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rae Gx = ex'(t); Tx = a(t)x(t); A: X - Y(X,Y,X,, Y, BBEIeHbI B JOKA3aTEILCTBE TEOPEMBI 1);
G:X-Y;T:X - Y;G, T — nuHEiHbIE ONIEpPaTOPHI.
CooTBeTcTBYyIOIIEE MPUOIMKEHHOE YPABHEHUE UMEET BH/T

Apxp = B AXy = Yn (Xn € Xp, Yn = By € YY),
Anxy, = Gxy + B,Tx,, B,T:X->Y,G:X,, > Y,.

JHoxaxem, uto oneparop G — nuneiHo oOpatuM. [lycts Gx = z, Torna
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IMockomeky | A — Ay lly,y=I'T — B,T Il 0 npu n — o (cM. Teopemy 1), To crenys [1, ¢.27] umeem
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AHHOTAIIUA

[upokoe mpuMeHEHHe MHEBMATHIECKOTO CIoco0a 3apspKaHUS M TPAHCIIOPTHPOBAHUS TPaHYIMPOBAHHBIX
B3pBIBUATHIX BeriecTB (BB) npu BeneHnN ropHBIX paboT yKa3bIBaeT Ha HEOOXOJMMOCTh MCCIIEOBAHUI HEJOCTATKOB,
COITYTCTBYIOIIHUX 3TOMY METOAY: @ UMCHHO BOSHUKHOBCHHUEC JJICKTPU3ALIUU B 3apAJHOM HIJIaHTC. QHCKTpI/I‘IeCKI/Iﬁ
MOTCHIHAI 1 3apA] SABJIAIOTCSA OCHOBHBIMU IapaMETpaMu 3HCPTHU, BBIJICIISIIOLI_[eﬁCSI Ipu paspAaae, KOJINMIECCTBO
TCIJIOTBI KOTOPOT'O UACT HA pa30rpeB BB.B HTOTI'C, 3Has1 MUHUMAJIbHBIC CKOPOCTH JABHUIKCHUS IIOTOKA a3POB3BECH,
MOKHO KOHTPOJHPOBATH BCIIMYUHY DJICKTPHUUICCKOT'O 3apdnaa, IMPEBLIIICHUEC KOTOpOro BCICT K
HE3aIlIaHUPOBAaHHOMY B3pbIBY.

ANNOTATION

The wide use of pneumatic method of loading and portage of granular explosives (BB) at the conduct of
mountain works specifies on the necessity of researches of defects concomitant to this method: namely an origin
of electrification in a charge hose. Electric potential and charge are the basic parameters of the energy distinguished
at a digit, the amount of warmth of thatgoes to the warming-up of VV. In the total, knowing the minimum
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temperatures of selfignition of a erodredges, it is possible to control the size ofelectric charge and exceeding of

that conduces to the unplanned explosion.
KiloueBble ciioBa:
B3PbIBYATOC BCUICCTBO.

CKOpPOCTb  TPAHCHOPTUPOBAHUS,

MHEBMO3apsyKaHUue, JJICKTpU3alldd, BJIUSAHUC,

Keywords: transportation speed,pneumoloading, electrification, influence, explosive.

IIpu nccrnenoBaHuy BIUSHMSA Ha DIIEKTPH3ALHUIO
CKOPOCTH TPAHCHOPTHPOBAHUS B3PBIBUATHIX BEILECTB
napaMeTp CKOPOCTH MEHSJICS B HIMPOKOM JUANa3oHe:
oT 5 M/c 10 25 M/c, 4TO OCYHIECTBISUIOCH paboToi
3apsAAHOM yCTaHOBKM B COOTBETCTBYIOLIEM, 3apaHee
omnpeneneHHoM pexuMe. CKOpOCTh JBIKEHHS YacTHUI]
BB mno mmadry onpenensnack € IOMOLIBIO
PaZuOaKTUBHBIX U30TOIOB.

Jdnst w3ydeHHs OSTOH 3aKOHOMEPHOCTH ObUIM
U3TOTOBJIEHBI M3 OPICTEKNIa HMMTATOPBl T'PaHyl
B3pBIBUATOTO BellecTBa auamerpoM 1,5 mm. B Hux
MOMEIIANINCh PaJOaKTHBHBIH KOOATbT M BONb(pam
Ul TIpUAAHUs YacTHLaM HeoOXOIMMOTo  Beca.
MeueHble 4acTULIBI OKpAIIMBAIMCh B SAPKUIl IIBET.
YaeneHBIN BeC 3THUX YaCTHIl OINPEAEISICA crocoOoM
BONOM3MEIIEHHUs  IOCIE€  TMOMEIEHHs B  HHX
paZiMOaKTUBHOTO  BENIECTBA M  COOTBETCTBOBAJ
YIEIbHOMY BECY TPAHCIIOPTUPYEMOIO BB.
YcrpoiicTBO  asid 3arpy3KM  MEYEHBIX  YacTHIL
BBINIOJIHEHO U3 TIPOOKOBOTO KpaHa, OJMH KOHeEI]
KOTOpOro yepe3  TPOMHUK  COEAUHSIICA c
TPaHCIOPTUPYIOILEH MAarucTpaisblo, BTOPOH
3aKpPBIBAJICS 3arNIyIIKOI.

3to YCTPOHCTBO YCTaHABIMBAJIOCh Ha
paccrosHun 0,5 M OT KOHIA HarHeTaTEIbHOIO
naTpyOKa 3apspKaloIIero anmapaTa i Ha pacCcTosTHAN 15
M OT MeCTa YCTaHOBKM II€PBOrO CYETUYHKA, 4YTO
HOPEBBIIANIO  JUIMHY  Pa3sTOHHOTO  ydacTKa  JJs
HCCIeAyeMbIX JacTull. PaccTosHue MeXIy MepBBIM U
BTOPBIM CYETYMKaMHU COCTaBysAo 8,5 M. M3mepenue

pexxume paboTHl THEBMO3apspKamomeil cuctemsl. B
mporecce padoThl YCTAHOBKH OTKPBIBAJICS TPOOKOBBIH
KpaH ®  MEYCHBIE  4YacTHIOBl  TOMAajgamd B
TPaHCIIOPTHPYIOILYIO MarucTpaib, rae
MIOJXBAaTHIBAINCH MBIJIEBO3LyIIHBIM IOTOKOM BB.

IIpoxoxxaeHne  MEYEHBIX  YacTUll  Iepen
CYETYUKOM PEerucTpupoBaIOCh Ha TUJICHKE
ocuwuorpaga B BHAe Bcrulecka (mmka).  [lo
PacCTOSIHMIO MEXAy MUKaMH Ha OCHULIOrpamMMe
OTIpEeNIeNIANIOCh BpeMs JBIKCHHS MEUCHOM YacTHIIbI Ha
OTpe3Ke IyTH MEXAy COCEIHMMHU cyeTdukaMmu. Ilo
MIPOWJCHHOMY ITyTH M BPEMEHH YCTaHABIHMBAalIaCh
CKOPOCTb JIBI)KCHHS YaCTHUIIBI, YTO COOTBETCTBOBAJIO
CKOPOCTH TpaHcHopTHpoBaHus BB.

Hccnenosanock BIIMSTHHE CKOpOCTH
TPaHCIIOPTUPOBAHUSI HA BEIWYMHY [OTEHIOHAIa
anekTpu3anuu. OTBITH MPOBOIMINCH C aMMHAYyHOU
cenutpoid, TpaHyautoM AC-8 W WIIaHUTOM TpHU
TPAHCHOPTUPOBAHMM HX MO TIONHITUICHOBOMY U
PE3UHOBOMY IHUAJIEKTPHUUECKUM IIJIAaHTaM JAUAMETPOM
36 mMm. OTHOCHUTENbHAS BIaXXHOCTh BO3yXa B MOMEHT
TPOBEICHHUS OTIBITOB cocTaBJsiia 45-50%,
TEeMIIEpaTypa OKpYyXaroieu cpenbl +15°C.
OTHOCHTeNbHas BiIakHOCTH BB Oputa paBHa 0.3% -
0,5%. NIOTHOCTH MBUIEBO3AYIIHOTO NOTOKA B LIJIAHIE
Haxoguiach B npenenax 8 — 10 kr Ha 1 M3 BO31yXa B
3aBUCHMOCTH OT THMNAa TpaHcropTupyemoro BB u
Marepuana nuiaHra. B tabmunel npuBeneHsl TaHHBIC
o UCCIIEIOBAaHHIO BITHSHUS CKOpOCTH
TpaHcnoprupoBanust BB Ha nponecc anexkrpusanuu.

CKOPOCTH  MPOHU3BOIWIOCH HAa  YCTAHOBUBIIIEMCS
Tabmuma 1.
3HaveHUs MOTEHIHAJIA YJIEKTPH3AIMYU B 3aBHCHMOCTH OT CKOPOCTH TPpaHCHopTHpoBanusi BB mo nuianry.
Marepra TpascriopTpyemoe Iloreniman B xB nrrl):e(;;g)oc;;f;{ Ipz::/cc-nopTHpOBaHm T10
[IJIaHTa BB TPOBOILY.,
510 15 20 25
AmMuadHas cenuTpa 2,7 53 7,6 8,8 9,4
[NommTunen
JDJIEKTPHY. I'panyur AC-8 2,2 45 6,4 7,3 8,0
UTJAHUT 0,6 1,3 2,0 25 2,8
Pesnna AMMMauHas cenmTpa 1,1 2,0 3,0 42 47
I'panymur AC-8 09 15 24 31 35
Urpanur 1,2 2,7 3,6 47 55

[To pesymbraTaM ONBITOB TOCTPOEHBI Tpaduku
3aBHCHMOCTH BEJINIMHBI TOTSHIINAJIA HJIEKTPU3ALINH OT
CKOPOCTH TPaHCIIOPTHPOBaHUSA (pHUC. 1) U OnpeaeeHb!

KOPPEJIAIUOHHBIE YPaBHEHHS CBS3H MEXIy JTHMH
rapaMeTpamu
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Puc. 1. 3asucumocmo mesncdy nomeHyuaiom Cmamuiecko2o 3NeKmpuiecmed U CKOpoCmoio
MPAHCNOPMUPOBaHUsi paccoinivix BB
1 — pesunosviii winane - cenumpa, 2 — pesunoswviti uiiane - epanyaum AC-8;
3 — noausmunenosviii uinane — AC-8; 4 — nonusmunienosvill wiiane - cerumpa.

ITpn TpaHCTIOPTHPOBAaHWN aMMHAYHOH CEIUTPHI,
rpanynmura AC-8 W WrAaHuTa MO MONUITUICHOBOMY

JIVBIIEKTPUIECKOMY HIJTaHTy BEJIMYMHA
3JIEKTPOCTATHYECKOTO TIOTEHIMANIa W3MEHSIAch II0
YpaBHEHHSM:

JUIsL aMMUAAYHOU CEJIUTPBI

U=-0,86 + 0,775V-0,01V?

a5 rpanynura AC-8 U=-0.74 + 0,648V-0,012V/?

st urnaanta U=-0,40 + 0,208V-0,003V2

[pu TPaHCIIOPTHUPOBAHUHU yKa3aHHBIX
B3pBIBUATHIX BEIIECTB II0 PE3UHOBOMY ILILJIAHTY
BEJINYMHA TIOTEHIMAJIa CTATHYECKOTO 3JIEKTPUIECTBA B
3aBUCUMOCTH oT CKOPOCTH ornpezensercs
YpaBHEHHUSIMHU:

JUISL aMMHUA4HON CETUTPBI

U=-0,06 + 0,187V - 0,0017V?

qurs rparyiuta AC — 8

U=-0,12 + 0,239V-0,0017V?

st urnaanta U=-0,24 + 0,315V-0,0034V?

rne U — BelMuYMHA BJIEKTPOCTATHYECKOTO
noteHuuaia, kB; V — ckopocTh TpaHCIIOPTHPOBAHUS,
Mm/c.

W3 mpuBeiEeHHBIX 3aBUCHMOCTEH CJIEAyeT, 4TO
MOTEHIMA] 3JEKTPU3AIMKA PACTET C IIOBBIIICHHEM
CKOPOCTH TPaHCIIOPTHPOBAHUSI. Hawuboee
MHTEHCUBHBIA POCT JIEKTPOCTATUUECKUX HANPSKEHNH
MPOUCXOJUT B MHTepBajie ckopocter ot 0 1o 20 m/c.
3areM C MOBBINIEHUEM CKOPOCTH TPAHCIIOPTHPOBAHUS
YBEJIMYCHUE TIOTCHIMAA JIEKTPU3ALMN 3aMEJISIeTCSL.
Host OONBIIMHCTBA MaTepuasoB creayer
Npearnojarath, 4To C JajJbHEHIINM IOBBIIICHHEM
CKOPOCTH KPHUBBIE DJIEKTPU3AINU ellle OoJbIie OyayT
BBIPDABHUBATBCS, W KAKOW-TO CKOPOCTH HACTYNHUT
pezen, 3a KOTOPhIM JajdbHEHIINN pOCT IOTEHLUaa
HpeKpaTHTCs BooOIe.

B nuteparypHbIX HMCTOYHHMKAx [2] yka3blBaerTcs,
YTO BEIMYMHA MPEACITBHONH CKOPOCTH, IPH KOTOPOI
MpeKpamaercs JadbHEHIIMH poCT  MOTEHIHANA,
koseOuretcs B penenax 50-55 m/c. Bunumo, ocHOBHOM
MIPUYUHOM, o0ycraBiuBaronen NpeAeabHbIA
MOTEHIIMA, SBISIETCS yBEIMUEHHE TOKOB yTeuku. [Ipu
paBeHCTBE CKOPOCTH 00Pa30BaHUs 3apS10B U CKOPOCTH
YTEUKH UX B 3eMJIO JaJbHEHIIHHA POCT MOTEHIHATA C
yBEJIMYEHUEM CKOpOCTH JIBHOKEHUS JaCTHUI]
TpaHcnopTupyemoro BB mpekpamaerca. Opnaxo,
CllelyeT YYWUTBIBATh M TO OOCTOSITENHCTBO, HYTO
pa3HooOpa3ue CBOMCTB MaT€pHAJIOB IIIAHTOB MOJKET
N3MEHUTH BEIMUUHY MpeAenbHON ckopocTH. CKOpOCTh
TPaHCIIOPTUPOBAHUS, NPH KOTOPOH BIICKTPU3ALNUS
MOYTH TPEKpalaeTcs, [0 MHEHHUIO OOJIBIINHCTBA
aBTOPOB, HAXOAUTCS B mpezenax 1-2 m/c.
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SOLUTION WITH SCIENTIFIC PACKAGING SCIiLAB

SUMMARY
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In the present case, the solution of the ordinary differential equation in the Scilab software package is shown.

Key words: Differential equation, Scilab package.

It is known that,

H(t, x,x, X", ..., xM=0 ()
the equation in the form is called the n-order
differential equation.

The solution of the differential equation x (t),
converts the equation into the same. System of n-order
differential equations

x1=f1(tx1,X2,...,Xn)
x"2=fa(t,X1,X2,...,Xn) (2)
Xn=f(tX1,X2,00 Xn)
system. (2) system solution
X(O=C1(t),x2(0), ... xn(1))

It is a vector and converts the system's equations
into one.

Differential equations and systems have an infinite
number of solutions, which are constants. Additional
prerequisites and boundary conditions must be
provided for a single solution. The number of such
conditions must be consistent with the design of the
differential equation or system. Differential equations,
depending on the type of additional conditions, on the
Koshi problem - all additional conditions are given at
one (usually the first) point of the interval. Additional
terms of the boundary value problems are provided
within the range boundaries.

In many cases there is an exact solution of the
equations. However, sometimes it is not possible to find
the exact solution of the equation, especially the system
of equations. In these cases, the solution is found using
numerical methods. Numerical methods are also used
to find the numerical solution of the equation known as
the analytical solution.

To solve the differential equation and system,
Scilab has the following function.

[ywiw]=ode([type]y0,t0,t [rtol [atol]] f[jac] [ w,iw])

Here y0 — initial condition vector; t0 - the starting
point of the integration interval; t — coordinates of the
network nodes; f — (2) an external function that
determines the right side of the equation ; y — (3)
solutions vector.

Thus,

ay _
T=1fty)

y(0) =y0

to solve the ordinary differential equation in the
form

y=ode(y0,t0,tf)

need to call the function. ode Let's take a look at
the non-essential parameters of the function.

type - the parameter used to select the solution
method or the type of problem to be solved with one of

the lines; adams - used in solving Adams method of
differential equations or systems; stiff- is used for
solving tough issues; rk - used when solving differential
equations or systems; rkf - displayed when selecting a
five-step four-way Rungee-Kutt method; fix - Apply
the Rungee-Kutt method to the intended steps;

rtol, atol - relative and absolute errors of
calculations, vector with the size y, in case of silence
using rtol = 0.00001, atol = 0.0000001, rkf and fix
parameters - rtol=0.001, atol=0.0001 happens; jac is
a matrix showing the Jacobian side of the rigid system;
The matrix is represented by an external function in the
form of J = jack (t, y); w, iw are vectors that store
information about integration settings.

Let's look at using functions to solve the following
issues.

Problem 1.

dx
I + x = sin(xt) ,x(0) = 1.5
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