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AHOTAIIIS

CmipuoB /I.0. MaremaTtudni mojgesi, MeToauM Ta 3ac00M BHUSIBJICHHA
NOCTiiHOrO cUrHAdy Ha (OHi HeraycoBUX KoOpelbOBaHUX 3aBaj. —
KpagigikaniiiHa HaykoBa npausi Ha MPaBax PyKoNnucy.

Huceprtamiss Ha 3700yTTS HAYKOBOTO CTyMeHs JOKTopa ¢imocodii  3a
cremiayipHicTIO 122 — komm'totepHi Hayku (12 IndopmariifHi TeXHOJOTII). —
Uepkacbkuil JepKaBHUI TEXHOJOTIYHUN YHIBEpCUTET, MIHICTEPCTBO OCBITH 1 HAyKu
VYkpainu, Yepkacu, 2025.

VY aucepramiitHoMy AOCHIPKEHHI BUPINICHO aKTyajJbHE HAYyKOBO-TPUKIAIHE
3aBJlaHHSI PO3pOOKHU Ta peaiizailii MoJiesield MPOoLIeCiB BUSBJICHHS CUTHANIB Ha (POHI
KOpPENhbOBAaHMX  HETayCOBHMX  3aBaJ HAa  OCHOBI  MOMEHTHO-KYMYJISTHTHOTO
IIPE/ICTaBIICHHS BUIAJIKOBUX MPOIIECIB 3 (HOPMYBaHHSIM MOMEHTHOTO KPUTEPIIO SIKOCTI
MEPEBIPKA CTATUCTUYHHUX TINOTE3 1 PO3POOKH MOJIHOMIAIBHUX PO3B’SA3yBalbHUX
npaBuwil s 1MOOyIOBM  €(PEKTUBHUX METOMIB 1 KOMIT'IOTEPHHUX  3ac00iB
(yHKLIOHYBaHHS CUCTEM OOPOOKHM JaHUX BIJMOBIIHOTO KJIACy.

Y po6oTi BIIMIUEHO, 1110 3aCTOCYBaHHS TPAIUIIIMHOTO MIAXOAY A0 JOCIIIKCHHS
Ta PO3pOOKH CHCTeM OOpPOOKM BHITAJIKOBUX HErayCOBHX IIPOIECIB Ma€ 3HAYHI
OOMEKEHHS, 3YMOBJIEHI CKJIAQIHICTIO aJrOPUTMIYHOI peani3auii Ta 3pOoCTalouyuMU
BUMOTaMU JI0 O0YMCITIOBATILHUX pecypciB. Lle CTBOpro€ CyTTEBI TPYIHOIII I CHHTE3Y
e(DEeKTUBHUX MPOrPAMHO-AITOPUTMIYHUX 3ac00iB Jj1s1 00poOKku curHaiiB. /[ogaTkoBi
YCKJIQIHCHHS BUHHUKAIOTHh Yepe3 Te, M0 JOCIIIKyBaHI BHUIAAKOBI MPOIECH MOXYTh
MaTH KOpPEJIbOBAaHUW HETayCOBUH XapakTep. Taki 0COOIMBOCTI pOOJSATH TpaaulliiiHi
METOIU OOpOOKU CHUTHANIB, SIKI 0a3ylOThCS HAa WMOBIPHICHMX KPUTEPISAX SKOCTI Ta
OMUCYIOTh BUMAJKOBI BEJIMYMHU 3a JOMOMOIOK IIUIBHOCTI PO3MOJLTY, MEHII
e(hEeKTUBHUMH.

CyuacHi JOCHIKEHHS TOKa3ylTh, IO JJIS BUPIIIEHHS 3aBlaHb OOpOOKU
HErayCOBHX MPOIIECIB MEPCIICKTUBHUM € aIbTePHATUBHUM M1IX1/1, SIKHI BUKOPUCTOBYE
MOMEHTH ¥ KyMyJSHTH (CEeMiBapiaHTH) IS OMKCY CTAaTUCTUYHHUX BIIACTHBOCTEH

BUMAJAKOBUX BeduuuH. lLlelt miaxim 7g03BOJiss€ 3 NPUUHITHOK — TOYHICTIO



OXapaKTEePU3yBaTH CTATHCTUYHI XapaKTEPUCTUKH HETAYCOBUX MIPOIIECIB, T ABUIIYFOUYH
TOYHICTh OOPOOKHM CHUTHAJIB Yy MOPIBHIHHI 3 TPAAUIIHHUM KOPEISAIIHHUM METOOM.
Bin Takox gae 3MOry 3MEHIIMTH CKJIQJHICTh AJITOPUTMIB BHUSBICHHS CHUTHAIIB,
peanizoByBaTH iX 0OpoOKy B YMOBaxX aJUTUBHOI B3aEMO/IIi 3 HETAYCOBUMH 3aBaJIaMHU
Ta BpaXOBYBATH CTATUCTUYHI 3B'SI3KM MK HETayCOBUMU BUIAJKOBUMH BEJIMUMHAMHU.
3anpomnoHOBaHUM HOBMM MiAXiA, SKAH 0a3yeTbcs Ha BUKOPHCTaHHI
oaHoBuMIipHUX (1D) 1 nBoBuMipHUX (2D) MOMEHTHO-KYMYJISTHTHUX MOJEJICH BUIIUX
MOPAJIKIB, SIKI HAJAIOTh MOXKJIUBICTh HE TUIBKH OMHUCATH HErayCoOBl XapaKTEPUCTUKH
JOCHIIKYBaHUX TPOILIECIB, aje 1 iX KopessiiiiHi BiacTuBocTi. Ha OCHOBI JaHOTO
miaxoay copMoBaHI HOBI MareMaTU4yHl MOJENI MOMEHTHO-KYMYJISSHTHOTO OIHUCY
BHITAIKOBUX BEJIWYHMH, IO JO3BOJWJIO MPEACTABUTH HOBI KJIacH KOPEThOBAHUX
ACUMETPUYHHX, CKCIIECHUX Ta aCUMETPHYHO-EKCIIECHUX HErayCOBUX TPOIIECIB.

B poboTi mokazaHo TmpeaCTaBICHHS BITHOIICHHS IPaBIOMOMIOHOCTI IS
MEPEBIPKA CTATUCTHUYHUX TINOTE3 y BHUIVISAL MOJIHOMIAIBHOTO PO3B’A3YBaJIBHOIO
npasuia (PII), ontumanbHi KoeIIIEHTH SKOTO 3HAXOAITHCS IO OJHOMY 3 MOMEHTHHUX
KpUTEPIiB SKOCTI. 3amnpornoHOBaHa MOAUQIKAI[lI MOMEHTHOTO KpPUTEPIIO SKOCTI
BEPXHIX TpaHUlb KWMOBIPHOCTEH MOMWIOK, SIKHA 0a3yeTbcs Ha OOMEKEHHSIX
WMOBIpHOCTE MMOMUJIOK TMEpUIOro Ta JApyroro poay mnojiHomiansHux PII Ta
BUKOPHUCTOBYE JHUCIEpPCit0 Ta MarematuuHe cnoniBaHHs PII npu rimoresi Tta
aNMbTEPHATUBI 3 BpaXyBaHHSIM CTATUCTUYHHUX 3B’SI3KIB JTOCHIKYyBaHUX mporeciB. Ha
OCHOBI MOJM(DIKOBAHOTO KPHUTEPIIO SKOCTI TMEPEBIPKH CTATUCTUYHUX TIMNOTE3
3aMpONOHOBAHI HOBI METO/IM CUHTE3Y HEJIIHIMHUX aJITOPUTMIB BUSIBJICHHS] CUTHAJIIB Ha
¢ oH1 KOpEeTbOBAaHUX HETAYCOBUX 3aBaJl 3 HOBUMHU SKICHUMHU MTOKa3HUKAMH.

Ha ocHOBI 3ampornoHOBaHUX Mojelield 1 po3poOJIeHMX METOJIB CHHTE30BaH1
JiHIMHI Ta HemHiNHI PI1 BUABICHHS CUTHAITIB, JOCHIIIKEH] iX BJIACTUBOCTI Ta OTPUMaH1
XapaKTEPUCTHUKH, SKI JTEMOHCTPYIOTh iX €(EKTHBHICTh NPH BIUIMBI KOPEIHOBAHUX
HeraycoBUX 3aBaj pi3HUX TumiB. IlokazaHo, 110 HesiHiiHA 0OpoOKa BUOIPKOBHUX
3HAYCHb Ta BPaXyBaHHS CTATHCTUK BUIUX TOPSIKIB HETAyCOBUX IMPOIIECIB y BUTIISAI
Koe(ILI€HTIB acUMeTpii Ta eKcllecy MNPU3BOAUTH 1O MOKpPALIECHHS €(PEeKTUBHOCTI

BUSIBJICHHSI CUTHAJIIB, IO MPOSIBIISIETHCS Y 3MEHIIIEHH] 3HaYeHHS KpuTepito sikocti P11,
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1 BIAMOBIAHO, 3MEHIIEHHI WMOBIPHOCTEH IMOMMWJIOK IIEPIIOr0 Ta JAPYroro POy
nomHomianeHux PII y mopiBHSHHI 3 BIAOMHUMH pe3yJbTaTaMd JUIS IITHPOKO
3aCTOCOBAHUX TayCOBUX Mojelied 3aBaj. 3ampomnoHoBaHi HemiHilHiI PIT mokazamm
CBOIO BHCOKY €(EKTHBHICTh 1 TpHU [ii BHUIAJKOBUX TMPOILECIB 13 CHIBHUMHU
CTaTUCTUYHUMM 3B SI3KaMH, MpU SKUX TpaJuLiidHI pilleHHs O0e3 BpaxyBaHHs
KOPEJSALIHHUX 3B’SI3KIB CYTTE€BO 3HIDKYIOTH CBOIO €(EKTHBHICTH 1 30UIBLIYIOTH
NMOBIPHOCTI IOMUJIOK MIEPILIOro Ta Apyroro poay takumu PII.

VY derBepToMy pO3ILIl MPEACTaBlEeHI MNPOrpaMHi 3aco0U KOMIT IOTEPHOTO
MOJICJIFOBAHHSI MPOLIECIB BUSIBJICHHSI CUTHAIIB HAa (DOHI KOPEIbOBAHMX HETrayCOBUX
3aBajl, K1 OTPMMaHi Ha OCHOBI PE3yJIbTATIB IUCEPTAIIHHOTO JOCIIHKEHHS.

ABTOpPOM pPO3pO0OJIEHO MPOrpaMHUN KOMILUIEKC, CTPYKTypa Ta Hallp HOro
MOJIYJTIB 3a0€3MeUyI0Th KOMIT IOTEpPHE MOJICTIOBAHHS MPOLIECIB BUSIBICHHS CUTHAJIIB
OpU aAUTHUBHIM B3a€EMOJIi IIMPOKOTO KIJACy KOPEJIbOBAHUX HErayCoBUX 3aBal.
EdexTuBHICTh IpOrpaMHUX MOJYIIB Oyjia MIATBEPAKEHA HUISIXOM OOYHCIIIOBAIBHUX
EKCIIEpMMEHTIB, Ha MOJEIbHUX TMpUKIaJax ampoOOBaHl MporpaMHi MOAYJl Ta
JOCIIHPKEHO €(eKTUBHICTh 3aCTOCYBAHHS OTPUMAHHUX aJITOPUTMIB.

Haykxosa Hosuzna nuceprtaiiitHoi poOOTH MOJISTaE B CTBOPEHHI MaTeMaTUYHUX
MoOJIele KOpeIbOBAHUX HErayCOBHX AaCHUMETPUUYHUX, €KCIIECHHX Ta aCUMETPUYHO-
EKCIIECHUX BUIAIKOBUX BEJIMYMH Ta METOJIB MAaTEeMAaTHMYHOTO Ta KOMII IOTEPHOTO
MOJICJIIOBaHHS TPOIIECIB BUSBICHHS CUTHAJIB Ha (POHI KOPETbOBAHUX HETAyCOBHX
3aBaJl Ha OCHOBI 3aCTOCYBaHHsS OJHOBHUMIPHUX Ta JBOBUMIPHHX KyMYJSTHTHHX
(GyHKUIA BUIIUX TOPAIKIB Ta MOJIU(PIKOBAHOTO MOMEHTHOTO KPHUTEPIIO SKOCTI
MPUHAHSITTS PIIICHB, 110 HAJIAJ0 MOKJIMBICTD ITIJIBUIIUTH TOYHICTHI XapaKTEPUCTHKU
OpOLIECIB  BUSIBJICHHS  CUTHAJIIB Yy  KOMII IOTEpU30BaHUX  1H(opMaliiHo-
BUMIPIOBAJIbHUX CUCTEMAX.

Ilpaxmuuna 3Hauyywicms OTPUMAHMX pE3YyJbTaTIB TMOJSAra€ B TOMY, IIO:
3aMpONOHOBAaHI METOIM Ta 3aCO0U MOJIETIOBaHHS 3a0€3MeUyI0Th pO3pOOKY HENIHIHHUX
QITOPUTMIB BUSIBJICHHS CHUTHAJIIB Ha (OHI KOPEThOBAHMX HETAayCOBUX 3aBaj 3
MEHIIMMH KWMOBIPHOCTSIMH TIOMUJIOK TMEPIIOr0 Ta JPYroro pojay IMOPIBHSIHO 3

Bi,Z[OMI/IMI/I MCTOJaMH; aJIrOpUTMHU XapaKTCPU3YIOTBCA IIPOCTOTOXO HpaKTI/I‘{HOT
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peainizallii Ta BHCOKOIO TOYHICTIO, SIKa MIABUIIYETHCS 31 301IBIICHHSM CTETICHS
croxactTnyHuxX TmomHOMiB PII Ta BpaxyBaHHSM mapaMeTpiB HErayCOBHX 3aBajl;
po3po0ieHa CTpYKTypHa cxeMa nojinomiansHuX PIT 11 BusiBIIeHHS cuTHAITIB Ha (POHI
KOPEJNhOBAaHUX HErayCOBHX 3aBajl, IO JO3BOJISIE BUPINIYBATH 3aBJaHHS PO3POOKH Ta
IIPOCKTYBAHHS KOMIT IOTEPU30BAHUX CUCTEM KOHTPOJIIO, JIarHOCTUKY W YIIPaBITIHHS.
KirouoBi cjioBa: KOMIT'IOTepHE Ta MaTeMaTUYHE MOJICIIOBAHHS, HETayCOBi
KOPEJIbOBaHI IMPOIECH, CTATUCTUKH BHIIHUX IMOPSJIKIB, MOMCHTHHH KPUTCPIH SIKOCTI
MEPEBIPKU CTATUCTUYHUX TIMOTE3, MOJIHOMIaNIbHI aJrOPUTMH BHUSBIICHHS CUTHAIIB,

1H(pOpMaIliitHI TEXHOJIOT].

ABSTRACT

Smirnov D.O. Mathematical models, methods and tools for constant signal
detecting in correlated non-Gaussian noise. — Qualifying scientific work on
manuscript rights.

Dissertation for obtaining the scientific degree of Doctor of Philosophy in the
specialty 122 Computer Sciences (12 Information Technologies). Cherkasy State
Technological University, Ministry of Education and Science of Ukraine, Cherkasy,
2025.

In the dissertation research, an urgent scientific and applied task was solved:
developing and implementing models for signal detection in correlated non-Gaussian
noise. This was achieved using moment-cumulant representations of random
processes, the formation of a moment criterion for hypothesis testing quality, and the
development of polynomial decision rules to construct efficient methods and computer
tools for data processing systems of this class.

The study emphasizes that the traditional approach to analyzing and designing
systems for processing random non-Gaussian processes faces significant limitations.
These limitations are associated with the complexity of algorithmic implementation
and the increasing demands on computational resources, which create serious
difficulties in synthesizing effective software and algorithmic tools for signal

processing. Additional complications arise from the fact that the random processes
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under study may have a correlated non-Gaussian nature. Such features significantly
reduce the effectiveness of traditional signal processing methods based on probabilistic
quality criteria and describe random variables using probability density functions.

Recent studies show that an alternative approach, which uses moments and
cumulants (semi-invariants) to describe the statistical properties of random variables,
is promising for solving the problems of processing non-Gaussian processes. This
approach allows the statistical characteristics of non-Gaussian processes to be
characterized with acceptable accuracy, improving the precision of signal processing
compared to the traditional correlation method. Moreover, it simplifies the complexity
of signal detection algorithms, facilitates processing in conditions of additive
interaction with non-Gaussian noise, and considers statistical dependencies between
non-Gaussian random variables.

The study proposes a novel approach based on one-dimensional (1D) and two-
dimensional (2D) moment-cumulant models of higher orders. These models enable the
description of the non-Gaussian properties of the investigated processes and their
correlation characteristics. This approach developed new mathematical models of
moment-cumulant descriptions of random variables, enabling the representation of
new classes of correlated asymmetric, excess, and asymmetric-excess non-Gaussian
processes.

The research demonstrates the representation of the likelihood ratio for
hypothesis testing in the form of a polynomial decision rule (DR), whose optimal
coefficients are determined according to one of the moment-based quality criteria. A
modification of the moment-based quality criterion was proposed, which focuses on
the upper bounds of error probabilities and incorporates the variances and expectations
of the DR under the hypothesis and alternative hypotheses, considering the statistical
dependencies of the investigated processes. Based on this modified criterion, novel
methods for synthesizing nonlinear signal detection algorithms in correlated non-
Gaussian noise with improved qualitative characteristics were proposed.

Using the proposed models and methods, linear and nonlinear DRs for signal

detection were synthesized, their properties were studied, and their characteristics were
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obtained, demonstrating their efficiency under various types of correlated non-
Gaussian noise. The study shows that the nonlinear processing of sampled values and
considering higher-order non-Gaussian statistics, such as asymmetry and excess
coefficients, improve signal detection efficiency. This reduces the DR quality criterion
and lowers probabilities of first- and second-type errors compared to known results for
widely used Gaussian noise models. The proposed nonlinear DRs demonstrated high
efficiency even under the influence of random processes with strong statistical
dependencies, whereas traditional solutions that ignore correlation significantly reduce
their efficiency and increase error probabilities.

The fourth chapter presents software tools for computer-modelling signal
detection processes in correlated non-Gaussian noise, developed based on the
dissertation research results.

The author has developed a software package whose structure and modules
support computer modelling of signal detection processes under additive interaction
with a wide class of correlated non-Gaussian noise. The effectiveness of the software
modules was confirmed through computational experiments, where the modules were
tested on model problems, and the efficiency of the implemented algorithms was
analyzed.

The scientific novelty of the dissertation lies in the development of mathematical
models for correlated non-Gaussian asymmetric, kurtotic, and asymmetric-kurtotic
random variables, as well as methods for mathematical and computer modeling of
signal detection processes in correlated non-Gaussian noise. This is achieved through
the application of one-dimensional and two-dimensional higher-order cumulant
functions and a modified moment criterion for decision-making quality, enabling
improved accuracy in signal detection processes within computerized information-
measurement systems.

The practical significance of the results is that the proposed methods and
modelling tools enable the development of nonlinear algorithms for signal detection in
correlated non-Gaussian noise with lower first- and second-type error probabilities than

known methods. The algorithms are characterized by simplicity of practical
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implementation and high precision, which increases with the degree of stochastic
polynomials in DRs and the consideration of non-Gaussian noise parameters. The
developed structural scheme of polynomial DRs for signal detection in correlated non-
Gaussian noise environments allows solving tasks related to developing and designing
computerized monitoring, diagnostics, and control systems.

Keywords: computer and mathematical modelling, correlated non-Gaussian
processes, higher-order statistics, moment-based quality criterion for hypothesis

testing, polynomial signal detection algorithms, information technology

Crnucok ony0/1iKOBaHUX Npalb 32 TEMOIO JUCEPTAIii:
— cmammi y HAYKOBUX (Paxoeux euUOAHHAX YKpainu, 6 AKux onyoO.1ikoeaui
OCHOGHI HAYKOGI pe3yibmamu oucepmauii:

1. B.B.Ilanarin., J[.O.CmipHoB. CTaTUCTUKM BHUILKX MOPSAKIB B 337a4aX BUSBICHHS
CUTHAJIIB Ha (OHI KOpEIhbOBAaHMX HEraycoBux 3aBaj// Marematnune Ta
KoM ’roTepHe MozentoBaHHs. Cepist: TexHiuHl Hayku: 30. Hayk. mpaibs — Kam.-
[Toninscekuit: Kam.-Iloginscbkuit Hatl. yH-T iM. [BaHa Orienka, 2024. — Bum. 26. —
C. 106-118. DOI: https://doi.org/10.32626/2308-5916.2024-26.19-42
URL: http://mcm-tech.kpnu.edu.ua/article/view/316544/310180. ISSN 2308-5916.

daxoBe BumanHs kareropii b (Bkmrouene nmo Index Copernicus, WorldCat,

Citefactor, Google Axanemisi, Crossref, OpenAIRE, HaykoBa nepioguka Ykpainn).

Ocobucmuili 8HecoOK asmopa noasedae y nooyoosi memooie NoNIHOMIAIbHO20

BUSAGNIEHHA  CUCHANIE HA (QOHI  KOpEeNbOBAHUX — ACUMEMPUYHO-EKCYECHUX

He2aycosux 3a8a0 ma npo8eoeHHi KOMN 10MepHO20 MOOeNI08AHHS Pe3)Ibmamis
docniodicenns, cmarnosums 0,3 Opyk. apk

2. B.B.lanaria, JI.0.CmipHoB. Mogemni Ta MeTroau OOpoOKM cHUTHaNiB Ha (OHI

KOPEJIbOBAHUX aCUMETPUYHUX mpoleciB // [HpopmaTuka Ta MaTeMaTU4HI METOIU

B MojentoBaHHl, HamionansHuii yHiBepcuter «Opnechka mojiTexHika, Vol. 14

(2024), No. 1-2, pp. 56-69.


https://link.springer.com/search?query=Computer%20and%20Mathematical%20Modeling&facet-discipline=%22Engineering%22
https://link.springer.com/search?query=Information%20Technology&facet-discipline=%22Engineering%22
https://doi.org/10.32626/2308-5916.2024-26.19-42
http://mcm-tech.kpnu.edu.ua/article/view/316544/310180
https://portal.issn.org/resource/issn/2308-5916

9

DOI: https://doi.org/10.15276/imms.v14.n01-2.56 URL:
http://immm.op.edu.ua/files/archive/n1-2_v14 2024/immm_nl-2_vi4 2024.pdf.

ISSN: 2223-5744. ®axose BuganHs kareropii b (Bximouene no Index Copernicus,
Google Akanemis, HaykoBa nepioguka Ykpainn).
Ocobucmuii Hecok asmopa noisi2ac’y ¢HopmyeanHi MamemamuyHux mooenetl
ma ix peanizayii npu no6yo0osi memooié GUAGNEHHA CUSHANIE HA (DOHI
KOPEeNbOBAHUX ACUMEMPUUHUX He2ayCco8ux 3a8ad ma cmanosums 0,3 OpyK. apk.
. 1.0.CmipuoB, JI.A.Benepuuko, O.A.Ilamarina, B.B.Ilamarin. Metoau
CTaTUCTUYHOIO OLIHIOBAaHHA MapaMeTpiB CHTHady Ha (OHI HErayCcoBUX
KOpeJboBaHUX 3aBaj. // MaremarnuuHe Ta KOMIT'IOTepHE MojentoBanHs. Cepis:

Texniuni Hayku: 30. HayK. npaup — Kam.-IToninecekuit: Kam.-IToainscekuii Hat. yH-

T iMm. IBama Orienka, 2021. — Bum 22. — C. 106-118. DOI:
https://doi.org/10.32626/2308-5916.2021-22.106-118 URL: http://mcem-

tech.kpnu.edu.ua/article/view/251088.  ISSN 2308-5916. ®axoBe BHIAHHA

kareropii b (Bxmouene mo Index Copernicus, WorldCat, Citefactor, Google
Axanemis, Crossref, OpenAIRE, HaykoBa nepionuka Ykpainu).
Ocobucmuii 8HecoK asmopa Noaseac y GopmysaHus MamemMamuyHux mooenetl
0BOBUMIDHUX KOPENAYIUHUX (DYHKYIL 0N ONUCY BUNAOKOBUX KOPENbOBAHUX

Hezaycosux npoyecie ma cmanogums 0,3 OpyK. apk.

— cmammi y iHO3eMHUX GUOAHHAX, 6 AKUX ONYOIIKOBAHI OCHOBHI HAYKOBI
pe3ynomamu oucepmauii:

. D.Smirnov, E.Palahina, V.Palahin. Mathematical Modeling of Signal Detection in
Non-Gaussian Correlated Noise // International Conference on Smart Technologies
in Urban Engineering - Proceedings of STUE-2022, Lecture Notes in Networks and
Systems - LNNS, volume 536, pp.65-74, DOI:https://doi.org/10.1007/978-3-031-
20141-7, URL: https://link.springer.com/book/10.1007/978-3-031-20141-7, ISSN

2367-3370. BupaHHs IHAEKCYE€ThCSI B HAYKOMETPHUHIi 0a3i Scopus.
Ocobucmuii 6HecOK asmopa Noafea€e y CMEOPEeHHI Mooenell ma Memoois

mamemamuiHoco na Komn ’fomepﬂoeo MOOeNI0BAHHS l’lpOL;€Ci6 BUABJIEHHA


https://doi.org/10.15276/imms.v14.no1-2.56
http://immm.op.edu.ua/files/archive/n1-2_v14_2024/immm_n1-2_v14_2024.pdf
https://doi.org/10.32626/2308-5916.2021-22.106-118
http://mcm-tech.kpnu.edu.ua/article/view/251088
http://mcm-tech.kpnu.edu.ua/article/view/251088
https://portal.issn.org/resource/issn/2308-5916
https://doi.org/10.1007/978-3-031-20141-7
https://doi.org/10.1007/978-3-031-20141-7
https://link.springer.com/book/10.1007/978-3-031-20141-7

10

CUCHANIB HA (OHI KOPEeNbOBAHUX ACUMEMPUYHUX He2ayCo8Ux 3aead ma
cmanogums 0,3 Opyk. apk
5. Smirnov, D., Zorin, O., Palahina, E., Ivchenko, O., Palahin, V. (2024). Development
of Moment Quality Criterion and Polynomial Methods for Signals Detection and
Distinction in Non-Gaussian Noise. In: Faure, E., et al. Information Technology for
Education, Science, and Technics. ITEST 2024. Lecture Notes on Data Engineering
and Communications Technologies, vol 221., pp.368—381, Springer, Cham. DOI:
https://doi.org/10.1007/978-3-031-71801-4 27 URL:
https://link.springer.com/chapter/10.1007/978-3-031-71801-4 27 ISSN  2367-

4512. BugaHHs iHIEKCY€THCA B HAYKOMeTPHUYHiH 0a3i Scopus.
Ocobucmuii  6Hecok asmopa noised€ y 3ACMOCYBAHHI  IHGOpMayiiHux

MexXHOI021U 8 3a40a4ax nepesipKu CMmamucmudHux 2inome3 ma cmanogums 0,3

OpYK. apkx.

— HayKoei npaui, wio 3aceiouyoms anpooayiro mamepiaiie oucepmauii:
6. D.Smirnov, V.Chepynoha, O.Zorin, A.Honcharov, E.Palahina, V.Palahin. The
Methods of Joint Signal Discrimination and Parameters Estimation in non-Gaussian

Noise // IEEE 4-th International Conference on Advanced Trends in Information

Theory — 2022, Kyiv, Ukraine, 2022, pp- 23-27, DOI:
https://doi.org/10.1109/ATIT58178.2022.10024190. URL:
https://ieeexplore.ieee.org/document/10024190. ISBN:979-8-3503-3262-9.

Bupanust iHIeKCY€ThCSI B HAYKOMETPU4HIi 0a3i Scopus.
Ocobucmuii 6HecoK agmopa nousA2a€ y NPOBeOeHH i AHANI3y GNIUEY CIAMUCIUK
BUWUX NOPAOKI8 HA eheKMUBHICMb aAlOPUMMIE BUSABNEHHS CUSHANIE 8
Hezaycosux 3agadax ma cmanosums (),30pyk. apx
7. Daniil Smirnov, Oleksandr Zorin, Elena Palahina, Volodymyr Palahin.
Development o f Moment Quality Criterion and Polynomial Methods for Signals
Detection and Distinction in Non-Gaussian Noise // VII MixHapogHa HayKOBO-

npakTuuHa KoHpepeHis “lHopmarriiiHi TeXHONOTii B OCBITI, Hayll W TexHili”


https://doi.org/10.1007/978-3-031-71801-4_27
https://link.springer.com/chapter/10.1007/978-3-031-71801-4_27
https://doi.org/10.1109/ATIT58178.2022.10024190
https://ieeexplore.ieee.org/document/10024190

11

ITOHT-2024, c.195-196. URL: https://knsa.chdtu.edu.ua/wp-
content/uploads/2024/06/Conference-Proceedings-ITEST-2024 25 06.pdf

Ocobucmuii 6HecoK asmopa NoJA2a€ y 3aCmMoCy8anHi MOMEHMHO20 KPUmepiio
AKOCcmi  nepegipKu  CmamucmuyHux — 2inome3 ma  OYIHIOBAHHA U020
eghekmusHocmi 8 3a0a4ax BUAGNEHHS CUCHANIG HA (DOHI He2aycosux 3a8a0 ma
cmanogums 0,1 Opyk. apk.

8. 1.0.CmipnoB, O.A.Ilanarina, B.B.[Tanarin. MeToau BusiBlieHHs CUTHaJIB Ha (OH1
CTATUCTUYHO3AICKHUX HEraycoBux IporieciB // IHTerpoBaHi 1HTEIEKTyallbHI
pobororexHiuHi komiuiekcu (IIPTK-2024), ciMHaamsTa MiXKHApOJHAa HAaYyKOBO-
npakTuyHa KoHbepeHlis, 21-22 tpasus 2024 p., Kuis, Ykpaina, - ¢.466-468.

Ocobucmuii 6HecoK aemopa Noaseac y Npo8eoeHi ananizy 3aCmocC)8aHHs.
CYMICHUX MOMEHMHO-KYMYIAHMHUX (QYHKYIU 05 ONUCY 8UNAOKOBUX NPOYECIE 8
3a0a4ax 8useenHs cueHanie ma cmanosums 0,1 Opyk. apk

9. 1.0.CmipHoB, B.B.Ilamarin. Mojeni Ta MeTOAM BUSBJICHHS CHUTHaNIB Ha (DOHI
HErayCoBUX KOpeNbOBaHUX 3aBaj // 28-i1 MiKHApOAHHN MOJOADKHUN (opyM
«Panioenektponika 1 Monoap y XXI cromitriy, 16 — 18 kBitHa 2024 p.,
Kondepenuis «Enexrponna, nazepHa Ta 0ioMequyHa iHXeHepish — ¢.5-7

Ocobucmuil 8necok agmopa nouseac y nodyo006i HEeliHIUHUX PO36 SA3Y6ANIbHUX
npasus 8usAsieHHs cueHanie ma cmanosums 0,1 Opyk. apk

10. Volodymyr Palahin, Olena Palahina, Daniil Smirnov, Oleksandr Zorin. Polynomial
Methods and Algorithms for Signals Detection and Distinction in Non-Gaussian
Noise // «Modern Problems of Mathematical Modelling, Forecasting, and
Optimization» in memory of the Honorary Professor of the Kamianets-Podilskyi
National University, Dr. Sc., Prof.,, Cor. member NAPSU Anatoliy Fedorovich
VERLAN, c.66-68. URL: https://cs.kpnu.edu.ua/wp-
content/uploads/2024/07/optima_2024-tezdop_1.pdf

Ocobucmuii 6HecoOK asmopa nojsicac€ y NPOBEOeHHI MamemMamuiHo20 ma
KOMN TOMEePHO20 MOOENI0BAHHS NOTHOMIAILHUX NPABUI UABIIEHHS CUSHANIE MA

cmanosums 0,1 Opyk. apx


https://knsa.chdtu.edu.ua/wp-content/uploads/2024/06/Conference-Proceedings-ITEST-2024_25_06.pdf
https://knsa.chdtu.edu.ua/wp-content/uploads/2024/06/Conference-Proceedings-ITEST-2024_25_06.pdf
https://cs.kpnu.edu.ua/wp-content/uploads/2024/07/optima_2024-tezdop_1.pdf
https://cs.kpnu.edu.ua/wp-content/uploads/2024/07/optima_2024-tezdop_1.pdf

1.

12.

12

J1.0.Cmipuos, O.A.Ilanarina, B.B.Ilanarin. Marematrndne MoemioBaHHS 3a1a4
BUSIBJICHHS CHUTHATIB Ha (POHI HErayCOBHX KOpeabOBaHMX 3aBaj // IHTerpoBaHi
iHTeNneKkTyanbHi  pobortorexHiuni kommiekcn (IIPTK-2022), n’arunaaimsTa
MDKHApOJHAa HAyKOBO-MpakTHuHa KoHGepenuis, 17-18 tpaBua 2022p., Kuis,
VYkpaiHa, - ¢.224-225.

Ocobucmuii 6HecOK asmopa nNoifAca€ y NPOGEOEHHI MameMamuyHo20

MOOeN0B8AHHS CUCEM BUABIEHHS CUSHATIIE NPU BNIUGI KOPENbOBAHUX 34840 MA

cmanosums 0,1 Opyx. apk
Palahina E., Kunchenko-Kharchenko V., Tonkopriad S., Push I., Smirnov D.,
Palahin V. Signal detection in additive-multiplicative non-Gaussian noise // I1pari
VII MixHapoaHOi HayKOBO-MPAaKTUYHOI KOoH(pepeHuli «OOpoOka CUTHANIB 1
HETayCCIBChKHUX MPOIECIBY, MpucBsiyeHol nam’ati npodecopa HO.I1.KyHnuenka:
Tesm pomomimeri. — Yepkacu: YATY, 2021. - ¢.123-124. URL:
https://chdtu.edu.ua/files/fet/OSNP2021(1).pdf

Ocobucmuii 8Hecok asmopa nojisieace y nobvyo0osi MamemamuyHux mooenet ma
ix OocniddicenHs 6 3a0auax — BUSGNEHHS  CUCHANIE NpU  AOUMUBHO-

MYTbMUNTIKAMUBHIU 83AEMOOII 3 Heaaycosumu 3aeadamu ma cmanosums 0,15

OpPYVK. apx


https://chdtu.edu.ua/files/fet/OSNP2021(1).pdf

SMICT

[TEPEJIIK YMOBHUX I[TO3HAYEHD
BCTVII

PO3JIUI 1 AHAJI3 MATEMATHUYHMX MOJEJIEM OIIUCY

BUITAZIKOBUX ITPOLECIB TA METOAIB BUSABJIEHHA CUTHAJIIB

1.1. AHami3 3a7a4 MaTeMaTUYHOTO MOJEIIOBAaHHS MPOIECIB BUSBICHHS
cCUTHaJIIB Ha (POHI1 3aBaj

1.2. Anani3 onucy BUMAJIKOBUX BEJIMYUH Ta MPOLIECIB

1.3. 3actocyBaHHSI CTaTUCTUK BULIUX MOPSAKIB JJI ONUCY BUIAIKOBUX
BEJIMYMH Ta MPOILIECIB

1.4. AHami3 HMOBIPHICHUX KpPHUTEpPIiB SKOCTI NEPEBIPKUM CTATHCTHUYHUX
rinoTe3

1.5. AHami3 MOMEHTHUX KPUTEPIiB IKOCT1 MEPEBIPKU CTATUCTUYHUX T1IIOTE3

1.6. BucHoBku 10 1 po3ainy

Cnucok BUKOPUCTaHUX JHKEpeN 10 po3aury 1

PO3/IJI 2 MOJIEJI TA METOJM BUABIEHHS IIOCTIMHOI'O

CUTHAJIY HA ®OHI HET'TAYCOBUX KOPEJIbLOBAHUX 3ABA]]

2.1. MatemaTu4Hi MOJIeJli HErayCOBUX KOPEIbOBAHUX BHITQJIKOBUX
MPOIIECIB

2.2. llpencraBieHHs CTAaTUCTUK BHINUX TOPSAKIB Uil MOOYIOBU
MaTEeMaTUYHUX MOJIEJICH aJUTUBHOI B3a€EMO/I1i TOCTIHUX CUTHAJIIB Ta
KOPEJIbOBAaHUX HETayCOBHX 3aBaJl

2.3. MOMEHTHHI KpUTEpid SIKOCTI BEPXHBOI TpaHUIll HMOBIpHOCTEH
MOMUJIOK JIJIs1 TOOYTIOBU METO/IIB BUSIBJICHHSI CUTHAJIIB Ha ()OH1 3aBaj]

2.4. BnacTUBOCTI CTOXaCTHYHHMX IOJIHOMIB Ta iX BUKOPUCTaHHS Jis
00pOOKH CHUTHAJIIB

2.5. Moaudikaiiisi MOMEHTHOTO KPUTEPIIO SIKOCTI IEPEBIPKU CTATUCTUYHUX

rinore3 ans MoOyJOBHU MOJIHOMIAJbHUX PO3B’SA3YyBaJbHUX MPaBUII

16
17
25

25

36
47

52

58

61

62
74

74

80

89

98

102

13



BUSIBJICHHS CHUTHAQTIB 3a CTATUCTUYHO 3aJIGKHUMU BUOIPKOBUMU
3HAYECHHAMHU
2.6. BucHOBKH 110 2 po3aity

Crrcox BUKOPUCTAHUX JHKEPEN 10 PO3ALTY 2

PO31JI 3 CUHTE3 TA AHAJII3 IIOJITHOMIAJIBHUX AJITOPUTMIB
BUABJIEHHA  CUTHAJIIB HA  ®OHI  KOPEJIbLOBAHUX
HEI'AYCOBUX 3ABA/I
3.1. CuHTEe3 MONIHOMIAILHUX aJTOPUTMIB BHUSBJICHHSI CUTHANIB Ha (OHI
KOPEIhOBAaHNX AaCUMETPUYHHUX HETayCOBHX 3aBa]]
3.1.1. CunTe3 noaiHOMiadIbHUX PO3B’A3YBAILHUX MPABHII IPU CTETEHI
NOJIIHOMY s=1
3.1.2. CuHTe3 NoJaiHOMIaIbHUX PO3B’A3YBAIbHUX MPABHII IPH CTEIEH1
MOJIIHOMY S=2
3.1.3. AHani3 noJiiHOMIaJbHUX PO3B’S3YBAJIBHUX MPABUJI BHUSBICHHS
CUTHAJIIB Ha ()OHI KOPEIHOBAHMX ACUMETPUYHUX HETAyCOBUX
3aBaj
3.2. CuHTe3 NOJIIHOMIAIbHUX AJITOPUTMIB BHSIBICHHS CUTHaMIB Ha (hOH1
KOPEJIbOBAaHUX aCUMETPUYHO-EKCLIECHUX HErayCOBUX 3aBajl
3.2.1 CunHTe3 NiHIMHUX TOJIHOMIAJBbHUX PO3B’SI3yBajJbHUX MPABUII
IIPU CTETEeH1 MOoJiHOMY S=1
3.2.2. CuHTe3 HEeNMHINHUX MOTIHOMIAIBHUX PO3B’SA3yBABHUX MPABHII
IIPU CTETEHI MOJIHOMY S=2
3.2.3. AHamni3 NoJiHOMIaJbHUX PO3B’S3YBAIBLHUX MPABUJ BHUSIBICHHS
CUTHAJIIB Ha (POHI KOPEIbOBAHUX ACHUMETPUYHO-EKCUIECHUX
HErayCoBHUX 3aBa/l
3.3. CuHTe3 TONIHOMIAILHUX aJTOPUTMIB BUSBJICHHS CHUTHATIB Ha (OHI
KOPEIThOBAaHMX E€KCIIECHUX HETAayCOBUX 3aBajl
3.3.1 Cunre3 nomiHOMIaIBHUX PO3B’SI3yBAIBHUX MPABUII IPU CTEIEH]

noJsiiHomy s=1, 2

107
109

116

116

118

125

129

136

136

137

139

147

147

14



3.3.2. CuHTe3 nonHoOMIaIbHUX PO3B’A3YBaTbHUX MIPABHUII MPU CTETICHI
MOJIiHOMY §=3
3.3.3. Anaui3 NoJiHOMIaTbHUX PO3B’S3yBATBHHUX MPABHUI BHUSBJICHHSA
CUTHAJIIB Ha (POHI KOPETbOBAaHMX EKCLIECHUX HETayCOBUX 3aBajl
3.4. BucHoBKH 110 3 po3aity

Crmcok BUKOPUCTAHKUX JHKEPETT 10 PO3ALTY 3

PO31JI 4 I[TPOI'PAMHI 3ACObBA KOMIT'IOTEPHOI'O

MOJEJIIOBAHHA ITPOLECIB BUABJIEHHSA CUT'HAJIIB HA ®OHI

KOPEJIbLOBAHUX HE'AYCOBUX 3ABA/]

4.1. CTBOpeHHsS TMPOrpaMHUX 3aco0iB KOMIT'FOTEPHOTO MOJICITFOBAHHS
MPOIIECIB BUSIBJICHHS] CUTHAIIB

4.2. IlporpamHa peanizauis CTallOHAPHUX KOPEJIbOBAHUX HErayCOBUX
MPOILIECIB 3 BU3HAUCHUMH XapaKTEPUCTUKAMHU

4.3. Komm'toTepHe MOACTIOBAHHS MOJIHOMIAJIbHUX aJITOPUTMIB BUSBJICHHS
MOCTIMHMX CHUTHAJIIB TPH AIUTUBHIA B3aEMOMII 31 CTAaTUCTUYIHO
3QJIe)KHUMU HETYCOBUMU MPOIECaMU

4.4. IpakTyHa peanizallis MOJIHOMIAIbLHOT CUCTEMU BUSBJICHHS CUTHAIIB
Ha (OH1 KOPEIbOBAHUX HETayCOBUX MPOIIECIB

4.5. BucHoBku 710 4 po3ainy

Crucok BUKOPUCTAHUX JKEpET 10 po3ainy 4
B CHOBKHA

JIOJATKH

148

154

158
161

164

164

171

190

196

199
201
203

206

15



16

HEPEJIIK YMOBHUX ITO3BHAYEHD

GPS —Global Positioning System
5G — m’siTe MOKOIIHHS MOOUTHLHOTO 3B’SI3KY
PIT— po3B’si3yBajibHE MPABUIIO

MD PDF — (aurn. MultiDimensional Probability Density Function) 6araToBuMipHa

(yHKLIS MITBHOCTI PO3MOILTY

HOS — (anrn. Higher Order Statistics) CTaTUCTUKHN BUIIUX MOPSIKIB



17

BCTVYII

AKTYyaJIbHICTb TEMH

Cucremn 00poOKHY Ta BUSBIICHHS CUTHAJIIB € HEB1I €MHOIO YaCTHHOIO Oaratbox
Cy4aCHUX TEXHOJOTIYHHUX PIIIeHb MPU MOOYJOBI CUCTEM A1arHOCTUKH, YIIPABIIHHA,
KOHTPOJIIO Ta 1H. 31 3pOCTaHHAM BUMOT JI0 TOYHOCTI, HAJIHHOCTI ¥ PyHKI[1I0HAIBHOCTI
TaKMX CHCTEM MIABUIIYETHCS 1 CKIAQAHICTh IXHBOTO MPOCKTYBaHHS. BaximBum
aCIEeKTOM YJOCKOHAJICHHSI TAKMX CUCTEM € HE JIUIIE TEXHOJOT1YHE OHOBJICHHS, a U
po3po0Ka mepeaoBUX METO/IIB OOPOOKHU CUTHAIIB MPU 3aCTOCYBAaHHI MaTEMaTUYHOTO
Ta KOMIT’ FOTEPHOTO MOJICTTIOBAHHS, K1 T03BOJISIOTH BPaXOBYBATH BUIIAIKOBY MPUPOTY
CUTHAJIIB B YMOBAaX CKJIQJTHUX 1 HEOJHOPITHUX 3aBa/l.

[TobymoBa cucTeM BHSIBICHHS CHTHANIB 3a3BUYall TPYHTYETHCS Ha KIIACHYHUX
MIIX0JaX TE€Opii MEePEBIPKH CTATUCTUYHUX TINOTE3, fAKi, SIK MPaBHIIO, HE HAKIAJAIOTh
KOPCTKHX OOMexeHb Ha ¢GopMy pO3IMOALTY BHUMAJAKOBUX BeauuuH. Ha mpakrtuii
HalOUIBIIOrO MOMMPEHHS Ha0yB HOPMaJbHUN PO3MOJILI, MPOTE MOr0 BUKOPUCTAHHSA
4acTo HE J03BOJISIE€ JOCTATHHO TOYHO Bi0Opa3sUTH peaibHI MPOIECH 13 HEOOX1THOIO
aJIeKBaTHICTIO. BIUIMB 4MCIEHHUX AECTaOUTI3yIOUMX YMHHMKIB, TAKUX SIK 3aBajyd B
yMOBax 0araTompoMEHEBOTO TIONIUPEHHS CHUTHAIIB, iX MPOXOMKEHHS Kpi3h
HEOJTHOPIAHI cepeioBHINa Ta (PIyKTyalli XapakKTepUCTUK KaHAIIIB 3B'S13KY, CTBOPIOIOTh
CKJIaJIHI CUTHAJIbHO-3aBaJIOBl CHUTYyallll. ¥ TakWX BHUMAJKaX peajibHI MPOIIECU Kpallle
OMHCYIOThCS HETAyCOBUMH PO3MOJAUIAMHU, IO CYTTEBO YCKIIAJIHIOE BUKOPUCTAHHS
CTaHJAPTHUX TAayCOBUX MOJIENEH Mg pO3poOKH €(PEKTUBHUX aITOPUTMIB O0OpOOKH
CUTHAJIB 13 JOTPUMAHHSIM BHUMOT JIO TOYHOCTI Ta OOMEXKEHb Ha iX OOUYHCIIOBAJILHY
CKJIQJHICTb.

3acToCyBaHHS KJIACHMYHOTO MIAXOMy A0 AOCTIKEHHS Ta PO3pOOKH CcHCTEM
00pOoOKM BUITAIKOBUX HETAyCOBUX IMPOIECIB MAa€ 3HaUHI 0OMEXEHHS, 1110 MOB’sI3aHi 3
AITOPUTMIYHOIO CKIIQIHICTIO, 3DOCTaHHSAM BUMOT JI0 OOUYUCITIOBAILHUX PECYPCIB, IO
CTBOPIOE TPYJHOIII MpHU po3poOili ePEeKTUBHUX MPOrpaMHO-anapaTHUX 3aC001B IS
00po6ku curnamniB. Kpim Toro, 3acTocyBaHHS I[bOTO MIIXOY YCKIAIAHIETHCS THM, IO
BUIIAQJIKOBI MPOILECH MOXYTh OyTH CTaTUCTHYHO 3aJ€KHUMHU 1 MOTPEOYIOTH I1HIIMX

METOJIIB peaizailii onpairoBaHds curHamiB. Lle npu3BoauTh 10 3HAYHUX TPYAHOIIIB
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IpU BUKOPUCTAHHI TPAAMIIIMHUX METOMIB OOpOOKM CHUTHAIIB, IKI IPYHTYIOTbCA Ha
HMOBIpHICHUX KpHUTEpIsX SKOCTI (Takux sK KpurTepli baiteca, MakcuMmaibHOL
MPaBAONOIOHOCTI TOIIO), A€ I ONKCY BUIMAIKOBUX BEIMYUH BUKOPUCTOBYIOTHCS
IIUTHHICTH TMOBIPHOCTI PO3IOLITY.

OcraHHI JOCTIKEHHS IMOKa3yloTh, IO JUIsi OOpOOKHM HErayCcoBHUX ITPOIIECIB
MEPCIIEKTUBHUM € ATbTCPHATUBHUM IT171X1]1, IO BUKOPUCTOBYE MOMEHTHU Ta KYMYJISTHTH
(cemiBapiaHTH) JJIsL ONUCY CTATUCTUYHHUX XapaKTEPUCTUK BUMAJAKOBUX BeluuuH. Llen
X1 JO3BOJISIE 3 JIOCTATHIM HAOMMKEHHSIM OIMCATH CTAaTUCTHUYHI BJIACTUBOCTI
JOCIIIPKYBaHUX HEraycoBUX TpolieciB. Takuil anbTepHAaTUBHUN MiAXiJ A€ 3MOTY
MJBULIUTH TOYHICTh OOPOOKM HErayCOBHMX CUTHAIIIB Y MOPIBHSHHI 3 TPAIUIIHHUMU
KOPEJSIIHHUMHU TIAX0AaMHU Ta 3MEHIIUTH OOYMCIIOBAJIbHY CKJIAJHICTh aJrOPUTMIB
BUSIBJICHHS] CUTHAJIIB, BPAXOBYIOUH KOPEJALINHI 3aJIEXKHOCTI HETrayCOBUX BUIAIKOBUX
BEJIUYHH.

JInst onucy KOpeJbOBaHUX HETayCOBHUX MPOLECIB MOTPIOHO BUKOPUCTOBYBATH
MOMEHTHO-KYMYJISTHTHI MOJI€JIi Ha OCHOBI CTATUCTUK BUIIMX MOPSJIKIB, 1[0 BUMArae
MPOBEICHHS JOJATKOBHX TEOPETUYHUX Ta MPAKTUYHHMX JOCHTIKeHb. HeoOXimHo
pO3pOOMTH HOBI MaTeMaTH4HI MOJEINI 13 3aCTOCYBAaHHSM CYMICHUX MOMEHTIB Ta
KyMYJISIHTIB, SIKi O BpaxOBYBaJld KOPEJALINHI 3B SI3KH JTOCHIKYBAaHUX HETAyCOBUX
MPOILIECIB, MPOBECTH MOJAU(DPIKALII0 MOMEHTHOIO KPUTEPIIO SKOCTI MEpPEeBIPKU
CTaTUCTUYHMX TIMOTE3 JJIi MOro 3acTOCYBaHHS MpPH MOOYIOBI MOJTIHOMIAIBHHUX
pPO3B’S3YBAIBHUX TIPaBWJ, SKI BIJIPI3HSIOTECA BiJ KJIACUYHUX pIIMIEHb TIPH
3aCTOCYBaHHI BIJHOIIEHHS MPaBAONOAIOHOCTI JJIS IIUPOKO MOIIMPEHUX TayCOBUX
MO/IeJIel BUITAIKOBUX IMPOIIECIB.

JocnimkeHHss 3 TWTaHb PO3POOKM MaTreMaTHYHUX MoJieJied Ta METOJiB
OMpalOBaHHs BUIMAJIKOBUX IpoleciB mnpucsiyeHi poodoru [L.IO. bapanosa,
Al bineupkoro, B.M. bespyka, T.K. Binmoka, B.O. Bnacenka, S.II. [Iparana,
FO.I1. Kynuenka, b.I'. Mapuenka, JI.C. Cikopu, B.I. Tuxonosa, S.JI. [llupmana,
M.I. llInesinrepa, M.O. lllytka, JI.M. lllep6aka, .M. SABopcekoro, Van Trees H.,
Davenport W., Duvant P, Kay S., Kassam A., Lehman E., Middleton D., Rao C.,

Picinbono B., Ta inmux ¢axibIiis.
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BuB4eHHIO Ta BIPOBAKEHHIO HOBUX MIXOJIB 1 METOMAIB OO0 OMPAIFOBAHHS
HErayCoBHUX BHUIIQJKOBUX TIpolieciB mpucBsiueHi HaykoBi mnpaui B.C.beperys,
T.B.BopoOkaiio, O.C.I'apuma, A.B.I'onuapopa, C.B.3abonotraporo, O.B.IBueHka,
O.I1.KpacwibHikoBa, 10.T".JIern, C.C.MapTuHeHKa, B.B.Ilanarina,
C.M.IlepByHincbkoro, B.A. Tuxonoa, A.B.Yenunoru Ta iH.

OTxe, BOXXIMBOIO HAyKOBO-TEXHIYHOIO 337]a4€I0 € PO3pPO0Ka Ta BIIPOBAIKCHHS
METO/IB Ta I1HCTPYMEHTAJIBHUX 3ac00IB MaTeMaTHYHOIO Ta KOMII IOTEPHOIrO
MOJIEJIFOBaHHS TIPOIIECiB 0OpOOKU CUTHAIIB HAa (POHI KOPEIHOBAHUX HErayCOBUX 3aBa/l
JUTsI BUPIIICHHSI 3aBJIaHb aHaJIi3y, CHHTE3Y, MPOEKTYBAHHS CY4YaCHUX CHCTEM OOpPOOKH
curHaimiB. [liaxin a0 BUpIIIEHHS IIHOTO 3aBlIaHHS Iepeadadae po3poOKy HOBHX
MaTeMaTUYHUX MOJENed 3 YypaxyBaHHSIM creuudiku oOpoOKH KOpeIbOBaHUX
HErayCoBHX IMpoOIeCciB, MOAU(IKAIlI MOMEHTHOTO KPHUTEPIIO SKOCTI JJI MEPEBIPKU
CTATUCTUYHMX TIMOTE3 Ta CTBOPEHHS €(EKTHUBHUX MOJIHOMIAIbHUX AJTOPUTMIB JIJIs
peanizaii NporeciB BUSBJICHHS CUTHAJIB

3B'130K po00TH 3 HAYKOBUMHM NPOTrPaMaMu, INIaHAMU, TeMaMu. HaykoBuit
HaMpsSMOK JIUCEPTaIiiiHOT poOOTH BIAMOBIAA€E MJIAHAM HAyKOBO-IOCITHUX POOIT, K1
npoBoaMiaucss B UYUepkacbkoMy J€p:KaBHOMY TEXHOJIOTIYHOMY  YHIBEPCHUTETI.
JlocmipkeHHs BAKOHAH1 BIJIMMOBIAHO 10 HAYKOBO-AOCIIIHUX poOiT: «Mojerni, MeToau
Ta 3aCO00M CYMICHOTO BHUSIBIICHHSI CUTHAJIB Ta OLIHIOBAaHHS iX MapaMeTpiB Ha (oHI
HErayCoBHUX 3aBajy», HoMep AepkaBHOoi peectpartii 0122U201835; «O6uncioBaibHi
METOAM BU3HAUEHHS JOMIUIEPIBCHKOTO 3CYBY YAaCTOTH TapMOHIYHOTO CHUTHANY TpU
HErayCoBHUX 3aBajiax», Homep AepkaBHoi peectparii 0121U114029, ne aBTop OyB
BHUKOHABIIEM OKPEMHX PO3ILITIB.

Merta i 3aBIaHHS JOCJIiKEHHS

MeToro aucepramiiiHoi PpodOTHM € TMIABUIICHHA €(QEKTUBHOCTI CHUCTEM
BUSIBJICHHSI CHUTHAJIIB TP QJWTHUBHIN B3a€MOii 3 KOPEIhOBAHUMHU HETAyCOBUMU
3aBaJlaMM Ha OCHOBI peai3allili MOMEHTHO-KYMYJISSHTHUX MOJEJIeH JOCIIIKYBaHUX
BUIAJKOBUX BEIMYUH 13 (OpMyBaHHSIM MOAM(]PIKOBAHOTO MOMEHTHOTO KPHUTEPIIO

AKOCTI TIEPEBIPKH CTATUCTHUYHUX TIMOTE3 Ta IMOJIHOMIAIbHUX PO3B’A3YBaTbHUX
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mpaBWJl il CHUHTE3Y €(QEeKTUBHUX METOMAIB 1 KOMI'IOTEPHHX 3aco0iB 00poOKH
CUTHAJIIB.

JI71st MOCSATHEHHS TTOCTABJICHOI METH HEOOX1THO PO3B’SA3aTH TaKi 3a/1adi:

o TPOBEICHHS aHAJI3y HAYKOBHX JOCHIKEHBb Ta MPAKTHYHUX PE3YJIHTATIB 00
0COOJIMBOCTEM BUKOPUCTAHHS MOEICH 1 METOAIB OOpPOOKH KOpEeIhOBaHUX
HErayCOBHX BHITAJIKOBUX BEJIMUMH B 3a7]a4ax MEPEBIPKH CTATUCTUYHUX T1MOTE3
Ta 3aCTOCYBaHHS CTATUCTUK BUILUX MOPSIKIB 0 OMKUCY BUITAIKOBUX MPOIIECIB;

e pO3po0Ka MaTEeMAaTHUYHUX MOJIEJIEH HErayCOBUX BUIIAJKOBUX BEIMYMH B YMOBAxX
aJMTUBHOI B3a€MO/I1i CUTHAJIIB 1 3aBaj 111 CTATUCTUYHO 3aJIEKHUX BUOIPKOBUX
3HAYEHb 13 BUKOPUCTAHHSM OJHOBHUMIPHOTO Ta JIBOBUMIPHOI'O MOMEHTHO-
KYMYJISTHTHOTO TIPEJICTABICHHS KOPEIhOBAHUX HErayCOBUX IPOIIECIB;

o MOJU(IKaIIsl MOMEHTHOTO KPUTEPIIO SAKOCTI MEPEBIPKU CTATUCTUYHHUX TIiMOTE3
JUTSL PO3POOKU €(PEKTUBHUX METO/IIB MOJIIHOMIAJILHOTO BUSIBJICHHS CUTHAJIIB Ha
(b oH1 KOpEeTbOBAHUX HETAyCOBUX 3aBal;

e CHUHTE3 Ta aHAII3 OOYUCIIOBAILHUX aJTOPUTMIB IS BUSIBJICHHS CUTHAIIB Ha
(G oH1 KOpEeTbOBAaHUX HETAyCOBUX 3aBa]l;

e pO3po0OKa mMporpaMHUX 3aco0IB JJIsI KOMIT FOTEPHOTO MOJICIIIOBAaHHS Ta
JOCTIKEHHS  €(DEeKTUBHOCTI CHUCTEM BHSIBJICHHS CUTHAIIB Ha (oHI
KOPEThOBAaHMX HETAyCOBHX 3aBajl.

O0'exT 10CTiIZKEHHSA — TPOIIECH BUSBICHHS CUTHAJIIB Ha (DOH1 KOPEITbOBAHUX
HErayCOBHX 3aBaJl B CHCTEMax MpUHoMy Ta 0OpOOKH JTaHMX.

IIpeamer aociizKeHHsI — MaTeMaTHYHI MOJEII KOPEIbOBAHMX HETayCOBUX
BUIIAJIKOBUX TMPOIECIB HA OCHOBI CTAaTUCTHK BHIIMX TMOPSAKIB TPH MOMEHTHO-
KyMYJSIHTHOMY  TIPEJCTaBJIeHI  BUIAQIKOBHX  BEJIMYMH, METOOM 1  3acobu
MaTEMaTHYHOTO MOJICIIOBAHHS TIPOIECIB BUSBJICHHS CHTHAJIB JUIsI CTBOPEHHS
IHCTPYMEHTAJILHUX 3aC001B 1X KOMII FOTEPHOI peai3artii.

Metoau nociigkeHHsi. MeTO0JIOTiYHA OCHOBA HAYKOBOTO JOCIIKCHHS
MPEACTABICHA METOJaMU TeOopii WMOBIPHOCTI Ta MaTEMaTUYHOI CTATHUCTHKHU (IS
JOCTDKEHHSI Ta OMNKCY BHIIQJKOBUX TPOIECIiB Ta MOOyAOBUM iX MaTeMaTHUYHUX

MOJIEJei), MaTeMaTUIHOTO aHami3y (11711 MoAu(iKallii MOMEHTHOTO KPUTEPIO SIKOCT1),
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Teopli OOpOOKHM CHTHaNIB Ta MEPEBIPKM CTATUCTUUHUX TinmoTe3 (s moOyaoBU
MOJIIHOMIaJILHUX METOIB BHUSBJICHHS CUTHAJIIB), CTBOPEHHI KOMII IOTEPHHUX 3ac001B
MOJICTIIOBaHHSI TPOIECIB BUSBICHHS CUTHAIIB (711 PO3POOKH MPUKIATHOTO

MIPOTPAMHOTO 3a0€3MeUCHH).

HaykoBa HOBH3HA NMPOBEIEHOr0 IOCJTIIXKEHHS TOJSIrae y po3podili HOBUX
METOJIIB MaTeMAaTUYHOTO Ta KOMII IOTEPHOTO MOJIENIOBAHHS MPOIIECIB BUSBICHHS
CUTHAIIIB TIPU AJUTUBHIA B3a€MOIl 3 KOPEJIbOBAHMMH HETayCOBHUMH 3aBajJaMH.
3anponoHoBaHl MEeToau 0a3yrThCAd HAa MOAMUPIKalli MOMEHTHOIO KPUTEPIIO SIKOCTI
NEPEeBIPKA CTATUCTUYHUX TINOTE3, 3aCTOCYBAaHHI CTOXACTHYHUX IOJIHOMIAIBHHUX
PO3B’S3yBAIBHUX TIPABWJI Ta CTATUCTUK BUIUX TOPSJKIB JJIS OMKCY BUIMAJIKOBUX
BEJIMYMH, IO J03BOJWJIO JOCSITTH IIJIBUILEHOI TOYHOCTI OOpPOOKH CHUTHATIB Y
KOMIT IOTepU30BaHUX cucremax. (OCHOBHI OTpUMaHi pe3yJbTaTH BKJIIOYAIOTh
HACTYIIHE:

Bnepue pozpobneno:

— MaTeMaTU4yHI MOJEN KOPEIbOBAaHUX HErayCOBUX aCMMETPUYHHUX, €KCIECHUX Ta
ACUMETPUYHO-EKCIIECHUX BHUITAIKOBUX BEJIHUWH, 10 OMHUCYIOTh aJUTHBHY B3aEMO/IIIO
CUTHAJIIB 1 3aBajJl HAa OCHOBI OJIHOBUMIPDHOTO Ta JIBOBUMIPHOTO MOMEHTHO-
KyMYJISSHTHOTO TIPEICTAaBICHHS JOCIIHKYBaHUX MPOLIECIB, 1110 T03BOJIMIIO POSIIUPUTH
CHEKTp pO3B’SI3yBaHUX 3aJad Ta MOAM(PIKYBATM MOMEHTHUN KPHUTEpiid SKOCTI
NEePeBIPKU CTATUCTUYHUX TIMOTE3 Ui MOOYIOBU IMOJIHOMIANIBHUX PO3B'S3yBajJIbHUX
IIPaBUJI BUSIBJICHHS CUTHATIB B CKJIAJHUX 3aBaJOBUX YMOBAX;

— MeToJl MOOYyIOBM TOJIHOMIATPHUX CTOXAaCTUYHUX PO3B'SI3YBAIBHUX TPABHII
BUSBJICHHSI TOCTIMHUX CUTHAIIB Ha (DOHI KOPEIbOBAHUX HETayCOBUX ACUMETPUUYHUX,
EKCIIECHUX Ta aCHUMETPHUYHO-CKCIICCHHX 3aBajl, ONTUMAaIbHUX 32 MOIU(IKOBAHUM
MOMEHTHUM KPHUTEPIEM SKOCTI TEPEBIPKHM CTATUCTUYHUX TIMOTE3, IO JO3BOJIMIO
MIJBUIIUTH SIKICTh BUSBJICHHS CUTHAJIIB B CHUCTEMax KOHTPOJIO, JIarHOCTHKU Ta

MOHITOPHHTY;

Yoockonaneno:
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— MOMEHTHHM KPUTEPil SIKOCT1 BEPXHBOI IPaHUIll KMOBIPHOCTEH MOMHIIOK ITIEPEBIPKU
CTaTUCTUYHMX TIMOTE3 13 BpaxyBaHHSIM CYMICHHX MOMEHTIB Ta KyMYJISHTIB BHIIUX
MOPSIIKIB Il TIOOYOBH TOJIHOMIQIBHUX METOMAIB BUSBJICHHS CHUTHAJIB Ha (PoOHI
KOPEJIbOBAaHMX HETayCOBHX 3aBaJl, 10 JO3BOJIMIIO 3a0€3MEUUTH MiABUIIECHHS TOYHOCTI
00poOKM CUTHAJIIB B KOMIT’ IOTEPU30BAHUX CUCTEMAX;

— METOJ] reHepallii KOpelbOBaHUX HErayCOBHX BHIIQJKOBUX BEIUYMH HA OCHOBI
MOJIITAyCOBHX MOJIEJCH Ta 3aCTOCyBaHHI CYMICHHX MOMEHTIB Ta KYMYJISHTIB IS
IPEICTaBICHHA CTATUCTUYHUX 3B’SI3KIB JOCIIKYBAaHMX HPOLECIB, LIO J103BOJISIE
MIPOBOJIUTH aHaII3 BIUIMBY NapameTpiB KOPEJALIi Ta CTATUCTUK BUIIMX MOPAIKIB Ha
TOYHICTh OOPOOKH CUTHAITIB.

IIpakTH4yHe 3HAYEHHS] OTPHUMAHMX Ppe3yJIbTATIB BHU3HAUAETHCS THM, IO
3alpPOMOHOBAHI B JMCEPTAI[IHHOMY JOCHIIPKEHI METOJAU Ta 3acO0M MOJCITIOBaHHS
J03BOJISIIOTh  CHMHTE3yBaTH HENIHIMHI aJIroputMu OOpOOKM CHUTHaIIB Ha (oHI
KOpeJIbOBAaHMX HErayCOBUX 3aBaj 3 MEHIIUMH HMOBIPHOCTSIMH MOMHUJIOK TEPIIOTO i
JIPYroro poay y MOPIBHSHHI 3 BIJOMHUMHU Pe3yJbTaTaMH. 3alpOIIOHOBaHI aJITOPUTMHU
XapaKTEPU3YIOThCA CBOEI0 HECKIAJAHOI MPAKTUYHOK peaji3alli€eld 1 BHCOKOIO
e()EeKTUBHICTIO, KA 30UIBIIYETHCSA MPHU 3POCTAHHI CTENEHS PO3B’SI3YBAIBHUX MPABUII
Ta BpaxyBaHHI XapaKTEPUCTHUK KOPEIhOBAHMX HETayCOBHX 3aBaj. 3alpoIlOHOBaHA
CTPYKTypHa cXeMa IMOJIIHOMIaIbHOI CUCTEMH BUSIBJICHHSI CUTHAJIIB JIJIS 11 IPAKTUYHO1
peanizarliii, po3pobJieHI mporpamMHi 3aCO0M KOMIT IOTEPHOTO MOJICIIIOBAHHS, IO J1a€
MOXJIUBICTh PO3B’A3yBaTH IMUPOKUH KJac 3a1ad TMpPU MPOCKTyBaHHI CHUCTEM
J1arHOCTUKH, KOHTPOJIIO Ta YIPaBJIIHHS.

Ocobucrtuii BHecok 3100yBaya. OCHOBHHI 3MICT AMCEPTaIliifHOI poOOTH Ta i
pe3yIbTaTH B1I0OPaKEHO B OMyOIIKOBAHUX HAYKOBUX MpallsiX aBTOpa. Y 1 TEOPETUYHI
Ta MPAKTUYHI PE3YJIbTaTH, IKi CTAHOBJISTH OCHOBHUM 3MICT POOOTH 1 BUHOCATHCS Ha
3aXHCT, OTPUMAHO aBTOPOM CaMOCTIHHO 1 omyOJikoBadi B 12 mparnsax. Y Bcix poborax,
OMmyOJIIKOBaHUX Yy CIIBaBTOPCTB1, 0COOMCTHII HAYKOBHI BHECOK 3/100yBaya € TaKUM: y
po6oTi [1] mpoBeneHo MoOyA0BY METO/IB MOJIHOMIATBFHOTO BUSBIICHHS CUTHAIB Ha
(GoHI KOPENbOBAaHMX ACHUMETPHUYHO-EKCIIECHHUX HETayCOBUX 3aBajJ Ta IMPOBEICHO

KOMIT IOT€pHE MOJIENIIOBaHHS pe3yJIbTaTiB JIOCHIIKEHHS; Y PoOOTI [2] mpeacTaBieHo



23

dopMyBaHHS MaTeMaTUYHUX MoOjeNell Ta ix peamizaiis NpU MOOYIOBI METOIIB
BUSIBJICHHS! CUTHAJIB Ha (POHI KOPEIbOBAaHUX ACUMETPUYHHX HETayCOBHMX 3aBajl; y
pobori [3, 11] 3anponoHoBaHO (POPMYBaHHS MATEMAaTUYHUX MOJEJCH TBOBUMIPHUX
KOpeISALIHHUX (YHKIIIH JIJIs1 OTIMCY BUITAIKOBUX KOPEIbOBAHUX HETAayCOBUX MPOLIECIB;
y poborax [4, 10, 12] po3pobieni mozemi Ta METOJU MaTEMAaTHYHOTO Ta
KOMIT IOTEPHOTO MOJICITIOBAHHSI ITPOILIECIB BUSBJICHHS CUTHAJIIB Ha (DOH1 KOPEIbOBAHUX
aCHMETPUYHMX HETrayCoBHX 3aBaj; y pobOoTi [5] 3ampomoHoBaHa iHGoOpMalliifHa
TEXHOJIOTIS JUIsl PO3B’S3KY 3ajau MEPEeBIPKU CTATUCTUYHHUX TIMOTE3; y poboTi [6]
MIPOBE/ICHO aHAJII3 BIUIMBY CTATUCTUK BUIIUX MOPAJKIB HA €PEKTUBHICTh aJITOPUTMIB
BUSIBJICHHS CUTHAJIB B HErayCoBUX 3aBajax; y poOoTi [7] mpoIeMOHCTPOBAHO
3aCTOCYBaHHS MOMEHTHOTO KPHUTEPIIO SIKOCTI MEPEBIPKH CTATUCTUYHMUX TIIIOTE3 Ta
OLIIHIOBAHHS MOT0 €()EKTUBHOCTI B 33J]a4aX BUSBJICHHS CUTHAJIB Ha (DOHI HErayCOBHX
3aBaja; y poOoTi [8] mpoBeAEHO aHali3 3acTOCYBaHHSA CYMICHHUX MOMEHTHO-
KyMYJISSHTHUX (QYHKIIH JJI1 OMUCY BUMAJKOBHX MPOIECIB B 3a7adax BHSBICHHS
curHaiiB; y poOoTi [9] mpoaemMoHCTpoBaHO MOOYJOBY Ta aHami3 €PEeKTUBHOCTI
HEJIHIMHUX PO3B’I3yBAJbHUX MTPaBUJI BUABIICHHS CUTHAJIIB Ha ()OH1 HErayCOBUX 3aBajl.

Anpobaunia pe3yabtartiB gucepraumii. HaykoBi pe3ynbTath Ta OCHOBHI
MIOJIOKEHHS AUCEPTaliifHOi poOOTH JOIMOBIATIKCS Ta OOTOBOPIOBAIMCS Ha HAYKOBO-
MPaKTUYHUX 1 MDKHapoAHUX KoH(epeHuisx, 30kpema Ha: IEEE 4-th International
Conference on Advanced Trends in Information Theory (Kyiv, 2002); VII
MixHapoiHa HayKOBO-TIpakTUuHA KOHepeH s “Tadopmariiiini TeXHOOTII B OCBITI,
Haymi ¥ texHiul” ITOHT-2024; IuTerpoBaHi IHTENEKTyallbHI POOOTOTEXHIUHI
komriekcn  ([IPTK-2024), cimHammsara  MDKHapogHAa  HAayKOBO-IIPaKTUYHA
koH(pepenuis (Kui, 2024); 28-ii MikHapogHuii  MOJOADKHUE  Dopym
«Panioenektponika 1 monoas y XXI cromitri» (Xapkis, 2024); Modern Problems of
Mathematical Modelling, Forecasting, and Optimization» in memory of the Honorary
Professor of the Kamianets-Podilskyi National University, Dr. Sc., Prof., Cor. member
NAPSU Anatoliy Fedorovich VERLAN (Kamianets-Podilsk, 2024); I[aTerposani
iHTeNneKTyabHi poboToTexHiuHi komrieken (IIPTK-2022), m’sTHaamsTa Mi>kHapo1HA

HaykoBo-nipakTuyHa kKoHpepenis (Kuis, 2022); IIpami VII MixuapoaHoi HayKoOBO-
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npakTHuHOi KoH(epeHmii «OOpoOka CcHUTHAMIB 1 HErayCCIBCHbKUX TPOIIECIBY,
npucBsiueHoi mam’ati npodecopa FO.I1.Kynuenka (Uepkacu, 2021).

IMyoaikanii. 3a Temoro gucepraiii omyosikoBaHo 12 HayKOBHX pOOIT, Y TOMY
yucii 3 crati y (axoBUX BHIAHHAX YKpaiHu kareropii «b», 2 cTtarTi B 1HO3eMHUX
BUJIAHHSX, SIKI 1HJIEKCYIOThCS B HAayKOMETpU4YHiN 0a3i Scopus, 1 7 myOmikamii y
Marepianax KoH(epeHIliid, 0OTHa 3 SKUX 1HIEKCYIOThCS B HAYKOMETpHUUHIN 0a3i Scopus
(domarok b).

Crtpykrypa i 06csr aucepranii. J[uceprariiiina podora CKiaaaeTbes 31 BCTYIY,
YOTUPHOX PO3/1JIIB, BACHOBKIB, CIIMCKY BUKOPUCTAaHUX JKepel 3 122 HailMeHyBaHb Ta
J0JIaTKiB. 3arajibHUi 00CAT qucepTaliiiHol poOOTH CTaHOBUTH 217 CTOPIHOK, Y TOMY

yucii 155 ctopiHOK OCHOBHOTO, MiCTUTh S0 pUCYHKIB Ta 8 TaOIHIIb.
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PO3/ILI 1
AHAJII3 MATEMATUYHHUX MOJEJIEI OIIUCY BUTAJIKOBUX
MMPOLIECIB TA METO/IIB BUSIBJIEHHS CUTHAJIIB

1.1. Amnaji3 3aga4 MaTeMaTH4YHOI0 MOJEJIOBAHHSA IPOLECIiB BHSIBJIEHHSA

cUrHaJiB Ha ¢oHi 3aBaj

P03BUTOK CydacHOT HayKH 1 TEXHIKU BIA3HAYAETHCS aKTUBHUM BUKOPHUCTAHHIM
MaTeMaTUYHOTO Ta KOMII IOTEPHOTO MOJICJIIOBAHHS, SKE€ CHPUSIE TOETHAHHIO
TEOPETUYHUX 1 EKCHEePUMEHTAIbHUX JOCHI/DKeHb JJIi BUBYEHHS BJIACTHBOCTEH
pPI3HOMaHITHMX IpoleciB, o00’ekTiB 1 cucrteM [1-6]. AxTyanbHICTh 3a1ay
MaTEeMaTHYHOTO Ta KOMIT FOTEPHOT'O MOJICTIOBAHHS MPOIIECIB BUSBICHHS CUTHAIIB Ha
doH1 3aBajg OOyMOBJIEHa HEOOXITHICTIO MIABUINEHHS TOYHOCTI Ta HaIIHHOCTI
Cy4acHUX KOMIT IOTEPU30BAaHUX CHUCTEM 3B’S3KY, PaJ10JOKalIMHUX Ta HaBIralIMHUX
CUCTEM, DPI3HOMAHITHUX CHUCTEM KOHTPOJIIO, MOHITOPHUHTY Ta I1HIIMX CHCTEM, MIO
IPAIIOI0Th B YMOBaX 3HAYHOTO ITyMOBOTO BIUTHBY [7-10]. CkiiagHiCTh peaibHUX YMOB
(YHKLIOHYBaHHS TaKUX CHCTEM, 30KpEeMa BaplaTUBHICTh XapaKTEPUCTHK 3aBaj,
0ararokaHalbHICTP Ta MOXJIMBICTH TEepexpecHuX iHTepdepeHiit, poOUuTh
HEMO>KJIMBUM 3a0€3MEUCHHSI BUCOKOI SIKOCTI iX MPOEKTYBaHHA Ta PyHKIIIOHYBaHHs 0€3
3aCTOCYBaHHS aJCKBaTHMX MaTEMaTHUYHUX MOJEICH TOCIHIKYBaHUX BHIAJIKOBUX
IpOLIECIB Ta aHaNi3y iX BIUIUBY. MaremaTHuHe Ta KOMIT IOTEPHE MOIEITIOBAHHS
J03BOJIsI€ onucaTy (Hi3UYHI MPOLECH, K1 JeKaTh B OCHOBI pOOOTH TaKMX CHUCTEM, 1
CTBOPHUTH €(DEKTHUBHI aJITOPUTMHU, 10 3a0€3MEeUyIOTh CTA01IbHE BUSBICHHS CUTHAIIIB B
CKJIQJIHUX 3aBaJOBUX YMOBax iX pyHkiionyBanss [11, 12].

CucreMu BUWSBJIEHHS CHUTHAIIB € HEBIA'EMHOIO W BaXXJIMBOIO CKJIAJIOBOIO
CyYaCHUX KOMIT FOTE€PU30BAHUX CUCTEM CIOCTEPEIKEHHS, IIarHOCTUKU, MOHITOPUHTY,
KOHTPOJTIO Ta YIIPaBIIIHHS. Y TOCKOHAJICHHS ITUX CUCTEM 3HAYHOIO MIPOIO 3aJICKUTh HE
TIJIBKHU B1JI OHOBJICHHS €JIEMEHTHOI 0a3u, aje 1 BiJ po3poO0KH HOBUX METOIB 0OpOOKH
CUTHAJIIB, SIK1 TIPEICTABIIAIOTH COO0I0 BHMaAKoB1 mportecu [13-18].

MaTteMaTuyHe Ta KOMIT IOTEpHE MOJIEIIIOBAaHHS MPOIIECIB BUSIBICHHS CUTHAIIIB

Oe3mocepelHbO TOB'SI3aHE 31 CTBOPEHHSM 1 BHUBUEHHSM HOBUX MaTeMaTUYHHUX
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MojieTiell, 1HHOBAI[IWHUX METOMIB Ta IHCTPYMEHTIB, SIKI JO3BOJIAIOTH €(PEKTHUBHO
BUPIIIIYBATH 3aBJaHHS aHaJli3y, PO3POOKH, MPOEKTYBaHHA 1 (YHKIIIOHYBAaHHS CHCTEM
npuifoMmy Ta 00poOKu BumaakoBux curnamnis [13, 19, 20].

Jlnst epexTBHOI 0OpOOKM CHTHAJIB y Cy4aCHUX CHCTEMax, IO MPAIIOOTh 3
BUIAJKOBUMHM  MpoOIleCaMHl, CHUTHAJIM  YacTO  MIJJIAIOThCA  JAMCKpEeTH3allli,
MEePETBOPIOIOYNCh, HA JUCKPETHI YacoBl psiAM, IO J03BOJSIE  €(EKTHBHO
BUKOPHUCTOBYBATH MUGPPOBY TEXHIKY JJisi 0OpoKW Takux curHamiB [21, 22]. i psau
CKJIQJIAIOThCA 3 TIOCIIJIOBHOCTEH 3Ha4YeHb, IO BIAMOBIIAIOTH MEBHUM (PI3UUHUM
napamerpaMm. OCKUIbKM OUIBIIICTh (DI3UYHUX MPOLIECIB € BUIAJKOBHMH 32 CBOEIO
IPUPOAOI0, @ TAKOXK MOXYTh MICTUTH NMOXHUOKM BUMIPIOBAaHb, Il CUTHAIH CTAalOTh
BUMAJKOBUMH BeJIMUYMHAMU. TOMY JIJIE TOYHOTO BUJIOOYTKY KOPUCHOI 1H(opMaIllii 3
TaKuX JIaHUX HEOOXIJHO 3aCTOCOBYBATH CTAaTUCTUYHI METOAU OOpOOKH, WIO
JO3BOJISIIOTh  BUJIUTUTH KOPUCHHM CHUTHAN BiJ IIymMy 1 3aBaj, IO MOXYTh
CIIOTBOPIOBATH pe3ynbTart [23-29].

OnauH 13 TPUKIAIIB TEXHIYHUX CHCTEM, JI€ AKTUBHO BUKOPHUCTOBYETHCS
CTaTUCTUYHMM MiAXig OOpoOKM BHUMAAKOBHX CHUTHAJNIIB, — 1€ PaaioJoKkamiiHi
cucrtemu (pucyHok 1.1). JIo Takux cucteMm BITHOCUTHCS 3arOPU30HTHA PaI10JI0KAIlis,
aBlalliiiHl CHUCTeMHU BUSABJCHHS curHaiiB Ta iH. [30-32]. B Takmx cucremax jis
BUSBIJICHHS 1 pO3Mi3HABaHHS OO'€KTIB, 3aCTOCOBYETHCS TEXHOJIOTIS BHUSBIEHHS 1
00poOKM BIIOWTHX BiJi HUX CUTHAJIB, SKI MOXYTh OYTH 3alllyMJICHI BUIAJKOBUMU
aTMOCepHIMH YH TEXHIYHMMH 3aBajaMH. Bigbuti Bix 00'€KTiB CHUTHaIH
NOTPABJISIOTE B AHTEHHUW TPaAKT, MIJACUIIOIOTHCSA, TOJATKOBO OOPOOJSIOTHCS 1
MOTPAIUISAIOTE B demexmop (Detector), ne 1 BimOyBa€eThCcsi OCHOBHAa 00poOKa 1010
OPUMHATTS pIIIEHHS TMPO HASABHICTh YW BIJACYTHICTb KOPHCHOIO CHUTHAIY.
3acToCcyBaHHA CXEMOTEXHIYHUX pillleHb MO0 (UIbTpalii 1 BUAIEHHS KOPHCHOIO
CUTHAIy mTpu CHaOKUX BIMHOIIEHHSX CUTHAJI/IIyM, SK TpaBUJO, HE MaloTh
MO3UTHBHOTO Pe3yJIbTaTy. TOMY 3aCTOCYBAaHHS CIMAMUCTMUYHUX MemO0ig sl TaKUX
3a/1ad JI03BOJIIE CYTTEBO IMIJBUIIATHA TOYHICTH BHSIBICHHS OO'€KTIB Ta 3MEHIIUTH

KUTBKICTh TIOMUJIKOBUX PIIIEHB 010 XUOHUX ITUICH YU TPOITYCKIB CUTHAJIIB.
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[Tompu Te, 110 CUCTEMH PaaioNOKallii MPOUILIN 3HAYHUH UIAX YAOCKOHAICHHS
1 HUHI € Cy4aCHUMHM 3aC00aMU BUSIBJIICHHS, OJHIEI0 3 OCHOBHHX MIPOOJIEM 3aIHIIAETHCA
MiABUIICHHA €()EeKTUBHOCTI MPOIECIB BUABICHHS Ta PO3IMI3HABAHHSI KOPHUCHOTO

cUTHaiy Ha (OHI 3aBaj, peasizallii MpoieciB MaCUBHOI JIOKAIlii 00’ €KTIB TOIIO.
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Pucynok 1.1. Y3aranbHeHa CTpyKTypHa cXema IMITyJIbCHOTO pajapy JJis BUSBJICHHS

CUTHAJIIB

Cynymnukoei nasicauiuni cucmemu, taki sk GPS, Galileo, BeiDou Ta iH.
BIJIIFPAIOTh KPUTUYHY pOJIb Yy TPAHCIOPTi, reone3li, 3B’S3Ky Ta BIHCHKOBHUX
TexHoJoTisX. OJIHaK TOYHICTD 1 HAAIUHICTB iX pOOOTH 3HAYHOIO MIPOIO 3aJICKUTh BiJl
31aTHOCTI €(EKTUBHO BUSBIATH CIaOKI CUTHAIM CYNYTHHKIB, SIKI MOXYThb OYyTH
3amryMiIeH1 4epe3 MpHUpOAHI mepemkoan (aTMochepHi SBHINA, COHIYHY aKTUBHICTH)
a00 mTyuHi 3aBagu (TJIYLIIHHS, €JIEKTPOMArHiTHI TEPEenIkoau). Y I0CKOHAJICHHS
METOJIIB BUSBIICHHS TaKUX CHUTHAJIB, 30KpeMa IUIIXOM 3aCTOCYBaHHS Cy4YaCHHX
CTaTUCTHYHHX ITIXOIIB, JI03BOJISIE 3a0€3NEYUTH CTAOUIbHICT, POOOTH HaBITAIlIMHUX
CUCTEM HaBiTh Yy CKJIAJHUX YMOBaX, III0 Ma€ BHpIMIAIbHE 3HAYEHHS JUISI KPUTHIHHX
1H(MpacTPyKTyp 1 BUCOKOTOUHUX 3a7a4 [33-35].

Ha pucynky 1.2 HaBefieHa cTpykTypHa cxeMa TunoBoro moayiast GPS npuiimaua,
AKUN MICTUTB npoyecop Kopeaayiunoi o6pobKkuy 1 BIANIOBIAAE 32 MPUUHATTS PIILICHHS
PO HASBHICTh CUTHATY B KaHaml 3B’S3Ky. Takwil MOJYJb € CKJIaJIOBOIO YaCTHHOIO
3arajbHOI CUCTEMH TOYHOTO BU3HAYCHHS MICIIE3HAXOKCHHS 1 KPUTHYHO BaYKIIMBHM
JUIA BUSIBJICHHS ClaOKuX cUrHamiiB Ha ¢oHi mymy. CTaTUCTHYHI METOIH, 30KpeMa
dinpTpamis 3a qomoMorow ¢iabTpa Kanmana, BUKOPUCTOBYIOTHCS JIJIsI BITHOBIICHHS

KOPHUCHOI'O CUTHAJY 3 3adBal, 33663116‘1}7}0‘{1/1 TOYHICTh BI/IMipI-OBaHL. Pazom 3 TuMm
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B1JIOMO, TI10 Taka (GiIbTPaIlisi € ONTUMATLHOIO JIUIIIE JJIS TayCOBUX MOJIEJICH MIITHHOCTI
posmnosainy. [Ipu BIuIMBI HerayCcoBHX 3aBaji Ha CJIa0Ki CUTHAIM Taka 00poOka He Oyje
ONTHMAJIBHOIO 1 B IIMX BHUMNAJKaX BUHUKAE TOCTpa moTpeda y BIAOCKOHAJICHHI
(GYHKIIOHYBaHHS TaKMX CHUCTEM B CKJIATHUX 3aBaJOBUX CHUTYAIlisIX 3 BpaxyBaHHIM

crienn(iKu MUIBHOCTI PO3MOALUTY JOCTIKYBaHUX BUIIAIKOBUX MPOIIECIB.

Pawer supply DGPS Input
3.3V ... 5V) RTCM
Active FPassive l l
antenna antenna
VN
L .
LNA\/ Signal RF amplifier | Comelaiors Time mark
e MIJ::EI - Signal processor 1PPS
Supply AD converier | PRMN genarator I I
- - I
RAM
Referencd |
| E}.r..r_ullntnri “ Processor ROM
I

NMEA I Iprn prielary

Intedace
Pucynok 1.2. Crpykrypa tunosoro wmoxyms GPS mnpuitMaua 3 enemeHTOM

KOPEJIAIiitHOT 00pOOKH CUTHAIIIB

Mobinbni cucmemu 36’A3Ky € HEBIJ €MHOI0 YaCTHHOIO CY4YacHOTO >KHUTTS,
3a0e3neuyoun Mnepeaady royiocy, JaHWX Ta MYJbTUMEIIAHOTO KOHTEeHTY. OaHak
e(DEeKTUBHICTD X POOOTU CYTTEBO 3aJICKUTH BiJ 3JJATHOCTI BUSBIISATH CJIA0KI CUTHAIH
MOOUTPHMX TPHUCTPOiB, SKI YacCTO 3a3HAIOTh BIUIMBY 3aBajl, CIPUUYMHEHUX
0araTonpoMEHEBUM MOIIMPEHHSM, 1HTEPPEPEHIIEI0 Ta MTYYHUMHU MEPEIIKOJAAMH.
Y1ockoHalleHHsT METOJIIB OOpOOKM TaKuX CHUTHAJIB, 30KpeMa BUKOPHUCTAHHS
CTATUCTUYHHX MIAXOAIB MpU OOYAOBI 0eM00y1amopia, NO3BOJSE MiIBUIIUTU SKICTh
3B’SI3Ky, 3MEHIIUTH KUIbKICTb IOMHWJOK Y TpPHUHOMI JaHUX Ta ONTUMI3YBaTH
BUKOPUCTAHHS YaCTOTHOTO criekTpa. [{e 0cob1mBO BaXIIMBO AJIs Cy4aCHUX MOO1THHUX
Mepex 1’ siToro mokodiHHA (5G), siK1 BUMararoTh MaKCUMaJIbHOT HaJIHHOCTI B yMOBaxX
BHCOKOI IIUIBHOCTI MAKII0YEHb [36-39].

Sk mpaBmII0, CUTHAIM 3a3HAIOTh BIUIMBY 0araTonmpoOMEHEBOTO MOIIMPEHHS, 1110

IMPU3BOAWNTE OO0 BHWHHUKHCHHA KOpGJISIHiﬁHPIX 3aJIKHOCTEH MDK KOMIIOHCHTaMH
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curHaiy. Lli 3a1eXHOCT1 yCKJIaTHIOIOTh MPOIeC X 0OpOOKH Ta MOTIPIIYIOTH SIKICTh
NpUHOMY, OCKUJIBKH TpaJuIlliiHI METOAW BUSBJEHHS CHUTHAJIIB, OPIEHTOBaHI Ha
HE3JIC)KHI BHITAJIKOBI TPOIECH, BTPAYAlOTh CBOIO €(EKTHUBHICTH. Y JOCKOHAJICHHS
CTAaTUCTUYHHX MIXO/IB, sIKI BpaXOBYIOTh KOPEJAIIHHI BIACTUBOCTI CUTHAJIIB 1 3aBaj,
JO3BOJISE€ MMIJABUIIUTH HAIIMHICT, MPUUOMY, 3MEHIIUTH WMOBIPHICTH IMOMMIIOK 1

3a0e3neunT CTaOUTBbHY pOOOTY MOOITPHHUX MEpEX B yMOBaxX I1HTEHCHBHOTO

paI[iOBaBaHTaX(eHHH.
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Pucynox 1.3. CtpykTypHa cxema oOpoOKH CUTHAJIIB B CUCTEMaX MOOUIBHOTO 3B’ SI3KY

Cucmemu axycmuunozo euseienHs (conapu) BIAITPAIOTh BAXIIHUBY pPOJb Y
MOPCBHKIN HaBiraiii, 000poHHii cdepi, a TAKOXK y OCITIIKEHHI OKeaHiB. BUsBICHHS
KOPHUCHOT'O CHUTHAJy, BIIOUTOrO Bij MiJBOJHUX OO'€KTIB, € BAXKJIUBUM JJII TOYHOTO
BU3HAYEHHS iX MICIIe3HaXOKeHH. OJTHAK OJHUM 13 KJIIFOUOBUX BUKJIMKIB € BUSIBICHHS
CIaOKUX CUTHATIB Yy CKJIQIHUX aKyCTHYHUX CEPEOBUIIAX, 1€ IPUCYTHI 3HAYHI 3aBaJId
BiJ TPUPOIHUX JHKEPEIl, TAKUX SIK XBHJI1, 00 TEXHOTEHHUX J[KEPeT, HAMPUKIIA/, ITyMy
cyzeH. JlogaTkoBoio Mpo0IeMolo € MosiBa KOPENALIMHUX 3aJIeKHOCTEN MK CUTHAIaMU
Ta IIyMaMH 4yepe3 BiJoOpa)K€HHS 3BYKOBHX XBWJb BiJ] MOPCHKOIO JTHA, MOBEPXHI YU
nigBoaHUX 00'ekTiB. L1 KOpensiiHI 3a1eKHOCTI YCKIIQHIOIOTh NMPOLIECH BUSBICHHS
Ta 3HIKYIOTh TOYHICTh IMOBIPHICHUX METOIB 0OPOOKHU CUTHAIIB.

Y1oCcKkOHaJIEHHSI CTaTUCTHUYHUX MIAXOAIB, SKI BpPaXOBYIOTh KOpPEJSIiHHI
BJIACTUBOCTI AaKyCTHYHHMX 3aBajJl 1 JO3BOJISIOTh BWAUIATH KOPHWCHI CUTHAIH, €
aKTyaJIbHUM 3aBAaHHSAM 1 MOXYTb OyTH peali3oBaHl depe3 IOKpalleHHS

(GyHKIIIOHYBaHHS JIEMOJYJISATOPIB Takux cucreMm. lle copusTiuMe MiABUIIEHHIO
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e(eKTUBHOCTI POOOTH COHAPHUX CHUCTEM y CKJIAJHUX YMOBax 1 3a0e3medeHHio iX

HAJIAHOCTI JIJISL HIUPOKOTO CIIeKTpa 3aBaaHb [40].

ade_in data_out

) Digital down > symbol =P demoduiator e———

converter synchronizer
Waves  Receive Bis
dac_out data_in
< modulator

Transmit

Pucynok 1.4. CtpykTypHa cxeMa aKyCTHYHOTO MOJIeMYy OOpOOKH CUTHAIIB

Ceiicmiuni cucmemu, iK1 BAKOPUCTOBYIOTHCS JJIsI MOHITOPUHTY 3€MJIETPYCIB,
JOCTIIDKEHHS 3€MHOI KOpM Ta B TI€0JOTOpO3BIALI, CTHKAIOThCS 3 MPOOIEMOIO
BUSIBJICHHSI CJIa0KMX CUTHAJIIB Ha (oH1 3HayHuX wmymiB. LI mymu MoxyTe OyTu
CIIPUYMHEHI SIK IPUPOJHUMHU TIpoIlecaMi (BITPHU, OKEAHCHK1 XBUJIl, TEKTOHIUHI PYXH),
TaK 1 TEXHOTeHHUMU (akTopaMu (TpaHCHOPT, MPOMHUCIOBI BiOpairii). JlomaTkoBoIO
CKJIQJIHICTIO € MOSBa KOPEJSIIMHUX 3aJIeKHOCTEH MK CUTHAJaMU Ta IIyMaMH depes
BIIOUTTSI CEWCMIYHUX XBUJIb B PI3HUX IIapiB 36MHOI KOpH abo iX B3aEMOII0 3
JIOKaJbHUMU TE€OJOTIYHUMHU CTPYKTypamu. Y TOCKOHAJICHHS CTATUCTUYHUX IM1IXO/IB,
0 BPaXOBYIOTh CHEIU(DIKY CEHUCMIYHOTO CEpeaOoBHINA, J03BOJUTH €(PEKTHUBHIIIE
BUIIISATA KOPUCHI CUTHIM 3 IIyMiB, MIABUIIUTH  HAAIMHICTE  POOOTH
KOMIT FOTEpU30BAHUX CEHCMIYHUX CUCTEM Ta MOOYJOBU HA iX OCHOBI BUCOKOSIKICHUX

aBTOMATU30BaHUX KOMILJIEKCIB MPOTHO3YBaHHs noiid [41, 42] .
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Pucynox 1.5. Komnm’rorepuzoBaHa  cucTeMa  aBTOMaTH3allii  MPOIECIB

MICIIE3HAaXOKEHHS OCEPEAKIB CEHCMIUHOI aKTUBHOCTI
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Jlyis MoJieIroBaHHs Pi3HOMAaHITHUX MPOIECiB OOPOOKH TaHUX HEOOXITHO MaTh
BIIITOBIIHI MaTeMAaTUYHI MOJEN MOTEHIINHO MOXKJIUBUX 00 €KTIB JOCIIKEHHS Ta
iXHIX XapaKTEepPUCTUK, MOJIEN1 MpolieciB GyHKIIOHYBaHHS TEXHIYHUX 1 1H(OpMaLiiHO-
KEpYIOUHUX CHCTEM, SIKi MOXXYTh BpPaxOBYBaTH OCOOJWUBOCTI 00’ €KTHO-CHUTHAIBHOT
CUTYAIIi1l Ta IIUPOKHUM CIIEKTP METEOPOIOTTYHUX (HaKTOPIB, IO CYTTEBO BILUIMBAIOTH HA
CTaTHUCTUYHI BIIACTUBOCTI JOCHI/KyBaHUX curHamiB. OnHI€I0 3  KIIOYOBHUX
CKJIQJTHOCTEH IIPH 1IbOMY € PO3pO0Ka aJeKBATHOIO MAaTEMAaTUYHOTO, aJTOPUTMIYHOIO
Ta MPOTPaAMHO-IHCTPYMEHTAJIBHOTO 3a0e3MedeHHs,, HEOOXI1JHOTO MJisi CTBOPEHHS
KOMIUIEKCIB IMITAI[IMHOTO MOJCIIIOBAHHS.

JocnikeHHsT 3 NHTaHb PO3POOKM MaTEeMaTUYHUX MOJENed Ta METOMAIB
OMpalOBaHHs BHIAJIKOBUX IpoueciB mnpucBsiyeHi poodoru [1.IO. bapanosa,
A 4. buteubkoro, B.M. be3spyka, T.K. Binmtoka, B.O. Bnacenka, A.I1. Jlparana,
FO.I1. Kynuenka, b.I'. Mapuenka, JI.C. Cikopu, B.I. Tuxonosa, S.J1. [llupmana,
M.I. HIne3inrepa, M.O. lllytka, JI.M. lllepbaka, .M. ABopcekoro, Van Trees H.,
Davenport W., Duvant P, Kay S., Kassam A., Lehman E., Middleton D., Rao C.,
Picinbono B. Ta inmux ¢axibiiis.

BuBueHHIO Ta BOPOBaX)KEHHIO HOBUX IMIJIXOAIB 1 METO/IB 11010 OMPaIFOBAHHS
HErayCoBHUX BHUIIQJKOBUX TIpolleciB mpucBsiueHi HaykoBi mnpami B.C.beperys,
T.B.Bopo6kayio, O.C.I'aBpumia, A.B.I'onuaposa, C.B.3abonotHporo, O.B.IBueHka,
O.1.KpacuibHikoBa, 1O0.I".JIern, C.C.MapTtuHeHka, B.B.Ilanarina,
C.M.I1epBynincekoro, B.A. Tuxonona, A.B.YUenunoru Ta iH.

Curnanu, 1o AOCHIIKYIOThCS B TEJIEKOMYHIKAIIMHUX, 1HQOpMaLiHUX Ta
PAIIOTEXHIYHUX CHCTEMAaxX MAalOTh CTOXACTUYHUHN XapakTep 1 He 3aBXKIM IMiIAI0ThCs
ONMKCY CTaHAAPTHUMH PO3MOJAUIAMU HMOBIpHOCTEH. Xoua raycoBi MOJENl YacTo
BUKOPHUCTOBYIOTHCSI Ha MPAKTHIll, BOHU HE 3aBXKIW 3/1aTHI 3 JIOCTATHbOIO TOYHICTIO
anpoKCUMYyBaTH (UIYKTyallll CHUTHaJIB Yy peaJlbHUX KaHalax 3B s3Ky. Y OaraTbox
BUIA/IKaX TaKl CATHAJIM MalOTh CKJIaJIHI HErayCoOB1 pO3MOILUIA MMOBIpHOCTI [ 7, 43- 47].
[le mpu3BOAUTH 1O TOTO, IO ICHYIOYl aJITOPUTMH OOPOOKM CUTHAIIB, pO3pOOJICH] B

MeXax TpagulliiiHoro KopenauidHoro miaxony [48-50] craooTh HEZOCTATHBO
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epeKTUBHUMU B YMOBax peabHOI 00’ €KTHO-CUTHAJIBHOI CHUTYyalli y Oaratbox
TeXHIYHUX cucTtemax [7, 43- 47].

BrnnuB pi3HOMAaHITHUX [eCTabUII3yl0ouuX YWHHHUKIB MPH PO3MOBCIOAKEHHI
CUTHAJIB, a TaKOXX BUHHKHEHHS 1HTep(EpeHILIMHUX 3aBaj uepe3 OaraTormpoMeHeBe
NOIIKUPEHHS PAIOXBWIb Ta iX BIAOUTTS (OPMYIOTH CKIIAJIHy CUTHAJIBHO-3aBaJ[OBY
CUTYyallil0, sIKa HE OMNHCYEThCS 3 JOCTATHBOIO TOYHICTIO IIMPOKO B)KUBAHUMU
rayCOBMMHU MOJICTISIMHM BUIIQJIKOBUX MpolieciB [7, 43- 47].

Ha npakTtuiii, He AUBISYNCH HA CUTHAIBHI OCOOJIMBOCTI 11010 BHAY IIUIBHOCTEH
po3noauly, B OUIBIIOCTI BUNAAKIB NpH  (PYHKUIOHYBaHHI 1H(QOpMaLIHO-
TEJIEKOMYHIKALIHHUX CHUCTEM 31e0UIBLIIOr0 BUKOPUCTOBYIOTh HPHUITYIIEHHS IPO
rayCoBy MOJENb JOCHIDKYBAaHMX TPOIECIB, IO MPHU3BOAUTH IO HEONTUMAIHHOI
00pOoOKM CUTHAIIB, sIKa TPYHTYEThCA Ha 3aCTOCYBAHHI KJIACHYHUX KOPEIALIMHUX
npuiimauiB (Correlation Receiver) un y3rojxenux QpuibtpiB (Matched Filter) [51]
(pucyHok 1.6), siKki B CBOIO 4epry HE MalOThb OOMEXEHb II0J0 3aCTOCYBaHHS BHU/IIB
HIUIBHOCTEH po3moauty mpu ix moOyzosi. Ili meTonum BH3HA4YalOTh JOCTATHIO
cratuctuky A(X) = P(X/H,)/P(X/H,) Ha ocHOBi 00poOKH BHOIpKOBHX 3HAYCHB X,
a OTpUMaH1 pe3yJbTaTh MOPIBHIOIOTHCS 3 MOPOTOBUM 3HAYEHHSIM /1 JJIsl IPUMAHSITTS
pitnenns (Threshold Device) ipo peanizaiito rinore3u Hy ado H;, 1e 3HaU€HHS TOPOTY
h o0upaeTbcsl 3TIIHO 33JaHOTO KPUTEPI0 SKOCTI Ha OCHOBI HasBHOI ampiopHOi

1H(MOopMaIi mpo JOCiKyBaH1 BUTIAIKOBI mporiecH [48-50].

o l Hi
X Correlation Receiver || A(X
| | MO Threshold
| I Device
| Matched Filter I
| i i |
| (optimal linear filter) : Ho,
h

Pucynok 1.6. Y3aranpHeHa CTpyKTypHa CXeMa NPUKUMaIbHOTO IPUCTPOIO.

Po3pobka epekTHBHUX CHCTEM BUSBIICHHS CUTHAJIIB Ma€ BEJTUKE 3HAYCHHS JIJIS
MPOCKTYBAaHHS Ta CUHTE3Y CUCTEM 3B'SI3KYy, HABITaIIHUX 1 paJII0JOKALIHUX CUCTEM,

cucteM ynpaniiHHas Tomo [48-50]. J{s po3poOKu HOBHX CHCTEM BUSIBICHHS CUTHAJIIB
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HEoOX1/THO BpaXOBYBAaTH iX BUIAKOBUH PO3MOILI, IKUW BUHUKAE 1] BILTABOM Pi3HUX
TUMIB 1IyMiB. JJIg po3B’si3aHHS Ii€l 3a/1a4i MIMPOKO BUKOPHUCTOBYIOTHCS KJIACHYHI
METOJI TeOpii MepeBIPKU CTATUCTUYHHUX TIMOTE3, /e MOKHA BUKOPUCTOBYBATH Oyb-
AKy UIUIBHICTh PpO3MOJAUTYy BHIMAAKOBUX TporeciB [48, 51]. Buxopucrtanus
HOPMAJILHOTO PO3MOJILTY BUIIAJKOBUX BEJIIMYMH HaOyJIO HIMPOKOrO MOIIUPEHHS Ha
MPaKTHUIl MPHU peantizallii cucteM BUsBIEHHS curHamiB. OHak y 6araTb0X BUMAAKax
B1J100pa3uTH peajbHi MPOIECH 3 HEOOX1THOK TOYHICTIO TAKOK MO/IEUTIO BUITAKOBUX
IPOLIECIB CTa€ HEMOXJIMBUM. Jlisi HAa CUTHAJIM PI3HOMAaHITHUX JAECTaOUII3YHOUMX
(akTOpiB, KOMIUIEKC IIyMIB IpH OaraToOnpOMEHEBOMY MOIIMPEHHI CHUTHAJIB, iX
IIPOXOJ/KEHHSI Yepe3 HEOJHOPIAHI cepefoBHIla, (IyKTyallisi mapaMeTpiB 3B’SI3KY
KaHaJiB TOPOKYIOTh CKJIQJHY CHUTHAIBHO-IIYMOBY CHUTYaIlll0, SIKa OIHCYETHCS
HETayCOBMMM BHUMNAAKOBUMHU mpouecamu [43-47]. BukopucTtanHs TpaauiliitHOTO
MIIX0My 110 JOCHIDKCHHS Ta PO3POOKH CHUCTEM OOpPOOKH BHIIAJKOBHX HETrayCOBHX
MIPOLIECIB XapaKTEPU3YETHCS CYTTEBUMU OOMEKEHHAMM, TIOB’SI3aHUMH 31 CKIIQIHICTIO
ix anropuTMiyHO1 peamizaiii. CKJIaqHOIII 3 KJIACUYHUM I1X0JI0M TaKOX IOB’sA3aHi 3
TUM, 10 BHUIAJKOBI TMPOLECH MOXYTh OYTH KOPEITbOBAaHUMH HETayCOBUMU
BUMAJAKOBUMH mpouiecamu [43, 52, 53]. Ha npakTuill 4acto BUHUKAIOTh POOIEMHU 3
OOMEXEHUM [[1alla30HOM CIIOCTEPEKEHb, J€ HE MOXKHA ITHOPYBaTH CTATHCTHYHI
3B’SI3KW BUMAJKOBUX 3HAYEHb BUIIAJIKOBO1 BEJIMUMHHU [7].

[Tonpu BIAHOCHY TPOCTOTY peamizaiii KOpesAIidHOTO TMIAXOAY 0
QITOPUTMIYHOTO 3a0e3meueHHs] poO0TH 3a3HAYEHHUX CUCTEM, Ha Cy4acHOMY eTarll BiH
He 3a0e3neuye eQEeKTUBHOIO PO3B’sI3aHHS 0OararboX 3aBJaHb, IOB'S3aHUX 13
(YHKI[IOHYBaHHSIM CydYaCHUX 1H(OpPMaLIHO-TEIEKOMYHIKAIIHHUX CHUCTEM TpHU
CKJIQJHI} CUTHAJIbHO-3aBa/IOBI CHUTYyallli, KOJIM BUMAJAKOBI MPOLECH BIJIPI3HIIOTHCA
BIJl TayCOBUX.

Taxkum yuHOM, CTOXAaCTHYHA MTPUPOJIA TOCITIKYBAHUX BUIIAKOBUX TIPOIIECIB 13
BUPQKECHUMHU HETayCOBUMHU UIUIBHOCTSAMH PO3MOJAUTY 3yMOBIIIOE HEOOXIJIHICTb
PO3pOOKHU HOBUX MOJIENEH iX MPEACTaBIECHHS Ta BIAMOBIIHUX METO/IB 0OPOOKH.

OaHMUM 13 HAPAMKIB AJ1s1 TOOYJOBH ONTUMAJIbHUX CUCTEM BHUSIBICHHS CUTHAJIB

IIpu BILIUBI HETAayCOBHX 3aBa/l € 3aCTOCYBAHHS HOHiFaYCOBI/IX MO,II@JICﬁ, 10 JO3BOJIAE
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OMHCaTH JAOCIIHKYBaHI IPOIIECH 13 33aHOI0 TOUHICTIO. [IpoTe Takuit miaxig 3MyIye
OTIEpPYBaTH IIUIBHOCTSIMHU T'ayCOBHX PO3IMOALIIB, IPOBOJUTH IiI0Ip mapamMeTpiB Ta iX
OIIHKY JJIs 3a0€3MeUeHHsI aIeKBaTHOTO omucy [54, 55].

MapkiBChKi MOJENI € e OAHUM €(PEKTUBHHM IHCTPYMEHTOM IIsi 0OpOOKH
HErayCoBUX IMPOIIECiB, OCOOJMBO Yy BHUIAJKaX, KOJU MPOIECH MalOTh YacOBY
3aJIEKHICTh 1 MOXYTh OyTH ONHCaHI SK TOCTIJOBHICT, CTaHIB 13 3aJlaHUMH
HMOBIPHOCTSIMU TIepeX0/IiB [56].

OnHuM 13 METOJIIB BHPIIIEHHS TMOCTABJICHOI 3aJladl € METOJ] BUKOPUCTAHHS
(GyHKUII IIITBHOCTI MMOBIPHOCTI, SIKA BUKOPHCTOBYETHCA ISl ONKCY BUITAJKOBHX
HErayCoBUX MPOIECIB. 3aMpONOHOBAHO METO]I, 3aCHOBAHUI Ha TOPOTOBIM CHUCTEMI,
MIPU3HAYEHIN /I BUSABJICHHS JCTEPMIHOBAHOTO CUTHATY 3 HE3QJIC)KHUM HErayCOBHM
IyMOM, (QYHKIII [IIJIBHOCTI HMMOBIPHOCTI HEBIJIOMI, aj€ BOHM CHUMETPUYHI Ta
yHIMoabpH1 [57]. Lle#t MeTon miaTBEpIKEHO B3STTSAM BEJIHMKOI KUTBKOCTI 3pa3KiB 3a
HAasBHOCTI O1JI0ro myMy Ta cilabKoro curHaiy. JlJis KOHKpETHOI (PYHKIIIT HIUIBHOCTI
HMOBIPHOCTI, SIK CTICIIaJIbHOTO KOPEISIIIHHOTO IETEKTOPa 3 MEBHUMH OOMEKCHHSIMH,
MIPE/ACTABJICHI pi3HI BapiaHTu 00poOku curHaiy [58]. Ha ocHOBI HaamoporoBoro
CTOXACTUYHOTO PE30HAHCY [59] HeMHIAHUN KOPESINHUN JETEKTOp CKIAJaeThes 3
y3rojpkeHoro ¢inerpa. B [60] HaBegeHO CTPYKTYypYy CyOONTUMAIBHOTO JIETEKTOpa 3
nmapajelbHIM MacHUBOM JIBOKACKaIHUX KBAHTYBadiB y HErayCOBOMY MIyMi.
[IpeacraBineHo mpollec BUSABJICHHS CUTHATY Ha OCHOBI (QyHKIII HIJIBHOCTI
HMOBIPHOCTI B KOpEJIbOBaHOMY HeraycoBoMmy mymi [61]. ®DyHkuii miibHOCTI
HMOBIpHOCTI 00YMOBJIEHI OOMEXEHHSIMU 1 TPYJHOILIAMH B OOYKMCIIEHHAX, X04a MalOTh
JICTABHUI OTMKC BUITAIKOBUX MPOIIECIB.

BigmiTimo, 110 3a3HayeHl HAyKOB1 HampsMu 0a3ylThCs Ha WMOBIPHICHOMY
M1JIX0/11 10 OMUCY BUITaIKOBUX IPOIIECIB, OCHOBOIO SIKOTO € BUKOPUCTAHHSI IIIJIBHOCTI
HWMOBIPHOCTI PO3IMOALTY JIJIs MOJICTTIOBAaHHS BUTIAJIKOBUX BEJIMYUH Ta MIPOLECiB. Takwuii
M1IX17 J03BOJISIE CTBOPIOBATH WMOBIPHICHI MOJIENI JIJIsi ONMCY CUTHAJIB 1 3aBaj MpH
MPOEKTYBaHHI pi3HOMaHITHUX cucTeM. OJIHaK BIH Ma€ HU3KY HEAOMIKIB, CEPE]] IKUX €

CKJIQIHICTh OMEpPYBaHHs 3 IIIJIBHOCTAMHU PO3MOALTY MMOBIPHOCTEH, IO HE 3aBXKIU
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MO>KJIMBO Ha MPAKTHIII 11O MPUYUHI IX HEBU3HAYEHOCTI, @ TAKOXK CKJIQIHICTh peai3altii
MoAI0HUX MoJIeIeH MPpHU MOOY10B1 MPAKTUYHUX CUCTEM.

AHani3 HayKOBUX JOCHIIKEHb IOKa3aB, IO BJIACTUBOCTI PO3B’SI3yBaIbHUX
(GYyHKIIIIT MOXKHA OXapaKTepU3yBaTH 3a AOMOMOIOI0 TaKWX MOKA3HUKIB, K AUCIIEPCIs
PO3B’s3yBaNIbHUX MIpaBuUII 1 cepenne. Hanpukian, po3po06iieHo KpUTepiid BIIXUICHHS B
kimaci giHidHO-KBampatnaHux (L-Q) cuctem [62-64]. JleTanbHHMII OMUC ITHOTO
KpUTEpII0 HaBeJIeHO B [65]. Ane KJIacuyHi KpUTepii JAOCUTH cJIab0o TOB'A3aHI 3
HABEJICHUM KPHUTEPIEM BIIXWJICHHS Ta MOro MoaudiKaIllisMu, 110 He PO3KPHBAE BCIX
BJIACTUBOCTEHN MIPABUII IPUMHATTA PILIEHb.

Jlnst po3B’s3aHHS TIOCTABJICHUX 3a]ad BUSBICHHS CUTHaIIB Ha (oHI
KOpEJbOBAHUX HETAayCOBUX 3aBaJl MOXKYTh 3aCTOCOBYBATHUCS 1 OCTaHHI JOCIIII>)KEHHS,
4Kl TIOB’SI3aHHI 3 PO3TOPTaHHSAM HEHUPOHHUX MEpEeXK, TITMOMHHUM HABYAHHIM Ta
3aCTOCYBAaHHSM INTYYHOT'O I1HTENEKTY i oOpoOku naHux [72-76]. Ilpore Takuii
MiJX17 00OYMOBJICHUN 3HAYHUMHU OOYMCIIIOBAIBHUMH HABAaHTAKCHHSIMU Ha CUCTEMY
00poOKM CHUTHaJB, HEOOXITHICTIO TPEHYBaHHS MojieJied Ha JIOCTaTHHO BEJIMKUX
o0carax AaHMX, BIJICYTHICTh THYYKOIO HaJalITYBaHHS NpH 3MIHI CEpeOBHINIA
MPUHAOMY CHUTHAMIIB Ta 1H.

Jlnst po3B’si3aHHA 3a7a4 MAaTEMaTHYHOI CTATUCTUKH 3HAYHOTO TMOIIMPEHHS
HaOyB IHIIMA WIAX1A, Y SKOMY 3aMICTh IIUIBHOCTI MMOBIPHOCTI pPO3MOILITY
BUKOPUCTOBYIOTh MOMEHTHO-KYMYJITHTHUHN OMUC BUIAJIKOBUX BETUYMH. MOMEHTHO-
KYMYJISTHTHI MOJIENI JTO3BOJISIIOTH MPOCTIIIE 1 €(heKTUBHIIIE BUPINIYBATH TPHUKIIAIHI
3aBJIaHHsI, 3a0€3MeUyI04YN BUCOKY SIKICTh 00pOoOKM BUTIAIKOBUX TpoiieciB. e miaxina
€ 0COOJIMBO aKTyaJIbHUM Y BHUIIQJKAX, KOJU XapaKTEPUCTUKHU PO3IMOILTY CUTHAIIIB Ta
3aBajJl MAalOTh CKJIAIHUI HETayCcOBUM Xapakrep [66-71].

Baromuii BHecok y 1poMy HampsiMi OyB 3poOsienuit mpodecopom HO.II.
KyHueHkoM Ta TpOJOBKEHUH HOro Yy4YHSMH, IO JAJI0 3MOTY PO3BHUHYTH TEOPIIO
CTATUCTUYHOI OOpOOKM CHTHAJIB Ta 3alpONOHYBaTH €(PEKTUBHI pIllIEHHS OOpOOKU
curHaJTiB Ha OHI HeraycoBUX 3aBaf [7, 13, 45, 46, 77, 78] ta iH.

Y po6oTi 3ampomoHOBaHO MIAXiA ISl BpaxyBaHHS HETayCoOBOI IIUIBHOCTI

PO3MO/ILTY BUIAJIKOBUX BEJIMUMH Ta TX KOPESAUIHHUX BIACTUBOCTEH, IKUI 0a3yeThCs
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HA MOMEHTHO-KYMYJSIHTHOMY OINUCI BHUIAQJKOBUX TMPOLECIB Ta 3aCTOCYBaHHI
cratuctuk Bumux nopsanakiB (HOS - Higher-Order Statistics), 1110 3Ha4HO CIIPOIIIYE 1X
OTIHC 1 BPaXOBY€ HETayCOBY HIUTBHICTH PO3IMOALTY.

MeToro poGoTH € miBUIIEHHS €()EeKTUBHOCTI CUCTEM BHUSIBJICHHS CUTHAIIB MpU
aJIUTHBHIA B3a€EMOJii 3 KOpEIbOBAaHUMH HETAyCOBUMH 3aBaJlaMd Ha OCHOBI
3aCTOCYBaHHS MOMEHTHO-KYMYJISSHTHUX MOJIEJeH JOCHIKYBaHUX BHITaJJKOBUX
BEJIMYMH 13 popMyBaHHSIM MOAM(IKOBAHOTO MOMEHTHOTO KPUTEPIIO SIKOCTI IEPEBIPKU
CTaTUCTUYHHUX TINOTE3 Ta MOJIHOMIAJIBHUX PO3B’A3yBAJIbHUX IPAaBUJ Ui CHUHTE3Y

e()eKTUBHUX METO/IIB 1 KOMI'IOTEPHUX 3aC001B 0OpPOOKH CHUTHAIIB.

1.2. AHaJi3 onucy BUIIAAKOBHUX BEJIMYHMH TA MPOLECIB

CTaTUCTUYHUHN OINHUC BUIAJKOBUX MPOIECIB € (PYHIaMEHTATBHOIO CKJIAJ0BOIO
g 1OoOYAOBH CyYyaCHHUX CHUCTEM BHSBJICHHS CUTHANIB. Y pealbHUX TEXHIYHUX
CUCTEMax CHUTHajJu Ta 3aBaJu, 3 SKUMU MpaIlO€ CUCTEMA, 3AeOUIBIIOr0 MaroTh
BUIIAQJKOBUN XapakTep. BUKOPHUCTAaHHS CTaTUCTUYHUX MOJEJEH NO3BOJISIE HE JIMILE
OMHCYBAaTH OCHOBHI XapaKTEPUCTUKU IMX TMPOLECiB, aje W BpaxOBYBaTH iXHIO
BapiaTHBHICTh, IO € KIIOYOBUM [JIsl MPUUHATTS TOYHUX pimieHb. Hampuxman, y
TEJICKOMYHIKAllIMHUX CHUCTEMaxX 1€ J03BOJIsIE €(DEKTUBHO PO3PIZHATH KOPUCHUMN
curHai Ha ()oH1 IyMy, MiHIMI3YIOUHd HMOBIPHICTh TOMMJIOK 1 MIJBUILYIOYN HAIHHICTh
nepenayi iHdopmariii.

OaHUM 13 BaXKJIUBUX aCIEKTIB CTATUCTUYHOTO OMTUCY € MOKJIMBICTh BpaXyBaHHS
KOPEJSAIMHUX  3aJeKHOCTEH 1 HEraycoBOoi MPUPOAM CHUTHAJIB, 10 YacTo
3yCTpIHalOTBCA B pealbHUX yMoBaX. Taki MIOXOAM JO3BOJISIIOTH OyJyBaTu
MaTeMaTU4Hl MOJeNi, sKi 3a0e3MedyroTh aJeKBaTHE BIJOOpaKEHHS CUTHAJIBHO-
3aBaJI0BOi 00CTaHOBKH. L{e 0cOOIMBO BaXKIIMBO 11 CHCTEM 13 BUCOKMMH BUMOT'aMH JI0
TOYHOCTI, TakKuUX SK pagloJOKaIiiiHl, CYNyTHHUKOBI a00 CEHCMI4HI CHCTEMH.
CratuctuyHuii miaxia 3ade3nedye MOKJIMBICTh MOJICJIFOBAHHS, aHAJTI3y Ta ONTHUMI3allii
METO/1IB 0OpOOKH CHUTHAIIB, IO CIPHIE CTBOPEHHIO OLIbII JOCKOHAJINX aIrOPUTMIB

pInIb: | pO60TI/I B CKIIaAHHUX YMOBaX.
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IlinbHicT po3moainy J#moBipHocTell. CTaTHUCTUYHI METOAU  OMHCY
BUITQIKOBUX MPOIIECIB MOAUISIIOTHCS Ha KiJIbKa OCHOBHMX KJIACiB 3aJI€XKHO B1J MAXOTY
70 MOJICTIOBAHHSI XapaKTEPUCTUK CUTHANIB 1 3aBan. OauH 13 HaWOLIBII MOMUPEHUX
METO/IB 0a3yeThCsl Ha BHKOPHUCTAHHI IIILHOCTI PO3MOALIY HMOBipHOCTEH P(X).
[IpukmagoM TakuX HIIJILHOCTEH PO3MOAUTY MOXYTh OyTu PeneeBchkuii 3akoH
posnoainy, Excrionentiiinuid, Paiica, Jlamnaca, BeiiOyma, HaBaramu, bera ta in. Lei
MiIX17 HaJae TMOBHHUM OINKUC BUMAIKOBHX IPOIIECIB 1 J03BOJISIE BUKOHYBATH TOYHI
PO3paxyHKU UMOBIPHOCTEH MOii.

[ToBHMM OMKMCOM BHUMNAJIKOBOI CKaJSPHOI BENIMUYMHU ¢ € (QYHKINS PO3MNOALTY

nMoBipHocTel F f(X), sKa JIOPIBHIOE WMOBIPHOCTI TOTO, IO BUMNAJKOBa BeIWYWHA ¢

npuiiMe 3HaYCHHSI, MEHIIIE 3a JIIHCHE YUCIIO X:
Fe(x) = P(§ <x).

BunankoBa Benmu4rHa Ma€ MIUIBHICTh PO3MOLITY TOJI M JIUIIE TO1, KOJHU ICHY€E

Taka iHTerpoBaHa QpyHKis pg (X), MO I BCIX X BUKOHYEThCS PiBHICTS:

Fe(x) = f_xoo pe(W)du.

OyHKIIA pe (X) Ha3MBa€ThCA WIUTBLHICTIO PO3MOMLNY BHNAJKOBOI BEIMUYHHHU & .

Tak sax Qpynxuis Fy (x) € HenepepBHOIO (yHKII€EK0, TO CIPABELIHMBO:

Fe(x) = pg (x).

-

Takox BIAOMO, IO SIKIIO BHUITAJKOBAa BEJIMYMHA € BEKTOPHOIO, TOOTO, & =

{&1, &5, ..., &}, TO Ti mMOBHMM omricoM € GaraToBuMipHa (DYHKIIiS PO3IOILIY:
Fe(%) = Fe(xy, %z, 00, %) = P(§ < x1,85 <X, o0, & < X)),
SK1{ BiJIMOBIIa€ OaraTroBUMipHa (CIUTbHA) MIIIBHICTH PO3MOILTY
pf(f) = pf(xlr X2y vy xn)-
Skimo KOMMOHEHTH ¢; BEKTOPHOI BHUIAIKOBOI BenuuuHu ¢=(C1, &2,....¢n) €
HE3aJICKHUMH, ajie HEPIBHOMIPHO PO3MOJIJICHUMH BHITAJIKOBUMHU BEIUYHMHAMH, TO

0araToBUMIpHAa IIUIBHICTH PO3MOILTY AOPIBHIOE NOOYTKY BIAMOBIIHUX OJHOMIPHHUX

HIIIBHOCTEN PO3MOALTY:
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pe (%) = [}z pi(x).

VY Bumaaky, SKIIO0 BCl KOMIOHEHTH MalOTh OJHAKOBHI PO3MOJii, OaraToBUMipHA
HIUIBHICTh PO3MOALTY HAOyBa€ BUTIISIAY:
pe (%) = [TiL1 pe (x0).
Hanpukian, mommpeHo BUMAIKOBOIO BEIMYMHOIO € TaKa, IO OIMUCYETHCS

HOPMANbHUM (b0 2ayco8um) 3aKOHOM po3nodily 3 TapaMeTpaMu a (CepemHe
3HAaueHHs) Ta 02 (aucnepceis) - N(a,c2):

_ (x=a)?
e 22, (—oo<x<o).

p(x/a;0?) =

2102

DyHKIIA PO3NOAITY A8 TAKOI BUIAAKOBOI BEIUUMHH 3a/1a€ThC (POPMYJIOLO:
2
1 x _ (x—a)
F(x/a;0%) = —— [ e~ 202 dx.

He3Baxatoum Ha HIMPOKE BUKOPUCTAHHS HOPMAJIBHOTO 3aKOHY PpO3MOALLY, Y

OaraTbO0X BHIIQJKaX BIH HE € aJCKBATHOI MOJICIUIIO0 IS PEaIbHUX BHUITAJIKOBUX
BETUYMH. Y TaKWX BHITQJIKAX 3aCTOCOBYIOTHCS I1HII 3aKOHU PO3MOJITY, HAPUKIA:
posnoainu Jlammaca, Beitbyna, Epnanra, 6era-po3nomain, po3noain HaBaramm, Ko,
Penes Tomo.

Hampukiaa, BumaakoBa BeIWMYHWHA, PO3MOJIJIEHA 3a 3axkoHom Jlannaca, Mae
HIUTBHICTH PO3MOLTY:

1 _ V2|x—al
p(e/a ) = e o, (—m<x <o)

a QyHKITISI pO3MOALTY JJIA 111€1 BUMAKOBOI BEJIMUNHU:

1 V2(x-a)
Se 7 (—o < x <a),
F(x/a;0) = 1 Foa)
kl—ze_ o, (a<x<owm).

Jlist BUMIAJKOBOT BEJIMYMHU, PO3MOIIICHOI 3a 3akoHom Epnanea, MITBHICTH
PO3MOIITY Ma€ BUTJIS
0, (—o<x<0),
p(x/a;o)={ x@D _x

me o, (O<X<OO),
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a=1, 2, 3,...
a (YHKIIiS PO3IOiTy BUBHAYAETHCS BUPA30M

0, (—o<x<0),
a-1 Kk
x

F(x/a;o0) = x X
1—% e o, (0<x<om).
k1
Luo k!

[Hmuit Bug po3noiny, KM BIAMIHHUM BiJl HOpMaJIBHOTO - po3nojain Penes,
AKUM MOJENIOE aMIUIITyly CHUTHAJIIB B yMOBax 0OaraTONpOMEHEBOrO MOLIMPEHHS.

HIiTbHICTD PO3MOALTY Ma€ HACTYITHUMA BUI:

z .~ /(207 > 0,
fx(=z) =4~ -
0. < 0,

ne o > 0 — mapameTp MaciiTady, SIKMi BU3HAYAE CEPEAHIO €HEPIi0 CUTHATY.

3akoH po3noainy Penes BUKOPUCTOBYETHCS Ui OMUCY BUIAJAKOBOI OTMHAIOYOT
BY3bKOCMYTOBOT'O BHMMAJAKOBOr0 Tmpouecy (IIymMy), 3aKOHIB HaAIMHOCTI, JEAKUX
pamioTexHIyHUX curHamiB. Lleil 3akoH po3MmoaiTy ampoKCUMY€E aMILTITYIHI 3HAYCHHSI
IIYMOBHX KOJIMBaHb (MEpEemKoa) B paAionpuiiMaul, 3HAYEHHS aMIUITYAH

BUIMAJKOBOI'0 CUTHAITY, 1110 3aBMHPAE, Y KaHAJIaX 3B’ SI3KY.

Posnogin CrhiofieHTa BUKOPUCTOBYETHCS JIJIi MOJCIIOBAHHS CHUTHAJIB 13

BOXXKHMMHM XBOCTAMHU, IIUIHHICTh PO3MOJILIY SIKOTO Ma€ BU/I;

oo L) () )
. vvnl (3) 4

ne v>0 — gucio creneniB ceodoau, I'(*) -rama gynkiis.

H1impHICTH pO3MOILTY MOBUHHA BIAMOBIIATH TAKUM YMOBAM:

pe(x/9) = 0 o vx € (cd), 7 pe(x/F) dx = 1).

3axon posnodiny Penes-Paiica BUKOPUCTOBYETHCA IS ONKCY BHUITAJIKOBOT

OTHMHAIOYOi CyMH CUTHAITY 1 By3bKOCMYTOBOT'O IIIyMY.
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Excnonenyitinuii 3akon  po3nodiny BUKOPUCTOBYETHCS B TEOpii MacoBOTO
00CIIyroByBaHHsI 1 T€Opil HAIIMHOCTI JIJII MOJISTIOBAaHHS Yacy 0€3BIIMOBHOI pOOOTH
CUCTEMH.

Jlocapupmiuno nopmanvHuii 3akoH PO3NOALTY BUKOPUCTOBYETHCSA Y BHIIAJIKY,
KOJIM BUTIQJKOBI BEJIMYMHU JIFOTh MYJIBTUILTIKATUBHO.

B Tabmumi 1.1 mogani Aesiki HAWITOMIMPEHIIT OJHOBUMIPHI 3aKOHH PO3MOILTY
HMOBIPHOCTEHM HENEpEepBHUX BHUIAIKOBUX MpolieciB [7]. B Tabmu 1.2 momani aeski
HAWUTIOIIMPEHII OJHOBUMIPHI 3aKOHU PO3MOJUTY MHMOBIPHOCTEH JAUCKPETHUX
BUMAJKOBHX MPOIIECIB.

Bigomo, 1m0 KOXHIM 1HTErpoBaHI IIUIBHOCTI WMOBIPHOCTI OyIb-IKO1
BUIT4/IKOBOI BEJIMYMHHM BIJNIOBIA€E cripshkeHa QyHKIs Dyp’e, AKy TPUIHATO HA3UBATH
xapakmepucmuyHnoio @yuxyicro. Tomy, OokpiM (GYHKIIN 1 IIIJIBHOCTEH PO3MOJILTY,

5
TIOBHUM OITMCOM BUII3IKOBOI BEJIMYUHH TAKOK € XapaKTEPUCTUYHA QYHKILIA fz (u / 19),

110 3aJICKHUTH B1JI MapaMeTpa 9:
fe(u/9) = [ pe(x/9)e*dx.

. e tee o
3BOPOTHE NMEPETBOPEHHS BiJl XapaKTEPUCTHYHOT QYHKIIT fz (u / 19) 3aMHUCY€EThCS SIK:

pe(x/9) = — 7 fr(w/9)e 1" du.

TakuM  4YMHOM, LI TNEPETBOPEHHS  JO3BOJISAIOTH  CTBEPIXKYBaTH, IO
XapakTepUCTUYHA (DYHKIIIS € TOTOKHUM MPEACTABICHHSAM UIUIBHOCTI PO3MOILITY.
a 71 BUNIAJIKOBOI BEJIMYMHU, PO3MOALIEHOT 3a 3aKkoHOM Jlammaca, XapakTepucTHYHa
(GyHKIIIS 3aTUCYETHCS SIK:
jua

ff(u/a' o) = eazuz .
1+—-)

Y cBOw dYepry, XapakTepucThyHa (YHKIS BHUIAIKOBOI BEJIUYUHH,

po3MoiaeHo1 3a 3akoHoM Epranra, Mae BUTIISIAL

_ (A+jow)?
fe(u/a,0) = LR



41

Tabmums 1.1 — TumoBi 3aKoHM PO3MOALTY HMOBIPHOCTEM HemMepepBHUX
BUIIJIKOBUX IMPOLIECIB

OpnHoBuMIpHA QYHKIIIS ' '
Hasga 3akony . ['padik dyukmii F,(x,1)
PpO3MHOILTY posmoainy £ (x,t)
1.0 [ ¥
5 /
[ /
0, x<a nak ,-er
. . o = (x—a) a<x<b
PiBHOMIpHUI "Vb-a) T
1’ x> b {kd = JI;"
1 s _r/
.-"‘I)r
IR I.)f ;
i h
[ —_—
09 - 3
[1E:] . --IK:‘/ A= 0.0
oy P :
otk F e
o l—e™, x>0 o P
Exnonenminaui "1 0,x<o0 m ;
/
[LEN
a2 ,"
K
i -
L] I . 3 4 5
[ —
08 T
03 r ] Pl
1 xX—u o’ 3
F=— 1+erf( ) Ll o A g g =30
1 2|: V20'2 0.6 j=-% ot =05 /-’z
Hopmanbunii i A
. o =La” =Ll
(3aKOH Fayca) M —MaTeMaTu4He CIIOAIBAHHA | 4 A 2 .
. E ; Fi je= 0a” =0l
O — AUCTICPC1A i v, -
ol ._f_-f' :
e sy .
5 4 1 1 1] [ 1 1 A 5
14 T T v e —
i i
nk e -
3 -
L Fi o .
i y ]
b ; 4 —
3a1<0§ o fime xs0 /
PO3MOMLTY : 0,x<0 o4 ]
Penes |
] _j,
i
(&1} H !
i il I




42

Tabmumss 1.2 — TumoBi 3aKOHM PO3NOAUTY HMOBIPHOCTEH HUCKPETHHX

BHITAJIKOBUX TPOIIECIB

HasBa 3akony OpnHoBuMipHa (PyHKITIS .
_ I'padix pyskii F(x,1)
PpO3HOILTY posmoainy £ (x,t)
VCKPETHU 0.x<a ;
]_I p E—{(x—a-%—l)/n,aﬁxﬁb} '
piBHOMIpHHMIA L>b L
JIuckpeTHUI 4 pea
F =1, (n—|k,1+|k|) : e
OlHOMIaTBbHUM P05 el
L(k+1,2 ~
p, - L612) ey
ITyaccona k! lf i 4
7 |
0, k<0 a '
Bepnyumi Fi=4q, 0<k<1 :
I, k=1

Hampuknaz, xapakrepuctudHa (yHKIIIS BUMAIKOBOI BEJIMUMHU, PO3MOILICHOT 32

HOPMAaJIEHHUM 3aKOHOM i3 mapamerpamu N (a, 02), Mae BUIJIAA:

fe(/a,0%) = e/

2

g u

2

2

b
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TakuMm uMHOM, XapakTepuCTUUHA (QYHKIIIA, SIKa € TOTOKHUM MPEACTABICHHIM

. . . = .
HMOBIPHICHOTO PO3IOALTY Pg (x / 19), BOJIOJII€ TAKMMHM BIACTUBOCTSMM:

1. f¢ (u / 5) — HernepepBHa QYHKINIS JJIs BCI1X 3HAYEHb U ;

2. f:(0/9)=1;

3. |fe(u/)] < £:(0/9);

4, fg(—u/ﬁ) = f*f(u/ﬁ), e f*f(u/g) —  KOMIUIEKCHO-CITPsDKEHA
XapaKkTepuCcTUYHA (DYHKIIIS;

5. i f_io fz (u / 5) e JW¥dy — piiicHa i HeBix’ eMHa (QYHKIJiA, AKIIO ITNBHICTH
PO3MOALTY BUMAJAKOBOT BETMYUHU € CUMETPUYHOIO (PYHKITIETO;

6. skuwo n=hf+a, ne h, a — noBinbHi KOHCTaHTH, TO T (u/§)= el f: (hu/g).

B Tabmumi 1.3 mogaHi Aeski HAMMOIIMpPEHI OAHOBUMIPHI XapaKT€pUCTUYHI

byHKIII HeTIEpEepPBHUX BUTIAJKOBUX MPOIECIB.

Tabmuug 1.3 — TunoBi 0AHOBUMIPHI XapaKTePUCTUUHI (DYHKIIIT HENEPEPBHUX

BUITQIKOBUX ITPOIICCIB

Ha3zga 3akony OnnoBuMipHa XapakTepucTHiHa QyHkmis f, (u/ g )
- 1 o
PiBHOMIipHUIA fo\u/9)=— (/" —e
p :u/3) ju(b—a)( )
ExnoneHuiitaui f, (u/ 9 ): (1—- JTM )
Hopwmasnbnuii . )
f, (u/g): exp(ju —0,50"u
(3akoH ["ayca)
a T o-t
Penes f u8:1+j-o--t-\/:-w(—)
) =

[lepeniueHi BIACTUBOCTI IMOBHICTIO BU3HAYAIOTh XapaKTEPUCTUUHY (PYHKIIIIO

BUIIAJKOBOI BEJIMUHUHH C.
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OCKITbKM ~ XapaKTepUCTHUYHA (YHKI[ST TOTOXKHO TMPEACTaBISE IIIIBHICTD
PO3MOLTY, Oyab-AKI MapaMeTpH PO3MOJILTy TaKOX MOKHA OTPUMATH 3 Ii€l QyHKIII.
30kpeMa, MOMEHTH PO3MOALTY AOBUIBHOTO TOPSAKY (32 yMOBH iX I1CHYBaHHS)

BHPAXAKOTHCA K

ar(ﬁ) =jr [dd:rff(u/ﬁ)]uzo’ r=12,..

VY cBOIO 4Yepry, 3HaIOYM HECKIHYEHHY MOCTIJOBHICTh MOMEHTIB, MOXKHA 3HAUTH
XapaKTEPUCTHUHY (QYHKLIIO:
fe(u/d) = 14 Ty “ Gk,

TakuM 4YMHOM, 3HAIOYM HECKIHYEHHY IMOCHIJIOBHICTH MOMEHTIB, MOXHa
arpOKCUMYBATU XapAKTEPUCTUUHY (PYHKIIIIO 3 IOCTATHHOIO TOYHICTIO, @ BIJAMOBIIHO
IIUTBHICTD PO3IOALTY BUMAAKOBOI BeTUnurnHU. OTXKe, MOCIIiI0BHICTh MOMEHTIB € TIEBHUM
OTIFICOM BWITQIKOBOi BEJIMUMHH.

OOuncieHHss MOMEHTIB 3a BIJIOMOIO XapaKTEPUCTUUHOIO (YHKIIEIO IIUPOKO
BUKOPHCTOBYETHCS B PI3HUX 3aCTOCYBAHHSAX, aKe 1HOMI IEH MiAXiJ € MPOCTIIHM 1
€(EeKTUBHIIIUM TOPIBHSHO 3 TOBHUM ONKMCOM BHIIQJIKOBOI BEIUYMHHU Yy BUIJISAII
IIITBHOCTI PO3MOLTY.

Po3risig oAHOMIpHUX PO3MOAUIIB HIIIBHOCTI MMOBIPHOCTI OXOIUTIOE IIUPOKUI
CIEKTp 3a7ad, 0 BUKOPUCTOBYIOTHCS Y PI3HUX Taly3sx. BogHoYac 4acTo BUHHUKAIOTh
CUTYyaIlil, KOJIU HEOOXITHO PO3TJISHYTH OaraTOBUMIPHI PO3MOJIIIN, BUPAKEHI yepe3
0araToBUMIpHY IMIJBHICTE PO3MOAITY Py, (X1, X5, ..., X,). i1 BHIIAAKOBOI BEIMYUHH,
pPO3MOIEHOT 3a 0araTOBUMIPHUM HOPMAaJbHUM 3aKOHOM, IIMUIBHICTh PO3MOJALTY

3a1a€ThCs SIK:

1 1 nn  x;-E(x,)x;—E(x;)
expy— —— 2 2 Dj S : )

P (X1, %5500 X, ) =
6,6, ...6,4/(2n)"D 2D i=1j= Ci O

ne E(X;) - maremarmune CriomiBaHHs i-i BUMAIKOBOI BEIMYHUHH, O; - JUCHEPCIst i-1

BUIIAJIKOBOI BEIMYMHH, D — BU3HAUHUK KOPEJSIIIHOI MaTpulLll P, AKUI Ma€ BUJ
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P11 P12 - Pin
P21 P22 - P2n
- anw anw ann ann ’
pnl pnl pnn
)i (S Dij — ayireOpaiuHe JIOTIOBHEHHS €JIeMEHTa Pjj Y BU3HAYHUKY D, pj — KoeirieHT

KOPENALii BUIIaJIKOBUX BEJIMYMH X; Ta Xj, 1 AKHA MA€ BUJL

K{xi,xj}

p{xl"xj}: \/Fo-j,

ne K{x;, xj} = E(x; — E(x;)) (xj - (x])) — KoBapiallis BUIaJKOBUX BEIMYHH X; T X;.

XapaktepucTuyHi (QyHKIII A7 OmUCy OaraTOBUMIPHUX pO3IOALUTB MAaloTh
CKJIAQIHINTY  3aJIeKHICTh BIJI MOMEHTIB, HDK MpEJCTaBlI€HAa  OJHOBHUMIipHA
XapaKTepUCTHYHA (DYHKIIIS:

fe(w,v/9) = 32, 52 2O Gy,

l'k!

—

e oLy (8) — JIBOBUMIpHUN MOMEHT Topsanky (1+k), sikuii 3a5exuTs BiJ mapameTrpa 9.

TakuM YMHOM, KOpEJALIMHI 3B'SI3KM  MIXK  BHUIAJKOBUMU BEJIIMUYUHAMHU
OMHCYBAaTUMYThCSI Y€pe3 CyMICHI MOMEHTH BIJIOBITHUX MOPSIKIB. 30KpeMa, MOKHA
ckazatu, mo K {xl-,xj} BUPAXAEThCSI CaM€ dYepe3 KOPENALIMHUI MOMEHT Apyroro
MOPSZKY aq1(X;, X;). KOpemnsuiiiHi MOMEHTH BHILE 3a APYTHHI TOPSI0K OMUCYIOTh OLIbLI
CKJIAJIH1 3aJIeKHOCTI MIJK BUITAIKOBUMU BEJIMYMHAMHU 1 OYAyTh PO3TJISIHYTI HUXKYE.

Omnak MeTOAu IbOTO KJIAacy MaroTh 3HAYHY OOUYMCIIOBAJIbHY CKJIQJHICTH 1
BUMAararoTb TOYHOTO 3HaHHSA (YHKIM pO3MNOAUTY, IO HE 3aBXKAU MOXIHMBO Y
OpPaKTUYHUX yMoBaxXx. BoHM edekTHBHI I aHajidzy MpoleciB 13 BiJIOMUMU
pO3MOIIaMU, TAKUMH SIK HOpPMaJIbHUM, ajie He 3aBXAW NpUAaTHI IS CKIATHUX 1
3MIHHHMX CHUTHAJIIB.

I[HoniraycoBi momeni BHNAAKOBHX mpoueciB. [HIMI NEpPCHEKTUBHUI
HaIpPsIMOK — BUKOPUCTAHHS MOJITayCOBUX MOJICIICH, K1 TO3BOJISIOTH AlPOKCUMYBATH
CKJIQJHI PO3MOAUIMA IUISAXOM MPEACTABICHHS iX Yy BUIJISAI CYM KIJIBKOX TIayCOBHX
KOMITOHEHT. e miaxig ocoOIMBO KOPUCHUH JIJIsE MOJICITIOBAHHSI 3MIIIIAHWX CUTHAJIIB

13aBaj] 13 KOMIUIEKCHOIO CTPYKTYporo. [IpoTe oMy B1acTHBI Taki HEJOIIKH, SIK BETTUKA
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KUIBKICTh TMapaMeTpiB JUIsi TOYHOTO OMHCY Ta 3HAuHI OOYHUCIIOBAJIbHI BHUTPATH.
3acToCcyBaHHs IOJNIrayCOBUX Mojiele noTpedye MonepeHporo HajlallTyBaHHs, 110
YCKJIaIHIOE 1X BUKOPUCTAHHS B pealbHOMY Yaci.

MapkiBcbki MogeJii. MeToan Ha OCHOBI MapKiBCHKHX MOJIENIEH OPIEHTOBAH1 HA
ONUC IPOLECIB 13 MaM'ATTIO, 10 JO3BOJIIE BPAXOBYBATH YacOBI 3aJIeKHOCTI. BoHu
IITUPOKO  3aCTOCOBYIOTBCSI 'y PpO3Mi3HABAHHI MOBJICHHS, aHami3l o00pa3iB i
TENEeKOMYHIKalliiX. IXHS CHMJIbHA CTOPOHA — 3JAaTHICTh MOJEIIOBATH 4YacoBi
3aJIe)KHOCTI y CUTHaJlaX, OJHAK BOHU OOMEXEHI MPUITYIIEHHSM IMPO MapKiBChKUN
xapaktep npouecy. KpiM Toro, 1uist KOpeKTHOT OIL[IHKH TapaMeTpiB MapKiBCbKOT MOAEI
NOTpiOCH 3HAYHUM OOCSAT JaHUX, IO 1HO1 € CKJIAJHUM 3aBJIaHHSM.

3aranoM, CTaTUCTUYHI METOAM MAalOTh HU3KY IEpeBar, 30KpeMa THYYKICTh Y
MOJIEJIFOBaHH1, MOKJIUBICTh PO3POOKH ONTUMAIbHUX aJITOPUTMIB IPUIUHATTS PIlLIECHbD 1
IMIUPOKUIM CHEKTp 3acTocyBaHb. OJHAK BOHM TaKOX MalOThb OOMEXKEHHs: BHCOKI
BUMOTH JI0 OOUYMCIIIOBAIbHUX PECypciB, HEOOXIAHICTH ampiopHoi iHopmalli mpo
CUTHAJIW 1 3aBajy, a TaKOX CKJIAIHICTh 1HTErpamii B CHUCTeMH peayibHOro 4acy. Lli
dbakTOopu BU3HAYAIOTH AKTYaJIbHICTh TMOMAJBIIOIO PO3BUTKY 1 BIOCKOHAJEHHS
CTaTUCTUYHMX METOMAIB JJI1 BHpPIIMIEHHS 3aBJAaHb BUSBIICHHS CUTHANIB Yy PIZHHUX
TEXHIYHUX CUCTEMaX.

MoMeHTHO-KYMYJISIHTHI Moiesti. MOMEHTHO-KyMYJISHTHUM MIJIX1 € OHUM 13
Halle(heKTUBHIMIUX Y KOHTEKCTI OMKUCY HETayCOBUX BUMAJAKOBUX TpoiieciB. Lleit meton
MEHIIIE 3aJICKUTh Bl 00UYHMCIIOBATBHUX PECYPCIB MOPIBHSHO 3 THIIMMH MiIXOJAAMH 1
JI03BOJISIE OMUCYBATH CKJIAJHI HEraycoBi TPOIECH 3a JOMOMOTOK KYMYJISIHTIB.
BoaHoyac TOYHICTH IHOTO MIAXOAY 3aJEKHUTHh BiJ OOPAHOTO MOPSIKY MOMEHTIB 1
KyMyJISIHTIB. Takuil MiaxiJg IIMPOKO BUKOPUCTOBYETHCA MJI BUSBIICHHS CIAaOKUX
CUTHAJIB y 3allyMJICHUX KaHallaX, 0COOJMBO KOJIM CUTHAIIY 1 3aBaJ MAIOTh CKIAIHY

CTaTUCTUYHY IIPUPOLY.
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1.3. 3acTocyBaHHS CTATHCTHK BUIIUX MOPAJKIB /Il ONMUCY BUNATKOBUX BeJIMYHH
Ta NMPoLECiB

Y po0oTi TPOMOHYETHCSI BUKOPUCTOBYBATH MOMEHTHO-KYMYJITHTHUN OITHC
HETayCOBHX BHUMAJKOBUX BEIWYMH, 3aCHOBAHWM Ha BHKOPHCTAaHHI MOMEHTIB 1
KyMyJISIHTIB  (cemiBapiaHTiB) [45, 46]. Y 1poMy HampsiMKy OTpUMaHO J100pe
pO3pO0JICHNIT MaTeMAaTHYHUN amapar, ajge Ha MPaKTHUI[l HOTo 3aCTOCYBaHHS IS
PO3B'sI3aHHS KOHKPETHHUX 3a7a4 Maixke BIJACYTHE. Po3riisiHeMO 0COOIMBOCTI TaKoro
OTIMCY JIJI HE3aJICKHUX 1 3aJICKHUX BUMAJAKOBHX BeJMuuH [13].

[Tpu 00poO1I1 BUMIAJKOBUX BEJIIMYMH 1HOJ1 BUHUKAIOTh CUTYAIlll, KOJIH JJIs OIUCY
1 BUBYCHHS BUIIAJIKOBOI BEJIMUMHU ¢ OMUCYIOTH 1HITY BUIAJAKOBY BEJIUUHHY - 7], SIKa HE
CIIOCTEPIraeThCsl, a € ACSKOIO0 JificHO0 GyHKIliEr ¢(+) Bif BUMaaKkoBoi &, T00TO. ) =
¢ (). bynemo BBaxkatu, 110 GyHKIIist ¢ (+) € CKIHUEHHOO 1 OJJHO3HAYHO BU3HAYCHOTO IS
BCIX JIIMCHUX 3HAYEHb &,

Ockinbk & € BUMAAKOBOIO BEJIMYMHOIO, TO M 1] TakoX OyJe BHUIAJIKOBOIO

BEJIMYMHOK 3 MIUIBHICTIO PO3IOIULY Py (2/19), sIKa BU3HAYAETHCA PO3MOALIOM
BunaakoBoi BenuduHu & Ilpn 1poMy MIUTBHICTE pO3NOIINTY P (Z/ 3) BUNAJKOBOI

BEJIMYHMHM 1) y 3aTaIbHOMY BHUITQJIKY BIAPI3HAETHCA B IIUIBHOCTI PO3ITO/ILTY BUITAIKOBOT
BEJIMYMHHU &,
Binomo, 1m0 mMaTeMaTW4HE CHOAIBaHHS HEMEpPEpBHOI BMITAJIKOBOI BETUYMHU &

BHU3HAYA€THCA BUPA30OM:

o0 -
E¢ = [ _xpg(x/9)dx.
3 iHmoro OOKy, MaTeMaTW4YHE CIHOJ/IBaHHS BHUMAJKOBOI BEJIUYMHHU 1) MOKHA
OOUYUCIIUTH TaKOXK Yepe3 HIITBHICTh PO3MOLTY P (Z/ 8), a00 3a IOIMOMOTOK0 IIIIBHOCTIL

posmnotiny p, (x/ 9), BHKOPHCTOBYIOYH CITiBBIJHOILIIEHHS:

w(9) = En = [, zpy(2/9)dy = [*, ¢p(x)pg(x/9)dx.

BI/I,Z[HO, o B 3arajjbHOMY BHIIaQJKy MAaTCMAaTH4YHC Cl'IOI[iBaHH}I BI/IHaI[KOBOT

BEJIMYMHMU 1) 3aJICKUTH BiJ MapaMeTpa u.
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[Tpunyctumo, 1o € 6e3J1id BUMaAKOBUX BEIWUYUH 1;, 1=1,2,..., SKi € HCIKUMHU

GyHKIIIMU (pi(-) BiJl OJTHIET 1 Ti€1 K BUMAAKOBOI BEJIMYUHU &, TOOTO

ni = ¢i(§).

Y 1poMy BHUIAAKy MpPH BHUKOPUCTAHHI MIUIBHOCTI PO3MOALTY BHMIAIKOBOI
BEJIMYMHUA & MOXKHA TaKOX OOYMCIUTH MaTeMaTU4HE CIOJIBaHHS BiJ BHIIAJKOBHX

BEJINYMH 1);

w,(9) = En; = I” qbi(x)pg(x/ﬁ)dx, i=12,..

B 3aranpHOMY BUIIaJKy MaTeMaTH4Hi crioaiBaHHA P, (8) € QyHKIigMM Tapamerpa 9.
Tyr, 1 B mojganbmioMy, OyJeMO MNPUITYyCKATH, IO (PYHKIII MEPETBOPEHHS (pi(-)
BUITAJIKOBUX BEIMYMH & TakKi, [0 MATEMATUYHI CIIOAIBAHHS BiJl HUX ICHYIOTb.

Posrasaemo OIHC 3 MOXIHMBUX IICPCTBOPCHDL BUIIAAKOBOI BEINYUHU g —

cTeneHeBe, To0To PyHKIIT @, (f ) € CTENIEHEBUMU (DYHKIIISIMU BULY:

$:(&) =&,

TOJ1 MaTeMAaTUYHI CIIOIBaHHS [IUX QPYHKIIIM Oy yTh PiBHI:
a;(9) = E&' = [* xipg(x/9)dx. (1.1)

Busznauyenns 1.1. Oynkuii o (§), i=1,2,..., IO 3alexkarh BiJ mapamerpa 9,

Ha3WBAIOTHCSI MOMEHTAMH BUTIAJKOBOT BEJTMUUHU & TIOPSIIKY i.
HeoOxigHo BIJ3HAYWTH, IO B JACIKUX BUIMAJIKaX HECKIHUYEHHA ITOCJIJIOBHICTH

MoMeHTIB Buay (1.1) Oyme TOTOX)HO PEeACTaBIATH HMOBIPHICHUN PO3IIOI11 BUITAIKOBOT
BenmuuaK §. OnHaK, SKIIO NPH BIAOMIH IITEHOCTI PO3MOILTY Pg (x / 5) MaTeMaTU4H1
cnomiBanus ¥, (5) BU3HAUYAIOTBCA OAHO3HAYHO, TO 3HAYCHHA HECKIHYCHHOI
NOCIIOBHOCTI (PyHKIIH ¥; (5) B 3arajbHOMY BHUIIQJKy HE JI03BOJSE OJHO3HAYHO
BU3HAYUTH HEBIJIOMY IIUIBHICTh PO3MOALTY. Tak, Mpu MOMEHTHOMY OIKMCI BUIAIKOBOL

BEJIMYMHU § MOXKHA MPUBECTH MPUKIAANA PI3HUX IIUIBHOCTEN pO3MOILITY 3 OTHAKOBUMU

MOMEHTAaMH BCIX IUIMX MOPSIKIB (MpoOIeMa MOMEHTIB).
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3a3BuYail BUMAAKOBI BEIMYMHU JOLUIBHIIIE ONUCYBaTH HE 3a JOMOMOTOIO
MOMEHTIB, a 4Yepe3 KyMYJSIHTH abo cemiBapiaHTH mopsaky [7, 45, 46 Ta iH.].
HesBaxaroun Ha Te, IO MOMEHTHHM OINWC BWITAJIKOBHX BEIMYUH A€ iX TOBHY
CTATUCTUYHY XapaKTePUCTUKY, KyMYJSIHTHUW TiAXiJ Ma€ HU3KY TepeBar. 30Kpema,
KYMYJISSHTH Ta KyMYJISTHTHI KOe(DiIll€HTH, Ha BIIMIHY BiJl MOMEHTIB, MalOTh CAMOCTIHHE
CTaTUCTUYHE 3HAYEHHS 1 MOXKYTh OyTH 3a7aHi B IEBHOMY CEHCI HE3aJI€)KHO OIUH BiJl
OJIHOTO, AlPOKCUMYIOYM IPU IbOMY TEBHY (QYHKIIIO IIUIBHOCTI po3noaury. Kpim
TOTO, BpaxyBaHHS KYMYJSHTHUX KOE(]IIIEHTIB BUIIMX MOPSIKIB JO3BOJSE JOCUTH
JIETKO ONMCATH CTEMIHb HErayCOBOCTI PO3IMOALITY BUNIAJKOBUX BEJIMYUH, TaK K TUIbKH
JUTsI TayCOBOT'O PO3MOJIUTY HEHYJIOBUMHU OYIyTh JIMIIE MEPII JIBa KYMYJSHTH, SIKI
BU3HAYAIOTh MATEMATHYHE CHOJIBaHHSI Ta JUCIEPCII0 BHIMAJAKOBOI BEITUYHHH.
BogHoyac MOMEHTH BUIIMX MOPSAAKIB (TPEThOro, YETBEPTOro TOLIO) OyAyTh
HEHYJIbOBUMH.

Binomo, 1o orapudm xapakTepucTUYHO1 (PYHKIIIT B OKOJII HYJISI MOKHA OJaTH
y BUTJIAJII CTETIEHEBOTO PSITY

in f (/) = T 20 Gy, (12)

r

Takum 4YMHOM, SK 1 MOMEHTH BHUPAXKAIOTHCA Yepe3 KOEQIIIEHTH PO3KIIAILY
XapaKTEPUCTUYHO1 (PYHKIII, TaK 1 KoedilieHTH po3kiaay B (1.2) € xapakTepucTUKaMu
HMOBIpHICHOTO PO3MOJILTY.

Buznavennss 1.2. KymynsHTH NOpSAKY i pO3MOALTY BHUMAAKOBOI BEIMYHUHU
BU3HAYAIOTHCS K KOSDIIIEHTH PO3KIIALY X; (5) jorapudmMa XapakTepucTUIHOl QyHKIIIT
y creneHeBu psia (1.2).

HeoOxinmHO 3a3HauMTH, 1O HA NPAKTUIl BUKOPUCTOBYIOTH HE HECKIHYEHHY
MOCJIJIOBHICTH MOMEHTIB 1 KyMYJISIHTIB, @ TIEBHY KIHIIEBY IMOCIIJJOBHICTb, 5IKa, B CBOIO
4yepry, JUlle YaCTKOBO AMPOKCHUMYE IIUIbHICTh WMOBIPHOCTI BUMAJAKOBOI BEIUYHHHU.
[lepeBaroto Takoro migxoAy € Te, IO Ii KIHIEBI MOCIiJOBHOCTI OMUCYIOTh HE OJHY
BUIIQJKOBY BEJIMYMHY, a 0€3/114 BUIAJAKOBUX BEJIUYMH. Y LIBOMY BHIAJKy Y KOXKHOI
BUIIQJKOBOI BEJIMYMHU LBOIO MHOXXMHU KyMYJSHTH (MOMEHTH) AO I[EBHOIO M-Io

MOPSAJKY OJHAKOBl, a KyMYJSHTH (MOMEHTH) BHILI 32 M- MOXYTh OyTH PI3HUMH.
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[Tpuxnan BupasziB AJig MOYATKOBUX MOMEHTIB J0 IIOCTOTO MOPSAIKY, 3alHCAHUX Yepe3
KYMYJISIHTH, HaBeJeHo B JlogaTky B.
Sk yxe OyJo 3a3HaU€HO, 3 MPAKTUYHOI TOUKHU 30pY 3pYUHIiIlIe BUKOPHUCTOBYBATH

KyMYJISIHTH, OCKUIBKY BOHHM MalOTh YiTKE TilyMadeHHs. KyMyJsiHTH nepmioro y, (@) Ta
APYroro y, (@) TIOPSIIKIB MAatOTh O4YeBUAHE (Di3WUHE 3HAYCHHS — II€ MaTeMaTUYHE
OUiKyBaHHS (CepeaHe 3HAYEHHS) Ta JIUCIIEPCis BUITAIKOBOI BEeTWYMHHU. KymyssHT
TPETHOTO HOPSIKY ) 1 (§) BiJloMul sik acumeTpis (skewness) po3noity, 0 BKa3zye Ha
CTYIIHb HOr0 BIAXWIECHHS B1J CUMETpUUYHOro. KyMyJISIHT 4eTBEpTOro MOPSAKY X 4 (9)

Ha3uBaeThcsl excuecoM (kurtosis) 1 BH3HAayae CTyliHb TOCTPOTH a0O MOJOTOCTI

po3mnoainy (pucyHok 1.7).

Skewness (S.) Kurtosis (Sy,)

»

Su>0

Frequency

Frequency

Su=0

Sy <0

/\

Pucynox 1.7. IlpencraBieHHs MIUIBHOCTEH PO3MO/LTY BUIMAIKOBOI BETUYHH MIPH

§,<0

Frequency

PI3HHX 3HaUYCHHsX KoedimieHTiB acumeTpii (skewness) Ta exciiecy (kurtosis)

Jlnst  3py4HOCTI  BBOJSTHCA O€3pO3MIpPHI  BEIWYMHHU, SKI HAa3UBAIOTHCS
KyMYJISITHTHUMH KOe(1L1€HTaMU MOPSAKY 7, 1 BOHH IOPIBHIOIOTh
Xr(ﬂ)
Yr (‘9)
2(19)
Hanpukunan, nepiii 4oTUpU KyMyJISIHTHI KOoe(illieHTH MOKYTh OyTH 3amicaHi y

BUTJISIII

n® (ﬂ)_X3() 4()_;@()

- 7

y,(9) =
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1 MaroTh neBHE (¢i3uyHe 3HaueHHsA. KyMmyisHTHMI KOEQIUIE€HT MEpIIOTrO MOPSIKY
V1 (5) HA3UBaIOTh KOEQILIEHTOM 3CYBY, TPEThOIO MOPSIKY V3 (5)— KoedirieHToM
acCUMeTpii, YETBEPTOr0 MOPAIKY Va (5) — KkoedimienTom ekcrecy. KoedimienTu
BUIIUX MOPSJIKIB HE MAIOTh KOHKPETHUX Ha3B. OKpIM TOT0, KyMYJISIHTHI KOe(PillieHTH
HEIapHOT0 MOPSJIKY XapaKTePU3YIOTh ACUMETPUIHICTD (QYHKIIIT IJILHOCTI PO3MOILITY,
TOJ1 AK KOe(iliEHTH TApPHOTO MOPSAKY OMUCYIOTh €KCIIECHICTh QYHKIIT PO3MOILTY.

YpaxyBaHHs KOPENSAIIHHUX 3B'SI3KIB MK BUIAJIKOBUMHU BETUYNHAMH, 30KpeMa
M1K BUOIPKOBUMH 3HAUEHHSIMH CIIOCTEPEKYyBaHOT BUMAIKOBOI BETUYMHHU, € BaXKJIUBUM
eTarnoM g mnoOyJoBM OaraTbOoX TEXHIYHUX cucTeM. OJHaK uepe3 CKIIaJIHUM
MaTEeMaTUYHUIN amapaT OCHOBHMM PO3BUTOK y LbOMY HamNpsMi OTPUMAaJM TayCOBI
MOjiell OaraToBUMIpHHUX po3nonautiB [66, 79-81 Ta iH.]. Tomy B maniii po6oTi
3alpONOHOBAHO PO3BUTOK MAaTEMATUYHOTO arapary Ta Mmo0y/10By MOJENEH 1 METOIB
JUIsL PO3B’SI3aHHS 3a7a4 TMEPEeBIPKM CTATUCTUYHUX TIMOTE3 MPU JOCTIHKEHHI caMme
HErayCoBHX KOpPEJIbOBAaHUX BUIAJKOBUX MPOLECIB, SK HaWOLIbII 3arajbHUX, IO
MaroTh MicCIle y 0araTb0X NPaKTUYHUX JO/IaTKaX.

OmHuM 13 NUISX1B BUPIMICHHS TO110HUX 33/1a4 MOKe OyTH BUKOPUCTAHHS OITUCY
BUIIAJIKOBUX BEJIMYMH Y BUTJISIJ]I MOMEHTIB 1 KyMYJISIHTIB OaraTOBUMIpHHUX PO3MOILIIB
[66]. Hanpukian, SKIIO pO3TIASHYTH JIBOBHUMIPHHUM BHUIAA0K, KOJU CIOCTEPITalOThCs
JIBI BHITQJIKOB1 3aJ€KHI BEJIMYMHUA T Ta |l 3 CYMICHOIO HIUIBHICTIO PO3MOJILIY, TO
CYyMICHHUM MOYAaTKOBUA MOMEHT MaTUME BUTJISI:

ali =7, [ x'y Py, (x, y)dxdy.

Sk BUAHO 3 HABEACHOTO BUpPa3y, NMOYATKOBUU MOMEHT XapaKTepU3YEThCS HE
TUIBKY OMUCYBAHUMU BUITAIKOBUMH BEJIMYMHAMH (1] Ta W), aJie i MOPSIAKOM MOMEHTY
— 11e cyma (/+k). MOMEHTH Ha3UBaIOThCS CYMICHUMH, SIKIIO X04a O oJHa 3 3MIHHUX [
abo k BinpisHsAeTbCA BiA Hysd. B iHIIOMY BHMIIQJAKy MOMEHTH BHITIALY (g, Qg m
XapaKTepU3yTh OJHOMIPHI PO3MOJLIA BUNAIKOBUX BEIWYWH. 3a3BUYail CIUIbHUM

MOMEHT JPYTroro NopsAKy Ha3UBAIOTh KOPETAIIEI0 BUMIAAKOBUX BEJIUYMH 1) Ta U:

aly = E(mu).
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ko BUMAAKOBI BEIWYMHW CTAaTHCTHYHO HE3aJCXKHI, TO OaraToBUMipHI
MOMEHTH PO3IMaIat0ThCs Ha OJTHOMIPHI, 1 BC1 CIIUJIbHI KyMYJISTHTH JOPIBHIOIOTH HYJIIO.

TakuMm yMHOM, ITOCTABIIEH1 3a/1a41 B TMCEpTaLliiHIA poOOTI O MOOYI0B1 METOIIB
BUSIBJICHHS CHTHAJIB Ha (OHI KOpEThOBAaHMX HETayCOBUX 3aBaj] TMOTPEOYIOTH
MOJIAJTBIIIOTO PO3BUTKY 1 3aCTOCYBaHHS HOBUX MOMEHTHO-KYMYJITHTHUX MOJEJNEH Ha
0a31 BUIIMX CTATUCTHUK 13 BUKOPUCTAHHSAM OJHOBUMIPHUX Ta ABOBUMIPHUX (CYMICHHUX )

MOJIeJIe BUMIaAKOBUX BEJIMYHH, 1110 OyJ1e 3p00JICHO B HACTYITHUX PO3/IlJIax JIUCepTallii.

1.4. Anajiiz IMOBIpHiICHUX KPUTEPiiB AKOCTI NePeBipKU CTATUCTUYHMX TiNoTe3

Teopis mepeBIpKU CTATUCTUYHHMX TIMOTE3 HIUPOKO BUKOPHUCTOBYETHCS IS
pO3B'sI3aHHS  3a/Jay  BUSIBICHHS CUTHAJIIB Ha (OHI 3aBaJ, 30KpeMa B
TEJEKOMYHIKaIllTHUX Ta HaBIralllTHUX CHUCTEMax, CUCTEMAaX CYMyTHUKOBOTO 3B’S3KY
Toro [48-50, 82-84]. OcHOBHa MeTa B TaKWX 3a/1a4ax IMOJISATA€ Y BU3HAUYCHHI HASSBHOCTI1
a00 BIJICYTHOCTI KOPUCHOI'O CUTHAIIY B 3allyMJICHUX JaHuX. Lle gocsraeThest Nuisixom
(dbopMyTIOBaHHS JIBOX TIMOTE3: HYJIHOBOI - Hy, sika mpurryckae, 1mo CUraai BiCyTHIMH, 1
anbTepHaTuBHOI Hj, sfika cTBEpIKye, 110 CUTHai MpUcyTHIA. CTaTUCTUYHHMI aHami3
CIIOCTEPEKYBAHUX JAHUX JI0O3BOJISIE OOYMCIUTH HMOBIPHICTH MOMMJIOK MEPIIOro i
Ipyroro popay, 1o 3abe3nedye eheKTUBHE HaJAIITyBaHHS IMapaMeTpiB CHUCTEMHU
BUSIBJICHHS JIJIs1 MiHIMI3a1[li XUOHUX TPUBOT a00 MPOMYCKY CUTHAIY.

Teopis mepeBipKd CTATUCTHUYHUX TIMOTE3 TPYHTYEThCS HA MPUITYIICHHI, IO
CIIOCTEPITAEThCS BUMAIKOBE SBUIIE, SKE MOXKE IepedyBaTH B OJHOMY 3 JBOX

MOXIIMBHX CTaHiB. Y pasi peanizaiii ogHoro crany npuiimaerses rinoresa Hp, a s
immoro — rinote3a H 4. Cnocrepexxenns siBuIia 3iiiCHIOETHCS UTITIXOM (POPMYBaHHS

BUOIpKU ¥ = {xy,...,%,} OOcAroM n. 3a yMOBH BIJOMHUX CIUIBHUX HIUTBHOCTEH
po3noALTYy BUOIPKH IS TinoTe3 H, Ta H;. BUBHAYa€eThCs (DYHKIIIS MPaBIONO110HOCTI
P(%/H,) mpu rinoTe3i Hy,, Ta P(X¥/H,) upu TinoTe3i H;. 3a pe3yiabTaTaMu OOpPOOKH
BUOIPKU X = {xy,...,x,} HEOOXIJHO NPUUHATTI PIMIEHHS NPO peai3allilo OJHI€l 3
rinores.

[Tpu Takiit mocTaHOBIII 3aBJIaHHS Ta (PIKCOBAHOMY PO3Mipl BUOIPKH MPOCTOPOM

CrocTepekeHHs (BHOIPKOBUM IPOCTOPOM) € n-MIpHHN €BKJIiIOBUK mpocTip X", Ha
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KoMy 3az1aHi a8i GpyHKuii nmpasxonoaionocti P(X/H,) ta P(¥/H,). B uboMy Bunaaky
IIPOCTIp pilieHHs Oy/Ie CKIagaTHUCs 3 ABOX €JIEMEHTIB: Y — PIIlIEHHS PO MPUHHSITTS
rinore3u H,, Ta pitneHHs y; Ipo NpuiHATTS rinote3u H; . KoxxHe pinmenns nependadae
0/1i71 BUOIPKOBOTO MpocTtopy X Ha aBi 00J1acTi, 10 HE MepeTUHAIOThCS - X, Ta Xq,
Xo U X; = X™. SIkmio Bubipka motparnuia B 00J1acTh Xy, TO IPUAMAETHCS PIIICHHS ¥,
a SKIIO B 00JaCTh X;, TO PIMIEHHS Y.

VY HalimpocTiloMy BUMAIKy MEepeBIPKU ABOX rinoTe3 H, Ta H; crocTepekyBaHi
BUOIpKOBI 3HaueHHS X = {X;,...,X,} € BUIAAKOBMMH BEJIMYMHAMM. BimmosimHo,
pIlICHHS. Yy Ta Y; TaKOX OYIyTh BUMNAJAKOBUMU 1 MATUMYTh CBOi HMOBIPHOCTI
MOMUJIOK. 30KpeMa, MOKHA BUJUIMTA WMOBIPHICTh MOMUJIKHM TEPIIOrO POy, sKa
BUHHKAE, KOJIM CIIPABEJIMBOIO € T1rnoTe3a Hy, 1 BUOIpKa Ma€ MOTPANUTH 0 00J1acT1 X,

ajie BUOIPKY IMMOMUJIIKOBO BIJTHECEHO JI0 001acTi X; Ha OCHOBI PIIICHHS Y,
a = P{y1/Ho} = P{X € X1 /Ho} = fxl P(X/H,) dx.
AHanoriyHo, WMOBIPHICTh IOMUJIKU JPYTOTO POIY 3aIMHUCYETHCS K
B = P{yo/H:} = P{X € Xo/H,} = fXO P(X/Hy) dx,

KOJIM 3AiicHunacs rimore3a H; 1 BuOipka HaJIeKUTh 10 001acTi X;, aje yXBaJIWIU

pIIIEHHS ¥y, TOOTO, BUOIPKY BiJTHECIIH JI0 00JacTi X, (pucyHOK 1.8).

0.4 '
: Power
i
0.3+ I
I
- I
= type I ; typel
& 021 error | error
O |
I
0.1 4
0.0+
-2 0 2 4

Test statistics

Pucynok 1.8. Intepmperanis iimoBipHocTeit momuinok PII mepmioro (type I error) Ta

npyroro (type Il error) pony.
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[Tix 3aBIaHHAM OMTHUMAIBHOTO PIIICHHS PO3yMITUMEMO TEBHI [Iii HaJ BHOIPKOBHUMH
3HAYCHHSIMH, SIK1 I03BOJISITH SIKHAMKpaIle NPUUHATH PIIISHHS PO peajizalliio oJaHiel
3rinore3 H, abo H;, TOOTO, CHHTE3yBaTH ONITUMAJILHE Y IIEBHOMY CEHCI (110 33 JaHOMY
KPUTEPIIO SIKOCTI MEpeBIpKH cTaTUCTHUHUX rinote3) PII, mo no3Bossie po3pizHUTH
rinoTesu.

Hexali indopmaris, mo miasrae o0pooui, € Budipkoro X = X(t,) 3 curaany ,
AKUN MOXKe OyTH MPEJCTABICHUN Y BUTIISIL

x(0) = a- S ¥) + 0t 0,

ne n(t,[l) — ckmagoBa, OOyMOBIEHA BIUIMBOM 3aBaj], L0 XapaKTE€PU3YIOTHCS
BEKTOPOM IApaMETpPiB f, YaCTHHA SKMX MO)Ke OyTH HEBiIoMa; @ — IUCKPETHHI
rapamMmeTp, 110 acoIIOeThCs 3 HasBHICTIO (a = 1, peanizyBanacs rinore3a H;) abo
BincyTHicTio (a = 0, peanisysanacs rinoresa Hy) curnany; S(t,y) — Bizoma QpyHKIis
yacy, MO TPEJCTaBIsAc OYiKyBaHMil CHTHA i 3alle)KHUTh BiJ BEKTOpa Y HEBiIOMHUX

napameTpiB, SKI MOXKYTb OyTH JAETEpPMIHOBAaHMMHU a00 BUIAIKOBUMH 1 PO3TIIAIATUCS
K BUMIPIOBaH1 a00 3aBaKaroTh.

Ockinbku BB 3aBaz 1)(t, (i) Ha KopucHuii curHan S(t,y) € BUIAIKOBHMH,
3aBJaHHS BHUSIBICHHS HOCUTH IMOBIPHICHHUU XapakTep 1 TPaKTYEThCS K MEpeBIpKa
CTaTUCTUYHMX TinoTe3: rinore3a H, mnepemdavae BiACYTHICTh curHainy (a = 0),
anbTepHaTUBHA Tinore3a H; — #oro HasBHICTE (a = 1). B npoMy Bumanky
CTaTUCTUYHI BJIACTUBOCTI BHOIPOK MOBHICTIO OIMHUCYIOTHCS CHIJIBHUMH YMOBHHUMU

posnoninamu P(X, /H, ;). ®@ynkuii P(X,/H,) Ta P(X,/H,) HazuBaioTh QyHKIisSMH

npaBaonoAioHocTi [48-50].

3acTocyBaHHA 3arajbHOI TEOpii MepeBIPKU CTATUCTUYHUX T1MOTE3 IPYHTYETHCS
Ha BUKOPUCTAHHI TaK 3BAaHUX Kpumepiie onmumaibHOCHi, K1 OOUPaIOThCS 3aJICKHO
BiJl TIOBHOTHU ampiopHOi 1HdopMaIlii mpo WMOBIPHICHI XapaKTEPUCTUKHA BUITAIKOBHUX
BenuuuH. Jlo Takux KpUTepiiB HajexaTh Oaill€eCIBCbKUM KpUTEpid, KpuUTepii
MaKCUMyMy aIroCTepiopHOi MMOBIPHOCTI, KPUTEPI MaKCUMyMy MPaBIOMO10HOCTI,
kputepii Helimana-ITipcona, kputepiii Banpaa Tomo [48-50]. Lli kpurepii skocTi
IIMPOKO 3aCTOCOBYIOTHCS B PI3HUX 3a/1ayax 1 MOTPeOyIOTh KOPOTKOTO PO3IIIALY AJIs 1X

XapaKTEPUCTHKHU.
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Cepen kputepiiB, sfKi BHUKOPHCTOBYIOTHCS B CYy4acHil Teopii mNepeBipKu
CTaTUCTUYHHMX T1M0TE3, HAMOUIBIN YHIBEPCAILHUM € KPUTEP1H MiHIMI3auii cepeonbo2o
(baiieciecvkozo) puzuxy [48-50].

Yepe3 BUNAAKOBUN XapakTep 3aBajl, a TaKOX MOJIMBI BHUMAJAKOBI 3MIiHU
napaMeTpiB CUTHAJIB, IPUHHATTS aOCOJIFOTHO TOCTOBIPHOTO PIIICHHS 3a KIHIICBUI Yac
CIIOCTEPEKEHHSI € HEMOXJIMBUM. T00TO, pilIeHHA Y, Ta Y; MOXYTb OyTH SK
MPaBUWJIbHUMHU, TaK 1 TOMUJIKOBUMH. MOKJIMBI TaKl MOETHAHHS peaIbHUX CUTYAIIiH 1
NPUUHATUX PIIICHb:

— H, /y; — npaBuibHe BuUsiBieHHs (€ curHan); H, /Yy, — MpoMmycK CUTHAIY;
— H,/yo— nipaBuJIbHE HEBUABJICHHS (CUTHAN BiACYTHIN); Hy/y;— XuOHa TpuBOTa.

[lepeniueHi cuTyalii yTBOPIOIOTH MOBHY IPYyITy MOJ1M, CyMa HIMOBIPHOCTEN SIKUX
JOPIBHIOE OJTMHUIII:

P(y1/H1) + P(vo/H1) + P(y1/Ho) + P(Yo/Ho) = 1.

KoXkHOMY NOMMJIKOBOMY PINIEHHIO MOKHA 31CTAaBUTH MEBHY BapTICTh, TaK
3BaHMHA pU3MK — R;;. 3riHO 3 0al€CIBCHKMM KPUTEPIEM, ONITUMAIIBHICTD AJITOPUTMY
OPUMHATTSA PIIICHHS BU3HAYAETHCS MIHIMATLHUM 3HAYEHHSIM CEPEIHBOTO PHU3HUKY
R(a, B):

R(a, B) = pRoo + qR11 + p(Ro1 — Roo)a + q(Ryo — R11)PB,
ne R;; — eneMeHTH MaTpMili BTpaT, sKi XapaKTE€pU3YHOTh BAPTICTh IMOMHJIKOBHX
pillieHb, p Ta ¢ — WMOBIPHOCTI MOsiBU Tinote3 Hy Ta H; BIAMOBIIHO, TPUUOMY [, ] =
0,1.

OnTUManbHUM BBAXKA€ThCSA TMPABUJIO NPUUHATTS pILIEHb, SKE 3a0e3nedye
MIHIMYM CEpPEIHBOTO PH3UKY, TOOTO BIJAMOBIAa€ OaECIBCKOMY KPHUTEPIO
ONTUMAJIBHOCTI. AJITOPUTM, 1110 33/I0BOJIBHSIE 110 YMOBY, Ha3UBAEThCS 0AE€CIBCHKUM
MIPABUIIOM.

Cnin 3a3HauuTH, MO )11 OOYUCICHHS BEJIMYMHU Oal€CiBCHKOTO PHU3UKY
HeoOXi/Ha TIOBHA ampiopHa iHopMallis Tpo cymicHi iMoBipHocTi P(y;/H;) Ta
BapTOCTI MOMWJIKOBHUX pitieHb. OOrpyHTOBaHUI BHUOIp IUX BEJIUYUH, OCOOJIMBO B
3a/layax 3 anpiopHOI0 HEBU3HAUECHICTIO, € IIIOHAWMEHIIE CKJIAJTHUM 3aBAaHHsAM. Tomy

XapaKTePUCTUKN Oaiie€CiBCHKOrO TMpaBWia MPUUHATTS pillieHb y Teopii mepeBipKu
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CTAaTUCTUYHHUX TINMOTE3 3a3BUYail PO3TSAAIOTh SK MOTEHIIMHI i1 TOPIBHSHHS
KBa310MITHUMAaJIbHUX aITOPUTMIB.
Binomo [48-50], o ontumanbHui 0aiileCiBCHKHM aITOPUTM MEPEBIPKH POCTUX

rinoTe3 MO>KHa MPEICTAaBUTH Y BUTJIA/ BITHOIIEHHS MPaBIOMOAIOHOCTI:

H;
— P(%¥/Hy) > Ro1—Rgo P
P(X¥/Ho) < Ryo—R11 4’
Hy

A(X) (1.3)
AK€ MIHIMI3y€ 3HAY€HHS CepelaHboro pusuky. Bupas (1.3) ta momiOHiI HuUXKYeE
TPaKTYIOThCA TaK: AKIIO JIiBa YacTUHA OUIbIIA 3a MpaBy, pealizyeTbed rinoreza Hy,
SIKIIO JK HaBMaKu — rinote3a H,.

YacTo, y pasi BiICYTHOCTI 4acTKOBOI ampiopHOi iHdopMallii mpo mojii, 110
B110yBarOThCs, BITHOIIEHHS MpaBaonoAioHocTi (1.3) 3a3Hae MEBHUX 3MiH.

Y  nepuioMy — BUMNAJKYy, BHUKOPUCTOBYIOUM  KPHUTEpId  MaKCUMAJIbHOI
anocTepIOPHOI KMOBIPHOCTI, BPaXOBYIOTh JIMILIE MMOBIPHOCTI peati3alli rinore3 p Ta
q, @ TAaKOXK UMOBIPHOCTI MOMIIOK @ u . Toai mpaBuUIo MPUAHATTS pillieHh TOBUHHO
M1HIMI3yBaTH 3HAYCHHS:

Ry =pa+qp.
OuyeBuHO, IO 11eH KpUTEPid 301ra€ThCs 3 0AMECIBCHKUM, SIKIIIO
Roo = R11 = 0,Rp1 = Ryp = 1.
VY 11pOMy BHUIMAJIKy ONTUMATBHHUNA aITOPUTM MEPEBIPKUA MPOCTHX TIMOTE3 3BOJUTHCS JI0
OoOYHMCIICHHST BITHOIICHHS TPABAOMOMIOHOCTI Ta TOPIBHSHHSA HWOTO 3 HACTYITHUM

MIOPOTOBHMM 3HAYCHHSIM:
Hy
P(X/H1) > p
P(X/Ho) < q
Hy
Y npyroMy BHUMaAKy, TIPH anpiOpHId HEBU3HAYCHOCTI WMOBIPHOCTEH MOSIBU
rinoTe3u Ta aabTEPHATHBHU, a TAaKOX BapTOCTI BTpaT, 3aCTOCOBYIOTh Kpumepiil

MAKCUManbHoOi npasoonodionocmi, 3TiTHO 3 SKUM ONTUMAIBHUN  allTOPUTM

NPUMHATTA PIIICHHS MIHIMI3Y€ BETHUUHY:
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R,=a+p
Ta ontuMmanbHe PII Mae BHIIAa MOPIBHSAHHS BIJHOIICHHS IPaBIOMOAIOHOCTI 3

MOPOTOM, PIBHUM OJIMHMIII:

H;

>\ _ P(X/Hy) >
Ax) = P(R/Hy) <
Hy

1. (1.5)

Y TpeThbOMy BHIIAJKy, 32 YMOB ampiOpHOI HEBU3HAUEHOCTI, 3aCTOCOBYETHCS
kpumepin Heimana-Ilipcona, BiINOBIIHO 10 SKOTO ONTHMajlbHE IPABHUIIO
MPUIHATTSA pillIeHb 3a0€31e4y€e MiHIMAJIbHO MOYKJIMBY WUMOBIPHICTD IOMUJIKU APYTOro
poay S 3a yMOBH, 1110 UMOBIPHICTh TOMUJIKH TIEPIIOTO POAY 0. HE TIEPEBUIILYE 3a]]aHE

SHA4YCHHA p:

Ry = ' < p.
3 rﬁggﬁ,/a_p

Tonmi ontumaneue PII mepeBipku rinore3 3a kputepiem Helimana-Ilipcona
3BOAUTHLCS /10 OPIBHSHHS BITHOIIECHHS MPABAONOIOHOCTI 3 IESIKUM MOPOTOM /1 :
H,
_ P@/H)) >

T P(R/Hy) <7
H,

AR) (1.6)

JIe caM TOpPIT BU3HAYAETHCS 3 TPAHUYHOI YMOBU 33J]aHOTO 3HAUEHHS HMOBIPHOCTI
nomMuiiku nepioro poxay PII (1.6)
P(A(X) = h/H,y) = p.

PosrisgaroTees TakoX 1 1HIN KpUTEpli SKOCTI MPUHHATTS pillieHb (KpuUTepiit
Banbna Ta iH.), sIKI TaKOX 3a pe3yJbTAaTOM CIIOCTEPEKEHHS BUOIPKOBUX 3HAYEHb
00paxoBYIOTh BIAHOILLIEHHS MPaBIONOI0HOCTI, sIK1 Oy Iy Th BiapizHatucs Bifg (1.3-1.6)

Buznauenns 1.3. Kputepii skocTi BHOOPY CTaTUCTUYHUX PIIlICHb, 3aCHOBAHI Ha
BUKOPHUCTaHHI IIUIBHOCTEW pPO3MOAUTY [Jii ONHWCY BHUIAQJKOBUX BEJIUYUH 1

WMOBIPHOCTE  MOMIJIOK TPaBWJ MPUNHATTA  pillleHb, OyJIeMO Ha3MBaTU

UMOGIPHICHUMU KDUMEPIAMU AKOCHI.
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VIMoBipHicHI kKpuTepii SKOCTi 3HANIIIM CBOE MMPOKE 3aCTOCYBAHHS B 6araThox
NPUKJIaAHKUX 3a7a4ax. PO3BUTKY IIbOTO MIJIX0/Ty Ta 3aCTOCYBAHHIO BKa3aHUX KPUTEPIiB
MIPUCBSYEHI POOOTH SIK 3apyOIKHUX, TaK 1 BITYM3HAHUX BueHuX [ 13, 48-50 Ta iH.].

BapTo 3a3HaunTH, 110 KJIACHYHA TEOPis MEPEBIPKH CTATUCTUYHHUX TIMNOTE3 HE
oOMexxye BHOIp pO3MOILUIIB, SIKI MOXYTh OyTH BUKOpucTaHi. OJIHaK Ha MpPaKTHUIlL
HAWOUIBII TOMIMPEHUM € 3aCTOCYBaHHSA TayCoBUX Mojeneit posmoauti. Lle
MOSICHIOETBCA 3PYUYHICTIO BUKOPUCTAHHS MAaTEMAaTUYHOTO amapaTy JJisi CUHTE3y Ta
aHamzy cucteMm. [lng raycoBux MojeNiell CHUTHadiB 1 3aBajl OTPUMAHO BaXKJIUBI
pe3yabTaTH 3a AOMOMOTO0 WMOBIPHICHUX KPUTEPIIB SKOCTI.

Pazom 3 TM, BUKOpUCTaHHSI WMOBIPHICHUX KPHUTEPIiB SKOCTI JJIsl 1HIIIUX THUITIB
PO3MOALIIB, BIAMIHHUX BiJl FayCOBUX, CTBOPIOE HU3KY MPAKTUYHHUX 1 MAaTEMaTUYHUX
cknagHowiB [43-46]. Tomy pe3yiabTaTH CUHTE3y MNPABWI NPUHHATTA PILIEHb AJIA
rayCoBHUX MOJIeJIel CUTHAJIB 1 3aBaJl MOKYTb OyTH HEONITUMAIbHUMH, SKIIO 111 MOJE1
HE BIJIMOBIIAIOTh HOpMaJIbHUM po3nojauiaMm. Ile cTBoproe moTpedy B po3poliil Ta
ajanTamnii HOBUX IMJAXOAIB 1 METOMIB, SKI O aJeKBaTHO BPaxOBYBaJIM pealibHi

PO3MOIUIN BUITAJIKOBUX MPOILIECIB, 110 BIAPI3HAIOTHCS BiJl FAyCOBHUX.

1.5. AHaJ1i3 MOMEHTHHUX KPUTEPIiiB SIKOCTI NMepeBipKH CTATUCTUYHUX Tinore3

S moKa3y0Th AOCTIIXKEHHSI, BUIIa/IKOB1 BETMYMHU MOKHA XapaKTEPU3yBaTH HE
TUIBKM 4Yepe3 NIUIbHOCTI WMOBIPHOCTEH pO3MOIUTIB, ajie 1 4Yepe3 MOCIHiTOBHICTh
MOMEHTIB 1 KyMYJISTHTIB Pi3HUX MOPSIKIB, 10 3HAKTILIO BiMoOpakeHHs B poboTtax [13,
45, 46, 67-69 Ta in.]. [IpoTe BapTO 3a3HAYMTH, 10, HE3BAKAIOUM HA PO3BUHCHUN
MaTeMaTUYHUN anapaT MOMEHTHO-KYMYJISTHTHOTO OIMCY BHUIAJKOBUX BEIUYHH 1
IpoLECiB, MOro MpPaKTUYHE 3aCTOCYBAHHS OOMEXeHe B pAll cdep, 30kpema mnpu
PO3B'sI3aHHI 3aBJaHb BUSBJICHHS Ta PO3PI3HEHHS CUTHANIB Y CHCTEMax MpUHOMY 1
00pOOKHM JTaHHUX.

Tomy BaxJMBOIO € po3poOka Teopli Ta METOMIB CTBOPEHHS CTaTHUCTUK
MPUIHATTS PIlIEHb, M0 0a3yI0ThCS HA MOMEHTHO-KYMYJITHTHOMY OTHUCI BUTAKOBUX

BennuuH. lle mepenOayae BUKOpUCTAHHS MOMEHTIB (DYHKUII MPUUHSATTA PIIICHHA
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(MaTeMaTUYHOrO CHOJIBaHHS Ta AHUCIEPCIi CTATUCTUKU MPUNHATTS PIIICHHS) MpU
rirnoTe31 Ta aIbTEPHATHUBI JJIs1 (DOPMYITFOBAHHS MTPABUII IPUUHSTTS PIIICHb.

Busnauenns 1.4. Kputepii sikocTi BUOOPY CTaTUCTUK MPUUHATTS PILICHB, IO
IPYHTYIOTbCSI HAa MOMEHTaX (YHKIIM NOPUWHATTA pIIICHHS TpH TiNoTe3l Ta
aNbTEPHATUBI, HA3UBATUMEMO MOMEHMHUMU KPUMEPIAMU AKOCHI.

[le#i HayKOBWU HampsM, IO TOB'SI3aHWA 13 3aCTOCYBAaHHSAM MOMEHTHUX
KPUTEPIiB SIKOCTI, aKTUBHO PO3BHUBAETHCS B PI3HUX KpaiHaxX, MpO WO CBIAYATH
nyOmikarii [60-62 Ta iH.]. OCHOBHa 1/1€s1 BUKOPUCTAaHHS MOMEHTHUX KPUTEPIiB SAKOCTI
MOJISITa€ B TOMY, 110 MPaBUJIa IPUHHATTS PILIEHB 334aI0ThCA B KJ1acl PYHKI1H, BITOMUX
3 TOYHICTIO JI0 MEBHOTO HAOOpYy MmapaMeTpiB, sKi BUOMPAIOTHCS ONTUMAJILHUMHU 32
MOMEHTHUMU KPUTEPISIMU SAKOCTI.

Hanpukinaz, noka3aHo BAKOPUCTaHHS OJHOTO 3 MOMEHTHHUX KPUTEPIiB IKOCTI —
KpuTepito BiaxuieHHs (deflection criterion) [62], ne craTUCTUKA MPUWHSATTS PIILICHHS
3a1a€ThCA Y BUIVISIAI CTOXAaCTUYHOTO IMOJIHOMA, HEBU3HAYEHI MapaMeTpu SKOTO

BUOMPAIOTHCA 3 MAaKCUMyMY (yHKITIOHAA.

_ [E1—Eo)?
Dl - s
Go
ne E;, G; — matemMaTU4HE CHOJIBaHHS Ta AUCHEPCIs pO3B’s3yBajbHOI (QYHKIII IpH

rimote3i H;, i = 0,1.

Cnin 3a3Ha4YUTH, WO Kpumepil  GiOXUEeHHs 3alpONOHOBAHMM Ha OCHOBI
JIOTIYHUX MIPKYBaHb, B SIKUX BIJICYTHS MaTE€MaTUYHHU 3B'S30K 3 JO0OpPE BUBUCHUMHU
HMOBIPHICHUMU KPUTEPIiB, 1 TOMY Ba)KKO OI[IHUTH iX €(PEKTUBHICTb.

[HmMit MaTemMaTU4YHUI amapar, 3aCHOBaHWII Ha BUKOPUCTAaHHI CTOXACTHYHUX
MOJIIHOMIB SIK CTAaTHCTHKU TPUUHATTS PIIICHh Ta MOMEHTHO-KyMYJISHTHOTO OIUCY
BUIQIKOBUX BEJIMUMH, OyB 3alpOINIOHOBaHUH y poboTax [85-89], n1e moOy/10BaHO HOBI
MOMEHTHI KpUTEpii SKOCTI IePEBIPKU CTATUCTUIHUX TIMOTES.

Hexait maemo nieBHe npaBwiio npuidHATTS pimeHs (PII):
Hy

f@ = y(@) ko _ 0. (1.7)
Ho
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ne KoHcTaHTa k, oOpaHa Tax, 110

M, = E[f(%)/H,] < 0, M, = E[f(X)/H,] = 0.
B mannom Bumaaky M, u M| — maremaruune crogiBaHHs pO3B’sA3yBabHOI
¢ynxuii £ (X) npu runoresax H;, i = 0,1 BignosigHo.
3rimHo HepiBHOCTI Yebumena [90], MOBIPHOCTI TOMIJIOK TIEPIIIOTO 1 IPYTOTO
pOIy 3amMIIyThCS SK BEPXHI TPaHMIN BIIHONICHHS JaUCHepcii 0 KBajapaTa
MaTeMaTHYHOIO CIIOAIBaHHS PO3B’I3yBalbHOT QyHKIHT [ (X):

a=Plf(®) 2 0/H] =< & =ap, B =PI <0/H]<%=po

ne G; = f_oooo[f (X) — M;]?p(%/H))I dx, i=0,1 — paucmepcis po3B’sA3yBalbHOI

¢ynkuii f(x) npu rinoresax H;, i = 0,1, a koncranTta ky oOpaHa 3 yMOBH
1
ko =5 (Eo + E1),

ne E; — mMaremaTuyHe CIIO/[iBaHHS y(X) npu rinote3ax H;, i = 0,1.

Toni MoXHa 3anMCaTH HACTYNHY HEPIBHICTh
Go , G
Ri(a,p)=a+B <ay+ P = M_%+M_112 = @,(G, M),

[Tokazano [85-89], mo mns manoro Bumy k, ¢yskmis @,(G,M) upuiiMe BuU
®,(G,M) = 4Kul(E, G),
ne

_ Golyl+Gqly]
Kul(E, G) = G hi—za” (1.8)

®yukiionan Kul(E,G) (1.8) oOpanwmii 3a kputepiit sikocti Budbopy PIT Buzy
(1.7). et kpurepii HA3UBAETHCS KpuUmMepiem GepXHbOI 2panuui UMoGipHOCHmeil
ROMUNOK, JCTATBHUN OIS SKOro Ta Moaudikaiis s CTaTUCTHUYHO 3aJICHKHUX
BHUOIPKOBUX 3HAYEHBb PO3TIISIHYTA B pO3iJi 3.

Sk mokazano [88, 89], mo mnpu BemUKUX o00csArax BUOIPKOBUX 3HAYCHb
riMoBipHOCTI ToMuJioK PIT (1.7) mpsiMy 0oTh 10 HOPMaJILHOT'O 3aKOHY PO3IOILITY, OTXKE,
UIsi TOOYOBH PO3B’SA3yBAIBHUX CTATHUCTUK MOYKHA BUKOPHCTOBYBATH IIIE€ OJHH

MOMEHTHHMH KpUTEpIA SKOCTI, SKUH TaKoXX Oe3MOoCepeIHhO IMOB'I3aHUN 3
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WMOBIPHOCTSIMU TOMUJIOK TMEPILIOTO 1 Apyroro poxay. Takuil kputepiil Ha3HMBAETHCA
Kpumepiem acumMnmomuyHoi HOpmManbHOoCcmi 1 OTpUMaB CBIM PO3BUTOK Y psJil poOIT
[88, 89 1a iH.]

2
6§5+69%)

Yu(E, G) = bl (1.9)

3anpomnoHOBaHU KpUTEpid SAKOCTI BiApi3HA€ThCA Bixm kpurtepito (1.8),
MOB'SI3aHUM 3 WMOBIPHICHUMH KPHUTEPISIMH SKOCTI Ta OTPUMAHUN y MPHUITYIICHHI
BUKOPHUCTAHHS BETUKUX 00CSTiB BUOIPKOBUX 3HAUCHB.

3anpononoBani kputepii sikocTi (1.8) Ta (1.9) rpyHTYI0THCS Ha MiHIMI3AIIIT CyMU
HMOBIpPHOCTEHN MOMUIIOK TiepIioro Ta apyroro poay PII, no6pe 3apexoMeH1yBaiu cedbe
IIPU BUPILICHH] HU3KU MPAKTUYHUX 33aBJIaHb, IOKA3aJIH 34aTHICTh OTPUMYBATH MIPOCTI
BucokoeextuBHi PIl mpu po3risal aauTUBHOI Ta aAUTHUBHO-MYJIBTUILTIKATUBHOI
B3a€MO/I1i CUTHAJIIB 13 HeraycoBuMH 3aBajaamu [91-100].

[Tpore 3anumarOThCS BIAKPUTUMHU MHTAHHS 1010 3aCTOCYBaHHS TaKOIo
X0y 1 3alPONOHOBAHMX MOMEHTHHX KPUTEPIIB SIKOCTI JIsl 0OpOOKU CTaTUCTUYIHO
3aJIeKHUX BHOIPKOBHX 3HA4y€Hb, iX MoAu(ikamli OpH 3aCTOCYBaHHI CYMICHHX
MOMEHTIB Ta KyMYJISIHTIB JUIsl OMHCY KOPEMSIIAHUX 3aJIeKHOCTEH HOCIIHKYBaHUX
MPOILIECiB, MOOY/I0BU ONTHUMAIBHUX PO3B’S3YBAJIbHUX MPABWI 3a UMM KPUTEPIIMHU
akocTi Ta 1H. Ll muTaHHA MOTPeOyIOTh MOAANBLIOTO AOCHIHKEHHS Ta aHali3y 1

PO3IJISIHYTI B HACTYITHUX PO3/1IaX JUCEPTaIliitHOI poOOTH.

1.6. BucHoBku 10 1 po3ainy

AHani3 poO0oTH 1HPOPMALIIHO-TEIEKOMYHIKAIMHUX CUCTEM, CUCTEM KOHTPOJIIO,
MOHITOPUHTY, YIIPaBJIIHHS Ta 1H. BKa3y€e Ha HEOOXITHICTh PO3POOKH HOBHUX METO/IIB
MaTEeMaTUYHOTO Ta KOMIT FOTEPHOTO MOJICITIOBAHHS MPOIIECIB BUSABICHHS BUIAIKOBUX
CUTHAJIB y CHUCTeMax MpUHOMY Ta OOpOOKHM JaHMX, 30KpeMa IpU 3aCTOCYyBaHHI
CTaTUCTUK BHUIIUX MOPSIKIB HA OCHOBI MOMEHTHO-KYMYJISHTHOTO TIJXOY 70 OTHCY
BUITAIKOBUX BEITUYMH.

JlocnikeHHsl JEMOHCTPYIOTh, L0 TEOPisl MEPEBIPKUA CTATUCTUYHUX T1IOTE3, K
CKJIaZI0Ba TeOpii CTaTUCTHIHOT 0OpOOKHU JaHUX, € T0Ope po3pO0ICHOIO 1 He HAKIaIae

0oOMeKeHb Ha PO3IOJIIIN BUIIAIKOBUX BEJIMYMH 1 TpolieciB. BogHouac, 3 mpakTUUHOI
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TOYKH 30py, 4epe3 HopMaiizaiiio 0araTb0X MNPUPOAHHUX TMPOILECIB 1 3PYUHICTDH
BUKOPHCTAaHHS MaTeMaTUYHOTO amapaTy, HaWOUIbIl MOIIMPEHI TraycoBl MOJENI
TOCITIKYBaHUX BUIIQKOBUX BEJIIMYWH, IO HE 3aBXIM TOYHO BiIOOPAKAIOThH PEasIbHI
MpoLEecH. 3aCTOCYBaHHS KJIACUYHOI TeOpii, 3aCHOBAHOT HAa WMOBIPHICHUX KpPUTEPIsLX
SIKOCTI TIEPEBIPKH TIMOTE3 JUIsl HErayCOBUX MOJIEIEH CUTHAIB 1 3aBaJl, CTBOPIOE HU3KY
TPYIHOIIIB 4Yepe3 CKIAJHICTh aJTOPUTMIYHOI peanizaiii BiAMOBIAHUX TIPOIECIB
00poOKM, OCOOJIMBO TMpHU BpaxyBaHHI KOPEIAMIMHUX 3B’S3KIB JOCIHIKYBAaHUX
BUOIPKOBUX 3HAYECHb.

Jlnst BUpIIIEHHS! MOCTaBJICHUX 3aBJaHb MPOMOHYETHCS IHIIMM MIAX1A, SKUI
noTpedye CBOro MOJAIBIIOrO JIOCTIKEHHS 1 PO3BUTKY. 3aCTOCYBaHHS MOMEHTHO-
KYMYJISTHTHUX MOJENEH NJIsS ONMHCY KOPEIbOBAHWX BHUIAIKOBUX BEIMYUH MA€ P
0COOJIMBOCTEM, 1110 BUMAralTh MPOBEIECHHA TEOPETUYHHUX JOCIIIKEHb Ta pO3pO0OK
JUIsl BpaxXyBaHHS CTATUCTUYHUX 3B'SI3KIB MK BUITAIKOBUMU BeauurHamu. Kpim Toro,
HEOOXITHO MOJAM(PIKYBATH MOMEHTHHH KpHUTEpil SKOCTI MEPEBIPKU CTATUCTUUHUX
rinore3 noOynosu PII Ta mpoBenenHs anamizy ix eeKTUBHOCTI 1 pEKOMEH Al N 1010
MPaKTUYHOI peasizarii.

OTxe, pO3BUTOK 1 JOCIIPKEHHS MOJIeJIe HerayCoOBUX MPOLIECIB Ta METOIB X
CTaTUCTUYHOI OOpOOKM € BaXKIMBUMU Ta aKTyalbHHUMH. B pe3ynbTaTi, BUHUKAE
HayKOBO-T€XHIUYHE 3aBJaHHS pO3pOOKM Ta 3acCTOCYBaHHS METOJIB 1 3aco0iB
MaTEMaTUYHOTO Ta KOMIT'FOTEPHOTO MOJIETIOBaHHS MPOIIECiB OOPOOKH CHUTHAJIB Ha
¢doHI KOpEeTbOBAaHUX HETAyCOBWX 3aBajl JJI BHPIIICHHS 3aBIaHb aHali3y, CUHTE3Y,
NPOEKTYBaHHs, NOOYAOBM Ta (YHKIIOHYBaHHS B CHUCTEMax CIIOCTEPEKEHHS,

KOHTPOJTIO, TIaTHOCTUKY Ta YIIPaBIiHHS.
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PO3/ILT 2
MOJIEJII TA METOJY BUSIBJTEHHS MOCTIMHNX CUTHAJIB HA
®OHI KOPEJILOBAHUX HETAYCOBHUX 3ABAJ]

2.1. MaremaTuyHi MoJeJii HerayCoBMX KOPeJbOBAHUX BHIIAAKOBHX
npouecis
KopenboBaHi HeraycoBi mpoiiecu — 11e¢ BUMAAKOBI MPOIECH, XapaKTEPUCTUKU
SAKUX BUXOJATH 32 PaMKH HOPMAJBHOTO PO3MOJAUTY 1 BKJIIOYAIOTh CKJIAIHIII
Kopessiiiial  3B’s3ku  [1-5]. i omMcy TakuxX NpOLECIB  BUKOPUCTOBYIOTh
pPI3HOMAHITHI MaTeMaTH4HI MOJENi, 3/IaTHI BIIOOPa3UTH SIK KOPENSIIHY
CTPYKTYpY, TaK 1 aCUMETpPiI0 a00 eKciec po3noauty. J{o KIFo4OBUX METOIB OMKCY
TaKHUX MpoIeCiB HaJexaTh sk OaratomipHi PDF[5, 6], Tak 1 MOMEHTHO-KyMYJISIHTHI
MOJIeJIi Ha OCHOBI ctatucTuK Bumux nopsiakiB (higher-order statistics) [7-10], siki
JTIO3BOJIAIOTH BIIOOPA3UTH HE JIUIIE CEPE/IHE 3HAUCHHS Ta AUCIEPCito, ajie ¥ OUIbII
CKJIQJHIII CTaTUCTUYHI XapakTepucTuku [11-19].
bararoBumipna  ¢yHKIis — miabHOocTi  WMoBipHocti (MD  PDF -
MultiDimensional Probability Density Function) € 3arajJlbHUIM MaT€MaTHYHUM
IPEJICTaBICHHAM CTaTUCTUYHO 3aJIEXKHOI0 BUIIAIKOBOrO Mpouecy &(t). Hanpuknan,
MD PDF BUKOPHUCTOBYETHCS JUTsI ONUCY 3aJ€KHOCTEN MK KUTBKOMA BUITAJIKOBUMHU
BEJIMUYMHAMH, TAaKUX AK y 0araTOBUMIpHOMY HOPMaJIbHOMY PO3MOJLI, SKUH €

MOIIUPEHUM TIPUKIIAAOM 0araTOBUMIPHOI IIUTHFHOCTI WMOBIpHOCTI [1, 2, 5, 6]:

1 1 _
ffl,fz,...,fn (xl; x2) --.,xn) = Texp (_EXlel IX),
2

(2m)2|Z|2
Jie ¥ — MaTpulsd KoBapialiid M>K BUITAIKOBUMH BEJIMUUHAMHU, a X - BEKTOP 3HAUCHD
IIUX BEJTMYMH.

MD PDF cayrye yHiBepCaJIbHOIO MAaT€MaTHYHOIO MOJEIUIIO0 JJIsi OIHUCY
CTaTUCTUYHO 3aJICKHOTO BHMaaAKoBoro mpouecy &(t). Bona BimoOpaxkae
WMOBIPHICTh TOTO, IO BHWIAIKOBI BEJIMYWHU, SIKI € KOMIIOHEHTAaMH IIPOIIECY,
NpUIIMAIOTh TEBHI 3HAYCHHS B OararoBuMmipHoMy mipoctopi. lle mae 3mory

BpaxOBYBATU CTATUCTHUYHY 3aJIC)KHICTh MK KOMITOHEHTaMU IMpoHecCy, a TaKOK
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OTNKCYBATH KOPEJAIINAHI BIACTUBOCTI CKJIAJHUX CUTHAJIB 1 MPOIIECIB, A€ AaHl HE
0OMEXKYIOThCS JIUIIIE OJTHOBUMIPHUMHU PO3MOITAMH.

MD PDF BukopucToByeThCS sl MOJICTIOBAaHHS BUITAIKOBUX MPOIIECIB, Y AKUX
3aJICKHICT MK 3MIHHUMH HE OOMEXYEThCS MPOCTUMHU KOPEJAMISMHU, AK Y
rayCoBUX IIpoliecax, a Moxke OyTH Habarato CKJIagHIIION. Y [bOMY KOHTEKCTI
OaratoBuMipHa QyHKIIIS IMIUIBHOCTI KIMOBIPHOCTI J03BOJISE O1IBII TOYHO BpaxyBaTH
BCI1 3aJIE)KHOCTI, BKJIFOYHO 3 HEIHIMHUMU Ta HETayCOBUMH XapaKTEPUCTUKAMH, IO
€ BaXJIMBUM TIPU aHaJI31 CHUTHAJIB B yMOBax 3aBaJl a0 IHIIMX HEITIHIMHUX
B3a€MO/IIN.

MD PDF BUKOpUCTOBYETHCS [l MOJICTIOBAHHS 3aJIEKHOCTEN MK PI3HUMHU
napamMeTpaMH CHUTHaJiB, HANPUKJIAJ, MPU aHaji3l OaraToOKaHAIbHUX CHUTHATIB. Y
TaKUX BHITQJIKaX, A€ CUTHAJIH MOXYTh OyTH KOPEIbOBAaHUMH a00 B3aEMOJISTH 3
HErayCoBUMHM 3aBajlaMH, OaraToBMMIipHA (DYHKIliS MIUTBHOCTI JTO3BOJISIE TOYHIIIIE
OIL[IHUTU WMOBIPHICTh HABHOCTI CUTHAJy Ta MOro mapameTpu B yMoBax Iymy. B
cucteMax aBTOHOMHHMX poOotiB MD PDF 3actocoByeThcsi 11 omucy Ta
MPOTHO3YBAHHS B3a€MOJIIT MK PI3HUMU CEHCOpaMU Ta €JIeMEHTaMH YIPaBJIiHHS.
MD PDF BUKOpPUCTOBY€TBHCS B 3a7ja4ax, NOB'I3aHUX 13 pO3MI3HABAHHIM 300paxeHb
abo aHami30M Bijieo Ha (QOHI PIZBHOMAHITHUX IIYMOBHUX (HaKTOpPIB, A€ OJHOYACHO
MO>KHa 00pOOJIATH Pi3HI XapaKTEPUCTUKH 300paKeHHS, TaK1 sIK KOJIbOPH, TEKCTYPH,
dbopmu abo 00'ekTH Ta 1H.

Pazom 3 ThIM, MaTeMaTH4HI MOJIEN OMUCY BUMAJAKOBUX IMPOIIECIB HA OCHOBI
MD PDF matotb psi 0OMexeHb B CBOEMY MTPAaKTUYHOMY 3acTocyBaHH1. Hanpukian,
MD PDF He 3aBxau Moke OyTH BiioMa 1 MOKYTh BUHUKHYTH JI€AKi TPYIHOILI 3
ominkoro ii mapametrpiB (9;,9,, ...,9,). 3acrocyBanuss MD PDF Bumarae Bucokoi
OOYHMCITIOBANILHOT CKJIQAHOCTI - OOYMCIIEHHS OaraTOBUMIPHOI (PYHKIi HIIJIBHOCTI
WMOBIPHOCTI1, OCOOJIMBO JIJIs1 BETUKUX BUMIPIB (HAMIPUKIIA], KOJUA YHACIO 3MIHHHUX N
Jy>K€ BEJIMKE), MOYKE€ BUMaraTu 3HAYHUX OOYHCIIOBAIBLHUX PECYpCIiB. ¥Y OaraThox
BUMAJKaX JaHl JJis OIIHKKA OaraToBUMIPHOiI (yHKIT HIIJILHOCTI WMOBIPHOCTI

MOXYTh OyTH OoOMexeHuMH ab0 HemoBHMMH. lle 0COONMMBO Ba)IJIHMBO, KOJIA MH
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MPaIfoeEMO 3 MaJuMHU BHOIPKaMH, IO MOKE MPHU3BECTH 0 BEIUKHX IMOXHOOK y
no6ynosi MD PDF Tta iH.

AnbpTEepHAaTUBHUN MIAXIT A0 OMHCY KOPEJIbOBAHMX HErayCOBUX MPOIECIB,
3aCHOBAaHM Ha MOMEHTHO-KYMYJITHTHOMY TIPEICTaBJICHHI, JO3BOJISIE THYYKO
BpPaXOBYBAaTH CTATUCTUYHY 3aJICKHICTh M1’ BUITAIKOBUMHU BEJIMYMHAMHU, 1110 3HAUHO
PO3LIUPIOE MOKIIMBOCTI KJIACUYHUX METOJIIB OOPOOKHU CHUTHAJIB. 30KpeMa, TaKHii
MiAX1J0 HaJa€ 3MOTY OMHMCYBAaTH CKIJIAAHI, HEMIHINHI B3a€MOAIl MIX CHUTHAJaMH, a
TaKOXX BpPAaxXOBYBaTH OCOOJUBOCTI pPO3MOJALLY, $KI HE MOXHa TOBHICTIO
OXapaKTepPU3yBaTH TayCOBUMHU MOJEISIMH. 3aBISIKHA 3aCTOCYBAaHHIO KYMYJISIHTIB Ta
MOMEHTIB BHIIMX IOPSAIKIB, MOKHAa OTpPUMAaTH OLIbII IMOBHY 1H(OpPMAIIO PO
CTPYKTYpY KOpEJIALli Ta HEraycoBi OCOOJIMBOCTI JOCTII)KYBaHHX CHUTHAJIB, IO
MIJBUIIY€ TOYHICTh 1 HAIIMHICTh AJITOPUTMIB [JIsi BUSABJICHHS Ta OLIIHIOBaHHS
napameTpiB cUrHamiB. Take MpeCTaBIEeHHS TaAKOX CHPOIIY€E MOO0YI0BY MOJIeNiel B
yMOBaxX B3a€MOJIi CHUTHAJIB 13 HErayCoBUMHU 3aBaJlaMH, 30KpeMa B 3ajadax
BUSIBJIICHHSI Ta PO3PI3HEHHS CUTHAJIIB.

Bapro 3a3naunty, 1110, He3BaXKar0YM Ha HAsIBHI PIIIICHHS 1010 3aCTOCYBAHHS
MOMEHTHO-KYMYJISHTHOTO  TIAXOAy JUI ONKWCY BWITAJIKOBHUX  IPOIICCIB,
3aJTMIIAI0THCS. HEBUPIIICHUMHU IMUTAHHS OMUCY CTATUCTUYHO 3aJICKHUX HErayCOBUX
mpoleciB 1 PO3pOOKH aNrOPUTMIB BHSIBICHHS CHTHANIB TP B3a€EMOJIi 3
HeraycoBUMHM 3aBafamu. Lle BHUMarae 10JaTKOBUX JOCHIIKEHb Ta po3po0OK, sKi
Oynu peasi3oBaHl Ta BUKJIAJICHI B MyOJIKaIisX IIOAO OI[IHIOBAHHS HEBIIOMUX
napaMeTpiB CUTHaJIIB Ha ()OHI KOpEJIhOBAaHUX HeraycoBuX 3aBaj [6, 20 - 31], Tak 1
JUIS 3a7a4 BUsIBIICHHS [32- 40].

Posrasiuemo npencrasienHs onnoBuMipuux (1D) Ta nBoBumipnaux (2D) PDF
yepe3 MOMEHTHO-KYMYJISSHTHUM ONUC BHIAJIKOBUX mporeciB [5, 32, 33].
OpnnoBumipHi (1D) MomeHnTH m; opska i BUTIAJKOBOI BETUYMHU & BUSHAYAIOTHCS

3a goromororo PDF p(§)

m; = E(§) = [__ &p(®dx. 2.1)
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MD PDF moxe npeacTaBisiT CTAaTUCTUYHO 3aJI€KH1 BUTIAJKOB1 BEIMYUHH [ 5,
6]. Ilpu po3B'sa3aHHI MPAKTUYHHUX 33]1a4 BAXKIMUBOIO XapaKTEPUCTUKOIO, SIKA OTHCYE
CTATUCTUYHMM 3B'SI30K MK JBOMa BHIIAJKOBUMHU BEIMYMHAMH, € JIBOBUMIPHUII
WMOBIpHICHUN po3moAl [S5, 6]. YV 1bOMYy KOHTEKCTI BUIIAJKOBY BEIUYHHY 3 OyIb-
SKUM CTQTUCTHUYHUM 3B'A3KOM BHOIPKOBUX 3HAUEHb MOXKHA XapaKTepU3yBaTU HE
TIIBKA OJHOBUMIPDHUMH, @ U CYMICHUMHU KyMYJISTHTAMM, SIKI BUPAKAIOThCSA Yepe3

CYMIiCHI MOMEHTH:

E(&'&) = [ [0 &'E p(&, &)dx. (2.2)

MokHa ysIBUTH, WI0 ICHYIOTh BHOIPKOBI 3HAYE€HHS CTaI[lOHAPHOIO
BUITAJIKOBOT'O MPOLECY, SIKI PO3IIIAIAIOThCS SIK OKpeMl BUIIAJKOB1 3HaueHHS. Ha
MPaKTUIl I[MUPOKO BUKOPUCTOBYBAHMM TPUKIAJOM CTATUCTUYHO 3aJIEKHUX
3HAYEHb € CHIBBIAHOLIEHHS JUISl IBOX BUIIQJKOBHUX BEIUYHMH. Y LbOMY BUIAAKY
MOkHa BuUKopucTOByBath 2D PDF. Po3rimaHeMo BHNAgoK JIBOX HE3aJEKHHUX

BHUIMAJAKOBHUX 3MIHHHX & 11 3 13 1 py PDF B1amoBI1IHO. Toal MOYaTKOBI MOMEHTH

MOPSAJKY [ MAKOTh HACTYITHUM BUJI:

m® = B¢l = ["Txipe(x)dx, mP = En = [77yip,(0dy.  (2.3)

JInsi HerayCoBHX CTaTUCTUYHO HE3aJEKHUX BHUIAJKOBUX BEIWYMH (3
HYJIBOBUM CEPEJIHIM 3HAYCHHSIM Ta JUCIEPCIEI0 Y, ) 3B’SI30K MDK MOYATKOBUMU

MOMEHTaMH M; Ta KYMYJISIHTaMH )Y; JO0 YETBEPTOTO MOPSAJIKY MA€ HACTYITHUM BU/L:
_ _ _ _ 2
my; =0,m, = xp, mg = x3,my = x4+ 3x3. (2.4)

Sk BIIOMO, JIJISi TAyCOBHMX MPONECIB KyMYJISHTHI KOE(DILIEHTH TPETHOrO Ta
BUIIMX MOPSAKIB (X3, X4, .- ) JOPIBHIOIOTH HYIIIO.

SKI110 BUMAAKOBI BEUYMHUA ¢ 1 1) € CTATUCTUYHO 3aJICKHUMU, TOJI OKPIM
MOYAaTKOBUX MOMEHTIB BOHM MAalOTh TaKOX 3MillaHi (CyMiCHI) MOMEHTH PI3HUX
MOPSIKIB.

Busnavenns: 2.1. CyMiCHUM MOMEHTOM JIBOX BUIIAQJKOBUX BEJIUYUH ¢ 17

po3MmipHOCTi (i) OyZaemMo Ha3WBaTH BEIWYUHY, IO JOPIBHIOE MaTEMaTUYHOMY
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CHOMIIBaHHIO JOOYTKY i-TO CTENEHS BWIIAJKOBOI BEIMYMHH ¢ Ta j-TO CTEHCHS

BI/IHaI[KOBOI BCJIMYWHMU 7.
mi;" = Eg'n) = [ x'y) p(x, y)dxdy, (2.5)
e p(x, y) — CYMICHHH PO3MOIi BUNIAAKOBUX BEIMYUH & Ta 7).

BpaxoByroun criBBigHOIIEHHS (2.5) MOKEMO HaIMCAaTH HACTYMHY PIBHICTD:

mgs() — mlgg,n), mj@n) — m(()i_;n), ml(i)] — mg'f), ml(zi — mgy,n)_
Bumnaakosi Benmumuman ¢ 1 1) MaiOTh CHUIBHI MOMEHTH po3mipHocTi (if),
OCKUJIbKU BOHH 3aJI€KaTh OJIUH B1J OJTHOTO.
JIJist onHcy CTaTUCTUYHOTO 3B’SI3KY MK BHOIPKOBUMH 3HAUYECHHAMH OYIyTh
BUKOPUCTAHI CyMiCHI MOMEHTM mM;; Ta KyMyIsHTH );; po3mipHocTi (ij) 1o

YETBEPTOIO MOPSAKY BKIIOYHO, sIKI MaIOTh HACTYIIHI CIIBBIHOIIECHHS [6, 32, 33]:

My1 = X11, M1z = X12, My3 = X13 + 3X2X11, M2z = X22 + X% + 2X%1~ (2.6)

O4eBuHO, 110 AHAJIOTTYHO MOKHA BU3HAYUTH CYMICHI MOMEHTH JIJISl TPhOX 1
Oulbllle BUMAAKOBUX BEJIUMYMH, IO JIO3BOJISIE JOCHIIXKYBaTH OUIBII CKJIa/HI
KOPEJISIIIITHI 3a7IeKHOCTI.

Jlns onucy KOpENSIIHHUX BIACTUBOCTEH MOCHIIKYBAaHUX BHUIAJKOBHUX
BEJIUYMH OKPIM TOYATKOBHMX MOMEHTIB [-TO TIOPAJKY Ta CYMICHUX MOMEHTIB
po3miprocTi (ij) OyaeMo BHKOPHUCTOBYBATH KOPEISAIiHI MOMEHTH PO3MIpHOCTI
().

Buznavennst 2.2. /[ ABOX BUNAIKOBUX BEIWYMH ¢ 1 77 KOpEIAINHUN

po3MmipHOcTi (ij) BU3HAYAETHCS HACTYITHOIO PIBHICTIO:

MOMEHT Fl.(f’")

Fi(]§.n) _E (fi _ ml@) (nj _ mj(n)) = E&in) — mlgs‘)m](n) _ mg,n) _ mgf)m]@.
3acTOCYBaHHs CyMICHMX MOMEHTIB M;; 1a€ 3MOTY OIMCYBAaTH HE JIUIIE TaKi
XapaKTepUCTUKU BHIIaJJKOBOTO HErayCoBOT'O MPOIECY Yy BHUIVISIAL KyMYJISTHTHHX
Koe(dilieHTiB, K acumerpis (y,) Ta ekcuec (y,), aje 1 1HII HapamMeTpH, sKi

BU3HA4YaIl0OTh CTyHiHB CTaTUCTUYHOI'O B33€M03B'H3Ky MIXK BUIIAIKOBUMHU

BCIMYMHAaMM.
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[Ipu po3risial HEraycoBOi CTATUCTUYHO 3aJIEKHOI BUIMAIAKOBOI BEIHUMHU 3
HYJIbOBUM MAaTEMAaTHYHHM OYIKYBaHHSM Y; Ta JUCIEPCIEI0 Yo, 11 3B'S30K MIXK
CyMICHUMM MOMEHTaMH M;; 1 KyMyJIIHTAMHY;; 10 HIOCTOTO IOPSAAKY Mae BUIJIAL
(6,32, 33]:

Mmy1 = X11, M1z = X12, M1z = X13 T 3X2X11,
Mys = X2z + X5 + 2XF1, Mz = Xo3 + XaX3 + 6)X11X12 + 3X2X125
M3 = X33 + 3X31X2 + X5 + OX11X22 + Wiz + 3X13X2 + X311 + 6X31s - -

[Ipyn BIACYTHOCTI CTATUCTUYHOIO 3B’SI3Ky OaraTOBUMIPHI MOMEHTH (Ui
MPE/ICTABIICHOI 3a]1a4i - IBOBUMIpPHI) TPAaHCPOPMYIOTHCS B JOOYTOK OJHOBUMIPHHX.

BukopucTanHs MOYaTKOBUX MOMEHTIB Ta KYMYJISHTIB € JOCHTHb 3pyYHHM
IHCTPYMEHTOM JIJIs1 JIOCTIPKEHHsI BUIAJIKOBUX MPOLIECIB, TOMY IIO MOXYTh OyTH
OTpUMaHIi B pe3yJIbTaTl EKCIIEPUMEHTIB SK MIEBHI yCepeTHEHHS BUOIPKOBUX 3HAYECHb.
O4eBUIHO, 110 MPU HECKIHYEHHIM MOCIIJOBHOCTI MOMEHTHUX Ta KyMYJISSHTHHX
GyHKIIM € MOMXJIHMBICTh BITHOBUTH (POPMY XapaKTEpUCTHUUHOI (GYyHKII, sKa €
MOBHUM OIKMCOM JOCIIKyBaHUX TMporeciB. TakuM YHHOM, IS HErayCOBHX
BUIAJIKOBUX TMPOIIECIB CaM€ IIi XapaKTePUCTUKH OyAyThb MaTH BCIO HEOOXIJHY
1H(DOopMaIrito, sKa XapaKTepu3ye iX CTATUCTUYHI 3B’ SI3KU Ta PO3MOILIH.

BiaMIHHICTb BiJl HyJIl CyMICHMX KyMYJISHTIB );; XapakT€PU3ye BUIAJKOBUI
JOCITIIKYBaHUM MPOIEC SIK CTATUCTUYIHO 3asiekHUN. OKpIM TOTO, CYMICHI MOMEHTHU
Ta KyMYJSIHTH XapaKTEepU3YIOThCS 3B'I3KaMU, SKI MOJIOHI 10 3B'SI3KIB MpHU
JOCIIPKEHH] OJTHOBUMIPHUX BHUIAJIKOBUX BeJIWYWMH. Hampukmnaa, cymiCHHM
KYMYJISIHT JAPYTroro MOPSIAKY )i; a00 KoBapiaiisl XapaKTepu3y€ CTAaTHCTHUYHUN
3B'SI30K TMEPIIOTO MOPSAKY a00 TaK 3BaHy KOPEIhOBAHICTh BUIAIKOBUX BEJIUUYUH:

X11 = My — MgMgy,

e Mgy U Mg, - MaTEMaTUYHE CIOJIBaHHS BHUNAJKOBUX BEIMYUH §; Ta &
BIJIIIOBIIHO.

BaxxnuBo BIAMITHUTH, 10 HAaSBHICTh CTATUCTUYHOTO 3B'SI3KY MDK JBOMA
BUOIPKOBUMH 3HAYCHHSIMH, JJISl SIKMX CYMICHHH KyMYJISHT HE JOPIBHIOE HYIIIO

X11 # 0, onucye KOpesIito IuX TBOX BUOIPKOBUX 3Ha4Y€Hb. Pa3oM 3 THM, pIBHICTb
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HYJIIO ),; HE XapaKTepu3ye€ BHUOIPKOBI 3HAYCHHS SK CTAaTUCTUYHO HE3AJICXKHI,
OCKUIbKM KyMYJISSHTH BHINUX TOPSJAKIB, SKI XapaKTepU3yIOTh OUIbII CKJIaTHI
CTATUCTUYHI 3aJI€KHOCTI1 BUIMTAIKOBUX BEJTUYNH, MOKYTh OYTH BIJIMIHHI Bl HYJIA.

3ayBaXuMo, IO U 3aJadl BUSBICHHS CUTHAIIB Ha (DOHI KOpEIbOBAaHUX
HErayCoBHUX 3aBaJl 3aCTOCYBaHHS MOMEHTHO-KYMYJISSHTHUX MOJIEJIEH NJisi OMHCY
JOCTIKYBaHUX MPOLIECIB MOTPEOYIOTh TOAATKOBUX JOCIHIIIKEHb Ta po3po0okK. Jliis
CIPOIIEHHS TIOCTaBJICHOI 3ajadi 3acToCyeMO KiacHQIKaIlilo JTOCTIKYBaHUX
mpoleciB, TMpu  SKIA  BBEIEMO TMEBHI KJIAaCHM  KyMYJISIHTIB ~ 3BHYaiHO1
XapaKTEPUCTUYHOI (DYHKIIII 3 11 CHIJIbHUMU BJIACTUBOCTSIMHU.

KyMmynsHTH mnpu  po3kiaal  XapakTepUCTHUYHOI (YHKINI B psAIl  MOXKHA
KkiacudikyBaTu 3a meBHUMHU Kiacamu. LI kateropis onucye (QpyHKIIIO MIITEHOCTI
nmoBipHocti (PDF) 31 cninpHuMu BiacTuBocTaAMU. lleit Tun kimacudikaiii s
HErayCoOBHUX BHIIQJIKOBHX BEJIMYMH HA3UBAETHCS MEPPOPOBAHUMH BHUIAJIKOBUMU
BenuuuHamu [11]. B miid kmacudikamii MOMEHTHI Ta KyMYJSIHTHI MOJEN1
MPEACTABIICH] JIMIIE YacTUHOK KYMYJISIHTIB 3 YyCIX MOXJIMBUX HaOOpIB, fK1
BIJIMOBIAIOTH PEAIBHOMY IPOIIECY.

Busznauvenns 2.3. [lepdopoBana BumaakoBa 3MiHHa — 11€ Taka BEJIMYUHA, JI€
B 11 KyMyJSIHTHOMY ONHCI €Ki KyMYJSIHTHI KOe(DII[IEHTH TpPEeThOro Ta BUIIE
MOPSJIKIB HE JOPIBHIOIOTH HYJIIO, JCSIKI KyMYJSHTHI KOe(DIillieHTH HyJIbOBI, 1HIII
KYMYJISIHTHI KO€(ILIEHTH BUILIOTO MOPAJIKY MOXKYTb IPUHAMATH Oy 1b-AK1 3HAUYEHHS.

BiamoBinno mo mpwmitHaToi kimacudikarii [11] po3pi3HAOTH Pi3HI THIH
ACUMEMPUYHUX, eKCYEeCHUX [ aCUMEemPUYHO-eKCYeCHUX BUTIAIKOBUX HETayCOBHX

BEJIMYMH, JOCTKEHHS SKUX IPOBOIMINCS B podoTax [32-40].

2.2. IlpencraBjeHHsl CTATHCTHK BHINMX MNOPSAKIB sl MO0OYI0BH
MaTeMATHYHHX MoOJeJed aJuTHBHOI B3a€Moail MNOCTIHHMX CHTHAJIB TAa

KOpPE€JbOBAaHUX HErayCoBHUX 3aBaj

JIyist BUpIIIIEHHS TIOCTAaBICHUX B IUCEPTAIliiiHIi poOOTI 3aBIaHb PO3POOIICHO

HOBI MOJIEJIl HETayCOBUX KOPETbOBAHUX BUIIAJKOBHUX IPOILIECIB, IO IPYHTYIOTHCS
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Ha 3actocyBaHHi 1D Ta 2D MOMEHTHO-KyMYJISHTHUX (QYHKIIN BUIIKUX MOPsIKiB. Le
JIO3BOJIMJIO HE JIMIIE OMUCATH HETAayCOBHM XapaKTep PO3MOMLTY JOCTIIKYBaHHUX
MPOIIECIB, ajie 1 1X KOpeJAliiHI BJIACTMBOCTI. 3aBISKH TaKOMY IMIJAXOAY CTalld
JOCTYITHUMH JIJI1 BUKOPHUCTAHHS HE TIITBKHA MapaMeTPd MOMEHTHO-KyMYJITHTHOTO

OIHCY, TaKi K KoedirieHTn acumeTpii ( 7, ) Ta excuecy (7, ), ajne i CyMiCHI MOMEHTH

Ta KYMYJISHTH, SIKi 34aTHI XapaKTepU3yBaTH CTATUCTUYHI 3B’S3KH JOCIIKYBaHUX
BMIIQJIKOBUX IIPOIIECIB 1 IIPEICTABJIEH] Y BUIJIAAI CyMICHMX KyMYJISHTIB Y;; PI3HUX

MOPSAAKIB, K1 HaBeeH1 B Taommmi 2.1.

Tabmuusg 2.1 — JIBOBUMIpHI CyMiCHI KyMYJISIHTH

[Topsoox JIBOBUMIpHI CyMICHI KyMYJISTHTH
CYMICHHX
KYMYJISIHTIB
1 Xo | Ao |~ - - -
2 o | Xu | Xo - - -
3 Ko | T | Xm | Xos - -
4 X | X | Xn | X3 Xoa -

BiamiTumo, 1m0 mpu 3acTOCyBaHHI CYMICHUX KyMYJISIHTIB TPETHOTO 1 BHIIIE
NOPSIZIKIB ~ 3’SIBIIIETHCA  MOXJIMBICTh ~ BpaxyBaTH  KOPEJSLIAHI  BIACTUBOCTI
BUIMAJKOBUX BeNWYMH. JlOCTaTHROIO YMOBOIO CTaTHMCTUYHOI HE3aJIEKHOCTI
BUIIJIKOBUX TPOLIECIB € PIBHICTh HYJIIO BCIX CyMICHUX KYMYJISHTIB Y;j TPETHOIO Ta
BHUIIIE MTOPSIKIB.

Hanmamo Bu3HaYeHHsS, SKI BIANOBIAHO N0 NpUHAHATOI Kiacudikarii [11]
PO3PI3HSIOTh PI3HI TUIU ACUMEMPUUYHUX, EKCYECHUX [ ACUMEeMPUUYHO-eKCYECHUX
KOPEJIbOBAaHUX BUIMAJAKOBUX HErayCOBHUX BEIHUHUH.

Busnauyenns 2.4. 'aycoBUMHU HEKOPEIbOBAaHUMH BUIAKOBUMH BETMUYNHAMU
OyIyTh BBa)XXAaTHCSA Taki, SKI XapaKTEPU3YIOThCA BIIMIHHUMH B HYJS

OJHOBUMIPDHUM X, 1 CYMICHUM Yq1; KYMYJSIHTaMHU JPYroro MOPSIKY, a pelra
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KyMYJISSHTHUX KOE(QILI€HTIB TPETbOTO Ta BHIIE MOPSAKIB, a TaKOX CYMiCHI
KyMYJISIHTH BHIIE APYTOTO MOPSAIKY JOPIBHIOIOTH HYJIO. T0/1 MOYaTKOBI MOMEHTH
@; 17 JJIs TayCOBOI CTATUCTUYHO HE3aJIeKHOT BUMIAJIKOBOT BEIMYMHU JI0 IIOCTOTO

MOPSIZIKY 3aMUIIYTHCS Yepe3 KYMYJISTHTH Y; 5IK:
_ _ _ 2.2 _ _ 3
AL =Y., 0 =Xz a3 =0,a, =35, a5 =0,as = 15yx5,...,

(k)

a CyMICHI MOMEHTH M; ;7 mopszaKy (i) BHIAJAKOBOI BEIMYMHU B MOMCHTH 4acy

(v, k) Bupa3sIThCs Uepe3 CyMiCHI KyMYJISIHTH HACTYITHUM YHHOM:

K
mg ) = X11 = X2 'P(v’k); my; = Y12 =0,

m& = x2 4+ 2x3 = x3(1+2p@0%), ..,

ne pWR - xopensuiiina GyHKIA 3a7aHOTO BUAY MiK ¥ -M i k -M BHOGIpKOBHMH
3HaYCHHSIMU.

[Ipu mocmiiPKeHHI CTATUCTUYHUX 3B’ A3KIB BUIMAIKOBUX MPOLIECIB BAXKIMBUM
€ TUTaHHA BUOOpPY KOpESIIAHUX (YHKIIN, SKI aJeKBaTHO XapaKTepU3YIOTh
KOpEJISIIiHI BJIACTUBOCTI JOCHKYBaHUX mporieciB. [lepenik Takux (yHKIii €
JIOCUTH IIMPOKUM, PAa30M 3 TUM B [6] HaBelIeHI €Kl TUIIOBI KOPEIAIiiHI (QyHKITIT,

SIK1 MArOTh CBO€E 34aCTOCYBAaHHA B 0araTbox J0oJaTKax:

pe (1) = a2e™ 7 pe (1) = g% AT(1 + Alt]), pe(r) = a?e~4I7I(1 — Alz)),
2.2
pe(t) = o2l (1 + Alt| + ATT), pe (1) = o2l (COSBT + gsinB |T|),

pe (1) = o2e~Al"! (cos Bt — gsinB |T|), pe(r) = o%e W cos BT,  (2.7)

ne T = |t, — ty| - KOpensiiHui iHTepBal, KA NPU BpaxXyBaHHI CTATUCTHYHHUX

3B’A3KiB MEHIUMH iHTepBaTy KOpesawii T = [t, — ty| < Typ, ¥, k = 1,7; Ty, - HaC

Kop
Kopensnii; o2 = p:(0) - mucmepcis Bumagkosoro mpouecy; A,B>0 -
MacmTabyrodi KOe(iIlleHTH, SKI XapaKTepU3yIOTh CTATHCTUYHI 3B'S3KH  MIXK

BUOIPKOBUMH 3HAa4eHHsIMH. YacoBe NpEICTABICHHS HABEIECHUX KOPEJAIIHIX
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byskuiit (2.7) Bin iHTEepBaly Kopeismii Ta macmTabyrounx koedimieHtiB 4 i B

MPECTaBICHO HA pUcyHKax 2.1.-2.3

Pucynok 2.1.

The wale of the cormelation funclian =01

T B —
——funi |
1 i i LD furi2 ||
5 urt 1= - A a) = —run3|
ERs hunZ=exp-AtEaul] + ATpay)) o fund |
a6 h wily =
5 T Y fun3=cxpi-4"Laul}"[1 - A"taul]
. + i
5 OB
B
E
=
i
5 04
0
o
_J :.h I k 1 l 1 1
o 10 .1 i)

3aNeXKHICTh  KOPENSIIHHUX

Tre-walig of 1he carelstion funchon A=01, B=01

= ! T
k= |
satid 9 funé |
I -": ! = == fun¥ |—
- | I‘l fmS=eap(.A"kaul) "cos(B au) I
5, W funfeepi- ATl eosiEaU) « (B sEnE |
. \ it l e T
S D4t b aeees funP=eel-ATEaul) eosEau) - (AR siniEtEu)
E ‘. ! o
=
=
5 D2f
0k
02
-:l 4 1 1 1 1 I 1
0 10 -] il 25 n k- i L &
1]

6)

bymkuiit  pg(r) 3 mapamerpamu

MacmTabyBaHHS «A» 1 «B» Bix iHTepBaity Kopesii tau (t1): (a) 4=0.1; (6) 4=0.1,
B=0.1.

CoFunchion

Pucynok 2.2. 3anexuicts Kopensuiduux QyHkuid pg (1)

The walue of the corrdaten funchioe: A=01, B=03

o . - - : e
b - = furk
L = = funll
==
w4 - * =T
"”I fumS=aapi- A"ftau) *cost B tau)
osFAl fuifi= ol A%flauf) *fcoslE"tau) + | AR} snE"au))
':I',, fun T ==ep|- A™ftau) *[cos{Emau) - |ABsin|Eeau))
L
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The vl of the comelshon funchon: &=0.9, B=10

T
—=—{uhs
Tushi

flanS=eapl-AREu " cosiEm e}

— = fwd

TariE= a4 Jal). " [ oo E" D) + [ i Bt

TanT=expf- ARel "¢ o5 B 5w - (AB PainiE )]

f ’\Jﬁl \.—'ﬁ\"’““""““"’"‘"‘

0)

3 TMapaMeTpamu

MaciTaOyBaHHS «A4» 1 «B» Bij iHTepBaidy Kopemsiii tau (t): (a) 4=0.1, B=0.1; (6)

A=0.

1, B=1.0.
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The vakm of the comelsion funchion: &=110 T widus &l {he comsalion fenctan. &=1 0 B=0.1
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Pucynok 2.3. 3anexsicTh Kopenauinmx Qynkuiii pg(r) 3 mnapamerpamu

MaciTabyBaHHsS «A» 1 «B» Bia iHTepBaity Kopensii tau (t): (a) 4=1.0; (6) 4=1.0,

B=0.1.

Sk BUAHO 3 HaBEAEHUX PUCYHKIB, MaciuTaOyroui koedimieHTH A Ta B cyTTeBO
BIIMBAIOTh HA MOBEJIHKY KOpENSAUIMHUX (PYHKIIH, HaBeneHuX B (2.7). Ilpu manux
3HAUEHHAX MapaMeTpiB MacITadyBaHHS «A» 1 «B» (B mexax 0.1) cocrepirarotscs
CWJIbHI CTAaTUCTHYHI 3B’S13KH, 1 BIAMOBIIHO, 301/IbIIIEHNI yac Kopessawii tau (t). [Ipu
30UTBIIIEHH] 3HAYeHb A Ta B CHOCTEpIracThCs 3MEHIICHHS 1HTEpBAy KOPEsIli
(bakTUYHO I BCIX NOCHIKYBaHMX (yHKIIM. JleTanbHUN BIUIMB CTATUCTUYHHUX
3B’SI3KIB HA MPOLECH BUSBIEHHS CUTHAJIB OyIyTh AOCTIIKYBATHCS B HACTYITHUX
po3Iiax.

B po6oTi mpoBOASTHCS AOCHIIKEHHSI CUHTE3Y MOJIHOMIAIBHUX HETIHIMHUX
PI1 BusiBneHHs cUTHANIB, MO MPUHAMAETHCA HA (POHI KOPEIHOBAHMX HETAyCOBHX
ACUMEMPUYHUX, eKCYECHUX Ma AdCUMempudHo-excyecHux 3aBaj. JlaMo BUZHaYEHHs
JUIS KOKHOTO 13 3a3HAYEHHUX KJIaciB i3 HaBEIEHHSM MOMEHTHO-KyMYJSHTHHX
MOJIEJIEN 1X OMUCY.

PosrisitHeMo 0/1Hi 13 MOMMPEHUX ACUMETPUYHUX HErayCOBUX MPOIIECIB,
Kl XapaKTepU3ylOThCS BIIMIHHUMH BIJ HYyJII HENapHUMU KyMYJISTHTHUMHU
byuxuismu. [Ipuknanom acumempuunux neeaycosux npoyecie moxe 0yt I amma
po3nodin, SKUU 3aCTOCOBYETHCS JUIS MOJICNIOBAHHS BIJOMTUX CHUTHAIIB Yy

CepeZoBHILAX 3 0AraTOLUISIXOBUM PO3MOBCIOKEHHSM, TaKUX SIK MICBKI YMOBH 3
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BEJIMKOIO KUIBKICTIO OyJiBeNb, J€ CUTHAIM BiJl PI3HUX MLUIAXIB MOXYTh OyTH
KOpENbOBAaHMUMH, B CHCTEMAax TEJICKOMYHIKAI] /IS OMHCY 4Yacy *XUTTS IMaKeTy B
Mepexkax 3 BUCOKOIO 3aTPUMKOI0, /1€ 3aTPUMKH MOXKYTh OyTH KOPEJIbOBAaHUMU Yepe3
NOBTOpIOBaHI 3001 abo 3aTopu B Mepexi Ta iH. JlaHWii Kiac JOCHIKYBaHOTO

KOPEJIbOBAHOTI'0 BUITaJIKOBOTO IPOIIECY MpeICTaBICHUH B TabmuI 2.2.

Tabnuusg 2.2 — [IpencraBieHHs] JBOBUMIPHUX CYMICHUX KyMYJISIHTIB KOPEJIbOBAHO1

ACUMETPUYHOI HETayCOBOI BEJIMYUHU

[Topsinox [To3HaueHHA JABOBUMIPHUX  CHUIBHHX
CHIIBHUX KYMYJISIHTIB

KYMYJISIHTIB

1 Xoi | X10 | — - - -

2 Xoz | X11 | X20 - - -

3 Xo3 | X12 | X21 | X30 - -
4 — — — — — —

Busnauennst 2.5. ACUMETPUYHUMH CTATUCTUYHO 3aJI€KHUMHU BUIIAIKOBUMU
BEJIMUMHAMHU OyJIeMO HA3WBAaTH TaKl BEIMYMHH, JUIA SKUX BIIMIHHUMH BiJ HYJIS
OynyTh auchepcii Y, Ta KyMYJSHT TPETbOro TMOPSIOKY X3, @ TaKOX CyMICHI
KYMYJISIHTH X3, X11> X12> X21> X30 @ BCI IHIIIl OJTHOBUMIPHI KYMYJISTHTH Y€TBEPTOTO
Ta BULIE MOPSAAKIB, & TAKOXK CYMICHI KYMYJISSHTM YETBEPTOIO Ta BHILE MOPSAKIB
JIOPIBHIOIOTH HYJIO. TOJI MOYAaTKOBI MOMEHTH JI0 IIOCTOTO MOPSJKY BKIIFOYHO

3aIIUIIYTHCA AK:

_ _ _ 2.2 _ _ 2 3
Ay = X1, U = X2, A3 = X3, A4 = 3x3, a5 = 10y, 3, ag = 103 + 15%5. (2.8)
[IpencraBumMo 3B'SI30K CYMICHUX MOMEHTIB 3 CYMICHUMHU KYMYJISTHTAMU HACTYITHUM

YHUHOM:

3 3
lk ’k - =
mﬁ ) = X11 = X2 'P(v'k)J mg ) = X12 = V3X§P(v'k)2,

mgy = x3 + 2xh = x3(1+2p00%) . (2.9)
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OCHOBHUM TapaMeTpOM, SKHH OIHUCY€E BIACTHUBOCTI ACHMETPUYHOTO
po3noALTY € KOe(IIiEHT acCUMETPii Y3, IKHI HE MOXKE IPUIMATH JOBUIbHI 3HAUYEHHS,

1 JUIs1 TaHOTO TUIY 3aBaJ] HAJICKUTh HACTYIHIM 001acTi JOIMYCTUMUX 3Ha4yeHb [11]:

vi<.Jy.+2<2

Jlo 1HIIOTO TWUIy BHUMAAKOBUX IMPOLECIB BIAHOCATH eKCYeCHi He2aycosi
npoyecu. JIJIs Takoro TUITY, HANPUKIaA, XapaKTepHUN po3noain Jlaniaca, AKun
3aCTOCOBYETHCS U MOJICITIOBAHHS ITYyMIB y pajaioiokamiiHux cuctemax. Ulymun
MO>KYTb MaTH IIKH, K1 3HAYHO B1JIPI3HSIOTHCA Bl CEPEAHBOTO PIBHS 1 MOXKYTh OyTH
KOpEJIbOBAaHMUMH  4Yepe3 3arajibHi JpKepena iHTepdepenmii. B cucremax
TEJEKOMYHIKallll JAaHW BUJ PO3NOJAUTY BUKOPUCTOBYETHCS JIsI ONKCY BTpaT
NAKeTIB B MeEpekax, J€ BTpaTH MOXYTbh MaTH BHCOKMHA ekcuec 1 Oyrtu
KOPEJIbOBAaHUMHU UY€pe3 CHUIbHI MPUYUHU BTPAT, TaKl SIK NEPEBAHTAKEHHS MEPExKI
abo amapatHi 300i. JlaHui Kjac AOCIIKYBAHOTO KOPEJIbOBAHOTO BHUIIAJIKOBOTO

mpoliecy npecTaBiieHuid B Tadnuii 2.3.

Tabmuusg 2.3 — [IpencraBiaeHHsl JBOBUMIPHUX CYMICHUX KyMYJISIHTIB KOPEJIbOBAHO1

€KCLIECHOI HErayCOBO1 BEJIMUYUHU

[Topsimox [lo3HaueHHsT JABOBUMIPHUX  CITUIBHHUX
CHIJIBbHUX KyMYJISIHTIB

KYMYJISIHTIB

1 Xoi | X10 | — - - -

2 Xoz | X11 | X20 - - -

3 — — _ _ _ _

4 Xoa | X13 | X22 | X31 X40 -

Busnauyenns 2.6. ExclieCHMMHM CTAaTUCTUYHO 3aJIC)KHHMHU BHUIAJKOBUMH
BeJIMYMHAMU OyZeMO Ha3uBaTH TaKi, JUIsl AKUX BIAMIHHUMU BiJ HyJS OyIOyTh X, 1
X4, @ TAKOXK CYMICHI KYMYJISIHTH X4, X11> X31> X225 X13> X40 @ BCI IHIII KyMYJISTHTH

TPETHOrO 1 BHIIE YETBEPTOrO TMOPSIKIB, a TAKOX CYMICHI KyMYJISIHTH BHILE
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YETBEPTOTO MOPSAJKY TOPIBHIOIOTH HYIIO. TOJ1I MOYAaTKOBI MOMEHTH JO IIOCTOTO

MOPSIIKY BKJTFOYHO 3aIUIITY ThCS SIK:
A = X1, Ay = X2, 03 =0,y =X4+3X§' as =0, (2.10)
ag = 15),x4 + 15)5,... .

[TpencraBuMO 3B'A30K CYMICHUX MOMEHTIB 3 CYMICHUMU KYMYJISHTaMU HACTyITHUM

YHUHOM:

K k K
mﬁ ) = X11 = X2 'P(v’k); mg ) = X12 =0, m% ) = V4X121 + 3x2x11, (2.11)

k 2 2
m$ = x2(yap@* + 1+ 2p@07%), .

OnuH 13 MOMMPEHUX HErayCoBUX IPOLECIB € acumempuuno-excyecHuu. J1o
TaKOTro TUITY BITHOCUTHCS po3Moail Beiibyna, Penes, Kowi, poznooin Ilipcona muny
IV Ta iH., SIK1 ONKCYIOTh XapaKTEPUCTUKU CUTHAJIIB B YMOBaX CKJIAJIHUX 3aBal, JI€
IIYMHU MarOTh SIK aCUMETPII0, TaK 1 BUCOKUN €KCLEC 1 MOXKYTh OyTH KOPEIbOBaHUMU
yepe3 3arajibHi JDKepena 3aBajd. B cucTteMax TeleKOMyHIKallli MOJETIOITh
IHTEpBaJIM 3aTPUMKH Tepe/iadl MaKeTIB y Mepekax 3 BEJIMKUM HABAHTAKEHHSM, 1€
3aTPUMKM MOXKYTh MaTH OJHOYACHO AacHUMETpil0, BHUCOKUN ekcuec 1 OyTu
KOpEJIbOBAHUMH 4Yepe3 CHUIbHI MepexeBl yMOBH. TakoX Takl MpOILECH
3aCTOCOBYIOTBCA [JIsl MOJIETIOBaHHS aMIUIITYJl CUTHAIIB Yy O0e3MocepeHboMY
paaioNOKaIlIfHOMY 3B’SI3KYy, JI€ CHUTHAJM MOXYTh OyTH KOPEJIbOBAHHUMH Yepe3
3arajibHi TPA€KTOPii pO3MOBCIOKEHHS Ta 1H.

Hampuknan, B TeneKOMyHIKAIIWHUX CHUCTEMax dYacTO CIOCTEPIraloThCs
npoiiecu 3 PeleeBChKOIO MITBHICTIO PO3MOJLTY, SIKA XapaKTePU3YEThCS TaKUMHU

xoedinieHTamMmu acumerpii vy, =0,63 Ta ekcuecy, v, =3,26. Taki mapamerpu

BiJIMIOBITaI0Th aCUMETPHUYHO-EKCIICCHUM BUIIAJIKOBUM TIPOIIECaM.

BusiBnennst curnaiiB Ha ()OHI HETayCOBUX KOPEThOBAHUX 3aBaj] € BaXKIMBOIO
3a/1ayero B PI3HUX TEXHIYHUX Taly3siX. 30KpeMa, BUSBJICHHS 00'€KTIB 3 HU3BKOIO
e(EeKTUBHOIO TUIOMICIO PO3CIIOBaHHS (HAMpHKIA, APOHIB ab0 CTENC-JTITaKiB) y
CKJIaJHAX YMOBax 3aBajJl BiA 3emii abo BOAM, JI€ 3aBaJl MAarOTh HErayCOBH

XapakTep 1 KOpeiaboBaHI uepe3 MoBToproBaHi BiaOUTTA [41-44]. o Takux 3amad
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BITHOCUTBHCS BUSIBJICHHS Ta IEKO{yBaHHSI CUTHAI1B MOOUTEHUX MPUCTPOIB Y MICHKHX
yMOBax, J€ 3aBaJM BIJ YHUCICHHUX JDKEpes, TakuxX sK OymiBial Ta 1HII
1HppacTpyKTypHiI 00'€KTH, MalOTh HETAyCOBHM XapakTep Ta € KOPEIbOBaHHMHU.
BusiBiieHHsI IPUPOJAHUX CEHUCMIUHUX TOMIN (3eMJIETPYCiB) B yMOBaxX MICBKHX a00
MIPOMUCJIOBUX 30H, JIe 3aBaJ BiJ JIFOJACHKOI JISILHOCTI (TPaHCIOPT, MIPOMHUCIIOBI
MalllMHU) MalOTh HErayCOBUH XapakTep 1 KOpelIbOBaHI 4epe3 IMOBTOPIOBAHICTh
JiSTbHOCTI. BUSIBIEHHS aHOManbHHMX CEpIEBUX PUTMIB Ha (HOHI HEraycoBHX
KOpEJIbOBaHUX 3aBaj, sIKI MOXKYTh BUHUKATU uyepe3 apTredakTu pyxy abo M's30BY
aKTUBHICTh. J[aHWH KJac AOCTIKYBAaHOTO KOPEIHOBAHOTO BUIAJAKOBOTO IMPOIIECY

npeCcTaBiIeHu B Tabnuii 2.4.

Tabmuus 2.4 — IIpencraBiaeHHsT JBOBUMIPHUX CYMICHUX KyMYJISIHTIB KOPEJIbOBaHOT

ACHUMETPUYHO-EKCLIECHOI HErayCcoBOl BEJIMYNHU

[Topsnox [To3HayeHHsT JBOBHMIPHUX  CIIJIBHHUX
CHUIBHUX KYMYJISIHT1B

KYMYJISIHT1B

1 Xo1 | X10 | — - - -

2 Xoz | X11 | X20 - - -

3 Xo3 | X12 | X21 | X30 - -
4 Xoa | X13 | X22 | X31 Xa0 -

Buznauennst 2.7. ACHMETPUYHO-EKCIICCHUMH CTAaTHCTHYHO 3aJICKHUMHU
BUITAJIKOBUMH BEJIMUMHAMHU Oy/IeMO Ha3UBATH TaKi, 71 IKUX BIAMIHHUMH BiJT HYJIS
OyRYTb X2, X3 1 X4, @ TAKOXK CYMICHI KyMYJISIHTH Xo3, X11> X125 X21> X30> X04> X315
X22> X13> X40 @ BCl 1HII KyMYJISSHTH T1’SITOTO 1 BHIIE MOPSIIKIB, a TAKOXK CYMICHI
KyMYJISSHTH BUIIIE YETBEPTOTO MOPSAKY PiBHI HYN0. Tol MOYaTKOBI MOMEHTHU 10

IIOCTOI0 MOPAAKY BKIIIOYHO 3alIUINYTLCA SK:

Ay = X1, Ay = X2, A3 = X3, @q = X4 + 3x5, a5 = 10313, (2.12)

0(6 = 15){2){4 + 10){32 + 15)(23, .
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[TpencraBuMO 3B'A30K CYMICHUX MOMEHTIB 3 CYMICHUMHU KyMYJISIHTAMU HAaCTYITHUM
YUHOM:

3

= Y12 = V3x2p®@0

3
(v,k) 7

K
myy " = X11 = X2 p@hR), m(v ) =

m&% = yax? + 3x2x11, Moy = 13 2(1ap @0 + 14 2p@0%), . (2.13)

B naniii poOOTI IPONMOHYETHCS PO3pOOKA HOBUX MOMEHTHO-KYyMYJISTHTHHX
MOJIeJel CTaTUCTUYHO 3aJIe)KHUX AaCHMETPUYHUX HETayCOBHX BHIAJKOBHUX
BeanurH. Ha OCHOBI IMX Mojesneil CTBOpEH1 HOBI METOJU BUSBICHHS CUTHAJIB 3
BUKOPUCTAHHAM MOJHU(PIKOBAHOIO MOMEHTHOIO KpPHUTEPIIO SKOCTI MEPEBIPKU
craTucTUUHUX rinore3 [32-39]. Taki MeToau BIAPI3HAIOTHCA BiJ 1CHYIOUHX,
BUKOPUCTOBYIOTh OaraTOBUMIpHI MOMEHTHO-KYMYJISIHTHI (DYHKIIIT BUIIIMX TTOPSIKIB
(HOS) nns BpaxyBaHHS TOHKOI CTPYKTYpPH HETAyCOBUX KOPEIbOBAHUX BHUITAJKOBUX
npouieciB. Takuit miaxin OyJae BUKOPUCTAHUM MJIS CHHTE3y IMOJIHOMIaJIbHHUX
CTOXaCTUYHUX PO3B’s3yBasibHUX npaBuil (PII) myist BusiBneHHS curHaiiB Ha (oHi
KOPENbOBAHUX  ACUMEMPUYHUX,  eKCYeCHUX Ta  aCUMEemPUYHO-EKCYECHUX

HCTayCOBHUX 3aBal.

2.3. MoMeHTHUII KpUTepPiil AKOCTI BepXHbOI rPaHUIll HMOBIPHOCTEH MOMUJIOK
JJIA IO0Y/10BM METO/IiB BUSIBJICHHS CUTHAJIIB HA (oHi 3aBaj

Hexaii Bumazkosi curnanu € (t) crmocrepiraiothest Ha intepBaii gacy (0,T).
HeoOximHo po3poOutu anroput™Mu OOpPOOKH CTOXACTHYHUX MpoIeciB &(t) s
OPUAHATTS PIMICHHSA: CTOXACTHYHI MPOIECH MICTATh KOPUCHHM curHain s(t)
(peamizyeThcs rinmoTe3a H; ) ab0 KOPUCHUI CUTHAT BiJICYTHIHN 1 BUMAJAKOBI MPOIIECH
&(t) mictares Timeku 3aBagy N(t) (peamisyerbest rimoresa Hy), me &(t) = s(t) +
n(t), n(t) — cramionapHuii KOpeIbOBaHHI HErayCOBHUI BUIAAKOBHI MPOIIEC, KM
onucyerbes Habopom 1D 12D kyMyJsSHTIB Ta MOYaTKOBUX MOMEHTIB.

bynemo BBakaTH, 110 MHOXXKMHA MOMEHTIB NpH peaiizaiii rinoresu H

MaTHME BHTIIS — (m(v) mg)) a i rinotesu H, ( @) u(r)) ne {u”, m"}
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g), mg)} - 2D criJibHi MOMEHTH

1D MOMeHTH B MOMEHT 4acy t,, mopsaky [ ta {{u
posmiprocrti (ij) mpu peanizamii rimore3u H, i H; BiAMOBIiIHO.

Jlns mpakTU4YHOI peamizaiii aJdropuTMiB OOpOOKHM CHUTHAIIB 3pYYHIIIEe
OTpaIlbOBYBaTH HE HEMEPEpPBHUN CHUTHAN, a JUCKpeTHUH. B 1pomy BHIagky
naucKpeTHa BubOipka curnany ¢ (t) Oynme matu Bun X = {x;, Xy,...,X,} B MOMEHTH

yacy t,, a peamizaiito rinore3 Hy, and H; npeacraBUMo HACTyITHUM YHHOM:
Hi: &y = sy(ag) + 1y (ykl)(i(}:))a
Ho: & =1 (Vo) v=1n, (2.14)

o ) T
ne S, (e ) — KOPUCHUIA CUTHAI, SIKHI OTMIUCYEThCS TApaMEeTPaMu ., 1., (yk, )(i(j)) —

HeraycoBa BUIIaIKOBA BEJTMYMHA 3 [TapaMeTpamMu y popMi HAOOpY KyMYJISTHTIB )(g)
Ta KyMYJISIHTHUX KO€(IIEHTIB Y.

Jlis po3B’si3aHHS MOCTAaBJICHOI 3a/1ayl CKOPUCTAEMOCS 3arajlbHONMPUNHATUM
MIJX0J0M Teopli MEPEeBIPKU CTATUCTUYHUX TiNMOTe3. BINMNOBIAHO 10 KJIACUYHOTO
X0y, ONTUMaIbHUN baileciBChKUI aNTOPUTM BUSBJICHHSI CUTHAJIB MIHIMIZYE
cepenHid pusuk [1-4]. JloctatHs cTaTuCTHKa, sIKa HEOOXIOHA JJIA TEPEBIPKU

rinoTe3, BU3BHAYAETHCS SIK BITHOIIEHHS MPaBAOINOAIOHOCTI 1 Ma€ BUJI

P(X|Hy)
P(X|Ho)

AX) = (2.15)

Ak mpaBuUiio, Take BIAHOIICHHS MPABAONOIOHOCTI B OUIBIIOCTI BHUIIAJIKIB
IHTEPIPETYETHCS 1 3aCTOCOBYETHCS JJII HOPMAITBHUX 3aKOHIB PO3MOJILTY IIUIBHOCTI
MoBIpHOCTI. Pa3oM 3 TUM, oTpuMaHHs po3B’s3KiB y (popmi piBHsIHHS (2.15) ans
HeraycoBux kopenboBaHux PDF cTBoproe amropuTmiuHi TPyAHOIT, TOB’sI3aHi 3
HEBM3HAYEHICTIO K pizHOBHAY PDF, Tak 1 ii mapameTpiB, TEXHIYHOIO CKJIAJIHICTIO
peanizaiii anroputmiB. OTke, MOTPIOHI aTbTEPHATUBHI MIIXOH, 11100 MOA0IATH 111
npobsniemMu. OAWH 13 TakWX aJIbTEPHATUBHHUX TMIAXOAIB TOJSAra€ y BHPaXECHHI

BIIHOIIICHHS MPaBJOMNO110HOCTI, SIK CTEIIEHEeBO1 MoiHOMIaIbHO1 QyHKIT [45-47].
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JUis 1bhOro poO3rJITHEMO THTAHHA PO3KIAAy Jorapudma BiTHOIICHHS
MPaBAOMOAIOHOCTI B TIEBHI CTOXACTHYHI PAAA 3 METOKO iX BUKOPUCTAHHS IS
nooynoBu PII, onTumanbHUX 3a OJHUM 13 MOMEHTHHMX KPUTEPIiB SKOCTi, SKI
BUKOPHUCTOBYIOTh ISl OMHCY JOocHifxkyBaHux mpoueciB He PDF, a omepyrotsb
MOHATTSMU MaTeMaTUYHOTO crojiBaHHid Ta jaucnepcii PII. Busnauummo, 110
PO3YMIETHCS 1T CTOXAaCTUYHUM PSJIOM 1 TTOJIIHOMOM.

Hexait pu rimote3i H, crocTepiraeThCsi BUMAIKOBA BEIWYMHA X, SIKA Ma€
¢byHKIiO miIsHOCTI po3noainy P(x|H,), a npu rinote3i H; — (QyHKIIiO MITBHOCTI
posmoainy P(x|H;). IlpumycTumo, 1o i HiJIbHOCTI PO3MOIITY € HEelepPEePBHIUMMU
dbyHkuisiMu aprymenty x. Toji HemepepBHOIO MO x Oyje Takok (PYHKIIS Takoro

BUTJISITY:

f(x) = In(P(X|H,)/P(X|H,)).

3asHaunmo, 1mo ¢yHkiia f(x) € 3BU4aliHOI0 Oe3MepepBHOIO (DYHKIIIEID Y

CEHCl MaTEeMaTUYHOro aHajizy. Toji B 3araJbHOMY BUNAJKy MOKHA CKa3aTH, IO

icHytoTh Jesiki pyHkitii ¢;(x) Ta xoHcranTh k;, i = 1,00 Taki, mo f(x) MoxHa

HOJIaTH y BHUIJISAI HECKIHUCHHOI CyMH TOOYTKIB KOHCTAHT k; Ta GyHKIiH ¢@; (x)

f(x) = Xiza kii(x) + ko, (2.16)

TOOTO y BUTIISII PsIY.

Jlerko GauuTH, 0 MHOKMHA TaKMX (DYHKIIM 1 KOHCTaHT HE € HYJIbOBOIO,
OCKUJIbKH, 3T1JTHO 3 TIEPIIIOI0 1 APYror Teopemamu Beilepirpacca npo HabJIMKEeHHS
dyHKILiH, y poni Takux (QyHKIIiH MOXKYTh BHCTyNaTh a6o cTeneHesi ¢; (x) = x*, a6o
tpuronomerpuuHi ¢;(x) = sin(iux), ¢;(x) = cos(iux) ¢ynkuii. Kpim TorO,
akiio GyHkmii ¢;(x) € MiHIHHO HE3aJeKHUMH W YTBOPIOIOTH 0asuc, TO IS
HIMPOKOTo Kinacy GyHKIti# f(x) MOXKIHMBE pO3KIaaaHHs y BULIIsAL psay (2.16).

SIKIII0 apTyMEHT X € BHIAKOBOIO BEJIMYHHO0, TO GyHKIs f(X) Takoxk Oy/e
BUITAJIKOBOIO BEJIMYMHOI0, a OTXe, 1 mpaBa 4acTuHa (2.16) Oyae BUNAIKOBOIO

BEJIMYMHOI0, TOOTO psif (2.16) Takok cTaHe BUMAJAKOBOIO BEIMYUHOIO.
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Busnauenns 2.8. fxuio B 3BuuaitHoMy psijai Buay (2.16) HesanexHa 3MiHHA
X € BUMAJKOBOIO BEJIWYMHOIO, TO Takuil psa OyaeMo Ha3WBaTH y3arajJbHECHHM
CTOXaCTHYHUM PSIOM.

AHaNoriuHo, MOXKHA JTaTH BU3HAYCHHS 1 17151 6araTOBUMIpHOTO BUMAAKY X =
{x1, x5, ..., x,}. Hexaif npu rinoresi H) crocTepiraethcs BHUIAJKOBA BEIUYMHA 3

(GYHKIIEIO MUTEHOCTI PO3MOILTY
P(X/Hy) = Ily=1 P, (x,/Hi), k = 0,1,
sKa € HETIEPEPBHOIO 32 KOKHOIO 31 3MIHHUX X,,. ToJ1 PpyHKIIis

P(X/Hl) — n ln Pv(xv/H1) (2 17)

f(xl,xz, ,Xn) - lTl P(X/Ho) - v=1 Pv(xv/HO)

TakoX OyJie HEMEePEepPBHOIO 3a KOKHOIO 3MIHHOIO X,,. BUKOPUCTOBYIOUM pPIBHSHHS
(2.17), MOXHa CTBEPI)KYBaTH, IO ICHYIOTh Taki GyHKIT ¢; (x,) Ta KOHCTaHTH k;y,,

1o
X2, o Xp) = ko + Xpen 2z Kin®i (), (2.18)

ne ko = Yp-1 Kov-
3ayBaxkumo, 1o psif (2.18) € 3BUYailHUM psIIOM y CEHC1 MAaTEMaTUYHOTO aHaI3Yy.
Buznauenns 2.9. fxmio B psaai (2.18) He3anexH1 3MIHHI X, € BUMAIKOBUMH
BEJIMYMHAMU, TO TaKHH psig OyIeMO HA3UBAaTH y3araJbHEHUM CTOXaCTUYHUM PSIIOM
l-ro Tumy po3MipHOCTI 7. PO3MIPHICTE CTOXaCTUYHOIO PsAy IOPIBHIOE 00cCATYy
BUOIPKH.
VY mpakTHYHUX 3aCTOCYBAHHSIX BUKOPHCTOBYIOTHCS HE HECKIHUCHHI PSAH, a
OararowieHu (TIOJIHOMH) 3 0OMEKEHUM YUCJIOM YJICHIB.

Busnavenns 2.10. bararounen Buny

f:sn(X) = ko + Z$=1 Z:;l:lkivd)i(xv)a (2.19)

I€ X, € BHIAJKOBUMHU BEJIMYMHAMH, OyJeMO Ha3WBaTH Yy3arajJbHECHUM
CTOXACTUYHUM TIOJIIHOMOM CTETIEHS § 1 PO3MIPHOCTI 71.
Bupazu (2.18) Ta (2.19) Ha3uBamTbCS y3aralbHEHUMHU psaMU  Ta

HOJiHOMAaMH BiAIIOBIAHO, TOMY 110 (YHKIIIT ¢b; (X,,) 3ammcani B 3aralbHOMY BUTIISI.
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O4eBHIHO, IO MOXKHA OTPUMATH 0araTto pe3yJbTaTiB, HE yTOYHIOIOYN KOHKPETHUIN
By GyHKLIH ¢;(x,). Hanpukiaz, KO BUKOPHUCTOBYBAaTH cTereHesi ¢; (x) = x*
GbyHKILII TepeTBOPEHHS, TO SIK allpiOPHUM OIKMCOM BUMAJAKOBUX BEIMYUH OYAYTh iX
MOYAaTKOBI MOMEHTH. SIKIIO BHUKOPUCTOBYBATH TPUTOHOMETPHUYHI MEPETBOPEHHS,
Hanpukian Buay ¢;(x) = sin(iux), ¢;(x) = cos(iux), TO anmpiopHUM OIHUCOM
BUIAJKOBHUX BEJIMUYMH OyAyTh XapaKTEPUCTUUIHI (DYHKIIII.

[Ipu 3amiHi He3aneXHOI 3MIHHOI y 3BHYaHOMY psi (a0o moyiHOMI) Ha
BUIIAJIKOBY BEJIMYMHY caM psifl (TIOJI1HOM) 3MIHIOE CBO1 BIACTUBOCTI. CTBEPI)KYBaTH,
10 TIEBHUM MOJIHOM KIHIIEBOTO CTYTEHS € TOYHOI almpOKCHMAIlE (QYHKINT Bij
BUIIA/IKOBUX apTyYMEHTIB, HE 3aBXIH PABOMIPHO.

bynemo BBakaTu, mo PII 3aani B Ki1aci CTOXaCTUYHUX MOJIIHOMIB KIHIIEBOTO
crenieHs Bumy (2.19). Ilpu mpomy Bu3HaueHi koedimieHTn k;,, 0y1eMO 3HAXOIUTH 3
YMOBH MiHIMYMY TOT'O Y 1HIIIOTO MOMEHTHOTO KpuTepito axocTi Bubopy PII. Takum
YUHOM, MPOTOHYETHCS METOJ MEPEBIPKH CTATUCTUYHUX TiMOTE3, 3aCHOBAaHUN Ha
BUKOPUCTaHHI CTOXACTUYHUX MOJIHOMIB KIHIIEBOTO CTEIEHS.

[Ipeacrasnenwuii moninoM Buay (2.19), sk GyHkIis Big BUOIPKOBUX 3HAYECHD,
€ ()yHKII€I0 BIIHOIIEHHS MPaBIONOI0HOCTI, SIKY MOXHA BUKOPUCTOBYBaTHU K PII

A(X) nyis mepeBipKky CTATUCTHYHKX TIMOTE3
Hy

>
A(X)sn =ko+ Z§=1 22=1 kiv¢i(xv) < 0.
Hy

SIK110 BUKOPUCTOBYBATH CTEIIEHEB1 IEPETBOPEHHS BiJl BUOIPKOBHUX 3HAYCHD,
t0 PII 1151 HEOTHAKOBO PO3MOAIIEHUX BUOIPKOBUX 3HAUYCHb (HAPUKJIIA, BUOIPKOBI

3HAYEHHS 3 paJlOCUTHAIY) Ha0y/1e BUTTISTY

Hy
. >

A(X)sn =ko+ Z$=1 217;1=1 kiyxy, < 0. (2.20)
Hy
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Jl7is 0THAKOBO PO3MOALIEHUX BUOIPKOBHX 3HAu€Hb (HANMPHUKIaA, BUOIPKOBI
3HAYEHHSI 3 MOCTIHHOTO a00 MOBHICTIO BIIOMOTO CUTHAJTY) ONTUMAIbHI KOSPIIIEHTH

PII e OynyTh 3anexxatu Bij HomMepa BUOipkoBuX 3Ha4ueHb 1 PI1 HaOyae Burisgy

Hy

. >
A(X)sn = ko + 2$=1 k; 21771=1 Xy < 0 (2.21)

Hy

Biamitumo, mo B 3arampHOMy Bumanky B (2.20) ta (2.21) mopiBHSHHS
MMOBUHHO BiIOyBaTHUCS HE 3 HyJIEM, a 3 IeBHUM ToporoM. OcKiibku KoedirmieHT k,,
HE BU3HAYCHHMM, IIEH MOPIr MOKHA BKJIIOUNUTH B caM Koe]illieHT k.

Buznauenns 2.11. PII Buay (2.20) ta (2.21) Oyaemo Ha3uBaTH IpaBUIaMH,
IPECTaBICHUMHU y BUIJIA1 y3arajJbHEHOIO CTOXaCTUUHOTO MOJIIHOMAa PO3MIPHOCTI
n, 1€ ICHYIOTh Taki koediuieHTt k, ta k;,, mo PII € ekBiBaleHTHUM MOPIBHAHHIO
jorapu¢Ma BIIHOIIEHHS MPaBAOINOAI0HOCTI 3 IEBHUM MOPOTOM.

O4eBUHO, IO 3AIUINAETHCS BIJKPUTUM TUTAHHS BHOOPY HEBU3HAYCHHX
koedimieHTiB k, ta k;,,. Sk Oyno moka3aHO paHimie, TOPIBHSIHHS jorapudma
BIJIHOIICHHS MpaBaonoaiOHocTi 3 meBHuM noporom € PII, sike onTumanbpHe 3a
OaraTbMa MNOLIMPEHUMHU KMOBIPHICHUMH KpUTEpisiMU AkocTi. ToOTo mnorapudm
BIIHOIIICHHS MPaBAOMOIOHOCTI 3abe3leuye MIHIMYM i1 TIEBHOTO OOpaHOTo
KPUTEPIIO SIKOCTI. 3 1HIIOTO OOKY, 32 HaABHOCTI 0a3UCy ICHYIOTh TaKi KOe(iIll€HTH,
no Jiorapud™M BiAHOIICHHS TPaBAOMOAIOHOCTI MOXKHA TMOJATH Yy BUIJISIL
y3araigbHeHoro noiaoMa (2.20) ado (2.21). OTxe, icHYIOTh Taki Koe]itieHTu k;,,,
K1 MIHIMI3YIOTh TOW YM IHINUK KpUTEpIH SIKOCTI. TaKMM YMHOM, IPUXOAUMO /10
BHUCHOBKY, 1110 HEBU3HAa4€HI KoedilieHTu k;;, B y3araabHeHOMY noiiHomi (2.20) ta
(2.21) HeoOX17HO 3HAXOJUTH HA OCHOBI MIHIMYMY O0OpaHOTO KPUTEPIIO SKOCTI.

[Torpu oueBUAHICTH TAKOTO MIAXOAY JJIsl BA3HAUCHHS KOS(DIIIEHTIB k;,,, HOTO
HE MOXXHAa 3aCTOCYBaTH [JIi MMOBIPHICHUX KpHUTEpiiB skocTi. Tomy, 1100
BUKOpPUCTOBYBATH NoJiiHOMIanbH1 PIT 1151 mepeBipku rinote3, HeoOX1JHO 3MIHUTH
kputepii Bubopy PII Takum unHOM, 1100 BOHH, 3 OJJHOrO OOKY, OyiM TMOB'sS3aHi 3

BIJIOMHUMH 1 J0Ope BUBYCHHMMM WMOBIPHICHUMH KpPUTEPISIMH, a 3 I1HIIOTO —
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JI03BOJISLITM BUPA3UTH KPUTEPIN SIKOCTI uepe3 HeBH3HaueH1 koedimientu k;,. [lpu
OpOBEJCHHI  MiHIMI3allli TakKoOro KpUTEpil0 SKOCTI 3a HEBU3HAYCHUMU
koediientramu  k;,, MOXHa 3HaWTH cami I KoedimieHTH. TakuMmM ymoBaM
3aJI0OBOJILHSIOTh MOMEHTHI KPHUTEPIii AKOCTI, K1 J0Ope 3apeKoMeHayBaIu cebe mpH
BUPIIICHH] 0aratboX MpakTUYHUX 3a7a4.

BiamiTiMo, 1m0 HE KOXHA CIOCTEPE)KyBaHAa BUMAJAKOBA BEIMYHMHA MAa€
MOYaTKOBI MOMEHTH. [CHye TeBHAa MHOXXHMHA BHIAJIKOBUX BEJIHYMH, ISl SKUX
MOMEHTH He IcHyroTh [11, 12]. B 1mpoMy BuUNagky jIsi HUX HEMOXKIHUBO
3aCTOCOBYBATH CTENIEHEB1 CTOXACTUYHI PsiIU Ta ToJIIHOMU. BuxoioM 3 11i€i cutyarii
€ BUKOpUCTaHHS B sKOCT1 PII Tak 3BaHMX TPUTOHOMETPUYHUX CTOXACTUYHUX PSJIIB
1 momiHoMiB. [lpu BUKOpUCTaHHI WX PSJIB B SIKOCTI ampiopHoi iHdopmarlii
3aCTOCOBYETHCS XapakTepUCTHUHI (yHKIII. BizoMo, n1o xapakrepuctuyHa QyHKIs
ICHY€ U1 KOXHOI BUIAJIKOBOI BEJIMYMHH 1 € 11 IOBHUM OIHCOM.

Ha npaktuimi MOXYyTh BHKOPHUCTOBYBAaTHUCA SIK CTENEHEBl, TakK 1
tpuronomerpuuni PII. Ile 3anexuTh, mo-mepiue, BiJ HasBHOI y KOpPUCTyBauda
anpiopHoi 1H¢opMalii Mpo ONUC JOCHIIKYBAHOTO TMPOIECYy, MO-ApYyTe, Bif
TEXHIYHMX abo anreOpaiunux MoxiuBocted peamsauii PII. Opnak mnpu
BUKOPHCTAaHHI TPUTOHOMETPUYHUX TOJIHOMIB 1 psaniB sik PII, anamituuni Bupasu
CTalOTh 3aHAATO T'POMI3JIKUMH 1 BaXKKO MIIJAIOThCS 1HTEprpeTanii. Tomy B qaHii
poOOTI BUKOPUCTOBYIOTHCSI CTEMEHEBl CTOXACTUYHI MOJiHOMU isi moOyaoBu PII
P BUPIIICHH] 33724 00pOOKH CUTHAIIIB Y CHUCTEMax MPUMOMY Ta 0OpOOKH JaHUX.

Sk Bxe BiaMivanocs, n00 BUPIIIUTH MPOOJieMy 3HAXOMKEHHS HEBIJIOMHUX
koedimientie  PII, 3ampomoHoBaHO HOBUM MiAXia, SKUH 3aCHOBAaHMM Ha
BUKOPHUCTaHHI Ta MOJANbBINH Moaudikaiii MOMEHTHOTO KPUTEPIO IKOCTI EPEBIPKU
cratucTuuHux rinore3 [32-39]. [IpoaeMoHCTpyeEMO TOOYIOBY TaKOro KPUTEPIIO
SKOCTI.

Hexaii PI1 quist mepeBipky CTaTUCTUYHUX T1MOTE3 MPEACTABICHO B HACTYIHIM

dbopmi:
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Hy
>
ACX) = y(X) Iy 0. 222)
Hy
ne y(X) e dyHkmiero BUOipKOBUX 3Ha4YeHb 3 Bubipku X Ta koedimieHT ky 0OpaHuii
3 HACTYITHUX YMOB
My = E[AX)|Ho] = 2, AX)p(X|Ho)IT dx <0,
My, = E[AX)|H,] = [~ A)p(X|H)IT dx = 0.

Tomi, BiamoBiHO 10 HepiBHOCTI YeOumepa [48, 49], HMOBIPHICTH TOMHUJIOK

nepuIoro ta apyroro poxay PII 3anumerscst HACTyITHUM YUHOM:
a = P[A(X) = 0|H,] < Go/M§ = ay, B = P[A(X) < 0|H,] < G,/M? = By,

e G;(y) = f_oooo [f(X) — M;]*p(X|H)II dx - mucnepcis po3s’s3yBabHOT QYHKIIT
y(X) npwu rinmote3i ta anpTepHatui H;, i = 0,1.
Toni cyma WMOBIPHOCTI MOMMWJIOK MEPLIOr0 Ta APYrOro pojay BHPA3UThCS

HACTYIIHMM YUHOM
Go , G
Fla,B)=a+ B < ay+f, =M—%+M—112=¢(G,M). (2.23)

Jlnst 3a3HadeHux BUpasiB M, Ta M; koedillieHT Kk, BU3HAYUMO SIK:
ko = O.S(EO + El)’ (2.24)

ne E;(y) = E[y(X)|H;] - maTematuune ouikyBaHHs po3B’sa3yBaibHOI QyHKIT Y (X)
(2.22) pu rinmoTe3i Ta anpTepHarusi H;, i = 0,1.
Tomi, ¢yukuis P(G,M) (2.23) ana Takux koedimientie k, (2.24) orpumae
HACTYIHY (popmy

(G, M) = 4Ku(G,E),

ac

2
Ku(E; G) = (GO(sn) + GO(sn))/(El(sn) - EO(sn)) ) (2-25)
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Jle MaTEMaTHIHE OYiKyBaHHA E;(s,) Ta qucnepcis Gy PII(2.20) mis nepesipkn

cTaTUCTUYHHX Tinote3 H; (i=0, /) BU3HAYAIOTHCS HACTYITHAM YHHOM:

Eo(sn) = 23:1 Zg:l kivuiw El(sn) = 2321 Z?zl kivmim (2-26)
GO(sn) = 217}=1 2$=1 Z?:l kivkij(ij)v (Ho),
Gl(sn) = 217;1:1 21?:1 Z?:l kivkij(ij)v (Hl)a (2-27)

1€ My, Ui, - TOYATKOBI MOMEHTH MOPSAKY i B MOMEHTH Yacy v i rinore3 Hy ta
H,, BIiAMOBiTHO, T
Fiijyw(Ho) = Uit jyo — UivUjp,  Fujyo(H1) = Mgijyy — Mypymyy,.  (2.28)

Busnauenns 2.12. Buznaunmo dyuxmionan Ku(E, G) (2.25) sk MoMeHTHUi
KpUTEpil sSKOCTI mpuitHATTS pimenb y Bursiai PII Bugy (2.20), ne ontumanbHi
koediienTu k;, Ta kg, AKi MIHIMI3yIOTh TIpaBy 4acTUHY (2.25), BU3HAYAIOTH Iei
kputepiii. Hazgemo el (yHKLIOHAI SIK MOMEHTHUN KPUTEPIM SKOCTI BEPXHIX
IpaHUllb UMOBIPHOCTEH TTOMHJIOK MEPEBIPKH CTATUCTUYHUX TINOTE3, 200 KOPOTKO
kputepieM Ku. 3a3HauuMo, 1110 UMM MEHIIE 3HaYEHHS KpUTepito (2.25), THM MEHIIIe
3HAYCHHS CyMU WMOBIPHOCTEH OMUJIOK TiepIioro Ta Apyroro poay PII (2.20).

Jlanu#i MOMEHTHUW KpUTEpId SAKOCTI TICHO TMOB'SI3aHUN 13 KIACUYHUMHU
WMOBIPHICHUMHU KPUTEPISIMU 1 Mae mpo3opuil ¢pizuunuid 3mict. Halikpamum Oyze
Take mojinomianeHe PII, ms sxoro cyma mucnepciii Gisp)y PII npu rimoresi ta
anpTepHaTBl OyJayTh MIHIMaJbHUMH, a BIJICTaHb MDK MaTEeMaTUIYHUMU
OYIKYBaHHAMH E;(sn), § = 0,1, 6y/1e MaKCUMaJIbHOIO.

Takuii kpuTepit gocnipkeHuil 1 100pe cebe 3apeKOMEeHyBaB MpU CHHTE31
nosHoMianbHux PI1 BusiBiieHHs curnainiB Ha QoHi HeraycoBux 3aBaf [50, 51]. Jlns
PO3B’sI3aHHS TIOCTABJICHOI 3a/1a4l B JUCEPTAIIHIN pOOOTI JIJIsi CHHTE3Y alrOPUTMIB
BUSBJICHHSI CUTHAJIB Ha (OHI KOpPEIhOBAaHMX HErayCoOBUX 3aBajJl HEOOXIJIHO
MPOBECTH JIOJATKOBI HAYKOBI PO3POOKM Ta JOCIHIDKEHHS, SKi CIPSMOBaHI Ha

BpaxyBaHHsS CTAaTUCTHUYHUX 3B’ SI3KIB JOCITII)KYBAHUX BUOIPKOBUX 3HAYEHb.
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2.4. BracTHBOCTI CTOXAaCTHYHHMX MOJIHOMIB Ta iX BUKOPUCTAHHSA I 00pOOKH
CUTHAJIIB

[To6y10Ba OAHOTO 3 MOMEHTHHUX KPUTEPIiB SIKOCTI, a CaMe KPUTEP1I0 BEPXHBOI
rpaHuIll KMOBIPHOCTEH MOMUIIOK, 0a3y€ThCs Ha 3aCTOCYBaHHI Teopemu Yebuiiena,
Jie MUMOBIPHOCTI TIOMHJIOK PO3B’s3yBajbHOI (YHKIT OOMEXKYIOTBCA 3BEPXY
CITIBBITHOIIICHHSM MK JHUCIEPCI€I0 1 MAaTEMAaTUYHUM CIOIBaHHSM ITi€i QyHKIi. Y
[52] moka3zaHo Hacmiok TeopeMu YeOuineBa, AKuil BiAirpae BaXXJIWBY poJib MpHU
BUKOPUCTAHHI CTOXaCTUYHUX MOJIHOMIB, SIK PO3B’SI3yBajIbHOI (PYHKIIII.

Hexaii € BunagkoBa Beauunna € (t), sKy OyaeMo po3riIsaaTh sK CTaIliOHAPHY
3 HYJIbOBMM MaTeMaTudHuM crnomiBanusaMm E (&) 1 mumcmepciero y,. PosriasHemo
HACII0K Teopemu YeOuiena.

Hacninok teopemu YebuieBa. Skmo E () MeHie HyssI, TO HMOBIPHICTb

P(£>0), a sixio E (&) Gunbiie Hys, To fiMoBipHicTh P(& < 0) Oyzae MeHIIo0 abo
pPIBHOIO BIJHOIICHHIO JUCHEpCii BHUMAJKOBOI BEIMYMHM JO KBajpara il
MaTEMaTUYHOTO CIOJIBaHHS, a00 MEHIIOK YU PIBHOIO OOEpHEHIH BETUYHHI
KYMYJISTHTHOTO KO€(III€EHTA NEPIIOTO NOPSIKY.

Ha ocHoBi 1nporo Hachiaky B [52] OyJi0 pO3rJAsSHYTO BIACTUBICTD
CTOXAaCTUYHHUX TOJIIHOMIB. PO3ristHeMO Aesiki TOJIOKEHHS, Ha OCHOBI SIKMX OYIyTh
OTpUMaHI1 HOBI Pe3yJbTaTH.

Hexaii crocTtepiraerbcsi Jiesika BUIIQJKOBA BeNMWYHMHA &, BIJ SKOI 1CHYIOTH

—>
BropsinkoBani GyHkiii ¢;(§), i = 1,5 3 maremaTnuHuM crofiBanasaM P;(§) =

E[¢:($].

BizeMeMO cTOXacTHYHHN TOMHOM 17)g = Yioq k;p;(§) mopsaky s i

—
MPUIYCTUMO, 10 Koedimientn k;, i = 1,5 Taki, 010 MaTeMaTHYHE CIIOIBAaHHS

MOPSIZIKY S Bl CTOXaCTUYHOTO MOJIIHOMA Ma€ BUTJISI;

Es =Eng = 1$=1 kilpi(g) > 0.

Tomi, 3rimHO 3 HacHiAKOM Teopemu YeOuineBa sl CTOXACTUYHOTO TOJIHOMA,

CIpaBeJIMBa HACTYITHA HEPIBHICTD:
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Gs
(Es)?

P[n, < 0] <

ne Gg — 1e AUCTIepCisi MOPSIIKY S CTOXaCTUYHOTO MOJIIHOMA 7).

[TokazaHo, 1110 Y pO3ropHyTOMY BUTJISAII 1151 HEPIBHICTh HaOyBae BUTISATY[52]:

S XS kikFi; -
0]S 1—121—1 J J(f):BS( )’

P[n. < k
s (Z5, ki ()

(2.29)

_)
e F; j(§) — y3aranbHeHi KOpeIsHTH BUIAAKOBOI BEIMYHHH &, a B (k ) — BEPXHS

rpaHullsd UMOBIPHOCTI TOTO, 10 CTOXAaCTUYHUMN MOJITHOM 7)¢ Oy/ie MEHIIIE HYJIS.

IcHyroTh Taki xoedimientu k; Ta k;, nIpu SKUX IpaBa 4acTMHA HEPIBHOCTI

(2.29) By (Tg) npuiiMae MiHIManbHe 3HaueHHs. [[71s mux KoedillieHTiB CpaBeInBe
PIBHSIHHSI:

Ko (&) = Xizq X1 kil Fy j(§) = Xizq ki (§),
ne pynkiis K, (¢) HasuBaeThCs KyHHH(DOPMOIO CTOXaCTHYHOTO MOJIiHOMA 1 IJ1st Hel

BUKOHYETHCS PIBHICTD:

B (TC))smin - Kstf)'

[TokazaHo, 110 AJ1s1 TPAaHUYHOTO BUIAJIKY, KOJIU MOPSIOK MOJIIHOMA 3pOCTac 1

IparHe 10 HeCKIHYeHHOCTI (S — o), Tomi K (&) = oo, a BepxHs rpanums By (12) oyne

piBHa Hymo. Ha ocHOBI HaBeneHUX MIPKyBaHb CGHOPMYJIHOBAHO BIACTHUBICTH
CTOXAaCTUYHUX MOJIHOMIB.

BracTuBIiCTh CTOXAaCTUYHUX MOJMIHOMIB. ICHYIOTH BUNIAJKOBI BEIHMYUHHA Ta

CTOXACTHYHI MOJIHOMH BiJl HUX 3 TAKUMHU KOe(DII[ieHTaMH, IS SIKUX MaTeMaTHIHE
CIIO/IIBaHHS MOJIIHOMA € OAaTHIM, a UMOBIPHICTh TOTO, 110 TOJIIHOM Oy MEHIIIE
HYJIS, TIPSIMy€ 0 HyJs TpH 30UIbLIECHHI MOPSAAKY CTOXAaCTHUYHOTO MOJIHOMA JI0
HECKIHYEHHOCTI.

Y 1mpoMy BUINAAKy IS MaTEMaTUYHOTO CIOAIBaHHS Ta JHUCIEPCIi

CTOXaCTUYHOTO TMOJIIHOMA CIIOCTEPIra€ThCsI 301KHICTB!
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limE; = 1im G, > K(§)=0

§—0 §—0 ,

a BEPXHs TPaHUIls HMOBIPHOCTI MOMUJIOK MPSIMY€E JI0 HYJIS.

Ha ocHoBI 111€1 BIaCTMBOCTI CTOXaCTUYHHUX MOJTHOMIB MOKHA OTPUMATH HOBI
pe3yJIbTaTH, sIKi 0y 1yTh BUKOPUCTAH1 B TEOPIi EPEBIPKU CTOXACTUYHUX T1IIOTE3 IIPH
noOynoBi koHkpeTHuX PII nns BusBieHHS curHamiB Ha (OHI KOPETbOBAaHHUX
HErayCcoBHUX 3aBa/l.

OaHvMHM 3 MOMEHTHHMX KpUTEpIiB SKOCTI, SIKI BUKOPUCTOBYBAJINCS JUIS
noOyzoBu PII BusiBIeHHsI curHaiiB Ha (OHI 3aBajJ, € KPUTEPId CyMHU BEPXHIX
rpaHuib iMoBipHOCTeH oMok Ku(E, G) (2.25), skuii y po3IIMPEHOMY BapiaHTi

3 BpaxyBaHHSM BHpa3iB (***) Mae HaCTyNmHMI1 BUTIIAL:

=1 X1 kikj(Fij(Ho)+F;j(Hy)
Ku(E, 6) = Moo 1y
n(Xi_; ki(mi—uy))

: (2.30)

ne HeBinoMi Koedimientu k; Ta kj, Mo MIHIMI3yIOTh 3Ha4Y€HHS LBOIO KPHTEPIIO,

3HaxXo4iATbCA 3 CUCTEMHU piBHHHBZ
§=1 ki [Fij(Ho) + Fyj(HD| = my —wy, i=1s. (2.31)

3 MNpUHIHUIIB MOOYJI0BH MOMEHTHOro kputepito skocti Ku(E,G) (2.30)
BUJTHO, IO BIH 0a3y€eThCA Ha BEPXHIX MPAHMIISIX WMOBIPHOCTENW MOMMIIOK MEPILIOTO
Ta JApyroro poay. Ha OCHOBI BJIacCTHBOCTI CTOXaCTHYHUX IOJIHOMIB MO>KHA
OUIKYBaTH, 10 MPHU 30UIBIICHH] CTETEHsS] CTOXAaCTHYHOTO TOJIIHOMAa TaKa BEPXHS
rpanuiis Oyje 3MEHIIYBaTHUCS, a OTKeE, UMOBIPHOCTI MOMUJIOK IEPIIOTO Ta IPYToro
POy pO3B’sI3yBaIbHOI (DYHKIIIT TAKOK 3MEHILATHCSI.

[Ipn npencraBieHHI JaHOTO MOMEHTHOTO KpPUTEPII0 BHKOPHUCTOBYBAJH
BEpPXHI TpaHUIll HMOBIpHOCTEW MOMWIOK mepuioro ta apyroro poay PII. Taka
MOBIpHICHA BepxHs Tpanuils noMwiok y PII, mpeacrasnenux piBasaHSIM (2.20),
Jla€ BIAHOCHO TpyOy OIIIHKY iXHBOI e(peKkTHuBHOCTI. ToMy AOLIBHO AOCHIIUTH
ACUMITOTHYHI BJIACTHBOCTI moJiiHOMIanbHUX PII, gx1 € onTUMaJpHHUMH 3a

KputepieM (2.25).
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[Ipu moctatHhO BeNMWKIA BUOIpI (#7—00), 3TAHO MEHTPAIbHIA TPaHUIHIA
Teopemi [48, 49] MokHA TIPUTTYCTUTH, IO BHmankoBi 3HadeHHs PII, HaBeneHi B
piBHsiHHI (2.20), BiANOBIIaI0TH HOPMAJBLHOMY pO3MOALTY. 30Kpema, MpU aHami3i
CTOXaCTUYHOTO MOJIIHOMA B 3aranbHiii ¢opMi (2.20), Koau n— o0, BAPTO PO3TIISIIATH
CyMy Y'_,xl, sIka CKJIaJa€ThCSA 3 OJHAKOBO PO3MOIICHUX BUIAJKOBUX BEIINYHH,
iJHECEHUX JI0 CTereHs i. MaTeMaTHYHe CIIOIiBaHHS KOKHO1T BUITaIKOBOT BEJTMYNHU

JIOPIBHIOE m;, a TUCTIEPCIsT BU3HAYAETHCS SK:
Z—F--—E(i— .)2
o°=F;=E(x —m;) .

3rilHO 3 UEHTPAIbHOIO TPAHUYHOIO TEOPEMOIO, NJIsi JIOCTATHHO BEJIMKOI
BUOIpKU (n—0) apyra cyma B piBHAHHI (2.20) Oyne po3mnojiieHa 3a HOpMaJlbHUM

3aKOHOM JIs1 OYIb-IKOTO (DIKCOBAHOTO 3HAYCHHS

P(§) = |

1

/27T(Fi,i)n P [_ 2Fym

Y 1upoMy BHUMNAAKy CymMa TayCOBHX BHUIAJKOBUX BEIWYUH 3 PIZHUMU
kKoedimieHTamu k;,,, IKi He MPSIMYIOTh 0 HECKIHUCHHOCTI, TaKOK Oy7Ie po3Mo IiyieHa
3a HOpMaJIbHUM 3akoHOM. Takum unHOM, PII (2.20) nis 6ynb-aKoro CKIHUEHHOTO §
ACUMIITOTUYHO MpPU n—00 OyJie PpO3NOAUIATHCS 32 HOPMAIbHHM 3aKOHOM 13
MaTEMaTHYHUM CHOMIBAHHAM Ej(sn) 1 AuCnEpCi€ro Gj(spy, i=0,1.

PosrnsHemo, sike 3HauYeHHAd MaTUME TOYHA MMOBIPHICTH TOTO, IO
CTOXACTUYHHI MOJIHOM JISl TAyCOBO1 BUMIAJAKOBOT BEJIMYMHU, BU3HAYCHUH Y KJaci
CTETICHEBHX MEPETBOPEHB, 1 € PII cremens s 3 MareMaTHYHUM criofiBaHHsIM E, Ta

nucniepciero G, Oyae MeHIle HyJisl py peanizariii rinore3u H; :

P [f(X) < H%] = \/;T_Gofoooexp [— %} dx = fV exp( 2) dz,

3 orsiny Ha Te, o KoedimieHT k, sKUi BiAIrpae pojb Nopora, 00MpaeTbes

3 piBHOCTI (2.9), TO/1 MiIIHTETpaJbHUM BUpa3 HaOyAe BUTIISIY:
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— _ 0.5
Vo = (E1 — E¢)/2Gy™.

BepxHs rpanuiis HMOBIPHOCTEH MOMUIIOK BU3SHAYAETHCSI HACTYITHUM BHPA30M:

Pl <<

(El Eo)z

[Ipy mpoBeneHHI aHAJOTIYHMX MIpPKyBaHb MOJKHA 3alldCaTH HWMOBIPHICTD
TOTO, 10 CTOXACTUYHUH IMOJIIHOM, BU3HAUEHHUH y KJIaci CTeTIeHEBUX IEePETBOPEHbD,

OyJie Olblie HyJIS IpH peatizaltii rinmore3u Hy:

P [f(X) > Hio] = \/%Glf_ooo exp[ M] dx \/_f_oo (—ZZ—Z) dz,

Eo
2G5

)i (¥ V1 = _El -

1 BIITIOBITHO BEPXHS T'PAaHMIIS HMOBIPHOCTEH MOMIIIOK Oy/ie BU3HAUEHA SIK

4G,
= (E1—Eg)?

Plran) >

Takum arHOM, JIJIs1 n—>00 MIHIM130BaHI aCHUMITOTHYHI KMOBIPHOCTI TTIOMHUJIOK
nepioro ta Apyroro poxay st PIT A(X)4, (2.20) HaOyBaroTh BUTIISLY:

2 22

J‘V(ﬂ)Kuns _7dZ,

Z

e 2
Akuns min \/— fV dZ’ IBKunS min

(a)Kuns
pI(&
E —-E E —-E
V a — 1(sn) 0(sn)’ V - _ o(sn) 1(sn).
( )Kuns m (ﬂ) Kuns m

[li Bupa3su JO3BOJSIIOTH  aHANI3yBaTH ACHUMITOTHYHI  BJIACTHBOCTI
nomHoMianbHux PII, onTUManbHUX 1O MOMEHTHOMY KpPUTEpI0  SKOCTI

WMOBIPHICHOT BEPXHbBOI TPAHUII TOMIIIOK (2.25).

2.5. Moaugikanis MOMEHTHOI0 KPHUTEpPil0 SAKOCTI MepeBipKH CTATHCTHYHHUX
rinmore3 1ist MoOYyA0BH MOJIHOMIAJIbHUX PO3B’A3YBAJILHUX NPABUJI BUSIBJICHHS
CUTHAJIIB 32 CTATUCTHYHO 32JIe;KHMMHU BUOIPKOBUMU 3HAYECHHAMHU

Jlns 3acTocyBaHHS HOBOTO IMIJIXOMY JUIsl TIEPEBIPKH CTATUCTUYHUX TIMOTE3

JUISl CTAaTUCTUYHO 3AJICKHUX BHUOIPKOBUX 3HAYEHb HAa OCHOBI 3alpPONOHOBAHOTO
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MOMEHTHOTO KPHUTEPII0 SKOCTI HEOOXITHO MPOBECTH JOMATKOBI mociimkeHHs. 1li
JOCTIKEHHSI MaloTh 0a3yBaTUCS Ha 3aCTOCYBAaHHS HOBHUX MaTeMaTHYHUX MOJENeH
Ha OCHOBI cnulbHUX 2D MoMeHTax Ta KyMyJsHTaX, SIKI MaloTh BJIACTHUBOCTI
OTKCYBATH KOPEJISIIiiHI 3B’ I3KH TOCIPKYBaHUX BUIAIKOBUX MPOIIECIB.

Jlns po3B’si3aHHS TMOCTABJICHOI 3ajadi MOTPIOHO Tak 3MIHUTH IMAXIJT JI0
nooynosu PIT Bumy (2.20), mo6 BiH, 3 ogHOTO OOKY, BpaXxOBYBaB CTaTHUCTHUYHI
3aJIEKHOCT] JIOCHIPKYBaHOTO TMPOIECY, a 3 IHIIOr0, MIr BHKOPHUCTATH BCl Ti
NO3UTHBHI HAIpPAIlOBaHHS 1 BJIACTUBOCTI, SIKUMM HAJAUIEHUN 3alpONOHOBAaHUI
MOMEHTHUHN KpUTEPiil BEPXHBOI I'PaHULIl KIMOBIPHOCTEN TOMIIIOK (2.25).

Hexail Ha 3ajaHOMY 1HTEpBaJl CIOCTEPEKEHHS € 7 CTATUCTUYHO 3aJICHKHHUX
BumaakoBux  BenmunH X = {X1, Xy, ..., X,}. CKOpuUCTaeMocs  MiJXOIOM,
NpeACTaBICHUM Y 11.2.3, Koiau Jjorapu(dM BiAHOLIEHHS MPaBIONOIIOHOCTI, 3a
TeopeMoro BelepuiTpaca, [isl 7 CTaTUCTUYHO 3aJI€KHUX BMIIAJKOBUX BEJIUYHMH
MPEACTABIIAETHCS Yy BUTIIAL pAy A QyHKIIT OaraTboX 3MiHHHX. B IboMy BUIaaky
ICHYIOTh Takl Koe(dilieHTH, 10 Jorapu@m BIAHOLIEHHS MPaBAOMNOAIOHOCTI MOXKHA

MNpCaACTaBUTH K

P(X|H,)
P(X|Ho)

In =ko + Xv-12iz1 k(v)i x(lv) + Xo=1 Zg=2 i1 Zcf=1 k(v,p)i,jx(iv)x(Jp) +

D W Y k(i”_”r)x{'xé WXy oo (2.32)

VY Bupasi (2.32) moxxHa 6a4uTH, IO OKPIM MEPIIOTO OJAAHKY Y BUTIISII CYyMH
MEBHUX CTEMEHIB caMoi 3MIHHOI 13 3alaHUMH KoedilieHTamu, PirypyroTh TaKox
KoMOiHaIii 7oOyTKiB 3MIHHOT 3 PI3HUMHU CTENEHSMH, 1110 JO3BOJISIE BPaXxOBYBaTU
CTATUCTUYHI 3B’SI3KK MIDK BHIIAQAKOBUMHM BEJIMYMHAMHU. BiaMITHMO, SKIIO
CTATUCTUYHMI 3B’ 30K M1>K BUTIQJIKOBUMH 3MIHHUMHU B1JICYTHIH, TO TPETE 1 HACTYTHI
JIOIAaHKU B I1[bOMY BHpa3l TOBWUHHI JOPIBHIOBATU HYJIO, 1 MPEICTABICHHS
jgorapudma BITHOIICHHS MPaBAOMOMIOHOCTI y BHUIVISIAI CTENEHEBOIO POy
301ra€ThCs 3 BUPA30M, OTPUMAHUM JIJIsl HE3AJIEKHUX BUIMAIKOBUX BeaU4uH (2.20).

J11ig po3Kiiaay BiTHOIIEHHS MPaBAONOAI0HOCTI B psiJl 3aCTOCOBYBaacs 100pe

B1JIOMa BJIACTUBICTh TeopeMH BelepiTpaca, aje Takui miaxia He BUBHA4YA€ METO/IIB
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3HAXOJ/KCHHsSI CaMUX HEBIIOMHUX KOe(]IiIi€HTIB Takoro psay. Takum 4uHOM, psin
(2.32) 6ynemo BukopuctoByBatu sik PII st po3pi3HeHHS CTAaTUCTUYHUX TIMOTE3, A€
HEBU3HAUCHI KOCQIIMIEHTH 3HAXOMATHCA 3 yYMOBU €KCTpeMyMmy (MIHIMyMy 4YH
MaKCHUMYMY ) BUOPAHOTO KpHUTEPItO KOCTI. Tak caMo, sk 1 mpu curaTe3i P11y Burmisaai
CTOXaCTUYHUX PSAIB JJIs1 HE3aJeKHOi BUOIPKH, HEMOKIMBO BUKOPHUCTOBYBATH
WMOBIPHICHI KpUTEPii SKOCTI1, OCKIIBKM HEMOXJIMBO 3HAWTH MMOBIPHICTh TOMHUJIOK
MEPIIOTO Ta APYTOTo POAY, BUpaKEHY depe3 HeBU3HAUEH1 KOe(iII€HTH.

JUis po3B’si3aHHA TOCTaBJIEHOI 3a/ladyl 3aCTOCYEMO MOMEHTHUH KpUTEpii
SAKOCTI Ta TpPOBeAeMO Horo moaudikaiiio, 1Mo J03BOJUTh 3HANWTH HEBU3HAUCHI
Koe(DIiIiEHTH Yyepe3 MiHIMI3allii0 MOJIU(IKOBAHOTO KPUTEPIIO SIKOCTI.

Sk Bxe BiAMIYANOCS, JIS PpO3B'SI3aHHI MPAKTHUYHUX 3aJa4d JOLLIBHO

BUKOPUCTOBYBATH HE PSI/IH, & OJIHOMHU 13 33/1aHOI0 KIIBKICTIO YJIEHIB:

P(X|H,)

lnP(XlHo)

= ko + 217;1:1 Z$=1 k(v)i x(lu) + 23:1 ZS:Z Z$=1 Z§=1 k(v,p)i,jx(lv)x(]p) +
B e Y51k myXixg .. xh (2.33)

[Toninom Buay (2.33) npu CKIHYEHHOMY 3HAUYEHHI § B 3araJIbHOMY BUIAAKY
HE MOXE€ JIOpiBHIOBaTH  JiorapudMy  BIJHOIIEHHS  MPaBAONOAIOHOCTI,
npeacraBieHoMmy B (2.17). PazoM 3 TuM, MeBHa KUIBKICTh JIOJIAaHKIB B TaKOMY
MOJIHOMI HAJacCTh MOXIJIMBICTH HAOMWKEHHS N0 Jorapudma BiJHOIICHHS
MPaBIONOMIOHOCTI, 1 HAMIPOCTIIIMM TaKUM HAaOMMKEHHSAM Oyje HasSBHICTh B
noiHoMi (2.33) mepmux JBOX J0JIaHKIB:
Hy
A(X)(T) _k(T) _I_ZS Zn k(T) i >0 2.34
(sn) — "0 i=1 Zv=1 Ky Xp < ( )
Hy
. . .. (™ . .0 . . '
ne HeBizomi koedinienTy Kk~ i k;’ TOBMHHI BpaxXyBaTH CTaTUCTUYHI 3B'A3KH (T)
MDXK AOCIIHPKYBAaHUMHU BUOIPKOBUMHU 3HAYEHHSIMHU.
st 0OpoOKM KOpENhbOBAaHMX HErayCOBHX TIPOIIECIB HEOOXITHO BHECTH

KOPEKTUBU Y (POpPMYBAHHS KPHUTEPIIO SKOCTI TMEPEBIPKU CTATUCTUYHHUX TiMOTE3

TaKUM YWHOM, 00 BpaxyBaTH SIK CTAaTUCTUYHI 3B'I3KM MK BHUOIPKOBHUMHU
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3HAYEHHSIMH, TaK 1 ix HeraycoBuii po3nozin. IIlo6 BpaxyBatu Taki CTaTUCTHYHI
3B'SI3KM, HEOOXIJTHO BUKOPHUCTOBYBATH CILUIbHI MOMEHTH Ta KyMYJSTHTH PI3HHUX
MOPSAKIB, MaTeMaTUYHI MOJEl SKMX TMpeacTaBiieHi B m.2.1 1 2.2. Ta MaroTh

. - ) -
BJIACTUBOCT1 JIA OIIUCY TAKHUX XAPAKTCPHUCTHUK. O‘{GBI/I,HHO, 1000 KOC(blHl€HTI/I k(() ) 1

T . . . .
kl(v) PH, SAK1 MarlOTh BpaXOBYBATH CTATUCTUYHI1 3aJIC’KHOCTI1 BI/I61pKOBI/IX 3HA4YCHBb,

3anmexath sK Big 1D, Tak 1 Bim 2D mMOYaTKOBUX MOMEHTIB. Y IThbOMY BHUIIQIKY

MaTeMaTU4YHE CIIOJ[IBaHHS El((s)n) Ta JUCTEPCis Gl((s)n) PIT (2.20) Takox OymayTh

3aJIeXkaTH BlJl CHIIBHUX MOMEHTIB 1 KyMYJISTHTIB Ta OTPUMAlOTh HACTYTHUI BU:

Egtony = ey T3 k{3 Ui, (2.35)
Effo = Zh Xy kiy my, (2.36)
Gégn): v=12i=12-1kK (T)k(T)F((l?)v (Ho), (2.37)
Gy = Ty X5y X5y ki kD (Hy), (2.38)

ne
FO () OO0 — (@ @), ()
Fiujyw(Ho) = wgjy = w "y, Fgjy, () = mgjy —m;m, (2.39)
VY 11p0My BUTIQJIKY BU3HAYEHHSI KOPEALIMHUX MOMEHTIB (2.39) € BIIMIHHUM BiJ]

HaBeJleHUX B (2.28) Ta 3a1exarh HE JIMIIE BiJl OAHOMIPHUX MOMEHTIB u( ") ra m( )

asie 1 BiJ ABOBUMIpHUX (2D) ab0 CHUTbHUX MOMEHTIB ug}) and mgu)) IUTSL TIIOTE3

H, ta H; BianosiaHo. Toai onTuMaiibHi KOeii€eHTH kl.(;) PIT (2.34) matots OyTH

BU3HAUEHI 3 MIHIMyMY (yHKI[IOHAITY:

Ku(E®,6D) = (G + Gl )/ ( Bty — o )2. (2.39)

0(sn) 1(sn) 1(sn) 0(sn)
OnTuManbsH1 KoepiieHTH ki(;) noJIiHOMIaJIbHOTO ctoxacTuuHoro PIT (2.34)
NOBUHHI OyTH 0OpaHi TaKMM UYMHOM, 100 MIHIMI3yBaTd WMOBIPHOCTI MOMMIIOK
nepumoro Ta apyroro poxay. Ilpum mochikeHHI Ha €KCTpeMyM KpHUTEpIiro

Ku(E (T),G(T)) (2.39) 1 Bu3HayYeHHS MOrO0 MIHIMAJIBHOTO 3HAYEHHS JO3BOJIUJIO

. - . T
OTpUMATHU CUCTEMY PIBHAHDb I 3HAXO/KCHHSA OIITUMAJIbHHUX KOG(I)IHI(—ZHTlB kl(v) ..
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ki) (Fih (Ho) + FQ,(H) ) = mi?” — u? v =Tni=T5.  (240)

Busznavenns 2.13. Hexait ¢pynkiionan K u(E @, G(T)) (2.39) Bu3Hava€eTHCH
SIK MOMEHTHUN KPUTEPIi IKOCTI MEPEBIPKU CTATUCTUYHUX T1IIOTE3 JJIsl CTATUCTUYHO
3aJeXHUX BUOIpKOBUX 3HadeHb y Burianl PII Bumy (2.34). I[lpumyctumo, 1o
ontuMaibHi Koedimientu PI1 k((,r) 1 ki(;) 3 (2.34), sKi MiHIMI3YIOTh IIPaBy YaCTHHY
piBHsHHS (2.39), Bu3HayaroTh Iel kputTepiii. HaszBemMo 1meit kputepidt sk
"MOAM(pIKOBAaHUI MOMEHTHUN KPUTEPIA SIKOCTI BEPXHIX TPAHMIL WMOBIPHOCTEH
NOMMJIOK JUISl IEPEBIPKH CTATUCTUYHUX TinoTte3". 3ayBakuMO, 110 MEHIIE 3HAUYEHHS
kputepito (2.39) Bkazye Ha MEHIIE 3HAYECHHS CYMH WMOBIPHOCTEH MOMMIIOK
nepioro ta apyroro poxay PII Buny (2.34).
Jl71st po3B'sizaHHs cUCTeMH PiBHSHB (2.40) BUKOPUCTOBYIOTH YMCIIOBI METOIU Ta

nonoBHeHHs Illypa nnst oOpoOku O10koBUX Matpuils. /[BoBuMipHI 2D cyMicHI

MOMEHTH ug]?) Ta mg]?) BUKOPHUCTaHI JIJ11 BU3HAYEHHs KOopensuiinoi Gpynkuii pg (1)

(2.7), sixa BUBHAYAETHCS SIK:

1 r(2) o p(Tn)
rw=| e @an
pr(fn»l) r(tnz) 1

Hanpuxnian, s eKcrnoHeHLiHHOi kopensuiinoi QyHxuii pg(r) = g2eAll

MOYHA 3aMCcaTy HACTYITHE CITIBBIAHOIICHHS:

() = o) = ot

1€ T(y k) — Yac Kopensuii, a 4 — Macmradyro4nii KoeQIiienr.
Baactusicts 2.1. SIkmo ontumansHi koedimientu PII (2.34) Bu3HaueHi
IUIIXOM PpO3B'SI3aHHS cucTeMHu anreOpaiyHux piBHsAHb (2.40), TO BOHHU

3a0BOJIBHAKOTH yMOBy:
(™) — (@, @ [ () (7) _

=Y Bk (m®” = ), j=Ts. (2.42)

l
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Busznauvenns 2.14. Hexaii [ g) (2.42) Bu3HAUYEHUH K KUIBKICTh 1H(OpMAaIIii,

sgKa OTpUMaHa IpH po3pi3HeHHI rinore3 H, Ta H; 3 BUOIPKU PO3MIPY 4, KOJIH
BUKOPHUCTOBYEThCS cToxacTuuHuii mosinoM PII (2.34) crenens s.

Baactusicts 2.2. /{11 xoedimieHTiB, BU3BHAYEHUX 3 CUCTEMHU ajreopaiuHux
piBHsHD (2.40), 3HAYEHHS KPHUTEPIIO SKOCTI Ku(E QN (T)) (2.39) obGepueno
npornopiiiHe KiTbKOCTI 1H(pOopMaIlii, OTpUMaHOI P po3pi3HeHHi rinote3 H, ta Hy
3 BUOIPKU pO3MIPY 7, KOJIM BUKOPUCTOBYEThCS cToXacTuuHuii mosinom PII (2.34)

CTCIICHA S, 1 BHPAKACTHCA HACTYIIHUM YHHOM:

® — 1 — @ (@) )
I sr‘i T ku(E®@c®) T f=1 Lp=1 ki” (mi — U ) (2:43)
3Ha4YeHHS Ku(E @, G(T)) and [ g) OyIyTb BUKOPUCTAHHI JUIsl OL[IHIOBAHHS

e(eKTUBHOCTI cuHTe30BaHUX croxacTuuHux PII (2.34) mpu pi3HUX CTeneHsax

[MOJIIHOMIB.

2.6. BucHoBku 10 2 po3ainy

Y apyromy po3auii JucepTalifHOTo JOCTIKEHHS PO3TISAA€ThCs 3aralbHUN
MiaXig 10 MOoOy/IOBM MaTEMaTHYHUX MOJIEJIeH aCUMETPUYHHUX, EKCIECHUX Ta
ACUMETPHYHO-CKCIIECHUX HETayCOBUX KOPEIhOBAHUX BHUIMAJAKOBUX IMPOIIECIB, SIKi €
KJIIFOYOBUMU JIJISI CUHTE3Yy MOJIHOMIAJIbBHUX aJITOPUTMIB BHUSIBICHHS CHUTHAJIIB Ha
doni 3aBam. B gochmimkeHHI mTpoaHaTi30BaHO BUKOPHUCTaHHS OaraTOBUMIPHOL
uiibHOCTI MMoBipHOCTI (MD PDF) Ta MOMEHTHO-KYMYJISIHTHOTO ONHCY JJIst
MOJIEJIIOBAHHS 3aJIEKHOCTEM 1 CTATUCTUYHHUX 3B'SI3KIB MDK BHIIQIKOBUMH
BEJIMUYMHAMHU, 10 MAIOTh CKJIa/IHY KOpeJsiiHy cTpyKTypy. [lokazano, mo MD PDF
JI03BOJIAE €(PEKTUBHO OIMUCYBATH CKJIAJHI 3aJIe)KHOCTI MDK KOMIIOHEHTaMHU
BUITAJIKOBUX IPOIIECIB, BPAXOBYIOYH 1X KOPEJAIiHI Ta HEraycoBl OCOOJMBOCTI.
Pazom 3 1M, 3actocyBanHs MD PDF nna mpeacraBineHoi 3amaul Mae psj

oOMe)XeHb, MOB’SI3aHUX 3 TMPAKTUYHOI peali3alli€l0 aJIrOpUTMIB BUSBIICHHS
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curHaiiB. ToMy B poOOTi 3aCTOCOBY€THCS IHIIMI MiAXiM, SIKHH TPYHTYEThCS Ha
CTaTUCTUKAX BUIIUX MOPSJIKIB MPU 3aCTOCYBaHHI MOMEHTHO-KYMYJITHTHOTO OTIHCY
CTAaTUCTUYHMX 3aJIEKHOCTEH KOPEThOBAaHUX HETayCOBUX MPOIIECIB.

B po6oTi 3anponoHoBaHuil HOBH MiAX1J, IKUW 0a3y€eThCsl HA BUKOPUCTAHHI
onHoBuMipHuX (1D) 1 nBoBuMipHHX (2D) MOMEHTHO-KYMYJISSHTHUX MoJielen
BUIUX TOPAIKIB, $KI HAJAlOTh MOXMJIMBICTH HE TIJIBKM OIKUCATH HEraycoBi
XapaKTePUCTHKHU TOCIIIPKyBaHUX MPOIIECIB, aie 1 iX KopensmiiHi BiactuBocTi. Ha
OCHOB1 Takoro miAxoay c¢opMOBaHI HOBI MaTeMaTH4HI MOJEJl Ha OCHOBI
MOMEHTHO-KYMYJISIHTHOTO OMNHUCY, II0 JO3BOJWJIO TMPEACTaBUTH TaKi KIach
KOPEJIbOBAHUX HETAyCOBUX MPOIECIB, SIK ACUMETPUYHI, EKCIIECHI Ta aCHMETPUYHO-
excuecHi. ChopMoBaH1 HOB1 MOJIeJIi HA OCHOBI CTATUCTUK BUIIMX MOPSJIKIB Oy 1y Th
JOCIIIJIKEH1 B HACTYITHOMY PO3/1J1l pOOOTH.

B manomy posaini gucepTaliifiHOi poOOTH IMOKa3aHO, IO BITHOIICHHS
paBAONOAIOHOCTI ISl EPEBIPKH CTATUCTUYHUX TINOTE3 MOXKHA MPEACTaBUTH Y
BUTJISAII ToJiiHOMiasibHOTO PII, onTtumanbHi KOEQIIEHTH SKOTO 3HAXOIATHCS IO
OJIHOMY 3 MOMEHTHUX KpPHUTEpIiB SIKOCTI TMEpPEBIPKH CTATUCTUYHUX TIMOTE3.
3anponoHoBaHa MOAM(IKALIS MOMEHTHOTO KPHUTEpIIO SIKOCTI BEPXHIX TpaHUIlb
WMOBIPHOCTE TOMWJIOK. 3allpOTIOHOBAHUN HOBHN MOAM(PIKOBAHUI KPUTEPIH
SKOCTI 0a3yeThCs HA OOMEKECHHSIX WMOBIPHOCTEH MOMMIIOK IEPIIOTO Ta JIPYroro
pony noniHomianbHOro PII, a TakoX BUKOPUCTOBY€E NUCIEPCIIO Ta MaTeMaTHYHE
cnoniBanHs PII mpu rimoTe3i Ta anbTepHATHBI 3 BpPaxyBaHHIM CTaTUCTUYHUX
3B’SI3KIB JOCIIKYBaHUX MpolieciB. OTpuMaHa cUCTeMa PiBHSAHb JJIS 3HAXOHKEHHS
ontTuMalibHUX KoediuieHTiB PII 3a HOBUM MOJu(pIKOBaHUM KPUTEPIEM SKOCTI
MEePEeBIPKA CTATUCTUYHUX TIMOTE3, MO JO03BOJISIE TPOBOAUTH CHUHTE3 Ta aHaI3
HEJTIHIMHUX aJITOPUTMIB BUSIBJIEHHS CUTHaNIB Ha ()OHI KOPEJIbOBAHUX HErayCOBUX

3aBaJl 3 HOBUMH SIKICHUMH TTOKa3HUKAMHU.
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Po3ain 3

CHUHTE3 TA AHAJII3 MOJIHOMIAJILHUX AJITOPUTMIB
BUSIBJIEHHSI CUTHAJIIB HA ®OHI KOPEJIbOBAHUX HETAYCOBHX
3ABAJL

3.1. CunTe3 MOJMIHOMIAJIBHUX AJTOPUTMIB BHUSIBJICHHSI CUTHAJIB HAa (oHi

KOPE€JbOBAHUX ACHMETPHUYHHUX HErayCOBHUX 3aBaja

Ha ocHOBI 3ampormoHOBaHWX MAaTEMAaTHYHUX MOJEICH KOPeIThOBAHUX
HErayCoBHUX TNpoleciB 1 Moau@dikaili MOMEHTHOTO KPUTEPIIO0 SKOCTI MEpPEBIPKH
CTaTUCTUYHHUX TIMOTE3 B JAHOMY pO3AUIl AUCEPTALINHOI POOOTH MPOBEACHUIA
CUHTE3 MOJIIHOMIaIbHUX AJITOPUTMIB BUSIBJICHHS! CUTHAJIIB 1 MOPIBHAJIBHUN aHAII3 1X
e(eKTUBHOCTI Y IOPIBHSHHI 3 BIZIOMUM pe3yJIbTaTaMHu.

IMocranoBka 3amaui. Hexait mgocmimkyBanuii Bxigauii curHan ¢ (t)
CKJIAJIa€ThCS 3 aUTHBHOI CyMillli KOPUCHOTO curHaiy S(t) ta 3aBamu n(t), ski

crioctepiraethest Ha iHnTepBaii vacy [0, T]

$(8) = s() + (), (3.1)

ne n(t) — cramioHapHUl KOPEIbOBAHUM HErayCOBHMU BHITAJAKOBHU IPOIEC, SKHIA
ormucyeThes Habopom 1D ta 2D kymynsHTIB 1 MOMEHTIB [1].

Ha mpaktumi, npu mnoOyIoBI TEXHIYHUMX CHCTEM, 1HOMI 3pydUHille
OTIpaIlbOBYBATH HE HETIEPEPBHUI CUTHAJ, a JUCKPETHUH B IEBHI MOMEHTH Yacy, IO
MOB’SI3aHO 13 IMIUPOKUM 3aCTOCYBAHHSIM ITU(PPOBUX crcTeM 0OpoOKH cuTHAIIB [2, 3].
B mpomy Bumanky aMckpeTHa BuOipka curhamy ¢(t) Oyme matm Bug X =
{x1, X3, ..., X} B MOMEHTH Yacy t,, a HaABHICTh YH BiJICYTHICTh KOPHCHOT'O CUTHAITY
s(t) B miit Bubipui X Oyme omucyBaTHCs peajizalli€ BigmoBigHOi rimoresu H,
(xopucHuii curHan s(t) BimcyrtHiil) abo H; (kopucHuii curHan S(t) MPUCYTHii)

HACTYITHUM YUHOM [4-6]:

Hi: & = sy(a) + 1y (Vo xP), Ho & =1y (v xP ). v =11, (3.2)
] ]
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o o T
ne S, () — KOPUCHUI CUTHAI, SIKAI OMUCYETHCS MapaMeTpaMu @y, 1, ()/k, )(L.(j)) —

. . T
HEraycoBa BHIIaJKOBa BEJIMYMHA 3 TapaMeTpaMu y (opMi HaOOpy KyMyJISHTIB )(L.(j),

k=1,pu.
Bbynemo BBaxatu, mo MHOKHHA 1D Ta 2D MOMEHTIB Ipu peatizallii rinore3u

H, MaTuMe BUTTIAN — (ml@, mg)), a juis rinotesu H, —(ul@, ug)), e {ul.(v) ,mgv)}

)

- 1D MOMEHTH B MOMEHT Hacy t,, mopsaky i Ta {{u;;", m;;"} —2D cymicHi MOMEHTH

posmiprocrti (ij) mpu pearnizamii rimote3u H, i H; BiAMOBiIHO.

B naHomy nociiKeHi MPUITYCTUMO, IO B SIKOCTI KOPUCHOTO CUTHamy S(t)
OyJle BUCTYINATH MOBHICTIO BIIOMHI MOCTIMHUN cUTHaN a, BUSBICHHS MOBHICTIO
BIJIOMOTO CTAI[IOHAPHOTO CUTHANYy a € KJIACUYHOIO 33JIayei0 B TEOpii BUSIBICHHS
curHainiB. Llelt Tunm curHamy 3ycTpi4aeThCcsl y BHMAAKaX, KOJIM XapaKTEPUCTUKH
CUTHay, Takl K opMa i CIIeKTp, MOBHICTIO BIIOMI ¥ 3aJIUIIAIOTHCS MOCTIMHUMU 3
yacoM (pucyHok .3.1). Taka moctaHOBKa 3aBJaHb BUHHMKA€ B CHCTEMax, JI¢ 1CHY€
YiTKE 3HaHHS PO CUTHAJI, KU1 HE0OX1THO BUSIBUTU HA (POHI 1IyMy, HANIpuKJIaz [ 7-
9]:

1. Paodionokayiuni cucmemu. BUSBJICHHS CHUTHANYy BiJT 00’€KTIB Ha (oHI
MPUPOAHOTO a00 MITYYHOTO MIyMy. B Takux cucTemMax XapaKTepUCTUIHHUI
CUTHaJ, IO BIJIOWBAETHCA BIA 00’€KTa, BIIOMHUM HaIepea, a Mpolec
BUSIBJIICHHS 3BOJUTKLCS 0 BU3HAYCHHS ITLOTO CUTHAITY Ha (OHI 3aBa;

2. TenexomyHixayiuni cucmemu. JEKONYyBaHHS 1 BUSBJICHHS CUTHAJIB, IO
MePEIA0ThCS Yepe3 3allyMIICHI KaHau 3B’ SI3KY, J€ CUTHAII Mepe10aueHui 1
Horo mapamerpu Bijomi. Hampukiasn, HETEKTyBaHHS BIJIOMUX €TaJIOHHUX
CUTHAJIB B IPOTOKOJaX 3B’ SI3KY;

3. Cucmemu axmugHo20 MOHIMOPUHZY: aKyCTHYHI a00 yJIbTPa3BYKOBI CUCTEMH,
Jie BIIOMUM CUTHAJT (HaPUKJIa, €X0-CUTHAJT) aHAII3YEThCS 1711 MOHITOPUHTY
cepenoBuiia ab0 O0’€KTIB, TaKMX SIK MiJBOJHI YOBHU 4YH TPOMHCIIOBE

0013 THAHHS;
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4. Biomeouuni 3acmocysanHs: BUSBIEHHS MEBHUX (Hi310JOTIYHUX CHUTHAIIB
(HampuKiaa, MyJbCYIOUUX CHTHATIB Y KapAloJorii), Koau ¢opMma CHUTHaTY 1

HOTO CIEeKTpaibHl XapaKTEPUCTUKH € BIJIOMUMHU Ta iH.

Digetal Sagnal

SIGHAL + MOISE

U Py e

ol B 1ol | g L Ao

MOESE

PN 'I."".ﬂ'-"'-'-m HF'._.. ._l‘_-'_.\.\_—\_-\-'\-'l-lﬂ'

a) 0)

Pucynox 3.1. a) - mpeacTaBieHHs aIUTUBHOI CyMillll TOBHICTIO B1JIOMOTO
nocrtiiiHoro currany a (Signal) ta 3aBamu 71(t) (Noise); 0) - mpeAcTaBICHHS

MPOIIECy Mepenadi TUCKPETHUX CUTHAIIB MPY aIUTUBHIN B3a€MOJIIi 3 3aBalaMu

3.1.1. CuHTe3 NMOJIHOMIAJBHUX PO3B’A3YBAJbHUX NPABHJ IPU CTEIEHI
noJiinomy s=1

Cxopucrtaemocst 3aranbHuM PII, mpencraBnenum B (2.34), ne ontumaibH1
KOe(DIIIEHTH 3HAXOASTHCS 3 MIHIMyMY MOAM(IKOBAHOTO MOMEHTHOTO KPHUTEPIIO
Ku(E®,G™) (2.39).

Jnst moOynoBu Takoro PII HaBegeMo MOMEHTHO-KYMYJISSHTHUM ONUC Yy
BUTJISIAL 0 qHOBUMIPHUX (1D) MOMEHTIB 10 Apyroro nopsiaky (2s mopsnky) (2.8), ta
JIBOBUMIPHI MOMEHTH APYTOro MOPSAKY JIJIS TINOTE3H Ta anbTepHaTHBH (2.9).

[Tpu creneni nominoma s=1 PII (2.34) Oyae matu HACTYIHUMN 3arajdbHUN BUJ

H,
o>
AX) Dy = ke +Zpos kipxh 0. (3.3)

Hy
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[ToyaTKkOBI MOMEHTH U; TOCIIIPKYBaHOT BUTIQJIKOBOT BEIMYMHU TPH TIMOTE31

H, Ta m; npu rinote3i H; oTpuMaroTh HACTYIHUI B
— _ _ — 2
w =0,u; = x2,my =a,my =a” + xs,

(v,k)

o , (v.k)
a CyMICHI MOMCHTH U,

npu rinoresi Hy Ta my,"~ npu rinoresi H; 3anunryTses

AK:

K k
uﬁ ) = X11 = X2 'p(v’k), mﬁ ) = g2 + x> .p(v,k)’

e p(”'k) — KopedsiiitHa (PyHKIIIS BUIIaIKOBOTO MPOIIECY, IKa BU3HAYAETHCS 3T1IHO
(2.7) abo Moxe MaTu I1HIIUKA BUJ 1 OOUPAETHCA 3TITHO BIAMOBIIHOI 3a1adyi

JIOCIIIKEHHS.

F ()

Bianosinno a0 (2.39), bynkiii R j)v(Hl-), i=0,1, MaTUMyTh HACTYITHUI BUJ;

FOL(Ho) = xz-p@0 | F)(Hy) = xp - p@0. (3.4)

Ocxkinbku PIT (3.3) 3ayexuth BijJi BUNAIKOBUX BUOIPKOBUX 3HAYEHB X, TO 1

pe3ysbTaT 00pOOKHM TaKMX 3HA4YeHb TEX Oyje BUMaAKOBUM. OTKe, CTOXaCTUUHHM

()

nomHaoM (3.3) XapakTepu3yeTbcsl MaTeMaTUYHHM  CIOJIIBaHHSIM i(sm)

Ta

®

JIACTIEPCIEI0 Gl(sn)

npu rinote3l Ta anprepHatuBl H;, i=0,1, gxi B 3araJbHOMY
BUMAJIKY nipeacTasieHi B (2.35)-(2.38). Jns ganoro PIT mi Bupasu, 3 BpaxyBaHHSIM

(3.4), maroTh HACTYTHUMN BU/I:

Eégn) = nkg)ulv =0, E1(21) = nkg)mlv = nkgj)a, (3.5)
2 2
Goitny = nkis? xz - p@R, G0y = nk D xz - p@RO. (3.6)

HeBimomuii koediieHT kg]) PIT (3.3) 3HaxoauThCA BIAMOBIIHO O

pO3B’sA3aHHs CUCTEMU PiBHSAHD (2.40), iKa OTpUMaEe HACTYTTHUIA BHU]T

Zkg))(z pPK) =q vk=1n. (3.7)

Cuctemy piBHSHB (3.7) MOKHA PO3B’S3aTH, HAPUKIIA, MPU 3aCTOCYyBaHH1 (HOpMYII

Kpamepa Ta BOHa Mae€ pillleHHs, SKIIO il BUSHAYHHUK A, 3 eeMeHTaMu x, - p %) ne

JIOPIBHIOE HYJIIO



120

pD) 512 p(Lm)
A, = det ”Fg)l) ” = det”p(rv,k)” — p(Z'l),:p(Z'Z) p(zz,n) |
p(n,l),p(n,z) p(n’n)

e F((H) = F((B) (Hy) + F((fi) (Hy), p™K) — sapganmit xoedineHT Kopemsuii 3rigHo

Q.7).

B npoMy Bumagky xoedimieHTt kg]) PIT (3.3) 3HaxoauThCs SIK

A v
kiy =22, (3.8)

Je BUBHAYHUK A4, 3HAXOAUTHCA 3 A; Mpu 3aMiHl v CTOBOLA HAa HOBUM CTOBOECIIb,

KWW CKJIAJA€ThCS 3 OJIUHUILb.
Heinomuii koediiieHTt k((f) PII (3.3) 3HaxoauTthCes BiAMOBIAHO 10 (2.24) Ta 3

BpaxyBaHH:M (3.5) Mae HacTyTHUM BUJT

ke = 0.5 (ES)

() _ (7)
oam T E ) = 0.5nk;;a.

1(1n)
Toni PIT (3.3) npuiime KiHIIEBE 3HAUCHHS

Hy

Zgzl Apy (xv - g) Z 0. 3.9)

2
Hy

EdextuBnicte Takoro PII Oyne BH3HayaTHCs uepe3 3HAYEHHS CaMOro

KPUTEPIIO SIKOCTI Ku(E QN (T)) (2.39) mepeBipKkH CTATUCTUYHHX TINMOTE3, SIKUH

XapaKTepU3ye CyMy BEPXHIX IpaHUIb HMOBIPHOCTEH MOMUIIOK TIEPIIOTO Ta APYTOTo

poay PII 1 mpuitme HacTynHUI BUA
2
Ku,(E®,6®) = (ani@ Xz p(”'k)) / (nkg)a)

abo
Aq

az Z?=1 AA‘U

Ku,(E®,¢W) = (3.10)
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Biamitimo, mo uuM meHme € 3HadeHHs kputepito (3.10), Tum meHte
3HAUYCHHSA CyMHU BEPXHIX T'PAaHHIF WMOBIPHOCTEH MOMIJIOK IEPIIOro Ta JAPYTroro
ponay curte3zoBaHoro PII (3.9).

OxpiMm TOTO, 3TiZHO 3 BiIacTUBOCTAMH 2.1, 2.2 Ta BuU3HaA4YeHHsM 2.14, me
OJTHUM TIapaMeTpoM, SIKUA € 3py4YHUM [JIs  OIIHIOBAaHHA €(EeKTHUBHOCTI
cunrte3oBanoro PII (3.9), € kinbkicTh iHGOpMAaIlli, ika OTpUMaHa MPU PO3PI3HEHHI
rinore3 Hy Ta H; 3 BubOipku po3mipy 7. LI BennunHa € 3BOPOTHOIO 0 3HAUYCHHS

kputepis sikocti (3.10) 1 BUpakaeThCss HACTYTHUM YHHOM
11 = a* 531 dny /41 (3.11)

Bigmitumo, 1o uuM Oinblie 3HadeHHs Bupazy (3.11), Ttum Ouibin
edextuBHUM € PII 3a MogudikoBaHUM KpUTEPIEM SIKOCTI K u(E N (T)) (3.10).

MoskHa rmokaszaTH, 110 IPU CTATUCTUYHO HE3aJIeKHUX BUOIPKOBUX 3HAYCHHSIX
Kopeiiiitna Qyrkiis xopisaioe Hymo (o™ = 0) ws v # k, i JopiBHIOE OXHHMUI

P® =1 mav=k

1,0,0, 0
8y = detl|pto)| = (> 9
0,0,0, -~ 1

Toni PII Buay (3.9) Bupomkyerses B miniiine PII nobpe Bimomoro Bumsy

H,
1 >
~Yhe1 Xy =5 0, (3.12)

Hy

Jie BIOYBA€EThCS MOPIBHSIHHS YCEPEAHEHOTO pe3ybTaTy OOpoOKM BUOIpKU X, 32
nepioj] CIOCTEPEKEHHSI 3 MOJIOBUHHUM 3HAYEHHSIM MOCTIMHOTO JOCIHIIKYBaHOTO
CUTHAIY d.

Biamitumo, mo PII (3.12) nmosuicTio cmiBnagae 3 PII, sike orpumano 3
BIJIHOIICHHS TpaBionoAioOHocTi (2.15) B TpUMYIIEHHI TayCOBUX MoJeIei

PO3MOJTY BHUIIAJKOBUX BEIMYMH 3a KPHUTEPIEM 1J€alIbHOTO cIocTepirada, abo
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balieciBCbKMM KpHUTEpieM B MPHUIYLICHHI HYJIbOBHX 3HAY€Hb (YHKIINA BTpaT i
PIBHOMMOBIPHOT MMOSIBU T1MOTE3HU Ta albTepHATUBH [4-6].
B upomy Bumanky, mist PII Buay (3.12) 3nauenHs kputepiro sxocti (3.10)
NIEPETBOPUTHCS IO HACTYTTHOTO BUAY
Ku,(E,G) = =, (3.13)
nq
ne g — BigHomeHHs curHain/myM (SNR — signal-to-noise ratio).

3 JTaHOro BHpa3y BUAHO, 10 YUM OUIbIINE 3HAYEHHS N ab0 ¢, TUM MEHIIEe
3HaveHHs kputepito Ku, (E, G), a BiANOBIHO, 1 MCHIII 3HAYCHHS BEPXHIX IPaHHIIb
WMOBIPHOCTEN MOMUJIOK NEPILIOTO Ta Apyroro poay JjiHiHoro PII (3.12).

BennunHa, sika € 3B0poTHOIO 10 naHoro kputepito Kuq(E, G), € KUIbKIiCTh
1H(opMmarlli, sska OTpUMaHa Ipu po3pi3HeHHI rinore3 Hy ta H; 3 BUOIpKH po3MIpy 7

1 Ma€ BUJ

Iin(E,G) ==L, (3.14)

BiamoBiaHo, unM Oinbiie n abo g, TuM Oinbiine 3HaueHus I, (E, G), 1110 Bignosigae
MEHIIIM 3HAYEHHSIM BEPXHIX IPaHULlb HMOBIPHOCTEW MOMMJIOK MEPLIOTO Ta APYToro
poxy miuitinoro PIT (3.12). To6to, umm Oinbire 3HaueHus I,(E,G), Tum
edextuBHIUM € PII.

CuntesoBane PIT (3.9) Oyaemo Ha3uBaTW JIIHIMHUM, OCKUIBKH BHUOIPKOBI
3HAUCHHA X, SIKI HUM OOpOOJISIIOTHCA, HE MITHOCATHCA JO BHUIIOi CTEMEHI, a € B
MepIIi CTEreHi.

Ha pucynky 3.2.-a HaBeneHl 3aJ€XHOCTI 3HAYEHHS KPHUTEPIIO SKOCTI
Ku, (E (T), G (T)) muist PIT ipu cTerneni nmojiiHoMa s=1 BiJ] BITHOIIEHHS CUTHAJI/IIIYM ¢
npu n=100 gns pizHUX KopensuidiHux Buay (2.7). KulLinear (uepBona miHifA)
XapaKTepHU3y€e BUPOHKCHHS 3HAYEHHS KpuTepito Ku, (E @, G (T)) (3.10) B 3HaueHHA
Ku,(E,G) (3.13) nmias CTaTUCTMYHO HE3aJC)KHUX BHOIPKOBMX 3HAYCHb, KOJIH
Macwtabytounii  koediuient s kopensuiinoi  dynkuii pg(7) = gle Al

nocratabo Bemmkuit (A>1). Kpusi Kul-A=0.1, Kul-A=0.5 T1a Kul-A=2.0



123

JEMOHCTPYIOTh 3HAYCHHS KPUTEPIIO SIKOCTI Kul(E (T),G(T)) (3.10) mpu pizHEX
napamerpax A=0.1, 0.5, 2.0 BixmoBigHO. 3 rpadikiB BHIHO, IO MPH 3POCTaHHI
BIJIHOIICHHS] CUTHAJI/IIIYM ¢ 3Ha4eHHs KpuTepito Ku, (E @, G (T)) 3MEHIIYEThCS, 1110
CBIIYUTH MPO 3MEHIICHHS HMOBIPHOCTEH MOMIIOK MEPIIOro 1 APYroro pojay
miriaoro PIT (3.9) Ta (3.12). HeoOxigHO BIAMITUTH, 10 HASIBHICTH KOPEISIIIMHIX
3B’s3KiB moripirye edekTuBHICTh PII (puc.3.2 — a), ans sSKuX 3HaAYEHHS KPUTEPIIO
saxocti Kul-A=0.1, Kul-A=0.5 ta Kul-A=2.0 otpuMy€eThCs OUIBIINM y MOPIBHSAHHI
3 KulLinear (uepBona minisg). I[Ipo me cBiguuth cuns kpuBa Kul-A=0.1 nusa
CWIBHUX CTaTUCTUYHUX 3B’s3KiB, KOJIM A=(.1, y MOPIBHAHHI 3 BIJICYTHICTIO TaKUX
cTaTUCTUYHMX 3anexHocTed nisa KulLinear (uepBoHa miHist). [ToaiOHy curyairito
MO>KHA CIIOCTEPIraTh JyUisl pi3HUX Kopensuiiaux ¢pyHkuii funl (a) ta funS (6).
Pa3zom 3 TUMHM BIAMITUMO, 110 MOXYTh OyTH Taki KOpEJSLIiHI (QYHKIT
(pucyHok 3.3 — pucyHoK 3.4), KOJIM HasgBHICTh CTATHCTHUYHUX 3B’S3KIB 3MEHIILYE
3HaueHHA KpuTepiro Ku, (E QN (T)), a BIAMOBIIHO, 3MEHIIYy€E HWMOBIPHOCTI
MOMUJIOK Tiepiioro 1 apyroro poay PII. Hampukiman, Ha puc.3.3-0 cuHs Ta 3emeHi
KpuBi kopesnsuidHoi ¢yHkuii funS, mo Bianosigarote Kul-A=0.1, Kul-A=0.5,
MalTh MEHIII 3HAYEHHS Yy MOPIBHSAHHI 3 4epBOHOK KpuBow KulLinear, sika
XapaKTepHU3y€e BUMAJOK JIJISi CTATUCTUYHO HE3AJICKHUX BUOIPKOBUX 3HAUCHHSIX.
AHanoriyHy cuTyaliro Mo 30UIblIeHHI0 edeKTUBHOCTI JiHiitHOoro PII mpu
BpaxyBaHHI CTAaTHCTUYHUX 3B’S3KIB BHUOIPKOBUX 3HAYE€Hb Yy TIOPIBHSHHI 3
BIJICYTHICTIO TaKOTO BpaxyBaHHSI CIIOCTEPITaeTbcs 1 JUIsl 1HIIUX KOPESAIIHHIX

byHkuii, Hanpukiag s Gyskuii Buay fun7 Ha pucyHky 3.4.
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Pucynok 3.2. 3anexHicTh 3Ha4eHHs Kputepito Kuy (E @, G(T)) s aiHiitHOTO PIT

npu cTteneHi s=1 Big BigHomeHHsA curHa/myMm ¢ mnpu n=100 Ta pizHUX

Macitadbyrounx koedimientax 4 (0.1; 0.5; 2.0) ta B=0.1 kopensiiinux QyHKIINA

funl (a) ta fun5 (6).

Tre vafue of the b crkenon sl a=1: A=D1 A=05 A=3

na - - +

T S=ngd- A o) o o[ B" el

B=05

Pucynok 3.3.

T ———
[ — nALinsar
—a——kj1-as0 |
=g
Fu1-a=20

Tre vafue of the by crienon sl a=1: A=D1, A=05 A=3
Po— ok " e - S AR T —
| —— k1 Linsar
— A
| Fulaa=08
| Kul-A=20
|
bt e
1 i . w =11 !
TrrS=sngd- A" Tl s o B el
%
| B=23
|
L]
%
B
=% .
- s
B~ S A P T B e o e LT
ns 1 LS d &8 E| 25 L]

45 b
1

0)

3anexHiCTh 3HaUEHHS Kputepito Ku, (E @, G(T)) i miHiiiHoTro PIT

npu crteneHi s=1 BiAg BigHOIIEHHs curHa/miym7 ¢ npu n=100 Ta pi3HUX

Macmtadyrounx koedimienrax 4 (0.1; 0.5; 2.0) ta B=(a- 0.5; 6 - 2.0) xopensiiiHoi

¢bynxmii funs.
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a) 0)
Pucynok 3.4. 3anexHIiCTh 3HaYeHHSI KpuTepito Ku4 (E @, G(T)) qutst nmiHiHOTO PIT
npu creneHi s=1 BiAg BiHOIIEHHS cUrHaW/mym ¢ npu n=100 Ta pi3HUX
Macmtadyrounx koedimientax 4 (0.1; 0.5; 2.0) ta B=(a- 0.1; 6 - 2.0) xopensiiiHoi

¢bynkuii fun7.

Bigmitumo, mo otpumane PII (3.9) He BpaxoBye HeraycoBUU PpO3MOJILI
JTOCTIKYBaHUX  BHUOIPKOBMX  3HA4Y€Hb, OCKUIBKM JUII MO0  CHHTE3Y
BUKOPHUCTOBYBAJIMCS JIMIIE TOYATKOBI MOMEHTH MEPIIOro Ta IPYroro Mopsjaky, a
came MaTeMaTH4YHe CIIOJIBaHHS 1 TUCIIEPCis, K1 HE MalOTh BIIACTUBOCTEN JIJIsl OITUCY

HErayCOBHUX IIUTbHOCTEHN po3noiny. PazoM 3 TuM, 171st o0y 0B TaKOTO JIHIHHOTO

: . (v,k) (.k)
PII Oymu 3acTocoBaHl CyMICHI MOMEHTH JAPYroro mopsiaky (u;, ~ Ta my; ), o

HAJ1JI0 MOKJIMBOCTI JIJIs1 BpaxXyBaHHS KOPEAIHHUX BIACTUBOCTEH TOCIIIKYBHOTO
nporiecy. Tomy 306umbmuMo cremnidb PII g0 s=2 takum uuHOM, 1100 3’sBUIACS
MOXJIMBICTh BpaxyBaTH HErayCoBl BJIACTUBOCTI JOCIIJP)KYBAaHOTO BHUIIaJIKOBOTO
MpoIIeCy Yepe3 3aCTOCYBAHHS CTATUCTUK BUIIHMX MOPSIAKIB y BUTIISIAI KOS(DIIIEHTIB

acCUMeETpIi Ta eKCleCy.

3.1.2. CuHTe3 NOJiHOMIAJLHUX PO3B’A3YBAJbHUX NMPABUJ MPHU CTENEHi
MOJIIHOMY $=2.
Posrnsinemo Bunanok 30inbmenHs crenens PII (2.34), npu sikomy B sIKOCTI

anpiopHOTrO  OMHUCY  JOCHIIPKYBAaHOIO  BHUIIQJKOBOIO  Mpouecy  OyayTh
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BUKOPHCTOBYBATHCS TTOYATKOBI OJHOMIPHI MOMEHTH JO YETBEPTOTO MOPSAAKY (110
2s), a JUIsl OTIMCY CTATUCTHYHUX 3B’SI3KIB — CYMICHI MOMEHTH APYTOTO MOPSIKY.
Takuit miaxia J03BOJIIE BpaxyBaTH aCHUMETPII0 HEraycoBOTo Iporiecy y dopmi
KoedimienTa acumetpii y3 # 0, mpu LbOMY JUIsI aCUMETPUYHUX HErayCoBHX
MPOIIECIB, 3T1IHO NpHUIHATOI Kiacudikartii [11, 12], koedimieHT exciiecy npuiMemMo
3a HyJbOBE 3HaueHHS (Y, = 0), MO CIPOCTHTh MaTEMAaTHYHI MOJEJ Ta KiHIICBI
Bupasu. B upomy Bumnazaky PII Oyae HemiHiiHMM, OCKUIbKH BHOIPKOBI 3HAUYEHHS
OymyTh migHOcuTHC 10 KBagpary (x2) i, 3rimHo 3aranbHOi GOpH IpeICTaBICHHS

PII (2.34), Mae HacTynHUI BUJ

Hy
>

AR Gy = k6 + Bioy ey x, + 20os K5y x2 0. (3.15)
H,

Jist 3HaxompkeHHs onTuManbHuX KoedimientiB PIT (3.15) nHaBegemo
anpiopHy 1H(QOpMaLI0 MPO KOPEIbOBAHUN aCUMETPUYHUN HETrayCOBHUU IPOIIEC,
SIKUW TOCIT1IKY€EThCS.

JIis 1bOTO BUMAAKY IMOYATKOBI MOMEHTH U; OCIHIIKYyBaHOI BHIAIKOBOI
BEJIMYMHU TIpH Tinote3l Hy 1o 4-ro nopsiaky, 3riaHo (2.8), oTpuMaroTh HACTYITHUN
BUJ

3

W =0,uy =)o, Uz = X3 = Vax2 Uy = 3%2, (3.16)

Ta m; MpH rinote3i H; 3anuuryThes sK:

3
my =a,my = a*+ y,, my = a’> + 3ay, + v3x2, (3.17)

3

m, = a* + 6a’y, + 4ay3)(§ + 3x3,

. . (v,k) . . .
a CyMICHI MOMCHTH U; ;" TIPH rimoresi Hy 3aIuIIyThes sK:
@) Wk _ . k) y (k)
v, v, v,
u = x11 = X2 pO W = upy = yaxip@R? (3.18)

k 2
wly = 23+ 2xhy = 23 (1 +2p00°),
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(v.k)

Tam;;"” npu rinoresi Hy:

3

3
K k it 3
m&P =mEP = a3 + ay, + 2ax2p"P +y3x2p@R%, (3.19)

3 3
= 3 2
mgy) = at + 2a%x, + 23 + 40P xp @ + dayaxip @ 4 2x3p @R,

ne pk) — xopernsuifina hyHKIIis BUIALKOBOIO IPOLECY, SKa BU3HAYAETHCA 3 (2.7)

1 00Mpa€eThCs 3T1THO BIJAMOBIAHOT 337241 JOCIIIIKEHHS.

BianosigHo 10 (2.39), dyHkmii F((i?)v(H i), i=0,1 npu rinoresi H, 3anuimyThes
AK:
FO (H)) = x, - p®"
(11) o X2 P>
@ @ 2 w2
Fiiy(Ho) = Fipy(Ho) = y3xzp®*?, (3.20)

2
F\(Ho) = 21307,

Ta 1pH rinotesi Hy:

F((l?)(Hﬂ = X2p™",
(@) Q y (k)
Feipy(Hi) = Fipy (Hy) = 2ax,0™ +y3 x5p 0%, (3.21)

3 3
2 2 2
Fin (Hy) = 4a2x,p @R + 4ay; x2p@0% + 2x2p @k,

Ockinbku PIT (3.3) 3ayiexkuTh Bl BUMAIKOBUX BUOIPKOBHX 3HAYCHB X, TO 1

pe3ynbpTaT 00poOKHM Takux 3HauYeHb Oyne BunagkoMm. Otxke, PI1 xapakrepusyerscs
(©) ()

TaKNMM IIapaMeTpaMu, AK MaTCMAaTUYHEC CIIOA1BaAHHSA Ei(sn) i(sn)

Ta aucnepcis G npu
rinore3i Ta anprepHatuBi H;, i=0,1, ski B 3arajJlbHOMY BUNAJAKYy MPEJCTaBICHI B
(2.35) — (2.38). dns nanoro PII i Bupasm, 3 BpaxyBanusm (3.17) — (3.21), maroth

HACTYIHUU BUJL:
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E(gan) = nkg,)qu, E1(gn) = n(kg;)mw + kg;)mZv),
Gotomy = 10ery” Fiity (Ho) + 2133 ey Fiyy (Ho) + kg Fiy (o), (3.22)
Gfgn) = n(kyy” F((ﬂ) (Hy) + 2Ky, kgf,)F((fg)(Hl) + kg F((zrg) (Hy).
Hesinomi koedinieHnTn HeniHiiHOro noiainoMiansHoro PIT (3.15) kgj) Ta kg;)

3HAXOATHCS BIAIMOBITHO IO PO3B’s3aHHS cUcTeMu piBHSIHB (2.40), sika oTpuMae

HACTYITHUM BUJ

D

@ p(@® _
(11) + 23:1 kzv F(12) =a

, (3.23)
n ki F((z?) + X0y kS F((zrg) =a’

o _ p@® ) @ _ p@©
ne F(11) = F(ll)(Ho) +F(11)(H1), F(12) = F

0y (Ho) + FT)y (Hy),

©» _ @ () (W _ @ ()
F(21) - F(21) (HO) + F(21) (Hl)a F(zz) - F(zz) (HO) + F(zz) (Hl)

Jiist po3B’s3aHHs JaHOi cucTeMu piBHAHD (3.23) 3acTocyeMo meton Kpamepa
Ta nonoBHeHHs [Ilypa ais po6oTH 3 6JIOKOBUMU MATPULISIMU, TOJI
® _ — 1T ™ _ — T 11 on
ki, =Ap, /A, v=1nk;; =Ac/4,, v=n+1, 2n, (3.24)

Jie BU3BHAUYHUK A, cucTeMu piBHSAHB (3.23) Mae HaCTyTHUMN BUT

@ @
A, = det 7o 7 | vk=T1n, (3.25)

(e e )

ne Ag, — BUBHAYHUK, SIKHW OTPUMAaHUM 3 BUBHaYHUKA A,, KOJIU V -i CTOBOCIh (V =

1,n) 3aMiHeHnii Ha inmmit 3i sHavennsmu (¢%°,q°°, ...,q%° q,q,...q), Acy —
BU3HAYHUK, IKUW BU3HAYAETHCS MOAIOHUM YMHOM i vV =n + 1, 2n.

[TokazaHo, 0 B LIbOMY BHUMAJKY 3arajbHUN BHUJ MOPOTOBOTr0 Koedili€eHTa
k(()T) PII (3.15) nnst orpuMaHux Koe(ili€HTIB kg,) Ta kg? PO3pPaxOBYETHCS K

1
ke = 24, 5=1(q4py + 4cu(q + 1)). (3.26)
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Jlerko 6auut, 1o 3anponoHoBane PII Buny (3.15) € HenmiHIAHUM 1 BpaxoBye
XapaKTepUCTHKU SK HErayCcoBOTO IIPOLIECY Yepe3 BpaxyBaHHA KoedillieHTa
acUMeTpIi Y3, TaK 1 KOpEeJALiiHI 3B’ I3KU BUOIPKOBUX 3HAYCHB Yepe3 BUKOPUCTAHHS
CYMICHUX KyMYJISTHTIB )(i(;), i,j = 1,2 y Bupasax (3.16 — 3.21).

EdextuBnicts oTpumanoro ueminiiiHoro PII Bumy (3.15) y mopiBHsHHI 3
muidauM PIT (3.9) moxkHa BupasuTu abo yepe3 3HAYEHHS KPUTEPII0 SKOCTI
K u(E QN (T)) (2.39) abo x1IbKOCTI 100YyTOT iH(DOpMaItii [ gfl) 3 BUOIPKOBUX 3HAYCHB
po po3pizHeHHs rinote3 Hy, H; 3rigHo Bupasy (2.43). CkopucTaeMocsi 3Ha4YECHHSIM
I gfl), OCKUIbKH 1I€ CIIPOIIY€E PO3PaxyHKOBI BHpa3u. Toal AJii CHHTE30BAHOTO

nomnoMianeHoro PIT Buny (3.15) orpumaemo

Igfl) = (1/A2) Z;l:l(qO'SABv + qACv)~ (3.27)

BiamiTumo, 1mo 6e3 BpaxyBaHHs KoedillieHTa acuMeTpii Y3 cuHTe3oBane PII
(3.15) neperBoproeTbest 10 JiHiMHOrO BUAy (3.9), 1 BiamoBigHO, [ gl)

: ()
JIOPIBHIOBATH [ in

Oyne
srigHo (3.11).

3ayBaXUMO, IO 3a JaHWM TIAXOJOM MOXHA CHUHTE3YBaTH HEIiHIMHI
nosiHoMianbH1 PIT O11b1I BUCOKHMX CTENEHIB NEPETBOPEHHS, i€ Oy1yTh BpaxoBaH1
MOMEHTHU Ta KyMYJISIHTH BUILIUX MOPAJKIB. B 11boMy BUNagKy NOTPIOHO 3HAXOIUTH
KOMITPOMIC MIXK 30UIbIIEHHSIM e(eKTUBHOCTI cuHTe3oBaHuX PlI, ycknaaHeHHsIM
OOUHCITIOBAILHUX TPOLIECIB Ta 3BYKEHHAM 00JIaCTl JOMyCTUMHUX 3HAYCHb IS

KyMYJISSHTHUX Koe(ilieHTiB BUulx nopsakis [1, 10, 112].

3.1.3. AHaxi3 nmoJIiHOMIaJIbHUX PO3B’SI3yBAJILHUX NPABUJ BHUSIBJICHHS
CUTHAJIIB HA (POHI KOPEJIHLOBAHMX ACUMETPUYHHUX HErayCoOBHX 3aBa/l

[IpoBenemo aHami3 cuHTE30BaHUX mMoJjiHOMIaNbHUX PII mpu crenmeHsx
noyiiHoMa s=1,2 Ta MOPIBHAEMO iX €(EKTHBHICTh B 3aJICKHOCTI BiJ] TTapameTpiB
KoedillieHTa acuMeTpii HeraycoBOi 3aBajy Y3, BIJHOIIEHHS CHUTHAJ/IIyM ¢ Ta

napameTpiB Kopensuii pisHux xopensauiiinux ¢yukuiil pg (), HaBenenux B (2.7).



130

Edextusnicts PII mopiBHIOBasiacs mo 3HaAYEHHIO KPUTEPIiB AKOCTI Ku(E @, G(T))
muis crenieri nmominoma PIT mpu s=1 Ta s=2, abo kipKocTi 100yTO1 iHpOpMaITii Tpo
pO3pi3HEHHS rinote3 s JiHiitHoro PIT [ g) (3.11) Ta neminiitnoro PII 1 gfl) (3.27).

YumMm Oinbliie 3HaYCHHS KUTBKOCTI 100yToi 1H(popMmarii [ g? a6o | gl), TUM MEHIIIC
3HAYEHHS KpUTEpito sSKocTi jisa Takoro PII, i1 BimmoBimHO, MEHII HMOBIPHOCTI
MMOMUJIOK TIepIioro ta aApyroro poxay takoro PII. Omxke, PII 3 6ibpmmmM mokazHuKoM
KUTBKOCTI 100yTOi 1HpopMarlii Oyie BBaKaTUCS OUTBIIT €PEKTUBHUM.

Ha pucynky 3.5 npuBeneHi 3aJeXHICTh BIJIHOIIEHHS KIJIBKOCTI J00yTO1
1H(popmartii po pospizuenHs rinore3 I;/1, PII npu creneni noninoma s=1 ta s=2
BIAMOBIAHO BIiJ Koe(dillieHTa acuMeTpli HeraycoBoi 3aBaau gama3 (¥3).
JocniKkeHHsT TPOBOAWINCS TPU PI3HUX 3HAYCHHSX BIJHOIIEHHS CHUTHAJ/IIYM
(¢=0.1; 1; 10) Ta mapameTpax KOpessuii JUIi KOpENAUiMHOT GyHKUii pg (1) =
o2e~4I"l Taka excrioneHuiiina aBToKOpeALiiHA QYHKIIS IIMPOKO 3aCTOCOBYETHCS
JUISL OTMUCY CTalllOHAPHUX TMPOIECIB 3 EKCIOHEHIIWHUM 3TaCaHHSIM KOpeJsIlli,
BUKOPUCTOBYETHCS B CHCTEMax IepeadadyeHHs Ta OOpOOKM CHUTHAMIB s
MOJICJIIOBAHHSI IIBUJKO 3aracaloudx CUTHaMIB, y pamiodizuii 18  (QYyHKIA
BiAMOBiAae (iabTparlii CUrHAIIB 3 OUIMM IIyMOM, Jie€ CIIEKTpajbHa IMUIBHICTh
00epHEHO MpoMopIIiiiHa KBaApaTy YaCTOTH.

Kopemsmiitna @yskiis Mmae Macmtabyrounii KoeirieHT 4, skuii BiMOBIIAE
32 CTemiHb CTAaTHCTHMYHOTO 3B’s3Ky BHOIpKOBMX 3HayeHb. Ha pwuc.3.5.a
MaciTadyrounii koedimieHT Mae Manie 3HadeHHS A=0.1, 1m0 CBIIUUTH MPO CHUJIbHI
CTATUCTHUYHI 3B’SI3KW BUOIPKOBUX 3HA4eHb, a Ha puc.3.5.0 - 4=5.0, mo CcBIIYUTH

(GaKTUYHO TPO BIJICYTHICTh TAKUX CTATUCTUUHUX 3aJICKHOCTEH.

7)

Jyst 060X BUTIAIKIB XapaKTepHa 3pOCTar04a 3aJICKHICTh IapaMeTpiB [ gn

TUTSI
mHifHOrO Ta [ gl) s HemiHiiHoro PIT BimmoBimHO Bim KoedimieHTa acuMeTpii
HeraycoBoi 3aBau gama3 (y3). [lpu nynsoBoMy 3HaueHH1 gama3=0, 1110 BiJmOBIIa€
raycoBiii MOJEN TOCHIDKYBAaHOTO BHUIAJKOBOTO TIPOIECy, Il TMapaMeTpu €

OJTHAKOBUMHU, TIPO IO CBITYUTH IX BIAHOIICHHS, SIKE JOPIBHIOE [ E? /1 gl) = 1. [Ipn
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3pocTaHHI mapamerpa gama3 ()3) Take BIIHOIICHHS CTa€ MEHIIE OJIWHUII, IO

. . . v o 1 (7)
CBIIYMTB TIPO 3POCTAaHHS KUIBKOCTI 100yTO1 iH(opmaii [ 5 -

. . (T) -
y TOpIBHSHHI 3 [ | 7, 1
BIJIMOBIIHO, 3MEHIIICHHSI UMOPIHOCTEW MOMUJIOK HemiHiitHoro PII y mopiBHsSHHI 3

JHIAHAM, SKE€ € ONTHUMAaJIbHUM I TayCOBOi MOJEII BHITAJIKOBOTO IPOIIECY.
Hanpuxknan, ais pucynky 3.5.a mpu gama3 = 1.1 1 g=0.1 BigHOmEeHHs [ g? /1 gl) =
0.5, 10 CBIIYUTH MPO T€, 110 HMOBIPHOCTI MOMMJIOK CHHTE30BaHOTO HEIIHIHHOTO
PII mpu cremeni momiHoMa s=2 (3.15) OyayTh BABIYl MEHII 3a aHAJIOTIYHUHN
noka3Huk Juist giHiitHOro PIT mpu s=1 (3.9), sike € onTUManbHUM ISl TayCOBOT
MozeNi 3aBaJ. TakuM 4YWMHOM, BpaxyBaHHS TIapaMeTpiB, IO OMHUCYIOTHCS
HErayCOBHU PO3MOIT JOCHIKYBAaHOTO BHITAJKOBOTO TIPOIECY Ha MPHUKIAI
koedirienTa acumeTpii 30ubirye epekTuBHICTh PI1 y MOpIBHSIHHI 3 MOIMTUPEHUMH 1
n00pe BIIOMUMM JTiHIHHMUMH MojeismMu PII, onTuManibHUMU 3a TrayCoOBOIO
HIUTBHICTIO PO3MOAUTY JOCIII)KYBAHOTO MPOLIECY.

Bigmitumo, 1mo HaiOiabIa epeKTUBHICTh CHHTE30BaHOTO HediHiitHOTO PIT
JOCSTAETHCS TP MEHITUX 3HAYCHHSX BIIHONICHHS CUTHA/IIYM Ta TPaAaHUYHHX
3HaueHHAX KoedimieHTa acumeTpii. [Ipu BpaxyBaHH1 001aCTi IOMyCTUMUX 3HAYCHD
[10, 11], KxomM BHKOHY€TbCS HACTYyHNHA 3aleXKHICT Y3 < /Y4 +2, s
ACMMETPUYHUX HErayCcoBUX TIpolleciB, koiu Y, = 0, 3HaueHHs KoedilieHTa
acUMeTpil He MepeBHIIYIOTh +v/2, MO i IPOJEMOHCTPOBAHO HA PUCYHKY 3.5.
BpaxoByroun, 110 3aJ€XKHICTh BIIHOIIEHHS [ g? /1 g? € CUMETPUYHOIO BIJHOCHO
MO3UTUBHUX 1 HETaTUBHUX 3HAaYeHb Koe(imieHTa acuMerpii, aisg OuIbIIol
HAIJISJTHOCT] HaBeJCHWH TUIBKM MO3WTHBHUM Jlama3oH 3MIHM. BigmiThmo, 110
MO3UTHUBHUM e(DEeKT HETTHIHHOT 00pOOKU NMPOSBIIAETHCS K MTPU CUIIbHUX (puc.3.5.a),
TakK 1 mpu cabkux (pUCyHOK 3.5.0) CTaTHCTHYHUX 3B’ s13KaxX. Pa3oM 3 TuM, HasIBHICTD
CTaTUCTUYHHUX 3B A3KIB MOCHa0/t0€ e()EeKTUBHICTh HENIHIHHOT 00poOKH Yy
MOPIBHSHHI 3 JIHIAHOIO, aJie TaKe MOCIA0JICHHS € HECYTTEBUM 1 KOMIICHCYETHCS 32
paxyHOK BpaxyBaHHs Koe(]illieHTa acuMeTpii.

Ha pucynky 3.6. HaBeneH1 aHAJOTIUHI 3aJ€XKHOCTI BIIHOIICHHS KUIBKOCTI

no0yToi iHdopmarlii ipo po3pizHeHHs rinote3 I;/1, PII nmpu creneni monxiHoma s=1
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Ta s=2 BIANOBIAHO BiJ KoedillieHTa acMMeTpii HeraycoBoi 3aBamu gama3l (¥s3).
JlocnikeHHsT TPOBOAUIIKCS TPH PI3HUX 3HAYCHHAX BIAHOIICHHS CUTHAJ/IIYM
(¢=0.1; 1; 10) Ta napamerpax Kkopenswii Ans kopenswiiHoi QyHKuil pg(T) =
o2e~4I"l cos B 1, sixa xapakTepu3ye rapMOHIUHHX Hpolec 3 AeMipyBanHsM. Taka
CTAaTUCTUYHA 3AJIEKHICTh XapaKTepHa AJIs C1a0K03aTyXalouuX KOJIUBaHb, sIK1 4acTo
CIIOCTEpITAIOThCS Yy pamiodis3wili, ONTUIl Ta KOJUBAIBHHX CHCTEMaX.
BUKOPUCTOBYETBCS [ MOJIETIOBAHHS OCLUJISATOPIB 1 OMKMCY MOBEIIHKM CUTHAIIIB,
AKI MarOTh TMEpPIOJIMYHI KOMIIOHEHTH 3 €KCIIOHCHIIIHHUM JeMI(yBaHHIM.
JlocnmipKeHHsT TPOBOJWIMCS JJisi NapameTpiB KopessiuiiHoi ¢yHkmii a)-4=1.0,
B=0.1 Ta6)-A4=5.0, B=0.1. Amnami3 gociiJUKeHHs BigHOWIEeHHs [;/[, Tak camo
NIATBEPAKYE €PEKTUBHICTh HENIHINHOI 0OpOOKH CUTHANIB Ha (POHI KOPETbOBAHOT
aCUMETPHUYHOI 3aBaJIM Y IOPIBHHHI 3 JiHIMHUM PII, sike € onTuMansHuM 111 100pe
BIJOMHX 1 MOIIMPEHUX rayCoOBUX MOJeJel BHMaaKkoBUX mporieciB. IlocuneHus
CTaTUCTUYHHX 3B’5I3KiB (pUCYHOK 3.6.a - A=0.1) xapakTepHu3yeTbCsi HECYTTEBUM
3MEHIICHHSIM BigHOIICHHS [;/l, y TIOpIBHSHHI 3 TMOCJA0JIEHHAM TaKUX 3BSI3KIB
(pucyHok 3.6.6 - 4=5.0), 110 KOMIIEHCY€ETbCS BpaXyBaHHAM MMapaMeTpa acUMeETpii

I[OCJ'Ii)I)KYBaHI/IX HCTAayCOBHUX BUITAIKOBHUX BCIMYMH.
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Pucynok 3.5. 3anexHICTh BIJHOIIEHHS KUIBKOCTI J00yToi 1H(dOpMalii mnpo

po3pizHenHs rinote3 I,/I, nns pizaux PII Bim xoedilieHTa acuMeTpii HeraycoBoi

3aBaJi gama3 Mpu PI3HUX 3HAYEHHSAX BIJHOIIEHHS CUTHA/IIYM ¢ 1 mapamerpax

xopensauii a)-4=0.1; 6) - A=5.0 qna kopensuiinoi Gpynkuii pg (1) = o’e
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Pucynox 3.6. 3anexHicTh BIIHOIIEHHS KIIBKOCTI J00yTOi iHGOpMarii mpo

po3pizHenHs rinote3 I/I, ans pizaux PII Bix xoedilieHTa acuMeTpii HeraycoBoi

3aBajy gama3 Tmpu PI3HUX 3HAYCHHSX BITHOIICHHS CUTHAJI/IIYM ( 1 Mmapamerpax

xopensuii a)-4=1.0, B=0.1; 0) - A=5.0, B=0.1 nna kopensauiiinoi pynxuii pg (1) =

o

2o~4lTl cos BT,
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Ha pucynkax 3.7. — 3.8 HaBeieH1 3aJI€)KHOCTI BiTHOIICHHS KUTBKOCTI 00y TO1
iH(bOopMartii ipo pospizHeHHs rinote3 I;/I, PII mpu creneni moixiHoma s=1 Ta s=2
BIIMOBIAHO BIiJA KoedillieHTa acuMeTpli HeraycoBoi 3aBaau gamal3 (¥3).
JlocnikeHHsT TPOBOAUIIKMCS TMPH PI3HUX 3HAYCHHSAX BIAHOIICHHS CUTHAJ/IIYM

(¢=0.1; 1; 10) Ta mapameTpax Kopessauii ams kopensmiiHoi Qynkuii pg(7) =
_ A . :
o2e~Al (cos Bt +sinB |T|), KA XapaKTepU3ye aBTOKOPEIIALIIO 3 KOCHHYCHUM

OCHMJIATOPOM. BHUKOPUCTOBYETHCS AJii MOJCIIOBAHHS TapMOHIYHUX MPOIECIB 3
neMiyBaHHIM, TaKUX SK KOJUBAHHS B €NEKTPUYHUX UM MEXAHIYHHX CHCTEMaX.
EdexTuBHA 17151 ONKUCY MOJYJIbOBAHUX CUTHAJIB, HAPUKIA/, Y TEICKOMYHIKAIIAX
4y aKycTulll. JJoCiipKeHHs] TPOBOUINCS K JIJISl CUJIBHUX CTaTUCTUYHUX 3B’SI3KIB
a)-A=0.1, B=0.1, Tak 1 gy cnabkux 0) - 4=5.0, B=0.1.

Benuki 3Hauenns A (Hanpukiiaa, 1 abo Ouibliie) XxapakTepu3yroTh MPOLECH 3
IIBUIKUM 3racaHHsIM KOpesIii (KOpoTka maM'saTh), a MaJii 3Ha4eHHs A (HanpuKiIai,
0.01-0.1) migxoasaTh A JOBrOCTPOKOBO KOPEIbOBAHMX MPOLECIB, € KOPEISLis
30epiraerbest noBie. [lapamerp B XapakTepusye 4YacToTy ocuuisiid. Husbki
3HaueHHs B (Hanmpukian, B<0.1—1) BiANOBITAIOTh IOBUIBHUM OCIHJISIIISM,
XapaKTEPHUM JJIsl CUCTEM 13 HU3bKOYACTOTHUMHU (PIIyKTyaulisiMu. Benuki 3HaueHHs
B (manpuknan, B>10) migxomsTh s BUCOKOYACTOTHHX MPOIECIB, TaKUX SK
€JIEKTPOMArHiTHI XBUJII a00 aKyCTHUYHI CUTHAJIU. Y pa3i pe30HAHCHUX CHCTEM
napaMeTp B oOMparoTh OJIM3bKUM JI0 PE30HAHCHOI YaCTOTH CUCTEMH.

Ha pucynky 3.8. HaBe/ieH1 aHAIOTIYHI XapaKTePUCTUKHU, K1 IEMOHCTPYIOTh
IIBUJIKE 3TacaHHs KOPEJsIii 3 MOBUIBHUMH ocisaiismu a)-4=1.0, B=1.0, Tta
XapaKTepHU3yITh BUCOKOYACTOTHI mporecu 0)-4=2.0, B=50.0. B o6ox Bumamgkax
CIIOCTEPIra€eThCsl TEHJEHIS J0 30UIbIICHHS €()EKTUBHOCTI HENIHIWHOI 00pOOKH
BUOIpKOBUX 3Ha4YeHb mnojiiHoMiaibHUM PIT (3.15) 3 ypaxyBanHsM koediiieHTa
acUMeTpii JOCIHIKYBaHOT O IPOIleCcy Y MOPIBHAHHI 3 JiHIHHOI0 00podkoro PII (3.9),
gKa € ONTUMAJIbHOIO JUISl IIMPOKO PO3MOBCIOJDKEHUX TayCOBUX MOjeIen

BUITAJIKOBUX ITPOIIECIB.
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funB=exp{-A"|tau|) {cos(B taw) + (ABY sin(B" tau|)) funG=exp(-A"[tau|)*{cos(B tau) + (AB) sin{B" [tau|))
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Pucynox 3.7. 3anexHicTh BIAHOLIEHHS KUIBKOCTI J00yTOi iHpoOpMaIii mpo
po3pizHenns rinote3 I,/I, nns pizaux PII Bim xoedilieHTa acuMeTpii HeraycoBoi
3aBaJ gama3 Mpu PI3HUX 3HAYEHHSX BIJHOIIEHHS CUTHA/IIYM ( 1 IapameTpax

xopensuii a)-A=0.1, B=0.1; 6) - A=5.0, B=0.1 s xopensuiitnoi gpyunkuii pg (1) =

_ A .
g2e~AlTl (cosBT+EsmB |T|).

funS=exp(-A"tau|)*(cos(B tau) + (A/B) sin{B° [tau|}} funB=expi-A" tau]) (cos(B tau) + (AB) siniB" |tau] )}
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Pucynok 3.8. 3anexHicTh BIIHOUIEHHS KUIBKOCTI A00yTOi iHOpMarlii mpo
po3pizHenHs rinote3 I/I, ans pizaux PII Bix xoedilieHTa acuMeTpii HeraycoBoi
3aBaJi gama3 Mpu Pi3HUX 3HAUCHHSX BIJHOIICHHS CUTHAI/IIYM ( 1 TTapaMmeTpax

xopensuii a)-A=1.0, B=1.0; 6) - A=2.0, B=50.0 qnsa xopensuiitnoi pynxuii pg (7) =

_ A
g2e Al (COSBT-l—ESlnB |T|).
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3.2. CuHTe3 MOJiHOMIiaJIbHUX AJTOPUTMIB BHUSIBJIEHHS CUTHAJTIB Ha (oHI

KOpPEJbOBAHUX ACHUMETPHYHO-CKCIHECHUX HErayCoOBUX 3aBajl

3.2.1. CunTe3 JiHIHHUX MOJIHOMIAJBLHUX PO3B’A3YBAJTbHUX NPABUJI IIPH
cTemneHi nmoJginomy s=1

[TocTanoBka 3a7a4i AJisi TaHOTO TUITY 3aBaj OyJie 30iratucs 3 MOCTaHOBKOIO,
npexacrasieHoro B 11.3.1. Cunres miniitHoro PII npu creneni s=1 Oyae cniBnagatu 3
PII, orpumanum B (3.9) 1 6a3yeThcsi Ha 3aCTOCYBaHHI OJHOMIPHHUX Ta CYMICHHUX
MOMEHTaX Ta KyMYJISIHTaX JI0 2-TO TIOPSIKY, K1 BUSBISIFOTHCS TAKUMU CAMHUMH, SIK
1 s 3amadl B 1.3.1, OCKIIBKM BPaxOBYIOTh TIIBKM MaTE€MaTU4YHE CITOJiBaHHS,
JUCTIEPCIIO Ta CYMICHUM MOMEHT 2-T0 MOPSAKY. 3 IUX MPUYUH OYEBUIHO, IO BCI
BHUCHOBKH, SIKI Oynu oTpumanHi B 1.3.1 npu noOynosi jiHiiHOro PII 3aramsHOTO
Buny (3.3) Ta kiHmeBoMmy mnpejactaBieHH1 (3.9) OyayTh aHAJIOTIYHUMH 1 JJIS
KOPEJIbOBAHUX aCUMETPUYHO-EKCIIECHUX HETayCOBHUX 3aBaj] IIPU CUHTE31 JIHIHHOTO
PII nns creneni noninoma s=1. EdgextuBHicts Takoro PII Oyne Bupaxkatucs yepes
3HaueHHA KpuTepito sikocTi (3.10), a00 3BOPOTHOI BEIMYMHU — Yepe3 KUIbKICThH
no0yToi iH(popMallii mpo po3pi3HeHHs rinote3 (3.11).

OueBHIHO, IO TaK CaMO MOKHA 3pOOMTH BHCHOBOK MPO JIIHIMHY 00pOoOKYy
CTaTUCTUYHO HE3AJIGKHMX BHOIpKOBUX 3HaueHHsX, koiau PII Bumy (3.9)
BUPOJIKYETHCS B 100pe BiomMuil Bupa3z (3.12), skuii oTpuMaHui 13 BIJHOIICHHS
MPaBAONOAIOHOCTI B MPUITYIICHHI TayCOBUX MOJEle BHOIPKOBHX 3HAYCHB IS
BUSIBJICHHSI IOBHICTIO BIJJOMOTO CUTHAITY.

Jlns BpaxyBaHHSI mapameTpiB JOCTIIKYBAaHOTO BUMAIKOBOrO MPOILECY, SKi
XapaKTEePU3yIOTh HOro BIAMIHHOCTI BiJf HOPMAJIBHOTO PO3MOALTY, 30UIBIINMO
creninb nojiHomy PII s=2, 1m0 HamacTb MOXIMBICTH ONEPYBATH MOYATKOBUMHU
MOMEHTaMH 70 4-TO TOPSAKY BKIIOYHO, 1 BIAMOBITHO, XapaKTEpPU3yBaTH
BUMAJKOBUM TIpOIEC Yepe3 3HAaueHHsS KOe(DIIIEHTIB acMMETpii Ta eKclecy, sKi

OylyTh BIIMIHHUM BIJ] HYJISI.
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3.2.2. CuHTe3 HeJIHIMHMX MOJIHOMIAJBHUX PO3B’A3YBAJbHUX INPABWJI
IPH CTeNeHi MoJTiHOMY $=2

ITpu 361ap11eHHI cTerneni moxiHoma PIT 3aranpHOro npeacrapineHHs B (2.34)
10 s=2 Oyze 3anmvucanuii aHajJorigHo 110 Bupa3y (3.15), ne ontumanbHi KoedilieHTH
3HaXOJATHCS 3 MIHIMyMY MOJIU(PIKOBAHOTO MOMEHTHOT'O KPHUTEPiI0 Ku(E @, G(T))
(2.39).

Jist  3HaxomkeHHS ontuManbHuX Koedimientis PIT (3.15) nHaBememo
anpiopHy 1H(QOpMaLID NpO JAOCHIHKYBAaHHH KOPETbOBAaHUNA ACHMETPUYHO-
eKCLECHUI HeraycoBuil mpouec. /[ 1poro BUMAIKy MOYaTKOBI MOMEHTH U;
JIOCIIIJIKYBAaHO1 BUITAJIKOBOI BEJIMYMHU MpU rinote3i Hy A0 4-ro mopsaxy, 3rigHo
(2.12-2.13), OyayTh Biapi3HATHCS Bia HaBeAeHuUX B 1m.3.1, 1m.3.2 Ta OTpUMAIOThH
HACTYITHUW BUJL:

3

wy =0,Up = Yo, Us = Y3 = VaX3 Uy = Xa + 3X5 = X5(ra +3), (3.28)

Ta MOYAaTKOBI MOMEHTH M; MPH TinoTe3l Hy 3anuiyThes sK:

3
my =a,my, = a*+ x, mz = a*>+ 3ay, +ysx2, (3.29)

3

my, = a* + 6a?y, + 4ay3)(§ + x5 (ys + 3).

(k)

CyMicHI MOMEHTH U; ;" mpu rinoresi H, 3anumnyTbes sK:

3 3
;k ’k ,k — 2
u™ = yyy = xp - p@0, Ul = Ul =y x2p@R? | (3.30)

wk) _ (k)
Uiz~ = Uzy

k 2 2
= Yaxh + 322211 w5y = X3 (rap®P” + 14 2p@0°),

(k)

Ta BIANOBIIHO M; ;" mpu rimoresi Hy:

m{yY = a? + y, - p¥R, (3.31)

3 3
k Jk 2 2
miy = miy = a® + ayy + 2ax2p@ + yaxZp @0,

3 3
ms2 = a* + 2a%y, + 4a?,pW" + 4ay3)(§p(”'k)2 +
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2 2
+x5 (rap " + 1+ 2pW%),
ne p™k) — xopensuiiina (hyHKIIis BUIALKOBOIO IPOLECY, SKa BU3HAYAETHCA 3 (2.7)

1 0OMpa€eThCs 3TiAHO BIAMOBIIHOT 33141 TOCITIIKCHHS.

F(T)

BigmosigHo mo (2.39), dynkmii (ij)v(Hi)’ i=0,1 npwm rimote3i H, 3

BpaxyBaHHsM (3.28) — (3.31) 3anumryThest sIK:

FEL(Ho) = 12+ p@0, F\(Ho) = Fany(Ho) = yg)ép(”"‘)%,
Fon(Ho) = x3(vap®R* + 2p@007%), (3.32)
Ta IpH rinoresi Hy:
Fih(Hy) = x2p@%,
FE)(Hy) = FE)(Hy) = 21,09 + yyx3p %, (3.33)

3 3
= > 2
Fin (Hy) = 4a2x,p%% + 4ays x2p @07 + x2p@07 (y, + 2).

Hns cunresy PII ckopucraemocsi Bupazom (3.15), sxuii Tak camo

()

XapakKTepU3yeThC TAKUMH IapaMeTpaMy, K MaTeMaTHYHe CIOAIBaHHA Ej o

)Ta

G

aucnepcis i(sm)

npu rinotesi Ta ansrepHatusi H;, i=0,1, AK1 B 3araibHOMY BUIAIKY

npenacraiieHi B (2.35) — (2.38) 1 OyayTh BiANoOBiiaT BUpa3am, HaBeaeHUM B (3.22)

3 BpaXyBaHHSIM OTPUMAaHUX MOYATKOBHUX Ta CyMICHUX MOMEHTIB B (3.28 — 3.31) ta

F )

byHKIiH (ij)v(Hi)’ i=0,1 B (3.32), (3.33).

Heginomi koeditientu HenmiHitHOTO NTosTiHOMIansHoro PIT (3.15) kg,) Ta kg,)
3HAXOMATHCS BIAMOBIIHO 70 PO3B’S3aHHS 3arajibHO1 cucTeMu piBHSAHB (2.40), sxa
Oyne cmiBOnajaTv 3 HABEJEHOI0 CHCTEMOIO PIBHAHB (3.23) 1 po3B’SI3yEThCS IMPHU

3actocyBanHl MeToqy Kpamepa ta nonoBHenHs Illypa nnst pobotu 3 610KOBUMH

mar B i k(T) k(T) % 7
puisiMu. B ibomy Bunagky xoediuieHta k;,; Ta k,,; NpuiMyTb 3araabHUil BUJ
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(3.24), (3.26), ne BignoBigHI BU3HAYHHUKU A,, Ap, Ta A, OyIyTh 3HAXOIUTHUCS 3
(3.23) 3 BpaxyBaHHSM ampiopHOi 1HQOpMAII NPO aACUMETPUUHO-EKCIIECHUMN
PO3IOILIT AOCIIIKYBaHUX BUOIPKOBUX 3Ha4YeHb (3.28 — 3.31).

Haragaemo, mo 3ampomnonoBane PIT Bumy (3.15) € HemHIMHUM, OCKITBKH
BHOIPKOBI 3HAuYeHHs MiJBOAATHCA [0 JpPYroro cremeHs (Xx2) 1 BpaxoBye
XapaKTePUCTHKU SIK HErayCoBOTO TMPOIECYy uepe3 BpaxyBaHHS Koe(]ilieHTiB

aCUMETPIi Y3 Ta €KCIECY Y4, TaK 1 KOPEIAIiitHI 3B’ I3KH BUOIPKOBUX 3HAUYCHb Yepe3
. . T - 1
BUKOPUCTAHHS CYMICHUX KyYMYJISTHTIB )(l.(j ), [,j = 1,2 y Bupazax (3.28 —3.31).
Jlns ouiHioBaHHS e€(DEKTUBHOCTI oTpuMaHoro HemniHiitHoro PIT Bumy (3.15)

BUSBJICHHS IOCTIMHUX CUTHAJIIB Ha (1)0H1 KOPCJIIbOBAHHUX ACHMCTPHYHO-CKCICCHUX

HEeraycoBHUX 3aBa/l y opiBHsIHHI 3 JniHiHUM PII Buay (3.9) Tak camo BUKOpHCTAEMO
3Ha4YeHHS KpUTepito sIKocTi K u(E @, G(T)) (2.39) abo 3HaYEHHS KUTBKOCTI A00YTO1
. - 1 (T) . . . .

inpopmanii I _° 3 BUOIpKOBUX 3HAYEHDb NPO PO3pisHeHHs rinore3 Hy, Hy 3rigHO
Bupasy (2.43). 3 TOUKHU 30py CKOPOUYEHHS O0UNCIIEHh BUKOPUCTAEMO MMOKA3HUK [ g),

sakuit Oyjae cmiBmanaty 3 Bupasom (3.77) mpu BpaxyBaHHI OTPUMaHUX MOYATKOBUX
Ta CyMICHUX MOMEHTIB B JaHOMY MYHKTI MNpU aCUMETPUYHO-EKCIIECHUX 3aBajax

(3.28 —3.31).

3.2.3. AHaxi3 NMoJIiHOMiaJIbHUX PO3B’SI3yBAaJIbHUX NMPABUJ BHUSABJICHHS
CUI'HAJIIB HA (POHI KOPEJBLOBAHMX ACUMETPUYHO-EKCIECHUX HErayCoOBHX 3aBa/l
AHani3 epeKTUBHOCTI CHHTE30BaHUX mojiHoMianbHuX PII mpu cremensix

noyiHoMa s=1,2 Oyjie TPOBOJUTHUCS TI0 3HAYCHHIO KUTHKOCTI J00yTOi iH(DOpMAaItii
PO PO3pi3HEHHS rinores | gl) (s=1,2) nus niniiiaoro PIT [ g? (3.11) Ta HenmiHiiHOrO
PIT [ gl) (3.27) B 3aJ1€3KHOCTI BiJI MapaMeTpPiB TOCHTIIKYBaHUX TIPOIIECIB, a caMe BiJ
napaMeTpiB Koe(ilieHTa acuMeTpii Y3 Ta eKCIecy Y, HeraycoBoi 3aBajH,
BIJIHOIICHHS CHUTHAJ/IIYM ¢ Ta TapamMeTpiB KOPEJsllii PI3HUX KOPEALIHHIX

byHKITIH pf(r), HaBeneHUX B (2.7). Uum Oinbllie 3HAYEHHS KUTHKOCTI 100YTOT

indopmarrii / E? abo I gl), THM MEHIIIE 3HAYEHHS KPUTEPirO AKOCTI jutst Takoro PII, i
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BIJIMTOBITHO, MEHINI WMOBIPHOCTI TOMHWJIOK TEpPIIOTO Ta JPYroro poay
nomnaoMianbHoro PIT. OTxe, PII 3 OuIbIIMM TOKa3HMKOM KiJBKOCTI JO0YTOl
iHopMmalrii OyaemMo BBakaTH OLIbIT €(PEKTUBHUM 3 TOYKH 30py 3MEHIICHHS
WMOBIPHOCTI MTOMMJIOK TIEPIIIOTO Ta ApyToro poxy PII.

Ha pucynky 3.9 npuBeneHi 3aje)KHICTh BIJHOMICHHS KIJIBKOCTI 00YTOi
iHdopMmarlii po po3pizHeHHs rinote3 1/1, PII npu creneni nmominoma s=1 ta s=2
BIIMIOBITHO BiJ KoedillieHTa acuMeTpii HeraycoBoi 3aBamu gama3 (¥3).
JlocniKeHHsT TTPOBOJMIIMCS MPU PI3HUX 3HAYEHHSX BIJHOIICHHS CUTHAJ/IIyM
(¢=0.1; 1; 10), xoedimieHT ekcuecy Y, = —1 Ta mapameTpax KoOpemsiii s

~Altl - 3mina koedimienta acumerpii ¥3

xopemsiitnol  dyHkuii pg (1) = o’e
BU3HAYAETHCS Yepe3 00IacTh TOMYCTUMUX 3HAUCHD V3 < +4/V4 + 2 [10, 11], i mpu

Y4 = —1 3HaueHHs KoedillieHTa aCUMETPIl He MePEBUIIYIOTh +1:

Range of acceptable values for cumulant cosfMicients vy and

¥a

Fazyy=2

3 BpaxyBaHHSM TOTO, 1110 BiJHOIICHHS [;/], € CHMETPUYHO BITHOCHO 3HaKa
Y3, HA pUCYHKAX HI)KYE HABEJICHO TUIBKU MO3UTUBHI 3HAYCHHS 3.

BiamiTimo, 1m0 mo3uTuBHUN e()EeKT HENIHIHHOT OOPOOKH MPOSIBISETHCS SK
npu cuiIbHUX (pUcyHOK 3.9.a), Tak 1 npu ciaadkux (pucyHok 3.9.0) cTaTUCTUUHMX
3B’s13kax. Pa3om 3 THM, HasIBHICTh CTATUCTHYHUX 3B’ SI3KiB MOCTA0II0€ €hEKTUBHICTh
HETIHIWHOT O0OpOOKM Yy TIOpIBHSHHI 3 JHIWHOK, ajie Take TMOCIa0JICHHS €

HECYTTEBHUM 1 KOMIIEHCYEThCS 32 paxXyHOK BpaxyBaHHsI Koe(DIiI[ieHTa aCUMETPIi.
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funi=exp{-A’|tauf) funi=expi-A°[taul)
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Pucynok 3.9. 3anexHiCTh BIJHOIIEHHS KUIBKOCTI J00yToi 1H(OpMalii mnpo

po3pizHenns rinote3 I,/I, nns pizaux PII Bim xoedilieHTa acuMeTpii HeraycoBoi
3aBajy gama3 TIpH PI3HUX 3HAYCHHSIX BIJHOIICHHS CUTHAI/IIYM ¢, KOe(DillieHT

exciecy (y,) gama4 = -1 1 mapamerpax kopemnsuii a)-A=0.1; 6) - A=5.0 nusa

Kopensuiinoi pynkuii pg (1) = o2eAlTl
fun1=exp(-A"|taul) funt=exp(-A’|taul)
teme WAﬁ""ﬂﬁﬁ 1 :
Bar h-m'ét:i-' o] ‘w‘—“‘*“w |
an 4-111'_.{%;. v ﬂ"'h-h..,, |
or 'h"r;-_. ._ . |
o DEF - o |
= ps} . -
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- il | = gamad =3 26 b
0z b - 03z R N
—&— =] e T ._.gl.‘
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v el %
0 a3 : L 2 ‘0 05 1 Vs F]
gama3l gama3
a) 6)

Pucynox 3.10. 3amexHicTh BIAHOIIEHHS KUIBKOCTI M00yTOi iH(OpMAaIi mpo
po3pizHenHs rinote3 I/I, ans pizaux PII Bin xoedilieHTa acuMeTpii HeraycoBoi
3aBaJu gama3 NpH PI3HUX 3HAYCHHSX BIJHOIICHHS CUTHAN/IIYM ¢, KOe(DillieHT
excuecy (y,) gama4 = 3.26 1 mapamerpax kopeismii a)-4=0.1; 6) - A=5.0 mns

Kopensuiinoi pynkuii pg () = o2e~Altl,
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EdextuBHICTh HENiHIIHOI 00pOOKH y TOPIBHSAHHI 3 JIHIHHOIO TPU aCUMETPUYHO-
eKCIIECHMX HErayCOBUX 3aBajiaX 30UIbLIYETHCS, SKIIO BPaXOBYETHCA KOe(Dilli€HT
€KCIIeCy 1 MOPIBHIOBATH 13 3aJICKHOCTSIMHU HA PUCYHKY 3.5 JIJIsl aCHMETPUYHUX 3aBa/I.
Tak, npu y3 = 0.8 BigHOmenus cranoButh I; /I, = 0.5, a Oyno mpu OTHAKOBHUX
yMoBax fociiikenss 0.7.

Ha pucynky 3.10. HaBeneH1 aHAIOTIYHI 3aJIEKHOCTI BITHOIICHHS KUTBKOCTI
no0yToi iHdopmarlii ipo po3pizHeHHs rinote3 I;/1, PII nmpu creneni moixiHoMma s=1
Ta s=2 BIAMOBIJHO BiJ Koe]illl€eHTa aCUMETpli HeraycoBoi 3aBajau gama3 (y3) npu
koe(iieHTi ekcuecy y, = 3.26. Take 3HaUeHHA 00paHO 3 MIPKYBaHb JTOCIIIJIKEHHS
OJTHOTO 3 MOUIMPEHUX MNPEJCTABHUKIB ACUMETPUYHO-EKCUECHOrO THUILYy LIUIBHOCTI
po3moaiTy - PeneeBcbka MIUIBHICTD PO3NOALTY, JI KO XapaKTepHI 3HAUEHHS Y3 =
0,63 Tay, = 3.26.

3acrocyBaHHs PeneeBChKOro pO3NOAUTY J103BOJISIE TEXHIYHUM CHUCTEMaM
e(eKTHBHIIIE MOJEIIOBATH 1 aHAII3yBaTU iX poOOOTYy B CKJIQJHHMX 3aBa/IOBHX,
HaIpUKIAI, y 0araTonryMoBUx cepeaoBuIIax, 06araTonpoMiHEBOMY
PO3MOBCIOJIKEHH] CUTHAMY 1 T. JlOCTIIPKEHHS] TPOBOIMIMCS MIPU PI3HUX 3HAYECHHSAX
BiHOMEHHsT curHain/myMm (g=0.1; 1; 10). IIpm Takomy 3HayeHHI KoedilieHTa

E€KCIIEC = 3.26 001aCTh IOONMYCTUMHUX 3HAYEHDb DO3IIMPIOETHCI 1 3HAYECHHS
4

KoedirieHTa acuMeTpii Oy yTh 3MIHIOBATUCS JI0 Y3 = ++/ (2 + 3.26) = +2.29. flk
BUJIHO 3 OTPMMAHUX CIIBBIJHOILIEHb, BpaxyBaHHs MapaMeTPiB HErayCcoBOi 3aBau
JI03BOJISIE 30UIBIINTH KUTBKICTh BHIIY4YEHOI 1H(pOpMAIlii MPo PO3PI3CHHHS TIMOTE3
JUISL HEeJIIHIMHOT 0OpOoOKU y MOPIBHSIHHI 3 JIHIKHOM, 1110 3a0€3MeUUTh 3MEHIICHHS
HMOBIPHOCTI MOMUJIOK MEpHIOro Ta Apyroro poay HemiHiiHoro PII mpu creneni

NOJIIHOMY s=2 y MopiBHsIHHI 3 JiH1#HUM PII npu s=1.

[IpoBeneni moCHiKEHHS 1 I 1HIIMX KOPENSAIMHUX (QYHKINN, SIKi
npexacrasieHi B (2.7) Ta mnpoanami3oBaHi B m.3.1. (pucynox 3.11, 3.12.)
JlocnmiKeHHsT TIPOBOJWIIMCS TPU PI3HUX 3HAYEHHSX BIJHOIICHHS CUTHAJ/IIyM
(¢=0.1; 1; 10) Ta mapameTpax Kopessauii a1 Kopemsuiiinoi Qynkuii pg(r) =

o2e~4I"l cos B 1, sixa xapakTepu3ye rapMOHIUHHX TIPOIIEC 3 AEMII(DYBAHHSIM.
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funS=expl-A"[taul}* (cos(Btau) funS=expi-A’ [taul}’ (cos(B tau)
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Pucynok 3.11. 3anexHiCTh BIJHOIIEHHA KUIBKOCTI 100yTOi iH(pOpMaIli mpo
po3pizHeHHs rinote3 I/I, ans pizaux PII Bix xoedilieHTa acuMeTpii HEraycoBoOi
3aBajy gama3 NpU PI3HUX 3HAYCHHSIX BIJHOIICHHS CUTHAI/IIYM (, KOEQIIIEHT
ekcuecy (y,) gama4 = -1 1 mapamerpax kopessiii a)-4=1.0, B=0.1; 6) - 4=5.0, B=0.1

s kopersuiitnoi pynkuii pg (7) = o2e =4Il cos Br.

funS=exp{-A"[taul)*icos{B"tau) funE=exp(-A° [tau ) {eos{B "tau)
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Pucynokx 3.12. 3anexHicTb BIAHOLIEHHS KUIBKOCTI 00yTOi iH(oOpMAalii mpo
po3piznenns rinote3 I;/I, ansa pizaux PII Bim xoeditienTa acuMeTpii HeraycoBoi
3aBaJi gama3 MpU PI3HUX 3HAYEHHSIX BIJHOIICHHS CUTHAN/IIYM (, KOE(IIEHT
excuecy (y,) gama4 = 3.26 1 mapametpax kopemsii a)-4=1.0, B=0.1; 6) - A=5.0,

B=0.1 s xopemsuiiinoi gyuxuii pg (1) = o2e 4" cos Br.
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BukopucToBy€eThCS IS MOJCTIOBAHHS OCIMJISITOPIB 1 OMHUCY TOBEIIHKH
CUTHAJIIB, SIKI MAIOTh TIEPIOIUYHI KOMITOHEHTH 3 €KCITOHEHIIHHUM JIeMIT)yBaHHSIM.
JlocnipkeHHsT TIPOBOAMIIMCS JUISI MapaMeTpiB KopemsuiiHoi ¢yHkmii a)-4=0.1,
B=0.1T1a6) - 4=5.0, B=0.1. Ta 3HaYeHHAM KOE(IIIEHTY eKCIlecy ¥, = —1 (pUCyHOK

3.11) tay, = 3.26 (pucynok 3.12).

Ha pucynky 3.13, 3.14 HaBejeHl aHAJIOTIYHI XapaKTEPUCTHKUA IS
AV _ A .
Kopessuiituoi Gpynkuii pg (1) = o2e Al (cos Bt +sinB Irl), KA XapaKTepH3ye

ABTOKOPEJIAIII0 3 KOCHHYCHUM  OCHWIATOPOM. BHKOpHUCTOBY€ThCS IS
MOJICJIIOBAaHHSI TAPMOHIYHUX MPOLIECIB 3 JEeMI(PYyBaHHSIM, TaAKUX SK KOJIMBAHHS B
CJIEKTPUYHUX UM MEXaHIYHMX cucTemax. Taka kopessiiiiHa QyHKIa edheKTHBHA
JUTSI OTTCY MOJYJIhOBAaHUX CHTHAJIIB, HAIPUKJIAI, B TEIEKOMYHIKAIIIHHUX CHCTEMax
Y1 aKyCTHII.

JloCiPKeHHST TPOBOAWINCS SIK 11 CWJIBHUX CTAaTUCTUYHUX 3B’SI3KIB
(pucynok 3.13, 314. a)-4=0.1, B=0.1), tax 1 ayns cnabkux (pucyHok 3.13, 314. 0) -
A=5.0, B=0.1).

Ha pucynky 3.15 mapameTpu KopensuiiHoi PyHKIi JEMOHCTPYIOTh IIBUJIKE
3racaHHs Kopeudalii 3 MOBUIBHUMH ociwiismMu  a)-4=1.0, B=1.0, Ta
XapaKTepu3yrTh BHCOKOYACTOTHI mporecu 0)-4=2.0, B=50.0. B o0ox Bumaakax
CIIOCTEPITa€EThCS TEHJACHIIS 10 30UIbIICHHS €(PEKTUBHOCTI HENIHIMHOT 00pOoOKH
BUOIpKOBUX 3HadeHb nojiHoMiansHUM PII (3.15) 3 ypaxyBaHHsSM KoedilieHTa
acUMeTpil IOCIHII)KYBaHOTO NPOLIECy Yy MOPIBHSHHI 3 JiH1HHOI0 00pookoto PIT (3.9),
gKa € ONTUMAJIbHOI IS IIHPOKO PO3MOBCIOKEHUX TayCOBUX MOJENeH

BHIIQIKOBHX ITPOIIECIB.
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Pucynok 3.13. 3anexHiCTh BIJHOIIEHHSA KIJIbKOCTI A00yToi iH(pOpMarii mnpo

po3pizHenHs rinote3 I,/I, nns pizaux PII Bim xoedilieHTa acuMeTpii HeraycoBoi

3aBaJ gama3 MpU PI3HUX 3HAYECHHSX BIJHOLICHHS CUTHAN/IIYM (, KOE(ILIEHT

ekciecy (y,) gama4 = -1.0 1 mapamerpax kopesnii a)-A=0.1, B=0.1; 6) - A=5.0,

B=0.1 a1 kopersuiitnoi pynkuii pg (7) = o2e =4Il (cos Bt + %sin B |T|).
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Pucynox 3.14. 3anexHicTh BIAHOIIEHHS KUIbKOCTI M00yTOi iH(OpMAIi mpo

po3piznenns rinote3 I;/I, ansa pizaux PII Bim xoedirienTa acuMeTpii HeraycoBoi

3aBaJi gama3 MpU PI3HUX 3HAYEHHSIX BIJHOIICHHS CUTHAN/IIYM (, KOE(IIEHT

exciecy (y,) gama4 = 3.26 1 mapamerpax kopessiii a)-A=0.1, B=0.1; 6) - A=5.0,

B=0.1 s xopensuiiinoi dynxuii pg (1) = g2eAll (cos Bt + gsin B |T|).
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Pucynox 3.15. 3ayiexHicCTh BIIHOIICHHS KUIBKOCTI J00yToi 1H(oOpMarii mpo

po3pizHeHHs rinote3 I/I, ans pizaux PII Bin xoedilieHTa acuMeTpii HEraycoBOi

3aBajy gama3 TpU PI3HUX 3HAYCHHSX BITHOIICHHS CUTHAI/IIYM (, KOE(IIIEHT

ekcuecy (y,) gama4 = 3.26 1 mapamerpax kopessii a)-A=1.0, B=1.0; 6) - A=2.0,

B=50.0 a1 kopesuiiinoi Gpynkuii pg (7) = o2e 4" (cos Bt + %sin B |T|).
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3.3. CuHTe3 MOJMIHOMIAJIBHUX AJTOPUTMIB BHUSBJICHHSI CHTHAJIB Ha (oHIi

KOPEJbOBAHUX €EKCHECCHUX HErayCOBMX 3aBa/l

3.3.1. CuHTe3 NOJiHOMIAJBHUX PO3B’A3YBAJbLHUX NPABWJI NPH CTeNeHi
noJjinomy s=1, 2

[TocTanoBka 3a7a4i AJisi TaHOTO TUITY 3aBaj OyJie 30iratucs 3 MOCTaHOBKOIO,
npeacrasieHoro B m.3.1. Pesynprar cunrtesy PII npu cremeni s=1, 2 Oyne
ciiBnagatyu 3 PII, orpumanum B (3.9) 1 6a3yeThcsi Ha 3aCTOCYBAaHHI OJTHOMIPHUX Ta
CYMICHUX MOMEHTaX Ta KyMYJISIHTaX JI0 2-T0 MOPAIKY, IKi OyayTh TAKUMH CAMUMH,
AK 1 7u14 3a7a4i B 11.3.1, OCKUIBKM BPaxOBYIOTh TUIBKM MaTeMaTU4YHE CIO/IIBaHHS,
JUCTIEPCIIO Ta CYMICHUM MOMEHT 2-T0 MOopsAAKy. Bl BUCHOBKH, sIKi OyJIM OTpUMaHHI1
B n.3.1 mpu noOyxaosi mdiHiiHOro PIT B 3arampHOmMy Bumi (3.3) Ta KiHIIEBOMY
npeacrabieHHl (3.9) OynyTh aHAJOTITYHUMH 1 I KOPEJIbOBAHUX EKCIIECHUX
HErayCoBUX 3aBajJ mnpu cuHTe3l JiHiHOrO PII nns cremeni momiHoma s=1, 2.
EdextuBHicte Takoro PII Oyne Bupakatucs depe3 3HAUEHHS KPHUTEPIIO SIKOCTI
(3.10), aGo 3BOPOTHOI BENWYMHU — Yepe3 KUIbKICTh A00yTOi iHdOpMmarlli mpo
po3pizHeHHs rinote3 (3.11).

[Ipu oOpoO11i cTaTuCTUYHO HE3aJdeKHUX BUOIpKoBUX 3HaueHHsIX PII Bumy
(3.9) BupomkyeThcs B g00pe Bimommii Bupas (3.12), gxkuii oTpuMaHUN 13
BIJIHOIIEHHS MPaBAONOAIOHOCTI B MPHUIYIIEHHI rayCOBUX MojeNield BUOIPKOBUX
3Ha4YeHb JIJIs1 BUSIBJICHHSI IOBHICTIO B1IOMOI'O CUTHAITY.

Jlns BpaxyBaHHSI mapameTpiB JOCTIIKYBAaHOTO BUMAIKOBOrO MPOILIECY, SKi
XapaKTEepU3ylTh HOro BIAMIHHOCTI BiJi HOPMAJIBHOTI'O PO3MOALTY, 30UIBIIMNMO
creninb nojiHomy PII s=3, mo HamacTb MOXIWBICTH OMEPYBATH MOYATKOBUMHU
MOMEHTaMU 10 O6-r0 MOpPSAKY BKIIOYHO, 1 BIANOBIAHO, XapaKTEepU3yBaTH
BUITAJIKOBUI TIPOIIEC Yepe3 3HAUCHHS KOEQIIIEHTIB acUMETpii Ta eKciecy, SKi

OylyTh BIIMIHHUM BIJ] HYJISI.
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3.3.2. CuHTe3 NOJIHOMIAJBHUX PO3B’A3YBAJIBHUX NMPABWJI NPHU CTeElNeHi

noJiinomy s=3

[Tpu 36inbmenHi creneni momaoMa PII 3aranmeHoro npencraBieHHs B (2.34)
110 s=3 Oyl 3aMMCcaHruii HACTYITHUM YHHOM
H,
ACOD, =k + Sney kDx, + Sy kD2 + S0, kDxd 20, (3.34)
Hy
e ONTUMalbHI KOE(IIIEHTH 3HAXOAATHCA 3 MIHIMYMY MOJU(]PIKOBAHOTO
MoMeHTHOTO KpuTepito Ku(E @, G(T)) (2.39).

Jlns  3HaxomkeHHs ontuManbHux Koedimientie PIT (3.34) naBememo
anpiopHy iH(MOpMAIlI0 MPO KOPEIhOBAaHUIN EKCIIECHUI HEerayCoBUW MPOIEC, KU
JTOCHIKY€eTbesl. [ 1bOTO BUMAIKY MOYATKOBI MOMEHTH U; JOCIHIIKYBaHOL
BUITAJIKOBOI BEJIMYMHU TIpU Tinote3l H, no 6-ro mopsaky, 3rigHo (2.10-2.11),

OyIyTh BIAPI3HATUCSA BiJ HaBeleHUX B 11.3.1 Ta n1.3.2 1 OTpUMaroTh HACTYTHUUN BUJ
U =0,uy =Y, u3 = 0,uy = x4 + 3x3 = X3 (ya +3), (3.35)
us = 0, ug = x5 (15 + 15y;),
Ta MOYaTKOBI MOMEHTH M; TPH TiMoTe31 H; 3anuinyThes sK:
m; =a,my, =a’+ x,, my = a’+ 3ay,, (3.36)
my = a* + 6a’y, + yaxs +3x%, ms =a® +10a3y, + 5ax2(3 + ),
me = a® + 15a*y, + 15a)5(3 + y,) + 15x5 (1 + v3).

(k)

CyMiCHI MOMEHTH U; ;" mpu rinoresi Hy 3anunryTbes sK:

k k k
w0 =y =20 p@0, 0 =ul =0, (3.37)

Jk k 2
ul =y = 2 4 3xx01 = XEQap @R’ 4 3p@R) |

k 2 2
ul? = x3(rap @ +1 4200,
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(v,k) (v,k) 5/2 5/2 (vk)5/2

5/2 3/2
Ups ~ =Uzy =X, V3+6x, p /2pwio

Ys+3x,'p V3,

k 2 3 )
uy? = 3x3y,p O + x3¥Z + 930y, + 31307y, +

+9x3pTR + 6x3p @R 1+ 9x3 p Y3,

(k)

Ta BIANOBIIHO M; ;" mpu rimore3i Hy:

mj(_ljj_’k) — aZ + Xz - p(v:k)’
my =mi = a® + ay, + 2ax,p", (3.38)

3 3
m%0 = a* + 3a%x,p@0 + 3a%y, + 4aylysp@RT +

2
+xZ2pWO% (v, + 3),

k 2 2
myy) = a* + 2a%x; + 4% x,p"0 + X3 (rap @O + 14+ 2007,

K k 2
myz = mB" = a® + 4a’y, + 6a%xop P + 5axZp @O (3 + 1),

m& = a® + 6aty, +9a*x2p @R + 1502420 (v, + 3) +

3
+15x3 W07 (v, + 1),

ne pW9) — kopensuiiina GpyHKIis BUIAAKOBOTO MPOIECY, SKa BU3HAYA€ThCsA 3 (2.7)

1 00Mpa€eThCs 3T1THO BIAMOBIAHOT 3371241 JOCIIII>KSHHS.

Bianosiaxo 1o (2.39), dyskuii F((i?)v(H 1), i=0,1 npu rimoresi H, 3anuinyThes
K
(D —_ ., W), (k) () — (D ) (k)
Fiepyo(Ho) = wgjy = u w7, Fgjy, (Hy) = mgjy —mg~my

1 pPO3paxoBYIOThCSA 3 BpaxyBaHHSM ampiopHOi iH(opMalii Opo AOCTIHKYBaHHMA

KOPEJIbOBAHHM €KCIIECHUN HeraycoBuii mporiec 3rigHo (3.35-3.38).

Ocxkinbku PIT (3.34) 3a5exuTh BijJ BUIMTAIKOBUX BUOIPKOBUX 3HAYCHB X, TO 1

pe3ysbTaT 00poOKM TakuX 3HaueHb Oynae BumaakoMm. Omxke, HemiHiiHe PII (3.34)

()

i(sn) Ta

XApPaKTCPU3YETHCA TAKHMMH IIapaMCTpaMu, SIK MATCMATUYHC CHOI[iBaHHH E
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®

i(sn) TIPH TIIOTE31 Ta aNbTEPHATHBI H;,i=0,1, gx1 B 3aralbHOMYy BUIIQJKY

nucnepcis G
npezacTasiieHl B (2.35) — (2.38). s nanoro PII mi Bupasu, 3 BpaxyBanusam (3.35-

3.38), MaloTh HACTYTHUM BUI:

Eégn) = n(kgy)qu + ké?usv), El(g,n) = n(kg,)mlv + kéf,)mm + kgy)mw)» (3.39)
Gotamy = nksy? FG) (Ho) + 2k{3) kS EE) (Ho) + 2Ky kSDF(D) (Ho) +
+2k5y) kS FG (Ho) + ki) ? Fo (Ho) + k§y)? F (Ho),

Gy oy = Nk FO(Hy) + 2k kSDFS) () + 2k kSS9 R (Hy) +

+2k5y) kD FS (Hy) + k§)? FS (Hy) + k§)? Fo (Hy).

Hesinomi koedimientu HeniHiHOTO noxiHoMianbHOTO PIT (3.34) kg,), kg,) Ta

T . . .
kgv) 3HAXOASATHCS BIJMIOBIAHO JI0 PO3B’sI3aHHS CUCTEMHU PiBHSHD (2.40), sika oTpuMae

HACTYITHUM BUJ

S kD FE 4 3 kD FE + 3r kD FS) = a

(11 (12
n kY F + 2n kS Foy + Xy kS Foy =a? ,(3.40)
n ki F((;i) + 30, k) F((;;) + 30 ks F((g) = a’ +3ay,

© _ @ () © _ o _ @ (7)
Ac F(11) = F(ll)(Ho) + F(ll)(Hl), F(lz) = F(21) = F(lz) (Hp) + F(lz) (Hy),

@ _ @ _ @ @ @ _ @ _ @ @
Fasy = Faiy = Fasy(Ho) + Fizy(Hi), Fiazy = Fizpy = Frpgy(Ho) + Frpgy(Hy),

™ _ @ () (©» _ @ ()
F(zz) — F(zz) (HO) + F(zz) (Hl)a F(33) - 1(33) (HO) + F(33) (Hl)

Jlnst po3B’si3aHHA JaHoi cucteMu piBHSAHB (3.40) 3acTocyemo Meton Kpamepa

ta gonoBHeHHs [llypa st po6oTu 3 6JIOKOBUMH MAaTPHUIISIMH, TOI
KD =25,/ v=1n k¥ =4, /05, v=n+1, 2n,  (3.41)
1v — Bv 3 - ) I, 2v — Cv 3 - ) ) .

kD = Ap,/As, v =2n+1, 3n,
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7ie BU3HAYHUK A, cucTteMu piBHIHB (3.40) Mae HACTYIHUI BHU]T

@ @ @
Faiy Feiz) Fiz)
A; = det |||FD FO FO (3.42)
3 (21) (22) @) )
@ @ @
Fs1 Fis2) Fis3)

ne Ap,, — BUBHAUYHUK, IKUW OTPUMaHUI 3 BU3HAYHUKA A5, KOJIu v -i cToBOCLb (V =

1,n) 3amiHenuii Ha iHmmii 3i 3Hauennamu (q°°,¢°°,...,¢%° q,q,..,q q'°+

3q%°,q*> + 3q¢°%, ...,q*° + 3q¢%°), A;, — BU3HAYHWMK, SKUH BH3HAYAECTHCA
noAioOHUM 4uHOM it v =n+ 1, 2n, Ap, — BU3HAYHUK, SIKUH BU3HAYAETHCS

moqiOHUM ynHOM 1L v = 2n + 1, 3n.

[TokazaHo, 0 B IbOMY BHUMAJKYy 3arajbHUN BHUJ NOPOTOBOr0 KOeQIli€HTa

kgr) PII (3.34) nnst oTpuMaHux KOe]illi€HTIB kgj), kg;) Ta kg;) PO3PaXOBYETHCS SIK
1
ke = = 20e1(a°58py + Acu(q +2) + 4py(q*5 +3¢°9).  (3.43)

24,

Jlerxo GaumnTw, 1o 3anpornonoBane PII Buny (3.34) € HeniHIMHUM 1 BpaXxoBYe€
XapaKTEPUCTHUKU K HETayCOBOIO MPOIIECY Yepe3 BpaxyBaHHs Koe(DilieHTa eKCIeCy

Tak 1 KOPEJALUHI 3B’ I3KA BUOIPKOBUX 3HAUEHDb YEPE3 BUKOPUCTAHHS CYMICHUX
4

KYMYJISIHT1B )(i(jr), i,j = 1,2 y Bupazax (3.35 — 3.38).
EdextuBnicte orpumanoro ueminiiiHoro PIT Buay (3.34) y mopiBHsHHI 3

muidauM PIT (3.9) moxkHa BupasuTu abo yepe3 3HAYEHHS KPUTEPI0 SKOCTI

Ku(E @, G (T)) (2.39), axuit Oyne BupakaTucs 4epe3 3HAUYCHHS MATEMaTHYHOTO

()

i(sn)

ey

CIIOA1BaHHA i(sn)

Ta AucHnepcii npu rinote3i ta anbTepHarusi H;, i=0,1

3rigHO BUpasiB, HaBeneHux B (3.39), abo kuibkocTi A00yTOi iHDOpMarii [ g) 3
BUOIPKOBUX 3HAYE€Hb MPO pPoO3pi3HEeHHs rinote3 H,, H; 3rigHo Bupazy (2.43).

() . . .
CkopucraemMocs 3Ha4YeHHAM [ | °, OCKLIBKH 1€ CIIPOLIYE PO3paxyHKOBi Bupasu. Toxi

JUJIsl CHHTE30BaHoro nojinoMianibHoro PIT Buay (3.34) otpumaemo

19 = (1/483) $2-1 (%5 Ay + qhcy + 4py (@5 +3¢°%)).  (3.44)
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BiamiTumo, mo 6e3 BpaxyBaHHS KOE(IIIEHTA €KCIECY V4, TOOTO KO Y, =
0, cunrezoBane PII (3.34) meperBoproerbest Ha HemHiitHe PIT mist oOpoOkwm
CTaTUCTUYHO 3aJIE)KHUX rayCOBUX BUOIPKOBUX 3HaUeHb. Pa3oM 3 Tum, Take PII Oyze
BizpizHsTHCS Bif miniiHOTO PII, oTprimanoro B .3.1 (3.9).

[Ipu mpoBeaeHHI AOCHIKEHb e(peKTUBHOCTI cuHTe3oBaHoro PII (3.34)
HEOOX1THO BpaxOBYBaTH 001acTh qomyctuMux 3HadeHb (OJ13) st mocmimkyBaHuX
napaMeTpiB Koe(ilieHTiB acuMeTpii, ekcuecy Ta iH. [lpu anamizi Tab6n.3.1, ska
JeMOHCTpY€E Kinacu@ikaiiro OJU3bKUX 0 rayCOBUX BUIAIKOBUX BenwuuH [10, 11]
BUJTHO, IO JIJISL CHPOIICHHS aHaNi3y CKJIAJHUX HETayCOBUX IPOIIECIB, iX MOXKHA
pO3MIISIIaTU SIK OKpeM1 KaTeropii, a came pi3Hi TUNH 1 BUAU. OCKUIBKA B JaHOMY
MYyHKTI PO3TJISAAIOTHCS JIMIIE EKCIECHI HeraycoBl BHUMAJKOBlI BEJIMYMHU 3
BIJIMIHHMM BIJl HyJS KOE(ILIEHTOM €KCLECYy ¥, TO iX MOXHA BIJIHECTH 0
BUIAJIKOBUX €KCIIeCHUX BeauuuH [ tumy 1 [ Buay. Beil iHIm KyMyastHTHI KoeillieHTH
OynyTh JOpIBHIOBAaTH HYJIIO. Take TPUMYIICHHS JO3BOJISIE  CIIPOCTHUTH
OOYHMCITIOBANIbHI PO3PAXyHKU 1 BUSABUTH MO3UTHBHUN €(dEKT HENiHIHHOT 00poOKH
nomnoMiansHoro PIT (3.34) y mopiBHSHHI 3 BIAOMUMH JIIHIHHUMHU Pe3yJIbTaTaMH
00po6xu PII.

Tabmuusg 3.1. Knacudikaiist O7u3bKUX 10 TayCOBUX BUMAJAKOBUX BEIHMYUH

- Tun
Kmac
BHIATKOBHX I 1] I11 I\
BEIHYHH
Bux
) 1 Y370 | v3#0,y5#0
AcumeTpHuHL - =
2 vs =0
. 1 Y420 | v4#0.76%0
ExcrecH1
2 Y6 =
Y3 2O, vy z0, | v320,v4 20,
i y320,y,20 | T 3 =% Y4+
=0.v,=0.
> v 20,ys 20 | 137074
AcumMeTpHYHO- Ye 20
CKCIIECHI v, 20,75 =0,
v, =0.v: =0 N
3 V4 Vs Y6 20
=0, v5=0
4 ¥ 20,7, %0 ¥4 ¥s =5
’ Y6 * 0
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B npomy BUMamy CKOpUCTAEMOCS HEPIBHICTIO, SIKA OMUCYE 3aJICKHICTh MIXK
KoedilieHTaMH acUMETPIi Ta eKCIeCy MPU PIBHUX HYJIIO HACTYMHUX KOEQIIIEHTIB
BULINX THOPSAIKIB Y5 = Y = 0, sKI 3’SBISIFOTBCS NPU 3aCTOCYBaHHI MOMEHTHO-
KYMYJISIHTHOTO ONUCY J10 mocToro nopsaky [10, 11]. B upoMy BuUnaaxky orpumaemo

HACTYITHUI BUpPa3
4 — 8y —3y4 + 8y, +2vE — Vi + 4v3v. > 0,
1 JUIsl €KCIIECHOTO BUITAJKOBOIO MpOIecy, Koiau Y3 = 0, oOTpuMy€e KIHIIEBUI BUpa3
3anexxHocTi OZ13 11 Yy
4— 8y, +2vE —2vi > 0. (3.45)

Jns Buznauenns OJ13 koedilieHTa ekciecy y, nodyayemo rpadik ¢pynkiii (3.45),
KU 300pakeHuid Ha PUCYHOK 3.16

Regions satisfying the inequality

60 A ; :
4-Bys+3¥i—3¥i>0

7 — fiys) =4 —Bys + Tyd - 1vi

30 A

fiya)

20 A

10

=10 4

Pucynok 3.16. 3anexHicTh (yHKIIIT BiJ 3HaU€HHS KOe(illi€HTa eKCIeCy

3 rpadiky BUIHO, IO MO3UTUBHE 3HAYCHHS (DYHKIIIT AOCITAETHCS IS Y, €
[0.59, —of, ne kopeHem € 3HadyeHHs 0.59. TakuM YHMHOM BWJIHO, IO OCHOBHI
3Ha4YCHHS i1 KoedimieHTa ekciecy OyayTh y BiI €MHIM oOsacti, 1o Oyne

XapakTepu3yBaTU OUIBINY "TMJIOCKICTR" PO3MOJIIIY IMOPIBHIHO 3 HOPMaJIbHUM, a
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TAKOX MCHIIY KOHI_[CHTpaI_IiIO S3HAYCHb HABKOJIO CCPCAHBLOro A TaKUX

JOCITIIKYBaHUX BUTAJKOBUX MPOIIECIB.

3.3.3. AHaxni3 nmoJiHOMiaJNbHUX PO3B’A3YBAJbLHUX NPABHUJ BUSBJICHHS
CUTHAJIIB HA OHI KOPeJIbOBAHMX €KCLHECHUX HErayCoOBMX 3aBa/l

Ha pucynky 3.17 nmpuBeneH1 3ajie’KHOCTI BIJHOIIEHHS KiTBKOCTI J00yTO1
iHpopMmarlii mpo po3pizHenHs rinote3 I/I; PII npu creneni nomainoma s=1 ta s=3
BIJIMOBIHO BiJ KoedillieHTa eKCIlecy HeraycoBoi 3aBaju gamad4 (,). JocaimkeHnus
MPOBOJMIIMCS TIPU PI3HUX 3HAYEHHSAX BIIHOIIEHHS curHai/mym (¢g=0.1; 1; 10) ta
nmapameTpax Kopelnsiuii s kopemsiuiiinoi ¢pynxuii pg (1) = o2e 47

Ha pucynky 3.17.a macmraOytouuii koedilieHT Mae mane 3HaueHHs 4=0.5,
10 CBIJYUTH PO CHIIbHI CTATUCTUYHI 3B’ I3KM BUOIPKOBHUX 3HAYE€Hb, a Ha pUC.3.17.0

- A=5.0, mo cBiTUUTH, (HAKTUYHO TIPO BIACYTHICTH TaKUX CTATUCTUUYHUX

3anexHocTel. [l 000X BUMANIKIB XapakTepHa 3pocTaroya 3ajJeKHICTh apaMeTpiB
I E? UL JHHIAHOTrO Ta [ gl) s HeniHiHOro PIT BigmoBimHO Bia KoedilieHTa
eKciiecy HeraycoBoi 3aBanu gama4 (y,). [lpu nHynboBoMy 3HadeHH1 gama4=0, 1o

BIJIMOBIIa€ TayCOBIM MOJIEIII TOCIII»KYBaHOT'O BUITAIKOBOTO TMPOILIECY, Il TapaMeTpr
€ OJJHAKOBUMHU, PO 1110 CBITYUTH 1X BIHOILICHHS, SIKE€ TOPIBHIOE | E? /1 gl) = 1. IlIpu

3pocTaHHl nmapamerpa gama4 (y,) Take BIJHOIICHHS CTAa€ MEHIIE OJWHHII, IO

(™) ;
ln’1

CBITYUTH TIPO 3pOCTaHHS KUTHKOCTI 700y TOi 1HpOopMaIrii [ gl) y TIOpPIBHSIHHI 3 |
BIJIMOBIIHO, 3MEHIIICHHSI UMOPIHOCTEW MOMUIIOK HenmiHiitHoro PII y mopiBHsHHI 3
JIHIAHUM, K€ € ONTUMAaJIbHUM JIJIsl TayCOBOI MOJIEJ1 BUMAIKOBOI'O MPOIIECY.

Pa3om 3 1iuM HEOOX1AHO BIAMITHTH, 1110 MO3UTUBHUM €(dEKT BiJl HEIIHINHOT
00OpoOKM y TIOPIBHSHHI 3 JIHIHHOIO Oyae CrocTepiraTucs s CIaOKWX CUTHAIB,
KOJM BIJIHOUIEHHS CUTHAJ/IIYM € MEHIle ojauHuul, 30kpema ans q=0.1. Ilpu
3pOCTaHHI IILOTO MapaMmeTpa €(EeKTUBHICTh Takoi 0OpoOKH 3MeHIIyeThes. Lle
MOSICHIOETBCSI TUM, 110 TPHU BEJIUKUX 3HAUEHHSIX MapaMeTrpa q JiHiiHe 1 HeiHiiHe

PII cnaGo 3anexaTh BiJ MapaMeTpiB PO3MOALTY BUOIPOK 1 (DAKTUYHO CYTTEBO

301IBIIYIOTH HIMOBIPHICTH PABUJILHOTO BHUSIBJICHHS CUTHAIIB.
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Ha pucynky 3.18. HaBeneH1 aHAIOTIYHI 3aJIEKHOCTI BITHOIICHHS KUIBKOCTI
no0yToi iHdopmarlii mpo po3pizHeHHs rinote3 [;/I; PII npu creneni moixiHoMma s=1
Ta s=3 BIAMNOBIAHO BiJ KoedillieHTa eKcllecy HeraycoBoi 3aBamu gamad (Y,).
JlocnikeHHsT TPOBOAUIIKMCS TMPH PI3HUX 3HAYCHHSAX BIAHOIICHHS CUTHAJ/IIYM
(¢=0.1; 1; 10) Ta napamerpax Kopenswii Ans kopenswiinHoi QyHKuil pg(T) =
oc2e 41" cos B7, sika XxapakTepusye TrapMOHIYHHX IIpoleC 3 JeMI(yBaHHSIM.
JlocnipkeHHsT TIPOBOAMIIMCS JIJISI MapaMeTpiB KopemsuiiHoi ¢yHkmii a)-4=0.5,
B=0.1Ta 0) - 4=5.0, B=0.1.

Otpumani 3anexHocTi BigHomeHHs [;/I; Bim gama4 (y,) MO3BOJSIOTH
3poOUTH TaKi cami BUCHOBKH, sIK1 OyJu 3p0o0JIeHi 1 i 3ayieskHoCTel Ha puc.3.17.

Ha pucynkax 3.19, 3.20 HaBe1eH1 3aJI€5KHOCTI BITHOIIEHHS KUIBKOCTI 0Oy TO1
iH(popmarrii po pospizHenHs rinore3 I;/1; PII npu creneni noninoma s=1 ta s=3
BIJIMOBIHO B1J KoeillieHTa eKciiecy HeraycoBoi 3aBaau gamad (,).

JlocmipkeHHsT OPOBOJWIIMCS MPU  PI3HUX  3HAYEHHSAX  BIJHOILICHHS

curHas/mym (¢g=0.1; 1; 10) Ta mapamerpax KOpemsIii At KOpensaiiHoi QyHKIii
— ~2,-A|T| A . .
p:(t) =o°e cosBt +-sinB |T|), sxka XapakTepusye aBTOKOPEISINIO 3

KOCHHYCHUM OCIHHJIATOPOM. JIOCHiTKeHHSI TPOBOAMIMCS SIK JJIsl CHIJIBHUX
CTaTUCTUYHHMX 3B’ A3KiB pUCYHOK 3.19 - a) A=0.5, B=0.1, TaK 1 17151 cllabK1X pUCYHOK
3.20 6)- A4=5.0, B=50. Bemnuki 3HaueHHsi A (Hampukian, 1 abo Oinbie)
XapaKTEPU3YIOTh MPOLECH 3 MIBUIKAM 3racaHHsAIM KOpEJLii (KOpOTKa nam'saTh), a
MaJyi 3HaueHHs1 A (Hanpukian, 0.5) miaxoaaTh sl TOBIOCTPOKOBO KOPEITbOBAHUX
MPOLIECIB, JIe Kopeslis 30epiraeTbes nosue. [lapamerp B xapakTepu3ye 4acTOTy
ocrmsaiii. Husbki 3nauennst B (Hanpukiiaa, B~0.1—1) BiANOBI1al0Th MOBUILHUM
OCLWJIAIISAM, XapaKTEepHUM JJIsi CHUCTEM 13 HHU3bKOYACTOTHUMHU (IYKTyallisiMu.
Benuki 3nauenns B (Hanpukiaa, B>10) niagxoasiTs 1715 BACOKOYAaCTOTHUX MPOIIECIB,
TaKUX SIK €JIEKTPOMArHiTHI XBHJI1 a00 aKyCTHYH1 CUTHAJIH.

OTpumaHni pe3yJibTaTu MpeacTaBiieHl B podoTtax [12-24 ].
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Pucynok 3.17. 3anexHicTb BIAHOLIEHHS KUIBKOCTI J00yTOi iH(poOpMalii mpo
po3pizHenHs rinote3 I;/I; ana pizaux PII Big koediiieHTa ekciiecy HeraycoBoi

3aBaJu gama4 Mpu pi3HUX 3HAUEHHSX BIIHOLIEHHS CUTHAI/IIYM ( HapameTpax

Kopensuiinoi pynkuii pg (1) = o2e 4Tl 2)-A=0.5; 6) - A=5.0.
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Pucynox 3.18. 3anexHicTh BIAHOIIEHHS KUIBKOCTI 100yTOi iH(pOpMaIlii

po

pospizHeHHs rinote3 I[;/I; ans pizaux PII Bix koedimieHTa ekciiecy HeraycoBoi

3aBaau gama4 mpH PI3HUX 3HAUEHHSX BIJHOIICHHS CUTHAJ/IIYM ( MapaMeTpax

Kkopensuiiinoi yuxuii pg () = o2e 4"l cos Bt a)-A=0.5, B=0.1; 6) - A=5.0,

B=0.

l.
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Pucynok 3.19.
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funﬂ=egpt-ﬁx‘|Iau|‘1'{tm{B’tau:| + (AB) sin(B" [taul})

H/I3

A=50,

E=01
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funG=exp(-A"|tau|)"(cos(B tau) + (A/B) sin(B"[tau]))
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3alIe)KHICTh BIHOLIEHHS KUIBKOCTI J00yTOoi 1HQOpMauii mpo

po3pizHenHs rinote3 I;/I; mna pizaux PII Bix koedilieHTa ekciiecy HeraycoBoi

3aBaJu gama4 Mpu pi3HUX 3HAUYCHHSIX BIIHOUIEHHS CUTHAI/IIYM ( HapameTpax

Kopensmiitaol Gymkii pg () = o2e A (cos Bt + 2sinB|t|) 2)-A=0.5, B=1.0;
$ B

6) - A=5.0, B=0.1.

1113

funG=expi- A“|tau|‘) (cos(B tau) + (AB) sin(B* [taul))
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Pucynox 3.20. 3anexHicTh BIAHOIIEHHS KUIBKOCTI M00yTOi iH(OpMAaIii mpo

pospizHeHHs rinote3 I[;/I; ans pizaux PII Bix koediimieHTa ekciiecy HeraycoBoi

3aBaaM gamad Mpu Pi3HUX 3HAYCHHSIX BIIHOIIECHHS CUTHAI/IIYM ( TapaMmeTpax

Kopensuiinoi pynxuii pg (1) = o2e~All (cos Bt + %sin B |T|) a)-A=1.0, B=1.0;

6) - A=5.0, B=50.
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3.4. BucHoBKkHu 10 3 po3ainy

OO6po6OKa 3anTyMIIEHUX CUTHAJIIB € 3HAYHOI0 CTATUCTUYHOIO TIPOOIEMOIO /ISt
0araTtboX MPAaKTUYHUX 3aCTOCYBaHb. OCHOBOIO JIJIsl BUPIIICHHS MOII0HUX MpoOeM
ONTUMAJILHOTO  BHUSBJIEHHS  CHTHAJIiB €  BUKOPUCTaHHS  BiJHOIICHHS
MPaBIONOAIOHOCTI, SIKE MOPIBHIOETHCS 3 MEBHUM IIOPOTOM, SIKMM OOHMpPAETHCS IO
3aJlaHOMYy KPHUTEPII0 SIKOCTI BIAMOBITHO A0 OOpaHOro KpuTepito sKocTi. OHakK,
3aCTOCYBaHHS LbOTO MIIXOY 10 KOPEIbOBAHUX HETAyCOBHX MOJIEICH BUITaIKOBUX
MPOLIECIB MPEJCTABIs€ MPAKTUYHI TPYIHOII, IMOB’s3aHI 3 BU3HAYECHHSM THUITY
HIUTBHOCTI PO3MOJILTY, HOrO IapaMeTpiB, a TAKOK CUHTE30M 1 aHAJII30M aJITOPUTMIB
o0poOku curHainiB. B manomy po3nauii poOOTH 3alpONOHOBAHO albTEPHATUBHUIMA
HIIX11 0 ONMUCY BHUMAJKOBUX IMPOIIECIB, SKUM 3aCHOBaHUN Ha BUKOPHUCTAHHI
MOMEHTIB 1 KyMYJSIHTIB, HECKIHUEHHA IIOCIIJIOBHICTh SIKHUX JI03BOJISIE TOYHO
HAOJIM3UTH  3alpONOHOBAHWM OMHC BHUIIAJKOBHX BEJIUYMH IO TTOBHOTO
IMOBIPHICHOTO OIHCY.

B po6oti po3pobieHi HOBI MaTeMaTHYHI MOJIENl  KOpPEJIbOBAaHUX
ACUMETPUYHUX, EKCIIECHUX Ta aCUMETPUYHO-EKCIIECHUX HErayCOBHX IMPOIIECIB, K1
BUKOPUCTAHO JMJIA CHHTE3y MOJIHOMIANIbHUX cToxacTuuHux PII, onTumanbHi
KOe(]iIlIEHTH SKUX BH3HAYAIOTHCS 3T1IHO HOBOTO MOAM(IKOBAHOIO MOMEHTHOIO
KPUTEPIIO SIKOCTI BEPXHIX TpaHUIb WMOBIPHOCTEH MOMWIOK i TEPEBIPKH
CTATUCTUYHUX TIMOTES.

Ha ocHOBI 3aniponoHOBaHOTr0 MiAX0ay Oyl CHHTE30BaH1 JIIHIKMHI Ta HET1HIIHI
PII, mocmimkeH1 iX BIACTUBOCTI Ta OTPUMAaHI XapaKTEPUCTUKH, SIKI MOKA3YIOTh iX
e(EeKTUBHICTh MpPU BIUIUBI KOPEJIbOBAHMX HETayCOBUX 3aBaj PI3HUX THIIB.
[Tokazano, mo miHiiiHI PII He BpaxoBYIOTh HETayCOBUW PO3MOJIT BUMAIKOBUX
BenudMH. Lle MosCHI0ETBCS THM, IO JIS X OTIMCY BUKOPHUCTOBYIOTHCS JIUIIIE ITEPIITi
JIBa MOMEHTH, IO TPECTABIISIOTh CEPEIHE 3HAYCHHS Ta JAUCIEPCII0 BUITAIKOBUX
nporieciB. Pazom 3 Tum, cuHTe30BaHi JiHiiHI PII 361ratothes 3 noope Bimomumu P11,
110 OTPUMaH1 3 BIIHOIIICHHS MTPaBIOINOAIOHOCTI JJIsl FayCOBUX MOJIEIEH BUMIAKOBHUX

BCINYHH.
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Hemniniitna 06poOka BUOIpKOBUX 3HAYEHb Ta BpaxXyBaHHS CTaTUCTUK BUIIMX
MOPSAZKIB HErayCOBHX MPOIECIB y BUTIIAAI KOE(]III€EHTIB acUMETpii Ta EKCIECy
MPU3BOJUTH J10 TOKPAIICHHS €(EKTUBHOCTI BUSIBJICHHSI CUTHAJIB, 1110 MTPOSIBIISIETHCS
y 3MEHIIEHHI 3HaueHHS Kputepito sxocti PII, 1 BiAmoBigHO, 3MEHIIEHH]
HMOBIPHOCTEH IMOMUJIOK Tiepiioro ta apyroro poay Takux PII. JlochimkeHHs
MIPOBOIMIIMCS T10 MOPIBHSAHHIO TAaKUX BEJIWYHH, SIK KUIbKICTh J00yTO1 1HMOopMaIlii 3
BUOIPKOBHX 3HAYEHb MPH TIMOTE31 1 ANbTEPHATUBI JJIS PI3HUX CTENEHEH MOJiHOMY
PII i neit moka3HUK € 00EPHEHOIO BEIMUYMHOKO 10 KpHUTepito sakocTi PII.

[TokazaHo, IO BIJIMB TaKUX apaMETPIB HETAYCOBUX MPOLIECIB, IK ACUMETPIis
Ta €KCIIEC, JI03BOJISIIOTh MOKPAIIUTH HEIHIHHY 0OpoOKYy BHOIPKOBHX 3HA4€Hb Y
MOPIBHSHHI 3 JiHIAHOIO. Pa3oM 3 TuUM, BpaxyBaHHS KOPENALINHUX 3B’S3KIB
BUOIPKOBUX 3HAYEHb 3MEHIIYE €(QEKTUBHICTh HENIHIAHOI O0O0poOKH, sKa
3MEHIIYEThCS K JUIs JIHIAHUX, Tak 1 HemiHiiHux PII. Ane BpaxyBaHHS TOHKOI
CTPYKTYpH HETayCOBMX IPOIIECIB Y BUTJISA/II KOSPIIIEHTIB aCUMETPIi Ta EKCLECY B
LIJIOMY TIOKpallye poooTy HeliHiiHOoi 00poOku PII y mopiBHAHHI 3 JIIHIHHOLO, KA €
ONTUMAJIBHOIO JUIs 10Ope MOMIMPEHUX IayCOBUX MOJIENICH BUMAIKOBUX MPOIIECIB.

YucenbHa e()EeKTUBHICTh CTATUCTUYHOI OOpOOKM cUTrHamIB Ha (OHI 3aBaj
3aJIEKUTh HE JIUIIE Bl CTENEH] croXacTuuHoro mojinoMa PII, ane 1 Big Oararbox
(bakTopiB, TaKUX K BIAHOIIECHHS CUTHAJN/IIYM (¢), KOpETAUIMHUX (YHKIINA Ta iX
MacmTadyuux koeQiuieHTiB (4, B), 3HaueHb Koe]ilieHTIB acuMmeTpli (y3) Ta
excuecy (y,). Hampuknaa, mpu amuTUBHIN B3a€MOJII KOPHUCHOTO CHUTHAIY 3
ACHIMETPUYHOI0O HETayCOBOIO  3aBajiol0, SKAa XapaKTEpHU3YEThCS  CHUIIBHUM
EKCIIOHEHITIMHUM KOPEJSALIMHNM 3B’ SI3KOM 3 MaciTadyrounm koedimiearom A=0.1
(puc.3.5) mpu 3HaueHHi KoedimieHTa acuMmerpii gama3=Il.1 1 BigHOIIEHHI
curHas/mrym ¢=0.1 BIAHOILIEHHS KIJIBKOCTI 100YyTO1 1H(pOpMaLii PO PO3pI3HEHHS
rinote3 mpu pizHux crenensx noiainoma PIT 6yne nopisutoBatu 0.5. Take 3HaueHHs
CBIIUUTh MPO Te€, IO HMOBIPHOCTI TOMHUJIOK TMEPIIOr0 Ta APYroro poay
cuHTe30BaHoro HemniHiiHoro PII mpu creneni moniHoMa s=2 OyyTh BABIYl MEHIII
3a aHAJOTIYHUWI MOKa3HUK i jiHiitHOoro PII mpm s=1, ske € onTUMambHUM IS

raycoBoi Mojieni 3aBaj. TakuM YMHOM, BpaxyBaHHS MapameTpiB, 110 OMUCYIOThCS
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HETrayCOBHM PO3MOALT JOCIIPKYBAaHOTO BHIIQJKOBOTO TPOIECY HA MPUKIAII
KoedimienTa acumerpii 30utblIye y aABiui edextuBHicTs PII y mopiBHSHHI 3
MOIIMPEHUMH 1 JT00pe BIIOMUMHU JiHIMHUMHU Mojaensmu PII, ontumanbHUMM 1Jis
rayCoOBHX HIUTBHOCTEH PO3MOILTY TOCHIIKYBaHUX TIPOIIECIB.

Ha npuxnaail anamgizy oTpuMaHUX pe3yJbTaTiB IpU CUHTE31 HeaiHIMHuX PII
BUSIBJICHHS TTOCTIMHUX CUTHAJIB MPU B3a€MO/IIi 3 KOPEIHOBAHUMU E€KCIIECHUMU a00
ACHMETPUYHO-CKCIIECHUMH HETayCOBMHUMHU 3aBaJlaMH  MOXXHAa  CIIOCTEpIraTH
aHaJOTIYHy TeHnaeHuiro. Hampukinan, mpu B3aemojii MOCTIMHOTO CHUTHAIY 3
pENIeEBCHKOIO0 3aBafIOI0, SIKA BIMTHOCHTHCA /10 ACUMETPUYHO-EKCIIECHOTO THIY 1
XapaKTepU3y€eThCs 3HAUCHHAMH KoediieHTiB acumeTpii y; = 0,63 Ta excuecy y, =
3.26 Tmnpu EeKCHOHEHIIMHOMY KOpEISAIIHHOMY 3B’A3Ky 3 MacIITa0ylouuM
koepimienToM A=0.1 Ta BigHomeHHsM curHain/mym g=0.1 (puc.3.10), miaBuUIEHHS
e(eKTUBHOCTI HENIHINHOT 00pOOKHU BUSBICHHS CUTHAJIB Y MOPIBHAHHI 3 JIIHIHHOIO
ckianae 13%, mo xapakTepusye 3MEHIIEHHSI IMOBIPHOCTENW MOMUJIOK MEPIIIOTro Ta
JPpyroro pojay 3ampomnoHoBaHUX HemiHiMHUX PII y moOpiBHAHHI 3 BiJOMUMU
JTHIAHUMHA pe3ybTaTaMHu.

HeoOxigHo BiAMITUTH, 110 HaWOUIbIIA €(QEKTUBHICTh CHUHTE30BaHUX
nomiHoMmianeHux PII  gocsraeTbcs TpuM  MEHIIMX 3HAYCHHSAX  BITHOIICHHS
CUTHAJI/IIYM Ta TPAHUYHUX 3HAYEHHAX KOE(IIIEHTIB acCUMETpii Ta eKClecy s
3a/1aHO1 00J1aCTl JOMYCTUMUX 3HAYECHbD.

3a3HaynMo, 10 301IbIICHHS CTEMEHS CTOXAaCTHYHMX MoiHoMianbHux PII B
iIoMy 30UTblIye €(PEeKTUBHICTH OOpPOOKH CHUTHAJIB, ajie pa3oM 3 TUM 3BYXKYE
00JacTh JOMYCTUMUX 3HAYCHb I MMapaMeTpiB KyMYJSHTHUX KOE(IIl€HTIB.
OpHOYacHO 3 IUM YCKJIAIHSAIOTHCS OOUYMCITIOBAIbHI QJITOPUTMHU [JIsi TTOOYI0BH
takux PII. Takum uynHOM Takui Miaxia MoTpeOye 3HAXOKEHHS KOMIIPOMICY MIX
0akaHOIO €(EKTUBHICTIO HENIHINHOI 0OpOOKH 1 yCKJIaJHEHHSIM OOYHMCIIIOBAIbHUX
anroputmiB nojiHomiansHuX PII. Takum kKommpomicom Moxe OyTH 3aCTOCYBaHHS
HeniHiHUX PIT pu creneni momiHomy s=2,3, Mg SIKMX CHOCTEPIra€ThCsl BUCOKA
e(pEKTUBHICTh BUSABIICHHS CUTHAJIB y MOPIBHSHHI 3 BIIOMUMH pe3yibTaTaMu MpH

HECKJIaIHIA MPAKTHYHIN peasizalii.
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PO3JILT 4
IMPOTPAMHI 3ACOBM KOMIT'FOTEPHOT'O MOJIEJTIOBAHHS
MMPOILECIB BUSIBJIEHHSI CUTHAJIIB HA ®OHI KOPEJTHOBAHUX
HETAYCOBHWX 3ABAJI

4.1. CTBOpeHHsI NPOrpaMHHUX 3aC00IB KOMII'HOTEPHOr0 MOJEJTHOBAHHS
npoueciB BUSIBJICHHS CUTHAJIIB

CTBOpEeHHS MpOrpaMHUX 3aco0iB AJii KOMII FOTEPHOTO MOJENIIOBAHHS
IPOLIECIB BUSIBJIEHHS CUTHAIIB Ha (POHI KOPEIbOBAHWX HETayCOBUX 3aBaj €
aKTyaJIbHUM 3aBJaHHSIM. Y Cy4YaCHHUX TEXHIYHUX CUCTEMaXx, TAKUX SK paJilojoKaIlis,
TEJECKOMYHIKallli, CUCTEMU Oe3MeKH ¥ yNpaBliHHSI, AeNalll YacTillle BUHUKAE
noTpebda y BUABICHHI CITA0KUX CHUTHANIB, SIKI CIIOTBOPIOIOTHCA 3aBagamu [1-6].
Oco0nuBICTh KOPETHOBAHUX HETayCOBUX 3aBa/l MOJISTAE B TOMY, 1110 X CTATUCTUYHI
XapaKTEPUCTUKX HE BIANOBIAAIOTH TPAAULIMHUM HOPMAJIbHUM MOJEISAM, IO
YCKJIQAHIOE 3aCTOCYBaHHS KJIACUYHUX METO1B 00poOKu curHaiis [7, 8].

BukopucTtanHs MOMEHTHO-KYMYJISIHTHHUX MOJENIeH J03BOJISIE BPaXxOBYBATH
BHUCOKI TIOPSJIKH CTaTUCTUYHHX XapPaKTEPUCTHK, SKI € KIFOYOBHUMH IS OIHCY
CKJIAJHUX KOPESAIIAHUX CTPYKTYp 1 aHomamiiii y 3aBanmax. lle Bimkpusae
MOXJIMBOCTI JiJI1 TOOYIOBH OUIBII TOYHHMX aJTrOPUTMIB aHajizy Ta OOpOOKHU
curHaimiB  [9-14]. Opnak yisi  HOEpeBIPKM  TaKWUX  MIAXOMIB  HEOOX1JTHO
BUKOPHCTOBYBATH CIICIialli30BaHi MporpamMHi 3aco0u, 37aTHI MOJCIIOBATH SK
XapaKTEPUCTUKW CUTHANIB, TaK 1 3aBaj, IO BIAOOpaXarOTh pealibHI YMOBHU
(GYHKIIIOHYBaHHS CUCTEM.

Po3pobka mporpamuoro 3ade3reueHHs i1 KOMIT FOTEPHOTO MOJCIIOBaHHS
TaKUX MPOILECIB CIpPUAE HE JIUILIE TEOPETUYHOMY AOCTIIPKEHHIO BIIACTUBOCTEH
QITOPUTMIB, a ¥ IXHIM pakTU4HIN peanizarii. Taki 3acobu J03BOJISIFOTH IPOBOIUTH
EKCTIIEPUMEHTH 3 PI3HUMU NTapaMeTpaMu MOJIEINI, OIlIHIOBAaTH €()eKTUBHICTh METO/IIB
BUSIBJICHHS Ta aJanTyBaTH aJlrOPUTMH JO0 KOHKPETHUX YMOB eKcIulyaralii. BoHu
TaKOXX 3a0€3Meuyr0Th OCHOBY JJIi HaBYAHHA CHUCTEM INTYYHOTO IHTEJNEKTY, SKI

z:ez:ani yacrimie BHUKOPHUCTOBYIOTBCA Y CKIIaIHUX TEXHIYHUX 3aBJJaHHAX.
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HeoOxianicTb moaiOHUMX MporpaMHMX 3aco0iB  3yMOBJEHA  TaKOX
3pOCTalOUMMHU BUMOTaMH JI0 TOYHOCTI Ta MIBUAKOCTI aHAII3y CUTHAMIB. Y peaJbHUX
yMOBAaX, /i€ MBHUAKICTh 1 TOYHICTh YXBAJICHHS PIIIICHHS MAlOTh KPUTUYHE 3HAYCHHS,
MOJKJIMBICTh TECTYBaHHS PI3HUX aJTOPUTMIB y BIPTYyaJbHOMY CEPEIOBHILI 3HAYHO
MJBUIIY€E IAHCH HA YCHIIIHE BNPOBAHKEHHS ePeKkTuBHUX cucteM. Komm'torepHe
MOJICJIIOBAHHSL JI03BOJIIE IMITYBAaTH LIMPOKHI CIEKTP YMOB eKCIUTyaTallii, BiJ
HU3BKUX PIBHIB IIyMy 0 CKJIAJHUX BHITAJIKOBUX BIUIMBIB, XapaKTEPHUX IS
KOPEJIbOBAaHUX HErayCOBHUX IPOLECIB.

TakuM YMHOM, CTBOPEHHS MPOrpaMHUX 3aC001B I MOJEIIOBaHHS MPOLIECIB
BUSIBJICHHSI CUTHAJIIB € KIJIFOUOBUM €TarioM Yy PO3BUTKY CYYaCHUX CHUCTEM aHaJi3y
JAHUX 1 NPUUAHATTS pilIeHb, 3a0e3Meuyloud I1HTErpalil0 HOBITHIX HAyKOBHX
JIOCSITHEHD Y peajibH1 TEXHOJIOTTYH1 PIIlICHHS.

B nuceprariiiniii poOOTi, Ha OCHOBI CHHTE30BaHUX IMoOJiHOMIaTbHUX PII
BUSIBJICHHSI TOBHICTIO BIJIOMOTO CHUTHaJly TMTpH aJUTHBHIA B3aeMOJli 3
KOpEJIbOBAHMMH HETAayCOBUMH 3aBaJlaMH, CTBOPEHI 1HCTPYMEHTAJIbHI 3acO0M, SKi
JTO3BOJISIIOTH TIPOBECTU JOCTIKEHHSI OTPUMAHHUX PE3YyJIbTaTIB 1 MpoaHaIi3yBaTh iX
e(EeKTUBHICTh MPU PO3B’sI3aHHI NPUKIAAHUX 3a7ad. J[Jigs CTBOpEeHHS e()EeKTUBHUX
POrpaMHUX 3aC001B KOMITFOTEPHOTO MOJICIIOBAHHS B POOOTI BUKOPUCTOBYBAIHCS
Taki mporpamui mnaketd, sk Wolfram Mathematica, MATLAB T1a w™oBa
nporpamyBaHHs Python nns dopmyBaHHS TporpaMHUX MOAYJIIB.

Wolfram Mathematica npomonye 6aratuit HaGip GyHKIIIHN 151 MOJIETIOBAHHS
CTaTUCTUYHUX Ta CUTHAJIBHUX MPOLECIB, 110 OCOOJMBO KOPUCHO TIPU aHaji3i
MOMEHTHO-KyMYJISHTHAX ~XapaKTepHCTUK. Moro yHiKagbHa 0COONHBICTE —
CHUMBOJBHI OOYMCIIEHHS, K1 JO3BOJIIIOTH AHAJIITHYHO BHBOIMUTH IIOJIHOMIAILHI
pPO3B’sI3yBaJIbHI TpaBWiia, a TAKOXK MPAIFOBATH 31 CKJIAJHUMHU MaTeMaTUYHUMHU
MozensaMu 0e3 HEOoOX1THOCTI YUCIOBHUX anpokcuMaiiid. [le Moxe OyTu KpUTHUIHO
BAXKJIMBO JJIs1 PO3POOKU TEOPETUYHUX MOJIENeH 1 MepeBipKU TOYHOCTI OOUHCIIEHb.

MATLAB € oHUM 13 HAUTIOIIMPEHIIITUX IHCTPYMEHTIB JJIs1 MOJISTIOBaHHS Ta
aHalli3y CHUTHAJIB 3aBJSKM HOro pO3BHHEHOMY MAaTeMaTHYHOMY amapary Ta

crierianizoBanuM Oibmiorekam. st 3amadi MOJACIOBaHHSI MPOIIECIB BUSIBIICHHS
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cUrHajiiB Ha (oHI KopenboBaHUX HeraycoBux 3aBal MATLAB mpomnonye mupoki
MOJKJIMBOCTI pOOOTH 3 MacHBaMH JaHUX, OOYMCIIEHHS MOMEHTIB 1 KyMYJISIHTIB, a
TakoX 1MoOynoBu nojiHoMmianbHux PII. IHcTpymentu, sik-ot Signal Processing
Toolbox 1 Statistics 7O3BONSIOTH 3pYYHO OOUNCITIOBATH aBTOKOPEIALiiHI QyHKIIT Ta
MOJICJIIOBATU MPOILIECH BHUIIAJKOBUX CUTHATIB 13 3aJlaHUMH CTaTUCTHKaMu. Kpim
toro, MATLAB mae iHCTpyMeHTH 1S Bi3yasizallli JaHuX, 1o 3a0e3reuye 3pyuyHuit
crioci6 aHamizy Ta nepeBipku cuaTe3oBanux PII.

VY nucepramiiiHii  poGotTi Oyma cdopMmyiboBaHAa 3ajada IMEPEBIPKH
CTaTUCTUYHHUX TINOTE3 IIOAO BHSBJICHHS CHUTHAJIIB HAa (OHI KOpPEIbOBAaHUX
HErayCoBHUX 3aBajl, JJIs PO3B’A3KYy sKOi Oy 3ampoOrOHOBaHI HOBI MOMEHTHO-
kymyJissHTHI 1D Ta 2D mMaTematudHi MOJCNI Ha OCHOBI CTATUCTHK BHUIIMX MOPSJIKIB
JUTSl OUCY CTAaTUCTHUYHUX 3B’ SI3K1B IOCIII)KYBaHUX MPOLIECIB, Ta mojiHomianbH1 P11,
ONTUMAJIbHI KOEQILIEHTH SKUX 3HaWJeHl 3a MOJU(PIKOBAaHUM MOMEHTHHUM
KpUTEPIEM BEPXHbOI I'PAHULIl KMOBIPHOCTEN TOMMIIOK.

Ha pucysnky 4.1. npuBeaeHa 3arajbpHa CTPYKTypa IPOrPaMHOTO KOMILIEKCY,
MPU3HAYECHOTO ISl MOJICIIFOBAHHS TPOIIECIB BHUSABIICHHS CUTHATIIB Ha (DOHI 3aBajl
pI3HUX TUIIIB Ta BUAIB. [[porpaMHuii KOMILIEKC MpecTaBiisie CoO0K HadIp mporpam,
K1 CKJIaIaf0ThCS 3 IBOX YacTuH. [lepiia yvactuna (1) mpu3HaueHa Jijisi TeHepyBaHHS
BUIIAJIKOBUX MPOIIECIB 3 PI3HUMU CTATUCTUYHUM 3B’SI3KaMHU Ta MapaMeTpamu, SKi
XapaKTepU3yIOTh HETAayCOBMI XapaKTep JOCHTIKYBAaHMX BUIAJAKOBUX MPOIECIB.
Hpyra wuactuHa (2) TpOrpaMHOTO KOMIUIEKCY TWIPEACTaBlII€ CO00K HaOIp
MOJIIHOMIAJIBHUX aJITOPUTMIB BUSIBJICHHSI CUTHAIIB, CHHTE30BaHUX B 3 poO3iii, sKi
CKJIQJIAOThCA 3 JIiHIHHOTO Ta HemHiWHUX PII niig BIANMOBIIHUX THUITIB HErayCOBHUX
3aBajl.

Ha pucynky 4.1. npencrasieni okpemi moayJiii (Moa.X.X.X), ki mpu3HadeHi
JUTsl BUKOHAHHS HACTyTHUX (PYHKITIH:

o M.1.1 — wmoxaynp TeHepailii TayCOBUX HEKOPEIhOBAHUX TPOIECIB, SIKi

XapaKTEepU3yIOThCA IMapaMeTpaMd MaTeMaTHUYHOTO CIIOMIBAaHHA «Q Ta

mucrepcii y, - 9 = {a, x,} 1 peamizyerscst B 6momi M.1.1.1 115 TecToBOrO

MOPIBHSHHS PE3YIbTATIB AOCIIHKCHHS;
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M.1.2 — Moaynb TeHepalli rayCcoBHX KOpPEJIbOBAaHMX IIPOIIECIB, SKI
XapaKTEepU3yIOThCS MapaMeTpaMyu MaTeMaTUYHOTO CHOJIBaHHS «, AUCTEpCli
X2 Ta 3amaHoi Kopemsauidnoi Qymkmii rg(r) - 9= {rf (1), a, xo, } i
peanizyerbcss B Oyori M.1.2.1 s TECTOBOTO TMOpPIBHSHHS pe3yJIbTaTiB
JOCJIIKEHHS,

M.1.3 — monynb reHepailii HErayCoBUX HEKOpPEIhOBAaHUX IMPOIIECIB, SKi
XapaKTEepU3yIOThCA apaMeTpaMi MaTeMaTUYHOTO CIOJIBaHHS @, AUCHEPCii
X2 Ta 3aJJaHUMHU KyMYJSSHTHUMH KO€(DILIIEHTAMH Y3 Ta Y4, Kl BU3HAYAIOTh
ACUMETPIIO Ta €KCIIEC HETayCOBOr0 PO3IMOALLY Y BUIIISAAI HAOOpY MmapaMeTpiB
9 =Aa, x2o v3}, 9={a, x2, va} 1 9 ={a, X2, v3,va} i peanizyerscs B
osnokax M.1.3.1), (M.1.3.2) ta (M.1.3.3) BiAIOBIIHO;

M.1.4 — wmoaynb TreHepailii HErayCoBUX KOPEJIbOBAaHUX IMPOIECIB, Kl
XapaKTepU3yIOThCA TapaMeTpaMu MaTeMaTUYHOTO CIOJIBaHHS @, AUCTEPCii

X2, 3a11aHOI KOpeNALiiHOi GyHKUIl ¢ (T) KyMyJISHTHUMH KOe(illieHTaMu Y3

Ta ¥, y Burusgi Habopy 9 = {r¢ (1), @, xa, V3, 9 ={re(0),a, xo, va} 12
9 = {rsc(r),a, X2, V3» y4} 1 peamizyerbest B Oiokax M.1.4.1), (M.1.4.2) Ta
(M.1.4.3) BianOBIAHO;

M.2.1 — moxynb peanizanii giniiHoro PII mpu creneni moninoma s=1 3rigHo
Bupasy (3.12), sike orpuMane Juisi OOpoOKH MOCTIMHOTO CHUTHAITY Ha (hoHI
rayCoBHUX CTATHCTHYHO HE3aJEKHUX BUOIPKOBUX 3HAYEHHSX 1 PEali3y€ThCs B
omomi M.2.1.1;

M.2.2 — moaynb peanizauii JiHiiiHoro PII mpu creneni nosinoma s=1 3rigHo
Bupasy (3.9), ske oTpumane sl 0OpOOKM TMOCTIMHOTO curHaidy Ha ¢oHi
rayCoBUX CTATUCTUYHO 3aJIEKHUX BHOIPKOBMX 3HAYEHHSX MPH 3a/aHiid
KOpensAiinii GyHKuii r¢(T) 1 peanisyerses B B 6aoui M.2.2.1;

M.2.3 — monynb peanizamii HemiHiWHUX PIT mpu creneHi momiHoMa s=2 s
OOpOOKM TOCTIHHOTO CcHUTHay Ha (DOHI KOpPEThOBAHMX ACHUMETPUYHUX,
ACUMETPUYHO-EKCIIECHUX Ta €KCIIECHUX HETrayCOBUX BHOIPKOBUX 3HAUYEHHSIX

TIpY 3a/IaHil Kopessuiinii Gynkuii r¢(7) 1 peanizyerses B 61mokax M.2.3.1,
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M.2.3.2 Ta M.2.3.3 myst cunTe3oBanux HemiHidHUX PIT Bugy (3.15) Ta (3.34)

JUTSI BIATIOBITHUX THUIIIB HETAyCOBUX 3aBajl.
Pesynpratn 00poOku momiHOMianbHuX PII oIiHIOBamvcs 1Mo 3HAYCHHIO
KUTBKOCTI BU100yTO1 iH(OopMarrii [ g;) 3 BUOIPKOBUX 3HaueHb 11 JiHIHHNX PIT mpu

_I(T)

crenieHi nmoiHoMma s=1 ta HemiHiitHUX PII mpu creneni momaoma s=2, 3 5>

)
I 30 3
BI3yaJIbHUM iX TIpeacTaBlieHHM . Haramaemo, mo Ounbliie 3HAYEHHS KiJTBKOCTI

n00yToi 1H(popMaIlii € 00epHEHOI0 BEJIIMYMHOKO JI0 3HAYCHHS KPUTEPIIO SIKOCTI.
binbie 3naueHHs [ gr? BIJITIOBIJ]a€ MEHIIIUM 3HAYCHHSIM KPUTEPIIO SKOCTI, a OTXKE 1
MEHIITUM WMOBIPHOCTSIM IOMHJIOK TIE€PIIOrO Ta APyroro poay BiamnoBiguux PII.

Ha pucynky 4.2. mpencrtaBieHa CTPYKTypHa cXeMa IpOIIECIB BHUSIBICHHS
MOCTIITHOTO CUTHATY MPHU 3aCTOCYBaHH1 nojiHoMiansHuX PII mpu creneHi nojsiHnoma
s=1, 2, 3, onTUMabHKUX 32 MOJIM(PIKOBAHUM MOMEHTHUM KPUTEPIEM SKOCTI, J1€ JIsI
OMHUCY CTATUCTUYHUX XAPAKTEPUCTHUK JTOCIIIKYBAaHUX IMPOIIECIB 3aCTOCOBaHI HOBI
MOMEHTHO-KyMyJIsiHTHI 1D 1a 2D maTemaTu4Hi MOieIi Ha OCHOBI CTATUCTHK BUIIMX
MOPSIZIKIB ISl OMKCY CTATUCTUYHUX 3B A3KIB JOCTIPKYBaHHX TMPOIIECIB Ta
HErayCOBOTO XapaKTEePy BUITAIKOBUX BEJITUIMH.

JIist  omuMcy CTaTUCTHYHHUX XapaKTEPUCTHK JIOCTIKYBAaHUX IPOIIECIB
BUKOPUCTAHO MOMEHTHO-KYMYJISTHTHI MOJEJI BHUIIMX TMOPSIJIKiB, SKI BPaXOBYIOTh
CKJIQJHI CTAaTUCTUYHI 3B’ I3KM MK BETMYMHAMU Ta OTMMCYIOTh HETAyCOBHM XapaKTep
3aBaj. Ha mepmiomy erami poOOTHM cUCTeMa BHU3HAYA€ IMOYATKOBI TMapameTpu
MOJICIIIOBAHHS, Taki SK cmiBBiHOMEHHS curHan/myMm (SNR), xopensiiiiay
GyHKIIIO 3aBaj, TUNKM Ta TMapaMeTpud 3aBaj, a TaKOX CTEMiHb IMOJiHOMA
pO3B’s3yBaJIbHOTO TipaBuia. biok (opmyBaHHS CUTHANIB TeHEPYE TOCTIHHI
(MOBHICTIO BiJIOMI) CHUTHANM, SIKI MalOTh OyTH BHUSBJIEHI, a OJOK (QopMyBaHHs
KOopeJsiiiHoi (yHKINT 3a0e3neuye BpaxyBaHHsS BJIACTUBOCTEN 3aBajl, K1 MOXYTh
MaTd aCHMETPUYHHM, eKCIIeCHUA ab0 acCUMETPUYHO-EKCIIECHHM XapakTep.
[TapameTpu 3aBaj] pO3paxoBYIOThCS 3 YpaxyBaHHSIM 3a7aHOT KOPENALiHHOT pyHKIIIT,

10 JT03BOJISIE MOJICIOBATH PEAIbHI YMOBH BIUIMBY 3aBajl.
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Pucynox 4.2. CTpykTypHa cxema MpoIeciB BUSIBICHHS MOCTIHOTO CUTHATY Ha

(G oH1 KOpeTbOBAaHUX HETayCOBUX 3aBaJl IIPH 3aCTOCYBaHHI MoiHOMianbHUX PIT

[Ipu upoMy BuU3HayaeTbcsd OOJACTh JOMYCTUMHMX 3HAYEHb I[apaMeTpiB 3aBaj
3aJIC’KHO BiJl CTYIICHS MOJIIHOMA.

LleHTpanbHUM €JIEMEHTOM CUCTEMU € MOIYJIb, SIKUH peajizye MOoTiHOMIAIbHI
QITOPUTMH BUSBIICHHS CUTHAJIIB. BUKOPUCTOBYIOYH MOMEHTHO-KYMYJISTHTHI MOJIEII
BUMAJKOBUX TMPOILIECIB, BiH peajizye OOYUCITIOBAIbHI QJITOPUTMHU BUSBIICHHS

CUTHAJIIB Ta OLIHIOE iXHIO €(EeKTUBHICTh y PI3HMX yMoBax 3aBal. lle mosBosse



171

3a0e3MeYNTH THYYKICTh 1 aIallTUBHICTh AITOPUTMIB JI0 PEaIbHUX CLIEHAPIiB.

Pesynbratt 00YMCIICHh MPOXOATH €TAll aHaTi3y, IMICIS YOro 3IIMCHIOETHCSA iX
Bizyamizamis. BisyanbHe mpeAcTaBieHHS BKiIo4Yae rpadidyHe BiToOpakeHHS
e(pEKTUBHOCTI BHUSBICHHS, TaKWX SK HMOBIPHICTH MPaBWJIBHOTO BUSIBICHHS Ta
TIOMMJTKH, IO T03BOJISIE OIIHUTH SKICTh pOOOTH CUCTEMU Ta IPUUHSATH PIIIICHHS TIPO

11 OIITUMI3ALIO.

4.2. Ilporpamna peani3amisi CTAaNiOHAPDHUX KOPeJbOBAHMX HErayCoOBHX
NpoleciB 3 BUBHAYEHUMH XapPaKTePUCTHKAMHU

OmHUM 13 BOKJIMBUX €TaIliB MPOBEICHHS MOCIIIOBAHHS MTPOLIECIB BUSBICHHS
CUTHAJIIB Ha (hOH1 3aBaJl € AKICHA peaji3allis TeHepaTopa BUIAIKOBUX MPOIECIB 13
3aIaHUMU XapakTepucTukaMu. HaBenemo onuc AEKUIBKOX BIIOMHX METOIB, SIK1
JT03BOJISIIOTH OTPUMYBATH BUOIpKOB1 3HadeHHs [15-20].

Memoo ineepcii Kymyaamuenoi gpyukuii poznooiny (CDF). Meton iHBepcii
KYMYJISITUBHOT (DYHKLII pO3NOAUTY € OJHHMM 13 HaWMOUIMPEHIIUX MIIXOIIB 10
reHepailii BUMaJKOBUX BEJIMYHUH 13 3a/1aHOI0 (QYHKITIE€I0 PO3MOUTY HMOBIpHOCTI. BiH
0a3yeTbCcs Ha BJIACTUBOCTI, IO OyJb-IKUW pPO3MOAIT MOXHA OTPUMATH 3a
JIOTIOMOTOI0 1HBEPCHOI KYMYJISTHUBHOI (DyHKIIIi, 3aCTOCOBAaHOI J0O PIBHOMIPHO
PO3MOIUICHUX BUTIAJIKOBUX YHCEIL.

OcHoBHa 1€ MeToAy IMojsirae B HacTynmHomy. KymynsrtvBHa (yHKIIS
posnoniny Fy(x) Bu3Havae HMOBIpHICTh TOTO, 1[0 BUITAIKOBA BEJIMYHHA X IpUiMAaE
3HA4YCHHS, MEHIIIEe a00 PIBHE X:

Fx(x) = P(X < x).
Bona MOHOTOHHO 3pocTac B 0 1o 1. SIkmo obepuena ¢pyukuis Fy 1(U) icHye, To
BUITAJIKOBA BeMurHa X MOke OyTH OTpuMaHa 3a (popmyIioro:
X =F'(U),

ne U — 1ie piIBHOMIpHO poO3MoijieHa BUMTaIKOBa BeJInunHa Ha iHTepBai [0,1].
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Emanu peanizayii 0ano2o memooy cknaoaromvcs 3 HACMYNHUX Oili.

TCHEPYIOTh BHUIIAJKOBE YHMCIO u 13 piBHOMIpHOTO posmoxuty U(0,1). Ile
MOKHA 3pOOUTH 3a JOTIOMOTOI0 CTaHIAPTHOTO TEHepaTopa BHITaTKOBUX
yucen (pucyHok 4.3.);

0o0UYHCIIeHHs 1HBEpCHO1 (PYHKINi, JJIsI 4Oro Jjisi 3HAWIEHOTOo 3HAYCHHS U
obuncmoroth X = Fy1(U), BuKOpHCTOBYIOUM 0OEpHEHY  (YHKIIiIO
PO3IOLTY;

OTpHMaHe 3HAYEHHS X € BUOIPKOIO 3 po3mominy Fy(x).

llepesacu Oanoco memody TONATAIOTH Y WMOTrO MPOCTIM peamizaiii s

OJIHOBUMIPHUX PO3MOAUTIB, MIAXOAUTH I OYIb-SKOTO THUITY PO3MOJLILY, SKIIO

obepuena Qynkuis Fy '(U) noctymua (y BMIIAAi aHamiTH4HOi (QopMu abo

YUCEIBHOTO PO3B’sA3KYy). OKpiM TOro, 3a0e3neuyerbcsi TOYHICTh (POpMyBaHHS

PO3MO/ILTY, OCKUIBKH 0€3M0CePEIHbO BUKOPUCTOBYE KYMYJISITUBHY (DYHKIIIIO.

Pazom 3 mum mnpu TakoMy MIIXOA1 HE 3aBXKIU MOXIMBO OTPUMATH

aHamtuuny ¢dopmy oOepHeHoi (YHKIi, a s CKIaaHuX a0o OaraTOBUMIPHUX

PO3IOIIIIB METOJI CTa€ OOYHMCIIOBAIBHO CKJIQAHUM, IO BHMAara€ YucCeIbHOTO

sHaxomkeHHs Fy1(U). Takuil migxiz 3amekuTh BiJ TOYHOCTI YHCEILHOIO

oOunciieHHst o0epHeHOi (PyHKIIIT B 6araTbox peajibHUX 3aCTOCYBaHHSIX.
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Pucynok 4.3. IntocTpartiis Metony iHBepcii KyMyJIsSTUBHOI (PYHKIIIT pO3MOALTY a) Ta

NpUKIIA peaimizaimii 3a JIaHUM  METOJIOM  BHUIAIKOBUX  BEJIWYUH IS

eKCITOHEHIIMHOTO PO3MOALTY.
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MeTon MIMPOKO BUKOPUCTOBYETHCS MJS MOJCIIOBAaHHS PI3HOMaHITHHX
BUIAJKOBUX MPOIECIB Yy 3ajauax CTaTUCTHUYHOI OOpOOKHM CUTHANIB, Jie¢ MOTPiOHO

ICHCPYBATHU BI/IHaI[KOBi BCJIMYMHU 3 BiI[OMI/IM pOBHOI[iJ'IOM.

Memoo kymynanmnoi pynkyii. Meton KyMyJIssHTHOI GYHKITIT € €heKTUBHUM
IHCTpYMEHTOM JUISI aHalli3y 1 CHUHTE3y BHIIQJIKOBUX IMPOIECIB, OCOOJIHMBO
HErayCOBHUX, 3 YpaxXyBaHHSIM IXHIX BHCOKHX CTATUCTUYHUX MOMEHTIB 1
xapakTepuctuk. KymynsHtu 3a0e3neuytoTh OiIbII KOMIAKTHUN 1 3pYyYHUNA OMHC
0araTOBUMIPHUX PpO3MOJIUIIB Ta CTATUCTUYHMX 3B’SI3KIB MK BHUMIAJAKOBUMH
BenuunHamu. lleii MeTon 3HAXOAWTHh IIUPOKE 3aCTOCYBaHHS Yy 3ajadax
MOJICJIIOBAaHHS CUTHAITIB Ha ()OHI KOPETHOBAHUX HETayCOBUX 3aBa/l.

KyMynsHTH € MaTeMaTHYHUMH XapaKTePUCTUKAMH BHUIAJIKOBUX TIPOIIECIB,
K1 pO3UIUPIOIOTH CTAaHAAPTHI MOMEHTH PO3MO/ILTy. BOHU MatOTh HU3KY YHIKQJIBHUX
BJIACTUBOCTEM:
® TEpIIUNA KYMYJISHT )Y BIAMOBIJA€ MAaTEMAaTUYHOMY CIIOJIIBAaHHIO;
® JIpyIrUil KyMyJSsIHTY, BIATOBIAA€E qUCHIEPCIi;
®  BUII KyMYJSHTHU (TPETHOTO Ta YETBEPTOT'O MOPSIAKIB Y3 TA X 4) XaPAKTEPU3YIOTh

aCUMETPII0 Ta EKCIECHICTh PO3MOJAULY, IO € BaXJIUBUM JJiI HETrayCOBHX
IPOLIECIB.
KymynsaTHa (QyHKIS BU3HAYA€THCS 4Yepe3 JIorapudM XapaKTepUCTUIHOI

GyHKIL1T BUTAAKOBOT BETUYHHH & :

in fy (u/8) = 7 22 Guy,

r
ne ln f; (u / 5) — jiorapu(m XapaKTepUCTUIHOI (DYHKITISI BUTIAJKOBOT BEJIMUMHU &, a
KYMYJISIHTH TIOPSIIKY [ PO3MOJUTY BHITAJIKOBOI BEIMYMHM BHU3HAYAOTHCSA SIK
Koe(]illiEHTH PO3KIIATY X; (5) jorapudma xapakTepuCTUUYHOI (DYHKIIT B CTETICHEBUA

psm.
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Emanu peanizayii memooy nonsearoms 8 HACMYNHOM) .
o 3HAXOJATh XapPaKTEPUCTUUYHY (DYHKIIIIO fg(u/ﬁ) JUIS 3a7aHOTO  PO3IOILITY

BUITAJIKOBOI BEJIMYWHHU ¢
o  3aCTOCOBYIOTH ITOX1JHI 7-T'0 TIOPSIKY IO KyMYJISTHTHOI (pyHKIII1, 1100 OTpUMaTH
YHCJIOB1 3HAYEHHS KyMYJISIHTIB JIJIs1 33JIaHOTO Tpoliecy abo po3MoIiy.
o Ha OCHOBI OTPUMaHHUX KyMYJSHTIB BHCOKHX MOPSAKIB CHHTE3YIOTh PO3MOILT
a00 GopMyIOTh HOTO alpoKCUMAIIIIO.

Ilepesacu 0anoeo memody MONATAIOTh B HACTYITHOMY: KYMYJISIHTH TPETHOTO 1
YETBEPTOTO MOPSAAKIB €PEKTUBHO OMUCYIOTh ACHMETPII0 Ta €KCIIeC, IO JT03BOJISIE
MOJICJIIOBATH HETayCOBl PO3MOIIN; JJI HE3AJICKHUX BHUMAJAKOBUX BEIUYUH
KyYMYJISIHTH aJIMTHBHI, 1[0 MOJIETHIYE aHall3 CHUCTEM 13 BEJIMKOK KUIBKICTIO
KOMIIOHEHT.

/lo Hedonikie gionocumvcs me, O OOUNCIEHHS XapAKTEPUCTUYHOI (PYHKIIIT
Ta ii jJorapudma moxke OyTH CKIAQTHUM JJIsl ACSKUX PO3MOALUIIB, JJIsl BUCOKHX
MOPSAKIB TOYHICTh OOYMCIICHBh 3aJICKHUTh BiJ aHATITHYHOTO ab0 YHCEIHHOTO
PO3paxXyHKy MOXIJTHUX.

[IpakTuune popMyBaHHS PO3MOILITY HA OCHOBI 33JJaHUX KYMYJISIHTIB BUCOKHUX
TIOPSIJIKIB € 3aBJIaHHSAM, SIK€ 3a3BUYall BUPIITYETHCS UISIXOM BUKOPUCTAHHS METO/IIB
anmpokcumaiiii abo BiIHOBJICHHS po3no/iiiy. OCHOBHA 1/i€sl MOJSTa€e Y BITHOBJICHHI
HIUTBHOCTI KIMOBIPHOCTI f(X), IKa BIMOBIAA€E 3aJaAHUM MOMEHTaM a00 KyMYJISTHTaM.

OmuH 13 MmAXOAIB N0 peaji3alii LbOro TMPOIECYy € 3ACMOCY8AHHA
noniHomianbHol anpokcumayii. lLlel MeTox BUKOPUCTOBYE KYMYJSHTH IS
noOyI0BY aHATIITUYHOTO BUPA3y IMUTBHOCTI MMOBIPHOCTI Y BUTJISAII TIOJIIHOMA, SIKUH

IPENCTABISETHCS Y BUTIISL PALY:
~ L _Gmx)® N XnHn(x)
f(x) N €Xp ( 2X> ) [1 + Zn:3 n! ]’

1€ X, — KyMYJISIHTH n-r0 nopsinka, Hy, (x) — noninom EpwmiTa.

[Ipunyctumo, 110 HaM BXKE BIAOMI XapaKTEPUCTUKHU HIIJIBHOCTI PO3MOALTY
BUIAJKOBOI BEMYHMHHU, SIKy MOTPiOHO 3reHepyBatu. Hampuknan, Hexail me Oyze

ACUMETPUYHO-CKCIIECHUI HErayCcoBUW mporec 3 PeneeBcbKO0  MIITBHICTIO
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po3moiny, A AKOi AifCHI mapaMeTpu Koe(dili€eHTIB aCUMETpii Ta eKCUeCy Y3 =
0.63 ta y, = 3.26.

Ha pucynky 4.4. HaBeAeHO UIIOCTpallisi TEOPETUYHOI KpPUBOI i
eKCIIEPUMEHTAIbHUX JaHUX A1 PerneeBcbkoi HIIIBHOCTI PO3MOALTY BHITaJKOBUX
BEJIMYMH TpH MacmTadyrouoMy KoedilieHTi ¢ = 1 Ta KUIBKOCTI BHOIPKOBHX
sHadeHb n=1000. SIx BumHO 3 rpadika, TEOpeTHYHA KPUBA IIUILHOCTI PO3MOALTY
JIOCUTh YITKO ampOKCHUMY€ TicTorpaMy BHUOIPKOBHX 3HA4Y€Hb, a TEOPETHYHI

XApaKTCPUCTHUKHU pOSHOIIiHy 301raroThCS 3 CKCIICPUMCHTAJIbHUMH.

Rayleigh Distribution PDF with Statistical Metrics

Histogram of samples
—— Theoretical Rayleigh PDF

0.6 1

MNapameTp macwTaby (scale): 1.0
0.5 7
TeopeTH4HI 3HAYEHHA:
MaT. cnogisaHHa: 1.25
Oucnepcia: 0.43
AcumeTpina: 0.63
Excuec: 3.55

EKCNEepMMeHTanbHI 3HaYEHHA:
MaT. cnofpisaHHAa: 1.24
Aucnepcia: 0.43

AcmeTpin: 0.69

Excuec: 3.35

0.2 1

0.1 A

0.0 f ; : : . . - ;
0.0 0.5 1.0 L5 2.0 25 3.0 3.5
Value

Pucynox 4.4. Imoctpaiiisi TEOpeTUYHOT KPUBOI 1 €KCIEPUMEHTATBHUX JAaHUX IS

PeneeBchbkoi MIITBHOCTI PO3MOALTY BUMAIKOBUX BEIMYNH

[Tomiromu Epmita mpaiiorots 100pe 11t HAOIMKEHHS PO3MOITIB, CXOKUX
Ha HOPMaJIBHHM, ajie MOXKYTh HEaJIEKBaTHO allPOKCHUMYBATH IIJIBHOCTI, 1[0 MalOTh
dbopMy, 3HaUHO BIAMIHHY BiJ] HOPMAJIBHOTO PO3MOALLY, K, HAPHUKIAA, Y BUIAAKY
PeneeBcbkoro posmoairy (pucyHok 4.5.), A€ CHOCTEPIraroThCs PO301KHOCTI

arpoKCUMAIlii 3 TEOPETUUHOI KPUBOIO.
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Polynomial Approximation vs Rayleigh PDF

0.6 === Polynomial Approximation (Hermite)
—— Theoretical Rayleigh PDF

0.5 4

0.4+

0.3 4

Density

0.2 4

0.1+

0.0 4

Pucynok 4.5. Anpokcumaitisi PeneeBcbkoi IJIBHOCTI po3moity nmoiHoMoM Epmita

Anpoxcumayii  winbHocmi  po3nodiny  3a  OONOMO20I0  NOJIHOMIG.
AnpokcuMaliisi IiJIbHOCTI MMOBIPHOCTI € Ba)KJIMBUM 3aBJIaHHSAM CTaTUCTHUKHU Ta
MOJICTIOBaHHS, OCOOJMBO KOJIM aHaliTU4Ha ¢(opMma po3NoJLTy HeBigoma abo
ckinagHa. OJMH 13 MOMYJSIPHUX TIAXOIIB — BUKOPUCTAHHS NOJIHOMI8 3A0AH020
cmyneHs 11 HAOMMKEeHHs PYHKUIT UIIBHOCTI po3noaity. Lleit MeTon IpyHTy€eThCs
Ha MPUITYLIEHH], 0 OyAb-sAKy TIaAKy (QYHKIII0 MOXHA HAOJU3UTHU MOJIHOMOM,
SKII0 BUOpATH MOTO CTYMiHB 1 KOe(DIIEHTH BIATIOBIIHIM YHHOM.

[ToniHoMianbHA alTpOKCUMAIlisl TOYMHAETHCS 31 CTBOPEHHS HA0OPY JIaHUX, 1110
MPEACTABIAIOT, (PYHKINIO WIUIBHOCTI (HaNpUKIIA[, TEOPETUYHY MIUIHHICTh
po3mnoauty abo ricrorpamy BUOIpKOBHX AaHUX). [1oy1iHOM 3a/1a€Thes y BUTIISIIL:

f(xX) =~ ag+a;x +ax® + -+ ax™,
e ag, aq,ay ... — KOePIIieHTH MoJiHOMa, a 1 — CTYMiHb moixiHoMa. OCHOBHA
3ajjaya — 3HAWTW Taki Koe(DiieHTH, $KI MIHIMI3YIOTh pI3HUIIO MIXK
anmpoKCHUMOBaHO0 (QyHKINER f(X)i pakTHUHOO QYHKINE MITBHOCTI.

JUiss 11bOr0  BUKOPUCTOBYIOTH METOAM OINTHUMI3allli, Taki SK Mmemoo
HatmMeHwux keaopamig. Y 1bOMYy TMIAXOAI CyMa KBaJpaTiB BIIXUJICHb
anpOKCMMOBAHOI IIIJIBHOCTI BiA IIbOBOI (YHKIIT MIHIMI3y€TbCS, IO J03BOJISIE

3HAWTU ONTUMAaJIbHI 3HAUCHHS a;.
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[Tomuomu Epmita BHKOPUCTOBYIOTbCS A Moaudikauii  dopmu
HOPMAJIBHOTO PO3MOJIIITY uYepe3 BBEACHHS JI0JATKOBHUX WIICHIB, IO BPaxOBYIOTh
acuMeTpiro Ta ekcuec. lle epexkTuBHUI CcHOCIO MOJICTIOBAHHS PO3MOJIIIIB, SKi
OJU3bKI 10 HOPMAJILHOTO, aJie MalOTh JI0IaTKOB1 OCOOJIUBOCTI.

OpHak y miaxo/i 3 BAKOPUCTaHHSAM MOJIIHOMIB 33JJaHOTO CTyMHeHs (KyOiuHUX
a00 BHUIIMX) ampoKCHMaIlisl OpiEHTOBaHA Ha Oe3mnocepe/He HAOMKEHHS (opMH
HIUIBHOCTI, 0e3 00OB’A3KOBOr0 BpaxyBaHHS KyMyJsHTIB. Lleit miaxim € Oimbin
yHIBEpCAJIBbHUM 1 MOKE€ 3aCTOCOBYBATHUCH JIO0 HIMPOKOTO CIIEKTpa PO3IMOJLIIB,
30KpeMa TUX, K1 HE € CHMETPUYHUMU a00 OJM3bKUMHU JO HOpMaJIbHOTO. Pe3ynprar
MOJIIHOMIaJbHOI  ampokcumariii  PermeeBchbkoi  IIIIBHOCTI  pO3MOAUTYy Ta 3

BUKOPHUCTAHHSM MoJIiHOMIB EpmiTa HaBeieHUI Ha PUCYHKY 4.6.

Rayleigh Distribution PDF vs Approximations

Histogram of samples
—— Theoretical Rayleigh PDF
= = Polynomial Approximation PDF
=+ Hermite Approximation PDF

0.7 1

0.6 1

MoniHOMiaNbHa anpoKcMMallifa:
f(x) =0.0279 + 1.1349x + -0.7136x"2 + 0.1102x"3

0.5 1

PDF

0.3 4

0.2 1

0.1 1

0.0 o

0.0 0.5 1.0 15 2.0 2.5 3.0 35 4.0
X

Pucynok 4.6. Amnpokcumaiisi PeneeBCcbKOi HIUIBHOCTI PO3NOAULTY KyOlYHUM

MOJIIHOMOM Ta noJiiHoMmoM EpMita

He nuBnsuuck Ha npuBaOIMBICTD 1 BIHOCHY MPOCTOTY peajlizallii OMUCaHuX
METOJ[IB TeHepallii BUITAJIKOBUX BEJIWYWH, € TIEBHI TPYJIHOIIl 1 OCOOJMBOCTI iXx

NPAaKTUYHOI peanizallii came JUIs To1 3ajadl, sika CTOITh B JUCEpTaIliiiHI poOOTI.
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Memoo ineepcii CDF 1acTo BUKOPUCTOBYETHCS JJIsl TeHEpallii BUMIAIKOBUX
BEJIMYMH 13 3agaHuM pos3nofiioM. OnHak, TpU CTBOPEHHI KOPEIhOBAHUX
HErayCOBHUX IIPOIIECIB, BIH Ma€ neaHi mpyoHOui:

o cKnaoHicmb obyucnenus ingepcii CDF - nns CKIaJHUX PO3MOJITIB, TAKUX SIK
acUMeTpHuHi abo ekciecHl HeraycoBi posnonauii, CDF He Mae aHamiTH4HOI
dbopmu. Y Takux BHUIaJKaxX 0OUYUCICHHS 1HBEpCli MOTpeOye YMCEIbHUX METO/IIB,
TaKUX SIK IHTEpHoJsAlis ab0 BUKOPUCTAHHS CIELIAJbHUX AJITOPUTMIB, IIIO
30UTBIITY€E OOUUCITIOBANIBHY CKIIaJIHICTh. Hampukian, nis po3noauty 3 BUCOKOIO
acumertpiero ¢yHkuiss CDF moxxe OyTH HaATO KpyTOIO B MEBHUX JUISHKAX, L0
YCKJIQJHIOE TOUHY MO0y I0BY 1HBEPCIT;

o BUMO2A HE3ANEeHCHOCMI NOUAMKOBUX BUNAOKOBUX GeIUYUH - METOJ| 1HBepCii
0a3yeTbCcsl Ha TeHepalli HE3aJIeKHUX BHITAJIKOBUX YHCEN 3 PIBHOMIPHOIO
po3noauty, ajne mnoOynoBa KOpPEIbOBAHMX IIPOLECIB BUMAarae HaKJIaJCHHS
JOIATKOBUX 3aJI€KHOCTEH MDK BelIMYMHaMU. Lle yCKIIaJHIO€ 3acTOCYBaHHS
crangaptHoi iHBepcii CDF;

o  pO3WUPEeHHs Ha 6a2amosUMIpHI po3nodiay - y BUNIAIKY KOPEIbOBaHUX MPOLECIB
noTpiOHO MojenoBaTH OararoBumipHi posnoginu. Iueepcit CDF y
0araToBUMIpHOMY BHUIIQJKy € HAJ3BUYANHO CKJIAJHOI, OCKUIBKA MOTPIOHO
BPaxOBYBATH 3aJIEKHOCTI MI>K KOMITOHEHTaMHU BEKTOPIB;

o 00MedCceHHs Ha 6udu po3nodinié - METOJ N00pe Mpaltoe s CTaHIAPTHUX
PO3MOALIIB (HOPMAIBHOTO, €KCIOHEHIIAIbHOT0), aje s CKJIATHUX, SK-OT
Crieliajii3oBaHi HeraycoBl PO3MOALIH, HEOOX1HE MOMEepeIHE MOICTIOBaHHS 200

anpokcumaniss CDF, 110 Moxe BHECTH MOXHOKHU B PE3yJIbTATH.

Memoo  Kymyaaummuoi  ¢yukuii  0azyeTbcsi Ha  BUKOPHCTaHHI
XapaKTEPUCTHUHOT (DYHKIIT )1 TOOYI0OBU MPOIIECIB 13 3aJJaHUMU MOMEHTAMH YU
KyMyJisiHTamu. He3Bakarouu Ha CBOIO YHIBEPCAJIbHICTb, BIH TAKOXK MA€ mMpPyOHOWI:
o po30idicHiCMb pA0I6 NPU BUCOKUX HOPAOKAX KYMYJIAHMI6 - JUIs TPOIECIB 13

CHJIbHUMU HETayCOBUMU XapaKTEPUCTHKAMU (BEITUKI 3HAYCHHS KyMYJISIHTIB 3-TO

1 BUIITUX TIOPSIKIB) alpOKCUMAIlisl Yepe3 psiIi MOMEHTIB a00 KyMYJISTHTIB MOXKE
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OyTu HecTiiikor. Lle mpu3BOaUTE 10 YMCENBHUX MOMHUIIOK ab0 10 PO301KHOCTI
PSIIB, 1[0 YHEMOXKIIMBIIIOE TOUYHE BITHOBICHHS PO3IOALTY;

o npobrema Kopenvoganocmi - g MoOYy0BU KOPEJIbOBAHUX IPOIIECIB HEOOX1THO
3a0e3neynT, MO0 KOXXeH Habip 3HAYeHb MaB HEOOXIAHY CTaTUCTHUHY
3anexHIcTh. OAHAK XapaKTepUCTUKHU KOpEJsIli BaKKO BOYAyBaTH y TeHepalliio
CUTHAIIy 4epe3 KyMYJISIHTH, OCKIJIbKM KyMYJISIHTHAa (DYHKIlIS BPaxOBY€ TIIbKU
I00aTbHI BIACTHBOCTI PO3MOILTY;

o peanizayia y 0a2amosuMipHux npoyecax - JJis KOPETbOBAaHUX HETrayCOBUX
npoleciB 0araToOBUMipHa XapakTEPUCTHUYHA (DYHKIISI MAa€ CKIAIHY CTPYKTYpY.
[TobynoBa Takoi ¢hyHKIII 13 3alaHUMU KyMYJISTHTaMU MOTpeOye crieliaii3oBaHuX
aJITOPUTMIB, a TAKOXX MOXeE OyTH HEMOXJIMBOIO JUISl AE€SIKUX PO3MOILIIB, SIKIIO

BOHU CyrnepeyaTb OOMEKEHHIM TEOPii.

Ilonizaycoei mooeni € ePEeKTUBHOIO aIbTEPHATUBOIO [IJII TEHeparlil
KOPEJIbOBAHMX HETAyCOBUX TMPOIECIB, OCOOJMBO KOJIM 3aJadi BHMAararmTh
30epeKECHHS SIK KOPESALIMHUX, TaK 1 PO3MOIIBYNX BIACTUBOCTECH BHIIAJKOBHX
nporieciB. OCHOBHA 1J1€sl MOJIITrayCOBUX MOJIEJEH MoJiArae B TOMY, 1110 HErayCoBUH
MPOILIEC TIPENICTABIAETHCA K cyMa ab0 CyNmepro3ullisl JEKIIbKOX HE3aJIeKHUX YU
3aJIeKHUX TayCOBUX MPOIECIB, KOKEH 3 SKMX MAa€ BJIACHI MapaMeTpu (CEpelHE,
JIMCTIEPCII0, KOPESAIIAHI BIaCTUBOCTI).

OCHOBHI acCHEeKTH TMOJIrayCOBUX MOJENEH - TMOJIraycoBi MpoLEcH
CTBOPIOIOTHCS ILUISXOM JIHIKHOTO YW HENIHIMHOro KOMOIHYBAaHHS JEKIIbKOX
raycoBux mporeciB. Lleil miaxia T03BOJISE IMITYyBaTH HETayCOBICTh, OCKLIBKHU
pPE3YNBTYIOUMA TIPOILIEC BIAXWISIETHCS BiJl HOPMAJIBHOTO PO3MOAUTY depes
HEPIBHOMIPHUI BHECOK PI3HUX KOMITOHEHTIB.

[TepeBaru TakoTO MiXOY MOIATAIOTH Y HACTYITHOMY:

o MOXJIMBICTh TOUHO 33/1aBaTH KOPEJAIIHI BJaCTUBOCTI,
o JIETKICTh OOUMCIICHHS 3aB/ISKN aHATITUYHUM BJIACTUBOCTSIM rayCOBHUX MPOLIECIB;
o THYYKICTb y MOJETIOBAHHI PO3MOJALIIB PI3HUX (POPM LUISIXOM HaIAIITyBaHHS

BaroBHX Koe(Qilli€HTIB Ta MapaMeTPiB CKIAOBUX MPOIIECIB.
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[Ipuxnan moOyqoBH TakWX MOJENECH MOXKHA MPOUTIOCTPYBATH HACTYITHUM
yuHOM. [Ipunyctumo, mo Maemo aBa raycosi mpouecu X (t) ta X,(t), skl MaloTh
. cee 2 2 oo . cen
cepenHi 3HaueHHs wl, u2, pucnepcii o, o5 Ta Kopemauini GyHkuii 1y (t), 12 (7).
[Momiraycosuii mpouec Y (t) Moxke OyTH CTBOPEHHIA SIK:
Y(t) = aX;(t) + BX,(¢),
7e o Ta [3 — BaroBi KO€(iliEHTH PO3MOILIIB.

Takuii miaxig GopMyBaHHS TayCOBUX BHOIPKOBUX 3HaueHb X ~N(LL, (52) €
no0pe BIIOMHUM, TOMYy CGHOpPMYJIIOEMO 3aj1ady sl 0araToMipHHUX TIayCOBHUX
BUMAJKOBUX BEJIMYMH, SIKI MalOTh OOMEXEHE 3aCTOCYBaHHS B TMPAKTHUYHHUX
JOJIaTKax.

BusHaunmMo miiibHICTE 0araTOMIPHOIO HOPMAJIBHOTO PO3MOAUTY Y BUIJISIL

HACTYITHOT'O BUpa3y:
Pa(E(t2), -, E(tn)) = e Pl = 5 Tt et Dy (§ = M) (& = )], (A1)

Je m - MaTeMaTU4YHe CIOIBaHHsA, 02 - qucIepcid, D - BUSHAYHUK 71-TO MOPAAKY,
AKMHA BKJIHOYAE B €001 KOSIIEHTH KOPETALii Ry,

®opmyBanHa 3amaHoi mocnuigoBHOCTI X = (X4, X3,...,X,) 3 HOPMAJIbHUM
OaraToMipHUM pPO3MOJALIOM 0a3yeThbCsd Ha MPEACTABICHHI YMOBHUX PO3IOJLTIB
BUIMAJKOBUX BEIWYHMH. B IIbOMy BHITQJKy Uil BU3HAY€HOI (PYHKINI CyMICHOTO
posnoniny F,(E(ty),...,¢(t,)), pO3NOMIIN BUMAAKOBOTO MpoIecy X TeHEePYIOThCS
SK:

1.  cTBOproemo x; 3 dyHKIie posnoainy F; (£(ty));

2. CTBOPIOEMO X, 3 pyHKmiewo po3noniny F, (|€(t1));

3. CTBOPIOEMO X3 3 GyHKui€r0 posnoaury F3(|€(ty),€(t,));

4. CTBOPIOEMO X, 3 dyHKIiew posnoainy F, (|€(t1),E(t2), .., E(th_1))-

OckiIbKM MaTpullsil KoBapiailii OaraToMipHOI raycoBOi IMOCHiTOBHOCTI Z €

CUMETPHUYHOIO 1 MO3UTHUBHO BU3HAYCHOIO, il MOYKHA PO3KJIACTH B PO3KIIA]] XOJIEIIHKOTO
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sk Z = CCT. Ockinbku kopensuiiiai GpyHxuii R; j € (i,)) enementom B marpui C,
Tomi il i (GopMyBaHHSA IOCHIZOBHOCTEH X = {X;,X5,.X,} 3 HOPMAJILHUM
OaraToMIpHUM PO3MOJIIJIOM 3aIUIITYThCS SIK:
a) (QOpMyIOTBCS OIHOMIPHI HE3aJCKHI 1 OJHAKOBO PO3MOAUICHI BHUITaIKOBI
BEJIMYUHHU Z1, Z3, - - - Zn, 3 pO30OAUIOM N(a , G );
b) BU3HAYAIOTHCS BUTIAJKOBI BEIMYNHU SIK:
X; =m; +Z;}:1Riij [ = 1,2,...,7’1; (42)

C) TPaHCHOHYEThCSA BEKTOP MOCIIIOBHOCTEN X = {X;,X5,..X,}T .

Ha ocHoBi Takoro miaxoay Oyjie mpoIeMOHCTPOBAHO OTPUMAHHS HEraycoBoOi
OaratoMipHOi  MOCHIJIOBHOCTI 13  3aJaHUMU  CTAaTUCTUYHO  3aJICKHUMHU
BJIACTUBOCTSIMUA BUOIPKOBUX 3HAUYCHbD.

3 BpaxyBaHHIM HaBEJICHOTO MaTepiaiy, pO3rITHEMO 1IX1/1 1Jis TeHepyBaHHs
0araTroMipHUX KOPEThOBAHUX HErayCOBHUX BMITQJIKOBUX BEJIMYWH, SKUN 0a3y€ThCsS
Ha 3aCTOCYBaHH1 OiraycoBux mojenei [15], Ae B IKOCTI mapaMeTpiB JBOX rayCOBHX
PO3MO/ILTIIB BUKOPUCTOBYIOTHCS MaTEeMAaTUYH1 CIIOJIIBAaHHS, TUCTIEPCii Ta KOeDIIieEHT

MPOMOPILIAHOCTI LIUX PO3MOILIIB HACTYITHOTO BUAY:

—(x—a1)? —(x—az2)?
_ 1) T 202 _1-6 T 552
p1(x/al,0y,6) = e 1 ,pa(x/a2, 0;,8) = e 2,
[2mo? |22
ne al, a2, 0., 0, - - MaTeMaTH4H1 CIIOJIBaHHSA Ta JHUCHIEPCIl JTBOX BHIIAJIKOBUX
1, 02

MIPOIICCIB BIANOBITHO, & — KoedillieHT, 3HaUeHHS SKOro 3MiHIeThes Big 0 10 1 1
SAKUW XapaKTepu3y€ YacTKy BHUIAJKOBUX BEIMYMH BIAMOBIIHOTO PO3NOALTY Y
Pe3yIbTYIOUMI BUOIPIII.

Takum ymHOM, OiraycoBa MOJENbh BHUIAJAKOBOI HETAyCOBOI IMOCIHIIOBHOCTI

3aIIUIICTHCA SAK:

s  ——tmen? o _—Geaz)?
e 201 4 —=¢ 297 (4.3)

p(x/9) =
2mo? [2mo?
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TakuMm 4YWHOM, 3MIHIOIOYM 3a TICBHHUMH TIpaBWUJIaMHU BHWINE HaBEACHI
napaMeTpH rayCoBUX KOMIIOHEHT, MO>KHA OTPUMATH HETrayCcoBl BUOIPKOBI 3HAUCHHS
3 3aJaHuMU  Koedimientamu acumetpii 1 ekcuecy. [lpaBuia 3HaxXO0/KEHHS
mapamMeTpiB TayCOBUX CKJIAJOBUX BHU3HAUYAIOTHCS HACTYIMHOK  CHCTEMOIO

HEJIIHIMHUX PIBHSHB:

a=06(al —a2)+ a2, 4.4)
o=358(1—-08(al—a2)?+ (a2 —d?) + o,
Y3 =6(1—=6)(1 —268)(al —a2)® +38(1 —8)(al — a2)(of — o),
Ya=6(1—=6)(1—68+66%)(al —a2)*+65(1—6)(1—26)(al —a2)? «

* (of —03) +36(1 — 8)(af — 03),

JIe a — MaTeMaTU4He CIOJIBaHHS HEraycoBOro Mpollecy, Ak npasuwio a=0; o -
JUCIIEPCisi HETayCOBOTO MPOIIECY, K MPaBWIO 0 = 1; ¥3,¥, - 3a7aHl Koe(illieHTH
acUMeTpii 1 eKCUECY Pe3yJIbTyI0UOro HEraycoBOIo MpoIecy.

Jlaauwii miaXiZl MOXKHA PO3MOBCIOAUTH Ui OTPUMAHHS KOPEIhOBAHHUX
0araToMipHUX HErayCOBHUX BHUIIQJKOBHUX MOCIIJOBHOCTEH HAa OCHOBI 3aCTOCYBAaHHSI
0iraycoBUX MOJENEH.

[Ipn po3B’s3aHHI cucTeMH piBHSIHb (4.4) BH3HAYalOTbCA MMapaMeTpu
OJTHOMOMEHTHHUX TayCOBHUX po3noaimB al, a2, i o;, 0,, AKl 3a BUIIEC HaBEACHUM
METO0M (POPMYIOTh JIBA FayCOB1 KOPEJIALIIHI MPOLIECH 3 33JaHOK0 KOPETSLIAHOIO

byHKITI€0 Rij :

Par(E(t)), -, §(tn)) = ———exp[ — —= ¥ oy Dy (&, — a) (& — aD)],
/(Znalz)nD ! '

P2(§(t1), ., E(tn)) = %exp[ — Y s Dun (8 — a2) (& — a2),

(2na2)"D
ne D - BUBHAYHUK #-TO TOPSIAKY, IO CKIAAEHUN 3 KOe(IlIEHTIB KOPEIAIlii, D,,-

anreOpaiuyHe JOMOBHEHHS €JIEeMEHTa R;; no Busnaynuka D
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Ha ocHOBI 3amporioHoBaHOi 6iraycoBoi mojeni (popMyeThesi pe3ysbTyroua
MOJIeITh KOPEITbOBAHOTO HETAyCOBOTO TPOIIECY, SIK 00’ €THAHHS JIBOX KOPEITbOBAHUX

rayCoBHX B 3ajiaHuX Iporopiisx & ta (1 — &) BiamoBiaHO:

Pa(8(t), -, E(tn)) = ——exp[ — == 22 oy Dy(§ — a1)(&, — al)]+
[(2ma?)nD 91

1

2
w/(Znazz)"D ZO-ZDM‘v L

+

Dyy($y — a2)($y — a2)].

Ha ocHOBI 3ampornoHOBaHUX HOBUX MOMEHTHO-KYMYJISSHTHUX MOJENed Ha
OCHOBl CTaTUCTUK BHUIIUX TMOPSJAKIB Ta TMOJIHOMIAIBHUX METOJIB BUSIBIICHHS
CUTHAJIIB, 1110 MPUHAMAEThCA Ha (DOHI KOPEIbOBAHUX HErayCOBUX 3aBajl, POBEICHO
IMiTalliifHE ~ MOJIeTIOBaHHSA.  Pe3yibTaTH  MOJIENIOBaHHS  JEMOHCTPYIOTh
e(EeKTHUBHICTh OTPUMAHMX PE3YyJIbTATIB 1 HaBeEH1 B.11.4.3.

Ha pucynky 4.7. npencraiieHi: Tpadiku 4acoBOi 3aJI€KHOCTI KOPEITbOBAHUX
HErayCoBUX aCHMMETPUYHO-EKCIIECHMX BHOIpKOBHX 3HaueHb npu n=1000 3
PEICEBCHKOI0  NIIIIBHICTIO PO3MOAUTY ISl  €KCIOHEHINWHOT  JO0CIIKYBaHO1
Kopensuiinoi gynkuii pg(t) = o2e~4l"l 3 macmrabyounm xoedirientom 4=10;
HIUTBHICTh po3noAuTy KopenboBaHoi BuOipku (PDF); kopensiiiine mnone, sike
OyIny€eTbest sIK Hablp KOOPAUHAT (X,, X471 ) BUOIPKOBUX 3HAaYEHB; rpadik OOKC-TIIOT
(boxplot - nns HAOYHOTO BIJIOOpPAXKEHHSI CTATUCTUYHMX XAPAKTEPUCTHUK BUOIPKH,
imeHTudikamii MOXJIMBUX BHUKHUJIB); TEIUIOBa KapTu Kopessmii. Ilpu Takomy
napameTpi Macmrtadyrodoro koedimienta A=10 crocTepiraeTbCs BUPOKEHHS
BUOIPKOBUX 3HAYECHb Y HEKOPEJIhOBAHI, TOOTO CTATUCTUYHO HE3aJIe)KHI BUOIPKH,
PO 1110 CBIAYUTH PIBHOMIPHUI PO3KH]I TOYOK HA TIOMIMHI TAKOTO KOPEISAIIIMHOTO
TOJISE 1 TETJIOBA KapTa, JJIS K01 HAMOUIbIIa KOPETSIiiHA 3aJIeKHICTh BUOIPKOBUX

3HA4YE€Hb CIIOCTEPIraloThCs TIILKU Ha TOJOBHIN J1aroHal.
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Kopensauiita diyHkuia plt) = ole-7

12

1.0+

0.B +

004

|' = Correlation function

A=10
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Pucynox 4.7 IlpencraBieHHsI KOPEJIbOBAaHUX HErayCOBUX BHUOIPKOBUX 3HAYCHb,

fociipKyBaHoi KopensiuiiiHoi dyHkiii pg (1) = o’e

~Al"l minpHOCTI posmominy

kopenboBaHoi BuOipku (PDF), kopensuiitHoro mossi, OOKC-TJIOT BHUOIPKH Ta

TeIu10Bo1 KapTu Kopensuii npu n=1000, A=10.
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[lpn migcunmeHHi KopenauiiHUX  3B’s3kiB  (pucyHok  4.8), Komu
MacIITa0yrounid Koe(ilieHT EeKCIMOHEHLINHOT KopemsauiiHol (yHKIIi Mae maie
3HaueHHs, Hampukian A=0.1, BUOIpKOBI 3HaUEHHS CTAIOTh MCHII XaOTHYHUMU 1
KOpEJSIIHHE TMOJIE BUTATYETHCS B3JOBXK JlaroHaii, a TEMIoBa KapTa KOPEmsIii
XapaKTepPU3y€eThCs IEBHUMU 3aJICKHOCTSIMHA BHOIPKOBUX 3HAUEHB OJTHE BiJ OJHOTO,
PO 1110 CBITYUTH YepBOHE po3dapOyBaHHs HE JIMIIIE B3/I0OBXK IOJIOBHOI J1aroHall, a
TaKOX MOOJU3Y TaKoi JiaroHami.

AHaOTIyHl 3aJIe’KHOCTI MOXHA CIOCTEpIraTH 1 JUIsl IHIIUX BUOIPKOBUX

3HAYEHHAX, CPOPMOBAHUX JUIsl PIZHUX KOPENSAUIMHUX (PYHKIIN, HaNpUKIAL s
_ A . .
pe(1) = o2eAl"! (cos Bt — -sinB |T|) (pucynoxk  4.9-4.11) npu  pisHHX

3HauUEHHAX MaciTadyrouux koedimieHTiB 4 1 B. Ha pucyHkax npeacrtaBieH1 pi3Hi
KoMOiHamii Takux wmacmradyouux koedimieHTiB, Hanpukiaa, A=I10 1 B=0.l
(pucyHOK 4.9), 1110 XapaKTepU3y€ MOBUIbHI OCIMIISAIIT 1 BUPOJKEHHS KOPEIAIIHHUX
3B’s13KkiB, Ta A=(.1 ta B=10 (pucynok 4.11), 1mo xapakTepusye BUCOKOYACTOTHI
MPOIIECH.

Ha ocHOBI 3amponoHOBaHMX T'€HEPATOPiB KOpPEIbOBAHUX HErayCoBHUX
BUOIPKOBUX 3HA4Y€Hb IMPOBEJCHI JOCITIDKCHHS IO MOJEIIOBAaHHIO €(EKTHBHOCTI

po3pobneHux nosiHoMianbHux PII, pe3ynbrati JOCHIIKEHD SIKUX MPEICTaBIEHI B

mn.4.3.



JanewHicTh 3HaveHb Bubipky Big Ix HoMepa

— Correlated noise sample
3 -
2 -
1
m |
x
& 04 1R
T
m
F <
mo—1 o
—2
_3 -
=
T T T T T T
4] 200 400 &0 B0 1000
Ihoexc
PDF ropensosaHol BHBIpKW
n.4g | ™ TicTerpaMa Babipky

— PDF

MOBIRHICTH

W

3HBYEHHA

Bokc-nnoT svbipkK

1- mumii | 4|
3 & % & 1w & 3 3
3Ha4YeHHs

plTh

JHAMEHHA B MOMEHT v+1

186

Kopenauiara dyHkwia p(t) = o’e "I

— Correlation function
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Pucynox 4.8 IlpencraBieHHsT KOpEJIbOBAaHUX HErayCOBUX BHOIPKOBUX 3HA4Y€Hb,

fociKyBaHoi kopemsuiiinol yHkuii pg (1) = o’e

—Al"l inpHOCTI po3mominy

kopenboBaHoi BuOipku (PDF), kopensuiitHoro mossi, OOKC-TJIOT BHUOIPKH Ta

TerI0Bo1 Kaptu Kopensuii mpu n=1000, A=0.1.
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JanemHicTs 3HaULHE BUBIDKK B i HOMEpa Kopenauiitia gyHkuia p(T) = o’e 4" cos BT - £sinBIT])
B+ —— Comelated noise sampla M —— Comelation function
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Pucynok 4.9 IlpencraBieHHs KOpEIbOBAHHWX HETayCOBUX BHUOIPKOBUX 3HAYECHb,
: . NV _ A .
JIOCITKyBaHOi Kopensuiknoi dynkuii pg(7) = o2e Al (COS Bt — ESlTlB |T|),

HIUIBHOCTI po3noaity kKopenaboBaHoi BuOipku (PDF), xopensuiiinoro moms, 60kc-

IJIOT BUOIPKU Ta TEIUIOBOI KapTH Kopessiii mpu n=1000, A=10, B=1.
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3aNemHICTs 3HaUeHE BHBIDKM BIO 1X HOMEpa KopenauiiiHa dysxuia pit) = oe 4" cos BT - %sinslrlj
=l —— Comrelated noise sample —— Correlation function
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Pucynoxk 4.10 IIpeacraBieHHs KOpEJIbOBAaHUX HErayCOBUX BUOIPKOBUX 3HAYCHD,
: , VI _ A .
JI0CTi Ky BaHOI Kopersitiiinoi ¢pyHkuii pg (1) = oe All (cos Br— ZsinB |T|),

HIUIBHOCTI po3noaiuTy kKopenboBaHoi Bubipku (PDF), kopensuiitnoro mosms, 60kc-

IJIOT BUOIPKM Ta TEIUI0BOI kKapTH kKopessiii npu n=1000, 4=0.1, B=0.1.
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JanemuicTs 3HaueHL erubipku Bin Ix HoMepa Kopenauinva dyHkuia plt) =a’e 4" (cos BT - £sin BTl
—— Correfated noise sample [ —— Comelation function |
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Pucynoxk 4.11 IlpeacraBieHHs KOpPEJIbOBAaHUX HErayCOBUX BUOIPKOBUX 3HAYCHD,
: , VI _ A .
JloCITipKyBaHoi Kopersmiinoi GyHkuii pg (1) = o’e All (cos Br— ~sinB |T|),

HIUIBHOCTI po3noauTy kKopenboBaHoi Bubipku (PDF), kopensuiitnoro mosms, 60kc-

IJIOT BUOIPKU Ta TEIUIOBOI KapTH Kopessiiii mpu n=1000, A=0.1, B=10.
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4.3. Komn'rorepHe MoOJeJIOBAHHS NMOJIHOMiaJbHUX AJTOPUTMIB BHUSIBJICHHSA
NOCTIHUX CUTHAJTIB NPH AAUTHBHIH B3a€MOAIL 3i CTATHCTUYHO 3aJI€KHUMH

HEer'yCOBHMH NpoLecaMu

Komm'toTepre MOENIOBaHHS € BaXKJIMBUM IHCTPYMEHTOM JJii BHUBYCHHS
CKJIQJHUX TMPOIECIB, 30KkpemMa y cdepl CTaTUCTUYHOrO BHUSBIICHHA cUTHamiB. Lle
J03BOJISIE BIATBOPIOBATH CIICHAPIi, sIKI Ba)XXKO a00 HEMOXKJIMBO 3MOJCITIOBATH
aHATITUYHO Yepe3 CKIAHICTh B3a€MOJIii KOMIIOHEHTIB a00 HEBU3HAYEHICTh YMOB
cepefoBuila. BukopucTtanHs IMITAIIHHOTO TiAX0ay 3a0e3leuye MOXKIUBICTh
TECTyBaHHA Ta BepHdiKallii MaTeMaTUYHUX MOJeNIel y HaOIMKEHUX J0 PealbHUX
YMOBaX, IO CIPHUSAE€ OTPUMAHHIO OJIBII JOCTOBIPHUX PE3yJIbTaTIB.

[TopiBHSHHS €KCIIEPUMEHTANBHUX JaHUX 3 TEOPETHUYHUMH PO3PaXyHKAMH €
KJIFOUOBUM €TarioM JUJIs TEPEBIPKH BANIIHOCTI Ta aJEKBATHOCTI PO3POOJICHUX
mozeneit. llelt migxif M03BOJISIE OLIHUTH TOYHICTh TEOPETUYHHUX BHCHOBKIB,
BUSIBUTH MOKJIMBI pO301>XKHOCTI Ta BHECTU HEOOX1HI KOPEKTUBH Y MOJIEb.

[IpoBeneHHsT  IMITAIMHUX  E€KCMIEPUMEHTIB, TaKUX SK TECTyBaHHS
pO3pOONEHUX TOJIHOMIAJBHUX AJITOPUTMIB BHUSBJICHHS CUTHaIl Ha (oHI
KOPEJIbOBAHUX HETayCOBHX 3aBaJl € BAXKJIMBUM €TArOM ITiITBEPHKEHHSI OTPUMAHUX
TEOPETUUHUX JOCIIIKEHbD.

Jlisi mpoBeneHHS KOMIM'IOTEPHOTO MOJICTIOBAHHS TIPOIIECIB  BUSBIICHHS
MOCTIMHOTO CUTHATY Ha (DOHI KOpEJIbOBAHUX HETayCOBUX 3aBaj Oynu chopMOBaHi
MOCJIIJIOBHOCTI TaKWX CUTHAJIB MPU AAUTUBHIA B3a€MOJIi 13 3aBajor0, rpadiyHe
MPEACTABIICHHS SIKUX HABEJIEHO Ha PUCYHKY 4.12 mpu crabKux KOpessiiHuX
3B’s13kax (a, 6 — A=10) Ta cuIbHUX KOpeTAIMHUX 3B sa3kax (B, T — A=0.1) musa
pi3Hux piBHIB curHainy q=0.1, q=1 Ta excrnoHeHUIHHI KopensuiiHii QyHKIIi

—Altl s ACUMETPUYHOI HErayCcoBOol 3aBaiu 3  HYJbOBUM

_ 2
p:(t) =o°e
MaTeMaTHYHAM CIIOAIBaHHAM, OJWHHMYHOIO JHCIEPCIC0 Ta 3 IapaMeTpaMu

KyMYJISIHTHUX KoeQilieHTiB y3 = 1.2,y, = 0.
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Pucynok 4.12. YacoBe mnpencTaBiCHHS MOCIIOBHOCTI aAWTUBHOI CyMIIIl
MOCTIMHMUX CUTHAJIIB Ta KOPEIhOBAHOI HEraycoBOi 3aBaju: TMpH CIA0KUX
KOpeJsLiitHuX 3B’ s13kax (a, 6 — A=10) Ta CHIIBHUX KOpEJALIMHUX 3B’sI3Kax (B, T —
A=0.1) nns pi3uux piBHiB curHainy q=0.1, g=1.

Komm'totepre MopentoBaHHA TONATano y oOpoOIill MOCIHiIOBHOCTI TaKUX
3alIyMJIEHUX CUTHAIIB PI3HUMHU po3po0iaeHuMH nojiiHoMiansHuMu PIT st ananizy
SKOCTI X poOOTH Ta BUSBJICHHS XMOHUX CIPALIOBAHD JJIs1 HAKOITUYEHHS CTATUCTUKU
JU1st pOpMyBaHHS MMOBIPHOCTEN TOMMIIOK MEPIIOro Ta Apyroro poay takux PII.

Ha pucynkax 4.12-4.14 npencrapieHi pe3yabTaTd 00poOKH MOCIITOBHOCTEH
MOCTIHOTO CUTHAITY TIPH AU THUBHIN B3a€MO/II1 3 HETayCOBOIO 3aBa 100 IIPH CIIA0OKHX
KOpEJSIIHHUX 3B’si3KaxX (MIPaKTUYHO BUPO/KEHHUX MPU TAKOMY MAacIITa0yr4yoMy
xoedinienti A=10) ana excrnoneHuiinoi kopensLiinoi Qynkuii pg (7) = g2eAll
npuy; = 1.2,y, = 0,q =1, po3mip koB3HOr0 BikHa n=>50), 1110 BiIMOB1AA€ KIIHKOCTI
BUOIPKOBUX 3HA4YeHb MJig oJHOo4YacHOi oOpoOku PII. SIk BugHO 13 OTpUMaHHUX
rpadikis, miniitne PII npu s=1 (pucynok 4.12) mae aesiki XuOH1 pe3yabTaTH 100
BUHECEHHS pIIIeHHS Tpo peanizaiiio rinoresn Hy um H;. Heniniitna oOpoOka

nomuaoMianeHux PIT mpu s=2, xonm He 6paxosyiomvcsi cmamucmuyHi 36 3Ku
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(pucynok 4.13), mpu TakuxX pIBHSIX BIAHOIICHHS CHUTHAJ/IIyM YyCyBa€ XHOHI
pimeHHs, Tak camo sk 1 HemiHidHe PII mpu epaxysanmi xopenayitinux 36’s3Ki6
(pucyHok 4.14).

PazoM 3 THUM BiAMITHMO, IO MOSIBA CTAaTUCTHUYHHUX 3B’SI3KIB Y BHUOIPKOBHUX
3Ha4YeHHAX Tmoripurye podoty PII, mpo mo Oyio BIAMIYEHO MPU TEOPETUUHHUX
nociipkeHHsx. Tak, mpu 301IbIIIEHH] KOPEAIINHUX 3B s13K1B, Ko A=0.5, niHiiHe
PII mpu s=1 30inmblIye KUIBKICTh XHOHHUX pIIIEHb BITHOCHO OpPUTIHAIBHOI
MOCJIIJIOBHOCTI MOCTIHHUX curHaiiB (pucyHok 4.15). Tak camo moripuryerbcs
poOoTa 1 HemHiHOrO PII pu s=2, sike HE po3paxoBaHO HAa OOPOOKY KOPEIbOBAHUX
nporieciB (pucyHok 4.16). Ane mpu 3acTOCyBaHHI 3alpOIIOHOBAHOTO B POOOTI
CHeIiajgbHO I IIUX BUMAAKiB HemiHidHOro PII mpu s=2, ske po3paxoBaHO Ha
00poOKYy KOpEIbOBAHMX HErayCOBUX BHOIPKOBHUX 3HA4Y€Hb, PE3YJbTaT CYTTEBO
MOKpAIIy€eThCS 1 XUOHI PIIICHHS MPO BUSBICHHS JOCIIHKYBAHOTO 3allyMJICHOTO
MOCTIHOTO CUTHAy Ha IbOMY ()parMeHTi JOCHIIKEHb B1ICYTHI (pUcyHOK 4.17).

[Ipu 3MeHIIEHH] BIJHOUIEHHS CUTHAJ/IIyM (MapaMeTp - ¢) dacToTa
MOMIWIKOBUX PIIICHh MPO MPUNHATTSA BIAMOBITHOI TIMOTE3W MOJIHOMIATEHUMU
npaBuiamMu  30UIBUIYETHCS, IO € JIOTITYHUM HACHIJKOM Mg iX poOOoTH. AJe B
IIJIOMY, CIOCTEpITA€ThCS YiTKAa TEHJIEHIlS TMOKpalieHHsT 00poOKM BHUOIPKOBUX
3HauUC€Hb TakuMHU moJiHOMIaNbHUMHU PII, sKi BpaxoByIOTh TOHKY CTPYKTypy
HErayCoBUX BUOIPKOBUX 3HAYEHb Ta 1X CTATUCTUYHI 3B’SI3KU.

Ha ocHOBI mpoBeieHNX eKCTIepUMEHTIB OyJia 310paHi CTATUCTUYHI JIaHi 010
XUOHUX pillleHb PO3MIAHYTUX nojiHomianbHuX PII mpu creneni s=1 ta s=2. Ha
pucyHky 4.18 HaBeIeHO TEOPETUYHE BIJHOIICHHS 3HAYEHb KPUTEPIiB SIKOCTI
Ku, (E(T), G(T))/Ku1 (E(T), G(T)) IpU cTeneHsax noJyiiHoMianbHux PII s=2 Ta s=1
BIJIMOBITHO (CHMHS KpUBa) Ta EKCIEPUMEHTalbHI 3HAY€HHS XWUOHUX pIlIEHb
BinnoBigHux PII, mo exBiBageHTHO iiMOBIpHOCTSIM noMuiiok PII (uepBona kpankn),
BiJl 3HAUCHHA KoedilieHTa acuMeTpii HeraycoBoi 3aBamu gamal3 (y3) A
eKCIIOHEeHIiaIbHO Kopemsuiitnoi QyHkuii pg (t) = o2e 41"l mpu A=0.5 i snauenni

BiTHOMIeHHS curHai/mym g=0.1.
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Pucynox 4.12. YacoBe mpeAcTaBiE€HHS MOCIIIOBHOCTI 3alllyMJIEHUX MOCTIMHUX
CUTHaIIB (3BEpXY), pe3ysibTar 00poOku miHiiHUM PII mipu cteneni nomunomMy s=1
(mocepeauHi), MPUAUHATTS PIIICHHS Mpo peatizailito rinore3u Hy uun H; (3HU3Y) npu

pe(@) = o2e Al y; = 1.2, A=10,q = 1.
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Pucynok 4.13. YacoBe mpeacTaBieHHS MOCIIIOBHOCTI 3alllyMJIEHUX MOCTIHHHUX
CUTHAITIB (3BEPXY ), pe3yJIbTaT OOPOOKH HENHIUHUM (Oe3 epaxyeants kopenayii) PI1
OpU CTEMeHl MOoJiHOMY s=2 (MOCEepeArHl), TPUUHATTSA PIIICHHS PO peai3alliio

rinoresu Ho wn Hy (3am3y) npu pg (1) = a2e ™I, y; = 1.2, A=10,q = 1.
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MocnifoBHICTL 3aLWYMAEHWX CUrHaNIB
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Pucynok 4.14. YacoBe mpeAcCTaBiI€HHsS MOCTIJOBHOCTI 3allyMJIEHUX MOCTIMHHUX
CUTHAJIB (3BEpPXY), pe3yJabTaT 0OPOOKHU HEMIHIUHUM (3 8paxysanuam xopensayii) PI1
IpU CTENEHI MOJIHOMY s=2 (IOCEpEeINHl), MPUHUHATTA PINICHHS PO peai3alliio

rinoresu Ho un H; (3am3y) npu pg () = o2e~4ltl vy, =12 A=10,q=1.

MocnifoBHICTL 3alWyMNEHNX cUrHania
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Pucynok 4.15. YacoBe mpencraBieHHs MOCTIIOBHOCTI 3alllyMJIEHUX TMOCTIHHUX
CUTHATIB (3BEepXYy), pe3ysbTrar 00poOku miHiiHuUM PII mpu cteneni nominomy s=1
(mocepenuHi), MPUUHATTS PIIICHHS PO peainizaliro rinote3u Hy un Hy (3Hu3y) npu

pe(t) = o%e 4" y; = 0.8, A=0.5,q=1.
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MocnigoBHICTE 3allyMABHUX CUrHaNIB
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Pucynok 4.16. YacoBe mpencraBieHHs MOCTIIOBHOCTI 3alllyMJIEHUX IMOCTIHHUX
CUTHAJIIB (3BEPXY ), pe3yJIbTaT OOPOOKH HETIHIWHUM (Oe3 epaxyeanns kopenayii) PI1
IpU CTENEHl MOJIHOMY $=2 (IIOCEpEeNHHl), MPUUHATTSA PILIEHHS MPO peaizaliio

rinotesu Ho un Hy (3am3y) npu pg (1) = a2e ™"l y; = 0.8, A=0.5,q = 1.
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Pucynok 4.17. YacoBe mpencTaBieHHs MOCTIIOBHOCTI 3alllyMJIEHUX TMOCTIHHUX
CUTHAJIB (3BEpPXY), pe3yJabTaT 0OPOOKHU HENIHIMHUM (3 8paxysanuam xopensayii) PI1
MpU CTETEH1 MOJiHOMY s=2 (TOCEpeNHHi), MPUUHATTS PIIICHHS MPO peanizallito

rinotesu Ho un Hy (3nm3y) npu p; (1) = c2e A"l y, = 0.8, A=0.5,q=1.
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Pucynoxk 4.18. 3aexHICTh €KCIIEpUMEHTAIbHUX 3HAYCHb BIJHOIICHHS KPUTEPIiB
sakocti Ku,/Ku,; npu creneni moiiHoma PII s=2 Ta s=1 BignmoBigHO (4epBOHI
Kpark) BiJ KOe(IlI€HTa aCUMETpii HEraycoBoOi 3aBaau gama3 y IMOpPIBHSAHHI 3
TEOPETUYHUMU JTOCTIKEHHSIMU (CUHS KPUBA) JIJIs1 eKCIIOHEHITIAIBbHOT KOPEALIHOT

bynkuii pg (1) = o2e 41"l npu A=0.1, 3nauenni BixHomeHns curaan/mym ¢=0.1.

Sx BuaHO 3 rpadikiB, MPOBEACHI EKCIEPUMEHTH IEMOHCTPYIOTH BHCOKY
301KHICTb 3 TEOPETUYHUMHU JAOCTIIPKEHHIMU, TPOBEACHUMHU B poOOTI. TakuM ynHOM
MOXHa 3pOOMTH BHCHOBOK TMPO MIATBEP/KEHHS TEOPETUYHUX JIOCHIIKEHb
eKCMIEPUMEHTAILHIMH JaHUMH, OTPUMAHUMH TPU KOMIT FOTEPHOMY MOJICITIOBaHHI
MPOLIECIB  BUSIBJICHHS TMOCTIMHUX CHUTHAIIB TmodiHOMianmbHuMu PII Ha doni

KOPCJIbOBAHUX HCTAYCOBHUX 3aBal.

4.4. IlpakTuuHa peaJizauis MoJiHOMIaJbLHOI CMCTEMHU BUSIBJIEHHSI CHUTHAJIIB Ha

(oHI KopeIbOBAHUX HErayCOBHX NPoOLECIB

Ha ocHOBi po3po0aeHMX MOMEHTHO-KYMYJISHTHUX MOJEJEH KOpeabOBaHUX
HErayCoBHX TPOIIECIB Ta CHHTE30BAHUX AJITOPUTMIB MOJIHOMIANIBHOI OOpPOOKH
BUOIPKOBUX 3HAY€Hb, ONTHUMAIBHUX 33 MOJIU(DIKOBAHUM KPHUTEPIEM SKOCTI

NPUIHATTS pillleHb, HaBeJEHA Yy3arajibHeHa CTPYKTypHa CXema aJroOpuTMiB
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BUSIBJICHHS TOCTIHHWUX (TTOBHICTIO BIJIOMHUX) CHTHQJIIB 3 BHUKOPHUCTAHHIM

nosiHomianbHuX PII mpu pi3HUX cTemeHsX i CTOXaCTUYHMX IMOJIIHOMIB (PHUCYHOK

4.19).

3
I
)
F H
01 g
1{-2 Pinerss
' v npo
peanisarii
rinore:
(nopir) +—»
_ > > » 2,
Xﬁnawu}?;? VT Ho
T T)
k| kay

Pucynok 4.19. Y3arajibHeHa CTpyKTypHa cXeMa MOJIIHOMIAIbHUX PO3B’SI3YBAJIbHUX

MIpaBUJI BUSIBJICHHSI TIOCTIMHUX CUTHAIIB Ha (POHI 3aBaj

CtpykTypHa cXema CKJIQJa€ThCsl 13 TMOCHIOBHUX CTENEHEBUX OJIOKIB

NEPETBOPEHHS, JI€ Y KOKHOMY 010111 BUOIPKOB1 3HAYEHHS CUTHAIY I1THOCATHCA J10

. . . .. T T .
MEBHOT'O CTEMEHS Ta MHOXKAThCS HA BIAMOBIIHI KOSPIIIEHTH k§ ) Ta kg ) PII. Ilicns
MHOXEHHSI PE3yJIbTaTH HAKOMUYYIOThCS, CTBOPIOIOYM BUXiJAHI 3HAYEHHS ISt
KOXKHOTO OJIOKY.

OTtpuMaHi pe3yJibTaTh 13 yCIX CTENEHEBUX OJIOKIB JOAAIOTHCS 3arajibHUM

YUHOM, ITCJISI 9Or0 JOMAETHCSA IMOPOTOBHM KOe]illieHT k(()T). Cymaphe 3Ha4Y€HHS
NepeIacTbCcsl Ha TMPUCTPIM TPUUHATTSA pIlieHb, SKUW TepeBipse€ OTPUMAHUN
pe3yapTaT 3 TOPOTOBHM 3HAYEHHSM 1 BHHOCHUTBCS PIIICHHS IIPO BUKOHAHHS
BIJIMOBIHOT T1MOTE3U: CUTHAJ BUSIBICHO (peasidyBajacs rinore3a H;) abo curnain
HE BUABJICHO (peanizyBanacs rimore3a Hy).

CTpykTypa 1€l CXeMH € 3arajbHOI0 Ta YHIBEPCAJIbHOIO, OCKIJIbKM BOHA HE
3aJICKUTH BiJl KOHKPETHOTO BUIY 3aBajl, SIK TAYCOBUX, TaK 1 HETAYCOBUX, a TAKOXK

BiJl 00paHOr0 MOMEHTHOTrO KpHUTepito SKOCTi. [Ipu 3MmiHI KpuTepiro SKOCTI abo
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mapamMeTpiB KOPEJIbOBAHOI HETayCOBOI 3aBaH, TAKUX SK KOS(DIMIEHTH aCUMETPIi 41

eKCIleCcy, MapaMeTpiB KOpENsAlli, CTPYKTypHa CXEeMH 1 TOpAIOK OOYHCIICHB

3QJIMIIAIOTHCS HE3MIHHUMHU, 3MIHIOIOTHCS JIMIIIE 3HAYCHHS 3HANIEHNX KOe(DIIlIE€HTIB,

110 3HAYHO CIPOITYE ii amanTallito 10 KOHKPETHUX YMOB OOpOOKH CUTHAITIB.

B poGoTi posrisinyTo cuHTe3 nojinoMianbHoro PIT 1o MakcuManbsHOI cTeneH1
noyiHoMa s=3. Y TOW jke 4Yac, mojajblie 30UIbLICHHSI CTEMEHs CTOXAaCTUYHOTO
MoJIIHOMA ISl HEJNiHIMHOT 0O0poOKM mMOTpedye TMOIIyKYy KOMIPOMICY MIXK
30UTBIICHHSIM TOYHOCTI OOpPOOKHM Ta YCKJIQJHEHHSM MpakTU4yHOi peamizamii. Lle
00yMOBJIEHO YCKIJIAIHEHHAM aJIrOpuTMy 0OpOOKH BUOIPKOBUX 3HAUEHbB, 3BYKEHHAM
o0acTi JOMYyCTUMHX 3HAYEHb JUUIS TApaMETPIB HErayCOBUX BUIA/IKOBUX BEJIMYUH.

[IpakTiuHa peainizaiist 1aHOI CTPYKTYPH HE NPEACTABISETHCS CKIAJHUM 1
MOXe OyTH peasi3oBaHa MPOTPAaMHUMM YM alapaTHUM YHWHOM Ha Cy4YacHIii
eJeMeHTHIN 0a3i. [[ns peamizaiii HeMHIMHUX omepaiiii Ta 0OpoOKu BUOIPKOBUX
3HAYEHb JOULIBHO BUKOPHUCTOBYBAaTH CyYacH1 MpOrpaMHO-amaparHi miaTdopMH,
TaKi sIK:

o  FPGA (Field-Programmable Gate Array), siki H03BOJISIIOTH peali3yBaTH
napajieinbHy OOpoOKy JaHMX Ta BHUKOHAHHS apu(METHYHUX oOmepamii 3
BHUCOKOIO MIBUJIKICTIO, IO € KJIIOYOBUM y peaIbHOMY Yaci;

o  DSP-npouecopu (Digital Signal Processors) - criemiam3oBaHi IpoIeCOpH ISt
0OpOOKM CUTHAJIIB, 3JaTHI BAKOHYBATH CKJIAJ{HI MATEMAaTH4HI Ollepalii, Taki K
M1JHECEHHS JIO CTENEeHs, MHOKEHHS Ta CYyMyBaHHS.

ApudmernuHi OJOKM MOXKHA peanizyBaTh 3a JIONOMOTOK —arapaTHUX
MHOHHKIB Ta cymaTtopiB. CyuacHi FPGA Ta DSP-npouecopu maioth BOy10BaH1
OJIOKU ISl HIBUAKOTO MHOKEHHSI Ta HaKOMMYEHHs. (s MmigBUINEHHS MIBUAKOMII
KOXEH CTENEHEBUM OJOK MOKHA 0OpOOJIATH MapajenbHO, 0 CYTTEBO CKOPOTUTh
yac 00poOku. [t ontumizoBanoi podoTu PII 3HaueHHs KoedillieHTIB MOXKYTh OyTH
3a37aJeriib po3paxoBaHi Ta 30epekeH] y maM’ATi ISl MBUAKOTO JAOCTYITY Mij 4ac

0OYHCIICHb.

. T . co . .
[ToporoBi 3Ha4eHHS k(() ) MokHa 30epiraTu y mBHIKIM maM’sTi abo pericTpax

nporecopa. [TopiBHIHHS OTpUMaHUX pe3yJbTaTiB 13 TOPOrOM MOXKHA peajizyBaTH
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Ha TpOorpaMHOMY piBHI ab0 amapaTHO 3a JOMOMOTOI0 KOMIAapaTopiB. 3a JAaHOIO
CTPYKTyporo st mosiHoMianbHuX PII 3a0e3medyeThcss THydYKa MOMKIIMBICTH
JWHAMIYHOI 3M1HHM TIOPOTY 3aJIKHO BiJ KPUTEPIIO AKOCTI a0 mapaMeTpiB CUTHAIY.

VY Bunaaky oOpoOKHM BETHKHX OOCSTIB JaHUX JOLIILHO BUKOPHUCTOBYBATH
napajenbHe OOYHMCIICHHS 13 PO3MOJAUIOM 3aBJaHb MK KUIbKOMa OJyiokamMu abo
sqipamu rpoiiecopa. st iboro MoXHa 3aCTOCYBaTH OaratosijiepHi Mpoiecopu ado
rpadiuni nmpouecopu (GPU). Oxpim 1iboro, MokauBa mapajienbHa 00podka B FPGA,
JIe KOKEH CTETICHEBUH OJIOK MPAIIO€ HE3aJIEHKHO.

Bepudikariis Ta TecTyBaHHS Mpaie3gaTHOCTI CXEMU IPOBOIMIIACS HA OCHOBI
po3pobiieHOro mporpamMHoro komruiekcy B cepenoBuili MATLAB/ Simulink Ta
OTpUMaHI1 EKCIIEPUMEHTAJIbHI JIJaH1 TOPIBHIOBAJIUCA 3 TEOPETUUYHUMU 3HAYCHHSIMU.

Takum dYHMHOM, CHHTE30BaHa CTPYKTypHa cxXema € e(EeKTUBHAM Ta
yHIBEpCAIBbHUM PIIICHHSAM JIJIs 33724 BUSBIICHHSI CUTHAIIB Ha (JOHI KOPEIbOBAHUX

HCTAayCOBHUX 3aBal.

4.5. BucHoBku 10 4 po3ainy

B nanomy po3nuni qucepraiiiitHoi po60TH TPOIEeMOHCTPOBAHO 3aCTOCYBaHHS
KOMIT FOTEPHOTO MOJICTFOBAHHSI TIPOLIECIB BUSBJICHHS MOCTIMHUX CUTHAJIB Ha (HOH1
KOpEJIbOBAHUX HEraycoBUX 3aBajl. Po3poOiieHHid MporpaMHUNA KOMIUIEKC, SKHi
JI03BOJIIE HA OCHOBI 3alPONOHOBAHUX MOJENEH [UIsl TeHepyBaHHsS OiraycoBHX
KOpEJIbOBAHMX  MPOLECIB 13  3aJaHUMH  XapaKTEPUCTUKAMHU,  IPOBECTH
eKCTIIEPUMEHTAJIbHI OCIIKEHHS 11010 e(heKTUBHOCTI CUHTE30BaHUX
nosiHoMiansHux PII.

[IpoBeneHi eKCepUMEHTH T1ATBEPAUIN TEOPETUYHI TTOJIOKEHHSI, BUKIaACH1
B po0OTi, 30KpeMa 00 PO3POOKH HOBUX MOMEHTHO-KYMYJISIHTHHX MOJEJeH Ha
OCHOBI CTAaTHCTHK BHUIIUX MOPSAKIB Ta 3aCTOCYBaHHI CYMICHUX MOMEHTIB Ta
KyYMYJISIHTIB ~ JUIsi  BpaXxyBaHHS ~ CTaTUCTUYHMX  3B’S3KiB, Ta  MOOYyIOBU
nomnaoMianeHux PII, ontumanbanx 3a MOau(iKOBAaHUM MOMEHTHUM KPUTEPIEM

SAKOCTI TEPEBIPKM  CTAaTUCTUYHUX rinore3. CuHTe3oBaHi HemiHiMHI  PII
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IPOJAEMOHCTPYBAJIN CYTTE€BE 3HIKEHHS WMOBIPHOCTEH IMOMWJIOK TMEPIIOTrO Ta
JIPYroro poay mpu oOpoOIll BHMAJAKOBUX CHUTHAIIB Ha (OHI KOPEIbOBAHHMX
HErayCoBUX 3aBajl. 3ampornoHoBaHi HemiHiiHI PII moka3zamu cBO BHCOKY
eeKTHBHICT, 1 TpU Aii BUMAAKOBUX TMPOIECIB 13 CHIBHUMHU CTaTUCTUIHUM
3B’SI3KaMH, MPU SIKUX TPAJAMIIHHI pIllIEHHS 0€3 BpaXyBaHHS KOPEIAIIMHUX 3B’ SI3K1B
CYTTEBO 3HUXKYIOTh CBOIO €(EKTHUBHICTh 1 30UIBIIYIOTH HMOBIPHOCTI MOMHJIOK
IIEpUIOro Ta Apyroro poay takum PII.

Sk ToOKa3zyloTh pe3yNbTaTH EKCIEPUMEHTIB, 4YHCEIbHA €(PEKTUBHICTh
CTaTUCTUYHOI OOpOOKHM CHUTHANIB Ha (DOHI 3aBaj 3aJIEKUTh HE JIMIIE BiJ CTENEHI
croxactuyHoro nosinoMa PII, ane 1 Big 6aratbox ¢hakTopiB, TAKUX SK B1IHOIICHHS
cUTrHaI/myMm (g), Kopessiiiaux GyHKIii Ta iX MacmTaby4yux koediiieHTiB (4, B),
3Ha4YeHb KOe]illI€HTIB acuMeTpii (¥3) Ta ekcuecy (Y, ). Hanpukian, npu aquTuBHIN
B3a€MOJIi KOPHUCHOTO CHUTHAJy 3 AaCHUMETPUYHOI0 HETayCOBOIO 3aBaJiOlo, sKa
XapaKTEPU3YETbCSI CUJIBHUM  EKCHOHEHILIMHUM  KOPEJSILIHHUM  3B’SI3KOM 3
MacmtadyrounMm koedimientoMm A=0.1 (puc.4.18) npu 3HaueHHI KoedilieHTa
acumetpii gama3=I1.1 1 BigHOmIeHHI curHa/myMm ¢=0.1 excrnepuMeHTaIbHE
3HAYEHHA BIJHOIICHHS KUJIBKOCTI A00YTOI 1H(OopMaIlii PO pO3pi3HEHHS IIIOTE3 NPU
pizHux crenensx nojginoma PIT nopisaioe 0.5. Take 3HAa4eHHS CBIYUTH MPO TE, IO
WMOBIPHOCTI TOMHWJIOK MEPIIOTO Ta APYroro pojly CUHTE30BaHOro HemiHiitHoro PIT
IpU CTEMNEHI MojiHoMa s=2 OyIyTh BJIBIYl MEHII 332 aHAJIOTTYHHM MOKA3HUK JJIs
miuiiHoro PII ipu s=1, sike € onTUMaNTBHUM JIJIs1 TAYCOBOT MOJIETIl 3aBal.

Takum duHOM, 3a pe3ylbTaTaMd MPOBEACHUX EKCIEPUMEHTAIBHUX
JOCIIJKEHbh MOXKHA 3pOOUTH BHCHOBKHM, M0 BpaxyBaHHS TMapameTpiB, MIO0
OIKCYIOTHCS HETayCOBHMM PO3MOJLN JIOCHIIXKYBAHOTO BHUIIAIKOBOTO IMpOIIECY Ha
npuKIaal KoedilieHTa acuMeTpii, 301IbIrye y 1Bidl epekTuBHICTh PI1 y mopiBHSIHHI
3 TIOITUPEHUMH 1 T00pe BIMOMUMH JiHIMHUMU Moaensmu PII, onmrumansHuME 1i1s
rayCoBUX IIUIBHOCTEH pO3MOALTY JOCIIIKYBAaHUX MPOIIECIB.

Takum 4yuHOM, OTpHMaHI B JAaHOMY PO3AUT €KCIEPUMEHTabHI pe3yIbTaTH
HIATBEP/UKYIOTh  JOCTOBIPHICTH OTPUMAHHUX TEOPETHMYHUX BHCHOBKIB PO

€()EeKTUBHICTh CTAaTUCTUYHOI OOPOOKH JOCIIKYBaHUX MPOIIECIB CUHTE30BAHUMU
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BUCHOBKHA

Y aucepramiiiHoMy AOCHIKEHHI BHUPIIIEHO akKTyaJdbHE HAYKOBO-TIPUKIIAJIHE
3aBIaHHS PO3POOKM Ta peami3allii MoJesel MpoIeciB BUSBICHHS CUTHAIIB Ha (oHI
KOpEJThOBAaHUX HETayCOBUX 3aBaJi Ha OCHOBI CTATUCTUK BUIIUX MOPSIKIB IS
MOMEHTHO-KYMYJISTHTHOTO TIPEICTABIICHHS BHUITAJIKOBUX IPOIECIB 3 (PopMyBaHHSIM
MO (IKOBAHOTO MOMEHTHOIO KPHUTEPIIO SIKOCTI MEPEeBIPKU CTAaTUCTUYHUX TIMOTE3 1
PO3pOOKH TOJIHOMIAIBHUX PO3B’S3yBAILHUX MPAaBUI I MOOYHOBU €(EKTUBHUX
METOJIB 1 KOMII'IOTEPHUX 3ac001B (YHKI[IOHYBaHHS CHUCTEM OOpPOOKH JaHUX
BIJIMOBITHOTO KJIacy. Y TOMY YHCII OTPMMAHO TakKi TEOPETHYHI Ta MPaKTHYHI
pe3ynbTaTH:

1. Ha ocHoOB1 aHai3y 3a/1a4 BAOCKOHAJICHHS METO/IB 00OpOOKM CUTHAIIIB Ha (POHI
KOpEThOBAaHUX HErayCoBHX 3aBaj JIJII aBTOMATH30BAHMX CHCTEM CIIOCTEPEKCHHS,
YOPABIIHHS, KOHTPOJIO OOIPYHTOBAaHO MIAXiJA MO CTBOPEHHIO METOMIB Ta
KOMIT FOTE€pU30BaHUX 3aCO0IB MAaTeMaTUYHOTO MOJICIIOBAHHS TPOIIECIB BUSBICHHS
CUTHAJIB, MO0 0a3y€eThCs HA 3aCTOCYBAaHHI MOMEHTHO-KYMYJISTHTHOTO TPEICTaBICHHS
BUITAJIKOBUX BEJIMYMH Ta MOMEHTHOTO KPHUTEPIIO SIKOCTI JJIi pPO3B’SI3aHHS 3a/1ad4
BUSIBJICHHSI CUTHAJIIB T4 CTBOPEHHS AJITOPUTMIYHUX OCHOB IPOLIECIB MOJEIIOBAHHS 1
noOyI0BH NPOrpaMHUX 3aCc001B iX peasizalli.

2. Po3pobneni MaTemMaTuyuHi MOJIENi KOpEeThbOBAaHUX HETAyCOBUX aCUMETPUYHUX,
EKCIIECHUX Ta aCUMETPUYHO-CKCIIECHUX BUITAJIKOBUX BEJIUYMH HAa OCHOBI CTAaTHUCTHUK
BUIIMX TOPSIAKIB, IO OMUCYIOTh aJUTUBHY B3a€EMOJII0 CHUTHAJIB 1 3aBaj] Ha OCHOBI
OJHOBUMIPHOTO Ta JBOBUMIPHOTO MOMEHTHO-KYMYJSHTHOTO  TIPEICTaBIICHHS
JTOCTIKYBAaHUX TPOIECIB, 110 HAJAal0 MOXIIMBICTh HE TUIBKA OMHCATH HErayCoBl
XapaKTEePUCTUKU JOCIIIKYBaHUX BUMAJKOBUX MPOIIECIB, aJie 1 IX CTAaTUCTUYHI 3B’ A3KH
Ta PO3IIMPUTHU CIIEKTP PO3B’SI3yBAHUX 3a71a4 BUSBIICHHS CUTHAJIB Ha (OH1 3aBa/l.

3. 3anponoHoBaHa MoOAM(QIKaIisl MOMEHTHOTO KPHUTEPIIO SKOCTI BEPXHBOI
IpaHUIll UMOBIPHOCTEH MOMUIIOK MEPEBIPKH CTATUCTHYHUX TIMOTE3 13 BpaxyBaHHSIM
CYMICHUX MOMEHTIB Ta KyMYJISIHT1B BUIIMX MOPSAIKIB, 1110 JO3BOJIUIO CTBOPUTH OCHOBU
JUJ1s1 TOOY/IOBH TIOJIIHOMIQJIBHOTO METO/TY BHUSIBJICHHSI CUTHAJIIB Ha (DOHI KOPEIhOBAHUX

HCTAyCOBHUX 3aBa.
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4. Po3poOnenuit  MeTojy MOOYAOBM  IMOJIHOMIAJBHUX  CTOXaCTUYHHUX
PO3B'SI3yBAIBHUX TIPABWJI BHSIBICHHS IMOCTIMHMX CUTHATMIB HAa (DOHI KOpEThOBAHUX
HErayCoBUX AaCHUMETPUYHUX, EKCLIECHHMX Ta AacCHUMETPUYHO-EKCIECHUX 3aBaj,
ONTUMATbHUX 34 MOAM(PIKOBAHUM MOMEHTHUM KpPUTEPIEM SIKOCTI TEPEBIPKU
CTATUCTUYHUX TIMOTE3, 110 J03BOJIUIO MiJBULIIUTH TOUYHICTh BUSIBJICHHS CUTHAJIB Ha
¢dboH1 3aBaj B cUCTeMaX KOHTPOJIO, JIarHOCTHMKUA Ta MOHITOPUHTY Yy MOpPIBHSHHI 3
BITOMUMH PE3yIbTaTaMH.

B po6oti nokasano, mo uncenabHa €()eKTUBHICTh CHHTE30BAHUX CTOXAaCTHUYHUX
MOJIIHOMIAJIbHUX AJITOPUTMIB CTATUCTUYHOI OOpOOKM curHaiiB Ha (OHI 3aBaj
3aJIeKUTh HE JIMIIC BiJ CTCIIEHI cToXacTW4YHOro mojiHoma PII, ame 1 Bim Oaratbox
(bakTopiB, TAKUX SK BIJHOIIECHHS CUTHAJ/IIYM (q), BUAY KOpeNsiiHuX QyHKIIINH Ta iX
MaciTabyunx koediieHTiB (4, B), 3HaueHb KOe(]IIIEHTIB acCUMETPIi (Y3) Ta eKcuecy
(y4). Hampuknan, npu aguTHBHINA B3a€MOJAIl MOCTIMHOIO CUTHAIY 3 aCUMETPUYHOIO
HETrayCOBOIO 3aBaflOl0, $IKa XapaKTePU3Ye€TbCS CHJIBHUMH  EKCIIOHEHIIHHIUMHU
KOpPEISUIMHUMH 3B 3KaMH BUOIPKOBHUX 3HAY€Hb 3 MaCHITA0yIOUMM KOE(ILI€EHTOM
A=0.1, mpu 3Ha4yeHHI KoedilieHTa acuMmerpii Y3 = 1.1 1 BIJHOIIEHHI CUTHAJ/IIyM
g=0.1 BiZHOWIEHHS KUIBKOCTI N00yTOi 1HQOpMAaLli MPO PO3PI3HEHHS TINOTE3 MpPH
pi3HuX crernensx nomHoMa PIT nopiBaioe 0.5, 1110 cBiguMTh MPO TE, IO KMOBIPHOCTI
MOMUJIOK TIEPIIOTO Ta APYroro poay CHHTe30BaHOro HeniHiitHoro PIT mpu cremeni
noJliHoMa s=2 OyIyTh BJIBI41 MEHIII1 3a aHAJIOTTYHUM MOKa3HUK 1 JiHiHOTro PIT nmpu
s=1, sike € ONTUMAIBHUM JJI FayCOBOT MOZIEJIi 3aBa/l.

5. Po3po0seHo mporpamMHuil KOMIUIEKC Ta HaOip MPOrpaMHUX MOAYJIB IS
3a0e3MeyYeHHs] MPOBEACHHS KOMIT'IOTEPHOIO MOJEIIOBAHHS IPOLIECIB BUSBICHHS
CUTHAJIIB Ha (DOHI KOPETHOBAHUX HETAyCOBUX 3aBa]l.

3anponoHOBaHO METOJ TeHepallii KOpEIbOBAHMX HErayCoOBHUX BHUIAJKOBUX
BEJIMYMH Ha OCHOBI IOJIIrayCOBUX MOJEJIEH Ta 3aCTOCYBaHHI CyMICHMX MOMEHTIB Ta
KYMYJISIHTIB JIJI1 TIPEJICTABIICHHSI CTATUCTUYHUX 3B’SI3KIB JOCITIIKYBAHUX MPOLECIB,
10 JI03BOJIMJIO TPOBECTH aHAJI3 BIUIMBY MapaMeTpiB KOPEJSALii Ta CTATUCTUK BULIUX

NOPSAIKIB Ha TOYHICTh MOJIHOMIaIbHOT 00pOOKH cUrHamiB Ha (HOH1 3aBaj.



205

[TpoBeneHi eKCIEPUMEHTH MIiATBEPAMIA TEOPETUUHI MOJOKEHHS, BUKIAICH] B
poOOTi, 30KpemMa TIOA0 ©€(PEKTUBHOCTI 3ampONOHOBAHUX HOBHUX MOMEHTHO-
KyMYJSIHTHUX MOJIeJiel Ha OCHOBI CTaTHCTHK BHIIMX MOPSJAKIB Ta 3aCTOCYBaHHI
CYMICHHX MOMEHTIB Ta KyMYJISIHTIB JJIi BpaxyBaHHS CTAaTUCTHYHUX 3B S3KiIB, Ta
CHHTE30BaHMX CTOXAaCTUYHHMX HemiHidHuX PII, onTumanpHHX 3a MOIU(IKOBAaHUM
MOMEHTHHUM KPUTEPIEM SIKOCTI MEPEBIPKH CTATUCTUYHUX T1ITOTE3.

[IpakTiuHa peanizallis MOJIHOMIAIBHUX aJTOPUTMIB HE BUKIUKAE TPYIHOIIIB 1
MoO3ke OyTH peasizoBaHa MPOrpaMHUM UM arlapaTHUM YMHOM Ha Cy4acHIN eJIeMEeHTHIN

0asi.
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JTOIATKH



TIOJIATOK A

JloBiaKa mpo BIPOBaIKeHHs pe3yJibTaTiB po0oTH

«BATBEPLAY 10w

JOBLIKA
OO EPOBATRCHIN B L nponee
penantarin ameepraiinel poforn CMIPHOBA [Laniiaa Oaexcilionnya

V oancepranifinony gocaiasenni Csipnosa JLO. siplineno aTyiinie iay kono-nphiiaise
apaanis poipobin 1 peanizauil moseaell npouecin BHARICHIR CUTHLTID KA oHl KOPEILOBAHIY
NECAYCONMX AR Ml OCHOB CTATHCTHE RIIILNX NOPAILKIS 18 MOMCHTHO-KYMYJIRHTHOTD NPEACTARICHHN
BUIAAKONIX npouecin 3 GopMy BUNHAM  MOIHPIKOBANOTO  MOMEHTHOTO KpITEpiio AKCCT nepesiprn
CraTneTHIHIR THoTEY | poapoGii noAinoniansmy poin’ sy MUILHIES Tpani s o0y 061 eperTninm
setoaln | xomn lorepinx scobin gymcuionysamng cneres oGpolKn AN BLANOKIANOTO KIACY.

Ocnoni pesy astarn ancepranifinol pobotn JCTOCOnIOTHEN IPH BIKIAZANN CHSTUIDOBAHOTO
v pey i cadeapi pobotorextianny | reaekomynikanifinnx cueren 1a kidepGeanexn « Heniniitui mero
ofipolKkn cHrmating A0 CTyaenTin ocnitieoro cryness saricrp enewiaasnoeti 172 «Eaexrponn
goMy Hikauil 1a paaioTexiizes b HEpKICHKOMY JCHRABIOMY TEXHOIOTTIHOMY yHIBEPEHTETL.

Jlo porspoGacio JEKIRNOTO KyPey BKIOHEHD TaKT PEIyALTaTH. OTPIMANI SHTOPOM:

I, Matemariii Moeni KOPEALOBAIIY HErIYCOMS BITUAKOBAX BN PINHX THITIE T8 BN,
WO ONHCVIOTE  MAMTHEMY  IACMOZI0 CHIMANis | 3BA1 WA OCHOBL  OAHOBUMIpHOTD  Ta
ABORIMIPHOTO  MOMEHTHO-KYMYIITHOND  NPEACTARISHNS  J0CALAYBARNY  nponecis,  we
ADITBOANAG POUPHTI COCKTP POIn sy Banx sy va Moandikyrarn somenminil kpurepifi
HKOCTI MEPERiPKN CTOTHCTIHMIAY  TINOTE) w006y A0BM  NOATHOMILTRING  POYNSIY BLIBHIX
TPAIA DHSICIHHE CHrTHUIR B CRTHUTHAN TIMLIOBIX VMOBON.

FAPOHONOBAKA  CTPYKTYPIA  CXEMI  nONHOMILIIOT  eneresmn  ohpolikin ADENLBEY BAKOTO
KOPEALORIHOTD HErAYCOBOTO NpoLecy Ta Metoan 1 peanisauil, mwo a03sonsc MOEPHISY BATH
ICHVIONI  CHCTEMM  KONTPOMIO,  AIGIHOCTHEN,  MOMITOPHHTY 3 KPAUIAME  TOYHICTHIMN
KAPAKTEPHETHEAMM,
Pety auTams iy KOBOro A0caimwenis Oyan BHEOPRCTANT B NIATOTORI METOARYMIIN BERIIBOK 10
nikonsnig aabopatopuns podit 5 ancunnainn o« Heninitini seroan obpoGin cnruanine s cryientis
GERITHAOTO CTYTIERS MaNeTp enettiateiocti 172 aEaekrponni Komyuikaui 14 puborexuiay veix thopm
pansatnm | Enewrposmmit pecype] |/ [voopaa BB Nanarin, JLO.Cuipron]; - § M-so ociTi 1 HayvKn
Yicpainn, Yeprac, aepm. Texnon. vi-1. = Yepkacn : YWITY, PBLL 2024, - ¢ 50 - Hussa 3 1ieryinoro
LETTEE

Baconanns aaboparopiis poGiT 3nalloMiTs 9 ionise MeTaammi 1o aaropi Tyt on paiioianis
cwrnain, Pospobaeno nporpasiiill kosineke 1o nabip nporpamiix sMoayain s saGeineuenis
(POBEASHIE  KOMIIOTEPHOTD MOAEHOBEINE HPOUCCIn RIARACHHE CHIHLIE 1A ol KopeILoBans
HETAYCORIY TaRat.

12

Jewan gy anrery
CACKTPOMMIK TEXNONONA, awroTpanenopTy
T AL HODY 1Y B A

KT, JAOLEHT apift YOPHINA

Fasiaynay kaheapn pofoToTexinivimms i
Te/eROMY KA encres 1a kibepheinexi,
A0, podecop Bosoansmp NHAJIATTH
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JIOJAATOK B

Cnucok ony0/ikOBaHUX MPAalb 32 TEMOIO IMCEePTAIlii:

— cmammi y HayKogux (axosux 6uUOaHHAX YKpainu, 6 AKUX ONYOiKO8aHI

OCHOGHI HAYKO8I pe3yibmamu oucepmauii:

1. B.B.Ilanarin., JI.0.CmipHoB. CTaTUCTUKU BUIIMX MOPSAKIB B 3a7a4yaX BUBJICHHS
CUTHAJIIB Ha (OHI KOpEeNbOBAaHMUX HErayCoBUX 3aBaj// Maremaruune Ta
koMmI roTepHe mozentoBaHHsA. Cepist: TexHiuHl Hayku: 30. Hayk. mpaup — Kawm.-
[Moninbcbkuit: Kam.-[loninbcbkuit Hatl. yH-T iM. IBana Orienka, 2024. — Bumn. 22. —
C. 106-118. DOI: https://doi.org/10.32626/2308-5916.2024-26.19-42
URL: http://mcm-tech.kpnu.edu.ua/article/view/316544/310180. ISSN 2308-5916.

daxoBe BuganHs kareropii b (Bkmouene 10 Index Copernicus, WorldCat, Citefactor,

Google Akanemis, Crossref, OpenAIRE, HaykoBa nepionuka Ykpainu).
Ocobucmutl éHecox agmopa noaseace y nooyoosi memoois NONIHOMIAIbHO20
BUSIBNICHHS. ~CUCHANI8 HA  (DOHI  KOPEIbOBAHUX — ACUMEMPUYHO-EKCYECHUX
He2aycosux 3a8a0 ma nPoeedenHi Komn T1omepHo20 MOOENIO8AHHSL Pe3YIbmanmie

oocnioxcenns, cmanogums 0,3 OpyK. apk

2. B.B.anaria, J.0.CmipnoB. Momeni ta Meromu oOpoOku curHamiB Ha (poHi
KOpEJThOBAaHUX aCUMETPUYHUX MpoleciB // [HhopmaTuka Ta MaTreMaTU4HI METOIU
B MojemtoBanHi, Hamionansuuii yHiBepcuteT «Opmechka momitexHika, Vol. 14
(2024), No. 1-2, pp. 56-69.
DOI: https://doi.org/10.15276/imms.v14.no1-2.56 URL:
http://immm.op.edu.ua/files/archive/n1-2_v14 2024/immm_nl-2 vi14 2024.pdf.

ISSN: 2223-5744. ®axose BuganHs kareropii b (Bkmtouene o Index Copernicus,

Google Axanemisi, HaykoBa nepioguka Ykpainn).


https://doi.org/10.32626/2308-5916.2024-26.19-42
http://mcm-tech.kpnu.edu.ua/article/view/316544/310180
https://portal.issn.org/resource/issn/2308-5916
https://doi.org/10.15276/imms.v14.no1-2.56
http://immm.op.edu.ua/files/archive/n1-2_v14_2024/immm_n1-2_v14_2024.pdf
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Ocobucmuti 8Hecok agmopa noiseac y y opmyeanti mamemamuyHux mooeneu
ma ix peanizayii npu no6yo008i Memooie 6UAGIEeHH CUSHANI8 HA (QOHI

KOpenbOBAHUX ACUMEMPUUHUX He2ayCcos8ux 3a8ad ma cmanosums 0,3 OpyK. apk.

3. 1.0.CmipuoB, JI.A.BenepuuxoB, O.A.llamarina, B.B.[lamarin. Meronu

CTAaTUCTUYHOTO OILIHIOBAaHHS MapaMeTpiB CHUTHady Ha (OHI HEeraycoBuX
KOpeNnbOBaHUX 3aBaj. // MaremarnuHe Ta KOMIIHOTepHE MojemtoBaHHs. Cepis:

Texniuni Hayku: 30. Hayk. mipais — Kam.-Tloginscbkuii: Kam.-Tloainbcbkuii Hall. YH-

T 1im. IBama Orienka, 2021. - Bmm 22. — C. 106-118. DOI:
https://doi.org/10.32626/2308-5916.2021-22.106-118 URL: http://mcm-

tech.kpnu.edu.ua/article/view/251088. ISSN 2308-5916. ®axoBe BugaHHs Kareropii

b (Bxmouene no Index Copernicus, WorldCat, Citefactor, Google Axanemis,
Crossref, OpenAIRE, HaykoBa nepioguka Ykpainu).
Ocobucmuti 6HecoK asmopa Noasieae y opmy8anHs Mamemamudrux mooeneu
0BOBUMIDHUX KOPETAYIUHUX DYHKYIU Ol ONUCY BUNAOKOBUX KOPEIbOBAHUX

Hezaycosux npoyecie ma cmanogums 0,3 OpyK. apk.

— cmammi y iHO3eMHUX GUOAHHAX, 6 AKUX ONYONIKOBAHI OCHOBHI HAYKOGI

pe3ynomamu oucepmauii:

. D.Smirnov, E.Palahina, V.Palahin. Mathematical Modeling of Signal Detection in
Non-Gaussian Correlated Noise // International Conference on Smart Technologies
in Urban Engineering - Proceedings of STUE-2022, Lecture Notes in Networks and
Systems - LNNS, volume 536, pp.65-74, DOI:https://doi.org/10.1007/978-3-031-
20141-7, URL: https://link.springer.com/book/10.1007/978-3-031-20141-7, ISSN

2367-3370. BunaHHs iHAEKCY€ThCS B HAYKOMeTPUYHIN 0a3i Scopus.
Ocobucmuti 6HecoK asmopa Noiseae y CMEOPEHHI Mmoolenei ma memoois
MaAmemMamuyHo20 ma KOMN 10MepHO20 MOOENIO8AHH NPOYEeCi6 GUABIEHHS
CUCHAN8 HA (DOHI KOPEeNbOBAHUX ACUMEMPUYHUX HEe2aAYyCO8UX 3a6ad ma

cmanosums 0,3 Opyk. apk

. Smirnov, D., Zorin, O., Palahina, E., Ivchenko, O., Palahin, V. (2024). Development

of Moment Quality Criterion and Polynomial Methods for Signals Detection and


https://doi.org/10.32626/2308-5916.2021-22.106-118
http://mcm-tech.kpnu.edu.ua/article/view/251088
http://mcm-tech.kpnu.edu.ua/article/view/251088
https://portal.issn.org/resource/issn/2308-5916
https://doi.org/10.1007/978-3-031-20141-7
https://doi.org/10.1007/978-3-031-20141-7
https://link.springer.com/book/10.1007/978-3-031-20141-7
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Distinction in Non-Gaussian Noise. In: Faure, E., et al. Information Technology for
Education, Science, and Technics. ITEST 2024. Lecture Notes on Data Engineering
and Communications Technologies, vol 221., pp.368-381, Springer, Cham. DOI:
https://doi.org/10.1007/978-3-031-71801-4 27 URL:
https://link.springer.com/chapter/10.1007/978-3-031-71801-4 27 ISSN  2367-

4512. BupaHH iHIEKCY€THCH B HAYKOMeTPHYHiH 0a3i Scopus.
Ocobucmuti  6Hecox asmopa nolsgeace y 3ACMOCYS8AHHI  IHGOPpMAYItiIHUX

MexXHOoN02il 6 3a0a4ax nepesipKu CmamucmudHux 2inomez ma cmauwoeums 0,3

OpPYVK. apk.

— HayKoei npaui, uwio 3aceiouylomsy anpobdauyilo mamepianie oucepmauii:

6. D.Smirnov, V.Chepynoha, O.Zorin, A.Honcharov, E.Palahina, V.Palahin. The
Methods of Joint Signal Discrimination and Parameters Estimation in non-Gaussian

Noise // IEEE 4-th International Conference on Advanced Trends in Information

Theory — 2022, Kyiv, Ukraine, 2022, pp. 23-27, DOI:
https://doi.org/10.1109/ATIT58178.2022.10024190. URL:
https://ieeexplore.ieee.org/document/10024190. ISBN:979-8-3503-3262-9.

Bupanus iHIeKCY€THCHA B HAYKOMETPHUYHiH 0a3i Scopus.
Ocobucmuti HeCcOK agmopa noaa2ae y NPO8eOeHHI anaizy 6Naugy Cmamucmuk
BUWUX NOPAOKIE HA epeKmMuBHIiCmMb anleopummi6 GUSGIIEHHs. CUCHANIE 8

Hezaycosux 3aéadax ma cmanogums 0,30pyK. apk

7. Daniil Smirnov, Oleksandr Zorin, Elena Palahina, Volodymyr Palahin. Development
o f Moment Quality Criterion and Polynomial Methods for Signals Detection and
Distinction in Non-Gaussian Noise // VII MuikHaponHa HayKOBO-TIpaKTUYHA
koH(pepentis “Tadopmartiiini TexHosorii B ocBiti, Haymi ¥ TexHimi” [TOHT-2024,
c.195-196. URL: https://knsa.chdtu.edu.ua/wp-
content/uploads/2024/06/Conference-Proceedings-ITEST-2024 25 06.pdf

Ocobucmuti 8HecOK agmopa noasa2a€ y 3acmocy8anti MOMEHMHO20 KpUumepiro

AKOCMI  nepesipku  CMamucmu4yHux 2inomes ma  OYIHIOBAHHA U020


https://doi.org/10.1007/978-3-031-71801-4_27
https://link.springer.com/chapter/10.1007/978-3-031-71801-4_27
https://doi.org/10.1109/ATIT58178.2022.10024190
https://ieeexplore.ieee.org/document/10024190
https://knsa.chdtu.edu.ua/wp-content/uploads/2024/06/Conference-Proceedings-ITEST-2024_25_06.pdf
https://knsa.chdtu.edu.ua/wp-content/uploads/2024/06/Conference-Proceedings-ITEST-2024_25_06.pdf

211

ehexmugHocmi 6 3a0auax GUABNEHHS CUSHANI6 HA (DOHI He2ayco8ux 3a8ad ma

cmanosums 0,1 OpyK. apk.

8. 1.0.Cmipuos, O.A.Ilanarina, B.B.Ilamarin. Meronu BusiBIeHHSI cuTHaiB Ha (OHI
CTaTUCTUYHO3AJIC)KHUX HETrayCoBUX TipolieciB // IHTerpoBaHi I1HTENIEKTyalbHI
pobototexniuni komruieken (IIPTK-2024), cimMHammsTta MiKHApOmIHA HAyKOBO-
npakTtuyHa koHpepenuis, 21-22 tpasus 2024 p., Kuis, YkpaiHa, - ¢.466-468.

Ocobucmuti 6HecoKk asmopa nojs2ac y Npo8edeHi aHali3y 3aACmOCY8aHHs
CYMICHUX MOMEHMHO-KYMYISAHMHUX QYHKYIU OJis1 ONUCY BUNAOKOBUX NPOYECIE 8
3a0auyax eusaeieHHs cueHanie ma cmanogums 0,1 opyk. apk

9. 1.0.CmipuoB, B.B.Ilamarin. Mojgeni Ta MeTOau BUSBICHHS CUTHaIiB Ha (HOHI
HErayCoBUX KOpelboBaHUX 3aBaja // 28-1 MikHapOAHHI MOJOAIKHUN (opyM
«Panmioenexkrponika i Mmonoap y XXI cromitri», 16 — 18 kBiTHs1 2024 p., Kondepenrris
«EnexTponHa, 1azepHa Ta OloMequ4Ha 1HXKEHep1s» — ¢.5-7

Ocobucmuil 8Hecox asmopa nojsieac y nodoyoosi HeniHiUHUX PO36 A3)8aNbHUX
npasusl 8uABIeHHs cueHanie ma cmanosums 0,1 Opyk. apk

10. Volodymyr Palahin, Olena Palahina, Daniil Smirnov, Oleksandr Zorin. Polynomial
Methods and Algorithms for Signals Detection and Distinction in Non-Gaussian
Noise // «Modern Problems of Mathematical Modelling, Forecasting, and
Optimization» in memory of the Honorary Professor of the Kamianets-Podilskyi
National University, Dr. Sc., Prof.,, Cor. member NAPSU Anatoliy Fedorovich
VERLAN, c.66-68. URL: https://cs.kpnu.edu.ua/wp-
content/uploads/2024/07/optima_2024-tezdop_1.pdf

Ocobucmuti 6HecOK aemopa Noafeac y NpPOGeOeHHi MamemMamuyHo20 ma
KOMN 10mepH020 MOOeN08aHHS NOITHOMIANLHUX NPABUIL BUSABTIEHHS CUSHANIE MA

cmanosums 0,1 Opyk. apk


https://cs.kpnu.edu.ua/wp-content/uploads/2024/07/optima_2024-tezdop_1.pdf
https://cs.kpnu.edu.ua/wp-content/uploads/2024/07/optima_2024-tezdop_1.pdf

11.

12.
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J.0.Cmipuos, O.A.Ilanarina, B.B.[Tanarin. MarematnuHe MOJEIIOBaHHS 3ajad
BUSIBJICHHS CHUTHaJiB Ha (DOHI HErayCOBHX KOpeNlbOBaHHX 3aBaj // IHTerpoBaHi
iHTeNneKkTyaabHl  poboroTexHiuHi komruiekcu  (IIPTK-2022), m’arnaamsara
MDKHApOJIHA HAyKOBO-TIpakThyHa KoH(pepeHis, 17-18 tpaBus 2022p., Kuis,
VkpaiHa, - ¢.224-225.

Ocobucmuili  6Hecox aemopa NoAsAeae y NPOBEOEHHI MameMamuiHo2o

MOOENI0EAHHS CUCmeM BUABIIeHHS CUSHALIE npu BNAUBL KopéelbosaHUx 3a6a0 ma

cmanosums 0,1 Opyk. apk

Palahina E., Kunchenko-Kharchenko V., Tonkopriad S., Push 1., Smirnov D.,
Palahin V. Signal detection in additive-multiplicative non-Gaussian noise // I1parii
VII MixuapoaHoi HayKOBO-IIpakTU4YHOI KoH(pepeHili «OO0poOka cuUrHamiB 1
HErayCCIBCbKUX MpOILIECiB», MpucBsiyeHoi nmam’saTi  mnpodecopa HO.I1.KyHuenka:
Tes3n JIOTIOBIJIEH. — Yepkacu: YITY, 2021. — c.123-124.
URL:https://er.chdtu.edu.ua/handle/ChSTU/789

Ocobucmutil 8HecOK agmopa nojsi2ae y noOy008i MamemamuyHux mooenet ma ix
00CNiOJICeHHsT 68  3a0a4ax  BUSAGIEHHS  CUCHANIE  NpU  AOUMUBHO-

MYTbMUNIIKAMUBHIU 83AEMOOIT 3 He2aycosumu 3asadamu ma cmarosums 0,15

OpYVK. apk


https://er.chdtu.edu.ua/handle/ChSTU/789
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JIONATOK B
Onuc BHIIAAKOBHUX BCJINYUH

3a J0IIOMOTI'0OI0 ITOYAaTKOBHUX MOMEHTIB Ta KyMyJIHHTiB

Bupasu nns moyaTkoBUX MOMEHTIB /10 IIOCTOTO MOPSAKY, BUPa)XXEHl uepes

KyMYJISTHTH:

a,(@) = x.(9):
a (@) = x2(F) + 22(9);
az(9) = x3(9) + 33, ()x2(9) + 13 (9);
a,(8) = x4(9) + 32(9) + 41, (9)x:(9) + 62 () x2(F) + xt(9)
a5 (9) = x5(9) + 10y, (9)xz(9) + 51, () xa(9) + 15%,(9)x2(5) +
+10x2(9) x5 () + 103 (9) 12 (9) + 13 (9);

ag(9) = )(6(5) + 15y, (5))(4(5) + 10x§(1§) + 15)(3(5) + 6x1(1§) X
X [x5(9) + 106, (9)xs (9)] + 15 (9) e (9) + 365 (9)] +

+20y3 (5))(3 (5) + 15x‘1t(1§))(2 (5) + )(16(5)

HaBenmeno meprmr mICTh MOYAaTKOBUX MOMEHTIB BHIIQJKOBOI BEIUYUHU §,

BUPKCHI Yepe3 KyMYJSTHTHI apaMeTpu Y

al(?) = X1; (12()7) = X2 +X12;
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as(7) = x5y + 3p,01 + X1

ar(¥) = x5(va +3) + 4X;’5V3X1 +60° ), + x1*

as(7) = x2° (s + 10v,) + Sxix2 (va + 3) + 10,22, ¥5 + 10413 x2 + 115

as(¥) = X3 (Ve + 15y4 + 10y5 + 15) + x16x5° (v5 + 10y3) +

+x1215¢2(ys +3) + 20x:3x2°vs + 150122 + 11 ©.

HaBeneHo mnoCHiIOBHICTh KyMYJISHTIB 110 6-TO TOPSIKY, BUPaXEHY dYepe3

IOYaTKOBI MOMEHTH:

X1 = Qg Xp =@y —ag?,

X3 = az + a; (=30, + 2042),

Xa = a4 — 305 + a;(—4a3 + 1205, — 60,3),

Xs = as — 100,03 + a,[(—50a4 + 3003) + 200, a5 — 600, %@, + 24a*],

X6 = (X6 - ]0&% + 30&3 - 15&2“4 + (Xl[(—50c5 + ]20&2“3) +
+ay (300, — 27002) — a, (12005 — 3600,y + 12063)],
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JTOJIATOK T

IlceBnokon 1Jis1 reHepanii KOpeJIbOBAHUX HErayCOBHUX MPOIECiB HA OCHOBI
OiraycoBoi mojei

Algorithm GenerateCorrelatedNonGaussianProcess(n, gam3, gam4, hhi2, A)
Input:

n — obcse 8UbIpKuU;

gam3 — xoeghiyicnm acumempii;

gam4 — koegiyieum excyecy;

hhi2 — Oucnepcis,

A — macwmab xopenayii.

Output:
correlated noise — Kopenvosanuii He2aycosuii npoyec.

1. correlation_param < 1/ A

2. Compute initial moments:

alfal <0

alfa2 < hhi2 - alfal?

alfa3 « -2 * alfal® + 3 * alfal * alfa2 - alfal? * V(alfa2 - alfal?) * gam3 + alfa2 * (alfa2 -
alfal?) * gam3

alfad «— 6 * alfal*- 12 * alfal? * alfa2 + 3 * alfa2> + 4 * alfal * alfa3 + gam4 * (alfa2 - alfal?)?

3. Define system of equations for bi-Gaussian model parameters:

eql: delta * m1 + (1 - delta) * m2 = alfal

eq2: delta * (sigma2 + m1?) + (1 - delta) * (m2> + sigma2) = alfa2

eq3: delta * (3 * sigma2 * m1 + m1?) + (1 - delta) * (3 * sigma2 * m2 + m2?) = alfa3

eq4: delta * (3 * sigma2?+ 6 * sigma2 * m12 + m1*) + (1 - delta) * (3 * sigma2? + 6 * sigma2 *
m2? + m2*) = alfa4

4. Solve equations using initial guess [0.55, 0, 1, 1.0]:
[delta, m1, m2, sigma2] « fsolve([eql, eq2, eq3, eq4])
5. Generate uncorrelated bi-Gaussian sample:
x1 « GenerateNormal(m1, \/sigrna2, round(delta * n))
x2 « GenerateNormal(m2, Vsigma2, round((1 - delta) * n))
noise «— Shuffle(Concatenate(x1, x2))

6. Generate correlated sample:
correlation_matrix «<— exp(-|i - j| / correlation_param) for all 1, j in [1, n]
L « CholeskyDecomposition(correlation_matrix)
correlated noise «— L * noise[:n]

7. Compute statistical characteristics:
mean «— Mean(correlated noise)
variance «— Variance(correlated noise)
skewness «— Skewness(correlated noise)
kurtosis «— Kurtosis(correlated noise) - 3

8. Output correlated noise



IlceBaoxkon peaJiizamii JiHIHHOTO PO3B’SI3yBAJBbHOI0 MPABWJIA

Input:
q — BigHomeHHs curaan/mym (SNR);
frequency — wactora imMmysnbciB (I'1r);
duration — TpuBaiCTh CUTHAIY (CEK);
duty cycle — poGouwnii nuxin (% vacy immynbc aktuBHui, 0-100);
sampling_rate — wacrora nuckperuzanii (I'm);
window _size — po3Mip KOB3HOTO BiKHa,
correlated noise — KOpeIbOBaHUHN IIyM.

Output:
results — macus pimens (1 — curnan €, 0 — curHaizy Hemae);
decision_all — macuB 3Ha4eHb pillICHHS JJIs1 KOKHOTO BiKHA.

1. Display SNR (q): "SNR (q):", q

2. Generate rectangular pulse signal:
t < linspace(0, duration, sampling_rate * duration, endpoint=False)
period «— 1/ frequency
pulse_width < duty cycle / 100 * period
signal «— (t % period < pulse width)

3. Scale signal:
signal «— sqrt(q) * signal

4. Add correlated noise:
signal noise < signal + correlated noise

5. Initialize sliding window detection:
a<«1
results «— []
decision_all « []

6. For i from 0 to len(signal noise) - window_size:
6.1 window « signal noise[i:1 + window_size]
6.2 avg window «— mean(window)

6.3 decision «— avg_window -a/2
6.4 decision_all.append(decision)
6.5 results.append(1 if decision > 0 else 0)

7. Convert results to arrays:
results «— array(results)
decision_all « array(decision_all)

8. Visualize results:
8.1 Plot signal and signal noise over time (t).
8.2 Plot decision_all with step function (t[:len(results)]).
8.3 Plot results with step function (t[:len(results)]).
8.4 Configure plots: titles, labels, legends, and grids.
8.5 Display plots.
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IIceBaokon peaJiizanii HeJIiHIHHOTO PO3B’SI3yBAJBHOI0 MPABWJIA

Input:
q — BigHomeHHs curaan/mym (SNR);
frequency — wactora imMmysnbciB (I'1r);
duration — TpuBaiCTh CUTHAIY (CEK);
duty cycle — poGouwnii nuxin (% vacy immynbc aktuBHui, 0-100);
sampling_rate — wacrora nuckperuzanii (I'm);
window _size — po3Mip KOB3HOTO BiKHa,
correlated noise — KopeslbOBaHUHN IIIyM;
A — mapameTp KopeJsiiii.

Output:
results cor — macuB pimiens (1 — curnain €, 0 — curHaixy Hemae);
decision all cor — mMacuB 3Ha4eHb PIlICHHS JJI1 KOXXHOTO BiKHA.

1. Generate rectangular pulse signal:
t < linspace(0, duration, sampling_rate * duration, endpoint=False)
period «— 1/ frequency
pulse_width « duty cycle/ 100 * period
signal « (t % period < pulse_width)
signal «— sqrt(q) * signal

2. Add correlated noise:
signal noise «— signal + correlated noise

3. Calculate statistical coefficients:

experimental skewness «— skewness of correlated noise

experimental kurtosis «<— kurtosis of correlated noise - 3

klv cor, k2v cor, kO cor <«  calculate coefficients cor(window size, q,
experimental skewness, experimental kurtosis, A)

4. Initialize nonlinear processing:
results_cor «— []
decision_all cor «—[]

5. For i from 0 to len(signal noise) - window_size:
5.1 window « signal noise[i:1 + window_size]
5.2 linear_term_cor «— sum(window * klv_cor)
5.3 quadratic_term_cor «— sum(window”2 * k2v_cor)
5.4 decision_cor <— kO cor + linear term_cor + quadratic_term_cor
5.5 decision_all cor.append(decision_cor)

6. Apply smoothing and decision rule:
For i from 0 to len(signal noise) - window_size:
results cor.append(1 if all(decision_all cor[i +j] > 0 for j in range(1)) else 0)

7. Convert results to arrays:
results_cor «— array(results_cor)
decision_all cor «— array(decision_all cor)

8. Visualize results:
8.1 Plot signal and signal noise over time (t).
8.2 Plot decision_all cor with step function (t[:len(results_cor)]).
8.3 Plot results_cor with step function (t[:len(results_cor)]).
8.4 Configure plots: titles, labels, legends, and grids.
8.5 Display plots.
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