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o tsJtHf,HUU BPEMEHH PEAlflIklH BOEHTEnfi HA EE3OnACHOCTb
flOPOXHOTO ABl,lXEHafl

H. Y. I-rcnes, KaHfl. TexH, HayK, EoqeHT
Xapuroecxril Haq!4oFtanunuti yH fi BepcilTer ropo,.qcKoro xo3fl ficrea

Awnomaqus. O1ocuoeaua ueofxodut'ttacmb npoeedeuun uccnedaeauuil no oqeHKe
enuttHufr speMeHu peaKquu aodumenn ua 6esonacHacma dapoxuoea deuxeuun.

llpedcmaeneH* pffiynbmaml Heaamopbtx uccnedoeauud enufiHun dnumenaHacmu
mpaHcnopmHoeo samopa Ha BpeMr peaKu,uu eodumened pasnuqHbx meMnepaMeHmoe.

Knrcqeearc cfiosa: mpaHcnopmnatt samop, epeMfr pealquu, SynN4uoHanbHoe
eocmofi H ue, rneM nepaMeH m.

Bonpocarult opraHu3aLlru w Oesonacnocr4,qopoxHoro gB!4xeHfif, BaHuManocb MHoxecrBo
t4cct'leAoBareneil t1-8]. Aeroput pa6or t1,2,81ltccne,qoBaflM ncnxo$iaenonoFilqecKyre !4 MeA!4Ut4HGK4e
oco6essocrn noBeAeHilF nogureneil. B paEore I1l raKxe orpaxeHu HeKorcpge pesynbrarbl
uccflerqoBaunil no oLleHKe BpeMeHH peaKqnfi BoflilTenfl B pagnuqHbtx cyTyaqfiqx. B pa6orai lg, 4-Tl
paccMorpeHbl Bonpf,cbl opraHHsa4nv n oesonacHocTr4 AOpOXHOTO fiBil}|(eHHF. B paoorax [3, 5, 6j
Bonpocbt opraHH3aqt4H AOpOXHOTO ,qBHx(eHils paccMoTpeHbt c yLteToM I/HTeHCnBHOCTI4, CKOpOcTil r4
nponycKHoil cnocobnocrui Aopor.

o4nai<o B 3Tt4x paSorax He B nonHofr Mepe paccMorpeHbr npmcl4r-rbr hsMeHeHilfr vt BnuFHl4Fr
BpeMeHi4 peaKqu[4 Bo,q,Hrenefi na EesoriacHocrb rqopoxFtoro,qBhxeHr,rn ($ff[).

Bpenan peaKuHt4 BoAHrenf; i lrpaer BaxHyFo ponb e obecneqeHHt/ sgg tt l. or uero 3aBilct/r '
TopMoSHcil nyru aerouo6ttns. VeenilLteHr4e BpeMeHH peaKqltr/ BorquTenfl npHBoAt r K yBefluqeHq;o
RHHaMHL{ecKoro i'aOapura aeroruobnnfi, or Koroporo gaBt4ct4T t4HTepBan ABuxeHHs [/e4fly cocegHbtMT
aeroMo6nllf,Ml/ B TpaHcnoprHom noroKe I9]. Coxpanenue Bo.qfiTe.qeM npexHero AuHaMuqecKoro
rabapnra nocfle BblxoAa il3 TpaHcnoprHoro saropa Moxep npnBecru K Bo3Hr4KHoBeHilp AopoxHo-
rpaHcnoprHoro npomculecrBt4n (flTn). ,

flpu paccron{uu MexAy nepeflHHMu 6aunepaMLl nocne.qoBarenbHo ABtDtryulklxcg anromo6uneil L
(ru) ut cKopocrt4 v (nn/c) KonH!.{ecrBo aBToMo6unefi, npoueAuux qepe3 flaHHoe ceLteHile sa 1 qac, ro
ecrb nponycKHaff cnoco6Hocru nonocu ABhxeHrn paana [3]:

p - 3600v
( 1 )

Orpeeox Aoporu L, roropstfi aerotModunu gaHnMaer Bo BpeMfl rqB4xeHilf,, HagbrBaercfl ero
flilHaMuLlecKLiM ra6apnroM u Bltrlloqaer e ce6s ero ,qfli4Hy i", nyru peaKquu Bogurenf, vt (t - BpeMf,
pearqnr), nyrb ropMoxennn sr H 3a3op 6esonacHocrr4 /p flo Bnepeflh e4yLrlero aBToMo6nnn [3]: 

'

L  - v t  + S r  + 1 ,  + l o .
Kar eNguo tAs 3aBilct4Mocrt4 (2), AuHaMrtLtecxuti raSapnr aeron o6mnR saBncHT or cKopocrr4,

BpeMeHh peaKqilil u ropMo3Hol-o nyril. C ynenmveHileM cKopocrpt aeroMo6pnfi yBen4qilBaerce ero
sq fi H aM H\.t ecxuil ra6apmr,

O,qHaro ecnh npeAnonoXLlTb, qTo cKOpoCTb aerOilrto6unn He u3MeHfleTcg tA, cooTBeTcTBeHHo,
TopMoSHofi nyru He u3MeHsercff, To Ha u3MeHeHHe AnHaMilqecKoro ra6apura BflHner roflbKo BpeMn
peaKqufi BoAtdrentl. l-lpt't eroM Heo6xoguMo orMerhrb, vro BpeMF peaKquh cocrot4T r/g MoropHoro il
flareHTHoro nephoAoe. flarenrnutfi nepl4oA - ero BpeMf, or HaLtana nofiBneHqfi pa3rqpaxurenn rqo
MoMeHTa pearupoBaT4n Ha Hero. Moropnuil nepnog - oro BpeMfl BblnoflHeHufl orBerHoro AerZcrans.
C rot{ril 3peHilt pa6oru BoAurenn 3HaqeHHe nMeer narenrHurrl neproA cnoxnofi peaKqt4r4, Ero
iqnHTenbHocTb 3aBI4ct4T oT cnoXHocTt4 AopoXHoil o6cranoBKyt, oT onbtTa Bo4!'tTenfl, ero cocToflHt4fi t4
uHrquBLlAyaflbHo-ncuxonoFH'{ecKilx oco6eHHocrefi, CnoxHaq peaKqt/rt rpe$yer 3HaqHTefisHo 6onuule
BpeMeHu, L{eM npocran. BpeuF peaKquvl SaBtAcur or HanpflxeHug BHnMaHhfl Borqurens. BHeganHoe
noFBneHue onacHocTu SHaqilTenbHo yBenh\.tHBaer BpeMfl peaKqilil. Ecnu BoAurenb pacnonaraeT
BpeMeHeM Anfl noAroroBKt4 K MaHeBpy, To BpeMfi peaKllt4r4 npuHHMarcT paBHOe 0,75 c, a npil
HeoxilAaHHoM nof,BneHuil npennrcrBt4n - 1,5 c [1].

(2)
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Bpenan peaKqhm BoAurefiti l43MeHFercR BcneflcrBfie Bo3pacraHnr oMorlr4oHanuxor7
Hanpf,xeHHocTl4' KoTopafi nprBoAt4T K BpeMeHHoMy paccrpotlcrey HeKoTopbtx epo Rcr4xt4qecKilx
syHxqufi il K yxyfl'ueH,rc $yHxqraoHa.nbHoro cocrocHran ir o].

Oguuru us saul6onee sHaqrMblx Saxropoe, oKaaHBatorrlLrx orpr/qarefibHoe eoe4eficraue Ha
syHrquoHaflbHoe cocroflHr4e BOAHTeJ'tg, FBfiFeTCF TpaHCnOprHurz 3arop 111,121.

Ognaxo He Bce BorqhrenH pearupytor o,qHHaKoBo Ha npeSueaHye B TpaHcnoprHoM 3arope. B
ocHoBe [4x noBerqeH]'tF ilnn ilsMeHeHilfl SynrquroHanbHoro cocrotHnn HaxoggTcg l4HrqilBq4yanbHo-
TnnonoruqecKi4e ceoficrea r4n14 TeMneparvrenr [1 3].

3ro cBHsqerenbcrByer o BaxHocrt4 npoBeAeH[4fi r4ccneAoB ann(rr no oqeHKe Bfll4f,Hr4ff
TpaHcr'loprHoro saTopa Ha BpeMF peaKllr4L4 BOAilTenen pasxurx reMnepaMeHToB.
- Ens npoBerqeHnfi l/ccJ-teAosaHilil no oqeHKe tsnnnHl4fi TpaHcnoprHoro 3a1opa Ha BpeMf, peaKquil

6utnu orobpaHul BoAurenu rpex reMnepaMeHToB: xonepLlK, caHrBfiHr4K tA MenaHXoJmK. pauee
nBoBeAeHHble !4ceneAoBaHttfr noKasanH, ,-lro Ha BofqilTenn-$nerMarHKa TpaHcnoprnuft 3arop He
oKa3blBaer orpt4qarenbHoro BnvnHtAA, HanporuB, ero ftynxqmoHaflbHoe cocrofiHpte flaxe HecKoflbKo
ynyquaeren. Pesynbrarbl l4ccneAoBannit HeKoropbtx naubonee rHRi4r{Hbtx BapnaHroB np4Be.qeHbt Ha
pr/cyHKe 1 [141"
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PncyHox 1 - lzlsueneHile BpeMeHil peaKqilu BoguTer'reil pasHurx reMnepaMeHToB
BO BpeMf, npeosreauilF B TpaHCnOprHOM 3arope il nocne Bbtxofla il3 Hero.

Kax Bil,qHo vg pt1c. 1, Haxox(rqeHme B TpaHcnoprHoM 3arope npfiBoflr/T rc Hau6onbueMy
yBenilqeHilrc sHaqeHufl BpeMeHu peaKLpnu Y BOrqHTe.nF-XOnepHKa: OT 0,8 C 4O 1,18 C. flporvrexyroqHoe
nonoxeHue no h3MeHeHHrc BpeMeHu peaKquH SaHilMaer BoAl4Tenb-caHrBHHH14K, y KOTOpOTO
coorBercrBytoqee 3HaL{eHHe BpeMeHu Bospacraer c 0,8 c ,4o 1 ,07 c. Haunaenuujee u3MeHeHile
BpeMeHH peaKqHil y Bo,qHTeflf,-MenaHxonnKa - c 0,9 c.qo 1,0 c,

l-locne Bble3Aa us rpaHcnoprHoro saropa BpeMn peaKqilH Bog6Te;'rf,-xo'repyrKa HaqfiHaer
cra6unHsupoBaTbcfi 3HaL{HreflbHo 6ucrpee, qeM y npeflcraBrareneri Apyrux reMnepaMeHToB,
noHilxa9cb rqo 0,97 c' Y eo.Enrenfl-caHrBnHHilKa coorBercrByloulee BpeMr peaKllkrt4 cHuxaercfl flo1,04 c, a y MenaHXoflHKa - Ao 0,g4 c.

O4naro, ecflkl Ha puc. 1 npocne4ilTb 3a reHAeHqilefi cnnxeHus BpeMeHu peaKll4r4 Bo4i4renerZ
Bcex reMnepaMeHToB, BilrqHo, qro npu ganunefiuleti cra6vtnnsaqwA BpeMeHu peaxqurl, y Bo4nrenn-
xonepHKa BpeMF peaKqilH 6y4er HafiMeHbuJetl, a y BoAt4Tenf,-caHrBHHHHKa nauoonuu.lefi.
CooraercrBeHHo, c roqKt4 3peHus 6esonacxocrt4 TqBHXeHHR, nepBbrri orpeso* nvi, nocfle Bbrxo4a u3
TpaHcnoprHoro Saropa flBnfiercF Haubonee onacHblM no BeponrHocl/ coBepu.leHr,1n !Tl'1. l-lpra oroM
EepoflrHocrb oKasarbcFl e !Tt-l Bblrue y BoguTeflF-xonepr4Ka. Ha cne4ypqeM orpe3Ke nyry ora
BepoflTHocTb Bbtlue y BofluTejtfi-caHrBhHHilKa.

l-loerouy npH paepa6orxe rexHofloruu opraHil3aquH AopoxHoro rqBilxeHuff neo6xogrrin11o
yrt l4TbrBaTb nonyqeH H bte 3aKoHoMepHocTyl.

.QansHeiluue uccnefloBaHun Heo6xq4uMo npoBo4r/Tb c qeflbp onpe4eneHuq soH 6egonacHocl4
nocne BblxoAa il3 TpaHcnoprHoro 3aropa B 3aBhcl4Mocfl4 or peaKquu Borq!4Teneil.
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TPAF{CNOPTHbIKI SATOP 14 BEPOfiTHOGTb COBEPIIJ EHICIfi
noPcKHo-TPAH Cil OPTH Or0 n POHC lil ECTBl4fi

H. y. I-rcnes, KaHff. TexH. HayK, EoqeHT
XapuroecKyrri HaqnoHafl bHbrfr yHnaepcurer ropogcKoro xostlilcrea

Auuomawun. PacctaompeHu Banpocbt enuflHufl mpaiicnapmHoao sanopa Ha u3MeHertue

Qyuxt4uoHanbHoeo cacmoHHuFt Bodurnefin u eeponmHocmb BosHttKHoseHufr dopoxuo-

mpaHcnopmHoeo n poucwecmeufl .

Kn'6,qee;;,e enoga: mpaHcnopmuafi samop, QynxquoHaflbHoie cocmoflHue, dopoxuo'

mpaHcnopmHoe npoucwecmeue.

OrcraeaHHe pa3Bnr1an ynilqHo-Aopoxnoft ceru fopoga or pa3BuTiln ypoBHfi aBToMo5vtnvtsatluu

npilBo4t/T K yBef'tHqeHnlo nnorHocrkr AopoxHoro nqBhxeHhFl. floRenstorcq rqnilHHble oqepeAH

cKonuBuJVxcA aeroMo6unefi Ha nepeKpecrKax, oco6euHo B nepuo.qH <nilK>. 3ro npuBoAl/T K

yBeflHHeHillo BpeMeHH noffi.qKil flo nyHKTa Ha3HaqeHufi, qro orpt/qarenbHo cKa3blBaercF Ha

ncraxo$r,r3uoJ1oruu Bo.qnTeflfi v yxy.qLUeHHu ero SyHrqr,roHanbHoro cocroeHt{r. flpvt eroM

3HaqilTeflbHO BO3paCTaeT pOnb OpraHHsaLlHH TQOpOXHOTO EBH)|(eHUfl, 3aKnt0LlarcUlaficfl B pa3rqeneHntf

rpaHcnoprHbtx noroKoB ropoga B npocrpaHcrBe H BpeMeHn [1].
Han6onee sHaqilMure Samopbt, oKa3btBatoulue Bnuf,Hue ua SynqroHanbHoe cocrorHile Bq4HTeflfi Bo

BpeMfi flB[/)|{eHnR CnqEy]ou.lile: ,qnilTenbHocrb noeqAKu; cocTofiHt/e.qopoxHoro noKpblrl/R; trHTeHcilBHOCTb
gBuxeHnf,; HaflilL{ile TpaHcnopTHbtx 3aTopoB; Llucno nepeKpecTKoB; BpeMf, cyloK; norqAHble ycfloBt4f,;

KoMsopraoenuuocru aBroMoOHnF; Lu4cno neuJexqEHbrx nepexqAoB [2]. Ouu 6unr nonyLleHbl nyreM

aHKerHoro onpoca BqAHTefleft n ercneprHbrx oqeHoK. Hau6onee 3HaL{ilMuttu $amopoM, orpl4qarenbHo

Bfit4firoll.lt4nrr na SynxqiloHanbHoe cocToffHile BqAhTe.nf , ot€3ancfl TpaHcnopTnUil sarop.

Oamopul, otct3blBaruque BnHFHile Ha QynrquoHanbHoe cocrofHue_ Bo,qurefl9 B ycrloBl4flx

TpaHcnoprHoFo saropa oKa3anilcb cne4ytolqile: Bospacr BqAvITeJ-tn; CIa{ pa6orul BoAt/reflF; rnn nepanoil

cilureMbt; i{ucno nonoc Ha Aopore; routropraSenuuoc'rs aerouo6unn; AnrfrenbHocTb npe6uteauun B

TpaHcnoprHoM 3arope; Benuquna $yHrquoHanbHoro cocronHt F Bq4trrel-lr nepqA gqropotvt [3].
BenuqnHa Synxr-prroHaflbHoro cocTof,Ht4R BqfiulTenfl onpeflenf,grcf, norcBaTeJ'leM aKrHBHoc'r-[4

perynnropHbx ct4GTeM opraHl4sMa no Merq4y Saeecroro P.M' [4,5].' 
'
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