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METO/IM HUP®POBOI'O KAJNIBPYBAHHS BIIMOBOCTIMKHX ITAII I3 BATOBOIO
HA/UVIMIIKOBICTIO

Amnotaris: IlIpoananizoBaHo cTpaTerii HIH(pPOBOro caMoKatiOpyBaHHS XapaKTepHCTUKH nepeTBopeHHs L[AIl i3 BaroBoro HaIMIIKOBICTO.
BusnaueHo kputepiii eheKTUBHOCTI Ta OLIHEHO e(PEeKTHBHICTh pi3HMX cTpareriii camokaniopyBanHs LIAIl i3 BaroBow HaIMIIKOBICTIO.
Hanano pexomennauii momo no6ynosu LIAII i3 BaroBoro HaTHIIKOBICTIO, [0 CAMOKATIOPYIOTHCSI, HOOYIOBAaHUX HA HETOYHHX eIEMEHTaXx.
Annoratmst:  IIpoaHanu3mpoBaHsl cTpaTteru 1u(ppOBOH  CaMOKaIMOPOBKM XapaKTepUCTHKH mpeoOpaszoBanus I[AIl ¢ BecoBoi
u30bITogHOCTRI0. OmpeseneH Kputepuil 3(G(EKTHBHOCTH M OleHeHa 3((EKTHBHOCTh PasiMYHBIX cTparteruii camokammbpoku LIAIT c
BECOBOW M30BITOYHOCTBIO. JlaHBI pekoMeHarmu 1o moctpoeHuto LIAIl ¢ BecoBOil H30BITOYHOCTBIO, KOTOPBIE CaMOKaIHOPYHOTCS,
HOCTPOCHHBIX HA HETOUHBIX JJIEMEHTaX.

Abstract: The strategies of digital conversion selfcalibration characteristic DAC with weight redundancy are analyzed. The criterion of
efficiency are defined and efficiency of various strategies selfcalibration DAC with weight redundancy are evaluated. The recommendations
on the construction of the selfcalibration DAC with weight redundancy, which are based on inaccurate elements, are given.

Kuaio4oBi ci0Ba: camokaniopyBanusi, Hn()po-aHAIOr0OBe EePeTBOPEHHS, XapaKTEePUCTHKA IIePeTBOPEHHSs, BATOBA HA/UIMIIKOBICTh.

Beryn

Bukopuctanus MmeToxiB IMdpoBoro camMokamiOpyBaHHS JO3BOJIS€ CTBOproBaTH BHcOokoTouHi LIAII i3
BaroBoro HajummkosicTio (BH), moGynoBani Ha HeToYHMX ejeMeHTax. Ha TemepimHiii 4ac po3po0ieHo T0CHTb
3HaYHe YHCJIO cTpateriii nmgposoro camokaniopysanns LIAII [1, 2, 3]. Bognouac, BuOip TOro 4m iHIIOTO
miaxony mpu moOymomi meperBoproBada (opmu iHdopmanii (I[IDI) cmim 3milficHoBaTH 3 Orisigy Ha
004YHNCITIOBaJIBHY CKIIAIHICTh MPOLETYp CaMOKalliOpyBaHHsI, a TAKOXX MiHIMI3allil0 HOXUOKH, 0 KOPUTYETHCS.

AKTyaJlbHiCTh

HAII mapanensHoi cTpyktypH [4] € ckimagoBoro wactiuHoo ALIIl i B 3Hau9HIM Mipi BHU3HA4Ya€ MOXUOKY
OCTaHHBOTO. 3aCTOCYBaHHS TEXHOJIOTIYHUX MPUHOMIB IS 3a0e3nedenHs TouHocTi [IAIl B mmpokoMy miama3oHi
TeMIeparyp A03Boiisie cTBopioBaTH 12-po3psaani [1P] 3 dpikcoBannM piBHEM MMOXUOKH Ha eTami BUTOTOBICHHS [5,
6].

Pazom 3 TuM, mosiBa mapamMeTpUYHHUX BiAMOB aHanmoroBux By3mdiB II®I y mpormeci ekcrutyararii depes
BIUIMB YHHHUKIB HABKOJHUIIHHOIO CEPEHOBHUINA 1 CTapiHHSA CIEMCHTIB MNPU3BOAUTH JO HEBIAMOBITHOCTI
JIeKJIapOBaHOT PO3IIILHOT 3IaTHOCTI peanbHOMY 3HaYeHHIO MOXHOKH nepetBopenHs [7]. [Ipu iboMy BllacTUBICTH
6araropospanaux LIAII, mo camoxaniOpyrotecs, 3 BH minTpuMyBaTé moxuOKy HEpeTBOPEHHS Y 3aJaHHX
Me)KaxX, He3BaXKar0uM Ha 3MIHEHHS IMapaMeTpiB aHAJIOTOBUX BY3JIB i Mi€F0 YHHHUKIB, IO BIUIMBAIOTH, OyIeMO
Ha3WBaTH NapaMeTPUYHOI0 BiqMoBocTilikicTio [1PI [7].

VY HayKOBO-TEXHIYHIA JiTepaTypi OKpeMi cTparerii mudppoBoro camokamiOpysanus IIAIl i3 BH
PO3TIIAHYTO TepeBaXKHO erizoandHo [2]. [IpoTe crcTeMaTn30BaHOTO aHATi3y MOKIMBOCTEH iCHYIOYOi MHOKUHH
CTpaTeriif, Akuii OM 1aB MOXJIMBICTH BimiOpaTw HaleeKTHBHIINIy, HAIPHUKIAA, 33 KPUTEpieEM MiHIMaIbHOI
MOXHUOKH, HE MPOBOAMIOCS. TOMy TeMa CTaTTi € aKTyalbHOIO.

Mera

MeTol0 HOCHIKEHb € aHali3 cTpaTerid HudpoBoro KauiOpyBaHHs XapaKTepUCTUKH nepeTBopeHHs LAT]
i3 BH, 110 7103BOJISIIOTE 3MEHIINTH MICYMKOBY TOXHOKY MEPETBOPEHHS MOPIBHSIHO 3 NEPBHHHUM HMOXHOKaMH
eJleMeHTHO{ 6a3n.

ITocranoBka 3aga4u

1. ITlpoanamizyBaTh 3ampoOIlOHOBaHI CTpaTerii IMUQPPOBOTO caMOKaTiOpyBaHHS XapaKTEPUCTUKU
nepetBopenns LIAIT i3 BH.

2. OuinnTH e(peKTUBHICTh BKa3aHUX CTPATETid 3a YMOBH, IO KPUTEPIEM € 3MEHIICHHS IiJCYMKOBOT
MOXUOKHU TIEPETBOPEHHS TICIIsl 3aCTOCYBAaHHS MPOIEAYPH CaMOKaTiOpyBaHHSI.

3. Haparu pexomenpaanii momao ctpyktypHoi opranizauii L{AII i3 BH, mo camoxaniOpyroTscst.

Po3B’s13anns 3aga4

BHaciok 3MiHEHHSI yMOB HaBKOJIMIIIHBOTO CEPEIOBHINA, 30KpeMa, TEMIEPATypH, BOJIOTOCTI, THCKY Ta
IHIIMX YWHHHUKIB, a TAaKOX Y IPOIECi CTapiHHA MapaMeTpu 1 XapaKTepUCTHKH aHainoroBux By3miB I1DI
3MIHIOIOThCS. Bka3zaHa 0COONWBICTh TPU3BOMUTH IO BiAXwICHHA Bar po3psniB LIAIl Big iX HOMiHaNTBHUX
3HA4YCHb Ta, SIK HACTIJOK, MOPYIICHHS JiHiiHOCTI Xapakrepuctuku nepetBopernHs (XII) LIAIL, mo, 30kpema,
MPOSIBIIIETHCA y TIOABI Ha Hilf CTPHOKOMOAIOHOCTI, 30KpeMa, HEMOHOTOHHOCTI.

Oco0nuBictio LIAIT i3 BH, no0ynoBaHoro Ha HETOUHHX €JIEMEHTaX, € HEPO3PHBHICTh XapaKTEPHCTHKH
nepeTBOpeHHs (puc. 1) Ta HasBHICTH 30H mepekputts [1], mo ao3Bonse minBuinyBaTu TouHicTh L[AIl Ta
MiATPUMYBATH 3aaHUH piBeHb MOXHUOOK NMEPETBOPEHHS 32 PaXyHOK BUKOPHCTAHHS IPOIETypH KamiOpyBaHHS
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Bar pO3psAiB BHUKIIOUHO B IUQpoBii dopmi 6e3 Brparm mBuakoxii [1PI. Ha puc. 1 K gy — ubposuit

€KBIBaJIEHT BXi,Z[HOl"O Kony, ABHX — BI/IXi,Z[HI/Iﬁ aHAJIOTOBMI CUTHAJ.
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Pucynoxk 1 - Hepo3pusHa xapaktepuctuka nepersopenss L{AII i3 BH, moOyzoBaHOro Ha HETOUHHUX €JIEMEHTaX

CamoxkaniOpyBaHHSI € PI3HOBHJOM KOpUTyBaHHA [5] 1 moysrae y BU3HA4eHHI BiJIXWJIEHb Bar CTapIInX
«HETOYHMX» PO3PSAiB HIIIXOM IOPIBHSIHHS Bard MOTOYHOTO PO3PsAY, IO KaliOpyeThes, 3 CyMOIO Bar MEBHOI
TPYIH CYCITHIX MOJOAIINX PO3psIiB Ha 0a3i iCHYIOUMX MK HUIMH MaTeMaTHYHUX CIIBBIIHOMICHP 3 IT0aTbIIIM
00YUCIICHHSIM KOPUTYBIBHHX MONPABOK 200 KOPUTOBaHUX 3HAYEHb «HETOYHUX» PO3psiB [1].

B ocHOBy 3ampomnoHOBaHMX CTpaTerii caMoKamiOpyBaHHS IOKJIAAEHO NMPHUHIMI YMOBHOTO PO30OHUTTS
PO3PAIHOT CITKH NepeTBOPIOBayYa Ha TPYIy «HETOYHHX» CTAPIINX PO3PAAIB 1 «TOYHHX» MoomHX (puc. 2). [Ipu

[[bOMY TPaKTUYHO BCi Baru po3psiiB Q € HeTOYHHMH 1 MOXKYTh MaTH JTOCUTh 3HaYHHUK 1+10% TeXHOIOTiYHMHA
JIOIYCK 5Q . 'Y 3araJpHOMY BHNAJKy Il XapaKTEPUCTHKA € HMOBIPHICHOIO 1, K MPABMIIO, ITiATOPSIIKOBYETHCS
HOpPMaJIbHOMY 3aKOoHY posmoniny (puc. 3) [8], me f(x) — migpbHICTS IMOBIPHOCTI 3HA4YCHb §Q [Ipu npomy

5Q MOXXHA BU3HAYUTU TaKUM YHHOM:

)
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e AQl. — abCOIIOTHE BIAXWIJICHHS pealbHOi BarW I -TO PO3psIy BiX CBOTO HOMIHAJBHOTO 3HAYCHHS;

Qi — 3HAUEHHA PeanbHOI Baru I -T0 pO3psiLy MPUCTPOIO.
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Pucynok 2 - Mogens po3psaroi citku LIAIT y pexuMi ridpoBoro camoxaniopyBaHHS
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Pucynoxk 3 - [I{inpHICTS PO3MOIUTY TEXHOIOTIYHOTO AOMYCKY 5Q

VYkazaHa O0COOJNUBICTh JIa€ MOXKIIUBICTh BHKOPHUCTOBYBATH CIIPOIICHY TEXHOJOTII0 BHTOTOBJICHHS
AQHAJOTOBHX BY3JIB 1, 30KpeMa, I03BOJISI€E BIAMOBHUTHCS BiJ JIa3epHOTO NpuracyBaHHs Bar po3psmis LAIL Lle
3a0e3neyye MUTICHICTh CTPYKTYPH MaTepialliB eIEMEHTIB, X CTa0UIBHICTD 1 3MEHIIICHHS BapTOCTi [9].

ITpu eomy IIAII, mo camokaniopyetbes, 3 BH mpaifoe y 1BoX pexuMax: OCHOBHOTO TIEPETBOPEHHS Ta
camokamiOpyBanHa. [lna peamizanii camokaniOpyBaHHs cTpykTypHa cxema I{AIl moBuHHA MICTUTH Taki OJOKH:
o-LIAIT i3 BH; cxemy mnopiBusans (CII); perictp mnocminoBHoro Habmwkenns (PITH); uudposnit
obuncmoBanbHuil npuctpiit (LIOII), mo BUKOHYe HEOOXiHI OOUUCICHHS; TeHEePaTOp KaniOpyBalbHOTO CHUTHAILY
(I'KC); o6mox kepyBanus (bK); mmdpposuii komyratop (LIK); perictp (Pr); 6mokm mnocriiinoi (BII) i
onepatuBHOi mam’sti (BOII) ans 30epiraHHs ABIHKOBHX KOJIB HAUTMIIKOBUX Bar PO3psIiB BHYTPIIIHBOTO O-
LIAIT; ananorosuii komyrtarop (Ki), mo mepemukae Buxing ocHoBHoro o-I{AIl Ha Buxigny mmny. CTpyKTypHa
cxema [{AIT i3 BH, mo peainizye mpomenypy caMokaniOpyBaHHs, TOKa3aHa Ha puc. 4.
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Pucynox 4 - Ctpykrypha cxema LA, mo camokaniopyerscs, 3 BH

PosrmsreMo poboTy cxemu (IuB. puc. 4) B pesxuMi camokaniopyBanHsa. CaMoKaniOpyBaHHS Bar po3psIiB
ATl BigmoBigHO 70 cTparterii OJHOIMKIOBOTO CAaMOKANiOpyBaHHs 13 3aBJaHHSAM iHIUBIAYadbHOTO PiBHS
KaJgiOpyBaJIbHOTO CHTHATy, BIAMOBIAHY OJOK-CXeMy SKOi IOKa3aHO Ha PHC. S5, MOYMHAETHCSA 3 TIEPIIOTO

HETOYHOTO PO3PSLy a-1{AIl, abcomroTHe BiAXMIEHHS AQn-m SIKOTO O1JIbIIIE TIOJIOBUHH MOJIOJIIIOTO

n-m

KBAaHTY QO , TOOTO AQn_m > O,SQO.

I[Ipu mpomy I'KC, cxemy SKOro MoKa3aHo Ha puC. 6 MOXe SBJISATH COOOK iHTerpaTop Ha 0Oasi
onepariitHoro miacuioBada. Tyt I — mxepeno ctpymy, [II1C — migcumoBay noctiiHOTO CTpyMmy, K — KimrodoBuit
enement, C — koHaeHcarop. s 3amycky interparopa no komanni BK 3amukaerscst kinrouoBuit enement K i
CTPYM 3MillIEHHS 3apsKae KOHICHCATOP.

Konu xio4oBMii eneMeHT po3MuKaeThes (1€ BinOyBaeTbes micns cnpaitoBaHHs CII, mo BXOguTh 10
crpykrypu LIAIl i3 BH), 3apsn nHa konpmeHcaTopi (IKCYeTbCs 1 Ha BHMXOAI IHTErpaTopa BCTAaHOBIIIOETHCS
MOCTIHUN piBEHb CUTHATY, TOOTO
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PucyHnok 5 - Biok-cxema anroputMy oxHonukiIoBoro camokaniopysanas LIAII i3 BH B pexwumi i3 3aBganHIM
IHIWBIAYaTbHOTO PIBHS KaMiOPYBaIbHOTO CUTHATY

[Ticist BcTaHoBIIeHHS HA oHOMY BX0J1i CIT aHamoroBoro curHary A K4J] TOUMHAETHCS HWoTO To/IBiliHE

BPIBHOBa)KEHHSI 32 aJlTOPUTMOM TMOCITIJOBHOTO HaOMmkeHHs 3a goromoroto PHIT 1 a-11ATIl i3 BMukaHHAM Ta 0e3

BMUKAHHS PO3PSIY, IO KaliOPy€eThCS.
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Pucynoxk 6 - Cxema I'KC
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! . . o . .
IIpu 1BbOMY, pe3yiIbTaT mepioro koxyanus A KAJ] — Kon N’ . Bignosiguuii mudposuii exsiBanent

K ’(Qn—m ) 30epiraerres y oo mam’sati LIOIT:

n—1

K’(Qn—m) = zaz’ : Qz’

i=0
4 . .. . . '
ne al- — pO3psaaH1 Koe(bluleHTI/I, 110 BIAIIOB1AIOTh KOAY N .

Hudposwmii eKBiBaIEHT KOJY APYTOTO BPiBHOBAKEHHS K ”(Qn—m) 30epiraerrcs B 6o mam’siti LOIT:
n—l1
" _ ",
K (Qn—m) - Zai Qi'
i=0

[icnsa hopmyBanHs K '(Qn—m) ta K ”(Qn—m) LOII 3HaxoauTh KO K (AQn—m) BiAXWIEHHS

(n-m)-ro po3psny:
n—1 n—1
K(AQ, ,)=2.a]-0;= ai-0,.
i=0 i=0

mo dikcyerbes B 6moni mam’sti LIOIT. Ha npomy xanmiOpyBaHHS (#-m)-ro po3psiiLy 3aKiHUy€eThCS.
Hactynuum kaniopyerbes (n —m + 1)-i po3psa. 3a nonomororo ['KC dhopmyeTbest AKA g =Y —ms1-

Jami mpoBOAWTHCS TOABIHHE BpPIBHOBAKCHHS IHOTO AHAJIOTOBOTO CHTHANY, MPHYOMY MiJ dHac JIpyroro
BpiBHOBakeHHsI BK mpuMycoBo 3a00poHs€ThCS BMHKaHHS (n—m + 1)-ro po3psmy. Y pe3ynbTaTi BKa3aHUX

. . !/ . 14 .
BpiBaoBaxens B L{OI Gopmyersest aBa midpoBux exiBamentn K (Qn—m) i K (Qn—m) , Ha OCHOBI SIKHX

3HaXOMUThCs Bixxmnenns K (AQn ) , o 30epiraerbes B 0o mam’sati [IOIT:

—m+1

n—l1 n—1
K(AQ, ) =.a!-0 =Y a;- 0.
=0 i=0

AHaIIOTIYHIM YWHOM IPOBOIHTHCS 3HAXO/HKEHHS KOJIB BiAXHMICHD BCIX 7 HETOYHHX po3psmiB o-LIAIT i3
BpaxyBaHHIM TOIPABOK, IO BU3HAYEHI HA MOTIEPEIHIX KPOKaX.
Bbnok-cxemy anroputmy omHoImkiIoBoro camoxaniopysanus LAIl i3 BH y pexumi 3 HOBUTBHHM

3aBJaHHSAM KaJliOpyBaJbHOTO CHTHAIYy B paMKax JOITyCKY 5Q nokazaHo Ha puc. 7. I[Ipu upomy I'KC moxe

MaTH CTPYKTYpY, 1o mokaszana Ha puc. 8. Tyt a-L]Allx,; — kaniOpyBansHuH H(ppPO-aHATOTOBHI IEPETBOPIOBAY,
PITHg, 7 — xaniOpyBagbHUI pericTp MoCiiJOBHOro HaoOwxkeHHs. [Ipu 1boMy, 10JAaTKOBUH KasliOpyBaJIbHUH O-
LIAIlk,; i3 BH BukopucroByeThcs st 3a0e3leUeHHs BCTAHOBJICHHS IOTPIOHOTO 3HAUEHHS BHXIIHOTO

KaniOpyBaJbHOTO CUTHAITY A KAJTi 1 HEPO3PHBHOCTI BUXi/IHOT XapaKTEPUCTHKM.

Y mpomy BUMAIKy KadiOpyBanbHUI cuTHAT (HPOPMYETHCS, BUXOMIH 3 Takoi ymoBH (st a=1,618):
Qn—m’ AKWO Qn—m > n—m—1 + Qn—m—Z;
Qn—m—l + Qn—m—Z’ﬂKWO Qn—m < n-m-1 T Qn—m—2’

AKAJY n-m —

Ilicns BcTaHOBICHHA KamiOpyBaJbHOTO CHUTHAIY AKA JI n-m TPOBOJMTBCS HOro mojBiiiHE

BPIBHOBa)XKEHHS 13 BMHKAaHHAM 1 0€3 BMUKaHHIM (7 — m)-TO pO3psity 1 OOYHCIIOETHCS KOJ BIIXHMICHHS IIbOTO
po3psny. Ilicns mporo mo xomanai BK BimOyBaeThcs mepexin 1o caMokamiOpyBaHHs HacTymHOTO (n —m + 1)-To

po3psiy.
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Pucynox 7 - biiok-cxema anroputmy oxHouukiIoBoro camokaniopysanus LIAIT i3 BH y pexxumi 3 goBibHEM

3aBIaHHAM KaTiOpyBaJlbHOTO CHTHAIY B paMKaX JAOMYCKY o Q
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Pucynoxk 8 - Ctpyktypna cxema 'KC

[pu oprawnizamii nporexypu camokaniopysanus L{AIl 3riqHO 6araTonmUKIOBOT cTpaTeTii 3 OCepeTHECHHIM
Ha po3roptkax (puc. 9) ctpykrypHa cxema ['KC Takok MOke MaTH BHIJISI, SIK TIOKa3aHo Ha puc. 8. [lpu mpomy,
mo komaHni BK 3a momomororo PIIH BUKOHYeTBCS psii PO3TOPTOK pPO3psimy, Imo KamiOpyerbes. Jlami
BinOyBa€ThCS BH3HAYCHHS i BCTAHOBJICHHS BIAMOBITHUX KaJiOpyBaJIbHHUX CHUTHANIB 32 JTOTIOMOTOI0 OCHOBHHX i
kamiOpysaneaux L{AII i PHII, a Takox psa moaBiitHux BpiBHOBaXkeHb. Ilicas Toro y LIOII Ha 0CHOBI MHOXHHH
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OTPHMaHUX KOPUTYBAIBHIX MOMPAaBOK BH3HAYAETHCS KOJ| BIIXMIICHHS i-TO HETOYHOTO PO3PSAY, 0 30epiraeTbes
B mam’sti [OTI.
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Pucynox 9 - briok-cxema anropurmy pobotn L{AIl i3 BH B pexumi 6aratonnkiioBoro caMmoxkaniopyBaHHS 3
OCepeTHEHHIM Ha PO3rOpTKax

BukoHaHO KOMIT'FOTEPHE MOJICIIOBAHHS BHIICOMMCAHUX CTpaTerii camokamiOpyBanHsi. OTpuMaHO
rpadik po3moaiNy IIUIBHOCTI IMOBIPHOCTI iHTerpanbHOi HemiHidHocTi XII Mo miamasony ABHX st 15-tu

pospsinaoro [AIT i3 a=1,618 3 5Q =15%. (puc. 10), a takox rpadik poO3MOJTYy HIUIBHOCTI IMOBIPHOCTI

noxuOkM JiHiiHOCTI Bar crapmmx pospsgis [1] takoro I[AIT (puc. 11). Jlerko nOMIiTHTH, IO MicCis
3aCTOCYBAaHHS CaMOKaJiOpyBaHHsS NOXMOKa JiHIHHOCTI Bar po3psaniB Ta HemiHiiHicTs XII I[AIl 3Ha4YHO

10
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3mennryersest. Ha puc. 10, 11 kpuBa a Bianosigae po3noainy 6e3 3acTOCyBaHHS cCaMOKaIiOpyBaHHs, a KpuBa b —
pO3MOAITY 3 3acTOCYBaHHSAM caMoKamiOpyBaHHA. HaBemeHi maHi MiATBEpKYIOTh MO3UTHUBHHUNA edekT
3aCTOCYBAHHS MTPOLIEAYP CAMOKAaTiOpyBaHHS.
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PI/ICYHOK 10 - Po3moain miisHOCTI IMOBIPHOCT! IHTETPAJIbHO1 HEJIIHIMHOCT1 IO A1alIa30HY ABHX

VY tabn. 1, 2 HaBeAeHO pe3ynbTaTH KOoMIT roTepHoro MoaemtoBanHs LIAIT i3 BH, mo camokamiOpyroTscs,
Ha OCHOBI CHCTEMHM YHCIEeHHA 3 0=1,618 Ta J0mycKoM Ha eJeMeHTHY 0a3y §Q =15%. Ipu mromy C1, C2, C3
BIINIOBIZAIOTh CTpATETisAM OJHOIMKIIOBOTO CaMOKaJNiOpyBaHHS 13 3aBJaHHSAM IHAWBITyaldbHOTO PpIiBHSA
KaJiOpyBaJIbHOTO CHUTHANY, i3 JOBUIBHUM 3aBIAaHHAM KaJiOpyBaJbHOTO CHTHAJIy B paMKax HOIYCKY 5Q Ta

0araToIyKIIOBIl cTpaTerii 3 ocepeTHEHHsIM Ha PO3TOPTKAX BiAMOBITHO.

‘fQH (x) /05 (x) 'lez (X)

= = [

=
a4
=

[ e

1p= 1
(R T T M e T

LIl st i anlavee T

b & ) a =|
. 3 NCHh
a a = 'IJ u 4 RN ] A - X
a e | : —'L:_ — - -
=5 R i an Ll B! i B = X 30'(1 +30‘u
S — . 30, +30,
-0 “ln an 30, +30,
_3O-a +3O_a —3Gb +3Gb
=30, +30,

Pucynok 11 - Po3noin niimbHOCTI iMOBIpHOCTI TOXHUOKH JIIHIHHOCTI Bar po3psiIiB

Jlnst BU3HAYEHHSI 3aKOHOMIPHOCTI 3MEHIIEHHS TMOXUOKH, 1[0 KOPHUI'YEThCS, OyJI0 OOUMCIEHO 3HAYECHHS
iHTerpanbHoi Ta AudepenniansHoi HeniHiiHocTed i 100 pizHux 6a3ucis Bar pospsanis LIAII i3 BH. Ilicxis Toro
Oyno oOuHMCcIeHO MaTeMaTHYHE CIIOMIBAaHHS Ta CEpPeJHBbOKBAJpPATHYHE BIIXWJIECHHS Ui BUOIPKH 332 TaKUMH
¢dopmynamu:

n—1
M(AD) =% S A
=0

Jie n — 00CsT BUOIPKH, AQZ — 3HAUCHHS MOXHUOKH, 110 OL[IHIOETHCS, B i-i BUOIIIi;

11
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o(a0)= |-~ 3 [0 -M(AD)]*.

Tabmuus 1 — Cratuctiyni xapakrepuctuku IHJI 1i1s pisHux crpaterii
camokaniopysanns LIAIT i3 BH

Kinpkicth M(IHJT) o( IHJD)

po3psiB
np( ng) be3 C.K. Cl C2 C3 bes C.K. Cl C2 C3
16 (23) 567,26 0,3417 0,3327 0,3970 419,12 0,2034 0,1923 0,1751
14 (20) 158,37 0,3228 0,3548 0,4364 112,49 0,2053 0,2048 0,2184
12 (18) 53,437 0,2813 0,3190 0,4066 36,999 0,1927 0,2001 0,1912

Tabnuig 2 — CratuctuyHi xapakrepuctuku JJHJI muis pisHuX cTpaTeriit
camoxaniopysanns LIAII i3 BH

KinpkicTh M(HJI) o( AHJD)

po3psmiB
n,( ng) bes C.K. C1 C2 C3 bes C.K. Cl C2 C3
16 (23) 1221,8 2,6998 2,6463 2,6525 760,07 0,1100 0,0770 0,0787
14 (20) 292,21 2,6917 2,6368 2,6225 167,84 0,1118 0,0643 0,0176
12 (18) 98,499 2,6534 2,6274 2,6372 61,720 0,0846 0,0464 0,0619

Kpurepiem edextuBHOCTI ycix crpareriii camokaniOpyBanas LIAIl € 3MeHIIeHHS aOCONOTHOT TOXHOKH
neperBoperHs [1DI micns mpoBenenHs camokaniOpyBanHs. Tak, abCOMOTHE 3HAYCHHS MOXHOKH MEPETBOPEHHS
IO TIPOBENIEHHS TpoTienypu U poBoro camokaniopyBanHs [[AIT MokHa BU3HAYUTH SIK:

Ay = Agyyiy T Ay
e ABHXia_ [le aHAJIOTOBH EKBIBaJICHT BXiJHOTO HU(POBOTO CHTHANY MPH BiACYTHOCTI MOXMOOK y KaHAII

MepeTBOPEHHS, AZ — 3araJibHa MOXMOKa HacKpi3HOTO KaHamy [lA-miepeTBopeHHs, 0 BU3HAYAETHCS sIK [3]:

_ 2 2 2 2
Az —\/Az HKC+AZ AK+AZ 5+Az IICH -

[Ticnst mpoBeneHHsT mpoueaypu ImdppoBoro camokamiOpyBaHus L[AIl aGcomoTHe 3HaUeHHS MOXHOKH
MIEpETBOPEHHS MOXKHA BU3HAUNTH SIK:

A A +A

BUX CK — “1BuXio Y CK-

ne AZ cx — ToxuOka HacKpi3HOro kauaiy IlA-TiepeTBOpEHHsS MICJs MPOBEJIEHHSA CaMOKaliOpyBaHHs, IO

BH3HAYA€ETHCS 5K [3]:

2 2 2 2 2
AZ CK :\/A JHJI MCK +A IHJI MCK +A M MCK +AKBUA17 +A PO3 -

EdektuBHiCTh 3acTOCyBaHHS TpOLEAypH HU(POBOrO CaMOKATIOpyBaHHS MOXHA BHU3HAUHTH 5K
BiJTHOIIIEHHS a0COIOTHOI MOXHOKH TIePETBOPEHHS 10 1 MicIs MPOIeTypH caMOKaIiOpyBaHHS:

Adgy _ (Apirxio +Ay ) = Ao Ay

AABI/IX CK (ABI/IXia + Az CK) - ABI/IXia Az CK

E=

Y T1abn. 3 HaBeAeHO OLIHKM e(pEeKTHBHOCTI pi3HUX CTparerii camokamiOpysanus LIAIl i3 BH,
pO3paxoBaHi Ha OCHOBI 3Ha4eHb MaTeMaTryHoro crioxiBands [HJI Ta JIHJI i3 Tabn. 1 ta tabm. 2.
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Tabnums 3 — EdextuBHicTh cTpaTeriit camokaniopysanus LIAII i3 BH

KimpkicTs E(IHJD) E(JIHJT)
pospaaie ny( ) Cl C2 C3 Cl C2 C3
16 (23) 1660,1 1705 1428,9 452,55 461,7 460,62
14 (20) 490,61 446,36 362,9 108,55 110,82 111,42
12 (18) 189,96 167,51 131,42 37,12 37,489 37,35

AHaiti3 HaBeJIeHHX JaHHUX IOKa3ye, mo edektuBHICTh camokanmiopysanus LIAIl i3 BH 3pocrae B mipy
3pocTaHHs KinbKocTi po3psniB LIAII Ta 3anexuTh Big 00paHoi cTparerii caMoKatioOpyBaHHS.

BucHoBku

1. IIpoanamizoBaHO cTpaterii HU(pPOBOro caMoKaIiOpyBaHHS XapaKTepUCTHKH nepeTBopeHHs [[AIL
i3 BH. JloBeneHo, mo BukopuctaHus 1udposoro camokaniopysanns XI1 no3Boisie ictoTHO (Ha 1+2 mopsaku)
3MeHIUTH noxnOku XII mopiBHSAHO 3 MOXMOKaMHM NEPBHHHOI eJIeMEeHTHOI 0a3u, a Iie J03BOJIsIE OyayBaTH
BucokoTouHi LIAIl, moOymoBaHi Ha CIIpOIIIeHiH eeMeHTHiH 0as3i.

2. BwusHaueHo kputepii  epeKTHUBHOCTI Ta  OIIHEHO €QEKTUBHICTH PI3HUX  CTpaTerii
camoxaniopysannst L{AIl i3 BH. [loka3ano, mo epeKTUBHICTh CaMOKaNiOpyBaHHS BKa3aHUX IIPUCTPOIB 3pOCTAE
B Mipy 3poctanHs po3psaHocTi LJAII i3 BH, a Takox npu 3HIKEHHI BUMOT Ha PO3KHJ NapaMeTpiB eIeMEHTHOT
0a3u Ta 3aJeKUTh BiJl 00paHOi CTpaTerii caMoKaiOpyBaHHS.

3. Hapano pexomennarii moao nodynosu LAII i3 BH, mo camokaniOpyrooTbes, moOyIoBaHUX Ha
HeToyHHX eneMeHTax. [loxnOka meperBopeHHs Takux L[AIl BinnoBizae 3ajaHMM 3HAYEHHSM i NMPAKTUYHO HE
3aJIe)KUTh BiJ MapaMeTpiB HABKOJIHUIIHBOTO CEPEIOBHIIIA.
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