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In software which are dedicated for the design of electronic circuits with constant
parameters is widely used function of sensitivity, which allows you to focused solve the tasks
of multivariate analysis and optimization of such circuits. The function of sensitivity of linear
parametric circuits not used widely because there was no reliable methods of symbolic
computation of parametric transfer functions. We proposed such method (frequency symbol
method [3]), so, filling the existing gap in article discusses the possibility of forming functions
of sensitivity of linear parametric circuits and is given account the peculiarities of their
determination.

For a basis of definition the concept of sensitivity of linear parametric circuit was taken
definition of the concept of sensitivity of linear circuits with constant parameters. This feature
of sensitivity of linear parametric circuit which consists in the fact that this sensitivity: a) isa
function of two variables— complex variable and time; b) by the frequency symbolic method is
deter mined based on approximated parametric transfer functions.

It is shown that, typically, the sensitivity of parametric linear circuit varies periodically in
time with period T, which is chosen in presentation the transfer function by trigonometric
polynomial of Fourier. It was emphasized that the sensitivity of some parameters of parametric
circuit in time can grow infinitely. This appliesto the parametersthat definethe period T.

We considered the example of elementary parametric linear circle, consisting of a single
parametric capacity. The exampleillustrates the change the different functions of sensitivity of
such circuit in time.

It is shown that at sufficient accuracy of approximation of parametric transfer function
by trigonometric polynomial of Fourier, derivatives on parameters of elements of circuit
obtained from approximated parametric transfer functions enough to accurately reproduce
derivatives on parameters of elements of circuit the original parametric transfer functions
and, therefore, can be used to form the functions of sensitivity, as well as in solution of tasks
multivariate analysis and optimization of linear parametric circuits. This conclusion shows a
per spective application of frequency symbolic method to the mentioned problems.

For illustration of material relating to the correctness of the definition of derivatives of
parametric transfer functions on parameters of elements of parametric circuit is selected
single-circuit parametric amplifier, in oscillatory contour, which the capacity varies with a
period T. It is shown when the number of harmonic components in the approximated
parametric transfer function k3 4 then results in the calculation of the derivative of this
function on the parameter does not change. Therefore, the value of derivatives that were
obtained when k=4 were taken as a basis in these calculations. Obviously, the calculation for
the selected k<4 will be inaccurate, and if k>4 it takes unjustified big time. It is shown the
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dependence the sensitivity of module of transfer coefficient of the input current to the output
voltage from the depth of modulation of parametric capacity and time.
Key words: linear parametric cir cuits, frequency symbolic method, sensitivity.

Po3rnsiHyTo 0oco0/uMBOCTI BU3HAYEHHHA YYTJIMBOCTI JiHIHMX mapaMeTpHMYHHMX Kia 3a
anpoxcuManii nepeAaBaIbHUX (PYHKIiH TPUTOHOMETPUYHUMH NoJdiHOMamu Dyp’e.

KuarouoBi cjoBa: JiHiiiHi mapaMeTpuyHi KoJ1a, YACTOTHUI CHUMBOJBLHHMI MeTON,
YYTJIMBICTD.

Beryn

Bigomo [1], 1o uyyTnuBicTh nepenaBanbHol GyHKIii T JiHIHOTO KOJa 3 MOCTIHHUMH TMapaMeTpamMu
JI0 3MiHH MapameTpa JeSKOro eJIeMeHTa X BU3HAYa€EThCS 32 BUPA30M
g =X (D
™x T
Ta, 32 aHAJIOTIEI0 3 MepeaaBaibHOI (PYHKIE Koia T , TeXK sBIs€ co00K (YHKIIIO KOJA, OCKUIBKH HE
3aJIOKUTh Bijl MOJ@HUX HA KOJIO CUTHAIB | BU3HAYAETHCS BUHATKOBO TTApaMETPaMH Ta CTPYKTYPOIO KOJIa.

OueBuaHO, 1O (YHKIS YYyTIMBOCTI SI YaCTOTHO 3aJIOKHA 1 y YacTOTHIA 00JacTi mpH

T(s) =M (w) elf W) e s= jw — xomrutekcHa 3minHa, M (W) — moxyns Ta f (W) — dasa mepenaBansHOl
¢byukuii T(S), BU3HAYaeThCS 32 BUpa3oM [1]:
S (9= %W) ™ ’"ﬂ(;v) . @
OcobnuBicTs BU3HAUCHHS YYTIMBOCTI JTIHIHHUX TTApaMETPUYHUX KiJI MOJISITAE Y TOMY, 110!
a) nepenaBanbHa Gynkiist W (Hexait cripspkena [2]) 3aneXuTh HE TUIBKU Bill KOMILIEKCHOT 3MIHHOT S,
ane # Big yacy t — W(s,t);

6) nepeasanbha GyHkuis W(S,t), 3a3Bn4aii, BusHauaeThes HaGmmKxerHo W (S,t) y BUITIS anpoKcH-

MaI[IfHUX MHOIOYJICHIB, aJI¢ 3aJI0BUTBHUI 30ir (YHKIIII He 3aBXK/I1 BU3HAYAE 33 JOBUIBHUI 301 X MOXITHUX,
K1, CBOEIO UEPTOI0, € OCHOBOIO PO3B’ I3yBaHHS HU3KH 3324 0araTroBapiaHTHOTO aHAJIi3y Ta ONTHUMI3allil.
Posrnsny miux ocobmuBocTelt 1 mpucBsyeHa podoTa.

OcHoBHa yacTHHA
VY BuUNaAKy THIHHAX NapaMEeTpUYHHX KT YYyTJIUBICTh TepenaBaibHOl (YHKIII BH3HAYMMO 3a
aHasorieto 3 Bupazom (1):

W Ww,t) X
S (80 =0 e ®
Ta MEPEKOHYEMOCH, 110:
SXW(s,t)zﬂM(W’t)v LS i (W,t)xx, @)

x M (w,t) x
JIe TiJ CHMBOJIOM X Po3yMieMo He (YHKIIIO, [0 BigqoOpaskae 3aJIKHICTh MapaMeTpa eJIeMEeHTa KoJia Bif
Yacy, a IOCTIiHI BEIMYMHH, 1[0 BU3HAYAIOTH 110 QyHKI0. Tak, Hanmpukiam, A napaMeTpUIHOl EMHOCTI,
10 3MIHIOETBCS Y Yaci 3a BUPa3oM
c(t) = co[ +m>cos(WL)], )
(Co, MW — He3anexHi Bix yacy cepeiHe 3HaUCHHS, TIIMOMHA MOMYJIALIT Ta 4acTOTa HAKaYKU TapaMeTpHy-
moi emuocti C(t), BigmoBimHO) Moke OyTH BHM3HAYCHA YYTJIMBICTH KOJIA 0 3MIHHM Iapamerpa co, 9H

nmapamerpa M, uu napamerpa W.

Sxmo mis Kona 3 TMOCTIHHUME TlapaMmeTpaMH YyTIHBICTh Yy YacTOTHIH OO0JacTi BU3HAYAETHCS
3BHYHHMHU aMILTITYITHO-4aCTOTHHUMHU Ta (a30-4aCTOTHUMH XapaKTEPUCTHKAMHU TUILKU BiJl OJJHIET 3MiHHOI
W, TO JUIS MapaMeTpHYHHUX KT KOKHA 3 IMX JIBOX XapaKTEpUCTHK SIBISIE COOOK0 TOBEPXHIO BiJl JABOX
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apryMeHTiB — 3MiHHOI W Ta "dacy t. OcraHHI MOBEpXHIi, 5K 1 MOBEPXHI YYTIMUBOCTI 10 3MiHU MapaMerpiB

MOCTIHHUX EJIEMEHTIB IapaMeTPUYHOro Kojia, €, 3a3BHyail, MEpPIiOJUYHI y Yaci Ta IIOBTOPIOKOTHCS 3

nepiogom T =2p/W. BHHSATKOM € YyTIMBICTh 32 MapaMeTpOM, [0 BU3HAYAE YACTOTY 3MiHH MapaMeTpuy-
HOTO eJeMeHTa. 30Kpema JUisl mapaMeTpudHoro eneMenta (5) — me yymiuBicTh 10 3MiHu mapamerpa W.

[MosicanMO el GpakT Ha HACTYITHOMY MPHKIIAII.

Mpuxaan 1. Hexaii 3amaHo JiiHifHE MapaMeTpUYHE KOJIO, IO CKJIATAETHCS 3 OKPEeMOI mapamer-
puunoi emuocti C(t) 3 mapamerpom 3 Bupasy (5), ske ommcyeTbes mUQepeHIialbHUM PIBHIHHAM

[ (t) =c(t) xugt) + c&t) u(t) , e i(t) — 3amanmii crpym™m, mo nporikae yepes emuicts c(t), Ta u(t) -pe3yasryro-

ya Hampyra Ha emHocTi C(t) BimnmosimHo. Bimomo [3], mo mapamerpuvHa mnepenaBajibHa (QYHKIIiS

W(s,t) =U(s,t)/I(S) Takoro kona, ne U(St) Ta I(S) 300paxenns 3minnux U(t) Ta i(t), BinmosiaHo, Mae BUTIIs
W(s,t) =1/sc(t) =1/(sco (1+ m>cos(Wh))) . (6)

YyTauBocTi wi€l nepesaBaabHOI YHKIIT 10 3MiHM MapaMeTpiB Cy, MW BH3HAUaI0THCS 33 BUPA30M
()

sl o
©

(3) six:
W
E oo  [/sx(t)]
m>cos(Wx)

S MYsxt)], m _

fm  [Vsx(t)] 1+m>cos(Wx)’
_Wx>m xsin(Wxt) )
1+m>cos(Wxt)

\W

sxc(t))]
[1/(s>e(0)]

S - ﬂ[J/(ﬂW

IMToBepxHi ¢ynkuiii uyrnuBocti 3 BupasiB (7)—9) HaBemeno Ha puc. 1-3, BimmosimgHo. Tak,

YyTIUBICTh &Vg HE 3aJIOKUTh BiJl 4acy { 1 IHIIMX mapaMeTpiB EMHOCTI, YyTJINBICTh S,VTY nepiofuyHa y vaci

3 nepiomom T =2p /W, a 4yTiuBicTh SW 3 yacoM HeoOMexeHo 3pocrtae (puc. 3-4). OcranHiit pakT Mae
3po3ymine nosicHenHs. Tak, BpaxOBYIOUH BifloMHii 3B’ 130K BinHocHOI 3minu Oy, = DWW napamerpa W 3
(10)

BinHOCHOM 3MiHOIO Oy = DW/W ¢yskuii W y Manomy, MaeMo
QW
dy = Sy *dwy-
Benuunna 0y, € BiIHOCHOMO pi3HHIEIO NBOX (QYHKLIH (6) 3 OMM3bKUMH Y4acTOTaMH, IO BiIpi3HS-
fotbest Ha DW. 3po3ymisio, 1o 1t pisHHI y Yaci 3MiHOEThes 3 iepiogom 2p/DW? T, ta ii oOrunaroua
3pocrae Bix Hyns Ha niBnepioni O—p/DW i cniamae 1o Hyns Ha mismepioni p/DW- 2p/DW. Yum meniue

snaueHHss DW, tum Ginbimit mepiox 2p/DW, i Tm noBiuM Gyjie yac 3pocTaHHst 1€l ooruHaro4oi. [Ipu
DW® 0 mepiox obrunarouoi 2p/DW® ¥ | i Tomy BoHa 3pocratume 6e3mexHo. [Ipu mocTiiiHii BemmnHi
dyy , 1 e Burikae 3 (10), obrunaroya SW TEX TIOBUHHA Oe3MEKHO 3pocTaTd. Take MosiCHeHH s 1 LTIOCTpye prc. 4.
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Puc. 2. 3anexcuicmo uymausocmi mooyis koe@iyicnma

0.6 e e
C[}a (D o u] . o
u]
W ..
nepeoaui §m |(m,t) 610 enubunu Modynsayii m ma yacy t

Puc. 1. 3anexcuicmo uymausocmi mooys

Koegiyiecuma nepeoaui §CW| (co.t) 6iocg ma uacy t
0
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BaxsmBicTh 3acTocyBaHHs BH3Ha4eHb (3) Ta (4) Ha MPAKTHUIN MOJIATAaE y TOMY, IO TepeaaBaibHa
byukmis W(S,t) iHifiHOro mapaMeTpHYHOro Kojia 3a ONHMCAaHUMH Yy Jirepatypi meromamu [2, 3]

BHU3HAYa€eThcsl HaOmkeHo, sk W(S,t), y BUDIISIII anmpOKCUMYIOUYMX MHOTOWICHIB. Y 3B’SI3Ky 3 I[UM BHHU-

Ka€ MHUTaHHS KOPEKTHOCTI OOYMCIICHHS MOXiOHMX mnepenaBanbHux (QyHkmid W(S,t), mo Bu3HadeHi y

BUTJISIAI TakuX anpokcumaitiii W(S,t) . Tak, nanpuknan, 3 ¢hakry 3a10BUIbHOTO 30iry aBox (yHKIiH Y(X)
ta Y(X) 3 puc. 5 He BummBae GakT Takoro K 30iry ix moxigaux. OTXKe, MUTAHHS KOPEKTHOCTI 3aCTOCY-

Banmst Bi3Hauenb (3) Ta (4) 10 06paHOi y KOHKpETHOMY MeToi ampokcumMaiii W(S,t) mepenaBaabHOL

(GyHKIIT BMMarae J10JaTKOBOI'O TOCIIPKECHHS.

shw

Q.pan/c ° 3 tc

Puc. 3. 3anesxcricmos uymausocmi mooyns xkoegpiyichma — Pyc. 4. 3anexcricms wymausocmi mooyns Koegiyicnma

oW .
nepeoaui éN | (W,t) 6io uacmomu W ma wuacy t nepeoaui S\l\loll (t) 6id uac t npuW=1

3a 3amnpornoOHOBaHMM YaCTOTHHUM CHMBOJIBHUM METOJIOM, SIKHI JOBIB CBOIO €(PEKTHUBHICTh Y IEAKUX
NPaKTHYHUX 3acTOCyBaHHsX [3], mepemaBanbHa (YHKINS JTHITHOTO MapaMETPUYHOrO KOJa arpoKCH-
MY€ETHCS TPUTOHOMETPUYHHUM ToTiHOMOM Dyp’€e y BUIIISA I

SO o AN, (s) xcos(i AWt ) +
e W(s,t) =W, (s) +
' : : ' i1 e"‘W (s)xsm( ><\N><t)

a00 y KOMILIEKCHIN (opmi

W(s,t) =W,(s) + éN“(S)mXp(ﬂ'W)w (12)
i1 e+W (s) exp(- jiW)g’

e S= jW — KOMIUIEKCHA 3MiHHa meperBopeHHs Jlama-

l]
q (1)
u

ca, t —u4ac, T=2p/W — mepioa 3MiHH TiepeaaBaIbHOL
¢ynkuii, K — KUIBKICTh 4JICHIB Y ampoKCUMAIiiHOMY
noninomi, Wy (S), W (S), Wy (S), Wy (S),W. i (S) — mpobo-
BO-pallioHaNbHI (YHKIIIT KOMIUIEKCHOT 3MiHHOT S .

Puc. 5. dymyii Y(X) ma §(X) » KOpeK'THiCTI) 3aCTOCYBAHH BU3HAUCH (3), (4) no
anpokcumariiiaux supasis (11), (12) posrisHemo, Bpaxo-

00nyCcmumomy Kopuoopi 6i0XUIeHb N _ )
BYIOUM Takl MipKyBaHHs. Hexall 3agaHO meploidyHy

dyukuiro f(X,t), e x — mapamerp, t — uac, mis AKoi
ICHYIOTh MOXi/IHI 110 t Y MOBUIPHHUX 3HAYCHHsX 4yacy Ha mepioai [0- T] Ta mo X y JOBUTBHHX 3HAYCHHSX

mapaMerpa X 3 3aJaHoro giamasony, T =2p/W.
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[MpencraBumo dynkiito f(X,t) psgom Dyp’e:

F(xt)=a(x) +_;=l[ai (x) cos(ivk) +b () Sin(iW)] (13)

T T T
e ao(x)=% of (1)t ai(x)=$ o (1) cos AN Q(x)zéé‘)f(x,t)sin(i AN)dt — Koedimienta

dyp’e. Y upomy Bunaaky noxiany ¢pyskiii f(X,t) mo X momamo y BUTISI

f(x,t X) ¥ - (X , X) . .

freen) - 12009, & (1809 cosivney + T3 gnwey . (14)
fix ix = T fix

[nakme kaxyuw, 1o ¥ 3po3ymisio, moxijHa QYHKIII 32 mapaMerpoM JOpIBHIOE TOXiTHIA 3a

napamerpom ii psaay Pyp’e. Ha npakrumi ¢pynkmis f (X,t) HeBimoma. Ane Hexail BiAmoBiZHUM BHOOpPOM

3HaYeHHs1 K 3a 4acTOTHMM CHMBOJBHUM MeTonoM [3] 3 3aJ0BUIBHOI0 TOYHICTIO BU3HAYEHO il alpoKCH-

Marfiro f(x,t) noiinomoM Dyp’e:

f(xt) =809 + _551[91' (x) cos(iVt) +B (x)sin(iW)] (15)
3 (15) BuTikae:
00 $8009 , £ TAO oimey + T ey (16)
) X X fix

Sk 3acBimuMiIM OOYMCITIOBAbHI eKCrepuMeHTH [3], mpu 3pocTaHHi 3HaueHHs K KoedirieHTH
E2) (X),li (X) 3 Bupasy (15) HaGmwKaroThest 10 3HaUeHb & (X),1 (X) 3 Bupasy (13). Skio ysBuTH KOMIT' IoTEp 3
HEOOMEKEHOI0 PO3PSAHOI0 CiTKOIO, TO npu K® ¥ wmatumemo & (X),li (X)® & (x),b(x), BimmosigHO.
OCKUIBKH PO3psi/iHA CiTKA KOMIT F0Tepa 0OMeXKeHa, TO 3HaUYCHHS & (X),li (X) 3a mOCTaTHBO BETMKUX 3HAYCHDb K
y MeXax TOYHOCTI BHKOHAHHS OOYMCIICHb 3 TaKMMH “HETOYHUMH YWCIaMH TIOYMHAIOTH JOPIBHIOBATH
3HaueHHsM g (X),b (X) . [lomanbme 3pocranus K He nmpu3BoaKTH /10 3MiHK pe3ynbraty. Ha npaktuii, orpuma-
Hi TaKHM CIIOCOOOM & (X),li (X) MOXeMO 3 IOCTaTHBOIO TOYHICTIO BBaXKaTH 3Ha4eHHsMH & (X),0 (X) . 3Bincu

BUTIKAE BAYKJIMBUHA TPAKTUYHUH BHCHOBOK, SKWH JI03BOJISIE HA OCHOBI YaCTOTHOI'O CHMBOJILHOI'O METOMY
PO3B’sI3yBaTH 3aa4i OaratoBapiaHTHUX JOCTIHKEHb Ta ONTHUMI3AIl JIHIHHMX MapaMeTPUUHUX Kil.
BucnoBku. OCKITEKH 3a JOCTATHRO BENMKHMX 3HaueHbh K 9acTOTHHMI CHMMBOJIBHHI Meroj 3abe3me-

4ye BU3HAYCHHS & (X),li (X) 3 (15), 1o mpu 3aaaHiii PO3PSAHIN CITIII KOMIT FOTEpa 3 TOCTATHHOK TOYHICTIO
30iratoTbest 3 3HaYeHHAMH & (X),B (X) 3 (13), a cam Bupa3s (15) 36iraerses 3 Bupasom (13), To:

— Bu3HaueHy 3 (16) moxiany dyHkiii f(x,t) 3 IOCTATHBOIO TOYHICTIO MOKEMO BBaXKaTH MOX1THOIO,
BH3HaueHO 3a Bupazom (14): Tf (x,t)/x = ﬂf (x,1) / Ix:

— pIBHICTh TOXIJIHUX ﬂf(x,t)/ﬂx ta Tf(X,t)/9X 3abesneuye ameKkBaTHICTH pO3B’A3yBaHHS

YaCTOTHMM CHUMBOJIbHUM METOJIOM 3ajad OaraTOBapiaHTHOrO aHaji3y Ta ONTUMI3allii JIHIMHHX Mapa-
METPUYHMX KiJI, IKi OCHOBaHI Ha OOYMCIICHH]I TAKUX MOXITHUX.
3ayBakuMo, IO CHPABEIMBICTh TAKOTO BHCHOBKY TIPH IHIIMX alpOKCUMAIISX NapaMeTpUIHHX
nepeaaBagbHUX QYHKIIN (HE TPUTOHOMETPUYHUMH ToJliHOMamMu Dyp’ €) CItiji IepeBipsTH 10AaTKOBO.
3acTocyBaHHs HABEJICHOTO BUCHOBKY IIPOJIEMOHCTPYEMO HA TIPUKIIAI.

Mpukaan 2. J[ns napaMeTpuvHOTO MiJICHIIOBaYa 3 PUC.6 BU3HAYUTH YYTJINBICT S,VTY nepeaaBajib-
Hoi ymkmii W(s,t) =U,(s,t)/1(S) 3a mapamerpom M (0GYMCIIOBAIBHI EKCIIEPHMEHTH BHKOHAIIA
acmipanT J[.P. baunk y nporpamuomy cepenosuiii MATLAB).

3a YacTOTHUM CHMBOJILHHM METOJIOM BH3HAYa€MO alpoOKCHMAIli] IepeaBaibHoi QyHKITT V\7(S,t, m)

MPH CHMBOJBLHOMY IapaMerpi M Juis pisHWX 3HadeHb K. 3HadyeHHs mux anpokcumaniii ams m= 0.05,

S=j 2 X 0P ¥, t=0.800- 0.806 MkC HaBeneni y ta0m.l. 3 Ttabn.l Butikae, mo npu K3 3 3HaueHHS
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nepeaaBanbHOl QYHKIIT B)Ke HE 3MIHIOIOTHCS. Y Ta0J.2 HABEACHO 3HAYCHHS IOXIJIHUX ﬂW(S,t,m)/ fm
nepenasanboi Gyskuii W(s,t), BusHaueni audepenmitoBanusM Gysxuii W(S,t,m) mo m mpu THX ke
sHaueHusx M=0.05 s= | X2 X 0° ¥, t=0.800- 0.806 mkcC.3 Tabiu. 2 Butikae, mo npu K3 4 3HadyeHHs
MOXIHUX TepenaBaibHOi PYHKIIT TSK BXKE HE 3MiHIOIOThCS. OTke, BBAXKAEMO, 1110 BU3HAUCHA IMOXiIHA
ﬂW(S,t,m)/ﬂm npu k=4 moxe Oyru npuiiasra 3a noxigay IW(s,t,m)/Im (npu k<4 pesymbratu
o0uHciieHb OyayTh HETOYHMMH, a Tpu K >4 3aiiMyTh HEONMpaBOaHO BEMHKHHA dYac) i Moxe OyTH
BHUKOPHUCTaHa y MOJANBIINX 3aJadax 0araToBapiaHTHOTO aHATi3y UM ONTHUMI3allil 3aJ]aHoTo Koia. 30KpeMa
3aJIKHICTh YYTIMBOCTI Sm, | BiJl MIMOMHU MOIYJIAIIT M Ta vacy t, BU3HAauYCHA 33 OTPUMAHUMH IOXIJI-

HHUMH, HaBeJeHa Ha puc. /.

Tabnuys 1
: Y, 5 MuTTeEBi 3HaYeHHS
I(s) - nepeaaBajabHoi pyHuii W
Qiul(s,t) YQ[IH L ?&(oluz(s,u Gag, | Ruien: oy
MKC
T k=1| k=2 | k=3 | k=4

0.800 | 2856,2 | 2872,6 | 2872,6 | 2872,6

Puc. 6. Oonoxonmypruil napamempuynuti 0.801 | 4030,4 | 4014,2 | 4013,7 | 4013,7

niocumosau. c(t)=co(1+m cos(4-10%zt)) @, 1(s)= 0.802 | 3717,6 | 3736,5 | 3737,4 | 3737,4
=10"exp(j-2: 1087rt-7r/4) A, L= 2533ulH, 0.803 | 2350,0 | 2307,4 | 2306,5 | 2306,5
Y1 = 0.25 Cu, Y2=0.4 uCwu. 0.804 | 1817,7 | 1840,9 | 1841,4 | 1841,4

0.805 | 2856,2 | 2872,6 | 2872,6 | 2872,6

0.806 | 4030,4 | 4014,2 | 4013,7 | 4013,7

Tabnuys 2
MurreBi 3HaYeHHSA
noxiguoi  W/fm

KinpKicTh rapMOHIYHHX

Hac, ckanosux Ky W

MKC

k=1| k=2| k=3 | k=4 | k=5

0.800 | 18065 | 19250 | 19250 | 19250 | 19250

0.801 | 50617 | 49961 | 49927 | 49929 | 49929

-, 0.802 | 42869 | 43425 | 43482 | 43481 | 43481

0a

o e 0.803 | 5527 | 3190 | 3132 | 3131 | 3131
oo ’ 0.804 | -9802 | -8563 | -8526 | -8528 | -8528

Puc. 7. Janesicuicme uymausocmi ooy 0.805 | 18065 | 19250 | 19250 | 19250 | 19250
Koegiyicnma nepeoaui §¥v |(mt) 0.806 | 50617 | 49961 | 49927 | 49929 | 49929

810 enubunu modyasyii M ma yacy t

Sk mokazanu oOYHCITIOBalIbHI €KCIIEPUMEHTH, c()OPMOBAHI 32 YaCTOTHUM CHMBOJILHUM METOJIOM
napaMeTpuyHi mepenaBaibHi (QYHKIIT JIHIHHUX MapaMEeTPUYHHX KT MOXYTh OYTH BHKOPHCTaHI JUIs
BHM3HAUCHHS iX IMOXIAHMX IO MapaMerpax Koja, II0 Ja€ 3MOry po3B’s3yBaTd 3ajadi OaraToBapiaHTHOIO
aHaJi3y Ta ONTHUMI3allil TAaKUX KT y YaCTOTHIH 00JIacTi.
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