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Y cmammi nposedeno oOocnioocenns KopenayiiHux Mmooenel 00 ’€Kmie i3 8pPAXY8AHHAM
00620MPUBANO20 BNIUBY HA HUX HECKIHUEHHUX NPoYyecié YuKNiyHozo xapakmepy 3i cmanow abo
3MIiHHOIO nepioouyHicmio. 3HAYeHHA IX MUMMEBO20 GNAUBY HA O00CHIONHCY8aHi 00 'ckmu €
HACMITbKU MATUMU, WO HUMU HEXMYIOMb npu hobyoosi modeneu uu ananisi. [Ipome, 3a paxyHok
00820MpuUBaAN020 8NIUEY Yl OA2AMOKPAMHOI NOBMOPIOBAHOCMI, HAB8IMb Ve CIAOKI KOpenayiliHi
38 A3KU MONCYIMb MaAmMu CYMMEGUIl GNIUE HA NPOMIKAHHA npoyecis, hopmysanus 06’ €kmis ma
possumok cucmem. I1o6ydosano Kopenayiiini mooeni 06 '€Kmie 3 ypaxy8aHHAM 00820MPUBATO20
6NIUGY HA HUX HECKIHYeHHUX npoyecis. 3anponoHosaHo CmMpyKmypy 6UCOKONPOOYKMUBHO0
cneynpoyecopa obuucnennss Kosapiayivinoi @yuxyii y 6asuci Xaapa-Kpecmencona, wo
XapaKkmepusyemovcs NOKPAWEHUMU CUCTEMHUMU XAPAKMEPUCTNUKAMY  WIAXOM  NIOGUUEHHS
weuokoOii' y 5-1 pazie ma smMeHwen s anapamuoi CKAaoHOCHi.

Knrouoei cnosa: xopensiiiiHi MOJIEINI; CIICIIIIPOIIECOD, IIIBHIKOIsL.

Beryn. KopensmiiiHi MeTo/ IIMPOKO BUKOPUCTOBYIOTHCS Uil aHali3y MPOIECIB Ta
CUTHAJIB B PI3HUX Taly3sX JiSUIbHOCTI Ta JOCHIPKCHHSX HABKOJHUIIHBOTO CBITY
3aBaskd iX yHiBepcanbHOCTi [1-3]. Lle 0OymOBIIOE HEOOXIMHICTH iX IMOJAJBIIOTO
TEOPETUYHOTO PO3BUTKY Ta MPAKTUYHOI peanizalii B IUIaHI NOOYAOBH amapaTHUX
3ac00iB - KOPEJALIHHUX CHENNPOIECOPiB 3 TOKPAICHUMH XapaKTePUCTHKAMH.
Kopensuifinuii aHami3 3aCTOCOBYIOTHCS, Y OUTBIIOCTI BUMAIKIB, IS aHATi3y
MEePiOIUIHUX, KBa3iNepiOMUIHUX a00 YMOBHO HECKiHUEHHHX ITIPOIIECIB, SKi TPUBAIOThH
Ha MOPS/JKH Pa3iB JIOBIIE HDK JOCHIKYBaHUI IHTEpBal pe3ysbrary ix BIuuBy [4].
Oco0MBICTIO TAKUX MPOILIECIB € T, IO X MUTTEBHUI BIUIMB Ha JOCIIHKYBaHI 00’ €KTH
€ Moxe OyTW JOCTaTHBO HE3HAUYHUM, LI0 3HAXOJUTHCS B MEXaxX CTaTUCTUYHOI
noxubku. [Ipote yepe3 nOBroTpuBaivii BILIMB Ha 00’ €KT eEeKT MOXKe OYTH CYTTEBUM.

Bukiaax ocHoBHOro wmarepiaidy. B enexrpoeHepreTHii, pamioeaeKTPOHII Ta

0araThOX IHIIMX CQepax BU3HAYAILHE MiCIle 3aliMalOTh CHTHAIM, SKi OMHUCYIOTHCS
CUHYCOiNaThbHUMH (YHKITISIMH, 10 B 3aTaJIbHOMY MarOTh BUTIISL;
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X(t) = A-sin(w, t+¢,); y(t) = B-sin(w, t+ ¢, ). (1)
Sk BimoMO, KpuBa y BHIVISAI KOJa 33/Ja€TbCs Y TapamMeTpuyHiid ¢opmi B
nekapToBiit cuctemi koopauHat (JIKC) crucTeMoro piBHSIHB:
x(t) =A-cos(wt+¢), y(t)=A-sin(ot+4), 2)
Je paaiyc Kojia 3 IIGHTPOM B TOYIll MOYaTKy KoopauwHatr R =A, abo B OuIbId
3araJbHOMY BHTJISIL
X(t) = A-cos(wt + @)+ B-sin(wt+¢), y(t)=B-cos(wt+g)-A-sin(wt+¢), (3)

JIe pajiyc Kojia 3 IIEHTPOM B TOUIIl MOYaTKy KOOPIUHAT R = A%+ B2 (puc.1, a).
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X(t) = 4-cos(wt+ @)+ 3-sin(wt+¢) LSS
y(t) =3-cos(wt + ¢)—4-sin(wt+¢) R=5 r=1 (R=1)
a) 0)
Puc. 1. I'padiku kin moOynoBaHKX 32 3aJJaHOI0 CHCTEMOIO PIBHSHB B JIEKapTOBIil CHCTEMI KOOP/IMHAT B
rapaMeTpuy4Hiil popMi — a) Ta PiBHSAHHIM B MOJSAPHIN CHCTEMi KOOpAUHAT —0).

Sk Bugno 3 (1), (2) i (3) cunycoinanpHuMK QYHKIISIMU B TapaMeTpuyHiit Gpopmi
(hakTUIHO OMHUCYETHCS KOJIO (B HAHTIPOCTImOMY BapiaHTi) abo iHII KPHBI, SKi 3pyIHO
npencTasisiTd B noysipHild cucremi koopauHat (IICK). Bimomo, 1o piBHSHHS Kojia B
JIEKAPTOBHX KOOPIMHATAX 33/A€ThCS PIBHAHHAM: X°+y°=R®. ITi/[CTABUBIIN 3HAYCHHS X
Ta y 3aJlaHuX B napaMeTpuyIHii dhopmi (2), OTPUMAEMO:

(A-cos(t +¢))2 +(A-sin(wt +¢))2 =R2, 3Bimku A2 .(COSZ(wt+¢)+sin2(wt+¢)j: R2,

CIIPOCTUBIIIA BUpPA3, OTPHUMAEMO A2-R? = A=R. 3aMiHMBUIN NO3HAYCHHS

aMIUTITYIn CHUHYCOiIM A Ha TIO3HAYEHHs paJliiyc BEKTOpa I, OTPUMAEMO DPiBHSHHS
koJa B [ICK (puc.1,0).

JIKC ta TICK mo’ssami BupasamMu: r=yx2+y2, @=arctgy/x,

COS(/)ZX/\/X2+y2 : Singo:y/\/X2+y2; X=r-cosg, y=r-sing, x2 +y2-r2,

SKi B OJJANTbIIOMY Oy/1eMO BUKOPHCTOBYBATH JUIsl NpeAcTaBieHHs curnanis B [ICK.
B pesynbrari mepexomy no IICK wmurTeBi 3HaueHHA CcuTHamiB OynyTh
BUPAXKATUCS TUCKPETHOIO QYHKITIEI0 3aJIeKHOCTI pajilyc-BeKTOpa BiJI KyTa:

i =w(%i)- (5)
Axkmo ¢ =w@-i-At+¢ wmae nepion 27, 1o At<1l2fgs=7n/w,, a Kpok

JUCKpeTH3alii 1mo 3MiHHiM (D; Oyzne BM3HAYaTHCA: A(p=27r—¢/a)-At. 3a oauH
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nepioJ LMKIIYHOro mpouecy (5) orpumaeMo N 3HaYeHb pajlyc-BEKTOpa CHrHay I,
IPH BiJNOBIAHUX 3HAYEHHAX ¢j . SIKIO CIIOCTEPEKEHHS BECTH HA JIOCTATHBO JOBIOMY
iHTepBai, To orpumaeMo N >> N QHCKPETHHUX Map BIUIIKIB Ij 1 @j , IPU LOMY KOXKHI
N @i =¢i+jn, i=0, n-1, j=0, m, ne m=N/n. Taknm umnom, Oyne
CTBOPIOBATUCh HAKONMUYYBaJIbHUN e(beKT KU B HAWIPOCTIIIOMY BHUIAAKY MOKHA
. 1
BU3HAYATH 3BHYAWHOI CyMOI0. Pj =— Z v (gi+ J) Xoua B CKIIHININX BUMAIKAX
Pe3yIbTYIOUHi BIUIMB MOXE BUPAXKATHCS QPYHKITIEO Bijl KUTbKOCTI TOBTOpeHb D(]) :
—(D(l//(goi+j), j), abo Pj =d)(ri+j, j), npu i=0, n-1, j=0, m.

[Ipu B3aemoziii 1BOX O00’€KTiB, IO ONUCYIOTHCS MEPIOJUYHUMHU abO0
KBasinmepioguyHumMu  QyHKImisME y  sgkocti  ®(J)  MOXKHA  BUKOPHCTAaTH

B3aeM0KopenﬂuiI71Hy ¢dyHK1io, AKy ~ Takoxk  mpeactaButu y  IIKC:

Krxry(j)== Z MXj - MYj4j o A€ j=0,1...,m, 1o BiAMOBiAa€ 3CYBY Ha KYT @ = j-A@
Ni=1
B MO/SIPHUX KOOPAMHATAX; IXj — IMCKpEeTHE 3HaueHHsA mnepmoi GyHKOil; ryj —
JUCKPETHE 3HaYeHHs npyroi GpyHkuii. B pe3ynbrati oTpuMaeMo Ha 0a3i koBapialliiHol
(hyHKIIIT OLIHKY HAKOTTMIYBAIHHOTO €PEeKTy y BUTIIAII:
1 MmN 1 M n
Pj=— ZO P rX|+J Wit =y Z x rX|+J WYi+j-
m Oi=

Ha puc.2 npencrarieHo rpa(blKI/I JIBOX CUTHAIIIB Xl(t) =10-sin( t) +10/3sin(3t)

ta X2(t)=5-sin(3t) B AeKapTOBUX KOOPAWHATAX - @), B MOJSPHUX KOOPIHHATAX - 0)

Ta IX KoBapiamiiHoi QPyHKIIII - B).

ﬂr\".j /-\ T I‘ T pv 7 /‘\1{

3
I

Puc. 2. I'padiku curaanis

[loOymoBa KopenAIitHMX Monenel JUIsi TaKWX MPOIECiB BHMAarae BEIHKHX
3HAY€Hb 3CYBiB j, IO TPUBOAMTH J0 3HAYHUX YaCOBHMX Ta OOUMCIIIOBAJIBHUX 3aTpar.
ILle oOymoBmtoe HEOOXiMHICTE pPO3POOKM HOBHUX Ta BIOCKOHAJIEHHS ICHYHOUHX
anmapaTHUX 3aco0iB OMpalfoBaHHS CHUTHATIB 3 MJBUIICHOI) IIBUAKOJIEI, SKi
pealizyroTh MOKpallleHi alropuT™MH Ta anapaTHi CTPYKTypU. B pesynbrari npoBegeHux
JOCTIIDKEHb 3alpoloHOBaHa CTPYKTypa CIICIIpolecopa 00UYMCACHHS KOoBapiamiiHOl
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¢ynkuii KCIT y 6asuci Xaapa-Kpecrencona, mo HaBeaeHa Ha puc. 3 [5]. Cymapuuit
yac nepexmodeHHs KCII 3riqno ¢QyHKIIOHAIBHOI CTPYKTYPHU CKIAAAE Txk)=20V, TOOTO
y 5-7 pa3iB nepeBuIye MIBUIKOIII0 aHAJIOTIB, anapaTHa CKIaIHICTh Agxin=(67,5K)-m.

Ha puc. 4 mpeacraBieni mOpiBHSIIBHI JiarpaMu 9acoBOi - a) Ta CTPYKTYPHOI - 0)
ckimagHocTi 3anpornoHoBaHoro crennpouecopa KCII(XK) Ta mpuctporo oGuucieHHs
koBapiauiitnoi ¢pynkuii y TUB Pagemaxepa KCII(P).

x(t)

Puc. 4. IopiBHsIBHI iarpaMy KOBapialliiHUX CIIELITPOLIECOPIiB

3 puc. 4. BUAHO MepeBaru CUCTEMHHX XapakTepucTuk 3anpornonoBanoro KCII B
TYB Xaapa-Kpecrencona Big 6a3080i crpykrypu KCII B TUB Pagemaxepa

BucnoBku. JlocmipkeHi MO/Iei MOXKYTh 3HAUTH MTPAKTUYHE 3aCTOCYBAaHHS B 0araTbox
cdepax, HaIPUKIIA], OIiIHUTH 3HOIITYBaHICTh IIECTEPEHb NIPU PI3HUX CITiBBIIHOMIEHHIX
3yOmiB, jomareil TypOiH, KOJIC B MEXaHilli, TNMOIIe MpOoaHaJi3yBaTH NpOIeCH B
eIIeKTpoMepekax Ta 00’€KTaX eJNEeKTPOCHEPreTHKHU, B PpaJiOeNeKTPOHIII MpH
OTIpAIfOBaHHI CHUTHANIB, OTBII JOCKOHAIIOTO BUBYEHHS B3a€MOMil HEOSCHHX Ti.
3anpononoBana ctpykrypa KCII 3 mokpalieHMMH CHCTEMHUMH XapaKTEePUCTHKaMHU
3a0e3MeYnTh MiABUIICHHS MBHUIKOIT 00uncieHHs kopensiitaux pynkmii y IICK.
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Correlation models in the polar coordinate system for
determining the mutual influence of cyclic processes and
their implementation on the basis of correlation special

processors

Andrii Segin, lvan Adbanskyi, Alina Davletova

The article researches the correlation models of objects, taking into account the long-term
influence on them of endless processes of a cyclic nature with constant or variable periodicity. The
value of their instantaneous effects on the studied objects is very small, and they are often
neglected in model building or analysis. However, due to long-term influence or repeated
repetition, even very weak correlations can have a significant impact on the course of processes,
the formation of objects and the development of systems. Correlation models of objects were built
taking into account the long-term influence on them of infinite processes. The structure of a high-
performance special processor for calculating the covariance function in the Haar-Crestenson
basis is proposed, which is characterized by a 5-7 times increase in speed and a decrease in
hardware complexity.
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