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BBEJIEHUE

Kypcosas pabora no aucuumimHe «CXeMOTEXHHUKA TEIEKOMMYHH-
KallMOHHBIX YCTPOHCTBY» 3aKJIIOUAETCsl B pacyeTe TUIIOBOTO YCHIUTEILHOT'O
KackaJa Ha OWMIOISIPHOM TPaH3HCTOPE, BKIIOYEHHOM IO CXeMe ¢ OOmmM
SMHUTTEPOM.
Lenbro KypcoBO#t pabOTHI ABISETCS
® 3aKpeIUICHUE TEOPETHUYECKUX 3HAHHM, MOMYYCHHBIX TPH U3yYEHUH JIHC-
LIUTUTUHE;

e (opMupoBaHue YrIIyOJICHHOIO TOHMMAaHUS (DU3MUYECKUX MPOIECCOB
B YCHIIUTENBHBIX YCTPOUCTBAX;

® U3y4YeHHE METOJOB pacieTa YCHJIHMTENbHBIX YCTPOHCTB U UX OCHOBHBIX
MapaMeTpoB;

® O3HAKOMJICHHE C DJEMEHTHOH 0a30i TeNeKOMMYHHKAIMOHHBIX YCT-
POWCTB;

® TIONyYeHHE HaBBIKOB MH()OPMAIIMOHHOTO TIOMCKA M MOJIH30BaHUs CIIpa-
BOYHOH MH(OpMAaIHEH;

® O3HAKOMJICHHWE C CHUCTEMOW CTaHAapTHU3allMK M MPUOOpPETEHUE OIbITa
MPUMEHEHHS CTaHAAPTOB B PAKTHUECKOH JIESITENbHOCTH;

® YCBOGHHE NMPaBWJI COCTABIIEHUS U 0QOPMIICHHS TEXHHYECKOH JOKyMEH-

TaIHH.
HcxonmHble nanHbIe K KypcOBOM paboTe BKIIOYAIOT:

THI TPAH3UCTOPA;

HOMHHAJIbHOE HAMPSKEHNE HCTOYHUKA TUTAHMS,

CONPOTUBIICHUE PE3UCTOPA B LIEMH KOJUIEKTOPA;

CONPOTUBIICHUE HATPY3KH KacKaJa.
BapuanTsl 3a1aHus BeIIAIOTCS penoaasarteneM. Bapuanm 3adanusn

evlOUpaemcs no 08yM HOCAEOHUM UUPPaM cmyodeHuecKoz2o dulema.

B pesynbraTe BBIONHEHHS KYpCOBOW pPabOOTBHI CTYIEHT JIOJDKEH
MPEACTaBUTh:
® TIOSICHUTENBHYIO 3aITUCKY;
® YEpTEK MPUHIMIHUAILHON CXEMbl YCHIIMTENBHOTO KacKaia;
® TIepeYCHb DIIEMEHTOB.

BeimonHenne gaHHON KypcoOBOH pa®oThl MPU3BAHO aKTUBU3UPOBATH
CaMOCTOSATEIbHYIO paboTy CTYACHTOB H SIBIISIETCS Ba)KHBIM OTarioM
B (hopMHpOBaHNH TPOPECCHOHATBEHBIX KOMITETCHIUH.



1. OCHOBHBIE TEOPETUYECKHUE INIOJOXKEHUSA

1.1. Kackana ¢ SMUTTepHO# cTaduan3anmneil TOKa KOJIIeKTOPa

B anektpoHuKe ycuiumenem Ha3bIBalOT YCTPOWCTBO, MpEAHA3HAYCH-
HOC JId YBCIWYCHUSA MOIINHOCTU IJICKTPUYCCKHUX CUTHAJIOB. VYBennuenue
MOHIIHOCTU CHUTHaJIa B YCUJIIUTCIAX MPOUCXOAUT 3a CHET SHEPIUru UCTOYHU-
Ka IMMTaHUus.

HOCKOHI)Ky YCUIIUTEIIb ABJIACTCA YCTBIPEXIIOJIIOCHUKOM, a 6I/IHOJ]$lp-
HBIA TPaH3UCTOP — TPEXMONIOCHUKOM, TO HEM30eKHO OAMH W3 BBIBOJOB
TPaH3UCTOPA JIOJDKEH OBITh OOIIUM JIJIsl BXOJHOM M BBIXOJHOM IEIH YCHIIU-
Tens. B 3aBUCHMMOCTH OT TOro, Kakod BBIBOJ| OWIOJISIPHOTO TPaH3UCTOPA
SABJISICTCA 06HII/IM JJIA BXOZ[HOI\/‘I u BLIXOHHOﬁ nenv yCWJIMTCIA, pa3jindaroT
CXEMBI ¢ 00uieil 6a3oil, ¢ 0OWUM IMUMMEPOM U C OOUUM KOTLIEKIMOPOM.
Yaine uCIIoNnb3yeTcsl cxema ¢ OOLIMM 3MUTTEPOM, UMEIOIIasi HauOOIbIIU I
K03 pUILIMEHT yCHITeHHs MO MOIIHOCTH M Psii APYTHX JOCTOMHCTB. [Ipak-
THYECKas cXeMa Kackaja ¢ OOIMM AMHUTTEPOM (TaK Has3bIBacMasi cxemd
camummepHou cmabunuszayueii MoOKa  KoJLleKmopa) TpUBEICHA
Ha puc. 1.

BxomHol curHalt ugy mogaercs Ha Oa-
3y TpaH3uctopa uepe3 kouaeHcatop Ck.
YcuiaeHHBI CHUTHAl Uppx CHHMAaETCs
¢ pesuctopa Ry u uepe3 koHueHcatop Ck
nomaerca B Harpy3ky. Kongencatop Cy
HCKIIOYACT BJIUAHHUC HCTOUYHHKA CHUT'HAJIa
HA  peXuM  paboTBl  TpaH3UCTOpa

0 TIOCTOSTHHOMY TOKY. Emkoctb
koHseHcatopa Cy BBIOUPAIOT TAKOH, YTOOBI
ero CONPOTHBIICHHE B nosnoce
MPOITYCKaHUS YCUITATENS ObL10

npeHeOpeXuMO Majlo MO0  CPaBHEHHIO
C BXOOAHBIM COIIPOTUBJICHUEM Kackajga.
Konnencatop Cx uCKIOYaeT BIHMSHUE HArpy3KH Ha pPEeXKHM pabOTHI
TpaH3UCTOpa MO TIOCTOSHHOMY TOKy. EMmkocte konzpencatopa Cy
BBIOMPAIOT TaKoOH, YTOOBI €ro CONPOTHBIIEHHE B IMOJIOCE MPOITYyCKAHUS
YCUIUTENS OBUIO MPEHEOPEKUMO MaJIO MO CPABHEHHIO C COMPOTUBIICHUEM
HaArpy3KH.

Konnencatopsr Cy 1 Cx Ha3bIBAIOT HEPEXOOHBIMU UV PA3OETUMENb-
Hulmu. B iepBOM cilydae MOJYepKUBAETCS X POJb MO IEPEMEHHOMY TOKY,
a BO BTOPOM Cllydae — 10 MOCTOSIHHOMY TOKY.

Puc. 1



Pexxum paboTel TpaH3HCTOPA 10 TIOCTOSIHHOMY TOKY 3aJaeTcs JIeuTe-
JIEM HamnpsDKEHUs B 1ienu 0a3wbl Ry, Rp; M CONPOTUBICHHEM R5 B MU
smutTTepa. [enurtens HampspkeHHs! JOIDKEH OBITh JOCTATOYHO HHU3KOOM-
HBIM, YTOOBI BO3MOXKHBIE B TIPOIECCE IKCIITyaTallud W3MEHEHHS TOKa 0a3bl
TpaH3uCTOpa (HampuMep, NPH HM3MEHEHUW TEMIIEPaTyphl OKPYKarOIIeH
Cpenbl, CMEHE TPaH3UCTOpa U T. I1.) HE TIPUBOJMIN K 3aMETHOMY H3MEHe-
HUIO HampsoKeHWsi Ha 0as3e TpaH3ucTopa. Ha mpakThke TOK AenuTens
Iy = E/(Rg1 + Rg,) BoiOUparotT B 3+10 pa3 Oonbie Toka 6a3pl. Yem OGodbine
TOK JICNUTENsA, TEeM CTaOuiabHee OyneT pexuM paboThl TpaH3UCTOpa
M0 MOCTOSSHHOMY TOKY, HO TeM MeHbIle OyIeT BXOJIHOE COIPOTHBIICHHE
Kackaja u OoJblle MOTPeOIIsieMbIil TOK.

Pesucrop Rs Ciy:kuT JUIsl CTaOMITU3alMU PeKUMa PabOThI TPAH3UCTO-
pa. Crabunusupyroinee JaehcTBUE pe3ucrtopa R, OOBICHACTCS TEM, 4TO
MaJICHUe HAIpPSDKCHUS HAa HEM SBIIACTCS HAINPSDKEHHUEM OTPUIIATEIBHOM
oOpatHoii cBsi3u. Ilokaxkem 370. IlycTh TOK KOJIEKTOpa MO KaKOW-IHOO
npuurHe Bo3poc. [TockonbKy TOKM Kojuiekropa Ix u amurrepa [, mporop-
HUOHANBHBI (Ix= 0.1, TOe o — cTaTnYecKuil Kod((QUIMEHT Tepenayl ToKa
AMUTTEPA), TO TOK IMUTTEpa Takxke Bo3pacter. CorsacHo 3akoHy Oma BO3-
pacter majeHHE HampsHKeHHsl Ha pe3ncTope B LEeNd  3MHUTTepa
Ur,= I5 R». [lockonbKy HampsbkeHUe Ha 0aze TpaH3ucTopa 3ahuKCUPOBAHO
HU3KOOMHBIM JIeNTUTEeM, a HampsbkeHue Ha smuttepe Ur, BO3pocIo,
TO HampsbKeHHe 0a3za-3MUTTEp, PaBHOE Pa3HOCTH HANpsHKEHHH Ha Oase
Y DMHUTTEpPE, YMEHbIIUTCA. HO 3TO mpUBEAET K yMEHBIIICHUIO TOKa 0a3bl [
W YMEHBIICHUIO TOKa Koiiektopa (Ix= B I, Tae P — craTuueckuit Kodaddu-
IUEeHT mepegadd Toka 0Oa3bl). Takum 00pa3oM, HadaB C TOrO, YTO TOK
KOJUIEKTOpa BO3POC, MBI BBISICHHJIM, YTO TOK KOJJIEKTOpA TOIDKEH YMEHb-
HIMTBCS, TO €CTh B IEMM MMEET MECTO OTpUIaTelnbHas oOpaTHas CBS3b,
MPOTUBOJACHCTBYIOMIAS W3MEHEHUIO pekuMa paboThl  TPaH3HCTOPA.
UeMm OobIlie COMPOTUBIICHHUE pe3ucTopa R, TeM cTalmibHee OyIeT pexum
paboThl TpaH3UCTOpA TI0 IIOCTOSTHHOMY TOKY.

Konnencatop B menu smutrepa C, ycTpaHseT OOpaTHYIO CBS3b
M0 MEPEMEHHOMY TOKY, YTO TPEIOTBpAIlaeT CHIbKeHue Koddduimenta
ycunenusi. Emxocts kongeHcatopa Cn BBIOMpAOT Takod, 4TOOBI e€ro
CONPOTUBIICHUE B TOJOCE MPOIYCKAHUS YCUJIMTENS OBLJIO MpeHeOpexnMo
MajJo TIO0 CpPaBHEHUIO C CONPOTUBJIEHHEM pe3ucTopa Rp, TOITOMY
nepeMeHHasi COCTaBIIAONIasi HANPSDKEHHSI Ha CONPOTUBIICHUHN Ry B moioce
MPOMYCKaHUs yCUIINTENS OyIeT MPaKTUYeCKH paBHa HYJIIO.



1.2. Metoanka BpI0Opa peskuMa padoThl TPAH3HCTOPA

Pexum paboThl TpaH3UCTOPA 110 TOCTOSIHHOMY TOKY XapaKTepU3yeTcs
HANpsDKEHUEM  KOJUIEKTOP-3MUTTEP Uxspr M TOKOM  KOJIIEKTOPA Iy pr
B paboueil Touke, KOTOPbIE 3a7al0TCAd TOKOM 0a3bl [f ,; UM HANPSHKEHUEM
6aza-smurrep Usspr. IIpu BeIOOpe pabouell TOUKM TpaH3UCTOpa PYKOBO-
JICTBYIOTCS CIICAYIOLIMME COOOPaKCHUSIMU:
® TOK KOJUIGKTOpa HHU MpPH KAaKUX YCJIOBHSX HE JIOJKCH IPEBBINIATH

MaKCHUMAaJIBHO JIOMYCTUMOE 3HAYCHUE [ max (PHC. 2);
® HaNpPSOKEHHE KOJUIEKTOP-3MHUTTEDP HE JOJDKHO MPEBBIIIATh MAKCUMAIbHO
nonyctuMoe 3HaueHUE Uiy max (PUC. 2);
® MOIHOCTh, pacceMBaeMas Ha KOJUICKTOPE TPaH3UCTOpa, HE JOJDKHA
MPEBBIIATh MAaKCHUMAJILHO JIOMYCTUMOE 3Ha4YeHUe Py . (puc. 2).
B koopaunarax Uy, Ix rpaduk Py m.x = const UMeeT BUJ] TUIIEPOOIIbL:
P,

_Kwae

UK3 - U53

e pabouas TOYKA TPAH3UCTOpPA HE JODKHA HAXOJIUTHCS B PSKUME OTCEY-
ku. Ha BBIXOMHBIX XapaKTEpUCTUKAX TpPaHUIIEW AKTHUBHOTO PEXKHMa
U pSKMMa OTCEUKH SBISETCS BBIXOJHAS XapaKTEPUCTHKA TPaH3UCTOPa
npu Iy=0. {11 KpeMHHUEBOTO TPAH3UCTOpA ATa TpaHHIA MPAKTUUYECKU
COBIIa/Ia€T C OChIO a0CIIUCC;

e pabouas TOYKAa TPAH3UCTOPA HE JIOJDKHA HAXOJAUTHCS B PSKHME HACHI-
meHus. ['paHuily aKTHBHOTO peXHMa M PEKHMMa HACBHIIICHUS MOXKHO
MIOCTPOUTH, COSAVMHUB JIMHUEH TOYKH Ha BBIXOIHBIX XapaKTEPUCTHUKAX
TpaH3UCTOpa, B KOTOPhIX Upy= Uys unmu Uy = 0 (puc. 2).

Takxum obpaszom, paboyasi ToUKa TOKHA HAXOAUTHCSI BHYTPH (PHUTYPBI,
OTpaHMYCHHOW 3aMKHYTOM MyHKTUPHOW nuHHEH (puc.2). [anee mpu BbI-
Oope paboueil TOUKH HEOOXOJMMO Y4ECTbh, YTO MPH 3aJIaHHBIX HANPSIKSHUN
nuTaHusi £ U CONpOTHBIICHUU Ry mapaMerpsl paboueii Touku Iy or 1 Uio pr
HE MOTYT Ha3HA4YaThCS ITPOU3BOILHO, TaK KAK OHU B3aMMOCBSI3aHBI.

CornacHo BTOpomy 3akoHy Kupxrodga

Uyt Uxst U= E,

rae Uy, — HanpsbkeHue Ha pe3uctope Ry (Ug,= Is Ry = Ix R»);

Uk« — Hanpsbxenne Ha pesuctope Ry (Ugc= Ik Ry).

PazpemmiuMm  ypaBHEHHWE OTHOCHTENBHO HANPSDKEHUS KOJUIEKTOP-
IMUTTED:

UK3:E— UR3— URK:E—13R3—IKRKZE—IK(RK+R3). (1)

Iy = ;



Otciona cnenyer, uro HampsokeHue Uy, sBisieTcsl (QyHKIHMEH Toka
komtekropa Ix. I'paduk 310l (QyHKIMHM MpeAcTaBiseT co0oW MPAMYIO
nuHUI0, npoxomsuryto yepe3 Touku (0, £/ (Rx+ R3)) u (E, 0). Oty nuHHIO
HA3BIBAIOT HAZPY30UHOU NPAMOIL O nocmosannomy moky (puc. 2). Harpy-
304Has MpsiMasi 10 MOCTOSTHHOMY TOKY 00pa3yeT ¢ OChI0 aOCIMCC yroi

o =arctg—— .
Ry + R,

Yem Oompme (Rx+ R3), TeM Moioxke OyAeT MpOXOOUTh HArpy304Has
npsiMast IO IIOCTOSTHHOMY TOKY.

Ix
IK max

IKpT

Puc. 2

Takum o0pa3oM, pabouas TOUKa, XapaKTEPU3YIOIIAsi PEKUM pabOThI,
JOJDKHA HAXOAWTCS Ha HArpy304HOM NPSAMOH MO IMOCTOSHHOMY TOKY.
B nutepatype mMpOKO pacHpoCTpaHEHa PEKOMEHJalusi, COIJIAaCHO KOTO-
pOH ISl TTOJTydeHHsT HauOONBIIEr0 HEMCKaKEHHOTO BBIXOAHOIO HaIlpsbKe-
HUS pabovyIo TOUKY CIielyeT BEIOMpaTh MOCpeAnHEe oTpe3ka AE Harpy3od-



HOW TPSAMOH 1O MOCTOSSHHOMY TOKY [1-4]. [Tokaxkem ommOOYHOCTH 3TOH
pPEKOMEH Taliu.

[TycTb pabouast ToYKa B COOTBETCTBHE C ATOW peKOMEHannei BrIOpa-
Ha TocpenuHe oTpe3ka AE Harpy304HOH IpsIMOIl IO MOCTOSSHHOMY TOKY
(puc. 2). B orcyrcTBUM cHMrHajza TOK B IeNU Koiuekropa [x= Iipr,
a HanpspDKeHHe KoyieKTop-oMurrep Uiy = Uk . Eciu mop BosneiicTBueM
BXOJHOT'O CHUTHAaJIa TOK KOJUIEKTOpa IMONyYUT MpupalieHue Aix, To Hamnps-
KEHHE KOJUIEKTOP-IMUTTEp TakXkKe MOITYIUT HEKOTOpoe mpupalieHne Augs.
VYcranoBuM cBsizb Mexnay Aix u Augs, g dero npoauddepeHumpyem
ypaBHeHue (1) M0 TOKy KOJIJIEKTOpa, MpPENBapHUTENBFHO PAacKpPBIB CKOOKH.
IToyuum

du e
diy
nockonbky E= const u Ug,= I5 Ry = Ix Ry= const, T. K. pe3uctop R; 3auyH-
TUPOBAaH KOHJICHCATOPOM Oosibinoii emkoctu. [lepexons B (2) ot mudde-
PEHIIMANIOB K KOHEYHBIM MPUPALIEHUSIM, HAX0IUM
AMK3 = RKAiK.

Ilyctp TOK KOJUIEKTOpa CKAaykOM CTaHET paBHBIM HYJO, T. €
Aix=— Ix . Torga HanpspkeHHue KOJIIEKTOP-3MUTTEP CKAUKOM yBEIMUYUTCS
Ha Augs= Ry Ik . Taxum oOpa3om, eciu Ha BXOA Kackaja MoAaTh Iepe-
MEHHOE HaIpsDKEHHe, TO B JII000H MOMEHT BpEMEHHW MIHOBEHHBIC 3Haye-
HUSl TOKa KOJUIEKTOpa ix W HANPSHKEHUS KOJUIEKTOP-OMHTTED Uxy OYAyT
JexaTh Ha NPAMOU, MPOXOAAIIeH Yepe3 padouyro TOUKY M TOUKY C KOOp-
muHaTaMu (Ui it Rilkpr), 0). DTy NIpsMyro Ha3bIBAlOT HAZPY30UHOUL
npamoii no nepemennomy moky (puc. 2). Harpysounas npsimasi o mnepe-
MEHHOMY TOKY 00pa3yeT ¢ 0Ch0 a0CIHCC yroi

=—Rg, (2)

1
=arctg—.
Bxx gRK

Jo cux mop MBI MOJIarajif, 4To YCHIIUTENb PadoTaeT B PEKUME XOJO-
cTroro xoxa. Ha mpakTuke ycuiauTenb Bcerja HarpyXeH Ha HEKOTOpoe
COIIPOTUBJIEHHUE Ry. YUTeM CONpPOTUBIIEHUE HATpy3Kku Ry. IIo nmepemenHo-
My TOKY COIPOTHBJIEHHE Harpy3ku Ry MOAKIIOUEHO MapajiebHO COMpo-
TUBNEHHIO Rk. B 3TOM ciyyae, eciu TOK KOJIJIEKTOpa CKauKOM CTaHET paB-
HBIM HYmMO (Aix=—Ixp), TO HaIpsHKEHHE KOJUIEKTOP-IMUTTEP CKauKOM
yBenuuutes Ha Augs = Ik pi(Rx||[Ru). Takum oOpa3om, Harpy3ouHas mpsiMas
10 IEPEMEHHOMY TOKY C YY€TOM CONPOTHBIIEHUS Harpy3ku Ry MPOXOIUT
yepe3 pabouyro Touky U Touky ¢ koopauHataMu ((Uks pitlk pi(Rk|[Rn)), 0)



(puc. 2). Harpy3ounas mpsiMasi 1o TepeMEHHOMY TOKY, MOCTpOCHHas
C YYE€TOM CONPOTUBIICHUS HArPY3KH Ry, 00pa3yer ¢ 0ChI0 a0CIMCC yroi

=arctg———.
BH g RK”RH

U3 puc. 2 cnenyer, 4To Aj1sl MOMy4YeHUs1 HAaOOIbIIEr0 HEMCKaXXEHHOT'O
BBIXOJTHOTO HATIPSIKEHUS padouyro mouKy ciedyen ploupams nocpeoute
HAZPY304UHO NPAMOU O NEPEMEHHOMY MOKY.

[Monyunm ¢dopmyny anst pacuera HanpspkeHUs Uy pr, IPH KOTOPOM
pabouas Touka OyIeT paclojioXeHa MOCPEAWHE HArpy30YHOH MPSIMOH
IO MIEPEeMEHHOMY TOKY (puc. 3), mojaras, 4T0 MUHUMAJIbHOE HaIPsHKEHUE
KOJUIEKTOP-3MUTTEP Uks min= 0 (Ha TPAKTHKE Uk min<1 B). [lpm stom
JOMYIIEHUH HANIPSHKEHUE KOJUIEKTOP-OMUTTEP B pabovei Touke

UK3 pT = IK pT(RKHRH)a (3)
nmpudeM pabouas TOUKa JIOJDKHA JIeKAaTh HA HArPy30UHOW MPSIMOM

T10 TTOCTOSTHHOMY TOKY
UK3 pr— E_IK])T (RK+ RS) (4)

IKpT

UKD min

Puc. 3

Pemias ypaBHeHus (3) u (4) kak cucTeMy, HAXOAUM
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1
UK3 pT =E R R R . (5)
P
H RH RK
N3 dopmynst (5) cnenyer, uto HanpspkeHue Uy, B 00LIEM cilydae
Oyzaer MeHblie F£/2, mpudem, 4eM OoJibilie Ry U MEHbIIE Ry, TEM MEHbIIE
Oyner HanpsbkeHue Uxs,,. B wacTHOM citydae, ecnu ycunurens paboTaeT

B PSKHME XOJIOCTOr0 X0J1a Ha BBIX0ze (Ry= ), TO
1
E——m.
2+ Ry /Ry

UK3 pT =

Ecnu ycunurens HarpyeH Ha COIPOTUBIIEHUE Ry = Ry, TO
U =F !
KO pr — R ’
3422
K

TO €CThb B 3TOM cltydae HanpspkeHue Uy, Oyner Menblie E/3.

B kackagax mpeaBapUTENbHOIO YCHJIEHHS, KOTJAa OT YCHJINTENS
He TpeOyercs MakCHMalbHO BO3MOXKHASI aMIUIMTY/Aa BBIXOIHOTO CHUTHAJja,
HanpspkeHue, Uyxs e BBIOMPAIOT HECKOJIBKO MEHBINE, YeM 3TO CIeAyeT
u3 cootHouieHus (5). B aToM cnydae HelnwHEHbIE MCKaXKeHHsI, 00YCIIOB-
JIEHHBbIC HIDKHUM 3arnOOM BXOJHOHM XapaKTEPUCTHKH TPaH3UCTOpa, OyIyT
MEHBIIIE.

[lpu cnenaHHOM OONYMIEHUH (Uksmin= 0) MakcHManbHas aMILTUTYAA
BBIXO/IHOTO HaINpsHKEHUs Kackajia

1
Ugpixm = E R R R (6)
24 K479 479
H RH RK

Otcioga MOXHO HAaWTH KOX(QHUIMEHT HCIOIb30BAHUS HAIPSKEHUS
WMCTOYHMKA MHUTAHWSA, PAaBHBIA OTHOLIEHHIO MAaKCHUMAaJIbHOM aMILIUTY/bI
BBIXO/IHOTO HamnpsbKeHus Kackala Uppxm K HalpsHKEHUIO HCTOYHMKA
nuTtanus E:

1

kE = R R R N (7)

K 5 5

24 —+—+—

H RH RK
3/1ech ciaenyer UMeTh B BUJY, YTO JIFOOBIC CMEIeHUs paboueii TOuKH,
BBI3BaHHBIC Pa30pPOCOM TMapaMETPOB AJIEMEHTOB Kackaja, W3MEHEHHEM
TEMIIEPATypPhI U T. IL., IPUBEAYT K yMEHbIIeHU0 Upprx m U kr OTHOCUTEIBHO

paccunTaHHbIX TI0 popmymnam (6) u (7).
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U3 popmyn (6) u (7) ciaemyer, 4TO yBETUYCHUE COMPOTUBIICHUS R,
JKeJIaTeNIbHOE JUIsl TIOBBINICHUS CTAOMJILHOCTH paboueil TOYKH, MPHUBENET
K YMEHBIIEHUIO KO3((DHUIHEHTa UCIIONB30BAHUS HAMPSIKEHUS HCTOUYHHKA
MUTaHMS, YTO HeXeNnarelibHO. Ha mpakTHke cOnmpoTUBIIeHHE pe3ucTopa Ry
BBIOMPAIOT M3 KOMITPOMHUCCHBIX COOOpaXKCHUM.

1.3. PacueT eMKOCTH KOHIEHCATOPOB

AHanu3  aMIUIMTY[IHO-4aCTOTHOM  XapaKTePUCTUKH  YCHIIMTENS
B 00JaCTH HM3KHX YacCTOT MOKa3bIBaeT 5], YTO MPU PaBHBIX MOCTOSHHBIX
BPEMEHU IEPEXOAHBIX LENEH Ty, HIKHSS TPaHUYHAsT 4YacTOTa IIOJIOCHI
HPOITYCKAaHHUSI YCUIUTENS

I= 1
H 2
2nt, 82 -1

TZIe 71 — KOJUYECTBO MEPEXOHBIX LIENEH B YCUIIUTEIE.

Orcroia MOXKHO MOITY4UTh (OpMyITy [UIS pacueTa MOCTOSIHHOM Bpeme-
HHU [IEPEXOJHBIX LIENEN 10 3aJaHHON HMXKHEW I'PaHUYHOM 4acTOTE I10JIOCHI
MPOMYCKaHHS YCUIIATENS fiy:

T, = ; ®)
2n £, A2 -1
Kackan c smutrepHoll craOmnmsanueld Toka Komiektopa (puc. 1)
COACPXKUT JIBE TepeXxoaHbix Iuenu: BXxoAHylo (Cp) m BeIXOAHYIO (Ck).
[TocrosiHHas BpeMEHM MEPEXOMHOM IEeMU paBHA MPOU3BEICHUIO €MKOCTHU
MEePEXOAHOr0 KOHJEHCAaTOpa HAa CYMMY COIPOTUBIICHUN, BKIFOYCHHBIX
(M0 MEepeMEHHOMY TOKY) TIOCEIOBaTeIbHO ¢ HUM. [locTOsSTHHAs BpeMeHH
BXOJHOMH IIeNU
Tus = (Rc +R51||Rea2|[78x 1) Cs, )
rae  Rc — CONPOTHUBICHUE UCTOUYHUKA CUTHANA;
7BX + — BXOJHOE COMIPOTHUBJICHUE TPAH3UCTOPA.
ITocTosiHHAs BpeMEHM BBIXOJHOM LEnu
T = (YBoix TRu)Cs,
T/I€ 7ppix — BBIXOJHOE CONMPOTUBIICHUE YCHIIUTENS.
B cxeme puc. 1 BEIXOAHOE CONPOTUBIIEHUE I'ppix = Ry. Torma
Tux = (RK +RH)CK. (10)
Konnencatop Cs B 1ienu amMutTepa (puc. 1), Tak ke Kak ¥ MmepexoaHbIe
kougeHcaTopel Cy u Ck, TPUBOIUT K 3aBally aMIUIMTYAHO-4aCTOTHOU
XapaKTePUCTUKUA YCUIUTEIS B 00JIACTH HU3KHUX YaCTOT, OJHAKO €ro BIIHS-
HHUE OTJIMYaeTcsl OT BIusHUS KoHaeHcatopoB Cy u Cx. Ecnu mepexoanbie
12



koHgencatopsl Cp 1 Cx MPUBOAAT K ToMy, uTo npu f—0 koddduument
YCUJICHUS TI0 HAIPSDKEHUIO CTPEMHTCS K HYIIO, TO KOHIeHcaTop Ch Takke
MPHUBOANT K YMEHBIICHHIO KO((QUIMEHTa YCHIEHHS, HO HE 10 HYI,
a JI0 HEKOTOPOro MHUHHMAJBHOTO 3HAYEHHs, PaBHOTO KOI(PQPUIHEHTY
yeunenus pu C;= 0. B pabore [6] moka3aHo, 4TO €CJIM 3TO YMEHbIIICHHE
MpeBbIIaeT JBa pa3a, TO BOJW3M HW)KHEH TPaHUYHOW YaCTOTHI MOJIOCHI
MPOMYCKaHUS Pa3IM4MsIMH BO BIMSHUHM HA aMILUTUTYIHO-4YaCTOTHYIO XapaK-
TEPUCTUKY TIEPEXOJHBIX KOHJIEHCATOPOB W KoHAeHcaTopa C, MOXHO
npeHeopeub. ITO MO3BOJISIET CUYMTATh, YTO BOJU3M HIDKHEH TPAHUYHOM
YacTOTHI MOJOCH MPOMYCKaHHs BIUsHUE KoHAeHcaTopa C, Ha aMIUIATY-
HO-4aCTOTHYIO XapaKTEPUCTHKY OyAeT SKBHBAJICHTHO BIHSIHUIO eIle
OJIHOTO MTEPEXOHOTO KOHIEHCATOPA.
[TocTrosiHHAst BpeMEeHHM SMUTTEPHOM 11enu [7]

R +1g

T, =| 1+
hyys +1

HD

C,, a1

rjae 75— auddepeHnnanbHOe CONMPOTHBICHUE SMUTTEPHOTO NIEPEX0/1a;
75 — COMPOTUBIICHHE 0a3bl TpaH3UCTOpa [8];
hy15 — craTdeckuii ko unmeHT nepenaun Toka 0asel TpaH3UCTOpa [8].
Takum 00pa3oM, IIpU PaBHBIX MOCTOSHHBIX BPEMEHH Tys= Tk = Try — Ty
u n =3 u3 coorHoueHui (8)—(11) MOXHO MONY4YHTH ciaeaytomme GopMyibl
JUISl pacdera eMKOCTeH KOHJIEHCAaTOpPOB:

C. - 0,3121 _ (12)
’ (RC + Ry, |R52||rBXT )fH ,

C. - 03121 (13)
: (RK +RH )fH ’

C. - 0,3121 (14)
? R +rg '

Pyt ————
hys +1

2. COAEPKAHHUE U ITOPAJOK BBIIIOJIHEHUSA PABOTbI

1. BwInumuTe cripaBOYHbIEC TaHHBIE TPAH3UCTOpPA B 00BEME CIIPABOYHUKA
[9]: obOmme cBeneHMs], DJICKTPUYECKUE IMapaMerpbl, MaKCHMaIbHO
AOOIMYCTUMBIC MMapaMeETphbl, ceMelcTBa BXOJHBIX W BBIXO/HBIX XapaKTe-
PUCTHK.
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2. BpiOepure pexxuM pabOTHl TPaH3UCTOpa W3 YCIOBHS oOOecredeHus

MaKCHMaJIbHON aMIUTUTY/ABI BBIXOJHOTO HAIPSKEHMUS.

PaccuwuraiitTe mapamerpsl AeIUTENS B 1IeH 0a3bl.

Onpeaenute A-mapamMerpsl TPAH3UCTOPA B paboueii TOUYKe.

Haiinnure napamerpsl 3J1IEMEHTOB CXEMBI 3aMEILIEHUS TPAH3UCTOPA.

PaccuuTaiiTe OCHOBHBIE MapaMeTpbl Kackaga: Kod(duuueHTs ycuie-

HUS 10 HaNpsHKEHHI0, TOKY M MOIIHOCTH; BXOJHOE CONpPOTHBIICHMUE;

BBIXO/IHOE COMPOTUBIIEHHE.

7. llocTpoWTe CKBO3HYHO XapaKTEpUCTUKY M OLIEHUTE HEIUHEHHbIE
WCKa)KeHMsI IPH MaKCUMaJIbHON aMITJIUTYAE BXOJHOT'O HaNPSKEHMUS.

8. PaccuuTaiiTe eMKOCTH KOHJIEHCATOPOB.

9. Bribepute TUI 1 TapaMETPHI PE3UCTOPOB M KOH/IEHCATOPOB.

10. OdopmMuTe NOSCHUTENBHYIO 3aMHCKy, HAUYEPTUTE MPUHIMIHAILHYIO
CXeMy Kacka/a, COCTaBbTE MepEeUeHb 3JIEMEHTOB.

AT

3. PEKOMEHJALUU 110 BBINIOJIHEHUIO PACYETOB

3.1. Bei0op pexxuma padoThl TPaH3UCTOpPA

Ha cemeiicTBe BBIXOJHBIX XapaKTEPUCTUK TPAH3UCTOPA IOCTPOUTE
Harpy304Hyl0 NpPsSMYIO 1O TOCTOSHHOMY TOKYy. CompoTHBIIEHHE B €U
3MUTTEPA BO3BMUTE U3 COOTHOILLICHUS:

R3:0,2 RK. (15)

Takoe compoTHBIIEHHE O0ECHEYUT JOCTATOYHO BBICOKYIO CTaOWIIb-
HOCTh pabovell TOUKM U HE CHIIBHO YMEHBIIUT KO(PGHUIIMEHT UCTIONb30Ba-
HUS HANIPSDKEHUS] HICTOYHHUKA TUTaHUSL.

[locne pacuera conpotuBieHUs: R, cpasy ke BblOepHTe Onnkaiiiiee
cTaHIapTHOe 3HadyeHHe mo psaxy E24 [10] (cm. mpunoxenue). B mocie-
JYIOINX BBIYMCIEHUAX HCIIONB3YHTE CTaHAapTHOE 3HAYEHUE COMPOTHBIIE-
HUS Ry,

Haiee o opmyiie (5) paccunrtaiite HANPSHKEHUE KOJLICKTOP-3MUTTEP
B paboueii Touke Uxs . byner ynoOuee, ecnu pabouast TOuka cOBHAIET
C OZIHOM M3 BBIXOJHBIX XapaKTEPUCTUK CEMENCTBa, MOITOMY B KadyecTBE
paboueil Touku BbIOepUTe OMMKAMIIYIO K pacCUUTaHHOMY 3Ha4eHHIO Uk pr
TOUYKY IEPECEUECHHUs] HArPy304HOU IIPSIMOM 110 IIOCTOSIHHOMY TOKY € OIHOM
13 XapaKTepuCTHK ceMmeiicTBa. Eciy 1mar BBIXOJHBIX XapaKTepUCTUK TpaH-
3MCTOpPa BEJHK, TO «IOITSATUBAHUE» paboueil TOUKH K Oynkaliieil BbIXO-
HOM XapaKTepUCTUKE MOXKET NPUBECTH K CYLIECTBEHHOMY OTKJIOHEHHUIO
paboueil TOYKM OT ONTHMAaJbHOTO 3HadyeHUs. B sToM ciiydyae MOXKHO
MOCTPOHUTH JAOMOIHUTEIBHYIO BBIXOJHYIO XapaKTEPUCTUKY H BBIOpATh
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pabouyto TouKy Ha Heil. OTMeThTe BEIOPaHHYIO pab0ouyIo TOYKY Ha BBIXOJ-
HBIX XapakTepUCTHKax TpaH3ucropa. Ormpenennte TOK KOJUIEKTOpa
B paboueil Touke /i pr.

OtMmeThTe BHIOpaHHYIO pabOuyr0 TOYKY Ha BXOJHON XapaKTEPHCTHUKE
TpaH3ucTOpa. B cnpaBoYHMKaxX OOBIYHO MPUBOMASATCS JABE XapPAKTCPUCTHKH:
MIPH HANPSKEHUH KOJUIEKTOp-3MUTTEP Uiy = 0 u nipu HanpsikeHun Uy # 0
(y Tpan3ucropoB nmo3aHux paspadbotok Uyxs>= 5 B). [lepBast xapakrepucTtu-
Ka COOTBETCTBYET PEKUMY HACHIIICHHUS, @ BTOpas — HOPMaJIbHOMY aKTHB-
HOMY pexuMmy. I10CKOIBKY B YCHIIUTEISIX TPAH3UCTOPHI paboTalOT B HOP-
MaJbHOM aKTHBHOM pEKHUME, TO padOodyl0 TOYKY CIIEAyeT MOCTPOHTH
Ha BXOJHOH XapakTepucTHKe npu HanpskeHuu Uiy # 0 (puc. 4), npu 3ToM
HE WMeEeT HHMKAaKOro 3Ha4yeHUs COOT-
HOLICHUE HAIPSDKEHHS, Ui KOTOPOTo
MpHUBEACHA BXOJHAS XapaKTEPUCTHKA
B  COpPaBOYHHMKE, W  HaNpsHKEHHS Uir=0—=
B paGoueii Touke Ugs,,. Ha BxomHoii Uko=>
XapakTepucTuke pabodasi TOYKa CTPO-
UTCA 1O TOKYy 0a3bl Ip,, COOTBEICT-
BYIOWEMY BBIXOJIHOH XapaKTEPUCTHKE, 1 B Y
npoxofsiueil uepe3 pabouyylo TOUKY. ]
[Mpoeknus pabodyeid TOYKHM Ha OCh i
HalpsKeHHUs  0a3a-dMUTTEp  JacT
3HaYCHUE HaNpsDKEHHsT 0aza-dMUTTEp 0 b1
B paboueil Touke Upy,,. Bbimummre Uss e Upy
napamerpsl pabouelt Touku: Uy pr, Puc. 4

Iy

IK pTs U133 pT> IE pr*

3.2. Pacuer neauresisa B Iieu 0a3bl

Paccuuraiite comporuBiieHUs aenutens Ry,Rp B 1enu 0a3bl. Uem
Oonbiie Oyner ckBo3HOM TOK nenutens Iy = E/(Rp;+ Rpy), TeM cTabuibHee
OyzeT pexuM paboThl IPU 3aMeHe TPAH3UCTOpa M U3MEHEHUH TeMIlepaTy-
pBI OKpYKAaIOIIEH cpelnbl, HO TeM Oojbllie OyaeT TOK, MOTPeOsieMbIit
KacKaJloM OT HCTOYHHKA MUTaHHS, TIO3TOMY CKBO3HOM TOK JIEUTENS BBIOH-
paloT M3 KOMIIPOMHCCHBIX cOOOpakeHHi. Ha mpakTHKe CKBO3HOH TOK
aenutens BeIOuparoT u3 ycnoBus [y = (3+10) Ig .

CornacHo 3akony Oma, COIPOTHUBIICHUE PE3UCTOPa

Up, *Ugs,
Ry, = o 7 r . (16)
a
PaccuuTatiTe conpoTuBiieHuEe pe3nucTopa Ry, o popmyie (16), monaras
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UR3:IQpTR3: (IKpT+IBpT) R3~ (17)
Bribepute cranaapTHOE 3Hau€HHE COMPOTHBIEHUS Ry, 1o pany E24
Y TIepecunuTaiTe TOK JAEMUTENS:

e Upy tUps,
[ﬂ:R—Ba‘" (18)
R,

Paccuuraiite conpoTuBieHue pe3uctopa Rg;:
E- (URs + UBBp‘r )
Ry = * . (19)
I, +1
pit
BriOepute Onmmkaiiliee cTaHIapTHOE 3HAYEHHE CONMPOTUBIEHUS Rp
no psay E24.

Bpr

3.3. Onpenenenue h-napaMeTpoB TPAH3UCTOPA
MO0 CTATHYECKUM XaPAKTePUCTUKAM

[To craTYeckuM XapaKTEepUCTHKAM TPaH3UCTOPA MOXKHO OIPEICIHUTh
TPU M3 YEThIpEX /-TapaMeTPOB: BXOJHOE CONPOTUBJICHUE /13, CTATHYC-
CKUH KO3 (UIMEHT Tiepenayn Toka 0a3bl TPAH3UCTOPA /315 U BBIXOAHYIO
MPOBOIUMOCTD /12375,

BxomHoe conporuBienue 415 = AUys/ Al IpU KOPOTKOM 3aMBbIKAHUH
0 MEePEMEHHOMY TOKY Ha BbIxoje Tpan3ucropa (Uys = const) [8] onpene-
JISIOT II0 BXOJHBIM XapaKTEpHUCTHUKaM TpaH3ucropa. i aroro sanaire
npuparieHue HanpsokeHus 6aza-amMutrep AUps CHMMETPUYHO OTHOCHUTEIb-
HO pabodell TOYKU U ONPENEIUTE COOTBETCTBYIOIICE MPUPAIICHUE TOKa
0a3el Al (puc. 5).

Iy
U]<3 =5B
2 PT]
3 A |
0 ;
N UB35 B
AUB3 UB3 pT
Puc. 5
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[Mpupamenue AUy, cienyer OpaTh Kak MOXKHO OoJIbIlie, HO HE 3aX0/s
Ha SIBHO HEJIMHENHBIE YYaCTKN BXOJHOW XapaKTEPUCTUKH.

Cratnyeckuii koddduimeHT mnepemayn Toka 0a3bl TpaH3UCTOpA
Mis=Alx/Aly Tpu  KOPOTKOM 3aMBIKAHUU 10 TEPEMEHHOMY TOKY
Ha BbIxoge Tpanzucropa (Uxs= const) [8] ompenensioT MO BBIXOIHBIM
XapakTepucTUKaM TpaH3ucTtopa. Jns HaxoXaeHus mnapamerpa /i
HEO0XOMMO 3aJ1aTh NpUpPAILEHHE TOKa 0a3bl Aly U ONPEACTUTh COOTBETCT-
BYIOIIIEE TIpUpalleHue ToKa Kouiektopa Al (puc. 6).

Ix

E/(R]C‘"Rg) L

Al

IK pr$

0 UK3 pT E U]<3
Puc. 6

[Nockonbky mapameTp /15 ONpeAessieTcsl IpU KOPOTKOM 3aMbIKAaHHH
M0 TIePEeMEHHOMY TOKY Ha BBIXO/I€ TPAaH3HCTOpa, TO TPHUpAIICHHE TOKa
0a3pl HagO 3aJaTh TaK, YTOOBI TOKH 0a3pl OTBEUAIH YCJIOBHIO
Ux»= Uk pr= cONSt, a UId 3TOr0 OHHU JOJDKHBI JIEKATh HA BEPTHKAIBHOU
MPSIMOM, TIPOXOAsIIel yepe3 pabouyto TOUKY (TokH [gs U I3 Ha pHcC. 6).

BbixonHyo mpoBOAUMOCTD /o= Alx/AUxs B pexuMe XOI0CTOro
X07la Ha Bxojie Tpau3uctopa (/5= const) [8] ompeaenstor Takxke Kak U Ia-
pamertp /a1 1O BBIXOAHBIM XapaKTEepUCTUKaM TpaH3ucropa. s Haxoxe-
HUS mapamerpa /z; HEoOXOAMMO 3aJaTh MpHpAIEeHUE HANPSDKEHHS KO-
nektop-oMuTTep AUk» M OPEAETHTH COOTBETCTBYIOIIEE MPUpAIICHIE TOKA
koiekropa Alx (puc. 7). YcioButo Iz= const OyayT OTBEYaTh TOUKH,
JeKallie Ha BBIXOAHOW XapaKTePHCTHKE, MPOXOJsliell uepe3 padodyio
TOYKY TpaH3ucTopa. [IOCKONBKY BBIXOJHBIE XapaKTEPUCTUKH JIMHEWHBI
B IIMPOKOM JAWANa3oHe HaNpsDKeHHi, To npupamieHue AUyx, MOXKeET ObITh
JOCTaTOYHO OOJNBIIUM, MPU 3TOM €ro CHMMETPHYHOCTH OTHOCHUTEIBHO
paboueii TOYKU HE UMEET 3HAYCHUSI.
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IK I];7
E/(Ric+R-) 4 Iig
Is
IB4
S
Z IK pT“% ------- ’ PT 1153
i —
/ i 1152
|
K E I];] =0
0 'UK3 pT 'E U]<3
K3
Puc. 7

YerBepTolii mapamerp — K03(QGUIIUEHT 00paTHOW CBSI3U O HampsbKe-
HUIO /1155 TIO IPUBOAMMBIM B CIIPABOYHUKAX CTATUYECKUM XapaKTEPUCTH-
KaM ONpeeNuTh HEBO3MOXKHO. Y MaJIOMOLIHBIX TPaH3UCTOPOB KO3 duIu-
eHT 06PaTHOI CBA3H MO HANPSKEHHIO /1125 = (1+10) 107",

3.4. Pacuer mapaMeTpoB 3JIEMEHTOB CXE€MbI 3aMCIIICHUA TPAH3UCTOPA

Paccunraiite (huznueckue MajocCUTrHaIbHBIC mapamerpbl [1-00pa3Hoi
CXEMbI 3aMEIICHUsl OWMONSIpHOro TpaH3ucTopa (puc.8). Ora cxema
M3BECTHA TAKXKE B JIMTEPATYPE TMOJ] HA3BaHUSAMHU «THOPHUHAS CXeMa 3aMe-
meHus» [11] u «cxema 3amerienns Jxuaxonerro» [12].

|| Cx

B s J g K
O — SUns

C3£[

T 9 U

o . o
6) )

Puc. 8

EMKOCTB KOJUIEKTOPHOTO TIepexojia MPH HANPSKEHUU KOJIEKTop-0a3a
Uxs = Uxks pr-
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*

« | U
Cy =Cy [, (20)
UKEpT
.
rae  Cy —eMKOCTh KOJUIEKTOPHOIO IIepexojia IPU HaNpsLKeHHU KOJUIEK-
* * *
Top-6a3a U= U,y . 3Hauenuss Cy u U, BO3BMHTE U3 CIIpa-
* o
BOouHHKa [9], mpuueM 3HadeHue U, — U3 TOU XKe CTPOKH CcIIpa-

¥
BOYHHUKA, 4TO U C (KOJIOHKA «PeXUMBI U3MEPEHU» ).

Hanpspkenue komnekrop-6aza B paboueit Touke Uyp,r paccuuTaiiTe
o opmyue:

UKBpT: E_IKpTRK_ (IKpT +IBpT)R3_ UBBpT- (21)
BrixoaHO€E CONPOTUBIIEHUE TPAH3UCTOPA
1
Ty = (22)
s
CompoTuBiieHHEe KOJIIEKTOPHOT'0 MePEX0/1a TPaH3UCTopa
Tk =’”1<3(h213 +1)' (23)
ComnpoTHBIIEHIE IMUTTEPHOTO MIEPEX0Ia TPAHZUCTOPA TS TOKA YMUTTEpPA
25|mMB
naz__ig_l{oM} (24)
13 pT [MA]
ConpoTuBIIeHHE SMUTTEPHOTO TIEPEX0/Ia TPAH3UCTOPA ISl TOKA Oa3bl
g3 zra(hzla +1)' (25)
ComnpotusiieHre 0a3bl TPAaH3UCTOPA
T
e = 1,5C—K , (26)

K
IJIe Tx — MMOCTOSIHHASI BpDEMEHH 1IeNU 00paTHOM CBS3M Ha BHICOKOM 4acTOTe.
3HaYeHHE Tx BO3BMHTE U3 CHpaBOYHUKA [9]. ¥V TpaH3UCTOPOB Maoif
MOIIHOCTH CpEJHEH 4YacTOThl 3HAUYEHHUE Tx HE HOPMHUPYETCSH, MOITOMY
JUId 3TUX TpaH3ucTopos npumute r5= 100200 Om.
Huddy3noHHast eMKOCTh SMUTTEPHOTO ITEPEXoa

1
Coi=—
Mg fr‘pr3 ’
r1e fr, — FpaHu4Has yacTtora koddduiuenra nepenaun Toka [8] — vacrora,
Ha KOTOPOH MOaynb Ko dUIeHTa Mepeaadn Toka 0a3bl B CXeMe
¢ o0mMM 3MHUTTEPOM |fi215| = 1 (A7 TpaHUYHON YACTOTBI YacTO
HCIIOIb3YETCs MEXKIyHAPOIHOE 0003HAUCHHUE fr).

27)
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I'pannuHas yacrora fr, WM OIPUBOAUTCSA B CIPABOYHUKE WIIM PACCUU-
ThIBaeTcs 1o popmyiie

fFP: |h213|ﬁ13Ma (28)

TJIC fu — YACTOTA, HA KOTOPOM M3MepeH MOAYJb KO3 huIileHTa nepenadu
TOKa 0a3bl |fy)5|.
3HaueHus |hy15| U fisy BO3BMUTE M3 CIIpaBOYHMKA [9], mpuuem 3Haue-
HUE fy5 — U3 TOH JKE CTPOKH CIIPABOYHHUKA, UTO U |/215| (KooHKa «Pexumbl
W3MEpEHHS» ).
Kpytunsna tpansucropa

S=Zz—13~ (29)
115

Crenyer umers B By, 4to ¢opmynsl (20) — (29) sBustoTest npubin-
KEHHBIMH, U peajibHbIe 3HaUCHUs TapaMeTpOB MOTYT 3aMETHO OTIMYAThCS
OT PACCYMTAHHBIX MO ATHM (OpPMYJIaM.

3.5. PacueT 0CHOBHBIX MapaMeTPOB KacKkaaa

KoadduimeHT ycuieH s 1Mo HapsKEHUIO
RK RH
R, +Ry
Koaduument ycunenus no Toxy
1 Ry
Ry + Ry, R + Ry
RB] RBZ
KoadduimenTt ycuieHus mo MOIHOCTH
K, =K, K,.
BxoaHoe conmpoTHBIeHHE Kackaaa
hll3
Rg, + Ry,
RB] RBZ
BeixoziHOE conmpoTHBIIEHHE KacKaaa
Ry 1ier

K, =S

K, = h213
1+ 7y

I'gx =

1+ 75

7, =
BbIX .
Ry + 7y
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3.6. Onenka HeJIMHEHHBIX HCKAKEHUI KacKkaaa

[MTocTpoiiTe Harpy304HYIO MPSIMYIO 10 MEPEMEHHOMY TOKY, KOTOpas
OyzleT IpoXOoANTh Yepe3 pabouyro TOUKy U TOUKY B (puc. 9) ¢ HanpsbKkeHneM

Up= Uks ]’)T+IK pr (RKHRH)

OrneHuTEe MaKCUMaJIbHYIO aMILTUTYAY BBIXOJHOTO HANPSHKEHMS KacKa-
na Uppixm C YYETOM «IIOATSATUBaHUSA» pabouell TOYKM K OJyimkaifimeit
BBIXOJIHOM XapakTepucTuke. MakcumaiibHasi amruatyna Usprxm OyIeT
paBHA MEHBIIEMY W3 JIByX HAINPSKCHUN: HANpsKCHUs B pabodedl Touke

UK3 pr 4

E(R¢+R>),

paznoctu HanpsbkeHui Uz — Ugs e (pHC. 9).

Ix

7€

[TocTpoiiTe CKBO3HYIO XapaKTEPUCTUKY KacKaja — 3aBHCHMOCTh TOKa
KOJUIEKTOpA ix OT HampspKeHHs 0a3a-dMUTTED gy, AJIS YEro NMpeaBapUTeb-
HO 3arOTOBBTE CJICAYIONIYIO TaOIHILY:

I];, MKA 0 AI]; 2AI]; 3AI]; 4AI]; SAI]; 6AI];
U]33 B [Z3] Uy us Ug Us Ug uz
IK, MA iKl iKZ iKS iK4 iKS iK(v iK7
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CKBO3HYIO XapaKTEpUCTUKY CTPOAT 10 Harpy304HOW MpsMOH MO Te-
peMeHHOMY TOKy. KonmuuecTBo cTONOIOB B Tabnuie OyaeT paBHO KOJIHUe-
CTBY TOYEK IMEPECEUCHUS] HArpy304HOH MPAMOW MO MEPEMEHHOMY TOKY
C BBIXOJIHBIMHU XapaKTepPUCTHKaMH TpaH3ucTopa (7 cTonOLoB A mpuMepa
Ha puc. 9, He cunrtas OokoBHKa Tabnwuikl). B Tabmuie Aly — mar mo Toky
0a3bl, ¢ KOTOPBIM MIPUBECHBI BEIXOHBIC XapaKTEPUCTUKU B CIIPABOYHHUKE.

Kaxayto Touky nepecedyeHrs Harpy304HOM MPsIMOM 1O MEpEMEHHOMY
TOKY C BBIXOJJHBIMH XapaKTepUCTUKaMH TPaH3UCTOpa CIIPOeHUpyiTe Ha OCh
TOKOB (puc. 9). [lony4yeHHbIe 3HAUEHHSI TOKAa KOJIEKTOpA ik — ix7 3aHECUTE
B TaOJIUILY.

Hampsokenus 6a3a-3MUTTEp, COOTBETCTBYIOIIUE TOKAM iy — ik7, MOX-
HO HAWTH IO BXOJHOM XapaktepucTtuke Tpansucropa (puc. 10), mis yero
HAa OCH TOKOB HAaJ0 OTJIOKWUTh 3HAYEHHS TOKOB 0a3bl M3 TaOIUIIBI, CIIpOe-
UPOBATh WX Ha BXOJAHYIO XapaKTEPUCTHKY, a 3aTeM — Ha OCh HaINpPsIKEHUH
0aza-omutTep. Ecim BoCmonb30BaThCS BXOTHBIMH XapaKTEPUCTUKAMHU
TPaH3UCTOpa, NPUBOJMMBIMH B CHOPaBOYHHKE (KaK dTO TIOKa3aHO
Ha puc. 10), TO TOYHOCTH OTCUETA HAIpPSHKCHUH Oa3a-aMUTTEp Oyner
KpalHe HU3KOM.

Iy
ig7= 6Al
ige= SAlg
i];s = 4A1];

ipa=3AIs =I5
ip3= 2Al5

i = Alg

i];] =0

UE3 pT

Kax Buano u3 puc. 10, 10 HanpsKeHUs #; OH HE COAEPKUT HUKAKOU
I/IH(l)OpMaHI/II/I, MMO3TOMY IJIA MOBBIMICHUS TOYHOCTHU rpa(bnquKHx IOoCTpOC-
HUN HavyalbHBI YYacTOK TpaduKka BXOIHOH XapaKTEpPUCTHKA CIEeTyeT
UCKIIIOUUTh, CMECTUB HAuaJlo OTCUeTa MO OCH HANpshKeHUH 0a3a-aMUTTEp
W U3MEHUB MaclTad MO OCH HampsbKeHWH 0a3a-dMUTTEp, Kak IOKa3aHo
Ha puc. 11.

Puc. 10
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[Nony4yeHHble 3HaUeHUs HaNpsDKEHUH Oaza-sMuTTEp u; — U7 (puc. 11)
3aHECUTE B TAOJIUILY.

Iy

ig7= 6Al;

i];ﬁ = SAI];

i];s = 4A1];
ipa=3AI5= I

ip3= 2Al5
i = Alg
i];] =0

UB3 pT
Puc. 11

Ucnonw3ys mapei 3HaueHuit Uy, Ik 13 TaOIUIBI, TOCTPONTE CKBO3HYIO
XapaKTEepPUCTUKY Kackaja, Kak IOKa3aHO Ha puc. 12, u ompenenure
HauOOJIBIIYIO0 aMILTUTYY BXOIHOTO curHaya Ugs,,.

ik

ig

ITpu mogave Ha BXOA KacKaja rapMOHHYECKOTO KOJACOAHHUS ¢ aMILIH-
Tynoit Ups, HampsbkeHHe 0a3a-aMHUTTEp OYyJeT HM3MEHSTBCS B Ipeelax
0T Uss pr— Ussm (TOuka 4 Ha puc.12) 10 Uss pr+ Ugsy, (Touka B Ha puc.12).
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[Ipu yBenm4eHUn aMIIUTYAbI BXOJMHOrO HampskeHust Uss, Touku 4 u B
OyayT yAansTbesi OT paboueil TOYKM CHMMETPUYHO 10 OCH HaIpsDKEeHHH.
Hatinute Takoe mosoxkeHue Touek 4 u B, Ipu KOTOPOM OHH OYJyT MaKCH-
MaJbHO yJIaJIeHbl OT paboueii TOYKH, HO HE OYIyT 3aXOJUTh HA SIBHO HEJH-
HeilHble y4YacTKM CKBO3HOM XxapakrepucTuku. Hawecute Touku A u B
Ha rpaduK CKBO3HOW XapaKTEPHCTUKU M 3allUIIMTE TOIy4YeHHOE 3HAUCHUE
MaKCHMaJIbHON aMIUTUTYABI BXOAHOT 0 curHana Ugyy,.

OneHnTte HeTMHEWHbIE UCKAXEHNS, BHOCUMBIE KacKaJoM, NP MaKCH-
MaJIBHOW aMIUIMTYJIE€ BXOAHOTO HamnpsbkeHus. JlJId OLEHKH HENWHEHHBIX
HCKOKEHUM BOCIONB3YUTECh METOJOM TisiTH opauHaT [13,14], xoTopsii
Ha3bIBalOT Takke MerofgoM Kimna. Meron matu oOpauHAT MO3BOJSET
NpHOJIMKEHHO HAWTH aMIUIMTYABI MEPBBIX YETHIPEX TAPMOHHUK BBIXOIHOTO
KonebaHus KackaJia 1 COOTBETCTBYOIIHE KO3(D(DUIIMEHTHI TADMOHHK.

J1st Mcrionb30BaHUsS METOJA IISITU OPAMHAT IOCTPOMTE HA CKBO3HOU
xapakrepuctuke Todku C U D, KOTOpbIe JOJKHBI OBITH YAaleHbl OT pabo-
yeld TOYKM Ha IOJIOBMHY aMILIUTYAB! HaIpsDKEHUS BXOJHOTO CHUTHAlA.
B pesynbpTare Ha CKBO3HOH XapaKTepHUCTUKE MOJIYYUTE MSATh PaBHOYJAJICH-
HBIX 110 OCcU HanpspkeHuit Touek 4, B, PT, C u D, opauHATHI KOTOPHIX iy4, ip,
Ix pr, ic, ip, UICHIONB3YIOTCS IPU pacueTe Ko3((UINEHTOB TapMOHHUK.

Koa¢ddpuument BTopoii rapMOHUKH

kpy = 2 ) M : (30)
4 ig—i +ip—ic
Koa¢dduument tperseit rapmoHuKn

rszz‘ . . . . .
ig—i,+ip—ic

k 1 iB_iA_z(iD_iC) 31)

Koa¢dduuument yerBeptoii rapMOHUKH

1 ig+i,—4(i, +io)+61
kr4:_' . . . .
4 ig—i,+ip—ic

Kpr

(32)

WnTerpanbhbiii K03 GUIMEHT FrapMOHUK
kp = ks + ks + kL, (33)

3.7. BoiOop pe3ucTopoB U KOHAEHCATOPOB

Jlyis  mpaBUIIBHOTO BBIOOpa PE3UCTOPOB HEOOXOJMMO PACCUMTATH
paccerBaeMyr0 MU MOIITHOCTb.
MomHoCTB, paccernBaeMasi pe3uCTOpOM B IETH KOJUIEKTopa Ry,

PRK:IZ Ry. (34)

Kpr
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MolHoCTb, paccenBaeMast Pe3UCTOPOM B IIENU SIMUTTEPA Ro,
_ 2
Po =Ly + 15, )R (35)
MOIIHOCTE, paccenBaeMasl PE3UCTOPOM Ry B LienH 6a3bl TPaH3UCTOPA,

2
_ [E - UESpT - (IKpT + IEpT )R3 ]
RB]
MOHIHOCTI), paccerBaeMas pe3nuCTopom R];z B II€111 0a3bl TpaH3uCTOpAa,

I:UESpT + (IKpT + IEpT )R3 ] ?
P = 2 . (37)
B2

Ilpu BbIOOpE HOMWHAIBHOW MOIIHOCTH PE3UCTOPOB HEOOXOIUMO
HCXOAUTh W3 TOr0, YTO paccenBaeMas WUMHU MOIIHOCTh JIOJDKHA OBITh
MEHbIIIE HOMHHAJILHOW. Bosiee TOro, ajisi HajexkHOW pabOThl PE3UCTOPOB
PEKOMEHJTyeTCsl, 4YTOOBl pacceMBaeMasi MOIIHOCTh He mnpepbimana 0,7
0T HOMHUHaIBHOU [15]. 3HaYeHHUs] HOMHHAIHHOW MOIIHOCTH PACCESTHUS
PEe3UCTOPOB CTaHIAPTU30BaHHI [16].

HomyckaemMoe OTKIOHEHHE CONMPOTHBIICHUSI PE3UCTOPa OT HOMHHAIb-
HOT0 3HAYCHHMsI CJICIyeT BHIOMPATh C YYETOM €ro BIUSHUS HAa 3HAYMMBIC
napaMerpsl kackaga. ITocKoIbKy OT CONPOTUBIEHUS PE3UCTOPOB Rg, Ry,
R5 cylllecTBEHHO 3aBHCHUT PEKUM pabOThl Kackala, a OT COMPOTHBIICHHS
pesucropa Rk — KO3Q@UIMEHT YCUJICHHS Kackala II0 HaIlpshKEHUIO,
TO TpeOOBaHMs K JOMYCKY Ha COMPOTHUBIIEHHE 3THUX PE3UCTOPOB JOJKHBI
OBITh JIOCTATOYHO XKEeCTKUMH. Pekomentyercs gonyck + 5%. Jlonmyckaembie
OTKJIIOHEHHsI OT HOMHUHAIILHOTO 3HA4YCHUS COMPOTHBIICHHS pPE3UCTOPOB
CTaHJapTHU30BaHbI [17].

Bosbiioe Koau4ecTBO THIIOB PE3UCTOPOB, MPUBOIUMBIX B CIPABOYHU-
kax [15,18-20], He o3HA4aeT, YTO BCE OHU MOTYT OBITh HCIIOJIb30BaHBI
MPY MPOSKTUPOBAHWU. MHOTHE U3 HUX YK€ HE BBIYCKAIOTCS WJIH BBITYC-
KaloTCsl, HO MX NMPUMEHEHUE B HOBBIX pa3paboTkax 3amperieHo. Tum pe3u-
CTOpPOB ClIeyeT BHIOMpATh W3 YHCIA TIEPCIIEKTUBHBIX PE3UCTOPOB O0IIEro
MPUMEHEHUS!, PEKOMEHIOBAaHHBIX MTPEIOIaBaTEIIeM.

s BeIOOpa KOHACHCATOPOB TPEXKJE BCEr0 HEOOXOAMMO 3HATh
X eMKocTb. Paccumraiite emkocth koHaeHcaTopoB Cg,Cy,Co 1o Gopmy-
nam (12) — (14), monarasi HIKHIOIO TPAHUYHYIO YacCTOTY MOJOCHI MPOITyC-
kKaHusi Kackaga f;=5001m, a conpoTHBIICHME WCTOYHUKA CHUTHAJA
Rc= 60 Om. [Tockonbky MUHYCOBOH JOMYCK Y KOHJIEHCATOPOB C OKCHUTHBIM
JIBJICKTPUKOM 00bIYHO coctaBiisieT 20 %, To HOMUHAlIbHAS €EMKOCTh KOH-
JieHcaTopa J0JbKHA ObITh He MeHee 4eM Ha 20 % Oorblle pacCUUTaHHOTO
3HaueHus. Takum oOpazoMm, emkoctu koHueHcatopoB Cg,Cy,Cs, paccuu-

(36)

REI
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taHHble 10 Gopmynam (12) — (14), cnenyer yBennunuth Ha 20 % W B3ATh
Onmokaiiiee Oosbinee 3HaUeHue 1o paxy E6 [9] (cM. npuioxeHue).

JJis BBIOOpa KOHJICHCATOPOB HEOOXOIMMO TAKXKE paccuuTaTh padodre
HaNpsDKEHUs], IPH KOTOPBIX OHHM OynayT paboraTh B ycunutene. [loctosH-
HOE HanpspKeHHe Ha KOHJIeHcaTope B 11enu 6asbl Cp

Uc, =Ugop + (L + I5pe )RS - (38)
[MocrosiHHOE HAaNPsKEHUE HA KOHJICHCATOPE B 1enu Koyuiekropa Cy
Ue, =E~1Iyy Re. (39)

[TocTrosiHHOE HaTpsKEHKE HAa KOHJIEHCaTOpE B 1enu aMutTepa Co
Uc, =Ixp + 15y )Ro- (40)

HomuHaneHOE HanpsKeHHne COOTBETCTBYIOIEr0 KOHEHCAaTopa JT0xK-
HO C HEKOTOPBIM 3alacoM IPEBbIMAaTh pabouee HaNpsLKEHHWE, PacCUnTaH-
Hoe 1o ¢opmynam (38) — (40). HomMuHaNbHBIC MMOCTOSHHBIC HAIPSHKCHUS
KOHJIeHCaTOpoB cTaHAapTu3oBansl [10]. He cnenyer mpuMeHsITh KOHACHCA-
TOPBI ¢ HOMHHAJIBHBIM HaIlPSDKEHUEM, 3HAUYUTEIBHO TpeBbIIIatonieM pado-
4yee, TaK Kak MPH 3TOM HEOOOCHOBAHHO YBENHMYATCS Macca, rabapHThI
Y CTOUMOCTD YCUJIUTEIS.

Tun koHAeHcaTopa CleAyeT BBIOMpAaTh MO HOMHUHAJIBHOM E€MKOCTH
Y HOMHUHAJIBHOMY HaNpsHKEHHUIO M3 YMCIIa EePCIeKTUBHBIX KOHJEHCATOPOB
C OKCHJIHBIM JHMRJIEKTPUKOM [18—22], pekoMeH10BaHHBIX TIPEIOIaBaTEIIEM.

4. PEKOMEHJALIMA IO O®OPMJIEHUIO KYPCOBOM
PABOTbI

KypcoBas pabora momkHa ObITh OQOPMIIEHBI B BHJIC MOSCHUTEIHLHON
3armucKl 00beMoM 15 + 20 THUCTOB, aKKypaTHO BBITIOJIHEHHOW HA CTaHIApT-
HBIX JIUCTax Oenmoil mucueir Oymaru ¢opmata A4 (210 x 297mm). Tekcr
paboThI cieqyer pacnonaraTh Ha OJHOW CTOpOHe Jucra. Bropas cropona
JIMCTa BIIOCIIEJCTBUU MOXeET OBITh MCIIOIBb30BaHAa JJIsl BHECEHHsSI MCTIpaBIie-
Hull. Bce cmpanuyvl noACHUMENbHOU 3anUCKU 00TIIICHBL ObIMb NPOHY-
Meposanpl (32 UCKITIOYCHUEM TUTYJIBHOTO JICTa, KOTOPBIHA BXOIUT B HyMe-
panuio, HO HOMep Ha HEM He IIPOCTABIISETCS).

[NosicHuTenbHasT 3amicKa MOXET OBITh BBHIMOJIHEHA KOMIIBIOTEPHBIM
(MpeamovTUTENbHO), MAIIMHOMUCHBIM MM  PYKOMHCHBIM  CIIOCOOOM.
B mnocnenneM ciyyae mo4yepk AOMKEH OBITH pa30OpUYMBBIM, a YEpHUIIA
JOJDKHBI OBITH OJTHOTO I[BETA: CHHETO, (PMOJIETOBOIO UIIH YEPHOTO.
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Ilo Bcem deThlpeM CTOpPOHaM JHCTa JOJDKHBI OCTaBaThCs TIOJS.
MunnmaneHble pa3Meps! nonen: ciaeBa — 30 M, cripaBa — 10 MM, cBepxy —
15 MM 1 cHU3y — 20 MM.

OdopmiieHrEe TEKCTa JODKHO COOTBETCTBOBATh TPEOOBAHUSM MEXKIO-
cynapctBenHoro cragaapra ['OCT 2105-95 [23].

[MpuHuMaemble pelieHus] AOMKHBI COMPOBOXKAATHCS HEOOXOJUMBIMH
MOSICHEHUSIMU CO CCBIJIKAMH Ha COOTBETCTBYIOIIME 3aKOHBI, IpaBHia
Y PEKOMEH/IallH.

Bce OykBeHHble 0003Ha4YeHUS! (UBNYECKUX BEIMYMH JOJKHBI OBITH
yKa3aHbl Ha PUCYHKE WJIH MOSICHEHBI B TEKCTE.

Pacuer pexkoMmeHayercs BBITIONHATH Ha BBIYMCIUTENBHBIX MAalllMHAX,
yKa3aB HCIOJIb30BAaHHOE IporpaMMHoe oOecriedeHue. Tounocms npu-
ONIUMNCEHHBIX GLINUCICHUIL  O0IMICHA, KAK RNpAguU1o, obecneuusams
6 pe3ynbmame mpu 3navawiue yuppol.

Pacuer umcneHHbIX 3HaueHHH (U3UYECKHX BEITUYMH JIOJDKEH OBITh
oopmiieH creayronmM 00pa3oM: MOCiie pacueTHON (HOpMYJIbl, 3aluCaH-
HOW B OYKBEHHBIX 0003HAUCHHUSX, B HEE MOJCTABISAIOT YHCICHHBIC 3HAYE-
HUS BEJIMYMH, a 3aTeM MPHUBOJISAT pe3yjbTaT BBIUUCICHHH U 0003HAauUCHUE
eIMHUIIBI (PU3NYECKOH BETNYHHBI 03 CKOOOK.

UepTexk MNPUHIUIHATBLHOW CXEMBI PEKOMEHIYETCS  BBITIOJIHSATH
KOMITBIOTEPHBIM CIIOCOOOM Ha JiMCTe Oenol mucueit Oymaru ¢opmara A4
(momyckaeTcsi BBIYEPUMBAHHE CXEMBl BPYYHYIO) C COONIOJCHHEM BCEX
TpeOOBaHUI COOTBETCTBYIOMIMX CTaHAApTOB. Ha mmcre AOMKHBI OBITH
HaHeceHBl paMka M ocHoBHass Haamuch mo 'OCT 2.104-68 [24]. Cxema
JIOJDKHA OBITh BBITTONIHEHA ¢ coOumoienueM npasui o [OCT 2.701-84 [25]
u [OCT 2.702-75 [26]. YcnoBHble rpaduueckre 0003HAUYCHUS SJIEMEHTOB
YCHIIUTENS TOJDKHBI COOTBETCTBOBATH CTaHAapTaM [27 — 29]. [na nonsap-
HBIX KOHOEHCAMOPO8 HA cXeme Clledyem YKa3ams HOAAPHOCHD UX GKI0-
yenusn. Becem areMeHTaM CXeMBbl JOJKHBI OBITH MTPUCBOEHBI MTO3UIIMOHHEBIE
oykBenHo-LMpoBble 0003HaueHust mo ['OCT 2.710-81 [30]. Ipunyunu-
AIbHYI0 CXeMy clledyem ROMeCmUms 3d ROCNeOHUM JUCHOM ROACHU-
menvbHOll 3anUCKU.

[lepedeHb 571€MEHTOB PEKOMEHAYETCS BBIMOIHITH Ha OTIEILHOM
yucTe Oernoit mucueit Oymaru gopmara A4. [IpaBuiia cocTaBiIeHUs TEPEUHS
anementoB u3noxkensl B ['OCT 2.701-84 [25]. Ilepeuens rnemenmos
ciledyem nomecmuny 3a NPUHYURUATbHOU CXEMOIL.

JIMCTBI TOSICHUTENBHOM 3alMCKH, CXeMa M IEPEYCHb DJIEMEHTOB
JOJDKHBI OBITh TIOMEIEHbl B MalKy-CKOPOCIIMBATEIb WM CKPEIUICHBI
CKOOKaMH B JIBYX-TpeX TOYKax Ha paccrosHuM 10 MM OT jeBoro kpas
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mucta. HMcnons3oeanue cKpenok u naacmukoewvlx Koneepmos (¢haiinos)
He JonyckaemcA.

Eciu pabota Bo3BpaleHa i HCIIPaBICHUH, TO MOCIE MCIPABICHUS
omMOOK ee cleqyeT cAaTh Ha MOBTOPHYIO MpoBepky. Ipu coaue pabomut
HA NOGMOPHYIO NPOBEPKY 3AMEHA MUMYIbHO20 TUCHA He 0ONYCKAEMCA.

I/ICHpaBHeHI/IH CJICAYECT BHOCUTH MMYyTEM 3a4CPKUBAHUA HCIIPABUIIBHOI'O
pe3yiibTaTa W BIIMCBIBAHUSA MNPABUJIBHOI'O PE3yJjibTaTa BBIINIC WJIM IIPABEEC
HenpaBwibHOTO. He Odonyckaemca 3aKkpawiueanue HenpasuibHO20
pe3yivmama u 3ameuanuil npenooasamens. [ BHeCEHUs UCTIPaBICHUI
OoJIBIIOr0 00bEeMa MOXKHO HCIIOJIB30BaTh OOPATHYIO CTOPOHY MPEIbITYIIe-
IO JIUCTA.

Ecmn JJIA BHCECCHUA I/ICHpaBHCHI/Iﬁ HCO6XOI[I/IMO 3aMCHHUTDh JIUCT
MOJTHOCTBIO, TO U3BAMbLI JIUCHL C 3AMEYAHUAMU NPenodasamens ciedy-
em 610)cums 6 pabomy (He 6uiueas) neped UCHPABTIEHHBIM JTUCHOM.

Ecnu paboma nepeoghopmiaena noanocmosio, mo npeovloyuiuii eapu-
anm padomul ¢ 3amMeYanUAMU RPEnooagamens 00aXHceH OblMb 610)4CeH
6 ucnpagieHnbll mekcm (32 UCKIIIOYEHUEM TUTYJIHOTO JINCTA, KOTOPHKIM
JIOJDKEH OBITh MTEpEeHeCeH Ha UCTIPABICHHBINA TEKCT).
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MMPUIJIOXEHHME

PsIIbl HOMUHAJBHBIX COITPOTUBJIEHUM PE3UCTOPOB
U EMKOCTEM KOHIAEHCATOPOB HIOCTOSIHHOI EMKOCTH
IO I'OCT 28884-90 (MIK 63-63)

HomuHanbsHble COMPOTHBIICHUS PE3UCTOPOB M EMKOCTEH KOHJIEHCATO-
POB TIOCTOSTHHOM €MKOCTH C JJONyCKaeMBIMH OTKJIOHEHUsIMH +5% U Oosee
JOJDKHBI COOTBETCTBOBATH YMCIIaM, NPUBEACHHBIM B TalJHIle, U YUCIIaM,
MOJTYYEHHBIM TIyTeM YMHOXEHHs 3TuX 4mcen Ha 10", rae n — menoe moso-
’KUTEIbHOE WM OTPULATENIBHOE YUCIIO.

O6o03HaueHne psAAOB
E24 E12 E6 E3
Honyck £5% | Homyck £10% | Homyck +20% | Homyck > +20%
1,0
: 1,0
1,1
1,0
1,2
1,2
1,3
1,0
1,5
1,5
1,6
1,5
1,8 18
2,0 ’
2,2
: 2,2
2,4
2,2
2,7
2,7
3,0
2,2
3,3
3,3
3,6
3,3
3,9 3.9
4,3 ’
4,7
: 4,7
5,1
4,7
5,6
5,6
6,2
4,7
6,8
6,8
7,5
6,8
8,2 2.2
9,1 ’
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