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JianKH Bayapu CaMyHjjOBHn 
CsepunoBCKHtł ropHbiB HHCTHTyT

K ' ¿ m m  BHBOPA riAPAMETPOB I10T0HHHX ^CKPETHHX 
ABTOM/VTHMECKMX CHCTEM

PeatOMe. Ha ocHOBe npeunaraeM oro b CTaTbe n on xoąa c te h o b h tch  
B03M0ÄHL1M npn pemenHH aanaijH onpen,eiieHHH 3$$ok th bh octvi BapnaHTOB 
HHCKpeTHblX aBT0MaTÜ3Hp0BaHHbIX nOTOtJHUX TpaHCnopTHUX CHCTeM npOH3- 
BecTH ee neKOMnosHUHK) Ha OTaenbHbie THnoBhie yajibi u CBecTH npoqeny- 
py OUeHKH 3$jßKTHBH0CTH K peilieHVMO pHąa OHHOTHnHHX, CpaBHHTejIbHO 
npocTux CHCTeM HH$$epeHb(HaJibHbix j'paBHeHHñ. ITpn 3tom ąjia Kascąoro t h -  
noBoro y3n a Taicoft cncTeMbi b pe3yjibTaTe MoaennpoBaHHH n p o u ecca  kek 
MapKOBCKoro c nyaccoHOBCKHM 3aK0H0M pacnpeąeneHKH MoryT ouTb nony- 
neHbi BeAHHHHH B03MCIKHHX noTepb an« Jiiböoro cotieïaHHfï napaMeTpoB ąewn- 
$Hpy»njHX eMKOCTeñ, h h t6h ch b h o cth  o ö c jijokhBanhh h Haue*HOCTH aneMeH- 
TOB ooopynoBaHHH y sn o s  noTOUHoil TpaHcnopTHOiî CHCTeMbi. B paccM aTpn- 
BaeMoU nocTaHOBKe yBenmjeHHe HHcna BapnaHTOB $opMHpoBaHHH rp y 3 o n o -  
TOKOB He npuBOHKT k cyrçecTBeHHOMy yBejiHHeHHio TpyąoeMKOCTK penieHHH 
saaa'-iH. Ilpeą/iaraeTCH b KauecTBe MeToąa onmMH3apHH HcnojibsoBaTb a n -  
napaT HHH.aMVWeCKOrO nporpaMMHpOBaHHH, n03B0;iH»mHÎÎ MHHHMH3HpOBaTb 
(JyHKIplH 3aTpaT Ha B cex ypOBHHX HeK0Mn03HIlHH -  OT OTHeJIbHHX TpaHC- 
nopTHbrx y3)ioB no sceft b ctb h  rpy3onoTOKa b penoM.

B paÓOTe [i] paccMOTpena MeToanita opeHKH si^kthbhocth noTOHHbix 
HHCKpeTHHX aETOMaTHHeCKHX CHCTeM. IipeiUIOWeHO B KaueCTBe HpHTepHfl OnTH- 
MajibHocTH npH Bbiöope BapnaHTa h ochobhhx napaMexpoB CHCTeM npnHHMaTb npn- 
BeacHHym CTOHMOCTb saT paT , OTHeceHHyx) k en,HHHpe BpeMenH OKcnnyaTaumt, h 
npencTaBjteHHyio b BHąe cneąyioiąeił aauHTHBHotł (fyHKUHH

£
5  = E mCk -ł-Cg ( e hc k¿ + C3L +  n1'U+ rir j^ + rij^  ( I  )

w
rue E h - HOpMaTHBHUtt K03'J$HUHeHT 3$$eKTHBH0CTH KariHT&JIOBJIOTOHHft;

C K,CK—  COOTBeTCTBeHHO CTOHMOCTb KanKTMbHHX 3aTpaT, He CBH3aHHHX H 
CBflaaHHbix c  TpaHcnopTHpoBaHHeM MaTepnana;

<"'3iC3l_ COOTBeTCTBeHHO CTOHMOCTb 3KCnjiyaTaUH0HHHX 3aTpaT, He CBf!3aH— 
Hbix h CBH3aHHbix c TpaHcnopTHpoBaHHeM MaTepnana; 

n^- CTOHMOCTb 3aTpaT, C3H3aHHHX C BOCCTaHOBfleHHeM CHCTeMbJ rpy30- 
noToxa nocne BOSHHKHOBeHKH b neñ HencnpaBHocTefl; 

naL,nit- COOTBeTCTBeHHO CTOHMOCTH noTepb b oó-beue npoH3BOi;cTBa, hbjih-
K^HXCH pS3yjIbTaT0M HenOCTaTOUHOR HaaeîKHOCTH aBTOMaTH3HpOBaHHO- 
ro TpaHcnopTHoro oßopyuoBaHHH h orpaHHueHHoro ero 3anaca no 
moH3BcnHTejibHOCTH, BBOĄHMoro ąnH KOMneHcapHH cnynaRHUX Kone- 
6&h hR xojiwiecTBa TpancnopTHpyeMor-o MaTepuana;

Ł - HHCJio BeToeñ rpy3onoToxa.
Be.iHUMHa n lL , n2;_, 3asHCHT ot 3aK0H0B pacnpeaeneHHH sxonHinero b
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C

BeTBb H BblXO^HmerO H3 BeTBH rpy30n0T0K0B.
ripH MHHHMMsaijHH BHpaxteHHH (I) nojiscHH coöm onaTbC H  cn en yiom n e orpaH H - 

^ h h h :  ^ ¡ > ¿ 1 ,

Ł x ^ ,  w
iM

rue Ä-L -  HHTeHCHBHOCTb nocTynneHHH MaTepnana b I  -a BeTBb;
JLL̂  - HHTeHCHBHOCTb BHÖOpKH MaTepHafla H3 aKKyMyjIHpyBąeft eMKOCTH L -ii 

BeTBH;
J\. - cpenHHH HHTeHCHBHOCTb TpaHcnopTHpoBaHHH MaTepnana Ha npen,npnfi-

THH.

IIpH onpeneneHHH sapnanTa TpancnopTHpoBKH MaTepna;ta h BHÖope cocTaBa i 
TpancnopTHoro ofiopyąoBaHHH nojiama Öhtb pemeHa oiiTHMH3ai;HOHHaH 3 a n a n a  c 
KpHTepneM (I) h orpaH H ueH neM  (2). AHajiH3 nocT aBneH H O ñ a a n a n n  n o 3B o n n eT  

BHHBHTb cnenyiomHe acneKTbi, nonnescaniHe oiithmh3£UJ(hh:
- TexHOJiorHB nouroTOBHTejibHHX h ocHOBHHX onepariHfl npennpHHTHH;
- KOJIHHeCTBO b h h hR TpaHcnopTHpoBKH ;
- CpeBHBC np0H3B0UHT6JIbH0CTb. Kawnoil JIHHHH;

- napaMeTpbi aKKyMynHpyiomHX eMKOCTeft;
- TpeóosaHHH K np0H3B0HHTe«bH0CTH noncHCTeM, yqacTByioinHX b TpaHcnop- 
THpOBKe.

C$opM yjiH poBaH Han s a n a n a  n p n H aąn e»H T  K n a c c y  uacTHUHO ijenonHcneHH bix 

3an,an  n ejiH K eñ H oro  nporpaM M HpoBâHHH. B HacTOHiąee BpeMH He c y m e c T s y e T  ep- 
H o ro  n o n x o n a  k  pemeHrao T a K o r o  K n a c c a  s a n a n .  CnHTaeTCH paijHOHanbHHM h c-  

n o n b 30B aH H e HMMTai^HOHHux M o n e n e ñ , o n H a x o , p a 3 p a ö o T a H H u e  yH H BepcanbH rae aa- 

ropHTMbi He oß ecn en H B aioT  b p a n e  c j iy n a e B  b h c o x o A 3$$exT H B H 0C T H  h npHeMneMoS j 

TC iHOCTK peraeHHH. OcoöeHHO cym ecT seH H O  3 T 0  npoH BnneTCH  n p n  yBejiHneHHH  

m e n a  nepeM eH H H x, nonneatam H X onTHMH3ai}HH, hto BH 3H BaeT p o c T  p a3M ep H o cra  

M onenH , yB en n n eH H e BpeMeHH peraeHHH. B p accM aT p H B aeM oö 3 a n a n e  H a n ö o n e e  

nepcneKTHBHHM c n e n y e T  cuH T aT b n y T b  peraeHHH, n p e n n o jia ra ra ą H ft neKOMno3HiV®> | 

onTHMH3aqHOHHo{í M on ean H a p n n  n p o c T b ix , h h c jio  nepeM eHHHx b  x o T o p u x  Moscei 

öu Tb cynjecTBeHH O y M eab raen o .

PaccMOTpHM cnenyB^Hñ BapnaHT nexoMno3HiiHH. Ha nepBOM 3Tane, Hcnojib- ; 
3yH annHTHBHHÜ BHn. KpHTepHH H OrpaHWieHHft, ąjIH K aan o K  BeTBH rpy30n0T0Ka I 

pemaeTCH c b o h onTHMHsaijHOHHaH 3anana BHna

3¿ = E HC Kl+ C 3t+ n K + n 2l+ n 3Ó-~mla,

BeTBH TpancnopTHpoBaHHH MaTepnana ot MecTa ero H3roT0BjieHHH h non- 
roTOBKH k 0Trpy3Ke no MecTa CKJianHpoBaHHH Moryra öhtb ycnoBHO npencTaBJie- 
HH B BHne (pHC.I)
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a)

5)

PHC.I.$yHKL(H0HajibHHe CTpyKTypH BeTBeñ rpy3onoTOKa 
Rys.1. Funktional structure of flow transport lines

OueBHUHO, uto n p o n y cK H a n  bobmotkhoctb BeTBH  T u n a  a )  o n p e n e n a e T C H  y 3 -  

noM c  MHHHMajibHofi n p o n y cK H o ñ  cnocoÓ H O C T bio . IIpH e e  p a c u e T e  bxouhhm n o T O - 

KOM una K a a cą o ro  n o c jie p y r a n e r o  y 3 j i a  H B jiH eT ca  HHTeHCHBHOCTb npoxoxcaeH H H  M a- 

Tepnaaa u e p e 3  n p ea u n y m n tt y 3 e n .  HHTeHCHBHOCTb n o T e p b  p a B H a  cyMMe HHTeH— 

CHBHocTefí n o T e p b  B KaisaoM  y s n e . .  f lp n  aocTaTO U H O  h h 3 K o 8  BejiHUHHe BpeMeHH 

n p o c T O H  K a K n o ro  y s a a  ( a  HMeHHO tbkmmh h hojikhu ÖUTb npoeK TH pyeM H e bbto-  
MâTH3HpOBaHHUe TpaHCnOpTHbie JIHHHh) p a C U e T  np0H 3B0H H TeJIbH 0CTH  MOSCHO n p o -  

BOHHTb H30JIHpOBaHHO HJIH KaKHOrO H3 HHX, n p e H e ó p e ra H  B3aHMHblM BJlHHHUeM 

ysnoB ą p y r  Ha ą p y r a .  B npoTHBHOM c a y u a e  TaKH e p a c u e r a  ą e a e c o o Ó p a 3 H O  n p o -  

BOąHTb HTepapHOHHblMH MeTOHaMH.

flan BeTBH Tuna 6) nponycKHan cnocoÖHOCTb onpeaenaeTCH oTneabHO ąan 
OTBeTBjieHHft 1 -2 ; 3 -4 , a 3aTeM hjih yuacTKa BeTBH 5-rt c HHTeHCHBHOcTbio 
Bxô Horo noTOKa, paBHoro cyMMe HHTeHCHBHOCTefl hotokob b yuacTKax 1-2 h 
3-4 (Taxae ripn uocTaTOUHO Maaoft BejiHUHHe noTepb b KaacąoM y3Jie).

Anann3 BeTBeti rpy3onoTOKa (pHC.I,a,6) noKaahreaeT, u t o jnoöaa M3 h h x 
MoieT ÖbiTb pa3ÖHTa Ha THnoBbie y3aw BHąa

J

JM
(4)

rąe R . _ rpy30n0T0K noąarometł noucHCTeMu;
E . -  aKKyMyaHpyrtpHft ÖyHKep ;

,J rpy3onoTOK BHÔHpajorçeR noącHCTeMti.R
3aTpaThi Ha coopysceHHe BeTBH TpaHcnopraott CHCTeMH k ctohmoctk noTepb 

B OÖbeMe np0H3B0HCTBa CKJiaiiUBaiOTCH HS COOTBeTCTByiOIHHX B6JIHUHH, xapaKTe- 
PH3ycąHx OTRenbHHe y3im. CaeuoBaTejibHO, MoateT ÖHTb npoBeneH cjienyranHft 
ypoBeHb aeKOMnosHiiHH, h 3auaua (3) pa3ÍHBaeTCH Ha pnn, etpe fioaee npocTux:

- n u n ,  J l c > A L ;

(5)
3 ¿ j “ E HC KÍ,j +C '3Ü j +  !V j  + n 2Ćj + n 5Lj ‘
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rue JX -  -  npoH3Bon.HTenbHOCTb j - r o  y sa a  I  -il BeTBH. 
Kax npaBM.io,paccMaTpHBaeMue rpyaonoTOKH hbjihbtch ciiyuaRHUMH $yHK- 

PHhmh spGMeHU, noumiHHiODiHMHCH nyaccoHOBCKOMy 3aK0Hy pacnpeueueHHH, h mq- 
uejib TaKoro poua CHCTeM MosceT paccwaTpKBaTbCH KaK mepkobckoh.

Torua u«h Kasuoro TimoBoro y3Jia (4) b pe3y;ibTaTe MOuennpOBaHHii mo- 
ryT 6aTb cpaBHHTejibHO npocTO rionyueHH BenHUHHU (2 = I ;  2 ; 3) ann
nudoro coueTEHHH odbeMa aKKyMyjiHpyraieft eMKOCTH Vljj , hhtohchbhocth o(5c- 
n y w K B a H H H  } l i , j  h  n a a e ) K H O C T H  s n e M O H T O B  o 6 o p y a o B a K n a  y 3 J i a .

IlpeacTaBaHeTCH pejiecoodpa3HHM npoHSBOUHTb opeHKy ctohmocth noiepb h 
CTOHMOCTH SETpaT B 3EBHCHM0CTH OT ypOBHH aCCHrHOBaHHfi ?i.j =EHCKy +Cgy . 
AHanti3 padoTU pe/ioro papa npeunpHHTHfl c thi5khmh aBTOMaTHBnpoBEHHUMH 
TpaHCnOpTHbMH JIHHHHMH CBHUeTeJlbCTByeT 0 TOM, WTO 3TH 3aBHCHM0CTH MOryT 
6biTb naeHTH$nuMpoBaHbi. Mx odmnR bmu npeuctaBJieH Ha pnc.2.

CTOHMOCTH IlOTepb OT ypOBHH aCCHrHOBEHHtt
Fig.2. General dependence of expenditures and

losses on the level of funding
Kpupaa 2 HMeeT OKCTpeMyM, h npn hejihhhh sebhchmocth 2,-j ot npoH3B0-

UHTeabHOCTH y3.ia h odbeMa aKKyMyuHpymmeft eMKOCTH noHBJineTCH bosmohhoctb
noayueHHH onTHMajibHoro pemeHKji, KOTopoe HBJiaeTCH eaHHCTBemmM. Pemaa chc-
TeMjr (5) ana , 2 ^ " ) ,  mo?kho nonyuHTb 3aBHCHM0CTH BejiHUHH Wq h
It,*; ot ypoBHH accurHOBaHHtl Ha t -R ysea,J _ -2 mtn.

oeaHUHHEt.; ; CKaaaMBEOTCH H3 BeaHUHH CTOHMOCTH CTPOHTeHbCTBE H 3K0- ^ J mini
nayaTaqHH oynxep a MHHHMajibHoro paaMepa Zq h ctohmocth cTpcHTe/ibCTEah
OKcnayaTaiiHH BHdnpaiomeft CHCTeMH MHHHMaabHoft npoHSBOUHTejibHOCTK Z ¡j
3th BeaHUHHH MoryT i5HTb onpeaeaeHH hs ycJiOBHH W q  - spew
HHKaa BHSHpaemett H3 OyHKepa noacHCTeMu). PacumpeHHeM pemaeMofi 3auauH ho-
nneTCH BapbHpoBaHHe b npeaeaax ot 0  no A  . riocae npoBeaeHHK KOMnaeKca
HecaeuoBaHHft na Moaean qyHKifHOHHpoBaHHn y3Jia Mowe'r dtiTb HaflueHa aaBHCH- 
MOCTb
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="F(2.i,j i ̂ Cl ■ (6)
üonyyeHHHe ¡íyHKpHH He 3aB K caT  ot T o r o ,  b Kaicoîî HMeHHO bótbh r p y30-  

noTOKa naxonHTCH y 3e n ,  a  H3MeHíuoTCH TonbKo npH H3MeHeHHH 2 ¡_j k . 

3th  saBHCHMocTH M oryT ÓbíTfc n c n o n b30BaHH a n a  Bcex hhhkíí aocTaBKH  M aT ep n a- 

jia npHMeHHTejibHo k cooTBeTCTByraaeM y THny y s n a . .  

HaHÖojiee 3$$eKTKBHbiM MeToąoM onTHMH3apnH b aaHHoñ nocTaHOBKe sapa^H 
HBaaeTCH annapaT aunaMiroecKoro nporpaMMapoBaHna. Oh no3BonaeT, ncnojib3ya 
3aBHcnM0CTH ( 6 ) ,  noaytiHTb aHanoriTOHbie d̂ ymcuíiH ana Bceft BeTBH rpy3onoTOKa 
b aenoM. Haftan 3aBMCHMocTb ana L - f t  b6tbh, ee ncnojib3yfOT ana nojiyae- 
HHH noKa3aTeaa ( I ) ,  HaxoaaT o6¡ane 3aTpaTH b paecMaTpKBaeMHx BapwaHTax 
TpaHcnopTiipoBaHHa MaTepnaaa, rpopMyjmpyaT TpeCoBaHKa k onTHMaabHUM BejiHHH- 
HBM rpy3onoTOKa Kaxaoß BeTBH. B pesyjibTaTe npoH3BoanTca opeHKa BapKaHTOB 
h b KaataoM M3 HHX onpeaenaKiTca Heo6xoanMb¡e oöbeMH aKKyMyjivfpywpHX eMKOc- 
TeR u HOMMHaabHHe npoHSBoaHTeabHOCTH oöopyaoBaKHa Ka*aoro y 3 na TpaHcnopT- 
HOit CHCTeMb!.

HeoÖxcauMO OTMeTHTb, HTO b TaKoft nocTaHOBKe yBeatraeHHe nH caa BapaaH- 
TOB CHCTeM TpaHcnopTHpoBaHHH MaTepnaaoB He npnBoanT k cypecTEeHHOMy y B e -  
JiiweKHB TpyaoeMKOCTH pemeHHH s a a a a a ,  3 t o  oöycjiaBHHBaeTca, BO-nepBbix, h c -  
nojb30BaHneM noayueHHHx cooTHomeHHß T l^ j  n,m  thitobux y3Jios bo B cex  B ap a- 
aHTaX H, BO-BTOpblX, B03M0*H0CTbB IipHMeHeHKH nOfly'-ieHHblX 3aBHCHM0CTeß \
WH oanoñ BeTBH r p y a o n o T o x a  k  apyrHM aHanornHHbiM BeTBHM ocTajibH bix e a p a -  
aHTOB.
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ON THE PROBLEM OF CHOOSING THE PARAMETERS OF DISCRETE AUTOMATIC 
FLOW SYSTEMS

S u m m a r y

The approach proposed in this paper permit's the problem 
of estimating the efficiency of various discrete automatic 
transport, flow systems to be decomposed into separate
standard units and the efficiency estimating procedure to be 
reduced to the solution of a series of uniform, comparatively 
simple differential equations. By modelling the, process as a 
Markovian one with Poisson distribution, estimates of possible 
losses can be obtained for any combination of the parameters 
o f ’damping storage facilities, intensity of servicing and relia­
bility of the unitssof a flow transport system equipment. For 
this approach, an increase in the number of the variants of forma­
tion of cargo traffics does not bring about any substantial 
increase in the difficulty of problem solving.

Dynamic programming is suggested as a method of optimiza­
tion permiting" cost functions to be minimized at all levels 
of decomposition - from separate transportation units to the 
entire transport line.

O ZAG AD N IEN IU  WYBORU PARAMETRÓW  D YSK R E TN YCH  SYSTEM ÓW  POTOKOW YCH  

S t r e s z c z e n i e

P r z e d s t a w io n e  w a r t y k u le  p o d e j ś c i e  u m o żliw ia  d e k o m p o z y c ją  d y s k r e t n y c h  

z a u to m a t y z o w a n y c h  p o to k o w y c h  s y s t e m ó w  t r a n s p o r t o w y c h  n a o d d z ie ln e  węzł) 

P o z w a la  t o  s p r o w a d z ić  p r o c e d u r y  o c e n y  e f e k t y w n o ś c i  do ro zw iązyw an ia  

p r o s t y c h  u k ła d ó w  ró w n a ń  r ó ż n ic z k o w y c h . J a k o  m e to d ę  o p ty m a liza cji  

za p r o p o n o w a n o  w u k o r z y s t a n ie  a p a r a t u  p r o g r a m o w a n ia  d y n a m ic z n e g o , c o  pozwala 

m in im a lizo w a ć f u n k c je  s t r a t  n a w s z y s t k ic h  p o z io m a c h  d e k o m p o z y c ji.


