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PaccmarpuBaercas npobjiema OOHAPYKEHUS HTPUUUHHO-CJIEJACTBEHHBIX CBHA3€H B PA3HOPOIHBIX
BpeMeHHBIX pafax. lIpeamaraerca TporHocTHIeCKasd MOAEb, HUCIOIb3YIONIAas BHIABIEHHDIE CBA-
3u. Mopnens mpeanazHaveHna Jjs TPOTHOZUPOBAHUS 3arpYKEHHOCTH KETe3HOIOPOKHOTO Y3JIa.
Mogeb nCoIb3yeT Kak NCTOPUIECKUE JAHHBIE O 3arpyKEeHHOCTH, TAK W BHEITHUE TaHHbIe: Oup-
JKeBbIe TIeHbl Ha OCHOBHBLIE MHCTPYMEHTHI M HOPMATUBHBIE TOKYMeHTHI. 1Ipn mocTpoennn Momean
UCTTOJIB3YIOTCA IKCIIEPTHBIE BHICKA3BIBAHNA OTHOCUTEIHHO BUAA CBSI3€ii. Hpegﬂomeﬂ MeTOod OIeH-
KU JIOCTOBEPHOCTH 3KCIEPTHBIX BBICKA3bIBaHMIT. MeTo ] IpOMLIFOCTPUPOBAH JTAHHBIMHU I'PY30BbIX
mepero3ok P2KJI.

KimroueBbie ciioBa: spementbie pPadvl, NPOZHOZUPOSIHUE, 302PY3KG HCEAEZHOOOPONCHOZO Y3,
NPOZHOCTMUYBECKAA MOOEAD, IKCTEPTHOE GHICKA3bIEAHUE.
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The problem of detecting causal relationships between time series is studied. The authors pro-
pose a forecasting model that considers detected relationships. The model is aimed to forecast
the utilization of a railway junction station. The model relies on the history of a junction sta-
tion utilization as well as on the time series for the main financial instruments and regulations.
Expert’s assessments are used to construct the model. A method that evaluates plausibility of
the expert’s assessments is proposed. The method is illustrated with the Russian Railways data.
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BeepeHue

[Ipu nmporuo3upoBaHuu rpy301epeBo30K HEOOXOJAUMO YUYUTHIBATH KaK HPEIbICTOPUIO CAMUX
NEPEBO30K, TAK W pa3jnyHble BHelTHHE (PAKTOPbl. TaK KaK MHOXKECTBO BHENTHUX (haKTOPOB,
BJIMSIONIAX HA 00HEMBI TEPEBO3UMBIX TPY30B U, KaK CJIEJCTBUE, HA 3arPYKEHHOCTH YKeJIE3HO10-
POYKHBIX Y3JIOB, BEJTUKO, TO JIJI BbIOOPa (DaKTOPOB MpeNoIaraeTcs NCIOIb30BATh IKCIEPTHHIE
OIEHKHU. DKCIEPTHI BHICKA3BIBAIOT TUIIOTE3bI O BAUSHUU BHENTHUX (haKTOPOB HA IPY30Ie€PEBO3-
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ku. Tpebyercst IpOBEPUTH 3TH TUIIOTE3bl, OOHAPY KUTH BJAWSHUE BHEITHUX (PAKTOPOB U OIEHUTH
JIOCTOBEPHOCTD IKCIEPTHBIX CYZKIAEHU.

B nmanmnoit pabore sKcHepTHBIE BBICKA3BIBAHUS O BIAUSHHHM BHEITHUX COOLITHII Ha Ipy3ole-
pPeBO3KHU TpejacTaBaeHbl B Tabiauie 1. B mpapoii KomoHKe mepeducaeHbl (PaKTOPBI, KOTOPHIE,
C TOYKM 3DEHHS IKCIEPTOB, OKA3ZBIBAIOT BJIHMSHUE HA 00bEM I'Py30MepeBO30K. B 1eHTpaibHoil
KOJIOHKE TePednCeHbI TPYIILI I'PY3a, COOTBETCTBYIONNE 3TUM (bakTopam. B JieBoii KoJIOHKe Tie-
peUnc/IeHbl BBICKA3bIBAHUS JKCIIEPTa O XapakTepe Biudnud. B tabnune nmepeduciaennsl paxTo-
PBI, BIUSHUE KOTOPHIX MMOJTBEPIUTH UJN OITPOBEPTHYTH 3aTPY/IHUTEIHHO U3-3a HEJIOCTATOYHOTO
KOJIUIeCTBA JIAHHBIX.

DKCIEPTHBIE BHICKA3BIBAHUS HOCAT KAYeCTBEHHBIN XapaKTep W MPEeJICTABICHBl B HOMIHA/Ib-
HBIX (OKa3bIBaeT JaHHBIH (DAKTOD BIMsIHHE HA 3arDYKEHHOCTH KeJe3HOJOPOKHOIO y3jia MK
HET) W PAHTOBBIX IMIKAJAX (CTeleHb BJIUSHUS — BBICOKasl, HU3Kasd, (DAKTOpP He OKA3BIBAET BJIHSI-
HHs). B CBSI3U ¢ BO3MOXKHBIM HECOOTBETCTBHEM KCIEPTHOTO CYKIEHUsT H3MEPSIeMBIM JTAHHBIM
W ¢ BO3MOXKHON HECOTIACOBAHHOCTBIO |1| BBICKA3BIBAHUI HECKOJIBKHUX IKCIIEPTOB TIpeJTara-
eTcsd PeluThb 3aJa49y ONpPeeeHNs JOCTOBEPHOCTH IKCIIEPTHOTO BbICKA3blBaHUA U pa3paboraTh
AJITOPUTM TMOJYyYEHUs OIEHKHU JOCTOBEPHOCTU. MeToabl moydeHns SKCIePTHBIX OIEHOK U BbI-
CKA3bIBAHU{ M MPOBEPKH WX HEMPOTUBOPEIMBOCTH OMUCAHBL B [2].

Tabauna 1: ®akTOopbl SKOHOMUYECKOTO W IPOU3BOJICTBEHHOIO XapaKTepa, BAUMAIONINE HA JTUHA-
MUKY TTePEeBO30K

Ne | Bun daxropa, Baumsomero Ha | ['pynmbr rpy3oB m orpaciau, Ha | CremneHb W XapaKTep BIUSHUS

00beM TPYy30IepeBO30K KOTOPBIE OKA3bIBAETCS BJIUSTHUE
1 | Mupossie u BayTpennne 1eubl Ha | Hedprs n mHedrenpoaykrel, dyep- | Ha skcmopTHbIe mepeBO3KHU BIIH-
COOTBETCTBYIOIIAE AKTUBbI HblE METAJJIbl, [IBETHbIE Meraj- | sHue cuibHoe. CBsa3b ObiBaeT
JIBI, YIOOpeHus, yroab U JIp. KaK MPSMOM, TaK U OOPATHOIA.
2 | Kypc py6mas x gosnapy Ipysbi, ornpaeisiemble Ha 3Kc- | CTemeHb BAUSHUS I 9KC-
nopt (Hedrb u HedTENPOAYKTHI, | MOPTHBIX I[IEPEBO30K 3a4aCTyIO
MeTaJllbl, YIOJlb) BBICOKAS.
3 | Ce3onnoctnb MPOW3BOJCTBA | 3€pPHO, OBOIMM, OaxdeBble Kyjib- | CTeneHb BiusHUS BbICOKas. [lu-
MPUPOSHOTO-KJIUMATHIECKOTO TYpbI HaMHMKa II€PEBO3KH CBJ3aHA CO
XapakTepa coopom ypoxkas. IloBbieHHbIH

00'beM TIEPEBO30K [TPUXOIUTCS HA
WIOJIb, ABTYCT W CEHTSIOPH, WHO-
& HA OKTSAODPb.

4 | Cesonnocrb cupoca ua npoayk- | Crpourenvhbie rpy3ssr (mebenb, | Crenenb BiusHus BbicOKas. lu-
§182800) KUPIIMY, LEMEHT, IIPOMCHIPHE) HAMUKA II€PEBO3KU CBs3aHA C
CE30HOM CTPOUTEJbHBIX pPaboT.
Iluk npuxomuTcd HWa JETHUE
MECSIIIBI.

5 | Ocobennoctu rexuosorndeckoro | Pazmuunbie rpyspl. Hanpumep, B | Bo MHOrUX ciiyuyasix sBISIOTCS
[UKJIA B PA3JIMYIHBIX OTPACIIAX cosies1o0blue B LIEPUOJ «COJIeHA- | orpaHuuuresieM (Kak BepxXHei,
BUTAIMW» BHICOKWH yPOBEHB JO- | TaK W HUXKHEH rpanureii) oobe-
ObIYM, & B OCTAJbHBIE IEPUO- | MA MOTPY3KHU TPY30B.

JbI 3aBUCUT OT BEJIMUUHBI CKJIA/I-
CKHUX 3aI1acoB
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Tabauna 2: HepaccmaTpuBaembie (paKTOPBI 9KOHOMUYECKOTO U IPOM3BOJICTBEHHOI'O XapaKTepa,
BJUSIIONINE Ha JUHAMUKY MEePEBO30K

Ne | Bun daxropa, Biusmoomero Ha | I'pynmbr rpy3oB um orpaciau, Ha | CremneHb u XapaKTep BIIUSHUS

00beM TPY30IIepEBO30K KOTOpBIE OKA3bIBAETCS BJIMAHUE
1 | Cesonnocrb, cBsizaHHas ¢ HaBu- | ['py3sr, kKoropbie nepeBossrcs | CreneHb BIMSHHUS BbICOKAS JIJIs
rammei BOJHBIM TPAHCIIOPTOM TTPOM3BOJICTB, PACTIOJIOKEHHBIX B

npegengax JOCATaeMOCTH  CyHO-
XOIHBIX IIyTeH.

2 | IIpoussoucrennbie momnocru | JobpiBaomue orpaciau  (yrie- | Bo mMHorux coyuvasix sisorcs
3aBOJIOB W JIPYTHUX MPEANPUATHN | H0ObIYa, [00bIYA COJIM, KaM- | BepxHeil rpaHuieili obnema mo-
H THUICOBOTO, mH00brda Hed- | TPY3KHU TPY30B.

n); HedTenepepadaThIBAIOIINE,
HeDTEXUMUIECKUE, METAJILY PIH-
YecKue MPOU3BOJICTBA.

3 | 3amachl roroBO# HMPOJAYKIUU HA | — Bo mHoOrmx ciaydasix JuHAMUKA,
CKJIQ[IaX MPEINPUSITHI 9TOrO TOKA3ATEJIS SIBJISETCS Me-
poit cupoca Ha NPOAYKIWIO JaH-
HOTO TPEINpPUSITHSI, & CIOPOC B
CBOI0 OY€epe/ib OKa3bIBAET BJIM-
sHUE Ha IJIAHUPYyeMble OObeMbl
TPOU3BO/ICTBA.

4 | Honm morpy3ku mnpenampusatus, | Bce rpy3nl, mepeBo3ka kKoTo- | Ha cBepxmadpHUX pacCCTOSHU-
MPUXOJSAIINECS HA IPYTHe BUABI | PHIX BO3MOXKHA AJbTEPHATHUBHBI- | X IEPEBO3KU BJIASHUE HU3KOE,
TPAHCIIOPTA MU BHJIAMHU TPAHCIIOPTA JJISI MACCOBBIX I'DY30B HHU3Kas;
J7S  OCTAJIHLHBIX TPY30B, OCO-
OEHHO Ha KOPOTKHWE W CPEIHUe

PaCCTOSHUS.
5 | MorsocTu cranmuit morpy3Ku Bce rpyssr Boicokoe B caydagx — yBenm-
qeHust [IPOU3BO/ICTBEHHBIX
MOIITHOCTEHN peANpUuATHI-

TPY300TIPABUTEIEN W HU3KUX
MOIITHOCTEH CTAHIUN WM HU3KUX
epepabaThIBAIONIAX  CIIOCOOHO-
creil rpy30BbIX (PPOHTOB.

DKCIIEpTHOE YTBEPXKICHUE O BJUSIHIUU HEKOTOPOro (paKTopa Ha 3arpyKeHHOCTh YKeJIe3HOI0-
POYKHOTO y37a WHTEePIPEeTUPYyeTcd KaK yTBePXkKIeHNe O MPUINHHO-CJIEJICTBEHHON CBA3N MEXKITY
BpPeMEHHBIMH psijamu. Takum oOpaszoMm, Jijisi OIEHKH JOCTOBEPHOCTH SKCIIEPTHOI'O BbICKA3bIBa-
HUS HEOOXO/IMMO UCCJIeI0BaTh PsA/Ibl HA HAJUYINE TPUINHHO-CIE/ICTBEHHON CBS3M.

CriocoObr 0OHAPYZKEHUST TTPUINHHO-CJIEICTBEHHONW CBA3W UCCAEI0BAHBI W IMHPOKO PACIPO-
crparensl B |3, 4]. [loxxox I'peiinzkepa, IPUHATHIH B 3TUX PaboTax, OCHOBAH HA CDABHEHUW
TOYHOCTHU IPOTHO3A UCCJIEJYEMOTO BPEMEHHOTO Psijia UCKIYUTE]TBHO 10 €70 UCTOPUU U TIPHU
HAITYIUN THGMOPMAIUN O APYTUX BPEeMEHHBIX psaax. B ciydae, ecau yaydirenne mporuo3a moi-
TBEPZK/IAETCSA CTATHCTHIECKH, TOBOPAT 0 G-3aBHCHMOCTH 5] BpeMeHHbBIX psi1oB. [Ipu 3T0M HuKa-
KOil mH(pOpMaInuu 0 CTPYKTYpe 3aBUCUMOCTH MEYK/Iy PSJIaMU MOJyYuTh He yiaaercsd. Hampumep,
ecJIl U3MeHEHUS JIBYX HCCJIeIyeMBIX Ps/I0B BbI3BAaHBl TPEThbUM BPEMEHHBIM PSJIOM, O KOTOPOM
UCCaeI0BaTe b He 3HAET, pALy OVIyT Npu3HaHbl G-3aBHCHMBIMH, XOTS ITPAIUHHO-CJIEICTBEHHOM
CBSI3U MexKJy HuMu HeT. B pabote [6] onucanbt ciocobsr pacuupenust moaxoaa I'peitapkepa s
oOHApPY KEeHHUS CTPYKTYPbI CBA3€H MeXKJ/Iy BPEMEHHbIMH PsiIaMu.
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AJtbTepHATHBHBIN MOIXOJ, MOJEINPOBaHNEe CTPYKTYDHBIX ypaBHenwuii (structural equation
modelling), paccmorpen B paborax |7, 8|. B sroM cirydae umccienoBaTesib CTPOUT MO, OC-
HOBBIBAasICh HA CBOUX IIPEJIIIOJOKEHUAX O CTPYKTYPe MPUUYUHHO-CJIEJICTBEHHBIX CBA3eil MeKITy
U3MEePEeHHBIMU BPEMEHHBIMU PsA/IAMU, & TAKZKe PATaMU, 3HAUEHWT KOTOPHIX 10 KAKUM-TUO0 TTPH-
IHHAM HEM3BECTHBI, 4 3aTeM HACTPAUBAET €€ B COOTBETCTBHHU ¢ JaHHBIMU. B pabore [9] 06cyx-
JaeTcsd BO3MOKHOCTD, CJIeJIaB BBIBOJ, O HAJIMYNN CBA3W MEYK/LY BPEMEHHBIMU Ds/IaMU, TePEeHECTH
9TOT Pe3yAbTAT HA BPEMEHHBIE Ps/Ibl TOTO JKe XapaKTepa, HO W3MepPeHHbIe B JIPYTUX YCJIOBULIX.

MeTo CXOIAIIerocst MepeKkpecTHOr0 OToDpaykeHnst (aHIJI. convergent cross mapping,
CCM) [10, 11], npeaozkernsrii B 2012 1., TO3BOJIAET ONPEIETUTD, ITO BPEMEHHBIE PSIJIbI TIPHHA/T-
JIeyKaT OHOM TUHAMUYECKON crucTeMe. DTOT MeTo 1 ObLT pa3paboTaH /s BHISBIEHUS TPUINHHO-
CJIEJICTBEHHBIX CBsd3€ell B cjydasix, Korja rect ['peiinjizkepa He HPUMEHUM WJIM HE MOXKeT 00-
HAPYKUTH CBA3U. MeTosn ocHOBaH HA TPEOOPA30BAHHUU ITPOCTPAHCTBA COCTOSHUM CHUCTEMBI H
cpaBHeHun OJiMKAMINUX cocejeil OHONW M TOW YKe TOYKH B MPeoOPa30BaHHBIX CHCTEMAaX U 3a-
KJTI0YAeTCs B MPOBEPKe CXOMMMOCTH KO3 PUIHeHTa KOPPETAIUA MeK Ty CHPOTHO3MPOBAHHBIMUI
U MCXOJHBIMHM 3HAYEHUSIMH UCCJIEIyEMOTO Psiia TTPH YBEJHUeHUHn 00beMa BBIOOPKH.

NocTtaHoBka 3apga4yn

3a7aH0 MHOXKECTBO BpPEMEHHBIX DsiioB S = {Si1,...,S,,}, B KOTOPOM BpEMEHHOH psij
s; € Z", v € T — BpeMeHHON psJ, COCTOSIINHA U3 ITEMEHTOB, COOTBETCTBYIONIUX UHUCJIY Ba-
I'OHOB, IPOXOJAINUX Yepe3 CTaHnuo. [lososicumenvroe 3HaUenue INCMENMA 6EKMOPA S;; 03HA-
waem npurodauwul 6azon, ompuyamesvroe — omnpassroujutica. Kaxaomy s;;, j € J =
= {1,...,n mOCTaBJIeHE B COOTBETCTBHE ABe MeTKU ¢(S;;) € G u h(s;;) € H — tun Barona u
BH/JI TIEPEBO3NMOTO TPY3a.

MHOKeCTBO HHIEKCOB Z COOTBETCTBYET MHOXKECTBY JKEJIE€3HOJTOPOKHBIX Y3/I0B (CTaHmuii), a
MHOZKECTBO J COOTBETCTBYeT MHOYKECTBY OTCYETOB BPEMEHHU.

Bajano MHOXKecTBO BHemHNX hakTopoB X = {Xi,...,Xp}, B KOTOPOM BpeMeHHOH psij]
x; € R, i € Z. Bajan Habop IKCIEPTHBIX BBICKA3BIBAHUIT (i O BJIUSIHUNA BHEMTHUX (DAKTOPOB X
Ha BPEMEHHbIE DSBS,

= p(x,s) € {«+», «»}.
Tpe6yeTCH MPpOBEPUTDH IKCIIEPTHBIE BBICKA3bIBaHUA U IMOCTABUTH B COOTBETCTBUEC KazKJIOMY BbI-
CKa3bIBAHUIO 3HAYEHUE JIOCTOBEPHOCTH.
Buissnenne G-zasucmmoctu MeXxngy BpeMEeHHbIMN pagamMmm

Tect ['peitrazKepa MpUMeHAETCS MPU MPOTHO3UPOBAHUT C TTOMOTILIO TTHEHHBIX PerpeccuoH-
HBIX Mojieniefl. [IycTh s 1 X — HccaeayeMble BpeMeHHbIe PSJIbl, TOT/Ia JUHEeHHad PerpecCHOHHAsd
MO/JIe T UM€eeT BUJI;

§j :Zatijt—Fthl’j—t‘*‘gja VRS ja (1)
t=1 t=1

jfj = Z CtSj—t + Zdtxj—t + gj J S j (2)
t=1 t=1

3/ech T — KOJIWYECTBO MPEIbIAYIINX 3HAYEHUN, MPUHUMAEMbIX BO BHUMaHuUe, psiasl a, b, c, d
COJIEePzKAT Beca YIUTbIBACMbIX OObEKTOB, a £ 1 §; — OLIMOKU IPOrHO3UpoBanud. ByaeM cuuTarh,
4TO BpeMeHHOH pdJ]l X BjedeT 3a cOOOU BpeMeHHOH psl S , ecIH MOIY/Ib OMIMOKH € = S; —
— 5 IPOTHO3UPOBAHUA PAJa S YMEHBIIACTCS NPU BKAIOYCHUN B MOJe/Ib 3HaYeHni pana X. na
HPOBEPKH 3HAYUMOCTH YMEHBITEHUS ONTUOKHN 1IPU JI0DABJIEHUN B MO/JIE/Ib PAIa X BOCHOJIb3yeMCs
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crarucrukoit @umrepa. [lycrs mua psina s mocrpoera Mojesb (1), yauThIBAIONAs HCTOPHIO P
x. [TocTpoum Takke JIMTHEHHYIO PEIPECCHOHHYIO MOJE/b, OCHOBAHHYIO TOJIHKO HAa HCTOPUH S:

§=Y wsj+&, jeJ. (3)
t=1

Torna mpumenenne Tecta ['peffnKepa cBOAUTCS K BHITUCICHUIO CTATHCTHKA

(RSSs — RSSs) /7

P = RSs/(7—20) “

U CpaBHEHHIO €€ C KPUTHYICCKUM 3HaYeHUueM IIPpU 3aJaHHOM YPOBHE 3HAYUMOCTH. S,ZLer

RSS@ = 263 = Z(Sj — §j)2a

jeJ jeT
JjedJ JjeJ

Hynesas runoresa 3ak/ai04aeTcs B HPENOJIOKEHUN, YTO Psiji X HE OKA3bIBAET BJIMSAHUS HA 3HA-
qeHnus psija s. [pu vysesoit runorese F' npunaiekuT pacupe/ensennto Puirepa co CTeneHaMu
cB0o0OIBI T 1 |J| — 27. TloJiydeHHY 0 BEPOATHOCTD OTKJIOHUTH HYJIeBYO runote3y 1 — p(s, x), riae
p(s,x) — KpuTHIecKoe 3Hadenue F-ctatuctuku 6yIeM HHTEPIPETHPOBATH KAK JTOCTOBEPHOCTD
9KCIMEPTHOTO BBHICKA3BIBAHUS (S, X).

UccneioBanne JaHHBIX O BJMSHUU 11€H HA OCHOBHbIE MHCTPYMEHTBHI HA IIEPEBO3KH COOTBET-
CTBYIOIIUX T'PYII I'PY30B NMPUBEIEHO HUKE, B pa3jiesie « BhrancjanuTe bHbIl S9KCIePUMEHT ».

Tecr ['peitrakepa NIpUMeHUM K psijaM, 00 JAI0NNM He 3aBUCSIIIIME OT BPEMEH! MaTOXKH-
JlaHueM u jucrnepcueii. Ecan ucenemayeMblil psr He 00J1a1aeT STUMHU CBOHCTBAMH, HEOOXOIUMO
HPUBECTH €0 K COOTBETCTBYIoNEeMY Buay. Kpome Toro, B camom onpejaeneaun (G-3aBUCUMOCTH,
JlaHHoM ['pefinjizkepoM, 3aK/II04aeTcs PEJIIOJIOKEHHe O Pa3/Ie/IMMOCTH UCC/Ie/yeMbIX BPEMEH-
HBIX psagioB. 1oyl pa3aenMocThio pAa0B 3/71eCh UMEeTCs B BUIY, UTO JJId PAa S MOXKHO IO-
CTPOUTH MOJIEh (3), He YIUTHIBAIOILY IO HUKAKOH WHGOPMAINK O BpEMEHHOM psijie X. B ciaydae
JIMHEHHOU 3aBHCHUMOCTH 9TO BBIIOJJHSAETCS, OJIHAKO B CJAyYae CJIOKHBIX JIUHAMHYCCKUX CHUCTEM
Pa3IeIMMOCTDb, KaK IIPABUIO0, OTCYTCTBYET.

Mcnonb3oBaHue meToga cxogsiLerocsi nepekpecTtHoro oToopakeHus
AN BbISIB/IEHUS1 3aBUCMMOCTU MeXAY BPEMEeHHbIMU psigamMu

g nccnenopanust 6osiee CIOKHBIX IUHAMAYIECKIX CUCTEM, HAXOAIIUXCS BHe 00JIaCTH MPHU-
MeHeHUs TecTa |'peliHmzKepa, CYIIECTBYET MeTO, CXOMALANIErOcs MePEeKPECTHOTO OTOOPAKeHUs .
DTOT METO/ CYIIECTBEHHO onmpaercs Ha Teopemy Takenca [12, 13|. Pacemorpum muoxkectso M
COCTOAHUN HEKOTOPOH JUHAMUYECKON CUCTEeMbl

X; = QD(X]'_l), X € Rd . (5)

Corutacuo Teopeme Takenca, 1pu COOJIIOAEHUE OIPEJIEJIEHHBIX YCJIOBUN JMHAMUYECKAs] CUCTEMA
MOZKeT ObITh PEKOHCTPYHPOBAHA C IOMOIIBIO MOC/IE0BATEILHOCTU €€ HAB/II0JAEMbIX COCTOSTHHUIA.
A wmeHHO, yTBep:KaaeTcs, 9ro MHOKecTBO My = f(M), Tie

f@) = (z,0(2),..., 0" (z)).

MOZKET ObITh HCHOJIB30BAHO JIJIsl OMHCAHUsI cHCTeMbl (5).
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J
(a) MuoxecrBo Mg = {(s;,5;—+), j € T} (6) MuoxecrBo My = {(zj,z,_;), j € T}

Puc. 1: Muoxkectsa Mg u My

Onuirem nporeIypy UCCIeJI0BaHNsT 3aBUCHMOCTH MEZK/Ly BPEMEHHBIME DAIAMA S U X C O-
MOIIBIO METOJA CXOJSIIErocs MEePEeKPECTHOrO 0ToOpaxKenus. 1IycTh psaabl 8 U X M HMEIOT 110
cTaTouHO Goublryo Heropuo. Pacemorpum muoxectso M = {(s;,7;),j € |J|} nap 3nadennit
BPEMEHHBIX DSJIOB S W X, N3MEDEHHBIX B j-il MOMEHT BpeMeHH. B cuity mpennosioxkennii o jim-
HEMHON 3aBUCUMOCTU O MEXKAY PAJgaMu,

@(xT) =Tjr, gD(:BT) = Tj—r,

rae 7 — BbiOpanuoe B (1), (2) 3nauenue 3amep:xkku. Torma orobpaxkenust fs : M — Mg u
fx : M — My, onpesenennbie Kak

fs(sjaxj) = (Sjasjf‘r) = S<j)7

(j),

fx(sj,25) = (25, 35-7)
JIOJIZKHBI COXPAHATH CBOHCTBA cucteMbl (5).

Pacemorpum touky @(j) muoxectBa My. Haiimem aist Hee d + 1 Gmmkaidimux cocefeit
x(j1),x(j52), ..., x(jgr1)- [lpeamosarasi cBA3b MeKIy PsIaMU X U S, CIUTAEM, YTO UH/IEKCHI

Ty Jdt1 (6)

Oamkaimux K () coceleit B My sIBASIOTCS Tak:Ke WMHIeKcaMu Omzkaiimux K (j) coceneii B

Mjs. Ucnonb3ysa 3sHaYEHUA Sj,, Sj,, - - - , Sj, ., BPEMEHHOTO PAJa S, IOJYyIUM IPOTHO3 3HATCHHA S

d+1

8= ) wisy,. (7)
i=1

Beca Ww; MMOJIy4daloTCd 9KCIIOHEHIINAJIbHBIM B3BEIINBaHUEM €BKJIMAOBBIX paCCTOHHI/Iﬁ T’(Sji, Sj) oT

Sj J1O FTEMEHTOB Sy, Sjyy - -+ 5 Sjy, "

U T‘(Sj,Sji)) .
w; = , uj=exp|—"—""<], 1=1,...,d+1,
Zuk’ ( r(sjas]i)
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(a) Cunwuii psiji HE3ABUCUMBbII, KDACHBIH 3aBUCUT OT CBO- (6) Bpemennble psizipl ¢ JBYCTOPOHHEH CBA3BIO

ell UICTOPUU U UCTOPUU CUHEIO PHAJIa

Puc. 2: Cunrernyeckue BpeMeHHbBIE PsiJIbI

n

o4 . . . . . . ‘ ‘ ) ‘
100 150 200 250 300 350 400 450 500 550 50 150 250 350 450 550
Sample size Sample size

(a) 3aBUCUMOCTH KOPDEJIALMs JIJIs PIJIOB ¢ OAHOCTOPOH-(6) 3aBUCHMOCTH KOPPEJsIus JJisl PAIOB C JABYCTOPOH-
Hell TPUYUHHO-CJIEJICTBEHHON CBA3BIO Hell CBA3BIO

Puc. 3: 3aBucuMocThb pasJIuIHBIX KOPPEISIuii 0T 00beMa BBIOOPKT

r(s,s') =|s— 5.

[Ipu yBeswdeHnn uctopuu | J | u3MepsieMblX BPEMEHHbIX PIOB PACCTOSHUST MEZKILY COCETHUME
TouKamMu MHOxKecTB Mg u My cokpamaiorcd. B ciaydae ecin psij X JeRCTBUTEILHO BJIMSET Ha
s, ipu | J| — oo mporuos (7) j-ro 3HaueHUs psifia S cTaHOBUTCs TouHee. Torma kosbdurment
KOppeJ/ianuu

p(55,85) = LE(% — E55)(s; — Es;) (8)

0503

JIOJIZKEH CTPEMHUTBCA K HEKOTOPOMY pp, IPH 9TOM 3HaYeHHE Py HE JOJKHO PABHATHCA HYJTIO.
31ech E — MaTeMaTHdeckoe O:KHMJIAHHE CJIYYARHON BeJIMIUHDI, 0 — €€ JUCIIepCcHsd. deM cuabHee
Po OTKJIOHSIETCS OT HYJIs, TeM CHJIbHee 3aBUCUMOCTD MeK Iy psaamu. Hamudaue sToit cxonumocTn
6y,ZLeT IPOBEPATHCA B BbIYUC/JIUTC/JIBHOM KCIIEpUMEHTE.
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Puc. 4: IlepBbie cTo Touek MHOXKecTBa Mg m My, coeTuHEeHHBIE IO BO3PACTAHUIO HHAEKCA j

B kagecTBe mpumepa paccCMOTPUM DI/l S 3arPYKEHHOCTHU ZKEJIE3HOMOPOKHOTO Y3712 TUCTeP-
HaMU ¢ He(PTHIO U s/ X IeH Ha HedTh., OnuiineM nporeaypy J10daBJIeHIs JIEeMEHTOB K BIOOPKeE,
NpeTHASHAYEHHYIO JJIsl BBISIBJIEHHsI CXOJMMOCTH Bhipazkerust (8) K pg. [Ipeanonoum, 9ro psit
S 3aBUCHUT OT PANA X, TOLAA OJuKalImumM cocesaM x(j) OyIyT COOTBETCTBOBATEH OJIMIKANIIHE
cocean S(j). DTO MO3BOANT MOIYUATh HPOTHO3 §; 3HAUEHUIT psafa s mo S, ¢ = 1,...,d+ 1, co-
oTBeTCTBYOMNM Osmzkaitimnm cocenaMm (7). Tlpeacrasum muoxkecTBO HHAeKcos |J | 3navennii
BPEMEHHBIX PAJI0B B BUJE

J=L||T,

npudeM B T colepzKaTcs IOCAeIHHe UCTOPHYEeCKHe HHIEKCHI BPEMEHHOTO psana. VIcKirrodunm
3JEeMEeHTHl ¢ WHIeKcaMu j € T u3 MHOxKecTBa M, W 11 KayKJIOTO M3 HUX BBIYUCIHM §; II0
dbopmyite (7). Cnporao3upoBaB 3HAYEHHsI OTPE3KA BPEMEHHOTO PsAJa, BEIYHCIAM KObDhUImenT
KOppessiun (8) MeK/y CpPOrHO3MPOBAHHBIME 3HAYCHUSIMHU U PEATbHBIMI 3HAYCHUSIMHI HCCIIe-
JyeMoro pana p(S7, 7). 3ech UMeeTcs B BULY SMIUPHIECKHH KOIDOUIHEHT KOPPEISIIUK, sl
nozicuera Koroporo B dpopmyte (8) maroxumanwe E u aucnepcusa o2 3aMeHSIOTCA Ha CpejHee

SHa4YeHue pda U CpeIHEKBaJIpaTHIHOEC OTKJIOHEHHNE:

1
Es—sr=— Si,
! |T|].€ZTJ

PacemorpuM 3aBUCHMOCTD KO3hDMUIIHEHTOB KOppessiiut p(S7, S7) UCXOJHOTO Psifia ST U CIPO-
THO3UPOBAHHOTO psifa S§7 U KO3(DMUIIMEHTa KOPPEasiun p(X 1, X7) PAI0B X7 U X7 OT pa3Mepa
BeIGOpKH. [Ipu yBesmuennn obbema BHIGOPKH KOppessiiius (8) MeKy CHpOrHO3UPOBAHHBIME
3HAYEHUSAMHI 3aBUCHMOTIO BPEMEHHOTO PSAJIa W ero M3MEPEHHbIME 3HAYCHUSAMHI JI0JIZKHA BO3PAC-
TaTh. Byjem HapamumBaTh pasmep BoIGOpKU |J|, ocraBigs st nporaosa nociaenaue 0.25]7 |
sHauenuii Bpemenuoro pamga, T (|J)]) = {|0.75|T1],...,|T|}, vue |a] osnauaer oxpyrienue
BHU3. YBeawuuBas |J| u pemas (7), OymeMm BHIUUCIATH p(ST,S7), p(X7,X7) U KOPPEJSIIHUIO
p(ST,X7) MeXKy OCTaBJIEHHBIME JIJIsI IIPOIHO3a OTPE3KAMU PSIJIOB.
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(a) «Hedrb u nedrenponykrory —«lenbr na HedTb>
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Normalized time series
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PaccvoTpum npeamnoaraeMy o CBsi3b MK Ty OMPIKEBBIME MeHAMHU HA He(pTh 1 3arpy KeHHO-
CTHIO JKEJIE3HOJOPOKHOTO y3J1a BaroHaMu ¢ HedThIo (0XKUAAeTCsI, U9TO MeHbl Ha HeMDTh BIUSIOT
Ha 3arpyxkeHHocTs). Toraa Moaynb koaddunmenta Koppessainun p(S7, S7) J0IKEeH BO3PACTATD
¢ 06 beMOM BBIOOPKH U BBIXOJIUTH Ha HEHYIeBYI0 acuMnTory. Ha puc. 8B n3o00pazkeHbl 3aBUCUMO-
ctu KO3(pUIUEHToB Koppe/idiui 0T 00'beMa BbIOOPKH, 10 OCU a0CIUCC OTJIOKEHA JIJIMHA Bpe-
MEHHOT'O DsiJia, MOJTy 9eHHOrO nobaByenneM B BbIOOPKY |7 |-ro ssementa. Ha rpaduke kpacHoro
[[BETA MO OCH OP/IMHAT OTJIOXKEHBI 3HAUEHUsT KOI(DMUIMEHTa KOPPEJANINNA CIPOTHO3UPOBAHBIX
IeH Ha HeTh ¢ UX UCTHHHBIMH 3HAYEHUSAMU, CHHETO — KOPPEJIUd IPOTHO3a 3aIPy2KEHHOCTH
JKeJIe3HOIOPOZKHOIO y3J1a ¢ H3MEPEeHHBIME 3HAUYeHHSMHU 3arpyxkennoctu. Ha rpaduke 3eneno-
r'o 1BETA OTJIOXKEHbI 3HaYCHHsT KOI(DDUIneHTa KOppeisiiusi KCTUHHBIX 3HAYCHUN HCC/IELyeMbIX
psi10B PsiyioB. Xorst Koadduiment p(Sr, S7) npuHIMaeT 3Hadenns B quanazone or 0.6 10 —0.8,
CXOJUMOCTHU HeT. B BBIUMCINTE/IHHOM SKCHEPUMEHTe B TAKUX CJIyUAsSX JEIAeTCsl BBIBOJ 00 OT-
CYTCTBUHU CBA3M MEXKJIY BPEMEHHBIMH PHAIAMH.

PaccMoTpuM mpuMep ¢ CHHTETHYeCKUMH JAaHHBIMU, W300pakeHHBIME Ha pucyHke 2a. Cu-
HUU ps, 0003HAYMM €ro X, FeHepupyeTcss He3aBUCUMO OT KPAacHOTO, S. P s 3aBUCHT OT X.
BaBucuMocTb KOIPDUIUMEHTOB KOPPEIAIUA MEZK/1y PA3JIUIHbIMU PslaMu 0T 00bemMa BhIOOPKHU
JUIsT HUX n300pazkena Ha puc. 3a. 37ech CHHUM IIBETOM M300pazkeHa 3aBUCHMOCTH p(ST,S7) OT
obbeMa BEIGOPKH, KDACHBIM — 3aBHCHMOCTD p(X7, X7) 0T 00beMa BHIGOPKH. 3eJIeHblii BT COOT-
BETCTBYET 3aBUCUMOCTH p(X7,S7). 37ech po(8,s) ~ 0.1, HO HABIIOAAETCS CXOMUMOCTE. MOXKHO
c/iesIaTh BBIBOJ O HAJUYUK €J1a00f CBA3U MKy PsIaMHU.

PaccMoTpuM Temeph CHHTETHYECKHH TPUMep ¢ JIBYCTOPOHHeH cBsa3bi0 20, 36. B 3sTom
ciaydae HabJIIOJAeTCs CXOAUMOCTh K po(X,Xx) =~ 0.8, po(S,s) ~ 0.7, npudem po(X,x) >
po(x,8), po(8,8) > po(x,s), 1. e. Jyst psinoB ¢ ABycropoHHeil cBsa3bio Metonx CCM He ToabKO
BBISIBJISIET HAJIMYIHE CBSI3U, HO W CIIPABJISETCs JIydiie deMm Kpocc-koppessius. Merog CCM na-
eT 37IeCh JIYUIlIhe pe3yJIbTaThl, TAK KaK OH pa3padoTaH CIENUAIBLHO JIJI BHIIBICHUSA B3aUMHBIX
cBdA3eil, ¢ KoTopbiMu TecT ['peitnzkepa cupasigercd He Bcerga. KpoMe Toro, JJIs HOJIYYIeHHS
aJIEKBATHBIX pe3yabTaToB ¢ momomibio CCM meobxomumo, 9ToOb oToOpaxKkeHus fs, fx ObLIH
B3aMMHO OJHO3HAYHBIMHE, T. €. He HAOJIIOJAI0Ch caMolnepecedennii Tpaekropuit s(j) u (7). U3
puc. 4 $ICHO, 4TO JiJIsT UCCJIEAYeMbIX JaHHBIX TO He TaK: HAOJIOIAeTCs 3HAYUTE/THHOE THUCJIO
caMOIlepeCedYeHn .

BbiuncnntenbHbin SKCNEPUMEHT

DKcIlepTaMy IIPeJOCTaBJICHbl BPeMEHHbIE PSJIbI, CO/lepzKalllie JaHHble O OUpP:KEBBIX IEeHAX
HA OCHOBHBbIE MHCTPYMEHTBHI: caxap, O€H3UH, MeJb, IIHHK, 30JI0TO, HUKE/Ib, IIIEHHUILY, Ma3yT,
ra3, 0JioBo, HedTh, cepebpo, ceuner 3a 2007—2008 rr. 9TH BpeMeHHBIE PsIbl, HOPMIUPOBAHHBIE
Ha orpe3ok [0, 1], n3o0pazkenbl Ha puc. 6. Takzke ecTh JaHHBIE O 3arPyKEHHOCTH HEKOTOPOTO
JKeJe3HOIOPOYKHOTO y3J1a Tpy3aMy pas3jndHbIX Tpynn Kaxkabil jgenb ¢ 01 aasapa 2007 1. B
tedenue 473 aueit. B tabsmmie 3 nepeduciieHbl paccMaTpPUBaeMble T'PYIIIBI TPY30B.

Onupasich Ha 9KCHEPTHBIE BBICKA3BIBAHUS O HAJHYUU ITPUIUHHO-CJICICTBEHHOM CBA3H MEXK-
JIy BPEMEHHBIM Ps/IaMH, TIepeduncjeHnble B Tabaume 1, 6ymieM paccMaTpUBATDL PA3JIMIHBIE MAPDI
(s, X) BpeMeHHBIX psiZioB. Ha puc. 5 cieBa m300paskeHbl Mapbl BpDeMEHHBIX psiioB «I'pymma rpy-
3ay —«llena Ha HEKOTOpPBI WHCTpyMeHT». ClpaBa Ha THX PUCYHKAX H300parkeHO B3aMMHOE
PACIIOJIOKEHTE 3HAYEHUIT STUX PSIIOB. 3/1€CH TI0 OCH abCIINCC OT/IOKEHBI 3HAYEHUST PSIIa 3arpy-
JKeHHOCTH y3Ja Ipy3aMH COOTBETCTBYIOIIEN TPYIIILI, a O OCH OPJAWHAT — IeHbl Ha HEKOTOPHIH
OCHOBHOI MHCTpYMeHT. KarK/1asd TOYKa COOTBETCTBYET OHOMY JHIO. lIomHBIH ciucok ucciemy-
eMBbIX 3aBHCUMOCTel NpuBeeH B Tabsuie 4. Ha mepBoM MecTe CTOMT MPOTHO3HPYEMBIH DAL S,
Ha BTOPOM — DPsiJi X, HPE/IOJOKHATE/IHHO OKA3bIBAIOIINN BJMsiHUE Ha S. s KaxKj0it mapbl
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Normalized cost rows

Normalized cost rows
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Puc. 6: Bpemenubie pgjbl 714 1eH HA OCHOBHBIE WHCTPYMEHTI

psAnoB B Tabaune 4 TpUBeJIeH HOMED COOTBETCTBYIONIETO 3Toil mape dakTopa w3 Tabaumsl 1,
a Takke pe3y/brar Tecta Ha (G-3aBUCHUMOCTD M METOJIA CXOJSIIEIOCs E€PEKPeCcTHOro 0Todpa-
xennd. B kauecTBe pesysabrata Tecra | peitnjzkepa B Tab/uIle NPUBOAUTCSA 3HAYeHHE p-value
st F-crarucruku (4). Pemenwe o nammann G-3aBucnmoctn npuanmanock npu p < 0.1 Takxke
JTsT KayKJION Taphl PSAIOB TIPUBOJATCS 3HAYEHHUE HapaMeTpa 3aiep:Kku 7 u3 mojenu (1). Ile-

Tabauna 3: I'pynnsl 1py30B

3 — Hedrp u HedTenpomyKTh

7 — Pyna »kene3nast u Mapranrie-
Bas

8 — Pyna mBernas u cepHoe CbI-
pbe

11 — MeTranan4aeckne KOHCTPYK-
uu

12 — MeTtu3sst

34 — 3epuo

13 — JloM YepHBIX METaJIJIOB

16 — lIBeTHble MeTa/IBI, WU3/IE-
JIVsi U3 HUX U JIOM I[B. METAJIJIOB
9 — Yepuble MmeTaLIbI

25 — Caxap

33 — CaxapHas CBEKJIa U CEMEHA
35 — IlponykTsr mepemodta
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pesn mpuMeHeHueM TecTa | peiiHzKiepa Bce Psiabl ObLIH CIJIAYKEHBI, MOCIe Ier0 TeCTHPOBAINCH
Ha CTAIMOHAPHOCTH ¢ TToMmoIibio Tecta Jluku-Pyurepa. Hecrammonapusie psiabl ObLIN PO -
depennuposanbl. B ganHoit pabore auddepeHnnpoBaHrie IPOBOIIIOCH, He DoJiee OIHOTO pasa,
OOJIbIIIee KOJIUYIECTBO MPeoOpa3soBaHUi MOXKET 3aTPYAHUTH MHTEPIPETAHNIO MOJYYeHHBIX pe-
3yJbTaTOB. B KavecTBe pe3y/ibTaToB METO/IA CXO/SIIEroCs MEPEKPECTHONO OTOOPAYKEHUS IPUBE-
JIeHBI CpeJlHue 3HaYeHus ps U p Kodbdurmentos Koppesaun p(S7,s7) u p(st, Xx7). Pemenne
0 HAJMYUU WK OTCYTCTBHM CXOAMMOCTH Koadbdunnenta (8) mpuHUManoch 1m0 BUIy rpaduka
3aBUCHMOCTH COOTBETCTBYOIIEro Koadbdunuenta ot Jymubl Beibopku |7 |. ['paduku s wexo-
TOPBIX IAP BPEMEHHBIX psI0B H30OparkeHbl Ha puc. 8. Ha rpaduke KpacHoro mpera 1o ocu
OpJAMHAT OTJIOKEHbI 3HaUeHUsi KOdbduiimenTa Koppe/siuu p(X,X) CUPOrHO3UPOBAHBIX IEH HA
HeDTh ¢ WX HCTHHHBIME 3HAYEHUSIMU, CHHEr0 — KoppeJsnus p(S,S) IPOrHo3a 3arpyKeHHOCTH
JKeJIe3HO/IOPOYKHOTO y3J1a ¢ M3MEePEHHBIMI 3HaYeHUAME 3arpykennocTu. Ha rpaduke 3e1eHoro
IBETa OTJIOXKEHBI 3HaYeHUs KOI(DPUITHEHTAa KOPPEIAUH HCTUHHBIX 3HAYCHUN HCCIeIYEMbIX Psi-
noB. B rpacde «CCM» Berpeuaercst bopmyinposka «HemocraTouno mannbix». Tak Kak MeTOT
CXOIATIEr0Csl TePEKPECTHOTO 0TOOparKeHHsT OCHOBAH HAa MPOBEPKe CXOAUMOCTH KodhpuimenTa
Koppessiian (8) IpH HeOrPAHUYEHHOM yBeaudeHHH oObeMa BBIOGODKH, OH Tpebyer GOJIbIoro
obbema BoIOOpKH. Permrenns npunnvanucs upu |J| > 50. [lia uccjaeoBanus BINSHEAS CE30H-
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Puc. 7: 3aBucuMocTb pasjmIHbIX KOPPeasuii oT o0beMa BIOOPKHU

HOCTH CTPOHUTCH BCIOMOTATE/JIbHBIII BPEMEHHOH DS X, X, € [0, 1]. Hanpuwmep, cBeKJIOBHYHbI
caxap HPOU3BOJIUTCA B CeHTAOpe—oKTaAOpe. /Ing uccyienoBanus BJAUAHUS CE30HHOCTH ITPOU3BOJI-
CTBa caxapa Ha MEePEeBO3KM caxapa OyJeT COCTaB/IeH BPEMEHHOW psijl, KaXKJIas TOYKa KOTOPOTO
COOTBETCTBYET OJHOMY JHIO. SHAUEHWS Psia, COOTBETCTBYIONINE MeCdAllaM C siHBapsl MO aBTYCT
BKJTIIOYUTETBbHO, IPUPABHUBAIOTCA HYIIO, a 3HAUYeHUS PAIA, COOTBETCTBYIONIHE MeCcdIaM Mocye
OKTSA0OPS — ejuHuIe. SHAYCHUs] B CEHTIOPe—OKTAOPE MOy YiM CIJIaKHBAHUEM MMEIOIIIXCS 3HA-
yennit. Ouucanublii psag n3obparkeH Ha puc. 7.

Pesynbrarnl, npuBegeHHbie B TAOIUIE, CAEAyeT HOHUMATh CJAeIyIONuM odopasom. Kazkibiii
13 paccMaTpPUBAEMBbIX METO/IOB UCCIeIyeT BpeMeHHbIe PAIbl Ha HAJAWYIre HEKOTOPO#l CBA3U, TPH-
qeM KaykJIblil B cBoeM cMbIcje. Takum oOpa3om, HU Jijisl OJIHONW U3 MMap PAJI0B, PACCMOTPEHHBIX
B BBIYHUCJUTEIBHOM 3KCIEPUMEHTE, He MPUHATO pellleHrne O HaJWIUN CBA3W B CMBICJIE MeTOo/a
CXOJIAIIEr0Cs MePEeKPeCTHOTO OTOOPAXKEHHA, XOTH /11 HEKOTOPBIX U3 HUX CJIeJIaH BBIBOJL O HAJIH-
yuu G-3aucumoctu. [Ipu 3ToM Hu Hasmaue G-3aBUCUMOCTH, HA 3aBUCUMOCTD B CMBICJIE METOIA
CXOJIATIEr0Cs TePEKPECTHOI0 OTOOPAXKeHNsT He JTOKA3bIBAeT HAJUYHE IMPUINHHO-CJIeICTBEHHOM
cBsa3u Mexkay psagamu. Opaako onpejesnerne (G-3aBHCHMOCTH COIJIACYETCSA C IEJAbI0 YTOYHHTD
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IIPOTHO3 BPEMEHHOIO psJjia S, UCIO/L3Ys 3HAUYCHHd BPEMEHHOIO paja X. TakuM o0pa3oM, ecu
npuHUMaeTcs pertenne 0 G-3aBUCHMOCTHU PSIIOB, OY/IEM CUYUTATH, 9TO YKCIEPTHOE BBHICKA3HIBA-
Hue [i(S,X) MOATBEPIIIOCH, U MPUIUIIEM €My OIEHKY JOCTOBepHOCTH 1 — p(s, X).

Tabauna 4: [lapsl BpeMeHHBIX PSIOB, HCCJIEAYyEeMble Ha 3aBHCHUMOCTH B BBIYUCJIUTEIHHOM IKC-

IIepuMeHnTe

Ne | Tlapa BpeMeHHBIX PSJIOB S —X Ne bakr. Tect I'peiinmxepa CCM

1 | «<Hedrs u medrTenpoaykTory — 1 p=0.1131, =6 | — | p=—0.1296, ps = 0.1630 —
«Ilembr HA OEH3UH»

2 | «<Hedtp um HEDTENPOAYKTHI> — 1 p=0.0581, 7=7| + | p=0.1731, ps =0.1773 —
«Ilenbr HA Ma3yT»

3 | «<Hedts u medrenpomykrbis — 1 p=0.0010, =7 | + | p=0.1434, ps = —0.3157 —
«Ilennt Ha HEDTHY

4 | «Caxap» —«llenn! Ha caxap» 1 p=20.0038, =7 | + | p=0.1071, ps = 0.0175 —

5 | «CaxapHas CBEKJIa U CEMEHA» — 1 p=0.0111, 7=8 | + N/A N/A
«Ilennbr HA caxap»

6 | «3epuo» —«llenbl Ha 1IIEHULLY > 1 p=0.1667, T=1 | — N/A N/A

7 | «[IpomykThl  mepemoja»  — 1 p=20.5369, =1 | — N/A N/A
«Ilens! HA TIIEHAITY >

8 | «Caxapnas cBeKsa U CEMeHa» — 3 p=0.6601, T=8 | — N/A N/A
«Ce30HHOCThL TMPOM3BOACTBA Ca-
XapPHOU CBEKJIBI»

O6o3HaueHus: «+» — ciejiad BbIBOJL O HAJIMYKUK CBA3U MEXK/1y BPEMEHHBIMU PASAMU, «—» — CAEJIaH
BbIBOJ 00 orcyrcrBun cBs3u, «N/A» — He JOCTATOYHO JAHHBIX I [IPOBEIEHUs IKCIEPUMEHTA.

3aknryeHue

PaccmarpuBaercs 3a/1a4a MpOrHO3UPOBaHNS 3aIPY 2KeHHOCTH 2KeJIe3HOI0POKHOTO y3a. [pn
HOCTPOEHUH MOJEIU UCIIOIb3YIOTCS SKCIePTHBIE BRICKA3BIBAHNS O BJIUSHUU BHEITHUX (DAKTOPOB
Ha IPOTHO3UPYEMbIE PIbl. B CBI3H ¢ 9TUM CTaBUTCA 331298 OMEHKH J0CTOBEPHOCTH IKCIEPTHO-
'O BbICKa3blBaHHAd, 1 BO3ZHHKaACT HeO6XO,ZLI/IMOCTb nccJseJJ0BaHusd BpEMEHHbIX DAJ0B Ha HaJIUYIHUC
HPUYMHHO-CJIEJICTBEHHO cBA3u. B pabore paccMoTpensl jiBa criocoba BbIABICHUS CBA3U MEK LY
pamamu, Tect ['peitHmKepa U MeTO MEPEKPECTHOrO CXOAAMIerocs orobpazkenus. OUucaHnbl 00-
JIACTH HIPUMEHHMOCTH METOJ0B U ITOKA3aHO, YTO /I JOCTUKEHM IleJIel, OMCAHHBIX B pabore,
cJaeayeT IpUMeHSTh TecT ['peitHmkepa. JLocTOBEpHOCTH SKCIEPTHOIO BHICKA3BIBAHUS OIEHIBA-
€TCd KaK BEePOATHOCTDb Ha OCHOBE UCCJICAYEMbIX BDEMEHHbIX DAJAOB IIPDUHATH pelicHue O HaJIu11nu
(3-3aBUCHMOCTH ME¥KYy HUMM.
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