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Pesiome

[pomyckHas crocoOHOCTE Topor BocTrouHoro nmonurona cucreMHo yBeiamuuBaetcs: B 2013 r. oHa cocraisuia 97,8 MiH T, B
2024 r. — 180 MiH T, OTHaKO TPEOOBAHUS OTIpPABHUTENEH IPY30B 3aCTaBIIOT IOBBIIATH 3TOT MOKa3aTelb. Ero maHupyeMsri
ypoBeHb Kk 2032 r. —270 muH 1. EskerogHoe pacmupenne 00beMOB TPY30BbIX IIEPEBO30K Ha BOCTOYHOM MONUTOHE MPUBOIUT K
pOCTYy 3aTpaTr Ha PEeMOHT M TeKyllee COAepKaHUe IMyTeBOH MHMPACTPYKTypHI, 00ecreunBaTh KOTOPOE CTAHOBHUTCS BCE CJIO K-
Hee, TaK Kak JUId pealn3aliyl CTPATEeTHU IOBBIIEHHS TPY30MI0TOKAa ONTHMU3UPYIOTCS HE TOJIBKO MEXKIIOE3AHbIE HHTEPBAIIbI,
HO M BpeMsI TEXHOJIOTHUECKHX «OKOH». B cBs3M ¢ 3THM pykoBoAuTeNsM paboOT X03siicTBa MyTH HEIOMYCTHMO COBEPINAThH
OIIMOKY NPH UX IUIAHUPOBAHHH, B TOM YHCIIE B ONPECICHUH IIPHOPUTETOB yCTpaHeHUs HeucnpasHocTei. Ho 6e3 moHnManus
(aKTHYECKOTO COCTOSHMS IMYTH, a TaK)Xe JOCTOBEPHBIX OXKHAACMBIX ITOCIEICTBHUI, T.€. MOJHOIO CIIEKTpa NPEIUKTHBHOTO
aHaJIM3a, BBIIOJIHUTE 3aJady Iepexoaa Ha 00CiTy)KHBaHHE JKeJIe3HOJOPOKHOTO ITYyTH MO (PaKTHYECKOMY COCTOSHHIO HE IIp el
craBisercss Bo3MOKHBIM. Kommanmeit AO «®Dupma Tema» mno 3akazy OAO «PXJ» co3nmana wuH(pOpMaHOHHO-
aHaJMTHUYECKasl CHCTeMa JUAarHOCTUKA M MOHHUTOPHHTA XXEJIE3HOMOPOXKHOW HH(PPACTPYKTYpHI, KOTOpAsl SBISETCS 4YacThIO
EnuHoil KOpIOpaTUBHOW CHCTEMBI ympaBieHUs HHPpacTpyKTypoil. B Hell Obu1 pazpaboTaH pasies NpEeaUKTHBHOTO aHAIH3a
COCTOSIHHUSI TEOMETPUIECKUX MapaMeTpOB XKEJIE3HOAOPOKHOTO IyTH, OJHAKO MOTyYCHHBIE JAAHHBIE CIIYCTS HECKOIBKO MEC S-
1[eB B OOJBIIMHCTBE CIIy4aeB HE HAIUIM MOATBEpXKACHHS. Peann3oBaHHas METOAMKA MPEAWKTUBHOTO aHANIM3a MOKA YTO HE
JTaeT TOYHBIX PE3yJIbTaTOB, ITOCKOJIBLKY HE OXBAaTHIBAeT BECh CIIEKTP TpeX oOJiacTeil aHanm3a, KpoMe TOro, HE YYHTHIBACTCS
MHOTO(aKTOpHasi CUCTeMa AerpaJallMOHHOIO HpoIecca COCTOSIHUS MyTH. [IpequKTHBHBIN aHaIu3 — CIIOXKHBIN Ipolece ana-
THOCTHKH KaK TEKYIIEr0 COCTOSHHS IIyTeBOH MH(PACTPYKTYpHI, TaK W MPEAINOJIaraeMbIX MOCIEACTBHHA. VIcronap3yst TOIBKO
MaTeMaTH4ecKre MOJEINH IIPOTHO3MPOBAHUS HEHUCIIPABHOCTEH 0e3 MPUMEHEHHs pPacdyeToB B3aMMOJEHCTBUS MOJBIIKHOTO CO-
CTaBa U JKEJIE3HOAOPOXKHOTO MYTU, HEBO3MOXKHO MOITYYUTh JOCTOBEPHbIE CBEAEHUS, TOCKOJIbKY HE BCE MOBPEKICHUS UMEIOT
PETPOCIEKTUBHBIE PS/ABI JETPANAIOHHOTO NPOIecca, a TAKKe €CTh CHTYaIWH, TAe Ae(eKTHl eie OTCYTCTBYIOT, HO B Oyu-
xKaimree BpeMs COOPMHUPYIOTCS IO MPUYNHE KOHCTPYKTHBHBIX XapaKTEPUCTUK ITyTH M YCIOBHH JKCIITyaTanud. B mpenmk-
THBHOM aHalM3€ Ba)KHA KOHCOJHIANUS JOTHIECKUX CHTYAIHH, CBSI3aHHBIX C OCOOCHHOCTSMH BIHMSHUS T€OMETPHIECKUX Ia-
paMeTpoB ITyTH HAa BO3HHUKAIOIINE CHJIOBBIE NEPErpy3KH O] BO3JEHCTBHEM IOJBIDKHOTO COCTaBa C IIENBI0 AaibHEHIIero
CHIDKEHHS CHIIOBOTO (haKTOpa U MPOJUICHUS Pecypca jKene3HoJ0pokHOro nyTH. CoBepIISHCTBOBAHUE NPEIUKTHBHOTO aHATIH-
3a Ha JaHHBIH MOMEHT SBJISI€TCS aKTyaJIbHbIM HallpaBICHUEM.
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Abstract

The capacity of the Eastern polygon of roads is systematically increasing: in 2013 it amounted to 97,8 million tons and increased
to 180 million tons in 2024, however the requirements of the consignors of goods force to increase the capacity limits. By 2032,
the goal is to further increase the throughput capacity to the milestone of 270 million tons. The annual growth in freight traffic on
the Eastern Polygon increases the cost of repairs and maintenance of the track infrastructure. It is becoming increasingly difficult
to maintain the track infrastructure, since in order to implement a strategy to increase cargo flow, not only inter-train intervals are
optimized, but also the time of technological «windowsy, therefore, it is unacceptable for managers of track maintenance to make
mistakes when planning work, including those in prioritizing troubleshooting. But without understanding the actual condition of
the track, as well as reliable predicted consequences, it is not possible to perform the task of switching to railway track mainte-
nance based on the actual condition of the full range of predictive analysis. JSC «Tvema Company» commissioned by JSC «Rus-
sian Railways» has created an information and analytical system for diagnostics and monitoring of railway infrastructure, which
is part of a Unified Corporate Infrastructure Management System. It has developed a section of predictive analysis of the geomet-
ric parameters of the railway track, but the results obtained after a few months in most cases have not been confirmed. The im-
plemented predictive analysis technique does not yet provide accurate results, since it does not cover the full range of the three
areas of analysis, and the multifactorial system of the degradation process of the track condition is also not taken into account.
Predictive analysis is a complex process of analyzing both the current state of the track infrastructure and the expected conse-
quences. Using only mathematical models for predicting malfunctions without using calculations of the interaction of rolling
stock and railway track, it is impossible to obtain reliable data, since not all malfunctions have retrospective series of the degra-
dation process, and there are also many situations where malfunctions are still absent, but will form in the near future due to the
structural features of the track and operating conditions. In predictive analysis, it is important to consolidate logical situations
related to the peculiarities of the influence of geometric parameters of the track on the resulting power overloads under the influ-
ence of rolling stock in order to further reduce the power factor and prolong the life of the railway track. The direction of improv-
ing predictive analysis is currently an urgent topic.
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BeeaeHue pPBl, HO M aHAJIM3MPOBATH PETPOCIEKTUBHBINA PSII

[IpaBuTenscTBoM Poccuu nepen XonauHroMm
OAO «PX]l» mocraBneHa 3agada AalbHEHIIErO
YBEJIMYEHHs TPOIMYCKHOM CHOCOOHOCTH Ha JIOpO-
rax BocTtouHOoro moiMroHa: mNpakTHYECKH B
1,5 paza k 2032 r. ExxeromHslif pocT 00bEeMOB Tpy-
30BBIX TEPEBO30K YBEIMYHMBAET 3aTpaThl Ha pe-
MOHT M TEKyllee COJep)KaHHe IyTeBoil uH]pa-
CTpyKTYpHI [1-3].

TenneHIMM COBPEMEHHBIX IOAXOJIOB K 00-
CITy>KMBAHHIO JKEJIE3HOAOPOKHOTO MyTH CBOIATCS
K COBEpPUICHCTBOBAHUIO CHCTEMBI IIAHHPOBAHUS
pabotr Ha OCHOBE (DAKTUUECKOTO M IMPOTHO3HOTO
coctosiHus  MyTH. llpuMeHsiemMble MOOWIIBHEIE
cpeactBa auarnoctuku (MCJI) npu mpoBepke co-
CTOSHUSA MyTH HAa TEKYIIUH MOMEHT HE TO3BOJISIOT
OTIPEIETTUTh O0BEKTUBHOE COCTOSHHE >KEIEe3HO0-
POKHOTO TYTH, TaK KakK Ui 3TOTO BA)KHO YYHTHI-
BaTh HE TOJBKO IMOCIEAHUE U3MEPEHHBIE ITapaMeT-

NpEeABIAYINX U3MEPEHUI, & TAKXKE YUUTBIBATH CU-
JIOBOE€ B3aMMOJEHCTBHE IOABUKHOIO COCTaBa C
HKEJIE3HOAOPOKHBIM IIyTEM — T.€. BBIIOIHSITH IMpe-
OUKTUBHBIA aHAIW3 Ul omnpeaeieHus: (akruue-
CKOI'O U ITPOTHO3HOI'O COCTOSIHUS ITYTH.

CyTb MPEIUKTUBHOIO aHAIN3a 3aKIJII0YaeTCs
B PaHXMPOBAaHUHM HEHCIIPABHOCTEH MO HX OOBEK-
THBHOMY YPOBHIO JI€IPaJalliOHHOIO pa3BUTHUSL.
WNneanu3npoBaHHOE pelICHHE 3aJa4d CBOJIUTCS K
pa3paboTKe METOOUKH NPEIUKTUBHOTO aHAIIN3a,
KOTOPasi MO3BOJIMT BBIIEIUTh U3 MHOKECTBA BbISIB-
JICHHBIX JIe(eKTOB (B TOM YHCIIC TIOTCHIIUAHHBIX)
HE TOJIbKO HEOTJIOXKHBIE, IEPBOOUEPENHBIE U ILIA-
HOBBIE, KAK 3TO OIPENEISIOT COBPEMEHHBIE CPEll-
CTBa JMAarHOCTUKH, paclpenessis HEHUCIPaBHOCTH
FEOMETPUYECKHUX NIAPaMETPOB PEIBCOBOM KOJIEU T10
CTEIEeHsIM, HO U YCTaHOBUTb, KAKUE U3 IIEPBOOYE-
PEAHBIX M TUIAHOBBIX MOBPEXACHUN TOJKHBI OBITH
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yCTpaHEeHbl KaK HEOTJIOXKHBbIE, KaKue IUIaHOBBIC
HEHMCIIPAaBHOCTHU JOJDKHBI OBITh YCTpaHEHBI B IEp-
BOOYEPEIHOM IMOpSAKE, a TAKKE B KAaKOW CpPOK
KaKaas MHAMBUyaJdbHas MOJIOMKa MOXET Inepeil-
TH B 00Jiee KPUTUUHYIO CTeTeHb [4, 5].

Bricokas HHTEHCHBHOCTh Pa3BUTHS JAHHBIX
Ne(QEeKTOB PEebCOBOTO XO3SHMCTBA MO YETHOMY ITy-
TH CBUJIETENIBCTBYET HE TOJIBKO O KOHCTPYKTHUBHO
CJIO)KHOM IUTaHe U Tpoduiie myTeBoi HHpacTpyK-
TypBl, HO U HHTCHCUBHOM IIPOLIECCE IPY30BBIX I1e-
PEBO30K C HEBBINOIHEHHUEM IIPOEKTHOTO CKOpPOCT-
HOTO PeXHMMa U BO3HHUKHOBEHHEM CYIIECTBEHHBIX
KOHTAaKTHBIX HaIpsDKEHUIl B CHCTEME «KOJIECO —
pensey [6-8].

Ilenp naHHOM CTAaThU 3aKIIIOYAETCS B IIPOBE-
JICHUU TIPOBEPKU PE3yJbTaTOB JOCTOBEPHOCTH Me-
TOIMKY MPEIUKTUBHOTO aHAIN3a, PEaIM30BAHHOIO
B EnuHON KOpNOpPaTMBHOM aBTOMAaTHU3MPOBAHHOMN
cucTeMe YIpaBiIeHUs! HHPPACTPYKTYpOl — MOIYJIb
«CuctemMa IMAarHOCTUKHM U MOHMUTOpHHTra HH(ppa-
ctpyktypsl (EK ACYU C/IMU), u onpeneneHuun
TEHJCHIUN JajbHEHIIero pas3BUTHA HCCIEN0Ba-
TENbCKOM pabOThl MO COBEPLICHCTBOBAHHUIO IOJ-
XOJIOB NPEIUKTUBHOMN aHaTUTUKH.

NocraHoBKka npo6aembl

B Hacrosiee Bpemsi BompocaMm NpeauKTHB-
HOTO aHAJIM3a W TNPOTHO3MPOBAHMSA COCTOSIHUSA
KEJIEe3HOJIOPOKHOTO MYTH TMOCBSIIEHO MHOTO
Hay4yHBIX cTaTei, pa3padoTaH NPOrpaMMHBIN
komiiekc OAO «PXI» EK ACYU CJIMU, HO
MPpH 3TOM HET YEeTKONM METOAMKHU OIpeaeseHus
MIPOTHO3HOTO COCTOSTHUSI JJIEMEHTOB BEPXHETO
ctpoenus nmytu (BCII) npu Bo3aeiicTBuU TsKENIO-
BECHOTO TOABMKHOI'O COCTaBa M BIMSHHS CKO-
POCTHOTO JIBWKCHHS Ha MyTh. TakuMm oOpa3zoMm, B
CTaTbe paccMaTpuBaeTcs nNpodieMa B OTHOLICHUH
JOCTOBEPHOCTH JaHHBIX, monaydaemblix B EK
ACYU CJIMMU, m mpemyioxeH BapHaHT yCOBEP-
HIEHCTBOBAHMUS METOAVKHU NMPEAUKTUBHOTO aHAIH-
3a JKEJIE3HOLOPOKHOTO IyTH.

C menpro pemieHusT MOCTaBJICHHON IpooIie-
MBI W TIPOBEJCHHs aHaimn3a (QopMUpyeMbIX pe-
3yJlbTaTOB NPEAUKTHUBHON aHAJIUTHKH B CHCTEME
MIPUHAT YYaCTOK YETHOTO KEIE3HOAOPOKHOTO My-
T OJHOW M3 JMCTAHUMWA MYyTH — CaMbIH CIIOKHO
MPEOIONICBAEMBI  JKEJIE3HOJOPOXKHBIN  pyOex
Tpanccubupckoir maructpand Ha BoctouHo-
Cubupckoit xene3Hod mopore. [laHHBIN ydacTok
MPOXOJUT TIO CJOXHOMY TOPHO-TIEPEBAILHOMY
na"amadTy ¢ MOCTOSIHHBIMU YKJIOHAMH, TAE Mpo-
TSKEHHOCTh JKEJIE3HOJOPOXKHOIO IMYTH C YKJIOHA-

mu MeHee 10 %o coctaBisier 82 kM, ¢ YKIIOHAMU OT
10—-18 %o — 48 xMm, 6oiree 18 %o — 3,6 KM, IpH STOM
B COBOKYITHOCTH CO CJIO>KHBIM IPO(UIEM yIacTOK
ycyryOmneH OONbIINM KOTUYECTBOM KPHBBIX Majo-
ro paguyca: R <350 m — 117 mrt.; 350 <R <600 m
— 80 mr.; 600 < R < 800 M — 40 mT. XapaKTepHBI-
MH PacCTPOMCTBAMHU HCCIETYEMOTO y4dacTKa SIBIIsI-
IOTCSI BBICOKasi MHTEHCHBHOCTH OOKOBOTO H3HOCA
PENBbCOB M HAIMYME KOHTAKTHO-YCTAJIOCTHBIX Tpe-
IIMH Ha TIOBEPXHOCTU KaTaHMs HEYNOPHOH (Tmepe-
LIMBOYHOH) peNbcoBOi HUTH [3].

[Ipocanku u mepeKochl >KENe3HOIOPOKHOTO
IIyTd B OOJBIIMHCTBE Ciy4daeB (OPMHUPYIOTCS IO
HWKHEH PeIbCOBON HUTH. DTH aedopManuu BO3-
HUKAaIOT BCJIEJCTBUE HEPaBHOMEPHOTO pacrpese-
JICHUS YCWIMS KOJIEC Ha YNOPHBIA U HEYHNOPHBII
(HYKHUHN) penbc MpU MPOe3[ie KPUBBIX YYACTKOB
IIyTH CO CKOPOCTBIO HUKE CKOPOCTH PABHOBECHOTO
nsmwxkeHus (puc. 1) [9-11]. Ilo ananu3y maHHBIX O
KOJIMYECTBE BBISBJICHHBIX HEUCIIPABHOCTEH TI€o-
METPUYECKUX TapaMeTPOB PEIbCOBOH  KOJIEH,
c(hOpMHUPOBAHHBIX B cHCTEME C OKTAOps 2024 . 1o
MapT 2025 r. BUIHA 3aKOHOMEPHOCTH CTaOMIH3a-
LUK MYTH [IPH 3aMeP3aHUH SJIEMEHTOB PEIBCOBBIX
CKpeIUIeHu, 0alIacTHOTO CJI0Sl U 3eMIISIHOTO TI0-
JIOTHA B NIEPUOJ OTPULATEIBHBIX TEMIIEPATYp, IPU
3TOM HaOJIOAAETCsl CYLIECTBEHHOE YMEHBIICHHE
YHclla HEUCIIPABHOCTEH C MPOrPECCUPYIOMINUM pa3-
ButHeM. CHIDKEHHE KOJIMYeCTBa Pa3BUTH Jedek-
TOB B 3HAYUTEIBHOH CTENEHH MPOUCXOIUT HE
TOJILKO B Tipoduiie myTu (mepekoc — I1, mpocajka —
[Ip), HO ¥ cTabunHM3HUpyeTcs IMUPUHA PETHCOBOM
KOJIEH, a TaKKe OTCTYIUIeHUS B IutaHe mytu (P —
OTCTYIUICHHsI ITyTH B IJIAHE TI0 PEIbCOBBIM HUTIM
JKEJIE3HOOPOKHOTO ITYTH).

Ecnu paccMmarpuBaTh BBISIBICHHBIE HEHC-
MPaBHOCTU B JIOJIEBOM CErMEHTE, TO 76 % U3 HUX
Oyayt mnpodunbHbIMU, THe mnpeobmagaror 1
(47 %) u Ilp (29 %); TpeThe MecTO 3aHUMAIOT P —
16 %; Ha yeTBepHOW MO3UIUHN YITUPEHUS PEIBCO-
Boii koiem (YII) — 7 %; Ha TATOU CYKEHH
(Cyx) — 1 % (puc. 2).

Ha puc.3 mnokazaHa OuHaMHMKa pPa3BUTHS
HEUCHpaBHOCTEH B mpoduie MyTH C OCEHH
2024 r. mo BecHy 2025 r., rne Habmomaercs cCy-
LIECTBEHHOE COKpAIIEHWE HEUCIPABHOCTEH IIpH
3aMep3aHuH Iy TH.

B Ttabn. 1 cucremMaTtusnpoBaHBl IaHHBIE O
MPOTHO3HBIX OTCTYIUICHUSIX TEOMETPHH PEITLCOBOM
kosen ¢ okTsA0pst 2024 r. mo mapt 2025 r. u3 pas-
Jlela  BEJOMOCTH TMpeAuKTUBHOro aHaimuza EK
ACYU CIAMU (manee — MeTonuka).
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Fig. 1. Dynamics of progressive track faults from October 2024 to April 2025
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Fig. 2. Distribution of detected malfunctions in percentages
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Fig. 3. Dynamics of failures in the track profile in the second degree
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Ta6auma 1. ConocTaBicHHE KOJMUYECTBA TPOTHO3UPYEMBIX TaHHBIX BISIBICHHBIM HEUCTIPABHOCTSIM
Table 1. Correlation of the number of forecasted data identified malfunctions

ITpOrHO3 MOBBIIIEHHS CTEIIEHU
HEHCIIPaBHOCTEH uepe3 3 MecsIa DaKTUYECKH BBIABICHO HEUCTIPABHOCTEN
Forecast of an increase in the severity Actually detected faults
of malfunctions within 3 months
R 2x3 3 cTeneHs | 4 CTENEeHsb | 2 cTeneHb 2x3 3 cTeneHs | 4 cTereHb
Month degree
OKT. 24 1718 565 197 I3—1_ 2860 362 81 9
HO510. 24 305 417 125 L 2033 190 15 1
nex.24 | 119 137 45 50— 10 1
sHB. 25 186 262 80 T | e | a— | 3 * 1
esp. 25 | 99 143 36 26 | 86— | e0—| Tz»| 3
wapr25 | 634 161 63 T— | 3 0
anp.25 | 216 256 141 p) T | 65» | 26

CormacHO  TPEACTaBICHHOMY  aHalU3y
(cm. Tabm. 1), mpocmaTpuBaeTcs — 3aBUCHUMOCTH
YMEHBIICHUS] KOJMYECTBA IPOTHO3UPYEMBIX B
TPEXMECSUHBI NEPUOJ HEUCIPABHOCTEH € MIpo-
THO3HBIM IOBBILIEHUEM CTEIIEHH KPUTUIHOCTHU IIPH
HACTYIUIGHUH TepHojia OTPHULATENIbHBIX TeMIlepa-
Typ. OfHaKO pearn30BaHHBIN B CUCTEME aJITOPUTM
NPEIUKTUBHOTO aHaIM3a M MaTeMaTHYeCKHe MO-
JICJIA CIIPOTHO3UPOBAIHN ¢ OKTSAOpst 2024 r. Ha sH-
Bapp 2025 r. mosBneHue 48 HeucmpaBHOCTEH B
npodune mytu 4-i crenenn, 197 HeucnpaBHOCTEN
— 3-if crenenn, HO QakTHyecku B sHBape 2025 T.
MC/] BBIsIBHIIM 110 OJTHOW HEUCIIPABHOCTH 4-i 1 3-
i cTeneHei, T.e. METOAMKA MPEAUKTUBHOIO aHATH-
3a, peaJu30BaHHas B CHCTEME, HE YUHUTHIBAET ce-
30HHOCTh M KJINMaTHYECKHE OCOOEHHOCTU TeppH-
TOpUH, a paboTaeT Mo MPUHIMITY MPSMOTO Marte-
MaTHYECKOI'0 MPOrHO3a.

ITo anamm3y mannsix B EK ACYU CIAMU
MOKHO CJIeNIaTh CIIeAYIOMINUN BBIBOA: MO METOIUKE
B CHCTEME PAaCCUUTHIBAETCS CaMOIIPOU3BOJILHOE
MOHWKEHUE  CTENEHM  HEHUCNPABHOCTU  IyTH
(puc. 4). Hanmpumep, B anpene 2025 r. mo daxTu-
yeckuM naHHeIM MCJ] Ha TOpHONEpPEBaIHLHOM
y4acTKe MyTH 3a UCCIIEAYEMBbI EPUOJ BBIABICHBI
MPOCAAKN TMYTH 4-i CTENeHW KPUTHYHOCTH C aM-
WIATYyA0M 26-33 MM, a B CUCTEME IIPOTHO3 Pa3BH-
THSI HEUCIIPABHOCTH HA TPHU MECHIA MOKa3all caMo-
BOCCTAHOBJIGHHE IKEJIE3HOJOPOKHOTO IYTH C
YMEHBIIEHHEM aMIUIUTYbl HEHWCIPaBHOCTH 0
ypoBHA 3-ii u 2-ii Onm3kod K 3-i cremenu (2x3)
HEUCIPABHOCTH. DTOT CIIydal Takke MOATBEPKAA-
€T OTCYTCTBHE B MeTOJIUKe QYHKIIMK ydeTa Ce30H-
HOCTH W JIOTHYECKOTO aJITOPUTMa OMIpPEIECICHUS

Jerpajauuyd MyTH C HACTYIUIEHUS MOTEIUICHHUS,
KOT/Ia TPH OTTAaWBaHUM OaJUTACTHOTO CIIOSI HEWC-
MPaBHOCTH B MpOoQuIIe MyTH HECTIOCOOHBI K CamMo-
YCTPAHEHHUIO.

Takke HE COBCEM IMOHSITHA CUTyalus IMpo-
THO3a TIpH OLIEHKE MEepPEeKOCOB IyTH B OCEHHE-
3UMHHUI U BECEHHMH IEpUOJBI IO U Ha JIPYTUX
CIIO)KHBIX YYacTKax MYTH C HAIWYHEM OOJBIIOTO
KOJIMYECTBA KPHUBBIX MAaJIOTO paanyca, Korjaa exe-
mecsiaHo MCJI BBISIBIISUINCH TEPEKOCH IyTH CO
creneHplo 2k3. HeucnpaBHOCTHM HaXOAWIUCH B
cTabunu3upoBaHHON (asze, HO, COTIACHO METOJIH-
Ke, B CHCTEME HEOJHOKpPaTHO MPOTHO3MPOBANAChH
4-s5 crenenb. Onaako noBpexaenus MCJ He mon-
TBEpAWIHCH C stHBaps 1o MapT 2025 r., a B anpene
2025 r. Obuta 3aduKCUpOBaHa YK€ 3-1 CTENCHb
HEHUCIIPaBHOCTH B MPOQUIIE ITyTH.

Ilo naHHBIM cHUCTEMBI, METOJIUKA HE BBISIB-
nseT (aKT MHOTOKPATHO ITOBTOPSIONINXCS HEWC-
MIpaBHOCTEN M3 Mecslla B MECAl IPU OTCYTCTBUHU
YCTpaHEHHUsl, YTO NMPUBOAUT K AanbHeHen nerpa-
JAIK B YCJIOBUSAX CE30HHOTO OTTAMBAHHUSA XKEJIE3-
HOJIOPOXKHOTO yTH, U BHOBL MC]J] 3adukcuposa-
Ha HEUCIPABHOCTH 2K3, KOTOpas B anperne mno (hak-
Ty AerpaaupoBana a0 3-i crenenu (puc. 5).

JIokanmpHBIE MecTa ¢ MHOTOKPATHBIMHU ITOBTOpPA-
MH HEHCIIPABHOCTEW HE HOCAT MACCOBBIU XapakKTEp, HO
9THU HpO6HeMHBIe oJaru IyTEBBIX OTCTyHJ’IeHI/Iﬁ BO3-
MOXXHO BBIABUTH MMCHHO C IOMOMIBIO IPEIUKTHUBHOTO
aHajM3a TIpU y4deTe CE30HHOCTH, a Takxke reodusmue-
CKHX IPOMHECCOB, YTO ITO3BOJIUT CIPOTrHO3UPOBATH HE-
HUCIPAaBHOCTH C BBICOKOU TOYHOCTBIO.

B wuccnemoBaHuMM UCHONB30BANCS  METOJ
9KCIIOHEHLIMAIBHOTO CIVIAKUBAHUS C MAapaMeTpoM
BBICOKOH BeposTtHocTu [12, 13]. Ilo pesyiapTaTam

88

© T.H. Acanxanosa, A.A. Ockonkos, 2025



ORIGINAL PAPER

Modern technologies. System analysis. Modeling

2025. No. 2 (86). pp. 84-99

Koopauuarz . Heucnj. ¥ Aunnutyna, o Anuxa, M

Crenens/ yllKcopaunars .,

Aunnimyaa,

[+]
E
2
B
z
]
4

Bnuna, u

|~Qnata |~ |

853 20 4

Mp.np

853

22

w

anp.25

858 Mp.ns 32 4

858

Ala

24

]
w

anp.25

838 Mp.ne 28 4

838

27

n

anp.25

982 Np.ns 31

= anp.25

31

ok WA
2

By

24

anp.25

TRy
ﬂp‘r‘:e‘“\. e 26
A\ M

2 anp.25

.np 28

MNyTte

22

o

anp.25

42 Mp.ne 32

42

20

()
=
w

anp.25

42 Mp.np 33

42

IportoB Ha B me

22

o

w

anp.25

242 Mp.ne 28 4 4

242

19 5 2«3

anp.25

433 26 4 4

Mp.np

433

caMoBOCCTaHaB/IUBaeTcA
olololo/loloclolaloclolo

19 5 2«3

anp.25

Puc. 4. [IporHo3 MOHMKEHHS CTEIICHU BBIBICHHBIX B IPO(QIIIe MyTH HEUCIPaBHOCTEH
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Puc. 5. MHOTOKpaTHO OBTOPAIOIIMECS HEUCITPABHOCTH ITyTH B COUYETAHUU C CE30HHOCTHIO
Fig. 5. Repeated track failures combined with seasonality

pacdeToB omnpezesieHa TUHAMUYHAs KpUBas pa3BH-
THS TIEpEeKoca MyTH, TIe aMIUIUTYJa HEUCIPABHO-
CTU B Ma€ COCTaBUT 23 MM, a MO JAHHBIM METOJU-
KU, 3aJIOKEHHOH B cucTeMe, 23 MM OXKHIAeTCs
TOJIBKO Yepe3 aBa mecsana (B wrone 2025 r.), 9To
MOXKET TNPHUBECTH K HEIP(HEKTUBHBIM MepaM I10
TEKyIeMy OOCIYKHBAaHUIO y4acTKOB MyTH U He-
OTIpaBJaHHBIM 3aTpaTaM.

Ha puc. 6 oTpaxeH MOCTPOEHHBIN MPOTHO3
pPa3BUTUS MHOTOKPATHO TIOBTOPSIOLIEICS HEHC-
MPaBHOCTH 10 «BeIOMOCTH POTHOZUPYEMBIX OT-
CTYNJIEHUH T€OMETPUU PENbCOBOM KOJEW» B CH-
creme. IIpu 3TOM, aHaNM3Upys MOJHOTY JaHHBIX B
CHCTEMe, YCTaHOBJIEHO OTCYTCTBHE yd4eTa JOTOJI-
HuTeNnbHOrO npoxoaa MC/I, rae B okTsiope 2024 T.
oOHapy»keHa 3-s CTeleHb IepeKkoca IMyTH, U B OT-
YETHOCTH C(OPMHUPOBAHO BBISBICHHOE 3HAYCHUE
HEUCTPAaBHOCTH TIPH CIIEAYIONEM KOHTPOJIHLHOM
npoxoje. i1 NocTpoeHUs] MaKCUMaJIbHO TOYHOTO
MIPOrHO3a Ba)XHO HCIOJIb30BATh BCE HMMEIOIIHECS
nosrydeHHbIe Janabie MC/I.

CornacHo TPOBEJICHHBIM pacdeTaM dKCTpa-
MIOJIALIMU  Pa3BUTHS HEHCIIPABHOCTH, 3aHUKCHpO-
BaHHOW 1O NTaHHBIM OT HW)KHETO J3KCTpeMyMa, U
JaTbHEHIIero pa3BUTUS JleeKTa C TOCTOSHHBIM
YBEIIMYCHUEM aMIUIATYIBI JI0 TIOCIIETHETO Pa3BH-
THSl HEWCIPABHOCTH, TPEBBIMIAIONIETO MOCIETYTO-
e, ONpesieieHo, YTO MPOTHO3UpyeMasi METOIU-
KOM aMIUIUTyAa Tepekoca MyTh 23 MM B HIOJE
2025 r. cooTBeTcTBYeT nMHEWHOMY TpeHay. Ha
pHuC. 7 OH TpeACTaBlieH B BUJAE 3€JICHOW JIMHHH.
Orta MeToJquKa HE CMOTrja Obl OINpeNeNUTh POCT
HEHUCIIPAaBHOCTU /10 BEJIMYUHBI 18 MM B ampene
2025 r. 6e3 yyera mapamerpa CE30HHOCTH (OpaH-
JKEBBIN TPEH).

IlpennaraemMplii aBTOpaMKu METO]I 3KCIIOHEH-
LIUABHOTO CIIaKMBaHMA 0oJiee aKTyaJleH, TaK Kak
OH TpU1aeT OoJIblliee 3HAYEHUE CaMbIM ITOCIICTHIUM
MOKAa3aTessiIM PEeTPOCTIEKTUBHOTO Psifia, TIO3TOMY B
MEPBOM NPUOIIKEHNH OJM30K K pealbHON CcUTya-
UM, TaK KaK I0CJIe IEpHO/Ia OTPULIATELHBIX TEM-
nepaTyp HacTylaeT OTTauBaHUe OaIaCTHOTO CIIOS
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BBICOKOH BEPOSTHOCTH Pa3BHTHS IIEPEKOCA ITyTH
Fig. 6. Fault development forecast using exponential smoothing: high probability of track skew development
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Puc. 7. JIuHelHast SKCTPANONALMS JAHHBIX MOJOKUTEIBHOIO Pa3BUTHS IIepeKoca My TH
Fig. 7. Linear extrapolation of data on the positive development of track deviation

U TPOMCXOAMT Haubojee AMHAMHYHOE DPa3BUTHE
HEUCIPaBHOCTEH B nipoduiie myTH (puc. 8).

IIporHo3HbIE 3HA4Y€HHsS TPEHJA JIMHEHHOU

SKCTPATONISIUHU paccuuThiBaeTes 1o (1):

y=a+b-x, (D)
rJie y — IPOTHO3UPYEMOe 3HAYCHUE; @ — HaYallbHOE
3HaueHue, b — KOIDDUIMEHT HAKIOHA;, X —
WHTEPBaJl BpEMEHH.

Kosppunmentr  HakioHa b MOXKHO
OTIPENIETTUTh KaK YacTHOE CYMMAapHOW pa3HHUIIBI
KCTPEMYMOB rpaduka MOJIOKUTEIBHOTO
paseutus (Ay;) u oTpunarenpHoro (Ay;) Ha
WHTEpBaJI BpEMEHH X 110 (2):

po Ay Ay ) )
X

C uenpto ompeneneHus Haumbonee 3¢dex-

TUBHOW METOJIUKH TPOTHO3UPOBAHUS PACCMOTPUM

nuarpammy (cM. puc. 8). Iloctpoen nporHos -
HeiHol skctpanomsiuuu (EK ACYU CIAMMU, nep-
BBIIl METOM) M 3KCIIOHEHIHAJIBHOTO CTIIaKHBaHUS
(BTOpOI1 MeTon), U3 KOTOPOro BHIHO, YTO B pe-
3yJbTaTe BECeHHEH oTTaiiku Oajacta B ampese
2025 1. IpPOU30ILIO PEe3KOe YBETUYCHNE aMIUTUTY-
IIeI IepeKxoca myTH ¢ 12 mo 18 mwm, B uTore JauHEH-
HBIM TpeH|, IPUMEHAEMBIA B CUCTEME, 1Al HEKOP-
PEKTHBI TIPOTHO3 DPAa3BUTHS HEUCHPABHOCTH
(+1 mm), T.e. 13 MM, KOTZ1a TIPUBSI3Ka BHICOKOH Be-
POSITHOCTH BTOPOM METOJMKHU MpPHU yUYETE MPOILIO-
TOJHMX JaHHBIX Jayia HauOonee OIM3KUI pe3ylib-
Tatr — 16,23 Mm.

[locnennuii pe3ynpTaT OCHOBBIBAETCS Ha
MPOrHO3MPOBAaHUU OYyIyLIero Mo JaHHBIM IIpO-
[UIOTO, TJIe BEC MOCIEeAHUX H3MEPEHHIl MPHUOpH-
tetHee [12].
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Fig. 8. Comparison of the forecast of the known value of track twist 18 mm in April 2025

[IporHo3HBIE 3HAYEHHUS TI0 METOMY IKCIIOHEH-

IUAJIBHOTO CTJIAYKUBAHUSI PACCUMTHIBAIOTCS 110 (3):

Yie1=@ -y +A=p)-U)-(P-8) Ssp1, (3)
TJie p — MapaMeTp CTIaKUBaHUS; Y, , | — IPOTHO3H-
pyeMbiii nokazatenb;, U, — DKCIIOHEHIMAJIbHO
B3BEIICHHAS CPEIHSS I Tepuoja IMpeamiecTBy-
IOIETO MIPOTHO3HOMY; V; — (paKTHUECKOe 3HAUCHHE
WCCIIETyeMOTO IIOKa3aTelsl 3a TEepHoA, Ipesrie-
CTBYIOIIUH MPOTHO3HOMY; ! + 1 — IPOTHO3HBIN TIe-
puon; S — ce30HHAas KOMITOHEHTa, pacCUMTaHHAS
OTJIENBHO C TOMOIIBIO MPOCTOTO AKCIOHEHIUAIb-
HOTO CTJIQKHUBAHUS; P — KOJUYECTBO MPOTHO3HBIX
nepuozoB Breped; Ssp - 1 — KOA(GUIUEHT Ce30H-
HOCTH 32 3TOT € IEpPHOi B TIOCIEIHEM CE30HE
(s MyJIBTHUIUIMKATUBHON MOJENH. KOT/Ia CEe30H-
Has KOMITIOHEHTA IMPEJICTaBISIeT COO0H SO0 TPEeH-
JIOBOT'O 3HAYCHHS).

[IpoBeneHHbIN aHATH3 JEMOHCTPUPYET BaXK-
HOCTh COBEPIICHCTBOBAHUS MPUMEHIEMON METO-
UKW TIPEANKTHBHOTO aHajK3a, B TOM YHCIE 3aJ0-
YKEHHOT'0 B METOJIUKY CUCTEMBI [ 14].

HanpaBAeHm! coBeplUeHCTBOBaHUA
NpeAUKTUBHOIo aHaAUu3a

B pesyibTare HCCACIOBAaHUS W PacuyeToB
MOXKHO CJieJlaTh BBIBOJ, YTO peanm3oBaHHas B EK
ACYU CIAMMU mnporHo3Hass aHATWUTHKA HE CIIO-
coOHa TMOJIHOCTBIO OXBAaTUTh BCE CUTYAI[MH IPEI-
CKa3aHUs MOCIEICTBUHN M CPOKOB UX HACTYIUICHUSI.

Paznenenne npeaMKTHBHON aHAIMTUKA Ha
00J1aCTH SIBIIAETCA BaXXKHBIM MOMEHTOM Ui oOec-
neyeHus dPGEKTUBHOTO Mepexo/ia Ha 00CITyKHBa-
HUE OOBEKTOB HMH(MPACTPYKTYPHl 1O pealbHOMY
TEXHHYECKOMY COCTOSHUIO M OBICTPOMY pearupo-

BAaHUIO HA H3MEHEHHUSI COCTOSHHUS OOBEKTOB HH-
dbpactpykryps! [13].

BaxxHO B TeKyIIMX CIOXHBIX YCIOBHUSX OII-
tummzanuu  pacxomoB OAO  «PX]]» mobutbcs
YMEHBIIEHUS] OTKAa30B U PHUCKOB, CBSI3aHHBIX C XKe-
JIE3HOZOPOXKHBIM ITyTEM, IOBBIIIEHUS pecypca xe-
JIE3HOJIOPOXKHON HMH(PACTPYKTYPBI, CHU3UTH KOJIH-
YECTBO BHEIUIAHOBBIX PEMOHTOB, IIPOTHO3UPOBATh U
KOHTPOJIMPOBaTh CPOKM >KM3HEHHOTO ITUKJIA dJe-
MEHTOB HMH(QPACTPYKTYphl, NPU 3TOM COOJIIOAATH
BCE€ YCIIOBHS: BBINIOJIHEHUE TEXHOJIOTMYECKUX IIPO-
LIECCOB OOCITYKUBaHUSI OOBEKTOB HHPPACTPYKTYPHI,
0€30MacHOCTh MEPEBO30YHOr0 MPOIeCcca, YCTaHOB-
JICHHBIE CKOPOCTH JBIKEHHS IIOABHYKHOTO COCTAaBA.

B Tabn.2 mpencraBieHa mpeiaraeMas
(dbopmanuzanus parpaHudeHus obiacTeil npeauk-
TUBHOW AaHAJIUTHKH, KOTOpBIE TIO3BOJIAT IHPHHHU-
MaTh 3(PeKTUBHBIEC pPELICHUS Ha Pa3IMYHBIX CTa-
IUsIX OM3HEC-TIPOIECCOB TI0 TEKYIIEMY COJepKa-
HUIO KeNE3HOJOPOXKHOro myTH. BeiOpans! ciexy-
folye o0JIACTH MPEAMKTUBHONW aHAJIMTUKHU: KOH-
CTPYKTHBHAs, ONlepaTUBHAS W TUIAHOBBIE, KOTOPHIE
CIIOCOOHBI OXBaTUTh MPAKTHYECKH BECh CIIEKTP
paccMaTpuBaeMbIX JErpaJalliOHHBIX KadecTB ITy-
TEeBOH MHQPACTPYKTYPBI.

Baxxnoil 00nacTeio ABISETCS KOHCTPYKTHB-
Has, I7Ie Ha OCHOBE CHJIOBOIO BO3/JEHCTBUS BO3-
MO>KHO OIIPEJICIINTh TOYEYHBIE HAIPSDKEHHBIE CO-
crogaus B anemedTtax BCII u BbIMONMHHUTH como-
CTaBJIEHUSI C JOMYCKaeMbIMU BeduduHamd. llpum
3TOM pe3ynbTaThl OyAyT (opManu3oBaTh HE IMPO-
OJIeMHBIE DJIEMEHTHI, TJI€ TPEBBIMIEHBI OMMYCKH, a
MIOCNIEACTBHSA, K KOTOPBIM TPHUBENET KOHKpPETHOE
OTKJIOHEHHuE [§].
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Tabauna 2. Tpu obmacTu peanu3anuy MPEIUKTHBHON aHATUTHKA
Table 2. Three areas of implementation of predictive analytics

IloxazaTenb
Indicator

KoHcTpykTrBHAs
Constructive

OmnepaTtuBHAs
Operational

IInanoBas
Planned

Hasnauenue o6aacTu
Assignment of the area

OmnpepernseT NOTCHIAATb-
HOE TIOSIBJICHNE HEHUCIIPaB-
HOCTEW Ha OCHOBE CHJIOBO-
r'0 B3aMMOJICHCTBHS T10-
JIBHKHOTO COCTaBa Ha
KOHCTPYKIIUIO JKeJIE3HO-
JOpOXKHOTO MyTH. OLeHKa
(U3HYECKUX POLIECCOB
B3aUMOJCHCTBUS SABISIETCS
OCHOBOM NPEIUKTUBHOMI
CHCTEMbI, OPHEHTHPOBAH-
HOH Ha TOBBIIICHAH pe-
cypca 3KCIUTyaTalluH Ke-
JIE3HOIOPOIKHOTO Iy TH
Identifies potential faults
based on the force
interaction between rolling
stock and the track
structure. Assessing the
physical processes of
interaction forms the basis
of a predictive system
aimed at increasing the
operational life of the
track.

PaGoraer Ha ocHOBe aHa-
JIM3a COYETaHUi Henc-
[IPaBHOCTEH, a TaKXKe Mpo-
THO3UPOBAaHHUH PAHEE BbHI-
SIBIICHHBIX HEUCIIPABHO-
CTCH IYTH U BBIMOJHACT
OLICHKY pe3Koi a3kl pa3-
Butus [ 1] HercnpaBHOCTH
IyTH 11 TOYHOTO OTIpe-
JICIICHIS, KaKHe TTAHOBBIC
HEHCIIPABHOCTH, BBISB-
JICHHBIE CPEICTBAMH JTHa-
THOCTHKH JIOJKHBI OBITH
YCTpaHEHBI B HEOTIIOKHOM
WY TIEPBOOYEPETHOM pe-
JKHME, a TAK)Ke KaKue U3
MepBOOYEPETHBIX HEUC-
MPaBHOCTEH TOJKHBI OBITH
YCTpaHEHBI B HEOTIIO)KHOM
pexumMe

It operates on the basis of
the analysis of
combinations of faults, as
well as the prediction of
previously identified faults
of the track and carries out
an assessment of the acute
phase of development [1]
of the fault of the track to
accurately determine
which planned faults
identified by diagnostic
tools should be eliminated
in an urgent or priority
mode, as well as which of
the priority faults should
be eliminated in an urgent
mode

OmnpepensieT HEUCIIPABHO-
CTH KOHTPOJIHPYEMOTO
JUTUTEIHOTO Pa3BUTHSL.
Pabotaer Ha aHanm3e uc-
TOPUYECKUX JIAHHBIX C
MIPUMEHEHHEM METOJIOB
9KCTPAIOJISIIUOHHOTO
MIPOTHO3UPOBAHUS Ha JJTH-
TENbHYIO EPCICKTUBY,
rJie onpeaenstorcs (Gaspl
passurus [ 1] cuctemHo
Pa3BUBAIOIINXCS HEUC-
MPaBHOCTEH, a TAKKe He-
UCTIPAaBHOCTEH, HAXOIs-
umxcs B haze crabunsa-
1w [1]. MHoro o6i1mero ¢
EK ACYU CJIMM — rpe-
JUKTUBHBIHA aHAIN3, HYX-
Ha TopaboTKa MeToaa
Identifies faults with
controlled long-term
development. It works by
analyzing historical data
using long-term
extrapolation forecasting
methods, which identifies
the development phases
[1] of systemically
developing faults, as well
as faults in the
stabilization phase [1]. It
has much in common with
the EC ASMS SDMI —
predictive analysis; the
method requires further
refinement.

OYHKIIMOHAJIBHOE
ONHCaHHE
Functional description

daxTryeckue (Ha Hayalb-
HOW CTaJIuM) ¥ MOTEHITH-
aJIbHBIE HEUCITPABHOCTH
MOTYT OBITh OTIPE/ICIECHBI
IIPH OTIeHKE KOMITIEKCHO-
IO B3aUMOJICHCTBHS KOH-
CTPYKIMH KEIE3HOJ0-
POXHOTO IyTH, MeTeodu-
3M4ecKuX (aKTOpOB, Xa-
PaKTEPUCTHK MOJBUKHOTO
COCTaBa U peanu3yeMbIX
PEXUMOB IBIDKEHUS TPY-
30BBIX oe310B. [TosBie-

IIpakTuuecku y kaxunoi
HEHWCIIPaBHOCTH IIyTH €CTh
UCTOPHS AETPaTALNOHHO-
ro npouecca. basupysco
Ha XpOHOJIOTHIECKOM psie
JTAaHHBIX 00pa30BaHUs He-
UCTIPAaBHOCTH IIPH UCTIONb-
30BaHMHM DKCTPAIOJIALU-
OHHOT'O ITPOTHO3UPOBAHUS
C IPUOPUTETOM MOCIEIHE-
TO U3MEPEHHUs], a TAKKE C
Y9eTOM CE30HHOCTH, CO-
CTOSIHUs OajacTa, KOH-

OJIHI/IM 13 YaCTHBIX ITpU-
MEpOB JIaHHOH 06sacTH
ABJISIETCS IPOTHO3 OOKO-
BOT'0 U3HOCA HITH [TPOTHO3
M3HOCA METaITMYECKUX
yacTel CTPEeIoYHOro 1e-
peBoxa. PazBurus ymmpe-
HUSI PeIbCOBOM KOJIeW pU
HapacTaHWU OOKOBOTO
n3HOCa, 1e(eKTHOCTH
CKperieHui u mman. Je-
Tpaganysa HECUCIIPaBHO-
CTeH B MpoQuIie MyTH NIPH
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HHE HEUCIIPaBHOCTEH B
JTAHHOM 00J1aCTH MPaKTH-
YECKH He MOJIIaeTCsl Kilac-
CHUYECKHM METOZaM Ipo-
THO3HUPOBAHUSA TI0 TIPH-
YHHE HeTOCTaTOYHOTO
KonngecTBa HaHHBIX. Og1-
HaKO IIPH aHaJIN3€e CHIIO-
BOI'O BO3JIEHCTBHUS Ha
BEpXHEE CTPOCHHUE Iy TH
peajbHO OIPEAEIHTD I10-
CJIE/ICTBHS, OCHOBaHHbIE
HAa 3aKOHAX (hU3UKU
Actual (initial stage) and
potential faults can be
identified by assessing the
complex interactions
between track structure,
meteorological factors,
rolling stock
characteristics, and freight
train operating modes.
Fault occurrence in this
area is virtually impossible
to predict using classical
forecasting methods due to
insufficient data. However,
by analyzing the force
impact on the track
superstructure, it is
possible to determine the
consequences based on the
laws of physics.

CTPYKLIMH PENbCOIIITAIb-
HOM pelIeTKH, UCKYC-
CTBEHHBIX COOPY)KCHHUH U
MeTeo(hU3NUECKHUX MPO-
IIECCOB, BO3MOKHO TOYHO
OTIpEeNIeNIUTh KPUTHIHOCTh
U pe3Kyto Gas3y pa3BUTHS
HeHcrpaBHOCTH [ 1]
Almost every track fault
has a history of
degradation. Based on a
chronological series of
fault formation data using
extrapolative forecasting
with priority given to the
most recent measurement,
as well as taking into
account seasonality,
ballast condition, track
grid design, artificial
structures, and
meteorological processes,
it is possible to accurately
determine the criticality
and acute phase of fault
development [1].

COJIepP’KaHUU CTHIKOB, Jie-
(PEeKTHOCTH PENBCOB, CO-
CTOSIHUM OaJulacTa u Uc-
KYCCTBEHHBIX COOpYXKe-
Huil. B psine ciydaes
YCTPaHSTh Hy>KHO HE caMy
HEHCIPaBHOCTb, a €€ B3a-
HMMOCBSI3aHHYIO TIPHIHHY
One specific example in
this area is the prediction
of lateral wear or wear of
metal parts of a turnout.
The development of track
gauge widening with
increasing lateral wear,
defective fastenings, and
sleepers. The degradation
of track profile defects due
to joint maintenance, rail
defects, ballast condition,
and artificial structures. In
some cases, it's not the
defect itself that needs to
be addressed, but its
underlying cause.

bes npunsTHs cBOEBpE-
MEHHBIX MEPONPUATUN
o0cTy>KMBaHUS MTyTH TO-
SIBIICHUE CBSI3aHHBIX KPH-
TUYHBIX HEUCIIPABHOCTEN

HewncnpaBHOCTH II1aHOBO-
T'O XapakTepa MOTyT OBITh
OIacHee MePBOOUEPETHBIX
1 HEKOTOPBIX HEOTJIONK-

HBIX ITPU COUCTAHUU pAaa

He Bce HencmpaBHOCTH
MYyTH IJIAHOBOTO XapaKTe-
pa UMEIOT CUCTEMHYIO
JIeTpajalnio, OoIbIIas
4acTh B TPEH/IE CTAOWIN-

the track

development phase [1]

BaxxHocTtb Oyner HeN30EKHO (hakTOpOB 3anuu [1]

Importance Without timely Planned malfunctions can | Not all planned track
implementation of track be more dangerous than failures are systemic
maintenance measures, the | priority and some urgent degradation, most are in a
occurrence of related ones when a number of stabilizing trend [1]
critical faults will be factors combine
inevitable.
Pexomennanmu nponsBoa- | PamumonanbHas paccra- Parmonanun3zanms otdopa
cTBa paboT IS TIOBBIIIIE- HOBKa ITPHOPUTETOB Ha IUTAHUPOBAHMS yCTpaHe-
HUS pecypca myTH ocHOBe (pa3bl IMHAMUYHO- | HUSI KOHKPETHBIX HEHC-
Recommendations for the | ro passurus [1] MIPAaBHOCTEH W MPUIHH UX

ey f:xecution of works to Rational prioritizatign O6p.aSOB?.HI/I?I

Target increase the resource of based on the dynamic Rationalization of the

selection of planning for
eliminating specific
malfunctions and the
reasons for their
occurrence
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BpInonHUTE KJIACCHYECKUU SKCTpaIoms-
[IMOHHBIN MPOTHO3 WIIH CJIIOKHBIH MHOTO(]aKTOP-
HBIA MPOTHO3 COCTOSIHUSA KOHCTPYKTUBHOM Mpo-
OsieMbl (DAKTHYECKOTO COCTOSIHUSI MYyTH JAJICKO
HE MPOCTO, TaK KaK HE BCErjJa MMEeTcs JocTa-
TOYHO JAHHBIX B PETPOCHEKTHUBE JIOKAJIBHOIO
Mecta nyTH. [103TOMy KOHCTPYKTHBHas 001acTh
MPEJUKTUBHOTO aHaju3a Ha OCHOBE CHJIOBOTO
B3anmozeicTBus dnemeHToB BCII u moaBmxHO-
IO COCTaBa SIBJISIETCSA KpallHE BaXKHBIM BOIIPOCOM
JUTSL TEKYIIETO COACPIKAaHMSI MTyTH U 00CCIICUCHHUS
0€30MacCHOCTH JBIKEHUS.

He menee BaxHa 00nacTh OmepaTUBHOTO
MPEIUKTUBHOTO aHaIu3a, IJ¢ BAXKHO OMPEICIHTh
JUIS Ka)KJ0M BBISIBIICHHOM HEHUCIPAaBHOCTU IIyTH
OWHAMHKY Jerpafanuu (BaxHa ¢dasza pe3Koro
pa3BUTHS U OTpeJeleHUue OMACHBIX COYETAaHUN).
BaxHbIM mOHSATHEM 37€Ch ABJISETCS TO, YTO CO-
BPEMEHHBIE CPEACTBAa ITHATHOCTUKHU IO CHUX IMOpP
HE BBIMOJHSAIOT aHAIU3 CKOPOCTH PA3BUTHUS He-
WCNIPAaBHOCTH, TJe NepBOoOuYepeaHas HeHclpas-
HOCTh MOXET OBITh ONpejesieHa KaKk HauMeHee
ONacHasl, 4eM IUIaHOBas. B TaHHOM CMBICIOBOM
KOHTEKCTE AaKTyaJlbHOM 3ajadedl OIlepaTHUBHOM
o0JacTu sABISETCS OINpeAeTicHUEe PEalbHOTO MPH-
OpUTETa IUIAHOBBIX WM IE€PBOOYEPEIHBIX HEUC-
MPaBHOCTEH MYTH C YUYETOM CKOPOCTHU UX pa3BU-
THA U oTArvyammux couetanuit. [Ilpumepom mo-
XKeT OBITh CUTyalus PE3KOTO TOSBIEHUS yria B
mwiane «Py» 2-i cTeneHu ONpu HaJW4YUuU HYJIEBOTO
CTBIKOBOTO 3a3opa (0 MM) nambo 3a30pa MEXIy
mImnanoi u 6amiacTom.

[1maroBas 00MaCTh MPEIUKTUBHOTO aHAIH3a
MOJXKET OBITh MOCTPOEHA MPU HCIOJIb30BAaHUH KC-
TPaNoJSIMOHHOTO MPOTHO3a XPOHOJIOTHYECKOTO
psAda ee pasBUTHS NPU O0S3aTEIBHOM y4YeTe ce-
30HHOCTH, NMPEABIAYIINX COCTOSIHUM U mociegHei
(a3sl JerpajallioHHOTO IMpoIecca, a TaKKe KHU3-
HEHHOT'O IHUKJA DBIIEMEHTOB EJIE3HOJOPOKHOTO
nytu [13, 15, 16].

B maHHO# 00J1acTH BaXXKHO ONpeAeanuTh a3y
CHUCTEMHO pa3BHBAIOIICICS HEUCHPAaBHOCTH C
JaIbHEHIINM TUIAHUPOBAHUEM CPOKOB YCTPAHEHUS
U YCTAaHOBJICHUSI HEUCHPABHOCTU IYTH, HAXOAUB-
muiics B (paze ctaOuau3alvy, Kak HauMeHee MpH-
OpUTETHBIX 3aJay nJs JHUKBUJAUUU. YacTHBIM
MNPUMEPOM MOXKET SBISTHCS CHCTEMHBIH POCT
YUIMPEHUS PENbCOBOM KOJIEH, BO3HUKAIOIIMKN B
pe3ynbTaTe HapacTaHus OOKOBOTO M3HOCA PEITHCOB
U HM3HOCA JJIEMEHTOB CKperuieHuil. B kauectse
BTOPOT0 IPUMEPA MOXKET OBbITh CHCTEMHOE Pa3BH-
THE TPO(PUIBHON HEUCHPABHOCTH TPU HEHaJIe-

KalleM COACP)KAaHUM JPEHAKHBIX MCKYCCTBEHHBIX
COOPYKEHHH WU MX OTCYTCTBUHU. Ilpu 3TOM aiid
KayeCTBEHHOTO YCTpaHEHHsI Je(eKra BaKHO
yOpaTe HE TOJBKO CaMmy HEUCIPaBHOCTb, HO H
MPUYHHY €€ CUCTEMHOTO Pa3BUTHSL.

IIpencrarneHnple 00NACTH TPEAMKTUBHOMN
AQHAJIMTUKA TOJIBKO YaCTUYHO HAaXOIT peayn3a-
LIMIO B CUCTEME, B UACTHOCTH B pa3zenax:

— IPEAUKTUBHOTO aHaim3a (Oyraromapst mpo-
THO3Y IHOCJIEIHErO MOJIOKUTEIBHOTO PAa3BUTHUS He-
HCTIPaBHOCTH ONpeAecHa PEKOMEHJAINS IPHOPHU-
TETHOTO IUIAHWPOBAHMSA YCTPAHEHMSI KOHKPETHBIX
HEWCIPAaBHOCTEW MyTH (TIJIAHOBAs 00J1aCTh));

— MPOTHO3UPOBaHUSI OOKOBOTO U3HOCA Peilb-
coB (TIaHoBasi 00JacTh);

— ONPEAETICHNSI COCTOSIHUSL PEJIbCOBBIX ILIe-
Teil OECCTHIKOBOTO MYTH B BHIE KOMILJIEKCHOTO
kodddunmenta padoraer 3pGPEKTHBHO U 3aTparu-
BaeT BCe TPHU 00JIACTH — KOHCTPYKTHUBHYIO, OIepa-
TUBHYIO U IUIAHOBYIO.

Ho st mosmyueHust BBICOKOHW JOCTOBEPHOCTH
paboThI MPETUKTUBHOTO aHaJIn3a TpedyeTcs o0s3a-
TENIbHO YYWUTHIBATh (DAKTOPBI, KOTOPBIC OKA3bIBAIOT
BIMSHAE Ha Pa3BUTHE HEUCIPABHOCTEH IyTH, a
TaKKe, I7ie HeUCIPaBHOCTH O0bEMHEHBI B TPU CTa-
min (hopMa3ali: HEUCIIPABHOCTH B TUiaHe (Y1,
Cyx, P); nencnpasnoctu B npoduie mytu (Ilp, I1,
Y); nedeKTHOCTh PEIbCOBOrO X035HCTRA.

Hannsle Qopmanuzanum pasHECEHbl IO
(akTopaM CBA3aHHOIO BO3JIEHCTBHUSA: CHIIOBOTO
BO3JICHCTBUS; KOHCTPYKTHUBHBIH (axkTop; 3Kc-
IUTyaTalMi; BHEIIHET'O0 BIHWSHUS;, KOCBEHHBIH
tdaxrop [8, 17-22].

@DakTOp CHJIOBOIO BO3ICHCTBUS ONPEIEISIET
NPUYMHBI, OKa3bIBAIONINE JAUHAMHYECKOE BO3JCH-
CTBHE Ha DPa3BUTHE HEHCIIPABHOCTH KEJIE3HOAO-
POHOTO MyTH TOABHKHBIM COCTABOM.

KoHcTpykTHBHBIA (hakTop onpenenser npu-
YUHY BIUSHUS TEKYLIeH KOHCTPYKLUH ITyTH, B TOM
YHcIe TEOMETPUUYECKUX MapaMeTpPOB PEJIbCOBOM
KOJIeW, Ha pa3BUTHE PacCMaTPUBAEMOW HEHCIIPAB-
HOCTH (BIHMSHHE BO3BBIIICHNS YIOPHON PETbCOBOM
HUTH IYTH HA JETPaJalliOHHbII MIPOLECcC Pa3BUTHS
HeucnpaBHoctei) [11, 17].

@akTop IKCIUTyaTallid  XapaKTepu3yeT
BIUSTHUE XapPaKTEPUCTHUK MOABIKHOTO COCTaBa H
PEXKMMOB €ro JIBUXECHHS Ha JAWHAMHUKY Pa3BUTHA
HeucrpaBHocTH myTH [3, 8, 21] (mpumepom Mo-
XKeT OBITh HE pealiu3alusi yCTaHOBJIEHHBIX CKOPO-
CTe IBMXEHMS IO0€370B, a TakXKe IOBBIIICHUE
OCEBBIX HArpy3o0K).
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dakTop BHEIIHETO BO3ACUCTBUS OIPEISisIeT
BJIMSIHUE HA POCT aMILTHTY]bl HEHCIPABHOCTH Me-
Teo(hM3MIECKUX IPOIIECCOB, CE30HHOCTH U 0Oaphb-

CPHBIX MECT.

Kocsennsiii dakrop ¢opmanuzyer 3aBucu-
MOCTH Pa3BUTHS HEHUCIIPABHOCTH IYTH OT KOCBEH-

THe BapUAHTHI).

HBIX TPUYMH (HAaIlpuMep, Kak BIUSIOT Ae()EKTH B
npoduiie myTH Ha HEUCIPABHOCTH B IUIAHE U JIPY-

PaccmoTtpum moapoOHee (akTopsl, BIHSIO-

T (Tabm. 3).

mue Ha I[erpaHaHI/IOHHHﬁ mpouecc CoCToAHUA 11y-

Taoauna 3. ®akTopsl, BIMSHUSAIOMNE HA AETPATALNI0 COCTOSHUS IIYTH B TpeX (OopMalIn3aIiisax
Table 3. Factors affecting the degradation of the track condition in three formalizations

HewucnpasHoctn JedexTHOCTh pesbcoBOro
Heucnpasuoctu B .
®dakrop B IUIaHE ITyTH X035HCTBa
npodue mytu (I, Ip, V) . .
Factor (Y, Cyx, P) . . Defectiveness of the rail
. Faults in the track profile s
Defects in the route plan facilities
JedexTHOCTh M M3HOC CocTosiHIE PEeJIbCOBBIX HenopmoTuBHOE conepxanue
3JIEMEHTOB PCIILCOBBIX CTBIKOB. PEIBCOBBIX CTHIKOB.
CKpETUICHUH. Cocrosinne 6amtactHoro | CopepaHue NOAYKIOHKH
W3HOC pe3nHOBBIX cios (YpoBeHb PebCOoB.
aMOPTU3aLIMOHHBIX 3arpsi3HEHUA). HecBoeBpemeHnHas nuingoBka
TPOKIIAJIOK. Hannune nedektHocTeld | 1 00TOYKA HAKATOB
HeroxnocTs mimait. PEIBCOB, MOBBIIAIOIINX | METAJUIMYECKHUX SJICMEHTOB
BokoBoit U3HOC penbCoB. yIapHOe BO3/ICICTBHE. CTPEJIOYHBIX IIEPEBOIOB.
TemnepaTypHOE COCTOSTHUE [ToBBILICHHOE TaBJICHUE CBapHBIC CTBIKH HA3KOTO
0ECCTBHIKOBOTO ITYTH. Ha YHOPHYIO I KayecTBa.
CunoBoro CocrosiHre 0aIacTHOM HIDKHIOIO PEJIbCOBYIO JlyOpuKanus penbCcoB.
BO3JIEHCTBUS MIPU3MBI U TTOJIHOTBI HUTD IIyTU @DaKkTOphl IKCILTyaTalluu

Forceful impact

HIMATbHBIX SIAKOB
Defectiveness and wear of rail
fastening elements.

Wear of rubber shock absorber
pads.

The sleepers are unusable.
Lateral wear of rails.
Temperature state of
continuous welded rails.
Condition of the ballast prism
and fullness of sleeper boxes

Condition of rail joints.
Ballast layer condition
(pollution level).

The presence of defects in
the rails that increase the
impact force.

Increased pressure on the
thrust or bottom rail of
the track

Non-standard maintenance of
rail joints.

Rail inclination maintenance.
Untimely grinding and turning
of the knurling of metal
elements of turnouts.

Welded joints are of poor
quality.

Lubrication of rails.

Operating factors

KoHcTpykTUBHBIN
Constructive

Hopma 3a1mmBky NIMpUHEI
PEeIBCOBOI KOJIEH.
Bo3sseiienue ynopHoi
PENbCOBOM HUTHU IIYTH.

Ormropa mimai.

Tun mnan.

Hlupuna mueva 6anmacHon
MPU3MBI.

TonmuHa 6a1IacTHOTO CIIOS
Standard for covering the track
gauge width.

Elevation of the stop rail track.
Diagram of sleepers.

Type of sleepers.

Shoulder width of the ballast
prism.

Ballast layer thickness

HecootsercTue
BO3BBIIICHUS YIIOPHOU
HUTH KPUBOTO Y4acTKa
MyTH pean3yeMbIM
CKOPOCTSIM TPY30BBIX
M0€3/I0B

Discrepancy between the
elevation of the stop
thread of a curved section
of track and the speeds of
freight trains

Hopwma 3a1mmBky IUpUHbL
PpeNbCOBOM KOJEH.
Bo3sBellenue ynopHoi
PEIbCOBOM HUTH ITYTH.
IToaykioHka penabcoB
Standard for covering the track
gauge width.

Elevation of the stop rail track.
Rail inclination
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HewncnpaBHoctu JledeKTHOCTh PeIbCOBOTO
®dakrop B IUTAHE MTyTH HencnipasroctH B XO0351CTBa
Factor (Y, Cyx, P) npoq)m.Ie g (U gy 'y) Defectiveness of the rail
Defects in the route plan Faults in the track profile facilities
p
Y4acTku TOPMOKEHUSL. Hepeanuzanus Hepeanuzauus
Hepeanmszanns YCTaHOBJICHHBIX YCTaHOBIICHHBIX CKOPOCTEH.
YCTaHOBJIEHHBIX CKOPOCTEH. CKOpOCTEH. Henoramennoe yckopeHue.
Henoramennoe yckopeHue. Henoramennoe IloBbIIEHNE OCEBOM HArPY3KHU.
IloBbllIEHNE OCEBOM HATPY3KHU. | YCKOPEHHE. BokcoBanue.
OKCIUTyaTHINI PekynepatuBHoe Topmoxenune | IlowiieHune oceBoit OKCTPEHHOE TOPMOKEHHE
Exploitation Braking areas. Harpy3ku Failure to achieve established
Failure to achieve established Failure to achieve speeds.
speeds. established speeds. Unquenched acceleration.
Unquenched acceleration. Unquenched acceleration. | Increased axle load.
Increased axle load. Increasing axle load Boxing.
Regenerative braking Emergency braking
Ce30HHOCTS. Ce30HHOCTS. Hannuwne Hanumero mecka u
Merteo¢usnueckue nporeccsl. | MeTteoduznieckue JPYTOro 3arpsi3HEHUS Ha
BapsepHbie MecTa. MPOLIECCHI. JTyOpHKaHT B KPUBBIX yJacTKax
IIpenynpexaenue ¢ Hanuuue 3aBozaeit nunmn MyTH.
OTpaHUYICHUEM CKOPOCTH 0010T BONMH3H Hammane nedexror o6oxa
Seasonality. JKEITIE3HOIOPOIKHBIX KoJIeca TIOABHKHOTO COCTaBa.
Meteophysical processes. myTeit Huskue TemmnepaTypsl.
Bremnero . . N
S Barrier plgces. . Seasonahty. CocrostHMe 6aIacTHOM
Speed limit warning Meteophysical processes. | IpU3MBI Ha pa3phIB
External
influence The presence of The presence of saqd and other
backwaters or swamps contaminants adhering to the
near railway tracks lubricant in curved sections of
the track.
Presence of defects in the rim
of a rolling stock wheel.
Low temperatures.
Ballast prism tensile strength
HewncnpasHoctu B mpoduie Hamume u coctostane Yiupenne penbcoBOi KOJIeH.
KPUBBIX YYAaCTKOB ITYTH. JAPCHAXHBIX U Hanuuwne mmansl 10 CTBIKOM.
CocrosiHre PEIBCOBBIX BOJOOTBOJHBIX Hpoca;:[Ka B 30HC CTBhIKA
CTBIKOB. HCKYCCTBEHHBIX Widening of the track gauge.
JlyGpukamus peiabcoB. COOPYKEHUI The presence of a sleeper
IToxykmoHKa peasCcoB B The presence and under the joint.
KoCBenHEi KPHHBIX MaJIOro pajuyca condition of drainage and | Subsidence in the joint area
Indirect 6onee 1/60 water drainage artificial
Defects in the profile of curved | structures
track sections.
Condition of rail joints.
Lubrication of rails.
Rail inclination in small radius
curves more than 1/60
BbiBoABI 2. B Meronuke cUCTEMBI HE OLIEHUBAETCS

B PE3yJabTAaTC HCCICIOBAHHUA MOXHO CIC-

JIaTh CJIEAYIONTNE BHIBOIBL:

1. Ha naHHBIII MOMEHT HE CO3/1aHO OOBEK-
TUBHOW CHUCTEMBbI MPEIUKTUBHOM AHAIUTUKH 3Jie-
mentoB BCII, B ToM uncie B COBPEMEHHBIX Cpell-

ctBax guarHoctuku 1 EK ACYU CIIMU.

MIOJIHBIM CHEKTP BO3AECHCTBUS HA ITyTH HEKOTOPBIX

($akTOpoB: HE YUYMTHIBAIOTCS (pa3bl pa3BUTHS He-

HUCIIPAaBHOCTHU.

3. Her yueTa Ce30HHOCTH U IPYTUX BAXKHBIX
MOMEHTOB, 0€3 KOTOPBIX HE MOIYIUTCS TOOUTHCS

CYIIECTBCHHOI'0 pE3yJjibTaTa B OUArHOCTHKE (l)aK—
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TUYECKOTO M TEPCHEKTUBHOIO COCTOSHUS JKENe3-
HOJIOPOXKHOI HH(PACTPYKTYPHI.

Kpowme Toro, asns mosydeHus: MaKCUMajIbHO
TOYHOH HMH(OpPMALMKM O COCTOSIHUH IKEJE3HOJ0-
POXHOTO MYTH HEOOXOJMMO Pa3BHBATH METOAMKY
IPEOUKTUBHOTO AaHAIW3a Ui ONpENENEHUs He
TOJIBKO TPOTHO3UPYEMBIX CHUTyallMd MpU YydeTe
BHEIIIHETO BO3JCHCTBUS, (DAKTUUECKONW KOHCTPYK-
UM [TyTH, PSKUMOB IKCIUTyaTalluu, HO U peabHO-
IO TEKYILEro COCTOSIHUS Iy TH.

[Ipennoxxennpie (akTopel U OONACTH Tpe-
JUKTUBHOTO aHAJIM3a SIBJSIFOTCS OCHOBOM B pealu-
3a1uK HanboJsee COBEPLUICHHOW METOANKN TOYHOTO
OTIpe/IeNICHHsI COCTOSIHUS IMYTH, MO3BOJISIOIIEH Te-
pEeWTH Ha NEPBYIO CTYMEeHb 00CITyKUBaHUS HHPa-
CTPYKTYPHI IO (PaKTHUECKOMY COCTOSHHIO.

JanpHedIUM pa3BUTUEM MPEIUKTUBHOU
AHAJIMTHUKHU JIOJKHA CTaTh CHUCTEMa JIOTHYECKHUX
pELIEHU ONpeNeNeHrus] HE TOJbKO CaMOH Heuc-
NPaBHOCTH, HO W NPUYMHBI €€ BO3HUKHOBEHHS,
I71e BAKHBIMHU aKIEHTaMU JTaHHON TeMaTHKHU SB-
JIIeTCA TPOLECC pacdyeTa M OLEHKH COuYeTaHui
COCTOSIHMS CBSI3aHHBIX KOHCTPYKTHBHBIX 3J€MEH-
TOB MyTEBOH WHQPACTPYKTYpHI, a TaKKe ee Cco-
JepKaHue U 00CITy)KUBaHUE C ENIbI0 MaKCUMaIlb-
HOT'O CHMXEHMSI CHJIOBOTO BO3AEHUCTBUS MOJBUXK-
Horo coctaBa Ha BCII, B 4aCTHOCTH yMEHbLIEHUE
yria Ha0eraHusi Kojieca Ha pelibC, NMPUMEHEHUE
HOBBIX MOJXOOB B IIyOpUKamuu penbcoB [6, 10,
23], onTUMH3aUUsg HOPMBl 3aLIMBKU IIMPHUHBI
pPeIbCOBOM KOJIEW M BO3BBILIEHUS YIMOPHON HUTH
MO/ peaju3yeMble YCIOBHS 3KCIUTyaTalluu, MOJ-
00p ONTHUMAJIBHBIX IapaMETPOB IMOAYKIOHKH

peNbCOB ISl YMEHBIICHUS KOHTAKTHBIX HAarpsi-
JKEHUN B CHCTEME «KOJIECO — PEeIbC» W Npyrue
BapUaHTHl yBEJIWYEHUS pecypca >KeIe3HOHOPOK-
HOTO MYTH B YCJIOBHUSIX CHUCTEMHOrO0 HapacTaHUs
CPY30TOTOKA U YBEIUUYCHUS OCEBBIX HArPy30K.

3aKnloueHue

CymecTByOIUe METOJUKH OTpEIeIeHUs
MPEIUKTUBHBIX COCTOSIHUN IyTEBOW WH(PACTPYK-
TypHL, B TOM umcie peanu3oBanHbie B EK ACYU
CJIMU, necoBeprieHHbl. [IpuMeHeHne MaTeMaTH-
YEeCKOr0 MpOTHO3a, OrpaHMYEHHOTo 00paboTKOil
PETPOCTIEKTHBHBIX JTaHHBIX COCTOSIHHS KaXKIOU
HEUCTIPaBHOCTH, HE TI03BOIHUT C(POPMHUPOBATH O0B-
CKTUBHBIA pe3ysibTaT (aKTUYECKOTO COCTOSHUS
nyTu. B ocHOBe MpeauKTHBHOrO aHanM3a JOJKHA
OBITH 3aJI0KeHa JIOTUYeCKast (huzuko-
MaTeMaTH4YecKas MOJelb, pa3/ielieHHas Ha o0Jia-
cTH, (a3pl pa3BUTUS HEHCHPABHOCTEH, TJ€ OCHO-
BOH aHamm3a SIBIIETCS MHOTO(AKTOpHAs CHCTEMa
OTIpeIeTIeHHs] TOYHOTO COCTOSHUSI TYTH, YYHUTHI-
BalOIIasi yCJOBUS OKCIUTyaTalllid, KOHTAKTHEIC
HaIpsDKEeHUs, pacueTHbhle MHTEHCUBHOCTH HM3HOCA
ITyTeBOI HHPPACTPYKTYPHI B KOMILIEKCE.

Pabora Hanm ycoBepIIEHCTBOBAaHHEM METO-
JUKU MMPEAUKTUBHOIO aHaJIM3a ABJISCTCA aKTyallb-
HOM TeMoil Hactosero BpemeHH. Hccnenosa-
TeNbCKas AESITeNbHOCTh OyJeT MPOAODKEHA B CH-
cTeMe MHOTO(paKTOPHOTO MPOTHO3UPOBAHUS U
BIIUSTHUSI KOHCTPYKTHUBHBIX TApaMeTpoB IMyTH Ha
XapakTep AerpaJalliOHHOrO TIpollecca ITyTeBOU
uHbppacTpykrypsi [13, 15, 16].
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