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Acnipanr xar[eapu ynpaaliHHx rlpoeKfttMl'r

/IB H3 <Vuczopodcaxuit ua4iouarcuuu yuieepcumem>, Vcrczopod

METOAI4KA IIEPEAIIPOTHO 3HOIO OPAKTAJIbHOIO AHAJII3y
IIACOBITX PflNIB

3anponouoeauo aemodurcy nepednpoeuosuozo QpaxmcubHoeo auanizy vacoeux pndia, nxa 6asyemacn ua

nocnidoeuouy MS-auanigi. Ha ocuoei 4iet uemoduKu MocrcHa au3Hqqamu pieeua nepcucmeumuocmi,

pnpaxosysamu cepednrc eenuvuHy uenepioduvuozo quKny vacolltx pndie, a maKolrc ocmaHoaltoeamu

iaeecmutqiiluy nrcicma (doxidnicmu) arcmueie, nxi npedcmazrnrcmbcn Qiuaucoeuuu +acostuvtu pndauu. B

pawKqx yiei nemoduKu 3anponoHonaHo Kpumepiil eusnaueuun cepeduooi' doecrcuuu nepioduanoeo i

uenepioduuuozo tpxnie, ua ocuoei zenaducyeauun V-cmamucmurcu zq donouozop zeuuaitHux muHHttx

cepeduix ma adanmueuoi nauuuoi KayQtvaua.

Knnqoei croqa: nouridoenuil MS-aaatb, noKssHuK Xepcma, 'aacoeuil pnd' cepednn dosucuna

nen ep io d u u n o 20 tlul<Jry, i n e ecmu qiil n a nxicmt Qia anco eux a xmu s i e

Ilpednocrceua uemodurca npednpozuosuoeo QparcmcubHozo aHqru3a speMeHHux pndoe, ocHo4aHHatt Hct

nocnedosamerouoJrt R/S-auaJtuze. Ha ocHose emoil uemodurcu MoJrcHo onpedenamo ypoeeHb

nepcucmeHmHocmu, pacc+umuaemb cpedunn dnuuy uenepuoduuecrcozo 4uKna speMeuuatx pndoe, a

maKuce onpedennma uHsecmuryuoHHoe Ka4ecm6o (doxoduocma) aKmu6oa, Komopde. sadanmcn

Quuaucoeauuu npeMeHHbtuu pndauu. B pauxax gmoi r,ilemodurcu npedaocrceu rcpumepuil onpedeneuw

cpedueil dnuuw nepuodugecxoeo u uenepuoduvecKoeo 4uKnos Ha ocHole cerazrcuaaHuu V-cmamucmurcu c

nowot4bto o6ouuotx cKoJtbvtulttx cpedHux u adanmueuofi cpedueil RqtQuana.

Kanueeue &to6a: nocredosamanunotil MS-auanuc, noKo3an eJrb Xepcma, epe-nennoil pnd, cpedun

dnuna aenepuoduqecxozo tluKna, uHsecmuquowHoe Ka.recmeo tPuuaHcosbx aKmuBoB

The method of pre-forecasting fractal time series analysis, based on the sequential NS- analysis is

offered. Based on this technique it is possible to determine to the level of persistence, to calculate the

qverage length of non- time series periodic cycle, and to estqblish investment quality (yield) of assets

which qre represented by financial time series. lJnder this method the uiterion for the average length of

periodic and non-periodic cycles determining, based on smoothing the V- statistics using simple moving

average and Kaufrnan adaptive moving qverage is proposed.

Keywords: sequential MS-analysis, Hurst index, time series, averoge length of non-lime series petiodic

cycle, investment qaality of assets

Ilocranonrca npo6JreM[ Sparramnoro a-uani:y. MeroA dpaxralrnoro auali:y

Ei*ruicrr exo'ouiqnro<, gi:r.rvHrx, rexuiqsnx t ;il*fr""?f*o;*-"9 ;ffi 'ir"*10"il:TJ:ffiil
rpupo.[Hnx npoqecie e uecrifixraran i xecrauionapHulru. B. Man.qe*6poroM i p. Xaaconorra [l;2] ra poeuunyrufl
tlaconi pflAlr, flxi flpeAcraBnflrcrr.4aui rrpouecr, tBJr{Iorb E. flerepcorr.r ra E. @eaepo^a [3; a] i, .rr* c*Jra.{oBa
co6oro KoMnJIexc pirnorununx cKJIaAoBID(: cKnaAoBa qacrflHa MeroAie aucxperuoi ueniHifiHoi 

^r.rHauirn,$ynruii TpeHAy, qnxniqni KoMnoHeHrlI r pilnunan npu:naveHnfl MA AocniAxeHHx nsriHi6Hocrefi s
uepio.4auu [oBropeHHt, Sryrryauii rouro. ansarr,riqi qacoBrx pr.qin, n rouy vucli Qiuauconrrx.
llporHorynaHnt raKrD( praiB noB't3aHe 3 TIeBHI,IMI,I Anroporrl 3a[porroHoBaHa Meroar,{Ka
rpy.[HoluaM]1. Tor"ry oco6ruso aKryaJlbHHM € nepe4npor'o3Horo rpparralluoro aHa,riry QiHanconr.rx
BnKOpHC'r?Hlrrr ueroAin ix nepeAnporHo3Horo qacoBr,D( prAiB, fKa MOX9 6yrw Br.tKopucraHa
oqinrouannr, u1o Molr(e 6y'ra peanirosane Ha 6a3i

76 @ o.lo. Bep:rea



uHl mexHoJlo?u

inaecropauu ra analitnraMn Ha SinaHconux plrHKax

anr iaenruQixaqii s qacoBoMy pr4i 4oerorpr,rBanoi
naM'.rri, Br,rrHaqeHtur cepe4nrol AoB)r(HHr,I
nepioguuHoro i Henepiogrunoro qrlxli n (rna:iquxn in),
a raxox AJIf, BcraHoBJreHHr insecrnuiftHol sxocri

Sixauconoro qacoBoro pqAy. Ont{canuE ueroA uoxe
6yru rarox ycriuno BrpoBaAxeHr.rfi n iH$oprraaqifiHi
cr{creMl4 o6po6xu AaHux ra [porHo3yBaHnr a6o
cllcreMa nimpurnrru npnfiuxrrr piuenr Ha

Siuaucooorr,ry ptrHxy, 3oKpeMa s srocri .{ouorr,rixuoro
i ncrpyrraenry npu uo6yaoni ropronnx crparerifi .

Auafl is ocrarrHix nocJriA?rceHb

i uy6.niKarlift

OcHonon :aupononoeaHoi n AaHifi po6ori
\{eroArrKr,r € anropr,rrM Qparralruoro RJS-aHanisy anr
BH3HaqeHrur rroKa3Hr{Ka Xepcra. ,{eralrHo pi:ui
nirxoAu Ao po3paxynKy noK€r3HHKa Xepcra Ha ocHosi
rporleAypr,r R/S-anani:y onucaHi n pagi po6ir xx
3aKopAoHHr.D( arropin [3;4], rax i airvnsururx [5;6].
B po6ori [7] naroazrrcr uopinnrHHr pisunx MeroAr{K
[poBeAeHHrr Qparralrnoro aHali:y Arrr po3paxyHKy
noKn3nr{Ka Xepcra. EunipmHi npaBrrJra ra BKa3iBKr4
Anfl R/S-aHarisy, a raxox oco6nznocri risyalrnoro
aHalisy V-crarlrcruxtl rrrfl. BrBHaqeHHr cepe4Hsoi
rloBxrrHlr ueuepio4nvuoro unxny onncani a po6ori [3].
flpo eQexr AoBrorpr{B€uroi nau'sri B rracoBr.rx psAax
orrcaHo n po6orax [; 3; 8].

Mera crarri

Merorc crarri e po:po6xa i onucannq MeroAr{Kr.r
rrepeA[porHo3Horo lppaxr:alruono aHaliay rracoBr.rx

pxgin, Qopuymoeauua B paMKax qiei MeroAtrKH
rpnrepii'n ouiruosaHHr cepe4nroi AoBXI{HH
HenepioA[.rHux i nepioguvulx quxlin, irmecruqifinoi
qxocri Qiuauconlx qacoBrrx prgir, igeHTr.r$iraqia
p{gin 3 AoBforplrB€urorc [aM'{rrro, ruJurxoM
no?naxvpl{v noka"Hrlra Xencra rra ocrroni neaniqarrii
F - - r  - - - -J ----J ---  - - ' - ' - - - -  -  - -  -  -  - r

lpoueAypr-r nocligonuoro R/S-anani:y.

Oparra.nrHrfi R/S-aHaJri3

Oparramnnff aHaJri3, xx nosuft HanprMoK B
aHaaigi .{unauixr.r SiuaHconrx noxa3Huxin,
c$opuynancr na 6asi reopii Sparranrnnx puHrin, xxa
Ha siAMiny BiA reopii erperrunHux pnnxir, rqo
j'rBt4racfl rue Ha noqarry XX-ro cronirrx, crB€pAxye,
Iuo po3BuroK pr.rHr(oBr.{x upouecin y uafi6yrHrorray, rx i
vafi6yrHi 3HaqeHH.fl aracoBr.rx pqAiB, rKi ni4o6paxalorr
ui npouecil, 3aJle)r(arb nia perpocnerrnsr-ryx :N4iH.
Boaxaerrcx, tr1o npoqec qiHoy'reopeuna 3ar€uroM
mo6arlso gerepuinoeauuft i sarex[ru siA
iroqarKoBllx )'t\,roB, JroxzurbHo x BiH BnnaAxognfi. 3riAHo
3 rrpr{Hrlr4naMu Qparranrnoro anariry, qacoBi prAu
Maxlrr, Qpaxralrny posuipnicrr I <D<2, uaAinesi
BJIACTI,IBOCT{MI,I MACIIITAOHOI lHBaplalrTHocTl

yMoBr4. Bnaxaerrcx, ulo qacosi prAra, rxi ai4o6paxarcrs
po3Br{roK exououiquro< flpoueciB, Marorb SparranrHy
crpyrTypy. @parralrua pornaipHic, r Bxa3ye ua cryniur
<sary6peuocri> qacosoro paay. Hanpuxla4, npaua ninia
uae r [palnamrry porrraipnic,r  D=l , l rqo D=1.5,  ro
.{acoeufi pfl,r\ fluilr,e co6o}o rayccin nnnaAxoenfi trpo{ec.

Ha upaxrHui Spaxranruy pornaipuicrr :auimon'rr
[oK(BHr,rKoM Xepcra H, ua ocnori xoro Bu3Harraerbcf,
cryniur 3rnalxeHocri .racosoro pflEy [3;9]. floxa:unx
H surHaqaerbcr Ha ocnosi $paxralruoi po:vripHocri
sa $opuynoro H = 2-D, Ae 0 < H < l. -f lruo po:6nru
.Iacoenf pf,A Ha u Ailruox oAHaxoeoi AoBxrrHr{, ro
loKa3Hr,rK Xepcra voxe 6y.tu sllsnaqenafi rarnu

/n \r{ r4HoM: l I l  
-orH,\s/u

/p \
Ae l+ | - uoprr,roeaunfi po:rraax ei.{ HaxonrqeHoro

\s/ , ,
cepeAHboro; D - rrr{cJro qacoBr.rx eiA[ixiB a6o rilrxicrr
cnocTepexeHb; q. = const , He3zIJIexHa nia u .

Inururraz cJIoBaMr,r, [oKa3HHK Xepcra ruse co6oro
rrr4cJro u e [0, t], rKe xapaKrepr,r3ye siAHoueHns

cxraAonoi $yHxuii rpeH.{a ,uo 6inoro ury'ry i rvroxe
Br.rxopr{croByBar[cb Artq rnacnQixaqii .{acon[x px4ie:
BcraHoBJreHH.rr HeBHnaAKoBrlx qacoBl{x paain ri criixnu
TpeHAoM Ta BHnaAKoBlrx pnain (e roMy qucli

HemyccoBlrx). Po:paxyuoK noKa3HHKa Xepcra uoxe
npoBoArrrlrcr na ocnoni [poueAypr.{ R/S-aHalisy, xrufi
6ylo 3anporrouoBaHo E. ManAenr6poroM. B
po6ori [0] niu o6lpynrynan fioro eacroconuicrr Alx
AocniAxeHrrq Siuaucono-exonouiqsnx lpouecia.

3anexHo sia 3HaqeHHr noKa3Hr,rKa Xepcra
qacoBoro p{Ay Br,roKpeMJrrororb rar<i xnacuQiraqii:

- rK[Io noKa3Hr4K H qacosoro pray 6lu:rrnfi
4o 0.5, ro qe csiAqurr npo fioro erdua.[xoBicrb.
Y qrouy BHraAKy ue 6y.ue xoAsoi xopemqii rraix
perpocneKTvBHvrMu EaHuMn i uporHorunuu;

- qr{M 6luxqe rroKa3Hr{K H ao I ( H > 0.5 ), rnrr,t
6inrru nepclrcreHTHuu a6o rpeHgocriftrrM e pfl,rl.
flpnnycxaerrcr, uro no.qii He nnnagxoni, i .srulo
BI4HuKa€ qirra reH.qesrlix.racororo prAy Ao 3pocraHHt
a6o na4iunx, To BoHa 3 BenuKoro firrlonipHicrro
s6epexemcr i naaa,ri;

- rurM 6rnx.re [oKa3HHK H ao 0 ( H < 0.5 ), rurr,r
6iruru asrnnepcncreHTHr,{M e p.{r.

y AaHift po6ori Ens. po3paxyHKy rroKa3HHKa
Xepcra 6yaeuo 3acrocoByBaru Mero.4r,tKy, xta
3anponoHoBaua a po6ori [5].

Hexafi 3aAaHo vacoeui pxg 3 n crrocrepexeHb

z= {zi}t, . An" KoxHoro 3 noqarKoBr.rx niapisxis

AaHoro qacoBoro psty bi) f=1 ao"*""n r=3,4, . . . ,n

o6ql,tcrnMo cepe4ui 3naqeHHrr 3a Qoprvrynoro

_r+
2., =: 

Lzi, Haxonn reHi ni.rxrfienHr sHafineNro
'  i - l(canaono4i6nocd) i naM'trrro [po csoi noqarxosi
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t reHAeHqift xpunoi v-crarucrnru. Biu rIoJI{ra€ y
sa/ _ \

3adopMynorc X"t=) lz;-z; l , t=J,4, . . . ,n,po3Max su{sneHHi TorIoK : t l iu l t  reHAeHuif i ,  uo Moxe
/-/ "
i=l ctrrHanl3yBaTr.r npo 3aKlHqeHHt uI,IKJIy, a TaKOX

Rr = r i lax x..1 - min xr,, .  To4i
'  l<t<r lSt<r

BiAxHneHHt A.iIt KoxHoro 3 Bl.IIpl3KlB BI43Haqa€TLcf, 3a

r--;_-
i l . -

Sopuynoro s-  = ' / l IGi-2,Y, r  =3,4, . - . ,n.
\l ' 

'i=r

Poruax Haron[qeHofo eiF.HreHH-r uopualiryerrcr

rrrJrfxoM Ailennr Ha cepeAHboKBa.[parl{qHe ei.[xl4reHHt

An{ xoxHoro nigpi:ra r i 6yayerrca rpa$ix sarexuocri
(o \

tgl * | nia lg(t) (rax:naua, R/S-rpaexropir). [ani Ha
\5t /

ocnoni MeroAy Haffrraenulx rsa,qpariB 6yxyemct
pinurnru dnifinoi perpecii, rcoe$iqiern npn uesalexHifi
rrrainnift rxoro 6yAe [oKa3HIrKoM Xepcra. PinnrHru 6yne

/o \
MarH BHrrItA tCl + l= lg(a)+ H.lg(t), Ae cL = const ." ls,  /

floxasnux Xepcra MoxHa raKox po3ilI{Aarl4 tK

$ynxuiro sis T [3]:

, , I  o( '))
n(,)=+#

'sItJ
iloBeAisxa no6yAonaHnx na ocHoni uiei $ynxuii

H-rpaexropii a6o sarexHocri Syuxuii H(.) BiA

tel - L a raKox fuS-rpaexropii, Moxyrl 6yrra
"\2)

ruxopzcraui ilnt BI{IBJIeHHx raKlitx sflacrt,tnocreft
qacoBoro pflAy, qK: inrepnau aonrorpnnaloi i

xoporxo,plrnaroi ganexnocri (i4enrvQixauir y
rracoBoMy pxAi Aoerorp[sanoi nau'rri);

- uarnnicru ur.rxri'{u[x cKJTaAoBID( i cepe4uroi

AoBxr,rnlr nenepio4lrvnoro t1HKJry.
t t -^^:-- , - - - -^- .
l\,'<ljlqnnJruM aclultul u Ptl{J Muan4 d6D4lrl

JroKaJrbHo Irafi6inuuy qinauxy qacoBoro pfl\y, flKy

MoxHa yMoBHo noAinnru Ha Asi qacrI4HI,I, npuqoMy B

nepurift qacrusi cnocrepiraerscr uocniAoBnicrr,

AoAarHr.rx (nig'euHux) npnpocrin qrenis pfl.ry, a B

apyrift qacruni - HaBnaKn nocniAosHicru niA'euHIax
(aoaarurax) npnpocrir. -frulo rorIKIt [o.tarKy i

raxinqenns rna:iquuy 3HaxoAtrbcr na o4nouy pinni,

ro raxnft xna:iqnr<n Ha3rrBa€Tbcfl IIIIKJIoM. lli.u

AoBlKlrHoK) uuxJry (xnariuraxny) 6y.uerrao po:yuiru

xilrxicrr roqoK qacoBofo ptAy, xxi yrnoprcrorb IIHKI
(xnasiunxn). 3 reopii xaocy nirollo, uo niA r{ac pyxy

6yAr-moi seriuifiuoi crrcreMu 3aBxALI 3Haxo[I,rrbcs
ToqKa, e grifi BTpaqa€Tbct naM'qrb npo novarxoni
yMoBu. CepegHrorc AoBXTIHoIo ul{Kny MoxHa BBaxarI{
qilovuclony BeJI[rrrrtHy, flKa xapaxTcpI,I3ye crifixy

flaM'trb anr nepioAin, MeHtrrl{x 3a ttro BeJIIIqI,IHy.

A-[q sHaxoAxeHrul aoB)KI.{HI,I IIHKny (xnasiuuxly),
qK npaB[Jro, 3acrocoBy€Tbct nirya;rrur,rfi anaris

cepeAnboKBanpaTlrrlHe iHtepnanin 3pocTaHIUI, cra6ir1isaqiT i cnaAaHru xpunoi,

ulo rtpu :6imrueHni qI4cJIa cnocrepexenb BId3Haqa€

rsxiHHr npouecy Ao rlepcHcreHTHoro a6o

BlrrraAKoBoro. 3pocranu.r V-crarucruxvr rtpll

r6i.ururesni qucJla cnocrepe)KeHb BKa3y€ Ha

nepcucreuruicrr noroqHoi AilsHxtt Pfln-Y, a

cra6inisauis Ha repeBaxaHruI 6iloro uryMy.

V-crarncrlma po3paxoByerbc{ 3a Qoprraynoro:

v-=$_,'  Vr,S, ( l )

Ae Rr po3Max; Sr cepeAHboKBaAparlrqHe

ni4xlalenru, r =3,4,...,n .
y po6ori t3] BKa3aHo, tqo MoMeHr sraiHtl

renAeuqii rpaQixa V-crarncruxn, ulo Bl'Ipaxaerbct

rarexnicro V, BiA lg(t) nxaeye Ha AoBXI,IHy flK

nepioAruHoro, rar i HenepioanuHofo uI,IKny.

Meroguna nepeArrporno3Horo

$paxranuroro anaJriry .raconnx psAiB

Mero.4ura IIepeArrporHo3Horo aHaln13y

cKna.uaerbct 3 TaKI{x alropurrrain:

- po3paxyHKy no(a3HI4Ka Xepcra ua ocsoni

nocriaosHoro R/S-ananisy qacoBofo pttry;

- BrcHalreHrur cepeAHroi AoBxI,tHu
ueuepio4lrvuoro qI{KJry fi i4eurr.rSixaqix <Aosroi

nau'sri> a uaconovy paai;

- nia6opy axrnnis MA roprinni Ha ocuoni

pospaxoBaHl{x sa R/S-auanirou noralHuxin.

HaneAeno orrllcaHHs BKa3aHI,Ix alropnrvin,

iarocrpyrovu po3paxyHKlr rlrr, ronxperuoi raAaqi.

Hexafi 3aAano qacosuft pxl qiH Ha 6en3uH (NYMEX)

:a uepio4 z 03.09.2007 no 05.03.2010 p., uoaensi Aasi
ng tliwax 1aKnlrrrfl, JlonxilHa psnv craHoRutr 775.

flosHaqr.rr\,ro ftoro qepe3 Z = Fr\iJt' . Heo6xiAuo

rrpoBecru flepeArlpofnornufi auarig lrboro ptAy.

Kpox I. Biryanisyenao sarauufi qacorlair psA,

ro6ro no6yayeMo rlinosufi rpaQix (puc. l),

z(t)

50 10c 150 20025C 3oO 35C:O0 35C 5C0 550€OC€5C 700 r3C

Pnc. l. 9acosNfi pea uin ua 6esguu NYMEX)
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I y Q_opry aqiilu i m e x u o n o z ii' ynp ae n i u un
Rpox 2. Peali:yeuo npoue.qypy nocriAosHoro rrrBr{AKo 3pocrae, n po6ori t3] Atrfl t > 300

VS-analisy. Porpaxyeuo noKa3HHK Xepcra. rponogy€rbcr Br.r6oplrcroByBarr4 $ynxUiro Cripninra:
Ans sHaxoAxeHHr noKa3Hnxa Xepcra 6yAeuo

po3rnflAarr.r qacoe[fi prA, xxuir e pe3yJrbraroM
noraprasuynanrrs sxi,qHoro prAy 2. lln B[Mora, ruo
o[HcaHa n po6ori [3], He e o6os'q3xonoro. llogHaqruro

Hosrfi .raconuff pr.u vepes Z = Iti]i=t,
,  / - \

\e z i  = t t l j t / ,  
,  i=1,2, . . . ,n (pwc,2).' le(Zi-r ) 
'

,""", ;;#;; ;: ; ff" ffi ##J;'
Hacryunnu erarroM e po3paxyHox posrrlaxy R" i

cepeAHboKBaAparruHoro ni4xmeuHx Sr,{rtx KoxHoro

'  (  ) rr arlprrrin {zi}i=, aonNilHn r, =3,4,...,n. Bne4euo

[o3HaqeHHr X=(x3,x4,. . . ,xn),  Ae x.=lg(r)  i

y=(y: ,yq, . . . ,yn),  A€ yr =r/+. ]  ,  r=3,4, . . . ,n i
\s.  /

[pr4[ycrr.rMo, uto rr,rix sarropauu x Ta Y icnye
niniftna 3arexHicrr, ro6ro Y = a+bX.
I4enrnQixyeuo3HaqeHHr xoer[i4ienrin a i b s yMoBH

MiniMisauii Qynruii i(r, - (a + Ux.))2 -+ min 3a
t=3

MeroAoM safrireurunx rnagparin (aerani MeroAy Ar{B.
[11]). B peryntra'ri .{nr qacoBoro prgy Z orpuuuu
raxi  oqiuxu: a=-0.549, b*0.783. Ouinxa
xoeQiqieura b 6yae [oKa3Hr{KoM Xepcra qacoBoro

pflAy Z, ro6ro H = 0.783. Koe$iuieHr nereprvriuaqii

crarroBr,rrb R2 = 0.9198.

fiw psay Z no6y[yeuo Ha oAHoMy r,narlixv R/S-
i H-tpaerropii ra niniro perpecii Y=-0.549+0.783.X

(pzc. 3).
Kpox 3. flepenipxa rinorern npo :ua.ryuqicrr

rroxuuHlrxa Xepcra grn pxay Z.
Oco6rnnicuo po3paxoBaHoi crarucruxlr e re, ruo

,{JIt HeBeJrr{Koro T soua xapaKTepr,r3y€Tbc{ He3HaqHr4M
ni4xureuHrna. ftx nepenipxu rHauyutocri noxalHuxa
Xepcra 3 BprxyBaHHrM eigxr.urexr crarrrcrr,rrr4
cKopr,rcraeMocr ui.e<oAol,r, 3arrponoHoBaHlrM r po6ori

[12]. Porpaxy€Mo 3HarreHnfl

'[+)=ffiEtr(3)

z(r)
c0?
0 B1

0
-c t l

- r  c i

-0.01
"0 0r

uo eiAnosiaae icruuHocri ocnosHoi rinoretr,r npo
sl4naAxoeicrr qacoBoro prAy Z. Ocxinrxu Errs,
BeJrrrKrrx 3HaseHb r 3HaqeHH.rr rauua-syaxqii f(o)

Itu psxy Z, r.xuit po3fnrAaerbcl, teoperuuHr.rfi

noKuBHr,rK El 5l Q); (3) cranoBr.rrb 0.5452.
tS"J

Orxe, ocrinbxu rroK€ulHr.rx Xepcra AJrr AaHoro prAy
H = 0.783, ro rinore:a npo fioro nnua4roricru
siAx[Aaerrcs. 3HasenH.r [oKur3Hr,rKa Xepcra H nra:ye
Ha re, rqo nxiAHnft qacosrafi pflA Z lepcucrernunfi, a
flpoqec, qo onncyeTbct AaHr.rM r{acoBHM prAoM
xapar$epr43yerbcr HarBHicrro 4onrorprnsaroi nau'rri
Ta Mae rpexgocriftxnfi xapaxrep.

Pxc. 3. R/S- (vopHurvr xo,rroporra) ra H- (cipniu) rpaeKropli
rJrr qacoBoro pfrry Z

Kpox 4. Pospaxyuox cepegurol AoBXr,rHr,r
uenepio.{rvHofo qr,rKny.

Kpu m ep iil eus H aq eH Hn d oectcu u u u enep i oduu u oe o
quKny Ha ocuoei V-cmamucmurcu

Kpnrepifi 6atyerscn Ha 3rnaAxynaxui xpunoi
V-ctarlrcruru ra i,(eHr[Oixauii r,rouenrin ruiuu
noqarxosoi renAeHrlil rpunoi 3 BpaxyBaHHrM
3rJraAxeHux 3HaqeHb. 3rnaAnuo pflA Y, r =3,4,...,n

3a l.onoMonoro rslrqafilroi n.nar+noi cenelsloi ?
nepioaou p sa Sopuynoro:

T,=3,4, . . . rn-p (4)

Ta aAanrfisHoi mnnsoi cepe4Hroi Kay$uana 3a
Qopuyloro:

at  = ctv,  +( l -  c,)a,_r,  (5)

Ae c,  = (8,(r-s)+s)2,  Et  =
V, -Vt-.

r-l

Ilv,-' - vt-i-rl
i=0

xoeQirlieHr eQerrrarHocri rx BignorueHHr 3araJrbHoro
pyxy uilrz Ao cyMH a6coarorunx 3HarreHb uryMoBoro

pyxy pr,rHrry 3a nepioa r ,  t=r+r,n,  f  ,
S - nianosiAHo rxBr.{.qxrft i nonilrsufi xoeSiqieHru
3rJraAXyBaHHr:

s"*o=)E',*-,'

"[+) ffii (2)

79



YnpaeniuunposrumKow cxnaduta cucmew (16 - 2013) ISSN 2219-5300

f  = 2 
,  r=- j - ,  Dr(D.r .-  pt+|  PZ+l ' "

,{onxnua Henepionnvuoro ur.rKny AopinHroe k,
{Krr.to B MoMeHr k nuxonyrorbcr yMoBr4:

l. floqlrsaroqn 3 MoMeHTy k, Qircyerrcx
naAiHHq irqexcy KaySrraana nprHafiuni nporrroM ABox
HacTy[HI,Ix ToqoK, ro6ro ak > ak+l ] 

'tk+2 
.

3a3navraMo, trlo Ao k -i roqxn inAerc KayQrraaua
noBI,IIIeH MOHOTOHHO 3pOCTaTlt, I]lo llo,IcHloeTbcg

nose,4iHroro V-crarracrlrxtt.
2. 3suqafiHa nJrrrHHa cepeAnr B qeft MoMelrr He

nepeBurqye 3HarreHH{ iuaercy Kay$uaHa, ro6ro

Sk < ak ,  s1a1 (  z lp*1 .

3. (Dixcyerscx pi:xa grraiua resAeuuii
V-crarncrnxu ri spocranHs na naAisnr: V1_1 < Vp,

Vt > Vt *t . flpr,r qrouy 3HaareHHr V-crarncruxz e

k -[ roqqi Aocflrae JroK€rJrbxoro MaKcr{M)rMy,
flepeBlrlqyrcqlr 3Har{€Hrur npocroi nluHnoi cepegnroi
ra inAexcy Kay$rraana: Vp > ap > s1 .

Bu6ip r sxocri rlimrpa ruulrsoi Kay$uaHa
nofi cHroerbcr aAanrr{BHr.rM xapaKTepoM iT roe Q iqieurir.
Taxnu qlruoM, ctrcreMa 3a ynoBr{ BItKopr,IcraHHt
Aahoro xprarepiro Mox(e po3paxoByBaru BenHuLrHy
uenepio.{uuuofo qr.rKJry 6es nrpyvannr lrc4nuu, ro6ro
B aBToMaT[qHOuy pexurrai.
I

Fuu. 4. ipa{in V-slaluul urt,r r'a uJllunnx ccpc4uir,..

P=7 ,  r=4, Pl  =3 ,  P2:10

Heo6xiano 3a3Harrurrr, tqo sicr a6cuuc I.nfl
rpaQixa, Ha rxoMy 6yAyrorrcr V-crarrucruxa i mnusi
cepeaHi ssrf,e co6orc nponorapurfrraotaHi suaueuul r,
ro6ro nicrtr orpuMaHrur MoMeHTy, I\Jrfl rKoro
Br.rKoHyroTbcfi nxa^:ani yMoBH: roqKy 3 oci a6cqnc x1,

Heo6xi.uuo cKopr4crarucr $oprraynoro 1 = 19te(*r.).
3a rpa$ixona V-crarucrlrxu i tlurutux cepeAuix

l,trfl, pfl,Ay, mrafi AocniAx(yerbcr, Mox(Ha no6aulrrra, ulo
sra3ani yMoBI,r Br{KoFryrcTbcfl, Nrfl xt = 1.255, To6To

Benr,FrrrHa uenepiogrvHoro ur.rKrry AJrr AaHoro prAy

10lg(l 2ss) 
- 

18 (puc. 4). cnia 3iL3Haqr.rrlr, uo
uepen ipra yN{oB noBlrHHa 3Aifi criloBarr4cb noqrzHaroqr,r 3
roqxu k =10, xp = 1,  raxar ino6y4onanini iperpeci i

aJrt Br43HaqeHHr rroKa3Haxa Xepcra. I{e eunipnuHe
rpaBr,rno cQoprvrylronane e po6ori [3].

Kpum ep iil 6u3 H aveH H2 c ep ed uuoi' d o@rcuHu
uenepioduvuozo 4uKny ua ocuoei

noe ed iu rcu H - ma MS -mp aexmop iii
Bi.qouo, [ro MoMeHr nepeJroMy a6o piexoi :naiHu

uoqarropoi reuAesrdi H-rpaexropiil ax npannlo, :
raxoi u1o 3pocrae, Ha raxy, ulo cna.qae, 3a yt{oBr{, rqo
R/S-rpaerropix nonepeAHro ruisuna cBoro lorrarKoBy
rengenqirc, BKrBy€ Ha AoBXlrHy rlrrK"rry.

flosHa.{uMo qepe3 f(Z) ciueftcrno pxaie

$ixconauoi AoBxlrHr{ m, KoxeH 3 flKr,rx 6yAyerncr s
exi4noro qacoBoro pflAy Z MeroAoM untrHHoro nirHa,

-  
(  )m I .  lm+t , - . lnro0ro pf lAr tz i i ; :1 ,  \z i l i=2, . . . ,  lz i i i=n_tn*1 .  Alr

KoxHoro 3 rlr4x prqin 3acrocyeMo nporleAypy
nocriAonnoro R"/S-analisy, no6yayeuo eianoninHi
H- ra R/S-rpaeruopii i sNsgaqr.rruo AoBXr,rHy rlxxnie

Kj '  j= l ,n-m+l 3 yMoBlr :  roqKa kj  6yae

siAnosiAarll Aosx[Hi rIHKJry I.rrfl qacoBprx prain

{r,}[t-t, trlrro H - rpaexropir n rovqi k.i+l a6o

k; +2 neperunae R./S-rpaerropilo. llpu urorr,ry o6nasi

rpaerropii suimororr uonepeAHro reHAeHldro Ha

c[aAaHHt rroqr.rHaroq[ 3 ToqKr.t ki , ro6ro Htr*t < Ht.;

i  (R/S), , , . (Ris)"  .  (Rrs), . , "  )H,
'  '^r ' -  ^ j -2 

I

R/S-rpaerropia He 3HaxoAr.rrbcr n roHi
aHrurepcxcreHruocri, ro6ro (R/S)k > 0.5.

lani no6yayeruo ricrorpavy po:noainy AoBXHH

ryrrnis k; arr cinaeftcrsa qacoBr.D( ptsiu {zt}:ltt,

j  =1,4t-ttt+t. Ha ocuoni ricrorpauu MoxHa oqixsru

cepe.qHro AoBxr,rHy uKKJry. ,ftr axiguoro psly veAiana
craHoBrlTb 18, a cepe.que 3HaqeHr{r - 18.81, ro6ro
cepeAHt AoBXLIHa uuKly craHoBurl l8 po6ovlrx 4lin.

Koxes 3 o[ucaHr4x xpnrepii'n noKa3y€ BHcoKy
eQerruaH ic'rb BcraHoBJreHrur BeJI kq r{Htr rlr4 xn i s n iA qac
po6oru B aBToMarr,rquouy pexrui.

Kporc 5. AocriaxenH-fl noseAiHxu noKzBHr,rKa
Xepcra s .4r,rHar,riqi.
Hl

0-s

0-s

t.g
Ln

0.9

0.8€
0s

0.52

03

0.78
0.?8

0.71

s'c .20 340 sc 580 tr' 64 s0 650 *c tt! r:c 
"o 

tuo 
lH:i..1:H:?:: r,.,

Pnc. 5. fpatlix nose,{ixxn nox. Xepcra n AuHarr.riui

3 ueroro 6inrm Aeralrnoro aHali3y qacoBoro
pstry rrponoHy€rbcr aocliAxynaru noseaiHry
noK,r3Hrlxa Xepcra s AEHaMirIi. Pe:ylrrarlt usoro
Aocni.4xesng Moxyrb Br4KopucroByBarlrcb \nn
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ln $ o pua4ittu i me xu o no zil ynp ae n iuun

po:6urra pflxy Ha AirsHrlr 3a plBH€M lx

nepurcrenruocri. I{e Ao3Bont€ npocligxyearn
noroqnnfi po3BI,IToK npouecy i cnpomorynarn fioro na

uafi6yme. fhnrtrtuft ttoKIt.eHHK rsrle co6op Synxqiro,
xra 6yryerrct 3a noxa3Hllxaun fepcra Arx ciMeficrsa

pr4ia F(Z), rxi yrnoprcrcrrcr s AocriAxyBaHoro

qacoBoro p,a,ry Z MeroAoM nJtI HHoFo nixna' ,ftr
qacoBoro pngy, xxnfi AocliAxyerrcr, rpatlix ruiHu

roKa3Hr.rKa Xepcra (puc. 5) AeMoHcrpye re, Iqo
qacosnfi pflA rlepcl{crernnuil flK 3aftuloM, rax i ua

JroKurJrbHI{x ni4pisrax ( m = 500 ).
Kpox 6. Bn:Haqeum iHsecrlnlifiHoi rxocri aKrIlBy'

rrnft npeAcranr erbcfr. tpiuanconnl qacoBHM pfl.[oM.

3aAaqa Qopuyrnonannfl Ha ocHoni R"/S-ana.rriry

rprnepilo nia6opy axtmis, uo [peAcraBJl{arbct
qacoBr{Mn pflAaMI.{ Ant toprind, Taxox Moxe

craBnrucfl 3 roqKl.t :opy ouinxu prBIrKy Sinauconoro
iHnecrynaHnr y lani aKrI,rBrI. {r gaAaqa uoxe 6yrx

BlrKopl,rcraHa 4rr uo6y4onu xpurepii'n oig6opy axtrais

Ao iHsecuqifinoro noprQemo. 3aAaqa, flKa craBl{Tbct

nepeA cy6'exrou pH3I,IKy, B AaHoMy BI,InaAKy

inrecropou, uonrfa€ y nu6opi 3 MHoxHHtt MoxJIIIBID(

arrnsis raKr.rx, irInecrynaHnr $iuauconrrx pecypcin n
qri ga6egne.rrro 6 uaxcuua:rrnnfi eroHouivuuft e$exr

siAuosiAuo Ao BHMor cy6'erra 3 BpaxyBaHHtM

SiHaHconnx pnrurin.

Hexafi KoxHoMy aKrvIBy crulBl4rbct y

eiAnoniAuicrb perpocreKrueua inSopnaqia y surlrrAi
rracoBoro prAy uin Ha AaHuil aKTI,IB. Arrun

Ha3r{Baerbcfl irnectuuifttto-micnuu, sruro:

- Sinancoar.rfi .Iacosnft pflA e p{AoM 3

noBrorpllBnnolo nau'lttto;

- noneAiuxa rIoKit3HI4Ka Xepcra s AuHaluiqi

AeMoHcrpye criflry nepcncreHrHicrr sa .qinrnqi pr4y,

flKa rrepeAye rxoAy iHrecropa Ha punoK;

- rpn BucoKLx 3HaqeHIUrx nora:ruma Xepcra ra 3a

yrvfoBr,r HarBHocri xopo'rxlo< u[xris MoxHa crBepAx(yBarl'I,

uo plil{ox 3pocrae, i uanuaxu, flKIrIo 3narleHru{ rloKtt3HnKa

Xepcra nusr,ri, To y BI,InaAKy nagsHocri AoBfID( r[rrudn,

MOXHa CTBepA)$/BaTI,I, IIIO pLIHOK CnaAae.

Bncnonxn
y po6ori 3a[porlouoBaHo MeroAI'IKy

[epeA[porHo3Horo tfpaxralrnoro analisy qacoBllx

prAir, cQoplrylronaui xpnrepii AIrfl BLBHaqeHHS

cepeAnroi AoBxI{H}t uepiogn'ruoro i nenepioAl{tlHoro
qurnis ra inrur,rx rfpaxranrnrx xapaxTepucrllrK.

Pe:ymraru aHari:y Moxyrb 6yru racroconaHi

iunecropauu ra aHalitnraMl,I AJII nig6opy uaft6inrul

isnecruqiftuo-micnnx, axrr.rain, xxi npeacraBJlf,K)rbct

QiHaHconnur aIacoBI,IMH pf, AaMLI.
Ha ocHoui flpoBe,ueHax AocniANeHr 3a

AonoMoroKr xorran'rctepHoro MoAeJIloBaHHt 6yno

uiarnepAxeno, ulo bilruricrr qacoBnx prAis, rri

xapaKTepra3yrorb po3BLIroK eroHoltiqnzx npouecin e

6inrru a6o MeHIIT nepcl{creHTHI,IMI.l i na.uineni

AoBrorplrBaJrolo naM'{TTIo npo croi noqarxosi yMoBI'I.

Taxox cliA garHaqnrn, Iqo axuto H-rpaerropir nlr
M€rJrHX 3HaqeEb r AerKoro qacoBoro pfiAy AeMoHcrpye
pi:ry rrvriny reHAeHqii Ha cnaAaHHt, rprFloMy

rbcn HHXqe pi"", e[]], ro'  
\S'  /

rle Moxe csiA.{ilrn fipo re, qro ptA He HaJlexl,rrb .qo
qacoBrrx pr.{in : AoBroro raM'srrro. Ane ocraro.{Hllfi
BLrcHoBoK MoxHa rpo6nru, BpaxyBaBInIt noKa3HI,IK
Xepc'ra, .rrlrfi n rlboMy BunaAKy 6yAe 6lnsrxltu a6o

- - [R,]MeHUIHM 3a TeOpeTI,ItlHHU nOKa3HI'Ift trl =- I .
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