4536

MUHHUCTEPCTBO OBPA30OBAHUS U HAYKHA POCCHUMCKOM ®EJEPALINA

PSI3AHCKU TOCYJIAPCTBEHHBIN PAJJMOTEXHUYECKU YHUBEPCUTET

HOJYHNPOBOJHUKOBBIE IIPUBOPBI
N ITACCHUBHBIE 3JIEMEHTDI
HUHTEI'PAJIBHBIX CXEM

Metoandeckue yka3aHus
K JJaOOpaToOpHBIM paboTaM

Pazaup 2011



YJIK 621.314

HOJ’IprOBOI{HI/IKOBbIe HpI/l60pbl N IIaCCHUBHBIC JJICMCHTHI HWHTC-
IPaJBbHBIX CXEM: METOJIMYECKUE YKa3aHus K jabopaTopHbiM paboram / Ps-
3aH. TOC. paguoTexH. yH-T; cocT.. B.A.Crenamkun, H.M.[lpuGsuioBa. Ps-
3anb: PTPTY, 2011. 52 c.

CopepkaT ONHCaHWE W METOJUKY BBITONHCHHS YETHIPEX Jrabopa-
TOPHBIX Pa0OT MO Kypcy «DIIEKTPOHHUKA» IO HCCICIOBAHUIO OUITOISPHBIX
TPAaH3UCTOPOB, JAMOJOB M MACCHBHBIX JJIEMEHTOB HMHTEIPAIBHBIX CXEM, a
TAKXKe KPATKHE TEOPETUUECCKUE CBEICHHUS 110 COOTBETCTBYIOIINM Pa3JieiiaMm.

[MpeaHa3HayeHbl CTyIEHTAM AHEBHOTO W 3a04YHOTO OT/ACICHHH,
a Tarke OakamaBpam 1o HampaBieHusM 210400 — «PaanoTexHuka»
210700 — «MH}pOKOMMYHHKAIIHOHHBIE TEXHOJIOTHH M CHCTEMBI CBSI3H».

Tab6u. 5. Wn. 31. bubnuorp.: 8 Ha3B.

Bunonspueiii mpanzucmop, unmezpanvuviii OUOO, UHMESPATbHbBIU
Pe3UCmop, UHMeSPAbHbIL KOHOEHCAMOp, dKEUBANEHMHAS CXeMd, GO0JbM-
AMNEpHAs XapaKxmepucmukd, 2paHutHdas Yacmoma, dMUmMaxcus, oudgysus

[TeuataeTcs MO pEIICHWIO PEJAKIMOHHO-M3JATEIBCKOTO COBETa
Psi3aHCKOTO rOCyAapCTBEHHOTO PalHOTEXHUIECKOT0 YHIBEPCUTETA.

Penensent: kadenpa paguorexaudeckux ycrpoiicts PIPTY (3as.
kadenpoit a-p Texn. Hayk FO.H. ITaprmmn)

HOHprOBOZ[HI/IKOB])le l'[pl/I60pI)I " IMaCCHUBHBIC 3JICMCHTHI
HUHTETPAJIbHBIX CXEM

CocraButenu: CTenamk M H Brnagumup AHaToibeBUY
Ipubwenosa Haranes MuxaiinoBHa

Penaxrop H.A.Opnosa
Koppextop M.E.I|BeTkoBa
[Moanucano B nevyars 20.10.11. dopmar 6ymaru 60 x 84 1/16.
Bywmara razernas. Ileuats Tpadapernas. Yci. meu. . 3,25.
Tupax 100 k3. 3aka3
Ps3anckuit rocyaapcTBEHHBIN paAMOTEXHUYECKUH YHUBEPCUTET.
390005, Psizans, yi. [arapuna, 59/1.
Penakunonno-uznatensckuii uentp PIPTY.



OIINCAHMUE JJABOPATOPHOI'O CTEHJIA

Crenp BKIIIOYACT B ceOst JTabOpaTOPHBIN MyJIbT, TCHEPATOP CTaH-
naptHelx curHagoB GRG-450B, wacrtoromep Y3-35, MUIIHBOIBTMETP
GVT-427B, BoabTMeTp yHUBEpcainbHbId B7-26 n nndpoBoil MynbTHMETp
M-838. Ha naboparopHom mysbTte (puc. 1) MOHTUPYIOTCSI CMEHHBIE TTAHENH,
Ha KOTOPBIX PAaCHOJIOKEHbI MaKeThl JJa0OpaTOpHBIX paboT. B BepxHeii yacTn
IyJIbTa HAXOAATCS OpTraHbl YIPABJICHHS MyJIbTOM U U3MEpUTEIbHbIE IPHOO-
pBl: MmUmHamnepMmerp | u m3Mmepurensb Temmepatrypsl 2. Ilox romoBkoi
MIJUIHAMIIEPMETPa PacIiojioKeHa pydKa YCTaHOBKHM HyJsS 3, a ¢ IpaBo
CTOPOHBI — MEPEKJIIOYATeNh MPEJCIOB M3MEPEHHs MHuInaMiepmerpa 4.
ITox ronoBKoOM M3MEPUTETSI TEMIIEPATYPHI PACTIONOKEHBI TyMOJIEp BKIIOUE-
HUSI TepMocTaTa 6 U pydka peryJupoBku temmepatypsl 7. [Ipenen u3mene-
Hus temmeparypsl ot 20 1o 100 °C. Tym6nepom «CeTh» BKIIIOUaeTcs 1abo-
PaTOPHBIH IMyNbT, (YHKIMOHUPOBAHNE KOTOPOTO KOHTPOJIUPYETCS] HHAUKATO-
pom 8. Hampskenue Ha 1abopaTopHyIO naHenb noxaercs tymonepom «Homep
paboTe» 5. Onrcanue 1a00OPaTOPHBIX MAHEIICH TACTCS HIKE.

Bunumanue! Bo Bpems palOTbl Kamezopuuecku 3anpeujaemcs
BKJIIOYATh TyMOJIEPHI U IIEPEKIIFOYaTeNH, He OTHOCSIIMECS K JaHHOHN padoTe.

Crenyer BHUMATENBHO CIEIUTh 33 CTPEJIKaMK NPHOOPOB U BOBpE-
Ms MIepeKIIIoYaTh HY)XKHBIH npenen u3MepeHus. [leproandeckyn KOHTPOIH-
POBaTh MOJIOKEHNE HYJISI MIJUTHAMIIEPMETPA.

Ilpu Kasxicoom nepeknioueHuu npeoeos usMepeHus Muiiu-
amnepmempa HeodxXo00uMo npoeepums yCmaHoeKy Hynsa!

COCTABJIEHUE OTUYETA U 3AIIIUTA PABOTHBI

1. Kaxplit CTyIeHT COCTaBIISICT HHIUBHIYaIbHBIN OTYET O padboTe
(oOpaser] TUTYJIBHOTO JIUCTA OTYETA TIOKA3aH Ha puc. 2).

2. B oTuere A0KHBI OBITh IPUBEICHBI:

— 1eTb paboTEHI;

— CXEMBI 3JICKTPUYCCKUE NMPUHIUITHAIBHBIC, BEIIIOJHECHHBIEC B CO-
otBeTcTBUH ¢ TpeboBanusmu ECK/I;

— pe3ynbTaThl U3MEPEHH B BHJE TaONUI, rpaduKOB MK OTACINb-
HBIX 3HAYCHHH, & TAK)Ke HEOOXOMUMBIC PAcUeThl (B COOTBETCTBUH C 33/IaHH-
em);

— BBIBOJBI 10 pabOTe, KAacarolMecsi COOTBETCTBUSI PE3YJIbTATOB
H3MEpPEeHNI TEOPETUUECKUM IaHHBIM M BO3MOXKHBIX MPUYMH NPH UX HECO-
OTBETCTBUH.

3. Ilpwu 3ammre oTyeTa 0 paboTe CTYJACHT 00sI3aH MOKa3aTh 3HAHUE
pasjiena TEOpEeTUIECKOro Kypca U yMeHHe OOBSICHUTh METOAUKY MpOBeJie-
HUS U3MEPCHUN U UX PE3YJIbTATHL
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JlaGopaTopHas paGora Ne 1

HCCIE/JOBAHHUE ITACCUBHBIX 3JIEMEHTOB
HHTEI'PAJIBHBIX CXEM

Heas padoThI: UCCIICIOBAHNE IICKTPUICCKAX CBOMCTB auddys3u-
OHHBIX PE3UCTOPOB U KOHJIEHCATOPOB, TOHKOIJIEHOYHBIX PE3UCTOPOB, KOH-
JIEHCATOPOB U KaTylIeK UHAYKTUBHOCTH.

1. KpaTKne TCOPETUIECCKUE CBCACHUSA

1.1. YcTpoiicTBO ¥ OCHOBHBIE CBOHCTBA MOJIYIIPOBOJHHKOBBIX
NMAaCCHBHBIX 3J1eMeHTOB

1.1.1. TTorynnpoBOAHUKOBBIE PE3UCTOPHI

Ha puc. 1.1 moka3aHbl KOH(PUTYpALUU PE3UCTOPOB, UCTIOIB3YEMbIX
B IOJyNPOBOIHUKOBBIX VIC, KOTOpBIE BBIOIHSIIOTCS HA OCHOBE MHTETPAJb-
HOH N-p-n TPaH3UCTOPHOM CTPYKTYPBI.

HawuGomnbiiee pacrpocrpaHenue moinyumn Juddy3HOHHBIH pe3u-
CTOp, KOTOPBI M3TOTaBIMBACTCS B mporiecce nuddys3un 6aswl (puc. 1.1, a),
Tak KaKk OH B OOJbBIIEH CTEIEHH YJIOBIETBOPSET TPEOOBAaHUSM OOJNBIICH
cTaOWIBPHOCTH P MUHUMAITBHBIX pa3Mmepax [3].

ComnpoTHBIIEHUE PE3UCTOPAa MOXKET OBITh BBIPAKEHO UEpe3 I0-
BEPXHOCTHOE conporusienue Ry:

R=R(L/W).
rie L — monHas 1iMHa pe3ncTopa;
W — mmpuna pe3ucropa.

C yBesnM4eHHEM MIPUMECHOHN MTPOBOANMOCTH OCJIA0ISIETCS BETNYH-
Ha TEPMO3aBUCHMON COOCTBEHHOH MpPOBOAMMOCTH IIONYNPOBOAHUKA U
YMEHBILIAETCS] TOBEPXHOCTHOE CONMPOTHUBIECHUE R, YTO MPUBOJUT K YBEIH-
YEHUIO IJIOINA/AN, 3aHUMAaeMOI PE3UCTOPOM, KaK 3TO MPOUCXOAUT B 3MUT-
TepHOM pesuctope (puc. 1.1, 0). [Ipu yBenuuennu R, Kak B cirydae SIHUTaK-
cuasibHOrO pesucropa (puc. 1.1, B), yMeHbIIACTCS TUIOIIAAb PE3UCTOPA HITH
MOXET OBITh YBEJIMUYEH HOMMHAJl PE3UCTOpa, HO CHIIBHO CHMXAETCS €ro
TepMocTaduIbHOCTE. [InHU-pesucTop (puc. 1.1, r) mo BenmumnHe R, npeBoc-
XOAUT Bce IUQQPY3UOHHBIE PE3UCTOPHI, HO OTINYACTCsl OONBIIMM pazopo-
COM U BO3MO>KHOCTBIO PaOOTBHI JIUIIb B CIA00TOYHBIX HETISX.

OKBHBQJIECHTHAsi CXeMa MOIYNPOBOJHUKOBOTO PE3UCTOpa Mpen-
craBieHa Ha puc. 1.2. [TapasutHas emkocts C,, — €MKOCTh, 00pa3yIoIasics
MEXIY PE3UCTOPOM U TIOUTOKKOM:

C =¢c,eS/d=¢,ce LW /d.



InuTaKkcHanbHbIA CNoi

{ p-Si noanoxka

B r
Puc. 1.1

R IlocTosHHas BPEMCHH ILCIIOYKH

7=0,5 ch OIpenensaeT IIn-
| C pHHY II0J0CHl (HILTPa HU3KUX
n 4acToT Mo ypoBHIo 3 1b:
I f,, =1/(2x7)

Puc. 1.2
rie ¢ =(0,5RL/W)-(s,6 LW /d)=0,5R L’ g,5/d -

[TapasuTHast eMKOCTh CYLIECTBEHHO OTPAaHHYMBAET BO3MOXKHOCTD
UCIIOJIb30BaHMS BHICOKOOMHBIX PE3UCTOPOB Ha BBICOKHMX YacTOTax. YBeJH-
YEeHUE TPAHUYHON YacTOTBI PE3UCTOpa MyTEM YMEHBIICHHS HIMPUHBI PE3H-
CTOpHOH 1oJ0Cchl W OrpaHuuMBaeTCsi MOIIHOCTBIO PACCESIHUS M TIOTPELIHO-
cThI0 (hoTonHTOrpaduu.

B Tabn. 1.1 npuBeneHbl OCHOBHBIE NTapaMeTphl MOIYIPOBOIHHKO-
BBIX pe3nucTopoB. Kak BHIHO M3 TaOIHILBI, pa30poc OTHOLICHHS PE3UCTOPOB
Ha MOPAZOK MEHbIIE pa3dpoca HOMUHAJIA PE3UCTOPA, TaK KaK OH OIpeaeIis-
eTcsl pa30pOCOM reOMETPUYECKUX Pa3MEPOB PE3UCTOPA.

Tabnuma 1.1
Tun 5 30 Pazbpoc
pesicTopa R, OM/cm™ | TKC, 107 /C R. % R, /Ry, %
Juddy3uonnsiit 100...300 | +(1,5...3) +(5...20) +1
OMHTTEPHBIN 2.3 +(0,1...0,5) +20 +1
DIuTaKCHATBHBIH 5.10° +(5...7) +30 +5
[Tuny-pe3ucrop (5...10)-10°| +(3...6) +(30...50) +6
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1.1.2. [TomynpoBOTHUKOBBIE KOHACHCATOPHI

B uHTErpanpHEIX cXeMax polib KOHAEHCATOPOB UIParoT 0OpaTHOC-
MEILEHHBIE P-N-NIEPEXO/IbI, BHIIIOJIHEHHbIE HA OCHOBE N-P-N TPAH3UCTOPHOU
CTPYKTYpBl B €IMHOM TexHojorudeckoM Imkie [3]. Mcmone3yrooT win
SMHUTTEPHO-0a30BbIi, WK KOJUICKTOPHO-0A30BBIN IMEpexoibl, KOH(Urypa-
MM KOTOPBIX TOKa3aHbl Ha puc. 1.3 (a — xomnekrop-6aza, 6 — Oa3a-
SMHTTEpP). DTH Nepexoabl popMupyrorcs auddy3nei 1 Io3ToOMy 4acTo Ha-
3BIBAOTCS Oupysuonnvimu Konoencamopamu. EMKOCTb KOHAEHCAaTOpa
OTIpeNeNsieTcs eMKOCTBIO TIepexo/ia, UMeroIero TudQy3noHHy0 U 6apbep-
HyI0 cocTaBisitone. OCHOBHYIO POJIb UTPACT OAPbePHAA eMKOCHIb.

p - NOANOXKA

P - NogNOXKa

a 0
Puc. 1.3

EMKoOCTB cTyneHuaToro p-n nepexojaa
C= S[qu/Z(UOEP +¢K)] ",
rae S — rromans nepexona;

N — KOHIIEHTpAIHs TPUMECEH TS BLICOKOOMHOM 00JIaCTH p-n Tiepexoa
(6a30Boit 06aaCTH IS SMHUTTEPHO-0a30BOTO MEpexo/ia U KOIIEKTOPHON
IUTSA KOJDIEKTOPHO-0a30BOT0);
£ - TUDJIEKTPUYECKast IOCTOSTHHAS TIOJTYTIPOBOIHUKA (KPEeMHHS);
¢ — 3apsI DIICKTPOHA,
Uogp — HampsbKeHHEe 00pPaTHOTO CMEIIIECHHS;
@k — KOHTaKTHBIH 11 ((Y3MOHHBIN MOTEHIINAI.

OTHoIICHNE eMKOCTEH OMUTTCPHOI'0 U KOJIJICKTOPHOI'O IMEPEXOI0B
IIpU paBHbIX CMCUICHUH U IJIOIAaAn

}/=C63/C6K =\/N6/NK'

B unnrerpansHom tpansucrope Ng/N, =10, nosromy ynenbHas
E€MKOCTh KOJIJIGKTOPHOTO KOHJEeHcaTropa Oojee 4eM B 3 pa3a MEHbIIE, YeM
SMHUTTEPHOTO:

Cp = 600 nd/mn’,
Cp 5= 1900 nd/mMm’.
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VYnpouieHHass 9kBUBaJieHTHas cxema Ju((y3HOHHOrO KOHJIEHCA-
TOpa MpeacTaBieHa Ha puc. 1.4, riae mpuHATH 0003HAYCHHS :

_| R, — conpoTuBI€CHNUE JIETUPOBAH-
A | | | B HBIX p-N o0Jacreii;
c R. C C, — napasuTHas €MKOCTH Ha
:I: n

TIOITIOXKKY.
J1oGpoTHOCTE KOHIIEHCaTopa

Puc. 1.4 Qc =1/WCRL

[Tonaras, uro R, B OCHOBHOM OmpeesnisieTcsi BHICOKOYACTOTHOM 4a-
CThI0 M R =R L /W , ToJry4aem

0.=1wcr. =2(U+U,,)/ W R AL),

rne A= qNg.

C yd4eroM JaHHBIX COOTHOUIGHHH mapamerpbl auddy3rnoHHOrO
KOHJACHCATOpa B 3aBUCUMOCTU OT BHCIIHCTO CMCIICHUSA MOTYT 6])ITI) npea-
cTaBJeHbI TpaduKoM, H300pakeHHbIM Ha puc. 1.5.

AC, Q. TKE TemneparypHass — CTaOMIBHOCTD

\ I dy3HOHHOTO  KOHJIIEHCAaTopa

\ [PU MaJIOM BHEIIHEM CMELICHUH

\ Q. ONpeersieTcsl  TeMIepaTypHO

\ CTaOUIBHOCTBIO KOHTaKTHOTO

muddysrnoHHoro  moreHuuana,

J~— TKE KOTOPBIM BEChbMa HU3KUM, a MpHU

——= C 0O0JIBIIIOM CMEIIEHHH — TEMIIepa-

0 -U TYpPHOH CTaOMJIBHOCTBIO JIMAJIEK-
TPUYECKOW MPOHUIIAEMOCTH €.

v

Puc. 1.5

C y4eroM 3TOro UCHoNb30BaTh AU(GOY3HOHHBIA KOHAEHCATOP I0-
nyctumo npu U > -3 B. B peanbHbIx cxemax ¢ yuetoM Se =S pin
C()m])mwc <30...50 n®d, Q.= 50...100.

1.2. YcTpoiicTBO M OCHOBHBIE CBOICTBA TOHKOIJIEHOYHbIX
NMACCUBHBIX 371eMEHTOB
1.2.1. OcHOBHBIE TEXHOJOTHUECKUE TPUEMBI H3TOTOBICHUS
TOHKOIUIEHOUYHBIX JIEMEHTOB

ITaccuBHBIE 37€MEHTHI U NPOBOAHUKU HAHOCSTCA HAa MACCUBHYIO
MOJUI0KKY METOJaMHM TEPMHUYECKOIO MCHApeHUs B BaKyyMme, KaTOIHOIO
pacIbUIEHHs, XMMHYECKHM OCAXJCHHEM IUICHKH Yepe3 METaJUIN4ecKyro
Maccy J100 METOIOM TPABJIEHHS YYaCTKOB ITO/I0XKKH, KOTOPBIE NTPEBapH-
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TEJIBHO HE 3AIIUINEHBI (POTOPE3UCTUBHBIM CIIOEM. B TOHKOIUICHOYHOU TeX-
HOJIOTUHU HCIIOJIBb3YIOTCS TAKUE )K€ CIOCOObI (POTOPE3UCTUBHOTO MACKUPO-
BaHHU, KaK U B IIPOU3BOJACTBE IIOJYIPOBOJHUKOBBIX cXeM. B ciydae tep-
MHUYCCKOI'O chapeﬂnﬂ l/ICHapI/lTeJ'ISIMl/I ABJIAKOTCSA CHI/lpaﬂl/I, noz[orpeBaeMble
HpOXO}ISIIJlI/IM qepes HHUX TOKOM. le/l KaTOOIHOM pacnbmeﬂym BHGPFHH, HEC-
00xoauMasi UIsl OTPhIBA aTOMOB HCIAPsEMOT0 BEHIECTBA, MOMYYaeTCs ITy-
TeM OoMOapaAMpOBaHUS MOHAMH ILIa3MBbl, MTOJTYy4aeMOM, HalpuMep, ¢ TOMO-
b0 BBEICOKOYACTOTHOTO pa3pesa. [IpHu 3JIeKTPOHHO-TYYEBOM HCIAPCHUU
HE00XOAUMOE ISl HCTIApEHUsI TEIUIO BEIIeseTcs oo 3a cuer Oombapu-
POBKH ITOTOKOM 3JIEKTPOHOB C PACKAIIEHHOTO KaTo.a, MOJYYMBIIMX OO0Jb-
LIYIO SHEPTUIO B IOCTOSHHOM 3JICKTPUYECKOM TI0JIE, TMO0 MATHETPOHOM.

[Tpu XUMHUYECKOM OCaXJCHUU HArPETYIO IMOJUIOKKY MOMEIIAIOT B
ITOTOK CMECH ra3oB. [Ipy 3TOM Ha MOBEPXHOCTH MPOUCXOAAT XHMHUYCCKHE
PEaKIMK Pa3IoKEHUS 3JICMEHTOOPTaHUYCCKUX COCAMHEHHNA WIIH PEaKIMU
CHUHTE3a, 3aMCUICHUS WM TUAposn3a. [IpOAyKTOM peakiiu SBJISIOTCS
TBepJas IJICHKA Ha MMOBEPXHOCTH IMOJUIOKKH M ra3000pa3HbIe COCTABJISIO-
ue, yaaluseMble IIOTOKOM UCXOIHBIX Ta30B.

Kaxplii U3 mepeyrcIeHHBIX METOIOB IMEET CBOM TUTIOCHI K MUHY-
cel. TepMuueckre UCTAPSHUS TIO3BOJISIFOT TOTYYaTh YHACTHIC IICHKH, MOX-
HO HAIBUIATh UX M3 CPABHHUTEIBHO MPOCTBIX M0 XMMHUYECKOMY COCTaBY Be-
utectB. KaTojHble pacrbUIeHHs], MO3BOJSIONNE OCAXIATh IJICHKH TYro-
IUIABKUX U CIIOKHBIX 10 XUMHUYECKOMY COCTABY MAaTEpPHAIOB Ha OOJbIIeh
IUTOIIAH, OTIUYAIOTCS IUIOXOH BOCIPOM3BOJUMOCTHIO OCHOBHBIX CBOMCTB
IUICHOK. XHMMHUUYECKHE OCaXKICHHUS TO3BOJISIIOT MOJYYaTh IUICHKU JI000Tr0
cOCTaBa, He TPEOYIOT CIIOKHOTO 000PYJOBaHMS, HO M3-32 Pa3IM4Msl MapIH-
aJbHOTO JABJICHHS T'a30B MMEIOT TAKXKE IUIOXYI0 BOCIPOHM3BOIUMOCTH Ma-
pPaMeTpoB TUICHKH. DJIEKTPOHHO-TyYEBbIC HCIIAPEHUS MO3BOJISIOT HAHOCHTh
IIJICHKH TyFOHﬂaBKI/IX MaTepl/IaJ'IOB, HO OTJIMYAKOTCS HI/I3K0171 CKOpOCTb}O nux
OCaXIEHUS. DTOT HEIOCTATOK YCTPaHSACTCS NMPUMEHEHHEM B KAa4eCTBE WC-
TOYHUKA SHECPTHH MarHETPOHA.

1.2.2. [IneHoYHBIE PE3UCTOPHI

TOHKOTIIEHOYHBIA PE3UCTOpP TPEACTABIACT COOOH IUICHKY pe3u-
CTOPHOTO MaTepHalla, HAaHEeCEeHHYIO Ha [IaCCUBHYIO NMOUI0KKY. Hanbonpmee
pacnpocTpaneHue mony4mid ciuiasel xpoma Cr, Huxpoma NiCr, kepmera
Cr/SiO, Cr/ALOs. [IneHkn U3 KEPMETOB MMEIOT 0OJiee BBHICOKYIO CTaOMIIb-
HOCTb, HO OTJIMYAIOTCS IUIOXOW BOCIIPOU3BOJMMOCTHIO HOMHHAJA PE3UCTO-
pa u TemneparypHoro Ko3(h¢uuueHTa, TaKk Kak TPyAHO BbIIEPKaTh 3ajaH-
HYIO KOMITO3UIIUIO OCHOBHBIX KOMITIOHCHTOB 1 I/l36e)KaTb CHJIBHOI'O BJIMSHUSA
TEXHOJOTUYECKHX (PAKTOPOB. DKBUBAIEHTHAS! CXEMa, YaCTOTHHIE CBOWCTBA
1 KOMIIPOMHCCHI MEX/Ty HOMHHAJIOM U IIIOIIA/IBI0 PE3UCTOPA TAKHE JKe, KaK
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Y MOJYNPOBOJAHUKOBBIX PE3UCTOPOB, HO CaMH MapamMeTPhbl TOHKOTUIECHOYHBIX
PE3UCTOPOB 3HAYUTEIHHO OOJIee KaueCcTBeHHBIC (cM. Ta0ur. 1.2).

Tabmuma 1.2
XapakTepUCTHKH NiCr Cr/SiO
CraOwibHOCTD 0,5%/100u(70°C) | 0,2 % /1000 g (200 ° C)
Tonmuua ek, A 130 200...1200
IToBepxHOCTHOE CcOMpO-
TuBIeHHE, Ry, OM 200...300 10...1000
TKC 10°/°C 100 -25...+100

1.2.3. IIneHo4HBIE KOHEHCATOPBI
TOHKOTIIEHOYHBIH KOHJEHCATOP MPEACTaBIsIeT co00ii KOMOMHALINIO
HIDKHEH 3 ¥ BepxHed | MpoBOAAMINX TUICHOK M MPOMEKYTOUYHOW IHAIICK-
TPUYIECKOW TICHKH 2, HAHECCHHOW Ha ITACCHBHYIO TIOMIOXKKY 4 (puc. 1.6).
EMKoOCTB IIIEHOYHOTO KOHJEHCATOpa ompenernsercs no Gopmyie

C=0,0885¢-S/d,

rae C — eMkocth, nd; 1 2 3 4
& — IMPJIEKTpUYECKas TOCTO- \ \
sSTHHas IJICHKH, N \\\ N ™~ ]\
S — rwromaas TPOBOISIINX e N
MJICHOK, CM2; L A ]
d — TommWHA TUTGHKH IH- 4 I; s ? 7 Y
DIIEKTPHKA, CM. ;s s, .7
JoOpoTHOCTS  KOHIIEHCATOpa Pro 16

QL‘ = I/W Cr(‘
B OCHOBHOM OIIPE/IEIISIETCS] KAUECTBOM JIUIJICKTPUKA U TIOTEPSIMU B OOKIIaI-
kax. Jlyst 0OKIIaJI0K MPUMEHSIOT MAaTEPUaT C BHICOKOM 3JICKTPOIPOBOAUMO-
cteio (Cu, Au, Al). Judnektpudeckue MISHKH U3TOTaBIMBAIOTCS Ha OCHO-
B€ OKCHUJOB KPEMHUs, XaJIbKOTCHHBIX CTECKOJI U OKUCJIOB APYIrUuX METaJIJIOB.
OCHOBHBIC XapaKTEPUCTUKH KOHJICHCATOPOB MIPHUBECHEI B Ta0M. 1.3.

Tabnuna 1.3
XapakTepucTUKU SiO0 Si0, AL,O4 Ta,05
V ienpHas eM- 1000 (8-20)10° | (30-50)10° | (0,1-0,2)10°
kocThb, 1d/cM?
Jusnexkrpruyeckas
ITOCTOSIHHAS € 5...6 3,6...4,1 8...9 21...25
JHobporHocTh Q 10 5-10 100 100
TKC 10%,1/°C 2.3 0,1...1,0 0,4 2.3
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1.2.4. [IneHouHast HHOYKTUBHOCTh

d TOHKOHﬂeHOlIHaSI I/IHHyKTI/IB'

&y % HOCTb IIpeJICTaBIseT coboi Ipo-
’ BOJMINKE TUICHKA CIHPAICBH/I-
’ 7 HOIl (OpMBI, HAHECEHHblE Ha
(77777 HACCUBHYIO MOIOKKY. CIUpanb

6 MOXeT ObITh Kpyriod (puc. 1.7,

Puc. 1.7 a) um KkBaaparHoi (puc. 1.7, 6).
OCO0EHHOCTHIO TUIEHOYHOH KATYIIKHU SIBIISIETCS HATMYHE OOJBIINX
WHIYKTUBHOCTU PAacCestHNUS M MEXBHTKOBOM €MKOCTH. DTO OIpaHWYMBAET
HOMHHAJI HHIYKTUBHOCTH, TaK KaK IPH YKCIEe BUTKOB OOJIbIIE 5 Mpekpania-
eTcs IPONOPIMOHANBHAST 3aBUCHMOCTh MEXJy YHCIOM BHTKOB M HHIYK-
TUBHOCTBIO.
WHIyKTUBHOCTD CITUpANIM KPYTJIOH (POPMBI HAXOJUTCS IO COOTHO-
LICHUIO:

L,=0,0138aw’,

8
KB IpaTHO: L, =555a w3 b 10°,
t

IJIE W — YHCIIO BUTKOB;
a=(A,+ A, — cpenuuii pasmMep Crupaim;
t= 0)5(An' AK))
Ay, Ay — HAPYKHBIN U BHYTPEHHHUHN pa3Mephl CIIUPAIH.
YcpenHeHHBIE TapaMeTpbl IUIEHOYHOH WHAYKTHBHOCTH MHpHU pa-
3yYMHO JOIyCTHMOI 3aHMMaeMOH MJIoIIaIu:

L, =2..4mxln, QO =27f L/R,,Q;=50...80,

R; — conpoTUBIICHNE TOKOIPOBO/A.

2. UccaenoBaTeabckast 4acTh

IHopsaok BbINoIHEHHs PA0OTHI

[Tepen BBIMONHEHNEM PaOOTHI HEOOXO0OUMO UZYUUMB PACTIOIONKE-
HHE OpraHoB YIIpaBieHHs JabopaTopHoro myiera (puc. 1) m opraHoB
yIpaBJiieHUs] Ha CMEHHOH J1abopaTopHO# manenu (puc. 1.8, a), mpuHIMIH-
aNpHYI0 cxeMmy JabopaTtopHoro MakeTa (puc. 1.8, 0), a Takke IMOATOTOBUTH
OTBETHI HA KOHTPOJIbHBIE BOIPOCH! TAHHOHW PabOTEHI.

Bxmrounts crenn tymoiepom «Cetb». IlogaTh HanpsbkeHHE Ha pa-
6oty Tym6nepom «Homep paboT», oCTaBUB €ro B mojoxeHue 1.
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2.1. UccaenoBanne qugy3noHHOro pesucropa
2.1.1. V3mepenne conpotuBneHus au y3noHHOTO pe3ncTopa Ha
MTOCTOSTHHOM TOKE
Tym6mep SA2 moctaBuTh B mojoxenne «R-», a TymGiep SA3 —
B nmojoxenue «MU3m. R-y». K ruezgam I'l noakmrouuts MyasTumerp M-838,
KOTOPBIH HEOOXOAWMO TIEPEBECTH B PEXHM H3MEPEHHS COIPOTHBIICHHM.
V3MepuTh € MOMOIIBIO MYJBTHMETpPA CONPOTHBICHHE IH((DY3MOHHOTO
pe3ncTopa Ha MOCTOSHHOM Toke R_ .
2.1.2. U3mepeHue 4acTOTHON 3aBUCUMOCTH CONPOTUBIICHUS
TP PY3HOHHOTO PE3UCTOPa
Tymbnep SA2 mocraButh B mojoxenue «R,,», Ha BRICOKOYACTOT-
HbIM pazbeM X3 monath HampspkeHue ot 'CC GRG-450B, MUIIMBOIBT-
Metp GVT-427B moapxmiounth K paszpemy X4. Msmensas gacrory ['CC,
CHSTP YaCTOTHYIO 3aBHCHMOCTh HanpshkeHHs Ha pesucrope Uy; B nuamaso-
He gactor 0,1...50 MI'm.
BbraucinTh 3Ha4EHUS CONPOTHUBICHUS TU(PPY3HOHHOTO PE3UCTOPa
Ha W3MEpPSIEMBIX YacTOTaX, JJIS Yero NMPUHATH 3HAYCHHWE COMPOTHUBIICHUS
pesuctopa Ha gactore 0,1 MI'I[ 3a compoTHBIIEHHE Ha TTOCTOSHHOM TOKE
R- , m3mepennoe B 1. 2.1.1. Torma COnpoTHBIEHHE PE3UCTOPA Ha JIFOOOM

qacTore R, = R=Uf’,/Uf0’1,

rne Uy — HanpsbxeHue Ha i-i yactore, Uy g; — HanpsbkeHHe Ha 4acToTe
0,1 MI'1.

IMocTtpouTh rpaduk 3aBUCUMOCTH CONPOTHBIECHHS AU(P(Y3HOHHO-
ro pesucropa Ry ot gacrorsl f. ITo rpaduKy Onpeneinth rpaHHYHYO dac-
tory auddy3uoHHOro pesuctopa f,, HA KOTOPOM €ro COMpPOTHBICHHE
ymenbimmrces Ha 3 1b (B 1,41 pa3a) mo cpaBHEHHIO C CONPOTHBIEHHEM Ha
IIOCTOAHHOM TOKE€.

2.1.3. U3MepeHue napa3suTHOM eMKOCTU Ha MOJUIOXKKY

I'CC nonxmounts K pazbeMy X1, a MIUIITMBOJIBTMETP — K X2 (puc.
1.8). Ilepextouarens SA1 mocraButhk B nojoxkenue «fy». CC HacTpouth
Ha PE30HAHCHYIO YaCTOTY KOHTYpa fy 10 MAKCUMAJIBHOMY [OKa3aHUI0 MHJI-
JMBOJIFTMETPA, 3aMHcaTh 3Ty YacTOTy. 3HAYEHHE PE30HAHCHOW YacTOTHI
ompenemsiercss o yactoromepy U3-35A wmimm (ecim 3TO HEBO3MOXKHO) CUH-
teiBaercs ¢ ['CC. Tlepekimouarens SA1 moctaButs B monoxkenne «Cyy», TIpH
9TOM K KOHTYPY HOAKIIIOYAETCS Mapa3uTHAsI €eMKOCTh AU(P(PYy3HOHHOTO pe-
sucropa (puc. 1.8). M3mensis yacrory I'CC, BHOBb HACTPOUTH KOHTYp Ha
PE30HAHCHYIO YacTOTy. 3aIucaTh 3Ty 4acToTy f7. BeIUHCINTE MapasutHyo
eMKocTh quddysuonnoro pesucropa C, no Gopmyie:
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— 1 foz_flz
" 4”2Lx f02°f12

rae L, =32 mxl'H.

ITo ompenenennoit B m. 2.1.1 Benmuuune conpotusieHus IUdPPy-
3HOHHOTO PE3HMCTOpa HA MOCTOSHHOM TOKe R- W BenuuuHe MapasuTHOM
emkoctu C,, ONpeIenuTh PAHUYHYIO YaCTOTY PE3UCTOPa:

£, =1/@C,R.)
¥ CPaBHHUTH IOJNYYEHHOE 3HA4YeHHE f;, C BEIMUMHON f,, ONpEIeIeHHON B
m. 2.1.2. TIocTpouThs KBHBAJICHTHYIO cXeMy 3amemnieHus Auddy3noHHOTO
pesucropa.

2.1.4. VccnenoBanue BIUSHHUS TEMIIEPATyphl HA CONPOTHBIICHUE
UG Gy3HOHHOTO PEe3UCTOpa

Bkitounts cxemy cormacHo m. 2.1.1. TymOnepoM 6 BKIIIOUUTH
TEPMOCTAT U peryisitopoM 7 (puc. 1) U3MEHATh TEMIepaTypy TepMocrara
(BbIcTaBIATH £y = 35 °C u t3 = 45 °C). Usmeputh conpoTturienue audpady-
3MOHHOTO pe3ucTopa R- mpu 3THX ABYX Temmeparypax. [locTpouTs rpaduk
3aBUCHMOCTH CONPOTHBIEHUs U] (y3HOHHOTO pe3ncTopa OT TEMIEpaTyphl
(o TpeMm Toukam t; = 20 °C, £, = 35 °C u t; = 45 °C). Ilo HaliieHHBIM 3Ha-
YEHUSIM CONPOTHUBIICHUS pe3uctopa onpenenuts TKC:

TKC = AR 100 ,
R

_At

rae AR — uaMeHeHne CONPOTHBIICHUS IPH H3MEHEHHUH TeMIIEpaTyphl Ha Af.

2.2. UccaenoBanue q1u¢¢y3uoHHOr0 KOHAEHCATOpa

2.2.1. Tlepexmouatens SA1 (puc. 1.8) moctaBuTh B TOJIOKEHUE
«fo», x pasvemy X1 nogkinounts Beixox I'CC, a k X2 — BXO MHJUIUBOJIBT-
metrpa. Hactpouts ['CC Ha pe30HAHCHYIO 4acTOTY KOHTYpa M C MOMOIIBIO
4aCTOTOMEPA M3MEPUTh PE30HAHCHYIO YacToTy fp, a TAKXKE I0JI0CY HPOILyC-
kanus koHtypa Iy 7 (o yposnto 0,707). 3anucars 3uauenus fp u Iy ;.

[Mepexmovarens SA1 nocrasuth B nojiokenue «Cy». Ilpu 5TOM K
KOHTYpy moakirouaercs nuddy3noHHbi KoHmeHcaTop. HampspkeHne
CMEIICHHU Ha 5TOM KOHICHCATOpE KOHTPOJIUPYETCS C MOMOIIBI0 MYJIBTH-
MeTpa M-838, KOTOpHIHf HEOOXOIMMO TEPEBECTH B PEKUM H3MEPECHUS Ha-
MpsDKEHUH M TMMOAKIIOUNTH K THe3xaM 11, TymOnep SA3 nomkeH CTOATh B
nosnoxernn «M3m. Uyy». C momomrsio norernunomerpa «Yer. Uy» yerano-
BuTh Hanpspkerne cmentenus U, = 10 B. Usmenss gactory I'CC BHOBB
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HACTPOUTH KOHTYP Ha PE30HAHCHYIO YacTOTy. VI3MepHTh HOBYIO 4acTOTy
pesoHaHca f; u nonocy nponyckanus Iy ;. Tlo pesynbraram U3MepeHHit
BBIYHCIUTE €MKOCTh audysnonHoro koumencaropa Cy mo dopmyie

. 2.1.3 u ero 1OOPOTHOCTH 1O PopMyIie 0 = %,
" Qo - Qz

rie Q, = f / Vi 07 coOcTBeHHas JOOPOTHOCTH KOHTYDA,
o =1 / I1 ; — noGPOTHOCTB HATPYXKEHHOTO KOHTYPA.

Amnanornunsie usmepenus nposectu s U, = 8, 6, 4, 2 B. Pac-
cuntath eMKkocTh Cy U 106poTHOCTh @) KOHAEHCATOpA MPH STUX CMelle-
HHSX ¥ OCTPOUTH 3aBUCUMOCTh eMkocTu Cy u jobporaoct Q) ot U..

2.2.2. C nomouibto TymOiepa 6 BKIIOYNATh TEPMOCTAT U PETYIIs-
TOPOM 7 U3MEHAThH TEMIEpaTypy TepMocTaTa (BBICTaBIATE F =35°Cut =
= 45 °C). Hampsoxenue cmeuenus U, Ha nuddy3HoHHOM KOHAEHCATOpE
YCTaHOBHTH CHavalia paBHEIM 3B, a 3aTem nmoBToputs M 10 B.

OmnpenenuTs TeMIEpaTypHble H3MEHEHHS €MKOCTH U JOOPOTHO-
CTH KOHJAEHCATOpa, PacCUUTaTh TeMIIEpaTypHBIH KOI(GHULIUEHT EMKOCTH
TKE. octpouts rpaduxu C = £ (,"C); Q =f (1,"C); TKE =f (U.,).

2.2.3. Tepexmouatens SA1 nocrasuts B nonoxenne «Cyp». Ipu
9TOM K KOHTYPY MOJIKIIOYACTCS €MKOCTh MU((GY3HOHHOTO KOHACHCATOpa
Ha TOJIOKKY. V3MepuTh 3HauUeHUE PE30HAHCHOW 4YacTOThl KOHTYypa W
paccumTaTh BeJIMYMHY Mapa3uTHON eMKocTH 1o opmyre m.2.1.3.

2.3. UccienoBaHne NJIEHOYHOTO pe3UcTOpa

2.3.1. 3mMepuTh CONpPOTHBICHHE IJICHOYHOTO PE3UCTOpa Ha IIO0-
CTOSIHHOM TOKE.

Tymb6nep SAS5 mocTaBuTh B mojokenue «R-». Ilpn atom rure-
HOYHBIA PE3UCTOP MOJKIIOYaeTcs K kiieMMmam [ 2. VI3MepuTh cONpoTHBIIE-
HUE TUIEHOYHOTO PE3UCTOpPa ¢ MOMOIIBIO MyIbTHMeTpa M-838.

2.3.2. 3MepuTh 4aCTOTHYIO 3aBUCHUMOCTh COIPOTUBIICHHS IIjIe-
HOYHOTO pesuctopa. TymOmep SAS5 moctaButh B mosiokeHne «Ry.». Ha
BBICOKOYACTOTHBIA pa3beM X7 momath HampspkeHue ot I'CC, Bxox muin-
JUBOJBTMETPA MOAKIIOUNTG K X8. M3MepeHus: NpoBOANTH aHAJIOTHYHO
m 2.1.2.

2.3.3. U3MepuTh mapa3uTHYI €MKOCTh PE3UCTOpa Ha MOJJIOKKY.
I'CC moxkmounTh K pazbeMy X5, a MIJUIHBONBTMETP — K X6. [lepexito-
gyatenb SA4 — B monoxenue «fy». H3MepeHue MpOBOJUTH aHATOTHYHO
m 2.1.3.
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2.3.4. UccrnenoBats BIUSHHUS TEMIIEPATypbl Ha COIPOTHUBIICHHE
IJICHOYHOTO pe3nucTopa. BKIIIOYNTH BHOBH cxeMy corjacHo 1. 2.3.1. Hc-
cle0BaHuE MPOBOUTh aHAJIOTUYHO 1. 2.1.4.

2.4. UccaenoBaHue MJIEHOYHOr0 KOHIEHCATOPA

2.4.1. 3MepuTh €MKOCTh U JOOPOTHOCTH IJICHOYHOTO KOHJICHCa-
topa. Ilepexitouarens SA4 (puc. 1.8) mocraBuTh B MOJOKEHUE «fy», K
pazeemy X5 mopximrounth Beixon ['CC, a x X6 — mmwmmuBonbT™MeTp. Ha-
crpouts 'CC Ha pe30HAHCHYIO Y4acTOTY KOHTYpa fy, H3MEPUTD €€ U II0JIO-
Cy TPONYCKAaHHUS C TIOMOIIBI0 YaCTOTOMEpPA W 3alicaTh pe3ynbTathl. [le-
pekmouatenb SA4 moctaBuTh B mosoxenue «C.». HacTpouts BHOBE Te-
HepaTop B PE30HAHC W U3MEPUTh Ty YaCTOTY f; H IOJIOCY IPOIyCKAHHMS.
Paccuntats eMKOCTE ¥ TOOPOTHOCTH IJIEHOYHOTO KOHJAEHCATOPA.

2.4.2. C nomouibto TymOsepa 6 BKIIOYUTH TEPMOCTAT U PEryJisi-
TOpOM 7 HM3MEHSTh TEMIIepaTypy TepMocTara (BeIcTaBiATh £; =35 °Cn
t; = 45 °C). Onpenenuts TEeMIIEpaTypHbIC U3MEHEHUS €MKOCTU H JI00pOT-
HOCTU IUIGHOYHOrO KOHJAeHcaTtopa, BeluuciauTh ero TKE. Iloctpoutb

rpaduxn C. =f£(1,"C); 0=11"C).

2.5. UcciienoBanme NJIEHOYHOH KaTYIIKH HHAYKTHBHOCTH

2.5.1. Tlepexmouarens SA4 moctaBuTh B mosioxkeHue «Ly. [Ipu
9TOM KaTyIIKa HHIYKTUBHOCTH BKIIIOYAETCS MOCIEIOBATENBHO C KOHTYP-
HO# mHAYKTHBHOCTHIO. HacTpouTs I'CC Ha pe3oHaHC U ONMpPENeNnuThb C Mo-
MOILBK) YaCTOTOMEPA 3HAYEHHE PE3OHAHCHOM YacTOTHI f M I0JOCHI IPO-
nyckauus Iy ;.

Ilo pesynpraraM HM3MEpEHUN BBIYUCIUTb UHAYKTUBHOCTb ILIE-
HOYHOH KaTYIIKH U €€ JOOPOTHOCTB!

2 2
L=L/(f;/f7-1).
rae L, =32 mxTH, fy— pe3oHAHCHAS 4aCTOTA HEHATPYIKECHHOTO KOHTYpa;
0 = 9,9, (em. .2.2.1).
Qo - QI

Paccunrars cOpOTUBIIEHUE IOTEPH IIJIEHOYHON KATYIIKH:
r=2xf,L/Q,.
2.5.2. Tepekimrouatens SA4 mocraButh B monoxenne «Cp», mpu

3TOM K HM3MEPHUTEIbHOMY KOHTYpPY HOJIKIIOYAETCsl Mapa3uTHash €MKOCTh
KaTyIIKHd UHIYKTUBHOCTU. MI3MEpUTH 3Ty €MKOCTh 1o MeTtoauke 1. 2.1.3.
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HOCTpOI/ITB SKBHUBAJICHTHYIO CXEMY 3aMCEIICHUSA IICHOYHOM KaTylIKyu WH-
AYKTUBHOCTH.

KoHTpoJibHbIe BONPOCHI

1. Pe3ucTopsl MOIynpOBOAHUKOBBIX MHTETPAIBHBIX MHKPOCXEM,
UX KOHCTPYKILIUH, CBOMCTBA, XapaKTEPHCTHKH.

2. YacToTHBIE XapaKTepUCTHKH TU((Yy3NOHHBIX PE3UCTOPOB.

3. TemmeparypHble XapaKTePUCTHKH AU(PPY3HOHHBIX PE3UCTO-
pOB.

4. Kongercaropsl morynpoBoaHUKOBEIX UMC, nX KOHCTPYKIWH,
CBOMCTBa, XapaKTEPUCTUKH.

5. YacToTHBIE M TeMIIepaTypHbIe XapaKkTepHcTHKH Ouddy3noH-
HBIX KOHAEHCATOPOB.

6. IlneHouHbIe PEe3UCTOPHI, TUIBI, KOHCTPYKLIKU. CxeMa 3amerre-
Hust. OCHOBHBIE CBOWCTBA M XapaKTEPUCTUKH.

7. TlneHo4YHBbIE KOHAEHCATOPHI, THUIBI, KOHCTPYKIMU. Cxema 3a-
MeieHust. OCHOBHBIE CBOHCTBA U XapaKTEPHCTHKH.

8. IlieHOYHbIE WHAYKTUBHOCTH, THITBI, KOHCTPYKIUH. OCHOBHBIE
CBOMCTBA M XapaKTEPUCTUKH.

9. MeTonbl N3roTOBJICHHUS TOHKOTUICHOYHBIX 3JIEMEHTOB.

10. TexHOIOTHS H3TOTOBJICHHSI TOJCTOIUIEHOYHBIX MHKPOCXEM.

11. OcHOBHBIE CBOWCTBAa U XAPAaKTEPHUCTHKH TOJCTOTUICHOYHBIX
3JIEMEHTOB.

12. CpaBHEHHE CBOWCTB IACCHBHBIX 3JIEMEHTOB IMOJYIPOBOIHHU-
KOBBIX U IJICHOYHBIX MUKPOCXEM.

JladopaTopnasi paGora Ne 2
HCCIE/]OBAHHE HHTET'PAJIBHOTI O /THO/IA

Henbp paboThbl: HcCIeIOBAaHUE CBOWCTB WHTETPAJbHOM TpaH3U-
CTOPHOM CTPYKTYpBI B AMOJHOM BKIIFOUEHUH.

1. KpaTkue TeopeTu4eckme cBeleHUA
[ToaynpoBOTHUKOBBIM THOAOM HAa3bIBAIOT IOJYTIPOBOJHUKOBBIH
npudop ¢ AByMs BBIBOJAMH (TIPHCTaBKa «AW-» O3HAYACT «ABa») U OJHUM
IEKTPUUECKUM TIEPEXOIOM.
BoNBIIMHCTBO MOTYPOBOJHUKOBBIX JHOOB BBINOIHSIIOT HA OCHO-
BE€ HECHMMETPHYHBIX P-N-TIEPEXO0JIOB, T.€. OJHY M3 00NacTell JETHUPYIOT
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Oouibllie, YeM JPYryo. Jta 00JaacTh SBISETCS OCHOBHBIM UCTOYHHKOM IO
BIDKHBIX HOCHTENeH (amurTep). Jpyras o6iacTs ¢ MEHbIIEH KOHIIEHTPAIH-
eil npumeceld — 6a3a. OMH U3 BapUAHTOB KOHCTPYKLMH U YCIOBHOE 000-
3HAYCHUE TUOJa MPHUBEICHBI Ha puc. 2.1, a, 6. BeiBog 0T p-001acTu Ha3bI-
BalOT aHOZIOM, a OT N-00JIaCTH — KaTOJIOM.

Bonbr-aMriepHas XapaKTepHCTHKA ITOYIPOBOJHUKOBOIO JIHOJA,
T.€. 3aBHCHMOCTh IPOTEKAIOLIEr0 4Yepe3 JAWOJ TOKa OT HPWIOKEHHOTO K
HEMY HAIpsDKCHUS, ONPEACISeTCs BOJIbT-aMICPHON XapaKTEPUCTUKOW p-n-
nepexona (puc. 2.1, B). [Ipn momade K AWOMY MPSAMOTO HANPSDKEHUS JHON
OTKPHIT U IPOITYCKAET MPSIMOH TOK, TIPH STOM TaJieHNE HANPSHKCHUS HAa HEM
COCTaBJISIET JIECSITHIE AOJU BONBT. [Ipn momade oOpaTHOTO HANPSHKEHUS TTH-
ox 3amept, U ecid U,g, He nocruraer 3Ha4eHUS Upsp max, TO Uepe3 ouOx
MPOTEKAET MPEHEOPEKHUTETBHO MaIblii 0OparHbiii ToK Iy (1psiMoii u obpart-
HBIA TOKM Ha PUCYHKE TIOKa3aHBI B pa3HBIX MacmTabax). [Ipu momade o0-
paTHOro HampsbkeHusi, npepbimatomiero 3HadeHue Uygp max, HACTyHaeT
poboii p-n-iepexosa, Mpu KOTOPOM OOPATHBIA TOK PE3KO BO3PACTAeT.

WneanmsupoBaHHas BOJBT-aMIIEPHAs XapaKTEPUCTHKA AMO/A OIHU-
ceIBaeTCsl ypaBHeHHeM D6epca — Momta. Ho BonpT-aMmiepHas XapakTepu-
CTHKa IMOJA U p-N-Tiepexo/ia IPUMEPHO COBIIAJAalOT TOJBKO B 00JacTH Ma-
JIBIX TOKOB (puc. 2.1, B).

ObuacTs dMHTTEPA Obnacrs 6a3m + 3
np 1

Anon g _ Karon -n-ne exoa'
| OATO p-n-nepexod,

p-n-nepexod
@ - BADHAHT KOHCTPYKUHH

poh
-U
obp
L
—_— INeKTPHULCKH
+ E I - npoboii
| npodoii
6 - ycl10BHOE | 101,
obosnavene 0000 oo po-----------t -,
otp
€ - BOJILT-AMIIEPHAS XAPAKTEPHCTHKA

Puc. 2.1

B peampHBIX mHOmax OTIAMYHE OOpPATHOH BETBH BOJBT-aMIIEPHOM
XapaKTEPUCTUKU OT HJCATM3UPOBAHHON OOYCIOBICHO TEM, YTO TEIJIOBOH
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Tok I mpu 0O6paTHOM BKJTIOYEHHH COCTABJISET JIMIIb YaCTh OOPATHOTO TOKa
auona I,g,.

Y repmanuesbx 1uonoB Ioep = Iy, y xpemuueBsix Iy, >> Iy
osp = 10°).

Tak KaK 0OpamHblii MOK 6 KPEMHUEEbIX OUOOAX HA HECKOJIbKO
nOpAOKOG MeHbUle, Yem 8 2ePMAHUEBbIX, B KDEMHHEBBIX HOIaX MM YacTO
npeHeOperaoT.

JInst MHXKEHEPHBIX PAcCyeTOB 3aBUCHMOCTH 00paTHOro Toka Iy, OT
TEMITEPATYPhl OKPYKAIOMIEH Cpeibl MOKHO TIOJB30BATHCSA YIPOIICHHBIM
BBIpaKEHHEM

Lgp (T) = Logy (TY2AT/T,
rae T* — npupaienue TemMepaTypsl, Ipx KOTopoM o0paTHbIi TOK 1,s,(T)
ynsauBaercs (7%~ 8...10 °C qust repmanust u T* = 6...7 °C st KpeMHus).

IpsiMast BETBb BOJIBT-aMITCPHON XapaKTEPHCTHKH THOMA OTKIIOHS-
€Tcs OT UACAIU3UPOBAHHOM:

— M3-3a HAJIWYHS TOKOB PEKOMOMHAIINK B P-N-TIEPEXO/IC;

— MaJIeHUsI HAMIPSDKEHUS Ha 6ase quona;

— HM3MCHEHHs] CONMPOTHBICHHs 0a3bl MPU HHKCKIUH B HEe HEOC-
HOBHBIX HOCHUTEJIEH 3apsa;

— Hanuyusi B 6a3e BHYTPEHHETO IOJIsI, BOSHUKAIOIIETO MpPH 60JIb-
oM K03(h(pUIMEeHTe MHKEKIHH.

C ydeToMm majaeHus HAmpsDKEHUS Ha 0ase JHoJa MOXKHO 3amucaTh
ypaBHEHHUE NPSMOU BETBH BOJIBT-AMIIEPHON XapaKTEPUCTHKU THUOJA:

I= IT .(e(U—I-ré)/¢)T _1)

rle F5 — OMHYECKOE CONPOTUBIICHNE 0a3bl THOAA.
[Tanenne HanpspKEHUs Ha AUOJE:
U=[(p7‘[n(l/l7'+1)l+[rl; .

Jnst Mmaneix TokoB 1 :

U=ortn(I/I7+1).

[Tanenune nanpsixenus Ha quoae U 3aBucuT ot Toka I, mpoTekaro-
LIETro Yepe3 Hero, ¥ uMeeT OoJIbliee 3HaYCHUE Y AUOJIOB C MaIbIM I7.

Tak kak y KpeMHHEBBIX JIHOIOB TEIIOBOM TOK Ir Maji, TO W Ha-
YaJbHBIA YYacCTOK MPSMON BETBH 3HAYMTENILHO OOJIee MOJIOTHH, YeM y Tep-
MaHHEBBIX JNOJIOB.

CpaBHEM BOJbT-aMIIEepHBIE XapakTepuctuku (BAX) mmomoB w3
KpeMHHA U repMaHus (puc. 2.2).

[psimast BeTBB (MIPSMBIEC HATIPSHKEHUS M TOKH):

npu U, =const L,ce> Lpsi,
upu I, = const U,pGe < Uppsr .
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[TpenMymiecTBO y TrepMaHHUEBOTO IUOAA, TaK KaK MOTEPH B KPeM-

HHEBOM JHOLE OOJIBIIIE.
OO0parHas BeTBb (00OpaTHBIE TOKK M 00paTHbIE TPOOUBHBIE HAIPSKEHUS):

Ioﬂp GE>106p ST »

Unpoﬁ ST > Unp06 GE -

31ech OYEBUIIHO IMPEUMYIIECTBO KpPEeMHHEBOro nuona. [lpuuem
clielyeT 3aMETHUTh, YTO MPO00il B KPEMHHEBOM IMOJIE Yallle BCEro ObIBaeT
JIEKTPUYECKHH, a B TEpPMaHUEBOM — TETIJIOBOK.

+I
np

B obp

,’ Tennoroii

tﬁ?ﬁﬂ

\

\
dnexTpuyeckuii |
npoboii |

|

obp

Puc. 2.2

IIpun yBenudyeHuH TeMIeparypbl IpsiMas BETBb XapaKTEPUCTUKU
CTaHOBHUTCS OoJiee KPyTOi M3-3a yBeluueHUs: Iy 1 yMEHBIICHHSI COIPOTHB-
JICHUS 633bl. Ha[leHI/le HaIlps)KECHUA, COOTBETCTBYIOIIEC TOMY KE 3HAYCHUIO
MPSIMOTO TOKA, IIPH 3TOM YMCHBIIACTCS.

C pocToM TemIepaTrypbl yBeIHMYUBaeTCsl M 00paTHBIN TOK [1].

I'epmaHMeBbIe IHOMBI JIOMYCKAIOT Pa3orpeB p-n-mepexona He 0o-
see yem 1o 70 OC, KkpemHaHeBbIe — 10 120...150 0C, apCceHUI-TaJTHEeBBIE —
0 150 °C.

OKBHUBAJICHTHAS CXeMa IHOMa [UIS IEpeMEHHOro Toka (puc. 2.3, a).
ComnporuBnenue Ry B 3Toil cxeme mnpejacTaBisier coboit cymmapHoe (cpaB-
HUTEIBHO HEOOJIBIIIOE) COMPOTHUBIIEHHE N- U P-001acTell 1 KOHTAKTOB 3THUX

obmnacreit ¢ BeiBomaMu. HenmHeiHOe conpoTuBieHue Ry, npu npsMoM Ha-
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HPSKEHUU PaBHO Ry, T. €. HEBENHUKO, a IpH 0OpaTHOM HampskeHuun R =
= Rygp, T. €. oHO o4eHb Gonbmoe. Cg U Cyyp — COOTBETCTBEHHO Oapbep-
Has 1 JuPy3noHHAS eMKOCTH P-N-TIEPEXoa.

[TpuBeneHHas: YKBUBAJICHTHAST CXeMa B Pa3lIMYHBIX YACTHBIX CIIy-
Yasx MOXET ObITh ympoineHa. Ha HHU3KHMX 4acTOTax €MKOCTHOE COIPOTHUB-
JICHUC OYCHb BCIIMKO U MOKHO €MKOCTb HC YUUTLIBATD. TOFILa pu nmpsaMom
HAIPSDKEHWU B 9KBUBAJIICHTHOW CXEME OCTAIOTCS JIUILb COMPOTHBICHUS Ry
u Ryp (puc.2.3,0), a mpu 00paTHOM HANPSKEHUH — TOJIBKO COIIPOTUBIIE-
HuE Rygp, Tak Kak Ry << Rygp (puc. 2.3, B). Ha BBICOKMX YaCTOTaX EMKOCTH
HMEIOT CPaBHUTEIBHO HEOOIBbINOE conpoTuBicHue. [103ToMy mpu mpsMomM
HaAIPSHKCHUU MOJyYaeTcsl cxeMa 1o puc. 2.3, r (eciu 9acToTa He OYEeHb BbI-
cokas, T0 Cg MPaKTUYECKM HE BIIMAET, TaK KaK CONPOTHBIEHUE Ry, Ma-

JIEHBbKOE), a Ipu 00paTHOM ocTtarotcst Rygp v Cp (puc. 2.3, 11).

I_"—{ ___:"r‘r‘r'\.?__o O—D—:}—O
Cs i .
= P
““'----I-I ----------------- EE_ _____ ,i Roﬁp
a ! — o
B
Ro Rnp
— Roﬁp
‘ | Canep Ce
I E }iﬂ
Puc.2.3

Crnenyer uMeTh B BUAY, YTO CYUIECTBYET ellle eMKOCTh Cg MeXIy
BBIBOJJAMH JIMOJIa, KOTOpAask MOXKET 3aMETHO IIYHTHPOBATH IHOA Ha OYCHb
BBICOKHX YacToTax. OHa moka3zaHa Ha pucyHke mrtpuxamu. Ha CBY moxer
TaKXKe MPOSBIATHCS HHIYKTHBHOCTD BBIBOJIOB L.

B 3aBucMMOCTH OT TEXHOJIOTMYECKUX IPOLIECCOB, HCIIOJIb30BAH-
HBIX TIPH WX W3TOTOBICHHH, PA3IMYarOT IUIOCKOCTHBIC, TOYCUHBIC, CIIIaB-
HBIe, () (Gy3NOHHBIE, STUTAKCUANBHBIE JHOABI U p.
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[To ¢yHKIMOHATIPHOMY HA3HAYEHUIO THOABI JETST HA BBITPSIMH-
TeNbHbIC, YHUBEpPCAIbHBIC, WMITYJIbCHBIE, CMECHTEIbHbIC, ACTEKTOPHEIE,
MEPEKITIOYAIONIIEe, CTAOMIUTPOHBI, TYHHEIbHBIC, apaMeTpuuecKue, GhoTo-
JAUOJbI, CBETOANOAbBI, MATrHUTOAWObI, THOAbI LHOTKI/I, JAUObI T'anna u T. .

HO}IpO6HO C KaXJbIM U3 3TUX BHUAOB JHOJ0B MOXHO O3HAKOMMUTH-
cs B iutepatype [1, 4].

B wHTErpajspHBIX MUKpOCXeMax JHOMABI MpeTHa3HAYCHBI JJIS BBI-
TIOJTHEHMS psijia JIOTHYeCKUX (PYHKIMI NepeKIIIoYeHHs 3JIEKTPUIECKUX CUT-
HAJIOB, BBITIPSMIICHUS SJEKTPHUYECKOTO TOKA, JETEKTHPOBAHUS CHTHAJIOB.
OTH AAONBI CHENHANEHO HE M3TOTABIUBAIOT, & B KAUYECTBE WX HCHONB3YIOT
HWHTETpaJbHBIC TPAH3UCTOPHI, BKIIFOYaeMEbIE TI0 OJHOM M3 CXEM B 3aBHCHMO-
CTH OT TpeOOBaHMA, MPeABABIIEMBIX K nuoxay [1, 3, 5]. B Tabnuue npuse-
JIeHa CpaBHUTENbHAs XapaKTEePHUCTHKAa BO3MOXKHBIX BapHaHTOB AHWOIHOTO
BKJIFOUEHHMSI N-P-N TPAH3UCTOPA.

' 7 A\ Mocnen. ATt [Mapazr- 2 ) B
Ne| Tun sonnoro | Hoeelt - Wanpaserond Hapasir | Bpews Fakocrs, | OBpaThbti
BEJIKOYCHHAH conporienekme | Mposos rparsierop MEPErIoYeHHA TOK
B weckonsio pas X
Huszkoe |Huszkoe . . Munumansnas| Munnvansnei
1 Hem | 0OI6UE, | (sec gomu nd)| (0.5- 1 14)
( = r(,) (=78) yem Ne2
2 Huskoe |Huszxoe H Haumenvuiee | Munumansnan| Munioansumii
(~ 7_8) ge (e0. ne) |(decoom nd)| (0.5-1nd)

A ]
(%)

Bricoxoe |Buicoroe

B necronwo paz - -
Munumansnas Borwunit

40-508 Eeme | Goabue, (oec.domu nd) | (15 - 30 HA)
(=rgerx)  |(40-205) ven Ne2

B necronwo paz
FEems | 6omvute,
(wrg+ry) |(40-50B) S

Buicoxoe |Buicokoe

Munusmansnan Banwuwnit
(dec.oom nd)| (13- 30 n4)

Buicoroe |Huzroe Haubonswee | Hecxonvro Haubarsuuti
FEemo | (100 ne Gonsian (00 40 n4)
(xrger) [(=7B) ( )

NENEE

B 1enoM Haubosiee ONTHMAILHBIM BApPUAHTOM JUIS MHTETPATbHBIX
MHUKpPOCXEM B OOJIbIIMHCTBE CIy4aeB SIBISETCS CTPYKTypa Ha OCHOBE Iepe-
xo/1a «0a3a-IMUTTEP» C 3aKOPOUYCHHBIM Ha 0a3y KOJUIEKTOPOM (CTPYKTypa
No 2 B Tabmuie).
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2. UccaenoBaTeabckasi 4acTh

Iopsiaok BbINoIHEHHs PA0OThI

[epen BbIMONHEHUEM PaOOTHI HEOOX0OUMO UZYUUMB PACTIOIONKE-
HUEC OpPraHOB YIPAaBJICHHUS JIAOOpPAaTOpHOro mynbra (puc. 1) W OpraHoB
yIpaBJlieHHs] HAa CMEHHOM maHenu Mmakera (puc. 2.4, a), NIPUHINIHAILHYIO
cxeMy JlaboparopHoro makera (puc. 2.4, 0), a TaKxe IMOATOTOBUTH OTBETHI
Ha KOHTPOJILHBIE BONIPOCHI JTAaHHON paboTHI.

2.1. lopaTh MUTAHHE HA MAKeT B CJIeIyIOLIEH MocaeT0BaATeIbHOCTH:
— tymb1ep “Homep paboTsl” MOHKEH CTOSTH B TOJIOKEHUH “2”;
— TyMOnep SA2 noctaBuTh B nonoxkenue «M3m. BAXy;

— Tym0nep SA3 noctaButh B nonoxenue «Upp»;

— pyuky notenuuomerpa R1 «Upp-ogp» MOCTaBUTEH B KpakHee Jie-
BO€ IOJIOKEHHE;

— MEPEKIIIoYareNnb NpeAeaoB MUUIMAMIIEpPMETPA MOCTABUTh B IIO-
JIoXeHue «3MA»;

— MOJKITIOUNTh MynbTUMETp M-838 k rHezmam «I'4» (mpu 3TOM
NepeKIIoYaTellb poJa padoT MyJIbTUMETPa JOJDKEH CTOSTh B MOJOXKEHHU
U3MepeHuss MnocrosHHoro HanpskeHus «DCVy», mnpeaen u3sMepenus
«2000MB»);

— BKJIIOYHTH TyMOJep «CeTby.

2.2. UccenoBanue XapaKTepUCTHK HHTErPAJILHBIX AHO010B

NpH NPAMOM BKJIIOYEHHMH (CXeMa H3MepeHus Ha puc. 2.5, a)
CHSTD BOJBT-aMIIEPHYIO XapaKTEPHCTHKY IIPU IPSIMOM BKIOUE-
HHH MHTErpanbHoro auoma Inp = f (Upp) M0 cTpyKTypHl 1 (MCIIONB3yeTCS

KOJUICKTOPHO-0a30BbIH MEPeX0j, ASMHUTTEPHBIA BBIBOJ HE MoAKItoueH I =
=0), 14 4ero:

— TyMOnep SA1 nocTaBUTh B OIOKEHUE «1»;

— M3MEHsAA ¢ moMompio noteHIHoMeTpa R1 «Upp-osp» Hampsixe-
nue Upp uepes 0,1 B, usmeputs MusmamMnepmeTpom ToK auona lpp u 3a-
HECTH pPe3yJIbTaThl U3MEPEHUH B TaOIHILY.

VYcranaBnuBas nepekirodatens SAl mociaenoBaTenbHO B MOJIOKE-
HUSL «2», «3», «4», «5», aHAJOTMYHBIM 00Pa30M CHSITh BOJIbT-aMIICPHBIC
XapaKTEPUCTHKH COOTBETCTBCHHO:

— JUIs CTPYKTYPHI 2 (B Ka4eCcTBE JMOMA UCIIONB3YETCS KOJUIEKTOP-
HO-0a30BBbIi IEPEX01, IMUTTEPHO-0a30BbIi nIepexox 3aMKkHYT, Ug, = 0);

— CTpPYKTypel 3 (B KadecTBE OHOJAa HCIONB3YeTCS IMHTTEPHO-
0a30BBIN MIEPEX0/I, KOJTIEKTOPHBIA BBIBO HE ToKITtoUaeTcs, I = 0);
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— CTPYKTypHI 4 (B KauecTBE AHOAA HMCIIOJIB3YIOTCS MapaiensHoe
BKJIFOYCHHE 3MUTTEPHO-0a30BOr0 M KOJUIEKTOPHO-0a30BOTO IIEPEXOJIOB,
Uk = 0);

— CTIPYKTYpHI 5 (B KadecTBE OUOJA HCIIONB3YeTCS IMHTTEPHO-
0a30BEIif TIEPEX0/1, @ KOJUIEKTOPHO-0a30BHIi mepexot 3aMKHYT, Ugg = 0).

2.3. UccenoBanue XapaKTepUCTUK HHTETPAJIBHBIX AHO0I0B
NpHU 00pPaTHOM BKJIIOUEHHH (CXeMa M3MepeHus Ha puc.2.5, 0)

Tod
o6p_

1
Puc. 2.5

BEIMOTHNTE IpeIBapUTENBHO CIIEAYIONIIE OTePaLiH:

— pyuky norenuuomerpa Rl «Ugp-ogp» IOCTaBUTH B KpaiHEe Jie-
BOE ITOJIOKEHHE;

— Tym6nep SA3 noctauts B nonoxenne «Uggp»;

— Ha MyneTHEMeETpe M-838 ycranoButs npesnern namepenus «20 By;

— MEPeKITIIYATeINb MPEISIOB MUIUIHAMIIEPMETPa MOCTABUTh B OJTHO
U3 KpaiHUX MpaBbIX MOJOXEHUH (COOTBETCTBYIOIIUX HAMMEHbLIEMY 00-
PaTHOMY TOKy) M yCTaHaBJIMBaTh PeryisaTopoM «YcT. 0» (mpu Uggp = 0)
HOJTb Ha IPUOOpPE NPU KAXKIOM NEPEKITIOUCHIH MTPEIEIIOB;

— mepexrodatenb SAl MoCTaBUTh B MOJIOKEHUE « 1.

2.3.1. CHatp oOpaTHYIO BETBb BOJIBT-AMIIEPHOM XapaKTEPUCTHKH
unTerpanbHOro auona Logp = f (Upgp) s CTPYKTYpEHI 1, 11 YEro, M3MEHS
¢ momouiero motennmoMerpa R1 «Upp-ogp» Hampskenne Uggp uepes 1 B B
npenenax or 0 xo 10 B, u3MepuTh MUIHAMIIEPMETPOM TOK auMona logp U

3aHECTH PE3yJIbTaThl U3MEPEHUH B TaOJIHILY.
2.3.2. YcranoBuB mepexiouatens SAl B monokeHue «2», CHATH
00paTHYI0 BETBb BOJBT-aMIIEPHOI XapaKTEPHCTUKH MHTETPAIBHOIO IHOJA

Lo5p = f (Upgp) D01 CTPYKTYpHI 2 aHANOTHYHO I1. 2.3.1.
2.3.3. CHATb OOpaTHYIO BETBb BOJIbT-aMIIEPHON XapaKTEPHCTHKH

unTerpanbHoro auona logp = f (Upgp) 11st CTPYKTYPBI 3, JUISl YETO H3MEHSATh
¢ nmomompro noteHnuoMerpa R1 «Uyp-ogp» Hanpskenne Uggp B Ipenenax



25

or 0 B no manpsxenus mpo6ost Uppes (Korma oOpaTHBIN TOK PE3KO BO3pac-
Taer). Pe3ynpTaThl n3MepeHnii 3aHecTy B TaOIuILy.

Usmeputh Uppeg M COOTBETCTBYIOIMH eMy 0OpaTHBIN TOk B 2-X
TOYKaxX MpH yBeInmueHnHn oopatHoro Toka B 10 m 100 pa3 mo cpaBHEHHIO ¢

BEITMYMHOM 00paTHOTO TOKa Iy 10 HacTyruieHus mpobos (puc. 2.6, B).
2.3.4. Aranornuno 1. 2.3.3 ycTaHaBimMBasA nepekiodarens SAl B
MOJIOKEHHE «4» U «5», CHATh OOpaTHBIC BETBU BOJBT-AMIICPHBIX XapaKTe-

puCTUK UHTerpanbHoro auona Logp = f (Upgp) COOTBETCTBEHHO UL CTPYK-
Typ 4 u 5. Pe3ynbraThl n3MepeHui 3aHECTH B TaOJIHILy.

2.4. U3MepeHue Mapa3suTHBIX eMKOCTEH NATH CTPYKTYP
HHTErpajbHOr0 IM0AA

Jns gero:

— MOIKIIOYHATE K pazsemy X3 rereparop GRG-450B, a k rHe3my
X4 — BbICOKOYACTOTHBIA MULTUBONIBT™METP GVT-427B;

— YCTaHOBUTH C MOMOIIBIO0 BRIXOAHOTO arreHroaropa GRG-450B
MaKCHMAaJIbHOE BBIXOAHOE HANPSHKCHHWE TeHepaTopa M, W3MEHSS 4YacTOTy
reHepaTopa, HaCTPOUTh €0 Ha COOCTBEHHYIO PE30HAHCHYIO YaCTOTY KOH-
Typa 110 MakCUMaJIbHOMY Toka3aHuto BY BoibT™METpA;

— 3amKcaTh U3MEPEHHYI0 COOCTBEHHYIO PE30HAHCHYIO 4acToTy fo
KoJIe0aTeNbHOTO KOHTYpa 110 TOKA3aHUI0 YacTOTOMEpa I TI0 IIKaJie TeHe-
paTopa;

— moctaBuTh TyMOiep SA2 B monoxkenue «M3m. Cy». Ilpu 3ToM K
KOHTYpY noakirouaeTcs oopatHocmenieHHsid (Eqy = — 5 B) uATErpansueii
JIMOJ KaKOH-1Tn00 U3 CTPYKTYP (B 3aBUCUMOCTH OT TIOJIOKEHUS TIEPEKIToYa-
tenst SA1), a cnegoBaTenbHO, U3MEHSETCS 4YaCTOTa HACTPOHUKM KOHTYPA;

— TIOCTaBUTH Nepexitoyarenasb SAl B monoxeHue «1» u, BHOBb U3-
MEHSS 4acTOTy TeHepaTopa, HAaCTPOUTH €r0 Ha PE30HAHCHYI0 YacTOTy KOH-
Typa M0 MaKCHMAJIBHOMY TOKa3aHUI0 MHJUIUBOJIETMETPA;

— 3aIMcaTh CMEIEHHYIO YacTOTyY KOHTYpa fo1;

— 3Has eMKkocTh KoHTypa C = 100 n®, paccyuraTh EMKOCTh AUOMA
cTpyKTyphl 1 — Cjz; U3 COOTHOIICHUIA:

1

1
f =— -
'L Ju 2z JL(C+C,)

E)

2
OTKyZIa c, =C ﬁ _1

01
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Amnanoruuno onpegenuts emkocts Cp; (I = 2, 3, 4, 5) nns unre-
TpalbHBIX AMOIOB CTPYKTYp 2, 3, 4, 5, st uero nepeximodarens SAl mo-
CJIEZIOBATEJIFHO YCTAHABIMBATH COOTBETCTBEHHO B MOJIOKEHHE «2», «3»,
«» 1 «5».

2.5. UcciienoBanue BINSTHUSI TEMIIEPATYPHI HA BOJIbT-aMIIEPHBIE
XapaKTEePHCTHKH HHTETPATHHOTO THOIA
(BBITTONTHSIETCS TIO YKA3aHUIO IIPENOJABATENS):
— BKJIFOUMTH TepMOCTaT 6 Ha 1abopaTopHOM IyibTe (puc. 1);
— TIOBBICUTh TEMIIEPATYPY 10 t = tyop + 10 ° (pyuka perynupoBku 7);
— CHSTh BOJbT-aMIICPHBIC XapaKTePUCTHKH (IPSAMYIO U OOpaTHYIO
BETBH) HECKOJBKHX CTPYKTYpP UHTErPAJIbHOIO AMOA B COOTBETCTBUH C yKa-
3aHMSIMH M. 2.1-2.3.
[MocTpouTh rpaduky MOJTYUYESHHBIX 3aBUCUMOCTEH JUIS JIBYX TEMIIe-

patyp (twop ¥ t1 = tuop + 10 °).

3. O0padoTKa MOJTy4YeHHBIX pe3yJbTATOB

3.1. IlocTpouTs Ha MIJTUMETPOBOM Oymare mpsMyro U oOpart-
HYIO BETBH BOJbT-aMIIEPHBIX XapaKTEPUCTHK BCEX IISITH CTPYKTYp HHTE-
IPaJIbHOTO AMOJA.

3.2. Tlo BOJbT-aMIEPHBIM XapaKTEpUCTHKaM (TpsiMasi BETBb)
ONpEACNUTh ISl KaXJO0H CTPYKTYpbl HHTErpajibHOTO JHOJa NpSIMOe

nuddepeHnnanbHOe CONPOTUBIEHUE Fpp ITIPU HOCTOSHHOM TOKe Iy =
1 MA (cm. puc.2.6, a):
AU,
by = P AL
np
CpaBHUTH CTPYKTYPbl MHTETPAIBHOTO JAWOAA MO HpsMoMmy and-
(bepeHInanbHOMY COIPOTHBIICHUIO.
3.3. Tlo BONBT-aMIIEpPHBIM XapaKTepuUCcTHKaM (0OpaTHas BETBBH)
ONPENeNUTh I KaXIOW CTPYKTYPhl MHTEIPAIBHOTO JHOJa O0OpaTHOE

CONpOTHBIEHNE Rygp Tpu Hampsixkenuu cmemienust Uypsp = — 5 B (em.
puc.2.6, 6):
R AU
o6p AIoép '
CpaBHHUTH CTPYKTYPBl MHTETPAJIBHOTO IHOAA IO OOpaTHOMY CO-
[IPOTUBIICHUIO.
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3.4. Hna nuonoB CTPYKTYp 3,4 U 5, UCHONB3ys pe3yJbTaTbl
mn. 2.3.3 u 2.3.4, onpenenuts audQepeHIratbHOe CONPOTUBICHHE Ha
Y9acTKaX dJIEKTPHIECKOro pobos (cm. puc. 2.6, B):

B AUHM/
Toupp = N

[IpoBectu cpaBHEHHUE.
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KonTpoabHbIe BONPOCHI

[MonynpoBoHUKOBBIE AMOJBI. YCIIOBHOE O0O3HAu€HHE, KIIACCH-
¢bukanus.

WneanusupoBaHHas ¥ peanbHasi BOJbT-aMIlepHas XapaKTepUCTUKA
JMoza.

3aBuCHMOCTH 00PAaTHOIO TOKA M0/a OT TEMIIEPATYPH.

[Ipsimast BeTBb BOJIBT-aMIIEPHON XapaKTEPUCTHKH AMOJA. YpaBHe-
Hue Dbepca — Moma it auoa.

BonbpT-amriepHble XapaKTEpPUCTUKN KPEMHUEBOTO W T€PMAaHHUEBOTO
JINOZIOB, BIMSHUE TEMIIEPATYPBHI.

DkBuBalIeHTHaA cxeMa aroma. OCOOEHHOCTH DKBUBAJIIEHTHOMN CXe-
MBI ISl HU3KHUX U CPETHHUX YacTOT.

BI)IHpﬂMI/ITeJ'II)HbIe AUOAbI. X ocHOBHBIE napamMeTphbl.
NmnynbecHble auoabl. X 0oCHOBHBIE apaMeTpBhl.

Juoner Hlotku. OcoOeHHOCTH WX BOJBT-aMIEPHBIX XapaKTepH-
CTHK.

CrabwutpoHsl. BonbT-amriepHast XxapakTepHcTHKa, CXeMa BKIIIO-
YEeHUsI, yCJIOBUE craOwin3anuy, pabora ¢ Harpy3Koi, OCHOBHBIE
rapamMeTphl.

[Ipeunsnonnsie cTaOMIMTPOHEL. CTaOUCTOPHI.

Bapukansl: cxema BKIIIOYEHHS M SKBHBAJICHTHAS CXEMa, BOJBT-
GdapagHas XapaKTepHCTHKA, OCHOBHBIE IIapaMeTpsl U 00JIacTH
MIPUMEHECHHS.

CBeTonoIbl. XapakTePUCTUKU U 00JaCTH TPUMEHEHHUS.
®doroanoasl. Boabr-aMnepHas XxapakTepUCTHKa, PEXKUMBI paboThl,
(doronpeodpazoBaHre U (POTOrCHEPALUs, OCHOBHBIC TTApaMETPhl U
001acT! IPUMEHEHUSL.

OntpoHbl. XapaKTepUCTUKU U 00JIaCTH TPUMEHEHHSI.

Crioco0bl  TMOIHOTO BKJIFOUCHUS! WHTErPajibHOW TPaH3UCTOPHOM
CTPYKTYPBI M CPaBHEHHE HX I10 CIEAYIOIINM IapaMeTpam:

a) MaKCHMAJIFHO JOMYCTUMOMY pabodeMy HaIlpsDKEHHIO,

0) 0OpaTHOMY COTIPOTHBIICHUIO;

B) BBICOKOYACTOTHBIM CBOICTBaM;

T') IPSIMOMY CONIPOTHUBIICHHIO;

1) OBICTPOICHCTBHIO.
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JlaGopaTopHas paGora Ne 3

HCCIIE/JOBAHUE HHTEI'PAJIbHOI' O BHIIOJIAPHOI O
TPAH3UCTOPA ¢ cxeme ¢ O3

Heap padoThl: MccienoBaHNE ITapaMeTPOB MHTETPAIBEHOTO OUIO-
JIIPHOTO TpaH3UCTOpa B cxeMe ¢ OO U UX 3aBUCUMOCTHU OT TEMIEPATypHIL.

1. KpaTKne TCOPETUIECCKUE CBCACHUSA

bunonspHble TPaH3UCTOPHI — 3TO MOITYTIPOBOIHUKOBEIE IPHOOPHI C
IBYMs B3aMMOZEHCTBYIOIMMH IEKTPHYECKUMH P-N-TIEPEXOAAMH U TPeMs
BbIBOJIaMHU, YCHJIIUTECIIbHBIC CBOMCTBA KOTOPBIX O6yCHOBﬂeHbI SABJICHUAMHA
WHXKEKIMU M DKCTPAKIMH HEOCHOBHBIX HOCHTEJIEH 3apsja.

Tak Kak B mporecce MpoTeKaHHs AIEKTPUUECKOI0 TOKa Y4aCTBYIOT
HOCHUTENHN 3JIEKTPUYECTBA ABYX 3HAKOB — 3JIEKTPOHBI U JIBIPKH, TPAH3UCTO-
PBI Ha3bIBAIOTCS OUIIOJISAPHBIMHU.

B 3aBucHMOCTH OT THNA 3JIEKTPONPOBOJHOCTH HApYKHBIX CIIOEB
pa3IMYaroT TPaH3UCTOPHI N-p-n U p-n-p TUNOB (puc. 3.1).

Iy +y
-~ -~
3 K
b
g ? 0
n-p-n
a

Puc. 3.1

Crpenka cTaBUTCS Ha OSMHUTTEpE M HalpaBleHa Bcerga oT p-
obmactn Kk n-obmactu; B BT OHa ykaspiBaeT HampaBieHHE NPOTEKAHMS
SMUTTEPHOro Toka. Kpy>kok 03Ha4aeT, 4TO TPaH3UCTOP U3TOTOBJIEH B CaMO-
CTOATENIBHOM KOPIYCe, & OTCYTCTBUE KpPY’KKa — UTO TPAH3UCTOP BBINOIHEH
B OECKOPIYCHOM HCIIOJHEHHH WM 320JHO C IPYTUMHM JIEMEHTaMH Ha Ija-
CTHHKE TTOJTYIIPOBOAHHUKA, IPEICTABIISIIONIEH HHTETPAIBHYI0 MUKPOCXEMY.

Tpan3ucTopsl n-p-n THNa 6oIee PacHpPOCTPAHEHBI, TAK KaK UMEIOT
10 CPABHEHHUIO C P-N-P TPAH3UCTOPAMU JIyUIINE HMAPAMETPBI, YTO CBSA3AHO C
TEM, 4TO B HUX OCHOBHYIO POJIb WTPAIOT 3JIEKTPOHBI, 00JIaJaroIlue MOoJ-
BHXHOCTBIO, B 2 — 3 pa3a OoJbIlel, YeM JBIPKH.
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Yepenyromyecs: obyacTd 00pa3yroT I(Ba p-N-NEpexoja: dMUTTEp-
HO-0a30BbIH (3-b) u xomnekropHO-6a30BeIi (K-b). BakHO y4nTHIBaTH, 9TO
p-n mepexo/pl TPAH3UCTOPA U3-3a OYECHb MAJIOTO PACCTOSIHUSI MEXAY Iepe-
XO/1aMH, KOTOPO€ Ha3bIBAaIOT TOJIIMHON 0a3bl, CHIFHO B3aWMOAEHCTBYIOT.
OTO 03HaYaeT, YTO TOK OJHOTIO MEePEeXo/ia CUIILHO BIHSET Ha TOK JPYroro u
HaoOopoT. MIMEeHHO 3TO B3aMMOAEHCTBHE DPAJAMKAIBHO OTIMYAET TPaH3H-
CTOP OT CXEMBI C JIBYMsI BCTPEUHO BKIIOYEHHBIMH JANOAMH.

PaccMoTrpum mpuHIMN neicTBUS n-p-n TpaHsucrTopa (puc. 3.2, a).
[on neiictBuem npsimoro Egs, KOTOpOE MPHIIIOKEHO K mepexony I-b, amek-
TPOHBI N-00JIACTH 3MUTTEPA UHICceKmupyilomcea B 6a3y, coznasas I5. Kon-
LEHTPALNIO TPIMECEH B 3MHUTTEpE AEIA0T BO MHOTO pa3 Oosiblle, 4eM B
0a3ze, MOATOMY MHXKEKIMS ABIPOK U3 6a3bl B SMHUTTEp He3HauuTenbHa. V3-3a
MaJIoi TOJIIKHBI 0a3bl (JOJIM MUKPOHA) MOYTH BCE DJICKTPOHBI, PO Oa-
3y, uepe3 Tak Ha3bIBaeMOe BpeMs IpoJjieTa JOCTUraloT KojuiekTopa. ToJabpKo
Mauast yacth (1...5 %) MHXEKTHPOBAHHBIX SMHUTTEPOM 3JIEKTPOHOB PEKOM-
ounupyem ¢ npipkamu 6a3sl. O0patHoe cmenienue nepexona K-b, cosna-
BaeMoe UCTOYHHUKOM Ey, CIIOCOOCTBYET TOMY, YTO 3JIEKTPOHBI, MOJOIIEA-
mue K nepexoxny K-b, 3axBaTeIBaloTCs 3JIEKTPHUYECKHUM II0JIEM Iepexoja 1
MIEPEHOCATCST B KOJUIEKTOp (Tmporecc akcmpakyuu), coznasas Ix. B To xe
BpEMSI 3TO I0JI€ TPETATCTBYET MIEPEX0y IEKTPOHOB U3 KOJUIEKTOpa B Oa-

3y.

Imummep basa Koanexkmop Imummep Bazaq Konnexmop

2 AoLrexmo
Is ) -~ - I I 5 V' o—m - IK
- n o L p n —= . O—» n - p —

“ealo | T CH [
He&unp)t.u:mm Hel| KOHNIKmb R”
l T MEMLLT -f!l‘.i.'f)'ﬂpﬂﬂﬂdﬂﬂk IB*
B -
a 6
Puc. 3.2

DIIEeKTPOHBI, PEKOMOMHUPOBABIINE C JAbIPKaMU 0a3bl, COCTaBISAIOT
TOK 0a3b1 I Takum oOpa3om,

Ix=1-Ig=al5,

rae a = 0,95...0,98 — xoaddurueHt nepegayn Toka SMUTTEPA.
AmnanornyHo pabotaer TpaH3uCTOp p-n-p-tHmna (puc. 3.2, 6). Or-

JMYHE COCTOMT JIMIIb B TOM, YTO €r0 3MHUTTEp UCIYCKaeT B 0a3y He 3JeK-

TPOHBI, & JBIPKH, TOATOMY MOJNSPHOCTH MPHKIAABIBAEMBIX K HEMY MPSIMOTO
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Egs n obpatHoro Ey HampspKeHUH JOJDKHBI OBITH TMPOTHBOIIOIOKHBI TPaH-
3UCTOPY N-p-n-TUna (cpaBHUTE puc. 3.2, a u puc. 3.2, 6).

[Tpu noBbIIEHNH HANPSIKEHHUS Ha KOJUIEKTOPHOM NEpPEeXoje B HEM
MIPOMCXOJUT JIABUHHOE Pa3MHOXKEHHE HOcuTesed 3apsija (IJaBHBIM 00pa-
30M pe3yJbTaT yJapHOil HOHH3aLUK). DTO SBJICHUE M TYHHENbHBIH ddeKkT
CHOCOOHBI BBI3BATh JJIEKTPUYECKUI NMPOOOH, KOTOPBI NpH BO3pacTaHUU
TOKa MOXKET TEpeHTH B TEIUIOBOM NpoOOH mepexona. DIEKTPUYECKUH |
TEIUIOBOH MPOOOM KOJUIEKTOPHOTO NEPEX0Aa B TPAH3UCTOPE MPOHUCXOIAT B
OCHOBHOM TaK €, KaK U B IHOJIE.

Ho B Tpan3ucrope mpu 4upe3MepHOM KOJJICKTOPHOM TOKE MOXKET
BO3HHUKATh TEIUIOBOI Mpo0oii 6e3 MpeIBapuTEIIEHOTO IEKTPUISCKOTO TPO-
605, T. €. 6e3 TOBBIICHUA HANPSHKCHHUS HAa KOIJIEKTOPHOM IIepexojie A0
MpOOUBHOTO. DTO SABJICHUE, CBA3AHHOE C IIEPETPEBOM KOJIEKTOPHOTO Tepe-
X0JIa B KaKOI-TO €ro 4acTH, TOIYy4MII0 Ha3BaHUE 6MOPUUHO20 NPOOOA.

W3MmeHeHHe HaNpsHKEHUHM HA KOJUIEKTOPHOM U SMUTTEPHOM Iiepe-
XOJIaX COIPOBOKAAETCS U3MEHEHHEM TOJIIIUHBI ATUX Nepexo0B. B pe3yinb-
TaTe M3MeHseTcs ToymuuHa 0a3bl. Takoe siBIeHWE HA3BIBAIOT MOOyaAyueil
monuwunsl 6azel (3pghexm Spau).

3a cuer 3¢ddexra npu noseimieann Uygs TommuHa nepexona K-b
BO3pacTaer, a ToJmuHa 6a3pl yMeHbmaercs. [Ipu odeHs TOHKOM 0aze Mo-
KET NPOU30UTU dPPEKT CMBIKAaHUSA («NPOKOA» Ha3bl) — COSAUHEHHE KOJI-
JIEKTOPHOT'O Nepexo/ia C IMUTTEPHBIM. B aTOM cityuae obnacts 6a3bl ncue-
3aeT U TPAH3UCTOP MEPECTaeT HOPMAJILHO paboTaTh.

[Tpn yBenmueHNN WHXXEKIIMK HOCUTEJEH M3 AIMUTTEpa B 0as3y mpo-
UCXOJUT HAKONIeHUe HeOCHOBHBIX HOCumenell 3apsja B 0ase, T. . yBelH-
YeHUe KOHLEHTPALMH 1 CYMMapHOTO 3apsifia ’TUX HOCHTEIEH.

Hao6opoT, npu yMeHBIIEHNH HHXCKIMH TPOUCXOAUT yMEHbIIIe-
HUE KOHILIEHTPAIIMA U CYMMAapHOTO 3apsa HEOCHOBHBIX HOCHTEIICH B HEM.
3TOT mpoIiecc Ha3BIBAIOT PACCACHIGAHUEM HEOCHOBHBIX HOCUmeIell 3apaaa
B Oase.

OTH JBa TpoIiecca BIUAIOT Ha OBICTPOICHCTBIE TPAH3UCTOPA.

IIpy ucnosnb30BaHUKM TPAH3UCTOPA B IEKTPOHHBIX YCTPOMCTBAX
HYKHBI JIBa BBIBOJIA JIJIsl BXOJJHOTO CUTHaJla M JIBA — JUIs BBIXOJHOTO (Ha-
rpy3ku). Tak kak y TpaH3ucTOpa BCErO JIMIIb TPU BBIBOJA, OJIUH M3 HUX
JIOJDKEH OBITh 0Ou4uM, TIPUHAIUICKAIINM OJHOBPEMEHHO M K BXOJHOH, U K
BBIXOJTHOW LEIH.

B 3aBucMMOCTH OT TOro, Kakoil 3JIeKTPOA TPaH3UCTOPA SIBISETCS
00IIMM, pa3IYaroT TPH CXEMBI BKIFOUCHUS TPAaH3UCTOPOB!

¢ ooweit oaszoii (Ob) — puc. 3.3, 0,

oowum Imummepom (03) —puc.3.3,a u

oouwum xonnekmopom (OK) — puc. 3.4.
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Puc. 3.3

1> Usbix
l =Un

He3aBucumo oT cXeMbI BKIFOUEHHS TPAH3UCTOP MOXKET paboTaTh B
OJTHOM M3 YEThIPEX PEKUMOB, B 3aBHCUMOCTH OT MOJISIPHOCTH HAIPSHKECHHUI
HAa €ro p-n rnepexo/ax:

B aKTHBHOM PEXHME, Korjaa rnepexox J-b cMerieH B npsiMoM Ha-
npaBjieHnd, a nepexoa K-b — B o6patHOM;

B PEKUME HACBIIEHHUS, Kor/ia 00a nepexoja BKIOUYEHbI B MPSIMOM
HalpaBJICHUH;

B PEKUME OTCCUKH (3amMpaHusi), Koraa o0a mepexoia BKIOUYCHBI B
00paTHOM HarpaBJICHUH;

B MHBEPCHOM pexXuMe, Koria nepexoa I-b cmemieH B oOpaTHOM
HaTpaBJieHUH, a nepexon K-b — B mpsmom.

AKTUBHBI PEXHM sIBISCTCS OCHOBHBIM. OH HCHONB3yeTCS B
OOJIBIITMHCTBE YCUIIUTEIICH U TEHEPATOPOB.

PexuMbI OTCEYKH M HACBIIICHHS XapaKTEPHBI JJIsl KMITYJIbCHOH pa-
OOTHI TPAaH3UCTOPA.

TpaH3UCTOp KaK YCHJIMTENb MPHHATO XapaKTepU3OoBaTh KoIhghu-
YUEHMAMU YCUieHus v 3HAaUCHUEM 6X00H020 CORPOMUBIIEHUSL.

Pazmmaarot 3 Buna k03¢ (GUIIMEHTOB YCHICHHS:

* koappuyuenm ycunenust no moxy Ky = Alpyx / Algy ;

* koappuyuenm ycunenusi no Hanpsisicenuro Ky= AUppix/ AUpgy ;
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* k0ahPpuyuenm ycunenusi no mownocmu  Kp= APgpix / APpx =
=K I *K U -

Bxonnoe conporuBnenue: Rpy=AUpx/ Algy .

BxoaHOE CONMPOTHBICHHE JIFOOOT0 YCHIJIMTENS MPUBOAUT K HCKa-
YKCHUIO BXOJHOTO curHana. JIro0oi peaibHbI HCTOYHUK CHTHAIA 00JiagaeT
HEKOTOPHIM BHYTPCHHHUM CONPOTHBICHHEM, W TpPU MOIKIIOUCHHH €ro K
YCHITUTEII0 00pa3yeTcs AeTUTENb HAMPSDKEHUS, COCTOSIINN U3 BHYTPEHHE-
IO CONPOTUBJICHUS HCTOYHHKA W BXOJHOTO COIPOTHUBIICHUS YCHIHTEINS.
[TosTOMy YeMm BbIlIE BXOAHOE COMPOTUBIICHHUE YCHIUTENS, TEM OOJbIIIas
YaCTh HAMPSDKCHUS] CUTHAMA OyIET BBIACISTHCS HA ITOM CONPOTHBICHUU U
YCHJIMBAThCS M TEM MEHbBILAS €ro 4acTh OyJEeT MajaTh HAa BHYTPEHHEM CO-
MIPOTHBIICHHUH CaMOT'0 HCTOYHHKA.

CpaBHHTEIbHAS XapPAKTEPUCTUKA CXEM BKIIFOUCHHS TPAaH3UCTOPA
NpUBe/IeHa B TabJIHLIE.

| Mapamerp Cxema 09 Cxema Ob Cxema OK
| HemHoro menbme |
: Ki HecaTkn-coTHH JecaTKH-COTHH
| eounuybI
Ku JlecaTku-cOTHH | JleCSTKH-COTHH Hemuoro menbuue
| eouHuubl
[ = = = 3
5 CoTHH-1eCATKH
Kr B JlecATKH-COTHH JlecATKH-COTHH
Rex . Cornn OM- | Eppmuusr-necsitkn  JeCATKH-COTHHM
eaqHHHLbI KOM Om KOm
Rubix Enunnusi- | Cornu kOm- Corau Om-
necaTku KOm equHuubl MOMm eAHHHLBI KOM
Dazoestii cosuz | o | |
meancoy 180 0 0
Usbix v Ux

[Tpu m3meHeHMn pexuMa pabOTHI TpaH3UCTOpa Kod((dULKEHT o
n3MeHseTcs B a0CONIOTHOM 3HaUYCHWH HE3HAYMTENIBHO U OCTAaeTCsl OJIM3KUM
K €IMHMIIE, B TO BpEeMs Kak JIHMara3oH M3MEHEeHUH ko3¢ ¢uuunenra f Oyner
6onpminM. Ha puc. 3.5, a, 6 B kadecTBe mpuMepa Moka3aHa 3aBUCHMOCTD
koddunreHTa f oT Toka sMuTTepa U HanpsokeHus Uy A TpaH3UCTOpa
KT602b. Ha yaactke 1 3aBucumoct f(I5) B 00IaCTH MaibIX TOKOB 3HAYe-
HHE f MaJio BCIIEACTBUE CHIIBHOTO BIMSHUS PEKOMOHHALUHK B SMUTTEPHOM
nepexone. Bo3pactanue f Ha 3TOM ydacTKe CBS3aHO C YMEHBLICHHEM BIIHS-
HUsI TOKa pekoMOuHalmu. B obnactu cpeqHux TokoB (y4yactok 2) f moctu-
raeT MakCHMaJIbHOTO 3HaueHus. O61acTh OONBIINX TOKOB (y4acTok 3) co-
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OTBETCTBYET BBICOKOMY YPOBHIO WHXKEKLHH, IIPH KOTOPOM HPOSBIISETCS
HECKOJIBKO (pH3MUecKuX (P (PEKTOB: yMEHBIIECHUE YASIbHOIO COIPOTHBIIE-
HUsl 0a3bl, 3PPEKT OTTECHEHUS TOKA DIMHUTTEpPA, YBEIWYCHUEC (PU3HMUSCKOU
tomnuuHbl 0a3el (3ddext Kupka) u yBenuuenune 3pPpekTHBHOr0 KodpuIu-
eHrta audQy3un IEKTPOHOB B Oaze.

B B B
200“ 2 200“ 200“
1
3 /
100} 120 —T001
Uks» =40 B Ik =10 MA
40 t,9C
> —t——— >
0 20 40 Dua 0 20 40 Uxs, B -80 -40 40 80
a 0 B

Puc. 3.5

3aBucumocTh K03 dunrenTa nepeaadr Toka f oT HaNpsHKSHHS Ha
komekTope Uy oOycioBiena nByms 3(pdeKkraMu: yMEHBIIEHHEM TOJIIH-
HBI 0a3bl C POCTOM OOpaTHOTO HANpPsDKEHMS Ha KOJUIEKTOPHOM IIepexojie
(a3ddexr Dpau) u ynapHOW MOHHM3ANKEH B KOJUIEKTOPHOM mepexoje. [Ipu
MOBBINIEHUH OOpaTHOTO HANpPSDKEHHS Ha KOJUIEKTOPHOM IIEpeXoJie €ro
TOJIIIMHA yBeIW4MBaeTcs. [lepexo pacmmpsieTcs: Kak B CTOPOHY KOJUICKTO-
pa, Tak U 0a3pl. YMCHBIICHHE TOJIIIUHBI 0a3bl MPUBOJUT K MOBBIIICHUIO ff
[JIaBHBIM 00pa3oM BCIEACTBHE MOBBIMCHUA S((EKTUBHOCTH SMHUTTEpPA.
VYnapHas HOHU3AIMS B KOJUIEKTOPHOM TIEPEXO0JIe BOSHHUKACT MPU TOCTATOU-
HO BBICOKOW HANPSKEHHOCTH TIOJIS.

Koadhdunment nepenadn Toka 6a3sl 3aBUCUT TaK)KE U OT TEMIIEpa-
TypHI (puc. 3.5, B). YBenuueHnue ff CBA3aHO C POCTOM BPEMEHH KH3HH He-
OCHOBHBIX HOCHTENEH B 6a3e MpH yBEINICHUHN TeMIIepaTyphl.

[Tpu paccMOTpeHMHM CBOWCTB TPaH3UCTOPOB M IJISl MPAKTHYECKUX
pacy€TOB TPAH3UCTOPHBIX CXEM MCHOJIB3YIOTCA CTATUYCCKUC BXOAHBLIC U
BbIXOAHBIC BOJIbT-aMIICPHBIC XAPAKTCPUCTUKU TPAH3UCTOPOB B TOW WU
WHOHM cXeMe BKJIIOYEHUS. DTH XapaKTEPHCTHKH ITOKA3bIBAIOT 3aBUCUMOCTH
MEXIy TOKAMH W HANPSOHKCHUSIMHU B TPaH3UCTOPE W CHUMAIOTCS TPU HO-
CMOAHHOM MOKe VI OMCYMCMEUU HAZPy3Ku B BEIXOAHOW nenu. B Tpan3u-
CTOpax B3aMMHO CBSI3aHBI BCETJa YETHIPE BEIMYMHBI: BXOIHBIC W BBIXO-
HBIE TOKH U HAIIPSDKEHHUS.

Bxoonas xapakmepucmuxa — 510 3aBucuMocth Igy = f (Upx)
npu GUKCUPOBaHHBIX 3HAYCHUSIX Uppry = const.
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Buvixoonvie xapaxmepucmuku (00ObIYHO CEMEHCTBO XapaKTepH-
CTHK) — 3T0 3aBUCUMOCTU Ippix = f (Upprx) TpW (PUKCHPOBAHHBIX 3HA-
YECHUSX BXOJHOT0 Toka (miu HampsokeHus) Ipy = const (Upy = const).

WNHorna ucmonb3yercss HpoXooHas Xapakmepucmuxka — 3aBUCU-
MocTh Igpry = f (Upx)  mipu BbixonHoM HampspkeHUM Upggy = const (uc-
MTOJIL3YETCS Yallle BCETO MPH OIMHMCAHUH MOJICBOTO TPAH3UCTOPA).

JIis KakaoH U3 TpeX CXeM BKJIFOUCHUSI CYIIECTBYET CBOE CeMEHCT-
BO XapaKTepUCTHK [1].

C TOBBIIIGHHEM YacCTOTHl yCHWJICHHE, NAaBAeMOE TPaH3UCTOPaMH,
CHIDKaeTCs. Y 3TOTO SBICHUS [IBE TIaBHBIC TPHYIHEIL.

Bo-mepBrix, Ha OoJiee BBICOKMX YacCTOTAaX CKAa3bIBACTCS BPEITHOE

BIIMSIHAE €MKOCTH KOJUIEKTOpHOTO mepexona Cy (Ha BBICOKMX YacTOTax pe-
aKTUBHOE COMPOTHUBJICHHUE €MKOCTH Xcx CTAHOBUTCS MaJibiM M B HErO OT-
BETBJISIETCS 3aMETHAsI YaCTh TOKa, CO3/IaBAEMOT0 T'€HEPaTOPOM, a TOK 4Yepe3
Ry cootBercTBeHHO yMeHbIIaercs). CliegoBaTeNbHO, YMEHBIIAIOTCS BCE
koapdumments ycunenust K;, Ky u Kp, BeixogHoe HanpspkeHne Upprx
1 BBIXOIHAS MOITHOCTD Pgyry.

Taxkum 00pa3oM, BCeACTBUE BIUSHUS (TJIABHBIM 00pa3oM) €MKO-
ct Cy Ha BBICOKHMX YacTOTaX YMEHBIIAOTCS KOI(D(GULMEHTBI YCUICHHS a
u p.

Bmopas npuyuna cHyxeHus: ycuieHusl Ha OoJjiee BHICOKHX 4acTo-
Tax — OMICMasanue no paze nePemMeHHoz0 MmoKa KojieKmopa om nepe-
Mennozo moka Imummepa. OHO BBI3BAHO HMHEPIMOHHOCTBIO IIpoliecca
nepeMelieHns HocuTeleil yepe3 6asy OT 3MUTTEpa K KOJUIEKTOPY, a TakXkKe
HWHEPIIMOHHOCTHIO TPOIIECCOB HAKOIUICHHUS M paccachiBaHUS 3apsija B 0ase.

3a cYeT 3TOro CIABUTa Ha BRICOKHX YacTOTaX BO3PACTacT IIePEMEH-
HBIA TOK 0a3bl (puc. 3.6), a OT 3TOr0 CHIKaeTcsi KOA(D(GUIMEHT yCHUICHUS
IO TOKY f.

I Is L 1.
IK IK
i
ﬂ = ﬂo ﬁ ( ﬁo

Puc. 3.6
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TakuMm 00pa3oM, 0pH MOBBIMLEHHH YacTOTHI Kod(durment f
YMEHBIIIAeTCs 3HAUUTEIBHO CHiIbHEe, HeXxXenu o (puc. 3.7).

Koappuuuent a camxkaercst ot BausHust eMkoct Ck, a Ha 3Haue-
Hue f Biusier emie U (azosblit cBur Mexay Iy u I 3a cuer BpeMeHHU npo-
Oera Hocutenel depes 6asy. OTcroma sICHO, YTO cxema O 1O CpaBHEHUIO
co cxemoil OB o0nanaer 3HauumenbHo XyOuiumu 4YacmomusiMu C80ICH-
eamu.

[TpuHATO cyYMTaTh MpPEAENbHO JOIMYCTUMBIM YMEHBIIECHHE 3Haue-
Huii a u f Ha 30 % 10 CpaBHEHMIO C MX 3HAYCHUAMH 0y U fy Ha HU3KHUX Yac-
TOoTax. Te 9acToThl, HA KOTOPHIX & = 0,7ay u f§ = 0,78, Ha3BIBAIOT Npedens-
Hoimu yacmomamu ycuienua it cxem Ob u OD (COOTBETCTBEHHO f,, U

Ip-
Tak kak f yMeHbLIAETCA TOPa3l0 CUIbHEE, HEKEIH d, TO fp<<f,

(fs= 1o/ B)-
a/a, BB,

Ha BBICOKHX WacTOTax M3MEHSIOTCA BCE MapaMeTphl TPaH3UCTOPa,
1 OHHU OyIyT KOMIUIEKCHBIMH BEITHYUHAMU.

2. UcciienoBaTebCcKas 4acTh

IMopsaok BeINOIHEHHST PAGOTHI

Ilepen BbINOIHEHHEM PAOOTHI HEOOXOOUMO U3Y4UmMb PACIOIONKE-
HHE OpPraHOB YIpaBJICHHS JIAOOpaTOpHOTO mynbTa (puc. 1) W opraHoB
yIpaBJICHUS HA CMEHHOHN MaHenn Maketa (puc. 3.8, a), MPUHIUIHAIBHYIO
cxeMmy nmabopaTopHOro Makera (puc. 3.8, 0), a TakKe MMOATOTOBUTH OTBETHI
Ha KOHTPOJIBHBIE BOIIPOCHI JAHHOH PaOOTHL
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2.1. IlonaTh NUTAHME HA MAKET B CJelyIolIell MOCc/1e0BATEIbHOCTH:

— tymbuep “Homep paboThl” 10JKEH CTOSTDH B IMOJIOKEHUH 37

— TyM6nep SA1 noctaButs B nosnoxenue «O0y;

— Tym6nep SA4 noctaButh B nosoxkeHue «Uy»;

— TymOiiep SAS nocraButh B nosnoxxeHne «+Ug»;

— MOJKITIOUNUTh MynbTUMETp M-838 k rHezmam «I'1» (mpu 3ToM
NepeKIIoYaTeNlb poJa padoT MyJIbTUMETPa JOJDKEH CTOSTh B IMOJOXKEHHU
N3MEpEeHHs MOCTOSIHHOTO HanpspkeHus: «kDCVy», npenen usmepenus «20B»);

— BKJIIOYHUTH TyMOJep «CeTby.

2.2. CHATH BXOJHYI0 XAPaKTePHCTUKY TPaH3HUCTOpPA (3aBUCH-

MOCTh Toka 0a3el I ot HanpshkeHus O0aza-amurrep Usy, cM. puc. 3.9) B cie-
JIYIOLIEH M0CIeI0BaTeNbHOCTH:

— BBICTaBHUTH C MOMOIIBIO moTeHIHoMeTpa «Ug» HANPSIKEHUE MEKTY
SMHUTTEPOM M KOJUIEKTOPOM TpaH3uctopa 5 B (KOHTpoJupyeTcsi MyJbTH-
METPOM, TOJKITIOYSHHBIM K THe31aM «I'1»);

— nepextrounTh TymOnep SA4 B monoxenue «Ug, Us», mpu 3TOM

MYJBTUMETp OyzeT u3mepsrts Hanpsbkenue Us, (Ha MyJabTUMETpe I0JKEH
cToATH mpeaen uzMeperus «2000my);
— M3MEHsIsI C TOMOIbI0 nepekiodatTens SA2 Tok 6a3bl oT 1 10

10 MKA, cusTh 3aBucumocts Uy, ot I;.

| RARTV AL MA 10

L
T
i
I
|

el

ﬂ
—~——

|
0,5 0o U, U_ B
Puc. 3.9 Puc. 3.10

2.3. CHATH ceMeliCTBO BBIXOJAHBIX XapaKTePUCTUK TPAH3UCTOpA
(3aBUCHMOCTB TOKa KOJUIeKTOpa I OT HANpsKEeHUs KOJUIEKTOp-3MHTTED Uy,

P pa3IM4HBIX TOKax 0asbl I, cM. puc. 3.10) B ciemyromiel mocienoBa-
TEJILHOCTH:

— tymOnep SA4 nocraButh B nosnoxxkeHne «Ug»;
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— mepekirodareaeM SA2 BBICTABUTH MEPBOE TOJOKEHUE TOKa 0a3bl
«1 MKA»;
— U3MCHSISI HAMIPSDKCHHE HAa KOJUIEKTOPE C MOMOIIIBIO MOTEHI[HOMETpa

«Ug» ot 0 1o 10 B, CHITH 3aBUCUMOCTbH TOKa KOJUIEKTOpa I OT HaIpsiKe-
Hust Uy , IpA 3TOM: TOK KOJUICKTOpa H3MEPSICTCS MUJLTHAMIIEPMETPOM, pac-
IIOJIOKCHHBIM Ha BepTHKaﬂbHOﬁ IIaHCJIM MakKETa, npuqu HeO6XOHHMbII>lI
MpeJIe)l U3MEPSICMOT0 TOKa YCTAHABIMBACTCS COOTBETCTBYIOIIMM TIEPEKITIO-

YaTeJieM, PacIioj0KEHHBIM PIOM ¢ IPHOopoM «ly».
[Ipu m3mepeHusIx HeE0OXOAMMO OOpPAaTUTH BHUMAaHHWE HAa HadalbHBIA

YYacTOK BBIXOAHBIX XapaKTEPHCTHK, UL Yero U3MEHATh HanpsbkeHne Uy Ha
yuactke (0...0,5) B ¢ unrepsanom 0,1 B (npu amom oésa3amensno 3anu-

camy 3nauenusn I, u Uy 6 mouke nepecuda xapaxmepucmuxu), a B 1ajib-
HeitmeM 3agath 3HaueHus Uy = 1B, Ux=5B u Ux=10B;

— MOBTOPUTH U3MepeHus 3apucumMoctu Iy ot Uy. nipu npyrux 3Hade-
HUSX ToKa 0a3bl Ig, MEHsS MOI0XKEHUS TIepekiodaTens SA2.

2.4. CHATH MPOXOJAHYI0 XapaKTEPUCTHKY TPaH3HCTOpa (3aBUCH-
MOCTh TOKa KoiuiekTopa Iy oT Hanpsokenus Up,, cM. puc. 3.11) B cnenyro-
Il moceI0BaTebHOCTH

— BBICTaBUTH NOTeHIIMOMETPOM «U» HanpspKeHue Ha KosuiekTope 5 B;
— nepexitouarens SA4 nocraButhk B nonoxenue «Ug, Uyy, pu 3TOM
MyJIbTHMETp OyneT m3mepsaTs HanpspkeHue Uy, (Ha MyTbTHMETpE TOJDKEH

cToATh peaen m3mepenus «2000my»);
— IS KQKJIOTO TMOJIOKEHHSI Tiepekirouatens SA2 3anucarh MoKa3aHHUs

MyJbpTUMETpa — HanpsbkeHne Uz, ¥ COOTBETCTBYIOIIEE €My 3HaUCHUE TOKa
KomiekTopa Iy (MIIIHaMIepMeTp Ha BEPTUKAJIbHOM MMaHe/Id MaKeTa).

A .MA

t +10°C

HOpM HOPM

fa\-p,r.

Puc. 3.11
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2.5. UccnenoBanue BJIMSIHMS TeMIEpaTypbl HA IPOXOAHYIO
XapaKTePUCTUKY TPAH3UCTOPA (BBIIONHAETCS MO YKa3aHHIO IIPENojaBa-
Tens):

— BKJIIOYHTH TepMOCTaT 6 Ha aboparopHoM mysnbte (puc. 1);

— HOBBICUTb TEMIIEPATYPY 10 t = tyep + 10 ° (pyuKa perynuposku 7),

— CHSITh NPOXOJHYIO XapaKTEPUCTHKY TPAaH3UCTOpA aHAIOTHMYHO
. 2.4.

2.6. UsmepuTh eMKOCTH KoJuIeKTOp-0a3a Cx M KOJUIEKTOP-

noAJa0KKa Cyyy, IUIS YETO:

— noaxIounTh K pazseMmy X1 reneparop GRG-450B, a x ruesmy
X2 — BrIcOKOYacTOTHBIN BonbT™MeTp GVT-427B;

— TyMOnepsl SA6 1 SA7 OCTaBUTH B HIDKHEE TIOJIOKCHHE;

— YCTaHOBHTH C TOMOUIbIO BEIXOMHOTO arTeHroaropa GRG-450B
MaKCHMaJIbHOE BBIXOAHOE HAMpSDKEHHE TeHeparopa M, M3MEHsSS 4acToTy
reHepaTopa, HaCTPOUTh €0 Ha COOCTBEHHYIO PE30HAHCHYIO YaCTOTY KOH-
Typa 10 MAKCUMaJIbHOMY IT0Ka3aHuo BY BonbTMETA;

— 3amMcaTh M3MEPEHHYI0 COOCTBEHHYIO PE30HAHCHYIO 4acToTy fy
KoJIeOaTeIbHOrO KOHTYpPa MO MOKa3aHHWI0 YacTOTOMEPa MM 10 IIKaje I'eHe-
paropa;

— moctaBuTh TyMOsep SA6 B monoxenue «M3m. C». Ilpu atom k
KOHTYPY HOJKIIIOYAeTCsi EMKOCTh KOJUIEKTOP-0a30BOTO Mepexoaa TpaH3H-
CTOpA, a CJIeJ0BaTEIbHO, M3MEHIETCS YacTOTa HACTPOWKN KOHTYDA;

— BHOBb U3MEHSIS YaCTOTY I'€HepaTopa, HACTPOUTD €ro Ha pPe30HaHC
10 MAaKCUMaJIbHOMY I0Ka3aHuto BY BonbT™METpA;

— 3aIMcaTh CMEIICHHYIO YacTOTy KOHTYpa fy2;

— 3nas emkocth konTypa C = 100 n®, paccuntars emxocts Cy u3
COOTHOIIEHUI:

1 1
f - > — 5
" 2zLC T 2z JL(C+C,)
2
OTKYNd ~ _ o Jo _
. =

02

Ananornuno onpenenuts eMkocTh Cgpm, Ul Yero IOCTaBUTh
Tymbnep SA6 B HikHee Tonoxenue (oTkmoyaercs eMkocTh Cy OT KOHTY-
pa), a Tym6nep SA7 — B monoxenue «M3m. C» (K KOHTYPY MOJKITFOUACTCS
emkocTh Cyp), ONpeneuTh HOBYIO CMEIIEHHYIO 4acTOTY fy; U PacCUMTaTh
snauenne Cyp.
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2.7. U3mMepuTh CONPOTHBJIEHHE KOJJIEKTOP-NOAI0KKA HHTe-
rpajbHOr0 TPAH3UCTOPA, TSI ITOTO:

— IOCTaBUTh TyMOJIepbl SA6 1 SA7 B HUXKHEE NOJIOKEHNUE;

— MOJKJIIOYHTH BXOJ oMMeTpa npubopa B7-26 k raesny «I'2» (co-
0JTI0/1ast IOJIIPHOCTD, T.€. 3a36MJICHHYIO KiieMMy B7-26 coelMHUTH ¢ 3a3eM-
JIeHHOH KJIleMMoii THe31a «I'2»);

— U3MEHSIS M0JIOKEHHE NePeKITIoUaTessi MHOXKUTEISI OMMETpa, 13-

MepHThL conpoTusienue Ry

3. O6padoTKa MOJTy4YeHHBIX pPe3yJbTaTOB

[Tepen BbIMONHEHHWEM pa3jeia NpPernojaaBaTeib, BEAYLINH 3aHs-
THE, 33aJaeT I KaKAO0ro cTyneHTa Opuransl padbouyto touky (P.T.) Ha
BBIXOJTHBIX XapakTepucTukax (I u U,G).

3.1. IlocTpouTs Ha MIUTUMETPOBOH OyMare BXOJHYIO W BBIXOJ-
HbIC XapaKTEPHCTHKU HCcaeayeMoro tpansuctopa (puc. 3.9 u 3.10).
[Tpu mocTpoeHUH BXOJHOI XapaKTEpUCTUKU HA4asl0o KOOPAHWHAT MO OCH
abcumcce nepenectu B Touky 0,5 B, Tak kak npu MEHbLIEM HaIpPsDKEHUU
SMUTTEPHO-0a30BBIN MEPEXOJ 3aKPHIT M TOK Yepe3 TPaH3MCTOpP HE Mpo-
TEKaer.

Hanectu pabouyto Touky (P.T.) Ha xapakTepuctuku (puc. 3.12).
ITo 3HaueHuto Toka 0a3wl I; HA BXOMHON XapaKTCPHUCTHKE HAWTH 3HaUe-
uue Hanpsokenus: Ug, B P.T. 1o 3HaueHnto Toka 6a3bl I5 U HanpsoKeHUs

Uy, Ha BBIXOJJHOH XapaKTEPUCTHUKE ONPENEINTD TOK I B paboueil Touke.

I .
hh Is
Is1 A
U=35B
INARINZ Al =161 - 152
| PL.
pr,r, ! R 162 ”
| ) Al ey
| Uspr) |ALG !
i YAUZ
Ul=5B . L AUZ
0 AU Uo, B 0,5 Uiy Us, B
a §)

Puc. 3.12
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3.2. TTo mOCTPOEHHBIM BBIXO/IHBIM XapaKTEPUCTUKAM ONPEIEIUTh B
paboueii Touke oughghepenyuanvnsvtii KoOIpPuyuenm ycunenun no moxy

:Bo = h213 = AIK/AIﬁ
U Ougphepenyuanvroe 6b1X00H0E COnpomMueiIeHUE

R, =hy,, =AU, /Al (cm puc.3.12,a).

3.3. Ha HadapbHOM yYacTKE BBHIXOJHBIX XapaKTEPUCTHK B PEKUME
HACBIILCHUS TPaH3UCTOPA IPH 3adannom Toke 6assl I p 7, (Touxa «H» Ha

puc. 3.10, na puc. I p.r.= 1,5 MKA) OIpPENEIUTL pacnpedenennoe conpo-
mueieHue KoJU1eKnopa NHTErPajbHOTO TPAH3UCTOPa 1o hopmyie

_Uu=0u/Bune
K I

KH

>

rae @m = 0,025 B — TemmepaTypHBIil HOTEHIHMAT, ﬂ,,,m — k03 durmeHT
YCHJICHUSI 110 TOKY B MHBEPCHOM PEIKHMME, KOTODPBIMA il JaHHOTO TPaH3H-
cropa paseH 0, 1.

3.4. TTo MOCTPOECHHOH BXOJIHOW XapaKTEPUCTHUKE OMPEACITUTH B pa-
0oueil Touke Jughghepenyuanvrnoe 6xo0Hoe conpomusiieHue TPAH3UCTOPA

Bexeme c 09, R, =My, =AU, [Al; (cm. puc. 3.12, ).

IIJ'I}I YBEIHUYCHUS TOYHOCTU OIIPEACIUTH MPU ITOJOKHUTCIBHOM U

orpunarensaom npupamennsx AUs, u Belumcnuts cpemHee 3HaueHue

h,, = O’S(hllymax + i )-

3.5. TlocTpouTh TPOXOIHBIE XapPaKTEPUCTUKUA TPaH3HUCTOpa (pHC.
3.11) mpu nByX TemmepaTrypax (KOMHATHOH U MOBBIMICHHON) U OIPENEIUTh
[I0 HUM TeMIlepaTypHbIi Kod(dunueHT apelida HanpsHKEeHHUs IPH IOCTOSH-

HOM TOK€ KOJIeKTopa (B pabouelt Touke)
Us, =tp) ~Usr =ty mB
oU,, = . )
1°C

tmax - tmin

3.6. Paccuntath u 0003HaUNTh Ha DKBUBAIEHTHOW ((PU3MUECKON)
CXeMe 3aMelleHNs] HHTEerPaIbHOI0 TPaH3UCTOPA Ha BBICOKOH yacToTe (pHuc.
3.13) napaMeTpsl 3JIEMEHTOB, MCIOJIB3Ys Pe3yJIbTaThl, IOJyYeHHBIE B IIpe-
JBUTYIIHX ITyHKTaX.
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b r6 CK2 Cl(1 rK K
O——{ o * { —O
r, ::C ? NA I:I —
Cc
3 ﬂ016 R 8bIx Rl(l'l “ n
O * . O

Puc. 3.13

Ha cxeme mpuHATHI clieayromye 0003Ha4eHus:
¥ — pacrpeesIeHHOe CONPOTUBIIEHHE, KOTOPOE I UCCIIEyeMOro

TpaH3UCTOpPa MOXKHO MIPHHATE Fg = 100 Om;

¥'3 — pacrpezielieHHOe COMPOTHUBIICHHE SIMUTTEPHOTO MEPEX0/Ia;

r = Pr , TIe TeMIepaTypHbIH HOTSHIHAT _K T ,

2 I T q

9

K — nnoctossHHasg Bosbivana,
T — abcontoTnas Temneparypa,
g — 3apsiz SNEKTPOHa,
@r=25mBpu t=25°C,
I, = I+ Is — 10K 5MuTTEDA;
C1 — aKTHBHAs €MKOCTb KOJUIEKTOPA;
Cx2 — naccuBHas eMKOCTb KOJUIEKTOPA.
[TomHas eMKOCTH KOJIIEKTOpa Cx = Cy1+Cy2 (m3mepena B 11. 2.6).

AXTHUBHas eMKOCTh CK1 = CK 'Y, rae 'Y — IIOCTOsSIHHAsA OJIs KaXXJ10T'0

Tuna tpansucropa. Jlns ucenemyemoro Tpansucropa Yy = 0,3;

ﬂ0 — k03 durenHT nepenayn mo Toky B cxeme O3;

Ryn — conpoTuBIIeRNe KOJIeKTOp-TOUI0NKKA, OIpE/IeeHHoe B I1. 2.7;
Fx — pacrpeielicHHOE CONPOTUBIICHNE KOJIEKTOPA;

Cun — eMKocCTh KOJUIEKTOP-TIO/IJIOKKA, U3MEpEeHHas B 1. 2.6.

3.7. OnpeneneHre BHICOKOYACTOTHBIX MapaMeTPOB MHTErPAIBHOTO

TpaH3KCTOpA.

N3BecTHO, 4TO 4YaCTOTHBIE MapaMeTpbl TPAH3UCTOpa XapaKTepU3y-

IOTCSL YaCTOTOM €IMHUYHOrO YCHJICHHS fy, KOTOpas, Kak u KOd()PUIUEHT
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yCHIICHUS TI0 TOKY B cxeMe ¢ OD, CHIIBHO 3aBHCHT OT TOKa KOJJIEKTOpa (pHC.
3.14).

B fr
o éo_“f awe b _f_;_“ﬁﬁ'ic_ .
| Jrpa |
I, i I
III( MaKcC IK p.T. Il; MAaKC
a 0
Puc. 3.14

I[J'IH uccjeayeMoro TpaH3ucTtopa MAKCHUMAJIbHOC 3HAYCHUC

Jfr maxe = 500 My nipu Toke Iy yaxe = 5 MA. Pabouas Touxa BeIOMpaeTcs,
KaK IpaBHJIO, IIPH JAPYTOM TOKE KoJiekropa. Ecnu ykazaHHbIe 3aBHCUMOCTH

HUMCHOTCA, TO IO HUM MOXKXHO OHNPEACIUTL 3HAYCHUC ﬁ B pa60qel71 TOYKEC,

€CJIH JK€ OHM OTCYTCTBYIOT, TO 3HAUEHHE fr p.r. MOKHO ONPEJEIUTH 110 UM-

nepuueckoit popmyre foo=f
T p.T. T MaKc

rie L pr. 1 I maxe — 3HAUCHUS TOKA KOJUIGKTOPA COOTBETCTBEHHO B palo-

ueif TouKe fr pr. ¥ B TOUke, TIe fr = frmake -

[TocrosinHas BpPEMCHU KOJ'IJ'ICKTOpHOfI e paBHa
7.=rC,=rCy, rt1ey=03.
I'paHnynast yacTOTa UHTErPAIBLHOIO TPAH3UCTOPA

1 1
By =—— =27 form” =
unm r C -/;mm -fuum 2”';<C’(n

KoHnTpoJsbHbIe BONPOCchI
1. bumnonspHeIe TPaH3UCTOPHI: TUIBI, IPUHIUI IEHCTBHA, KO-
3¢hGUIEEeHT nepenayn Toka IMHUTTEPa, SQPEKT DPiIH, KIIPOKOID 0a3bl,
HaKOIIJICHHE M paccachiBaHNE HEOCHOBHBIX HOCUTENEH 3apsina B Oase.
2. bunomnspHbele TpaH3UCTOPBI: MPOOOH MEPEXO0B, BTOPUY-
HBIA TPOOOM, pEKHUMBI PAOOTHI, MAPAMETPHI, XapaKTCPU3YIOIIUE
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YCHIIUTEIbHBIE CBOICTBA TPAH3UCTOPOB, BXOJHOE COMPOTUBIEHHUE, BO3-
MOJKHBIE CXEMBI BKITIOUCHHS.

3. Cxema BKIIOYCHUS TPAH3UCTOpa ¢ 001Iei 6a3oit. OCHOBHBIE
CBOMCTBA U BOJIbT-aMIIEPHbIE XAPAKTEPUCTUKHU.

4. CxeMa BKJIFOUEHHUS TPaH3UCTOpa ¢ oOmumM smutrepom. Oc-
HOBHBIE CBOWCTBA M BOJIbT-aMIIEPHBIE XapaKTEPUCTUKH.

5. Biustaue pexxnma paboThl TpaH3UCTOPA U TEMIIEPaTyphl OK-
pyXaromiel cpeasl Ha ero KO3 QUIMEHTHI Tepeadyn ToKa.

6. CxeMa BKIIFOYCHHUS TPAH3UCTOpAa C OOMIMM KOJUIEKTOPOM.
OCHOBHBIE CBOWCTBA U OOJIACTH MTPUMEHEHHSI.

7. BpIxomHBIE XapakTepUCTUKH cXeMbl ¢ OJ: HarpyzodHas
npsMasi, pabodas Touka, peXUMbI paboTel. BimsHue TemnepaTypsl Ha
mapaMeTpsl U XapaKTEPUCTHKH OUITOISAPHBIX TPAH3UCTOPOB.

8. Mogenu OUNOJSIPHBIX TPAH3UCTOPOB DbOepca — Moiia
(nmpocreiias U MoaudUIMPOBaHHAs), OOIIME aHAIUTHYECKHUE BbIpa-
JKEHUS U1l TOKOB TPaH3UCTOpA.

9. ManocurnanbHass (QU3MYEcKas cXeMa 3aMEIleHHs] HHTe-
TPaJIFHOTO TPaH3KMCTOpa Ha BHICOKOI 4yactoTe. Ee ocHOBHBbIE Iapamer-
PBI, OTIIMYKE OT CXEMBI IMCKPETHOTO TPAH3UCTOPA.

10. Moznens OHUITONSIPHOTO TPAH3UCTOPA B BHJIE aKTUBHOTO Ye-
THIPEXTIONIOCHHUKA: CHCTeMa H-TrapameTpoB, (pHU3WUYECKHid CMBICT ee
K03 PHUIINEHTOB, SKBUBAJICHTHAS CXEMa.

11. Moaens GUIONSPHOTO TPAH3UCTOPA B BUIEC aKTUBHOTO Ye-
TBIPEXTIOIIOCHUKA: CHCTeMa Y-TIapamMeTpoB, (DU3MUECKUN CMBICT ee
K03 (HUITMEHTOB, SKBUBAJICHTHAS CXeMa.

12. YacToTHBIE CBOWCTBA OUIOJSIPHBIX TPAH3UCTOPOB: OCHOB-
HbIC MPUYMHBI CHUKCHUA YCUIIUTECIIbHBIX CBOﬂCTB, MpeACIbHBIC YaCTO-
ThI ycunenus i cxem Ob u O3, MakcumalibHas 4acToTa reHepaluu,
rpaHWYHas yacTtoTa ycuiaeHUs Toka. CrocoObl yIydIIeHUs] YacTOTHBIX
CBOMCTB OMIOJISIPHBIX TPAH3UCTOPOB.

13. CoOcTBeHHBIE OIyMBI OUITOJISIPHBIX TPAH3HUCTOPOB: OCHOB-
HBIE COCTABILAIOIINE MOJTHOTO ITyMa, KOG (UIMEHT ITyMa M ero 3aBH-
CHUMOCTbH OT peKHMa padOTHI TPAaH3UCTOPA, TEMIIEPATYPHI, BHYTPEHHETO
COTIPOTHUBIICHUS MICTOYHUKA CHTHAJIA M CXEMBI BKIIOYCHUS TPAaH3UCTO-
pa, pacmpeeneHue IyMoB B JHANla30He YacTOT. MaomryMsIye TpaH-
3HCTOPBHL.

14. TexHOJIOTUS M3TOTOBJICHUSI OUTIONISIPHBIX TPAH3UCTOPOB.
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JlaGopaTopHas paGora Ne 4

HCCIIE/JOBAHUE HHTEI'PAJIbHOI' O BHIIOJIAPHOI O
TPAH3UCTOPA ¢ cxeme ¢c Ob

Heap padoThl: MccienoBaHNE ITapaMeTPOB MHTETPAIBEHOTO OUIO-
JpHOTO TpaH3uctopa B cxeMme ¢ OB, WX 3aBHCUMOCTH OT TE€MIEpaTypBbl.
Pacuer Y-napamerpos.

1. KpaTKne TCOPETUIECCKUE CBCACHUSA

Kparkue Teopernueckue CBEICHUS MPHUBEACHBI B IPEIbIAYIOIIEH
pabore. Cxema ¢ obmieit 6azoit — puc. 3.3, 0.

2. UcciienoBaTebCcKas 4acTh
IMopsaaok BbINOJTHEHHS] PA0OTHI

Ilepen BbIIONHEHHEM PAOOTHI HEOOXOOUMO U3YYUmMb PACIIONIONKE-
HUE OpPraHOB YIpaBJICHUS JIAOOpaTOpHOTO mynbTa (puc. 1) W opraHoB
yIpaBJICHUS HA CMEHHOHN maHenn Maketa (puc. 3.8, a), MPUHINIHAIBHYIO
cxemy nabopaTopHoro Makera (puc. 3.8, 0), a TakKe MMOATOTOBUTH OTBETHI
Ha KOHTPOJIBHBIE BOIIPOCHI AAHHOH PaOOTHL

2.1. IlogaTh NUTAaHME HA MaKeT B CJeAYIOLIell Moc1e10BaTeJbHOCTH:

— TymOuep “Homep paboThl” 10JKEH CTOSTD B IOJIOKEHUH “4”;

— 1ym6aep SA1 nocraButs B nosnoxenue «Oby;

— Tym6nep SA4 noctaButh B nosoxkeHue «Uy»;

— TymbOiiep SAS nocraButh B nosnoxxeHne «+Ug»;

— MOJKITIOUNTh MynbTUMETp M-838 k rHezmam «I'1» (mpu 3TOoM
MepeKIIIoYaTeNlb poJa padoT MyJIbTUMETPA JOJDKEH CTOSATh B IOJOKEHUH
U3MEpEeHus NOCTossHHOro HanpsbkeHus «DCVy», npenen uzmepenus «20By);

— BKIIFOUUTH TyMOep «CeTby.

2.2. CHATH BXOJHYI0 XAPaKTePHCTUKY TPaH3HUCTOpPA (3aBUCH-
MOCTb TOKa 3mutTepa I, ot Hanpspkerus 6aza-smutrep Up,y, cM. puc. 4.1) B
CIIeAYIOIEH NOCIeI0BATEILHOCTH:

— BBICTABUTH C IMOMOIIbIO MOTCHIIMOMETPA ((UK» HalpsHPKEHUE MCKIAY
KOJJIEKTOpPOM | 6a30ii TpaH3ucTopa 5 B (KOHTponupyeTcss MyJIbTHMETPOM,
MTOAKJIIOUYEHHBIM K THe31aM «I'1»);
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— nepexrounTh TymOnep SA4 B monoxenue «Ug, Us», mpu 3TOM

MyJIbTUMETp OyneT usmepsaTh HanpsbkeHue Uy, (Ha MyJnbTUMETpe JOJKEH
cTosTh mpeaen uzMeperus «2000my);
— U3MEHSISI ¢ TOMOIIBI0 Tiepekouatens SA3 Tok smutTepa ot 0,1

10 2 MA, cHATh 3aBucHUMOCTE U, 0T I,.

L\ I_=2mA
13A I;a= 1mA
I .=0,5mA
B I,=04mA
| 1,=03 MA
| 1,=02 mA
- 1,=01 MmA
_} / C o Uxﬂ
Puc. 4.2

2.3. CHATH ceMelCTBO BBIXOJHBIX XapaKTePHCTHK TPaH3HCTOpa
(3aBHCHMOCTh TOKa KOJUICKTOpa I OT HampspKeHUs KosuiekTop-6aza Ukxg
TIPH Pa3IMYHBIX TOKax sMutrepa I,, cM. puc. 4.2) B cleqyroomei mocueno-
BaTEJILHOCTU!

— TymOnep SA4 nocraButh B nosnoxkeHne «Ug»;

— nepekitoyareneM SA3 BBICTaBUTH MEPBOE IOJOXKEHHUE TOKA dMU-
Tepa «0,1 MAy;

— MIOCTaBUTH Tepeknouarenb SAS B nonoxenue «-Ug»;

— W3MEHSS OTPHIATEIFHOE HAPSHKEHNE HA KOJJIEKTOPE C IIOMOIIBIO
noteriromerpa «Ug» oT -0,6 1o 0 B, CHATH 3aBHCHMOCTB TOKa KOJIIEKTOpa
I ot Hanpsoxernst Uy, npu 3mom: TOK KOJJICKTOpa U3MEPSETCS MHJLIU-
aMIepMETPOM, PACIOJI0KEHHBIM Ha BEPTUKAIBHOW MAaHETN MaKeTa, IPUIeM
HEOOXOAWMBIA TIpefen W3MEpSIeMOro TOKa YCTaHABIMBAECTCS COOTBETCT-

BYIOIIIMM MEPEKIII0YATENIEM, PACIONIOKEHHBIM psifioM ¢ mpubopom «Iy».
[Ipu usmepenusix Heodx00umo odpamumep eHuManHUe HA HAYAIbHYIO TOY-

Ky BBIXOJHOM XapaKTepHCTHKH (3ammcaTth 3Ha4ueHHE -Uyg , MPH KOTOPOM
HA4MHAET MIPOTEKATh TOK KoyuiekTopa Iy );
— nepeBecTy nepexioyatennb SAS B nosoxeHue «+Ug»;
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— U3MEHSIS HalIPSDKEHNE Ha KOJUIEKTOPE C MIOMOIIIBIO TOTEHITHOMETpa
«Ug», TIPOIOIDKUTH CHATHE STOW XapaKTEPUCTHKH Ui TTONOKUTEIHEHOTO
koJuiektopHoro HanpsokeHus: Ux=0B, Ux=1B,Ux=5B u Ux=10B;

— MOBTOPHUTH U3MEPEHUs 3aBUCUMOCTH Iy oT Uy. Tipu OpyTHX 3HAYe-
HUSX TOKa SMUTTepa I,, MEHsIsI MOJI0KEHHE Mepekmodaress SA3.

2.4. CHATb NMPOXOAHYI0 XapaKTePUCTHKY TPaH3UCTOPa (3aBUCH-
MOCTB TOKa KoJutektopa Iy ot HanpsukeHus Ug,, cMm. puc.4.1) B crexyromeit
MTOCTIeTOBATEIbHOCTH:

— BBICTaBUTH noTeHIoMeTpoM «Uy» HanpshKEHUE Ha KoJUTeKTope 5 B;

— nepexirodarenab SA4 nocraButh B nosioxkerne «Ug, Uy», Ipu 3TOM
MyJIbTUMETp OyneT u3mepsaTs HamnpspkeHue Upg, (Ha MyITbTHMETPE TOJDKECH
CTOATH Tpeaen u3MepeHus «2000my»);

— JUTS KaX]IOTO TIOJIOKEHUS Mepekiirouaresss SA3 3anucaTh MOKa3aHUS
MyJbTHMETpa — Hanpspkenue Uz, M COOTBETCTBYIOICE €My 3HAUCHHE TOKa
KoyuiekTopa I (MIDIHaMIiepMeTp Ha BEPTHKAIHHOM ITaHEeId MaKeTa).

2.5. UcciienoBanue BIHSHHUS TeMIEPaTypbl HA NPOXOIHYIO Xa-
PAKTEPHCTHKY TPaH3MCTOPA (BBIITOJHACTCS 10 YKa3aHHIO IperogaBare-
JIs1):

— BKIIFOYHMTH TEPMOCTAT Ha BEPTHKAILHOW ITAaHEN MaKeTa;

— MOBBICUTh TEMIIEPATYPY 0 t = tyop + 10 C°;

— CHATH NPOXOJHYIO XapaKTEPUCTHKY TPAH3MCTOpa aHAJIOTHYHO
m 2.4.

3. O6padoTKa MOJTy4YeHHBIX pPe3yJbTaTOB

3.1. [ocTpouTh Ha MHJUTUMETPOBOH Oymare BXOJHYIO U BBIXOJ-
HBIC XapaKTePUCTUKH HcclieqyemMoro tpansuctopa (puc. 4.3). IIpu mo-
CTPOSHUH BXOIHON XapaKTePHCTHKH Hayalo KOOPJAUHAT IO ocH abcIucc
nepeHecTd B Touky 0,5 B (puc. 4.3, a), Tak KaKk IIPU MEHBIIIEM HaTpsIKe-
HUW 3MHUTTEPHO-0a30BEIIl MEpEeXo/l 3aKphIT U TOK Yepe3 TPAH3UCTOp He
MPOTEKAET.

Hcnonp3ys manHble, MONy4eHHBIE B 3-if paboTe, HaHECTH pado-
Yyl TOYKY Ha IOCTPOCHHBIE XapaKTePHUCTHUKHU. (7 3TOro Ha BXOJHOH
xapaktepuctuke cxemsl OB (puc. 4.3, a), cuuras uro L,py = Lp 1, THE
I p 7 — 3HaueHuUe, MoyueHHOE B 3-i paboTe (HOMyIIeHUe CIPaBeIInBO,
TaK Kak 13 = IK +Iﬁ, a 16 << IK ), OTKJAJbIBaeTCS 3HAYCHUE TOKa

SMHTTEPA B paboueit Touke. Onpenenuts 1o xapakrepuctuke U, B pa-
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6oueit Touke B cxeme OB. 3nauenne Hanpsokenus Ug,p r, B pabodeit Tou-
ke B cxemax ¢ OO (pabora Ne 3) u OB noimkHO coBmagaTh ¢ MOrPENIHO-
cThl0 He Oonee 15 %.

U3 cemeiicTBa BBEIXOOHBIX XapakrtepucTtuk cxembl ¢ Ob (puc.
4.3, 6) BbIOMpaeM XapaKTEePUCTHKY, CHATYI npu Toke I, = L,pr. Ha
nepecedeHun dToi xapakrtepuctuku u aunun U,; = 5 B Haxogum pabo-
gyio Touky. Onpenensiem Tok I p 7. B paboueit Touke B cxeme ¢ Ob. 3Ha-
uyenue Toka I p7 B paboueit Touke B cxemax ¢ OD (pabora Ne 3) u Ob
JIOJDKHO COBHAAATh C MOTPEIIHOCTRIO He Oomnee 15 %.

3.2. T1o nocTpOEHHBIM BBIXOAHBIM M BXOJHOMN XapaKTEPUCTUKAM
ONpeNIeUTh B pabodel Touke:
oughpepenyuanvnoe 6vIX00HOE COnpomMuUEIEeHUEe TPAH3UCTOPA B
cxeme OB (puc. 4.3, 6)
R,,.co5 =Ny =AU, /AIK
U oupghepenyuanvnoe 6xoonoe conpomuenenue Tpanzucropa B cxeme Ob
(puc. 4.3, a)
RBXOE = h116 = AUﬁa/Ala :

L
I K
A El Ukﬁ— 5B
IgP.T. AT gPT.
AI3 1Z _PI K” ./ = RTI: Ig= 3P T
|
I — |
X ~ ) -
v llA U758 "o
0,5 AU, AU -
20PT
a §)
Puc. 4.3

3.3. IocTponuTh NpOXOIHBIE XapAaKTEPHCTHKH TPAaH3UCTOpa IPH
JIBYX TemIreparypax (KOMHAaTHOW M TIOBBIIICHHOW) W ONpPENENUTh 110 HUM
TEMIIepaTypHbI KO3(pOHUIMEHT apelda HanpsHKEHUs MPH MTOCTOSHHOM
TOKE KOJUIEKTOpa (B pabodel TOUKe):
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SU.- = Us, t=tun) = Ut (1=tum) .mB
6’ t -t 1°C

max min

3.4. Paccunrtath Y-napaMeTpbl HHTETPATBHOTO TPAaH3UCTOpa Ha 3a-
JTAHHOU TPEToJaBaTeNIeM YacTOTe MO CIACAYIOMNM (GopMyiam:

1+J'ﬂoff’“"
Y, =8,+Jjb, = “}T' s
by By 1+ 2
s
Y, =_% ’
1+ j=2
qum
1
Y, =- P 7 s
hy; I+ j=2 || 1+ j=2
fs f""’”
j j ‘2” 34 TK
YZZ =8z +]b22 =]27r‘f3ao(cx + an)+.l—of‘ )
By | 1+ =2
fs

h
rjie f§ — rpaHuYHas 4acToTa 10 KPyTU3HE, fs=frrr e
G

3HAYCHHUA ﬂ0 s Ty funm ) fTP.T. s Iy CK ) an B3Th U3 3-i paboTe! (pac-
cuntannble a1 P.T.).

JI71s1 BXOHOM U BBIXOJHOM IIPOBOJAMMOCTEN HAUTU UX AKTUBHBIE U
PEaKTUBHBIE COCTABISIIONINE g7 U by, 822 M1 b3, @ TAKXKE BXOJHBIE U BBIXO-
HBIE COIIPOTUBJICHUS U EMKOCTH

Rpx=1/g11, Rppix=1/g22, ¢ - b, Cc = _ by, |
6x 2” f 6blX 2” f
3a0 3a0
a 71 IpsIMOM B 00paTHOW MPOBOAMMOCTEH HAUTH UX MOIYJIN

‘YZI‘ =\/g§1 +b221 ’ Yu‘ = \/g122 +b122 :

[Ipumedanue. Ecnu B Opurage 2 — 3 denmoBeka, TO pacueT MpPOU3-
BOJWUTH WHAWBUAYAIEHO HA YACTOTE fay , fian + 10 MIT, fiu, - 10 MI'm.
ITocTpouTs 3aBUCUMOCTD Y -IIapaMETPOB OT YaCTOTHI.
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KonrposabHsbie Bonpocst

1. bunonsipHble TPaH3UCTOPBI: THUIIBI, TPUHLUIT ACHCTBUS, KO-
3G GULIMEHT Nepeaadn Toka IMUTTEPa, dPPEeKT IpiH, «IPOoKoI» 06a3bl,
HaKOIUICHHE U paccachiBaHWE HEOCHOBHBIX HOCHTEIEH 3apsa B Oase.

2. bumnonsgpHele TPaH3UCTOPHL: MPOOOM IMEPEXOI0B, BTOPHYU-
HBII TIPOOOH, PEeKMMBI PabOTHI, TAPAMETPBI, XAPAKTEPUIYIOLINE YCH-
JUTENbHBIE CBOWCTBA TPAaH3HUCTOPOB, BXOJHOE CONPOTHBICHHE, BO3-
MOYHBIE CXEMbI BKIIFOUCHUSI.

3. CxeMa BKIIIOUEHUS TPAH3HUCTOPA ¢ 001Ieit 6a30i. OCHOBHBIE
CBOICTBa 1 BOJIbT-AMIICPHBIE XaPAKTEPUCTUKH.

4. CxeMa BKJIFOUEHUS TPaH3UCTOpa ¢ oOmumM smutrepom. Oc-
HOBHBIE CBOMCTBA U BOJIbT-aMIIEPHBIE XaPAKTECPUCTUKH.

5. BnusitHue pexxnma paboThl TpaH3UCTOPA U TEMIIEPaTyphl OK-
pyXxaromiei cpeqbl Ha ero KO3 QUIMEHTHI Tepeaadyn ToKa.

6. Cxema BKIIIOUEHHS] TPAH3UCTOpPA C OOIIMM KOJUIEKTOPOM.
OcHOBHBIE CBOICTBa 1 00JI1aCTH NPUMEHECHHSI.

7. BbIxonmHBIE XapakTepucTHKu cxeMmbl ¢ OD: Harpy3odHas
npsiMast, pabodasi TOuka, peKHMMBI paboThl. BiusiHUMe TemmepaTypsl Ha
HapaMeTpsl U XapaKTEPUCTUKH OUITOIIPHBIX TPAH3UCTOPOB.

8. Mopenu OWMOJSIPHBIX TpaH3UCTOpOB bepca — Moia
(mpocreitmas 1 MoaudUIMPOBaHHAS), OOIIME AHAIMTHYCCKUE BBIPaA-
JKEHUS U1l TOKOB TPaH3UCTOpA.

9. ManocurHanpHas (u3uYecKass cxeMa 3aMelleHHs] HHTe-
IPaJIbHOTO TPAaH3MCTOPa Ha BBICOKOH 4acToTe. Ee ocHOBHbIE IapaMer-
PBI, OTIIMYHE OT CXEMBI IMCKPETHOTO TPAH3UCTOPA.

10. Monens OMNONAPHOTO TPaH3UCTOPa B BUJIE aKTUBHOT'O Ye-
TBIPEXIIONIIOCHNKA: cucTeMa H-mapamerpoB, (u3MuYeckuil cMbIca ee
K03 PHUIINEHTOB, SKBUBAJICHTHAS CXEMa.

11. Moznens OUITONIPHOTO TPAH3UCTOPA B BHJIE aKTUBHOTO Ye-
THIPEXIIONMIOCHUKA: CHCTEMa Y-TIapaMeTpoB, (PH3MUYECKHA CMBICT ee
K03 (HUIIMEHTOB, SKBUBAJICHTHAS CXeMa.

12. YacToTHBIE CBOWCTBA OMITOJSIPHBIX TPAH3UCTOPOB: OCHOB-
HbIC IPUYUHBI CHUKEHHS YCHIIUTENIbHBIX CBOMCTB, MPEIEIbHbBIC YacTO-
ThI yeunenus i cxem Ob u O3, MakcumalibHas 4acToTa reHepaiuu,
rpaHn4Has 4acTtoTa YCUJICHHA TOKA. CHOCO6LI YJaydli€HHud 4aCTOTHBIX
CBOMCTB OUIOJISIPHBIX TPAH3UCTOPOB.

13. CobOcTBeHHBIE OIyMBI OUITOJISIPHBIX TPAH3HUCTOPOB: OCHOB-
HBIE COCTABJISIONIME MOJHOTO IIyMa, KO3((GHUIMEHT IIyMa U €ro 3aBH-
CHMOCTB OT peKHMa pabOThl TPaH3UCTOPA, TEMIIEPaTyphl, BHyTPEHHETO
COINIPOTHBIICHHSI MCTOYHHMKA CHTHAJa W CXEMbI BKIIOYCHUSI TPAH3UCTO-
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pa, pactpeeneHue IyMOB B JHANla30He YacTOT. MaonryMsIme TpaH-
3HCTOPBHI.

14. TexHOJIOTUS U3TOTORJICHUSI OUMONISPHBIX TPAH3UCTOPOB.
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