OJHOI'O COCTOSHI B Apyroe. ' moapasgensorcs Ha reHepa-

TOPHI ITPAMOYTOJIBHBIX, TPAIICITHHAAJIBHBIX, TPEYI OJIBHBIX, IDUI000pasHEIX H HEKOTOPHBIX JPYIHX

¢opm. Yare Bcero B HMITYIIbCHOM TEXHHKE HCITOIb3YIOTCS I'M ITpsMOyTronbHBIX H ITHI000pa3HbIX

HMIIYJIbCOB.

I'! MOI'VT pﬂﬁGTﬂTB B TPEX OCHOBHBIX PCKHMaAX. aBTOKOIeOaTeIbHOM., AOVIIIEM, H B PE-

AHME CHHXPOHH3AITHH. ABTokonebarenpHble 1M mmocne GElI'vIGEGBﬁ}f}I(,[[EHI[H I'CHCPHPYIOT ITOCJIIC-

JIOBATEIIbHOCTh HMITYIIbCOB, ITapaMeTpPhl KOTOPBIX (aMIDINTYZA, JUIHTEIBHOCTh, (pOpMa) 3aBHCAT

TOJIBKO OT IIapaMETPOB CXeMbI reHepaTopa. JKavinue (3aTOpMOKEHHBIE ) TeHEPATOPhI T€HEPHPYIOT

HMITYJIbCHI, TIEPHOJ IIOBTOPEHHS KOTOPHIX OIPeJeNseTcs IIePHOAOM ITOBTOPEHHS 3aITyCKAFOIIHX
HMITYIIbCOB, a ITapaMeTphl KaKJOro HMIIyIIbca (aMIDIMTYZAA, JIHTEIbHOCTh, (pOpMa) 3aBHCSAT

TOJIBKO OT ITAPpaMCTPOB CXCEMbI I' CHEPATOPA. B PEAIIME CHHXPOHI3AIII I'CHEPATOP EBIpElﬁElTBIEﬂET

HMITYJIbCEI, YaCTOTa KOTOPBIX PaBHA HIIM KpaTHA YacTOTE CHHXPOHHM3AIMH CHTHalIa. [TosroMy Ta-
KIHE T'€HEPATOPHI YaCTO HCIIOJIB3VIOT B KAUECTBE JAEIIMTEIEH YaCTOTHI.

B 3aBHCHMOCTH OT (DYHKIITHOHAJIbHOTO HazHaYeHH I 'Y mogpasersroTes Ha JJBa OCHOBHBIX
KIlacca: reHepaTOpPhI IIPSIMOYT OJIbHBIX HMITYIIbCOB H I'eHePaTOPhI IMIJIO00Pa3HBIX (JTHHEHHO -H3Me-
HSTFOIIMXCS) HMITYIIECOB. I 'eHepaTophl MPSMOYT OIbHBIX HMITYIIECOB TTOAPa3/IEIIOTCSA Ha aBTOKO-
nebGaTenbHbBIe MyIIbTHBHOpaTOpHEl (MB), & ayimme MmynbTHBHOpaTOpEl (JKMB) — mim ogHOBHOpa-
Tophl (OB), 6moxHHr-reHeparopsl (BI') — konmebaTenbHbIE H AKIYIIHE.

T.e. MYILTHBHOPATOPHL OTHOCATCH K I'SHEPATOPpaM PCIIAKCAITHOHHOI'O TOKd YV KOTOPBIX

AOKYMEHT MNoArcAH
SNEKTPOHHOW MoArMcbio
Ceptudumkar: 12000002A633E3D113AD425FB50002000002A6

Bnapeneu: Webayxopa TateAHa AnekcaHgpoBHa

PEAKTHEHEBIX 3JIICMCHTOB, BXOJAINIX B CXCMY.

TOITY4eHHS HMITYJIbCOB HaITpPsKeHHS (TOKa) IIpsi-
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MOYTOJILHOI (POPMBI M MOT'YT OBITH HCITONIb30BAaHBI B KaUeCTRE 3aJar0IHX (YIIPaBIISIONINX) IeHe-

PaTOPOB PA3IIHYHBIX YCTPOHCTB 3IEKTPOHHKH H MHKPO3JIeKTPOHHKH. B pekive aBTOKOIeOaHHI

M}"JILTHEH@I)&TGP HMECT JBd COCTOAHHA KBA3HPABHOBCCH, BO BPEMA KOTOPEIX B CXEME ITPOHCXO-
AT OTHOCHTCIIBHO MEAJICHHBIC H3IMCHCHHA TOKOB H HEalH}I{EHI]IuI. KEEIBHPE]BHGEEGHLIE COCTOAHIA
3dKdHYHBAKOTCA JIEIBI]HGG@I)&BI—[EIMI H3MCcHCHHAMIT TOKOB H HHHPH}I{EHIIfI — CKa4yKaMH B cxeMe. B
ITOM PEKHME LI}’J]I)TI[BH@I)&TGP:, 0e3 BO3AEHCTBHS BHEIIIHIIX CHII. HGG‘IEPE,I[HD IEPEXOIHT CKal-
KOM H3 OJHOI'O COCTOAHIA KBASHPABHOBCCHA B APYI'OC, T.C. ABIIACTCH dBTOI' CHCPATOPOM.

B ALVIIEM PCKHME OJHO COCTOAHIEC PABHOBCCHA ABJIACTCA }"CTGﬁ‘]IIEBIM (HGKGI[HGE cO-

CTOSIHHE), APYroe — KBa3HyCTOHYHBBIM. llepeBoj cXeMbl B KBa3HYCTOHYHBOE COCTOSIHHE OCY-
II[ECTBIISETC S BHEIITHHM 3aITyYCKAIOII[HM HMITYIECOM, a BO3BPAT B HCXOJHOE COCTOSHHE ITPOHCXO0-
IHT B pe3ylbTaTe BHYTPEHHHX MpolieccoB. JKayImui peskHM OOBIYHO HCITONB3YETCS JUIS (POPMH-
POBAHMS HMITYIIbCOB 3aJaHHOI (POPMBI H JITHTEIBHOCTH.

ITpeAcTaBIsIeET COOOH ABYXKACKaAHBIN KU ¢ O3, ¢ EMKOCTHOH CBSI3BIO MEKIY KacKa JaMH
H BBIXOZIOM, 3aMKHYTBIM Ha BXOJl. CXeMa ero IIpe[cTaBlIeHa Ha puc.2. la. AeMeHTaMI BpeMs3a-

narornux 1enei seismorced Rei, Reo, Cri, Cro.

e

L:en Cgl T

—

M}*’HBTHEH@IJ&TGP oOmazmaeT ABYMS COCTOMHITIMIL KBA3HPaBHOBCECHA, B OJHOM COCTOSHIMH

TpansucTop VT 3akpeir, V12 — HacemieH, B ApyroM — Hao00opoT. [IpH BEINTOITHEHHH YCIIOBHH

caMoBO30yKIeHHI (K1K221 1 P+ P=2T ) BO3ZHHKAIOT CKAYKH, ITOOYEPETHO H3MEHSIOIIHE
COCTOSHHE TPAaH3HCTOPOR, ITOCIE YEr0 ITPOHCXOIHT IIepe3aps OJHOI0O H 3aps] APYTOro BpeMs3a-
JTAroIero KOHAeHcaTopa.

B MynmeTHBHOpaTOope HanpsbKeHHe Oasbl 3aKPBITOrO TPaH3HCTOpa ITPH Iepe3apsaKe KOH-
JeHcaTopa YMeHBIIaeTCs IT0 PKCIIOHEHTE, CTPeMSIIecs K YPOBHIO -Ex (cM. puc.2.16). T. K. MyIIb-
THBHOpaTop paboTaeT B aBTOKOIeOATEIIPHOM PEXHME, TO OIMCAHHE IIPOLECCOB B HEM MOKHO
HayaTh ¢ Ir000ro MOMeHTa, Hanpumep, korga VT1 HacemieH u V12 — 3akpheIT. HachIIIeHHBIIH

TPaH3HCTOP MOKHO IPEICTaBUTh SKBHIIOTeHIIHATBHOMH Toukoil (Uy ¥ 0, Ug1 ¥ 0). HanpsokeHHe Ha

AOKYMEHT MNOAMUCAH IEM IMKIE C IIOJISIPHOCTBIO, ITOKA3aHHOH Ha
SNEKTPOHHOW NOANMChLIO
Ceprudmkar:  12000002A633E3D113AD425FBS0002000002A6 v TPAaH3HCTOPa VT2 u VAEPKHBAET HGCHEI[HI[F[ B
Bnapeneu: leb6ayxoea TateaHa AnekcaHgpoBHa

52 Ucg> B IepBOHAYaIbHBIH MOMEHT OIH3KO K
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+Ex, a 3aTeM HauMHAeT YMEHBIIATHCS M0 AKCIIOHEHI[HATLHOMY 3aKOHY BCIIEACTBHE Iepe3apsiia
KoHJIeHcaTopa Crn TIepe3apsy OCYIIECTBIISETCS IO LIETTH:
(-Ex).

OKBHBAJIEHTHBIE CXeMBI IIeITH Iepe3apsaga Cg» ¢ Cg1 H300paxkeHsl Ha puc.2. 1 e U 2 COOT-

Kopiryc—OK VT1—Cgr—Rzxe-

BETCTBEHHO. M3 puc.2. Ie:
Raxe2=[(rx2+Rk2)Re2[/(rke+Rk2+RE2).
B 3710 XKe BpeMs KOHAeHcaTOop Cg1 3apsKacTCs 110 LIEITH:
Ob VT1-Cg1-Rg»-(-Ex)
C IIOJISPHOCTBIO, IOKA3aHHON Ha puc.2. la. DIeMeHThl CXeMbI BRIOHPAIOTCI TaKHM o0pa-

30M, YTOOHKI ITporiecce 3apsga Cgi IpoTekal ObIcTpee, YyeM Iepe3apsf Cg-, Ilocne okoHYaHHA 3a-

psaga Cg; VT'1 yaepKuBaeTcs B HACHIIIEHHH 3a CUET ITPOTeKaHHA 0a30BOr0 TOKa
Ig1 21sg=Ex/Rg1, JOCTaTOUYHOTO JJI HACKIII[EHH 5.
[To Mepe niepezapsna Cg- HapsDKeHHE HA HEM YMEHBIIIAETCS H B HEKOTOPBIH MOMEHT Bpe-
MEHH CTAHOBHTHCS PaBHBIM HyIIXO. C 3TOr0 MOMEHTA HAYHHAET Pa3BHBATHCS JIABHHOOOpPAa3HEIH

ITpOLECC OIPOKITABIBAHITA CXCMBI. VT2 HauwmHaeT OTKPBIBATBECS, HAIIPAKCHIC Ha CI'0 KOJIJIICKTOPE

BO3pacTaeT (T.e. yObIBaeT 1o aGCcOIIOTHOI BemmurHe). [TonoxkuTensHoe npupamente A Uy, yepes
Cg1 nepemaercsd Ha 0a3zy VTI, BEI3bIBaAS ero 3almpaHHe. OTO MPHBOAHT K yMeHbIeHHI0 Uy (T.e.

YBCIIHUCHIIO KOJUICKTOPHOI'O HAITPAMKCHHA ITO adc. EEHH‘IIH—[E): BO3HHKHOBCHIIO OTPHITATCJIIBHOI'O

npuparenns A Ug, koTopoe uepe3 Cg» HoMajaeT Ha 6a3y VT2, comeiicTBYS ero oTIHpaHHo. B
pesyimbTaTe V12 Haceiaercsa, a VI l- zarmpaercs. 11pu sToM KoHAeHCcaTOp Cga 3apspKaeTcs I10

I CI.

Koprryc—3b V12— Cg—Rx1—(-Ex ).

OJHOBPEMEHHO C 3apsaoM Cg» ITPOHCXOAHUT O0lee MEAJIEHHEIH ITpoliece Iepesapsaaa Cei
COIJIaCHO SKBHBAJIEHTHOH cXeMe Ilepe3apsga (cMm. puc.2.12). ]Jlanee mpollecc MOBTOPSETCS, II0-
TO00HO OIMHMCAaHHOMY BBIIIE. BpeMeHHBIE IHarpaMMbl H3MEHeHHS KOIUIEKTOPHBEIX H 0a30BBIX
HaIpsCKEHMI M300pakeHbl Ha puc.2.2. 30eCh IO JIHMTEILHOCTHRIO HMITVIIBCA ty ITOHHMAETCS
BPeMS OTKPBITOIO COCTOSHHS OJHOI0 WIH APYIOro TpaH3HuCTOpa. Torga ty, OnmpelesseTcs BpeMe-
HEM Iepesapsaaa KoHaeHcaropa Cgi Yepes OTKPBITRIH V12 H cOMPOTHBIIEHHE Rigs1, T.€.

ty— Cg1Rexe IN[(2EK+ k60 Roxe1)/(Ex + IxsoRexe1 )], (2.1)
r7e Rue1=(rc1 +Ri1)RE1/(Te1+Rc1+RE1) cormacHo 3KBHBaJIEHTHOI cXeMe puc.2. 1ez.

Tak kak COITPOTHBIICHHEC KOJUICKTOPAd 3dKPBITOI'O TPAH3HCTOPA Iy JICKHT OOBIYHO B ITpcac-

max 10° ¥ 10°0Om 1 rx1>>Ry1, TOo Ryl MOXKHO IpeHeOpeus. KpoMe Toro, IS IOBBIIIEHH I TEMITEDa-
OOKYMEHT NOANMMCAH

SNEKTPOHHOWM NOOMNMUCHIO | AOIIyIIeHHH (2.1) MOKHO
Ceptudukar: 12000002A633E3D113AD425FB50002000002A6 _
Bnapeneyu:  Le63yxoea Tatbaxa AnekcaHapoBHa QOJIBIIHHCTBE CIIY14EB
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tux2® Cg1 Rg1ln 2=0,7 Cg1 RE; (2.2)

Anamormudo o1 VI'1l:  ty® Cg2 Realn 2=0.7 Cg1 Rgs (2.3)
HMcxoms nz toro, 410 T= ty1+ ty2, MOKHO 3aIHCaTh:

T = Cg2 Rgz2ln 2+ Cg1 Rp1ln 2=0,7(Cg2 Rg2» +Cs1 Rg1) (2.4)
B ciyyae CHMMETPHYHOIO MYIIBTHBHOpaTOpa, Y KOTOPOro
Cg1= Cg2= Cg, Rg1=Rg:=Rg, Ri1=Ri2=R , ty1=ty>  IIEpHOA ITIOBTOPEHHS PABEH:

T=2t,=1,4 Cg Rg (2.5)

AMIUIHTYZa HMITYJIbCa Ha KOJUIEKTOPE HACBIIIIEHHOI O TPaH3HCTOpa
(110 a0COTOTHOMY 3HAYeHHIO HaIIPSKEHHS Ha 3aKPhITOM TPaH-
sucTope) paBHa: Un= EK -IxsoRyx ¥ Ek (2.6)
CkBakHOCTb Q = ( ty1+ ty )/ ty1= 1+ (tyi/ty> ) OrpaHHYMBAETCA BPpeMeHEeM ITOITHOrO 3apsja

KOHACHCATOPa C OOIIBIIIEH EMKOCTBIO HEPC3 COOTBETCTBYIOHICE COITPOTHRIICHIIC. Ilost OMY MdKCH-

MaJbHas CKBa)XHOCTh HE IIPEBBIMNAET BEHYHHBI Quuxc~ [h21s/(3 7 5)]+1. JIIST HH3KOYaCTOTHBIX

TPAH3HCTOPOB MAaJI0H MOIITHOCTH MaKCHMAaJIbHas1 CKBAKHOCTh He ITPEBBIIIACT, KdK ITPABHIIO, 10.

JImuTenbHOCTh (PPOHTA HMITYIBCOB ty=Vvp +Cy Ry H B OCHOBHOM 3aBHCHT OT YacCTOTHBIX

CBOICTB TPAH3HCTOPA.

JITHTETTBPHOCTD cpe3a HMITYIIbca t.~ 3CBE Ry omnpejenseTca BpeMeHeEM 3apsyia BpeMsI3ajia-
IOINEr 0 KOHeHcaTopa (AIMTEIbHOCTh cpe3a t. BO MHOIO pa3 OOIIBIIIE ty).

JII1s1 HACBIIIEHH ST TPAH3HCTOPOB CIIEAYET BBITIOIHSTE YCIIOBHS!

Rri1<hris Rr1 ;. Rex<hai:Rye (2.7)

ITPH 3TOM JUIS VIOBIETBOPEHHS ITPOTHBOPEYNBEIX TpeOOBAHHIT HEPABEHCTBA HE JIOJIKHBI
OBITH CHJIBHBIMH, T.€. TPAH3HCTOPBI JOIDKHEI padoTaThk B peKHME HACBIIEHHS, HO BOIH3H Ipa-
HHIIBI ¢ aKTHBHOH 00JIacTRIO.

Taxkmm o0pazoM, HOPSIOK pacyeTa CHMMETPHYHOIO MYIIbTHBHOpaTopa ¢ Kb cBsm3saMiL clie-

JIYEOIIIHH:
- OTIpeJIeIIIeTCS HAIIPsDKEHIE HCTOYHHKA TIMTaHN Ey
Ex= (1,17 1,2)Un ; (2.7a)
- BEIOHparoTCA TpaH3HCTOPEL VIl 1 VT2 13 yCIIOBHH:
1
~ 27t

fo. H Urms =2 Ex (2.8)

- H3 CITPABOYHBIX JdHHBIX OIIPCACIIACTCA THII TPAH3HCTOPA, €I'0 MdKCHMAJIBHO 0O~

IMYCTUMBIE Ugxgon Ixgon Ik ho1s
AOKYMEHT MNnoarcAH

SNEKTPOHHOW MOAMUCHIO OPHOH LETH Ry;
Ceptucbmkar: 12000002A633E3D113AD425FBS0002000002A6 o 5 9)
Bnapeneu: lLlebayxoea TateAHa AnekcaHapoBHa “KMAKH ( .
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C YUETOM COOTBETCTBYIONHX KO3(P(DHITHEHTOB Harpy3KH,

- 1o popmyiie (2.7) onpenensgeM Ry, ero MOITHOCTh H CTaHAAPTHOE 3HAYEHHE,

- o popmyiie (2.5) onpeensgeM 3HaueHHe Cg, OIpeIelsieM BelIHYHHY HallPsDKEeHH S
Ha HEM M CTaH[apTHOe 3HaUYeHHe eMKOCTH KOHJIEHCaTOopa.

MTHBTHEHﬁpﬂTﬂp ¢ Kb eMKoCTHBIMH CBSI3AIMHM H JOIOJIHHT €JILHBIM HCTOYHHKOM

CMeEIcHNA.

CxeMa MYJIbTHBHOpaTopa IIpeAcTaBlIcHa Ha puc. 2.3a, a BpEMEHHEBIE JHAarpaMMEBI Ha piic.
2.36.

TpansucTopel MynbTHBHOpaTopa VT'1 1 VT2 noouepeHO 3aKPRIBAIOTCS H OTKPHIBAFOTC AL
[TycTh mipH t=tp (prc.2.36) VTI 3akpeincs, a VT2- oTkpeuicsa. HauwHas ¢ 3Toro MOMeHTa KOHJIeH-
carop Cg» 3apsoxaeTcs oT HcTOuHHKA EX uepes: Ry1-bD VT2, a Cgy paspsokaerca o Herm: Rgi-Eg

-oTKpBITEIIT VT2. [locTossHHBIE BpeMeHH IIeTIei 3apsia 1 pa3psga COOTBETCTBEHHO PaBHBI:

Ts=Rx1 Cgr u Tp=Rg1 Cg1

[To mepe 3apsma KoHaeHcaTopa Cgo , TOK, IIPOTEKAOIIHI ITO0 COIIPOTHBIIEHHIO Ry1, YMEHB-
1maeTrcs. Benmeactere 3Toro KojuieKropHoe HanpstkeHHe Uy 1 =- Ex+1, Ry 1, H3MEHSISICE 110 SKBHITOTEH-

ITHAJIBHOMY 3dKOHY, CTAHOBHTCA dolree OTPHIIAT CJIbHBIM. C]’[}*'CTH ITPOMENKYTOK BPEMCHIL, IIPH-

MepPHO paBHBIH 3 Vs, Ipollecc 3apsia IMpaKTHYECKH 3aKaHYHBaeTcsd H HanpsokeHHe Uy cTaHO-
BHTCS PaBHEIM -Ex.

PaspsymHBIN TOK KOHJIcHcaTopa Cg1, IIPOTEKAIOIIHH 11O COIIPOTHBIIEHHIO RE1, TaKKe YMEHB-
II1aeTCA IO SKCITOHEHI[HAIbHOMY 3aKOHY, CTPEMSACEH K HYIIFO. 1[03TOMY IMOJIOKHTEILHOE HAITPSLKE-
HHe Ha Oase 3akpeITOro VT'1 Ugi1= Eg+11RE1 YMeEHBINIASACE, CTPEMHTHCS K 3HAUEHHIO, PABHOMY I1I0
a0COIFOTHOH BeJIMYHHE Eg. [IpH t=t; OHO CTAHOBHTHCS PABHBIM HYIIIO H PaHEE 3aKPBITHI TPaH3H-
ctop VT1 orkprisaercsa. BeneacrBue cripHOH [IOC B MynIbTHBHOpPATOPE BO3HHKAET JIABHHOOO-
PasHBIH IPOIIECC, IIPHBOIAINI K IIOJTHOMY OTIHpaHnio V11 u sanupaniro V12, KOHAEHCATOPD

(1 rangwaeTca or uctounnka Fx wenez R~ K3 VTI, a KoHgeHcaTtop Cg» paspsokaercsa. Pas-
NOKYMEHT NMNOoAanncAH
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IIpu t=to HampskeHHe Ugy=-Eg+12Rg> H3-3a YMEHBIIIEHH I Pa3PSAIHOr0 TOKA 12 CTAHOBUTHCS
PaBHEIM HYIIFO. B MyIbTHBHOpaTOpe BHOBh BO3ZHHKAET JIABHHOOOPA3HBIH IIPOILECC U ITOCIIE 3TOrO
IIUKIT palboTHl MOBTOPSETCS. BO BCEX BapHaHTaX aBTO KoIeOaTeIbHBIX MYIBTHBHOPATOPOB ITOJ
IUINTETbHOCTHIO KOJIJIEKTOPHBIX HMITYIIbCOB ty1, tx Pa3/ielIeHHBIX HHTEPBAIAMH ty1 .ty (pHC.2.30)
OyZeM ITOHHMATE Te ITPOMEKYTKH BPEMEHH, B T€UEHHE KOTOPBIX COOTBETCTBYIOIIHE TPAH3HCTOPEI
HaXOJSTCS B 3aKPBITOM COCTOSHHH. J[JINTEIIbHOCTh (PPOHTOB (TIepeHHX (PPOHTOB) ty1,ty2 , 3aJHHX
(cITajgpl) - yepes tel ,teo.

Pacuer MynpTHBHOpaTOpa ¢ Kb eMKOCTHBEIMH CBS3SMH H HCTOUYHHKOM CMEIEHHS Ex 1mpo-

H3BOOHTCA B GHE,I[}"IOH_[Eﬁ IMOCIICEA0BATCIIBHOCTH.

(MCXOTHBIMH JAHHBIMH SBJISIOTCS IepHO KonteGaHuH T, cKBaKHOCTh HMITYIIhCOB Q=T/ t,,
ux aMiomuTyaa Up, JUIHTEIBHOCTD 3aJHHX (P)POHTOB tC)
- TIPEABSABILIIOTC A TPeOOBaHH A K TPaH3HCTOPaM, HCXOIA M3 CIeAVIOIHX TpeOOBaHHIL:
DOV -~
Ugx 22Ex®2Un, hynz23 L‘@I?E) 7 . (2.10)

rae N-cTeleHb HachIeHH (pekoMenayeTcs 2 = 3), Ex =(0,2 7 0,6)Ex;

- PACCHHTBIBAIOTCAHA KOJIIJICKTOPHBIC H 0a30BEIE COITPOTHBIICHHA H EBI@HPHIGTCH (G YUETOM

CTAaHJAPTHHIX PSIIOB H KO3((PHIIHEHTOB 3ariaca) pe3HCcTOPbI

U, Q-1
Ryx1= Rg= : ) 2.11
r1= Rx- P, Q ( )

['me Px- MOIHOCTB, BBIJENSIeMasI Ha pe3HCcTOpax (JUIS MaJIOMOIIHBIX PE3HCTOPOB PK MoO-

keT ObITh BeIOpaHo 0,125 BT);

- H3 }’CHGEHﬁ HACBIIICHHOI'O PCKHMa PaCCHIIThIBACM Oa30BEIE COITPOTHBIICHIA.

REi1= Rgx= | 2~ (2.12)
e )

EBI@HPHEM COOTBCTCTBYIOIIHE PE3HCTOPHI,

- PACCUHHTBIBA€M EMKOCTH 0a30BBIX KOHJACHCATOPOB 110 CJICYIOIIHM BBIPAKCHHAM.

G— b
3, B= (2.13)
EH A5
C— 1 =
=1 C‘h B (2.14)
[OKYMEHT NOOMWUCAH -
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- ITPOBEPACM obecIieyeHHe 3aJJaHHOH JIHTEIbHOCTH 3aJHHX d)pGHTlDE I'CHEPHPYCEMbBIX HM-

IIYIIbCOB IIO BbIPAKCHHIO.

';:;'E—J] ] E’ = (2.15)
I'ex- BXOJHOC CDHPDTI[BHEHIIE TpEIHSHCTGpEI: TIS - JIOCTOHdHHASA EPEMEHII
1 hg
TpElHBHCTGpﬂ: 3ABHCAHIII a4 OT €I'O I‘pEEHIIIH{BIK HaCTOT, E_C% T C’\a’ .

®g>®y - rpaHHYHBIE YACTOTEL B CXEME C OOIMHMM SMHTITEPOM H OOINEil Ga30il COOTBET-
CTBEHHO.
PacueTHas BeJIMYMHA tc JOIDKHA OBITH MEHBIIIE 3aJaHHOML.

MybTHBHOPATOP HA TPAH3HCTOPAX € NIPOBOIMMOCTHI0 PA3HOI0 THIIA.

B oTmune ot I*J}"JILTHEH@I)&TGP& Hd TPAaH3HCTOpP4X OJTHOTHITHOH IMPOBOJHNMOCTH B MYJIb-
TIIEHﬁpﬂTDpE Hd TPAH3HCTOPAX C ITPOBOJIIMOCTBIO PA3HOI'O THIIA BO BPEMA PCIIaKCAITIH 00a TPaH-

3HCTOP4d OKa3bIBAIOTCA OJHOBPEMCHHO 00 OTKPBITBIMH, 00 3dKPBITBIMIH. BJIE].I‘G,I[HPH JTOMY

CEGﬁCTE}" TaKIC<C M}’J]I:TI[BH@I)&TGPLI OKa3bIBarOTCA Oollee JHEPIETHYCCKH BBII'OJHBIMIT ITPH YCJIO-

BHH, YTO JIHTEIbHOCTh (POPMHPYEMOIO HMITYIIbCa 3HAYHTEIHLHO MeHbIIIe ITepHOJa CIeJOBaHH S
BBIXOJIHBIX HMITYIIbCOB. C YBEIHYEHHEM CKBA>KHOCTH BBIXOJHBIX HMITYJIbCOB 3TO IPEUMYINECTBO
IIPOSBIIIETCS B OOJIee CHIIBHOMH cTelleHH. KpoMe Toro, MylIbTHBHOPAaTOp Ha TPaH3HCTOpPax C IIpo-
BOJHMOCTEEO Pa3HOI'O THITA MOI'YT HMETh TOIIBKO OJHY BPeMS3a[JaroIyI0 eMKOCTh B OTJIHYHE OT
MYJIBTHBHOpaTOpa ¢ TPAaH3HCTOpaMH OJHOTHITHOH ITPOBOJHMOCTH, I'Zie HCIIOJIB3YIOTCS JIBa Bpe-

MSI3aJarOoIMIX eMKOCTHBIX AlIeMeHTa. K HeJlocTaTKaM I\J‘_‘;"’HBTHEHﬁpﬂTGpﬂ Had TPAaH3HCTOPax C ITpO-

BOJHMOCTBIO Pa3HOIO THIIA CIIEAYeT OTHECTH (KpPOMeE OTCYTCTBHS B3aHMO3aMEHIEMOCTH TPaH3H-
CTOPOB) HEOOXOTHMOCTE HMETE B PsIJIe YCTPOHCTB JBa HCTOYHHKA SIIEKTPOITHTAHHS Pa3IHYHOMI
TTOJIIPHOCTH, XOTS HMEIOTCSI MYJIbTHBHOPATOPRI, B KOTOPBIX HCITOIb3YETCS TOIBKO OJHH HCTOY-
HHUK. K OCHOBHEIM cXeMaM paccMaTpPHBaeMbIX MYIETHBHOPaTOPOB ClIeAyeT OTHECTH:

- MYJIILTHBHOPATOP C Pe3HCTHBHOH H eMKOCTHOH CBSI3SIMH H IBYMS HCTOYHHKAMH SIEKTPO-
nuTaHu (puc. 2.4);

-. MYJIbTHBHOPATOP ¢ €MKOCTHOH H PE3HCTHBHO-EMKOCTHOH CBS3SMH H JBYMS HCTOYHH-
KaMH KOJUIeKTOPHOIo IMHTaHHu (pHc.2.5);

- MYIIbTHBHOPATOP ¢ EMKOCTHBIMH CBSI3SIMH H ABYMS HCTOUHHKAMH KOJIJIEKTOPHOTO ITHTa-
HHA (pHC.2.6);

T ORMERT FORMAGAR " T7ro™ 77 227> THBHOH CBA3AMI H OXHHM HCTOUHHMKOM 3TeKTPO-
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Ceptudchmkar: 12000002A633E3D113AD425FBS0002000002A6
Bnapeneu: lebayxoea TatesiHa AnekcaHgpoBHa

- I%I}*'JILTIIEIIﬁpElTGp C CMKOCTHBIMII CBA3AMII H OJHHM HCTOYHIKOM 3IICKTPOIIHTAHITA

(prc.2.8);

- MYJIb THBHOPATOP C 3SMHUTTEPHBIMH HCTOYHHKAMH 3JIEKTPOITHTaHHS (HAIIPHMED, C eMKOCT-

HBIMH CBS3SIMH - pHC.2.9).

CXeMBI TIEPEeYHCIEHHBIX MYIIbTHBHOPATOPOB IIPHBOASTCA HHKe. Bce 3TH MyIIETHBHOPA-
TOPHI paboTaroT B aBTOKOIIeOaTeIbHOM pekHMe. Bo BcexX MyIIbTHBHOpaTOpax B KaueCTBE Bpe-
MsI3aJa0IIEN HCIIONb3YeTCA TOIBKO OAHA €MKOCTh, a APYyras BBIIIOJHSET POIb IepeXoaHoi. B
YaCTHOCTH, Ha pHC. 2.6, 2.8, 2.9 BpeMsI3aaroleH SBIISeTcs Ta H3 eMkocten Cl mm C2, KoTopas
BKIIFOUEHA B IIEITh ¢ MEHBIIEH ITOCTOSHHON BpEMEHH pas3psia, a APyras HCIIOIb3YeTCsI B KaUeCTBE
yCKOPSIFOIIEH ((popcHpyroIIeH pekHM OITPOKHIBIBAHH I MYIIbTHBHOpaTopa). AHAIOTHYHO KOHJIEH-

carop Cl Ha pHC.2.5 TaKKe BBIMMOIHSET POIb YCKOPSIOIIETO.

Bo Bcex mpHBeJeHHBIX cXeMaX Rg1 H Ry HCIIONMB3VIOTCS IS CO3MaHH I HEOOXOIHMOI0
0a30BOro cMeleHHsI. HekoTopele H3 HUX BBIIOJIHSIOT POJIb BPEMSI3aJAOIHX COITPOTHBIICHHI.
Pesncropel R1 Ha pucyHkax 2.7 1 2.8 npegHa3HauYeHbl 7151 00eCIeYeHN s VCTONYHBON  padoTHI
MYIIbTHBHOpaTOpa IPH 3aKPEITEIX TPAH3HCTOPAX M JAIOT ITYTh IIPOXOKIAeHHS 0OpaTHBIM SMHTTED-

HBIM TOKaM TPaH3HCTOPOB.

J_.
B.1
1 =

NOKYMEHT NOONUCAH
ANEKTPOHHOW NOANMMCHIO
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[ TpumHIRIT paboTe MYIETHBHOpPaTOpa ¢ TPaH3HCTOPaMH Pa3HOTHITHOH ITIPOBOTHMOCTH pac-
CMOTPHM Ha IIpHMepe cXeMbI pHe.2.4. BpeMeHHBIE JHarpaMMbl paboThl MyJIbTHBHOpaTOpa IIpe-

CTaBIIeHBI HA pucC.2.10.

[IycTh B MOMEHT tgp 00a TpaH3HCTOpa 3aKphITHL. HarpaBieHHe TOKOB B MYJIBTHBHOpaTOpe
JULS 3TOrO CIIyyas ImokasaHo Ha pHc.2.4. KongeHcatop C B JaHHBIH MOMEHT 3apsCKeH TaKHM 00-

pas3oM, uTo Ha Oaze VT2 JAeHCTBYET 3aIMpParOIHH ITOTEHI[HAJI OTPHI[ATEILHOH ITOJISPHOCTH OTHO-

Rgy —C—Ru1—|-(Ex1)].

CHTEILHO OOIIeN TOUKH. KOHeH caTop 3apspKaeTcs IO Ierm: +Exo
Hampsoxkennsa Ha korwrekropaxX VTl u VT2 coorBerctBeHHO VT1 1 VT2, B 3TOM COCTOSHHH MYJIB-
THBHOpaTOpa 0OpaTHBIE TOKH, ITPOTEKAIOINHE Yepes3 TPAaH3HCTOPEI, BEChMa Mallbl.

Kpome Toro, mapaMeTphl ANIEMEHTOB MYJIbTHBHOPAaTOpa PacCUHTHIBAIOTCS TaKHM 00pa3oM,
YTOOBI BEITIOIHSIIHCH COOTHOIIEHIS

R+ Rg1>> Rx2 m Rg2>> Rg1. B CBS3H ¢ TEM, UTO TOKH, IIPOTEKAIOIIHE IT0 KOJUIEKTOPHBIM

COITPOTHERIICHHAM HEBCIIHEKI, TO H HAIIPKCHHA Ha KOJLIICKTOPAX VT1 n V12 He3sHauHTEeIIbHO (HE:

Gonee, yeMHa 5 10%) OTIIHYAIOTCS OT HAPSDKEHIIT HCTOYHHKOB TTHTAHHA.

B paccmarpuBaeMOM KBa3HYCTOHYHBOM COCTOSHHH MYIbTHBHOpaTOpa pas3psd KOHJEHCa-
Topa C IMpOH3BOIHUTCA ITO LemsaM: yepes Reg», Rx1 1 —Ex1 1 + Ex2; depes b3 3akpeiroro V12 u KO
3aKpeITOro VTI. ITOCKOIIBEKY TOKH Uepes IepeXOo bl 3aKPhITHIX TPAH3HCTOPOB YPe3BRIYAHHO MaJIbl,

TO ITIOCTOSHHAA BPEMCHI pa3psidda KOHACHCATOPaA PaBHaA.

TR HRY, (2.16)
B xope mportecca paspsiga KOHAeHcaTopa HalpsDkeHHe Ha 6a3e VT2 IOBBIIIAETCSI H B MO-
MeHT t) HarnpsokeHHe Ha 6ase VT2 qoctrraeT 3HaueHHS Ugos, IIPH KOTOPOM TPaH3HCTOP OTKPHIBA-
cTCH. C OTKPBIEEIHIIEM WZ HAYHHACT }MEHLH_[HTBGH HﬂHpH?KEHIIE HAa €10 I{DHHEI{TGPE: }MEHLH_[H-
CTCHd TOK IIEPEB pE3HGTﬂp R H HEIHPH}I{EHHE Hd 6&35 Wl , OQHAKO HDEHE,[[HI[H HpﬂﬂﬂHH{HET OCTa-

BAaTbCA B 3dKPBITOM COCTOAHIH, ITOCKOJIBKY €I'0 HAIIPAAKCHHCEC 5b ITPEBBIIIACT Usgo1. C OTKPbIBA-

HECHM V1 2 ﬁﬁﬁyﬁﬁﬁ?ﬂﬁ'ﬁﬁﬁﬁﬁfHﬁ'ﬂ' P === S~7BIIIEH CTEIIEHH OTBETBIISETCA B 0a3y V12, coor-
3NEKTPOHHOW NOANMUCHIO |
Ceprudukat: - 12000002A633E30113AD425FB50002000002A6 FOLIEIOCH B EMKOCTHYTO IICIlb, 4 HAIIPVKCHHE Ha
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B MOMeHT t; HarnpsokeHHe Ha 6ase V11, ymeHbIasace, focturaeT HanpsokeHHI Ugor H VT 1

HAYHHACT OTKPBIBATBCA. TEHEPB 00a TPaH3HCTOPA OTKPBITEI. pﬂ,ﬁﬂlﬂIE TOYUKH HX HaXOIOATCH B aK-

THBHOH O0IAaCTH XapaKTePHCTHK, PE3KO IOBHIMIAETCSI KOA(P(QHIIHEHT YCHIIEHHS IETIIH Pa30MKHY-
ToH OC. B MyIIbTHBHOpaTOpe HAUHHAETCS JTaBHHOOOPA3HBIH IIPOIIECC OIPOKHIABIBAHHS B IPYLOe
KBa3HYCTOHYHMBOE COCTOSHHE. [IpH 3TOM ¢ yMeHBIIeHHeM 0a30BOr0 ITOTEHIHAala TPaH3HCTOpa
VT noeenmaercs MOTEHIMAT €r0 KOJUIEKTOPa. [10M0KHTENBLHBIH CKaYOK KOIJIEKTOPHOI'O HAIIPS-
KeHHS IepeaaeTcsa yepes C Ha 6a3y V12, erne Oonplie OTKpRIBAs €ro. Bo BpeMs J1aBHHOO0Opas-
HOT0 ITporecca (OpMHPYETCS IOJIOKHTeIILHBIN BRIOPOC HammpsokeHH I Ha Oaze V1'2. B pesyibTate
JTaBHHOOOpa3HOro mmporfecca 00a TpaH3HCTOpa MyIIbTHBHOpaTOpa OTKPRIBAIOTCS, a V12 K TOMY XKe
H HachkIIaeTcs. TOKH HMEeIOT HHAEKC 17 (B 3aKPBITOM COCTOSHHH 1°).

KongeHcarop C HaUMHAET Iepe3apsKaThes Mo IersiM: b3 oTkpeiToro V12 u DK OTKpPEI-
toro VI'l, uepes Rg>, Rx1 M HCTOUHMKH IHTaHU. TaK KakK Rxi1+ Rg2 >>rgs2 U r3x1, TO IIOCTOSHHAS

BPEMEHH pa3psija:

L

G 1D (2.17)

IJIE I'E32- COMPOTHBIIEHHE Mepexoaa 0aza-sMHUTTEP V12, raxi -COIPOTHRIIEHHE IEpeXola
SMHUTTepP-KoJIekTop VT1.

C pazpsgoM C HanpsikeHHe Ha O6a3ze VT2 ObIcTpo yMeHbIIaeTcs (CM. TIOIOKHTEIIbHBIH BEI-
opoc Ha guarpamme Ug: puc.2.10), ymeHbpImaeTcs 6a30BEIH TOK V12, oHAKO ero KOJDIEKTOPHBIH
TOK 3aMeTHO He YMeHbInaeTcsd. Paspsan C Impou3BOIUTCA B IIPOMEKYTKE t2 -t3. B MOMEHT t3; Haul-
HAEeTCA MPOIIECC paccaChIBaHHSA HEOCHOBHBIX HOCHTEIEH B oOmacTH 0a3bl V12, KOTOPHIH JIHTCS
10 MOMEHTA t4. B IIpoMeXyTKe BpeMeHH t3-t4 VT2 BEIXOIHT M3 HACBIIEHUS H B MOMEHT t4 OJTHO-
BPEMEHHO C YMEHBIIIEHHEM 0a30BOI0 TOKA PE3KO YMEHBIIIAETCSI H €TI0 KOJIIIEKTOPHAI TOK. Haur-
HaeTCA JIAaBHHOOOPAa3HBIH ITPOIIECC IIEPEXOa MYIIbTHBHOpPATOpPa B APYroe KBasHyCTOHYHBOE CO-
crosHue. HanpsokeHne Ha Ko/ieKrope V1 2 MOBHIINIAETCS, YVBEIHUHBAESTCS TOK 1R, ITPOTEKAFOII[II
yepes pesHcTop R, CHIKaeTcsa TOK 151, IMOTeHIHal Konekropa VTl cHuKaeTcs, oTpHIlaTelbHbIH
CKauyeK KOIJIEKTOPHOI'O HaIlpsKeHH yepes C riepemaercs Ha 0azy VT2, 3akpriBas ero. I1oBeima-
€TCS HalpsKeHHe Ha KojleKTope V12 H, COOTBETCTBEHHO, Ha Oasze V1, ere Gomblie 3aKpeIBas
VT1urt.x. Bpesynprare 3TOro 1aBHHOOOPAa3HOIO IIporiecca 00a TpaH3HCTOPa ITOTHOCTRIO 3aKPhI-

BaIOTC .

Cramus penaxkcarii t2 (cM. pHc. 2.10) ornpeaenseTcs cIeayomei 3aBHCHMOCTBIO:

T~ 2x€)7¢ (2.18)

AOKYMEHT NOAMMCAH 16).
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rae Y - IIHTEIbHOCTD HMITVIIBCd Ha KOJIIICKTOPC VTI, T - JIHTEIIBHOCTE CTaJHI PEIIaK-

CaI[MH, *3- JIINTETBHOCTHh COCTOSHHS, Korja VT2 oTKpHIT, a VT'1 ellle 3aKphIT.

Al aynme myasTHBHOpaTopbl (ZKMB) — ogHoBHOpatopsl (OB)

OmxHOBHOPATOPHI ITpeJHA3HAYEHBI I (POPMHPOBAHHS ITPSMOYI OJIbHBIX HMITYJIbCOB C 3a-
JAHHOM JUIMTEIBHOCTBIO H AMIUTHTYIOH. KpoMe Toro, ¢ IoMOINBIO OJHOBHOPATOPa MOKHO 3a1e]p-
KUBATh HMITYIIBC Ha 3aJaHHOE BpeMsa. OIHIM H3 BApHAHTOB OJJHOBHOpATOpa ABISETCSI HECHMMET-
PHYHBIH MYJIIbTHBHOPATOP ¢ SMHUTTEPHON CBA3BI0. CXeMa TaKOT0 OJHOBHOPATOpa COAEPAKNUT IBYX-
KacKaJHBIN K1rou ¢ [1OC. OgHa n3 cBs3en MeXKIY KacKaJaMH OCVYINECTBIISETCS C IIOMOIIBIO KOH-
JIEHCcaTOpa, Apyras - ¢ IIOMOIIBIO OOIIEro pe3ucTopa. CxemMa OJHOBHOpaTopa H300pakeHa Ha PIC.
2.11a, BpeMeHHBIE qUarpaMMel — Ha puc. 2.110.

C rmomoInpro pesHcropa Rz 6e3 JOMOMHUTENIBHOTO HCTOYHHKA CMEINEHHS MOXKHO O0ecIie-
YHUTH OJHO VCTOHYHBOE COCTOSHHE ITPH 3aKPRITOM TpaH3HcTOpe VT1 u HaceimeHHoM VT2, 11naB-
HOE U3MEHEHHE JINTEILHOCTH HMITYIIECOB OCVIIECTBIISAETCS C IIOMOIIBIO KOIUIEKTOPHOI'O ITOTEH-
ITHOMeTpa Rx1.

[ IprHIpI paboTel OJHOBHOpaTOPa 3aKIOUYAETCA C CIeAVIOIEM. B HCXOMHOM YCTaHOBHB-
IIIEMCS COCTOSIHHH TOK KOHJieHcaTopa Cg paBeH HYIIHO. [losromy Tpansucrop VT2, 6aza KoToporo
COeQMHEHA C Pe3HCTOPOM R M HCTOYHHKOM OTPHIATEILHOM ITOISIPHOCTH Ex, OTKpRIT. Uepes Rs

ImpoTekaceT ToK Iz» VT2, cosmgarornmi HampspkeHne s 3armmpadus V11, Tpu 3akpeitom VT1 B

HCXOMHOM COCTOSIHHH KOHZeHcaTOp Cg 3apspkeH A0 HanpsokeHHS Ex- Rals». [Ipn orkpeitin VTl
3aIIyCKAIOIIM HMITYIIbCOM KOHIeHCcaTOp Cr HaUMHAET pa3psKaThCsa, 0O0yClIaBIMBas YMEHbIIIEHHE
TOKa sMHTTEpa VT2. 3TO0 NpHBOIUT K ellle OOoJbIneMy YBenHYeHHIO TOKOB VT1. IlosromMy mnpu
3aIlyCKe OJHOBHOpATOpa pasBHBASTCS JTaBHHOOOPa3HBIH IPOIecC, B pe3yinbrare Koroporo VT1
IIEPEXOAUT B OTKPBITOE, @ VT2 — 3aKPBITOE COCTOSHIE. PaspsKaroIprica yepes pesucTop Re-Ex-
Rs K2 VTI1 kKoHumeHcaTtop OyaeT nogacpAHBarek V12 B 3aKpPBITOM COCTOSHHH JO TeX ITOP ITOKa
HaIpspKeHHe Ha ero 6ase He MpHOIH3HTCS K HYIIHO. I1ocie storo tpansucrop VT2 HauHET OTKPHI-
BaThCs, BRI3BIBAA 3aKpeIBaHHe VT1. Cg BOocCTaHABIHBAET HCXOMHBIN 3apsl, 3apsoKasich oT Ex ye-
pe3 Rz OB VT2-Ry.

AMITINTYa HMITYIIbCa Ha KOJIIeKTOpe BBRIXOAHOTro TpaH3ucTopa (Ux2) — cMm. puc. 2.116,
eCIIH OOECIIeYHBAETCS HACBIIIIEHHEIH pexkuM VT2, onpenensercs Tak:

IR AR (2.41)

Anmrmurvma uvmviTeca Ha Ree
NOKYMEHT NMOAONMMCAH
SNEKTPOHHOW NOANMMCHIO ;
Ceptudbukar: 12000002A633E3D113AD425FB50002000002A6 = (2.42)

Bnapeneu: lLlebayxoea TateAHa AnekcaHapoBHa jﬁ
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F.l

Ful » || °

HMcxons n3 sKkBHBaJIeHTHOH CXeMBI pa3psga KoHAeHcaTopa (pHe. 2.12), IIHTeIbHOCTE BEI-

XOJHOTI'O HMITYJIbCa D,I[HGEH@IJHTDPH OITPEACITACTCA H3 CIICAYIOLICIO BhIPAAKCHHA.

S rid)
IRIRR)
E_IJEIEEGL

4, ~CI3 =

| Wl (= a:R| K1fRI{1*
13 dopmyiet (2.43) BHIHO, uTO ITPH Rix>>> Rz 1 Ry1>> Rs 3aBHCHMOCTS ty(a) MOXKeET OBITH
IOJIyYeHAa JOCTATOUYHO JIMHEHHOM.
[IpH yKa3aHHBIX BRIIIE VCIOBHSIX M Koraa Ex>> Relxro:
t,—CrpRzIn(1+a)
[Tpu ManomM a (ITo cpaBHEHHIO C eJTHHHIIEH)
t—CsRza
3aBHCHMOCTH (2.43) MOKHO VIIPOCTHTE, BOCIIOIB30BABIIHCE HEPABEHCTBAMH: Rx-2>> Rz H

Rx1>> Rs. Torma npu a=1 (T.e. HaX0KAeHHH JBHKKA B KpaiiHeM HIDKHEM OO KEHIH)

—_—

.
=
C yYETOM JOITYIIEHHH, CAeTaHHEIX K (2.44) MOXHO ITOIYYHUTh BEITHYHHY HeCTaOHIIbHOCTH

AIHTCIIbHOCTH HMITVIIBCA

NOKYMEHT NMNOoAanncAH @
SNEKTPOHHOWM NOANUCHLIO i%
Ceptucbukar: 12000002A633E3D113AD425FBS0002000002A6 glﬁ
Bnapeneu: lLlebayxoea TateAHa AnekcaHapoBHa
aOCOIIIOTHBRIX E,[[I[HIII_[EIJ{).
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BthﬁI BOCCTAaHOBIICHHA G,[[HGEH@I)&TGP& OIIPEACIIACTCA BPEMCHEM 3apsidda KOHIACHCATOPa

te=(405)Cs(Rx1+R5).

z

i

HanbossImas ckBaKHOCTh HMITYIILCOB Q=1+ . TIpH Ixgo_0 ¢ yvueToM (2.45) u (2.47) —
5

ITPH YCIIOBHH HachIIeHHS VT2 :

2 O A
S S

JImuTenbHOCTh (PpOHTa HMITYJIbca Ha KomnekTope VT2 mpH oTImHpaHHH

=i

AJIHTCIIBHOCTDE CPE3d HMIIYIIBCA

R
7 —
TR

YcII0BHE HACKHIIEHH S TpaH3HcTopa V1 nMeeT BHA!
= e S

3akpeiToe coctossHHe VTl obecrieunBaeTcs IMpH BEOTIOIIHEHHH HEPABEHCTRA:

= %ﬁﬁc

AMITIHTY/a 3aITyCKAIOIIEr 0 (OTIHPAIOINEr0) HMITYIIbCa, IT0JaBaeMOr0 Ha BXOJT OJTHOBHO-

paropa:

— _

T G L

A€ (Mzan — JIHTEIIBHOCTE 3aITYCKAIOIIET O HMITYIILCA, Rzam— BHYTPECHHEC COIIPOTHBIICHHE

I'€HEPAaTOPa 3allYCKaIOIIIX HMIIVIIECOB, R:: — BXOgHOE COITPOTHERIICHHE OTITHPAIOIICIO TPdaH3H-

cTOpa,

- HAITPAAKCHHE, 3alIHPAIOIICC TPAH3HCTOP.

T RMEAT TORRMGAL =T (TP aTaTIIET0) HMITYIIb Ca IOTIKHA GBITH (HePaBeHCTBO He-

SNEKTPOHHOW NOAMUCHIO
Ceptudukat:  12000002A633E3D113AD425FB50002000002A6

Bnapeneu: lLlebayxoea TateAHa AnekcaHapoBHa
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Ceptuchmkar: 12000002A633E3D113AD425FBS0002000002A6
Bnapeneu: lleBGayxoea TateAHa AnekcaHapoBHa

%.

Ecnu SEIIIHPHIGH_[I]ﬁ HMITYIILC IIOJACTCAH Ha BXO/] V1 2:, TO OH JOIIKCH HMCTE JJIIHTCIIBHOCTD .

- %ﬁgﬂ@g;&

IS
-

Bpems 3agepKkH cpabaThIBaHHS OJHOBHOpPaTOpa IMPHMEPHO PABHO BEIHYHHE {i1san, OTPE-

u ammryny $4a

nersieMo 1o popmyiie (2.57) ¢ yueToM BeIpakeHHS (2.54).
Ilopsiok pacyera oqHOBHOpaToOpa cJjieayOIHMH:

- TIPH 3aJJaHHOH HeCcTaOHIbHOCTH JUIHTEIIbHOCTH HMITYIbCa 10 popmyne (2.46) pac-
CUHTEBIBAIOT COITPOTHBIIEHHE Rg;

- o hopmyiie (2.53) onpeAenstoT COMPOTHRIEHHE Ro;

- I10 3aJJaHHOH aMIUIHTVYIE BEIXOJHOI'O MMITYIIECA U2, H3BECTHOMY HAITPSIKEHIIO E
H PaCCUHTAHHOMY 3HAYeHHIO Ry» OIIPEeAEISIIOT COIPOTHBIEHHE R

- 3aJJal0TCS COIPOTHBIIEHHEM Ry1 (1,5 _2) Reo;

- 1o popmymam (2.51) u (2.52) paccuHTHIBAOT CONMPOTHBIEHHS Ry H Ry ;

- o popmyiie (2.43) onpeaenstoT eMKOCTh KoHAeHcaTopa Ck;

- 1o gpopmymam (2.54) (2.58) onpeaersroT ITapaMeTphl 3aITyCKaIOIEr0 HMITYIIbCA.

CxeMa puc.2.1 la oGimagaer TeM HELOCTATKOM, UYTO MAaKCHMAIIBHO JIOITYCTHMAS CKBAaKHOCTD

TIeXHT B IIpeienax 3-4 1 paccunThIBaeTc 110 popmynie (2.42). /Ing yBemmryeHHI CKBaKHOCTH

? = T
Ep Fl Rl
Fo eatds
VDl
- L~
O ® 3 VT3
"y
IE
B ® 1 * - VT2
1 .
P |"f VTl Ch
HT .
F2 F3 F=
ONOKYMEHT NOoanucAH
SNEKTPOHHOW NOANUCHIO Fy
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IOTIOJIHHUTE IbHEBII AMUTTEPHBIH IIOBTOPHTEIS 1S OCYIIECTBIIEHH S CBS3H KoJmiekTopa VTl
¢ Gazon VT2. Takon BapHaHT IMOCTPOESHHS ¢ JHOJHBIM 3aITYCKOM ITOJIOKHTEIbHEIM HMITYIILCOM
ITOKa3aH Ha pruc2.13. JIMOMHEIH 3aITyCcK O00IaJgacT TEM IIPEUMYIIIECTBOM, UTO B ITPOIIECCE OITPOKH-
ObIBaHUSA auox VD1 oTkimrodaer oZHOBHOpATop OT LIEMM 3allyCKa, TEM CAMBIM IIOBBIIIAS €I'0
YCTOHYHBOCTB.

BthﬁI BOCCTAHOBIJICHHA B 3TOM CJIIVHAC OITPEACIBICTCA TAK HaHOOIbIIas CKBaKHOCTD

. IF=

riae Rezr 1501120 Owm.

JlmuTenpHOCT (PPOHTA

R
Rl ™

R =

rie Tps onpendensgeTcs, Kak IoKa3aHo B (2.49):

JlmuTeIpHOCTE cpe3a

N aaz

= =

r
re ©ps ONpeensieTcs aHallorHYHO, Kak B (2.50).

3a0anuA:

3aoarue Nel

PaccumnranTe CHMMETPHYHBIN MYIIbTHBHOpaTOp ¢ Kb eMKOCTHEIMH CBSI3SIMH IIPH CIIELYIO-
I[MX HCXOMHBIX JTaHHBIX. aMIUIMTYAa BREIXOAHOro MMIryiakca Un=C B, yacToTa BBEIXOTHBIX HM-

nmyibcoB £ = D kI'H, miHTenpHOCTE ppoHTa th=E MKC.

BapuaHTh1/
0 1 2 3 4 5 6 7 8 9 10
JTaHHBIE
C,B 10 12 15 20 27 20 15 12 10 | 27 24
D, xI'1g 1015109 08 | 12| 10|13 (10|09 10| L5
E, MKc 1,5 | 1,6 | 1,7 1,8 1514|1314 1,6 1,7 ] 1,8

K OHMPOJIbHbBIE 601NPOCHL.

ONOKYMEHT MNOONWUCAH _
SNEKTPOHHOW NOANUCHIO ;AllTHOHHBIMH? UTO IIpefcTaBisgeT cOOOH percHe-
Ceptudukar: 12000002A633E3D113AD425FB50002000002A6
Bnapeneu: Llebayxora TateAHa AnekcaHgpoBHa
NeiicTeuTenen: ¢ 20.08.2021'no 20.08.2022 popme mnvmrynecoB?
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3. JlaTh ormicaHIe OCHOBHBIX PEXIMOB paboTeI I'H.

4, YeM oTiIHYaeTC PEKHM aBTOKOIIEOAHHI OT KAVIIETO peKimMa?

5. Ormmcare IIPHHIMIT paboTel MyJIbTHBHOpaTopa ¢ Kb eMKOCTHEIMH CBSI35IMH

6. Kakue JomyIeHn s IIPHHATEI ITPH HCIIOJIb30BAHHH B pacueTe 3JIEMEHTOB MYIILTH BHOPa-
TOPa B SKBHBAJIEHTHBIX CXeMax'?!

7. 1o xaKuM IIEITSM IIPOHCXOIHT 3apsj H Iepes3apsay KOHAeHCaTOpoB Ceay 27

8. YKazaThk OCHOBHBIE MOMEHTEI IOPSAKA pacuyeTa MyIbTHBHOpaTopa ¢ Kb eMKOCTHRIMI
CBSI3SIMH.

9. Ormcarp IIpHHIHIT paboTel MyIbTHBHOpaTopa ¢ Kb CBA3SMH M JTOITOITHUTEIIFHEIM HC-
TOYHHKOM CMEICHH 5.

10. YKaszaTe 1ociIeJOBaTeIbHOCTE pacueTa 3MeMEHTOB H ITapaMeTpOB MYIIbTHBHOpaTopa ¢
Kb cBS3SMH M JOTTOTHUTEIBPHBIM HCTOYHIKOM CMEIT[EHH S

11. B ueM 3aKiIrovacTCs IMPEUMYILNECTBO H KAKOBBI HEJIOCTATKH MYIIb THBHOpaTOpa Ha TPaH-
3HCTOPAX C IIPOBOJMMOCTBIO PA3HOrO THITA?

12. KakoB IOPSI0K pacyeTa 3IIeMEHTOB H ITapaMeTPOB OJHOBHOpaTopa?

13. Kak B OqHOBHOpATOpE PErYIHPYETCS IMHPHHA HMITYIIbCa?

14. 3ayeM HYKeH B MYIIbTUBHOpaTOpe H OJHOBHOpATOPE SMHUTTEPHEIH ITOBTOPHTENIE?

AOKYMEHT NoanmncAH
SNEKTPOHHOW NOAMUCHIO
Ceptudurkar: 12000002A633E3D113AD425FB50002000002A6

Bnapeneu: lLlebayxoea TateAHa AnekcaHapoBHa
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Ipaxkmuueckaa paboma Ne§. Tpuzzepul

HEJH:.' INOJIVHHTD ITPAKTHYCCKHEC HABBIKI PACHCTA TPHITCPOB

OcHO6bL MmeopuL:

TpHUITEPOM HAa3BIBAETCA YCTPOHCTBO C JIBYMS YCTOHYHBBIMH COCTOSIHHSMH PaBHOBECHSL
Cxema TpHITepa IIPEICTABIISIET COOOH He HHBEPTHPYIOIIHI YCIIHTEND ITOCTOSHHOTO TOKA BEIXO/,
KOTOPOTO 3aMKHYT Ha BXOJ. Ilepexon Tpurrepa M3 OJHOIO YCTOHUYHBOIO COCTOSIHHS B IPYIOE
(OIMPOKHABIBAHHE ) ITPOHCXOUT ITPH BO3IEHCTBHH BHEIMHETO (ITYCKOBOI'O) HMITYIIbCA. OIIPOKHIHI-
BAaHHE TPUITEPA, KaK IIPABIIIO, COIPOBOKIACTCS JIABHHOOOPAa3HEIM H3MEeHEHHEM TOKOB H HaIIps-
KEHHI, eClIH KO3 (HIMEHT YCHIIEHHS LIeIlH oOpaTHOH CBSI3H Oolee eIHHHIBI, T.e. oOpaTHasd
CBSI3b TIOJIOKUTEINIBHAS. ECIM KacKaabl TPHUITEPA BBITIOIIHEHB HA HACHTHYHBIX CXeMaX H AIIeMEH-
TaX, TO TaKOH TPHITEP HA3hIBAIOT CHMMETPHYHBIM, B ITPOTHBHOM CIIYVYae — HECHMMET PHYHEIM.

OJIHOH M3 OCHOBHBIX XapaKTEPHUCTHK TPHITEPA SBISETCS €0 IIYCKOBAs XapaKTEPHCTHKA,
T.€. 3aBHCHMOCTH BBIXOJHOT'O HAIIPSDKEHH A Ug.x OT VIIPABISFOIIET O HAITPsDKeHNA Uy, Ha BXojie. B
KOHEYHOM HTOI'e — TPHITEP — 3TO YCTPOHCTBO ¢ IIOC, nMerolee ABa COCTOSHHS YCTOHYHBOIO
PaBHOBECHS H BO3MOKHOCTE IEPEXOJUTH M3 OIHOI'O YCTOHYHMBOI'O COCTOSHHS B IPYTO€ O] BO3-
JIEIICTBHEM VITPABJISIOIIET O HAIIPsDKeHNUS Uy, ITpH JOCTHKEHIHH MM ITOPOrOBEIX ypoBHeH U 1 U _.

IIyCKOBas XapaKTepHCTHKA IIPHBEAcHA Ha pHC. 3.1a, a 3aBHCHMOCTD Usz.x(t) —Ha pHC. 3.10.

UE.':..'H .i.

"
=]

~¥

! a &

[TyckoBas XapakTepHCTHKA: a) — 3aBHCHMOCTh HanpsiKeHHS Usg.; OT yIpasironiero Uy Ha
BXOJIE. OTa XapaKTepHCTHKa O0IaJaeT TUCTEPE3HCHBIMH CBOHCTBaMH. [IIHpHHa 00acTH THCTEpe-

3uca Up= U _- ULl. YYacTKH ITYCKOBOH XapaKTepHCTHKH AA H BB COOTBETCTBYIOT ABYM YCTOH-

NOKYMEHT MNOAONMCAH 4KH A H B SBISIOTCS ITOPOrOBEIMH 3HAYEHHSMH
3MNEKTPOHHOW NOAMUCLIO
CepTudiikaT: " 12000002A633E3D113AD425FB50002000002A6 ' ¢ OTPHIIATEIILHON KPYTH3HOH XapaKTePHCTHKH
Bnapeneu; lebayxoea TateaHa AnekcaHgpoBHa

J€ COCTOMHHEC PAaBHOBCCHA, COIIPOBOAAIOIICCCS
Nencreutened: ¢ 20.08.2021 no 20.08.2022
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TaBHHOOOpPa3HBIMH H3MEHEHHSIMH (CKauKaMI) HaIpsoKeHHI M TOKOB. YIIpaBIISIONIee HaIlpsDKe-
HHE, BBI3BIBAIOINEE cpadaTbIBaHHE (ONMPOKHIBIBAHHE) TPHITEpa, MOJKET IIPEJCTaBIIATh COOOH

HEIIPEPBIBHO H3MCHAIOMICCCH HAIIPAKCHIIC HIIH HMITIYIIBC, 4 BBIXOJHOC HAIIPLKCHHE HMCECT BHI

CKAaUYKOB HaIllpsDKeHHS pHC.3.10.

OCHOBHII JIeMeHTl TpHrepa, KOK ITpaBHIO, MHOrokackagHbelil Kmod ¢ [IOC. OcHOBHe

BH]J CHMCTPHYHILX Tp]?]I‘EplDEi — TPHICPp € BCHHHM HCTOYHHKOM CMCIINCHIIA, TPHICP C dBTOMA-

THYECKHM HCTOYHHKOM CMEMIEHHS, TPHIep C HelIUIeHHOi o0paHOi CyB’i3b. OCHOBHHM BHIOM

HECHMETPHYHHX TPHIEPOBI SBIISITHCS TPHIEP C SMHTTEPHOH CBI3bIO (Tpurep IlImmrTa).

CHMMeETPHYHbLIH TPHITEP € BHEINIHHM HCTOYHHKOM cMellneHHd (Eg

ITOKa3aH Ha PHC. 3.2a, SKBHBAJIEHTHAS cXeMa —Ha pHc. 3.20. Tpurrep

R
Uﬂb.'}a’if
0 &
VT
(H
1/
5
o —E,
R.".’ R 'S
I.rﬁc-

-
+

IpeACTaBIsIET COOOH JABYXKACKAAHBIH Kmrou ¢ OO, BEIXOJ KOTOPOro 3aMKHYT Ha

BX0JZ[. CBS3b MEAEAY KaCKaJaMH OCVYIICCTBIISACTCA C IIOMOIIIBIO PE3HCTOPOB R:, BKITFHOUCHHBIX

MEKIAY KOJIICKTOPaMI H 0azaMI CMEXHBIX KacKalOB. HGBTGI\I}*’ TaKOH TPHITCP HAa3bIBAIOT

NOKYMEHT NMOANWUCAH . YIIpaBJLIIONIHE KOHJACHCATOPEl C IMYHTHPVIOT
SNEKTPOHHOWM NMoanUCbLIO
Ceptudmkar: - 12000002A633E3D113AD425FB50002000002A6 JOBAHMS ITPOIIECCOB IIEPEKIIFOYEHHS TPHITEPA.
Bnapeneu: leBayxoea TateaHa AnekcaHgpoBHa

aBHOBeCHS. TpaH3ucTtop VT1 HaceomeH,a VT2
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3aKpBIT M HaoOopoT. JlomycTHM, B HCXOMHOM cocTosSHHM VT1 HaceimeH, a VT2 — 3aKphIT.
Torma sKBHBAJIEHTHYIO CXEMY MOJKHO IIPEICTABHTh B BHIAE CXEMBI PHC. 3.20, IJIc HACBIIICH-
HBIH TPAaH3HCTOP H300paKeH 5KBHITOTEHIHMATIBRHOH TOYKOM, a 3aKPHITHIH TPaH3HCTOpP —I'E€HEpa-
TOPOM TOKa lys, 3akpeiTOe cocTossHHE VT2 Oyaer obecrieUHMBATHCS ITOIOKHTEIBHBEIM HaIps-
xKeHneM Es kotopoe udepes gemurtens RRs mprnoxeHo x 6aze VT2

Hacrinennoe cocrosuue VT1 Oyaer noamepKHBaThbes 3a cUeT BeIOOpa pesucropa R
TAaKOH BEIMYMHEI, YTOOBI BBITOIHSIOCE VCIOBHE Ir_ls>lsy. Ilocime mpmxoma Ha Oaszy VTI

3dllYCKAIOIIET O HMITYIIBCAa HAIIPAAKCHITA Uszx1 IIOIOKHTEIbHOH INOJIAPHOCTH HAYHHACTCH IICPE-

XOJ TPHITepa B APYTOe€ COCTOSHHE YCTOHYHBOIO paBHOBeCHS. IIpoliecc OIMpOKHIBIBAHHS TPHI -

I'cpa MOXHO pE]BﬁHTL Ha 4 »srama: Ha IIEPBOM 3TAIIC IIO/ BO3ZIeHCTBHEM Ugy1 ITPOHCXOJHT

paccacelBaHHe M30BITOUHBIX HOCHTelleH B 0Oaze VT1. BHeIlHHMX H3MEHEHHH B CXEME HE
HaOIIOMacTC. DTall 3aKaHYHBAETCSI BBIXOAOM TpaHs3HcTOopa VT1 M3 rpaHHIBI HACHIIIEHHS Ha

I'PaHHITY aKTHBHOH 0OJIaCTH H BOCCTAHOBIIEHHEM EI0 YCHIINTCJIbHBIX CBOHCTB. Ha BTOpoM

stane TOK Kojuiekropa VT1 mox menctBHEM Upg1 HAYHHAET YMEHBINATHCS, BRI3BIBAS YMEHB-
1meHHe (T.e. BO3pacTaHHe IO aOCOMOTHOH BETHYHMHE) KOJIEKTOPHOI'O HaIlpsDKeHHS. OTpHIa-
TEIIBHOE IIPHPAaIleHHe KOJIUIEKTOPHOro HarpsskeHHS VT1 depes RC-1iemns mnogaerca Ha 0Oasy
VT2. Korma ykKazaHHOE IIpHpAaIleHHe KOMIICHCHPYET IIOIOXKHUTEIBPHOE CMEIeHHe Ha 0Oase
VT2, oH 13 3aKpBITOIO COCTOSHHS IEPEHJET HAa I'PaHMIy OTKPBITOH OOIACTH M BOCCTAHOBHT
VCHJIMTEJIbHBIE CBOHCTBA. IlepBrle [Ba 3Tama IPEACTABIIEOT COOOH CTaAHIO ITOATOTOBKH
TpHurrepa. Tereps o0a TpaH3HcTOpa padoTarOT B YCHIHMTEIILHOM PEeXHME, H, CIEA0BaTEIbHO,
IIPOH3BeicHHE KO3((HIMEHTOB YCHIeHHSI KackagoB K K;>>1, a oOnpni (a30BBIH CHOBHT
_kI+_-x2=20, T.c. BHUIOIHAKTCA YCIOBUS BO3ZHHKHOBEHHS CKAUKOB — PETE€HEPATHBHOTO IIPO-
I[ecca CXeM, 3aMKHVTEIX B KOJBIIO.

C 5TOro MOMEHTa HaYHHAeTCsS TPETHH HTall — 3Tall PEICHEPAIHH, B TCUHCHHH KOTOPOI'O

ITPOMCXOJNUT JIIAaBHHOOOpa3sHOE HM3MEHEHHE TOKOB H HamnpspKeHHH. CKOpPOCTh pereHeparii Be-
JIHKA W OTPaHHYHBAECTCS HHEPIMOHHBIMH CBOHCTBAMH TPAH3HCTOPOB M TAPa3sHTHBIMH EMKO-
cTsiMi. Ha sTare pereHepaiiii TOK Ix1 €Ilfe YMEHBINAETCS, a OTPHIaTelIbHOE HanpskeHHe Uy
VBEIIMYHBAECTCSI M ITOYTH IIOJIHOCTBRIO ITPOXOJHUT 4epe3 KoHacHcaTop C Ha 0a3zy VT2, BeI3bIBadg
ero (opcHpoBaHHOE OTIHpaHHE. lx» YBEIHYHBAETCS, YTO ITPHBOAHT K YBEIIMYEHHIO KOJUIEK-
TOPHOIO HamnpspKeHHA (T.e. YMEHBIIEHHIO €ro II0 aOCOIIOTHOH BelIM4HHe). [loJIoKHTebHOE
IIpHpaleHie KOIUIEKTOPHOI'O HaIlpsDKeHHI 4depe3 KoHAeHcaTop C IepefaeTcs ¢ KOIUIEKTOpa
VT2 Ha Gazy VTI. IIponcxXomuT ganpHeHIee YMEHBINIEHHE KOIUIEKTOpHOro Toka VT1 m T.1.

JOKMERTTIORHMEAR )E eHneM paenctBHA IIOC, T.e. mepecraer
SNEKTPOHHOM MOANUCHIO JeKpalll T , T.€. TIEP

Ceptuchikar: - 12000002A633E3D113AD425FBS0002000002A6
Bnapeneu: LLlebGayxoea TateAHa AnekcaHapoBHa
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Ha yetBeproM »5Tare (BoccTaHOBIeHHS) VT2 HachIImaeTcsa H YCTAHABIHBAIOTCS KOJI-

JIEKTOPHBIE HamnpsoKeHHs TpaHsuctopoB VIl m VT2, Hanpsokenme Ha komexkrope VT
CTPEMHUTCS K BeIHYMHE -E.. BpeMs yCTaHOBJIEHHS 3TOr0 HAIPSDKEHHS OIPEHEISETCS BpeMe-
HeM 3apsga KoHjeHcaTtopa C yepes pe3uctop Ry B KOIeKTOpHOH Lelm V11 M SMHTTepHBIH
rnepexoh, TpaHsHcropa VT2, JIlmsg YMEHBIIEHHS 5STOr0 BPEMEHH HEOOXOAHMO VYMEHBIIHTH
no¢ToAHHYK) BpeMcHU _=CRy, T.e. 3TO TpeGOBaHHE ITPOTHBOIIOIOKHO TOMY, YTO cpopMy-
JIMPOBAHO IS BPEMEHH YCTAaHOBIIEHHS HampsokeHHa V1. Tpurrep mnepexoauT B COCTOSHHE
YCTOHYMBOI'O PaBHOBeCHS, IMpH KOoTOpoM VT 3akpeiT, a VT2— HaCHIIIEH.

Jl11st BO3BpaIlleHH TPHITEPAa B HCXOJHOE COCTOSHHE HeOoOXOAHMMO ITojJaTk Ha Oazy
TpaHsncTopa VT2 samyckaroiid HMITVIIBC Upgx> ITOITOXKHTEIIBHOH ITOISPHOCTH. T.€. IIPH IIO-
Jaye JBYX 3allyCKAIOIMHX HMITYIIbCOB (POPMHpYeTCS IPSAMOYTOJIbHBIH HMITYIIBC C JIJIHTEIIb-
HOCTBIO, PAaBHOH IIEPHOAY ITOBTOPEHHS 3alyCKarOMMX HMITYIIBCOB. Ugx1 H Ugxy H3MEHSIOTCH
B ITpoTHBO(gaze H cHHMarorcad ¢ VT1 u VT2,

AHaITHTHYeCKHe BBIPaKEHHS IS pacyeTa ty, tc, Fmax, T.€. JIHTEIBHOCTH (PPOHTA, CITaja
HMITYIIbCOB, MAKCHMAJIbHOH YaCTOTHl IIEPEKIIIOUEHHMS, a TaKKe BJIEMEHTOB TPHITEpa, HCXOMS
H3 YCIOBHH KIIFOUYEBOrO pexnMa padoTwel TpaHsHcTOpoB VIl m VT2, Oyayr npHBeIOeHBI IIPH

OITHCaHHH MCTOIHKH PpacucTa TPpHITCPa.

TpHI‘I‘Ep C ABTOMATHYUYECCKHM CMCIIICHHEM.

HPH OTCYICTEHI HJOIIOJIIHHTCIIBHOI'O HCTOYHHKA CMCIICHHA MOYHO HCIIOJIb30BATh TPHI-

rep ¢ aBTOMaTHYECKHM cMelleHHeM (pHc.3.3).

 — E,:
c c
| | Ry
Uﬂbn'}i"lr Uﬂu':n'.}ii'.?
MV 5 wra
P
R R U = | |R»

B 5310l cXeMe POk HCTOYHHKA CMelleHHS Ee¢ BRIMOMHAET HampsokeHHe U., cO3MaHHOE
Ha R. mpu nporekanmn I.. KoHpeHcarop C. BeIOHpaeTcd AOCTATOYHO OOJIBIIOH EMKOCTH,

YTOOERI HalIpsLKCHHC U. BO BpEMA OIIPOKIABIBAHIIA TPHITCPa HE H3MCHAIIOCH. KPGME TOT'O,

NOKYMEHT NOAMMCAH
SNEKTPOHHOW MOAMNWCHIO
Ceptudomnkar: 12000002A633E3D113AD425FB50002000002A6

Bnapeneu: le6ayxoea TatesaHa AnekcaHgpoBHa

OKCT HMCTE MCCTO IIPH IICPCKIIIOYCHHH TPHI -

20/(f.R:), rae f,—rpaHnyHas yacToTa TpPaH3H-
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CTOpOB B cxXeMe Ob, M HMeeT BeIHMYHHY IOPSAKa HECKOJIBKO ThICSY M. YcmoBus obecrie-
YEHHS YCTOMYHMBBIX COCTOSHHI YV TaKOro TPHITEpa aHaJOTHMYHBI TPHITEPY C HCTOUHHKOM
Es.PacueTHple COOTHOINEHHS JJII OIpeldeleHHS IapaMeTpoB (Bkmouyass Uy, — aMIUINTYAY BEI-
XOJHBIX HMITYIILCOB) OyIyT IIpHBeJeHBbI HH’Ke. BRICTpPOAeHCTBHE TaKHX TPHITEPOB ITPHMEPHO

OOJHHAKOBO, YTO H C HCTOYHHKOM Es. HemocraTku TPHITCPOB C aBTOMATHHUCCKHM CMCIICHHCM.

AMITIIMTYZa BBIXOJHOIO HMITYIIbCA MeHbIle Ha BelHunHY U., TpeOyeTcs HaMuMe JOIIOIHH-
TelIbHEIX 21IeMeHTOB R. u C..

HecHMMeET DHYHBLIH _TPHITEP € SMHTTEPHOH CBS3bI0 (Tpurrep IlImmurra).

OH IIHPOKO IIPHMCHACTCA IOJIA HpEGﬁpﬂBGEﬂHI[ﬂ dHaJIOT'OBOI'O CHI'HAlla B l[IIGKpETHLIﬁ

(HarpHMep, CHHYCOHAAIbHOTO HAIPSIKEHHS B HMITYIIbCHI IIPSMOYTOIBHOH (POPMBI), IJISI CpaB-

HHBAHHA aMIUINTY] BbBIXOJHBIX CHI'HAJIOB (T.E. KaK Kﬂhﬂ’[ﬂpﬂTﬂp) H I ITOPOIoBOIO IIEPce-

KITIFOUeHHS (T.e. KaK ITOPOTOBBII ITepeKITrovaTelIh YPOBHEH).

o—L,
Rﬂf R R Rz
|
T |
R N V71 viz
Rﬂfz‘ Rlﬁ R;.

OCHOBHOE OTIHYHE OT CHMMETPHYHOro TpuITepa (pHc. 3.4a) — oflHA KOJUIEKTOPHO-
0a3oBas CBI3b 4epe3 pesHcTop R 3aMeHeHa ApyroH - 4depes pesHcTop R. —oOnmH s aByx
KackaJoB. Yepes pesnctop R, ocvyiectBiusgercsa He ToinbKo [IOC Tpansmcropa VT2 co BXogoMm
VTI1, Ho u OOC mo TOKY, BO3HHKAOIass B Kackaje Ha TpaHsHcTope VTI1. B mporecce
OITPOKHABIBAHH A ITpeoOnagaroren spisgercsa 110C, T.K. npHpaleHHe TOKa SMHTITEpa B TPaH-
suctope VT2 sHauurenpsHO Oonblne, 4eM B TpaHsHcTope VT1. 310 OOBACHSETCS TEM, UYTO

—[sovr2 ompelienseTcsa IIPOH3BeJeHHEeM KO3(D(HIMEeHTOB YCHIeHHS TpaH3zucropoB VTI u

VT2, a CC:1 —xosdduipeHToM ycuiaeHHS Tombko VTI.
Tpurrep ¢ SMHUTTEepHOI CBA3BI0, KaK M CHMMETPHYHBIE TPHITEPHI, HMEIOT JBa YCTOH-
YHBBIX COCTOSHHS PaBHOBeCHSI. 3aITyCK TPHITEPOB OCYHIECTBIISETCS C ITOMOINBIO HMITYIILCOB

YyepeAVIOLIEHC S TTOJIIPHOCTH, OOBIYHO IIOJaBacMBIX Ha 633}" TPaH3HCTOPAa VT1 mmt ¢ 110-

MOIIBIO MeIIEeHHO HM3MeHSFOINErOCS HAIPSDKeHHI. Bo BTOPOM cllydae HeOOXOIHMOCTh B
NOKYMEHT NOAMNMUCAH

ANEKTPOHHOW NMOAMUCHIO KHMe oOIero BXoJa He ITPHMCHSICTCA H3-3a
Ceptudbukar: 12000002A633E3D113AD425FB50002000002A6 G
Bnapeneuy: Llebayxoea TaTbAHa AneKkcaHapoBHa dIPDYSKH OOBITHO ITOAKIIOYACTCA K KOJUICKTOPY

0 [IOC, TO ero BiIMSHHE Ha OITPOKHJIBIBAHHE
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TpIITCPpa IPAKTHHCCKIT HCKIITOUCHO. KGH,I[EHC&TGP C HMECT, OPHCHTHPOBOYHO, TY K€ BCIIH-

YHHY, YTO H YV CHMMETPHYHOIO TPHITEpPA. YCTOMYMBEIE COCTOSHHS TPHITEpa OOeCIIeYHMBAKOTCS
COOTBETCTBVIOIIMM PacuyeTOM 3JIEMEHTOB, KOTOPBIH OVAET IpHBEAeH HIKe. AMIUINTYIA HM-
nmynsca Ha KoluiekKrope Um_ ExRi/(Rie+Rs).

[IpencTapisoT HHTEpeC Pa3HOBHIAHOCTH HECHMMETPHYHBIX TPHITEPOB pHC. 3.40,B.

TPHITEPI:I C BMHTTEpHﬂﬁ CBH3BI0 HAa TPAH3IHCTOPDAX C IIPOBOIHMMOCTHIO PDA3HOIO

THHA (O-p-I1_H_p-Io-p).

OTH TPHITEPBI HMCIOT TAKXKE J[Bd COCTOMAHIA PABHOBCCHA, OJHAKO B HIHX 00a TpaH-

3HCTOpa 3aKpHITHI, JIHOO o00a OTKPBITEL. Kpome toro, tpmrrepel IlImmrra MOryr OBITH C

IIPOCTEIMH 3MHTITEPHBIMH CBSI3SIMH (pHC. 3.40) B clIoXHBIMH (pHC. 3.4B).

_E,l.:‘j C C'-I_E.'{E'
| |
Ry | R.. R.»
Brrod
R —
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A VT W2
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B cxeMe puc.3.46 pesucrop R1 caoyxur mg obecrieueHHsS HEOOXOAHMMOIO pPeKHMa

LOKYMEHT NOArNMUCAH rcs orpaHHYHTENeM ToKa Oasbl). Pesncrop Rs
SNEKTPOHHOW NOAMUCHIO
Ceptudpmkar: 1 112000002A633E3D113AD425FB50002000002A6 a VT2, pesuctop R CiyxuT IS HCKIFOUEHHS
Bnapeneu: le6ayxoea TateaHa AnekcaHgpoBHa
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IMVHTHPOBAHUS SMHTTepHOro Iepexoga VT2 HachIIeHHBRIM TpaHsHcTOpoM VT1. IlpH 3aKpeI-
TBEIX TPAaH3HCTOpAaX YEpe3 HEro IIEPENacTCs 3aIlMparoIlii ITOTEHI[HAl Ha 0a3y TpaH3HCTOpa
VT2.

Pesncrop Rz cioyxur mia obecnieyenua [IOC ¢ tpansucropa VT2 xHa VT1. C-dop-
CHpVIOIasl eMKOCTh. B cxeme puc.3.4B pesucTtopel R2 m RS SBISIOTCS  KOIIEKT OPHBIMI
HarpyskamMH VT1 u VT2. Pesucropel R1,R3,R4 Haxomsarcs B Lenu sMUTTepHOH OC.

PaccMoTpuM IpuHIIMIT padoThl cXeMbl Ha pHc.3.40. Ilpu romgade Ha BXOJ TpHITEpa

OTPHIATCJIBHOI'O HaAIIPpAXKCHHA Uzx=Up TakoH BEIIMYIHBI, YTO o0a TPAaH3HCTOPA HAXOIOAICH B

OTKPBEITOM H HACBHII[EHHOM COCTOSHHH H 4epe3 HHX IPOTeKaloT CJIIeAVIOIHE TOKH: Il ki ;
Ik Il o1 s ILs2 ;161 ILs» (cO 3HAKOM - _ , KOLJa BLIXODIIOH TpamszucTop VT2 OTKPHIT,
Korja V1?2 3akphIT —HHAEKC - _). Toxu [0s1 4 ] _s» MPOTHBOIIONIOKHEI IO HAIIPaBIIEHHIO.

QOpiuHo O _s»_0O0:, T.e. UZ, IOTOXKHTEIFHO IO OTHOIIEHHIO K KOPITYCY YCTPOICTBA,

UZ. = UZe: UZs — UZs1, HO IOJIOXKHUTEIIBHO OTHOCHTEIIBPHO KOPITyCa.

IIpu Usx 1 Uo, U_s yeemuuupBacTes., a4 [ _s1- yMmeHbImaercs, T.K. V11 HaceOieH
_Lly1 ocTaeTcs IpaKTHYSCKH IICH3MEICINILIM. 4 _ Lls; HECKOIbKO YMEHBIIAETCA 3a CYeT
H3MEHEHHS _ _51. B CBI3H ¢ yMelLOIellHeM _ _ .1 HECKOIbKO moBbImacercs U_., T.K. L L
npakTHYecKH He H3MeHgeTcs (VT2 macnimer). CvinecTrellioe M3Meleliie _ Lls; MPOHCXOIHUT
o0 TeX Iop, nmoka VT1 HaxomuTcsa B peKHME HACBIIIEHIIS.

HPH HECKOTOPOM BXOAHOM HAIIPZTHKCHII Usx=U; OJHOBPEMCHHO C VYMCHBIICHHEM

_[s1 OpOMCXOIUT VMCHBINCHHC _ [, T.e. cHipkaeTcsa Ul yBemumBaeTcss TOK uepe3 R
H. CICAOBATCILHO, VMCHBINACTCA TOK [ _s». TpHITEp IO MpeKHEMY HAXOAHTICSI B YCTOHYH-
BOM COCTOSIHMH PAaBHOBECHS. ¥ MCHBIICHHC ToKa [ _s2 IIPOHCXOMUT O TeEX IOpP, ITOKa TPaH-
3ucTop VT2 HAXOAUTCH €le B HACHIIIEHHH.

IIpn BxomgHoM HampsokeHHH Upx=U _pxg TpaH3uctop VT2 BRIXOIUT H3 COCTOSHHS

HACBIIICHH A, PC3KO IIOBBIINMACTCH IIeTIIEBOH KGB(b(l)I]l[HEHT YCHJICHHA H B TPHITCPE HAYIHHA-

eTcs JIaBHHOOOpa3HBIHN IMporcce OIIPOKHABIBAHHA BO BTOPOC }fGTGﬁIHIEDE: COCTOAHHE PABHO-

BeCHS. B pesynbrare J1aBHHOOOpasHOro Imporecca TpaHsHcTOpel VT1 m VT2 moIHOCTBIO
3AKPBIBAIOTCA U UCPC3 HHX [OPOTCKAKT BCCEMA MAIbIC KOICKTOPHEIC TOKM _ e 1 U0k
OazoBeic [Ils1, _— _s M OMHTTCpHBIC _ [s1 m [ _.» Toku. Hampsokenune U_. IIpH 5TOM

IMaJacT IIOYTH JO0 HyleBoro 3HaveHHs, a Ulxw Uk yBeIHYHBaeTcs II0 aOCOIFOTHOM

BenHuuHe. IIpn stom U_w»_FEi, a _U_pi_ 1 UE«a_, T. K mo pesuctopy R g1 ITOMHMO
_x6o1 ITPOTEKAET PE3KO BO3POCHIMH TOK, OTBeTBInmroInmiica B R. BemmumHa Ulgxpgl Ul o

AOCKYMEHT NOArNCAH repa. Bce 3HaKM TOKOB H HAIIPSDKEHMIL, COOT-
3NEKTPOHHOM MOOANUCHIO pa. ’

Ceptudmkar: . 12000002A633E3D113AD425FB50002000002A6

JeCCd HaA3BIBAIOTCA IIOPOT'OBBIMH H JOIIOIIHIH-
Bnapeneu: lebayxoea TatesaHa AnekcaHgpoBHa

H T.J1.).
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[Ipn panpHeiIlleM VBEIHUYEHHH BXOJHOTO HampskKeHHS Usg;_ U _ 5 YBEIHUYHBaETCH

U _s1 3akpeiToro VT1 mU _gs1. OcTanpHble HapsDKeHHS H TOKH H3MEHSIOTCS HE3HAUYHTEIbHO

(mpegen yBemHueHHS - Ussimax IO TexHHYecknM VyelaoBHSIM (TY)Ha VTI). Ilpn cHIDKeHHH

BXOMHOro curHamna, T.e. IpH Us:_Uji_ Ui _Ulsxs B TpHUITEPE IUIABHO ITaJar0T HAIPSIKEHHT

U_s 1 U Illpn UBx=U;| Hanipsokenre U _g1 CTAaHOBHICS PaBHBIM HaIIPSKEHHIO OTKPHI-
BaHHg TpaHszucTopaVT] u npH gampHenineM yMeHbIeHHH UBX TpaHzucTop VT1 Bce Oojblie
n Oonnime oTKpniaeTcd. Bospactaror _ Usi; L _x1; — —s1, TIOBBIIIAETCS HampsokeHHe Ul i1
Benenernue poszpactanud _ L.y ymMeHbInaercad Ul .1 M CTaHOBHTCS OTPHIATEIBHBIM OTHO-
CHTEJIbHO KOpITyca YCTPOHCTBA.

B pesymprate yBemmueHHS U _;i moBeomaercd U _s; H3-3a 4ero IPOHCXOAHUT HHTEH-
CHBHOE TIOBBIIIIEHHE HaNpsKeHHS U g0

IIpu BxogHoM HaNpsKeHHH Ug=U_ 5 Hanipsgxkenne U s.» YBETHUHBAETCI H JOCTH-
racT HanpsokeHHSI Usqo- OTKpPEIBAaHUS TpaH3HcTOpa VT2, OH IepeXoauT B aKTHBHYIO OOIACTh,
PE3K0 BO3pacTaeT OO KO3(Q(HIMEHT YCHIEHHS ABYX TPAaH3HCTOPOB H B TPHITEPE HadH-

HAacTCA HﬂBIIHDDﬁpﬂBH&Iﬁ ITporccc OIIPOKHABIBAHHA B IICPBOHAYAIIBHOC COCTOMSHHE ‘_’;-"GTOﬁIHI-

BOI'O PABHOBCCHA.

B pesyimpraTte STOro naBHMHOOOpasHOro Impolecca TpaH3HCTOpPEl VI1 u VT2 oTKphIRa-

I0TCSL, T.e. Uge=U _5 ;=U;; SBIAETCA BTOPBIM ITOPOrOBEIM YPOBHEM TpHITEpa. DTO HaIps-

’KEHHe Ha3bIBaeTCSA HaIIpsSKeHHEM OTITYCKaHHSA (Bce TOKH M HAIIpPSDKEeHHS 3TOro pexHMa
TAKKC 0003HAYAKTCL ¢ HHAcKeoMm [nl[l - ITOpOroBEIE).

[Iocme BTOPOro OIMPOKHALIBAHHS TPHITEPaA ITPOHCXOMHUT cleayromee. IIpH mocnemayro-
meM yMeHbIIeHHH BxXOoAHOro curHama (Ugz_Uji;) IIPOHCXOIHUT YMeHBIIEHHE HaIIpsSKeHHS
U_s1, Bozpactamme _ Llg1, HEKOTOpoe VYMeHbIneHHe U _., M cnemoBarenpHO, UL g, O0a

TPAaH3HCTOPAa OTKPBITEI H HACBIIIICHBI. TPI]ITEP HAXOIOHTCA B IICPBOHAYAJIBHOM COCTOMHIH

yCTOHYHBOro paBHOBecHS. IIpn moBbimeHHH Usgy ITpOIECCHl B TPHITEPE ITOBTOPSIEOTCSL.

[Ipn pacueTe »IeMEHTOB TPHITEPA COCTABISETCS CHCTEMAa VpaBHEHHI, HCXOASI H3
IBYX VCTOHYHMBEIX COCTOSHHII PAaBHOBECHS, H OIPedelISIFOTCSI HeOOXOMHMBIE 3HAUEHHS Slle-
MEHTOB.

TpHITED CO CIOKHOH SMHTTEPHOH CB3bI0 (Tprrrep Mura dymio n Crcabaxu TaHaxa)
SIBIISIETC S aHAJIOTOM HECHMMETPHYHOrO TpHrTepa. OH MOKeT OBITh H Ha TPaH3HCTOpPaxX OHOTHII-
HOH IIPOBOJMMOCTH, HO C ABYMS HCTOYHHKAM IMTaHHA +E,. u -E.. Tpurrep pacxomyer He-
CKOJIBKO OOJIBIIYIO BSHEPrHIO, T.K. IIPH 3aKPRITEIX TpaHsHcTopax VIIu VT2 uyepes R1, R3, R4

AOKYMEHT HOANNCAH {HHUTEJIPHO HEBEITHKHN). B OTHOM M3 YCTOIYHBBIX
SNEKTPOHHOM NOANMUCHIO | ). Box Y

Ceptudukar:  12000002A633E3D113AD425FB50002000002A6

| — OTKPHITEL. ¥ TAKOro Tpurrepa domnee cTabIib-
Bnapeneu: lLlebGayxoea TateAHa AnekcaHapoBHa
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CummerpinuHbIi TpHITEp € Kb -eMKOCTHBIME CBSA3SIMH HA TPAH3HCTOPAX C PO-

BOAHNMOCTBIO DA3HOI'O THIIA

—Eg1o o +E,,
C2
Rz | R
2
VT q vt

g pacuera 3agaeTcsd Fmax, Umi, Um2 -MakcHMaIbHAS 4acTOTa IEPEKIIIOYEHHI, aMITIIH-
TYZbI BBIXOTHBIX HMITYIIbCOB, JTHAITA30H TEMIIEPATyp OKPYKaromeH cpelbl (tmax, tmin), JOITYCK Ha
H3Melene IIAMpsGKEeIInd HCTOWMKOB — muTanud Ls=_ E/E. nomycek 11a oTKNolelye BeTHIHIILL
COITPOTHBIEHHI OT 3HAYeHHI IT0 TEXHHYECKHM YCIOBHAM (HOMHHAIBHBIX 3HaUeHHI) _r = _ R/R,
aMIUTMTYa M JUINTEIRHOCTh  3aITyCKArOIMMX HMITYIIECOB Us H t3, MHHIMAIbHAS ITOTPEOIsIeMast

MOIITHOCTE (P HIH Puin).

3a0anuAa:

3aoarue Nel

Paccunrare 3MIeMeHTH H ITapaMeTphl TPUITEPa, CHMMETPHYHOIO C KOIUIEKTOPHO-0a30-
BBIMH €EMKOCTHBIMH CBS3SMH H OOIIMM BXOJAOM IIPH aMIUIHTYAe MMITyiabcoB Um=C B, dacrorte
nepeknoueHHs Friep=D kI'I, MakcHMaIbHOH TeMIlepaType OKpyXKarolmel cpefbl fmax=E °C,

Ek=F, R=G. McxoaHple JaHHEIE U1 Pa3IHYHBIX BAPHAHTOB ITPHBEACHEL B TAOIHIIE.

CepTtudumkar:
Bnapeneu:

SNEKTPOHHOW NOAMUCHIO
12000002A633E3D113AD425FB50002000002A6

lLlebGayxoea TateAHa AnekcaHapoBHa

Nencreutened: ¢ 20.08.2021 no 20.08.2022

gl ol 2345 e | 7] 8|9 10
cB |12 10| 11|15 121011 121520 15
D, xlm | 400 | 350 | 380 | 450 | 380 | 300 | 320 | 350 | 400 | 420 | 430
E.°C | 70 | 65 | 60 | 65 | 60 | 65 | 60 | 70 [ 65 | 60 | 70
F 0,1 | 0,08 0,09 [0,12]0,14[0,13] 0,11 0,1 [0,08]0,09] 0,1
c feasTor TanTaoe o1 [0,12]0.090.13]0.09]0.12]0.15
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KonmponosHsle sonpocel:

1. Jlatp ompenaerneHne Tpurrepa. Kakon TpHITEP Ha3bBIBAETCS CHMMETPHYHBIM, KaKOH
HECHMMET PHYHBIM

2. Uto mpeacraBisaeT coO0H ITYCKOBAs XapaKTEePHCTHKA TPHITEpa?

3. Kakwe THILI H BHABI TPHITEPOB HCIIOIL3YIOTCS, B OCHOBHOM, B HMITYIIbCHOH TEXHHKE?

4. Onucars ITPHHITHIIL pﬂﬁGTLI CHMMCTPHYHOI'O TPHITCPd C¢ BHCIIIHHM HCTOYHHKOM IIHTA-

HUAL

5. KakoBEI OCHOBHEBIE 3Talbl paboThl TPHITEPA?

6. Ormcarh IMpHHITHAIL padOTEl TPHITEPA ¢ aBTOMATHYECKHM BKITIOUEHHEM.

7. KakoB nipuHIMII padoTel TpurTepa IIMiTTa Ha TpaH3HCTOpaxX ¢ OQHOTHIIHOH ITPOBO IH-
MOCTBIO!

8. Ormicate IMpHHIIT padoTel Tpurrepa HIMiTTa Ha TpaH3HCTOpax ¢ IPOBOJHMOCTRIO pas-
HOI'O THIIA.

9. KakoBEI OCHOBHBIE 3TaIkl padOTHI M KAKHMH ITapaMeTpaMH OHH XapaKTePH3YIOT CS?

10. Uem ormmuaercs tpurrep M.Oymuo 1 C.TaHaxu ot Tpurrepa IImrrrra?

1 1. KaxoB mopsgok pacueTa CHMMETPHYHOIO TPUITEPA C KOJUIEKTOPHO-0a30BBIMH EMKOCT -
HBIMH CBST35IMH /

12. YeM oTiH4YaeTcs MOPSAIOK pacyeTa TPHITEPA OT CHMMETPHYHOro Tpurrepa ¢ Kb cBs-
35IMH, HO Ha TPaH3HCTOpax ¢ IMPOBOJAHMOCTHIO PAa3IMYHOIO THIIA?!

13. KakoB mopsmok pacuera CHMMETPHYHOIO TpHUITepa ¢ Kb eMKOCTHBRIMH CBS3SMH Ha
TPaH3HCTOPaxX Pa3sHOro THITA IMTPOBOJHMOCTH?

14. Kak y4YHTBIBaIOTCS ITPH pacueTe TPHITEPOB BeTHYHHEI L. R.E 7

15. Ilo KaKkiM OCHOBHBIM ITapaMeTPaM BEIOHPAIOTCS TPAH3HCTOPEI B TPHITEPax?

16. Uto mmpeacTarissroT cOO0OH OrpaHHYeHNI?

17. KakoB Iopsiok pacyeTa CHMMETPHYHBIX TPHITEPOB ¢ aBTOMAaTHYECKHM CMEI[EHIEM?

18. KakoB mopsmok pacuera HECHMMETPHYHOIO TPHITEPA ¢ SMHTTEPHOH CBS3bIO HA TPaH-
3HCTOPaxX OJHOIO THIIA ITPOBOJHMOCTH?

19. KakoB MOPSIOK pacyeTa HECHMMETPHYHOI'O TPUITEPA ¢ SMHUTTEPHOH CBS3BIO HA TPaH-
3HCTOPaxX C IMIPOBOAMNMOCTLIO PA3HOIO THITA?

20. M3 KaKHX 3lIeMEHTOB COCTOHT OOOOIIEHHEBIH JIEIMTENIb 3aIlycKa TpHITepoB LIIMuTTa C

TPaH3HCTOPaMH pﬂSHGTIITH—IGﬁ HPGEG,[[HMGGTH? Kaxkme BaPHAHTBI 3a4lITYCKd HaHOoIIee paiiio-

AOKYMEHT NoanmncAH
SNEKTPOHHOW NOAMUCHIO
Ceptudurkar: 12000002A633E3D113AD425FB50002000002A6

VPOBHEH TpHITepa lIIMITTa Ha TpaH3HCTOpax ¢
Bnapeneu: lLlebGayxoea TateAHa AnekcaHapoBHa

Nencreutened: ¢ 20.08.2021 no 20.08.2022
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Ilpakmuueckaa paboma Ne9. Oopad omka pe3yibnamos umepeHiiil

Ilens: TpHOOPECTH IMpaKTHYECKHE HAaBEIKH 00pa0OTKH pe3yIIbTaTOB H3MEPEHHH H OIpejie-

JICHHA ITOI'PECITHOCTH IISMEPEHHI‘T

OcHoébl meopuu.

KomryecTBeHHAs OIleHKa CBOHCTB (PH3HYECKHX OOBEKTOB HIH IPOL[ECCOB OCYIIECTBILSI-
eTcs H3MepeHHeM (PH3HYeCKHX BelIMYHH. 110 cBoeit cyru «lM3MepeHie» - 3TO IO3HABaTeIbHEIH
ITPOLIECC, 3aKIIFOYAFOIIHIICS B CPABHEHHH OIBITHBIM ITYTEM H3MEPSEMOH BEIIMYIHEI ¢ HEKOTOPBIM
eé 3HauYeHHEM, IIPHHSATHEIM 3a eJIHHHILY.

JIro6oe H3MepeHHe MPOH3BOINUTCS ¢ HEKOTOPOH MOTPEIIHOCTRIO (OIMMHOKOH), KOTOPasI HC-
Ka’XKaeT pe3yibTaT H3MEPEHH S H ITO3BOIISET JIHUIIE ITPHOIIH3HTEIIBHO OIIEHHUTh 3HAUEHHE H3MEPSIE-
MO BEITHYHHEI.

3ajiaueH 3KCIIEPHMEHTATOPA H aHAIMTHKA SBIISETCSA YUET BCEX BO3MOKHBIX ITOTPEIHOCTEH
1 00paboTKa pe3yIIbTaTOB H3MEPEHHH C LETTHIO HX MAaKCHMAaIbHOTO IIPHOIIMKEHHS K JEHCTBHUTEJIb -
HOMY 3HAYEHHIO H3MEPSEMOH BETHYHHEI.

[Io crtocoGy YHCIIOBOIO BREIPAKEHHS Pa3iIMYaroT aOCOIIOTHEIE IIOTPEIHOCTH AA, BhIpa-
’KEHHBIE B eJHHHI[aX H3MePSIeMOIl BEJIHYHHEL, H OTHOCHTENIbHEIE O, BEIPakKeHHBIE B % HIIH JTOJISIX
OT JIEHCTBHTEIILHOIO 3HAYEHIISL.

AM=A4 —A

5=
A

AX — H3MEPEHHOE 3HAYEHIIE,

A — IeHCTBHTEIIbHOE 3HAUYECHIIE.

Ecim mocToBepHa H3BECTHA IMOTPEIIHOCTh AA (BIHSHHE TeMIIEpaTyPhl, BIaKHOCTH, ITpe-
BBIIIIEHHE HaJ[ YPOBHEM MOPS H T.JI.), TO B Pe3yiIbTaT H3MEPEHH cIelyeT BHECTH ITOIIPaBKY

A=A +AC,T]I€E

AC=-AA — nonpaBka: B35ITasg ¢ OOpaTHBIM 3HAKOM ITOIrPEIITHOCTh H3MEPEHH L.

OIIBIT ITIOKA3BIBACT, ITOI'PCHIHOCTH ITOAYMHHAIOTCA GHpEI[EHéHI—[BIM CTATHCTHYCCEIM 3dKO-

HaM.
CTaTHCTHYECKAS 3aBHCHMOCTD YaCTOTHI HIIH BEPOATHOCTH ITOABJICHIA TCX HIIH HHBIX CIIY-

YaHHBIX HGI‘I)EH_[HGGTEﬁ (DI.T.]IIﬁDI{) OT HX BCJIIHYHHDBI HA3bIBACTCA 3dKOHOM PACIIPEACIICHHA 3THX

AOKYMEHT NogrnnMcAH
SNEKTPOHHOW MOANMUCLIO
Ceptudukar: 12000002A633E3D113AD425FB50002000002A6

Bnapeneu: LleGayxoea TateAHa AnekcaHapoBHa

NeiicTeuTenex: ¢ 20.08.2021 no'20.08 2022 MaTh HENPEPBIBHBIN PsI 3HAYEHHH,
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- BEPOSITHOCTS ITOSIBIIEHHS CIIYYAHHBIX ITOTPEIHOCTEH, PaBHBIX IT0 a0COIFOTHOMN BEJIHYUHHE,
HO IIPOTHBOIIONOKHBIX I10 3HAKY, OJHHAKOBA,

- BEPOSITHOCTH ITOSBIIEHHS MAJIBIX CIIYYAHHBIX ITOIPEIIHOCTENOO0IBINE BEPOSTHOCTH IIO-
SIBJIEHHST OOJIBIIIHX CIIY4aHHBIX ITOTPENTHOCTEH (T.e. Malble clIydaiHble IOTPeIIHOCTH BCIpeya-
FOTCS yaIle, 4yeM OOJIbIIHE).

Ha oCHOBaHIHN BBIIIEH3I0KEHHOTO H OB ITOIYUYEH TaK Ha3bIBaeMbII HOPMAJIbHBIH 3aKOH
(3axoH ['aycca) pacipeeNieHH S IIOTPEIIHOCTEH, KOTOPBIH OIMHCEIBaeTcsa (popMyIo ['aycca:

1 _M 1 _l[éjl
Puy=—=€e 7 = e
o2

, TJE

- oA 2

@,y - IIOTHOCTD BEPOATHOCTH PaCIIPCACIICHITA HGI‘IJEH_IHGCTE]‘;I:

a; - PE3YIIbTAT OTAC/IbHOT'O H3IMEPCTHIA.

O — CPpCIHCKBAaAPAaTHYHAA ITOIPECHIHOCTE PiIad IIBMEPEHIIﬁZ

&- 2
AN+ A+ + N+ A g( )
T =+ =t :,I‘,I[E:
In In

A - cIIyyaiHas aGCOIIOTHAS IIOIPEIHOCTD OTAEIBHOIO H3MEPEHHA (A. = a. — A ).

['padprieckst HOpMaIbHBIIN 3aKOH pacIipeelIeHHSI MTOTrPEIIHOCTEH BRITIISANUT CIIETYOIHM

oOpaszoM:

D)

-/

rae o,{c,{o;, T.€. MAJIOMY 3HAaUEHIIO G COOTBETCTBYET IIPeo0IaaHNe MaJIbIX CITYYaHbIX

ITOr PEITHOCTE .
Ha mmpakTike BMeCTO JeHCTBHTEIBHOIO 3HAUEHH S H3MEPSIeMOH BEIMYHHEL A OepETCS ero

CpEI[HEﬂpHd)METH‘IECKGE SHaYCHHC:

[OKYMEHT NOANWUCAH | Cota .. ta, o

SNEKTPOHHOW NOAMUCHIO
Ceptudurkar: 12000002A633E3D113AD425FB50002000002A6

Bnapeneu: lLlebayxoea TateAHa AnekcaHapoBHa

Nencreutened: ¢ 20.08.2021 no 20.08.2022
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I1o aHamormm co ciry4aHHOH a0COMFOTHOH ITOIPEITHOCTBIO OTAEBHOI0O H3MEPEHHS A, BBO-

AHTCA ITOHATHE OTKJIIOHCHHA PE3YIIbTATd H3IMCPEHIA OT CPEIHCTO 3HAUCHHA

vV, =d,; — A
”E B METPGHGI‘HH HAasBIBAEOT GCT&TG‘H—IGﬁ ]’[GI‘pEHIHGCTLH].

A — A TIpH GeCKOHEYHOM UHCIIEe H3MEPEHHIL. B peamti e cpefHeKBaApaTHYHAS ITOIPELL-

HOCTB OITPEJIEIIETC IO (POpPMYTIE:

Iy 1

>,

c}':iv _-.
n—1

JIIs1 OLIEHKH TTOTPEIHOCTH OTAEILHOI0 H3MEPEHHS KPpOMe CpeaHEKBAIPaTHUHON TTOrpelll-
HOCTH TIOJIb3VIOTCSA BEPOSTHOH ITOTPEITHOCTRIO OTAEIIBHOIO HM3MEPEHHS p, ITOJ KOTOPOH ITOHH-
MAaFOT IIOIPEIHOCTh, KOTOPpas JEIIHT ITOII0JIaM BCe CIIy4YalHbIe IIOIPEIHOCTH Ha JIBE PaBHBIE Ya-
CTH: B IIEPBOH HAXOJHUTCS IOJIOBHHA CIIYYAHHBIX ITOTPEINMHOCTEN OONIBINHX P, BO BTOPOH — IIOJIO-

BIHHA CH}"‘IEIIUH-ILIK HGI‘IJEI.T.H—IDGTEﬁ MCHBIIIHX pP.

- 1067450 ~ = %"
£ 3V '

n—1

Kpome G 1 p B HEKOTOPBIX CITYYAsIX HCITOJIB3YIOT CpeHeapH(PMETHUECKYIO ITOTPEIHOCTD

B Teopnu onmmOoK JoOKa3kIBaeTCS, YTO & = +0.80 .

Bombmroe 3HaueHHEe HMeeT T.H. MaKCHMAaIJIbHAs IIOTPEeIIHOCTh H3MepeHHSI M = +30.

M3MepeHHs ¢ ITOrpenIHOCTRIO ) 3G 3HAYHTEIBHO HCKaXKakoT pe3yibTar. Takie H3MepeHH

Ha3BIBAIOT ITPOMAaXOM H OHH JOJLKHEI OBIT HCKIIFOUEHBI, KaK HEJIOCTOBEPHEIE.

Ecmi niponsBectH K cepuil H3MEPEHHH H B KaKIOH CEPHH BBEIITOIHNUTE NHU3MEPEHHH C OH-
HAKOBOH TOYHOCTBIO, 3aTeM JUIS KaKJIOH CEepPHH BEIYHCIHTL CpelHeapH(MeTHUeCKOe 3HAUYEHHE
H3MEPSIEMOIT BEIIMYMHEL A , TO OKaKETCSL, UTO 3TH cpeHeapH(MeTHUECKHE OTIIHYAIOTCS APYT OT
Ipyra B pasHbeIX ceprsax ki. bosee Toro, o 6yayr OoTIIHYAThCSA OT HCTHHHOIO 3HAUYEHH S H3MEPSI-

€MOH BEJIMYHHBEI A Ha CIIYYAaHHYIO OIIHOKY.

YToOR cVIIMTH O cIIViaiiHOM Daz0boce cpelHeapH(PMeTHYECKOr0, HEOOXOMHMMO BBIYHC-

NOKYMEHT NMOANUCAH
SNEKTPOHHOM MNOANUCHIO PENEIeHHS CPeJHEKBAIPAaTHUYECKOr0. B TeopHu
CepTudmkar: 12000002A633E3D113AD425FB50002000002A6
Bnapeneu: lLlebayxoea TateAHa AnekcaHapoBHa

Nencreutened: ¢ 20.08.2021 no 20.08.2022
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OIIHOO0K HJOKA3bIBACTCS, YTO 3T4d IIOI'PEITHOCTD 6}",I[ET B x/; Pa3 MCHBIIIC GpEI[HE:IEE]ﬂpﬂTH‘IEEI{Dﬁ

ITIOI'PEIHOCTH OTACIIbHOI'O H3IMCPECHHA.

Vge' 1’-2
t}'—:i:i ; Io_:—:—l—E |
Y dn \H-(H—l)ﬁ A n _3VH-(H—1)$

n
2
Sy >,

@ - =1

H'(H—l)*

OI_[EHI{}" ITOI'PENIHOCTH OTACIIbHOI'O H3MCPCHIA OOBIYHO ITPpOBOAAT C IIOMOIIIBHY CPCIHE-
ImaﬂpﬂTIIlﬂ{Gﬁ IIOT'PEINHOCTH G, 4 TAKIKE MaKCHMAaIbHOH IMOI'pCHIHOCTH M.

CpE,[[HEﬂpH(bME:TH‘IEGI{ﬂH ITOI'PECHHOCTD OTACIIBHOI'O H3MCPCHHA HCIIOIIB3YETCAHA B TOM CJIIY-
Hac, CCIIH ITOJO3PCBACT CA HAIIMYIIC CHCTeMaTHYEeCKOH IIOI'PEIITHOCTIH. B sTOM CIIYH4C CPEI[HEHPH(I)-

MCTHHCCKAA ITOI'PCIIHOCTE OTACIIbHOI'O H3MCPCHHA OITPCACIIACTCA ITO ABYM QJGPI\{}"JIEIIMIZ

M

Ecim BEIUHCIIEHHBIE 3HAYEHH S ®| H @2 SHAYHTCIIBHO OTJIMYAIOTCH APYD OT APVyIad (I{GH-

KPCTHOC OTIIMYIIC OIIPEACIIACTCA HGPME],TI[BGM):, TO B JaHHOM PALC HBMEPEHIH”I IPEAIIONAIdCTCA

HalIH4YHe CHCTEMAaTHYEeCKOH IIOI'PEINHOCTH.

3a0aHuAa:

3aoarue Nel

HM3MepUTh HHAYKTHBHOCTE CIHJIOBOT'O PEAKTOPaA BRICOKOYACTOTHOI'O 3arpaauress B3-630-

0,5 Y1 nnyrémM o0paboTKH IMONYUYEHHBIX JaHHEBIX, OIPEACINTE €€ 3HAUCHHE.

Konmponsusie éonpocot:
1. B yeM coctouT 06paboTKa pe3yIbTaTOB H3MEPEHHI?
2. Kakne usMepeHH Ha3bIBAIOTCS PABHOTOUHBIMH?
3. Kakwue 3HaKH B YHCIIOBOM PE3YIbTATE CUHTAFOTCS BEPHBIMH
4. JI1s 4ero IMpoBOAATCS MHOIOKPATHBIE H3MEPEHHS OAHOHN H TOH K€ BEJIMYHHEI?
5. Uro Takoe «IpomMaxy, KaK MOKHO HCKIIFOUNTH ITPOMAaxXH IIpH 00pabOoTKe pe3yIILTaTOB
OOKYMEHT NOAMNUCAH
SNEKTPOHHOWM NMOANMUCHIO
CepTudmkar: 12000002A633E3D113AD425FB50002000002A6
Bnageneu:  Le6ayxoea TaTbsHa AnexkcaHapoBHa HM3MEPHTEIBHOM ITPHOODE.

[leiicTeuTenen: ¢ 20.08.2021 no 20.08.2022 =JIbHOH IIOI'PEIMHOCTH.
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8. OCHOBHBIE M JOIOIHUTEIBHBIE BHALI MOrPEIIHOCTEH. CIlIy4yalHble, CHCTEMATHYECKHE,
I'pyOBIE MTOTIPEMTHOCTH. [ [PHYIHHELI HX ITOSBIIEHHSL.

9. IlpuBegeHHast IIOTPEITHOCTE M CITOCOORI €€ OIPEIETIEHHS.

10. OCHOBHBIE METPOJIOTHYECKHE XapAKTEPUCTHKH CPEJICTB H3MepeHHH. OTHOCHTEIIbHAS
ITOr PEIITHOCTE.

11. Kak MOXHO OIpeJeInTh KIIacC TOYHOCTH ITPHOOPa SKCIIEPHMEHTAIBHBIM ITYTEM.

12. Kak nmpaBWIEHO BEIOpaTh JHAIla30H H3MEPEHHS (PH3HYECKOH BEIIHYHHEL, Ha YTO HAJ0
oOpalrath BHHMaHHE.

13. BHABI IOTPEIHOCTEH, OIPeAelIEHHE KaKJI0I0 BHA IIOrPeITHOCTEH. UTO Ha3kIBaeTCs
KJIaCCOM TOYHOCTH ITpHOOpa. Kak 3To MOHATHE CBS3aHO ¢ TOUHOCTHIO H3MEPEHHA?

14. BBl OCHOBHBIX ITOTPEITHOCTEH. |IpHYHHEI BOSHHKHOBEHHS IIOTPEITHOCTEH CPEICTB
H3MEPEHHI.

15. IlpuBegeHHAas MOTPEINHOCTD, €IHHHI[A H3MEPeHHI, (POPMYIIBL JJIS €€ OITPeJeIICHHS.
3HauYeHHEe IIPUBEIEHHON ITOTPEIITHOCTH.

16. IIpHHITHIT H METOI H3MEPEHH L.

17.1IpaBHIIBHOCTE M IOCTOBEPHOCTH H3MEPEHH S

18. TouHOCTE M3MepeHNHS. UTO HAa3BEIBAETCS, KIIACCOM TOUHOCTH ITPHOOPA.

19.FMicTHHHOE U JEHCTBUTEIILHOE 3HAUEHH I H3MEPSIEMOH BETTHYIHEL.

20. TouHocTh H3MepeHH. KakHe K1acchl TOUHOCTH YVIBEPXKAEHBI CTaHAapTaMH. Kak Hx

MOHO KJIHGCH(l)I]I[HpGBﬂTL B 3aBHCHMOCTH OT TOHYHOCTH ITPOH3BOJJHMbIX IISMEPEHIH‘T?

AOKYMEHT NoanmncAH
SNEKTPOHHOW NOAMUCHIO
Ceptudurkar: 12000002A633E3D113AD425FB50002000002A6

Bnapeneu: lLlebayxoea TateAHa AnekcaHapoBHa

Nencreutened: ¢ 20.08.2021 no 20.08.2022
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Ipaxkmuueckaa paboma Nel(). Pacuém macuimadHsIX npeodpazosamereil

dHAJIOI'OBBIX H3MCPHTCIIbHBIX ]’[pHﬁDpDE*

OcHoébl meopuu.

Ilens: IpHOOPECTH ITPpaKTHYECKHE HABBIKH pacyeTa MacIITaOHBIX ITpeoOpa3oBaTelleH A

Jlma m3MepeHHs OOJBINHX TOKOB IIPHMEHSIOT T.H. MacIITaOHBIe ITpeoOpa3zoBaTelIH

(H.[}*’HTLI):, COITPOTHBIICHIC KOTOPEBIX HOJIEKHO OBITE 3HAUHTEIILHO MeHBIIE COITPOTHBIICHH A IIPH-

Oopa.

H_[}fHT KOHCTPYKTHBHO HMCCT TOKOBBLIC KOHTAKTBI, KOTOPBIMII OH BKIIIOYACTCHA B Pa3PbIB

HEGHE,[[}"EMOﬁ IEITH H IIOTCHIHOMETPHUYCCKHE KOHTAKTHBI, K KOTOPBIM ITOAKITIOHACTCH H3IMCPHTCJIIb -

HBIH IIpHOOP (aMITepMETP)

Ceptudumkar:
Bnapeneu:

Taxxak IR, =1,R,,al,=1,—1,,101,-R,=(1_,, —1,) R, OTKyJa:

I,R,
Y

HIM

Ry =

[Iprmep pacuéra mryHTa s aMIIepMETPa MarHUTO3JIEKT PHUECKOH CHCTEMEI
HNmeem:

-AMIIEPMETP MarHHTOANEKTPHYECKOH CHCTEMEI C IIpeJeiIoM H3MepeHHT S0 LA ;
-COITPOTHBJIIEHHE paMKH ITpHoopa 5 OM.

Heobxomimo:

-paccUHTaTh COMPOTHBIIEHHE IIIYHTA JJII H3MEPEHNI TOKA C ITPEIIETIOM D A,

-pa3zpaboTaTh KOHCTPYKI[HIO IITYHTA,
-TIIeperpagyHpoBarh KAy IIpHOopa.

I.-R. 50-10°-5
I -1, 5-50-10°

R = =5-107[Om].

AOKYMEHT TNOANMCAH
INEKTPOHHOW NOANMUCBIO

12000002A633E3D113AD425FBS50002000002A6
Webayxopa TaTeAHa AneKkcaHOpoBHa

Nencreutened: ¢ 20.08.2021 no 20.08.2022
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OM -M

Pq = 0,0182 — -
MM
5] . _j .
OmnpegemM e€ yMHY. T.K. R = pi ,TO 1 = RS = 5107 -3 = 0,124 M| =124 nmm.
s o, 0,0182

124 Fd

] - LlyHm
2 - W3MEpUmE/IbHbIL MpLoap (aMnepmemp)

7 - Belbodkl npuoopa
4 - Jaxumel UCCAPOLEMOL Yenl

[TIkana 3IeKTPOHM3MEPHTEILHOIO IPHOOPA IOCHE IIEPErPalyHPOBKH JOIKHA BBITTISIIEThH

CIIEYIOIIHM 00pa30M:

70 30
\ RN 4
N \"\\ /”.r 7
¥ ’/
"\.x ff
N ~
%%H: A ffﬁf

P
R=50m

Il m3MepeHHs HanpspKeHHS IT0CIIeJOBaTeIbHO C paMKOH H3MEPHTEIIBHOIO IpHOOpa

HeOoOXOIHMO BKIIFOUHTE JO0aBOUYHOE COIIPOTHBIICHIIC, PACCHHTAHHOC TdKIM GGPHSGM, YyTOOBI TOK

AOKYMEHT NoanmncAH
SNEKTPOHHOW MOAMUCHID HE ITPEBBIIIAII ITPEACIIA H3IMCPCHH A, YKA3daHHOI'O
Ceptuchmkar: 12000002A633E3D113AD425FBS0002000002A6
Bnapeneu: llleBayxopa TaTeAHa AnekcaHapoBHa

HNeincreutened: ¢ 20.08.2021 no 20.08.2022
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Ecm HeoOXOo MO H3TOTOBHTH hﬂ-IGI‘GHpE,[[EHLHB]ﬁ BOJIIbTMETP, TO KOITHYCCTBO nobaBoy-
HEBEIX CGHPDTI[BJIE:HI]IUI HOJIAKHO COOTBCTCTBOBATE HIHCIIY IIPCACIIOB IIBMEPEHIIfI.

3a0aHuA:

3aoarue Nel

AmMITepMeTp MarHHTO3JIeKTPHYECKOH CHCTEMEI ¢ ITpeaelioM H3MepeHHSI(S0LA), COIMPOTHR-
JIeHHe paMKH ImpHoopa 5 OM. Paccunrars Jo0aBOYHEIE COITPOTHRIIEHHS 11 H3MEPEHHS HaITpsDKe-

HIS IIOCTOSIHHOIO ToKa ¢ npeaenamMu 60B, 1508, 300B, 600B, nmpeacTtaBUTh cCXeMY H3MEPHTEIb-

HOI'O IpHOOpa, ITPOrPayHPORATh KA.

KonmponoHsle sonpocel:

1. JIng KakuX LeJIeH HCIIOJIb3YETCS PE3HCTHRBHBIN JETHTEIIh?

2. Kak paccuHTaTh OCHOBHBIE ITapaMEeTPEI PE3HCTHBHOIO JIETTHTEIT?
3. B KaKIX IIEISIX HCIIOIb3YETCS EMKOCTHOH JIETHTEIR?

4. JI71 4ero UCIIOIb3YIOTCS IITYHTHL ?

5. Kak paccyuTraTth COIPOTHBIIEHHE IIIYHTA?

6. JI71g 4ero HCIOIb3YIOTCS JOOABOYHBIE PE3HCTOPRI?

7. Kak paccunrarth 100aBOYHEBIH PE3HCTOP?

AOKYMEHT NoanmncAH
SNEKTPOHHOW NOAMUCHIO
Ceptudurkar: 12000002A633E3D113AD425FB50002000002A6

Bnapeneu: lLlebayxoea TateAHa AnekcaHapoBHa

Nencreutened: ¢ 20.08.2021 no 20.08.2022
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Ipakmuueckaa paboma Nell. HimepeHiie AKMUSHOU MOWHOCMU 6 MPeXA3ZHbIX Ue-

nAx

HEJII’:.' ]’[pHDﬁpEGTH ITPAKTHYCCKIEC HABBIKI PACHUCTd H H3IMCPCHHA aKTHBHOH MOIIIHOCTH B

TpeX(pa3HBIX IEMIX

OcHoébl meopuu.

Kak 13BecTHO, aKTHBHAS MOIIHOCTb TPeX(hasHOH CHCTEMBI OIIPEAEIAETC S BEIPaKEHHEM
1 o1
P= ?L Pdt=U -1, -cos@, +Uy; -1, -cos@p, +U, -1, -cc}sqaf,[S.l]

3ITO BBIPAKCHHE H OIIPCACIIACT B ITPAKTHUCCKOM IUIdHE CXEMbI BKIIIOUCHHA BATTMCTPOB B
TpEX(l)ElBH}*’IO CHCTEMY JIA H3MCPCHHA CC aKTHBHOH MOII[HOCTH.

T »

N
g0 ; “{%_J /{7” ﬁ%\

il - 1
'y

No- | : 4
Prc.3.1. Cxema n3MepeHHSI aKTHBHOH MOIIHOCTH TPEX(a3HOH CHCTEMBI TPeMSI BaTTMET-

pPaMH.

B HecHMMeTpHYHOI TpeX(a3zHOi CHcTeMe ¢ HyJIEBBIM ITPOBOJIOM aKTHBHAS MOITHOCTH MO-
’KeT OBITh H3MEpEeHa TPeMsI BaTTMETPaMH, BKIIFOUEHHYIO B KaXKIyI0 a3y 1o cxeme Puc. 3.1. Ilpn
ATOM

Py=P+P+P=1,-Uj-cos@,+1,-Up-cos@y+1.-U,-cose,, [3.2]

T.e. (hopmyna | 3.2] coorBeTcTBYET GazoBoi [3.1]
B HecrmMMeTpHYHON TpeX(asHOoH cHcTeMe 0e3 HyIeBOro ITPOBOJia aKTHBHAS MOITHOCTD

MOJKeT OBITh H3MCPCHa H ABYMA BaTTMCTpPdAMIL, IITPHYCM HC3dBHCHMO OT CXCMbI COCAHHCHIIA

HaIPYy3KH.
[NOKYMEHT NOANMUCAH

SNEKTPOHHOW NOAMUCLIO
Ceptudurkar: 12000002A633E3D113AD425FB50002000002A6

Bnapeneu: lLlebayxoea TateAHa AnekcaHapoBHa

Nencreutened: ¢ 20.08.2021 no 20.08.2022
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7
AO *.,/ —
P, ;
Qz@ -4
50 V)
&5 : : i.

Prc.3.2. CxeMa H3MepeHH S aKTHBHOH MOIIIHOCTH TPEX(a3HOH CHCTEMSBI ITPH COeHHEeHHH

HaTrPY3KH «3BE3I0ID IBYMSI BaTTMeTPaMH.

TaK ImpH COeHHEHHH HAaIPY3KH «3BE30H)
Py=P+P=1, Uty Up=1,U-U)+1;Up-Up)=1,-U,+1;-Ug+
Us(-1,-1;), 13.3]
CoracHo NiepBoMY 3akoHY Knpxroda,
[, +1,+1.=0,omkxyoa
lo=—1,—1
1 (popmyna [3.3] mpHHHMAaeT BH]L
Py=1,U,+1;-Uy+1.-Ug, 134]
Ecnu Harpyska He YHCTO aKTHBHAS, TO aKTHBHAS MOIIIHOCTh, H3MEPEHHAS JBYMS BaTTMET-
pPaMH MOJKeT OBITh IIpeJcTaBlIeHa (POPMYIIOH
Py, =1,-Uy-cosg,+1,-Uy-cosg,+1.-U,-cosg,, [3.5]
[Tpu sTOoM popmynia [3.5] Taxke cooTBeTCTBYET (popMyTe [3.1]

[Tpu coeqnHEHHH HAarPY3KH «TPEYT OJIb HHKOM)

/
[ O : . -
AOKYMEHT NoarnmnMcAH
SNEKTPOHHOWM NOAMUCHIO
Ceptuchukar:  12000002A633E30113AD425FBS0002000002A6 [ITHOCTH TP By d)EISH Oil CHCTEMBI IIPH COETHHEHNH
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o ab

=Uy iy =Up iy +Up-ty =Ucrip +Uci Uy i, =

ab fat,

=U, (i = i)+ Uy (i = i) + U Gy =) 0]

b Pt ab ca

PJ,@: =Up by TUpe iy ¥ U1, = (U, =Up) i, + Uy =Up) i, + U =Uy) i, =

HO COITIACHO ITEpBOMY 3aKoHy Kupxroda,
I’H.F.?  tea T

I’b{'

H JJa’)Ke B CIIydyae KOMIUIEKCHOH HarpysKH (popmyiia | 3.6] mpHHHMAaEeT BHJ

Py, =1,U,-cosg,+1,-Uy-cosg,+1.-U.-cosg,. [3.7]

Taxmm o6pazom, H opmyna [3.7] coorBeTcTBYET (hopMmyiie [3.1].

K OHMPOJIbHbBIE 601POCHL.

1. Kakoi MeToJ ITpHMEHSETCS I H3MepPeHHI aKTHBHOH MOIIHOCTH B TpeX(pa3HOH IIeIH
ITPH PaBHOMEPHOH Harpyske?

2. Kakol MeToJ ITpHMeHSIeTCs I H3MePeHHI aKTHBHOM MOIIHOCTH B TpeX(pa3HOH I[elTH
ITPH HEPABHOMEPHOH Harpyske”?

3. llepeuncmire o01pe TEXHHYECKHE TPeOOBAHHS K 3JIEKTPOH3MEPHTEIIBHBIM IIPHOOPaM.
JlaTh KIacCH(HKAIHIO STHX IIPHOOPOB.

4. OOBSACHHTH YCTPOHCTBO M IIPHHIIHII AEHCTBHS, IIEPEUYHCIHTL JOCTOHMHCTBA H HEIO-
CTATKH IIPHOOPOB ANEKTPOJHHAMHYECKOH CHCTEMEI.

5. Haueptuth cXeMy H3MEPEHHS aKTHBHOH MOII[HOCTH B YETBIPEXIIP OBOJHOH LIETH TPeMS
BaTTMETPaMI.

0. Haueprures cxemy H3MeEpPEHHS aKTHBHOH MOIIHOCTH B TPEXITPOBOIHOM I[EITH IBYMS BaT-
TMETPaMH.

7. B KxaKkoM ciry4dae IIpH H3MEPEHHH aKTHBHOH MOIITHOCTH B TPEXITPOBOJHOH LIETTH METOI0M
IBYX BATTMETPOB:

a) TTIOKa3aHM I 000MX H3 BaTTMETPOB OYIYT PaBHEI MeXKITY COOOIT,;

0) MmoKa3aHHsI OJHOI'O M3 BaTTMETPOB OYAYT PaBHEL HYIIIO,

B) TTOKA3aHMS OJHOI'O H3 BaTTMETPOB OYAYT HMeTh OTPHIIATEIbHOE 3HAYEHHE,

I') CyMMapHOe ITOKa3aHHe JIBYX BaTTMETPOB OyIeT PaBHO HYIIIO?

8. HauepTHTh cXeMBl H3MEPEHH S aKTHBHOH MOIIHOCTH OJJHHM BAaTTMETPOM IIPH CHMMET-

PHYHOH HarpysKe, BKIIFOUEHHON:

AOKYMEHT NogrnnMcCAH _ -
SNEKTPOHHOW NOAMUCHIO Y1KOH,
Ceptucbmkar: 12000002A633E3D113AD425FBS0002000002A6
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0. HauepTuTh cxXeMy H3MEPEeHHS PeaKTHBHOI MOIITHOCTH B TpeX(a3HOI I[eIH OJHHM BaT-
TMETPOM ITPH CHMMETPHYHOI HarPy3Ke.
10. Harmcatp popMyIIBI A1 OIpeeleHN I aKTHBHOH, peaKTHBHOH H ITOJIHOH MOIITHOCTEH

B TpeX(pas3HOMH IIeNH ¢ aKTHBHOH, HHIYKTHBHOH H EMKOCTHOH Harpy3Kax.

AOKYMEHT NoanmncAH
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Ipakmuueckasa pavoma Nel2. HimepeHue peakmueHou MOUHOCIU 6 MpPexXa3zHblX

uenax

HEJII’:.' ]’[pHDﬁpEGTH INPAKTHYCCKHEC HABBIKH PACHUCTa H H3MCPCHHA pEElI{TI[ErHGfI MOIIIHOCTIH

B Tpex(a3HbIX IEIIX

OcHO6bL MmeopuiL:

HecMmoTpst Ha TO, YTO peaKTHBHAS MOIITHOCTh He ONpeeiIsIeT HH COBepIIacMOil paGOThI, HH
IiepeJaBacMO SHEPIHH 3a €IHHHIYY BpeMeHH, H3MEPEHHE €€ HMeeT OOIBIIOE 3HAYEHHE B BJIEK-
TPO3HEPreTHKe, T.K. HAIMYHe PeaKTHBHOH MOIITHOCTH IPHBOJHT K JOIIOIHHTEIbLHBIM ITOTEPSM
AIEKTPHYECKOH SHEPIHH B THHHSX 3IIeKTpoIlepead, TpaHc(popMaTopax H reHepaTopax.

Kak 13BecTHO, O] peaKTHBHOIH MOITHOCTBIO Tpex(a3HOit CHCTeMbI TTOHHMAETCSI:
Q. =U,; 1,y -simp, +Ug, -sing, +U ., -1, -sin@.[4.1].

PeakTHBHAasI MOIIHOCTD TpEK(l)&BHDﬁ CHCTEMBI MOKET OBITH H3MCPCHA4 ABYMA BATTMETPaMH

AaKTHBHOH MOIIIHOCTH IO CXeMe:

P
A
B O—w—7d
e L

Puc. 4.1. Cxema u3MepeHHI pPeaKTHBHON MOIIHOCTH TpeX(a3HOi CHCTEeMEI JBYMS BaTT-

MCTPaMI AKTHBHOH MOIITHOCTH.

AOKYMEHT NoarnncAH
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Puc. 4.2. BekropHas guarpaMma TOKOB H HAITpsDKEHHH IS cXeMbI Prc.4.1.

CHEE[}"ET OI'OBOPHTEBECA, HTO H3MCPCHILA I1IO IaHHOH CXEeMe JaroT HpIIEMJIEI'vIBIﬁ PE3VIIbTAT

JIHIIL TIPH CHMMETPHYHOH Harpyske H IIPH HeOONbINOH acHMMEeTpHH. [loaToMy momaraem, 4To

P, = Py = @ U COOTBETCTBEHHO ﬁA — ﬁB — ﬁg , TOE }9 — QOD —@. Torma:

B+P =Ugr-1,-cosfy+Upy-Ig5-cosfy

C YUCTOM BBIIICH3JIOKCHHOI'O

P+P=Ujy-1;-cos(90 —@)+U, -1, -cos(90 —@)=2-U , -1, -sin @

J1s1 TIoTydeHHs peaKTHBHOHM MOIIHOCTH TpexX(a3HOH CHCTEMBI CYMMY ITOKa3aHHH JIBYX

BATTMCTPOB HYXKHO YMHOXIITE Ha ‘Jgf 2

3a0anua:

3aoarue Nel

B Tpéxdaznyro nens 0e3 HYIEBOIO IIPOBOJA BKIIOYEHA aKTHBHO-pPeaKTHBHAS Harpy3Ka.

HeoOxommMo HAUCPTHTE CXEMY BKJIIHOYUYCHHA JBYX BATTMCTPOB AJI H3MCEPCHHA aKTHBHOH MOIIHO-

CTH HAI'PVY3KH H OIIPCACIIHTE ITOKA43dHHA KadJ0I'0 H3 BATTMCTPOB H MOIITHOCTD, HGTPE@HHEI\-I}’IO

Harpy3Koi. BeIMHCIHTE TakKe aKTHBHYEO MOIITHOCTh TPEX(a3HOH HAarpPy3KH KaK CYMMY MOIIHO-

CTel KaKIoH M3 (pa3 U CPpaBHHTE €€ ¢ MOIIHOCTBIO, IOIYYEHHOH IO MeTOAY ABYX BaTTMETPOB.

JIMHEeHHOe HaIIpsSDKEHHE, cXeMa COeQHHeHH (pa3 HarPy3KH H KOMILJIEKCHBIE COITPOTHBIIEHHS (a3

IPEACTABIICHEL B TaOIHIEe

No CxeMa JInHeHHOE (DasHBIe COIMPOTHRIIEHHS HAT'PY3KH,
Bap. COEIMHEHHT HalIpsKeHHe, Om
Harpys3KH B daza A (AB) | ®aza B (BC) | ®daza C (CA)
1 A 380 10+3] 10-5j 15+10;
2 Y 220 20+135j 25 32-24]
3 A 380 40+30j 28-21] 35
3 A 220 250 200+150j 200-150;
5 Y 380 300 240+180j 120-90;
6 A 220 60-45] 100 90+120;
7 A 380 190 40+30; 30-40;
8 Y 220 50+20j 50-20j 40
SHEKTPOHHOM NOANNCEO 70-30, 60 504203
st il o oot o 2| el | o
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Konmponomsie éonpocel:

1. Kakoi MeToJ ITpHMeHeTCS U1 H3MePEHH I aKTHBHOH MOIITHOCTH B Tpexda3HOH IIeITH
ITPH PaBHOMEPHOH Harpyske?

2. Kakol MeTo ITpHMeHSIeTCs I H3MePeHHSI aKTHBHOM MOIIHOCTH B TpeX(pa3HOH I[elTH
ITPH HEPABHOMEPHOH Harpyske"?

3. IlepeuncimTh 00IHe TEXHHYECKHE TPeOOBAHH A K 3IIEKTPOH3MEPHTEIIBHEIM IIPHOOPaM.
JlaTh K1acCH(pHKAIHIO 3THX IIPHOOPOB.

4. OOBSCHHUTH YCTPOHCTBO H IIPHHIHUIT AEHCTBHS, IEPEUYHCIMTH JOCTOMHCTBA H HEIO-
CTATKH IIPHOOPOB SNEKTPOJHHAMHYECKON CHCTEMEL.

5. Hauepruth cxXeMy H3MEPEHHI aKTHBHOH MOIIIHOCTH B YeTBIPEXITP OBOJHOH IIETH TPEMS
BaTTMETPaMH.

6. HauepTuTs cxemMy H3MepeHHI aKTHBHOH MOIITHOCTH B TPEXITPOBOIHOH I[eITH IBYMS BaT-
TMETPaMH.

7. B xakoM ciyyae IpH H3MePEHHH aKTHBHOH MOIIHOCTH B TPEXIIPOBOJIHOM IIETTH METOLOM
IBYX BATTMETPOB:

a) TI0Ka3aHH I 000HX H3 BaTTMETPOB OYAYT PaBHEI MeXXJy cOOOIT;

0) MmoKa3aHHI OJHOTO M3 BaTTMETPOB OYAYT PaBHBI HYIIIO,

B) TTOKA3aHHI OJJHOI'O H3 BaTTMETPOB OYAYT HMETh OTPHIATEIIbHOE 3HAUEHHE,

I') CyMMapHOE ITOKa3aHHE JBYX BaTTMETPOB OyAeT paBHO HYIIO?

8. HauepTurh cxXeMbl H3MepPEeHH S aKTHBHOH MOIIHOCTH OJHHM BaTTMETPOM IIPH CHMMET-
PHYHOH HArpys3Ke, BKIIFOUEHHOM:

a) B 3BE3]ly C JOCTYITHOH HEHTPaIbHOH TOYKOIM,

0) B TPEYrOJIbHHK,

B) B 3aMKHYTBIH TPeYIOJIbHHK HJIH 3Be3]ly ¢ HEJOCTYITHOH HEHTPAJIbHOH TOYKOH.

0. HadepTuTh cXeMy H3MEPEHHS PeaKTHBHOH MOIITHOCTH B TpeX(a3HOH I[eIH OJHHM BaT-
TMETPOM ITPH CHMMETPHYHOH HAIPy3KEe.

10. Harmcats (pOpMYIIBI 11 OIpeJielleHH I aKTHBHOH, peaKTHBHOH H ITOJIHOH MOIIHOCTEH

B TpeX(as3HoII IeNH ¢ aKTHBHOH, HHIYKTHBHOH H eMKOCTHOH Harpy3kKax.

AOKYMEHT NoanmncAH
SNEKTPOHHOW NOAMUCHIO
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Ipaxkmuueckaa paboma Nel 3. Pacuem mocmoesix cxem

H E€Jlb. HpIIOﬁpEGTH HpﬁI{TH‘IECIﬂlﬁ HaBBIK PACHCTd MOCTOBBIX CXCEM Ha IIEPEMEHHOM H I10-

CTOAHHOM TOKE.

OcHoébl meopuu.

MocTOBEIE CXEMBI IMHPOKO ITPHMEHSIOTCS B AIIEKTPOH3MEPHTEIILHON TEXHHKE IS H3Me-
PEHHS COMPOTHBIIEHNS, HHAYKTHBHOCTH, EMKOCTH, JOOPOTHOCTH KaTYIIEK, YITIa IMOTePh KOHJIEH-
CaTOPOB, B3aHMHOM HHIYKTHBHOCTH H YaCTOTHI.

Ha ocHOBe MOCTOBBEIX CXEM CO3JAF0TCS IIPHOOPHI IS H3MEPEHHS HeReKT PHYECKIX BeJIH-
YHH (TeMIIepaTyphl, MaJIbIX IIepeMEINeHHIH, H T.1T. )

CxeMa OJHHApPHOI'0 MOCTa IIEPEMEHHOIO TOKA IIpHBeAcHa Ha Puc. 5.1.

Py

%) 2,

Puc. 5.1. Cxema oJifHapHOI0 MOCTa IIEPEMEHHOIO TOKA.

B mmaroHanp O-T, Ha3bIBa€MYIO BBIXOJHOMH, BKIIFOYAETCS Harpys3Ka (raJlbBaHOMETP HIIH, B

00IIeM cIIydae, HYJIb-HHIHKATOP) ¢ COIPOTHBIIEHHEM 7y
PacueT ToKka B BRIXOJHOI JHaroHaIH MOCTA.

ToK B guaroHam MocTa HaHOoIlee PallHOHAJIbBHO MOMXHO PACCHHTATh MCTOJOM SKBHBA-

JICHTHOI'O I'CHEPATOPaA.

] e = U Boxx
Zﬁ.\' + ZH
AOKYMEHT NOANNCAH JpRIBaEM» JHAroHajkb MOCTA M IIPOH3BOIHM pac-

SNEKTPOHHOW NOAMUCHIO
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Prc. 5.2. Cxema Mocta s pacyera U,

CormacHO BTOPOro 3akoHa Kupxroda

_UEE.J;.J.'._ IE' ZE +II'Z| — 0.
Torpga:

. . Z Z |\ Z L+ E L, -L L. -F,  Z
U&..L..L.=I|'z|+.f1'z_1=U'[ I 3 ]:U{ I J+ l 4 I 3 2 J]

(Z, +Z,) (Z,+Z,)
_U'r z|'z4_zz'zﬂ
o |Z,+Z2,)(Z,+Z,)

BXOgHOE COIMPOTHBIEHHSI MOCTa ITPH 3aMKHVIBIX DJ[C pacCUMTBEIBAETCS IO cXeMe PHC.

5.3.

Prc. 5.3. CxeMa snekTpHYecKas IIPHHIHITHAIIEHAS IS pacyéTa BXOJHOI'O COITPOTHBIIE-

AOKYMEHT NOANMCAH
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£ - Z, N Z-Z, \Z, - Z ) Z,+Z, )+ Z, - Z,) (Z +Z,)

Emz‘zﬁzz - s
Z+Z, Z,+Z, (Z,+Z N2+ Z,)
7 17 = 2L+ 2) L+ L)+ (L 2,) (£, +Z)+(2,-2) (£ +Z,)
A 0 .
(Z,+Z,)(Z,+Z))
Taxmm o6pazoMm:
J.'“=U L-Ly=2,-Z,

.Zﬂ-(Z,+Z3}-[Z_t+Z4}+(Z,-ZE}-(Z]+Z4}+[Z]-Z4}-(Z,+Z3}

PapHOBeCHEe MOCTa MMeeT MecTO ITpH IToA0ope IUIey TakuM oGpaszoM , 4Todsl 1, =0 | a

ITO BO3MOMKHO JIHIIIE ITPH
Z-2,=7,-Z,

T x. Ly =R+ JX, £, =Ry + JXy, Ly = R+ JX5, £, = Ry + JX

TO ,JIOJACTABHB BBIPAKEHHSI KOMIUIEKCHBIX COITPOTHBIIEHHH B YPaBHEHHE PABHOBECHS MO-
CTa , IIOJIYYHM JBA PABEHCTBA MHHMEBIX H BEII[€CTBEHHBIX WIEHOB:

RI. 'R4_Xl 'X-'q.- :RE 'R_-‘q _XE 'X_-'q!,

Ry - JX,+ Ry JX| = R, - JX5+ Ry - JX,.

Hammune nByX ypaBHEHHH PAaBHOBECHS CBHAETEINLCTBYET O HEOOXOIMMOCTH PETYIIHPOBA-
HHS HE MEHEE ABYX ITapaMETPOB MOCTA IIEPEMEHHOI O TOKa JJIS JOCTIKEHH S €0 PaBHOBECH.

KOMIUIEKCHBIE COIIPOTHBIIEHHS ITIeY MOCTa MOI'YT OBITEH IIPEACTABIIEHEL M B ITOKa3aTEllb-
HOH (popMe:

_ J® _ J @ . je - i
Li=z-e", Ly=2z,-e 7, Ly=2z;€e7, L,=2,€e,
Torma paBHOBECHE MOCTA BO3MOZKHO ITPH

Jp+@s) J(@+@y)

Z]'Z,q'e Zg'Zg'E -

U

ZI'Z4:Z2‘Z3&

D+P=0, @
[TocnemHee yclnoBHE @ + @, = @, + @, YKa3BIBAET IIPH KaKOM PACIIONIOXKEHHH IUIeY, B 3aBH-

CHMOCTH OT HX XdPdKTCPd, MOHO YPaBHOBCCHTb MOCT. Ecm cMexHbIe ITICYH, HAITPHMED TPETBhE

H YSTBEPTOC, HMCIOT HYHCTO aKTHBHBIC COITPOTHBIICHIA R: R4:, T.C. @, =@, = (0 TO JIBa APYTHX

CMe’KHBIX IIIeya (IlepBO€ M BTOpPOe) AOIDKHEI HMETh OJHO HHAYKTHBHEIH, a IPYroe EMKOCTHEIMH

XapaxTep E'ﬁﬁﬁéﬁ?ﬁﬁﬁﬁﬁﬁiﬁwf'_' TTTSTTTT TTST0T YMCTO aKTHBHBIN XapakTep, TO OJHO H3 JIBYX
3NEKTPOHHOW NOANUCHLIO .. . -
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OTH TpE OOBaHHAI H ITPEAJOIIPCACIEIIOT PA3JIMYHBIC CXCMbBI JJI H3MCPCHIA (bIIBHF[ECI{[D{ BE-
JIHHHH, IICPCUCHDP KOTOPBIX OBLII YKad3dH B Ha4aJIC Pa3JciIa.

CxXeMa MocTa IIEPEMEHHOI'O TOKA JJIA H3MCPCHILA EMKOCTH KOHACHCATOPa, oOmaaroIero

MaJIbIMH ITOTEPSIMH
] _ _
ZI:HT—I_.}—? ZE_RI&Z-;:R —|—j l Zd_RE’
| oC R O
x R
PINY
<, (&)
El/r sl g
' l
\\\/H“’//’f‘
RN
:f-‘ ¥ ;:-:.
~U

Puc. 5.4. Cxema SNEKTPHYCCKAA ITPHHITHITHAIIBHAA MOCTaA IICPEMEHHOI'O TOKa JJIA H3MCHC-

HII EMKOCTH KOHACHCATOPA4, o0nagaroIero MajaIbIMH TTIOT CPSAMH.

YcioBHe PaBHOBCCHA MOCTa

X

R

R =R, -—

R,

’ C.r — CN )

R,

R

rg‘& — wa CL — w.RN .C"u'

{

CxemMa MocTa IICPEMCHHOI'O TOKaA AJIA H3MCPCHHA CMKOCTH KOHACHCATOP4, oOmaaroIero

O OB IIIMMH IMOTCPAMH

oy 7
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