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Annomauyus. IlpencrapneHsl pe3yIbTaThl OICHKH BIUSHUS CONMAIEHO-I)KOHOMHYECKHX (pakTOpoB M 00BEMa BHITIOTHEH-
HOW TPaHCHOPTHOW pabOTHl HA BMECTHMOCTD ITOJIBHKHOTO COCTaBa, UCIIOJIF3YEeMOT0 Ha PETHOHAIBHBIX JKEJIe3HOAOPOK-
HBIX MACCAXKUPCKUX nepeBo3kax Ilompumm. MccnemoBanne MpoOBOAMIOCH VIS JKEIE3HOIOPOKHBIX JTHHUH, PACIOIOKEH-
HBIX B Pa3JINYHBIX PETHOHAX CTpaHBI. Llenb cTaThh — mMpoBepKa HANWYHSA U OICHKA CBSA3CH MEXITy BMECTHMOCTEHIO IIO-
JBIDKHOTO COCTaBa, UCTIONIE3YEMOT0 Ha pETHOHANBHBIX JKEIIE3HOIOPOKHBIX JTHHHUAX, M TOKA3aTEIAMA COIHAIbHO-3KOHO-
MUYECKOU Cpelibl pErHOHOB, 00CTY>KMBAEMbIX ITUMH JTUHUSIMH. AHAINU3 MPOBOJIWICS i 32 Kele3HOAOPOKHBIX JIMHUH,
PAacIoJIOKEHHBIX B Pa3HbIX pernoHax (BoeBojactBax) [lompim. J{7s nccnenoBanus B Kax10M BO€BOACTBE ObLIN BHIOPAHBI
10 OJTHOM TTaBHOW U MeCTHOU TUHUH. CpeHsIs BMECTUMOCTh PErHOHAIBHBIX MOE3/I0B PACCUUTHIBANIACH /ISl KAXKIOU U3
AHAJTU3UPYEMBIX JMHUI. BBINOMHEH pacyéT 3HAYCHUN YaCTHBIX KOI(PPHUIIMCHTOB KOPPEISAIHMH MEXKIY HUCCIICAYEMbIMU
BeNMUMHAMU. B pacuérax cpemHee YMCIO MECT B MOE3/1aX HCIOJIb30BaJIOCh KaK 3aBHCUMas NIEPEMEHHas!, a COLUAIbHO-
SKOHOMHYECKHUE MOKA3aTEeNH, BIUAIONINE Ha BEIIMYUHY MACCAXHPOIIOTOKOB U 0OBEM BEITIOIHEHHON TPaHCIOPTHOH pa-
0OTHI, — KaK He3aBUCUMBIC. PacyEThI BHIITOIHEHBI C UCIIOIE30BAHIEM CTATUCTHYCCKIX TaHHBIX 00 00bEMaxX epeBO30K U
MOKAa3aTeNsIX COLUAIbHO-3KOHOMUYECKOU cpelibl 3a 2018 roz. Pe3ynpTaThl pacuéToB MOKa3ald HaJIUYHUE CUIBHOU CBA3H
MEXTy BMECTUMOCTBIO HUCIIOJIB3YEMOT0 TIOJBIDKHOTO COCTaBa M 00BEMOM BHIITOTHEHHONW TPaHCTIOPTHOU paboThl. Ha -
HUSX ¢ OOJBITNM 00BEMOM MAaCCAKUPCKIX IIEPEBO30K HCIIONB3yeTCsl 00JIee BMECTHTEIBHBIN MOIBIKHOM cocTaB. C apy-
TOil CTOPOHBI, CBS3b BMECTHMOCTH IOJIBHYKHOTO COCTaBa M COIMAIbHO-YKOHOMUYECKUX (DAKTOPOB, OTMPEACIIAIONINX Pa3-
Mep MaccaXMpOMOTOKOB, HEBEITHKA.
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AHanu3 obecneyeHHocmu Nod8UXHbLIM COCMagoM pe2uoHalnbHbIX )Keﬂe3HOdOpO)KHbIX nepesosok ...

KamuHbcku B.

1. BBeaenue

O0BEM MaccaKMPCKUX MEPEBO30K HA JKEITE3HOIOPOK-
HOM TPaHCIIOPTE 3aBHCHUT OT Pa3JIMYHBIX CONUAIBHO-3KO-
HOMHYECKHX (DaKTOpPOB, HaNpHMeEp, YUCICHHOCTH JKUTE-
JIel, KOMMYeCcTBa MPEANPHUATHH, a TakKe Yrciia aBToO0yC-
HBIX W TPaMBailHbIX MapUIPYTOB, 0OECIEYHUBAIOIIUX JI0-
CTYII U3 IIEHTPa ropojia K XKeIe3HOJOPOKHOMY BoK3ary. B
CBOIO OYepe/lb, BEJIMYHMHA MACCAKHUPOIOTOKA HAMPAMYIO
CBsi3aHa C 00BEMOM BBITIOJIHEHHOW TPaHCIOPTHON paboThI
[1].

[TockonbKy U1 yJOOBJIETBOPEHUS BO3PACTAIOILIETO
crpoca Ha JKeJIC3HOAOPOKHbBIE MAaCcCAKUPCKUE MEPEBO3KA
TpebyeTcst OoJbIIIee YNCIIO MOE30B, TO ATO SBISCTCS CHI-
HaJIOM U1 YBCIIMYCHUSA KaK YUCJIICHHOCTH IapKa MOJABUXK-
HOT'O COCTaBa Ha ONPEIEIEHHOMN KEIE3HONOPOXKHOMU JIU-
HHWH, TaK U UCIIOJIb30BAHUA 60nee BMCECTUTCIIBHBIX TPaHC-
MOPTHBIX CPeACTB. M3MeHeHne YyKcia MacCaKMPCKHUX I10-
€37I0B Ha JINHUU MOXKET OCYLIECTBISTHCS MOCTENECHHO, B
pe3ysbrare pa3pabOTKH HOBOTO roJOBOrO rpaduka JIBU-
KEHUsI TI0E3]I0B MM €ro eKEKBapTaIbHOW KOPPEKTH-
POBKH. DTO MOET OBITh PEANN3OBAHO ITyTEM U3MEHCHHMS
BpEeMEHH 000pOTa IOE3/10B, B YAaCTHOCTH, BPEMEHHU MPO-
CTOSI Ha KOHEUHBIX JKEJIE3HOOPOKHBIX CTAHIMAX (TOJIOB-
HBIX CTAHIUAX WM ITyHKTaX 000pOTa COCTaBOB).

VYBenuueHne 4ncia Moe3J0B Ha JIMHUU TpeOyeT Io-
MOJTHUTEIBHOTO (PUHAHCUPOBAHUS, YTO MOXET OBITH OCY-
IIECTBJICHO JOCTaTOYHO ObICTPO. OIHAKO MPAKTHYECKU
CJIO)KHO OBICTPO aJaNTHPOBATh IPOBO3HYIO CIIOCOOHOCTH
MACCAKUPCKOTO JKEJIE3HOAOPOIKHOTO TPAHCIIOPTA K TEKY-
LIeMY CIpocy Ha IepeBo3KH. [10CKoIbKY COOCTBEHHUKOM
TIOJIBIDKHOT'O cOCTaB B [loJibIiie sSIBISIIOTCS ONepaTopsl rac-
CaXUPCKUX IIEPEBO30K, TO WX 3aJadya 3aKiIovaeTcs B
MPEAOCTaBJICHUH JOCTATOYHOT'0 YUCIIA MECT AJISI ITACCAXKH-
POB ITyTEM UCIIOIb30BaHMUS [TOIBIKHOTO COCTaBa COOTBET-
CTByIOH_[eﬁ BMCCTUMOCTH NIPU MUHHUMAJIBHBIX JKCILITyaTa-
IIMOHHBIX 3aTpaTax [2].

CocrosiHME JKeJe3HOOPOKHON HHPPACTPYKTYpPhl B
[Tosbie cucTeMaTHUECKH yXyaImanoch ¢ koHma 1980-x 1o
Hauana XXI Beka. B Teuenue nociiejHUX NECIATH JIET CU-
Tyalysi Ha MHOTHX JKEJIE3HOZOPOKHBIX JIMHUAX YITydlla-
€TCsl B pe3yJIbTaTe PEMOHTOB U MoAepHu3auuu [3]. AHaso-
THYHOE YIIydllleHHe HAOJIONAeTCs W B OTHOIICHWH IIO-
JIBIDKHOTO COCTaBa, KOrja IOCie JUITMTEIHHOTO Meprojaa
OTCYTCTBUSI 3aKyIIOK HOBBIX BarOHOB M JOKOMOTHBOB OIle-
paTopsl MacCaKUPCKHUX MEPEBO30K MPOU3BEIH UX OOHOB-
JICHHE.

PernoHanbHble  KEJIE3HOJOPOXKHBIE IACCAKHPCKUE
nepeBo3ku B [lonblie B HacTosiiee Bpems OCYIIECTBIIS-
I0TCS pa3IMIHBIME oneparopamu. Kpynueium oneparo-
pom siBisieTcst komnanusi «Polregio», koTopast 00cCiTyXu-
BaeT PErMOHAIBHBIE MapHIPyThl B AECSATH BOEBOACTBAX
(apmuaMCTpaTHBHAs eaununa Ilomemm). B ocraBmmxcs
IIECTH BOEBOJCTBaX PadOTAIOT CIEIYIOMINE ONEpPaTOpHI:
«Koleje Matopolskien, «Koleje Dolnos$laskie», «Koleje
Slaskie», «Koleje Wielkopolskie», «Koleje Mazowieckiex»
n «bodzka Kolej Aglomeracyjna». Kpome Toro, B kpyt-
HBIX MeTraroJyincax, Takux kak Trojmiescie (ropojckas ar-
nomepauusi Ha cesepe Ilosbiim, BKIIOYaromas B ceds
I'nmanbsck, Conot u I'neinto) n Bapiasa, maccaxupckue ne-
peBO3KM oOecreunBaloT cieaymoonye oneparopsl: PKP

http://transience.org

(Polskie Koleje Panstwowe — [Tonbckue rocyaapcTBeHHbIC
xkene3nble noporn), SKM (Szybka Kolej Miejska — mpuro-
ponHbIil moe3n), «Trojmiesciey (MPUHAAISKUT LHEHTPAIb-
HOMY IIPAaBHUTEIILCTBY, PErHMOHAIBHBIM W MECTHBIM BIIa-
ctsim), SKM «Warszaway (cOOCTBEHHOCTh MYHHUITUTIAIIH-
teta Bapmassl), «Warszawska Kolej Dojazdoway (mpu-
Ha/JJISKUT KOHIJIOMEpaTy CaMOYIpaBIEHHUH), a Takxke
gacTHBIN onepaTop «Arriva RP».

B cBs3M ¢ HanMuneM MHOXECTBa ONEPaTOPOB Macca-
XKHUPCKUX TiepeBo3ok B Ilonblre, uMeeT Mecto mpobiema
COTJIacOBaHUs MX pabOTHI HA 'PaHUIAX BOEBOACTB. YacTo
MapuIpyT MOE30B OJHOTO ONEPaTOpa 3aKaHUMBAIOTCA Ha
MOCTEIHEN KENEe3HOJOPOKHON CTaHIIMY JAHHOTO BOEBOJ-
CTBa, 4TO He obecleunBaeT HaJIeKallue CBSI3H C COCel-
HUMH BOEBOJICTBAMH.

Hexotopeie omepaTopsl UMEIOT TakKe MPOOIEMBI C
MTOJIBI)KHBIM COCTaBOM. boibIIas 4acTh MOJBHKHOTO CO-
CTaBa, BKIIF0Yasl BCE HEAABHO NMPHOOPETEHHBIE 3JIEKTPOIIO-
€371a ¥ PeNIbCOBBIE aBTOOYCHI, MPHHAIC)KUT BOESBOJICTBAM,
KOTOPBIE MPEIOCTABIISIIOT €T0 OTepaTopaM PEerHOHAIBHBIX
MACCAKUPCKUX TEPEeBO30K. TOJIBKO pEeTHOHAIbHBIE Tepe-
BO3YMKH MMEIOT COOCTBEHHBIN IMOABMXHOU cocraB. On-
HaKo 3TO, B OCHOBHOM, cTapble BaroHsl. Kpome Toro, Ha
PETHOHATIBHOM YPOBHE PabOTaeT MHOXKECTBO OIIEPATOPOB,
TIapK MOJIBI)KHOTO COCTaBa KOTOPBIX COCTOUT M3 HEOOIb-
IIOTO KOJIMYECTBA BaroHOB. HemoctaTodHoe YMCiO Baro-
HOB OOBSCHSETCS TEM, YTO HOBBIM IMOJBMIKHON COCTaB
npuoOpeTaeTcss B MEHBIIEM KOJIMYECTBE, YE€M CIIHUCHIBA-
€TCs U3HOIICHHBIX BAaTOHOB U IOKOMOTHBOB.

Tem He MeHee, B HacTosIIEee BpeMs HMEIOIIUICS B
HaAJIMYUH TOJBIKHOM cocTaB oOecHeyrBaeT CpexHHui
00BEM MaccaXnpckux nepeBo3ok. OQHAKO B CiTydae MoJIo-
MOK HJIM PEMOHTa TPAHCIOPTHBIX CPEACTB HaOMOmacTCs
UX HEXBaTKa. DTO MPHUBOJIUT K MIEPETIOHEHUIO TTACCAXKHP-
CKMX BaroHOB WJIN K HEOOXOJMMOCTH IIEPEBO/Ia JACTH T1ac-
CaXXUPOTIOTOKA Ha aBTOOYCHOE COOOIIEHME.

Jlo HaCTOSIIEr0 BPEMEHH HEJOCTATOYHO H3yUCHHBIM
ocTaéTcsl BIMSHHUE DPA3IWYHBIX COLHUAIBHO-3KOHOMHYE-
CKUX (PaKTOpPOB PETMOHOB C JKEJIE3HOIOPOKHBIM COO00IIIe-
HUEM Ha HCHOJb30BAHHE BMECTHMOCTU JKEIIE3HOJIOPOXK-
HOTO TAacCaKUPCKOTO MOIBMXKHOTO cocTaBa. JTH (ak-
TOPBI, BEPOATHO, OKAa3bIBAIOT CYLIECTBEHHOE BIHMSHUE Ha
pa3Mep MaccaXMponoTOKa, YTO, B CBOIO OUEPEb, ONpeae-
JISIET MCHOJIB30BaHME BMECTUMOCTH BaroHOB M IIOTPEO-
HOCTBH B ITOJIBUYKHOM COCTAaBe.

B Hacrosmem uccienoBaHUHM OICHUBACTCSA BIMSIHUE
COLIMAJIBHO-I)KOHOMHYECKHX (AKTOPOB U 00BEMa BBINOJ-
HEHHOI TpaHCTIOPTHON paboThI HA 3arpy’KEHHOCTH Tacca-
KHUPCKOTO JKEJIE3HOJOPOKHOTO MOJBIKHOTO COCTaBa Ha
OT/ICJIBHBIX JKEJIEe3HOIOPOKHBIX JINHUSIX, PACTION0KEHHBIX
B pasnnyHbIX pernonax Ilomemm. Takxe Obuta ucciemo-
BaHa B3aMMOCBSI3b MEX[IY BBIITOJHEHHOH TPaHCIIOPTHOU
paboToi 1 BMECTUMOCTBIO ITOJBIKHOTO cOCTaBa. Pacuérel
MIPOBOAMIINCH C MCIOJIb30BAHUEM YacCTHBIX KO3((UIHEeH-
TOB KOppessinuy. B xone naHHBIX pacuéToB cpeHee YnCIIo
MECT B TPAHCHOPTHBIX CPECTBAX HCHOIB30BaIOCH B Kaye-
CTBE 3aBUCUMOM IIEPEMEHHOM, a COLUAIbLHO-3KOHOMUYE-
ckue (akTopbl, BIUSIONINE Ha pa3Mep NacCaKMPOIIOTOKa U
00bEM BBITIOJIHEHHON TPAHCIIOPTHOM pabOTHL, — B KAUeCTBE
HE3aBUCUMBIX BEJIUYMH.
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2. XapakTepucTHKA HcCIeyeMbIX 5KeJT1e3HOI0POKHBIX
JIMHUHA

AHanM3 TPOBOAMICS TS 32 KEIE3HOAOPOKHBIX JIH-
HUH, TI0 KOTOPBIM OCYIIIECTBIISTIOTCS] PETHOHAIBHBIE ITacca-
YKUPCKHE TIEPEBO3KU. BHIOpaHbI IMHNH, PACTIONIOKEHHBIC B
pa3HbIX BoeBoACTBaX. OT Ka)I0T0 BOSBOACTBA OBLIH BbI-
OpaHBbI OJJHA perpe3eHTATHBHAS OCHOBHAS JIMHHS M OJHA
MecTHas nuHus (puc. 1). OCHOBHEIC KEIC3HOAOPOIKHBIC
ITyTH OTMEYCHBI KPACHBIM IIBETOM M YHcIaMu 1-16, a 3ené-
HBIM IIBETOM M yunciamMu 17-32 — mectHbIe nuHuu. Heko-
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OTPaHMYCHHBIX yYaCTKaX, PACIHOJIOKEHHBIX B Ipeaesiax
OJIHOTO BOCBOJICTBA.

B Tadn. 1 mpencraBieH CHHCOK MPOaHAIHM3UPOBAH-
HBIX KEJIC3HOJOPOXKHBIX JIUHUK ¢ TPYIITUPOBKON 110 BOE-
BOJICTBaM, B KOTOPBIX OHH PAacIojoxeHsl. Kpome Toro, B
TadJa. 1 yka3aHbpl: ATUHBI JUHUA, YUCIIO MyTEH; HATHYWE
NEKTPUPUKALMN; MAKCUMAIBHO JIOMYCTUMAsi CKOPOCTH;
Cpe/lHee YKCII0 MOe3/10B, KYPCUPYIOIIUX HA JIMHUU B Oy/1-
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Puc. 1. Cxema pacmosioxeHus Ha TeppUTOpuu [1onbIm aHaTH3UPyEeMBIX KeJIe3HOAOPOKHBIX JINHUH [4]
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Ta6ﬂnua 1. I/ICCJIC,HyGMLIG TJIaBHBIC 1 MECTHBIC JKCJIIC3HO JOPOIKHBIC JIMHUHN Ilonpmm

MakcumaneHast Cpeanee 4ucio

Jnuna, Tun Onexrpu-
Ne BoeBoactBo HaunmenoBanuu 1MmHUNA CKOPOCTb, 1oe3710B B OynHHe
KM Ieperoa ukanus
KMm/4ac JIHU, €]I.
I'nmaBHBIE TMHUUK
. B T i — y
1 Hmxrecunésckoe POLIAB- JTABHBIH 65  IBYXIyTHBII Ja 160 34
Jlernnua
, , b -I° i — .
2 Kysscko-ITomopckoe plAromt HaBHHVH 51 JIBYXITy THBIH na 120 24
Topyub-I'naBHbII
3 Jo6nuHCKOE JTro6nun — Peésent 55 JIBYXITy THBIH na 120 26
4 JlroGynickoe 36onumuek — XKenun 75  IBYXIyTHBII Ja 160 14
5 JloazuHcKoe Jlomsb-Kanmnckas — Cépans 59  ABYXIyTHBIN na 80 28
6  Maononsckoe Kpakos-I'naBubiii — Tapaye 77  OBYXITyTHBI# Ia 160 36
BapmaBa-3anagnas — .
7  Masosenkoe T'pomsuck-Masoserkiii 27  HBYXIYTHBIH Ja 120 136
8  OmnoJsckoe Onose-T'naBHblit — Bxer 40  nBYXIYyTHBIN Ja 160 28
Ke -I i — .
9 Tloakapmarckoe CLLYE JABHLIH 36  IBYXIYTHBII na 120 30
[TmeBopck
10 Tomisckoe Benocrok — Cokyiika 42 OJIHOTTY THBIi na 80 16
11 TIomopckoe I'manpck-TnaBHslii — Tues 32 IBYXIyTHBIH na 160 24
12 Cunesckoe KatoBuue — I'nusuie 27 JIBYXITy THBI T na 160 66
Kénbie — o
13 CaeHrOKIIHCKOE Crapsitcro-Kamérma 45  nBYXIyTHBIN Ia 120 16
14 Bapl\iII/'IHI)CKO- OJILmeIH—Fna}aiHLIﬁ - 69 BTy THEH 1a 100 20
Masypckoe Nnasa-I'naBHb1i
IT -I i — .
15 Benukomonbckoe OSHAHb-2 JABHBIH 74  IBYXIyTHBII na 160 30
360HIINHB
[eunn-I' naBubIif — .
16 3anagHo-Ilomopckoe 38  IBYXIyTHBII Ja 120 36
I'onentos
MecTHble TMHUU
-T i — OJHOITYTHBIH /
17 Hmxzecunésckoe Kroncxo TTaBHBI 51 Aoty N HET 80 10
Ban6xux-I' naBHblii JIBYXITy THBIH
18 Kysseko-TlomOpekoe [pymsénns — Xenmvka 38  oaHOMyTHBIN HET 90 16
3 -B i — .
19 JIrobmmHCKOE AMOCHE=BOCTORHEIN 32 OIHOIYTHBIN HET 80 10
3BeKUHEI]
20 JIroGyiickoe Kapsi — 3enéna-T'ypa 53 OJHOMYTHBII HET 80 8
21 JlomsuHcKoE Jlomzs-Kamuckast — KytHo 68  IBYXIyTHBII HET 70 20
22 Manonoasckoe Hogbi-Cona — MymmHa 51  onHOmyTHBIN HET 80 10
23 Mas3oseuxoe Hacensck — Ceprin 88  onHOMYTHBIN HET 80 10
24 Omonsckoe Hsica — Kennzexun-Kosie 75  OBYXIyTHBIH HET 50 14
25 TlomkapmaTckoe Sleno — 3aryxk 69 OJTHOITYy THBIN HET 80 4
26 Tlommsackoe Benocrok — Yepemxa 77 OJTHOITYy THBIN HET 80 8
27 Tlomopckoe Xoiinnue — Kocuesxnna 69 OJIHOTY THBI HET 80 8
28 Cunesckoe Xusew — 3Bap0Hb 37  OIHOMYTHBIN Ja 70 20
C ncko-Kameé - .
29 CBEHTOKIIUCKOE KApIKHCKO-RaMCHHa . 46  OBYXIyTHBII na 80 10
OctpoBen-CBEHTOKIITUCKHI
30 BapMIHBCKO- -T i — N
P , Oabutbin-TrasHbil 96 OJIHOTTY THBIi HET 80 8
Maszypckoe bpaneso
31 Bemukonoinsckoe Jlenno — BobIIThIH 46 OJIHOTY THBI HEeT 80 12
32 3amagHo-ITomopckoe  KomoGoxer — [oneHioB 100  ogHOMYTHBIN HEeT 80 14

http://transience.org
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3. [ToaBM:KHO# cocTaB, HCMOJIb3YyeMbIii
Ha aHAJIM3HPYEMBIX KeJTe3HOTO0POKHBIX JTHHHAX

B HacTosmee Bpemst mapK MacCa)XUPCKOTO KeIe3HO-
JOPOXHOTO ITOJBIYKHOTO COCTaBa, OOCITy>KHBAIOIINN pe-
THOHAJIFHBIE IEPEBO3KH B OTJCIFHBIX BOCBOICTBAX, HIMEET
CIIO’KHYIO CTPYKTYpY. DTO CBSI3aHO C TEM, YTO IIPOU3BOIH-
TEIH MOJBIKHOTO COCTaBa IPEIIaraioT €ro aganTaIliio
IOJ HY>KIbl 3aKa3zdyuka. Halre Bcero 3T0 3JIEKTPOIoe3aa
omHOrO ceMeiicTBa (Hampumep, Pesa Elf, Newag Impuls),
HO B Pa3HBIX MOJUQDUKAIMAX, PA3TUYAIOMIAXCS JUTHHON
moesna (YUCIIOM CeKIUi), TU3aifHOM HHTEphepa, YUCIOM
MECT IS CHICHHS, HAIMIHEM CIICIIHATH3HPOBAHHOTO 000-
PYIOBaHUS IS yIOBICTBOPCHUS MOTPEOHOCTEH JIOICH C
OTpaHNYCHHBIMU BO3MOXHOCTAMU HUIIU C prHHOFa6apI/IT-
HBIM 6aFa)KOM, BKJIFOYasA BCJIOCHUIICAbI. Pe3yJ'II)TaTOM TaKuXx
W3MEHEHUW CTaJl0 HAJIMYMe B MHBEHTAPHOM IMapKe Iepe-
BO3YHKOB 3JIEKTPOIIOE3/I0B PA3INIHBIX CEPUI U pA3HOBU/I-
HOCTEH.

B nocrnenHue rospl, B CBSI3H € PAaCTYIIMM CIIPOCOM pe-
THOHAJBHBIX TAaCCAKUPCKUX IEPEBO3YNKOB HA IIOIBHIK-
HOW COCTaB, YBEIMYHUIIOCH IPEATIOKCHAE PAa3IMIHBIX MO-
Jeneil SIeKTPIUECKUX U ITU3EIBHBIX T0e310B, IIPH OIHO-
BPEMECHHOM 3HAYHTEIBHOM COKDAIICHHH YUCIEHHOCTH
TPaIUIIMOHHBIX ITaCCaKUPCKUX BaroHOB [5]. DTO cBs3aHO
C 3aMEHOM KJIaCCHYECKHX MOE3MI0B AJIEKTPONOoe3JaMHu Ha
ANIEKTPUPHUIMPOBAHHBIX JIMHUSX M PEILCOBBIMH aBTOOY-
caMH Ha He IeKTpuduIpoBaHHbIX. KpoMe Toro, B HacTo-
siee BpeMs MOJICPHU3HPOBAHO OOJIBIIOE YUCIO OBIBIINX
B yNOTpEOJCHNH 3JIEKTPOINOE3/I0B MyTEM N3MEHEHHS WH-
Tepbepa U ero aJanTaliy K COBPEMEHHBIM ITOTPEOHOCTSIM.

C o1HOI CTOPOHBI, UMEETCS BO3MOXKHOCTD alaTallui
MTOJIBIYKHOTO COCTaBa K MOTPEOHOCTSIM ITEPEBO3UHNKA HITH
Jake KOHKPETHOM Kene3HOopokHOH inHuu. C apyToit —
B Cily4ae HEXBAaTKH IIOJIBIKHOTO COCTaBa HEOOXOANMO
proOpeTaTh HOBBIH, YTO CBSA3aHO C IPHUBIICUCHUEM 3HAYH-
TENBbHBIX (PMHAHCOBBIX PECYPCOB, MMOATOTOBKOM M MPOBE-
JCHUEM TCHACPA, JNIUTCIBHBIM OKHUJIaHUEM U3TOTOBJICHU A
U TIOCTaBKU TeXHUKHU. Ciydau, KOT/a IMOIBUKHOM COCTaB,
OTBEYAKOIIUI BceM TpeOOBaHHSAM OIEpaTopa, MMEETCs B
HAJIMYHAA Y TIPOM3BOJUTENS B HEOOXOAUMOM KOIUYCCTBE,
Ype3BhIYAHO penkd. Takum o0pa3oM, eciid MepeBO3UHK
obecrieunBaeT MOTPEOHBIA 00BEM MACCaKUPCKUX MEPEBO-
30K IMEIOIIAMCS TTOJJBIKHBIM COCTaBOM, TO, M3-32 YKa3aH-
HBIX MPHYUH, a TaKKe M3-3a BBICOKOI 3aKyNOYHON CTOM-
MOCTH, HOBBIH MOJABMXKHOM cocTaB He mpuobpeTaercs. On-
HAKO yCTapeBIIUH MOJABUXKHON COCTaB MOXKET HE YJIOBJIE-
TBOPSTH COBPEMEHHBIM TPEOOBaHUM, COOJIIOICHHE KOTO-
PBIX OCOOEHHO aKTYaJlbHO IJISl JKEJIE3HOAOPOKHBIX CTaH-
IIUi1, Ha KOTOPBIX OCYIIECTBIIAETCS epecaKa HaccakxupoB
B IO€3/1a IPYTUX MEPEBO3UUKOB.

Ha >xeme3HOMOpOXXHBIX JHMHUAX, TAEe HAOIIOZaeTcs
YMEHBIICHNE MTACCAKUPOTIOTOKA, PEIICHHE O COXPaHEHUHT
MIPOBO3HOM CIIOCOOHOCTH Ha MIPEKHEM YPOBHE IPUBOIUT K
BBICOKMM JKCIUTyaTallOHHBIM pacxomaM. C nmpyroii cro-
POHBI, Ha TMHUSIX, T1Ie KOJIMIECTBO MepeBe3EéHHBIX Iacca-
KHUPOB YBEIIMIHUIIOCH, HCIIOIH30BAHNE HETOCTATOYHO BME-
CTUTEIBHOTO TMOABIKHOIO COCTaBa CO3JaET TPYIHOCTH
JUTS IACCAXKUPOB U MOXKET OTPAHUYHTH JaTbHEHIIHHA POCT
MacCaXUPOMOTOKA.

8  https:/ftranscience.ru

Jpyras npo6iema cBsi3aHa ¢ pa3pabOTKOH CXeM U rpa-
(OMKOB IBMKEHUS TTACCAKUPCKUX MTOE37I0B U HEOOXOIUMO-
CTBIO COKpAIEHHS IIOPOXKHETO po0era maccaKupCKux Ba-
TOHOB [6]. JIJIs pelreHusi COOTBETCTBYIOIIMX 3a7ad dare
BCETO HCIIONIB3YIOTCS METOIBI JIMHEHHOTO HPOTPaMMHUpPO-
BaHus [7].

Kpome Toro, He0OX0IMMO YIUTHIBATh M3MEHEHUS MH-
TEHCHBHOCTH TacCa)XMPOIIOTOKOB B TeueHHe CyTok. Mc-
MOJIb30BaHUE TOJIBIKHOTO COCTaBa MOCTOSIHHOW BMECTH-
MOCTH MOXXET MPUBOIUT JTHOO K €ro MNEeperoNHCHUI0 B
Yackl MUK, JIN00 K HEJJOCTATOYHOH 3arpy>KEHHOCTH B MEXK-
MTUKOBBIC TIEpUOIbI. TakuM 00pazom, HEOOXOAUMO pacCcUu-
THIBaTh YHCJICHHOCTh TPAHCIIOPTHBIX CPEICTB PAa3IUMIHOMN
BMECTHMOCTH TS 00ECTICUSHISI ITACCAKUPCKHUX TIEPEBO30K
Ha Pa3IMYHBIX HaIpaBICHUSIX. B yTpeHHHe U AHEBHBIE
9achl MK HECKOJIBKO CEKIINH JIEKTPOI0e3/J0B MOTYT OBITH
COEIMHEHBI BMECTE, YTOOBI 00ECTIEYNTh OOJIBIIYI0 BMECTH-
MOCTb, TOT/1a KaK B MEXXIMKOBBIE TIEPHOABI TPAHCIIOPTHBIE
cpeAcTBa MOTYT OBITh BBIBEJCHBI U3 JKCIUTyaTaluy JUIs
CHIDKEHHSI OTIepallMOHHBIX pacxojoB [8]. Peanuzarus Ta-
KHX peUIeHNH TpeOyeT BBIIIOIHEHHS JOTIOTHATEIFHBIX Ma-
HEBPOBBIX OMNeEpaIfii ¢ TMOABIDKHBIM COCTaBOM, a TaKXkKe
HaJIM4Hs CBOOOTHBIX MyTei Ha JKEIe3HOAOPOKHBIX CTaH-
IUSX IUISL OTCTOSI COCTaBOB TIOE3/I0B B MEKITMKOBBIE TIEPH-
onsl [9]. PesynpraToM momoOHOW ajgamTaiiivi IPOBO3HOM
CrocOOHOCTH KOHKPETHOW IKEIIe3HOJOPOKHON IJIMHUH K
TEKyIlleMy CIPOCY Ha NMAacCCaKUPCKUE IEPEBO3KU SIBJIIETCS
MUHHMH3ALUS SKCIITYaTallUOHHBIX PAacXOA0B MEePEBO3YH-
koB [10].

s BeIpaOOTKM ONTUMANBHBIX PEUICHUH IO WCTIONb-
30BaHMIO TTOJBIKHOTO COCTaBa MPUMEHSAIOT pasHOoOpas-
HBIE MaTEeMaTHYECKHUE METO/IBI, B YACTHOCTH, OCHOBaHHBIC
Ha UCMOJIBb30BaHUM 3BPUCTUYECKOrO pacrpeneneHus ben-
nepa [11]. Takue MeToabl MO3BOJISIIOT PACCUUTATh MUHU-
MaJIbHYI0 TOTPEOHYIO YHCJIEHHOCTh HapKa IO0/BH)KHOTO
coctaBa [12]. OnHaKO KIIOYEBBIM YCIOBHEM, IO3BOJISIO-
[IMM OPTaHU30BaTh HaJUIE)KAIIee TPAHCIIOPTHOE OOCITYIKH-
BaHUC HACCIICHUS, SBJLSICTCS HAJMYUE Y TIEPEBO3YUKA JI0-
CTaTOYHOTO KOJMYECTBA TOABIKHOI'O COCTaBa COOTBET-
CTBYIOLIEH BMECTUMOCTH.

BaxHoil 3amaueil, KOTOPYIO €XKEAHEBHO MPUXOIUTCS
pemaTh JucreTdepaM, sBIsSeTCs ONTUMAaIbHOE pacrpese-
JICHHE TPAHCIOPTHBIX CPEJICTB IO MapiipyTam. Takoe pac-
IpeesicHHe OCYIIECTBIIETCS KaK BPYUYHYIO, TaK U C HC-
MOJIF30BAHNEM CIICITHAFHOTO MPOTPAaMMHOTO obecreue-
HUS, TTO3BOJIIOIIETO COKPATUTH 3aTPaThl BPEMEHH Ha pe-
menue Takux 3afgad [13]. [IporpamMmHblE MHCTPYMEHTHI
TaKXKe IIOMOTAlOT ONIEPATHBHO MPUHUMATE PEIICHHS 10 CO-
TJIACOBAaHUIO MTPOBO3HOM CLIOCOOHOCTH JIMHUH C TEKY MU
MOTPEOHOCTSIMH B TTACCAXKUPCKHUX TepeBo3kax [14]. IIpu
IUIAHUPOBAHUHU MapIIPYTOB OOJIBLION MPOTSHKEHHOCTH MO-
T'YT UCIIOJIB30BaThCA HHTETPUPOBAHHBIC AITOPUTMBI, OCHO-
BaHHbIE Ha TeopuH rpados [15], mpuMeHEeHHe KOTOPBIX
MO3BOJISIET TaKXKE YYMUTHIBATh IIAHOBHIE TEXHUYECKHE
OCMOTPBI U PEMOHTHI, BEPOSITHOCTh BBIBOJIA MOJBIXKHOTO
COCTaBa U3 AKCIUTyaTalluX B pe3yJbTaTe OTKA30B WU aBa-
7178

XapaKkTepUCTHKH IMOJBUKHOT'O COCTaBa, KOTOPBIH IKC-
IUTyaTHPOBAJICA HA MCCIEIYEMBIX JKEeJIE3HOIOPOKHBIX JIH-
Husx B 2018 roxy, npeacrasieH B Ta0JI. 2, 3.
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Tabnuna 2. [TogBMKHON COCTaB PETHOHANBHBIX Macca-
KUPCKUX KEIE3HOAOPOKHBIX TIEPEBO30K

Tabnuna 3. Mapku MOJBUKHOTO COCTaBa, HCIOJIb3ye-
MOTO Ha PETHOHAIBHBIX MACCAKUPCKUX JKe-

[Tonpim JIE3HOJIOPOKHBIX nepeBo3kax Ilospuiu
HaumenoBanue Mapka noaBHKHOTO Tun noaBUKHOTO M
[ cocTaBa cocrasa apKa MMOJIBH)KHOTO COCTaBa
I'naBHBIE JTMHUN Hogrule 22WE, 22Wed, 27Web, 31WE,
Bpounap-Tnamwi —Jlerwia e Sy IEKIPONOCI e (FLIRT), ENS6,
Boinrom-I naBuslii — TopyHb- EN76, EN57, ED72, EN62, EN63A, EN64, EN75,
['naBHbIH EN71, EN96 EN76, EN77, EN78, ED78, EN79,
JIro6aun — Peépery EN57, SA134 EN90, EN96, EN99
360oH1mnHeK — XKenun EN57, ED78 VYcrapesmiue EN57, EN71, ED72, EDT2Ac
Jlomzs-Kasmckast — Cépans E 4268 (FLIRT), EN57, JNCKTPONOC3Aia
EN57-2 HoBsle nu3enbHbIE SA105, SA106, SA108, SA133,
EN64, EN79, EN57, moesa SA134, SA135, SA137, SA139
Kpaxo-I'naBusrit — TapHyB EN78, EN78 - 2, EN64, VYcrapesmiue
P PHY EN77. EN63A Jumenome moeya | MR/MRD, 628.4, VT627
Bapmasa-3anagnas — EN57 -2, 45WE, 19WE, [TapoBo3 0149

I'ponsuck-MazoBenkuit

35WE

Omnone-I'maBHsIii — bxxer

EN57, EN63A, ED72Ac

Keéurys-I'naBusiii — [TineBopck

EN64, EN76, EN71,
EN57, EN62

Bbenocrok — Coxynka

SA133, EN57, SA108

Tl'anbck-I' maBubIi — TueB

EN57, EN76, EN56 - 2,
EN90, EN71, SA137 -2

Karosune — I'muBuie

27WEb, 35WE, EN57,
EN75, EN76, 34WEa,
22WE, 22WEd

Kénbue — Crapxiicko-Kaménna

ENG63A, EN96, EN57 - 2,

EN57, EN81, ED78

OnpirTeIH-I TaBHBIA —
Wnapa-I naBHBII

EN57, ED72

ITo3uaup-I' 1aBHBIN — 300HIINHE

EN76 - 2, EN76, EN57,
ED78

Ilerua-I maBHbIif — ["01eHIOB

SA103, ED78, EN63A,
SA136, EN57

MecTHbIE TUHUU

Knoncko-I'maBHbrit —
Ban0Oxux-I'naBabiii

SA134, SA135

I'pyn3énns — Xenmka

MR/MRD, SA133,
SA106, SA106+SA123,
628.4

3amocib-BocTouHEbI —
3BeKHHEIL

SA134

Kapsl — 3enéna-I'ypa

SA105, SA133, SA108

Jlon3p-Kamuckas — KytHo

E 4268 (FLIRT)

Hosp1-Conu — Mymnna

EN99, EN79, EN57

Hacenbsck — Ceprng

SA135, VT627

Heica — Kenmzexun-Kosne

SA134, SA103, SA137

Scno — 3aryx

SA103, SA135, SA109

Bbenocrox — Uepemxa

SA133, SA108

Xornune — Kocuexxuna SA109

EN76, EN71, EN75,
Kusen — 3Bap0Hb 36WE, 27WEb
Ckapxncko-Kaménna — EN63A, EN96, EN57,
OctpoBen-CBEHTOKIIACKU I EN81, ED78
Ouburteie-InaBuslii — Bpaneso SA106

JlemrHo — BosbIThIH

SA108, O149 +2 - 120A,
SA134

KomoGxer — INoneHion

SA103, SA136

http://transience.org

Ha ocHOBaHMNM HaHHBIX, IPEACTaBIECHHBIX B Ta0JI. 2, a
TaKXke ¢ y4éTOM BMECTUMOCTH OTJEIbHBIX MapOK MOABHK-
HOTO COCTaBa U YUCJIA epecasiok Ha KayKAOH U3 aHAIU3U-
PYEMBIX KEJIE3HOJOPOKHBIX JIMHUM, pacCUUTaHa CpeaHssL
BMECTHMOCTb TOABMIKHOIO COCTaBa. Pe3ynbraTel pacuéra
npexacrasieHsl B Tadua. 4. Kpome toro, B 3Ty Tabnmiy
BKITIOYCHBI 3HAUEHHSI 00bEMa TPAHCTIOPTHON PabOTHI, BEI-
ITOJTHEHHOTO PETHOHAIILHBIM MTACCAXHUPCKUM TPAHCIIOPTOM
Ha aHAIM3UpYEMBIX TUHMAX B 2018 roxy.

4. CounanapbHo-3KOHOMHYecKkHe (aKTOPbI, BIAUSIOLIUE
HA BEJHYHHY MACCAKAPONMOTOKA

O0beM maccaXupPCKUX MEePEeBO30K KOHKPETHOM Kele3-
HOJIOPO’KHOM JIMHWM 3aBUCHT OT HPOCTPAHCTBEHHOU
CTPYKTYpPBl M COIHaJIbHO-?KOHOMHYECKHX MOKa3zaTelen
pEeruoHa, o KOTOpOMY NPOXOJUT 3Ta JHHUA. B HacTos-
IIEM HCCIICIOBAHUH YYHUTBHIBAINCH CIEAYIOIINE COIH-
IbHO-3KOHOMUYECKHE (haKTOPBI PETHOHOB:
® YHCJICHHOCTh HACEJICHUS B TOPOJax M CENax;

e unciao Manblx (Mo 9 den.), cpemaux (10-49 dwen.) u

KpYIHBIX (6osee 50 yen.) mpeanpusThii;
® JIOCTYITHOCTH JKEJIe3HOAOPOKHBIX JIMHUH (TpaHCHOPT-

Hast JOCTYITHOCTH);
® YHCJIO MECT B 00BEKTaxX pa3MeleHus (TOCTHHHUIAX, MO-

TEJSIX U T. 11.);
®  YICIIO NACCaKUPOB;
® CpeAHEeCyTOYHOE YHCIIO €3/I0K aBTOOYCOB U TPaMBaeB,

00ecIeunBaOINX MEPEBO3KY MACCAKUPOB 0 HKEJIe3-

HOJOPOXHOT0 BoK3aiia [16].

JlaHHbIe IO BBIOPAHHBIM COLMAIBHO-IKOHOMHYECKAM
(dakxtopam 3a 2018 rona st aHATM3UPYEMBIX JIMHUHN U pe-
THOHOB TIPe/ICTaBJICHbI B Ta0J. 5 [17].

JlOCTYITHOCTD JK€NE3HOIOPOKHBIX JMHUNA PAacCUUTHI-
BaJach Kak OTHOLICHHE YHCICHHOCTH HaceleHHs K JJINHE
JKEJIE3HOJJOPOKHBIX JIMHUM B peruoHe. [[ns uckinroyeHus
BiausiHUS dddekra MacmTaba OCTaJbHBIE MOKA3aTeN B
JanbHEHIINX pacuérax Takke PaCCUMTHIBAINCH KaK OTHO-
CHUTEJIbHBIE BEIMYNHBI K JUTMHE COOTBETCTBYIOIINX JKENIe3-
HOJOPOXHBIX ITHHUH. CpeHECYTOUHOE YHCIIO €3/I0K aBTO-
OycOB U TpaMmBaeB B JaJbHEHUIINX pacuéTax HMCIIOIb30Ba-
JIOCh KaK a0COIOTHASI BEJIMYMHA.
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Tabnuna 4. CpeaHsisi BMECTUMOCTb MOJIBUKHOTO COCTaBa
1 TOZIOBBIE OOBEMBI TPAHCTIOPTHOM PabOTHI Ha
PErHOHAJIBHBIX MACCAKUPCKUX HKEIIE3HO0-
poxHBIX nepeBoskax [onpium

TpancnoprHas Cpemas
aGora BMECTH-
HaumenoBanuu muHuu p ’ MOCTh
0€310-KUJI0-
M0E3/10B,
METphI
MeCT
I'naBHBIC THHUHT
Bpouas-Tapisii - 811200 2212
Jleranma
brurom 1 1asHerk — 441558 192.6
Topyub-I naBHbIN
JIro6mun — Peépery 518210 157.0
36onmunek — XXenun 352050 185.5
Jlonss-Kamucxas — 631534 150.0
Cépans
Kpaxos-I'naBHbIi — 1009008 194.6
TapuyB
Bapmapa-3anagnas — 3 1349136 381.1
I'pomsuck-MazoBenkuit
Omnoune-I'naBHBIN — 404800 181.7
bxer
JKeéurys-I maBHbIi — 398016 169.9
[TmeBopck
benocrok — Cokynka 236544 137.3
TI'anbck-I maBHEIT — 277056 229.0
TueB
Katoswuiie — I'muBuiie 647892 216.1
Keubie , 244080 172.8
Ckaprkncko-Kaménna
OJILIIITI)IH-FIIaELHLII/I - 489348 206.0
WnaBa-I maBHBII
Ilo3nanb-I 1aBHBIN — 808240 2487
300HIINHb
IHewnn-T nasmbiii — 499472 164.7
T'onenioB
MecTHbIC TMHUT
Knoncxo-l"naBHLH/Iv - 179826 735
Ban0xux-I'maBabiii
I'pym3éuns — Xenmka 218044 112.5
3amocib-BocTouHEbIi — 105920 134.0
3Bex)HHEI
Kapsl — 3enéna-I'ypa 143736 95.2
Jlon3p-Kanuckast — 480307 120.0
KyTHO
HosbI-Conuy — Mymnna 186150 166.8
Hacenbck — Ceprng 321200 60.7
Hpica —
Kenmzexun-Koszne 352050 8.5
Scno — 3aryx 102120 64.9
benocrox — Uepemxa 224840 116.0
Xoinnne — Kocrexxnaa 237102 73.0
JKusen — 3Bap/10Hb 282312 235.3
Ckapxncko-Kaménna —
OctpoBen-CBEHTOK- 167900 148.6
IIHCKUN
OunbIThIH-I TaBHBIN —
290496 60.0
Bpaneso
JlemHo — BonbmTeiH 211140 130.7
Koso6ker — [osieHOB 542400 105.5
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5. OneHKka MPOBO3HOI CMOCOOHOCTH PErMOHAJIBLHBIX
JKeJ1e3HO10POKHbIX JJUHUI [loabmm

B paznene npencraBieHbl pe3yiabTaThl pacuéra 3aBU-
CHMOCTEH BMECTHMOCTH MOJBI)KHOTO COCTaBa OT COIH-
aTbHO-DKOHOMUYECKUX (DaKTOPOB, OMPEIEIAIOMUX 00b-
MBI PETMOHANBHBIX MACCAKHUPCKUX IKEIE3HOIOPOKHBIX
nepeBo3ok. OIeHKa MPOU3BOAMIACE HA OCHOBAHHWHU pac-
yéra K03 huIHeHTa KOPPEISIINH.

5.1 MeTtoa pacuéTa ¥ NIpUHSATHIE TONMYLIEHUSs

B pacuérax He yuMTHIBaIMCH HEPEBO3KH B IOE37aX
JIANTbHETO CIIE0BAaHUs, MEXIyHapOIHbIE IEPEBO3KH, I10-
CKOJIbKY TaKHe IepeBO3KH MMEIOT cBoto crieru¢uky. [To-
e3[la NAILHETO CJCIOBAHUSA OCYIICCTBISIOT IMEPEBO3KH
MEXAy KPYIHBIMU HAcEJIEHHBIMH ITyHKTAaMH M 00eCHeyu-
BAalOT, B OCHOBHOM, MIEPEBO3KY TYPUCTOB M IyTEIIECTBEH-
HHUKOB, COBEPILAIONIUX HeperysspHble moe3axu. [ToaTomy
COLMAJIBHO-)KOHOMHYECKHE (DAaKTOPbI PErHOHA HE OKa3bl-
BAalOT CYIIECTBEHHOI'O BJIMSHHS Ha IEPEBO3KH B I0€3/1aX
JTAJIBHETO CJIeIOBAHUS.

KoaumueHTs KOppermsuy 4acTo HCHONB3YIOTCS
IUTA aHaj3a (PyHKIIMOHUPOBAHUS CHCTEM JKEJIC3HOI0POK-
HOTO TpaHcmopTta. Hampumep, ¢ HCIIONB30BaHUEM 3TOTO
METOJIa BHIITOJTHEH aHAIH3 BIIUAHUS PA3IMIHBIX (PaKTOPOB,
B YaCTHOCTH, ITOTOTHBIX YCIIOBHIA, Ha BEIMUUHY 3aTepPiKEK
MTO€3/I0B Ha YETHIPEX JKEIE3HOIOPOKHBIX THHUAX BeHTprn
[18]. KoaddurmeHTs KOPPEISIIUNA TAKKE UCTIONB3YIOTCS
JUIsl OLIEHKH B3aMMOCBSI3U MEXILy NPOITYCKHOM CIIOCOOHO-
CTbIO JIMHUM, JUIMHOM Y4YacTKOB JMHHMM U PACIUCAHUEM
JBYOKeHUS 11oe3710B [19].

B npocreiitiem ciyvae a1 OLEHKH HATMYUS B3aUMO-
CBSI3H MEXKTY JBYMSI CIyYailHBIMU BETHUMHAMHE HCIIOJB3Y-
eTca koaduuueHt koppensun [Tupcona. IlomydenHoe
3HaueHue kodddummenta koppemsauun [TupcoHa Moker
OBITH HETOYHBIM H3-3a BIUSHIS HA UCCIIEAyeMbIe CIydaii-
HBIE BEJIMYMHBI Apyrux (akropoB. s ycTrpaHeHHs Ta-
KOTO BIMSHHUS B HACTOSIIEM HCCIECIOBAHUU HCIIONB30-
BaJICSl YACTHBIA KOAPPHUIIUEHT KOPPEIAIUH. DTOT KOd(D-
(MIMEHT TO3BOJISET ONPEACIUTh CHITy B3aUMOCBSI3U JIBYX
CITy4aliHBIX BEJIMYHH, HCKIIOYasi BIUSHUEC NPYTUX aHAIH-
3upyeMsIx (akropos [20].

Jist pacuéra yacTHOro ko3(duumeHTa KOppemsuu
HCTIONB3YETCSI MaTpHIla KOPPEIALUN, KOTOpas CONCPIKUT
BCEC OTHOIICHUS MEXY aHATU3UPYEMBIMH ITEPEMCHHBIMI.
DneMeHTaMU KOPPEJISALUOHHON MAaTpHUIIbl SBISIOTCS 3Ha-
yeHust koddunuento koppensiuuu I[lupcona s nepe-
MEHHBIX I ¥ j. 3HaU€HUE 4acTHOTO Kod(dduimenTa koppe-
JSIIMU PACCUUTHIBAETCS B COOTBETCTBUHU CO CIIEAyOLICH

dbopmyioi

C

i

7. . . . . E  a—————
ij-l..(i-D+D)...(j-D(j+)).. .k, ’
v Ci—C

rne Cij, Cii, Cjj — anreOpandeckue JTOTOTHEHHUS dJIeMeH-
TOB 7, Tii, ¥;j MATPHIIBI KO3()(OUITNEHTOB KOPPEIAIHH; k —
YHCIIO CITyYaiHBIX BEJUYHH.
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Ta6ﬂnua 5. COIII/IaJ'II)HO-Z)KOHOMI/I‘-IeCKI/Ie IMoKa3zaTeji pErTUOHOB PAa3MCIUICHUA aHAJIU3UPYCMbIX JKCJIC3HOAOPOKHBIX

JIUHUH
Ne Hanmenosanune Hacenenue, Yucno npeanpustuii, en. Hoctyn-  UYwmceno mectB  Yucno  CpenHecyTou-
JIUHAU qeln. HOCTh TOCTHHUIIAX,  Iacca- HOE YHCIIO
Mansix  Cpeix Kpynusix JIMHUH, Yer. KHUPOB, aBT06yc§1>Ix u
‘leﬂ./KM qeil. TpaMBaI/IHbIX
C3JI0K, €.
I'imaBHBIEC THHUNA

I Bpowas-Lrabibiii - 758013 135152 3641 985  3591.72 13296 73076 285.62
Jlerunna

2 Boutrou-TnasHbi ~ 572163 68354 2330 698 351638 8115 43327 210.00
TopyHb-I'1aBHBIH

3 JTioGmun — Peésen 388645 48982 1514 418 273539 4526 41053 34.86

4 36ommmuex — Kermn 40853 6528 227 54 356.75 2566 6295 2.64

> Jlonss-Kamuckas — 863521 107563 4303 925  10267.10 9521 57623 74.15
Cépans

6 Kpaxos-Tuasmbii - 948204 163658 6068 1421  5268.79 35440 123357 80.00
Tapuys

7 Bapuiama-3amamnas — 5055060 440608 14809 3939 20361.57 34149 283173 402.50
I'ponsuck-MazoBenkuit

8 Onone-Inasueii — bxer 174910 27909 882 237 2478.87 1839 24582 71.63

9 Kewys-Tnasrrii - 241271 31858 1018 318  3633.26 4469 52132 45.90
[TmeBopck

10 Benoctok — CokyJka 337044 38361 1134 386  3542.62 3094 17521 5978

1 gﬁi‘;bm‘r“a“““ - 564995 85415 2824 670  8287.99 18557 49672 178.00

12 Karosure — Dinsuie 948112 107774 4971 1281  20223.53 8960 174321 327.50

13 Kemene - , 254824 36147 1317 372 2843.10 5726 29370 4027
Ckaprkncko-Kaménna

14 Omburrei-TaasH - 244163 29237 997 291 191411 8099 21784 84.23
Wnasa-I naBHbII

15 Hosnans- T nasistii — 584872 121611 4568 977  2842.12 10617 98209 197.87
300HIINHD

16 Mleunn-Tapmytii — 428136 71782 2207 459  5199.20 7624 26800 110.00
T'onenroB

MecTHbIE TMHUN

17 Knonexo-I nasHbid — 184290 20654 577 141 1185.58 2601 12719 8.33
Banoxux-I naBHbIit

18 Tpymsénns — Xemoka 111431 9684 369 115 1954.70 1425 3813 3133

19 3amocte-BocTowmbi — 76677 8541 279 90 1919.04 2544 7084 23.89
3BEKHUHELL

20 JKapbi — 3enéna-T'ypa 185775 26129 897 208 1514.98 1534 21145 28.10

21 g;ff{‘g‘Kamm - 828287 102150 3985 903 10864.94 8965 53155 86.56

22 Hosbr-Cond — Mymmna 104896 13308 527 143 987.71 4755 11364 69.13

23 Hacenbek — Ceprint 64274 7012 270 65 456.27 611 3274 2.86

24 Heica — 132923 19273 654 159 146231 5057 9562 25.46
Kenmsexun-Kosie

25 Slcio — 3aryx 145984 17548 667 21 1821.32 2831 32628 2691

26 BenocTok — Uepemxa 328781 38718 1155 399 1837.33 2863 17894 46.86

27 Xoitrune — Kocuexuna 80769 7976 305 92 609.45 905 5758 21.79

28 JKnBew — 3BapIoHb 60542 7308 306 74 1032.82 1682 9718 3233

29 Ckapsxncko-Kaménna —
Octposer-Caenrokmme- 176108 18966 639 195  2677.22 1379 13415 11.00
KA

30 Ompurem-Tasubiii - 214861 28478 983 249 1258.51 6091 19930 62.33
bpaneso

31 Jlemro — BoabmiTeH 88347 15812 725 167  1125.74 3706 13128 9.15

32 Konobiker — [onenion 120852 20622 627 160 872.65 23929 8174 19.94
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YacTtHbli K03()PUIUCHT KOPPEISALUU O3BOJISIET OIle-
HUTH UCKITIOYNTEIHHO JTHHEHHYIO 3aBUCHIMOCTD MEXK/IY HC-
cneayeMbiMu iepeMeHHbIMU. [loaToMy mocie ero pacuéra
U B CIy4ae OTCYTCTBHUS TECHOH CBSI3M MEXIy I€peMeH-
HBIMH, HGO6XOIH/IMO npyu 1oMomixM TOCTPOCHUA OHa-
rpaMMBI pa30poca OIeHUTh OTKIIOHEHHUE MCCIIELyEeMBIX ITe-
PEMEHHBIX OT TpaduKa TMHEHHOH (PyHKIIH, COOTBETCTBY-
IOmEeld pacCUUTaHHOMY KOIPPUIIMSHTY KOPpEIAHH, a
TaKkXKe IPOBEPHUTh HAMYHAC HEIUHCHHOW 3aBHCHMOCTH
MEXIy aHaJH3MPyEeMBIMH IepeMeHHBIMH. Kpome Toro,
PpacYEéT 9aCTHBIX KO3 PHUIIUECHTOB KOPPEIAIIH XapaKTepH-
3yeTcss JOBOJILHO BBICOKOH BBIYHCIHTEIBHON CIIOXKHO-
CTBIO.

5.2 Pacuét yacTHBIX K03 (PHUIHEHTOB KOPpeIsaunu

Pacuér 3HaueHuit yacTHbIX K03 uIEHTOB KOppes-
UM  BBIIOJHSJICS C HCIOJB30BAaHHEM  IIPOTPAMMEI
STATISTICA. B kauecTBe HE3aBHCHMBIX MEPEMEHHBIX,
OIIPEACIAIONINX 00BEM MACCAKHUPCKUX MNEPEBO30K, HC-
MOJIH30BATHMCh TOKA3aTeNH IO OTAEIbHBIM COLMAIBHO-
SKOHOMHIYECKUM (hakTopam (TabJ1. 5). B xauecTBe 3aBUCH-
MOH TIepeMEHHOHW BBIOpaHa CpenHSIsI BMECTHMOCTH IIO-
JBIDKHOTO cocTaBa (Tada. 6, Bapuantl). 3aTeM 3HaueHUS
HCCIIEeyeMbIX HE3aBUCHMBIX TIEPEMEHHBIX OBUIH Mepecyu-
TaHbI ¢ Y9E€TOM KO3()(UINEHTA, yIUTHIBAIOIIETO KOJIHUe-
CTBO PETHOHANBHBIX ITACCAKMPCKHUX MOE3/I0B, MPOIYIIEH-
HBIX 0 KaXKA011 )KeJIe3HOAOPOKHOM IMHUY B TEUEHHE rofia
(Tadu. 6, BapuanT 2). B nanHoii Tabnuie 3HaueHne K03¢-
(unMeHTa KOpPEeLuy, MONaJaloIero B JAByCTOPOHHUMN
JIOBEPUTENbHBIA HHTEpBaa ¢ ypoBHeM 3HauumocTu 0.05,
BBIJIETICHO XKHUPHBIM 1pudTom [21].

Tabnuna 6. Pacu€THble 3HAaYCHUS YaCTHBIX K03 duUIueH-
TOB KOPPEJISLIUH

Iloka3arens Bapuanr 1 Bapuanr 2
UNCIeHHOCTh HACENICHNS B 0,036 0.123
pETHOHE, YeI./KM
LII/ICHEHHOCTI: MaJIbIX 20.076 -0.189
MPEANPHATHH, €1./KM
LII/ICHEHHOCTI: CpeIHUX 0.078 0116
NOPeANpPUITHH, e1./KM
qI/ICJIeHHOCTE KPYHHBIX 0029 0.109
TPeNPUATHH, e1./KM
JlocTynHOCTB maccaxup-

CKHUX JKEJIE3HOIOPOKHBIX -0.081 0.022
MEPEBO30K, YEII./KM

Yucno mect pa3melleHus B 0073 0.104
TOCTHHUIIAX, YeIL./KM

Uncrno maccaxupoB, Yell./KM 0.178 -0.019
Yucno aBTo6ycm,1x 0286 0.303
U TpaMBalHbIX €37I0K, eJI.

Ywuciio moes3zos, €. - 0.481

PesynbraThl pacuéra 4acTHEIX KO3()(UIMEHTOB KOp-
PEeISIIKY TIOKA3aJI1, YTO BEIOpAHHBIE COLMATIbHO-9KOHOMH-
yeckue (haKTOpbl, ONPEACISIONINE pa3Mep MacCcaXUpoIo-
TOKa Ha KOHKPETHOW KEJIE3HOJOPOXKHOHN JINHUY, HE OKa-
3BIBAIOT CYLIECTBEHHOIO BJIMSHUS Ha CPEJHIOI0 BMECTH-
MOCTb TOJIBIIKHOTO COCTaBa, UCIOJIb3yEMOr0 Ha 3TOH JH-
HUHU. JTO TOBOPHUT O TOM, YTO IPH BHIOOPE BMECTUMOCTH
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MOE3/I0B, WCIOJB3YEMBIX Ha MPUTOPOIHBIX JKEIEe3HOMIO-
POKHBIX TIEPEBO3KaX, HE YUUTHIBAIOTCS COITUAILHO-IKOHO-
MUYECKHE (PaKTOPhl COOTBETCTBYIONIETO PETHOHA.
IIpumepom ¢akTopa, HE BIHSIONIETO HA CPEIHIOIO
BMECTUMOCTh IKEJIE3HOJJOPOKHOTO MACCAXUPCKOTO TIO-
JIBUKHOTO COCTaBa, SIBJISAETCSA JOCTYMHOCTH KEJIE3HOJ0-
PO’KHOTO TpaHCIOPTA JJIsl HACEJICHUS, BEJIMYMHA KOTOPOM
3aBUCHUT OT pa3Mepa U PacroOKEHHUS HACEIEHHBIX MyHK-
TOB OTHOCHUTEJBHO JKEJIE3HONOPOXKHBIX JUHUM. Ha puc. 2
MpeJCTaBlcHa AuarpaMMma pa30opoca BEIWYHHBI CpeTHEH
BMECTHMOCTH TIOABIDKHOTO COCTaBa M JOCTYITHOCTH JKe-
JIE3HOJJOPOXKHBIX TEPEeBO30K. J[marpaMma moka3bIBaeT He
TOJIEKO OTCYTCTBHE JINHEHHOM 3aBUCHMOCTH, KOTOpPas HC-
CIIEZIOBAIACH C MCIIONIB30BaHUEM YAaCTHOTO Ko duiineHTa
KOPPENSIUN, HO U OTCYTCTBUE KAaKOH-THOO CBS3H MEXIY
STUMH BEJIMYMHAMH.
260
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JI0CTYIHOCTH PerHOHAIBHBIX KeJ1e3HOA0POKHbIX
NepeBo30K, Yesl./KM

Puc. 2. lnarpamma pazbpoca 3HauU€HUN CpeiHENH BMECTU-
MOCTH MOJABUKHOT'O COCTaBa U IOCTYITHOCTH PEru-
OHAJIBHBIX JKEJIE3HOTOPOKHBIX IEPEBO3OK IS KH-
Tenei

Bonee cusbHas CBsI3b HAONIOAAETCS MEXKIY BEIHYH-
HOW BMECTHMOCTH IOJIBH)KHOTO COCTaBa U CPEIHECYTOY-
HOTO YHCJIa €370K aBTOOYCOB W TpaMBaeB, 00eCIIeYnBaI0-
[IUX TIEPEBO3KY MACCAXKHPOB JI0 KEIC3HOJOPOIKHOTO BOK-

3aina (puc. 3).
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Puc. 3. Jlnarpamma pazOpoca 3HaYCHUH cpeHel BMECTH-
MOCTU MAaCCaKUPCKOTO >KEJIE3HOJOPOKHOIO IO-
JIBUKHOTO COCTaBa U CPEIHECYTOYHOTO 4HCcIa €3-
JIOK aBTOOYCOB M TPAMBAEB J10 JKEJIE3HO0POKHBIX
BOK3aJI0B
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Ha »atoit mmarpamme pa3Opoca BHIHO, YTO CBSI3b
MEXAY HUCCIIENYyEMbIMU BEJIMYMHAMHM HEBEJIMKA, OJHAKO
OTYETIIMBO MIPOCIICKUBACTCS. DTO BBI3BAHO TEM, UTO JIFOIH,
HMeIoIIne yI00HBIH JOCTYI OT MECTa MPOKUBAHUS K Ke-
JIE3HOIOPOKHOMY BOK3ally, 4Yallle pPELIalT BOCIOJIb30-
BaThCs 3THM BUAOM TpaHcmopTa. Kpome Toro, MHTEHCHB-
HOCTh aBTOOYCHBIX U TpaMBalHBIX NIEPEBO30K BHIIIE B Ty-
CTOHACENEHHBIX M JKOHOMHUYECKH PAa3BUTBHIX PETHOHAX
[Mompmm, Tie cymecTByeT 0ObIIas IOTPEOHOCTH B Iacca-
JKUPCKUX MEPEBO3KAX, YTO MPUBOJAUT K YBEIMUYEHUIO Mac-
CaXXUpONoOTOKa. B cBOIO ouepenb, peruoHaIbHBIE JKENe3-
HOJIOPOJKHBIE IEPEBO3YHMKH, Pa0bOTAIOMKE B TyCTOHACE-
NEHHBIX paiiOHaX, IMEIOT B CBOEM pPaCHOpsDKEHUH OOIb-
mwe (UHAHCOBBIE PECYPCHI, MO3BOIISIONINE UM TIPHOOpe-
TaTh BMECTUTEJIbHBIN MOJIBU)KHOW COCTaB.

Opnako HamOoJyiee CWIIbHAs CBsI3b OOHApYXHIACh
MEX]ly BEJTUYMHOM cpeHeld BMECTUMOCTH IKCILTyaTUpye-
MOIO IOJBMKHOIO COCTaBa M YUCJIOM IOE€3[0B, IPOILY-
LIEHHBIX JIMHHEW B TeueHue rona. J[uarpamma paszbpoca

JUJIA OTUX BCJIMYMH IIOKa3aHa Ha PUC. 4.
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Puc. 4. lnarpamma pa3bpoca 3Hau€HUH CpeHENH BMECTU-
MOCTH TAaCCaXUPCKOTO KEIE3HOJAOPOKHOIO TO-
IBIDKHOTO COCTaBa M YHciia MPOMYIICHHBIX XKeJle3-
HOJIOPOXHOM JIMHUEN NI0€3/10B B TEUEHUE TOAA

OT10T rpadK MoKa3bIBaET HATHYHE THHEHHOW 3aBUCH-
MOCTH MEX/Iy TUMH BennurHamu. Ha skene3Ho10p0KHbIX
JIUHUAX C OOJBIIAM TACCAKUPOIIOTOKOM, TIOMAMO 0OJIb-
IIEro YHCIJIa HUTOK rpadyKa JBIKEHHUS TaCCAKUPCKUX T10-
€37I0B, 110 CPABHEHUIO C MAJIOAEATEIbHBIMU JIMHUSIMH, KaK
MIPaBUJIO UCHOJIB3YIOTCS B CpeiHEM OoJiee BMECTUTEIIbHBIC
noesza.

6. 3akjI0ueHne

ABTOpBI BIEPBBIC HCCICIOBAIN CBA3H MEKIY COIH-
aJTbHO-DKOHOMUYIECKUX (HhaKTOpPaMH PETHOHOB C JKEJIEe3HO-
JIOPO’KHBIM COOOIIeHHEeM, 00BEMOM MACCAKUPCKUX TIepe-
BO30K U BMECTHMOCTBIO MOJBHIKHOTO COCTaBa, UCIIOJIb3Y-
€MOr0 Ha COOTBETCTBYIOIIUX JKEJIC3HOIOPOIKHBIX JTHHUAX.
Pacuértbl mokaszanu, 4To cpegHee YMCIO MECT B MOJBHK-
HOM COCTaBE, HCIOJB3YEMOM JUI PETHOHAIBHBIX Tacca-
JKUPCKHX TIEPEBO30K Ha aHAU3UPYEMBIX JKEIC3HOI0POK-
HBIX JIMHHUSX, HE 3aBHUCUT OT COLMAILHO-3KOHOMHYECKUX
(aKTOPOB, ONPEACISIOMINX Pa3MEPhI MACCaKUPOIIOTOKOB.
He BBIsIBNICHA 3aBUCUMOCTH BMECTUMOCTH HUCTIOTIH3YEMOTO
MOJIBMYKHOTO COCTaBa OT TaKWX (DaKTOPOB, KaK: YUCIICH-
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HOCTb HACCJICHUA B PETHOHE; YUCIIO HpeHHpHHTHﬁ; 10~
CTYITHOCTh KEJIC3HOJOPOKHOTO COOOIIEHHS IS Hacele-
HUSL; YUCIIO MECT pa3MelleHus] B rocTuHUIax. OCHOBHOM
MIPUIHHON OTCYTCTBUS TAaKOH CBSA3M MOXKET OBITH HEJJOCTA-
TOYHBII Yy4€T cIpoca Ha PETMOHAJIbHBIC JKEJIE3HOIOPOXK-
HbIE MACCAXUPCKHUE MEPEBO3KU B MPOLECCE UX OpraHu3a-
LUU, B YACTHOCTH, IPU ONPEACICHUU BMECTUMOCTH IIO-
JIBUJKHOT'O COCTaBa. B s5xoHOMUYeCKU MEHEE pa3BUTHIX pe-
ruoHax ITonpuy, Hanpumep, B [lonkapnarckom u Ilomsc-
KOM BOEBOJICTBAX, U3-3a HEXBATKHU ITOABMKHOTO COCTAaBa y
MEPEeBO3YMKOB HAOJIONACTCSl HENOCTaTOYHAs MPOBO3HAs
CHOCOOHOCTB KEJIE3HOIOPOIKHBIX JIMHHH.

BeisBiena cnabast CBSI3b MEXKIY CPEAHECYTOUHBIM
YHCIIOM €3/I0K aBTOOYCOB U TpaMBAaeB 10 MapLIpyTaM, CBs-
3BIBAIOIMX HACEJIEHHBIE MyHKTHI C JKEJIE3HOIOPOKHBIMU
BOK3&JIaMH, M BMECTHUMOCTBIO HCIOJb3YEMOTO IOIBHX-
HOTO COCTaBa. DTO CBA3aHO C TEM, UTO JIIOIU, KOTOPHIM
jerde 1o0paThCs OT MECTa XHUTEIbCTBA IO KEJIE3HOIO-
POKHOr0 BOK3aJa, 4allle COBEPIIAIOT MOE3JKH IO JKEJe3-
HO# jpopore. KpoMe Toro, unciio aBTOOYCHBIX M TpaMBaii-
HBIX MapIIpyTOB OOBIYHO OOJIBIIE B SKOHOMHUUECKH Pa3BH-
TBIX PErHOHAaX CTpaHbl. B Takux peruoHax, Harpumep, B
CunesckoM, Ma3oBeLIKOM BOEBOJCTBAX, PETUOHAIIBHBIC
JKEJIE3HOJOPOKHBIE MEPEBO3UMKH PACIIONAraloT 10CTaTou-
HBIMU (PHHAHCOBBIMU CpPEJCTBAMU IJIs proOpeTeHus 00-
Jiee BMECTUTEIBHOTO MOABMXHOTO COCTaBa.

Hawnbonee cunpHas mnpsiMas CBs3b HAONIOMAETCS
MEXIy BEJIMYMHON cpelHel BMECTHUMOCTU IMOABUKHOTO
COCTaBa Ha JIMHUU U YHUCJIOM TTOE30B, MPOIMYIICHHBIX JIN-
HHeH B TeueHue roja. Kak u B ciaydae co cpeJHeCyTOUHBIM
YHCIIOM €3/I0K aBTOOYCOB U TPaMBaeB [0 >KEJIE3HOIOPOXK-
HBIX BOK3aJIOB, 3TO CBsA3aHO C TEM, UTO JIMHHUHU C 6OJ'IBIHI/IM
YHUCJIOM MPOIYCKAEMbIX ACCAXKUPCKUX MOE3J0B PACIIOI0-
’KEHbl B 9)KOHOMHYECKHU PA3BUTHIX peruoHax [lonpmmu.

Ha ocHOBaHMM NOTy4€HHBIX PE3yIbTATOB MOXKHO CAE-
JaTh BBIBOJ, YTO HAWIy4YIlIEe COOTBETCTBUE IMPOBO3HOI
CHOCOOHOCTH KEJIE3HOIOPOKHBIX JIMHUHM MOTPEOHOCTSIM B
PETHOHAJBHBIX TMACCAXHUPCKUX IEPEeBO3Kax, oOecredeH-
HOCTH 3THUX NMEPEBO3OK MOABUXHBIM COCTABOM HJOCTATOY-
HOH BMECTHUMOCTH Ha6J’IIO}laeTC$[ B OKOHOMHYCCKHU pa3BU-
ThIX PETHUOHAX HOIII)H_II/I, PacCroJIOKEHHBIX, B OCHOBHOM Ha
Iore ¥ 3amajie CTpaHsl. B MeHee 5KOHOMHUYECKH Pa3BUTHIX
peTHoHaX UCTIONb3YIOTCS MOIBUKHOM COCTaB HEIOCTaTOU-
HOM BMECTHUMOCTH.

VYBenn4yeHne MPOBO3HON CIIOCOOHOCTH PETrHOHANb-
HOTO TAaCcCaKUPCKOTO >KEJIE3HOJIOPOKHOIO TPaHCIOpPTa
CTUMYJIUPYET CIPOC HA COOTBETCTBYIOLIUE IEPEBO3KHU.
HemocrarouHast mpoBo3Has CIIOCOOHOCTH JKEIE3HOIOPOXK-
HBIX JJMHHUNA 3aCTaBJIIET HACEJIIEHUE M0JIb30BAaThCS aBTOMO-
omnsmu. [ToHnMaHWe TPeINCTaBICHHBIX B CTAaThEe CBSA3CH
MEXAY COLUAIbHO-IKOHOMHUUECKMMHU (DAaKTOPaMHU PErHo-
HOB U mapaMe€TpaMHn PEruOHaJIbHBIX KCJIC3HOJOPOKHBIX
MEPeBO30K MMEET BaXKHOE 3HaueHue il 3((HeKTHBHOrO
TOPOJICKOTO M PETMOHAIBHOTO IUIAaHUPOBaHMA. B yacTHO-
CTH, IIOBBIIICHUEC yﬂ,OBJ’IeTBOpéHHOCTI/I HacCeJICHU B pCru-
OHAJIbHBIX YKEJIE3HOIOPOKHBIX MTACCAKUPCKUX MEPEBO3KAX
CrocOoOCTBYET YMEHBIICHUI0 WHTCHCHBHOCTH TIOTOKA aB-
TOMOOWJICH, YMEHBIIICHHIO 3aTOPOB Ha aBTOJIOPOTax, CHH-
KCHHIO BEIOPOCOB 3aTrPSA3HAIONINX BEIIECTB OT aBTOTPAHC-
opra.
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Abstract. This article assesses the impact of socio-economic factors and the amount of transport work done on the capacity
of rolling stock used in passenger transport on selected railway lines located in various regions of Poland. The purpose of
this article was to check the relationship between the capacity of rolling stock running on a railway line in regional
passenger transport, and the socio-economic factors occurring in the area through which the analyzed railway line runs,
and between volume of transport on this line. The analysis was carried out for 32 railway lines located in different voi-
vodeships, with one main line and one local line selected from each voivodeship. The average number of seats in regional
trains running on it was calculated for each of the analyzed lines. Then calculations of partial correlation coefficients were
performed. During calculations, the average number of seats was used as a dependent variable, while socio-economic
factors affecting the size of passenger flows and the amount of transport work done were used as independent values. The
calculation used the transport data and socio-economic factors that occurred in 2018. The calculations showed that there
is a clear relationship between the rolling stock capacity and the amount of transport work done. On lines where more
transport work is done, more capacious rolling stock also runs. On the other hand, the dependence of rolling stock capacity
on socio-economic factors affecting the size of passenger flows is small.
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LOGISTICS

1. Introduction

Many different socio-economic factors, such as the
number of inhabitants, the number of business entities or
the number of bus and tram connections enabling access
from the city center to the railway station, affect the size of
passenger flows. In turn, the size of passenger flows is re-
lated to the volume transport work done [1].

To transport more passengers, it is necessary to run
more trains, while many passengers on an analyzed railway
line is a signal for the organizer of transport to run more
trains on this line. If there are large passenger flows on an
analyzed line, there should also be used more capacious
rolling stock on this line than on the lines on which passen-
ger flows are smaller. Running an additional number of
trains or, in the case of lower demand, limiting the transport
offer can take place smoothly and can be implemented in a
short period of time, one year with the introduction of a
new timetable or quarterly in the case of a timetable cor-
rection. It can be implemented by changing the rolling
stock circulation or by reducing the stop-ping time at return
stations.

Of course, the launch of an additional number of trains
requires the organizer of transport to provide additional
funding, but its implementation can take place in a short
period of time. However, it is practically impossible to
quickly adapt the capacity of rolling stock to the current
demand for transport. Rolling stock currently owned by the
carrier is used to make connections. For the passenger car-
rier, the main problem is to provide sufficient seats for pas-
sengers, by using rolling stock with appropriate capacity
while minimizing operating costs [2].

The condition of railway infrastructure in Poland has
been systematically deteriorating from the late 1980s to the
beginning of the 21st century. For about 10 years, due to
numerous repairs and modernization of railway lines, the
condition of infra-structure on many railway lines has been
improving [3]. The situation is similar when it comes to
rolling stock, where after many years of not purchasing
new rolling stock for more than 10 years, there is an in-
crease in the number of new vehicles owned by carriers.

Regional passenger transport in Poland is currently op-
erated by many different carriers. The largest carrier is
Polregio company, which services regional connections in
10 provinces. In the remaining 6 voivodeships, this traffic
is served by companies owned by regional self-govern-
ments such as: Koleje Matopolskie, Koleje Dolnoslaskie,
Koleje Slaskie, Koleje Wielkopolskie, Koleje Ma-
zowieckie, and the Lodzka Kolej Aglomeracyjna. In addi-
tion, the PKP Szybka Kolej Miejska w Trdjmiescie (co
owned by the central government and regional and local
self-governments), SKM Warszawa (owned by the City of
Warsaw) and Warszawska Kolej Dojazdowa (owned by
the conglomeration of self-governments) operate in large
metropolitan areas such as the Trojmiasto (Gdansk, Sopot,
Gdynia) and Warsaw. Arriva RP is private operator.

In connection with the division of transport into so
many operators, there is a problem of handling connections
at the provinces border. Often, one operator's trains end at
the last station in each province, thus not providing a
proper connection to the neighboring province.

16 http://transcience.ru

Some operators also have rolling stock problems. Most
of the rolling stock used in regional passenger traffic, in-
cluding all newly purchased electric units and rail buses, is
owned by the provinces that lend it to operators. Only Re-
gional Transportation has its own rolling stock, but they are
mostly old vehicles. In Poland, many passenger carriers
currently have problems with the appropriate amount of
rolling stock needed to make connections. This problem
occurs mainly in regional carriers, where there are many
entities with a limited number of rolling stocks. This is usu-
ally associated with the decommissioning of old electric
units and wagon depots and their replacement by an insuf-
ficient number of new vehicles. The number of vehicles in
normal conditions is sufficient to carry out the intended
transport.

However, due to the insufficient number of reserve ve-
hicles in the event of breakdowns or inspections of individ-
ual vehicles, often transport is carried out with rolling stock
of inadequate capacity or even in extreme cases replaced
by bus communication.

Until now, the impact of various socio-economic fac-
tors occurring in the area crossed by the railway on the ca-
pacity of rolling stock running on this line has not been an-
alyzed. These factors probably have a significant impact on
the size of passenger flows, which in turn translates into
the capacity of rolling stock running on the line.

This study assesses the impact of socio-economic fac-
tors and the amount of transport work done on the capacity
of rolling stock used in passenger transport on selected rail-
way lines located in various regions of Poland. These stud-
ies allow determining whether various social and economic
factors occur-ring in the area through which a given rail-
way line runs have an impact on the capacity of rolling
stock running on that line. The relationship between the
transport work done and the rolling stock capacity was also
checked. Calculations were carried out using partial corre-
lation coefficients. During these calculations, the average
number of seats in vehicles was used as the dependent var-
iable, while the socio-economic factors affecting the size
of passenger flows and the amount of transport work done
were used as independent values.

2. Analyzed railway lines

The analysis was carried out for 32 railway lines lo-
cated in different voivodeships, on which regional passen-
ger transport is carried out. A representative one main line
and one local line were selected from each voivodeship.
These lines are shown in Fig. 1. The main railway lines are
marked in red and numbers 1-16, while the green color and
numbers 17-32 represents local lines. Some of the analyzed
railway lines are included in their entirety, while others
only on limited sections located within one voivodeship.

Tab. 1 shows the analyzed railway lines divided into
voivodeships in which they are located. In addition, Tab.
1 shoves the length of these lines, the number of tracks on
individual lines, their electrification, the maximum permis-
sible speed, and average number of trains running on an
individual line on a workday.

CospeMeHHbIe npobieMbl mpaHcnopmHo20 komninekca Poccuu. 2020. T. 10. Ne.1
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3. Rolling stock used on the analyzed railway lines

Currently, passenger rail rolling stock running in re-
gional transport in individual voivodeships is truly diverse.
This is because rolling stock manufacturers offer its adap-
tation to the needs of the customer. Most often they are ve-
hicles from one family (e.g., EIf of Pesa, Impuls of
Newag), but in different configurations. It is possible to ad-
just the length of the train by adding or reducing the num-
ber of its sections. Another possible modification is the in-
terior design. It is possible to add additional seating or re-
duce their number which allows to obtain more space for
passengers in standing places or adapting the vehicle to the
needs of people with disabilities or with larger luggage
(e.g., for transporting bicycles). Result of such changes in

the creation of different series and varieties of rolling stock
causing a huge variety in terms of their series.

Due to the large number of orders, the number of elec-
tric and diesel multiple units available to regional passen-
ger carriers has increased in recent years. However, the
number of passenger cars decreased significantly [S]. This
is due to the replacement of classic trains by electric mul-
tiple units on electrified lines and by railbuses on non-elec-
trified lines. Many used electric multiple units have been
modernized. Also, during the modernization of the previ-
ously used rolling stock, it is possible to arrange the interior
and adapt it to new needs.
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Fig. 1. Location of analyzed railway lines in Poland [4]
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Table 1. Analyzed main and local lines

Line

Average number

Ne  Voivodeship Line or Section length, Number of Elec?rlﬁca- Maximum of trains
tracks tion speed, km/h
km on a workday
Main lines
1 Lower Silesian Wroctaw Gltéwny — Legnica 65 double yes 160 34
2 Kuyavian-Pomeranian Bydgf) szez Glowny - 51 double yes 120 24
Torun Gtéwny
3 Lubelskie Lublin — Rejowiec 55 double yes 120 26
4  Lubuskie Zbgszynek — Rzepin 75 double yes 160 14
5 Lodzkie 1.6dz Kaliska - Sieradz 59 double yes 80 28
6 Lesser Poland Krakow Gtowny — Tarndéw 77 double yes 160 36
. Warszawa Zachodnia —
7 Mazovian Grodzisk Mazowiecki 27 double yes 120 136
8  Opolskie Opole Gtéwny — Brzeg 40 double yes 160 28
9 Podkarpackic Rzeszow Gléwny —Prze- 3¢ double yes 120 30
worsk
10 Podlaskie Biatystok — Sokotka 42 single yes 80 16
11 Pomeranian Gdansk Gléwny — Tczew 32 double yes 160 24
12 Silesian Katowice — Gliwice 27 double yes 160 66
. . Kielce — double
13 Swietokrzyskie Skarzysko-Kamienna 45 yes 120 16
14 Warmia-Masurian Olsztyn (’ilowny B 69 double yes 100 20
Ttawa Glowny
15 Greater Poland Poznan Glowny — Zbaszyn 74 double yes 160 30
16 West Pomeranian Szc.zrecm Glowny — Go- 38 double yes 120 36
leniow
Local lines
o Ktodzko Glowny — .
17 Lower Silesian Walbrzych Glowny 51 single/double  no 80 10
18 Kuyavian-Pomeranian Grudzigdx — Chetmza 38 single no 90 16
19 Lubelskie Zamos¢ Wschéd - 32 single no 80 10
Zwierzyniec
20 Lubuskie Zary — Zielona Géra 53 single no 80 8
21 Lodzkie 1.6dZ Kaliska - Kutno 68 double no 70 20
22 Lesser Poland Nowy Sgcz — Muszyna 51 single no 80 10
23 Mazovian Nasielsk — Sierpc 88 single no 80 10
24 Opolskie Nysa — Kedzierzyn-Kozle 75 double no 50 14
25 Podkarpackie Jasto — Zagorz 69 single no 80 4
26 Podlaskie Biatystok — Czeremcha 77 single no 80 8
27 Pomeranian Chojnice — Ko$cierzyna 69 single no 80 8
28 Silesian Zywiec — Zwardon 37 single yes 70 20
- . Skarzysko-Kamienna — Os-
29 Swigtokrzyskie rowice Swictokrzyski 46 double yes 80 10
30 Warmia-Masurian Olsztyn Gtowny — Braniewo 96 single no 80 8
31 Greater Poland Leszno — Wolsztyn 46 single no 80 12
32 West Pomeranian Kotobrzeg — Goleniéw 100 single no 80 14
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On the one hand, it is possible to accurately adapt the
rolling stock to the needs of the carrier or even a specific
railway line. However, the purchase of new rolling stock is
an investment, the implementation of which requires the
involvement of significant financial resources and a long
time of waiting for the finished product. If a carrier has
shortage of rolling stock, it is necessary to prepare and per-
form a tender procedure, then for a specified period the ve-
hicles are assembled at the manufacturer, after which it is
possible to transfer them to the ordering carrier. Only spo-
radically there are cases such that the ready rolling stock is
at the manufacturer's and its immediate collection is possi-
ble. In addition, they usually only apply to individual vehi-
cles. If a carrier does not have the problem of having
enough rolling stock necessary to carry out the ordered
transport work most often, due to the remarkably high pur-
chase cost, new rolling stock is not ordered. In this case,
when rolling stock purchased many years ago is used to
service the connections, it may be inadequately adapted to
the current transport needs.

On railway lines where passenger flows have de-
creased, already existing rolling stock with too large capac-
ity can run, generating high operating costs. On the other
hand, on lines where the number of transported passengers
has increased, there is a possibility to use on its insufficient
capacious rolling stock, generating difficulties for passen-
gers. This may be a reason for stopping the further increase
in the number of passengers.

Another problem is the arrangement of appropriate cir-
cuits for owned rolling stock. The empty spread of rolling
stock should be limited or avoided if possible [6]. Linear
programming is used to reduce the number of kilometers
of rolling stock carrying out empty mileage [7].

Another problem in arranging the correct rolling stock
cycles is the diversity of passenger flows due to the time of
day. If the same rolling stock with a fixed capacity is still
running on a given railway line, its overflow may occur
during the morning and afternoon peak, and during the off-
peak hours it will run only slightly full. Therefore, the num-
ber of different types of vehicles needed to service the
planned connections should be precisely determined. In the
morning and afternoon rush hours, the multiple units can
be coupled together to obtain the larger capacity needed to
travel the increased number of passengers. In turn, during
the off-peak hours, the multiple units can be decoupled to
reduce the cost of running the train [8]. These activities
generate the need for additional rolling stock maneuvers
and track occupation at the return station by rolling stock
out of service during off-peak periods [9]. The benefit of
adapting the rolling stock capacity to the current demand
on a specific railway line is the carrier's minimized operat-
ing costs [10].

Various complex methods are used to set up the ap-
propriate rolling stock circulation, such as the heuristic
Benders distribution [11]. Thanks to this distribution, the
lower limit of rolling stock utilization can be calculated in
a short time [12]. However, the key issue that allows the
proper circulation of rolling stock to be arranged is that the
carrier has sufficient rolling stock of the right capacity.

Another problem is the dispatcher's daily assignment
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of individual vehicles to a specific circuit. Vehicles as-
signed to a specific cycle can be done manually and using
special software, which enables to shorten the time of per-
forming this activity [13]. The use of appropriate software
in addition to reducing the time needed to assign vehicles
to circulation allows for a significant improvement in the
provision of transport services, by better matching the ca-
pacity of rolling stock with passenger flows occurring at a
given time [14]. In the case of rolling stock circulation
planning over long distances, integrated algorithms based
on graph theory can be used [15].

During planning circulation, it is necessary to consider
exclusions the vehicles from use, both scheduled for in-
spections and random. Random factors excluding a vehicle
from traffic may be both failures and participation in events
such as accidents at level crossings or collisions with wild
animals.

Vehicles running on the analyzed railway lines in 2018
are shown in Tab. 2, 3.

Based on the data contained in Tab. 2, considering the
capacity of individual types of rolling stock and the number
of connections made with these vehicles on each of the an-
alyzed railway lines, the average capacity of rolling stock
was calculated. This value, calculated for a specific railway
line, shows the average number of seats in regional passen-
ger trains running on it. The results of the calculated aver-
age number of seats for the analyzed railway lines are pre-
sented in Tab. 4. In addition, this table includes transport
work done in regional passenger transport on these lines in
2018.

4. Socio-economic factors affecting passenger flows

The size of passenger flows on a particular railway line
depends on the spatial structure of the area through which
an analyzed railway line runs. During the analysis, socio-
economic factors were considered, such as:

e the number of people in cities and villages through
which the railway line runs.

o the number of business entities registered in the com-
munes at the railway line, divided into small, medium,
and large entities (division expressed by the number of
employees).

e number of commuters to work.

e the number of places in accommodation facilities (ho-
tel, motels, etc.) located in communes at the railway
line.

e number of bus and tram connections enabling access
from the city center to the railway station [16].

These data are presented in Tab. 5 for 2018. The data
source are reports of the Central Statistical Office [17]. The
last parameter, the availability of inhabitants to the line,
was calculated based on data from the Central Statistical
Office.

This parameter is affected by the distance of the station
from the city center and the size of the population center in
which the station is located [16]. To enable comparison of
the analyzed railway lines having different lengths, the val-
ues of these factors were not used directly in the calcula-
tions, but their ratio to the length of the lines was used.
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on the analyzed lines

Table 2. Rolling stock used in regional passenger transport

Line or section

Used rolling stock

Main lines

Wroctaw Glowny — Legnica

31WE, 45WE, SA134 - 2,
36WEa, SA139

Bydgoszcz Gtowny —
Torun Gléwny

EN76, EN57, ED72, EN71,
EN96

Lublin — Rejowiec

ENS57, SA134

Table 3. Division of individual types of rolling stock

Rolling stock type Sign

22WE, 22Wed, 27Web, 31WE,
34Wea, 35WE, 36WE, 36Wea,
45WE, E 4268 (FLIRT), EN56,
EN62, EN63A, EN64, EN75,
EN76, EN77, EN78, ED78, EN79,
EN90, EN96, EN99

ENS57, EN71, ED72, ED72Ac

New electric unit

0Old electric unit

Zbaszynek — Rzepin

ENS57, ED78

1.6dz Kaliska - Sieradz

E 4268 (FLIRT), EN57,
ENS57 -2

Krakow Gtowny — Tarndow

EN64, EN79, EN57, ENTS,
EN78 - 2, EN64, EN77,
EN63A

Warszawa Zachodnia —
Grodzisk Mazowiecki

ENS57 -2, 45WE, 19WE,
35WE

Opole Gtéwny — Brzeg

EN57, EN63A, ED72Ac

Rzeszéw Glowny — Przeworsk

EN64, EN76, EN71, EN57,
EN62

Biatystok — Sokotka

SA133, EN57, SA108

Gdansk Gtowny — Tezew

ENS57, EN76, EN56 - 2,
EN90, EN71, SA137 - 2

Katowice — Gliwice

27WEDb, 35WE, EN57,
EN75, EN76, 34WEa,
22WE, 22WEd

Kielce — ENG63A, EN96, EN57 - 2,
Skarzysko-Kamienna ENS57, EN81, ED78
Olsztyn Gtéwny —

Itawa Glowny

ENS57,ED72

Poznan Glowny — Zbaszyn

EN76 - 2, EN76, EN57,
ED78

Szczecin Gtowny — Goleniow

SA103, ED78, EN63A,
SA136, EN57

Local Lines

Klodzko Glowny —
Watbrzych Glowny

SA134, SA135

Grudzigdx — Chetmza

MR/MRD, SA133, SA106,
SA106+SA123, 628.4

Zamos$¢ Wschod — Zwierzyniec  SA134
Zary — Zielona Gora SA105, SA133, SA108
L6dz Kaliska - Kutno E 4268 (FLIRT)

Nowy Sacz — Muszyna

EN99, EN79, EN57

Nasielsk — Sierpc

SA135, VT627

Nysa — Kedzierzyn-Kozle

SA134, SA103, SA137

Jasto — Zagoérz

SA103, SA135, SA109

Biatystok — Czeremcha

SA133, SA108

Chojnice — Koscierzyna SA109

. i EN76, EN71, EN75,
Zywiec — Zwardon 36WE, 27WEb
Skarzysko-Kamienna — EN63A, EN96, EN57,
Ostrowiec Swigtokrzyski ENS8I1, ED78

Olsztyn Gtéwny — Braniewo SA106

Leszno — Wolsztyn

SA108, Ol49 +2 - 120A,
SA134

Kotobrzeg — Goleniow

SA103, SA136
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SA105, SA106, SA108, SA133,
SA134, SA135, SA137, SA139
MR/MRD, 628.4, VT627

0149

New railcar

Old railcar
Steam locomotive

5. Determination of rolling stock capacity on the size
of passenger flows

The analysis of the dependence of the rolling stock ca-
pacity on the size of passenger flows in regional transport
was performed using correlation coefficients.

5.1 Assumptions of the used method

The analysis did not consider the long-distance traffic,
which has completely different specificity. In this traffic, it
is important to connect large urban centers and provide
connections in popular directions, where large streams of
travelers occur, but the socio-economic factors of the area
through which the railway line runs are not that important.

Correlation coefficients are often used to analyze rail
transport systems. They were used to analyze delays on 4
selected railway lines in Hungary, where the causes of de-
lays were examined, focusing on the impact of weather
conditions [18]. Correlation coefficients have already been
used to check the relationship between line capacity, length
of line sections and the timetable arranged [19].

The simplest correlation coefficient is the Pearson cor-
relation coefficient. This coefficient determines the impact
between 2 variables. The obtained value of Pearson's cor-
relation coefficient may be disturbed due to the relationship
of a pair of variables with other analyzed variables. There-
fore, the partial correlation coefficient was used for this
analysis. This coefficient allows to determine the relation-
ship between two variables excluding the influence of other
analyzed variables [20].

Correlation matrix is used for calculation the partial
correlation coefficient. This matrix contains all relation-
ships between analyzed variables. The individual element
of the correlation matrix is the value of the Pearson corre-
lation coefficient for the variables i and j. The partial cor-
relation coefficient is calculated using the formula

C,

S -
Bt =0 G0k, T C,-C,’

i g

where Cij, Cii, Cjj — algebraic complements of the ele-
ments ry, rij, 1 of matrix; kK —number of analyzed variables.
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Table 4. Average rolling stock capacity on individual rail-
way lines
Line or section

Transport work
done, trainkm

Average roll-
ing stock ca-
pacity, seats

Main lines
Wroclaw Gléwny - 811200 212
Legnica
Bydgoszcz Gléwny — 441558 192.6
Torun Gtéwny
Lublin — Rejowiec 518210 157.0
Zbaszynek — Rzepin 352050 185.5
L6dz Kaliska - Sieradz 631534 150.0
Krakéw Gtéwny — Tar- 1009008 194.6
now
Warszawa Zachodnia —
Grodzisk Mazowiecki 1349136 3811
Opole Gtéwny — Brzeg 404800 181.7
Rzeszéw Glowny — 398016 169.9
Przeworsk
Biatystok — Sokotka 236544 137.3
Gdafisk Giowny - 277056 229.0
Tczew
Katowice — Gliwice 647892 216.1
Kielce —
Skarzysko-Kamienna 244080 172.8
Olsztyn Glowny - 489348 206.0
Itawa Glowny
Poznati Gléwny — 808240 248.7
Zbaszyn
Szczecin Glowny — 499472 164.7
Goleniow

Local lines
Klodzko Glowny —
Walbrzych Gléwny 179826 733
Grudzigdx — Chetmza 218044 112.5
Zamosc Wschod - 105920 134.0
Zwierzyniec
Zary — Zielona Géra 143736 95.2
Lodz Kaliska - Kutno 480307 120.0
Nowy Sacz — Muszyna 186150 166.8
Nasielsk — Sierpc 321200 60.7
Nysa —
Kedzierzyn-Kozle 352050 88.5
Jasto — Zagoérz 102120 64.9
Biatystok — Czeremcha 224840 116.0
Chojnice — Kosci- 237102 73.0
erzyna
Zywiec — Zwardof 282312 2353
Skarzysko-Kamienna —
Ostrowiec 167900 148.6
Swictokrzyski
Olsztyn Géwny — 290496 60.0
Braniewo
Leszno — Wolsztyn 211140 130.7
Kolobrzeg — Goleniow 542400 105.5

The partial correlation coefficient allows to determine
only the linear relationship between the examined varia-
bles. Therefore, after its calculation, in the case of obtain-
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ing no relationship between variables, it is necessary to an-
alyze scatter plots to check whether there is no non-linear
relationship between the analyzed variables. Another prob-
lem associated with the use of partial correlation is the con-
siderable complexity of calculations performed using this
method.

5.2 The use of partial correlation coefficient

Because calculations of partial correlation coefficients
are complex, STATISTICA software was used to deter-
mine the partial correlation coefficients in this analysis.
During calculations, individual socio-economic factors af-
fecting the size of passenger flows, presented in Tab. 5,
were used as independent variables. In turn, the average
rolling stock capacity was used as a dependent variable
(Tab. 6, test 1). Then, the examined independent variables
were expanded by the quotient of transport work done by
the length of the line (Tab. 6, test 2). This quotient shows
the number of regional passenger trains launched on indi-
vidual railway lines during the year. The results of calcu-
lating the partial correlation coefficients of the average
rolling stock capacity both for socio-economic factors af-
fecting the size of passenger flows and after extending the
independent variables by the number of regional passenger
trains launched during the year are presented in Tab. 6. In
this table, the correlation coefficient value with a signifi-
cance level of 0.05 bilaterally has been bolded [21].

Calculations of partial correlation coefficients show
that socio-economic factors affecting the size of passenger
flows on a specific railway line do not have a significant
impact on the average capacity of rolling stock running on
this line in regional passenger transport. Most of these fac-
tors have no impact on rolling stock capacity at all.

An example of a factor that does not have impact for
the average capacity of rolling stock running on a railway
line is the availability of residents to this line, determined
based on the size and location of population centers. Fig. 2
presents the scatter chart of average rolling stock capacity
and residents' availability to the railway line. From this
graph, it can be noticing not only the lack of a linear rela-
tionship, which was studied using the partial correlation
coefficient, but the lack of any relationship between these
quantities.

The highest value of the partial correlation coefficient
among the socio-economic factors affecting the size of pas-
senger flows was achieved by the factor showing the aver-
age number of bus and tram connections in a day enabling
access to the railway station from the city center. Fig. 3
shows a scatter chart for these quantities.

In this chart, the relationship between these quantities
is small, but clearly visible. This is because people having
easy access from their places of residence to the railway
station more often decide to use this mode of transport. In
addition, the number of bus and tram connections is higher
in densely populated and economically developed regions
of Poland. There is a greater need for population move-
ment, which causes an increase in passenger flows. In turn,
regional rail carriers operating in densely populated areas
have greater financial resources at their disposal, which al-
lows the purchase of capacious rolling stock.
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Table 5. Socio-economic factors affecting the size of passenger flows

Ne Line or section Numb. of Number of entities Availability Number of Number of
. . . Bus and tram
people,pe. upto9 10-49 from 50 inhabitantsto accommodations commuters, .
. connections
people people people line, pe./km places, pe. pe.
Main lines
I Wroclaw Glowny - 758013 135152 3641 985 3591.72 13296 73076 285.62
Legnica
2 Bydgoszez Gléwny = g0 00 o354 2330 608 3516.38 8115 43327 210.00
Torun Gltéwny
3 Lublin — Rejowice 388645 48982 1514 418 273539 4526 41053 34.86
4 Zbgszynck — Rzepin 40853 6528 227 54 356.75 2566 6295 2.64
5 Lodz Kaliska - Sieradz 863521 107563 4303 925 10267.10 9521 57623 74.15
6 ﬁf}‘i‘o‘” Glowny —Tar- g40704 163658 6068 1421 5268.79 35440 123357 80.00
7 Warszawa Zachodnia = 0, 5700 440608 14809 3939 20361.57 34149 283173 402.50
Grodzisk Mazowiecki
8 Opole Gléwny — Brzeg 174910 27909 882 237 2478.87 1839 24582 71.63
9 Rzeszbw Glowny — 241271 31858 1018 318 3633.26 4469 52132 45.90
Przeworsk
10 Bialystok — Sokotka 337044 38361 1134 386 3542.62 3094 17521 59.78
1 gf;‘:;k Giowny — 564995 85415 2824 670 8287.99 18557 49672 178.00
12 Katowice — Gliwice 948112 107774 4971 1281  20223.53 8960 174321 327.50
13 Kielce ~ . 254824 36147 1317 372 2843.10 5726 29370 4027
Skarzysko-Kamienna
14 Olsztyn Gléwny — 244163 29237 997 291 1914.11 8099 21784 84.23
Itawa Glowny
15 Poznati Giéwny - 584872 121611 4568 977 2842.12 10617 98209 197.87
Zbaszyn
16 Szczecin Gléwny - 428136 71782 2207 459 5199.20 7624 26800 110.00
Goleniow
Local lines
17 Klodzko Glowny 184290 20654 577 141 1185.58 2601 12719 8.33
Walbrzych Glowny
18 Grudzigdx — Chetmza 111431 9684 369 115 1954.70 1425 3813 31.33
19 ZamoS¢ Wschod - 76677 8541 279 90 1919.04 2544 7084 23.89
Zwierzyniec
20 Zary — Zielona Gora 185775 26129 897 208 1514.98 1534 21145 28.10
21 L6dz Kaliska — Kutno 828287 102150 3985 903 10864.94 8965 53155 86.56
22 Nowy Sacz — Muszyna 104896 13308 527 143 987.71 4755 11364 69.13
23 Nasielsk — Sierpc 64274 7012 270 65 456.27 611 3274 2.86
24 Nysa - , 132923 19273 654 159 146231 5057 9562 25.46
Kedzierzyn-Kozle
25 Jasto — Zagérz 145984 17548 667 221 1821.32 2831 32628 2691
26 Bialystok — Czeremcha 328781 38718 1155 399 1837.33 2863 17894 46.86
27 Chojnice — Kosei- 80769 7976 305 92 609.45 905 5758 21.79
erzyna
28 Zywiec — Zwardon 60542 7308 306 74 1032.82 1632 9718 3233
29 Skarzysko-Kamienna —
Ostrowiec 176108 18966 639 195 2677.22 1379 13415 11.00
Swigtokrzyski
30 Olsztyn Gléwny — 214861 28478 983 249 1258.51 6091 19930 62.33
Braniewo
31 Leszno — Wolsztyn 88347 15812 725 167 1125.74 3706 13128 9.15
32 Kolobrzeg — Goleniow 120852 20622 627 160 872.65 23929 8174 19.94
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Table 6. Calculated values of partial correlation

Average
rolling
stock
capacity

[persons]

280
240
220
200
180
160
140
120
100

coefficient
Average rolling stock
Factor capacity, seats
test 1 test 2
Number of people / line
length, pe./km -0.036 -0.123
Number of entities
up to 9 pe. / line length, -0.076 -0.189
ent./km
Number of entities
10-49 pe. / line length, 0.078 0.116
ent./km
Number of entities
from 50 pe. / line length, 0.029 0.109
ent./km
Avallablllty inhabitants to -0.081 0.022
line, pe./km
Number of accommodations
places / line length, pe./km 0.073 0.104
Number of commuters / line 0178 20.019
length, pe./km
Bus and tram connections 0.286 0.303
Number of running trains - 0.481

However, the largest correlation exists between the av-
erage rolling stock capacity and the number of running
trains during the year. The scatter chart for these quantities

is shown in Fig. 4.
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Fig. 2. Scatter chart of average rolling stock capacity and
residents' availability to the railway line
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average number of bus and tram connections
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Fig. 4. Scatter chart of average rolling stock capacity and
number of running trains during the year

This graph shows a clear linear relationship between
these quantities. On railway lines with exceptionally large
passenger flows, in addition to the fact that the number of
running trains is large, the average capacity of rolling stock
operating there is also higher than for lines with smaller
passenger flows.

6. Conclusion

Earlier, no calculations were made of the impact of so-
cio-economic factors in the area crossed by the railway line
and the volume of transport on the rolling stock capacity
on the given railway line. The calculations showed that the
average number of seats in the rolling stock used for re-
gional passenger transport on the analyzed railway lines
does not depend on socio-economic factors affecting the
size of passenger flows. There is no dependence of the roll-
ing stock capacity on factors such as: the number of inhab-
itants in the area crossed by the railway line, the number of
business entities, the availability of inhabitants to the rail-
way line and the number of beds in accommodation facili-
ties. The reason for the lack of this relationship may be the
fact that the capacity of the rolling stock is not adapted to
the passenger flows. Particularly in economically less de-
veloped areas (e.g., Podkarpackie and Podlaskie Voi-
vodesips) due to the shortages of rolling stock at carriers,
the number of seats on regional passenger trains may be
insufficient.

Only a small relationship exists between the rolling
stock capacity and the average number of bus and tram
connections enabling access from the city center to the rail-
way station. This is because people having easier access
from their place of residence to the railway station more
often decide to use rail transport. In addition, the number
of bus and tram connections is generally higher in more
economically developed regions of the country. In such re-
gions (e.g., Silesian, Mazovian voivod-ships), regional rail
carriers have the financial means to purchase the appropri-
ate rolling stock.

The largest relationship can be seen between the aver-
age rolling stock capacity and the number of running trains
during the year. On railway lines, with many running
trains, also the average capacity of rolling stock operating
there is large. It is related, as in the case of the average
number of bus and tram connections, to the fact that lines
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with many trains are in more developed regions of Poland.

Based on the obtained results, it can be concluded that
an adequate rolling stock capacity adapted to transport
needs is ensured in more economically developed regions
of Poland, mainly in the south and west of the country.
However, in less developed economically areas, therefore
in the eastern regions of Poland, the capacity of rolling
stock operating in regional passenger transport on some
lines is insufficient. Also, a larger number of running trains
generate larger passenger transport. Passengers who have

a small number of rail connections at their disposal can
choose another mode of transport more suited to their
needs (often a car), while many trains encourage the use of
rail transport services. This may be important in urban
planning, as it increases the frequency of trains and increas-
ing the number of passengers trans-ported in this way.
This, in turn, can help reduce traffic problems, such as peak
traffic jams that occur in many cities, not just the major
ones.
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PEMOHTHOTI'O OBCJYXNUBAHUSA KAPBEPHBIX
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Annomauusn. Ha paspese «epHOrOpCKUil» B TCUYCHHE MOCICAHUX MATHAINATH JICT HAOII0AaeTCsl YyCTOWIHMBEIN POCT 00B-
€MOB TOOBIYM W MPOU3BOJAUTEILHOCTH TPYJA, YTO, B MEPBYIO OYEPEib, CBA3aHO C YBCIMYCHUEM YHCICHHOCTH Mapka
TOPHO-TPAHCIIOPTHOTO 000PYIOBAHUS, €TO EAMHUIHON MOIITHOCTH M YPOBHS HCIIONB30BaHUA. BMecTe ¢ TeM, n3MeHeHne
XapaKTepUCTHK HUCIOIB3YyEeMOTo 000pYIOBAaHMS 3a9aCTYI0 COTPOBOXKIACTCS KOPPEKTHPOBKOH TONBKO TEXHOJOTHH €Tr0
paboThl, 6€3 COOTBETCTBYIOIINX OPTaHW3AIIMOHHBIX M3MEHEeHNH. JlaHHasi CUTyanus MPUBOJHUT K CHIDKEHHUIO (P PEKTHB-
HOCTH TIpOIIecca 3KCINIyaTallnd TOPHO-TPAHCIIOPTHOTO 000pyAOBaHKA. B HaCTOSIIEM HCCIIeIOBAaHUH BEITIOIHEH aHAJIHN3
OTIBITa U3MEHEHHUSI OpTraHU3allii TEXHUYECKOTO 00cmy)uBaHusa aBTocamocBasioB benA3-7513 u benA3-75306 Ha pas-
pe3e «YepHOTOPCKMiA» Kak pe3ybTaTa MOHUTOPHHTA OPTaHU3AIMHA PEMOHTHOTO OOCITY)KMBaHUS THX MaIlIWH. AHAIN3
peanu3alii OCHOBHBIX (DYHKIMIT MOHHTOPHHTA: HAOIIOJICHUE, aHAIN3, OIICHKA U MPOrHO3UPOBAHKE MMO3BOJIUII YCTAHO-
BUTbh, YTO OJIHUM K3 KITFOUCBBIX OPTaHU3AIMOHHBIX (PAKTOPOB, HETATHBHO BJIMSIONIMX HA KAYECTBO MPOBEICHUS TCXHH-
YECKOro 00CITyKHBaHUSI KaphePHBIX aBTOCAMOCBAJIOB B YCJIOBHUSX pa3pe3a «UepHOropckuiiy, sBIseTCS HU3Kasl 3aUHTE-
PECOBaHHOCTh BOAMTENCH B IPEIOCTABICHUH CBOCBPEMEHHOM U JTOCTOBEPHOM MHGOPMAIIMK O TEXHUIECKOM COCTOSTHHUH
9THX MaIuH. [locpecTBOM H3MEHEHHS CXEMBI B3aUMOICHCTBUS MEXKYy BOJUTCISIMA U MEXaHUKAMU CITy)KOBI PEMOHTa
OBLIO TOCTUTHYTO CHIDKEHHUE IPOJOIDKUTEIFHOCTH IIPOBEICHHUS TEXHUIECKOTO 00CITy ) KUBaHI Ha 5-12 % B 3aBHCHMOCTH
OT €ro BUJOB, & TAKXKE COKpaILEHHE KOJMYeCTBAa OTKa30B Ha 7-20% B 3aBUcHUMOCTH OoT Mozenu benA3. MecsuHblil 5K0-
HOMMYECKHU 3P PEKT cocTaBWI OPSAKA 7 MITH PyoO.

Knrouegvle cnoea: MOHUTOPHHT, OPTaHHU3AIMS, TEXHUIECKOE 00CITy>)KUBaHUE, TOPHO-TPAHCIIOPTHOE 000y 10BaHHE, Ka-
PBEPHBIN aBTOCAMOCBaJI, B3aUMOAEHCTBHE, SJKOHOMHYECKNH 3P HeKT
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MONITORING AND IMPROVEMENT OF THE BELAZ-7513 AND
BELAZ-75306 MINING DUMP TRUCKS REPAIR SERVICE
ORGANIZATION AT THE OPEN PIT "CHERNOGORSKY"

Khazhiev V.A., Baikin V.S.*, Khakimianov V.A., Maslyukov S.P.

Scientific Research Institute of Efficiency and Safety of Mining Production, Chelyabinsk, Russia
* E-mail: valentin_baikin@mail.ru

Abstract. A steady growth in production volumes and labor productivity has been observed at the Chernogorsky open-pit
of OO0 SUEK-Khakassia over the past fifteen years. This is primarily due to an increase in the number of mining equip-
ment, capacity and level of use. At the same time, changes in the characteristics of the equipment used are often accom-
panied by adjustments only to the technology of its operation, without corresponding organizational changes. This situa-
tion leads to a decrease in the efficiency of the operation of mining equipment. The present study analyzes the experience
of changing the organization of maintenance of BelAZ-7513 and BelAZ-75306 dump trucks at the Chernogorsky open
pit as a result of monitoring the organization of repair service for these machines. The analysis of the implementation of
the main monitoring functions is carried out: observation, analysis, assessment and forecasting. The analysis made it
possible to establish that one of the key organizational factors that negatively affect the quality of maintenance of dump
trucks in the Chernogorsky open pit is the low interest of drivers in providing timely and reliable information about the
technical condition of these machines. A change in the scheme of interaction between drivers and mechanics of the repair
service is proposed. As a result, a 5-12% reduction in the duration of maintenance was achieved, depending on its types,
as well as a reduction in the number of failures by 7-20%, depending on the BelAZ model. The monthly economic effect
amounted to about 7 million rubles.

Keywords: monitoring, organization, maintenance, mining and transport equipment, mining dump truck, interaction, eco-
nomic effect
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1. BBeaenue

PemonTHOE 0OCTyXMBaHHEe 000pPYNOBAHUS SIBISIETCS
HEOThEMJIEMOH 4YaCThIO CHUCTEMBI €ro 3KcInryaranuu. Ha
OTEYECTBEHHbIX  TOPHOAOOBIBAIOIINX  NPEAIPHATHIX
(CAIT) Ha peMoOHTHOE OOCITY)XKMBAaHHE MOXET 3aTpadd-
BaThCs 10 40% (HUHAHCOBBIX PECYpPCOB MPEIIPUSITHS, B 3a-
BHCHUMOCTH OT 3((EeKTHBHOCTH ITaHHOTO Iporecca. -
(hEeKTHBHOCTb 3TOTO MPOIIECCa BO MHOT'OM 3aBHUCHUT OT Ka-
YecTBa MOHUTOPHHIA OPraHU3alMy IIPOLecca SKCILTyaTa-
U TOPHO-TPAHCIIOPTHOTO 00opynoBaHus [1-4].

MOHHTOPHHT HEOOXOANM JUIs OOOCHOBAHUS U IPUHS-
THSI YIIPABICHYECKUX PEIICHNH, XapaKTepU3YIOIINXCS BbI-
COKOH pe3yIbTaTHBHOCTHIO M HANPABJICHHBIX Ha yIIydIlle-
HHE YCIOBHHM M PEXMMOB IKCIUTyaTalliil 000pyHZOBaHHA
[5-7].

2. Peaniu3anusi MOHUTOPMHIA OPraHU3allUM Mpolecca
TeXHHYECKOr0 00CTy;KHBAHUS KAPbEPHBIX
aBTOCAMOCBAJIOB

C 2014 r. na pa3zpese «Ueproropckuit» OO0 «CYIK-
Xakacus» OCYyIIECTBISETCS AEATEIHHOCTh I10 ITOBBIIIC-
HHIO KayecTBa MOHHTOPHHTA OPTaHMU3AIMH MPOIecca KC-
wryatanui. OJTHOHM N3 OCHOBHBIX 3a/1a4, B paMKax JaHHOU
JIESITEIIFHOCTH, SIBIISIETCS] TIOMCK M YCTPAHCHHE OpraHu3a-
IIMOHHBIX (paKTOPOB, 00YCIOBINBAIONINX CHIDKCHUE Kade-
CTBa MPOBOUMOT0 TEXHHYECKOTO OOCITy>KHBAHHUs aBTOCA-
MocBaioB benA3-7513 u benA3-75306 [8-10].

Peanuzanust ¢pyHKIMK HaOII0ICHUS] HA OCHOBE (hHKCa-
IIUH ¥ y4€Ta OCYLIECTBISIEMBIX B I[eXe [0 PEMOHTHOMY 00-
CITY)KUBaHUIO TEXHOJIOTUYECKOTO ABTOTPAHCIIOpTa
(IIPTA) peMOHTHBIX BO3AEHCTBUIL, a TaKXKe PYHKIIMU aHa-
nm3a GopMUpPYEMOH B pe3yJibraTe HaOroieH s 0a3bl 1aH-
HBIX, MO3BOJHWJIO YCTaHOBUTH cienyromee: K 2018 r. B
IIPTA cnoxwunace CHTyanus, IpH KOTOpoi oxomno 20%
TexHH4Iecknx obcmyxuBanuii (TO) He MPUBOANT K BO3-
HUKHOBEHHIO OTKa30B B mepuonx mexay TO; 50% obcy-
XUBaHUHU Xapakrepmsytorcs 1-2 otkazammu; 24% — 3-5 o1-
kazamu; 5% — Oomnee 5 otkazamu. OnpeneneHo, 9To ycrpa-
HEHHE OJTHOTO OTKa3a aBTrocamocBana benA3-7513 o6xo-
qutcsa paspesy «UepHoropckuit» B cpegHeM B 0.2 MiH
py6., a benA3-75306 — 0.3 mutH py06. [Ipu ycinoBuu otcyT-
CTBHSI KQUECTBEHHOTO YJIy4YIIEHHs OpPTaHU3alH PEMOHT-
HOTO 00CITy’>KMBaHUS IIPOrHO3HUpYeETCs, uTo cTpykTypa TO
OyzeT U3MEHATHCS B CTOPOHY YBEIMUEHNUS KOJIMYECTBA OT-
Ka30B B nepuosl Mexxy TO. OCHOBHAS MPHYMHA 3TOTO
3aKJIFOYaeTCs B CTAPSHUH MapKa aBTOCAMOCBAJIOB.

Ananus OpraHMn3alfuOHHBIX IPUYNH, HCTATUBHO BJINA-
IOIMX HAa BOBHUKHOBEHHE OTKA30B B Iepuoabl Mexay TO,
MO3BOJIMJI YCTaHOBHTH, YTO TMOpsiaka 55% Bcex MpoOBOIU-
MBIX ~TEXHHYECKHH OOCIy»XHMBaHMH aBTOCAMOCBAJIOB
BenA3 compoBOXIaroTCs MOMYTHBIM IIPOBEJCHHUEM pe-
MOHTOB 3THUX MAIMH C y4ETOM HX (PAKTHUECKOTO COCTOS-
Hust. Kpome Toro, BoAWTENH HE 3aWHTEPECOBAHbBI B AJIH-
TENIFHOM IPOCTOE aBTOCAMOCBAJIOB B 30HE PEMOHTa, TaK
KakK 3TO BpeMsI OIUIAYMBACTCS 10 MHHUMAJBHBIM pPacleH-
KaM, B COOTBETCTBHH C CYIIECTBYIOIIEH CUCTEMOI! OTIIaThl
TpyZAa. DTO MPUBOAUT K TOMY, UTO 3a4acTylO BOJUTENU He
MPEOCTABIIAIOT 3a0JIar0BPEMEHHO HHPOpMAIHio 00 00Ha-
PY’KEHHBIX HEHMCIIPABHOCTSX MAalIMHBI BO BpeMs €€ JKC-
TUTyaTaluy, Mo3TOMY OOJIbIIasi 4acTh HEMCIPAaBHOCTEH B

http://transience.org

JlanbHemeM ycrpaHsercss 0e3 HeoOX0AMMOro YpOBHS
noAroToBKH. Kak ciencTBue, yBETMUNBACTCS HMPOJOIIKH-
TEJILHOCTh PEMOHTHOTO OOCITY)KUBAHUS M CHUKAETCS €TO
Ka4ecTBO, a HEKOTOPbIE HEUCIIPABHOCTH HE YCTPAHSIIOTCA.
Amnanu3 nopsiika 850 3ammceit 6a3bl JTaHHBIX TT0 IPOBEIEH-
HbIM TO 1O3BOJIMI yCTAaHOBHUTH, YTO OOCITY>KHBaHUS, CO-
MPOBOXKIAIOMINECS] HETUIAHOBBIMH PEMOHTAMH, XapakTe-
PHU3YIOTCS YBEIMYCHHBIM KOJIMYECTBOM OTKAa30B B LIMKIIC
ot TO 1o TO, o cpaBHEHHUIO C 0OCITY)KMBaHHUSIMH, B XOZI€
KOTOPBIX HEIIAHOBBIE PEMOHTHl HE HPOU3BOJIMINCE.
Uucno 0Tka30B MOKET yBenuuuBaThes oT 1.3 1o 1.4 pas, B
3apucumocTH ot Buaa TO (pue. 1) [11, 12].
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® TO COBMEIIEHO C HEIIAHOBEIM peMoHTOM — OIIpoBeaeHo Tonsko TO

Puc. 1. Cpennee unciio oTka3oB B nepuoanl Mexay TO
Fig. 1. Average number of failures between maintenance

C menbio obecriedeHus 3ab1aroBpeMeHHOT0 HHGOP-
MHpPOBaHHUS MEXAaHHKOB BOIHUTEISIMH aBTOCAMOCBAIIOB O
TEXHUYECKOM COCTOSHHHU JKCIDTyaTHPYeMOro o0opyaoBa-
HUsS, OBUTH OOOCHOBaHBI M PEANM30BaHBl MEPOIPHUATHS,
HaTpaBJICHHBIC Ha pPa3paldOTKy (OpPMBEI ONEepaTHBHOTO
y4éTa BOAUTEISIMH aBTOCAMOCBAJIOB TEXHIHYECKOTO COCTO-
SIHUS STHX MAIIWH. YCTaHOBJICHa MaTepUalbHAs OTBET-
CTBEHHOCTh BOJMTEJNICHl aBTOCAMOCBAJIOB 3a obecreueHue
CBOEBPEMEHHOCTH M TIOJHOTBHI IPEAOCTaBICHHUS (OpM
yuéTa HaYaJIbHUKY CITyKOBl MAaTCPUAIHLHOTO CHA0KEHUS U
mexaHukam [[PTA. Ha ocHOBaHMU Mpeaio)KEHHBIX MOJIE-
JIed B3aMMOJCUCTBUSI MEXIY BOIUTEISIMH TOPHO-TPaHC-
noptHoro 1exa (I'TL) pa3pesa «UepHoropckuii» u LIPTA
AO «Yepuoropckuit PM3» Obu1 mpoBeaéH psaa padodmnx
COBEIIaHMH ¢ PaOOTHUKAMH 000MX ITOJIpa3/ieeHui, B KO-
TOpbIX IpuHMManu ydactue HavanbHUkU ['TL[ u LIPTA,
JTUHEHHBIE PYKOBOIHUTEIH, MEXaHUKH, OpUTagupHl cieca-
pedl u crapmne BoguTenu. Llenplo NaHHBIX COBELIAHUM
OpLTa ampoOars ¥ yTOYHEHHE IIeTIeCO00pa3HOCTH Tpe-
JIOXKEHHOM MOJeNH B3aUMOJICHCTBUS MEXIY BOAUTEIIMU
u MexaHukaMu. CxeMsbl CyHIeCTBYOIEH U mpeiaraeMoi
Mojiesielt OpraHu3aluy NPOBENEHNUs COMyTCTBYIOIIUX pe-
MOHTOB B mporiecce BbinoiaHeHus TO mpeacTaBieHbl Ha
puc. 2.

3. PeSyJIl)TaTl)l HccjieJ0BaHus

B Hacrosmee BpemMsa Ha paszpese «UepHOropckuii»
OCYIIECTBIIICTCSI OCBOCHUE TPEIOKEHHONH MOJIEH Opra-
HU3AI[MH TIPOBEJCHHUS COIMYTCTBYIOUINX PEMOHTOB BO
Bpems TO. Bonurenn aBTocamocBanoB benA3 3a 5-6 nueit
J10 TIPOBCIACHUA TO TOTOBST YCK-JIUCTBI O TEXHUYCCKOM
COCTOSTHUY OCHOBHBIX Y3JIOB U arperaToB aBTOCaMOCBAJIOB
benA3.
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— IUIAHOBOTD PEMOHTA © :
o0ATATENBHEIM \

yuacTHem BoauTeneii !

Heodxoaumo ofecneunTs oTBETCTREHHOCTE
Gpuramnpos-soauTeneii a cROCEpEMEHHOE
POPMUPORAHNE  NPOTPAMMEL  PEMOHTOR
CROHX ABTOCAMOCEANOR,

1. Hudopmatno o TEXHIMECKOM COCTORHIN
YAI0R 1 AeTaneil opMupyioT BoaHTEN N,

2. OGotwenine HHPOPMALIT 0 TEXHHYECKOM
COCTORHNN  ABTOCAMOCBATA  OCYLICCTRIRET
GPHrAINP-BOINTEN b,
3, Bpuraanp-BoaNTE b HECET MATEPHAILHYIO
OTBETCTBEHHOCTE 3a CI![JEIEPE.\IL‘JH[} W { a3
aua a0 npopesenna  TO)  noaroToRky
BEJOMOCTH JeekTOR, 3 TAKAE 30 KOHEUHOE
kavecTeo npoeeaeHns TO,

[Npopenenme TO

Heolxommmo  MIMEHHTL  CHCTEMY  OMIATH
TPYAA BOAHTENEH NPH X HANOKICHUM B
soHe pemonTa, [lpe noctanoske wa TO
QnaaTy BoanTenei NpeANAraeTes
OCYIECTRAATE N0 cpeameny sapaborky. Ha
apapuiinos pemounte — B patmepe 23 ot
cpeamero sapaboTka.

Puc. 2. Cxemsl CyIIIeCTByIOHleﬁ u npezmaraeMoizi MOIleHeﬁ OopraHu3alnyu MIMpoBCJACHHS COIMYTCTBYIOIIHUX PEMOHTOB B

npouecce BoinonHeHuss TO

Fig. 2. Existing and proposed models for organizing associated repairs during maintenance

Ha ocnoBanuu yek-nuctoB mexanuku LIPTA mpowus-
BOJAT TEXHWYECKHH OCMOTpP 000pyAOBaHMSA, HadalbHHK
CITyKOBl MaTepPHALHOTO CHAOXKEHUS MMOATOTABINBAET HE-
ob6xoaumMele 3amgacTi. Kpome Toro, ocymecTsiseTcs noa-
TOTOBKa MEPCOHANa U CPEICTB MEXaHM3AI[NH K BBIITOJTHE-
Huto conmyTcTByromux TO peMoHTOB. JINHEHHBIMH pyKO-
Bomurenssmu ['TL] pazpaborana u ocBamBaeTcsl y4€THas
(opma BesleHHs BceX PEMOHTHBIX BO3JICHCTBHI M Hapabo-
TOK IO OCHOBHBIM Y3JIaM W arperaram aBTOCaMOCBAJIOB.
[Ipeamnonaraercst 4TO NCIOJIB30BAHUE TAHHOH (POPMBI 1103-
BOJIUT OCYILIECTBISTH KOHTPOJb KadeCTBA MPOBOANMBIX
PEMOHTOB.

3a nepuoj okTs0ps — HOsIOph 2019 T., B cpaBHEHHH C
nokaszatesiMu stHBaps — urofist 2019 r., GBIIIO JOCTUTHYTO
CHIDKEHUE MPOIOJDKUTEIBHOCTH POBECHUS 00CITyKUBa-
Hus Ha 5-12 %, B 3aBucumoctu ot Buga TO, a Takxke co-
KpallleHHe KOJInYecTBa 0TKa30B Ha 7-20 %, B 3aBUCUMOCTH
ot mozenu benA3 (puc. 3-5). Takux mokazaTeneit y1anoch
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JIOCTUYB B pe3yJbTaTe CBOCBPEMEHHOH MOATOTOBKH MPO-
BEJICHUSI PEMOHTOB, BBINOJHAEMBIX B nponecce TO.

10 S E——
9 8.3
7.8 8.0

w

[PV

[S]

[=T

TO-1 TO-2

W2018r. O@JfmBaps-mrons 2019r.  OOxTAOpH-HOAGPE 2019T.

Puc. 3. IIpogomKHTEeIbHOCTh TEXHUUECKOTO
oOcnyxuBanus benA3-7513
Fig. 3. Duration of BelAZ-7513 maintenance
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Puc. 4. I[IpoaomKUTEeIbHOCTh TEXHUYECKOTO
obcmyxuBanus benA3-75306
Fig. 4. Duration of BelAZ-75306 maintenance

B 1.05paza .,

B 1.28 pasza

[75

4.9

[S]

benA3-7513 BenA3-75306

W STHBaps-ntons 2019 . O OxtA6ps-HOoA6Ps 2019 T.

Puc. 5. U3MeHeHHe 4ncnia 0TKa30B aBTOCAMOCBAJIOB
benA3

Fig. 5. Change in the number of failures of BelAZ dump
trucks

[IpencraBneHHbIC pe3yNbTaThl OBLIM MOJIYYCHEI B pe-
3yJIbTaTe COKPANICHHUS KOJMYECTBA HEIUTAHOBBIX M HETIO-
TOTOBJICHHBIX PEMOHTOB, OOYCIOBIEHHBIX OTCYTCTBHEM
OTepaTuBHON HH(POPMAIIUU O TEXHUIECKOM COCTOSIHUH aB-
TOCAMOCBaJIa HEMOCPEJCTBEHHO niepe npoBeneHuem TO.

Jlnist onieHKH (PPEKTUBHOCTH MPEIaracéMoi MOIEIH
Opranu3anun MpoBEACHUA CONYTCTBYIOIIUX PEMOHTOB B
npouecce BeimonHeHust TO aBrocamocBanoB benA3 Obut
BBIIIOJIHCH pacqéT MECAYHOI'O M T'OJ0OBOTI'O0O 3KOHOMHYC-
ckoro 3¢ dexra. PacuéT MECIYHOTO IKOHOMHUYECKOTO (-
(deKkTa MPOM3BOAMICA C HCIOIB30BAHUEM CIEIYIOUICH

(dopMyIBI
7513 7513
3 :(N1 -N, )'S7513'N7513+

mec.

75306 75306
+(N1 -N, )'S75306'N75306a

rae N°"°, N’ — cpentemecsaHOE YHCIO OTKA30B aBTO-
caMmocBaioB benA3-7513, COOTBETCTBEHHO, B sSIHBape —
uioIne u B OKTA6pe — Hostope, ex.; N/, NJ*% — cpenme-

MECSYHOE YHMCJIO OTKa30B aBTocaMocBaioB benA3-75306,
COOTBETCTBCHHO, B STHBApE — UIOJIC U B OKTIOpE — HOsOpE,

€5 S,q13> Sy5304 — CPEAHUE 3aTPATHI HA YCTPAHEHHUE OTKA-

30B, COOTBETCTBEHHO, JyIs aBTocamocBayioB benA3-7513 u

http://transience.org

BenA3-75306, muH py0./oTKa3; N. N. — YHCJICH-

7513 75306
HOCTB pabodero mapka aBTOCaMOCBaJIOB, COOTBETCTBEHHO,
BenA3-7513 u benA3-75306, aBTO.

3HaYCHUS MEPEMEHHBIX, UCIOIb3YyEeMBIX B (popmyie
pacuéTra MeCSIYHOTO 3KOHOMUYIECKOTO () (deKTa, IpeacTaB-
JIEHEI B Ta0J. 1.

Tabmuna 1. McxoaHele gaHHbBIC IS OLEGHKH 3KOHOMMYE-
ckoro 3¢ dexkra, 2019 rox
Table 1. Input data for assessing the economic effect, 2019
Mojens aBTOCaMOCBaIa O6o3HaueHnne  Bennuuna

CpeIIHCMeCSI‘IHOG YHCJIO OTKAa30B, SsHBApPb — HUIOJIb, eII,/aBTO.

benA3-7513 N/513 6.3
BenA3-75306 N/5306 5.9
CpeaHeMecsiYHOe YUCII0 0TKa30B, OKTSIOph — HOSIOPb, €11./aBTO.
benA3-7513 NJ513 4.9
BenA3-75306 NJ5306 5.6
YucneHHocTh pabouero napka aBTocaMoCBalIoB, aBTo.
benA3-7513 Nycis 15
benA3-75306 Nys306 31
Cpennue 3aTpaThl Ha yCTPaHEHNE OTKA30B, MIIH py0./0TKa3

benA3-7513 Sos13 0.2
benA3-75306 S25306 0.3

Pacu€THOe 3HaueHNE MECIIHOTO SKOHOMHUIECKOTO 3()-
(dekra coctaBmwio 6.99 muH pybreit, a romoBoro — 83.88
MJIH pyOei.

4. 3akyI0ueHue

B craThe M3M0XKEH OMBIT peanu3alul yIpaBlIeHYe-
CKUX PEIICHU N0 yJIyUYlIeHUIO YCIOBUH U PEXKUMOB IKC-
IUTyaTalluy TOPHO-TPAHCIIOPTHOTO 000OpYyIOBaHUS HA OC-
HOBE OCYLIECTBICHHS MOHUTOPHUHIA OpraHu3alMuu pe-
MOHTHOTO 00CITy>)KUBaHUs aBTocaMocBasioB benA3-7513 n
benA3-75306 B ycnosusx paspesa «Ueproropckuin» OO0
«CYDK-Xakacus». OCHOBY MpPEICTAaBICHHBIX yIIPaBIICH-
YECKHX PEIICHUH COCTaBISAET pa3pabOoTaHHAs MOJENb Op-
TaHU3AIUN TPOBENCHUS COIYTCTBYIOIIUX PEMOHTOB B
nporiecce BoimonHeHust TO. OcHOBHOE OT/IMYME Mpejiiara-
eMoil monenu opranmzanmu TO OT cymiecTByromed 3a-
KJIFOYaeTCsl B MCTIOJIb30BaHUM MEXaHU3Ma 3a0I1aroBpeMeH-
HOHM Tepenayr MeXaHHKaM HMH(opMannuy o TEXHHYECKOM
COCTOSIHAM JKCIUTyaTHpyeMoro obopynoBaHus. [laHHyIo
MH(pOpPMALHIO TOTOBST BOJUTENN aBTOCAMOCBAJIOB B (hOp-
Mate OyMa)kKHBIX YEK-JIUCTOB.

Peanuzanus npeanoxxeHHoi Mmoaenu opranuzauuu TO
Ha pa3zpese «HepHOropckuin» Mo3Bosuiia CyIecTBEHHO 0-
BBICUTh Ka4€CTBO BBIIIOJTHEHU S TEXHUYECKOTO 00CITyKUBa-
HUS 3TUX aBTOCAaMOCBAJIOB. PacYE€THBIN MECSYHBII YKOHO-
Muueckuii apdekt cocrtapiser okono 7 MiH py6. Ilpm
YCIIOBHU COXPAHEHHUs JOCTUTHYTHIX U3MEHEHUH B OpraHu-
3alUd MPOBEAEHUs] PEMOHTOB aBTOCAMOCBAJIOB, I'OJIOBOM
9KOHOMHUYECKHH 3(p(hekT cocTaBuT 0K0JI0 84 MIH pyO.

B nanpHefimem mraHUPYETCS OTKa3aThCS OT OyMak-
HBIX HOCHTENEH 171 JOPMUPOBAHUS YEK-JINCTOB TEXHUYE-
CKOTO COCTOSIHMSA NapKa aBTOCAMOCBAJIOB M pa3paboTaTh
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K PAC‘{ETY KPEIVIEHUA TBEPAOTEJBHOI'O I'PY3A IIPU
BO3JAEUCTBUUA ITPOJOJIBHBIX CHUJI
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Annomayus. IlpencTaBieH CpaBHUTENbHBIN aHAMU3 JeHCTBYIOIEN U YyTOYHEHHON METOIUK pacuéTa KpeIleHus rpysa
Ha JKeJIe3HO/IOPOXKHBIX Iu1aTdopmax. [lokazaHo, YTO B COOTBETCTBHUE C CYIIECTBYIOIEH METOIMKOM pacyéra, yCHINe BO
BCEX YNPYTUX KpeIJICHUAX Ipy3a UMEET OAHO U TO K€ 3HaueHHe, He3aBUCUMO OT TOMOJIOTHH KpPEeIlIeHUH rpy3a B Mpo-
ctpancTBe. [IpuBeieHbI pacu€Thl yCHINI B yIPYTUX 3IEMEHTaX KPEIUICHHS [0 YTOUHEHHOH MeTouKe. Pe3ynpTaTsl cpas-
HHUTEJIFHOTO aHAJIM3a MOKA3aJIH, YTO YCHJIMS BO BCEX IMPOBOJOYHBIX KPEIUICHHUAX, B OTJINYME OT CYLIECTBYIOIIEH MeTo-
JIMKH, UMEIOT pa3IudHble 3HaueHus1. OTMEUEH OCHOBHOM HEAOCTAaTOK YTOYHEHHOW METOANKH pacuéra — MPOYHOCTH OT-
JIETbHBIX 3JIEMEHTOB KPEIUICHHUI He 0OecTedeHa, TOCKOJIBKY YCHIINS B HUX OoJiee ueM /1Ba pasa MPEBBIMIAIOT 10Ty CTHMBIE
3HAUCHHS.
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Abstract. A comparative analysis of the current and updated methods for calculating the fastening of cargo on railway
flatcar is presented. It is shown that, in accordance with the existing calculation method, the force in all elastic fasteners
has the same value, regardless of the topology of the cargo fastenings. Calculations of forces in elastic fastening elements
according to a refined method are presented. The results of a comparative analysis of the calculation results showed that
the forces in all wire fastenings, in contrast to the existing method, have different meanings. The main drawback of the
refined calculation method is noted — the strength of individual fastening elements is not ensured, since the forces in them
are more than twice the permissible values.
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TEXHUKA TPAHCITOPTA

1. BBeaenue

O6ecnieuenre HaAEKHOTO KpPEIUICHHUS TPY30B Ha Ke-
JIE3HOIOPOKHOM TIO/IBUKHOM COCTaBE SIBISIETCS] OOIIEH3-
BecTHOU mpobiemoit [1-24]. Tak, Hanpumep, B [1] uzy-
YEHO COyJapeHHe BaroHa O IPYIIY «CTOSIINX)» BaroHOB
Ha MyTSAX COPTUPOBOYHOIO Mapka. B 3TOT MOMEHT MOXeT
MPOUCXOJUTh CMELICHUE Ipy3a OTHOCHUTEJBHO I0Jia Ba-
roHa B cTOpoHy ynaapa Ha 30.5 mm. B [1] Takxe 3amedeHo,
YTO CHJIbHBIC MaHEBPOBBIC COYJAPCHUSI BarOHOB IPH HX
POCIIyCKE ¢ COPTUPOBOYHON T'OPKH MOTYT IIPUBOIMUTH HE
TOJIBKO K ITOBPEXICHHUSAM TPy3a, HO TaKXKe U KpeIuIeHUH
rpy3a U 3JIEMEHTOB MOJBHXKHOTO coctaBa. ABTopamu [1]
BBICKA3aHO MHEHHE O TOM, YTO HE0OX0ANMO obecrieunBaTh
omnpenenéHHbIe PACIpeNeNieHNs] YCUINH MEXAy pasind-
HBIMU DJJIEMCHTaAMU KPCIUICHUSA, HalpuMeEp, MNPOBOJIOY-
HBIMH PACTSKKAMM U YIIOPHBIMH OpyCKaMH, UMEIOIUMHU
pa3nuuHyo xKEcTKocTh. OHAKO, 3TO MHEHHUE JI0 CHX TI0p
HC HaAIJIO OTPAXKCHHA B HOPMATUBHO-TEXHUYCCKOM JJOKY-
MeHTe [12], comeprkaliieM onucaHue JeicTByomei MeTo-
VKM pacuéra KpeIUICHHS Tpy3a Ha JKEJIE3HOTOPOKHOU
miathopme.

ABTOpHI B pabote [25] oTMeUaroT, 94To B MCCIEIOBA-
UM [2] (ctp. 35-60, 100-128) ocoboe BHUMaHUE yHEIs-
eTCsl KPEIUICHUIO Pa3InYHBIX TPY30B HA KEIE3HOJOPOXK-
HBIX BaroHax, aBTO- ¥ MOPCKOM TpaHcmopte. B [2] nme-
I0TCSI Pe3yJIbTaThl pacyETOB KPEIUICHHS IPpy3a yIOPHBIMU
OpycKaMH, KOTOpBIE KPEIsTCs K MOy BaroHa I'BO3ASIMHU
(ctp. 64-77). I[Ipnuém, B pacyérax BEpTUKAIBLHOTO U FOPH-
30HTAJILHOTO YCKOPEHHH, BEIMYMHY CTaTHYECKOTO KOd(]-
¢unmenTa TpeHus (TO eCTh TPEHUS CUETUICHHS) MEXY Jie-
PEBSIHHBIM TIOJIOM BaroHa ¥ TBO3/SIMH IPHHUMAIOT PaBHOU
0.3 [1] (ctp. 75-77), 9TO MEHBIIIE PEKOMEHAYEMOTO 3HaUe-
Hus, paBaoro 0.45 [14].

Kpome toro, B [2] Bce aHanuTHdeckue GopMyJIbl TO-
Jy4eHbl C HMCHOJIb30BaHMEeM INpuHIuna [lanambepa, co-
IJIACHO KOTOPOMY CHJIa MHEPITUH ABJSETCS (GUKTUBHOM [5,
14]. Cuna uneprun Jlanmambepa He nMeeT O0ObEKTa Jei-
ctBus. 1o 370 mpuumMHE B TeopeTHIecKoil MexaHuke [5,
14] naHHyIO CHIIy BKJIIOYAIOT B YCJIOBHE PAaBHOBECHS CHII
JIMIIB JUTS TOTO, YTOOBI yUECTh YCKOPEHHE JBIKCHHUS Tela.
OpHako, yCHINS B KPETUICHHUSX WM IJIETSIX, PACHIONI0KEH-
HBIX TIEPIICHIUKYIISIPHO TIPOOJIEHOM OCH BaroHa, B padbote
[2] cumTaroTcs M3BECTHBHIMH U ONPEACIISIONINME yCKOpe-
HHE, HallpMep, B BEPTUKAILHOM U ITOTIEPEYHOM HAIpaB-
JICHUAX. 3aTeM BCIIMYUHY 3THUX YCKOPCHHUU CPAaBHUBAIOT C
PECKOMCHAYEMbIMU 3HAUYCHUAMU YCKOPCHUA Barona, KOTo-
PbIC NOABJIAIOTCA IPU ABUKCHUN BaroHa.

B [5] ¢ ucnonb3oBaHneM MOHATHS «CIABUTAIOIINX» U
«YACPKUBAIOIUX» CUJI BHEPBBIC IPCACTABICH IPUMED
pacyéra KperyIeHHus IITy4yHOTo rpy3a Ha riatdopme, Ko-
I7la Tpy3 yJEepKUBAaeTCsl OT CIOBHTa AEPEBSHHBIMU Opyc-
KaMH, TPUONBACMbIMA TBO3JSIMH K Oy Barona. OmHako
pe3yIBTaTHI NCCIENOBAHUH [ 5] TakKe HE HAIIUIA IIPUMEHe-
HUS B IeiicTByromeit metoauke [12].

Hcnonp30BaHHBIE B HOPMAaTHBHO-TEXHUIECKOM JIOKY-
MeHTe [12] popmyiisl pacuéra KpemieHus Tpy3a Ha jKejes-
HOJIOPO’KHBIX IUIATGOPMax SIBISAIOTCS HEJOCTATOYHO KOP-
PEKTHBIMH, TOCKOJILKY YCHIINS B KPETIJICHUSIX MOJTy4atoTCsl
OJIMHAKOBBIMH, HE3aBUCHMO OT MX HPOCTPAHCTBEHHOI'O
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pacnonoxxenus. HekoppekrHocTs popmyin B [12], o koto-
PBIM TIPOBOAAT pacdyéT THOKUX 3JIEMEHTOB KpPEIUICHHS
rpy3a, nokazana B [13—17]. Orcioma cTaHOBUTCS OYEBHI-
HbIM aKTyaJIbHOCTh TEXHHYECKOW IpoOIeMbl pacuéra
KpEIUIEHHUs IPY30B, IEPEBO3UMBIX Ha JKEJIE3HOIOPOKHBIX
miatrpopmax. Pemenne maHHOW TpoOIEMBI, Ha HAIl
B3I, IPE/ICTABIIACT IPAKTUIECKUI HHTEPEC IS TPaHC-
[IOPTHOM HayKHu.

OcTanbHas 4acTh CTaThU OPraHU30BaHA CIEIYIOIIUM
o0pazoM: BO BTOPOM pazfielie MPEACTaBIICH IIPUMEp pac-
4yéTa yCHIMH B THOKUX 3JIEMEHTaX KPEIUICHHUS TPpy3a Ha XKe-
JIE3HOJIOPOKHON IIIaTdopMe; TPEeTHH pasfen COAEPKHUT
pacuéT ycuiIus B MPOBOJIOYHBIX KPEIUIEHUSIX Ipy3a C HC-
[10JIb30BAHUEM CYILECTBYIOIIEH MeToaukH [12]; B ueTBEp-
TOM pasfene IpeacTaBieHa yToyHEHHas mertoauka [11]
OTIpe/ieIeHUs] YCUIIUS B KPEIUICHUSAX Ipy3a, a TakxkKe IpH-
Mep pacué€ra ¢ e€ UCIOJIb30BAHUEM; B 3aKJIIOUYEHUU MOKa-
3aHBI HEJIOCTATKH CYILECTBYOIIEH METOTUKH 1 0OOCHOBBI-
BaeTCsl MEPCHEKTUBHOCTh HCIIOIB30BaHUS IpelaraeMoi
YTOUHEHHOW METOAMKHU pacu€Ta KpelJIeHUs rpy3a Ha Ke-
JIE3HOJIOPOXKHBIX IIaTdopme.

2. Pacuér ycnnmii B rHOKHX 3J1eMeHTaX KpelIeHus
rpy3a Ha KeJIe3HO0POKHOM miIaTgopme

B pazzmene mpencraBieH mpuMep pacu€ToB YCHINH B
THOKHX 3JEMEHTaX KPeIUICHHUS Ipy3a Ha >KEJIe3HOIOPOXK-
HOH HHaT(l)OpMe, BBIITIOJIHEHHBIX B COOTBETCTBHUHU C METO-
nukoi [22]. Cxema pa3MelIeHus: U KpEeIUIeHHUs Tpy3a Ha
mwiathopMe C HUCIOJB30BAHUEM YIPYTUX U YHIOPHBIX
CPEICTB KPEIUICHHs MIPECTaBlcHa Ha puc.l.

Hcxoanbie nanHble pacu€THOTO MpUMepa:

e G — cuna TkecTH rpysa, 450 kH;

® ey = 1.6'g — IepeHOCHOE YCKOPEHHE BaroHa Ipu JBH-
’KEHWH B IPOJIOJIEHOM HAPABIICHHH, M/C2;

o kix = Aex/g = 1.6 — KO>XPOUIMEHT, yUUTHIBAONIHIA

MIPOAOJBHYIO TMHAMHUKY BaroHa [22];

fen. — KO>pPUIMEHT TPEHUS TIPU CIETUIEHUH, TPUHH-

MaeTcsl U Mapbl «MeTall — JepeBo» paBHBIM (.45

[13-15];

o k1= 0.6 — xo>QPUIMEHT, YIUTHIBAIOMHI COCTOSHHE
I10JIa BaroHa;

® Jxpx = 16 — KOonuuecTBO IBO3/IEH, B COOTBETCTBUH CO
cxeMmou puc.l1, mr.;

® 7gp.x = 6 — KOJIMYECTBO YHOPHBIX OPYCKOB, B COOTBET-
CTBHHM CO cxeMoi puc.l, mr.;

o [Ryp] = 1.08 — nomyckaemMoe 3Ha4€HHE CHIIBI HA OJMH
rBo31pb, KH [12].

Brruncnenue MPOAONBHBIX CHII, BOCHPUHHUMAEMBIX
YOPYTUMH U YIIOPHBIMU 3JIEMEHTAMH KpPEIUICHUS, IPOU3-
BOJIUTCS B COOTBETCTBHHU C METOAUKOM, IIPEICTABICHHOH B
[5, 13—15, 22]. BoruncneHust NpOU3BOAMIUCEH C UCIIOIb30-
BaHueM rporpammsl MathCAD [26].

[epeHnocHas criia WHEPIUH B MPOJOJIEHOM HarpaBiie-
HUH U CWJIa TPESHUS TPU CHEIUICHUH OMPEICIISIOTCS, COOT-
BETCTBEHHO, Kak [16, 17]

I, = kMG, (1)
Fva“cr_Lx = f;:uG (2)
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Puc. 1. Cxema pa3MmenieHusl ¥ KpeImwieHUs rpy3a Ha IulaTropMme C HCIOJIb30BAaHHEM YNPYTHX M YHODHBIX CPEICTB
KperuieHus: a) Bup cOoky; b) Bux ceepxy; 1 — 6, la — 6a; Ip — 6p, lap — 6ap — ynpyTre 3IeMEeHTH KPETUICHHS

pa3ITUYHBIX HANPaBJICHUN

Fig. 1. Scheme of placing and fastening cargo on the flatcar using elastic and solid fastening fixtures: a) side view; b) top
view; 1 — 6, la — 6a; 1p — 6p, lap — 6ap — elastic fastening elements of different directions

[ToxcraBnsist ucxoausie ganubie B (1) u (2), momydnm
(22]
1, = kﬂ_xG =1.6-450 =720 xH,
F = fcu_G =0.45-450 =202.5 xH.

Tp..CILX

IIpononsHas casuraromas cuwia Fepx (cM. popmyiry
(3.9) B [14]) paccunuThIBacTCS KaK

F. =F =I_=720xH.

ca.x
3HaveHne NpPOJOIBLHON CHJIBI, KOTOpasik BOCIPHHUMA-
€TCsl yIPYTHMH SJIEMEHTaMHU KpEIJICHUsI TPy3a, PacCUUThI-

Baetcs o popmye (4.6) B [5] u/umu (7.15) B [15]
AF =F -F 3)

[Uiey Tp.ClL.X *

http://transience.org

C y4eToM HCXOIHBIX IaHHBIX U Pe3yNbTAaTOB, MOJY-
YeHHBIX Npu pacuérax no ¢opmymnam (1) u (2), BenmurHa
AF 6yner pasna

AF,=1720-202.5=517.5 xH.

Pacuér ycunuil B ynpyrux ajaeMeHTax KpenaeHUs Bbl-
MOJIHUM TI0 PEKOMEHIyeMBIM (hopMyJsaM, IMpecTaBlIeH-
HbIM B [15]. TIpoexiun ynpyrux cuia KperieHus: Ha Topu-
30HTAJIbHYIO OCh BATOHA PACCUUTHIBAIOTCA 110 CIEAYOLINM
¢dopmynam (7.18a) B [15]

RO, =RO- (&+%}k=l, (4)
i=1 i

i ia
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l=n6p.x
RO, =RO- Y | Loy le | op
i=1 ip liap
rae RO — cpeHee 3HAUCHHE YCHIIUIA OT CKPYTOK IIPOBOJIOY-
HBIX KPCIUICHUHN, KOTOPBIM MOABEPratOTCA 3TU KPCIJICHUSA

IIPH TOATOTOBKE Tpy3a K otnpaske, RO = 20 xH; I, L, lip,

(4a)

liqp — NTMHBI KPEIUICHUH Pa3IMYHBIX HanpaBlIeHUH (CM.
puc. 1); ai, aia, aip, Giap — TPOSKINHN KPETUICHAN Pa3THIHBIX
HAMpaBJICHUI Ha MPOJOJIBHYIO OCh BaroHa, M; k — 4MCIIO
HamnpaBJICHUH, k = 2; i — 9ACJIO yIPYTHUX DJIEMEHTOB KpPETI-
JICHUSI B KQKJJOM HalpaBleHUH, [ = 6.

YuciieHHble 3HAYEHUS TCOMETPHUUCCKUX IMapaMETPOB
kperuieHui (popmynst 4 u 4a) mpencTasiieHs! B Ta0J1. 1.

Tab6muna 1. JImuHb! yIpyrux KperuieHuH U BETMIHHBI MX MPOEKIIUH Ha TOPU3OHTAIBHYIO (ITPOIOJIbHYO0) OCh BaroHa [22]
Table 1. Lengths of elastic fastening and the values of their projections on the horizontal (longitudinal) axis of the flatcar

ITapamerp snemenTa

Hanpasnenue k Jmna, m
KpCIUICHUS
a; 1.19 0.041 0.52 1.095 0.232 1.861
=1 li 1.467 1.087 1.06 1.432 0.952 12.078
Qia 1.19 0.041 0.52 1.095 0.232 1.861
Li 1.497 1.087 1.06 1.432 0.952 2.078
dip 1.19 1.286 1.382 0.52 0.903 0
k=2 L 1.786 2.515 1.662 1.06 1.292 0
Qiap 1.286 1.286 1.382 0.52 0.903 0
Liap 1.851 2.515 1.662 1.06 1.292 0

[Moncrasus B popmyisl (4 u 4a) nanasle u3 TadJ1. 1, ¢
Y4E€TOM CHMMETPUYHOIO pa3MENICHUs TIpy3a OTHOCH-
TEJIbHO MPOJI0JIbHOM OcH BaroHa, moiryuum, kH

1.19 0.041 0.52 1.095 0.232 1.861
RO, =20-2+| ——4+——F+—+ + +

1.467 1.087 1.06 1.432 0952 2.078
=40-(0.811+0.038+0.49+0.769 + 0.244 + 0.896 )
=40-3.24=129.73,
1.19 1.286 1.382 0.52 O.903j

+ + +—t—

1.786 2.515 1.662 1.06 1292
=40-(0.666+0.511+0.8315+0.4906+0.699) =
=40x-3.213=128.523.

PazHOCTH MEXAy IPOCKIHMAMH CHII pa3HBIX HaIpaBie-
HUM Ha MPOJOJBHYIO OCh BaroHa, kH

ROszzo-z-(

FRO,, = RO,, — RO, =129.73-128.523 =1.207.

[Tpoekuuu ynpyrux cui KperjieHus Ha BEpTUKAIbHYIO
0Ch BaroHa pPacCUMTHIBAIOTCS MO CIEIYIOMHUM (GopMyIaM
7.19a B [15]

RO =R0- (%+};lj,k=1, )
i=l i ia
& i hia
RO, =RO- >’ _p+z_p k=2, (5a)
i=1 ip iap

rne hi, hia, Rip, Migp — TIPOEKUNU KPEIICHUH Pa3IMYHBIX
HalpaBJIeHUI Ha BEPTUKAJIbHYIO OCh BaroHa, M (Tadu. 2).

Tabnuna 2. BeanduHb! IpoeKMi yIPYTHX KPEIJIeHUH Ha BEPTHUKAJIBHYIO OCh BaroHa
Table 2. Values of projections of elastic fastening on the vertical axis of the flatcar

ITapameTp 3nemenTa

Hamnpasnenue k Jnuna, M
KpeIIeHUs
=1 hi 0.605 0.302 0.907 0.907 0.907 0.907
hia 0.605 0.302 0.907 0.907 0.907 0.907
k=2 hip 1.008 1.008 0.907 0.907 0.907 0
hiap 1.008 1.008 0.907 0.907 0.907 0

[Moncrasus B popmysl (5 u Sa) naHHbBIE U3 TA0JI. 2, C
Y4eTOM CHMMETPUYHOIO pa3MELIeHUusl Ipy3a OTHOCHU-
TENbHO NPONOJILHOM OCH BaroHa, MOJy4yaeM CIEAyHOIUe
3HA4YEeHUs NMPOEKLUU YNPYTUX CUI OT HpeBapUTEIbHBIX
CKPYTOK IIPOBOJIOKU KPEIJICHHS HA BEPTHKAIIbHYIO 0Ch, KH
RO, = 20.2.[0.605 . 0.302 N 0.907 . 0.907 . 0.907 . 0.907j

1.467 1.087 1.06 1432 0952 2.078
:40~(0.412+0.278+0.858+0.633+0.952+0.432)=
=40-3.569 =142.76,
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RO, = 20'2‘(1.008 N 1.008 N 0.907 N 0.907 N 0.907j

1.786 2.515 1.662 1.06 1.292
=40-(0.565+0.401+0.546+0.856+0.702) =
=40-3.06=122.374.

Brruncnenue cuimbl TPEHUS CLEIUICHHS OT yCHIIMSA
IIpeABapUTEIIHHBIX CKPYTOK IIPOBOJIOKK KperuteHus: RO Ha
BEPTHKAJIBHYIO OCh Mpou3BoauTcs 1o ¢opmyine (7.11) B
[15]

FRO,,, = f. -RO.,k=12.  (6)

iz
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C yuetoM paccunTaHHbIX 3HaueHUH ROi; u RO,; momy-
YaeM CIeIyIOIINe 3HAYEeHHsI CHIIBI TPCHUS CLEIUICHHUS OT
IIPeABAPUTEIBHBIX CKPYTOK IIPOBOJIOKU KperuieHus, kH

FRO,,,. = 0.45-142.76 = 64.241,
FRO,,,. =0.45-122.374 = 55.068.

Torma cymma cmil TpeHHS CICIDICHHS OT TpeIBapH-
TENBHBIX CKPYTOK MIPOBOJIOKH KpeIUIeHus OyaeT paBHa, KH

AFRO,, . = FRO,,,.+FRO,,,. =
= 64.241+55.068 =119.309.

B pesynbrare pac4€ToB yCTaHOBJIIEHO, YTO MPOEKIIMH
JJIEMEHTOB KPETJICHHS TPy3a Ha BEPTUKAIBHYIO OCh 3Ha-
YUTEIHHO BIHAIOT Ha BEJIMIHHY CHIIBI TPSHUS IO TIPOIOITH-
HOM ocu BaroHa. [IpuunHON TOMy SIBJISIETCSI yBEIWYEHUE
BEJIMYMHBI YEPKUBAIOLIEH CUIIBL.

Y AepKHBaIOIIyIO CHITY BIOJb BATOHA OT yCHIIHUS TIPE/-
BApUTENIbHBIX CKPYTOK MPOBOJIOKM KpPEIJIEHUs] Paccuu-
TaeM II0 MperaraeMoit Hamu gopmyire

FRO, . =F, +FRO ,+FRO,_ . o (D

TP.CIL.X

[ToxcraBnss B (7) naHHbIE, MOJYYCHHBIE B PE3yIbTATE
pacuéroB o ¢popmynam (1), (4), (4a) u (6), momyunm, kH

F Rocu.y/:l.xo

Peaxius ymopHbIX OpyCKOB paccyuThIBaeTCs Mo (Gop-
mynam (4.5) B [15] n/vnm (46) B [12]

6px = knkpxnﬁp.x[RKp]' (8)
[Moncrasisist BcxonHbIE TaHHBIE B (§), MOIYyYUM peak-

IIUU YIOPHBIX OPYCKOB C YYETOM MPHUHATOTO B pacuérax
KOJIMYECTBOM T'BO3/eH, KH

R, . =0.6-16-6-1.08 = 62.208.

CyMMa BceX «yAEepKUBAIOMINX» CHUJ BIOJb MPOI0JIb-
HOW OCH BaroHa ¢ y4€ToM pPeaKIiu YIIOPHBIX OpPYCKOB pac-
CUHTBIBACTCS IO (opMyIie

FRO =FRO +R

CILYIL.X Tp.CIL.X op.x* (9)
VY 1ep>KHUBaIOIYI0 CHITy BBIYHUCIUM 110 opmynam (7) n
(8), mozxcTaBuB pe3ynbraThl pacuéroB B (9), kH

FRO =202.5+62.208 =264.708.

CILY.X
IIpogonbHas cuia, BOCHpHUHUMAaeMas »JIeMEHTaMU
KpEeIIeHUs. Tpy3a, ONpPEEeNUTCS KaK pPa3HOCTb MEXIy
cABHUTAIONIEH M ylepxkuBatomeil cuamu (popmyna (7.15)
B [15])

cilz ci.lz

F.__—FRO

AFR06pACu.x = ca.x CIL.YJ.X (10)
[Moncrasinsist pe3ynpTaTsl pacuéroB o Gopmyiam (1)
u (9), B popmymy (10), momyunm, kH
AFRO =720-264.798 =455.292.

Kak BuzHO, caBuraromias cuia 1o BEIUYUHE MPEBBI-
1I1aeT yAep KUBAIOIIYI0. DTO SIBIAETCS MPUIMHON BO3MOXK-
HOTO CIIBUTa Ipy3a BJIOJb BaroHa, KOTOPBIA COMPOBOXK/Ia-
eTcsl BBLIEPTUBAaHUEM I'BO3/IEH YIIOPHBIX OpPYCKOB.

6p.cu.x

3. PacuéT ycumii B IpOBOJIOYHBIX KpPeIJIeHUsIX rpy3a
B COOTBETCTBHH € CYLeCTBYIOIIEH MeTOAUKOM

Ycumus B IPOBOJIOYHBIX KPEIUICHHUSAX TPy3a MPU BO3-
JIEHCTBUU TIPOJOJIBHBIX CHJI ompeaenuM 1mo Gopmye (39)

http://transience.org

=202.5+1.207+119.309 =323.016.

B [12], koTopyto [u1s1 ynoOCcTBa pacuéra npeacTaBiM B Clie-
JIYIOIIEM BHIE

AF, —
Ry =—2 k1,2, ae{bl,b2}, a1
a
rne AF;

TUMH U YIIOPHBIMM 3JIEMEHTaMHU KperieHus (cM. GopMyTy
(10)), rne AF; = 455.292 xH), kH; b1, b2 — Gespas-
MEpHbIE YMCIA, KOTOPhIE ONPEIEIAIOTCS ¢ YUETOM 3a/1aH-

HBIX 3HAYCHUH (U3HKO-TEOMETPUYECKHX [apaMeTpOB
MIPOBOJIOYHBIX KPETJICHHH 0 (hopMyIaM

h a h.  a. -
bl = x—4+ L+ x—L 4+ 21 i=16, (12)
( cn l lj f;u l l 1

i i ip ip

pey MpoJaoJjbHasA Cujia, BOCIIpUHUMacMas yrupy-

perLx

L A

ia ia iap iap

rae hi, a lla hip, aip N lip; hia, Aig K lia; hiap, Ajgp U liap — pac-
CYMTAHHBIE TI0 JaHHBIM CXeMbl (puc. 1) 3HaUeHHs MTpoeK-
MM YOPYTHX 3JIEMEHTOB KPEIUICHUs Pa3IMYHBIX HalpaB-
JICHUH, COOTBETCTBEHHO, HAa BEPTUKAJBHYI0 U IPOAOJIb-
HYIO OCh BaroHa, a TaKKe JUIMHbI 9THX KpeTuieHu, M. J{s
paccMaTpHUBaeMOro pacuéTHOTO MpUMepa 3HAUEHUS! ITHX
MEPEMEHHBIX TIPUBEAEHBI B Ta0JI. 1, 2.

31ecr HEOOXOAUMO OTMETUTH, YTO BHIBOZ (hOPMYIIBI
(39) B [12] obmeunsBecten u npexactasieH B [13] (cm. C.
133-134).

[Moncrasnsst nannbie Tada. 1, 2 B dopmynsr (12) u
(13), ¢ yaeTom Toro, 4o KO3QHUIMEHT TPEHUsI CLETIICHUS

. , h, a,
b2:£ wx}l"uai} fcu><1ﬂ4rﬂ ,i=1,6,(13)

fcu' = 0.45, nony4yaem

(()45><0.605+ 1.19 j+(0.45x0'605+ 1.19 j+
1.467 1.467 1.786 1.786
( 0302 0041J ( 10.302 0041]
+|0.45-——+
1087 1.087 2515 2,515
0907 0.52 0.907 0.52
o4 106 106+O 1662+1662+
bl= ) =8.61,
+oa 0907 1.095 N O.45x0'907+1'095 N
1 432 1 1432 1.06  1.06
0 907 0.232 0.907 0.232
+| 0.4 +|0 —t— |+
( O 952 0. 952) ( 1.292 1.292]
. 0907 1.861
2 078 2.078
[045X0605 1.19 j+(0.45x1'008+1'286j+
1.467 1.467 1.851 1.851
( 0 302 1 286 ( 1 008 1.286
+| 0.4 + +
1 087 2515 2 515
b2 = +(0 45x% —O 07 j+[o 0 007 1 382]+ =9.985.
1.06 1.662 1 662
0907 0.52 0907 0.52
+| 0.4 +| 0.4 — |+
1 432 1 432 1 06 1 06
+(045 0.907 0903]_{0 0907 0903j
0.952  0.952 1292 1.292
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TEXHUKA TPAHCITOPTA

C Y4YC€TOM MOJTYUCHHBIX 3HAYCHUI 6e3pa3MepH},1x qH-

cen bl, b2 ¥ BENMYUHBI NPOJONBHBIX CHII AF6PCM =

455.292 kH, a Taxxe y4uThIBas HECUMMETPUYHOCTb pac-
MOJIOXKEHHS 3JIEMEHTOB KPEIUIEHHs Pa3sHbIX HalpaBlICHUH
OTHOCHTEJIEHO IPOJIOJILHON OCH BaroHa, 1o gopmyie (11)
noaxyuum, kH

_ 455.292
1 8.61

455 292

=52.879, R, =45.598.

B pesynbrare mpencraBieHHBIX PacdyETOB MO CyIle-
CTBYIOILIEH METOJMKE CTAaHOBHTCS OYEBHMIHBIM, YTO YCH-
TSI BO BCEX IIPOBOJIOYHBIX KPEIUICHUSIX IPy3a IPH BO3/EH-
CTBHH IPOJIOJILHBIX CHJI, HE3aBUCUMO OT Pa3IM4HOIO pac-
TIOJIO)KEHHUSI T€OMETPUYECKUX I1apaMeTpOB KpPEIUICHHH B
MIPOCTPAHCTBE, UMEIOT NIPUMEPHO OJIMHAKOBOE 3HAYEHHE.
Hanpuwmep, onsoro Hampasienust R, = 52.9, a npyroro —

R, = 45.6 kH. DT0 HE COOTBETCTBYET NEUCTBUTEIHHOCTH,

MOCKONBKY pa3IM4YHBIM 10 JUIMHE YHOPYTUM SJIEMEHTaM
KpEIJIeHHUs. JOJKHBI COOTBETCTBOBATH Pa3/IMYHbIE 3HAUE-
HUS YCUIIUS B HUX.

Kpome Toro, paccuntanHasi mo CyIecTByIIEeH METo-
JIUKE CyMMa YCHJIMH BO BCEX YNPYTHX KPEIUICHHUSIX 3HAYHU-
TeNbHO OoJbie fomyctumoro (24.8 kH). 3to Mmoxer npu-
BECTH K HEBEPHOMY BBIBOJY O TOM, YTO IIPOYHOCTH Kpel-
JIEHUH ¢ TMaMeTpoM 6 MM M KOJIMYECTBOM HUTEH 8 IT. He-
nocrarouHa. OIHAKO, YYHTBIBas, YTO MPU IMOITOTOBKE
rpy3a K OTIPaBKE OHH ITOJIBEPTANHCH IPEIBAPUTEIHHON
3aKkpyTKe yeunuamu R; = 20 kH, npodHOCTh Bcex YyIpyrux
9JIEMEHTOB KPEIUICHHH Ha caMoM Jiejie 00ecreynBaeTCs.
Takum 00pa3oM, MOXKHO CHEJIaTh BBIBOJ O HEKOPPEKTHO-
CTH HCIOJB30BaHUS CYIIECTBYIOIIEH METOAMKH pacuéra
KperuieHus rpy3a [12] ans obecnieuennst 6€30MacHOCTH Tie-
PEBO30YHOTO MpoIIECCa.

4. OnpenesieHne ycuiIus B KpeIUICHUSIX rpy3a 1o
YTOYHEHHON MeTOAHKe

Yeunusg B NPOBOJIOYHBIX KPEIUICHUSX TPU BO3ZCH-
CTBHUH MPOJOJIBHBIX CHJI HAXOIUM coryiacHo ¢opmyie (1)
[1] wmm [11] xak

rie Z, — (Qu3ndaecKuil mapameTp, OpeaesieMsli 1o Gpop-
myie [11]
AF, —
6per.
Z, =—> k=12, (15)
Cocu.kx
rae AFﬁpcux — NPOJOJbHAS CHJA, BO3JCHCTBYIOIIAs Ha

YIPYTHE U YHOPHBIE JJIEMEHTHI KperuieHus (cM. hopmyiry
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(10)); 0, .
Hus, onpeaersieMbie mo Gopmyne (2) [1]u [11].
ITapamertps!r ynpyrux sneMeHToB kperuienus c(

— mapaMeTpsl yIPYTHX 3JEMEHTOB Kperuie-

ci.kx ?
PACIIOJIOKEHHBIX BJOJb BaroHa, mpu KO3 GUIMEHTE Tpe-
HHUS CHCIUICHUS fcu. paBHbiM (.45, paccUMTBHIBAIOTCS MO
(dopMyIiam, TOJTy4eHHBIX HaMU 13 popmyiisl (2) [11]

>n. h a. a.
cocu.x: —X f‘cu.x_l+_l X_l+
‘ zlz { / zj !

i

) (16)
oy h a a,
+Z lza X[ﬂu,xlm +l_m]xli’
i=l %ig ia ia ia
n, h
" % | Y
COCH-ZXZZZ_X f;u‘xl_+l_ Xl—+
i=l % ip ip ip (17)
n
+anix « hiap + iap x iap
! ! ’
i=l %ip iap iap iap

rae n; —
IITYK.
OTMeTUM, 4TO B TAHHOM PacYETHOM MPUMEPE TE€OMET-
pHUYECKUE MapaMeTPhl KPEIUICHUH UMEIOT 3HAYCHUS, TIPH-
BeJEHHBIE B TA0JI. 1, 2.
IToxcraBisgst UCXOOHBIE HaHHBIE U3 TA0J. 1 1 Tadd. 2
B ¢opmynsl (16) u (17), momydaem, 1/m

YKCIIO HUTCH B IMMPOBOJIOYHBIX KPCIJICHUAX, 1; = 8

8 0.605 1.19 )1.19
0.45x + +
1.467 1.467 1.467 )1.467
8 O 605 1.19 )\ 1.19
+ +
1.786 1 786 1.786 )1.786
8 O 302 N 0.04110.041 N
1.087 1 087 1.087 J1.087
8 0 302 0.041)0.041 N
2.515 2515 2515 2.515
0 907 0 5210.52
1 06 1 06 1 06 )1.06
0, = 0.45x 0907 0.52 ) 0.52 + |=34.64,
- 1.662 1.662 1 662 )1.662
N 8 045XO.9O7+1.095 1.095+
1.432 1.432 1.432)1.432
N 8 0.45X0.907+1.095 1.095+
1.06 1.06 1.06 ) 1.06
8 (0'45X 0.907 N 0.232) 0.232 N
0.952 0.952 0.952)0.952
N 8 (0.45 0.907 O 232) 0.232 .
1.292 1. 292 1.292 )1.292
. 8 0,45x0’907+1'861 1.861
2.078 2.078 2.078)2.078
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8 0.45><0'605+ 1.19 ) 1.19 N
1.467

1.467 1.467 )1.467
1.008 1.286)1.286

x + +
1.851 1.851/1.851

N 0.302 1.286) 1.286

+L 0.45
1.851
+ +
1.087 1.087 )1.087

+ 8 (0.45

1.087

N 8 0‘45.1.0084_1.286 1.286+
2.515 2.515 2.515)2.515

8 0.907 1.382)1.382
+——| 0.45x + +
1.06 1.06  1.06 /) 1.06

cn2x T 8

0.907 1.382)1.382
+ 0.45x% + +
1.662( 1.662 1.662)1.662
+ 8 0.45
1.432

0.907 0.52 ) 0.52
X + +
1.432 1.432)1.432
N 8 (0.45>< 0.907 N O.SZJ 0.52
1.06

1.06 1.06 /1.06

8 0.907 0.903)0.903

+ 0.45x% + +
0.952( 0.952 0.952] 0.952

0.907 0.903) 0.903

X +

+ 8 0.45
1.292 1.292 1.292 )1.292
Hoxncrasysist nonyvennsie 3uavenns c0, , B ¢op-

mydy (15), momyuum, kH-m

=31.714.

455292

455292
T 34.64 B

=13.144; 7, = =5 =14.356.

Pe3ynbrarsl pacuéra ycuauil B 3J1eMeHTaX KperuieHUi
rpy3a o gopmynam (14) u (14a) c yuerom 3HaA4YCHUN JTaH-
HBIX, MTOJyYeHHBIX 10 Gopmynam (15) — (17), cBeneHs! B
TabaI. 3.

AHanu3 pes3yJibTaToB pacdéToB yCWIMH B yNpyrux
aseMeHTax kperuteHus no ¢opmynam (1) u (2) [1] u [11]
MTO3BOJIACT CACNIATh BBIBOJ O TOM, YTO YCHIIHS BO BCEX TIPO-
BOJIOUHBIX KPEIUICHUAX (PACTSDKKAX), B OTJIMYIHE OT CYIIe-
CTByOIIEH MeToIUKH pacuéTa (cM. hopmymy (11)), umeroT
pa3uuHbIe 3HAYEHUs], YTO COOTBETCTBYIOT JCHCTBUTEIb-
HocTH. Kpome Toro, ycuius Bo BCeX MPOBOJIOYHBIX Kperl-
JIEHUSIX C JUaMeTpoM 6 MM U KOJIMYECTBOM HUTEH 8 ImT.
OKa3alluCh MeHbIIe, ueM nomnyctumsbie (24.8 kH). Uckiio-
YEHHUE COCTABIISIET BTOPAs Iapa MPOBOJIOYHBIX KpETUIeHHH
(TadJu. 3). DTO TOBOPHUT O TOM, YTO MPOYHOCTH BTOPOH
Tapbl IPOBOJIOYHEIX KPEIUICHUH He oOecrieueHa, B pe3yiib-
TaTe 4ero Mpou30MAET WX pa3pyLIeHUs B IpoIecce mepe-
BO3KH TPYy3a.

Takum o0pa3oMm, IMOKa3aHO, YTO CYMIECTBYIOIAS M
YTOYHEHHAS METOANKH HE TIO3BOJIAIOT C JOCTATOYHON TOU-
HOCTBIO OIIPEACTIATh PacUETHBIC 3HAUCHUS YCHIINH B YIIPY-
THX 2JIEMEHTaX KpEIUICHUs Irpy3a B BaroHe. YUnThIBas He-
JIOCTATKH 3TUX METOJUK, MpeJlaracTcsi HoBask METOAMKa
pacyéToB 1O pa3MEIEHUIO U KPEIJICHUIO TPY30B Ha Ba-
rOHe, Ipe/JcTaBieHHas B [14, 15].

Tabnuna 3. Pe3ynpratel pacyéra yCUIUI B IPOBOJIOYHBIX KPETUICHHUSX MPH BO3JCHCTBUU MPOIOIBHBIX CHI HAXOIUM
Table 3. The results of calculating the forces in elastic fastenings under the action of longitudinal forces

Hanpasnene k 06(});1;?]‘;21‘1149 . BeHI/I.‘{I/IHBI yCI/IHI/I.}I B I-X BHCMC.HTaX erHIIC.HI/IH, xkH .
i=1 i=2 i=3 i=4 i=5 i=6
R, 19.34 60.6 10.61 5.81 13.14 2.76
. Ripx 18.7 20.74 4.32 10.61 7.15 0
R, 19.61 61.32 10.74 5.88 13.3 2.8
k=2 R, 17.61 20.98 4.37 10.74 7.23 0

iapx

5. 3akj104yeHnne

B crartbe npezacTaBieHa nocine0BaTeNbHOCTh pacyeéTa
MPOAONBHBIX CHJI, BOCIPHHHMACMBIX IPOBOJIOYHBIMHU
KPEIUICHISIMA TPy3a, pa3MEIEHHOTO Ha JKEeJIe3HOIOPOXK-
HO¥ TutaThopme, B COOTBETCTBUH C CYIIECTBYIOIIEH [1, 5,
12] m yrounénnoti [11, 14, 15] meToaukamu.

ITokazaHo, 4TO B COOTBETCTBUU C CYIIECTBYIOIIEH Me-
TOAMKOM, pacu€THbIe YCWIIMSA BO BCEX YINPYTUX Kperie-
HUSX Tpy3a NpPU BO3ACHUCTBUH IMPOJOIBHBIX CHII UMEIOT
OJIMHAKOBOE 3HAYCHHUE. DTO CBI3aHO C TEM, UTO CYIICCTBY-
IolIasi METOIMKA HE YYUTHIBACT PA3IHYMsl B PACIIONIOKE-
HUM KPEIUICHUN B MIPOCTPAHCTBE M, COOTBETCTBEHHO, pas-
HUITYy TEOMETPHUYCCKUX MapaMeTpoB 3THX KperieHui. [1o-
CKOJIBKY Pa3JIMYHbIM 10 JJIMHE YIIPYT'UM 3JIEMEHTAM KPEII-
JICHUA OOJOKHBI COOTBETCTBOBATH PA3HBIC 3HAYCHUA YCH-

http://transience.org

JIUsl B HAX, METOAMKA PacdéTa NpOJOJIbHBIX CUII, IEHCTBY-
IOIIUX Ha MPOBOJIOYHBIE KPETUICHHS IPy3a Ha JKEIe3HOI0-
poxHOI mnardpopme, N0DKHA YUUTHIBATH 3TO yCIOBUE.
IIpencraBneH pacuéT ycuauil B IPOBOJOYHBIX KpeIlie-
HUSX Ipy3a IO YTOYHEHHOM METOJMKE, IO3BOJIAIOLIEH
y4eCTb pa3HMIly YCWIMH B 3aBUCUMOCTU OT IapaMETPOB
kperuiennii. OTMe4YeH HeJI0CTATOK YTOUHEHHON METOTUKH,
3aKIII0YAIONIUICA B TOM, YTO B PACYETHOE YCUIIHE B OJHOU
13 Map MPOBOJIOYHBIX KPEIUICHHWH OoJiee 4yeM B JiBa pasa
MIPEBHIIACT AOMycTUMOoe 3HadeHne (61/24.8 = 2.5). Dro
TOBOPUT O TOM, 4TO YTOYHEHHAS METOJUKA TaK)Ke HE MO3-
BOJISIET MOJYYNUTh PAacUETHBIC 3HAUEHHS YCHIMH B THOKUX
KPETUICHHSIX, COOTBETCTBYIOIMINE (PAKTHUCCKHM.
VY4uuThIBas HEAOCTATKU PACCMOTPEHHBIX B CTATHE Me-
TOAUK pacuéTa yCUINH B yIPYTUX 3JIE€MEHTaxX KpeIeHus,
B IIEPCHEKTUBE JIOJDKHA OBITH IPUMEHEHA HOBasi METOINKA
pacuéTa 1o pa3MeEIIEHHUIO U KPEIICHUIO IPy30B Ha BaroHe.
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1. BBeaenue

B HacTosimee Bpems akTyanbHOU MpoOIeMoi pu BO3-
BeJleHUH dHeprod(HPeKTUBHBIX 3TaHNH Ha JKEITE3HOIOPOK-
HOM TpPAaHCIIOpPTE SBIAETCS pa3paboTka IKOHOMHUYHBIX IO
cOCTaBaM MaTepHaloB, KOTOpPHIE MPHUMEHSIOTCS JUIA
Hapy>KHBIX OTPAKIAIONINX KOHCTPYKIHUI ¢ TpeOyeMbIMHI
IMPOYHOCTHBIMU M TCIUIO3AITATHBIMHA cBoiicTBaMu. Pere-
HHE JaHHBIX 3a7a4 OCYLIECTBIIIETCS 110 CIIEAYIOLIINM
HATIPaBJICHUSM:
® COBCPIICHCTBOBAHHE METOJOB TEIUIOTEXHHYECKOTO

pacuéTa orpaXKIaloNIX KOHCTPYKIIHIA;

® pa3BUTHE HOBBIX TEXHOJOTHHU MMONyYCHHUS MATECPHUAIOB
CO cpeqHel TUIOTHOCTEIO Hibke 500 kr/m3;

e pa3paboTKa COBPEMEHHBIX aBTOMATH3MPOBAHHBIX Me-
TOJOB MAaTEMaTUYECKOTO MOZECIUPOBAHUA CTPYKTYPHI
SYEUCTHIX OETOHOB HA MAKPOYPOBHE;

® YCTAaHOBJICHHUE B3aUMOCBSI3H MEXAY CPEIHEil MIOTHO-
CTBIO TYEUCTOTO OETOHA U €T0 CTPYKTYPHBIMU OCOOCH-
HOCTSIMHU.

Pesynbrathel mpoBeA¢HHBIX B TamIkeHTCKOM rocymap-
CTBCHHOM TpPaHCTIOPTHOM YHHUBEPCUTETE HCCICIOBAHUMA
mokazanu [1-3], aro MexaHm3M HopMUPOBaHHS TOPUCTON
CTPYKTYPHI TYCHCTHIX OETOHOB C TPEOYESMBIM KOMILIEKCOM
(PU3NKO-MEXaHUIECKUX U TEIUIOTEXHIYCCKUX ITapaMeTpoB
OTIHCBHIBACTCS TOCTYJATaMH CTPYKTYPHO-UMHUTAIIHOHHOTO
MOJICTTUPOBAHHSI.

B naHHOM ciy4yae MCHoNb30BaHUE KOHLEMIUH (pak-
TaJOB TMO3BOJIAET AETAIBHO MPOCIEANUTH SBOJIIOLHUIO TOTY-
YCHUSA AYCUCTOI'O 6eTOHa C 3aJaHHbBIM KOMIIJICKCOM
CBOHCTB. JTO 00YCIIOBJICHO TE€M, YTO TEOpHUs (paKTajoB
MO3BOJISIET TPAKTOBATh IOHATHE «CTPYKTYpa» Ha OCHOBE
KOJIMYECTBEHHOH OIICHKH CTPYKTYD, OMPENCIAIOMUX KO-
HEYHBIC CBOMCTBAa CTPOMTENBHBIX MarepuaioB. OcoOyro
BaXHOCTH Takasl KOJMYECTBCHHAsS OICHKA MMEeT KaK UIs
y4éTa perenTypHBIX U TEXHOIOTHIECKUX (PaKTOpOB, Tak U
0COOEHHOCTEH CII0KHO OPTaHU3YIOMIUXCS CTPYKTYP, IIPH-
CyIINX SYEUCTHIM OeToHaMm [4—6].

Jlo HacTosIIero BpeMEHHU HCCIEIO0BAHUS CTPYKTYPHI
MIOPHUCTHIX MaTEPUAIIOB CBSA3BIBAIIN C INIOTHOCTHIO U pa3Me-
pamu nop. Takoil moaxon He MO3BOJISET B MOJHOM Mepe
YCTAHOBHUTH UYETKYIO B3aUMOCBSI3b MEXAY CTPYKTYpPOH M
CBOHCTBaMM SYEUCTBIX OETOHOB. McXons M3 KOHIEIIMH
pa3paboTku 3PPEKTUBHBIX TEIUIOM30JIHOHHBIX MaTepH-
aJioB, B KA4E€CTBE METO/Ia OLEHKH MapaMeTPOB CTPYKTYPBI
IIOPUCTOTO MaTepHasa ejaecoo0pa3Ho HCIOIb30BaTh TEO-
peTHYecKre NMpeAnoCchUIKH (hpaKTalbHOM reoMeTpuH, KO-
TOpast O3BOJISIET MPOU3BOIAMUTE aHAIN3 (OPMHPYIOILEHCS
CTPYKTYpBl MaTepHasia C pamXHpPOBaHHEM MNOp MO pa3-
Mepy.

2. KpaTkuii 0630p ucciienoBaHuii B 00J1aCTH CO3IaHUS
MaTepHaJIoB C 3apaHee 3aJaHHBIMHU CBOIiCTBAMHU Ha
OCHOBE€ MCI0JIb30BAHMS MOJIOKEHUIl Teopun
¢pakTanbHOil pazMepHOCTH

Ha ceronusurHuii 1eHb BHIITOTHEH KOMITIICKC HAYIHBIX
rccienoBaHuil [7—-15], HampaBIieHHBIX HA CO3AaHHUE MaTe-
pHAaJIOB C 3apaHee 3aJaHHBIMH CBOMCTBaMH, C HCIIOJIb30Ba-
HHEM B Ka4eCTBE HAYYHOI'O MHCTPYMEHTa Teopuu (pak-
TanbHOM pa3mepHocTH. OCHOBHBIM HAaIpaBICHHEM paboT

http://transience.org

SIBIISICTCS MCIIOJIb30BaHHE PA3IMYHBIX JO0OABOK JJIsI ONTH-
MU3AIIH [IOPOBOM CTPYKTYPHI TYEUCTHIX OETOHOB U COBEP-
IICHCTBOBAHUS TEXHOJOTHHM WX MPOW3BOACTBA. Tak,
Hanpumep, C.®. Kopenbkooii, .B. Skymunsiv, B.I'. 3a-
MHUHOM [16] mpoBeneHbI UcCIeN0BaHMS IO YCTAaHOBIEHUIO
CBSI3H MEXKITy PpaKTabHOU CTPYKTYPOH IIJIAMOB U X PEO-
JIOTHYECKUMH CBOMCcTBaMU. [IaHHBIA METO/I TTO3BOJISCT aB-
TOpaM CMOJICITUPOBATH IMIOBEPXHOCTh YaCTHII BRIOPAHHOTO
IlamMa Ha OCHOBE 3a/JaHHOTO I'paHyJIOMETPHUECKOro CO-
CTaBa M MOJIyYUTh UX (ppaKTanbHOE H300paKeHue.

B pabotax A.H. Boopsiesa, B.T. Epodeesa u /I.E.
YKapuna [17] paccMaTpuBaroTCsl BOIPOCH! OLIEHKHU MOKa3a-
Tener (ppakTaTbHOCTH MOJCIBHBIX CHCTEM U CTPYKTYPHI
pa3HO00pa3HBIX CTPOUTEIBLHBIX MaTepuasioB. [TpuBoauTcs
TPaKTOBKa (U3UUECKON CYITHOCTH TOKaszaTened Qpak-
TaTbHOW Pa3MEPHOCTH CHUCTEM H oOpa3oBaHUs (pak-
TaIBHO-KJIACTEPHBIX CTPYKTYp KOMIIO3HTOB B IIPOIECCAX
CTpYKTypooOpa3oBaHus, (a30BbIX IEPEXOO0B, pasJee-
HuUs (a3 U Tak jganee.

B./. I'myxoBckum, I1.B. Kpusenko u Crapuykom B.H.
[18] ObUIH BBEIIOJHEHBI MCCIICIOBAHNUS, HAIPABJICHHBIC HA
yIpaBJIeHHE TPOLIECCOM MOTy4eHHsI OETOHOB C 3apaHee 3a-
JAHHBIMHA CBOHCTBAMH TPH TMOMOIIY MOTUPHIIAPYIOMIHX
J00aBOK, PETyIUPYIOMIMX TaKUe IOKa3aTeNId CPEIbl, KaK
pH, noHHas cuia, oOpa3oBaTeNbHas CIIOCOOHOCTH KOMIIO-
HEHTOB | JIp.

Kak moxa3piBaeT aHanIM3 MPEACTaBICHHBIX BHIMIE pa-
00T, I yCIIEIIHOTO UCTIOIb30BAHUS PACCMOTPEHHBIX Me-
TOJIOB yHpaBJIEHUS CTPYKTypooOpa3oBaHHEM JIErKux Oe-
TOHOB, C OJIHOM CTOPOHBI, HEOOXOUM €IMHBIA MOAXO] K
HCCIICIOBAHHUIO U MIPOEKTHPOBAHUIO MATEPHAJIOB Pa3Iny-
HOTO XMMHYECKOTO COCTaBa KaK CHCTEMBI, HMEIOIICH He-
CKOJIbKO YPOBHEM CTpyKTypHO# opranm3zauuu. C npyroi
CTOPOHBI, ONTHMHU3AIMS TOPOBOIM CTPYKTYPHI STUCHCTHIX
OCTOHOB B pe3yNbTaTe BBEACHUS Pa3IMYHBIX JHOOAaBOK H
COBEPIICHCTBOBAHMS TEXHOJOTHUYECKHX pEIIeHHH ero
TIPOU3BOJICTBA, SBIIICTCS BECHbMa TPYTOEMKHAM IIPOIIECCOM.
Peanmzamus sToro mporecca myTéM MPOBEICHUS MHOXKe-
CTBa 3KCIIEPUMEHTOB CBA3aHA CO 3HAYUTEILHBIMM 3aTpa-
Tamu. bonee Toro, naxke SKCIEPUMEHT, OCHOBaHHBIM Ha
pa3pabOTaHHBIX TEXHOJIOTMYECKUX NPHEMax, He rapaHTH-
pyer monydeHus TpeOyeMbIX 3HAUYCHHUHA OCHOBHBIX Xapak-
TEPUCTHK sIUEUCTOTO OeToHa [19].

Haubonee 1enecooOpasHbIM, Ha HAIll B3IJISII, SIBJIS-
eTcs IPUMEHEHHE T0X0/1a, OCHOBAHHOTO Ha MaTeMaTHde-
CKOM MOJICTTMPOBAaHUH CTPYKTYPHI SIMEUCTOTO OETOHA C 3a-
JaHHBIMU cBoicTBamu. [lpu mocTpoeHHH MareMmaruue-
CKOMl MOZENHM TpenIaracTcs HCIOIb30BaTh MOCTYJIATHI
TeopuH (HPaKTaIHLHON pa3MEPHOCTH.

3. IlocTanoBKa 3aga4u

B cootBerctBuM ¢ Mmerononorueld (HopMHpOBaHUS
(pakTadbHBIX OOBEKTOB, OBUIM BBIIOJIHEHBI YUCICHHBIC
pacy€rsl 0 ompenesieHHI0 (ppaKkTaIbHONH pPa3MEpHOCTH
0P C LEJIBI0 YCTAHOBJICHUS CBSI3U MOCIEAHEN ¢ MOPUCTON
CTPYKTYpoO# OeToHa. [{ys aToro 6buIa mocTpoeHa Gpusnde-
CKasi MOJIeJIb sTaencToro 6eroHa (puc. 1) ¢ rekcaroHaaIbHON
YIAKOBKOH.

JlanHas Gusnyueckas MozeIb npeamnoiaraet GopMupo-
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BaHHE IPOCTPAHCTBEHHOI'O KapKaca, 3aIllOJIHEHHOTO I10-
pamu omnpeaeneHroro pasmepa [1, 19]. IIpu aTom mioTHOE
(hopMHUpOBaHKE TTOP TOCTUTACTCS B PE3yJIbTATE CAMOIIPO-
HU3BOJIbHOM mepecTpoiiku peméTku. KanusuisipHeie mopsl
00pa3yIoT TreKcaroHanbHYyI0, KyOMUecKyro WJIH poMOmde-
CKYIO PEIIETKY MEXIIOPOBOTO MaTepuana.

6)

nopa

Puc. 1. ®usnueckas MoAeIb MOPUCTOM CTPYKTYPHI SUEH-
cToro GeToHa: a) MUKPOCHIMOK STYEHCTOro OeToHa
TeKCarOHAIBHOM YITaKOBKH ¢ OMHAPHOHN PemETKON
MEepBOro MOpsiaKa; 0) CXEeMAaTHYECKUH DPUCYHOK
TeKCarOHAIBHOM YIIAaKOBKHU ¢ OMHAPHOH PeIETKON
BTOporo nopsiaka (1,2), 3 — mpocTpaHCTBEHHAS pe-
meéTKa co cheprueckumu nopamu, 4 — tpanchop-
Manys Iop B MHOTOTpaHHbIE

Fig. 1. Physical model of the porous structure of cellular
concrete: a) micrograph of cellular concrete of hex-
agonal packing with a first-order binary lattice; b)
a schematic drawing of a hexagonal packing with
a binary lattice of the second order (1,2), 3 —a spa-
tial lattice with spherical pores, 4 — transformation
of pores into polyhedral

4. CTPYKTYPHO-UMUTAILIMOHHOE MO/IeJIUPOBAHUE IS
onpeaejeHus ppakTajbHON pa3MepHOCTH
SIYEHCTOro HeToHa

MaremMaTryeckast MOJICIb IIPEICTaBICHHOM B pa3erne
2 (u3myeckoll OpraHU3aIMK MOPUCTOW CTPYKTYPHI SUCH-
cToro OeToHa CTpowIach Ha OCHOBAHWH ITPABHII pacIpeie-
JICHHS IDIOTHOCTH TI0P T10 MX pajnycaM CeUeHHH I TeK-
caroHanbHO# (puc. 1) ymakoBKH Tak, 4TOOBI MMOPUCTOCTH
PEIETKY IpHU TONIUHE Neperopoaok 20-60 MKM U3MeHs-
jack B auamna3one ot 10% mo 90%.

Haiee, st onpeneneHus GpaKkTaibHON pa3MEPHOCTH
U JajbHEHIIero yCTaHOBJIEHHS CBS3M (ppaKTanbHOM pas-
MEpPHOCTH € (OPMHUPYIOLIEHCS] TTOPUCTOCTBIO SUYEHCTOrO
O6eToHa ObLT pa3paboTaH METOJ, OCHOBAHHBIM Ha aHAJN3e
n300pakeHni 00pasna s[YeucTOro OETOHa, MOTyYEHHOTO C
MTOMOIIBI0  ONTHYECKOr0 MHUKpockoma «Neophot-21»
(puc.2).

B nannoM paznene mpencraieH pacuéT GppakraabHOU
pa3MEepHOCTH O JaHHBIM C(HOPMHUPOBAHHBIX MACCHBOB C
KOOpJMHATaMH TPaHUIl ¥ [IEHTPOB KBa/IpaToB CETKH. s
HArJISAHOTO TIPEJCTaBICHHsI OOBEKTOB HAa M300pa)KEHUH,
MMOJIBEPTHYTOM MAITUHHOMY aHajun3y, Ha pHC. 3 TpHUBE-
neHa Mukpodororpadus ¢parMeHTa CTPYKTYpHI SYCH-
cToro O6eToHa.

[TockoNbKy TEXHOJIOTHUS TMOIYUYCHUS H300paKeHUS HE
SIBIISICTCA OJTHO3HAYHOM, TO M300pa)KEHUIO CBOWCTBEHHBI
moMexu (IIyMbI), MCKaXalollde HWCTHHHYIO KapTHHY
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CTPYKTYphbl oOpasua. [loaTroMy B Lensix (GuiIbTpanuu mo-
JIOOHOTO posia TMOMEX B IPOTpaMMHBINH KOMIIIEKC 00pa-
00TKM M300pa’keHnil BKIIIOUEHA TpOLelypa KBAHTOBAHUS
— OCpeHEHHUE TI0 TpajlallisiM YPOBHEH SPKOCTH B 3a/aH-
HBIX JMana3oHax. JlaHHas mpouemypa MO3BOJSIET IpPUBE-
CTH M300paXCHHE K HEKOTOPBIM CPEIHMM CTaHIapTHBIM
YCIIOBUSIM.

!
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Puc. 2. O6umii Bua yCTaHOBKM Ha OCHOBE MHKPOCKOIA
«Neophot-21» i ONTHYECKOTO OTOOpaXKEHUS
MOPHUCTOCTH STYEUCTOTO OeTOHA

Fig. 2. Laboratory setup based on the "Neophot-21" micro-

scope for optical imaging of the porosity of cellular
concrete

Puc. 3. Mukpodororpadus saerctoro 6€TOHa: a) CBETIIBIH
L[BET — BO3/YIIHbIC Ty3bIPbKU; YSPHBIH IIBET — MaT-
pUIIa; Cephlii IIBET — 3aMOTHHUTENh; b) TO ke M300-
paxenne B OMHapHOM BHJEe (KBaHTOBAaHHOE Ha JIBa
YPOBHSI)

Fig. 3. Micrograph of cellular concrete: a) light color — air
bubbles; black color — matrix; gray — filler; b) the
same image in binary form (quantized into two lev-
els)

B cymHoCTH, KOJTMYECTBO yPOBHEH MOXKET OBITH IPO-
H3BOJIEHBIM, HO 00SI3aTEIEHBIM SIBJISIETCS 3aIaHHUE TIOCIIe -
HETO YPOBHS Kak OWHApHOTO. DTO YCIOBHE SBISCTCS He-
00XOIUMBIM, TaK KaK HAC HHTEPECYIOT JiBa O0BEKTa: MaTe-
puan u nopsl. Ha si3pike 00paboTKu M300paxeHuit — 3TO
JIBE TPaJIalliy, B HAIlIeM CIy4yae — YepHBIA U OeNbIi 1BET.
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CmpykmypHo-uMumayuoHHoe ModesiuposaHue MakpocCmpykmypbl 1éakux 6emoHoe

Adunxodxaes A.N., lLlaymapoe C.C.

Ha pmuc. 46 npuBeeHBI pe3yIbTaThl KBAHTOBAHUS U300pa-
JKEHUSI, IPEICTaBIEHHOTO Ha puc. 1 1 puc. 4a.
Oxkazanock, 4To GUIBTPAIs, IPUBOIAIIAS H300pake-
HHUE K HEKOTOPBIM CPETHUM YCIOBHUSAM ChEMKH, BBITIOJHSACT
Ype3BBIUAHHO BaXHYIO (YHKIIMIO, CBSI3aHHYIO C XapaKTe-
PHUCTHKOM CTPYKTYpHI 0Opasiia B 1iesioM (puc. 46). Bumno,
YTO Ha MOCIETHUX H300pakeHUsX puc. 40 TposBIseTCS
reomeTpusi HOPMHUPOBAHUS CTPYKTYPhI 00paslia B LIEJIOM,
HOCAIIass aHU30TPOIHBIA XapakTep, OMpeesieMbIi OpH-
CHTallUe MaKpPOCTPYKTYPHl B  MPEUMYIICCTBEHHOM
HanpasieHuu. [Ipu 3TOM, ¢ yBeNHYeHUEM YPOBHS KBAaHTO-
BaHUs, yKa3aHHAs 0COOCHHOCTh MaKpOCTPYKTYPBI TIPOSIB-
nsiercs B Oombireii crerneHu. Cka3aHHOE TOSICHSET PHC. S,
I7Ie TOKa3aHO YBEIMYCHHOE H300pakeHHe OWHApHOTO
ypoBHs (puc. 40, 8) ¢ mpenMyIIeCTBEHHBIM HAIIPABICHUEM

c(hopMHUPOBAHHOW MaKPOCTPYKTYPHI B IIeJIOM (HaIpaBie-
HHUE yKa3aHo CTpeikoit). s naHHoro oOpasia, moIydeH-
HOTO I10 ONPE/ICIEHHOM TEXHOJIOTHH, OCHOBHOE HalpaBJie-
HHE c(hOPMHUPOBAHHOW MaKpOCTPYKTYpPbl HaXOAWUTCS II0J
yraom 18° kK TOpU30HTAIBHON JIMHUH.

Kak Oynmer mokazaHo HWXe, TPEUIONKCSHHBIN MOIXOT
OIIEHKH (PM3NKO-MEXaHUIECKHUX ITapaMeTPOB IPOCKTUpYe-
MOT0 MaTepHaja Ha OCHOBAaHWH aHAJH3a H300pa’keHHH
MO3BOJISICT C YYETOM PA3ITUYHBIX 3HAYCHUH MPOYHOCTH KaK
B «TOHKHUX», TaK U B «TOJICTBIX» CTPYKTypax, GopMupyro-
IIUXCS BOKPYT T'a30-BO3AYIIHBIX ITY3BIPEKOB IMPOCIOEK,
MIPOU3BOIUTH aHATU3 (POPMHUPYIOMIETOCS MPOYHOTO KOM-
mo3MuTa ¢ TPeOYyeMBIMHU MapaMeTpaMu. PaccMOTpUM 3TOT
BOTIPOC TOJpoOHEe.
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Puc. 4. Pe3ynbraTsl 00paboTKH H300payKeHHS CTPYKTYPHI SIMEUCTOTO OETOHA: a) HCXOIHOE N300paKeHHEe SIEUCTOro Oe-
TOHA U €T'0 THCTOTPaMMa; 0) KBAaHTOBaHHBIE H300paKeHHS OT EPBOTO 0 BOCBMOTO YPOBHEH M COOTBETCTBYIOIINE

TUCTOTPaMMBbI

Fig. 4. The results of processing the image of the cellular concrete structure: a) the original image of cellular concrete and

its histogram; b) quantized images from 1st to 8th levels and corresponding histograms
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TPAHCITOPTHASI UHOPACTPYKTYPA

Puc. 5. AHu30TpOMNHBII XapakTep COPMUPOBAHHON MaK-
POCTPYKTYPBI SI4EUCTOTO OeTOHa
Fig. 5. Anisotropic nature of the formed cellular concrete

macrostructure

Cornacno [20, 21], npo4YHOCTHBIE MOKA3aTENH MaTe-
puana, Mpu MPOYMX PABHBIX (HAKTOpax, OMPEICIISIOTCS
N30TPOIHOCTBIO €T0 CTPYKTYPBHl OTHOCHTEIBHO HPHIIO-
JKEHHOM K HEMyY Harpy3ku. B Hamem ciydae, aHu30TpOnus
MaKpOCTPYKTYPHI YMEHBIIACT CPETHIOI0 IIPOYHOCTH SUCH-
croro OeToHa TMpHW HANMPABICHHOM JEHCTBUHM BOJHBI
Harpy3ku. OCOOCHHOCTH HAIPSDKEHHOTO COCTOSHHSA, BO3-
HHUKAIOMIETo B 00pasiie sMerucToro 0€ToHa Ha HaKJIOHHOM
IUTOINAAKE, IPEICTABICHEI HA PHC. 6a.

a) o
c > c

Puc. 6. HampsbkeHust B HaKJIOHHOW TUTOIIAJAKE oOpasia,
HaxoJsLIeHcsl TOA YIIOM «@ K IUIOCKOCTH
HOPMaJIEHOTO CE4YeHHS

Fig. 6. Stresses in an inclined sample area, located at an
angle « to the plane of normal section

—

OGosnaunm uepes P  nonHoe HanpsbkeHue B

OKPECTHOCTH HEKOTOPOW TOUYKH BBIIEICHHOH 00JIaCTH
oOpa3ma, BO3HHKAWOIIEe B pe3yibTaTe MPHUIOKCHHON
BHEIIIHEW HArpy3Ku

AF 2

P=1lim

AF—0

rane AR — BHyTpeHHSS cuna cuelUieHus; AF — 3j1eMeHT
IUIOMIA IH.

48 https:/ftranscience.ru

U3 ycnoBus paBHOBecHs 00paslia, 3allUCAHHOTO JIJIS
OTCEUEHHOW YacTH CTEp>KHsA (PHC. 6B), BBIpOKEHUE IS

HapsPKCHU P 3alMIICTCA B BUAC

P-F,=cF, @)
rie ¢ — HOPMaJlbHOE HampsDKEHUE — MPOSKIHS BEKTOpa
P na vOp™mans x momanke AF; F — miomais nomneped-

HOTO CEYEHUS CTEePXKHS; Fz— TIomans HaKIIOHHOTO cede-
HUSL.

Benmuuna F,, onpenensercs 1o cineayromeii gopmyie
[20,21]

F
F,=—" 3)
COoSsx
Orcrona
P=ocosa. &)

PackiazgpiBas Hanpsbkenue P 1o HOpMand U Kaca-
TEIHHOW K HAaKJIIOHHOH TuTomanke (puc. 66), moaydum
2
o, =pcosa =0cos” «a, (5

T, = psina = Easin2 a. (6)

[TonydeHHble BBIp@KEHHS MOKA3bIBAIOT, YTO JUIS
OOHOM M TOW XK€ TOYKM TeNa BEIUYMUHBI HAIpPSIKEHUH,
BO3HHUKAIOIINX B CEUCHUSX, POXOAAIINX Yepe3 ITY TOUKY,
3aBUCST OT OpUEHTAIMK 3TOH Tuiomanku [20, 21], To ecTh
oT yrna «. B namewm cinydae o = 18°, Torna, kak HETpyIHO
BHACTh, IPOYHOCTH  HCcIeagyeMoro  obpasma B
HaTpaBICHUU c(hopMUPOBAHHON MaKpOCTPYKTYPBI
yMeHbHIMTCS npuMepHo B 0.1 pasa.

IIpy Hanuuuu JUHEHHONW 3aBUCUMOCTH MEXIY
HanpspKeHUSIMM 1 iepopManusIMu (B COOTBETCTBUH C
3akoHOM  ['yka), B KadecTBe  Ko3(¢uumeHra
MPONOPIIMOHATHFHOCTH BBICTYNAeT MOXYJb YIPYTOCTH
(Mmonyns FOnra) E = 0 /£ (€ — OTHOCUTENHLHOE yIITMHEHHUE),
KOTOPBII BMECTE ¢ BEIMYMHON Moxayns casura G = 7«
koshummentom Ilyaccoma v =| /e (¢ — abcomoTHOE
3HaYCHHE OTHOCHTEIBHOTO IIOTIEPEYHOTO CXKAaTHA) W
00BEMHBIM MOyIeM cxkaThs K = ofA (A — OTHOCHTEIBHOE
00BEMHOE CHKATHE) OTIPEACIIAIOT, B 00IIEM, TPOYHOCTHBIS
XapaKTepUCTHKH MaTepHaa.

B ciryuae nu30TponHON CTPYKTYpBl, COOTBETCTBYIOIIUE
MOJIYJIN YIIPYTOCTH OJMHAKOBBI MO BCEM HalpaBICHUSIM.
IIpu 3TOM OHM CBsSI3aHBI APYr C APYIOM CIEXyHOIUMHU
cootHoeHusiMu [20]

E

= 7

2 +v)’ @
E

= 8

3(1-2v) ®

B nanHOM ciydae, MOAynb ynpyroctd E U MOIyJb
cnBura G SBISIIOTCS. HE3aBUCHMBIMH BEIMYMHAMH, W

ynpyrue CBOWCTBA HU30TPOIHOTO MaTepuana
ONpEenNeNaoTCs  ABYMS  YOPYTMMHU  NOCTOSIHHBIMU
rapameTpamH.

B CJIydac XK€ aHU30TPOITHOI'O MaTe€puaia, rnmapaMeTpbl
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Adunxodxaes A.U., lllaymapos C.C.

E, G m v npuHUMAlOT pa3lIWYHbBIC 3HAYEHHS B Pa3HbBIX
HAMpaBICHUSX M BEIUYMHBI HUX MOTYT HU3MEHATHCA B
HIMPOKHX IMpEJeNax.

3aMeTHM, YTO MPOYHOCTHBIE CBONHCTBA MAaTEPHAIIOB, B
3aBHCUMOCTH OT WX CTENCHH aHU30TPOITHOCTH,
JOCTATOYHO XOPOIIO H3Y4EHBl HPUMEHHTEIBHO K
MarepuajaM BOJOKHUCTOM CTpyKTyphl. M3BecTHO, 4TO Y
TaKAX MaTepUaIOB C XapaKTEePHOH aHU30TPOITHOCTHIO,
IIPOYHOCTB U APYTHE CBOICTBA PA3JIMYAIOTCS B 3aBUCHMO-
CTH OT HampaBJIEHUs BOJIOKOH [22].

Takum o00pazoMm, rpaHHIa «MaTepHanl — IOPBI»,
HMEoILas IIPEUMYIIECTBEHHYIO OpUEHTALUIO
(aHM30TpOIHUS CTPYKTYPHI), SBISETCS CIA0BIM 3BEHOM B
NIPOYHOCTHBIX ~ CBOWCTBAaX  SUEHCTOro OEToHa  Kak
CTPOMTENBHOTO MaTepuaia, He3aBUCHUMO OT €Tr0 CPEIHUX
IIPOYHOCTHBIX HOMMHAJIOB, YAOBIETBOPSIOMINX NICHCTBY-
IOLTUM CTaHgapTam [23].

Jlnst BBIYUCICHUST (DPAKTATIBHONW Pa3MEPHOCTH B HC-
CJIEZIOBAHUM HCIIONIB3yeTcs anroput™ IleaHo u Mmeron
«Box Counting» [24]. CormacHo 3TOMy METO.Iy,
BBIUKCIICHUS (PpaKTabHOM pasMepHocTH D (puc.7) mpo-
U3BOAMTCS 1O popmyie

_InN_ 9)

r7ie O — KBajpaTHas sTYCHKa CETKU Pa3MepoOM OX O, TIOKPHI-
Baroliell OuHapHoe u300paxenue (puc. 7); N — 4ucio
KBaJ[PATHBIX SYECK, B KOTOPHIC MOMAIU TOYKH (C KOOPIH-
HaTamH X;, yj, i=1, 2, ..., m, j=1,2, ..., k) nzo0paxenus,
MIPUHAJICIKAIINE TPAHUIE «MATEPHAT — TIOPBD». 3HAUCHHE
N ompenensuioch ¢ HCIOJIb30BAaHHEM alTOPUTMa, TPE-
CTaBJIeHHOTO Ha puc. 8 [19, 24].
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Puc. 7. bunapHOoe m300pakeHHE MaKPOCTPYKTYPHI JreS— 6eT0Ha, MIOKPBITOE CETKOM C KBaApAaTHBIMH sUEHKaM,
BHYTPH KOTOPBIX, COTIIACHO anroputmy «Box Counting», BBIYUCIIOCH KOMWYIECTBO IOMABIINX B i-bII KBaIpaT

TPaHUYHBIX (MaTepHajl — MOPHI) TOUEK

Fig. 7. Binary image of cellular concrete macrostructure, covered with a grid with square cells, inside which, according
to the "Box Counting" algorithm, the number of boundary points (material - pores) that fell into the i-th square

was calculated

[IpoBen€HHBIM YHMCIEHHBIN 3KCHEPUMEHT B paMKax
MIPOTPaMMHOM peanm3aryn (puc. 8) BKiIovaeT B ceds Mo-
ITyJH, 00eCTIeYHBAOIINE BBOJ B (HOPMUPOBAHHUE MATPHIIBI
N300paKeHUS CTPYKTYPHl SUCHCTOTO OETOHA B TMAMSTH
KOMIBIOTEpa. 371eCh K€ BBIOIHAIOTCS MPOLEAYPHI 00pa-
0O0TKH M300paKeHUsI, BKJIFOYAIOIINE KBAHTOBAHUE HCXO]I-
HOTO M300pakeHHsl Ha 33JJaHHOE YKCIIO YPOBHEW B IIEISIX
pacrio3HaBaHUE TPaHML «MaTepual — MOpPbl» U BBIYHCIIC-
HHE (QpaKTaIEHON Pa3MEpHOCTH CTPYKTYPBI TYEUCTOTO Oe-

http://ftransience.org

TOHA TaHHOW TTOPHUCTOCTH. JTa YacTh MPOTPAMMHOTO KOM-
IUIeKca o0eclieunBaeT MEPBUYHYIO PEANN3alfi0 JUCIICH-
HOTO 3KcriepuMeHTa. BTopas gacTs mporpaMMHOTO KOM-
IUIeKCa BEITIONHSACT YHCICHHBIC SKCIIEPUMEHTHI C MOAETh-
HBIMH 00pa3iiaMy SMeucTOoro 0€TOHA Pa3IMIHON TTOPUCTO-
CTH, a TaKXe WCCIICJIOBaHMsI, CBSI3aHHBIE C (HOPMUPOBA-
HHUeM e€ CBsI3U C (PaKTaJIbHON Pa3MEPHOCTHIO M, B KOHEY-
HOM CY€Te, C IPOYHOCTHBIMH U TEIUIOTEXHUUCCKUMHE CBOH-
CTBaMH.
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BJIOK BBOJA B IMI9BM H ®OPMHPOBAHHSA
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Puc. 8. TlocnenoBaTeIbHOCTD ACWCTBHIA 110 BEIYHCICHUIO (DpaKTaIbHONW Pa3MEpPHOCTH CTPYKTYPHI TIYEHCTOTO OETOHA IO

€ro N300paKCHUIO

Fig. 8. The sequence of calculating the fractal dimension of the structure of aerated concrete from its image

5. 3akiaoueHue

Ha ocHoBanuu npenioXeHHOW METOAMKU MMHUTALU-
OHHOT'O MOJICIIMPOBAHUS TPOM3BEACHA KOJIWICCTBEHHAS
oIleHKa (PpaKTaIbHON pa3MEepHOCTH, OTIMCHIBAIOIIAs MeXa-
HUYECKHUE, TETUIOTEXHUIECKHE CBOMCTBA TIOPUCTHIX MaTe-
pHANIOB, KAPTEIUPYIOIIASACS C TAKUMH BaKHEHIIIMMH TTapa-
MeTpaMu, Kak 00bEMHAs Macca, MPOYHOCTh, TOPHCTOCTH,
TEIJIONPOBOJHOCTE. B pe3ybTare noaydeHbl OTKIUKHY CH-
CTEMBl «MaTpHlla — KOMIIOHEHTHI — MOPBI» Ha BapHalUH

50  https:/transcience.ru

TEOMETPHUH CTPYKTYPHI ¥ BBITIOJTHEH MX aHanu3. Ha ocHoBe
PaIMOHATIFHOTO COYETaHUS BEPOSTHOCTHOTO W JCTCPMHU-
HUPOBAHHOTO OITMCAHUS HCCIEAYEMBIX CTPYKTYp S4YEH-
cToro 0ETOHA MOJydeHa CBS3h CTPYKTYPhI CO CBOMCTBAMH
KOMITO3UITMOHHOTO MaTepuaa.

YCTaHOBJIEHO YTO, AHW3OTPOINHUS MAKPOCTPYKTYPhI
SYCHCTHIX OETOHOB YMCHBIIACT CPEIAHIOIO IIPOYHOCTH SUe-
HCTOTO OSTOHA B 3aBUCHMOCTHU OT YIJIa HAaKJIOHA BEKTOpa
MPEUMYIIECTBEHHON OpPTraHU3aIlU CTPYKTYPBI K TOPU30H-
TaJILHOM OCH.

CoepemeHHble npobnembl mpaHcnopmHoz2o0 komnnekca Poccuu. 2020. T.10. Ne1
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