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AHAJII3 TOYHOCTI HABJIM’KEHUX PO3B’ AA3KIB IIPU OLIHIII YACTOTH 3A
MOJIOXKEHHSIM MAKCUMYMY CIHEKTPA VIS BATOBOI ®YHKIIII KAV3EPA-
BECCEJIA

Posznadacmoca npobrema oyinku vacmomu ma amnimyOu cueHamy, wo NpuiLMacmvCs Ha QoHi 3a6a0 3a OONOMO2010
6azos0i Qyuxyii Kaiisepa-beccens. Onucylomvcs 3anesxcHoCmi MAKCUMATbHUX 3HAYEHb MEMOOUYHUX NOXUOOK 6I0 HOPMOBAHOI
yacmomu npu uxopucmati eazoeoi hyuxyii Kaiizepa-beccens.

Knwuosi cnosa: npocmopo-uacosuii cuenan, 6azoéa (QyHKyis, CHeKmp, uACMOMA, CHEKMPanbHa WiNbHICb,
nepemsopenns Oyp’e.

AHami3 ocTraHHix aociimkens i myOuaikaniii. TumoBmMmm 3agadamMm B paiOTEXHIYHUX Ta
panioNoKaliiHUX CUCTEMax € 3aJayi OLIHKM YacTOTH Ta aMIUNTYId CUTHAIY, IO MpuiAMaeThes Ha (oHi
3aBaz. JIsl OIiIHKM 9acTOTH 1 aMIUTITYAW CHTHAIY Ha (DOHI 3aBaa iCHYIOTh Pi3HI METOMW. KJIaCHYHI
METOM CIIEKTPAIILHOTO aHali3y Ha ocHOBI neperBopenHs Oyp’e ([1D), meroau, 3acHOBaHI Ha JIHIMHIX
MOJEIISIX, METOAN KOMITCH Al 3aBaja, Tomo. YnMaao 3arabHUX NMUTaHb OI[IHKH MapaMeTpiB CUTHAIIIB
BHCBITIIEHO B poborax [2, 5].

Po3pobka anroputmiB mBuakoro neperBopeHas ®Oyp’e (LIIID) micns omyOmikyBanus B 1965p.
anroputMy Kymi-Teioki [4] 3HaYHO po3IIKpHIa POJb CIHEKTPATBHOTO aHadi3y 1 MepEeTBOPHIIO HOTo i3
3aco0y BY3bKOCIELiaNni30BaHUX HAYKOBUX JIOCTIDKEHb B iHCTPYMEHT PO3B’s3Ky OaraTbOX MpPaKTHUYHHX
3amady. OCHOBHI HEJOJIKM KJIACHYHUX METOJIB CIIEKTPAIBHOTO aHallizy OOYMOBJICHI HU3BKOIO
PO3IiIBHOIO 3MATHICTIO Ta JI€I0 OIYHUX TEFOCTOK, IO CIIOTBOPIOIOTH CHTHAI. Po3minpHa 3MaTHICTE 3a
YacTOTOI0 Ta MiHIMaJbHa METOJMYHA MOXHOKA OLIHKH, 0 3a0e3Meuyr0ThCsl KIIACHYHUMH METOJaMH, He
MOXXYTh OyTH MCHIIII 32 BETUYNHY, 00epHEHY TOBXHWHI 3alHCY JaHHUX, Ta HE 3aJICKATh BT XapaKTEPUCTHK
JaHUX, 10 aHai3yIOThCsA. B 3B's3Ky 3 MM, NUTaHHS IIOMO MiJBUILEHHS TOYHOCTI OLIHOK YacTOTH Ta
aMILTITYIU CUTHAJIYy Ha OCHOBI mepeTBopeHHsI Dyp’e € BAKIMBUM K 3 TEOPETHYHOI, TaK 1 3 MPAKTUIHOI
TOYKH 30DY.

IocTranoBka npo6aemu. EQexTnBHUME 3aco0amMu 3HWKEHHS METOAMYHOI MOXMOKH OLIHOK €
3aCTOCYBaHHS 3raKyroun Barosux (yukiii (B®). IIpu 3naxomkenni BO kpuTepisMu ONTHMAIbHOCTI
BBaXKAaIOTHCSI. MiHIMYM piBHS OOKOBHX IENIOCTOK, MiHIMyM HIMPHHH TOJOBHOTO TENIOCTKA, MiHIMyM
MOMUJIKH OL[iHIOBaHHS CHEKTPANbHOI MIUTBHOCTI MOTYX)HOCTi. Bubip BaroBoi ¢yHkuii Ta MacmTaGHOTO
MHOKHHKA CYTTEBUM YHHOM 3aJICXKHUTh BiJf 00’ €My BHOIPKH, BiJl MOYKJIMBOI'O CTYIEHS IIaaKOCTi (QYHKIIT
Ta BiJ IHIIMX anpiopHuX npunyieHs. O6pobka ganux 3a gonomoroo BD mo3Bonse mocaaOuTu BIUIKMB
OOKOBHX TIETIOCTOK, aje JIMIIE 3a PaXyHOK IMOTIPIICHHS CHEKTPAIBbHOI 3MaTHOCTI. B 3B'S3Ky 3 UM €
aKTyaJbHOIO 3a/1ada cTBOpeHHs Takux B® Ta anropuTmiB Ha 1X OCHOBI, SIKi IIPH MiHIMAJIBHOMY 3HIDKEHI
CHEKTPATbHOI 3aTHOCTI JO3BOJSATH BHKIIOUUTH ab0 MIHIMI3yBaTH METOJUYHY CKJIAJIOBY MOXUOKHU
OIIiIHKH YaCTOTH.

OcnoBHa vacrtuHa. Jlocmimkenns B®, Buknameni B [5], mokasamu, mo A MaKCUMAbHOTO
TUHAMIYHOTO [ialla30Hy BHSBICHHMX CHUTHaiIiB ontuMmansHuMu € B® Kaiizepa-beccens, bapcuiona-
Temema Ta brnexmana-Xeppica. Bikno Kaiizepa-beccenst mpu oOMexeHid HOBXHHI 1 OOMEKEHI
3arajipHIM eHeprii, 3abe3nedye MakcHUMajbHY €Hepriro B 3aganiii cmysi wactoT. BD Kaiizepa-beccens
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| (X/2)
hi (< IO[X] = z {%} . [TapameTp 7T mOpPiBHIOE MOJIOBHHI TOOYTKY HoBXHHA BD Ha cCMyTy 4acToOT.
k=0 :

Hapenemo HOpMyIoumii BHpa3 CIEKTpaIbHOI MIIIFHOCTI 0OMEKEHOI BHOIPKH TapMOHIYHOTO CHTHATY 3
B® Kaiizepe-beccens:

Sula) = eni) T .
(1)

e a0y =)
R =

1€ @ — napaMeTp, IO BU3HAYa€ MIMPUHY TOJOBHOIO IETIOCTKA Ta PiBEHb OIYHUX MEMOCTOK, P —
dasza, Xz =X, — X,.

3ayBaxuMmo, 1110 paHnuHuii Bumanok Bd Kaiizepa-beccens npu @ = 0 Bignosimae piBHOMIipHIii
B®, mo mmpoko BUKOPUCTOBYETHCS B TECOPETUIHOMY aHATI31 Ta MPAaKTHIHUX 3aCTOCYBaHHIX. To0TO BD
Kaiizepa-beccenst mae MOXIMBICTD aHami3y BIUIMBY PiBHA OOKOBMX TMEJIIOCTOK CHEKTPY BifJ
makcumanbHOro (-13,61B) 1o Oynb-KuX HU3BKUX PiBHIB [5].

JIJ1s1 OITIHKYM 9aCTOTH CUTHATY HEOOXi1THO PO3B’ I3aTH PiBHIHHS
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S(Q)= jw(t)ui (t)exd(- jQt)dt — cnexrpansha mimeHicTs | -i KOMmOHeHTH 3BaxeHOi BHGIpKH

N
CUTHAaIy u(t): ZUi(t)Coiqﬁi (t)], OTPUMAHOTO Ha  CHMETPUYHOMY  YacOBOMY  IHTepBali
i=1

[— 05T...05T ]; W(t) — B®, cumerpuvHa BiTHOCHO CEPEeIWHN BHOIPKU CHTHAIY, Ui — aMILTITy1a | -i

KOMITOHEHTH CUTHAITY.
OOMEXYyIOUHCh B PO3KIANi KBagpaTHYHAM HAONIKCHHSM, OTPUMAEMO TEPIINNA HaOIMKCHHMA
PO3B’ 530K piBHAHHSA (2) Ta, BIAMOBIIHO, TOXUOKY

. 5 1] . ) "
DXy = Xy = % = -ﬂS(xl)( }/ ﬂS(Xl)\ } : (3)
Ieprmii HabIMKeHNH po3B’ 130K st (3) MOKHA TPUBECTH 10 BUIILY [1, 2]:

~[cos®, +8,(x)/5(0)ls)(x,) (4)

Axl = n ’
51(0)+ 1), () 5.(0)+ cos®,] 51(0)5,(5)/5(0)+ 5, ()]
e P; =0 -, .
Jpyre HaOMMKEHHS BUPA3UMO depe3 TIepIne HaOIMKEHHS Ta MOMPaBOYHUNA Koe]iIlieHT

DX, = AX K, , (5)
/ 2 om

o K= S0 g \/1_ 20" S5x) | ©
(&%) s7(x,) S, (%)

I3 (1), (4), (5) Ta (6) micinga mepeTBOPEHb OTPUMAEMO NEPIUNHA HAONMKEHHH PO3B 30K Ta
MONIPABOYHUH KOEPIIi€HT:
~[cos®; +5,(a,x)IS,(a.x)

S0 0)+ Si(@ )5, (@, %)+ cos,[S(@ s, (@ x )+ Sa)

Axy =
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KAK ~ Srlwga’mxl) 1_\/1_ 2(AXIK') Sr,:'(a’xl) , (8)
(&%, ) Si(ar ) S, (a.x,)
_ Am shyY - 2 _ (v _v 2.
e S a)= A,y
' _ Amxr 2(x, - x)(shY-YchY) _, _ Amr 7(PshY-PRychY)
S @)= > v Silax) = v ,
_ Amr 7°(x, - x)(RYchy-Pshy) _, ol _
S"(a,x) = pr— V7 . S/(a.0) = a*(1- mcthm);
R=a%+(x, - x)(2+Y?); P, =a +2(x, - %) P, =907 - (x, - x )26+ Y?);

P, =9 24370 + 6(Xn - )(1)2 -3 (Xn - X1)4. [HgeKcH BiANMOBINAIOTH BiKOHHIN (QYHKIII, sAKy

3acTocoByioth; innekc K BuxopucroByerscs mis BO Kaiisepa-beccens.
BpaxoByroun BU3Ha4EeHHS [TOXUOKU uepe3 BIUIUB OOKOBHX IEJIFOCTOK YMOBA TOUYHOI'O OOUYMCIICHHS
qacToTH (2) B IbOMY BHIIAJIKy HaOyBae BUTIISIY:

(%, = %), —a? =tg(ﬂJ(xn =% ) —02]- 9)

2 . .
[Mo3raunmo K = \/ (Xn - )(1)TK —? , HaBexeMo nepli wicTh KopeHiB piBHAHHS (9):

k, =1,43029666k, = 2,45902403k, = 347088972
k, =4,47740858k, = 548153665k, = 6,48438713 (10)
Jmss BO Kaiizepa-beccens moyoxkeHHS TOYOK 3 HYJBOBOIO ITOXHOKOIO OINHIOETHCS Ha OCi
HOPMOBAHOI YaCTOTH 3aJISKUTh BiJl HOMepa KopeHs piBHsaHHA (9) Ta mapamerpa B® @ . Ilpu 30inbmieHi
HOMEpa Ta TapaMmeTpa @ Il TOYKH IEpPEMIIMaThCA B OiK OUIBIIMX YacTOT, TaK SK TIPH ITbOMY

PO3IMIHUPIOETHCS TOJIOBHUAMN MEIOCTOK CIIEKTPY.
Ha puc.1 nmokazaHa 3aeXHICTh MOJIOKEHHS Ha OCI HOPMOBAHOI YaCTOTH TMEPIINX MIECTH TOYOK 3

HYyJIbOBOIO TIOXHOKOIO OLIHIOBAaHHS Xp Bil BenuuuHu @ . Ludpu 6insg koxHOro rpadika BiANOBIIa0TH

HOMEPY TOYKH 3 HYJTHOBOIO TTOXHOKOIO OITIHIOBAHHSI.
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Puc.1l. 3anexHicTb TONOXKEHHS TOYOK PI3HUII YacTOT 3 HYJbOBOIO METOAMYHOIO MOXHOKOIO
BUMIpIOBaHHS Bil HOMepa Touku i Benmuuan O s BO Kaiizepa-beccens.

3 (7) npu COS(an - CDl) = +1 oTpuMyeMO MaKCHMaJbHE 3HAYCHHS TTOXHOKH

(-1)'s;(a,x) _
K max = . N+l ) - 1.2, 11
s~ S 0+ (O S @) 1y
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AXK max2 = AXK maleAK ) (12)

OdeBuaHO, YUM OINBINMK pPiBEHH OIYHMX TNEMOCTOK B®, M0 3acTOCOBYETHCS, TUM OiIbIIa
MOJKJTUBA HEBIAMOBIAHICTh OTPUMAHUX HAOIMKEHUX PO3B’ SA3KiB 3 AIMCHUMHU 3HAYCHHSAMU MOXUOKU. Tomy
JOTUTHHO aHajli3 HaOMMKEHUX PO3B’SI3KiB MPOBECTH CIIOYATKY I TpaHWYHOTO BHmanky B® Kaitzepa-
Beccenst mpu @ = 0, wio Bianosigae piBHoMipHiit B, 1m0 Mae BUCOKHI PiBEHb OIYHHX TIEIIOCTOK.

OuiHMMO CTYHiHb BiANOBIAHOCTI OTPUMAHHUX PO3B’A3KiB TOUYHUM 3HAYCHHSIM IMOXUOKH OLIHKU
9acTOTH 00OMEXeHOI BUOIpKH MOHOTaPMOHIYHOTO CUTHANY. B IbOMy BHIIaAKy B OTpUMaHHUX BHpa3ax CIiJ
npuitastt A=1; X, — X = Axp =2X; P, - D, =-20,.

Ha puc.2 cymiiibHOIO Ta TOYKOBOK JIHISAMH ITOKa3aHi 3aJIe)KHOCTI MaKCHMAJbHOI IMTOXHUOKH
ouinroBannst (11) Bix BimHOCHOT yacToTH, BiamosixHo mpu N =1 a6o 2ta @ =0, a myHKTHPOM Ta IWITPUX
MYHKTHPOM — 3QJISKHOCTI MaKCHMalbHOI MOXHOKM oliHioBaHHs (12). 3 mamoHKa BHIHO, IIO B 30HI
B3a€MOJIIi TOJIOBHOTO TEIIFOCTKA OTPUMAHOTO CIIEKTPa JOMATHOI 00JIacTi 4acTOT MOXWOKa OIIHIOBAHHS
KOJIMBAETHCS OLISI HYIbOBOTO 3HAYCHHS, 13 3aTyXal090I0 aMITIITY/I0I0 KOJTMBAHHSI.

Ax 1Kmax

05§ ~
AN
~

0 1 2 3 X

Puc.2. 3anexHOCTI MAKCHUMaJIbHUX 3HAYCHb METOAMYHUX ITOXHUOOK BiJl HOPMOBAHOI YaCTOTH IIPH
Bukopuctani B® Kaiizepa-beccens
IIpu a =0 wBHIKICTH 3aTyXaHHA AaMIUNTYJd KOJMBAHHSA 3 POCTOM YaCTOTH BiamoBimae
IIBUJIKOCTI 3aTyXaHHsI piBHS OiYHMX TEMOCTOK. [100KEHHS TOYOK 3 HYJIBOBUMHU 3HAYCHHSIMHU TOXHOOK
BHU3HAYAlOThCA BUpazoMm (9) mis 060X po3s's3kiB. B mux Toukax oOHaBa HaOMMKEHHS PO3B' 3KiB

30iraloTbCs MO0 TOYHOTO 1 HOXMOKM y BH3HAueHHI 1OXHOOK  AXgg 1()(1) = Xinax ~ Xmaxt »
DXy 2()(1) = Xmax ~ Xmaxe AOPIBHIOIOTH HyJII0. B TakoMy BUIa/IKy, BpaXOBYIOUM OCLIMIIIOIOYHMI XapaKTep

MOXWOKH, MOXKHA MPUIYCTUTH IO TMOMHIIKA y BU3HAYCHHI MOXMOKHM TEK Ma€ KOJIMBHUU Xxapaktep i
JocsATa€ MaKCHMMAJIbHUX 3HAUYeHb B 00JAcTi eKcTpeMyMiB moxuOku. Y BimmoimHocti 3 (12) moxmbka

npuiiMae MakcHManbHi 3HaueHHs Ha gactotax AX, =1724743% x, = 08623717 mnpu COiZ‘D) =1
ta AX, = 2,05709025r1a COS(Z(D) = —1. JIns nux 4acToT YUCENIbHHIT PO3B’ A30K PiBHAHHS

d d B
a Sol(x) * a Son (X) =0

HaJga€ 3HAYEHHS MOJOXKEHHS MAaKCMMyMy  CHEKTPaJbHHUX  INUIBHOCTEH pIBHUX  BiIIOBIZHO
Xpax = L027247 ta X, =0863670133]. Bianosigui nmoXuOKM OLIHIOBAaHHS YacTOTH 3

BUKOPHCTAHHAM YTOYHIOOYOro po3s’s3ky (12) wmatore 3HaueHHS AX, .., = 03209344 rta

DXy, .., = —0,3244775

Bucnosku. OTKe TIOMIIKH Y BU3HAYEHHI MOXUOKY Ipy BukopucTanui (12) y BiamoBigHux Toukax
cknanatote 1,53%ta 2,68%.IIpruomy dopmyna (12) mae 3aHmxeHe 3HaYCHHS MOXHOKU. AHAJIOTIYHO
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BH3HAYAEMO, II[0 MIPH BUKOPUCTAHHI TepIIonodaTkoBoi ominku (11) B ekcTpeMyMax HMOXHOKH MOMEIIKA
nocsirae 10% ta 14,7%sianosigno. [Ipudomy dopmyna (11) nae 3aBuiieHe 3HayeHHs noxuOku. ToOTO
OTHHAI0Yi TOYHHMX pO3B s3KiB piBHAHHA (2) B 00macTi OOKOBHX IIEMIOCTOK CIIEKTPaiIbHOI MTEHOCTI
MmicTaTbess Mik po3B s3kamu (11) ta (12). BpaxoByrouw, mo mnpu 30UIBIIEHI YacTOTH CUTHANY 1,
BIZIMOBITHO TPU 3MEHILCHI PIBHS OOKOBUX IIEIIOCTOK PI3HHIS MK YTOYHEHHMM pO3B si3koM (12) ta
MOYaTKOBOK OMiHKOM (11) MIBUAKO 3MEHIINTHCS. 3HAWIEHI 3HAYEHHs MOMHIIOK BH3HAYEHHS TOXHOKH

OI[IHKM YaCTOTH B iHTEpBali 3MiHM YaCTOT CHTHAIY [1,4302966 00) OJIM3bKI O MAKCHUMAJBHUX 1

3MEHIYIOTHCS TIPH 301IbIIIEHI YaCTOTH CUTHAIY.
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