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PACIIPEJEJIEHUE CTBIOJEHTA B CJIVUYAE
KOPPEJIMPOBAHHBIX IMOCJIEJJOBATEJIbHOCTEM

B crarTi po3rNIIHYTO THIIOBI 3ajadi MaTeMaTHYHOI CTATHCTHKH, IO BiHOCATHCS JO KOPEIhOBAHHX
nocItiqoBHOCTEH (4acOBUM Biutikam) 3 3a1aHUM (piKCOBAHUM PIBHEM CTATHCTHYHOTO 3B’SI3KY MK HUMH.
OpepixaHi aHATITUYHI BUpa3H, MO OMHUCYIOTh po3nofin CThIOEHTa y BUNAIKY KOPEIbOBAHHUX BIIIKIB.
Ipencrasneni rpadixu GpyHKIT Ta po3noniry CTbIOAEHTa IPU HAIBHOCTI KOPEJIAIII.

PaccMOTpeHBl TUNH4YHBIE 33a4d MAaTEMaTU4YECKOM CTATHCTUKM, OTHECEHHbIE K KOPPEIMPOBAaHHBIM
[IOC/ICIOBATEIPHOCTM ~ (BPEMEHHBIM ~ OTCYETaM) C  33JaHHBIM  (DUKCHPOBAHHBIM  yPOBHEM
CTaTHUCTUYECKOM CBA3M Mexay HUMU. IlomydeHbl aHaIUTUYECKHE BBIPAKEHUS, ONUCHIBAIOLINE
pactpenencaue CTbIofieHTa [UISL CiIydas KOPPEIHPOBAaHHBIX OTcueToB. IlpencraBineHsl rpaduxu
¢yskuy u pacnpeneneHust CTbIOACHTA IPU HAMYUH KOPPEJISIUH.

The typical problems of mathematical statistics, related to correlated sequences (to time counts) with a
given fixed level of statistical correlation between them, are considered. The analytic expressions
featuring distributions Student's ones in the case of correlated counts are obtained. The charts of
functions and distributions Student's in the case of correlated counts are introduction.

BBenenne. MHorue TUNWYHBIE 3aadyd  MaTEeMAaTHYECKOW CTATUCTHKU
paccMaTpuBaIOTCAd, B YAaCTHOCTHM, B TNPEONOJOXKEHUH O HE3aBHUCUMOCTHU
(GUTYpUPYIONINX B HUX 3JIEMEHTOB MOCIEIOBATEILHOCTEH (0TCUETOB) X,...,X, . K

2
TaKUM 3aJadaM, MOPEKIAC BCCro, OTHOCATCA PACIPCACICHHUE Y , PACIPCACICHUC

Creronenra [1-3]. Mexy TeM, BIOJIHE BO3MOXHA CHTYAIl¥sl, KOTIa HaGIIfo[aeMble
JaHHBIC WM [JaHHbIC, [PEIHA3HAYCHHBIC UL CTATUCTHYCCKONM 00paboTKH, B TOU
WIM WHOW CTENCHH 3aBUCHMBI, 9YTO YacTO BCTPEYACTCSs B  Pa3IHYHBIX
IKCIIEpUMEHTaX. BO3MOXHO TarKe, 4To HH(POpPMAIWs O KOPPEIUPOBAHHOCTH
OTCYETOB OTCYTCTBYET WIIM HEHM3BECTHAa K MOMEHTY O0OpabOTKH pe3ylbTaToB
9KCIEpUMEHTa. B 9TOl CBA3M BO3HUKAET BOIPOC O CTENICHH BIIMSHHUS KOPPEISIIHA
JNaHHBIX Ha pAaCIpelecHHus pPAcCMaTpUBaeMbIX B 3a[]adaX MaTeMaTHYECKOM
CTaTHCTUKH BeUYHH (IIPSAMBIC 33/1a4H).

Henbto Hacrosimiell paGoTHI SBISETCS, TaKUM 00pPa3oM, M3YYCHHE CTEICHU
BIIUSIHUSI KOPPEIUPOBAHHOCTH OTCYCTOB HA CTATUCTHYECKUM 3aKOH PaCIIpeIeICHHS
CTprofeHTa, TpH 3TOM B KAyeCTBE HCTOYHHKA OTCYETOB OYIET HCIIONb30BaHA
KOPPEIHPOBaHHAS TTOCIIEIOBATEIBHOCTb.

OcHoBHass 4acTb. PaccMmorpenne OygeT NPOBEACHO IIPU  CICAYIOIINX
PEITON0KEHHUSIX .

a) Vcnone3yemble Hibke Habopbl oTcueToB {X,...,X,} — COBOKYITHOCTb

ceueHUl 00BEMOM N, B3ATHIX C MOCTOSHHBIM BPEMCHHBIM LIATOM T U3
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peanuzanmu  HOpMaJibHOro MapkoBckoro mporecca  OpHiuTeliHa-
Vienbeka (OVY-mpomecca) [4-6] X(t) ¢ UHTEHCHBHOCTBIO o H
JIEKPEMEHTOM V ;

0) Hynesoit orcuer Yy, cmy4aiiHON BemmumHBI Y, HCIONB3YEMBIH B
pacripeneneann  CThIOIEHTa, HOpPMajeH, HE3aBHCHM OT COBOKYITHOCTH
{X;,...,X,} ¥ TaxKe UMeeT UHTEHCUBHOCTb O .

Jlanee yrnoBeiMM ckoOkamu < .> OyzmeM o0003Ha4aTh OIEpAIHIO

HaXOXACHUA MAaTEMATUYCCKOI'O OXKUJIAHNUS OTHOCUTCIIbHO YKAa3bIBACMbIX MHICKCOM
CHy‘laﬁHLIX BCJIMYHH.

Teopema 1.
B npuHATHIX TPEINONIOKEHNIX aINTUBHBIN ()YHKIMOHAIT
1=K @)
nNia
HUMECT PaBHOBCCHYTO MMPOU3BOAANIIYHO (I)YHKHI/I}O
Q; (4:0,n) = (exp(- A), )
CJICAYIOUICTO BHUJa
) 1/2
1-¢°)R
Qran =| —— R ©)
(a,—q2fa"*-(a -q*fa™
rae
) ) 2 1/2
a, =% 1402+ 2’1: 1-g*)+R|, R=||@+ q2)+’1% —4q?|  (3a)

U g =exp(—vr) — ko3hPuIMeHT Koppensinun coceiHux orcyetoB OY-mporecca.
ITnotHOCTE pacmpenenenust BepostHocTed f,(J) ciydaiiHOH BenMUMHBI J
cBs3aHa ¢ mpomsBomsmieii ¢ynkmumeit Q,;(4;Q,n) obpaTHEIM mpeoGpa3oBaHHEM

Jlammaca.

Taxum 00pa3oM, ydeT KOppeANHU B YKAa3aHHOW CTPATErWH TPEICTABIISCT
MIPaKTUYECKUNA HHTEPEC.

BaxHo#1 0cOOEHHOCTBIO TECOPHUH OINICHUBAHUS ¥ TIPUHSTHS PCIICHUN SBIISCTCS
YYeT CTaTUCTUUECKOW CBSI3U MEXIY OLIEHKaMH YK€ U3BECTHBIX pacrpeneneHuii. B
TEOpUU BEPOSITHOCTEN M MAaTEMaTHYECKOM CTaTUCTUKE M3BECTEH aHAJIOT JaHHOMY

(byHKIII/IOHaJ'Iy — 9TO ;(z-pacnpe/:[eneﬂne C YHCJIOM CTEICHEH CBO6OI[I>I PaBHbBIM
N-1. HpC,HCTaBJIHGT HUHTCPEC CPABHUTH INIOTHOCTHU PACHIPCACIICHUA BepOHTHOCTCﬁ
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paccmaTpuBaeMoro kputepus kauectsa (1) ¢ y°-pacmpenenenuem. B paore [7]
MIOKa3aHO, YTO IUTOTHOCTH paclpeAcieHus] JaHHOro (hyHKIMOHAJa COBHAIacT C
IUIOTHOCTBIO  y°-pacrpesieients. TOJbKO B TOM clydae, Korja KoddduimeHT
koppemsiuu (=0, TO eCTh KOPPEALUs MEXKAY COCETHIUMH CEUCHUSIMH CITy4alfHOr O

Ipoliecca OTCYTCTBYET. B peallbHOCTH, ONHAKO, 3HAUEHHUS CIIy4aliHBIX NIPOLECCOB B
TOYKAaX C COCEJHMMHU OTCUETaMHU SBISIOTCA B TOM MIM HMHOW CTENEHU
KOppETUpOBaHHBIMH.

PaccmoTpuMm  Temepp  cnydallHY:0 BEIMUMHY —  CTaHJApTU30BAHHOE
otHomeHne CThroieHTa

T-YI-—L (5)
(-2

nio

CTaTHCTHYECKUI aHaNU3 CITy4ailHOW BENMYMHBI | NPOBEAEM B TEPMHUHAX €&
xapakrepructiaeckoit pynknun P; (£) , koTopyro 3ammmeM B BHAC

Y. (€)= <exp(i§Y/x/3)>Y’J : (6)

3]1eCh MHJICKCAMH YKa3aHBI CITyJaifHbIC BEIMYHHEI, IO KOTOPEIM HEOOXOIMO
MIPOU3BECTU CTATUCTUYECKOE YCPETHEHHE.

W3 uMeromuxcss ABYX CIAy4YallHBIX BEIMYHH, TONB3YICh (4a), BBIMOIHUM
yCpeaHEeHHe N0 CiydaiiHoi Benuunne Y !

¥.() = Idyo exp[ )g’yexp(éyo/\/_ )> —<exp[—i—jJ>J.

Orcroza st IoTHOCTH pacupenenenus i (t) ciydaitnoit Bemrauuer T

)= [d5exp2) ¥, (©). ™

HUMEEM IIOCJIC UHTCTPUPOBAHUSA 110 5

£(t) :<\/gexp(—t2J/2)> ,

J

WJid, paCKpbIBas OepaTop yCpCAHCHU,
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£ (t) = j gJ(J)J_exp( t23/2),

rae §,(J) — IIOTHOCTH paclpemeNcHHs] BEpPOATHOCTEH CirydaifHOI BeanuuHBI J,

oTBevaromast nponsBosameit pynkmmu Q, (4;d,n) (3),

9,(9) == |, d2exp(0)Q, (i),
T

IpA 5TOM KOHTYp wuHTerpupoBaHus C BeIOMpacTcs TakuM 00pa3oM, YTOOBI
octaBUTE Bce ocobennoctn ¢yrknmn Q,(4;q,n) cmeBa. IloxcraBmsst 310
BhIpakeHue B (7), HAXOAUM IMOC/IE MHTETPUPOBAHUS 110 J

0 == [ 4LQ e -22) . (®)

Orciofa ToNyYnM IS HMHTETPaNbHOM (yHKIME pacnpenenenus Fo(t)
clly4aifHOW BENMUYUHBL |

F. (1) =2im_jc d1Q,(4;q, n)tjdf(f2 —22)7%%,
0

CTaHILapTHOG HWHTCETPUPOBAHUC TPUBOJUT K BBIPAKCHUTIO
Fo(t) = Zijc dAQ,(A;q,n)t/—224/t? =24 .
]

Vcnons3ys Tenepb moacTaHoBKH A =t?2/2 u z =1+ 97, monydaum

2
F(t)___J'dAQJ(tZ/an)\/TZ ij QJ(1+9 ;q,nJ1+192.

IIpu t>0 KOHTYp MHTErpupOBaHUS MOXKET OBITh BBIOpaH BJOJb
BEIIECTBEHHOM OCH, 4TO JA€T OKOHYATEIBHO

F (t)=—jdn9QJ(1+‘9 ;q,n)ﬁ. ©

Ortciona npu t <0 HalileM WHTETPUPOBAHHYIO (YHKIWIO PACHPEACICHHS C
Y4€TOM YETHOCTH HNOJYYE€HHOI'O BBIPA)KEHUS .

OcHoBHBIC pe3yabTaTbl. JlJI1 DOPOBEPKH TMPABWIBHOCTH IOJY4EHHBIX
(opMyn HE0OXOIMMO MPENTOCTABUTH TUIOTHOCTH PacIpesieNieHHs] P OTCYTCTBUHU
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KOppEJALMK, TOCTPOCHHbIE ¢ moMompbio Qopmyasl (8) U craHgapTHBIM
pactipenenenreM CrbrosieHTa. JaHHBIE IUIOTHOCTH IIOJHOCTBIO COBIMAJAIOT, UYTO
CBHJIETENIBCTBYET O TOM, YTO MOJyYeHHBIE (JOPMYITBI HAWCHBI PAaBUIIBHO.

Jlanee mpoaHanM3WpyeM BIIMSHHE IapaMeTpOB Ha MOBEACHHE IIOTHOCTH H
¢byakmun pacnpenenenus ¢ynkumonaia (5). Ha puc. 1 npencraBieHsl rpaduku
IIIOTHOCTH W (GyHKUMH pacnpeneieHus ¢yHkiuonana (5) mnpu W3MEHEHHH
napamerpa N .

Puc. 1 — I'paduku mrorHocTH (a) 1 byHKINH (6) pactpeeNeHus] BEpOSITHOCTEH st
¢ynkunonana (5) ¢ mapamerpamu: N =5,10,20, q=05, o =1

AHanu3upys puc. 1 MOXXHO C/IeNaTh BHIBOJ O TOM, YTO OHH OTBEYAIOT OOIINM
3aKOHOMEPHOCTSIM, XapakKTEePHBIM JUI IUIOTHOCTH M (YHKIWH pachpenereHus
CrpI0/IeHTa MPU HATMYHU KOPPEIISILIUH.

Ha puc. 2-3 mnpuBefeHbl TUIOTHOCTH M (YHKUMH PACTIPEACIICHUS ISt
¢dyskronana (5) COOTBETCTBEHHO.

Puc. 2 — 'paduku IWIOTHOCTH pacIpeiesieH s BeposiTHOCTEH st BpyHKiroHana (5)

¢ mapametpamu:  =0.01,0.7,0.9, N =10, o =1

C yBenmmuenneM ( rpaduk (QyHKIMM pacrpeneieHuss UMEeT TEeHICHIHMIO

JIOKaJIM30BaThCsl BOKPYr CPEAHEro 3HaueHus (yHknuoHama 1. Ha puc. 2 -3 sty
3aKOHOMEPHOCTh MOKHO IIPOHAOIIONATS.
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Puc. 3 — 'paduku hyHKIMK pacTipeiesieHus BeposTHOCTe st pyrkimonana (5) ¢

napamerpamu: ( =0.01,0.7,0.9, N =10, o =1

Ha ocHOBaHMHM TIONTy4YEHHBIX pe3yabTaTtoB (puc. 1-3) MOXHO c/enaTh BBIBOJ O
TOM, YTO TPH YBEIMYEHUM KOPpeisinnk (YHKIUH IUIOTHOCTH pacHpeelieHHs
3akoHa CTBIOJICHTA CTAHOBSTCS 00JIee TOJIOTHMH.

Ha mnpakTtrke mpencraBisieT MHTEpeC IMOBEJCHWE IUIOTHOCTH M (YHKIMH
pacnpeznenenus GpyHkmponana (5), uMeHHO, B mepudepuiiHOI 00macTH, T.K. Ha
KOHIIaX (DYHKIIMM HaxXONIATCS IOPOTOBBIE 3HAUCHMS, KOTOpPHIE HEOOXOAWMMBI IS
KoHTpoist. Kak MokHO HaOmromate W3 puc. 2-3 B YBEJIHMUYCHHOM 00NacTH JIaxe
HeOoJpIIMe 3HaueHns1 KOod(pPHUINEeHTa KOppeIsiuud ( TPUBOAAT K 3aMETHOMY

n3MeHeHnto. TakuM o00pa3oM, YdeT KOppelsiiid B YKa3aHHOW CTpaTeruu
MpeACTaBIsIeT NPAKTUUECKUI HHTepecC.

BoiBoabl. [lomydeHHbIE BBINIE BBIPAKEHHS CIIPABEUIUBBI IS JIFOOBIX
JIOITyCTUMBIX 3HAYEHUI KOpPpENATopa (, B TOM YHCIIE U HYJIEBBIX.

HaﬁﬂeHHHe BbIpaKCHUSA JJIA pacnpez[eneHI/Ii/'I CTaHAApPTU30BAHHOT' O
OTHOIICHHUSA CTI)IO,HCHTa A0IMYyCKaroT HpCILGHBHLIfI IIepexoa N — oo Ik OTCYECTOB
CHy‘laﬁHOFO nponecca Ha 3aJaHHOM HWHTEpBAJIC. Bo3moxHO Taxoke 0606H16HI/I€
PE3YJIbTATOB Ha ClIy4dYan KOMIIJICKCHO3HAYHBIX WM MHOI'OMCEPHBIX cnyqaﬁme
NEPEMCHHBIX.
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