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This article considers the functioning of the cargo terminal in terms of a prociesged
approach. The proposed method of rating terminal logistics chains based on the factors of
time and cost of execution thie terminal operations.
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OF VEHICLE TRAINS AS SEMBLING
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forbidden elenents, incomplete assignment.

The modifications of the assignment problem defined by the logistical applications are con-
sidered, including the assignment problem with forbidden elements and the task where in-
complete assignments are allowed. Methods fivirspthem are described.
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This work outlines the integrated data processing procedure for integrated standby instru-
ment system measurement data that allows enhancing the determination accuracy for the
orientation parameters. The proposed algorithm and the modeling results that verify its effi-
ciency are given.
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LOGISTIC SUPPORT SYSTEM FOR RP ARTICLES.
DEVLOPMENT OF METHOD S AND TECHNOLOGIES
TO IMPROVE ITS EFFECTIVENESS

V.V. Petrunin, S.M.Neevin, S.ADushev,l.V. Malinovsky,
V.V. Bankrutenko, I.N.Onishchuk,A.Yu. Golubev

Key words:integrated logistic support, product life cycle, maintenance and repair, PDM,
PLM-systems

Experience of program product agepment and application is analyzed within information
support of product life cycle (PLC) stages with emphasis on the maintenance and repair stage

glsOl! v fshlsk{ g7080Hc t6j HOC yd*

4€



OL H |l

1 OH J ) dets s d tej Miztem
9 IstcOdzm{ tstcls dats d3
BOh ddetsistets j dzd



Section | | |

Reliability and resource
in transport engineering



I jiisded S 14 ¢52@Q7ca " § ¢
t OL HIlj dz1 OH j ) dgtg fipliztend © ISt OdeMmyf stelsdztsdy 3O d detsfylstets j dad

L $29.113
Rad[ [ J]Jo R vWOARBRM [ JRI[1RE
dlufdLrarre 1 ndsrIdwmudy J1 st

U. R. UOt dztsitfisydp/déilss Y6y flsu. dd. [, ¢l vl uvé
J.1. sgdmuistpfsdzl@Op 1 9 [PD. &2f] ¢l vl uve
60398, ¢. 1dyded? 1 BoctttsH, bkd | Jjfmkjteso®, 5

Red[ (L1 o61R[ v9dARBM [ JRI[1RE
plu ¥ frrro 1 ndsrudwudr [ 1 st

sdz¢ yd 9" J HdRspt®Of dzyd Odz! dz' §| EkteOo dzj dzd v, BjlstsH fosHBdY jddy {5
s OydtsdeOte dz' jo3dptseifdsitsovjdeddz’, j Qo lssftsjL HO.

]l HOdE®k' | ttOMMdBOttdes OjIsMY HdZOBdud MStsj ftsojHjddj RdsectL o,
Hso ftod Btdz hsds dzOBtste] kEZftcOQoadveshdhn §OtO®lstetso. wlsOydsdzOtcds
Lo jdedletse s bteOdztf stelsdetsets Mtcj HMise O, fr]d3tSHJdZCftGTSSOdZdZtSGtS mMdMmilsj dts
FcOodzgj dzd?2, dzORtsHWIsmizyd @dj le@sicd yp HE Sege] ©3j ssHO. [ Jh]-

ddj MslkejbkMmMksokjls s’ &3 sycoOds o WOLtotsd® ftosMmisteOdemlse j k1t
s ftod wWOLdEJqUudsy » kZedkzOR fotteslsO® o jHEZMNdR Ctdvy M.

RMfsdz LsoeOdedjy MfJjydoOdzdL dqictseo Odegdz" = Qo lstslstcOdemt stelsdz” 7 Mt
H dzd dedets 3 todz" Ay Y dstsldy tsds,] Bfso®dzed?2 ¢ HBOCMHBOd des Hsf EMisd 3" &3 d
sfld 5 kfdsedwd + CMifdzOOydd HGteE, ItejBlkjls Ish Ol d datsc
Hso Odedv. v ittejlsdyuimeéd) ©OL©OBEISSd Hd&Y By dSd Hddz0d3cfujﬁ]
dZ 7 OolbtsftsjLHBs dz0 Mis@Buafd s B®OJST Is dste tisamOzBP O daAfias |j o toj € 5 d3j dz-
HOYydd 5 orBttel CtdhfisttzCldodr 7 d kftcOodvshdr §OKO @4&@5

vejdzduyidd] udmdzO Lejdz jo Ediide "Ojls oL @3y dsMmisd OdzOdzd
COC COYHB] MdzjHlkshjj Lojdts HBSBOoadw jls, ft CtcO2dy2 d3jts],

SlsH jd dgyds te@fy W jtejdzydOdz: dzr ° btOodzjdzd?2 Lo jdz jo dzj bkyudlsr
fsHMdMisj BOR], yYlsts osddwjls dzO d&OHY 3 desfls! toj Ctsd3j dzH Oyd2 ¢
MstekClsdodr 7 ©Mtej dzdzsMisj2. [ OCHdBOd dzs OH S o Oldetsj tslsfyd
Ldzj i3j dels OB Qo Istsf 5] LiHffs ' o degfOVlsjd lsds Qs fjEtdsi2C Isigts H § dzd .

stso jteh jdmsets MdMmMisj &3 EftcOodzj dzgdv (o tsteslstsd adzdwjils dzO
Hsds' 7 Lo jdz jo, ubst esdjy'l LO Mt bkdkjd "jddj ¢ dsdj
Lojdeg jo Bl ojHEMNjets Lo jdzO ftod Hodyjdiffd OolsfitsjLHO. ¢ W

RzsdsL o jdeder 7 OoalbtsftsjLHuHBs ftod bteOdhf stlsdiess $j H dzd dzdzts d3j
LOodimdl tk i Myishmsedshisd sfdmr o0k Mw o Hfkmsddhkzs § s
pO! fsdjn HAE' bkOdhfstlsdscs §sksCO. JttdosH kiftOs dj ddW
20 o jHEMNjjdL@apdledBPEd | Lojde v, fedu &3 fjtjHOYds] ¢
OBSHO HEGdydts dLdjdvis! My o LOsadMmMddismMisd s MEtstsMmisd HodyJ

4 fod@sh: s ddsjctedeso OddY HJdZOBI U] MSdE k0o dzj dzd 2 Bisy d

908 hgs JdeW, 8 OHBOBdY jtej rntsHd & this®OW5H@,der BEOH odf y j ded v A
Mmoo dese s IstcOdeMf stelsdetsets Mtej HiMso ©. ( jhjdedj L OHOYd Hdzw
hdn fOLO®R] stetss  (ftesHisd dzs?2 MStteshisd yYj dZsted® &OMM o jHEDN
EftcQodw jd3r 7 Stsdyf d Is. H.) WodVWjbMWsL O@B@lEHddlsj ozt dzr &5 d d
Miseo j dedesdz ftso jHjdedd ddetsy J Mlsoa O MlsOydesdzOtedzr =« Mtsmistswdzd2
f OO stetso . 1 Ohj2 LOHOYJj?2 WwWodzv jisdnrtO dfofSesytegledy j dzj Istsdz' !
EftwcQodzw jd&3" » Cdy M (fotttslsO twkdzj osets Cdzj MO) , ftod Ctsls
Odz' dz' 7 kZtcQadsj dedj? jEf j, dets d dn SBdzdyjMmMlsea®, O OS] orf wf
fplsd ftesyd MMO Hodyj ddW.

49



v. ROtdztsf sdz! flgAf@Ys,te 5f.0) .
RIMMdzj Hiso Odzedj MIsOYydosdzOtede' = Hody jded?2 OolstsfsjLHO 9

[ dzv or fsdzdzj dedv f sfls Qo dzj dedzets?2 L GoHjCOsudg) Isttaafofuds it
Cd2 dEjdislesH fotHd)jddY 5 §O0tcOd) stehd. §toj H
[ Odzdz" 2 3 stsH jiHsjiidzdslskzy jisOusdfdeydz' J o jlseod dBdtse st
detso g Mdw  (dzOdzd ydy dej MStsdz Sdn o jla j?2 oL sy dat
dzr 7 bttOdmf stisde 7 Mtcj HMise ) .

1 Oy Hjdd] MsOydodOtedz" = MsMmisswdad2 Istey AL 9|
Hi zdtctso Odedets ¢ 5ty dgisd @z dzrHA{ MM GO o Befntled T, toj M j dad ®
3r Ctsdgj yder = EtcOodzgj dzd?2. [ dzv ©OL dzdyde" = k6 dztse
Msslse jlsMisakzjls SMse’ &3 ss5Ys O 9 WOLBoatsdR ftesfls

[ dzv MemMlsOodzj dzgdv HWW jtoj dydOdz dzF 7 ktcOo dzj dz]:
e Oo dzj ded W d3d [ O@Bl Odee@ IdiL t€tsHs@ter 7 Mistsisadj sMmise Iz
fts SHidaOYZz o jHiSA3r » Lo jde jo, JMmdzd ftddwlis: L O f
EehlftcsHisde dezy d (5 Ve QdzBOC M skbesi@isdf so steisls(
Bk de q

tdfm. 1. HRjBO |y nLojddzsets Qo sl

5C



I jiisded S 14 ¢52@Q7ca " § ¢
t OL HIlj dz1 OH j ) dgtg fipliztend © ISt OdeMmyf stelsdztsdy 3O d detsfylstets j dad

P —— 1 — 0 ﬂ

o i _ 0

o 1 n

_— — Y— o— — 0 0 N 1)
p

- —  — — b 0N

'y .

i - — 0 8

1 HJ My
TiCddsy sduj MCOw 1 dzjtecdy ofmj2 MdMmlsjdr OobtisjLHO oyj dtd;
VVUiftesdLotHd J tlIs CoOLdCtststeH ddzOls 5 otcj dzj ded
® wAITO wOERI]
% OBl wAITTQ
1 JTikedztseo OV MCtstetsMmis! o jHEZM jes Lo jdzO (ftetsdL 9 s5HdzOY sls €Izt
0, 0iftesj Cydd cdzOodesets oSttt etodL tsdalsOdz dz' 7 t6j OCyd2
Hodyde j] tido,OntsteH d dzOls

O A zd@sdjdls' ©eBh jdede' 7 Mz 5 Msslso jlsMisakzs h dds CtssteH

1tod tftejHjdjddd MsOydtsdkOttd - OBhEBY dde Hjbjddj MotsHJ
6] d3jdzgdz’ 7 HJAZOBI U ME B2 MdMisjdsr o WOLBotd ftshisteOdmse j,
fjtej d3j dzdzr R  Scztsy § dzr  dzlz dz¥
Ooh P B h— 1(Q ph)), (2)
CHi betd {sotteslsO bftwOodvjd & ¢sdf.

VicOo dzj dzed ™, tejHjdvshdj fns@ipdsddgdgscts] sdsdH Miss Pls 0o dz
fted

Y omh 1 mh . . mh e . i
fioddslzls o dH:
Qohwh b b T (Q ph)). (3)
[ d2v btseéts, yYbtse' f§odezydlk! wjhjddi 1 fsBshi & &jlssHO {t
bz, dzi SBRBHJBE L OB YOO dishe tod hdjfndkefdd H k2 -
diBs?2 MmdMmisj 3" FJtod dad CslststeUR Ord2® Y) dzdePL ' o O s
MlsOlsso 52 .  OL dzd ydz' d3 L dzOyj dzd- fifzts tf s jslsflipls Ol szlf @@ 2y j &3 7 € s
dzd ydz' § MbsOydtsdOteds § toj > dds’ —¢ Jubf Gxffatsoojfimirdz{drls! ¢ OOy Ists
SftejHjdvshdn MlsOydtsdeOtc dzr j toj B, kts o f totsfls tc ©dzfls o
dz" 2Yh b b h—hd3detsy j Mlso 2 MlsOydtsdzOteds 7 MisMisswdzd?2 BERZH I lse jy
Cteda@dm. 2)
Y Y—HK 1 —h ¢ —h ¢ —h
Colsstelzs By dzs WONB O] T cd®@E®Bso j fdY kY nLoj dedegsets OQolstsy s
Hs2 kisy¢y 1?2 Ctdots?2 Motslke jlsMisokjls Sty dasmils: (€ sdzj ydz
2O Gf stodets? AywafjictObdyfifldf i3d § OtcOBBj IsteOBd o LktcOodzj dedV = 4 tod
Hisdz dzzs Qs tdasidslr ff so Steisls OV fig (o0 o W® gz/dzizR 2 "Cjtsigz B ZH j o
fudisOls! \JHOePRdY jlsidpdd ted®), dj Qefte o34 dzv ¢ 0  Bfw  dzj ftoj te" o dats) .
1 OtcOd3j IstedL zj d3 dzd dzd® s Bty H fg 2O fo detizB 2 5,15 Gtz Rz A 2 6 d
GHO:

QY QY Q Q¢ Q- Q-8
51



v. ROtdztsf sdz! flgAf@Ys,te 5f.0) .
RIMMdzj Hiso Odzedj MIsOYydosdzOtede' = Hody jded?2 OolstsfsjLHO 9

[dzv eojled, Bjtkzh j2 gzOlOEdss jflsf]ls a EzOmyjj dzdfftew d3
Bz MsOydtsdOtdsBz ttjy iz, ktezHdshsj2 M SftjH
oLddCOjls, Is.¢. tdO0 d&OmtsHdkw o d&OYyOd] (st
Y ms w oes ms mHs T8

lted Hodydddd eonHBd Ctdots?2 BEHEI o ff tsdzdgW Is! |
— —3> —03— —3— —03— —O0— mQph. @

[ s cdzdzd Isj dz! dgr &3 EZtcOQodzj dzgd jdz wWodzw jlsfw or tcOy j
fMlsOoydsdzOteds & tojyditse, §odzyjddtsj dL (2. 49):

QY Q (03 03 Q—

QY QY QY QY QY

[dzv OolstsfftsjLHO Mt -dpdg agjzls © dfsid M MIPdRd) St Btc O d3j Is t

Lo j dz09800C ¢, ©O=3=0806R,d1606d3; o j HiSd o;=1980QSc% ,j &8 m
m,=3000C ¢, f) =409 9 29 dgg =23, »2,37Rbs=177B § tsdzlz yj dz'

5B jLGOL &Bj toj dzdzr j { dzj offj dilsy d lsiiOdecke doy ™ M flspdfy H d N

dzr 7 EtcO@dzisded s o dH:
Hdzv f jtcotsets kteOo dzj dad W

P8

o 170 = X p ’Q‘QA 6 - o . p 0Q

,:., T ':Y (4_ ’Q Sp “Q OQTY (4_ ’Q Vp “Q V,QTY r'

”f 0 & o X p ’Q‘QA.I._Q & o o p [0Q n
(7 Q 3p T g Q p QTQ

v 19 o, P U0 a o @ o p 00 n

v 1= Q p Qady Q p o Tdy
HdzZv olststetsefs ktcOo dzj dad W

TQ (0] p QQA (& 5 [9)) p .00
v “q :p Q gy Q o QTdy
N L Al ©
Q p Q TdY d
1Q QogLO’Q_QAI_Q L p [ 0Q
— W— = w ; e, —
1l Q p Qdy Q P QQ

52



I jiisded S 14 ¢52@Q7ca " § ¢
t OL HIlj dz1 OH j ) dgtg fipliztend © ISt OdeMmyf stelsdztsdy 3O d detsfylstets j dad

Al & . ® OE+ 3 3 N

1°Q X
— O —AT-6 ®OOE+ N
T— Q
HdzZv Istejls! jdts kZtcOo dzj dad W
Q. L [0'9) pQQ . .
— (o} Bl 2 3>—AI .
S a1 O of a 5 o v o n

;%2 ¢ d o YOBI Ai0 g dad & OB1 FOEBI

. ‘O p aQ .
d ) D) A _9. ° | |
Q p Q ~dy !

T, . fen o B p o @Q
= ad o1 0BT o a 5 o U,QTYAl ¥al n
1Q N [0 p QQ .. . o
Al 3 3 Al . EL .
T dAT-O o a % q gy~ © @ O n

Hdzw yjbojtlticts ktcOo dzj ded W

0BT & p 2o P Mg
= 1 © P 39w n

o]

<

— TYOE! . AlO . q JPET - FOBT

6 p2oP S xien
Q@ b o0
e
1 Y1 gATO - 0BT
6 p2oP S xien
Q@ b o0

1 Y1 AdATO - OEd 1 AT<O

@ p 00 .. n
IQ \Jp nQ \JyQ

o ® p

{lsdzsfdlsj dz' dzts QfMRBEI @M HD K> | QYH QW] MisHEO  (
wodzw jlsfw fdMmisj B2 HdstesHdr 7 dzddzj 2dF 7 OdzejBt.Odyj MCdn
Odz' dz' § Iz usqeedpjidpdlv,s 0 dj  d L ds dayided jhe W fotg oz eizatz] -

Nddedd oHBEHY tYutEdesd dH:

53



v. ROtdztsf sdz! flgAf@Ys,te 5f.0) .
RIMMdzj Hiso Odzedj MIsOYydosdzOtede' = Hody jded?2 OolstsfsjLHO 9

£ PO Q ph
Q%Y 0 0 0 0 ©
Is. J .
oy of A o 2 oF 2 ohr E o
QY = QY "= QY = QY = QY N
GHJ
, 0 "Ch"ORohQ | 0 "Ch"ohoRQ 0 "Ch"ORORQ .
0 ——h0 oM —ee—e—>s—h
o1 P P h— oY P h— 0O™h b h—
0 oh'ofohQ . 0 "Oh"ORORQ .
o™ b h— o™ b P

tdfm. 2. [BdzOMls dediRs dilsirvy jodsd “d3izé jv "dgde" =
Hody jdd2 o fteshisteOdiise j f jtej d3j dzdz’ -

u

t dB. stlyeys jIsfisokzs h O ®RizsetssBteOL s flsOyd
MsmMsswdd?2 o ftosMistcOdMisej f OLO®R] stetseo

10 tedf. 2 fsCOLOdRZO B &OMIS! Htedlswy jddw otsL
dzd 2 tOo dztse j find W o ldsticty t51jL LoHj Qlzdzts ¢ t# O Otsch¥idp M tofis fyls tc O dz
54



I jiisded S 14 ¢52@Q7ca " § ¢
t OL HIlj dz1 OH j ) dgtg fipliztend © ISt OdeMmyf stelsdztsdy 3O d detsfylstets j dad

EftOo dzv e h g dsd i fOustOty de' tedRsidy (i ¢ tete tihiplsly “f So SteslsO k§ tcOo dzv j -
BT CEd BsOBlsso s S G — Mo dsj h j dzO f) dOYOdz dzts 2
sys 2 f esmlstcOdnGs @kd s ok dard hHds) dj dL e jmsd 7, 6ftj-
Hydvshdn MsOydsdOed j tixdd , J feshstOdhssts Isjfjts!
"o P R [ dsyjmlsok MsOydsdOdy fuMBhsvYay?2 SsBEyOjls Ctdo
©O" sCOLT o0 jl, COCdd L dOyY] BEMBsEs) gD ki GO0 dzv j d3' & ¢
Cqdj MkOydsdOLdr | ©iyddk fid LOHOMGES?2 fesHBd ds? MS ks

s MBS ddlsj Oz’ :

[1] uOodedlsjdz dzF 2 OdzOzdL 3 jMbCs2 d bfttbes? &SHjdd sttOdhf stlsd
COtoss bz aglg M osW Jdzt HBEsSEd. wdHSeS-® &) Y H Iz &t©OHEEfIsdzr M OWY  uv. R.
Ok WdeEs 5" " dzj dzdz’ 2 W stz 0pQl 9 édzd Cuftg b He j CUfts|dzc e fd®E S S d5 2 .

RL-ats] | ¢ 2010 239 242.

[2] s dffdzjHise Oded® Ekfists2ydotsisd mady ydxdv @obtsdgtse @z . fh. ftlzc
v Otedzestf sdz' MCOW . R./ 1l jifMddt IcdmMis? comMkzuOmlse j ddes?2 OC OHJ 3
¢ 30. 10Hjydshls! d ByMzehe ¢ seIon (lashmbicfj dddl v,

2012.i 118 122.

[ 3] 1ddOBdyiMcd? twRmvisnEde @did hds ~zigk® dhf stelsde’ = Miej HMiss . u«
J. 1., vOotdtst s dEPW L dO R Hdeshi @izt 2 W stelkz-ds ¢l jdzdSdj tjsd
2014e. { Olsj tedfjOlsias H ddp@ ENEAER € 5 déWJ.te J 048 of & 5-B wHS.A3) §lu H

1Y [ 11 ¢l ui,if224®@494 .

[

cation to nonlinear oscillations [/ PubiBh2. Res. Il nst . Mat h. S

THE STUDY OF STATION ARY MOTIONS
OF MULTI -LINK TRUCKS , IN NONLINEAR STATEMENT

T.l. Tarnopolskaya, O.V. Sidorova

Key words: differential equations, method of continuation on a parameter, steady state, mul-
ti-link road train.

This article considers the dynamic behavior of multilink trucks with a large set obtpatr
rameters. The stationary states of a thlie& vehicle modeled by a system of differential
equations are found by means of a differergi@metric method. The solution corresponds
to the special points in the phase space of control parametersiatisangles of rotation of
the drive wheels.
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To predict a residual resource and determining the generated Welded beam metalworks
boom floatingcrane, lifting capacity of 16 tonnes on the basis of methods of the theory of
mechanics of the damaged environment, while strengthening the process degradate consid-
ered steel material on the mechanism of kigble fatigue, evaluated the kinetics of the
stressstrain state hazardous areas considered jib metal floating and a forecast of its residual
resource boom on his actual operational loading.
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f dzts s dets iy ls ¢ mMsmMisswdzd?2 tOMmilsjls. Clsts sBEMdzOo dzdo OjIs Mmdaed x J dzd
[12], ysts tsBdZj cyOjls syl Mg jod ¥ | Ciss@zyy sdisdedoy.d Wl tdnolss &3z y
BSHdz » { dzj Stesdegseo o flsOdzd, sjid3 Mddzt dzgjj L Oeadfmd Bsmlis: 1 dz
sy B j wOlskzter , 5. j. BBdij tuid. Mekde jdafdfv jsig i3y j he@Hsjzded j o

1 jodzscteOdzd ydetsj] bEftetsydzj dzedj Okfisj dzdls €208 MsOdzj 2 f OL slsts
Iza;dzduyj)dz,cﬂ]clstslsdztshcj—ld%tﬂs{q(m,ts;Q@Jtzq’L il fjtej dzsfy MCtsdz ¥ j -
eV HdMdzsS Oyd?2 yYydtiL ctOddyk Ljttdd. 1ttd fwserhjddd MH]
dzd, bEftetsydweshd? 1 ¥WjCl ctOdedy Ljtjd o jddydeoOjlsmw. 1 0
HOdzdz" = Lkaso[jleHlHOj Isfyw , Yylsts Mmeowy ! Olstsdise OL SO f HIMdsE Oy
OssBOBd EZodjtesHO, ftedyjds LOCtejfdzjdedi HdMZECOYd?2 OldiOd
s Ctsdayj delstcOydd OLBIO. vOCdd BSBKOL sd3, &y das fMHj dzOIs
9 BjrnOddL 3 L | Ioifiase e@fapdtzs f esdMaotsHdls LO Myjl Mddz desegts o
flso v Olktdkse OLBKO M HMESSOYJY &, BdsSdEks h ddd dnlstyd
Hisdzy dzr dzdyddtetse Ol o MifjHddr Ljttddns §jtjdsh §d&omlsdyj
¢ Ljtedkz. | dzv t©OL B dsC dtetsofalk s yal £ dzd | jHdidnidzsE Odaie s jsde-
scts dzOf oW ) j ded W .

tds.
Is

H Eyjibtsds tojLlzdz sOlstse cOB BIsT [ 13] ZzOdsd BTM dZzO o { tsdzd
o jtcHiStcOMIsea stedztsets L jtedzscteOded ydesets 3 m OdzdL d3ts o Zf oty
05mM22¢4 147 7f . lted tOffyjby dimftsd L tse Odzdfm! L CiY j tod d3j dzls O
[14], ftjHMmlsOoadzjdeder § ©® odHj bOBdAdZdYy 1, 2.
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1.} dzjeB,5 b .ddd.detso | J A d Az
[ inOddL &3 Moz bbtodtsets k§ totsydsj degdw OL slsfytsH jtey O j 2

vsO0Bdzd yo 1
mdddduyd M d2 MesMmMisOe frsder = § &zOos¢ MlsOdzj 2 Isq

1 5B HBH Y Odzdj { dzj d3j delstse, RBOMM
§zoe| ¢ N cr Mn Ni Mo Y, Si
5 0,070 0,64 23,1 11,9 4,90 0,80 0,25 0,45
7 0,070 0,74 24,3 14,2 8,20 0,80 0,27 0,10
8 0,060 0,38 18,9 11,8 7,67 1,00 0,21 0,33
9 0,070 0,57 18,7 12,4 6,90 1,00 0,30 0,15
10 0,075 0,55 19,2 11,0 7,70 0,83 0,85 0,20
11 0,070 0,73 20,2 11,0 7,50 0,83 1,34 0,25
12 0,050 0,61 21,6 13,1 7,30 0,73 0,40 0,23
v OB dzd yo 2
[inOodduimSd) Mets2fMmlseoO® ©frlsdr » § kOotsS MmisOdzj 2
168dj4 N, &Of] G, 1| Gz 3 U, % Y, % KCV,
§ dzOo g IR N
5 0,64 1013 612 46,8 63,0 2,28
7 0,74 1047 646 41,4 44,8 0,96
8 0,38 876 515 50,5 70,4 3,22
9 0,57 1015 617 41,5 58,6 2,02
10 0,55 969 693 38,0 63,5 2,10
11 0,73 1001 692 36,1 53,8 1,18
12 0,61 998 625 46,0 54,5 0,99

tOfmMudls fiHj O IsjSlujfmisd d Yt H] kO {isydt
fstsilsdatsh jdzdw s [ 13]:

Jo2= ofisaln;
GH= 0255831 @95 [ O/ %;

U = OGSGL’HN;
GH= 052581 @85 [ O/ %;

tiLkd O t©OMUjssod fdej5H.MisOo dzj dz¥ dz® ted fy.
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tqfy. Jddvdd) MoHjEyOddY OL i@ 5@ 2(pglMj E flsj Czyj hisd MisOdd s
(Wit I j tod d3j dzls. B O dadzted Ay sk OB dz.
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CoagepaHue asorta, %

tdf. Jddwdd] msHjty Oddy OL sl 00 Ha02 A ey HA 107 [f s ydesmlsd Mls Odzd s
(tewint CIfY j tod d3j dzls. 2 O dzuztegd oy sk OB dz.

vOCYJ] B dZO of ftsdzdej 20 BYj S O L jtodescteOded ydetsé s ki totsydzj
Cdpyj delstcOydd OLBO o MOk MsedOMmds [ 13] :

Ky = Kyo + KCN ,

GHKLI 25 [ 1 BL BB
K= 11,7 Y1 0L &H

tdLld IsOKye OB adBPBsMIsd tsls MsHj ey OdRIvY OL IO i HMISOo C

O dzOdzdL Jtslzw f sdzlz yj digig™ fets te jnHlg dzZOsOIsT o 7 8 SH ts Is ts d3, ylsts
Okzmlsj dedlsdz' 7 OL BlsMsH jtey Ohda MsOdzv 7 hdssdy d3 dj - Oded L B o
so j toHestt®Odg 2 d3j -~ Oded L d3, Is. €. [ tbdz fiflz® Cjdigdsda@ dgdmsd oo'rvh jdzO to d fiy.
Y4 d3 dz6. 6 @dec j dzf) ZG6 dzO dzOS dztsdzO@ HAWF BS8'07 @O dd@( fip.d4,. 5 MsmMisOo d
6 dd3djdls L dzOyd dzd J ~ 12. Clkts tsHlso jteHOjJI o7 oatsH & (6
Eftetsydzj dzdj OL tslsfptsH jtey Oh j2 MlsOdzd Iso jtcHsteOMlso stedetsets  d3j n (
9" asHOMRBd twWOBBI [ 11, 13].
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td®. 1 ddwddj MtHjtey Odd¥ OL 5IstOG EHz0L tf tsts Y dzj dzdf v dzls

s NS ddlsj Ozt :
[1] 1 Odzdzr 7 1 fzqdlatse 1. f . ﬂs@fmijsﬁtg;fv]dftq’dzdzBZJ BOG dzd Isdz j © O dzC

MsOdd, (., 10O, 1980

IV S jteddec a. 1. /\deI{JfT]QtSJ B sOdzdztse jHjdzdj d tOL 6
Blzltej &3j dz2 [ . ¢. 1 twshdehEy ChYd@itglscd, [., [RurR4,
[4] 1 OLOdzj j9 O s. [. I MtsB J dzdesmisd Mistetsj dedw tcOL dzd ydzts
NddzjL O, sOdzHdHOIs. HdMMj elsOydw, [., [RurRuw, 2001.

[B]l4 dzd detse . ] . [ OLwOBBISE Odz&tsﬁh&tﬁﬂs%m@sm{dmrdflﬁsgﬁm(ﬂmhcﬁﬁgsl
dzsets Mf dzZOo © HdzvW o' MBS 5dzZOGtelzy jdzdz' = HilsOdzj 2, s OdzH
Elmtsded CtsdzB . 1 dzOMisdydi MEOY HIWBLdRBOYydvw d3,jlsc)dzdztss, )
[ sdzslsOtejoMEd?2 1. a. [ JjirnOdduimMéidi9B nmeos2mlse® dj lsOdz
[8] Norstrom L.A. The influence of nitrogen and grain size on yield strength in type AISI 316L austen-
itic stainless steel, Met. Sci., 1977, ~ 6.

€141 4 6Oh j dtsd SR 9 dz@ O 3O dzylz& r. 1. l dzgwdzdj OLBISO dzO
OkMmisj defjlstelzs@o j 8 h j 2 MlsOdzd, RrRLOjMIsdY Juvydse, AdLISCO
[10]s 5L dzsou S W S sggBGdj o) Powdodzs E s sqORE dz®Plsj dzS 5 [ .
AdHBM] jJaggkzE. B.Qzdz' 1@HICSoCO 1.1 . [ sdz s jtcHStIGOMIS €
9L OdBsHJ 2 MisCo@NPd odzdatsfifn dizil OdzB dzj o Wistedsdtetse Odzd d dzOY
NOhj2 OkMmisj ddlsds? MEQdd ORL al99EdY "BkzL 9,

[11] Valentin G. Gavriljuk, Hans Berns, High Nitrogen Steels: structure, properties, manufacture, ap-
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[12]) Odizlz Ir. EH O] a1 EZih.daj.o, [ . 4. wltekClEttO d dj = Oded yd M¢
sotsteso LOBI N jdedw, [., [ JjibOdzazzteedw, 1971.

[13] ¢ W tQTSfr]IUSdZIOHLJOﬁQDZl,dhEISE)OU‘f_ISJdZQ@WJTGISbﬁ}JJO'@“.:,Cde
.., abtekzSlsizteO d oEj ~Oa sk kY & s Q ld) daff dzd Is dznds ¢ Mis Od
2¢O o MsCdR HOesdzjded?2, 2007, Is. 17, ~ 1.

[14] 4 dzj B sou sl fd dzQ s10.04) .dad = dldas D 3j dets @ dzd dzfso,) J ef3dsddz 1 . [ .
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MECHANISMS OF STRUCT URAL HARDENING
OF NITROGEN-CONTAINI NG AUSTENITIC STEEL
OF THE TYPE 4057M22 ¢ 4 1

V.V. Glebov, V.M.Blinov, F.F. Repin

Key words:high nitrogen steels, hardening mechanism, sstitlition hardening, strength-
ening grain boundaries, austenite.

The mechanisms of solblution and graifboundary hardening of hightrength austenitic
steels by nitrogen atoms are considered. The expatah and calculated values of the
strength characteristics are compared with the nitrogen content. It is shown that solid
solution hardening is the main mechanism for increasing the strength of steel.

45Ol v fflsky qREROE ©,j HOC yd*

LV $20.193.16:629.12.037.11

(. {. 1 cceudd®d&ls, ¢ ) sMizHOtMmlse jdedzr 2 Edzde jteMmdlsils d@stemMs ¢!
Wdzslsoodg cOdzO . . [ OCOttsa Oe

S.1. AotHsBsaz , ftosW jmMmsts, LOs. COWjHELsS2, ¢quftan dds. OH
19803568 Odzl lg Isj tcBZtee, Lkdz. roeddmCoOw, 5/ 7

Vit Javd Ty Rt LI OV REORRSVLUILL Y UERIT O

s¢JRv¢AR11 J1{ RROMORZC [ [V duuU[ B
Ltril3m R1L U L@ ydHdIrR( [

fruvlrd¢ RHrtrlARRcIcltliiJrtN\liHvR

sdzs Yj or js Gpdrfse@y d tsdzdzts §, deltaf@h om0 deddjdzls, ddz€ 2B Oydtsdzdedz 2 f jted s5H,
MiejHdzj j OtedWdsjlbdujmMSts) lsCdsdjddi §tsWddvy.

ltetso jHjde dLBjtejdedw or fslsr dzjtetso desMisj2 5o jtendetsiisd dztsyf Ofls,
sYy0Oc jls G y@edzdzs e 5 L dzsmO. 1 5C OL Odets, ybsts o ByoOc,j ftod HodXj ded
Bsy des dz02sd tsyClk, Mifisswvedzddts dfjaly e iztiesteO oH of dsysdsidsjts-2

v ftle jsMisabkjl BEsdyOdd dJikzeOydsdhkdksecs ffjttdsHO; 11O Ists
GteOdzd yj L sdzr dzOC dzvdf@s jdftc qLOTED . W IdeHj jHOdFtsdgdjwdzO® 3 SsHdC O ftescdetsL d -
teso Odzdw ddeC EBOYdbdedetsets ff jtedtsH O, thdase OdedzOW dzO dMtf sdz L tso0 O dac
o degsfls j 2, Mttlse jlsmlsoksh j2 sCtduodds JhSkzOydsddsets fjtods
desds atsLHj2Mlsadd dzO ftse jtenm dztsfls: .

lojHjdedd
s 0o dIsOyd s dedfsdpdizid f @A D ¢ tcj B de'tstH daOd dfls ts e O(dyr IR) tc Ofny-

fetsmsteOdzy dzdz' 7 ftedudds toj BsdEsO MeHse' & Hodydlsjdzj?2. [Mts.
ydd 11 o Itsd, ybkt, jhmdd fted ostdh jddd odddsO oL ddSOjl ¢
Mz yojo BdzO Msftetso sy H O dloipdzdy @ d 1€ @9 fftisd2dg’ ds daflats RO M tetsL d j 2)
s Ofmisj 2. [Mdse dzOv fdyuddd o' MC2 | tsL dsdds? 0 shss d
Hod>y dlgjjdzy 2dzj MisOyd s dz0Ote-dz02 SBEOBOC Issts s j B dzts?2 o ddzls tOBESISO]
Ctef Mtsds MkHdzO®, d MCstetsils! oL ddCfAsIdisees offisdzj HMlsa dj Hoed
SsCO dzgj sHJdZOSC B9 0O s fdzZch OHd HdMEO o ddzsO: tcOL 3j 6 S Qo dlIs
hjdedd s omisd ¢ j ted SHSIOW]ffEddO doLidigdevdg' lsjWsB teOL sd3 o tsL dzgd C O |

N jejfdmSt ojflsd @HEEL®E @) Gywisdi@saug tyls’
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(. J. 1 BBOYjdStt5, SH.1. AojlsCtse
ltosddesL qietso Odedj ddzC B OYydtsdedetsets f jtodsHO 00 dlsOy(dt

CBCEHO dztsf Ofpls! dZORtsSHdIsMY o (dtsyjddd, Mtslkej
d fModstr dGjdsdtsmis: ¢ ddzd yYOMmisdydets, SCtSEHO s Of
ded ZOdz! dese s k6 dzO [thOB) B P dzthE dzE s @ @& d ¢ 0o j tcdz
Mestetsis’' 8 LOfsdzde jIs f Otetsoatsj HtetsMmisteOdemlsots € C
fMsd M fjtdsHdydsmis?s yOffiistststs tc g dG@dzg dzaddz | I
SOodlsOydtsdeds” 2 dL dgtsfy) dzsf Oflsj 2 dd3i jls o Oy
syYyOed dL desfpO qQJBB tto Odzzs ckzByObks o jtcn da
Mdzyojo dzgi ftojor"NOjls dgj MEtsdzr Cdrn fJtotsyj dzlstso
oL dzdC Ol o Cwtdzjorna Mjudddves d&sfoOfsj2, €O
fsHoO SHE R meWJW:, ks OS] tyoOcd Mmdedy O ls
desfyls!  jvy tsBtr 90 ftod Hodyddedd MmMkHAO, JjMmdd
BOW Msts @] § JdzsOr otsHtsdL d&3j h O8 h A

%BMBJ COodlsOyddedes @ s gL dzOP dz® @dfladof j o3
ddzse s f jtedsHO, s. j. dOyoOd dsets

s
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fsojtrndsmlsd fiod § ZOMsdui MSB2 H,j W skd
H
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o7 FoanIT P

J

sy dlsj dzt desls! S kzpBOydesddzsets  jtedt
BeMEdr ktOdhf cslsdyr B Msfigls QOM@EH Is 68

LIsts?2 fMewirLd OCkEZOd dzF @3 Wodzw jIsw {f tots G dat
56t fjtedBsHO; 5 fosHsdydlsjd dshlsd ddsk
Yy deS ez d3iytej d3tsdelsde” » fitcdsHBse | ).
tjLkd OT dhfdj Hise Odzd 2 S Off Btizg j H Wtz = &ZO®o ISt
SLds?2 tyjdSd dzSzBOydsdezsets §f jtedsHO, €
gw, 10¢ d ftd *OBBEOlsted &» dnf' ksOdedw 7
fodjLjd &jstsH JUAR] taideftls Sffrddg)Vixftuinvdz
desmisd o ftjH]jdzZOr ddl zBOyYydodsets f jtedtsH
Bjded COoadlsOydbdedetsets atsLHj2Mlsadw, ftod
Zsdzj dzdv ftesWddw, Meslse jlsMmlseakzeh jj ¢t
4 aeffnuefdpsRdzs? d dzgj L Oeadmdls sls ddalsy dzfifd o c
fted COoadbOyddadesds dL dzOh do Odadd o tstftej H
tkHtso Odedd (dzd OBGEOteds? bkMlsOdssCj. |
ftosWddzy fto jten dsiisd Hfjt@dn s ad lsg¥sdzdsdztssds Iso' tsLd iy ff
fescdasL Jiotso OdzgdY fosHsd dlsj d desflsd ddzS B OY(dt
ZOh do Odzdw d Hodydlsjd dF R St dj CMtse IstcOdzmt |
CejBdy B oddsOR dzOHB bkdjls! sy, ddo Olss 8¢ thdzis iz
Yyodeds ddzS B Oydooddzsets f jted BHO.

Ajid ©OBBLEOBSISCO ojlssHdSd ftoscdsL dtetso Odzd
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o jtcrndesmisd dzsf Ofilsj2 o Ltsdzgy $COoadkOydoddses ot

[ dtsHdC Odacffd d3j te ]
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sddzse s f tsthHo fn Isjd, yYbter dhMiftd Lt Ols! !
ded v . ,[HdzC OL @Azugls@zd p " Isis™  dathhy dztso tizlfdfih v PgEc ks
tojh jpEzdzn (totse dzj d3, 1 tod ys(lsiss tc rons L adadfi§ ddgiso Iz sdad jwds. €

lf jteor 7, HjlsOdz dz" 2 @ thdiislste Hoadydlsj dzv dEBte!
Esdz S5 ofts otejdBY jCEts HBSCtSo OHBESHE, EFcecHz) O
syjdeSd o Mslsr dzj teso detsMmisj 2, Mmislse jlsmisalkzy h j2

ZOHB oM sdzOc Ols! LOadMmddissMmis! ¥ or Mislsr  dzj tetso
ydtsdedzsets oatsLHj2Mlsadw.

It &, ftd ftesydDL k) ddsS D s d s L ded § O
hj2 dz@ dsf Omswie fted tOeslsy 1), kojddude Ojlsf
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kO, O fsibts®z keojdduydeOojlmw d w©OL®Bjte. SOfjd d Mmbstekz?,
dtstslso j sflse j dedets, fted ftesydr wWOeade m kMmMzsedwr, M ko j dduyj &
o WOMIsOjls o MO dzj eso detsMmisj 2 o BYUOEe] SCOoadbOydoddtsests tC
Hdzw dzgjetsdz hdi 41 Hdv dJLdijtejddy of Msls' dzj o desMisj 2 sy d
ftotsW JazsctOW, ftoddjdwjdr 2 HdY dLBjtejddy hjtesitse Okshisd,
dzj 2 HJOf OL t5dzO] foftfi joi3j cfeej @B 6 s B oS AE" N dzj dedets o " f Z2MC OJ di3" di3d  {f
CteOW OB, BEZHjls dzj HsisOlstsydts. uwtstslse jlsflse j dades, Hd&W Btsdz t
HJB@s lstcOBtslsOls! @ibtsHdSE tSyjdid or sl dzgj esodesMisj 2 o s
Mo dz0 1 1.

lted tjhjddd fjtets?2 { tetsd dfjdsk'ts By fipl H @ dizp digdzj Het:? ts dzts o
COodlsOydtdedetsets otsLHj2Mlsady dzO dztstf Ofplsw i dzOlskzteder 7 11 L
O Isted L tsdz ; Hoj dL ddrn tOmMfsdsyjd djfstcjHMmlsse jdedets o
lzh jddv (@il cdp: ZO0sd0f 0: tdk0 tOfEHadEy j 20 &BjyHE Ctdlskzt
abbEHE d uisd@®@O tlsHjdadeoh jesmw KOl tedOdzO, ©OMY sdztsy j dzdzOv 9
dqatheHE | sCtockze BSYOCO twOMf sdztsy j dzO Htodak OB Owtsdj dzj Bz ke Is
EyoflsCd dmMAatHds? e jterndshisd yjttjHkz:lshvy M oMY cdsy j dzdz
dzj £jSter o0 h daizsdmw oW IsddzOBd ©ls EZHOtss Mistekz?2 d €O dz .
dL d&zsMO W sttdkdtelkzjlshvw E6zOo 5 OMESE geces @ oz tosfmw j 2 Miso dvw  dz@ § sis st
ftejor hOjls L &zOby dzfj L " alzpeE {2 § zOfmisdyj MSks HjWsLROYyd:s §tso
filsd. 1 tetsHisdy dlsj duzodssdys '  jftezhtzie @ yeasdzy j Isfw  dzj ftoj tor o dats2  fSH ¢
dets?2 WbkdeCydj2 {dzjteedd SOodlsOydtdadesets otsLHj2flsoadw dzO f s
SYjtej H! ,ECUCBjddscfyd sdzdzts s ts otsL Hj 2fylsodw wWodw jlsfyw dzj ftejtcr o dat
steHd EBBBYSH SYOGCO (L O dOyOdshézssdH J dzQf dzigs y kg O ® ) v Is ¢
L dzOydls, d HftosHtsd) dlsj dz detsfyls qdz¢ B Oydtsdzdesets  JjtedtsHO o
ttesLdd wodzw jlsmw dzjtftcjtcr odets?2 sV Bkl 92 sYOEHH JwOlsHo fsyYSs d.
Nddedd Bls jets yjdadsteO hBsydes dzO2Isd st zshmsmMisswdzdj 5o ]t
shesksttd ;1 Motsle jlkMisokjl tCtsdyOddt ddSkzsOydoddsets §jtdt
CteOdzdyj BjyHE Lbds? d&zOSC d § O datdchizds e dd)s H jidrj. dzd v  BOIs § to d O dzC
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ltcsedzsL qietso Odedj ddzC B Oydodzdese s f jtsdsSHO $»O0 dlsOydt

[ s jh jdedy olttets? HftesBdzj 3", Is. Jj. BGlstcOBBISS
O o ddzsOr MtcOo ded Is dziaiztsatsmﬂsddzflé?ﬂtﬁdzmrq@ldﬂyslggqst@den
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1,8%;Cui sfndzglseo @ O2 s5de’ oftsL ded S dziseo jdedw ByOctss dL dats
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PREDICTION OF THE IN CUBATION PERIOD
IN CAVITATION WEAR O F SHIP PROPELLER BLADES
USING THE SURFACE PROFILE MEASUREMENTS

E.O. Gorbachenko, Yu.NTsvetkov

Key words:cavitation wear,screw propeller, incubation periodrithmetic mean deviation
of the assessed profile

The measurementsf the height of asperitieswere carried out within the zoneof cavitation
wearontheship propeller bladeslt is shown that in moving from the center of the cavitation
wear zonat is possible to find the point where the surface condition corresponds to incuba-
tion period termination. This point is situated on the boundary between the amlening

zone and the zone of material removal. The procedure is developed to predict the incubation
period duration, based on the use of the asperity height value corresponding to the end of the
incubation period in cavitation attack on the surface.
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ABOUT THE FORM OF ID ENTIFICATION
OF SHIPPING CHARACTE RISTICS

A.A. Kesler

Key words:Ship, propeller, main engine, calculation diagrams, running characteristics

The process of using the calculation diagrams for propeller screws and the possibility of
simplifying it by means of auxiliary diagrams are considered. The possibility of dexreas
calculations in determining the action curves of a screw is proved, as well as the possibility
of graphically obtaining the boundary line of the working zone on the field of the screw ac-
tion curves in terms of power and on the field of action curvésduging
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The recent increased interest gsmalk river passenger vessels. This &pecially true of
those areas intahe country, where there are extensive inland wateswashere an im-
portant role in the development of passenger transport is water transport. Method optimiza-
tion selection of key einents and characteristics feuch vessels in the early stages of de-
sign is considered. Computer programming is applied, wielatly reduces the complexity

of design work and provides a selection of the most efficient, practical option.
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THE DESIGN OF THE DI GESTER AS PART
OF THE MARINE SYSTEM S IWMS
D.S. Mizgirev, A.S. Kurnikov
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of calculation.

The article discusses the existing designs of digesfefogas plants for anaerobic diges-
tion of sewage sludge and food waste, the possibility of their use, test results, design features
and use on vessels of complex processing of waste (IWMS).
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GRAPHIC METHOD OF RE PRESENTATION
OF THE OPTIMAL ELEME NTS OF THE TANKER
OF MIXED (RIVER -SEA) NAVIGATION

E.P. Ronnov, Yu.A. Kochnev
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The mathematical model of optimization of the main dimensions of the tanker of mixed (riv-
er-sea) navigation. A feature of the model is the direct calculation of the mass of the metal
case, a detailed calculation of the propulsion of the veSseiplified graphic method of de-
termining the main dimensions for conventional line operation.
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Section V

Financial and accounting -analytical
problems of the modern economy
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management
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The article discusses the problem of weak introduction of analytical information technologies
in the practice of shipping companies, which optinproduction processes and aimed at in-
creasing the efficiency of shipping enterprises, outlines some innovative methodological ap-
proaches to assessing the efficiency of information technology at inland shipping.
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THE CONCEPT OF ENSURING DELIVERY TO CONS UMERS
OF THE STANDARD RIVE R SAND EXTRACTED
AND TRANSPORTED BY THE VOLGA PORTS

A.l. Telegin, E.V. Frolova

Keywords:freight transportation, river transport, nonmetallic construction materials.

The main stages of preparation for production and production of nonmetallic building mate-
rials on river trarsport are considered, the scheme considering production and receipt of
materials, the corresponding FRIL2 and GOST 8736 is formulated. Analytical delivery pat-
terns of nonmetallic building materials taking into account the quality required by consum-
ers, stuctures of the delivered standard sand and gravel are offered.
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