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METO/J OHIEPATUBHOI'O BUABJIEHHA NOOJUHOKUX BIIXUJIEHDb BAT PO3PAAIB AIIII
HOCTAOBHOTI'O HABJIMKEHHSA 3 BAI'OBOIO HAJUVIMIIKOBICTIO

AHoTanis. Y cTaTTi 3aIpOIIOHOBAHO METOJ[ ONEPAaTUBHOIO BUSIBIICHHS MMOOAMHOKHX BiaxwmieHp Bar pospsais AL mociigoBHOro Habim-
JKEHHSI, [0 OOYIOBaHUii 3 BUKOPUCTAHHSAM BaroBoi Ha/UTHIIKOBOCTi. Metos Ga3yeThest Ha aHaui3i xapakrepuctuku neperBopenns AL B
Mpoleci OCHOBHOTO TIEPETBOPEHHs. B 0OCHOBY MeTOoMy MOKIaAeHO TOH (haKT, IO MPHU 3aCTOCYBAHHI BArOBOI HAITUIIKOBOCTI MHOXKHHA BHXi-
IHHUX KoxoBuX KoMmOiHamiii ALIIT Oyne oomexeHoro. ITpoaHanizoBaHO 3B 130K MiX MEpENikKOM MOXIJIMBUX KoMOiHaiit Ha Buxoni ALIT Ta
BIJIXMJICHHSMH Bar po3psiB. OLiHEHO TOYHICTb Ta OOMEKEHHS METOLY.

KuouoBi cioBa: aHaioro-un)poBe nepeTBOpeHHsl, Baropa HauIMIIKOBicTh, AIIl mocaitoBHOro HaGMIKeHHs, BiIXW/JIEeHHS Bar
po3psais AL

AuHoTanus. B craThe npeuioKeH METO OIepaTHBHOIO OOHAPYKEHHUsI OJMHOYHBIX OTKJIOHEHHH BecoB paspsinoB ALIII mociienoBarensHOro
HPUOIMKEHHUS, Peali30BaHbIi C HCIOJIb30BAaHHEM BECOBOH M30BITOYHOCTH. METOJ OCHOBAH Ha aHAIM3E¢ XapPAaKTCPUCTHKH MPEOOPa3OBAHMUS
AIIII B mporiecce OCHOBHOTO IpeoOpa3oBaHus. B OCHOBY MeTO/a MOJIOKEH TOT (haKT, Y4TO MPH MPHUMEHEHHH BECOBOW M30BITOYHOCTH MHO-
JKECTBO BBIXOJHBIX KOOBBIX KomOuHauuii ALITT Gyner orpanndeHHbM. [IpoaHani3npoBaHa CBsi3b MEK/y [IEPESUYHEM BO3MOKHBIX BBIXOIHBIX
xomOunanuit ALITT n oTkoHeHnsIME BecoB pa3psioB. OLEHEHa TOYHOCTb H OTPAaHHMYCHHUS METO/IA.

KuaioueBble ciioBa. AHajoro-nupposoe npeodpasopanue, Becopasi H30bITOYHOCTb, ALIII nociieqoBaTeJJbHOT0 NPHOIHIKEHHS], OTKJIO-
HeHus BecoB pa3psiios ALIL.

Abstract. In this article we present a method for operational detection of a single bit’s weight deviation for successive approximation ADC
that is implemented using weight redundancy. The method is based on analysis of a coding scheme in the main coding process. The method
relies on the fact that a set of code combinations of ADC will be limited when applying weight redundancy. A relation between the list of
possible code combinations in the output of ADC and the bit deviation was analysed. The accuracy and restrictions of the method were
evaluated.
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Beryn

AIIT mocniJoBHOTO HAOIMKEHHS 3aiiMarOTh BaXIIMBE MICIIC cepe/] IPOMO3UIIii cydacHUX BUPOOHUKIB. Lle
00yMOBJIEHO KOMIIPOMICOM MDK BUCOKOIO PO3IUIBHOIO 3/IaTHICTIO Ha piBHI 16-18 ABIHKOBHX pO3psiB Ta BUCO-
KOIO 4aCTOTOK JAMCKpeTu3allii 0 1 minioHa BUOIpOK 3a CeKyHIy. B Toii ke vac, sSKIIO0 PO3PSAHICTh MEPETBOPIO-
Baua nepedinpurye 12-14 po3psiniB BIUIMB 30HIIIHUX YMHHUKIB MPU3BOIUTH JIO MOSBU CYTTEBUX BIJXHUJIEHb Bar
cTapimux po3psiaiB [1], 110, B CBOIO Uepry, MOripirye TOYHICTHI XapaKTepUCTHKH nepeTBoproBada. OQHUM i3 Hai
MOLIMPEHUX METOJIB MOJOJIAaHHS 3raJlaHoi MPOBIIeMH € 3aCTOCYBaHHs npoueaypu kaniopysauus AIII[2]. TIpo-
Heaypa KamiOpyBaHHS BUKOHYETHCS INICISI BKJIIOUEHHS MPUCTPOIO Ta MEPIOAWYHO B MPOIECi poOOTH, IpHIOMY
AT moxe ¢pyHKIIOHYBaTH a00 B peKMMi OCHOBHOTO TIEPETBOPEHHSA, a00 KaniOpyBaHHs. BukopucranHs Baro-
BOT Ha/UIMIIKOBOCTI mpH mo0ya0Bi ALIT mociitoBHOTO HAOIMIKEHHS TO3BOJIIIO BUKOHYBATH MPOICIYPY Kauio-
PYBaHHS BUKIIOYHO Y LH]poBiii popmi 6e3 ¢pizuuHoro abo ejIekTpuuHOro BIUIMBY Ha Bard po3psais [3]. 3acro-
CYBaHHSI METOJIIB CaMOKaliOpyBaHHS Iependayae BUPILICHHsS TakuX 3anad, sk (ikcallis MOMEHTY 4Yacy, KOJH
HEOOXIHO MPOBECTH YEProBe KaliOpyBaHHs Ta opraHizaiii (POHOBOTO KamiOpyBaHHs (0e3 mepepuBaHHs MpoIle-
Cy OCHOBHOTO TepeTBOpeHHs). OIHUM 13 pillieHb, 10 TO3BOJSIE B KOMIUICKCI BUPILIMNTHA OOHM/BI 3a/1a4i € 3aCTO-
CYBaHHS Tak 3BaHOI CILNT apxitekrypu npu nodynosi ALl [4]. Opnak B JaHOMY BHIIQJKy TepenOadacThest
BUKOpPHUCTaHHS 1BoX ogHakoBHX ALIII, mo sk MiHIMyM BIBidi 30UIBIIy€E aniapaTHi BUTPATH.

AKTyaJlbHicTh

AKTyaTsHUM € JOCITIKeHHS IIIIXIB OlepaTuBHOI ineHTH(iKamii BigxmieHs Bar po3psaniB AL mocmimzos-
HOTO HaOJIDKEHHSI BUKITIOYHO y UG POBiit popmi Oe3 3acTocyBaHHS JOJATKOBUX aHAIOTOBHUX OJOKiB. KpiM Toro
aKTyaJbHHM € BCTAQHOBIICHHS HOMEPY po3psay abo po3psiiB, IO 3MIiHLIK CBOI 3HAUCHHS Ta MOIEPEIHS OLIHKA
3HAYEHb IIUX BiXUJICHb.

Mera

MerTot0 CTaTTi € JOCIIIKESHHS MOXKIIMBOCTI ONIEPATUBHOTO BUSIBJICHHS MOOJUHOKHX BiIXHJICHb Bar po3psi-
niB AL mociiToBHOrO HAOMMKEHHS, 1[0 MOOYAOBaHMI 3 BUKOPUCTAHHSAM BaroBOl HAJJIMIIKOBOCTI, IIJISIXOM
aHaJIi3y xapakTepucTuku nepersoperns ALIIL.

3agaui

11. TlpoanamizyBaTu XapaktepucTuky neperBopeHHs ALl mociigqoBHOTO HAONIKECHHS 3 BaroBOKO Hal-
JIMIIKOBICTIO.

12. JlocnianTy BIUIM BiAXWJIEHHS Bard OKPEMOTO pO3psiay Ha 3MiHEHHS KiJIBKOCTI HEBUKOPHCTaHHUX KOM-
OiHamiif B 30HaX Pi3HHUX PiBHIB.

13. Bu3Ha4WTH 3aJIe)KHICTh MK 3HAYEHHSIM BiIXIJICHHS Bard OKPEMOTO PO3PSLY 1 KITBKICTIO HEBUKOPHUC-
TaHNX KOMOIHAIIN B Pi3HUX 30HAX.

Anautiz xapakrepucTuku nepersopessss AL nociigoBHoro HadM:KeHHs 3 BATOBOIO HAJIMIIKOBICTIO
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Posrnsaemo xapakrtepuctuky neperBoperHs (XII) S-pospsmaoro AL mocmizoBHOTO HAONMXKEHHS 3
o=1,7 (puc. 1a). PosramyBanns Oynp-skoi Touku Ha XI1 Oyne BU3HaUaTHCS BUPA3OM:

n—1
S
AK*)=Ya; -0, (1)
i=0
ne K — xomoBa komOiHaIlis, s — HOMep KOJI0BOi KOMOiHaITi1, Qi =a' (1 + 51), — 3HAYCHHS Bard i-ro po3-
paay, 1€ o — OCHOBA CUCTEMM YHCIIEHHs, Oi — 3HAYEHHS BiJXMIIEHHS i-TO po3pany, a; € {0,1} — BigmoBixHi ABiii-
KOBI po3psiau kony K.
VY 5-pospsanomy ALII 3 0=1,7, 3a BiAcyTHOCTi BiaxuiaeHs Bar po3psaie (5=0), i 30HH HEBUKOPUCTA-
HUX KoMOiHawii (n-1)-ro piBHs Oyzae BipHUM piBHSHHS [S]:
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Pucynok 1 — Xapakrepuctuka nepetBopeHHs S-po3psaaaoro AL i3 ocHOBOIO cucTemMu YucaeHHS 0=1,7
a) 0e3 BiAXWIICHb Bar po3psiiB, 0) 32 HASBHOCTI BiIXHJICHHS Bard CTapIIoro po3psiay

ToOT0 y HIeHTpabHIK 30HI Oyae 3 «HeBHKOpHCTaHHX» KOMOiHaIil 3 Homepamu 13, 14, 15. [TosBa Bigxu-
JICHb MOJKE TPHU3BECTH A0 MOPYLICHHS HEPIiBHOCTI (2), M0 MpU3BEAe M0 3MIHCHHS KiIbKOCTI HEBUKOPHUCTAHUX
KoMOiHaii (puc. 10). TakuM YMHOM iCHY€ MOJJIMBICTH OL[IHUTH 3HAYCHHS BiJXWJICHb Bar po3psiiB Ha OCHOBI
iHpopMaii npo nepesik «kHeBUKOPUCTAHUX» KOMOIHAITi1.

B 3aransHOMY BHIaIKy HEpiBHICTH (2) MaTHMe BHUTJISIA:

AKK™) < A(KY) < AKK), 3)

ne [ — HOMep «BUKOPHCTAaHO» KOMOIHAIN, IO € HACTYITHOK 3a «HCBHKOPUCTAaHY» KOMOIHAINIO 3
HaWOUIbIIIM HOMEPOM; 7 — HOMEpP «HEBHKOPUCTAHOD» KOMOIHAIIIT, 1110 3HAXOAUTHCS Ha HIDKHBOMY KOPJOHI MiX
«BUKOPUCTAHUMHIY 1 KHEBUKOPHCTAHUMMU» KOMOIHAIISIMU.

. [ . .
Cuizx 3BepHYTH yBary, 1o 3HaueHHs K, He 3aleKUTb BiJl OCHOBHM CHCTEMH YHCIICHHS Ta BiIXWJICHb Bar
PO3psAIiB 1 BU3HAYAETHCS BUKIIOYHO HOMEPOM 30HH HEBHKOPHCTAHMX KoMmOiHatii. Tak mist 30H7 (n-1)-ro piBHA
/ . /1 12 . . . ..
K, =100...0. ins 30uu (n-2)-ro pisus K, =010...0 ta K,° =110...0 signosizno mis nepwoi i apyroi

IMA30HU 1 T.J.
HeBaxxko mo6avnTH, 00 U PO3PaxXyHKY I'PaHUYHUX 3HAYCHb BiIXHMJICHb, 32 SKHX BiJIOYBa€ThCS 3MiHA
KUTBKOCTI «HEBUKOPUCTAHUX)» KOMOIHAIIIH CIIi/T pO3B’A3aTH PIBHIHHSA:

AKL) = AKK]") 1a AKL)= ACK). @)
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JocainKeHHs BIVIMBY BiAXWJICHHSI BATH OKPEMOro po3psay Ha 3MiHeHHs KIVIBKOCTiI HeBHKOPHUCTAHUX
KkoMOiHamiii B 30HAX pi3HUX piBHIB

[pumyctumo, 1110 BHACIIIOK BiIXWICHHS Bara HakcTapuoro (n-1)-it po3psay 3MiHHIACH 0 3HAYCHHS
| 1,
Qn—l =a (1 + 5,1_”1 ’ (%)
10 TPU3BEJIO 10 3MCHIICHHS KiTBPKOCTI HEBHKOPHCTAaHUX KOMOiHamiit B (n-1)-if 30HI IO ABOX, SK MOKAa3aHO Ha

1

. 11 . . . .o
puc.16. Pumceka mudpa /1 3 innexcom (n-1) 'y 5n_”1’ BKa3ye Ha KiJIbKICTh HEBUKOPUCTAaHUX KOMOiHamii B (n-1)-

1 30Hi. Toxi HepiBHICTP (2) HAOyaEe BUTILALY:

AKP)y < 4kl < a4k 6)
[izcTaBUBIIM BiAMOBIIHI 3HAYCHHS Y PIBHAHHS (4) OTpHMAaEMO
AK®) = AK) ra AK) = 4K, ™

[MincraBuBim (2) Ta (5) y piBHsHHSA (7) OTpUMAEMO
n=2 n=2
"1+ =D a ~1ma " 1+ 80 =D d —a ®)
0 0

TakuM YMHOM 32 YMOBH BipHOCTI HEpIiBHOCTI (6) Ha OCHOBI (8) MOKHA BU3HAYUTH AOIYCTUMHH Jiara-

1l
30H 3HaueHs O, 7'

n-2 n—2

ZO/ - a' -1

= et EYMUNIES L ©)
a a

Jyist NOBINIBHOT KiINIBKOCTI HEBUKOPHCTaHUX KOMOIHAIiH B 30Hi (n-1)-ro piBHs piBHsAHHS (9) HaOyae BU-

n—2 . n—2 )
> aa’ > ba'
0

_ pnfl O
<o, < ——

TAny:

= -1, (10)

e a; Ta bi PO3psAIHI KOS]IliEHTH KOJOBUX KOMOIHAIIIH, 1110 BiIMOBIAI0Th OCTAHHIN BUKOPHUCTaHIH

nepes MoYaTKOM TPYITH HEBUKOPUCTAHNK KOMOIHAIIIH Ta Imepiiii HEeBUKOPHUCTAHIN 13 TPYITH HEBUKOPHUCTAHUX
KOMOIHAIIIH BiIOBITHO, p,.; — KUTbKICTh HEBUKOPUCTAHUX KOMOiHAIi# B 30Hi (n-1)-T0 piBHS.

TTo3naunBIIH
n—2 ) n—2 )
1 1
2 a 2 ba
0 0

Py v P _ _
O Imin = P lta o, " o« =—— 1, orpumaemo
24 o
pnfl p —1 P —1
§n—1min < §n11 < 5n—nlmax (11

Bupas (10) BuzHauae giana3oH 3HaYCHHS 55_1 B YacTKaXx Baru Haifcrapmioro (n-1)-ro po3psany, s

BU3HAYCHHS IbOTO 3HAYCHHS B OJUHUIIX MOJIOAIIOro po3psaay (OMP) HeoOXigHO ITOMHOKATH JIiBUH 1 TpaBUit

6ix HepiBHOCTI Ha Bary HaWcTapmoro (n-1)-ro po3psity To06To Ha n-l . IMicnst woro Bupas (10) HaOyne BUTIIS-

ay:
n—=2 . n-2 .
Y aa —a" <P (OMP)< Y ba' —a", (12)
0 0

OCKLTBKY 3HAYCHHS BIIXUICHHS PO3PSALY MOKE 3HAXOAUTUCH B OYIb-sIKii TOUII Jiama3oHy, TO s
MiHiMi3aIlii MOXHOKY BU3HAYCHHS BIIXUICHHS Bard PO3PsAY TOUIIBHO B3STH ii CepeHE 3HAUCHHS:

n—2 ) | n—2 ) |
dba' —a"" + ) aa —a"”
0

5P (OMP) = -2

13
5 (13)
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OueBUHO, 10 MTOXHOKA BU3HAYECHHS 55_”11 (OMP) pospaxoByeTbes sik:

n=2 ) n—=2 ) n—=2 . n=2 )
> ba!' —o" - > aa’ —a"! Y ba' - aa
ASP (OMP) =2 0 =0 0

2 2
(14)
n—-2 ) n—-2 )
BpaxoBytoun, 1110 Zbial Ta Zalal B OyAb-sIKOMY BHUIAJKy BH3HAYalOTh PO3TAaIyBaHHS JBOX
0 0
CYCI/IHIX TOYOK Ha XapaKTEpUCTHUL IIEPETBOPEHHsI, TO BiJICTaHb M)XK HUMH JIOPIBHIOE KPOKy kBaHTyBaHHs AL,
3HAYCHHS SKOTO € MOCTIHHMM i JBIHKOBOI cucTeMu 4mcieHHs 1 gopiBHioe 1 OMP. Jlns AIIIl Ha ocHOBI
HaJUIMIIKOBUX CHCTEM YMCJICHHs 3HaYCHHS OCTAHHBOTO 3HAXOAUThCS B Aiamazoni Big 0 mo 1 OMP. Takum uu-

HOM MaKCHMaJlbHE 3HAU€HHs MOXUOKM BU3HAYCHHS 5}1—1 (OMP) cranosuts 0.5 OMP nyist 6yab-aKoi 30HH
HEBHKOPUCTaHUX KOMOIHAIIIH.
BusnaunmMo BIuIMB 5;1—1 Ha 3MIHEHHs KiJIbKOCTI HEBUKOPUCTaHUX KOMOiHalii B 30Hi (n-2)-ro piBHA. Y

MPUKIIali, HABEJJCHOMY Ha pHc. 1. 30Ha (n-2)-To piBHA CKIAJAE€THCS 3 IBOX MiI30H, SIKi MICTATB MO OJIHIHM KOJOBIN
komOiHarii 00111 ta 10111. Takum gynHOM HepiBHICTH (3) HaOyBae BUTIISAY IS TIEPIIOT iA30HU:

A(K) < AKS) < AK ) (15)
Ta IPYroi miI30HH:
AKKP) < AK?Y < AKP) (16)

CkopuctaBinucs Bupazami (1) (4) ta (5) oTpuMaemMo BUpa3u JUIsi BUSHAYCHHS TPAHUYHUX 3HAYCHD BiJXUJICHb
JUTSL TICPIIIOT TMiI30HH:

) n-3 ) n-3
al’l— = Zal —1’ al’l— = Zal (17)
0 0
JUISL IpYToi iI30HU:
n=3
1+l o =1+ 5 ya" T + Y ol -1 (18)
0
n=3
A+ +a" =1+ 80+ Y o (19)
0

n=3 n=3
a00 MicJIs IEPETBOPEHb: a"? = Za’ -1; a"? = Zal .
0 0

TakuM YMHOM DPIBHSHHS JIJI1 BU3HAYCHHS TPAHHYHHUX 3HAYCHb BIAXHUICHB IS MEPIIOI 1 APYrol MiI30HU
€ IICHTUYHUMHU 1 HE MICTSTh 5}1—1 , IO CBITYUTH MPO T€, LI MiI30HH € HCUYTIUBHUMHU O BiIXUJICHb Baru crap-

moro (n-1)-ro po3psay. He Bakko mokasaTy, IO aHAJOTig9HA CUTYAIIisl CIIOCTEPIraeThCs 1 U 30H IHIIUX PiBHIB.
PosrnsiHemMo BIUIMB BimxwiieHHS (n-2)-ro po3psay Ha 3MIHEHHS KiTBKOCTI HEBHKOPHCTAaHMX KOMOIHAIH B 30HI
(n-1)-ro pias. [IpumycTiMO, 0 BHACTIAOK BiIXWICHHS Bara (n-2)-ro po3psay 3MIHIIACh O 3HAYCHHS

_ h=2
O, =a" "(1+9,.,), (20)
110 MPU3BEJIO 10 3MIHEHHS KUIBKOCTI HEBUKOPUCTaHMX KOMOIHalii 10 p B 30Hi (n-1)-ro piBHs. Toni piBHAHHS
IUIsl BA3HAYCHHSI TPaHUYHUX 3HAYCHb BiXMJICHb HAOY/E BUTIIALY:

n-3 n—-3
" =" 1+ 8P+ Y g " =" (14505 + Y b 1)
0 0
3BIIKH
| n—2 ) | n—2 )
a"" = aa a"" = ba'
0 Py 0
>0 > (22)
_ -2 _
a” 2 n a” 2
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He Baxkko mokasaTy, 110 AJIsl BU3HAUEHHS BiXWICHHS (n-2)-ro po3psay 3a KUIBKICTIO HEBUKOPHUCTaHUX
KOMOiHa1i# B (n-2)-# 30HI MOXKHAa CKOPHCTATUCh BUpa3oM (24):

n-3 ) n-3 )
> aa’ D ba'
0

R S I— (24)

n-2 n-2

a o

BusHaveHHS 32/1€5KHOCTI MisK 3HAYEHHSM BiIXHJICHHS] BATH OKPEMOTI0 po3psiay i KilbKicTI0O HEeBUKOpHC-
TaHUX KOMOiHaNiil B pi3HMX 30HAX
I'padivyna iHTEpmIpeTalis 3B’s3Ky MiX KUIbKICTIO HEBUKOPUCTAaHUX KOMOiHAIii B 30HaxX (n-1)-ro ta (n-
2)-ro piBHS Ta BiIXWJIEHHsM Bar (n-1)-ro ta (n-2)-ro po3psaiB MoKa3aHo Ha pHC. 2

0.3 0.2

Dl\

BIEaS

hd EE‘n—fL
Y ~

1 2 3 » 4 3 6
PucyHOK 2 - 3B’430K MiX KUTBKICTIO HEBHKOPHCTAaHUX KOMOIHAIIH 1 BiIXuJIeHHAM Bar (n-1)-ro Ta (n-2)-ro pos-
pAmiB I
a) 300U (n-1)-ro piBHA Ta 0) 30HU (n-2)-TO PiBHA

n-2

OTXe, B3a€EMO3B’ 30K MK BIIXHJICHHAM K-po3psay i KUNBKICTIO HEBUKOPHUCTaHUX KOMOIHAIH B 30HI j-
ro piBHS BU3HAYAETHCS TAKUM YHHOM:
1. Sxmo j<k — BiIXWJICHHS HE BIUIMBA€ Ha KUTbKICTh HEBUKOPUCTAHUX KOMOiHAIIii

= i S
> ad’ D ba'

2. HKHIOj:k, 0—k_1< 5kp] So—k—l, (25)
a a
R i T i
a’ - aa' a’ =Y ba'
3. Slxwo >k, 0 > 67 > g (26)
a a

J1J1st TOPIBHSIHHS CTYIIEHS Yy TJIMBOCTI 3MIHEHHS KITbKOCTI HEBUKOPUCTAHUX KOMOiHaliK B 30Hi (n-1)-ro

p1BHA 10 5)’1—1 Ta 5}’1—2 3HaUJAEMO 1X CIIIBBIJIHOIICHHA 3a (I)OpMyJ'IOIOZ

n—2 ) | n—2 )
i n— i
é'pn—l ZGia (04 - Zaia |
-1 0 0
o ) &
0,3 a a a

3 0CTaHHBOTO BHpa3y 30KpeMa BUILUIUBAE, IO CTYIIHb BILIUBY 5n_2 Ha 3MiHCHHS KiJIbKOCTi HEBUKOPH-
CTaHUX KOMOiHaIii B 30HI (n-1)-ro piBHA B ¢ pa3iB MEHIIMII 3a BIUIUB 5n_1. Ile 0OymoBIE€HO THM, IO CIIiB-
BIZIHOILIICHHS Bar CyCiJIHIX pPO3psAiB CTAaHOBUTH ¢ . KpiM TOro, SIKIIO 301IbIICHHS 5n_1 MIPU3BOIUTE 10 3MEH-

IICHHS KUIBKOCTI HEBUKOPUCTaHMX KOMOiHawiil B 30HI (n-1)-ro piBHS, TO HACHIAKOM 30UIbIICHHS 5n—2 € 30i-
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JBIICHHS KUTBKOCTI HEBUKOPHUCTAaHUX KOMOiHamid. HeBakko mOKas3aTH, IO CTYIiHb BIUIMBY BiJXWJICHHS JIOBiTb-
HOTO (n-K)-TO po3psmy Ha KiUNBKICTh HEBUKOPUCTAHUX KOMOIHAMLIN B 30HI (n-1)-T0 piBHA 3MEHITYETHCA TTOPIBHS-

HO 3 BIUIMBOM BiAXwiIeHHS (n-1)-ro po3psny B O k-l pasiB.

Sk Bume Oyno 3a3HAaYCHO, BIIXHWIICHHS Bar PO3PsiB, HOYMHAIOYH 3 (N-2)-TO BIDIMBAIOTH HAa KUIBKICTH
HEBUKOPHCTAHUX KOMOIHAIiNf B KUTbKOX 30HaX. 30KpeMa BIIXWJICHHS Baru (n-2)-ro po3psay BIDIMBA€E SK Ha
30HY (n-1)-ro piBHA, Ta K i Ha 30HY (n-2)-ro. Ha puc. 3 HaBeneHO BUTIISAA XapaKTEPHCTHUKU IEPETBOPCHHS 32
BIZICYTHOCTI BiIXHJICHB (pHC. 3a) Ta 32 YMOBH BiJl’€MHOTO BiIXWICHHS Bard (n-2)-ro po3psny (puc. 36).
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Pucynok 3 — Xapaxrepuctuka nepetBopeHHs S-pospsauoro AL i3 ocHoBoIo cuctemu uncieHHs o=1,7
a) 0e3 BiIXHMICHb Bar po3psiB, 0) 3a HAIBHOCTI BIAXMJIEHHS Baru (n-2)-ro po3psny

HacninxoM nosiBu 5n_2 3 BiJ’€EMHHM 3HAaKOM € 3CyB Bcix To49oK XII, siki MicTsTh “1” B (n-2)-My po3-
psini BIIBO Ha BENMYUHY n—2§n_2. B pesynbrati nporo B 30Hi (n-1)-ro piBHS KUIBKICTh HEBUKOPHCTAHUX
KOMOIHAIIIi CKOPOTHIIACh 0 OZHIi€l, B TOW )K€ Jac KUTbKICTh HEBHKOPHCTAHMX KOMOIHAIIN B KOXHIH i3 TiA30H
(n-2)-ro piBHA 301TBIIHIIACH IO TPHOX.

XapakTep BIUIMBY BiIXWJICHHS PO3pPSAYy Ha MEBHY 30HY HEBUKOPHCTAHHUX KOMOIHAI[M BH3HAYAETHCS
HOMEpOM 30HHM Ta 3HAKOM BIAXHJICHHS (IoAaTHIH abo Bin emHuit). Tak monatHe BinxuieHHs Bark k-ro pospsmy
MpPU3BE/IC 10 3MCHIIICHHS KiTbKOCTI HEBUKOPUCTAaHUX KOMOIHAIIN B 30H1 K-ro piBHS Ta 301IBIICHHS 1X KUTHKOCTI
B yCiX 30Hax 3 HOMepamu Ounbine k. BiamoBigHo Bin’eMHe BiAXHWICHHS K-ro po3psiay mpu3Bene A0 3BOPOTHOL
cUTyalil — 301IbIIEHHS KiIbKOCTI KOMOiHaIi{ B 30HI K-ro piBHS Ta 3MEHIIEHHS iX KIJIBKOCTI B IHIIMX 30HAX.

Ha puc.4 a, 6, B mokazaHO 3aJI€KHOCTI KiIJIbKOCTI HEBUKOPUCTaHUX KOMOiHalii B 30Hax (n-1)-ro, (n-2)-
ro Ta (n-3)-ro piBHIB Bif 3Ha4eHHs BiaxmieHHS (n-3)-ro, (n-2)-ro Ta (n-1)-ro pospsxis BixmosimHo. [Tpukmax
HaBeJIeHO /It =6 Ta a=1.7. AHani3 HaBeJCHUX [iarpam J03BOJSIE CTBEP/KYBATH, 10 B 3arajlbHOMY BHIMAJKY,
BU3HAYMBIIH KiJIbKICTh HEBUKOPHCTAHIX KOMOIHAIlIH B KOKHIH i3 30H MOYKHA OJHO3HAYHO BKa3aTH HOMEP PO3-
psmy, Bara sSKOro 3MiHMIach. KpiM TOro MOXHa OIIHUTH Miala30H BiAXWICHHA. Hampukiax, cUTyamis, KOJH
30HU (n-1)-ro, (n-2)-ro Ta (n-3)-ro piBHA MICTATH BIANOBIAHO 5, 5 Ta 1 HeBHKOpHUCTaHy KOMOiHaLii cCIIo-

CTepiraeThes TUIbKH Ha puc. 4,0 y Bunaaky, kom —0.2<0, , <—0.1.

Crig TakoX BiJ3HAYUTH, IO B OTOYCHHI HYJIHOBOTO BiIXFJICHHS KOXKHOTO 3 PO3PSAIB CIIOCTEPITaeThCS
30Ha HeBU3HaueHOCTI. Ha prc.4 30Ha HEBU3HAUCHOCTI Ma€ MICIle Y BHIIAQAKAX, KON KUTbKICTh HEBUKOPUCTAHUX
KoMOiHaIi# mo 30Hax (n-1)-ro, (n-2)-ro ta (n-3)-ro BiAmoBigHO ctaHOBUTH (6, 3, 1) abo (7, 3, 1). Lli curyamii
CIIOCTEpIraloThcs Ha BCiX aiarpaMax puc.4. B 1boMy BUMajKy jAiana3oH BiIXWIEHb IO HE MOXe OYyTH ieHTH-
¢ikoBanwmii ctaHoBuTh: Big -0.07 1o 0.11 mist (n-3)-ro po3psay, -0.07 mo 0.05 mwist (n-2)-ro pospsiny Tta -0.07 mo
0.05 mast (n-1)-ro pospsay. He Bakko mokaszaTd, 10 B HAWTIPIIOMY BHIAIKY INAPHHA 30HH HEBU3HAYEHOCTI
ctaHoBuTh 0. OMP.
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PucyHOK 4 — 3aiexHicTh KUTBKOCTI HEBUKOPUCTAHUX KOMOiHAIi# B 30Hax (n-1)-ro, (n-2)-ro 1a (n-3)-ro piBHIB
BiJl 3HAYCHHA BiIXWwIeHHS a) (n-3)-ro, 0) (n-2)-ro B) (n-1)-ro po3psuis
BucnoBku

1. loBeneHo, 110 BiAXUJICHHS Baru k-ro po3psiy MOKe BIUIMHYTH HA 3MIHEHHS KiJbKOCTI HEBUKOPHCTaHUX
KOMOIHaIli# B 30HI k-ro piBHS XapaKTepHCTHKH NEPETBOPEHHS Ta B YCiX 30HaX 3 HOMepamu Oisiblie k, npuaomy
JIOJIATHE BIAXHWIICHHS Baru K-ro po3psay Mpu3Beie 0 3MCHIICHHS KiJIbKOCTI HEBUKOPUCTAHHMX KOMOIHAIl B
30HI k-ro piBHS Ta 30UIBLICHHS iX KIJIBKOCTI B YCIX 30Hax 3 HomepaMu MeHiie k. BiamoigHo Bix’eMHe
BiAXmieHHs Kk-ro po3psay mpu3Bene 10 3BOPOTHOI cHTyalil — 30UIbLICHHS KUIBKOCTI KOMOiHaliid B 30HI k-ro
piBHA Ta 3MEHIIEHHS iX KUTBKOCTI B iHITUX 30HAX

2. loBeneH, M0 B HAUTIPIIOMY BHIAIKY TapaHTOBaHE 3MiHCHHS KUJIbKOCTI HEBUKOPHCTAHMX KOMOIHAIIH B
Oyap-sIKiif 30HI XapaKTepUCTUKU TEPETBOPCHHS, Ha Ky BIUIMBA€ K-f po3psin, BiAOyneThcs Mpw 3MiHCHHI Baru
po3psny Oinpmie Hix HA 1 OMP

3. Ioka3zaHo, 110 y BUNAAKy MOOJMHOKUX BIOXHJICHb Bar pO3psNiB OJHO3HAYHE BCTAHOBICHHS HOMEpa
po3psidy, B SKOMY BigOyJIOCh BiOXMICHHS, 32 aHANI30M XapaKTepHCTHKH neperBopeHHs ALl moxmuBe mpu

3HAaYEHH] BIAXHWICHHS OlIbIIe HIK |a / 2| OMP.
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