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KOMIT'IOTEPHI CUCTEMM TA KOMIIOHEHTH
VIIK 621.316

O. JI. Azapos, €. C. I'enepanbuuibkuii, A. C. dirac

BUCOKOJIHIMHI JIBOTAKTHI MACIHITABATOPH -
IIEPETBOPIOBAYI CTPYMIB HA BA3I BUCOKOOMHUX
CTPYMOBHUX A3EPKAJI

BinHMIIbKMIT HAITIOHATBHUN TEXHIYHUHA yHIBEpCUTET, BiHHUIISA

AwHoTtanis. B pisHOMaHITHHX aHAIOro-uudpoBuX i HH(pPO-aHATOrOBHX cucTeMax Mmacuirabaropu-nepersoprosadi ctpymis (MIIC) mmpoko
BHKOPHCTOBYIOTHCsI. BajKITHBO BiI3HAYNTH, IO OCKIIBKH OLIbIIA YHCTO MMAPA3UTHUX MAPAMETPIB IHTErPATbHUX CXEM SIBISIE COOOI0 EMHOCTI,
TO 3aCTOCYBAaHHS INPHHIUIAX IiJCHJICHHS 1 NEpeTBOPEHHS CTPYMiB Ma€ IepeBary MOpiBHSHO 3 INPHHIUIIOM IIEPETBOPEHHS 1 IiJACHICHHS
Hanpyr. Ciin 3a3Ha4uTH, 1o 115t mooyxnoBu MIIC Mo)KHA BUKOPHCTOBYBATH Pi3Hi MiXOAM MIOL0 CTPYKTYpPHO-CXEMHOI peaizamii. Ocobm-
Bo criermbivanm € modynosa MIIC i3 3a3emieHHM HaBaHTXEHHsM. TaKkoX [IMPOKE BUKOPUCTAHHS MAIOTh Pi3Hi BapiaHTH MOOYIOBH reHe-
paropiB CTabiIBHUX CTPYMIB Ha 0a3i onepariiiHUX IMiICHIF0BaYiB, OJHAK CKJIAJHICTIO TAKOTO MiJXOAy € NOTpeda BUKOPUCTAHHS MpPEIH3ii-
HHX PE3UCTOPiB. ABTOPH NPOMOHYIOTH 1HIIHMI MiAXiA 1010 mooynoBu BicokomiHiiHux MIIC. Bin mossrae y 3acToCcyBaHHI BUCOKOIIHIHHIX
BHCOKOOMHHX CTPYMOBHX [3€pKall i3 OfHMM abo JBOMa BuXoAamu. [IpoTe BKasaHMil MiAXiA € HEJOCTATHHO BIIOMHM, TOMY TeMa CTATTi,
IPYCBSYEHA IPUHIMIIAM OOYTOBU BHUCOKOJIHIHHUX JBOTAKTHUX MacIITabaTOpiB-IIEpeTBOPIOBAUIB CTPYMIB Ha 0a3i BUCOKOJIHIIHUX CTpy-
MOBHX [A3€pKall € aKTyalbHOW. Y CTaTTi OyJI0 3ampONOHOBAHO METOI MOOYIOBH MAaclITabaTOpiB-IIEPETBOPIOBAYIB CTPYMY 3 BHCOKHMH
BUXITHAMHU OMOPAaMHU 1 BHUCOKOIO JIIHIHHICTIO MepefaHol XapaKTepUCTHKU. 3a JOMOMOrOK0 KOMIT IOTEPHOTO MOAEIIOBAHHS MPOAHAI30BAHO
cTaTHuHi ¥ nuHamivHi Xapaktepuctiukn MIIC, Taki sik cMyra IPOITyCKaHHS BXiZHOTO CHI'HAJy B Aiara3oHi 9acTOT, HOXHOKa JiHIHHOCTI ITe-
peaTHOI XapaKTEePHCTHKH, Ta BHXIAHHN MaJOCHTHAIBHHUI omip. ABTopamu moBexeHo, mo MIIC i3 mocnizoBHuM BuMmuKanHsIM BC mae
OLIpIINiA BUXIAHKIT Oomip BoAHOUAC, SIK 3acTtocyBanHs BC i3 [BoMa mapaneabHHMH BHXOAaMH MAa€ MEHIIY MOXHOKY JiHIHHOCTI mepemaTtHol
XapaKTEPUCTUKH.

Kaiouosi cioBa: mamradaTop-nepersopoBay crpymis (MIIC), aBoTakTHHil mincuaoBa4 nocriiinoro crpymy (JAIIIC), noxudka
JiniiiHocTi nepenaTHoi xapakrepuctuku (IVIIIX), ctpym 3cyBy HyJIs1, BitdOuBa4 cTpymy, 6,10k 6anaHcyBaHHS MiICHJIEHHS] CTPYMIB.
AnnoTanus. B pa3mmuHsIX aHanoro-uuQpoBsX U nH(PO-aHAIOrOBEIX CHCTEMaX MacmTadaTopsl-ipeodpaszoBareny TokoB (MIIT) mmpoxo
UCTIONB3YIOTCS. BakKHO OTMETHUTH, YTO MOCKOJBbKY OOJIbIAS YUCTO MAPa3UTHBIX MapaMETPOB MHTETPAJIbHBIX CXEM MPEACTABISET CO00M eM-
KOCTH, TO NPUMEHEHUE TPUHIUIIOB YCUICHHUS U MPEeoOpa30BaHUs TOKOB UMEET IMPEUMYILECTBO [0 CPABHEHHUIO C TIPUHIMIIOM Npeodpa3oBa-
HUA U YCUIICHUS HaHpH}KeHHﬁ. Cnez{ye’r OTMETUTH, YTO I IIOCTPOCHUSA MIIT MOXHO HWCTOJB30BATH PpasHbIC MOAXOABI K CTPYKTYPHO-
cxemHOU peanuzanmu. OcobenHo cnenuduynbM sBisiercs: noctpoenne MIIT ¢ 3a3emieHHOl Harpy3kol. Takxke IIMPOKOE HCIOJIB30BAHKUE
HUMEIOT Pa3Hble BapHAHThI OCTPOCHHS T€HEPATOPOB CTAOMIIBHBIX TOKOB Ha 0a3e ONEepalMOHHBIX YCHIMTENEH, OJJHAKO CJIOKHOCTBIO TAaKOTO
moaxoaa ABJISICTCS HOTpe6HOCTB B UCIIOJIB30BAaHUU MPEHU3HUOHHBIX PE3UCTOPOB. ABTOpBI npejiararoT )lpyFOﬁ TIoaAXo4 K IMOCTPOCHUIO BBICO-
konuHeiHbpix MIIT. On 3akmouaeTcs B TIPUMECHCHUU BBICOKOJIMHEHHBIX BBICOKOOMHBIX TOKOBBIX 3€pKajl C OJHUM WU JABYMSA BBIXOOaMU.
O,HHaKO yKa3aHHI>II‘/‘I TOaAX0od HEOOCTaTOYHO H3BECTCH, MMOOTOMY TEMa CTAaTbH, MOCBALICHHAA NPUHIOUIAM ITIOCTPOCHUA BBICOKOJIMHEHHBIX
JABYXTAaKTHBIX MaCI_HTa6aT0p0B-HpeO6pa30BaTeJ’[e]>’I TOKOB Ha 0a3e BBICOKOJIMHEHHBIX TOKOBBIX 3€pKaJl aKkTyajlbHa. B crarbe ObUT TIPEIOKEH
METOJ] MOCTPOEHUSI MacIITadaTOpOB-TIpeodpazoBaTesell Toka C BEICOKUMH BBIXOJHBIMU OIIOPAaMU M BBICOKOHM JIMHEHHOCTBIO MEpeiaBaeMoit
xapakTepucTUKH. C MOMOIIBbI0 KOMIIBIOTEPHOTO MOJICIMPOBAHUS POAHATIU3UPOBAHBI CTATUYECKUE U JMHAMUYEcKue xapakrepuctuku MIIT,
TaKHE KaK I10JI0ca NPOITyCKaHHWsA BXOAHOTO CUI'Hajla B JUAITa30HE YacTOT, MOIPEIIHOCTE JIMHEHHOCTH nepez[aTquofz’I XapaKTEPpUCTUKH U Ma-
JIOCUTHAJIBHOE BBIXOJIHOE COMPOTHBIEHHE. ABTOpaMu Joka3aHo, yto MIIT ¢ mocnenoBarenbHbIM BKItOueHHeM T3 umeer Oolbliiee BBIXOJI-
HOC CONPOTHUBJICHUE OAHOBPEMEHHO, KaK MPUMCHCHUEC T3 ¢ JABYMA MapajlyICIIbHBIMUA BBIXOJAMUA UMEET MCHBIIYIO IIOTPEITHOCTD JIMHEHHOCTH
TIEpEaTOYHON XapaKTEPUCTHKH.

KuroueBbie ciioBa: MmacmtadaTopbi-npeodpaszosaresin TokoB (MIIT), 1ByXTaKkTHBIN ycHauTeaAb nocTosiHHOro Toka (YIIT), no-
TPEelIHOCTh JIMHeiHoCTH nepeaaTo4yHoii xapakTepucTuku (IIVIIIX), Tok cMeleHus HyJIs1, 0TPakaTe/b TOKA, 0J0K 0AJTAHCHPOBKH
YCHUICHHUA TOKOB.

Annotation. In various analog-to-digital and digital-to-analog systems, current scalers-converters (CSC) are widely used. It is important to
note that since a large purely parasitic parameters of integrated circuits are capacitances, the application of the principles of amplification and
conversion of currents has an advantage over the principle of conversion and amplification of voltages. It should be noted that different ap-
proaches to the structural and schematic implementation can be used to construct the CSC. Particularly specific is the construction of an CSC
with a grounded load. Also, various options for constructing stable current generators based on operational amplifiers are widely used, how-
ever, the complexity of this approach is the need to use precision resistors. The authors propose a different approach to the construction of
highly linear CSC. It consists in the use of high-linear high-resistance current mirrors with one or two outputs. However, this approach is not
well known, so the topic of the article devoted to the principles of constructing high-linear push-pull scalers-current converters based on
high-linear current mirrors is relevant. The article proposed a method for constructing scalers-current converters with high output supports
and high linearity of the transmitted characteristics. The static and dynamic characteristics of the CSC, such as the bandwidth of the input
signal in the frequency range, the linearity error of the transfer characteristic, and the small-signal output impedance, have been analyzed
using computer simulation. The authors have proved that an CSC with a series connection of CM has a higher output impedance at the same
time, as the use of CM with two parallel outputs has a smaller error in the linearity of the transfer characteristic.

Keywords: current scalers-converters (CSC), two-stroke DC amplifier (PPDA), linearity error of the transfer characteristic (LETC),
zero bias current, current reflector, current amplification balancing unit.
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Beryn

MacmrabaTopu-niepeTBoptoBadi ctpymiB (MIIC) mHUPOKO BHKOPUCTOBYIOTHCS B PI3HOMAHITHHX aHAJIOTO-
UG POBHX 1 IMUPPO-aHATIOTOBUX CUCTEMAX.
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BaxmBo BiI3HAUMTH, 10 OCKLIBKU O1IbIIIAa YUCTO Mapa3suTHUX MapaMeTpPiB IHTETPANIBHUX CXEM SIBIISIE CO-
0010 €EMHOCTI, TO 3aCTOCYBaHHs IPHHIMIAX MiACUICHHS 1 IIEPETBOPEHHS CTPYMIB Ma€ IepeBary HOpIBHSIHO 3
TIPHHITMIIOM TIEPETBOPEHHS i mifcuieHHs HanpyT [1,2].

AKTyalbHicTh

Crinx 3a3HaunTH, mo s moOynosun MIIC Mo)kHa BHKOPHCTOBYBATH Di3HI MiAXOMH HIOJO0 CTPYKTYpPHO-
cxeMHoI peaizartii. Oco6nmBo crienudiurmm € modymoa MIIC i3 3a3emieHnM HaBaHTaxeHHAM. Y [3] HaBeme-
HO Pi3Hi BapiaHTH TOOYZOBU reHepaTopiB CTAOIIBPHAX CTPYMIB Ha 6a3i onepamiifHux miacuiroBadiB. CKIaIHICTIO
TAKOTO MiAXOAY € TMOTpebda BUKOPUCTAHHS MPEHU3iHHIX PE3UCTOPiB. ABTOPH HPOMOHYIOTh IHIIAN IMiAXi 00
nobynosu BucokomiHiiiHnx MIIC. Bin momsirae y 3acTtocyBaHHI BHCOKONIHIHMX BHCOKOOMHHX CTPYMOBHX
J3epKail i3 oJHUM abo nBoMa BuxoAamu. IIpore BKasaHWil MiAXiJM € HENOCTaTHHO BiIOMUM, TOMY Te€Ma CTaTTi,
NPUCBSYEHA TPUHIMIIAM MTOOYAO0BH BUCOKOJIHIHHUX JBOTAKTHUX MaclITabaTOpPiB-TIEPETBOPIOBAYIB CTPYyMiB Ha
0a3i BUCOKOJIIHIHHUX CTPYMOBHUX J3€pKajl € aKTyaJbHOIO.

Mema 0ocnioacensv- € crBopenHs MIIC i3 nmokpaimeHuMH XapaKTepUCTUKaMH, TAKUMHU SIK JIIHIHHICTB Tiepe-
JIATHOT XapaKTePUCTHKH, IIMPOKa CMyTa MPOIMYyCKaHHS Ta BUCOKUH 1 HAABUCOKUI BUXITHUIA OIIp.

3amayi JOCHIIKEHD:

- aHaji3 3ampoIlOHOBaHOTrO Meronxy nodynoBu MTC B SKOMy iICTOTHO 3MiHEHO BIUIMB HEIOCKOHAIIUX
XapaKTEePUCTHK OIMONIIPHUX N-P-N 1 p-N-p TPaH3HCTOPIB, TAKUX, K HEJXOCTATHHO BHUCOKI OTOPH KOJIEKTOPHHUX
MIePEXO0/IiB, a TAKOXK HEBEJIMKI 3HAUCHHS KOe(illieHTIB Iepeaadi CTpPyMiB.

- IIpOaHalli3yBaTH CTATHUCTUYHI W JWHAMIYHI XapaKTEPHCTHKU 3alpONOHOBAaHMX CXEMHHUX CTPYKTYD
MIIC y miama3zoHax BXiTHHX i BUXiTHUX CTPYMIB.

- HaJaHHS pEeKOMEHJalill 1moa0 peanizanii BUcoko JiHiitHux aBotaktHuX MIIC Ha 0a3i 3anpornoHoBa-
HHUX BHCOKOJIIHIHHUX CTPYMOBHX JI3€PKall.

Po3B’s13aHHA 3224 JOCJHIIKEHb

MoskHa BKa3aTH NMPHUHAWMHI TpU BapiaHTH CTPYKTypHO-(yHKUiOHANBHOI opranizanii cxem MIIC. Crpyk-
TypHi cxemu Takux MIIC HaBeneHo Ha puc la) mokazano cxemy nsoraktHoro MIIC i3 mOCHiOBHO 3’ € THAHUMHU
OJTHO THIIOBMMHU BinomBadamu ctpymy BC3, BC5 i BC4, BC6. 1lle 3 omHuM BapiaHTIB OpraHi3allii TAKOTO THITY
MIIC mormo OyTH 3acTocyBaHHS pisHOTHITOBHX BC.

BC1 BC 3
IBX
— Rs
. JIIIC ba. C — !
Bxin «—
6) I BHX
BC 2 BC4
A a1

Pucynok 1 — CTpyKTypHi cXeMH JBOTaKTHUX MacIITadaTopiB cTpyMy Ha 0as3i: a) OCIIIOBHO 3’€THAHUX Bi1OH-
BayiB CTPyMy

Ha pucynky 16) HaBeneno cxemy MIIC Ha 0a3i BinOuBauiB cTpyMy 3 AaBaueM piBHA curHamy. Tyt y
3B’SI3KY 13 3aCTOCYBaHHSAM IapajenbHOi CTpYKTypH 3’enHanHs BC Ha OIMoysipHUX TPaH3MCTOPaxX PO3IJISHYTO B
[4]. TIpuyuomy ciijt BiA3HAYMTH TaKH XapakTepUCTHKH 11boro MIIC, a caMe: T0CHTh BEJMKE 3HAYESHHS BHUXIJIHOIO

ManocurnansHoro onopy Féux ~1,5/'Om npu xoediuienti nepenaui Ki=10, a takox HuszbKy moxubky

niniitHoCTi MepexaTHoi xapaktepuctuku Ol , =1,8 1070 . Ipuuomy BC 4 mae BuImsa, HABEAEHNN HA PUCYH-

61



ISSN 1999-9941, “IHOOPMALIIIHI TEXHOJIOI'Li TA KOMIT'YOTEPHA IHXEHEPIS”, 2021, Ne 3

Ky 2. [lopiBHsIHO 3 BizomMuM BinOuBaueM cTpyMmy YiicoHa 3anponoHoBanuii BC mae icToTHO OLnbIINi BUXITHUNA
omip [5].

BC5
|
BC1 BC 3
IBX J
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IBHX
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PucyHnok 1 — CTpyKTypHi CXeMH JJBOTAKTHUX MacluTabaTopiB cTpyMy Ha 0a3i: 0) mapaneibHo 3’ €JHaAHUX BHCO-
KOJIIHIMHUX BiJJOWBaUiB CTPyMY i3 JjaBauaMH PiBHIB CUT'HAIY
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Pucynok 2 — BigbuBau cTpymy 3 MiABHIIEHUM BUXITHHM OTIOPOM

VY ui#t cxeMi TpaH3ucTOp peryistop Tp ckiamaeThes 3 ABOX TpaH3uctopiB T3 1 T4, yTBOprOOYH CKIAACHHMA
tpanzucTop Iluknai. 3aBasaku nupoMy 3MiHeHHs G6azoBoro ctpymy Al , 10 BUHMKAIOTE B HACIIIOK 3MiHM KO-

nextopuoi Hanpyru AU, ,, mepeaioThest B KOHTYp BiJI’€MHOr0 3BOPOTHOIO 3B’s3Ky Ha Tpamsuctopu T2,T1 i

T3. BHacIti0K 1[5OT0 BHXiaHHIT KonekTopHHuii onip Tp 36inpmryerscs y 14 35 pasis.

[Mpunuunosy cxemy MIIC i3 nocnizoBauM 3’enHannsM BC HaBeneHo Ha pucyHky 3. Bona mictuts [[Bo-
TaKTHUH migcwmoBad nocriiiHoro crpymy (JAIIIC) va tpansucropax T1-T16, BinbuBau ctpymy Yincona BCI
Ha Tpansuctopax T17, T19, T22, a BC2 na tpausuctopax T18, T23, T24, a Takox O0anaHCcUp CTPyMIB Ha TpPaH-
suctopax T21, T22, T25-T32, a Takox Bigdusaui crpymy BC3, BC4 ta BC 5, BC6. [Iys 3a6e3nedenHs moTpio-
HOTO PEXUMY MOCTIHHOTO CTPYMY y CXEMY YBEICHO reHepaTopu poOodnx cTpyMiB Ip.
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Pucynok 3 — IIpurnumnosa cxema MIIC i3 nocnigoBHnM 3’eqHanasM BC
[puamunoy cxemy MIIC i3 mapanensauM 3’eqaanHsaM BC HaBeZeHO Ha pUCYHKY 4.
+Ux
BC1
T17 T19
T20
Ip JIIIIC J Dlp BC3
I%Tll
T12
T21
T13
ba.C I
T14 -
N
T4} T10 ]ﬂTIS
T16 vlp BC 4
QL | {123
T18 T24
BC2 Ux

Ru

Pucynox 4 — I[Ipuanumnoa cxema MIIC i3 mapanensanM 3’eqHanHasM BC
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Cxema mictuth J[BoTakTHHH migcwinoBad nocriiiHoro crpymy (AIIIIC) nHa Tpansucropax T1-T16, Binou-
Bau crpyMy Yincona BC1 na tpansuctopax T17, T19, T22, a BC2 Ha Tpansuctopax T18, T23, T24, a Takox
Oamancup cTpymiB Ha Tpamsucropax T21, T22, T25-T32, a Takox BimbmBadi ctpymy BC3, BC4. Jlns 3abe3ne-
YeHHS NOTPiOHOTO PEeXXUMY IMOCTIHHOTO CTPYMY Y CXeMY YBEICHO reHepaTopu pobodux cTpymis Ip.

Jus mo6ynosu MIIC i3 mapanensHIM BMHKAHHSIM CTPYMOBHX J3€PKall OIUIEHO BUKOPHCTOBYBATH CXEMU
3 mBOMa BHxojaamu [6, 7, 8, 9, 10, 11, 12, 13, 14]. Oxuum i3 BapiantiB mooymosu BC3 i BC4 € cxemu, HaBeneHi
Ha pUCYHKY 5 Ta 6.
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Pucynoxk 5 — Cxema ctpyMoBOro j3epkaina i3 nsoma Buxonamu st BC3 ta BC4
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Pucynox 6 — Cxema cTpyMOBOro J3epKaia i3 [BoMa Buxogamu 3 Bucokum I, . 1u1 BC3 ta BC4

Jist oLiHIOBaHHS CTATHYHUX 1 AWHAMIYHUX XapaKTePHCTUK HaBeneHUX cTpykryp MIIC morminsHO 3iHicHU-
TH KOMIT IOT€PHE MOJIEIIOBAHHS, 30KpeMa, i3 3aCTOCOBAHUX IHTETPOBAHUX MAKETIB CXEMO TEXHIYHOTO aHaJi3y

MicroCap - 11(10). Ipu 1150My 3HAUCHHS TAKAX MAJI0 CHTHAJBHUX XaPaKTEPUCTHK, SIK BUXITHHUI OIIp CTPyMy
r,,.,» KoedinieHt nepenaui (Macmurady) crpyMy Ky DOLUIBHO 3MiiCHIOBATH Yepe3 aMILTITyIHI XapaKTepHCTH-
ku. Jlnis 3a0e3neueHHs] KOPEKTHOTO MOJICIIOBaHHS. 3a3HAYCHUX XapaKTePUCTUK Tpeba CTBOPUTU OJHAKOBI yMO-

BH JUIA CXEM, 110 TIOPIBHIOKOTHLCS, 30KPEMA, 3aaTH OJHAKOBHUN poOoumii CTpyM 3Mimenus [ p =1.0mA , a Takox
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nanpyru xusnenns U, =10B. Sk enemenTHa 6a3a BHKOPHCTOBYBAIMCS iHTErpaibHi TPaH3MCTOPH npn -
NUHFARRY Tta pnp - PUHFARRY. Ilpu npomy Buxinuuii omip st cxemu (puc la), Buxomsuu 3 AUX Hase-
neHi Ha puCyHKy 7, Mae 3HaueHHs I, =1.547'0m, a nna cxemu (puc 16) I, =9.3MOm , HaBeneHO HA PH-

cynky 8 npu koediuienti nepenaui K =10 ta K;;; =10 Binmosinso.

TFBIL\'
2.0G
1.6G
1.2G
0.8G
0.4G
S T T UL T B N R e TR N D
006559020 100 1K2K 10K 100K ™
Pucynox 7 — AUX st cxemu (puc 1a)
T;‘:ﬂ'f_\'
10.0M— —
e o o e
e e e o e
e
| [F(Hz)

0OMI 557020 100 1K 10K 100K ™M 10M
Pucynox 8 — AUX mns cxemu (puc 16)

[ToxuOxm NiHIAHOCTI AT IUX CXeM HaBeJeHO Ha pHcyHKY 9 Ta 10 BiamosimHo. [Ipryuomy mms cxemu (puc
la) i Ti makcumanbhe sHadenns gopisrroe Ol , =7091A , a cxemu (pucl6) Ol , =387n4 .
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Pucynok 9 — IToxu6ka niniiinocTi nepenatHoi xapakrepuctuku Ol , ams cxemu (puc la)
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Pucynox 10 — IToxubka niuiltHocTi nepegatHoi xapakrepuctuku Ol , s cxemu (puc 16)

Sxuro x st modynosu MIIC, BukoprcTOBYBaTH CTPYKTYpY (pHc 1a), ane 3 pisnumu cxemamu BC3, BC4 i

BCS5, BC6, ne BC3 i BC4 cxemu Yinscona, a BC5 i BC6 crierianizoBani BiOMBayi TO BUXIAHUI OMip 3MEHIIIY-
eThest i carae 30kpema I, = 72MOm , a makcnmanbaa noxub6ka niniitnocti 8l , =10.8n4 npu K7 =10, mo

HaBeJleHO Ha pucyHKyl1 Ta 12.
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Pucynox — 11 AUX mnsa cxemu (puc 1a) 3 BukopuctaHasM Binousadi ctpymy BC3 i BC4 mo cxemi YinscoHa
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Pucynox 12 — IToxubka niniliHocTi nepesatHoi Xapakrepuctuku Ol , s cxemu (puc 1a) 3 BUKOPUCTAHHSM
BigbuBauis ctpymy BC3 i BC4 no cxemi Yinbcona

Pesyneratn monemoBanns cxemu MIIC, HaBepeHo Ha pucyHKY 10, nano Taki pe3yibTaTH
I, =9.3MOm , npu K;;; =10, a makcumansha noxu6bka niniitnocti 8l , =387n4 .

OtpumanHi AaHi cBiggath npo Te, mo MIIC i3 mocmigmoBHUM BMuKaHHSIM BC MaroTh HaHOUTBIIMIA
BUXIJTHHH OTip, BOJHOYAC K mpH 3acTtocyBauHI BC i3 nBOMa mapaienbHUMH BUXOJaMH BHXIIHHH Omip 3MEH-
IIYETHCS, BOAHOYAC 1 3SMEHITYEThCSA MOXHOKA JIIHIHHOCTI Mepe1aHol XapaKTePUCTUKH.

BucnoBku
1. 3anpomoHOBaHO MeTOA MOOYIOBH MACIITA0ATOPIB-TIEPETBOPIOBAYIB CTPYMY 3 BUCOKUMHU BH-
X1THUMH OTIOpaMH ¥ BHCOKOIO JIIHIMHICTIO TIepeIaH0] XapaKTePUCTHKH.
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2. 3a I0moMoror KOMII'IOTEPHOIO MOJIC/IIOBAHHS MPOAHATI30BAHO CTAaTHYHI i AMHAMIYHI Xa-

pakrepuctuku MIIC, Taki K cMyra MmpoITyCKaHHsS BXiJHOTO CHTHAaJy B Jiama3oHi 9acToT, MOXHOKa

JMHIHHOCTI TepeIaTHOI XapaKTEPUCTHKH, Ta BUXITHUN MaJIOCUTHAILHUN OTIIp.

3. JHosexaeno, mo MIIC i3 nmocnigoBauM BuMukanHIM BC Mae OimbIivii BUXITHHE OIIp BOJHO-

yac, sk 3actocyBanHa BC i3 1BOMa mapajieTbHIMH BHXOJIaMU Ma€ MEHITy IMOXHOKY JIHIHHOCTI mepe-
JIATHO1 XapaKTEPUCTUKH.

4. Hagano pexoMeHTaIii 100 3aCTOCYBAaHHS €IeMEHTHOI 06a3u, 30KpemMa, iIHTerpajJbHUX TPaH-

3UCTOPIB, @ TAKOXK PiBHIB CTpyMY 3MillleHHs y pekoMeHoBanux cxemax MIIC.
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