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TEOPETUYHO U3CNEABAHE 3A NPUNOXUMOCTTA HA MOAENA HA MAHEBUY-
NABNEHKO 3A OMPEQENAHE CbNPOTUBNEHUETO MNPU U3TPBIBAHE HA
EOWHUYHA TPABEPCA OT BAJTIACTOBATA NMPU3MA HA MECTWUM PEJICOB NMbT

ArtaHac CmunsiHoB

MWHHO-Te0NOXKM YHUBEPCUTET

“Cs. MeaH Punckn”

Codpms 1700, bvnrapus

PE3IOME

YBennyaBaHeTo Ha CbnpoTUBUTENHATA CMocOBHOCT Ha MecTumuTe pencosu nbTUWa cpelly CTPaHU4YHOTO WM U3MeCTBaHe un Hanpasuso pa60TaTa Ha
TEXHOMOIMMYHNA Xene3onbTeH TPaHCMNOPT B OTKPUTUTE PYAHULUM MHOTO NO-HafexXAHa. ToBa e CBbP3aHO C yBeNnuM4aBaHe Ha CbMPOTUBNEHMETO NPU U3TPBIBAHE HA

€0VHNYHa TpaBepca v onpeensaHe Ha HanpeXxeHneTo npu Toea.

PasrnegaH e mogen, cbagageH ot MaHesuy-MaBnenko B cpegata Ha 80™ roguHu Ha XX Bek W CbC CpeacTBaTa Ha TeXHWYeckaTa MexaHuka, MaTemaTmyeckata
(hM3nKa 1 KIAacMYeCKUST MaTeMaTUYECKV aHanm3 e nokasaHa NPUIOXMMOCTTa My Mpu peLlaBaHeTo Ha Tasu 3afava.

BBLBEAEHME

anI MeCTUMUTE PEncoBu NbTULLA Ce Habnogaea YHUKanNHO
ABneHne — AennaHnpaHeTo MM B XOPW3OHTanHaTa paBHUHA
npn NEeTHUTE CEe30HW. EgHa ot CbllleCTBEHUTE NPUYNHKU 3a
TOBa € HepoCTaTb4yHata MM CbMNPOTUBUTENHA cnocobHocT
cpewy CTPaHWYHOTO WM WU3MECTBaHE B XOPM3OHTanHaTa
paBHWUHa.

CpaBHMTENHO €BTMHA Bb3MOXHOCT 0e3 ga ce OcKbMsBa
CbLUECTBEHO KOHCTPYKUMSITA HA TOPHOTO CTpPOEHe Ha
MecTumMunTe pencoaw m:mw,a € fa ce Brpa;wl B Hed MeTalnHa
TpaBepca C KpbCTOBMAHA (hopMa B NOAPESICOBUTE CEYEHUS.

ToBa MHXEHEPHO pELUeHWe, peanu3npaHo B MacoB Mallab
N3MCKBA CEPWUO3HM MHBECTULUMM. Pe3oHeH € BbNpoChT
OnpaBLaHM NM ca Te U CbLeCTBYBAaT NI Bb3MOXHOCTU C
[OCTaTbyHa  TOYHOCT fJa CE OUEHM  KOMMYECTBEHO
YBENNYABAHETO HA CBMNPOTUBIIEHMETO HA MECTUMUTE MbTULLA
B XOPW30HTanHa paBHMHa. BCbLHOCT NpobnembT ce cBexaa
[O HaMMpaHETO Ha [OCTaTbYyHO HadexdeH MeTog 3a
MpeCMsTaHe Ha CbMPOTWBIEHMETO MNpU W3TPbIBaHE Ha
edvHuYHa Tpaeepca OT 6anacToBOTO nernmo. ToBa M3KUCKBa
pa3paboTBaHETO Ha afeKBaTeH MaTeMaTuyeH anapar,
BasupaH Ha cuanyeckn obocHoBaH mogen. [poueckT uma
obave gnHamuueH xapaktep. CregosaTenHo e Heobxoaumo
[a Ce OnUle MeXaHuyHaTa cucTema OT TpU TpaBepcy
(cpemHaTa ce npegnonara, Ye € ocBoBOAEHa OT CKPENUTENHM
BPb3kW) 1 BanacT B MOMEHT Ha rpaHUYHO paBHoBecue. T.e.
HYX€EH € MOZEN, Ype3 KOATO C eAMH M ChLUM TUN YpaBHEHWS [a
Ce OMMCBaT MpOLECUTe Ha TPaHMYHO PaBHOBECME MEXay
Banacta n TpaBepcuTE C KOHBEHLMOHANHa W KpbCTOBMAHA
copma B MOAPENCOBOTO CEYeHME Korato cuctemara e Bee
oLle B MOKOW, HO € HanuLe MbPBOHaYanHo Makap 1 6e3kpaitHo
Marnko NpemMecTBaHe Ha U3TpbrBaHaTa TpaBepca.

BA30B MOJEN

MpUHUMNHO CbllecTByBaT ABa noaxofa. [TbpBuAT uanckea
Cb3[aBaHETO Ha HapoyeH MOAEN, ONWCBALl BbMPOCHUTE
(humanyeckn npouecn. ToBa obaye € MHOrO CrOXHa 3afjaqa,
pellMMa caMO C YCUNMATA Ha KOMeKTWBW. BTopuaT nogxon
npearnonara M3nonasaHeTo Ha (PU3MKO-MaTeMaTMyeH Moger,
paspaboTeH 3a [ApYrM YCNoBMS HO MPUMOXMM U 3a
KOHKpEeTHaTa 3agada. ECTecTBEHO MpunaraHeTo My M3nCkea u
CbOTBETHATa (HN3MKO-MaTemMaTiiecka 060CHOBKA.

B Tasu ctyaomus e n3bpaH BTOpus nogxod. 3a aHaroros
fasoB e u3bpaH MogenwbT, paspaboteH oT MaHeBuy u
Maernexko B Havanoto Ha 907 rogunu B (Maresuy J1. u dp.
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1982). CblHocTTa My e umiocTpupaHa ¢ cur.1, a obuwata
CXeMa Ha pascbXaeHusTa e

Queypa 1. basos moden Ha MaHesuy-ITagneHko
cnepHara:
du3nyeckn MOAeNbT NPeACTaBNsBa PaBHUHHA NAACTUHKA

(nosuumsa 2) ¢ pasmepn "2.b" n "h", oT KoATO ce M3TPBrBa
HAwka  (noswums  1). PaBHuMHHATa nnactuHka  (2)



npeacTaensea egHopoaHa cpefa. Huwkata (1) ce Hamupa B
Hes 1 e CbC CTPYKTYpa, pa3nuyHa oT Tasn Ha 3acbukanswara
s cpepa:

*  Hegedopmupyema €;

* TBBpPAAE.

Cnep npunaraHe Ha ocoBa cuna "Fo" BbpXy HULKATa Mo
rnocoka Ha octa "X', 3anoyBa W3TernsHe (M3TPbIBaHE) Ha
HuwWKaTa (1) oT 3aobukanswarta s cpefa Ha nnactuHkara (2).
3a kpaTkocT no-HataThk 3aobukandwara cpega  Ha
nnacTuHkata e Hapuyana matpuua. Mpu npoueca Ha uaternsHe
(n3TpBIBaHE), NOBEAEHNETO Ha HuWKaTa (1) u MaTpuuarta (2) ce
n3passiBa CbC CrieJHUTe 3aBUCUMOCTY:

- ypaBHeHWs 3a paBHOBeCue Ha maTpuuaTta (2) — To-
Ba e cucTemata 0T 4acTHW audepeHLmanHi ypaBHeHUs
(1);

- YpaBHEHWEe Ha NpeMecTBaHe Ha TOYKWTE Ha HuwkaTa (1) —
A1cepeHLanHo ypaBHeHue (2).

1°U U 1
B, =
102y+G0x2 +(V2 1JrG)dx@y 0 (1)
1’y 1V 1°U
“ iy 5 Ix* ' (VIBZ+ G)dxay: 0
0w
EA~S—+ F,8 (x)-2r (x) (2)

KbaeTo: z(u, v) - BEKTOPBT Ha NPEeMeCTBaHe Ha MaTpuLaTa;
U, V - KOMNOHEHTUTE Ha BEKTOpa Ha NpeMecTBaHe Ha
MaTtpuuata. B criyyas cbBnagat c ocute X u'y;
G - kopaBWHa Ha MaTpuLaTa Ha Cpsi3BaHe;
Fo - ocoBaTa cuna, MpUOXeHa Ha HWLWKaTa B rpaHn4HaTa
TOUKa;
EA - reomeTpuyecka XapakTepuUCTMKa Ha HWLLKAaTa MM OMbH;
Bs, B, - kopaBMHaTa Ha OMbH 1 HATUCK HA MATPULIATa;
Us1,Up - KoedomumeHTuTe Ha lMoacoH;

t(y) - HanpexeHWe Ha cpsi3BaHe MEXMy HULIKATa U MaTpu-
uata. Mpeanonara ce, Ye B 30HATA HA KOHTaKTa

U
)= 633 tm=o

W - npemecTBaHe Ha HULLKaTa;
d(y) - menTa dyHkums Ha Oupak. MNpencrasnsea wHTerpanex
(hyHKLIMOHAN M XapaKTepuanpa U3Tpbreallara cuna.

HoBata cuctema oT ypaBHeHns [(1) n (2)] e cbe
cnegHuTe rpanuyHu yenosus (3) - [3.1], [3.2], [3.3], [3.4].

[3.1] =0l

- CbVI3I/I‘-I€CKI/1$|T My CMUCB €, Ye Mo
0

HanpaBMneHne Ha HUWKaTta “y” KOMMOHEHTaTa Ha peLLeHWeTo
“U” ceBnaga ¢ “W”, KOETO € PEeLIeHNETO Ma YpaBHEHMETO (2).
T.e., ako ce 3Hae B koS 4a € Touka "y" 3HauyeHueTo Ha “W”, To
“U” (komnoHeHTa Ha BekTOpa Ha npemecTBaHe Ha
mMaTpuuaTa) uma cbliata CTOMHOCT. Ha npakTika o3Havaea,

Ye BEKTOPLT Ha NPEMeCTBaHe Ha MaTpuLaTa 3a TOUKM nexalm
Ha octa "y" uma BTopa komnoHeHTa V=0 (pewenueto Z=U,0
unn Z=W,0);

[32] U=V=0

mMaTpuLaTa e 3axBaHaTa B jBaTa CW Kpasi ycropeaHo Ha ocTa
"X", T.e., Ye € rapaHTMpaHa HenoABWXHOCT Ha MaTpuuara
M3BBH TOYKUTE C KoopauHaTh "+b";

yzib T CbVI3VI‘-IeCKVIFIT My CMUCBIT €, 4E

v _ .
[3.3] E =V = 0] - dusnyeckusT My CMUCHN €, Ye
x=0

BEKTOPBT Ha CKOPOCTTAa Ha NpemMecTBaHe Ha maTtpuuara no

[ e]

HanpaeBneHne Ha OCTTa X € PaBHO Ha HyNna B TOYKaTa x=0;

B4] U=V=0

Pt CbVISI/IHeCKVIFlT My CMUCBIT €, Ye

x=

(]

korato “X” € MHOrO rofsiMo NpeMecTBaHuATa B MaTpuLaTa ca
Hyna.

AHAJIOrOBA AJAMTALINA HA BA30OBMA MOAEN KbM
PELIABAHATA 3AJAYA

OcoGeHocTuTe Ha Moaena Ha MaHesmy - MaBneHko ca:

- maTpuuaTa e eaHopoaHa cpeaa;

- HMWKaTa e CbC CTPYKTypa, OTANUYHA OT TasM Ha
maTpuuata u HOCU CrieaHuUTe XapaKTepuUCTUKA:
. HeaedopMupyema e;
. TBbPAA €,

MMpu u3TernsHe Ha CTOMaHeHa TpaBepca C KPbCTOBWAHA
cdopma B NOA-PENcOBOTO  CeyeHue, ocBobogeHa OT
CKPENUTENHM BPB3KM W NOTOMEHA [0 TFOpHWS cu pbb B
GanacToBara npuama, cnesga aa ce Habnopasa:

- cpssBaHe Ha Oamacta no MOBBPXHWHMW, M300paseHmn C
mHm 1-1 1 2-2 (ur.2), T.e. nopagn pasnuyHaTa cu
CTPYKTYpa, TasW Cxema MOxe pga ce TpeTupa
NOCMEeAHNS HaYNH:

e BamacteT - KaTo MaTpULa;
e TpaBepcaTa - KaTo U3TPBbrBaHa HULLK;

- cpsiseaHe Ha 6anacta no NMOBbPXHWHA, CbBNajalla ¢
JonHaTa OCHOBa Ha Tpasepcata. T.e., ako ce [OoMycHe,
Ye MO BMCOYMHATa Ha TpaBepcaTa MOBEAEHWETO Ha
Cpsi3BaHe MO BCWYKM XOPW3OHTANMHU CEYEHUS Ha
W3TpbIBaHaTa TpaBepca e eaHo M CblLo, TO KapTuHaTa
no npuHUMn  Hanogobsiea O CTeneH Ha
MOEHTUPNKALNS TEOPETUHHMA MoZen no dur.1.

lMpn nonoxeHue, Ye Tpasepcata ce Hamupa B 6anacToBoTo
Mernio M OKOMO Hes OT ABEeTe M CTPaHM NUMCBAT HSKOMKO
CbCeOHN TpaBepcu, TO CpsA3BaHeTo Ha Ganmacta (CbrmacHo
WU3NOXeHWUTE Mo-rope CbobpaxeHus) cTaBa nog bron ¢ (dur. 3)
OT Mo-JarnevyHus (CnpsiMo MocokaTa Ha W3TPBLIBAHETO) Kpal Ha
KPBCTOBMOHMTE YIUMPEHWS! MO MOBbPXHMHA, CbBRagalia c
paBHMHATa Ha JonHaTa OcHoBa. [locnegHOTO ce AbmkW Ha
0BCTOATENCTBOTO, Ye HaNMYMETO Ha MOATPaBEpCOBW MparoBe
Mof M B CbCEACTBO Ha M3TpbrHaTata Tpasepca obycnass no-
ronsMo CbMPOTUBNIEHWE HA cps3BaHe Ha 6Ganactosata



npuama nog brun "¢" (Ha BLTPELLHO TpUeHe Ha banacTa) B
AbnboynMHa KbM 3eMHaTa OCHoBa. B cbwoTo Bpeme
aKTMBHO [eicTBallia No ocTa Ha Tpasepcata cuna "F," Thpcu
30HaTa Ha Hal-MankoTo CbnpoTUBNEHWE. A TO € UMEHHO No
XOpW30OHTamnHarta paBH1Ha, CbBNajalla ¢ JonHaTa ocHoBa Ha
W3TpbrBaHaTa TpaBepca nopagu Mo-mMankata-CcteneH Ha
YyNAbTHEHUE B CpaBHeHMe C ynnbTHEHWETO Ha banacTa
B 30HaTa Ha nofTpaBepcoBuTe nparose. 3noxexuTe no-rope
CbobpaxeHns ca NorMyHM 1 BepHW. Ho Te He oTynTart u Hama
kak ga oTyuTat, Ye mogenbT Ha MaHeswy — [laBneHko e
Cb3afeH 3a U3TPbIBaHe Ha HLLKa OT KOMMO3WTHA Cpefa.
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Queypa 2. JluHuu Ha cpasgaHe Ha baracma npu usmeansHe
Ha KpbcmosudHa mpasepca
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Queypa 3. Unrocmpayus Ha cpsisgaHemo Ha banacma,
npedu3sgukaHo om KpbcmogudHama ¢hopma Ha mpagepcama

3a pa ce wusberHaT CbMHEHWs B MpaBOMEPHOCTTa Mpw
n3non3saHeTo Ha 6a3oBMs MOAen 3a LenuTe Ha pellaBaHaTa
3afiaya ce Hanara u 0bcToitHa TeopeTyHa 0B0CHOBKA.

OCHOBHW MPEAMOCTABKW 3A MPUTOXEHWE HA
MOOENA
OcHoBHUTe npeanocTasky, Npegnonaraluy o60CHOBaHOCTTa
Ha TeopeTMdyHaTa MpennocTaBka 3a MpUNoXeHne Ha mogena

MaHeBwuy — [MaBneHko ca no cwur. 4.

Te ca:

[MbPBO: Mpuema ce, Ye ce pasrnexna 4yacT OT paBHUHEH
tparmeHT oT BanactoBaTa npusMa M pencoTpaeepcosaTta
ckapa. [onycka ce, Yye MO HAKAaKbB (HEU3BECTEH HauuH
3acera) HayuH TpaBepcuTe ca CBMTWM 0OEMHO JO npe-
BPBLLAHETO MM B Be3pasMepHu HULLKA W NPU U3TPLIBAHETO UM
oT barnactoBata npusma npegu3BukBaT (nak 3a cera no
HEM3BECTEH Hau4uMH) cpsA3BaHe B BanactoBOTO Merno Mo ocTa

"X" (dowr. 4.a).
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Q@ueypa 4. N3xo0Ha basa 3a eeHe3uc Ha Modena MarHesuy-
[MasneHko. a) npuRYUNHa cxema Ha Mecmumama pesncosa
NuHus no modena Mareguuy-llagneHko; 6) uzuyecko
nosedeHue Ha 6anacmogomo seasio; 8) efneMeHmapeH
ceameHm om yninbmHeHomo banacmogo neano

BTOPO: KomnoneHtTute U M V Ha Bektopa z Ha
NpeMecTBaHETO Ha MaTpuuaTa ca YCriopeaHu Ha ocuTe X Uy

(cpur. 4.2);

TPETO: EnactuyHute mogynu Ha 6anactoBoTO nerno,
Makap M 6nu3ki No CTOMHOCTW MO OCKUTE X M Y Ca Pa3nnyHu,

e, E.NE (no dur. 4a), T.e. 6anacrosara npusva e

opToTponHa. Kato no octa Ha mbTa E,, e no-ronsm ot mogyna
HanpeyHo Ha mbTs E.

YETBBPTO: BbanacTsT e ynnbTHEH B CTeneH [o
obpa3yBaHe Ha NOA-TPaBEPCOBW MParoBe M MIbTHOCTTA My
kaTo (hyHKLMS Ha 0BEMHOTO TErNo e Mo HepaBeHCTBOTO:

V12V, < yfp (rogwr.46), (4)
KbAeTo: y ecp e 6pyT0 TOHaXbT, cneqj 4YMeTo npemMmmHaBaHe €
Taka ynmbTHEH, Ye No MOBEEHe 1 CBOIICTBA ce [obmKaBa
[0 Te3n Ha enacTu4HOTO TAmO.

METO: Cucremata € B AMHAMMYHO PaBHOBECHE, T.e. BCEKM
BeskpaliHo MarTbk eneMeHT OT MaTpuLaTa € B paBHoBECHE — Mo

(qour. 4.8).

OBOCHOBKA HA TIMbTHOCTTA HA BETOHOBATA
MPV3MA

BbB Bpb3ka ¢ YeTBbpTaTa NpeanocTaBka W 3aBUCUMOCTTa
(5) cnepea pa ce otbenexwu, Ye npu paspaboTkata Ha
(Cmosros 4. u dp., 1998) n (CmosHos 4. u dp., 2000) ot
konektmea Ha [. CTosHOB 6sixa M3BbPLUEHW HabmopeHus
BbpXy TOBApPOHAMPEXEHNETO OT pabOTHUTE BNAKOCLCTABM NpU
MECTUM PesnicoB MbT B Hacunuwe “Obpyumile” KbM pYaHWK
“TposiHoBO” Ha MuHK “Mapuua nstok” EAL.



Cnopeq MeaHos . (1981), T. Kocmos u dp. (1991), I
UaxoHsiHy u 0p. (1982), a v MO NPUHLMN agMUHUCTPaLMUTE Ha
KOHBEHLMOHaNHNTE XenesHnuy B MHOIO CTpaHu npuemart, 4e
©anacToBOTO NeErno Ha XenesHust MsT € B A0CTAaTb4HA CTEneH
YNITbTHEHO crief npemuHaBaHeTo no Hero Ha 1000000 6pyTo
ToHa. pu TOBa ce npuvema, Ye NPOLECHT MpOTMYa MO
rpacpukata Ha cour. 5.

“Y[f/mil

Q8emro meeno
Ha dangcma
o

|

= =
flpeaunan dpymomonax
T [3p.H]

Queypa 5. Nnocmpayus Ha npouyeca Ha yniibmHsigaHe Ha
6anacma e banacmosama npu3ma cred npeMuHagaHe Ha
onpedeneH bpymomoHax

B nonsa Ha curypHocTTa B pa3yeta no Jony € npueto
nocTosiHeH Bpoit Ha BaroHuTe 16;

- BaroHuTe ca ¢ obem 40 m3 u Tapa 34 t. Mpeso3saHata
OTKpMBKA € OT PasfnyHK TNUHW CbC CPeHO 0OEMHO Terno
2,1 t/m® u cpeneH koeduumeHT Ha pasbyxsaHe K, = 1,45.
Mpemepenn ca 29 BaroHa W e YCTaHOBEH CpefeH
KoehMUMEHT Ha HambriBaHe Ha BaroHute K, = 1,02, ,

B TakbB cryyail BpyTHOTO TEMMO Ha eMH BNAKOCHCTaB €:

V.o K
op: +2 PNy (5)

an 6

P
d TOBAapOHaNpPexeHWeTo OT Hero W3ncKea ,ElOGaBKaTa Ha
TernoTo Ha npasH1A Bnak —

P1 = ne ‘qe

KbaeTo:
P, - ternoto Ha nokomotuea. 3a cepus EL2- P, =147 t;
n, - Gpoii BaroHN BbB BnakocbCcTaea. lNpueto 7, =16;

3a usnonssaHe B
n  6wrarapcku

V.- ofem Ha Kowa Ha BaroHa.
HabriogaBaHTe BNakoChCTaBM C  PYCKM
aymnkapu V, =40 mé;
K, - xoeduumeHT Ha HambnBaHe Ha kolWwa Ha BaroHa.
CpepnnusT koeduumeHT B pasieta e K, =1,02;
K, -koedmumenT Ha pasbyxsare. Mpuet K, =1,45;

P p
qr - KoeDUUMEHT Ha BaroHuTe g, = 34t

/inn ToBapoHanpeXeHNeTo OT eaunH Bnak e 2 274 1.

/ 3a gBata pyaHuka, nonasawy Hacunmwe “Obpyunie” ce
paboTh C ABYCMEHEH PEXWUM Ha XN TpaHcnopTa. B nonsa Ha
CUrypHOCTTA € B3eT KOe(hULIMEHT Ha U3NON3BAHETO MY

K,=0,75;

- HaToBapeHus absetuep AS-6 npuema mexzay 3 1 6 Bnaka Ha
yac. B nonsa Ha curypHocTTa B pasyeTta ca npuetu 4 Bn/h.
/v 3a egHo geHoHowwme ce npuemart ot absetuep AS-6

N,

61.0H

= I’lm/h.T.KH = 4.24.0,75 =72 Bnaka

Toraga 06Lus GpyTO TOHaX Ha eHO AEHOHOLLME €:

Oppon = Nopo 0, = 2274722 1637281

ToBa 03HavaBa, 4e 6pyTo ToHax ot 100000 t no mecTumus
pencoB mbT Ha absetuep AS-6 B Hacunuwe “Obpyuunile” ce
Habupa 3a no-Marnko oT 7 JEHOHOLMS.

CnepoBaTtenHo cnep 6-7 gHu pabota no HOBOTO Tpace
fanactbT B DanacToBaTta npu3Ma Ha MecTUMWUSt PencoB MbT
npu absetuep AS-6 e ynmbTHeH no (5) W noBeaeHWeTo U
CBOVCTBaTa My ce A0ONMKaBaT [0 Te3U Ha eNacTU4HO TANO.

TEOPETWUYHO OKASATENCTBO

Kato ce 3Hae Bcudko TOBa, Ce Mpuema, Ye Marpuuarta
(banactoBoTO nerno) e B paBHoBecue. ToraBa BCEKU
PaBHWHEH (hparMeHT OT Hero (Mo Mbpea MPEeAnocTaBka) € B
paBHoBece. ToBa ce OTHacas W 3a De3kpalHO Mankus
eNemMeHT oT MaTpuyata — ¢ur. — 4B, Te. B cana ca
YCNOBMSITa 33 PABHOBECHE.

M_X+ aryx =0

dx dy (6)
do, 01,

by ox

Ot TeopetuyHaTa MexaHuka w cbnpomarta (Kucnskog C.,
1980, ®edockes B., 1965 u dp.) e u3BecTHo, Ye DeskpaiiHo
MarkuTe NpemMecTBaHUs Ha MaTpuuata no komnoHeHTute U u
V Ha BekTopa Z (no BTOpaTa npegnocTaBka) ce W3nuceaTt C
ypaBHeHusTa:

U

é‘xx:a_
X

;2 (7)
0y

£ =y :0_U+0_V

o Lo T

Wanncax B 0600LEH BNA, 3aKOHA Ha XYK €:

0. =a,é

X 11 xx

tané  taygt

W 13% xy

0, - a21'£ xx t a22 £ w t a23 £ Xy (8)

y

Txy Sy d Lt ayd w+ Ay W



* YpasHeHus (8) npedcmasnisgam pasHUHHUS criyqal. Ako ce
mpemupa npocmpaHcmeeH cryyall, ypaeHeHusma ca 6, a
KkoecpuyueHmume a;-36.

B cuctemara ypaBHeHus (8) a; Ca enacTU4HU KOHCTaHTH,
XapaKTepuaupallM CBOWCTBATa Ha MaTpuuata (ynmbTHeHaTa
BanacrtoBa npusma). MoHexe e npueTo (TpeTa npeanocTaska
no IV), ye maTpuLata e opTOTPONHa, TE3N ABa KOePULMEHTa,
Bb3 OCHOBA Ha TeopemaTta 3a B3auMoJencTeme Ha pabotute u
npecmsiTaHusTa (Pedockes B., 1965), ca 4Ba No ABa paBHy.

3amecTBa Cce 3aKOHbT Ha X)/K B yCnoBuATa 3a paBHOBECKE,

AvcbepeHLmpa ce Mo “X” 1 “y” 1 ce cbOupaT MbPBOTO U TPETOTO
11 BTOPOTO U YETBBPTOTO YPaBHEHMS.

1. 0, + _0Txy z
dx 0y
do . o ) w
ﬁ_):: 11 P tap, ﬁ"' ag; a;
arxv y £x7
ay = 31 a * a32 0}> * a33' a))}
Wnn
0UX_a62U+a 02V+a 62U+aﬂ
0x axr Paxdy  Saxdy Pox?
ar 2 2 2 2
» - a3l.a_U+ asz'a_lz/"' a33.0_l2]+ a33.a—V
dy 0x0y ly 0y dx0y

Mopaau npueTata OPTOTPONHOCT

Q3= Ay 7 Ay = a4y = 0

a12 = aZ]

Toraea mbpBOTO YpaBHeHWe Jobumea Buga no 1°

do, 01, 1°U 1’ 1’V
', —=+ a5t a33.—2+(a,2+a33).
ix dy 0x Iy dx0y
da arw
2. —~ = =0
0y 0x
Wnn
AHarnorvyHo ypasHeHue (2) nobusa Buga no 2°
dog, 01 3V v 1°’U
2. —2+ =g, —+ta,—1t|a, ta,. —
iy dx  Cax® Pyl (@ + ) dxdy

Wnu cuctemata ypaBHeHus 3a pasHoBecwe (6) JobvBa Buaa
no (9)

02U+a 02U+(a ‘4 )an -0

11 axz 11 axz 12 33 0xay (9)
0’V 0’V 1’U _

B2 azzv+ (a21+ a33)0x5y_ 0

Ot gpyra ctpaHa 0606LweHust 3akoH Ha Xyk (Kucnskos C.,
1980, ®edockes B., 1965 u fp.) npu gByMepHaTa 3agavya ce
3anucea no (10)

:0—‘“-p.0—"K)5‘,:L(0‘-p‘.o ,)o, (10)
! Eyy ! E\y Y En g Y ’
I
X) - X _n a_U+ a_Vm TY‘ GY ;Ka_U+ a_V:l
’ G, iy ix iy dxy

KbAETO: Ly, Hy - KoeduuneHTH Ha MoacoH 3a Bpb3ka Mexay
HanpeYHUTe M HaAMbXHUTE AedopmaLmy;
Gy~ BTOpY MoAayn (Ha HOHr) Ha cpsiaBaHe.

YMHOXaBa ce mbpBoTO ypaBHeHue ot (10) ¢ Wy, u ce cbbupa
C BTOPOTO ypaBHEHWE, a BTOPOTO CE YMHOXaBa C iy U ce
cbbupa ¢ mbpeoTo. Cnep n3secTHU npecbpasysanus (6) u (10)
pobueat euga no (11):

Eo, U iU K E0, I
—— 5t Gty ——— |t Gnd =0
1- .u,\":u y ax 0y Ml- ux‘u 1] axay ( ]
’ 11
2 2
Jﬁ 0 : E,, .0_V+)K E0, I+ G al - 0
Pox? -y, iy AEI ! “maxa

ConocraBkata Ha cuctemarta (11) n cuctemara (1) ot 6asosus
mogen Ha MaHesud - Maenenko (Maxesuy J1. u dp., 1982) u
cuctemarta (9) faBa OCHOBaHWe fa ce TBbpau, Ye:

-4y = B 0asoBus moaen e 0603HayeHo ¢ By u

-
=g,
n3pasqea npueedeHuUa Moayn Ha enacTUYHOCT Ha matpuuaTta

“y ",

no “x’;

ST T “ B 6asosus Mogen e 0603HaveHo ¢ B, v
x*Fy

W3passiBa MpUBEAEHUS MOJyM Ha eNacTUYHOCT Ha MaTpuLaTa

[(NEIN

no‘y”;
- ay; = G, B Gasosns Mogen e o6o3HayeHo ¢ G 1 n3passiea
npuBeAeHNs BTOpW Moayn (Ha cpsissaHel Ha tOHT;;

- - Exx - E}} - -
- ag * 2,-l_ux.ﬂy-ﬂx-1_“‘1}.-#@- B ol

C m3BbpLUeHNUTe npeobpa3syBaHusa 1 13BOAM ce obycnaes
MPMNOXMMOCTTa Ha cucTemata ypaBHeHust (1) oT 6asosus
MOAEN 3a pellaBaHaTa B crnyyas 3ajada. OctaBa fa ce
0B0CHOBE W KOCTUTYMBHOCTTA Ha TPETOTO ypaBHeHWe — (2) oT
6asoBus Mogen. 3a LenTa ce pascbxiaBa Taka:

Ako ce npueme 4e Hulkata B mogyna ce nogvuMHABa Ha
3akOHa Ha XyK npn eaHOMEPHO HanperHato CbCTOAHWE —
OMBbH, TO HANPEXEHNETO B HEA €1

Q
7|

(12)



kbaeto F — NNLETO Ha HULLKaTa.

HanpexeHreTo no MbiHWS 3anUC Ha 3akoHa Ha Xyk ce
uspasssa c (14) n no (8)

a x = all'g xx * a12'£ » t al'g Xy (13)
HO
a,€, =0 (14)

(15) cnepBa OT eAHOMEPHOCTTA Ha HULWKaTa

Oule,
ayé, =0 (15)

xy

(16) cnemea oT aj;;=ax nopadu npuetata OpTOTPOMHOCT
(TpeTa ocHoBHa npepnocTaska ot V)

CnenoBaTenHo HaNMpeXeHMeTo B HUILKATa MOXe Ja Ce
n3pasm oLLg C:
0,%a,f, (16)
Ho oT TeopeTnyHaTa MexaHuka 1 cbnpomara (Kucnskos C.,

1980, ®edocbes B. 1965, u dp.) n Beye npUNOKEHNTE
ypaBHeHus (7) e U3BECTHO Ye

£, - "a—U (17)
X

Torasa

7, de, U

e )

Ot gpyra ctpaHa 6a3oBust Mmogyn Ha MaHeBwny-laBneHko
(Maresuy /1. u dp. 1982) TpeTpa CbCTOsSHWE, NMPU KOETO
W3TpPbIBaHaTa HUWKa e BCe Owe B paBHOBecKe. B CbliOTO
Bpeme ot ussoga (11)

E
o 19
xPy
B cnyyas nopagu eHOMEPHOCTTa Ha M3TpbreaHaTa HULLKa

K, =0,Te.

all = Exx (20]
CnepoBatenHo
0 1°U
*z F — 21
Ix  Tox’ ( )

AKo ce nornefHe TPETOTO ypaBHeHHe (2) oT 6a3oBus Mogen
no [Opyr HawH u ce cbobpasu BTOpaTa OCHOBHA
MpeanocTaBka Ha KOMMOHEHTUTE Ha Bektopa Z Ha
MpPEMECTBaHeTO C ocuTe X U Yy, TO ako ce 3ameHn W
(NpemecTBaHeTO) C HeroBaTta KOMMOHEHTA U ce cbobpasn ot
(22), e kbM Hero ot (13) cnegpa ga ce gobasm nuueto F, 10
(2) ce npeacTass BB BUAa:

2
FE Y

0x

= Fd (x)- 21 (x] (22)

Mo HaTaTbk Ce paschihaBa Taka: npegrnonara ce 3a
MOMEHT, Ye NnsBaTa CTpaHa Ha (22) e sicHa u cneapa fa ce
M34CHU aACHaTa 4acT.

B Hes cbllectByBa npousseaeHneTo Fed(x), kbaeto Fo e
usTpbreawata cuna, a d(x) e genta dyHkuns Ha [upak.
[enta yHKUMATa B TakbB Chyyal Ce BbBeXda 3a ga ce
obo3Haun xapakTepuctukata Ha cunatra. Ta [O(x)] e
oboblueHa yHkums. Hama duamyecku cmucwbn. Wapassea
camo, Ye curata e NpuioxeHa B TOMKa (TOYKOBA CUMa) U Ye ce
MEHW OT Hyna [O HskakBa CTOMHOCT. VIMEeHHO Ta3n kpaiiHa
CTOWHOCT Mpean3BUKBa U3TPBIBAHETO. VI3MeHeHMeTo OT Hyna
[0 KpaiiHaTa CTOMHOCT € NOAYMHEHO Ha 3aKoHa

b
i g (23)
N

- 4
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Queypa 6. [eomempuyecka uHmepnpemayus Ha uHmeapana
om denma byHKyusma Ha Jupak

EgHo ot cBoicTeata Ha O(x) e, Ye MoauHTerpanHata My
MoLy € BuHark eauHuLa. ToBa No3BornsBa fa ce B3eMe cepus
0T 8(X) C MOCTOSIHHO CTECHsIBALY CE WHTEpBan kaTo Taka ce
XapaKkTepuaupa npomsHaTa Ha cunata OT Hyna [0 CTOWMHOCT,
MpuW KOSITO HaCcTbNBa U3TPbrBaHe. T.e. NPUCHCTBMETO Ha O(X)
B [iCHaTa 4acT Ha ypaBHEHWETO (22) He NpOMeHs cunaTa, a
Camo 51 xapakTepuaupa.

OcraBa fja ce n3gcH1 (rU3NYECKMAT CMUCHA Ha NOCNEAHNS
urieH B JsiCHaTa CTpaHa Ha paBeHCTBOTO (22). Pascbxaasa ce
Taka:

YpaBHeHWEeTO

1°’U
FEW F (x) (24)
€ BCBLUHOCT ApYyr BMA 3anuC Ha 3akoHa Ha HIOTOH,
npeacTassH 06UKHOBEHO BB BMAa (25).

F=ma (25)

Ho ot matemaTuyeckata dmauka (ApmaHosuy M. u dp. 1969,
lenyes T., 1976, TeyeHue 1982-1994, TeueHue 1971-1982,
TeyerHue 1985-1999 u Op.) € M3BECTHO, Y€ MbIHUS HA TO3M



3aKOH BKIOYBa OLle CbNPOTUBNEHNETO Ha cpefata, B KOATO
Ce M3BbpLUBA [OBWXEHWETO Ha [OBWXELUMA Ce enemMeHT (B
chny4vas — U3TpbreaHata HI/II.IJKa) M Herosata MHEPTHOCT.

Ako ¢ W ce 03Hauu KoopauHaTaTa M TpaekTopusiTa Ha
TOYKMTE OT HMLIKATA BbB BpemMeTo C t M OTCbCTBA
CbMPOTUBIEHME, TO 3anMMCbT Ha HIOTOHOBMS 3aKOH MMa BUAa
no (26)

mW' = F (26)

KbeTo We NPEMECTBAHETO Ha TOYKUTE OT U3TPBIBaHaTa
HULLKA.

M Tbin KaTO HWLWKATa Ce ABMXM CaMo No npasa nnHU4, 10

NPeMeCTBaHETO Ha efiHa TOuKa OT HULLKATa Ce [BMXM CaMo No
npasa NuHKS, no dwur. 7.
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Queypa 7. leomempuyHo u3obpasseaHe Ha eOHOMEPHO
npemecmeaHe Ha moykume Ha Huwkama 3a speme At

B Hai-00Wwwus cnyyail 3aKOHbT € HENMHEEH, 3aL0TO 3aBuCK
oT Bpemeto t, npemectBaHeTo W u HeroBata BTOpa
npoussogHa. Korato ce pelaBaT TakuBa 3ajayu, BUHAru
CTPEMEXBT € [a Ce TbpCu IMHENHO peLleHue, 3alloTo
MaTematuyeckata husnka npegnara rotosu peLleHus.

Hanpumep ako ce npeanonoxu, ye F 3aBUCK NUHENMHO OT
npemectBaHeto W u nbpBata My npoussogHa W

hopmanuanpaH MaTeMaTU4ECKUST 3anuc Ha Tasn 3aBUCUMOCT
n3rnexaa Taka:

F(w+w.w 1) = F(w.w )+ F(w,w . (27)
ToBa 03HayaBa oule, ye
W W, (28)

KoraTo egHa hyHKLWSI 3aBICH JIMHEIHO OT MbPBUS U BTOPUS
CU apryMeHT, peLleHNeTo MOXe fa ce NpeAcTaBy BbB BUAA:

F(w.w.i)=c, W+ CW'+ Fli) (29)
KbAeTo C1 n Cz Ca U3BECTHU UHTErpasiHN KOHCTaHTU.

Torasa 3anuCbT Ha 3aKoHa Ha HIOTOH B TpeTupaHus cryyai
€

CW'+ CW + CW = F(1)d(x] (30)

DU3NYECKNSAT CMUCHI HA KOHCTAHTUTE € KaKTO Crefga:

C, — xapaKkTepuaupa MacaTa Ha HuLLKaTa;

C, — xapaKkTepuaupa CbMpPOTUBIEHNETO (KOHTAKTHOTO) Ha
BbHLIHATA Cpeda (MaTpuuaTta), B KOSTO Ce ABUKM HULLKATa;

Cs; — xapaKTepn3upa MHepuMsiTa Ha [BIKeLLaTa e HULLKA.

PU3NYECKMAT CMUCHI Ha Te3N KOHCTAHTX Hall-HarneaHo ce
nniocTpupa 1 06sCHABa C edHa OT Hal-nechuTe 3ajayn B
MexaHukaTa — MaxanoTo (cur. 8).

a) g)W
/
/
’ - - — - — _
A [fes W /
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Queypa 8. a) CxemamuyHo U306paxeHUe Ha Maxaro,
3a08UXEHO CbC cuna F U ommecmeHo Ha W 6) paghuka Ha
0BUXEHUE Ha Maxanomo eb8 8peMemo.

Bb3amoxHu ca YeTnpu cnydas:

Mbpeu cnyvait: Cpegata e 6e3 cbnpoTuUBneHWe, cunata e
NpUroxeHa egHOKPATHO.

B 103K cnyyait ypaBHEHMETO Ha MaxarnoTo e:

W)+ w.(t)=0 (31)
Peluenme Ha andepeHunanHoTo ypasHeHue (31) e:

W(t) = C.coswtt C,sinwt (32)

Tyk C; ca KOHCTaHTM W 3aBucAT OT A (amnnuTygata) u ¢
(thasata), a w e yecroTara.

Bropu cnyuyait: Cpepata e 6e3 cbnpotuenexue, cunata Fo
[eiACTBa NOCTOSIHHO MO KOCWHYCOB 3aKOH.

YpaBHEHWETO Ha MaxanoTo cera e:

W'.(t)+ 0’ W.(t) = Fy.cosw t (33)
PelueHme Ha gndepeHynanHoTo ypasHeHue (33) e:

J#.coswlt (34)
1

B To3un cnyqalh npn W+=w € Hanuue ABNEeHWeTo pe3oHaHC.

W(t] = C.cositt Cysinwt+

TPETVI cnyqaﬁ: Cpe,ana € CbC CbNPOTUBNEHNE, CUNaTa €
npunoxeHa egHOKpPaTHO.

YPaBHeHMETO Ha MaxalioTo cera €:

W (W . ¢ )+ WPt ()=0 (35)



Ako ce onycHe NMHEeRHa 3aBUCUMOCT MEXAY NMPEMECTBAHETO
W' 1t BpeMeTo t, TO PELLEHINETO 3aBUCH OT XapaKTEPUCTUYHOTO
ypaBHeHwe (36) :

Viral+a®=0 (36)
[uckpumunanTata D Ha (36) e:
D=a -40 (37)
PewweHneto Ha (35) uma ¢hu3nyeckm CMUCHA, Korato

puckpumuHantata D e oTpuuatenHa, 1.6 D<0. Torasa
KOpEHMTE Ha XapaKTepUCTU4YHOTO ypaBHeHwe (36) ca:

_-at iNa®- 4o

= > (38)
1 ce npeacraes BbB Buaa (39):
h,=0tif (39)

Toraea peLleHNeTo Ha ypaBHEHUETO Ha MaxanoTo (35) e:
W(t)= Ce*".cos.p 1C e’ ".sinft +0}) (40)

ToBa e cnyyasT 3a NOCTENEHHO 3aTUXBaHE Ha amMnnnUTydaTa
1 vectoTata — ¢ur.9.
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Queypa 9. llocmeneHHO 3amuxsaHe Ha amniiumydama u
yecmomama Ha Maxanomo

YeTBbpTH cnyuai: Cpenata e CbC ChbNpOTUBNEHME, cunata
€ NPUNOXEHA MO KOCUHYCOB 3aKOH.

YpaBHEHNETO Ha MaxarnoTo cera €;
W'(t)+ aW (t)+ 0 W.(t) = F,.cos0,t (41)

Be3 na ce otgens BHUMaHWe Ha pelueHueTo (41), ako To ce
aHanuaupa M ce Npeanonoxu, Ye mMacata Ha Maxanoto e
HOpMMpaHa KbM eAMHWLA, TO Ha NULE € MbSIHO CXOACTBO W
CbC 3aKkoHa Ha HioTOH, n ¢ mogena Ha MaHeBuy-aBneHko
(Maresuy /1. u dp., 1982) 3a u3TpbreaHata Huwka. Mpu ToBa:

a) koeuumeHTa npes BTOpaTa  MPOM3BOAHA  Ha

npemecteaHeto W' e eauHuua. B 6asosua mogen Toau

koeduumeHT e F.E,,.

6) koedmumeHTa npeg mbpeata NPOM3BOAHA M3passiBa

CbMpOTWBIEHWETO HA cCpefaTta, B KOATO Maxaroto ce

ABvxu. B 0bLyms cryyaii ToBa e CbNPOTUBIIEHNE Ha TPUEHE

B 0asoBus mogen Ha MaHeBuy-[1aBneHKo TOBa € KOHTAKTHO
CbNPOTMBNEHNE HA CpefaTa OKOMo HuwkaTta. O3HaveHo e ¢

t(X) n e npexBLPNEHO B AACHAaTa CTpaHa Ha PaBEHCTBOTO,
3alloTo BWHaru I'IpOTI/IBO/:LeVICTBa Ha W3Tpbreallata cuna.

CroiHocTTa Ha koedpuumeHTa npeg t(x) e 2, 3awoTo ce
npeanonara, 4Ye TO Ce MposiBiBAa €OHOBPEMEHHO OT [BETe
CTpaHuW Ha HuwkaTa — cur. 10.

ol BBy B S0

o

Queypa 10. Unrocmpayus 3a nposienieHUemo Ha

KOHMakmHomo HanpexeHue t(x)

B) koeduumeHTa w npes npemectsaHeto W(t) u3passsa
WHEpLMsTa Ha npoueca, KOSTO MbK 3aBUCK OT TErNoTo
Ha [BWXeLLaTa ce Maca.

B 6asosus mopen koedwmumeHta C; € Hyna, 3alloTo
asTopute MaHesny n Maenenko (Manesuy J1. u Op., 1982)
npeanonarar, Ye egHoMepHaTta Huwka e GearternoBHa. Taka
MMEHHO B KpaWHa CMeTKa ypaBHeHueTo B GasoBust mogen
Aobusa Buaa no (2), a UMeHHo:

2
ox

F,8 (1) ()

ToBa obaye He u34yepnBa BCWUYKM OCOOEHOCTM Ha
reHesuca Ha 6asoBus mogen. 3awoTo 3a ga 3apaboTar
TpUTE ypaBHeHus [cuctema (1) u ypaBHeHue (2)] B eduH
Mogen e HeobXoguMMO cucTemMata 3a paBHOBECUE Ha
matpuuata (1) M ypaBHEHMETO 3a [BWXEHWE Ha HWLIKaTa
fa ce 0bBbpXaT B eHa 3aBUCUMOCT.

Tasu Bpb3ka aBTOpPUTE Ha Mopena (Mawesuy /1. u dp.,
1982) opmynupar ypes 3afageHaTa 3aBUcUMocT (42).

U

T{x)]=G—
(x) =i

(42)

TS AeduHMpa, Ye KOHTAKTHOTO HampexeHue B Harpae-
neHveto y=0 e NpoONOpUMOHaNHO Ha TNpUBEAEHUS BTOPU

mogyn Ha tOHr Ha matpuuata. Mpu no-ronsmo G, t(x) crasa
no-ronsiMo.

Toa G e TO4HO koedhuLMEHTa a3 HA MaTpuULaTa.

G: o (43
N

Wnu KOHTAKTHOTO HarpekeHne € MPOMOPLMOHANHO Ha
enacTMYHMs MOAyn Ha Cpsi3BaHe Ha MaTpuuaTa W oBpaTHo



NPONOPLMOHANHO Ha pa3nukata (1-fx.ly) , KbOETO [y W iy Ca
koeduumeHTUTe Ha MoacoH 3a Beye ynmbTHEHOTO 6anacToBo
nerno no ocu X n'y.

PESYNTAT N ©3BOOM

OCHOBHUAT W3BO[ e, ye TpeToTo ypaBHeHue (2) Ha
6a30Bus MOLEN He Ce MHTEepPeCyBa W He ce Bnusie OT Tuna Ha
CBMPOTMBIIEHWETO, KOETO 3aobukansiyarta cpeaa (Matpuuara)
OKa3Ba Ha W3TpbIBaHaTa HWWKA — TpUEHe, Cpsi3BaHe,
Cpsi3BaHe MNpu aaxesns, Cps3BaHe npu TpUeHe M np.
YpaBHEHWETO  CamM0  OTYMTa  KONMYECTBOTO Ha
CbMNPOTUBNEHWETO Ha 3aobukanswaTa cpega (matpuua) npu
M3TPBLIBAHETO Ha HUMLKAaTa. MIMEHHO 3a TOBa aBTOpUTE HA
mogena ro gedmHupaT KaTo “KOHTaKTHO" M MMaT npeasua, ve
TO Ce NposiBSIBA W AEICTBA eAHOBPEMEHHO OT ABETE CTPaHM
Mo LsinaTta Ab/hKMHa Ha M3TpbrBaHaTa HuLLKa.

OCHOBHUWAT PE3YITAT e B npuBeeHOTO A0KA3aTENCTBO
3a NpaBOMEpPHOCTTa 3a MPUINOXMMOCT Ha Mogena, Cb3gageH
oT MaHesny wn [laBneHko 3a onpegensHe  Ha
CbMPOTUBIIEHMETO, KOETO Ce OKa3Ba Ha W3TpbreaHata
TpaBepca (TpeTupaHa KaTo HuLKa) OT CTpaHa Ha 6anacToBoTo
nerno (TpeTupaHo kaTo MaTpuLa) OT MECTUM PENncoB MbT.
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Cmunstos A. TEOPETUYHO M3CIIEABAHE 3A MPUIIOXUMOCTTA HA MOLEJIA HA MAHEBUY-TABIIEHKO...

THEORETICAL INVESTIGATION OF THE APPLIVABILITY MANEVICH-PAVLENKO
MODEL FOR DETERMINING THE STRENGTH OF EXTRACTION OF A SINGLE
TRAVERSE FROM THE BALLAST PRISM OF A MOVABLE RAILROAD

Atanas Smilianov

University of Mining and Geology

“St. Ivan Rilski”

Sofia 1700, Bulgaria

ABSTARCT

Increasing the strength of movable railroads against their lateral displacement would make the operation of the technologic railroad haulage in the opencast mines
much more reliable. This is related to the increasing of strength of extracting a single traverse and determining the stress while doing it.
A model is examined, which is created by Manevich-Pavlenko in the middle of the 80's of 20™ century and its applicability to the above task is shown by means of the

theoretical mechanics, mathematical physics and the classical mathematical analysis.

INTRODUCTION

There is an observation of a unique phenomenon related to
movable railroads - displacement in a horizontal plane during
summer. One of the considerable reasons for that is their
insufficient strength against lateral movement in a horizontal
plane.

Relatively cost-effective opportunity without general raise of
cost for the upper construction of the movable railroads is to in-
build into it a metal traverse of the shape of a cross in the
underrail section.

This engeneering approach, realized in large scale requires
immense investments. It is quite natural to question if they are
reasonable and if there are any possibilities to estimate
quantitatively and presicely enough the increase of strength of
movable railroads in a horizontal plane. Actually the problem
reduces to finding a sufficiently reliable method for calculating
the strength of extracting of a single traverse from the ballast
bed. This requires development of an adequate mathematical
apparatus, based on a physically grounded model. The
process, though, has a dynamical character. Therefore it is
necessary to describe the mechanical system of three
traverses (the one in the middle is supposed to be released of
upholding couplings) and ballast in a moment of limited
balance. i.e. a model is needed through which by the same
type of equations to describe the processes of limited balance
between the ballast and the traverses with a conventional and
crossed shape in the under-rail cut, when the system is still at
rest, however there is an initial, even though an infinitely small
movement of the extracted traverse.

BASIC MODEL

In general there are two approaches. The first one requires
the establishing of an intentional model, which describes the
discussed physical processes. However, this a very difficult
task, which is to be solved only by the efforts of collective
teams. The second approach assumes utilizing of a physics-

mathematical model, intended for other conditions, but
applicable to the specific task. Its implementation demands
relevant physical-mathematical arguments.

The second approach is chosen in this study. The model of
Manevich and Pavlenko, developed in the beginning of 90's in
(Manevich L. et al., 1982) is selected as a basic model. Its
essence is illustrated in fig. 1, and the common scheme of
thinking is as follows:

Figure 1. Basic model of Manevich and Pavlenko

Physically, the model represents a plane plate (item 2) with
measurements "2.b" and "h", and a fibre is extracted out of it
(item 1). The plane plate (2) represents a homogeneous
medium. The fiber (1) is allocated in it and it has a strcuture

?y
& 2
1 /-_—
2b| O p—tm To_-%
h N

different from ambient structure:

*  non-deformable;

*  rigid.

After applying an axis force "Fo" on the fiber into the direction of
"X" axis, extracting of the fiber (1) from the environmental
medium of the plate (2) begins. For conciseness, further on the
ambience of the plate will be called matrix. Within the process
of extracting (extracting), the behaviour of the fiber (1) and the
matrix (2) is shown by the following dependences:

- Equations of equilibrium of the matrix (2) - this a
system of partial differential equations (1);

- Equation of displacement of points of fiber (1) -
differential equation (2).
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31U 12U 1V
B——+ G—— B+G =0
102y+ 0x2+(v21+ )axay (1)
1%V 0%V 1°U
G WJF Bzﬁ+ (v,B,+ G)axay =0
33w
B+ F,0 (x)- 21 (x) (2)
where:

z(u, v) — vector of displacing of the matrix;
u, v — vector components of displacing the matrix. In this
case the axes x and y coincide;
G - rigidity of matrix to cutting;
Fo — axis strength, applied to the fiber in the boundary point;
EA - geometrical characteristics of fiber when tensile stresses;
B+, B, - rigidity to tensile stress and compression of the
matrix;
us,U, — the coefficients of Poisson;

t(y) - tension to cutting between fiber and matrix. It is
assumed that in the contact area

U
f(y)-GaXX:Ot(yFO

W — extraction of fiber;
d(y) — delta function of Diraque. It represents integral functional
and characterizes the extracting strength.

The new system of equations [(1) & (2)] has the following
boundary conditions (3) - [3.1], [3.2], [3.3], [3.4].

B yoo|

- its physical meaning is that in
0

the direction of the fiber “y’, the component of solution “U”
coincides with “W”, which is the solution of the equation (2), i.e.,
if the value of “W” is known at any point of "y", then “U”
(component of the vector of extracting of the matrix) has
the same value. Practically that means, that the vector of
displacement of the matrix for points situated on the axis "y" has
its second component V=0 (the solution Z=U, 0 or Z=W, 0);

[3.2] U=V= 0|),:+ , - its physical meaning is that

the matrix is fastened on by its two ends in parallel to the axis

"X", i.e., that immobility of the matrix is guaranteed out of
points with coordinates "tb";

U , , o
[3.3] E =V =0/ -its physical meaning is that

x=0

the vector of speed of displacement of the matrix on direction
of axis “x” is equal to zero in the point x=0;

[34] U=V=0|_, -itsphysical meaning is, that

when “X” is very large, than displacements in the matrix are

equal to zero.

ANALOGICAL ADAPTATION OF THE BASIC MODEL TO
THE SOLUTION OF THE TASK

The peculiarities of the model of Manevich-Pavlenko are:
- The matrix is homogeneous medium;

- The fiber has a structure, different from the
structure of the matrix and carries the
following characteristics:

. It is non-deformable;
. Itis rigid;

While extracting of a steel traverse of a crossed shapeffrom
the under-rail section, released from connections and dipped
to its upper edge into gravel ballast prism, the following should
be observed:

- outting up the gravel ballast along the surfaces,
represented by lines 1-1 and 2-2 (fig. 2), i.e. because
of the different structure, this system may be treated
as follows:

* the gravel - like a matrix;
* the traverse - like an extracted fiber;

- cutting up the gravel along the surface, which coincides
with the lower base of the traverse, i.e. if assumed that
through the height of the traverse the behavior of cutting
through all horizontal sections of the extracted traverse is
the same, than principally the picture resembles to a
level of identification of the theoretical model according to
fig. 1.

In case that the traverse is situated in the gravel bed and
several traverses are missing around it, from both sides, then
cutting of the gravel (according the above mentioned
considerations) is realized under an angle ¢ (fig. 3) from the
farther (in relation to the direction of extracting) end of the crossed
extensions onto the surface, coinciding with the surface of the
lower base. The last is due to the following circumstance:

.9 . C e
< 4 -

Figure 2. Lines of cutting of the gravel ballast during th
extraction of a cross-shaped traverse
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Figure 3. lllustration of cutting of gravel ballast, caused by the
cross-shaped traverse

Availability of under-traverse thresholds under and near to
the extracted traverse determines the larger strength of
shearing of the ballast prism under angle "¢" (of internal
friction of gravel) into depth towards the ground base. At
the same time, force "F," actively operating on the axis
of the traverse seeks the zone of the less strength. And it is
namely onto the horizontal plane, coinciding with the lower
base of the extracted traverse due to the lower degree of
consistence compared to compression of gravel in the zone
of under-traverse thresholds. The above mentioned
considerations are logical and truthful. But they do not report and
there is no way to report, that the model of Manevich-Pavlenko is
created to be applied to extracting of a fiber from composite
medium.

A comprehensive theoretical is needed in order to prevent
suspicions in the adequacy of utilizing the basic model for the
purposes of the above task.

BASIC PRECONDITIONS ABOUT APPLICATION OF THE
MODEL

The basic preconditions, assuming validity of the theoretical
background for applying of the Manevich-Pavlenko model are
as follows, according to fig. 4.

Figure 4. Initial basis for genesis of the Manevich-Pavlenko
model. a) principal scheme of the movable railroad line
according the Manevich-Pavienko model; b) physical behavior
of the gravel ballast bed; c) elementary segment of the
compacted gravel ballast bed.

They are as follows:

FIRST: It is assumed that, a plane fragment of the gravel
ballast prism and the rail-traverse frame is been treated. It is

supposed that, in whatever way (by an approach up to now
unknown) the traverses are compressed volumetrically to the
transformation into dimensionless fibers and through
extracting them from the gravel ballast prism they provoke
(by an approach up to now unknown) cutting in the gravel
bed onto the axis "X" (fig. 4 a).

SECOND: The components U & V of the vector z of
displacement of the matrix are in parallel to the axes x
and y (fig4 a);

THIRD: The elastic modulii of the gravel ballast bed, though
close to the values on axes x and y are different, i.e.,

E  NE  (fig.4 a), ie.the gravel prism is orthotropic. Thus

the modulus on the axis of road E,, is higher than the modulus
transversely to the road Ey..

FOURTH: The gravel is compacted to a rate of formation of
under-traverse thresholds and its compactness as a function of
the bulk weight is figured out by the inequality:

Vy,2 ¥, < yfp (nodur.46) , (4)

where: y %, is the gross weight, after which it is so
compressed that its behavior and characteristics are similar
to the behavior of an elastic body..

FIFTH: The system is in a dynamical equilibrium, i.e. every one
infinitely small element of the matrix is into an equilibrium — on
(fig.4.c).

REASONING OF THE COMPACTION OF THE CONCRETE
PRISM

In connection to the fourth precondition and dependence (5),
it should be notified that, during the development of (Stoyanov
D. et al. 1998; 2000) by the team of D. Stoyanov, observations
were made on the loading of the operating trains on a movable
railroad at the “Obrouchishte” dumping area at “Trayanovo”
mine of the “Maritza Iztok” Co.

According to Ivanov G. (1981), Kostov T. (1991) etc. in
Shahonyants G. (1982) etc., and general administrations of the
conventional railroads in many counties assume that the gravel
ballast bed of the railroad is compacted enough after passing
over on it of 1,000,000 gross tons. Furthermore, it is assumed
that the process goes on according to the response in fig.5.

o
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Figure 5. lllustration of the process of compacting of gravel in
the gravel prism after passing over a definite gross-tonnage
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A constant number of cars of 16 is assumed with the aim of
safety;

- useful car volume is 40 m® and own weight is 34 t.
The transported overburden consists of different clays with
average bulk weight of 2,1 t/m* and average coefficient of
swelling K, = 1,45.  Twenty nine cars are measured and
an average coefficient of filling up of cars is established
to  K.=1,02.,

In this case the gross weight of a train is:

nJV.p.K
QE: a + Tﬁ_‘q 6 T

P

(5)

and the loading stress requires addition of the weight of empty
train -

P.7 = n(; 'qa

where:
P, - weight of the locomotive. For EL2- P, series = 147 t;
n, - number of cars in the train. Assumed 7, =16;
V, - volume of the bucket of the car. For the trains of Russian
and Bulgarian manufacture with dumping cars - ¥, =40 m®;
K, - coefficient of filling the bucket of the car. Average
coefficient in the calculation is K, =1,02;

K, - coefficient Ha swelling. Assumed K, =1,45;
q; - coefficient of the cars g, = 341t.

Therefore, the loading stress of one train is 2 274 t.

For the both mines, using the "Obruchishte™ dumping area
there is a two-shifts regime of railroad haulage. For the aim of
safety a coefficient of use is assumed as
K, =0,75;

- The loaded overburden spreader AS-6 accepts between 3
and 6 trains per hour. For the aims of safety it is assumed 4
trains/hour.

Therefore, for a twenty four hour period the overburden

spreader AS-6 accepts:

N,

61.0H

= n&,,/h.T.Kg = 4.24.0,75 =72 trains
Then the total gross tonnage for a twenty four hour period is:

Ospon = Noypor Qs = 2274722 163728t

This means that the gross tonnage of 1,000,000 t on the
movable railroad of overburden spreader AS-6 at the
“Obruchishte™ dumping area is accumulated for less than 7
days.

Therefore, after 6-7 days of operating on a new track the
gravel in the gravel prism of the movable railroad near the
overburden spreader AS-6 is thickened through (5) and its
behavior and properties are approximating to those of the
elastic body.

THEORETICAL PROVE

Since all the above is known, it is accepted that the matrix
(gravel bed) is in equilibrium. Then every plane fragment of it
(from first precondition) is in equilibrium. This also applies to
the infinitely small element of the matrix - fig.-4.c., i.e. the
conditions for equilibrium are in validity.

ao_x+ aT_yx: 0

dx dy (6)
60}, +&: 0

iy  0x

Theoretical mechanics and strength of materials (Kisliakov
S., 1980; ®edockes B., 1965 efc.) reveal that, the infinitely
small movements of the matrix through components U and V of
the vector Z (from the second precondition) may be introduced
down by the equations:

LU
T0x
;2 (7)
S
A LU 1
YOO 4y ix
The generalized type of the Hook law is:
0, =ayé, tapt tast,
0 y = a21'£ xx t a22 £ » t a23 £ Xy (8)

[ = Gy tayt tasé

* Equations (8) represent the 2 dimensional case. If a 3-
dimensional case is treated the equations are 6, and the
coefficients aj,-36.

In the system of equations (8) a;, are elastic constants,
characterizing the matrix (compacted gravel prism). As it is
assumed (the third precondition from IV) that the matrix is
arthotropic, these two coefficients, based on the theorem for
interaction of operations and calculations (®edocbes B., 1965),
are two by two equal.

In the Hook law a substitution is done in the conditions of
equilibrium; it is differentiated by “x” and “y” and first and third

and second and fourth equations are added.

07,
| do. 0T,
ix dy
00 ¢ !
X - . Xy a » ta xy
0x 11 ax 12 13 ax
01 3 £
= AT Ayt ay
0y 0y 0y
Or
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M*za 1*U . 0’V ; 0°U . [N
dx Xt Paxdy  Taxdy  Cx?
aT"y:a aZ_U.;.a ﬁ.}a 62_U+a ﬂ
dy 31'(bcr)y 32'3}/2 33'(3)}2 33'(bcr)y

Due to the assumed orthotropic type

Q3= Ay 7 Ay = a4y = 0

a12 = aZ]

Then the first equation acquires the type by 1°

do, 01, 1°U 1’ 1’
', —=+ a5t a33.—2+(a,2+a33).
ix 0y 0x dy 0xdy
0o, 01
2. —2+ =0
ly  0x
Or
Similarly, equation (2) acquires the type by 2
2100_»"+ar_xy: ()Z_Va ﬂ+(a +a)02U
Ty dx o TTaxt Pyt U TP axy

Or the system of equations for equilibrium (6) acquire the
type of (9)

U

ap, axz ta, 0x2 + (a12+ ass) t)xay =0 (9)
02V+a 0? +(a ta )OZ—U 0
336 2 220 2 21 33 axay

On the other side the generalized Law of Hook (Kisliakov S.,
1980; ®edocres B., 1965 efc.) for the two-dimensional
problem acquires the type of (10)

7 0 1
i -y =0 =—Il0,-y.0
el En( RN
. ! 1
- Yo Y - -
”__E”, p}—WPO gu__Ey,,(U‘ y}a‘]a‘ (10)
[ Vv X
5w:yX:;: a_U+a_|() (W:ana_U a_V&
- ny dy dx * iy dxy

where: 1y, yy — coefficients of Poisson for interrelating
transverse and lengthwise deformations;
G- second modulus (modulus of Young of shearing.

The first equation of (10) is multiplied by py, and is added to
the second, and the second is multiplied by iy and is added to
the first. After certain transformations (6) and (10) acquire the
type as shown in (11):

Eo 2 27 kK E o 2
xxTy .a_(2]+ Gw,a—U“' X"y /,lx+ Gwlt'jl.a V - O
I- Fod y dx h ay VII- [ y h W dxdy ( )
’ 11
2 E 2y X E 2
..a_e+ —”'U"' 0_V+a Wl y §o+ G”El.a U - 0
Tt g,y -, Ty

The comparison of the system (11) and the system (1) from
the basic model of Manevich — Pavlenko (Manevich L. et al.,
1982) and the system (9) gives a reason to state, that:

- XX

-a, = 1
expresses the reduced module of elasticity of the matrix on “x”;

in the basic model is indicated by B and

xy

pA

-4y = I in the basic model is indicated by B, and

x "y

expresses the reduced module of elasticity of the matrix on “y”;
- ay = G, in the basic model is indicated by G and
expresses the reduced second modulus (of shearing) of
Young;

E E,

= x¢ N d B = u@: I,
-y, -y, &= e

-ag =

Through the accomplished transformations and conclusions
it is determined the applicability of the system of equations (1)
from the basic model for the task. It remains to reason also the
constituition of the third equation - (2) from the basic model.
Considerations are as follows:

If accepted that the fiber in the modulus is subordinated to
the Law of Hook for uni-dimensional stress state - tensile
strength. Then the stress is:

g =

X

(12)

=~

where F - the surface of the fiber.

The stress according the complete Law of Hook is expressed
by (14) and (8)

Ux: all'Exx+a12'£yy+ al'gxy (13)
however
a,£,=0 (14)

(15) comes after the uni-dimensional condition of the fiber

Then
ay€,, =0 (15)

(16) following of az=as because of the orthotropic type
(third basic precondition of V)

Therefore the tension in the fiber can be expressed yet by:

. (16)

But from the theoretical mechanics and tensile strength
(Kisliakov S., 1980; ®edocbes B., 1965 efc.) and the already
applied equations(7), is known that:

0, a,f

xx

iR
. (17)
Then
0 o U
PR e O ey (19

On the other hand, the basic model of Manevich — Pavlenko
(Manevich L. et al., 1982) treats a condition in which the
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extracted fiber is still in balance. In the same time by the
conclusion (11)

E
s (19
In this casve by the reason of single-dimensionality of the

extracted fiber 4, =0, i.e.

a,= E, (20)
Therefore

2
9. E 0_U (21)

Ix X’

Considering the third equation (2) from the basic model in a
different way and treating the second basic precondition for the
components of the vector Z for displacement along axes x and
y, and subsitute W (displacement) with its component and
comply from (22), that from (13) the surface F should be
added, then finally (2) is represented as:

01U
FE,_ T F (x)- 2 (x) (22)
Therefore, it is assumed for a moment, that the left side of
(22) is obvious and the right-handed part should be made

clear.

There is the product Fyd(x), where Fy is the extracting force,
and &(x) is delta function of Diraque. The delta function in this
case is initiated in order to indicate the characteristics of the
force. It [6(x)] is a generalized function. It does nor have any
physical meaning. It shows only, that the force is applied in a
point (point force) and that it changes from zero to a certain
value. Exactly, that final value brings to extraction. Changing
from zero to the final value is subordinated to the law

()

x=tl

ot
o= T(5(x)0x= In
X=0 -r '0
The geometrical interpretation is shown in fig. 6.

w O o

5 () (23)

+

-

—co +

Figure 6. Geometrical interpretation of the integral from delta
function of Diraque

One of the properties of d(x) is that its sub-integral surface is
always one. This allows the treating of a series of d(x) of
constantly narrowing interval to characterize the change of
force from zero to a certain value, in which the extraction takes
place. Therefore, the presence of 8(x) in the right-hand side of
the equation (22) does not change the force, it only
characterizes it.

The physical sense of the last member of the right-hand of
the equation (22) needs to be explained. Considerations are
as follows:

The equation

1°U

FE,~== R (x) (24)
is in fact another type of the Newton’s law, usually represented
in the type (25).
F=ma (25)

However, from the mathematical physics (Armanovich J. et
al., 1969; Genchev T., 1976; Mechanical engineering 1982-
1994; Academy of Science of the USSR, 1971—1982;
Russian Academy of Science, 1985-1999 etc.) is known, that
the completeness of this law includes also the strength of
medium, where movement takes place (in this case — the
extracted fiber) and its inertness.

If W denotes the coordinate and t the trajectory of the points
of the fiber with the time and there is no strength, then the
Newton’s law is as follows (26)

mW' = F (26)
where W is movement of points from extracted fiber.
Since the fiber is moving only along a straight line, the

movement of a point from the fiber is a movement along a
straight line, in fig. 7.

W)
w \
-—
0l At l}'

Figure 7.Geometrical representation of a uno-dimensional
displacement of points of the fiber for time At

In the most general case the law is non-linear, because it
depends on the time t, displacement W and its second
derivative. A linear solution is needed, because the
mathematical physics suggests typical solutions.

Supposing that F depends linearly of displacement W and its
first derivative W ', a formal mathematical record of this
dependence is as follows:

Fwsw,wa) = F(w.w.)+ F(w,.w ) (27)

1

That means that

W=, (28)
When a function depends linearly on its first and its second

argument, the solution may be presented in the following
description:
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F(w.W )= G, W+ CW' + F1) (29)
Where C; and C, are known integral constants.

Then the Newton law in the treated case is:

CW'+ C,W' + C,W = F(t)4(x) (30)
The physical meaning of the constants is as follows:

C, - characterizes the mass of the fiber;

C, — characterizes the strength (contact strength) of outside
medium (matrix), in which fiber moves;

C; - characterizes inertness of moving fiber.

The physical meaning of these constants most clearly is
illustrated and explained by one of most simple problems in
mechanics — the pendulum (fig. 8).

a) b_)w
7/
7/
/ — el — — o —
o [PmE “’T 4
< C 2 — ¢
Wee S /

Figure 8. a) Schematic view of a waver, set in motion by a
force F and displaced at W b) Response of pendulum motion
with time

Four cases are possible:

First case: Medium does not have any strength, force is
applied only once.

In this case the equation of the pendulum is:

w(t)+ e’ w.(t)=0 (31)
Solution of the differential equation (31) is:

W(t) = C,.coswtt C,.sinwt (32)

Here C; are constants and depend on A (the amplitude) and ¢
(the phase), and w is frequency.

Second case: Medium does not have any strength, the force
Fo acts permanently according to a cosine law.

The equation of the pendulum is:

W'.(t)+ 0’ W.(t) = Fy.cos0t (33)
Solution for the differential equation (33) is:

) F
W(t)= C.cosatt C,.singtt ———.
0’-0,

In this case when ws=w there is a resonance.

cosw ¢ (34)

Third case: Medium has a strength, the force is applied only
ince.

The equation of the pendulum is:

w(gw . )+ WP )=0 (35)
If there is a linear dependence between displacement “W *and

time t, then solution depends on the characteristic equation
(36):

}raltw®=0 (36)
The discriminant D of (36) is:

D=a - 4u (37)
The solution of (35) has a physical sense, when the

discriminant D is negative, i.e. D<0. Then solutions of the
characteristic equation (36) are:

- ; 2_
Al’zzaikfa“w (38)

and it is presented as (39):

N,=atip (39)
Then solution of the equation of pendulum (35) is:

W(t)= Ce ' ".cos.p +C e "“.sinf +0f ] (40)

This is the case of gradual attenuation of amplitude and
frequency - fig. 9.

W

Figure 9. Gradual attenuation of amplitude and frequency of
the pendulum

Fourth case: Medium has its own strength, the force F, acts
according to a cosine law.

The equation of pendulum is:

W'.(t)+ aW (t)+ 0> W.(t) = Fy.coswt (41)
Without paying attention of the solution of (41), and if
analyzing it and assuming, that the mass of pendulum is
normed to one, then there is a full similarity with the law of
Newton and the model of Manevich-Pavlenko (Manevich L. et
al., 1982) for the extracted fiber. Furthermore,:
a) the coefficient before the second derivative of
displacement W is one. In the basic model this coefficient is
F.Ex.
b) the coefficient in front of the first derivative shows the
strength of medium, in which the pendulum moves. In the
general case this is a strength of friction.

In the basic model of Manevich-Pavlenko this is a contact

strength of medium round the fiber. It is indicated by t(x) and it
is transferred to the right-hand side of the equation, because it
always counteracts to extracting force. The value of coefficient
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in front of t(x) is 2, because it is assumed that it acts
simultaneously from the both sides of the fiber — fig. 10.

R A w5

Figure 10. lllustration of contact stress t(x)

c) The coefficient w in front of displacement W(t) stands for
inertia of the process, which on its own depends on
weight of the moving mass.

At the basic model the coefficient C; is zero, because the
authors Manevich and Pavlenko (Manevich L. et al., 1982)
presume, that uni-dimensional fiber is weightless. Finally, the
equation in the basic model acquires the type (2), and namely:

2
Fe Y- F,0(#)-2r ()

xx axz

This does not comprise all the peculiarities of genesis of
the basic model. This is because in order to function, the
three equation [system (1) and equation (2)] in one model,
it is necessary to associate the system for equilibrium of
the matrix (1) and the equation for movement of fiber into a
dependence.

This connection of the model (Manevich L. et al., 1982) is
formulate by the assigned relation (42).

1(x)= Y (42)
0y 1,0
It defines, that the contact stress in the direction y=0 is
proportional to the reduced second modulus of Young of the

matrix. The higher G, the higher t(x).
The G is just the coefficient as; of the matrix.

G,
G= —= (43)
L=y,

In other words, the contact stress is proportional to the
elastic modulus of shearing of the matrix and, the inverse
proportional to the difference (1-p..Jy) , where px. and p, are
coefficients of Poisson for already compacted gravel bed onto
axes xandy.

RESULTS AND CONCLUSIONS

BASIC CONCLUSION is, that the third equation (2) of the
basic model does not concern and does not affect by the type
of strength, which medium (matrix) effects to the extracted
fiber — friction, shearing, shearing of adhesion, shearing of
friction etc. The equation only reports on the quantity of
strength of medium (matrix) while extracting of the fiber. Just
for that, the authors of the model define it as a “contact” and
have in mind, that it is manifested and effected simultaneously
from both sides along the whole length of extracted fiber.

THE BASIC RESULT is in the proof of the correctness of
application of the model, developed by Manevich and
Pavlenko for determination of strength, which is applied to an
extracted traverse (treated as a fiber) from the side of the
gravel bed (treated as a matrix) from a movable railroad.
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