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Metp KO3J10B

Peter A. KOZLOV

Ha abcTpakTHOM ypoBHe

OLleHNBaOTCs 3aKOHOMEPHOCTU
Bsanmo,qeﬁcrsuﬂ noTokKa v 3J1IeMeHTOB
CTPYKTYPbI TDAHCMOPTHOM

cucrembl. YKPYNHeHHbIMU
3J/IeMeHTaMU BbICTYNaloT KaHal
(nepepaboTka NnoToka) u 6yHkep
(norawweHune v nopo>kgeHve

BCrJiecKkoB noroka). lMokasaHo,

Y10 GYHKEep rnpeobpa3oBbIBaeT

MOTOK U3 cnyqaﬁHor O B HaCTU4YHO
ynpaBnneMbu?i, TeM caMbIM rnoBbiLluas
YypPOBEeHb BO3MOXHOM 3arpy3kv KaHana.
B kayecTBe orpaHuynBaloLero
a/ileMeHTa, Noa4YepKNBaeTcsl aBToOPoM,
HeobxoanmMo paccMaTpuBaTb He KaHaJl,
Kak 3TO 0ObIYHO feJslaeTcs, a COCTaBHOM
3/1eMeHT «OyHKep-KaHa».

KnroyeBsie cnoBa: TpaHcrnopTHas cuctema,
rnoTok, kaHas, 6yHKep, B3anMoLaericTame,
JAe3opraHn3aumsl.
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BOTPOCHI TEOPWAV

NMoToK u OyHKep-KaHan
B TPAQHCNMOPTHON CUCTEME

Ko3a06 Ilemp Arexceesun — dokmop mexHu4eckKux
Hayk, npogeccop, dupexmop 340 «Ananumuueckue

u ynpaeasousue cucmemst Ha mpancnopme», Mockea,
Poccus.

Ta mpobsiemMa yxke paccMaTpuBajach

B OIpe/IeJICHHOM Mepe B GoJiee paH-

HMX XYPHaJIbHBIX MyOJIMKaLIUIX
[1,2]. 3nech mpeanaraeTcs nanbHeilIee pas-
BUTHE IPEIJI0XKEHHBIX ITOIXO0/I0B.

1. BBAMUMOJENCTBUE NOTOKA
N KAHAJNA

JIroboe ycTpoiicTBO, nmepepabdaThiBaloliee
IOTOK, MOXHO IPEACTaBUTh B BUIEC HEKOTO-
poro KaHaja. Eciii oTB/IeYbCst OT KOHKPETHO-
'O BUJa repepaboTKU, TO M TOpKa, U TPY30BOM
(bpoHT sIBIIAIOTCS KaHanmaMmu. [1aBHOE TyT —
COITOCTaBUTh BEJIMUMHY TOTOKA W TPOITYCK-
HYIO CITOCOOHOCTD KaHaIa.

[ToTox Torma uMeeT aABa IMapamMeTpa:

Llcp — CpE€aHAA BEIMYMHA IMTOTOKA;

£, — JA€30praHU3als TTOTOKA.
[Mpu paccMOTpeHUU B3aMMOIEHCTBUS

MMOTOKA C KaHaJIOM B aOCTPAKTHOM CMbICIIE
rmapaMmeTp p, OTOOpaxaeT CiydaiiHble KO-

JIe0aHUs BEJIMYMHBI IOTOKA, YTO TPUBOAUT
K HEOOXOIMMOCTH MMETh B KaHajle pe3epB
npomnyckHoi cocooHocTu (puc. 1). To ecThb

o =av.. (1)
rae v, — KoahdUIUeHT Bapualuy KoJeba-

HUI BEJTUYUHBI I10TOKa,



|

ucp

p'ucp

Puc. 1. CooTHOoweHne
cpeaHen N pacyeTHON
BeJINYNHBI MOTOKA.

Pic. 1. Ratio of the average
and estimated flow.

a — HEKOTOpPbI Koo puimeHT;
u=u,+p-u,=u,l+p),

rae i — pacye€THada BEJINYMHA ITOTOKaA.

(2)

Beipaxasich TepMUHAMU TEOPUN OpPTAaHU-
3allMM, MOXHO CKa3aTh, YTO MOTOK UMEET
HEKOTOPBIN «uym». I 9TO HAMO yIUTHIBATD.

Ho HexkoTopblii COOCTBEHHBIN «IIYyM»,
de3opeanusayuro UMeeT U KaHai. Beiaencteue
CITy4alHBIX KOJI€OaHUI BpeMeHU 00paboTKU
EIMHUIIBI TIOTOKA KaHaJl KaK Obl MoJy4daeT
city4yaiiHble KoueOaHus MPOMYCKHOM COco0-
HocTH (puc. 2).

Jlonmyctum, Mbl paccMaTtpuBaeM paboTy
ropku. CocTaB MOXXET UMETh TPH OTIIETIA, a MO-
xeT — 20. [a em€ BaroHbsl, KOTOPbIC HEb3s
pacmyckaTh ¢ TOpkU. Bpemst pocmycka craHeT
kosiebatbes. [10 OTHOLIEHMIO K TOPKE 3TO Oy1yT
B 00l11IeM ciiyyae ciaydaiiHble kosebaHus. s
TOr0 YTOObI OOECTIEUUTD CPENHIOIO ITPOITYCKHYIO
croco6HocTh U, , KaHasTy HYXHO NIMETb Pe3epB.

Ecnmt 0603HaYMTD 11O aHAJIOTUH C TTOTOKOM JIe-
30praHu3aInIo KaHaa o, , TO pacueTHasi po-

MyCKHasi CHOCOOHOCTb COCTaBUT

U=U,+pU, =U,(1+p). (3)
Ornpenenm KOJINYeCTBEHHbIE TTapaMeTPhl

B3aMMOJEWCTBUS MOTOKA U KaHajna. UTak,

€CJIM PACUYETHBIN MTOTOK PaBEH CPELHEN MPO-

IMYCKHOM CIMTOCOOHOCTU KaHaJIa, TO pacyeTHas

MPOIYCKHAsA CIIOCOOHOCTh AOJIKHA OBITh:

T
— \

U=i(l+p,), “
Ho d=u,(l+p,).

Torna [j=”5p(1+/?n)(1+/?x)

wm U =u,(1+p,+p +p,p,). ()

Tak Kak 3Ta (hopMyJIa HOCUT JIOTUYECKUIA,
a He pacueTHBIN XapaKTep, MOXHO IIpeHe-
Opeub ciaaraeMbiM (0, - p,) . Bo-TiepBhIX, €ro
BeJIMYMHA He3HaYUTeIbHasI, 6o u o, <1, u
p, <1,3naunr, p, - p,<<1.ABO-BTOPBIX, 3TO
BHECET JIOTMYECKYIO SICHOCTb.

_ Torga momyuurcs

U=u,(l+p,+p,). (6)

Takum obpa3om, KaHal JOJKEH UMETh
JIIBOMHOW pe3epB — Ha JI€30pTaHU3alnIo Ka-
HaJla ¥ Ha ie30praHu3aiuio motoka. CBobo-
HBbIii pe3epB MPOMYCKHOU CITOCOOHOCTH KaHa-
ma AU 6ymer
AU=U-U . (7

KoaddunmeHT BO3MOXHOTO TTOIE3HOTO
WUCTIOJIb30BAaHUSI KaHajla ¥ MOXHO OIpeae-

JINTb KaK
uC
=1 ®)

Ecnu kaHan 3arpyxeH nojHocteio: U =U
n AU=0 (uto yamnie Bcero u GbIBAET),
TO CIIPaBEUTBO COOTHOIIIEHUE

)

J
U(t)

_

L4 Puc. 2. lesopraHn3ayms B KaHane.

T - spemst 06pabomku eOuHULYbL NOMOKA

Pic.2. Disorganization in the
channel.

U - pacuemmnasn nponyckHas cnocoOHoCms Kanana

Ucp— CPeOHsisi NPONYCKHAsL CHOCOOHOCIb KAHANA
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Puc. 3. Cxema B3anmopeicTBusi
KaHaJoB.

Pic.3. Interaction of channels.

w

ucp

y=——r;
uc,,(11+p,,+px)
)

(10

y=——.
I+ p,+p,
N u
Ecmn U>U | 10 7=#.

2. BBAMUMOOENUCTBUE
KAHAJI-KAHAN

CpeaHuii TTOTOK, TTPOXOASIINIA Yepe3 Ka-
HaJbl, OAWH U TOT Xe (puc. 3). Torma MoXHO
3amucath cooTHoweHust # =u,(l+p,);
ii2 =ucp(1+pn2) .

ITycTh KaHaJIbl HE UMEIOT J1€30PTraHK3a-
unu, 1o ectb P, =0,p,, =0, Torma & =U,.
U =u,l+p,);
62 = ucp(l + an) .

IIpeobpaszyem

an

(12)

Ymenvwenue ouepeou

3a cdem ompuyameibroco

p - (_pn)

\

ﬁ],pnl

i D>

\

ﬁz,pnz

cp
Orcrona
Gl = U2 (13)
1+pnl 1+pn2.

To ecTb MOXHO caenaTh BbIBOI, YTO IIpa-
BUJIBHOE B3aMMOJIEICTBME KaHAJIOB 6y,E[CT pu

Vi Ys
1+ P, ni
B 1ienoyke B3anMoneCTBIA KaHaI JOJDKEH
UMETH TeM OOJIbLIE PE3EPB, YEM GOJIEE NE30D-
FaHU30BAaHHBbII MOTOK EMY IPUXOIUTCS 00CITY-
KuBath. Ho B COOTBETCTBUM € TeOpHE 1e30D-
raHM3aLus cama Mo cebe TONBKO BO3PACTaerT.
HccnenoBanus TpaHCMOPTHBIX MPOLECCOB
MOATBEPXKAAIOT BTOPOI 3aKOH TEPMOAUHAMMU -
KH. B o611eM ciydae mpy poXOXKAEHUU KaHa-
Jla Ie30praHn3aLus oToka Bo3pacraet. To ecth
P ”P. (15)
_ W 3Haunt
U,>U,. (16)

Kaxaplii mociaeayromuyii KaHaa J0KeH
UMETh OOJIBIINIA pe3epB, CBI3aHHBIN C Ie30D-
raHu3aluen Mmoroka.

M

N ou
Bospacmanue ouepeou

3a cuem pnomoxa

=const . (14)

A p<0

-—
p=‘_voﬁ‘

p0=10 p>0
—

Puc. 4. lMMpeo6pa3oBaHue NoToka 6GyHKepPOM.

Pic. 4. Conversion of the flow by the bunker.
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M,, = f(¥)
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Puc. 5. CocraBHbie 4YacTv oyepeam B 6yHkepe.

Pic. 5. Components of the queue in the bunker.

Ortciona cienyeT BaxXHbIH BbIBoA. Pacmipo-
CTpaHEHHAasl TOYKA 3PEHUS, YTO BO B3aUMO-
NEWCTBYIOIIEW LEMOYKE KAaHAIOB «y3KUM
MECTOM» OYIeT KaHal C HauMEeHbIIEe Mmpo-
MMYCKHOI CITOCOOHOCTBIO, B OOLIEM Cllyyae
He BepHa. Heo0xonuMo y4yuThIBaTh, C KaKOi
JIe30praHu3aluen HOAXOAUT K KaHaTy TTOTOK.
I1pu ogMHaKoOBOW COOCTBEHHON Ae30praHu-
3alMU OTrpaHMYUBAOIIUM OyaeT KaHal
10 YCJIOBUIO

m'inL . (17)
Pl+p,
3. BBAMMOJENCTBUE NOTOK —
BYHKEP — KAHAN

Ecnu B kaHa!l ¢ COOCTBEHHBIM «ILIyMOM»
TOCTYTAET TIOTOK C 3aMETHBIMU CITy4YallHBIMU
KoJieOaHUSIMU, TO KOI((MUIIMEHT TIOJIE3HOTO
WCTIOIb30BAHUST ATOTO KaHaa OyJeT Ype3BbI-
yaitHo HU3KUM. [ToaTOMY TIepent KaHaloM, Kak
TPaBWIIO, BO3HUKAET OYHKep (pe3epBHbIE MTyTH
€CTb U TepeJi TOPKOIA, ¥ TIepe] TPY30BbIM (PpOH-
Tom). CrieyeT moauepKHyTh, YTO OYHKEp — 3TO
TOJIBKO pe3epghble nymu. CKaxkeMm, B MPENro-
POYHOM MapKe ecTh ¥ (PYHKITMOHATIbHBIE TTYTH,
T€ — Ha KOTOPBIX MPOUCXOIUT 0OpaboTKa co-
craBa 1o NpuosITUU. OYHKIIMOHATBHBIN
MYyTh — 3TO KaHAJI CO CBOEU MPOITYCKHOM CITO-
COOHOCTBIO U Ie30praHu3aluenl o, .

byHkep BOo3HUMKaeT KaK HEOOXOAMMoOe
NIOTIOJIHEHUE K KaHaiy. Ero 3agaua — noBbI-

M, =f(¥)

4,5
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= (V. = 0;V,;=0,5+Vv,,. =0,5;v,; =0)

Puc. 6. ConoctaBneHue obLLeli oyepeaun u CyMmMbl
ABYX UHOAUBUAYANIbHbIX.

Pic.6. Comparison of general queue and the sum of
two individual ones.

CUTB K03(huyuenm 03MOACHOU 3aepy3KU Ka-
nana y . Kaxk on ato nenaet? [Tyrem nonuice-

HUs 6e30peaﬂu3auuu nomoka p,, CHavdaluaa

IIo HyJIs (10 paBHOMEPHOTO ITOTOKA), a 3aTeM
JIO OTPULIATEILHOM BEJTMYUHBI (IO yIIpaBIsie-
Moro motoka) (puc.4). [1pu atom B OyHKepe,
€CTECTBEHHO, BO3HUKAET Ouepeab SaAMHUIL
notoka. O011as ouepeab YeTKO pacragaeTcs
Ha JIBe YaCTU — OYepeb 1M3-3a Ie30praHn3a-
MY KaHaJla ¥ O4epeib U3-3a 1e30praHu3alnu
noToka (puc.5). DTH 3aBUCUMOCTH TTOTYICHBI
Ha UMHUTAIIOHHOW MOMIECIIH.

3nech OMHOM JIMHUEN TTOKa3aHa IMHAMUKA
odepeny MpU YBEIWYSHUU 3arpy3Kud KaHaja
¥ , KOrjia [oToK paBHoMepHbIii v, =0 | a ko-

3(pGULMEHT KOppeassuuu 00CIyKUBaHUSI
v,s =0,5.To ecTb AMHAMUKa OYepEIH, CO3/1A-

BaeMoii Je30praHu3alueil Kanana. [Ipyras
JIMHUS — TMHAMUKA OYepeIr, CO3IaBaeMoil
nesopranusanueii moroka (v, =0,5) npu

paBHOMepHOM obcnyxuBanuu (vV,; =0).

PanoM ¢ HUMU M306pakeHa CyMMapHast
o4epesib, KOrIa IOTOK CO Cy4YaifHbIM pa3opo-
coM (v, =0,5) mocTymaer B KaHAJI C «IIIyMOM»

(v, =0,5). Ha puc.6 nokasaHo corocrasJie-

Hue o0lLeil ouepenu U3 puc.5 1 CyMMBbI IBYX
UHAUBUIYaTbHBIX. CyMMapHasi ouepeb Mo-
Jly4yeHa CJI0XEHUEM ouepeneil, n300paxeH-
HbIX Ha puc.5. Kak MOXHO yBUIETb, BE
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Puc. 7. UameHeHne xapaKkTepa noToka rocJse sbixoaa
un3 6yHkepa.

Pic.7. Change of the flow after an output from the
bunker.

KPHUBBIC ITPAKTUYCCKN COBITaAaroT. SKCHCpI/I—
MCHT HarjIsAAHO IMOATBEPXKAACT, YTO O4YEPECAb
B KaHaJIC pacriagacTcCd Ha OBC:

M=M(p,)+M(p,), (18)

rae M — obmast ouepenb B OyHKepe (MaTeMa-
THYECKOEe OXXKHMIaHNE),

M(p,) — ouepenb, co3gaBaemas 1e30pra-
HM3alMen MoToKa,

M(p,) — ouepenb, cozgaBaemas 1e30pra-
HU3alMe KaHaa.

W B uccnenoBaHUSX 3TO HEOOXOIUMO
YUUTHIBATb.

Wrak, OyHKep TO3BOJISIET TTOBBICUTH 603-
MOJCHYHO 3aTPy3Ky KaHajia 3a CYET TOTro, YTO
B ITIOTOKE, TTOCTYIAIOIIEM B KaHaJI, YMEHbIIIa-
eTcsl clydaiiHasi COCTaBIISIIONIAS M YBEINIM -
BaeTcs yrpasisiemasi (puc. 7). 3arpy3ka KaHa-
JIa TTOJITHOCThIO BO3MOXHAa TOJBKO, €CIH
B KaHaj 13 OyHKepa IOCTyHaeT MOJTHOCThIO
YIOPABJISIEMbIN ITOTOK.

Ecnm paccmaTpuBaTh ITpoliecchl B OyHKe-
pe C CUCTeMHBIX MO3UIINIA, TO B HEM TIPOKC-
XOINUT aKTUBHOE BO3MEicTBIE AP , KOTOpOe
BHAYaJIC NOHUMCaem 0e30peaHu3ayuio TIOTOKa,
a 3aTeM IPUIACT EMY OP2aAHU308AHHYIO OPMY.

31ech BO3MOXHBI TP TPAHUIHBIX CITydasl.

1) IMotok ciyyaiinbiii. EMKOCTh OyHKepa
paBHa HYJIIO.

2,20, Ap=0;
Pr=p,—AP=p,,
M(p,)>0,

rae p, — HapaMeTp IOTOKa, BBIXOMSIIUIA

13 OyHKepa B KaHal.
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Puc. 8. lNoBbilieHne ko3 puLmneHTa BO3MOXHON
Mos1Ie3HOV 3arpy3Ku KaHana npv yBesinyeHun EMKoOocT1
OyHkepa.

Fig. 8. Increase in the coefficient of possible channel
load channel while increasing the bunker capacity.

2) byHkep nmpeBpalliaeT cJIydyailHbli1 TOTOK
B paBHOMEPHBI.
P20 Ap=p,;
Py =P, —Ap=0,
M(p,)=0
3) ByHkep mpeBpaiiiaeT moToK B TTOJIHO-
CTBIO YIIPABJISIEMBINI
p.>0;Ap=p,+p,;
=05 |=1p, - 88| = o, .

OTpI/I]_[aTCJ'[bHOC 3HA4YCHUEC p,'f O3HayacrT,

YTO MOTOK YIIPaBJsieMblii. A |—p,’f =p, —UTO

OH YIIpaBJISIEMbIil TIOJHOCTBIO. PUTM BXxomsi-
IIIET0 B KaHaJI IMOTOKA IMOJHOCTbIO COOTBET-
CTBYEeT pUTMY paboThl KaHasa. [ToaTomy ero
MOXHO 3arpy3uTh LIEJTMKOM. DTO U U300pa-
XKeHO Ha puc. 4.

Ipu p, =0 (na pucynke p=0) cymecr-

BYET O4Yepe/Ib TOJIbKO M3-3a JIe30praHn3aluu
kaHana ( M kanana). Ecim o >0, 10 Bo3HM-

KaeT JAOIMOJIHUTEIbHAS OUepe/ib U3-3a OTOKa
(M noroka). A xorma p, YXOIUT B OTPHIIA-

TeNbHYI0 0071acTh ( P < 0), TO 0OYepens mocre-

TICHHO YMCHBIIACTCA OO0 HYJIA IIpU O = |—,0K

TOBOPUT

(Ha puCyHKe BbIpaXeHUE p = |—V06

O COOTBETCTBUM PUTMAa BXOJSIIETO B KaHaI
MOTOKA PUTMY OOCTY>KUBAHUST).

Takum ob6pa3om, OYHKep MOBBIIIAET BO3-
MOXHBI YPOBEHb BO3MOXHOW 3arpy3ku Ka-
Hana. Yem Oosblie €EMKOCTh OYHKEpa, TEM
GOJIBIIIE ETO BO3MOXHOCTE AP TIpeobpa3oBarh

MOTOK 1 TeM 00Jiee MOJHO MOXHO UCTOIb30-



U,

Us;

Puc. 9. OnpeneneHne

0)

y; U, 72-U,

I 71,U; I}’2’U2 V3, Us
-

orpaHunymBaioLero GyHKLMOHAIbHOIro
aneMeHTa.

Pic.9. Determination of a bound
element.

73-U;

BaTh KaHan (puc.8). Y xoadduimeHT Bo3-
MOXHOM 3arpy3Ku OymeT

1
Ty
rae AP — aKTUBHOE IeicTBUE OYHKepa (pe-

19)

3epBHBIX MTyTe) MO TOHUXEHUIO Ie30PTaHM -
3alnH.

4. «<YSKOE MECTO»
1 OrPAHUYUBAIOLLUIA SNIEMEHT

C MOMOIIIbIO UMUTALIMOHHOM MOIIEJI MOX-
HO ONpeAeIUTh BETUIMHY 3aIePXKeK, BOZHUKA-
JOIIMX 13-3a 3aHSITOCTH CTPYKTYPHOT'O SJIEMEH -
Ta. [IpUHATO CYMTATD «Y3KMM MECTOM» BJIEMEHT,
BBI3BIBAIONINIT HAMOOJBIINE 3aIePKKU. DIe-
MEHT 3TOT — OOBIUHO KaHajl. M ecTecTBeHHO,
BO3HUKAET BHIBOMA, YTO 3TOT KaHaJ CICAYyeT
«paCILUPSTH».

B cBeTe M310XKEHHOTO BBIIIE CACAYET pac-
cMaTpuBaTh B Ka4eCTBE MUHMMAJIBHOTO (yH-
KYUOHANbHO20 DJICMEHTA KAHAA 8Mecme ¢ e20
oyHkepom. J1e710 B TOM, UTO KaHAJI MOXKET OBITh
noporoi. Lleabiii KoMITJIEKC JOPOrOCTOSIIINX
paboT HEOOXOAMMO BHITIOTHUTD, YTOOKI YBEI -
YUTH MepepadaThIBAIOIIYIO CITOCOOHOCTh TOPKH.
MozxkerT, ay4diie 100aBUTh pe3epBHbBIE ITYTU
B TIPEATOPOYHOM IT1apKe U TOBBICUTH YPOBEHB
BO3MOXKHOI1 3arpy3K1 TOPKX ¥ TEM CaMbIM T10-
BBICUTB €€ (DAKTUYECKYIO TTPOU3BOIUTETEHOCTD.
Jla, TIpu TTOBBIIIIEHUH YPOBHSI 3aTpy3K1 MOJEITb
MMOKaKeT yBeTMueHue 3aaepxek. Ho o oTHo-
cITCS Ha COOCTBEHHBIN OyHKep. U 110 mpuBe-
JIEHHBIM 3aTpaTaM M OBbLUIM BBIOpAaHBI palvo-

HaJIbHBIE COTJIACOBAaHHBIC IMapaMeTphl KaHajia
¥ OyHKepa. Y BMecTe oHM 00ecITeurBaroT Iepe-
paboTKy MOTOKAa.

A BOT eCii BO3HUKAIOT 3aJePXKKU M3-3a
TepenojHeHMs OyHKepa, TOraa 3TOT (DYHKITNO-
HaJIBHBIN 2JIEMEHT SIBJISICTCSI OTpaHUYMBAIO-
M. To ecThb Tpu KO3 PULIeHTe BO3MOXKHO-
TO MOJIC3HOT0 MCIOJIh30BaHsI KaHasa, KOTOPbIi
MOXKET 00eCIeUnTh OYHKEpP, MOTOK HEe MOXET
ObITh TTepepadoTaH. M 3agepkku n3-3a OyHKepa
OTHOCSITCS YK€ Ha IPYyroil (PyHKIIMOHATbHBI
3JICMEHT.

31ech X0Tea0Ch OBl BEpHYThCSI K U3BECTHOM
po0IIeMe — KaKoi 3JIEMEHT B LICTIOYKE KaHAJIOB
SABJISIETCS orpaHnuMBaroiyM. OCHOBHOI OO~
KO ObIIO paccMaTpUBaTh KaHaJIbl O€3 COIMpO-
BOXIAIOLIMX X OyHKepoB (puc. 9, a). B atom
clydyae OrpaHMYMBAIOIIMM HYXHO CUMTATh
BTOPOI KaHaJI, TOCKOJIbKY OH MMEET HaMEHb-
IIIyI0 MAaKCUMAaJIbHYIO TIPOITYCKHYIO CITOCO0-
HOCTb (TaK, Kak e€¢ pacCUMTBIBAIOT B MHCTPYK-
LMSIX — ITPY pABHOMEPHOM TTOTOKE ¥ paBHOMED-
HOM oOcnyxuBaHuu). Ho ecim BKIIOYUTH
B LIETIOYKY OyHKepa, KapTUHA MOXKET ObITh MHOM
(puc. 9, 6). [lepen BTOpbIM KaHAJIOM €CTh 00JTb-
11I0i OyHKEp, 1 IMO3TOMY KO3(DGUILIMEHT Y, —

caMblii 6osbioit. Eciv cpaBHUTH Tereph KaHa-
JTBI 110 (DAaKTHIECKOM MPOIYCKHOM CITIOCOOHOCTU
n kputepuio ¥ - U | TO OrpaHUYMBAIOLIIM 3J1€-

MEHTOM OKAa3bIBAaeTCsI ITEPBbIA KaHAJ.
Mtak, orpaHUYMBAIOLIUIA SIEMEHT CIEAyeT
onpenensaTbr He Mo Kpurepuio min U, |
1
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PaccMmotpeHue ¢ TeopeTUYeCKUX MO3ULIMIA
Mpo0JIeMbl B3aUMO/ICICTBIS IIOTOKA C KAHAJIOM
1 OYHKEPOM KakK aOCTpaKTHBIMU OOBEKTaMU,
BBIPAXXAIOIIUMM CYIIIHOCTh OCHOBHBIX TPaH-
CIIOPTHBIX YCTPOMICTB, IIOMOXKET KOPPEKTHO
BBIOMpATh pacyeTHbIe M ONTUMU3UPYIOIIUE
MOJISJIM Ha TPAHCIIOPTE.
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ABSTRACT

At an abstract level, the author estimates
regularities of interaction between flow and structural
elements of the transport system. Preassembled
elements are channel (flow processing) and bunker
(extinguishing and generating bursts of flow). It is
shown that bunker converts a flow from random to
partially controlled, thereby increasing the level of
possible channel load. The author highlights the
necessity to consider as a bound element not a
channel, as it is usually done, but «bunker-channel».

ENGLISH SUMMARY

Background. This issue has already been
discussedto some extentin earlier journal publications
[1,2]. In this article the author offers the further
development of the proposed approaches.

Objective. The aim is to demonstrate different
aspects of flow- channel interaction and to justify the
necessity to use the parameter «flow- bunker-channel
interaction».

Method. The author applies mathematical
approach in justification of his position.

Results. 1. Interaction of flow and channel

Any device processing flow can be represented
as a channel. If the specific type of processing is
ignored, then hump and cargo front are also channels.
The main thing is to compare flow size and channel
capacity.

Flow then has two options:

u, —average flow size;

P, - disorganization of flow.

When considering the interaction of flow and
channelin the abstract sense, parameter p, displays

random fluctuations in the flow size, which leads to
the need to have in a channel a reserve of channel
capacity (Pic. 1). Here there is formula (1), where v,

-variation coefficient of flow size fluctuations and «
-some coefficient, and formula (2), where i - the

estimated flow size.

In terms of organization theory, a flow has a
«noise». And this must be taken into account.

But channel also has some own «noise» and
disorganization. Due to random fluctuations of
processing time for one flow unit, channel somewhat
receives random fluctuations of capacity (Pic. 2).

The author provides an example of calculation. It
is supposed, that the work of hump is considered. The
hump can have 3 or maybe 20 cuts and there are cars,
which cannot be dissolved from this hump. The
dissolution time becomes to fluctuate. With respect
to the hump there will generally be random fluctuations.
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In order to provide average capacity U,, , the channel

1

must have a reserve. If, by analogy with the flow,
channel disorganization is defined as p, , the

estimated capacity will be calculated with formula (3).
Quantitive parameters of interaction of flow and
channel are determined by the author with formulas
(4)-(6).
Thus, the channel must have dual reserve — for
channel disorganization and for flow disorganization.
Free reserve of capacity AU will be determined by

formula (7).
Coefficient of potential channel utilization
efficiency y can be defined as (8).

If the channel is fully loaded: U=U and AU =0

(which_ often happens), then the relation (9) is applied.
IfU>U, then (10) is taken.

2. Interaction channel-channel
Average flow, going through the channels, is the
same(Pic. 3). Then there are relations 4, =u,(1+p,)

and i, =u,(1+ p,,) . Here the author assumes that

channels do not have disorganization, i. e.
Pa=0,p,=0,then i, =U;.

After calculations, madein(11)—(13), the author
comes to the conclusion that proper interaction of
channels will be (14).

In the chain of interaction, the more disorganized
is the flow, which should be served by the channel, the
greater reserve then should this channel have. But in
accordance with the theory, disorganization itself only
increases. Study of transport processes confirms the
second law of thermodynamics. In general, when the flow
passes, its disorganization increases. See (15) - (16).

Each subsequent channel should have a larger
reserve associated with disorganization of the flow.

Here the author comes to another important
conclusion. Widespread view that in an interacting
chain of channels «bottleneck» will be the channel
with the lowest capacity in general is not true. It
is necessary to take into account, what kind of
disorganization has the flow, approaching the
channel. Atthe same own disorganization, the channel
will be limiting by assumption (17).

3. Interaction flow-bunker-channel

If in the channel with its own «noise» comes the
flow with visible random fluctuations, capacity
utilization of this channel will be extremely low.
Therefore, a bunker usually appears in front of the
channel. It should be emphasized that the bunker is
Just reserve tracks. Functional track is the channel
with its own capacity and disorganization p,. .



