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wofuwwnwuph punhwunip  punipwagphg, snpu  gnufutiphg, bBgpwlywgnieniuthg L
hwybywdubiphg: Ugfuwwmwuph dwlwip Yugdnd £ 134 9 hhduwlywu nbpuwn’ ubpwnju
25 hwwn ufwp, 19 hwwn wnnwwly, huswybu twl pugnighs 30 £y dwywiny hwybywdubip:
Spwlwunipjwu gwuyp wwpniwwynwd £ 85 wunwu ytpuwghp:

uStLUNUNRI3UL KUUUMNS PNYULHUUNRE@3NRLLE

Unwohtt qilumd Jbtpndynid £ pwnwpwiht  dhowduwjpnid  wwndnphjw)ht
wpwuuwynpnh  pwlwlh  wéh  hGnbwupny  Swuwwwphwht  Gppubynyepjwu
Yuwquwybpwdwu U Ywnwjwpdwt wnol Swnwjnn  dwpwwhpwybputipp:  Ybpohtu
wnwulwdjwyubph  pupwgpnud  pwnwpwiht  dhowywjpnd  wpwuuwynpuwht L
hGwnpnnuwihu  hnupbph  puwnbuupy wénd  wwpdwuwdnpws'  Lwwbu  wéb) bGu
Swuwwwphwwnpwuuwnpunwhu wwwnwhwpubiph ntwptipp, hwunlwwbu
fuwsdtipnijubpnud: Yphdwlwgpwlwu wndjuiubph hwdwdwju 8SM-ubph UbS dwup wnbnh
GU nwubunw pwnwpubpnd, huy fuwsdtpnyubipp hwunhuwunwd Gu wyn ywwwhwpubph
Ynunwydwtu hhduwlwu nbnwdwubipp: Uu hwdwnbipunnd hwwnnty npwnpnigyniu £
nwnpdynud  nwgniguihu Yupgquynpdwup' npybu  dwuwwwphwihtu  GppUbynyejwu
Yuqguiwytipwdwu hhduwlwu nbuthywlwu dhong: Unwuduwgynd tu Gpplubynyejuu
Ywquiwybpwdwu hhduwywu nipnniegniuubpp’ Swpnwpwwbnw-hwnwyugdwiht L
Yuqgdwytipwswywu dhongwnnifutipp: Lnwwgnygutiph ywwndwlwu qupgugnudp uluybip
£ 19-pn nupnd’ dsfuwupyulwu hwdwywpgbphg wugnd Yuwwpbing bGYunpwywy,
www' wynndwnwgywsd b wnwwwuhy Yuwnwjwpdwu wnbluuninghwubiph: «hubjwugh»
(nuwgnigwiht  hwdwlwpgbipp, h wwppbpnyeniu Ynoin  dwdwuwlwihtu  dpwgntiph,
huwpwynpnigniu Gu wwihu wpdwguwupl] hpwlwt dwdwuwynd npwluuwynpuwhu
hnuph thnthnfunipniuttipht:

EEEE

Q. Lnwuwynphy thnn,

Ugqupwugtnnup thnn,

LY. 1 Uppwyniujwg w. - Uqupwugbkinnu th. - Lnwwynphs th. fuwsdtinniyh
Gpprubynipjwl Yuwqdwlbpwdwu ulubdwu
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Spwuuwnpwnwihu hnuptinh huwnbuuhynipjwu, pnnntuwlnipjwl W
wuhwdwswihnigjw  nwnfuwuhpnigniut wuhpwdbiom wwydwu £ 8P3-nud
GppUubynipwu  Jhéwlyh quwhwwdwu U wpryniuwybn  Yunwwpdwtu  hwdwp:
Ppwywuwgyt £ npwuuwnpuwihu hnupbiph wuhwdwswihnipjwu hGunwagnunyegniuubn
Gplwu pwnwph dwjpninuiht thnnngubiph nintidwubipnud,  fuwsdtpniyubpnud, npuntin
Gppubynipjwu thnihnfunienuutiph punypwgnptipp wpwwgnn u pwnwph 893-h Ypw
wpwuuwnpuwiht hnupbiph nhuwdhlwu: Npwbu ophuwy nuntfuwuppytip £ Uppwyniujwg
wnnnuw - Ugqwpwugtinnu thnnng - S Lnwwynphs thnnng  fuwsdbpniyp (LY. 1):
Lwnwpwiht dwjpninwiht thnnngubiph nindwubiph U fuwsdtipnyutiph  jnipwpwuggnip
ninnjwt hwdwp  Yuwnniglp Gu GppUubynipjut  hunbuuhynipjwt  pwptudwt
hhunngpwdwtubipp, hwodunyyt| tu fuwsdbpnijutiph wnwynunjwu b GpGYynjwu «whly»
dwdwuwlwhwwywdubiph  wuhwdwswihnipjwu gnpdwlyhgubtipp, npp ubplujwgyby
Unjniuwly 1-nwd:

Unyniuwly 1
Fuwsdtipniynid wnwynwnjwu b GpEYynjw «whly» dwdwuwywhwinjwdubinh
wuhwdwswihnipniup
Upowyniujwg- & .Lnwwynphs- «Mhy» dwdwuwywhwwndwdubph
Uqwpwugbnnu fus. wuhwdwswihnipjw gnpdwyhgubipp' Ky,
Gprelubynyejwu ninnnipniutbpp ninhn w9 dwfu
1.85, 1.64
Upowlnitjwg w. - oo E*
1.88 175,
Q. Lnwuwynphs th. - Ton To
1.78 1.66
Ugqwpwugbnnu th. 738* Tzs* -

* dwunpnipiniu. wuhwdwswihnipjwu gnpdwyhgutipp hwdwphsnid wnwynunjwu, hwjnwpwpnid GpsYynyw:

Lnwwgnygwht Yuwpguwynpdwt  wprynitwydbwnipjut  pwpdpwgdwt bwwwnwyny
nhunwnlytip Gu pwqdwdpwagpwiht L dyniu dtpnnubiph Yhpwndwu
huwpwynpnieniutbpp: Stnwiht pwqdwdpwagpuihtu Ynan Yupgwynpnwip pnyl b wwihu
opw wwppbp dwdwuwwhwwnywdubph hwdwp Yhpwnt] wwppbp Yupgquynpdwu
nbdhdubp' Gubind wpwuuynpuwht hnupbiph bwuwwbu dbepnddwsd  indjwiubphg:
Uwlwju wju dbpnnp sh wpdwqwupnd S<-h Yuptwdwdybn wmwwnwunwfubipht b sniup
Spwagnbiph thnthnfudwt dbpnnulwi dnintignid: Npwbtiu wypunpwup, d4ntt (wnwwunhy)
Jwpgwynpdwu dbpnnubpp wwywhnynd U ppwlwt dwdwuwynd  Yunwywpdwu
wwpwdbwnpbph oywhdw| punpnieniu: Gplwu pwnwpp niuh 1100 thnnng' 1291.4 Yd
Gpywpniejwdp: Pnnngwiht gwugh nuwgniguihtu Yupquynpynn 305 fuwsdtinniyutiphg
hpduwywup gnpdnid Bu wbnuiht Yuwnwjwpdwu Ynon dapnnubpny’ dby dpwgpwhu
ntidhdny, uwlwju htwnmwagnunnieiniuutipp Yywynwd tu, np wybijh wprynitiwybinn Yupnn Gu
(hub 6Yyniu b pwqiwdpwgpwihtu dbpnnubpp’ wwydwuwynpdwd S<-h humbuuphyniejwu
wnwwnwuwnfubph nhuwdhyuyny:  JdGpmddtp £ twb fuwsdbpnijubpnd SBY
wbluuninghwlywt  wignphpuubph  wpryniuwybwngniup’ Ywiudwd  wpwuuynpuwht
nbwnblwnnputiph (S4) qquyniu mwppbiph wnbnwnpdwu owywhdw| htinwynpnigyntup Yuug
qdhg: Ppwlwuwgyby u dhowqggquihtu thnpénid jwju tnwpwdnid unwgwd SCOOT, SCATS,
OPAC, RHODES, UTOPIA L wy) hwdwYwngbiph nwnwfuwuhpnigyniuubn:
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EpYypnpn gifunid hpdugbiing hpwywu swithnwdubph wpryniupnud unwgywsd indjwiutiph
hpdwu  Jpw  dbpndytp £ wpwluwnpuwiht hnupbph dwdwtwlwhu
thnihnfuwuwungyniup' wuhwdwswihneyniup: Lepywjwgyty £ fuwsdbpnijubpnd SBY
hwdwYwpgh wuhpwdbownigniut nt wprynituwybinnegniup Gpplbynipjwu why W ng why
dwdbphtu:  Quwynpl; £ SOY  hwdwlywpgnd  hpduwlwu  nwlnh - wnwybjugnyu
wnbnnnuejwt Ywiudwdnigjwt quwhwwndp' wpwuuwnpunwiht hnuph GppUbynyejwu
hunbtuupynigyuu  dbdnigyniuhg:  Spwuuwnpuwihu  hnuph  GppUbynieyniup  pwpn L
pwqiwdwlwnpnwly gnpdpupwg k, npp punipwgnynd £ pwuwlwlwu (hunbuuhynipniu,
wpwgnignty,  funnggnit) b npwwlwu  (unnfuwunhyngniu,  nhuwdhynientu,
thnjuuwwwlygdwsdnigyni)  gnigwupgubipnd:  S<p wwppbp  hunbuuhyniejwut
wwydwuubipnw Ywpnn £ guugtp wquwn, fudpwiht b uwywlygywsd yhtdwyubipnid, npnup
wwhwugnud Gu mwppbp Yunwljwpdwt dninbignufubp: Hthuwdhy b unnfuwunply punyep
hwugbigunwd U opjw pupwgpnud tipplUtyniejwu hunbuuhynipjwt thnthnfunieniutbinht,
husp whwp £ hwodh wnub) (nuwgnygwiht wgnwuowuwiht dpwgnbiph (UD) dowlydwu
dwdwuwl: Bdwuwwwphwht bpplubynipuwu  Ywnwjwpdwtu  hwdwlwpgh (B64K)
ogunwgnnpddwu  wwulyjwl wwphubph  thnpdp Jyuynd £, np nwuwignyguight
Ywpgwynpdwu pninp wwpwdtinpbph Yuwnwywpdwu dpwagpbipp dhus opu  |hwndtip
hunwlybgywsd bu: Uwutwynpwwbiu, nbnuihu ayniu Ywpguynpdwu (SB4) nkdhdubph
wwpwdtiinpbiph  jwnwjwpdwu  Jbpwpbpjw)  dhwipwuwl b hwdwwwpthwy
dbpnnwpwunypiniu nbinbu  dowlyjwsd sk SBY  hwdwlwpgh pwpbjwddwt  hwdwp
wuhpwdtiogn L gbpndt) juwsdbpniyubpnud S<-h - hunbuupynigjwu huswbu opwwt
wjuwtiu k) ubipdwdwyhu thnthnfunigyniuubipp, hwaduwnyb) hhduwywu nmwlyunh tjwqugniyu
L wnwybjwugnyu  wbnnngnitutipp b uwhdwubp  wblubthjwlwt  wwhwugubip
wnpwuuwnpunwihu nnbyunnpubiph winunpdwu hwdwn: <Gwnwgnundb) Bu p. Gplwunwd
ubpnpdwd nbnwihtu dynit yunwlwpdwu (SBY) «ubjwgh fuwsdapniy» hwdwlwpgbpp'
Gplwuwu th. - P.Gwuwywpwu . (nbwh «RJuppung» onwuwljwywjwu), Udwu
Jupswywt 2npowup Utwnjwu-Owpwy wnpnip b USwnjwu-Pwpwowujwt thnnngubiph
fuwsdGpniubipnud:

LoJwd fuwsdtipniyubipnud ubipnpwé nbinuiht yntt junwywpdwi  (wnwwunhy)
hwdwlwpgbpp  ubpYuyndu sk gnpdnud,  fuwsdbpnifubpp - woluwwnd  Bu Ynann
(nuwgnigwihtu Yupgqwynpdwu nbidhdny: Nwwnh wyn fuwsdbpnijubpnd wnw yhbwyp
pwgwhwjnbint b quwhwwbiint hwdwp Yuwwwpdt) G jwjtwdwyw| hbnwgnunuwywu
woluwwwupubp:  Lowd  fuwsdtpnyubpnd phpwlwuwgyws  hbwnmwgnunnyejuu
wpryniupnud - wpdwuwgpybp Bu dph owpp  wbfutplwywu  phpnyeniuubp’ npnup
dwupwdwut  ubpyuwjwgyws bu  wwnblwfunuwlwt  woluwwnwupnd:  dbpindnyejwu
wnryntupubipp gnyg tu wwihu, np nmpwuuwynpunwihtu hnuph puntewagptpp, hwnlywwbiu
huwntuupynipiniup nhuwdhynptiu thnfuynid £ opdw pupwgpnid (LY. 2), husp ninbygynud
£ wnpwuuwnpuwihu hnuph yhédwlutiph wugnuwfubipny: Wu thnthnfunigyniutbpp pungénud
Gu  GppUbyniEwl  Ywnwlwpdwu nbdhdubph  GUniunpjwu b owwhdwjwgdwu
wuhpwdbtipninigniup:  SBY4-h  wprynitwybn Juwnwlwpdwtu  hwdwp wnwyb]  db6s
wqnbigntpnLu niutu nhuwdhynipntup, unnfuwuwinhynipyniup L
thnfujuwwygywdnipniup: Unnfuwunhynigyudp  wpnwhwynynud - &b S&-h
tprelbynieiwiu ywwnwhwywu U hnthnfuwwu punipwantipp:

9



N. Uphunjnp/d.

1400
1300 -
1200
1100
1000
200
800
700
600
500
400
300
200
100

huwnkiumjnupm

6:00  8:00 10:00 12:00 14:00 16:00 18:00 20:00 22:00 24:00 ¢, cut
Enluwlihg nbwh Epuhwshl nunousnis opw dunfkpp
Epuhwiblhg nwh Spluwl nupanggnl

LY. 2 bplwuywu th. - h. Guuwwpjwu th. fuwsdtipniyh hunbuuhynipyw gpwdbhyp
onjw pupwgpntd

huswbu Gpunw £ LY. 3-hg, wnwynunjwu dwdwuwlwhwwndwdnd, Gplwuywu . - h.
Quuwwnwu . fuwsdbpniynid® Bpluwuhg nbwh Eodhwdhu ninnnipjwdp nhundnud £ S<-h
hunbtuupynipjwu  wuwufuwwbubih  punye U wwpptp  dwdwuwlwhwwnywdutiph
huwntuuhynipiniup dhdjuughg wwppbipynwd £ dhusl 100%-h uwhdwuubpnid, huly pwpép
hunbtuuhynipywdp dwduwlywhwnyjwdutipnid (Unwn 800 dhwynp/d. dky tippubytih gnunnt
hwdwp) wn nmwppbpnieniuttpp Ywpnn Gu Yuqgdt) dhusl 10%:

.\'.“o\

huntiuhympmnia
8

13%

3 9 0.7 =
600 800 1000 1200 1400 1600 1800 2000 2200 2400 ¢ cwy
opyw dudkpp

[777] wawnwpsuwy [ ] napwpbdpowts 7] yunputiguwd dnéuty
LY. 3 bplwuywu th. - h.Gwuwwpywt th. fuwsdbipniyh S<-h hunbuuhynipjut
wulwufuwwnbubith punyep W upwug wwppbpnienup pun dwdwiuwywhwwnywdubph
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Ywpqwynpynn fuwsdbinniyubiph ninnnigyniuttiph Swupwpbinujwdnipjwu dwlwpnwyp
punipwagnnn gnigwuhop hwgbigwoénigjwu wunhdwuu £, npp guudnd £ O0-hg 1-h
uwhdwuubpnud b npnaynid £ hbnlyw) (1) pwtiwauny:

Ts N
XZTSIM_:’ (1)

npuntin, Ts-nuuwgnigwiht - Ywpgqwynpdwu  ghyh  wunnnuginiuu £, dpy, t-u
hbwnwgnunynn ninnnigjwt thnih wnbnnnigyniut £, 4py., N-U hGunwgninynn ninnnipjwuu
GppUubynipjwt  huwnbuupynigniut £, dhwynp/d., Mcp  wnpwUuwnpuwhtu  hnuph
hwagbgywdnip)niu £, dhwynp/d. (Mc-const):

huswbu bGpunw £ (1) pwuwdlhg, wllwfu thnhnfuwlwup, npp wgnnd £
hwgbigqwdnipjwu wunhtwuh Ypw hwunhuwunud £ S<-h hunbuuphynipyniup Upwtwynd
E, np S&-h hunblupynigyuwtu wéh hbn dbynbn wénd £ uwl  hwgbgywdnipjwuu
wuwnhdwup: Loqwd fuwsdbpniyh' Gplwuhg nbwh Eodhwdhu ninnnipjw 2-pn Gpelbytbh
gnunnt S<-h nipwgdwt ybpindnigyniup (LY. 4) gnyg wytg, np tpp hwgbgywdnipjwu
wuwhbwup dnwn £ 1-ht, wyw htunbuuhynipjwt ywwnwhwlwu wép hwugbigunid £ S<-h
nipwgdwu qquwih wéh: el S<-U quuynd | pnnniuwynipjut uwhdwuht, wuwjw
huwntuuhynipjwu thnpp nwwwunfubpp Yupnn Gu hwugbgub) Uad  tnpwuuwynpuwht
nipwgnwfutiph: Glukind Jbpp updwsdhg Ywpbih b Ywwwpbp Ggpwlwgniegyntu, np
wuhpwdtigm £ ppwlwuwgul) S<H wuhwdwswihnigywu  Jbpindnipinit Ywudwsd
hwgbigwdnipjwu wunhbwuhg b S<-h yhdwlhg:

d. ply
180 179 snT
160
140 Ta=125 4ny. 141.70

t = 39 Uply.

Mn=1700 Uid. /
o a0,3 {

520

21,40 /
AL

& _?Jg'ﬁ_l____a__- -
0 0.2 04 06 0.8 10 X
57-h hughgmbm pjuh wuinpdwbp
LY. 4 bplwyywu b h.Quwuwwnwu fuwsdtpniyh SU-ubiph npwgdwu Ywiujwdnipiniup
S<-h hwgbigwdnipjwu wuwnhtwuhg

S<-h ubipdwdwiht wuhwdwswihnigjwu thnthnfuniejnitutiph uwhdwuubiph npnadwu
hwdwp  Yppwnyt £ dJwdwuwluwihu swppbph U Jhéwugpwlwu dbennubpp:
GppUbYniypjwu hunBuuhynipjwt thnthnfunieynitutph nwnwfuwuhpnieiniup pwywywuhu
pwnn gnpdpupwg L, pwuh np hunbuuhynipjwt  wmwwnwunwubpp hwéwfu  nbu
wwwwhwlwu pwnwnphsubp: Wu wywwbwnny S<-h wuhwdwswihnigjwt quwhwwndwu
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SU-ukph nipmgnulp
o @
o o

i
(=]

(e ]
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s
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dwdwuwl wuhpwdbon b hwoyh wnub) twl dwdwuwywihu gnpdnuh wgnbgnieyniup’
huwnwlbgubind S<-h thnihnfudnn punyph wdpnnowlwu wwwnlbpp: Wu nbuwuyniuhg,
dwdwuwwjhu 2wnpbiph ybpndnieniup Yuplnp gnpdhp k, hunbuuhynipywu hhduwywu
ophuwswihnipyniutbiph ubipwgnbgnieniup quwhwunbjhu: Gpp nwnwuwuhpnut Bup S<-h
wwwnwhwlwu gnpdpupwgubpp, Ywpunp £ hwulwuw), ph huswtu Gu npwup thnfuynud
dwdwuwyh pupwgpnud: Un thnthntunigyniutbpp hwéwhu wpwnwhwjnynd Bu npwtiu
wnwwnwunwubip, npnup nwbt wdyhwninw b hwdwliwlwuniyeniu: - Muwwnwhwlwu
gnpdpupwgutiph wjuwhuh dwupwdwut Yeppndniejwu hwdwp wpryniuwytin gnpdhp £
bniphbh pwppbipp: Hwup pny| Gu wwihu pupn b wulwunt gnpdpupwgp ubipyuwjwgub)
wwnq b Ywunuwynp tnwwnwunwfubiph gnwdwpny, nph Epuynubughw) wbupp puwn Eytph
pwuwdalh Yupnn tup ubipluwjwgub) htwnlyw) wpunwhwjnnysjudp

Fo) =2, fx) e dx, @)

S<+h ubpdwdwiht  wuhwdwswihnigjwt  hGnwgw  nunwuwuppdwt bwwwnwyny
wuhpwdtiognn £ puwpbp gnigwuh), npp pnyp Yuw npnobp win wuhwdwswihniejut
dtdnipyniup:  Gpplbynigjwu huwnbuuhynipjwt vhoht qéwjhtu otinnuip (USC) dhoht
dwdwjhu huwnbuuphynipintuhg npnaynid £ hbnlyw) wpnwhwjnniejwdp.

AN = 237, IN; = N, (3)

npntn, N; -U bBppUbyniEwu  dwdwjht  huwmbGuuhynienup  i-pn dhowwjpnd,

dpwynp/d., N -u dhohtu dwdwjpu huwbuupynipmiu t, dhwynp/d., n-p dwdnu
Uhgwluwyptinh phifu £:

USC-u hwoynuw tu wju bywwnwyny, pbl nppwuny b jnipupwugnip wpdtip sbnynid
dhoht wndtiphg, L wpwwhwnnd £ ndju) dadnipjwu thnthnfuwywunieniup: S<-h
hwwynipniuutiph, huswbu uwb wuhwdwswihniygyniuuubiph, Ybpndnigyniup gnyg |
wwihu, np Gynit Yuwnwywpdwu nbdhdubph wpryniuwybnnigyuwu Jypw S<-h wquin
yhbwynul, hhduwlwunwd ubipwgnnid £ unnfuwuwnhynip)niun:

Gppn nd  ppwlwuwgytp b Gpuwu  pwnwph  juwsdbpnifubpnud
wpwuuwnpunwihu  hnupbiph hpwlywu  nhunwpynfubph b inpédwpwpwyw
nwnufuwuppneyniuubph ppwywuwgnd tywwnwl  nbuwind pugwhwynby
GppUbynipiwtu  huwnbuuhynipiuwt  wuhwdwswihnieniup,  unnfuwuwnpyngniup - L
hwuwnwwnyb £ Gpypnpn. gfund hunwybgyws quipywédp: Lwnwpwiht fuwsdtpnijubpnud
Gppubynipiwu wpryniuwybitn juqdwlbpwdwu twywwnwyny dowyyt) Gu nbfuuhyuwywu
dhongubiph  Yhpwndwu ulygpniupubpp, husybu twb  Yuwpgquynpdwtu nbdhdubph
hwaqwnpyh dbpnnutipp: Uwluwju gnpdnn depnnhywutipp sku pungpynud pninp wiu
gnpdnuubinp, npnup Ywpnn Gu wqnb) tnpwuuwynpuwiht hnupbiph (S€) Yuwnwywpdwu
wpryniuwybinnypjutu Jpw: Uw  hhduwlywund wwjdwuwynpywd £ upwund, np
Ywnwywpdwtu ubpgnpénipynitubiph wdpnnowlwu opowtiwlu niuh  pwqiwpwnwnphs
Yunnigywép, L npn2 Ywplnp wgnbtigniejniuutp wwpquwbu nnipu Gu Junwd hwoyh
wnuynn - wwpwdbnpbiphg:  Wnwhuh - pwnunphgubphg  Gu  opptwy, |nwwgnygh
wqnuwupwuubph dpwgph gnpdwpldwu  wlbnnnieintup, thnyh  wbnnneiniup, SBY-h
nbwpnd' Juwuws wgnwuowuh wnwybjugnyu wbnnnuyeiniup, npnup Ywpnn U bwwbu
wanbi|  fuwsdbpniyh  panniuwynipjwu Jpw:  Swuwwwphwiht - Gpplbynyejut
Juquiwytpwdwu (B6Y4) wpryniuwybnnigjwu qguwhwwndwt hwdwp wuhpwdbow b bnb|
hpwlwuwgub) thnpdwpwpwlwu hbnwgnnnipniututip: <Enwgnunwwi woluwwnwupnud
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npwtiu dwdwuwlwihu swihwuhy punpdt £ 1 dwd mbnnnipjudp dwdwuwywhwwnygwsdp,
pwdwuywsd 5 pnyb nunnnipjwdp hwwnywdubiph: Unwgywd wndjuiutipp dowlyyt) Gu,
hwodwnpyyb) Gu dhohu gnigwuhubipp U npwug hwdwwwwnwufuwu stinnudubpp:

Spwuuwynpunwihtu hnuph hunbuuhynipjwtu dwdwuwlwihu swnppbph Ybpinwdnieyw
hwdwp Yphpwnyb) £ Sniphth Jbpindnigjwu dbennp, npp htwpwdnpnigyniu £ wwihu
pwgwhwjwnbint ndjuiubph ywppbpwlwtu  wnwwwunfubpp b quwhwnbine npwug
yphbwyp dwdwuwyh pupwgpnud: dniphbh ybpnidnigju uywnwyu £ wnwuduwgub)
wpwuuwnpuwiht  hnupbiph punbuuhynipjwu hnthnfunigyniiuph hhduwwu
wwppbpwywunipniuubpp' hwulwuwine hwdwp, pE hus hwlwuwlwunyewdp b huy
ophuwswihnigjuwdp  Gu - wnwowunw  Gpplubynypjwtu  plupwgpnud  hunbuuhynipjwu
thnthnfunigyniiiutipp: Bogphin ndyuiubp unwtwnt tywuwyngd  uyblyunpuy
Jbppnwdnipjutu hwdwp  wnduiubph hwjwpwgpnuip  hpwlwuwgyl, £ 3-10 dwd
wnunnnipjwdp dwdwuwlwhwwdwsdutipny, nwunifuwuhptiing S<-h dby yhdwyhg djnwuhu
wugubnt  hwugqwdwupp, huswbu  wl  unnfuwuwnhly  hwnyneyniup:  Sniphtip
thnfuwybpwnuip b uwbYupwp Ybppndniggniup Yuwwnybyp Gu  Excel  dpwgpwiht
hwppwYynw, nph 2unphhy  uwmwgyly bt S<-h hunbuupynipwt nwnwudwu W
hwéwhwywunypjwu  dhohtwgwd  wpdbipubpny  puniyewghpp: Ppwlwuwgywsd
uybtywpwy Ybpndnigywu b 6-pn. wunphbwuh wynhundwiht dnnwpydwt wpryntupnid
unwgywd wndjuiubpp  gnyg  Gu  wwjhu, np o dEynwwgdwd  fuwsdbpniyubipnud
wpwuuwnpunwihtu  hnupbiph  hunbuupynigjwt wwwnwunwdubpp nubkt npnpwiyh
ophuwswihnipniuutip: Uwutwynpwwbiu, gpuwdhynud ubpyujugyuwsd E nwnwudw swihh
(Al) thndhnfunipyniup’ hwdwwwunwufuwt hwwfuwwunyejwt uywndwdp (LY. 5):

—_— === 6-nn wuunhawuh wynihund
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Surnwibidwir swithp (Al)
LY. 5 hunbuupynipjwt nmwwnwunwiubiph hwwuwywunypjuu pwotudwt gpnwbhyp pun
uhgwuwyplinh
Wuwnbin hwewhuwlywuniyeniup gnyg k wwihu, pb Jbl dwdnwd pwuh wuqwd £ nbinh
niubighp wwwnwunwi: Swwnwtdwu swihbph wéh hbn dbynbn hwbwhuwlwunigynitup
ujwgnud £ dby dwdnud dhusl 4 wugwd, husp Jywynud £ wpnbu npnowyph Yuiniunwgjwu
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dninbbwint  dwupt:  Lnwwgnygwiht  hwdwlwpgbiph - woluwwnwupwihu  nkdhdubph
hwbwfuwyh thnipinfunipyniup  (opptwl' 15 pnwyb  punuhgnudubpny) dhownn sk, np
tywwnwlwhwpdwp £ Yw wywjdwuwynpwd £ upwund, np nkdhdubph thnthnfunigywu
pupwgpnd  dwuwwwphwihu  Ynuwnpnytipubpp npn2 - dwdwuwl  wofuwwnd - Gu
wugnuwwihtu  thnyny, nph wpryniupnd dh pwuh ghlyh plupwgpnud  nuwgnygp sh
wwwhnynd  wnwybjwgnyt  pnnnibwynpniu, husu £ hwugbgund £ [pugnighs
nipwgnfutiph: UYtith nwghnuwy £ tdwt wugndwjht Yud wulwniu thnytiph pupwgpntd
Yhpwnti| Yupgquynpdwt wjuwhuh nkdhd, npp bwfuwwnbunud £ npnawyh wywhnwunwihu
dwdwuwl' huwmbuuhynigwt htwpwynp wéht wpdwqwupbine hwdwp (SBY4): Hw
hwdwp wuhpwdbon £ uwhdwub] ywnwhwlwu pwnwnphsh mwwnwunwubph swibpp'
oquwgnndtiny hunbuuhynipjwu dhoht gdwjht gbndwtu hhduwdnpywd gnigwhy, npp
ubpywjwgund £ wpwuuwynpuwiht hnuph  unnfuwuwnpynggniup bW ubpdwdwihu
wuhwdwswihnipniup: Muwppbipwpwp hpwlwuwgyws hpug. pnwbiwung
nhunwnpynwfubipny wpdwuwgnpjwsd nwwnwunwdubiph dhohtu obinnudubipp enyp Gu wwihu
wnwuduwgut)  Jdhnnwwht ufuwdnipgnu, npph pupwgpnd  hunbuuhynipjwu
Ubdwgdwu hbwn dbywnbn wénw £ uwlb ubpdwdwihu unnfuwuwmpynigniup’ hwuubing
npnawlh uwhdwuwihtu wpdbiph, nphg htinin Uwwnynud £ ujuqiwu dhinnud (LY. 6):
2 dhunp/d.

— Ubpdwuwhl unnfuwuinhynusiwl gnigwlihz §
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S$2-h htunbbwhynupymbp N, Whunjop/d.

L. 6 Lbpdwdwiht 9 unnfuwuwnhynipjwt gnigwuhoh Yuiudwdnipjwu gpwdhyp
Gprelubtynypiwu N hunbuuhyniejniuhg

Lbnmwagnunnipniup pungpytp £ upguygnpynn - fuwsdbpnijubipnd - wuhpwdtion
Gppubynipjwl wwjdwuubpp, npnup Ubpyuwjugywd Gu wnbuwfununiyejwu 3-pn gjfunid:
Npwbiu ubipdwdwiht wuhwdwswihniejwu guwhwwndwu gnigwuh puwnpyt) £ 5 pnwytiwtng
dwdwuwlwhwwndwdubipnud unwgywsd dwdwjhtu dhohtu wipdtiphg S<-h hunbuuhyniejwu
dhoht qéwihu  otinnuip: <wdwwwwwufuwt  hwodwplubpn  (UWJwquagnyu
pwnwynwhubiph dbpnnny) npnadt Gu wnihundh gnpdwyhgutipp b unwgytip htinbyw
wpunwhwynnip)nLun.

9 =9,313 + 0.18N — 0.000125 N2 (4)

Ywnnigywd ny qdwihu  dnnbih  Jbppnsngyniup gnyg £ wwihu, np dnnbh
gnpdwlhgubipp twlwu nbp nubu ubpdwdwihtu  unnfuwunhynigywu gnigwuhoh L
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Gpplubtyntpjwu hunbuuhynipywu dhol nhinwpyywsd ndjwiubnh Yuwwh dbe (Unin 77%): Uju
uwhdwuwthwynwp wwjdwuwynpyws £ upwuny, np tpplubyniejut hunbuuhynypjuu
thnthnfunieynitiutipp wwypdwuwynpdwsd £ ng dhwju by gnpdnuny, wy uwb dh 2wpp
wwpwdbtwnpbpny: Uhwgnpdnu dnnbiip Yupbih £ Yhpwnb) dhwiy wju nbwpbipnwd, Gpp
(nwgnighs wannn gnpdnuutiph Ybpwpbipjw) wdjwiubpp hwuwubh sku: Nwwnh jhwpdbp
wwwnybp unwuwnt hwdwp Yhpwndt) Gu pugdwgnpdnu dnnbjutp: <woyh wnubing
gnpdnuubph pwuwlu nu npwug tpwlwlwih wgnbgnieniup' unwgyb) £ ubpdwdwihu
unnfuwuwnhynipjwu gnigwuhoh htinnlyw) dJwebdwwnhywlwu dnnbn.

9 = =50+ 0.15N + 179.81 + 20n + 9.88, — 0.0001N? — 14012 — 1.9n% — 0.98f, > +

+0.05NL — 0.02Nn + 0.01Nf, — 30ln + 518, — 2.93n8, (5)

dbipnwdtiiny wnpwuuwnpuwiht hnuph opwlwu wuhwdwswihnipniup Yuwwnwndby Gu
htinlyw| hhduwlwu Ggpwywgnigyniuutipp.

» Spwuuwynpunwiht hnupp opjw pupwgpnud Uh owpp dwdwlwlwhwnjwdubpnu
gunuynid £ wqwwn Jhtdwynid, Gpp wnwybp wprhynitwybin £ Yhpwnt) wbnwiht 4yntu
Ywnwywnpdwu ntidhdp (SBY4):

» LPwuh np  bppUbyniejut  huwmbuuhynipjwt  gnigwuhoubipp opdw  pupwgpntd
wupunhwwn thnthnfuynid GU, www jnipupwugnip 15 pnwtiu Uk, wbnp £ hwyh wnub
ghyinud hhduwywu wnmwlywnh wnwybjugnyu nbnnnipjwu wpdtipp U wwppbpwpwn
Yuuwnwnb npw Gagpunnuwdutip:

Ujwquagnyu pwnwynwhtubph dbpnnny unwgyt £ ntgpbupnt hwjwuwpnuip, npp
ubpyuywgyws £ Gpynpnpn gifund:
ty, wn. = 19 * N + 20, 4nYy (6)
npnbn, tyw. —-p hhduwlwu nwlnh wnwybjugnyt wmunnnpnuuu £, 4ny., N-p
wnpwuuwnpuwihu hnuph hunbuuhynieyniut £, dhwynp/ypy.
/

26

24
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2

20

Ahdlwywl nwynh wrwyGugnyl nlennnupniup teee (Upy

i} 005 0.1 0.15 02 025 03

Spwluwnpuniwghlu hnugh hunBbuhyneeniun, N (dhwdnp £ dpl.)

LY. 7 Spwuuwynpwwjht hnuph hunbuuhynipjwt bW hhduwlwu nwlyunh wnwybjugnyu
wnlunnnipjwt dhol wnyw gdwiht Yuwp
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huswtiu Gpunid £ gpwdhyhg (LY. 7) npwuuwnpuwiht hnuph gwsdp hunbuuhynipjwu’
0.3 dhwy/Yny. dhowlwypnd dhusl wnpwuuwnpuwiht hnupp guuynd £ wquun Yud
dwutwyh Swupwpbnujwsd (fudpwiht) Jhtwynud: Wu wwjdwuubpnwd, hwdwdwju (6)
ntignupnu hwjwuwpdwtu, hhduwywu  wwlywh  wnwybugnytu  nbnnnieniup
wnwwnwuynwd £ 20-hg dhuslk 30 Juplywu whpnypnd: Wu gwdp  wnbinnnipgyniubpp
huwpwynpnipntt Gu twhu hpwlwuwgut yniu b wpryniwwybin Yunwywnpnd, husp
hwnlywwbu Yuplunp £ wnwyninjui b Gpynjuu dwdwuwlwhwnjwdubipnud, tpp S<-h
huntuuhynipjwu wpdbipp thnpp £ L wnlw bu wulwufuwwnmbubh  wwnwunwiubp
(unnfuwuwinhynipyntt):

2nppnpn qifunid ubpyuywgyt) Bu p. Gplwuh Gplwuwu th. - Fwuwwpwu h.
fuwsdbipniynd - hpwlwuwgywsd  hbwnwgnunieiniiutipp,  wpwuuwnpunwihu  hnupbiph
dbpinwdnipiniu W nbnuihtu 64nit ywnwywpdwt  nbdhdh unp dnnbih  hwoduiny:
Sphuwuuwlwyu  vwhdwuwhwynwfubpnd  wwpdwuwynpdwd'  dnnbh  hnpdwpynuwiu
hpwywuwgyty £ Oduy pwnwph <nwhuwiht 7-pn thanng - Ywyhinwih thnnng U
bpynunuy pwnwph Pwjlwuyuwjw thnnng - nbufuwyjw  thnnng  fuwsdtipniyubipnud:
UnwowpyJws unp dnnbh Yppwndwdp hwoupyyt) £ Yunwdwpdwu nbdhdubpp L
ubpnpdt;: Upryniwwybwnipjut guwhwwndwt uwywwwyny hwodwpydb) £ hwdwlwpgh
ubpnpnidhg  wnwe UL htwn  npwgniubpp b hpwlwtwgdl)  hwdbdwwnwlwu
gtip|nwdnipyniun:

Uwnwghnuwp nhunwybnbpnud npwgnfubph swihdwt wpryniupubph hpdwu Jpw
hwodwpytip £ dby  wpwuuwnpunwihtu  dhongh dis dhoht nipwgnuip b swihdwl
dwdwuwlwhwwnjwdsh hwdwp npwuuwnpuwihu hnuph punhwuntp Dis nipwgnudp:

_ 400 w10
Dys = T_82i=1 Z;'n=1 nij (7)

d15 = % y (8)

Nis
npuibin, Ts -U' ghlh wlnnneniut &, JdpY., ny U hbppend wpwuuwnpuwihu
dhgngubinh pwtwlu £ i-pn ghyih pupwgpnd U j-pn hhtg Jwplywutbph dhowlwjpnid, N-
p wpwuuwnpunwihu dhongubiph pwuwlu k, npnup wugk| Gu 15 pnwtinud:
SBY wpryniuwdbuinypjwu hwodwpyp Ynonn nbdhdp uyuwwndwdp' Jepndwlywu b
thnpédwpwpwywt dbennutipny npnaynid £ hGinlyw) pwuwaling:

3= % 100%, 9)

npwntin, dy-U nipugnuiu £ hwoguplydws Ybpinidwlw dbennnd, dpl., dy-u nigwgnudu
£ hwoqupyqwsd hnpdwpwpwlwu dbpnnny, ypy.:

S<-h ybpnidnigyw opgwtiwynid jnipwpwuginip 15 pnybiwung dwdwuwlywhwunywsdh
nipwgdwt ndjuubpp hwoquplynd b wdhnipnd BU' uywnwl niubuwing unwuw
punhwunip nipwgdwt wpdtipp wdpnne nhnwpyynn dwdwuwlwhwwndwsdh hwdwp, pun
hbwnlyw| pwuwdélh:

d=3§,d?, (10)

nputbin, £-p swihdwt dwiwtwwhwndwsh hwdwpu k:

Qwipiwt dwiwuwlwhwwndwdnd d&Y nmpwuuwnpunwihu dhongh dhohtu nipwgnidp
npnynd | hbwnlyw| hwjwuwpdwdp.
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(2
4, = Zmdis (1)

Qwipdwu wpryniupubpp wdthnihyb) Gu Ungnwwy 2-nd, npunbn ubplujwgywsé Gu
jntpwpwgnip 15 pnwbind unwgywd npwgnwutiph wdjwiubpp Ynon Yunwdwpdwu b
wbnwihu 4yntu unwywnpdwu unp dbpnnwpwunipjut dwdwuwl:

Stinwihtu dyniu Ywnwywpdwu hhduwlwu thnybph wnbinnnieiniuttipp hwagwpyyt tu
uwhdwudwd  Yuwpgnd'  hwdwwwwnwuluwu  (6)  pwuwdslh: Lhwnwgnunnigjwt
wprynwupubipp gnyg Gu wwihu, np Gpp wpwuuwnpuwiht hnupp gunuygnd £ wquin
yhbwynwd  SBY unp dbpnnwpwunieiniup wybih  wpryniiwdbn E, pwt Ynawn
Ywnwdwpdwu nbkdhdp: buy wju hpwyhbwlubpnwl, bGpp wpwuuwynpunwhtu  hnupp
gunuynwd k judpwihtu b/wd uwwlygyws yhbwynid, Ynoun Yunwdwnpdwu ntdhdp gnyg
wwihu wybith jwy wpryniuputip:

Unynwiwly 2
Fuwsdbipniynid swihnwiubiph wpryniupubipp bW wpwbuwnpunwhtu npwgnifubp

Ywnwywpdwu npwlwlwu
gnigwuhoubip
Lwojwnydwu S<-h dhght SU-h nipwgnid, ypy.
Fwdwl h 5 huwnbtuuhyniejniup
wiwbwluhwindwon dhwynp/dwd Ywnwywpnid dy—dy 100%
24 b
bngwn, dy | SB, dy dy

06:00 - 08:00 380 7 2 714

08:00 - 09:00 590 9 5 444

17:00 - 19:00 720 12 14 -16.6

Ldwu hwdbdwwnnipjwt wpryniupnid htwpwynpnieniu b pudbinuyb] quwhwnt uwl
wmwpbiwu  Yupdwdpny wntnbuwywt  wpryniwdbnngggniup (3yy) wpunwhwjnjwsd
gnuwpwiht wbupny: <wodwplubph hwdwp npwtiu dey SU-h nipwgdwu dhoht wpdtip
punniugtp £ 1581.98 <& npwdh gnuwpwiht  wpdbipp: Swpblwu  nunbuwlwu
wpryniuwytinnygjwu hwoqunldwu hwdwp oguwgnpdyti b hbnlyw) hwjwuwnpnup.

— ( pYn2w jun. S6U inp
. = (Dmmphl,]mh - Dmmphth) * kmz.: (] 2)

npwntin, D;'EI‘R]HE{:—U SU-ubiph nwpblwu gnuwpwiht npwgnuiu | niuwgnygh Ynawn
Yuwnwywpdwu Yppwndwt dwdwuwl, wdw*nwph, D;ﬁ;ﬁﬁfuu—h SU-ubph wwpbywu
gnuiwpwiht nwgnuiu £ unp S84 hwdwlwpgh Yhpwndwu dwdwuwy, wywn*nwph, ky, -
U JbYy wpwuuwnpuwihu dhongh dbY dwd nipugdwu hwdwp hwodwplyjws inunbuwlwu
Ynpnwinubiph wpdtpu k, npwd:

Lwoquwnlubtiph wpryniupnud hunwytigyt t, np Gppubynyejwiu npwgdwu ujwgbigdwu
(onpe 9-35 %) gunphhy Ywpnn b mwpblwu fuuwpb) dhohup 155 dhihntu npwd gnwwp:
Uphwdwdwuwly wpdwuwgnyt| Gu twl npn uwhdwuwtwynwiubp, npnup Ywpnn Gu
ujwgbigut SBY4-h  wpryniwwybinneniup,  dwutwynpuwbu - wju  yepwpbpnud |
(ntuwgnygh pEnywwnpnn wqnwiuowuh tjuwquanyu nbnnnigyniubbpht, npnup hwéwfu
uwhdwuwthwyynwd Gu hinhninubiph Ynndhg Gpplubytih dwup wugubint dwdwuwyny:
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10.

trRrULUSNRE@3NRLLEN

S<-h huwmbuuhynipniup thnthnfuynuwd £ opjw pupwgpnud wugubing vkl yhbwlyhg
Ujnupt’ wqun, fudpwihtu b Yuwwygdws:

Ydhbwlubtiph thnthntunipjwu dwdwuwy thnthnfuynid £ uwl S<-h wuhwdwswithnipjut
dwlwpnwyp, huswbiu twl npw hwpwpbpwygnipniup nyjw) dwdwuwlwhwnygwdh
dhoht huwnbuuhynipjwu Uwundwdp:

S<-h wquwn yhbwynid, jnipwpuwtgnip ghyind wuhwdwswihnipniup qquihnpbu
wannu £ thnybiph munnnigjwu Yypw:

S<-h fudpwiht b uwwygyws yhbwlubpnud wuhwdwswihnigyniup wwhwugnd £
ghyth W thnybtiph tnbnnnipniutiph thnthnfuniejniu:

Stnwjhu dYynit Ywnwlwpdwt  dwdwuwy, hhduwwt nwynh  wnwybwugnyu
wunnnipjwt  hwoqwpydwt  pwuwdlh  unwgdwu  hwdwp  wuhpwdbon L
thnpdwpwpwlwu ndjuiutip:

S<-h wquwn yhdwynid unnfuwuwmnhynipiniup hwdwnpbih £ hunbuuhyniygjwu dhoht
wpdbiph  htiwn, huy Yuwwlgywsd Jhbwynd wjt sh  ghpwquugnid  dhohl
huwntuuhynipjwu 10%-n:

SBY hwdwwngh Yhpwnbnuygyntup wnwyb) wpryniuwytin £ S<-h wquin dhéwynid,
pwuh np  wwwhndnud £ fuwsdbpniyh  ujwqugnyu  ghlyjh  wbnnnigniup L
wnpwuuwnpuwihtu dhongubiph ujwqugnyt nipwgnuip:

StY  hwdwlwpgh  Yphpwndwu nbwpnd  hhduwywtu  wnwlwh  uduqugnyu
wlunnnipiniup donwlwi kU whudwsd sk S<-h yhbwlyhg:

StY hhduwywu wnwhnh wnwybjugnyu wnunnnieniup wgnnud b fuwsdbipniynwd
wnpwuuwnpuwihu dhongubiph nipwgdwu Ypw b wtwp § hwoywpyyh dhohtwgywd
dwdwuwlwhwwnjwdh hwdwp, whujwd S<L-h dhohtu hunbuuhynipjwt wpdtiphg:
Ubipnpdwu  wpryniuputipp gnyg Gu wwihu, np SBY hwdwlwpgh Yhpwnniip
huwpwynpniginitu £ wwijhu  pwpdpwgul  wpwuuwnpuwhtu hnupbiph
wpryniuwybtinnnueiniup dhohup 30-35%-ny wju fuwsdtipnijubipnud, npintin gnpdnud
Ynown nuwgnyguwiht yunwdwpnuw b 6-9% |pwgnighs wény wyu fuwsdbpnwyutipnid,
npwnbin ubipnpdws £ SBY hwdwwpg' hhu depnnwpwunipjwdp:
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XAYATYP TATUKOBUY XAYATPAH

OHEHKA 3®®EKTUBHOCTH OPTAHU3ALIMU JOPOXKHOI'O IBUKEHUA HA
PEI'YJIMPYEMBIX IEPEKPECTKAX C BHEAPEHUEM I'MBKUX METOJOB
YIIPABJIEHUS

PE3IOME

AKTYyaJIbHOCTh ~ TUCCEPTAllMOHHOTO pPalbOTHl OOyCIOBIEHa PE3KUM PpOCTOM  KOJIUYECTBA
aBTOMOOWJIBHOTO TPAHCIIOPTa B TOPOJICKHX YCIOBHSX, 0COOeHHO B I. EpeBane, rie MHTEHCHBHOCTh
JIBIDKEHHS JOCTHIVIa YPOBHEH, BBI3BIBAIOIINX XPOHHYECKHE HEeperpy3kd YINYHO-TOPOKHOH cerTw,
CHIDKEHHE TIPOITYCKHOH CIIOCOOHOCTH ¥ YXYIIICHHE JKOJIOrMYeckod 00cTaHOBKH. CIIOXKMBIIAsCS
curyanusi TpeOyeT NMPUMEHEHHs COBPEMEHHBIX METOIOB OpPTraHM3allMd W YIPABICHUS JIOPOXKHBIM
JIBI)KCHHEM, KOTOPBIE TI03BOJISAIOT MOBBICUTH 3()QEKTUBHOCTE PAbOTHI PEryIHPYEMbIX IEPEKPECTKOB
6e3 3HAUUTENBHBIX KaNUTAJIOBIOXKEHUH B HHPpacTpykTypy. B 3Toil cBA3m MecTHoe rubkoe
perymupoBanus (MI'P) ctanoBsTCsI 0cOOCHHO aKTya bHBIMHU Kak 3(QEKTUBHOE CPEAICTBO MOBHIIICHUS
MIPOIYCKHOH CHOCOOHOCTH M CHIDKEHHS 3aTopoB. llenpio muccepTalMOHHOW paboThl SBISETCS
NOBBIICHNE 3()(EKTHBHOCTH OPraHU3aIMU JOPOKHOTO JBIDKECHHS Ha PETYIHPYEMBIX IEpeKpECTKax
ropona EpeBana 3a cu€T BHeIpeHHs HOBOH METONOJOTMM MECTHOTO THOKOTO PpETyIHpOBaHUS,
YYUTBIBAIOLIECH AUHAMUYECKHUE U CTOXAaCTUUECKUE XapaKTCPUCTUKU TPAHCIOPTHBIX IIOTOKOB.

Jnst TOCTIDKEHHS TTOCTAaBICHHOW LeNi ObUIN C(OPMYIHPOBAHBI U PEIICHBI CICAYIOIINe 3a1aqH:
aHaJIN3 CyTOYHOW M BHYTPHYIACOBON HEPAaBHOMEPHOCTH MHTEHCHBHOCTHU JBIDKCHUS, HCCICIOBAHHE
BIIUSTHUS TPAHCTIOPTHBIX 33/Iep KeK Ha (yHKIIHOHUPOBAaHHE IEPEKPECTKOB, pa3paboTKa HOBOTO METO/IA
pacuéra MaKCUMaJbHOW MPOJODKHTEIFHOCTH pa3pellaloliero CurHaga cBetopopa ¢ yd4érom
GaykTyanuii OTOKa, a TaKKe HKOHOMHYECKas OLEHKa 3()(GEKTHBHOCTH MpEIaraéMoi CHCTEMBIL.
IpennoxenHass MoOAENb I03BOJAET THOKO analTHPOBAaTh IPOAOKUTEIBHOCTh pa3pelIaroIIero
CHTHala K TeKylled CHTyallH Ha NepekpEécTke, o0OecreyrBasi TeM CaMbIM COKpAIlleHHEe BPEMEHHU
OKHJIaHMs, YMEHBIIEHHE [UIMHBI odepeleldl U CHIXKEHHE 4HciIa OCTaHOBOK. MeTomuka pacuéra
OCHOBaHAa Ha NPHMEHEHUU METOJIOB TEOPUU BEPOATHOCTEH, aHaJIM3a BPEMEHHBIX PS/I0B, CPETHETO
JTUHEHHOTO OTKIOHEHHsS U ObIcTpoil mpeoOpasoBaHus Dypre, YTO TO3BOIWIO TIONYYHUTH
CTaTHCTUYECKH 00OCHOBAHHBIE MTOKA3aTeINH IS YIpaBIeHHs JBIDKCHHEM B pealbHOM BpeMeHH. B
OTIIMYHME OT KECTKUX PETYIHpOBaHMs, MPEUIOKEHHAss CHCTEMa II03BOJISICT THOKO pearupoBaTh Ha
M3MEHSIONIYIOCS IOPOXKHYIO0 0OCTaHOBKY M T€M CAMBIM TOBBINIATH 3(P(HEKTUBHOCTD MCIONB30BaHUS
CYIIECTBYIOIUX PECYPCOB.

Hay4nast HOBHM3Ha 3akirodyaeTrcss B pa3paboTKe HOBOW MaTeMaTHYecKOW MoJenn pacuéra
MaKCHUMaJIBHOW TPOJOJDKUTENFHOCTH OCHOBHOTO TakTa paboTel cBeTodopa, ydUUTHIBaroUIei
CTOXAaCTHYECKHE XapaKTePUCTUKH MHTEHCHBHOCTH ABIDKCHUS. PaHee CymiecTByIOIINe MOAXOABI HE
YYUTHIBAIN BBIPAKEHHYIO HEIPEICKa3yeMOCTh MOTOKOB B TEUEHHWE Taca, OCOOCHHO B IepHOmax
MEXIy THKOBHIMH 3HAdeHHAMH. B HacTosmeld pabore BrepBele ObIT 00OCHOBAaH IOAXO,
MO3BOJIAIOMINI ONMHUCaTh Takue KoyueOaHWs W BKIIOYHTH HX B pacdyéT MapaMeTpoB YIpPaBICHHS.
[Tonmy4yeHHbIe  3aBUCHMOCTH  IIO3BOJIIIOT ~ HPOEKTHUPOBaTh  PeXHMMBI  paboTel  cBeTtodopa,
CHOCOOCTBYIOIIME CHIKEHUIO H30BITOUHBIX 3a7€P)KeK, MUHUMH3ALUU CKOIUIEHHH TpaHCIOpTa U
HOBBIIICHUIO OOIIEH MPOMYyCKHOH CIOCOOHOCTH MepeKpEéCTKOB. MeTomonorus HCClen0BaHus
BKJIIOYAJia CHCTEMHBIH M CTAaTUCTHYECKUIl aHAlIM3 TPAHCIIOPTHBIX IMPOLIECCOB, MOJCTHPOBAHUE C
HCTIONB30BAaHUEM TIPOTPAMMHBIX CPEACTB, a TAKXKe HATypHBIC HAOMIONEHUS 32 WHTEHCHBHOCTHIO
IBIDKEHHS Ha TepekpécTkax B ropomax Epesan, Omck u HMpkyrck. Ocoboe BHHMaHUE yAENSIOCH
cOopy m 00paboTKe TOCTOBEPHBIX MAHHBIX, HEOOXOAMMBIX UIS MOCTPOCHUS HANEXHBIX MoOJenel
yIpaBiIeHHs. BputH Hcnons30BaHbl TPAaHCHOPTHBIE AETEKTOPHI, BHICOHAOMIONCHUE U PyYHOH yuéT, a
TAKXE MCTOAbI paC'—[éTHOFO IJIAHUPOBAHUS OKCIEPUMEHTOB. l_[O,]'ly'-leHHbIe JIAHHBIC PO
CTaTHCTUYECKYI0 (UIBTPALUIO, CIIAXKMBAHHE CIy4alHBIX KoieOaHuii M 00pabOTKy Ha OCHOBE
BPEMEHHBIX PSIJIOB.
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OKCIIepIMEHTaIbHBIE UCCIIENOBAaHMS M anpoOaIys MPeUIoKEHHOW METOIUKH NPOBOJMINCH HA
peanbHBIX IepeKpECTKax, B TOM YHCIIe B paifoHaX ¢ BBHICOKOH M CpelHeH 3arpys3koi. B pesymsrare
BHenpeHnuss MI'P Owima mocturnyra ontumuzanus (as pa®oTel cBeTodoOpa, CHHXKEHBI CPEIHUE
3aJepKKU ABIKeHUsT Ha 9-35%, a Taroke MOBBIMIEHA CPEAHSSI CKOPOCTh TPAHCIOPTHOTO MOTOKA.
IIpomyckHass crmocOOHOCTh OTAENBHBIX HamMpaBleHWH yBemuuuiaack 1o 15%. Kpome Toro,
NPEIIOKECHHOE PELICHHEe IO3BOJMIIO IOBBICHTH YCTOHYMBOCTH YIPABICHUS B  YCIOBHAX
HEpEry/SIPHBIX M aCHMMETPHYHBIX Harpy3oK, THIOHYHBIX JJIS COBPEMEHHBIX TroponoB. Ocoboe
BHIMaHHE B paboTe yHEICeHO SKOHOMHYECKOH 3((EKTHBHOCTH BHEIPEHMS CHCTEMBI. Pacdérsl
MOKa3ajH, 4TO JaXke IPH YaCTHYHOM HCIIONB30BAHMH IIPEAJTaraeMoro IOAXOfa Ha OTAENBHBIX
MepeKpECTKaX MOXHO JOCTHYb TOJOBOH 3KOHOMHM CpPeJHOMY 155 MIJIMOHOB JpaMoOB 3a CUET
CHIDKCHMS 3aTpaT BPEMEHH. OTO JOKa3bIBACT BBICOKYIO OKYyIIAeMOCTb TEXHOJOTHH U €€
MIPUMEHUMOCTh B YCIIOBHSIX OTPaHHYEHHOro ropojackoro Oromxera. Kpome Toro, paspaboTanHas
MOJIEJIb MOXET HUCIOIb30BaThCsl B KAUECTBE OCHOBBI TIPU IIOCTPOCHUH aBTOMATH3MPOBaHHBIX CHCTEM
ynpasieHus JopoxHbM apmwkeHneM (ACY/IJ]) kak B H30IMPOBAHHOM, TaK U B CETEBOM (opmare.

[pakTnyeckass 3HAYNMOCTh JUCCEPTALMM COCTOUT B BO3MOXXHOCTH BHEIpPEHUs pa3paboTaHHOM
METOJOJIOTHUH Ha MepeKpécTkax 0e3 HeOOXOAMMOCTH MACIITa0HBIX CTPOUTENBHBIX paboT. MeTonuka
MOXKET OBbITh HCIONb30BaHA OpPraHaMH TOPOJCKOTO  YIPAaBJICHUS, JOPOXKHBIMH  CIIy)KOaMH,
NPOCKTHBIMHM OPTaHH3alMsAMH, a TAaKKe B y4eOHOM Ipolecce MPH IMOATOTOBKE CHELMAMCTOB B
00J1aCTH TPaHCIOPTHOTO [UIAHUPOBAHUS, OPraHU3ALUH JBHKCHHUS U JOPOKHON OezonacHocTh. Takum
o0pa3oM, IpeACTaBICHHas B AUCCEPTALlMK Hay4yHas pa3paboTKa IpecTaBiseT co00H MOIHOLECHHYO
HMHHOBAIIMOHHYIO CHCTEMY aJIalTHBHOTO YIIPABIICHUS, CIIOCOOHYIO 3()(EeKTHBHO pellaTh aKTyaJbHbIe
3a/1a4d COBPEMEHHOIl ropoJCcKoil TpaHCIIOpTHOH MH(pacTpykTypbl. PaGoTa 00benUHACT NTyOOKYyIO
TEOPETHYECKYI0 TIPOpabOTKY, MOATBEPKAEHHYIO OSKCIIEPUMEHTAIBHBIMU HCCICIOBAHUSIMH, U
BBICOKYIO IIPUKJIAHYIO0 3HAYMMOCTb, YTO JeNaeT e€ NepCIeKTUBHOM I IPAKTHYECKOTO MPUMECHEHHS
B c(epe yIpaBIeHHs JOPOKHBIM ABHIKEHHEM.

21



KHACHATUR GAGIK KHACHATRYAN

ASSESSMENT OF THE EFFICIENCY OF TRAFFIC MANAGEMENT AT SIGNALIZED
INTERSECTIONS THROUGH THE IMPLEMENTATION OF FLEXIBLE CONTROL
METHODS

ABSTRACT

The relevance of this dissertation stems from the rapid and sustained growth in the number of
motor vehicles in urban environments, particularly in Yerevan, where traffic intensity has reached
levels that consistently overload the urban road network, reduce throughput, and negatively impact
the environment. This situation underscores the urgent need for modern, cost-effective methods of
traffic organization and control approaches that can optimize regulated intersections without requiring
large-scale infrastructure investments. In this context, local flexible regulation (LFR) emerges as a
promising solution for increasing the efficiency of urban traffic flow and mitigating congestion. The
primary objective of this research is to enhance the effectiveness of traffic management at signal-
controlled intersections in Yerevan through the development and implementation of a new LFR
methodology. This methodology takes into account the dynamic and stochastic properties of urban
traffic flows and adapts signal control parameters accordingly. To achieve this goal, the study
addressed several key tasks: analyzing daily and intro-hour variations in traffic intensity, evaluating
the effects of transport-related delays on intersection performance, developing a new method for
calculating the maximum allowable duration of the green phase under conditions of flow fluctuation,
and assessing the economic viability of the proposed approach.

The proposed control model allows for the real-time adaptation of traffic light green phases to
reflect actual traffic conditions. Unlike rigid signal programs based on fixed schedules, the new
approach dynamically adjusts green signal durations to respond to changing flow patterns, thereby
minimizing queue lengths, reducing delay times, and decreasing the frequency of vehicle stops. The
underlying computational framework incorporates methods from probability theory, time series
analysis, average linear deviation, and fast Fourier transforms (FFT), resulting in a statistically
grounded system suitable for real-time traffic control.

A key scientific contribution of the dissertation lies in the formulation of a novel mathematical

model for determining the maximum length of a traffic signal’s primary phase based on stochastic
variations in traffic flow. Previous methodologies typically overlooked mid-hour fluctuations and
short-term unpredictability in traffic behavior, leading to inefficiencies during non-peak periods. This
work provides a new theoretical basis for modeling such variations and integrating them directly into
control algorithms, enabling more precise traffic signal timing. The resulting control logic reduces
unnecessary delays and traffic buildup while increasing overall intersection throughput.
The research methodology combined theoretical modeling with empirical analysis. It included a
systems-based and statistical examination of traffic flow patterns, supported by computer-based
simulations and extensive field data collection. Observations were conducted at intersections in
Yerevan, as well as in the cities of Omsk and Irkutsk, to test the generalizability of the proposed model.
Field data were gathered through the use of transport detectors, video surveillance systems, and
manual vehicle counts. The collected data were rigorously processed using statistical filtering
techniques, temporal smoothing, and spectral analysis, ensuring the reliability of the model's input
parameters.

Experimental testing of the LFR methodology was conducted at real intersections under varying
traffic loads. The implementation of the new model led to measurable improvements in signal timing,
reducing average vehicle delays by 9-35% and increasing average vehicle speeds. In several cases,
intersection throughput for specific directions improved by up to 15%. The model also proved
effective under asymmetric and irregular loading conditions, a common challenge in modern urban
environments. These results confirm that even partial implementation of the LFR system can lead to
substantial performance gains.
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The economic analysis conducted as part of the study demonstrates the cost-effectiveness of the
proposed system. Annual savings of up to 155 million drams were estimated due to reduced vehicle
idle times and improved fuel efficiency. This makes the approach especially appealing for cities with
limited municipal budgets, where large-scale infrastructure improvements may be financially
infeasible. The model is flexible enough to be implemented both as a stand-alone solution at isolated
intersections and as a building block for larger automated traffic control systems (ATCS).

The practical significance of the research lies in its applicability without requiring extensive
reconstruction or infrastructure overhaul. The methodology can be adopted by municipal traffic
departments, road authorities, and urban planners, as well as integrated into academic training
programs for traffic engineers and transport system managers. Its theoretical rigor and practical
reliability make it suitable for inclusion in intelligent transportation system (ITS) frameworks.

In summary, the dissertation presents an innovative, adaptable, and data-driven approach to urban
traffic control. It bridges the gap between theoretical traffic flow modeling and practical traffic signal
management, offering a scalable and efficient solution to the pressing problems of congestion and
delay in urban traffic networks. The combination of a strong theoretical foundation, empirical
validation, and clear economic benefits positions this research as a valuable contribution to the field
of traffic engineering and urban mobility planning.
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